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�"�23  "�, 4�&5# (678�!   	�9&# 4��:    (     ;��< +�=< >" 
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��KL�  ��M��<   B�@@�(           %�I ��D�R   ?�&H���� 	�E�" >" B�@@� 

# �"�O B	�G&$" 	��# �@8�#3 �8��M)� A��   �� .(

    +, +<�� �,.��T�0P    # �U8 +, %�&'� 3      B	��# %��" +� �$�

����V8 ����G�� 	���KV, �	 ���8"�&,3��, ���=E@# ./�0��1#  + BW��� 

 &I�M ./�01#3  !�#   3 *�� � (     � *��� +=�8   B�I (  B��I 

  X�8�YZ#     6@�"  >"   	�I [O"     B�����   �! ��!(  �,�5# 3  ��@8�# 
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���

�\#(                +,"���I ��� d�e,* .���T +�, A	��=E8" [��� N�b@! �	 

)Drip loss (��M��<(��! %�"   ���=8 3 6! W� %�" +� �$" 

    �$" B	�, )* ?�K8	 +,.   =���$ ��U@# %�" +,3       )* +�,   �I +�V� 

              B��I ��=E@# fJ�$   ��	�M +��g" %�&'� ��Yh�� �     ��, %��&'

$��, )* .��T�0P3�I  .

=���$3 '� 3   >" QV#%���   �����	 ./�01# 3 "�"	 (  �>�" 

  B	 X�"   B	�, .��K`  "    �c� �� B�&8�H@� >" �$% ��!(   C���K����# 

 "�, +�(  ��$	 +,            	"��#   ;* �	 ?���1# .��K���� A)* )	� * 

  i �, �D�#3        ��I�M B	��P >" �-&HI +�R�# �@j  ��!(  !��# 3

  B��I "��<  ��8")k   ��.( =����$3    A�P��$ +��R�# )����� �	 

D�01#3       �, A��G�$ 	��, �!"�P 3     �,   ��, 3       l"��P ��, Q�9i 

	�'�=`(    +� /�,  ��i +,    8 m�0�# Q�7&H�#  3�= 	��I   +�, +�'�, 

         �b�	 ./�01# ��D�� �	 +�D " B	�# d� )"�@`  ���] +, 3�#	 �

)��     �n .(o/�=9#  "��, (    =����$ ���D�� 3    C�R"�#  ���>   N��E8" 

#3	��M :  )	��� X�=�    !��# +��D " 3  >��$"�< A(      +��V�   ��I�M 

 P�j �I�M3 !�# 3        �-�&HI +��R�# %���@j A)   �	 )�8�H��P

;*(������b,* A(��#�����$ p������1# 	"�����# �����, ^�������� A3

)Cryoprotectants( A+&H,(�@, 	�=E8"   )��  ��.(

 ;��q# >" � � %����!( +�b8(�"	  8/��i 3     ^��2" .��# 

 =�����$ +���=< >" �!"���23A���$" 	���=E8"  . 	���=E8" �`���$

6@�" �!( , �'�# 3  ���=�I��,   3    6!�� "� 3#�!	 .    ��@j ��!

       &�I�$"  	��=E8" B� 	 ?�i �	 +�3 %�c� ��� ��!(  ���K�����# 3

   	�'�=` l"�P 6!�� r`�,(   %�" %�c� ���!     ^K$ +E�&8 �	   

�H��'� > ���,(&����, ."�����\� 3M�@@'��I 6�"X���" ���@8�# ?F 3 A

 &5$ 6�"X�"3  M�@KHj   3   I�, 6@� 6!�� A3 !�� A   68��� 6

I�,3        �	 C'I ���\� ���,�O 6!��   ?F�!( =���$ 33#	�I .

&���I�$"  B������� QH����8�'#3%�c� ���������!	����=E8" ����Y" �	 

(Freeze denaturation).��T +, �$" B�I )��, ��> )��:(

 &I�$"  B����3%�c� ���!      D��$ s��P ;* 	�=E8" �Y" �	 A3

    t� %�c� �� ?�'D�#3#�!	 . ���i +, �9�Ki 3	    ?��'D�# d�� �

  �� %�c� ��(  AB �M�!(          C�P"	 �	 ;�� ����!  B ��M ��!(

 uq��$�	 C�� �����!)s����P (+��&��M �"���O ?���'D�#���8" . %���,

B ���M���!(+'K��I ;*   C�� �����! "(�!���8��� >" (8F �����! 3

       �"����� ^K�$ +�� B�I C�'-�(      ��9, +�$ )�=&P��$ (   %�c� ��� 

3#	�I .    	�=E8" �Y" �	),  +   ��@� 	�=E8" BW� (A     D���$ s���P ;* 3

              �!��8��� )��I +&H�'I +�, ��E@# +� B	> 
� %�c� �� ?�'D�#(

8F ���!3  �"�����8   (       +E�&8 �	 B�I %�c� �� )�=&P�$ B �M�!(

        %�"   B�#* ?�'D�# uq$ +, ;�� ���! B ��M ��!(   ;�� ����! 

      Q! �,B �M�!(             ����V8 �	   B	"	 6@��"  Q�! �, X�8 C�� ���! 

     ��&P�$ )�I >�, r`�,  %�c� ��3#	�I .Q!%�@j     ��U�2 	��=E8" 

           8��� .��O ���\� �Y" �	 +� B	"	 6�"X�" "� �#�< 	"�#3    /��=&R"   

pH&I�$"  B���� 3%�c� ���!# t� 	�=E8" �Y" �	 3�!	.

��#�$ p��1# 	"�# C=` QH�8�'#3  +�� ��$" )*   ��D�R �	

9�Ki3 +&I� �!(  ���K����# %�c� �� 3          �@&H�! � 	 �b���=! >" 

�, ?�'D�# �V8* %�!(D  �$" v�K1# ;* 3 	��=E8" �Y" �	 A ;* 

     B��E8> %�, >"   B	> 
�   s��P �!3#	�I   B���E8> +E�&8 �	  ��!(

 ���K����# %�c� ��3     B �M %�,   B�I d�	X8 QV, �!(   ��V8* ?��9� 

  6@� Q! �,�!( 	 ( ��GD�$ A 8F ���! 3     �"��O�, d�,�� ���!   

3#	�I   �! ?�&H���   (   
� ) > s��P�	B��E8�! (      � ��# +�, X��8

         &I�$"  B���� +, �E@# +� B�I w�X,   B	�� �I�3%�c� �� ��!

 	�=E8" �Y" �	3#	�I.  	 CO"�R %&I"	 �, �@&'� �� ��"�� 	"�#

   '� +� ?�9� B �M3       '�   %�c� �� B��E8> +, �V8* >" 3      +�, ��V8* >" 

   CT  ;*3#	�I   r�`�,   B	��� +�"���! "� %�c� �� A 3�# 	��I

 �	 ;* x,/ ( B��E8> �!(        �,   ��8X, 
�� %�c� ��   +    N��` C��D	

   B��E8> %�, >" y�1�    	�-8 s��P �!)  C'I�.(      ��b�	 +�E�&8 �	 

B��E8>�!(  =8 %�c� �� 3  �, �@8"��  +     �8��I d��	X8 Q�! .   %��" �	

�D�R?�&H����!(B��E8> >" s��P 
� �!(@�c� �� 3�$" Q� .

z�"�      �	 B	�G&$" 	��# �@&'� ����"�� %���=���$3  {��5# 

    |=8   ?�&�,��$   > ����$      B> �#" 3D  �$" .�GH� 3�� (�!

9$3    �@&'� ����"��>" +� �$" )*�, ��!3   �D��� �, (   @����I   3

  	�I B	�G&$" %���� .   , _�71� %�" �	 + ��<(     > �����$ {���5# 

      B	�G&$" %�&'� B	�# >" ?�&�,��$3#	�I    ���  ��Yh��      	��KV, ��, )* 

=���$ ��G��3# �=E@# 		�M }5- .

 ��D   )���� )���771#3   ��#���$ p����1# ���Y" +��9D�q# ���, 3
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"4!+  .3�dN�/5 �0! ���N	:� p�E q	 !�� q/�W��_ <92/� � �	 1:� ���� ��� �� 	�

� �Q <p2	�/� 6�	7� ���� <����) +i(

        �# [��# ?�&�,��$ +� �8	�� )��, [��# ?�&�,��$3    )"��@9, ��8"��

�< ?�&�,����$ %�-��8�<=�����$ �	 ���#3 	���I B	�G&��$" )�� .(

    )"��'=!   �E#�$��Yh�         B��I X�D ����! %��&��   �b�# %�&��

  � �b�#( &I�$"  3%�c� ���!        �	 	�<�# B	X8 
� ;* �"�7#   

=���$3   ��8	�] 3�$��, "� 	�=E8" B� 	 ?�i �	 A)��.(  F  

��#�$ p��1# �Y" +, )"��'=!3   ���   Q���$ .��&�/ ( >�D��! 

	�� B��I"�8)�k .( ?�$ �	�~~��$�# (    +�� 	��� )���, ^H8 

 y�X�, %�c� ��(Flaxseed) �	   ��U�2� % "�"	(   p���1# ��Y" 

��#�$3  � ( =���$ 3    �# y/���'�$/* 3   ��I�,)�� .(   ?��$ �	

�k����8/ �=T +� 	�� )��, ���!3   H���,�� A.��@�WD* ��@8�# 3

         >" C�T�R ./�0�1# l"�P 	�KV, r`�, )�&8">   XD��$ C�&#

����$=�3��# 3 �8���I)�~ .( +��� ���8	�� )����, )"����'=!   � *

=���$3�!( �R (� % �"����� %��&-�, ������$�b�D "( �	 "� 

	�=E8" [��   	�=E8" �,"�,# )�-8 	�P >"3 �@!	)�.(

 " �	�    �#�$ p��1# 678 A_�71� %3�     ��Yh�    ��, %�&a� �KL# 

��$�=3  �$��, �=E@# 3  ��$" B��I  .  	��=E8"� �'3 ��&V, >" � %

�� �!(+b8(�"	   �# �!"�2 3       "��I ��M" ��#" A��I�,�   ^�$�@# �

�=`�      	�=E8" .�+b8(�"	�`� �    6!���   .�#��T ��, 	�-8 �

��G�  �V8 ?�01# �3�       	��, ��!"�P B"�=! m�0# N�b@!  .D	 �� C

����$ ;���5&8"�=3) =P���!���# �3 ("���2 )"���@` +��,( A���=E@# 

$�HR� > �� G@# ��Y*   	�=E8" +, )* 	�3 " ��, 	�=E8"  ��  "��2 % >"

    	��'�=` l"�P 6!�� +�=<( %�c� ��� ��!      )��a#" 3�$��,   

&'� >" B	�G&$"�3# 3��#�$ p��1# )"�@` +, )* �	 %�I�, .

r�� � ����	�

 2��� <�#N�

"�,(  =���$ +�V� 3          	 ��R ���=E# �	 _�71� %�" �	 Kg�~~

!�#3D�=9# ��J� 3 �I�M B���(Cyprinus carpio) C� B�"	" >" 

  �V� v��� .x�I ��	�M + .    ='I .���&1# +��5� >" f�3 !�# 3

    !��# A)"�5&$"   �$�� )	�� "�<  3    ��, )* ��I�M   +&H�I 

    �I t�j A�I�M t�j B�b&$	 .      3!��# �I�M +K��# +$ fJ$

              ��0�# ;* Q�ER ���, �! �	 +� +&HI 	�$ ;* �, "�3n   ��,"�, 

  P�j �I�M )> 3 !�# 3  	��,  .    �-�&HI ;* +�,(    ? " +��R�# 

�/~ %,3   Q��$ .�@,��   �/~ %     �-&HI ;* +,   Q��$�����(

  N�$ +�R�#�/~ % ��I +��g" Q��$����� .    �-�&HI +��R�# ��!

)  ;* �	 )�8�H�P (��     i +� ��-� ?�i +7�O	 3      .��# %��"   +�,

��i    P�j �I�M {��5# Q�"	 3 !�# 3       �, )X�=! �$�� ;*    +

          ��b,* +�R�# �-&HI ��, �! >" f�   �I B	> Q!(     ��I N��E8" 

    �� {��5# +� .��T %��,    ��T +j��� �	 "� �3     f��   +&5�� 

    )* +j��� >" ; �* ��K`>"P�j �I�M ��O3 !��# 3   ��$	 ��, "� 
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��n

      	�I s��P )* ;* +=! +� B	�-� . ��b,* �	(     f�� �P* +�R�# 

   P�j �I�M )	�-� >"3 !�# 3          "� %�b@�$ +�8>  d�� A�$	 �, 

"�,( B	�-� >�$(    .�# +, �~   �� ��   � +7�O	 (  P�j �I�M 3

!�#3 )* ;* �� +&I"�M ��i +,  	��I s��P C#�� )�� A��   �k .(

  ?�01#   ��$	 +�,        =����$ )��=! +��R�# %��" �	 B��#* 3  N��P 

#3�I�, .   =���$ �9, +�R�# �	3         ��I Q�H�7� �=H�O  	 +, N�P  .

     , �V8* >" �=HO d� +,  + =���$ )"�@`3  X�j �!�I (    �-�8 +��g" 

                %����� )���$�a�G��&$" +�<�	 ��, %��&'� �V8* >" �=HO d� +,  

�M +��g"��	 (Low methoxylated polygalacturonic acid) .

            ?���1# "��&," +� 	�, .��T %��, %�&'� )	�� +��g" >�i

� %  %�&'�)  �=b�$ �]�I �P�$( �'��#*  ( �I +&P�$ . ">" +,(

  �!�~~  =���$ N�M 3�~~~ ��# 3   ?��1# �&�D� %  %�&'�  ���] +,

 �I B	�,A @9� 3 ��0# %�&'� )>  3 	 �R � %=���$ )> 3�, 	 .

"�,(    ?��1# +�V� � %           .�"��R ��, N"��� [���$ )	X=! >" %�&'�

      %�&'� �� �I B	�G&$" )	"	 ��i +,       	��I C�R�q7# ;�* �	 C#��  .

 =���$ fJ$3          .�# +,   +&5�� ��� ?��1# �	 "� ��   �`��$ 

       �-, �	 	�<�# �@b# �$�� {��5# ?�e5� �	 ox#���     Q�! +�, 

 �I B	> .       ���T +j��� �	 "� {��5# �9, > �3  �&5��      >" f��   +

  )* A;* s �P =���$ ��O3          )* ;* +�=! +� B	�-� �$	 �, "� 

 ��i +,     	�I s��P C#�� )�� .()* +8�=8 B�M�!(  ��R   �!�I (

  +H�� �	 %�&'��!( �� 3 %���" +&H,(�@,�@,�	   ( f�   ��	�M 

�#	 �	 A	�=E8" >"(ºC �~�+b8(�"	 f�   �GT )�#> �	   �I 

 >"�   n B�# +b8(�"	�, $�3�I N�E8" �V8*  .

���0PP:�/PP�W IPP��/b <PPZ:��� cQ (Water binding 

capacity)
  ����:+b8(�"	     � � _Ki ;*   v������     	   B>"��8" ���M(

  �I)�~ .(  "�&,"�/�N�M=���$3    )>  "�   B	��   � ��# 3  ;* �&�D

    B	�� +��g" )* +, �q7#     +-��I )X=! d=� +, A"( )*   �, "�  +  Q�!

  ,   B	>  +,�P3  {��5# Q! �,  Q�	��� . "� {���5#   .��# +�, �n

  �#	 �	 �`�$(ºCn      �$�, ?	�9� +, �� B	"	 �"�O . )* fJ$  �, "�

 B�b&$	F��G��&8�$)  ��8 >" MSE)�&H�b8" �P�$(  F��G��&8��$ 

  B	��)rpmn~~~ A �~   A+7�O	 ºCn (    �9, +�R�# �	   8��O�� [���#3

   B	�� "�< "� )>  "� ;�$�Q�	��.

  ����:+b8�"	(   ;* )N�M/N�M ( �,  +      +K�$�1# ���> .���T

��	�M :

���0:�/�W     f�/V)�� I���	X 0F�� 3�dN�/5	�    �� ��P�7� 

 e :(Salt extractable proteins) 

 "�&,"��=���$ N�M 3 �	 "� �~��# 3  ����, ��&�Dn~ 3���#  ��#�/

Tris-HCl)� =pH   ( �R A� % Q��$ ����] (      fJ�$ AB	��� C�R

   .�# +, {��5#�  �X���8F�=! B�b&$	 �$�� +7�O	 )Silverson A

 )�&H�b8" �P�$ (           F��G��&8��$ >" ��9,   ��I )F��=!)  B�b&�$	

Sorval  A��'��#* �P�$ A  rpmk~~~A �~  A+�7�O	 ºCn(  [���# A

8�O��3     )*   B	�� "�< "�   # +b8 "�3 Q��"	  .$      ��, "� ;��$� fJ

�~ ��# 3              ��9,   B	��� {��5# /�, �	 B�I ��� ���, )�=! >"�&�D 

        B�b&�$	 )��=! �, F��G��&8�$ >")rpmk~~~  A�~   A+�7�O	 ºCn( A

 8�O�� [��#3)*   �I "�< 8�O�� [��# �, "�3   ^����� C�KO +�R�# 

Q�	�� .    � � +�, ���� ?��1# �	 	�<�# %�c� �� )"X�# �P* �	

��D((Lowry) 8"    ��I +&��M B>"� .     )"X��# fJ�$ %�c� ��� ��!(

 d=8 �	 ?��1#(SEP),  + �I +K$�1# ��> .��T)�   �n.(

          � � �$�� 3=���$ �	 C� %�c� �� �T�	 ��� ?�#�� �	

 B>"�8" ?"�����M(   �I )� .(    � >" %�c� �� )"X�#(   )F �&�8 )"X�# 

 C��K� ^��g >" B	�G&$" �,��/���	�M +K$�1# .

���0:�/�W��' r�� <� ���7� 3�dN�/5 

)�=!       ?�#�� �	 �I )��, +� ��iB>"�8"(��M   )"X�# %�c� ���!(

   "�, d=8 �	 ?��1#(            [���# �	 ?���1# %�c� ��� )"X��# %���9� 

8�O��3   ��D � � >" (    �I B	�G&$"  )�  A��     �n .(   � � %�" �	

 ?��1# "�&,"�!(   �b-@]"  A  AB  AC     E    �8�I +�V� )�     �� (  

WBC =

�=���$ +�D " )>   

;�$� )>  6�"X�"

�=���$ C� %�c� �� )"X�#

×�~~

 �	 B�I ���M B>"�8" ?��1# %�c� �� )"X�#

 �8�O�� [��#
% SEP  =
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 " f�  ?��1# +�V� >�!(    %�c� �� 	�"�8�&$" )  ( �M N�$ %�#�KD* (

         s�# ?�i �	 �V8* ;�< )"X�# %��9�  �~~      B�b&�$	 ��, �&#�8�8 

  �&#�&� �&'J$")  ?�#MSE  )�&H�b8" �P�$ A( @1@# A3  	�"�8�&$" 

  {�,�#)C'I� (Q$�       	�"�8�&�$" +D	�9#   B�I    ��$	 +�,  B	� * 

�I .      b&$	 �, ?�VE# +8�=8 ;�< )"X�# fJ$   �&#�&� �&'J�$" B�

 ���U�2   ���I +&��I"�M 	�"�8�&��$" +��D	�9# �	   ����	�M %����9�

��# �	 N�M �'�# ^HR�, ?��1# %�c� ��3 �&�D �$	 +,�#* .

���0:�/�W<:� : �� <��/�! 0F�� 	�0 1
� 

            	"�#   ;* )"X�# A	�=E8" �D�R >" ?�01# )	�� s��P >" f�

 < �P ?��1#3        )>  +�, +�<�� �, ?�01# >"      ��=E@# +�8�=8

  ����> ?���#��   	���=E8" ���D�R >" s ���P >" f��� +��8�=8 )> 

B>"�8"(��M   �I )�     �� .(        ��I�, �&-�, ��&��� %�" )"X�# +j �!

)�-��8)* B���@!	"  �	 ;* B���8�"�Vb8 C��#"�`   �����, +��� ���$

 ?�01#)%�c� ���! (B�I +#�T ��j	 �&-�,�8".

��/���	�Q  g2	): 

6��#>*�!   � +$ �	  E8" �"�a�  i   N�� ��#* ��( =`" �    ���i B�I ?�

 �	�0� x#��3        +�@#"	 �@j )�#>* B	�G&$" 	��# )�#>*   "(   %�'8"	 

	�,.�"X�" N�8 >"SPSS "�, (��#* +�XE� (B	"	 �I B	�G&$" �!.

s7� � g2	):

 I��/b<Z:��� cQ 

 >" C��T�R z����&8B>"���8"(����M ������: +��b8(�"	 ;* (WBC)

+��8�=8���!(4���&5#  �	  ? ���<� ������: 6!���� ���T�	   

+b8(�"	 �	 ;*  ? �<�B�I B	"	 )�-8 �8".

)�=!   # B�!�-# +� ��i3  +8�=8 �	 		�M�!(+b8(�"	   B��I 

(�#	 �	ºC�~� B� 	 )���� �	 +b8(�"	  �����: 6!�� �T�	 

+b8(�"	  �R +8�=8 �	 ;* (   	��, ��&=� %�&'� )~�/~P< (  +�]

 3# )�-8   �" B	�# %�&'� �!	8	 X3�YZ#(        �����: p�GR ��V< �	 

+b8(�"	;*   �, %��&'� 6��#>* %�" v�$" �,   �$" B	�, +  )"��@`

   ��#�$ p��1# B	�# d�3  # �@&'� ����"�� 3   ��@� C=` �8"�� .  z���&8

 �$	 +,    )�q��$ .�7�71� z��&8 �, +H��7# C,�O 6��#>* %�" �	 B�#* 

  D   " �,3��#�$ p��1# 	"�# +j�M A�$" %�j 3   ��V8* B	�G&�$" 	��# 

  �b�	 ��8 >"( 	�,  .     >" f�� +�� ��8	�� B�!�-�# )�771# %�"n  B��# 

+b8(�"	`�8 3=���$ 3�#	 �	(ºC�~– )"X�# ����:+b8(�"	

 ���R +��8�=8 �	 ;*(��$ � > �� + ?�&�,����$+ ?���&�&�/ + X��&�D

(Litesse)  ��� B�I �xT" C'I A3  >" A> �&H��	 ��/�  +�, kn/~   

  �R +8�=8 �	 ( $ �  > �� +   >" ?�&�,��$n~/�  +�, k�/~  +�8�=8 �	   

   >" �!�In�/�   +, ��/~)  N�M/N�M (��$� .      B�!�-�# ��b�	 .��K` +,

  �����: 6!�� �T�	 +� �8	�� +�b8(�"	;*    >" �!��I +�8�=8 �	

+8�=8�!( �R ( 	�, �&-�, �@&'� ����"�� )�n(.

  ?��$ �	�k��    ������: +�� ���8	�� )���, )"����'=!   ��=@� 

+b8(�"	;*  �	%�c� ���!(!�# 3   ��, {��K��" �	  %�c� ��� ��!(

      ����: 6!��   B	�, C��K����# +�b8(�"	       .��# ?��i �	 ;* 

+b8(�"	   �, ���=`   +   &�I�$"  ���`3 %�c� ��� ��!(   C���K����# 

��#3���I�, .&��I�$"  /���=&R"3%�c� �������!   	���=E8" %���R �	 

+b8(�"	   �!�8������\� �Y" �	 (  	 Ad�,�� ���! ( D�$     Q!��,   ��G

6@��!( 8�� 3  B��E8> %�, �!(        )	"	 �$	 >" +E�&8 �	   %�c� �� 

   B��E8> %�" �$�� ;* # �!3  �I�,)� .(  ��#��$ p���1# 	"�# ?�R3

    )	�� +�"���! �,%�c� ���!      �	   B	"	 6!��� "� �V8* )�I B����8	 A

 ������: �����I 6!���� >" +��E�&8+��b8(�"	;*  B� 	 ?���i �	

+b8(�"	��M��< (#3 �@@�)�   n.(

 f�/V)�� I���	X ��Y��3�dN�/5	�e : �� ���7� 

 >" CT�R z��&8B>"�8"(��M �T�	%�c� ���!(d=8 �	 ?��1# 

+8�=8�!( �	 4�&5#  ? �<��$" B�I B	"	 )�-8 .

 �	 ? ���<n 6!���� ���T�	 %�c� ����(���! d��=8 �	 ?����1# 

+8�=8�!(+b8(�"	   �#	 �	 B�I (     >" f� 	�=E8" n  B�#+b8(�"	

   �$" B�I B	"	 )�-8 .)�=!      �# B�!�-�# +�� ��i3    ��T�	 		��M

  6!��%�c� ��(�!          ��R +�8�=8 �	 d�=8 �	 ?��1# (  %��&'� 

	�=E8" �D�R >" s �P >" f� +8�=8 )> �

 )> E@# +8�=8 �=

�=E@# +8�=8

×�~~ %+,"��I =
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 ����� ��	
� � ���	�� ��
� � ���� / �	�������� /  ��	 !��! � "#$) &'�(/�	)*��+,-.

���

y = 0.0018x - 0.0017
R2 = 0.9939
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0.2

0 20 40 60 80 100 120

���� ��و��� ( 	���و��م )

 (6
00
nm

ب ( 
�����

"4!\ .���0:� q�/� q��' 82	��Q ���0:	)�� p
7
�3�dN�/5 ��Y�� q/�W���7� q	�

��0_+ . cQ q��0#Z: I��/b)�/W/�/W (:� :<	� q��0#Z: ���� ��� �� ) q	��ºC\]^(

*: �"�'� +$ %�b8��# 	�` �!)SD± ( �$".
** : 4�	� �! �	)�-8 f��8/�, dj�� m �R . �G��@9# ���#* mx&P" B�@!	B	"	 %�, �"	�# �! �I�,)~�/~P<.(
*** :)�-8 f��8/�, w�X, m �R . �G� )�&$�! �	�@9# ���#* mx&P" B�@!	B	"	 %�, �"	�# �! �I�,)~�/~P<.(

��0_\ . cQ q��0#Z: I��/b 8�	E 0F��<:� :	� q��0#Z: ���� ��� �� ) q	��C˚\]^ (

/`F �	�� �� <�'�� ��09� <� I�*:

* :�@9# ���#* mx&P" B�@!	 )�-8 )�&$�! �	 . �G&# m �RB	"	 %�, �"	�# �! �I�,)~�/]P<.(

   	�, �&=�)~�/~P< .(         	���# �	 ��b�	 .���K` +, +�8�=8 ��!(   ��R (

A%�&'�+j�M )"X�# %�c� ��� ��!(    "��&," �	 d�=8 �	 ?���1# )  )��#>

�GT(         B� 	 �$ ���$ �	 �#" 	�, Q� A+b8(�"	      6!��� �"�7# A�X��� �	 

     ��$" B	�, y�8" ���H, )* .         )"X��# )	��, %����� ���` %�c� ���  (��!

d=8 �	 ?��1#+8�=8 �	 " �	 %��&'� ( �R (�!  "��&,)  �G�T )��#>( A

   %�c� �� ��DxR 6!�� ���I    +8�=8 %�" �	 C��K����# (�!    +�� ��$�!

                   3��=���$ +�, %��&'� )	 X��" � � ��, {��K��" �	 /��=&R" Q! %�"

3�#�I�, .     3# �U8 +, �b�	 .��K` +,          � � 	��KV, ��, )"��&, +�� ��$�

     �"��2 B	�# +, %�&'� )	 X�"3    )"X��# A %�c� ��� (��!    �	 ?���1# 

	 "� d=8 "�&," �)�GT )�#> (��/�, �R �	(,   �I"	  ++��$ 

)�#>

+8�=8*�GT�B�#nB�#

�!�I** a A )~�/~±(��/~b A )~�/~±(n�/~A c)~n/~±( ��/~

%�&'� � �R***a B) ~�/~±(�k/~b B  )~�/~±(��/~b  B) ~�/~±(��/~

)�#>

+8�=8*�B�#nB�#

�!�I*a�/��a�/��

%�&'� � �Rb�/�~b�/�~
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���

��0_, .3�dN�/5 0F��<:� : e : �� ���7� q	� q��0#Z: ���� ��� �� 	�)q	��ºC\]^(

* : �"�'� +$ %�b8��# 	�` �!)SD± ( �$".

** :)�-8 f��8/�, dj�� m �R . �G� 4�	� �! �	�@9# ���#* mx&P" B�@!	B	"	 %�, �"	�# �! �I�,)~�/~P<.(

*** :)�-8 f��8/�, w�X, m �R . �G� )�&$�! �	�@9# ���#* mx&P" B�@!	 �"	B	"	 %�,�# �! �I�,)~�/~P<.(

 ��0_a .3�dN�/5 ��09� 8�	E 0F��<:� : e : �� ���7� q	�	� q��0#Z: ���� ��� ��) q	��ºC\]^ (

/`F �	�� �� <�'�� ��09� <� I�*:

* :$�! �	 . �G&# m �R)�-8 )�&B	"	 %�, �"	 �@9# ���#* mx&P" B�@!	�# �! �I�,)~�/~P<.(

�V&8" �� A%�&'�(+b8(�"	��M��< )* 6!�� >" (	�=8  .

  z��&8 �$	 +,  z���&8 �, _,�q# 6��#>* %�" �	 B�#*   ��$	 +�,

     # 68"��'=!     F �$�� B�#*3    � +&KD" +� �I�,(    p���1# 	"�# 

��#�$3 �b�	 (�&'� >" ��2   ��8	�� _��71� % .     %��" +�, 	"���" %��"

      >" f� +� �8��$� +E�&8�   B�# +b8(�"	 ̀ �8 3 =���$ 3   ��#	 �	 (
ºC��–  )"X�# A %�c� �� ��!(     �!��I +�8�=8 �	 d�=8 �	 ?���1# 

=���$3   	 �R �/nn %  D  +&I"	 6!��3   �	  +�8�=8 ��!(   ��R (

  ��#�$ p��1# 	"�#3  �� C#�I (     > ����$   .�&�/ Q��$ A>�D�!  +

�,��$ ^���� +, ?�&n/�n% A�/�k %  �/�n %���� 6!��) .�k.(

Q!%�@j   z��&8  �$	 +,          ��, +H���7# C,�O _�71� %�" �	 B�#* 

+&���(�!D   " �, )�q�$3# %�j 3 p��1# B	�# ��8 +j�M A�I�,

��#�$3          	��K8 %��&'� X��8 )�-�" .�9D�q# �	 B�I B	�G&$" )�n .(

          >" f�� +�� �8	�� B�!�-# )�771# %�"n  B��# +�b8(�"	 ̀ ��8 3

=���$3   ��#	 �	 (ºC�~� A    )"X��# %�c� ��� ��!(    �	 ?���1# 

d=8 �R +8�=8 �	( > ����$  + ?�&�,��$+  ?��&�&�/+ X�&�D A

  >"�k %  +,n� %    �R +8�=8 �	  (  > ����$  +  >" ?�&�,���$�� %

  +,nk %  >" ?�&@� +8�=8 �	  �~ % +,�k %��$� .  +�� �@&����	 �V8*

6!�� �T�	 ��%�c��!(�	 d=8 �	 ?��1#    >" ?��&@� +�8�=8

+8�=8�!(   ��R (      ��#��$ p���1# B	��# 3    �&-��, )�/�� (%  �	  

 �R +8�=8( > ����$  ++=! >" ?�&�,��$+8�=8	�, �&=� �!.

    )"X��# 6!�� %�c� ��� (��!       .��# ?��i �	 d�=8 �	 ?���1# 

+b8(�"	  , ^�2"   +  ��#	 .�8�$�8 ��`3(Fluctuation) +8�P	�$ 

 $"   &I�3%�c� ��(�!   �#	 �	 C��K����# (    �# 	��=E8" 3 ��I�, .
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