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¹�dPTWO#TW^°hS\COSab]jhSaU]Sc
dZ\ d egqh7i7jqkÒh ]�h#O#TmdPRUNPVZX�\�V|hS]jhS\Cd°hG[PNPOjc
d ��y¥�\COjX��TWVPXW\¿M�ÅwaU]Sc
dZ\CVAvY\�OS]jc
dPaU\�[P\CVP\�V
Q"Rb\C^|OSfYVZ\CVPM�NP]jhª�TWVP[P\�V \CaUVZ\C]=��h#fY`)]=fg[Z\CO¾Q�fYVP]Cr7Q�dZOS\�QÂabXY\CVZ]Sc
dlTm´ÆhS\CV�Å&\COj[P\CV�[PNPOSc
d [PaU\)»G\COjVg~
RUTW[PNPVZXY]SMCTWdPR:NPVZ[ [Pab\��<VPMCTWdPR"NPVZ[ïÁÂ\�OjhS\CaURbNPVPX�[P\�OöQÂRb\C^°h#OjfYVP\�Võ�NP¥�\COqvW\COj]Sc
dPab\C[P\�VP\�ÏqNlTWV°hS\CVg~
M�NP]jh �TWVP[P\y¥¦\�]jhSaU`)`Ihsr°oq\�O&M�NPXYOjNPVP[P\yRUaU\�XY\CVZ[P\�zÂOjfYMC\%XIab]jh�[PaU\(��abRU[PNZVPX=\CaUVZ\COÂÁ�TW^_TWVPMw[PNPOjc
d;[lTW]
²�\COSTWNP]S]jc
dPRúTmXY\CV)\CabVP\C]ÂQ"RU\�^°h#OSfWVP]"aUV�\�aUVP\�O"^W\COjVPVlTWdZ\CV �gc
dlTWRb\i\CaUVZ\C]"��h#fW`�\�]"aUV�[P\�O"�<VPf}[P\WrYoq\CO
´óOj\Ca�Å�\�OS[P\�VP[P\=z"RúTmhSM<[P\�O�aUVZVP\COj\CV3�gc
dPTWRU\<ÅwabOS[;[ZNPOSc
d3\CabV�Q"RU\�^|hSOSfYV;TWNP]�\�aUVP\�O&Å&\CabhS\COiTmN�XY\CV�RbaU\5~
XW\CVP[P\�V��gc
dlTmRU\ÂXY\�´
�NZRURbhCrªQ"aUVö]SfYRbc
dP\CO ��y¥�\COjX°TWVPXw´5�NPdPO�h$M�NPO4QÂ`)aU]j]SabfYV=\CaUVZ\C] dUegqh7i7jlk�h ø|NlTWV°h#]�`�a�h
[Z\COwQ"VP\COjXYaU\cw`�mL+wcnYÇP\CV°h#]j¶POS\�c
dP\CVZ[.[P\�OwoqabÀ¦\COS\�VPMq[P\�OwQ"VP\COjXYaU\�V�[Z\C]i�<Vg´pTWVPXY]�~ynpabVPabhSaúTWRút"¥ZM�Å=r
Q"VP[}~in �lVlTWRút4MCNZ]jh
TmVP[P\C]�rZoqab\C]j\C]]ÏqNlTWV°h�^WfYOjOS\�]S¶�fYVP[Pab\COjh�`)abh$[P\CO�Q"`�ab]S]jaUfYV�\�aUVP\�O��|h#O#TmdPRUNPVZXG[P\CO
�lOj\Cø|NP\CVZM5o4ÇZ[P\COiÁ�TW^|NPNP`¿Å�\�RURU\�VPR��TmVPXY\p�.NPVP[�\CabVP\CO�º \CRbRU\�VPMsTWdZRq,3\�V°h#]S¶ZOS\Cc
dZ\CVP[ TûÄ8]ScCùY®�W

wr��LÑwMn"[F��o-[ � %� [X� % ,�3 n�§Yrû¾|t
�&\Ca8[Z\CO��yNZÀ&�NZRURUNZVPXI\�aUVP\�O�Á�TW^_TWVPMy\CV°h#]�h#\Cd°h�\CabVP\<XYTWVPMC\q»öTm]S^_TW[P\<vWfYV3Q"RU\�^|hSOSfYVZ\CV$�NP¥�\COjX��TWVPXW\CVµÇ
Å&\CabR¦[PTW]&\�OS]�h#\qQ"Rb\C^°h#OjfYVµÇ}[lTW]�[PaU\�NPOS]j¶POm�NZVPXYRUabc
dP\yÁ�Tm^mTmVPM<TmNZÀ&�NZRURbhCÇY]S\�RU¥P]�h�\�aUVP\wÁ�TW^_TWVPMy\COSM�\CNPXmhsr
oqab\G[lTW¥�\Caò\C`)abhjh#ab\COjhS\CV d eg9h�iµjlk�h ø|NlTmV|hS\CVA\�OSXY\�¥¦\�V.]jc
dP` TmRU¥lTWVZ[PaUXY\mÇZ´5�NPOw[lTW]l^j\�Å&\CabRUabXY\öÃ.TmhS\�~
OjaúTWR8c
dlTWO#Tm^|hS\COjaU]jhSaU]jc
dP\ dUegqh7i7jlk�h RUabVPaU\�VµÇZ[Pab\G[P\C` ��OS\�`�]j]S¶�\C^°h#OjNP` �NP¥�\COSRUTWXY\�Ojhw]SabVP[µr

oqab\!`�a�hG[P\�O dUegqh7i7jlk�h \C`)aU]j]SaUfWV.vY\�OS¥PNPVZ[P\CVP\�V Q"VP\COjXYaU\�VPabvW\sTWNZ]ö\�aUVP\�]G��h#fY`)]GRúTm]S]S\�Vï]SaUc
d
abV�\�OS]jhS\CO ' �TWdP\�OSNPVPXATWNP]I[Z\CV fY¶ZhSaU]jc
dP\CV Q"VP\�OSXYab\CVPa�vY\CTWNP]IÅ�TW]S]j\COj]jh#fmÀ �TWdZVPRUabc
dP\CO!��hSfY`)\;TW¥PRb\Ca ~
hS\CVµÇòÅ&\CVPVÚ[ZaU\�ºõaUOj^}NZVPX.[P\�O!Q"RU\�^°h#OSfWVP\CV�TWNZ´i[lTm]ITmhSfY`�TWOS\)�l\CRb[ [PNZOSc
dÚ[Pab\)»=fWVP]jh#TWV°h#\CV�[P\CO
vWfYRURb]jhª�TWVP[PabXY\CV�nBs�Cæt"NPVP[�[P\CO�aUVZVP\COj\CV �y¥P]Sc
dZaUOS`INPVPX�nts��pt:¥¦\�Om�NPc
^|]jaUc
d°h#abXWh�ÅwabOS[µr|�y�NZO�[ZaU\yQÂVZ\COSXWaU\
\�aUVP\�]�QÂRb\C^°h#OjfYVP\�VPVPabvW\sTWNZ]y\�OSXYab¥Zhw]Sabc
d+TûÄ8]ScCùY®�W

wr!vu w¦[Xx
yz� % {{ | 1~}�� n ; L�s�Cæt y/ y | / y n ; L�s��pt)�/ � � /� | §J�Y± L ©¾���� 3 n�§Yru÷Yt
Q�V [PaU\�]S\CO;oGTWOS]�h#\CRbRUNPVZX ¥�\C]jc
dPOS\�aU¥�\CV { [Pab\.��h#fW`�`�TW]S]j\WÇ41~})[PaU\.QÂRb\C^°h#OjfYVP\�VP` Tm]S]S\mÇ�x8yï[����}I�� ���D����� ?I�� � [PaU\ d���� psk Õ j ~�»=fWVP]jh#TWV°h#\;´5�NPO { [��ßÇ:NPVZ[â[Pab\&ÏGNPTWV°h#\CVZMsTWdPRb\CVN/$Ç4��Ç � c
dPTWO#TW^Y~
hS\COjaU]Sab\COj\CV�[Pab\�²yTWNP¶ZhSø|NlTWV°h#\�VPMsTWdZR!]SfªÅwaU\ [P\CV ��TWdPVg~;NPVP[ eG\C]STW`Ih#[ZOS\CdZaU`)¶PNPRU]�r�oqaU\C]j\CO.Ä8Ng~
]STW`)`�\�VPdlTWVPX aU]�hsÇ�NZV|hS\CO�ÁÂ\COSVPTWc
dPR �Tm]S]SabXYNPVPX [P\�]�M�Å�\�abh#\�V ¼ \COj`�\�]CÇiÅ�\�RUc
dP\�O.[Pab\ �g¶PaUV}~b��TWdZVg~
º \Cc
dZ]S\CR�ÅwaUOj^}NZVPXY\CV.¥¦\�]Sc
dPOj\CaU¥ghsÇ�TWRb]c� gqr!k 7 k � ]jc
dP\C]<e=\�]S\�h#M=¥¦\�^_TWVPV°hsr

oqab\öÄµTWdPRµ[P\�O�zÂdZfWh#fYVZ\CV�aUV3\CabVP\CO(�*aUVPab\�bÐz���^_TWVPV�VlTWc
d Tûe=Oj\sYù�Wµ¥¦\�OS\Cc
dZVP\�hyÅ�\�OS[P\�Vµ½
bÂz���[ib�Yz�� n * � h LÑwc¡�t x�¢ � ^ n�§Yr¬°t
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b Yz�� ÅwNPOS[Z\ÚvYfYV¤£`Õ k�k�h TûeGOS\sWù�W!\Y
Z¶�\COjaU`)\CV°h#\�RUR¿¥¦\�]jh#ab`�`¿h.NPVZ[�¥�\�hSOª�TWXmhA´5�NPOï�gabRU¥�\CO.»¾/*~
�|h#O#TmdPRUNPVZX ©ZÇu÷gRb§ª« ] � r:� h<ab]jh�[Pab\Â�&\C]Sc
dZRU\CNZVPaUXYNZVPXY]S]j¶lTWVPV|NPVZX�NPVP[ w`¡<ab]jh�[Pab\ÂQ�fYVZaU]Sab\COjNPVPXY]j\CVP\�O�~
XWaU\WrZ�<�NPOw�}aURU¥�\CO&NPVP[3\CabVP\CO_��\C]jc
dPRU\�NPVPaUXWNPVPXY]j]S¶lTWVZV}NZVPX�vWfYV3¾°«!^W\�Á¢\�OSXY\�¥¦\�V3]SaUc
d�±gÇu¯gRb§ª« ] �w»0/
z"dPfmh#fYVP\�V�¶ZOSf)\CaUVg´pTWRURb\CVP[P\�]iQ"RU\�^|hSOSfYV8r

oGTW]�ÁÂ\COjdò�TWRbhSVPaU]wvYfWVLc
dlTWO#Tm^|hS\COjaU]jhSaU]jc
dP\COG»0/*~�M�Nï»=fWV|hSaUV|NPNP`)]S]�h#OSTWdPRUNZVPX;TWRb]q�lNPVP^°hSaUfYV�[P\CO
TmVPXY\CRb\CXWhS\CV �}¶lTWVPV|NPVPXLÅwNPOj[P\;]jc
dPfYVõ§ª®YYù�vYfYVN¥ g9iU¦q§ 7[7ÎT ¼ fWh
YùLWiTWV »GNP¶g´ó\CO!NPVZ[Úº�fYR�´óO#TW`
]�{}]jh#\�` T_h#aU]jc
d�XY\C`)\C]j]S\�VµrY��V|hS\COjdlTWRU¥¿[P\COqQ�fYVPaU]jaU\�OSNPVPXW]S\CVZ\COSXWaU\�aU]jh4[Pab\C]S\�]$ÁÂ\COjdò�TWR�h#VPab]�XWRU\Cabc
d�'�NPRURæÇ
[PTI^W\�aUVP\G»0/*~��}hSO#TWdPRbNPVPX¿TWVPXY\�OS\�XWh�ÅwabOS[µr ��y¥�\CO&[PaU\�]S\CO�Q"VP\COjXYaU\y]jh#\�aUXWh�[lTW]�ÁÂ\COSd*�TWRbhSVPaU]�MCN;\�aUVP\�`
¥ZOS\Ca�h#\�V!Ã.T!
Zab`!NP`�Çs[P\�]S]S\�V!\�
ZTW^°hS\�z�fY]Sa�h#aUfWV=vWfY` �<VZfg[P\�VP`�Tmh#\�OSaúTmRY[P\CO�x¿�fYV°h#XY\�VPOª�fWdPOS\&TW¥Pdò�TmVPXWh
NZVP[.`)abh ; ]Q^�vmTWOSabaU\CO�h¾T¸�<X°TY®g§%Wær¦�y�NPOyÃ.Tmh#\�OSaUTWRUab\CV3`�a�hidPfYdZ\C` ; ÅwabOS[ �NP¥�\COjÅwab\CXY\�VP[A»GfYV°hSaUV|Ng~
NZ`�]j]jh#OSTWdPRbNPVPX�\COjMC\CNZXWhsÇlÅ �TWdPOj\CVP[3´ �NPOwVPab\C[POjaUXY\ ; \CdZ\CO(�*aUVPab\CVP]�h#O#TmdPRUNPVZX�\C`)abhShSaU\�Ojh�ÅwabOS[µr
õóö©¨ ÷ùøAú ª¬« þ�����}ý ÿ��}ý5þ�®9ÿ���¯5��°D±�þ²�³®�´~± ú °v° ú
º \CVZVÚ]Sabc
d�XY\�RúTW[P\�VP\ ¼ \�aURbc
dP\CV `�a�h=VlTWdP\�MCNO�*aUc
d°hSXY\C]jc
d|ÅwabVP[PabXY^W\�abh�TmNZ´�XY\�^|OW�NP`)`Ih#\�V+��TmdPVP\CV
¥�\�Å&\CXW\CVµÇ|ÅwaUOj[�h#TWVPXY\�V°h#aúTmRlMCNPO]��TWdZVAnó]SaU\�dP\w�<¥P¥8r�§Wrb§ªTYt$\CaUVZ\�abV°h#\CVZ]SabvW\WÇ|¶�fYRúTWOjaU]jaU\CO�h#\�NZVP[�]�h
TWOj^
XW\C¥ �NPVZ[P\CR�h#\.\�RU\�^|hSOSfY`�TWXYVZ\�h#ab]Sc
dP\.�}hSO#TWdPRbNPVPX \COjMC\CNZXWhsÇ�[P\COj\CV£�g¶�\C^°hSOSNP` vYfW` Q�Vg´óO#TWOjfWh)¥PaU])aUV
[Z\CV dlTWO�h#\�V dUegqh7i7jlk�h ¥¦\�OS\�aUc
dÚOj\CaUc
d°hCr:oGT�[ZaU\C]j\3�}hSO#TWdPRbNPVPXAM�NP\COj]jh�TmV Q"RU\C^°hSOSfYVP\�Vg~��|{gVZc
dPOSfm~
hSOSfYVZ¥¦\�]Sc
dPRb\CNPVPabXY\COjV�¥�\CfW¥lTWc
d°h#\�hyÅwNPOj[P\WÇlÅwabOS[3]Sab\I�|{gVZc
dPOSfWhSOSfYVZ]jh#OSTWdPRbNPVPX)XY\CVlTmVPV°hsr

²�\CNZhSMCNZh#TWXY\�\�Oj´óOj\CNZh4]Sabc
d¿[Pab\C]j\C] ð �<¥Z´pTWRbRU¶POjfg[ZNP^°h�ñA]jfyv}aU\�RU\COò�yV|Å&\CVZ[PNPVPXY\�VµÇWMmr��yr_�yVPXYabfYXYO#T�~
¶ZdPaU\mÇ4[lT�Xï�g¶�\CaUc
dZ\COSOjaUVPXW\ ]S¶�\CM�aU\�RUR&TWRU]I�}h#OSTWdPRbNPVPXY]jø}NZ\CRURb\CV XY\C¥lTmNZh!Å&\COS[Z\CVµr$oq\CO!oqNZOSc
dP`)\C]j]S\CO
[Z\CO)�g¶�\Cabc
dP\COjOSaUVZXY\�¥¦\�h#Os�TWXWh�^j\;VPTWc
dâ[Z\CO�Q"VP\COjXYaU\ [P\CO ¼ \CabRUc
dP\�VµÇ$vYfWV [Z\CO�[lTW])�}¶¦\�^|hSOSNP` [P\CO
�|{gVZc
dPOSfWhSOSfYVZ]jh#OSTWdPRbNPVPX�Å�\�]S\CV°hSRUaUc
d�¥¦\�]jhSaU`)`Ih�ÅwaUOj[µÇPÅ&\CVPabXY\¿Ã�\�hS\COw¥PaU]w\�aUVPabXY\G»GaURbfY`�\�h#\�OCr
ãqäpë�è}å9�A�������·éªè}å ýòè ÿ ls6òå9�L� ÿ_ð é ÿ�ð å���é ÿ �:��çæê�å�ë
oqab\.´óNPVP[PTW`�\�V°h
TWRb\CV QÂabXY\CVZ]Sc
dlTm´ÆhS\CV£[P\CO��}{}VPc
dZOSfWhSOSfYVP]�h#OSTWdPRUNZVPX Å&\COj[P\CV aUV v}aU\�RU\CVv�¿�NZc
dP\COjV
¥�\C]jc
dPOSab\C¥�\CVµÇ"]jaU\�dP\;Nµr¬TZr.Tû�YTWcª¯W÷}ÇÂÃ�abcs®Y©!W·r9Q�` �lfYRbXY\CVP[Z\CV�Å&\COj[P\CV V|NPO�[PaU\;QÂabXY\CVZ]Sc
dlTm´ÆhS\CV ¥�\�~
]jc
dPOSab\C¥�\CVµÇ�[Pab\q´5�NPOwOª�fYV°hSXY\CVP[ZaúTWXYVZfY]jhSaU]Sc
dZ\G�<¥P¥PabRU[PNZVPX�OS\CRb\�vmTWV°h�]SabVP[µr

Q"]�]S\�a�µ)}![PaU\�Ä8\�abhCÇ$aUV [Z\CO�\CabV QÂabVPMC\�RU\�RU\C^°hSOSfYVâ�}hSO#TWdPRbNPVPXLabVâxwaUc
d°hSNPVPXï[P\C]5��\�fY¥lTWc
d°hS\COS]
\�`�a�hShSaU\CO�hsÇòNPVP[�µ�¶�[ZaU\�Ä8\�abhCÇ4abVÚ[P\COI[P\CO �&\CfY¥lTmc
d|hS\CO�[Pab\C]j\3�}h#OSTWdPRbNPVPXA]jaU\Cd°hCr:oGTW]¿\COS]�h#\�¥�\Cab`
�&\CfY¥lTmc
d|hS\COyTWVP^mfY`�`)\CVZ[P\özÂdZfWh#fYV3ÅwaUOj[3aUV¸· \C`)abhjh#aU\�OjhCÇZ[lTW]wRb\�h#M�h#\GabV=¹�r
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vom Beobachter gesehener
Bahnabschnitt}∆φ

Elektronenbahn

∆ψ
∆φ(a)

φ = 1/γ

2φ

Beobachter
A B

(b)

φ = 1/γ

���!�!�������!�!�`��¼��������L�=�;�3À�»¢=¥§�!�!�¾�!���<ºsÀ�Y�!�%�.���§�<»��!���=�§�§ª������5����� �=�§���Y¢=��¨A����¢=���=�;�!�Ø� Ã ����£A¢��= %�Ð¬ËÀ���!�����L� ���Ø�Ë�: %��¹
���§�½¼L�L���§���Y ¶¸�� %�L���;�A¢����µ����¥��§�!�Y¢ ¯ �0���§à�ä!ª&¾�����à�æ ´ ¼

oqab\GÄ8\Ca�h#[Pa�À8\�OS\�VPMMµ ? L¿µ�¶öRbaU\�´ó\COjh&[Pab\c� �TWVPXY\<[P\C]i\�RU\C^°hSOSfY`�TWXYVP\�h#ab]Sc
dP\�V�z"NPRU]j\C]Crl�gaU\yaU]jh�aU[P\�Vg~
hSaU]jc
dI`)abhò[P\�` �òTWNg´óMC\Ca�h#NPV°hS\COS]jc
dPaU\�[µÇ_[P\CV�Q"Rb\C^°h#OjfYVP\CV¿NPVP[�z"dPfmh#fYVP\�VI¥�\Cab` �$RUNPXivWfYV5· VlTWc
dÀ¹
dPTW¥¦\�VµrW�yNP]:�y¥P¥PaURb[PNPVPX¿§Yr�§�NPVP[![Z\CO"»G\CVZV|hSVPaU]�ÇW[lT�Xq]Sabc
d�Q"RU\C^°hSOSfYVP\�V�`�a�h$[Z\CO"eG\C]jc
d°ÅwaUVP[PabXY^W\�abh%©Á n Á [ÃÂg� % t�NPVP[�z"dPfWhSfYVP\CV�`)abh.�*aUc
d°hSXY\C]jc
d|ÅwabVP[PabXY^W\�abh % ¥¦\�Å�\�XY\CV�´ófYRUXmhs½Ä µË[Åµ ? L�µ�¶0[ ±ÆxÈÇ%ÉÁ L ±ÊxL]SabV
Ç% [ ±Êx% � ÇÁ LNÇ | Ç©gË L Ç÷gË | R&R&R � n�§Yru¯Yt
oGT�Ç~Ì�§J�JÍLNPVP[¸Í Á ÌÃÍ¬L�ÍÎ�Y±!\�OSdò�TWR�hw` TmV�abV�XYNZhS\CO('!�TWdZ\COSNZVPXP½

Ä µ4Ì ±Æx% � §Á Í L §Í | §ÏÍ ^ � Ì ¾Ðx© % Í ^ n�§Yr¬ù°t
Q"aUV Oj\CRUTmh#a�vgab]jhSaU]Sc
dâXY\CRUTW[P\�VP\C] ¼ \CabRUc
dP\�VµÇ&Å&\CRbc
dP\C]�RUTmh#\�O#TWRw[PNZOSc
dõ\CabVP\A\CRb\C^°h#OjfY`�TWXYVP\�h#aU]jc
dP\

»GOSTm´Æh�TW¥PXY\�RU\�VP^°h�ÅwabOS[µÇ�\C`)abhShSaU\�Ojh�\�aUVõ]Sc
dP`�TWRb\C]��}h#OSTWdPRbNPVPXY]j¥:�NPVP[P\�RGaUVv��\�Å�\�XYNPVPXY]jOSabc
d|hSNPVPXPÇ
]jaU\�dP\��y¥P¥PabRU[PNPVZX §Wrb§ªTgròoqaU\C]j\C]¿�}hSO#TWdPRbNPVPXY]j¥:�NPVP[Z\CRÂdlTmhö\CabVP\�h�{g¶ZaU]Sc
dZ\;eGOª�fSXW\�vWfYVÑ1~} % y �Zwc}�[§&�ÏÍ T¬Ã�aUcs®W©�W·Ç*Å&fYOSabVOw`}ö[ZaU\ ^|abVP\�hSaU]Sc
dZ\;Q"VP\COjXYaU\�[P\COIz$TWO�h#ab^W\CRÒ^Iab]jhsr�oqab\�]j¶¦\�^|hSO#TWRb\a��Oj\Ca�h#\)[P\CO
�|{gVZc
dPOSfWhSOSfYVZ]jh#OSTWdPRbNPVPX�ÅwaUOS[ �NP¥�\COw[Pab\Gc
dlTWO#Tm^|hS\COjaU]jhSaU]jc
dP\I�lOj\Cø|NP\CVZMÈÓ ? ¥¦\�]Sc
dPOjaU\�¥¦\�Vµr

Ó ? [ Ó$CÕÔkÖ× [ © % Í�^±Êx 3 n�§Yr¬®°t
oGTWOjaUV�]jaUVP[�x [P\CO(��TWdZVPO#TW[ZaUNP]i[P\�O�QÂRb\C^°h#OjfYVP\�VµÇmÍÓ[\w��Æ1~h % y [Z\COwxw\CRúT_h#abv}a�h��TmhS]j´pTW^°h#fWO�NPVP[wk[ZaU\ ¼ \CaURbc
dP\CVZ\CVP\�OSXYab\Wrò�y�NPOöeG\C]jc
d°ÅwaUVP[PabXY^W\�abhS\CV�\�aUVP\�]=Q"RU\C^°hSOSfYVP]GÅ&\Ca�h¿NZV|hS\COjdlTWRU¥ï[P\�O¾�òabc
d°hj~

XW\C]Sc
d°ÅwabVP[PaUXW^W\Ca�h % Ç*[µrûdµr Á [¤Âm� %5Ø §YÇµab]jh=[Pab\)�}h#OSTWdPRUNZVPXY]SRb\Cab]jh#NZVPX¸Ù�Ú.[ZNPOSc
d [PaU\5Ö]n�ÕUÛ g Õ�~
�lfYOj`�\�RµXY\�XY\C¥�\CVµr

Q�` ��TWRURÂ[P\�O��}{}VPc
dPOjfWh#OjfYVP]jhSO#TWdZRUNPVPXL¥�\�Å&\CXW\CV ]Sabc
d [PaU\ QÂRb\C^°h#OjfYVP\�V `�a�h�eG\C]jc
d|ÅwabVP[PabXY^W\�a�~
hS\CVÜÂ¿Ì % Çò[µrûdµr Á Ì�§Yròoqab\`ÖÌn�ÕUÛ g Õ�~��lfYOS`)\CR"`!N�X�M�N�7 g Õ k�h7iUÝ aUV°vmTWOjaúTWV°h#\�O=�lfYOS`�\�OSX��TmVPM�hÞ ½��§� ± �L���)ß8àË��¢=���A¢��!�����µ¿ À�L���!��� Ã �Á�§£A¢=�� ��I¼
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Å&\COj[P\CV8r|Ã�abh$XY\C\�aUXYVZ\�h#\�V ¼ OSTWVP]�´ófYOS`�Tmh#abfYVP\�V¿´ófYRbXWh$[ZaU\��}h#OSTWdPRUNZVPXY]SRb\Cab]jh#NZVPXq¥�\Ca}^WfYVP]�h
TWV°hS\CO ¼ \CaUR ~
c
dZ\CVP\�VP\COjXYaU\CT¬Ã�aUcs®W©�W Ù�ÚÐ[ * y %Æ×:áÏh §nt1~h % y t � w �x y [ * y %Ï×:áÏh Í �x y 3 n�§Yr�§ª«°t

oqab\�]S¶�\C^°hSO#TWRb\�ÁÂ\CO�h#\CabRUNPVZX<\C`)abhjh#ab\COjhS\CO$�}h#OSTWdPRbNPVPXqab]jh:abV ¼ \COj`�\�V�[P\CO"z"dPfmh#fYVP\�VPMsTmdPRPaUV!«ZÇb§�R
��TWVP[P¥POj\Ca�h#\WÇ¦¶POSf�dZfYOSabMCfYV°h
TmRU\COyNPVP[LvY\�OjhSaU^_TWRU\�OyºõabVP^W\�R:aUVïÃ�aURURbaUOSTW[PaúTmVµÇP¶POjf��g\C^|NPVP[Z\)NZVP[ï¶POSf
Ã�aURURbaúTW`)¶�\COS\�[P\�]q�g¶�\Cabc
dP\COj]jhSOSfY`)\C]ÂTûÃ�aUcC®Y©LWòXY\�XY\C¥�\CV8r

O ^ /OQÇ²OÐâ�OÊÓ��JÓ [ ©× y /$Í y n·±ÆbAt > * ã y§ | Í y â y � G yy)ä ^ n ã t | ntÍ�â�t y§ | Í y â y G yxIä ^ n ã t � + n�§Yr�§Y§�t
`)abh ã [¨nåÓ��W±JÓ ? tCn�§ | Í y â y tK^ ä;y r�/ ab]jhö[PaU\~æ g Û
Û k ÕUç k 7 � ]jc
dP\��l\CabVP]jhSOSNP^°h#NZOS^WfWVP]jh#TWV°h#\WÇ > ab]jh
[Z\CO �}h#OSTWdPRU]�h#OjfY`�Ç * aU]�h)[PaU\�Q"RU\�`�\�V|h#TWOSRUTW[PNPVZXPÇ�b aU]jh�[ZaU\�ÄµTWdPRi[P\�O z�\COjaUf}[P\CV aU` ºõabXYXYRb\CO � rG�xIä ^ NZVP[NG`y)ä ^ ]SabVP[ `�f}[Pa �PMCaU\�OjhS\aÔ k�rLr!k 7W´óNPVP^°h#abfYVP\�Vµr$oqab\C]j\CO��<NZ]S[POjNPc
^ÚXYab¥Zh�[Pab\3ÄµTWdPR&[P\COz"dPfmh#fYVP\�V�TWVµÇZ[ZaU\qabVPVP\COjdlTWRb¥;\CabVP\C]�dZfYOSabMCfYV°h
TmRU\CV�ºõaUVP^m\CRU]cÇòÇZ\�aUVP\�]�vY\�Ojh#ab^_TWRU\�V;ºõaUVP^m\CRU]�â NPVP[
\�aUVP\�Ow[P\%�lVZaU\CO�h#\�V?��TmVP[P¥POj\CabhS\=\C`)abhShSaU\�Ojh�Å&\COj[P\CV8r

�y�NZO*[PaU\:`)\Cab]jhS\CV=�<V°Å&\CVP[PNZVPXY\CV¿aUVG[P\�O*[PaúTmXYVPfY]�h#aU]jc
dP\CV=�y¥P¥PaURb[PNPVPXiab]jh*[ZaU\ dUeg9h�iµjlk�h \�VP\COjXYaU\
¥�\C[Z\CNZhS\CVP[ïXYOs�fSXY\COyTWRb]y[Pab\¿c
dPTWO#TW^°hS\COSab]jhSaU]Sc
dZ\�QÂVZ\COSXWaU\ nåÓéè Ó ? t5Ç¦]jf;[lTZX�[PaU\¿fY¥PabXY\I�lfYOj`�\�R*aUV£5nµ× r!r ~b'I�TWdP\�OSNPVPX�XY\�]Sc
dPOjaU\�¥¦\�V�Å&\COS[Z\CV.^_TWVZVO ^ /OQÇ²OÐâÅOÊÓ��JÓ [ ©¾Ê× /qÍ y n·±Êb.t > * ÓÓ ? \Y
g¶�nKLrÓ��JÓ ? t3\Y
g¶�nKLcâ y �Y±Ïs yê t
+ n�§Yr�§�±Yt
`)abh�s yê [¢n�§J�JÍ y tCnåÓ ? �W©JÓ�t�r

�yRU]i\CabV-��\Cab]S¶Pab\CRµ[Z\CO�eGRU\Cabc
d|NPVPX�§Yr�§�±IaU]�hiaUV ¼ TW¥�\CRbRU\!§Yr�§G[P\�Ow�$RUN�X!vWfYV3M�Å&\Ca*vY\�OS]jc
dPaU\�[P\CVP\�V
Q"abVP]#TmhSMCXY\�O �TmhS\CVµÇò[P\�` ÷ ¼ ]SNP¶ZO#TWRb\CabhS\CVP[Z\C`¨ºõabXYXYRU\�O=TW` '<�����¦Ç*NPVP[ [P\C` §YÇ¬® ¼ \CRb\C^°h#OjfY`�T_~
XWVP\�hSaU]Sc
dZ\CVïºõaUXYXYRb\CO<TW` �P�gx��ßn·�}h#TWVZ´ófYOj[��|{gVZc
dPOSfWhSOSfYV x�TW[PaúT_h#aUfWV �òTW¥�fYO#TmhSfYOj{Zt5Ç¦vY\�OSXYRbaUc
dP\�Vµr
�yNP] ¼ TW¥�\CRbRU\�§Yr�§¿ab]jhy\COS]jaUc
d°h#RbaUc
dµÇ�[lT�X�¥�\Ca�\CabVP\C`9Ã�fWVPfgc
dZOSfY`�Tmh#fWOS[PNPOjc
dP]#T_h#M¿vWfYV�§s« ] �Gz"dPfWhSfm~
VZ\CVZÉ �NZ]S]S\¿aUV3[P\�O<eGO �fZXY\CVPfWOS[PV|NPVPX�vYfWV §ª« xBh z"dPfWhSfYVP\�V�³m]
³_`�` y \COSOj\Cabc
d|hwÅ&\COj[P\CV�^ �fWVPVP\CV8r

Q�V ¼ TW¥�\CRbRU\�§Yru±�TW`2Q"VP[P\ö[P\C]y»=TW¶Pa�h#\CRb]�Å�\�OS[P\�VA\CabVPaUXW\=z$TWOSTW`�\�h#\�O�[Z\C]<�}{}VPc
dPOSfmh#OSfWVP]CÇ�MWrÁ�<r
ÏqNP\�RURbXYOª�fSXW\WÇ|z"NPRU]j[lTWNP\�O�NPVZ[a��OjaURURUTWVPMmÇY`�a�h�[P\CVP\�V�[P\CO dUegqh7i7jqkÒh Os�fYdPOS\�NPVP[ [P\CO@��Tm]S\COj¶PRúTm]S`�T_~
dfeg9h7i7jlk�h ø}NZ\CRURb\qvY\�OSXYRbaUc
dP\�Vµrë Ã ���M¾������%�Á�§�¸����¢§ª!�§���§�L�� ¦¬7���}������á��L���!���»¢� ��Øª!�����!�l¡Z�����Á ������=�;�L�q¦�����!��¢=���=�;�!� ² ¢��=�L£%¢��!�Ø¼
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w`} ¹ b > �$RUN�X�ì=©W©�^m\�Á

T½í * .¾W T¬ecW T ¶�\CO�W T¸��W T zÂdZfWh#fYVZ]
³m]#³m`�` y ³g§s«Y«�R ��º<W
±gÇu÷ ÷Y÷gr¬«Y«Y« © «ZÇu± §YÇu¯W«~R*§ª« x �©ZÇu÷ §ª®Zr¬«Y«Y« ¾ «ZÇ�§ §YÇ¬°÷¬R*§ª« x �

³ �����§�Á���Ì�%¼Á�%� ß ���!Ü%�����;�A¢=�q¥�¬¸������� ²�Ú �L�;�!�� Y¢=�� ��Æj%�L�����Á�§�¦�Á�8îÉï} Ã �A¢�¿V�������!�!�Ë¨% ��(�!���8ð9�L�����Á�§�I¼A½q�Y�������=�Á�L�cñ@�!���
² ¢=�;�Y�!����¢=�� �Ñ�!���
ò\�����Ë���!¥Ø�Y�!�3�����q»��§�=�� ��������Áó¾��Á�%�������Ø¼ ¯ ¶¸�= Aà!� ´
õóöõô û üý5þ�ÿ�� ú þ�®9ÿ���¯���°v±�þ²�ö¯5±�®�°@¯5® ú �4÷��}ý¸ø�±²ù øAú �lÿ ú þ�úz°D¯5®�û ú þ

oq\�OC�&\CXYOjabÀõz"RúTm]S`�TZÇ:ÅwaU\�\CO�vYfYV ÖÌn h�j Ûc× § Õ abVâ[P\�V ´óO �NZdP\CV ©Y«W\CO �YTWdPOj\CVâXY\C¶PO �TWXWh�ÅwNPOj[P\WÇ
¥�\CM�\Cabc
dPVP\�h.\CabVP\ ab` Ã�a�hSh#\�R=TWNP]jXY\CXYRbaUc
dP\�VP\í��Tm[PNPVPXY]�vY\�Ojh#\�aURbNPVPX TmNP].Q"Rb\C^°h#OjfYVP\CV NPVP[ Q�fYVP\CV
n=ÏqNlTW]SabVP\CNgh#O#TmRUabhª�Tmh5t5rPQ"aUV�z"RúTW]j` T�^_TWVPV�]Sabc
d�¥PabRU[P\�VµÇP´pTWRbRU]�XY\�V:�NPXY\�VP[AdPfWdP\ÂQ�fWVPaU]jaU\COjNPVPXY]j\CVP\�OSXYa ~
\�V�M�NPO"ÁÂ\CO�´ �NPXYNPVPXö]jhS\CdP\�Vµr°ºõaUOj[)[ZaU\�Q"VP\COjXYaU\G§�\�Á£aUVZ]:ÁÂ\COSd �TWRbhSVPaU]"M�NPOÌÔ g 7 iUÝ Û"n h�h ^WfYVP]�h
TWV°hS\
XW\C]S\�h#M�hsÇµ]jf;\COjXYaU¥Zhy]Sabc
dL\CabVP\I^mfYOSOj\C]S¶�fYVP[ZaU\COj\CVP[Z\ ¼ \�`�¶�\COSTmh#NPO�vYfYV §W§YruW«Y« »�Ç�Å�fYOSTWNP]q\�OS]jaUc
d°hj~
RbaUc
dAab]jhCÇ¦[lT�X�[P\COGz"RUTW]S`�TWMCNZ]jh
TmVP[AvYfYV Ã�Tmh#\�OSaU\INPV°h#\CO0'�fYOS`�TWRb¥¦\�[PaUVPXWNPVPXY\�VATWVA[Z\CO=Q"OS[PfW¥¦\�O�~
Éò�TWc
dP\�NPV°Å�TWdZOS]Sc
dZ\CaUVZRUaUc
d¿aU]�hsr�oq\CVZVPfgc
d0�lVP[Z\CVI]jaUc
d¿\CaUVZ\:ÁqaU\�RUMCTWdPRWvWfYV���\�aU]j¶PaU\�RU\CVG´
�NPOò^ò�NPVP]�h#RbaUc
dP\
n��*aUc
d°h#¥ �fWXY\CVµÇYÄ �NPVP[Z´óNZVP^W\�VµÇ°dP\Ca XY\��4RúTW`)`�\�V�tµNPVP[�VlT_h �NPOjRUaUc
dZ\=np\�RU\C^°hSOSaU]jc
dP\iQ"V°h#RUTW[PNPVPXW\CV�aUVI[P\CO
��hS`�fW]S¶Pdò�TmOS\WÇò»GfY`)\�hS\CVP]jc
d°Å�\�ab´ó\ªtöz"RúTW]j`�\�VµròoqaU\IvW\COj]Sc
dPab\C[P\�VP\CV z"RúTW]j`�\�Vï\COS]�h#Oj\Cc
^W\�V ]Sabc
d ab`
oqabc
d°h#\�~ ¼ \�`�¶�\COSTmh#NZO�~�oqaUTWXYOSTW`�` �NZ¥¦\�O)±Wù e=Os�fSXY\CVZfYOS[PV|NPVZXY\CV aUV [P\�O�oqaUc
d°h#\�NZVP[��NZ¥¦\�O�]S\Cc
dZ]
eGO �fZXY\CVPfWOS[PV|NPVPXW\CVLaUV�[P\CO ¼ \�`�¶�\COSTmh#NPO�r8oqab\Ioqabc
d°h#\![P\�Oqz"RúTm]S`)\CVµÇ �NP¥�\COq[Pab\¿dZaU\COyXY\C]j¶POSf}c
dP\�V
ÅwabOS[µÇ�RUab\CXWhyaU` ��\�OS\�aUc
dL[P\�OG�l\C]jhS^¦�fYOS¶�\COj[PaUc
d°h#\�NZVP[ï[PaU\ ¼ \�`�¶�\COSTmh#NPOyaU]�h<vY\�OSXYRb\Cabc
d}¥PTWOq`)abhy[P\CO
[Z\COy�gfYVPVZ\CVPfY¥�\CO�É��TWc
dP\;npcCTZrµ§ª« � »öt�r

Q"aUV Å&\C]j\CV°h#RbaUc
dP\�OAeG\C]jaUc
d°h#]j¶PNPVP^°hsÇw[P\�O3[PaU\A�yOS¥�\Ca�h3`�a�h��òTW]S\�OS¶PRUTW]S`)\CV ´
�NPO�`)\C[ZaUMCabVPaU]jc
dP\
�yV°Å�\�VP[PNPVPXW\CV \COj]jh!abV°h#\COj\C]j]#TWV°h�`�TWc
d°hsÇòaU]�hI[ZaU\`�ò\�¥¦\�VP]S[PTWNP\COI]SfYRbc
dP\COIzÂRUTW]S`)\CV8r4oqab\ d egqh7isô
jqkÒh ]�h#O#TmdPRUNPVZXPÇ4[ZaU\�TWNP]!]jfYRUc
dP\�V z"RúTW]j`�\�VÚ\CV°h#]�h#\�d|hCÇ:dlTmhI\CabVP\a�*\C¥�\CVZ]S[lTWNZ\CO!vYfWV \�h�Å�Tï±W«Y«-Ê
¯m«Y«)´ó]�Ç8]Sf [lTZX;`�TWV�vWfYVL\CabVP\CO<»GNPOSM�¶PNPRU]�~ dUeg9h�iµjlk�h ø|NP\�RURb\¿]j¶POS\�c
dP\CVï^_TWVPVµr¦oqaU\�]S\�Oqz"NPVP^°hGab]jh
¥�\C]jfYVP[P\�OS]�´ �NPO;`)\C[ZaUMCabVPaU]jc
dP\A�yV|Å&\CVZ[PNPVPXY\�V Åwabc
d|hSaUXPÇ&¥¦\�aq[P\�VP\CVõ\C]�Ç�Å�\�XY\CVõ[P\�O�VPaU\�[POSabXÚMCN
dPTWRbhS\CVP[P\�V �|h#O#TmdPRU\�VP[PfY]jaU]CÇ:TWNZ´y^}NZOSMC\&��\�]jh#OSTWdPRbNPVPXY]jMC\Ca�h#\�V vWfYVâ\�h�Å�T ±Y÷W«L`)]!Å¿�TWdPOj\CVP[â\CaUVZ\CO
xwNPdP\�¶PdlTW]j\¿[Z\C]y²y\COjMC\�VATWVP^mfY`)`Ihsr

Q"aUV;Å&\Ca�h#\�OS\CO�ÁÂfWOjh#\�aUR�vYfYV3[P\�O#TWO�h#abXY\CO dUegqh7i7k�jlh ø|NP\CRbRU\CV aU]jh�[PaU\�ºõaU\C[Z\COSdZfYRUOSTmh#\q[Z\C].�òTW]S\�OS]
`)abh&[P\�`-]jfYRUc
d�\�aUV�z"RúTm]S`�T¿NPVP[�[PTW`�a�h�TmNPc
d�[PaU\ d egqh7i7jlk�h ]jhSO#TWdZRUNPVPXI\COSM�\CNPXmh�ÅwaUOj[µrP�}aU\<RbaU\�XWh
M�ÅwaU]jc
dP\CV §I²�MöNZVP[ §=^}²yMmÇ�TW¥Pdò�TWVZXYaUX!vWfY`ÈvY\�OjÅ&\CVP[Z\�h#\�Vf�òTW]S\�OS]j{}]�h#\C`�r
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ãqå¦é!��éªè��µê�åòëÚýòè3�\ü¿ç��:�A# �:�
oqab\�QÂOjMC\�NPXYNPVPXyvYfYV d egqh7i7jlk�h ]jhSO#TWdPRbNPVPXyTWNP]�RúTW]j\COj¶POSf}[PNPM�aU\CO�h#\�V!z"RúTW]j`�\�V¿ab]jh�\CabVIOj\CRúT_h#abv<^WfY`�~
¶ZRUaUM�aU\�Ojh#\�O�zÂOjfYMC\%XPÇ�[P\C]j]S\CVï\�OS]jhS\CO=�}c
dPOSa�hShy[PaU\ö�<¥P]jfYOS¶gh#aUfWV.vYfYV ��Tm]S\COjRUabc
d|hyaU]�hsr8Ä8NP`kÁÂ\COj]jhª�TWVP[g~
VZaU]�[Pab\C]S\�])zÂOjfYMC\�]S]j\C] ab]jh�\�])V$�NZh#M�RUaUc
d8Ç:M�Åwab]Sc
dP\�V �òTW]S\�OSabV|hS\CVP]jabhª�Tmh#\�V vWfYVâ^|Rb\CaUVZ\CO�¥PM�Å=r"XYOª�fSXW\CO
§s« xBý ºõc�` ] y MCN�NPV°h#\�OS]jc
dP\Cab[P\CVÑTûeGaU¥l®Y�Wær
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e
_

e
_

e
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e
_

Laserstrahl

Absorptionsbereich

Aufheizbereich

Schockwelle

Target
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Q"aUV�^|NPOSM�\CO��òTW]j\COS¶ZNPRU]!nóh�{}¶µr�§ª«Q] x � ¥ZaU]ö§ª«Q]Qÿ<]#twÅwabOS[.ab`kÁ�TW^|NPNP`9TWNZ´:\CaUV ¼ TmOSXY\�h�nó` TW]j]Sa�v
f}[P\�O��lfYRbaU\stö´ófY^|NP]S]jaU\�OjhAnp�<¥Z¥µrw§Yr ±Wt�rË��\�aiXY\CV �NZXY\CVP[âdPfYdP\�V Q�V°h#\�VP]Sa�h �TmhS\CVµÇ >�� §s«��)º cC` ] y Ç
vW\CO�Å�TWVZ[P\CR�h�]Sabc
d;[Pab\ ¼ TWOjXY\�hSfY¥¦\�OjÉ��Tmc
dP\qaUV)[P\�O��lfY^|NP]jOS\CXWaUfYV�aUV)\CaUV z"RúTW]j` TZr|oqNZOSc
d �y¥P]SfWOS¶ZhSaUfYV
vWfYVÑ�òTW]S\�OSRbaUc
d°hIÅwabOS[Ú[Pab\ ¼ TWOjXY\�hSfY¥¦\�OjÉ��Tmc
dP\�MCNPV*�TWc
dP]jh�abfYVPab]SaU\�OjhCÇ*]SfA[lT�XA\CabVP\ [$�NZVPVP\�z"RúTm]S`�T_~
]jc
dPaUc
d°h�vYfYOÂ[P\�` ¼ TWOSXY\�h�\CV°h#]�h#\Cd°hCrgoq\�V�[PTWOSabV�¥¦\��lVP[PRbaUc
dP\�V Q"RU\�^°h#OSfWVP\CV)NPVP[5Q�fYVP\�V)ÅwabOS[�[PNPOjc
d
´ófWOjh#[PTWNP\COjVP[P\��y¥P]SfYOj¶Zh#abfYVAvYfWV�z"dPfWhSfYVP\�VïhSdP\COj`�ab]Sc
dP\�Q"VP\�OSXYab\!MCNZXY\�´
�NPdZOjhsÇµÅ&f}[PNPOSc
dï]jaUc
dï[lTW]
z"RUTW]S`�T�aUV�x�abc
d°h#NPVPX�Á�TW^|NPNP` TmNP]S[P\�dPV°hsr¦oGTW¥�\Ca*XY\�d|h�[lTm]yNPOj]S¶POm�NPVPXYRbaUc
d�]jhSNZ´ó\CVZ´j�fWOS`)aUXY\=oqabc
dg~
hS\C¶POjfZ�lR:abVL\CabVïTWNP]SXW\C[P\�dPV°h#\C]��NP¥�\CO�r*oGTW]Goqabc
d°h#\C¶ZOSfZ�lR$aUVL[P\�O�'!�TWdZ\�[P\COG^|OSa�h#ab]Sc
dP\�V oqabc
d°h#\!ab]jh
vWfYV3\CV°h#]jc
dP\Cab[P\CVZ[P\CO"��\C[P\�NZh#NZVPX�´ �NPOi[PaU\qx�\�]SfYVlTmVPMsTW¥Z]SfYOj¶Zh#abfYV3M�ÅwaU]jc
dP\CV&�òTW]S\�OSRbaUc
d°hiNPVP[�z"RúTm]�~
`�T.NPVZ[ [lTW`)abhITWNPc
d ¥�\C[P\�NZh#]STW` ´5�NPO¿[PaU\�Q"V°h#]�h#\�d}NZVPXLvYfYV d egqh7i7jqkÒh ]�h#O#TmdPRUNPVZXPr$��V°h#\COI[P\CO
^|Ojabh#ab]Sc
dP\�V.oqabc
d°h#\GvY\�OS]jhS\Cd°hq`�TWV3[Pab\=QÂRb\C^°h#OjfYVP\�VP[PaUc
d°hS\WÇ�¥¦\�a*[P\COw[Pab\özÂRUTW]S`�Tm´óOj\Cø|NP\CVZMCTûeGOª�TY®Yù!WÓ2Ö"[�÷Wm+S¾�� /Î}ATþ1 ]Q^ W��Ê] x XY\�O#TW[P\GXWRU\Cabc
d3[P\CO��lOS\�ø}NZ\CVPM�Ó [Z\C]w\CabVZ´pTWRURb\CVP[Z\CVÓ�òTW]S\�OS¶PNPRb]S\�]yab]jh

/2} ? [ ¾Ê× y % y 1~})áÏh� y * y [ §�+s§Y§rR°§ª« y)a� y T	�:1aW 1 ]Q^ n�§Yr�§ª©°t
�òTW]j\COjRUaUc
d°hò^_TWVPVö]Sabc
d¿ab`ßz"RUTW]S`�T�V|NPO�TWNP]S¥ZOS\Ca�h#\�VµÇsÅ�\�VPVI[ZaU\ÂQ"RU\�^|hSOSfYVZ\CVP[Pabc
d°h#\ /Î}µ^|RU\�aUVP\�OòTWRU]*[ZaU\
^|Ojabh#ab]Sc
dP\¿oqaUc
d°hS\�/2} ? ¥ZM�Å=r�]SfYRUTWVPXY\8Ó � Ó2ÖIab]jhyNPVP[�^mTmVPVATWNZc
d.V|NPO�[lTWVPV.TW¥P]SfWOS¥Pab\COjh�Å&\COS[Z\CVµr
�&\Caw\CabVP\CO)�lOS\�ø}NZ\CVPM�[P\C])\CabVPXY\�]jh#OSTWdPR�h#\CVÎ�òTW]S\�OSRbaUc
d°h#\�])vWfYVWÓu[ Ó2ÖÚnt/Î}a[�/2} ? t!\COjOS\�aUc
d°h [ZaU\
�y¥P]SfWOS¶ZhSaUfYVïÃ�TL
gaU`�TWRbÅ&\CO�h#\WrÒ��\�a$^|RU\�aUVP\�OS\�VL�lOS\Cø|NP\�VPMC\�VânåÓ�
iÓ2Ö�twvW\COjdPaUVP[Z\COjhq[PaU\Io �TW`�¶g´óNPVPX
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[PTW]wQ"aUVP[POjaUVPXW\CV�[P\�]��òTW]j\COjRUaUc
d°hS\C]iaUVZ]iz"RúTW]j` T!NPVZ[�[PTW`�a�hiTWNZc
d�\�aUVP\<�<¥P]jfYOS¶ZhSaUfYV8rloqaU\�´5�NPOi[P\CV
oqabc
d°h#\sTm¥Z´pTWRUR¦c
dlTWOSTW^°h#\COjaU]�h#aU]jc
dP\Ie=O �fSXY\GaU]�hw[PaU\ö�}^mTmRUaU\�OSNPVZXY]SR �TWVPXY\� T¬eGO �TY®WùLWæÇl[PaU\G[PNZOSc
d

�+[ � §/Î}�� /Î}���
����� !v����!v��� � ] x n�§Yr�§s¾|t

XW\CXY\�¥¦\�V aU]�hsrÂQ"aUVZ\�TmNP]j´ �NPdZOSRUabc
dP\Ó��\C]jc
dPOS\�aU¥PNZVPXÚ[P\�O��yNP]S¥POj\Ca�h#NPVPX vYfYV �*aUc
d°h)aU` z"RúTm]S`�Tï]jfm~
Åwab\G[P\COivW\COS]jc
dPaU\�[P\CVPTWOjhSaUXY\�VA�<¥P]jfYOS¶gh#aUfWVP]S`)\Cc
dlTmVPaU]j`�\�V3ÅwabOS[�TWV�[PaU\�]S\�O<�|h#\CRbRU\qVZaUc
d°h�XY\CXY\�¥¦\�Vµr
²�aU\�Oj´5�NPOi]j\CaòMWrÁ�<r�TWNZ´_Tûe=ab¥l®Y�W*vY\CO�ÅwaU\�]S\CV8r

²�fgc
dPabV°h#\CVZ]SabvW\¾��Tm]S\COj]j{}]jhS\C`)\öTWOS¥�\Ca�h#\CV dò�TWN��lX�`)abh�\CabVP\C` XY\CM�aU\�Rbh#\�V ÁÂfYOj¶PNPRU]�ÇZ[P\�]S]j\CV.Ä8\Cabh�~
[ZabÀ¦\COS\�VPMiMCNZ` ²<TWNZ¶Zh#¶PNZRU]"aU`¢¶P]�~Í��\COj\Cabc
d)RbaU\�XWh(T ��TW]#®Y¯LW·rmº�\�VPV�[PaU\¦Q�V°h#\�VP]Sa�h��TmhÂ[ZaU\C]j\C]"ÁÂfYOj¶PNPRU]j\C]
¥�\COj\Ca�h#]Â]Sf¿dPfgc
d)aU]�hsÇ°[lT�X¿\�aUV)z"RúTW]j` TGXY\�¥PaURb[P\�h"ÅwabOS[µÇ°]jf¿VP\�VPV°h�`�TWV)[PaU\�]S\�]&\�aUV�ÁÂfYOS¶ZRúTW]j` TZrYoq\CO
²yTWNP¶ZhS¶PNPRb]¿]�h#\Cd°h¿[lTWVPV aUVLº \Cc
dP]j\CRbÅwabOS^|NPVPX.`�a�h=\CaUVZ\C`�]jaUc
dÚTmNP]S[P\�dPVP\�VP[P\CVÚÁÂfWOS¶PRUTW]S`�TZrµ�yRU]
�lfYRbXY\�[Z\C]S]j\CV)^_TWVPV�[Pab\��<¥P]jfYOS¶gh#aUfWV�[P\C]Â²yTWNP¶ZhS¶PNPRU]j\C]ÂXY\�]jh#\�aUXY\�Ojh:Å&\COj[P\CV8r|oqaU\C]4MCab\Cd°h"ÅwaU\�[P\COjNP`
\�aUVP\wQ"Ojdò�fYd|NPVPXö[P\CO���`IÅ�TmVP[PRUNZVPXY]S\�$)MCaU\�VPMwvYfYV`�òTW]S\�OS]jhSO#TWdZRUNPVPX=abV dUegqh7i7jlk�h ]jhSO#TWdPRbNPVPX=VlTWc
d
]jaUc
dµr

�yN�XY\COjdlTWRb¥�vWfYV��y¥P]SfWOS¶ZhSaUfYVP]�~�NPVP[�²y\�aUMC`)\Cc
dPTWVPaU]j`�\�V�dPTmh�TWNPc
d�\CaUVZ\=x�\�aUdP\öTWVP[Z\COS\�O�zÂOjfm~
M�\C]j]S\�QÂabVZÉlN�X�TWNg´�[Pab\�z"RúTW]j` TW\�V°h#]jhS\Cd|NPVPXZròQÂabVP\COqvWfYV [PaU\�]S\CVïab]jh=[Pab\�QÂOjMC\�NPXYNPVPX�\CRb\C^°h#OjaU]jc
dP\CO
NZVP[Ú`�TWXYVP\�h#aU]jc
dP\CO¿�l\CRb[P\COjVµÇò[PaU\)aUV [P\CV ¯m«W\COI�YTWdPOj\CVÚ¥�\CaÂ[P\�O!z"RúTW]j` Tm\COSM�\CNPXWNPVPX.`)abhöOj\CRúT_h#abv
RUTWVPXY\�V+�òTW]j\COS¶ZNPRU]j\CV ¥�\CfY¥lTmc
d|hS\�h!ÅwNZOS[P\�VvTûx�TsvP¯mùZÇ4�}h
T°¯mù�W·r4oGTW]IÃ.TWXYVZ\�hS´ó\�RU[µÇ*Å&\CRbc
dP\C]�Oj\CRúT_h#abv
dZfYdP\¿º \CO�h#\övYfYVA\�aUVPabXY\CV�d|NPVP[P\�Ojhp¥ k�r 7�n TWVZVP\CdP`)\CV�^_TWVPVµÇ�ÅwaUOj[.dlTWNZ¶Zh#]s�TWc
dPRUabc
d.[P\�`��|h#OSfW`
]jc
dPVP\�RURU\�O"Q"RU\�^|hSOSfYVZ\CV�MCNZXY\C]jc
dPOSab\C¥�\CVµÇY[ZaU\&Å¿�TmdPOS\�VP[�[P\C]"�y¥P]SfWOS¶ZhSaUfYVP]j¶POSfWMC\C]j]S\�]�\�OSM�\CNPXWh$Å�\�OS[P\�V
NZVP[�ab]jhGh#fWOSfYab[lTWR:NP`¨[P\CV ��Tm]S\CO�´ófY^|NP]¿TWVPXY\�fYOS[PVZ\�hsr*º¢�TWdZOS\CVZ[�[P\�]Ð�òTW]j\COS¶ZNPRU]j\C]ö^8�fWVPVP\CV [PaU\�]S\
�l\�RU[P\�Oi]S¶ �NPOj¥lTWOj\IQ:À¦\C^°h#\¿TWNZ´4[PaU\=z"RUTW]S`�TW[Z{}VlTW`)aU^)dlTW¥�\CV8r
íLîð å�éªë�ègåòè�#Úä����sä ð åâê4å�ý��-#����lå�ý4çpê�å�ëÒ�Cè�� K äóè}å K
Q�`ke=\�XY\CVZ]#TmhSMGMCNPO�Å&\Cabc
dP\CV dUegqh7i7jlk�h ]jhSO#TWdZRUNPVPX!ÅwabOS[�[Pab\qdlTWO�h#\ dUeg9h�iµjlk�h ]�h#OSTWdPRUNZVPX�[PaUOj\C^°h
[ZNPOSc
d dP\Ca XY\ QÂRb\C^°h#OjfYVP\�Vß\COjMC\�NPXWhsÇw[Pab\ïaUV£[P\COÓ'!�TmdP\ [Z\C]&��Tm]S\CO�´ófY^|NP].\�V°h#]jhS\CdP\�Vµr��<RU]��lfYRbXY\
[Z\CO;dPfWdP\CV ¼ \C`)¶¦\�O#TmhSNPOS\�V NPVP[ [PTW`�a�h�TWNPc
d [P\�O;XYOSfZXY\CV ^|abVP\�hSaU]Sc
dZ\CVõQ"VP\COjXYaU\�aU]�h�TWNPc
d [ZaU\
`)abhjh#Rb\COS\�´óOS\Cab\Lº�\�XYR��TWVZXY\ïXYOSfSXZÇ�]Sfâ[lTZX [PaU\L]jc
dPVP\CRbRU\�V�Q"RU\�^|hSOSfYVZ\CVßabV [ZaU\L^_TWRbhS\CV x�\�XYaUfWVP\CV
[Z\C] ¼ TWOjXY\�hS]y\�aUVP[ZOSaUVZXY\CV3^¦�fYVPVP\�VµÇ�Å�f)]Sab\ö\�V°h�Å�\�[P\CO��&OS\C`)]S]�h#OSTWdPRUNZVPXPÇl[PNPOjc
dL�}hª�fSXY\=`)abh.Q�fYVP\�VµÇ
f}[P\�O �*aUVPab\CVP]�h#O#TmdPRUNPVZXPÇ4[ZNPOSc
dâ²y\�O#TWNP]j]Sc
dPRUTWXY\�V \�aUVP\�]�XY\C¥ZNPVP[P\�VP\CVâ»<~��gc
dlTmRU\CV}~�Q"RU\�^|hSOSfYVZ]�[P\C]¼ TWOjXY\�hS` TmhS\COjaúTWRb]CÇ|\C`)abhjh#aU\�OS\�VµrZoqab\ ¼ \C`)¶¦\�O#TmhSNPO�� � A C4[Z\CO�dP\�a XY\�V�QÂRb\C^°h#OjfYVP\�V�]j^_TWRUab\COjh�`�a�h > � y Ç
Å&fYOjaUV > [Pab\�Q�V|hS\CVP]jabh �Tmh�NPVP[Z��[PaU\qº \CRbRU\�VPR �TWVZXY\q[P\�]"�òTW]j\COS]w]jaUVP[µr
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��Oj\C`)]S]�h#O#TmdPRUNPVZX�\COS]jc
dP\CabV°h�TWRU]�»=fWV|hSaUV|NPNP` aU` ��\�OS\�aUc
d�M�Åwab]Sc
dP\�V.«grb§q^m\�Á ¥Pab]�dPabV;MCN�\�aUVPa ~

XW\CV.Ã�\�ÁIÇ¦Tm¥Pd �TWVPXWaUX�vYfYV�[P\�O"�òTW]j\COSabV°h#\CVZ]Sabh �TmhwNPVP[�[P\CV�z"RúTW]j` Tm¶lTWO#Tm`�\�h#\COjVíTû»G`)\s®°±|Ç��gc
dl®°÷LWær
�*abVPaU\�VP]jhSO#TWdPRbNPVPXA^_TWVZV ab` �&\COS\�aUc
d vYfWV §`Êâ§ª«W«A^W\�Á9XY\�´óNPVP[P\�V Å&\COj[P\CV8ÇÂTW¥Pdò�TWVZXYaUXAvWfYV [P\CO
��hSfY`)MsTWdPR�[P\�] ¼ TWOjXY\�hS` T_h#\COjaúTWRb]&T¬�WaUTY®°÷°Ç�xwfYNl®W¾LW·r�oqaU\�]S¶�\C^°h#OSTWRU\ Q�V°hS\CVP]jabh��T_h;[P\�O;\C`)abhjh#aU\�OjhS\CV
z"dPfmh#fYVP\�V�ab]jhw[PabOS\�^|hwvWfYV�[Z\CO�Q"RU\C^°hSOSfYVP\�VP\CVZ\COSXWaU\¿TW¥Pdò�TWVZXYaUXPr

oqab\�Ä8\Ca�h#]j^mTmRúT3[P\CO d eg9h7i7jlk�h \C`)aU]S]jaUfYVïvYfW` z"RúTm]S`�T�aU]�h![PNZOSc
d [Pab\;z"RúTW]j` Tm[Z{}VlTW`)aU^L¥�\�~
]�h#ab`�`IhCrYoqab\i�<NP]j[P\CdPV|NPVZX![P\C]�z"RúTm]S`�TW]:´5�NPdPO�h&M�N�\�aUVP\�OÂ�<¥P^ò�NPdPRbNPVPXöNPVP[)[lTWdP\�O�TmNPc
d�M�N�\�aUVP\�`
Q"VP[Z\;[P\CO!QÂ`)aU]j]SabfYV vWfYV dUegqh7i7jqkÒh ]�h#O#TmdPRUNPVZXPr�º \COj[P\CVÑ�òTW]j\COj¶PNPRU]j\;aU` �&\COS\�aUc
dÚvWfYV ]SNP¥}~�¶P]
oGTmNP\CO¿XY\CV|NZhSM�hsÇ4aU]�h![Pab\ dUegqh7i7jqkÒh ¶PNZRU]S[PTWNP\CO;n ¼ TA»0/:tGaUVÚ[Z\CO�eGO �fZXY\CVPfWOS[PV|NPVPXAvWfYV \CabVPaUXW\CV
§s«<¶P]¦TûeGOª�TY®Yù!W·rmoqaU\ dUegqh7i7jqkÒh ¶PNZRU]S[PTWNP\CO4aU]�h$¥�\C]�h#aU`)`Ih4[PNPOjc
d�[PaU\@�ò\�¥¦\�VP]SM�\Ca�h"[P\CO4dP\Ca XY\CV!QÂRb\C^Y~
hSOSfYVZ\CVµÇY[ZaU\�abV![lTW] ¼ TWOjXY\�hS` TmhS\COjaúTWR|\CabVP[POjaUVPXY\�V!^¦�fYVPVP\�VµÇ°[PNPOjc
d�[PaU\�oGTWNP\CO$[P\C]Ë�òTW]j\COS¶ZNPRU]j\C]"NPVP[
[ZaU\¾ÏqNP\CRbRUXYO �fSXY\óT xw\Caú«W«LWær

oqab\!�y`¿Å�TWVZ[PRUNPVZXY]S\�$�M�aU\�VPM!vYfYVU�òTW]j\COS]�h#OSTWdPRUNZVPX�aUVAc
dPTWO#TW^°hS\COSab]jhSaU]Sc
dZ\�»¾/*~��}hSO#TWdZRUNPVPX TWNP]
RUTW]S\�OS¶POjfg[ZNPMCab\COjhS\CV�z"RúTW]j`�\�V�dò�TmVPXWhwvYfYV�\CabVP\COwÁqab\CRUMCTWdPR8vWfYVAz4TWO#Tm`�\�h#\COjV.Tm¥µ½Ò��Tm]S\COjaUV°h#\�VP]Sa�h��TmhCÇ
�yNP]S[Z\CdPV|NPVPX�[P\C]öz"RúTm]S`�TW]5TÙ��TW]#®°¯}Çò�gc
dl®Y®LW·Ç ¼ TWOjXY\�hS` TmhS\COjaúTWR4NP]jÅ=r�Ç*]Sf3[lTZX3]jaUc
d [PaU\ó	q¶ZhSaU`)aU\5~
OjNPVPX�[P\�O��<NZ]S¥�\CNZhS\G]S\CdZOi^WfY`)¶PRU\Y
�XY\C]�h
TWR�h#\�hCrPoq\�]SdlTWRb¥ ÅwNPOj[P\G[PaU\�º�\�c
dP]S\�RbÅwabOS^|NPVPX�[P\�O�aUV°h#\�Vg~
]jabvW\CVÑ�òTW]S\�OS]�h#O#TmdPRUNPVZX.`)abhö\CabVP\C` �l\C]�h#^¦�fYOS¶�\CO�~ ¼ TWOSXW\�h!]jaU`!NZRUaU\�OjhCÇµNP` [PaU\ dUegqh7i7jqkÒh \�`�ab]S]SabfYV
¥�\CaµvW\COj]Sc
dPab\C[P\�VP\CVïz4TWO#TW`)\�hS\COjV3vWfYOSdZ\COS]STWXY\�V.MCN�^¦�fYVPVP\�VOT x�\�aú«Y«!W·r

oGTWM�N�ÅwNZOS[P\ \CabVP\ [POS\�aU]�h#N��lXW\âxw\Cc
dZV}NZVPX�\CV°h�Åwabc
^W\CR�h<T xw\Caú«W«LWærqº�\�VPV¢[PTW]U��Tm]S\COj]j{}]jhS\C`
M�Å�\�a�ÁÂfWOS¶PNPRb]S\3\CabVPaUXW\-'<TWVPfW]S\C^|NPVZ[P\CV vWfYO�[Z\C` ²<TmNP¶Zh#¶ZNPRU]�¶POjfg[PNZMCaU\�OjhCÇ"aU]jh)[Pab\Ó��aURb[PNPVPXï\Ca ~
VZ\C]iÁÂfYOS¶ZRúTW]j` TW]�NPV°vY\COj`�\�aU[P¥PTWOCrloq\�]SdlTmRU¥;ÅwNPOj[P\CV�MCNPV*�TWc
dP]jhyd°{}[POSf}[Z{}VlTW`)aU]jc
dP\¿�gaU`!NZRúTmhSaUfYVP\�V
XW\C`�TWc
d°hsÇ�NP` [P\C]j]S\CV Q"aUXW\CVP]jc
dlTm´Æh#\�V MCNÚ¥�\C]�h#ab`�`)\CVµrò�yVP]Sc
dPRbaU\%XY\CVP[ÚÅwNZOS[P\�V [PaU\�]S\;oGT_h#\CV aUV
z}Q�¹�~��gaU`!NZRúTmhSaUfYVP\�V¿vW\COjÅ&\CVZ[P\�hCÇ°NP`¢[ZaU\&ÁÂ\�OjhS\CaURbNPVPXq[Z\CO:dP\�a XY\�V�Q"RU\C^°hSOSfYVP\�V�MCN�\�OSdlTWR�h#\�VµrWoGTmO#TWV
]jc
dPRUab\AXWh�]jaUc
dI\�aUVIÃ�fYV°h#\5~�¹�TWOjRUfm~�¹�fg[Z\&TmVµÇ�[P\COò´5�NPOò[PaU\]��\�]jhSaU`)`!NPVPX�[P\CO4»0/ò~��<NP]j¥¦\�NZh#\�\CO�Å�\�abh#\�Ojh
ÅwNZOS[P\mrµoGTW]<QÂOjXY\C¥ZVPaU]y]SfYRbc
dP\COq�gaU`!NZRúTmhSaUfYVP\�V3aU]jhyaUV��<¥P¥ZaURU[ZNPVPX.§Wru©)MCNL]S\�dP\CV8r oqab\¿fY¶gh#aU`�TWRb\
�òTW]j\COjaUV°h#\�VP]Sa�h �Tmh >DA ÖõC&ÅwaUOS[ �NP¥�\CO¿[PaU\�`�TL
gaU`�TWRU\!�yNP]S¥�\CNgh#\�TWV »0/ò~��}h#OSTWdPRUNZVPX�[Z\%�lVPab\CO�hsr�oqaU\�]S\
ab]jh�]jh
TmOS^�vYfYV3[P\�O.	qOS[PV|NPVPXW]SMsTmdPRµ[P\�] ¼ TmOSXY\�h#`�Tmh#\�OSaúTmRU]&TW¥Pdò�TWVZXYaUX¿NPVP[�]S^_TWRbaU\�Ojh&`�a�h >@A ÖõC � ; � ¢ �
T xw\Caú«W«LWær

oq\�O<ºõaUVP^m\CRæÇ8NPV°h#\�OqÅ�\�RUc
dP\�`�[lTW]=z"RUTW]S`�T ¥�\CfY¥lTmc
d|hS\�hGÅwabOS[µÇ¦dlTmhG\�¥¦\�VZ´pTWRURb]<\�aUVP\�V Q"abVZÉlN�X
TmNZ´�[PaU\iQ"OjMC\CNZXYNPVPXGvYfWV d eg9h7i7jlk�h ]jh#OSTWdPRbNPVPXPrmoq\CO d eg9h7i7jlk�h ÉlN�XqvmTWOSabaU\�Ojh$h�{}¶Pab]Sc
dP\�OjÅ&\Cab]S\w`�a�h
c�fY] !"! TûÃ�abcs®Y©!W·Ç ! ab]jh"[P\�O]��\CfY¥PTWc
d°h#NPVPXW]jÅwaUVZ^W\CR�¥�\CMg�NZXYRUabc
d)[Z\CO ¼ TWOSXY\�h#VPfWOS`�TWRU\�VµrW�yRU]ÂQq
g¶¦fYVZ\CVg~
hS\CV-�lVP[P\�h<`�TWV~/=Ì «ZÇ¬©!´5�NPOiÅ�\�aUc
dP\öNPVP[�/=ÌÈ§YÇ ÷I´
�NPOidPTWOjhS\ dfeg9h7i7jlk�h ]jh#OSTWdPRbNPVPXPr
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DFEG�H I J"K-HML+NPORQ�S�T�U�V�WYX[Z�OR\]Z�^ _9Q.LR`3ObadcfegU�LhU�Vi\�ZjVk\i`3LRL+`3Vmln^oWf`3piU�V�Wq`&ORr3`&U�W�N3s�tuViadcfT�Wf`v\�`3Ow TjQ�LR^xQ�`,y@z{Q.V�LRZ�cfV|UiV�\}\�`&L�~(ZjVi\�ORZ�V�Wf`3ViL�Si`3Zj��`3O�~(Tj`3e�NRORcfV�`&V}Z�V|\{Q.LnU�^oTjZ�`3Wf`&V�\�`���Q�ORWf`,NP^xQ.NP`��
O+Z)Q�TfX[Z�OR\�\{Q�S�`&O�\�Z�` D�EG�H I J"K-HM`3^oZjL+LRZjc�V�LRr&cfV�`�`&NuX�Q�L"WfO��cf�f`&O9L+`3Z�V2Q�T�L9\i`3O�adcfegU�LRL+Zj`3ObNP`�_9Q.LR`3O+z�U�T�L3�
\i`3O�ZjV�\i`3O[�[`3Wf`&T `3ZjViZjWf`��|ZjegORc�^x`,NP`3O�WfORcf��Z�L+N3s���U�L�\i`3O��@Z���SgN[S �cfS�`3O+`3O[tuV�NP`&V�LRZ�N��Q.N[U�Vi\vegT�`3ZjVi`3O� U�`&TjT�WfO��cf��`�ZjLbN[`3ZjV�V{Q.S�`3r&U}LR`&V�egOR`&��SgNR`3O�~�Z�Via<Q�T�T�\�`&L�_�Q�L+`3ORziU�TjL+`3L[X7�U�V�LR��Si`3V�LbX�`&O+N�s

�|`&LRL+U�V�Wf`&Vmr&U�Oh��`&L+NRZj^o^2U�V�WY\�`3O � U�`&TjT�WfO��cf��`�X[UiOR\�`&V�Q�^ _���� �<_�UiV�\�_�Q�LR`&O���`3V�NR`3O�¡
_ U�Vi\¢^oZ�N`&ZjV�`&O w Z�V�S�cfT�`,�¤£�Q�^o`3ORQh\�U�O+��S�Wf`&a��UiS�O+Nh¥§¦O��Q�¨f©«ª¬s�~(L�X[U�O+\�`o`3ZjV w ZjV�SicfTj`�^oZ�N`&ZjV�`&^
_ c;��S�\�U�O+��S�^o`3LRL+`3O2�cfV¯® � ^°ZjV¢`&ZjV�`&^ ±�²f®v³�^°\�Zj��e.`3V w T)Q.NRZjV@�¤�@U�p�LbNPORQ.N�Wf`3VgUiNRr&N�s�~(ZjV�Nu´@ziZ��
L+��S�`3Lv��Z�Tj\ka��UiOh`3Z�V���Q«�µ��Q.ORWf`,N��¶Q.UiadWf`3Vicf^x^o`3Vk^xZ�N·`&ZjV�`&O����¶¸n�¤£�Q�^o`3ORQi��Z�L+NhZ�V���p�piZjTj\iU�V�W
±�s§¹�Q�r&UYL+`3S�`&VMs9¸Q�L w Z�V�S�cfT�`ºX[U�O+\�`xZ�^»�np�L+NPQ�V�\FfcfV ±�¼ ^x^½fcfV�\�`3O � U�`&TjTj`ºz�T)Q�r&Zj`&O+N�sM¸�`3O¾ `&ORWfO �cf�f`&ORU�V�W�L+a<Q�e�NPc�OhX¶Q�O�`,NuX¶QÀ¿�¹ÁX�Q�O3s�¸�`&O D�EG�H I J"K-HML+NROPQ�SiT�X[U�OR\i`�\iU�OR��SÂ`3Z�V�`Á± ¼ ^o^
LbN�Q�O+e�` w TjQ�L+NRZjegLR��S�Z���S�N���ÃÄ± ¼�Å �9OPQ.V�LR^oZjL+LRZjc�VxpÆ`3Z�¿ ¼ e.` ¾ ¡0Wf`&Ç�T�NP`&O+N3s;�nUia \�Z�`3L+`nÈY`3ZjL+`�e.cfV�V�NP`&V� U�`&TjT�WfO��cf��`3V�fc�V¢® ¼ piZjL�É ¼ ³M^Êp�`&L+NRZj^o^ºN�X0`3OR\i`3VM��LRZ�`3S�`7Q.U���SY�np�pMs(±fsË¹fpMsM¸�Zj`2Wf`&^x`&LRL+`3V�`&V� U�`&TjT�p�OR`&Z�NP`&Vh.Q�ORZ�Zj`3ObNP`&Vv^oZ�N�\�`3V}Ì{cfegU�LRZ�`3ORUiV�WfLRpÆ`3\iZjV�WfUiV�Wf`3V¢¥ÎÍ�´;e;¨�².ª�s
Ï7ÐbÑ ÒÄÓÔ(ÕoÖ3Ó×�Ø0Ù Ú�Ó�Ô Û ÜÝoÞ�ß Õ7Ó Þáà�â ÓÖ�Ö3Ó Þ
~(L2W�ZjpiNº`3ZjVi`·WfO+cf�f` ¾ Zj`3T�r�Q�SiT��`3O+LR��S�Z�`3\�`&V�`3O D EG�H I J"K-HMãgU�`3T�Tj`&VMs9£�c�Vg�`3V�NPZ�cfV�`&TjTj` D EG�H I J"K-H��
O��cfS�O+`3VvLRZjVi\v�cfORS�`&ORO+LR��S�`&V�\áZjVvQ�T�Tj`3V��nO+NR`3V}\i`3O[^x`&\�Zjr&ZjV�Z�LR��S�`&Vv�nQ�\iZjcfT�cfWfZj`.�@r.sä�ns{ZjV�\�`3O���cf^��
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ziUiNP`&O+NPc�^xcfW�OPQ�z�SiZj`���X�cfpÆ`3Z�\iZj`hf`&ORL+��S�Zj`&\�`3V�`&V�`,y@ZjLbNPZ�`3OR`&V�\�`&Vk��´@zÆ`3V LRcfT���S�`3Oo� �cfS�O+`3V Q�V \iZj`
�`3O+LR��S�Z�`3\�`&V�`3Vá�nVgX0`3Vi\�U�V�Wf`&VáQ�V�W�`3z{Q��.N[LRZjVi\Ms

¸�Z�`[�;N�Q.V�\{Q�O+\@� D�EG�H�IMJ"K-H O��cfS�O+`¶^xZ�N�`&ZjV�`&O � U�`3T�TjWfO��cf�f`�fcfVo¿ ¼f¼�K ± ±�¼f¼ ³M^ X[Z�OR\2a��U�O�\�Zj`¶^o`3Z �
LbNP`&V w ORc�L+`&egNRZjcfViLPQ�UiadWfQ�p�`&V·Wf`&VgUiNPr,N¶U�V�\xTjZ�`&ad`3ObN�`3Z�V�`nO+`3TjQ.NPZ�2S�cfSi`�^oZ�NRNRTj`&OR`�¸�cfL+ZjL&si�;cfWf`3V�Q�V�V�NP`
�|Q�^x^ocfWfORQ�z�S�Z�`,�u�º�cfSiOR`3V�X0`3O+\�`3Vº^xZ�N ZjS�O+`3V�egTj`3Z�V�`3O+`3V � U�`3T�TjWfO��cf�f`3V���r3U�O9l�VgNR`3O+LRU���SgU�V�WegT�`3ZjVi`3O
�gNPORUiegNRU�OR`&V|X[Z�`r�s§��s��|ZjegORc��`3ORe«Q�T�egU�V�Wf`&V|Wf`&p�OPQ.U���S�N�sÆ¸Q�L[Q�p�W�`3L+NROPQ�SiT�NP` �@zÆ`3e�NRORU�^ L+`&NPr,N�LRZj��S
Q.U�L0`&ZjV�`&^Ä\�ZjL+egOR`&NR`3VxU�V�\·`&ZjV�`&^Äe�cfV�NRZjVgU�Zj`&ORT�Zj��S�`&Vx�nVgNR`3Z�TÆr&U�LPQ.^x^o`3VM�fX0cfpÆ`3ZÆ\�Zj`[�np�L+NROPQ�S�T�U�V�W
^o`3SiO0c;\�`3O�X0`3V�Z�Wf`3O0ZjVo\�`3VhW�`3LPQ.^ºNP`&V�Q�V·\iZj`���V�c;\�`3V*M �Q���S�`Q.V�WfOR`&V�r3`&V�\�`&VON�Q�T�p�OPQ�Ui^Ä`3O+adc�TjW�N3s
¸�Z�`x�`3O+a��UiWfp{Q�O+`3V¯È¢`&TjTj`&V�Tu�Q.V�Wf`3V¢S��Q�V�Wf`&VqfcfV¯\�`&O7Q�V�Wf`&Tj`&W�NP`&VÀ�@z{Q�V�VgU�ViW�UiV�\¯\�`3O2È¢Q�S�T0\�`3O
�nV�c;\�`2Q�p�s DFEG�H I J"K-HMO��cfS�O+`3V|e��c�V�V�`3VáL+c·^oc@\iZ�Ç{r&Zj`3ObN�X�`&OR\�`&VM��\�Q��·L+Zj`ºegU�O+r3` w UiTjLR`ºQ�p�Wf`&p�`&VMs
�;cfTj��S�`���T�Z�NRr,� DFEG�H I J"K-HMã;Ui`3TjT�`3V�`&ORr3`&U�Wf`&V w U�TjL+`[^xZ�N�`3ZjVi`3O�¸Q�U�`&O(fcfV ±�¼PK ± ¼�¼ ViL3s;¸�`3O �@zÆ`3ef�
NROPQ�T�p�`&OR`&Zj��S·O+`3Z���SgN0fcfVv®�p�ZjLn± ¼f¼ e�` ¾ p�`&ZÆÈ�Z�`3\�`&ORS�cfT�OPQ.NR`3VofcfVRQm® ¼ Nnr.s@��´;z�ZjL+��S�`�È¢`&O+NR`�a��U�O
\iZj` � U�`3T�TjWfO��cf�f`�UiV�\|\i`3Vv^xZ�NRNPT�`3O+`3V�Ì�T�U���LRZ�V�\|\i`3O[��Q.p�`&TjTj`º±fs ± r&U|`&VgNRV�`3Si^x`&VMs

�;´;V���SiORc�NRORcfV�LbNPORQ�S�TjUiV�WfLRãgU�`&TjT�`3V�TjZj`,ad`3O+V��U�p�`&O�`3ZjVi`3VáX�`&Z�NR`3V���`3O+`3Z���SM� \�`3O�L+Zj��SáfcfV�`3Z�V�ZjW�`3V
~(T�`3e�NPO+cfV�`3V��cfT�N�p�Z�L�± ¼f¼ e.` ¾ `3ORLbNPO+`3��e�N��-`3Z�V�e�cfV�NRZjVgU�Zj`&ORT�Zj��S�`&L��@z�`&e�NPORUi^ ^xZ�N�LR`&S�O�S�cfSi`3O[^xZ�NRNb�
T�`3O+`3O�tuV�NP`&V�LRZ�N��Q.N3s ¸�U�O+��S�\iZj`ºr&`3Z�NPTjZ���S�`7�;NRORU�e�NRU�O\�`3L�~(T�`3e�NPO+cfV�`3V*M{U�LRL+`3L�Zj^»�@zÆ`3Zj��Si`3ORO+ZjV�WhX[Z�OR\
�g´@Vi��S�ORc�NRORcfViL+NPORQ�S�T�U�V�W|Q�TjL�egU�O+r3`&O w U�T�L�fcfV�`&NuX�Q}® ¼ z�L�¸Q�U�`3O^oZ�N�`3Z�V�`3OS�c�S�`3VFÈ�Zj`&\�`3O+S�c.�
T�U�V�WfL+OPQ.NR`�fc�Vv`&ZjV�Z�Wf`3V}± ¼f¼ �SN�ro¥§¦O �Qf¨�©«ª `&^xZ�NRNPZ�`3ObN�s;¸Qº\�Z�`���p�LbNPORQ�S�TjUiV�W�Zj^ X�`&LR`&VgNRTjZ���S�`3VvZjV
�0`&X0`3WfU�ViWfLRO+Zj��S�NPU�ViWº\�`&O0~(T�`3e�NPO+cfV�`3VoWf`&LR��S�Z�`3S�N���pÆ`3L+Z�NPr,N0�;´;V���S�O+c�NPO+cfV�L+NROPQ�SiTjU�V�W�`3Z�V�`�LR`&S�O�egTj`3Z �
Vi`¸�Z��`3ORW�`3V�rnZj^ ��`&OR`3Z���ShfcfV�`&ZjV�Z�Wf`3Vh�|ZjT�TjZ�OPQ�\MsUT�U�LPQ.^x^o`3Vh^oZ�N `&ZjV�`&^ egT�`3ZjVi`3V��;NROPQ�SiTj\�U�O+��S@�
^o`3L+LR`&O���Q�±�^o^WV�¡9a��U�SiO+N�\�Z�`3L(r3U7WfU@NP`3Vo~YXor3Z�`3V�r&`3VoZjV7�|c�V�c@��SiORcf^xQ.NPc�OR`3V7U�Vi\xÌ{cfegU�L+Zj`&ORU�V�W�Lb�
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� Ui`3TjT�Nu´;z ¦O��cf�f` w U�TjL+\{Q�U�`&O ^oZ�N+NPT�s@��O+ZjTjTjQ�V�r w `3Q�egp�ORZ�TjTjQ�V�r¥Î³�^oª ¥	z�L+ª ¥ w S�c�NPc�V�`3V?Zi�<L�^xORQ�\ V ^x^ V ¼ s�± Å pgXn¡uª
�}Q�^o^xcfW�OPQ�z�SiZj`3O��cfS�O+` Ã ± ¼f¼ e-sË�ºs Ã ± ¼\[ e-s§� s�;N�Q�Vi\{Q�OR\|� �cfS�OR` ¿ ¼f¼]K ± ±�¼�¼ ^`_�¼ s ¼f¼f¼ Ã ± ¼!a Ã ± ¼�b V�;´;V���S�ORc.NPORc�VÁ�b±�s-¦�`&VMsä¡ _�¼f¼]K ± ¼f¼�¼ ± ¼�¼ ± ¼ b V ± ¼ b=c�;´;V���S�ORc.NPORc�VÁ� _ s-¦�`&VMsä¡ _�¼f¼]K ± ¼f¼�¼ ± ¼�¼ ± ¼�bCd6K ± ¼eb=f ± ¼�b5[ K ± ¼�b=a�;´;V���S�ORc.NPORc�VÁ�¬¿@s-¦�`&VMsä¡ _�¼f¼]K ± ¼f¼�¼ ® ¼ ± ¼�b=a9K ± ¼ V b ± ¼ V bgK ± ¼ V dh Ì"~�_��dZjV w T)Q�VgU�V�W�¡ ±�® ¼ ¼ �§¿ ± ¼ V c ± ¼\i�d
_ w�w ± ¼jK ¿ ¼ ^ ¼ � _ Ã7± ¼ b=k ± ¼ V b
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`&Tj`&^x`&VgNR`3VMsÆ��V��;´;V���S�O+c�NPO+cfV�L�e«Q�V�V|`3Z�V}S�cfSi`3O�^oZ�N+NPT�`3OR`&O�^xc�V�c@��SiORcf^xQ.NPZ�LR��S�`&O D�EG�H I J"K-H�M{U��
`&ORr&Zj`3T�NnX0`3O+\�`3V�sM��^½Í��@_���X�`&OR\�`&V�pÆ`3Z�~�y@z�`&ORZj^o`3V�NR`3V�`,NuX¶Q�¿-}�± ¼ b~b w S�c.NPcfV�`&V1}äL�� b }ä^o^O� V pÆ`3Z
¿�¿i� _ e.` ¾ ZjV·±�¹ ¼ ` ¾ ��Q�V�\�p�O+`3Z�NP`�Wf`&V;U@NPr&Nn¥Î_ `&X�¨�²�ª�s�¸�Z�`3L"`&V�NPLRziORZj��S�N `&NuX�Q�¿f¿�¦�´&}§L � b sUT�U�^ ¾ `&Ob�
W�Tj`3Z���SY\�Q�r3UYTjZj`&W�N�\�Z�`x^oZ�N+NPTj`&OR`�TMQ.S�T Q�V¢��Qf£���� w Sic�NPcfVi`3VM� \�Z�`o�cfV¢`&ZjV�`&Oº_�Q�L+`3O+z�T)Q�L+^·Q.ã;Ui`3TjT�`
pÆ`3Z�± ¼ Nnr�`3^oZ�N+NPZ�`3O+NnX�`&OR\�`&VM� pÆ`3Z¶± ¼!� w S�c.NPcfV�`&V?Z��dL _�� LROPQ.\-¡,s ~(Z�V�r3Z�Wf`3OÍnQ���S�NP`&ZjT(ZjLbN\�`&OS�c.�
Si`£cfL+NR`3V{Q�U@a1X¶Q�Vi\M�iX0c@\�UiOR��S�LRcfT���S�` � U�`3T�Tj`&VhVgU�O¶ZjV·p�`&L+NPZ�^x^ NP`3V�T�`3V�NPO+`3V�pÆ`&NPO+Zj`&p�`&VhX�`&OR\�`&V
e��cfViV�`3V|U�V�\�a��U�O�\�`3V}Q�TjT�N��Q�W�TjZj��Si`3Vh�0`&NPO+Zj`&p|V�Z���S�Nnr&U�O ¾ `3Oba��U�WfU�V�W7LbNP`3Si`3VMs
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S �Q�V�WfZ�Wfe�`&Z�N�fcfV·\�`3O ��OR\�VgU�V�W�LRr�Q.S�T�\�`&L0��Q�O+Wf`&NR^·Q.NR`3O+Z)Q�T�L3s�Ì �UiO0egTj`&ZjV�`���p�ZjL `&NuX�Q���� _ É�X[Z�OR\
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�0OR`3^oLRLbNPORQ�S�TjUiV�Wh`3O+S��Q�T�N�s�¸�Zj` ~�^oZjL+LRZ�cfV}`&ZjV�`&L�_�Q�LR`&ORz�TjQ�LR^xQ�LnZjV�\�`&VqN�Q�T�p�OPQ.U�^ L+NR`3S�N�ZjV|L+N�Q.Ob�
e.`3^ £cfV�NPOPQ.L+Nhr&U�OhL+��S�^·Q.Tj`3V]¸�Z�f`&ORWf`&V�r}\i`3O��g´@Vi��S�ORc�NRORcfViL+NPORQ�S�T�U�V�W�s�_9Q.LR`3O+z�T)Q.LR^xQ«� � U�`&TjTj`&V
L+ZjV�\ÀWf`&z�U�TjLbN·UiV�\ X0`3Z�LR`3VkÌ{OR`3ãgU�`&V�r3`&V]fcfV p�ZjL7r&U�± ¼f¼�¼ N�r}Q.Uia¤s�¸�Zj`|�@z�Z�NPr&`3Vgp�ORZ�TjTjQ�V�rhe«Q�V�V
L+`3S�O�S�c;��SoLR`3Z�VM�fX �Q�S�O+`3V�\o\�Z�`�^xZ�NRNPT�`3O+`¶��O+ZjTjTjQ�V�r0\�`3O+r3`3Z�N�Wf`3VgUiNRr&NR`3O0_9Q.LR`3O+z�T)Q.LR^xQ«�¤� �cfV�NPWf`&V�ãgU�`3T �
T�`3V�r&Zj`&^xT�Zj��S}ViZj`3\iORZjWxZjLbN�sÆ��pÆ`3O�\iZj`2~(V�NuX[Zj��egT�U�V�W�\�`3O�_9Q.LR`3O+L+´;L+NR`3^o`�LR��S�O+`3Z�NP`&N�L+N��Q.V�\�ZjWxfcfORQ�VM�
L+cÁ\{Q��qL+Zj��S�\�Z�`3L+`F�@Z�NRU{Q.NRZjcfVÀZjV]V �Q���S�L+NR`3O�T�`&Z�NF�Q.V�\�`3O+V]X[ZjO+\Ms0��Q�pÆ`3T�Tj`�±fs _ f`3O+^xZ�NRNR`3T�Nx`3Z�V�`3V
~(Z�V�\�ORUi��e�\�`3O�L+N��Q�V�\�Z�Wf`3V�È¢`&Z�NR`3OR`&V�NuX[Zj��egTjU�ViW·\�`&O DFEG�H I J"K-HMã;Ui`3TjT�`3V�pÆ`3r@�UiWfTjZ���S|\�`&O[^xZ�NRNPT�`3O+`3V
UiV�\q�;z�Z�NRr3`3Vgp�O+ZjT�T)Q�V�r&`3VMsM¸�Zj`2tuV�NP`&V�LRZ�N��Q.NRLRLbNP`3Z�Wf`3O+U�V�W|\�U�OR��S¢�;´;V���S�O+c�NPO+cfV�LbNPOPQ.S�TjU�ViWfLRãgU�`&TjTj`&V¢Z�L+N
`&V�cfO+^|s�¸�Zj`&LR`3On��O+`3V�\Fe«Q�V�V}\�U�OR��SF\�Z�`2~(V�NuX[Zj��egTjUiV�W�\�`3LnadOR`3Z�`3VF~(Tj`&e�NPORc�V�`3V@�u_�Q�LR`&ORL7�<Ì"~�_�¡[ZjV
T�Uie;UiVia1N[adcfO+NRWf`3L+`&NPr,N[X�`&OR\�`&V¯¥ËÌ{`&T ¼f¼ ª�s
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Ìn�U�O^x`&\�Zjr&ZjV�Z�LR��S�`ºlnV�NP`&ORL+U���SgU�V�Wf`&VqZjLbN�\�Zj`ºÈ¢Q�S�T�`3ZjVi`3LWf`&`3ZjW�V�`&NR`3V�¸�`&NR`3e�NPcfO+L�Q�U�L��@Z���S�N�\�`3O
�nU-M9�cfL+U�V�W�U�V�\oQ�UiL�¦�O.�U�V�\�`&V7`3ZjVi`3O"V�Z�`3\�O+ZjW�r&U7S{Q�T�NR`3V�\i`3Vo�;NROPQ�S�T�`3VgpÆ`3T)Q.L+NPUiV�WU�V�\�\{Q.^xZ�N(Q�U���S
ViZj`3\iORZjW7r&U|S{Q.T�NP`&V�\�`&O w S�c�NRcfV�`&V�r�Q�SiTj`3V�fc�V}`3V�NRLR��S�`&Zj\�`&V�\�`3O���`3\�`&UiNPUiV�W�s-tuViadcfO+^·Q.NRZjcfVi`3V�X�`&Ob�
\i`3VvZjVh\�`&O��nQ�\iZjcfT�cfWfZj`[S{Q.U�ziNPL��Q���S�T�Zj��S�\�U�O+��S��@��S�Q.NRNR`3V�X[U�O+a�\�`3LP��p�L+`&egNR`3L�`3O+r3`3UiW�N��iX0`3ViV}\�Z�`3L
^oZ�N DFEG�H I J"K-HML+NPORQ�S�T�U�V�W·pÆ`3T�`3U���S�NR`&N�X[Z�OR\Ms-¸�Z�`3L+`3O��@��S{Q.N+NP`3V}LRcfT�T�NP`�^oZ�N[`&ZjV�`&^½Sic@��S{Q.U-M9�cfL+`3V@�
\i`3VÁp�r,X�s�zÆcfLRZ�NPZ�cfV�LR`&^xz@Ç{V�\�T�Zj��S�`&Vq¸�`&NR`3e�NPc�O2Q�UiadW�`3V�cf^o^o`3VYX0`3O+\�`3V�s"¸�`&NR`3e�NPc�OR`3VÁ^oZ�N�S�c�S�`3O
O��Q�U�^oTjZ���S�`3O¶�nU-M9�cfL+U�V�WxLRZjVi\vViZj��S�N�Tj`3Z���S�N�f`3Oba��U�Wfp{Q.O�c;\�`&O�r&Zj`&^xT�Zj��S·NR`3U�`&O3s

tuV�\�Zj`&LR`&^ £�Q�z�Z�NP`3T«X�`&OR\�`&Vº\{Q.S�`3O \�`&OMadc�NPc�WfOPQ.Ç�LR��S�`�Ì�Z�Tj^v��\�`3O�LR`&Z�N¶�Uip�`&O `3ZjVi`3^¦¥fQ.S�ORSgU�V�\i`3O+N
Q.TjL��;NPQ�V�\{Q.OR\�^o`&NRS�c@\i`�`3ZjViWf`3L+`&NPr,N(X[ZjO+\oUiV�\7\�Zj`¶L+cfWf`&V{Q�V�V�NP`&Vh��Z�Tj\�ziT)Q.N+NP`3V��«\iZj`�r3UiLPQ�^o^x`&V�^xZ�N
\i`3VÀ\�ZjWfZ�N�Q�T�`3Vq�@��Q�ViV�`3O+VÀ�cfO�`&NuX�QÀ± ¼ ¥fQ.S�OR`&VÀ`&V�NuX[Zj��e�`&T�N7X[U�O+\�`3V ¥§�|Z�´@©f¨@���;cfV{©f¿.ª¬�"^oZ�Nº\�`3O
���¶¸n�u£�Q�^x`&OPQ2f`&ORWfT�Zj��S�`&VMs
§�Ð�Ï ¨ ÓÔ Û ÜÝoÞhß Õ7Ó ÞS© Ö0ª
Ì{c�NRcfWfORQ.Ç{LR��Si`3O[Ì�Z�Tj^ÄZjLbN�`3Z�V�`3O�\�`3O��Q.T�NP`&L+NR`3V�U�V�\�Q�Ui��S|Q.^ X0`3Z�NR`3LbNP`3V��`3ORpiOR`3Z�NP`,NP`3V|¸�`&NR`3e�NPc�OR`3V
a��UiO DFEG�H I J"K-HML+NPORQ�S�T�U�V�W�s�¸�Z�`�TjZj��S�NR`3^oziÇ{V�\�T�Zj��S�`|�@��SiZj��S�N·Z�L+No`3Z�V�`|~�^ºU�TjL+ZjcfVÀQ�U�LoZjV ¦`3TjQ.NPZ �
Vi`h`3Z�V�Wf`3pÆ`&N+NP`,NP`3V���U�V�NP`&ORL+��S�Zj`&\�TjZ���SÁWfORcf��`3V¯�@Z�TjpÆ`3O+S{Q�Tjc�Wf`3V�Z�\�e��cfORVi`3ORVk�<�nW���OP¡,s�¸�Zj`·¦�O��cf�f`o\�`3O
�nW���O�£x�c�ORV�`&O�S{Q.N0`3Z�V�`3V�~(Z�V-M{U��ºQ�Uia�\�Z�`�~(^oziÇ{V�\�T�Zj��S�e.`3Z�N¶U�V�\·\�Zj`���ZjT�\�LR��S��Q.O+ad`�s*¥�`�W�O��cf�f`&O0\iZj`
£O+ZjL+NPQ�TjT�e��cfORV�`&O3�f\i`3L+NRc2S��cfSi`3O�Z�L+N0\�Zj`n~(^xz@Ç{V�\�T�Zj��S�e.`3Z�N U�Vi\h\�`3LbNPc2e �U�O+r3`&O¶LRZ�V�\·\�Z�`��0`3TjZ���S�NPU�V�W�Lb�
r&`3Z�NP`3V�s@�nV�\�`3O+`3O+LR`3Z�NPL��`3O+WfO �cf��`3O+N�\�Zj`�£cfORV�W�O �cf�f`nQ�U���S·\�Zj`nlnV�L+��S �Q�Obad`�s�¸�Z�` w Z yi`&Tje«Q�z{Q.r3Z�N �Q.N�fcfVDFEG�H I J"K-H�Ç{Tj^o`3Vq�U�pÆ`3ObNPO+Z�«ÆN[\�Zj`'L+`&\�`3LnQ�V�\�`&OR`&V}¸�`,NP`3e�NRcfORL�U�^ ¦O��cf��`3V�cfO+\�VgU�V�Wf`&VMs

Ì�Z�Tj^o`S{Q�pÆ`3V|`3ZjVi`3V�O+`3T)Q«NPZ�·egTj`3Z�V�`3V|\i´;V{Q�^oZjL+��S�`3Vá�0`3OR`&Zj��S}�cfV�r,X�`&Z�p�Z�Ln\iOR`3Z�¦O��cf�f`&V�cfO+\@�
VgU�ViWf`3VMs�¸�`&O¬N�Q.U�ziNR�cfO+NR`3Z�T�TjZ�`3W�N�ZjV�\i`3OS�cfSi`3VFT)Q.NR`3ORQ�Tj`&V���U-M �cfLRU�ViW��cfVáX�`&V�ZjW�`3VY�|ZjegO+cf^x`��
NR`3O+VMsÆÌ�ZjT�^x`�L+ZjV�\|r&X�Q�O�OR`3TjQ.NPZ��z�O+`3ZjLbX�`&O+N3��r&`3ZjW�`3V|Q�p�`&OnZ�V|\i`3OPN�Q�V�\iS{Q�p�U�ViW·`3Z�V�ZjW�` ÍnQ���S�NP`&ZjTj`.s
Ì{c�NRcfWfORQ.Ç{LR��Si`·Ì�Z�Tj^o`2e��cfV�V�`&V¢VgU�O�`3Z�V�^·Q.T�f`&O+X0`3V�\�`,N2X0`3OR\i`3VMs�¸�Zj`�V{Q���SY\�`3O ��`&TjZj��S�NRU�V�Wv\�`3O
Ì�ZjTj^o`2adcfT�Wf`3V�\i`h~(V�NuX[Zj��egTjU�ViWáp�`&V��c�NPZ�W�N�V�c;��SqX�`&Z�N2^o`3SiOrT�`&Z�NºQ�TjL�\{Q�LºÈY`3��SiLR`3T�VÁ\�`3L2Ì�ZjT�^x`&L
pÆ`3Z�Q�p�L+cfTjUiNR`3Oº¸�U�V�e�`&TjS�`&Z�N3��L+cá\{Q���\{Q.L�~(ORWf`&p�V�ZjLº\�`3O ��UiadV{Q.S�^x`&VÁ`3O+L+N2;Zj`&Tj`h�|ZjVgUiNR`3VÁV{Q���S
\i`3O[`3Z�Wf`3V�NPT�Zj��S�`&Vv��`3T�Zj��S�NPU�ViWo�cfORT�Zj`3W.N�s

�|Z�N�N�ZjT�ad`v\�`&O�¦�ORQ�\{Q.NRZjcfViLRegU�O+�`¯�<�nU�LRL+��S�V�Z�NRN�Z�V]��p�p�s���s _ p-¡oe��cfViV�`3VÂ~(^xz@Ç{V�\�T�Zj��S�e.`3Z�N3�
£cfV�NROPQ�LbN��M¸�Z���S�NP`3Ui^oa<Q�ViW·U�V�\F�0`3TjZ���S�NPU�V�W�LRLRziZj`3T�OPQ�Ui^ `3OR^oZ�N+NP`&T�N�X�`&OR\�`&VMsMtuV�\�Z�`3L+`3O£U�Obf`2Z�L+N

±�©
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\iZj`2cfz@NPZjL+��S�`�¸�Z���SgNR`�° �dadO.�U�S�`&O��@��S�X �Q�ORr&U�V�Wg¡·�U�pÆ`3O�\�`3^±T�`3S�V�`&ORT�cfW�Q�O+Z�NPSi^2U�L�\�`3O���`&TjZ���SgNRU�V�W
Q.UiadWf`&NROPQ�W�`3V��<TjWq²³�½T�Wm´ k<µ ¡�s�¸�Zj`hcfz@NPZjL+��S�`|¸�Zj��S�NP`�Z�L+N7\�`,Ç{V�Zj`&O+NxQ�T�L�\�`3O7\�`&e.Q.\�ZjL+��S�`}_ cfWfQ«�O+Z�NRS�^2U�Ln\�`3L ¾ `&ORS��Q.T�NPViZjLRL+`3L�\i`3O�tuV�NR`3V�L+Z�N��Q«N¬´ k \�`&O�`&ZjVia<Q�T�Tj`&V�\�`3V��;NPORQ�S�T�U�V�Whr&U�O�tuV�NP`&V�LRZ�N��Q.N�\�`3O\iU�OR��S�W�`3T)Q.LRLR`&V�`3V·�;NROPQ�S�T�U�V�W¶´-s�Ì��U�O(�v`3\�Z�r3ZjVi`3O"\�ZjQ�WfV�c�LR`3O+`3T�`&.Q�V�NP`¶�;NPO+U�e�NPU�O+`3V7TjZ�`3Wf`&V2r&X[Z�LR��S�`&V
°¤� ¼-· ®7U�V�\q°�� _�·�_ s&T�U�^½~(OROR`&Zj��S�`&Vá`3Z�V�`3OncfziNPZ�LR��S�`&VF¸�Zj��S�NP`�fcfVq°�� ±ºZ�L+N�`&ZjV w Sic�NPcfV
ziORco³M^¸V�Vic�NuX�`&V�\�Z�Wá¥¹Nn`3V�©fÉ.ª¬s
§�Ð�§ ¨ ×3Ó º ×�Ö�Úm»áÖ0¼ ß�ß Ó
~(Z�V�`h��Z�Tj\�ziT)Q.N+NP`�ZjLbNº`&ZjV�`�M{`�yiZ�p�Tj`oz�TjQ�L+NRZjLR��Si` w T)Q.N+NP`o^xZ�N�`3Z�V�`3^°adc�NRcfL+NRZj^2U�T�Zj`&ORp{Q�O+`3V�£ORZ�L+N�Q.TjT��
ziU�T��`3O3�{r.sä�ns-�¶QfÌ"��O2½ä~(U¾V3¿"�9¥Î£�Q�X�¨f¿i�-�|Z�´@©fÉi�-�@c�V{©f¿.ª¬s

~(ZjVi` ¾ Z�`3T�r�Q�S�T��cfV�~(ZjW�`3V�L+��S{Q.a1NP`&Vh^xQ���S�N�\�Z�`��0ZjTj\iz�T)Q.N+NP`[Q.N+NPORQ�e�NPZ�ºa��U�O0\iZj` D EG�H I J"K-HMp�`&U@�
W�U�V�W�si¸�Zj` w TjQ.NRNR`3VhS{Q.p�`&Vv`&ZjV�`nS�cfS�` � U{Q.VgNR`3V�`�Xor3Zj`&V�rx�¬¸ � ~ b ¡��Uip�`&O�`3ZjVi`3V�WfO+cf�f`3V��@z�`&e�NPOPQ.T��
pÆ`3O+`3Z���SM��\�`3O7LRZ���S piZjL7S�ZjV¯r&U�Oo£��µ��p�L+cfORz@NPZjc�V�LRe«Q�V�NP`��cfV]�¶Q.ORZjUi^ pÆ`3Z[¿�²@�Ë¹g® _ e.` ¾ � ¼ �§¿f¿ÁÀ�¡
`&ORLbNPOR`&��e�N�s�¸�Z�`���ZjT�\�z�T)Q«NRNP`áe«Q�ViV�V{Q���S�\�`3^ ��UiLRTj`&LR`&V \�U�O+��S `3Z�V�`¢�0`3TjZ���S�NPU�V�W ^xZ�N�X�`&Zj�f`&^
_ Z���SgN¶Wf`3Tµ�cfLR��S�N¶X0`3O+\�`3V�U�V�\�LbNP`&SgN[\�Q�V�VhX[Zj`&\�`3O0a��U�O�`&ZjV�`�Vi`3U�`��nUiadV{Q�Si^x`�r&U�O ¾ `&O+a��U�WfUiV�W�s�¸�Z�`
~(^oziÇ{V�\iTjZj��Sie�`3Z�N�`3ZjVi`3O���ZjT�\�z�TjQ.NRNR`2ZjLbN Ui^ _ �¤¿v¦O��cf�f`&V�cfO+\�VgU�V�Wf`&V¢S��cfSi`3O Q�TjL\�Z�`�fcfV D�EG�H I&Â
J�KÆH�Ç{T�^x`&VMs ~(ZjVáX0`3Z�NP`3O+`3O�`3O+S�`3p�T�Zj��S�`&O ¾ cfO+NR`3ZjT�ZjL+N�Z�S�OWfO+cf�f`3O�\i´;V{Q.^xZ�LR��S�`&O �0`3OR`&Zj��SM��\�`&O�LRZj��S
�Uip�`&O�¹.�¤®º¦O��cf�f`&V�cfO+\�VgU�V�Wf`&V�`3ORLbNPO+`3��e�N�s{¸Q�WfORc��f`�¸�`,NP`3e�NRcfOJM9�Q.��S�`3V�fc�Vh^x`&S�O¶Q.TjL _�¼�Ã�_ ® �&^¸V
pÆ`3Z(`&ZjV�`&O�¸�Zj��e�`��cfV ¼ �4®@±7^o^ ^}�cfWfTjZ���S�LRZ�V�\�U�V�\�\�Zj`�O��Q�U�^oTjZj��Si`���U-M9�c�LRU�V�Wvr&X[Z�LR��S�`&V]± ¼f¼¸K
±�® ¼ ³M^°T�Zj`&W�N��MZ�L+N \�Zj`¸TMQ�SiT \i`3O2Q.U-M9�cfL+`3V�\�`&V¯~(Tj`3^o`3V�NR`�� w Z y@`3T1¡��`3ORW�Tj`3Z���Sgp{Q�Oº^oZ�N�\i`3V�`&VÁ\�`3LDFEG�H I J"K-H�Ç{Tj^o`3L&s

¸�Z�`�Í�Q.��SgX0`3Z�LRWfO+`3V�r&` T�Zj`&W�NÄL+`V�Q���S w T)Q.N+NP`3V�Nu´;z�p�`&Z�X0`3V�Z�Wf`3V�p�Z�L�r3U�`&ZjV�Z�Wf`3V�¸�U@NPr3`&V�\ w S�c.�
NRcfV�`&V�z�ORc w Z�y@`3T¬�-X0cfpÆ`3Z9\�Zj`�tuV�NP`&V�LRZ�N��Q.NR`3V�Z�V}T�cfW�Q�O+Z�NPSi^xZ�LR��S�`&O[Ì-c�OR^ Wf`&LRzÆ`3Z���S�`3ObN�X�`&OR\�`&VMsM¸�Z�`
e.cfV�f`&VgNRZjcfVi`3TjT�`3V��0ZjTj\iz�T)Q.N+NP`&VÁLRZjVi\k^oZ�N7`3Z�V�`3^ `,NuX¶Qk±�±|³M^ \iZj��e�`&V w ~(���¤Ì�Z�Tj^ pÆ`3L+��S�Zj��S�NP`,N��
X0c;\�U�OR��S|LRZ�`V�Zj��S�N�^x`&S�O[`3^oziÇ{V�\iTjZj��S�Wf`&VgU�Woa��UiO¶X�`&Zj��S�` D EG�H I J"K-HML+NROPQ�SiTjU�V�W7L+ZjV�\Ms

¸Qh\�Z�`7��ZjT�\�z�TjQ.NRNR`3V�L+`3TjpiL+N�e�`&ZjVF`3Vi`3ORW�`&NPZ�LR��S�`&L �nU-M9�cfL+U�V�WfLbf`&OR^}�cfWf`3VYS{Q�pÆ`3VM��e��c�V�V�`3VY�[`,�
M�`,y@`�S��cfS�`&OR`&Oo�O+\�VgU�V�W�c;\�`3O�Q�U���Sá\�`&OlnV�NP`&ORWfO+U�V�\F\�U�O+��SFU�^xW�`3pÆ`3V�\�`��;NPORQ�S�TjUiV�WhV�Z���SgNQ�U@�
NRcf^xQ.NPZ�LR��S�\�U�O+��S|\�Z�`���ZjT�\�z�T)Q«NRNP`nU�V�NP`&OR\�O.�U���e�N�X0`3OR\i`3VMs
Å AYD�/OÆÁ$Çz�÷äü,û��,øÉÈ�Ê�û0.5�J�¬ü2�¬ú�û.ù«%=Ë5Ì(ÍÎÈ�$�z�÷äü,û��,øÉÈ�Ê�û0.5�J�¬ü2�¬ú«û«ù«%CÏ@Ð
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��S�Q�ORWf` ��c�U�z�Tj`&\�¸�`&;Zj�&`3L0�����¶¸�LP¡�X�`&OR\�`&VºQ�T�LMr&X0`3Z�\�Zj^o`3ViLRZjc�V{Q�Tj`&O ¸�`&NR`3e�NPc�O�f`&O+X0`3V�\�`,N[¥Ë¦�O+U{©f¨�ª�s
~(Z�V�`xX0`3L+`3V�NPT�Zj��S�`�~(Z�Wf`3V�L+��S{Q.a1Nº\�Zj`&LR`3O ¸�`&NR`3e�NPc�OR`3VÁpÆ`3LbNP`&SgNº\{Q�O+ZjVM��\�Z�`o�cfVq\�`&VÁQ�p�L+cfORp�Z�`3ObNP`3Vw S�c.NPcfV�`&V2Q�UiLRWf`&Tu�cfLbNP`3V w S�c�NPc;`3T�`3e�NPO+cfV�`&V Z�V pÆ`3V{Q.��S;p�Q�O+NR`3V w c�NP`&V�NPZ)Q.T�N��c�ziad`3V�\�`3LBN�Q.Tjp�T�`3Z�NR`3O+^·Q«�
NR`3O+Z)Q�T�L2�¬�@ZjT�Zjr3Z�U�^·¡�r3UáLRzÆ`3Z���S�`3O+VáU�V�\á\�UiOR��S��@��S�Z�`3pÆ`3VF\�`&O�_�Q�\�U�ViW�\{Q�L�cfObNPLRQ�UiadWf`&Tu�cfLbNP`��;ZjWfV{Q.T
`&ZjV�`&^ `&ZjV�e«Q�V{Q.TjZjW�`3V¢�nU�LRWfQ�V�WfLbf`3O+L+N��Q�ORe.`3Oor3U�r&Uia��U�S�O+`3VMs�¸�Z�`OTMQ�S�T \�`3O7~(T�`3e�NPO+cfV�`3V��"\�Zj`·ZjVÁ`3Z �
Vi`3^ w c�NR`3V�NPZjQ�T�NRcfzia�Wf`3L+z�`&Zj��S�`&O+N0X�`&OR\�`&Vhe��cfV�V�`&VM�@Z�L+N z�O+cfz�c�O+NPZ�cfV{Q�Tir3U�O w Z�y@`3TÕM9�Q���S�`.s����¶¸�L ^xZ�N
W�O �cf�f`&OR`&V w Z�y@`&TjV�`3O+T)Q�U�pÆ`3Vv\�Z�`��@z�`&Zj��S�`&ORU�ViWxWfO �cf�f`&OR`3O�_�Q�\�UiV�WfLR^o`3ViWf`3VvU�V�\vp�Zj`,NP`&V|\�`&L+X0`3Wf`&V
Q.U���S|`&ZjV�`�WfO��cf�f`&OR`�¸�´;V{Q�^oZje·Q�TjL����¶¸�L[^oZ�N�egTj`&ZjV�`&OR`&V w Z yi`&TjVMs

Ìn�UiO�\�`3V �0`3OR`&Zj��Sð\�`&O D�EG�H�IMJ"K-H LbNPORQ�S�TjUiV�W]LRZ�V�\ ���¶¸�LáQ]ziORZjc�ORZ�V�Zj��S�Náe.cfV�r&Zjz�Z�`3O+N3s�~(L
W�ZjpiNÄL+`3\�c;��S�f`3O+LR��S�Z�`3\�`&V�`���V�L��Q.NPr&`��{U�^ ���¶¸�L[Q�U���S�ZjV·\�Zj`&LR`3^ �@zÆ`3e�NPORQ�TjpÆ`3O+`3Zj��S�`&ZjV�L+`&NPr&`3V�r3U
e��cfViV�`3V1½BT�U�^»`3ZjVi`3V�e.Q.V�VF\�Zj` D EG�H I J�KÆHMLbNPOPQ.S�TjU�ViW�Q�Uia¶`&ZjV�`&^ ^oZ�N`&ZjV�`&^°_ `3U���S�NPLbNPc\«���r�s§��s
¦\ V � V �&½Ë��pM��pÆ`3L+��S�Zj��S�NR`&NP`&Vá�@��SiZjOR^ Q�UiadW�`&a<Q�V�W�`3VhX0`3OR\i`3VM�-\�`&O¶\{Q�V�V�^oZ�N0`3Z�V�`3^Ö�peL+`3e�NPZ��Q�Uia
\i`3Vo���¶¸n�b��SiZjz�Q�piWf`3p�Z�Tj\�`,N�X[Z�OR\Ms\T�U�^ Q�V�\i`3OR`&V�e«Q�V�V�Q�Ui��S�`3ZjVºWf`3L+cfV�\�`&O+NP`&L�_ Zj��S�NPT�`3Z�NR`3O+p"�U�V�\�`&T
^oZ�N�\�`3^»_ `3U���S�NPLbNPc\«¯pÆ`3L+��S�Zj��S�NR`&N�X�`&OR\�`&VMs�¸�Zj` D�EG�H I J"K-HML+NROPQ�S�T�U�V�W·X[Z�OR\á\{Q.V�VFZj^Ê_�`&U���S�N+�
LbNPc\«qQ�p�L+cfORp�Z�`3ObN���UiV�\á\{Q�L�_ U�^oZjV�`&LRr&`3V�r&TjZj��S�N�X[Z�OR\�c�O+NPLRQ�UiadWf`&Tu�cfLbN·�U�pÆ`3O�\�Q�L�_ Zj��S�NPT�`3Z�NR`3O+p"�U�V�\�`&T
�<Ì�ZjpÆ`3O+z�T)Q«NP`�¡0Q�Uia�\�`3V}���¶¸n�b��S�Z�z|W�`3Tj`&Z�NR`&N�s

�@c�^xZ�N�L+NR`3TjT�N�\�Z�`����¶¸n�¤£�Q�^o`3OPQ�Q.U���S�a �U�O�\�`3VvS{Q�ObNP`&V D�EG�H�IMJ"K-H pÆ`3O+`3Z���Sv`&ZjV�`�nT�NR`3ORV�Q.NPZ�f`
r&UáÌ�Z�Tj^ UiV�\á��Z�Tj\�z�TjQ.NP`\�Q�O3sÆ¸�`3O�\i´;V{Q�^oZjL+��S�`2�0`3OR`&Zj��S�`&ZjV�`&L�L+cfTj��S�`&VF�;´;L+NR`3^oL�`&ORL+NROR`&��egN�LRZj��S
�Uip�`&O�;Zj`&O�p�ZjL�a��U�V@a�¦O��cf�f`&V�cfO+\�VgU�V�Wf`&VMsÆ¸�`3On���¶¸n�b��S�Z�z|L+`3T�p�L+N�pÆ`3LRZ�NPr,Nn`&ZjV�` ¦O��cf��`��cfVvp�ZjL[r3U
± ¼f¼f¼qÃ ± ¼f¼f¼ w Z yi`&TjVM�{^oZ�N�`3Z�V�`3O w Z�y@`3T�WfO��c��f`�fc�V _�¼]K ¹ ¼ ³M^vs
§�ÐbÑ ÒÄÓÔ(ÕoÖ3Ó×�Ø0Ù Ú�Ó�ÔØ×oÓÔgÔ"Ø�Ùá×3Ó�Ú�Ó Þ Ó Þ ¨ Ó ß Ó¬Ó ß"Ý Ô(Ó Þ
Ìn�U�O0\iZj`���UiadV{Q.S�^x`[fc�V D EG�H I J�KÆHMp�Z�Tj\�`&ORVoe�cf^o^o`3V·L+`3S�O f`&ORLR��SiZj`3\i`3V�`�¸�`,NP`3e�NRcfOR`&VhZjVxÌ{OPQ�Wf`.s
Ì{c�NRcfWfORQ.Ç{LR��Si`[Ì�ZjT�^x` X�`&OR\�`&VxS�Z�`3O+p�`&Z�LR��S�c�VxL+`3Z�N�pÆ`3Z�V{Q�S�`± ¼f¼ ¥fQ�S�O+`3VoQ�TjL�¸�`,NP`&egNRcfO"f`&O+X0`3V�\i`&N�s
�0ZjTj\iz�T)Q.N+NP`&V�U�V�\�\�Z�`(r3U�Wf`&S��cfO+ZjWf`&Vº�;��Q�V�Vi`3O X[U�OR\i`3V�fcfO `&ZjV�Z�Wf`3V�± ¼ ¥fQ�SiOR`3V�`&VgNuX[Z���e�`&T�N�¥Ë£�Q�X�¨f¿.ª¬s
Ì{cfObNPL+��S�ORZ�NRNP`vZjV \�`3O·���¶¸ �9`3��S�V�c�TjcfWfZ�`|`&OR^ �cfWfT�Zj��S�`&VmL+`,NPr&Nx`3Z�V�`v��T�NR`3O+V{Q.NPZ�f`.s0~(Z�V ¾ `3O+WfTj`&Zj��S
r,X[ZjL+��S�`3V|\�`3V|e�cf^o^x`&ORr&Zj`3T�T��`3O+a��UiWfp{Q�O+`3V|¸�`&NP`&e�NPcfO+L+´;L+NR`3^o`3V�Z�L+N[ZjV���Q�pÆ`3TjT�` _ s�±�r3U�Ç{V�\�`&VMs

Ìn�UiO \�Q�L�r3Uo`3V�NuX[Zj��e.`3TjVi\�` ¾ `&O+a<Q�SiOR`3V7X0`3OR\i`3V�Q�V7\�`&V·¸�`,NP`&egNRcfO�p�`&L+NRZj^o^ºNP`��nViadcfOR\i`3ORUiV�Wf`3V
W�`3L+NR`3T�T�N�s9¸�Z�` ��nORr&NR`·X0cfTjT�`3Vq\�Z�`xpÆ`3LbNP^ �cfWfT�Zj��S�`x¸�`&NR`3e�NPcfORQ�U-M �c�LRU�V�Wi��U�^ ZjVY\�`3O�_�Q�W�`·r3U¢LR`3Z�VM�¾ `&OR`&V�WfU�V�W�`3V¯�¬�;NP`&V�cfLR`&V-¡nZ�V|�nO+NP`&ORZ�`3V}^oZ�N[`&ZjV�`&^ ¸�U�OR��Si^x`&LRLR`&O�fc�V¢±º^o^ r&U�Zj\�`&V�NPZ�Ç�r3Zj`&OR`&VMs
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Ì�Z�Tj^ �0ZjTj\iz�T)Q.N+NP` ���¶¸n�µ��O+OPQ�´�@`&V�LRZ�NPZ�@Z�N��Q.N�¥ËQisËUMsÎª ± ± ¼ i ± ¼ i\i´;V{Q.^xZ�LR��S�`&On�0`3OR`&Zj��S ± ¼\i ± ¼!d9K ± ¼\f ± ¼!dÈ�Z�`3\�`&O+f`&O+X0`3V�\ip{Q�ORe.`3Z�N V�`&ZjV LRQ LRQT�ZjV�`3Q�OR`�[`3L+z�c�V�LR` V�`&ZjV LRQ LRQw Z�y@`&TjWfO��cf�f` Q ± ¼ ³�^ Ã ¼ ��±�^o^ Ã _�¼ ³M^w Z�y@`&Tjr�Q.S�T ± ¼f¼f¼ z�O+c7�3^ _�¼f¼�¼mÃÙ_�¼f¼f¼ ± ¼�¼f¼qÃ ± ¼f¼f¼¸�`,NP`3e�NRcfORWfO��cf�f` �v`&NP`&O p�ZjL�¿ ¼qÃ ¹ ¼ �3^ ± Ã ±��&^tuV�NP`&V�LRZ�N��Q.NRLPQ�U*M9�cfLRUiV�W Q�V{Q�T�cfW © K ± ¼ piZ�N © K ±�É�p�Z�Nl�VgNR`3O+WfORU�Vi\�OR`&\�U�r3Z�`3O+U�V�W ViZj��S�N�^��cfW�TjZj��S ^��cfW�TjZj��S ^��cfW�TjZj��S£cfLbNP`3V ± ¼]K ± ¼f¼ ~(U�ORc ± ¼f¼f¼f¼oK ± ¼f¼�¼f¼f¼ ~(U�ORc
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�nUia�\i`3O9Q�V�\�`&OR`&V��@`&Z�NP`�LbNP`3Z�W�N�\{Q�\iU�OR��S p�`&Z�e�cfV�LbN�Q�V�NR`3^ �@ZjW�V{Q�TÎZ.lnV�NP`&ORWfO+U�V�\@� ¾ `3ORS �Q�T�NRV�ZjL��¬�iÍ��n¡
\iZj`��;NROPQ�S�T�U�V�WfL+\�cfL+ZjL�a��U�O�\�`&V w Q.NPZ�`3V�NP`&V}ãgU{Q�\�ORQ.NPZ�LR��S|Q�VMs

¸�`&O ¸�`,NP`&egNRcfO�LRcfT�T�NR`2`3Z�V�`x�|ZjV�\i`3L+NRWfO �c��f`�fcfVÀ± ¼1Ã ± ¼ �3^ V S�Q�p�`&VM��U�^ \{Q.L�W�`3LPQ.^ºNP`WNn`&ORr
X �Q.S�OR`&V�\�`3ZjVi`3O·�nUiadV{Q�Si^x`}Q�p�p�Z�Tj\�`&V]r3U�e��cfV�Vi`3VMs�~(Z�V�`���`&TjZ���SgNRU�V�WfL+r3`&Z�Nh�cfV¦Q _ ® ¼ ^oL·Z�L+N
Vic�NuX�`&V�\�Z�Wf` ¾ c�OPQ�U�L+LR`,NPr3UiV�W��-U�^ `3L[\�`&^½�|`3\iZjr3Z�V�`3O[r&U|`&OR^}�cfWfTjZ���S�`3V��ia��U�O�\�Z�`��nUiadV{Q�Si^x`�`3Z�V�`
�[U�S�`&z�S{Q�L+` \i`3LPNn`3O+r3`&V�L�Q.U�LRr&U�VgUiNPr&`3VMs

ÍnQ���Sq\�`&O T�cfW�Q�O+Z�NPSi^xZ�LR��S�`&V¢�;U�piNPORQ�e�NPZ�cfV¢^2Ui�|\�`&Oºl�V�NP`3O+WfORUiV�\qZj^»ZjV�NP`&OR`3L+LPQ�V�NR`3VÀ¦`3p�Z�`&N
L+`3S�OoV�Z�`3\�O+ZjWáLR`&ZjVM��U�^ `3Z�V¯S�ZjV�O+`3Z���S�`3V�\i`3L·�iÍ�� r&U `&ORS{Q�T�NP`&VMs(¸Q�S�`&O�LRcfT�T�NR`�\�`3OolnV�NR`3ORW�ORU�V�\
\iU�OR��S|`3Tj`&e�NPORc�V�ZjL+��S�` UiV�\��g´@LbNP`&^xZ�V�L+NPQ�p�ZjT�Z�N��Q.NP`&Vhf`3O+WfTj`&Zj��S�LbX�`&ZjL+`ºV�Z�`3\�O+ZjWf`&O[Q�TjL�\�`&O w Sic�NPcfVi`3V@�
UiVgNR`3O+WfORU�Vi\}LR`&ZjVMs

�nUia�¦�O+U�V�\h\�`&O¶��V@adcfOR\�`&ORU�ViWf`3V�Q�V·\�`3V�¸�`,NP`3e�NRcfO¶LRziORZj��S�N�L+`3S�O0@Z�`3T-a��U�O�\i`3V�~(ZjV�LRQ.NPr�`3ZjVi`3O
���¶¸n�u£�Q�^x`&OPQis�¸Q.L w O+cfp�Tj`&^ \�`3Oor3Uke;T�`3Z�V�`3V ¸�`&NR`3e�NPcfO+WfO �c��f`|Z�L+No\�U�O+��S ¾ `3ObX�`&V�\�U�ViWÁ`3ZjVi`3O
adc�e;UiLRLRZ�`3O+`3V�\�`&V���ziNPZ�e�r3U�pÆ`3LR`&Z�NRZjWf`&VMs�~(ZjV�`(X0`3Z�NR`3O+`¶�q�c�WfTjZ���S�e�`&Z�N��3\{Q�L9��ORW�U�^x`&V�N�\i`3O�r3U e;T�`3Z�V�`3V
¸�`,NP`&egNRcfORW�O��cf�f`(r&U `&V�NPegO��Q.a1NR`3VM��pÆ`3LbNP`3S�N�\{Q�O+ZjVM�&\�Zj` w Z�y@`&TjWfO��cf�f`(r3U�`3ORW�O��cf�f`&ORVMs«��`&Z�`3Z�V�`3^�ÌÆQ.egNRcfO
± ¼ `&ORS�Z�`3T�NP`�^xQ�V�`3Z�V�`�¸�`&NP`&e�NPcfO+WfO �cf��`¶fcfVo��Qisi± ¼ �3^ U�Vi\xS �Q«NRNP`[\�`&V�V�V�c;��So`3ZjVi`��nU-M �cfL+U�V�W�fcfV
¼ �§¹7^o^|s
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w O+ZjV�r&Zjz�Z�`3TjT;^2U���r&X[Z�LR��S�`&V·r,X�`&Z�¦`3c�^x`,NPORZ�`3V�U�V�NR`3ORL+��S�Zj`&\�`3VxX�`&OR\�`&VMsgtuVx\�`&O'Þ]ß1à J�J�Wf`3c�^x`,NPORZ�`
Z�L+N�\�Z�`·~(ZjV�NRORZ�N+NPL+cfp�`&OJM9�Q.��S�`xW�Tj`3Z���S�r3`&Z�NRZjW�\�Z�`x�nU�L+NRORZ�N+NPL+cfp�`&OJM9�Q.��S�`�s�¸Q�S�`&O�X[Z�OR\Y\�Zj`&LR`·¦�`&cf^x`��
NRORZ�`�Q�U���S��[`2M{`�yiZ�cfV�L+Wf`3cf^o`&NRORZ�`2Wf`3V�Q�V�V�N�sMtuV�áâà)ã�K{W�`3cf^o`&NRORZj` Wf`3S�N�\�Z�`7�;NROPQ�S�T�U�V�Wh\iU�OR��S�\�`3V
£O+ZjL+NPQ�TjTiS�ZjV�\iU�OR��SM��\�s§SMsg\�`&O¶�gNPOPQ.S�T)Q�UiL+NPO+Z�N+N(ZjLbN�Q.UiaM\�`&O�Wf`3Wf`&V"�U�pÆ`3O+TjZj`&Wf`3Vi\�`3Vh�@`3Z�NP`���\�Q�S�`3O0Q�U���S
�9OPQ.V�LR^oZjL+LRZjc�V�LRWf`&cf^o`&NPO+Zj`.s
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È�Z�`}ZjV ��p�p�s�¿is�±�r&U]LR`&S�`3V�Z�L+N�� LRZ�V�\k\iZj`á¦Z�N+NP`&OR`3pÆ`3Vi`3V]Z�^ L+´;^x^o`&NRORZ�LR��S�`&VÙÞ]ß1àMJ"J9a<Q�T�T
z�Q�OPQ�T�Tj`&T0U�Vi\ÀZ�^ L+´;^x^o`&NRORZ�LR��S�`&Vìáâà)ã�Kia<Q�TjT LR`&V�egOR`3��S�Nxr3U�O7£O+ZjL+NPQ�TjT�cfpÆ`3OJM��Q���S�`�s9��T�Tj`·Q�V�\�`&OR`3V
Í�`&NRr3`3pÆ`3Vi`3V�TjQ�Wf`3V X�`&OR\�`&V�Q�TjL7Q.L+´;^x^o`&NRORZ�LR��SkpÆ`3r&`3Z���S�V�`&N3s�¸�Z�`�¸�`&Ç{ViZ�NPZ�cfVÁ\�`&L·��Lb´;^x^o`&NRORZj`��
X[Z�V�e�`&TjL¬íhZ�L+N\i`3^°��Z�Tj\F¿is�±7r3UF`3V�NRV�`3S�^o`3V�s�~(LX[ZjO+\áf`3O+`3Z�V;p�Q�O+N3� \{Q���í�î ¼ a��U�OLbNPOR`&Z�ad`&V�\�`3V
~(Z�Via<Q�TjT�WfZjT�N�¥Ë�@U�c�¨ _ ª�s

Ìn�UiO \�Zj`"^xQ.NRS�`3^xQ.NPZ�LR��S�`"��`3S{Q.V�\�TjUiV�W[ZjL+NM`3L�LRZ�V�V�fcfT�T�\�`&V �nL+´;^x^o`&NRORZ�`&a<Q�e�NPc�O)ï�`&ZjV�r&Uia��U�S�O+`3VMs
¸�`&O�tuV�\�`�ySð|L+NR`3S�N�SiZj`3O[Q.TjL��;´;V�cfV�´;^ a �U�O[\�Z�`oñóòÎôeô;K?ßÆ�µtuV�\�Zjr&`3Lõð?ö-÷us

ï9��ø k
ø � �¬¿is�±�¡

¸Q.p�`&Z�L+ZjV�\ ø k U�Vi\ ø � \�Zj`���Z���SgNRU�V�WfL+e�cfL+ZjVgU�L+LR`��-\MsËSMs@\�Zj`�£�c�LRZjVgU�L+LR`�\i`3O�È�Z�V�e�`&T�r&X[Z�LR��S�`&V�\�`3O
��pÆ`3O�M �Q���S�`&V�V�cfO+^·Q�T�`3VYU�V�\q\�`&^ `3ZjV@a<Q�TjT�`3V�\�`&VYpir&X�s9OR`2M�`3e�NPZ�`3O+NR`3VÀ�;NROPQ�SiT�s�¸Q�^oZ�N�`&ORWfZ�piN�LRZj��S
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Z�^ LbNPOR`&Z�ad`&V�\�`3V|~(ZjVia<Q.TjT�a��UiO�\i`3Vv��L+´;^o^x`,NPO+Zj`&a<Q.egNRcfO�ZjV�Þoß1à J"J �b¦`3cf^o`&NRORZj`
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(a)

5° Asymmetrie

R = 0,7 m, FWHM = 31’’
R = 1,0 m, FWHM = 22’’
R = 5,0 m, FWHM = 4’’
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35° Asymmetrie

R = 0,7 m, FWHM = 219’’
R = 1,0 m, FWHM = 153’’
R = 5,0 m, FWHM = 31’’
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>;� � � ����½8 8�����g ��8�-� � }e���1}E���©� � �8�1�8} � �����Mª¤}E��µ4{8�8}e�1� � ���g _��� � Jg·�8�Á�8��}¢&Û�- ;��;}E��f@�1���]�g�-�����8���g¨-} �
� ��}E��}¶�����ÇJ¸·�8�Á¹B{ � }E{8�8�;{ � }E{´��{ü��} * } � ��µ4{8� � }Eµ º }+���1��} � �k·µ4Ö-}E�M�-���Á�8��}¶¹Zª8�1µ-�1½;�1��µ4{8�]����}�J�} � v|{î ����{8� º �����1��µ-{8� � }eµ º }e������} º �8Ö@�8}e�Øf)�����]�g�-���:� º 5'}e� � ��}E���g  F �8�'¹Bª8��µ4�1½:����µ-{8���1��}�J�} ��·�8{8{��1}e��{ � � ºv|{_�1}E{8�����#·�Ï��� x }E�����8�]��} ¨���}E��{ F �u ��-�©��}E{ � � �   � � º �1���g 8}E� F �u����}e����}E{ � ����ÖZ�8��} � ���1�- 8���;{ � �8}E{&f)�����]�g�-���
�;�8�1�g 8�;�1��{ � }E{/¨���{8{ � � ��}�¹Zª8�1µ4��½;����µ4{8�]����}�J�}�ª�}+��� ·� � � F � { � J ·�8� � ����� F ��� º ��{2)¿ ,+0�:£��@}Eµ º }+���1��}%ª¤}E�3�Õ ê�ð���óíýkû©è¸ëíë4� � óíý#ú+ê�ë-ó4�Iè+ëìëíñ+ê5�%ê]óíý���øæê]ý"6Ïè¸ëíë � óíðæöZõ#óíê]ð,�%óÝø Ù é-ê � ê]ócôÉõ#ý#êÕø�ù#ý�öZê�ýEø���7#ðòócôÉõEøXö#ê��98¦óíý#úeê]ë � � ó���òôÉõ#ê�ý)ökê���ê]óíýkû©è+ëìëíê]ýÏö#ê��®÷EøòðÉè¸õÏëKù#ýÏöökê]ð :�ðòó;��øÉè¸ëíëìüeé�ê�ð ¾ 
è+ôÉõ#ê v=< ý>�@?A�B�%êÕøòðæó;�òôÉõ#ê�ð Ú�Û�� Ü�Ü ñ+ê�ü'�%êÕøæðòóíêUê]ýEø���7#ðæóíôÉõ
ökóìê��¤ökê5� Ú�Û�� Ü�ÜC� óíý#ú+ê�ë Ù � # � 
è¸õ#ðæê]ýÏö óíýD�@?A�B�%êÕøòðæó;�òôÉõ#ê�ðFE ��GCH ñ+ê]üI�%êÕøòðæóíêXö#ê]ðJ�¤óìýkû©è+ëìë;� � óìý#úeê]ë � ù ÙLK ·�Ô âCMAÙ �
é�ê���øæó��B�'ø�ó4�°ø v
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� � �%��� �@} "4" 3K {8}e� � ��}Ng2¨�}e5 j � 3 " 3 = 3 > 3 � 3 " 3 = 3 > 3
$ © g2ã º j f ^ � 3 ^�> 3 �5µ �-3 > Þ4Þ-3 µ � > = � ^ Þ � = � =¯ © g ºzº j 3 � " 3 ^ � > f "�µ � f µ �-f � ^ � 3 � 3 " Þ 3 � 3 " = 3 � 3_Þ � 3 � � f µ$ON�PHg ã º j = � �_Þ Þ � �43 �%� � µ f � ^ � µ4" 3 � ^-= 3 � >4> 3 � >4> 3 � >4>

ç:è+é�ê�ëìëíê ã�v w#î Á èeôÉõQ�Oë veã¡v ã ñeê]ðæê�ôÉõ#ý#ê]øòêR8»ê]ðòøòêû�
ù#ðZö#óìê ¶ é��òü+ð�7køòóíü+ýS�°ëT
è¸ý#ñeêRUWV # ö#óìê ¶ é��òü+ð�7køòóíü+ýS��øæóìê]û×êRX@V»ù#ýÏö
ökóìêY�Z�pøæóìý#úEøæóìüeý���øæóìê]û×ê[X@\^]'û�
ù#ð�÷póíëìó � óíù�� ¼ E ��GCH ñeê]üI� ê]øòðæóìê #8w ö K Ô�# _Aw=` ý�� ½ ùÏýÏö*�Oê�ð���è¸ýÏóìù�� ¼�Ú�Û�� Ü�Ü ñ+ê]üI�%êÕøòðæóíê #w ö K Ô�# ã�Ô�Ô ý�� ½ v Õ óíê ¶ éS�°üeð�7køæóìüeý��@�Kù#ýÏöD�a�EøæóìýÏúeøæóìüeý��°øòóíêÕû×ê]ýb�òóíýÏö�ökê��dc�ðæü+ñeðæè'�B� Õ <fe[<�g Õ <feh<i#=j 
ü+ë ·'k	l ê]ýEøæý#ü'�m�� ê�ý v

Ge K-Kante bei 11.1 keV

Ge 511, symm.
Ge 220, symm.
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Si 220, symm., t=0.5mm
Si 111, 15° Asymm., t=1.0mm
Si 111, 35° Asymm., t=0.5mm
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n é#é#óíëcökù#ý#ñpo v[yeîqn é��òü+ð�7køòóíü+ý��°øòóíêÕû×êBû�
ù#ð�è+ù��òñ+ê � 
è+õ#ëìøòê�:�ðòó;��øÉè¸ëíë4�æôÉõ#ý#óìø°øæê*�eü+ýr�Oê]ð��%è+ý#óíù��´óíýtsYu �Cvwv �yx�èIz¿ù#ýÏö
÷póìëíó � óíù��{E ��GCH ñ+ê�ü'�%êÕøæðòóíêDx×éSz v�< ýRsYu �Cv|v �f�Oê�ü'�%êÕøæðòóíêUó;��øh�òê]õ#ð�ñeùkøPökóíê: � n é��òü+ð�7køòóíü+ý��òúgè¸ýEøòêY�eü+ý-�Oê]ð��%è+ý#óíù��� ù6ê]ðæú+ê�ý#ý#ê]ý v
}e��{8}e�p}U 8µ-�1µ4{8}E{;}E{8}e� � ��}r~4µ4{ = 3`¨�}e5�}e� � ��� ��� º/º � ����}e 8}r���-ª�}e����} >8� " � � ��}E�u������~:��}E� � � ·µ4Ö-}E�
�����¿� 9 ½8���1�g 8}��@�1�������-�����8���g¨�}E{2~-µ4{M3 � ^ º/º � ¹B{8�8}e�1}e�1�1}e���1�<��µ4���¤�8}e�b�)�����]�g�-��� º ·µ � �����g 8�]� �;���g¨z�1}E��{ �
�8� º �©�B~K��}e��}��K�1�1}E�w�E}E{_�1�1}E{��E�8��¨-µ-{8���1�1�8¨_����~4}e{��|{_��}e�5��}E��}E{q�uª�}e���1��� � }e{¦¨�·µ4{8{8}e{ �

� ��}à¨���{8} º ���1�����g 8}p�� 8}Eµ-�1��}~�;}E��� �� ���,� �J�Xª¤}E� � �8{ �8� �;��}à}e��{8}�� }e�1�g 8��}E��ª8�8{ � �8}E�R��} * }��:�©£
µ-{8�1}e� � }e{8�1�g �������}E{��8}E� � }Eª¤µ � }e{8}E{��)�����]�g�-�����U����}I��}e��� �-� }E _�¿���A~4µ4{¦���8� � ���-Ö�8}e� � }e��� º ��}*�)�����]�g�-���
º ��� �8}E�b}U��� º ·�-�1��{��1}E{8�����k·��� � }E�g ;�1}E� � ����¨�� � � ��}e�%���1}E���©���-ª¤}E��}e��{8}Z5'}E�1��}e���E�8{ � �8}e�b�U{8}E� � ��}e�������E}E�
�8�-� � � �- ;}E��¨Ï�-{8{M�8��}@¨���{8} º �������1�g 8}-�� ;}Eµ4����}){��8�D�¸·�8���1}E ;�<�O·�8{8{8}>�@�1���]�g�-����} � }E�©��}E{ �

� }e�O}E��{w�°�-����}E{;�8}L�K���1�- 8� � �����»� º �|{_�1}E�5��}e�1}e{q�I�°�-�;�-�8Ö4}e�O�8�;�1�g à¹Zª8�1µ4��½;����µ4{ º ���h�e�8{8}E  º }e{8�8}E��U��{8�8�1��{ � �1��}I��}Z��{¬�;}E{Q�@�1���]�g�-���Z~4µ4���-����} º �;�8�1�g Q� }e� � �8{ ��� }e�1�g  � ·�-�g _� � � ��}E�1}e�D�Y� }e¨_� � ���1�Á������ �K����{8¨_����µ4{(ª�}I�E}E���g 8{8}+� � � �-ª¤}E��}E{_����½8�1���g ��u�8��}p� �:�1��{8¨_�1��µ4{8�]����}I��}~�8}e���:�g 8���g _�1�8���g¨�} � ��{8{8}e�1 �����ª
�;}E�Á�8��}��U{8}e� � ��}(�8�8�1�g ��|{_��}e�5��}E��}E{q�¶�8}E�Áª¤}E���8}E{®�1���g �� º �@�1�������-���B�-�8�1ª;�����;}E{8�8}e{ &¶}E����}e{w��}E�×£
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�;}E��~-µ º }e��{w�°�-����}e{8�8}E{¼��{Û�8}e{ �1} * }E¨_����}E���1}E{��K�1���- 8�¿� º � }E��}E{8¨_� � ���1� � � �-ª¤}E�!�1µ4������}2� � ���1�g 8}e{
½;�1� º ·�-��}E��� �K����{8¨_����µ4{ � � �   � �¿}E� � �;{ � �5~-}E�����8�]��}z� º ���8}E�-��}e{��'��{8¨��1�����g������ª;��µK�g¨ � �8{;�¶��}E¨��8{8� ·���1}E�� �K����{8¨_����µ4{ � � �   � ��}e��� � }e���1}��|{_��}e�5��}E��}E{q�E�-ª8���g 8��� º �8{ � � º�� µ-���-��¨K¨����������-��� Ç � �8{_��}e�1�1�g ;��}E�;}E{ � }e�]£
�;}E{ � �U��{8� � }�� }E���1½8��}E��}� 8��}E�5�g·�;�à�1��{8�Ù}Eª¤}E{w�°�������u��{����-ª¤}E����} >8� " �E�d�8{8�8}E{ � $O ��8{8�d$ON@PÁ¨�·µ4{8{8}e{�e�8��0����-{_���©�g���1�¡~-}E{¦¹Bª;�1�g �·�����E�8{ � �8}e�%�g���1�k·�-�g ;�����g ;}E{¢�U��{8�;�1��{ � ����}I��}*~-µ4{Q�K�1���- 8���8{ � ��{¬�8}E{Q�@�1�×£
�]�g�-���Uª�}e{��;���+� � }E���8}E{ � � º $��-���O¨K�;��� � }E����� � }E�>� �� ���,� �J�X�]������ 8���8{ �¤£O¥ �k3Á¨-}+5R¦ ��� ��}�����}�� � � �
º ���¿¨-µ-{C~-}E{_����µ4{8}e����}e{Q� �� ���,�Y�a�X�k·µ- 8�1}e{¬}E�5�E}E� � � � ����� � ����� �8��}e¹Bª8��µ4�1½:����µ-{8���1��}I��} º }e���]� �8}e�;�������g 
� �k·µ4Ö4}e���-�����;��}R� �K����{;¨��1��µ4{;������}I��} � �1��}E 8}R���-ª�}e����} >8� " �

� �-�X5'}e�1  ·������{;���¨§Ù���8�h�)�����]�g�-�����8���g¨-}[$¤�8{;��� �K����{8¨_����µ-{8���1��}I��}[$ON�P � ��ª;���8{8��¹Z�8�1¨��8{w���P����� ·�8ª¤}E� �
� �-{8{²}E��{©�@���������-�����-������·�8{8{Ú�-{ � }e�1}E ;}E{ � }E���8}E{²���-���Dª å �-� > fS« �§�� $$ON@P � ¬ N�J®t¯ ¾ � ¯°a±J²´³ µ1¶�µ � $'�¸· $¹ £ >8�í^ ¦
� ���1��{Ù����{8� ¬ N~�8}e�º�'��}E¨_����µ4{8}e{8���-�;���8� � ¾ � �;}E���K�����8¨_���8���°�-¨_��µ4� � °a±J² ������5'µ-��� º }E{ �8}e�2�U��}+£º }E{_���-���e}E����}��8{8�º$U�8��}y�@�1�������-�����8���g¨�} � ®«ª¤}E���g 8�1}e��ª;�¿�8��}y}Pµ4� �-�����1������µ4{~�8}E� º ���U�8}e�!&¶}E����}e{8�|·�-{ � }Û}e��{w�°�-����}e{8�8}E{¤�K�1���- 8���8{ � � ® �»¯Õ�Eµ-� " ��¼B¯F�g·�;�u�8��}/½8�-���-����}e��}~�8{8�d® �½�2�¸·�8�u�8��}��1}e{8¨��1}e�g ��1}�@µ º ½¤µ4{8}E{_�1}à�8}E���������� 8���8{ � � � ��� ¹ � ���1�¢�;��}p}P}E{8�8}e���É·µ4�1�8{ � �1�É·�-{ � }àª¤}=�e}E���g 8{8}e� � &®���Z¨�·µ4{8{8}e{
��µ º ����}e��{8}e{��@�1�������-��� �-�����8���g¨��8}'��{8��}E�1}e{ ��� }e{8{�§¿¾ �)�8{8�²�-�����O·�;{8{ ��� }e{8{�§¿À �)����� �

� }e� � }e���1}E�1}e{ � �����à��{u�8}E��¨���{8} º �������1�g 8}e{Á�� 8}eµ4�1��}��-{ � }e{8µ ºzº }e{ � ���-Ö6¨�}E��{8} � }e 8�5�°�-�g �ª¤}E�:£
� �8{ � �8{8�Á¨�}E��{;}>��·�8�g¨����1�1}e�8�8{ � }E��{ º ��� � }eª�}e� � �1}E�b}U 8µ-�1µ4{8}E{M��{��8��}-�U��{w�°�-�����1�����g _���8{ � �-�w���1�1�����
�;{8�`���-Ö/}E�6¨�}E��{8}u&¶}E�g 8��}E� � ���1¨��8{ � � � �����g 8}E{¢}e��{w�°������}e{8�8}e�<�;{8�`�1} * }E¨_�1��}E�]��}e�Z&¶}E����}E{8� ·�-{ � })� º�@���������-��� � ��ª;� � � ��}@��}e���e��})¹Z{8{��-  º }R��µ4�1�8}e���<}E��{8}E{M� º ½¤}E�5��}e¨_��}E{©�@�1�����g����� £ � µ4������¨�¨��1���]�g�-���f¦ � ���
�8�-{8{ �8��}�¨-µ4 �·���1}E{_�z�1} * }E¨_�1��}E��}E{8�;}E{ £ �8{ � }E���k·µ4���1}E{a¦p�@�1�������-����ª�}e�1}E���g 8}z�1}E ;�z¨���}E��{Ù�;{8� �8��} � }+£
ª¤}E� � ��}e{M&¶}E����}E{Á{8���g _� º }E ;����{_��}e�5��}E��}E{q�'� ·�- 8� � ����{8� �

� �-����{��1} � �1�-��}��} * }'�:��µ4{;�5~4}e� º ·µ � }e{ � � �   � �;��}'$O�É·�-�g 8}'�8{_��}e���8}e�h�<} * }'�:��µ-{8�1¨��8��~4} � ª�}e�1}e�g 8{8}e�
�����g ��¸·�8�Á}E��{;}E{ä���8}p����}E{ � µ-���-��¨K¨����������-���Bª�}e�R~-}E��{��-�g 8�É·�-�1��� � �1}¤� �K����{8¨_����µ-{ � } º ·��ÖÂª å �-� > fS«R�E�

��X ,�Y���°�-��� ÃZaíbEd�� Ä" ã)! ,+��w�°�-��� ÃZaíbEd�� Ä $µ1¶ Í }'�:½�ÅZÆ<ã $µ1¶ÈÇ©É £ >8� f�¦
Ê�Ë óíêL�¤ðòúpëT
è¸ðæù#ý#ñ�ëíóìê�ñ¸ø�óìýö#ê]ý>ÌPýEøòê]ð��æôÉõ#óìê1ökê]ý)ö#ê]ð ï ê]ð��òôÉõ � ê]ý#úpù#ý#ñZökê]ðYÍ ëÎ
üEôÉú+ê v 8�
è¸ðæê]ý��òóìê¿ñ+ê�ýÏè¸ùR7�è¸ðÉè¸ëíëìê�ë #�°ü � óíðæúeøæê!óíýDÏ�ê�ö#ê���ökóíêÐ7#ðæó��-
è+ðòêÐ�a�pøòóíý#úEøòóíü+ý v ÷póíýÏöR�òóìêL�+ê]ð��æôÉõ � ê]ýÏúeø # �òü<ökù#ðÉôÉõ��òêÕø � øPê]óíýu÷Eøæðæè+õ#ë # ökê�ðPó4��ê]óíý#ê]ýÍ�ëíükôÉú�Í�ê�ù#ñ+ùÏý#ñ�ê]ðæëíê]ócökêÕø # �eü+ð��Ïù#ýÏö!ýÏè+ôÉõÏõ#ê]ð|�Eóíê]ëíê¨Í�ëT
üeôÉúeê # ö#ù#ðæôÉõ¿ökóìê ê]ð;ü+õÏý#êFÍ ê]ùÏñ+ù#ý#ñ # è+ë4�òüPè+ùÏôÉõ'ü+õÏý#êJ7#ðæó4��
è+ðòê�Z�pøòóíý#úEøòóíü+ý # õÏóìýÏö#ù#ðæôÉõÏñ+ê]õEø v4g Ñ è+ù�o k�l
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Ä �����~·�8ª¤}E���8��}���µ4� � }E{8�8}R�¿}=�E��}E ��8{ � �8}'��{8��}e����ª å �-� > f�«æ7

Ä � ¯ ¬ N�¾ � ¯ Ç°a±J² Í Z0 �LÒ �eµ4� Ç " ��¼" �1��{ " ��¼ £ >8� Þ�¦
� ��}LÓ)��}E���g ��8{ � }E{ >;� f<����}'��}E��{uª¤}I������}E�;� � }e{8�8}L�'� � }Eª;{8�����1}L�g·�;�Y�@�1�����g������} � ��{�8}e{8}E{~�8��}¿¹Zª8�1µ-�1½;�1��µ4{
� }E��}E{_�������g  ���k·�-�1¨�}E�Á�e�8���:�g  � ·�-�g ��8{ � �8}e��� �� ���,� �J�X�]������ 8���8{ � ª¤}E���1�k·� � �à�-���»�8��}r� �K����{8¨_����µ-{ �
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Si 111, E = 33,4418 keV
   = 35°, t = 525 µmε
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Bragg
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Bragg Geometrie

Germanium 111
Quartz 01.1
Silizium 111

Ge K−Kante bei 11,1 keV
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Laue Geometrie

Germanium 111
Quartz 01.1
Silizium 111
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ÏuÉËß7ßËÑEÛÍ2Ð�ß7ÉËÜÞÝ ÓrÊ�ÏïÛ×vÝYßËØmõ�Ï�Ù#Õ�Ê�ÉSÎ�É7ÜÞÝó×#ß7Î^4&ö2Ø�É7ÚÍYÚ ÊmÉ7Ò8Ð�Êmß ×�Ø9ÉË,�ÔYÉ7ÜÞÑvÊmÐH-%Ð�É7Î�ØÞ×#ßËß&ÚfÉËØ6Î�ÊmÝYÐ^Ñ¢ß7ÊmÉ��
Ò2ÊmÚ -%Ð#ÛÍYÚfÚÍYÒYÓ#Î�Ð9×vÔYÉ7ÍYÎbÊ�Ð�ÓrÉËÕ2Ø~à¢<IÛÍ2ÐCÔ2ÊmÒ6A]×vÍ`Ê�É7ÒYÊ�Î|ÿHÙrÒ2Ù�ÜÞÝYÐ�ÙrÚ`×vØ9ÙrÐ�ÎbÚ�ÛÍYÎ�Î�Ê�Ò6×#Õ¨ÊmÐC×#ÍYÜÞÝäÔ2É7Ê
ÚfÊmÜÞÝY×#ÒYÉ7Î�ÜÞÝYÊmÒQÍYÒ2Ô�Êmß ×vÎ�Ø9ÉËÎ�ÜÞÝYÊ�ÒQ_5É7ÓrÊ�ÒYÎ�ÜÞÝg×�? Ø9ÊmÒQÔYÊ�ÐÖ-%Ð�ÉËÎ�ØÞ×vß7ß7Ê(Õ¨ÊmÐ ÛÍYÜÞÑ¢Î�É7ÜÞÝpØ�É7Ó#ØÖÏ¯ÊmÐ�ÔYÊmÒTà�N%×#Õ�Ê�É
Ú�ÛÍYÎ�Î�ÊmÒ�Î�ÙrßËÜÞÝYÊ]<gÐ9×vÓrÊmÒïÓrÊmÑ¢ßýÛ×vÐ�ØPÏ�Ê�Ð�ÔYÊ�ÒÏuÉ7Ê:9�ù8ÉËÊ¯Î�ØÞ×#Ð�ÑSÑ�×#Ò2Ò�Ú`×#Ò�Ê�É7ÒYÊ�Ò-%Ð�ÉËÎ�ØÞ×vß7ßpÕYÉËÊmÓrÊ�ÒTõ=Õ�Êa,rÙrÐ
Ê�Ðu1mÊmÐ�ÕYÐ�ÉËÜÞÝpØ~õgÍYÒYÔ^ÏuÉ7Ê%ÔYÉËÜÞÑäÔg×#Ð�?OÊ�ÐuÔg×#Õ¨ÊmÉVÎ�Ê�É7Ò6;�ù8É7Ê%ÝYÙrÚfÙrÓrÊ�Ò\É7Î�ØuÔ2É7Ê�-%ÐvÛÍYÚfÚÍYÒ2Ó<;

=I×#ÜÞÝYÔYÊ�Ú ÔYÉËÊ�Ì0ÍYÎ�Ï]×#Ý2ßOÔYÊ�Ð&K%ÊmÙrÚfÊ�Ø�Ð�ÉËÊ>��øPÐ9×#ÒYÎ�Ú`ÉËÎ�Î�É7ÙrÒ6�]ÍYÒ2Ô@ÔYÊ�Ð&-%Ð�ÉËÎ�ØÞ×vß7ß7Ê?�	W�ÉËß7É71�É7ÍYÚ@�CÓ#Ê	�
Ø�Ð�Ù#J�ÊmÒ ÏuÍYÐ�ÔYÊ#õEÚÍ
�^ÍYÒpØ9Ê�Ð�Î�ÍYÜÞÝpØÏ�Ê�Ð�ÔYÊ�ÒTõEÙrÕ�Î�É7Ê(ÔYÊ�ÒúÌIÒ2?¦Ð�Ù®ÔYÊmÐ�ÍYÒYÓrÊ�ÒúÓrÊ�Ò�ÛÍYÓrÊ�ÒTõEÔTà´ÝTàVÊmÎSÚÍ
�
Ó#ÊmÑ¢ßýÛ×#Ð�Ø%Ï�Ê�Ð�ÔYÊ�ÒTõEÏuÉ7Ê(ÓrÍ2ØSÔYÉËÊ`-%Ð�É7Î�Ø9×#ß7ßËÙrÐ�ÉËÊmÒpØ9ÉËÊmÐ�ÍYÒYÓLÉËÎ�ØmõTÏ]×#Î�ÏuÉ7ÜÞÝpØ�É7Ó6?+ÛÍYÐ�ÔYÉ7Ê(Î�öEÛ×vØ9Ê�Ð�Ê@A#ÍYÎ�Ø9×#ÓrÊ
ÉËÎ�ØmõrÍYÒYÔ`ÙrÕ(É7ÒYÒYÊ�Ð�Ýg×vß7Õ(ÔYÊmÐC-%Ð�ÉËÎ�Ø9×#ß7ßËÊ�ÓrÐ~ÛÙ��rÊmÐ�Ê3N&Ê�?¦ÊmÑpØ�Êu,#ÙrÐ�ÝY×#ÒYÔYÊ�ÒäÎ�ÉËÒYÔB��øPÙrö�Ù#ÓrÐ9×#ö2ÝYÉ7ÊC�aõrÔg×�ÔYÉËÊmÎ
Ô2É7Ê�'uÊ�)gÊ+*2ÉËÙrÒYÎ�ÊmÉ7Ó#ÊmÒYÎ�ÜÞÝg×v? Ø9Ê�Ò/ÍYÒYÔ^Ôg×#ÚfÉËØ|×#ÍYÜÞÝ^ÔYÉ7Ê�_EDf1mÉËÊmÒY1SÕ�Ê�ÊmÉËÒ2)gÍ
�#Ømà

ÿHÉ�Ø�Ø�Êmß7ÎSÔYÊ�ÐF�5Ð�ÙrÓ#Ð9×#ÚfÚ`Ê`sE×#ÍYÊm'3Ì4GIH´sE'uÌ4GKJ¯ÍYÒYÔûøu'uÌ4GLHxøu'uÌ4G�J�Ñ�×#Ò2ÒúÔYÉËÊLÐ�Êa)gÊmÑpØ�É7ÊmÐ�Ø9Ê
[ýÒpØ�ÊmÒYÎ�ÉËØ=Û×�Ø|É7Ò`ÔYÊmÐ|N&ÊaØ9Ê�Ñ¢Ø�ÙrÐ�Ê�Õ�Ê�ÒYÊ0?ÞÛÍYÐ¯,rÊmÐ�Î�ÜÞÝYÉËÊmÔYÊ�ÒYÊNM&ÍYÊmßËßO�Þõ¢-%Ð�É7Î�Ø9×#ß7ß��PÍYÒYÔ\N&ÊaØ9ÊmÑpØ�ÙrÐ�ög×vÐ9×#ÚfÊ�Ø�ÊmÐ
Õ¨ÊmÐ�ÊmÜÞÝYÒ2Ê�Ø&Í2ÒYÔHÔY×#Ð�ÓrÊ�Î�Ø�Êmß7ß�Ø]Ï¯ÊmÐ�Ô2ÊmÒTà

PRQTS U V�WYX[ZF\^]C_4W`X[V ab]dceV�\^_EWYX[Zgf:h4V�\ i[VKjlkmjn]d_ohEZgpCpdV

ù ÊmÒ2Ò Ê�É7Ò�<gÊmÎ�Ø�Ñ ÛÙrÐ�ö¨ÊmÐ�õV1#àeA0àVÊmÉËÒ -%Ð�É7Î�Ø9×#ß7ß�õ�ÚfÊmÜÞÝY×#ÒYÉ7Î�ÜÞÝ Õ¨Êmß7×#Î�Ø�Ê�Ø�ÏuÉ7Ð�ÔTõ�,#ÊmÐ Û×vÒYÔYÊmÐ�Ø�Î�É7ÜÞÝ Î�Ù�Ï¯ÙrÝYß
Î�ÊmÉËÒYÊ%<gÙrÐ�Ú ×vß7Î]×vÍYÜÞÝäÎ�Ê�É7Òä.bÙrßËÍYÚfÊmÒTà®_5Î�Ñ�×#ÒYÒ6Î�É7ÜÞÝäÊ�Õ�Ê�Ò2?�×#ßËß7ÎCÔYÉ7ÊIÉ7ÒYÒYÊ�Ð�Ê&W®Ø9Ð�ÍYÑpØ9ÍYÐ�Û×vÒYÔYÊmÐ�ÒTàYN&ÉËÊ
.bÊ�Ð�?¦ÙrÐ�ÚÍYÒYÓ#ÊmÒáÑ�ÛÙ#ÒYÒYÊmÒ�É7ÒQ,rÊmÐ�Î�ÜÞÝYÉËÊmÔYÊ�ÒYÊ/ÌIÐ�Ø9Ê�Ò�ÍYÒpØ�ÊmÐ�Ø�ÊmÉËßËØÖÏ¯ÊmÐ�Ô2ÊmÒq9¯_5ß ×#Î�Ø9É7Î�ÜÞÝYÊ\.bÊmÐ�?¦Ù#Ð�ÚÍYÒ2ÓYõ
Õ¨ÊmÉ|Ô2ÊmÐÖÔYÉËÊä.bÊmÐ�?¦Ù#Ð�ÚÍYÒ2Ó�Î�Ù#?¦ÙrÐ�Ø(ÊmÐ�?¦Ù#ß7Ó#ØÖÍ2ÒYÔMÐ�Ê�,#ÊmÐ�Î�É7Õ¨ÊmßuÉ7Î�Ør�ts 2o24uOD Î�ÜÞÝYÊmÎäK�Ê�Î�Ê�Ø�1#õ¯K%ÍYÚ`ÚfÉO�
_5ß7×#Î�Ø�É71mÉ�Ø=Û×vØ0ÍYÒYÔ ×#ÒYÊ�ß ×#Î�Ø9É7Î�ÜÞÝYÊmÎ�.bÊmÐ�Ýg×#ß�Ø9ÊmÒv�aõTöYß7×#Î�Ø�É7Î�ÜÞÝYÊ.bÊmÐ�?¦ÙrÐ�ÚÍ2ÒYÓYõTÕ¨ÊmÉ5ÔYÊ�Ð�ÔYÉ7Ê.bÊ�Ð�?¦ÙrÐ�ÚÍYÒYÓ
ÒY×#ÜÞÝ ÔYÊmÐ�_5ÒpØ9ß7×#Î�Ø�ÍYÒYÓ6ÊmÐ�Ýg×#ß�Ø9ÊmÒFÕ2ß7ÊmÉËÕ2Ø~õ�ÍYÒYÔFÎ�ö�Ê�1mÉ7Ê�ß7ßËÊÌ0Ð�Ø9ÊmÒ ÔYÊ�Ð&ÚfÊmÜÞÝg×#Ò2É7Î�ÜÞÝ2ÊmÒ .bÊmÐ�?¦Ù#Ð�ÚÍYÒ2ÓYõ
ÏuÉËÊÖ1#àeA0àE-%Ð�ÉËÊmÜÞÝYÊ�ÒTõEA�Ð�Í2ÜÞÝúÍYÒYÔ _5Ð�Ú�ÛÍYÔYÍYÒ2ÓYàV_5É7Ò É7Ô2Ê~×#ß�Î�öYÐ�ÛÙ#ÔYÊmÐï-fÛÙrÐ�ö¨ÊmÐ%ÉËÎ�Ø�1mÍ ÑvÊmÉ7Ò2ÊmÐSöYß ×#Î�Ø9É��
Î�ÜÞÝYÊmÒH.bÊmÐ�?¦Ù#Ð�ÚÍYÒ2Ó(?�Û×vÝYÉ7ÓYà2_5Ð3Õ2Ð�É7ÜÞÝpØmõgÎ�ÙrÕg×vß7Ô\ÔYÉ7ÊSK%Ð�Ê�ÒY1mÊSÔYÊ�Ð3Ê�ß ×#Î�Ø9ÉËÎ�ÜÞÝYÊ�Ò^.bÊ�Ð�?¦ÙrÐ�ÚÕg×#Ð�Ñ#ÊmÉ�Ø~õYÔ2É7Ê
_5ß7×#Î�Ø�É71mÉ�Ø=Û×vØ�Î�ÓrÐ�ÊmÒY1�Ê�w6x5õ�ÛÍYÕ�Ê�Ð�Î�ÜÞÝYÐ�É�Ø�Ø9Ê�Ò^ÏuÉËÐ�ÔTà
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4&Ð�Ø|1mÍTõ2ÔYÍYÐ�ÜÞÝ6Ï¯ÊmßËÜÞÝYÊmÒ^ÔYÊmÐ]ù8ÉËÔYÊmÐ�Î�Ø9×#ÒYÔ6ÓrÊ�ÓrÊmÒ\öYß7×#Î�Ø�É7Î�ÜÞÝ2Ê&.bÊmÐ�?¦Ù#Ð�ÚÍYÒ2ÓÍYÒYÔ^A�Ð�ÍYÜÞÝ|{®ÍY×#ÒpØ9ÉËØ9×}�
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Î�öYÐ�ÛÙ#ÔYÊmÒ`ÍYÒYÔLÔ2ÊmÐCÎ�öYÐ~ÛÙrÔYÊmÒ@�fÛÙrÐ�ö¨ÊmÐbÍYÒpØ9Ê�Ð�Î�ÜÞÝYÉ7Ê�ÔYÊmÒLÏ¯ÊmÐ�ÔYÊmÒ�à��&ÉËÊmÎ�ÊuÔYÐ�ÊmÉ���Ê�Ð�ÊmÉËÜÞÝYÊ3ÍYÒpØ9ÊmÐ�Î�ÜÞÝYÊ�É7ÔYÊ�Ò
Î�É7ÜÞÝ`ÒYÉ7ÜÞÝpØ¯ÔYÍYÐ�ÜÞÝLÔYÉ7Ê3×#ÕYÎ�Ùrß7Í�Ø9ÊmÒfùúÊ�Ð�Ø�Ê��#ÙrÒRÛ×vÐ�Ø9Ê3ÍYÒYÔ@�gÊmÎ�Ø�É7ÓrÑvÊmÉ�Ø~õpÎ�Ù#ÒYÔYÊmÐ�ÒäÔYÍYÐ�ÜÞÝäÔYÊ�Ð�ÊmÒ�M&ÍYÙ8�
Ø�É7Ê�Ò¢ØmõYÏ�Ê�ß7ÜÞÝYÊ�Ð3×#ß7Î���ö2Ð�ÛÙrÔYÉËÓrÑ#Ê�ÉËØ�Î�É7Ò2ÔYÊ	�B QÕ�Ê�¡mÊ�É7ÜÞÝYÒYÊaØIÏuÉËÐ�ÔTà

 ûé£¢�¤:¥¦H¨§�ò:©�ª¬«�R�J �	ð�àO§��
�&ÉËÊ®Û×#Ð�Ø9Ê®¢¦�°¯²±´³ uoµ6¶�· ÝVÛ×#Ð�Ø�ÊT��ÏuÉ7Ð�Ô\ÛÍYÕ�Ê�Ð¹¸bÉËÒYÔYÐ�ÍYÜÞÑ¢Ú`Ê�Î�Î�Í2ÒYÓrÊmÒïÕ�Ê�Î�Ø�É7ÚfÚ�ØVÍYÒYÔSÉ7Î�ØVÔYÊ	ºgÒYÉ7Ê�Ð�Ø

×vß7Î»H¼¸bÒ2Ópêpð}J
Û×#Ð�Ø9Ê½¢ é ¾ ×vÎ�Ø¿ Õ¨ÊmÐ�ÀEÛ×#ÜÞÝYÊSÔYÊmÎ�¸5É7ÒYÔ2Ð�ÍYÜÞÑvÊmÎ HÁª¬«�Â8RRÃÄJ®Å �	ð�àÆ���

�&ÉËÊ»��ÜÞÝYßËÊmÉÈÇ�ÊmÎ�Ø9ÉËÓrÑ#Ê�ÉËØ�¥ÇÏuÉ7Ð�ÔHÊy��ö�Ê�Ð�É7ÚfÊmÒpØ�Êmß7ß�Õ�Ê�Î�Ø9ÉËÚ`ÚïØuÍYÒYÔ^Õ�Ê�¡mÊmÉËÜÞÝYÒYÊaØ&ÔYÊ�ÒHÐ�Êd¡mÉËöYÐ�Ù#Ñ#ÊmÒ^ùúÊ�Ð�Ø
Ô2ÊmÎ3ÍYÒpØ9ÊmÐuÔYÊ	ºgÒYÉËÊmÐ�Ø�ÊmÒB��ÊmÔ2É7ÒYÓrÍ2ÒYÓrÊmÒH×#ÕYÓ#ÊmÎ�ÜÞÝ2ß7ÉÈÇ�ÊmÒ2ÊmÒ|ÉbÙrß7ÍYÚfÊmÒ2Î�Ê`à

¥ éËÊeÌvÍ5éËÎE�ÐÏ6x5ìÄÑÒ��HÁÓyÔÌ¬©ÕJ �	ð�à×Ö��
ÑQÉÈØ�ØïÝYÉ7Ê�Ð�Õ¨ÊmÉbÔYÉËÊ@Ù%Ð�Ê�Ò
¡�À Û×#ÜÞÝYÊmÒ2ÊmÒYÊ�Ð�ÓrÉËÊ�¡�ÏuÉÈØ�ÜÞÝYÊ�Ò���Ð�É�Ø�ØÞ×#ßËß�ÍYÒYÔ��®ÜÞÝYß7Ê�ÉÈÚ¦ÚfÉËØ�Ø�Êmß�àq�&É7Ê>�gÊdØ�Ø9ÉËÓrÑ#Ê�ÉËØ
ÝVÛ×#ÒYÓ#ØÛ�#ÙrÒ\ÔYÊmÐÜ�%Ð�É�Ø�Ø9×#ß7ßËÙrÐ�ÉËÊmÒpØ9ÉËÊmÐ�ÍYÒYÓS×#Õ\ÍYÒYÔ6ÉÈØ�Ø|ög×vÐ9×#ßËß7Êmß�¡mÍ6Ê�É7ÒYÊ�Ð���ög×#ß�ØÄÀPÛ×vÜÞÝYÊ%×#Ú ÓrÊmÐ�É7ÒYÓ:Ø�Ø9Ê�ÒTà

��ö2Ð�ÛÙrÔYÊÝ�%Ð�ÉÈØ�ØÞ×vß7ß7Êvõ�¡�ÍôÔ2ÊmÒYÊ�Òë×#ÍYÜÞÝ�Ù�Ê�Ð�Ú`×#ÒYÉËÍYÚ ¡�Í$¡rÛ×#ÝYß7Ê�Ò É�Ø�Ømõ%Õ�Ê�Ø�É�ØÕ¡mÊ�ÒôÊ�É7ÒYÊ�ÒôÝ2ÙrÝYÊmÒ
�®öYÐ�ÛÙrÔ2É7ÓrÑvÊmÉËØÄØ�ÉËÒYÔYÊ	�" �ÍYÒYÔ ÕYÐ�ÊmÜÞÝYÊ�ÒÇÕ¨ÊmÉ7Ú ��É7Ê�ÓrÊmÒ ßËÊmÉ7ÜÞÝpØ�ÊmÐ�×#ß�ØÔ¡#à×�0à»��É7ßËÉ�¡�É7ÍYÚ^õuÔg×:ØÞ¡mÍ ÔYÊmÒ
ö2ß ×:Ø�Ø9É�Ø�ÜÞÝ��ßØ�öYÐ�ÛÙ#ÔYÊmÒ ÿH×vØ9Ê�Ð�É ×vß7É7Ê�ÒB¡�Í[¡pÛ×vÝYß7Ê�Ò@É�Ø�Ø~à¹Ì0Í�ÚYÙ�Ð�ÍYÒYÔ@Ô2É7ÊdØ�ÊmÐ/¸bÉËÓrÊmÒ�Ø�ÜÞÝg×8Ú Ø�Ú�Û×#ß7ß�ØuÔYÉ7Ê�ùú×#ÝYß
Ý2É7Ò
Ø�É7ÜÞÝpØ9ßËÉ7ÜÞÝ\ÔYÊdØ��%Ð�ÉÈØ�Ø9×#ß7ßÈØ|×#Í�ÚE��É7ßËÉ�¡�É7ÍYÚ^à
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PRQyç abpdZF_ohE]C_EWYX[V ab]dceV�\^_EWYX[Zgf:h4V�\ c>VKèêéec>VK\[V�jIkmj®]C_oh4ZFpCpdV

ÌIÍ
ØKÚ¦ÐvÛÍ2ÝYÊmÐ�ÊmÒ�Ì0Ð�Õ¨ÊmÉ�Ø9Ê�Ò+HÁI×#ÐÕ�rê�õq�%Ð�É���Ö�J�É�Ø�Ø&Ôg×:Ø½�5ÝEÛ×#ÒYÙ#Ú`Ê�ÒFÔYÊmÐ�×#ÒpØ�É7Ñ¢ß ×:Ø�Ø9ÉÈØ�ÜÞÝYÊ�Ò��%ÐvÛÍYÚ`Ú�ÍYÒYÓ
Õ¨ÊmÑ�×#Ò2Ò¢Ømàë�%×äÔYÉ7Ê�Ø�Ê?¡�Í
Ø�Û×vØÄ¡mßËÉ7ÜÞÝYÊ>��ÉËÊmÓrÍYÒ2Ó|¸bÉËÒ�ÀgÍ
�^×#Í�Ú¯Ô2É7ÊeìuÊ�ÀgÊy�2ÉËÙrÒ
Ø�Ñ®Í2Ð��rÊfÝg×vØ�Í2ÒYÔÞ¡mÍ�ÊmÉ7Ò2ÊmÐ
�&Ê	Ú¦ÙrÑ¢Í
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Ø!Ë+ÏsË7ÏÖÕ�âÙÛ<Ï�ÐÎTË7Ò��fÒ!Ê�Ø�Õ'Û<âÌâÙÒ�ÊÙÓ'ÔÖÕ�Ñ�ÏTÐVË7Ï:9 ï §�§<;HÚ�Î�Ë+Ò=9 ï�> §�§<;O×
Ø!ÊÌË7Ô�Ë:Û<Ñ�Ó'ÔµçEÜ�ÜÞÝ ó Ý ó Ý
?A@CB D éFE éHGHIKJML�N�OP NRQSIKTVUXWZY!L<JMQMT	L<[�\^]SIKJ _`L<IaGcbMJSG

�_ÊÌËKÙfËdØ�Õ'Û<âÿÕãÎTË7Ò ¿ ÜbË7Ò7À$àÛ<Ó'Ô�Ë_ÑTÏ�Î£ÊÙÏ�Ø!ÜbËdØ!Ú<Ï�Î�Ë7Ò�Ë_Ë7ÊÌÏ�ËEØ2àÚVÐVâÌÊÙÓ'Ô
Ø�Õ þ<ÚVÏ
Ø�Õ'Û<ÏÖÕ!Ë½��Ò�Ê�Ø�Õ'Û<âÌâÙþ�Ò·àÑ�ØQØ°Ñ�ÏTÐÔ�Û·ÕQÐVÒ!ÚVä<Ë7ÏÝ¸ùÊÌÏ�ÀÑ�äèÛ<Ñ�Ú_Î�ÊÌË"çSÜ�Ü�ÊÌâÙÎ�Ñ�ÏTÐ�Ø�æ:Ñ�ÏTÎ�ìdË�ÀËy��ÊÙÚVÏ
Ø�Ë7ÊÌÐVË7Ï
Ø�Ó'ÔÛ8Ú²Õ!Ë7ÏåÎ�Ë�Ø@�fÒ�Ê�Ø�Õ�Û<âÙâÈØ7ÝwçEÑ
ØÎTÊÙËdØ�Ë7Ø¦ÙfÒ!ÑTÏ�Î"ûdÑTÒ!Î�Ë:Î�ÊÙË ¿ ÜbË7Ò7À àÛ<Ó'Ô�Ë+Ï�ÐVËdØ�Õ'Û<âÿÕuÚVõTÕ�ÊÈØ!Ó'Ô|�VË+Ò!ØQËdØÄØ�Ë7ÏHÝ1ÞÑ�Ò��ãËdØ�Õ�ÊÙØQØ°Ñ�ÏTÐ Î�Ë�ØRìSÛ·Î�ÊÙÑ
Ø¡Î�ËdØáÐ<Ë7ÜbÚVÐVË7ÏTË7Ï �fÒ!ÊÈØ�Õ'Û·âÙâ�ØnûdÊÌÒ!ÎåÎ�ÊÌËdØ�Ë7ÒáÛ<âÈØ¡ÊÌÎ�Ë�Û·âÙË7Ò£1�ü�âÙÊÙÏ�æÎTË7ÒÄØ�õ�ÊÙË+ÐVË7â Û<Ï�ÐVË�Ø!Ë7ÔTË7ÏîÑ�Ï�Î!Ø!ÚèÛ<Ñ�ÚdË7ÊÙÏTË7Ò°ÚVõ�Õ�Ê�Ø�Ó'Ô�Ë7Ï+� Û·Ï�þ«Û<ÏTÐVË7Ü�Ò!Û<Ó'ÔÖÕ�×�Î�Û<ä Ë7ÊÌÏ ¾ Û8Ø!Ë7Ò�Ø�Õ!Ò�Û<Ô�âO×ÎTË7ÒuõÛ<Ò�Û·âÙâÙË+âq¡7ÑTÒuÚ<õTÕ�ÊÈØ!Ó'Ô�Ë+ÏsçEÓ'Ô
Ø�Ë°Û<Ñ�Ø!ÐVË+Ò!ÊÙÓ'ÔÖÕ!Ë+ÕuûdÑ�Ò!Î�Ë·×�ÎTÊÙËzßµÊÌÕ�Õ�Ë�Î�Ë�Ø/�fÒ!ÊÈØ�Õ�Û<âÙâÈØãÕ�Ò�ÊÈÇbÕ�×�çSÜ�Ü�ÊÙâ æÎTÑ�Ï�Ð ó Ý¶ôTÝq�ÍË7ÊEìdË�À�Ë	��ÊÙÚVÏTË7Ï[�VÚ<Ïê��Õ�Ò�Û·Ô�âÙË+ÏsõÛ<Ò!Û<âÙâÌË7âë¡7Ñ�ÒfÚ<õTÕ�ÊÈØ!Ó'Ô�Ë+Ï çEÓ'Ô
Ø�ËxûÍË7Ò�Î�Ë7Ï¥Î�ÊÌËdØ�Ë°Î�Ñ�Ò�Ó'ÔÎTË7Ï|�ãÒ�Ë7Ï�Ï�õTÑ�Ï�þÖÕdÎ�ËdØ���õ�ÊÙË+ÐVË7âÈØãÒ!Ë	ÀË7þÖÕ!ÊÙË7Ò�Õ�Ý��_ÊÙË��ãË7Î�ÊÌÏ�ÐVÑ�ÏTÐ°Î�Ë7ÒãçEÓ'Ô
Ø�ÏZàÛ<Ô�Ë�Ê�Ø�ÕãÐ<Ë7ÐVË+Ü�Ë+ÏH×�ÎÛýÎTÊÙËçSÑ
Ø!ÎTË7Ô�Ï�Ñ�Ï�Ð Î�ËdØ��fÒ!ÊÈØ�Õ'Û·âÙâ�ØãÊÙØ ÉùË+Ò!ÐVâÌË7ÊÌÓ'ÔR¡7Ñ�Ø¦ìuÛ<Î�ÊÌÑ
ØÇÏ�Ñ�ÒdË+Õ8ûãÛ ï × ï ��Ö°ÜbË+Õ!Ò àÛ<Ð<Õ7Ý
ÉùË+ÒÄØ!Ó'ÔTÊÙË7Ü�ÕùØ Û<ÏzÎ�Ë7Ïe�fÒ�Ê�Ø�Õ�Û<âÙâ�ÊÌÏzüÖæzìdÊÙÓ'ÔÖÕ�ÑTÏ�Ð�×:Ø�Ú_þAÛ<Ï�ÏnÛ·Ñ�Ú�Ë7ÊÌÏ�Ë7Ø$��Ó'Ô�ÊÌÒ!Ø5Î�ÊÙËnÉùË7Ò�Ø!Ó'Ô�ÊÌË7Ü�Ñ�ÏTÐ
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Schirm mit Lochblende

eZ¸,¸,¹?º¼»�½,¾,¿gf$h i�jlk Ä ¹?Â�Â�Å°»,Å�Áa�Å�Á Ã ½·N�� ÃOÈ ¾�+%Á®»�¾�½,¾,¿QÂ�½,ÁfIÞÅ Ã ÆO¹m),) ½,¾,¿á»�Å Ã É�Á �½�),)Í½,¾,¿ Ã Á È »�¹?½ Ã »�Å Ã É�ÁP¹ Ã Æ È º¶º?Å Ã
" �È �,ÁPÅ�¾A»E»�Å Ã I�¹?Å�¿+Å�¾ Ã hÎTËdØÇÒ!Ë	ÀË7þÖÕ!ÊÙË7Ò�Õ�Ë+ÏÔ��Õ�Ò�Û·Ô�â�Ø Ð<Ë7ØQËdØÄØ�Ë7ÏáûÍË7Ò!ÎTË7ÏHÝ&nSÛ<Ó'Ô|Î�Ë7Ø ��Õ�Ò!Û<Ô�âÙË+Ï
Ø�ÛAÕÕ¡EûdÊÌÒ!ÎáÎ�Ë+ÒÜ��Ò àÑ�ØQØ°Ñ�Ï�Ð�ØCæÒ!Û<Î�ÊÌÑ
ØÇÊÙÏ|Î�Ë+ÒEß"ÊÌÕ!Õ!ËfÎ�ËdØ��fÒ!ÊÈØ�Õ'Û·âÙâ�ØÍÜ�Ë�Ø�Õ!ÊÙØQØýÕ!oö íqp ð l � Í� Ã ñOó ÝO§$rÖò

r ö í 	 r � Ís � Í s � r � Ãs � Ã s � r ls l s � v s ö s ñOó Ý ð ï ò
�fÛ:ØfÎTÚVõ�õbË7âÌÕ!ËgÉùÚVÒ�¡7Ë7ÊÌÓ'Ô�Ë7ÏèÊÙØ-ìuÛ<Î�ÊÙÑ�Ø_þ<Ë+Ï�Ï
¡7Ë+ÊÙÓ'Ô�ÏTË+ÕzÎ�Ë7Ï1�fÒ àÑ�ØQØ°Ñ�ÏTÐ�ØÄØ�ÊÙÏ�Ï Î�Ë�Ø»��Ò�Ê�Ø�Õ'Û<âÌâ�Ø7Ý

�fÛ8ØÇÚVÜ�Ë+Ò!Ë�ÉùÚVÒ�¡7Ë7ÊÌÓ'Ô�Ë7Ï"ûdÊÙÒ�Î|Ú'àÑTÒuÎTÊÙË½�ãË�Ø�Õ�ÊÌØ¡ØýÑ�Ï�ÐnÎ�Ë+Ò�7SÛ<Ñ�õTÕ!þ�Ò<àÑ�ØQØ°Ñ�Ï�ÐQÜbË7Ï�ÑTÕÕ¡%Õ�×ûÍÚVÜ�Ë+ÊMÎÛ:Ø
¾ ÊÌÓ'Ô�ÕSÛ<Ñ�Ú4Î�ÊÌË�þ<ÚVÏ�þAÛC�VËg��Ë+ÊÌÕ�Ë�Î�Ë�Ø/�fÒ�Ê�Ø�Õ�Û<âÙâÌËdØ Õ�Ò!ÊOÇ�Õ7Ýv�fÛ:ØÇÑ�ÏÖÕ!Ë7Ò!Ë½ÉùÚVÒ�¡7Ë7ÊÌÓ'Ô�Ë7ÏBØ�Õ!Ë7ÔÖÕ�Ú àÑTÒuÎTÊÙË�Û<ÏÖÕ�Ê æþ�âÙÛ:Ø�Õ!Ê�Ø!Ó'ÔTËN�fÒ àÑ�Ø¡ØýÑ�Ï�Ð ñ Ø�ÊÙË+Ô�Ë½��Û<õ�ÊÌÕ!Ë7â ó Ý ð Ý ð ò9×�ÜbË7ÊHÎ�Ë+ÒdÎÛ:Ø ¾ ÊÙÓ'ÔÖÕuÛ<Ñ�ÚwÎ�ÊÌËfþ<ÚVÏ��VËy��Ë?��Ë+ÊÌÕ�Ë_Õ!Ò!ÊOÇ�Õ7Ý�_Ë+Ò?ìSÛ·Î�ÊÙÑ
Ø°ö þAÛ<ÏTÏîÑTØ Ø�ÚèÐ<Ë7ÏÛ<ÑTË7ÒnÜbËdØ�Õ!ÊÙØQØýÕ:ûãË+Ò!Î�Ë+ÏH×Þ#�Ë£ÐVÒ�àÚ<äVË7Ò°ÎTË7Ò°çSÜ
Ø�Õ�Û<Ï�Îîl��<ÚVØ
�fÒ�Ê�Ø�Õ�Û<âÙâ�¡+Ñ�Ø-��Ó'Ô�ÊÌÒ!Ø Ê�Ø�Õ�Ý��_ÊÙË ¾ àÛ<Ï�ÐVËýl�þAÛ<Ï�Ï Û<Ñ�Ú ð ØQØ ÐVË7Ï�Û<ÑsÜbËdØ�Õ!ÊÙØQØýÕdûãË+Ò!Î�Ë+ÏH× � Í ØQÊÌÕ�Õ�Ë7âÈØß"ÊÙþ�Ò!ÚVØQË+Õ!Ë7Ò�Õ�Ò!ÊÌË7Ü|Û<Ñ�Ú ï × ï §fØQØ ÑTÏ�Î � Ã Û<Ñ�ÚEÙ�Ò�Ñ�Ï�ÎR�VÚ<ÏÔ��Õ�Ò�Û·Ô�â Û<Ñ�Ú²ûãË+ÊÌÕ�ÑTÏ�ÐVË7Ï|Ï�Ñ�ÒdÛ<Ñ�Ú ï × ó ØQØÐ<Ë7ÏÛ<ÑÞÝ
ïÛð�tÜð7ó ôµ\XYþvu � ùz÷�÷�þ ^ þZ\xw�aKö.\vö�üÛø�þZ\6ù7÷�ù7þZ\�[ � X ^ þZ\Ay \Yû[fege [ � X{z`ý � ó�ege^ ùC`6üYþ � ^ \vþ¹ù7þZ`6ü�ù�Xnþ �}| ù7õ7ù7úëù�[fe�~�y \6ùz÷¬ø�ö®õ7õ7þ �
¸.ÊÌÏ�Ë+ÒÄØ�Õ!Ë7Ò��fÒ!Ê�Ø�Õ'Û<âÌâP×bûãË+âÙÓ'Ô�Ë+ÒNÚ àÑ�Ò½Ø!õbË7þÖÕ!Ò!Ú�Ø�þ<ÚVõ�ÊÈØ!Ó'Ô�Ë£�SÏÖÕ�Ë+ÒÄØ!ÑTÓ'Ô�ÑTÏ�ÐVË7Ï.�<Ë7Ò�ûÍË7ÏTÎ�Ë+Õ°ûdÑTÒ!Î�Ë·×ZûãÛ<ÒË+ÊÙÏ���ÊÙâÌÊ��7ÊÌÑ�Ønæ��fÒ!ÊÈØ�Õ'Û·âÙâ$�VÚVÏR§ÍØ¡Ø��_ÊÌÓ'þ<Ë<×AÎ�Ë�ØÄØ!Ë+Ï ¿ Ò!ÊÙË+ÏÖÕ�ÊÙË+Ò!Ñ�ÏTÐEÊÙÏzçEÜ�ÜTÊÙâÙÎTÑ�Ï�Ð ó Ý¼údÎÛ<Ò!Ð<ËdØ�Õ!Ë7âÌâÌÕwÊ�Ø�Õ7Ý
�_Ë+Ò��fÒ·àÑTØ¡Ø°ÑTÏ�Ð�Ø!Ò!Û<Î�ÊÌÑ
Øwþ·ÚVÏ�ÏÖÕ�ËãØ¡ÊÿÕwÎTÊÙËdØ�Ë7Ø��ãÊÙË+ÐVË7Ò�Õ8ü�õ Ã �·Û<Ò!ÊÙÛ<ÜbË7â�ÐVËdØ�Õ'Û<âÿÕ�Ë%Õ4ûÍË7Ò!ÎTË7ÏnÑ�Ï�Î°ûdÑTÒ!Î�Ë#�Ë%ûãË+ÊÙâÈØ ØQÊÌÕ�Õ�Ë+â�Ø�Ë+ÊÙÏ�Ë+Ò ßµÊÙþ�Ò!Ú<Ø¡Ë%Õ�Ë7Ò�Ø!Ó'Ô�Ò!Û<Ñ�ÜbËSË+ÊÙÏ�Ð<ËdØ�Õ!Ë7âÌâÌÕ�Ý��ãË7ÊÌØ��ãÊÌË7ÐVË+Ï¡Î�Ë�Ø^�fÒ�Ê�Ø�Õ�Û<âÙâÈØwûdÑ�Ò�Î�ËuÎ�Ë7Ò
�(� �È �AÅ�ÁPÅ�e$½ Ã #��½��,ÁO½A¾,¿%Å�¾EÂ�½f»�Å�¾_Â " Å�¹� +Å�Á Ã N��A¹¶Å!»�Å�¾,Å�¾SIÞ¹?Å�¿%Å�Á�Æ�� * Å�¾ Ã ¹?¾A»S¹�)�eZ¾�� È ¾,¿dIáÂ�½��A¾A»�Å�¾�h
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[1 1 2]

[1 1 0]

[1 1 1]

19.47°

1 1 1 Gitterebene
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1 m
m

eZ¸,¸,¹?º¼»�½,¾,¿Kf$h��!j�� È Á Ã ÆOÅ�º¶º?½,¾,¿S»�Å�Á�É�ÁO¹ Ã Æ È º?º�#�+%Á�)t½,¾·»:»�Å�Á¡ wÁP¹¶Å�¾7ÆO¹?Å�ÁP½,¾,¿d»�Å�Á�%4¹¶Æ�ÆPÅ�ÁPÅ�¸<Å�¾,Å�¾:¹m)�É�ÁO¹ Ã Æ È º?º� �+%Áw»,Å�ÁI�¹?Å�¿+½,¾,¿�h
7SÛ<Ñ�õTÕ!þ�Ò àÑ�ØQØ°Ñ�Ï�Ð:Ø!Ò�Û·Î�ÊÙÑ
ØwÎ�ËdØ���Ò�Ê�Ø�Õ'Û<âÌâ�ØZØ¡ÊÿÕ!Õ!Ë7â�ØZÎ�Ë+ÒEìdË�¢Ë¤£�ÊÙÚVÏ
Ø�Ø¡Ë%Õ�Ô�Ú�Î�Ë·×·ûdÊÙËYØ!ÊÌËÍÊÌÏ°çEÜ�ÜTÊÙâÙÎTÑ�Ï�Ðó Ý?ôýÎ�Û<Ò!ÐVË�Ø�Õ!Ë7âÙâÿÕãÊÈØ�Õ7×�ÜbËdØ�Õ�ÊÙØQØýÕ7Ý2�fÛ·Ü�Ë+Ê�Ë+Ò�Ú�ÚVâÌÐ<Õ�ËÜÚ àÑ�Ò$#�Ë+Î�ËK¥.ÊÙÏ
Ø�Õ�Ë+âÙâÙÑTÏ�ÐýÎ�Ë+ÒdßµÊÌþ�Ò�ÚVØQË+Õ�Ë+ÒÄØ�Ó'Ô�Ò�Û<ÑTÜ�ËË+ÊÙÏ�Ë¡ßµÊÿÕ!Õ!Ë7âÙÑTÏ�Ð àÑ�Ü�Ë+ÒF¦ ï ß"Ë7äVõ�ÑTÏ�þÖÕ�Ë<×$Î�ÊÌËQË+ÏÖÕ�â Û·Ï�ÐµÎTË7Ò�ÐVÒ�àÚ<ä<Õ�Ë+Ï§�fÒ!ÊÈØ�Õ�Û<âÙâÙÛ<Ñ
Ø!ÎTË7Ô�Ï�Ñ�Ï�ÐA�<Ë7Ò�Õ!Ë7ÊÌâÌÕûãÛ<Ò�Ë7ÏHÝ��_Ë+Ò.ÐVË7ØQËdØ�Ø!Ë7ÏTË�ìuÛ<Î�ÊÌÑ
Øùö�Ê�Ø�Õ�ÊÙÏnçEÜTÜ�ÊÙâÌÎ�Ñ�Ï�Ð ó Ý�¨fÊÙÏnçSÜ�Ô àÛ<Ï�Ð<ÊÙÐVþ·Ë7ÊÌÕ��VÚVÏQÎ�Ë7ÒùçSÑ
Ø!âÌË7Ï�þ�Ñ�Ï�Ð� Î�Ë7ÒX�fÒ!ÊÈØ�Õ�Û<âÙâÈØ!õ�ÊÿÕ©�7ËSÎÛ<Ò�ÐVËdØ�Õ�Ë7âÌâÌÕ7Ý
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Absolute Verschiebung der Mikrometerschraube in [mm]

Meßpunkte Si 110/−110
Meßpunkte Si 110/−112

Fit mit L = 92 mm

0,250 0,5 0,75 1 1,25 1,5 1,75 2 2,25

eZ¸,¸,¹?º¼»�½,¾,¿ªf$h '�j«� È Á Ã ÆOÅ�º¶º?½,¾,¿:»,Å�Á É�ÁO¹ Ã Æ È º?º Ä Á �½�),) ½,¾A¿ È º Ã	¬ ½A¾ Ä ÆO¹m+%¾¡»,Å�Á	�Å�Á Ã N��,¹?Å�¸,½A¾,¿= »�Å�Á É�ÁO¹ Ã Æ È º?º Ã�* ¹¶ÆOÂ�Å®h
� È ¸·Å�¹�Å�¾7Æ ÃO* ÁP¹?N��7Æ°¯�Å�»,Å�Á®q�½,¾ Ä ÆMÅ�¹?¾,Å�Ál±f¹�ÆOÆOÅ�º¶½,¾A¿ �½,¸<Å�Á¡²´³,±fÅ´µ " Å�ÁOÆOÅ�h

�_ÊÌË<¶!Ëª·�¥.ÊÌÓ'Ô�þ�Ñ�Ò´�<Ë¹¸ þAÛ<ÏTÏ�Ï�Ñ�ÏèÎÛ¹�+Ñ�ÜbË7Ï�ÑTÕ(�+Õ�ûãË+Ò!Î�Ë+ÏH×ZË7ÊÌÏ�Ë7ÏèÜ�Ë�¶�Õ!ÊÙØQØýÕ�Ë+ÏÞìSÛ<ÎTÊÙÑ°¶fÏ�Ñ�Ò:Û<Ï
7SÛ<Ï�Î"Ë7ÊÌÏ�Ë7Ò ûÍÚVÔ�âZÎ�Ë®ºÏ�ÊÙË+Ò�Õ!Ë7Ïg»ùË7Ò(¶�Ó'Ô�ÊÙË+Ü�Ñ�Ï�Ð � Î�Ë+ÒSßµÊÙþ�Ò!Ú<Ø¡Ë%Õ�Ë7Ò´¶!Ó'Ô�Ò!Û<Ñ�ÜbË�Ë7ÊÙÏ«�7Ñ°¶�Õ�Ë7âÌâÙË+ÏHÝ



¼K½�¾�¿<ÀÁ������{�	��
��^Á	
XÁ¡¿<À�������KÁ	
ÂÁ��a¾	Á�
Ã¿*�xÁ��HÀÁ ó ¨
ïÛð�tÜðòñ ôµ\XYþvu � ùz÷�÷�þ ^ þZ\ w«aKö.\vö�ü,Ä
þZ\6ùz÷
ùzþZ\�[ � X ^ þZ\Åy \Yû[fege [ � X þ¹ù � þë÷

Æ�ðßï e e ^ ùC`�ünþ � \vþZ`�a^Ä�þZ`�ü�ùCXYþ �Ç| ù�õ7ùzúëù�[feÈ~�y \6ù7÷�Ä
ö®õ7õzþ¹÷
É àÑ�ÒxË7ÊÙÏTËA¶�Õ àÛ·Ò!þ<Ë+Ò!Ëx��Ò àÑ�ØQØ°Ñ�Ï�Ð Î�Ë�¶Ê�fÒ�Ê�¶�Õ�Û<âÙâË¶ýûdÑ�Ò�Î�Ë|Ë7ÊÙÏÌ�fÒ!ÊË¶�Õ'Û·âÙâÍ�<Ë7Ò�ûãË+Ï�Î�Ë+Õ7×ÍÎTË<¶(¶�Ë7ÏÎ�_ÊÌÓ'þ<ËÏ�Ñ�Ò ï Ý ó ØQØ Ü�Ë%Õ�Ò àÛ·Ð<Õ�Ýv�_Ñ�Ò�Ó'Ô«Î�ÊÙËHÏ Û<Ô�âùË7ÊÌÏ�Ë<¶zÐVË7Ë+ÊÙÐVÏ�Ë%Õ�Ë+Ï.�fÒ!Ê�¶�Õ'Û<âÌâ�¶�Ó'Ô�Ï�ÊÌÕ�Õ�Ë�¶7×MçEÜTÜ�ÊÙâÌÎ�Ñ�Ï�Ð ó Ý�rT×ûdÑTÒ!Î�ËnÎÛ�¶�ìSÛ·Î�ÊÙË+Ï��<Ë7Ò�Ô àÛ<âÌÕ!Ï�Ê�¶EÛ<Ñ°¶fÛ·Ï�Õ!ÊÙþ�â Û�¶�Õ�ÊË¶!Ó'Ô�Ë+ÒEÑ�ÏTÎÐ7SÛ<Ñ�õTÕ!þ�Ò àÑ�ØQØ°Ñ�Ï�Ð õ�Ú�¶�ÊÌÕ!ÊË�"Ü�Ë+Ë7ÊÌÏ«¢Ñ�ä<Õ7Ý
¥¡¶µË7Ò!Ð<ÊÙÜTÕÑ¶!ÊÌÓ'Ô�ÏÛ<Ó'Ô8ÒfâÙË+ÊÙÓ'Ô�Ñ�Ï�Ð ó ÝÓ¦$¨tË+ÊÙÏUÕ!Ô�Ë7Ú<Ò!Ë+Õ!Ê�¶�Ó'Ô�Ë7ÒxÏ�Ë7Ò�Õx�<ÚVÏ ö�� �´Ô ö í 3 ¦ ó × ó Ý��_Ë7Ò

[0 1 1]
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|y}~xsr eJX�bcbcX i evm%b i m-X�Y Z Y � mJeJó�[�X�YL`¶X�_M>1b i m-]^X�_ g Xnm-`¶[�]^]�` o$õ [�X ÿ�Z X��/`¶Y � m\� � Z [cX8� g X�[1mJX�Y%nqX g � n�Xx?
_�X ÷ Y-[7mL` i b�bcX�X�[c_�nqXym-X�`¶ó�`R��X�Y\mJX�_$�{[7mL`EX�[c_JXpnqe�`RX�_/`í�;[cçÔ�8X�br`¶X  X�ç � _J[�� o ñs_/`¶X�Yql�X�Y8�eJçÔ��m\[cç � `\[cnqeJ_�n
m�X�Y�z1Y\��X�_J_/`¶_J[{m|m-X � Y �e � X�Y-X�Y ÷%i�Z [�`\X�b��;[�Y\mìmJ[�XÒd Zji Y i `¶X � eJ_J�/`¶[ � _ìmJXym ÷ Y\[{m-` i bcb7m Z X��/`¶Y � ]^X�`¶X�Y}m g Xx?
mL`¶[�]^]�` o l�X�[~pëX�Y-�'X�_�mJeJ_Jn�X�[�_JXym3� i b�[ g Y-[cX�Y-`¶X�_ õ X�`¶X��a` � Y|m8���RY��i�0���� � i _�_pm i _J_ i e�m3mJX�_ ÿ
Z X��a`\Y\X�_
e�_Jm m�X�Y;d Zji Y i `\X � eJ_J�/`\[ � _kmJ[cX@tEeJX�bcb�X�]�[7m|m-[ � _ g Xnm-`¶[�]^]�`A��X�Y\mJX�_ o

dsbcbcXÒ[�_ìmJ[cXnm\X�] ÷%i�Z [�`¶X�b g Xym\ç � Y\[cX g X�_JX�_�z&� Z X�Y-[c]�X�_/`¶XÒ�;eJY-mJX�_ i ]���� x*� � ö��Ä}��T�R}ãxÃz$}��
�C�59Ò9�� eJ_Jm$� ÿ ç � �'X�mJX�_ � mJeJY-ç � nqX � �e � Y-`����RY��i<0�����o

���1� �����^�e���b�¡ ���¢£��¤&�¡¥

õRi m"¦Þ�eJY�m�[cX ð Xym|m-eJ_JnqX�_ýò�X�YL��X�_JmJX�`\X �Ãi m-X�Y}m}§~m-`\X�] gji m-[cX�Y-` i e�¦;mJX�Y�pëX�Y|mL`Ä�i Y-�
e�_Jn X�[�_JXymäó�X�[r`}?
b�[cç � nqXnm-`¶Y-X�çÔ�/`¶X�_©¨í] Z eJb7m-Xym�[c]  [5ª ÿ�i�Z � [�Y �Ãi m-X�Y«� ð � e 0/êB��o zVm��'X�Y-mJX�_ `¬§ Z [7m\ç � X�Y-�'X�[{m\X>1eJb{m\X
g X�[ �Ãi m-X�Y-�'X�b�bcX�_Jbí�i _�nqXpò � _ X�`í� i®�q�q� _J] ]�[�`%X�[c_JX�Yq¯ [�X�mJX�Y �J� b{¦hY\X r eJX�_Jó�ò � _°o �£± ó�X�Y\ó�X�eJn8` o
¨í_vX�[�_JX�] X�Y|mL`¶X�_ ÿ ç � Y-[�`-`R��X�Y\mJX�_ mJ[cXpó�e�ò � Y�nqXnm-`\Y\X�çÔ�/`\X�_T>1eJb{m\Xì[c_ X�[�_JX�] Z � m-[�`\[�ò Y��eJçÔ�anqX�� � Z ?
Z X�br`¶X�_cpëX�Y|mL`Ä�i Y-��X�Y g [{mRó�e X�[�_JX�Yqz1_JX�Y\nq[�Xäò � _ 0 ]³²)ò�X�Y}m-`Ä�i Y\�/` o�´fi ç � X�[c_JX�Y ÿ `¶Y i � b i e�¦ �'X�[�`\eJ_Jn
�'X�Y-mJX�_^mJ[cX	>1eJb{m\XÒ[�_pX�[c_�X�] ð X � Y}¦ i ç � ò�X�Y}m-` �i Y\��X�Y��'X�[�`\X�Y3ò�X�Y|mL` �i Y-�/` i eµ¦·¶ ��� ]�² o/õ [�X�ò � _�X�[c_JX�]
¸ i eJ]u¦hY\X r eJX�_Jóx¹jb�`\X�Y1nqX�nqbí�i `\`¶X�`¶X�_u>ëe�b7m\XA�'X�Y-mJX�_�[c_pX�[c_JX�] ó���X�[�`¶X�_ ð X � Y(¦ i ç � òqX�Y}m-`��i Y\�8X�Y i e�¦�o�²
ò�X�Y}m-`Ä�i Y\�/` ojõ X�Y ÿ `\Y i � b~�;[cY-m)m i _J_)�'X�[r`¶X�Y i evm-nqX�mJX � _/` g [7m�ó�e X�[�_JX�] õ eJY-ç � ]^Xnm|m-X�YAò � _ é�� ]�]
g X�ò � Yfm�[cX@>1eJb7m-X�[c] ÷ � ] Z Y-Xym}m � Y<� � ] Z Y-[c]�[cX�YL`Ò��X�Y\mJX�_ o >ëe�b7m\� � ] Z Y\Xnm|m\[ � _"eJ_�mæ_ i ç � ¦ � bcnqX�_JmJX
ÿ `¶Y i � b{¦Ô�e � Y\eJ_Jn�X�_ä�'X�Y\m�X�_ì[c]hp i �aeJeJ]OmJeJY-ç � nqXn¦Ô�e � Y-`��qeJ] ÿ `¶Y i � bcó�X�Y}m-`Ä�� Y\eJ_Jn�X�_peJ_Jmp_�[cç � `¶b�[c_JX i ?
Y-X8zVº X��/`\Xsó�e^òqX�Y\]�X�[�mJX�_ oaõ X�Y Z Y\[�_Jó�[ Z [cX�bcbcX'dfe�¦ gJi e^� i _�_^d gJg [cb�mJeJ_Jn�� o o;X�_/`¶_ � ]^]�X�_ì�'X�Y\m�X�_ o

õ [�XEY\X�� � ] Z Y\[�]^[�X�YL`¶X�_³>1eJb7m-X � i�g X�_lX�[�_JX õRi eJX�Y�ò � _Do<o � ¦»m o ²�X�mJX�] �Ãi m\X�Y Z eJb{mÒnqX � X�_ló��'X�[
m-ç � � �i ç � X�Y-X®p � Y Z eJb7m-Xlò � Y i evm��ëX�`í� i o 
 _vm�eJ_Jm 
 _�m�ò � Y^m�X�] ±fi e Z ` Z eJb7m o7ÿ [cX�m\[�_Jm [�_�mJX�Y
�RY����å X�_ � Y\mJ_aeJ_Jnìò � _Mo �½¼ eJ_�mMo �½¾ m-ç � ���i ç � X�Y i b7mAm�X�Y ±fi e Z ` Z e�b7m o

� �
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500 mJ, 110 fs
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15 µm
Fokus

Polychromatischer Fokus

øÃÂÄÂÄÅ6Æ�Ç�ÈÄÉÄÊ³ÏÄË�Ð�ú�Í�Ñ>ÎÄÏLÐÒÑÔÓÖÅ6Õ:Ñ>ÎÄÏ üÒ Â8Ï-×ÖÕ�Å�Ñ>Î�ÓsÇÄÏ-Õ8Ó�ÏL×>ÑÕÔ$ÑÔÓ�Ó�Ü�Ö�Ñ�Õ�ÏL×>ÕC×�Õ�Ó�Ï-ÐAÕ�Å6É�ÖaÈÄÉ8Ç Å�É4ß�ÆcË$Ç�Ï-Õ<ÏUþ1Ø8Ï-×�Å6ÐAÏLÉ�Ó�Ï-Æ�Æ6ÏLÉ
øÃÈ�Ø�Â4Ñ�È4ÕKÙ-ÈÄ×*Ú�Ï-Õ�Ó�Å6Ð�Ð'ÈÄÉÄÊ;Ç�Ï-×�ÛâÈÄÏLÆ6Æ6Å�É�Ó�Ï-É4Õ�Å¡Ó¶üÑÔÓ�Ü Ýy×¶üÑxÞnßÕà Ë
���âá ã$ �ä8�¡å®æÎåç®æ è/éÎç ê ëé/ç�¤bæÎ�Ìç��¤V V��ìíyåç®æ

õÌî{ï��*ð m ïyñ|ò�óvô m ï³õ�ïnñ|övïn÷�ø/îúù"ïnî7÷vïnø õÌî7ð<ø³ð½÷�ù@û�ïnövñ|ïnüÇùÕïy÷·ý&û�þ�ô{övÿwï m�� üvî � üÇùÕïnù|ïy÷sýbò ð<ñÕð½ÿwþ�ô{î m�� üvïy÷
ÿ~òvî7ïnû�ïyô m övïnñÌï º ï��ÇùÕî ò ïn÷���þ��~ó m ô	�ð½÷vû�ï ò þ�÷�
��³øÎø ��Ìÿ�ïyñ����ð � üvïy÷�û�ïy÷ ð½óvî7û��½ïyîúù�����
/ÿ�ïyî&�����/÷vø �
ð½ó ¦ ïnî7÷,ñ}þ<ùÕî{ïyñ|ïn÷vövï m�� ïnùÕð<ô7ôúù ð<ñ}û�ïnù ¦ þ���ó m|m î7ïyñ(ù��ãõÌî{ï > óvô m ï¡ùÕñ|ï º ïn÷�óv÷ÇùÕïyñ	ïnî7÷vïnø ¯ î7÷��<ïyô ò þ�÷������
ÿ�ï ó �óvû�ô{î � ü�övïyñ�Ìÿ�ïyñ�� �ð � üvïy÷�÷vþ�ñ|ø/ð<ô{ïy÷Sð<ó ¦ ö ð m bð½ñ|û�ïxù��

¨ ÷Mövïyñ�� þ���ó m ñ}ïyû�î{þ�÷Dõ ïyñ}övïy÷ ¨ ÷�ù|ïy÷ m î{ù �ð½ùÕïn÷"!�þ<÷#
%$ o �'&)( ¯*� ø,+ ) ïyñ}ñ|ïnî � üÇù��5õÌî7ï m ï m î{÷vöDüvþ � ü
û<ïy÷�óvûvýKóvø î7÷ïnî7÷vïnø^üvïnî.-�ïn÷ > ô7ð m ø/ð m�� üv÷�ïyô7ô{ï z ô7ï��Çù|ñ|þ�÷vïn÷"/nócïyñ�/nïyóvû<ïy÷sýKövî{ïuð<ó m ñ|ïyî � üvïy÷·ýKóvø
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î{øaóvøÎû�ïyÿ�ïy÷vö�ïy÷,�ð<ñ|û�ïxùÕø/ð½ùÕïnñ|î7ð<ô�1�23547678:9;4 m ù|ñÕð<ü�ô7óv÷vû�/yó�ïnø/îúù|ù|î7ïyñ}ïy÷<�>=�ô m bð<ñ}û�ïnù|ø³ðBùÕïyñ}î�ð<ô{î7ïn÷
õ	ó�ñ|övïn÷?��øÎø ö�î � �<ï^ÿ � ü�ïyî7ÿ�ïy÷Dð<ó m@k î7÷v÷®ó�÷vöcbð<÷ÇùÕð<ô&ÿ�ïy÷�ó�ù@/xù���AÌî{ïB=�ó m õ�ð<üvôVövî{ï m ïnñ¡bð½ñ|û�ïxù ?
ø/ð½ù|ïyñ|î7ð<ô7î{ïy÷õ	óvñ}övï�î7÷e±�î7÷�ÿvô{î � �cð<ó ¦ övî7ï/ÿwïyð<ÿ m î � üÇùÕî7û½ùÕï³øÎïyö�î./yî{÷vî m�� üvïC=�÷Çõ�ïn÷vövóv÷vûcû�ïxùÕñ}þ º ïn÷<�AÌî{ïED �*?¬z ø/î m|m î{þ�÷F!�þ�÷ k î{÷v÷®ô7î{ïyû<ù8øÎî{ùHG�I:J 9 
�
K�<ï p ÷ ð<üvï"övïyñL=�ÿ m þ<ñ|ò�ù|î7þ�÷ m �Bð<÷ÇùÕïE!�þ<÷ ² þµö
ÿ�ïyîM���N�<ï p ýµõ �ð<ü�ñ|ïy÷�ö�övî7ï�D �*?¬z øÎî m}m î{þ�÷O!�þ�÷��ð<÷Çù ð½ô&�PG�I:J 9 
Q���<ï p � ÷ ð<üvï�övïyñR=�ÿ m þ�ñ|ò�ù|î7þ�÷ m(?�Bð<÷Çù|ïH!�þ�÷ � ð<övþ<ô7î7÷�î7óvøS/yó ¹ ÷vö�ïy÷,î m ù�� l ïyî{övï z ô{ïyøÎïy÷ÇùÕï½ý ² þ~ö�óv÷vö � ð<övþ<ô7î7÷�î7óvø£ý<õ ïyñ|ö�ïy÷�î7÷/övïyñ� ïyövîT/yî7÷£ð<ô m D¡þ�÷ÇùÕñÕð m ùÕøÎî{ù}ùÕïnôU!�ïnñ}õ ïy÷vövïxù��
���WV ����¤b�YX³¤&éÎ 
=�ô m AÌïnù|ï��ÇùÕþ�ñZ�Bð<ø$ïnî7÷vï ð<ÿ m þ�ô7ó�ùZ�Bð<ô{î7ÿvñ}î7ïyñ(ùÕï\[][^A ? D@ð½ø/ïnñÕð]/yóvø z î7÷ m ð½ù�/ ��� ñ �ð�0������ p ïyñ(õ�ïn÷vövóv÷�û
¦ ð½÷vö�ö ð<ÿ�ïyîKïyî{÷vïN
�ø/ø övî � �½ï<ý �ïyñ}ÿvî7óvøHövþ<ùÕî{ïyñ(ùÕï ¹ ÿ�ïyñ}þ�ò�ùÕî m�� üvï�ÿ � î7÷ÇùÕî{ô7ô7ð½ùÕî{þ�÷ m ò�ô�ð½ù}ùÕï��_A¡ð½övóvñ � ü
ïnñ|ñ}ïyî � üÇù|ï³ø/ð<÷Mïnî7÷vïuû�óµùÕïÎñ �ð<óvøÎô7î � üvïO=�ó%� �þ m ó�÷vû`�aA¡ð m D@ð½ø/ïnñÕð m(§µm ùÕïnø�üvð½ù|ù|ï/ïnî7÷vïn÷ ¹ ÿ�ïyñ}þ�ò�ùÕî ?
m�� üvïy÷£�ð<òwïnñ�ð<ô m p ïyñ}ÿvî7÷�övóv÷vû övï m =�ó m ûÇð<÷�û m övï m	l î7ô7ö%!�ïyñ m ù �ð<ñ��½ïyñ m øÎî{ù övïnñb[][^A ? Dqð<øÎïyñ|ð���AÌî{ï
ï º ïc�ÇùÕîT!<ï > î � ïnô7û�ñ��þ�-�ïÌî{÷�övî7ï m ïyø ÿ §µm ùÕïnøjõÈð<ñ���dUeR��dOfsø ) �A¡ð m [][^A ? Dqð<øÎïyñ|ð m}§~m ù|ïyø õ	óvñ|övï�ø/îúùÈ±8î7ô ¦ ï]!<þ�÷,ñÕð<ö�î7þÇð��Çù|îT!�ïn÷ > ñ|þ�ÿ�ïy÷,�Bð<ô{î7ÿvñ}î7ïnñ}ù ��� ñ �ð<0����)�AÌî{ï > ñ|þ�ÿ�ïy÷©õ	óvñ}övïy÷ î7ø =�ÿ m ù ð½÷vög!<þ�÷ 0��Tø/ø !�þ<ø ÿ � î7÷ÇùÕî{ô7ô�ðBùÕþ�ñ/ð<ó ¦ û�ï m ù|ïyô7ôúù�� > ñ}þ�ÿ�ïy÷h!�þ�÷)ji & =�øSý & ¾ ( [ m ý & ¾¬¾ l ð�ý�k	lm[�þvý ¼ ( [�þvý ¼ i � ÷£ó�÷vö )¬) ´�ð�øÎî{ùR=H�ÇùÕîn!µîúù �ð½ù|ïy÷,î{ø l ïyñ|ïnî � ü,!�þ<÷«
Q���E� l r
ÿ�î m@¶ ���F� l r õ	óvñ|övïn÷eû�ïn÷~óµù@/nù��5AÌî{ï > ü�þ<ùÕþ�÷�ïy÷vïn÷vïyñ}û�î7ïn÷ óv÷vö ¨ ÷�ù|ïy÷ m î{ù �ð½ùÕïn÷ övïnñ�!�ïnñ m�� üvî7ïnövïy÷vïn÷
k ïnñ ¦ ð<ô{ô m ñ|ïyî{üvïy÷cõ	óvñ}övïy÷�ð<ó m övïnñ ¨¬m þ½ùÕþ�ò�ïy÷Çù ð½ÿwïnô7ô7ï � ´HA%ÿ~� ïy÷ÇùÕ÷�þ�ø/øÎïy÷U��´�ð � üTövî{ï m ïnñEDqð<ô{î7ÿvñ}î7ï ?
ñ}óv÷vû ïnñ|ü �ð<ôúù�ø/ð<÷�ïyî{÷vïy÷o!<þ�÷�övïyñ > ü�þ<ùÕþ�÷�ïy÷vïn÷vïyñ}û�î7ïqð<ÿ�ü �ð<÷vû�î{û�ïy÷Fp8ø/ñ}ï � üv÷�óv÷�û m}¦ ð��Çù|þ�ñyý�õ ïyô � üvïyñ
ö�î7ïF=�÷`/yð<üvô8övïyñ z ñ|ïnî7û�÷vî m|m ïSî{÷°övïnño[][^A ? Dqð<ø/ïnñÕðcð<ó ¦ ïyî7÷�ï k ð½üvô]!�þ�÷�ð<ÿ m þ<ñ|ÿvî{ïyñ}ù|ïy÷q1�235476Mr859�4 òvü�þ<ùÕþ�÷�ïy÷£óvø/ñ}ï � üv÷�ïnù���AÌî{ïYDqð<ô7î{ÿvñ|î{ïyñ|ó�÷vû m ��óvñs!�ï¡î m ù	î7÷F=�ÿvÿvî7ô{övóv÷vûtd��vuE/yó m ïnüvïy÷<�
���sw xzy{y®�" V� ¤&�H|Çåç{X³¤~}yéÎç �®�¡ ��  �} ��¤&�"í í ¥ éÎç®éF��ì VéÎ¥ � ¤béÎ ��Ìç

AÌî{ï z î{û�ïy÷ m�� ü ð ¦ ù|ïy÷,övï m D¡ñ|î m ùÕð<ô7ô m ÿ�ïyî�övïnñ ¸ ïc� ï � î7þ�÷C!<þ�÷F1�23a4�6<8:9;4 m ùÕñ|ð<üvô7ó�÷vû ïnî7÷vïnñ�ÿ�ï m ùÕî7øÎøO�
ù|ïy÷ ¯ ïyô{ô7ïy÷�ô	�ð<÷vû<ïL� l ø/îúù�ö�ïyø�� �<�78:8 õ	î7÷`�½ïyô<� �õ ïyñ|ö�ïy÷�övóvñ � ü£ö�î7ï ¸ ïc�vï � î7þ�÷ m ��óvñ�!<ï ö�ï m D¡ñ|î��
m ù ð<ô{ô m,�������)�\���U�Z��� + �m���� ù ð½÷b� ��� ÿ�ï m�� ü�ñ|î7ïnÿwïn÷<���µî{ï®û�î7ÿµù ¦ �óvñ��~ù|ñÕð<ü�ô7óv÷vûTö�ïyñ ¯ ïyô7ô{ïy÷vô �ð<÷vû�ï��
övð m³p ïyñ}ü ð<ôúùÕïy÷q!<þ�÷�ñ|ïm� ï��ÇùÕî{ïyñ(ùÕïyñ,/nó©ïyî{÷ ¦ ð<ô7ô{ïy÷vö�ïyñ m òwïc�ÇùÕñÕð½ô7ïyñ z ÷�ïyñ|û<î7ïyö�î � üÇùÕïð½÷<�^AÌî{ï �=�÷�övïm�
ñ}óv÷vû ���P�R���M� övï m � �<�78:8 õ	î7÷`�½ïyô m î m ùïnî7÷vï�� óv÷���ù|î7þ�÷hö�ïyñ�AÌîT!<ïyñ}û�ïy÷`/xõ	î7÷`�½ïyô � î{÷hövïyñ�AÌî��
m òwïnñ m î7þ�÷ m ïyÿ�ïy÷vï�óv÷�ö �\m ïy÷��~ñ}ï � üÇù�/nóvñ�AÌî m òwïnñ m î7þ�÷ m ïyÿ�ïy÷vïQ�LAÌî{ïeî7ø p ïyñ}û�ô7ïnî � ü�/nó�� l ��ô7ïyî{÷vï
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Bragg, Sn, R = 8 m

Laserenergie: 325 mJ
p = 350 mm
q = 550 mm
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(b)

Bragg, Ta, R = 8m
Bragg, Ta, eben

Laserenergie: 255 mJ
p = 350 mm
q = 400 mm
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(c) Laue, Sn, eben
Laue, Sn, R = −5 m

Laserenergie: 255 mJ
p = 350 mm
q = 610 mm
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(d) Laue, Ta, R = −5 m

Laserenergie: 246 mm
p = 350 mm
q = 610 mm
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�¶¯ ��ÖeÖs� ®±¦y¡ c�® � ¤�� � ¡ £ ® � ¡ Ó ¡ ¢s£x¢ ` Ú ¹ � ¤UÒ Ô ` ¢ ` ÓÃ�W¢ ¤ � `§c»¦ ÖeÖ ` Ø¯a¸ � ¡x` Ú ¹a¡ ��¢s£x� ¤Ììb` Ô ¤a® � ¡x¤�` ÔyÖeÖs£x� ® � ¯ £©Ös¢eÚ ¹¯�¤ £x� ¡�® � ²ö� � ¡ £ Ý Ô ¤Tèy÷bõ�²?frÝ�cºØ¯�¡�® ¢e��ÓyÔ ¤ÇÝ � ¤ £©¢sÔ ¤ �WÖsÖe� úI¤ ×b¢eÔb× ¡©¦yëa¹ ¢e�JÖe¢s�W×b� ¤ÌÐaú Ö ` ¢ ¢sÚ ¹ £¬«¾� ¡ £©�«� ¡§® � ¤;®±¦y¹ � ¡aÉ � ¤ � ¦y¯a` é ¦Ã²�¸a¯a¡ × ~�Ò ¢ ���ÇßP��¦y¤ ×y� ¤ Ô ²U² � ¤ÌÐ
�\�Z�/�zÊ Ë �����Ì�����ÎÍ!�/�v�����G�¥��ÏÐ�a���,�¸�"���"�
� ¢eÔbÖsÔb×b¢ ` Ú ¹ � �1¡ Ô ¸ � ¤ � ¤ £ ¹a¦ Ös£x� ¤�¹±¦y¯aë £ `AØ¦ Ú ¹ Öe¢eÚ ¹ Öe��¢eÚ ¹ £©�_ª1Öe� ² � ¤ £x�_«�¢s�ÛÕ ÐD�IÐ1� ¦y`§` � ¡x` £xÔyÿ k é 3}ìfi¦y¯ � ¡§` £xÔyÿ kP�M3}ìíô Ô ¹ Öe� ¤�` £©ÔÃÿ kP£l3qìíf £©¢sÚºÓ ` £©Ôyÿ k o�3qìä�³¹ Ô `xëa¹ Ô ¡Uk ��3�¯�¤a®{ô�¦ ÖeÕ�¢ ¯a²RkP£�¦�3qì «¾��ÖeÚ ¹ �ôIgûúI¸a` Ô ¡xë £x¢eÔ ¤�` Ó ¦y¤ £©� ¤?¯a¤ £©� ¡x¹±¦ Ö ¸�Ý Ô ¤?óaìn� Óy� j ¹±¦y¸ � ¤íÐaf £ ¡©¦y¹ Ö ¯a¤ × ² ¢n£³�W¢ ¤ � ¡¾�³¹ Ôy£©Ô ¤ � ¤ � ¤ � ¡ ×b¢e�Ý Ô ¤?ó Óy� j ¹±¦ £ ¤r¯�¡ �W¢ ¤ ��×b� ¡ ¢ ¤ ×b��ª1¢ ¤a®�¡ ¢ ¤ ×y£©¢s� c �á¢ ¤?� �q«¾� ¸ � ìi®íÐ�¹ÌÐr¸ � ¡ ��¢s£ `¾¤±¦ Ú ¹?õ�ì �J²U² ¢ ` £¢ ¹�¡ �£ ¡©¦y¤�`x² ¢s£x£x¢e� ¡ £©� �¬¤ £©� ¤�` ¢s£ Ø¦ £ ¦y¯�c��82 � ¦y¸ ×b� c»¦ ÖeÖs� ¤ÌÐÃÒJ¦y¹ � ¡�¸ � ` £x� ¹ £ ® ¢e� ü Ô ¡§® � ¡§¯a¤ × ¤±¦ Ú ¹�` Ú ¹ «� ¡ � ¡ � ¤ª1Ös� ² � ¤ £©� ¤�¦ Ö `�ô Ô ¤ £ ¡©¦Ã` £ ² ¢s£§£©��Ö ìr® � ¡ � ¤TôIgûúI¸a` Ô ¡xë £x¢eÔ ¤�` Ó ¦y¤ £©� ¸ �W¢ ¹�ØÔ ¹ � ¡ � ¤ ª ¤ � ¡ ×b¢s� ¤ Öe¢s�W×y£ Ð
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Ñ ?8?8REBS{ ^ V8½GFoHEI�JZb�@CQP½KBD@CREyzd�{8@ZQ�ced8U5NYU�V8@CV8@ZV4@ZQY½�RE@¸{�@ZQ�ÂGÒ�ÓzwÅÔ§RDV8RE@ ^ VA{�{�@ZQ�Âaw Ñ ?4WPU�QYn�NPREU�V4WPTO>5V�NP@�REV Ñ ?8d§]>5V4½�RE½�T�@CR¿N¼�U�V${�@CQ�Õ�QY{�V ^ V4½KWPqC>5d4B¥Ö×� �Ø=-ÙKº���Hü�Ø¯�¡J` �WÖs�WÓÇ£©¢ Ý � ô Ô ¡ Ô ¤±¦y¡x¦y¤ ×b¢sÔb× ¡©¦Ãëa¹ ¢e� ì�® ¢e��¢ ²Ú� ��¢s£ `x¯a¸ £ ¡©¦ ÓÇ£x¢eÔ ¤a`§² Ô ®a¯a`I¦y¡x¸ �W¢n£©�q£ ì «�¢ ¡x® «� g×y� ¤v® � ¡�¹ Ô ¹ � ¤vÝ � ¡ c}Ø¯ × ¸±¦y¡ � ¤þô Ô ¤ ÕW� ¤ £ ¡©¦ £©¢eÔ ¤ ¹�Ø¦y¯ � × � Ô ®v¦ Ö `?ô Ô ¤ £ ¡x¦y` £ ² ¢n£x£©��Ö ¸ � ¤µ¯ £xÕ�£ Ð�üIØ¯a¡Ò ¢sÚ ¹a¡ Ô ² Ôb× ¡©¦yëa¹ ¢e�l¢ ` £ ® ¢e� ¹ Ô ¹ � ô Ô ¤ Õ�� ¤ £ ¡x¦ £©¢sÔ ¤ � ¸ � ¤�c»¦ ÖeÖ ` �W¢ ¤ j Ô ¡ £©��¢eÖ Ð ª1¢ ¤{o�¦ Ú ¹ £©��¢eÖ Ý Ô ¤$� Ô ®¢ ` £ ® ¢e� ¡ �WÖ ¦ £©¢ Ý?¤ ¢e� ®a¡ ¢s×b�lª ¤ � ¡ ×y¢e� ® � ¡�ôIg¬úI¸�` Ô ¡§ë £©¢sÔ ¤a` Ó ¦y¤ £x� Ý Ô ¤\èbè�ìn�àÏ Óy� j ì « ¦y` �W¢ ¤ � ú�¸a` Ô ¡xëig£x¢eÔ ¤�` Ö Ø¦Ã¤ ×b� Ý Ô ¤ Öe� ® ¢e×bÖs¢eÚ ¹T�iìs� Ú ² Õ ¯a¡�ü ÔbÖe×b� ¹±¦ £ Ð ª1¢ ¤{¦y¤�® � ¡ � ` ª1Öe� ² � ¤ £ ² ¢s£ ¹�ØÔ ¹ � ¡ � ²ÜÛ0¯a¤a®® � ¡ ô¶g¬ô�¦y¤ £©� ¸ ��¢ ¹�ØÔ ¹ � ¡ � ¤ ª ¤ � ¡ ×b¢e� ¤ Ó ØÔ ¤�¤ £x� ® ¢s� Ò Ô ` ¢ `�¦y¯�c�® � ¤ �-¦ £©¢s� ¤ £©� ¤ Ô ¹�¤ � j � ¡ Ö ¯a` £l¢ ²f ¢e× ¤±¦ Ö g d ¤ £©� ¡ × ¡x¯�¤a®ig j � ¡x¹ Ø¦ Ös£ ¤ ¢ ` ¢ ¤�® � ¤Ý� ¢eÖ ® � ¡x¤�¡ � ®a¯ Õ�¢e� ¡ � ¤íÐ ª ` ×b¢ ¸ £�Õ�« ¦y¡ ��¢ ¤°�l¦Ã® ÔbÖe¢ ¤ ¢ ¯�²�g¹a¦ Ös£x¢e×b� `Zô Ô ¤ £ ¡x¦y` £ ² ¢n£x£x�WÖ ìÌ¦y¸ � ¡Z® ¢s� ` ¢ ` £ ® � ¡ ÕW��¢s£ ¤r¯�¡ ¢ ¤ �W¢ ¤ � ¡ ô Ô ¤ ÕW� ¤ £ ¡©¦ £x¢eÔ ¤$Ý Ô ¤�ÏA�;² × 2Ã² ÖÝ � ¡ c}Ø¯ × ¸±¦y¡�ì « Ø¦y¹a¡ � ¤a®�� Ô ®l² ¢n£��W¢ ¤ � ¡�ô Ô ¤ ÕW� ¤ £ ¡©¦ £©¢eÔ ¤lÝ Ô ¤�èÇÏÃõ�² × 2Ã² Öb×b� ¤µ¯ £©Õq£-«� ¡§® � ¤ Ó ¦y¤�¤ÌÐàÒ � `«�W¢n£©� ¡ � ¤ ¢ ` £ ® ¢s� ��¦y¸ � Ý Ô ¤;�J®ig¬¹a¦ Ös£x¢e×b� ²ðô Ô ¤ £ ¡©¦y` £ ² ¢s£§£©�WÖ ¦y¯�c��J¡x¯a¤�®�® � ¡ £xÔ � ¢ ` Ú ¹ � ¤_� ¢ ¡ Ó ¯a¤ ×¸ � ` Ú ¹a¡ Ø¦Ã¤ ÓÇ£ ¦y¯�c�õiì ��² Ö 2 Óµ× ô ØÔ ¡§ë � ¡ ×b�q«�¢eÚ ¹ £ ÐrúI¤�® � ¡ � ô Ô ¤ £ ¡x¦y` £ ² ¢n£x£©��Ö ² ¢n£³¢ ² j � ¡ ×bÖs�W¢eÚ ¹ Õ ¯�� Ô ®¹�ØÔ ¹ � ¡ � ¡/�¶¡x®a¤µ¯a¤ × ` Õ ¦y¹ Ö Û ì ×b¢ ¸ £³� `³¤ ¢sÚ ¹ £ ìÇ` Ô ®±¦ Ù ® ¢e� ¥ Ô ¤ ÔiÚ ¹a¡ Ô ²X¦ £©Ô ¡ � ¤�c}Ø¯a¡1® ¢s� úI¤ ×y¢eÔb× ¡x¦yëa¹ ¢s�¦Ã¯�c�® ¢e� � Ô ®rgpôIgpô�¦y¤ £©�IÔ ë £©¢ ² ¢s� ¡ £¾« ¯a¡§® � ¤ÌÐ
�\�Z�/�YÞ ß �G�����,�$�'�"àe�\���
� �W¢¾��¢ ¤ � ¡ ¤ ¢eÚ ¹ £©¢ ¤µÝÃ¦y` ¢ Ý � ¤���¦y¸ � ® � `Zô Ô ¤ £ ¡©¦Ã` £ ²X¦ £x� ¡ ¢ ¦ Ö ` «�¢ ¡x®7¦y¤ ×b� ¤ Ô ²X² � ¤Ìì�®±¦ Ù �Aõ;² Ö ® � `ô Ô ¤ £ ¡©¦y` £ ²X¦ £©� ¡ ¢ ¦ Ö ` ¢ ¤a¤ � ¡§¹±¦ Ö ¸ ��` ¢ ¤v® ¢s� j � ¤ ��¢ ¤4É ¢sÕW¢e� ¡ £?«� ¡§® � ¤ Ó ØÔ ¤a¤ � ¤íÐ�Ò ¢s� ¦y¤�c§Ø¦y¤ ×bÖe¢sÚ ¹ �ô Ô ¤ ÕW� ¤ £ ¡©¦ £x¢eÔ ¤ÁÝ Ô ¤î� Ô ®ÁÝ Ô ¤DèÇÏyõ�² × 2ù² Ö ¡ � ®a¯ ÕW¢e� ¡ £ ` ¢eÚ ¹D¦y¯�cZ® � ² � �W×°Õ ¯a² é�� ¡ ÕW� ¤ ¦y¯�c
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�Põ�² × 2Ã² Öí¢ ¤Û® � ¡�ú Ô ¡ £ ¦�¯a¤�®;® � ¤�ô Ô ¡ Ô ¤±¦y¡x¦y¡ £x� ¡ ¢e� ¤íÐÒ � ¡ ÕW��¢s£XÓäØÔ ¤a¤ � ¤á�/¹rë±¦y`x`pgZ�¶ë � ¡©¦ £©¢eÔ ¤ � ¤ ¦Ã¤�ô Ô ¡ Ô ¤±¦y¡©¦Ã¡ £©� ¡ ¢s� ¤�¸ ¢ ` Õ ¯î�;²X² Ò¶¯�¡ Ú ¹a² � `§` � ¡®�¯a¡ Ú ¹ ×y� c}Ø¯a¹a¡ £�«� ¡x® � ¤ÌÐ1Ò � `x¹±¦ Ö ¸+` ÔbÖeÖn£©� ¤â�¶¸§É �WÓÇ£x� Ý Ô ¤7® ¢e� ` � ²RÒ¶¯a¡ Ú ¹a² � `x` � ¡�¦y¯ Ú ¹ ¢ ¤+ú�¤ ×b¢sÔ g× ¡©¦y²U² � ¤;® � ¯ £xÖe¢eÚ ¹ Õ ¯;` � ¹ � ¤\` ��¢ ¤ÌÐ o ¢ ²U² £ ²�¦Ã¤�® ¢s�lÔ ¸ � ¤ � ¡ « Ø¦y¹a¤ £©� ô Ô ¤ ÕW� ¤ £ ¡©¦ £x¢eÔ ¤_Ý Ô ¤\� Ô ®¦Ã¤Ìì±` Ô�� ¡ ×b¢ ¸ £ ` ¢eÚ ¹ ¢ ¤Ûú�¡ £©� ¡ ¢s� ¤�Ý Ô ¤$��²X² Ò¶¯a¡ Ú ¹a² � `§` � ¡ ��¢ ¤ � ¥�¦y`§` � ¤a® ¢eÚ ¹ £x� Ý Ô ¤+��² × 2Ã² Ö Ð
�\�Z�/�Øã äæå��ç�Ïè�C�"àe�$�êéëç�ìªå����ç��$íÒJ¦Ã² ¢n£ ú�¡ £©� ¡ ¢s� ¤ Ý Ô ¤ �\²U² Ô ® � ¡ ÓµÖs�W¢ ¤ � ¡Û¦y¸ ×y� ¸ ¢sÖ ® �q£�«� ¡x® � ¤ Ó ØÔ ¤�¤ � ¤Ìì ¢ ` £���¢ ¤ � ¡PØ¦y¯a² Öe¢sÚ ¹ �ú�¯�Ü�ØÔ `§¯a¤ × Ý Ô ¤U² ¢ ¤�® � ` £©� ¤�`1õ�ìÑßI²X² ¤�ØÔy£x¢e× ÐàúI¯�` £©�WÚ ¹�¤ ¢ ` Ú ¹ � ¡f ¢sÚ ¹ £³¢ ` £�� ` Óy��¢ ¤ × ¡ ÔbÙb� `³�³¡ Ô ¸ Ös� ²_ì��¢ ¤ � ` ÔbÖsÚ ¹ � ú�¯�Ü�ØÔ `§¯a¤ ×�Õ ¯ � ¡x¡ �W¢eÚ ¹ � ¤Ìì Õ ÐD�IÐí² ¢s£§£©�WÖ ` �W¢ ¤ � £l£�Ò�gpô�¦y² � ¡x¦�Ð o�¯ £xÕ�£ ²X¦y¤ Õ ÐE��Ð �W¢ ¤ �ÓÃÔ ¤ÇÝ � ¤ £x¢eÔ ¤ �WÖeÖs� £l£�Ò�g¬ô�¦y² � ¡©¦�ì�` Ô+Ös¢e��×y£ ® ¢s�_� ¡x¡ �W¢eÚ ¹µ¸±¦Ã¡ � ú�¯�Ü�ØÔ `§¯a¤ × ¦y¯�c��J¡x¯�¤a® ® � ¡ ÓrÖs�W¢ ¤ � ¤� ¢ � ��Öe× ¡PØÔbÙb� Ý Ô ¤ ��£¬« ¦ �yß��Ì² ® � ¯ £©Öe¢sÚ ¹�¯a¤ £©� ¡�® � ² ×b� c Ô ¡x® � ¡ £x� ¤�� � ¡ £ ÐbÒ ¢s� `�¹�Ø¦ £§£©����¢ ¤ �¾ª ¡§¹�ØÔ ¹µ¯a¤ ×® � ¡�Ò Ô ` ¢ `�¦y¯�c-® � ¤���¦ £x¢e� ¤ £x� ¤ Õ ¯a¡�ü ÔbÖe×y� ìa®±¦�® ¢s� �Ì¦y¹ Ö ® � ¡��1¹ ÔÃ£©Ô ¤ � ¤;ë�¡ Ô � ¢ � �WÖ�ÓyÔ ¤a` £ ¦y¤ £ ` ��¢ ¤²Z¯ Ù ìa®±¦Ã² ¢n£ ®±¦y`�u1��� � ¡x¹a¦ Ös£x� ¤Û¸ Öe��¢ ¸ £ Ð� ¢sÖeÖ ²X¦y¤Z® � ¤a¤ ÔrÚ ¹ �W¢ ¤ � £l£�Ò�gpô�¦y² � ¡©¦�¤µ¯ £©Õ�� ¤Ììù` ÔbÖsÖs£x� ® ¢e� � ¢ � �WÖe× ¡AØÔbÙb� ® � ¯ £©Ös¢eÚ ¹ × ¡AØÔbÙb� ¡�` �W¢ ¤Ìì�q£¬« ¦��bßyõ��Ì²_ì «�¢s� ` ¢e� ¯ÌÐ�¦�Ð ¢ ¤_® � ¡�úI` £ ¡ Ô ¤ Ô ² ¢e� ¸ � ¤µ¯ £xÕ�£�«�¢ ¡x®íÐ
�\�Z�/�zî ï0�$�,��í/�"��ð$���$�'ð$���,�z���f ÔbÖ ¦y¤ ×b� ® ¢e�Ûª ¤ � ¡ ×b¢s� ` � ë±¦y¡x¦ £©¢sÔ ¤¡ñÃï Õq«�¢ ` Ú ¹ � ¤°® � ¤°¸ �W¢ ® � ¤ ª ¤ � ¡ ×b¢s� ¤ ï ¦ ¯a¤a® ï � × ¡AØÔyÙb� ¡ ¢ ` £¦ Ö `�® ¢e� ª ¤ � ¡ ×b¢e� ¸±¦y¤a®�¸a¡ ��¢s£©� w�ï/k ` ¢s� ¹ � úI¸a¸ ¢sÖ ®a¯�¤ × ��3qì «�¢ ¡§®�® ¢s� f ¢e× ¤±¦ Ö ¹�ØÔ ¹ �J¢ ²ÞÒ ¢nÿí� ¡ � ¤ Õ ¸ ¢sÖ ®¢ ¤ × ¯ £©� ¡¶o�Ø¦Ã¹ � ¡§¯a¤ × ®�¯a¡ Ú ¹\® ¢s� Ò ¢sÿä� ¡ � ¤ Õ ® � ¡�úI¸a` Ô ¡xë £x¢eÔ ¤�` ÓyÔr��¨UÕ�¢e� ¤ £x� ¤T¸ �W¢ ® � ¤ ª ¤ � ¡ ×y¢e� ¤�ï ¦¯�¤a®vï � ¸ � ` £©¢ ²U² £ ÐÒ ¢s� Øú�¤a® � ¡§¯a¤ ×b� ¤v® � ¡Û¥;¦y`x` � ¤±¦y¸�` Ô ¡§ë £©¢sÔ ¤a` ÓÃÔi�q¨UÕW¢e� ¤ £©� ¤þ` ¢ ¤a® ®a¯a¡ Ú ¹Á® ¢e�c ÔyÖe×b� ¤a® � ¤�� ��ÕW¢s� ¹µ¯a¤ ×b� ¤ ×b��×b� ¸ � ¤ ~¿Ò ¢ ���ÇßA�P�

ò1ó�ôõ÷ö | � �bÏ�øºèbèúùüûaýþ � ��øº÷ÇÏH$Ç�Aõ : 6 $8ñùï ùüû·ýþ ñYÿ c}Ø¯a¡�� Ô ®ò ó�ôõ'ö ò � � ��øP�]$Ç�Põ :�� $8ñÃï ùüû ýþ ñYÿ c}Ø¯a¡�� �q«¾� ¸ �ò1ó�ôõ ö�� � � ó�ø}ßH$Ç�Põ :�� $8ñÃï ùüû ýþ ñYÿ c}Ø¯a¡�ôJ¤ ÔiÚ ¹ � ¤ kmÏiÐÑß�3
Ò ¢s� Øú�¤a® � ¡§¯a¤ × ® � `�ú�¸a` Ô ¡xë £x¢eÔ ¤a` ÓyÔr��¨UÕW¢s� ¤ £©� ¤ Õq«�¢ ` Ú ¹ � ¤Û® � ¤ ª ¤ � ¡ ×b¢s� ¤_ï ¦ ¯�¤a®Ûï � c Ø¯a¡á� Ô ® ¢ ` £ë Ô ` ¢s£©¢ Ý�¯�¤a®Û` �W¢ ¤�úI¸a` ÔbÖ ¯ £¬«¾� ¡ £�¢ ` £á��£¬« ¦_�Põ�ÐÑõyõbõ�²�¦ Öä× ¡PØÔbÙb� ¡�¦ Ö `�® � ¡�c}Ø¯a¡ «�W¢sÚ ¹ � `I� ��«� ¸ � ¸ Õ�« ÐôJ¤ ÔrÚ ¹ � ¤ÌÐ�ý�¦y¸ �WÖsÖe� ÏrÐÑè ×b¢ ¸ £á£ ¹rë ¢ ` Ú ¹ � � � ¡ £©� c}Ø¯a¡)ñùï �*��ø}ß Óy� j ¦y¤ÌÐ

ñùï �ð�bìÑß Óy� j ¢ ` £ ® ¢e� ²�¦à� ¢ ²�¦ Ö Ý Ô ¡x` £©��ÖeÖ ¸a¦y¡ �Jª ¤ � ¡ ×b¢s� ` � ë±¦y¡x¦ £©¢sÔ ¤�® � `�� � `©¦y² £ `C¹r` £x� ²U`WÐ�� �W¢¤ ÔiÚ ¹ × ¡AØÔyÙb� ¡ � ¤{� � ¡ £©� ¤�cºØ¯�¡'ñÃïöÝ � ¡ ÓµÖe��¢ ¤ � ¡ £ ` ¢sÚ ¹$® ¢e� Ò ¢sÿä� ¡ � ¤ Õ�¢ ² ¥�¦Ã`x` � ¤±¦y¸a` Ô ¡xë £©¢eÔ ¤a` ÓÃÔi�q¨ g
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2.5 mg/ml 5.0 mg/ml 7.5 mg/ml 10.0 mg/ml

(a)

5.0 mg/ml 7.5 mg/ml 10.0 mg/ml2.5 mg/ml

(b)

2.5 mg/ml 7.5 mg/ml 10.0 mg/ml5.0 mg/ml

(c)
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> �S� ü+�srÝþ ����± übý �Dt�Bu� ÿ�� �
� � � þõü�ýwv�ýOü)� � ü]þõü �wx übÿ1� ��y+� ü�ÿ ��z ü+{ � ý ��u übÿ}|¬ü�ÿ ��� übý � �õÿ�þ þõübý
~ �Bu / ûLübý ��� / ý4ü)� � ü{þõübý5�zü+�¬ü æ ���«ÿ � {1�õý��NüB��| t�õý£ü)�¡ÿõüN�{üf�¬ü æ ���Nÿ � {1�õý��«übÿ / ýOü)� � ü-�B�«ÿ ¤��N� Ô��1�B� ü ±��ÿõþ�ü)�¡ÿ ��z ü+{ � ý �Bu ü � |ü�ÿ ��� übý��B�«ÿ ¹ {Nü ± � ��� r x0� ���s� ü � / übþõü+� � ü �P�A�
� ÿ / ý � ��� � � ü)�¡ÿõübÿ
| � { � �«ý
� ûLübÿ�� x übý © � � � �«ÿõü�ÿ����Nÿ;þõü�ý6�*��ü u�u üs�õÿõþ;þ �B� � �2� ��� � ÿ1�õýzþ��¡ü ~ t�Bu � � ü0þõü�ýN� ��� übý�� ��z � u¡� üB�

µ � �)ü � ü){ � �«ý;û�ü�ý4þõü�ÿñü / ü�ÿ � �Buu ����� � �%$ ¹ �1� » © � � � �Nÿõübÿ z ý�� ¹ ��� � � »�/ ü�ÿ t� � � xB� � ± �«ÿdþõübý
�s�õü u�u ü / ü�ÿ t� � � xB�w��� ÿ}�õÿ � ü�ý�v�ü�ý t���	{ � ��� � � � x �õÿ x þõübý�� z9z�� ý �7� ü � ��ÿ�{ � ���Nÿ V � � ����� / ü u�u ü � �G�¹ �G� $¡¹ �A�'� © � � � �«ÿõübÿ��¡ÿ ��� � ¯ ü ��yf�6��� ÿ��B�«ý � � �)� þ ��� þ9� ü@  � � u þõübý:¡?¢ � © � � � �«ÿõübÿ��¡ÿSü)� ÿ�übý:�o� ÿ��¡üþ9� ü Á u ü+��� � üN� ���P� û:� ü6� ÿ�ü)� ÿ�ü � ¹ {�ü ± / ýOü)� � ü � v�ýOü ���4��� ý � � u �õÿ x«� {��«ÿ � � ÿ1��� ����� �Aü�ý x � / ��� ��� � þ9� ü
  � � u þõü�ý / ü�ÿ t� � � xB� übÿ�� �N� ü�ý�� ��z � u � ü y � Û Ô � $ ¹ � � ���zü)� � ÿ�ü �N�
� ÿSÿA��ÿ?þ�übÿ£| � { � �«ý2r Ô � ü)�¡ÿ �
ýOübþ�� y � ü�ý ��� ��� � þ��¡üs� �N� ü�ý�� ��z � u ��y)� � up� � �,¤�$¡¹ ��� �9� �B� � �5y ü)� xB�k� ��� � x.� ÿ y þõü)� ��u �� � � þ �B����� ÿ / ü)�± ü�ýOûLübÿõþ�übÿ]ü+� ÿõü�ý � �«ÿ9��� � ý�� ����� � � � � ü�ÿ ¯ z ü+{ � ý �Buu �¡ÿ�� ü{û�ü�ÿ�� x ü�ýN� ��� übý�� ��z � u¡� ü / übÿ t� � � xB� �

µ ÿ£� / � x übý:�zü)� � ÿ1�õÿ x � ��� ÿ��A� � ÿ��� � � / übý t���	{ � ��� � � � xB�)� þ �B� � ÿ z ý ��æ �#�¡ÿSþõübý6�o� ÿ��¡ü)ü � û � ¹ ��������Bu�� �*�A� ü u üX¡?¢ © � � � �«ÿõübÿ ��� ü)�	{�übÿ � û:� üX�¡ÿ	ü)�¡ÿõü � ¹ {Nü ± / ýOü)� � übÿ�v�ýOü ���4��� ý � � u �õÿ x«� / � ÿõþZ�.�s�¡ü �
/ übþ�ü)� � ü �P� þ��¡ü�  � � u þõübý,� �N� ü�ý�� ��z � u � ü1û t��ý4þõü � ��� � ÿ��A� � � � ü+� ÿõü�ÿ�| � { � �Ný ¹ �B¥ �Nübý x ý t� � übý4ÿe���)ü �x ü x ü�ÿ t� / übýX�«ü�ý x ý t� � übýOÿ � ��� � / ü+� ± übý,û�ü�ÿõþ��õÿ x ü)�¡ÿõü � � � � � x ü�ÿõübÿ£¡*�«ÿ � �¡ÿ1��� ��� þ�� ü � �Ný�� y �«ÿ �	�Bu ü



¦*§-¨3©)ª,«3¬®!¯£°*«5±�©f²:³´«3©µ³6«5±£§s³¶²:©f·?²:¸N§-¨3¹6©µ«5±#º3±oª,«¼»�± Ã�¤
��ÿõþ��«übý � �{ ��u ü2� z ü�ý � ��ý � û �N� ü � ü�ý � t� x�u �� � �P��© � � � �«ÿ�übÿ�� ÿ	ü+� ÿõü �½x ý t� � ü�ý4übÿ�� � � � û:�¡ÿ�{Nü u�� � � y � �
���B��� ü u ÿZ���)ü�ý x ü ���B�¶� ü=�6� �`/ � �7û:� ýOþ?ü � û ��� {B� ��z�� { � übý:�õÿõþ;þ�� ü@¾B� ���	��x üsþ�übý x ü ���B�¶� übÿ���ÿ �
�Ný4þõÿ1�õÿ x �«ü�ý4ü)�¡ÿ � � � � �)� ��� � ü / ü�ÿ � �Buu �)� þ � þ��¡ü!ü æ9� { � ü�>i�¡ÿ � �Bu;� �õÿ x þõü�ýs¿@ÀZÁwÂ.Ã#ÄDÅD{lý4ü+� ��z � � � � ���«ÿ
ÿ9��� � �N� ü � ý�übý � �«ý4þõü�ý u ��� � � ��� �

�)ü�ÿõÿ��A� � { t�Nÿõÿõübÿ7þ��¡üs4 � � � � ü)� u ü / ü y t� x�u ��� � þ�übý � � � übÿ�� �N� übý�� ��z � u ��yP� � u ÿ��� � �X� � � x ü � � / übÿ
ûLübýOþõübÿe���6� � þ9� ü � ü � Á ý t��ÿõþõübÿ=� ��� þ�ü � �6� �`/ � �=�õÿ � übý ± übý,û�ü�ÿõþ��õÿ x ü)�¡ÿõübý � �«ÿ��A� � ý�� �
��� � � � � übÿ
�o�¡ÿ�� ü)þ�übý ± �«ý y � x�y � x ü / übÿZ�



Æ Ç ÈÊÉÌË Ë ÍÏÎ ÐNÉÑÈÒÈÒÇ Î Ó Ç Î Ô Õ Ç ÈÊÖ ×iØmÙÛÚ

| tÜ�Ý �N� Ü9Þ�ßà�á)Ü�à.Þ�á)Ý�â�Ü �	ã Ü�à x á+à�ßà ¡ u ß�à�ß { á)à�ä�á+Ý�å�á+à � Ý�á ã�æ à � å�á+à x á)Ý tæ Þ�á*çèá)à1Ü9Þ y Þ � ~ ß�á+Ý�çèá)ßeä:ßÝ�å
å æ â ¡*� à.Þ�Ý æ â�Þ�é�ß;Þ�Þ�á u å�ß�Ý�á { Þmßà=å9ß�á y Ü�Ü�à.Þ�á+Ý�â�Ü �	ã á)à9å�á)à v u Ü�Þ x áfê tæ � á-ë � Ý�Þ�á+Ý�ß�á+àíì#ßà7î�ß y ß�á+Ý�Þ ��| tÜ�Ý,å9ß�á
ï ß �	ã Þ�ç æ Ý�é æB�	ã Ü�à x å�á+Ý ï Þ�Ý�Ü { Þ�Ü�Ý�á)à�ç y ä � å�á+â ¡*� à.Þ�Ý æ â�Þ�é�ßÞ�Þ�á u â#ä:ßÝ�å�å�ßá2â�á u á { Þ�ß � á � à x ß � x Ý æ z ã ßá
� á)Ý�ä�á+à�å�á+Þ �ov á+ßoå�ß�á+â�á)Ý-ð�áfÞ ã�� å�á=ä:ßÝ�å£á)ßà�á � Ü9ê`à æ�ã é�á ��� Ý6Ü�à9å�á)ßà�á y ä¼á)ß;Þ�á � Ü9ê`à æ�ã é�á@à æB�	ã
å9á)Ý ¡*� à.Þ�Ý æ â�Þ�é�ß;Þ�Þ�á u�x æ çpá x á+é æ��	ã Þ �m� ßá ï Þ�Ý æBã u á)à1çèá u æ â�Þ�Ü�à x á+ß�à�á+Ý�â � u �	ã á)àÛñNà.Þ�á)Ý�â�Ü �	ã Ü�à x ßâ�Þ
Ý�á u æ Þ�ß �
ã��A�	ãóòô� ßöõ�÷ ��ø �

� ßá�ù3á)Ý�ä¼á)à9å�Ü�à x �B� à ïAú à �	ã Ý � Þ�Ý � à�â�Þ�Ý æBã u Ü�à x â�û1Ü�á uu á)àÒß�à ¡*� é�ç�ßà æ Þ�ß � à�é�ßÞ �*ü ï � ë � Ü�ý
æ u ü à�á)Ý x úþï Ü9ç9Þ�Ý æB� Þ�ß � à � à x ß � x Ý æ z ã ú ì�ç�Ý�ßà x Þÿßé ù3á+Ý x�u á)ß �	ã é�ß;Þ {B� à � á)à.Þ�ß � à�á u�u á+à ¿��À�Ä������� Ä û1Ü�á u�u á+àbë � Ý�á ã�æ à � å�á+àíì � ä:ß�ásâ�ß�á*ß�àwå9á)ÝXé � å�á+Ý�à�á+à �6æ å�ß � u � x ßá6á+ß�à x á+â�áfÞ y ÞXä¼á)Ý�å�á)à � çèá)Ý�á)ß;Þ�â
á+ß�à�á � á+å�Ü y ß�á)Ý�Ü�à x å9á)Ý ï Þ�Ý æ�ã u á+àAçèá u æ â�Þ�Ü�à x ê tÜ�Ý�å�á+à
	 æ Þ�ß�á+à1Þ�á)à ò � ß;õ9÷ �!øa� â�ßà�å æ çpá+Ý�â�á ã Ý {�� â�Þ�á)à�ý
ßà.Þ�á)à9â�ß � Ü�à�åóå æBã á)Ý?ê tÜ�Ý?å�á+àÒÞ tæ x�u ß �	ã á)à ¡ u ßà�ß { çèá+Þ�Ý�ß�á+çÿà�ß �	ã Þ z Ý æ�{ Þ�ß {7æ çèá u �o�*æBã á+Ý?ä æ Ý?á)â   ß�á u
å9ß�á)â�á)Ý � Ý�çèá)ß;Þ � á)ßà�á æ u Þ�á)Ý�à æ Þ�ß � á ¿��À�Ä�� ��� Ä û1Ü�á u�u á y Ü���à�å�á)à�Ü9à�å�á)ßà�á æ Ü�êíå�á)Ý�á)à ü ß x á+à�â �	ã�æ ê%Þ�á+à
æ à x á z æ � Þ�á ¿��À,Ä� ��� Äo� z Þ�ß { y Ü�á+à1Þ ä:ß �	{ á u à �

ï � ä:Ü�Ý�å�á)à ß�à}á)ßà�á)é á+Ý�â�Þ�á)à ¡?æ z ßÞ�á u å�Ý�á)ß*é t� x�u ß �	ã á ¿��À,Ä�� ��� Ä ûAÜ9á u�u á)à � å�ß�á { u æ â�â�ßâ �	ã á
¿��À,Ä�� ��� Ä Ý t��ã Ý�á � å�ßá ïAú à �	ã Ý � Þ�Ý � à�û1Ü�á u�u á¼Ü�à9å�å æ â u æ â�á)Ý z Ý � å�Ü y ß�á)Ý�Þ�á�	 u æ â�é æ � ã ß�à�â�ß �	ã Þ u ß �	ã ß ã Ý�á)Ý� Ý t� � á � ß ã Ý�á+Ý y á+ßÞ u ß �	ã á+à�� ã�æ Ý æB{ Þ�á)Ý�ß�â�Þ�ß { Ü�à�å£ß ã Ý�á)Ý v Ý�ß uu æ à y6x á x á)à tÜ�çèá)Ý x á)â�Þ�á u�u Þ ���*æ çèá)ß {�� à�à.Þ�á
ê`á+â�Þ x á)â�Þ�á uu Þ*ä¼á)Ý�å�á)à � å æ � å�ßá � Ü�á uu�x Ý t� � á�á+ß�à�á+Ý �#æ â�á)Ý z�u æ â�é æ ý � Ü�á u�u á¶é�ß;Þså�á+Ý@á+ß�à�á+Ý=ð�ß { Ý � ê � ý
{ Ü�â�Ý t��ã Ý�á � á)Ý x�u á+ß �	ã ç æ Ý�ß�â�Þ �i� ßá ï z ß;Þ y á+à1ç�Ý�ß u�u æ à y á)ßà�á)Ý�â � u �	ã á+à �Dæ â�á)Ý z9u æ â�é æ ý � Ü�á uu á�ßâ�Þ � á+Ý�ý
xBu á)ß �	ã ç æ Ý5é�ß;Þ¼å9á)Ý�á+ß�à�á+â ïAú à �	ã Ý � Þ�Ý � à�â�å�á)Ý¼å�Ý�ß;Þ�Þ�á+à � á)à�á+Ý æ Þ�ß � à �A� u�u á)Ý�å9ß�à x â3â�Þ�á ã Þ�å�ß�á6é�ß;Þ�Þ u á)Ý�á
v Ý�ß uu æ à y ä¼á)ßÞ ã ßà.Þ�á)ÝXå9á)Ý:å�á)â ïAú à �	ã Ý � Þ�Ý � à�â y Ü�Ý tÜ �	{í�

  Ü�Ý v á)â�Þ�ß�é�é�Ü�à x å9á)Ý � Ü�á uu ß�à.Þ�á)à�â�ßÞ tæ Þ-ä:Ü�Ý�å�á)àbÜ�é�ê æ à x Ý�á)ß �	ã á�ð�á)â�â�Ü�à x æ àÊá)ßà�á)é�� � ~ y� ß�� ï æ z�z ã ßÝ �Dæ â�á)Ý,å�á)â���� Ä#Å � Ã�� ����� � Ä�� ��� ßà ï �	ã ä¼á)å�á+à�å�Ü�Ý �	ã x á+ê tÜ ã Ý�Þ � ñ6à.Þ�á+Ý�â�Ü �	ã Þ5ä:Ü9Ý�å�á
å9ß�á � Ü�á u�u á+é�ßâ�â�ß � à ��� à � æ Ý x á+Þ�â æ Ü�â   ß�à9à�Ü�à�å � æ à.Þ æ u �e� ßá � Ü9â�ä æBã u å�á+Ý � æ Ý x á+Þ�é æ Þ�á)Ý�ß æ u ß�á+à
ä:Ü9Ý�å�á�Ü9à1Þ�á)Ý v á)Ý tÜ �	{ â�ß �	ã Þ�ß x Ü�à x å9á)Ý�ßàóå�á+Ý�ð�á)å9ß y ßà � á)Ý�ä¼á)à9å�á+Þ�á)à ¡?� à1Þ�Ý æ â�Þ�é�ßÞ�Þ�á u ¾B� å Ü�à�å� æ å � u ß�à9ß�Ü�é x á+Þ�Ý �"! á)à �#� Ü�â@å�á)à Ý�á x ßâ�Þ�Ý�ß�á+Ý�Þ�á)à ï z á { Þ�Ý�á+à {B� à�à.Þ�á � à æB�	ã ü ßà�Ý�á �	ã à�á+à å�á)Ý � á+Ý�ý
â �	ã ß�á+å�á)à9á)à ¡*� Ý�Ý�á { Þ�Ü�Ý�ê æB{ Þ � Ý�á+à � å�ß�á � Ü�â�çèá)Ü�Þ�á æ à �	ã�æ Ý æB{ Þ�á)Ý�ßâ�Þ�ß�â �	ã á)Ý ¡@¢ ý ï Þ�Ý æBã u Ü�à x á+Ý�é�ßÞ�ý
Þ�á u Þ5ä¼á)Ý�å�á)à �9� ßá)â�á:á+Ý�Ý�á+ß �	ã Þ�á � æ ç ã tæ à x ß x ��� à�å�á)Ý æ Ü9êeå æ â � æ Ý x áfÞ¼á+ß�à x á)â�Þ�Ý æBã u Þ�á+à �Dæ â�á)Ý�á)à�á+Ý x ßá �# á)Ý�Þ�á ��� à�ç�ß�â y Ü�¤�$$� � % 	 ã�� Þ � à�á)à'&)(+*,& ï �	ã Ü � �e�*æ çpá+ßZä:Ü�Ý�å�á@å�ßá?ñ6é¶ä æ à�å u Ü�à x â�á.- y ßá)à y ��� àá+ß�à x á)â�Þ�Ý æBã u Þ�á+Ý �Dæ â�á)Ý�á+à�á)Ý x ß�á¶ß�à ¿��À,Ä� ��� Ä á+à�á)Ý x ß�á=é�ß;Þ-áfÞ ä æ � $$� �0/01 æ ç x á)â �	ã tæ Þ y Þ � ù3á)Ý xBu á)ß �	ã áé�ßÞ
Þ ã á � Ý�áfÞ�ß�â �	ã á)à ï ß�é¶Ü u æ Þ�ß � à9á)à çèá)â�Þ tæ Þ�ß x á)à}á+ß�à�áÊâ�Þ æ Ý { á � ç ã tæ à x ß x { á)ß;Þ�å�á)Ý ¡?¢ ý � Ü�â�çpá+Ü9Þ�á
�B� é � æ Ý x á+Þ�é æ Þ�á)Ý�ß æ u � � æ Ý x áfÞ�â�é�ßÞ { u á+ß�à�á+à32sÝ�å�à1Ü�à x â y æBã u á+à â�ßà�å çèá)â�â�á)Ý¶ê tÜ9Ý¶å�ßá4	iÝ � å�Ü { Þ�ß;ý
� à �	ã�æ Ý æB{ Þ�á+Ý�ßâ�Þ�ßâ �	ã á+Ý ï Þ�Ý æBã u Ü�à x�x á+á)ß x à�á+Þ � ä tæBã Ý�á+à�åóé�ßÞ � æ Ý x á+Þ�â ã t�Bã á)Ý�á)Ý52*Ý�å�à1Ü�à x â y æBã u á)à

÷ �
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� á)Ý�â�Þ tæ Ý { Þ-å9ß�áA	iÝ � å�Ü { Þ�ß � à ��� à v Ý�á+é�â�â�Þ�Ý æBã u Ü�à x æ à x á)Ý�á x Þ:ä:ß�Ý�å �
ñNé å�ß�á+â�á � Ü9á u�u á)àÛê tÜ�Ý � à.ä¼á)à�å�Ü9à x á)à ßà å9á)Ý �6æ å9ß � u � x ß�á æ Þ�Þ�Ý æB{ Þ�ß � á+Ý y Ü é æB�	ã á+à � é�Ü �

�B� Ý æ uu á+é å�á)Ý-é�ß;Þ�Þ u á)Ý�á ¿ �À,Ä�� ��� Äe� Ü ��x á+â�Þ�á)ß x á)Ý�Þ6ä�á+Ý�å�á+à �oü ß�à9á ï Þ�á)ß x á)Ý�Ü9à x å�á+Ý�ëað æ õ�ß�é æ u ì�ýB à.Þ�á)à�â�ßÞ tæ Þ6ßâ�Þ z Ý�ß�à y ß z ß�á uu å9Ü�Ý �	ã�ü Ý ã t��ã Ü�à x å�á+ÝC	3Ü u â�á+à�á)Ý x ß�á*Ü9à�å�& � å�á)ÝXù3á+Ý { tÜ�Ý y Ü�à x å�á)ÝC	iÜ u â�ý
å æ Ü�á)Ý6Ü�à�å ï Þ�á)ß x á)Ý�Ü�à x å9á)Ý # ßá)å�á+Ý ã�� u Ý æ Þ�á@é t� xBu ß �	ãe��� Ü9ê � Ý�Ü9à�å�å�á+Ý-â�á ã Ý { Ü�Ý y á)à�	iÜ u â�å æ Ü�á)Ý
ßé | á)é¶Þ � â�á { Ü�à�å�á+àAçèá)Ý�á)ß �	ã â�ß�à9å�â � u �	ã á �Dæ â�á+Ý z�u æ â�é æ ý � Ü�á u�u á)à ��� Ý æ uu á)é ê tÜ�ÝNå�ß�á ¡*� Ý � à æ Ý æ à�ý
x ß � x Ý æ z ã ßá � é�ßÞ v á)â�Þ�Ý æBã u�y á)ß;Þ�á)à ��� à áfÞ ä æ ( � � é�â � å9á)à�à �A�	ã á)ßà�á
é t� x�u ß �	ã á � u Þ�á+Ý�à æ Þ�ß � á�ßéù3á+Ý x�u á)ß �	ã y Ü�é ïAú à �	ã Ý � Þ�Ý � à �B é �6æ�ã é�á+à¶å�ßá)â�á)Ý � Ý�çèá)ß;Þ,ä:Ü�Ý�å�á2á+ß�à � �À,Ä�� ��� ÄZ� z Þ�ßâ �	ã á+à ïAú â�Þ�á)é½á)à.Þ ä:ß �	{ á u Þ � ä¼á u �	ã á)â æ u â
ð � à �A�	ã Ý � é æ Þ � Ý¼ê tÜ�ÝXé�á)å9ß y ßà�ß�â �	ã á � ç�ç�ß u å�Ü�à x á)àwÜ�à.Þ�á)Ý2ù3á)Ý�ä�á+à�å�Ü�à x
u æ â�á)Ý z Ý � å�Ü y ß�á+Ý�Þ�á+ÝD	 u æ â�ý
é�á)à x á+àAÜ�Þ y Þ5ä:Ü�Ý�å�á �1� u â¼ð � à �A�	ã Ý � é æ Þ � Ý�á+à { t� à9à�á)à ¡ Ý�ß�â�Þ æ uu á�ßà � á � áfõ�ß � à9â�ý,Ü�à�å � Ý æ à�â�é�ß�âµý
â�ß � à9â x á � é�áfÞ�Ý�ß�á � á)Ý�ä�á+à�å�áfÞ�ä¼á)Ý�å�á)à �iv á)ß¼å�á)Ý ü à.Þ ä:ß �	{ u Ü�à x å�ßá)â�á)â�ð � à ���	ã Ý � é æ Þ � Ý�â=ä:Ü9Ý�å�á+à
å æBã á)Ý y Ü�à tæB�	ã â�Þså�ß�á@Ý�á+ß�à x á � é�á+Þ�Ý�ß�â �	ã á)à ü ß x á)à9â �	ã�æ ê%Þ�á)àÿçèá)ßå�á)Ý � á � é�á+Þ�Ý�ß�á+à�Ü�à.Þ�á)Ý�â�Ü �	ã Þ � ð£ßÞ
å9á)à { u á)ßà�á)à�E � Ã ��� ä:ßà { á u ��� à { u á+ß�à�á+Ý �"FP� å9ß�ásçèá)ß ï Þ�Ý æ�ã u Ü�à x å�á)Ý ü à�á)Ý x ß�á �B� à�á+Þ ä æ ¤ � { á+ùæ Ü9ê%Þ�Ý�á+Þ�á+à �Zy á)ß x Þså�ßá � Ý æ à�â�é�ßâ�â�ß � à�â x á � é�á+Þ�Ý�ßá=å�á+Ü9Þ u ß �	ã á=ù � Ý�Þ�á)ß u á x á x á)à tÜ�çpá+Ý*å�á)Ý � á � áfõ�ß � à�â�ý
x á � é�á+Þ�Ý�ß�á ��� á+ÝNà æBã á y Ü�â�á)à { Ý�á �	ã Þ�á ü ßà9ê æ u�u â�ä:ßà { á u å�á+Ý ¿��À,Ä�� ��� Ä â�Þ�Ý æBã u Ü�à x � á+Ý�á+ß�à9ê æB�	ã Þ6å�á)à
á õ z á+Ý�ß�é�á)à.Þ�á u�u á)à � Ü9ê`ç æ Ü
Ü�à�å
á)Ý u æ Ü�ç9Þ x�u á)ß �	ã y á)ß;Þ�ß x å�ßáNù3á+Ý�ä¼á)à�å9Ü�à x Ý�á u æ Þ�ß ��{ u á)ß�à9á)Ý ¡ Ý�ß�â�Þ æ uu á �

v á+ß=å9á)Ý�Þ ã á � Ý�áfÞ�ß�â �	ã á)à v á ã�æ à�å u Ü9à x å�á+Ý v á)Ü x Ü9à x æ à ¡ Ý�ß�â�Þ æ uu á+à}ä:Ü9Ý�å�á+à®å�ß�áÊÝ�á u á ��æ à�ý
Þ�á)à�ñ6à.Þ�á+Ý�â �	ã ß�á+å�á y ä:ß�â �	ã á)à � á � áfõ�ß � à9â�ý,Ü�à�å � Ý æ à�â�é�ßâ�â�ß � à�â x á � é�á+Þ�Ý�ßá æ Ü9ê x á y á+ß x Þ �.ü â3ä:Ü9Ý�å�á+à
ð t� x�u ß �	ã�{ á+ßÞ�á)àÛå�ß�â { Ü9Þ�ßá)Ý�Þ � ä:ß�áwå æ â�ßà.Þ�á x Ý æ u á � á � áfõ�ß � à�â � á)Ý�é t� x á+à � ä�á u �	ã á+â�å9á)à � Ü9Ý �	ã â æ Þ y
ç y ä � å�ß�á � ß �	ã Þ�â�Þ tæ Ý { ábå�á)â ¡ Ý�ß�â�Þ æ uu â�çèá)â �	ã Ý�á+ß�ç9Þ �6x á)â�Þ�á)ß x á)Ý�Þ£ä¼á)Ý�å�á)à {�æ à�à �:� Ü�â x æ à x â z Ü�à { Þ
ä æ Ý�á)à á)çèá)à9á � á+Ý�é æ à�ßÜ�é�ýNÜ9à�å ï ß u ß y ß�Ü�é { Ý�ß�â�Þ æ uu á � å�á+Ý�á+à Ý�á � á { Þ�ßá)Ý�á+à�å�á+à � ßÞ�Þ�á+Ý�á)çèá)à9á)à à1Ü�Ý
Ü9à1Þ�á)Ý v á)Ý tÜ �	{ â�ß �	ã Þ�ß x Ü�à x å�á+â ï Þ�Ý�Ü { Þ�Ü9Ý�ê æB{ Þ � Ý�â æ Ü�â x á+ä tæBã u Þ¼ä:Ü9Ý�å�á+à �9�*æ â5ßà.Þ�á x Ý æ u á � á � áfõ�ß � à�â�ý
� á)Ý�é t� x á)àlçpáfÞ�Ý tæ x Þ
� �c� (HGZÝ æ å ê tÜ�Ý � á�()( � ç y ä � � � �P÷�GeÝ æ åÛê tÜ�Ý ï ßC()( � ò � BJIKB ø �i� ßá�ä�á+ßÞ�á+Ý�á
2 z Þ�ß�é�ß�á+Ý�Ü�à x ä:Ü�Ý�å�áNå æ à�à æ é ï ß u ß y ß�Ü�é { Ý�ß�â�Þ æ uu ê � Ý�Þ x á)â�á+Þ y Þ �A� Ü�Ý �	ã ù3á)Ý tæ à�å�á+Ý�Ü�à x å�á+â � á+Ý�ä¼á)à�ý
å9á+Þ�á+à � á � áfõ�á)â y Ü��)�)� {7æ à�à�á+ß�à�á ï Þ�á)ß x á)Ý�Ü�à x æ Ü9ê � � � � GZÝ æ å�á+Ý�Ý�á)ß �	ã Þiä¼á)Ý�å�á)à � ù3á+Ý�ä¼á)à�å�áfÞ�é æ àå æ à�à
á+ß�à�á+à u á)ß �	ã Þ æ â ú é�é�á+Þ�Ý�ß�â �	ã x á)â �	ã à�ßÞ�Þ�á)à9á)à ¡ Ý�ß�â�Þ æ u�u ëMLAN � F ìmÜ�à�å�ç�ß�á x Þ5å�ß�á+â�á+à æ Ü9êpá)ßà�á)à
¡ Ý tÜ�é�é¶Ü�à x â�Ý æ å�ßÜ�â �B� àO( � é � â ��{�æ à�àwå æ â2ßà.Þ�á x Ý æ u á � á � á õ9ß � à�â � á)Ý�é t� x á)à æ Ü9ê � � �G� GeÝ æ å x áfýâ�Þ�á+ß x á+Ý�Þ5ä�á+Ý�å�á+à ��� Ü�Ý �	ã ù3á)Ý x Ý t� � á)Ý�Ü9à x å�á+Ý � â ú é�é�á+Þ�Ý�ßá æ Ü�ê�LAN ¤ � F x áfä:ß�à�à.Þ2é æ à�à �A�	ã é æ u â
á+ß�à�á+à |íæB{ Þ � Ý � Ü�à�ålå�Ü�Ý �	ã x�u á)ß �	ã y á)ß;Þ�ß x á�ù3á+Ý { u á+ß�à�á+Ý�Ü�à x å�á+â ¡ Ý tÜ�é�é¶Ü�à x â�Ý æ å�ßÜ�â æ Ü�ê � � � éâ � x æ Ý?á+ß�à�á+à |íæB{ Þ � Ý � �#�*æ é�ßÞ-ä:Ü�Ý�å�á�å æ â@ß�à.Þ�á x Ý æ u á � á u ê`á õ�ß � à�â � á+Ý�é t� x á)àÒß�é ù3á+Ý x�u á)ß �	ã y Ü�é
á+çpá+à�á)à ¡ Ý�ß�â�Þ æ uu é�ßÞXâ ú é�é�á+Þ�Ý�ß�â �	ã á)Ý � á � á õ�ß � à��)�)�?Ü�éÑá)ß�à9á)à |èæ�{ Þ � Ý �.� x á+â�Þ�á+ß x á+Ý�Þ �
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# á)ß;Þ�á)Ý ã ß�à£ä:Ü�Ý�å9á¶é�ßÞ�Þ�á u â � á)Ý�â �	ã ßá)å�á+à�á)ÝP� � é z Ü�Þ�á)Ý z Ý � x Ý æ é�é�á@å æ â � á � áfõ�ß � à9â � á+Ý�é t� x á+à
� á)Ý�â �	ã ßá)å�á+à�á)Ý ¡ Ý�ß�â�Þ æ uu é æ Þ�á+Ý�ß æ u ß�á+àwß�àÊçèá)ß�å9á)à � á � é�á+Þ�Ý�ß�á+àÿå�ß�â { Ü�Þ�ß�á+Ý�Þ �o�*æ çèá)ß y á)ß x Þ*â�ß �	ã � å æ �
é æ à£é�ß;Þ ¡ Ý�ßâ�Þ æ u�u á+à�çpá y tÜ x�u ß �	ã å�á)Ý-ð � à ���	ã Ý � é æ Þ � Ý�á.- y ßá)à y { á)ß�à9á@ä¼á)ß;Þ�á)Ý�á)à |�� Ý�Þ�â �	ã Ý�ß;Þ�Þ�á?á+Ý�ý
y ß�á u á)à {7æ à�à �#ü ß�à�á ¡*� é�ç�ßà æ Þ�ß � à �B� à u æ â�á)Ý z Ý � å�Ü y ß�á+Ý�Þ�á+àQ	 u æ â�é�á)à æ u â ¿��À�Ä�� ��� Ä û1Ü�á uu á�Ü�à�å
¡ Ý�ß�â�Þ æ u�u á)à æ u â?ð � à �A�	ã Ý � é æ Þ � Ý�á+àÿß�â�Þ y Ü�é î�á+Þ y ß x á+à   á)ßÞ z Ü�à { Þ { á)ßà�á z Ý æ�{ Þ�ß�â �	ãóæ à.ä¼á)à�å9ç æ Ý�á
� u Þ�á)Ý�à æ Þ�ß � á �

� á+à�à �A�	ã ã�æ çèá)à ¿��À,Ä� ��� Ä û1Ü�á u�u á)à æ Ü9ê?å�á)Ý v2æ â�ßâ u æ â�á+Ý z Ý � å9Ü y ßá)Ý�Þ�á)Ý4	 u æ â�é�á)à å æ âR	 � ý
Þ�á)à.Þ�ß æ u ß�à � ßá u á+à à tÜ9Þ y)u ß �	ã á+à � à.ä¼á)à�å�Ü9à x á)à � â � ä �Bã u ß�àÒå�á)Ý � Ý�Ü�à�å u æ x á)à�ê � Ý�â �	ã Ü9à x æ u â æ Ü �	ã
ßé � à1ä¼á)à9å�Ü�à x â�çpá+Ý�á+ß �	ãZ� ñ6é å�ß�á+â�á � Ü�á uu á)à�ê tÜ9ÝXå�á)à � á+ç�Ý æ Ü �	ã�æ Þ�Þ�Ý æB{ Þ�ß � á)Ý y Ü�é æB�	ã á)à � â�ß�à�å
á+ß�à�ß x á?ä:ß �	ã Þ�ß x á¶ù3á)Ý�çpá+â�â�á)Ý�Ü9à x á)àbà t� Þ�ß x � ï � é¶Ü ��y �cv-� å�á)Ýsé�ßÞ�Þ u á)Ý�á ¿��À,Ä� ��� ÄZ� Ü �wx á)â�Þ�á+ß x á+Ý�Þ
ä¼á)Ý�å�á)à ��� ß�áiä¼á)ß;Þ�á)Ý�á ü à.Þ ä:ß �	{ u Ü�à x å�ßá)â�á)Ý � Ü�á u�u á)à@ß�â�Þ#á+à x æ à@å�ß�á ü à.Þ ä:ß �	{ u Ü�à x ��� à ~ �A�	ã ß�à.Þ�á+à�ý
â�ßÞ tæ Þ�âµý �Dæ â�á+Ý�â ú â�Þ�á+é�á+à x á)ç�Ü9à�å�á)à �Z� ß�á ü à.Þ ä:ß �	{ u Ü�à x á)Ý�ê � u�x ÞNß�é ä¼á)â�á)à.Þ u ß �	ã á+àÊß�à y ä�á+ß # á x á+àS�
ï Þ�á)ß x á)Ý�Ü�à x å9á)Ý?ð æ õ9ßé æ u ß�à.Þ�á)à�â�ßÞ tæ Þ6å9Ü�Ý �	ãÊü Ý ã t��ã Ü�à x å�á+Ý 	iÜ u â�á)à�á+Ý x ßá�ç y ä � ù3á)Ý { tÜ9Ý y Ü9à x å�á)Ý
	iÜ u â�å æ Ü�á)Ý¼Ü�à�å ï Þ�á)ß x á)Ý�Ü�à x å9á)Ý # ßá)å�á+Ý ã�� u Ý æ Þ�á � ù � à
çpá+â � à�å9á)Ý�á+é B à.Þ�á)Ý�á+â�â�á*ß�â�Þ¼å�ßá | Ý æ x á)â�Þ�á u ý
u Ü�à x�� � çwå�ßá # ß�á+å�á)Ý ã�� u Ý æ Þ�ásá)ßà�á)â �Dæ â�á)Ý�â ú â�Þ�á)é�â �B� à�� � ~ y æ Ü9êT� { ~ y çèá)ß x�u á)ß �	ã á)Ý � Ü�â�çpá+Ü9Þ�áæ à ¡?¢ ýU	 ã�� Þ � à�á)à x á+â�Þ�á+ß x á+Ý�ÞXä¼á)Ý�å�á)à {7æ à9à � ~ ßá)Ý y Ü�â�ß�à9å£ä¼á)ß;Þ�á)Ý�á@ñ6à.Þ�á+Ý�â�Ü �	ã Ü9à x á)àÿà t� Þ�ß x �
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