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�%/�&2$ �� 3#�&� ,!���# *�%"��1���%�� "&2 1�"��#2 !�%4%���) #�-

$%�!�& ! ,!�� �� /  3#�&�, *&�!� /  �%/�&#� !��#2 !%&#�#�� ,!�� �� /  
$ ��, � $��-% !�&7�%�#2 # !��&7�%�#2 ! 1�"����% 4 4%�$� !�%4%�# 
*�%!4�$#�%,�#)  �&�*�� ! ,!�� �� � 4�.#��. 

�$&#�#$%&'� �  , 0%�� ,$'7 ���-801 2!&2%$,2 $ , �$  ! �%/�&2$ �% 
!!%"%�� �1&� !�%.�%/  "#,$��3# �� /  �*��!&%�#2 ,!�� ���4 $ � 4 # 
 /���#�%�#2 !�%4%�# ,!���#, �$  * 1! &2%$ #,* &'1 !�$' %/  ! 1�4���$�) 
,#,$%4�) �!$ 4�$#�%,� /  �*��!&%�#2. 

��,$� "%�,$!#% - !�-�%�.%% $�%0 !��#% *�# * ,$� %�## $��#) ,#,-
$%4, * ,� &'�� ! $%�%�#% � � $� /  *� 4%-�$�� !�%4%�# (* �2"�� 10-2 ,) 
" &-�� 0�$'  ,�6%,$!&%��  *%��3## #14%�%�#2 �%/�&#��%4 � !%&#�#��, 
,��!�%�#2 %% , 1�"����4 1���%�#%4 # !���0 $�# �*��!&276%/  ! 1"%�,$-
!#2. 
�# 5$ 4 ! ���%,$!% *���4%$� ! �%/�&#� !��#2 !�,$�*�7$ "%�,$-
!�76%% 1���%�#% ,!�� �� /  $ �� # !�%42 %/  *� $%���#2. ��%0�%4 % 0�-
,$� "%�,$!#% # $ �� ,$' *�#  0��0 $�% "����) # + �4#� !��## �*��!&27-
6#) ,#/��& ! " ,$#/�7$,2 *�$<4 #,* &'1 !��#2 , !�%4%�� � ,#,$%4� ,0 �� 
"����) NI 6221 M, #4%76%� 8 "#++%�%�3#�&'��) ���& / !�) !) "� # 2 !�-
) "�, ,  ,�%" � *� /��44#� !��#2 LabView, * 1! &276%� !���0�$�!�$' 
�*��!&276#% �%/�&2$ � 4 ,#/��&� #  "� !�%4%��  +#�,#� !�$' 4/� !%�-
��% 1���%�#2 ,!�� �� /  $ �� # "��/#) *���4%$� ! �%-#4� ,!���#.  

�� !%�' �*��!&276%/  !�%.�%/  ,#/��&� �%/�&2$ �� 0-10 � *�# $ �% 
* $�%0&%�#2 "  15 4	, �$  * 1! &2%$ #14%�2$' ,!�� ���� $ �  $ � 4#-
��&'� /  I� "  0,5 I�. �&2 , /&�, !��#2 ,#/��& ! ,#,$%4� ,0 �� "����) # 
�%/�&2$ �� ��1��0 $�� �,#&#$%&'. � �%1�&'$�$% *� !%"<���) 5�,*%�#4%�-
$�&'��) #,,&%" !��#� 0�&# * &��%�� 1�!#,#4 ,$# ,!�� �� /  $ ��  $ 
�*��!&276%/  ��*�2-%�#2.  

�$�&7�%�#% ,!�� �� /  $ ��  ,�6%,$!&2%$,2 �*��!&276#4 !�%.�#4 
,#/��& 4 5 �, *�# 5$ 4 * "��� �*��!&276#) #4*�&', ! �� ,#& !�% $#�#-
,$ �� *�%���6�%$,2 *  #,$%�%�## *%�# "� ,%$%! /  ��*�2-%�#2, 3#�& 
,!���# 1�!%�.�%$,2. 

��1��0 $����2 ,#,$%4� * 1! &2%$  ,�6%,$!&2$' �!$ 4�$#�%,� % 
�*��!&%�#% ,!�� ���4 $ � 4 *  1�"��� �  *%��$ � 4 *� /��44% # *�#��-
"#$%&'�  1�!%�.�$' 3#�& ,!���# *�# !�) "% �%/�&#��%4 /  *���4%$�� 1� 
�,$�� !&%���% *�%"%&�.   
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� 4�!5�9'&��!3%$ �&34�/'$ $ �&'���3( 0���$%&'(�!& 5&3%! 0��$5�-

&% 4�!$0"!#3%"! 3%�!$%&'(��, 5�%&�$�'!" �� !3�!"& 7'$�$3%!7! 3��(1. 
�'$�� 1"'16%31 !3�!"��5  !54!�&�%!5 -&5&�%�!� 9$,%�,  &��5$�&3 $, 
$0#&'$�, 5$�&��'(��, 3"10�6;$, " 3!3%�"�, 8!�5!"!���, $ 3%&�.�&"�, 
35&3&�, 4�$5&�1&5�, " '$%&��!5 4�!$0"!#3%"&. �'1 4!'��&�$1 %�&/�&5!-
7! �33!�%$5&�%� 4�!#� -$$ $ ��5&��&5!7! ��4��"'&�$1 $34!'(0!"��$1 
7'$� " 4�!5�9'&��!3%$ "!0�$ �&% �&!/,!#$5!3%( 4!#%"&�.#&�$1  ��&3%-
"� $34!'(0�&5!7! 3��(1 4�%&5 4�!"&#&�$1 ,$5$�&3 !7! ���'$0�. ?$5$�&-
3 $� 3!3%�" !4�&#&'1&%31 ���'$0!5 4�!/ 8$0$ !-,$5$�&3 $5$ 5&%!#�5$, 
�3%��!"'&���5$ 7!3�#��3%"&���5$ 3%��#��%�5$, $ "'$1&% �� 3"!�3%"� 4!-
'���&5�, $0#&'$�. �! 3!3%�"�  �%$!�!" $ 3"!�3%"�5 7'$�� ��0#&'16%31 
�� ;&'!���& – 3 4�&!/'�#��$&5  �%$!�� ��%�$1 $ ;&'!��!0&5&'(��& – 3 
4�&!/'�#��$&5  �%$!��  �'(-$1. ���9$5$ 4!%�&/$%&'(3 $5$ 3"!�3%"�5$ 
!/'�#�6% ;&'!���& (��%�$&"�&) 7'$��, ,��� %&�$0�6;$&31 "�3! !� �#-
3!�/-$!��!�, 3"10�6;&�,  '&1;&�, <5�'(7$��6;&� 34!3!/�!3%15$ $ ,!-
�!9&�  �%�'$%$�&3 !� � %$"�!3%(6.  

�!7'�3�! 5&%�!'!7$�&3 $ �%%&3%!"����5 �& !5&�#�-$15, !4�&#&'&-
�$& $!�!" K+ $ Na+ " 7'$��, !3�;&3%"'1&%31 8!%!5&%�$�&3 $5 5&%!#!5, 
4�$�&5 4�!"!#1% !4�&#&'&�$& 3�55� ���'$0$��&5�,  �%$!�!". �'1 !4�&-
#&'&�$1  !�-&�%��-$$ Ca2+ $ Mg2+ $34!'(0�&%31 !/:&5���  !54'& 3!�!-
5&%�$�&3 $� 5&%!#, !3�!"����� �� �&� -$$ "0�$5!#&�3%"$1  �%$!�!" Ca2+ 
$ Mg2+ 3 ���� ( !54'& 3!�!5 III). �����& 5&%!#� 1"'16%31 %��#!&5 $5$ 
$ %�&/�6% 34&-$�'(�!� 4�!/!4!#7!%!" $. 

� #���!� ��/!%& #'1 !4�&#&'&�$1  �%$!�!"  �'$1, ��%�$1,  �'(-$1 $ 
5�7�$1 " 7'$�$3%!5 3��(& $34!'(0!"�� 5&%!#  �4$''1��!7! <'& %�!8!�&0� 
(���2). �3%��!"'&�!, �%! #����� 5&%!# 4!0"!'1&% !4�&#&'1%(  !�-&�-
%��-$$ $!�!" !% 0,5 57/#53 3 4!7�&9�!3%(6 �& /!'&& 15 % 4�$ #!"&�$%&'(-
�!� "&�!1%�!3%$ �=0,95. ��&#$ #!3%!$�3%" ���2 3'&#�&% !%5&%$%( "!0-
5!.�!3%( !#�!"�&5&��!7! !4�&#&'&�$1 "3&, 4�$3�%3%"�6;$, " ���'$0$-
��&5!5 !/��0-& $!�!" 3 4!3'&#�6;&� $,  !'$�&3%"&��!� $#&�%$8$ �-$&� 
3 5$�$5�'(��5$ 0�%��%�5$ "�&5&�$ $ �&� %$"!". �&%!#  1"'1&%31 "&3(5� 
4&�34& %$"��5 #'1 ���'$0� ,$5$�&3 !7! 3!3%�"� 7'$�$3%!7! 3��(1.  




