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&RQWULEXWLRQ RI ZHOGHUV WR WKH *UHDW 9LFWRU\ ������������������������������������������������ �

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

$OHNVHHY *� 0�� 'LOWKH\ 8�� *XPHQ\XN $� 9�� 7XULFKLQ *� $��
/RSRWD 9� $�� 6KLORY 6� 6�� *ULJRU\DQWV $� *�� 6KLJDQRY ,� 1��
0LV\XURY 9� ,�� 0DV\FKHY $� ,�� 6\VRHY 9� .� 3URVSHFWV RI DSSOL�
FDWLRQ RI OLJKW�ODVHU WHFKQRORJLHV ���������������������������������������������������������������� �

<XVKFKHQNR .� $�� 6DYFKHQNR 9� 6�� &KHUY\DNRYD /� 9�� =Y\�
DJLQWVHYD $� 9� ,Q�VHUYLFH KLJK�WHPSHUDWXUH JDV FRUURVLRQ RI WXU�
ELQH EODGHV PDGH IURP QLFNHO DOOR\V ��������������������������������������������������������� ��

6NXOVN\ 9� <X� 0HWDO VWUXFWXUH LQ IXVLRQ ]RQH DQG +$= RI ZHOGHG

MRLQWV PDGH IURP KLJK�FKURPLXP KHDW�UHVLVWDQW VWHHOVY ����������������������������� ��

0DO\L $� %�� %XWHQNR <X� 9�� .KRUXQRY 9� )� :HOGDELOLW\ RI KLJK�
DOOR\ KHDW�KDUGHQHG DOOR\V RQ QLFNHO EDVH �5HYLHZ� ����������������������������������� ��

.X]PLQ 6� 9� .LQHWLFV RI DFFHOHUDWLRQ RI HOHPHQWV RI PXOWL�OD\HU
VWDFNV RI PHWDO SODWHV LQ H[SORVLRQ ZHOGLQJ ����������������������������������������������� ��

/D]HEQRY 3� 3� &RUURVLRQ�HOHFWURFKHPLFDO SURSHUWLHV RI FKUR�
PLXP�QLFNHO GHSRVLWHG PHWDO LQ DONDOL PHGLD �5HYLHZ� ������������������������������� ��

,1'8675,$/

3LVPHQQ\L $� 6�� .LVOLWVLQ 9� 0� $SSOLFDWLRQ RI K\GURJHQ DQG LWV
PL[WXUHV LQ HFRORJLFDOO\ FOHDQ SURFHVVHV RI PHWDO MRLQLQJ �������������������������� ��

/HEHGHY 9� $� 0HFKDQL]HG FXWWLQJ RI PHWDOV XVLQJ D VHPL�DXWR�
PDWLF PDFKLQH 36K���5 �������������������������������������������������������������������������� ��

6DPRWXJLQD <X� 6� 7HFKQRORJLFDO VSHFLILFV RI ORFDO KDUGHQLQJ RI
KLJK�VWUHQJWK FDVW LURQ ����������������������������������������������������������������������������� ��

.DVKLUVN\ <X� 9�� =XEFKHQNR $� 6� ,QIRUPDWLRQ EDQN RQ VWUXF�

WXUDO DQG ZHOGLQJ PDWHULDOV ����������������������������������������������������������������������� ��

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

.LVHOHYVN\ )� 1�� .RO\DGD 9� $� &DOLEUDWLRQ RI WULDQJXODU RSWLFDO
VHQVRUV ���������������������������������������������������������������������������������������������������� ��

/HVQR\ $� %�� .DVDWNLQ 2� *�� =DPNRY 9� 1� ,QIRUPDWLRQ V\VWHP
RQ ZHOGLQJ WLWDQLXP DQG LWV DOOR\V ������������������������������������������������������������� ��

=DNKDURY /� 6�� *DYULN $� 5� (OHFWURGHV IRU PDQXDO DUF ZHOGLQJ
RI KHDW�UHVLVWDQW VWHHOV ZLWK � � &U ���������������������������������������������������������� ��
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7KHVLV IRU VFLHQWLILF GHJUHH ���������������������������������������������������������������������� ��

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

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

1HZ ERRNV ����������������������������������������������������������������������������������������������� ��

1(:6

3URIHVVRU -RKQ 1RUULVK LV WKH ODXUHDWH RI (YJHQLM 3DWRQ 3UL]H RI
WKH ,QWHUQDWLRQDO ,QVWLWXWH RI :HOGLQJ ��������������������������������������������������������� ��

5HJLRQDO 6HPLQDU RI :HOGLQJ 6RFLHW\ RI 8NUDLQH LQ 6LPIHURSRO FLW\ ������������ ��
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'HYHORSHG DW WKH 3:, ������������������������������������������������������������ ��� ��� ��� ��

(',725,$/ %2$5'�

(GLWRU�LQ�&KLHI

%�(�3$721

<X� 6� %RULVRY� 1� 0� 9RURSDL�

9� )� *UDELQ� 9� 1� =DPNRY�

$� 7� =HOQLFKHQNR� $� <D� ,VKFKHQNR�

,� 9� .ULYWVXQ�

6� ,� .XFKXN�<DWVHQNR� <X� 1� /DQNLQ�

9� .� /HEHGHY �YLFH�FKLHI HG���

9� 1� /LSRGDHY �YLFH�FKLHI HG���

/� 0� /REDQRY� $� $� 0D]XU�

9� ,� 0DNKQHQNR� 9� )� 0RVKNLQ�

2� .� 1D]DUHQNR� ,� .� 3RNKRGQ\D�

,� $� 5\DEWVHY�

%� 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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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�
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)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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¥Ë¾ÊÃË¾ÐÃÉÚËÑÜ Â¾ÐÑ x ���ÉÃÐÆÃ ­Ì¿ÃÂÙ Ë¾Â ÁÆÐÉÃÎÌÀÏÈÌÇ ¡ÃÎÊ¾ËÆÃÇ x ÀÊÃÏÐÃ ÏÌ

ÀÏÃÊÆ ÌÐÊÃÕ¾ÃÐ Æ ÊËÌÁÌÊÆÉÉÆÌËËÙÇ ÌÐÎÝÂ ÏÀ¾Î×ÆÈÌÀ ÏÐÎ¾Ë ¯«¡ x ÑÕÃËÙÃ� ÆËÄÃËÃÎÙ�

ÐÃÓËÆÈÆ� Î¾¿ÌÕÆÃ�

»ÉÃÈÐÎÌÏÀ¾ÎÈ¾ x ÀÃÉÆÈÌÃ ÆÅÌ¿ÎÃÐÃËÆÃ x ¿ÙÉ¾ Æ ÌÏÐ¾ÃÐÏÝ ÌÂËÆÊ ÆÅ ÀÃÂÑ×ÆÓ ÏÍÌÏÌ¿ÌÀ

Ì¿Î¾¿ÌÐÈÆ ÊÃÐ¾ÉÉÌÀ� ÈÌÐÌÎÙÇ Ë¾ ÊËÌÁÆÓ ÎÃÖ¾Ü×ÆÓ ÛÐ¾Í¾Ó Ë¾ÖÃÇ ÆÏÐÌÎÆÆ ÌÈ¾ÅÙÀ¾É ÌÁÎÌÊËÌÃ

ÀÉÆÝËÆÃ Ë¾ Î¾ÅÀÆÐÆÃ ÆËÂÑÏÐÎÆÆ� ¨ Ð¾ÈÆÊ ÆÏÐÌÎÆÕÃÏÈÆÊ ÛÐ¾Í¾Ê ÌÐËÌÏÝÐÏÝ Æ ÍÃÎÆÌÂ ÍÎÃÂ�

ÀÌÃËËÙÓ ÍÝÐÆÉÃÐÌÈ� ÈÌÁÂ¾ ¿ÙÏÐÎÙÊÆ ÐÃÊÍ¾ÊÆ ÎÌÏÉ¾ ÛÈÌËÌÊÆÕÃÏÈ¾Ý Æ Ì¿ÌÎÌËË¾Ý ÊÌ×Ú ÁÌ�

ÏÑÂ¾ÎÏÐÀ¾� Æ ÍÃÎÆÌÂ  ÃÉÆÈÌÇ ¬ÐÃÕÃÏÐÀÃËËÌÇ ÀÌÇËÙ� ÈÌÁÂ¾ ÀÏÃ ÏÆÉÙ ¿ÙÉÆ ÌÐÂ¾ËÙ Î¾ÅÁÎÌÊÑ

ÀÎ¾Á¾�

®¾ÅÀÆÐÆÜ ÏÀ¾ÎÌÕËÌÁÌ ÍÎÌÆÅÀÌÂÏÐÀ¾ À ¿ÙÀÖÃÊ ¯¯¯® ÍÌFÐRÝËËR ÑÂÃÉÝÉÌÏÚ ÌÁÎÌÊËÌÃ ÀËÆ�

Ê¾ËÆÃ� ¦ÏÐÌÎÆÕÃÏÈÑÜ ÎÌÉÚ À Î¾ÅÀÆÐÆÆ ÏÀ¾ÎÈÆ À ÁÌÂÙ ÍÃÎÀÙÓ ÍÝÐÆÉÃÐÌÈ ÏÙÁÎ¾ÉÆ ÍÌÏÐ¾ËÌÀÉÃËÆÝ

¯ÌÀÃÐ¾ °ÎÑÂ¾ Æ ¬¿ÌÎÌËÙ ¯¯¯® Ì ÍÎÌÆÅÀÌÂÏÐÀÃ ÏÀ¾ÎÌÕËÌÁÌ Ì¿ÌÎÑÂÌÀ¾ËÆÝ Æ Ê¾ÐÃÎÆ¾ÉÌÀ

������ Æ Î¾ÅÀÆÐÆÆ ÛÉÃÈÐÎÌÏÀ¾ÎÈÆ Æ ¾ÀÐÌÁÃËËÌÁÌ ÂÃÉ¾ ������� £ÏÉÆ À ���� Á� À Ë¾ÖÃÇ ÏÐÎ¾ËÃ

Ë¾ÓÌÂÆÉÌÏÚ À ÛÈÏÍÉÑ¾Ð¾ÔÆÆ ÍÎÆÊÃÎËÌ ���� ÏÀ¾ÎÌÕËÙÓ ÑÏÐ¾ËÌÀÌÈ Æ Ì¿ØÃÊ ÍÎÌÆÅÀÌÂÏÐÀ¾

ÏÀ¾ÎËÙÓ ÈÌËÏÐÎÑÈÔÆÇ ËÃ ÍÎÃÀÙÖ¾É �� ÐÙÏ� Ð� ÐÌ À ���� Á� À ÍÎÌÊÙÖÉÃËËÌÏÐÆ ÂÃÇÏÐÀÌÀ¾ÉÌ

ÑÄÃ ¿ÌÉÃÃ �� ÐÙÏ� ÏÀ¾ÎÌÕËÙÓ ÍÌÏÐÌÀ� ÀÙÍÑÏÈ ÏÀ¾ÎËÙÓ ÆÅÂÃÉÆÇ ÏÌÏÐ¾ÀÉÝÉ ��� ÊÉË Ð� ÕÆÏÉÃËËÌÏÐÚ

ÛÉÃÈÐÎÌ� Æ Á¾ÅÌÏÀ¾Î×ÆÈÌÀ ÂÌÏÐÆÁÉ¾ ÍÌÕÐÆ ��� ÐÙÏ� ÕÃÉÌÀÃÈ�

�ÌÉÚÖÌÇ ÀÈÉ¾Â À Î¾ÅÀÆÐÆÃ ÛÉÃÈÐÎÌÏÀ¾ÎÈÆ Æ ÃÃ ÖÆÎÌÈÌÃ ÍÎÌÊÙÖÉÃËËÌÃ ÍÎÆÊÃËÃËÆÃ À

ÍÎÃÂÀÌÃËËÌÃ ÂÃÏÝÐÆÉÃÐÆÃ ÀËÃÏÉÆ ÆËÄÃËÃÎÙ ÏÀ¾ÎÌÕËÌÁÌ ÍÎÌÆÅÀÌÂÏÐÀ¾� ÍÌÂÁÌÐÌÀÈÑ ÈÌÐÌÎÙÓ

ÀÃÉÆ ¿ÌÉÃÃ ÂÃÏÝÐÆ ÀÙÏÖÆÓ ÑÕÃ¿ËÙÓ Å¾ÀÃÂÃËÆÇ ¯¯¯®� ¦ÏÏÉÃÂÌÀ¾ËÆÝ À Ì¿É¾ÏÐÆ ÏÀ¾ÎÈÆ

ÊÃÐ¾ÉÉÌÀ ÍÎÌÀÌÂÆÉÆÏÚ ÀÌ ÊËÌÁÆÓ ÑÕÃ¿ËÙÓ Å¾ÀÃÂÃËÆÝÓ� Ë¾ÑÕËÌ�ÆÏÏÉÃÂÌÀ¾ÐÃÉÚÏÈÆÓ ÆËÏÐÆÐÑÐ¾Ó

Æ É¾¿ÌÎ¾ÐÌÎÆÝÓ Å¾ÀÌÂÌÀ�

  ¢¾ÉÚËÃÀÌÏÐÌÕËÌÊ ÍÌÉÆÐÃÓËÆÕÃÏÈÌÊ ÆËÏÐÆÐÑÐÃ ÍÌÂ ÎÑÈÌÀÌÂÏÐÀÌÊ  � ­�  ÌÉÌÁÂÆË¾ À

ÂÌÀÌÃËËÙÇ ÍÃÎÆÌÂ ÍÎÌÀÌÂÆÉÆÏÚ ÆÏÏÉÃÂÌÀ¾ËÆÝ ÍÎÌÕËÌÏÐÆ ÏÀ¾ÎËÙÓ ÏÌÃÂÆËÃËÆÇ ÏÌÏÑÂÌÀ Æ

ÊÌÏÐÌÀ�

  ©ÃËÆËÁÎ¾ÂÏÈÌÊ ÛÉÃÈÐÎÌÐÃÓËÆÕÃÏÈÌÊ ÆËÏÐÆÐÑÐÃ ÆÊ�  � ¦� ±ÉÚÝËÌÀ¾ �©ÃËÆË¾� ÍÌÂ ÎÑ�

ÈÌÀÌÂÏÐÀÌÊ �� �� �ÉÃÈÏÃÃÀ¾ ¿ÙÉÆ ÆÅÑÕÃËÙ ÌÏÌ¿ÃËËÌÏÐÆ Î¾¿ÌÐÙ Î¾ÅÉÆÕËÌÁÌ ÏÀ¾ÎÌÕËÌÁÌ

Ì¿ÌÎÑÂÌÀ¾ËÆÝ� ¾ Ë¾ Å¾ÀÌÂÃ �»ÉÃÈÐÎÆÈ� À ���� Á� ¿ÙÉÌ ÌÏÀÌÃËÌ ÍÎÌÆÅÀÌÂÏÐÀÌ ËÌÀÙÓ Ê¾ÖÆË

ÂÉÝ ÈÌËÐ¾ÈÐËÌÇ ÏÀ¾ÎÈÆ� ÏÀ¾ÎÌÕËÙÓ �ÏÐ¾Ó¾ËÌÀÏÈÆÓ� ÐÎ¾ËÏÒÌÎÊ¾ÐÌÎÌÀ ÐÆÍ¾ ¯°»��� Æ ¯°»����

ÁÃËÃÎ¾ÐÌÎÌÀ ÐÆÍ¾ ¯ª¡� ¾ÀÐÌÊ¾ÐÌÀ �¡»���

  ª °± ÆÊ� «� »� �¾ÑÊ¾Ë¾ ÍÌÂ ÎÑÈÌÀÌÂÏÐÀÌÊ  � ­� «ÆÈÆÐÆË¾� ¨� ¨� ³ÎÃËÌÀ¾� ¡� ��

«ÆÈÌÉ¾ÃÀ¾ Æ «� «� ®ÙÈ¾ÉÆË¾ ÍÎÌÀÌÂÆÉÆÏÚ ÆÏÏÉÃÂÌÀ¾ËÆÝ Ï ÔÃÉÚÜ Î¾ÅÎ¾¿ÌÐÈÆ ËÌÀÙÓ Ì¿Î¾ÅÔÌÀ

ÏÀ¾ÎÌÕËÌÁÌ Ì¿ÌÎÑÂÌÀ¾ËÆÝ Æ Ê¾ÐÃÎÆ¾ÉÌÀ� ÊÃÐÌÂÌÀ ÌÍÎÃÂÃÉÃËÆÝ Ë¾ÍÎÝÄÃËÆÇ Æ ÂÃÒÌÎÊ¾ÔÆÇ

Æ Î¾ÏÕÃÐ¾ ÏÉÌÄËÙÓ ÏÀ¾ÎËÙÓ ÈÌËÏÐÎÑÈÔÆÇ� ÊÃÐÌÂÌÀ Î¾ÏÕÃÐ¾ ÐÃÍÉÌÀÙÓ ÍÎÌÔÃÏÏÌÀ ÍÎÆ ÏÀ¾ÎÈÃ�

¥Ë¾ÕÆÐÃÉÚËÙÇ Ì¿ØÃÊ ÆÏÏÉÃÂÌÀ¾ÐÃÉÚÏÈÆÓ Î¾¿ÌÐ ÍÌ Î¾ÏÕÃÐÑ Æ ÍÎÌÃÈÐÆÎÌÀ¾ËÆÜ ÈÎÑÍËÙÓ

ÏÀ¾ÎËÙÓ ÈÌËÏÐÎÑÈÔÆÇ ¿ÙÉ ÀÙÍÌÉËÃË À ÂÌÀÌÃËËÙÃ ÁÌÂÙ À ©ÃËÆËÁÎ¾ÂÏÈÌÊ ÍÌÉÆÐÃÓËÆÕÃÏÈÌÊ

ÆËÏÐÆÐÑÐÃ ÍÌÂ ÎÑÈÌÀÌÂÏÐÀÌÊ «� ¬� ¬ÈÃÎ¿ÉÌÊ¾ Æ À ´«¦¦ÍÎÌÃÈÐÏÐ¾ÉÚÈÌËÏÐÎÑÈÔÆÆ �ªÌÏÈÀ¾�

ÍÌÂ ÎÑÈÌÀÌÂÏÐÀÌÊ «� ­� ªÃÉÚËÆÈÌÀ¾�

¦ÏÏÉÃÂÌÀ¾ËÆÝ ÊÃÐ¾ÉÉÑÎÁÆÕÃÏÈÆÓ ÍÎÌÔÃÏÏÌÀ Æ Î¾ÅÎ¾¿ÌÐÈ¾ ËÌÀÙÓ ÛÉÃÈÐÎÌÂÌÀ ÂÉÝ ÏÀ¾ÎÈÆ

Î¾ÅÉÆÕËÙÓ Ê¾ÐÃÎÆ¾ÉÌÀ� ¾ Ð¾ÈÄÃ ÐÃÓËÌÉÌÁÆÆ Æ Ì¿ÌÎÑÂÌÀ¾ËÆÝ ÂÉÝ ¾ÀÐÌÊ¾ÐÆÕÃÏÈÌÇ ÏÀ¾ÎÈÆ

ÌÏÑ×ÃÏÐÀÉÝÉÆÏÚ À ÌÐÂÃÉÃ ÏÀ¾ÎÈÆ ´«¦¦°Ê¾Ö ÍÌÂ ÎÑÈÌÀÌÂÏÐÀÌÊ ¨�  � ©Ü¿¾ÀÏÈÌÁÌ� �� ��

£ÎÌÓÆË¾� �� ¯� ¡ÃÉÚÊ¾Ë¾ Æ ÂÎ� ®¾ÅÎ¾¿ÌÐ¾ËËÙÃ À ���� Á� À ´«¦¦°Ê¾Ö ÏÀ¾ÎÌÕËÙÃ ÛÉÃÈÐÎÌÂÙ

ÐÆÍ¾ ¬ªª�� Ï ÆÉÚÊÃËÆÐÌÀÙÊ ÍÌÈÎÙÐÆÃÊ Ë¾ ÍÎÌÐÝÄÃËÆÆ ¿ÌÉÃÃ �� ÉÃÐ ÖÆÎÌÈÌ ÍÎÆÊÃËÝÉÆÏÚ

ÍÎÆ ÎÑÕËÌÇ ÏÀ¾ÎÈÃ ËÆÅÈÌÑÁÉÃÎÌÂÆÏÐÙÓ ÏÐ¾ÉÃÇ�

¦ÏÈÉÜÕÆÐÃÉÚËÌ À¾ÄËÌÃ ÅË¾ÕÃËÆÃ ÂÉÝ ÌÏÀÌÃËÆÝ ÐÃÓËÌÉÌÁÆÆ ÎÑÕËÌÇ ÂÑÁÌÀÌÇ ÏÀ¾ÎÈÆ ÌÐ�

ÀÃÐÏÐÀÃËËÙÓ ÈÌËÏÐÎÑÈÔÆÇ ÆÅ ÉÃÁÆÎÌÀ¾ËËÙÓ ÏÐ¾ÉÃÇ ÆÊÃÉÌ ÏÌÅÂ¾ËÆÃ À ���� Á� ¨�  � ­ÃÐÎ¾ËÃÊ

ÛÉÃÈÐÎÌÂÌÀ ÏÃÎÆÆ ±¬«¦��� Ï ÌÏËÌÀËÙÊ �ÒÐÌÎÆÏÐÌÈ¾ÉÚÔÆÃÀÙÊ� ÍÌÈÎÙÐÆÃÊ� ÈÌÐÌÎÙÃ ÖÆÎÌÈÌ

ÍÎÆÊÃËÝÉÆÏÚ À ÁÌÂÙ ÀÌÇËÙ Æ ÆÏÍÌÉÚÅÑÜÐÏÝ ÀÍÉÌÐÚ ÂÌ Ë¾ÏÐÌÝ×ÃÁÌ ÀÎÃÊÃËÆ�

¦ÏÏÉÃÂÌÀ¾ËÆÝ À Ì¿É¾ÏÐÆ ÍÎÌÕËÌÏÐÆ ÏÀ¾ÎËÙÓ ÈÌËÏÐÎÑÈÔÆÇ� ÊÃÐ¾ÉÉÑÎÁÆÆ Æ ÊÃÐ¾ÉÉÌÀÃÂÃËÆÝ

ÏÀ¾ÎÈÆ� ÏÀÌÇÏÐÀ ÛÉÃÈÐÎÆÕÃÏÈÌÇ ÂÑÁÆ� ÊÃÓ¾ËÆÅ¾ÔÆÆ Æ ¾ÀÐÌÊ¾ÐÆÅ¾ÔÆÆ ÂÑÁÌÀÌÇ ÏÀ¾ÎÈÆ ÍÎÌ�

ÀÌÂÆÉÆÏÚ À ÂÌÀÌÃËËÙÃ ÁÌÂÙ À ¦ËÏÐÆÐÑÐÃ ÛÉÃÈÐÎÌÏÀ¾ÎÈÆ ÍÌÂ ÎÑÈÌÀÌÂÏÐÀÌÊ £� ¬� ­¾ÐÌË¾�

�ÙÉ ÏÌÅÂ¾Ë ÌÐÃÕÃÏÐÀÃËËÙÇ ÏÍÌÏÌ¿ ¾ÀÐÌÊ¾ÐÆÕÃÏÈÌÇ ÏÈÌÎÌÏÐËÌÇ ÏÀ¾ÎÈÆ ÍÌÂ ÒÉÜÏÌÊ ÏÐ¾ÉÃÇ�

Î¾ÅÎ¾¿ÌÐ¾Ë ÏÀ¾ÎÌÕËÙÇ ÒÉÜÏ �«�� ÂÉÝ ÏÈÌÎÌÏÐËÌÇ ÏÀ¾ÎÈÆ Æ ÌÏÀÌÃËÌ ÃÁÌ ÍÎÌÊÙÖÉÃËËÌÃ

¨ ���ÉÃÐÆÜ ­Ì¿ÃÂÙ À  ÃÉÆÈÌÇ ¬ÐÃÕÃÏÐÀÃËËÌÇ ÀÌÇËÃ

������ �



ÍÎÌÆÅÀÌÂÏÐÀÌ�   ÎÃÅÑÉÚÐ¾ÐÃ Ë¾È¾ËÑËÃ  ÃÉÆÈÌÇ ¬ÐÃÕÃÏÐÀÃËËÌÇ ÀÌÇËÙ ¯¯¯® ÑÄÃ Ì¿É¾Â¾É

ÂÌÏÐ¾ÐÌÕËÌ ÊÌ×ËÙÊ Ë¾ÑÕËÙÊ Æ ÐÃÓËÆÕÃÏÈÆÊ ÍÌÐÃËÔÆ¾ÉÌÊ À Ì¿É¾ÏÐÆ ÏÀ¾ÎÈÆ�

  ÍÃÎÀÙÃ ÊÃÏÝÔÙ ÀÌÇËÙ ÍÌ ÆËÆÔÆ¾ÐÆÀÃ £� ¬� ­¾ÐÌË¾ ¦ËÏÐÆÐÑÐ ÛÉÃÈÐÎÌÏÀ¾ÎÈÆ �« ±¯¯®

¿ÙÉ ÛÀ¾ÈÑÆÎÌÀ¾Ë Ë¾ ±Î¾É� ÁÂÃ ÍÎÆÏÐÑÍÆÉ È Î¾ÅÎ¾¿ÌÐÈÃ ÐÃÓËÌÉÌÁÆÆ ¾ÀÐÌÊ¾ÐÆÕÃÏÈÌÇ ÏÀ¾ÎÈÆ

ÍÌÂ ÒÉÜÏÌÊ ¿ÎÌËÃÀÙÓ Æ ÂÎÑÁÆÓ ÏÍÃÔÆ¾ÉÚËÙÓ ÏÐ¾ÉÃÇ ÂÉÝ Ð¾ËÈÌÀÙÓ ÈÌÎÍÑÏÌÀ� ¾ÎÐÆÉÉÃÎÆÇÏÈÌÁÌ

ÀÌÌÎÑÄÃËÆÝ� ¾ÀÆ¾ÔÆÌËËÙÓ ¿ÌÊ¿ Æ ÂÎÑÁÌÇ ÐÃÓËÆÈÆ Æ ¿ÌÃÍÎÆÍ¾ÏÌÀ� ¨ Ë¾Õ¾ÉÑ ���� Á� ¿ÙÉ¾

Î¾ÅÎ¾¿ÌÐ¾Ë¾ ÐÃÓËÌÉÌÁÆÝ Æ ÀÀÃÂÃËÙ À ÛÈÏÍÉÑ¾Ð¾ÔÆÜ ÍÃÎÀÙÃ ÂÃÀÝÐÚ ¾ÀÐÌÊ¾ÐÆÕÃÏÈÆÓ ÑÏÐ¾ËÌÀÌÈ

ÂÉÝ ÏÀ¾ÎÈÆ ÌÐÂÃÉÚËÙÓ ÑÅÉÌÀ Ð¾ËÈÌÀ� ¾ Ð¾ÈÄÃ ËÃÏÈÌÉÚÈÌ ÑÏÐ¾ËÌÀÌÈ ÂÉÝ ÏÀ¾ÎÈÆ ÈÌÎÍÑÏÌÀ

¿ÌÊ¿� ¬ÏÌ¿ÑÜ ÎÌÉÚ À ÑÀÃÉÆÕÃËÆÆ ÀÙÍÑÏÈ¾ ¿ÌÃÀÌÇ ÐÃÓËÆÈÆ� ËÃÌ¿ÓÌÂÆÊÌÇ ÒÎÌËÐÑ� ÏÙÁÎ¾É¾

¾ÀÐÌÊ¾ÐÆÕÃÏÈ¾Ý ÏÀ¾ÎÈ¾ ÍÌÂ ÒÉÜÏÌÊ� ¬ÂÆË ÏÀ¾Î×ÆÈ ËÃÀÙÏÌÈÌÇ ÈÀ¾ÉÆÒÆÈ¾ÔÆÆ Ë¾ ¾ÀÐÌÊ¾ÐÆÕÃÏÈÌÇ

ÑÏÐ¾ËÌÀÈÃ ÀÙÍÌÉËÝÉ Ð¾ÈÌÇ ÄÃ Ì¿ØÃÊ Î¾¿ÌÐÙ Å¾ ÏÊÃËÑ� È¾È ÂÃÏÝÐÚ ÀÙÏÌÈÌÈÀ¾ÉÆÒÆÔÆÎÌÀ¾ËËÙÓ

ÏÀ¾Î×ÆÈÌÀ� ÍÎÆÊÃËÝÀÖÆÓ ÎÑÕËÑÜ ÏÀ¾ÎÈÑ�   ÑÏÉÌÀÆÝÓ ÂÃÒÆÔÆÐ¾ ÐÎÑÂÌÀÙÓ ÎÃÏÑÎÏÌÀ À ÀÌÃËËÌÃ

ÀÎÃÊÝ� ÈÌÁÂ¾ ÐÙÏÝÕÆ ÏÀ¾Î×ÆÈÌÀ Ï ÌÎÑÄÆÃÊ À ÎÑÈ¾Ó Å¾×Æ×¾ÉÆ ®ÌÂÆËÑ� ÛÐÌ ¿ÙÉ ÁÉ¾ÀËÙÇ ÍÑÐÚ

È ÑÀÃÉÆÕÃËÆÜ ÀÙÍÑÏÈ¾ ÀÌÌÎÑÄÃËÆÝ� ¿ÌÃÍÎÆÍ¾ÏÌÀ� Î¾ÅÉÆÕËÌÇ ÀÌÃËËÌÇ ÐÃÓËÆÈÆ�   ���� Á� Ë¾

¿¾ÅÌÀÌÊ Ð¾ËÈÌÀÌÊ Å¾ÀÌÂÃ ÑÄÃ Î¾¿ÌÐ¾É¾ ÍÌÐÌÕË¾Ý ÉÆËÆÝ ÍÌ Ï¿ÌÎÈÃ Æ ÏÀ¾ÎÈÃ ¿ÎÌËÃÈÌÎÍÑÏÌÀ

Ð¾ËÈÌÀ °���� ÀÈÉÜÕ¾Ü×¾Ý �� ÑÏÐ¾ËÌÀÌÈ ÂÉÝ ¾ÀÐÌÊ¾ÐÆÕÃÏÈÌÇ ÏÀ¾ÎÈÆ� ¾ ÀÏÃÁÌ Ë¾ Î¾ÅÉÆÕËÙÓ

Å¾ÀÌÂ¾Ó Ì¿ÌÎÌËËÌÇ ÍÎÌÊÙÖÉÃËËÌÏÐÆ Î¾¿ÌÐ¾ÉÌ ¿ÌÉÃÃ �� Ð¾ÈÆÓ ÑÏÐ¾ËÌÀÌÈ� ¦ÅÀÃÏÐËÌ� ÕÐÌ È
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ÓÒ}È� mÒ� }º�º¯º�º� }È} �}ÈÏÈÓº m©�Ë� º¹¯Ë�Ëã«ãÒ
ÏÓÈ�ËÓÒËä ¹ãº�Óº°�Ò äº�Óº°�Ò ãÈÏË¯Óº�º ÒÏã��Ë�
ÓÒ«�

sÈ®�ËÓÓºË ¹ºmË¯²Óº°�ÓºË ¯È°¹¯Ë�ËãËÓÒË �Ëä�
¹Ë¯È��¯© Ò �Ë¹ãºmº�º ¹º�º}È ¹ºÏmºãÒãº ¹Ë¯Ë®�Ò
} ¯Ë�ËÓÒ
 �Ë¹ãºmº® ÏÈ�È�Ò Ò º¹¯Ë�ËãËÓÒ
 �ã��
­ÒÓ© ¹¯º¹ãÈmãËÓÒ«� iã« ª�Ò² �ËãË® �¯ÈmÓËÓÒË
�Ë¹ãº¹¯ºmº�Óº°�Ò� ÏÈ¹Ò°ÈÓÓºË m ¹º�mÒÎÓº® °Ò°�
�ËäË }ºº¯�ÒÓÈ�� ¹Ë¯ËäË�È
�Ë®°« mäË°�Ë ° ãÈÏË¯�
Ó©ä ã��ºä� ¯Ë�ÈãÒ ¹º «mÓº® °²ËäË ÓÈ �¯Ë²äË¯Óº®
È�È¹�ÒmÓº® °Ë�}Ë� �È� }º�º¯º® m ÓÈ¹¯ÈmãËÓÒÒ º°Ò
= �Óº¯äÈãÒ } ¹ºmË¯²Óº°�Ò ÒÏ�ËãÒ«� º¹¯Ë�Ëã«ãÒ
ÓÈ º°ÓºmË ¹¯Ë�mÈ¯Ò�Ëã	Óº�º ÈÓÈãÒ�Ò�Ë°}º�º ¯Ë�Ë�
ÓÒ« ÏÈ�È�Ò º ÓÈ�¯ËmË äÈ�Ë¯ÒÈãÈ °ºº�mË�°�m�
�Òä
¹º äº�Óº°�Ò �º�Ë�Ó©ä Ò°�º�ÓÒ}ºä ° �Ëä �°ãºmÒËä�
��º­© ÓÈ �ã�­ÒÓË °mÈ¯º�Óº® mÈÓÓ© ¹ºäË°�Òãº°	
ÓË äËÓËË �� «�ËË} °Ë�}Ò� sÈ �¯ÈÓÒ�È² °Ë�}Ò ¹º�
ã��ËÓÓ©Ë �Ò°ãËÓÓ©Ë ¯Ë�ËÓÒ« ½°�ÒmÈãÒ°	� ° ÈÓÈ�
ãÒ�Ò�Ë°}ÒäÒ ¯Ë�ËÓÒ«äÒ ÏÈ�È�Ò º ¯È°¹¯º°�¯ÈÓËÓÒÒ
�Ë¹ãÈ º� ¯È°¹¯Ë�ËãËÓÓº�º �Ë¹ãºmº�º Ò°�º�ÓÒ}È� �°�
ãºmÒ«äÒ ½°�Òm}Ò� m©­¯ÈÓ© ÓË¹¯Ë¯©mÓº°�	 �Ëä¹Ë�
¯È��¯© Ò ËË ¹¯º°�¯ÈÓ°�mËÓÓ©² ¹¯ºÒÏmº�Ó©²� j°�
¹ºã	ÏºmÈÓÒË ÈÓÈãÒ�Ò�Ë°}Ò² ¯Ë�ËÓÒ® �ã« º­ãÈ°�Ë®�
��ÈãËÓÓ©² º� �Ë¹ãºmº�º Ò°�º�ÓÒ}È� ¹ºÏmºãÒãº ��Ë°�	
}ºÓ°�¯�}�ÒmÓºË ºÁº¯äãËÓÒË °mÈ¯Óº�º °ºË�ÒÓËÓÒ«
¹��Ëä mmË�ËÓÒ« ½ªÁÁË}�ÒmÓ©²� º�¯ÈÎËÓÓ©² Ò°�
�º�ÓÒ}ºm� º­Ë°¹Ë�ÒmÈ
�Ò² È�ÒÈ­È�Ò�Óº°�	 ¹ºmË¯�
²Óº°�Ë® ÒÏ�ËãÒ«�

|¹Ò°ÈÓÓ©® Èã�º¯Ò�ä ¯ËÈãÒÏºmÈÓ m mÒ�Ë 3&�º¯Ò�
ËÓ�Ò¯ºmÈÓÓº® ¹¯º�¯Èää© ÓÈ «Ï©}Ë 3DVFDO m °Ò°�ËäË
mÒÏ�Èã	Óº�º ¹¯º�¯ÈääÒ¯ºmÈÓÒ« '(/3+< � Ò º¹�
�ÒäÒÏÒ¯ºmÈÓ ¹º ­©°�¯º�Ë®°�mÒ
 Ò ¯ÈÏäË¯� ÏÈÓÒ�
äÈËäº® ¹Èä«�Ò� |Ó º­Ë°¹Ë�ÒmÈË� m¯Ëä« äº�ËãÒ�
¯ºmÈÓÒ« º�Óº�º ¯ËÎÒäÈ °mÈ¯}Ò� ÓË ¹¯Ëm©�È
�ËË
ÓË°}ºã	}Ò² äÒÓ�� ¹¯Ò Ò°¹ºã	ÏºmÈÓÒÒ °ºm¯ËäËÓÓ©²
¹Ë¯°ºÓÈã	Ó©² }ºä¹	
�Ë¯ºm� �º�}ã
�ËÓÓ©Ë } °Ò°�
�ËäË �ÒÈãº�ºm©® ÒÓ�Ë¯ÁË®° Ò ­ÈÓ}Ò �ÈÓÓ©² ¹º
°mº®°�mÈä äÈ�Ë¯ÒÈãºm Ò ¹È¯ÈäË�¯Èä �Ë²Óºãº�Ò�Ë°�
}º�º º­º¯��ºmÈÓÒ« ¹ºÏmºã«
� ¹¯º�ÓºÏÒ¯ºmÈ�	 ¯ÈÏ�
äË¯© Ò Áº¯ä� °mÈ¯º�Óº® mÈÓÓ©� ¯È°°�Ò�©mÈ�	 �Ë¯�
äÒ�Ë°}ÒË �Ò}ã© ã
­©² �º�Ë} �mÈ Ò º}ºãº�ºmÓº®
ÏºÓ©� ¹º�­Ò¯È�	 ¹È¯ÈäË�¯© ãÈÏË¯È� °mË�ºmº�º ÒÏ�
ã��È�Ëã« Ò Ò² mÏÈÒäÓºË ¯È°¹ºãºÎËÓÒË� j°¹ºã	�
ÏºmÈÓÓÈ« ¯È°�Ë�ÓÈ« °²ËäÈ ¹ºÏmºã«Ë� �È¯ÈÓ�Ò¯ºmÈ�	
�º�Óº°�	 ¯È°�Ë�ºm m ¹¯Ë�ËãÈ² �…� � º�Óº°Ò�Ëã	�
Óº® º�Ò­}Ò�

|­ãÈ°�Ò mºÏäºÎÓº�º Ò°¹ºã	ÏºmÈÓÒ« °mË�ºãÈ�
ÏË¯Óº�º º­º¯��ºmÈÓÒ« Ò �Ë²Óºãº�Ò®� {ÈÎÓ©ä
¹º}ÈÏÈ�ËãËä °ºÏ�ÈmÈËäº�º º­º¯��ºmÈÓÒ« «mã«Ë�°«
mºÏäºÎÓº°�	 ¹¯º�¯ÈääÒ¯ºmÈÓÒ« �Ëä¹Ë¯È��¯© m
�º�}Ë º­¯È­º�}Ò ÓÈ ÒÏ�ËãÒÒ ¹º ÏÈ�ÈÓÓºä� º¹�Ò�
äÈã	Óºä� �Ë¯äÒ�Ë°}ºä� �Ò}ã� >�Ü�@ ¹¯Ò °mÈ¯}Ë
m°�©} �ºÓ}ºãÒ°�ºm©² äÈ�Ë¯ÒÈãºm ¹º �¯Ë²}ºº¯�Ò�
ÓÈ�Óº® �º­�ËäÓº®� �¯ÈË}�º¯ÒÒ �mÈ� sÈ¹¯ÒäË¯�
¹¯º�¯ÈääÈ °ºÏ�ÈÓÒ« �ã	�¯ÈãË�}º�º °�Èã	Óº�º Èm�
�ºäº­Òã	Óº�º }�ÏºmÈ 8/6$% �8OWUDOLJKW 6WHHO $XWR
%RG\� ¹¯Ë�ãÈ�ÈË� Ò°¹ºã	ÏºmÈ�	 ÏÈ}ÈãÒmÈ
�ÒË°«
m©°º}º¹¯º�Ó©Ë Ò °mË¯²¹¯º�Ó©Ë °�ÈãÒ� ��º ¹ºÏ�
mºã«Ë� �äËÓ	�Ò�	 äÈ°°� �Ë�ÈãË® }�ÏºmÈ �º �� ��
�¯Ò ª�ºä �ÈÓÓ©Ë °�ÈãÒ ²º¯º�º ¹¯º�Òmº°�º«� ��È¯�

� ������



Ó©ä ÓÈ�¯�Ï}Èä Ò ÒäË
� m©°º}ÒË ª}°¹ã�È�È�ÒºÓÓ©Ë
}È�Ë°�mÈ� iã« °mÈ¯}Ò �Ë�ÈãË® }�ÏºmÈ ¹º ¹¯º�¯ÈääË
8/6$% ¯Ë}ºäËÓ�ºmÈÓÈ �v� �º°ãË�Ó««� ��Ò�©mÈ«
ÎË°�}º°�	 �Ë¯äÒ�Ë°}º�º �Ò}ãÈ� ¹¯Òmº�Ò� } º­¯ÈÏº�
mÈÓÒ
 m °mÈ¯Óºä °ºË�ÒÓËÓÒÒ ÏÈ}Èãº�Ó©² °�¯�}��¯�

�Ë¯äÒ�Ë°}ÒË °mÈ¯º�Ó©Ë �Ò}ã© º}ÈÏ©mÈ
� ÏÓÈ�
�Ò�Ëã	ÓºË mãÒ«ÓÒË ÓÈ °mÈ¯ÒmÈËäº°�	 äË�Èããºm�
�äËÓ	�ËÓÒË ÎË°�}º°�Ò �Ë¯äÒ�Ë°}º�º �Ò}ãÈ� }º�
�º¯ºË m º¹¯Ë�ËãËÓÓ©² °ã��È«² äºÎË� ­ãÈ�º¹¯Ò«�Óº
°}ÈÏ©mÈ�	°« ÓÈ °mÈ¯ÒmÈËäº°�Ò� äºÎË� ­©�	 ¯ËÈ�
ãÒÏºmÈÓº º�Óºm¯ËäËÓÓ©ä ÓÈãºÎËÓÒËä �Ë¯äÒ�Ë°}º�
�º �Ò}ãÈ �v Ò äËÓËË ÎË°�}Ò² �Ë¯äÒ�Ë°}Ò² �Ò}ãºm
°mË�ºã��Ëmº® º­¯È­º�}Ò >�Ü��@� Ò°¹ºã	Ï�« Ò² m
¯ËÎÒäË ¹¯Ë�mÈ¯Ò�Ëã	Óº�º� °º¹��°�m�
�Ë�º Ò ¹º°�
ãË��
�Ë�º ¹º�º�¯ËmÈ ¹º ÏÈ�ÈÓÓºä� ¹¯º�¯ÈääÒ¯��
Ëäºä� �Ë¯äÒ�Ë°}ºä� �Ò}ã� �ã« ¹ºã��ËÓÒ« m ¯Ë�
Èã	Óºä äÈ°��È­Ë m¯ËäËÓÒ º¹�ÒäÈã	Óº® °�¯�}��¯©
äË�ÈããÈ m °mÈ¯Óºä °ºË�ÒÓËÓÒÒ�

�¯º�¯ÈääÈ 8/6${ ¯ÈÏ¯È­º�ÈÓÈ ÈäË¯Ò}ÈÓ°}ÒäÒ
Ò Ëm¯º¹Ë®°}ÒäÒ mË���ÒäÒ Èm�ºäº­Òã	Ó©äÒ ÁÒ¯�
äÈäÒ� ¹¯ºÒÏmº�Ò�Ëã«äÒ °�ÈãÒ Ò ÓÈ��Ó©äÒ º¯�È�
ÓÒÏÈ�Ò«äÒ Ò ÓÈ¹¯ÈmãËÓÈ ÓÈ �ËäºÓ°�¯È�Ò
 ªÁÁË}�
�ÒmÓº�º Ò°¹ºã	ÏºmÈÓÒ« °�ÈãÒ m ¹¯ºÒÏmº�°�mË Èm�
�ºäº­ÒãË® ° °��Ë°�mËÓÓº °ÓÒÎËÓÓº® äÈ°°º®�

vmË�ºãÈÏË¯ÓÈ« º­¯È­º�}È ÓÈ²º�Ò� �Ò¯º}ºË ¹¯Ò�
äËÓËÓÒË ¹¯Ò ÓÈ¹ãÈm}Ë äË�ÈããÒ�Ë°}Ò² ¹º¯º�}ºm
°º °¹Ë�ÒÈã	Ó©äÒ °mº®°�mÈäÒ �'0'�¹¯º�Ë°°�� È
�È}ÎË �ã« ¹ºm©�ËÓÒ« ÒÏÓº°º°�º®}º°�Ò ­©°�¯ºÒÏ�
ÓÈ�ÒmÈËä©² ¹ºmË¯²Óº°�Ë® �Ë�ÈãË® ÓËÁ�Ë� Ò �È�
Ïº�º­©mÈ
�Ò² ­�¯ºm©² �°�ÈÓºmº}� ÓÈ¹¯ÒäË¯� ÓÒ¹�
¹ËãË® ­�¯ºmº�º ¯È®­Ë¯È� sÒ¹¹ËãÒ ° ¹º}¯©�ÒËä
°ã�ÎÈ� �ã« °ºË�ÒÓËÓÒ« °Ë¯mÒ°Ó©² �¯�­º¹¯ºmº�ºm
�°�ÈÓºmº} �ã�­º}ºmº�Óº�º ­�¯ËÓÒ«� {©°º}ºÒÓ�ËÓ�
°ÒmÓ©Ë °¹º°º­© º­¯È­º�}Ò }º�Ë¯ËÓ�Ó©ä ÒÏã��Ë�
ÓÒËä� ¹ºÏmºã«
�ÒË ¹ºã��È�	 m©°º}º}È�Ë°�mËÓÓ©Ë
ÒÏ�ËãÒ« ¹¯Ò °mÈ¯}Ë� ÓÈ¹ãÈm}Ë� �Ë¯äºº­¯È­º�}Ë Ò
�� ��� �º°�È�º�Óº ¹Ë¯°¹Ë}�ÒmÓ© ¹¯Ò ÒÏ�º�ºmãËÓÒÒ
ÈmÒÈ}º°äÒ�Ë°}Ò² ÒÏ�ËãÒ®� ��Ë m©°º}ºË }È�Ë°�mº
�ºãÎÓº ­©�	 �È¯ÈÓ�Ò¯ºmÈÓº� {äË°�Ë ° �Ëä ¹ºã��
�ËÓÒË �È¯ÈÓ�Ò¯ºmÈÓÓº m©°º}º�º }È�Ë°�mÈ ÒÏ�ËãÒ®
° ¹ºm©�ËÓÓ©äÒ ª}°¹ã�È�È�ÒºÓÓ©äÒ °mº®°�mÈäÒ
�¯Ë­�Ë� ¹¯ÒäËÓËÓÒ« äÈ�Ë¯ÒÈãºm ° º°º­©äÒ °mº®°�
�mÈäÒ �}ºä¹ºÏÒ�ÒºÓÓ©²� m©°º}º¹¯º�Ó©²� m©°º}º�
ãË�Ò¯ºmÈÓÓ©² Ò �� ¹��� �¯Ò °mÈ¯}Ë� ÓÈ¹ãÈm}Ë Ò
�Ë¯äºº­¯È­º�}Ë ª�Ò² äÈ�Ë¯ÒÈãºm °ÓÒÎÈË�°« ¯Ë°�¯°
Ò² �Ë²Óºãº�Ò�Ë°}º® ¹¯º�Óº°�Ò �°¹º°º­Óº°�	 } ¯Ë�
ãÈ}°È�ÒÒ ÓÈ¹¯«ÎËÓÒ®� °º¹¯º�Òmã«Ëäº°�	 º­¯ÈÏº�
mÈÓÒ
 �¯Ë�ÒÓ m °mÈ¯Ó©² °ºË�ÒÓËÓÒ«² Ò �� ����
��º �¯Ë­�Ë� Ò°¹ºã	ÏºmÈÓÒ« ¹¯º�¯ÈääÒ¯�Ëä©² º¹�
�ÒäÈã	Ó©² �Ë¯äÒ�Ë°}Ò² �Ò}ãºm m ÏºÓË º­¯È­º�}Ò�
sÈ¹¯ÒäË¯� ¹¯º�Ë°° ¹º¯ºº­¯ÈÏºmÈÓÒ« ¹¯Ò °mÈ¯}Ë
Èã
äÒÓÒËm©² °¹ãÈmºm º�Óº°Ò�°« } °ãºÎÓ©ä ÁÒ�
ÏÒ}º�²ÒäÒ�Ë°}Òä «mãËÓÒ«ä Ò Ë�º ¯ÈÏmÒ�ÒË º­�°�
ãºmãËÓº ÓË �ºã	}º °mº®°�mÈäÒ Ò°²º�Óº�º äË�ÈããÈ�
Óº Ò ¹È¯ÈäË�¯ÈäÒ °mÈ¯}Ò >�@� |�Óº® ÒÏ º°ÓºmÓ©²
¹¯Ò�ÒÓ ¹º¯ºº­¯ÈÏºmÈÓÒ« ¹¯Ò °mÈ¯}Ë Èã
äÒÓÒ« Ò
Ë�º °¹ãÈmºm «mã«Ë�°« mº�º¯º�� ¹º¹È�È
�Ò® m äË�
�Èãã °mÈ¯º�Óº® mÈÓÓ© ÒÏ º°ÓºmÓº�º Ò ¹¯Ò°È�º�Óº�º
äË�ÈããÈ� jÏ�ÏÈ m©°º}º�º °¯º�°�mÈ ¯È°¹ãÈmãËÓÓº�º
äË�ÈããÈ } mº�º¯º�� Ò ¹È�ËÓÒ« ¯È°�mº¯Òäº°�Ò� }º�
�º¯ºË ÓÈ­ã
�ÈË�°« mº m¯Ëä« }¯Ò°�ÈããÒÏÈ�ÒÒ Èã
�
äÒÓÒ«� ÓËº­²º�Òäº ¹¯ÒÓ«�	 äË¯© ¹º ¹¯Ë�º�m¯È�
�ËÓÒ
 ã
­º�º ¹¯Ò�º}È mº�º¯º�È m ÏºÓ� �mÈ� cÈ°�
¹ãÈmãËÓÓ©® Èã
äÒÓÒËm©® °¹ãÈm ¹¯Ò �Ëä¹Ë¯È��¯Ë

��� Åv äºÎË� ¯È°�mº¯Ò�	 º}ºãº ��� °ä����� � mº�
�º¯º�È� È ¹¯Ò ��� Åv� }È} �ºã	}º ºÓ }¯Ò°�ÈããÒ�
ÏºmÈã°«� Û �ºã	}º ������ |�ãÒ�Ò�Ëã	Óº® �Ë¯�º®
�v «mã«Ë�°« ÓÒÏ}È« ¹º�ºÓÓÈ« ªÓË¯�Ò«� ¹ºª�ºä�
�ã« º­¯È�Óº® �ÒÁÁ�ÏÒÒ mº�º¯º�È º°�ÈË�°« º�ËÓ	
äÈãº m¯ËäËÓÒ� ��º ¹¯Òmº�Ò� } º­¯ÈÏºmÈÓÒ
 mº�
�º¯º�Ó©² ¹º¯� { �º ÎË m¯Ëä« ° ¹ºäº�	
 °¹º°º­ºm
°mÈ¯}Ò� m }º�º¯©² ¹º�ºÓÓÈ« ªÓË¯�Ò« m©�Ë� °mÈ�
¯º�ÓÈ« mÈÓÓÈ Ò m¯Ëä« }¯Ò°�ÈããÒÏÈ�ÒÒ ­ºã	�Ë ���º
�º¹�°}ÈË� ªmÈ}�È�Ò
 ­ºã	�Ë�º }ºãÒ�Ë°�mÈ mº�º�
¯º�È�� äºÎÓº �º°�Ò�	 �äËÓ	�ËÓÒ« ¹º¯Ò°�º°�Ò� �È�
}Òä º­¯ÈÏºä� �Ò­¯Ò�ÓÈ« °mË�ºãÈÏË¯ÓÈ« °mÈ¯}È m
¯ËÏ�ã	�È�Ë ¹ºm©�ËÓÒ« ¹º�ºÓÓº® ªÓË¯�ÒÒ ¹ºÏmºã«Ë�
°ÓÒÏÒ�	 ÎË°�}º°�	 �Ë¯äÒ�Ë°}º�º �Ò}ãÈ Ò �äËÓ	�
�Ò�	 ¹º¯ºº­¯ÈÏºmÈÓÒË�

�¯Ë­ºmÈÓÒ« } �º�Óº°�Ò �ËºäË�¯ÒÒ °­º¯}Ò Ò °º�
º�mË�°�mËÓÓº ÏÈ�¯È�© äºÎÓº ÏÓÈ�Ò�Ëã	Óº °ÓÒÏÒ�	�
�mËãÒ�Òm º­�Ëä °mÈ¯º�Óº® mÈÓÓ© Ò �äËÓ	�Òm ÏÓÈ�
�ËÓÒË }ºªÁÁÒ�ÒËÓ�È Áº¯ä© �mÈ� w�º�º äºÎÓº �º°�
�Ò�	� Ò°¹ºã	Ï�« mäË°�Ë ° ã��ºä ãÈÏË¯È °mË�ºmº® Ò°�
�º�ÓÒ} ÓÈ�¯ËmÈ� �� Ë� �Ò­¯Ò�Ó�
 �Ë²Óºãº�Ò
 °mË�
�ºãÈÏË¯Óº® °mÈ¯}Ò >�� ��@� vmË�ºmº® Ò°�º�ÓÒ}� Áº¯�
äÒ¯�« °mÈ¯º�Ó�
 mÈÓÓ� m ¯ËÎÒäË �Ë¹ãº¹¯ºmº�Óº°�Ò�
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�� 6H\IIDUWK 3�� .ULYWVXQ ,�9� /DVHU�DUF SURFHVVHV DQG WKHLU
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7D\ORU 	 )UDQFLV� ����� Û 9RO� �� Û ��� S� Û �:HOGLQJ

DQG $OOLHG 3URFHVVHV��
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�Ë²Óºãº�ÒÒ �� jÏm� ks vvvc� vË¯� nÒÏ� Û ����� Û
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ÒÏ�º�ºmãËÓÒË º­º¯��ºmÈÓÒ« �ã« ¹ºã��ËÓÒ« ��Èä¹º°mÈ¯�
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�� kãË}°ËËm �� l� {ºÏäºÎÓº°�Ò °mË�ºãÈÏË¯Óº® °mÈ¯}Ò ��
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��� kãË}°ËËm �� l� Ò �¯� vmË�ºãÈÏË¯Ó©Ë �Ë²Óºãº�ÒÒ Ò º­º¯��

�ºmÈÓÒË Û ÓºmºË ÓÈ¹¯ÈmãËÓÒË m °mÈ¯}Ë Ò ¹È®}Ë �Ë�ÈãË®

�� �ËÏ� �º}ã� ;;;,; lËÎ��ÓÈ¯� ÓÈ�����Ë²Ó� }ºÓÁ�
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�¯ºËÓÒ« Ò ¹º��º�ºm}Ò ÒÓÎËÓË¯Ó©² Ò ÓÈ��Ó©² }È�¯ºm

�lº°}mÈ� ��Ü�� °ËÓ�� ���� ���� Û l�� l��� ½lklj��

����� Û v� �Ü��

��� kãË}°ËËm �� l�� rº¯Ò°ºm l� ��� r��ºm {� s� vºÏ�ÈÓÒË
¯º­º�ÒÏÒ¯ºmÈÓÓº�º }ºä¹ãË}°È �ã« °mË�ºã��Ëmº® ¹È®}Ò Ò

°mÈ¯}Ò �Ë�ÈãË® }�Ïºmºm Èm�ºäº­Òã« ½lº°}mÒ�� �� v­�

�º}ã� ��® lËÎ��ÓÈ¯� }ºÓÁ� ½kvl�tºã�ÒÓ��� Û l�� �����

��� kãË}°ËËm �� l� vmË�ºãÈÏË¯Ó©Ë �Ë²Óºãº�ÒÒ Ò º­º¯��ºmÈ�

ÓÒË Û ÓºmºË ÓÈ¹¯ÈmãËÓÒË m °mÈ¯}Ë Ò ¹È®}Ë �Ë�ÈãË®� ��

j�|�sºmº°�Ò� Û ����� Û ¢ �� Û v� ��

7KH WUHQGV LQ GHYHORSPHQW RI ODVHU ZHOGLQJ� LQFOXGLQJ K\EULG SURFHVVHV� DUH FRQVLGHUHG� ,W LV VKRZQ WKDW WKH DSSOLFDWLRQ RI
ODVHU�OLJKW HTXLSPHQW KROGV SURPLVH LQ WHUPV RI UHGXFHG FRVWV DQG ZLGHQHG WHFKQRORJLFDO FDSDELOLWLHV� 7KH ILHOGV RI SRVVLEOH
HIILFLHQW DSSOLFDWLRQ RI ODVHU�OLJKW WHFKQRORJLHV DUH QRWHG�

IhklmibeZ \ j_^Zdpbx ����������

�ËÁÉÌ�ÑÈÎ¾ÆËÏÈÆÇ Æ ÑÈÎ¾ÆËÏÈÌ�¾ËÁÉÆÇÏÈÆÇ ÏÉÌÀ¾ÎÚ ÏÀ¾ÎÌÕËÌÇ ÐÃÎÊÆËÌÉÌÁÆÆ

 ÙÓÌÂÆÐ ÆÅ ÍÃÕ¾ÐÆ ÂÀÑÝÅÙÕËÙÇ ÏÉÌÀ¾ÎÚ ÐÃÎÊÆËÌÀ À Ì¿É¾ÏÐÆ ÏÀ¾ÎÈÆ Æ ÎÌÂÏÐÀÃËËÙÓ ÐÃÓËÌÉÌÁÆÇ� ÍÌÂÁÌÐÌÀÉÃË�

ËÙÇ ¦ËÏÐÆÐÑÐÌÊ ÛÉÃÈÐÎÌÏÀ¾ÎÈÆ ÆÊ� £� ¬� ­¾ÐÌË¾ Æ ¦ËÏÐÆÐÑÐÌÊ ÑÈÎ¾ÆËÏÈÌÁÌ ÝÅÙÈ¾ «¾ÔÆÌË¾ÉÚËÌÇ ¾È¾ÂÃÊÆÆ Ë¾ÑÈ

±ÈÎ¾ÆËÙ�

¯©¬ �®º ÏÌÏÐÌÆÐ ÆÅ ÂÀÑÓ Ï¾ÊÌÏÐÌÝÐÃÉÚËÙÓ Î¾ÅÂÃÉÌÀ�

• ½kÓ�ãº��}¯ÈÒÓ°}Ò® °ãºmÈ¯	 °mÈ¯º�Óº® �Ë¯äÒÓºãº�ÒÒ��

• ½�}¯ÈÒÓ°}º�ÈÓ�ãÒ®°}Ò® °ãºmÈ¯	 °mÈ¯º�Óº® �Ë¯äÒÓºãº�ÒÒ��
�ËÁÉÌ�ÑÈÎ¾ÆËÏÈÆÇ Î¾ÅÂÃÉ ÏÉÌÀ¾ÎÝ ÏÌÂÃÎÄÆÐ ÌÈÌÉÌ ����� ¾ ÑÈÎ¾ÆËÏÈÌ�¾ËÁÉÆÇÏÈÆÇ x ���� ÍÎÌÏÐÙÓ Æ ÏÌÏÐ¾ÀËÙÓ

¾ËÁÉÆÇÏÈÆÓ �ÑÈÎ¾ÆËÏÈÆÓ� ÐÃÎÊÆËÌÀ� ÌÐËÌÏÝ×ÆÓÏÝ È ÏÀ¾ÎÈÃ Æ ÎÌÂÏÐÀÃËËÙÊ ÐÃÓËÌÉÌÁÆÝÊ� ¾ Ð¾ÈÄÃ ÆÓ ÍÃÎÃÀÌÂ� ÏÌÌÐ�

ÀÃÐÏÐÀÃËËÌ Ë¾ ÑÈÎ¾ÆËÏÈÆÇ Æ ¾ËÁÉÆÇÏÈÆÇ ÝÅÙÈÆ�

¯ÉÌÀ¾ÎÚ ÍÎÃÂË¾ÅË¾ÕÃË ÂÉÝ ÑÕÃËÙÓ Æ ÍÎÃÍÌÂ¾À¾ÐÃÉÃÇ� ÏÐÑÂÃËÐÌÀ Æ ÑÕ¾×ÆÓÏÝ� ÆËÄÃËÃÎËÌ�ÐÃÓËÆÕÃÏÈÆÓ Î¾¿ÌÐËÆÈÌÀ

Æ ÏÍÃÔÆ¾ÉÆÏÐÌÀ ÏÀ¾ÎÌÕËÌÁÌ ÍÎÌÆÅÀÌÂÏÐÀ¾� ¾ Ð¾ÈÄÃ ÂÉÝ ÏÍÃÔÆ¾ÉÆÏÐÌÀ ÂÎÑÁÆÓ ÌÐÎ¾ÏÉÃÇ ÍÎÌÆÅÀÌÂÏÐÀ¾ Æ ÏÐÎÌÆÐÃÉÚÏÐÀ¾�

ÈÌÐÌÎÙÃ Î¾¿ÌÐ¾ÜÐ Ï ÑÕÃ¿ËÌÇ� Ë¾ÑÕËÌ�ÐÃÓËÆÕÃÏÈÌÇ Æ ËÌÎÊ¾ÐÆÀËÌÇ ÉÆÐÃÎ¾ÐÑÎÌÇ Æ ÂÌÈÑÊÃËÐ¾ÔÆÃÇ�

¯ÉÌÀ¾ÎÚ ÆÅÂ¾ÃÐÏÝ À ÑÂÌ¿ËÌÊ ÒÌÎÊ¾ÐÃ Æ ÆÊÃÃÐ ÐÀÃÎÂÙÇ ÍÃÎÃÍÉÃÐ�

jÂÁÄÌÊ ÏÂ ÑÒÊÐÃÒÇÔÇÏÊÇ tnqecs� ÏÂÑÒÂÄÍÁÔÞ ÑÐ ÂÆÒÇÓÕ�
����� Å� mÊÇÄ����� ÕÍ� cÏÔÐÏÐÄÊÙÂ �fÐÒÞÌÐÅÐ
� ��

kÉÆÂÔÇÍÞÓÌÊË ÐÔÆÇÍ fer ª�u«
uÇÍ��ÖÂÌÓ� �������
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k}È�ËäÒ} sks �}¯ÈÒÓ© z� k� �upsz|� {� v� vk{ psz|� ��¯ �Ë²Ó� ÓÈ�}�

�� {�  pc{Ðz|{k� k� {� ~{Ð�js¡p{k� ÒÓÎËÓË¯© �jÓ�� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©�

§ÐÐÊÄÃÍÁ¿Ì Ô¿Ï¿ÉÑÄÏ Â¿ÆÍÁÍÈ ÉÍÏÏÍÆÇÇ Ï¿ÀÍÖÇÔ ÊÍÎ¿ÑÍÉ ÜÌÄÏÂÄÑÇÖÄÐÉÍÈ ÒÐÑ¿ÌÍÁÉÇ ÇÆ ÌÇÉÄÊÄÁÍÂÍ ÐÎÊ¿Á¿ ÇÌÉÍÌÄÊÛ

���� ®ÍÉ¿Æ¿ÌÍ� ÖÑÍ Á ÒÆÉÍÈ ÆÍÌÄ� ÎÏÇËÚÉ¿ÝØÄÈ É ÎÍÁÄÏÔÌÍÐÑÇ ÑÏÄØÇÌÚ� ÎÏÍÇÐÔÍÃÇÑ ÎÄÏÄÏ¿ÐÎÏÄÃÄÊÄÌÇÄ ÊÄÂÇÏÒÝØÇÔ

ÜÊÄËÄÌÑÍÁ� ­ÕÄÌÉ¿ ËÇÉÏÍÑÁÄÏÃÍÐÑÇ ÎÍÉ¿Æ¿Ê¿ Ì¿ÊÇÖÇÄ Ï¿ÆÒÎÏÍÖÌÄÌÇÞ Á ÜÑÍÈ ÅÄ ÆÍÌÄ�

zã
� Ë m © Ë ° ã º m È � ÎÈ¯º¹¯º�Ó©Ë ÓÒ}ËãËm©Ë °¹ãÈm©� �ÈÏº�

mÈ« }º¯¯ºÏÒ«� äÒ}¯º�mË¯�º°�	� �¯ÈÓÒ�È ÏË¯ÓÈ� �ÒÁÁ�ÏÒ«� ãº�
}Èã	ÓÈ« �¯Ë�ÒÓÈ

�º¹È�}Ò �ÈÏºm©² ��¯­ÒÓ� �ãÒ�Ëã	Óº ª}°¹ã�È�Ò¯��


�ÒË°« ¹¯Ò m©°º}Ò² �Ëä¹Ë¯È��¯È² Ò °ãºÎÓºä ÓÈ��

¯�ÎËÓÒÒ� ¹¯Ë�Ë¯¹ËmÈ
� °�¯�}��¯Ó©Ë ÒÏäËÓËÓÒ«�

m©ÏmÈÓÓ©Ë �Ëä¹Ë¯È��¯º®� �°ãºmÒ«äÒ ª}°¹ã�È�

�È�ÒÒ� }º¯¯ºÏÒºÓÓº® °¯Ë�º® Ò �¯��ÒäÒ ÁÈ}�º¯ÈäÒ

>�@� { ¯«�Ë °ã��ÈËm }ºä¹ãË}°ÓºË mºÏ�Ë®°�mÒË �}È�

ÏÈÓÓ©² ÁÈ}�º¯ºm ÓÈ äÈ�Ë¯ÒÈã ãº¹È�º} ¹¯Òmº�Ò�

} �°}º¯ËÓÓºä� ¯ÈÏ¯��ËÓÒ
 äÈ�Ë¯ÒÈãÈ m ¯ËÏ�ã	�È�Ë

ãº}ÈãÒÏÈ�ÒÒ ¹¯º�Ë°°ºm m º¹¯Ë�ËãËÓÓ©² ÏºÓÈ² >�@�

{ ÓÈ°�º«�Ë® ¯È­º�Ë Ò°°ãË�ºmÈÓ ²È¯È}�Ë¯ �ÈÏºmº®

}º¯¯ºÏÒÒ ¯È­º�Ò² ãº¹È�º} ªÓË¯�Ë�Ò�Ë°}º® �°�È�

Óºm}Ò� ÒÏ�º�ºmãËÓÓ©² ÒÏ ÓÒ}ËãËmº�º °¹ãÈmÈ ,Q����

²ÒäÒ�Ë°}Ò® °º°�Èm }º�º¯º�º °ãË��
�Ò®� äÈ°� ��

���� &� ��� &R� ���� &U� ��� 0R� ��� $O� ��� 7L�

��� :� ��� 7D� ��� 1E� 1L Û º°ÓºmÈ�
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º}ºãº ����� �� {ÒÏ�Èã	Ó©® }ºÓ�¯ºã	 ¹ºmË¯²Óº°�Ò

¹ºÏmºãÒã m©«mÒ�	 °Ë�}� �¯Ë�ÒÓ m °¯Ë�ÓË® �È°�Ò

¹Ë¯È ãº¹È�}Ò m ¯È®ºÓË äÈ}°ÒäÈã	Ó©² �Ëä¹Ë¯È��¯

äË�ÈããÈ� �¯ºmË�ËÓÒË äË�Èããº�¯ÈÁÒ�Ë°}Ò² Ò°°ãË�

�ºmÈÓÒ® ¹ºÏmºãÒãº �°�ÈÓºmÒ�	� ��º ¯ÈÏ¯��ËÓÒË ��º

��� ää� ¹¯º²º�Ò� ¹º �¯ÈÓÒ�Èä È�°�ËÓÒ�Ó©² ÏË¯ËÓ

�¯Ò°� �� È�� z¯ºäË �º�º� ¹Ë¯Ë� �¯Ë�ÒÓº® ¹º �¯È�

ÓÒ�Èä ÏË¯ËÓ ÓÈ­ã
�ÈË�°« m©�ËãËÓÒË ÒÏ­©�º�Ó©²

ÁÈÏ �¯Ò°� �� ­�� �ã�­ÒÓÈ }º�º¯©² °º°�Èmã«Ë� �º�

¹ºãÓÒ�Ëã	Óº ���…��� ää� �È}Òä º­¯ÈÏºä� º­�È«
�ã�­ÒÓÈ °�¯�}��¯Ó©² ÒÏäËÓËÓÒ® °º°�Èmã«ãÈ º}ºãº

���… ��� ää�

v�ËãÈÓº ¹¯Ë�¹ºãºÎËÓÒË� ��º äËÎÏË¯ËÓÓ©Ë m©�

�ËãËÓÒ« Ò ¹º°ãË��
�ËË ¯ÈÏ¯��ËÓÒË m©ÏmÈÓº �È�

Ïºmº® }º¯¯ºÏÒË®� |�ËÓ}� äÒ}¯º�mË¯�º°�Ò ¯ÈÏãÒ��

Ó©² °�¯�}��¯Ó©² ÏºÓ m ¯È®ºÓË º­¯ÈÏºmÈÓÒ« �¯Ë�ÒÓ

m©¹ºãÓ«ãÒ ¹¯Ò ÓÈ�¯�Ï}Ë ��� s� j°°ãË�ºmÈÓÒ« ¹º�

}ÈÏÈãÒ ÓÈãÒ�ÒË ¯ÈÏ�¹¯º�ÓËÓÒ« m �Ï}º® ÏºÓË äË�

�ÈããÈ� ¹¯Òä©}È
�Ë® } ¹ºmË¯²Óº°�Ò �¯Ë�ÒÓ©

�¯Ò°� ��� �È}� äÒ}¯º�mË¯�º°�	 äÈ�¯Ò�© °º°�Èmã«ãÈ
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¯«�ºä ° �¯Ë�ÒÓº® +9 ���� cÈ°�mº¯«
�Ò® º�ÎÒ�
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ÁÈÏ� º­¯ÈÏºmÈm�Ò²°« ¹º �¯ÈÓÒ�Èä ÏË¯ËÓ ¹Ë¯Ë�
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j°°ãË�ºmÈÓÒ« ²ÒäÒ�Ë°}º�º °º°�ÈmÈ °�¯�}��¯�

Ó©² ÏºÓ äË�ÈããÈ m ¯È®ºÓË �¯Ë�ÒÓ© m©¹ºãÓËÓ©
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�� .HLML 6�� -XNLR 7� &UDFNLQJ E\ HOHYDWHG WHPSHWDWXUH HPEULW�
WOHPHQW LQ WKH +$= RI DOOR\ ���+ �� 7UDQV� RI WKH -DS�
:HOG� 6RF� Û ����� Û ��� ¢ �� Û 3� ��Ü���

7KH FKDUDFWHU RI JDV FRUURVLRQ RI SRZHU SODQW EODGHV PDGH IURP QLFNHO DOOR\V ,QFRQHO ��� KDV EHHQ VWXGLHG� ,W LV VKRZQ
WKDW UHGLVWULEXWLRQ RI DOOR\LQJ HOHPHQWV RFFXUV LQ D QDUURZ ]RQH DGMRLQLQJ WKH FUDFN VXUIDFH� (YDOXDWLRQ RI PLFURKDUGQHVV
VKRZHG WKH ORVV RI VWUHQJWK WDNLQJ SODFH LQ WKLV ]RQH�
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  Ë¾ÏÐÌÝ×ÃÃ ÀÎÃÊÝ ÑÏÌÀÃÎÖÃËÏÐÀÌÀ¾ËÆÃ ÂÀÆÁ¾ÐÃÉÃÇ ÀËÑÐÎÃËËÃÁÌ ÏÁÌÎ¾ËÆÝ� À Õ¾ÏÐËÌÏÐÆ� ÂÆÅÃÉÃÇ�

ÆÂÃÐ À Ë¾ÍÎ¾ÀÉÃËÆÆ ÍÌÀÙÖÃËÆÝ ÆÓ ÊÌ×ËÌÏÐÆ� ÏËÆÄÃËÆÝÊÃÐ¾ÉÉÌÃÊÈÌÏÐÆ Æ ÑÀÃÉÆÕÃËÆÝ ÂÌÉÁÌÀÃÕËÌÏÐÆ�

  ÛÐÌÇ ÏÀÝÅÆ ÌÏÌ¿ÌÃ ÅË¾ÕÃËÆÃ ÍÎÆÌ¿ÎÃÐ¾ÜÐ ÍÎÌ¿ÉÃÊÙ ÑÀÃÉÆÕÃËÆÝ ÏÎÌÈ¾ ÏÉÑÄ¿Ù ÍÌÎÖËÃÇ� ÍÌÏÈÌÉÚÈÑ

Ï ÍÌÀÙÖÃËÆÃÊ ÊÌ×ËÌÏÐÆ ÂÀÆÁ¾ÐÃÉÃÇ ÏÑ×ÃÏÐÀÃËËÌ ÀÌÅÎ¾ÏÐ¾ÜÐ ÐÃÍÉÌÀÙÃ Æ ÂÆË¾ÊÆÕÃÏÈÆÃ Ë¾ÁÎÑÅÈÆ

Ë¾ ÍÌÎÖÃËÚ�

¢ÉÝ ÍÌÀÙÖÃËÆÝ ÆÅËÌÏÌÏÐÌÇÈÌÏÐÆ Æ ÏÎÌÈ¾

ÛÈÏÍÉÑ¾Ð¾ÔÆÆ ¾ÉÜÊÆËÆÃÀÙÓ ÍÌÎÖËÃÇ Î¾ÅÎ¾�

¿ÌÐ¾Ë¾ ÐÃÓËÌÉÌÁÆÝ ÆÅËÌÏÌÏÐÌÇÈÌÇ ÑÍÎÌÕËÝÜ�

×ÃÇ Ë¾ÍÉ¾ÀÈÆ ÍÌÎÖËÃÇ À ÅÌËÃ ÀÃÎÓËÃÇ ÈÌÊÍ�

ÎÃÏÏÆÌËËÌÇ È¾Ë¾ÀÈÆ Ï ÆÏÍÌÉÚÅÌÀ¾ËÆÃÊ ÉÃÁÆ�

ÎÑÜ×ÆÓ ÍÎÆÏ¾ÂÌÈ Æ ÀÙÏÌÈÌÈÌËÔÃËÐÎÆÎÌÀ¾Ë�

ËÌÁÌ Ë¾ÁÎÃÀ¾ ÛÉÃÈÐÎÌËËÙÊ ÍÑÕÈÌÊ�

­ÎÆÊÃËÃËÆÃ ÉÃÁÆÎÑÜ×ÃÁÌ Ê¾ÐÃÎÆ¾É¾

Â¾ÃÐ ÀÌÅÊÌÄËÌÏÐÚ ÍÌÉÑÕÆÐÚ ËÃÌ¿ÓÌÂÆÊÑÜ

ÐÀÃÎÂÌÏÐÚ ÅÌËÙ ÑÍÎÌÕËÃËÆÝ À ÍÎÃÂÃÉ¾Ó « 

���������� ¡ÌÎÝÕ¾Ý ÐÀÃÎÂÌÏÐÚ ÑÍÎÌÕËÃËËÌÁÌ

ÏÉÌÝ À ÆËÐÃÎÀ¾ÉÃ ÐÃÊÍÃÎ¾ÐÑÎ ��������� �¯ À

����� Î¾Å¾ ÀÙÖÃ ÍÌ ÏÎ¾ÀËÃËÆÜ Ï ÌÏËÌÀËÙÊ ÊÃ�

Ð¾ÉÉÌÊ ÍÌÎÖËÝ�

®¾ÅÎ¾¿ÌÐ¾ËË¾Ý ÐÃÓËÌÉÌÁÆÝ ÑÍÎÌÕËÃËÆÝ

ÍÌÎÖËÃÇ ÍÌÅÀÌÉÝÃÐ ÌÐÈ¾Å¾ÐÚÏÝ ÌÐ ËÆÎÃÅÆÏÐÌÀÌÇ ÀÏÐ¾ÀÈÆ Æ ÍÌÀÙÏÆÐÚ ÊÌÐÌÎÃÏÑÎÏ ÍÌÎÖËÃÀÌÇ ÁÎÑÍÍÙ

ÂÀÆÁ¾ÐÃÉÃÇ À ������� Î¾Å¾�

­ÎÃÂÉÌÄÃËÆÝ ÍÌ ÏÌÐÎÑÂËÆÕÃÏÐÀÑ� Î¾ÅÎ¾¿ÌÐÈ¾ ÐÃÓËÆÕÃÏÈÌÇ ÂÌÈÑÊÃËÐ¾ÔÆÆ� ÍÃÎÃÂ¾Õ¾ �ËÌÑ�Ó¾Ñ� ÍÌ

ÐÃÓËÌÉÌÁÆÆ� ÐÃÓËÆÕÃÏÈÆÃ ÈÌËÏÑÉÚÐ¾ÔÆÆÆÆËÄÃËÃÎËÙÃÑÏÉÑÁÆÍÎÆÌÏÀÌÃËÆÆ ÐÃÓËÌÉÌÁÆÆÀÍÎÌÆÅÀÌÂÏÐÀÃ�

kÏÓÔÊÔÕÔ ßÍÇÌÔÒÐÓÄÂÒÌÊ ÊÎ� h� q� rÂÔÐÏÂ pcp vÌÒÂÊÏÝ
������ vÌÒÂÊÏÂ� mÊÇÄ����� ÕÍ� dÐÈÇÏÌÐ� ��� ÐÔÆ� ¾ �

uÇÍ�� ������
 ��� �� ��� ÖÂÌÓ� ������
 ��� �� ��� ��� �� ��
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{� �� vz��evzjq� }ÈÓ�� �Ë²Ó� ÓÈ�} �jÓ�� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©�

¡ ÒÐÊÍÁÇÞÔ ÐÁ¿ÏÉÇ ÎÊ¿ÁÊÄÌÇÄË ÁÚÐÍÉÍÔÏÍËÇÐÑÚÔ Ë¿ÏÑÄÌÐÇÑÌÚÔ ÐÑ¿ÊÄÈ ÑÇÎ¿ ¯�� Ì¿ ÒÖ¿ÐÑÉÄ ËÄÅÃÒ ×ÁÍË Ç ËÄÑ¿ÊÊÍË

¦±¡ ÁÍÆËÍÅÌÍ ÍÀÏ¿ÆÍÁ¿ÌÇÄ ÉÏÒÎÌÍÉÏÇÐÑ¿ÊÊÇÖÄÐÉÍÈ ÐÑÏÒÉÑÒÏÚ� ÎÏÄÃÐÑ¿ÁÊÞÝØÄÈ ÐÍÀÍÈ ÆÍÌÒ ÐÎÊ¿ÁÊÄÌÇÞ� Á ÉÍÑÍÏÍÈ
ÆÄÏÌ¿ ÍÐÌÍÁÌÍÂÍ ËÄÑ¿ÊÊ¿ ÎÏÄÑÄÏÎÄÁ¿ÝÑ Ï¿ÆÊÇÖÌÒÝ ÐÑÄÎÄÌÛ Ï¿ÐÎÊ¿ÁÊÄÌÇÞ� ªÇÉÁ¿ÕÇÍÌÌÍÄ Ç ÃÇÓÓÒÆÇÍÌÌÍÄ ÎÄÏÄÏ¿Ð�

ÎÏÄÃÄÊÄÌÇÞ ÒÂÊÄÏÍÃ¿ ËÍÂÒÑ ÎÏÇÁÄÐÑÇ É ÍÀÏ¿ÆÍÁ¿ÌÇÝ ÍÑÌÍÐÇÑÄÊÛÌÍ ÍÀÄÆÒÂÊÄÏÍÅÄÌÌÍÈ ÓÄÏÏÇÑÌÍÈ Ó¿ÆÚ �δ�ÓÄÏÏÇÑ¿�
Á ÆÍÌÄ ÐÎÊ¿ÁÊÄÌÇÞ� £ÊÞ ÜÑÍÈ ÆÍÌÚ Ô¿Ï¿ÉÑÄÏÌÍ Ñ¿ÉÅÄ ÓÍÏËÇÏÍÁ¿ÌÇÄ ÉÏÒÎÌÚÔ ÆÄÏÄÌ ÎÄÏÁÇÖÌÍÂÍ ¿ÒÐÑÄÌÇÑ¿� ®ÍÉ¿Æ¿ÌÍ�

ÖÑÍ Á ¦±¡ Ì¿ ÒÖ¿ÐÑÉÄ ÍÑÎÒÐÉ¿� Ï¿ÐÎÍÊÍÅÄÌÌÍË Æ¿ ÒÖ¿ÐÑÉÍËÓ¿ÆÍÁÍÈÎÄÏÄÉÏÇÐÑ¿ÊÊÇÆ¿ÕÇÇ� ËÄÑ¿ÊÊ ÎÏÇÍÀÏÄÑ¿ÄÑ ÎÍÌÇÅÄÌ�

ÌÒÝ ÎÏÍÖÌÍÐÑÛ�
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¹¯Ò ÒÏ�º�ºmãËÓÒÒ º�mË�°�mËÓÓ©² ªãËäËÓ�ºm º­º�
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°�º°�ËÓÓ©² ÁÒ�ÒÓ�ºm� }ºããË}�º¯ºm� ÓÈ�ÈãÒ ÓÈ²º�

�Ò�	 ¹¯ÒäËÓËÓÒË Óºm©Ë �Ë¹ãº�°�º®�Òm©Ë °�ÈãÒ °

¹ºm©�ËÓÓ©ä °º�Ë¯ÎÈÓÒËä ²¯ºäÈ >�Ü�@� �¯ËÒä��

�Ë°�mÈ Óºm©² äÈ�Ë¯ÒÈãºm ¹º °¯ÈmÓËÓÒ
 ° ¯ÈÓËË

Ò°¹ºã	Ï�Ëä©äÒ °�Èã«äÒ ÈÓÈãº�Ò�Óº�º ÓÈÏÓÈ�ËÓÒ«

�­ºãËË m©°º}Ò® �¯ºmËÓ	 �ãÒ�Ëã	Óº® ¹¯º�Óº°�Ò�

}º¯¯ºÏÒºÓÓº® °�º®}º°�Ò� mºÏäºÎÓº°�	 ¹Ë¯Ë²º�È ÓÈ

°mË¯²}¯Ò�Ò�Ë°}ÒË �Ëä¹Ë¯È��¯© ¹È¯È m¹ãº�	 �º 7  

 ���… ��� Åv ° °ºº�mË�°�m�
�Òä ¹ºm©�ËÓÒËä
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Ò°°ãË�ºmÈ�Ëã	°}Ò² ¯È­º�� �Ëä ÓË äËÓËË º°�È
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ÓË�º°�È�º�Óº ÒÏ��ËÓÓ©äÒ ÒãÒ ÓË�º°�È�º�Óº º°mË�

�ËÓÓ©äÒ m ãÒ�Ë¯È��¯Ë ÓË}º�º¯©Ë «mãËÓÒ« Ò º°º�

­ËÓÓº°�Ò ÒÏäËÓËÓÒ« °mº®°�m� º­ÓÈ¯�ÎÒmÈËä©Ë ¹¯Ò
¹¯È}�Ò�Ë°}ºä Ò°¹ºã	ÏºmÈÓÒÒ Óºm©² äÈ�Ë¯ÒÈãºm�

{ �¯�¹¹� �¯�­Ó©² °�ÈãË® Óºmº�º ¹º}ºãËÓÒ«

m²º�«� °ãºÎÓºãË�Ò¯ºmÈÓÓ©Ë °�ÈãÒ ° � äÈ°� � &U Û
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��� �ºäÈ�ºm s� i��  Ë¯ÓºmÈ �� �� �Ëº¯Ò« }º¯¯ºÏÒÒ Ò }º¯¯º�
ÏÒºÓÓº°�º®}ÒË }ºÓ°�¯�}�ÒºÓÓ©Ë °¹ãÈm©� Û l�� lË�Èã�
ã�¯�Ò«� ����� Û ��� °�

��� nÈ®Ï�ãÒÓ n� n�� �ËmÒÓÈ {� z� kÓº�ÓÈ« ¹È°°ÒmÈ�Ò« ²¯º�
äÈ m �Ëãº�Ó©² ¯È°�mº¯È² �� ~È�Ò�È äË�Èããºm� Û �����
Û �� ¢ �� Û v� ���Ü����

��� 0HVDPLFKL z�� 7DNHR z� 6WUHVV FRUURVLRQ FUDFNLQJ RI IHUULWLF
DQG GXSOH[ VWÈLQOHVV LQ �� � 1D2+ �� %RVKRNX JLMXWVX 
&RUURV� (QJ� Û ����� Û ��� ¢ �� Û 3� ���Ü����

��� vÈ}È}Ò ��� vÈ}Ò«äÈ z� zº¯¯ºÏÒ« °¹ãÈmºm )HÜ&U m �º¯«�
�Ëä }ºÓ�ËÓ�¯Ò¯ºmÈÓÓºä ¯È°�mº¯Ë 1D2+ �� -� RI -DS� RI
0HWDOV� Û ����� Û ��� ¢ �� Û v� ���Ü����

��� {ãÒ«ÓÒË °º�Ë¯ÎÈÓÒ« ²¯ºäÈ Ò äºãÒ­�ËÓÈ ÓÈ }º¯¯ºÏÒºÓÓ�

°�º®}º°�	 ²¯ºäºÓÒ}ËãËm©² °�ÈãË® m �Ëãº�Óº® °¯Ë�Ë �
�� v� zÈÓËm°}Ò® s� s� zºãË°ÓÒ}ºmÈ� k� {� lº°ºãºm Ò �¯�
�� �¯º�Òmº}º¯¯ºÏÒºÓÓÈ« ÏÈ�Ò�È m ²Òä� ¹¯ºä�°�Ò� Û
����� Û v� ��Ü���

��� {ãÒ«ÓÒË ãË�Ò¯�
�Ò² ªãËäËÓ�ºm ÓÈ }º¯¯ºÏÒºÓÓ�
 °�º®�
}º°�	 ²¯ºäºÓÒ}ËãËm©² °�ÈãË® m �Ëãº�Óº® °¯Ë�Ë � �� v�
zÈÓËm°}Ò®� s� s� zºãË°ÓÒ}ºmÈ� s� {� bÒ¯º}ºmÈ Ò �¯�
�� ~È�Ò�È äË�Èããºm� Û ����� Û ��� ¢ �� Û v� ���Ü
����

��� *DUDW $�� *UDV ,� 0� &RUURVLRQ VWXG\ RI QLFNHO IRU DONDOLQH
ZDWHU HOHFWURO\VLV �� ,QWHUQ� �� +\GURJHQ (QHUJ\� Û �����
Û �� ¢ �� Û 3� ���Ü����

��� vÈ}ÈÒ �� zº¯¯ºÏÒ« °¹ãÈmºm )HÜ&UÜ1L m }ºÓ�ËÓ�¯Ò¯ºmÈÓ�
Óºä ¯È°�mº¯Ë Ë�}º�º ÓÈ�¯È ¹¯Ò m©°º}º® �Ëä¹Ë¯È��¯Ë ��
sÒ²ºÓ }ÒÓ�Ïº}� �È}}È®°Ò� Û ����� Û ��� ¢ �� Û
v� ���Ü����

��� rº¯�Ëm°}Ò® k� l�� v�²º�ÒÓ k� l� j°°ãË�ºmÈÓÒË ¹È°°Òm�
Óº�º °º°�º«ÓÒ« ÓÒ}Ëã« m }Ò°ã©² Ò �Ëãº�Ó©² °¯Ë�È² äÒ}�
¯º}�ãºÓºäË�¯Ò�Ë°}Òä äË�º�ºä �� y�¯Ó� ¹¯Ò}ãÈ��
²ÒäÒÒ� Û ����� Û ��� ¢ �� Û v� ����Ü�����

��� kãË}°ÈÓ�¯ºm k� �� zº¯¯ºÏÒºÓÓÈ« °�º®}º°�	 Ò °�º®}º°�	
¹¯º�Òm }º¯¯ºÏÒºÓÓº�º ¯È°�¯Ë°}ÒmÈÓÒ« ÎËãËÏº�ÓÒ}ËãËm©²
°¹ãÈmºm m }ºÓ�ËÓ�¯Ò¯ºmÈÓÓ©² ¯È°�mº¯È² �Ëãº�Ë® �� nÒ�
ÏÒ}º�²Òä� äË²ÈÓÒ}È äÈ�Ë¯ÒÈãºm� Û ����� Û ¢ �� Û
v� ��Ü���

��� zºãº�©¯}ÒÓ Ð� l� lË�Èãã Ò }º¯¯ºÏÒ«� Û l�� lË�Èã�
ã�¯�Ò«� ����� Û �� °�

��� zºãº�©¯}ÒÓ Ð� l� �°¹Ë²Ò Ò ÏÈ�È�Ò ¯ÈÏmÒ�Ò« �Ëº¯ÒÒ }º¯�
¯ºÏÒÒ �� ~È�Ò�È äË�Èããºm� Û ����� Û ��� ¢ �� Û
v� ���Ü����

��� (XJD]LHU 3�� &KDWDLQLHU *�� 3HWLW ,� $� &RUURVLRQ JHQHUDOL�
VHH HW FDYHUQHXVH G�DFLHUV LQR[LGDEOHV DXVWHQLWLTXHV GH VXEVWL�
WXWLRQ� ,QIOXHQFH GX VLOLFLXP HW GH O�DOXPLQLXP �� 5HY�
PHW� Û ����� Û ��� ¢ �� Û 6� ���Ü����

��� zÈ²ºm°}Ò® s� j�� nÈ¯���Ó©® {� ��� vÈm�ËÓ}º {� v�

{ãÒ«ÓÒË }¯ËäÓÒ« ÓÈ °mÈ¯ÒmÈËäº°�	� °�¯�}��¯� Ò °mº®°�mÈ
°ºË�ÒÓËÓÒ® È�°�ËÓÒ�Óº® °�ÈãÒ �� km�ºäÈ�� °mÈ¯}È� Û
����� Û ¢ �� Û v� �Ü���

��� zÈ²ºm°}Ò® s� j� vmÈ¯}È m©°º}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË®� Û
zÒËm� �Ë²ÓÒ}È� ����� Û ��� °�

��� zº¯¯ºÏÒºÓÓÈ« °�º®}º°�	 Ò ªãË}�¯º²ÒäÒ�Ë°}ÒË °mº®°�mÈ
°mÈ¯Ó©² °ºË�ÒÓËÓÒ® ²¯ºäºÓÒ}ËãËmº® °�ÈãÒ m °ºã«Óº® }Ò°�
ãº�Ë � k� �� kãË}°ÈÓ�¯ºm� �� �� �ÈÏË­Óºm� s� k� �ÈÓ�Ë¯�
{� k� �º¯­ÈÓ	 �� vmÈ¯º�� ¹¯�mº� Û ����� Û ¢ ��� Û
v� ��Ü���

��� wãË}�¯º²ÒäÒ�Ë°}ÒË Ò°°ãË�ºmÈÓÒ« mãÒ«ÓÒ« ��ãË¯º�È� �Ò�
�ÈÓÈ Ò äÈ¯�ÈÓ�È ÓÈ }º¯¯ºÏÒºÓÓ�
 °�º®}º°�	 ²¯ºäºÓÒ}Ëã	�
äÈ¯�ÈÓ�Ëm©² °�ÈãË® � {� l� zÓ«ÎËmÈ� l� k� {Ë�ËÓËËmÈ�
v� p� tÈäËã	� Ð� l� zºãº�©¯}ÒÓ �� ~È�Ò�È äË�Èã�
ãºm� Û ����� Û �� ¢ �� Û v� ���Ü����

�� ������



��� -XUJHQ z� 'LH $XVZLUNXQJ YRQ )HUULW XQG 6HLJHQLQJ DXI GDV
.RUURVLRQYHUKDOWHQ DXVWHQLWLVFKHQ 6WDEOH �� 6FKZHL]� 0DV�
FKLQHQPDUNW� Û ����� Û ��� ¢ ��� Û 6� ��Ü���

��� {ãÒ«ÓÒË ÓÒº­Ò« ÓÈ }º¯¯ºÏÒºÓÓ�
 °�º®}º°�	 °mÈ¯Ó©² °ºË�
�ÒÓËÓÒ® ÓË¯ÎÈmË
�Ò² °�ÈãË® m ¯È°�mº¯È² 1D2+ � r� {�
zº�}ÒÓ� k� k� vÈÁºÓºm� ~� k� vÒ�ãÒÓ� k� {� lº°ºãºm
�� ~È�Ò�È äË�Èããºm º� }º¯¯ºÏÒÒ m ²Òä� ¹¯ºä�°�Ò� Û
l�� sjj�wtjl� ����� Û v� ��Ü���

��� �ÈÏË­Óºm �� �� cºã	 ÁË¯¯Ò�Óº® ÁÈÏ© m ÒÏäËÓËÓÒÒ °mº®°�m
äË�ÈããÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ²¯ºäºÓÒ}ËãËm©² °�ÈãË® ��
km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��� nÈ®Ï�ãÒÓ n� n�� rÈ®�Èãºm i� k� wãË}�¯º²ÒäÒ�Ë°}ºË ¹º�
mË�ËÓÒË �Ò�ÈÓÈ m �Ëãº�Ó©² ¯È°�mº¯È² �� ~È�Ò�È äË�Èã�
ãºm� Û ����� Û ��� ¢ �� Û v� ���Ü����

��� �ÈÏË­Óºm �� ��� ��ãÒÓÈ s� s� |­�È« }º¯¯ºÏÒ« m �Ëãº��
Óº® °¯Ë�Ë ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ �Ò¹È ��t��s�� ° ¯ÈÏ�
ãÒ�Ó©ä ãË�Ò¯ºmÈÓÒËä �� km�ºäÈ�� °mÈ¯}È� Û ����� Û
¢ �� Û v� ��Ü���

��� �ºÏ�ËËmÈ k� k�� kÓ�ºÓºm°}È« w� j�� v�²º�ÒÓ k� j� �È°�
°ÒmÓº°�	 äºãÒ­�ËÓÈ �� ~È�Ò�È äË�Èããºm� Û ����� Û ��
¢ �� Û v� ��Ü���

��� 3OHYD -� ,QIOXHQFH RI PRO\EGHQXP RQ VWUHVV FRUURVLRQ FUDF�
NLQJ RI DXVWHQLWLH VWDLQOHVV VWHHO �� $QWL &RUURV� 0HWK� DQG
0DWHU� Û ����� Û ��� ¢ �� Û 3� �Ü�� ��

��� :LOVRQ -� /�� 3HPHQW )� :�� $VSGHQ 5� *� (IIHFW RI DOOR\
VWUXFWXUH� K\GUR[LGH FRQFHQWUDWLRQ� DQG WHPSHUDWXUH RQ WKH FD�
XVWLF VWUHVV FRUURVLRQ FUDFNLQJ RI DXVWHQLWLF VWDLQOHVV VWHHOV ��
&RUURVLRQ� Û ����� Û ��� ¢ �� Û 3� ���Ü����

��� %DXPHO $� %� (LQIOXVV GHV 'HOWDIHPWV DXI GDV .RUURVLRQYHU�
KDOWHQ YRQ VFKZHLVVXQJHQ DXV DXVWHQLWLVFKHQ ]XVDW] :HUNV�
WRIIHQ �� 6FKZHLVVHQ XQG 6FKQHLGHQ� Û ����� Û ��� ¢ ��
Û 6� ���Ü����

��� |°º­ËÓÓº°�Ò }º¯¯ºÏÒºÓÓº�º ¹ºmË�ËÓÒ« ²¯ºäºÓÒ}Ëã	äº�
ãÒ­�ËÓºm©² °�ÈãË® m ÈÏº�Óº® }Ò°ãº�Ë � k� {� �ãÈ}°ËËm�
{� l� zÓ«ÎËmÈ� �� k� iË¯�È�� j� k� iËä­¯ºm°}Ò® �� ~È�
�Ò�È äË�Èããºm� Û ����� Û ��� ¢ �� Û v� ���Ü����

��� ��ã«Ëm k� �� zº¯¯ºÏÒºÓÓº°�º®}ÒË °¹ãÈm© ���º¹ãÈm}Ò²
äË�Èããºm� Û l�� sÈ�}È� ����� Û ��� °�

��� väÒ¯«�ÒÓ k� �� �¯ºä©�ãËÓÓ©Ë �mË�Ó©Ë äË�Èãã© Ò °¹ãÈ�
m©� Û l�� lË�Èãã�¯�ÒÏ�È�� ����� Û ��� °�

��� 2RND ��� <XNDZD z�� 2JDZD s� &RUURVLRQ SUREOHPV DQG
WKH VHOHFWLRQ RI VWDLQOHVV LQ FRUURVLYH HQYLURQPHQWV LQ WKH
3)3 SURFHVV �� ��WK ,QWHUQ� V\PS� SXOS DQG SDSHU LQGXVW�
U\� &RUURVLRQ SUREO� �$WODQWD� 0D\ �Ü�� ������ Û $WODQWD�
����� Û 3� ��Ü���

��� lÈ°�º l� k�°�ËÓÒ�ÓÈ« ÓË¯ÎÈmË
�È« °�Èã	 5 ��� &X� 5
���/ &X� °�º®}È« } }º¯¯ºÏÒÒ ¹º� ÓÈ¹¯«ÎËÓÒËä�� �º}��
°
}º� Û ����� Û ��� ¢ ��� Û v� �Ü��

��� �ÈÏË­Óºm �� ��� vÈmºÓºm �� s�� kãË}°ÈÓ�¯ºm k� �� {ãÒ�
«ÓÒË ÓÒ�¯Ò�È �Ò�ÈÓÈ� �Ë¯Ò« Ò mÈÓÈ�Ò« ÓÈ }º¯¯ºÏÒºÓÓ�

°�º®}º°�	 ²¯ºäºÓÒ}ËãËmº�º ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ ��
km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��� z�ãÒ}ºm j� v� �Ë¯äº�ÒÓÈäÒ}È }È¯­Ò�ºm Ò ÓÒ�¯Ò�ºm� Û
 Ëã«­ÒÓ°}� lË�Èãã�¯�Ò«� ����� Û ��� °�

��� zÓ«ÎËmÈ {� l��  Ò�Èã {�� zºãº�©¯}ÒÓ Ð� l� cºã	 ÒÏ­©�
�º�Ó©² ÁÈÏ m }º¯¯ºÏÒºÓÓº® °�º®}º°�Ò ÓË¯ÎÈmË
�Ò² °�È�
ãË® �� ~È�Ò�È äË�Èããºm� Û ����� Û ��� ¢ �� Û
v� ���Ü����

��� 3\XQ 6X�OO� .LUQ -HRQJ�7DH� /HH 6HRQJ�0LQ� (IIHFWV RI
SKRVSKRUXV VHJUHJDWHG DW JUDLQ ERXQGDULHV RQ VWUHVV FRUURVL�
RQ FUDFN LQLWLDWLRQ DQG SURSDJDWLRQ RI URWRU VWHHO LQ ERLOLQJ
�� � 1D2+ VROXWLRQ �� 0DWHU� 6FL� DQG (QJ� $� Û
����� Û ���� ¢ �� Û 3� ��Ü���

��� (GVWURP -�� &DULHQ &�� .DPSLQJH 6� $QIRUGHUXQJHQ DQ
6WDEOH IXU GLH FKHPLVFKH ,QGXVWULH �� :HUNVRIIH XQG .RU�
URVLRQ� Û ����� Û ¢ ��� Û 6� ���Ü����

��� v�Ë}ãºm |� j� �ºm©�ËÓÒË }º¯¯ºÏÒºÓÓº® °�º®}º°�Ò ÒÏ�Ë�
ãÒ® äË�º�ÈäÒ ÓÈ¹ãÈm}Ò Ò ÓÈ¹©ãËÓÒ« �� �ºm©�ËÓÒË }È�
�Ë°�mÈ Ò ªÁÁË}�ÒmÓº°�Ò °mÈ¯º�Óº�º ¹¯ºÒÏmº�°�mÈ ÓÈ ¹¯Ë��
¹¯Ò«�Ò«² �º¯º�È lº°}m©� Û l�� lis�j� ����� Û
v� ��Ü���

'DWD DUH JLYHQ RQ FRUURVLRQ UHVLVWDQFH RI FKURPLXP�QLFNHO GHSRVLWHG PHWDO LQ DONDOL HQYLURQPHQWV� 6KRUW LQIRUPDWLRQ LV
JLYHQ RQ WKH LQIOXHQFH RI DOOR\LQJ HOHPHQWV RQ WKH HOHFWURFKHPLFDO FRUURVLRQ SURFHVVHV UXQQLQJ LQ WKH PHWDO RI FKURPLXP�QLFNHO

ZHOGV�

IhklmibeZ \ j_^Zdpbx ����������
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®¾ÅÎ¾¿ÌÐ¾Ë¾ ÐÃÓËÌÉÌÁÆÝ Æ ÍÌÎÌÖÈÌÀÙÃÍÎÌÀÌÉÌÈÆ ¾ÑÏÐÃËÆÐËÌÁÌ �­­��«���� ÆÒÃÎÎÆÐËÌÁÌ �­­��«����

ÈÉ¾ÏÏÌÀ ÂÉÝ ÀÌÏÏÐ¾ËÌÀÆÐÃÉÚËÌÇ Ë¾ÍÉ¾ÀÈÆ ÐÎ¾ÊÀ¾ÇËÙÓ ÎÃÉÚÏÌÀ ÆÅ ÏÐ¾ÉÃÇ ª��� Æ ª���� ÏÌÂÃÎÄ¾×ÆÓ

ÂÌ ���� � ÑÁÉÃÎÌÂ¾� ¿ÃÅ ÍÎÃÂÀ¾ÎÆÐÃÉÚËÌÁÌ ÍÌÂÌÁÎÃÀ¾ Æ ÂÃÊÌËÐ¾Ä¾ ÆÅ ÈÌÉÃÆ�

«¾ÍÉ¾ÀÈÑ ÀÃÂÑÐ ÁÌÎÆÅÌËÐ¾ÉÚËÙÊÆ À¾ÉÆÈ¾ÊÆ� ¨ÌÉÆÕÃÏÐÀÌ À¾ÉÆÈÌÀ �ÌÐ � ÂÌ ��� Å¾ÀÆÏÆÐ ÌÐ ÆÅËÌÏ¾�

­ÃÎÀÙÃ À¾ÉÆÈÆ Ë¾ÍÉ¾ÀÉÝÜÐ Ï¾ÊÌÅ¾×ÆÐËÌÇ ÍÌÎÌÖÈÌÀÌÇ ÍÎÌÀÌÉÌÈÌÇ ÒÃÎÎÆÐËÌÁÌ ÈÉ¾ÏÏ¾ ­­��«����

ÍÌÏÉÃÂÑÜ×ÆÃ x ÍÌÎÌÖÈÌÀÌÇ ÍÎÌÀÌÉÌÈÌÇ ­­��«��� ÍÌÂ ÒÉÜÏÌÊ �«���­� ­ÎÆ ÛÐÌÊ Ì¿ÃÏÍÃÕÆÀ¾ÃÐÏÝ

ÓÌÎÌÖÃÃ ÒÌÎÊÆÎÌÀ¾ËÆÃ À¾ÉÆÈÌÀ� ÌÐÉÆÕË¾Ý ÌÐÂÃÉÆÊÌÏÐÚ ÖÉ¾ÈÌÀÌÇ ÈÌÎÈÆ� ÌÐÏÑÐÏÐÀÆÃ ÐÎÃ×ÆË Æ ÍÌÎ�

«¾ÍÉ¾ÀÉÃËËÙÇ ÊÃÐ¾ÉÉ ÀÌ ÀÏÃÓ ÏÉÌÝÓ �ÈÎÌÊÃ ÍÃÎÀÌÁÌ� ÆÊÃÃÐ ÀÝÅÈÑÜ ¾ÑÏÐÃËÆÐËÑÜ ÏÐÎÑÈÐÑÎÑ Ï

ÐÀÃÎÂÌÏÐÚÜ +5& �������� «¾ÈÉÃÍ ÍÌÀÙÖ¾ÃÐ ÃÁÌ ÐÀÃÎÂÌÏÐÚ ÂÌ +5& �������� À ÎÃÅÑÉÚÐ¾ÐÃ ÅË¾ÕÆÐÃÉÚËÌ

ÑÀÃÉÆÕÆÀ¾ÃÐÏÝ ÆÅËÌÏÌÏÐÌÇÈÌÏÐÚ Ë¾ÍÉ¾ÀÉÃËËÙÓ ÎÃÉÚÏÌÀ�

¢ÉÝ ÎÃ¾ÉÆÅ¾ÔÆÆ ÛÐÌÇ ÐÃÓËÌÉÌÁÆÆ À«¦´ �¢ÑÁ¾��� ¦»¯ÆÊ�£� ¬� ­¾ÐÌË¾ ÏÍÎÌÃÈÐÆÎÌÀ¾Ë Æ ÆÅÁÌÐÌÀÉÃË

Ë¾ÍÉ¾ÀÌÕËÙÇ ¾ÍÍ¾Î¾Ð ±¢����� ¬Ë ÀÙÍÌÉËÃË À ÀÆÂÃ Ï¾ÊÌÓÌÂËÌÇ ÐÃÉÃÄÈÆ� ÍÃÎÃÂÀÆÁ¾Ü×ÃÇÏÝ ÍÌ Ë¾�

ÍÉ¾ÀÉÝÃÊÙÊ ÎÃÉÚÏ¾Ê Ï Î¾¿ÌÕÃÇ Æ Ê¾ÎÖÃÀÌÇ ÏÈÌÎÌÏÐÚÜ� «¾ ÐÃÉÃÄÈÃ Î¾ÅÊÃ×ÃËÙ ÆÏÍÌÉËÆÐÃÉÚËÙÃ

ÊÃÓ¾ËÆÅÊÙ� ÍÑÉÚÐ ÑÍÎ¾ÀÉÃËÆÝ� Å¾Í¾Ï ÍÎÌÀÌÉÌÈÆ Æ ÒÉÜÏ¾� ­ÆÐ¾ËÆÃ ÏÀ¾ÎÌÕËÌÇ ÔÃÍÆ ÌÏÑ×ÃÏÐÀÉÝÃÐÏÝ

ÌÐ ÂÆÅÃÉÚ�ÁÃËÃÎ¾ÐÌÎ¾� µÐÌ¿Ù ËÃ ÊÃÖ¾ÐÚ ÐÎ¾ÊÀ¾ÇËÌÊÑ ÂÀÆÄÃËÆÜ� Ë¾ÍÉ¾ÀÈÑ ÏÉÃÂÑÃÐ ÀÃÏÐÆ À ËÌÕËÌÃ

ÀÎÃÊÝ ÍÎÆ ÏÑÓÌÇ ÍÌÁÌÂÃ Æ ÐÃÊÍÃÎ¾ÐÑÎÃ ËÃ ËÆÄÃ ��� �¯� ¥¾ÐÎ¾ÐÙ Ë¾ ÀÌÏÏÐ¾ËÌÀÆÐÃÉÚËÑÜ Ë¾ÍÉ¾ÀÈÑ
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HQYLURQPHQW DUH FRQVLGHUHG� 2QH RI WKH YDULDQWV RI LPSURYLQJ WKH NQRZQ ZHOGLQJ DQG EUD]LQJ PHWKRGV LV WKH XVH RI K\GURJHQ

DV D VKLHOGLQJ�UHGXFLQJ DWPRVSKHUH IRU KLJKO\ FRQFHQWUDWHG DQG SXOVH KHDWLQJ PHWKRGV� &RQGLWLRQV IRU VDIH DSSOLFDWLRQ RI
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iã« °mÈ¯º�Ó©² °mº®°�m ¯ÈÏ¯È­º�ÈÓ© °¹Ë�ÒÈã	�

Ó©Ë ¹¯º�¯Èää©� ¹ºÏmºã«
�ÒË ¹º �ÈÓÓ©ä ²ÒäÒ�Ë°�

}º�º °º°�ÈmÈ º¹¯Ë�Ëã«�	 }ãÈ°° °�ÈãÒ� °¹º°º­© °mÈ¯�

}Ò� ÓËº­²º�Òäº°�	 ¹º�º�¯ËmÈ� kÓÈãº�Ò�Ó©Ë ¹¯º��

¯Èää© °º°�ÈmãËÓ© �ã« º¹¯Ë�ËãËÓÒ« ¹º �ÈÓÓ©ä

²ÒäÒ�Ë°}º�º °º°�ÈmÈ ¹¯Ò ¯ÈÏãÒ�Ó©² �Ëä¹Ë¯È��¯È²

Ò°¹©�ÈÓÒ« �È}Ò² ÁÒÏÒ�Ë°}Ò² °mº®°�m� }È} }ºªÁ�

ÁÒ�ÒËÓ� �ÒÁÁ�ÏÒÒ mº�º¯º�È Ò }ºªÁÁÒ�ÒËÓ� ¹¯Ë�

�Ëã	Óº�º ÓÈ°©�ËÓÒ« mº�º¯º�ºä� cÈÏ¯È­º�ÈÓÈ ¹º��

°Ò°�ËäÈ ¹º mÏÈÒäº°mÈ¯ÒmÈËäº°�Ò äÈ�Ë¯ÒÈãºm�

iã« °ºÏ�ÈÓÒ« äË�º�Ò}Ò Èm�ºäÈ�Ò�Ë°}º�º ÈÓÈ�

ãÒÏÈ Ò m©�È�Ò ¯Ë}ºäËÓ�È�Ò® ¹º °mÈ¯ÒmÈËäº°�Ò

¯ÈÏãÒ�Ó©² °�ÈãË® Ò °¹ãÈmºm ­©ãÈ ¹¯Ë�ãºÎËÓÈ °²Ë�

äÈ mÈ¯ÒÈÓ�ºm Ò² °º�Ë�ÈÓÒ«�

� �� {� zÈ�Ò¯°}Ò®� k� v� ~�­�ËÓ}º� ����


 �º äÈ�Ë¯ÒÈãÈä �º}ãÈ�È� ÏÈ°ã��ÈÓÓº�º ÓÈ {�º¯º® äËÎ���

ÓÈ¯º�Óº® }ºÓÁË¯ËÓ�ÒÒ ½lÈ�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�� Û zÒ�ÒmËãÒ� z¯©ä� ��Ü�� °ËÓ�� �����

������ ��



{°Ë äÈ�Ë¯ÒÈã© ­©ãÒ ¯ÈÏ­Ò�© ÓÈ � }ãÈ°°ºm Ò
�� ¹º�}ãÈ°°ºm� iã« }ÈÎ�º�º mÈ¯ÒÈÓ�È �}ÈÏÈÓ °¹º�
°º­ °mÈ¯}Ò Ò ÓËº­²º�Òä©Ë �ã« ª�º�º ªãË}�¯º�©�
Áã
°© Ò °mÈ¯º�ÓÈ« ¹¯ºmºãº}È� ÒäË
�°« °°©ã}Ò
ÓÈ °ºº�mË�°�m�
�ÒË °�ÈÓ�È¯�© Ò °¹¯Èmº�ÓÒ}Ò�
iÈÓÓ©Ë }È°È
�°« ¹º��Ò m°Ë² º�Ë�Ë°�mËÓÓ©²
�­©m�Ò² °ºmË�°}Ò²� äÈ¯º}� m}ã
�ËÓÓ©² m ­ÈÓ}�

{ °ã��ÈË ¹º«mãËÓÒ« Óºm©² äÈ�Ë¯ÒÈãºm ª}°¹Ë¯�
�©�°¹Ë�ÒÈãÒ°�© ¹º °mÈ¯}Ë n��� ¡sjj�lkb
�°�ÈÓºm«�� } }È}º® �¯�¹¹Ë ºÓÒ º�Óº°«�°«� Ò �ã«
ÓÒ² ­���� Èm�ºäÈ�Ò�Ë°}Ò m©�ÈÓ© °ºº�mË�°�m�
�ÒË
¯Ë}ºäËÓ�È�ÒÒ�

 �º }È°ÈË�°« ­ÈÏ© ¹º ¹ãÈ°�äÈ°°Èä� �º ËË °�¯�}�
��¯È ÈÓÈãº�Ò�ÓÈ °�¯�}��¯Ë ­ÈÓ}È ¹º äË�ÈããÈä� Óº
ÓË°}ºã	}º ¹¯º�Ë� }ºãÒ�Ë°�mº mmº�Òä©² ²È¯È}�
�Ë¯Ò°�Ò} m ÓË® º}ºãº ���� ºÓÈ °º�Ë¯ÎÒ� º}ºãº

��� ¯ÈÏãÒ�Ó©² ¹ºãÒäË¯ºm� jÓÁº¯äÈ�Ò«
�ã« ÓËË ­¯ÈãÈ°	 ÒÏ ¯È­º�© >�@� °mË�ËÓÒ®
º��Ëãºm ÒÓ°�Ò���È Ò ÓË}º�º¯©² �¯��Ò²
Ò°�º�ÓÒ}ºm�

{ÏÈÒäº�Ë®°�mÒË ¹ºã	ÏºmÈ�Ëã« ¹Ë¯°º�
ÓÈã	Óº�º }ºä¹	
�Ë¯È ° ­ÈÓ}ºä �ÈÓÓ©²
º°��Ë°�mã«Ë�°« °ãË��
�Òä º­¯ÈÏºä�

�º°ãË m²º�È m©«°Ó«Ë�°«� }È}�
 �È°�	
­ÈÓ}È ¹¯Ë�¹ºãÈ�ÈË�°« Ò°¹ºã	ÏºmÈ�	� º°�
ÓºmÓ�
 �­ÈÓ} ¹º äË�ÈããÈä� ÒãÒ ­ÈÏ�
¹º ¹ãÈ°�äÈ°°Èä�

{ ¹Ë¯mºä °ã��ÈË ¹Ë¯Ë²º�«� } �ãÈmÓºä�
äËÓ
 ­ÈÓ}È ¹º äË�ÈããÈä�

�� |�Ë�Ë°�mËÓÓ©Ë äÈ�Ë¯ÒÈã©�
�� jÓº°�¯ÈÓÓ©Ë äÈ�Ë¯ÒÈã©�
�� nÒ¯ä© Ò ÏÈmº�©�¹¯ºÒÏmº�Ò�ËãÒ�

�� cÈ­º�È °º °ãºmÈ¯«äÒ�
�� cÈ­º�È ° °Ò°�Ëäº®�
�� {©²º� ÒÏ °Ò°�Ëä©�
�¯Ò º­¯È�ËÓÒÒ } ¹�Ó}�Èä �Ü� �ãÈmÓº�º äËÓ


¹¯ºÒ°²º�Ò� ¹Ë¯Ë²º� } º°ÓºmÓ©ä äËÓ
 °ºº�mË�°��
m�
�Ò² ¯ÈÏ�Ëãºm�

��Ó}� � ¹º��Ë¯ÎÒmÈË� ¯È­º�� °º °ãºmÈ¯«äÒ�
m }º�º¯©² °º�Ë¯ÎÈ�°« ¹Ë¯Ë�ÓÒ ¯ÈÏÓºmÒ�Óº°�Ë®
¹È¯ÈäË�¯ºm °Ò°�Ëä© ° }º�ÈäÒ ÒãÒ °º}¯È�ËÓÒ«äÒ�
Ò°¹ºã	Ï�Ëä©äÒ m kri�

��Ó}� � m}ã
�ÈË� º°ÓºmÓ©Ë ¹¯º�Ë��¯©� º­Ë°�
¹Ë�ÒmÈ
�ÒË °��Ë°�mºmÈÓÒË °Ò°�Ëä©� ËË �Ë°�Ò¯º�
mÈÓÒË �¹¯ºmË¯}� ¹¯ÈmÒã	Óº°�Ò Ò ÓÈ�ËÎÓº°�Ò Á�Ó}�
�ÒºÓÒ¯ºmÈÓÒ«�� ¯È­º�� ° ¹È¯ºã«äÒ �ÏÈ�Ò�� ÒÓÁº¯�
äÈ�ÒÒ º� mäË�È�Ëã	°�mÈ ÓË°ÈÓ}�ÒºÓÒ¯ºmÈÓÓº�º
¹ºã	ÏºmÈ�Ëã«�� °ÎÈ�ÒË ­ÈÏ ��ã« ª}ºÓºäÒÒ ¹Èä«�Ò

cÒ°� �� �}¯�¹ÓËÓÓÈ« °²ËäÈ

cÒ°� �� |­�ÒË °mË�ËÓÒ« �|z� Û º­�Ë°º
ÏÓ©®

}ãÈ°°ÒÁÒ}È�º¯ ¹¯º��}�ÒÒ� s�i Û ÓÈ��Óº��Ë²ÓÒ�Ë°}È«

�º}�äËÓ�È�Ò«� È ÒäËÓÓº� �|v�� |v�� ��� vii Û

°�Ë¹ËÓ	 �º°�ºmË¯Óº°�Ò �ÈÓÓ©²�

�� ������



}ºä¹	
�Ë¯È�� È¯²ÒmÒ¯ºmÈÓÒË Ò ¯ÈÏÈ¯²ÒmÒ¯ºmÈÓÒË
°Ò°�Ëä©� °¹Ë�ÒÈã	Ó©Ë Á�Ó}�ÒÒ� ¯È­º�� ° �Ò°}Ë�º®�

|°ÓºmÓºË äËÓ
 �ã« º�Ë�Ë°�mËÓÓ©² äÈ�Ë¯ÒÈãºm
°º°�ºÒ� ÒÏ °ãË��
�Ò² ¹�Ó}�ºm�

�� �¯º°äº�¯ äÈ�Ë¯ÒÈãºm�
�� {mº� Ò }º¯¯Ë}�Ò¯ºm}È äÈ�Ë¯ÒÈãºm�
�� ~È¹¯º°©�
�� cÈ­º�È ° ­ÈÏÈäÒ�
�� zãÈ°°ÒÁÒ}È�º¯�
�� cË�¯º�
�� {©²º��
v ¹ºäº�	
 ¹�Ó}�È � äËÓ
 äºÎÓº ¹¯º°äº�¯Ë�	

ÓËº­²º�Òä©Ë ²È¯È}�Ë¯Ò°�Ò}Ò m©­¯ÈÓÓº® äÈ¯}Ò
äÈ�Ë¯ÒÈãÈ �¹¯«äº® ÏÈ¹¯º°��

v ¹ºäº�	
 ¹�Ó}�È � äËÓ
 äºÎÓº mmË°�Ò Óºm©Ë
ÒãÒ °}º¯¯Ë}�Ò¯ºmÈ�	 ÒäË
�ÒË°« �ÈÓÓ©Ë ¹º }ÈÎ�º®
äÈ¯}Ë äÈ�Ë¯ÒÈãÈ�

��Ó}� � äËÓ
 ¹ºÏmºã«Ë� ¹ºã	ÏºmÈ�Ëã
 ÓÈ®�Ò
m ­ÈÏË �Ë äÈ¯}Ò äÈ�Ë¯ÒÈãºm� }º�º¯©Ë ��ºmãË�mº¯«
�
¹º°�ÈmãËÓÓ©ä Òä �°ãºmÒ«ä �º­¯È�Ó©® ÏÈ¹¯º°��

cËÏ�ã	�È�© ¯È­º�© ° ÏÈ¹¯º°ÈäÒ äºÎÓº ¹¯º°�
äº�¯Ë�	 ÓÈ ª}¯ÈÓË �Ò°¹ãË« ÒãÒ ¯È°¹Ë�È�È�	�

��Ó}� �� ¹¯Ë�ÓÈÏÓÈ�ËÓÓ©® �ã« °Ò°�ËäÓº�º ¹¯º��
¯ÈääÒ°�È� ¹ºÏmºã«Ë� äËÓ«�	 °�¯�}��¯� ­ÈÓ}È Ò Ë�º
¯ÈÏ�Ëãºm� º­©�Óºä� ¹ºã	ÏºmÈ�Ëã
 ­ËÏ ¹º��º�ºm}Ò
m ÓË�º m²º�Ò�	 ÓË ¯Ë}ºäËÓ��Ë�°«�

��Ó}� � º­Ë°¹Ë�ÒmÈË� mºÏäºÎÓº°�	 m©�ËãÒ�	
º��Ëã	Ó©Ë }ãÈ°°© äÈ�Ë¯ÒÈãºm Ò� Ë°ãÒ ÓËº­²º�Òäº�

cÒ°� �� lË²ÈÓÒ�Ë°}ÒË Ò ÁÒÏÒ�Ë°}ÒË °mº®°�mÈ� �È¯ÈäË�¯©� º�äË�ËÓÓ©Ë ½�Èãº�}º®�� ÏÈ�È
�°« °mºÒäÒ äÒÓÒäÈã	Ó©ä Ò äÈ}°ÒäÈã	Ó©ä

ÏÓÈ�ËÓÒ«äÒ� �º }ÈÎ�ºä� ¹È¯ÈäË�¯� ÁÒÏÒ�Ë°}Ò² °mº®°�m �È
�°«� Ë�º ÏÓÈ�ËÓÒ« ¹¯Ò ¯ÈÏãÒ�Ó©² �Ëä¹Ë¯È��¯È² Ò°¹©�ÈÓÒ«� vii�

Ò°�º�ÓÒ}

������ ��



¯È­º�È�	 �ºã	}º ° ÓÒäÒ� ��º ¹ºm©�ÈË� °}º¯º°�	
¹ºã��ËÓÒ« ÒÓÁº¯äÈ�ÒÒ Ò º­ãË��ÈË� ¹ºã	ÏºmÈÓÒË
Ë
�

��Ó}� � äËÓ
 Û ª�º m©²º� ÓÈ �}ÈÏÈ�Ëã	� ¹º�
Ïmºã«
�Ò® Ò�ËÓ�ÒÁÒ�Ò¯ºmÈ�	 äÈ�Ë¯ÒÈã©� }º�º¯©Ë
ÒäË
� ¯ÈÏãÒ�Ó©Ë º­ºÏÓÈ�ËÓÒ«�

|°ÓºmÓ©Ë äËÓ
 �ã« ÒÓº°�¯ÈÓÓ©² äÈ�Ë¯ÒÈãºm Ò
¹º ÁÒ¯äÈä�¹¯ºÒÏmº�Ò�Ëã«ä ÈÓÈãº�Ò�Ó© ¹¯Ë�©���Ë�
ä�� �ºã	}º m ÓÒ² º�°��°�m�
� ¹�Ó}�© � Ò ��

v ¹ºäº�	
 ª�Ò² äËÓ
 äºÎÓº ¹ºã��Ò�	 ÒÓÁº¯�
äÈ�Ò
 º °�Èã«²� °¹ãÈmÈ² Ò ����ÓÈ² ¹¯ºä©�ãËÓÓº
¯ÈÏmÒ�©² °�¯ÈÓ äÒ¯È� È �È}ÎË º ¹¯Ë�¹¯Ò«�Ò«²� m©�
¹�°}È
�Ò² äÈ�ÒÓº°�¯ºÒ�Ëã	Ó©Ë äÈ�Ë¯ÒÈã©�
m}ã
�È« mÒ�© Ò² ¹º°�Èm}Ò� }ãÈ°°© °�ÈãË® Ò �ÒãÒ�

äÈ¯}Ò� ¹¯ºÒÏmº�Òä©Ë ÓÈ ÏÈmº�Ë� º°ÓºmÓ©Ë ²È¯È}�
�Ë¯Ò°�Ò}Ò äÈ¯º}� °mË�ËÓÒ« º­ ÒÏ�ËãÒ«²� ÒÏ�º�ºm�
ã«Ëä©² ÒÏ �È}Ò² äÈ�Ë¯ÒÈãºm�

 �º }È°ÈË�°« ­ÈÏ© �ÈÓÓ©² ¹º ¹ãÈ°�äÈ°°Èä� �º
ËË �ãÈmÓºË äËÓ
 ¹ºãÓº°�	
 °ºm¹È�ÈË� ° äËÓ
 �ã«
kri ¹º äË�ÈããÒ�Ë°}Òä äÈ�Ë¯ÒÈãÈä� m º°ÓºmÓ©²
äËÓ
 ¹º º�Ë�Ë°�mËÓÓ©ä Ò ÏÈ¯�­ËÎÓ©ä ¹ºãÒäË¯Èä
¹º °¯ÈmÓËÓÒ
 ° º°ÓºmÓ©ä äËÓ
� ¹¯ÒmË�ËÓÓ©ä ¯È�
ÓËË� ÓË� ¹�Ó}�È ½cË�¯º�� È m äËÓ
 �ã« ÁÒ¯ä�
¹¯ºÒÏmº�Ò�ËãË® º�°��°�m�Ë� Ò ¹�Ó}� ½zãÈ°�
°ÒÁÒ}È�º¯��

cÈÏ¯È­º�ÈÓÓºË äËÓ
 mË�Ë� ¹ºã	ÏºmÈ�Ëã« ¹º m°Ëä
ª�È¹Èä ¯È­º�© ° ­ÈÓ}ºä �ÈÓÓ©²� ¹ºÏmºã«« m �º

cÒ°� �� �Ë²Óºãº�Ò�Ë°}ÒË °mº®°�mÈ ��ã« ãÒ�Ë®Ó©² °mº®°�m �}ÈÏ©mÈ
�°« äÒÓÒäÈã	Ó©Ë Ò äÈ}°ÒäÈã	Ó©Ë ÏÓÈ�ËÓÒ«� vii� Ò°�º�ÓÒ}�

�� ������



ÎË m¯Ëä« m ã
­º® äºäËÓ� º�}ÈÏÈ�	°« º� ã
­º�º
¯ÈÓËË ¹ãÈÓÒ¯ºmÈm�Ë�º°« �Ë®°�mÒ«�

vãË��Ë� º�äË�Ò�	 ¹¯º°�º�� ¯È­º�© ¹ºã	ÏºmÈ�Ëã«
° ­ÈÓ}ºä �ÈÓÓ©²� ¹¯º°�º��� ÓË �¯Ë­�
��
 ÓÒ}È}Ò²
¹¯Ë�mÈ¯Ò�Ëã	Ó©² ÏÓÈÓÒ® Ò ÓÈm©}ºm ¯È­º�© ÓÈ ¹Ë¯�
°ºÓÈã	Ó©² }ºä¹	
�Ë¯È²�

vmË�ËÓÒ« º­ ª�ºä kri Ò Ë�º mºÏäºÎÓº°�«²
¹¯ÒmË�ËÓ© m >�� �@�

{ }È�Ë°�mË ÒÓÁº¯äÈ�ÒºÓÓº�°¹¯Èmº�Óº�º ¹º°º�
­Ò« ­ÈÓ} �ÎË Ò°¹ºã	Ï�Ë�°« ÓÈ äÈ�ÒÓº°�¯ºÒ�Ëã	Ó©²
Ò ªÓË¯�Ë�Ò�Ë°}Ò² ¹¯Ë�¹¯Ò«�Ò«² cº°°ÒÒ Ò �}¯ÈÒÓ©�
ÓÈ Ë�º º°ÓºmË ­©ãº m©¹��ËÓº m�º¯ºË ÒÏ�ÈÓÒË ½lÈ�
¯º�ÓÒ}È °�ÈãË® Ò °¹ãÈmºm� >�@� m©�Ë��ËË m ���� ��
w�È }ÓÒ�È °º�Ë¯ÎÒ� °mË�ËÓÒ« ¹¯ÒäË¯Óº º ��� äÈ¯�
}È² äÈ�Ë¯ÒÈãºm� ÓÈÒ­ºãËË �Ò¯º}º ¹¯ÒäËÓ«Ëä©²
m ¹¯ºÒÏmº�°�mË�

jÓÁº¯äÈ�ÒºÓÓ©Ë ­ÈÏ© ¹º äË�ÈããÒ�Ë°}Òä äÈ�
�Ë¯ÒÈãÈä Ò ¹ãÈ°�äÈ°°Èä m}ã
�ËÓ© m �º°��È¯°��
mËÓÓ©® ¯ËË°�¯ ­ÈÏ �ÈÓÓ©² Ò m ËÎË�º�Ó©® }È�Èãº�
½rÈÏ© �ÈÓÓ©² cº°°ÒÒ��

j°¹ºã	ÏºmÈÓÒË ÒÓÁº¯äÈ�ÒÒ� ÓÈ}º¹ãËÓÓº® m
kri� ¹ºÏmºã«Ë� �¹¯º°�Ò�	 Ò �°}º¯Ò�	 Ò°�
°ãË�ºmÈÓÒ« ¹º °ºÏ�ÈÓÒ
 º��Ëã	Ó©² ÒÓÁº¯äÈ�
�ÒºÓÓ©² �Ë²Óºãº�Ò®� ° Ë�º ¹ºäº�	
� Ò°¹ºã	Ï�«
°mË�ËÓÒ« º­ ª}°¹ã�È�È�ÒºÓÓ©² °mº®°�mÈ² äÈ�Ë�
¯ÒÈãºm� äË�º�Ò}� ¹¯º�ÓºÏÒ¯ºmÈÓÒ« Ò² °mº®°�m Ò
°ºº�mË�°�m�
�Ò® ¹¯º�¯ÈääÓ©® }ºä¹ãË}°� ¯ÈÏ¯È�
­º�ÈÓÓ©Ë mº n��� ¡sjj�lkb� äºÎÓº ÒÏ��È�	
Ò º�ËÓÒmÈ�	 º°�È�º�Ó©® ¯Ë°�¯° Ò �ºã�ºmË�Óº°�	
º­º¯��ºmÈÓÒ«� m©�ÈmÈ�	 ¯Ë}ºäËÓ�È�ÒÒ ¹º ¹¯º��
ãËÓÒ
 °¯º}È °ã�Î­© äÈ�Ë¯ÒÈãºm º�mË�°�mËÓÓ©²
ªãËäËÓ�ºm }ºÓ°�¯�}�Ò®�

cÒ°� �� �Ë²Óºãº�Ò�Ë°}ÒË °mº®°�mÈ� |��Ëã	Ó©Ë ­ãº}Ò

������ ��
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|�Ë¯Ë�ÓºË °º­¯ÈÓÒË km°�¯Ò®°}º�º º­�Ë°�mÈ °mÈ¯º�Óº® �Ë²ÓÒ}Ò� ���� ��� °� ����

sºm©Ë °�ÈÓ�È¯�©� °� ����

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

¢ ���� �Á¯ÈÓ�� «Ï��

&DUERQHOO /� {mË�ËÓÒË m äË�Èãã�¯�Ò
 Ò äË�Èãã�¯�Ò
 °mÈ¯}Ò� °� �Ü��

:LHVQHU 6�� 5HWKPHLHU 0�� :RKLIDUW +� vmÈ¯}Èlj� Ò ãÈÏË¯ÓÈ« °mÈ¯}È ÒÏ�ËãÒ®� ãÒ�©² ¹º� �ÈmãË�

ÓÒËä ° ¹ãÈ°�Ò�Ë°}Ò �ËÁº¯äÒ¯ºmÈÓÓ©äÒ ¹¯ºÁÒã«äÒ ÒÏ °¹ãÈmºm Èã
äÒÓÒ«� F� ��Ü���

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

¢ ����� �Á¯ÈÓ�� «Ï��

/H %RXUJHRLV %� i��ºmÈ« °mÈ¯}È� �ºÓ«�Ò«� °m«ÏÈÓÓ©Ë ° ªãË}�¯Ò�Ë°�mºä� �¹º�¯Ë­ã«Ëä©Ë ¹¯Ò °mÈ¯}Ë

wãË}�¯º���ºmÈ« °mÈ¯}È� wãË}�¯ºº­º¯��ºmÈÓÒË °mÈ¯º�Óº�º ¯È­º�Ë�º ¹º°�È� �Ò�ÒËÓÈ Ò �Ë²ÓÒ}È ­ËÏ�

º¹È°Óº°�Ò ¹¯Ò ªãË}�¯º���ºmº® °mÈ¯}Ë� °� �Ü���

�º��º�ºm}È } ¹¯Ë�°�º«�Ë® ��Ü�� º}�«­¯« �����º�È lËÎ��ÓÈ¯º�Óº® m©°�Èm}Ë m �ÈÓÓºmË¯Ë

½(852�%/(&+ ������ °� ��Ü���

vºË�ÒÓËÓÒË�äºÓ�ÈÎ Û °�È�Ò°�Ò�Ë°}ÒË �ÈÓÓ©Ë ÏÈ ���� ��� F� ��Ü���

:(/',1* DQG &877,1* ��Ë¯äÈÓÒ«�� Û ����� Û ¢ � �ÈÓ�ã� «Ï��

&KLSSHUILHOG )� $� 'XQNHUWRQ 6� $� lË�º�© °mÈ¯}Ò Ò °ºË�ÒÓËÓÒ« ¹¯ÒäËÓÒ�Ëã	Óº } ¹ºãÒäË¯�

Ó©ä äË�Ò�ÒÓ°}Òä ¹¯Ò­º¯Èä� °� ���Ü����

=ZDW] 5� ~ÓÈ�Ò� ãÒ ��º�ÓÒ­��	 {ËÓ°}È« }ºÓmËÓ�Ò« �ã« °mÈ¯º�Óº® �Ë²Óºãº�ÒÒ"� F� ���Ü����

$LFKHOH *�� 1LFNHQLJ /� �ÈÏË¯ÓÈ« ¯ËÏ}ÈÛ º� ¯ËÏ}Ò ¹º� m©°º}Òä �ÈmãËÓÒËä } Ï�º¯ºm	
Ò ­ËÏº¹È°�

Óº°�Ò� F� ���Ü����

=DK 0� )�� (LUHLQHU '� vmÈ¯}È �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä ° Ò°¹ºã	ÏºmÈÓÒËä Á¯ËÏË¯Óº�º °�ÈÓ}È

°  ��� F� ���Ü����

=HQQHU +�� *U]HVLXN -� {ãÒ«ÓÒË ¹º��º�ºm}Ò Ò m©¹ºãÓËÓÒ« °mÈ¯Ó©² �mºm Èã
äÒÓÒËm©² m©°º}º}È�

�Ë°�mËÓÓ©² }ºÓ°�¯�}�Ò® °�º®}Ò² } �°�Èãº°�Ò� F� ���Ü����

%DFK )��:� HW DO� �¯ÒmÈ¯}È�¹ÒãË} m©�«Ó��º® ���º® �ã« ¹º�mº�Óº�º ¹¯ÒäËÓËÓÒ«� F� ���Ü����

�� ������



:LHODJH {� HW DO� sÈ¹©ãËÓÓ©Ë ¹º}¯©�Ò« ° º¹�ÒäÒÏÒ¯ºmÈÓÓº® �Ë¹ãº¹Ë¯Ë�È�Ë® �ã« ÒÏÓº°ºÏÈ�Ò��

Ó©² º­ãÈ°�Ë® ¹¯ÒäËÓËÓÒ«� F� ���Ü����

'LOWKH\ 8� HW DO� cÈ°¹¯º°�¯ÈÓËÓÒË Ò ¹¯ÒäËÓËÓÒË }ãËËm ­ËÏ ÓÈ¹ºãÓÒ�Ëã« m äÒ}¯º�ÒÈ¹ÈÏºÓË�

F� ���Ü����

:(/',1* LQ WKH :25/' �n¯ÈÓ�Ò«�� Û ����� Û 9RO� ��� ¢ ��� �ÈÓ�ã� «Ï��

%D\ODF *�� %RXFKHU &� rãÈ�º¹¯Ò«�ÓºË mãÒ«ÓÒË Ò°¹©�ÈÓÒ® ¹¯Ò ¹ºm©�ËÓÓºä �ÈmãËÓÒÒ ÓÈ ¹Ë¯Ë¯È°�

¹¯Ë�ËãËÓÒË º°�È�º�Ó©² ÓÈ¹¯«ÎËÓÒ® Ò ¹¯Ò��¹ãËÓÒË �¯Ë�ÒÓ� °� �Ü���

3RWHQWH +�� .DUJHU 2�� )LHJOHU *� v}ãºÓÓº°�	 } ÓÈ�¯Ëm� ¹ãÈ°�äÈ°° m äÒ}¯ºmºãÓºmº® º­ãÈ°�Ò Û

Ò°°ãË�ºmÈÓÒ« ¹¯«äº® Ò }º°mËÓÓº® äÒ}¯ºmºãÓºmº® °mÈ¯}Ò� F� ��Ü���

+DKQ 2�� -HQGUQ\ -� |�ËÓ}È äº�ËãË® �ã« º¹¯Ë�ËãËÓÒ« �ËÁº¯äÈ�ÒÒ }ãËËm©² °ºË�ÒÓËÓÒ® �ºÓ�

}ºãÒ°�ºm©² °�Èã	Ó©² äÈ�Ë¯ÒÈãºm m ¹¯º�Ë°°Ë m©Ï�º¯ºmãËÓÒ«� F� ��Ü���

:(/',1* LQ WKH :25/' �n¯ÈÓ�Ò«�� Û ����� Û 9RO� ��� ¢ ����� �ÈÓ�ã� «Ï��

1LFKRODV (� '� �Ë²Óºãº�Ò« º­¯È­º�}Ò �¯ËÓÒËä� °� �Ü��

7KRPDV :� 0�� 6WDLQHV '� *�� 1RUULV ,� 0� ËW ÈO� vmÈ¯}È �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä Û ÒÓ°�¯�äËÓ�

�© Ò ¯ÈÏ¯È­º�}Ò� F� ��Ü���

6KLQRGD 7� sºmË®�ÒË �Ëä© ¹º �Ë²Óºãº�ÒÒ °mÈ¯}Ò �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä m Ð¹ºÓÒÒ� F� ��Ü���

7HUDVDNL 7�� $NL\DPD 7� lË²ÈÓÒ�Ë°}ÒË ²È¯È}�Ë¯Ò°�Ò}Ò °ºË�ÒÓËÓÒ® ¹¯Ò °mÈ¯}Ë �¯ËÓÒËä ° ¹Ë¯Ë�

äË�ÒmÈÓÒËä� F� ��Ü���

0RQRQHQ -�� 6LUHQ 0�� +DQQLQHQ +� v¯ÈmÓËÓÒË °�ºÒäº°�Ò Èã
äÒÓÒËm©² ¹ÈÓËãË®� °mÈ¯ËÓÓ©²

°¹º°º­ºä °mÈ¯}Ò �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä Ò °¹º°º­ºä °mÈ¯}Ò lj�� F� ��Ü���

:(/',1* LQ WKH :25/' �n¯ÈÓ�Ò«�� Û ����� Û 9RO� ��� 6SHFLDO ,VVXH �ÈÓ�ã� «Ï��

lËÎ��ÓÈ¯º�ÓÈ« }ºÓÁË¯ËÓ�Ò« ljv ½vmÈ¯Ó©Ë }ºÓ°�¯�}�ÒÒ m �¯È�º°�¯ºÒ�Ëã	°�mË�� r�²È¯Ë°��

c�ä©ÓÒ«��� Ò
ã« ���� ��

0DGGR[ 6� -� zã
�Ëm©Ë ÓÈ¹¯ÈmãËÓÒ« ¯ÈÏ¯È­º�º} m º­ãÈ°�Ò ¯È°�Ë�È�°�Èãº°�Ò °mÈ¯Ó©² }ºÓ°�¯�}�Ò®�

°� �Ü���

vË}�Ò« �� vmÈ¯Ó©Ë }ºÓ°�¯�}�ÒÒ�¹º�mË¯ÎËÓÓ©Ë �°�Èãº°�Ó©ä ÓÈ�¯�Ï}Èä�F� ��Ü����

vË}�Ò« �� �¯�­º¹¯ºmº�© ÓÈ �º¯º�°}º® �Ë¯¯Ò�º¯ÒÒ�F� ���Ü����

vË}�Ò« �� ~�ÈÓÒ« Û °�È�Ò�Ë°}È« ¹¯º�Óº°�	 Ò ¯ÈÏ¯��ËÓÒË�F� ���Ü����

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

-RKQVHQ 0� 5� cËäºÓ�ÓÈ« °mÈ¯}È¹ºÏmºã«Ë� °ª}ºÓºäÒ�	 äÒããÒºÓ© �ºããÈ¯ºm m ÈmÒÈ�ÒºÓÓº® ¹¯ºä©��

ãËÓÓº°�Ò vbk�°� ��Ü���

km�ºäÈ�ÒÏÈ�Ò« ¹º�¯�Ïº�Óº�¯ÈÏ�¯�Ïº�Ó©² º¹Ë¯È�Ò®�F� ��Ü���

&KDSPDQ 1� {©�º�ÓºË Ò°¹ºã	ÏºmÈÓÒË ÒÓÓºmÈ�ÒºÓÓº® �Ë²Óºãº�ÒÒ ¯ËäºÓ�È ÓÈ È�ºäÓº® ªãË}�¯º°�ÈÓ�

�ÒÒ� F� ��Ü���

|¯­Ò�Èã	ÓÈ« °mÈ¯}È ¹¯ÒäËÓÒ�Ëã	Óº } °Ò°�ËäÈä mº�º°ÓÈ­ÎËÓÒ« m©°º}º® �Ò°�º�©�F� ��Ü���

2RVWHUNDPS $� HW DO� ÐmãËÓÒË ½ÓË°¹ãº�Óº°�Ò °ºË�ÒÓËÓÒ«� m °mÈ¯Ó©² �mÈ²�m©¹ºãÓËÓÓ©² m �mË¯�

�º® ÁÈÏË ÓÈ Èã
äÒÓÒËm©² °¹ãÈmÈ²� F� ���Ü����

)X /�� 'X� 6� *� |¹¯Ë�ËãËÓÒË äË�Èãã�¯�Ò�Ë°}Ò² °mº®°�m Èã
äÒÓÒËmº�º °¹ãÈmÈ ¹º� mºÏ�Ë®°�mÒËä

mÓË�ÓË�º ªãË}�¯º°�È�Ò�Ë°}º�º ¹ºã«� F� ���Ü����

:(/',1* 7(&+12/2*< �Ð¹ºÓÒ«� -RXUQDO RI WKH -DSDQ :HOGLQJ (QJLQHHULQJ 6RFLHW\� Û

����� Û 9RO� ��� ¢ � �«¹� «Ï��

,WHP <� HW DO� vÒ°�Ëä© º¹�ÒäÒÏÈ�ÒÒ ¹¯ºÒÏmº�°�mÈ ° Ò°¹ºã	ÏºmÈÓÒËä äº�ËãË® °mÈ¯º�Ó©² �ËÁº¯�

äÈ�Ò®� �¹¯ÈmãËÓÒË �Ëä¹Ë¯È��¯Ó©äÒ �ËÁº¯äÈ�Ò«äÒ� °� ��Ü���

cËÏ�ã	�È�© ÈÓ}Ë�Ò¯ºmÈÓÒ« ¹º mÓË�¯ËÓÒ
ÒÓÁº¯äÈ�ÒºÓÓ©² �Ë²Óºãº�Ò® m ¹¯ºÒÏmº�°�mº� F� ��Ü���

{ãÒ«ÓÒË äºÓÒ�º¯ÒÓ�È ÓÈ ÏÈÓ«�º°�	 ¹Ë¯°ºÓÈãÈ m °mÈ¯º�Ó©² °Ò°�ËäÈ² m ¹¯ºÒÏmº�°�mË �ÈÓ}Ë¯ºm�

F� ��Ü���

{ãÒ«ÓÒË °Ò°�Ëä º­¯È­º�}Ò ÒÏº­¯ÈÎËÓÒ® ÓÈ ÏÈÓ«�º°�	 ¹Ë¯°ºÓÈãÈ Ò ¹¯º�ºãÎÒ�Ëã	Óº°�	 ¯È­º�Ë�º

�Ò}ãÈ� F� ��Ü���

�¯ÒäËÓËÓÒË ­ÈÏ �ÈÓÓ©² ¹º °Ë¯Ò®Óº® Ò °¹Ë�ÒÈã	Óº® ¹¯º��}�ÒÒ º� }ºä¹	
�Ë¯Óº�º ¹¯ºË}�Ò¯ºmÈÓÒ«

�º }ºÓ�¯ºã« }È�Ë°�mÈ °mÈ¯}Ò� F� ��Ü���

v¹Ë�ÒÈã	Ó©® m©¹�°}

<RNR\DPD <� ~Èmº�°}ÒË äË�º�© }ºÓ�¯ºã« °mÈ¯}Ò� F� ��Ü���

0XNDL $� |­Ë°¹Ë�ËÓÒË }È�Ë°�mÈ °mÈ¯}Ò °�Èã	Ó©² °�¯ºÒ�Ëã	Ó©² }ºÓ°�¯�}�Ò®� F� ��Ü���

7RVKLKLUR 0LLNH� �Ë²Óºãº�Ò�Ë°}Ò® }ºÓ�¯ºã	 Ò }ºÓ�¯ºã	 }È�Ë°�mÈ �mºm ÓÈ °�Èã	Ó©² °�¯ºÒ�Ëã	�

Ó©² }ºÓ°�¯�}�Ò«²� F� ��Ü���

6KLPXUD <� |­Ë°¹Ë�ËÓÒË }È�Ë°�mÈ �mºm ÓÈ °�Èã	Ó©² °�¯ºÒ�Ëã	Ó©² }ºÓ°�¯�}�Ò«² ÓÈ ª�È¹Ë m©­º¯È

°mÈ¯º�Ó©² äÈ�Ë¯ÒÈãºm� F� ���Ü����

1DNDJRPL 7� {Ë¯�Ò}Èã	ÓÈ« °mÈ¯}È ¯º­º�ÈäÒ °�¯ºÒ�Ëã	Ó©² }ºÓ°�¯�}�Ò®� kÓÈãÒÏ äË²ÈÓÒ�Ë°}Ò²

°mº®°�m ¹ºã��ËÓÓ©² �mºm� F� ���Ü����

0LXUD 6� v¹º°º­ º¹�ÒäÒÏÈ�ÒÒ ¹¯ÒäËÓËÓÒ« m©mº�Ó©² ¹ãÈÓº}� cËÏ�ã	�È�© �ã	�¯ÈÏm�}ºmº® �ËÁË}�

�º°}º¹ÒÒ�F� ���Ü����

������ ��



{º¹¯º°© Ò º�mË�©

+LUDLVKL 0� �Ë²Óºãº�ÒÒ ÓÈ¹©ãËÓÒ«� |°ÓºmÓ©Ë ÓÈ¹¯ÈmãËÓÒ« ¯ÈÏmÒ�Ò« °ºm¯ËäËÓÓº�º ÓÈ¹©ãËÓÒ«�

F� ���Ü����

7DEXFKL .� zºÓ�¯ºã	 }È�Ë°�mÈ vÒ°�Ëä© ¹Ë¯Òº�Ò�Ë°}º�º }ºÓ�¯ºã« �ã« }ºä­ÒÓÒ¯ºmÈÓÓ©² °¹º°º­ºm

°mÈ¯}Ò� F� ���Ü����

iË«�Ëã	Óº°�	 Ð¹ºÓ°}º�º °mÈ¯º�Óº�º º­�Ë°�mÈ m ���� ��� F� ����

:(/',1* 7(&+12/2*< �Ð¹ºÓÒ«�� -RXUQDO RI WKH -DSDQ :HOGLQJ (QJLQHHULQJ 6RFLHW\� Û

����� Û 9RO� ��� ¢ � �«¹� «Ï��

,QDGD 7� cÈ°�Ë� °Ë®°äº°�º®}º°�Ò ÓË­º°}¯Ë­ºm Ò °mÈ¯º�Ó©Ë �Ë²Óºãº�ÒÒ� °� ��Ü���

:DGD +� kmÈ¯ÒÒ� ¯ÈÏ¯��ËÓÒ« Ò ÒÓÎËÓË¯ÓÈ« ª�Ò}È� F� ��Ü���

<RVKLNDZD 0� �¯º}Ò ¯ÈÏ¯��ËÓÒ® ÓÈ ÁÒ¯äË ½v�äÒ�ºäº äË�Èãã ÒÓ�È°�¯ÒÏ�� F� ��Ü���

.R\DPD .� HW DO� vºÏ�ÈÓÒË ­ÈÏ �ÈÓÓ©² ¹º �Ëº¯ÒÒ ¯ÈÏ¯��ËÓÒ® Ò Ò² ª}°¹Ë¯ÒäËÓ�Èã	ÓºË ¹¯ÒäËÓË�

ÓÒË� F� ��Ü���

�¯º}Ò ¯ÈÏ¯��ËÓÒ® ÓÈ ¹¯ÒäË¯Ë mºÏm¯È�È Èm�ºäº­ÒãË®� F� ��Ü���

v¹Ë�ÒÈã	Ó©® m©¹�°}� |¯Ò�ÒÓÈã	Ó©Ë Ò�ËÒ «¹ºÓ°}Ò² ÁÒ¯ä

�°ºmË¯�ËÓ°�mºmÈÓÒË °mÈ¯}Ò ¹��Ëä Ò°¹ºã	ÏºmÈÓÒ« °ºË�ÒÓÒ�Ëã	Óº® ä�Á�©�F� ��Ü���

�°ºmË¯�ËÓ°�mºmÈÓÒË mË¯�Ò}Èã	Óº® °mÈ¯}Ò }¯ºmËã	Ó©² }ºÓ°�¯�}�Ò®� F� ��Ü���

�°�¯º®°�mÈ �ã« ¹¯Ë��¹¯ËÎ�ËÓÒ« ¯ÈÏ­¯©Ï�ÒmÈÓÒ«� F� ���

<DPDPRWR 6� vmÈ¯}È m äÒ¯Ë� |­��ËÓÒË ¹º jÓ�Ë¯ÓË��� F� ����

cº­º�ÒÏÒ¯ºmÈÓÓÈ« º­¯È­º�}È�  � �� v¹º°º­© ¹¯º�¯ÈääÒ¯ºmÈÓÒ« ¯º­º�ºm� F� ���Ü����

�¯ºÒÏmº�°�mËÓÓ©Ë mÒÏÒ�©� sº��²È� ÒÏ�º�ºmãËÓÒ« ����Óº® ¹¯º��}�ÒÒ�F� ���Ü����

6KLPDGD +� HW DO� �Ë²ÓÒ�Ë°}ÒË ¹º«°ÓËÓÒ«� �ºm©�ËÓÒË °}º¯º°�Ò ãÈÏË¯Óº® °mÈ¯}Ò� F� ���Ü����

�Ë}��ÒË ¹º«°ÓËÓÒ«� |²¯ÈÓÈ �¯��È Ò ¹©ãËÏÈ�Ò�Ó©Ë äË¯º¹¯Ò«�Ò«� F� ���Ü����

�ËÓ�ËÓ�ÒÒ m ¹¯ºä©�ãËÓÓº°�Ò� vmÈ¯º�ÓÈ« ¹¯ºä©�ãËÓÓº°�	 m Ð¹ºÓÒÒ ÏÈ ¹º°ãË�ÓÒË �� ãË��

F� ���Ü����

7DNHFKL 6� {Ò¯��Èã	ÓºË ¹¯ºÒÏmº�°�mº  � �� �Ëº¯Ò« mÒ¯��Èã	Óº�º ¹¯ºÒÏmº�°�mÈ� F� ���Ü����

:(/',1* 7(&+12/2*< �Ð¹ºÓÒ«�� -RXUQDO RI WKH -DSDQ :HOGLQJ (QJLQHHULQJ 6RFLHW\� Û

����� Û 9RO� ��� ¢ �� �«¹� «Ï��

�ºãÒ�Ò}È ÏÈ�Ò�© ¹¯Èm ÒÓ�ËããË}��Èã	Óº® °º­°�mËÓÓº°�Ò� °� ��Ü���

2PRWR $�� 6KLWDUD &� �Ë²ÓÒ�Ë°}ºË º­°ã�ÎÒmÈÓÒË Ò sczm È�ºäÓº® ªÓË¯�Ë�Ò}Ë� F� ��Ü���
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>`hg Ghjjbr gZqZe k\hx dZjv_jm

\ k\Zjhqghc l_ogheh]bb \ dZq_kl\_

klm^_glZ�klZ`_jZ gZ nbjf_ ©5XEHU\

2ZHQ DQG &RPSDQ\ª \ <_ebdh[jb�

lZgbb� ]^_ aZgbfZeky bkke_^h�

\Zgbyfb \ h[eZklb we_dljhreZdh�

\hc k\Zjdb� we_dljhreZdh\h]h i_�

j_ieZ\Z b \ukhdhijhba\h^bl_evghc

^m]h\hc k\Zjdb f_lZeebq_kdbf

we_dljh^hf \ aZsblguo ]ZaZo� Ih

hdhgqZgbx ZkibjZglmju \ :klhgk�

dhf mgb\_jkbl_l_ \ ;bjfbg]_f_ hg gZqZe jZ[hlZlv ������

gZ nbjf_ ©%ULWLVK 2[\JHQª �<HK� \ <_ebdh[jblZgbb \

^he`ghklb bg`_g_jZ� ]^_ ijh\h^be bkke_^h\Zgby \ h[�

eZklb ieZaf_gghc k\Zjdb� Z lZd`_ mqZkl\h\Ze \ jZajZ[hld_

h[hjm^h\Zgby ^ey h^ghnZaghc ^m]h\hc k\Zjdb f_lZeeb�

q_kdbf we_dljh^hf \ aZsblguo ]ZaZo �^ey \Z]hghj_fhg�

lghc hljZkeb�� < j_amevlZl_ gZ nbjf_ <HK [ue kha^Zg

^ey ^Zgghc hljZkeb i_j\uc ki_pbZebabjh\Zgguc dhfi�

e_dk ^m]h\hc k\Zjdb f_lZeebq_kdbf we_dljh^hf \ aZsbl�

guo ]ZaZo k h^ghdghihqguf \dexq_gb_f �$XWRO\Q[�� Hg

wnn_dlb\gh jZ[hlZe ih hilbfbaZpbb oZjZdl_jbklbd i_�

j_ghkZ f_lZeeZ k dhjhldbfb aZfudZgbyfb b ijh_dlbjh�

\Zgbx khhl\_lkl\mxs_]h h[hjm^h\Zgby ^ey k\Zjdb \

��� � aZsblghc Zlfhkn_j_ &2�� AZl_f >`�Ghjjbr aZgye

^he`ghklv l_ogbq_kdh]h jmdh\h^bl_ey hl^_eZ ^m]h\hc

k\Zjdb gZ nbjf_ <HK b hl\_qZe aZ \g_^j_gb_ i_j\uo k\Z�

jhqguo bklhqgbdh\ iblZgby k we_dljhgguf j_]mebjh\Z�

gb_f b dhfivxl_jguf mijZ\e_gb_f� < khljm^gbq_kl\_ k

;jblZgkdbf bgklblmlhf k\Zjdb �7:,� b Dj_gnbev^kdbf

mgb\_jkbl_lhf [ueb jZajZ[hlZgu Ze]hjblfu mijZ\e_gby

^ey kbg_j]bq_kdhc k\Zjdb FB=� < wlb ]h^u \ nbjf_ <HK

[ue kha^Zg k _]h mqZklb_f ijhfure_gguc bklhqgbd ib�

lZgby� dhlhjuc bkihevah\Zeky ijb kljhbl_evkl\_ ih^\h^�

guo eh^hd b Zlhfguo we_dljhklZgpbc� >`� Ghjjbr klhye

m bklhdh\ hj]ZgbaZpbb bkke_^h\Zgbc ih k\Zjhqguf Zw�

jhaheyf \ ;jw^nhj^kdhf mgb\_jkbl_l_� jZajZ[hlZe b aZ�

iZl_glh\Ze fmg^rlmd ^ey hl\h^Z Zwjhahey� mklZgZ\eb\Z�

_fuc gZ k\Zjhqghc ]hj_ed_� Hg ijbgbfZe mqZklb_ \ i_j�

\uo jZ[hlZo ih jh[hlbabjh\Zgghc k\Zjd_� ihfh]Zy Zg]�

ebckdhc nbjf_ ©+DOO $XWRPDWLRQª jZajZ[hlZlv i_j\uc jh�

[hlbabjh\Zgguc dhfie_dk ^ey ^m]h\hc k\Zjdb f_lZeeb�

q_kdbf we_dljh^hf \ aZsblguo ]ZaZo� Hg lZd`_ ij_^k�

lZ\eye nbjfm <HK \ ki_pbZevghc dhfbkkbb� dhlhjZy aZ�

gbfZeZkv mkh\_jr_gkl\h\Zgb_f obfbq_kdbo khklZ\h\ aZ�

sblguo ]Zah\� ij_^eZ]Z_fuo bghkljZggufb iZjlg_jZfb

nbjfu� < p_ehf ke_^m_l ijbagZlv _]h Zdlb\gmx ^_yl_ev�

ghklv \ 7:, \ h[eZklb ^m]h\uo ijhp_kkh\� Z\lhfZlbaZpbb

b dhfivxl_jgh]h mijZ\e_gby� < ���� ]� hg gZqZe jZ[hlZlv

\ D\bgke_g^_� gZ ^hq_jg_c nbjf_ <HK \ :\kljZebb �&,*�

\ ^he`ghklb bg`_g_jZ�dhgkmevlZglZ ih k\Zjd_� < l_q_gb_

lj_o e_l >`� Ghjjbr hdZau\Ze l_ogbq_kdmx ihfhsv ijh�

fure_gguf hj]Zgb� aZpbyf� aZgbfZykv jZajZ[hldhc kih�

kh[h\ k\Zjdb k\Zjhqguo fZl_jbZeh\� l_ogheh]bq_kdbf

ZgZebahf� jZajZ[hldhc l_ogheh]bc h[jZ[hldb ih\_joghk�

lb� \g_^j_gb_f jh[hlhl_ogbdb b ZgZebahf jZajmr_gbc

k\Zjguo r\h\� Fgh]h \j_f_gb hg m^_eye jZ[hlZf ^ey ]hj�

ghc ijhfure_gghklb \ p_gljZevghf D\bgke_g^_� < wlhl

i_jbh^ hg [ue Zdlb\guf qe_ghf dhfbl_lZ f_klgh]h hl�

^_e_gby BgklblmlZ k\Zjdb :\kljZebb b j_^Zdlhjhf _`_�

f_kyqgh]h bgnhjfZpbhggh]h [xee_l_gy� < ���� ]� hg \_j�

gmeky \ <_ebdh[jblZgbx b aZgye ^he`ghklv klZjr_]h

ij_ih^Z\Zl_ey \ Dj_gnbev^kdhf mgb\_jkbl_l_ b iha`_

klZe jmdh\h^bl_e_f ]jmiiu k\Zjdb� < wlhc ^he`ghklb hg

hl\_qZe aZ ih^]hlh\dm fheh^uo ki_pbZebklh\ \ ZkibjZg�

lmj_ b ijh\h^be bkke_^h\Zgby \ h[eZklb k\Zjhqguo ijh�

p_kkh\� AZ ^_kylv e_l jZ[hlu \ Dj_gnbev^kdhf mgb\_j�

kbl_l_ hg \hkiblZe [he__ �� fZ]bkljh\ b ^hdlhjh\ gZmd�

ijh^he`Zy aZgbfZlvky ijbdeZ^gufb bkke_^h\Zgbyfb b

ijh^\b`_gb_f i_jki_dlb\guo jZajZ[hlhd \ h[eZklb k\Zj�

db� IjbdeZ^gu_ bkke_^h\Zgby� aZ dhlhju_ hg hl\_qZe�

\dexqZeb hilbfbaZpbx aZsblguo ]Zah\� mijZ\e_gb_ i_�

j_ghkhf f_lZeeZ� ijh_dlbjh\Zgb_ k\Zjhqguo bklhqgbdh\

iblZgby� k\Zjb\Z_fhklv \ukhdhijhqguo gbadhe_]bjh\Zg�

guo klZe_c� f_oZgbabjh\Zggmx k\Zjdm ljm[hijh\h^h\�

?]h aZdZaqbdZfb [ueb nbjfu ©5ROOV 5R\FHª� ©%2&

*DVHVª� (6$%� ©0LJDWURQLFª� ©(XURSHDQ 0DULQH &RQWUDF�

WRUVª b ©%ULWLVK 3HWUROHXPª� Hg [ue jmdh\h^bl_e_f bkke_�

^h\Zl_evkdhc ijh]jZffu ?\jhi_ckdh]h KhxaZ ih dhgl�

jhex ijhp_kkZ jh[hlbabjh\Zgghc k\Zjdb b bgbpbbjh\Ze

^\Z djmiguo ijh_dlZ <_ebdh[jblZgbb ih hi_jZpbhgghfm

dhgljhex ^ey Z\lhfh[be_kljh_gby b i_jki_dlb\guf f_�

lh^Zf kh_^bg_gby ^ey Zwjhdhkfbq_kdhc ijhfure_gghk�

lb� < wlhl i_jbh^ hg [ue lZd`_ gZmqguf j_^Zdlhjhf `mj�

gZeZ ©:HOGLQJ DQG 0HWDO )DEULFDWLRQª� hj]Zgbah\Ze dhg�

n_j_gpbx \ Dj_gnbev^_ \ ���� ]� ih kbg_j]bq_kdhc k\Zj�

d_ FB=� :dlb\gh jZ[hlZe \ ih^jZa^_e_gbb ijhn_kkbh�

gZevghc ih^]hlh\db 7:,� klZe ij_^k_^Zl_e_f dhfbkkbb

ih h[mq_gbx b ih^]hlh\d_ ki_pbZebklh\� Z lZd`_ jZ[hlZe

\ dhfbl_l_ ih \hijhkZf qe_gkl\Z b \ gZmqghf kh\_l_� <

ghy[j_ ���� ]� hg i_j__oZe \ :\kljZebx� ]^_ klZe ijh�

n_kkhjhf Mgb\_jkbl_lZ \ Mheehg]hg]_ b aZ\_^mxsbf gh�

\hc dZn_^ju k\Zjdb b kh_^bg_gby fZl_jbZeh\� hj]Zgbah�

\Zgghc P_gljhf bkke_^h\Zgbc k\Zjguo dhgkljmdpbc� ]^_

Ih j_amevlZlZf ]hehkh\Zgby qe_gh\ L_ogbq_kdh]h dhfbl_lZ FBK k mqZklb_f ^_�

e_]Zlh\ GZpbhgZevgh]h dhfbl_lZ ih k\Zjd_ MdjZbgu ij_fby bf_gb ?� H� IZlhgZ

aZ ���� ]� ijbkm`^_gZ ijhn_kkhjm Mgb\_jkbl_lZ \ MheeZg]hg]_ �:\kljZeby�� aZ\_�

^mxs_fm dZn_^jhc k\Zjdb b kh_^bg_gby fZl_jbZeh\ ]�gm >`� Ghjjbrm�

Ij_fby b iZfylguc agZd [m^ml \jmq_gu \h \j_fy p_j_fhgbb hldjulby _`_]h^ghc

ZkkZf[e_b FBK \ ]� IjZ]Z �� bxey ���� ]�

Gb`_ ij_^klZ\e_gZ [bh]jZnbq_kdZy kijZ\dZ h ^_yl_evghklb ijhn_kkhjZ >`� Ghj�

jbrZ \ h[eZklb k\Zjdb�
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aZgbfZ_lky ih^]hlh\dhc ki_pbZebklh\� \ qZklghklb� dh�

hj^bgbjh\Zgb_f \aZbfh^_ckl\by k mdZaZgguf p_gljhf� <

gZklhys__ \j_fy hg jZ[hlZ_l \ h[eZklb Z\lhfZlbaZpbb b

f_oZgbaZpbb k\Zjhqguo ijhp_kkh\� jh[hlbabjh\Zgghc

k\Zjdb� k\Zjdb dhevp_\uo r\h\ gZ ljm[hijh\h^Zo� hilb�

fbaZpbb ^m]h\hc k\Zjdb f_lZeebq_kdbf we_dljh^hf \ aZ�

sblguo ]ZaZo b khhl\_lkl\mxsbo bklhqgbdh\ iblZgby�

k\Zjb\Z_fhklb \ukhdhijhqguo gbadhe_]bjh\Zgguo klZ�

e_c b dhgljhey k\Zjhqguo Zwjhahe_c� ;hevrZy qZklv wlbo

jZ[hl ghkbl ijbdeZ^ghc oZjZdl_j b gZijZ\e_gZ gZ ih\u�

r_gb_ dZq_kl\Z b ijhba\h^bl_evghklb k\Zjhqguo ijhp_k�

kh\ ijbf_gbl_evgh d kljhbl_evkl\m ljm[hijh\h^h\� wg_j�

]_lbd_� h[hjhgghc b kljhbl_evghc ijhfure_gghklb� Ijh�

_dlu� ih dhlhjuf hg jZ[hlZ_l \ gZklhys__ \j_fy� \dex�

qZxl bkke_^h\Zgby \ h[eZklb gh\uo ijhp_kkh\ ^ey kljh�

bl_evkl\Z ljm[hijh\h^Z gZ :eykd_� mijZ\e_gby bg\_jlhj�

gufb bklhqgbdZfb iblZgby k bkihevah\Zgb_f bkdmk�

kl\_ggh]h bgl_ee_dlZ� j_fhglZ ]b^jhlmj[bg gZ f_kl_ wd�

kiemZlZpbb� eZa_jgmx k\Zjdm k ijbf_g_gb_f ^bh^guo eZ�

a_jh\ \ukhdhc fhsghklb b hi_jZpbhgguc dhgljhev dZ�

q_kl\Z ijb g_ij_ju\ghc k\Zjd_ klZevguo e_gl� G_^Z\gh

hg ihemqbe iZl_glu gZ ^\Z f_lh^Z mijZ\e_gby k\Zjhqguf

ijhp_kkhf� dhlhju_ \ gZklhys__ \j_fy aZimkdZxlky \

ijhfure_ggh_ ijhba\h^kl\h f_`^mgZjh^gufb dhfiZgb�

yfb�

>`hg Ghjjbr y\ey_lky qe_ghf kh\_lZ 7:,� ^biehfb�

jh\Zgguf bg`_g_jhf� _\jhi_ckdbf bg`_g_jhf )($1,�

ij_^klZ\bl_e_f :\kljZebb \ dhfbkkbb ;,,FBK b qe_ghf

bkke_^h\Zl_evkdhc ]jmiiu ��� �nbabdZ k\Zjdb�� Z lZd`_

^_ckl\bl_evguf qe_ghf jmdh\h^ys_]h l_ogbq_kdh]h kh�

\_lZ b qe_ghf dhfbl_lZ :*�D ,$% �Dhhj^bgZpbhggh]h

kh\_lZ k_lb ,QWHUQHW� ih ^bklZgpbhgghfm h[mq_gbx� Hg

lZd`_ ijbgbfZ_l Zdlb\gh_ mqZklb_ \ dhfbl_lZo �� � b

�� BgklblmlZ k\Zjdb :\kljZebb�

;m^mqb jmdh\h^bl_e_f ijh]jZffu ih^]hlh\db ki_pb�

Zebklh\ \ P_glj_ bkke_^h\Zgbc k\Zjguo dhgkljmdpbc� hg

hl\_qZ_l aZ jZajZ[hldm bggh\Zpbhgghc ijh]jZffu ]b[�

dh]h aZhqgh]h h[mq_gby ^ey ih\ur_gby d\ZebnbdZpbb bg�

`_g_jh\�k\Zjsbdh\� Wlh i_j\Zy \ fbj_ ijh]jZffZ ]b[�

dh]h aZhqgh]h h[mq_gby� dhlhjZy m^h\e_l\hjy_l lj_[h\Z�

gbyf mq_[guo ieZgh\ ih ih^]hlh\d_ f_`^mgZjh^gh]h bg�

`_g_jZ k\ZjsbdZ FBK�

>`� Ghjjbr bf__l [he__ khlgb im[ebdZpbc \ ba\_k�

lguo `mjgZeZo b ljm^Zo f_`^mgZjh^guo dhgn_j_gpbc�

Hg y\ey_lky Z\lhjhf dgb]b ©I_jki_dlb\gu_ ijhp_kku

k\Zjdbª� dhlhjZy [ueZ him[ebdh\ZgZ \ ���� ]�

M>D ����������������
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�� fZjlZ ���� ]� \ Kbfn_jhihe_ gZ [Za_ H:H We_dljh�

fZrbghkljhbl_evguc aZ\h^ ©NbjfZ KWEF:ª khklhyeky

k_fbgZj� ihk\ys_gguc \hijhkZf ih^]hlh\db jZ[hqbo b

ki_pbZebklh\ k\Zjhqgh]h ijhba\h^kl\Z jZaebqgh]h mjh\�

gy b h[_ki_q_gby dZq_kl\Z \uimkdZ_fhc ijh^mdpbb� Hg

[ue hj]Zgbah\Zg H[s_kl\hf k\Zjsbdh\ MdjZbgu k mqZk�

lb_f Djufkdh]h j_]bhgZevgh]h hl^_e_gby� < k_fbgZj_

ijbgyeb mqZklb_ k\ur_ �� ki_pbZebklh\� jZ[hlZxsbo \

h[eZklb ih^]hlh\db jZ[hqbo�k\Zjsbdh\� ki_pbZebklh\

k\Zjhqgh]h ijhba\h^kl\Z kj_^g_]h b \ukr_]h a\_gZ� aZ�

gbfZxsboky ijh[e_fZfb ih\ur_gby dZq_kl\Z ijb ijh�

ba\h^kl\_ k\Zjhqguo fZl_jbZeh\� h[hjm^h\Zgby b k\Zj�

guo dhgkljmdpbc� Kj_^b gbo ]eZ\gu_ k\Zjsbdb b ]eZ\gu_

ki_pbZebklu ih k\Zjd_ jy^Z djmiguo ijhfure_gguo

ij_^ijbylbc� aZ\_^mxsb_ dZn_^jZfb mgb\_jkbl_lh\�

ij_^klZ\bl_eb MdjZbgkdh]h b h[eZklguo Zll_klZpbhgguo

dhfbl_lh\ k\Zjsbdh\� F_`hljZke_\h]h mq_[gh]h b k_j�

lbnbdZpbhggh]h p_gljZ ©K?IJHAª BWK bf� ?� H� IZlhgZ

b ^j�

Hldjue k_fbgZj ij_ab^_gl H[s_kl\Z k\Zjsbdh\ Md�

jZbgu <� =� NZjlmrguc� Ihke_ ijb\_lkl\_ggh]h keh\Z

hg djZldh hoZjZdl_jbah\Ze kh\j_f_ggh_ khklhygb_ ih^�

]hlh\db dZ^jh\ ^ey k\Zjhqgh]h ijhba\h^kl\Z MdjZbgu�

ZdlmZevghklv aZ^Zqb ih\ur_gby dZq_kl\Z lh\Zjghc ijh�

^mdpbb b ijba\Ze mqZklgbdh\ k_fbgZjZ d Zdlb\ghfm h[�

K_fbgZj hldju\Z_l Ij_ab^_gl H[s_kl\Z k\Zjsbdh\ MdjZbgu <� =�

NZjlmrguc
<uklmiZ_l ^bj_dlhj FMP I� I� Ijhp_gdh

�� ������



km`^_gbx hlf_q_gghc l_fu� Ihke_ q_]h gZ k_fbgZj_ \uk�

lmibeb�

² aZ\� dZn_^jhc k\Zjhqgh]h ijhba\h^kl\Z MdjZbgk�

dhc bg`_g_jgh�i_^Z]h]bq_kdhc ZdZ^_fbb� ij_^k_^Zl_ev

OZjvdh\kdh]h h[eZklgh]h hl^_e_gby H[s_kl\Z k\Zjsbdh\

MdjZbgu G� =� ?nbf_gdh� dhlhjuc hlf_lbe� qlh OZjv�

dh\kdbc j_]bhg� y\eyykv fZrbghkljhbl_evguf� jZkiheZ�

]Z_l agZqbl_evghc Zjfb_c jZ[hlgbdh\ k\Zjhqgh]h ijhba�

\h^kl\Z \k_o mjh\g_c� OZjvdh\kdZy ZdZ^_fby ]hlh\bl bg�

`_g_jh\�i_^Z]h]h\� jZ[hlZxsbo ij_ih^Z\Zl_eyfb \ l_o�

gbdmfZo� dhee_^`Zo b ^jm]bo mqj_`^_gbyo� < l_dmsbc

fhf_gl� dh]^Z gZ[ex^Z_lky ih^t_f fZrbghkljhbl_evgh]h

dhfie_dkZ� j_adh mkbebeky g_^hklZlhd \ qbke_gghklb jZ�

[hqbo b ki_pbZebklh\� Wlh k\yaZgh k l_f� qlh \ i_jbh^

jZa\ZeZ wdhghfbdb agZqbl_evgh khdjZlbeZkv ihlj_[ghklv

\ dZ^jZo� ?keb \ �����_ ]]� lhevdh \ OZjvdh\_ _`_]h^gh

]hlh\behkv g_ f_g__ ��� jZ[hqbo�k\Zjsbdh\ b dhgljh�

e_jh\� lh k_]h^gy hsmsZ_lky g_^h[hj h[mqZxsboky�

;hevrb_ keh`ghklb k h[_ki_q_gb_f l_ogbq_kdbo mqbebs

kh\j_f_gguf k\Zjhqguf h[hjm^h\Zgb_f �dZd ijZ\beh�

bkihevam_lky mklZj_\r__�� f_lZeehf ^ey ijZdlbq_kdbo

aZgylbc� jZkoh^gufb k\Zjhqgufb fZl_jbZeZfb� G_l \

MdjZbg_ _^bgh]h gZmqgh�f_lh^bq_kdh]h hj]ZgZ� dhgljh�

ebjmxs_]h \uimkd mq_[guo ihkh[bc� I_jbn_jbcgu_

l_ogbq_kdb_ mqbebsZ g_ mdhfie_dlh\Zgu \ ^he`ghc f_�

j_ ij_ih^Z\Zl_eyfb� ?klv ljm^ghklb k hj]ZgbaZpb_c

ijZdlbdb mqZsboky l_ogbq_kdbo mqbebs gZ ij_^ijby�

lbyo� < ihke_^gb_ ]h^u \ MdjZbg_ ijZdlbq_kdb hlkml�

kl\m_l ih^]hlh\dZ ki_pbZebklh\ k\Zjhqgh]h ijhba\h^k�

l\Z kj_^g_]h a\_gZ �l_ogbdh\�� G_h[oh^bfZ \ujZ[hldZ

kh]eZkh\Zgguo ij_^eh`_gbc ^ey Fbgbkl_jkl\Z h[jZah�

\Zgby b gZmdb ih kh\_jr_gkl\h\Zgbx kbkl_fu ih^]h�

lh\db jZ[hqbo b l_ogbdh\�k\Zjsbdh\�

² ^bj_dlhj F_`hljZke_\h]h mq_[gh]h p_gljZ �FMP��

aZf_klbl_ev MdjZbgkdh]h Zll_klZpbhggh]h p_gljZ I� I�

Ijhp_gdh hlf_lbe� qlh p_gljhf gZdhie_g [hevrhc hiul

ih ih^]hlh\d_ b i_j_ih^]hlh\d_ \k_o dZl_]hjbc jZ[hqbo

\iehlv ^h _\jhi_ckdbo bg`_g_jh\ ih k\Zjd_� =eZ\gZy

ijh[e_fZ� klhysZy i_j_^ p_gljhf² m^h\e_l\hj_gb_ aZi�

jhkZ jugdZ� Mqblu\Zy� qlh k_]h^gy ZdlmZevguf lj_[h\Z�

gb_f y\ey_lky \uimkd k_jlbnbpbjh\Zgghc ijh^mdpbb�

\Z`gZ ih^]hlh\dZ d\Zebnbpbjh\Zgguo jZ[hlgbdh\� kih�

kh[guo h[_ki_qblv ]jZfhlgmx wdkiemZlZpbx kh\j_f_g�

gh]h k\Zjhqgh]h h[hjm^h\Zgby� K �����o ]]� FMP aZgb�

fZ_lky ih^]hlh\dhc b i_j_ih^]hlh\dhc ki_pbZebklh\� Z

\ ihke_^gb_ iylv e_l ihklhyggh kh\_jr_gkl\m_l ijh]jZf�

fm h[mq_gby� JZajZ[hlZgZ kbkl_fZ lj_[h\Zgbc d h[mqZ�

_fhfm� kha^Zg gZpbhgZevguc hj]Zg Zddj_^blZpbb \ jZf�

dZo FBK b ?KN� FMP bf__l ebp_gabb wlbo hj]ZgbaZpbc

gZ ih^]hlh\dm ki_pbZebklh\ ih k\Zjd_ \k_o mjh\g_c� bf_�

xlky ijh]jZffu h[mq_gby� khhl\_lkl\mxsb_ f_`^mgZ�

jh^guf lj_[h\Zgbyf �djhf_ ijh]jZff ih jZ[hqbf ijh�

n_kkbyf�� Ihemq_gu ijZ\Z �gZ i_j_oh^ghc i_jbh^� ih jy�

^m dZl_]hjbc gZ ijh\_^_gb_ i_j_ih^]hlh\db ih khdjZ�

s_gghfm dmjkm ��� q�� < ihke_^g__ \j_fy FMP hk\hbe

kbkl_fm fh^mevghc ih^]hlh\db k\Zjsbdh\� \ hkgh\m dh�

lhjhc iheh`_g bg^b\b^mZevguc ih^oh^ d h[mqZ_fhfm �k

l_klbjh\Zgb_f kl_i_gb _]h gZqZevghc ih^]hlh\e_gghklb��

² l_ogbq_kdbc ^bj_dlhj M:DK <� L� Dhlbd hlf_lbe�

qlh kms_kl\mxsZy \ MdjZbg_ kbkl_fZ Zll_klZpbb jZ[hl�

gbdh\ k\Zjhqgh]h ijhba\h^kl\Z �h^bg jZa \ ^\Z ]h^Z� klb�

fmebjm_l ih^]hlh\dm i_jkhgZeZ� Ex[hiulgu ^Zggu_ ih

Zll_klZpbb k\Zjsbdh\� aZgyluo \uiheg_gb_f jZ[hl k bk�

ihevah\Zgb_f jZaebqguo ijhp_kkh\� J>K² ��…���F:=

² �…�� LB= ² �…�� :>K ² ���…��� �� Wlb ^Zggu_

]h\hjyl h \_kvfZ fZeuo h[t_fZo jZ[hl� \uihegy_fuo k

bkihevah\Zgb_f Z\lhfZlbq_kdhc k\Zjdb� H^gZdh ijb wlhf

g_h[oh^bfZ m\yadZ Zll_klZpbb jZ[hq_]h�k\ZjsbdZ k _]h

lZjbnguf jZajy^hf b ki_pbZebaZpb_c ih \b^m \uihegy�

_fuo k\Zjhqguo jZ[hl� >hdeZ^qbdhf [ueZ ijb\_^_gZ bg�

l_j_kgZy klZlbklbdZ ² aZ ]h^ \ MdjZbg_ Zll_klh\u\Z_lky

hdheh � luk� k\Zjsbdh\� ba dhlhjuo ^h �� e_l ² ����

��±�� ² ��� ��±�� ² ��� ��±�� ² �� b ��±�� ² �����

qlh k\b^_l_evkl\m_l h[ hq_\b^ghf ^_nbpbl_ fheh^uo

k\Zjsbdh\� < MdjZbg_ ih^]hlh\dm bg`_g_jh\ ih k\Zjd_

]hlh\bl �� dZn_^ju mgb\_jkbl_lh\� Ij_^eZ]Zehkv \_j�

gmlvky d kbkl_f_ h[yaZl_evghc ©hljZ[hldbª ih ki_pbZev�

ghklb \uimkdgbdZfb mgb\_jkbl_lh\� ihkdhevdm fgh]b_ ba

gbo g_ jZ[hlZxl ba�aZ gbadhc aZjieZlu�

² ]eZ\guc k\Zjsbd aZ\h^Z ©Hd_Zgª �]� GbdheZ_\� \uk�

dZaZe fg_gb_ h lhf� qlh d\ZebnbdZpby jZ[hlu k\Zjsbdh\

k\yaZgZ k dZq_kl\hf \uimkdZ_fhc ijh^mdpbb b __ ijb�

[uevx� <Z`gh \hhjm`blv jmdh\h^bl_e_c hl^_eZ ]eZ\gh]h

k\ZjsbdZ ©bgkljmf_glhfª ih Zll_klZpbb ih^\_^hfkl\_g�

guo _fm ki_pbZebklh\ ih k\Zjd_ g_ihkj_^kl\_ggh gZ aZ�

\h^_� GZ ©Hd_Zg_ª mjh\_gv f_oZgbaZpbb ^hklb]Z_l ���� �

�f_oZgbabjh\ZggZy k\ZjdZ \ aZsblguo ]ZaZo ihjhrdh\u�

fb ijh\hehdZfb fZeh]h ^bZf_ljZ�� Wlhfm ijhp_kkm e_]dh

h[mqZxlky fheh^u_ jZ[hqb_� AZ\h^ ©Hd_Zgª ih^^_j`b�

=_g_jZevguc ^bj_dlhj nbjfu ©KWEF:ª =� <� Dhiue_gdh m\e_q_g�

gh jZkkdZau\Z_l h ^_yl_evghklb ij_^ijbylby

JZ[hqbc fhf_gl k_fbgZjZ �aZ ljb[mghc G� =� ?nbf_gdh�

������ ��



\Z_l l_kgu_ k\yab k fhjkdbf l_ogbq_kdbf mgb\_jkbl_lhf

\ ]� GbdheZ_\_� IjZdlbdm_lky ih^]hlh\dZ bg`_g_jh\ ih

k\Zjd_ k mq_lhf ih`_eZgbc H=K aZ\h^Z ©Hd_Zgª �\ mq_[�

gmx ijh]jZffm \dexqZxlky l_fu� k\yaZggu_ k ijhba\h^�

kl\hf aZ\h^Z� b lZdb_ ki_pbZebklu aZl_f ijb]eZrZxlky

gZ jZ[hlm� Ih fg_gbx ^hdeZ^qbdZ� \Z`gh ijh\h^blv Zl�

l_klZpbx dZd k\Zjhqguo l_ogheh]bc gZ ij_^ijbylbyo� lZd

b k\Zjhqgh]h ijhba\h^kl\Z \ p_ehf� Wlh iha\hebl [he__

m\_j_ggh mqZkl\h\Zlv \ l_g^_jZo gZ ihemq_gb_ aZdZah\�

hkh[_ggh \uihegy_fuo gZ wdkihjl� JZ[hqb_ gZ aZ\h^_ Zl�

l_klh\u\Zxlky ih \b^m \uihegy_fuo jZ[hl �k\ZjdZ \

gb`g_f� \_jlbdZevghf beb ihlhehqghf iheh`_gbyo�� K_�

]h^gy gZ aZ\h^_ jZ[hlZ_l ��� k_jlbnbpbjh\Zgguo k\Zj�

sbdh\ �dZ`^u_ ihe]h^Z ijhoh^bl i_j_Zll_klZpby��

² ^bj_dlhj L_oghiZjdZ BWK bf� ?� H� IZlhgZ :� :�

FZamj djZldh hoZjZdl_jbah\Ze khklhygb_ k\Zjhqgh]h

ijhba\h^kl\Z MdjZbgu \ �����_ ]]�� khihklZ\b\ bo k �����

fb ]]��

² ]eZ\guc k\Zjsbd OD ©Em]Zgkdl_ieh\haª :� G� LdZ�

q_gdh hlf_lbe� qlh \ Em]Zgkd_ bf__lky q_luj_ l_ogbq_k�

dbo mqbebsZ ih ih^]hlh\d_ k\Zjsbdh\� Bg`_g_jh\ ih

k\Zjd_ \uimkdZxl ^\_ dZn_^ju <hklhqgh�MdjZbgkdh]h

l_ogbq_kdh]h mgb\_jkbl_lZ� GZ ©Em]Zgkdl_ieh\ha_ª kha�

^ZgZ gZmqgh�l_ogbq_kdZy [ZaZ ih^]hlh\db bg`_g_jh\�

k\Zjsbdh\ �nbebZe dZn_^j�� ?`_]h^gh ��±�� klm^_glh\

��]h dmjkZ ihemqZxl ijhba\h^kl\_ggu_ l_fu� qlh iha�

\hey_l ih\ukblv mjh\_gv ih^]hlh\db ki_pbZebklh\� L_o�

gbdh\ \ Em]Zgkd_ g_ ]hlh\yl� >ey ih^]hlh\db jZ[hqbo�

k\Zjsbdh\ \ dhfiZgbb kha^ZgZ kh[kl\_ggZy mq_[gZy [ZaZ�

dhlhjZy ]hlh\bl jZ[hqbo dZd ^ey jZ[hlu gZ ©Em]Zgkdl_i�

eh\ha_ª� lZd b gZ ^jm]bo ij_^ijbylbyo ]hjh^Z b h[eZklb�

² ^bj_dlhj h[eZklgh]h gZmqgh�f_lh^bq_kdh]h p_gljZ

�]� Kmfu� hlf_lbeZ� qlh p_glj aZgbfZ_lky ih^]hlh\dhc

klZg^ZjlZ gZ ih^]hlh\dm jZ[hqbo�k\Zjsbdh\ \ kbkl_f_

ijhnh[jZah\Zgby� <ukdZaZgZ b^_y ih kha^Zgbx f_`j_�

]bhgZevgh]h lj_gbg]h\h]h p_gljZ� [eZ]h^Zjy dhlhjhfm

fh`gh khdjZlblv kjhd ih^]hlh\db k\Zjsbdh\�

² wdki_jl F_`^mgZjh^ghc hj]ZgbaZpbb ljm^Z ©Fh�

^mevgZy f_lh^heh]by ijhn_kkbhgZevgh]h h[mq_gbyª

�]� Db_\� <� F� :gbs_gdh hagZdhfbe mqZklgbdh\ kh\_�

sZgby k hiulhf \g_^j_gby \ k_lb l_ogbq_kdbo mqbebs

fh^mevghc kbkl_fu h[mq_gby jZ[hqbo�

² ^bj_dlhj BgklblmlZ ih^]hlh\db� i_j_ih^]hlh\db

b ih\ur_gby d\ZebnbdZpbb dZ^jh\ �]� OZjvdh\� H� G�

@boZj jZkkdZaZeZ h[ hiul_ ih ih^]hlh\d_ b Zll_klZpbb

jZ[hqbo rbjhdh]h ki_dljZ ijhn_kkbc [_a hlju\Z hl ijh�

ba\h^kl\Z \ mq_[ghf p_glj_ ©Mdjl_oijh]j_kkª�

² Zm^blhj ©K?IJHAª G� :� Ijhp_gdh �BWK bf� ?� H�

IZlhgZ� hlf_lbeZ� qlh ^_yl_evghklv ij_^ijbylbc ih h[_k�

i_q_gbx dZq_kl\Z \ kh\j_f_gguo mkeh\byo gZijyfmx k\y�

aZgZ k l_f� ]^_ k_[y \b^bl ij_^ijbylb_ gZ jugd_ k\Z�

jhqgh]h ijhba\h^kl\Z� GZijbf_j� nbjfu ©KWEF:ª�

©:JDKWEª� ©AZihjh`kl_dehnexkª ihr_e ih imlb k_j�

lbnbdZpbb kbkl_fu dZq_kl\Z \uimkdZ_fhc ijh^mdpbb� GZ

imlb \klmie_gby MdjZbgu \ <LH g_h[oh^bfh ^h �� �

klZg^Zjlh\ \ h[eZklb k\Zjhqgh]h ijhba\h^kl\Z ijb\_klb

\ khhl\_lkl\b_ k lj_[h\Zgbyfb ,62 b (1� Ij_^ijbylby

kZfb \u[bjZxl ghjfZlb\gmx [Zam �eb[h gZpbhgZevgmx�

eb[h f_`^mgZjh^gmx�� GZpbhgZevgu_ >KLM BKH [m^ml

\dexqZlv ��� klZg^Zjlh\� GZ k\Zjhqgu_ fZl_jbZeu hk�

gh\gZy qZklv ghjfZlb\h\ MdjZbgu m`_ _klv�

< ij_gbyo lZd`_ \uklmibeb ]eZ\guc k\Zjsbd aZ\h^Z

©AZjy�FZrijh_dlª �]� GbdheZ_\� X� <� =ma_gdh� ]eZ\guc

k\Zjsbd KeZ\ygkdhc LWP� ij_^klZ\bl_ev Lhj]h\h]h >hfZ

©K\ZjdZª �]� Db_\��

Ke_^m_l hkh[h hlf_lblv \deZ^ nbjfu ©KWEF:ª \

h[_ki_q_gb_ \ukhdh]h mjh\gy jZ[hlu k_fbgZjZ� Z lZd`_

ij_^hklZ\e_ggmx bgl_j_kgmx ijh]jZffm� \dexqZxsmx

ihk_s_gb_ mqZklgbdZfb k_fbgZjZ hkgh\guo p_oh\ b mqZk�

ldh\ ij_^ijbylby� hagZdhfe_gb_ k gh\bgdZfb \uimkdZ_�

fh]h h[hjm^h\Zgby�

<� G� Ebih^Z_\� ^�j l_og� gZmd

<h \j_fy agZdhfkl\Z k ijhba\h^kl\hf nbjfu ©KWEF:ª

�� ������




