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@BADCEAGFIHKJMLNADOPCRQTSVUXWNY[Z[\N]^C`_`aWN\NYPObCEcBFTJMQGdfegCEhjikF�@lJMOPCmFonRWpObAGCrqTFNCRQsJkegObAsePZ[\NCRYtUXAvuwY[JyxzObAGhjCRY
{b|~}b� OPYbCRWNWNFf]���SM���jSk�^���^nmWoCRAGFz_�JkZ�\IUXAvuwY[JyxzObAGhjCRFo� |~}�� CyJMxXOPADi^FNCRFIUXCRY��TikYP�
� |��<����|
��Sj�R�NWfF�U�CmAGFz_�JkZ�\IUzA�uwY[JMxXOPADhjCRF |k|~} WNF�U��|j|j}�� CyJyxzObAGikFNCRFonRCRAD]^Om�^UNJy��ADFIUzCR��xjik��LNQDCR�zCmF
� QGWNikF�egdfegObCR�<AGFNFNCmYP\�JyQG ¡UzCye�¢2Ybi^OPikF�eoegCmQG �e£OPi^Yb]jJyFNAse£AGCRYbOPC�H¤YPADOPADx^JyQGADOyaJMOlCR�zA¥egObAGCRYbOVWfF�U
nRWNY�¦§AGQ¥UzWNFN]¨UXCRY©_�JyYP NQDije£CRF � QGWNikF�ZrQGWTegOPCmYtª¬«�_�aWf\NYPOm�^UzADC�egAsZ[\KAGF�UzCRF�ik NAG]kCRF � CyJMxXOPADi^FNCRF
��JyFNAv_®Cye£OPADCRYPCRF�¯
HKJMFNF°UzADCyegC¨±2YPxjCmFNFzObFNAset]^CRFXWNOPnmO2²§CRY¬UzCRF��yWN�3UzADCE³ AGYbxzWNFf]jeP´jWNCRY¬ePZ[\NFNADOPOPC�hjCRY[ebZ�\fAGCyUzC }
FNCRYlAGFNCRQ¥J^e£OPAsebZ�\4UzA�uwY[JMxXOPADhjCRY � CyJyxzObAGikFNCRF�nmWµ ¶CmYPCyZ[\NFNCRFw·o¸wJ^ePe£CRF¡egAsZ[\µUXAGC�ADF�HKJMLNADOPCRQ
S� �CROPY¬J^Z[\zObCROPCmF-AGFNCmQsJ^e£OPA¥ePZ[\NCRF¡UzAvuwY[JyxzObAGhjCRF � OPYbCRWNCR�XL�CRYPAD��CRFXOPCIJMWTZ�\¹JMQ¥eo@BAvuwY¬JMxXOPAGikF
AG��ikLNOPA¥ePZ[\NCRF � AGFNFNCIUXCRWNOPCmFº·¼»�AGOlJMF�UXCRYPCRFµ³�i^YbOPCRF��ºxkJMFNF�UzCmY � OPY¬JM\NQ,UzCRY¨CRAGFz_�JyQGQDCRF }
UzCRF°¢2YPiy½PCmxzObAGQGObCRAGQ¥Z�\fCRF¼JMQse'CRAGFX_�JMQGQDCRF�UzC�³�CmQGQGCE]kCyUzCRWfOPCRO'²§CmY[UzCRF��jUzAGClJM��¾tJMYP]kCROPLfYPi^Obi^F
 NnR²K¯fJMF4UzCRY�³�ikQGxjCKUXCRY§nRW¿UzAGCye£CR��]^Cm\tai^YbCRF�UzCRF�_�JyYP NQDijegCmF�ªP« }bÀ QGWTegOPCmYE]^Cye£OPYPCmWNO§²EADY[U¶·

Á^Â



ÃºÄ

p
–
 oder p(k) X(pX

Å )Æ

qÇ c=P-P’cÈ ✶
0(q
É

c)
Æ

p oder p
–
(P)
É

p oder p
–
(P’)
É

p + p → X + p

p
–
 + p → X + p

p + p
–
 → X + p

–

k2 = M2, sÊ = (k+P)2

pX
Å2 = (k+qc)

Æ 2 = MX
Å2

t
Ë

= qc
2 (≤Ì 0)
Í

xÎ P =
kqc

kP
≈

MX
Å2

sÊ
P2 = P’2 = M2

for |t| (
Ï

≤Ì  4M2, etwa) <<Ð   s

cB N fAGQsUXWNFN]��f¯GÑkÒ2Ó�Ô�Õ[Ö`×�Õ[ØBØ7Ù£ÚÛ ×�Ü£ÔÞÝRÙsÕ[ß�àoáyÔ�âã×�Õ[äRå®ÔÞærÜ'ç`çRè Û Ýyá�éçrçRè®êRå®×ëÜ Ûyì ×ëí`î£Ü£ïëï®ÜKî Û ï�Õ�Ø¨Ø¨ÜgÝ¼ØBÔðå×®ÜgñðÜgæ`Õ[ÝRå®Ü£Ý¤äRÔÞÝyÜ£Ø¤Õ[å®ÔÞïëß�àMÜ£Ý¨òwÕ�×®Ô�Õ[óMñðÜgÝXô

@BADCyegCl�NY[JM]kCRF�e£i^QGQDCRFIAGF°UzCRFp_®ikQG]^CmF�UzCRF°cB �ebZ�\NFfAGOPObCRFIJMFf\�JMF�U�UzCmY§@lJMOPCmF���S Á �zõköM�wnRWN�
UzA�uºCmYPCRFXOPADCRQGQDCRF÷³ ADYPxXWNFN]jeb´~WfCRY[ebZ�\NFfAGOPO¿øjù[ú�ûyø^üføNýgþÿù� û����°nRWÿCRAGFz_�JkZ�\ UzA�uºY¬JMxXOPADhjCRY |^|j}WNF�Uµ�|k|~}b� OPYbCRWNWNFf]�UXAsegxXWNObAGCRYbO�²§CRY¬UzCRF�¯k@BAGC � OPYbCRWNLNYbi^nRC ePegC�WNF�UoUzADC' ¶CmA�UzCRYbCRFo¦§CyebZ�\fYPCRA }
 NWNFf]ohjCRYP²�CRF�UzCRObCRFIxzADFNCR��JyOPAsebZ�\fCRF���JMYbAsJy NQGCRF¿egiy²EAGCKUXCRYPCRF���W�ePJy����CRFN\ aJMFN]kC¤e£AGF�UpADF
cB N �¯º�N¯DÑ�ADQGQDW�egObYPAGCmYPOR¯�@¨AGC	��JMYbAsJM fQGCoü¨AsegO¼UNJke�
BWTJ^UzY¬JMO¼UzCye��¤ADCRYPCRYbAG��LfWNQDe aWN �CRYbOPY[Jy]^Cye`�
þ � UzADC�»µJ^ebegC4UzCye�CRYbnRCRWN]kOPCRF¡\�J^UzYbi^FNA¥ePZ[\NCRF � dfegObCR��e¤WNF�U� �4UzAGC � CyebJM�IOPCRFfCRYP]kAGC
UzCRY¼H¤i^QDQGA¥egAGikFµAG� � Z[\X²§CRYbLNWNFNxXO[e£dNe£OPCR� UzCRYKCRADFNQsJyWz_®CRF�UXCRF�¾©CmAGQsZ[\NCRF�¯���ADCRQ'UzCRY��BFXOPCmY }
egWTZ�\XWNFN]¼AsegO�UzADC¤¦§C JMFXOg²�i^YbOPWNFN]�UzCRY��NY[Jy]^Cj�Xi^ �e£AsZ[\�UzADCBADF�UzCRY'xXAGFNCm��JMObAsePZ[\NCRF � Cm]^AGikF
ý�ö��ÞS � C�� ù���� ü ��� õ��ÞS^� � C�� ù �NÑ Â � C�� � � � � Â õkö � C��o�jWNF�U�þÿù� û�� � ö��GÑ��t �CRik �J^Z[\zObCROPCü } WNF�U�þ ù� û�� } cB f\taJMFN]kAG]kxjCRAGOtUzC eº³ AGYPxXWNFN]ãeP´jWNCRY¬ePZ[\NFNAGObOPCye�AG� � Jy\N��CRFlCRAGFNC eºi^LNObAsePZ[\NCRF»�iXUzCRQDQGCye�JMWz_ � YbWNF�UzQ¥JM]^C¼UzC e§AGF�HKJMLfAGOPCmQºS�CmFzO£²EAsZ[xjCRQDOPC`F ���KÀ2} ¦§ADQsUzCye'hjCRY[e£OPCR\fCRFpWfF�U
 �CyePZ[\NYbCRAG �CRF�Q�aJM�kOR¯
@BADC��£UzCRCj�ºikLNOPA¥ePZ[\NC� Nnm²K¯©]kCRi^�°CROPYbAsePZ[\NCI»�iXUzCmQGQGCIWNF�U7cBFTJMQGik]^ADCRF�nmWNYo¦§CyebZ�\fYPCRAD NWNFN]
\NiXZ[\NCRFNCmYP]^CmOPAsebZ�\fCRY��¤J^UzYbi^F } H¤CRYPF¼WNF�U �¤JkUzYPikF } �lJ^UzYbi^F � CyJyxzObAGi^FfCRF¤ �CRAjxXQGCRADFNCRF � OPYbCRW }
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�^S^�XhjCRYb²EJMFTUzO�²�i^Y¬UzCRF�¯k¦§AseX½PCROPnmO�²EWNY¬UzC¨JMQDQGCRY¬UzAGFf]je�FNiXZ�\oxjCmAGF �'CRY[e£W�Z�\KWNFXOPCmYPFNik����CRF��
UzADCE@¤JyOPCRF4��S Á �kõ^ö^�XnRW�UzAvuwY[JyxzObAGhjCRFKADFNCRQsJkegObAsePZ[\NCRF |k|~} WNF�U | �|z}�� C JMxXOPAGikFNCRFoAD� � Jy\N��CRF
CRADFNCye ikLNOPA¥ePZ[\NCRF4»�iXUzCRQDQGCye§nmW  �CyebZ�\fYPCRAD ¶CmF�¯��FNCRQ¥J^egObAsebZ�\NC¼UzA�uwY[JMxXOPADhjC |^|~} WfF�U �|^|j}£� CyJMxXOPADi^FNCmFµ]^CR\taikYPCRFµnmW�CRADFNCRY¨H¤QsJkePegCohjikFµ¢2YPi }
nRCyebegCRF���UzAGC¼AG� � JM\N�°CRF�hji^F � CR]k]^C } ¢�i^Q } »�iXUXCRQGQDCRF7��õ Á �wõYXN�w�zÑ`�� �CyebZ�\fYPAGCm ¶CmF�²§CmY[UzCRF
x�ai^FNFNCmF�¯y@BAGC']kYPWNF�UXQGCR]kCRF�UzCZ�£UzCRC'\NADCRYP �CRAkAsegOm�yUNJM�¨ �CRAjCRADFNCRYtH¤i^QDQGAse£AGikF _�JyYP NQDije£C �  X½PCRxXOPC
AGF��Ni^YP�:egik]^CRF�JyFNFXOPCRY � CR]^]kC } ¾�Y[Jm½PCRxzObi^YbAGCRF�JMW�e£]^CRO¬JMW�ebZ�\XO2²§CmY[UzCRF�¯Y��� � Jy\N��CRF�UzAGC egCRY
»�iXUzCRQDQGCI��õ Á ��õ[XM��]^AD NOECye¨¢2JMY¬JM��CmOPYPA¥egADCRYPWNFf]^CRF��XUzADCKUzADC�@lJMOPCmF� �CyePZ[\NYbCRAG �CRF��fJM �CRYlUzAGC
�NY[Jy]^C�FTJ^Z[\�UXCR��UzdXF�JM�°AsePZ[\NCRF\�BY¬egLNYbWNFN]N��JyQse£ipF�JkZ�\ UzCRY¨¦§ADQsUzWNFf]IUzCRY¨JMWTeg]^CmO[JMWTePZ[\ }
OPCmF �  X½PCmxzObCj�¶²EADY[U���ADO¨UzAGC egCRF�cBFTeRaJMObnRCRFµFNA¥Z�\XO¨ ¶C JMFXOg²�i^YbOPCROm¯#��� � CR]kCRF�ebJMOPnI\NADCRYPnRW
nRCRAD]^O¨UzADCKAGF4HKJML�¯�SIUzWNY¬Z�\N]kCr_�aWN\NYbOPC¼cBF�JyQGdfegCj��UfJM�°egCRQD �egObi^YP]ãJMFNA¥egADCRYPObC�H¤YbAGOPADxkJMQGADOyaJyOEAG�
xji^�°LNQGCR�XCRF � dfegObCR�8UzCmY � QDWNi^FNCmF�UzCyeK¢2YPi^Obi^F�e¼UzCRY¼UzdXF�JM�°AsePZ[\NC��BY¬egLNYbWNFN]4UzCRY¼egA¥Z�\
AGF4UzA�uwY[JMxXOPADhjCRF |k|~} WfF�U �|j|~}�� CyJyxzObAGikFNCRF���JMFfAv_®Cye£OPAGCmYPCRF�UXCRF�_�JyYP NQDije£CRF4ª¬« }bÀ QGW�e£OPCRYEA¥egOm¯

]_^�` a bJc,dfe�g'hfb�i�jkb>jkl�m�donqp_hfb�gsrtjtl b>j�mvu�exwyhfb>w{zZ|�m}ltb�~Y�
~9d0e�g�h0b���m �'h{d0mvrtrtj�� exj l�m � ���_w#h%mv� l�m�d ��� ö �
� u>rtw#h%m�d

� LNOPA¥ePZ[\NCI@BA�uºY¬JMxXOPADi^F- Nnm²K¯�¦§CmWN]^WNFf] A¥egO¼hjCRYP NWfF�UzCRFµ��ADOKUzCRY¼cB X²§CmAsZ[\zWNFf]phjikF-UzCmY
]^Cmi^��CRObYPA¥ePZ[\NCRF � LNObAGx5JMWz_®]kYPWNF�U UzCRY�CRF�UzQDAsZ[\NCRF¹³�CRQDQGCRFfQ aJMFf]^CµUXCye�¸�AsZ[\zObCyer¯���� _®i^Q }
]^CmF�UzCRF�²EAGY¬U�CyeKegAsZ[\�JMQ¥e¤nR²§CyZ[xX��aJM�kAG]ICRYP²�CRAse£CRF��wUzCRF���JMQDQ§UXCRYK�NY[JyWNFN\Niy_®CRY } ¦§CRWN]kWNFN]
���kõM��nRW� �CRObY[JkZ�\XOPCRF�¯��NY¬JMWNFN\fiM_®CRY } ¦§CRWf]^WNFN]µxkJyFNF-��JyF� �CRik �J^Z[\zObCRF���²§CmFNF÷¸�AsZ[\XO�JyWz_
CRADF �  X½PCRxXO§_¬aJMQGQDOR��UzC ePegCmFµcBW�ebUzCR\NFXWNFN]°]^Yyaik�^CRY JMQse¨UzADCV³�CRQDQGCRFNQ�aJMFN]kC¼UzCyeBCRADFz_�JMQDQGCRFTUzCRF
¸�AsZ[\XOPCyeBA¥egOm�º²§ik ¶CmA'egiy²§ik\NQ�UzCRY¼cB �e£O[JyF�U�UXCRYo¸�AsZ[\zO¬´~WNCmQGQGCKhjik� � � OPYPCmWNCRY5�X��JMQ¥egi UzCR��  X½PCRxXOR�yJMFIUXCR�
UNJ^e§¸�AsZ[\XO�]^CR �CRWN]kO'²EAGY[Uw�^JyQsetJMW�Z[\IUzCRY�cB �e£O[JMFTUoUzCye2@BCmOPCRxXOPikY[e§ý®nRWN�
¦§CRA¥egLNADCRQjCRAGF � Z�\NADYP�_��hjikFIUzAGC egCR� �  X½PCRxXO�]kYPi^��egADF�Uº¯j@BADCEL�JMY¬JMQDQGCRQXCRAGFX_�JMQGQDCRF�UzCmFp¸�AsZ[\XO }
egObY[Jy\NQGCRF�x�ai^FNFfCRFµJyQse§CR �CRFNCK³�CRQGQDC¤JyWz_®]^C`_�JM�^Ol²§CRY¬UzCRF��fUzAGCKUXWNY[Z[\�CRAGFNCmF ³�CRQDQGCRFXhjCRxXOPi^Y
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xkJMFNF¿UNJ^e§]kCyegObYPCRWNObC¤�NCRQ¥U�FTJ^Z[\�UzCR���BWfdz]kCRF�eJ�ðePZ[\NCRF°¢2YPAGFfnRAGL°UzWNY¬Z�\ICRAGFfC¤JyW�egQ¥JMWz_®CRFTUzC
H¤WN]^CmQG²§CmQGQGCã�zUfJ^eE\NCRAG�kO¨JMQ¥e

��� � {.�7��� ¢¡ � £¤ ¥ ý ���¦ ��K§ �¨� ýë�f¯GÑ>�
]^C ePZ[\NYPADCR �CRFp²�CRY[UXCRF�¯9�BADCRY'e£OPCR\XO �©� _`aWNY'CRAGFfC¨�TCmQsUzxjik��L�i^FNCRFXOPC"UzCRY'hji^� � OPYPCmWNCRY�JMW�e }
]^Cm\NCRF�UzCmF�³�CRQGQDCj¯ �� § A¥egO¼UzCRYK³�CRQGQDCRFXhjCRxzObi^Y¨UzCmYV]kCyegObYPCRWfOPCRF�³�CmQGQGCoADF-¦§Cmi^ �JkZ�\XOPWNFf]je }
YPA¥Z�\XOPWfFN]N� � �� § �Hª � § Ase£OKUzAGC¼nRWN]kCR\tai^YbAG]kCI�TYbCy´jWNCRFNnj�#¤
UzADCo@BA¥egO[JyFNnIhji^� � OPYbCRWNCRYlnRWN�
¦§CRik �J^Z[\zObWNFN]ãegLNWNFfxzOEWNFTU ¥ ý ��#¦ �� § �EUzADC � OPYbCRW�JM�°LNQGADOPW�UzCã�zUXAGCKUzADC acBF�UzCRYbWNFN]°UzCye§³�CRQ }QGCmFzhjCRxXOPikY[eoAG� � OPYbCRWNLNYbi^nRCyebe� ¶C ePZ[\NYPCRAD NOR¯'³ aJM\fQGO���JMF CmAGFÿH¤iji^Y¬UzAGF�JyOPCRFTegdfegOPCm�µ� ADF
UzCR� UzADCL« } clZ�\�e£C���ADO¨UzCRY � AsZ[\XOPWNFN]°UzCye¨CRAGFz_�JyQGQDCRF�UzCRF�¸�AsZ[\zObCyer��JyQse£i �°AGO �� aWN �CRYbCRAGF }
egObAG���IOR�jWNFTUµUNJ^e �  X½PCRxXOR��JMF�UXCR��]^Cye£OPYPCmWNO¤²EAGY¬Uº��AGF�UzCRY¬H® } ±2 �CRFNCoQGADCR]^Om�NxkJMFNF¡UzAGC
� ObYPCRW�Jy��LNQDAGOPWTUzC¤JyQse

¥ ý �¯ �°� Ñ
ý�SY±;� ù{²³ ø ù �´¶µ ý �´ � {>· � �¸¢¹ �º ýë�f¯ÞS9�

]^C ePZ[\NYPADCR �CRF ²�CRY[UXCRF����zÑj�¨�^SN�¨�kõ^��¯¨@¤JM �CRA�egObCR\zO �¯ ª �� §{» �� _�aWNY4UzADC-JyWz_®OPYbCROPCRFTUzC
acBF�UXCRYPWNFf]÷UXCyep³�CRQGQDCRFzhjCmxzObi^Y[e`�'UzCRY � Obi^�^LTJMY[Jy��CRObCRY �´  �CRnRCRA¥Z�\fFNCRO°UzAGC�¢�iãegADOPAGikF CmA }
FNCyeE�tQ£aJ^Z[\NCRFfCRQGCR�ICRFXOPCme2øjù �´ JyWz_'UXCRY �  ¶CmY½¼�aJkZ�\NC UzCye � ObYPCRWNCmY[er�XWNF�U µ ý �´ ��egOPCm\zO'_`aWNY¨UzAGC
cB��LfQGAGObW�UzCIUNJR_`aWNYR�'UfJM��hji^� ��Q£aJkZ�\NCmFNCRQGCm��CRFjOKøjù �´ FTJ^Z[\÷UXCR�k�¨WNdz]kCRF�e.�ÞePZ[\NCRF ¢,YbAGF }
nRADL�CRADFNCIH¤WN]^CmQG²§CmQGQGC¼��AGO UzCRY¼�NYPCy´jWNCRFNn � �� § � JMWTeg]^Cm\zOm¯�@¨AGC\��FXOPCm]^Y[JyOPADi^F�AGF � QDFN]N¯t�N¯ðS
hjCRYbQ£aJMWX_®O�aWf ¶CmY�UXCRF7¦§CRYbCRAsZ[\�¾¨��AGF¡UzCR� µ ý �´ �¤FNA¥Z�\XOPhjCRY¬ePZ[\z²EADF�UzCRFTU Ase£OR¯*��F-�"aJMQGQDCRF��ºADF
UzCRFfCRF¹UzCRY � ObYPCRWNCmYoegdX����CmOPYPA¥ePZP\µ �CRnfaWf]^QGA¥Z�\ UzCRY � ObYPCRW�JkZ�\TegCj��JMQse£i-UXCRYL« } clZ�\�e£C�Ase£OR�
_�aWN\NYbO¨UzAGC¼�Ni^WfYPAGCmYPOPY¬JMF�e�_®i^Yb��JMObAGi^F°AGF � QGFN]f¯¶�f¯ÞSoJMWX_

¥ ý ¯�¿ �À� Ñ
SY±�Á²  ´ ø ´�µ ý ´ �ÃÂ  ý ¯�¿ ´ �¨¯ ýë�f¯Þõ9�

@¤Jy ¶CmABA¥egO ´ � � �´ � WfF�U ¯ ¿ UzCRYI¦§CmOPY[Jy]�UzCyeIJMWz_VUzCRYL« } c¤Z�\TegC�e£CRFNxXYPCyZ[\zO�egObCR\NCRF�UXCRF
OPY¬JMF�e£hjCRY[ebJMQDCRF4¾©CRADQse �¯ ¿ UXCyeÄ�'CRxzObi^Y¬e �¯ ¯�¤ADCRQGC¡UzCRYµ��ADO4�TY¬JMWNFf\NiM_®CRY } ¦§CmWN]^WNFf]>hjCRYP fWNF�UzCRFfCRF%¢2\taJMFfi^��CRFfC-²§CRY¬UzCRF%��ADO�UXCRF
� QGFN]f¯E�N¯ÞS7WNF�U �N¯ðõ WNFXOPCRY4UzCmY�¦§C UzAGFN]kWNFN]f�BUfJM� � �� § � � � �� � �k� § �k�¨�¨JMQ¥egi UfJM�

Á X
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 �CyePZ[\NYbAGCR �CRF�¯H��F UzAGCye£CR� ��JMQGQ�egObCR\XO _ aWNY¨xXQGCRADFNC � OPYbCRWz²EADFNxjCRQ��NJMQ¥egip_ aWfY � �¯ �HÆ ÆÇ� �� � �ºUzCmY�'CRxXOPi^Y �¯ F�Jy\NCRnRWIe£CRFNxXYPCyZ[\XOtJMWz_©UzCRY0« } c¤Z[\�egC� NnR²K¯jJyWz_�UzCRFo³�CRQGQDCRFzhjCmxzObi^YPCmF �� WNF�U �� § �
AGFIUXAGCye£CR�
�¶JyQGQNQDAGCR]kO'JMQ¥egi �¯vÈ �¯�¿ ADFIUzCRYZ¬H® } ±2 �CRFNCj¯k@BAGC egC � ADOPW�JyOPAGikFpCmFzO¬egLNYbAsZ[\zO�CRQ¥J^e£OPA }
ePZ[\NCRY � ObYPCRWNWfFN]N�wUNJ�UzADCo�NYPC ´~WNCmFNn¼UzCyeE]^Cye£OPYPCmWNOPCRF�¸�AsZ[\zObCyeE��AGO"UzCRYlUzCyeBCRADFz_�JMQDQGCRFTUzCRF
¸�AsZ[\XOPCye¼aWN �CRYPCRADF�egObAG���oOm¯��F�UXAGCye£CR��HKJMLfAGOPCmQºe£i^QDQ¶CmAGFoi^LfOPAsebZ�\fCye'¦§AGQsUV_�aWfY§AGFfCRQsJkegOPA¥ePZ[\NCEUXAvuwY[JyxzObAGhjC � OPYbCRWNWNFN]KCRFXO }
²EAsZ[xjCRQDOo²§CRY¬UzCRF�¯Z��Fÿegi^Q¥Z�\fCRF � ObYPCRWfLNYPiknRCyePe£CRF��' �CRAKUzCRFfCRFÿUzCRY�¦§CmOPY[Jy]-hji^F �¯ ¿ ]^Ybi^�
Ase£OIýëCRO£²EJ � �¯ ¿ � ùxÉ ö��Þök� � C�� ù �[��Ase£OVC e YbCRQsJyOPADhµWNFz²"JM\NY¬ePZ[\NCRADFNQGA¥Z�\���±2YbCRAG]kFNAsebegCInRW�q�F }
UzCRF��¶ �CRA'UXCRFNCRF UzAGC°ýëCRQ¥J^egObAsebZ�\NC[�E¦§CyUXAGFN]kWNFN] � �� § � � � �� � WNF�UÊ� § �Ë�ÿCmYg_�aWNQDQGO¨AsegOm¯º»µJyF
xkJMFNF4JyQsegi�UNJRhji^F4JMWTeg]^Cm\NCRF��fUNJM�oADF�UzAGC egCR��xXAGFNCm��JMObAsePZ[\NCRF�¦§CRYPCmAsZ[\IUzCRY¼aWf ¶CmYP²EAGCm]^CRF }
UzC�¾©CRADQtUzAvuwY¬JMxXOPAGhjCmY � OPYbCRWNLNYbi^nRCyebegC¼AGFNCRQ¥J^e£OPAsebZ�\fCRY��¤JyOPWNY¨Ase£OR¯w@¤J^e¨ ¶C UzCRWNObCROR��UNJy��egA¥Z�\
UzCRY�³�CRQDQGCRFXhjCRxXOPikY �� § ADFo³ AGFNxjCRQjWfF�U � Yyai^�kCBhjikF �� WNFXOPCRY¬ePZ[\NCRAsUXCRFK²EAGY[Uw¯9�B�
UzAGC � QGFN]f¯
�N¯ðSpWNF�U��f¯ÞõoAG� ��JMQDQGC�ADFNCRQ¥J^egObAsebZ�\NCmYEUzA�uºY¬JMxXOPADhjCRY � OPYPCmWNWNFN]�nmW�hjCRYb²§CRF�UXCRF��N�IWN�o��JMF
JMQ¥egi� �CRYkaWTZ�xfegA¥Z�\XOPAD]^CRF���UfJM�Ê� §�Ì�o�>WNFTU � �� § � Ì� � �� � Ase£OR¯w@¤JM\fCRYK²§CRY¬UzCRF�UzADCIcB��LNQDAGOPW }
UzCRF ¥ ý ¯ ¿ �§ fnR²K¯ µ ý ´ �"JMW�Z[\�hjik� QDi^FN]kAGObW�UzAGFTJMQGCmFt����LNWNQ¥eyaWN �CRYbOPY¬JM]N��JyQse£i�AG����JyQGQGC¼UzCmY �CROPY¬J^Z[\zObCROPCmF�AGFfCRQsJkegOPA¥ePZ[\NCRF4UzA�uºY¬JMxXOPADhjCRF � ObYPCRWfLNYPiknRCyePe£Cohji^F�UzCmY¤xzADFNCR��JyOPA¥ePZ[\NCRF'��J }
YPA¥JM NQDC�¬ � Jy N\taJMFf]^CRF�¯f�¨aWNY"UzAGCKc¨��LNQGADOPW�UXCRF�²EADY[U�UNJy\NCRYEAD��_®i^QG]kCRF�UzCmF ¥ ý ¯ ¿ � ¬ � �2 Nnm²K¯µ ý ´ � ¬ � ��]^CyebZ�\fYPAGCm ¶CmF��NAG\NYbCKxji^FNxXYPCRObC¼�TikYP��²EAGY¬U ADFµcB �ebZ�\fFNAGObOE�N¯ÞSIF aJM\NCmYB �CRObY[J^Z[\XOPCRO
²§CmY[UzCRF�¯
@¤JkeBUzCmY¤¦§CyebZ�\fYPCRAD NWNFN]¼hji^F�AGFNCmQsJ^e£OPA¥ePZ[\NCRF�UzA�uwY[JMxXOPADhjCRF�� « |~} ��� |j} � |^|j} WNFTU5�|^|j}P� OPYPCmW }
LNYbi^nRCyebegCRF¼nRWN]kYPWNF�UXCRQGADCR]^CRFTUzC'¦§AGQ¥UB �JkegAGCmYPO�JMWz_�nm²§CRAk²§Cye£CRFzObQGA¥Z�\NCmF¤±2QGCm��CRFXOPCRF�Ò`±2Y[e£OPCRFTe
²§CmY[UzCRF�UzAGC�CRAGFfQsJMWX_®CRF�UzCRF � OPY¬JM\NQDOPCRADQsZ[\NCRF¤�N«k�y��ý�egADCR\NCEc¨ N �¯kSz¯GÑmõ@�� fnR²K¯ | WNFTU?�| ý�e£AGCR\NC
cB N �¯~�f¯GÑ>��JMQse'\NiXZ[\z_®YPCy´jWNCRFXOPC¨³�CRQGQDC¨JMWz_®]kCr_�JM�kOR��UzADC¤JyF CmAGFNCR�:»�CyUzADWN��ý�UzCm�3¾�JyYP]^CmOJ�
]^C egOPYbCRWNO¼²EAGY[Uw¯�@¨CRY�³�CRQGQDCRFXhjCRxzObi^YlUzCRY¼JMWTegQsJyWz_®CRF�UXCRF-³�CRQGQDCp²EADY[U�egAsZ[\�AG�<JMQDQG]kCR��CRA }
FNCRF4hji^F UzCR� UzCRYECRADFNQsJyWz_®CRF�UXCRF�³�CRQDQGCKAGF � A¥Z�\XOPWfFN]oWNF�U � Y ai^�kCoWNFzObCRY[ebZ�\fCRAsUzCmF�¯NcBWTe
UzADCyegCR� � YPWNFTU�²EAGY[UKe£AsZ[\VAD�%JMQDQG]kCR��CRADFNCRFlJMW�Z[\¼UzCRYtQGi^Ff]^AGObW�UzADF�JMQDC§¾�CRADQjUzCye�³�CRQGQDCRFzhjCmx }
OPikY[e¨ýëWNF�U°UNJM��ADO'UzADC¤±2FNCRYb]^ADCBWNFTU�UzAGC¨AGFXhkJMYbAsJMFXOPC¨»µJkePe£CKUzCRY�JMWTegQsJyWz_®CRF�UXCRF�¾�CRAGQ¥Z�\NCmF¶�
aJMFTUzCRYPF�¯���²�CRAGObCRF�e§ �CyegObCR\XO¤UNJkeBi^ �CRF JMFN]kCyegLfYPiXZ[\NCRFNCI»�CyUXAGWN�8ý�¾�JyYP]kCROJ��F�J^Z[\µUXCRYBADF
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HKJMLNADOPCRQTS�JMWTeg]^C`_`aWN\NYPObCRF�cBFTJMQGdfegCEADFNCRQ¥J^egObAsebZ�\NCmY'UzAvuwY¬JMxXOPAGhjCmY2� |~} WNF�Uo�T« |j}£� CyJyxzObAGi^FfCRF
JMWTeBCRAGFfCRYE³�ikQGxjCKhji^F � QGWNikF�ZrQGWTegOPCmYPFµª « ��UzADCoegA¥Z�\�AD��JMQDQG]^Cm��CRAGF°OPCRADQG²§CmAsegClAGFNFNCmYP\�JyQG ��
OPCmAGQG²�CRAse£C�JyWN�^CmYP\�JyQG ¹UzCyeo¾tJMYb]^CRObLNYPikOPi^FTer�EUzCm� UzADC�ª « �Þe�CRFXO[e£O[JM�°��CRF��º �CrqTF�UzCRF�¯�@¤J
UzADCE³�CyZ[\�e£CRQG²EADYPxXWNFN]lUzCRY�ª «  �Þe2WNFXOPCRYbCRAGFTJMF�UzCmY� Nnm²K¯~�°AGOtUzCR� � C egO�UzCye2»�WfOPOPCmYPLNYbi^OPikF�e
²§Cm]^CRF°UzCRY"�¶JyYP NQDije£AG]^xjCmAGO�UzCRY À QGWTegOPCmY§xXQGCRADFoAsegOm�jx^JyFNF���JMFoCmYP²EJyYPObCRF��XUNJM�o �CRYbCRAGO¬e2 ¶CmA
xXQGCRADFNCRF�����LNWNQ¥eyaWN �CRYbOPYyaJy]^CRF¡ý�JyQsegi°CRO£²EJo ¶CmA � ü �ÔÆ Ñ � C�� ù �[��CRADF À QGWTegOPCmYKª¬«lhji^� CmAGFz_�JyQ }
QGCmF�UzCRF�¢2Ybiy½PCRxXOPAGQDOPCRADQsZ[\NCRFIJyW�eBUXCR��¢2YPikOPi^F4\NCRY¬JMW�e£]^CyebZ�\NQ¥JM]kCRF�²EADY[Uº¯

]_^5Õ Ö°r�exjLh0b.h{e hfb��Lm ×Ømvw{zÄ|�d0mvb�ÙÚrtj�� l�m w Û b�dfg_rtj���w#�
Ü r�m�dÄw{zZ|tjtb.h;h%mvw

�B�)UzAGCo �CRObY[J^Z[\XOPCRObCRF � ObYPCRWfLNYPiknRCyePe£CpnmWµ��iXUzCRQDQGAGCmYPCRF�WNF�U�´jW�JMFXOPADO[JMObAGh�nRW� �CyePZ[\NYPCmA }
 �CRF��^A¥egO2C e, �Cy´jWNCR� �yUzCRF � OPYbCRWNhji^Yb]jJyFN]KAG� � Wf\NCyegdfegObCR��UXCye'¾�JyYP]^CmOPLNYbi^OPikF�e  �CRObY[JkZ�\ }
OPCmOR¯N@¨CRYE»�ADOPOPCmQGLNWNFfxzO�UzCyeE¾tJMYb]^CRObLNYPikOPikF�e A¥egO"UzCRYÝ�BY¬egLNYbWNFN]'Þ>CmAGFNCye'YPCyZ[\XO[eg\©aJMF�UzAD]^CRF
xkJMYbOPCye£AsePZ[\NCRFIH¤ijikY[UzADF�JMObCRF�egdfegObCR��e`�jUzCyebegCRF\« } clZ�\�e£CB�°AGO�UzCRY � AsZ[\zObWNFN]¼UzCRY�CRAGFz_�JyQGQDCRF }
UzCRF5¢2YPiy½PCRxXOPADQGObCRAGQ¥Z�\NC`F aWN �CRYPCRADF�egObAG���IO`¯t@BAGC�¬H® } ±2 �CRFNCµUXAGCye£CyeoH¤iji^Y[UXAGF�JyOPCRF�e£dNe£OPCR�¿e
egObAG���IO�UNJM\fCRY¤��ADO¨UzCRYK±2 �CRFNC�UzCRY��'CRxXOPikYPCRF �´ ý � OPik�^L�JyY[Jy��CROPCmYJ�"JMW�eKUzCRF � QGFN]f¯º�N¯ðS
WNF�U��f¯Þõ�nRW�ebJM���°CRF�¯^³
aJy\NQGOE��JyF�UzADC ® } c¤Z[\�egC UzCyeEH¤iji^Y¬UzAGF�JyOPCRFTegdfegOPCm��e§e£iN�wUNJM�IUzCmY
H¤i^QDQGAse£AGikF�egLNWfFNxzO ß
hji^F�¢2YPiy½PCmxzObAGQGObCRAGQ¥ZP\NCRF4ý�e£CRAGFNCm� � Z[\z²�CRYPLNWfFNxzO.�'WNF�UµUzCm� � QGWNikF }
ZrQDW�egObCRY�ªP« ADF UzCRY\®�« } ±2 �CRFNC4QGAGCm]^OR�'e£i-\�JyO_ß<UzADCµH¤iji^Y¬UzAGF�JyOPCRFàß � ý�ö ¦5´>¦ «K�[¯�@BAGC
¸ aJMFf]^C�UzCmYo¢2YPiy½PCmxzObAGi^F¡UzCRY � ObYPCyZ[xjC Þ ß JyWz_lUzAGC\® } c¤Z[\�e£CIUzCyeKH¤iji^Y[UXAGF�JyOPCRF�e£dNe£OPCR�¿e
CRFXO[e£LNYPA¥Z�\XO§]kCRY[JkUzC¼UzCR� � Obi^�kL�JMY¬JM��CRObCRY ´ ¯
@BADC�_�JMYb NQGiãegCRF¼ªP« }PÀ QDW�egObCRY� NAGQ¥UzCRFKe£AsZ[\KJMWX_®]^YPWfF�UVQDi^xkJMQDCRY � O ai^YbWNFN]^CmF�hji^F ���KÀ2} ��W�egO aJMF�UXCRF
AG��xji^��LNQDCR�XCRF � QDWNi^F�e£dNe£OPCR� �NUzADCoUzWNY¬Z�\4UzADC¼cB �egikYPLNObAGikF� NnR²K¯w±2��AsebegADi^F�hji^F�CRADFNCR�
 NnR²K¯w��CR\NYbCRYPCRF � QDWNi^FfCRF�hjCmYPWNY¬ePJ^Z[\XO¨egAGFTUº¯�@¤J � QDWNi^FNCmF-��JMYb �CoOPY[Jy]^CRF��º�pWTePe¨UNJM\NCmY
UzADC�³�CyZ�\TegCRQD²EAGYPxXWNFN]f��UzAGC¼nRWNYK¦§ADQsUzWfFN]pCmAGFNCye À QGWTegOPCmY[e¨ª¬«¤_�aWN\NYbOR��AGFNFfCRYP\�JyQG  UzCye¤¢2YPi }
OPikF�eoý�JyQsegi°AGFNFNCmYP\�JyQG µUXCye¤¦§CRYbCRAsZ[\NCyeEUzC e'á0â9ãåäZãWæåç�æ.ãKè7�¤QGADCR]^CmF�¯ �  N]^QDCRAsZ[\�CRADF�]kYPi^�kCRY
¾�CRAGQ¨UzCmY�ªP« �ÞeIegA¥Z�\¹²§CR]kCRF÷AD\NYPCRYI��JyYP NQDijegAD]^xjCRADOIJMW�Z[\ÿJMWf�^CRYb\�JMQD ÿUzCyeI¢,Ybi^Obi^F�ep �CrqTF }
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UzCRYl¦§AGQ¥UzWNFN]ICRAGFfCye À QGW�e£OPCRY¬e ADFNFNCRYb\�JMQD µUzC e
¢2YPikOPi^FTer¯ � CRAGF4cB TegO[JyF�UNeb´~W�JkUzY[JyOv¤ ùê ý ´>¦ «K�'nRWf� H¤i^QDQGA¥egAGikF�egLfWNFNxXO�ß�A¥egO¨UzWNY¬Z�\

¤ ùê ý ´>¦ «K�ë� ì ù � ´ ù � « ù » S ´ ì2egADFÝíoegADFÝî » SY«9ì2ZriãeHî ýë�f¯����
]^Cm]^CR �CRF��k²§i^ �CRA©ìBUzCmY'cB �e£O[JMFTUpUzC e2¢2WNFNxXOPCye{é÷hjik�ï�BY[e£LNYPWNFf]�UXCye2¾tJMYP]kCROPLfYPi^Obi^F�e`��î
UzCRY�¢�ikQsJMYb²EAGFNxjCmQ^ �CRnfaWN]kQGA¥Z�\¼UzCRY%« } c¤Z�\TegC'WNF�U�í�UzCRY�cBnRAD�pWfOP\X²EAGFNxkCRQkUzCyet¢,WfFNxzObCye*é ADF
UzCRYZ¬H® } ±2 �CRFNC¤A¥egOm¯z»�ADOPObCRQGOt��JMF�¤¨ùê ý ´>¦ «K�¨aWN �CRYEJyQGQGCE�?ai^]^QDAsZ[\NCRFI¢2WNFNxXOPCé��jhji^F°UzCRFfCRF
À QGWTegOPCmYR�wUzAGC¼ ¶CmAfß�hjik� ¢,Ybiy½PCRxXOPADQ�]^CRObYPiMuwCRF�²§CmY[UzCRF4x�aikFNFNCRF��ºe£O[JM�°��CRF�x�ai^FNFfCRF��wegi
CRYb]^AG fO§e£AsZ[\IJMQ¥e,�°AGOPObQGCRYbC�´~W�JkUzY[JyOPA¥ePZ[\NC¤±2FXOg_®CRYbFzWfFN]Lð½¤¨ùê ý ´>¦ «K�¢ñtnR²EA¥ePZ[\NCRFIUzCRF � YPObCRFLé
UzCRY¨±2FXO[e£OPCR\XWNFN]oWNFTU�UzCR� � YbO�ß�UXCRY¨H¤i^QGQDAse£AGi^F

ðò¤ ùê ý ´�¦ «K�Ãñ°� Ñóô ±#ì ôõ ²�ö3÷ ì ù ø9ì ²	ø ø9î ² ù ø ø9í�¤ ùê ý ´>¦ «K� ýë�f¯Þ�9�
� ´ ù � « ù �,ù ù �

²§ik �CRA ù �°AGO¨UzCR� ¢2YPikOPikFNY[JkUzAGW�e�ì õ ]kCR��aJM� ù ù ª õjûy�{ìyùõ nRW�ePJy����CRFf\taJMFN]kOR¯�@BADCoCRF�U }QGA¥Z�\fCIcBW�ePUXCR\NFXWNFN]µUXCye�¢2YPikOPikF�e�ý À ikFzq�FNCR�°CRFzO.�¨²EAGY[U� ¶CmYkaW�Z[xNe£AsZ[\zObAG]kOR��AGF�UzCm�<JMFN]kC }
FNik����CRF�²EADY[Uº�wUNJy��UzCRYlcB �e£O[JMFTUµJMQGQDCRY À QGWTegOPCmY¤ªP« �ºUXAGCK �CRAfß��
ý�ö ¦5´�¦ «K�§hjikF�CRADFNCR�
¢2YPiy½PCmxzObAGQGObCRAGQ¥Z�\fCrF¤]kCROPYbiMuwCRFo²�CRY[UzCmF��Mhjik� � YbO2AG\fYPCRY�±2FzO¬egOPCm\zWNFf]¤UzWfY[Z[\'ú ðò¤ ùê ý ´ �Ãñ�]^C }
]^Cm ¶CmF A¥egOm¯z@¨AGCKe£ioCRAGFN]kCr_ aWN\NYbOPC¨��AGObOPQDCRYPC"±,FXOg_®CmYPFXWNFN]�CmFzO¬egLNYbAsZ[\zO']^Cm²EAsePe£CRYP�¿JM�^CmFpCRADFNCRY
��ADOPOPQDCRYPCmFV_®YPCmAGCRFI³�Cm]^Q aJyFN]^Cl ¶CmA�UzCRY"¦§CROPY¬J^Z[\zObWNFN]Khji^F � O aik�^CRF�nR²EA¥ePZ[\NCRF � JkegObCRAGQ¥Z�\NCmF�¯�B��UXCRFµUzA�uwCRYPCRFXOPADCRQGQDCRFI³ AGYPxXWNFN]ãeP´jWNCRY¬ePZ[\NFNAGObO¨øjù[ú�ûyø^üføNýgþÿù� û>�Y�'_`aWNY¨AGFNCRQ¥J^e£OPAsebZ�\fCKUzAv_ }_®Y[JyxzObAGhjC � OPYPCmWNLNYPiknRCyebegC�nmW� �CRYPC Z�\NFfCRF��z�IWN�IUzADC¼cB��LNQDAGOPWTUzC µ ý ´ � ¬ � �§ �Cye£OPAG�°�oO ²�CRY }
UzCRF�¯0��F¹AGFNCmQsJ^e£OPA¥ePZ[\NCRF7UzA�uwY[JMxXOPADhjCRFû�¤J^UXYPi^F } �¤JkUzYPikF }�� CyJyxzObAGikFNCRF%ýëhjCmYP]^Q�¯2cB f �¯ �f¯GÑ>�
Ase£O�¬ �üÈ þÿù� û���WNF�U�CRFXO[e£LNYPA¥Z�\XOEUzCm��¦§YPW�Z[\XOPCRADQ�JM�q����LNWfQse§UXCyeB¾tJMYb]^CRObLNYPikOPikF�er��UXCRF
UNJkeB]^CRObYPiyuºCmFNC � QGWNikF�ZrQGWTegOPCmY¤ªP«oýëAD� � Z�\X²§CmYPLNWNFfxzO¬egdfegOPCm� UzCmY � C JMxXOPAGikF¶��OPYyaJy]^Om¯�@BAGC����LNWNQ¥egC ¯�ý � � WNF�U | � AGF4cB f �¯¶�f¯GÑKCRFXO[egLfYPCyZ[\NCRF4UzCRFþ����LNWNQ¥egCRF ¯ � � WNFTU � § UzCRY¨hji^Y }
JMFf]^CR]ãJMFN]kCRFNCRF5¦§CROPY¬J^Z[\zObWNFN]�AGF7HKJyL�¯��f¯GÑ^¯�H¤CRFNFXO���JyF-UzADC�cB��LfQGAGObW�UzC µ ý ´ � ¬ � �¬�tegi
CRYb]^AG fO¨egAsZ[\µý®hjCRYP]kQ�¯ � QDFN]N¯N�f¯Þõ@����ADO

¥ ý ¯ ¿ � ¬ � �ÿ� Ñ
S[± ² Á ´ ø ´ µ ý ´ � ¬ � ��Â  ý ¯ ¿ ´ � ýë�f¯ Â �
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UzCRYl]^Cye£W�Z�\XOPCo³ ADYPxXWNFN]ãeP´jWNCRY[ebZ�\fFNAGObO¤øjù[ú�û ø^üNø9¬ � JyQse¤�NWNFfxzObAGi^F¡UzCRY�§JyYPA¥JM NQDCRFµüBWfF�U¬ � ¯�@lJM �CRA']^ADQGO¤ADF�UzCRYK �CROPY¬J^Z[\zObCROPCRF4xzADFNCR��JyOPA¥ePZ[\NCRF � Cm]^AGikFµ²§CR]kCRF � ü ��� þ ù� � �j�
UNJy� � ü � È � �¯�¿ � ù WfF�U�¬ � È þ ù� û��VAse£OR¯¦§CRA¨UzCmY�¦§CyegObAG���oWfFN]µUzCmY�cB�°LNQGADOPW�UzC µ ý ´ � ¬ � �oAG� � JM\N��CmF÷UXCyephji^Yb]^CyebZ�\fQsJM]kCRFNCRF
���KÀ2} ¦§AGQsUXCyeV_`aWNY�ADFNCRQsJkegObAsePZ[\NC�UXAvuwY[JyxzObAGhjC � OPYbCRWNWNFf]-�¡aW�ebegCRF¹UzADC � JMWf� } ��CmAGO } ±2AG]kCRF }
ePZ[\�JR_®OPCRF4UzCRY§_�JyYP NQDije£CRF � QGWfi^F�ZrQDW�egObCRYEªP«¨ ¶CmYkaW�Z[xNe£AsZ[\zObAG]kO§²§CmY[UzCRF�Ò
ýëA��°@¤J°UzAGC�¦§AGQsUXWNFN]°UzCRYB_�JyYP NQDijegCmF � QGWNikF�ZrQDW�egObCRYKªP«KUzWNY¬Z�\ ���KÀ  �CyUXAGFN]kO¤Ase£OR��]^AG fO
Cye À QGW�e£OPCRY�JMQDQGCRY � Yyai^�kCRF���¯^@¨AGCE³¡JM\NY¬ePZ[\NCRAGFfQGAsZ[\NxjCRA�O¬ePJM�ILNQDAGOPWTUzC2UfJ _�aWNYm�^CRAGF À QGW }
e£OPCRY¼UzCRY � Y ai^�kC�� nRW�q�FTUzCRF���xkJMFNF¡JMWTe�UzCRY � Y ai^�kCRFzhjCmYPOPCmAGQGWfFN]�����ý	�0���
� ·��
��ADO� È S÷ý�e£AGCR\fC�HKJyLNAGObCRQ¨S@�oCmFzObFNi^���°CRF�²�CRY[UXCRF�¯'@¤Jkep �CyUzCRWNObCROR��UNJy�7UzAGC
� Yyaik�^CRFXhjCRYbOPCRADQGWNFN]�����ý	�0�tCRAGFNCmFo��JMxXOPikY�� ·�� �ãJMQse£i�¬ ·��� nRWNY,cB��LNQDAGOPWTUzC µ ý ´ � ¬ � �
 �CRADOPYyaJy]^Om¯�@¤JM �CRA�²EWNY[UzCI �CRYkaWTZ�xfegA¥Z�\XOPAD]^OR�fUNJM�4UzADC � Yyai^�kC��÷CmAGFNCyelª «KLNYbi^L�i^YbOPAGi }
F�JyQ2nRW egCRADFNCRYl±,FfCRYP]kAGC�A¥egOm¯º@BADCo±2FNCRYb]^ADCoUzCyelª¬«¤A¥egOKUfJM �CRA%¬ ���  �º²§ik ¶CmA �  UzAGC
±2FNCRYb]^ADC�UXCyeE¢2YPi^Obi^F�eEWNF�U�¬ � UzCRY¨¦§YPWTZ�\XOPCRADQwJMF �  Ase£OR��UzCRF4UNJkeBªP«¨OPYyaJy]^Om¯

ýëADA��o³�CR]^CmFoUzCRY���JMYb NQGiãegAG]kxjCRAGO�UzCRY � QGWNikF�ZrQDW�egObCRY2ªP«2A¥egOtAG\NYbC§³�CyZ�\TegCRQD²EAGYPxXWNFN]¨e£iy²§i^\fQ
��ADO�UzCRF¹aWN NYbAG]^CmF À QDW�egObCRYPF JMQ¥eEJMW�Z[\���AGO�UzCR� � Cye£O¨UzCyeE¾tJMYb]^CRObLNYPikOPi^FTeBYPCRQ¥JMObAGh
xXQGCRADF��Ne£i�UNJy��CyeEF�J^Z[\µUzCm�ë��W�ePJy����CRFXOPYbCruwCRF���ADOEUzCm��¢2YPiy½PCRxXOPADQ�hji^F UzAGCye£CR�
JyW�e�UzCm� ¢2YPikOPikF-\NCRY¬JMW�e£]^CRQ aijegOo²EADY[Uº¯t@¤Jke� �CyUzCRWNObCROR�tUNJy�µe£AsZ[\-UNJke�]^CRObYPiyuºCmFNC
ª «  ��ADOIUzCR� ¢2YPiy½PCRxXOPADQEhjCRYPCmAGFNAD]^CRF7xkJMFNF�� � aik]^QDAsZ[\NCRYP²�CRAse£C�UzWNY¬Z�\¹]^CR]kCRF�e£CRAGObAG]^C
cB Tegi^YbLNOPADi^F��XWNF�U�AGF°CRAGFNCm�3¦§CRnRWN]ãePegdfegObCR�µ�^ADF�UzCR�3UfJ^e¨¢,Ybiy½PCRxXOPADQ¶CmAGFNCRFI]^Y ai^�kC }
YbCRFt����LNWfQseEJMQ¥e¤UNJkeVªP«¤\�JyOR�ºhjikF�UzCR� ¢2YPiy½PCmxzObAGQt��AGOb]^CRYbAsePe£CRF�²EADY[Uº¯¶�'ikF�CRADFNCR�
]kCRi^��CmOPYPA¥ePZ[\NCRF � O[JyF�UzLNWfFNxzO¿JMW�eo]^Cye£CR\NCRF��2AsegO°UzADC ³¡JM\fY[ePZ[\NCRADFNQGA¥Z�\fxjCRA�O�UfJ _�aWNYm�
UNJy��UNJ^eo¢2Ybiy½PCRxXOPAGQDOPCRADQsZP\NCmF�CRADF À QDW�egObCRYoUzCmY � Yyaik�^C��ÿOPYPA�uwOR��LNYPikL�i^YPObAGikF�JMQEnRWfY
��Q�aJ^Z[\NC¤ý�egCRFfxzYbCyZ�\XOtnRWNY � OPYbCRW�JkZ�\�e£CY�[�ãUzAGCEhjik��¢2YPiy½PCmxzObAGQwý�egCmAGFNCR� � Z[\X²§CRYbLNWNFNxXOJ�
]kCROPYbiMuwCRF�²�CRY[UXCRF�xkJMFfF�¯º@¨AGCye£C��tQ£aJ^Z[\NCKAse£O¨UzWNY¬Z�\��2ù�� ô ]^Cm]^CR �CRF��wUNJy\NCRYE_®i^QG]kOBADF
UzCmY¨cB��LNQDAGOPWTUzC µ ý ´ � ¬ � ��CRAGF�²�CRAGObCRYPCmYE��JMxXOPikYÝ¬ ù�� ô� ¯

ý®AGADA��I@BADC À QDW�egObCRYR��UzAGC°JM� � YPOLß°� ý�ö ¦5´>¦ «K�¨hji^� ¢2YPiy½PCmxzObAGQ2 Nnm²K¯2UzCyebegCRF � Z�\X²§CmY }
LNWfFNxzO�]^CRObYPiMuwCRFo²�CRY[UXCRF��kegAGFTU�hji^� � YPOtAG\NYbCRY2±2FXO[e£OPCR\XWNFN]¤AD�
»�AGOPObCRQ ú ðò¤ ùê ý ´ �Ãñ
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²�CR]^CRF��©²EADY[U�UzCRYbCRF-c¨FNnyJM\fQsUzA¥Z�\XOPC¼��AGO¨²EJkZ�\�e£CRF�UzCm�<cB �egO¬JMF�U�hji^� � YbO�AG\fYPCRY
±2FXO[egObCR\XWNFN]¼JM NFfCR\N��CRF�¯Y�B�
UzADCye2nRWo �CRY aWTZ�xfegA¥Z�\XOPAD]^CRF��ye£CRA�UzCmY'±2AGFz_�JkZ�\N\fCRAGO2\TJMQ }
 �CRY�JMFN]kCRFNi^�°��CRF��wUNJM� UzAGC À QGWTegOPCmYR�tUzAGCIJy� � YbOxß�hji^�<¢2YPi ½PCRxzObAGQ2]kCROPYbiMuwCRF
²�CRY[UzCmF��jJMQDQGC¨hji^FICRAGFfCR��CruwCRxXOPADhjCRFI¢2WNFNxXOÝð é��{ñ,egO[Jy����CRF��^UzC ePegCmF�±2FXOg_®CRYbFzWNFf]
nRWf��¢2WNFNxXO�ß�]kCRY[JkUzC ú ð½¤ ùê ý ´ �¢ñ�AsegOm¯�@¤JM�°AGOEFNAD���pO�UzADCKYPCRQ¥JMOPADhjCKcBFNn JM\NQ¥UzAsZ[\ }
ObC�UXCRY À QGW�e£OPCRYIJy� � YPO'ß ��AGO¼UzCm� ��FzhjCRY¬egCRF UzCye�
¨W�J^UXY[JMObCyeIUzCRYo��ADOPOPQDCRYPCmF
±2FXOg_®CRYbFzWNFf]IJM ���JyQsegiI��ADOBý ´ ù � «jù �Bù ùå� ·�� ¯
�BADCRYP �CRAfAsegO"JMQDQGCRY¬UzAGFN]ãe2FNiXZ�\°FNAsZ[\zO� ¶CmYkaW�Z[xNe£AsZ[\zObAG]kO2²§ikY[UzCRF��NUNJy��FXWNYEe£i^QsZ[\NClª¬«>�ðer�
UzADCKQsJMFf]^C�]kCRFXWN]pQDCR �CRF��NWN��hji^� � YPOEAG\fYPCRY¨±2FXO[egObCR\XWNFN]InRWN� H¤i^QGQDAse£AGi^FTegLNWNFfxzOß nmWo]^CRQ¥JMFN]kCRF��ynRWN�%³ AGYbxzWNFf]jeP´jWNCRY¬ePZ[\NFNADOPOt ¶CmAGOPY¬JM]kCRFox�aikFNFNCRF�¯Y�B�
UzCm� � CyZ[\ }
FXWNFN]KnRWoObY[JM]kCRF��j�IWN�¤UXAGC���CRADO[UNJyWNCRY����� !mý ´ �[�jUzADC¨UNJ^e À QDW�egObCRY2_`aWNY'UzCRFI³�CR]Khji^�� YPO�egCRADFNCRY¼±2FzO¬egObCR\zWfFN]µ NAseKnRWN� � YPOLß� �CRFtai^ObAG]kOR�2Jy N]^C ePZ[\taJMObnRO�²�CRY[UzCmF�¯tcBWz_
UzADCyegCm��³�CR]o²§C Z�\�e£CRQG²EADYPxXOEUNJke À QDW�egObCRYE��ADO§e£CRAGFfCRY��B�°]^CR NWfFN]N�XCye§²EAGY¬U UXWNY[Z[\
��Cm\NYºiXUzCmY�²�CRFNAG]kCRY�nRWz_¬aJyQGQDAG]^C � Oyaik�^CE\NADF } WNF�UK\NCRYb ¶Cm²§CR]kOR¯y@BADC ��CmAGO[UfJMWNCRY����" !mý ´ �[�
UzADCoUNJke À QGWTegOPCmY¤ �CRA�CmAGFNCRYlegikQsZ[\NCRF ¦§YPiy²EF�ePZ[\NCRF ¦§CR²§Cm]^WNFN] ���k�M�2 �CRF©ai^OPAD]^Om�¶WN�
UzADC � ObYPCyZ[xjCoý ´ ù � «jù �,ù ùJ� � �gù§nmWNYkaW�Z[xXnRWNQGCm]^CRF��jA¥egOEUXWNY[Z[\#�$�" !Rý ´ ��% ´ ù � «jù �Bù ù
]kCR]^CR �CRF�¯§cBQ¥egi�FzWfY�e£i^QsZ[\NC À QGW�e£OPCRY°ª¬« �§UXCRYPCRFÿ¸�CR �CRF�ebUNJMWNCmY'&)(*���� !Rý ´ �¼Ase£OR�
CRYbYPCRA¥Z�\fCRFIUzCRF � YbO§UXCRYEH¤i^QDQGA¥egAGikF�¯jcBFTUzCRYPCmY[egCmAGO[e2A¥egOEUXAGCK¸�CR �CRF�ePUfJMWNCRYbhjCRYPObCRAGQDWNFN]
��+tý,&���UzCRY À QDW�egObCRY2 �CRxkJMFNFXO¨ý�e£AGCR\NC"HKJML�¯jS9�[¯ � AGC§]kCR\NikY[Z[\zO2CmAGFNCR�
¢�ikOPCRFfnR]^Cye£CROPn
��+tý,&���%-& ·/. ��²�i^ �CRAEUXCRY�CR�XL�CRYPAD��CRFXOPCRQDQ� �Cye£OPAD���pO£Co³�CRYPO�UzCye¼±,�XL�i^FNCmFzObCRF
0ÚÈ S�AsegOm¯�@BCRY cBFzObCRAGQ�UzCRY À QGW�e£OPCRY¤�°AGO¨CRAGFNCmYV¸�CR �CRFTePUNJyWNCRY�&V��UzAGCo]kYyai^�kCRY¼JMQ¥e
���� !mý ´ �EAse£OR��QGADCr_®CRYPOlUNJy\NCRYKCRAGFfCRF-��JyxzObi^Y��$�" !Rý ´ � ·��  NnR²K¯�CRAGFfCRFµ²§CRADOPCRYbCRF���JMxXOPikY
ý ´ ù � «jù �,ù ù5� ·�� ¯

@BADCEcB��LfQGAGObW�UzC µ ý ´ � ¬ � �� �CyegObAG���oO�egA¥Z�\KFXWNFoJyW�e2UzCR�
¢2YPiXUXWNxzO,UzCRYtAGF�ý®A��w �CyePZ[\NYPADCR �C }
FNCRF4³-Jy\NY[ebZ�\fCRAGFNQDAsZ[\NxjCRADOPebJM��LfQvADOPW�UXC _�aWNYlUzADC�±2YbnRCRWN]kWNFN]�CRADFNCyeEªP«¤��ADO � Yyaik�^CL¬ � WfF�U
UzCRF°AGF4ýëAGAF�tWNF�U�ý®AGAGAF�tCRYP²¼aJy\NFzObCRF°�¶JyxzObi^YbCRF�¯��lJ^Z[\'��FXOPCR]kY[JMObAGikF-aWN �CRY"UzAGC H ijikY[UzADF�JMObC «
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��ADOÄ�¨AGQv_®C UzCye � CyegA¥UzWNCRF�ebJMObnRCyeK��� Â ��CRYb]^AD NO¨egA¥Z�\

µ ý ´ � ¬ � �ÿ� ZrikF�egOm¯65o¬ ·�� � ô� ý ´ ù �Bù ù � · ô �£ù ¯ ýë�f¯v�[�
@¤Jke�±2AGF�e£CROPnmCRF-UXAGCye£CRY¼cB��LNQDAGOPWTUzCKAGF¡UzAGC � QGFN]f¯©�f¯ Â CRYP]kAG NO¼ePZ[\NQDAGCR�kQGAsZ[\µUXAGCI]^Cye£W�Z�\XOPC
� ObYPCRW�Jy��LNQDAGOPWTUzCBAD� ����LfWNQse£Y[JMWf�µ¯j@BADC ��FzObCR]^Y¬JMOPADi^F aWN �CRY¨UzCmF � OPi^�kL�JMY¬JM��CmOPCRY �´ xkJMFNF
JMFTJMQGdXOPA¥ePZ[\¡���~�m�tUzWNY¬Z�\N]kCr_�aWN\NYbOE²§CRY¬UzCRF��fUNJM �CRA�CmYP\taJyQGOE��JyF

¥ ý ¯ ¿ � ¬ � �ÿ� ZrikF�egOm¯75 ² Á ´ ø ´ ¬ ·�� � ô� ý ´ ù �Bù ù � · ô �£ù Â  ý ¯ ¿ ´ �¨� ýë�f¯ Á �
²§ik �CRA ¯�¿ � � �¯>¿ � È ú � ü � Ase£OKý _ aWNY¨UzCmF�xXQGCRADF'¬ � ¦§CRYPCRA¥Z�\��jJMQ¥egiICRO£²EJ	¬ � � ö��GÑ>�[¯
cBW�e'UzCmY � OPYbCRW�Jy��LNQGADOPW�UXC§ �CyegObAG���IO�e£AsZ[\IePZ[\NQGADCR�^QDAsZ[\¼UzCRY'CRFXO[egLfYPCyZ[\NCRF�UXCEUzA�uºCmYPCRFXOPADCRQGQDC
³ AGYbxzWfFN]jeb´~WNCmY[ePZ[\NFNADOPO°øjù[ú�ûyø^übø9¬ � _�aWNY�ADFNCRQ¥J^egObAsebZ�\NC4UzA�uwY[JMxXOPADhjC � OPYbCRWNWNFN]¡AG� ���KÀ2}
¦§AGQ¥Uº¯N@lJ^e � Cye£WNQGO¬JMOEA¥egO

Ñ± øjù[úø^üNø9¬ � � 8�¬ · ù�� ô� Cm�zLwý » S ù ú � ü � �¨� ýë�f¯ÔX9�
²§ik �CRA98 CRADFNCEWNFX ¶Cmx^JyFNFXOPC�Bi^Yb��JMQDAsegADCRYPWfFN]je£xji^F�e£O[JMFXOPCEA¥egO'WNF�U ù ��ADO'UzCR� � J^UzADW�e0ì õ
UzCyeE¾tJMYb]^CRObLNYPikOPikF�e�aWN �CRY ù ù ª õjûy�{ìyùõ nRW�ebJM���°CRFN\taJyFN]^Om¯
]_^;: <ïm�d0��u�mvb>zÄ|kl�mvw>=od0�	m�ÙÚjtb>w{w*mvw� b.h m�?�p�md b>� m j�h%mvu.�

u�mvj ake h{mvj
@¤Jke � CyegWNQDO[JyOKJMW�e � QGFN]f¯º�N¯�X¿_ aWNYKUXCRF-UXi^LNL�CRQDO�UXAvuwCRYPCmFzObAGCRQDQGCRF�³ AGYbxzWfFN]jeb´~WNCmY[ePZ[\NFNADOPO
xkJMFNF�FXWNFI��AGO�UzCRFInRWNYZ�'CRYg_�aWN]kWNFN]�egOPCm\NCRF�UzCmF�@¤JMObCRFp_�aWNY�CRAGFX_�J^Z[\�UzA�uwY[JMxXOPADhjC |k|~} WfF�U
�|^|j}P� OPYPCmWNWNFN]IhjCRYP]kQGA¥Z�\NCmFp²�CRY[UzCmF�¯���W�UXAGCye£CR� ��²§CyZ[xIegADF�U�AGF�c¨ N �¯z�f¯ÞSX��cB N �¯X�N¯Þõ�WfF�U
cB N �¯z�N¯���UXAGC¤nRWfY�� CmYg_�aWN]kWNFN]IegObCR\NCRFTUzCRF4@¤JMObCRF¡��S Á �Nõ^ö^�º_�aWfY¨UzCRF4UzAvuwCRYbCRFXOPAGCmQGQGCmFo³ AGY }
xXWNFN]jeb´~WfCRY[ebZ�\NFfAGOPO�ø ù ú�ûyø^üføNýgþ ù� û��Y�¤_`aWNY�hjCRY¬ePZ[\NAGC UzCRFNCoü } �;� } WfF�U þ � } ³�CRYPObC�AG� ¦§C }YPCmAsZ[\pþÿù� û�� � öK�GÑk�^AGFIUXCR� ¯ ¿ FtaJy\NCRYbWNFN]je£²§CRA¥egC¨UzWfY[Z[\ ú � ü � ]^CR]kCR �CRFpA¥egOm�jJMQ¥e2�NWNFNxXOPAGikFhji^F7þÿù� û�� JyWz_®]^CmOPY[Jy]^CRF�¯{�B�)UzAGC°@¤JMObCRF-��ADO¤UXCR�<±2YP]^Cm NFNAseB_�aWNY�UzCRF¡UzAvuwCRYbCRFXOPAGCmQGQGCmF³ AGYbxzWfFN]jeb´~WNCmY[ePZ[\NFNADOPO'øjù[ú�û ø^üNø9¬ � AG� ���KÀ2} ¦§ADQsUoJyW�e � QGFf]N¯j�N¯�X nmWphjCRYb]^QDCRAsZ[\NCRF��`xkJMFNF
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¨W�J^UzY¬JMO�ìyùõ UzCyeo¢2YPi }OPikFNY[JkUzAGWTeoUNJ^eo��AGObOPQDCRYPC'
¨W�JkUzY[JyOIUzCyep¸wJ^UXWNFN]je£Y[JkUzAGW�e\ì ùõ �8ý�öK� Á Ñ¶_®�_� ù ��Skö^�§CRADF��tegiCRYb]^AG fO¤e£AsZ[\ _ aWNY ù ²�CR]^CRF ù ù ª õ~ûy�%ì ùõ UzCRY¨³�CmYPO ù � õK�ðS � C�� ·�� ¯�@lJM��ADOECRFzOb\ aJMQDO¤UfJ^e±2YP]kCR NFNA¥eEJMW�e � QGFN]f¯¶�f¯ÔXV_ aWNY¨UzCmFµUzA�uºCmYPCRFXOPADCRQGQDCRFo³ AGYbxzWNFf]jeP´jWNCRY¬ePZ[\NFNADOPO§AD� ���KÀ2} ¦§AGQsU
FXWNYKCRAGFNC¼CRAGFfnRAG]kCL�BFz �CRxkJyFNFzObCj�wUzAGCL�BikYP��JyQGA¥egAGCmYPWNFN]ãegxjikF�egO¬JMFXOPCA8 ¯�@BADC'�BFX �CRxkJMFNFXOPC
88 �Cye£OPAG�°�pO"egAsZ[\4UzWNY¬Z�\t�'CRYb]^QGCmAsZ[\�UzCye¤e£AsZ[\µJyW�e � QGFN]f¯º�N¯�XpCRYb]^CR �CRF�UXCRFµ³�CmYPOPC e ��ADO
UzCRFICR�XL�CRYPAD��CRFXOPC`QGQ�CRF¼@¤JMObCRFInRW � ü � �ÿö��ÞS � C�� ù AGFIc¨ N �¯^�f¯ÞS¤nRW�8 �ÿõzÑ[�GÑº�I  � C�� · ù ¯
@BADC¤AGF�c¨ N �¯z�f¯ÞSX��cB N �¯X�N¯ÞõKWNF�U�cB N �¯z�N¯��o]^CRnmCRAG]kOPCRF�H¤WNYbhjCRFICRFzO¬egLNYbCyZ[\NCRF�UzCm��Ob\NCRi }
YPCmOPAsebZ�\fCRF-±2Yb]^CR NFfAse�JyW�e � QGFN]f¯��N¯ÔX��°AGOKUzCmF- �CyePZ[\NYPADCR �CRFNCRF�³�CRYPObCRF?_�aWfY ù WNF�UB8 ¯
� CR��CyebegCRF JMF7UXCRY¼¾�JyO[ePJkZ�\fCj��UNJy�µUNJke�±2YP]kCR NFNA¥eVJyW�e � QDFN]N¯��N¯�X�F�J^Z[\-±2ADF�egCRObnRCRF�UzC e
¸�AGObCRY[JyOPWNYb²§CRYbOPCye¼UzCye���ADOPObQGCRYbCRF�´~WTJ^UzY¬JMOPA¥ePZ[\NCRF ¸wJ^UXWNFN]je£Y[JkUzAGW�e°UzCyeo¢2YPikOPi^FTe�_�aWNYLì �
FXWNYBCmAGFNCRF�CRADFNnRAD]^CRF4¢2JyY[JM�°CROPCRYm�NFtaJM�°QGAsZ[\°UzAGC �Bi^Yb��AGCRYbWNFN]ãegxji^FTegO[JyFzObCC8 CRFXOP\©aJMQGOm�NAse£O
UzADC a�B �CRYPCRADF�egObAG���oWfFN]IUzCRY¼H¤WNYPhjCmFµ��AGO¨UzCmF�CR�XL�CRYPAD��CRFXOPCRQ�QDCRF�@¤JyOPCRF�_�aWfYKUzCRF¡UzAvuwC }
YPCmFzObAGCRQDQGCRFI³ AGYbxzWNFf]jeP´jWNCRY¬ePZ[\NFNADOPO¤ýbÑMû�±;�Xøjù[ú�ûyø^üføNýgþÿù� û>�Y��YPCyZ[\XO§]^WfOR¯cBF7UXAGCye£CRY � ObCRQGQDC�egCmA§FNiXZ[\N��JyQseV �CRObi^FXOR��UNJM�¡UNJ^e � Cye£WNQGO¬JMOIJMWTe � QDFN]N¯2�f¯ÔXµJyWz_¤nm²§CRA
²§C egCRFXOPQDAsZ[\NCRF�ADFN\�JMQDOPQDAsZ[\NCRF4¢�_®CRAGQDCRYPF4 �J^e£AGCRYbOR¯#��WN� CRADFNCRF JMWz_"UzCRY cBF�JMQDi^]kAGC�nm²EAsePZ[\NCRF
UzA�uºY¬JMxXOPADhjCRY � OPYPCmWNWNFN]KWNF�Uoi^LfOPAsebZ�\fCRY'@BA�uºY¬JMxXOPADi^F��^nmWN��JyF�UzCRYbCRF�JyWz_tUXCRFI±2AG]^CmF�ePZ[\�J _ }
OPCmF-UzCmY _�JyYP NQDije£CRF-ª « } � QDWNi^FTZrQGW�e£OPCRYm¯�¸�CRObnROPCRYbCp �CRYbWN\NCRF¡JMWX_¨UzCRF¡±2YP]kCR NFNA¥ePegCmF-UzCmYVADF
HKJML�¯�SIUzWNY¬Z�\f]^Cr_ aWN\fYPOPCmF�c¨F�JMQDdNe£C¤AGFNCmQsJ^e£OPA¥ePZ[\�UzAvuwY¬JMxXOPAGhjCmY � ObYPCRWNLfYPi^nmCyePe£Cj¯
@¤JoAGF�UXCRF4¦§CROPY¬J^Z[\zObWNFN]^CmF��XUzAGCKnRW�UXCR��±2YP]kCR NFNA¥e _ aWNY¨UzCRF�UXAvuwCRYPCmFzObAGCRQDQGCRFI³ AGYbxzWNFf]je }
´jWNCRY[ebZ�\fFNAGObO¤ø ù ú�û ø^üNø9¬ � AGF � QGFf]N¯º�f¯ÔX�_ aWN\fYPCRF��w²§CyUzCmYKUzAGC�±2AGF�ebZ�\XWN�^CmFNCRYP]kAGC�UzCRYK¢2YPi }
½PCRxXOPADQGC¤FNiXZ[\µUXCRYPCRFt
¨W�JyFzObCRFNnyJy\NQGCRF�CRADFNC � i^QDQGC¼egLNADCRQGObCRF��XAsegOEnmW�CRYb²EJMYbOPCRF���UNJM� � QGFN]f¯
�N¯�X�CR �CRFz_�JyQGQseB_�aWNYIUXAGC°UzAvuwY[JyxzObAGhjCRF¡¢2YPiknRCyePe£C�� |÷� �°| WNF�U-�N« |÷� ��| ]waWNQGObAG]µAse£OR¯
cB N]kCyegCm\NCRF�hjikF�UzCRYZ�BikYP��ADCRYPWNFf]jegxjikF�egO¬JMFXOPC�8µ�fUzAGC¨AG��JMQDQG]^Cm��CRAGFfCRF�hjikF�UzCRF�±2AD]^CRF }
ePZ[\�JR_®OPCRF�UXCye'¢,Ybiy½PCRxXOPADQGOPCmAGQsZ[\NCRFTe�Jy N\taJMFf]^CRF�xkJMFNF��NegikQGQDOPClUzAGC ¬ ��} WNFTUpü } cB f\taJMFN]kAG]kxjCRAGO
UzADCo]^QGCmAsZ[\NCIegCRADF��º²EADCpADF-UzA�uwY[JMxXOPADhjCRF |^|j} WfF�U | �|j}£� CyJyxzObAGi^FfCRF�¯t@BAGCICRFXO[e£LNYPCyZ[\NCRFTUzCRF
³ AGYbxzWfFN]jeb´~WNCmY[ePZ[\NFNADOPObC _�aWfYB� |�� ��| WNF�U��N« |�� �°| egikQGQGObCRF� �CRA%�¤± � c ]kCR��CyebegCRF
²§CmY[UzCRF�x�ai^FNFfCRF�¯
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cB N fAGQsUXWNFN]µ�N¯ðSzÒ�Ó�í ìMì Ü£ñÞå§áyÔ�âãÜg×®Ü£ÝRå®ÔÞÜ£ñÞñÞÜ£×�S�ÔÞ×®ä Û ÝyÖrïUT Û Ü£×ëï®ß�àyÝyÔÞå®å�VXWZY\["]_^a`�b"Yc^$de^fVhg�`i Y\jZ] Ù£ÚÛ ×�Ü£ÔÞÝRèÙ¥Õ�ß�à�áyÔ�âj×�Õ[äRåëÔðærÜlçrçRè Û Ýyá éç`çRèUk�ÜPÕ[äRå®ÔÞí`ÝMÜ£Ý Õ�ñÞïml Û ÝyäRåëÔðírÝ4ærí`Ý�n_o Ù£ÚÛ ×BÙDÜgï®å®ÜASoÜ£×®åëÜoæ`írÝ'dZp9qºí`ó^Ü£Ôr_s W;t�u,Ü£ò `;vxw d wyv�z s|{ t�u2Ü£ò ` ôRÓ�ÔÞÜtÓ�Õ�å®Ü£ÝBï®å�Õ[Ø¨ØBÜ£ÝEÕ Û ï~} {c� p z r;� ô[ÓtÔÞÜ�á Û ×®ß�àyÖ`Ügî£í`ÖrÜ£ÝyÜx�~ÔðÝMÔðÜ�ÜgÝmåëï ì ×ëÔÞß�àRåáyÜ£Ø>ÔÞØ��NÜ��Rå�Õ�ÝyÖ`ÜgÖ`Ü£ó^Ü£ÝyÜ£Ý��N×®ÖrÜ£óyÝyÔÞïPôfÓ�ÔÞÜEÖ`Ü£ïëå®×ëÔðß�àyÜgñðåëÜ��~ÔðÝMÔðÜEÜgÝmåëï ì ×ëÔÞß�àRå'áMÜ£Ø>Ö`ñÞÜ£ÔÞß�àyÜ£Ý�k�Ügï Û ñÞå�Õ�åZpqºí`ó^Ü£ÔXáyÜg×�ÔðÝ6�2ñ�Õ[ØBØEÜ£×®ÝEïëå®Ü£àyÜgÝyáyÜ�d�ó^Ü£Ý Û å®îgå�q Û ×ëáyÜ`ô

¦§CRn aWf]^QGA¥Z�\ UzCRYtü } cB N\ aJMFN]kAG]^xjCmAGO�hjCRY¬ePZ[\NAGCyUXCRFNCRY�AGFfCRQsJkegOPA¥ePZ[\NCRYtUzA�uwY[JMxXOPADhjCRYt±2�zL�CRYbAG��CmFzObC
xkJMFNFµCmAGF�CRFXO[egLfYPCyZ[\NCRF�UXCRYÄ�'CRYb]^QGCmAsZ[\� �CRYPCRADO[e�½PCRObnRO¨UzWNY¬Z�\f]^Cr_�aWN\fYPO¨²§CRY¬UzCRF¡��õk�z�wõ Â ����UfJ
UzCRYl³ AGYPxXWNFN]ãeP´jWNCRY¬ePZ[\NFNAGObOKøjú�ûyø^ül ¶CmYPCRADO[e _�aWNYKADFNCRQsJkegObAsePZ[\NC�UzAvuwY[JyxzObAGhjC |k|~} � | �|z} ���N« |j}
WNF�UK� |~}�� CyJyxzObAGikFNCRF� �CRAXhjCRY¬ePZ[\NAGCyUXCRFNCRFl±2FNCRYP]kAGCRF¼]^CR�°CyePe£CRF¤²EWNY¬UzCj¯9��WNY2¦§C egOPAD����WfFN]
UzCye�ADFzObCR]^YbAGCRYbOPCRF¡³ AGYPxXWNFN]ãeP´jWNCRY¬ePZ[\NFNAGObOPCye¼øjú�ûyø^üoAD� � JM\N�°CRF7UzCyeohji^Yb]^CyebZ�\fQsJM]kCRFNCRF
JMWX_ ���KÀ  TJ^egADCRYPCmF�UzCRF7»�iXUXCRQGQ¥er�� fY[JMWTZ�\XOoQGCyUXAG]^QDAsZ[\-UXCRYIUzi^LfL¶CmQGOIUzA�uºCmYPCRFXOPADCRQGQDCo³ AGY }
xXWNFN]jeb´~WfCRY[ebZ�\NFfAGOPO�ýPÑMû�±;�Xøjù[ú�ûyø^üføNýgþ ù� û����lJyW�e � QDFN]N¯w�N¯ÔX7aWN �CRY�¬ � ý®AG� CmFzO¬egLNYbCyZ�\fCRF }UzCRF4xzADFNCR��JyOPA¥ePZ[\NCRF°¦§CRYPCRA¥Z�\��NJMQ¥egiICRO£²EJL¬ � Æ öK�DÑ��EADFzObCR]^YbAGCRYbO§nRW4²§CRY¬UzCRF�¯�@¤Jke¤UNJy ¶CmA
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cB N fAGQsUXWNFN]µ�N¯ðõzÒ�Ó�í ìMì Ü£ñÞå§áyÔ�âãÜg×®Ü£ÝRå®ÔÞÜ£ñÞñÞÜ£×�S�ÔÞ×®ä Û ÝyÖrïUT Û Ü£×ëï®ß�àyÝyÔÞå®å�VXWZY\["]_^a`�b"Yc^$de^fVhg�`i Y\jZ] Ù£ÚÛ ×�Ü£ÔÞÝRèÙ¥Õ�ß�à�áyÔ�âj×�Õ[äRåëÔðærÜlçrçRè Û Ýyá éç`çRèUk�ÜPÕ[äRå®ÔÞí`ÝMÜ£Ý Õ�ñÞïml Û ÝyäRåëÔðírÝ4ærí`Ý�n o Ù ÚÛ ×BÙDÜgï®å®ÜASoÜ£×®åëÜoæ`írÝ'dZp9qºí`ó^Ü£Ôr_s W;t�u,Ü£ò ` vxw d wyv�z s|{ t�u2Ü£ò ` ôRÓ�ÔÞÜtÓ�Õ�å®Ü£ÝBï®å�Õ[Ø¨ØBÜ£ÝEÕ Û ï~} {c� p z r;� ô[ÓtÔÞÜ�á Û ×®ß�àyÖ`Ügî£í`ÖrÜ£ÝyÜx�~ÔðÝMÔðÜ�ÜgÝmåëï ì ×ëÔÞß�àRåáyÜ£Ø÷ÔÞØ��NÜ��RåtÕ[ÝyÖrÜ£Ö`ÜgókÜ£ÝMÜ£Ý��N×ëÖ`Ü£óyÝMÔðïPô
CRYb\�JMQDOPCRFNC � Cye£WNQGO¬JMO

øjú
ø^ü ý®üå�°� �µCR�XL�ý » S ù ú � ü � �¨� ýë�f¯GÑmö@�

 �CRA�UzCR� �3CRAGFNCIWNFX �CRxkJMFNFXOPCj��hjikF7UzCRY�½PCR²�CRAGQDAG]� �CRObY[J^Z[\XOPCRObCRF � CyJyxzObAGi^F JM N\ aJyFN]^CmF }
UzCIH¤i^FTegO[JyFzObCoAse£OR�ºxkJMFfF�UNJMFNF¡JMFTePZ[\NQGADCR�^CRFTU ��ADOECRFzO¬egLNYbCyZ[\NCRF�UzCmFµ@¤JyOPCRFµhjCRYb]^QDAsZ[\NCRF
²§CmY[UzCRF�¯��F�cB N fAGQsUXWNFN]¼cB N �¯X�N¯ð��egADF�U�UzADC¤nRWNYZ�'CRYg_�aWN]kWNFN]�egOPCm\NCRF�UzCmF�@¤JMObCRF���S Á �Xõ^ö^��UzCye ADFzObC }
]^YbAGCRYbOPCRF°³ AGYPxXWNFN]ãeP´jWNCRY¬ePZ[\NFNAGObOPCye'øjú�û ø^ü,_�aWfYEAGFNCRQ¥J^e£OPAsebZ�\fCBCRADFz_�J^Z[\°UzAvuwY[JyxzObAGhjC |^|j} WfF�U
| �|z}�� CyJMxXOPADi^FNCRFK �CRAjhjCRY¬ePZ[\NAGC UzCRFNCRF � CyJMxXOPADi^F�e£CRFNCRYb]^AGCmF � �§AD�>¦§CmYPCRA¥Z�\¨hji^F¼öK�ðS � C�� �ú � ü ��� S��Þök� � C��3JMQ¥eE�TWfFNxzObAGikF�hji^F � ü"JMWz_®]kCROPY¬JM]kCRF�¯w@BAGC¼UzWNY¬Z�\f]^CRnRik]^CRFfC�¸�ADFNAGCKCRFXO }
egLfYPAsZ[\XO§UXCR� ±2Yb]^CR NFfAseEUzCye'\NAGCmY§hji^Yb]^Cye£OPCRQDQGObCRF �Ï�VÀ2}  �JkegAGCmYPOPCmF�i^LNObAsebZ�\NCmF�»�iXUzCRQDQse,_�aWfY

X Á
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cB N fAGQsUXWNFN]µ�N¯��NÒ�Ó�í ìMì Ü£ñÞå§áyÔ�âãÜg×®Ü£ÝRå®ÔÞÜ£ñÞñÞÜ£×�S�ÔÞ×®ä Û ÝyÖrïUT Û Ü£×ëï®ß�àyÝyÔÞå®å�VXWZY\["]_^a`�b"Yc^$de^fVhg�`i Y\jZ] Ù£ÚÛ ×�Ü£ÔÞÝRèÙ¥Õ�ß�à�áyÔ�âj×�Õ[äRåëÔðærÜlçrçRè Û Ýyá éç`çRèUk�ÜPÕ[äRå®ÔÞí`ÝMÜ£Ý Õ�ñÞïml Û ÝyäRåëÔðírÝ4ærí`Ý�n o Ù ÚÛ ×BÙDÜgï®å®ÜASoÜ£×®åëÜoæ`írÝ'dZp9qºí`ó^Ü£Ôr_s W;t�u,Ü£ò ` vxw d wyv�z s|{ t�u2Ü£ò ` ôRÓ�ÔÞÜtÓ�Õ�å®Ü£ÝBï®å�Õ[Ø¨ØBÜ£ÝEÕ Û ï~} {c� p z r;� ô[ÓtÔÞÜ�á Û ×®ß�àyÖ`Ügî£í`ÖrÜ£ÝyÜx�~ÔðÝMÔðÜ�ÜgÝmåëï ì ×ëÔÞß�àRåáyÜ£Ø>ÔÞØ��NÜ��Rå�Õ�ÝyÖ`ÜgÖ`Ü£ó^Ü£ÝyÜ£Ý��N×®ÖrÜ£óyÝyÔÞïPôfÓ�ÔÞÜEÖ`Ü£ïëå®×ëÔðß�àyÜgñðåëÜ��~ÔðÝMÔðÜEÜgÝmåëï ì ×ëÔÞß�àRå'áMÜ£Ø>Ö`ñÞÜ£ÔÞß�àyÜ£Ý�k�Ügï Û ñÞå�Õ�åZpqºí`ó^Ü£ÔXáyÜg×�ÔðÝ6�2ñ�Õ[ØBØEÜ£×®ÝEïëå®Ü£àyÜgÝyáyÜ�d�ó^Ü£Ý Û å®îgå�q Û ×ëáyÜ`ô

UzADCyegC"±,�XL�CRYPAD��CRFXOPCj¯`³ AGC���JMF�egAsZ[\oJyFN\�JyF�UpUXCRY2c¨ N �¯y�N¯Þ�¨QGCRA¥Z�\XO aWN �CRYPnmCRWN]^CmF�xkJMFNF��^Ase£O
UzADC a�B �CRYbCRAGFTegOPAD����WfFN]B\fCRYPhjikYPY[Jy]^CRFTUº¯X@BCRY'hji^��ikLNOPA¥ePZ[\NCRFI»�iXUzCRQDQ� ¶C ePZ[\NYPADCR �CRFNC¨cB  }
_�JMQDQwUzCye ³ ADYPxXWNFN]ãeP´jWNCRY[ebZ�\fFNAGObOPCye2��ADO2CR�XL�ý » S ù ú � ü � ��nRCRAG]kO�egAsZ[\IAGF�UzCmF�@¤JMObCRF���S Á �fõ^öy�
aWN �CRY�_�aWNFz_ � Y ai^�^CmFNi^Y¬UzFzWfFN]^CRF��¤@¤Jy ¶CmAVA¥egO ù xjCRADF÷_®YPCRADCRY�¢2JyY[JM�°CROPCRYm�§e£i^F�UXCRYPF�aWf ¶CmYù ù ª õ~û �{ìyùõ UXWNY[Z[\¹UzCRF-��ADOPObQGCRYbCRF-´jW�JkUzY[JyOPAsebZ�\fCRF÷¸wJ^UXWNFN]je£Y[JkUzAGW�e�ìyùõ �<ý�öK� Á Ñ¶_®���£ù��SköM�KnRW ù � õK�ðS � C�� ·��  �Cye£OPAG�°�pOm¯ � QDCRAsZ[\XWNFN]-�f¯GÑRö÷CmFzOb\taJMQDO CmAGFNCRF CmAGFNnRAD]^CRF _®YPCmA }
CRF¹¢2JyY[JM�°CROPCRYm�tUzAGC�]kQGik �JMQDC_�¨i^YP�¿JMQGA¥egADCRYPWNFf]jegxjikF�egO¬JMFXOPC'�o��UzAGC�AGF¹cB f �¯��f¯Þ�µJMF5UzAGC
@¤JyOPCRF¹JMFf]^CRL�Jy�^OI²EWNY[UXC-��S Á �'õ^öM��¯2@BCmYIUzWNY[Z[\7��ADO� �Cye£OPAG�°�pObC�FXWN��CRYbAsePZ[\NCo³�CRYPO¼Ase£O
�à� Á õ��I  � C�� · ù ¯
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��WN� �'CRYP]kQGCRA¥Z�\legADF�U¤AGFKcB f �¯r�f¯Þ�Exji^FXhjCRFzObAGikFNCRQGQDC���ADO[e�UzCmY��Ni^Yb�%øjú�ûyø^üº%5CR�zL¼�ÔßKü � �¤ü ù �
JMF°UzADCE@¤JyOPCRFI]^CRnmCRAG]kOR¯k@BAGC�]^Cye£OPYPA¥Z�\fCRQGObCEH¤WNYPhjC�CRFXO[egLfYPAsZ[\XOtUzCR��hjikFL�¤cB�B_ aWfY2AG\NYbCE@¤J }
OPCmFÿ��õköM�EJyFN]^Cm]^CR �CRFNCmF÷�tAGO��°AGO�ß°� Á �Þö�» öK�DÑ � C�� · ù WfF�U¼�ë��SK�ðõ½»ÿö��GÑ � C�� · ó ¯
@BADCo]^Cye£OPYPA¥Z�\fCRQGO } ]kCRLNWNFNxXOPCmOPC¼H¤WNYPhjCoCRFXO[e£LNYPA¥Z�\XO¨CRAGFNCm� �tAGOKUzCmY¤]^QDCRAsZ[\NCRF �TikYP�)JMF¡JMQ }
QGC¹@¤JyOPCRFfLNWNFNxXOPC7AGF
UzCmY���AG]kWNYR�¤\NADCRYP �CRAoCmYP]^AD NO�egA¥Z�\ïß � �K�v�¹»3öK�DÑ � C�� · ù WfF�U
�à�ÿö�� Á »¹ö��GÑ � C�� · ó ¯��F�UzCRYKQGCmOPnRObCRFÚ��CRADO¤²EWNY¬UzCRF� ¶CmA0�¤± � c�JyW�Z[\�øjú�ûyø^üK@¤JyOPCRFµ_�aWNY¼UzADCoAGFNCRQ¥J^e£OPAsebZ�\ UzAv_ }
_®Y[JyxzObAGhjCRF � CyJMxXOPADi^FNCRF°� |��<��| WNF�U��N« | �<�°|  �CRAwhjCRY[ebZ�\NADCyUzCRFfCRF � C JMxXOPAGikF�egCmFNCRY }
]^ADCRF¿¾ ]^Cm��CyePe£CRF¡��S Â ��õkõM��¯w@BADC�CRFXO[e£LNYPCyZ[\NCRFTUzCRF4@BAsJy]^Y¬JM����CKWNFTUµUzAGC�@BCrq�FNADOPADi^FNCRF
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γÀ ✶ oder γÀ (q)
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X(p
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Ã )Ä

p(P)Å p(P’)Å

qÆ cÇ =P-P’cÈ ✶
0(q
Á

cÇ )Ä

γÀ ✶ + p →É  X + p

γÀ    + p →É  X + p

Q
Ê 2 = - q2,Ë W

Ì 2 = (q+P)2

pÅ X
Ã2 = (q+qcÇ )Ä 2 = MX

Ã2
t
Í

= qcÇ2 (≤Î 0)
Ï

xP =
qqÆ cÇ
qPÆ ≈

MX
Ã2 + Q2

W2 + Q2

P2 = P’2 = M2

mit |t| (Ð ≤Î  4M2, etwa) Ë <<Ñ   W2
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Ô�«Kç¤î Û ï�Õ[ØBØ¨Ü£ÝEØBÔÞå�×®Ü£ñÞÜ£æ`Õ�ÝRå®Ü£ÝKäRÔÞÝyÜ£Ø¤Õ[åëÔðïëß�àyÜ£Ý¨òºÕ[×®Ô�Õ�óyñÞÜ£ÝXô
UzCRYI �CRAlUzCRYI¦§CyebZ�\NYbCRAG fWNFN]�UzCRY � CyJMxXOPADi^FNCRF7hjCRYb²§CRFTUzCROPCmF ��JyYPAsJy NQGCmF÷e£AGF�U7AGF5cB N �¯
�N¯ Â ]^CR]kCR �CRF�¯t�¨aWNYKUXAGCye£CI@¤JMObCRF-e£i^QDQGOPCIUfJ^e �Ï�VÀ2}  �JkegAGCmYPOPCoikLNOPA¥ePZ[\NCI»�iXUzCRQDQ2CR �CRFz_�JyQGQ¥e
]waWfQGOPAD]µe£CRAGF��tUNJ�ADF � QGFN]f¯��f¯GÑRö�FzWfYoUzADC��Bi^Yb��AGCmYPWNFN]ãegxjikF�egO¬JMFXOPC�� hjikF7UzCRY�cBYPO¼UzCmY
¢2YPiy½PCmxzObAGQGObCRAGQ¥Z�\fCrF�Jy N\taJyFN]^Om�©²¼aJy\NYPCmF�UµUzCRYK¢�JMY[Jy��CRObCRY ù UzWNY[Z[\�UzCRF ¢2YPi^Obi^FNY¬J^UzADW�e ì õ
_®Cye£OP]^CmQGCR]kO�Ase£OR¯*��F7cB N �¯��N¯��4egADF�U-UzADC�nRWNY�� CmYg_�aWN]kWNFN]µe£OPCR\fCRF�UzCRF @¤JMObCRF¹JMQseo�NWNFfxzObA }
i^F7hjikF � ü¼JyWz_®]^CRObY[Jy]^CRF�¯'@¨CRY4aWN �CRY¬egObYPAsZ[\NCRFfCpü } ¦§CRYPCRA¥Z�\4Ase£OoJMQDQGCRY¬UzAGFf]jeVYbCyZ[\zO¼ePZ[\N��JyQ
ý�ö��Þõ � C�� � ú � ü �Ï� ö�� Â � C����¬¯�@BAGC�UzWNY¬Z�\N]kCRnRik]^CRFNCmF�¸�AGFfAGCRF�CRFXO[e£LNYPCyZ[\NCRF4UzCm� ���KÀ2}
 �JkegAGCmYPOPCmF-i^LNObAsebZ�\NCmF7»�iXUzCRQDQ��tJMQ¥egi�UzCRY � QGFN]f¯��N¯DÑRöX¯2³ AGCyUzCmYPWN�8²EWNY¬UzC�QGCyUXAG]^QDAsZ[\�UzAGC�BikYP��ADCRYPWNFf]jegxjikF�egO¬JMFXOPC��:UzWNY¬Z�\�CRADFNCRF4��ADO¨JMF�UzADC�@lJMOPCmFµJMFf]^CRL�Jy�^Om�º²§ik ¶CmA2e£AsZ[\¿_�aWfY
�¹AG�
��JMQGQDC�UzCRYt�T« |j}£� CyJyxzObAGi^F�� È Ñ Á ��FX  � C�� · ù CRYP]kAG NOm¯ �  f]^QGCmAsZ[\�AG� � Cm]^CRF�ebJMObnEnRW
UzCRF |k|~}  NnR²K¯ | �|z} @¤JMObCRF°UzCRY2xXAGFNCm��JMObAsePZ[\NC'¦§CmYPCRA¥Z�\���AGFKUXCR��Cye�@¤JMObCRFp]kAG NOm�MYbCyZ[\zOtxzQDCRAGF
Ase£OR�º fQGCRAD NOB_®Cye£OPnRWN\TJMQGObCRF��wUNJM� � QGFN]f¯º�N¯DÑRö�UXAGCI@¤JyOPCRF� �CyePZ[\NYPCmAG NOm¯¶��F¡UzCRFµFNiXZ[\�FfAsZ[\zO
UzWNY¬Z�\4»�CyebegWNFf]^CRF4JM f]^CyUzC Z�xXOPCRF¿¦§CRYPCRA¥Z�\fCRFphjikF ú � ü � e£OPCRQDQGO"UzAGC¼UzWNY¬Z�\f]^CRnRik]^CRFfC�¸�ADFNAGC
WNF�U¼UNJM�°AGO � QDFN]N¯y�N¯DÑRöBCRADFNC{�'i^Yb\NCRY¬ePJM]kCEJyWz_ � YbWNF�UzQ¥JM]kCEUzCye ���KÀ2}  �J^e£AGCRYbOPCRF¼i^LNObAsePZ[\NCRF
»�iXUzCRQDQseKUNJyYR¯t±'eV² aJMYbC�² aWNF�ebZ�\fCRF�eg²�CRYPOm�tUzWNY[Z[\¡UzAGCIcBWTeg²§CmAGOPWfFN]4UzCyeVxXAGFfCR��JMObAsebZ�\NCmF
¦§CRYbCRAsZ[\NCye2AGF4UzCmF�»�C ePegWfFN]^CRF UzAGC egC��'i^Yb\NCRY¬ePJM]kC4aWN �CRYbLNYkaWX_®CRF�nRW�x�aikFNFNCRF�¯
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