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¿)LVÀ�PÂÁa`�N h N�LVÀKÁ[Ã�Ä�N1Å�Æ°N�`KP[OQNFL�À�HMÁaIcÀKÇXR�PÂNFIÈHMLXR4LVÇXO_NF`�P h HJÁ¼I�P[O ÇTÁSHfÀ�PÂdJLÉI-dMÊ�ÀKËTN9ÌÉdfÍHM`KdJÇTLXR²À�`�HMPÂLXIÎPÂLÏIÐPSR�NÑÍ2P[LXRXI.ËÉH�eJN9Ê]d h ÇXIÐNªR4d�LÒOQNFH�IÐÇT`KPÂLTÓÔÀ�ËXNÑOÕHJP[LÖP[LVÀ�NFÓJ`�HMÁ
× ÇÉHMLVÀ�P[À�PÂNFIFÄ'I�Ç h Ë�H�I/ÀKËTN.HJN�`KdZRTÃVLÉHMOQP h Ê]dJ` h NFI HMLXR�O_d�OQN�LVÀKIFÄ�ØTÇTÀ_LTdJÀ O Ç h Ë�dJLÇTLXR�NF`KIÐÀKHJLXR�PÂLTÓQÀ�ËTN�ÌXdfÍÏIcÀK`�Ç h À�ÇT`KNFIFÙ°Ú�ËTPÂÇÛHJLXR9Y × ÇTPÂ`�N-Ü[Ý1Þ'N1Å�ÆÉNF`�PÂOQN�LVÀKHJÁ[ÁÂÃ-Ê]d�ÇTLXRÀ�ËXHMÀßHfÀ�ÁÂdfÍàÃ�H�ÍàHMLTÓ�Á[NªI(á]ÇXÆ�À�d)âVã�ä1åxÀ�ËTN�ÌXdfÍæPSI�I�PÂO_PÂÁSHM`�ÀKd2À�ËXN�IcÀKNFH�R�ÃWI�ÁÂN�LXR�NF`�Ø°dZRTÃ
ÌXdfÍ�ÄÉPÂL9Í2ËTP h Ë9ÆXHJP[`�I)dJÊ�IcÀKNFH�R�Ã�Á[PÂLTN�e�dJ`�À�P h NªIBHM`KN/NFO_NF`�Ó�P[LXÓÕÊ]`�d�OEÀ�ËTN_IÐNFÆXHM`�HfÀKP[d�LÁ[PÂLTNFI
d�L�ÀKËTN2ÁÂN�N1çrI�PÂR�N�Ê�H h N�À�dWÊ]dJ`KOèÀ�ËXN�ÍmHMé�N�IÐÀ�`KÇ h À�ÇT`KNFIFÙfê²ËTN�L À�ËXN)IÐPSR�N1çëÍ2PÂLXR�ÃVH�ÍHMLTÓ�Á[N�P[L h `�NªHJI�NFI�HJØÉdfe�N�ìJãVä�ÄªÀ�ËTN�ÌXdfÍ h ËXHJLTÓJNªIíÊ]`KdJOîÀ�ËXHMÀ'H�I�I�d h PSHfÀ�NªRaÍ2PqÀKË H¼IÐÁÂN�LXRTN�`ØÉd�R�Ã À�d/ÇXLXIcÀKNFH�R�Ã e�dJ`�À�N�Å IÐËXNFRTR�PÂLTÓÉÙ�G)dfÍ�N�e�N�`ªÄ�À�ËTN¼OQN h ËXHJLTPÂI�O?dJÊxÀ�ËTPSI�ÀK`KHJLXIÐP[À�PÂdJLØÉN�ÀcÍ�NFN�L�À�ËTNªIÐN9ÀcÍ�dàÀcÃZÆ°NFIÕdJÊ¼ÌXdfÍ)IÎHMLXR�P[ÀKI-N�ï°N h ÀÎd�L�À�ËTNÛHJN�`Kd�R�ÃZLXHMOQP h Ê]d�` h NFIËXH�eJN9LXdMÀ�ØÉNFN�L4PÂLZeJNFIÐÀ�PÂÓ�HMÀ�NªR²P[LÖR�N1À�HMPÂÁ�Ù2ðmËTNæÆT`�NªIÐNFLVÀ.PÂLVe�NFIÐÀ�PÂÓ�HMÀ�PÂdJLñÊ]d h ÇXI�NFI.dJLÀ�ËTN�PÂOQÆXH h À)dMÊ'À�ËTN/ÍmHMé�NWIÐÀ�`KÇ h À�ÇT`KNFImd�L.ÀKËTN/HMNF`�d�R�ÃZLXHJOQP hah dZN�ò h P[NFLVÀKImØZÃ.I�dJÁÂeZP[LTÓÀ�ËTN7ÌÉdfÍEHJ`�d�ÇTLXR�HÔIÐPÂOQÆTÁ[P[óXNªRñô�Ú�õ�öÛÀ�`�HMPÂL²IÐÇTØTbcN h ÀKNFR�ÀKd�HÔ÷Jã�ä�I�PSR�N1çëÍ2P[LÉRøÃVH�ÍHMLTÓ�Á[N/ÇÉIÐPÂLTÓÎÁSHM`KÓJN�çùNªRTR�ÃÈIÐPÂO�ÇTÁSHfÀKP[d�L£á�úßõ�YTå1ÙxYZÀKHMLÉRTHM`�RÛYZOÕHMÓ�dJ`KP[LÉIÐéZÃÎOQd�R�NFÁßÍ2P[À�Ë
H�OQd�R�N�Á h dJLXIÐÀKHJL�À)ûmü�ýÒãTþÂÝBPSI�ÇXI�NFRÕÀKdQO_d�R�NFÁ°À�ËTNaIÐÇXØTÓJ`KPÂR.I h HMÁÂNFIFÙVðmËXNWÿ2NFÃZLTdJÁSRTILVÇXO�Ø°N�`ÕPSIQö��ñÝFã��MÄ�ØXHJI�NFR£dJLøÀ�ËTNÈÊ]`KN�NFIÐÀ�`KNFHJO%eJNFÁ[d h P[ÀcÃ�HMLÉR�ÀKËTN�ËTN�PÂÓJËVÀQdMÊBÀKËTNÀ�`�HMPÂL�Ä��9ÙZðmËXN¼I�P[OQÆTÁÂPqóÉNFRÕÀK`KHJP[LÎO_d�R�NFÁ h dJLÉIÐPSIcÀ�I(dJÊßH/ÁÂNFH�R�P[LXÓ h HJ`�ÀKd�Í2ËTP h ËÎHMLÎN�LXR
h HM`�R�ÇXO_O Ã7PÂI�HMÀÐÀ�H h ËTNªR£á�I�N�N��'P[ÓÉÙ�Ý�ØÉå1Ù�ðmËTN À�dMÀ�HMÁ�ÁÂN�LTÓJÀ�ËædMÊ�ÀKËTN_À�`�HMPÂLÛOQd�R�N�Á�PSI�Òý?÷Xþ 	
	Jö�� HMLÉR7PqÀ�IaËTN�PÂÓJËVÀWPÂI
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	����æÙ°ðmËTN h ÁÂNFHM`�HML h N�Ø°N1ÀcÍ�N�NFL9ÀKËTN�ÀK`KHJP[LHMLXRQÀKËTN h dJOQÆTÇTÀKHfÀKP[d�LXHMÁ°R�dJOÕHJP[LÕÌÉdVd�`�PSI�ãXþ ã�	M÷���� á�ãTþÂÝ�	��.å�Ù�ðmËXN¼ú�õ�YQ`KNFI�ÇTÁqÀ�I�HJ`�N
h dJOQÆXHJ`�NªRQÍ2PqÀKËÎÍ2PÂLXRÕÀKÇTLTLTNFÁxÀ�NªIcÀ�`�NªIÐÇTÁ[ÀKIFÙ�ðmËTNBOQNªHJI�ÇT`�NFOQN�LVÀKI�Í�NF`�NBOQH�R�NBPÂL-ÀKËTNIÐÇTØÉIÐd�LTP h ÿ2ÇXIKI�PÂHJL��������������²ÝFãJ÷.dJÆ°N�LÎbcN1À�ÀKÇTLTLTNFÁ�Ù�ðmËTNQN�ÅZÆ°N�`KPÂO_NFLVÀKHMÁ�I�N1À�çùÇTÆ
PÂI2I�ËTdfÍ2LÎPÂL��ßPÂÓXÙxÝªHTÙZôrL h dJLVÀ�`�HJIÐÀ�À�d À�ËTN h dJOQÆTÇ�À�HfÀ�PÂdJLÉHMÁxOQdZRTN�ÁùÄZÀ�ËTNaÍ2PÂLXR-ÀKÇTLTLTNFÁO_d�R�NFÁßËÉHJI¼ØÉd�ÓJPÂNFIBHJLXR9HJL9P[LXLTN�`WÓ�HJÆ7ØÉN�ÀcÍ�NFN�L7ÀKËTN ÁÂNFH�R�PÂLTÓ h HJ`¼HJLXR�À�ËXN R�ÇTOQO ÃN�LXR h HJ`FÙ�ðmËTNaOQd�R�N�ÁßIcÀ�HMLXRTImd�LÈH ÀKËTP[L�NFÁ[ÁÂP[ÆTÀ�P h ÆTÁÂHMÀ�NÕá�I�N�N��'PÂÓXÙíÝFHVå�À�dQ`�NªR�Ç h N¼ÀKËTNÀ�ËTP h éZLTNFIKI)dJÊ�À�ËTN_HMÆTÆT`Kd�H h ËTPÂLTÓQØÉd�ÇTLXRTHJ`�ÃÈÁÂH�Ã�N�`ªÙ! 7d�`�NFdfeJN�`ªÄ�PÂL7dJ`�R�N�`BÀ�d-é�N�N�Æ�ÀKËTN
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ÓJ`KdJÇTLXR h Á[NªHM`�HML h NJÄJÀ�ËTN¼O_d�R�NFÁxPÂI�ËTN�ÁSRÕØZÃÕH�I�P[LXÓJÁÂN h ÃZÁÂP[LXRT`�P h HJÁ°I�ÇTÆTÆ°dJ`�À�Æ°d�I�PqÀKP[d�LTNFRO_PSR�ÍmH�Ã.Ø°N1ÀcÍ�N�NFL7À�ËXN�Ø°dJÓJPÂNFIFÙÉðßdÎI�P[OQÆTÁÂP[Ê]Ã.ÀKËTN�OQd�R�NFÁßPÂL7À�ËXN h d�OQÆTÇ�ÀKHMÀ�PÂdJLXIFÄTÀKËTNP[LTLXN�`'Ó�HMÆ�PSI�óXÁ[ÁÂNFR HMLXRaØ°dMÀKË/ÀKËTN�Ø°dJÓ�P[NªIßHJLXRaÀ�ËXN h ÃZÁÂP[LÉR�`�P h HJÁ�I�ÇTÆTÆ°dJ`�À'HJ`�N(`KN�OQdfe�NFRíÙôrLÎÀKËTNaO_NªHJI�ÇT`KN�OQN�LVÀKIFÄVÀ�ËTN�ÿ2NFÃZLTdJÁSRTI�LZÇTO�Ø°N�`mÍmHJICB
D¼ýèÝ�þ âE�9Ýªã�F¼ØXHJI�NFRÎdJL-ÀKËTN
Ê]`�NFN1çrIcÀK`�NªHMOèeJNFÁ[d h PqÀcÃ�HJLXR�À�ËTN2ËTNFP[Ó�ËVÀ(dMÊXÀKËTNmÀ�`�HMPÂL�ÙfôrL_À�ËXN h dJOQÆTÇTÀKHfÀKP[d�LXHMÁTRTdJOÕHMPÂL�ÄÀ�ËTN_OQdZRTN�Á
PÂI¼Ã�H�Í�NFR7÷�ã ä À�d-ÀKËTN Ê]`�NFN1çrIcÀK`�NªHMO3R�P[`KN h À�PÂdJLÛH�I¼I�ËTdfÍ2L9PÂLG�'PÂÓXÙíö�ÙíðmËTN
h ÁÂNFHM`�HML h N�ØÉN�ÀcÍ�NFN�LñÀKËTN9OQd�R�N�ÁaHMLXRøÀKËTNÛÓ�`�d�ÇTLXRøØÉdVHM`�RøPSIÕÀKËTNæIKHMOQN9H�IÕP[LñÀKËTNN1Å�ÆÉNF`�PÂOQN�LVÀKHJÁßI�N1À�çùÇTÆ�ÙÉðmËTN/OQd�R�NFÁ h N�LVÀ�NF`�ÁÂP[LXN/PÂIBéJNFÆ�ÀBÆXHJ`KHJÁ[ÁÂN�ÁíÀKdÕÀ�ËXN�PÂLTÁ[N�À¼dJÊ'ÀKËTNR�dJOÕHMPÂL�Í2PqÀKËñHÔIÐÀ�`KNFHJO�Í2PSIÐN�R�PSIcÀ�HML h N�dMÊ����,À�dÔN�LÉIÐÇT`KNÈÀ�ËTN9IKHMOQNÈÀ�ËXP h éZLTNªI�IQdJÊÀ�ËTN/HJÆTÆT`Kd�H h ËXP[LTÓ ØÉd�ÇTLXRTHJ`�ÃÕÁSH�ÃJNF`FÙZðmËTN/R�PSIÐÀKHML h NaØÉN�ÀcÍ�NFN�L.À�ËTNWÀK`KHJP[L.ÀKHJP[Á�HJLXR-ÀKËTNN1Å�PqÀ_dMÊmÀ�ËXN h d�OQÆTÇ�ÀKHMÀ�PÂdJLXHJÁ�R�d�OÕHMPÂLÔPÂI_ö�ÝH�9Ù�ðmËTNÎËXN�PÂÓJËVÀ�dMÊ2ÀKËTN h dJOQÆTÇ�À�HfÀ�PÂdJLÉHMÁR�dJOÕHMPÂLÑPÂII	Tþ ö��7ÙíðmËTNQÌXdfÍ�NFL�ÀKN�`�IWÀ�ËTNÕR�d�OÕHMPÂLæÍ2P[À�ËÔHÈÇTLTP[Ê]dJ`KO eJNFÁ[d h PqÀcÃ7ÆT`KdMóÉÁ[N
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h dJLÉIcÀ�HMLVÀ(P[LQÀKP[OQN�Ù
] h dJLZeJN h À�PÂeJN�çùe�N�ÁÂd h P[ÀcÃWØ°dJÇXLXRTHM`KÃ h dJLXRTPqÀKP[d�L_PSI(PÂOQÆTÁÂN�OQN�LVÀ�NªRÕHfÀÀ�ËTNÕR�d�OQHJP[LæN1Å�P[ÀFÙ[^)dJçëI�ÁÂP[ÆæØÉd�ÇTLXRTHJ`�Ã h dJLXR�P[À�PÂdJLÉIWHJ`�N_ÇXI�NFRædJLÛÀ�ËTN_À�`�HMPÂLæI�ÇT`�Ê�H h NJÙð�dÎI�PÂO�ÇTÁSHfÀKN�À�ËTN�N1Å�ÆÉNF`�PÂOQN�LVÀKHJÁßI�N1À�çùÇTÆ�ÄÉH-I�Á[PÂÆ7Ø°dJÇTLXRXHM`KÃ h dJLXR�P[À�PÂdJL7PSIBHJÆTÆTÁÂP[NªR7HfÀÀ�ËTN/ÁSHfÀKN�`�HMÁ�ÍmHMÁÂÁSI)HMLXR.ÀKËTN/`KdVdJÊcÙÉðßdÕ`�NªR�Ç h NaÀ�ËTN�ÀKËTP h éVLXNFIKI)dMÊ'À�ËXN/ØÉd�ÇTLXRTHJ`�Ã.ÁÂH�Ã�N�`HMÆTÆT`Kd�H h ËTPÂLTÓWÀ�ËTN2ÀK`KHJP[LÕOQd�R�NFÁ�ÄJÀcÍ�d�éZPÂLXRTI(dJÊíØÉd�ÇTLXRTHJ`�Ã h dJLÉR�PqÀKP[d�LXI�HJ`�N)HJÆTÆTÁÂP[NªRÕHfÀÀ�ËTN h ËXHJLTLTNFÁ
ÌXdZdJ`ªÙ_] I�ÁÂP[ÆÑØÉd�ÇTLXRTHJ`�Ã h dJLÉR�PqÀKP[d�LæPSI�HMÆXÆTÁ[PÂNFRÑd�LÑHÈÆXHJ`ÐÀ�N1ÅZÀKN�LXR�PÂLTÓ	�� á�I�N�N`�'P[ÓÉÙßöfØ°å¼Ê]`�d�O À�ËTNÕPÂLTÁÂN1À�ÀKd9IÐÇTÆXÆT`�NªI�IWÀKËTN-R�NFeJN�ÁÂdJÆXO_NFLVÀadJÊmHÈØ°dJÇTLÉRTHM`KÃ
ÁÂH�Ã�N�`ªÄ°Í2ËXP[ÁÂNÕH.LXdMçrIÐÁÂP[ÆÑØ°dJÇTLXRXHM`KÃ h dJLÉR�PqÀKP[d�LæPSIaÇXI�NFRÑdJLæÀ�ËXN_`KNFIÐÀ�dMÊ�À�ËTNQÌXdZd�`FÙ=]ËTdJOQdJÓ�N�LTNFdJÇXIa^BN�ÇTOÕHJLTLQØÉd�ÇTLXRTHJ`�Ã h dJLÉR�PqÀKP[d�LQPÂI�ÇXIÐNªR Ê]dJ`�ÀKËTN)ÆT`KNFIKIÐÇX`�NmdJLÕHJÁ[Á�ÀKËTNØÉd�ÇTLXRTHJ`�PÂNFIFÙ
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^)ÇTOQN�`KP h HMÁ�H hFh ÇT`�H h Ã9PÂI�P[LZe�NFIÐÀ�PÂÓ�HfÀKNFRÑØZÃæÆ°N�`�Ê]dJ`KOQP[LXÓ�ÀcÍ�d9I�P[O ÇTÁSHfÀ�PÂdJLÉI/Í2P[À�Ë�R�P[Ê çÊ]N�`KN�LVÀ_LZÇTO ØÉNF`QdMÊ¼LXdZRTNFIHr
ìÑHMLÉR4Ýªö9OQP[ÁÂÁ[PÂdJL�LTd�R�NªI�Ù�ðmËTN�IÐÆÉHfÀ�PSHMÁm`KNFI�dJÁÂÇ�À�PÂdJLÉI�dJÊ
À�ËTNÕóÉ`KIÐÀ h NFÁ[Á�ÁÂH�Ã�N�`/HfÀ�À�ËTN-OQd�R�NFÁ�HMLÉRÑÌXdZdJ`�HJ`�NÕI�ËTdfÍ2LàP[L�ð'HMØTÁÂN9ÝQÊ]d�`�À�ËTN-ÀcÍ�dO_NªIÐËXNFIFÄíÍ2ËTN�`KNfs[t PSIWÀ�ËTNQÊ]`KP h À�PÂdJLÑeJNFÁ[d h P[ÀcÃJÄ_uøPÂIWÀKËTN-R�PSIcÀ�HML h N Ø°N1ÀcÍ�N�NFLÛÀKËTNQóX`�IcÀLTd�R�N)HMLXR�À�ËXNmÀ�`�HMPÂL_I�ÇT`�Ê�H h NmPÂL�ÀKËTN2ÍmHMÁÂÁ�LTdJ`KOÕHMÁTR�PÂ`�N h ÀKP[d�L�Ä�v��mPÂI�À�ËTN h N�ÁÂÁ�Í2PÂRZÀKËQP[LÀ�ËTN/IÐÀ�`KNFHJO�Í2PSIÐNaR�PÂ`�N h À�PÂdJL�HMLÉR�vEw'PSI�À�ËTN h N�ÁÂÁ�Í2PÂR�À�Ë�P[LÈÀKËTN/IÐÆÉHML�çëÍ2PÂI�NaR�P[`KN h À�PÂdJL�Ù
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ðmËTN I�ÇT`�Ê�H h N�ÆT`�NªI�I�ÇT`KN/R�PSIcÀK`�PÂØTÇ�ÀKP[d�LXI¼HJ`�N h dJOQÆTÇTÀ�NFRÛHfÀ h N�`�ÀKHJP[L h `�dVI�IÐçëI�N h À�PÂdJLXIHMÁÂdJLTÓ�ÀKËTNWÁ[NFLTÓMÀKËÎdMÊ�À�ËTN¼À�`�HMPÂL-Í2ËTNF`�N¼N1Å�ÆÉNF`�PÂOQN�LVÀKHJÁ°RXHfÀKH HM`KN¼H�efHMPÂÁSHMØTÁÂNJÄVHJI�IÐËTdfÍ2L
P[LE�ßPÂÓXÙZÝFØ�Ù��'PÂÓJÇT`KNBÝFØ�HMÁSI�d¼I�ËTdfÍ)IßI�dJOQN�R�N1À�HMPÂÁÂI�Ê]`�d�OîÀ�ËTNmN1Å�Æ°N�`KP[OQNFL�À�HMÁ�À�`�HMPÂL�Ä�IÐÇ h ËHJI
IÐÆ°dJPÂÁÂN�`ªÄªI�ÇTÆTÆ°dJ`�ÀFÄ�Ø°dJÓJPÂNFI
HJLXR/PÂLTLTNF`Ðç h HJ`ßÓVHMÆ�ÄªÍ2ËTP h Ë_HJ`�N�dJOQPqÀ�À�NªR/Ê]`KdJOÏÀKËTN h dJO_çÆTÇ�ÀKHMÀ�PÂdJLXHJÁ�OQd�R�N�ÁùÙÉðmËTNªIÐN/RTPqïxN�`KN�L h NFI)I�ËTd�ÇTÁÂRÈØ°N/éJNFÆ�ÀBPÂL�O_PÂLXR�Í2ËTNFL h d�O_ÆÉHM`KP[LTÓÀ�ËTNBúßõ�Y_`KNFI�ÇTÁ[ÀKI�Í2P[À�ËQÀKËTNBN�ÅZÆ°N�`KPÂO_NFLVÀKHMÁÉRTHfÀ�HTÙ��'PÂÓJÇT`KN)÷/I�ËTdfÍ)I
À�ËXN)Á[d h HMÁTÆT`KNFIKI�ÇT`�N
h dZN1ò h PÂN�LVÀªÄ�ûa�TÄídfe�N�`¼À�ËTN h P[` h ÇTO_Ê]NF`�NFL�ÀKPÂHJÁ�HMLTÓ�Á[N�Ä7�XÄ�OQNFHJI�ÇT`KNFR h dJÇXL�ÀKN�` h ÁÂd h éVÍ2PSI�NHM`KdJÇTLXRÛÀ�ËXN`�TçrHfÅ�PSI�Ä�H�I/IÐËXdfÍ2LæPÂL��ßPÂÓXÙ�Ý�Ø�Ù[]BÁqÀKËTdJÇXÓJËàÀ�ËXN-ú�õ�Yæ`KNFI�ÇTÁ[ÀKIWÊ]`KdJO ÀKËTN
h d�HJ`KI�NaHMLXR.óXLTN�OQNªIÐËTNªI2HM`KNWÊ]dJÇTLXR.ÀKdÕØÉN�PÂL9H_ÓJdZd�R.HJÓJ`KN�N�OQNFL�À2Í2P[À�ËÈÀ�ËXN�N1Å�ÆÉNF`�P[çO_NFLVÀKHMÁÉRTHfÀ�H¼d�L�ÀKËTN2LTdVIÐNmdMÊ°À�ËXNmÀ�`�HMPÂLÈá��_���m�ñãTþÂÝ�âZå�Ä�ÀKËTN h dVHM`�IÐN�O_NªIÐËÕI�P[O ÇTÁSHfÀ�PÂdJLÍ�H�I�LTdJÀ'HJØTÁ[N�À�dWdJØ�À�HMPÂL�À�ËXN�OQPÂLTP[O ÇTOèÆT`KNFIKIÐÇX`�N�dJL�ÀKËTN�ÀKdJÆ�HJLXR/Ø°dMÀ�À�d�O çrI�PÂR�N�Ê�H h NFIHJI�I�ËTdfÍ2LÕPÂL��'P[ÓÉÙV÷XÙ
�ÉHM`(Ê]`KdJO=ÀKËTNBLTdVIÐNBdMÊxÀ�ËTN¼À�`�HMPÂL�ÄJÀ�ËTN¼`�NªIÐd�Á[Ç�ÀKP[d�LÕdMÊxÀ�ËXN h dVHM`�IÐNO_NªIÐË£PÂI�LTdMÀQIÐÇ�ò h P[NFL�À�À�dÛÓ�N1À�`KNFI�ÇTÁ[ÀKI/À�ËXHMÀ_HMÓ�`�NFNÕÍ2PqÀKËÔÀ�ËXNÎN1Å�Æ°N�`KP[OQNFL�À�HMÁ�RTHfÀ�HTÄNFI�ÆÉN h PSHMÁÂÁ[ÃÑdJLàÀKËTN-Ø°dMÀÐÀKdJO%HMLÉRÑÀ�dJÆTçëI�PÂRTNQÊ�H h NªI�Ù'ðmËTN.úßõ�Yæ`KNFI�ÇTÁqÀ�I�Ê]`KdJO À�ËTN-óXLTN
O_NªIÐË�IÐËXdfÍ ÓJdZd�R�HMÓ�`�NFN�OQN�LVÀ Í2P[À�Ë£À�ËTN�OQNFH�IÐÇX`�NFO_NFLVÀKI/d�L�ÀKËTNÈIÐÀ�`KNFHJO�Í2PSIÐNÈHMLXR
À�dJÆTçëI�PÂRTN)Ê�H h NFI�HfÀ�HJÁ[ÁÉÀ�ËXN h `Kd�IKIÐçëI�N h À�PÂdJLXIFÙ� 7dJ`KN�dfe�N�`ªÄMÓJdZd�R h d�`�`KN�ÁSHfÀKP[d�LQPÂI�dJØ�À�HMPÂLTNFRØÉN�ÀcÍ�NFN�LàÀ�ËXN-ú�õ�YÑ`KNFI�ÇTÁ[ÀKIaÊ]`KdJO À�ËTN-óXLTNÕOQNFI�Ë�HMLXRæÀKËTN-OQNFH�IÐÇT`KNFRàRTHMÀKH�d�LæÀKËTN
Á[NFN1çrIÐPSR�N�Ê�H h NJÙxðmËTN�RTPqïxN�`KN�L h N�PÂL7À�ËXN�ÓJNFdJOQN1ÀK`�Ã.ÇTLXR�NF`BÀKËTN/ÀK`KHJP[L�á�P�Ù NJÙ°Ø°dJÓJPÂNFIFÄTÀKËTNIÐÆ°dJPÂÁ[NF`�HJLXRQÀKËTNWI�ÇTÆTÆ°dJ`�À�å�Ø°N1ÀcÍ�N�N�LÎÀ�ËTNWN1Å�Æ°N�`KP[OQNFL�À�HMÁxHMLXRÕÀ�ËTNWLZÇTOQN�`KP h HMÁxIÐN�ÀÐçëÇTÆXI`�NªIÐÇTÁ[À�NªR�PÂL�HÑR�P[ï°NF`�NFL h N�PÂL�û4�æefHMÁÂÇTNªI d�L�ÀKËTN7IÐÇT`�Ê�H h NÎdJÊBÀ�ËXNÈÇXLXR�N�`ÕI�PÂRTNJÙ(ðmËTNN1ïxN h ÀÕdJÊ)À�ËTNªIÐN h dJOQÆTÁÂN1Å�PqÀKP[NªI_PÂI_Ø°N�ÁÂP[NFeJNFR�À�dàØ°N.ÁÂd h HMÁÂP$��NFRøIÐPÂL h N.P[À-R�dZNFI_LTdMÀÕPÂL�çÌXÇTN�L h N/ÀKËTN�ÆX`�NªI�I�ÇT`KN/dJL�ÀKËTN�dJÀ�ËTNF`BÊ�H h NFIFÙÉðmËXN�OÕHfÅ�PÂO�ÇTO3IÐÇ h À�PÂdJLÛÆÉNªHMé7HMLXRÈÀKËTNËTP[Ó�ËTNFIÐÀ ÆX`�NªI�I�ÇT`KN.HM`KNÕÊ]d�ÇTLXR�d�LÔÀ�ËXN.ÇTÆXÆÉNF`ÐçùÊ�H h NÎÁÂN�N�ÍmHM`�RàNFRTÓJNÈdMÊ2À�ËXN.LTdVIÐNÈHMLXRdJLæÀ�ËTN-IÐÀ�`KNFHJO�Í2PSIÐN Ê�H h NÕdMÊ�ÀKËTNÕLTdVIÐN�Äí`�NªIÐÆ°N h À�PÂeJN�ÁÂÃJÄ�HMÀaÀcÍ�dÈÊ]`KdJLVÀ h `Kd�IKIcçrIÐN h ÀKP[d�LXI�Ä�_���Òý ãXþ ã�÷ÎHMLÉR��_���Òý ãTþ ã��7á��'P[ÓÉÙx÷Vå�ÙíðmËTN_ÆÉNªHMéÛû4�ÎOÕHMÓ�LTPqÀKÇXR�NªI¼PÂL9ÀKËTNFI�N ÀcÍ�d
IÐN h À�PÂdJLÉI�HM`KNQHJÁ[OQdVIcÀ�ÀcÍ2P h N-H�IaÁÂHJ`�Ó�NQH�IWÀ�ËTdVIÐNÕPÂLÑÀ�ËTN-I�ÇTØXI�N × ÇTNFLVÀ h `Kd�IKIcçrIÐN h ÀKP[d�LXI�ÙðmËTPÂI�IÐÇXÓJÓJNªIcÀ�I'À�ËXHMÀ(À�ËXN)Á[dVHJRTI�HM`KN)H h�h ÇTO�ÇXÁÂHMÀ�NFR_PÂLQÀ�ËTNBLTd�I�N2`�NFÓJPÂdJL_dMÊxÀ�ËXN)Á[NªHJR�PÂLTÓ
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h HM`ªÙJôrL.ÓJNFLTN�`�HMÁùÄ�HJÁqÀKËTdJÇTÓ�ËQÀ�ËTNaú�õ�YÕÿ2NFÃVLXdJÁSRTI�LZÇTO ØÉNF`�PSI�IÐNFeJN�LQÀKP[OQNªI�ÁÂdfÍ�N�`(ÀKËXHMLÀ�ËTN N1Å�ÆÉNF`�PÂOQN�LVÀKHJÁßd�LTNJÄXÀ�ËTN_ú�õ�Y�`�NªIÐÇXÁqÀ�IBHM`KN/PÂL7Ê�HMPÂ`KÁ[ÃÈÓJdZd�R7HMÓ�`�NFN�OQN�LVÀBÍ2P[À�Ë7ÀKËTN
O_NªHJI�ÇT`KN�OQN�LVÀKIFÙ

�ßPÂÓJÇX`�NaâÕIÐËXdfÍ)I�ÀKËTN/ú�õ�Y.Í�HJéJNaIcÀK`�Ç h À�ÇT`KNFImØZÃ-OQNªHMLXImdJÊ'PSIÐdVIÐÇX`ÐÊ�H h NWdMÊ'À�ËTN�PÂL�çIcÀ�HMLVÀKHJLTN�d�ÇXImÆT`KNFIKIÐÇT`KNJÙÉðmËTN�ÌXdfÍÏIÐNFÆXHM`�HfÀKNFI�Ê]`KdJO À�ËTN/À�dJÆTçëI�PÂRTNaÊ�H h N HfÀ2À�ËXN�Í2PÂLXRZçÍ�HJ`KRÑNFRTÓJNJÙ'ôëÀ `KNFHMÀÐÀ�H h ËTNªIaÀ�d7ÀKËTN.I�ÇT`�Ê�H h NÕÊ]dJ`KOQP[LTÓæIÐOÕHMÁÂÁ�I�N�ÆÉHM`�HfÀ�PÂdJLàØTÇXØTØTÁÂNÎdJLÀ�ËTNBÀ�dJÆ-I�PSR�N2Ê�H h NJÙ·¶¼L ÀKËTNBdJÀ�ËTNF`�I�PÂR�N�ÄJÀKËTN2ÌXdfÍ�`KN�OÕHMPÂLXI�HMÀÐÀ�H h ËTNªR�ÀKd�À�ËXNBØ°dMÀÐÀKdJO_çIÐPSR�NaÊ�H h N�ØÉN�Ê]dJ`KN�PqÀ)NFLVÀ�N�`�ImÀKËTN�Í�HJéJN�Ùq¸�dJÀ�Ë�dMÊ'À�ËXNaÌXdfÍ)I2dJL.À�ËXN/ØÉdJÀÐÀKdJO_çëI�PSR�N/HMLXRÀ�dJÆTçëI�PÂRTN�Ê�H h NFIWIÐNFÆXHM`�HfÀKNaÊ]`�d�O ÀKËTN I�ÇT`�Ê�H h N/Í2ËTN�LÛÀ�ËTNFÃ�`�NªH h ËÈÀ�ËTN_ÁÂN�N1çrI�PÂR�N/Ê�H h N�À�dÊ]dJ`KO�ÁÂP[LTN�eJdJ`�À�P h NªImN�OQN�`KÓJPÂLTÓ_Ê]`KdJO ÀKËTN�I�N�ÆXHJ`KHMÀ�PÂdJLÈÁ[PÂLTNªI�ÙXðmËXNFI�N�Á[PÂLTN/e�dJ`�À�P h NFI2HJ`�NÊ]dJ`KO_PÂLTÓÛÀ�ËTN�ÍmHMéJNÎÌXdfÍ ÆXHMÀÐÀ�NF`�LÉI�Ù�ðmËTNÈÇTÆTÆ°N�`QeJd�`ÐÀKP h NFI HM`KN.IÐÀ�`KdJLTÓ�N�`QHMLXRÔOQd�`�NIcÀKNFHJRTÃ9À�ËÉHMLÑÀ�ËTNÎÁ[dfÍ�N�`�çëI�PSR�NQdJLTNªI�Ùo�'PÂÓJÇT`KNQâ9IÐËXdfÍ)IaÀ�ËXHMÀ�À�ËTN-óX`KIÐÀ/ÇTÆTÆ°N�` eJd�`ÐÀKN1Å
IcÀK`�N�À h ËTNªI�PÂL£ÀKËTNÈÍ�HJéJN-ÌÉdfÍ HMÁÂÁ�ÀKËTNÈÍ�H�ÃÑÊ]`KdJO"À�ËXN.LTdVIÐN.À�PÂÆøÀ�d9ÀKËTN�N�LXR£dMÊ)ÀKËTN
Á[NªHJR�PÂLTÓ h HJ`FÙxôëÀ/ÓJ`KdfÍ)I¼P[LÔI�PW�FN_ØXÇ�À/`�NFOÕHMPÂLXI�HfÀ�ÀKH h ËXNFR7ÀKd�À�ËTN_ÀK`KHJP[LàIÐÇX`ÐÊ�H h NJÙíôëÀ/PSIIcÀKNFHJRTÃ Ê]d�`�H�Á[NFLTÓMÀKËÎdJÊ�HMØ°dJÇ�À´	��#Ê]`KdJO#P[ÀKI�dJLÉIÐN�À�HfÀ�À�ËTN¼Ê]`KdJLVÀ�dJÊ�À�ËTN¼À�`�HMPÂL-Ø°N1Ê]d�`�N
PqÀaØÉN h d�O_NªIBÇXLXIcÀKNFH�R�Ã9HMLXR9ØT`�NªHMé�I)ÇXÆ�ÙíðmËTN ÁÂdfÍ�N�`Be�dJ`�À�P h NªIBHM`KN/ËTPÂÓJËXÁ[Ã7ÇTLÉIcÀKNFHJRTÃJÙðmËTN h dJ`KNFI�dMÊíÀKËTNFI�N¼e�dJ`�À�P h NªI�dVI h P[ÁÂÁÂHMÀ�N¼P[LÈH/ËTd�`�P$��d�L�À�HMÁ°ÆTÁSHMLÎÍ2P[À�Ë.Á[dfÍñÊ]`KN × ÇTNFL h PÂNFIFÄ



b �ß� sFuíprlqzJ�K�dc(lqtVzfeZs(c£s1n��K�4g � �'�¼�r�Ð|�lqt �
Í2ËTN�`KN�ÀKËTN�Ã9HMÀÐÀ�H h ËæHJLXRÛRTN1ÀKH h Ë9ÀKd�HJLXR7Ê]`KdJO3ÀKËTNÕIÐÇX`ÐÊ�H h N�dJÊ�ÀKËTN�ÀK`KHJP[LæÍ2PqÀKËÛÀKËTNI�HJO_N-Ê]`�N × ÇXN�L h ÃJÙßðmËXNÎeJd�`ÐÀKN1ÅàIÐËTNªRTR�PÂLTÓÛPÂLÔÀKËTNÎÍmHMé�NÕPÂI�OQHJP[LXÁ[ÃÑÊ]`KdJO À�ËTN.Á[dfÍ�N�`
eJdJ`�À�P h NªI�Ù\]�ÀÐÀKH h ËTOQN�LVÀWHJLXR7R�N�ÀKH h ËXO_NFLVÀ¼dMÊ�ÀKËTN�ÍmHMé�N�eJd�`ÐÀKP h NFImÀKd-À�ËXN/À�`�HMPÂL7ÁÂNFH�eJNR�PÂIÐÀ�ÇX`�ØXHJL h NªI�dJLQP[ÀKI�IÐÇT`�Ê�H h N2ÆT`KNFIKIÐÇT`KNmÍ2ËTP h Ë-HfïxN h À�À�ËTNBHJN�`Kd�R�ÃZLXHMOQP h�h dZN1ò h PÂN�LVÀKIFÙ¶¼ÇT`�ú�õ�Y7`KNFI�ÇTÁ[À�NFRÛP[LÑÍmHMéJNQIÐÀ�`KÇ h ÀKÇT`�NªIaHM`KN�PÂLÑHJÓJ`KN�N�OQNFL�ÀWÍ2PqÀKËÑÀ�ËTdVIÐN_dJØ�À�HMPÂLTNFR
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Detached
vortex
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Upper vortex

Lower vortex
b)
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vortex
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a)

Incident wind

b)
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ØVÃ_êÑÇÛÜ ÷MÞÉÇXI�PÂLTÓfÎ¼N1À�H h ËTNªRZçëõ�RTR�ÃQYZP[O ÇTÁSHfÀ�PÂdJLæá�IÐNFN��'P[ÓÉÙ�	MØÉå�Ù·¶¼L h d�LVÀ�`�HM`KÃ�À�d/d�ÇT`óXLXR�PÂLTÓXÄZÚ�dJÆTÁÂN�Ã-Ü ö�ÞT`KN�Æ°dJ`�À�NªR/ÀKËXHfÀ
À�ËXN2Á[dfÍ�N�`�çëI�PSR�N�e�dJ`�À�P h NFI'dJÊXÀ�ËXN2Í�HJéJNmHM`KN�OQPÂ`�`KdJ`P[OÕHMÓ�NFIBdMÊ
À�ËTN_ÇTÆTÆ°N�`�çrIÐPSR�N/d�LTNFIFÙÉðmËTNFÃÈÊ]dJÇTLXR7À�ËXHMÀBÀ�ËXNFI�N/eJd�`ÐÀKP h NFIBHJ`�N/I�ËTNªR�Ê]`�d�OIÐÇ hFh NªI�I�P[e�N�Æ°dJPÂLVÀKI(HJÁ[d�LTÓ¼À�ËTNmÀK`KHJP[L_Á[NFLTÓMÀKËQÍ2PqÀKË ÀKËTN)IKHMOQNmeJdJ`�À�N�Å�IcÀK`�NFLTÓMÀKË_À�dWÊ]dJ`KOH�ÀKËT`KN�N1çrR�PÂOQN�LXI�P[d�LXHMÁ=Ï�d�LÈ^�HJ`�OQNFLÐÏ�d�`ÐÀKN1ÅÈYVÀK`�NFN1À�á�IÐNFN
�'PÂÓXÙ\	JH_å1Ù
ðmËTN(ÀKP[OQN�ËTPÂIÐÀ�d�`�PÂNFIßdMÊ�ÀKËTNmIÐPSR�N(Ê]d�` h N�HJLXRaÀ�ËXN�ÁÂPqÊ À'Ê]dJ` h N h dZN1ò h P[NFL�À�I�Äfûmü�HMLÉR û­ÑcÄHM`KN_I�ËTdfÍ2LÑP[L��'P[ÓVI�Ù�ì�H.HJLXR5ìMØ�Äí`KNFI�Æ°N h ÀKP[e�N�ÁÂÃJÙíôrLÑdJ`�R�N�`WÀKd.óÉLXRæÀ�ËTN_Ê]`KN × ÇTN�L h PÂNFIdMÊ)ÀKËTNÈRTPqïxN�`KN�LVÀÕOQdMÀ�PÂdJLÉI�PÂL�ÀKËTNÈÌXdfÍ�Ä�ÀKËTN�ÆÉdfÍ�N�`_IÐÆ°N h À�`�HÛdJÊ)À�ËXNÈHJN�`KdZRTÃVLÉHMOQP h

h dZN1ò h PÂN�LVÀ�IBHM`KN/R�`�H�Í2L7HMÓ�HJP[LÉIcÀ2ÀKËTN_YVÀK`�d�ÇTËXHJÁ�LZÇTO�Ø°N�`ªÄ7ÒaÓ�ÄÉHJIBIÐËTdfÍ2L7PÂL��'P[ÓVI�Ù°ì hHMLXRÔì�RíÙßðmËTNÎOQHMbcdJ`/Æ°NFHJéÛPÂLÔÀ�ËXNÎIÐÆ°N h À�`�H7PSI h d�`�`KNFI�Æ°dJLXR�PÂLTÓÈÀ�d9À�ËTNÎHMÀÐÀ�H h ËTOQN�LVÀHMLXRQR�N�ÀKH h ËXO_NFLVÀ�dMÊ°À�ËTNBÍ�HJéJN2eJd�`ÐÀKP h NFI'ÀKd/HMLXR_Ê]`KdJO?À�ËTNBI�ÇT`�Ê�H h N2dMÊ°À�ËTN2ÀK`KHJP[L�Ù�ðmËTNIÐN h dJLÉRÕR�dJOQPÂLXHfÀKP[LTÓ/Ê]`�N × ÇXN�L h P[NªI�HM`KN h d�`�`KNFI�Æ°dJLXR�PÂLTÓaÀKd�À�ËTNWIÐËXNFRTR�PÂLTÓ�Ê]`KN × ÇTNFL h PÂNFIFÙ
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ð�d h dJL h ÁÂÇXR�NJÄ'ÀKËTN�ÆT`�NªIÐNFLVÀ Í�dJ`KéàI�ËTdfÍ)I�À�ËXHMÀQúßõ�Y�PÂI h HJÆXHMØXÁ[N.dMÊ¼H h�h ÇX`KHMÀ�N�ÁÂÃÆT`�NªR�P h À�PÂLTÓ�ÀKËTNÕÌXdfÍ#HM`KdJÇTLÉRæH�ËTPÂÓJËTçëI�ÆÉNFNFRæÀ�`�HMPÂLÔIÐÇ h ËàH�I�ô�Ú�õ�öTÙY¶¼ÇT`�úßõ�YæËXH�eJNÆT`�dfeZPSR�NFRÎH/LTNFÍ²ÆTP h À�ÇT`KN¼À�d/ÀKËTNWÍ�HJéJN)ÌÉdfÍñÀ�ËXHMÀmR�P[ïxN�`�I(Ê]`KdJO=À�ËXN¼ÆT`KN�eZPÂdJÇXI�ÁÂÃ_ÆXÇTØ�çÁ[PSIÐËXNFRÈN1Å�Æ°N�`KP[OQN�LVÀ�HMÁíÆTP h ÀKÇT`�N�Ù
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ðmËTPÂI
Í�dJ`KéaÍ�H�IßI�ÇTÆTÆ°dJ`�À�NªR�ØZÃaÀKËTN)YZÍ�NªR�PSIÐËE])ÓJNFL h Ã/Ê]dJ`
ôrLTLTdfefHfÀKP[d�L YZÃ�IÐÀ�N�O ádÏBô*^)ç^&¶´Ï9]Wå�Äq¸�dJO ØXHM`�R�PÂN�`�ðß`�HMLXI�ÆÉd�`ÐÀ�HfÀKP[d�L�ÄVHJLXR.Y h HMLXPÂHXÙTÚ�d�OQÆTÇ�À�NF`�À�PÂO_Nad�L.G�êmÚmö�^á�G)PÂÓJË�ê
N�`�Ê]dJ`KOÕHML h N�Ú�dJOQÆTÇ�ÀKP[LXÓ/Ú�NFLVÀ�N�`z^)d�`ÐÀKËÉå�Ä�^WYXÚ²á�^BHfÀKP[d�LXHMÁTYZÇXÆÉNF` h dJOQÆTÇ�ÀKN�`Ú�N�LVÀ�NF`(P[L-YZÍ�NFRTN�LÉå1ÄJG)ô¨ÏWõ�IÐÇXÆÉNF` h dJOQÆTÇ�ÀKN�`(HfÀ�Y�ê4õ­ëaÿ2ô*Î Ä�HJLXR À�ËTN)G¼õ�ú�ô»¶aY_I�Ç�çÆÉNF` h dJOQÆTÇ�ÀKN�`2ÆT`KdfeZPÂR�NªRÎØZÃÎ¿�^)ô�Ú2ÚÒHfÀWÚ�ËXHJÁ[OQNF`KImHM`KNaÓJ`�HfÀKN1Ê]ÇTÁÂÁ[Ã.H h éZLTdfÍ2ÁÂNFR�Ó�NFRíÙ
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