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ExH. 3

ExH. 4
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polarimeter

Detektor Strahlfänger

Elektronik
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p8Y.VÀ£�T©Vi\c]DY<V$�[Y/`Xf<§^njl` �Á¬rR�Q mGm R
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¡¢^kV(¡�^n`iY/Z[^n�8_4Z[^n]DmoY.V¤­dV¤`iY/m � ^.fÅ§�d�OYzf!Y/` � ^ �k¬ m a©^.ZDjkY ��p�§^nmGy8_4�DZDj Vi^nfimGYB¼I� Q � �
�¹TbjkZ�^nab�l^.�OYza�mGTb`+p8Y/m £�Y.V¤`i�l^nabhlfXT�mGY/`XYzf0
 Y/fi�D�DZ[prYzZ R s+�r_ prY/mqS Yzj4
 hlZ�prYzf|v�xry[Y/fiT�u
moY/Zr`iTbY/fi][^na�a Y��/�Dm�¡�^.`XY/Z�^n�r_4Z[^.]DmGY.V�­DV�`XY/m 
 Y/fXa §^nZDjlY/fX`�V¤T©\I]~prTbY�e��DaWVXpD^.�DY/f&prY/f��¹TbjkZ�^nabY
p8�DfI\I]�¡�T©V�yOYzfIV¤T�hkZBTbZ�prYzZ��|^n�[Y/a�Z4
 hlZ Y/` � ^ Qk¬ Z[V+^n�8_�Z[^n]dY/�/��¥ ¬ Z[V R ¡�^lV�¡¢^n`XYzZ[^n�r_©u
Z�^n]DmGY<V¤­dV¤`XYzm�� � TbY Y<V TbZ s��D� R � Q pd^nfXjlY.V¤`iY/aba�` TWV¤`K��V�Y/`X�/`oV¤TW\c] ^n�[V(� � Y/T¢¿�Y/fiY/T©\I]DY/Z
�z�[VX^.mGmGY/Z R �wm abhljkTWVX\I]DY/Z�£�YzTba � T�fIpBmGTb` }�T�a�_4Y�
 hlZC� � ® u ® h8pr�Da�Y/ZGY/T�Z�£�fiTbjkjlY/fIV�TbjlZ[^na
YzfX�/Y/�djk` R ¡�Y/fo� � Y/T�`XY�¿�Y/fiY/T©\I]5
 Y/fI^.�OYzTb`XYz`GprT�YÅ^nZ[^.abhljkY/Z�� TbjlZ[^na�Y�prY<V £�Y.V�`X�l^na�hkfXT�mGY�u
`iY/fIV R ¡+TbY.V � T�fIp mGT�` }�Tba _4Y 
 hlZ e�s ® s e�u ® h8pr�Da�Y/Z�p8�DfI\I]DjkY�_�§�D]DfX`¢�DZ[p�y[^nf{^naba�Y/a¨pD^n�/�
moTb`}YzTbZDY/f(Tbm ¼+^n]DmoY/ZUprT�Y.V¤YzfGs�fi�[Y/Tb`(Y/Z8` � TW\c� Yza�`iY/ZNY/a�Y/�8`XfXhlZDT©Vi\c]dY/ZU�8\c]�^nab`i�DZDj �$T�m
¿�a�h8\c�dVX\I][^.ab`X�dTba©p}moTb` ¸ ¼��!�*� Q �[Y/�/Y/TW\c]DZdY/` R ¡�T�Y �D�DZd�r`iTbhkZ�V � YzT©V¤YÁprTbY.V�Y.V�£�Y/T�a©V�p8Y.VÀ¡�^<u
`iY/Z[^.�r_4Z[^n]dmGY.V¤­dV¤`iY/mBV � Tbf{pGTbZ��|^nyDT�`XY/a ½ R topD^.fXjkY<V¤`XYzabab` R
¡�TbY¢s��[V�j ^.ZDj ViV¤TbjlZ[^na�Y|prY/f�ZDYz�DZ ® h8p8�DabY¢prY.V�£�Y.V�`X�l^na�hkfiTbmGY/`iY/fIV � YzfIprY/Z(mGT�`�aW^kpr�DZdj Vwu
V�Y/Z[V�Tb`XT>
 Y/ZBs�Z�^nabhljnuw¡�TbjlTb`{^na�u S ^nZ[pra�Y/fXZ � s�¡-e�	�mGTb`�Y/TbZDYzfÀs��r¦�§h V¤�dZDj!
 hkZÅ� ¬ ¿�Tb` prTbjlT�u
`{^na�T©V¤T�Y/fX` ��;[Y e�fih.­ QkQ t Âks/	 R

s�aWVÀ£�fiTbjljkY/fÀ_�§�Df|prT�Y~¡�^n`iY/Z[^n�8_4Z[^n]DmoY!prT�Y/ZDY/Z�prT�Y � T�jkZ[^.abY}� � Y/T�Y/f���T��[Y/f¤ui� �/T�Zr`iTbabaW^<u
`ihkfiY/Z��[prT�Y�§�D�[Y/f¢��fXY/�D�|Y/` � ^ Ql¬ \�m 
 hkf¢prY/mq£�Y.V�`X�l^na�hkfXT�mGY/`iY/fÀ^.ZDjkY/hlfIprZdY/`|V¤T�Z[p R v�TbZ
v�a�Y/�r`ifXhlZ�� � Y/aW\c]dY.V�T�Z}�[Y/TWprY/ZG� �/T�Zr`iTba�a©^n`ihkfiY/Z|Z[^k\I]DjkY � TbY.V�Y/Z � �Df{prYG�.][^n`�Y/T�ZDY�prY��[ZdTbY/fi`XY
v�ZDYzfXjkT�YÀ�DZ[p YzTbZDY/ZoprY���ZDTbY/fi`XY/Z ¸ fi` R ¡�TbY¢��hkT�ZD�/T©p8Y/ZD�+prY/f�prTWV¤�8fXT�mGTbZDT�Y�fi`XY/Z~s���V¤j ^.ZDj V u
V�TbjlZ[^na�Y}p8Y.V���Tb�[Y/fi�rfiY/�D�/Y<V�V¤`{^nfi`XY/`+prT�Y~¡�^n`iY/Z[^n�8_4Z[^n]DmoY R

v�V � Tbf{pGY/TbZ�� Zr`iY/jkf{^n`iTbhkZ�Vwu � Y/Tb`�_4Y/Z[V¤`iY/f$_c§�df+prTbY~s�¡4e 	 V�Y/fX�zY/�Djk`K�DprT�Y~¡�^n`iY/Z[^n�8_4Z[^n]ru
moY 
 Y/fifXTbYzjkY/a�` ��e�hkmGyD�d`XY/f|¿���V¤­+;�^n`{\c] 	��dZ[p Y/T�ZÅvgfiY/TbjlZDT©V u�¿�T�`�TbZ prY/f~e�^.`X`iY/fXZruw»�ZDT�`
jlY.V¤Yz`X�/` R ¡�TbY��$YzfXfXT�Y/jkYzab�DZDj¹V¤Y/T�ZD]DY/T�`ÀV�hkfXjl`|pD^/_�§�Df���pD^n¯ � §^n]DfiY/Z[p�prY/f¢¿�Y.^.fX�[Y/Tb`i�DZDj¹V¤�/Y/T�`
p8Y.V�v�fXYzTbjkZdT©VXV�Y.V � Y/Tb`iY/fXY+��hlTbZD�/TWprY/ZD�zY/ZGp8Y.V�£�fXT�jkjkYzfIV$�dabh8\I�rT�Y/fX` � YzfIprY/Z R ¡+TbY|¿�Y.^.fX�[Y/T u
`i�DZDj¹V¤�/Y/T�`ÀY/TbZdY.VÀv�fXY/T�jkZDTWVXV¤Y<V � T�fIpBpr�Df{\c]�prT�Y!��hkZ 
 Y/fIV�TbhlZ[V¤�/YzTb`Àp8Y/f+s�¡4e 	 V��[Y.V�`XTbmom `K�
p8TbY+Y/` � ^ � ¬k¬ 7 VÀ�OYz`Xf.§^.jk` R ��^l\c]Bs+�Da©^.�r_&prYzfÀ��hkZ 
 Y/fIV�TbhlZ[V¤�/YzTb` � Tbf{pGprTbY2��Y/fXfiTbY/jlY/ab�dZDj V u
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YzTbZD]DYzTb`¨pr�DfI\I]!Y/T�Z"e�^nmB^l\ ¸ �d`XyD�D`�u ® h8p8�Da � TbY.prYzf�_4fXY/T�jkY/jlY/�[Y/Z � ¼ÀY.V�Y/` 	��dZ[p}Y/TbZ!ZdY/�DY.V
v�fiY/TbjlZDT©V��k^.ZDZ �[Y.^.fX�[Y/T�`XY/` � Y/fIprYzZ R

� �Df&Y/fiY/TbjlZDT©V��OYz�/hkjlY/ZDY/Z~£�fXTbjljkY/fi�DZDj+T©V�`�Y/T�ZDY�pD^�
 hkZ~�/�r_{§^na�abT�jkY��DZD� hlfXfXYzabTbYzfX`XYg£�fiTbjkjlY�u
fi�DZDj�� ¼+^nZ[p8hkm �¢^n`XYF	
]DT�ZD�/�DjlY.VX\I][^.ab`XYz`���moTb` � Y/a©\I]DY/f�prY/f ���Da�abyD�DZd�r`�prY/f¨vgZdY/fXjlTbY.V��k^.a©^
jlY/mGY.ViV¤Y/Z � Tbf{p R

¡�T�Y�s¢¡4e 	�V � YzfIprY/Z(mGT�`�Y/T�ZDY/m � ® v�u�¼ÀY.\I]DZDY/f�^.�[V¤jlY/abY<V¤Y/Z R ¡�T�Y�pd^n�/�!
 Yzf � YzZ[prY/`iY
s+�[V¤a�Y.V¤Y.V�hn_4` � ^.fXY ® vZe�¡+s���� 0 �Áfi­DÂ Q 2 	�^nfX�[Y/T�`XY/`�Tbmqe&hkaba�TbZDjl�[Y/`XfiTbY/� R � T�YB§�D�[Y/fXyDfl§�r_4`ÀTbZ
fiY/jkYzabmÅ§^.¯kTbjlY/Z�s��[V�`.§^nZ�prY/Z�hk�Åpd^kV|v�fXY/T�jkZDTWVwuw¿�Tb`+TbZÅprY/f¢e�^.`X`XYzfXZruw»�ZDT�`�jkY.V�Y/`X�z`�TWV¤` R ��V¤`
p8TbY.V�prY/f2�[^na�a&V¤h � YzfIprY/Z�prT�Y|s�¡4e 	 VÀ^n�[V�jkY/a�Y.V¤YzZ �dZ[p prYzm ¸ �D`iyD�D`¤u ® h8pr�Da&mGT�`XjkYz`XY/T�ab`
p8TbY���Y/fifXTbYzjkY/a��DZDj V�Y/TbZd]DY/Tb` � T�Y.prY/f�_4fXY/T��/�DjkYz�OYzZ R

¡�T�YBjkY � hkZDZDYzZDY/Z ¡�^n`iY/Z � Y/fIp8Y/Z�Z[^k\I]Us��da©^n�8_�Y/T�ZDY/f ® Y.ViV¤�DZdj Y/fiY/TbjlZDT©V��[Y/�/hkjlY/Z
^.fI\I]DT=
8TbYzfX` R
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¡+Y/fÀY/fIV�`XY!�8\I]DfXT�`X`�TbZ�prY/f ® Y.ViV¤�DZdj �[Y.V�`XY/]8`+pD^nfiTbZ��[p8TbY ® Tb`i`XY|prY<V��/YzZr`ifI^na�Y/ZB��fXTWV¤`{^nabaWV
�z� ��Z[prY/Z R ¡¢^kV(£�Y.V�`X�l^na�hkfiTbmGY/`iY/f � Tbf{p�pD^.�/� V¤hNT�Z�p8Y/Z �k�k�¨® Y�� v�abYz�r`ifXhkZdY/Z[V¤`ifI^.]Da
jlY�_ ^n]dfXY/Z��¨pD^n¯ prY/f~�/Y/Z8`Xf{^nabY �ÁfiT©V�`I^na�a�jkY/`ifXh@?�Y/Z � Tbf{p R ¡��dfI\I]N]DhkfiTb�/hlZr`{^na�Y.V}�DZ[p+
 Y/f�u
`iTb�l^na�Y.V���Y/f¤_ ^.]DfXY/Z prY.V�jlY.VX^.m `iY/Z s��r_4�[^.�[V � Tbf{pNprY/f´vgT�Z[VX\I]8�D¯khlfX`}jlY.V¤��\c]8`��&^nZ prYzm
p8TbY¢vgZdY/fXjlTbY.prYzyOh¹V¤`iTbhkZoTbm ��fXTWV¤`I^.aba�mB^nx8TbmB^.arTWV¤` R � §�Df�9XY.p8Y�e�h¹V¤T�`XTbhlZ � YzfIprY/Zo�DZDjkY�_ §^n]Df
� ¬k¬l¬k¬ v�fXY/T�jkZDTWVXV�Y fiY/jkTWV¤`XfiTbY/fi` R s+Z�pD^kV~s�¡4e�ui� y[Y/�8`XfX�dm prY.V ® T�`X`iY/ZD�8fXT©V�`I^.aba©V � Y/f{prY/Z
� � Y/T��¢^n�d¯n_4�DZD�8`XT�hkZDYzZÅ^nZDjlY/y[^n¯l`��
YzTbZDY�_ §�Df|p8TbY|fXY.\I]8`XY|�DZ[pBY/TbZDY|_ §�Df¢prTbY~abTbZd� Y/��a©^.ZD� Y
p8Y.V�� y[Y/�8`XfX�dmBV R ¡�^kV ® ^nx8Tbm(�Dm prY/f¨V¤h+Y/fi][^na�`XY/ZDYzZ ® T�`X`iY/a � Y/fX`iY�prY��[ZDTbYzfX`�p8TbY�e�h V�Tb`iTbhkZ
p8Y/f ® Tb`i`XY|prY<VÀ�ÁfiT©V�`I^na�a©V R

¡�^lVG�OY<VX\I]DfXT�Y/�[Y/ZDY���Y/f¤_ ^.]DfXYzZ � TbfIp V¤h � hk]Da�_ §�Df�prT�Y�
 Y/fX`iTb�l^na�Y�^naWVB^n�[\I] _ §�df p8TbY
]dhkfXT��/hkZ8`I^.abY(¼+^n�DmofXT©\I]8`X�DZDj ^nZDjlY � Y/Z�prY/` R ¡�TbY.V�jlY.VX\I]DTbYz]r`��dZr`iY/f~prY/f~s�ZDZ[^.]DmGYG��pD^.¯
p8TbY�v�ZDY/fXjlTbY.p8Y/y[h V¤T�`XT�hkZU�[Y/T2
 Y/fX`iTb�l^na�Y/m �4]DhkfiTb�/hlZr`{^na�Y/mC	~s��D`{^kV�`XY/Z �DZ[^n�d] §^nZDjlTbj5
 hkZ
p8Y/fÀ]DhkfiTb�/hlZr`{^na�Y/Z+� 
 Y/fX`iTb�l^na�Y/Z
	�e�h¹V¤Tb`iTbhlZ T©V�`��[V�hka©^.ZDjkY(p8Y/f�v�a�Y/�r`ifXhlZDY/Z[V�`XfI^.]Da&ZDT©\I]r`+p8TbY
]dhkfXT��/hkZ8`I^.abY/Z1� 
 Y/fi`XTb�l^.abY/Z
	g¼�^.Z[pr�[Y/fiY/T©\I]DY|prY<VÀ�ÁfiT©V�`I^na�a©V�`ifXT ?�` R

¿�Y.p8TbZDjl`�pr�Df{\c]~prYzZ�jlY/hkmoY/`XfiT©VX\I]DY/Z¢s��r_4��^n�!p8Y.V�£�Y<V¤`X�l^.abhkfiTbmGYz`XY/f{V
V¤`iY/]8`�prT�Y0�DfihkZ8`¤u
¦ §^k\I]DY�p8Y.V$�/YzZr`ifI^na�Y/Z ® h8pr�Da©V�
 Y/fX`iTb�l^na[ZDTW\c]8`�Y/xd^n�8`�V�Y/ZD�8fXY.\I]8`$�z�Dm v�abY/�8`XfihkZDY/Z�V¤`Xf{^n]Da��
p R ] R prTbY´V¤hGjlY�_4�DZ[p8Y/ZDY ® Tb`i`XY~prY.V¢�ÁfiT©V�`I^na�a©VÀY/Z8`IV¤ydfXT©\I]8`ÀZr�Df¢TbZ YzTbZDY/f+jkY � T©VXV�Y/Z � §^.]DY�u
fi�DZDj�prY/f|jlY/hkmGYz`XfXTWVX\I]DY/Z ® Tb`i`XY R v�TbZDYos��[Vi\c]�§^n`X�z�DZDj�§�D�[Y/f~prTbY(s+� � Y/T©\I]r�dZDj�
 hlZÅprY/f
jlY/hkmoY/`XfiT©VX\I]DY/Z ® T�`X`iYÁ_4hlabjl` � Y/T�`XY/f��DZr`iY/Z R

¡�T�Y ® T�`X`XYzZUprY/f(fXY<V¤`Xa�T©\I]DY/Z ® h8pr�Da�Y���§hlZDZDY/ZUZ8�DZ §�D�[Y/fBprT�Y �+Y/hkmoY/`XfiTbYBfXY.\I]DZDY�u
fiT©Vi\c]U�[Y.V�`XTbmom!` � Y/f{prY/Z R ¡+TbY.V�Y � Y/f{prY/Z ^nZdjkY�_ ^.]DfXY/Z �Dm mGTb`i}�T�a�_4Y�p8Y/f/9XY � Y/Tba�TbjkYzZ
s¢¡4e�uX�¹yOYz�r`ifXY/Z�prTbY }�h8\c]�V¤y[^.ZDZr�dZDjBprY/f¢e�]Dhk`ihkm(�Dab`iTbyDa�TbY/f��/���l^na�Tb�DfiTbY/fiY/Z��D¿�YzT�Y/TbZDYzm
® T�`X`iY/ZDY/T�Z[VX\I]r�d¯GV�hkaba�Y/Z ^naba�Y ® h8pr�Da�YGpD^lV�jlabY/TW\c]DY(s+�[V¤j¹^nZDj¹VXV¤T�jkZ[^.aÀabT�Y�_4Y/fXZ R s�aWV|¼�Y�_4Y�u
fiY/ZD�¢prTbYzZr`�pD^lV��/Y/Z8`XfI^.abY ® h8pr�Da R ¡�T�Y|�|^nabT��DfI^.`XT�hkZGY/f�_4hka�jk`�moTb`�Y/T�ZDY/f��+Y/Z[^.�DTbjl� Y/Tb`�
 hkZ
� Q��GR
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¡��Df{\c]/��Y/f{VX\I]DTbY/�[Y/Z¢prY.V
jlY.VX^.m `iY/Z|s��8_4�[^n�[V � T�fIp|pD^lV��|^na�hkfiTbmGY/`iY/f�^n�[V�jkY/]dY/Z[p 
 hlZ
prYzf ® Tb`i`XY(prY.V��/YzZr`ifI^na�Y/Z ® h8p8�Da©V|]DhkfiTb�/hlZr`{^na��DZ�p 
 Y/fi`XT��k^.a�^n�djkY/`{^kV¤`iY/` R ¡�T�YG�8\I]DfXT�`X`¤u
� Y/Tb`iY��[Y/`if.§^njl`}��mGm�� prYzf+^n�DjlY/`I^lV¤`XYz`XY~¿�Y/fXYzT©\I]29XY � Y/T�a©V � � � mGm R ��Y/fi`XTb�l^.aOYzf¤_4hka�jk`+prT�Y
s��d`I^kV�`X�DZdj y[^.fI^.ababYza��/� prY/Z ��fXTWV¤`{^naba��l^nZ8`XY/Z prY.V�9XY � Y/T�a©V�jkY/`ifXh ?
YzZDY/ZU��fiT©V¤`{^na�a©V �¨p R ] R
_c§�Df29XY<prY/Z+
 Y/fi`XT��k^.abY/Z s��D`I^lV¤`{VX\I]DfXT�`X`}m(�D¯�prY/f!s+�r_4�[^n� ^.�[\c]�]DhlfXT��/hkZ8`I^.a�
 Y/fIVi\c]Dhl�[Y/Z
� Y/fIprYzZ+� V�TbY/]dY!s��D� R � ¬ ��abT�ZD�DV&	 R }�hlfXT��/hkZ8`I^.a�Y/f�_4hka�jk`|prT�Y!s��d`I^kV�`X�DZdj YzZr`ia©^nZdjBprY/f/�+Y�u
f{^kprY/ZJ��prT�YBpr�Df{\c]�p8TbY ® T�`X`XYzabyD�DZd�r`iY(prY/f}�[Y/TWprY/ZNy�^nfI^.aba�Y/abY/Z �ÁfiT©V�`I^na�a©V�Y/Tb`iY/ZÅprY��[ZdTbY/fi`
� T�fIp
� p R ] R ]dTbY/f�m(�D¯|p8Y/f�s��r_4��^n�!_�§�Df 9XY.prY/Z!]DhlfXT��/hkZ8`I^.abY/Z(s��d`I^kV�`IVi\c]DfiTb`i`�^n�[\I]�
 Y/fX`iTb�l^na

 Y/f{VX\I]Dhk�[Y/Z � YzfIprY/Z R � Z�s+�D� R � � V�TbZ[p �[Y/TWV¤yDT�Y/ab]�^<_4`~prTbY s�¡4e�ui� y[Y/�r`ifXY/Z prY/f ® h8p8�ru
a�Y ¬ � � �DZ[p ½ _�§�Df!prT�Y�
 YzfX`XT��l^nabYzZNv�TbZ�VX\I]r�D¯ly[h V¤T�`XT�hkZDY/Z � � � mGm1� ¬ mGm��
�DZ�p uI� � mGm
pD^.fXjlY.V¤`iY/aba�` R ¡�Y/f+»�f{V¤yDfi�DZDj~abTbYzjk`�T�ZBprY/f ® Tb`i`XY¢prY.V��/Y/Z8`Xf{^na�Y/ZG��fiT©V¤`{^na�a©V � ® h8pr�da ¬DR ¡�T�Y
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��fiT©V¤`{^na�abjkfiY/ZD�/YzZ�abT�Y/jkY/Z|�[Y/T � � QrR Â&mGm R ¡�TbY���Y/fiy[^k\I�r�dZDj�^.�[V ® Tbaba�Tby[hkfiY�][^n`&Y/TbZdY�¡+T©\I� Y

 hlZG� �k¬ 7 m�� V¤h~pD^.¯|� � T©Vi\c]DYzZ!prY/Z(��fiT©V¤`{^na�abY/Z~Y/TbZDY2; §�[\I� Y0
 hkZ~�DT©V&�/� ¬rR � mGm��[Y.V¤`iY/]r` R

��Y/fijkabYzT©\I]r`�m ^nZ�prTbY }�T©V�`XhkjlfI^.mGmGYÀ_ §�Df+prTbY~e�h¹V¤T�`XTbhlZDY/Z � � � mom �DZ�p u{� � mGm1��Yzf¤u
� YzZDZr`�mB^.Z��8pD^n¯oprT�Y.V¤Y+ZDT©\I]8`ÀV¤­8mGmGY�`XfiT©Vi\c]´V¤TbZ�p R ¡�Yzf���fi�DZ[pG]DT�Y/f¤_ §�Df�a�TbY/jl`ÀpD^.fXTbZJ�DpD^.¯
p8Y/f!»�f{V¤yDfi�DZDj _ §�Df(p8TbY ® Y.ViV¤�DZdj:� � T�YBhk�[Y/Z��[Y/fXY/T�`IV|Y/f � §^.]DZr`K��ZDTW\c]8`}YzxD^.�r`´prY/f}jlY/hnu
moY/`XfiT©VX\I]DY/Z ® Tb`i`XY�prY.V(��fXTWV¤`I^.abaWV}Y/Zr`{V¤yDfiT©\I]r` R SUT�Y TbZ �|^nydTb`XYza �8R�Q pD^nfijkY.V�`XY/a�ab`���a�TbY/jl`
pd^kV ® ^.xrT�m �dm p8Y.V�a�hkZDjlTb`X��prTbZ[^.abY/Z �8\c]�^n�DY/f{V�TbZ�e��H� w �[Y/T�Y/T�ZDY/f~v�TbZ[p8fXTbZdjk`XT�Y�_4Y-
 hkZ
� � � 
 $ � | t:� � ^kV!�[Y/T+Y/TbZDYzfG� `Xf{^n]Da��DZDj V�a�§^.ZDjkY�
 hkZ � N $ ¬8R Â � mGm Y/T�ZDY/fG� `ifXY.\I� Y!
 hkZ
� � R ¥�mGm Y/Zr`{V¤yDfiT©\I]r` R �wZoY/TbZDYzf�Y/T�Zr_ ^k\I]DY/ZBs+�[VX\I]&§^n`i�/�DZDj!�l^.ZDZ mB^.ZGZ8�DZ�pD^�
 hkZ�^n�[V�jkY�u
]dY/Z��Dpd^n¯oprTbY~v�ZDY/fijkTbY<prY/y[h V�Tb`XT�hkZBTbm �ÁfiT©V�`I^na�a
mB^.xrT�mB^na[TWV¤`�� � Y/ZdZ pd^kV ® ^nx8Tbm(�Dm prY.V
��\c][^.�DY/fiyDfXh.�[a©VÀ^.�r_�p8TbY~��fXT©V�`I^.aba©^l\c]�V¤Y�_{§^.abab` R

Schauermaximum
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¡�T�YG��fiT©V¤`{^na�a©^k\I][V�YGprY<V��/Y/Z8`Xf{^na�Y/ZN��fiT©V¤`{^na�a©V�ZDTbmom ` 9XY.p8h8\c]�p8�DfI\I]�prY/Z jkY/hlmGY/`XfiT�u

Vi\c]dY/Z�s��8_4�[^n�ÅprY<V��|^nabhlfXT�mGY/`XYzfIV�Y/T�ZDY/Z SUT�ZD� Y/a�
 hlZ G $A� � | � �U¬T| ¥G	����/�Dfz}�hkfiTb�/hlZru
`{^na�Y/ZBY/TbZ�� V¤T�Y/]DY~s��D� R ��t 	 R ¡�Y/f2�DY/]Da�Y/f$_c§�Df¢prT�Y.V¤Y/ZoSUTbZD� Y/a�V¤Y/`i�/`+V¤TW\c]B�/��VX^nmomGY/Z(^n��V
p8Y/fÀe�h¹V¤T�`XTbhlZDTbYzfX�DZDj¹V¤jlY/Z[^n�dTbjk� YzTb`Àp8Y/f+s�ab�dmGTbZDT��Dm}�[h.x!�DZ[pBprYzZC�DY/fi`XT�jk�DZDj¹V¤`ihkabYzfI^nZd�/Y/Z
p8Y/fG��fiT©V¤`{^na�abY R ¡�T�Y�s�� � YzT©\I]r�DZdj >�� prY/fBp8Y��[ZDT�Y/fX`iY/Z ® Tb`X`iYC
 hlZUprY/fo`I^n`{V/§^l\c]Da�T©\I]DY/Z��
jlY/hkmoY/`XfiT©VX\I]DY/Z ® Tb`X`iY TWV¤`BpD^.ZDZUjkYzjkY/�[Y/Z pr�Df{\c] >�� $ `{^nZ�� G 	 � � � 
 � N �DZ[p��[Y/`Xf §^njl`>�� $ �i� | Â � ¬T|�� 	¹mGm R SÅY/Tb`iY/fX]DT�ZUT©V�`G�/� �OY<^k\I]r`iY/Z��ÀpD^.¯��[Y/T|p8Y/f�vgT�Z[VX\I]8�D¯ky[h V�Tb`iT�u
hlZ � � � mGm ^n�8_4jkfX�dZ[pNprY/f-�+Y/hlmGY/`XfiTbY!mGYz]Df���\c][^.�DY/fiY/ZDY/fijkTbY!T�m �/Y/Z8`Xf{^nabYzZÅ�ÁfiT©V�`I^na�a
p8Y/y[hkZDT�Y/fX` � T�fIp
�¹^na©V&�OYzT[prY/f�v�T�Z[VX\I]r�d¯ky[h V�Tb`XT�hkZ!uI� � mGm��.pd^�p8TbY ¸ fXT�Y/Zr`iTbY/fi�DZDj¢prY.V��zY/Zru
`ifI^.abY/ZÅ��fXTWV¤`{^nabaWV�Tbm Y/TbZdY/Z �[^naba¨�/�Dm �¹`XfI^.]Da�]DTbZÅjkYzfXT©\I]8`XY/`+T©V�`��DZ[p T�m ^.Z[prY/fiY/Z �[^naba��

 hlm � `ifI^n]da � Y/j R ¡+TbY.V�Y/f+v ?
Yz�r`�TWV¤`¢prY/m 
 hkfi]DY/f+jkY.Vi\c]dTba©p8Y/fX`iY/ZGY/Z8`XjlY/jkY/ZdjkY.V�Y/`X�/`+�DZ[p
� §�dfIprY�_c§�Df+V�T©\I] ^.aba�Y/TbZDY+jkYzZDhkmGmoY/Z �z� YzTbZDY/f��DmGjlY/� Y/]Dfi`XY/Zos�V¤­8mGmGYz`XfXT Y�_c§�D]dfXY/Z R

SÅY/Tb`iY/fX]dTbZ|Y/fX� YzZDZr`&mB^.Z!^nZoprY/Z(� y[Y/�8`XfXYzZ�� pD^.¯}^.�r_4jkfi�DZ[p(prY/f��+f.§hk¯lY�p8Y/f���fXTWV¤`I^.aba u
¦�§^k\I]DY�p8TbY¢vgZdY/fXjlTbY.prYzyOh¹V¤T�`XTbhlZ��r�[Y/T ® T�`X`XYzZDY/TbZ�VX\I]r�D¯¢TbZBprYzZG�/Y/Z8`Xf{^nabYzZ(�ÁfiT©V�`I^na�a � TbZoprY/Z
�¢^k\I]r�[^.fXZ(V�Y/]Df�jkY/fiTbZDj|TWV¤` R ¡�^lV ��Y/fi]&§^na�`XZDTWV�prY/f�v�ZDY/fijkTbY<prY/y[h V�Tb`XT�hkZ(TbZ(Y/TbZdY/m prTbfiY/�r`iY/Z
�¢^k\I]r�[^.fXZ´prY.V��/YzZr`ifI^na�Y/Z!��fiT©V¤`{^na�a©V��/�(p8Y/f�T�m �/YzZr`ifI^na�Y/Z!��fiT©V¤`{^na�aDprYzyOhlZDTbYzfX`XYzZ(vgZdY/fXjlTbY
�[Y/`if.§^.jk`+]DTbY/f��DZDjlY�_{§^n]Df~� � � �8R
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 hkfi]DY/fXjlY/]DY/Z�prY/Z��|^.yDTb`iY/a � �dfIprY/ZÅp8Y/f�Y/x8y[Y/fXT�mGY/Z8`XY/a abYÁs��r_4�[^.���DZ[p�prT�Y ® Y/¯lmGY�u
`i]Dh8prY��[Y.Vi\c]DfiTbY/�[Y/ZJ�kmGTb`gprY/ZDY/Zo¡�^.`XY/ZGjlY � hlZDZDY/Z � �DfIprYzZ��8prTbY¢^naWV �+fX�DZ�pra©^.jkY�_c§�Df�prT�Y
»�Z8`XYzfIV¤��\c]8�DZDjlY/ZG�/�Df ¸ fX`{V¤�[Y.V¤`iTbmGm(�DZDj´prTbYzZDY/Z R s�ZD][^.Z[p�prTbY<V¤Y/f+¡�^.`XY/Z�V/§^n`i�/Y � Y/fIp8Y/Z

 Y/f{VX\I]DTbY<prY/ZDY2��Y/f¤_ ^.]DfXY/Z�pD^.fI^.�r_4]DTbZ�jkY/`iY.V¤`iY/`�� � TbY|jk�d`�V�TbY~prY/ZBfXY<^nabYzZ v�T�Z[VX\I]r�d¯khkfi`�T�Z
prYzZÅ�ÁfiT©V�`I^na�a�fXYz� hkZ[V�`XfX�dTbY/fiY/Z R ��YzZDY/fXYzaba � Tbf{p pd^n�[Y/T�^.�[V¤jlY/Zr�d`X�/`K��pd^n¯�prTbY(v�ZDYzfXjkT�Y.prY�u
y[h V�Tb`iTbhkZ V¤T©\I](^n�8_4jkfX�dZ[pGprY/fÀ�8\I][^.�DY/fXYzZr` � T©\I�8ab�DZDj�� V�TbY/]dY+��^.yDTb`iY/a �8R �@	¨ZDT©\I]8`�^n�r_�Y/TbZdY/Z
��fXTWV¤`{^naba&�[Y.VX\I]Df<§^nZD�8` R £�fiT ?�`�Y/T�Z�£�Y/TbaW\c]dY/ZB�/�Dm ¿�Y/T©V�yDTbYza&prY/Z a�TbZD� YzZ ¼+^nZ�p Y/T�ZDY.V+��fXT�u
V�`I^na�a©VB�[V¤h � T�fIp p8TbY!v�ZDYzfXjkT�Y.prY/y[h¹V¤Tb`iTbhlZ Tbm abTbZd� Y/Z���^k\I]r��^nfX�8fXTWV¤`{^naba�V¤Y/]df�jlfXhk¯�V�Y/TbZBTbm
��Y/fi]&§^na�`XZDTWV��/�Dfov�ZDY/fijkTbY<prY/y[h V�Tb`XT�hkZ Tbm fXY.\I]r`iY/Z5��^l\c]8�[^.fX�8fXT©V�`I^.aba R ¡�TbY<V¤Y.V ��Y/fi]&§^na�`XZDTWV
jlTb�D`+s���V¤�8�DZr_4`´§�D�[Y/f+prYzZ�v�TbZ[Vi\c]8�D¯lhkfX`+p8Y.VÀ£�YzTba©\I]DY/Z�V$TbZ�prYzZ ��fiT©V¤`{^na�a R

� Z s��[VX\I]DZDT�`X`´¥ R � � Y/fIp8Y/Z prTbY!
 YzfIVX\I]DT�Y.prY/ZDYzZNs�a�jkhlfXTb`i]DmGY/Z 
 hkfijkY.V�`XY/a�ab`K��prT�YB^n�r_
T�]DfXY(v�TbjlZr�dZDjB]DTbZ��DZ8`XYzfIV¤��\c]8` � hlfIprYzZÅV¤TbZ�p R ¡�T�Y mGT�`+prTbY<V¤Y/ZÅs�a�jkhlfXTb`i]DmGY/Z�Y/fXfiY/T©\I]8`XY
¸ fX`{VX^.�r¦¨§h V��DZDj � T�fIpGTbZ�s���VX\I]DZDTb`i`À¥ R�Q prT©V��r�D`iTbY/fi` R

¿�Y.V�hkZ[prYzfIV � T©\I]r`iTbj�_ §�Df¨pD^kV¨s�tnuwv�xry[Y/fiTbmGY/Z8`
TWV¤`&prT�YÀ^.ZDjkY.V�`XfiY/�D`XY v�ZDY/fXjlTbY.^.�r¦ §h¹V¤�DZDj

 hlZ �rR����GR �wZ(�|^.yDTb`iY/art R�� � �Df{prYÀjkY/�zY/Tbjl`��lpD^n¯~v�fXY/T�jkZDTWVXV�YG� prT�YÀprY/Zo¼+^nZ[pr�[Y/fiY/T©\I]DY/Z~Y/T�u
ZDY<V���fXT©V�`I^.aba©V&�/�DjkYzhkfIp8ZDY/` � Y/fIprYzZ!��§hlZDZDY/Z��lprT�Y+vgZdY/fXjlTbY.^.�r¦¨§h V��DZDj/
 Y/f{VX\I]DabY.\I]8`XY/fiZ R ¡�T�Y
v�ºo�/TbY/Zd��_�§�Df+prT�Y|»�Z8`XY/f{prfl§�[\I�8�DZDj!p8Y/f+¼�^.Z[pr�[Y/fiY/T©\I]DYG�dprTbY|TbZ s��[VX\I]DZDT�`X`+¥ R�� Y/fia�§^n�d`XY/fi`
� T�fIp
�
]�^n`~prY.V�][^na�� Y/T�ZDY/Z�jlf.§hk¯lY/fXYzZ�� `iY/aba�Y/Z � Y/fi`�^.a©V|prTbY ¸ fi`IVX^.�r¦¨§h¹V¤�DZDj R v�V � Tbf{p Y/T�Z
�¶§�D`iY/mB^n¯oY/Zr` � TW\c� Y/a�`��8�Dm prTbY(Y/fifXY/TW\c]8`XY~v�ºG�zTbY/ZD�!�[Y/�dfX`XYzTbabYzZ �/�Å��§hlZDZDY/Z R ¡+TbY.V�Y(vgf�u
jlY/�DZDTWVXV¤Y~V�TbZ[pGTbZ�s���VX\I]DZDTb`i`À¥ R t(�/�[VX^.mGmGY/ZdjkY�_ ^.¯k` R

¡�T�Y�
 hkfXjlY.V¤`iY/aba�`XY/Z���Y/f¤_ ^.]DfXY/Z!��^kV¤T�Y/fXYzZ(^n�r_�Y/TbZDYzf�Y/fXYzTbjkZdT©V¤�[Y/�zhkjkYzZDY/Z!s+fI\I]DT=
8TbY/fi�DZDj
prYzf�¡�^.`XY/ZJ�kp R ] R prY/f¨v�ZDY/fijkTbY<prY/y[hkZDT�Y/fX�dZDjkY/Z~TbZ´prY/Z}YzTbZD�/YzabZDY/Z ® h8pr�dabY/Z��.p8TbY��z�}Y/T�ZDY/m
�[Y.V�`XTbmom `iY�Z�vgfiY/TbjlZDT©V+jkY/]&§hlfXY/Z R ¡�T�Y.V�T©V¤`|T�m fXY<^nabYzZNs�t.u�v�x8y[Y/fXT�mGY/Z8`�ZDTW\c]8`�jlY/jkY/�[Y/Z R
¡�T�Y���Y/fI^.�[Y/Tb`i�DZDj!Y/T�ZDY.VÀv�fXY/T�jkZDTWVXV�Y.V�m �d¯!prhlfX`ÀTbZ�v�\I]r`i�/Y/Tb`�jlY.VX\I]DY/]DYzZ R ¡�T�Y~s�fI\I]DT=
8TbY�u
fi�DZDjoprY/f+¡�^.`XY/ZBY/f�_4hkabjl`+prhkfi`�T�Z���hlfXm7
 hlZ�}�T©V�`XhkjlfI^.mGmGY/Z R

v�V!V¤Y/T�ZDh8\I]�^nZDjlY/mGY/fi�r`~pD^.¯ T�m ¼�^.]DmGY/Z prTbY.V�Y/f~¡�Tbydabhkm ^nfX�[Y/T�`��&prT�YGTbm _4hlabjkYzZru
prYzZ �[Y.Vi\c]DfiTbY/�[Y/ZdY!s�Z[^.ab­dV¤Y!�[Y/fiY/Tb`{VÁmoTb`¢¡�^n`iY/ZNp8�DfI\I]DjkY�_ §�D]DfX` � �DfIprY ��p8TbY!TbZ _4f §�D]DY/f�u
Y/Z�� `ifI^n]dab�/Y/T�`XY/Z prY/f´s�tnuw��hka�a©^n�[hlfI^n`iTbhlZ�jlY � hlZDZDY/Z � �DfIprYzZ R ¡�T�YGpd^nmB^.a©V��[Y/Zr�d`X�/`iY/Z
��fXTWV¤`{^naba�Y �[Y.Vi^n¯lY/Z 9XY.p8h8\c] ZdT©\I]r`�prTbY ® ^.¯kY�p8Y/fÅ��fXT©V�`I^.ababY � � T�Y�V¤T�YN]DY/�d`XYNT�m s�t.u
�|^na�hkfiTbmGY/`iY/f}YzTbZDjlY.V¤Y/`i�/` � YzfIprY/Z R e�^.fI^.ababYza+pD^n�/� � �dfIprY�prTbY ¸ fi`IV��OY<V¤`XT�mGm(�DZDj V�Y/abY�� u
`ifXhkZdTb��� ��^.yDTb`iY/a ½ 	�YzZr` � T©\I� Y/a�` R

»�m p8TbY ' ¸�D T�ZDY*)�u ¸ fX`{V¤fiY/� hkZ[V�`Xfi�D�r`iTbhlZ�moTb`!p8Y/fG^.Z[^na�hkjlY/Z ' ¸ ZDabT�ZDY*)�u ¸ fX`{V¤fiY/� hkZru
V�`XfX�d�r`iTbhkZ 
 Y/fijka�Y/T©\I]DY/Z(�/�B��§hlZDZDY/ZJ�D�OYz�/TbY/]dY/ZBV¤TW\c] ^naba�Y�_4hka�jkY/Z�prY/Z�v�fijkY/�DZdT©VXV�Y~^n�r_�p8Y/Z
T�Z �|^.yDTb`iY/a � jkY.Vi\c]dTba©p8Y/fX`iY/Z Yzxry[Y/fiTbmGY/Z8`XYzaba Y/Z(s��r_4��^n� R

����� 47%�. ,9*-� #-�30 ���
¿�Y/T prY/fos��[V � ^n]da+prY/fos�abjlhkfXT�`X]DmoY/ZNV�`I^.Z[pUprTbY�¼ÀY.^na�T©V�TbY/fi�[^nfi� Y/Tb`|TbZ Y/TbZdY/f!^.Z[^na�hkjkYzZ
Y/a�Y/�8`XfXhlZDT©Vi\c]dY/Z �8\I][^.ab`X�dZDj T�m ��hkf{prY/fXjlfX�DZ�p R�¸ � � hl]Da�Y.V�mÅ§hkjlabTW\c]�TWV¤`���^n�[\I]N� hkmoyDabT u
�/T�Y/fX`iY/�D�DZD�8`XT�hkZDY/ZBmGT�` }�Tba _4Y�
 hkZ���Y/`i� � YzfX� Y/Zo^n�[V ¸ y[Y/fI^.`XTbhlZ[V�
 YzfIV¤`<§^nfi� Y/fXZB�DZ[pGy[^lVwu
V�T=
 Y/Z�¿À^.�D`XYzTbabYzZNZ[^k\I]D�/�d�DTbaWprY/Z��&VX\I]DY/TWprY/Z�p8TbY.V�YB^n�[V}_4hka�jkY/Z�prY/Z �+fl§�DZ[p8Y/Z ^n�[V R � �Dm
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YzTbZDY/Z(m(�D¯!prT�Y}�8\I][^na�`X�DZdj(VX\I]DZDY/a�a
V�Y/TbZJ�D^naWVÀ¼�TW\c]8` � Y/fi`�jkYzab`XYzZBprTbY Qk¬ Z[V2� Zr`iY/jkf{^n`iTbhkZ�Vwu
� YzTb`¤_4YzZ[V¤`iY/f�prY/f��[Y/fiY/Tb`{V 
 hlfX][^.Z[prY/ZDYzZ v�a�Y/�r`ifXhlZDTb� R �wm }�T�Zr�Da�T©\I�~^n�r_gprTbY¢jkfXhl¯kY(� ` §�[\I� u
�<^n]DadprY/f�e�aW^n`XT�ZDY/Z´V¤hka�ab`iYÀprT�Y��8\I][^na�`X�DZdj�m §hkjlabTW\c][V�` � ^.fX`X�dZDj V _4fXY/T[V�Y/TbZJ�kp R ] R prTbY s�ZD�.^.]Da
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 hkZ � � ¬ mom prYz�D`Xa�T©\I]�VX\I]DabY<\c]8`XY/f � TbfIp �
� T�fIpÅprTbY.V�Y/f|¿�Y/fiY/T©\I]�^.a©V~¼�^.Z[pr�[Y/fXYzT©\I]ÅprY��[ZDT�Y/fX`K��p R ] R vgfiY/TbjlZDT©ViV¤YG��prTbY(TbZ prY/m ¿À^nZ[p
�i� ¬���¬ | � 	 mom �D� � R �qv}� ¬ � ¬ |�� 	 mGm a�TbY/jlY/Z�� V�TbZ[p Zdh8\c]�prY/m � YzZr`ifX�Dm prY<V���fXTWV¤`I^.abaWV
�/�djkY/hlfIprZDYz`�� � ^kVÀpr�dfI\I]BprTbY¢]DhkfiTb�/hlZr`{^nabYzZC;[TbZDT�Y/ZG�[Y/T � � ¬8R�� mom ^nZDjlY.prY/�D`iY/`ÀT©V�` RH� TbY/a
TWV¤`�Y.VB�OYzTbZDY/ZN��\c]DZdTb`X`¢pr�Df{\c]d�/�r_c§�D]DfiY/Z���prY/f|V�h 
rT�Y/abY|ZDTW\c]8`�^.�r�zY/yD`I^.�DabY´v�fXY/T�jkZDTWVXV¤Y � T�Y
mÅ§hljka�T©\I]}^.�[V�prY/f�^.�r¦¨§h¹V¤�DZDj¹V�
 Y/f{VX\I]DabY<\c]8`XY/fiZ[prY/Z~¼+^nZ[p8�/hkZDY2
 Y/f � Tbf¤_4`&�DZ[p!pd^n�[Y/T[jka�Y/T©\I]ru
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�/YzTb`XT�j(V¤h 
8TbY/a�Y}^.�r�zY/yD`I^.�DabY´v�fXY/T�jkZDTWVXV¤Y � TbY~mÅ§hkjlabT©\I]�^n�[V¢prY/m � YzZr`ifX�Dmqp8Y.V���fXTWV¤`I^.abaWV
�DZ�^nZDjlY/`I^lV¤`XYz`�a §^n¯k` R

¿�Y/�/YzT©\I]DZDY/`!mB^.Z prY/Z s�Z8`XY/T�a�^.ababYzfGZDT©\I]8`G^.�r�/YzyD`I^.�DabY/Z v�fXY/T�jkZDTWVXV�YG�ÀprT�Y�
 Y/f � hkf¤u
_4Y/Z � Y/f{prY/ZBmGT�`�� �DZ�p�prY/Z�s+Zr`iY/Tba�^naba�Y/f+^n�8�/Y/yd`I^n�dabY/Z�vgfiY/TbjlZDT©ViV¤YG�[p8TbY~^n�r_4jlfX�DZ�p�prY.V
�8\I]DZDT�`X`{V�Y/�[Y/Zr_ ^.aba©V 
 Y/f � hkf¤_4YzZ � YzfIprY/Z!moTb`L$ �8V�h�aw§^n¯l`�V�T©\I]}Y/T�Z!�(§�D`XY/m ^n¯:�lh8prY/f ' �[jl�DfXY
h._�mGYzfXTb`B)/� ¸¢® � TbY�_4hka�jk`+prY���ZDTbY/fiY/Z��:�� I $��3�i�Ov<$/	 �X�zÂ 	

¡�T�Y�s��r_4j¹^n�[Y��[Y.V¤`iY/]8`B^naWV¤h�pD^.fXT�Z��$� � Y/T|�8\I]DZDTb`i`XjlfXY/ZD�zY/Z��/��Y/fimGTb`i`XY/a�Z���YzTbZDYBTbm
¿�Y/fiY/T©\I] ZdY/j ^.`XT=
 Yzf}��fiT©V¤`{^na�aby[h V�Tb`XT�hkZDYzZN�DZ[p YzTbZDY(Tbm ¿�Y/fiY/T©\I] y[h¹V¤Tb`iT=
 Y/f~��fXTWV¤`{^naba�y[h V¤T u
`iTbhkZdY/Z R S YzfIprY/Z ^na�abYov�fXY/T�jkZDTWVXV¤Y ��p8TbYB^.�D¯kY/fi][^na���prT�Y.V¤Y/f!�8\I]DZDT�`X`ijkfXYzZD�/Y/ZÅabT�Y/jkY/ZJ�

 Y/f¤u
� hkf¤_4YzZ���V¤hBTWV¤`|pD^lV � ¸¢® mB^nx8Tbm ^na R �+§�Df~prY/ZÅs+abjkhlfXT�`X]Dm(�[V 	�� � $ � � &��&�� � �DfIprYzZNprT�Y
�8\I]DZDT�`X`ijkfXYzZD�/Y/Z��/� � � R�� Y/fimGTb`i`XY/a�`�� V¤TbYz]DY!s��d� R�QkQ 	 R s+�[V�prY/ZN��\c]DZdTb`X`ijkfiY/ZD�/Y/ZB_4hka�jk`
Z8�DZ|Y/TbZ´pr­8Z[^nmGTWVX\I]DY/f�¿�Y/fiY/T©\I]�_ §�Df&prT�Y�¡�TbjlTb`I^.abTWV¤TbYzfX�DZDj+p8Y.V�s+�[V¤j¹^nZDj¹VXV¤T�jkZ[^.a©V�prY.V�s+abjkh.u
fiTb`X]dm �[V R � ZGs��d� R QkQ V�TbZ[p(prTbY � ¿�T�Z[V � p8TbYÀ�/�Df�¡�T�jkT�`I^na�T©V�TbY/fi�DZDj��/�df���Y/f¤_c§�Djl�DZDj~V¤`iY/]DY/ZJ�
Y/T�ZDjkYz�/Y/T©\I]DZDYz` R � m hl�OYzfXY/Zo£�YzTba[prYzf�s��D�DT�a©pr�dZDj~V¤TbZ�p ¿�T�Z ¬ �dZ[p ¿�T�Z ½ Vi\c]Df{^<ºoY/fX` R ¿�T�Z
¬ Y/Z[prY/`�^.Z p8Y/fÀ�8\c]dZDTb`i`XjkfiY/ZD�/YÀu{� R��8R ¿�T�Z ½ �OYzjkTbZdZr`�^nZ�prYzf���\c]DZdTb`X`ijkfiY/ZD�/Y~� R �rR ¿�Y/T[Y/T�u
ZDYzm fXY.^.abY/Zos�¡4eN_c§�D]dfX`�YzTbZB� TbjlZ[^na��rpd^kV�Y/T�ZDY/Z(�ra�Y/TbZDYzfXY/Z!SÅY/fX`�^.a©V�p8TbY+�DZr`iY/fXY/�+fXY/Zd�/Y

 hlZ ¿�T�Z ¬ ][^.`��D�/�BY/T�ZDY/m V¤hljkY/Z�^nZDZ8`XY/Z ' »�Z[prY/f�¦[h � )|�DZ[p � Tbf{pGTbZB¿�T�Z ¬ YzTbZ[V�hkfX`iTbY/fi` R
v�Z8`IV¤ydfXY.\I]DY/Z[p8Y.V�jkT�ab`�_c§�Df+¿�T�Z ½¹R S YzfX`XY �[prTbY|�/�BY/T�ZDY/m ' ¸ 
 Y/f�¦[h � )�_�§�D]DfiY/Z � Y/fIprYzZ T�Z
¿�T�Z ½ Y/TbZ�V¤hkfi`XT�Y/fX` R � hlmGTb`+T©V�`|pD^lV � ¸¢® mB^nx8TbmB^.a � � YzZDZN^.aba�Y!v�fXY/T�jkZDTWVXV�YG��prT�Y}TbZÅ¿�T�Z
¬ �DZ�p T�ZB¿�TbZ ½ Y/T�Z[V¤hlfX`iTbY/fi` � hkf{prY/Z�V¤T�Z[p
�:
 Y/f � hkf�_4Y/Z � Y/f{prY/Z R ¡�Y/fÀhkyd`XTbm ^nabY¢pr­8Z[^nmoT�u
Vi\c]DY~¿�Y/fiY/T©\I]G�[Y/`if.§^njl`|V¤hlmGTb` �ÁQrR t:� � Y/ZDZ�¿�TbZ ¬ �DZ�p�¿�TbZ ½ 
 Y/f � hkf�_4Y/Z � Y/f{prY/Z R v�T�ZDY
^.Z[prY/fiY ® §hljkabTW\c]d� Y/Tb`K�[prY/Z pr­rZ�^nmGTWVX\I]DY/ZÅ¿�Y/fiY/T©\I] _4Y.V�`X�/�dabY/jlY/Z��[T©V¤`|T�ZNs��d� R&QkQ �dZr`iY/Z
pD^.fXjlY.V¤`iY/aba�` R »�m pD^kV�mB^.xrT�mB^na�Y�� ¸¢® �z�!Y/fXfiY/T©\I]DY/Z���m §�[ViV¤Y/Z~]DTbY/fgprTbY ¿�TbZ[V ¬ �D�*�¹¥��DZ[p
½ 
 Y/f � hkf�_4Y/Z � Y/f{prY/Z R �[^.aba©V+TbZÅY/TbZDYzm s�Z[^.ab­dV¤Y.Vi\c]dfXTb`i`�jkf<§hk¯lY/fXY �¹`I^n`iT©V�`XTb��Y/f¤_4hlfIprYzfXabTW\c]
TWV¤`��D�[Y.V�`XY/]8`ÀZ8�DZ�prTbY ® §hkjlabTW\c]D� YzTb`�Zr�df�prT�Y~¿�TbZ[V ¬ �DZ[p ½ �/�C
 Y/f � Y/f�_4Y/Z�� � h8p8�DfI\I]�prYzf
¼+^nZ[p8�OYzfXY/TW\c]GZdT©\I]r`�mGY/]df�V�h(V¤`{^nfX�o�DZr`iY/fIp8fl§�[\I�r` � T�fIpG�DZ[pBpD^.mGTb` � YzZDTbjlY/fÀv�fXYzTbjkZdT©VXV�Y

 Y/fiabhlfXY/ZGjlY/]DY/Z R

¡�^lV�mB^nx8Tbmo^na[Y/fifXY/TW\c]8�[^.fXY/� ¸¢® �[Y/`if.§^njl`�_c§�df�prYzZ s+abjkhlfXT�`X]Dm(�[V 	�� � � ¸¢® $ ¬rR ¥nt R
v�V � Y/fIp8Y/Z(pD^n�[Y/T �kQ�� prYzf$ZdT©\I]r`�^.�r�zY/yD`I^.�DabYzZGv�fXYzTbjkZdT©VXV�Y � ¿I	&� V�h � TbY Q � � prY/f ^n�8�/Y/yru
`{^n�Da�Y/Z�vgfiY/TbjlZDT©ViV¤Y����/	��DZ8`XYzfIprfl§�[\c�8` R

¡�^lV0�$YzfX][^.ab`XYzZBprY.V � ¸¢® T©V�`�T�ZBs��D� R Qk� jlY/jkY/Z�prYzZBpr­8Z[^nmGTWVX\I]DY/Z(¿�Y/fiY/T©\I]o^n�r_4jlY�u
`ifI^njlY/Z �dZr`iY/f�p8Y/f�s+ZDZ[^n]dmGYG�Dpd^n¯B¿�T�Z ¬ �DZ[p�¿�TbZ ½ 
 Y/f � hkf�_4Y/Z � Y/fIprYzZ R ¿�Y/`Xf §^njl`�prYzf
pr­8Z[^.mGT©Vi\c]DY+¿�YzfXY/TW\c] ¬ �DV¤h � Y/fIp8Y/ZB^na�abY¢v�fXY/T�jkZDTWVXV¤Y¢�DZr`iY/fIp8fl§�[\I�r` R ��Y/fXj�§hk¯lY/fX`�mB^nZBp8Y/Z
pr­8Z[^.mGT©Vi\c]DYzZ�¿�Y/fiY/T©\I]���V¤hÅV¤T�ZD�8`}p8Y/f~s�Zr`iY/TbagprY/f|ZDT©\I]8`|^n�8�/Y/yD`{^n�Da�Y/Z vgfiY/TbjlZDT©ViV¤Y�� ¿I	8�
� T�Y(^n�[\I]Np8Y/f~s�Zr`iY/Tba¨prY/f~^.�r�/YzyD`I^.�DabY/ZÅv�fiY/TbjlZDT©ViV¤Y����/	&��p8TbY�
 Y/f � hkf¤_4YzZ � Y/f{prY/Z R ¡¢^kV
� ¸¢® Y/fXfiY/T©\I]8`�Y/T�Z ® ^.xrT�m �Dm �OYzT �|Q8R t|�DZ[p�_{§^.abab`gpD^nZDZ � TbY<prY/f�^.���k�DTWV$Vi\c]dabTbYz¯kabTW\c]Á^naba�Y
v�fXYzTbjkZdT©VXV�Y~^n�8�/Y/yD`iTbY/fi` � YzfIprY/ZJ�Dp R ] R ¿U�DZ[p�� T©p8Y/Zr`iT©Vi\c] �+�Daba�V¤TbZ�p R

¡�T�Y�v�fXmoTb`X`iab�DZdj|prY.V � ¸¢® T©V�`$_c§�Df�^na�abY+�DT©V�]DY/f��[Y.V¤ydfXh8\I]DY/ZDY/Z s�abjlhkfXT�`X]DmoY/Z(pr�Df{\c]ru
jlY�_�§�D]Dfi` � hkf{prY/Z��8V¤h � T�Y�_�§�Df�prTbYÀ�DTWV¤]DYzf$Zdh8\c](ZDT©\I]8`��DZ8`XY/f{V¤�[\I]r`iY/Z(s�a�jkhkfiTb`i]DmGY/Z 	 
��DZ[p
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B, R ¡�TbY<V¤Y+�OYzT©prY/Z(�DZ8`XY/f{VX\I]DY/TWprY/Z(V¤TW\c]-
 hlZGp8Y/Z §�D�DfiTbjlY/ZGs+abjkhlfXT�`X]DmGYzZ R ��V�`$m ^nZ!ZDTW\c]8`
pd^nfI^.ZNTbZ8`XYzfXY.ViV¤TbYzfX`���hk� prY/f~¼+^nZ[pr�[Y/fiY/T©\I]NT�Z 
 Y/fi`XT��k^.abY/f¢h8prY/f!]DhlfXTb�zhkZ8`I^na�Y/f~¼�TW\c]8`X�dZDj
jlY/`Xfih@?�Y/Z � �DfIprY �
V�hkZ[prYzfXZ Z8�Df¢pD^nf{^nZ��[hk��Y/f+jkY/`ifXh@?�Y/Z � �DfIp8YG�
V�hGV�`XY/]dY/Z _c§�Df¢prT�Y}¡+T�u
jlTb`{^nabTWV¤T�Y/fX�DZdj p8TbY.V�Y/f/� Zr_4hkfimB^n`iTbhlZN¥�¿�Tb`|�/�Df/��Y/f¤_c§�djk�DZDj R ¡�T�Y.V�][^n`´prY/Z ��hkfX`iY/Tba���pD^.¯
p8TbY��8\I]DZDTb`i`XjlfXY/ZD�zY V�Y/]Df!_4Y/TbZ5
l^nfiTbT�Y/fX` � Y/fIprYzZ��l^nZDZ R s�a�jkY/�dfI^nTWVX\I] V¤TbZ�p 	 
G�DZ[p 	 
B,
jlabY/TW\c] � YzfX`XT�j:� p8Y/ZDZBY.V�jkT�ab` � 	 
 ,�$ 	 
	 
 � � |

v�x8y[Y/fXT�mGY/Z8`XY/a a
m(�D¯ 9XY.prh8\I]ÅprY/f|v�T�Zr¦[�D¯Bp8Y/f}�8\I][^n�dY/f¤¦[�d�r`i�[^n`iTbhkZdY/Z�TbZÅ¿�Y/`ifI^l\c]8`�jlY�u
�zhkjkYzZ � Y/fIprYzZ R ¡+TbY|� �DmGmGY�^.�[V�^naba�Y/Z!ZDY/�dZ ® h8pr�dabY/Z!¦[�D�8`X�DT�Y/fX`¨Zr�Df � Y/ZDTbj � � §^n]dfXY/Z[p
p8TbY}� �dmGmGY¢^n�[V+prY/Z §^n�d¯kY/fiY/Z�^k\I]r` ® h8pr�dabY/ZBTbm �$YzfXjka�Y/T©\I]opD^n�/��V�`I^nfi�G¦[�D�8`X�DT�Y/fX` R

¡�T�Y|v�fXjlY/�DZDTWVXV¤Y´V¤T�Z[pGTbm _4hlabjkYzZ[prY/Z�s��[Vi\c]dZDTb`i`��/�[Vi^nmGmoY/ZDjkY�_ ^n¯k` R

��� 6 :<*-./� $ � �&�����
¡+TbY<}�TWV¤`ihkjkf{^nmGmoY¶_c§�Df(p8TbYBs�a�jkhlfXTb`i]DmGY/Z 	�� , �DZ[p 	�� ��V¤h � TbY�prYzfXY/Z ' �[jl�DfXYBh._|mGY�u
fiTb`B)|V¤T�Z[pGTbZBs+�D� RDQl� pD^nfijkY.V�`XY/a�ab` R s��D� R�Q ¥}�zY/Tbjl`ÀprT�Y|v�fXjkYz�DZDT©ViV¤Y�_c§�Df prTbY|s+abjkhlfXT�`X]DmGYzZ	�� �DZ�p 	 � R �+§�Df~prTbY(s�a�jkhlfXTb`i]DmGY/Z 	 
}�DZ�p 	 
B, � �DfIp8YB^n�r_¢pd^kV}¿�T�ZDZDT�ZDj!
 Y/fi�/T©\I]r`iY/`
�dZ[p Z8�Df|prT�Y}hlyD`XT�mB^na�Y¶��\c]DZdTb`X`i�l^nZ8`XY|Y/fXmoTb`X`iY/ab` R �wZÅp8Y/Z+}�TWV¤`ihkjkf{^nmGmoY/ZBprY/f¢s��D� R
Q ½
TWV¤`´pD^kV-� ¸¢® mB^nx8TbmB^.a � � Y/ZdZ�^.aba�YBv�fXY/T�jkZDTWVXV¤YoabTbZd�DV~prY/f}T�ZN�[Y/T©p8Y/ZB}�T©V�`XhkjlfI^.mGmGY/Z
YzTbZDjlY/�/Y/TW\c]DZdY/`XY/Z 
 Y/fi`XT��k^.abY/Z+;[T�ZDTbY�
 Y/f � hkf�_4Y/Z � Y/f{prY/Z R ¡+TbY(jkY/Z[^.ZDZ8`XY/Z�s+�D�DTbaWpr�DZDjlY/Z
�[Y/�zTbY/]DYzZÅV¤T©\I]Å^na�abY(^.�r_+Y/TbZ�
 YzfX`XT��l^nabY<V�s��D`{^kV¤`iY/Z prY/f~��fXT©V�`I^.aba�¦�§^k\I]DY/Z R ¡�TbYov�fXjlY/�DZDTWVwu
V�Y�V¤TbZ�p�TbZ £�^.�[Y/aba�Y Q �/�[VX^.mGmGY/ZdjkY�_ ^.¯k` R s��r_ÁprTbY�¡�^nf{V¤`iY/aba��DZDj prY/f(Y/Zr`{V¤yDfiY.\I]DY/Z[prYzZ
s+�D�DTbaWpr�DZDjlY/ZG_�§�Df+Y/TbZ�]DhkfiTb�/hlZr`{^nabY<V�s��d`I^kV�`XY/Z�T©V�`I
 Y/fi�/T©\I]8`XY/` � hlfIprYzZ��
pd^GV¤T�Y}mGT�`ÀprY/Z
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s��d�DTbaWpr�DZDjlY/Z _c§�Df-
 Y/fi`XT��k^.abY.V~s��D`{^kV¤`iY/Z�Z[^n]dY/�/��T©prYzZr`iT©VX\I] V¤TbZ�p R ¡�TbY vgfijkY/�dZDT©ViV¤YG_�§�Df
]DhlfXT��/hkZ8`I^.abY.VÀs��d`I^kV�`XY/Z�V�TbZ[pGY/�[Y/Zr_ ^.abaWV�TbZ�£�^.�[Y/aba�Y Q �z�[VX^.mGmGY/ZDjlY�_ ^kViV¤` R


 Y/fX`iTb�l^na�Y.V�s+�D`I^lV¤`XYzZ ]DhkfiTb�/hlZr`{^nabY<VÀs��D`I^lV¤`iY/Z
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v�TbZDYg¡�Tbh8prY�
 hlm�£$­8y!���+tD� � � � �Df{prY�_�§�Df�pD^lV ;[hlj ^.fXTb`i]DmGT�Y/fXY/ZÁprY/f��¹TbjkZ�^nabY�jlY � §^n]Da�` R
¡�T�Y.V}T©V�` YzTbZDY�V¤hljkY/Z�^nZDZ8`XY ' �[^kV¤`�� � Tb`{\c]DT�ZDjÅ¡�T�h8prY*)G��prT�Y V�T©\I]��OY<V¤hkZ�prY/fIV(pr�Df{\c] Tb]ru
fiY jlY/fXT�ZDjkYo�|^ny[^.�/Tb`<§^n` 
 hlZ Z8�Df Q yH� ^n�[V��/Y/TW\c]DZdY/` R s+�[\c]�_c§�Df~prT�Y.V¤Y.V|¿À^.�D`XY/T�a � ^.f}Y/T�Z
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j¹^nfiTb`X]dmGTbY/fiY.V�V¤hlababYzZ Z8�DZBY/fia §^n�d`XY/fi` � YzfIprY/Z R
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j¹^nZDj´prY.V �wZ8`XYzjkfI^.`XhlfIV �8prT�Y�� � T©VX\I]DY/Z Ql¬k¬ m!� �dZ[p t ¬l¬ m!�Ua�TbY/jl` R ¡+TbY.V�Y��l^nZdZGmGTb`�}�Tba _4Y
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` . pqcXY . SJ` SJ` o

s��d� R&� tÅpD^.fXjkY<V¤`XYzabab` R ¡�T�YB¡�T�h8prYB¡ Q �DZ�p�p8Y/f}SUTWprY/fIV�`I^.Z[pN¼ Q �DTbaWprY/ZÅY/TbZDYzZ�� y�^nZru
Z8�DZDj¹V¤`XYzTbabYzf R s�m SUTWprY/f{V¤`I^.Z[pB¼ Q abT�Y/jk`�prT�Y�ZDYzj ^n`iT=
 Y¢¿�Y/`XfiTbY/��VXV¤y�^nZDZ8�DZDj��|\/\cu¨^.Z��DprT�Y
u � � �[Y/`if.§^njl` R ¡+Y/f ¸ y[Y/f{^n`XT�hkZ[V#
 Y/fIV�`.§^.fX� Y/f(T©V�`B^naWV � y�^nZDZ8�DZDj¹Vw_4hka�jkY/fBjlY.VX\I][^na�`XY/` R ¡¢^kV

Temperature: 27.0

0V 0.5V 1.0V 1.5V 2.0V

           Usignal

800mV

750mV

700mV

650mV

600mV

U
o
u
t
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YzTbZ�m ^nx8TbmB^.abY.V!s���V¤j ^.ZDj ViV¤T�jkZ[^.a 
 hkZ Q � a�TbY�_4Y/fiZ��l^nZdZ R s�Z prTbYÅ��Y/ZdZDabT�ZDTbY � �DfIprY
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�/�df&¼�Y/� hlZ[V¤`ifX�D�8`XT�hkZ|]DhlfXTb�zhkZ8`I^na�Y/f�v�T�Z[VX\I]r�d¯ky[h V�Tb`XT�hkZDYzZ��.^n�[V�jkY/a�Y/jk` R ¡+Y/f��8\I][^na�`XyDaW^nZ|T©V�`
T�Z�s��D� R[��½ pD^nfijkY.V�`XY/a�ab` R ¡�TbY(� TbjlZ[^na�Y H � . ' �D� � R H � . ! � Y/f{prY/Z moTb`�YzTbZDY/m ��� ® u ® h8pr�da
�#;[TbZDY.^.f��[^.Z��wZ �k¸ �D` 	�V¤�dmGmGTbYzfX`[�DZ[p~prY/Z!v�T�ZDj §^.ZDjkY/Z(p8Y/f$��\c][^.ab`i�DZDj+�/�DjkY�_ §�D]DfX` R ¿�YzTbm
v�Z8` � �df¤_¨prY.V�eZe�¿%� e�fXT�Zr`iY.p e�Tbf{\��DT�`�¿�h¹^nf{p 	 � �DfIp8Y��[Y.V¤hlZ[prY/f{VÀpD^nf{^n�r_�jlY.^k\I]8`XY/`K�rp8Y/Z
}�h8\I]r_4fiY
P��dY/ZD�/Y/T�jkY/Z�VX\I][^<_4`iY/ZUprYzf ��\c][^.ab`i�DZDj�jkY/fiY.\I]r`G�z� � Y/fIprYzZ R v�TbZDY V¤hljkY/Z�^nZDZ8`XY
' �+fihk�DZ[p�e�a©^nZdY*) §�d�OYzfIprY.\I�8`ÀpD^lVÀeQe�¿ V¤h!jkfihk¯.¦ §^k\I]DTbj � TbY|m §hljka�T©\I] R ¡�T�Y¶�¹y[^nZDZ8�DZDj¹Vwu

 Y/fihkfijk�DZDj¹VX^.Z[VX\I]Dai§��VXV¤Y~prYzf ¸ y[Y/fI^.`XTbhlZ[V�
 YzfIV¤`<§^nfi� Y/f�V¤TbZ�p moTb`�s��d�Dabh8\I��uw��hkZ[p8Y/Z[VX^.`XhlfXY/Z

 Y/f{V¤Y/]dY/Z��ÀprT�Y ]dh8\c]r_4fiY
P �DY/Z8`XYN� y[^.ZDZ8�DZDj ViVX\I] � ^nZD�8�DZDjlY/Z �8�DfX�<VX\I]DabT�Y/¯kY/Z R v�V � �dfIprY
pD^.fI^.�r_�jkY.^l\c]8`XY/`K�
pd^n¯GT�Z �[Y/T©p8Y/Z��|^nZ�§^nabY(p8TbY �¹TbjkZ�^na � Y/jkY~jka�Y/T©\I]Ba©^nZdjG�DZ[p mÅ§hljka�T©\I][V¤`
�8�DfX�¢V¤T�Z[p R ¡�TbY+yDfXT�ZD�/T�yDTbY/a�abY ���dZD�r`iTbhlZ[V � Y/T©V�Y � �Df{prY�mGT�`�Y/TbZDYzm e��Da©V�Y/fÀp8Y/f���T�fXmB^/;[Y�u
e�fihn­�
 Y/fXT �[�/T�Y/fX` R ¡�TbY.V�Y/f�e��DaWV¤Y/f�a�TbY�_4YzfX`�Y/T�Z(s��[V¤j¹^nZDj¹VXV�TbjkZ�^na �dpD^kV�prYzm s��[V�j ^.ZDj ViV¤TbjlZ[^na
prY<VÀeg]dhk`Xhlm �dab`X�dyDabT�Y/fIV�Tbm fXY.^.abY/Z�v�xry[Y/fiTbmGYzZr`+§^.]DZDa�T©\I] TWV¤` R
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e��DaWV¤jlY/ZDY/f{^n`XhlfIV � T�fIp|^n�[V&prY/m £�fXTbjljkY/f{V¤T�jkZ[^.aDpD^lV � YzTb`¤_4YzZ[V¤`iY/fD_�§�Df&prTbY �wZ8`XYzjkfI^.`XhlfXY/Z/
 hkZ
¸ ¼+� ^.�DjkYzabY/T�`XY/` ���/	 R »�m pD^kV�s��[V�j ^.ZDj ViV¤TbjlZ[^na 
 hkZ ¸ ¼+� �/�(p8TbjkT�`I^.abT©V�TbY/fiY/Z�� � T�fIp!pD^lV
Ql�k¬l® }����ds�¡4e � ® v ® h8pr�da
¡/; � � � 
 Yzf � YzZ[prY/` R ¡�Yzf$T�ZGp8TbY.V�Y/m ® h8pr�da 
 Yzf � YzZ[prY/`iY
�ds�¡4e ¿À^n�[V�`XY/T�Z ][^.`�Y/T�ZDY!s+�r¦¨§h V��DZDj!
 hlZ � ¿�Tb` R vgf+T©V�`�V�Y/Z[V�Tb`XT>
B^n�8_Àv�T�ZDj ^.ZDj ViV¤y[^.Zru
Z8�DZDjlY/ZÅTbm ¿�Y/fiY/T©\I] uI�B� �DTWV � �B� �DZ[p ]�^n`}YzZr`{V¤yDfiY.\c]dY/Z[p�Y/TbZDYzZ�S Y/fi`XY/�[Y/fiY/T©\I]�
 hkZ
u{� Q ½ �DT©V}� Qk� �|^nZ&§^.abY/Z R ¡�T�Y(v�TbZDj¹^nZDj¹VXV¤y�^nZDZ8�DZDj ¬ � � Tbf{p�^n�r_ prYzZÅ��^.Z[^na ¬ ^n�DjlY/�DT�a�u
p8Y/` R ¡+TbY(¡�T�jkTb`{^na�T©V¤T�Y/fX�dZDj � Tbf{p�pr�Df{\c] prTbY!a�hkjlT©VX\I]DY/ZN�¹TbjkZ�^nabY��ds�¡4e�ui� `I^.fX` � � `Xhly���p8TbY
Yz�OYzZr_ ^na�a©V�^.�[V+prY/mq£�fXT�jkjkYzfIV¤T�jkZ[^.a�^.�DjkYzabY/T�`XY/` � Y/f{prY/Z��8jkY.V�`I^nfi`XY/`À�d� � R �[Y/Y/Z[prYz` R

v�fX] §^nab`¨prY/f �ds�¡4e�Y/T�ZDY/Z!� `{^nfX`�u#� mGyd�Da©VB�/V¤h+`I^lV¤`iY/`�Yzf�pD^lV�^nZ´V¤Y/T�ZDY/m�v�T�ZDj ^.ZDj|^nZdabTbY�u
jlY/Z[prY!� T�jkZ[^.a�T�mqs��[V�`I^.Z[pC
 hkZBt�Z[VB�
^.a©V�hGmGTb`�Y/TbZdY/f2�DfXY
P �DY/ZD� 
 hkZ Ql�k¬l® }��!^.� R ¡+TbY
s+�Da §^.�r_4Y¶_ §�df!prT�YBs��r_4Z[^.][^nmoY Y/T�ZDY.V~vgfiY/TbjlZDT©ViV¤Y.V~V¤hlababYzZ�^nZD]�^nZ[p�prY.V � YzTb`Ip8T©^njlfI^.mGmBV
s+�D� R[� Â!ZDh8\I] Y/T�ZDmB^.a
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Y[Y jXSJ` � ZDp&SJWXZ
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v�fiY/TbjlZDT©V!Y/TbZdjkY/`ifXY/`iY/Z�T©V¤`K� � Y/a©\I]DY.V}YzTbZDY/Z £�fXT�jkjkYzfXTbmoyD�Da©V}YzfX�/Y/�djk`(][^n` R ¡�^lVG][^n`Bp8TbY
�+Y/ZdY/fXT�Y/fX�DZdj!Y/TbZDY<V �¢^n`iY.V ���wZ8`XYzjkfI^.`Xhlf �¢^n`iY!�/	�_�§�Df¢prTbY �wZ8`XYzjkfI^.`XhlfXY/Z�
 hkZ ¸ ¼+� �/�Df
�DhlabjkY R ¡�T�Y � Zr`iY/jkf{^n`XT�hkZ[V��/Y/T�`}�[Y/`Xf<§^njl` Y/` � ^ ½.¬ Z[V ��pD^ � TbY�Vi\c]DhlZ�Y/f � §^.]DZr`(p8TbYBe��DaWVwu
pd^n�DY/f(p8Y/f � T�jkZ[^.abY�^n�8_4jkfX�dZ[p�prY.V}a©^.ZDjkYzZ�SÅY/jlY.V 
 hkZ�p8Y/f(v�xry[Y/fiTbmGY/Z8`XT�Y/fX]�^naba Y!�/�dm
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jlZ[^na�YÀTbZ ¸ ¼+� �[Y/Z&§hk`iTbjl`$Yz` � ^ ½ Z[V R ��^k\I](prTbY<V¤Y/f � Y/Tb`¨Y/fX]&§^.ab`�p8Y/f��Ds�¡-e�u S ^nZ[p8abY/f�V¤YzTbZ
�¹`I^nfi`¤ui� TbjlZ[^na��DZ[pGpd^kV�s+�[V¤j¹^nZDj¹VXV¤T�jkZ[^.a�
 hkZ ¸ ¼�� � Tbf{p ^.�DjkYz`I^kV�`XY/` R ¡�T�Y�fiY/a©^.`XT>
}a©^.ZDjkY
s+�D`I^lV¤`X�zY/Tb` 
 hkZ�� Ql� Z[V � �dfIprY+jkY � §^.]Dab`��Dm ^.�[\I](pD^kV�vgT�Zru&�DZ[p(s��[ViVX\I] � T�ZDj*
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