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:HOGLQJ PDQXIDFWXULQJ LQ 8UDOPDVK SODQW� 6WDJHV RI HYROXWLRQ
DQG GHYHORSPHQW ��������������������������������������������������������������������������������������������� �

6&,(17,),& $1' 7(&+1,&$/

3RO\DNRY 6� *�� 5\EDNRY $� $�� 1\UNRYD /� ,� &RPSXWHU SURJUDPV
RI FDOFXODWLRQ RI HIIHFWLYHQHVV RI SLSHOLQH SURWHFWLRQ XVLQJ WKH PHWKRG

RI D QRQ�OLQHDU SRODUL]DWLRQ ������������������������������������������������������������������������������� �

%XVKPD $� ,�� 9DVHQLQ <X� /�� .ULYWVXQ ,� 9� 0RGHOLQJ RI SURFHVV RI
ODVHU VSUD\LQJ RI FHUDPLF FRDWLQJV ZLWK DFFRXQW IRU ODVHU EHDP VFDW�
WHULQJ E\ SDUWLFOHV EHLQJ VSUD\HG �������������������������������������������������������������������� ��

,1'8675,$/

.RUQLHQNR $� 1�� =KDGNHYLFK $� 0� 'HYHORSPHQW DQG DSSOLFDWLRQ RI
EUD]HG ODWWLFH DQG KRQH\FRPE VWUXFWXUHV LQ DLUFUDIW HQJLQHHULQJ �5HWUR�
VSHFWLYH UHYLHZ� ��������������������������������������������������������������������������������������������� ��

7NDFKHQNR $� 1�� 9RVNUHVHQVN\ $� 6� $SSOLFDWLRQ RI DUF VSRW ZHOG�
LQJ LQ PDQXIDFWXUH RI UDLOZD\ FDU ERGLHV �������������������������������������������������������� ��

,JQDWFKHQNR 3� 9�� %XJDM $� ,� �� \HDUV RI $VVRFLDWLRQ �(OHFWURGH�
DQG DQDO\VLV RI VWDWH�RI�WKH�DUW RI PDQXIDFWXUH RI ZHOGLQJ FRQVX�
PDEOHV LQ &,6 FRXQWULHV IRU ����w���� ����������������������������������������������������������� ��

0DUFKHQNR $� (� 7HFKQRORJ\ DV DQ REMHFW DQG WRRO RI TXDOLW\ PDQDJH�
PHQW LQ PDQXIDFWXUH RI ZHOGLQJ HOHFWURGHV ����������������������������������������������������� ��

.XFKHURYD 0� ,�� %HORY <X� 0�� 5DQWVHY $� $�� $UV\XNRY '� 9� 'H�
YHORSPHQW RI HOHFWURGHV ZLWK KLJK ZHOGLQJ�WHFKQRORJLFDO SURSHUWLHV IRU

VXUIDFLQJ ������������������������������������������������������������������������������������������������������� ��

%DUDQRY $� 9�� %UXVQLWV\Q <X� '�� .DVKFKHQNR '� $�� 6RNRORY
$� $� ,PSURYHPHQW RI WHFKQRORJLHV RI PDQXIDFWXUH RI ZHOGLQJ HOHF�
WURGHV ����������������������������������������������������������������������������������������������������������� ��

2UORY /� 1�� *RO\DNHYLFK $� $�� 7LWDUHQNR 9� ,�� 3HOHVKNR 9� 1� 5HV�
WRUDWLRQ IOX[�FRUHG ZLUH VXUIDFLQJ RI PHWDOOXUJLFDO DQG PLQLQJ HTXLS�
PHQW SDUWV ����������������������������������������������������������������������������������������������������� ��

*H]KD 9� 9�� %LVKRNRY 5� 9�� 6KHNLQ 6� ,�� 0HOQLNRY 3� 9� 1HZ ZHOG�

LQJ FRQVXPDEOHV IRU PDQXIDFWXUH RI VWUXFWXUHV RI FROG�UHVLVWDQW VWHHOV
LQ GLIIHUHQW EUDQFKHV RI LQGXVWU\ ���������������������������������������������������������������������� ��

%5,() ,1)250$7,21

.RQRQHQNR 9� <D� $SSOLFDWLRQ RI WHFKQRORJ\ RI PHFKDQL]HG XQGHUZD�
WHU ZHOGLQJ LQ FRQVWUXFWLRQ RI VHD LFH�UHVLVWDQW VWDWLRQDU\ SODWIRUP �3UL�
UD]ORPQD\D� ��������������������������������������������������������������������������������������������������� ��

(U\RPLQ (� 1� $SSOLFDWLRQ RI FRPELQHG HOHFWURGH LQ HOHFWURVODJ ZHOG�
LQJ RI WKLQ PDWHULDOV ���������������������������������������������������������������������������������������� ��

1HZV ������������������������������������������������������������������������������������������������������������� ��

7KHVHV IRU VFLHQWLILF GHJUHH ���������������������������������������������������������������������������� ��

3DWHQWV LQ WKH ILHOG RI ZHOGLQJ ������������������������������������������������������������������������� ��

5HYLHZ RI IRUHLJQ MRXUQDOV ������������������������������������������������������������������������������� ��

1HZ ERRN ������������������������������������������������������������������������������������������������������ ��

1(:6

6FLHQWLILF�DQG�7HFKQLFDO &RQIHUHQFH �3UREOHPV LQ ZHOGLQJ� PHWDOOXUJ\
DQG 5HODWHG 7HFKQRORJLHV� ����������������������������������������������������������������������������� ��

.� $� <XVKFKHQNR LV �� ����������������������������������������������������������������������������������� ��

(� $� $VQLV LV �� ��������������������������������������������������������������������������������������������� ��

$� 7� =HOQLFKHQNR LV �� ����������������������������������������������������������������������������������� ��

,1)250$7,21 �����������������������������������������������������������������������������������������

,QGH[ RI DUWLFOHV IRU ���� �������������������������������������������������������������������������������� ��

,QGH[ RI DXWKRUV ��������������������������������������������������������������������������������������������� ��

'HYHORSHG DW WKH 3:, �������������������������������������������������������������������������������� ��� ��

(',725,$/ %2$5'�

(GLWRU�LQ�&KLHI

%�(�3$721

<X� 6� %RULVRY� 1� 0� 9RURSDL�

9� )� *UDELQ� $� 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�

%� 9� .KLWURYVND\D �H[HF� VHFU���

9� )� .KRUXQRY� .� $� <XVKFKHQNR

7+( ,17(51$7,21$/

(',725,$/ &281&,/�

$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� 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 $VVRFLDWLRQ �:HOGLQJ�� ����
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:(/',1* w &877,1* w 685)$&,1* w %5$=,1* w &2$7,1*
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�
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3XEOLVKHG VLQFH ����

-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� 'LOWKH\

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�
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  ÂÃÈ¾¿ÎÃ ���� Á� Ê¾ÖÆËÌÏÐÎÌÆÐÃÉÆ ±Î¾ÉÊ¾ÖÅ¾ÀÌÂ¾ ÌÐÊÃÕ¾ÜÐ ÅË¾ÊÃË¾ÐÃÉÚËÌÃ ÏÌ¿ÙÐÆÃ

x ���ÉÃÐÆÃ ÏÀ¾ÎÌÕËÌÁÌ ÍÎÌÆÅÀÌÂÏÐÀ¾ Å¾ÀÌÂ¾� ¯ÌÅÂ¾ËÆÃ ÏÀ¾ÎÌÕËÌÁÌ ÍÎÌÆÅÀÌÂÏÐÀ¾ Ë¾ÕÆË¾ÉÌÏÚ

ÌÂËÌÀÎÃÊÃËËÌ Ï ÃÁÌ ÏÐÎÌÆÐÃÉÚÏÐÀÌÊ� ¯ÐÎÌÝ×ÆÇÏÝ ÔÃÓ ÊÃÐ¾ÉÉÌÈÌËÏÐÎÑÈÔÆÇ Ï ���� Á� ÏÐ¾É

ÀÙÍÑÏÈ¾ÐÚ ÏÀ¾ÎËÙÃ ÈÌËÏÐÎÑÈÔÆÆ� «¾Õ¾ÉÚËÆÈ ÏÐÎÌÆÐÃÉÚÏÐÀ¾ Å¾ÀÌÂ¾ �� � �¾ËËÆÈÌÀ ÁÌÎÝÕÌ

ÍÌÂÂÃÎÄÆÀ¾É Å¾ÎÌÄÂÃËÆÃ ÐÃÓËÌÉÌÁÆÕÃÏÈÌÁÌ ÍÎÌÔÃÏÏ¾ ÏÀ¾ÎÈÆ ÀÅ¾ÊÃË ÍÎÌÔÃÏÏ¾ ÈÉÃÍÈÆ ÍÎÆ

ÆÅÁÌÐÌÀÉÃËÆÆ ÊÃÐ¾ÉÉÌÈÌËÏÐÎÑÈÔÆÇ� �¢ÎÑÁÆÃ Å¾ÀÌÂÙ ÊÃÐ¾ÉÉÆÕÃÏÈÆÃ ÈÌËÏÐÎÑÈÔÆÆ ÀÃÅÑÐ ÆÅ�Å¾

ÁÎ¾ËÆÔÙ ÆÉÆ Ï ÜÄËÙÓ Å¾ÀÌÂÌÀ� «Ã ÊÌÄÃÊ ÊÙ ÂÌÍÑÏÐÆÐÚ Ð¾ÈÑÜ ÎÌÏÈÌÖÚ x ÍÉ¾ÐÆÐÚ ÅÌÉÌÐÌÊ

Å¾ ÄÃÉÃÅÌ Æ Å¾ÈÉÃÍÈÆ� ¯¾ÊÆ ÏÂÃÉ¾ÃÊ���

¯ÌÅÂ¾ËËÙÇ ÌÐÂÃÉ ÍÌ ÍÎÌÃÈÐÆÎÌÀ¾ËÆÜ� ÍÎÌÆÅÀÌÂÏÐÀÑ ÊÃÐ¾ÉÉÌÈÌËÏÐÎÑÈÔÆÇ ÀÌÅÁÉ¾ÀÆÉ ÊÌ�

ÉÌÂÌÇ ÆËÄÃËÃÎ ¡� � ªÆÓ¾ÇÉÌÀ� ÈÌÐÌÎÙÇ ÑÄÃ À Ê¾ÎÐÃ ���� Á� Ë¾ °ÎÃÐÚÃÊ ÀÏÃÏÌÜÅËÌÊ

¾ÀÐÌÁÃËËÌÊ ÏØÃÅÂÃ À ªÌÏÈÀÃ Î¾ÏÏÈ¾Å¾É Ì¿ ÌÍÙÐÃ ÆÅÁÌÐÌÀÉÃËÆÝ ÏÀ¾ÎËÙÓ ÈÌËÏÐÎÑÈÔÆÇ ÍÌÂ�

ÈÎ¾ËÌÀÙÓ ¿¾ÉÌÈ ÂÉÝ ÈÎ¾ËÌÀ ÁÎÑÅÌÍÌÂØÃÊËÌÏÐÚÜ �� Ð Æ ÂÉÆËÌÇ ÍÎÌÉÃÐ¾ �� Ê� ¯À¾ÎËÙÃ

ÊÃÐ¾ÉÉÌÈÌËÏÐÎÑÈÔÆÆ ÏÐ¾ÉÆ ÍÃÎÀÌÇ ÍÎÌÂÑÈÔÆÃÇ ±Î¾ÉÊ¾ÖÆËÌÏÐÎÌÝ�

¡� � ªÆÓ¾ÇÉÌÀ ÌÈ¾Å¾É ÌÍÎÃÂÃÉÝÜ×ÃÃ ÀÉÆÝËÆÃ Ë¾ ÌÐËÌÖÃËÆÃ È ÏÀ¾ÎÈÃ ÍÎÆ ÏÐÎÌÆÐÃÉÚÏÐÀÃ

±Î¾ÉÊ¾ÖÅ¾ÀÌÂ¾� Ì ÃÁÌ ÆËÆÔÆ¾ÐÆÀÃ ¿ÙÉÆ ÌÎÁ¾ËÆÅÌÀ¾ËÙ ÈÑÎÏÙ ÍÌ ÍÌÂÁÌÐÌÀÈÃ Æ Ì¿ÑÕÃËÆÜ

ÏÀ¾Î×ÆÈÌÀ� ÏÍÃÔÆ¾ÉÆÅ¾ÔÆÆ ÆËÄÃËÃÎËÌ�ÐÃÓËÆÕÃÏÈÆÓ Î¾¿ÌÐËÆÈÌÀ À Ì¿É¾ÏÐÆ ÏÀ¾ÎÈÆ� ¨ÎÑÍËÃÇ�

ÖÆÃ ÌÐÃÕÃÏÐÀÃËËÙÃ ÏÍÃÔÆ¾ÉÆÏÐÙ ÏÀ¾ÎÌÕËÌÁÌ ÂÃÉ¾  � �  ÌÉÌÁÂÆË� ¨� ¨� ³ÎÃËÌÀ Æ ÂÎÑÁÆÃ

ÍÌÂÁÌÐÌÀÆÉÆ ÁÎÑÍÍÑ ÏÍÃÔÆ¾ÉÆÏÐÌÀ� ÏÌÏÐÌÝ×ÑÜ ÆÅ �� ÕÃÉÌÀÃÈ� ÍÃÎÀÙÇ ÀÙÍÑÏÈ ÈÌÐÌÎÙÓ ÏÌÏ�

ÐÌÝÉÏÝ À ���� Á� ÎÌÂÃÉ¾ËË¾Ý Î¾¿ÌÐ¾ ÍÌ ÍÌÂÁÌÐÌÀÈÃ ÏÍÃÔÆ¾ÉÆÏÐÌÀ ÍÌ ÏÀ¾ÎÈÃ ÌÕÃËÚ ¿ÙÏÐÎÌ

Â¾É¾ ÍÌÉÌÄÆÐÃÉÚËÙÃ ÎÃÅÑÉÚÐ¾ÐÙ� ¨ ÏÃÎÃÂÆËÃ �����Ó ÁÁ� ±Î¾ÉÊ¾ÖÅ¾ÀÌÂ ÏÐ¾É Ì¿×ÃÍÎÆÅË¾ËËÙÊ

ÉÆÂÃÎÌÊ ÍÌ ÆÅÁÌÐÌÀÉÃËÆÜ ÏÀ¾ÎËÙÓ ÈÌËÏÐÎÑÈÔÆÇ ÈÎÑÍËÙÓ Î¾ÅÊÃÎÌÀ À ¿ÙÀÖÃÊ ¯¯¯®�

  ÍÃÎÆÌÂ ÀÌÃËËÌÁÌ ÀÎÃÊÃËÆ ÏÀ¾ÎÌÕËÙÃ ÍÎÌÔÃÏÏÙ ÍÌÉÑÕÆÉÆ ËÃÌ¿ÙÕ¾ÇËÌ ÖÆÎÌÈÌÃ Î¾ÅÀÆÐÆÃ�

±Î¾ÉÊ¾ÖÅ¾ÀÌÂ ÍÎ¾ÈÐÆÕÃÏÈÆ ÍÌÉËÌÏÐÚÜ ÍÃÎÃÖÃÉ Ë¾ ÀÙÍÑÏÈ ÀÌÃËËÌÇ ÐÃÓËÆÈÆ� ÕÐÌ ÍÌÐÎÃ¿ÌÀ¾ÉÌ

À ÈÎ¾ÐÕ¾ÇÖÆÃ ÏÎÌÈÆ ÌÏÀÌÃËÆÝ ËÌÀÙÓ ÐÃÓËÌÉÌÁÆÇ Æ Ì¿ÌÎÑÂÌÀ¾ËÆÝ� ¦ ÏËÌÀ¾ ÏÉÃÂÑÃÐ ÌÐÊÃÐÆÐÚ

ÎÌÉÚ ¡� � ªÆÓ¾ÇÉÌÀ¾� ËÌ À ÛÐÌÐ Î¾Å È¾È ÈÎÑÍËÃÇÖÃÁÌ ÑÕÃËÌÁÌ�ÛÉÃÈÐÎÌÐÃÓËÆÈ¾� ¬Ë ÏÌÅÂ¾ÃÐ

ËÌÀÌÃ Ë¾ÑÕËÌÃ Ë¾ÍÎ¾ÀÉÃËÆÃ x ÀÙÏÌÈÌÍÎÌÆÅÀÌÂÆÐÃÉÚËÙÇ ÍÎÌÔÃÏÏ ÏÀ¾ÎÈÆ ÐÎÃÓÒ¾ÅËÌÇ ÂÑÁÌÇ�

ÌÂÌ¿ËÙÃ Î¾¿ÌÐÙ Å¾ ÎÑ¿ÃÄÌÊ ÐÌÁÂ¾ Ã×Ã ËÃ ÍÎÌÀÌÂÆÉÆÏÚ� ¯À¾ÎÈ¾ ÐÎÃÓÒ¾ÅËÌÇ ÂÑÁÌÇ ÛÒ�

ÒÃÈÐÆÀËÌ ÆÏÍÌÉÚÅÌÀ¾É¾ÏÚ ÍÎÆ ÆÅÁÌÐÌÀÉÃËÆÆ ÏÀ¾ÎËÙÓ ÈÌÎÍÑÏÌÀ ÏÎÃÂËÆÓ� ÐÝÄÃÉÙÓ Ð¾ËÈÌÀ Æ

Ï¾ÊÌÓÌÂËÙÓ ¾ÎÐÆÉÉÃÎÆÇÏÈÆÓ ÑÏÐ¾ËÌÀÌÈ À ÁÌÂÙ ÀÌÇËÙ�

ÌÏÉÃÀÌÃËËÙÇ ÍÃÎÆÌÂ �����w���� ÁÁ�� Ó¾Î¾ÈÐÃÎÃË ÖÆÎÌÈÆÊ ÍÎÆÊÃËÃËÆÃÊ ËÌÀÙÓ ÏÀ¾ÎÌÕËÙÓ

ÍÎÌÔÃÏÏÌÀ� ÌÏÌ¿ÃËËÌ ¾ÀÐÌÊ¾ÐÆÕÃÏÈÌÇ Æ ÍÌÉÑ¾ÀÐÌÊ¾ÐÆÕÃÏÈÌÇ ÏÀ¾ÎÈÆ ÍÌÂ ÏÉÌÃÊ ÒÉÜÏ¾ À

ÍÎÌÆÅÀÌÂÏÐÀÃ ÈÌÀÖÃÇ ÕÑÁÑËÌÀÌÅÌÀ ÃÊÈÌÏÐÚÜ ��� Ð� ÔÃÊÃËÐËÙÓ ÍÃÕÃÇ ÂÉÆËÌÇ ÂÌ �� Ê� ÍÌÂØÃÊ�

ËÙÓ ÈÎ¾ËÌÀ ÁÎÑÅÌÍÌÂØÃÊËÌÏÐÚÜ ÂÌ ��� Ð� ÍÃÎÀÙÓ ÌÐÃÕÃÏÐÀÃËËÙÓ Ö¾Á¾Ü×ÆÓ ÛÈÏÈ¾À¾ÐÌÎÌÀ

»¶ ������ ÏÃÎÆÆ ¿ÉÜÊÆËÁÌÀ� ÈÎÑÍËÙÓ ¿ÑÎÌÀÙÓ ÑÏÐ¾ËÌÀÌÈ� ¿ÌÉÚÖÌÁÌ ÈÌÉÆÕÃÏÐÀ¾ ÍÎÌÈ¾ÐËÌÁÌ

Ì¿ÌÎÑÂÌÀ¾ËÆÝ ÂÉÝ ÌÐÃÕÃÏÐÀÃËËÌÇ ÍÎÌÊÙÖÉÃËËÌÏÐÆ Æ ÏÐÎ¾Ë Ë¾ÎÌÂËÌÇ ÂÃÊÌÈÎ¾ÐÆÆ Æ ÊËÌÁÌÃ

ÂÎÑÁÌÃ�   ÛÐÆ ÁÌÂÙ ÀËÃÂÎÃËÙ ËÌÀÙÃ ÍÃÎÏÍÃÈÐÆÀËÙÃ ÐÃÓËÌÉÌÁÆÕÃÏÈÆÃ ÍÎÌÔÃÏÏÙ� ÍÌÉÑ¾ÀÐÌ�

Ê¾ÐÆÕÃÏÈ¾Ý Á¾ÅÌÈÆÏÉÌÎÌÂË¾Ý ÎÃÅÈ¾ ÉÆÏÐÌÀÌÁÌ ÍÎÌÈ¾Ð¾� ÍÌÀÃÎÓËÌÏÐË¾Ý Á¾ÅÌÍÉ¾ÊÃËË¾Ý Å¾È¾ÉÈ¾

Ö¾ÎÌÀÙÓ ÌÍÌÎ Ö¾Á¾Ü×ÃÁÌ ÛÈÏÈ¾À¾ÐÌÎ¾� Á¾ÅÌÍÉ¾ÊÃËË¾Ý Ë¾ÍÉ¾ÀÈ¾ ¿¾¿¿ÆÐÌÀ Ë¾ ÂÃÐ¾ÉÆ ÂÎÌ�

¿ÆÉÚËÌ�Î¾ÅÊÌÉÚËÌÁÌ Ì¿ÌÎÑÂÌÀ¾ËÆÝ�

  ����w���� ÁÁ� Ë¾ ±Î¾ÉÊ¾ÖÅ¾ÀÌÂÃ ÍÎÌÀÃÂÃË¾ ÈÎÑÍËÌÊ¾ÏÖÐ¾¿Ë¾Ý ÎÃÈÌËÏÐÎÑÈÔÆÝ ÏÀ¾�

ÎÌÕËÌÁÌ ÍÎÌÆÅÀÌÂÏÐÀ¾� À ÎÃÅÑÉÚÐ¾ÐÃ ÈÌÐÌÎÌÇ ÍÌÝÀÆÉÏÝ Ì¿ÌÏÌ¿ÉÃËËÙÇ ¿ÉÌÈ ÆÅ �� ÍÎÌÉÃÐÌÀ

Ì¿×ÃÇ ÍÉÌ×¾ÂÚÜ ¿ÌÉÃÃ ��� ÐÙÏ� Ê
�
Ï ÍÎÌÆÅÀÌÂÏÐÀÃËËÌÇ ÊÌ×ËÌÏÐÚÜ ÏÀÙÖÃ ��� ÐÙÏ� Ð

ÏÀ¾ÎËÙÓ ÈÌËÏÐÎÑÈÔÆÇ ÂÉÝ ÆÅÁÌÐÌÀÉÃËÆÝ ¿ÑÎÌÀÌÁÌ Ì¿ÌÎÑÂÌÀ¾ËÆÝ� È¾ÎÚÃÎËÙÓ Æ Ö¾Á¾Ü×ÆÓ

ÛÈÏÈ¾À¾ÐÌÎÌÀ� ÂÎÌ¿ÆÉÚËÌ�Î¾ÅÊÌÉÚËÌÁÌ Ì¿ÌÎÑÂÌÀ¾ËÆÝ� ¾ÁÉÌÊ¾ÖÆË� Ê¾ÖÆË ËÃÍÎÃÎÙÀËÌÁÌ ÉÆÐÚÝ

Å¾ÁÌÐÌÀÌÈ �ª«©¥�� ÐÝÄÃÉÙÓ ÍÎÃÏÏÌÀ Æ ÂÎ� ÌÂ ÈÎÙÖÃÇ ¿ÉÌÈ¾ Î¾ÅÊÃÏÐÆÉÆÏÚ Å¾ÁÌÐÌÀÆÐÃÉÚËÌÃ

Æ Ï¿ÌÎÌÕËÌ�ÏÀ¾ÎÌÕËÌÃ ÍÎÌÆÅÀÌÂÏÐÀ¾� ÔÃÓÆ ÈÌÊÍÉÃÈÐ¾ÔÆÆ Æ ÐÃÎÊÌÍÌÈÎ¾ÏÈÆ� ¢ÉÝ ÏÌÈÎ¾×ÃËÆÝ

ÔÆÈÉ¾ ÆÅÁÌÐÌÀÉÃËÆÝ ÊÃÐ¾ÉÉÌÈÌËÏÐÎÑÈÔÆÇ ÌÎÁ¾ËÆÅÌÀ¾Ë ÑÕ¾ÏÐÌÈ ÊÃÓ¾ËÆÕÃÏÈÌÇ Ì¿Î¾¿ÌÐÈÆ ÏÀ¾Î�

ËÙÓ ÑÅÉÌÀ Ê¾ÏÏÌÇ ÂÌ �� Ð�

������� �



«¾ÉÆÕÆÃ ÀÙÏÌÐËÌÁÌ ÍÎÌÉÃÐ¾� Î¾ÅÊÃ×ÃËÆÃ ÊÌÏÐÌÀÙÓ ÈÎ¾ËÌÀ ¿ÌÉÚÖÌÇ ÁÎÑÅÌÍÌÂØÃÊËÌÏÐÆ

À ÂÀÑÓ ÝÎÑÏ¾Ó ÍÌÅÀÌÉÝÉÆ ÆÅÁÌÐÌÀÉÝÐÚ ÈÎÑÍËÌÁ¾¿¾ÎÆÐËÙÃ ÆÅÂÃÉÆÝ Ê¾ÏÏÌÇ ÂÌ ��� Ð� ÎÆ

ËÃÌ¿ÓÌÂÆÊÌÏÐÆ ÈÌËÏÐÎÑÈÔÆÆ ÊÌÁÉÆ ÍÌÂÀÃÎÁ¾ÐÚÏÝ ÐÃÎÊÌÌ¿Î¾¿ÌÐÈÃ x ÌÐÍÑÏÈÑ ÂÉÝ ÏËÝÐÆÝ

Ë¾ÍÎÝÄÃËÆÇ ÆÉÆ ËÌÎÊ¾ÉÆÅ¾ÔÆÆ ÍÌÏÉÃ ÛÉÃÈÐÎÌÖÉ¾ÈÌÀÌÇ ÏÀ¾ÎÈÆ À ÐÃÎÊÆÕÃÏÈÆÓ ÍÃÕ¾Ó� ª¾È�

ÏÆÊ¾ÉÚËÙÃ Î¾ÅÊÃÎÙ ÑÅÉÌÀ Æ ÂÃÐ¾ÉÃÇ� Å¾ÁÎÑÄ¾ÃÊÙÓ À ÍÃÕÚ� ÏÌÏÐ¾ÀÉÝÉÆ ���������� Ê�

  ¿ÉÌÈÃ ¿ÙÉÆ ÍÎÆÊÃËÃËÙ ÍÃÎÃÂÌÀÙÃ ÍÌ ÐÃÊ ÀÎÃÊÃË¾Ê ÍÎÌÔÃÏÏÙ� Î¾ÏÈÎÌÇ ÉÆÏÐÌÀÌÁÌ

ÊÃÐ¾ÉÉÌÍÎÌÈ¾Ð¾ Ë¾ Ê¾ÖÆË¾Ó Ï ÒÌÐÌÈÌÍÆÎ¾ÊÆ� Ï¿ÌÎÈ¾ ÈÌËÏÐÎÑÈÔÆÇ À ÍÎÆÏÍÌÏÌ¿ÉÃËÆÝÓ Æ

ÏÐÃËÂ¾Ó� ÍÌÉÑ¾ÀÐÌÊ¾ÐÆÕÃÏÈ¾Ý ÏÀ¾ÎÈ¾ À ÏÎÃÂÃ ÑÁÉÃÈÆÏÉÌÁÌ Á¾Å¾� ¾ÀÐÌÊ¾ÐÆÕÃÏÈ¾Ý Ë¾ÍÉ¾ÀÈ¾

ÍÌÂ ÏÉÌÃÊ ÒÉÜÏ¾� ¬ÏËÌÀËÌÃ ÐÃÓËÌÉÌÁÆÕÃÏÈÌÃ Ì¿ÌÎÑÂÌÀ¾ËÆÃ x ÁÆÉÚÌÐÆËËÙÃ ËÌÄËÆÔÙ� ÉÆÏ�

ÐÌÍÎ¾ÀÆÉÚËÙÃ À¾ÉÚÔÙ� ÍÎÃÏÏ�ËÌÄËÆÔÙ� ÐÎÑ¿ÌÌÐÎÃÅËÙÃ ÏÐ¾ËÈÆ x ¿ÙÉÆ ÌÏË¾×ÃËÙ ÍÌÎÐ¾ÉÚËÙÊÆ

Ê¾ËÆÍÑÉÝÐÌÎ¾ÊÆ ÂÉÝ Å¾ÁÎÑÅÈÆ Æ ÀÙÁÎÑÅÈÆ� ÎÌÉÚÁ¾ËÁ¾ÊÆ� ÏÆÏÐÃÊÌÇ ÊÃÎËÙÓ ÑÍÌÎÌÀ�

  ÍÌÏÉÃÂÑÜ×ÆÃ ÁÌÂÙ ÍÌÏÐÌÝËËÌ ÍÎÌÀÌÂÆÉÌÏÚ Ì¿ËÌÀÉÃËÆÃ Ì¿ÌÎÑÂÌÀ¾ËÆÝ� Î¾ÅÎ¾¿ÌÐÈ¾ Æ

ÀËÃÂÎÃËÆÃ ËÌÀÙÓ ÐÃÓËÌÉÌÁÆÇ� ª¾ÖÆËÙ ÂÉÝ Á¾ÅÌÈÆÏÉÌÎÌÂËÌÇ ÎÃÅÈÆ Ï ÒÌÐÌÈÌÍÆÎÌÊ ÍÌÛÐ¾ÍËÌ

Å¾ÊÃËÝÉÆÏÚ Ë¾ Ê¾ÖÆËÙ Ï µ± ÒÆÎÊ �ªÃÏÏÃÎ ¡ÎÆÏÁÃÇÊ�� �°¾Ë¾È¾�� (6$%�   ����w�����Ó

ÁÁ� À ÏÀ¾ÎÌÕËÌÊ ÍÎÌÆÅÀÌÂÏÐÀÃ ÀËÃÂÎÃËÙ ÊÌ×ËÙÃ ÁÆÂÎ¾ÀÉÆÕÃÏÈÆÃ ÕÃÐÙÎÃÓÀ¾ÉÈÌÀÙÃ À¾ÉÚÔÙ

ÒÆÎÊÙ �³ÌÇÏÉÃÎ�� ÊÌÂÃÉÚ 950 ��Ó���� Æ É¾ÅÃÎ�ÍÎÃÏÏ Ï µ± ÊÌÂÃÉÆ 7580$7,. ���/:

ÒÆÎÊÙ �°®±ª²� ÂÉÝ ÀÙÏÌÈÌÐÌÕËÌÇ ÀÙÎÃÅÈÆ Å¾ÁÌÐÌÀÌÈ ÆÅ ÉÆÏÐÌÀ ÐÌÉ×ÆËÌÇ ÂÌ � ÊÊ�

«¾ÎÝÂÑ ÏÌ ÏÀ¾ÎÈÌÇ ÍÌÏÐÌÝËËÌ ÏÌÀÃÎÖÃËÏÐÀÌÀ¾ÉÏÝ ÍÎÌÔÃÏÏ ¾ÀÐÌÊ¾ÐÆÕÃÏÈÌÇ Ë¾ÍÉ¾ÀÈÆ� ¨

Ë¾ÏÐÌÝ×ÃÊÑ ÀÎÃÊÃËÆ ÏÀ¾ÎÌÕËÌÃ ÍÎÌÆÅÀÌÂÏÐÀÌ Î¾ÏÍÌÉ¾Á¾ÃÐ Ì¿ÌÎÑÂÌÀ¾ËÆÃÊ� ÏÌÀÎÃÊÃËËÙÊÆ

ÐÃÓËÌÉÌÁÆÝÊÆ Æ ÌÍÙÐÌÊ ¾ÀÐÌÊ¾ÐÆÕÃÏÈÌÇ Ë¾ÍÉ¾ÀÈÆ ÑÁÉÃÎÌÂÆÏÐÙÓ ÏÐ¾ÉÃÇ ÈÌÎÎÌÅÆÌËËÌÏÐÌÇÈÆÊÆ�

ÔÀÃÐËÙÊÆ Æ ÐÀÃÎÂÙÊÆ ÏÍÉ¾À¾ÊÆ� ±ÎÌÀÃËÚ ÐÃÓËÌÉÌÁÆÕÃÏÈÆÓ Î¾ÅÎ¾¿ÌÐÌÈ ÍÌ Ë¾ÍÉ¾ÀÈÃ ¿ÎÌËÅÙ�

ÈÌÊÍÌÅÆÔÆÌËËÙÓ ÏÍÉ¾ÀÌÀ ÂÉÝ ÆÅÁÌÐÌÀÉÃËÆÝ ÈÎÑÍËÌÁ¾¿¾ÎÆÐËÙÓ ÂÃÐ¾ÉÃÇ Í¾Î ÐÎÃËÆÝ� ÂÉÝ ÑÍ�

ÎÌÕËÃËÆÝ ÐÝÄÃÉÌ Ë¾ÁÎÑÄÃËËÙÓ ÂÃÐ¾ÉÃÇ Æ ÎÌÉÆÈÌÀ ª«©¥ ËÃ ÑÏÐÑÍ¾ÃÐ ÍÃÎÃÂÌÀÙÊ ÂÌÏÐÆÄÃËÆÝÊ

ÎÌÏÏÆÇÏÈÆÓ Æ Å¾ÎÑ¿ÃÄËÙÓ ÒÆÎÊ� ¢ÉÝ Ë¾ÍÉ¾ÀÈÆ ÎÌÉÆÈÌÀ ª«©¥ À ÍÎÌÆÅÀÌÂÏÐÀÃ ÒÑËÈÔÆÌËÆÎÑÃÐ

ÏÍÃÔÆ¾ÉÆÅÆÎÌÀ¾ËËÙÇ ÑÕ¾ÏÐÌÈ�

°ÃÓËÌÉÌÁÆÝ ÛÉÃÈÐÎÌÖÉ¾ÈÌÀÌÇ ÏÀ¾ÎÈÆ ÈÎÑÍËÌÁ¾¿¾ÎÆÐËÙÓ ÆÅÂÃÉÆÇ� À ÐÌÊ ÕÆÏÉÃ ÔÆÉÆËÂ�

ÎÆÕÃÏÈÆÓ� ÀÌÏÐÎÃ¿ÌÀ¾Ë¾ Ð¾È ÄÃ� È¾È Æ Î¾ËÚÖÃ� ¦ÊÃÜ×ÃÃÏÝ Ì¿ÌÎÑÂÌÀ¾ËÆÃ ÍÌÅÀÌÉÝÃÐ ÍÎÌÀÌÂÆÐÚ

ÏÀ¾ÎÈÑ ÍÉ¾ÀÝ×ÆÊÏÝ ÊÑËÂÖÐÑÈÌÊ ÆÅÂÃÉÆÇ ÐÌÉ×ÆËÌÇ ÂÌ ���� ÊÊ �ÂÉÝ ÈÌÉÚÔÃÀÙÓ ÖÀÌÀ x

ÂÌ ��� ÊÊ�� ÂÉÆËÌÇ ÂÌ ���� ÊÊ� ÂÆ¾ÊÃÐÎÌÊ ÂÌ ���� ÊÊ Æ Ê¾ÏÏÌÇ ÂÌ ��� Ð�

¥¾ ÍÌÏÉÃÂËÆÃ ��w�� ÉÃÐ ÏÑ×ÃÏÐÀÃËËÌ ÆÅÊÃËÆÉ¾ÏÚ ËÌÊÃËÈÉ¾ÐÑÎ¾ Ì¿ÌÎÑÂÌÀ¾ËÆÝ� ÀÙÍÑÏ�

È¾ÃÊÌÁÌ ¬�¬ �±Î¾ÉÊ¾ÖÅ¾ÀÌÂ�� ¥¾ÀÌÂ ÍÃÎÃÖÃÉ Ë¾ ÀÙÍÑÏÈ ÐÃÓËÆÕÃÏÈÆ ÏÉÌÄËÌÁÌ� ÐÝÄÃÉÌÁÌ

ÈÎ¾ËÌÀÌÁÌ Ì¿ÌÎÑÂÌÀ¾ËÆÝ ÂÉÝ ¾ÐÌÊËÙÓ ÛÉÃÈÐÎÌÏÐ¾ËÔÆÇ Æ ÊÃÐ¾ÉÉÑÎÁÆÕÃÏÈÆÓ ÈÌÊ¿ÆË¾ÐÌÀ� ÀÙ�

ÍÑÏÈ¾ÃÐ ËÌÀÌÃ ÍÌÈÌÉÃËÆÃ ª«©¥� À ÐÌÊ ÕÆÏÉÃ ÍÌ ÆËÄÆËÆÎÆËÁÑ ÀÃÂÑ×ÆÓ ÃÀÎÌÍÃÇÏÈÆÓ ÒÆÎÊ�

Ð¾ÈÆÓ� Ë¾ÍÎÆÊÃÎ� È¾È �6ª6�'ÃP¾J� �¡ÃÎÊ¾ËÆÝ�� Ì¿ÌÎÑÂÌÀ¾ËÆÃ ÂÉÝ ÎÃÈÌËÏÐÎÑÈÔÆÆ È¾ÏÈ¾Â¾

ÀÌÉÄÏÈÆÓ ¡»¯� ÂÉÝ ÔÃÊÃËÐËÌÇ ÍÎÌÊÙÖÉÃËËÌÏÐÆ Æ ÂÎ�

ÃÎÃÓÌÂ È ÀÙÍÑÏÈÑ ËÌÀÙÓ ÀÆÂÌÀ ÍÎÌÂÑÈÔÆÆ Ï ÍÌÀÙÖÃËËÙÊÆ ÐÎÃ¿ÌÀ¾ËÆÝÊÆ È È¾ÕÃÏÐÀÑ

ÏÀ¾ÎËÙÓ ÊÃÐ¾ÉÉÌÈÌËÏÐÎÑÈÔÆÇ ÍÌÐÎÃ¿ÌÀ¾É ÏÌÌÐÀÃÐÏÐÀÑÜ×ÃÇ ÐÃÓËÆÕÃÏÈÌÇ ÍÌÂÁÌÐÌÀÈÆ ÏÀ¾�

ÎÌÕËÌÁÌ ÍÎÌÆÅÀÌÂÏÐÀ¾� »ÐÌ ÈÌÏËÑÉÌÏÚ È¾È ÐÃÓËÆÈÆ Æ ÐÃÓËÌÉÌÁÆÕÃÏÈÆÓ ÍÎÌÔÃÏÏÌÀ� Ð¾È Æ

ÏÌÀÎÃÊÃËËÙÓ ÍÌÂÓÌÂÌÀ È Ì¿ÃÏÍÃÕÃËÆÜ ÏÆÏ�

ÐÃÊÙ ÊÃËÃÂÄÊÃËÐ¾ È¾ÕÃÏÐÀ¾ À ÍÎÌÆÅÀÌÂÏÐÀÃ�

  Ì¿É¾ÏÐÆ ÂÌÏÐÆÄÃËÆÇ ÐÃÓËÆÈÆ Æ ÐÃÓËÌ�

ÉÌÁÆÆ ËÃÌ¿ÓÌÂÆÊÌ ÍÎÃÄÂÃ ÀÏÃÁÌ ÌÐÊÃÐÆÐÚ

ÍÌÉËÙÇ ÍÃÎÃÓÌÂ Ë¾ ÏÀ¾ÎÈÑ À Å¾×ÆÐËÙÓ Á¾�

ÅÌÀÙÓ ÏÊÃÏÝÓ Ë¾ ÌÏËÌÀÃ ¾ÎÁÌË¾� ¥¾ ÍÌÏÉÃÂ�

ËÆÃ ÍÝÐÚ ÉÃÐ À Ï¿ÌÎÌÕËÌ�ÏÀ¾ÎÌÕËÌÊ ÍÃÎÃÂÃÉÃ

ÏÑ×ÃÏÐÀÃËËÌ Ì¿ËÌÀÉÃËÌ Ì¿ÌÎÑÂÌÀ¾ËÆÃ ÂÉÝ

ÍÌÉÑ¾ÀÐÌÊ¾ÐÆÕÃÏÈÌÇ ÏÀ¾ÎÈÆ�   ÍÎÌÆÅÀÌÂÏÐÀÌ

ÀËÃÂÎÃËÙ ÏÌÀÎÃÊÃËËÙÃ ÏÀ¾ÎÌÕËÙÃ ÍÌÉÑ¾À�

ÐÌÊ¾ÐÙ ÍÌÏÉÃÂËÃÁÌ ÍÌÈÌÉÃËÆÝ Ï ÍÎÌÁÎ¾ÊÊÆ�

ÎÑÃÊÙÊÆ Í¾Î¾ÊÃÐÎ¾ÊÆ ÎÃÄÆÊÌÀ ÏÀ¾ÎÈÆ

ÒÆÎÊ (6$% �¶ÀÃÔÆÝ� Æ �)URQLXV� ��ÀÏÐÎÆÝ��

¢ÉÝ ÆÅÁÌÐÌÀÉÃËÆÝ ÂÉÆËËÌÊÃÎËÙÓ� ÈÎÑÍËÌ�

Á¾¿¾ÎÆÐËÙÓ ÏÀ¾ÎËÙÓ Ê¾ÖÆËÌÏÐÎÌÆÐÃÉÚËÙÓ

ÈÌËÏÐÎÑÈÔÆÇ ÍÎÆ ÐÌÉ×ÆËÃ ÏÀ¾ÎÆÀ¾ÃÊÌÁÌ ÊÃ�

Ð¾ÉÉ¾ ÂÌ �� ÊÊ ÀËÃÂÎÃËÌ ÀÙÏÌÈÌÍÎÌÆÅÀÌ�

ÂÆÐÃÉÚËÌÃ ÏÀ¾ÎÌÕËÌÃ Ì¿ÌÎÑÂÌÀ¾ËÆÃ ÒÆÎÊÙ

�)URQLXV� ÂÉÝ ÏÀ¾ÎÈÆ À ÎÃÄÆÊÃ �7,0(�ÍÎÌ�

®ÆÏ� �� ¯À¾ÎÈ¾ ÊÃÐ¾ÉÉÌÈÌËÏÐÎÑÈÔÆÆ ÍÌÉÑ¾ÀÐÌÊ¾ÐÌÊ �ËÌÀÌÁÌ
ÍÌÈÌÉÃËÆÝ� ÒÆÎÊÙ �)URQLXV� Ï ÆÏÍÌÉÚÅÌÀ¾ËÆÃÊ È¾ÏÏÃÐÙ
ÍÌÀÙÖÃËËÌÇ ÃÊÈÌÏÐÆ ÐÆÍ¾ �0DUDWKRQ� �Ê¾ÏÏ¾ ÏÀ¾ÎÌÕËÌÇ
ÍÎÌÀÌÉÌÈÆ ��� ÈÁ�

� �������



ÔÃÏÏ¾� À ÊËÌÁÌÈÌÊÍÌËÃËÐËÙÓ Á¾ÅÌÀÙÓ ÏÊÃÏÝÓ� ÎÌÆÅÀÌÂÆÐÃÉÚËÌÏÐÚ ÍÎÌÔÃÏÏ¾ ÏÀ¾ÎÈÆ ÂÌÏ�

ÐÆÁ¾ÃÐ ��w�� ÈÁ Ë¾ÍÉ¾ÀÉÃËËÌÁÌ ÊÃÐ¾ÉÉ¾ À Õ¾Ï �ÎÆÏ� ���

¢ÉÝ ÀÙÏÌÈÌÍÎÌÆÅÀÌÂÆÐÃÉÚËÌÁÌ Î¾ÂÆÌÁÎ¾ÒÆÕÃÏÈÌÁÌ ÈÌËÐÎÌÉÝ ÈÎÑÍËÌÁ¾¿¾ÎÆÐËÙÓ ÏÀ¾ÎËÙÓ

ÑÅÉÌÀ ÀËÃÂÎÃË ÉÆËÃÇËÙÇ ÑÏÈÌÎÆÐÃÉÚ ±»© �����¢��� �ÎÆÏ� ��� Ì¿ÃÏÍÃÕÆÀ¾Ü×ÆÇ ÈÌËÐÎÌÉÚ

ÏÀ¾ÎËÙÓ ÏÌÃÂÆËÃËÆÇ Ï ÐÌÉ×ÆËÌÇ ÏÐÃËÈÆ ÌÐ ��� ÂÌ ��� ÊÊ�

  Å¾ÁÌÐÌÀÆÐÃÉÚËÌÊ ÍÃÎÃÂÃÉÃ ÏÀ¾ÎÌÕËÌÁÌ ÍÎÌÆÅÀÌÂÏÐÀ¾ ÀËÃÂÎÃË¾ À ÛÈÏÍÉÑ¾Ð¾ÔÆÜ ÈÌÊ�

¿ÆËÆÎÌÀ¾ËË¾Ý Ê¾ÖÆË¾ Ï µ± ÂÉÝ ÐÃÎÊÆÕÃÏÈÌÇ ÎÃÅÈÆ �Á¾ÅÌÈÆÏÉÌÎÌÂË¾Ý ÎÃÅÈ¾ � ÀÌÅÂÑÖËÌ�

ÈÆÏÉÌÎÌÂË¾Ý ÍÉ¾ÅÊÃËË¾Ý ÎÃÅÈ¾ � Ê¾ÎÈÆÎÌÀÌÕËÙÇ ¿ÉÌÈ�� ÊÌÂÃÉÚ �6XSUDUH[ 6;(������ ÒÆÎÊÙ

(6$% �ÎÆÏ� ��� ¯ÐÌÉ Ê¾ÖÆËÙ ÌÏË¾×ÃË ÏÆÏÐÃÊÌÇ ÀÃËÐÆÉÝÔÆÆ Ï ÒÆÉÚÐÎ¾ÔÆÃÇ ÑÂ¾ÉÝÃÊÙÓ

ÍÎÌÂÑÈÐÌÀ ÏÁÌÎ¾ËÆÝ ÊÃÐ¾ÉÉ¾�

  ���� Á� ÀÀÃÂÃË¾ À ÛÈÏÍÉÑ¾Ð¾ÔÆÜ ÌÐÎÃÅË¾Ý ¾ÀÐÌÊ¾ÐÆÕÃÏÈ¾Ý ÉÆËÆÝ Ï µ± Ë¾ ¿¾ÅÃ ÂÀÑÓ�

ÈÌÉÌËËÌÁÌ ÉÃËÐÌÕËÌ�ÍÆÉÚËÌÁÌ ÏÐ¾ËÈ¾ �ª£ � ��� *$������ ÒÆÎÊÙ �ª£ �� �¡ÃÎÊ¾ËÆÝ� �ÎÆÏ� ��

ÂÉÝ ÎÃÅÈÆ ÏÌÎÐÌÀÌÁÌ ÍÎÌÈ¾Ð¾� ÐÎÑ¿ Æ ÍÎÌÒÆÉÚËÌÁÌ ÍÎÌÈ¾Ð¾� ª¾ÈÏÆÊ¾ÉÚËÌÃ ÏÃÕÃËÆÃ Î¾Å�

ÎÃÅ¾ÃÊÌÁÌ ÍÎÌÈ¾Ð¾ ÂÌ ������� ÊÊ� ÂÉÆË¾ ÌÐÎÃÅ¾ÃÊÙÓ ÂÃÐ¾ÉÃÇ À ¾ÀÐÌÊ¾ÐÆÕÃÏÈÌÊ ÎÃÄÆÊÃ

ÂÌ ���� ÊÊ� ÎÃÅÈ¾ ÍÌÂ ÉÜ¿ÙÊ ÑÁÉÌÊ �Ë¾ÉÃÀÌ� À ÂÆ¾Í¾ÅÌËÃ ��w����

¬ÏËÌÀËÌÇ Ì¿ØÃÊ ÊÃÐ¾ÉÉÌÍÎÌÈ¾Ð¾� Å¾ÍÑÏÈ¾ÃÊÌÁÌ À ÍÎÌÆÅÀÌÂÏÐÀÌ� ÂÉÝ ÆÅÁÌÐÌÀÉÃËÆÝ ÏÀ¾ÎËÙÓ

ÈÌËÏÐÎÑÈÔÆÇ ÍÌÂÀÃÎÁ¾ÃÐÏÝ ÂÎÌ¿ÃÏÐÎÑÇËÌÇ ÌÕÆÏÐÈÃ Æ ÁÎÑËÐÌÀÈÃ Ë¾ ÉÆËÆÆ ÒÆÎÊÙ �¡ÑÐÊ¾ËË�

�¡ÃÎÊ¾ËÆÝ� �ÎÆÏ� �� � °×¾ÐÃÉÚË¾Ý ÍÌÂÁÌÐÌÀÈ¾ ÍÌ�

ÀÃÎÓËÌÏÐÃÇ ÏÀ¾ÎËÙÓ ÈÌËÏÐÎÑÈÔÆÇ ÂÉÝ Ì¿ÃÏÍÃ�

ÕÃËÆÝ ÀÙÏÌÈÌÈ¾ÕÃÏÐÀÃËËÌÇ ÌÈÎ¾ÏÈÆ� Ë¾ÂÃÄË¾Ý

Å¾×ÆÐ¾ ÍÌÀÃÎÓËÌÏÐÆ ÊÃÐ¾ÉÉÌÍÎÌÈ¾Ð¾ ÌÐ ÈÌÎ�

ÎÌÅÆÆ� ÍÌÀÙÖÃËÆÃ ÍÌÐÎÃ¿ÆÐÃÉÚÏÈÆÓ ÏÀÌÇÏÐÀ Æ

ÈÌËÈÑÎÃËÐÌÏÍÌÏÌ¿ËÌÏÐÆ ÀÙÍÑÏÈ¾ÃÊÌÇ ÍÎÌÂÑÈ�

ÔÆÆ� ÏËÆÄÃËÆÃ ÐÎÑÂÌÃÊÈÌÏÐÆ Á¾ÅÌÈÆÏÉÌÎÌÂËÌÇ

ÎÃÅÈÆ x ÎÃÅÑÉÚÐ¾ÐÙ ÀËÃÂÎÃËÆÝ ÑËÆÈ¾ÉÚËÌÁÌ Ì¿Ì�

ÎÑÂÌÀ¾ËÆÝ ÒÆÎÊÙ �¡ÑÐÊ¾ËË��

ª¾ÈÏÆÊ¾ÉÚË¾Ý ÐÌÉ×ÆË¾ Ì¿Î¾¿¾ÐÙÀ¾ÃÊÌÁÌ

ÉÆÏÐÌÀÌÁÌ ÍÎÌÈ¾Ð¾ Ë¾ ÉÆËÆÆ �� ÊÊ� ÖÆÎÆË¾

���� ÊÊ� ¢ÉÝ ÍÎÌÒÆÉÚËÌÁÌ ÍÎÌÈ¾Ð¾ ÍÌÍÃÎÃÕËÌÃ

ÏÃÕÃËÆÃ ÏÌÏÐ¾ÀÉÝÃÐ �������� ÊÊ� ÂÉÆË¾ x

����� ÊÊ�

¢ÉÝ ÍÌÂÐÀÃÎÄÂÃËÆÝ ÀÌÅÊÌÄËÌÏÐÃÇ À Ì¿É¾ÏÐÆ

ÏÀ¾ÎÈÆ Æ Ï ÔÃÉÚÜ ÍÌÉÑÕÃËÆÝ ÍÎ¾À¾ ÆÅÁÌÐÌÀÉÃËÆÝ

ÏÀ¾ÎËÙÓ ÈÌËÏÐÎÑÈÔÆÇ ÍÌ ÐÎÃ¿ÌÀ¾ËÆÝÊ ÊÃÄÂÑ�

Ë¾ÎÌÂËÙÓ ÏÐ¾ËÂ¾ÎÐÌÀ ±Î¾ÉÊ¾ÖÅ¾ÀÌÂ Ï ���� Á�

ÏÃÎÐÆÒÆÔÆÎÑÃÐ ÏÀ¾ÎÌÕËÌÃ ÍÎÌÆÅÀÌÂÏÐÀÌ Ï ÍÎÆÀ�

ÉÃÕÃËÆÃÊ ÒÆÎÊÙ '96 �¡ÃÎÊ¾ËÆÝ��   ���� Á� ÏÀ¾�

ÎÌÕËÌÃ ÍÎÌÆÅÀÌÂÏÐÀÌ À ÌÕÃÎÃÂËÌÇ Î¾Å ÏÃÎÐÆ�

ÒÆÔÆÎÌÀ¾ËÌ ÑÈ¾Å¾ËËÌÇ ÒÆÎÊÌÇ Ï ÍÌÉÑÕÃËÆÃÊ

¯ÃÎÐÆÒÆÈ¾Ð¾ È¾ÕÃÏÐÀ¾ ÍÌ ',1 (1 ����� Æ ¯ÀÆ�

®ÆÏ� �� ©ÆËÃÇËÙÇ ÑÏÈÌÎÆÐÃÉÚ ±»© �����¢��� ®ÆÏ� �� ª¾ÖÆË¾ ÂÉÝ ÐÃÎÊÆÕÃÏÈÌÇ ÎÃÅÈÆ Ï µ± �6XSUDUH[
6;(������

®ÆÏ� �� ¬ÐÎÃÅË¾Ý ¾ÀÐÌÊ¾ÐÆÕÃÏÈ¾Ý ÉÆËÆÝ Ï µ± Ë¾ ¿¾ÅÃ
ÂÀÑÓÈÌÉÌËËÌÁÌ ÉÃËÐÌÕËÌ�ÍÆÉÚËÌÁÌ ÏÐ¾ËÈ¾ �0(%$ ���
*$������

������� �



ÂÃÐÃÉÚÏÐÀ¾ Ì ÈÀ¾ÉÆÒÆÈ¾ÔÆÆ ÍÎÌÆÅÀÌÂÆÐÃÉÝ ÍÌ

',1 ������� �ÈÉ¾ÏÏ £��

°ÃÓËÌÉÌÁÆÕÃÏÈÌÃ ÏÌÍÎÌÀÌÄÂÃËÆÃ Î¾¿ÌÐ À ÏÀ¾�

ÎÌÕËÌÊ ÍÎÌÆÅÀÌÂÏÐÀÃ� Ë¾ÍÎ¾ÀÉÃËÆÝ ÃÁÌ ÐÃÓËÆ�

ÕÃÏÈÌÁÌ ÍÃÎÃÀÌÌÎÑÄÃËÆÝ� ÏÌÀÎÃÊÃËËÙÇ ÑÎÌÀÃËÚ

ÐÃÓËÆÕÃÏÈÌÁÌ ÏÌÏÐÌÝËÆÝ ÌÍÎÃÂÃÉÝÃÐ ÌÐÂÃÉ ÁÉ¾À�

ËÌÁÌ ÏÀ¾Î×ÆÈ¾ ±Î¾ÉÊ¾ÖÅ¾ÀÌÂ¾� ���ÉÃÐÆÃ Ì¿�

Î¾ÅÌÀ¾ËÆÃ ÈÌÐÌÎÌÁÌ ¿ÑÂÃÐ ÌÐÊÃÕ¾ÐÚÏÝ À ÝËÀ¾ÎÃ

���� Á� ¬ÐÂÃÉ ÁÉ¾ÀËÌÁÌ ÏÀ¾Î×ÆÈ¾ x ÛÐÌ ÈÌÉ�

ÉÃÈÐÆÀ ÀÙÏÌÈÌÈÀ¾ÉÆÒÆÔÆÎÌÀ¾ËËÙÓ ÏÍÃÔÆ¾ÉÆÏ�

ÐÌÀ Ï ÌÁÎÌÊËÙÊ ÌÍÙÐÌÊ Î¾¿ÌÐÙ À Ì¿É¾ÏÐÆ ÏÌÅ�

Â¾ËÆÝ Æ ÆÅÁÌÐÌÀÉÃËÆÝ ÌÐÀÃÐÏÐÀÃËËÙÓ ÈÎÑÍËÌÁ¾�

¿¾ÎÆÐËÙÓ Ê¾ÖÆËÌÏÐÎÌÆÐÃÉÚËÙÓ ÈÌËÏÐÎÑÈÔÆÇ�

  Î¾ÅÀÆÐÆÃ ÏÀ¾ÎÌÕËÌÁÌ ÍÎÌÆÅÀÌÂÏÐÀ¾ ÀËÃÏÉÆ
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7KH SDSHU SUHVHQWV WKH EDFNJURXQG RI HPHUJHQFH� GHYHORSPHQW DQG DSSOLFDWLRQ RI ODWWLFH DQG KRQH\FRPE VWUXFWXUHV RI IO\LQJ
YHKLFOHV� $Q DEUXSW LPSURYHPHQW RI WKH TXDOLW\ RI VWUXFWXUDO DOOR\V DQG DLUFUDIW DQG PLVVLOH PDQXIDFWXULQJ WHFKQRORJLHV
RFFXUUHG LQ WKH VHFRQG KDOI RI WKH ;;WK FHQWXU\� ,Q YLHZ RI WKH LQFUHDVLQJ VRSKLVWLFDWLRQ RI WKH VWUXFWXUHV DQG GLIILFXOWLHV
RI DSSO\LQJ RWKHU WHFKQRORJLHV� EUD]LQJ LV EHFRPLQJ WKH PRVW SURPLVLQJ MRLQLQJ SURFHVV� %UD]LQJ ILOOHU PHWDOV DQG WHFKQRORJLHV
KDYH EHHQ GHYHORSHG� ZKLFK HQVXUHG KLJK SHUIRUPDQFH RI DLUFUDIW DQG VSDFH YHKLFOHV�
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°ÃÊ¾ÐÆÈ¾ ÈÌËÒÃÎÃËÔÆÆ�

• º¹�ÒäÒÏÈ�Ò« äÈ�Ë¯ÒÈãºm Ò �Ë²Óºãº�Ò® Ò² ¹ºã��ËÓÒ« ¹¯Ò ¹¯ºÒÏmº�°�mË °�ÈãË® Ò °¹ãÈmºm�
°mÈ¯}Ë Ò �¯��

• ¯ÈÏ¯Èº�}È Óºm©² äÈ�Ë¯ÒÈãºm�
• ¯ÈÏ¯Èº�}È äÈ�Ë¯ÒÈãºm ° ÏÈ�ÈÓÓº® °�¯�}��¯º® Ò °mº®°�mÈäÒ�

• ¯ÈÏ¯Èº�}È ÈÏ �ÈÓÓ©² ¹º äÈ�Ë¯ÒÈãÈä Ò Ò² ¹¯ÒäËÓËÓÒ
�

• Ò°¹ºã	ÏºmÈÓÒË °Ë�Ò ÒÓ�Ë¯ÓË� �ã« ¯Ë�ËÓÒ« ¹¯ºãËä º¹�ÒäÒÏÈ�ÒÒ äÈ�Ë¯ÒÈãºm Ò �Ë²Óºãº�ÒÒ�
• ÒÓÁº¯äÈ�ÒºÓÓ©Ë °Ò°�Ëä© ¯ËÈã	Óº�º m¯ËäËÓÒ�

• ÓÈÓº¹¯ºÒÏmº�°�mº ° Ò°¹ºã	ÏºmÈÓÒËä ¹ºãÒäË¯Ó©² ¯È°�mº¯ºm�

• ¹ºãÒäË¯Ó©Ë ¹	ËÏºªãË}�¯Ò�Ë°}ÒË äÈ�Ë¯ÒÈã©�
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• ¯ÈÏ¯Èº�}È äÈ�Ë¯ÒÈãºm� ÁÈÏºm©Ë �¯ÈÓ°Áº¯äÈ�ÒÒ� �ÒÁÁ�ÏÒ« ÓÈ �¯ÈÓÒ�Ë ¯ÈÏ�ËãÈ�
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ªª°����� 2UJDQL]LQJ &RPPLWWHH� &ROOHJH RI -XGHD DQG 6DPDULD� $ULHO ������ ,VUDHO�
3KRQH� ��������������� )D[� ��������������� ]LQLJUDG#UHVHDUFK�\RVK�DF�LO
KWWS���ZZZ�\RVK�DF�LO�UHVHDUFK��PPW�007������PPW������KWP
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°¹Ë�ÒÈã	Óº�º ÓÈÏÓÈ�ËÓÒ« �ã« °mÈ¯}Ò m©°º}ºãË�Ò�
¯ºmÈÓÓ©² °�ÈãË® Ò �mË�Ó©² äË�Èããºm °º°�ÈmÒã
����� � ��mËãÒ�Òã°« ÓÈ ���� ���

{ cº°°Ò®°}º® nË�Ë¯È�ÒÒ ÒÏ�º�ºmãËÓº ������ �
ªãË}�¯º�ºm� m �ºä �Ò°ãË ° ¯��ÒãÒã	äËÓÒ�ºm©ä ¹º}�
¯©�ÒËä ������� Á�º¯Ò°�º�}Èã	�ÒËm©ä ����� ��
°¹Ë�ÒÈã	Ó©² ªãË}�¯º�ºm ����� �� { �}¯ÈÒÓË ÒÏ�
�º�ºmãËÓº ����� � ªãË}�¯º�ºm�ÒÏ ÓÒ² ° ¯��ÒãÒã	�
äËÓÒ�ºm©ä ¹º}¯©�ÒËä ������ Á�º¯Ò°�º�}Èã	�ÒË�
m©ä ����� °¹Ë�ÒÈã	Ó©² ªãË}�¯º�ºm ��� ��

sÈäË�ÒãÈ°	 ¹ºãºÎÒ�Ëã	ÓÈ« �ËÓ�ËÓ�Ò« �mËãÒ�
�ËÓÒ« ¹¯ºÒÏmº�°�mÈ ªãË}�¯º�ºm äÈãº�º Ò °¯Ë�ÓË�º

� È  ã Ò � È �� {©¹�°} °�ÈãÒ ��Ò°ãÒ�Ëã	� Ò ¹¯º}È�È �ÏÓÈäËÓÈ�Ëã	� m °�¯ÈÓÈ² vs�� äãÓ �

v�¯ÈÓÈ ���� ���� ���� ���� ���� ����

vs� ��������� ��������� ������������� ���������� ��������� ������������

cº°°Ò« ���������� ��������� ��������� ��������� ��������� ���������

�}¯ÈÒÓÈ ���������� ��������� ��������� ���������� ��������� ������������

zÈÏÈ²°�ÈÓ sË� °mË�� sË� °mË�� sË� °mË�� sË� °mË�� sË� °mË�� �������

i¯��ÒË °�¯ÈÓ© �� ������� ����������� �� �� �����������

�� �������
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lÈ�Ë¯ÒÈã©
��Ò¹ ¹º}¯©�Ò«�
�ÒÈäË�¯©�

���� ���� ���� ���� ���� ����

v{kc| shp w�pz�c|ih �vs��

{°Ë�º ������ ������ ������ ������ ������ ������

{ �ºä �Ò°ãË�

c��ÒãÒã	äËÓÒ�ºm©Ë ������ ������ ������ ������ ������ ������

n�º¯Ò°�º�}Èã	�ÒËm©Ë ����� ����� ����� ����� ����� �����
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�ÒÈäË�¯È �º� ��� �º ��� ää�� j² m©¹�°} °�ääÈ¯Óº
°º°�ÈmÒã ������ � ��� � º�Ë�º }ºãÒ�Ë°�mÈ��
�mËãÒ�ËÓÒË ¹¯ºÒÏmº�°�mÈ ¹º °¯ÈmÓËÓÒ
 ° ���� ��
°º°�ÈmÒãº � �� wãË}�¯º�ºm �ÒÈäË�¯ºä ��� Ò ��� ää
ÒÏ�º�ºmãËÓº °ºº�mË�°�mËÓÓº ����� Ò ��� ��

|�Ò® º�Ëä m©¹�°}È ãË�Ò¯ºmÈÓÓº® °mÈ¯º�Óº®
¹¯ºmºãº}Ò �ÒÈäË�¯ºä �º ��� ää �ã« äË²ÈÓÒÏÒ¯º�
mÈÓÓº® °mÈ¯}Ò m ÏÈ�Ò�Ó©² �ÈÏÈ² °º°�ÈmÒã ����� ��
ÒÏ ÓËË �ÒÈäË�¯ºä ���… ��� ää ����� �� { cº°�
°Ò®°}º® nË�Ë¯È�ÒÒ ÒÏ�º�ºmãËÓº ����� �� ÒÏ ÓËË
�ÒÈäË�¯ºä ���… ��� ää ����� �� m �}¯ÈÒÓË Û
������ ÒÏ ÓËË �ÒÈäË�¯ºä ���… ��� ää ���� �� �º
°¯ÈmÓËÓÒ
 ° ���� �� º�Ò® º�Ëä m©¹�°}È ¹¯º�
mºãº}Ò �mËãÒ�Òã°« ÓÈ �� �� m cº°°Ò®°}º® nË�Ë�
¯È�ÒÒ ÓÈ ���m �}¯ÈÒÓË ÓÈ �� �� |°mºËÓ ¹¯ºä©��
ãËÓÓ©® m©¹�°} ºäË�ÓËÓÓº® °mÈ¯º�Óº® ¹¯ºmºãº}Ò�
}º�º¯È« ¹º ÏÈ}ÈÏÈä ¹º�¯ËÒ�ËãË® ¹º°�Èmã«Ë�°«
ÓÈ �¹�ã«² Ò }È���}È² ° ¯«�Óº® ÓÈäº�}º® äÈ°°º®
º� � �º �� }�� �º°�Èm�Ò}ÈäÒ �È}º® ¹¯ºmºãº}Ò
«mã«
�°« m º°ÓºmÓºä ¹¯Ë�¹¯Ò«�Ò« Û �ãËÓ© k°�
°º�ÒÈ�ÒÒ� |k| ½lËÎ�º°äË�ÒÏ�l�ËÓ°}�� |k|
½lll~� �Ó©ÓË |k| ½llz�lË�ÒÏ��� |k|
½ v�~� Ò |k| ½|v�~� m º�Ë�ÒÓËÓÒÒ |k|
½vËmË¯°�Èã	�lË�ÒÏ�� { ���� �� ÒÏ�º�ºmãËÓº ���� �
ºäË�ÓËÓÓº® ¹¯ºmºãº}Ò� ��º ÓÈ �� � ºã	�Ë ¹º
°¯ÈmÓËÓÒ
 ° ���� ��

vmÈ¯º�Óº® Ò ÓÈ¹ãÈmº�Óº® ¹º¯º�}ºm©² ¹¯ºmº�
ãº} m ���� �� ÒÏ�º�ºmãËÓº ���� � �ºã	�Ë ¹º °¯Èm�
ÓËÓÒ
 ° ���� �� ÓÈ �� ��� ÒÏ ÓËË °mÈ¯º�Óº® �����
ÓÈ¹ãÈmº�Óº® ���� �� |�Ëä ¹¯ºÒÏmº�°�mÈ ¹º¯º��
}ºmº® ¹¯ºmºãº}Ò m cº°°Ò®°}º® nË�Ë¯È�ÒÒ °º°�È�
mÒã ���� �� ÒÏ ÓËË °mÈ¯º�Óº® ����� ÓÈ¹ãÈmº�Óº®
���� �� { �}¯ÈÒÓË ¹¯ºÒÏmË�ËÓº ��� � ¹º¯º�}ºmº®
¹¯ºmºãº}Ò� °mÈ¯º�Óº® ��� Ò ÓÈ¹ãÈmº�Óº® ��� ��

vmÈ¯º�Ó©² Áã
°ºm ¹¯ºÒÏmË�ËÓº m ���� ��
����� �� m �ºä �Ò°ãË m cº°°Ò®°}º® nË�Ë¯È�ÒÒ
������m �}¯ÈÒÓË Û ����� �� |�Ëä ¹¯ºÒÏmº�°�mÈ
°mÈ¯º�Óº�º Áã
°È ¹º °¯ÈmÓËÓÒ
 ° ���� �� m cº°°ÒÒ
�mËãÒ�Òã°« ÓÈ ��� m �}¯ÈÒÓË ÓÈ � ��

{ ������ º�Ò® º�Ëä ¹¯ºÒÏmº�°�mÈ °mÈ¯º�Ó©²
äÈ�Ë¯ÒÈãºm °º°�ÈmÒã ������ �� m �ºä �Ò°ãË �ã«
äË²ÈÓÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ò ����� �� sÈ �ºã
 m©¹�°�
}È °mÈ¯º�Ó©² äÈ�Ë¯ÒÈãºm �ã« äË²ÈÓÒÏÒ¯ºmÈÓÓº®
°mÈ¯}Ò ¹¯Ò²º�Ò�°« �� � º�Ë�º m©¹�°}È�

jÏ ¹¯ÒmË�ËÓÓ©² �ÈÓÓ©² mÒ�Óº� ��º º°ÓºmÓ�

�ºã
 °mÈ¯º�Ó©² ¯Èº� m °�¯ÈÓÈ² vs� ¹º�¹¯ËÎ�
ÓËä� m©¹ºãÓ«
� ¹º}¯©�©äÒ ªãË}�¯º�ÈäÒ� sË°�
äº�¯« ÓÈ °��Ë°�m�
�Ò® ÓÒÏ}Ò® �¯ºmËÓ	 äË²ÈÓÒ�
ÏÒ¯ºmÈÓÓº® °mÈ¯}Ò ¹ºãºÎËÓÒË m ¹º°ãË�ÓËË m¯Ëä«
ÓÈ�ÒÓÈË� �ÎË äËÓ«�	°« m ã����
 °�º¯ºÓ�� �È}�
Ë°ãÒ ¹¯ºÒÏmº�°�mº °mÈ¯º�Ó©² ªãË}�¯º�ºm m ����
Ò ���� ��� °º°�ÈmÒãº °ºº�mË�°�mËÓº ����� Ò �����
�©°� � �°ÓÒÎËÓÒË m ��� ¯ÈÏÈ�� ãË�Ò¯ºmÈÓÓº® °mÈ�
¯º�Óº® ¹¯ºmºãº}Ò ���� Ò ��� �©°� � �m �� ¯ÈÏ�
Ò °mÈ¯º�Óº�º Áã
°È ����� Ò ���� �©°� � �m ���
¯ÈÏÈ�� �º m ����Ü���� ��� ¹ºãºÎËÓÒË ° m©¹�°}ºä
°mÈ¯º�Ó©² äÈ�Ë¯ÒÈãºm� º°ºËÓÓº �ã« äË²ÈÓÒÏÒ¯º�
mÈÓÓº® °mÈ¯}Ò�ÏÓÈ�Ò�Ëã	Óº �ã���Òãº°	 ��Èã� ���

sÈ °Ë�º�Ó« m °�¯ÈÓÈ² vs� ÒäËË�°« �º°�È�º�Óº
¹¯ºÒÏmº�°�mËÓÓ©² äº�Óº°�Ë® ¹º ¹¯ºÒÏmº�°�m� °mÈ�
¯º�Ó©² äÈ�Ë¯ÒÈãºm }È} �ã« ¯��Óº®� �È} Ò �ã«
äË²ÈÓÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ò� |�ÓÈ}º m °m«ÏÒ ° äË��
ãËÓÓ©ä �mËãÒ�ËÓÒËä m©¹�°}È ¹¯ºä©�ãËÓÓº® ¹¯º�
��}�ÒÒ °��Ë°�m�
�ÒË äº�Óº°�Ò ÓË ÏÈ�¯�ÎËÓ©�
{ ¯ËÏ�ã	�È�Ë ¹¯Ë}¯È�ÒãÒ °mº
 ¯Èº�� |k| ½rÈ�
ãÈ�Ë®°}Ò® ¹¯ºÒÏmº�°�mËÓÓ©® }ºäÒÓÈ��� }¯�¹�
Ó©® �Ë² �ÓÈ �� �©°� �� ÓÈ |k| ½v�ãÒÓ°}Ò® äË�
�Èãã�¯�Ò�Ë°}Ò® ÏÈmº��� �Ë² ÓÈ ½k�ºääÈ�Ë� ���

�¯º�ºãÎËÓÒË �Èã� �
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{ºã�º�ºÓ°}�� |k| ½iwj~vl� ��� iÓË¹¯º¹Ë��
¯ºm°}�� �º��Ò ÓË ¯Èº�ÈË� ªãË}�¯º�Ó©® �Ë² äº��
Óº°�	
 �� �©°� � ÓÈ |k| ½v�ÈãË}ÈÓÈ�Ó©®� �©m�
�Ò® |k| ½|�Ë°°}Ò® °�ÈãË¹¯º}È�Ó©® ÏÈmº��� Ò
�¯�

sË°äº�¯« ÓÈ ÁÒÓÈÓ°ºm©Ë �¯��Óº°�Ò Ò ÓË°�È�
Òã	Ó�
 ¯ËÈãÒÏÈ�Ò
 ¹¯º��}�ÒÒ ¹¯Ë�¹¯Ò«�Ò« �ãË�
Ó© k°°º�ÒÈ�ÒÒ ��Ëã«
� ºã	�ºË mÓÒäÈÓÒË ¯Ë�
}ºÓ°�¯�}�ÒÒ Ò �Ë²ÓÒ�Ë°}ºä� ¹Ë¯Ëmºº¯�ÎËÓÒ

ªãË}�¯º�Ó©² �Ë²ºm� ÏÈäËÓË �°�È¯Ëm�Ë�º Ò äº¯È�
ã	Óº ÒÏÓº�ËÓÓº�º ºº¯��ºmÈÓÒ« ÓÈ ÓºmºË� w�º �È�
}ÒË ¹¯Ë�¹¯Ò«�Ò«� }È} ~k| ½w�~� ��� v���Ë�Ë¯�
�¯��� ||| ½v©�Ëm°}Ò® ªãË}�¯º�Ó©® ÏÈmº���
��|~vl jwv Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©�
|k| ½lll~�� |k| ½lË²�º°äË�ÒÏ�l�ËÓ°}��
|k| ½bw~�� |k| ½k| ½v¹Ë�ªãË}�¯º��� ~k|
½k¯�ËääÈ� ½{Ò°�Ë}��~k| ½vw~ ½vjrwv��|k|
½|v� ½{Ëã}ºä� Ò �¯�� ¯ÈÏ¯Èº��Ò}Ò ºº¯��ºmÈ�

ÓÒ« ||| ½{ËãäÈ�� ~k| ½k¯}�º°�� |k| ½�«Î�
¹¯Ë°°äÈ��� ||| ½wãÒ}º°� Ò �¯�

|�ÓÒä ÒÏ mÈÎÓË®�Ò² ÓÈ¹¯ÈmãËÓÒ® �Ë«�Ëã	�
Óº°�Ò k°°º�ÒÈ�ÒÒ «mã«Ë�°« ¯Ë�ËÓÒË mº¹¯º°ºm�
°m«ÏÈÓÓ©² ° ¹ºÒ°}ºä Óºm©² äË°�º¯ºÎ�ËÓÒ® °©¯	«�
°º�Ë®°�mÒË m ¹º°�Èm}È² }È�Ë°�mËÓÓ©² °©¯	Ëm©²
}ºä¹ºÓËÓ�ºm ¹¯Ë�¹¯Ò«�Ò«ä�¹¯ºÒÏmº�Ò�Ëã«ä ªãË}�
�¯º�ºm Ò �¯�

��Ò�©mÈ« �ËÓºm�
 ¹ºãÒ�Ò}�� k°°º�ÒÈ�Ò« mÒ�
�Ò� m }È�Ë°�mË mÈÎÓË®�Ë�º ÓÈ¹¯ÈmãËÓÒ« ËË �Ë«�
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v �º�}Ò Ï¯ËÓÒ« ¹º°�º«ÓÓº�º ¹ºm©�ËÓÒ« }ºÓ}��
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Ó©Ë vlz ªãË}�¯º�Ó©² ¹¯Ë�¹¯Ò«�Ò® ÓÈ º°ÓºmË
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Ó�ÎÓºä ÓºäÒÓÈãË �ÎË m¹ºãÓË �º°�È�º�Óº �ã«
ºË°¹Ë�ËÓÒ« }È�Ë°�mÈ� vº m¯ËäËÓËä �ã« ¹ºm©�Ë�
ÓÒ« �È¯ÈÓ�ÒÒ }È�Ë°�mÈ� ÓÈ¹¯ÒäË¯ m Èm�ºäºÒãË°�
�¯ºËÓÒÒ� ¹º�¯ËºmÈãº°	 ¯È°°Ë«ÓÒË }ºÓ�¯ºãÒ¯�Ëäº�
�º ¹È¯ÈäË�¯È �È} °�ÏÒ�	 m ¹¯Ë�ËãÈ² �º¹�°}È� ��º
äËÎ�� ÓºäÒÓÈãºä Ò }ÈÎ�º® �¯ÈÓÒ�Ë® �º¹�°}È äº��
ãº �ãºÎÒ�	°« �Ë°�	 °¯Ë�ÓË}mÈ�¯È�Ò�Ó©² º�}ãº�
ÓËÓÒ®� ²È¯È}�Ë¯ÒÏ�
�Ò² °�È�Ò°�Ò�Ë°}ºË ¯È°°Ë«�
ÓÒË ¹º}ÈÏÈ�Ëã«� �¯Ò ª�ºä m ¹¯ÒÓ«�º® ¹¯º��}�ÒÒ
äºÎË� º}ÈÏÈ�	°« ÓËäÓº�Òä ºã	�Ë �¯Ë² �ËÁË}�Ó©²
ÒÏ�ËãÒ® ÓÈ � äãÓ >��@� vº�ãÈ°Óº }ºÓ�Ë¹�ÒÒ ��
�È���Ò� ¹º�Ë¯Ò� m©ÏmÈÓÓ©Ë º�}ãºÓËÓÒËä º� }È�Ë°�
�mÈ� ¯ÈmÓ© Ó�ã
 �ºã	}º m �ºä °ã��ÈË� Ë°ãÒ ÏÓÈ�Ë�

cÒ°� �� vº°�Èmã«
�ÒË ¯È°²º�ºm �ÏÈ�¯È�� ÓÈ }È�Ë°�mº

�� �������



ÓÒË ¹È¯ÈäË�¯È °ºm¹È�ÈË� ° ÓºäÒÓÈãºä� |ÓÒ mºÏ�
¯È°�È
� �ã« ¹º�¯ËÒ�Ëã« Ò º�Ë°�mÈ m }mÈ�¯È�
�Ò�Óº® ÏÈmÒ°Òäº°�Ò ¹º äË¯Ë ��ÈãËÓÒ« ¹º}ÈÏÈ�Ëã«
}È�Ë°�mÈ º� ÓºäÒÓÈãÈ� �ãÈmÓºË ÓÈ °�È�ÒÒ ¯ÈÏ¯È�
º�}Ò ¹¯º��}�ÒÒ �ºº¯��ºmÈÓÒ«� ¹¯º�Ë°°ºm� ÏÈ�
ãºÎÒ�	 �È}ÒË ¯Ë�ËÓÒ«� ¹¯Ò }º�º¯©² ²È¯È}�Ë¯Ò°�
�Ò}Ò ¹¯º��}�ÒÒ ���� m ÓÈÒäËÓ	�Ë® °�Ë¹ËÓÒ ¹º��
mË¯ÎËÓ© ¯ÈÏ¯º°� ¹º� mãÒ«ÓÒËä ÓË°ºmË¯�ËÓ°�mÈ
�Ë²Óºãº�ÒÒ� rËÏ�°ãºmÓº� ° ª�º® ÏÈ�È�Ë® äºÎË�
°¹¯ÈmÒ�	°« �ºã	}º º¹©�Ó©® Ò �Ë²ÓÒ�Ë°}Ò ²º¯º�º
º°ÓÈ�ËÓÓ©® ¯ÈÏ¯Èº��Ò}�

{ }È�Ë°�mË }¯Ò�Ë¯Ò« ¯ºÈ°�Óº°�Ò� �� Ë� ÓË��m�
°�mÒ�Ëã	Óº°�Ò } mºÏ�Ë®°�mÒ«ä �Ë²Óºãº�ÒÒ� ¹¯Ë��
ãºÎËÓ ¹º}ÈÏÈ�Ëã	� º¯È�Ó©® ÒÏmË°�Óºä� m °�È�Ò°�
�Ò}Ë }ºªÁÁÒ�ÒËÓ�� mÈ¯ÒÈ�ÒÒ�

j°²º�« ÒÏ ª�º�º� ÓÈÒm©°�Ë® ¯ºÈ°�Óº°�	

¹¯Ò ¹Ë¯Ë¯Èº�}Ë �ºãÎÓ© ²È¯È}�Ë¯ÒÏºmÈ�	°«� ÓÈ¹�
¯ÒäË¯� ºäÈÏº�Ó©Ë äÈ°°©� ÒÏ�º�ºmãËÓÓ©Ë ÓÈ ÎÒ��
}Ò² °�Ë}ãÈ²� ¹º¹È�È
�Ò² ¹º °º°�Èm� ÓÈ ÓÈ�Èã	�
Ó©® ��È°�º} }¯Òmº® }ºÓ�ËÓ�¯È�Ò«Üm«Ï}º°�	� j
�Ëä ¹¯º�«ÎËÓÓËË ª�º� ��È°�º}� �Ëä ã���Ë� �º
ÓÈ�Òä ÓÈã
�ËÓÒ«ä� °�È�Ò°�Ò�Ë°}Ò® m©²º� ¯È�
}ºmÈÓÓ©² ªãË}�¯º�ºm ¹º ¯ÈÏÓº�ºã�ÒÓÓº°�Ò ¹º}�
¯©�Ò«� �Ë®°�mÒ�Ëã	Óº º}ÈÏ©mÈË�°« äÒÓÒäÈã	Ó©ä
¹¯Ò º¹¯Ë�ËãËÓÓº® °¯Ë�ÓË® m«Ï}º°�Ò ÎÒ�}º�º °�Ë}�
ãÈ� j ºÓ mºÏ¯È°�ÈË� ¹º��Ò m }mÈ�¯È�Ò�Óº® ÏÈmÒ°Ò�
äº°�Ò ¹º äË¯Ë º�}ãºÓËÓÒ« m«Ï}º°�Ò m äËÓ	��
 ÒãÒ
ºã	��
 °�º¯ºÓ� º� �}ÈÏÈÓÓº�º º¹�ÒäÈã	Óº�º ÏÓÈ�
�ËÓÒ«�

kÓÈãº�Ò�Ó©Ë ¯Ë}ºäËÓ�È�ÒÒ äºÎÓº ¹¯Ë�ãºÎÒ�	
�ã« ¯Ë��ãÒ¯ºmÈÓÒ« ÏË¯Óºm©² °º°�Èmºm ¹º¯º�}ºm
äÈ�Ë¯ÒÈãºm ªãË}�¯º�Ó©² ¹º}¯©�Ò® �ã« ºË°¹Ë�Ë�
ÓÒ« ¹ãÈ°�Ò�Óº°�Ò ºäÈÏº�Ó©² äÈ°°� w}°¹Ë¯ÒäËÓ�
�Èã	Óº �°�ÈÓºmãËÓº� ��º º¹�ÒäÈã	Ó©äÒ� ° ª�º®
�º�}Ò Ï¯ËÓÒ«� «mã«
�°« �È}ÒË ÏË¯Óºm©Ë °º°�Èm©
¹º¯º�}ºm� ¹¯Ò }º�º¯©² �º°�Ò�ÈË�°« ÓÈÒºãËË
¹ãº�ÓÈ« �¹È}ºm}È ÏË¯ËÓ �Ò²�©� { º��Ëã	Ó©² °ã��
�È«²� }º��È ÏË¯Óºmº® °º°�Èm �Ò²�© ¯Ë��ãÒ¯�
�
¹��Ëä ÒÏäËÓËÓÒ« ÏË¯Óºm©² ²È¯È}�Ë¯Ò°�Ò} }ÈÎ�º�º
º��Ëã	Óº mÏ«�º�º äÈ�Ë¯ÒÈãÈ ¹º}¯©�Ò« ¹¯Ò ÓËÒÏ�
äËÓÓ©² ÏË¯Óºm©² °º°�ÈmÈ² º°�Èã	Ó©² °º°�Èmã«
�
�Ò²� äºÎÓº �ºÒ�	°« �ÓÒ}Èã	Óº�º �Ë²Óºãº�Ò�
�Ë°}º�º ªÁÁË}�È� }º�º¯©® m©¯ÈÎÈË�°« m º�ËÓ	
m©°º}º® ¹ãÈ°�Ò�Óº°�Ò ºäÈÏ}Ò� |�º¯�ÈË�� º��
ÓÈ}º� °ãÒ�}ºä ºã	�ºË }ºãÒ�Ë°�mº º¹�ÒäÈã	Ó©²
ÏË¯Óºm©² °º°�Èmºm �Ò²�©� Ë°ãÒ Ë�º ¯Ë��ãÒ¯ºmÈ�	
ÓÈÏmÈÓÓ©ä °¹º°ººä� ° º�Óº® °�º¯ºÓ©� Ò º�ËÓ	
¯ËÏ}ÒË �²���ËÓÒ« ¹ãÈ°�Ò�Óº°�Ò� m©ÏmÈÓÓ©Ë �ÈÎË
ÓËÏÓÈ�Ò�Ëã	Ó©ä º�}ãºÓËÓÒËä ÏË¯Óºmº�º °º°�ÈmÈ
�Ò²�© º� º¹�ÒäÈã	Óº�º mÈ¯ÒÈÓ�È� ° �¯��º® °�º�
¯ºÓ©� v ¹¯ºÒÏmº�°�mËÓÓº® �º�}Ò Ï¯ËÓÒ«� �¹¯Èm�
ã«�	 �È}Òä ¹¯º�Ë°°ºä º�ËÓ	 °ãºÎÓº� º°ºËÓÓº
Ë°ãÒ ÒÏäËÓËÓÒ« ÏË¯Óºmº�º °º°�ÈmÈ ¹º¯º�}ºm ¹¯º�
Ò°²º�«� ¹º ÓËÏÈmÒ°Òä©ä º� º¹Ë¯È�º¯È ¹¯Ò�ÒÓÈä�
{ �º ÎË m¯Ëä« º�ÒÓÈ}ºmºË �ã« m°Ë² °º°�Èmã«
�
�Ò² ªãË}�¯º�Óº�º ¹º}¯©�Ò« ÒÏäËÓËÓÒË ÏË¯Óºm©²

²È¯È}�Ë¯Ò°�Ò}� ²º�« Ò ÓË ¹¯Òmº�Ò� } �ÓÒ}Èã	Óº�
ä� �Ë²Óºãº�Ò�Ë°}ºä� ªÁÁË}��� Óº �Ëä ÓË äËÓËË
ºã	�Ë ¹º�²º�Ò� �ã« ¹¯ºÒÏmº�°�mËÓÓ©² �°ãºmÒ®
m°ãË�°�mÒË ºãËË ¹¯ÒËäãËä©² ²È¯È}�Ë¯Ò°�Ò} ¯º�
È°�Óº°�Ò ¹¯º�Ë°°È�

�¹¯ÈmãËÓÒË �Ë²Óºãº�ÒË® äË�º�ÈäÒ äËÓË�ÎäËÓ�
�È }È�Ë°�mÈ ¹º lv jv| °Ë¯ÒÒ ��������� ÓË äºÎË�
º°��Ë°�mã«�	°« ¹º }È}Òä��º ¯Ë�Ë¹�Èä� }º�º¯©Ë
«mã«
�°« Ë�ÒÓ©äÒ �ã« m°Ë² ¹¯Ë�¹¯Ò«�Ò® Ò mÒ�ºm
ªãË}�¯º�Óº® ¹¯º��}�ÒÒ� �}ÈÏÈÓÓ©Ë °�ÈÓ�È¯�©
¹¯Ë�ãÈ�È
�� ��º ÓËº²º�Òäº �ËãÈ�	� È }È}ÒË ¹¯ÒË�
ä© ¹¯Ò ª�ºä °ãË��Ë� ¹¯ÒäËÓ«�	 �ºãÎËÓ m©¯È�	
}ºÓ}¯Ë�Ó©® ¹ºã	ÏºmÈ�Ëã	 °�ÈÓ�È¯�ºm m ¹¯Òãº�
ÎËÓÒÒ } ÏÈ�È�Èä� }º�º¯©Ë Ëä� Ó�ÎÓº ¯Ë�È�	�
|�ÒË ¹º�²º�©� º°ÓºmÈÓÓ©Ë m �ºä �Ò°ãË Ò ÓÈ
°º°�mËÓÓºä º¹©�Ë� Èm�º¯ ÒÏãºÎÒã m ¯Ë}ºäËÓ�È�
�Ò«² >��@�

�� vºmË�°}Ò® ªÓ�Ò}ãº¹Ë�Ò�Ë°}Ò® °ãºmÈ¯	� Û l�� vºm� ªÓ�
�Ò}ã�� ����� Û ���� °�

�� tÒÓ� j� k� vÒãÒ}Èã	�Ò� Ò Ë�º ¹¯ºãËä©� sÈ����ÒÓÁº¯ä�
°� Û �ÈããÒÓ� {Èã��°� ����� Û v� �Ü���

�� i¯�}Ë¯ �� n� ~È�È�Ò äËÓË�ÎäËÓ�È m ;;, mË}Ë � �Ë¯� °
ÈÓ�ã� Û l�� v�� zÒËm� {Òã	«ä°� ����� Û ��� °�

�� c©È}ºm j� s� zÈ�Ë°�mº Ò }ºÓ}�¯ËÓ�º°¹º°ºÓº°�	 ¹¯º�
��}�ÒÒ ¹¯Ò ¯©Óº�Ó©² º�Óº�ËÓÒ«² �� v�ÈÓ�È¯�© Ò }È�
�Ë°�mº� Û ����� Û ¢ ��� Û v� ��Ü���

��  È®}È j� j� zºÓ}�¯ËÓ�ÓÈ« º¯	È ¹¯Ë�¹¯Ò«�Ò® Û ª�º
°º¯ËmÓºmÈÓÒË °Ò°�Ëä �¹¯ÈmãËÓÒ« }È�Ë°�mºä �� �Èä ÎË�
Û ����� Û ¢ ��� Û v� ��Ü���

��  Ë¯ËÏ }È�Ë°�mº } ªÁÁË}�ÒmÓº°�Ò �� �Èä ÎË� Û ����� Û
¢ �� Û v� ��Ü���

�� bÈ�¯ÒÓ k� i� zÈ�Ë°�mº� }ºÓ}�¯ËÓ�º°¹º°ºÓº°�	� äËÓ�ÈãÒ�
�Ë�� °Ë¯�ÒÁÒ}È�Ò« �� �Èä ÎË� Û ����� Û ¢ �� Û
v� ��Ü���

�� bmË� {� p� cËÁãË}°ÒmÓ©® äËÓË�ÎäËÓ� }È�Ë°�mÈ �clz�
Û ¹¯ÒÓ�Ò¹©� °�¯È�Ë�Ò«� äË�º�© Ò ªÁÁË}�ÒmÓº°�	 ��
lËÎ��ÓÈ¯º�Ó©® ¹¯ºË}� ½vºÏmËÏ�ÒË }È�Ë°�mÈ ������ �ËÏ�
�º}ã� ��® lËÎ��ÓÈ¯� }ºÓÁ� ¹¯ºÁË°°ÒºÓÈãºm }È�Ë°�mÈ� Û
zÒËm� ����� Û v� �Ü��

�� iv�� ����Ü��� vÒ°�ËäÈ °Ë¯�ÒÁ�}È��� �}¯vp�c|� |°�
ÓºmÓ� ¹ºãºÎËÓÓ«� Û  ÒÓÓÒ® Ï ���������

��� iv�� ����Ü��� k�Ë°�È��« mÒ¯ºÓÒ��mÈ� �º¯«�º}
Ï��®°ÓËÓÓ«� Û  ÒÓÓÒ® Ï ���������

��� vËä	 ÒÓ°�¯�äËÓ�ºm }È�Ë°�mÈ m «¹ºÓ°}º® ª}ºÓºäÒ}Ë �
vº°�� w� z� sÒ}ºãÈËmÈ� Û l�� jÏ��mº °�ÈÓ�È¯�ºm� �����
Û �� °�

��� 7KH 6L[ 6LJPD 0HPRU\ -RJJHU 70 ,,� zÈ¯äÈÓÓ©® °¹¯Èmº��
ÓÒ} ¹º ÒÓ°�¯�äËÓ�Èä Ò äË�º�Èä �ã« }ºäÈÓ�Óº�º °ºmË¯�ËÓ�
°�mºmÈÓÒ« � �Ë¯� ° ÈÓ�ã� l� r¯È°È¯�È� �� nÒÓÓÈ�
i� iÎÒÓÓÈ� i� cÒ��Ë¯È� Û zÒËm� �}¯ÈÒÓ°}È« È°°º�ÒÈ�Ò«
}È�Ë°�mÈ� ����� Û ��� °�

��� �È¹Ò��° {� k�� cË}�ÒÓ°}Ò® k� s� iÒÈãº� }ºÓ°�ã	�ÈÓ�È °
¯�}ºmº�Ò�ËãËä }ºä¹ÈÓÒÒ� Û s� sºm�º¯º�� vl¡ ½�¯Òº�
¯Ò�Ë��� ����� Û �� °�

��� w}ºÓºäÒ}È }È�Ë°�mÈ � �¯Ë�º°�ÈmãËÓº }ºä¹ÈÓÒË® �È�
ÓÒ�� Û KWWS���ZZZ�GHYEXVLQHVV�UX�GHYHORSPHQW�

��� vmÒ�}ÒÓ l� ~�� lÈ���È {� i�� cÈ²ãÒÓ z� l� lËÓË�Î�
äËÓ� }È�Ë°�mÈ Ò ºË°¹Ë�ËÓÒË }È�Ë°�mÈ ¹¯º��}�ÒÒ ÓÈ º°ÓºmË
äËÎ��ÓÈ¯º�Ó©² °�ÈÓ�È¯�ºm jv|� Û v�� jÏ��mº v�
}È¯�ºÁÈ¯Ò}Ò {vp�pj� ����� Û ��� °�

��� lÈ¯�ËÓ}º k� p� |¹©� ¯ÈÏ¯Èº�}Ò Ò mÓË�¯ËÓÒ« °Ò°�Ëä �¹�
¯ÈmãËÓÒ« }È�Ë°�mºä ¹º iv�� ,6| ��������� �� ,,, ËÎË�
�º�Ó©® ÓÈ����¹¯È}�� °ËäÒÓÈ¯ ½vmÈ¯}È Ò ¯º�°�mËÓÓ©Ë ¹¯º�
�Ë°°© m °ºm¯ËäËÓÓºä äÈ�ÒÓº°�¯ºËÓÒÒ Ò °��º¯ËäºÓ�Ë�
��� |�Ë°°È� �Ü� Ò
ã« ���� ���� Û |�Ë°°È� ����� Û v� �Ü���

4XDOLW\ DQG SULFH DUH WKH PDLQ FRPSRQHQWV RI PDUNHW FRPSHWLWLYHQHVV RI HOHFWURGH SURGXFWV� 7HFKQRORJ\ RI ZHOGLQJ HOHFWURGH
PDQXIDFWXULQJ LV D FRPSOH[ PXOWLRSHUDWLRQ SURFHVV� KDYLQJ D PXOWLWXGH RI SRWHQWLDO GLVWXUEDQFH VRXUFHV WKDW VKRXOG EH

VXSSUHVVHG WR DFKLHYH WKH UHTXLUHG TXDOLW\ RI SURGXFWV DW DQ DIIRUGDEOH SULFH� ,Q WKLV FRQQHFWLRQ WKH SDSHU DQDO\]HV WKH
WUDGLWLRQDO HQJLQHHULQJ�WHFKQLFDO DSSURDFKHV ZKLFK RXU HOHFWURGH PDQXIDFWXUHUV VWDUWHG DSSO\LQJ LQ SUDFWLFH LQ NHHSLQJ ZLWK
UHFRPPHQGDWLRQV RI ,62 LQWHUQDWLRQDO VWDQGDUGV RI ����������

IhklmibeZ \ j_^Zdpbx ����������
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l� j� z� pc|{k� ÒÓÎ�� �� l� rp�|{� }ÈÓ�� �Ë²Ó� ÓÈ�}� k� k� cks¡p{� i� {� kcv�z|{� ÒÓÎËÓË¯©

�~k| ½wãË}�¯º�Ó©® ÏÈmº��� �� v���Ë�Ë¯�¯�� cn�

®ÏÇÁÄÃÄÌÚ ÐÁÄÃÄÌÇÞ Í Ï¿ÆÏ¿ÀÍÑÉÄ ÐÄÏÇÇ ÜÊÄÉÑÏÍÃÍÁ ÌÍÁÍÂÍ ÎÍÉÍÊÄÌÇÞ� ÎÏÄÃÌ¿ÆÌ¿ÖÄÌÌÚÔ ÃÊÞ Ì¿ÎÊ¿ÁÉÇ ÒÎÊÍÑÌÇÑÄÊÛ�
ÌÚÔ ÎÍÁÄÏÔÌÍÐÑÄÈ ¿ÏË¿ÑÒÏÚ� Ï¿ÀÍÖÇÔ ÎÍÁÄÏÔÌÍÐÑÄÈ ÎÍÃ×ÇÎÌÇÉÍÁ� ÏÄÅÒØÇÔ ÉÏÍËÍÉ� ÃÄÑ¿ÊÄÈ� Ï¿ÀÍÑ¿ÝØÇÔ Á ÐÏÄÃ¿Ô
ÁÚÐÍÉÍÈ ¿ÂÏÄÐÐÇÁÌÍÐÑÇ�

zã
� Ë m © Ë ° ã º m È � ���ºmÈ« ÓÈ¹ãÈm}È� ¹º}¯©�©Ë ªãË}�¯º�
�©� ÒÏÓº°º°�º®}º°�	� °mÈ¯º�Óº��Ë²Óºãº�Ò�Ë°}ÒË °mº®°�mÈ�
Ò°¹©�ÈÓÒ«

sÈ¯«�� ° ¯È°�Ò¯ËÓÒËä ÓºäËÓ}ãÈ��¯© ~k| ½wãË}�
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��… ��� �º °¯ÈmÓËÓÒ
 ° äË�Èããºä� ÓÈ¹ãÈmãËÓÓ©ä
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°ºº�mË�°�mÒÒ °º °�Ë¹ËÓ	
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¯ÒÒ �º �� � m �ËÓ�¯Ë� �Ë¯ËÏ � äË° Û º� � � ÓÈ
¹Ë¯ÒÁË¯ÒÒ �º �� � m �ËÓ�¯Ë� �¯Ò ª�ºä m � ¯ÈÏÈ
�mËãÒ�Òã°« äËÎ¯ËäºÓ�Ó©® ¹Ë¯Òº� �¯ºÒã}Ò� ¹º�
m©°Òãº°	 }È�Ë°�mº È�ãºäË¯È�È� °ÓÒÏÒãÒ°	 ÏÈ�¯È�©
ÓÈ ¯ËäºÓ��

z¯ÈÓºm©Ë }ºãË°È� jÏÓº° }¯ÈÓºm©² }ºãË° ÒÏ
°�ÈãË® äÈ¯º} ���� ���� ���� ��� ¹¯ºÒ°²º�Ò� º�
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ÓÈ�¯�ÎËÓÓ©² }¯ÈÓºm ¯ÈÏ¯Èº�ÈÓ mÈ¯ÒÈÓ� �Ë²Óº�
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ÏÈ�¯È� ÓÈ äÈ�Ë¯ÒÈã© ãÒ�	 ÓÈ �� ��È �¯��ºËä}º°�Ò
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�ËÓÒ« }È�Ë°�mËÓÓ©² °mÈ¯Ó©² °ºË�ÒÓËÓÒ® Ò �¹¯º��
Ó«
�Ò² ¹º}¯©�Ò®� �¯ÒmË�Ëä ÓË}º�º¯©Ë ¹¯ÒäË¯©
¹¯ÒäËÓËÓÒ« ¹º¯º�}ºm©² ¹¯ºmºãº} ÓÈ ¹¯Ë�¹¯Ò«�ÒÒ
||| ½�l� {p��pz��

{©¹ºãÓËÓÈ °mÈ¯}È �È�Ò }ºÓ�°Óº® �¯ºÒã}Ò
zzi������  È�� äÈ°°º® �� � ÒÏ °�ÈãÒ ��� °º�
Ò¯ÈãÒ ÒÏ �m�² �È°�Ë® Û mË¯²ÓË® Ò ÓÒÎÓË®� }º�
�º¯©Ë °mÈ¯ÒãÒ äËÎ�� °ºº®� �º¯ÒÏºÓ�Èã	Ó©® äºÓ�
�ÈÎÓ©® °�©} �ÒÈäË�¯ºä ���� ää m©¹ºãÓËÓ ° �m�²�
°�º¯ºÓÓË® �È�Ëº¯ÈÏÓº® ¯ÈÏ�Ëã}º® }¯ºäº} ¹¯Ò

cÒ°� �� jÏÓº° ε �¹¯º�ÓËÓÓ©² Ò ÓË�¹¯º�ÓËÓÓ©² �ÏÈ��¯Ò²ºmÈÓÓÈ«
ºãÈ°�	� }ºãº°ÓÒ}ºm �¯ºÒã}Ò È�ãºäË¯È�È ¹º°ãË � äË° ª}°¹ã�È�
�È�ÒÒ �¯ºÒã}Ò� QÛ ¹º¯«�º} �°�ÈÓºm}Ò }ºãº°ÓÒ}ºm m �¯ºÒã}Ò
È�ãºäË¯È�È

cÒ°� �� v²ËäÈ ÓÈ¹ãÈm}Ò }¯ÈÓºm©² }ºãË°� � Û º°ÓºmÓº® äË�Èãã�
�� � Û ÓÈ¹ãÈmãËÓÓ©® äË�Èãã� ¹ºã��ËÓÓ©® ° Ò°¹ºã	ÏºmÈÓÒËä
¹¯ºmºãº} °ºº�mË�°�mËÓÓº {p��pz�s���cl Ò {p��pz�
s���cl

������� ��
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ÏºmÈÓÒ« ¹¯ºmºãº}Ò .  ���� Ò °�º®}º°�	 ¹¯º�Òm
º¯ÈÏºmÈÓÒ« ¹º¯ Ò �¯Ë�ÒÓ º¹¯Ë�Ëã«
� ¹¯ËÒä��Ë°�
�mº �ÈÓÓº® ¹¯ºmºãº}Ò ¹Ë¯Ë� �¯��ÒäÒ °mÈ¯º�Ó©äÒ
äÈ�Ë¯ÒÈãÈäÒ�

iã« °mÈ¯}Ò �Ë�ÈãË® Ò ÏÈmÈ¯}È �ËÁË}�ºm ãÒ�	«
ÒÏ �Ë¹ãº°�º®}Ò² ²¯ºäºäºãÒ�ËÓºm©² °�ÈãË®
��tl� ��tl� ��tl�� ��tl� ¹¯ÒäËÓ«Ë�°« �È�
ÏºÏÈ�Ò�ÓÈ« ¹º¯º�}ºmÈ« ¹¯ºmºãº}È ° °Ë¯�Ë�ÓÒ}ºä
}È¯ºÓÈ�Óº�Áã
º¯Ò�Óº�º �Ò¹È äÈ¯}Ò ��°��l{��
�ÒÈäË�¯ºä ���… ��� ää�

~ÈmÈ¯}� �ËÁË}�ºm ãÒ�	« m©°º}ºäÈ¯�ÈÓ�ºmÒ°�
�©² °�ÈãË® ������� m©¹ºãÓ«
� °ÈäºÏÈ�Ò�Óº® ¹º�
¯º�}ºmº® ¹¯ºmºãº}º® {p��pz�s��� �ÒÈäË�¯ºä
� ää�

sÈ¹ãÈm}� �¹¯º�Ó«
�Ò² °ãºËm ÓÈ ÏÈ°ºmÈ² �ÓÒ��
¯ËÎ��Ò² }¯ºäº} Ò }º¯¹�°ºm }ºm�Ë® ª}°}ÈmÈ�º¯ºm�
}ºm�Ë®��Ë¯¹Èãº}� }¯ÈËm m²º�Ó©² �°�¯º®°�m �È¯º�
m©² äËã	ÓÒ�� }º¯¹�°ºm ¹�ã	¹ºÓÈ°º°ºm� ÓÈ°º°ºm
ÏËä°ÓÈ¯«�ºm� ÓºÎË® �¯Ë®�Ë¯ºm Ò �ã	�ºÏË¯ºm m©�
¹ºãÓ«
� °ÈäºÏÈ�Ò�Ó©äÒ ¹º¯º�}ºm©äÒ ¹¯ºmºãº�
}ÈäÒ äÈ¯º} {p��pz�s���� {p��pz�s���� {p��
�pz�s���� {p��pz�s��� �ÒÈäË�¯ºä �… � ää
�mÏÈäËÓ ªãË}�¯º�ºm ������ ������ Ò ¹º¯º�}ºm©²
¹¯ºmºãº} ���ks����� ���ks����� /LQRFRUH ���2�

/LQRFRUH ���6� /LQRFRUH ���2� '8
⋅⋅
5 ����)'�'8

⋅⋅
5

���� '8
⋅⋅
5 ���03� 2. 7XEURGXU ������ 2.

7XE� URGXU ������
iã« mº°°�ÈÓºmÒ�Ëã	Óº® ÓÈ¹ãÈm}Ò ¹ã�ÓÎË¯ºm

�Ò�¯º¹¯Ë°°ºm� ÏÈ�Ò�Ó©² m��ãº} �¯�Ó�ºm©² ÓÈ°º�
°ºm ¹º ¹Ë¯Ë}È�}Ë ¹�ã	¹© ¹¯ÒäËÓ«
� ¹º¯º�}ºm�

¹¯ºmºãº}� {p��pz�s��� �ÒÈäË�¯ºä ���…��� ää
m °º�Ë�ÈÓÒÒ ° Áã
°ÈäÒ ks��� Ò ks����È �ã« ÓÈ¹�
ãÈm}Ò º�}¯©�º® ���º® Û ¹¯ºmºãº}� {p��pz�
s��� �ÒÈäË�¯ºä ���…���� iã« ÓÈ¹ãÈm}Ò ªãËäËÓ�
�ºm �È²�Óº® �Ò�¯ÈmãÒ}Ò Ò°¹ºã	Ï�
� ¹º¯º�}ºm�

¹¯ºmºãº}� {p��pz�s��� �ÒÈäË�¯ºä � ää m °º�
�Ë�ÈÓÒÒ ° Áã
°ÈäÒ ks��� Ò ks���� �¯Ò ª�ºä ¹¯º�
�Ë°° ÓÈ¹ãÈm}Ò ²È¯È}�Ë¯ÒÏ�Ë�°« m©°º}º® °�ÈÒã	�
Óº°�	
� ²º¯º�Òä Áº¯äÒ¯ºmÈÓÒËä äË�ÈããÈ� °Èäº¹¯º�
ÒÏmºã	Ó©ä º��ËãËÓÒËä �ãÈ}ºmº® }º¯}Ò� È ÓÈ¹ãÈm�
ãËÓÓ©® äË�Èãã º�ãÒ�ÈË�°« m©°º}º® }º¯¯ºÏÒºÓÓº®
°�º®}º°�	
 ¹¯Ò ª}°¹ã�È�È�ÒÒ m ÏÈº«²�

7KH SDSHU JLYHV LQIRUPDWLRQ RQ IOX[�FRUHG ZLUHV SURGXFHG E\ 2-6& �70�:(/7(.� DQG H[SHULHQFH RI WKHLU DSSOLFDWLRQ LQ

UHFRQGLWLRQLQJ RI WKH SDUWV DQG PHFKDQLVPV IRU PHWDOOXUJLFDO DQG PLQLQJ LQGXVWULHV�
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cÒ°� �� vmÈ¯}È �È�Ò äËã	ÓÒ�©
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{� {� �pyk� c� {� rjb|z|{� v� j� bpzjs� �� {� lp�esjz|{� ÒÓÎËÓË¯©

�n��� ¡sjj zl ½�¯ºäË�Ë®�� �� v���Ë�Ë¯�¯�� cn�

®ÏÇÁÄÃÄÌÚ Ô¿Ï¿ÉÑÄÏÇÐÑÇÉÇ ÌÍÁÚÔ ÜÊÄÉÑÏÍÃÍÁ� ÉÄÏ¿ËÇÖÄÐÉÍÂÍ ÓÊÝÐ¿ Ç ÎÍÏÍ×ÉÍÁÍÈ ÎÏÍÁÍÊÍÉÇ ÃÊÞ ÐÁ¿ÏÉÇ ÔÊ¿ÃÍÐ�
ÑÍÈÉÇÔ ÐÑ¿ÊÄÈ Ï¿ÆÊÇÖÌÍÂÍ ÒÏÍÁÌÞ ÎÏÍÖÌÍÐÑÇ�

zã
� Ë m © Ë ° ã º m È � ���ºmÈ« °mÈ¯}È� ¹º}¯©�©Ë ªãË}�¯º�©�
È�ãºäË¯Ò¯ºmÈÓÓ©Ë Áã
°©� ¹º¯º�}ºm©Ë ¹¯ºmºãº}Ò� °mÈ¯º�Óº�
�Ë²Óºãº�Ò�Ë°}ÒË °mº®°�mÈ� ¯È°}Ò°ãÒ�ËãÒ

n��� ¡sjj zl ½�¯ºäË�Ë®� ¯ÈÏ¯Èº�ÈÓÈ °Ë¯Ò«
°mÈ¯º�Ó©² äÈ�Ë¯ÒÈãºm �ã« °mÈ¯}Ò }ºÓ°�¯�}�Ò® ÒÏ
²ãÈ�º°�º®}Ò² °�ÈãË® ¯ÈÏãÒ�Ó©² �¯ºmÓË® ¹¯º�Óº°�
�Ò� ²º¯º�º ÏÈ¯Ë}ºäËÓ�ºmÈm�Ò² °Ë« ÓÈ º�Ë�Ë°��
mËÓÓ©² Ò ÏÈ¯�ËÎÓ©² ¹¯Ë�¹¯Ò«�Ò«² ¹¯Ò °�¯ºÒ�
�Ëã	°�mË º�mË�°�mËÓÓ©² }ºÓ°�¯�}�Ò®� |�ÓÈ}º ÒÏ�
äËÓËÓÒ« °©¯	Ëmº® ÈÏ©� �¯ËºmÈÓÒ® } °mÈ¯º�Ó©ä
äÈ�Ë¯ÒÈãÈä Ò ÓºäËÓ}ãÈ��¯© ÒÏ�º�ÈmãÒmÈËä©²
}ºÓ°�¯�}�Ò® �¯Ë�
� ¹º°�º«ÓÓº�º °ºmË¯�ËÓ°�mº�
mÈÓÒ« °mÈ¯º�Ó©² äÈ�Ë¯ÒÈãºm�

{ °m«ÏÒ ° º�°��°�mÒËä m cº°°ÒÒ ¹¯Ë�¹¯Ò«�Ò®�
m©¹�°}È
�Ò² }È�Ë°�mËÓÓ©® ÁË¯¯º�Ò�ÈÓ� È �È}ÎË
¹º°�º«ÓÓ©ä ¹ºm©�ËÓÒËä Ë�º °�ºÒäº°�Ò� È}��Èã	�
Ó©ä °�Èã mº¹¯º° ¯ÈÏ¯Èº�}Ò Ò mÓË�¯ËÓÒ« °mÈ¯º��
Ó©² äÈ�Ë¯ÒÈãºm� ÓË °º�Ë¯ÎÈ�Ò² m °mºËä °º°�ÈmË
ÁË¯¯º�Ò�ÈÓÈ� �¯ËºmÈÓÒËä } ¯ÈÏ¯ÈÈ�©mÈËä©ä °mÈ�
¯º�Ó©ä äÈ�Ë¯ÒÈãÈä «mã«ãº°	 ¹ºã��ËÓÒË Ò² °mÈ�
¯º�Óº��Ë²Óºãº�Ò�Ë°}Ò² Ò °ã�ÎËÓ©² ²È¯È}�Ë¯Ò°�
�Ò} �mºm ÓÈ �¯ºmÓË ÓË ²�ÎË��Ëä � °��Ë°�m�
�Ò²
äÈ�Ë¯ÒÈãºm ÈÓÈãº�Ò�Óº�º °º�Ë¯ÎÈÓÒ«� °º�Ë¯ÎÈ�
�Ò² ÁË¯¯º�Ò�ÈÓ�

�¯Ò ¯ÈÏ¯Èº�}Ë ªãË}�¯º�ºm Ò°°ãË�ºmÈãÒ �ãÈ�
}ºm©Ë °Ò°�Ëä©� &D2Ü&D)�Ü6L2�Ü7L2� Ò &D2Ü
0J2Ü6L2�Ü7L2�� È �È}ÎË �¯Ò °Ò°�Ëä© ¯È°}Ò°ãË�
ÓÒ« äË�ÈããÈ �mÈ� 6LÜ0Q�6LÜ0QÜ$O Ò 6LÜ0QÜ0J�

cÈÏ¯Èº�ÈÓ© °mÈ¯º�Ó©Ë ªãË}�¯º�©� ºË°¹Ë�ÒmÈ
�
�ÒË }ºä¹ãË}° m©°º}Ò² °mÈ¯º�Óº��Ë²Óºãº�Ò�Ë°}Ò²
Ò °ã�ÎËÓ©² ²È¯È}�Ë¯Ò°�Ò}� lË²ÈÓÒ�Ë°}ÒË ²È¯È}�
�Ë¯Ò°�Ò}Ò Ò ²ÒäÒ�Ë°}Ò® °º°�Èm äË�ÈããÈ �mÈ� ¹º�
ã��ËÓÓ©Ë ¹¯Ò Ò°¹©�ÈÓÒÒ ã���Ò² mÈ¯ÒÈÓ�ºm ªãË}�
�¯º�ºm� ¹¯Ë�°�ÈmãËÓ© m �Èã� �� vÈä©Ë m©°º}ÒË
°ã�ÎËÓ©Ë Ò °mÈ¯º�Óº��Ë²Óºãº�Ò�Ë°}ÒË ²È¯È}�Ë�
¯Ò°�Ò}Ò ÒäË
� ªãË}�¯º�© °º �ãÈ}ºmº® °Ò°�Ëäº®
&D2Ü&D)�Ü6L2�Ü7L2� Ò °Ò°�Ëäº® ¯È°}Ò°ãËÓÒ« äË�
�ÈããÈ �mÈ 6LÜ0Q� iÈÓÓ©Ë ªãË}�¯º�© m ÓÈ°�º«�ËË
m¯Ëä« mÓË�¯«
�°« m ¹¯ºÒÏmº�°�mº�

v ÓÈ�Èãºä ¹¯ºÒÏmº�°�mÈ �ºã°�º°�ËÓÓ©² �¯�
ºã	�º�º �ÒÈäË�¯È �ã« Ó�Î� �ÈÏºmº® Ò ÓËÁ�«Óº®
º�¯È°ãË®� È �È}ÎË m °m«ÏÒ ° ¹Ë¯Ëmº�ºä �¯�Óº�º
¹¯ºÒÏmº�°�mÈ ° ¹ãÈmãËÓ©² ÓÈ È�ãºäË¯Ò¯ºmÈÓÓ©Ë
Áã
°© °�Èã È}��Èã	Ó©ä mº¹¯º° ¯ÈÏ¯Èº�}Ò Ò
mÓË�¯ËÓÒ« ¹º°ãË�ÓÒ² �ã« äÓº�º���ºmº® °}º¯º°��
Óº® °mÈ¯}Ò� �¯Ò Ò² ¯ÈÏ¯Èº�}Ë ÏÈ º°Óºm� ©ã
mÏ«� ¯ÈÓËË ¯ÈÏ¯Èº�ÈÓÓ©®n���¡sjjzl½�¯º�
äË�Ë®� È�ãºäË¯Ò¯ºmÈÓÓ©® Áã
° äÈ¯}Ò ��kn����
�È} }È} äÓº�º���ºmÈ« °}º¯º°�ÓÈ« °mÈ¯}È ÒäËË�
¯«� º�ãÒ�Ò® º� Èm�ºäÈ�Ò�Ë°}º® °mÈ¯}Ò º�Óº® ���
�º®� �ã« ¹ºm©�ËÓÒ« �Ë²Óºãº�Ò�Óº°�Ò ¹¯º�Ë°°È
äÓº�º���ºmº® °mÈ¯}Ò ¹¯ºmº�ÒãÒ }º¯¯Ë}�Ò¯ºm}�
°º°�ÈmÈ Áã
°È m °�º¯ºÓ� �äËÓ	�ËÓÒ« Ë�º º°Óºm�
Óº°�Ò� vÒ°�Ëä© ¯È°}Ò°ãËÓÒ« Ò ãË�Ò¯ºmÈÓÒ« ©ãÒ
°}º¯¯Ë}�Ò¯ºmÈÓ© ° �Ëã	
 ºË°¹Ë�ËÓÒ« Ó�ÎÓº®
²ãÈ�º°�º®}º°�Ò äË�ÈããÈ �mÈ� cÈÏ¯Èº�ÈÓÓ©®
n���¡sjjzl ½�¯ºäË�Ë®� Áã
° äÈ¯}Ò ��kn�

� {� {� �ËÎÈ� c� {� rÒ�º}ºm� v� j� bË}ÒÓ� �� {� lËã	ÓÒ}ºm� ����

� È  ã Ò � È �� lË²ÈÓÒ�Ë°}ÒË ²È¯È}�Ë¯Ò°�Ò}Ò Ò ²ÒäÒ�Ë°}Ò® °º°�Èm äË�ÈããÈ �mÈ� m©¹ºãÓËÓÓº�º º¹©�Ó©äÒ ªãË}�¯º�ÈäÒ

bãÈ}ºmÈ« °Ò°�ËäÈ Ò
°Ò°�ËäÈ ¯È°}Ò°ãËÓÒ« äË�

�ÈããÈ �mÈ

lÈ¯}È ¹¯º�
mºãº}Ò

v¯Ë�ÓÒË ÏÓÈ�ËÓÒ« äË²ÈÓÒ�Ë°}Ò² ²È¯È}�Ë¯Ò°�Ò}
äË�ÈããÈ �mÈ

tÒäÒ�Ë°}Ò® °º°�Èm äË�ÈããÈ �mÈ� äÈ°� �
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��� Ò°¹©�ÈÓÓ©® m ¹¯ºÒÏmº�°�mËÓÓ©² �°ãºmÒ«² ÓÈ
°�ÈÓË {©}°�Ó°}º�º äË�Èãã�¯�Ò�Ë°}º�º ÏÈmº�È� ¹º�
}ÈÏÈã m©°º}Ò® �¯ºmËÓ	 °mÈ¯º�Óº��Ë²Óºãº�Ò�Ë°}Ò²
Ò °ã�ÎËÓ©² ²È¯È}�Ë¯Ò°�Ò} äË�ÈããÈ �mÈ� lË²È�
ÓÒ�Ë°}ÒË ²È¯È}�Ë¯Ò°�Ò}Ò äË�ÈããÈ �mÈ� m©¹ºãÓËÓ�
Óº�º Áã
°ºä äÈ¯}Ò ��kn���� ¹¯ÒmË�ËÓ© m
�Èã� �� |�ãÒ�Ò�Ëã	Óº® �Ë¯�º® ¯ÈÏ¯Èº�ÈÓÓº�º
Áã
°È «mã«Ë�°« Ë�º ÓÒÏ}È« �Ò�¯º°}º¹Ò�Óº°�	 ¹º
°¯ÈmÓËÓÒ
 ° ÏÈ¯�ËÎÓ©äÒ ÈÓÈãº�ÈäÒ� ��º ÓÈäÓº�
�º �¹¯º�ÈË� �Ë²Óºãº�Ò�Ë°}Ò® ¹¯º�Ë°° Ë�º Ò°¹ºã	�
ÏºmÈÓÒ«� { ÓÈ°�º«�ËË m¯Ëä« Áã
° ÓÈ²º�Ò�°« ÓÈ
°�È�ÒÒ mÓË�¯ËÓÒ« ÓÈ {©}°�Ó°}ºä �¯�Óºä ÏÈmº�Ë�

sÈ¯«�� ° ª�Òä n��� ¡sjj zl ½�¯ºäË�Ë®�
¯ÈÏ¯Èº�Èã ¹º¯º�}ºm�
 ¹¯ºmºãº}�� ¹¯Ë�ÓÈÏÓÈ�ËÓ�
Ó�
 �ã« m©¹ºãÓËÓÒ« }º¯ÓËm©² �°º¯º�Ó©²� �mºm�

È �È}ÎË �ã« °mÈ¯}Ò ÓÈ äºÓ�ÈÎË �²ÒäÒ�Ë°}Ò® °º°�
�Èm äË�ÈããÈ �mÈ� äÈ°� �� ���� ��ãË¯º�È� ����
}¯ËäÓÒ«� ��� äÈ¯�ÈÓ�È� ���� ÓÒ}Ëã«� ���� °Ë¯©�
����� Áº°Áº¯È�� �¯ºmºãº}Ë ¹¯Ò°mºËÓÈ äÈ¯}È
��������� jÏ�º�ºmãËÓÒË Ò Ò°¹©�ÈÓÒ« ¹¯ºmºãº}Ò
¹¯ºÒÏmº�ÒãÒ ÓÈ  Ë¯Ë¹ºmË�}ºä °�ÈãË¹¯º}È�Óºä ÏÈ�
mº�Ë� |ÓÈ º�ãÒ�ÈË�°« m©°º}ÒäÒ °mÈ¯º�Óº��Ë²Óº�
ãº�Ò�Ë°}ÒäÒ °mº®°�mÈäÒ ¹¯Ò °mÈ¯}Ë mº m°Ë² ¹¯º°�
�¯ÈÓ°�mËÓÓ©² ¹ºãºÎËÓÒ«²� lË²ÈÓÒ�Ë°}ÒË ²È¯È}�Ë�
¯Ò°�Ò}Ò äË�ÈããÈ�mÈ�m©¹ºãÓËÓÓº�º ª�º® ¹¯ºmºãº}º®

¹¯Ò �� ºv� °ãË��
�ÒË� σm  ��� l�È� σ�  ���
l�È� δ  �� �� ψ  �� �� .9  �� iÎ�ä� �¹¯Ò
Ü�� ºv� Ò �� iÎ�ä� �¹¯Ò Ü�� ºv��

7KH SDSHU JLYHV WKH FKDUDFWHULVWLFV RI QHZ HOHFWURGHV� FHUDPLF IOX[ DQG IOX[�FRUHG ZLUH IRU ZHOGLQJ FROG�UHVLVWDQW VWHHOV RI

GLIIHUHQW VWUHQJWK OHYHOV�
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� È  ã Ò � È �� lË²ÈÓÒ�Ë°}ÒË ²È¯È}�Ë¯Ò°�Ò}Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ® °�ÈãÒ t��� m©¹ºãÓËÓÓ©² äÓº�º���ºmº® Èm�ºäÈ�Ò�Ë°}º®
°mÈ¯}º® ¹º� Áã
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 Ë¾ÏÐÌÝ×ÃÃ ÀÎÃÊÝ Ë¾ ÌÏËÌÀ¾ËÆÆ ÆÏÏÉÃÂÌÀ¾ËÆÇ Æ ÌÍÙÐ¾ ÆÅÁÌÐÌÀÉÃËÆÝ ÏÀ¾ÎËÙÓ ÈÌËÏÐÎÑÈÔÆÇÊÌÏÐÌÀ�

ÆÓ ÊÌËÐ¾Ä¾ Æ ÛÈÏÍÉÑ¾Ð¾ÔÆÆ À ÏÐÎÌÆÐÃÉÚËÙÃ ËÌÎÊÙ Æ ÍÎ¾ÀÆÉ¾ ÀÀÃÂÃË ÍÎÌÈ¾Ð ÆÅ ÏÐ¾ÉÃÇ Ê¾ÎÌÈ

��¡��²¢ÍÏ� ��¡�¯¢ Æ ��¡�¢� ÈÌÐÌÎÙÇ ÍÎÌÆÅÀÌÂÆÐÏÝ ÊÃÐ¾ÉÉÑÎÁÆÕÃÏÈÌÇ ÍÎÌÊÙÖÉÃËËÌÏÐÚÜ ±ÈÎ¾ÆËÙ

À ËÃÌ¿ÓÌÂÆÊÙÓ Ì¿ØÃÊ¾Ó�

¦Å ÍÃÎÏÍÃÈÐÆÀËÙÓ Ê¾ÎÌÈ ÏÐ¾ÉÆ ÏÉÃÂÑÃÐ Î¾ÏÏÊÌÐÎÃÐÚ ÀÌÅÊÌÄËÌÏÐÚ ÍÎÆÊÃËÃËÆÝ À ÊÌÏÐÌÏÐÎÌÃËÆÆ

ÛÈÌËÌÊËÌÉÃÁÆÎÌÀ¾ËËÌÁÌ ÍÎÌÈ¾Ð¾ ÏÐ¾ÉÆ Ê¾ÎÌÈ ��³¯«²¢ Æ ��³¯«²¢ �°± ���������w���� ��¡� Æ ��¡��

�°± ± ���������w��� Ï ÀÎÃÊÃËËÙÊ ÏÌÍÎÌÐÆÀÉÃËÆÃÊ Î¾ÅÎÙÀÑ ÂÌ ��� ª¾� ÍÎÌÆÅÀÌÂÏÐÀÌ ÈÌÐÌÎÌÁÌ ÍÎÃ�

ÂÑÏÊÌÐÎÃËÌ ÐÃÓËÆÕÃÏÈÆÊÆ ÑÏÉÌÀÆÝÊÆ Ë¾ ÍÎÌÈ¾Ð ÂÉÝ ÊÌÏÐÌÏÐÎÌÃËÆÝ� ®¾ÅÎ¾¿ÌÐÕÆÈ¾ÊÆ ÝÀÉÝÜÐÏÝ �«��

¬�¬ ��ÅÌÀÏÐ¾ÉÚ�� ±ÈÎ«¦¦¨ª �ÎÌÊÃÐÃÇ� Æ ¦»¯ ÆÊ� £� ¬� ¾ÐÌË¾�

«¾ÅË¾ÕÃËÆÃ Æ Ì¿É¾ÏÐÆ ÍÎÆÊÃËÃËÆÝ� ®¾ÏÏÊ¾ÐÎÆÀ¾ÃÊÙÃ ÏÐ¾ÉÆ ÍÎÃÂË¾ÅË¾ÕÃËÙ ÂÉÝ ÍÎÌÉÃÐËÙÓ ÏÐÎÌ�

ÃËÆÇ ÊÌÏÐÌÀ� ÌËÆ ÊÌÁÑÐ ¿ÙÐÚ ÆÏÍÌÉÚÅÌÀ¾ËÙ Æ ÂÉÝ ÂÎÑÁÆÓ Ì¿ØÃÈÐÌÀ ÏÐÎÌÆÐÃÉÚÏÐÀ¾ Æ ÍÎÌÊÙÖÉÃËËÌÏÐÆ

�ÐÃÉÃÀÆÅÆÌËËÙÃ ¿¾ÖËÆ� ÍÌÂÈÎ¾ËÌÀÙÃ ¿¾ÉÈÆ ÍÌÂ ÐÝÄÃÉÙÃ ÈÎ¾ËÙ� ÊÌÏÐÌÀÙÃ Æ ÈÌÅÉÌÀÙÃ ÈÎ¾ËÙ� ÈÎ¾ËÙ�

ÍÃÎÃÁÎÑÄ¾ÐÃÉÆ� ÐÝÄÃÉÙÃ Æ Ö¾Á¾Ü×ÆÃ ÛÈÏÈ¾À¾ÐÌÎÙ� ÍÌÂÀÆÄËÙÃ ÏÌÏÐ¾ÀÙ Æ Ð�Í���

¯ÌÏÐÌÝËÆÃ Æ ÑÎÌÀÃËÚ Î¾ÅÎ¾¿ÌÐÈÆ� ÎÌÈ¾Ð ÏÐ¾ÉÆ Ê¾ÎÌÈ ��¡��²¢ÍÏ� ��¡�¢� ��¡�¯¢ ÍÎÃÂÑÏÊÌÐÎÃË

ÏÐÎÌÆÐÃÉÚËÙÊÆ ËÌÎÊ¾ÊÆ Æ ÍÎ¾ÀÆÉ¾ÊÆ� ÃÁÌ� ¾ Ð¾ÈÄÃ ÏÐ¾ÉÆ Ê¾ÎÌÈ ��³¯«²¢� ��³¯«²¢� ��¡� Æ ��¡��

ËÃÌ¿ÓÌÂÆÊÌ ÀÈÉÜÕÆÐÚ À ÏÐ¾ËÂ¾ÎÐ Ë¾ ÍÎÌÈ¾Ð ÂÉÝ ÊÌÏÐÌÏÐÎÌÃËÆÝ�

¨ÌËÐ¾ÈÐÙ� ������ ±ÈÎ¾ÆË¾� ¨ÆÃÀ����� ÑÉ� �ÌÄÃËÈÌ� ��

¦ËÏÐÆÐÑÐ ÛÉÃÈÐÎÌÏÀ¾ÎÈÆ ÆÊ� £� ¬� ¾ÐÌË¾ «�« ±ÈÎ¾ÆËÙ� ÌÐÂ� � ��

°ÃÉ��Ò¾ÈÏ� ������� ��� �� ��� ��� �� ��
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ÎÇÐ¿ÌÚ ÍÐÍÀÄÌÌÍÐÑÇ ÎÏÇËÄÌÄÌÇÞ ËÄÔ¿ÌÇÆÇÏÍÁ¿ÌÌÍÈ ÎÍÃÁÍÃÌÍÈ ÐÁ¿ÏÉÇ ÒÐÑÏÍÈÐÑÁ¿ ÂÄÏËÄÑÇÆ¿ÕÇÇ ÐÑÚÉ¿ ÎÍÏÍ×�

ÉÍÁÍÈ ÎÏÍÁÍÊÍÉÍÈ ®®°�¼©� ËÍÏÐÉÍÈ ÊÄÃÍÐÑÍÈÉÍÈ ÐÑ¿ÕÇÍÌ¿ÏÌÍÈ ÎÊ¿ÑÓÍÏËÚ �®ÏÇÏ¿ÆÊÍËÌ¿Þ��

zã
� Ë m © Ë ° ã º m È � äË²ÈÓÒÏÒ¯ºmÈÓÓÈ« ¹º�mº�ÓÈ« °mÈ¯}È�

¹º¯º�}ºmÈ« ¹¯ºmºãº}È� äº¯°}È« ¹ãÈ�Áº¯äÈ

� °ËÓ�«¯« ���� �� ÏÈmË¯�ËÓ© °mÈ¯º�Ó©Ë ¯Èº�©
¹º� mº�º®� }º�º¯©Ë m©¹ºãÓËÓ© mº�ºãÈÏÈäÒ ÁÒ¯ä©
||| v{� ½jÓ�Ë¯k}mÈ�� ÏÈ¯Ë�Ò°�¯Ò¯ºmÈÓÓº® m
cº°°ÒÒ� Ò ¹¯ºmº�ÒãÒ°	 ° Óº«¯« ���� �� ÓÈ vËmË¯º��
mÒÓ°}ºä n��� ½�| vËmäÈ�¹¯Ë�¹¯Ò«�ÒË�� |ÓÒ
¹ºÏmºãÒãÒ °ºË�ÒÓÒ�	 ¹º°ãË�ÓËË ��¯Ë�	Ë� �°�¯º®�
°�mº �Ë¯äË�ÒÏÈ�ÒÒ °�©}È ���v� ÓÒÎÓË® �È°�Ò
äº¯°}º® ãË�º°�º®}º® °�È�ÒºÓÈ¯Óº® ¹ãÈ�Áº¯ä©
�l�v�� ½�¯ÒãÈÏãºäÓÈ«�� lÈ°°È äË�Èããº}ºÓ°�
�¯�}�ÒÒ °º°�Èmã«Ë� ¹¯ÒäË¯Óº �� �©°� �� �ÈÈ¯Ò�©
������������ ä �¯Ò°�Óº}�� �º äÈ°��ÈÈä Ò
°ãºÎÓº°�Ò ¹º�ºÓ©Ë °mÈ¯º�Ó©Ë ¯Èº�© ¹º� mº�º®
ÓÈ �Ë¯¯Ò�º¯ÒÒ °�¯ÈÓ vs� ¯ÈÓËË ÓË ¹¯ºmº�ÒãÒ°	� {
äÒ¯ºmº® ¹¯È}�Ò}Ë °ºË�ÒÓËÓÒË �È}Ò² äË�Èããº}ºÓ°�
�¯�}�Ò® ¹¯ºÒÏmº�Ò�°« ° ¹¯ÒäËÓËÓÒËä °¹Ë�ÒÈã	Ó©²
ºã	�Ë�¯�ÏÓ©² ¹ºÓ�ºÓºm� ÏÈ}ÈÏ }º�º¯©² ¹¯ºmº�Ò�°«
ÏÈ �Ü� �º�È �º äºäËÓ�È m©¹ºãÓËÓÒ« ¯Èº�� �¯Ò äËÓ	�

�Ò² º�ËäÈ² ¯Èº� mºÏäºÎÓº ¹¯ÒäËÓËÓÒË �Ò}Ò²

}Ë°°ºÓºm�

cÈº�È m©¹ºãÓ«ãÈ°	 ¹º� ÓÈ�Ïº¯ºä lº¯°}º�º

cË�Ò°�¯È cº°°ÒÒ� ~È �� ¯Èº�Ò² �ÓË®� m}ã
�È«

¹º��º�ºmÒ�Ëã	Óº�ÏÈ}ã
�Ò�Ëã	ÓºË m¯Ëä«� ÓÈ �ã�Ò�

ÓË �º � ä m ¹º�ºãº�Óºä Ò mË¯�Ò}Èã	Óºä ¹ºãºÎË�

ÓÒ«² ©ãº °mÈ¯ËÓº ���� ä º�Óº¹¯º²º�Ó©² �mºm�

�º��º�ºmÒ�Ëã	Óº�ÏÈ}ã
�Ò�Ëã	Ó©Ë ¯Èº�© mm}ã
�

�È
� äºÓ�ÈÎ °�¯��ÒÓ� ºÎÈ�ÒË °�©}È� ÏÈ�Ò°�}�

¹ºmË¯²Óº°�Ë® ¹Ë¯Ë� °mÈ¯}º®� m©¹ºãÓËÓÒË ¹¯Ò²mÈ�

�º�Ó©² �mºm� �ËäºÓ�ÈÎ °�¯��ÒÓ� ÏÈ�Ò°�}� ¹¯Ò²�

mÈ�º�Ó©² �mºm ¹Ë¯Ë� °mÈ¯}º®� ÏÈ�Ò°�}� }ÈÎ�º�º

°ãº« Ò ¹º°ãº®Ó©® mÒÏ�Èã	Ó©® }ºÓ�¯ºã	 ÓÈ ¹¯Ë��

äË� ÓÈãÒ�Ò« ÓË�º¹�°�Òä©² mÒ�Òä©² �ËÁË}�ºm °

¹¯ÒäËÓËÓÒËä ¹º�mº�Óº® �ËãËmÒÏÒºÓÓº® �°�ÈÓºm}Ò�

vºË�ÒÓÒ�Ëã	Ó©® �ºm ��v Áº¯äÒ¯ºmÈã°« ÏÈ �¯Ò

¹¯º²º�È� v¯Ë�Ó«« °}º¯º°�	 °mÈ¯}Ò m ¹º�ºãº�Óºä

¹ºãºÎËÓÒÒ º�Óº¹¯º²º�Óº�º �mÈ °º°�Èmã«ãÈ

���…��� ä��� iã« m©¹ºãÓËÓÒ« °mÈ¯º�Ó©² ¯Èº�

¹¯ÒäËÓ«ãÈ°	 �Ë²Óºãº�Ò« äË²ÈÓÒÏÒ¯ºmÈÓÓº® ¹º��

mº�Óº® °mÈ¯}Ò ° ÏÈ�Ò�Ó©äÒ ¹º¯º�}ºm©äÒ ¹¯ºmº�

ãº}ÈäÒ� j°¹ºã	ÏºmÈã°« ¹ºã�Èm�ºäÈ� �ã« ¹º�mº��

Óº® °mÈ¯}Ò �v���� m©¹��ËÓÓ©® m cº°°ÒÒ� È �È}ÎË

¹º¯º�}ºmÈ« ¹¯ºmºãº}È ������ äÈ¯}Ò ��v�wz�

���������������Ü��� �ÒÈäË�¯ºä ��� ää� ¯ÈÏ¯Èº�
�ÈÓÓÈ« Ò ¹º°�ÈmãËÓÓÈ« ÁÒ¯äº® ½w}º�Ë²Óºãº�Ò«�
��}¯ÈÒÓÈ�� �º°ãË º°��ËÓÒ« �¯Ë² ��v ¹º°��¹ãË�
ÓÒË mº�© �Ë¯ËÏ �m©� m©¹ºãÓËÓÓ©Ë ¹º� mº�º®� ÓË
ºÓÈ¯�ÎËÓº� �º°ãË ª�º�º ¹¯Ò°��¹ÒãÒ } °mÈ¯}Ë °Ë}�
�Ò® °�¹Ë¯ãº}ºm ° Ò°¹ºã	ÏºmÈÓÒËä °�ÈÓ�È¯�Ó©²
�Ë²Óºãº�Ò®� ¹¯ÒÓ«�©² ÓÈ ¹¯Ë�¹¯Ò«�ÒÒ� �ºã�ÒÓÈ
°ºË�ÒÓ«Ëäº�º äË�ÈããÈ ÓÈ �ÓÒ�Ë Ò º¯�È² �º �� ää�

vãË��
�Ò® ª�È¹ m©¹ºãÓËÓÒ« ¯Èº� Û ¹º¯ËÏ}È
��v ÓÈ °Ë�äËÓ�© ° ¹ºäº�	
 �Ë²Óºãº�Ò® ¹º�mº�Óº®
}Ò°ãº¯º�Óº����ºmº® Ò ª}Ïº�Ë¯äÒ�Ë°}º® ¯ËÏ}Ò Ò
��ÈãËÓÒË °Ë�äËÓ�ºm ÒÏ ¹º� �ÓÒ�È }Ë°°ºÓÈ� º}ºÓ�
�ÈÓÒË }º�º¯©² ÓÈäË�ËÓº ÓÈ �Ë}È¯	 ���� ��
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®ÏÄÃÊÍÅÄÌÍ ÐÍÄÃÇÌÄÌÇÞ Ë¿ÊÍÈ ÎÏÍÑÞÅÄÌÌÍÐÑÇ Ç ÌÄÀÍÊÛ×ÍÈ ÑÍÊØÇÌÚ ÁÚÎÍÊÌÞÑÛ ÜÊÄÉÑÏÍ×Ê¿ÉÍÁÍÈ ÐÁ¿ÏÉÍÈ Ð

ÇÐÎÍÊÛÆÍÁ¿ÌÇÄË ÉÍËÀÇÌ¿ÕÇÇ ÎÊ¿ÁÞØÄÂÍÐÞ Ç ÌÄÎÊ¿ÁÞØÄÂÍÐÞ ÜÊÄÉÑÏÍÃ¿� ÎÇÐ¿ÌÚ ÑÄÔÌÍÊÍÂÇÖÄÐÉÇÄ ÍÐÍÀÄÌÌÍÐÑÇ
ÒÉ¿Æ¿ÌÌÍÂÍ ÐÎÍÐÍÀ¿ ÐÁ¿ÏÉÇ� ®ÏÇÁÄÃÄÌÚ ÏÄÆÒÊÛÑ¿ÑÚ ÇÐÐÊÄÃÍÁ¿ÌÇÈ ËÄÑ¿ÊÊ¿ ×Á¿� ÎÍÊÒÖÄÌÌÍÂÍ ÎÏÇ ÐÁ¿ÏÉÄ ÐÎÊ¿Á¿
´¬��¡±� ®ÍÉ¿Æ¿ÌÚ ÎÏÄÇËÒØÄÐÑÁ¿ ÌÍÁÍÈ ÑÄÔÌÍÊÍÂÇÇ ÐÁ¿ÏÉÇ�

zã
� Ë m © Ë ° ã º m È � ªãË}�¯º�ãÈ}ºmÈ« °mÈ¯}È� }ºäÒÓÒ¯º�
mÈÓÓ©® ªãË}�¯º�� ÎÈ¯º¹¯º�Ó©® °¹ãÈm� äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ

{ ¯«�Ë º�¯È°ãË® º�Ë�º Ò °¹Ë�ÒÈã	Óº�º äÈ�ÒÓº°�
�¯ºËÓÒ« �Ò¯º}ºË ¹¯ÒäËÓËÓÒË ÓÈ²º�«� }ºã	�Ëm©Ë

ÏÈ�º�ºm}Ò ÒÏ ÎÈ¯º¹¯º�Ó©² °¹ãÈmºm �ºã�ÒÓº® δ  
 ��… �� ää� iã« ÒÏ�º�ºmãËÓÒ« �È}Ò² ÒÏ�ËãÒ® ¯Ë�
}ºäËÓ��Ë�°« ¹¯ÒäËÓ«�	 º�Óº¹¯º²º�Ó�
 ªãË}�¯º��
ãÈ}ºm�
 °mÈ¯}� �wbv�� |©�Óº ªãË}�¯º�ãÈ}º�
mÈ« °mÈ¯}È �mºm äÈãº® ¹¯º�«ÎËÓÓº°�Ò ¹¯Ò
°¯ÈmÓÒ�Ëã	Óº ÓËºã	�º® �ºã�ÒÓË °mÈ¯ÒmÈËä©² ÒÏ�
�ËãÒ® º°��Ë°�mã«Ë�°« ° Ò°¹ºã	ÏºmÈÓÒËä ¹¯ºmºãº��
Óº�º ªãË}�¯º�È� �¯Ò ª�ºä m °mÈ¯Ó©² °ºË�ÒÓËÓÒ«²
�È°�º ÒäË
� äË°�º ÓË¹¯ºmÈ¯© Ò ¹º�¯ËÏ© °mÈ¯ÒmÈ�
Ëä©² }¯ºäº}�

v �Ëã	
 �°�¯ÈÓËÓÒ« º�äË�ËÓÓ©² ÓË�º°�È�}ºm
Ò°¹ºã	ÏºmÈãÒ wbv ½¯È°�Ë¹ãËÓÓ©ä� }ºäÒÓÒ¯º�
mÈÓÓ©ä ªãË}�¯º�ºä �¯Ò°� ��� }º�º¯È« º°��Ë°�mã«�
Ë�°« ¹��Ëä º�Óºm¯ËäËÓÓº�º mmº�È m �ãÈ}ºm�
 mÈÓ�
Ó� ÓË¹ãÈm«�Ë�º°« Ò ¹ãÈm«�Ë�º°« ªãË}�¯º�ºm� {
}ºãº�Ë�� º¯ÈÏºmÈÓÓ©® °mÈ¯ÒmÈËä©äÒ }¯ºä}ÈäÒ
�� Ò Áº¯äÒ¯�
�ÒäÒ �ºm ÓÈ}ãÈ�}ÈäÒ �� äË�Óº�º
mº�ºº²ãÈÎ�ÈËäº�º ¹¯Ò°¹º°ºãËÓÒ«� mmº�Ò�°« ä�Ó�
����} °¹Ë�ÒÈã	Óº® }ºÓ°�¯�}�ÒÒ� «mã«
�Ò®°«
º�Óºm¯ËäËÓÓº ªãË}�¯º�º�Ë¯ÎÈ�ËãËä � ° ÓË¹ãÈm«�

�Òä°« ªãË}�¯º�ºä � Ò ÓÈ¹¯Èmã«
�Òä }ÈÓÈãºä �
�ã« ªãË}�¯º�Óº® ¹¯ºmºãº}Ò ��

�º°}ºã	}� ¹¯Ò ¯Èº�Ë ° ÓËº²ãÈÎ�ÈËä©ä ä�Ó��
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¯Ë�°�mËÓÓº�º }ºÓ�È}�È� ¹¯Ò ª�ºä �Ò¯ÒÓÈ ¯Èº�Ë® ¹ºmË¯²Óº°�Ò
�º}º¹º�mº�«�Ë�º ä�Ó����}È Ò ¹º�ÎÒäÓº�º �°�¯º®°�mÈ äËÓ	�Ë
�Ò¯ÒÓ© ¹º�ÈmÈËäº® ãËÓ�©� �È�ËÓ� cn �������� �� s� z¯��
�ÒÓÒÓ >��@�

�°�¯º®°�mº �ã« °mÈ¯}Ò Ò ¯ËÏ}Ò äË�ÈããÈ� º�ãÒ�È
�ËË°« �Ëä
��º ºÓº °ÓÈÎËÓº ¹ãÈÏäËÓÓ©ä ¯ËÏÈ}ºä Ò ãº}ºä �¹¯ÈmãËÓÒ«
Ò ÏÈ�Ò�©� m}ã
�È
�Òä �°�¯º®°�mº º�¯ÈÓÒ�ËÓÒ« �º}È ²ºãº°�º�º
²º�È Ò �°�¯º®°�mº �¹¯ÈmãËÓÒ« ÏÈ¹�°}ºä� m²º�© ª�º�º ãº}È
°ºË�ÒÓËÓ© ° m©²º�ÈäÒ m©¹¯«äÒ�Ëã	Óº�º ãº}È� È }ÈÎ�©® ÒÏ
m©²º�ºm m©¹ºãÓËÓ ° mºÏäºÎÓº°�	
 ¹º�°ºË�ÒÓËÓÒ« °ºº�mË�°�
�mËÓÓº } �Ë¯ÎÈ�Ëã
 °mÈ¯º�Óº�º ªãË}�¯º�È� ãË�ÈãÒ� º¯ÈÈ�©�
mÈËäº® ¹¯Ò °mÈ¯}Ë� ¹ãÈÏäËÓÓºä� ¯ËÏÈ}� Ò �Ë�ÈãÒ� º¯ÈÈ�©�
mÈËäº® ¹¯Ò ¹ãÈÏäËÓÓº® ¯ËÏ}Ë� m�º¯Ò�ÓÈ« ºäº�}È °ÓÈÎËÓÈ
¹º�}ã
�ËÓÓº® } ÓË® �º¹ºãÓÒ�Ëã	Óº® ºäº�}º®� ¯È°¹ºãºÎËÓÓº®
ÓÈ ¹Ë¯mÒ�Óº® ºäº�}Ë� Ò ËË m©²º� ¹º�°ºË�ÒÓËÓ } °ºº�mË�°�m��

�Ëä� m²º�� }ºää��È�º¯È� °ÓÈÎËÓÓº�º ¹Ë¯Ë}ã
�È�ËãËä ¯Ë�
ÎÒäºm ½°mÈ¯}ÈÜ¯ËÏ}È�� �È�ËÓ� cn �������� v� �� �ËÓ}ÒÓ�
�� s� z¯º�ºmÈ� {� �� zÈ®ÏË¯� j� v� �ËÓ}ÒÓ >��@�

zºÓ°�¯�}�Ò« ¹È«ã	Óº�º äÈ�Ë¯ÒÈãÈ �ã« �¯ºmº�º ¯ËÎ��Ë�º
ÒÓ°�¯�äËÓ�È� m©¹ºãÓËÓÓÈ« m Áº¯äË ¹¯��}È� °º�Ë¯ÎÈ�Ë�º }ºä�
¹ºÏÒ� ÒÏ �¯ºãËÓ©² �È°�Ò� �mË¯�º�º °¹ãÈmÈ m ¹¯Ò¹ºË� °ã�ÎÈ�Ëä
�ã« °m«Ï}Ò �¹ºä«Ó��©² �È°�Ò�� º�ãÒ�È
�È«°« �Ëä� ��º ¹¯��º}
m©¹ºãÓËÓ m mÒ�Ë º��Ëã	Ó©² ÎË°�}º °ºË�ÒÓËÓÓ©² äËÎ�� °ºº®
ªãËäËÓ�ºm �¹ºä«Ó��º�º }ºä¹ºÏÒ�È Ò °¹ãÈmÈ ¹¯Ò¹º«� ¯ÈÏäË�ËÓ�
Ó©² ° �Ë¯Ë�ºmÈÓÒËä� �È�ËÓ� cn �������� |� {� �Ò²ºÓºm �|||
½rÒ��Ë²ÓÒ}È�� >��@�

�� �������



628'$*( HW 7(&+1,48(6 &211(;(6 �n¯ÈÓ�Ò«� ����� Û 9RO� ��� ¢ ��� �Á¯ÈÓ� «Ï��

�º¹�ã«¯Óº°�	 �¯ÈämÈËm� °}ºÓ°�¯�Ò¯ºmÈÓÓ©² ÁÒ¯äº®
kã	°�ºä� °� ��

6FDQGHOOD )� �Ë¯äº�ÒÓÈäÒ�Ë°}ºË äº�ËãÒ¯ºmÈÓÒË Û ÓË�
°}ºã	}º ¹¯ÒäË¯ºm ¹¯ÒäËÓËÓÒ« m ºãÈ°�Ò �mË¯�º® ÓÈ¹ãÈm}Ò�
°� ��Ü���

628'$*( HW 7(&+1,48(6 &211(;(6 �n¯ÈÓ�Ò«� ����� 9RO� ��� ¢ ���� �Á¯ÈÓ� «Ï��

��� ¯ºº�ºm �ã« °mÈ¯}Ò vÒ�¯ºªÓÈ v�� °� ��
zÒ�È® º°ÓÈ�ÈË�°« ÏÈmº�ºä �ã« ¹¯ºÒÏmº�°�mÈ �ã« Èm�º�

äºÒã	Óº® ¹¯ºä©�ãËÓÓº°�Ò� °� ��
{©°º}Ò® �¯ºmËÓ	 ¹¯ºÒÏmº�°�mÈ °�ÈãÒ m ���� �� ¹º °¯Èm�

ÓËÓÒ
 ° ²���Òä °º°�º«ÓÒËä äË�Èããºº¯ÈÈ�©mÈ
�Ë® ¹¯ºä©��
ãËÓÓº°�Ò� °� �Ü��

pm¯º¹È ÓÈmº�Ò� ¹º¯«�º} m °��º°�¯ºÒ�Ëã	Óº® º�¯È°ãÒ�
F� ��Ü���

{ºËÓÓ©® mË¯�ºãË� ½�Ò�¯�� mË¯°Ò« 8+7� ¹¯º�Ëã
°Ë¯�ÒÁÒ}È�Ò
 m �Ë¯äÈÓÒÒ� °� ���

|�°Ë} �ã« äÓº�º�ËãËmº® �Ò¯Ò�Óº® ãÈÏË¯Óº����ºmº®
°mÈ¯}Ò� °� ���

kã
äÒÓÒËm©® �ÁË¯ �ã« Èm�ºäºÒã« |¹Ëã	 k°�¯È� °� ���
v�¯ºÒ�Ëã	°�mº �¯�º¹¯ºmº�È ÓÈ °ËmË¯Ë zÈÓÈ�© m �Ë®}

�Ò¯ãË°° ° Ò°¹ºã	ÏºmÈÓÒËä °¹º°ºÈ °mÈ¯}Ò �m�ä« ªãË}�¯º�Ó©äÒ
¹¯ºmºãº}ÈäÒ� °� ���

&ROFKHQ '� ��Ë� }È�Ë°�mÈ Ò �ËÁË}�ºm ¹¯Ò m©¹ºãÓËÓÒÒ
°�©}ºm©² °ºË�ÒÓËÓÒ® ÒÏ °¹ãÈmÈ Èã
äÒÓÒ«� ¹º�mË¯ÎËÓÓ©² �°�
�Èãº°�Ò� °� ��Ü���

-DVWU]HEVNL 5� HW DO� n�Ó�ÈäËÓ�Èã	Ó©Ë º°Óºm© º��ËÓÒ«
¹��Ëä ÓËº°ºÏÓÈÓÓº�º ä©�ãËÓÒ«�  � �� �¯ÒäËÓËÓÒË ¹¯Ò º��
�ËÓÒÒ ¹ºã	°}Ò² ÒÓÎËÓË¯ºm Ò °mÈ¯�Ò}ºm� F� ��Ü���

628'$*( HW 7(&+1,48(6 &211(;(6 �n¯ÈÓ�Ò«� ����� Û 9RO� ��� ¢ ����� �Á¯ÈÓ� «Ï��

vº°�º«ÓÒË ¹¯ºä©�ãËÓÓ©² °�¹º�¯«�Ó©² ¯Èº� mº
n¯ÈÓ�ÒÒ� °� �Ü��

�º}ºäº�Òm ÁÒ¯ä© ½kã	°�ºä� ��Ë� �«Ó��	 }Ò�È®°}ÒË ¹ºËÏ�
�È� °� ��

nÒ¯äÈ ½32/<628'(� ÓÈ�ÈãÈ m©¹�°} Óºmº�º ºº¯��º�
mÈÓÒ« �ã« º¯Ò�Èã	Óº® °mÈ¯}Ò lj��lk�� °� ���

jÓmË°�Ò�ÒÒ zÈÓÈ�© �ã« ¹¯ºmË�ËÓÒ« Ò°°ãË�ºmÈÓÒ®� °� ���
nÒ¯äÈ wãË}�¯Ò°Ò�Ë �Ë n¯ÈÓ° �°�ÈÓÈmãÒmÈË� ¹Ë¯m©® Ëm¯º�

¹Ë®°}Ò® «�Ë¯Ó©® ¯ËÈ}�º¯ ° mº�º® ¹º� �ÈmãËÓÒËä m �� nãÈ�
äÈÓmÒããË� °� ���

lÓº�º�ËãËmÈ« �°�ÈÓºm}È �ã« ªãË}�¯ºÓÓº�ã��Ëmº® °mÈ¯}Ò�
°� ���

&OHUJH 0� HW DO� |¹�ÒäÒÏÈ�Ò« ¹¯ºäËÎ��º�Óº® �Ë¯äºº¯È�
º�}Ò Ò °Ó«�ÒË ÓÈ¹¯«ÎËÓÒ® °�ÈãË® &U0R9� °� ��Ü���

-DVWU]HEVNL 5� HW DO� n�Ó�ÈäËÓ�Èã	Ó©Ë º°Óºm© º��ËÓÒ«
¹��Ëä ÓËº°ºÏÓÈÓÓº�º ä©�ãËÓÒ«�  � �� lË�º�Ò}È� Ò°¹ºã	Ï�ËäÈ«
�ã« ¹¯È}�Ò�Ë°}º�º º��ËÓÒ«� �Ë¯°¹Ë}�Òm© äË�º�ºm �È}�Òã	Óº�º
°�Òä�ãÒ¯ºmÈÓÒ«� F� ��Ü���

68'85$ �c�ä©ÓÒ«� ����� Û ¢ � �¯�ä� «Ï��

6DYX ,� '� {ãÒ«ÓÒË }ºÓ°�¯�}�ÒmÓº�º ¹¯ºË}�Ò¯ºmÈÓÒ« ÓÈ
ÎË°�}º°�	 °mÈ¯Ó©² °ºË�ÒÓËÓÒ® m °��º°�¯ºËÓÒÒ� °� �Ü���

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

������� ��



68'85$ �c�ä©ÓÒ«� ����� Û 9RO� ;,9� ¢ � �¯�ä� «Ï��

'XPEUDYD '�� 6DIWD 9� HW DO� v¯ÈmÓÒ�Ëã	Ó©Ë Ò°°ãË�ºmÈÓÒ«
�Ë²Óºãº�Ò® �Ë¹ãºmº® ¯ËÏ}Ò ° Ò°¹ºã	ÏºmÈÓÒËä ¯ÈÏÓ©² �ÈÏºm�
°� �Ü���

6DYX ,� '� {ãÒ«ÓÒË }ºÓ°�¯�}�ÒmÓº�º ¯È°�Ë�È ÓÈ ÎË°�}º°�	
°mÈ¯Ó©² °ºË�ÒÓËÓÒ® m °��º°�¯ºËÓÒÒ� F� ��Ü���

9DQVFKHQ :� �ãÈÏäËÓÓºË ÓÈ¹©ãËÓÒË Û ÒÓÓºmÈ�ÒºÓÓ©®
°¹º°º ÓÈÓË°ËÓÒ« �Ë¯äº¹º}¯©�Ò®� F� ��Ü���

*XUJH\ $�� 2ODLQHFN &� �ºmË�ËÓÒË m©°º}º¹¯º�Ó©² äËã�
}ºÏË¯ÓÒ°�©² °�ÈãË® ¹¯Ò ãÈÏË¯Óº® °mÈ¯}Ë Û º�ËÓ}È º¯ÈÏ�ºm�
F� ��Ü���

:HVOLQJ 9�� 6FKUDP $� �ãÈÏäËÓÓÈ« ¹È®}È �ºÓ}Ò² ãÒ°�ºm
° ¹º}¯©�Ò«äÒ� F� ��Ü���

/RUHQ] *� �º�Ë�Ó©Ë °mÈ¯Ó©Ë °ºË�ÒÓËÓÒ« m Èm�ºäºÒãË°��
¯ºËÓÒÒ Û ÓË¯ÈÏ¯��È
�Ò® }ºÓ�¯ºã	 ° ¹ºäº�	
 }ºä¹	�

�Ë¯ÒÏÒ¯ºmÈÓÓº® �ã	�¯ÈÏm�}ºmº® °Ò°�Ëä©� F� ��Ü���

7+<66(1.5833 0$*$=,1( ��Ë¯äÈÓÒ«� ����� Û ¢ � �ÈÓ�ã� «Ï��

:LOKHOP 6� �mº¯�Ë°�mº ¹º¯ºÎ�ÈË� º¯Ò�ÒÓÈã	Óº°�	�
°� ��Ü���

$EHOH 5� sºm©® °¹ãÈm ¹¯Ë�º�m¯È�ÈË� }º¯¯ºÏÒ
� F� ��Ü���
:HEHU /� sºm©Ë äÈ�Ë¯ÒÈã© �ã« �ã���ËÓÒ« º}¯�ÎÈ
�Ë®

°¯Ë�©� F� ��Ü���

$EHOH 5� sºm©Ë äÈ�Ë¯ÒÈã© �ã« �ã���ËÓÒ« º}¯�ÎÈ
�Ë®
°¯Ë�©� F� ��Ü���

.XU] 3� sºm©® ¹¯º�Ë°° ÓÈÓË°ËÓÒ« ¹º}¯©�Ò® ÓÈ ÓË¹º}¯©�©Ë
äË�ÈããÒ�Ë°}ÒË ãÒ°�©� F� ��Ü���

.OHLQ &� sË®¯ºÓÓ©Ë °Ë�Ò Ò Èm�ºäÈ�ÒÏÒ¯ºmÈÓÓ©® }ºÓ�¯ºã	
¹ºmË¯²Óº°�Ò� F� ��Ü���

7+<66(1.5833� 7(&+1)2580 ��Ë¯äÈÓÒ«� (QJOLVK (GLWLRQ� Û ����� Û -XO\ �ÈÓ�ã� «Ï��

$GDP +� HW DO� sºm©® ºãË��ËÓÓ©® °�Èã	Óº® }�Ïºm Èm�º�
äºÒã«� °� �Ü���

3DSDLDFRYRX 3� vÒ°�Ëä© ¯Ë�Ò¯}�ã«�ÒÒ m©²ãº¹Ó©² �ÈÏºm
�ÒÏËã	Ó©² Èm�ºäºÒãË®� F� ��Ü���

$OOHYD /� HW DO� �¯«äº® º�ÎÒ� Û ÓºmºË ÓÈ¹¯ÈmãËÓÒË m
¹¯ºÒÏmº�°�mË ÁË¯¯Ò�Óº® ÓË¯ÎÈmË
�Ë® °�ÈãÒ ���� F� ��Ü���

6WLFNHU *�� $EDVFDO -� sË¯ÎÈmË
�È« °�Èã	 �ã« ÒÏ�º�ºm�
ãËÓÒ« mº�«Ó©² È}ºm� F� ��Ü���

6FKRQ +� vÒ°�ËäÈ ¹ãÈmÓº ¯Ë��ãÒ¯�Ëäº�º }ºÓ�¯ºã« }ãÈ¹È�
Óºm� F� ��Ü���

.RHVOLQJ '� {ÓË�¯ËÓÒË �Ë²Óºãº�ÒÒ m©°º}º°}º¯º°�Óº® ¯ËÏ}Ò
¹¯Ò ÒÏ�º�ºmãËÓÒÒ ÒÓ°�¯�äËÓ�ºm Ò ��Èä¹ºm� F� ��Ü���

:XUNHU /�� =HXQHU 7� �Ò�	Ë ¹¯º�Òmº�ÈmãËÓÒËä �Ë�ÈãË®
Èã
äÒÓÒËm©² �È°°Ò� F� ��Ü���

6WDNHPHLHU %�� +HQNH .� cÈÏ¯Èº�}È äÓº�ºÁ�Ó}�ÒºÓÈã	�
Óº�º ¹È�¯ºÓÓº�º °�ÈÓ}È� F� ��Ü���

/LPSHU $�� .HXWHU $� lË�º� �mº®Óº�º ¹Ë¯ËäË�ÒmÈÓÒ« Û
ÓºmÈ« }ºÓ�Ë¹�Ò« �°ºmË¯�ËÓ°�mºmÈÓÒ« �¯È�Ò�ÒºÓÓº�º ¹¯º�Ë°°È�
F� ��Ü���

75$16$&7,21 RI -:5, �Ð¹ºÓÒ«� ����� Û 9RO� ��� ¢ � �ÈÓ�ã� «Ï��

/X 6�� )XMLL +� HW DO� jÏäËÓËÓÒË Áº¯ä© �mÈ ¹¯Ò °mÈ¯}Ë
�j� m ÏÈ�Ò�Ó©² �ÈÏºm©² °äË°«² $UÜ2

�
Ò $UÜ&2

�
� °� �Ü��

.DWD\DPD 6�� 0L]XWDQL 0� HW DO� ÐmãËÓÒ« ¹¯Ò °mÈ¯}Ë Ò
}ºÓ�¯ºã	 º�¯ÈÎËÓÓº�º ¹��}È ¹¯Ò °mÈ¯}Ë mÓÈ²ãË°�}� º�ÒÓ}º�
mÈÓÓ©² °�ÈãË® ° ¹ºäº�	
 jk� ãÈÏË¯È� F� ��Ü���

6KLED\DQDJL 7�� 0DHGD 0� tÈ¯È}�Ë¯Ò°�Ò}Ò äÒ}¯º°�¯�}���
¯© Ò �mË¯�º°�Ò °ºË�ÒÓËÓÒ® Èã
äÒÓÒËmº�º °¹ãÈmÈ ����� m©¹ºã�
ÓËÓÓ©² °mÈ¯}º® �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä� F� ��Ü���

7DNDKDVKL 0�� <DVXGD +� HW DO� cÈÏ�Ë�ÒÓËÓÒË ¹ºmË¯²Óº°�Ò
¯ÈÏ�ËãÈ ÈÓº�Óº�º °ºË�ÒÓËÓÒ« äË�Èãã�°�Ë}ãº ¹��Ëä ¹¯ÒãºÎËÓÒ«
º¯È�Óº�º ÓÈ¹¯«ÎËÓÒ«� F� ��Ü���

0L\DPRWR <�� 7HUDNXER 0� HW DO� �ºã��ËÓÒË º�ËäÓ©²
�Ë�ÈãË® äË�º�ºä �¯Ë²äË¯Óº® äÒ}¯º°mÈ¯}Ò� F� ��Ü���

<H )�� 2KPRUL $� HW DO� |�ËÓ}È }ºä¹ºÏÒ�Ó©² ¹º}¯©�Ò®
7L2

�
Ü)H7L2

�
� ¹ºã��ËÓÓ©² äË�º�ºä ¹ãÈÏäËÓÓº�º ÓÈ¹©ãËÓÒ«�

F� ��Ü���

/LDQJ :�� 6RQH 6� HW DO� jÏäË¯ËÓÒË °º°�mËÓÓº® �ËÁº¯�
äÈ�ÒÒ �Ò¹Ò�Ó©² °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ° Ò°¹ºã	ÏºmÈÓÒËä º¯È��
Óº�º ÈÓÈãÒÏÈ�  � �� iËÁº¯äÈ�Ò« °mÈ¯Óº�º mÈãÒ}È� F� ��Ü���

.LP <��&�� +LURKDWD 0� HW DO� |�ËÓ}È ËÏº¹È°Óº°�Ò }¯Ë°�
�ºº¯ÈÏÓ©² }ºãºÓÓ ¹º°ãË ¹¯Èm}Ò ÓÈ�¯Ëmºä� F� ��Ü���

/XR <�� ,VKL\DPD 0� HW DO� j°°ãË�ºmÈÓÒË ºãÈ°�Ò �Ëä¹Ë�
¯È��¯ Ò °º°�mËÓÓ©² ÓÈ¹¯«ÎËÓÒ®� mºÏÓÒ}È
�Ò² ¹¯Ò m©°º}º�
�È°�º�Óºä ÒÓ��}�ÒºÓÓºä ÓÈ�¯ËmË ¹ãº°}º® ¹ãÒ�©� F� ��Ü���

/XR <�� ;LH /� HW DO� �¯º�ÓºÏÒ¯ºmÈÓÒË �ËÁº¯äÈ�ÒÒ }¯�¹�
Óº�ÈÈ¯Ò�Óº® °mÈ¯Óº® }ºÓ°�¯�}�ÒÒ ÓÈ º°ÓºmÈÓÒÒ °º°�mËÓÓ©²
ÓÈ¹¯«ÎËÓÒ®� F� ��Ü���

:X <�� 6KLEDKDUD 0� HW DO� {ãÒ«ÓÒË ¹È¯ÈäË�¯ºm ¯ÈÏ�Ëã}Ò
}¯ºäº} ÓÈ º¯ÈÏºmÈÓÒË ¹º�mÈãÒ}ºm©² �¯Ë�ÒÓ �¯��ËmÒ�Óº®
Áº¯ä© ¹¯Ò °mÈ¯}Ë m �Ï}Ò® ÏÈÏº¯� F� ��Ü���

$EH 1�� ,PDQDND 7� HW DO� lÒ}¯º°mÈ¯}È �ºÓ}º® äË�Óº®
Áºã	�Ò ° ¹ºäº�	
 ãÈÏË¯Óº�º �Òº�È ¹¯«äº�º �Ë®°�mÒ«� F� ��Ü���

7:, &211(&7 �kÓ�ãÒ«� ����� Û¢ ��� �ÈÓ�ã� «Ï��

0DWWHUV *�lË²ÈÓÒ�Ë°}ÒË Ò°¹©�ÈÓÒ« ÓÈ ¹¯��}È² ° ÓÈ�¯ËÏºä
ÒãÒ ��È¯Ó©Ë Ò°¹©�ÈÓÒ«� °� �Ü��

:(/',1* ,17(51$7,21$/ �{ËãÒ}º¯Ò�ÈÓÒ«� 7UDQVODWLRQV IURP WKH :RUOG�V :HOGLQJ 3UHVV �����
Û 9RO� ��� ¢ � �ÈÓ�ã� «Ï��

3LHWUDV $� HW DO� tÈ¯È}�Ë¯Ò°�Ò}Ò °mÈ¯Ó©² �mºm� ¹ºã��ËÓ�
Ó©² °mÈ¯}º® �ÈmãËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä äË�ÈããÈ �mÈ �°mÈ¯}È
�¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä�� °� �Ü���

(PD (�� 6DVDEH 6� �¯º�Óº°�	 °ºË�ÒÓËÓÒ® ÒÏ °¹ãÈmºm $OÜ
0JÜ6L� Ò°¹ºã	Ï�Ëä©² m Èm�ºäºÒã	Óº® ¹¯ºä©�ãËÓÓº°�Ò Ò m©�
¹ºãÓËÓÓ©² ° ¹ºäº�	
 ¹Ë¯Ë�ºm©² �Ë²Óºãº�Ò® °mÈ¯}Ò� F� ��Ü���

2KDVL 5� HW DO� cÈ°�Ò¯ËÓÒË �º¹�°}ºm ¹º ÏÈÏº¯Èä m °�©}ºmºä
°ºË�ÒÓËÓÒÒ ËÏ ¯ÈÏ�Ëã}Ò }¯ºäº} ¹¯Ò °mÈ¯}Ë 1G�<$* ãÈÏË¯ºä�
F� ���

%RQROOR )� HW DO� v�¹Ë¯È�°�ËÓÒ�Ó©Ë ÓË¯ÎÈmË
�ÒË °�ÈãÒ
Û äÒ}¯º°�¯�}��¯È Ò �°�Èãº°�ÓÈ« ¹¯º�Óº°�	 °mÈ¯Ó©²
°ºË�ÒÓËÓÒ®� °� ��Ü���

.DKORXQ &� iÒÁ¯È}�ºäË�¯Ò�Ë°}Ò® ÈÓÈãÒÏ º°�È�º�Ó©² ÓÈ�
¹¯«ÎËÓÒ® m äÈãº�ÈÈ¯Ò�Ó©² °mÈ¯Ó©² °ºË�ÒÓËÓÒ®� F� ��Ü���

.RURERY <X 6�� %RURQHQNRY 9� 1� zÒÓË�Ò}È mÏÈÒäº�
�Ë®°�mÒ« ÓÈ¹©ãËÓÓº�º äË�ÈããÈ ° }Ò°ãº¯º�ºä ¹¯Ò ªãË}�¯º���
�ºmº® äË�ÈããÒÏÈ�ÒÒ� F� ��Ü���

6LSRORVNRY HW DO� |°ºËÓÓº°�Ò °¹º°ºÈ ÏÈ¹ºãÓËÓÒ« ÏÈÏº¯È
�ÓÈ¹ãÈm}Ò� ¹¯Ò Èm�ºäÈ�Ò�Ë°}º® º¯Ò�Èã	Óº® °mÈ¯}Ë ÓË¹ºmº¯º��
Ó©² °ºË�ÒÓËÓÒ® �¯�� F� ��Ü���

6WUL]KDNRY (� /� HW DO� zãÈ°°ÒÁÒ}È�Ò« äË�º�ºm Ò Ò°°ãË�
�ºmÈÓÒË ¹¯º�Ë°°È }ºÓ�È}�Óº® äÈ�ÓÒ�Óº�Òä¹�ã	°Óº® °mÈ¯}Ò�
F� ��Ü���

6HOLYDQRY )� |¹�ÒäÒÏÈ�Ò« ¹È¯ÈäË�¯ºm �ÒÁÁ�ÏÒºÓÓº®
°mÈ¯}Ò ° ��Ë�ºä ÁÒÏÒ}º�²ÒäÒ�Ë°}º�º °º°�º«ÓÒ« }ºÓ�È}�Ó©²
¹ºmË¯²Óº°�Ë® �Ò�ÈÓÈ� F� ��Ü���

,YDQRY ,� ,� kÓÈãÒÏ äË�º�ºm Èm�ºäÈ�Ò�Ë°}º�º }ºÓ�¯ºã« ¹¯º�
�Ë°°È }ºÓ�È}�Óº® °mÈ¯}Ò �Èm¯ºm©² °ºË�ÒÓËÓÒ® ÓËºã	�Ò² }ºä�
¹ºÓËÓ�ºm� F� ��Ü���

�� �������



/HEHGHY 9�� 1RYJRURGVNLL 9� *� km�º}ºãËÈ�Ëã	Ó©Ë
�¯ÈÓÏÒ°�º¯Ó©Ë ªãË}�¯º¹¯Òmº�© ¹º°�º«ÓÓº�º �º}È �ã« °mÈ¯º��
Óº�º ºº¯��ºmÈÓÒ«� F� ��Ü���

3DVKDWVNLL 1� 9� HW DO� cÈ°�Ë�Ó©Ë ºãÈ°�Ò �Ëä¹Ë¯È��¯
�Ò°}ºmº�º ªãË}�¯º�È ¹¯Ò ªãË}�¯ºª¯ºÏÒºÓÓº® ¯ËÏ}Ë äÈ�Ë¯ÒÈãºm�
F� ��Ü���

:(/',1* ,17(51$7,21$/ �{ËãÒ}º¯Ò�ÈÓÒ«� 7UDQVODWLRQV IURP WKH :RUOG�V :HOGLQJ 3UHVV �����
Û 9RO� ��� ¢ � �ÈÓ�ã� «Ï��

&]HUQ\V] :� HW DO� {ãÒ«ÓÒË ªãË}�¯ºäÈ�ÓÒ�Óº�º mºÏ�Ë®°�mÒ«
m ¹¯º�Ë°°Ë °mÈ¯}Ò ÓÈ ¹ºm©�ËÓÒË °�º®}º°�Ò �mÈ } º¯ÈÏºmÈÓÒ

�º¯«�Ò² �¯Ë�ÒÓ� °� ���Ü����

%RUG 1� -� HW DO� |¹�ÒäÒÏÈ�Ò« äË�º�ºm ¯ÈÏ¯Èº�}Ò äÓº�
�º}ºä¹ºÓËÓ�Ó©² ÁË¯¯º°¹ãÈmºm� �¯Ë�Ëä©² �ã« ¹¯ºÒÏmº�°�mÈ
°mÈ¯º�Ó©² äÈ�Ë¯ÒÈãºm� F� ���Ü����

.ULYWVXQ ,� 9� lº�ËãÒ¯ºmÈÓÒË ¹¯º�Ë°°ºm �Ò¯Ò�Óº® ¹ãÈÏ�
äËÓÓº�ãÈÏË¯Óº® °mÈ¯}Ò Ò Ò°¹ºã	ÏºmÈÓÒË ¹ãÈÏäº�¯ºÓºm� F� ���Ü
����

.RNDZD +� k°º¯�Ò« Ò �Ë°º¯�Ò« ÈÏº�È m °�Èã«² m
¹¯º�Ë°°Ë ���ºmº® Ò ãÈÏË¯Óº® °mÈ¯}Ò� F� ���Ü����

7R\RVDGD 0� |Ïº¯ ¹º º�ËÓ}Ë �°�Èãº°�Óº® �ºã�ºmË�Óº°�Ò�
F� ���Ü����

/DULRQRY 9� 3�� =RULQ (� (� �¯ÒäËÓËÓÒË ¯Ë�}Ò² Ò ¯Ë��
}ºÏËäËã	Ó©² ªãËäËÓ�ºm �ã« ¹ºã��ËÓÒ« ²ãÈ�º°�º®}Ò² }ºÓ°��
¯�}�ÒºÓÓ©² äÈ�Ë¯ÒÈãºm� F� ���Ü����

2OÜVKDQVNLL $� 1�� 0RUR]RY %� 3� |�ËÓ}È mãÒ«ÓÒ« ¹ºm©�
�ËÓÓº�º �ÈmãËÓÒ« ÏÈ�Ò�Óº�º �ÈÏÈ ÓÈ °ÓÒÎËÓÒË ¹º¯Ò°�º°�Ò °mÈ¯�
Ó©² °ºË�ÒÓËÓÒ® ÒÏ Èã
äÒÓÒËm©² °¹ãÈmºm� F� ���Ü����

1NLWLQD (� 9� cÈÏ¯Èº�}È ²Òä°º°�ÈmÈ ªãË}�¯º�Ó©² ¹º}�
¯©�Ò® �ã« °mÈ¯}Ò Èã
äÒÓÒËm©² °¹ãÈmºm ° Ò°¹ºã	ÏºmÈÓÒËä äË�
�º�È ª}°¹Ë¯�Óº® º�ËÓ}Ò� F� ���Ü����

.RQNHYLFK 9� <X HW DO� |°ºËÓÓº°�Ò äË�Èãã�¯�ÒÒ °mÈ¯}Ò
¹ãÈmãËÓÒËä Èã
äÒÓÒËmº�º ¹¯º¹ãÈ°�È� F� ���Ü����

0HQÜVKLNRY 9� $� HW DO� �Ë¯äÒ�Ë°}ÒË ¹¯º�Ë°°© ¹¯Ò }ºÓ�
�È}�Óº® �º�Ë�Óº® °mÈ¯}Ë �Ò�ÈÓºm©² °¹ãÈmºm� F� ���Ü����

)URORY 9� $� HW DO� �Ë²Óºãº�Ò�Ë°}ÒË º°ºËÓÓº°�Ò }ºä¹º�
ÓËÓ�ºm ¹º}¯©�Ò® �ÈÏº��¯ÒÓÓ©² �mÒ�È�ËãË®� ÓÈÓË°ËÓÓ©² äË�º�
�ºä m©°º}º°}º¯º°�Óº�º �ÈÏº¹ãÈäËÓÓº�º ÓÈ¹©ãËÓÒ«� F� ���Ü����

6LG\DNLQ 9� $�� 'DQLORY $� ,� i��ºmÈ« °mÈ¯}È ¹¯Ò ÓÒÏ}ºä
�ÈmãËÓÒÒ �¯� ÒÏ °�ÈãÒ Ò °¹ãÈmºm ÓÒ}Ëã« �ã« ªÓË¯�Ë�Ò}Ò�
F� ���Ü����

3URQLQ 1� 6� HW DO� |°ºËÓÓº°�Ò Áº¯äÒ¯ºmÈÓÒ« °ºË�ÒÓËÓÒ®
¹¯Ò m©°º}º�Ëä¯¹Ë¯È��¯Óº® ¹È®}Ë °mË�ºm©ä ¹��}ºä }ºä¹ºÓËÓ�
�ºm� ÒÏ�º�ºmãËÓÓ©² ÒÏ äË�Ò Ò ËË °¹ãÈmºm� F� ���Ü����

:(/',1* ,17(51$7,21$/ �{ËãÒ}º¯Ò�ÈÓÒ«� 7UDQVODWLRQV IURP WKH :RUOG�V :HOGLQJ 3UHVV �����
Û 9RO� ��� ¢ � �ÈÓ�ã� «Ï��

6HNL <�� 1DQED 6� cÈÏ¯Èº�}È äË�º�È ¹¯º�ÓºÏÒ¯ºmÈÓÒ«
äË²ÈÓÒ�Ë°}Ò² °mº®°�m äË�ÈããÈ °mÈ¯Ó©² �mºm� °� ���Ü����

8H\DPD 7� vmÈ¯}È ãÒ°�ºmº�º äÈ�Ë¯ÒÈãÈ ÒÏ Èã
äÒÓÒËmº�º
°¹ãÈmÈ ° ¹ºäº�	
 �Ò¯Ò�Óº�º ¹¯º�Ë°°È ãÈÏË¯Óº® °mÈ¯}Ò ÓÈ
¹Ë¯ËäËÓÓºä �º}Ë Ò Òä¹�ã	°Óº® °mÈ¯}Ò lj�� F� ���Ü����

2WDQL 7�� 6DVDEH .� tÈ¯È}�Ë¯Ò°�Ò}Ò }ºÓ�È}�Ó©² �º�Ë�Ó©²
�mºm ÓÈ °�Èã	Ó©² m©°º}º¹¯º�Ó©² ãÒ°�È² ° º�ËÓ	 äËã}º�
ÏË¯ÓÒ°�º® °�¯�}��¯º®� F� ���Ü����

+LUDLVKL 0�� :DWDQDED 7� �ºm©�ËÓÒË ¹¯º�Óº°�Ò �ã	�¯ÈÏ�
m�}ºm©² °mÈ¯Ó©² �mºm Èã
äÒÓÒËmº�äÈ�ÓÒËm©² °¹ãÈmºm °
¹ºäº�	
 °¹Ò¯�ºmº® È��ËÏÒÒ Û �ã	�¯ÈÏm�}ºmÈ« °mÈ¯}È
Èã
äÒÓÒËmº�äÈ�ÓÒËm©² °¹ãÈmºm� F� ���Ü����

3HWWHUVRQ *� cÈÏãÒ�Ó©Ë äË�º�© ÈÓÈãÒÏÈ �°�Èãº°�Ò °mÈ¯Ó©²
}ºä¹ºÓËÓ�ºm� F� ���Ü���

2YFKDUHQNR <X� 1� lË�º� º¹¯Ë�ËãËÓÒ« äÈãº�Ò}ãºmº® �°�
�Èãº°�Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ® m }ºä¹ºÓËÓ�È² ÈÓ�ÈÎÈ �¯�º¹�
¯ºmº�È }ºä¹¯Ë°°º¯Ó©² °�ÈÓ�Ò® ¹Ë¯Ë}È�ÒmÈ
�Ò² �ÈÏº¹¯ºmº�ºm�
F� ���Ü����

6RURNWQ /� ,� |�ËÓ}È °�º®}º°�Ò } º¯ÈÏºmÈÓÒ
 �¯Ë�ÒÓ
¹¯Ò °mÈ¯}Ë Ò �Ë¯äºº¯Èº�}Ë ÓÒ}ËãËm©² °¹ãÈmºm� °�º®}Ò² Ò
¹ºãÏ��Ë°�Ò� F� ���Ü����

1LNLWLQD (� 9� |°ºËÓÓº°�Ò º¯ÈÏºmÈÓÒ« ¹º¯ ¹¯Ò °mÈ¯}Ë
¹ãÈmãËÓÒËä �¯ÈÓ�ãÒ¯ºmÈÓÓº�º äÈ�Ë¯ÒÈãÈ� F� ���Ü����

6KWULNPDQ 0� 0� km�ºäÈ�ÒÏÒ¯ºmÈÓÓ©® ¹¯º�Ë°° ��ÈãËÓÒ«
mÓ��¯ËÓÓÒ² �ËÁË}�ºm m �ºã°�º°�ËÓÓ©² }ºä¹ºÓËÓ�È² Ò °mÈ¯Ó©²
°ºË�ÒÓËÓÒ«²� F� ���Ü����

*Q\XVRY 6� )�� 7UXVKFKHQNR (� $� vmÈ¯}È �¯ËÓÒËä °�ÈãÒ
5�l� m �°ãºmÒ«² °mË¯²¹ãÈ°�Ò�Óº°�Ò Û äË²ÈÓÒÏä º¯ÈÏºmÈÓÒ«
°�¯�}��¯Ó©² ÓË°ºmË¯�ËÓ°�m Ò äË�º�ºm Ò² �°�¯ÈÓËÓÒ«� F� ���Ü
����

%DUDQRY '� $� |°ºËÓÓº°�Ò °mÈ¯}Ò �ËÁº¯äÒ¯ºmÈÓÓº�º m©�
°º}º¹¯º�Óº�º ����ÓÈ� F� ���Ü����

6KLJDQRY ,� 1� HW DO� |°ºËÓÓº°�Ò ãÈÏË¯Óº® °mÈ¯}Ò �Ë¯�
äº�¹¯º�ÓËÓÓº�º Èã
äÒÓÒËmº�º °¹ãÈmÈ $'��� F� ���Ü����

.DOLQ 9� $� HW DO� j°¹ºã	ÏºmÈÓÒË �mË¯�©² ©°�¯ºÏÈ}ÈãËÓ�
Ó©² ¹¯Ò¹ºËm �ã« m©°º}º�Ëä¹Ë¯È��¯Óº® ¹È®}Ò }ºÓ°�¯�}�ÒºÓÓ©²
ªãËäËÓ�ºm �Ë¯äº«�Ë¯Ó©² ¯ËÈ}�º¯ºm� F� ���Ü����

:(/',1* -2851$/ �vbk� ����� Û 9RO� ��� ¢ �� �ÈÓ�ã� «Ï��

6WUDWWRQ 3� )�� 0F&UDFNHQ $� zºÓ�¯ºãÒ¯�Ëä©Ë È�äº°ÁË¯©
�ã« °mË�ãº® m©°º}º�Ëä¹Ë¯È��¯Óº® ¹È®}Ò� F� ��Ü���

)HOGEDXHU 6� /� vºm¯ËäËÓÓÈ« m©°º}º�Ëä¹Ë¯È��¯ÓÈ« ¹È®}È
ÓË¯ÎÈmË
�Ë® °�Èã	
� F� ��Ü���

6WLOO -� 5�� %ODFNZRRG 9� �Ë¯äºº¯Èº�}È ¹º°ãË °mÈ¯}Ò
Û º�mË�°�mËÓÓ©® ÁÈ}�º¯ ¹¯Ò mº°°�ÈÓºmãËÓÒÒ }º¯¹�°È �°�	Ëmº�º
ºº¯��ºmÈÓÒ«� F� ��Ü���

)RUWXQD '� jÏ�º�ºmãËÓÒË ¹º¯º�}ºm©² ¹¯Ò¹ºËm �ã« m©°º�
}º�Ëä¹Ë¯È��¯Óº® Ò ÓÒÏ}º�Ëä¹Ë¯È��¯Óº® ¹È®}Ò ° ¹ºäº�	
 ¯È°�
¹©ãËÓÒ«� F� ��Ü���

=LHJOHU '� vmÈ¯}È �Ë¯äº¹ãÈ°�ºm� F� ��Ü���

+RVNLQJ )� 0�� /RSH] (� 3� |°ÓºmÓ©Ë �}ÈÏÈÓÒ« �ã«
º�Ò°�}Ò ¹º°ãË ÓÒÏ}º�Ëä¹Ë¯È��¯Óº® ¹È®}Ò� F� ��Ü���

0XUXJDQDQWK 0� HW DO� |¹�ÒäÒÏÈ�Ò« ²Òä°º°�ÈmÈ °mÈ¯Óº�º
�mÈ� m©¹ºãÓËÓÓº�º ���ºmº® °mÈ¯}º® ¹ãÈm«�Òä°« ªãË}�¯º�ºä
m °¯Ë�Ë ÏÈ�Ò�Óº�º �ÈÏÈ �ã« Ò°¹©�ÈÓÒ« ÓÈ ��È¯Ó�
 m«Ï}º°�	
¹º bÈ¯¹Ò� F� ���Ü����

.LPDSRQJ .�� :DWDQDEH 7� vmÈ¯}È �¯ËÓÒËä ° ¹Ë¯Ë�
äË�ÒmÈÓÒËä Èã
äÒÓÒËmº�º °¹ãÈmÈ °º °�Èã	
� F� ���Ü����

:DQJ +� HW DO� jÏäËÓËÓÒ« Áº}�°Ò¯ºm}Ò ¹ãÈäËÓÒ m }Ò°ãº�
¯º�Óºä }º¹	Ë �ã« ¯ËÏ}Ò� ¹º}¯©�ºä °ãºËä Èã
äÒÓÒËmº�°�Èã	Óº®
¹º¯º�}ºmº® ¹¯ºmºãº}Ò� F� ���Ü����

:(/',1* -2851$/ �vbk� ����� Û 9RO� ��� ¢ �� �ÈÓ�ã� «Ï��

6RPPHU %� sÈ�Èãº °�¯ºÒ�Ëã	°�mÈ m°ËäÒ¯Óº�º �º¯�ºmº�º
�ËÓ�¯È� °� ��Ü���

=KDQJ <� 0� HW DO� imº®Ó©Ë ªãË}�¯º�© ¹ºÏmºã«
� �°º�
mË¯�ËÓ°�mºmÈ�	 }ºÓ�¯ºã	 ¹º�ºÓÓº® ªÓË¯�ÒÒ ¹¯Ò °mÈ¯}Ë lj��
F� ��Ü���

%RUFKHUW 1� �¯ºË}� °ºº¯�ÎËÓÒ« �ÒÓºÏÈm¯È ¹ºÏmºãÒ�
º��Ò�	 ¯Èº�Ò²�äË�ÈããÒ°�ºm Óºmºä� Ò°}�°°�m�� F� ��Ü���

vmÈ¯}È lj� Èã
äÒÓÒ«� F� ��Ü���
)HUUHOO -�� )RUPHQWR 3� {Ë¯�Ò}Èã	ÓÈ« °mÈ¯}È ¹ºÏmºã«Ë�

¯Ë�Ò�	 ¹¯ºãËä� ÒÏ�º�ºmãËÓÒ« °º°��ºm �ÈmãËÓÒ«� F� ��Ü���

'X3RQW -� 1� HW DO� lË�ÈããºmË�ËÓÒË Ò äË�Èãã�¯�Ò« °mÈ¯}Ò
È�°�ËÓÒ�Ó©² °¹ãÈmºm� ºº�È�ËÓÓ©² �È�ºãÒÓÒËä� ¹¯ÒäËÓ«Ëä©²
�ã« º�¯Èº�ÈÓÓº�º «�Ë¯Óº�º �º¹ãÒmÈ�  � �� sË¯ÎÈmË
�ÒË
ãË�Ò¯ºmÈÓÓ©Ë °�ÈãÒ� F� ���Ü����

6YRERGD +� *� HW DO� {ãÒ«ÓÒË º¹Ë¯È�ÒÒ °mÈ¯}Ò ÓÈ ¹º}�
¯©�Ò«� ¹ºã��ËÓÓ©Ë ���ºmº® ÓÈ¹ãÈm}º® ¹º¯º�}ºmº® ¹¯ºmºãº}º®
$16,�$:6 $������� (��7��1L�� F� ���Ü����

6XQ ;� HW DO� {ãÒ«ÓÒË ¯ÈÏäË¯ºm ÏºÓ© ¹ãÈmãËÓÒ« ÓÈ °¹º°º©
¯ÈÏ¯��ËÓÒ« Ò °�È�Ò°�Ò�Ë°}�
 ¹¯º�Óº°�	 Èã
äÒÓÒËm©² °ºË�ÒÓË�
ÓÒ®� m©¹ºãÓËÓÓ©² }ºÓ�È}�Óº® �º�Ë�Óº® °mÈ¯}º®� F� ���Ü����

������� ��



:(/',1* -2851$/ �vbk� ����� Û 9RO� ��� ¢ �� �ÈÓ�ã� «Ï��

2�1HLO %�� 5RGJHUV 0� (� j°¹©�ÈÓÒ« Óºm©² °äË°Ë® �ÈÏºm
�ã« ¹¯ÒäËÓËÓÒ« ¹¯Ò ����Ëä °�¯ºÒ�Ëã	°�mË äº°�È �Ë¯ËÏ �²��
m vÈÓ�n¯ÈÓ�Ò°}º� °� ��Ü���

*UHHQ 5� zÈ} º¹�ÒäÒÏÒ¯ºmÈ�	 °mÈ¯}� lj� äÈãº��ãË�
¯º�Ò°�º® °�ÈãÒ� F� ��Ü���

$� .XUW HW DO� j°°ãË�ºmÈÓÒË °mÈ¯ÒmÈËäº°�Ò ÒÏ�ËãÒ®� ¹ºã��
�ËÓÓ©² äË�º�ºä ¹º¯º�}ºmº® äË�Èãã�¯�ÒÒ� F� ���

'X3RQWHWDO -� 1� lË�ÈããºmË�ËÓÒË Ò äË�Èãã�¯�Ò« °mÈ¯}Ò
È�°�ËÓÒ�Ó©² °¹ãÈmºm� ºº�È�ËÓÓ©² �È�ºãÒÓÒËä� ¹¯ÒäËÓ«Ëä©²

�ã« º�¯Èº�ÈÓÓº�º «�Ë¯Óº�º �º¹ãÒmÈ�  � �� v¹ãÈm© ÓÈ º°ÓºmË
ÓÒ}Ëã«� F� ���Ü����

:X &� 6� HW DO�  Ò°ãËÓÓºË äº�ËãÒ¯ºmÈÓÒË ¹Ë¯Ë²º�Óº®
�¯Ë²äË¯Óº® �ËÁº¯äÈ�ÒÒ °mÈ¯Óº�º °ºË�ÒÓËÓÒ« ° ¹ºãÓ©ä ¹¯º¹�
ãÈmãËÓÒËä� m©¹ºãÓËÓÓº�º °¹º°ººä �j�� F� ���Ü����

&KX <� ;� HW DO� vÒ�ÓÈ��¯Ó©® ÈÓÈãÒÏ �ã« }ºÓ�¯ºã« }È�Ë°�mÈ
¹¯Ò °mÈ¯}Ë lj� }º¯º�}ÒäÒ ÏÈä©}ÈÓÒ«äÒ� F� ���Ü����

:(/',1* -2851$/ �vbk� ����� Û 9RO� ��� ¢ � �ÈÓ�ã� «Ï��

9LOODIXHUWH -� iº°�ÒÎËÓÒ« m ºãÈ°�Ò �Ë²Óºãº�ÒÒ
¯ºº�ÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ò� F� ��Ü���

6SLQHOOD -� HW DO� �ËÓ�ËÓ�ÒÒ ¯ÈÏmÒ�Ò« �º�Ë�Óº® }ºÓ�È}�Óº®
°mÈ¯}Ò Èã
äÒÓÒ« m Èm�ºäºÒã	Óº® ¹¯ºä©�ãËÓÓº°�Ò� F� ��Ü���

&DPSEHOO .� vmÈ¯}È �Ë¯ËÏ m°
 ÎÒÏÓ	 Û °mÈ¯�Ò} {ÒÓ°ËÓ�
z� �¯Ë}º� F� ��Ü���

+RIPDQ .� HW DO� vãË��Ë� ãÒ Ò°¹ºã	ÏºmÈ�	 ºº¯��ºmÈÓÒË
ÓÈ ¹Ë¯ËäËÓÓºä �º}Ë ÒãÒ ÒÓmË¯�º¯© ¹º°�º«ÓÓº�º �º}È �ã« �º�
�Ë�Óº® }ºÓ�È}�Óº® °mÈ¯}Ò �m�²ÁÈÏÓº�º äÈ�Ë¯ÒÈãÈ '3����"�
F� ��Ü���

3DQ -� HW DO� cºº� ¹ºãÏÈ
�Ë�º �Ò¹È �ã« m©¹ºãÓËÓÒ« ¯Èº�
m �¯��Óº�º°��¹Ó©² äË°�È²� F� ��Ü���

&DR *�� .RX 6� vmÈ¯}È �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä

Èã
äÒÓÒ« ���� Û ¹ºmË�ËÓÒË �È°�Ò� θ �$O
�
&X�� F� �Ü��

=KDQJ *� -� HW DO� jÓ�ËããË}��Èã	ÓºË �°�¯º®°�mº �¹¯Èm�
ãËÓÒ« �ã« Òä¹�ã	°Óº® °mÈ¯}Ò �j� ° ¹¯Ò°È�º�Ó©ä äË�Èããºä�
F� �Ü���

:X 3� HW DO� |¹¯Ë�ËãËÓÒË �ÒÓÈäÒ�Ë°}Ò² äË²ÈÓÒ�Ë°}Ò²
²È¯È}�Ë¯Ò°�Ò} }ºÓ�È}�Ó©² °mÈ¯º�Ó©² äÈ�ÒÓ� F� ��Ü���

:(/',1* 5(6($5&+ &281&,/� %XOOHWLQ �86$� ����� Û ¢ ���� 1RYHPEHU �ÈÓ�ã� «Ï��

�}ÈÏÈ�Ëã	 �ÈÓÓ©² ¹º m«Ï}º°�Ò ¯ÈÏ¯��ËÓÒ«�
,QGH[LQJ )UDFWXUH 7RXJKQHVV 'DWD� 3DUW �� 5HVXOWV IURP WKH

03& &RRSHUDWLYH 7HVW 3URJUDP RQ WKH 8VH RI 3UHFUDFNHG &KDUS\
6SHFLPHQV IRU 72 'HWHUPLQDWLRQ � 9DQ 'HU 6OX\V :� $� �
0HUNOH -� *�� <RXQJ %� HW DO�

3DUW �� )UDFWXUH 'DWD $QDO\VLV XVLQJ $670 6WDQGDUGV (�����
�� DQG (������� � 9DQ 'HU 6OX\V :� $� � 0HUNOH -� *�� <RXQJ
%� HW DO�

3DUW �� )UDFWXUH 7RXJKQHVV 'DWD $QDO\VLV 8VLQJ WKH 0DVWHU
&XUYH 0HWKRG � 9DQ 'HU 6OX\V :� $� � 0HUNOH -� *�� <RXQJ
%� HW DO�� °� ���

:(/',1* 5(6($5&+ &281&,/� %XOOHWLQ �86$� ����� Û ¢ ���� 'HFHPEHU �ÈÓ�ã� «Ï��

9DQ 'HU 6OX\V :� $� �ºÏÒ�Ò« º¯�ÈÓÒÏÈ�ÒºÓÓº�º }ºäÒ�Ë�È
sÈ��Óº�º vºmË�È ¹º °º°��Èä �ÈmãËÓÒ« º�Óº°Ò�Ëã	Óº mãÒ«ÓÒ«

º}¯�ÎÈ
�Ë® °¯Ë�© ÓÈ �°�Èãº°�Ó�
 �ºã�ºmË�Óº°�	 ãË�}ºmº�Ó©²
«�Ë¯Ó©² ¯ËÈ}�º¯ºm� F� ���

:(/',1* 5(6($5&+ &281&,/� %XOOHWLQ �86$� ����� Û ¢ ���� -DQXDU\ �ÈÓ�ã� «Ï��

'RELV -� '�� %HQQHWW '� &� lË²ÈÓÒÏä© ¹ºm¯ËÎ�ËÓÒ«�
mºÏ�Ë®°�m�
�ÒË ÓÈ °�È�ÒºÓÈ¯ÓºË ºº¯��ºmÈÓÒË Ò°¹ºã	Ï�ËäºË
m �Ëãã
ãºÏÓº��äÈÎÓº® ¹¯ºä©�ãËÓÓº°�Ò� °� ����

v¹¯Èmº�ÓÒ} k°°º�ÒÈ�ÒÒ ½wãË}�¯º�� ¹¯Ë�¹¯Ò«�Ò®
°�¯ÈÓ vs�� Û zÒËm� ����� Û ��� °��

Áº¯äÈ� ������� ää� äÈ�}Ò® ¹Ë¯Ë¹ãË��

{ °¹¯Èmº�ÓÒ}Ë ¹¯ÒmË�ËÓ© ¹º�¯ºÓ©Ë °mË�ËÓÒ« º ¹¯Ë�¹¯Ò«�Ò«²
Ò ÁÒ¯äÈ² vs� �m°Ë�º �� º¯�ÈÓÒÏÈ�ÒÒ�� «mã«
�Ò²°« �ãËÓÈäÒ
k°°º�ÒÈ�ÒÒ ½wãË}�¯º��� Ò² È�¯Ë°È� }ºÓ�È}�Ó©Ë �ËãËÁºÓ©� È
�È}ÎË °mË�ËÓÒ« º m©¹�°}ÈËäº® ÒäÒ ¹¯º��}�ÒÒ� m}ã
�È« °mÈ�
¯º�Ó©Ë ªãË}�¯º�© Ò �Ë²Óºãº�Ò�Ë°}ºË ºº¯��ºmÈÓÒË�

~È}ÈÏ ÓÈ }ÓÒ�� ¹¯º°	È ÓÈ¹¯Èmã«�	 ¹º È�¯Ë°��
�}¯ÈÒÓÈ� ������ �� zÒËm� È�« ���

�Ëã�� ������� ��� �� ��

�����	
����

�� �������



®£¢©�¡�¼°¯½ ¦¥¢�«¦½ ¦»¯ ÆÊ� £� ¬� �°¬«� «�« ±¨®�¦«¹

zÓÒ�Ò Y lºÓº�¯ÈÁÒÒ Y �¯��© }ºÓÁË¯ËÓ�Ò®

• 5\DERY 9�5�� 'REUXVKLQ /�'�� -XQJ�*L 0RRQ� :HOGLQJ RI %LPHWDOV� Û ����� Û ��� S�� IRUPDW 140×��� PP�
��� �¯Ó����� ¯�������

• /\VDN 9�,�� .X]PLQ 6�9� ([SORVLYH :HOGLQJ RI 0HWDO /D\HUHG &RPSRVLWH 0DWHULDOV� Û ����� Û ��� S��
IRUPDW ���×��� PP� ��� �¯Ó����� ¯�������
• -XWWQHU %�� 9DVHQLQ <X�/� &DWKRGLF 3URFHVVHV RI WKH 0HWDO 9DSRU $UF� Û ����� Û �� S�� IRUPDW ���×��� PP�
��� �¯Ó����� ¯�������
• lÈ�ËäÈ�Ò�Ë°}ºË äº�ËãÒ¯ºmÈÓÒË Ò ÒÓÁº¯äÈ�ÒºÓÓ©Ë �Ë²Óºãº�ÒÒ m °mÈ¯}Ë Ò ¯º�°�mËÓÓ©² ¹¯º�Ë°°È²�

v� �º}ã� lËÎ��ÓÈ¯� }ºÓÁ�� ��Ü�� °ËÓ�� ���� ��� ¹º°� zÈ�ÒmËãÒ� z¯©ä � �º� ¯Ë�� ¹¯ºÁ� {�j� lÈ²ÓËÓ}º�

Û ��� °�� Áº¯äÈ� ���×��� ää� ��� �¯Ó����� ¯�������

• /DVHU 7HFKQRORJLHV LQ :HOGLQJ DQG 0DWHULDOV 3URFHVVLQJ� v� �º}ã� lËÎ��ÓÈ¯� }ºÓÁ�� ��Ü�� äÈ« ���� ���

¹º°� zÈ�ÒmËãÒ� z¯©ä � �º� ¯Ë�� ¹¯ºÁ� {� v� zºmÈãËÓ}º� Û ����� Û ��� °�� Áº¯äÈ� ���×��� ää
�ÈÓ�ã� «Ï��� ��� �¯Ó����� ¯�������

• lÈ�ËäÈ�Ò�Ë°}ºË äº�ËãÒ¯ºmÈÓÒË Ò ÒÓÁº¯äÈ�ÒºÓÓ©Ë �Ë²Óºãº�ÒÒ m °mÈ¯}Ë Ò ¯º�°�mËÓÓ©² ¹¯º�Ë°°È²� v� �º}ã�

{�º¯º® lËÎ��ÓÈ¯� }ºÓÁ�� ��Ü�� °ËÓ�� ���� ��� ¹º°� zÈ�ÒmËãÒ� z¯©ä � �º� ¯Ë�� ¹¯ºÁ� {�j� lÈ²ÓËÓ}º� Û

��� °�� Áº¯äÈ� ���×��� ää� ��� �¯Ó����� ¯�������
• zºÓ�È}�ÓÈ« °mÈ¯}È Ò �¯��ÒË mÒ�© °mÈ¯}Ò �ÈmãËÓÒËä� vº¯ÓÒ}� vº�Ë¯ÎÒ� ¹º�º¯}� °�È�Ë®�

º¹�ãÒ}ºmÈÓÓ©² m Î�¯ÓÈãË ½km�ºäÈ�Ò�Ë°}È« °mÈ¯}È� ÏÈ ����Ü���� ���� ¹º ¹¯ºãËäÈä ¯ÈÏãÒ�Ó©² mÒ�ºm

°mÈ¯}Ò �ÈmãËÓÒËä� Û ����� Û ��� °�� ä«�}Ò® ¹Ë¯Ë¹ãË�� Áº¯äÈ� ������� ää� �� �¯Ó����� ¯�������

• �¯�º¹¯ºmº�Ó©® �¯ÈÓ°¹º¯�� vº¯ÓÒ}� vº�Ë¯ÎÒ� ¹º�º¯}� °�È�Ë®� º¹�ãÒ}ºmÈÓÓ©² m Î�¯ÓÈãÈ²

½km�ºäÈ�Ò�Ë°}È« °mÈ¯}È� Ò ½�Ë²ÓÒ�Ë°}È« �ÒÈ�Óº°�Ò}È Ò ÓË¯ÈÏ¯��È
�Ò® }ºÓ�¯ºã	� ÏÈ ����Ü���� ����

¹º ¹¯ºãËäÈä �¯�º¹¯ºmº�Óº�º �¯ÈÓ°¹º¯�È� Û ����� Û ��� °�� ä«�}Ò® ¹Ë¯Ë¹ãË�� Áº¯äÈ� ������� ää�

�� �¯Ó����� ¯�������

• zk�k�|�� �Ë²Óºãº�ÒÒ� lÈ�Ë¯ÒÈã©� |º¯��ºmÈÓÒË� vº�Ë¯ÎÒ� ÒÓÁº¯äÈ�Ò
 º ¯ÈÏ¯Èº�ÈÓÓ©² m ¹º°ãË�ÓÒË

�º�© m jwv �Ë²Óºãº�Ò«²� äÈ�Ë¯ÒÈãÈ² Ò ºº¯��ºmÈÓÒÒ �ã« °mÈ¯}Ò� ¯ËÏ}Ò� ÓÈ¹ãÈm}Ò� ¹È®}Ò� ÓÈÓË°ËÓÒ« ÏÈ�

�Ò�Ó©² ¹º}¯©�Ò® Ò �¯��Ò² ¯º�°�mËÓÓ©² ¹¯º�Ë°°ºm� ¹¯Ë�ãÈ�ÈËä©² �ã« }ºääË¯�Ë°}º® ¯ËÈãÒÏÈ�ÒÒ� Û �����

Û ��� °�� ä«�}Ò® ¹Ë¯Ë¹ãË�� Áº¯äÈ� ������� ää� ��� �¯Ó����� ¯�������

• �j�ks� �Ë²Óºãº�ÒÒ� ºº¯��ºmÈÓÒË� ¹¯ºÒÏmº�°�mº� vº¯ÓÒ}� vº�Ë¯ÎÒ� ¹º�º¯}� °�È�Ë®� º¹�ãÒ}ºmÈÓÓ©²

m Î�¯ÓÈãÈ² ½vºm¯ËäËÓÓÈ« ªãË}�¯ºäË�Èãã�¯�Ò«� Ò ½km�ºäÈ�Ò�Ë°}È« °mÈ¯}È� ÏÈ ����Ü���� ���� ¹º ªãË}��

¯ºäË�Èãã�¯�ÒÒ Ò °mÈ¯}Ë �Ò�ÈÓÈ Ò Ë�º °¹ãÈmºm� Û ����� Û ��� °�� ä«�}Ò® ¹Ë¯Ë¹ãË�� Áº¯äÈ� ������� ää�

��� �¯Ó����� ¯�������

• �Ò°	äËÓÓ©® k� v� jÓ��}�ÒºÓÓ©® ÓÈ�¯Ëm ¹¯Ò °mÈ¯}Ë Ò ¯º�°�mËÓÓ©² �Ë²Óºãº�Ò«²� Û ����� Û ��� °� Û

Áº¯äÈ� ������� ää� ä«�}Ò® ¹Ë¯Ë¹ãË�� �� �¯Ó����� ¯�������

• �È¯È��} {��� {°��¹ �º Á�ÏÒ}Ò ãÈÏË¯�m� Û ����� Û ��� °� Û Áº¯äÈ� ������� ää� ä«�}Ò® ¹Ë¯Ë¹ãË��

�� �¯Ó����� ¯�������

• vº¯ÓÒ} �º}ãÈ�ºm {�º¯º® äËÎ��ÓÈ¯º�Óº® }ºÓÁË¯ËÓ�ÒÒ ½/DVHU 7HFKQRORJLHV LQ :HOGLQJ DQG 0DWHULDOV

3URFHVVLQJ� ���Ü�� äÈ« ���� ��� ¹º°� zÈ�ÒmËãÒ� z¯©ä� � �º� ¯Ë�� ¹¯ºÁ� {� v� zºmÈãËÓ}º� Û ����� Û

��� °�� Áº¯äÈ� ���×��� ää �ÈÓ�ã� «Ï��� ��� �¯Ó����� ¯�������

�º�ºm«�°« } ¹Ë�È�Ò m ���� ��

� 0DNKQHQNR 9� ,�� 3RFK\QRN 9� (� 6WUHQJWK &DOFXODWLRQ RI :HOGHG -RLQWV ZLWK $GMDFHQW 6KDUS &DYLWLHV
�ÈÓ�ã� «Ï��� Û .LHY� 3:,� ����� Û )RUPDW ������� PP� +DUGEDFN �LQ (QJOLVK��

� .RQRQHQNR 9� <D� 7HFKQRORJLHV RI 8QGUHZDWHU :HW :HOGLQJ DQG &XWWLQJ� Û .LHY� 3:,� ����� Û )RUPDW
������� PP� 6RIWEDFN �LQ (QJOLVK��

rÐ ÄÐÑÒÐÓÂÎ ÉÂÌÂÉÂ ÊÉÆÂÏÊË ÓÍÇÆÕÇÔ ÐÃÒÂÛÂÔÞÓÁ
Ä ÒÇÆÂÌØÊà ÈÕÒÏÂÍÂ ªcÄÔÐÎÂÔÊÙÇÓÌÂÁ ÓÄÂÒÌÂ«

uÇÍ��ÖÂÌÓ� ������ ��� �� ��� ��� �� ��� ��� �� ��
)�QEMP� NSYVREP$TEXSR�OMIZ�YE

 ¡ËÓ© �}ÈÏÈÓ© ° siv °ºº�mË�°�mËÓÓº �ã« �}¯ÈÒÓ©� cº°°ÒÒ Ò �Èã	ÓË�º ÏÈ¯�ËÎ	« ° ��Ë�ºä �º°�Èm}Ò ÏÈ}ÈÏÓº® ÈÓ�Ë¯ºã	
�

������� ��
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��±�� hdly[jy ���� ]� \ DmlZbkkdhf l_ogbq_kdhf mgb\_j�

kbl_l_ bf� G� Fmko_ebr\beb khklhyeZkv O F_`^mgZjh^�

gZy gZmqgh�l_ogbq_kdZy dhgn_j_gpby ©Ijh[e_fu k\Zjdb�

f_lZeemj]bb b jh^kl\_gguo l_ogheh]bcª� hj]Zgbah\ZggZy

©:kkhpbZpb_c k\Zjsbdh\ =jmabbª� F_`]hkm^Zjkl\_gguf

gZmqguf kh\_lhf ih k\Zjd_ b jh^kl\_gguf l_ogheh]byf�

=jmabgkdbf l_ogbq_kdbf mgb\_jkbl_lhf b jy^hf ^jm]bo

hj]ZgbaZpbc� <h \j_fy hldjulby dhgn_j_gpbb __

mqZklgbdZf [ueh h]eZr_gh ijb\_lkl\b_ ZdZ^_fbdZ ;� ?�

IZlhgZ� < jZ[hl_ dhgn_j_gpbb ijbgyeb mqZklb_ hdheh ��

mq_guo b ki_pbZebklh\�

GZmqgu_ ^hdeZ^u gZ dhgn_j_gpbx ij_^klZ\beb Bgk�

lblml we_dljhk\Zjdb bf� ?� H� IZlhgZ �MdjZbgZ�� DmlZbk�

kdbc ]hkm^Zjkl\_gguc l_ogbq_kdbc mgb\_jkbl_l bf�

G� Fmko_ebr\beb� =jmabgkdbc l_ogbq_kdbc mgb\_jkbl_l�

Bgklblml k\Zjdb \ =eb\bp_ �IhevrZ�� <GBB@L �Jhkkby��

< ^hdeZ^Zo jZkkfZljb\Zebkv ZdlmZevgu_ ijh[e_fu

k\Zjdb� f_lZeemj]bb� h[jZ[hldb f_lZeeZ b wdheh]bb�

;hevrhc bgl_j_k \ua\Zeb ke_^mxsb_ ^hdeZ^u� ©<eb�

ygb_ kh^_j`Zgby m]e_jh^Z b k_ju gZ klhcdhklv f_lZeeZ

ijhlb\ h[jZah\Zgby ]hjyqbo lj_sbg ijb gZieZ\d_ ]j_[g_c

\Z]hgguo b [Zg^Z`_c ehdhfhlb\guo dhe_kª �Z\lhj I� G�

DbibZgb b ^j��� ©IZcdZ dhfihabpbhgguo fZl_jbZeh\ gZ hk�

gh\_ f_^b b bgl_jf_lZeeb^guo kieZ\h\ª �K� <� FZdkbfh\Z

b <� N� Ohjmgh\�� ©Fhgblhjbg] aZ]jyag_gby \ha^mrgh]h

[Zkk_cgZ f_lZeemj]bq_kdbfb ij_^ijbylbyfb ]hjh^h\

JmklZ\b b A_klZnhgbª �A� K� K\Zgb^a_ b ^j���

Ke_^m_l hlf_lblv hljZ^guc nZdl� qlh gZjy^m k ba\_k�

lgufb mq_gufb \ jZ[hl_ dhgn_j_gpbb ijbgyeb mqZklb_

b \uklmibeb k ^hdeZ^Zfb klm^_glu² [m^msb_ k\Zjsbdb�

H[km`^_gb_ ^hdeZ^h\ \ua\Zeh h`b\e_ggmx ^bkdmkkbx

b ih^l\_j^beh ihe_aghklv h[f_gZ gZmqghc bgnhjfZpb_c�

Hj]ZgbaZpbhgguc dhfbl_l ba^Ze k[hjgbd ljm^h\ dhg�

n_j_gpbb�

:� <� ;Z[Z_\� dZg^� l_og� gZmd

��� ���������� �� �	

� ^_dZ[jy ���� ]� bkihegbehkv �� e_l

ba\_klghfm mq_ghfm \ h[eZklb l_ogh�

eh]bb k\Zjdb b k\Zjhqgh]h fZl_jbZ�

eh\_^_gby� ^hdlhjm l_ogbq_kdbo gZ�

md� ijhn_kkhjm� aZkem`_gghfm ^_yl_�

ex gZmdb b l_ogbdb MdjZbgu� eZmj_�

Zlm ]hkm^Zjkl\_gguo ij_fbc KKKJ�

Kh\_lZ Fbgbkljh\ KKKJ� ij_fbb bf�

?� H� IZlhgZ� ZdZ^_fbdm GZpbhgZev�

ghc ZdZ^_fbb gZmd MdjZbgu� aZ�

f_klbl_ex ^bj_dlhjZ ih gZmqghc

jZ[hl_ BgklblmlZ we_dljhk\Zjdb DhgklZglbgm :g^j__\b�

qm Xs_gdh�

Ihke_ hdhgqZgby Db_\kdh]h ihebl_ogbq_kdh]h bgklb�

lmlZ D� :�Xs_gdh gZqZe ljm^h\mx ^_yl_evghklv \ ���� ]�

\ Bgklblml_ we_dljhk\Zjdb bf� ?� H� IZlhgZ� ]^_ ijhr_e

imlv hl bg`_g_jZ�wdki_j_f_glZlhjZ ^h aZf_klbl_ey ^b�

j_dlhjZ�

A^_kv hg aZsblbe dZg^b^Zlkdmx ������ b ^hdlhjkdmx

������ ^bkk_jlZpbb� ihemqbe a\Zgb_ ijhn_kkhjZ �������

;ue ba[jZg qe_ghf�dhjj_kihg^_glhf ������� Z aZl_f ZdZ�

^_fbdhf ������ G:G MdjZbgu� Jmdh\h^be eZ[hjZlhjb�

_c �k ���� ]��� Z iha`_ hl^_ehf �k ���� ]�� f_lZeemj]bb

b l_ogheh]bb k\Zjdb \ukhdhe_]bjh\Zgguo klZe_c b

kieZ\h\�

Hkgh\gh_ gZijZ\e_gb_ _]h gZmqghc ^_yl_evghklb ²

kha^Zgb_ gh\uo f_lZeebq_kdbo fZl_jbZeh\� jZajZ[hldZ

ijhp_kkh\ bo ihemq_gby b l_ogheh]bc k\Zjdb b h[jZ[hldb

ih\_joghklb� >bZiZahg bkke_^h\Zgbc \dexqZ_l kha^Zgb_

ohjhrhk\Zjb\Z_fuo klZe_c b kieZ\h\� jZajZ[hldm l_hj_�

lbq_kdbo hkgh\ bo k\Zjdb ijbf_gbl_evgh d ba^_ebyf�

ij_^gZagZq_gguf� \ qZklghklb� ^ey wdkiemZlZpbb \ wdk�

lj_fZevguo mkeh\byo ijb \ha^_ckl\bb Z]j_kkb\guo kj_^�

djbh]_gguo b \ukhdbo l_fi_jZlmj� h[emq_gby� kbevguo

fZ]gblguo ihe_c�

K ����±���� ]]� bf [ue \uiheg_g pbde jZ[hl ih l_hjbb

k\Zjdb klZe_c n_jjblgh�Zmkl_gblgh]h deZkkZ� ;ueb mk�

lZgh\e_gu aZdhghf_jghklb baf_g_gby nbabdh�f_oZgbq_k�

dbo b dhjjhabhgguo k\hckl\ f_lZeeZ k\Zjgh]h kh_^bg_�

gby k fgh]hdhfihg_glguf nZah\uf khklZ\hf� Bamq_g ba�

[bjZl_evguc oZjZdl_j we_dljhobfbq_kdh]h jZkl\hj_gby

nZa \ aZ\bkbfhklb hl e_]bjh\Zgby b ebg_cguo jZaf_jh\�

Wlh ihkem`beh hkgh\hc ^ey jZajZ[hldb gh\uo hjb]bgZev�

guo kbkl_f wdhghfghe_]bjh\Zgguo gbd_e_f klZe_c b

r\h\� kha^Zgby k\Zjhqguo fZl_jbZeh\ b ijhp_kkh\� h[_k�

i_qb\Zxsbo bo rbjhdh_ bkihevah\Zgb_ \ obfbq_kdhf fZ�

rbghkljh_gbb� K ���� ]� D� :� Xs_gdh \ha]eZ\ey_l \

:dZ^_fbb gZmd MKKJ bkke_^h\Zgby ih kha^Zgbx gh\uo

k\Zjb\Z_fuo klZe_c b kieZ\h\ ^ey djbh]_gghc l_ogbdb�

Dhfie_dkgu_ jZ[hlu \uihegyxlky \ l_kghf khljm^gb�

Hldjulb_ dhgn_j_gpbb

�� �������



q_kl\_ k <GBBDjbh]_gfZr_f� PGBBQ_jf_lhf bf� B� I�

;Zj^bgZ �]� Fhkd\Z�� Q_ey[bgkdbf f_lZeemj]bq_kdbf

dhf[bgZlhf �]� Q_ey[bgkd�� MjZeobffZr_f �]� K\_j^�

eh\kd�� Ki_pl_ofhglZ`_f �;Zcdhgmj�� aZ\h^Zfb ©>g_i�

jhki_pklZevª� GDFA� B`hjkdbf aZ\h^hf ly`_eh]h fZ�

rbghkljh_gby b ^jm]bfb hj]ZgbaZpbyfb [u\r_]h KKKJ�

;ueZ j_r_gZ ijh[e_fZ hilbfbaZpbb khklZ\h\ klZeb b f_�

lZeeZ r\Z� bkoh^y ba lj_[h\Zgbc \ukhdhc m^_evghc ijhq�

ghklb� klhcdhklb ijhlb\ hojmiqb\Zgby ijb jZaebqguo mk�

eh\byo gZ]jm`_gby \ bgl_j\Ze_ ���…��� D� \ lhf qbke_

\ kbevguo fZ]gblguo iheyo b ijb jZ^bZpbhgghf h[em�

q_gbb� l_jfhm^ZjZo� <uiheg_ggu_ bkke_^h\Zgby� gZjy^m

k l_hj_lbq_kdbfb jZ[hlZfb� iha\hebeb kha^Zlv ]Zffm

ijbgpbibZevgh gh\uo ohjhrhk\Zjb\Z_fuo klZe_c ^ey

djbh]_gghc l_ogbdb� k\Zjhqguo fZl_jbZeh\ b l_ogheh�

]bq_kdbo ijhp_kkh\ kh_^bg_gby� <i_j\u_ \ fbjh\hc ijZd�

lbd_ b KKKJ [ue kha^Zg ijhp_kk ijhba\h^kl\Z gZ QFD

\ ^m]h\uo ��� lg i_qZo oeZ^hklhcdbo g_j`Z\_xsbo klZ�

e_c kh k\_jogbadbf kh^_j`Zgb_f m]e_jh^Z� Wlh ihkem�

`beh hkgh\hc ^ey jZajZ[hldb gh\h]h gZmqgh]h gZijZ\e_gby

² k\Zjhqgh]h djbh]_ggh]h fZl_jbZeh\_^_gby� dhlhjh_ ijba�

gZgh g_ lhevdh \ kljZgZo KG=� gh b aZ jm[_`hf� <uiheg_g

pbde jZ[hl ih hp_gd_ dhgkljmdpbhgghc ijhqghklb k\Zjguo

kh_^bg_gbc ijb djbh]_gguo l_fi_jZlmjZo� L_hj_lbq_kdb_

bkke_^h\Zgby y\bebkv hkgh\hc ^ey jZajZ[hldb ghjf b f_�

lh^h\ jZkq_lZ� ijbgyluo \ MdjZbg_� Jhkkbb b ^jm]bo kljZgZo

ijb ijh_dlbjh\Zgbb djbh]_gguo dhgkljmdpbc gh\h]h lbiZ�

]^_ bkihevam_lky gbadhl_fi_jZlmjgh_ mijhqg_gb_ f_lZeeZ�

;he__ �� aZiZl_glh\Zgguo fZjhd klZe_c� k\Zjhqguo ijh�

\hehd� we_dljh^h\� nexkh\� kha^Zgguo ih^ jmdh\h^kl\hf b

ijb mqZklbb D� :� Xs_gdh� bkihevamxlky \ djbh]_gghf

fZrbghkljh_gbb�Bo ijbf_g_gb_ j_Zebah\Zgh \ lZdbo djmi�

guo ijh_dlZo� dZd ©;mjZgª �klZjlh\uc dhfie_dk�� ©LhdZ�

fZd��ª� ©LhdZfZd���ª �kbeh\Zy k\_joijh\h^ysZy kbkl_fZ

F=> ]_g_jZlhjZ�� \ djmighf bfblZlhj_ dhkfhkZ� mkljhckl\_

^ey `bag_h[_ki_q_gby� [hjlh\uo ^\b]Zl_eyo dhkfbq_kdbo

kbkl_f� gh\hf ihdhe_gbb ]Zahlmj[bgguo ^\b]Zl_e_c� Gh\u_

klZeb b fZl_jbZeu� Z lZd`_ l_ogheh]bq_kdb_ ijhp_kku� jZa�

jZ[hlZggu_ D� :� Xs_gdh� \dexq_gu \ dZq_kl\_ dZg^b�

^Zlguo ijb kha^Zgbb f_`^mgZjh^gh]h l_jfhy^_jgh]h j_�

ZdlhjZ ©BLWJª b kl_eeZlhjZ�

< ���� ]� D� :�Xs_gdh jZajZ[hlZgu gh\u_ iheh`_gby

ijbf_gbl_evgh d ijhp_kkZf� \uau\Zxsbf h[jZah\Zgb_

lj_sbg \ r\Zo ijb djbklZeebaZpbb b ih\lhjguo gZ]j_�

\Zo� L_hj_lbq_kdb h[hkgh\ZgZ b wdki_jbf_glZevgh ih^�

l\_j`^_gZ jhev ^bkehdZpbhgguo b k_]j_]Zpbhgguo ijh�

p_kkh\ ^ey \_jog_]h b gb`g_]h bgl_j\Zeh\ ojmidhklb b

bo jhev \ h[jZah\Zgbb lj_sbg�

< ����±���� ]]� D� :� Xs_gdh \uiheg_g pbde jZ[hl

ih bamq_gbx k\Zjb\Z_fhklb fZl_jbZeh\� JZajZ[hlZgZ gh�

\Zy l_hjby k\Zjb\Z_fhklb b deZkkbnbdZpby f_lh^h\ kh�

_^bg_gby fZl_jbZeh\ \ aZ\bkbfhklb hl Z]j_]Zlgh]h khk�

lhygby \_s_kl\Z� Gh\uc djbl_jbc k\Zjb\Z_fhklb� dhlh�

juf wg_j]_lbq_kdb hp_gb\Z_lky kl_i_gv ^_]jZ^Zpbb fZ�

l_jbZeZ� jZkrbjy_l l_ogbq_kdb_ \hafh`ghklb ihemq_gby

g_jZat_fguo kh_^bg_gbc ba ex[uo dhgkljmdpbhgguo f_�

lZeeh\ b g_f_lZeeh\�

GZ hkgh\_ bkke_^h\Zgby ijhp_kkh\ hojmiqb\Zgby \u�

khdhojhfbkluo klZe_c k HPD�kljmdlmjhc kbkl_fu )_±��

KU dhee_dlb\hf mq_guo BWK \h ]eZ\_ k D� :� Xs_gdh

\ kh^jm`_kl\_ k Nbabdh�l_ogheh]bq_kdbf bgklblmlhf f_�

lZeeh\ b kieZ\h\ G:G MdjZbgu ij_^eh`_gh mijZ\eylv

k_]j_]Zpbhggufb y\e_gbyfb ijb j_djbklZeebaZpbb f_�

lZeeZ aZ kq_l dhgljhebjm_fh]h ^bki_j]bjh\Zgby ijbf_�

k_c ih l_em a_jgZ� Wlb jZ[hlu hldjueb gh\h_ i_jki_d�

lb\gh_ gZijZ\e_gb_ \ jZajZ[hld_ ohjhrhk\Zjb\Z_fuo

[_agbd_e_\uo dhjjhabhgghklhcdbo \ukhdhojhfbkluo

n_jjblguo klZe_c fZkkh\h]h gZagZq_gby�

H^gbf ba gZmqguo ^hklb`_gbc y\ey_lky kha^Zgb_ D� :�

Xs_gdh k khljm^gbdZfb l_hjbb k\Zjdb \ukhdhe_]bjh�

\Zgguo klZe_c kh k\_jojZ\gh\_kguf kh^_j`Zgb_f ZahlZ�

Pbde jZ[hl iha\hebe h[hkgh\Zlv ijbgpbiu ihemq_gby dZ�

q_kl\_gguo kh_^bg_gbc gh\h]h deZkkZ f_lZeeh\ kh k\_j�

ojZ\gh\_kguf e_]bjh\Zgb_f ]ZaZfb� Bkke_^h\Zgby ih db�

g_lbd_ ^_ZahlZpbb iha\hebeb mklZgh\blv mkeh\by kms_k�

l\h\Zgby d\ZabjZ\gh\_kguo khklhygbc \ ijb]jZgbqguo

ahgZo djbklZeebamxs_]hky f_lZeeZ� jhev nZah\uo baf_�

g_gbc f_lZeeZ \ kbkl_f_ ©`b^dhklv±]Zaª� <i_j\u_ \ fb�

jh\hc ijZdlbd_ jZajZ[hlZgu fZl_jbZeu b ijhp_kku� iha�

\heyxsb_ k\Zjb\Zlv f_lZee kh k\_jojZ\gh\_kguf kh^_j�

`Zgb_f ZahlZ ^h � ��

< ����±���� ]]� D� :� Xs_gdh Zdlb\gh mqZkl\m_l \

jZ[hlZo ih kha^Zgbx gh\uo fZl_jbZeh\ b ijhp_kkh\ ^ey

h[jZ[hldb ih\_joghklb b gZg_k_gby ihdjulbc� Hg ijh�

\h^bl bkke_^h\Zgby ih jZajZ[hld_ b ijbf_g_gbx ki_pb�

Zevguo ihjhrdh\uo ijh\hehd ^ey baghkhklhcdhc b dhj�

jhabhgghklhcdhc gZieZ\db� gh\uo \b^h\ ijh\hehd b ih�

jhrdh\ gZ hkgh\_ lm]hieZ\dbo fZl_jbZeh\� dhfihabpbc

kieZ\h\ k Zfhjnghc kljmdlmjhc� Kha^Zggu_ fZl_jbZeu

b ijhp_kku gZreb ijbf_g_gb_ \ ijhfure_gghklb� D gbf

hlghkylky lZdb_ l_ogheh]bq_kdb_ ijhp_kku� dZd dZj[h\Z�

gZ^bjh\Zgb_� ieZaf_ggh�^_lhgZpbhggZy h[jZ[hldZ� jZa�

jy^gh�bfimevkgZy h[jZ[hldZ b fbdjhieZaf_ggh_ gZiue_�

gb_� Fgh]b_ ba gbo� y\eyykv hjb]bgZevgufb� aZiZl_glh�

\Zgu b ihemqbeb ijbagZgb_ aZ jm[_`hf�

D� :� Xs_gdh ² Z\lhj [he__ ��� him[ebdh\Zgguo

jZ[hl b bah[j_l_gbc� \ qbke_ dhlhjuo � fhgh]jZnbc� Ih^

jmdh\h^kl\hf D� :� Xs_gdh ih^]hlh\e_gh [he__ �� dZg�

^b^Zlkdbo b � ^hdlhjkdbo ^bkk_jlZpbc� Hg \_^_l [hev�

rmx gZmqgh�hj]ZgbaZpbhggmx ^_yl_evghklv� < ���� ]�

[ue ba[jZg \bp_�ij_ab^_glhf F_`^mgZjh^gh]h bgklblm�

lZ k\Zjdb� K ���� ih ���� ]]� ² aZf_klbl_ev ij_^k_^Zl_ey

GZpbhgZevgh]h Dhfbl_lZ KKKJ ih k\Zjd_� k ���� ]� ² ij_^�

k_^Zl_ev GZpbhgZevgh]h dhfbl_lZ ih k\Zjd_ MdjZbgu� k

���� ]� ² jmdh\h^bl_ev gZijZ\e_gby ©G_jZat_fgu_ kh_�

^bg_gby b ihdjulbyª� ijh]jZffu ©Gh\u_ \_s_kl\Z b fZ�

l_jbZeuª� <ha]eZ\ey_l k_dpbx ih ihdjulbyf GZmqgh�l_o�

gbq_kdh]h f_`]hkm^Zjkl\_ggh]h kh\_lZ KG=� F ���� ]� ²

qe_g [xjh Hl^_e_gby nbabdh�l_ogbq_kdbo ijh[e_f fZl_�

jbZeh\_^_gby G:G MdjZbgu� qe_g Ki_pbZebabjh\Zggh]h

kh\_lZ ih aZsbl_ ^bkk_jlZpbc BgklblmlZ we_dljhk\Zjdb�

qe_g j_^dhee_]bb `mjgZeh\ ©:\lhfZlbq_kdZy k\ZjdZª b

©K\Zjsbdª� qe_g L_ogbq_kdh]h dhfbl_lZ b ij_^k_^Zl_ev

ki_pbZevgh]h dhfbl_lZ F_`^mgZjh^gh]h bgklblmlZ k\Zjdb

ih kh_^bg_gbyf b ihdjulbyf i_jki_dlb\guo fZl_jbZeh\

\ Z\bZpbhgghc l_ogbd_� K ���� ]� \oh^bl \ jmdh\h^ysbc

khklZ\ f_`^mgZjh^guo hj]ZgbaZpbc ih djbh]_gghc l_ogbd_

b ih djbh]_gguf fZl_jbZeZf�

GZ]jZ`^_g Ihq_lghc ]jZfhlhc <_joh\gh]h Kh\_lZ

MKKJ� hj^_ghf >jm`[u gZjh^h\� f_^Zeyfb� < ���� ]�

ba[jZg ^_ckl\bl_evguf qe_ghf F_`^mgZjh^ghc we_dljh�

l_ogbq_kdhc ZdZ^_fbb �]� Fhkd\Z��

������� ��
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< ^_dZ[j_ ���� ]� bkihegbehkv ��

e_l kh ^gy jh`^_gby ba\_klgh]h

ki_pbZebklZ \ h[eZklb k\Zjdb lm�

]hieZ\dbo f_lZeeh\ b dhkfbq_kdh�

]h fZl_jbZeh\_^_gby� \_^ms_]h gZ�

mqgh]h khljm^gbdZ hl^_eZ ©Dhkfb�

q_kdb_ l_ogheh]bbª BgklblmlZ we_d�

ljhk\Zjdb bf� ?� H� IZlhgZ G:G Md�

jZbgu� ^hdlhjZ l_ogbq_kdbo gZmd

?nbfZ :jdZ^v_\bqZ :kgbkZ�

Ihke_ hdhgqZgby \ ���� ]� Db_\kdh]h ihebl_ogbq_k�

dh]h bgklblmlZ \ l_q_gb_ ����±���� ]]� hg jZ[hlZe gZ

;hjbkihevkdhc klZgpbb ih j_fhglm ljZdlhjh\ b k_evkdh�

ohayckl\_gguo fZrbg� ]^_ hj]Zgbah\Ze ijhba\h^kl\h ih

j_klZ\jZpbb ^_lZe_c wlh]h h[hjm^h\Zgby f_lh^Zfb k\Zjdb

b gZieZ\db�

K ���� ih ���� ]]� ?� :� :kgbk jZ[hlZe gZ Db_\kdhf

aZ\h^_ ©;hevr_\bdª \ ^he`ghklb klZjr_]h bg`_g_jZ� gZ�

qZevgbdZ eZ[hjZlhjbb b gZqZevgbdZ [xjh k\Zjdb aZ\h^Z�

A^_kv ih^ _]h jmdh\h^kl\hf [ueb hk\h_gu b \g_^j_gu

\ ijhba\h^kl\h l_ogheh]bb k\Zjdb jZaebqguo klZe_c b

p\_lguo f_lZeeh\ ^ey gm`^ obfbq_kdh]h fZrbghkljh_�

gby b ^jm]bo h[eZkl_c l_ogbdb�

K ���� ]� ?� :� :kgbk jZ[hlZ_l \ BWK bf� ?� H� IZlhgZ�

;he__ ���lb e_l hg aZgbfZeky \hijhkZfb jZajZ[hldb h[h�

jm^h\Zgby b l_ogheh]bb k\Zjdb lm]hieZ\dbo f_lZeeh\� y\�

ey_lky ijbagZgguf ki_pbZebklhf \ h[eZklb k\Zjdb gb�

h[by b kieZ\h\ gZ _]h hkgh\_� Ih^ _]h jmdh\h^kl\hf b

k _]h mqZklb_f jZajZ[hlZg jy^ l_ogheh]bq_kdbo ijhp_kkh\

k\Zjdb gbh[b_\uo kieZ\h\� dhlhju_ gZreb ijbf_g_gb_

\ jZd_lgh�dhkfbq_kdhc hljZkeb� y^_jghc wg_j]_lbd_ b ob�

fbq_kdhf fZrbghkljh_gbb� JZ[hlZy \ l_kghf khljm^gb�

q_kl\_ k f_lZeemj]Zfb� hg \g_k agZqbl_evguc \deZ^ \ kha�

^Zgb_ b \g_^j_gb_ gh\uo gbh[b_\uo b \ZgZ^b_\uo kieZ�

\h\� Ijh\_^_ggu_ jZ[hlu ihkem`beb hkgh\hc ^ey dZg�

^b^Zlkdhc b ^hdlhjkdhc ^bkk_jlZpbc� dhlhju_ hg mki_r�

gh aZsblbe�

K ���� ]� ?� :� :kgbk jZ[hlZ_l \ h[eZklb dhkfbq_kdh]h

fZl_jbZeh\_^_gby� aZgbfZykv \hijhkZfb ihemq_gby kh�

\_jr_gguo ihemijh\h^gbdh\uo b dhfihabpbhgguo fZ�

l_jbZeh\ \ mkeh\byo dhkfhkZ f_lh^hf we_dljhggh�emq_�

\hc ahgghc ieZ\db� < wlhf gZijZ\e_gbb bf \uiheg_g jy^

jZ[hl ih kha^Zgbx l_ogheh]bb ieZ\db wlbo fZl_jbZeh\�

dhlhju_ iha\heyl ijh\_klb wdki_jbf_glu \ dhkfhk_ ^ey

hij_^_e_gby \ebygby nZdlhjh\ dhkfbq_kdh]h ijhkljZg�

kl\Z gZ \hafh`ghklv ihemq_gby kh\_jr_gguo fZl_jbZeh\�

?� :�:kgbk y\ey_lky Z\lhjhf ^\mo fhgh]jZnbc b hdheh

��� klZl_c b bah[j_l_gbc� AZ aZkem]b \ jZa\blbb dhkfb�

q_kdhc hljZkeb gZ]jZ`^_g Ihq_lghc ]jZfhlhc GZpbh�

gZevgh]h dhkfbq_kdh]h Z]_glkl\Z MdjZbgu�

��� ��� "�#$� %����� �� 
	

< ^_dZ[j_ ���� ]� bkihegbehkv �� e_l

kh ^gy jh`^_gby dZg^b^ZlZ nbabdh�

fZl_fZlbq_kdbo gZmd� aZ\� ba^Zl_ev�

kdbf hl^_ehf BWK bf� ?� H� IZlhgZ�

qe_gZ j_^dhee_]bb `mjgZeZ ©:\lhfZ�

lbq_kdZy k\ZjdZª :e_dkZg^jZ Lbfhn_�

_\bqZ A_evgbq_gdh�

:� L� A_evgbq_gdh jZ[hlZ_l \ BWK

bf� ?� H�IZlhgZ k ���� ]� ihke_ hdhg�

qZgby Db_\kdh]h ]hkm^Zjkl\_ggh]h

mgb\_jkbl_lZ bf� L� =� R_\q_gdh

\gZqZe_ \ hl^_e_ ©FZl_fZlbq_kdb_ f_lh^u bkke_^h\Zgby

nbabdh�obfbq_kdbo ijhp_kkh\ ijb k\Zjd_ b ki_pwe_dl�

jhf_lZeemj]bbª �ih ���� ]��� Z aZl_f \ ba^Zl_evkdhf hl�

^_e_� < ���� ]� :� L� A_evgbq_gdh aZsblbe dZg^b^Zlkdmx

^bkk_jlZpbx� Bf [ue jZajZ[hlZg iZd_l ijh]jZff ^ey jZk�

q_lZ l_ieh\uo b mkZ^hqguo ijhp_kkh\� ijhl_dZxsbo ijb

ihemq_gbb hleb\hd \ \b^_ l_e \jZs_gby f_lh^hf we_d�

ljhreZdh\h]h dhdbevgh]h eblvy� AZ mqZklb_ \ jZ[hl_ ©:j�

fbjh\ZggZy d\ZabfhgheblgZy ebklh\Zy klZev ih\ur_gghc

ijhqghklb ^ey Z\lhfh[bevghc ijhfure_gghklb b k_ev�

kdhohayckl\_ggh]h fZrbghkljh_gbyª \ khklZ\_ dhee_dlb�

\Z Z\lhjh\ hg [ue m^hklh_g Ij_fbb PD dhfkhfheZ b

FQF MdjZbgu aZ ����±���� ]]� Jmdh\h^y ba^Zl_evkdbf

hl^_ehf� :� L� A_evgbq_gdh k ijbkms_c _fm wg_j]b_c \

k`Zlu_ kjhdb h[_ki_qbe i_j_oh^ ih^]hlh\db iylb `mj�

gZeh\ bgklblmlZ gZ we_dljhggu_ l_ogheh]bb b jblfbq�

ghklv bo \uimkdZ� ;eZ]h^Zjy ihklhygguf mkbebyf \ i_�

jbh^ ����±���� ]]� \ ©*RUGRQ DQG %UHDFKª �<_ebdh[jb�

lZgby� [ueh hj]Zgbah\Zgh ba^Zgb_ �[he__ �� fhgh]jZnbc

gZ Zg]ebckdhf yaud_� mq_guo bgklblmlZ b ki_pbZebklh\

^jm]bo hj]ZgbaZpbc \ jZfdZo k_jbb ©K\ZjdZ b gZieZ\dZª�

Hg y\ey_lky lZd`_ bgbpbZlhjhf gh\hc dgb`ghc ijh]jZf�

fu ² ba^Zgby k ���� ]� k_jbb dgb] b fhgh]jZnbc gZ

jmkkdhf b Zg]ebckdhf yaudZo ©K\ZjdZ b jh^kl\_ggu_ l_o�

gheh]bbª ih^ j_^Zdpb_c ZdZ^_fbdZ ;� ?� IZlhgZ�

GZjy^m k ba^Zl_evkdhc ^_yl_evghklvx :� L� A_ev�

gbq_gdh fgh]h kbe b wg_j]bb hl^Z_l hj]ZgbaZpbb b ijh�

\_^_gbx gZ j_]meyjghc hkgh\_ f_`^mgZjh^guo dhgn_�

j_gpbc ©FZl_fZlbq_kdh_ fh^_ebjh\Zgb_ b bgnhj�

fZpbhggu_ l_ogheh]bb \ k\Zjd_ª� ©EZa_jgu_ l_ogheh]bb

\ k\Zjd_ b h[jZ[hldZ fZl_jbZeh\ª� ihevamxsboky [hev�

rhc ihimeyjghklvx� K\hc hiul b agZgby :� L� A_ev�

gbq_gdh \hiehsZ_l \ Zdlb\baZpbb ^_yl_evghklb F_`^m�

gZjh^ghc ZkkhpbZpbb ©K\ZjdZª� ^bj_dlhjhf dhlhjhc hg

klZe \ ���� ]�

K_j^_qgh iha^jZ\ey_f x[beyjh\� hl \k_c ^mrb `_eZ_f bf dj_idh]h a^hjh\vy b [h^jhklb� l\hjq_kdhc

wg_j]bb b gh\uo ^hklb`_gbc \ jZa\blbb hl_q_kl\_gghc k\Zjhqghc gZmdb b k\Zjhqgh]h ijhba\h^kl\Z�

Bgklblml we_dljhk\Zjdb bf� ?� H� IZlhgZ G:G MdjZbgu� H[s_kl\h k\Zjsbdh\ MdjZbgu�

F_`^mgZjh^gZy ZkkhpbZpby ©K\ZjdZª� J_^dhee_]by `mjgZeZ ©:\lhfZlbq_kdZy k\ZjdZª

�� �������
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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 
fZc� ^_dZ[jv 

103 ih^]hlh\dZ b Zll_klZpby � g_^_eb ��� q� n_\jZev� Zij_ev� bxev�

hdly[jv� ghy[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�  

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 JZkrbj_gb_ ^himkdZ �Zll_klZpby� ij_^k_^Zl_e_c dhfbkkbc ih Zll_klZpbb k\Zjsbdh\ - wdki_jlh\
M:DK 

�� q \ l_q_gb_ ]h^Z 

107 ki_pbZebklh\ l_ogheh]bq_kdbo kem`[� hl\_qZxsbo aZ hj]ZgbaZpbx

Zll_klZpbb k\Zjsbdh\  � g_^_eb ��� q� fZjl� ghy[jv 

108 
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 

109 

Ih^]hlh\dZ qe_gh\ dhfbkkbc

ih Zll_klZpbb k\Zjsbdh\� 

ki_pbZebklh\ kem`[ hojZgu ljm^Z ij_^ijbylbc  � g_^_eb ��� q� bxgv 

110 JZkrbj_gb_ ^himkdZ �Zll_klZpby� qe_gh\ dhfbkkbc ih Zll_klZpbb k\Zjsbdh\ – ki_pbZebklh\ l_ogh�

eh]bq_kdbo kem`[ ih k\Zjd_ 
�� q \ l_q_gb_ ]h^Z 

111 kh klZ`_f � ]h^Z �� q 

112 kh klZ`_f � e_l �� q 

113 

Ih^l\_j`^_gb_ iheghfhqbc ij_^k_^Zl_e_c dhfbkkbc - 
wdki_jlh\ M:DK� 

kh klZ`_f � e_l �� q 

ih kh]eZkh\Zgbx k M:DK 

114 kh klZ`_f � ]h^Z �� q k_gly[jv 

115 kh klZ`_f � e_l �� q hdly[jv 

116 

ki_pbZebklh\ l_ogheh]bq_�

kdbo kem`[ ih k\Zjd_� 
kh klZ`_f � e_l �� q bxgv� hdly[jv 

117 ki_pbZebklh\ ih l_ogbq_kdhfm dhgljhex �� q Zij_ev� bxgv� ghy[jv 

118 

Ih^l\_j`^_gb_ iheghfhqbc

qe_gh\ dhfbkkbc ih Zll_klZ�

pbb k\Zjsbdh\� 

ki_pbZebklh\ ih hojZg_ ljm^Z �� q Zij_ev� ghy[jv 

119 F_`^mgZjh^guc bg`_g_j ih k\Zjd_  �� b ��� q1 

121 F_`^mgZjh^guc l_ogheh] ih k\Zjd_ �� b ��� q1 

123 F_`^mgZjh^guc ki_pbZebkl ih k\Zjd_ �� b ��� q1 

Zij_ev� hdly[jv 

125 F_`^mgZjh^guc ijZdlbd ih k\Zjd_ �� b ��� q1 

127 

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 ijbk\h_�

gb_f d\ZebnbdZpbb� 

F_`^mgZjh^guc bgki_dlhj ih k\Zjd_ hl �� ^h ��� q1 
fZjl� ^_dZ[jv 

129 
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 

130 L_ogheh]by b hj]ZgbaZpby ijhba\h^kl\Z k\Zjhqguo we_dljh^h\ � g_^_eb ���� q� bxgv 

131 
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 

132 Hj]ZgbaZpby g_jZajmrZxs_]h dhgljhey gZ ij_^ijbylbyo `_e_agh^hjh`gh]h ljZgkihjlZ � g_^_eb ��� q� yg\Zjv� fZc� ^_dZ[jv 

133 Zll_klZpby � g_^_eb ��� q� bxev 

134 

Ih^]hlh\dZ b Zll_klZpby ki_pbZebklh\ ih f_lZeeh]jZnbq_�

kdbf bkke_^h\Zgbyf i_j_Zll_klZpby �� q hdly[jv 

135 ih\ur_gb_ d\ZebnbdZpbb b Zll_klZpby � g_^_eb ��� q� fZjl 

136 

Nbabdh-f_oZgbq_kdb_ bkiulZgby fZl_jbZeh\ b k\Zjguo
kh_^bg_gbc i_j_Zll_klZpby �� q hdly[jv 

137 Zll_klZpby � g_^_eb ��� q� 

138 

Wfbkkbhgguc ki_dljZevguc ZgZeba �klbehkdhibjh\Zgb_�

f_lZeeh\ b kieZ\h\ i_j_Zll_klZpby �� q 

ih kh]eZkh\Zgbx 
k aZdZaqbdhf 

139 J_fhgl� \hkklZgh\e_gb_ b mijhqg_gb_ baghr_gguo ^_lZe_c f_lh^Zfb gZieZ\db �� q ih kh]eZkh\Zgbx 
k aZdZaqbdhf 

M`g[mcr`lec` l`gch[kv �\hafh`gh ijh\_^_gb_ gZ [Za_ aZdZaqbdZ� 

140 F_`^mgZjh^gu_ b gZpbhgZevgu_ klZg^Zjlu \ h[eZklb k\Zjhqgh]h ijhba\h^kl\Z � ^gy 

141 Kh\j_f_ggh_ k\Zjhqgh_ h[hjm^h\Zgb_ gZ jugd_ MdjZbgu � ^gy 

142 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� 
Zij_ev 
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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� n_\jZev� Zij_ev� fZc�
bxgv� hdly[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 

315 Ki_pbZevgZy ih^]hlh\dZ ih l_ogheh]bb b h[hjm^h\Zgbx dhglZdlghc k\Zjdb ZjfZlmju � g_^_eb ��� q� 

 J`k`ji_^imi]e[ l][ktcei]�  

316 jmqghc ^m]h\hc k\Zjdb ihdjulufb we_dljh^Zfb 2 - � g_^_eb 

318 jmqghc ^m]h\hc k\Zjdb g_ieZ\ysbfky f_lZeebq_kdbf we_dljh^hf \ bg_jlguo ]ZaZo �LB=� 2 - � g_^_eb 

320 ]Zah\hc k\Zjdb � g_^_eb 

321 f_oZgbabjh\Zgghc ^m]h\hc k\Zjdb ieZ\ysbfky f_lZeebq_kdbf we_dljh^hf \ aZsblguo ]ZaZo

�FB=�F:=� 
1 - � g_^_eb 

323 f_oZgbabjh\Zgghc ^m]h\hc k\Zjdb ihjhrdh\hc ijh\hehdhc 1 - � g_^_eb 

325 Z\lhfZlbq_kdhc ^m]h\hc k\Zjdb ih^ nexkhf 1 - � g_^_eb 

327 we_dljhreZdh\hc k\Zjdb 1 - � g_^_eb 

329 ih ijh]jZffZf F_`^mgZjh^gh]h bgklblmlZ k\Zjdb k ijbk\h_gb_f d\ZebnbdZpbb F_`^mgZjh^guc

k\Zjsbd 2 – 5 g_^_ev1 

 Ji]vs`hc` e][fcoce[qcc l][ktcei]�  

330 jmqghc ^m]h\hc k\Zjdb ihdjulufb we_dljh^Zfb � g_^_eb ��� q� 

331 jmqghc ^m]h\hc k\Zjdb g_ieZ\ysbfky f_lZeebq_kdbf we_dljh^hf \ bg_jlguo ]ZaZo �LB=� � g_^_eb ��� q� 

332 ]Zah\hc k\Zjdb � g_^_eb ��� q� 

333 f_oZgbabjh\Zgghc ^m]h\hc k\Zjdb ieZ\ysbfky f_lZeebq_kdbf we_dljh^hf \ aZsblguo ]ZaZo 
�FB=�F:=� 

� g_^_eb ��� q� 

334 f_oZgbabjh\Zgghc ^m]h\hc k\Zjdb ihjhrdh\hc ijh\hehdhc � g_^_eb ��� q� 

335 Z\lhfZlbq_kdhc ^m]h\hc k\Zjdb ih^ nexkhf � g_^_eb ��� q� 

336 we_dljhreZdh\hc k\Zjdb � g_^_eb ��� q� 

337 dhglZdlghc �ij_kkh\hc� k\Zjdb �j_evkh\� ijhfukeh\uo b fZ]bkljZevguo g_nl_- b ]Zahijh\h^h\� � g_^_ey ��� q� 

338 ieZklfZkk �k\ZjdZ ljm[hijh\h^h\ ba ihebf_jguo fZl_jbZeh\� � g_^_eb ��� q� 

339 Ih\ur_gb_ d\ZebnbdZpbb ]Zahk\Zjsbdh\ �]Zah\Zy iZcdZ p\_lguo f_lZeeh\� �� q 

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] 

330 mevljZa\mdh\h]h dhgljhey ��� q 

331 j_gl]_gh\kdh]h b ]ZffZ-dhgljhey ��� q 
n_\jZev� hdly[jv 

332 fZ]gblgh]h dhgljhey ��� q 

333 

Ih^]hlh\dZ ^_n_dlhkdhibklh\ 

]Zah\h]h b `b^dhklgh]h dhgljhey ��� q 
Zij_ev� ghy[jv 

334 mevljZa\mdh\h]h dhgljhey ��� q 

335 j_gl]_gh\kdh]h b ]ZffZ-dhgljhey ��� q 
n_\jZev� bxgv� hdly[jv 

336 fZ]gblgh]h dhgljhey ��� q 

337 

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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338 mevljZa\mdh\h]h dhgljhey hl ��� ^h ��� q4 

341 j_gl]_gh\kdh]h b ]ZffZ-dhgljhey hl ��� ^h ��� q4 
n_\jZev� bxgv� hdly[jv 

344 fZ]gblgh]h dhgljhey hl ��� ^h ��� q4 

347 

Ih\ur_gb_ d\ZebnbdZpbb

^_n_dlhkdhibklh\ 

]Zah\h]h b `b^dhklgh]h dhgljhey hl �� ^h ��� q4 
Zij_ev� ghy[jv 

350 
Ki_pbZevgZy ih^]hlh\dZ b Zll_klZpby ^_n_dlhkdhibklh\ ih dhfie_dkghfm mevljZa\mdh\hfm dhgljh�
ex dhe_kguo iZj \Z]hgh\ �� q 

351 Ih^]hlh\dZ d Zll_klZpbb b Zll_klZpby ^_n_dlhkdhibklh\ �-]h b �-]h jZajy^h\ ih dhfie_dkghfm mevl�
jZa\mdh\hfm dhgljhex dhe_kguo iZj \Z]hgh\ 

��� q 

ih kh]eZkh\Zgbx 
k aZdZaqbdhf 

352 >_n_dlhkdhibkl ih mevljZa\mdh\hfm dhgljhex �-]h jZajy^Z ��� q 

353 

Dmjkh\Zy ih^]hlh\dZ jZ[hlgbdh\

MdjaZe�agbp� ih ijhn_kkbb  >_n_dlhkdhibkl ih fZ]gblghfm dhgljhex �-]h jZajy^Z ��� q 

ih kh]eZkh\Zgbx 
k aZdZaqbdhf 

354 Ih^]hlh\dZ dhgljhe_jh\ k\Zjhqguo jZ[hl hl �� ^h ��� q4 n_\jZev� k_gly[jv 

 ?kn^c` jkio`llcc   

357 ]Zah\hc j_adb � g_^_eb ���� q� bxev� ghy[jv 

358 
Ih^]hlh\dZ ]Zahj_aqbdh\ 

jmqghc b f_oZgbabjh\Zgghc \ha^mrgh-ieZaf_gghc j_adb � g_^_eb ���� q� yg\Zjv� bxev 

359 Ih^]hlh\dZ f_lZeebaZlhjh\ ih gZg_k_gbx mijhqgyxsbo b aZsblguo ihdjulbc gZ f_lZeeu � g_^_ev ���� q� fZjl 

��������������	�
���������
�������	
���������� 
�\ 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 b \g_hq_j_^gZy Zll_klZpby k\Zjsbdh\ kh]eZkgh >G:HI ����-1.16-96 hl � ^h �� 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 

ih kh]eZkh\Zgbx 
k aZdZaqbdhf 

411 :ll_klZpby k\Zjsbdh\ ieZklfZkk �k\ZjdZ ljm[hijh\h^h\ ba ihebf_jguo fZl_jbZeh\� ijh\h^blky ih hdhgqZgbb dmjkZ ��� 

412 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 

413 mevljZa\mdh\hc dhgljhev 

418 jZ^bZpbhgguc dhgljhev 
hl �� ^h ��� q3 

423 fZ]gblguc dhgljhev 

428 dZibeeyjguc dhgljhev 
hl �� ^h ��� q3 

433 

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 

438 Ijhn_kkbhgZevgh_ l_klbjh\Zgb_ k\Zjsbdh\ ^m]h\hc k\Zjdb  hl � ^h � q ih kh]eZkh\Zgbx 
k aZdZaqbdhf 

1 -  ijh^he`bl_evghklv h[mq_gby mklZgZ\eb\Z_lky Miheghfhq_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\bkbl hl d\ZebnbdZpbb kemrZl_ey� 

Ih ijhkv[_ aZdZaqbdh\ \hafh`gh ijh\_^_gb_ h[mq_gby \ ^jm]b_ kjhdb beb ih ijh]jZffZf� g_ \hr_^rbf \ ^Zgguc i_j_q_gv� Z

lZd`_ gZl_jjblhjbb aZdZaqbdZ� 

GZ i_jbh^ h[mq_gby kemrZl_eyf hdZau\Z_lky kh^_ckl\b_ \ ij_^hklZ\e_gbb`bevy 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 gZ Z^j_k P_gljZ k mdZaZgb_frbnjZ dmjkZ� dhebq_kl\Z ki_pbZebklh\ b

ihqlh\uo j_d\bablh\ ij_^ijbylby� 

MdjZbgZ� ������ ]� Db_\-���� me� ;h`_gdh� �� 
L_e� ����� ��� ���-63-30, 456-10-74, 200-82-80, 200-81-��� nZdk ����� ��� ���-48-94 

E-mail: paton-tc@paton.kiev.ua, http: www.paton-tc.kiev.ua 



�����������	��
�����������������
cËÏ}È äË�Èããºm ¹º� mº�º® Û º�ÒÓ ÒÏ �È°�º m°�¯Ë�È�

�Ò²°« Ò �º°�È�º�Óº �¯��ºËä}Ò² mÒ�ºm ¹º�mº�Óº��Ë²�
ÓÒ�Ë°}Ò² ¯Èº�� �¯Ë�
�Ò² m©°º}º® }mÈãÒÁÒ}È�ÒÒ mº�
�ºãÈÏºm Ò ÓËäÈã©² ÏÈ�¯È�� sÈ ¹¯È}�Ò}Ë ¹º�mº�ÓÈ« ¯ËÏ}È
Ò°¹ºã	Ï�Ë�°« ¹¯Ò ÈmÈ¯Ò®Óº�°¹È°È�Ëã	Ó©² ¹º�mº�Óº��Ë²�
ÓÒ�Ë°}Ò² ¯Èº�È² m º�}¯©�ºä äº¯Ë ÒãÒ ÓÈ °��º²º�Ó©²
¯Ë}È² �ÓÈ¹¯ÒäË¯� ¹¯Ò ¯ËäºÓ�Ë ¹º�mº�Óº® �È°�Ò °��ÓÈ
ËÏ ¹º°�ÈÓºm}Ò Ë�º m �º}�� sËº²º�Òäº°�	 ¹º�mº�Óº®
¯ËÏ}Ò �È°�º mºÏÓÒ}ÈË� ¹¯Ò ¹¯ºÒÏmº�°�mË ÒãÒ ¯ËäºÓ�Ë
Ë¯Ë�ºm©² �Ò�¯º�Ë²ÓÒ�Ë°}Ò² °ºº¯�ÎËÓÒ®� È �È}ÎË �m
ÏÓÈ�Ò�Ëã	Ó©² º�ËäÈ²� ¹¯Ò ¯ËÏ}Ë ÓÈ �È°�Ò ÏÈ�ºÓ�m�Ò²
°��ºm� ¹º��Ëä }º�º¯©² �ËãÒ}ºä ÏÈ�¯��ÓÒ�ËãËÓ� �º�º�
Ó©Ë ¯Èº�© mºÏÓÒ}È
� ¹¯Ò ÓËº²º�Òäº°�Ò ¯È°�Ò°�}Ò
º� ÏÈ�ºÓ�m�Ò² °��ºm ¹¯Ò¯ËÎÓº® �È°�Ò äº¯Ë®� ¹¯Ò�Èãºm
¹º¯�ºm� È}mÈ�º¯Ò® ¯Ë} Ò ¹¯� { ºã	�ÒÓ°�mË °ã��ÈËm
¯ÈÏ�Ëã}È ÏÈ�ºÓ�m�Ò² °��ºm º¹¯Èm�ÈÓÈ ª}ºãº�Ò�Ë°}ÒäÒ
�¯ËºmÈÓÒ«äÒ� È ÏÈ�¯È�© �È°�Ò�Óº }ºä¹ËÓ°Ò¯�
�°« ¯Ë�
ÈãÒÏÈ�ÒË® äË�ÈããºãºäÈ� ¹ºã��ËÓÓº�º º� ¯ËÏ}Ò ÓÈ Ë¯Ë��
¹º�Ó«�©² �È°�Ë® °��ÓÈ�

v��Ë°�m�
�ÒË °¹º°º© ¹º�mº�Óº® ¯ËÏ}Ò äË�Èããºm
äÈãº¹¯ºÒÏmº�Ò�Ëã	Ó© Ò °m«ÏÈÓ© ° °��Ë°�mËÓÓ©äÒ ÏÈ��
¯È�ÈäÒ ÓÈ ºº¯��ºmÈÓÒË ÒãÒ äÈ�Ë¯ÒÈã©� sÈ¹¯ÒäË¯� ¹¯Ò
ÓÈÒºãËË ¯È°¹¯º°�¯ÈÓËÓÓºä �¯È�Ò�ÒºÓÓºä °¹º°ºË }Ò°�
ãº¯º�Óº����ºmº® ¯ËÏ}Ò °�ÈãË® �ºã�ÒÓº® �� ää ÓÈ �ã��
ÒÓË �… �� ä °¯Ë�Ó«« °}º¯º°�	 ¯ËÏ}Ò °º°�Èmã«Ë� � ä���
¹¯Ò ª�ºä �ã« ¯ËÏ}Ò �m�² äË�¯ºm °�ÈãÒ ¯È°²º��
�°«
�º � ä

�
}Ò°ãº¯º�È Ò �� �¯��È�©² ªãË}�¯º�ºm °º °¹Ë�

�ÒÈã	Óº® ºäÈÏ}º®� vãË��Ë� ��Ò�©mÈ�	 �È}ÎË m¯Ëä«�
ÏÈ�¯È�ÒmÈËäºË mº�ºãÈÏºä ÓÈ °äËÓ� ªãË}�¯º�ºm Ò ÏÈ�Ò°�}�
äË�ÈããÈ ¹º m°Ë® ãÒÓÒÒ ¯ËÏÈ� �ºã�Èm�ºäÈ�Ò�Ë°}È« ¹º��
mº�ÓÈ« ¯ËÏ}È °m«ÏÈÓÈ ° ¯È°²º�ºä �ËÁÒ�Ò�Óº® ¹º¯º��
}ºmº® ¹¯ºmºãº}Ò Ò ¹ºm©�ËÓÓ©ä ¯È°²º�ºä ªãË}�¯ºª�
ÓË¯�ÒÒ� {Ï¯©mÓ©Ë °¹º°º© ¯ËÏ}Ò ¹¯º�Òmº¯Ë�È� ª}ºãº�
�Ò�Ë°}Òä �¯ËºmÈÓÒ«ä ¹º�mº�Ó©² ¯Èº�� È È¯ÈÏÒmÓº�
°�¯�®ÓÈ« ¯ËÏ}È �¯Ë�Ë� �º¯º�º°�º«�Ë�º ºº¯��ºmÈÓÒ«
m©°º}º�º �ÈmãËÓÒ« �m ÓË°}ºã	}º �©°«� È�äº°ÁË¯� Ò
ºã	�º�º ¯È°²º�È È¯ÈÏÒmÈ�

�¯Ë�ãÈ�ÈËä©® ÓÈäÒ °¹º°º ¹º�mº�Óº® mºÏ���Óº�
¹ãÈÏäËÓÓº® ¯ËÏ}Ò ��{�c� º�ãÒ�ÈË�°« º� °��Ë°�m�
�Ò²
m©°º}º® ¹¯ºÒÏmº�Ò�Ëã	Óº°�	
 Ò ª}ºÓºäÒ�Óº°�	
� v���
Óº°�	 Ë�º ÏÈ}ã
�ÈË�°« m °}mºÏÓºä ¹¯º¹ãÈmãËÓÒÒ Ò m©�
��mÈÓÒÒ äË�ÈããÈ ÒÏ ¹ºãº°�Ò ¯ËÏÈ� m©°º}º�Ëä¹Ë¯È��¯Óº®
���… �� �©°� Åv� mºÏ���Óº�¹ãÈÏäËÓÓº® °�¯�Ë®� º¯ÈÏ��
Ëäº® ¹º�ÈmÈËä©ä m ªãË}�¯º���ºm�
 }ÈäË¯� ¹ãÈÏäËÓÓº�º
¯ËÏÈ}È °ÎÈ�©ä mºÏ��²ºä� |¯Ò�ÒÓÈã	ÓÈ« °²ËäÈ mº�«Óº�º
º²ãÈÎ�ËÓÒ« ¹ãÈÏäËÓÓº�º ¯ËÏÈ}È m °º�Ë�ÈÓÒÒ ° °Ò°�Ëäº®
Áº¯äÒ¯ºmÈÓÒ« ¹ãÈÏäËÓÓº® °�¯�Ò ºË°¹Ë�ÒmÈË� ÓËºã	�
��
 äÈ°°� Ò �ÈÈ¯Ò�© ¯ËÏÈ}È� ¹ºm©�È
� ªÁÁË}�ÒmÓº°�	
¹¯º¯ËÏÈÓÒ« äË�ÈããÈ�

�°�ÈÓºm}È� ÓÈÏmÈÓÓÈ« ½iËã	ÁÒÓ���� °º°�ºÒ� ÒÏ Ò°�
�º�ÓÒ}È ¹º°�º«ÓÓº�º �º}È Ò ¹ãÈÏäËÓÓº�º ¯ËÏÈ}È� ¹º��
}ã
�ÈËäº�º } Ò°�º�ÓÒ}� }ÈËã	��ãÈÓ�ºm©ä ¹È}Ë�ºä�
�º�mº� ªãË}�¯ºªÓË¯�ÒÒ } Ò°�º�ÓÒ}� º°��Ë°�mã«Ë�°« º�
Ë¯Ë�ºmº® °Ë�Ò ÒãÒ �ÒÏËã	��ËÓË¯È�º¯Óº® °�ÈÓ�ÒÒ
���� {�� �º�¯Ëã«ËäÈ« äº�Óº°�	 �°�ÈÓºm}Ò� m}ã
�È«
äº�Óº°�Ò }ºä¹¯Ë°°º¯È ��ÈmãËÓÒË �º �� }��°ä

�
� ¯È°²º�

mºÏ��²È �º � ä
�
��� Ò ÓÈ°º°È ��ÈmãËÓÒË �º � }��°ä

�
�

¯È°²º� mº�© �º ��� ä
�
���� °º°�Èmã«Ë� ��… �� }{� m

ÏÈmÒ°Òäº°�Ò º� �ã�ÒÓ© m©¹ºãÓ«Ëä©² ¯Èº�� sÈ�ËÎÓÈ«
ÒÏºã«�Ò« �º}ºÓË°��Ò² ªãËäËÓ�ºm ¯ËÏÈ}È Ò }ÈËã	��ãÈÓ�
�ºmº�º ¹È}Ë�È� È �È}ÎË Èm�ºäÈ�Ò�Ë°}È« °Ò°�ËäÈ ¹º�È�Ò
ÓÈ¹¯«ÎËÓÒ« º� Ò°�º�ÓÒ}È ÓÈ ¯ËÏÈ} m ¹¯º�Ë°°Ë ¹º�ÎÒ�È
���Ò Ò ä�ÓºmËÓÓºË º�}ã
�ËÓÒË Ë�º ¹¯Ò º¯©mË ���Ò
ºË°¹Ë�ÒmÈ
� ¹ºãÓ�
 ËÏº¹È°Óº°�	 mº�ºãÈÏÈ º� ¹º¯È�
ÎËÓÒ« ªãË}�¯Ò�Ë°}Òä �º}ºä� iãÒÓÈ }ÈËã	��ãÈÓ�ºmº�º

¹È}Ë�È ¹ãÈÏäËÓÓº�º
¯ËÏÈ}È °º°�Èmã«Ë�
�� ä ° ��Ë�ºä ¯Èº�
�© ÓÈ �ã�ÒÓÈ² �º
�� ä� iº �È}º® �ã��
ÒÓ© �È¯ÈÓ�Ò¯�Ë�°«
}È�Ë°�mËÓÓºË ¹¯º¯Ë�
ÏÈÓÒË °�Èã	Ó©² Ò
Èã
äÒÓÒËm©² }ºÓ°�
�¯�}�Ò® �ºã�ÒÓº®
�º �� ää�

�È}Òä º¯ÈÏºä�
¹¯Ò �{�c º� �°�È�
Óºm}Ò ½iËã	ÁÒÓ���
Ë�ÒÓ°�mËÓÓ©ä ¯ËÎ��
�Òä °¯Ë�°�mºä «mã«�
Ë�°« °ÎÈ�©® mºÏ��²�

È ¯È°�Ë� °�ºÒäº°�Ò
º�Óº�º ¹º�ºÓÓº�º äË�¯È ¯ËÏÈ ¹¯ºÒÏmº�Ò�°« ° ��Ë�ºä
¯È°²º�È ªãË}�¯ºªÓË¯�ÒÒ �ÒãÒ �ÒÏ�º¹ãÒmÈ ¹¯Ò Èm�ºÓºä�
Óºä ªãË}�¯º¹Ò�ÈÓÒÒ�� ÏÈ�¯È� ÓÈ °äËÓÓ©Ë �Ë�ÈãÒ Ò ÓÈ
mº�ºãÈÏÓ©Ë °¹�°}Ò� iã« °¯ÈmÓËÓÒ«� ÓÈ �ã�ÒÓË �… �� ä
°¯Ë�Ó«« °}º¯º°�	 ¯ËÏ}Ò °�ÈãË® �ºã�ÒÓº® �� ää °¹º°ººä
�{�c °º°�Èmã«Ë� �� ä��� �� Ë� ÓÈ ¹º¯«�º} m©�Ë °}º¯º°�Ò
}Ò°ãº¯º�Óº����ºmº® ¯ËÏ}Ò� ��º ÓËäÈãºmÈÎÓº���Ò�©mÈ«
º�¯ÈÓÒ�ËÓÓºË m¯Ëä« ¹¯Ë©mÈÓÒ« mº�ºãÈÏÈ ¹º� mº�º®�
väËÓÈ }È�º�È Ò °º¹ãÈ ¹ãÈÏäËÓÓº�º ¯ËÏÈ}È º°��Ë°�mã«�
Ë�°« ¹¯ÒäË¯Óº �Ë¯ËÏ � �� È ÓËº²º�Òäº°�	 ÏÈ�Ò°�}Ò
äË�ÈããÈ ¹º ãÒÓÒÒ ¯ËÏÈ º�¹È�ÈË��

�¯ºmË¯}� °¹º°ºÈ �{�c ¹¯ºmº�ÒãÒ ÓËº�Óº}¯È�Óº
m ¹¯ºÒÏmº�°�mËÓÓ©² �°ãºmÒ«² ÓÈ �ã�ÒÓÈ² �º �� ä�
�Ë²ÓÒ}È ¯ËÏ}Ò �º°�È�º�Óº ¹¯º°�È Ò ÓË �¯Ë�Ë� º� mº�
�ºãÈÏÈ�¯ËÏ�Ò}È ºã	�Ò² ÓÈm©}ºm� {ºÏ���Óº�¹ãÈÏäËÓ�
Ó©® ¯ËÏÈ} °¹Ë�ÒÈã	Óº® ÓÈ°È�}º® º¹Ò¯ÈË�°« ÓÈ ¹¯º¯Ë�
ÏÈËä©® äË�Èãã� ãË�}Òä ÓÈÎÈ�ÒËä mºÏ�Î�ÈË�°« ¹ãÈÏ�
äËÓÓÈ« ���È Ò �ÈãËË ¯ËÏÈ}� º¹Ò¯ÈËä©® ÓÈ äË�Èãã� ãË�}º
¹Ë¯ËäË�ÈË�°« ¹º ãÒÓÒÒ ¯ËÏÈ� {º�ºãÈÏ� ÓË� ÓËº²º�Ò�
äº°�Ò ¹º��Ë¯ÎÒmÈ�	 ½ÓÈ �ãÈÏ� �ãÒÓ� ���Ò �}È} ª�º
�¯Ë�Ë�°« �ã« �°�º®�Òmº�º ËË �º¯ËÓÒ« ¹¯Ò }Ò°ãº¯º��
Óº����ºmº® ¯ËÏ}Ë�� �ãÈÏäËÓÓÈ« ���È� ¹¯Ò}¯©�È« ÓÈ°È��
}º®� ÓË °ãË¹Ò� �ãÈÏÈ� È ¹¯º¯ËÏÈÓÒË äË�ÈããÈ }ºÓ�¯ºãÒ�
¯�Ë�°« ¹º ¯ËÎ��Ëä� ÁÈ}Ëã�� mÒ�Òäºä� �Ë¯ËÏ ¹¯º¯ËÏ	�
km�ºäÈ�Ò�Ë°}ºË m}ã
�ËÓÒË ���Ò ãË�}Òä ÓÈÎÈ�ÒËä ÓÈ
¯ËÏÈ} Ò º�}ã
�ËÓÒË ¹��Ëä º�mË�ËÓÒ« ¯ËÏÈ}È �º º¯©mÈ
���Ò �¹¯º�È
� ¯Èº�� mº�ºãÈÏÈ�

{ÈÎÓ©ä ¹¯ËÒä��Ë°�mºä �°�ÈÓºm}Ò ½iËã	ÁÒÓ��� «m�
ã«Ë�°« mºÏäºÎÓº°�	 Ò°¹ºã	ÏºmÈÓÒ« ËË ÓÈ °��Ë �ã« ¯ËÏ}Ò
ÓÈ äË�Èããºãºä ¹º�Ó«�©² �È°�Ë® °��ÓÈ�

�°�ÈÓºm}È ¹º °¯Ë�°�mÈä ÏÈ�Ò�© mº�ºãÈÏÈ °ºº�mË��
°�m�Ë� �¯ËºmÈÓÒ«ä �|v� ����������� vvr� ½{º�ºãÈÏ�
ÓºË °ÓÈ¯«ÎËÓÒË Ò °¯Ë�°�mÈ ºË°¹Ë�ËÓÒ« mº�ºãÈÏÓ©² °¹�°�
}ºm Ò ¯Èº���

s�l�� ½�ãÈÏäº�¯ºÓ� ºË°¹Ë�ÒmÈË� ¹º°�Èm}�
�°�ÈÓºmº} �Ò¹È ½iËã	ÁÒÓ���� ¹�°}ºÓÈãÈ�º�Ó©Ë ¯È�
º�© Ò º��ËÓÒË mº�ºãÈÏºm�¯ËÏ�Ò}ºm � ÏÈ}ÈÏ�Ò}È�
�È¯ÈÓ�Ò¯�Ë� ËË ÓÈ�ËÎÓ�
 ¯Èº��� º¹Ë¯È�ÒmÓ�
 ¹º°�
�Èm}� °äËÓÓ©² �Ë�ÈãË® ¹ãÈÏäº�¯ºÓÈ Ò ÏÈ¹È°Ó©²
�È°�Ë®�

�º mº¹¯º°Èä ¹¯Òº¯Ë�ËÓÒ« �°�ÈÓºm}Ò
º¯È�È�	°« ¹º È�¯Ë°��

zÒËm���� �ã� w� �º�	Ë� �È� s�l�� ½�ãÈÏäº�¯ºÓ��
�Ëã� ��������� Ò ����������
(�PDLO� SODVPWHF#�LSWHOHFRP�QHW�XD�

�� �������



���������	
�����	�	����	��

�pcpi|{j¡k

{}ãÈ� °mÈ¯�Ò}ºm m {ËãÒ}�
 �ºË�� ¢ �

��� ãË� l��� Òä� s� w� rÈ�äÈÓÈ ¢ ��

vmÈ¯º�ÓºË ¹¯ºÒÏmº�°�mº �¯ÈãäÈ�ÏÈmº�È� w�È¹© °�ÈÓºmãËÓÒ« Ò

¯ÈÏmÒ�Ò« ¢ ��

�}ÈÏ �¯ËÏÒ�ËÓ�È �}¯È�ÓÒ ½�¯º ¹¯Ò°��ÎËÓÓ«iË¯ÎÈmÓÒ² ¹¯Ëä�®

�}¯È�ÓÒ m �Èã�Ï� ÓÈ�}Ò � �Ë²Ó�}Ò ���� ¯º}�� ¢ ��� m�� � �¯��Ó«

���� ¯� ¢ �

sk� s|��ptsj pvzjq ck~ip�

��pzvpp{ �� l�� ij��kq ��� ��lps�z k� {��

��cj js �� k�� �|�|�k {� k�� bj�|{ v� v��

�cj�|ceÐs¡ k� ��� bj�ks|{ j� s�� ljv�c|{ k� j��

lkvh p{ {� j�� vhv|p{ {� z� �Ë¯°¹Ë}�Òm© ¹¯ÒäËÓËÓÒ«
°mË�ºãÈÏË¯Ó©² �Ë²Óºãº�Ò® ¢ �

kcvps�z {� {�� lkczkb|{k �� j�� �cj�|cpsz| �� l��

�|�|{p¡zjq p� {�� r��kp¡ {� �� |°ºËÓÓº°�Ò

Áº¯äÒ¯ºmÈÓÒ« °�¯�}��¯© �Ò�ÈÓº°�Èã	Ó©² °ºË�ÒÓËÓÒ® m

�°ãºmÒ«² °mÈ¯}Ò mÏ¯©mºä ¢ �

�|sikcp{ k� k�� �|~|{vzkÐ k� {�� bp�psz|{ �� l�
{ãÒ«ÓÒË äË�Èãã�¯�Ò�Ë°}º® ÓÈ°ãË�°�mËÓÓº°�Ò ¹ºã�ÁÈ¯Ò}È�ºm
ÒÏ °¹ãÈmÈ kl� ÓÈ Ò² ¹È«Ëäº°�	 ¢ �

r|cjv|{ �� v�� ~k¡pcz|{shq k� v�� zcj{¡�s j� {�

zºÓmË}�ÒmÓº�}ºÓ��}�ÒmÓ©® Ò ¯È�ÒÈ�ÒºÓÓ©® �Ë¹ãººäËÓ ¹º�º}È

¹ãÈÏä© ° �È°�Ò�ÈäÒ �Ò°¹Ë¯°Óº�º äÈ�Ë¯ÒÈãÈ m �°ãºmÒ«²

¹ãÈÏäËÓÓº�º ÓÈ¹©ãËÓÒ« ¢ �

r|cjv|{ �� v�� ~k¡pcz|{shq k� v�� zcj{¡�s j� {�

|°ºËÓÓº°�Ò �Ë¹ãººäËÓÈ ÒºÓÒÏÒ¯ºmÈÓÓº�º �ÈÏÈ ° Ò°¹È¯«
�

�Ë®°« �È°�Ò�Ë® m �°ãºmÒ«² ¹ãÈÏäËÓÓº�º ÓÈ¹©ãËÓÒ« ¢ �

rc|i|{|q k� {�� rc|i|{|q {� k�� ��uk |� j��

r�s �z v� �� wÁÁË}� °ÓÒÎËÓÒ« º°�È�º�Ó©² ÓÈ¹¯«ÎËÓÒ® m

°mÈ¯Ó©² °ºË�ÒÓËÓÒ«² Èã
äÒÓÒËmº�º °¹ãÈmÈ i�� ¹¯Ò º¯Èº�}Ë

m äÈ�ÓÒ�Óºä ¹ºãË ¢ ��

r�blk k� j�� {kvpsjs �� ��� zcj{¡�s j� {�

lº�ËãÒ¯ºmÈÓÒË ¹¯º�Ë°°È ãÈÏË¯Óº�º ÓÈ¹©ãËÓÒ« }Ë¯ÈäÒ�Ë°}Ò²

¹º}¯©�Ò® ° ��Ë�ºä ¯È°°Ë«ÓÒ« ãÈÏË¯Óº�º ¹��}È ÓÈ¹©ã«Ëä©äÒ

�È°�Ò�ÈäÒ ¢ ��

�p�jz|j{kspsz| p� k�� c|~hszk �� n�� �j{�|ckz
s� j� cÈ°�Ë�Ó©® Èã�º¯Ò�ä º�ËÓ}Ò �º¹�°�Òä©² ¯ÈÏäË¯ºm
ÓË¹¯º¹ãÈmãËÓÒ® m °mÈ¯Ó©² °ºË�ÒÓËÓÒ«²� ¯Èº�È
�Ò² ¹¯Ò
°ãºÎÓºä °¹Ë}�¯Ë �Ò}ãÒ�Ë°}Ò² ÓÈ�¯�Ïº} ¢ �

�cj�|cpsz| �� l�� �|�|{z| {� {�� z|v�js {� k��
�ckrjs {� n� {ãÒ«ÓÒË äÒ}¯º°�¯�}��¯Ó©² ÁÈ}�º¯ºm ÓÈ
°}ãºÓÓº°�	 } ²¯�¹}ºä� ¯ÈÏ¯��ËÓÒ
 °mÈ¯Ó©² �mºm °
�ã	�¯ÈÓÒÏ}Òä °º�Ë¯ÎÈÓÒËä ��ãË¯º�È ¢ �

�j��kq ��� l|zc|{ |�� �k{�hz {� lº�ËãÒ¯ºmÈÓÒË
¹¯º�Ë°°È äÓº�º¹¯º²º�Óº® °mÈ¯}Ò ¹ãÈm«�Òä°« ªãË}�¯º�ºä m
ÏÈ�Ò�Ó©² �ÈÏÈ² ��ãË¯º�Ò°�º® °�ÈãÒ ° ¹¯Ë�mÈ¯Ò�Ëã	Ó©ä
¹º�º�¯Ëmºä ¢ �

ilj�cjz {� {�� z|shz k� j� z }ºÓ�Ë¹�ÒÒ ÏÈ¯ºÎ�ËÓÒ« ¹º¯

m °mÈ¯Ó©² °ºË�ÒÓËÓÒ«² ¹¯Ò ÓÒÏ}º�Ëä¹Ë¯È��¯Óº® ¹ºãÏ��Ë°�Ò

¢ �

�klz|{ {� s� � �cj��¡zjq {� �� v¹º°º© °mÈ¯}Ò
�Ò�ÈÓºm©² °¹ãÈmºm ¢ �

~pll�pc ��� k�k��vv z�� lk��pv z��q� lº�ËãÒ¯ºmÈÓÒË

äË�º�ºä }ºÓË�Ó©² ªãËäËÓ�ºm äË�Èãã�¯�Ò�Ë°}Ò² Ò

�Ë¯äº�ËÁº¯äÈ�ÒºÓÓ©² ¹¯º�Ë°°ºm ¹¯Ò �¹¯º�Ó«
�Ë® ¹ãÈÏäËÓÓº®

ÓÈ¹ãÈm}Ë ¢ �

�{ktspsz| k� ��� {pcp{zjsl� p�� j{ktspsz| �� k�
j°°ãË�ºmÈÓÒË ¹¯º�Ë°°È °mÈ¯}Ò mÏ¯©mºä ° ¹ºäº�	
 }ºä�
ÒÓÈ�º¯Óº�º Èã�º¯Ò�äÈ l��k Ò ¯È°�Ò¯ËÓÒ« m©º¯}Ò �ÈÓÓ©²
¢ �

jupsz| k� Ð�� lkbjs {� v�� �kb��Ð l� ��

�Ë²Óºãº�Ò�Ë°}ÒË º°ºËÓÓº°�Ò �m�²���ºmº® Òä¹�ã	°Óº® °mÈ¯}Ò

¹ãÈm«�Òä°« ªãË}�¯º�ºä Èã
äÒÓÒËm©² °¹ãÈmºm ¢ �

�k�jsk �� ��� Ðc|{j¡hs k� {�� �upsz| z� k�
|°ºËÓÓº°�Ò ¹¯º�Ë°°È äÒ}¯º¹ãÈÏäËÓÓº® ¹º¯º�}ºmº® ÓÈ¹ãÈm}Ò
¢ �

z|cy {� s�� �|�j�e �� v� �ºã��ËÓÒË �ÈÏº¹ãÈäËÓÓº�º

¹º}¯©�Ò« ¹¯Ò Ò°¹ºã	ÏºmÈÓÒÒ mº�º¯º�Óº�}Ò°ãº¯º�Óº�º ¹ãÈäËÓÒ

¢ �

z�~elpsz| {� ��� ��~pq {� j� �º¯ºº¯ÈÏºmÈÓÒË m äË�ÈããË

�mÈ ¹¯Ò °mÈ¯}Ë ¹º� Áã
°ºä ° ¹ºmË¯²Óº°�Ó©ä ÓÈ°©�ËÓÒËä ÏË¯ËÓ

Á�º¯È ¢ �

z�~eljs v� {� zÒÓË�Ò}È ¯ÈÏ�ºÓÈ ªãËäËÓ�ºm äÓº�º°ãº®Ó©²

¹È}Ë�ºm äË�ÈããÒ�Ë°}Ò² ¹ãÈ°�ÒÓ ¹¯Ò °mÈ¯}Ë mÏ¯©mºä ¢ �

z��jz {� l�� vk{j¡zjq l� l�� r�cvzjq �� {� |�ËÓ}È

°º¹¯º�Òmã«Ëäº°�Ò äË�ÈããÈ ~�{ m©°º}º¹¯º�Óº® °�ÈãÒ ÏÈäË��

ãËÓÓºä� ¯ÈÏ¯��ËÓÒ
 ° äº�ËãÒ¯ºmÈÓÒËä ¯ËãÈ}°È�ÒÒ ÓÈ¹¯«ÎËÓÒ®

¢ �

z� �z�Ð¡psz| v� j�� zk jsvzjq {� v�� j�sk�psz|

{� �� �¯Ë°°ºmÈ« °mÈ¯}È ���º®� �¹¯Èmã«Ëäº® äÈ�ÓÒ�Ó©ä ¹ºãËä�

�Ë�ÈãË® °¹ãº�Óº�º °Ë�ËÓÒ« ¢ �

z� �z�Ð¡psz| v� j�� b{p¡ �� {�� i�l p{ p� k��

b{p¡ {� j�� ljzj�js Ð� j�� �kckspsz| v� i�� sjzj�

�jsk s� s� zºÓ�È}�ÓÈ« °�©}ºmÈ« °mÈ¯}È ÎËãËÏÓº�º¯ºÎÓ©²

}¯Ë°�ºmÒÓ ° ¯Ëã	°ºm©äÒ º}ºÓ�ÈÓÒ«äÒ �Ë¯ËÏ ¹¯ºäËÎ��º�Ó�


m°�Èm}� ¢ �

�kr�c �� l�� jupsz| k� Ð�� �kcks|{k �� ��� z|v�js

{� k�� �cj�|cpsz| �� l� |°ºËÓÓº°�Ò ÏÈ¯ºÎ�ËÓÒ« Ò

¯È°¹¯º°�¯ÈÓËÓÒ« �¯Ë�ÒÓ m �°ãºmÒ«² mÓË�ËÓ�¯ËÓÓº�º ¯È°�«ÎËÓÒ«

°mÈ¯Ó©² °ºË�ÒÓËÓÒ® Èã
äÒÓÒËmº�ãÒ�ÒËmº�º °¹ãÈmÈ ���� ¢ ��

�kr�c �� l�� jupsz| k� Ð�� �kcks|{k �� ��� z|v�js

{� k�� �cj�|cpsz| �� l� tÈ¯È}�Ë¯ Ò º°ºËÓÓº°�Ò äÒ}�

¯º�ËÁº¯äÈ�ÒÒ m ÏºÓË ÏÈ¯ºÎ�ËÓÒ« Ò ¯È°¹¯º°�¯ÈÓËÓÒ« �¯Ë�ÒÓ m

m©°º}º¹¯º�Óºä Èã
äÒÓÒËmºä °¹ãÈmË i��k� ¢ ��

�k~prs|{ �� �� zº¯¯ºÏÒºÓÓº�ªãË}�¯º²ÒäÒ�Ë°}ÒË °mº®°�mÈ

²¯ºäºÓÒ}ËãËmº�º ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ m �Ëãº�Ó©² °¯Ë�È²

�|Ïº¯� ¢ �
�|rks|{ �� l�� �j{�|ckz {� k�� vk{j¡zjq {� {��
�zk �z �� j�� zjÐsp¡ j� {� |¹Ë¯È�ÒmÓ©® }ºÓ�¯ºã	
}È�Ë°�mÈ Ò ÓÈ¹¯«ÎËÓÓº�º °º°�º«ÓÒ« °mÈ¯Ó©² }ºÓ°�¯�}�Ò®
äË�º�ÈäÒ ªãË}�¯ºÓÓº® �Ò¯º�¯ÈÁÒÒ Ò °¹Ë}ã�ÒÓ�Ë¯ÁË¯ºäË�¯ÒÒ
¢ �

�k~�c|{vzjq {� ��� ~jsj�cki l� j�� �p|s�ep{
�� j�� �jvjs {� �� zºä¹	
�Ë¯ÒÏÒ¯ºmÈÓÓºË ¹¯ºË}�Ò¯ºmÈÓÒË
°ºm¯ËäËÓÓ©² °mÈ¯º�Ó©² äÈ�Ë¯ÒÈãºm ¢ �
lkzvjl|{ v� �� |�ËÓ}È mãÒ«ÓÒ« �°ãºmÒ® ¹º�mº�Óº®
äº}¯º® °mÈ¯}Ò ÓÈ mË¯º«�Óº°�	 º¯ÈÏºmÈÓÒ« ¹º¯ m äË�ÈããË �mÈ
¢ �
lk�hq k� r�� r��psz| �� {�� t|c�s|{ {� n�

vmÈ¯ÒmÈËäº°�	 m©°º}ºãË�Ò¯ºmÈÓÓ©² �Ë¯äº�¹¯º�Ó«Ëä©² °¹ãÈ�

mºm ÓÈ ÓÒ}ËãËmº® º°ÓºmË �|Ïº¯� ¢ �

lkc�|�js r� ~�� {kc|{js k� Ð�� z|v�h�p{ {� j�

|¹¯Ë�ËãËÓÒË º°�È�º�Ó©² ÓÈ¹¯«ÎËÓÒ® m }º¯¹�°È² ¯ËÈ}�º¯ºm

{{wc ¹º°ãË äÓº�º¹¯º²º�Óº® °mÈ¯}Ò� ÓÈ¹ãÈm}Ò Ò m©°º}º�

�Ëä¹Ë¯È��¯Óº�º º�¹�°}È ¢ ��

lkczkb|{k �� j�� �cj�|cpsz| �� l�� {k�p{j l� ���

�p�c|{ v� {� |°ºËÓÓº°�Ò °�¯�}��¯© ¹ºmË¯²Óº°�Ó©² °ãºËm

äË�ÈããÈ ÈÓ�ÈÎË® ÎËãËÏÓº�º¯ºÎÓ©² }ºãË° ¹º°ãË ¹ãÈÏäËÓÓº®

º¯Èº�}Ò ¢ �

lktspsz| {� j�� {p�jz|j{kspsz| p� k�� c|~hszk

�� n�� �j{�|ckz s� j� {ãÒ«ÓÒË ÓË¯ËãÈ}°Ò¯ºmÈÓÓ©²

º°�È�º�Ó©² ÓÈ¹¯«ÎËÓÒ® ÓÈ ÓË°���
 °¹º°ºÓº°�	 Ò º°�È�º�Ó©®

¯Ë°�¯° °mÈ¯Ó©² °ºË�ÒÓËÓÒ® �¯�º¹¯ºmº�ºm Ò ºº¯��ºmÈÓÒ«

º�Ë}�ºm È�ºäÓº® ªÓË¯�Ë�Ò}Ò ¢ �

lktspsz| {� j�� vk�chzjsk �� �� z mº¹¯º°�

¹¯Ë¯©mÒ°�º°�Ò }¯Ò°�ÈããÒÏÈ�ÒÒ äË�ÈããÈ °mÈ¯Óº�º �mÈ ¢ ��

�k~kcpsz| |� z�� spv�pcpsz|{ {� l�� j��bpsz|
c� {� vmÈ¯ÒmÈËäº°�	 ªãË}�¯ºÓÓ©ä ¹��}ºä ÈmÒÈ�ÒºÓÓ©²
Èã
äÒÓÒËm©² °¹ãÈmºm ºã	�º® �ºã�ÒÓ© ¢ �

������� ��



�v�vpljs k� k�� ij�elks {� �� v�È�Ò�Ë°}È« ¹¯º�Óº°�	
Ò ÓÈ¹¯«ÎËÓÓºË °º°�º«ÓÒË äË²ÈÓÒ�Ë°}Ò ÓËº�Óº¯º�Ó©² °�©}ºm©²
°mÈ¯Ó©² °ºË�ÒÓËÓÒ® ° t�º¯ÈÏÓº® ¯ÈÏ�Ëã}º® }¯ºäº} ¢ ��

�k�klkc �z r� j�� �kujs s� k�� lks psz| k� s�
�ºm©�ËÓÒË °º¹¯º�ÒmãËÓÒ« �°�Èãº°�Óºä� ¯ÈÏ¯��ËÓÒ

�ºÓ}ºãÒ°�ºm©² }ºÓ°�¯�}�Ò® äË�º�ºä ãº}Èã	Óº�º Òä¹�ã	°Óº�º
mºÏ�Ë®°�mÒ« ¢ �

�k�|s r� p� vºm¯ËäËÓÓ©Ë �º°�ÒÎËÓÒ« jwv Òä� p� |� �È�ºÓÈ

m ºãÈ°�Ò °mÈ¯}Ò Ò ¯º�°�mËÓÓ©² ¹¯º�Ë°°ºm ¢ �

�k���zjs k� {�� ks�|s�z i� k� {ãÒ«ÓÒË ãË�Ò¯ºmÈÓÒ«

ÓÈ }ÈmÒ�È�ÒºÓÓº�}º¯¯ºÏÒºÓÓ�
 °�º®}º°�	 ÓË¯ÎÈmË
�Ò² °�ÈãË®

Ò °¹ãÈmºm ¢ �

�ps�p�|{ j� {�� �p�cjpsz| |� j� lË�º� º¹¯Ë�ËãËÓÒ«

�Ëä¹Ë¯È��¯© ¹¯ºmºãº}Ò ÓÈ m©²º�Ë ÒÏ ä�Ó����}È ¹¯Ò äË²ÈÓÒÏÒ�

¯ºmÈÓÓº® °mÈ¯}Ë m ÏÈ�Ò�Ó©² �ÈÏÈ² ¢ ��

�ps�p�|{ j� {�� �p�cjpsz| |� j�� ��v�|{|q� v� {��

vji|cp¡ {� s�� �k{cps�z k� {� |¹¯Ë�ËãËÓÒË ¹È�ËÓÒ«

ÓÈ¹¯«ÎËÓÒ« m ºãÈ°�Ò }ºÓ�È}�È ªãË}�¯º�Óº® ¹¯ºmºãº}Ò °

ä�Ó����}ºä �º¯Ëã}Ò ¹¯Ò äË²ÈÓÒÏÒ¯ºmÈÓÓ©² °¹º°ºÈ² ���ºmº®

°mÈ¯}Ò ¢ �

�p��bz|{ {� ��� i|rc�bjs �� i�� {|��js �� k��

j��kcj|s|{ v� ��� b�psvzjq �� v� sºmºË m ¯ËÏ}Ë

äË�Èããº}ºÓ°�¯�}�Ò® mÏ¯©mºä ¢ �

�|i|�k s� {�� c�ipsz|�� l�� �k{cjb{� v� kã�º¯Ò�ä©

}ºä¹ËÓ°È�ÒÒ ÒÏÓº°È ªãË}�¯º�ºm ¹¯Ò }ºÓ�È}�Óº® �º�Ë�Óº® °mÈ¯}Ë

¢ �

�|�Ðz|{ v� ��� chrkz|{ k� k�� shcz|{k �� j�

zºä¹	
�Ë¯Ó©Ë ¹¯º�¯Èää© ¯È°�Ë�È ªÁÁË}�ÒmÓº°�Ò ÏÈ�Ò�©

�¯�º¹¯ºmº�ºm äË�º�ºä ÓËãÒÓË®Óº® ¹ºã«¯Óº°�Ò ¢ ��

�|s|lkcp{ {�� vz|��j k� |°ºËÓÓº°�Ò °äË�ÈÓÓ©² �Ò¹ºm

¹Ë¯ËÓº°È äË�ÈããÈ ¹¯Ò °mÈ¯}Ë m ÏÈ�Ò�Ó©² �ÈÏÈ² �ãÒÓÓº® ���º®

¢ �

�|cj¡zjq �� {�� �cj��¡zjq {� ��� ~klz|{ {� s�

zºÓ�¯È}�Ò« °mÈ¯º�Óº® ���Ò ° mºã	Á¯Èäºm©ä }È�º�ºä m °äË°«²

ÒÓË¯�Ó©² �ÈÏºm ¢ �

�hy|{ c� s�� z�~sp¡|{ {� i� {©º¯ º¹�ÒäÈã	Ó©²
¹È¯ÈäË�¯ºm mÓË�ÓË�º ªãË}�¯ºäÈ�ÓÒ�Óº�º mºÏ�Ë®°�mÒ« ¹¯Ò
���ºm©² °¹º°ºÈ² °mÈ¯}Ò ¢ �

chlkc v� {� |¹�ÒäÒÏÈ�Ò« �¯ÈÓ°Áº¯äÈ�º¯È ° ¯ÈÏmÒ�©äÒ

¹º¹Ë¯Ë�Ó©äÒ äÈ�ÓÒ�Ó©äÒ ¹º�º}ÈäÒ ¯È°°Ë«ÓÒ« ¢ �

chlkc v� {� |¹�ÒäÒÏÈ�Ò« �¯ÈÓ°Áº¯äÈ�º¯È ° ¯ÈÏmÒ�©äÒ

«¯äºm©äÒ äÈ�ÓÒ�Ó©äÒ ¹º�º}ÈäÒ ¯È°°Ë«ÓÒ« ¢ �

cÐr¡p{ j� k� wãË}�¯º�Ó©Ë äÈ�Ë¯ÒÈã© �ã« äË²ÈÓÒÏÒ¯ºmÈÓÓ©²

°¹º°ººm ���ºmº® ÓÈ¹ãÈm}Ò ¢ �


krkikb|�l�� t|c�s|{{�n�lÈ�Ë¯ÒÈã© Ò �Ë²Óºãº�Ò«
Áã
°ºmº® ¹È®}Ò Èã
äÒÓÒ« Ò Èã
äÒÓÒ« ° ÓË¯ÎÈmË
�Ë® °�Èã	

¢ �

vk{j¡zjq k� l�� {kvj�ep{ {� ��� vk{j¡zjq l� l��

{kupsz| {� s� {ãÒ«ÓÒË °�È�ÒÒ ÓÈ�¯ËmÈ ÓÈ Áº¯äÒ¯ºmÈÓÒË

°�¯�}��¯© °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ÏÈ}ÈãÒmÈ
�Ò²°« °�ÈãË® ¢ �

vz��evzjq {� �� v�¯�}��¯È äË�ÈããÈ m ÏºÓË °¹ãÈmãËÓÒ« Ò

~�{ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® m©°º}º²¯ºäÒ°�©² �Ë¹ãº�°�º®�Òm©²

°�ÈãË® ¢ �

��ebjs {� k�� tkc�kl|{ l� �� |¹�ÒäÒÏÈ�Ò«
¹È¯ÈäË�¯ºm �Ë�ºÓÈ�ÒºÓÓº��ÈÏºmº�º ÓÈ¹©ãËÓÒ« ° Ò°¹ºã	ÏºmÈÓÒËä
�ËÓË�Ò�Ë°}º�º Èã�º¯Ò�äÈ ¢ �

�kippsz| �� j�� i|rc�bjs ��i�� j��kcj|s|{
v� �� lË²ÈÓÒÏä© Áº¯äºº¯ÈÏºmÈÓÒ« �¯ÈÓÒ� °ºË�ÒÓËÓÒ« ¹¯Ò
°mÈ¯}Ë mÏ¯©mºä ¢ �

�hr��ezjs �� k� {ãÒ«ÓÒË �È°�º�Ó©² °mº®°�m °mÈ¯º�Óº�º
}ºÓ��¯È ÓÈ ¹È¯ÈäË�¯© �º}È ¹¯Ò Òä¹�ã	°Óº����ºm©² ¹¯º�Ë°°È²
°mÈ¯}Ò ¢ ��

�pqz|�� ���ypcs|vpz|{ k� l�� �|~|{vzkÐ k� {��
bjlks|{vzjq �� v� �¯ÒäËÓËÓÒË �m�²}ÈÓÈã	Óº® °Ò°�Ëä©
Èm�ºäÈ�Ò�Ë°}º® °�ÈÒãÒÏÈ�ÒÒ ¹¯º�Ë°°È Òä¹�ã	°Óº����ºmº®
°mÈ¯}Ò ¢ �

bp�Ð�js {� i�� zcj{¡�s j� {�� r|cjv|{ �� v��

tkvzjs {� ��� skr|z �� s�� vj|ck k� {�� rpcsk¡zjq

k� {�� {|qskc|{j  v� ��� zjv�j¡k k� s�� spipq �� s�

�ÈÏË¯Óº����ºm©Ë Ò ãÈÏË¯Óº�¹ãÈÏäËÓÓ©Ë �Ë²Óºãº�ÒÒ °mÈ¯}Ò Ò

ÓÈÓË°ËÓÒ« ¹º}¯©�Ò® ¢ �

b�p�kz|{ {� s� vºm¯ËäËÓÓ©Ë äË�º�© Ò°°ãË�ºmÈÓÒ«�

¹¯º�ÓºÏÒ¯ºmÈÓÒ« Ò º�ËÓ}Ò °mº®°�m °mÈ¯º�Ó©² ¹º¯º�}ºm©²

¹¯ºmºãº} ¢ �

b�p�kz|{ {� s�� z|�p�e �z k� v�� sk�lpqz| v� l��

rj�jsp¡ k� {� {ãÒ«ÓÒË °º°�ÈmÈ °Ë¯�Ë�ÓÒ}È ¹º¯º�}ºmº®

¹¯ºmºãº}Ò Ò ÏÈ�Ò�Óº�º �ÈÏÈ ÓÈ °�ÈÒã	Óº°�	 ¹¯º�Ë°°È ���ºmº®

°mÈ¯}Ò ¢ �

b|sjs {� k�� ��uk |� j�� lkbjs {� v�� z|{k�e �z

{� v�� z�~elpsz| k� ~� {ãÒ«ÓÒË ¯ÈÏäË¯ºm º¯ÈÏ�È °mÈ¯Óº�º

°ºË�ÒÓËÓÒ« Èã
äÒÓÒËmº�º °¹ãÈmÈ ÓÈ º°�È�º�Ó�
 ÓÈ¹¯«ÎËÓÓº°�	

Ò °º¹¯º�ÒmãËÓÒË �°�Èãº°�Ò ¢ �

�tjlp¡ �� v�� �kcn w� n�� spt|�Ðujq {� k�
w}°¹Ë¯ÒäËÓ�Èã	ÓºË ºº°ÓºmÈÓÒË äË�º�È ¯È°�Ë�È º°�È�º�Óº�º
¯Ë°�¯°È �¯�º¹¯ºmº�ºm ° }º¯¯ºÏÒºÓÓ©äÒ ¹ºm¯ËÎ�ËÓÒ«äÒ ¢ ��

�upsz| z� k�� ipc�|lpsz| {� {� kÓÈãÒÏ °ºm¯ËäËÓÓ©²

¹¯Ë�°�ÈmãËÓÒ® º °mÈ¯ÒmÈËäº°�Ò ¢ �

�upsz| z� k�� zkckvp{vzkÐ |� ��� z|�psz| v� v��

�|�ju�z p� ��� vk{ psz| {� v�� ~kipcjq r� k� z mº¹�

¯º°� ÓÈ°ãË�ºmÈÓÒ« °mÈ¯Ó©äÒ °ºË�ÒÓËÓÒ«äÒ °�¯�}��¯Óº�º¯ÒËÓ�

�Ò¯ºmÈÓÓº�º °º°�º«ÓÒ« äË�ÈããÒ�Ë°}Ò² äÈ�Ë¯ÒÈãºm ¢ �

�upsz| z� k�� vk{ psz| {� v��  pc{Ðz|{k �� {��

ip{ji v�� {j�pz iÎ� j°°ãË�ºmÈÓÒË °mÈ¯ÒmÈËäº°�Ò ÓÒ}Ë�

ãËm©² °�¹Ë¯°¹ãÈmºm Ò ¯ÈÏ¯Èº�}È �Ë²Óºãº�ÒÒ ¯ËäºÓ�È ãº¹È�º}

�ÈÏºm©² ��¯ÒÓ ¢ �

�upsz| z� k�� vk{ psz| {� v��  pc{Ðz|{k �� {��

~{Ð�js¡p{k k� {� {©°º}º�Ëä¹Ë¯È��¯ÓÈ« �ÈÏºmÈ« }º¯¯ºÏÒ«

ãº¹È�º} ��¯ÒÓ ÒÏ ÓÒ}ËãËm©² °¹ãÈmºm m ¹¯º�Ë°°Ë ª}°¹ã�È�È�ÒÒ

¢ �

�c|j~{|iv�{psshq ck~ip�

�m�ºäÈ�ÒÏÒ¯ºmÈÓÓÈ« °mÈ¯}È �¯�º¹¯ºmº�ºm ¢ �

�kcks|{ k� {�� rc�vsj¡hs �� i�� zkupsz| i� k��
v|z|�|{ k� k� vºmË¯�ËÓ°�mºmÈÓÒË �Ë²Óºãº�Ò® ¹¯ºÒÏmº�°�mÈ
°mÈ¯º�Ó©² ªãË}�¯º�ºm ¢ ��

rpcskivzjq {� s� v�Èã	 Ò °mÈ¯}È m °�¯ºÒ�Ëã	°�mË ¢ �

rpcskivzjq {� s�� lkz|{p¡zkÐ |� z� vºm¯ËäËÓÓºË

°mÈ¯º�ÓºË ¹¯ºÒÏmº�°�mº zÒ�È« ¢ �

r�ku�z {� p� ¡Ò¯}ºÓÒ®� °¹ãÈm©� °mÈ¯}È� ¹¯ÒäËÓËÓÒË

�|Ïº¯� ¢ �

r�ku�z {� p�� bp�psz|{ �� l� vmÈ¯}È ¹ãÈmãËÓÒËä �Ò�ÈÓÈ

Ò Ë�º °¹ãÈmºm �|Ïº¯� ¢ �

r�ku�z {� p�� bp�psz|{ �� l�� �c|Ðs|{vzjq {� w�

vmÈ¯}È �¯� ° �¯�Ó©äÒ ¯Ë�Ë�}ÈäÒ �Ë¹ãººäËÓÓ©² È¹¹È¯È�ºm

ÒÏ �Ò�ÈÓºm©² °¹ãÈmºm ¢ �

�|cs|{j¡zjq j� s�� ~ktkc|{k s� {�� bjbz|{k
|� {�� {j�jv|{ k� k�� ~js psz| k� {� �Ë²Óºãº�Ò�Ë°}ÒË
º°ºËÓÓº°�Ò °mÈ¯}Ò m©°º}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË® ªãË}�¯º�ÈäÒ °
¯��Òãºm©ä ¹º}¯©�ÒËä ¢ �

{|c|�kq s� l�� j��bpsz| {� l�� ljbpsz|{ {� k�

�Ë²Óºãº�Ò�Ë°}ÒË mºÏäºÎÓº°�Ò ¹¯º�Ë°°ºm Òä¹�ã	°Óº® �m�²�

���ºmº® °mÈ¯}Ò m ÏÈ�Ò�Ó©² �ÈÏÈ² �|Ïº¯� ¢ �

�pyk {� {�� rjb|z|{ c� {�� bpzjs v� j��
lp�esjz|{ ��{� sºm©Ë °mÈ¯º�Ó©Ë äÈ�Ë¯ÒÈã© �ã« ÒÏ�º�ºm�
ãËÓÒ« }ºÓ°�¯�}�Ò® ÒÏ ²ãÈ�º°�º®}Ò² °�ÈãË® m ¯ÈÏãÒ�Ó©² º��
¯È°ã«² ¹¯ºä©�ãËÓÓº°�Ò ¢ ��

�psjzjs w� j�� sp�pvk �� i�� sp�pvk k� i�
�º�º�¯ËmÈ�ËãÒ ��ãË}Ò°ãº�º �ÈÏÈ �ã« äË²ÈÓÒÏÒ¯ºmÈÓÓº® ���ºmº®
°mÈ¯}Ò ¢ �

ilj�cjz {� {�� �cj���k v� j� �º}º¹º�mº�«�ÒË

ä�Ó����}Ò ÒÏ ¹º¯º�}ºm©² äÈ�Ë¯ÒÈãºm �ã« °mÈ¯º�Ó©² �º¯Ëãº}

¢ �

 kizp{j  k� l� j°�º�ÓÒ}Ò ªãË}�¯Ò�Ë°}º�º ÓÈ�¯ËmÈ �ã«
¹È®}Ò ¢ �

ykizp{j  k� l� ���Ëm©Ë Ò°�º�ÓÒ}Ò ÓÈ�¯ËmÈ �ã« ¹È®}Ò

�|Ïº¯� ¢ �

ykizp{j  k� l� vmË�ºã��ËmÈ« °mÈ¯}È Ò ¹È®}È �|Ïº¯� ¢ �

�� �������



��sk� psz|�� {�� r��kq k� j� | ÓË}º�º¯©² �ËÓ�ËÓ�Ò«²
¯ÈÏmÒ�Ò« ¹¯ºÒÏmº�°�mÈ °mÈ¯º�Ó©² äÈ�Ë¯ÒÈãºm Ò °©¯	Ëm©²
}ºä¹ºÓËÓ�ºm ¢ �

j�sk� psz| �� {�� r��kq k� j� �� ãË� k°°º�ÒÈ�ÒÒ

½wãË}�¯º�� Ò ÈÓÈãÒÏ °º°�º«ÓÒ« ¹¯ºÒÏmº�°�mÈ °mÈ¯º�Ó©²

äÈ�Ë¯ÒÈãºm m °�¯ÈÓÈ² vs� ÏÈ ����Ü���� �º�© ¢ ��

j��kcj|s|{ v� ��� i|rc�bjs�� i�� �|�Ðz|{ v� ���

r|p{k �� p� �ºm©�ËÓÒË }º¯¯ºÏÒºÓÓº® °�º®}º°�Ò °mÈ¯Ó©²

°ºË�ÒÓËÓÒ® m©°º}º¹¯º�Ó©² Èã
äÒÓÒËm©² °¹ãÈmºm

¹ãÈ}Ò¯ºmÈÓÒËä mÏ¯©mºä ¢ �

�kbjcvzjq �� {�� ~�r psz| k� v� jÓÁº¯äÈ�ÒºÓÓ©®
ÈÓ} ¹º }ºÓ°�¯�}�ÒºÓÓ©ä Ò °mÈ¯º�Ó©ä äÈ�Ë¯ÒÈãÈä ¢ �

z|{��spsz| {� k�� vjsp|z k� ��� �pckvjlpsz|

k� l�� ~ki|c|yshq {� k� tÈ¯È}�Ë¯Ó©Ë ¹ºm¯ËÎ�ËÓÒ«

°mÈ¯Ó©² äË�ÈããÒ�Ë°}Ò² }ºÓ°�¯�}�Ò® äº°�ºm ¢ ��

z|s|spsz| {� Ð� �Ë²Óºãº�Ò« äº}¯º® äË²ÈÓÒÏÒ¯ºmÈÓÓº®

°mÈ¯}Ò ¹¯Ò °�¯ºÒ�Ëã	°�mË l�v� ½�¯Ò¯ÈÏãºäÓÈ«� ¢ �

z|csp¡zjq |� �� cºã	 Ò°¹©�È�Ëã	Ó©² ãÈº¯È�º¯Ò® m

ºË°¹Ë�ËÓÒÒ }ºÓ�¯ºã« }È�Ë°�mÈ ¹¯ºÒÏmº�°�mÈ °mÈ¯º�Ó©² äÈ�Ë�

¯ÒÈãºm ¢ �

z|csjpsz| k� s�� ykizp{j  k� l� �¯ºãËäÈ }È�Ë°�mÈ

¹È«Ó©² °ºË�ÒÓËÓÒ® Ò ¯ÈÏ¯Èº�}È ¹¯Ò¹ºËm �|Ïº¯� ¢ �

z|csjpsz| k� s�� ykizp{j  k� l� cÈÏ¯Èº�}È Ò

¹¯ÒäËÓËÓÒË ¹È«Ó©² ¯Ë�Ë��È�©² Ò °º�ºm©² }ºÓ°�¯�}�Ò® m ÈmÒÈ�

�ÒºÓÓº® �Ë²ÓÒ}Ë �cË�¯º°¹Ë}�ÒmÓ©® ºÏº¯� ¢ ��

z|� k� s� sºm©Ë ¯ÈÏ¯Èº�}Ò }ºÓ�Ë¯ÓÈ (6$% 2. $ULVWR5RG Ò

0DUDWKRQ3DF �ã« °mÈ¯}Ò lk� ¢ �

z� pc|{k l� j�� rp�|{ �� l�� cks¡p{ k� k��

kcv�z|{ i� {� cÈÏ¯Èº�}È ªãË}�¯º�ºm ° m©°º}ÒäÒ °mÈ¯º�Óº�

�Ë²Óºãº�Ò�Ë°}ÒäÒ °mº®°�mÈäÒ �ã« ÓÈ¹ãÈm}Ò ¢ ��

�prpip{ {� k� lË²ÈÓÒÏÒ¯ºmÈÓÓÈ« ¯ËÏ}È äË�Èããºm ° ¹¯Ò�
äËÓËÓÒËä ¹ºã�Èm�ºäÈ�È �b���c ¢ �

�p{ psz| |� ���  j�kcp{ {� {� cÈ°�Ë� ¹¯ºÒÏmº�Ò�Ëã	Óº°�Ò

äË°�Óº® m©�«ÎÓº® mËÓ�Òã«�ÒÒ �ã« �°ãºmÒ® ÓÈ¹ãÈm}Ò ¹º¯º��

}ºm©äÒ ãËÓ�ÈäÒ ¢ ��

�|rks|{ �� l�� �kujs s� k�� �|�js|{ {� ���

�|�js|{k �� {� �¯ÒäËÓËÓÒË ªãË}�¯ºÒä¹�ã	°Óº® º¯Èº�}Ò

ªãËäËÓ�ºm }ºÓ°�¯�}�Ò® ° �Ëã	
 ¹ºm©�ËÓÒ« Ò² ¯Ë°�¯°È �|Ïº¯�

¢ ��

�kc psz| k� p� �Ë²Óºãº�Ò« }È} º�Ë}� Ò ÒÓ°�¯�äËÓ� äË�
ÓË�ÎäËÓ�È }È�Ë°�mÈ m ¹¯ºÒÏmº�°�mË °mÈ¯º�Ó©² äÈ�Ë¯ÒÈãºm ¢ ��

lk�{pp{ {� {� {º°°�ÈÓºmãËÓÒË mÈ�ºÓÓ©² }ºãË° ÓÈ¹ãÈm}º® °

¹¯Ë�mÈ¯Ò�Ëã	Ó©ä º�ÎÒ�ºä ¹ºmË¯²Óº°�Ò }È�ÈÓÒ« ¢ ��

lk�{pp{ {� {� sÈ¹ãÈm}È �¯ËÓË® mÈ�ºÓÓ©² }ºãË° ¹º°ãË º�ÎÒ�

�È ¹ºmË¯²Óº°�Ò }È�ÈÓÒ« ÓÈ mÈ�ºÓº¯ËäºÓ�Ó©² ÏÈmº�È² �}¯ÈÒÓ©

¢ �

lkbjs {� v�� �|z�Ð¡zjq k� ��� npi|c �z {� p�

lË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ °ºË�ÒÓËÓÒ® Èã
äÒÓÒËm©² °¹ãÈmºm ¹¯Ò

°mÈ¯}Ë ¹ãÈm«�Òä°« Ò ÓË¹ãÈm«�Òä°« ªãË}�¯º�ºä ¢ �

�k~kcpsz| |� z�� �|zbjs {� p� iÒÓÈäÒ�Ë°}ÒË
²È¯È}�Ë¯Ò°�Ò}Ò m©°º}ºmºã	�Ó©² Ò°�º�ÓÒ}ºm ¹Ò�ÈÓÒ« �ã«
ªãË}�¯ºÓÓº�ã��Ëmº® °mÈ¯}Ò ¢ �

�c�|{ �� s�� �|�Ðzp{j  k� k�� �j�kcpsz| {� j��
�p�pbz| {� s� {º°°�ÈÓºmÒ�Ëã	ÓÈ« ÓÈ¹ãÈm}È ¹º¯º�}ºmº®
¹¯ºmºãº}º® �Ë�ÈãË® äË�Èãã�¯�Ò�Ë°}º�º Ò �º¯Óº�º©mÈ
�Ë�º
ºº¯��ºmÈÓÒ« ¢ ��

�jvelpsshq k� v�� zjv�j¡hs {� l� �¯ÒäËÓËÓÒË
mº�º¯º�È Ò Ë�º °äË°Ë® m ª}ºãº�Ò�Ë°}Ò �Ò°�©² ¹¯º�Ë°°È²
°ºË�ÒÓËÓÒ« äË�Èããºm ¢ �

�jvelpsshq k� v�� �|��tjs {� {�� �|��tjs {ã� {��

�|��tjs �� {�� �c|z|nep{ k� v�� �i|{psz| {� ��

jÏ�º�ºmãËÓÒË Ò ¹¯ÒäËÓËÓÒË �ºÓ}º°�ËÓÓ©² °¹Ò¯Èã	Óº�ºmÓ©²

�¯� ¢ �

�|~sÐz|{ {� i�� zkvk�zjs v� r�� yiks|{ v� ���

v�cjykz �� k� |°ºËÓÓº°�Ò ¯ËäºÓ�È °mÈ¯Ó©² }ºÓ°�¯�}�Ò®

ÒÏ ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË® �|Ïº¯� ¢ �

�¯ºÒÏmº�Ò�ËãÒ °mÈ¯º�Ó©² äÈ�Ë¯ÒÈãºm� ¹¯º��}�Ò« }º�º¯©²

°Ë¯�ÒÁÒ�Ò¯ºmÈÓÈ m °Ò°�ËäË �}¯vp�c| ¹º °º°�º«ÓÒ
 ÓÈ

���������� �� ¢ �

�|~pc� c�� k�jl|{ k�s�� ljzj�psz| k� l� |¯�È�
ÓÒÏÈ�Ò« ¹¯ºÒÏmº�°�mÈ Ë°�ºmÓ©² ¹º¯º�}ºm©² ¹¯ºmºãº} m
�}¯ÈÒÓË ¢ �

cÐr¡p{ j� k� {©°º}º¹¯ºÒÏmº�Ò�Ëã	ÓÈ« �Ò¯º}º°ãº®ÓÈ« ÓÈ¹�

ãÈm}È ªãË}�¯º�Ó©äÒ ¹¯ºmºãº}ÈäÒ Ò ãËÓ�ÈäÒ �|Ïº¯� ¢ �


kl|���jsk �� v� �Ë²Óºãº�Ò�Ë°}ÒË º°ºËÓÓº°�Ò ãº}Èã	�
Óº�º �¹¯º�ÓËÓÒ« m©°º}º¹¯º�Óº�º ����ÓÈ ¢ �

vz��evzjq {� ��� l|ck{p¡zjq v� j� �¯Ò°È�º�Ó©Ë

äÈ�Ë¯ÒÈã© �ã« Èm�ºäÈ�Ò�Ë°}º® °mÈ¯}Ò ¹º� Áã
°ºä �Ë¹ãº�

�°�º®�Òm©² °�ÈãË® ° �� ²¯ºäÈ ¢ �

�kckch zjs j� k� |°ºËÓÓº°�Ò °º¯}Ò Ò äÓº�º¹¯º²º�Óº®
°mÈ¯}Ò }ºã	�Ëm©² °�©}ºm �ºã°�º°�ËÓÓ©² ºË�ÈË} ¢ �

�kckch zjs j� k�� {|vzcpvpsvzjq k� v� z ¯È°�Ë��

°Òãºmº�º ¹¯Òmº�È °ÎÈ�Ò« �ã« ���ºmº® °mÈ¯}Ò ¹¯º�ºã	Ó©²

°�©}ºm �ºã°�º°�ËÓÓ©² ºË�ÈË} ¢ �

�zk psz| k� s�� {|vzcpvpsvzjq k� v� �¯ÒäËÓËÓÒË

���ºmº® �º�Ë�Óº® °mÈ¯}Ò ¹¯Ò ÒÏ�º�ºmãËÓÒÒ }�Ïºmºm mÈ�ºÓºm ¢ ��

!|c�s|{ {� n�� lkzvjl|{k v� {� käº¯ÁÓ©Ë ¹¯Ò¹ºÒ
Û ¹Ë¯°¹Ë}�ÒmÓ©® äÈ�Ë¯ÒÈã �ã« °ºm¯ËäËÓÓ©² �Ë²Óºãº�Ò�Ë°}Ò²
¹¯º�Ë°°ºm ¹È®}Ò �|Ïº¯� ¢ ��

�kc�z k� z�� vz��evzjq {� ��� {|�z|{ {� {��
rh{k�ezp{j  k� j�� �|igÐ p{ {� {�� j{ks|{ s� k��
spl�pqs� {�� ljc|bsj psz| k� ��� rky�z|{ k� {�
z mº¹¯º°� m©º¯È �Ë²Óºãº�ÒÒ °mÈ¯}Ò ªãËäËÓ�ºm �¡� i� ��� ¹¯Ò
ÏÈäËÓË ¹È¯º�ËÓË¯È�º¯ºm ��{�����l ÓÈ kwv ¢ ��

¡kc�z k� z�� vz��evzjq {� ��� �k{cjz k� c��

l|ck{p¡zjq v� j�� v�cjyj�v �� s� �Ë¯äË�ÒÏÈ�Ò«

�º¯«�ËÏÈ}È�Ó©² �ÓÒ� ÈããºÓºm ÒÏ °�ÈãÒ ��ts�nk ° ¹ºäº�	


°mÈ¯}Ò ¢ ��

�p�Ð�js {� i�� tkvzjs {� ��� ��zkbpsz| k� ��
cËÏ}È ÒÏã��ËÓÒËä &2��ãÈÏË¯È }º¯¹�°ºm �Ò°}ºm©² ¹Òã ¢ �

bp�Ð�js {� i�� tkvzjs {� ��� bj�|{k �� ��� skr|z

�� s�� vj|ck k� {�� rpcsk¡zjq k� {��  jyvzkÐ �� ��

lÓº�º¹¯º²º�ÓÈ« °mÈ¯}È °�ÈãË® ºã	�Ò² �ºã�ÒÓ °

Ò°¹ºã	ÏºmÈÓÒËä ãÈÏË¯Óº�º ÒÏã��ËÓÒ« ¢ ��

b�p�kz|{ {� s�� sk�lpqz| v� l� vÈäºÏÈ�Ò�Ó©Ë

¹º¯º�}ºm©Ë ¹¯ºmºãº}Ò �ã« °mÈ¯}Ò ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË®

¢ �

"{i|ujs j� c�� vz|cjsk s� {�� lkc psz| k� p��
{kz|��z �� i�� �k�e¡p{j  k� �� sºm©Ë ªãË}�¯º�© �ã«
°mÈ¯}Ò ��ãË¯º�Ò°�©² Ò ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË® ¢ �

zck�zjp v||rupsjÐ

�sk�psz| l� n� vºmË¯�ËÓ°�mºmÈÓÒË �Ë²Óºãº�ÒÒ �Ë¯äº�
º¯Èº�}Ò ¹º}¯©�©² °mÈ¯º�Ó©² ªãË}�¯º�ºm ¢ �

�Ò°°Ë¯�È�ÒÒ ÓÈ °ºÒ°}ÈÓÒË ��ËÓº® °�Ë¹ËÓÒ ¢ �� �Ü�� ��� ��

�cpljs p� s� �¯ÒäËÓËÓÒË }ºäÒÓÒ¯ºmÈÓÓº�º ªãË}�¯º�È ¹¯Ò
ªãË}�¯º�ãÈ}ºmº® °mÈ¯}Ë äÈ�Ë¯ÒÈãºm äÈã©² �ºã�ÒÓ ¢ ��

pcpljs p� s� �°�¯º®°�mº �ã« Áº¯äÒ¯ºmÈÓÒ« �mÈ ¹¯Ò ªãË}��

¯º�ãÈ}ºmº® °mÈ¯}Ë ¢ �

�kqnnkc� �� �¯ÒäËÓËÓÒË mºãº}ºÓÓº�º ãÈÏË¯È äº�Óº°�	

�� }{� ¢ �

~ktkc|{ �� v�� �k{cjz k� c� wãË}�¯º�© �ã« ¯��Óº® ���º�

mº® °mÈ¯}Ò �Ë¹ãº�°�º®�Òm©² °�ÈãË® ° �� ²¯ºäÈ ¢ �

�ÓÁº¯äÈ�Ò« ¢ �Ü��

�ÈãËÓ�È¯	 }ºÓÁË¯ËÓ�Ò® Ò m©°�Èmº} m ���� �� �°mÈ¯}È Ò
¯º�°�mËÓÓ©Ë �Ë²Óºãº�ÒÒ� ¢ �� �� �

zkvk�zjs |� �� cÈ°�Ë�ÓÈ« º�ËÓ}È ��È¯Óº® m«Ï}º°�Ò

ÓÒÏ}ºãË�Ò¯ºmÈÓÓº�º äË�ÈããÈ �mÈ ¢ �

zjvj�p{vzjqn� s�� i|�jspsz|{� {�� �|� p{ i� i�

lË�º� ¯ÈÏ¯Èº�}Ò ¹¯º�¯ÈääÓº�º ºË°¹Ë�ËÓÒ« ° Ò°¹ºã	ÏºmÈÓÒËä

������� ��



�¹¯Èmã«
�Ò² �¯ÈÁºm Ò «Ï©}ºm©² °¯Ë�°�m ,6D*5$) �ã«

ÒÓ�ËããË}��Èã	Ó©² °mÈ¯º�Ó©² }ºÓ�¯ºããË¯ºm ¢ �

zjvj�p{vzjq n� s�� z|�Ðik {� k� j°¹ºã	ÏºmÈÓÒË

º�Ë}�Óº�º¯ÒËÓ�Ò¯ºmÈÓÓº�º ¹È}Ë�È 06 'LUHFW6KRZ �ã«

äº�ËãÒ¯ºmÈÓÒ« º¯Èº�}Ò mÒ�Ëº°Ò�ÓÈãºm °¯Ë�°�m �Ë²ÓÒ�Ë°}º�º

Ï¯ËÓÒ« ¢ �

zjvj�p{vzjq n� s�� z|�Ðik {� k� zÈãÒ¯ºm}È

�¯ÈÓ��ã«�ÒºÓÓ©² º¹�Ò�Ë°}Ò² °ËÓ°º¯ºm ¢ �

zjvj�p{vzjq n� s�� bk�|{k�|{ p� {�� lp�esjz

p� v� vÒ°�ËäÈ äºÓÒ�º¯ÒÓ�È �ã« �¯�º°mÈ¯º�Óº�º °�ÈÓÈ ¢ ��

zºä¹ÈÓÒ« ½n¯ºÓÒ�°� ÒÓÁº¯äÒ¯�Ë� ¢ �

z|s|spsz| {� Ð� �¯ÒäËÓËÓÒË �Ë²Óºãº�ÒÒ äË²ÈÓÒÏÒ¯º�

mÈÓÓº® ¹º�mº�Óº® °mÈ¯}Ò ¹¯Ò °�¯ºÒ�Ëã	°�mË l�v� ½�¯Ò�

¯ÈÏãºäÓÈ«� ¢ ��

z|c|�hsvzjq k� p�� lkt�js s� l�� r�cÐz {� ���

z�szjs i� i� �ÓÒmË¯°Èã	Ó©® �È��Ò} ªãË}�¯Ò�Ë°}Ò²

¹È¯ÈäË�¯ºm °mÈ¯}Ò ¢ �

zvw~| ¹¯Ë�ãÈ�ÈË� ¢ �

z�vz|{ �� l�� �prpip{ {� k�� cÐr¡p{ j� k��

�|ii�rjsvzjq k� j�� bk�cks c� {� {º°°�ÈÓºmãËÓÒË

}¯�¹Óº�ÈÈ¯Ò�Ó©² �Ë�ÈãË® ºº¯��ºmÈÓÒ« �º¯Óººº�È�Ò�Ëã	Ó©²

}ºäÒÓÈ�ºm äË²ÈÓÒÏÒ¯ºmÈÓÓº® ���ºmº® ÓÈ¹ãÈm}º® ¢ ��

�k�ksijs {� i�� rpcpv�|{|q k� l� vmÈ¯ÓÈ« }ºÓ�
°�¯�}�Ò« ÏÈ�Ò�Óº® È¯äÈ��¯© ÎËãËÏÓº�º¯ºÎÓ©² �Ò°�Ë¯Ó ¢ �

�prpip{ {� k�� �|v�|�k�jq s� j�� l|�cjq k� {�

lÓº�ºÁ�Ó}�ÒºÓÈã	Ó©® Ò°�º�ÓÒ} °mÈ¯º�Óº�º �º}È ¢ �

�pvs|q k� r�� zkvk�zjs |� ��� ~klz|{ {� s�

jÓÁº¯äÈ�ÒºÓÓÈ« °Ò°�ËäÈ ¹º °mÈ¯}Ë �Ò�ÈÓÈ Ò Ë�º °¹ãÈmºm ¢ �

�ºmº°�Ò ¢ �� �Ü��

sºm©Ë }ÓÒ�Ò ¢ �� �� �Ü�� �� ��� ��

�c�|{ �� s�� �|�Ðzp{j  k� k�� ��hce {� s�� �j�z
v� �� �º¯º�}ºmÈ« ¹¯ºmºãº}È �ã« °mÈ¯}Ò m °��º°�¯ºËÓÒÒ ¢ �

|t|�vzjq {� r� lº�Ëã	 ¹¯º�Ë°°È �º¯ËÓÒ« ÎËãËÏÈ m

}Ò°ãº¯º�Ë ¹¯Ò ¯ËÏ}Ë °�ÈãÒ ¢ �

�È�ËÓ�© m ºãÈ°�Ò °mÈ¯º�Óº�º ¹¯ºÒÏmº�°�mÈ ¢ �Ü�� �� ��

�º ÏÈ¯�ËÎÓ©ä Î�¯ÓÈãÈä ¢ �Ü�� ��Ü��

�hy|{ c� s� �¯ÒäËÓËÓÒË }ºäÒÓÒ¯ºmÈÓÓ©² ªãË}�¯º�
äÈ�ÓÒ�Ó©² mºÏ�Ë®°�mÒ® �ã« �ã���ËÓÒ« }È�Ë°�mÈ �mºm ¹¯Ò
°mÈ¯}Ë ÓË¹ãÈm«�Òä°« ªãË}�¯º�ºä ¢ �

chy|{ c� s�� lkzvjl|{ v� ��� �cj�j�z| p� k��

z|y�tkce {� k� {ãÒ«ÓÒË mÓË�ÓÒ² ªãË}�¯ºäÈ�ÓÒ�Ó©²

mºÏ�Ë®°�mÒ® ÓÈ °�¯�}��¯� Ò ²ÒäÒ�Ë°}Ò® °º°�Èm �mºm ¹¯Ò äº}¯º®

¹º�mº�Óº® °mÈ¯}Ë ¢ ��


z|vsÐ�js �� k�� �pvs|q k� r� jÓÁº¯äÈ�ÒºÓÓÈ«
¹ºÒ°}ºmÈ« °Ò°�ËäÈ ½wãË}�¯º�© �ã« ���ºmº® °mÈ¯}Ò� ¢ �

�kck�|{ l� ��� k{pceÐs|{ k� k� vmÈ¯}È ÓÈ
}Ë¯ÈäÒ�Ë°}Ò² ¹º�}ãÈ�}È² ¢ �

tc|sjzk

k°ÓÒ°� p� k� Û �� ¢ ��

rº��ÈÓºm°}ºä� {� k� Û �� ¢ �

{ È°¹Ò¯ÈÓ��¯Ë jwv Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ© ¢ �

{ lËÎ��ÓÈ¯º�Óºä ÒÓ°�Ò���Ë °mÈ¯}Ò ¢ �

��« lËÎ��ÓÈ¯º�ÓÈ« }ºÓÁË¯ËÓ�Ò« ½�ÈÏË¯Ó©Ë �Ë²Óºãº�ÒÒ m

°mÈ¯}Ë Ò º¯Èº�}Ë äÈ�Ë¯ÒÈãºm� ¢ �

��® ÓÈ��Óº�¹¯È}�Ò�Ë°}Ò® °ËäÒÓÈ¯ ¹º °mÈ¯º�Ó©ä äÈ�Ë¯ÒÈãÈä

°�¯ÈÓ vs� ½i��ºmÈ« °mÈ¯}È� lÈ�Ë¯ÒÈã© Ò }È�Ë°�mº� ¢ ��

{©°�Èm}È ½w}°¹º°mÈ¯}È������ ¢ �

�mºÏ�Ë�}ºä� {� v� Û �� ãË� ¢ �

;,, lËÎ��ÓÈ¯º�ÓÈ« ÓÈ��Óº��Ë²ÓÒ�Ë°}È« }ºÓÁË¯ËÓ�Ò« ½rËÓÈ¯�

�º°ºm°}ÒË ��ËÓÒ«� ¢ ��

;,; lºãº�ËÎÓÈ« }ºÓÁË¯ËÓ�Ò« nÒÏÒ}º�äË²ÈÓÒ�Ë°}º�º ÒÓ°�

�Ò���È Òä� �� {� zÈ¯¹ËÓ}º sks� ¢ ��

; lËÎ��ÓÈ¯º�ÓÈ« }ºÓÁË¯ËÓ�Ò« ½nÒÏÒ}È Ò �Ë²Óºãº�Ò« �ºÓ}Ò²

¹ãËÓº}� ¢ �

~È°Ë�ÈÓÒË 
¯ºlËÎ�º°��È¯°�mËÓÓº�º ÓÈ��Óº�º °ºmË�È ¹º °mÈ¯}Ë

Ò ¯º�°�mËÓÓ©ä �Ë²Óºãº�Ò«ä ¢ ��

~È°Ë�ÈÓÒË °Ë}�ÒÒ ½j°�º�ÓÒ}Ò ¹Ò�ÈÓÒ« Ò °Ò°�Ëä© Èm�ºäÈ�Ò�

�Ë°}º�º �¹¯ÈmãËÓÒ« °mÈ¯º�Ó©ä ºº¯��ºmÈÓÒËä� lËÎ�º°��È¯�

°�mËÓÓº�º ÓÈ��Óº�º °ºmË�È ¹º °mÈ¯}Ë Ò ¯º�°�mËÓÓ©ä �Ë²Óºãº�Ò«ä

¢ �

~Ëã	ÓÒ�ËÓ}º k� �� Û �� ¢ ��

zÈÏÈ}ºm� {� k� Û �� ãË� ¢ �

zÈ°È�}ÒÓ� |� �� Û �� ¢ �

zÒ¯ËËm� �� v� Û �� ¢ �

zº¯Î� {� s� Û �� ¢ �

z ���ãË�Ò
 s� �� �«}Ò�ËmÈ ¢ �

z ����ãË�Ò
 °º �Ó« ¯ºÎ�ËÓÒ« k� v� �Ëã	äÈÓÈ ¢ �

z���}��Ð�ËÓ}º v� j� Û �� ¢ �

�ÈÓ}ÒÓ� �� s� Û �� ¢ �

lËÎ��ÓÈ¯º�ÓÈ« m©°�Èm}È äÈ�Ë¯ÒÈãºm� ºº¯��ºmÈÓÒ« Ò �Ë²Óº�

ãº�Ò® ½vmÈ¯}È� cº�°�mËÓÓ©Ë �Ë²Óºãº�ÒÒ ����� ¢ �

lËÎ��ÓÈ¯º�ÓÈ« }ºÓÁË¯ËÓ�Ò« ½7L����� m vs�� ¢ �

lËÎ��ÓÈ¯º�ÓÈ« ÓÈ��Óº��Ë²ÓÒ�Ë°}È« }ºÓÁË¯ËÓ�Ò« ½�È®}È

����� ¢ ��

lËÎ��ÓÈ¯º�ÓÈ« ÓÈ��Óº��Ë²ÓÒ�Ë°}È« }ºÓÁË¯ËÓ�Ò« ½vºm¯ËäËÓ�

Ó©Ë �Ë²Óºãº�ÒÒ äË�Èããºº¯Èº�}Ò� ¢ ��

lËÎ��ÓÈ¯º�Ó©® ÒÓ°�Ò��� °mÈ¯}Ò� j°�º¯Ò« °ºÏ�ÈÓÒ« Ò �ËãÒ¢ �

lËÎ��ÓÈ¯º�Ó©® ÓÈ��Óº��Ë²ÓÒ�Ë°}Ò® °ËäÒÓÈ¯ ½vºm¯ËäËÓÓ©Ë

°mÈ¯º�Ó©Ë Áã
°© Ò º¹©� Ò² ¹¯ÒäËÓËÓÒ« m ¹¯ºä©�ãËÓÓº°�Ò�

¢ ��

lËÎ��ÓÈ¯º�Ó©® °ËäÒÓÈ¯ ½zºÓ�È}�ÓÈ« °mÈ¯}È Ò �¯��ÒË mÒ�©

°mÈ¯}Ò �ÈmãËÓÒËä� �Ë²Óºãº�ÒÒ Ò ºº¯��ºmÈÓÒË� ¢ �

l�� Òä� l� {� �ºäºÓº°ºmÈ Û ��� ãË� ¢ �

sÈ��Óº�äË�º�Ò�Ë°}È« }ºÓÁË¯ËÓ�Ò« ½vºm¯ËäËÓÓ©Ë ¹¯ºãËä©

°mÈ¯}Ò� ÓÈ¹ãÈm}Ò Ò äÈ�Ë¯ÒÈãºmË�ËÓÒ«� ¢ �

sÈ��Óº�¹¯È}�Ò�Ë°}Ò® °ËäÒÓÈ¯ �ã« ¯�}ºmº�Ò�ËãË® Ò °¹Ë�ÒÈ�

ãÒ°�ºm m ºãÈ°�Ò °mÈ¯º�Óº�º ¹¯ºÒÏmº�°�mÈ ¢ �

sÈ��Óº��Ë²ÓÒ�Ë°}È« }ºÓÁË¯ËÓ�Ò« ½�¯ºãËä© °mÈ¯}Ò� äË�Èã�

ã�¯�ÒÒ Ò ¯º�°�mËÓÓ©² �Ë²Óºãº�Ò®� ¢ ��

sºmºË ¹¯ºÒÏmº�°�mº �ÈÏº¹ãÈäËÓÓº® È¹¹È¯È��¯© ÁÒ¯ä© ½cº�k¯�

¢ �

�Èä«�Ò ~Èä}ºmÈ {� s� ¢ �

�Èä«�Ò vãÒmÒÓ°}º�º k� l� ¢ �

�Èä«�Ò v�Ë¯ËÓº�ËÓÈ �� k� ¢ �

�Èä«�Ò bmÈ�}º {� j� ¢ �

�Èä«�Ò bË®}º �� �� ¢ �

�¯ÒÏË¯© }ºÓ}�¯°È ½jÓ�ËããË}��Èã	Ó©® ¹º�ËÓ�ÒÈã äºãº�©²

��ËÓ©² Û �º¯º�� zÒËm�� ¢ �

�¯ºÁË°°º¯ iÎºÓ sº¯¯Ò� Û ãÈ�¯ËÈ� ¹¯ËäÒÒ Òä� p� |� �È�ºÓÈ

lËÎ��ÓÈ¯º�Óº�º ÒÓ°�Ò���È °mÈ¯}Ò ¢ �

�«�È« äËÎ��ÓÈ¯º�ÓÈ« ÓÈ��Óº��Ë²ÓÒ�Ë°}È« }ºÓÁË¯ËÓ�Ò« ½vºm�

¯ËäËÓÓ©Ë �ËÓ�ËÓ�ÒÒ ¹¯ºÒÏmº�°�mÈ �¯� �ã« äÈ�Ò°�¯Èã	Ó©²

�ÈÏºÓËÁ�Ë¹¯ºmº�ºm m |k| ½tÈ¯�©Ï°}Ò® �¯�Ó©® ÏÈmº�� ¢ �

9 lËÎ��ÓÈ¯º�ÓÈ« �}ºãÈ�}ºÓÁË¯ËÓ�Ò« ½k}��Èã	Ó©Ë ¹¯ºãËä©

ÁÒÏÒ}Ò ¹ºã�¹¯ºmº�ÓÒ}ºm� ¢ ��

cË�ÒºÓÈã	Ó©® °ËäÒÓÈ¯ |�Ë°�mÈ °mÈ¯�Ò}ºm �}¯ÈÒÓ© m �� vÒä�

ÁË¯º¹ºãË� ¢ �

cºäÈÓ� |� {� Û �� ãË� ¢ ��

vmÈ¯º�ÓÈ« m©°�Èm}È ���� �� m vbk ¢ �

9,, lËÎ��ÓÈ¯º�ÓÈ« }ºÓÁË¯ËÓ�Ò« ½{ºÏºÓºmã«ËäÈ« ªÓË¯�Ë�Ò}È

;;, mË}È� ¢ ��

vËäÒÓÈ¯ }ºÓ�Ë¯ÓÈ ½(6$%� m zÒËmË ¢ �

vËäÒÓÈ¯�¹¯È}�Ò}�ä ÓÈ ½�}¯ÏÈã�ÏÓÒ��� ¢ ��

½vºm¯ËäËÓÓºË °º°�º«ÓÒË� ÓÈ¹¯ÈmãËÓÒ« ¯ÈÏmÒ�Ò« °mÈ¯º�Óº®

ÓÈ�}Ò Ò �Ë²ÓÒ}Ò� Û ãË}�Ò«� ¹º°m«�ËÓÓÈ« ¹Èä«�Ò k� l�

vãÒmÒÓ°}º�º ¢ ��

�Ë²ÓÒ�Ë°}Ò® °ËäÒÓÈ¯ ÓÈ zÈ²ºm°}ºä ÏÈmº�Ë ªãË}�¯º°mÈ¯º�Óº�º

ºº¯��ºmÈÓÒ« ¢ �

�Ë²ÓÒ�Ë°}Ò® °ËäÒÓÈ¯ ½v��º°�¯ºËÓÒË� vmÈ¯}È ����� ¢ ��

,,, lºãº�ËÎÓÈ« }ºÓÁË¯ËÓ�Ò« ½vmÈ¯}È Ò ¯º�°�mËÓÓ©Ë �Ë²Óº�

ãº�ÒÒ� ¢ �

��« lËÎ��ÓÈ¯º�ÓÈ« }ºÓÁË¯ËÓ�Ò« ½{©°º}º�Ëä¹Ë¯È��¯ÓÈ« }È�

¹Òãã«¯Óº°�	 s�v������ ¢ �

�� ãË� jÓ°�Ò���� °mÈ¯}Ò m �ãÒmÒ�È² ¢ ��

wÓÓÈÓ� k� k��k� Û �� ¢ �

��ËÓ}º z� k� Û �� ¢ ��

�� �������



���������	�
����


�mË¯	«Óºm k� k� ¢ �

kãÈã�°° z� ¢ �

kãË}°ËËm �� l� ¢ �

kãÒäºm k� s� ¢ �

kÓ�ºÓ
} i� k� ¢ �

k¯°ËÓ
} {� {� ¢ �

k¯°
}ºm i� {� ¢ ��

ÈÎ�}ºm k� {� ¢ ��

rÈ¯ÈÓºm k� {� ¢ ��

rËãºm �� l� ¢ ��

rË¯Ë°�ºmº® k� l� ¢ �

rË¯ÓÈ�°}Ò® {� s� ¢ �� �

rË¯ÓÈ�}Ò® k�{� ¢ �� ��

rÒãÒÓË� k� {� ¢ �

rÒ�º}ºm c� {� ¢ ��

rãÈ��} {� p� ¢ �� �� �

rºËmÈ �� p� ¢ �

rºÓ�È¯Ëm k� k� ¢ �

rº¯Ò°ºm �� v� ¢ �Ü�

r¯º�ºmº® k� {� ¢ ��

r¯º�ºmº® {� k� ¢ ��

r¯�°ÓÒ�©Ó �� i� ¢ ��

r��ÈË� {� �� ¢ �

r��È® k� j� ¢ �� ��

r�Ó��} v� �� ¢ ��

r�¯°}Ò® �� {� ¢ �

r�¯«} {� �� ¢ �

r��ËÓ}º �� {� ¢ �

r��äÈ k� j� ¢ ��

r©mÈã	}ËmÒ� k� j� ¢ ��


È}ºã
} �� i� ¢ �

{ÈãËmÒ� l� �� ¢ �

{È¯ºmÒÓ k� Ð� ¢ ��

{È°ËÓÒÓ �� �� ¢ ��

{È°Òã	Ëm {� �� ¢ �

{È�ËÓ}º {� s� ¢ �

{ËãÒ}ºÒmÈÓËÓ}º p� k� ¢ �� �

{Ë¯Ëm}ÒÓ l� p� ¢ �

{ÒãÒ°ºm k� k� ¢ �

{Ò�Ë} iÎ� ¢ �

{º®ÓÈ¯ºmÒ� v� �� ¢ �

{ºã�ÒÓ �� k� ¢ �

{ºã}ºm {� {� ¢ ��

{º¯ÓºmÒ�}Ò® j� s� ¢ �

{º¯º¹È® s� l� ¢ �

{º°}¯Ë°ËÓ°}Ò® k� v� ¢ �� ��

�Èm¯Ò} k� c� ¢ �� ��

�Èm¯Ò� {� v� ¢ �

�È¯Á w� n� ¢ ��

�ËÎÈ {� {� ¢ ��

�Ë¯È°ÒäËÓ}º k� l� ¢ ��

�Ò
} v� �� ¢ �

�ÓÈ�ËÓ}º l� n� ¢ �

�ºãºm}º {� {� ¢ �

�ºã«}ËmÒ� k� k� ¢ �� ��

�¯ÈÒÓ {� n� ¢ �

�¯Ò�º¯ËÓ}º �� l� ¢ �Ü��

��Ü��

�¯Ò�º¯	«Ó� k� �� ¢ �

��ÏË® {� j� ¢ �

��äËÓ
} k� {� ¢ �� ��

���È |� j� ¢ �� ��

�ËmÒ� v� ¢ �

iËÓÒ}ÒÓ w� j� ¢ �

iË¯ãºäËÓ}º {� {� ¢ �

iÒã�È® �� ¢ �� �

iÒã	äÈÓ {� �� ¢ ��

iäÒ�¯Ò} {� {� ¢ �� �

iº¯��ÒÓ �� i� ¢ �� �� �

iºãÒÓËÓ}º {� {� ¢ �

i�ä�Ëm p� k� ¢ �

�¯ËäÒÓ p� s� ¢ �� ��

�È�}ËmÒ� k� l� ¢ �Ü�� ��

��

y�ÈÓºm v� �� ¢ �

yË¯Óº°Ë}ºm k� l� ¢ �

�È�Ë¯Ò® r� k� ¢ �

~È�º¯ºÎÓ©® {� k� ¢ ��

~È®ÁÁÈ¯� �� ¢ �

~Èä}ºm {� s� ¢ �� �� �

~È²È¯ºm �� v� ¢ �

~È²È¯ºmÈ s� {� ¢ �

~È�Ë¯}ºmÓ©® k� v� ¢ �� �

~m«�ÒÓ�ËmÈ k� {� ¢ �

~ËääãË¯ �� ¢ �

~ÒÓÒ�¯È� l� j� ¢ �

~ÒÓ�ËÓ}º k� {� ¢ �

~��ËÓ}º k� v� ¢ �

�mÈÓºm s� k� ¢ ��

jmÈ²ÓËÓ}º k� �� ¢ �

jmÈ²ÓËÓ}º �� k� ¢ �

j�ÓÈ�ËÓ}º {� �� ¢ �

j�ÓÈ��ËÓ}º �� {� ¢ �� ��

jããÈ¯ÒºÓºm v� �� ¢ �� �� �

jã
�ËÓ}º {� l� ¢ �

jã
�ËÓ}º c� {� ¢ �

j�ËÓ}º k� Ð� ¢ �� ��Ü��

�ÈãÒÓÈ �� �� ¢ �

zÈ¯È°Ëm°}È« |� �� ¢ �

zÈ°È�}ÒÓ |� �� ¢ �� �

zÈ°È�}ÒÓ v� r� ¢ �

zÈ�ÒÓ°}Ò® {� v� ¢ �

zÈ�Ò¯°}Ò® �� {� ¢ �

zÈ�ËÓ}º i� k� ¢ ��

zÒ°ÒãËm°}Ò® n� s� ¢ �� �� ��

��

zÒ°ãÒ�È k� s� ¢ �

zÒ°ãÒ�©Ó {� l� ¢ �

zÒ«ÓË� j� {� ¢ �

zºmÈã	��} {� v� ¢ �

zºÎ�²È¯	 {� k� ¢ ��

zºã«�È {� k� ¢ �� �

zºÓºÓËÓ}º {� Ð� ¢ �� ��

zºÓ©} k� j� ¢ �

zº¯Î {� s� ¢ �

zº¯ÓËmË�}Ò® |� �� ¢ �

zº¯ÓÒËÓ}º k� s� ¢ �� ��

zº¯º�©Ó°}Ò® k� p� ¢ �

zº°�ÒÓ {� k� ¢ �� ��

zº°�©ãËm {� j� ¢ ��

zº� k� s� ¢ �

zº�ËÓ}º v� v� ¢ ��

zº�Ëã	��} k� v� ¢ �

z¯Òm��Ó j� {� ¢ �Ü�� ��

z�ÏÓË�ºm k� j� ¢ ��

z�ÏÓË�ºm {� i� ¢ �

z�Ï	äËÓ}º k� ~� ¢ �

z�Ï	äËÓ}º {� �� ¢ �

z�Ï	äÒÓ v� {� ¢ �

z�ãÒ} {� l� ¢ �

z�Ó}ÒÓ i� i� ¢ �

z�°}ºm �� l� ¢ ��

z��Ë¯ºmÈ l� j� ¢ ��

z���}�Ð�ËÓ}º v� j� ¢ �� �

�È�¯ �� l� ¢ ��� ��

�Èm¯ËÓ
} k� {� ¢ �

�ÈÏËÓºm �� �� ¢ �

�È¹ÈÓ�ÒÓ {� i� ¢ �

�ËË�Ëm {� k� ¢ �� �� ��

�Ëm�ËÓ}º |� �� ¢ ��

�ËºÓ�	Ëm �� j� ¢ �

�Ë°Óº® k� r� ¢ �� ��

�Ò°ÒÓ {� �� ¢ �

�ºÈÓºm �� l� ¢ �� ��

�º�ÒÓºm {� �� ¢ ��

�º�ÒÓºmÈ �� {� ¢ ��

�ºÏºm°}È« k� {� ¢ �� �

�º}�ÒÓ {� p� ¢ �

�º¹º�È {� k� ¢ �

��}È�ËÓ}º k� �� ¢ �

�ÈÏ�¯ºm°}Ò® {� �� ¢ �

lÈ}°Òäºm v� �� ¢ �� ��

lÈ}°ÒäºmÈ v� {� ¢ ��

lÈ}ºmË�}È« |� z� ¢ �

lÈãº�ËÓ}º k� j� ¢ ��

lÈã©® k� r� ¢ �

lÈÓ�ËÓ}º k� s� ¢ �

lÈ¯�ºãÒÓ r� ~� ¢ ��

lÈ¯}È�ºmÈ �� j� ¢ �� �

lÈ¯�ËÓ}º k� p� ¢ �� ��

lÈ°©�Ëm {� j� ¢ �

lÈ�mËËm {� {� ¢ �� ��

lÈ��Ë° z��q� ¢ �

lÈ²ãÒÓ s� l� ¢ �

lÈ²ÓËÓ}º {�j� ¢ �� ��

lÈ�ÒÓ {� v� ¢ �� �� �

lËã	ÓÒ} p� v� ¢ ��

lËã	ÓÒ}ºm �� {� ¢ ��

lÒ}Ò�ËÓ}º k� l� ¢ �

lÒ}Ò�ÒÓ Ð� j� ¢ �

lÒ¯º�ÓÒ�ËÓ}º k� �� ¢ ��

lÒ°
¯ºm k� j� ¢ �

lÒ�ËÓ}ºm {� k� ¢ �

lº}¯ºm |� ¢ �

lº¯ÈmË�}Ò® v� j� ¢ �� ��

lº�¯Ò® k� {� ¢ �

�Èº} ��s� ¢ �� ��

sÈÏÈ¯ËÓ}º |� z� ¢ �� �

sÈ�äË®}º v� l� ¢ �� �

sË�Ë® �� s� ¢ �

sËäãË® s� {� ¢ ��

sË°�Ë¯ËÓ}ºm {� l� ¢ �

sË�Ë°È k� i� ¢ �

sË�Ë°È �� i� ¢ �

sË²º�«�Ò® {� k� ¢ ��

sÒ}Ò�ÒÓÈ s� s� ¢ �

s©¯}ºmÈ �� j� ¢ ��

�¯ãºm �� s� ¢ �� ��

|°�°ËäÒÓ k� k� ¢ ��

|²º�°}Ò® {� r� ¢ �

�Èmã©} {� ¢ �

�ÈãÈäÈ¯��} r� j� ¢ �

�Èã	�ËmÒ� k� �� ¢ �

�ÈÓºm {� j� ¢ ��

�È�ºÓ r� p� ¢ �

�È�
¹}ÒÓ k� {� ¢ �

�È��ã« l� �� ¢ �

�È�ÒÓ s� k� ¢ �� ��

�ËãË�}º {� s� ¢ ��

�ËÓ�Ë�ºm j� {� ¢ �� ��

�Ë�¯ÒËÓ}º |� j� ¢ �� ��

�Ë�¯ºm v� {� ¢ �

�Ë���}ºm {� �� ¢ �

�Òm�º¯È} {� k� ¢ �

�Òm�º¯È} s� j� ¢ �� �

�Ò°	äËÓÓ©® k� v� ¢ �� ��

�º���ÒÓ°}Ò® k� j� ¢ ��

�º�ºãÈ s� {� ¢ �

�º��«�Ëm {� {� ¢ ��

�ºÏÓ«}ºm {� i� ¢ �

�º}ã«�}Ò® k� �� ¢ �

�ºãÒ��} p� �� ¢ �

�ºãºmË�}Ò® p� {� ¢ �

�� �������



�ºã�²ÒÓ {� {� ¢ �

�ºã�²ÒÓ {ã� {� ¢ �

�ºã�²ÒÓ �� {� ¢ �

�ºã«}ºm v� �� ¢ �� ��

�ºÓºäÈ¯Ëm {� ¢ �

�º¹Òã	 �� v� ¢ �

�º¯Ò�}Ò® �� {� ¢ �

�º°�ºãÈ�Ò® s� j� ¢ �

�¯ÒãÒ¹}º p� k� ¢ ��

�¯Òã��}Ò® {� �� ¢ �� �

�¯Ò��ãÈ v� j� ¢ �

�¯º}ºÁ	Ëm k� v� ¢ �

��°�ºmº®� v� {� ¢ �

�ÈÓ�Ëm k� k� ¢ ��

cºÏË¯� c� ¢ �

cºÏ©Ó}È ��n� ¢ �� �

c��ËÓ}º �� l� ¢ �

c©È}ºm k� k� ¢ ��

c©Îºm c� s� ¢ �� �� ��

c©äÈ¯ v� {� ¢ �� �

c«�Ëm j� k� ¢ �� �� ��

�ÈÈ�È� |�l� ¢ �

vÈËã	ÓÒ}ºm k� n� ¢ ��

vÈmÒ�}Ò® k� l� ¢ �

vÈmÒ�}Ò® {� {� ¢ �

vÈmÒ�}Ò® l� l� ¢ �� �

vÈm�ËÓ}º {� v� ¢ �� �� �

vÈäº���ÒÓÈ �� v� ¢ �

vÈ¹¯©}ÒÓÈ �� �� ¢ ��

vÒ�º¯Ë� {� s� ¢ �

vÒÓËº} k� �� ¢ ��

vÒº¯È k� {� ¢ �

v}º¯ÒÓÈ s� {� ¢ �

v}º°Ó«�ÒÓ �� k� ¢ �

v}º��Ò k� ¢ �

v}�ã	°}Ò® {� �� ¢ �� �� ���

��

vº}ºãºm k� k� ¢ ��

v�¯ÒÎÈ} �� k� ¢ �

v�¯ÒÎÒ�° �� s� ¢ ��

v©°ºËm {� z� ¢ �

�È¯ÈÓËÓ}º v� i� ¢ �

�È¯ÈÓºmÈ �� �� ¢ ��� ��

�È¯È¯©�}ÒÓ j� k� ¢ �� �

�Ò�È¯ËÓ}º {� j� ¢ ��

�}È�ËÓ}º k� s� ¢ ��

�}È��} �� j� ¢ �

�º¹�Ëm i� i� ¢ �

�¯º«Óºm°}Ò® {� w� ¢ �

��¯�ÒÓ �� k� ¢ �� ��

��ºmËÓ}º {� �� ¢ �

�ã	�ÒÓ {� k� ¢ �

�¹©¯	 {� s� ¢ �

�È�ËËÓ}º �� j� ¢ �

nË�º¯��} {� p� ¢ �

nËÁËãºm {� j� ¢ ��

�È¯ãÈäºm l� �� ¢ �

tÈ°}ÒÓ {� �� ¢ �� �� ��

tº¯�Óºm {� n� ¢ �� �� ��

�È¯
} k� z� ¢ ��� ��

¡©�ã	}ÒÓ �� k� ¢ ��

�Ë¯m«}ºmÈ �� {� ¢ �� �

 Ò�È¯Ëm {� {� ¢ ��

 ÒÎ°}È« �� �� ¢ ��

�È¹¯ÈÓ c� {� ¢ ��

bÈ¹ºmÈãºm p� {� ¢ ��

bÈ¯È¹ºm l� �� ¢ �

bmË� {� j� ¢ �

bmË� �� {� ¢ �

bË®}º �� �� ¢ �

bË}ÒÓ v� j� ¢ ��

bËãËÓ}ºm �� l� ¢ �� �� �

bËã«�ÒÓ {� i� ¢ �� �� ��

bÒ�ÈÓºm j� s� ¢ �

bÒãºm v� v� ¢ �

bÒäÈÓºm°}Ò® �� v� ¢ �

bÒ�ºmÈ �� �� ¢ ��

bÒ�}ºmÈ |� {� ¢ �

bãËÓ°}Ò® �� v� ¢ �

bãË¹È}ºm {� s� ¢ �� �� �

bºÓÒÓ {� k� ¢ �

�²ÒäË� �� v� ¢ ��

��ËÓ}º z� k� ¢ �� �Ü�� �

�m�º�ÒÓ j� c� ¢ �� �

Ð¯ºmÒ�©Ó k� {� ¢ �

������� ��




