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�#�&'9 �(�*&��#�* *&+�, ' �&��!� ��+&�9 � � ,��! '�&��+�+�&. �*&�

.&*�* 5� �(#9�&#&� #(� !(#<�#*�'� � � �(�&' #!� � !(#� � � &+! � � *&��

+�+�&. �*&�.&*�* 5�� ��(�&' #!� �&+�0�*&�&'.�# * �H#�! .&#�&�

,('� &�� &C,&'�.&#� *('� :� ��&#&� >�&� 9&'� H#�! .&#�&� !(#� � �

. %#���*� *&� �(+� 9 �('&+� >�&� >�&'&.(+� .&*�'5� �('� � #�(2� #(�

��&#&� ,('>�&� !(�#!�*�'� !(#� � � &+! � � *&�� +�+�&. � *&� .&*�* �

F �#>�&�,�&*&�/ !&'�(G5��� #*(� � �9 '� 3���* *�*&��#�+�+�&. �

*&�.&*�* �&+�.�:�%' #*&�&#�!(., ' !�"#�!(#�� ��(�&' #!� �#(�

+&�,�&*&�*�+!'�.�# '�+�� � +�*�<&'&#!� +�(3+&'9 * +�&#�'&�9 '� +�

.&*�* +� +(#� '& �&+� (� +(#� *&3�* +�  � � � 9 '� 3���* *� *&�� ,'(,�(�

+�+�&. �*&�.&*�* 5��
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� �*&!� ' !�"#�*&�� �&C !����*�:�,'&!�+�"#�&#��# �.&*�* �

*&3&�+&'��# �,'0!��! �/ 3��� ��&#�!� �>��&'� !��9�* *�!�&#�-<�!(6

�)!#�! �: �>�&�� �< �� �*&�'&<&'&#!� +�!� ' +�,�&*&� ''(8 '�*�* +�

 ��/ !&'�&�� #0��+�+�*&��(+�'&+��� *(+5�� �<"'.�� �. +� !&,� * �

, ' �*&!� ' '� �(+� '&+��� *(+�*&��# �.&*�* �&+� �#*�! '�&��9 �('�

*&� � �.&*�* � 8�#�(� !(#�&�� �#�&'9 �(�*&� !(#<� #1 �:�&��#�9&��*&�

!&'��*�.3'&�, ' �&��!� ��*�!/(��#�&'9 �(�/ �+�*(�! �!�� *($�

�
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�#�&�� ! +(�*&�.&*�* +�*�'&!� +� F!� #*(�#(� �#�&'9�&#&�&��

(3+&'9 *('� &#� &�� ,'(!&+(� *&� .&*�* 2� ,5&85� � � �&!��' � *&�

�&.,&' ��' � *&� �#� �&'.(, 'G� +&� ! �!�� � &�� �#�&'9 �(� *&�

!(#<� #1 � !(#� &�� ('*&#� *&� . %#���*� *&� � � H���. � !�<' �

+�%#�<�! ��9 � >�&� &�� +�+�&. � *&� .&*�* � &+� ! , 1� *&�  ,'&!� '5�

�+�(� +�,(#&� >�&� &C�+�&� �# � !&'�&1 � *&� >�&� &�� 4��K� *&� � +�

.&*�* +� &+� '0#� !(.,'&#*�* +� &#� *�!/(� �#�&'9 �(5� �&� &+� �

. #&' � +&� ,�&*&� *&!� ' '� �# � .&*�* � &#� 3 +&�  � +�� &''('�

 3+(���(� +�#� +&'� #&!&+ '�(� / !&'� '&<&'&#!� �  �� #�9&�� *&�

!(#<� #1 5����&''('� 3+(���(�&+�&��9 �('� 3+(���(�*&�� �*�<&'&#!� �

&#�'&�&��'&+��� *(�*&�� �.&*�* �FC�G�:�&��9 �('�'& ��*&�� �.&*�* �

FkG$�

�

���� −=ε �

�

���&''('� 3+(���(�+�%#�<�! �>�&�&��9 �('�*&�� �.&*�* �FC�G�&+�

&C !� �!(#��#�. '%&#�*&�±�ε ��#�* *&+5�+-�,('�&8&.,�(�+��+&�

&C,'&+ ��# �.&*�* �*&���&.,(�!(#��#�!'(#".&�'(�>�&� ,'&!� �

/ +� �� �*)!�. �*&�+&%�#*(2�&��&''('� 3+(���(�+&'- �ε �U��54�+2�:�
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&�� '&+��� *(�*&� !� �>��&'�.&*�* � !(#�*�!/(� !'(#".&�'(� ,�&*&�

&+!'�3�'+&�!(.(���±��54�+�!(#��#�4��K�*&�!(#<� #1 5�

�

��' � <('. �*&�&C,'&+ '�&�� &''('� !� #*(�+&�*&+!(#(!&� � �

*�+,&'+�"#�&+�&��&''('�'&� ��9(2�>�&�&C,'&+ '�&#�� #�(�,('�!�&#�(�

&�� 9 �('� *&�� &''('�  3+(���(� &#� '&� !�"#� !(#� &�� '&+��� *(� *&� � �

.&*�* $�

���×
ε

=ε
�

�

�

�

�

�� #*(�+&� �' � �*&�.&*�* +� �#*�'&!� +2� F&+�*&!�'�!� #*(�

&�� (3+&'9 *('� +�� �#�&'9�&#&� &#� &�� ,'(!&+(� *&� .&*�* 2� ,5&8� � �

.&*�* � *&� �&.,&' ��' � !(#� �#� �&'.".&�'(� *&� .&'!�'�(G2� � �

�&('- � *&� �(+� �''('&+� / !&� �+(� *&� � � +�,(+�!�"#� *&� >�&� � �

*�+�'�3�!�"#� *&� �(+� &''('&+� +�%�&� � � <�#!�"#� *&� *�+�'�3�!�"#� *&�

,'(3 3���* *�#('. ��F	�%�' �;5�54�5G$�
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�+� � <�#!�"#� *&� *�+�'�3�!�"#� ,�&*&� *&+!'�3�'+&�

!(.,�&� .&#�&� &#� 3 +&�  � *(+� , '0.&�'(+$� � �.&*� � FkG� :� � �

*&+9� !�"#� &+�0#* '� FσG5� �#� � � &!� !�"#�  #�&'�('2� � �. %#���*�

FC�6kG� '&,'&+&#� � � � *&+9� !�"#� *&� � � .&*�* � �� '&+,&!�(� *&� � �

.&*� 5� �('� (�'(� � *(2� � � *&+9� !�"#� &+�0#* '� +&� '&� !�(# �

*�'&!� .&#�&�!(#�� � #!/�' �*&�� �!�'9 �*&�*�+�'�3�!�"#�+�&#*(�

. :('�!(#<('.&�*�+.�#�:&�� �,'&!�+�"#�*&�� �.&*�* 5��

�

� � �#�&%' �� *&� � � *�+�'�3�!�"#� #('. �� #(+� * � &�� #�9&�� *&�

!&'��*�.3'&� *&� � � .&*�* 5� ��&*&� !(.,'(3 '+&� >�&�

 ,'(C�. * .&#�&� &�� @=K�*&�� 0'& � ,('� *&3 8(� *&� � � !�'9 � *&�

*�+�'�3�!�"#� F	�%�' � 45�G� +&� &#!�&#�' � *&#�'(� *&� ±� 4σ� *&� � �

.&*� 5� �#� !(#+&!�&#!� 2� &+� *&� &+,&' '� >�&� @=K� *&� �(+�

'&+��� *(+�*&�.&*�* +�'&,&��* +�+&�&#!�&#�'&#�*&#�'(�*&�&+�(+�

�-.��&+5��+ #*(�� �!�'9 �*&�*�+�'�3�!�"#�,�&*&�!(.,'(3 '+&�>�&�

 ,'(C�. * .&#�&� D�5�K� *&� �(*(+� �(+� 9 �('&+� +&� &#!(#�' '0#�

*&#�'(�*&�±�σ�:��#�DD57K� , '&!&'0#�*&#�'(�*&�±;σ5�

�

�# � 9&1� !(#(!�*(� &�� #�9&�� *&� !&'��*�.3'&� *&+& *(� &+�

,(+�3�&� *&<�#�'� &�� �#�&'9 �(� *&� !(#<� #1 5� � ' � �# � .&*�* �

 �+� * �,�&*&�! �!�� '+&�.&*� #�&$�

σ±= ���� � �

&#� *(#*&� �� &+� &�� #�9&�� *&� !(#<� #1 2� &C,'&+ *(� &#�

.H���,�(+�*&�� �*&+9� !�"#�&+�0#* '�F&+�*&!�'�4σ�U�!(#<� #1 �*&��

@=K2� �σ� U� !(#<� #1 � *&�� D@K2� ;σ� U� !(#<� #1 � *&�� DD57K2�

&�!55G5�`���� .��(++&�2�FM���*&#�NG��*&+!�3'�"�>�&�� �'&,��! !�"#�

*&� �# � .&*�* � '&*�!&� &�� �#�&'9 �(� *&� !(#<� #1 5� � ' � �#�

���������������������
��`5�(++&��F4=7@64D;7G�<�&��#�>�-.�!(��'� #*)+�>�&��' 3 8 3 �&#��# �<03'�! �*&�� �
���#&++� >�&� <�'. 3 � +�+�  '�-!��(+� !�&#�-<�!(+� 3 8(� &�� +&�*"#�.(� M���*&#�N� FM&��
&+��*� #�&NG�,�&+��&.- �>�&�+��8&<&�+&�&#�&' +&�>�&�/ !- �!0�!��(+�&+� *-+��!(+�: �
>�&�)��,&#+ 3 �>�&�&' ��# �,)'*�* �*&���&.,(�



�����������	
������������	

�

���������������������������������������������������������
� � 
���

!(#8�#�(�*&���'&,&��!�(#&+�*&�� �.�+. �.&*�* �!�: �.&*� �&+�

k2�&���#�&'9 �(�*&�!(#<� #1 �+&�! �!�� �.&*� #�&$�

�

�

�
��

σ±µ= α

�

�

&#�*(#*&��e�&+�&��&+� *-+��!(�*&����*&#��, ' ��#�%' *(�*&�

!&'��*�.3'&� e5� ��� &+� *-+��!(� *&����*&#�� +&� ,�&*&� (3�&#&'� &#�

<�#!�"#� *&�� %' *(� *&� !&'��*�.3'&� :� *&� �(+� %' *(+� *&� ��3&'� *�

F#H.&'(� *&� '),��! +� 6� 4G�  � , '��'� *&� � � � 3� � 54� >�&� +&�

&#!�&#�' �&#�&��#&C(5�

�

�
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�

�&� ,�&*&� (3�&#&'� �# � �#*�! !�"#� *&� � � &C !����*� *&� �#�

+�+�&. � *&� .&*�* � .&*� #�&� � � .&*�!�"#� '&,&��* � *&� 9 '�(+�

, �'(#&+� '&,'&+&#� ��9(+� *&� �(*(� &�� �#�&'9 �(� *&�.&*�!�"#5� � �

*�<&'&#!� � &#�'&� �(+� 9 �('&+� .&*�*(+� :� �(+� *&� �(+� , �'(#&+�

!(''&+,(#*�&#�&+�* ��# � �*& �*&��&''('5��#�(#!&+2�+&�*&<�#&� � �

&C !����*� !(.(� � � .&*� � *&� �(+� &''('&+� &#� '&� !�"#� !(#� � �

�(�&' #!� $�

�

���
9
�������

)'8������
���
� ×µ= �

�

� � < �� � *&� &C !����*� *&� �#� +�+�&. � *&� .&*�* � &+�0�

'&� !�(# * � !(#� �(+� �� . *(+� &''('&+� +�+�&.0��!(+2� &+� *&!�'2�

 >�&��(+�>�&� <&!� #�+�&.,'&�&#�� �.�+. �*�'&!!�"#� ��'&+��� *(�

<�# ��F,5&8$�&��&''('�*&�!&'(�&#��#��#+�'�.&#�(2�� �*&'�9 �*&��#�
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.&*�*('�*&�,�G5�� �&C !����*�*&��#�+�+�&. �*&�.&*�* �,�&*&�

9&'+&� <&!� * �,('�*(+�< !�('&+$�

�

•� ���������5��+��# �.&*�* �*&�!".(�9 '- �&��&''('�

!(#�� �. %#���*�*&�� �,'(,� �.&*�* 5��#�� �*&�&'.�# !�"#�*&�� �

&C !����*� ,�&*&� ! �!�� '+&� � � ��#& ��* *� .&*� #�&� '&%'&+�"#�

��#& ��*&��(+�&''('&+�&#�<�#!�"#�*&��9 �('�*&��, �'"#$�

�

���:���������);�������� ×= �

�

!� #�(�.&#('� &+� � � ,&#*�&#�&� *&� � � '&!� � *&� '&%'&+�"#2�

.&8('� &+� � � ��#& ��* *� *&�� +�+�&. � *&� .&*�* 5� �#� &�� �-.��&�

!� #*(� � � ��#& ��* *� &+� �%� ��  � � � &C !����*2� &�� &''('� &+�

!(.,�&� .&#�&��#*&,&#*�&#�&�*&��' #%(�*&�.&*�* 5�

�

•� ��!�5������5��+��# �.&*�* �*&�!(.(�9 '- �&��&''('�

*&�� +�+�&. � *&�.&*�* � !(#� &�� , +(� *&�� ��&.,(5� �&� *&�&'.�# �

.&*� #�&� � � !(., ' !�"#�*&�� 9 �('� *&� � �.&*�* � !(#�&�� *&��#�

, �'"#�:�.(#��('�1 #*(�&+� �9 '� !�"#�!(#�&��, +(�*&����&.,(5�

�

�(+� &''('&+� +�+�&.0��!(+� #(� +(#� ,'&(!�, #�&+� : � >�&�

,�&*&#� !(''&%�'+&� �# � 9&1� �*&#��<�! * � � � <�&#�&� *&�� &''('�

.&*� #�&��# �! ��3' !�"#� *&!� * �*&��  , ' �(5� � � ! ��3' !�"#�

&+� &�� ,'(!&+(� .&*� #�&� &�� !� �� +&�  ,��! � �# � !(''&!!�"#�  ��

+�+�&. �*&�.&*�* �*&�� �.�+. �. %#���*�>�&�&��&''('�,&'(�*&�

+�%#(�(,�&+�(�, ' �!(''&%�'�� �*&+9� !�"#5�

�

� � < �� � *&� ,'&!�+�"#� *&� �#� +�+�&. � *&� .&*�* � &+�0�

'&� !�(# * � !(#� �(+� &''('&+�  !!�*&#� �&+2� &+� *&!�'2�  >�&��(+�

*&3�*(+�  � ! �+ +� &#� � +� >�&� �#�&'9�&#&� &��  1 '2� *&�.(*(� >�&�

�# +�9&!&+�+&�* #�,('�&C!&+(�:�(�' +�9&!&+�+&�* #�,('�*&<&!�(�
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F,5&8$�� �! , !�* *�*&� ,'&!� !�"#�*&��#�(,&' *('�&#�&��&#' +&�

*&� �# �3�'&� 2� &''('&+� &#� � � ,&+ * � (� �' #+9 +&� *&� +"��*(+� :�

�->��*(+G5�� �,'&!�+�"#�,�&*&� �'�3��'+&� �*(+�< !�('&+$�

�

•� ����!�5������5� �+� � &+� � � 9 '� 3���* *� *&3�* �  ��

,'(,�(�+�+�&. �*&�.&*�* 5��+�� �*�+,&'+�"#�(3+&'9 * �!� #*(�&��

.�+.(�(,&' *('�.�*&� � �.�+. �.�&+�' �'&,&��* .&#�&�!(#�&��

.�+.(�+�+�&. �*&�.&*�* �

�

•� ���������5������5� �+� � � 9 '� 3���* *� *&3�* �  ��

(,&' *('� >�&� &<&!�H � � � .&*�* 5� �&� *&�&'.�# � .&*� #�&� �#�

&+��*�(� &#� &�� >�&� 9 '�(+� (,&' *('&+�.�*&#� � �.�+. �.�&+�' �

!(#�&��.�+.(�+�+�&. �*&�.&*�* 5�

�

�(+�&''('&+� !!�*&#� �&+�*&3�*(� �+��! '0!�&'� �& �('�(�#(�

,�&*&#� !(''&%�'+&� +�� #(� &+� ! .3� #*(� *&� +�+�&. � *&�.&*�* 5�

�(� (3+� #�&2� *&3�*(�  � >�&�  <&!� #� *&!�+�9 .&#�&�  � � �

'&+(��!�"#� *&�� +�+�&. � *&�.&*�* � *&3&�.&*�'+&� +��. %#���*5�

�#� &+��*�(� *&� �� *(� ,�&*&� � .3�)#� '&9&� '� >�&� <�&#�&� *&� � �

*�+,&'+�"#�&+�.0+� �.,('� #�&�:�,'(,('!�(# '�,(+�3�&+�.&8(' +�

 ��+�+�&. �*&�.&*�* 5�

�

�#� &�� ! +(� *&� .&*�* +� *�'&!� +2� � � H#�! � <�&#�&� *&�

9 '� !�"#�&+�� �,'(!&*&#�&�*&��,'(,�(��#+�'�.&#�(�:�,('�� #�(�� �

'&+(��!�"#� +&�.�*&�H#�! .&#�&�.&*� #�&� � � '&,&����9�* *�:�  +-�

+�&�&#� �#*�! '� � �(+� < 3'�! #�&+� *&� �(+� &>��,(+� *&�.&*�* 5� � �

'&,&����9�* *� +&� (3��&#&�  � , '��'� *&� � � *&+9� !�"#� &+�0#* '�

!� #*(� +&� .�*&� � � .�+. � .�&+�' � !(#� &�� .�+.(� +�+�&. � *&�

.&*�* $�

�

���
����

���#�������.�) ×
σ

=
�
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&#�*(#*&�&��< !�('��54��'&,'&+&#� ��#�#�9&��*&�!(#<� #1 �

*&��DDK�&#�� �<�#!�"#�*&�*�+�'�3�!�"#�#('. �5�

�
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�#��'(1(�*&�, ' <�# �, ' �&9�� '�+��!(#� .�# !�"#5�

�

���.(#� 8&�*&�� &>��,(�&C,&'�.&#� ��,�&*&� ,'&!� '+&�&#�

� �<�%�' �A545�5�

�

� +� .�&+�' +� +&� ,'&, ' #� , ' �  # ��1 '� +� !(#� ����2�

*�+(�9�&#*(� ! * � �# � *&� &�� +� &#� �# � ! #��* *� *&�  !&�(#��'��(�



������
�����������
�
�������	
��� ����	

�

���������������������������������������������������������
� � 

��

#&!&+ '� �, ' �,'&, ' '��# �*�+(��!�"#�&#��('#(� �4�5����,,.2�

>�&�&+�&��' #%(�*&�!(#!&#�' !�"#�&#�&��>�&�+&�9 � �,'&, ' '�� �

'&!� � *&� ! ��3' *(5� �+�(� +&� !(#+�%�&�  B *�&#*(� � #�(+� .�� *&�

*�+(�9&#�&�!(.(�4���9&!&+�&��,&+(�&#�%' .(+�*&�� �.�&+�' � �

 # ��1 '5�

�

�

����
��<!(!"!?����	�D�������,������1��
����	���

�

�

9*.*&
$�!���
	��� !���(





�&� / � �����1 *(� !(.(� '&<&'&#!� � , ' � #�&+�'(� .)�(*(�

 # �-��!(2� &�� *&+!'��(� ,('� �&'+/� :� �/(�2� F4DD�G5� �+�(+�  ��('&+�
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