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XZQRKML3K�� >3��KMQf[�KMF\[-L/[UDGF?I«QRFWI?KM>�;=KMQf[ a Y�F«c�KM�?>3<�DG> ´������ �?QRL�� gDG>��JµG¶�¶ ´ DGP ¢£F?L/[-Qf[-<�[ _ig<?>
j:T?KMP+QRL3SUT?K�n1KMSUT?F?QRNJI?KM>.k�F?Q a KM>3L3Qf[hgDO[:l�DG>3CRL3>3<?T?KG� � QRK0^A<?>3I?K�I?<?>3SUT I?QRKAX�c1V QRP � >3Y	�3KMN\[

 l�QRF?K [-QRL3SUT?KJ�bY�I?KMCRCRK�_ig<?> I?KMF [-T?KM>3P+QRL3SUT?KMF«<?F?I ����>3Y�C�e[-QRL3SUT?KMF�� �?��DG< a Y�F�l�<?F?L/[-L/[-YG_E�_oKMF�����F�DGF��MQRKMCRC=<?F\[-KM>3L/[�g<�[�� [ �

�bKMQRF X�DGF?NbH�QRCf[ � >3YG_��=XZ>M� �£¢£F?H?�=p�KMF?F?QRF?H �:Y�SUNeT?Y�>3FW_ig<?>ZI?QRK n0T?KMP+KMF?L/[-KMCRCR<?F?H���I?QRK NGY�F��
[-QRFe<?QRKM>3CRQRSUT?KJk�F\[-KM>3L/[�g<�[��M<?F?H <?F?I I?QRK�XZQRL3Ne<?L3L3QRY�F?L3��KM>3KMQf[-L3SUT�DO_`[�^ gDGT?>3KMF?I I?QRKML3KM>�� >3��KMQf[ �
p�KM>3>3F � >3YG_��eXZ>M�e��DO[3[-T?QEDGL.��DGCRCEDG<�� I�DGF?NGK QRSUTJ_ig<?>vI?QRK gk���KM>3F�DGT?P+KAI?KML:l�Y�>3K _oKM>-DO[-KML.<?F?I
^:KMQf[-KM>3H�KMT?KMF?I?K�@BQRFe�?CRQRSUNGK QRF�I?QRK&��DGNe>3Y�P+Y�CRKMNe<?CEDG>3K&j:T?KMP+QRKG��XZ>3KMLM�=k�>3L3KMC¥<?F?I�� F?I?>3K DGL
p�Y�>3Fe<?F?HZI�DGF?NGK�QRSUT _ig<?>¥I?QRK��:K [->3KM<?<?F?HZI?KM>�� >3��KMQf[¥<?F?I&KMQRF?K��ZQRKMC�� DGT?C a Y�FJXZQRL3Ne<?L3L3QRY�F?KMF��

@BQRF ��KML3Y�F?I?KM>3KM>BX�DGF?N�H�QRCf[ � >3YG_��GXZ>M�O@BP+QRCe�AY�I?<?F?KM>��O¢£F?L/[-Qf[-<�[1_ig<?> � T���L3QRNODGCRQRL3SUT?K0j:T?Ki�
P+QRKvI?KM>¥k�F?Q a KM>3L3Qf[hgDO[ � [-<�[3[-H\DG>/[�� _ig<?>1I?QRK�� gY�H�CRQRSUT?NGKMQf[�� I?QRK:@ � ���/�bKML3L3<?F?H�KMF�QRF L3KMQRF?KMP�� >��
��KMQf[-L3Ne>3KMQRL�I?<?>3SUT��M<�_ig<?T?>3KMF���p�QRKM>3��KMQ�PWgY�SUT\[-K0QRSUTJp�Y�CRH�KM>�� g<?T?F?KM>�_ig<?>�L3KMQRF?K0k�F\[-KM>3L/[�g<�[��M<?F?H
��KMQ�� <�_o��DG<b<?F?I��:K [->3QRKM�7T?KM>��MCRQRSUTbI�DGF?NGKMF��

�bKMQRF?KMF l�Y�CRCRKMH�QRF?F?KMF � K [->-D���DGNGY��?L/[-> gY�KM> <?F?I � K [->-D��:Y�F?F?QvI�DGF?NGK�QRSUT«_ig<?>�I?QRK �-DGT��
>3KMCEDGF?H�K7H�<�[-KW;=<?L-DGP+P+KMF�DG>3��KMQf[�QRF � g<?>3Y�<?F?I �³DG��Y�>JL3Y ^AQRK7_ig<?>JI?QRK a QRKMCRKMFwT?QRCf_o>3KMQRSUT?KMF
V�KML3�?> gDGSUT?K+<?F?I¨XZQRL3Ne<?L3L3QRY�F?KMF���KMQBKMQRF?KM>�n¥DGL3L3K+n1KMKG�1c g<?>�I?QRKJk�F\[-KM>3L/[�g<�� [-<?F?H���KMQRP @B>��
L/[-KMCRCRKMF!� DGT?CR>3KMQRSUT?KM> � ��>3Y�C��L-DO[-K��M<?>�V � jv��k�F\[-KM>3L3<?SUTe<?F?H7PWgY�SUT\[-K�QRSUTWP+QRSUTb��KMQ��bQRSUT�DGKMC
l�<?F?KM>/[:T?KM>��MCRQRSUT+��KMI�DGF?NGKMF���c�>-DG<�XZ>M�ep�KMI�^AQRH�n0QRCRC� I�DGF?NGK QRSUTJ_ig<?>vI?QRK gk���KM>3L3K [��M<?F?H&I?KML
@ � ���"� >/[-QRNGKMCRLADG<?LAI?KMPtk�Ne>-DGQRF?QRL3SUT?KMF��

�bKMQRF?KMP ��DGF?Fb�:KM>3F?IbI�DGF?NGK�QRSUT _ig<?>0DGCRCRKZk�F\[-KM>3L/[�g<�[��M<?F?H��d<��-D���_ig<?>0I?QRK��$#-n @&% F?QRL3SUT?K
�:KM>-DO[-<?F?H+<?F?IbI?QRK�p�QRCf_oKZ��KMQRPt@BQRFe�?QRF?I?KMFbI?KML jv�/j:Y�I?KML�QRF7I?KMFW�³DG�'�ZQRK ^��/j:¢�]��dc g<?>AI?QRK
H�K ^AQRL3L3KMF?T�DO_`[-K.XZ<?>3SUT?L3QRSUT\[¥I?KML¥��DGFe<?L3Ne>3QR��[-KML1QRF�I?KMF a KM>3L3SUT?QRKMI?KMF?KMFJ@BF\[-L/[-KMTe<?F?H�L3L/[UDGI?QRKMF
I�DGF?NGK�QRSUTb�:K DO[-K��G<?F?H)(�KMQRL3SUT���XZ>M��k�>3L3<?CED � SUT?P+QRI�[A<?F?I*� H�F?K [-K l�F�DG<?KM>M�
� CRCRKMF+l�Y�CRCRKMH�KMF+DG<?L.I?KM>.c¥CEDGP+P+KMF��+��]�<?P+KM>3QRN��1<?F?I � ��>3Y�C��L3Ki�/V�>3<?�?��K)�eI?QRK0P+QRSUT+P+Qf[

��DO[A<?F?Ibn¥DO[�<?F\[-KM>3L/[�g<�[�� [ T�DG��KMF���L3KMQT?QRKM>3P+Qf[0L3KMT?>AT?KM>��MCRQRSUTbH�KMI�DGF?N\[ �





¢£F [-T?K�L3��DGSMK�YG_³Y�F?KZTe<?F?I?>3KMI�DGF?I L3K a KMF\["�\�£L3Q�� ��K DG>3L�[-T?K��Y ^:KM>��bQRL3L3QRL3L3QR�?�?Q
T�DGL�L3T?Y�>/[-KMF?KMI�Qf[-L3KMCf_B[£^:Y7Te<?F?I?>3KMI¨DGF?I _oY�>/["�\�2[£^:Y P+QRCRKMLM��m��M�M�Uq�n0T?KM>3K _oY�>3K)�
�M�M�bQRF{[-T?K��ZCRI��JgY�CRQf[-QRS � QRCR<?>3QEDGF � KM>3QRY�I�� �3<?L/[�D P+QRCRCRQRY�F ��K DG>3L�DGH�Y F?K���[
]�Y a KMP&��KM>��e[-T?K��Y ^:KM>��bQRL3L3QRL3L3QR�?�?Q��AQ a KM>B^�DGL.<?�\^�DG>3I?L.YG_=Y�F?KAP+QRCRCRQRY�F�[-T?>3KMK
Te<?F?I?>3KMI�[-T?Y�<?L-DGF?I�P+QRCRKML�CRY�F?H?� m��M�M�Uq � F?I���� [-T?K�L-DGP+K�[-Y�NGKMFWDGF��7��KM>3L3Y�F
S DGF{L3KMKW[-T�DO[ L3K a KMFyTe<?F?I?>3KMI DGF?I _oY�>/["�\�2[£^:Y ��K DG>3L _o>3Y�P F?Y ^ [-T?K �Y ^:KM>
�bQRL3L3QRL3L3QR�?�?Q¥^AQRCRC¥��KJY�F?C� D P+QRCRK&DGF?I [-T?>3KMKi���e<�DG>/[-KM>3L�CRY�F?H?�7m��M�M�Uq n0T?KM>3K+QRL
L3Y�P+K [-T?QRF?H�_ DGL3SMQRF�DO[-QRF?H DG��Y�<�[�L3SMQRKMF?SMKG���ZF?K H�K [-L�L3<?SUT ^AT?Y�CRKML-DGCRK >3K [-<?>3F?L�YG_
SMY�F	�3KMS [-<?>3K�Y�<�[AYG_¥L3<?SUTWD&[->3Q(�QRF?H�QRF a KML/[-P+KMF\[ YG_1_ DGS [ �

��DG>3N n�^�DGQRF�	 ´�
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� x�f��¬ �� � � ��¦ � �?§w°.¡�����¬ �?© � � ��¬¯¬ � ��¦ �

¤ u � ���?§¨§��?¡"!#��¡��M�e  � ��¦ $
µ�� ´ �bKMSUT�DGF?QRL3P&<?L�I?KM> � ��>3Y�C��L3K a Y�F � Y�C��L/["��>3Y�C³������������������������������� %

µ�� ´ � ´ � [UDG>/[->3K DGN\[-QRY�F?KMF¨mo¢£F?Qf[-QRQRKM>3<?F?Heq ������������������������������������� %
µ�� ´ �®µ l�K [3[-KMF�_oY�>/[-�'(dDGF��M<?F?H�L����AK DGN\[-QRY�F?KMF ������������������������������� �
µ�� ´ � % � �?�?>3<?SUT?>3K DGN\[-QRY�F?KMF±mon1KM>3P+QRF�DO[-QRY�Fdqb������������������������������� &
µ�� ´ � ' V�KML3SUT\^AQRF?I?QRH�NGKMQf[-L3NGY�K)( �MQRKMF\[-KMF ����������������������������������� �

µ��®µ l�QRF?K [-QRL3SUT?K � DG>-DGP+K [-KM>�DG<?LAK�����KM>3QRP+KMF\[-KMCRCRKMFbX�DO[-KMFW����������������������� �
µ��®µ�� ´ V�KML3SUT\^AQRF?I?QRH�NGKMQf[-L3NGY�K)( �MQRKMF\[-KMF DG<?L V � jv��@ ����KM>3QRP+KMF\[-KMF a Y�F

� ��>3Y�C��L3Ki� �vKM>3L3<?SUT?KMFW<?F\[-KM>*%�¶�¶,+Uj{��������������������������������� �
µ��®µ��®µ V�KML3SUT\^AQRF?I?QRH�NGKMQf[-L3NGY�K)( �MQRKMF\[-KMF DG<?L V � jv��@ ����KM>3QRP+KMF\[-KMF a Y�F

� ��>3Y�C��L3Ki� �vKM>3L3<?SUT?KMF g<?��KM>-%�¶�¶ + j#��������������������������������� ´ µ
µ��®µ�� % � SUT?KMQRFe��DG>3K � N\[-Q a QRKM>3<?F?H�L3KMF?KM>3H�QRKMFbDG<?L�@ � ����@ ����KM>3QRP+KMF\[-KMF ����� ´ '

µ�� % �bY�I?KMCRCRQRKM>3<?F?H&I?KML � Y�C��L/["��>3Y�C �"� �?��DG<?L�������������������������������������� ´��

$ x/.10d�?¡£f© �?� � ��¬¯¬ �?¡�} ��² ��� ��243 �15d© � �  6��§��?� � �?§�} � �87��?¡ � ��9e�?¡ ² �� d¡2�?� �#:
%�� ´ � ��>3Y�C��L3K DG�?��DG>-DO[-<?>3KMF ����������������������������������������������������� ´��

%�� ´ � ´ n0T?KM>3P+Y�H�>-D a QRP+K [->3QRKi�/��DGL3L3KMF?L3��KMN\[->3Y�P+K [->3QRKi��l�Y��?�?CR<?F?H ����������� ´��
%�� ´ �®µ ¢£L3YG[-T?KM>3P+K � ��>3Y�C��L3K�QRP�l�>3KMQRL3CEDG<�_o>3K DGN\[-Y�>�������������������������� µ ´

%��®µ V�KMCR��KM>3P+K DO[-QRY�F?L3SUT?>3Y�P�DO[-Y�H�>-DG�?T?QRK ����������������������������������������� µ ´
%��®µ�� ´ @ ����KM>3QRP+KMF\[-KMCRCRK�XZ<?>3SUT�_ig<?T?>3<?F?H%����������������������������������� µ�µ
%��®µ��®µ �bY�CRP�DGL3L3KMF a KM>/[-KMQRCR<?F?HJ<?F?IbP+Qf[3[-CRKM>3K��bY�CRP�DGL3L3KMF������������������ µ�%
%��®µ�� % � <?L/^:KM>/[-<?F?H a Y�FWV � jv�/�bKML3L3<?F?H�KMF ������������������������������� µ �

%�� % @BCRKMN\[->3Y�F?KMF?L3�?QRF?>3KML3Y�F�DGF������������������������������������������������������ µ �
%�� %�� ´ @ ����KM>3QRP+KMF\[-KMCRCRK�XZ<?>3SUT�_ig<?T?>3<?F?H%����������������������������������� µ �
%�� %��®µ � <?L/^:KM>/[-<?F?H�I?KM>�@ � ���/�bKML3L3<?F?H�KMF ��������������������������������%\µ

%�� ' V�DGL3SUT?>3Y�P�DO[-Y�H�>-DG�?T?QRK%������������������������������������������������������%;%
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� r ��¡�� � ��¬¯¬ � ��¦ §��?¡ 3 �15��?¡	¦d�1�d�? �)� � $��
'?� ´ j:T�DG>-DGN\[-KM>3QRL3QRKM>3KMF?I?K��vY�>3<?F\[-KM>3L3<?SUTe<?F?H�KMF ����������������������������������%��

'?� ´ � ´ �vKM> gDGF?I?KM>3<?F?H�KMF7QRF�I?KM>:_oY�>3P�DGCRKMF � �?��DG<?NeQRF?K [-QRNJI?<?>3SUT7k�PJ_3gDGCRCRKMF
I?KML � Y�C��P+KM>3L ������������������������������������������������������%��

'?� ´ �®µ k�F\[-KM>3L3<?SUTe<?F?H�KMF I?KM>&K���[->-DGT?QRKM>3��DG>3KMF � <?�?L/[UDGF��MKMFwI?KM> � Y�C��L/["�\�
>3Y�Cf["����KMF! #"%$'&�(�) <?F?I! #"%$+*-,�. ����������������������������������% �

'?�®µ X ��F�DGP+QRL3SUT?K�<?F?IbQRL3YG[-T?KM>3P+K�n0T?KM>3P+Y�H�>-D a QRP+K [->3QRKi�/�bKML3L3<?F?H�KMF ����������� ' ´
'?�®µ�� ´ X ��F�DGP+QRL3SUT?K�n1KMP+��KM>-DO[-<?>/_ig<?T?>3<?F?HW��������������������������������� ' ´
'?�®µ��®µ ¢£L3YG[-T?KM>3P+K�n1KMP+��KM>-DO[-<?>/_ig<?T?>3<?F?H6����������������������������������� 'eµ

'?� % V�KMCR��KM>3P+K DO[-QRY�F?L3SUT?>3Y�P�DO[-Y�H�>-DG�?T?QRK a Y�F � ��>3Y�C��L-DO[-KMF ��������������������� 'eµ
'?� %�� ´ � ��>3Y�C��L-DO[-K�DG<?LAI'��F�DGP+QRL3SUT?KMF �bKML3L3<?F?H�KMF DG<�_¥I?KM>An0T?KM>3P+Y ^�D�DGH�K '+�
'?� %��®µ � ��>3Y�C��L-DO[-K�DG<?L¥QRL3YG[-T?KM>3P+KMFJ�bKML3L3<?F?H�KMFJ�?QRL %�¶�¶,+Uj¨QRP6l�>3KMQRL3CEDG<�_E�

>3K DGN\[-Y�>&������������������������������������������������������������� ' &
'?� %�� % � ��>3Y�C��L-DO[-K+DG<?L�QRL3YG[-T?KM>3P+KMF¨�bKML3L3<?F?H�KMF g<?��KM> %�¶�¶,+Uj�QRP l�>3KMQRL��

CEDG<�_o>3K DGN\[-Y�> ������������������������������������������������������� '�/
'?� ' �ZF?CRQRF?K�@ � ����k�F\[-KM>3L3<?SUTe<?F?H I?KM> � ��>3Y�C��L-DO[-K&������������������������������� ' �

'?� '?� ´ � ��>3Y�C��L3K [-KMP+��KM>-DO[-<?>3KMF�<?F\[-KM>-%�¶�¶ + j �����������������������������0� ´
'?� '?�®µ � ��>3Y�C��L3K [-KMP+��KM>-DO[-<?>3KMF g<?��KM>-%�¶�¶,+Uj �����������������������������0��%

'?�1� ] DGSUT\^:KMQRL a Y�F�(Bg<?SUT\[-QRH�KMFJ��DGI?QRNODGCRKMF�I?<?>3SUT��AK DGN\[-QRY�F P+Qf[¥XZQRP+K [-T���CRI?QRL3<?C��I2� �

� rZ �h� � �)�M �=�«§��?¡0��.10d�?¡£f© �?� � ��¬¯¬ �?� x³¡	¦d�1�d�? �)� � � :
��� ´ k�F\[-KM>3L3<?SUTe<?F?H�KMF I?KM>A<?F\[-KM>-%�¶�¶,+UjyDG�?CEDG<�_oKMF?I?KMF��AK DGN\[-QRY�F?KMFb�������������0� �

��� ´ � ´ �:KML/[-QRP+P&<?F?HJKMQRF?KML V�KML3SUT\^AQRF?I?QRH�NGKMQf[-L3NGY�K)( �MQRKMF\[-KMF�_ig<?>0I?KMF��:QRF��
I?<?F?H�L3�?>3<?SUTW��KMQn1KMP+��KM>-DO[-<?>3KMFb<?F\[-KM>-%�¶�¶,+Uj6���������������������0� �

��� ´ �®µ ¢£F\[-KM>3�?>3K [UDO[-QRY�F�I?KML�KM>3T�DGCf[-KMF?KMF V�KML3SUT\^AQRF?I?QRH�NGKMQf[-L3NGY�K)( �MQRKMF\[-KMF43-576�8 ��´
��� ´ � % XZKM>:V�KML3SUT\^AQRF?I?QRH�NGKMQf[-L3NGY�K)( �MQRKMF\[�I?KM>:9 DGL3L3KM>3L/[-YG�d�£n1>-DGF?L/_oKM>3>3K DGN��

[-QRY�F7P+Qf[0L/[UDO[-QRL/[-QRL3SUT?KMPt�:QRF?I?<?F?H�L3�?>3<?SUT!3<;+=�>7?�@�A ������������������� � µ
��� ´ � ' �:KML/[-QRP+P&<?F?H0KMQRF?KML1V�KML3SUT\^AQRF?I?QRH�NGKMQf[-L3NGY�K)( �MQRKMF\[-KMF�_ig<?>I?QRKCB�� � ��DGC �

[-<?F?H+I?KML0[-KM>/[-Q£gDG>3KMFb��DGI?QRNODGCRKML ������������������������������������� � �
��� ´ �1� �vKM>3H�CRKMQRSUT7P+Qf[0I?KM>��Qf[-KM>-DO[-<?>���������������������������������������� ���

���®µ k�F\[-KM>3L3<?SUTe<?F?H I?KM>Jg<?��KM>-%�¶�¶,+UjyDG�?CEDG<�_oKMF?I?KMF��AK DGN\[-QRY�F?KMF ��������������� � /
���®µ�� ´ XZQRL3Ne<?L3L3QRY�FbI?KM> V � jv��@B>3H�KM�?F?QRL3L3K ��������������������������������� ���
���®µ��®µ XZQRL3Ne<?L3L3QRY�FbI?KM>�@ � ����@B>3H�KM�?F?QRL3L3K���������������������������������� &�µ
���®µ�� % XZQRK�V�KML3SUT\^AQRF?I?QRH�NGKMQf[-KMFbI?KM>ANGY�F?Ne<?>3>3QRKM>3KMF?I?KMF �AK DGN\[-QRY�F?KMF ������� &�%
���®µ�� ' � N\[-Q a QRKM>3<?F?H�L3KMF?KM>3H�QRK�I?KML�L/[UDO[-QRL/[-QRL3SUT?KMF��:QRF?I?<?F?H�L3�?>3<?SUT?L���������� & '
���®µ��1� n1KM>3P+QRF�DO[-QRY�F?L3>3K DGN\[-QRY�F?KMF KM>3L/[-KM> �Z>3I?Fe<?F?H�������������������������� &<�

a QRQRQ
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� 3 ��§���¬¯¬®®�?¡ � ��¦±§�� � ° ��¬ ��� � ��¡���¬ �U} � ��� � � � :
� � ´ � <�_o��DG<7I?KML �AK DGN\[-QRY�F?L3P+Y�I?KMCRCRL �M<?> � ��>3Y�C��L3K a Y�F � Y�C��L/["��>3Y�C������������� & �
� �®µ n1KMQRCRP+Y�I?KMCRCRK �M<?> �.DGCRQRI?QRKM>3<?F?H a Y�F{�AK DGN\[-QRY�F?L3L3SUT?>3Qf[3[-KMF{<?F?IyV�KML3SUT\^AQRF��

I?QRH�NGKMQf[-L3NGY�K)( �MQRKMF\[-KMF¨������������������������������������������������������� /\µ
� �®µ�� ´ n1KMQRCRP+Y�I?KMCRC � _ig<?>��AK DGN\[-QRY�F?KMF7<?F\[-KM>*%�¶�¶,+Uj ��������������������� /\µ
� �®µ��®µ n1KMQRCRP+Y�I?KMCRC=��� � [UDO[-QRL/[-QRL3SUT?KM>�l�K [3[-KMFe�?>3<?SUT DG� %�¶�¶,+Uj ������������� / �

� � % X�DGL�V�KML-DGP [-P+Y�I?KMCRC ������������������������������������������������������� � ¶
� � %�� ´ ;=<?L-DGP+P+KMF?L/[-KMCRCR<?F?H�I?KM>��AK DGN\[-QRY�F?KMF ����������������������������� � ¶
� � %��®µ @B>3H�KM�?F?QRL3L3K DG<?L0I?KM> � QRP&<?CEDO[-QRY�F�� � DG>-DGP+K [-KM>3L-DO[�� ´ ��������������� � '
� � %�� % � F?��DGL3L3<?F?H�I?KM>ANeQRF?K [-QRL3SUT?KMF � DG>-DGP+K [-KM>�� � DG>-DGP+K [-KM>3L-DO[�� µ�������� � &
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µ�� ´ � [UDG>/[->3K DGN\[-QRY�F?KMF7I?KML ��DGI?QRNODGC ��l�K [3[-KMF?P+KMSUT�DGF?QRL3P&<?L������������������������ �
µ��®µ �:QRCRI?<?F?H a Y�F*� CRNGY ��Q ����DGI?QRNODGCRKMF DG<?LA��KM>3Y ��QRI?QRL3SUT?KMFWl�K [3[-KMF?H�CRQRKMI?KM>3F ����� �
µ�� % l�K [3[-KMF�_oY�>/[-�'(dDGF��M<?F?H�L����AK DGN\[-QRY�F7I?KML ��DGI?QRNODGC ��l�K [3[-KMF?P+KMSUT�DGF?QRL3P&<?L������ &
µ�� ' n1KM>3P+QRF�DO[-QRY�F?L3>3K DGN\[-QRY�F?KMF�KM>3L/[-KM> �Z>3I?Fe<?F?H I?KML���DGI?QRNODGC ��l�K [3[-KMF?P+KMSUT�DGF?QRL��

P&<?L ����������������������������������������������������������������������� /
µ��1� � <�_`[->-DGH�<?F?H+I?KM> F?Y�>3P+QRKM>/[-KMFbP+Qf[3[-CRKM>3KMF�l�K [3[-KMF?C£gDGF?H�K�m X �
	�� �� X �
	�� � q0H�Ki�

H�KMF7I?KMFWk�P+L-DO[���QRF7H\DGL/_3gY�>3P+QRH�K � >3Y�I?<?N\[-K������������������������������������ ´ '
%�� ´ � SUT?KMP�D)�MKMQRSUT?Fe<?F?H�I?KMLAQRL3YG[-T?KM>3P���K [->3QRKM��KMF?KMF�l�>3KMQRL3CEDG<�_o>3K DGN\[-Y�>3L a Y�F 	 µG¶ 
 µ�µ
%��®µ p � �1jv�"� �?��DG>-DO[-<?> �M<?>��bKML3L3<?F?H a Y�F��bY�CRP�DGL3L3KMF a KM>/[-KMQRCR<?F?H�KMF�P+Qf[ZV�KMC �

��KM>3P+K DO[-QRY�F?L3SUT?>3Y�P�DO[-Y�H�>-DG�?T?QRK ��������������������������������������������� µ�%
%�� % �vKM>3H�CRKMQRSUT?KMF?I?K�X�DG>3L/[-KMCRCR<?F?H±I?KM>7I?>3KMQ�I?Qf�=KM>3KMF\[-QRKMCRCRKMFy�bY�CRP�DGL3L3KMF a KM>/[-KMQ �

CR<?F?H�KMF _ig<?>0KMQRF?K��:KMQRL3�?QRKMC a KM>/[-KMQRCR<?F?H%��������������������������������������� µ<�
%�� ' @BCR<?H�>-DGP+P I?KM> a KM>/^:KMF?I?K [-KMF � [UDGF?I�DG>3I?L ��������������������������������� µ;&
%��1� � <�_`[->-DGH�<?F?H+I?KML �Y�H\DG>3Qf[-T?P&<?L0I?KML � K DGNeP�D ��QRP&<?P+LACRH����&DGCRL�c�<?F?N\[-QRY�F

I?KML�@BCR<�[-QRY�F?L a Y�CR<?P+KMF����0<?F?I*� F?��DGL3L3<?F?H DGCRL � Y�C��F?Y�P I?>3Qf[3[-KMFWV�>-DGI?KML � µ-/
%�� � � <�_o��DG<WI?KM>Zp�KMQ��M<?F?H QRP p�Y�T?CR>-DG<?P+>3KML3Y�F�DO[-Y�> m	j�D a Qf["�?qAI?KML�@ � ��� � ��KMN��

[->3Y�P+K [-KM>3L ������������������������������������������������������������������%�¶
'?� ´ �vY�>3<?F\[-KM>3L3<?SUTe<?F?H�KMF �M<?P � �?��DG< a Y�F  #" $'&�(�)�<?F?I  #" $+*-,�.4<?F\[-KM>

I'��F�DGP+QRL3SUT?KMF��:KMI?QRF?H�<?F?H�KMF ������������������������������������������������%�&
'?�®µ �vY�>3<?F\[-KM>3L3<?SUTe<?F?H�KMF �M<?P � �?��DG< a Y�F  #" $'&�(�) <?F\[-KM>�QRL3YG[-T?KM>3P+KMF¨�:Ki�

I?QRF?H�<?F?H�KMF ������������������������������������������������������������������%</
'?� % V�DGL3SUT?>3Y�P�DO[-Y�H�>-DGP+P+K:I?KM>:�.gY�L3<?F?H�KMF�K���[->-DGT?QRKM>3��DG>3KM> � <?�?L/[UDGF��MKMF QRF � YO�

C��L/["��>3Y�C  #" $'&�(�) <?F?I! #"%$+*-,�. �?I?K [-KMN\[-QRKM>/[�P+Qf[�V�j0�Gc¥¢�X ����������������% �
'?� ' �bKMSUT�DGF?QRL3P&<?L�I?KM>��:QRCRI?<?F?H a Y�F ´ � � T?KMF���C � 'O� 	 ´! �£�?T?KMF���CRK [-T���C£m ´! q 
 �2[-K [->-DGCRQRF

��KMQ�I?KM>0[-T?KM>3P+QRL3SUT?KMF � Y�C��P+KM>3QRL-DO[-QRY�F a Y�F � Y�C��L/["��>3Y�C³F�DGSUT 	 & ´�
 ��������� '\¶
'?�1� X ��F�DGP+QRL3SUT?K��bKML3L3<?F?H�KMF a Y�F � Y�C��L/["��>3Y�C³��KMQ a KM>3L3SUT?QRKMI?KMF?KMF p�KMQ��M>-DO[-KMF � ' ´
'?� � � L3KM<?I?Y�QRL3YG[-T?KM>3P+K �bKML3L3<?F?H�KMF a Y�F � Y�C��L/["��>3Y�Cv��KMQ a KM>3L3SUT?QRKMI?KMF?KMF±n1KMP��

��KM>-DO[-<?>3KMF ����������������������������������������������������������������� '�%
'?� & @BCR<?H�>-DGP+P+K+I?KM> � ��>3Y�C��L-DO[-K Y�T?F?K <?F?I±P+Qf[��:QRCRI?<?F?H�H\DGL/_3gY�>3P+QRH�KM> � >3YO�

I?<?N\[-K�^ gDGT?>3KMF?I�I?KM> � ��>3Y�C��L3K ��������������������������������������������� ';'
'?� / X�DG>3L/[-KMCRCR<?F?H7I?KM>�P+Qf[3[-CRKM>3KMF¨�bY�CRP�DGL3L3KMF"� 	 <?F?I#�%$ DGCRL�c�<?F?N\[-QRY�F�I?KM>

� ��>3Y�C��L3KMKMF?I�[-KMP+��KM>-DO[-<?>AQRP �vKM>3H�CRKMQRSUT7P+Qf[0I?KMP �AKML/[UDGF\[-KMQRC ������������� '+�
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'?� � �bY�CRP�DGL3L3KMF a KM>/[-KMQRCR<?F?H�KMF a Y�F � Y�C��L/["��>3Y�C �1����>3Y�C��L3QRKM>/[�DG<�_0I?KM> n0T?KM>3P+YO�
^�D�DGH�K�<?F\[-KM>AI'��F�DGP+QRL3SUT?KMFW�:KMI?QRF?H�<?F?H�KMF ��������������������������������� ' �

'?� ´ ¶{V � jv��X�DG>3L/[-KMCRCR<?F?H�I?KM>1�bY�CRP�DGL3L3KMF a KM>/[-KMQRCR<?F?HAI?KM> � ��>3Y�C��L-DO[-KBF�DGSUT�P+KMT?>��
L/[�g<?F?I?QRH�KM> � ��>3Y�C��L3K���KMQ1µ � ¶,+Uj ������������������������������������������� ' &

'?� ´�´ �bQf[3[-CRKM>3K��bY�CRP�DGL3L3K �%$W��KMQ a KM>3L3SUT?QRKMI?KMF?KMF � ��>3Y�C��L3K [-KMP+��KM>-DO[-<?>3KMF*� ^AQ �
L3SUT?KMF µ '�/�<?F?I %�¶�¶,+UjyDGCRLAc�<?F?N\[-QRY�F7I?KM> ;=KMQf[�
 ��������������������������� '�/

'?� ´ µ V � jv��X�DG>3L/[-KMCRCR<?F?H�I?KM>1�bY�CRP�DGL3L3KMF a KM>/[-KMQRCR<?F?HAI?KM> � ��>3Y�C��L-DO[-KBF�DGSUT�P+KMT?>��
L/[�g<?F?I?QRH�KM> � ��>3Y�C��L3K���KMQ %��G¶,+Uj ������������������������������������������� ' �

'?� ´ %{�bQf[3[-CRKM>3K��bY�CRP�DGL3L3KMF �%$b<?F?I � 	 ��KMQ a KM>3L3SUT?QRKMI?KMF?KMF � ��>3Y�C��L3K [-KMP+��KM>-Dh�
[-<?>3KMF*� ^AQRL3SUT?KMF«µ � ¶&<?F?I %��G¶,+UjyDGCRLAc�<?F?N\[-QRY�F7I?KM> ;=KMQf[�
������������������0�G¶

'?� ´ ' n ���?QRL3SUT?KML @ � ��� � QRH�F�DGC=KMQRF?KM>�����>3Y�C��L3QRKM>/[-KMF � Y�C��L/["��>3Y�C � � >3Y���K�DGCRL0c�<?F?N��
[-QRY�F7I?KML����c�KMCRI?KML0��KMQn1KMP+��KM>-DO[-<?>3KMFb<?F\[-KM>*%�¶�¶,+Uj ���������������������0� ´

'?� ´ � � <�_`[->-DGH�<?F?H I?KM>�>3KMCEDO[-Q a KMF � �?QRF?NGY�F��MKMF\[->-DO[-QRY�F~g<?��KM>�I?QRK��AK DGN\[-QRY�F?L��MKMQf[
��KMQ1µ�µG¶,+Uj � ��>3Y�C��L3K [-KMP+��KM>-DO[-<?>��������������������������������������������0��µ

'?� ´�� @ � ��� � QRH�F�DGCRK m �Y�>3KMF\[��i��c¥Qf[iqB��KMQ�% ´ ¶,+Uj <?F?I a KM>3L3SUT?QRKMI?KMF?KMF � ��>3Y�C��L3K��MKMQ �
[-KMF�DGCRLAc�<?F?N\[-QRY�F7I?KML��\��cdDGN\[-Y�>3L �����������������������������������������0��%

'?� ´ & � <�_`[->-DGH�<?F?H�I?KM>:>3KMCEDO[-Q a KMF � �?QRF?NGY�F��MKMF\[->-DO[-QRY�F?KMF¨g<?��KM>.I?QRK��AK DGN\[-QRY�F?L��MKMQf[
��KMQ1µ�µG¶�<?F?I % ´ ¶,+Uj � ��>3Y�C��L3K [-KMP+��KM>-DO[-<?>«���������������������������������0� '

'?� ´ / � <�_`[->-DGH�<?F?H I?KM>�>3KMCEDO[-Q a KMF � �?QRF?NGY�F��MKMF\[->-DO[-QRY�F~g<?��KM>�I?QRK��AK DGN\[-QRY�F?L��MKMQf[
�M<?>�@B>3P+Qf[3[-CR<?F?H&KMQRF?KM>�@BF?I?NGY�F��MKMF\[->-DO[-QRY�F ���������������������������������0�<�

'?� ´�� � SUT?KMP�DJI?KM> � ��_ DGF?H�>3K DGN\[-QRY�F (Bg<?SUT\[-QRH�KM>���DGI?QRNODGCRKZP+Qf[AXZQRP+K [-T���CRI?QRL3<?C��I¨�0� �
'?�®µG¶{j:T?>3Y�P�DO[-Y�H�>-DGP+PtI?KM>��AK DGN\[-QRY�F?L3C£gY�L3<?F?H I?KML � ��>3Y�C��L-DO[-LZP+Qf[ZXZQRP+K [-T���C �

I?QRL3<?C��I±���������������������������������������������������������������������0�;&
��� ´ � <�_`[->-DGH�<?F?H�I?KML&>3K��MQR�?>3Y�NGKMF � Y�C��P+KM>3QRL-DO[-QRY�F?L3H�>-DGI?KML�H�KMH�KMF I?QRK � ��>3Y�C�\�

L3K��MKMQf[�F�DGSUT V�CRKMQRSUTe<?F?HWm	µ�� &�q&����������������������������������������������� � ¶
���®µ � <�_`[->-DGH�<?F?HbI?KM> DG<?L�V�CRKMQRSUTe<?F?H±m	µ�� &�qZKM>3T�DGCf[-KMF?KMF±V�KML3SUT\^AQRF?I?QRH�NGKMQf[-L3NGYO�

K)( �MQRKMF\[-KMF!3-576�8�H�KMH�KMFbI?QRK�>3K��MQR�?>3Y�NGK�n1KMP+��KM>-DO[-<?> ´ ��� ������������������� ��´
��� % � <�_`[->-DGH�<?F?H�I?KM> F?Y�>3P+QRKM>/[-KMFbP+Qf[3[-CRKM>3KMFbl�K [3[-KMF?C£gDGF?H�K m X �
	�� �� X � 	�� � q0H�Ki�

H�KMFbI?KMF�k�P+L-DO[���QRF H\DGL/_3gY�>3P+QRH�K � >3Y�I?<?N\[-K ����������������������������������� &G¶
��� ' � <�_`[->-DGH�<?F?H a Y�F ´ � X � 	�� ��W´ � X �
	�� � H�KMH�KMF+I?QRK�;=KMQf[�
¥_ig<?>Bn1KMP+��KM>-DO[-<?>3KMF

a Y�F %�¶�¶��6%��G¶,+-j ����������������������������������������������������������� & ´
���1� � <�_`[->-DGH�<?F?HbI?KM> DG<?L�V�CRKMQRSUTe<?F?H±m	µ�� &�qZKM>3T�DGCf[-KMF?KMF±V�KML3SUT\^AQRF?I?QRH�NGKMQf[-L3NGYO�

K)( �MQRKMF\[-KMF H�KMH�KMF I?QRK�>3K��MQR�?>3Y�NGK n1KMP+��KM>-DO[-<?> ´ ��� _ig<?>&DGCRCRKJH�KMP+KML3L3KMF?KMF
n1KMP+��KM>-DO[-<?>3KMF ������������������������������������������������������������� &�µ

��� � �vKM>3H�CRKMQRSUT I?KM>&�:QRCRI?<?F?H a Y�F±��DGI?QRNODGCRKMF��³I?KM>�� �?F�DGT?P+K�I?KM>&F?Y�>3P+QRKM>/[-KMF
P+Qf[3[-CRKM>3KMF6l�K [3[-KMF?C£gDGF?H�K <?F?I I?KM>��:QRCRI?<?F?H H\DGL/_3gY�>3P+QRH�KM> � >3Y�I?<?N\[-Kw��KMQ
% ´ ¶ + jy�AK DGN\[-QRY�F?L/[-KMP+��KM>-DO[-<?>���������������������������������������������� & '

� � ´ � <?L3H\DGF?H�L a KM>/[-KMQRCR<?F?H I?KML � Y�C��L/["��>3Y�CRL��.I�DG>3H�KML/[-KMCRCf[�DGCRL�V � jv� �vKM>/[-KMQRCR<?F?H
� moCRH � q�������������������������������������������������������������������� /�¶

� �®µ � QRP&<?CEDO[-QRY�F±P+Qf[�n1KMQRCRP+Y�I?KMCRC � �:�bQf[3[-CRKM>3K��bY�CRP�DGL3L3KMF �%$y<?F?I � 	 DGCRL
c�<?F?N\[-QRY�F7I?KM> � ��>3Y�C��L3K��MKMQf[A_ig<?> a KM>3L3SUT?QRKMI?KMF?K n1KMP+��KM>-DO[-<?>3KMF~������������� /�'
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� � % V�KMP+KML3L3KMF?K�<?F?I ��KM>3KMSUT?F?K [-K �bY�CRP�DGL3L3KMF a KM>/[-KMQRCR<?F?H�KMF a Y�F � Y�C��L/["��>3Y�C �
� ��>3Y�C��L-DO[-KMFb��KMQ1µ;&G¶,+Uj ��� ^���µ � ¶,+ij ������������������������������������� /��

� � ' g� F?I?KM>3<?F?H I?KM> P+Qf[3[-CRKM>3KMF �bY�CRP�DGL3L3KMF �%$�<?F?I � 	 DGCRL c�<?F?N\[-QRY�F{I?KM>
;=KMQf[�����KM>3KMSUT?F?K [ _ig<?>0I?KMF�l�K [3[-KMFe�?>3<?SUT DGF��������	��
��������� ^�����������������
�����~� /</

� �1� V�KMP+KML3L3KMF?KA<?F?I+��KM>3KMSUT?F?K [-K X�DO[-KMF�m � DG>-DGP+K [-KM>3L-DO[�� ´ q1��KMQ�I'��F�DGP+QRL3SUT?KM>
n1KMP+��KM>-DO[-<?>/_ig<?T?>3<?F?H ������������������������������������������������������� � �

� � � V�KMP+KML3L3KMF?K�<?F?I¨��KM>3KMSUT?F?K [-K X�DO[-KMF m � DG>-DGP+K [-KM>3L-DO[�� ´ qZ��KMQvQRL3YG[-T?KM>3P+KM>
n1KMP+��KM>-DO[-<?>/_ig<?T?>3<?F?H ������������������������������������������������������� ���

� � & � SUT?KMP�DO[-QRL3SUT?K�X�DG>3L/[-KMCRCR<?F?H�I?KM>�l�Y�F?Ne<?>3>3KMF��M>3K DGN\[-QRY�F?KMF�I?KML l�K [3[-KMF��
[-> gDGH�KM>3L ��������������������������������������������������������������������� � /

� � / �vKM>3CEDG<�_:I?KM>���DGI?QRNODGCRNGY�F��MKMF\[->-DO[-QRY�F«I?KM>�[-KM>/[-Q£gDG>3KMF¨��DGI?QRNODGCRK�� = <?F?I � =�5
P+Qf[�I?KM> ;=KMQf[6��������������������������������������������������������������� ���
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a) Initiierung am Kettenende

b) statistische Spaltung

 - Spaltung an Schwachstellen (z.B. Kopf-Kopf-Verknüpfungen)

 - Spaltung der Polymerkette

c) intermolekulare Wasserstoff-Übertragung durch instabile 
    Radikale (R   = Rp, RO  ) mit anschließender ß-Spaltung
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kM 

Monomer

c) intramolekulare Wasserstoff-Übertragung (1,5-H-Shift) und ß-Spaltung
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kTri 

a)  intermolekulare Wasserstoff-Übertragung und ß-Spaltung des tertiären Radikales

b) Monomerbildung (Depolymerisation, sog. unzipping) 
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(1,3-Diphenyl-
propyl-Radikal)
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b) intramolekulare Wasserstoff-Übertragung (1,5-H-Shift) und ß-Spaltung

c) Disproportionierung und Rekombination im „Käfig“ (cage termination), z.B.
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a) Bildung kleiner, gasförmiger Radikale
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� Y�C��P+KM>3KMF+I?<?>3SUT�KMQRF?KMFJI?K��MKMCRKM>-DO[-Y�>3QRL3SUT?KMF � F?L-DO[����BP+Qf[�KMQRF?KM>.�AK DGN\[-QRY�F
	d�2[-KM> �Z>3I?Fe<?F?H
��KML3SUT?>3QRKM��KMF��¥@BQRF?K ;=<?L-DGP+P+KMF?L/[-KMCRCR<?F?H I?KM>�_oY�>3P�DGCRNeQRF?K [-QRL3SUT?KMF¨;=KMQf[-H�KML3K [��MKJ_ig<?>�T?K [-KM>3YO�
H�KMF?K c�KML/[-N=gY�>3��KM>3>3K DGN\[-QRY�F?KMF ��F?I?K [�L3QRSUTbQRF�	 �;& 
 �

XZQRK�V�KML3SUT\^AQRF?I?QRH�NGKMQf[�KMQRF?KM> � �?��DG<?>3K DGN\[-QRY�F7P+Qf[0I?KMPtk�P+L-DO[��MH�>-DGI

��������4 ´ � � � � ��m 
3q
� � � � � � m %�� ´ q

^:Y���KMQ � � I?QRK���DGL3L3K �M<7�:KMH�QRF?F I?KM>A;=KM>3L3K [��M<?F?HJ<?F?I � ��I?QRK���DGL3L3K�F�DGSUT7�:KMKMF?I?QRH�<?F?H
I?KM>�;=KM>3L3K [��M<?F?H7QRL/[��dC£gD �G[ L3QRSUT P+Qf[ I?KMP V�KML3SUT\^AQRF?I?QRH�NGKMQf[-L3NGY�K)( �MQRKMF\[-KMF 3�m � qAL3SUT?>3KMQR��KMF
DGCRL

� �������
� 


4 3�m � q ����m��������£q,4 3�m � q ��m ´ � �������£q 	 � m %��®µ�q
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XZKM>�V�KML3SUT\^AQRF?I?QRH�NGKMQf[-L3NGY�K)( �MQRKMF\[ 3�m � q 4 3 � � K����1m ��� � � m�� � � q3q.^AQR>3IbP+Qf[0I?KMP��?> gDGK��e�
��Y�F?KMF\[-QRKMCRCRKMFWcdDGN\[-Y�> 3 � <?F?I I?KM> L3SUT?KMQRFe��DG>3KMF�� N\[-Q a QRKM>3<?F?H�L3KMF?KM>3H�QRK � ����DG>-DGP+K [->3QRL3QRKM>/[��
^:Y���KMQ�� I?QRK�V�DGL3NGY�F?L/[UDGF\[-K�<?F?I � � l I?QRK�n1KMP+��KM>-DO[-<?>A��K��MKMQRSUT?F?K [ �

;=<?>A�:KML3SUT?>3KMQR�?<?F?H�I?KM>Al�QRF?K [-QRN a Y�FbI'��F�DGP+QRL3SUT?KMFW�bKML3L3<?F?H�KMF�_ig<?T?>/[AP�DGF I?QRK�p�KMQ��i�
>-DO[-K B�4 � � � � 
:KMQRF���^:Y�P+Qf[AP�DGF�V�CRKMQRSUTe<?F?HWm %��®µ�q:<?PJ_oY�>3P+KMF NODGF?FbQRF

� �������
� �

4 3 �
B � K����&m ��� � � m�� � � q3q �em ´ � �������£q 	 m %�� %\q

<?F?IbI�DGP+Qf[0KMQRF?K � �?T³gDGF?H�QRH�NGKMQf[AI?KML k�P ^�DGF?I?CR<?F?H�L3H�>-DGI?KML a Y�FbI?KM>An1KMP+��KM>-DO[-<?>AKM>3T³gDGCf[ �
XZQRKML3K+XZQf�=KM>3KMF\[-QEDGCRH�CRKMQRSUTe<?F?H�C£gD �G[�L3QRSUT�QRP�DGCRCRH�KMP+KMQRF?KMF«DGF�DGC�e[-QRL3SUT«F?QRSUT\[�C£gY�L3KMF��³;=<?>

�:KML/[-QRP+P&<?F?H¨I?KM>�_oY�>3P�DGCRNeQRF?K [-QRL3SUT?KMF � DG>-DGP+K [-KM> 3 � � � �b<?F?I 	 H�QR��[ KML a KM>3L3SUT?QRKMI?KMF?K
�.gY�L3<?F?H�L3P+K [-T?Y�I?KMF�����DGF <?F\[-KM>3L3SUT?KMQRI?K [AI?Qf�=KM>3KMF\[-QRKMCRCRK)�eQRF\[-KMH�>-DGCRK�<?F?I I?QR>3KMN\[-K �vKM>/_ DGT?>3KMF
L3Y ^AQRK I?QRK�¢£L3Y�NGY�F a KM>3L3QRY�F?L3P+K [-T?Y�I?KMF���@BQRF?K gk���KM>3L3QRSUT\[ g<?��KM> I?QRKML3K&�bK [-T?Y�I?KMF���F?I?K [ZL3QRSUT
QRF�	 �<� 
 �

��
��
 	 &-� #� �#�#��� � �%$.�� '&($?�� ��� � �����  & ��+�� ���������� (�
XZKM> QRL3YG[-T?KM>3P9��K [->3QRKM��KMF?K l�>3KMQRL3CEDG<�_o>3K DGN\[-Y�> 	 µG¶ 
 QRL/[&L3��K��MQRKMCRCv_ig<?> KMQRF?K�QRL3YG[-T?KM>3P+K�n1KMP��
��KM>-DO[-<?>/_ig<?T?>3<?F?H*�M<?> � ��>3Y�C��L3K a Y�F l�<?F?L/[-L/[-YG�=KMF¨KMF\[£^AQRSUNGKMCf[�^:Y�>3I?KMF��1XZ<?>3SUT�KMQRF?K�L3KMT?>
Ne<?>��MK�� <�_oT?KMQ����MKMQf[1I?KM> � >3Y���K a Y�F %�¶ � '+� � KMNe<?F?I?KMF ��DG<?SUT ��KMQ\n1KMP+��KM>-DO[-<?>3KMF a Y�F�g<?��KM>'\¶�¶,+Uj ��QRL/[vKMLvPWgY�H�CRQRSUT��GI?QRK �vY�>/[-KMQRCRK0KMQRF?KM>BQRL3YG[-T?KM>3P+KMF+n1KMP+��KM>-DO[-<?>/_ig<?T?>3<?F?H �M<?>.k�F\[-KM>��
L3<?SUTe<?F?H�I?KM> � �?��DG<?NeQRF?K [-QRN DG<?SUTJQRF�KMQRF?KMP T³gY�T?KM>3KMFJn1KMP+��KM>-DO[-<?>3��KM>3KMQRSUT �M<�Fe<�[��MKMF��eXZQRK
V�KML-DGP [-����>3Y�C��L3K��MKMQf[��?I?QRKZP�DGL3L3KMF?L3��KMN\[->3Y�P+K [->3QRL3SUT7KM>/_ D �G[�^:KM>3I?KMFbNODGF?F��?��K [-> gDGHG[�%�¶J�bQ �
Fe<�[-KMF«�?QRL L3KMSUT?L � [-<?F?I?KMF���¢£L3YG[-T?KM>3P+K�k�F\[-KM>3L3<?SUTe<?F?H�KMF DG<�_vI?KM>Zn0T?KM>3P+Y ^�D�DGH�K&N=gY�F?F?KMF
I�DGH�KMH�KMF«Fe<?>���KMQ�L3KMT?>�CEDGF?H�L-DGP+KMF«�AK DGN\[-QRY�F?L3H�KML3SUT\^AQRF?I?QRH�NGKMQf[-KMF��³CEDGF?H�KMF«�AK DGN\[-QRY�F?L��MKMQ �
[-KMF <?F?I a KM>3H�CRKMQRSUT?L/^:KMQRL3K&[-QRK _oKMFWn1KMP+��KM>-DO[-<?>3KMF I?<?>3SUT?H�K _ig<?T?>/[Z^:KM>3I?KMF��XZQRK � <�_oT?KMQ����MKMQf[
I?KM> � >3Y���K�QRL/[�I?Y�>/[���KMQ�n1KMP+��KM>-DO[-<?>3KMFyg<?��KM>"%��G¶,+Uj�I?KM<�[-CRQRSUT«C£gDGF?H�KM>�DGCRLZQRP�l�>3KMQRL3CEDG<�_E�
>3K DGN\[-Y�>���L3Y+I�D �JKMQRF?K�QRL3YG[-T?KM>3P+K�n1KMP+��KM>-DO[-<?>/_ig<?T?>3<?F?H+F?QRSUT\[�P+KMT?>0H�K ^ gDGT?>3CRKMQRL/[-K [AQRL/[ �

XZKM> l�>3KMQRL3CEDG<�_o>3K DGN\[-Y�>0��KML/[-KMT\[�DG<?L�KMQRF?KMP � ��g<?C �:<?F?I�KMQRF?KMP �AK DGN\[-QRY�F?L3>-DG<?P*�?QRFbI?Ki�
F?KMF�<?F\[-KM>3L3SUT?QRKMI?CRQRSUT?K�n1KMP+��KM>-DO[-<?>3KMF�KMQRF?H�KML/[-KMCRCf[³^:KM>3I?KMF�m a H�C	� � �?�?QRCRI?<?F?H %�� ´ q �GXZQRK � >3YO�
��KW^AQR>3I QRF KMQRF?KMF ��KMT?KMQ��M��DG>3KMF � [UDG�yKMQRF?H�KM�?>-DGSUT\[���^:KMCRSUT?KM> � ^AQRL3SUT?KMF � ��g<?CR>-DG<?P <?F?I
�AK DGN\[-QRY�F?L3>-DG<?Pt��K ^:KMHG[ ^:KM>3I?KMF NODGF?F�� � QRK�^AQR>3I�QRP � ��g<?CR>-DG<?PtP+Qf[AH�KM>3QRF?H�KM>�n1KMP+��KM>-Dh�
[-<?> a Y�>3H�KMT?KMQ�� [¥<?F?I&QRF�KMQRF?KMF L/[UDG>3N g<?��KM>3T?KMQ�� [-KMF��AK DGN\[-QRY�F?L3>-DG<?P�KMQRF?H�KML3SUT?Y���KMF��GX�DGI?<?>3SUT
KM>3>3KMQRSUT\[AP�DGF KMQRF QRP �vKM>3H�CRKMQRSUT �M<?> � ��>3Y�C��L3K��MKMQf[AL3SUT?F?KMCRCRKML � <�_oT?KMQ��MKMF7I?KM> � >3Y���KG�?] DGSUT
DG�?H�KMCEDG<�_oKMF?KM>A�AK DGN\[-QRY�F ^AQR>3I7I?QRK � >3Y���K�QRF7I?KMF � ��g<?CR>-DG<?P �M<?>Gg<?SUNeH�KML3SUT?Y���KMF��

@BQRF?K I?K [UDGQRCRCRQRKM>/[-K��:KML3SUT?>3KMQR�?<?F?H a Y�Fwl�Y�F��MKM��[-QRY�F��Bl�Y�F?L/[->3<?N\[-QRY�F <?F?I �vKM>/^:KMQRC��MKMQf[/�
SUT�DG>-DGN\[-KM>3QRL/[-QRN I?KML&�AK DGN\[-Y�>3L�<?F?I¨I?KM>�� <?L/^:KM>/[-<?F?HWI?KM> P+Qf[3[-KMCRL���DGL3L3KMF?L3��KMN\[->3Y�P+K [->3QRK
KM>3T�DGCf[-KMF?KMFW�bK ��I�DO[-KMF ��F?I?K [ L3QRSUTbQRF 	 µG¶ 
 �

��� � � ��� ������89� )Z�1*2����
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@BQRF?K K�����KM>3QRP+KMF\[-KMCRCRK �bK [-T?Y�I?K �M<?>��:KML/[-QRP+P&<?F?H a Y�F �bY�CRP�DGL3L3KMF a KM>/[-KMQRCR<?F?H�KMF±QRL/[�I?QRK
V�KMCR��KM>3P+K DO[-QRY�F?L3SUT?>3Y�P�DO[-Y�H�>-DG�?T?QRK�m	V � j0qi��XZQRKML3K�L3��K��MQRKMCRCRK � F\^:KMF?I?<?F?H�I?KM> � <?L3L3SUT?CR<��O�

µ ´
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Helium

Reaktionsraum

Gasauslaß (ggf. zum MS)

Spülraum

Probe im
Platin-Pfännchen

beheizbarer
Stab

geschlitzte
Hülse

1/DPn,t 1/DPn,0

DPn,t/DPn,0

� r�r
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SUT?>3Y�P�DO[-Y�H�>-DG�?T?QRK¨m � @.j �.KMF?H�C	� ��
 ��� ��� ���  ��
 ��� � ����� �	� � ��� � � ������q�^AQR>3I QRFwY�>3H\DGF?QRL3SUT?KMF
�.gY�L3<?F?H�L3P+Qf[3[-KMCRF�I?<?>3SUT?H�K _ig<?T?>/[ ��V�KMCR��KM>3P+K DO[-QRY�F ��K��MKMQRSUT?F?K [vI?QRK 9 DGF?I?KM>3<?F?H�KMQRF?KML.�bY�CRKi�
N³g<?CRLBI?<?>3SUT+KMQRF�V�KMC �OQRF�I?KMP~I?<?>3SUT+KMQRF?KMF � QRKM��K �=KMN\[vKMQRF?K �vKM>/[-KMQRCR<?F?HZF�DGSUT �bY�CRKMN³g<?CRH�> gY ��K
KM>/_oY�CRHG[ � � <?L�I?KMF H�KMP+KML3L3KMF?KMF @BCR<?H�>-DGP+P+KMF CEDGL3L3KMF L3QRSUT F�DGSUT 	 �-/ 
 �bY�CRP�DGL3L3KMF a KM>/[-KMQ �
CR<?F?H�KMFb<?F?IbP+Qf[3[-CRKM>3K��bY�CRP�DGL3L3KMFbKM>3T�DGCf[-KMF��

��
 	�
� �! ����#����� �#"�����& & �
	 +������� �+����,+�".-
XZQRKvV�KMCR��KM>3P+K DO[-QRY�F?L3SUT?>3Y�P�DO[-Y�H�>-DG�?T?QRKi�/�bKML3L3<?F?H�KMF ^:KM>3I?KMF P+Qf[�KMQRF?KM>p � �1jv�"� �?��DG>-DO[-<?> �
I?<?>3SUT?H�K _ig<?T?>/[ �0XZKM>+QRF I?QRKML3KM> � >3��KMQf[ a KM>/^:KMF?I?K [-K�� <�_o��DG< QRL/[�QRF � �?�?QRCRI?<?F?H %��®µ«I�DG>��
H�KML/[-KMCRCf[ �A@B>7��KML/[-KMT\[ DG<?LbKMQRF?KM>b]�QRKMI?KM>3I?>3<?SUN��/V�>-DGI?QRKMF\[-KMF�� � <?P+��K m � � /�&G¶�¶ % ���AcdD��
� ��KMS [->-D � T���L3QRSML��BX�DG>3P+L/[UDGI�[iq �KMQRF?KM>&p�KMCRQR<?P���XZKMH\DGL3L3QRF?HO��@BQRF?T?KMQf[���I?KMP9¢£F	�3KMN\[-QRY�F?L a KMF��
[-QRC & ´ µ<� m cdD����AT?KMY�I'��F?K)��k � ��q.P+Qf[:KMQRF?KM> ´ ¶�¶�P+C � � >3Y���KMF?L3SUT?CRKMQf_oK)�eI?>3KMQ�@BI?KMCRL/[UDGT?CRL gDG<?CRKMF
m�/�� %�¶�¶�P+P q³<?F?I�KMQRF?KM> �vY�>3L gDG<?CRK�m�/�� �G¶�P+P qH�K _ig<?CRCf[¥P+Qf[¥KMQRF?KMP � ["��>3Y�C ��XZQ a QRF���CR��KMF��MY�C �
V�KMC�m � X � � � DG>/[-QRNGKMCRH�> gY ��K ��?P � cdD�� � Y�C��P+KM> � [UDGF?I�DG>3I � KM> a QRSMK)�?��DGQRF�� qBQRF a KM>3L3SUT?QRKMI?Ki�
F?KMF � <?L3L3SUT?CR<�����KM>3KMQRSUT?KMF moH�KMNGKMF?F��MKMQRSUT?F?K [�DGCRL ´ ¶�¶����� ´ ¶1���� <?F?I ´ ¶������q � �1;�^:KMQ.p�Y�SUT��
I?>3<?SUNeL3SUT�DGCf[ a KMF\[-QRCRK &G¶ � ¶{m cdD��.�AT?KMY�I'��F?K)�0k � ��qJKM>3CEDG<?��KMF KML��:I�DGL �.gY�L3<?F?H�L3P+Qf[3[-KMC DGF
I?KMF � gDG<?CRKMF a Y�>3��KMQBI?<?>3SUT�KMQRF?KMF�������DGL3L �M<«CRKMQf[-KMF�� � CRL�XZK [-KMN\[-Y�>3KMF«^:KM>3I?KMF¨L3KM>3QRKMCRC¥KMQRF
k ����XZK [-KMN\[-Y�> m k � '\¶�¶�¶'��cdD��d�bKM>3SUN ��X�DG>3P+L/[UDGI�[iq:<?F?IbKMQRFb�:>3KMSUTe<?F?H�L3QRF?I?K��e��XZK [-KMN\[-Y�>��
m �A¢ & ´ �1cdD��¥�bKM>3SUN �BX�DG>3P+L/[UDGI�[iq a KM>/^:KMF?I?K [ ��� CRL&�.gY�L3<?F?H�L3P+Qf[3[-KMCvNGY�P+P [ n1K [->-DGT���I?>3YO�
_o<?>-DGF±monAp c � �Zn0¢ � ���)��p � �1j ��<?F?L/[UDG�?QRCRQRL3QRKM>/[���cdD����AYG[-T���l�DG>3CRL3>3<?T?K q �M<?P @BQRF?L-DO[��G�
XZQRK�c¥CR<���>-DO[-KZ��K [-> gDGHG[ ´ P+C � P+QRF����3�

XZQRK�X�DO[-KMF�DG<�_oF�DGT?P+K:KM>/_oY�CRHG[Zg<?��KM>BKMQRF?K ���GX��
9 DGF?I?CRKM>3NODG>/[-K � j:¢	� ´ µG¶�¶�m cdD���] DO[-QRY�F�DGC
¢£F?L/[->3<?P+KMF\[-L�V�KM>3P�DGF������wg<?F?SUT?KMFdq DG<�_�KMQRF?KMP � Y ^:KM>���DGSMQRF\[-Y�L3T &<�G¶�¶\� ´ ¶�¶bm cdD�� � �?�?CRK
��>�������� > ( )�(1@ "' *� A)/1-12 ��� �/��-�B 2�#*"' A��-)�(1&)(*7 ��A)(*2*&�� �7(1 "�<�"'-12*@ C�!#" $%!'&)(+*-,.,-/�(+*10 "324/�"3576.!#(+8:9<;:=>8+$ (+;+&?!#@
A�BA��)�(�C =�;:D (���- +."'@ A5"6�'�B *)�( ��"' �+. "6�B"'-7E -12 ����"'- /17 +. "GF ���*"6+."6� 2*"6� A)&)"6)�# A)"'-9< /1-12*"�#0-	���/1@ A)"'-7� (*@ H 0
74"'&��'C
I !KJ 0 �!"�A)"�# A)(*&6<1"'-12*@ CL(+*3M.(+;�64=N"PO:*�"PQ)5�*+R
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Bypass

-Säule

100 Å-

103 Å-

105 Å-Vor-

UV

RI

Pumpe

He

Abfall-
gefäß

THF-
Vorrats-
gefäß Injektions-

ventil

100 µl

7125

Hochdruck-
Schaltventil
Rheodyne 7060

Edelstahlkapillare

Teflonkapillare

1/DPn,t 1/DPn,0

DPn,t/DPn,0
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j:Y�P+�?<�[-KM>���k � ��qi�\XZQRK � YG_`[£^�DG>3K �M<?>v@B>/_ DGL3L3<?F?H�<?F?I � ��KMQRSUT?KM>3<?F?H�I?KM>vX�DO[-KMFJDGCRL 9¨KM>/[-Ki�
[->3QR��KMC¥m	;=KMQf[i�OP+QRF��\k ��� � QRH�F�DGC`�	� �\�A¢	� � QRH�F�DGC`�	��q1^A<?>3I?KZP+Qf[3[-KMCRLv�³DG�'�ZQRK ^ '?� ¶�� ´ m cdD���] Dh�
[-QRY�F�DGC=¢£F?L/[->3<?P+KMF\[-LZV�KM>3P�DGF������wg<?F?SUT?KMFdq0KM>3L/[-KMCRCf[ �
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 	�
 	 �  '& � �� ��#" " �#�������	& +�".-%+�"� � �)� � & �#�����  '& � �� ��#"
¢£FbI?QRKML3KMP � �?L3SUT?F?Qf[3[A^:KM>3I?KMFWI?QRK a KM>3L3SUT?QRKMI?KMF?KMF X�DG>3L/[-KMCRCR<?F?H�KMF a Y�FW�bY�CRP�DGL3L3KMF a KM>/[-KMQ �
CR<?F?H�KMF�<?F?IWI?QRK�XZK ��F?Qf[-QRY�FbI?KM>�P+Qf[3[-CRKM>3KMFW�bY�CRP�DGL3L3KMF�QRFbI?KM>Zc�Y�>3P �M<?L-DGP+P+KMF?H�KML/[-KMCRCf[��
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I?QRF?H�<?F?H � � moCRH � q � moCRH � q 4 ´ <?F?I QRL/[+P+Qf[JI?KM>+I?Qf�=KM>3KMF\[-QRKMCRCRKMF P�DGL3L3KMF?H�K ^AQRSUT\[-K [-KMF
�vKM>/[-KMQRCR<?F?H a KM>3NeF�g<?��_`[ � � m � q � � 4 � moCRH � q � moCRH�� qi��@BLAH�QRCf[0L3Y�P+Qf[

� m � q,4 � moCRH � q � moCRH � q
� �

� m %�� /\q

X�DGL+KM>3L/[-K �bY�P+KMF\[ I?KM> �3K ^:KMQRCRQRH�KMFwI?Qf�=KM>3KMF\[-QRKMCRCRKMF �vKM>/[-KMQRCR<?F?H�KMFw^AQR>3I DGCRL ;�DGT?CRKMF��
P+Qf[3[-KMCAm � 	 �KMF?H�C	� �� ��� ����q ��� ^��¥V�K ^AQRSUT\[-L3P+Qf[3[-KMC�m �%$ �KMF?H�C	� ����
 �����3qZ��K��MKMQRSUT?F?K [ �1@BL
H�QRCf[

� 	 4 � � � 	Bm � q � �� 	Bm � q � �
<?F?I �%$ 4 � � � � m � q � �� � m � q � �

m %�� � q
�bQf[ V�CRKMQRSUTe<?F?H m %��1��q:H�QRCf[�I�DGT?KM>�DG<?SUT

� 	 4 � � m � q � �� �� � � m � q � �
��� ^�� �%$.4 � � � � 	Bm � q � �� � � 	Bm � q � �

� m %�� ´ ¶\q

X�DG>-DG<?L0_oY�CRHG[���I�D � �%$
	 � 	 QRL/[ �dX�DGL �vKM>3T³gDGCf[-F?QRL a Y�F �%$ � � 	 ^AQR>3I�DG<?SUT � Y�C��I?QRL3��KM>��
L3Qf[hgDO[��tH�KMF�DGF?F\[ � �GK�NeCRKMQRF?KM>�tQRL/[��?I?KML/[-Y+KMF?H�KM>AQRL/[AI?QRK �bY�CRP�DGL3L3KMF a KM>/[-KMQRCR<?F?H?�

XZKM> � DGT?CRKMF?H�KMP+Qf[3[-KMCf[-K � Y�C��P+KM>3QRL-DO[-QRY�F?L3H�>-DGI X � 	 KM>3H�QR��[BL3QRSUT�DG<?LvI?KMP ;�DGT?CRKMF?P+Qf[3[-KMC
� 	 <?F?IbI?KM> �bY�CRP�DGL3L3K�I?KM> �bY�F?Y�P+KM>3KMQRF?T?KMQf[ � � I?<?>3SUT � 	 4 � � � X � 	 �
� CRLv�:KMQRL3�?QRKMC�L3QRF?I+QRF � �?�?QRCRI?<?F?H %�� %�I?QRKAI?>3KMQdI?Qf�=KM>3KMF\[-QRKMCRCRKMF+�bY�CRP�DGL3L3KMF a KM>/[-KMQRCR<?F?H�KMF

_ig<?> KMQRF � Y�C��P+KM>�P+Qf[�I?KM>��bY�F?Y�P+KM>��/�bY�CRP�DGL3L3K � � 4 ´ ¶�'BH � P+Y�C����:<?F?IWI?KMF P+Qf[3[-CRKM>3KMF
�bY�CRP�DGL3L3KMF��%$�4 µG¶</B¶�¶�¶�H � P+Y�C ��� <?F?I�� 	 4 ´ ¶�'v¶�¶�¶�H � P+Y�C ��� I�DG>3H�KML/[-KMCRCf[ � � Y ^:Y�T?C�QRF
I?KM>vCRQRF?K DG>3KMF+DGCRLvDG<?SUT+QRFJI?KM>vCRY�H\DG>3Qf[-T?P+QRL3SUT?KMF�X�DG>3L/[-KMCRCR<?F?H�KM>3NGKMF?F\[�P�DGF��GI�D ��I?QRK�V � jv�
�vKM>/[-KMQRCR<?F?H7I?KMF�T?Y�SUT?P+Y�CRKMNe<?CEDG>3KMF � L/[��I?QRK � 
 � ������� ��
 ���� � ������� ����� ��� 
 � ��� ��� � �vKM>/[-KMQRCR<?F?H
I?KMF�F?QRKMI?KM>3P+Y�CRKMNe<?CEDG>3KMF � L/[ a KM>3L/[hgDG>3N\[ I�DG>3L/[-KMCRCf[ �

µ '



� � � � ��� �C���<� � � 	�� ����� �������1� � 	��������8� �����

0

2 10-6

4 10-6

6 10-6

8 10-6

1 10-5

1,2 10-5

0     

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

0 2 105 4 105 6 105 8 105 1 106 1,2 106

n(M)

w(lg M)
w(M)

n(
M

)/
m

ol
·l-1 w

(M
)/g·l -1

M/g·mol-1

1,2

1,0

0,8

0,6

0,4

0,2

0

norm
. w

(lg M
)

M
w

M
n

1/DPn,t 1/DPn,0

DPn,t/DPn,0

0

2 10-6

4 10-6

6 10-6

8 10-6

1 10-5

1,2 10-5

0   

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

100 1000 104 105 106

n(M)

w(lg M)
w(M)

n(
M

)/
m

ol
·l-1 w

(M
)/g·l -1

M/g·mol-1

1,2

1,0

0,8

0,6

0,4

0,2

0

norm
. w

(lg M
)

M
w

M
n

1/DPn,t 1/DPn,0

DPn,t/DPn,0

� r�r
	�t ������ �Pw��Pz�� ~��	��� ~D� ���D~��D�U~ �Z���	���g~�� � � �$� �U~������ ���
	��
���� �
� � �
��������� �
�
������� �
�������
� � ~��	�g~D� � � �$�
�����! #"������U~��$��� ���
	��
���� �
� � �
�&%'�)(*(+�
�
������� �
�������
� � ~��	�g~D� � � �$� ��,-�! #"�� � �D� �U~��
��� ���
	��
���� �
� � �
��� ./�0��	��1���%$� (+�
���
� }��c� �  � �2� � ~��	�g~D� � � �$� ��,-� ��  #"�� � {� �9~D� �D~ � ~D� �
�'�!� ~�� ��~��	�g~D� � � �$�M�n� �2 $43 ����5 ����� � ) ���A� ��� �� 	 376 ��8 ����� � ) ���A� ��� �09;: G

µ<�



� � ���C����� � ��� 	���������� � ��� � �	��� � ��� � ��	���� ����� �-��� � �-���:����	��������������� ���

��
 	�
�� 	 +��� �#����+�".- "  �" 
���� ��� �" �+�".-��#"
X�DGL n1>3KMF?F?�?>3QRF��MQR�±I?KM>�V�KMCR��KM>3P+K DO[-QRY�F?L3SUT?>3Y�P�DO[-Y�H�>-DG�?T?QRK���KM>3<?T\[+DG<�_AI?KM> � KM>3P+K DO[-QRY�F
H�KMC£gY�L/[-KM> � Y�C��P+KM>3P+Y�CRKMN³g<?CRK.I?<?>3SUTJKMQRF+V�KMC	���bQf[�I?KM>C9 DGT?C�I?KML � gDG<?CRKMF?P�DO[-KM>3QEDGCRL³CRKMHG[�P�DGF
I?QRK�� <?L3L3SUT?CR<���H�>3KMF��MKMF�I?KML � ��L/[-KMP+LA_oKML/[ �

� CRLA�AKMCEDO[-Q a �/�bK [-T?Y�I?KZ��KMI�DG>/_¥I?QRK�V � j I?KM>Al�DGCRQR�?>3QRKM>3<?F?H���I�D�QRF7I?KM> � <?L3L3SUT?CR<���SUT?>3YO�
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) �O¾¯tH��b�f�y�`�c{g`�yR°�a��Hf c6l;�O��tHgl���tHa�`xcl�m/n�bRÆ�f�c�g`�c`�c��Hf�na�`�c]Eb�fH®�k�`�c�b�y�l�`�yEb�`�yx��tHgl���tHa�` � Í�� � [\Rl�c` ��c�b�`�y�]�m/n`�l�goc^stHo6d)^�y�ocg|g`�] ) �O¾¯tH��b�f�y�]�l�]Eb�tHa�]�f£cl�m/n�b�u��f�^�a�l�m/n ["�tHy�clSb�l `�bRtHa [6� % � � oc�b�`�y�]�om/n�b�`�c�fH®§a�l�c`x¤�~ y�f�aS~ ]�l�`�yEb�` � f�aS~ ]EbP~ y�f�a�`�u�lSb�b�`�a�]©\x�6���E� ¤�`����b�y�f�]��Hf�¤l�` [ °�a�]�°�o]�^�tHc^�]�u}t�b�`�y�l�tHa�]Eb/tHcg«l�nc`�c«` � `�c6d�tHa�a�]�`�l�cs�Hf�u�u�`�y�k�l�`�a�a�`�] � f�aS~ ]EbP~ y�f�au�lSb{g`�y{u�lSb�b�a�`�y�`�c½z|f�a�u}tH]�]�`+*-,»Æ�f�c @ ��Z ����� ^ � u�f�a a � k�oy{�4`�yEd9�o^�oc^ [ �Pny�` � y�f � `�ck�`�l�^Hb�`�c}`�y�]Ebjg¥tHcci\x�6���P°���b�lSÆ lSb��t�bw��¦j`�cci]�l�`�`�l�c`�g`�o6b�a�l�m/n` � y�tHoc`�¾��tHy � oc^vtHc^�`�cf�u{�u�`�cvn¥t�b�b�`�c [ \Rl�c`4d9�oy Z � �Vb�ocg`�c � `�l @ ��� �#"e¤�~ y�f�aS~ ]�l�`�yEb�` � y�f � `jk�`�l�^Hb�`4¦j`�g`�yR¾��tHy � oc^cf m/ni\x�6���P°���b�lSÆ lSb��t�b [ \Rl�c` Ë � z|l�cVo6b�`�c � `�l Ë�Z � �#"º¤�~ y�f�aS~ ]�l�`�yEb�` � y�f � `�¦�tHyxa�`�l�m/n�bj^�`�a � �Á�`�gf m/n|` � `�c6d�tHa�a�]�cl�m/n�b�\x�6���OtH��b�lSÆ [\Rl�c{�4`�y�^�a�`�l�m/n£u�lSbTg`�c � ~ y�f�aS~ ]�`�`#c6¤�`�y�l�u�`�c�b�`�c}l�c{gl�`�]�`�y4°�y � `�lSb4k�`�l�^HbRnl�c^�`�^�`�cq��g¥tH¢g¥tH]��qtHna�`�cu�lSb�b�`�a¯`�l�c`�y � y�f � `H�6gl�` Ë � z|l�cVo6b�`�c � `�l Ë�Z � �#"�¤�~ y�f�aS~ ]�l�`�yEb�¦jf�y�g`�c«l�]Ebw�6tHo6d`�l�c{� `�m/n]Eb�`�a]�`�l�c`�]Toy�]�¤yH�oc^�a�l�m/n`�cve`�yEb�`�]Tk�oyH�om/�V^�`�^�tHc^�`�c£l�]Eb [ �Pu �4`�y�^�a�`�l�m/nvg`�yT\x�6���\Ry�^�` � cl�]�]�`}k�`�l�^Hb¿`�l�c`�l�c�gl�`�]�`�y¿°�y � `�lSb � `�l4cVoy Ë6� � �#" ¤�~ y�f�aS~ ]�l�`�yEb�` � y�f � `�]�m/nf�c � `�l@ ��� z|l�cVo6b�`�ci`�l�c`�z�t c6l�u}tHa��Hf�ck�`�c�b�y�t�b�l�f�c � Æ ^�a [ ° �� l�a�goc^ % [S��Í l�c�° � ]�m/nclSb�b % [ % [ @ [S���9[°�a�a�`�l�c�gl�`�]�`�y�°�y � `�lSb�¤�~ y�f�aS~ ]�l�`�yEb�`�c � y�f � `�c�¦�l�`�]�`�c��H`�l�c`_f g`�y�n§�f�m/n]Eb�`�c]�`�l�c`va�`�l�m/n�b�`r�`�a � d��tHy � oc^�tHo6d [\R]���tHccstHa�]�fvg¥twÆ�f�c«tHo]�^�`�^�tHc^�`�ci¦j`�y�g`�cq�g¥tH¢v]�l�m/nsgl�` � `�l�g`�csoc�b�`�y�]�om/n�b�`�c � f�aS~��]EbP~ y�f�a�¤y�f � `�c�]Eb/tHy��|oc�b�`�y�]�m/n`�l�g`�c [§� tHn`�y�l�]Eb�`�]�u��f�^�a�l�m/nq�¥g¥tH¢ "�tHy�clSb�l©`�b�tHa [ l�u ¨©`�u{�¤�`�y�t�b�oy � `�y�`�l�m/n�oc�b�`�y @ ��� �#" l�c±l�ny�`�y � y�f � `£�H`�l�c`}��tHgl���tHa�`6$¥cg`�cq�§l�c�gl�`�]�`�y�°�y � `�lSbÁ�`�gf m/n|`�l�c`�^�`�y�l�c^�`���tHgl���tHa��Hf�ck�`�c�b�y�t�b�l�f�c � `�f � tHm/n�b�`�b�¦�l�y�g [� `�y/.�tHm/n�¦j`�l�]���g¥tH¢�gl�`�l�c«gl�`�]�`�y�°�y � `�lSb�^�`�d)ocg`�c`�c���tHgl���tHa�`�goy�m/n�u�`�m/n¥tHcl�]�m/n`hj`�a�tH]Eb�oc^½tHo6d)^�`�b�y�`�b�`�c l�]Ebw��gl�` � `�l�g`�yi�4`�y�tHy � `�lSb�oc^ g`�y|��tHgl���tHa�`�tHo]�^�`6�o � bs¦�l�y�gq���tHcc cl�m/n�b{`�y � y�tHm/n�b£¦j`�y�g`�c [ �Pu �4`�y�^�a�`�l�m/n¡k�oÃg`�cÃk�lSb�l�`�yEb�`�c¡°�y � `�lSb�`�c¡Æ�f�c "jf�]Eb/t�`�btHa [�� Ë � � Ë6� � �Vgl�`�oc]Eb/t � l�a�l�]�l�`�yEb�` � f�aS~�`�b�n�~ a�`�c �Rocg � f�aS~ ¤y�f�¤�~ a�`�c � � y�f � `�c}u�lSb ��l�aSd)`�`�l�c`�]z|l��Vy�fHb�f�u�]�l�csu�l��Vy�f�u�`�b�`�yEd)`�l�c`��Vb�y�`�lSd)`�c|]�m/nc`�l�g`�cq�¯��tHcc|g¥tH]�� m/nc`�l�g`�c�g`�] � f�aS~ ]EbP~��y�f�a�]�l�c±g`�y�°�c¥tHaS~ ]�`�cu��ona�`{cVoy¿]�`�ny�^�y�f � goy�m/n^�`�d9�onyEb¿¦j`�y�g`�c [ ��og`�u l�]Eb�g¥tH]�Æ�f�c
"jf�]Eb/t{`�b�tHa [ Æ�`�yE¦j`�cg`�b�`v]�`�ny�a�tHc^��H`�b�b�l�^�` � f�aS~�`�b�n�~ a�`�c � u�lSb�`�l�c`�y�z|f�a�u}tH]�]�`�Æ�f�c½�o � `�y% �����X����� ^ � u�f�a a � ��g [ n [ `�l�c`�y�u�lSb�b�a�`�y�`�c���`�b�b�`�caP�tHc^�`vÆ�f�c��o � `�y � % �X����� � l�uÏ�4`�y�^�a�`�l�m/nk�ouªÆ�`�yE¦j`�cg`�b�`�c � f�aS~ ]EbP~ y�f�a � u�lSb�b�a�`�y�`v��`�b�b�`�caP�tHc^�`¿Æ�f�c Ì�� � � g`�o6b�a�l�m/n±tHc6d��tHa�a�l�^�`�y�^�`9�^�`�c�u�`�m/n¥tHcl�]�m/n`£hj`�n¥tHcga�oc^ [�� l�`v\RyE¦v�tHy�u_oc^sg`�] � f�aS~ ]EbP~ y�f�a�]�tHc�g`�y�� m/nclSb�b���tHc�b�`d9�onyEb�cl�m/n�b¿cfHbP¦j`�cgl�^�`�yE¦j`�l�]�`�k�ou hjl�cgoc^�] � y�om/n¡tHa�a�`�y�`�Æ�`�c�b�o`�a�aRÆ�f�y�n¥tHcg`�c`�y � `�yO�f c6l��H`�b�b�`�c^�a�l�`�g`�y��¥g¥t{gl�`�¼�tHy�u�`�a�`�lSb�oc^{g`�] � f�aS~ ]EbP~ y�f�a�]�]�`�ny�]�m/na�`�m/n�b�l�]Eb [
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� f�aS~ gl�]�¤�`�y�]�lSb��t�b¿Æ�f�c � � Z �§^�`�d)ocg`�c l�u ¨©`�u�¤�`�y�t�b�oy � `�y�`�l�m/n Ë ��� Î6Ë�Z � �3"��©]�m/na�l�`�¢�`}`�l�c`�4`�y�g¥tHu�¤6d)oc^��Voy�k��H`�b�b�l�^�`�yx��tHgl���tHa�`�tHo] [ � l�`�`�y��VaP�tHy�`�c£gl�`���`wtH��b�l�f�c]�f�y�gcVoc^�Æ�f�c�`�l�c]g¥tHn`�y©u�lSb,`�l�c`�uÄ]�`�ny©�Hf�u�¤a�l�k�l�`�yEb�`�c¿��`wtH��b�l�f�c]�u�`�m/n¥tHcl�]�u_o]��'g`�y©gy�`�lV¾¥f�a�^�`�y�`wtH��b�l�f�c`�cl�c¡`�l�c`�u � m/nu�`�a�k�`����t $¥^ � `�l�cn¥tHaSb�`�ce]�f�a�a [ �Pu ��tHnu�`�c¡g`�yvÆ�f�y�a�l�`�^�`�cg`�c¡°�y � `�lSbv¦�l�y�g� `�l§tHa�a�`�c«¨©`�u�¤�`�y�t�b�oy�`�cÃ�o � `�y�gl�`¿��`�lSb�`�l�c` � f�aS~ gl�]�¤�`�y�]�lSb��t�b�Æ�f�c @ � Z � l�] Ë � Z ^�`�d)ocg`�c [.�tHm/n "�tHu�`�y�f�c � Ë�Ë � ]Eb�`�n�bs`�l�c»n§�f�n`�y�`�y}e`�yEbsu�lSb�`�l�c`�y}�4`�y�g¥tHu�¤6d)oc^¡g`�ys��tHgl���tHa�`l�u \Rl�c�Va�tHc^�Ygl�`s°�cc¥tHnu�`s`�l�c`�]£�Hf�u�¤a�l�k�l�`�yEb�`�c ¾¥f�a�^�`�u�`�m/n¥tHcl�]�u_o]_l�]Eb£g¥tHn`�y{cl�m/n�bc§�fHb�l�^ [ r�o6~�fHb � � @ � `�y�^¯�tHck�b�gl�` � l�]��Vo]�]�l�f�c½goy�m/nºgl�` � t�b�`�c Æ�f�c�r�o¥tHlSb/t�`�b}tHa [�� ��� � �gl�`¿oc¥t � n§�tHc^�l�^{Æ�f�u ° �� tHou�`�m/n¥tHcl�]�u_o]�`�l�c` � f�aS~ gl�]�¤�`�y�]�lSb��t�b�Æ�f�c @ $¥cg`�c [ \Ry�n§�tHaSbl�c|]�`�l�c`�y �� � `�y�]�l�m/n�b�d)`�]Ebw�¥g¥tH¢�g`�y�¨©`�y�u�l�c¥t�b�l�f�c]�u�`�m/n¥tHcl�]�u_o]�g`�y � f�aS~ ]EbP~ y�f�a;� � ~ y�f�aS~ ]�``�y�]Eb�`�y ��y�gcVoc^�l�]Eb�ocg�tHo6dTg`�y��4`�y�g¥tHu�¤6d)oc^£�Va�`�l�c`�y���tHgl���tHa�` � tH]�l�`�yEb [¾��oyq`�l�c`R]�¤§�t�b�`�y�`jz|f g`�a�a�l�`�y�oc^jocg¿gl�`Rhj`�b�y�tHm/n�b�oc^�`�l�c`�]©r�`�]�tHuvb�y�`wtH��b�l�f�c]�u�f g`�a�a�]l�]Eb�`�]�tHa�]�f�¦�l�m/n�b�l�^��tHom/n�gl�`��4`�y�g¥tHu�¤6d)oc^ig`�y���tHgl���tHa�`�^�`�c¥tHo�k�o � `�]�m/ny�`�l � `�c [ ¨©`�yO�u�l�c¥t�b�l�f�c`�cºk�¦j`�lSb�`�y ��y�gcVoc^¡¦j`�y�g`�c¬k�oy«z|f g`�a�a�l�`�y�oc^¡fH®�`�c`�y«�V~ ]Eb�`�u�`�c cl�m/n�bsl�chj`�b�y�tHm/n�b�^�`�k�f�^�`�cq�6g¥tv]�l�` � `�l�g`�cil�c}gl�`�]�`�yj°�y � `�lSb�^�`�d)ocg`�c`�cs]�`�ny�^�`�y�l�c^�`�ci��tHgl���tHa;��Hf�ck�`�c�b�y�t�b�l�f�c`�c½l�u �4`�y�^�a�`�l�m/n k�o ¨©`�y�u�l�c¥t�b�l�f�c]�y�`wtH��b�l�f�c`�c¡`�y�]Eb�`�y ��y�gcVoc^±`�l�c`}Æ l�`�a^�`�y�l�c^�`�y�`�r�`�]�m/n�¦�l�cgl�^��H`�lSb�tHo6dD¦j`�l�]�`�c [ ��og`�u�y�`��Hf�u � l�cl�`�y�`�cif g`�yxgl�]�¤y�f�¤�f�yEb�l�f�cl�`�y�`�cÆ�f�y�k�o^�]E¦j`�l�]�`�]�`��Vocg§�tHy�`���tHgl���tHa��H`�b�b�`�cv� Ð> [�� l�`Tb�`�yEb�lP�tHy�`�c¿��tHgl���tHa��H`�b�b�`�cv�

Ð0 ]�l�cg¿k�¦�tHyl�c�¦j`�]�`�c�b�a�l�m/n n§�f�n`�y�`�y_��f�ck�`�c�b�y�t�b�l�f�cek�o¡`�yE¦�tHyEb�`�cq� � `�lx`�l�c`�yv��`��Hf�u � l�c¥t�b�l�f�ciÁ�`�gf m/n]Eb�`�y�l�]�m/n½^�`�nl�cg`�yEb [T� l�`}l�u ¨�r���r "4�O\=c6¤�`�y�l�u�`�c�b{^�`�d)ocg`�c`�cÃ^�tH]Ed��f�y�u�l�^�`�c � y�f go��b�`ocg � y�f go��b�Æ�`�y�aP�tHo6d)` � Ô Í � oc�b�`�y�]Eb��o6b�k�`�c gl�`�°�cc¥tHnu�`�`�l�c`�yi��`��Hf�u � l�c¥t�b�l�f�cºl�cºg`�y� m/nu�`�a�k�`�` � `�c6d�tHa�a�]�cl�m/n�b [
��o]�tHu�u�`�c6d�tH]�]�`�cg�`�y�^�` � `�c�]�l�m/n�tHo]�g`�y � l�]��Vo]�]�l�f�c�g`�y�z|`�¢�`�y�^�` � cl�]�]�`¿d)f�a�^�`�cg`�Æ l�`�y
� oc��b�`HpD � `�y_`�y�]Eb�` �PclSb�l�l�`�y�oc^�]�]�m/ny�lSb�b_l�]Eb_`�l�c`}y�tHgl���tHa � l�a�g`�cg`}��`wtH��b�l�f�cq�©gl�` � `�lxb�l�`�d)`�c¨©`�u�¤�`�y�t�b�oy�`�c¿`�l�c]�`�b�k�b [�� l�` ��`�y��Voc6dDb©g`�y©��tHgl���tHa�`Yl�]Eb§cl�m/n�b§`�l�cg`�o6b�l�^�k�o¿�VaP�tHy�`�c [
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D � l�`s�H`�b�b�`�c]�¤¥tHaSb�`�cg`���`wtH��b�l�f�cq�Rgl�`«]�m/nf�c � `�l�¨©`�u�¤�`�y�t�b�oy�`�cºoc�b�`�y Ë ��� �#" k�o`�l�c`�u ° � d�tHa�aRl�ceg`�c¡u�lSb�b�a�`�y�`�cez|f�a�u}tH]�]�`�c�d9�onyEbw�§l�]Ebv`�l�c`�Âq�E� ¤¥tHaSb�oc^«u�lSbvtHc �]�m/na�l�`�¢�`�cg`�u�¡tH]�]�`�y�]Eb�fH®¯�P¨©y�tHc]Ed)`�y [�� `�y�r�`�]�m/n�¦�l�cgl�^��H`�lSb�]��Hf `�,�k�l�`�c�b�d9�oy�gl�`�Âq�� ¤¥tHaSb�oc^���tHcc�u�lSb A 0 � .=L9CE<)+ ³ ��¶ @ Z � � � � ¹ `#c6¤ �O��Ì�Z ¶ % �Zd � u�f�a a � $ F �;% � u�l�c a � t � �^�`�]�m/n§�t�b�k�b�¦j`�y�g`�c [D ° � Ë ��� �#" � l�a�g`�c�]�l�m/n±��tHgl���tHa�`�goy�m/n±`�l�c`�c�]Eb/t�b�l�]Eb�l�]�m/n`�c±��`�b�b�`�c � y�om/n [ � � `�]]�l�m/ninl�`�y � `�l¯ou�g`�c«hjy�om/ni]�f�^�`�c¥tHcc�b�`�y .1032&465�7�894;:�f g`�yjou�`�l�c`�ci]Eb/t�b�l�]Eb�l�]�m/n`�c��`�b�b�`�c � y�om/nÃg`�y � f�aS~ u�`�y��H`�b�b�`in¥tHcg`�aSbw�©��tHcc¡u�lSb ��l�aSd)`�g`�y{r � "4��ocg \x�6���\=c6¤�`�y�l�u�`�c�b�`�cl�m/n�b�`�c�b�]�m/nl�`�g`�c�¦j`�y�g`�c [D � l�`�¨©`�y�u�l�c¥t�b�l�f�c{l�u � f�aS~ ]EbP~ y�f�a;� � ~ y�f�aS~ ]�`9�Ez|`�m/n¥tHcl�]�u_o]j¦�l�y�g£Æ�f�cig`�y4�4`�y�g¥tHu�¤ �d)oc^£�Voy�k��H`�b�b�l�^�`�y���tHgl���tHa�` � `�`�l�c	E¥o¢Hb [
� l�`{`�y�^¯�tHck�`�cg`sz|f g`�a�a�l�`�y�oc^«l�uªd)f�a�^�`�cg`�ce��tH¤lSb�`�aR]�f�a�aT�VaP�tHy�`�cq�,¦j`�a�m/n`�°���b�lSÆ l�`9�y�oc^�]�`�c`�y�^�l�`�g`�u ]Eb/t�b�l�]Eb�l�]�m/n`�c£hjl�cgoc^�] � y�om/n£k�o^�`�¦�l�`�]�`�c{¦j`�y�g`�c£��tHcc{ocg_¦j`�a�m/n`�c\Rl�c	E¥o¢�gl�`��4`�y�g¥tHu�¤6d)oc^��Voy�k��H`�b�b�l�^�`�yx��tHgl���tHa�`�tHo6d�gl�`�r�`�]�m/n�¦�l�cgl�^��H`�lSbxg`�yxhjl�a�goc^^�tH]Ed��f�y�u�l�^�`�y � y�f go��b�`¿n¥t�b [
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� l�`�\Ry�^�` � cl�]�]�`�tHo]���tH¤lSb�`�a Z `�y�u��f�^�a�l�m/n`�c�`�]�� `�l�ci��`wtH��b�l�f�c]�u�f g`�a�a¥k�oy�hj`�]�m/ny�`�l � oc^g`�]£b�n`�y�u�l�]�m/n`�c½° �� tHo]{Æ�f�c � f�aS~ ]EbP~ y�f�a�oc�b�`�y�l�c`�yEb�`�c½hj`�gl�c^�oc^�`�c½k�o]�tHu�u�`�ck�o �]Eb�`�a�a�`�c [�� l�`�l�g`�c�b�l�$¥k�l�`�yEb�`�c£\Rl�ck�`�a�y�`wtH��b�l�f�c`�c{ocg£g`�y�`�cir�`�]�m/n�¦�l�cgl�^��H`�lSb�]��Hf `�,�k�l�`�c�b�`�c
� l�a�g`�c¿gl�`�r�y�ocga�tH^�`4k�ovgl�`�]�`�u¼z|f g`�a�a�l�`�y�oc^�]�tHc]�t�b�k [ e`�lSb�`�y�`j��`wtH��b�l�f�c`�cvocg_��`wtH���b�l�f�c]�^�`�]�m/n�¦�l�cgl�^��H`�lSb�]��Hf `�,�k�l�`�c�b�`�c¡¦j`�y�g`�c¡g`�yv�,lSb�`�y�t�b�oy�`�c�b�cf�u�u�`�c [ °�a�]_z|f g`�a�a�l�`9�y�oc^�]�]�fHdDbP¦�tHy�`i¦�l�y�g¡l�cegl�`�]�`�y_°�y � `�lSbvg¥tH] � y�f�^�y�tHu�u�¤¥tH�H`�b('*),+.-0/213/xÆ�`�yE¦j`�cg`�b � �6� � [\R]¿Æ�`�y��VcT�o¤6dDb£gl�`}hj`�y�`�m/ncVoc^�Æ�f�c ��`�b�b�`�caP�tHc^�`�c � � k�¦ [ z|f�a�u}tH]�]�`�c�Æ�`�yEb�`�l�a�oc^�`�ceÆ�f�cz�tH�Vy�f�u�f�a�`��§�oa�`�cq� gl�`�l�c � f�aS~ u�`�y�l�]�t�b�l�f�c]O� � k�¦ [¥� `�¤�f�aS~ u�`�y�l�]�t�b�l�f�c]�y�`wtH��b�l�f�c`�c�`�c�b�]Eb�`9�n`�cq�u�lSb�g`�y�� l�u_oa�t�b�l�f�c�k�o]'�t�b�k�a�l�m/n`�y���`wtH��b�l�f�c]��Hf�u�¤�f�c`�c�b�`�c|ocg|��`wtH��b�f�yEÆHtHy�l�t � a�`�c [
4 �#5 6  �9	,C5) ')�$� :;�$5%<=�?>A@B�C�87 @ ')��7 78��9  %��:<;C��@B7=; ����> @B�

: @B7=; ���?;C��@B7
\Rl�c»Æ�f�a�a�]Eb��tHcgl�^�`�]s��`wtH��b�l�f�c]�u�f g`�a�a � `�]Eb�`�n�b�tHo]«��`wtH��b�l�f�c]�^�a�`�l�m/nVoc^�`�cq���Vl�c`�b�l�]�m/n`�c
� tHy�tHu�`�b�`�y�cq�¥��`wtH��b�f�yEÆHtHy�l�t � a�`�c � ¨©`�u�¤�`�y�t�b�oy�� �4f�a�ou�`�ciocg�z�tH]�]�` � ]�f'¦�l�`�^�`�`�l�^�c`�b�`�c��tHcg � � k�¦ [ °�c6d�tHc^�] � `�gl�c^�oc^�`�c [ � oy�m/n�cVou�`�y�l�]�m/n`���`�lSb�l�c�b�`�^�y�t�b�l�f�c_g`�]xy�`�]�oaSb�l�`�y�`�c �g`�c � lS®�`�y�`�c�b�l�tHa�^�a�`�l�m/nVoc^�]�]E~ ]Eb�`�u�]�d9�oy¿gl�`£^�`�^�` � `�c`i��`wtH��b�l�f�c]�k�`�lSb¿¦j`�y�g`�c °�¤¤y�f c6l;�u}t�b�l�f�c`�cvg`�yT��`�b�b�`�caP�tHc^�`�c�Æ�`�yEb�`�l�a�oc^�`�c{g`�yTu}tH�Vy�f�u�f�a�`��Voa�tHy�`�c � y�f go��b�`H�Hg`�y�`�c}z|f��u�`�c�b�`iocgºz|lSb�b�`�aS¦j`�yEb�`H�T��f�ck�`�c�b�y�t�b�l�f�c`�cÃg`�y_cl�`�g`�y�u�f�a�`��Voa�tHy�`�c ��`wtH��b�l�f�c]�¤¥tHyEb�c`�yocg�hjl�a�tHck�`�csd9�oy�gl�`���`wtH��b�f�yEÆHtHy�l�t � a�`�cs`�y�u�lSb�b�`�aSb � � @ � [

� tH]�k�o�u�f g`�a�a�l�`�y�`�cg`v��`wtH��b�l�f�c]�]E~ ]Eb�`�u l�]Eb�g`�y � y�f � `�cn¥tHaSb�`�y�g`�y�¨�n`�y�u�f'¦�t�tH^�`H�g`�y�d9�oy�Á�`�g`sz|`�]�]�oc^�c`�o � `�¤y�f � b¿¦�l�y�gq�§]�f�u�lSb¿tHa�]�f|l�u �#2 � �	� �Ohj`�b�y�l�` � tHy � `�lSb�`�b [§� l�`¨©`�u�¤�`�y�t�b�oyEd9�ony�oc^}��tHcc�l�]�fHb�n`�y�uÏf g`�y�g6~ c¥tHu�l�]�m/n�`�yEd)f�a�^�`�c [ .�l�u�uvb�u}tHc|`�l�c`v\Rl�c �¦�t�tH^�`¿Æ�f�c Ô u�^}tHcq��`�y�n§�tHaSb�u}tHc�u�lSb�g`�y�u�lSb�b�a�`�y�`�c � l�m/n�b�`¿Æ�f�c � f�aS~ ]EbP~ y�f�a � `�l Ë ��� �#"� � � ��Z ^ � u�a a � � `�l�c���`wtH��b�l�f�c]EÆ�f�a�ou�`�csÆ�f�c Í ¶ ��Ô � � ��a�� u�a [� l�`�°�o]�^�tHc^�]EÆ�`�yEb�`�l�a�oc^ig`�] � f�aS~ ]EbP~ y�f�a�]�l�]Eb�`#c6¤�`�y�l�u�`�c�b�`�a�a§u�lSb�b�`�a�]�r � "4�Ez|`�]�]�oc^
� `�]Eb�l�u�uvb [�� l�`�oy�]�¤yH�oc^�a�l�m/n�cf�y�u�l�`�yEb�`��4`�yEb�`�l�a�oc^�¦�l�y�g£d9�oyRgl�`�z|f g`�a�a�l�`�y�oc^�c`�o�]���t��a�l�`�yEbw�qg¥tHu�lSb�l�ny�`���f�ck�`�c�b�y�t�b�l�f�c�g`�yv\Rl�c�¦�t�tH^�`£Æ�f�c Ô u�^«l�u ��`wtH��b�l�f�c]EÆ�f�a�ou�`�c�`�c�bE�]�¤y�l�m/n�b � Æ ^�a [ ° �� l�a�goc^ Ô [S���9[��oy�hj`�]�m/ny�`�l � oc^�g`�y � f�aS~ ]EbP~ y�f�a;� � ~ y�f�aS~ ]�`�]�l�cgÅÆ l�`�y|u}tH�Vy�f�u�f�a�`��Voa�tHy�`±� ¤�`�k�l�`�]c§�fHb�l�^p¥g¥tH]�`�l�c^�`�]�`�b�k�b�` � f�aS~ u�`�y � �¯]�`��Vocg§�tHy�`{��tHgl���tHa�`�� > �¥b�`�yEb�lP�tHy�`¿��tHgl���tHa�`�� 0 ocg
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��l�`|r�`�]�m/n�¦�l�cgl�^��H`�lSb�g`�]i�Vb/tHyEb�]�m/ny�lSb�b�`�] Î l�c½��f�u � l�c¥t�b�l�f�c u�lSb{g`�c½¨©`�y�u�l�c¥t��b�l�f�c]�y�`wtH��b�l�f�c`�c Î � `�]Eb�l�u�uvb�gl�`½r�`�]�tHuvb�y�tHgl���tHa��Hf�ck�`�c�b�y�t�b�l�f�cÄl�u ��`wtH��b�l�f�c]O�y�tHou [ �P]Ebxg¥tH]R�4`�y�n§�tHaSb�cl�]Rg`�yjr�`�]�m/n�¦�l�cgl�^��H`�lSb�`�c}g`�yx��f�c�Voy�y�`�ck�y�`wtH��b�l�f�c`�c}g`�]]�`��Vocg§�tHy�`�c���tHgl���tHa�]Y� � `�y�u�lSb�b�`�aSbw�'��tHcc_l�u¼r�`�]�tHuvb�u�f g`�a�a�g`�yY¤y'�tH`#c6¤�f�c`�c�b�l�`�a�a�`¾¯tH��b�f�y§g`�]Tr�`�]�m/n�¦�l�cgl�^��H`�lSb�]��Hf `�,�k�l�`�c�b�`�c A�� � G goy�m/nv`�l�c` 	YtHy�tHu�`�b�`�y�f�¤6b�l�u�l�`�y�oc^tHc^�`�¤¥tH¢Hb�¦j`�y�g`�c [� � ��tH]{�4`�y�n§�tHaSb�cl�]{g`�y}��`wtH��b�l�f�c]�^�`�]�m/n�¦�l�cgl�^��H`�lSb�`�cºg`�y ��8	��7 � �+7�8����O��`wtH��b�l�f�c ocgg`�]�l�c�b�y�tHu�f�a�`��Voa�tHy�`�c}¡tH]�]�`�y�]Eb�fH®¯�P¨©y�tHc]Ed)`�y�] � �����#4���7�� 7�8�� �9p
��l�`�]�`�]��4`�y�n§�tHaSb�cl�]�l�]Eb�goy�m/n±gl�`v°�o] � `�o6b�`�c±g`�y � `�l�g`�c ��tHo¤6b�¤y�f go��b�`£�VbP~ y�f�a;�u�f�cf�u�`�y�ocg«�=b�y�l�u�`�y � `�]Eb�l�u�uvb [m � ��tH]��4`�y�n§�tHaSb�cl�]�g`�y¿��`wtH��b�l�f�c]�^�`�]�m/n�¦�l�cgl�^��H`�lSb�`�c�g`�]�l�c�b�`�y�u�f�a�`��Voa�tHy�`�c�ocg�l�c �b�y�tHu�f�a�`��Voa�tHy�`�ci¡tH]�]�`�y�]Eb�fH®¯�P¨©y�tHc]Ed)`�y�]�p
�Pu´r�`�^�`�c]�t�b�k�k�o � �4l�]Ebxg¥tH]x�4`�y�n§�tHaSb�cl�]RÆ�f�cil�c�b�y�t��Yk�o}l�c�b�`�y�u�f�a�`��Voa�tHy�`�u¼¡tH]�]�`�yO�]Eb�fH®¯�P¨©y�tHc]Ed)`�y
� A & $ A�B�� � �� � ��cl�m/n�bvgl�y�`���b¿u�`�¢ � tHy [ hj`�l4g`�ceu�lSb 	YtHy�tHu�`�b�`�y�]�t�b�k��
� `�y�`�m/nc`�b�`�c ��t�b�`�c�d��tHa�aSb¿tHo6dO�§g¥tH¢�gl�`�° � c¥tHnu�`�g`�yvu�lSb�b�a�`�y�`�cez|f�a�u}tH]�]�`�c � `�l@ Ô�� �#"¼tHa�]�k�o¡a�tHc^�]�tHu|�ql�u ¨©`�u�¤�`�y�t�b�oy � `�y�`�l�m/nÅ�o � `�y Ë ��� �#"»Á�`�gf m/n¡tHa�]�Æ l�`�a4k�o]�m/nc`�a�a � `�y�`�m/nc`�bi¦�l�y�g �DÆ ^�a [ ° �� l�a�goc^ Ô [ Ô � ��tHo6d¿� `�lSb�` Ì Ô � [ ��og`�u l�]Eb}gl�`��f�ck�`�c�b�y�t�b�l�f�c½g`�y{b�`�yEb�lP�tHy�`�cÃ`�cg]Eb��tHcgl�^�`�cº��tHgl���tHa�`s� �	� ¦j`�]�`�c�b�a�l�m/nºn§�f�n`�y�tHa�]gl�`�g`�y4b�`�yEb�lP�tHy�`�c���tHgl���tHa�`�� � [ ��l�`�]Rl�]Ebxl�c£° �� l�a�goc^ Ô [ � d9�oy4gl�`�u�lSb 	YtHy�tHu�`�b�`�yO�]�t�b�k � � `�y�`�m/nc`�b�`�hjl�a�goc^¿g`�y4b�`�yEb�lP�tHy�`�ci��tHgl���tHa�`�tHu�hj`�l�]�¤l�`�a¥`�l�c`�yxl�]�fHb�n`�y�u�`�c¨©`�u�¤�`�y�t�b�oyEd9�ony�oc^ � `�l Ë � � �#" ^�`�k�`�l�^Hb [
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¼�tHnaSb}u}tHc A ¹B�� � �� �v]�f¡^�y�f�¢�4g¥tH¢¡gl�`���f�ck�`�c�b�y�t�b�l�f�c»g`�y�b�`�yEb�lP�tHy�`�cº`�cg]Eb��tHcgl;�^�`�cÃ��tHgl���tHa�`}g`�o6b�a�l�m/n¡�Va�`�l�c`�y_l�]Eb£tHa�]vgl�`ig`�y_b�`�yEb�lP�tHy�`�c ��tHgl���tHa�`}l�c¡g`�y£��`�b�b�`
� � �	� ��� � � � � �x¦�l�y�g�gl�`	©f�aS~ u�`�y��H`�b�b�`�]�`�nys]�m/nc`�a�a�l�cºÆ l�`�a�`��Va�`�l�c`�hjy�om/n]Eb��om/�H`^�`�]�¤¥tHaSb�`�c [ ��l�` ��`�¤�f�aS~ u�`�y�l�]�t�b�l�f�c�l�]Eb6��tHo¤6b � l�a�goc^�]�y�`wtH��b�l�f�c±^�tH]Ed��f�y�u�l�^�`�y 	Ry�f��go��b�` [ �Pny�`«��`wtH��b�l�f�c]�^�`�]�m/n�¦�l�cgl�^��H`�lSb£l�]Eb{y�`�a�t�b�lSÆ±k�ou l�c�b�y�tHu�f�a�`��Voa�tHy�`�c�¡tH]O�]�`�y�]Eb�fH®¯�P¨©y�tHc]Ed)`�y�d)`�]Eb�^�`�a�`�^Hb�ocg|¦�l�y�g|tHo6d)^�y�ocg|g`�y�^�`�y�l�c^�`�c|��f�ck�`�c�b�y�t�b�l�f�c|]�`9��Vocg§�tHy�`�y±��tHgl���tHa�`ek�o·a�tHc^�]�tHu [  l�` � `�l_`�l�c`�u ]�`�ny±nf�n`�c·°�c�b�`�l�a_]Eb/t�b�l�]Eb�l;�]�m/n`�y{hjl�cgoc^�] � yH�om/n`sk�o¡`�yE¦�tHyEb�`�cq�Y¦j`�y�g`�c l�ceg`�c `#c6¤�`�y�l�u�`�c�b�`�a�ax^�`�d)ocg`�c`�c^�tH]Ed��f�y�u�l�^�`�c 	Ry�f go��b�`�c gl�` .�` � `�c¤y�f go��b�` �)¨©f�a�of�a1� % �Ez|`�b�n�~ a�]EbP~ y�f�a1� ��� Ë � ��l;�¤n`�c�~ a;�P¤y�f�¤¥tHc �YcVoyRl�c{]�`�nyR^�`�y�l�c^�`�yR��f�ck�`�c�b�y�t�b�l�f�c{c¥tHm/n^�`�¦�l�`�]�`�c [ ��og`�u¼k�`�l�^Hbgl�`4°�o6dDb�y�tH^�oc^�g`�y©cf�y�u�l�`�yEb�`�c¿u�lSb�b�a�`�y�`�c¿��`�b�b�`�caP�tHc^�` � � 	 Ç�È �

$ � 	 Ç�È ¹ �q^�`�^�`�cvg`�c��u�]�t�b�k�l�c£^�tH]Ed��f�y�u�l�^�` 	Ry�f go��b�` % M � � �DÆ ^�a [ ° �� l�a�goc^ Z [ Ë tHo6d,� `�lSb�` Í � �9��g¥tH¢�g`�y]Eb/t�b�l�]Eb�l�]�m/n`�hjl�cgoc^�] � y�om/n}k�¦�tHy4`�l�c`�c£g`�o6b�a�l�m/n`�c�°�c�b�`�l�an¥t�bw��gl�`�z|`�¢�`�y�^�` � cl�]O�]�`£t � `�y�g`�o6b�a�l�m/n�Æ�f�u r�y�`�ck�d�tHa�a � ³ � t � ¦j`�l�m/n`�c [ ��l�`{hj`�b�y�tHm/n�b�oc^|k�oy�° � a�`�l;�b�oc^ig`�y�u�lSb�b�a�`�y�`�c|�Vl�c`�b�l�]�m/n`�c±��`�b�b�`�caP�tHc^�` �£¦�l�y�g{Á�`�gf m/n�g¥tHgoy�m/n�`�y�]�m/n�¦j`�yEbw�g¥tH¢_gl�`�¨©`�y�u�l�c¥t�b�l�f�c]�y�`wtH��b�l�f�c �D�4`�y�g¥tHu�¤6d)oc^��4cl�m/n�b�cVoy�u�lSbxg`�u´��`�b�b�`�c�b�y'�tH^�`�y����t � aP�tHo6dDbw�T]�f�cg`�y�c»tHom/nºu�lSb{g`�c½l�cÃn§�f�n`�y�`�c»��f�ck�`�c�b�y�t�b�l�f�c`�cÃÆ�f�y�a�l�`�^�`�cg`�cb�`�yEb�lP�tHy�`�ce��tHgl���tHa�`�c�� �	� ocg¡� � [ ��l�`�]�d9�onyEbvk�oy ��l�]��Vo]�]�l�f�ceg`�y¿�4`�y�g¥tHu�¤6d)oc^l�c«° � ]�m/nclSb�b�g � [��t}gl�`{��tHgl���tHa��Hf�ck�`�c�b�y�t�b�l�f�c�g`�y�b�`�yEb�lP�tHy�`�c±��tHgl���tHa�`v�Va�`�l�c`�y�`�l�c^�`�]�m/n§�t�b�k�b�¦j`�yO�g`�c½u_o¢�tHa�]_gl�`sg`�y{b�`�yEb�lP�tHy�`�cÃ`�cg]Eb��tHcgl�^�`�cº��tHgl���tHa�`}ocg½g¥tHu�lSb£tHom/n½g`�o6bE�a�l�m/n»�Va�`�l�c`�ystHa�]igl�`�r�`�]�tHuvb�y�tHgl���tHa��Hf�ck�`�c�b�y�t�b�l�f�c � � � ��u_o¢ g`�ys¤y'�tH`#c6¤�f�c`�c�b�l;�
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`�a�a�`i¾¯tH��b�f�yvg`�]�r�`�]�m/n�¦�l�cgl�^��H`�lSb�]��Hf `�,�k�l�`�c�b�`�c A ¹� � � L9C�� � �Yg`�y£tHo]_g`�y£r�a�`�l�m/nVoc^A ¹� � � L9C�� � ³ A � )+* $ @ � � � �DÆ ^�a [ ��l�]��Vo]�]�l�f�csl�ci° � ]�m/nclSb�b Z [ � [ Ë �xt � ^�`�a�`�lSb�`�bj¦jf�y�g`�c«l�]Ebw�a�`�l�m/n�b¿�Hf�y�y�l�^�l�`�yEb�¦j`�y�g`�c [ ��l�`�yEd9�oy�¦�l�y�getHc]Eb�`�a�a�`{Æ�f�c � � � gl�`���f�ck�`�c�b�y�t�b�l�f�c�g`�yb�`�yEb�lP�tHy�`�cs��tHgl���tHa�` � � � � `�l�c^�`�]�`�b�k�bw�6gl�`�]�l�m/n � `�l�¨©`�u�¤�`�y�t�b�oy�`�c}Æ�f�csoc�b�`�y Ë ��� �#"� l�a�g`�bw�RtHa�]�f�oc�b�`�y£�4`�y�c¥tHm/naP�tH]�]�l�^�oc^±Æ�f�c �PclSb�l�l�`�y�oc^�]O��ocgº¨©`�y�u�l�c¥t�b�l�f�c]�y�`wtH���b�l�f�c`�c [ ��l�`�]�l�]Eb�u��f�^�a�l�m/nq�¥g¥t}gl�`v]�m/n`�l�c � tHy�`�c]�m/n`�l�c � tHy�`�c�°���b�lSÆ l�`�y�oc^�]�`�c`�y�^�l�`�cg`�]«l�c�b�y�t��_ocg l�c�b�`�y�u�f�a�`��Voa�tHy�`�cº¡tH]�]�`�y�]Eb�fH®¯�P¨©y�tHc]Ed)`�y�]«ocg¬tHom/n g`�y � `�l�g`�c� �E� ¤¥tHaSb�oc^�]�y�`wtH��b�l�f�c`�c«g`�y�b�`�yEb�lP�tHy�`�c|��tHgl���tHa�`�^�a�`�l�m/ns]�l�cg [g � ��l�`�r�`�]�m/n�¦�l�cgl�^��H`�lSb�g`�y£�4`�y�g¥tHu�¤6d)oc^�g`�y�^�tH]Ed��f�y�u�l�^�`�c 	Ry�f go��b�` ��tHom/nºg`�y�Voy�k��H`�b�b�l�^�`�c½��tHgl���tHa�` ��l�]Eb¿Æ�f�u � l�`�g`�¤oc��b{g`�] 	Ry�f go��b�`�]��Yg`�y_^�`�y'�t�b�`�]�¤�`�k�l�$6�]�m/n`�c¬��f�c]Eb/tHc�b�` + ¹ ocg�g`�yi¨©`�u�¤�`�y�t�b�oy}l�u ��`wtH��b�f�yit � n§�tHc^�l�^ [ ��l�`|^�`�y'�t�b�`9�]�¤�`�k�l�$¥]�m/n`s��f�c]Eb/tHc�b�`}��tHccsÁ�`�gf m/ne`#c6¤�`�y�l�u�`�c�b�`�a�a4goy�m/ne°�c¤¥tH]�]�oc^�Æ�f�c r�a�`�l;�m/nVoc^ � Ô [ Ô � � `�]Eb�l�u�uvbv¦j`�y�g`�cq� � `�gl�c^Hb{goy�m/nÃgl�`}a�f�^�tHy�lSb�nu�l�]�m/n`�°�o6dDb�y�tH^�oc^Á�`�gf m/n�cVoyiu�lSb�`�l�c`�uµy�`�m/n�bs^�y�f�¢�`�c�¾¥`�na�`�y [ ��tHn`�y�¦�l�y�gºoc�b�`�y�]�om/n�bw��¦j`�a�m/n`�c\Rl�c	E¥o¢_gl�` �°�cg`�y�oc^£g`�y�r�`�y'�t�b�`��Hf�c]Eb/tHc�b�`�tHo6d§gl�`��4`�y�g¥tHu�¤6d)oc^�]�^�`�]�m/n�¦�l�cgl�^���H`�lSb�ocg|g¥tHu�lSb�gl�`�	Ry�f go��b � l�a�goc^£ocg|gl�`���tHgl���tHa��Hf�ck�`�c�b�y�t�b�l�f�csn¥t�b [° �� l�a�goc^ Ô [ Ì k�`�l�^Hbjgl�`�°�o]E¦�l�y��Voc^v`�l�c`�y4�xtHy�l�t�b�l�f�c{g`�yxk�oiu�`�]�]�`�cg`�c«r�`�y'�t�b�`9��Hf�c]Eb/tHc�b�` + ¹ d9�oyRgl�`�l�u 	YtHy�tHu�`�b�`�y�]�t�b�k���k�o]�tHu�u�`�c^�`�]Eb�`�a�aSb�`�c{�Vl�c`�b�l�]�m/n`�c 	YtHy�t��u�`�b�`�y [ �Pu ¾¯tHa�a�Æ�f�c¿g6~ c¥tHu�l�]�m/n`�y§¨©`�u�¤�`�y�t�b�oyEd9�ony�oc^ �)k [ h [ � `�l � � � � u�l�c a � ��]�l�cggl�` � `�y�`�m/nc`�b�`���tHgl���tHa��Hf�ck�`�c�b�y�t�b�l�f�c¿ocg_g¥tH]Tz�tH]�]�`�c�Æ�`�y�n§�tHaSb�cl�]YÆ�f�c_^�` � l�a�g`�b�`�u^�tH]Ed��f�y�u�l�^�`�u�z|f�cf�u�`�y�ocg|¨©y�l�u�`�y�tHa�]�¾¥oc��b�l�f�c«g`�y 	T~ y�f�aS~ ]�`�b�`�u�¤�`�y�t�b�oy�g¥tHyO�^�`�]Eb�`�a�aSb [ z|lSb{^�y'�f�¢�`�y¿¦j`�y�g`�cg`�y}r�`�y'�t�b�`��Hf�c]Eb/tHc�b�`«l�]Eb_`�l�c`iu�`�y��Va�l�m/n`i° � c¥tHnu�`g`�y�u}t c6l�u}tHa�`�c}��tHgl���tHa��Hf�ck�`�c�b�y�t�b�l�f�c}ocgigl�`��4`�y�]�m/nl�` � oc^£g`�]�z�t c6l�u_ou�]xk�on§�f�n`�y�`�ce¨©`�u�¤�`�y�t�b�oy�`�cek�o � `�f � tHm/n�b�`�c [ \R]�¦�l�y�g�u�`�nyvz|f�cf�u�`�y�^�` � l�a�g`�b�ocggl�`���`wtH��b�l�f�ciÆ�`�y�]�m/nl�` � b�]�l�m/n«k�osn§�f�n`�y�`�c|¨©`�u�¤�`�y�t�b�oy�`�c [ ��l�`�hj`�y�`�m/ncVoc^�`�c|d9�oy`�l�c`¿l�]�fHb�n`�y�u�`¿¨©`�u�¤�`�y�t�b�oyEd9�ony�oc^ � `�l Ë � � �#"¬k�`�l�^�`�c�g`�c�°�c�b�`�l�a§g`�]�cf m/n�tHo6dg`�u 	Ry�f � `�c¤6d��tHccm/n`�cÃÆ�`�y � a�l�` � `�c`�c 	T~ y�f�aS~ ]�t�b�]�����`�]Eb/tHc�b�`�l�a ��� % M � � �vtHa�]{¾¥oc���b�l�f�c�g`�y¿��`�lSb [ ��oy�m/n�`�l�c`_^�y'�f�¢�`�y�`£r�`�y'�t�b�`��Hf�c]Eb/tHc�b�`_¦�l�y�g±tHom/n�nl�`�y�g`�y�° �� tHol�c«^�tH]Ed��f�y�u�l�^�` 	Ry�f go��b�`�a�tHc^�]�tHu�`�y [��l�`�r�`�y'�t�b�`��Hf�c]Eb/tHc�b�`�d9�oy©gl�`x�4`�y�g¥tHu�¤6d)oc^�tHo6d¥g`�yT¨�n`�y�u�f�^�y�twÆ l�u�`�b�y�l�`9�Ez�tH]�]�`�c �]�¤�`���b�y�f�u�`�b�y�l�`9�P°�ca�tH^�`{l�]Eb�g¥tHn`�y�¦�l�`£l�c � Ô Í � � `�]�m/ny�l�` � `�ce`�y�u�lSb�b�`�aSb�¦jf�y�g`�c [ � l�`� `�b�y'�tH^Hb�`�bP¦�t ����Í ^ � u�l�c a � [ ��l�`�^�`�y'�t�b�`�]�¤�`�k�l�$¥]�m/n`_��f�c]Eb/tHc�b�` + ¹ ��tHccsd9�oy�gl�`�k�oy
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