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�' Q�&+�3 !&M-' 9�3 !" 3� ��) 13,0 !T O�,GF0�.�_ZT Q,�) 8� dT�' �" ��<	���A 

ZT dT�' 8 ��3� �,S8 !�3�+�F' g�G �� Q�R)��,+R0 =3 �+4T �" g3�X 18� �" 1�5�� ��<	
���y�)3 2FG !+B" Q�R)��,+R0 .ZT dT�' 9�3ZT dT�' �3F+'3 �� ��<	 !T �)3 1��<	

��3� �3�W !�3�+�F' g�G �� .P_ZT d(� :3�,) H�[ �� 4T �" ��3�,) ��<	 =3 �+���� 
ZT 9�3 !T �)3 2FG !+B" Q�R)��,+R0 ��<	�� !��"= =3 3� ��) 13,0 �,7 �<� �� ��<	

�' �	���� ��8�3 H�e%�4G �� �&+B'F-T .�� ��) 13,0 �d�� �-o� Og,	 c�3�G !" !S,� �"
ZT g�G !" \�) 1���� 8 :FX U(�7 H,D�' 8 l�h 13,0 Q�&+�3 8 �<� �,"d' 1�0��<	

� YV) F��"�,G ���? ��,& .28NX !" H�[ 18� �" :�+B��e	3 18� =3 !T �W�G q�����S 
�' �d�� 3� ��) 13,0 H�X 8 :�4X 1���� OF-0 �,��(W3 13,0 8 �",D� Q�&+�3 YV) F-T

�)3 2FG :�+B"�X 18� !" �,T�' 1�0���� =3 l�h .�",-S q�����S �" �3�F`' �`�? =3 _
!" 3� H,D�' 8 l�h 13,0 9�3 �%�4G ZT ,�S 8 :3��3 H�[ 8 g3�X �W�G �$3,� 1,) 
�' Q�&+�3 g3�X 18� �" �&+B' ��<	F0� .�' 2F0�<' 9�3�"�-" �� !�3�+�F' g�G =3 !6 ���h

ZT c�B� � � :3��3 H�[ZT �<� !" ��) 13,0 Q�&+�3 8 ��3� �3�W ��<	 l�h 13,0 8 ��<	
�' YV) :? ,�S !" H,D�' 8ZT !T �,G �� �&+B' ��<	 �� g3�X dT�' �� !�3�+�F' g�G�A

-�? �X�)/h 2F/G ��,&� 8 !+	�� ��+B/F�, .3�� 3� 2i�8 Z� s-T3�� !<&� 9/(� d/:�<
�'5�,5n !6F0���3�W h(�1- -' ��018 Z� �6�$ 2i�2i�8 Z� dT�' !6 �)3 :? =3 �" 13

 =3 s("g/kg �yU(�7 �$3,� l�4� 8 �)3 2FG !+B" \�) 1���� H,-S 18� O���	
2i�8 Z� :�+)�% 8 lN�3 O:�+)=,7 =3 s(" 13g/kg ��F��3� .

�' 2F�� g,	 Y%�M' !" !S,� �" 8 H�X 1���� O:FX U(�7 =3 H,D�' 8 l�h 13,0 �,G
 Q�&+�3 :3��3 H�[ !" �`�? =3 8 2FG :�+B"�X 2��dS !VG �W�G �$3,� ��38 :�4X 1����

�)3 !+	��.
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�� ZT�$ c�3�GA�=3 *VW �X�) =3�� �� ���" �P�� Q�R)��,+R0 (�' :�<� dF0�
)2��4G !<&��(�0��<	��1'= LM) (J�K��3 �� �" 9ZT 8 �0 �� �&+B' 9('= LM) 1�0��<	

ZT �" :3�,) 8 g3�X O!�3�+�F' g�GJ�K��3 =3�� �� �&+B' 1�0�P� �03�40 Q�R)��,+R0 
�'F--6 .2i�8 Z� c7g/kg�!T 2FG !+B" :3��3 H�[ �� :�+)3 8 lN�3 :�+)3 g�G

�' sG,� 3� :�+)�%F0� .��)2��4G !<&��(�' 2F0�<' s(" �3F&' !" 1��<	 s0�T O�,G
 =3�=3 s(" 1��<	 s�3d	3 !�3�+�F' g�G �� Og3�X g�G �� Q�R)��,+R0 yQ�R)��,+R0 

H,-S 18� 9(-{40 8:3��3 dT�' 8 \�) 1���� �"�[���<	 s�3d	3 Q�R)��,+R0 
0�<'�' 2F�,G .�' 2F0�<' ��<	 �((e� 9�3 !" !S,� �" H�[ �� !�3�+�F' g�G 18� !T �,G

H,-S 8 g3�X g�G 8 dT�' �� �%8 OF-T 1��<	 s�3d	3 g3�X s0�T :3��3 H�[ 8 �"�[
�' !"�`� 3� ��<	F-T .ZT �T�$ !<&� 9�3 �� �$3,� 1,) !" !�3�+�F' g�G =3 3� ��<	

�' :�<� :3��3 �"�[F0�.

)2��4G !<&� A(�' :�<� �3F&' !" �X�K��3 s�3d	3 !�3�+�F' 1���� H�[ �� OF0�A�
�' 2F0�<' �+' *(B��+�,�r�)3 !+	�h �" �� 3� ��8�3 H�[ Q�4G 8 H�[ l�4� !T �,G .8�

Q�4G �� 1�5�� 8 !�3�+�F' g�G �� �R� J�K��3 s0�T dT�' 1���� Q�4G 8 :�+B"�X H�[
�)3 !+	�h �3�W \�) .�)3 !+	�h �" �� 3� g3�X H�[ 8 !��,) :? !-'3� .!&M-' 9�3 l�4�

 1,) !" :? !-'3� 8 2�," !�3�+�F' g�G �� :? dT�' !T �)3 xW38 ��<	 s0�T �(��� � �
�)3 ��+Bh Q�$ �� :3��3 �"�[ �$3,� .:3��3 g�G �� 9(-{40A�+' *(B��+�,�r �

	3/' 2F0�<' J�K��3 s�3d/��,G .G J�K��3 s�3d	3/	3 YV) :3��3 g�/q�����S s�3d
Q�4Gg�G q�����S �" �`�? =3 8 2FG F-0 �,��(W3 �"�[ �$3,� 18� :? �W�G 8 �W�G _
H,-S �$3,� ���D =3 :FX U(�7 8 H�X 8 :�4X 1���� H,D�' 8 l�h 13,0 :���S g�G

) !" :�+B"�X 2��dS !VG �W�G :3��3 H�[ 8 g3�X dT�' O:�+B"�X Q�4G 8 dT�' 1,
�' Q�&+�3F"�� .

=8� ����')2��4G !<&�P(�X�) ���� ��<	 s0�T 9��+<(" *VW =8� 8� !" �VB� 
�' 2F0�<' :3��3 g�G �� !�3�+�F' g�G 9(" O!��('�8�7 ���,G .ZT 9�3�"�-" !T ���0��<	

g3�X �� O!�3�+�F' g�G �� *VW 1�0=8� =8� �� F��," �&+B' �8 2FG l�[�3 Z0 �" �' 
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2��T �T�$ g�G �4) !" !+G�h 1�0=8� !" �VB� � � 3� a�" �� 2FG !+Kh �$3,� 8 F�3
�' �3�W �(���F0� ."!!��"= 28NXZT 1�0�� 3� \�) 1���� �)3�) !T ��3�,)��<	 �" !+	�h �"

ZT 9�3�)3 2FG l�[�3 ��<	 .:���S xW38 ��0 1�0 g�G !" \�) 1���� H,D�' 8 l�h 13,
�)3 2FG l�[�3 !��('�8�7 �$3,� 8 !�3�+�F' g�G 1�0��<	 ZT �" �`�? �� 8 *&+-' !�3�+�F'.

(�)7)	(�* ���/ �* ?B#� �C��D���E F,��2,#�G�&H ,1

(�)7)�(���/ �* ?B#� �C��D���E F,��2IAG J#�E#D���� �G�&H ,1
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(�)7)�(�- KL�8� �#	�����G�&H ,1

(�)7)�(=#�/�� KL�8������	��

!T !�,5��40)2��4G !<&�y(�' :�<�ZT dT�' OF0� =3 �+4T �" 1��<	��� 
�)3 �&+B' g3�X g�G �� Q�R)��,+R0 .ZT 9�3 �� !��('�8�7 �)3�) 8 2�," 2��+Bh ��<	
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�' sG,� 3� :�+B"�X g�G Q�4G 8 :3��3 g�GF0� .dT�' 1���� 18� �" ��3�,) ��<	 ZT
!��"= 8 �&+B' \�)��3� �3F+'3 \�) 1���� Q�4G �� :? 1�0 .�VB� ��<	�� dT�' �	�D =3

 =3 s("����!��"= !T !+	�� �3�&+)3 :3��3 �W�<",-S �� Q�R)��,+R0 :3F-n :? 1�0
�' �,VX :�4X 1���� 18� =3 8 2�,V� 2��+BhF-T .� b�G q�����S !" !S,� �" O2FG 2�3

:���S �(��� � � :�+B"�X 2��dS !VG �W�G �$3,��W�G 1�0_H,-S �' �3�W �W�G��(h .
ZT 1,) !" H�X 8 :�4X 1���� H,D�' 8 l�h 13,0 Q�&+�3 YV) q�����S 9�3 ��<	

�' :3��3 H�[ 8 g3�X g�G �� �&+B' 2��+Bh�,G.

- -' !T �,M��40��01�' :�<� =8� 9�3 2i�8 Z� � OF0� 2i�8 Zg/kg�� 1���� =3 
!" \�) 1���� =3 �,VX =3 @� 8 !+	�� �3F+'3 :�+B"�X H,-S 8 g�G O���	 U(�7 !" :�4X

�)3 !+	� �&��	? H�[ �4) .2i�8 Z� =3 :3��3 �"�[ !4(� 8 :�+B"�X O!��('�8�7 O��8�3 l�4�
 =3 s("g/kg �F-+B0 �3��,7�" .

��)2��4G !<&�|(�' 2F��s0�T dT�' �,G =3 �+4T �" �X�K��3 y��� �+' *(B��+�,�r 
Q�4G!�,h !" O2�," 2��+Bh ��(B" J�K��3 s0�T 9�3 !T !+	�h �3�W :3��3 H�[ c7 !T 13

 J�K��3 s0�T��3� 2�() 1���� g�G 8 !(T�� g�G O!�3�+�F' 1���� g�G :? ��(B��+�,�r 
�)3 !+	�h �"�� .X 2��dS !VG �%�4G !4(� d(� H,-S �4) =3 8 F0� �' sG,� 3� :�+B"�

�)3 2FG 2F(<T 2�+��3 �� .H,-S 1�-E+)3 !" d(� g�G �4) =3 O:3��3 l�4� O�W�G
�4BW 8 :�+BR"=3 O:�+B-4T�� O:�+B��e	3�' sG,� 3� :�+BW3dW =3 ���0F0� .dT�' 9�3

 f�X �� !()8� �� �&+B' J�K��3 s0�T dT�' �" J�K��3 s0�TP�=3 �+4T !T �%�4G !S�� 
����)3 v�V��3 �� ��3� J�K��3 s0�T �+' *(B��+�,�r .

�� OFG 2F�� J�K��3 CN+73 !<&� �� !T !�,5��40)2��4G !<&��(J�K��3 ZT dT�' d(�
2��+Bh ��(B"Q�4G �� 13 �" :3��3 H�[�����)3 2FG �&+B' �+' *(B��+�,�r .!-'3� !T

�W�G !4(� �� ��8�3 g�G �)3�) J�K��3 ZT 9�3Q�4G !4(� O:�+B��e	3 !4(� 8 �&��	? �W�G 
�)3 !+	�h 3�	 3� :�+B"�X �%�4G .�%�4G 28�� 9�3 �, ' c7_�)3 �",-S .J�K��3 ZT dT�'

 �" 1�5����A�!��"= !T !+	�� �3�&+)3 9�3�T3 �,<T 18� �" �+' *(B��+�,�r ZT �" :? 1�0
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�)3 2FG l�[�3 :3��3 H�e%�4G �� �&+B' J�K��3 .dT�' =3 s(" �X�K��3���P� *(B��+�,�r 
!��"= !T �)3 !+	�h �3�W :�+B"�X 2��dS !VG �W�G !G,h �� �+'�6� �" J�K��3�� 9�3 1�0

�)3 2��+Bh :FX U(�7 8 H�X O:�4X 1���� O���	 U(�7 18� .J�K��3�� 9�3 �",-S x�#
�W�G q�����S 13�3�_H,-S ,T�' 1�0���� H,D�' 8 l�h 13,0 8 �)3 �W�G ,�S !" 3� �
[ �� �&+B' J�K��3 ZT/' Q�&+�3 �,7 H�/�9('�� 3� :? =�(� ��,' 1�'�h 8 �",D� 8 F0�

�'F-T .2i�8 Z� !+B" �- -' !<&� 9�3 ��g/kg�8 2FG 2F(<T :�+B-'�3 �� :��Kz3 =3 
Q�4G��3� �3�W �- -' 9�3 :8�� :3��3 �"�[ .2i�8 Z� �- -'g/kgy!(T�� O:3��3 H�[ !T 

8�- -' =3 2FG 3FS O!+	�h �" �� 3� g3�X g�Gg/kgy���	 U(�7 H,-S �� !T �)3 
�)3 2FG 2F(<T.

(�)7 )A(�#�- KL�8���������
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(�)7)M(��2,E F��D������* ���/ �* ?�#� ,#���

(�)7)N(=#�/�� KL�8���������
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(�)7 )I(��2,E F��D��������/ �* ?�#� IAG J#�E#D���� ���

O.@ 

)��" !6 !�,5��40�2�3� �01!�,4� ���" �01"�I+�3 �- -' q�,z !" ��01)J�K��3_
�$�B'_Z`$ ("�I+�3 !�,4� O�)3 2FG 2�3� :�<��Q�) ��yP,W18� =3 �� ��1���5

%�$ �� �)3 2��6 *4X�)��" !6 �!<&� 3 !��'�) �3� :�<� �0�:�	,� !) �0 ��`�;�2�," 
�)3 .:�	,���yP���" *^	 �� )��3��<�V ("�I+�3 !�,4� 8� �'3 �)3 2��+	3 g�K�3����� �5

 :�+B'= *^	)94�" (�� 8(�d)�p? (2�3� \�F�3 .' �w� !"�:�	,� J,W8 2�' !" !S,� �" F)�
 Q�)��yP)��3��<�V(	�D =3 O�!"��+B0,6 �D�7��'�h 8 !&M-' :�," � M) s�8

� ' �	�40�F<� !" ����� F��3F1!��'�) � C�D =3 8 �)3 2��6 .46 �0�H? �5�01
H,-S)� xV-'�'(hF���" �",D� 9��01!&M-' (8 �'�h O:�+B'= !" �VB� ���" *^	 ��

" �",D�(�+<1!��'�) !" �d� �0�2�,4� �5-) !" 8 F�3(9���" :�," ���01"�I+�3 !�,4� �
Q�)��yP2��6 .46 F�3 .
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�+��=3 *z�$ U)��"�!<&� �01!6 �3� :�<� YI+-' :�	,� !�,4� !)�0 �",D� 8 3,0 
!��'�)�01�3�,) �F' 8�!�3�+31�� �" 8 2FG l�[�3 Z0 �" g3�X g�G �� �=3 �",D� �	�

����1�7 8 H�X O:�4X (hF���" ���	 U��015-) (�,S8 !" !o%�M' ��,' !&M-' �� 3� 9
2��8?F�3 .3�G�3 c�!��'�) 9F" �0�9�)3 2�," b�G :8 ��8�3 �"�e%�4G �� �&+B' ��<	��

Q�4G O�%�4G q�����S 13,0 !T !�3�+�F' 1���� �W�G �$3,� �� ��8�3 �W�G �$3,� �� �"�[
ZT �,S8 OF0� Q�&+�3 !&M-' 9�3 !" 3� ��)F' ��<	�!�3�+31��<	 ZT 8 !�3�+�F' g�G �� 

:3�,) �� ��3�,) .ZT 9�3 !T,7 �<� �� �0��<	 �� �&+B' ��<	�� !��"= =3 3� ��) 13,0 �
�' �	���� ��8�3 H�e%�4GF--T ."!H�[ 18� �" :�+B��e	3 18� =3 !T �W�G q�����S 28NX

�' �d�� 3� ��) 13,0 H�X 8 :�4X 1���� OF-0 �,��(W3 13,0 8 �",D� Q�&+�3 YV) F-T
' :�+B"�X 18� !" �,T�' 1�0���� =3 l�h��,G .�F`' �`�? =3�",-S q�����S �" �3_�%�4G 

ZT ,�S 8 :3��3 H�[ 8 g3�X �W�G �$3,� 1,) !" 3� H,D�' 8 l�h 13,0 9�3 ��<	
F'�<6 g3�X �� :? �3F+'3 !6 !�3�+(�' Q�&+�3 2FG 2FF0� .ZT �<� �� ��) 13,0 Q�&+�3

�' YV) :? ,�S �� H,D�' 8 l�h 13,0 8 ��<	ZT !T �,G3�+�F' g�G �� �&+B' ��<	 8 !�
Z6�3�,) ��<	�F�,G ��,&� 8 !+	�� ��+Bh Og3�X dT�' �� .hF���" 8�5-) (-�H�[ �� 3� 
3�," O:3��' �,S8 !" !o%�M' ��,' !&M-' 2i���8?.

�!+	��01& � (!��'�) :�	,� !) �0 *'�X !6 �3� :�<� ��01'�[�3 �F'�!�3�+ _
�3�,)��)3 2�," .3�%�$ �� 9�3 !6 �)3 �!��'�) 9�)3 2�,V� !&M-' �� 3d�3��" !��'�) ��-� 

!��'�) 8�01F'���-� !" l3F6�0 :3�,) 8 !�3�+���(hF���" !&M-' �� d�3�' ��`�F--6 .
& �(��&��NVW !6 '= �� ()��" !-�hF���" ��015-) () 8 9(*3=1�,<6 H�e",-S 8 H�[ 

� �)3 2FG l�`�3(6�$ d���� =3 (!��'�) :�," �3�h ��01'�[�3�F'�!�3�+_�3�,) �3 �� �9
hF���"��01)(�)3 2�," 3= *.' !�4S =3��0��6 !" :3,�1= 2FG l�`�3 ���6 2��G3 �:
dV)1O�8��)��|� :���_���_�(Z+B() �R(+�,-() �)��" ��*() 1�0 H�[ H,-S �� 3=

*() :�	,D .� ��`�3 c�3�G !6 �	�h !`(+� :3��3H,-S �� 3==3 :3��3 H�[ :FG !6,�" 
Z6 Z+B() �� ��<	�� F-"�46 ��`�3 �" O�+<(" �� =8� ���n qF' !" !�3�+�F' g�G �� ��<	

f�X�01AP;('�-�� O!S�� ��3�,) F-7�n :FG ��,S8 !" !�3�+�F' !��'�) �" :? l�[�3 8
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'�?�F.dX�d1O:3��;40 8)���P :��_�(� � ��() *(+�,-(���" .�015-) (H�[ �� 9
�,<6'= LM) �� !6 F��3� :�<� () 8� 9(mX�" �,<6 H,-S 8 Q�4G �� ]�+I' Z+B
 ���")|���A���' ���P () O�)3 2FG �,<6 H�[(Z6 Z+B�� ��<	��1F'�!��"= 8 !�3�+
Z6�3�,) ��<	�.����1)(�� 2���1F'��� 8 !�3�+��1,&� �� \�) �3 ��) 9(Z+B �� �0
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