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17�A$@�	

g/��U/���/����/���/g�����SL

�%�7 .2�) �z:� >?@ ;2�) H6-�N "= "�6� �=� A$- 	
 \�F

 	
 Z6<AS- 8<-�. 
6. 4],- �� ". ��
�F "]@�S- 2�) \�F6A$.

�]:% ��	�
 ON��DN;P&K"<= E<$�����;�&�g�<Q	


�F 1$-l���
 . u�= 
	6-  #$@�K� 
6. & "%T&�K$% 
6. 	��^- Y�%�-

"= ��$% >?<@ H�%�<@	 �<_� ��K�6J6<@ & Y	&� 4=�,- �� E$���

 "= 2�) HT&�K$%���  <A$- I$<@�K� >?<@ & \�F6<A$. 	
 \�<F

 "= 2�)�U�  A$- �<�
�F "]<@�S- 2�) \�F6A$. 	
 \�F .
6<.

 �. \�<h,D 	
 �<=6% '<�  + Y�z:� 
6. & ��K�6J6@ "<= �<7

�%��
�F "���� 2�) .�7 "���� 2�) "= �=6% "@ 	
 Y	&� 
6.

  %�<-� "AQ�� �= �h�
 �=6% &
 & �7�. \�h,D 	
 �=6% '� ".


6= �7	 8n�  + 	
 Y�- '�.


'(� � ���� ������", ���	� �"(�� 2 �#!"�/ ��� 

�<= & H�D�$F H�7 P]@ �� x� "KzD &
 �	67 ��D	�#$� Z�#B�

 �	67 Z6AS-���  A$- I��<@ O�� �]:% & 	t6-)SAR (

 �= �=��=�����F \�5%� .8-�7 �	67 Z6AS-�� <A$- 	t6<-

 I��@ ���A. '#%)NaCl ( H�P<$- 1�� �D	�#$� \�#� 	
 ". 
6=

 & Y
6= �=�M�� A$- u�= 	t6- '<#% E$.�� P$% �	 Y�%�- ��<D

 I$<<:A. �<<��A.)CaCl2(I�P<<$,- �<<��A. &)MgCl2(8$�<<(�

 - 
�
 .H��AF ��) ��K=� Z6<AS- �= �D �� �<� �<D *<$u	 ��<D

�]:% "<= 2�<) �	67 & �7 Y�%�@	 Z
�[� "= "+6=�- ��D�

 @
 �<7 Y�%�@	 �K- �= x,#�� .�<= �	6<7 ��<D	�#$� xy<@

Z6AS- �]:% �� '� �D �$AX ��D  <+ �<D��	�<$=N "<AV�-

H��AF �	67 & Z�#B� �$<@	 �<W% 
	6<- �V "= �D .�<D ���<=

 >?@ �	67�I$<W,� ���<= Y�<$F �<(o H&�<= �D�7 H��AF

Y���%� �= & "$_� �D	�#$� �	67  <���K�J� ����<D H�P$- ��$F

  + �_%N�H��AF �	67 ;"AV�- �<W% 
	6<- �V 	
 	�#$� ��D

�7 I$W,�.

� �7��lC�� �)"�)e� ���/ ��� 
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"=	6+ "(�	 &  ��6D \��%� �() & �� H�& & �7�
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 & �	�
�= |	�u R@6� �D

�7 1$$[� .�_� 1$$[� �Q	
 H6$@�P$%6Ao '<� 	��<^- ;"<(�	

�_� & 1��6� "%6#% �D �� \�F �%	�P$-N "(�	 �<D 	
 R$<S- 

;Y�h(��-�N �� 1#��D & xy$A$� �&	)��(�<�
�F Y
�zK@�.�<[= 

�� �6(K:7 8-�o "%6#%�D"%6#% ��K=� ;�?^- ON �= "<= �<D /�<-

	
 "KzD '� Z6AS-��%�� x� & �	��_h% I$@�K� �$:o&	�$D

�%�7 "K:7 f0-�. �?^- ON �= ;H�7 d�z7 ."%6#% xy@ �<= �<D

�� �%	  =N Z6AS-H�z��%	 6A= & �%�<7 �P<$-N �<_� 1$<$[�

�Q	
 H6$@�P$%6Ao "(�	 �&	�� 1�t���F)��(Y
�zK@� ��
�F.

���� ���/R Q"�8, � #!�,��

Y
�
 x%��	�& "�P5� \�<% �� Y
�zK<@� �<= �<D 	�P<��SAS "<:��^- ;

1$h%�$-",-�
 �,q H6-�N '#. "= �D Z�<#KV� >?@ 	
 1!%�
 ��

U%= �D	�
6#% I@	 &\�% �� Y
�zK@� �	�P��Excel �7 \�5%�.

@82 � _#�.� 

3#��� ��7�� ^�C � ), � � 

Y
�
 x%�<�	�& "�P5� s��K% �<D)Z&�<��( <- H�<(% "<. �<D


 '<() & �<� H�& �<= �<D	�#$�  -�<#� 8<=�^K- &  AQ� ��D�M�

 >?<<@ 	
  ��6<<D \��<<%��% <<,[- <<- 	�
�<<7�= ."<<= "<<�6� �<<=

H�& ;1$h%�<<<$- "<<<:��^- s��<<<K% H�<<<D�$F  ��6<<<D \��<<<%� �<<<�

�]<<:% \�<<#� 	
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�U 

��7FX.
'(� )"*+, [��#��� #!�, _#�.�Mg/Ca��"��!"���1 76�� � 7�� ���)./���� )2 =��> �2 V"K�, � ���� 9

/��$$v� 4=�,- 
"�	


�
��N 

/�[=�- 1$h%�$-

\��%� �� H�&

 ��6D 

'() H�&

D \��%�  ��6 

�� H�&

"(�	 

'() H�&

"(�	 
"u�@ Z6+ 

H6$@�P$%6A.

(%) 

�]:%Mg/Ca���/� ** �/� ** ��/�� **gU/� **U�/�� ** ��/��� **

�	67�gg/�U **��/� **g/�g **��/� **U�/� ** ��/��� **

�P�	6!$-��/��� **gg/�� **U�/� **�/� **�/� ** U�/g�Ug� **

�]:%Mg/Ca×�	67gU�/� **��/� **U�/� **U/� ** ��/�U **�g/�U **

�]:%Mg/Ca×P�	6!$-��g/g **�g/� **gg/� **��/� ns��/�� **��/��� **

�	67×P�	6!$-��g/�� **��/� **��/� **�g/� ns��/�� **��/��� **

�]:%Mg/Ca×�	67×P�	6!$-gUg/� **��/� **��/g **�/� **��/U� **�g/�U **

�?)����/���/��U/���/���/���/�

** &ns :"= ,[- E$��� >?@ 	
 	�
�% ,[- d0K)� �u�� &	�
 

��7F%.3#��� ��7�� ), � � )2 �����", Q2�K./ � 3�6� ���)*� L"d��"/ (#�K/ _#�.� 

�P�	6!$- �= >$^A�)M1(�P�	6!$- �= >$^A� \�B)M0(

�	67 

)dS/m(

�]:%Mg/Ca �]:%Mg/Ca 

R1R2R3R4R1R2R3R4

S1��/�� e* ��/�� b��/�g c�/�� aU�/�� g��/�� g�g/�� f��/� j

S2U�/�� d��/�g cg�/�� eU�/�� eUU/�� g��/�� h�U/� jU�/�� k

S3�g/�� hU�/�� hg�/�� g�/� iU�/� jU�/�� g��/�� hgU/g h

1$h%�$-'� 8u��V ��	�
 ". 8=�^K- ��D�M� �� '� �D ��D  ,[- /&�z� �u�� �,K:D 2�K(- d�V >?@ 	
 1!%�
 H6-�N �&	 "= 	�
U% -�,7�=.

 ,[- d0K)� ��	�
 & P�	6!$- �u�� H�D�$F 
6= Y&�F &
 1$= 	�


 P$% '() H�& 
	6- 	
 �%&	 1�� ". - c�Q"= ��,.�	6+ ".

"<K��� C��P�� P$% '() H�& ;I$:A. "= I�P$,- �]:% C��P�� �=

�@� .=CD�<.  ��6<D \��<%� '() & �� H�& ;�	67 C��P�� �

�@� "K��� . ��6<D \��%� �� H�& 1��K($= & 1��K#.)Z&�<��(

"= �=��= E$���gU/g&�/��"<= ". Y
6= \�F "<= �6<=�- E<$���

 ��D	�#$�R4S3M0)I$:A. "= I�P$,- �]:% =��	67 ;=dS/m 

�� >$<^A� \�<B &(&R4S1M1)$<:A. "<= I�P<$,- �]<:%I=�;

�	67 =dS/m �>$^A� &( <- �<7�= .H�& 1��K<($= & 1��<K#.

  ��6D \��%� '())Z&���("= P$% ��<D	�#$� "= �6=�- E$���

R3S1M0)I$:A. "= I�P$,- �]:% =��	67 ;=dS/m �\�<B &

>$^A� (&R4S2M1)I$:A. "= I�P$,- �]:% =��	6<7 ;=dS/m 

U>$^A� &(�=��= &��/�&��/U -7�=�.

 ,[- CD�. C��P<�� �<=  ��6<D \��<%� '() & �� H�& 	�


"= �@� 1!#- �	67 36?@ CD�. �M� 	
 PK,@6K� CD�. 8$J


 "<%�&	 ����D CD�. ;b�= >?@ 	
 �<A. & I��<@ 4<#5� ;��

\��%� �<7�= �<@0�&�A. H�#K)�<@ E��`� �� & �D)�.(�	6<7

"= *��+ �� �@� 1!#-�v� �= �M� &  %6� Z
�[� H
� ID P<$% "<�

���#% 
&�S- �	 Y�$F �7	 .H��� �WAX H�<D�$F ���<= '<#% 	&N

'#% E$.�� "="K�	�& & �=6+	 ;�6D & ON ;2�) ��6) ;�D 
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�	67

)dS/m(

�]:%Mg/Ca �]:%Mg/Ca 

R1R2R3R4R1R2R3R4

S1�U/� c* ��/� b��/� bU�/� b�U/� c��/� d��/� dU�/� d

S2U�/� cU�/� bgU/� b��/U aU�/� d��/� d��/� d��/� c

S3U�/� d��/� c��/� cg�/� dg�/� d��/� dg�/� d��/� c

1$h%�$-�
 ". 8=�^K- ��D�M� �� '� �D ��D ,[- /&�z� �u�� �,K:D 2�K(- d�V '� 8u��V ��	 >?@ 	
 1!%�
 H6-�N �&	 "= 	�
U% -�,7�=.
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  hK:=  D�$F)�.(
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  ��6<D C<`= '() & �� H�& CD�. ~AK`- 1$^^S-

Y
�. �	�PF P$% H�D�$F ���@ 	
 �	 �	67 C��P�� �%�)�&�g.(
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b�= 1<�� 1K<�	 1$<= �� & Y�<7 �_%N b�- ���(� aB�= �$� ��D

b�=/�	�$D6=�. 1$-l� ;�D H6<-	6D �<� �D ���<= �	 �<7	 ��<D

 - Y�$F �7	 4%�- & Y
�
 CD�.  #K:��-  V�6%
67.

"<= �P�	6!$- H�D�$F  <,[- 	6<+ H�<D�$F "<= �]<:% �	�


�P�� �	  ��6D \��%� �� H�& ;�P�	6!$-�$X�%
�
 C� .
	6<- 	


 �<�
�F Y�D�<(-  _=�<(- �<%&	 P<$% '() H�& .&  <.��!J�

 H�	�!#D)��("�6F �� "K�	�& &
 �	67 C,� �S� �	  h%��
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6#% "9�	�  _=�(-.

�]<<:% C��P<<�� �<<=Mg/Ca Y�D�<<(- ��$h#<<(q /&�<<z�

��
�h% .�P�	6<!$- H�D�$F 	
  ��6D \��%� '() & �� H�& �-�

  <,[- d0K<)� ��	�
 & P�	6<!$- �u�� H�D�$F �� �K($= 
6<= 	�
 .

�7	 ;�	67 C,� �S� �:�� &
6�� <- CD�<. Y�$F �<=�� .��

�<Q�,B "<=  <@�K@
 �<$A=�u \�B �@� 1!#- HN 8�t
 "A#�

 I��@ ���A.  #@ i�D�M� �= "A=�^- ���= �T�%� d�n- &  ���X

�7�= .C��P<�� �= �	 H�=P$- Y�$F �	�F��@ P�	6!$- ;
6�& 1�� �=

�:�� & �7	
6�� - C��P�� HN �D
)��.(

�#� ^�C � ), � �
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 Z�<#KV� >?<@ 	
 �D	�#$��%'<() & �<� H�& �z<Q ���<=
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 ,[-�%�7 	�
 .". 
�
 H�(%  AQ� ��D�M� 1$h%�$- ":��^- s��K%

 �]:% & �	67 C��P�� �=Mg/Ca H�D�$F 	
 &H�& ;�P�	6!$-

"K��� CD�. "(�	 '() & ���%� ."<= "<�6� �<= Z&��<�U&g;

"<(�	 �� H�& 1��K($= & 1��K#.)Z&�<�U("<= �<=��= E<$���

��/�&��/�"<<(�	 '<<() H�& 1��K<<($= & 1��<<K#. & \�<<F

)Z&��g("=E$�����/�&U�/���<D	�#$� "<= �6<=�- & \�F

R3S3M1)I$<:A. "<= I�P<$,- �]:% =�;�	6<7 =dS/m ��&

>$^A� (&R2S1M0)I$:A. "= I�P$,- �]:% =��	6<7 ;=dS/m 

�>$^A� \�B &(�%
6=.

"= "(�	 '() & �� H�& ;�	67 C��P�� �=  <,[- 	6+ �	�


���� CD�..I<. 8$<:%�K� �M� 	
 ft�#KV� "(�	 �7	 CD�. 1��

H6� 4#5� ��  7�% �$-6#:- & "(�	 R$S- d��+� 	
 ON ��D

-  #@ �7�= ."<%�&	 ;�	6<7 C,� R���7 �S�  ��6<D ��<D

 - "K:= - CD�. PK,@6K� H�P$- & 
67 �	67 ���_% 	
 & �=��

 - E<$��� 1��<= & Y
6<#% ~<u6K- f�[��<@ �	 "<(�	 �7	 �%�6�

 d�<+ "<= 2�<) ��  ���X �Q�,B & ON Z�^K%� & O�� �$��w

 �D
 CD�. �	  ��6D \��%�)�&�.(
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�P�	6!$- �= >$^A�)M1(�P�	6!$- �= >$^A� \�B)M0(

�	67 

)dS/m(

�]:%Mg/Ca �]:%Mg/Ca 

R1R2R3R4R1R2R3R4

S1��/� c* ��/� d�U/� c��/� d��/� d��/� aU�/� eUg/� e

S2��/� cU�/� d�g/� f��/� e��/� dU�/g bU�/� e�U/� e

S3UU/� e��/� d��/� f��/� fU�/� e��/� fU�/� eU�/� e

1$h%�$- ,[- /&�z� �u�� �,K:D 2�K(- d�V '� 8u��V ��	�
 ". 8=�^K- ��D�M� �� '� �D ��D >?@ 	
 1!%�
 H6-�N �&	 "= 	�
U% -�,7�=.

7F ��c.�#� ^�C � � )2 �����", Q2�K./ � 3�6� ���)*� L"d��"/ (#�K/ _#�.� 

�P�	6!$- �= >$^A�)M1(�P�	6!$- �= >$^A� \�B)M0(
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)dS/m(

�]:%Mg/Ca �]:%Mg/Ca 

R1R2R3R4R1R2R3R4

S1��/� bcd* ��/� cde g�/� bc U�/� bc ��/� bc U�/� a�U/� bc ��/� bc 

S2��/� bc ��/� bc g/� fg�/� ef U�/� bc UU/� bc ��/� bc �/� def 

S3��/� bg�/� bc ��/� fg�/� def ��/� bc g�/� ef �g/� bc ��/� bc 

1$h%�$- ,[- /&�z� �u�� �,K:D 2�K(- d�V '� 8u��V ��	�
 ". 8=�^K- ��D�M� �� '� �D ��D >?@ 	
 1!%�
 H6-�N �&	 "= 	�
U% -�,7�=.

�& CD�. 8�t
 - �	 �P�	6!$- H�D�$F 	
 '() & �� HH�6<�

 CD�<<. & 2�<<) 	
 �P�	6<<!$- |	�<<u \6$A<<:$- �K<<($= "[<<@6�

"(�	 
�6<- O�<� >?<@ C��P<�� a<B�= "<. 
�= \�% Y�$F  D


 <<- 
6<<) R$<<S- �� ON &  ���<<X �%6<<7)�.(;��<<]�	� 1<<�� 	


|	�u �$Ml� ". �%
6#% �	�PF 1$^^S- ��<DAM & �<� H�& �<=

D�$F "(�	 '() �<� &  <(��P�� ; (D�. /	6Q "= ~AK`- H�

 = - �$Ml� �7�=)U�.(

3#��� ��7�� ��N 

x%��	�& "�P5� s��K% "= "�6� �=)Z&���(�<= �<D	�#$� �$Ml<� ;

>?@ 	
  ��6D \��%� Z6+�% ,[-��
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