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

'"� 4"� (�#�("#$(�!�!�� + �(",24��!!"#$� � $�%!�.�: *�5 �1&"$"+��!�5 �!-
#$(),�!$�, �1!"#"#$"/.�% �1*���/, �(,�("+�!�5 '2#$(" �1!�4�+��,2% �"-
+�(%!"#$�/ *�$���/ ,�4�! � *()&�% ����/. �*!�." *" #�% �"( "'(�'"$.� �1*�-
��/ �1 $+�(*2% #���+"+ #+51�!� #" 1!�-�$�� !2,� $()*!"#$5,�, "#"'�!!" �(� 
4��0"+�!�� &�)'".�% "$+�(#$�/. �'(�'"$.� +�*�$#5 + )#�"+�5% �"!�3�!!"/ 
3�#$."#$� $�%!"�"&�-�#.�/ #�#$�,2, �"+2#�$  �� *" "'"#!"+�!!2% 1!�-�!�/ 
�(� �#�"� 1"+�!�� #$�!*�($!"&" "'"()*"+�!�5 !� �(�*#$�+�5�$#5 +"1,"3!2,. 

��)'".�� #.+"1!2� "$+�(#$�5 !��'"��� -�#$" �(�%"*�$#5 "'(�'�$2+�$  + 
$+�(*"#���+!2% *�$��5% �(�##-0"(,, 4$�,�"+, ."!*).$"(!2% +$)�"., +"�"-
-�� !", � %"�"*!"+2#�*"-!", �!#$(),�!$�. �$+�(#$�5 *"�3!2 "$+�-�$  +2-
#".�, $(�'"+�!�5, $"-!"#$� � .�-�#$+� �"+�(%!"#$�. ��. .�. $+�(*2� #���+2 
"'��*�9$ +2#"."/ �("-!"#$ 9, $" "#!"+!2,� #�"#"'�,� �% "'(�'"$.� 5+�59$-
#5 :��.$("%�,�."-,�%�!�-�#.�� � �'(�1�+!2�. ���.$("%�,�."-,�%�!�-�#.�� 
#�"#"'2 !� "'�#��-�+�9$ �"�)-�!�5 $(�')�,2% $"-!"#$� � 4�("%"+�$"#$� "'-
(�'�$2+��,"/ �"+�(%!"#$� � �(�,�!59$#5 + .�-�#$+� �(�*+�(�$�� !"/ "'(�-
'"$.� *�5 #;�,� "#!"+!"&" �(��)#.�, �'(�1�+!2� #�"#"'2 !�*"#$�$"-!" �("�1-
+"*�$�� !2 � �#�"� 1)9$#5 �(��,)8�#$+�!!" *�5 -�#$"+"/ "'(�'"$.�. 

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

� #+51� # :$�, #"+�(4�!#$+"+�!�� � #"1*�!�� !"+2% +2#"."�("�1+"*�-
$�� !2% #�"#"'"+, "'�#��-�+�98�% !�"'%"*�,)9 $"-!"#$  (�1,�("+ � .�-�#$-
+" �"+�(%!"#$� &�)'".�% "$+�(#$�/ + $+�(*2% #���+�%, �,�9$ +�3!"� �(�.$�-
-�#."� � :."!",�-�#."� 1!�-�!��. 

)��� ��(
�� – #"+�(4�!#$+"+�!�� $�%!"�"&�� � (�1(�'"$.� "'"()*"+�!�5 
*�5 :��.$("��,�1!"&" 4��0"+�!�5 &�)'".�% "$+�(#$�/ ,��"&" *��,�$(�, + �1-
*���5%, +2�"�!�!!2% �1 $+�(*"&" #���+�. 

��5 *"#$�3�!�5 �"#$�+��!!"/ ���� + (�'"$� (�4���#  #��*)98�� �����
 

''���
���
�. 

1. �2�"�!�$  �!���1 #)8�#$+)98�% $�%!"�"&�-�#.�% ,�$"*"+ "'(�'"$.� 
&�)'".�% "$+�(#$�/ ,��"&" *��,�$(� + �1*���5% �1 $+�(*"&" #���+�. 

2. ��"(�$�-�#.� "'"#!"+�$  � :.#��(�,�!$�� !" �"*$+�(*�$  +"1,"3!"#$  
�(�,�!�!�5 :��.$("��,�1!"&" 4��0"+�!�5 *�5 "'(�'"$.� &�)'".�% "$+�(#$�/ 
,��"&" *��,�$(� + �1*���5% �1 $+�(*"&" #���+�. 

3. �25+�$  +��5!�� "&(�!�-�+�98�% 0�.$"("+ !� �("��## �!"*!"&" (�#-
$+"(�!�5 $+�(*"&" #���+� ��8 �(� :��.$("��,�1!", 4��0"+�!�� �(�,�!�-
$�� !" . )#�"+�5, "'(�'"$.� &�)'".�% "$+�(#$�/ ,��"&" *��,�$(�. 

4. 	�1(�'"$�$  #$().$)(!)9 #%�,) � ."!#$().��9 $�%!"�"&�-�#."/ )#$�-
!"+.� *�5 "'(�'"$.� "$+�(#$�5 + *�$��� $��� «,�$(���». 
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5. �#$�!"+�$  0)!.��"!�� !2� 1�+�#�,"#$� ��(�,�$("+ $"-!"#$� � 4�("-
%"+�$"#$� �"+�(%!"#$� "$+�(#$�5 "$ $�%!"�"&�-�#.�% (�3�,"+ :��.$("��,�1-
!"&" 4��0"+�!�5.  

6. ��("'�("+�$  (�1)� $�$2 �##��*"+�!�5. 
������� �
�
���. 
1. ��"(�$�-�#.� "'"#!"+�!� � :.#��(�,�!$�� !" �"*$+�(3*�!� #%�,� &�)-

'�!!"&" :��.$("��,�1!"&" 4��0"+�!�5 # *+)%"�"(!2, 1�.(����!��, �!#$()-
,�!$� "'�#��-�+�98�5 �("�1+"*�$�� !"#$  "'(�'"$.� "$+�(#$�/, # "$!"4�!�-
�, *��!2 . *��,�$() (L/d) = 2…7, *" 300 ,,3/,�!, + �1*���5%, +2�"�!�!!2% �1 
$+�(*"&" #���+� ��8, �(� "'�#��-�!�� $"-!"#$� �" 7-,) .+���$�$) � 4�("%"-
+�$"#$� �"+�(%!"#$� "$+�(#$�5 !� +24� Ra = 1,25 ,.,, #" #!5$��, �(��)#.� *" 
3 ,, 1� "*�! �("%"*. 

2. �#$�!"+��!2 ,�!�,�� !2� 1!�-�!�5 #."("#$� (�1�!�5 V� = 6 ,/# � *�+-
��!�5 .()&� !� *�$��  � = 0,8 ���, �"1+"�598�� + )#�"+�5% !��(�(2+!"&" "'-
!"+��!�5 �"+�(%!"#$� #!5$  *�00)1�"!!2� � ��##�+���"!!2� "&(�!�-�!�5 
�(� &�)'�!!", :��.$("��,�1!", 4��0"+�!�� &�)'".�% "$+�(#$�/ ,��"&" *��-
,�$(� + �1*���5% �1 $+�(*"&" #���+� ��8. 

3. 	�1(�'"$�!� #$().$)(!�5 #%�,� &�)'�!!"&" :��.$("��,�1!"&" 4��0"+�-
!�5 &�)'".�% "$+�(#$�/ ,��"&" *��,�$(� # *+)%"�"(!2, 1�.(����!��, �!#$-
(),�!$� � #"1*�!� $�%!"�"&�-�#.�5 )#$�!"+.� *�5 �� (����1����, +.�9-�98�5: 

- �(�+"* +(�1�!�5, "'�#��-�+�98�/ (�*��� !"� ��(�,�8�!�� 4��!*��5 
�1*���5 "$!"#�$�� !" "#� �!#$(),�!$�; 

- �(�+"* .()&"+"/ �"*�-� 4��!*��5 �1*���5; 
- �(�+"* +(�8�!�5 �!#$(),�!$�; 
- *+)%"�"(!)9 #�#$�,) .(����!�5 �!#$(),�!$� (�1!�#�!!)9 "$!"#�$�� -

!" 4��!*�� !"&" )1��; 
- #�#$�,) �"*�-� :��.$("��$� + 1"!) "'(�'"$.� -�(�1 "�"() �!#$(),�!$�. 
*��	�
��'	�� ����
'��. 
1. 	�1(�'"$�!� � �1&"$"+��!� :.#��(�,�!$�� !�5 )#$�!"+.� *�5 "'(�'"$.� 

&�)'".�% "$+�(#$�/ + *�$��5% �1 $+�(*"&" #���+� �" #%�,�, �(�*�"3�!!"/ + (�-
'"$�. 

2. ��(�*���!2 $�%!"�"&�-�#.�� (�3�,2, "'�#��-�+�98�� +2#".)9 �("-
�1+"*�$�� !"#$  :��.$("��,�1!"&" 4��0"+�!�5 �(� "'(�'"$.� &�)'".�% "$+�(-
#$�/ ,��"&" *��,�$(� + �1*���5%, +2�"�!�!!2% �1 $+�(*"&" #���+�. 

3. �#$�!"+��!2 +1��,"#+51  ��(�,�$("+ 4�("%"+�$"#$� � $"-!"#$� "$+�(-
#$�5 "$ $�%!"�"&�-�#.�% (�3�,"+ :��.$("��,�1!"&" 4��0"+�!�5 &�)'".�% "$-
+�(#$�/ ,��"&" *��,�$(� + �1*���5% �1 $+�(*"&" #���+�. 

4. �� "#!"+� �("+�*�!!2% �##��*"+�!�/ (�1(�'"$�!� ."!#$().$"(#.�5 *"-
.),�!$���5 "�2$!"-�(",24��!!"/ )#$�!"+.�, (�.",�!*"+�!!"/ *�5 +!�*(�-
!�5 + �("�1+"*#$+". 

 ���
���
� ��(
��. 	�1)� $�$2 +2�"�!�!!"/ (�'"$2 ��("'�("+�!2 � (�-
.",�!*"+�!2 . +!�*(�!�9 !� ��� «�"+"#�'�(#.�/ 1�+"* %�,�-�#.�% ."!��!-
$(�$"+» + +�*� $�%!"�"&�-�#."&" �("��##� :��.$("��,�1!"&" 4��0"+�!�5 "$-



 
 

5 
 

+�(#$�5 + $+�(*"#���+!"/ ,�$(���. 	�#-�$!2/ :."!",�-�#.�/ :00�.$ #"#$�+-
�5�$ 2820859,45 ()'��/. 

+
���� �	��� ���
��. � (�'"$�% [2, 6] �+$"(", �("+�*�!2 :.#��(�,�!-
$�� !2� �##��*"+�!�5 �!"*!"&" �"+�*�!�5 ,�$�(���"+ �"$�!��"*�!�,�-�#.�, 
,�$"*",, "'(�'"$�!2 � �("�!���1�("+�!2 �"�)-�!!2� (�1)� $�$2. �+$"( �(�-
!�,�� !��"#(�*#$+�!!"� )-�#$�� + �"#$�!"+.� � �("+�*�!�� :.#��(�,�!$"+ *�5 
"��!.� ,�%�!�1,"+ �!"*!"&" (�#$+"(�!�5 $+�(*"&" #���+� ��8 + )#�"+�5% 
*+�3)8�&"#5 :��.$("��$� [7]. �#� (�1)� $�$2, �1�"3�!!2� + (�'"$�% [5, 6], �"-
�)-�!2 ��-!" �+$"(",. � (�'"$�% [1, 4] �+$"(", �"�)-�!2 *�!!2� �" $+�(*",) 
#���+) ��8, + (�'"$� [3] �+$"(", �(�*�"3�!� ."!#$().��5 �!#$(),�!$�. 

���
(��
� ��(
��. �#!"+!2� �"�"3�!�5 (�'"$2 *".��*2+���#  � "'#)-
3*���#  !� �#�("##�/#."/ !�)-!"-$�%!�-�#."/ ."!0�(�!��� ,"�"*2% )-�!2% 
«��).�. ��%!"�"&��. �!!"+����» + &. �"+"#�'�(#.� (2005 &.), !� ��(+"/ +#�-
("##�/#."/ !�)-!"-$�%!�-�#."/ ."!0�(�!��� «
"+(�,�!!2� �)$� (�1+�$�5 
,�4�!"#$("�!�5 � �+$"$(�!#�"($� �)1'�##�» + &. ��,�("+" (2007 &.), VII �#�-
("##�/#."/ !�)-!"-$�%!�-�#."/ ."!0�(�!��� «��%�!�.� XXI +�.)» +. &. �(�$-
#.� (2008 &.), !�)-!2% #�,�!�(�% .�0�*(2 «��%!"�"&�5 ,�4�!"#$("�!�5» �"-
+"#�'�(#."&" &"#)*�(#$+�!!"&" $�%!�-�#."&" )!�+�(#�$�$�. 

, ��
�� 
''���
���
�. ��"(�$�-�#.�� � :.#��(�,�!$�� !2� �##��*"+�-
!�5 '�1�()9$#5 !� "#!"+!2% �"�"3�!�5% $�%!"�"&�� ,�4�!"#$("�!�5, $�"(�� 
(�1,�(!"/ :��.$("%�,�-�#."/ "'(�'"$.�, ,�$�,�$�-�#."/ #$�$�#$�.�. 

�(�*#$�+��!!2� + (�'"$� (�1)� $�$2 �"�)-�!2 !� "#!"+� :.#��(�,�!$�� -
!2% �##��*"+�!�/ # �#�"� 1"+�!��, �(�'"("+ � )#$�!"+". *�5 "�(�*���!�5 
%�(�.$�(� :��.$("%�,�-�#."&" (�#$+"(�!�5 $+�(*"&" #���+� .�. + #$���"!�(-
!2% )#�"+�5%, $�. � + )#�"+�5% *+�3)8�&"#5 :��.$("��$� � �(� !��(�(2+!", 
"'!"+��!�� "'(�'�$2+��,"/ �"+�(%!"#$� ��,�1!2, .()&",. �.#��(�,�!$�� -
!2� �##��*"+�!�5 �("+"*���#  # �#�"� 1"+�!��, ,�$"*"+ ,�$�,�$�-�#."/ #$�-
$�#$�.�. 

*
�
-��
�, ���
'
.�� �� ���
��. 
1. 	�1)� $�$2 �##��*"+�!�/ �("��##� :��.$("��,�1!"&" 4��0"+�!�5 $+�(-

*"&" #���+� ��8. 
2. 
%�,� "'(�'"$.� &�)'".�% "$+�(#$�/ ,��"&" *��,�$(� + *�$��5% �1 

$+�(*"&" #���+� ��8. 
3. ��%!"�"&�-�#.�� (�3�,2 "'(�'"$.� &�)'".�% "$+�(#$�/ ,��"&" *��-

,�$(�, + *�$��5%, +2�"�!�!!2% �1 $+�(*"&" #���+� ��8. 
4. ��%!�-�#.�� (�4�!�5 *�5 "#)8�#$+��!�5 #%�,2 "'(�'"$.� &�)'".�% "$-

+�(#$�/ ,��"&" *��,�$(�, + �1*���5% +2�"�!�!!2% �1 $+�(*"&" #���+� ��8. 
*�(�
	��

. �" ,�$�(����, *�##�($���� "�)'��."+�!" 7 ��-�$!2% (�'"$, 

�1 !�% 2 #$�$ � + 3)(!���%, +%"*58�% + ��(�-�!  �1*�!�/, (�.",�!*"+�!!2% 
��� 	�, 3 – + #'"(!�.�% !�)-!2% $()*"+, 2 – + #'"(!�.�% $()*"+ ,�3*)!�("*-
!2% � �#�("##�/#.�% !�)-!"-$�%!�-�#.�% ."!0�(�!��/. 

%���	���� 
 
(/�. ��(
��. ��##�($���"!!�5 (�'"$� #"#$"�$ �1 ++�*�!�5, 
�5$� (�1*��"+, 1�.�9-�!�5 � �(��"3�!�5. 	�'"$� #"*�(3�$ 138 #$(�!�� "#!"+-
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!"&" $�.#$�, + $", -�#�� 12 $�'���, 74 (�#)!.�, #��#". �#�"� 1"+�!!2% �#$"--
!�."+ �1 102 !��,�!"+�!�/. 

 
 

�%�����# %�0# 1��$#  ���"&  
�
 ������

 "'"#!"+�!� �.$)�� !"#$  +2�"�!�!!"/ (�'"$2, *�!� .(�$.�5 

%�(�.$�(�#$�.� #"#$"5!�5 �("'��,2, �".�1�!2 !�)-!�5 !"+�1!� � �(�.$�-�#.�5 
��!!"#$  (�'"$2. 

� ����
� ����� �(�*#$�+��!" #"#$"5!�� +"�("#�, +2'(�! "';�.$ �##��*"-
+�!�5, "�(�*���!2 ���� � "#)8�#$+��!� �"#$�!"+.� 1�*�- �##��*"+�!�5. 

�';�.$", �##��*"+�!�5 5+�5�$#5 $�%!"�"&�5 "'(�'"$.� &�)'".�% #.+"1-
!2% "$+�(#$�/ + �1*���5% �1 $+�(*"&" #���+� ��8 # "$!"4�!��, *��!2 . *��-
,�$() (L/d) = 2…7. � (�'"$� (�##,�$(�+��$#5 1�*�-� "'(�'"$.� "$+�(#$�5 # "$-
!"4�!��, L/d = 45,2/7,8 = 5,8 + $+�(*"#���+!"/ ,�$(���. 

�2�"�!�! �!���1 #"+(�,�!!"&" #"#$"5!�5 +"�("#� "'(�'"$.� $+�(*2% 
#���+"+ �'(�1�+!2, � ��,�1!2, 4��0"+�!��, (�!)."+� 7.�., �(�'-�!." 
�.�., 
�+-�!." 7.�., ��+(�!�!." �.�.), :��.$("0�1�-�#.�,� � :��.$("%�,�-
-�#.�,� ,�$"*�,� (
�*2.�! �.�., �9'�,"+ �.�., ��+2*"+ �.�., ��8��+ �.�., 
�"("1 �.�., ��.)#�( �.�., 	),5!��+ �.�., ����! 
.�., 
�)4.�! �.�., ��/*,�! 
�. �.), � $�.3� .",'�!�("+�!!2,� (
�,." �.�., �(�/-,�! �.�., ����,"!�!." 
�.�., �!94.�! �.
.). 

�'1"( ��$�(�$)(!2% �#$"-!�."+ �".�1��, -$" #)8�#$+)9$ $�%!"�"&�-�-
#.�� #�"3!"#$� �(� "'(�'"$.� &�)'".�% "$+�(#$�/ + $+�(*", #���+�. �(�*+�-
(�$�� !2� #�"#"'2 �"�)-�!�5 $+�(*"#���+!2% 1�&"$"+". # "$+�(#$�5,� "#$�+-
�59$ '"� 4"/ �(��)#. !� �"#��*)98)9 "'(�'"$.) (*" 2 ,,), -$" #+51�!" # 
!�1."/ $"-!"#$ 9 *�!!2% #�"#"'"+, !���-��, $�%!"�"&�-�#.�% ).�"!"+, � 
$�.3� *�0�.$!"&" �"+�(%!"#$!"&" #�"5. 

�$,�-�!", -$" +!)$(�!!�� 4��0"+�!�� &�)'".�% "$+�(#$�/ ,��"&" *��-
,�$(� �,��$ #+"� $�%!"�"&�-�#.�� "#"'�!!"#$�, ."$"(2� "&(�!�-�+�9$ �#-
�"� 1"+�!�� $(�*���"!!2% #�"#"'"+ �"+24�!�5 �("�1+"*�$�� !"#$� "'(�'"$-
.�. �("+�*�!!2/ �!���1 #%�,2 +!)$(�!!�&" 4��0"+�!�5 &�)'".�% "$+�(#$�/ 
�".�1��, -$" "#!"+!2, 0�.$"(",, �(�+"*58�, . #!�3�!�9 �("�1+"*�$�� !"-
#$� � $"-!"#$�, 5+�5�$#5 !�1.�5 3�#$."#$  $�%!"�"&�-�#."/ #�#$�,2 
���, 
."$"(�5 + "#!"+!", "')#�"+��!� !�3�#$."/ "�(�+."/ �!#$(),�!$�. 

��
�
� ������ �"#+58�! "��#�!�9 ,�$"*�. � "'"()*"+�!�5 :.#��(�,�!-
$�� !2% �##��*"+�!�/, !��(�+��!!2% !� �1)-�!�� "#"'�!!"#$�/ �!"*!"&" �"-
+�*�!�5 $+�(*"&" #���+� .�. + #$���"!�(!2% )#�"+�5% :��.$("%�,�-�#."&" 
(�#$+"(�!�5, $�. � �(� +(�8�98�,#5 *�#."+", :��.$("*�. � .�-�#$+� ,�$�(��-
�� �##��*"+�!�5 +2'(�! $+�(*2/ #���+ ��8 ��
� 3882-74 (�
� 513-75) .�. 
�,�98�/ !��'"��� 4�("."� �(�,�!�!�� �" #(�+!�!�9 # *()&�,� �(�*#$�+�-
$��5,� $+�(*2% #���+"+ ��.  

�� "#!"+� �!���1� �#�"� 1)�,2% + �(�.$�.� :��.$("��,�1!"&" 4��0"+�-
!�5 :��.$("��$"+ '2� #*���! +2'"( 10%-!2% +"*!2% #"#$�+"+ !� "#!"+� !�/-
$(�� !2% !�"(&�!�-�#.�% #"��/ – NaNO3, Na2SO4, NaCl.  
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�2'(�!2 ,�$"*�.� �" "�(�*���!�9 "#"'�!!"#$�/ �!"*!"&" (�#$+"(�!�5 
,�$���"+, "#!"+�!!2� !� �"$�!��"*�!�,�-�#.", ,�$"*� �##��*"+�!�/ � ,�$"-
*� +(�8�98�&"#5 *�#."+"&" :��.$("*�. ���!.) $�%!"�"&�-�#.�% ��(�,�$("+ 
"'(�'"$.� $+�(*"&" #���+� ��8 �(�*�"3�!" �("+"*�$  + )#�"+�5% !��(�(2+!"-
&" "'!"+��!�5 "'(�'�$2+��,"/ �"+�(%!"#$�. 

�(� �("+�*�!�� :.#��(�,�!$�� !2% �##��*"+�!�/ �#�"� 1"+���#  ,�$"* 
"($"&"!�� !"&" .",�"1���"!!"&" ���!�("+�!�5 :.#��(�,�!$� � ,�$"* #$�$�-
#$�-�#."/ "'(�'"$.� (�1)� $�$"+ !�'�9*�!�/ *�5 )("+!5 1!�-�,"#$� 0,95. ��-
(�*���!2 )("+!� +�( �("+�!�5 0�.$"("+ *�5 �("+�*�!�5 �(�*+�(�$�� !"&" � 
$�%!"�"&�-�#."&" :.#��(�,�!$"+. 

� ������. ������� �(�+"*5$#5 (�1)� $�$2 :.#��(�,�!$�� !"&" �##��*"-
+�!�5 �!"*!"&" (�#$+"(�!�5 � :��.$("��,�1!"/ "'(�'"$.� $+�(*"&" #���+� ��8. 
�("��## :��.$("��,�1!"/ "'(�'"$.� %�(�.$�(�1)�$#5 .",���.#", (�1��-!2% 
�" #+"�/ �(�("*� :��.$("0�1�."-%�,�-�#.�% � ,�%�!�-�#.�% 5+��!�/. 
;�, 
,�$�(���� "#)8�#$+�5�$#5 + (�1)� $�$� #"+,�#$!"&" +"1*�/#$+�5 :��.$("%�,�-
-�#."&" (�#$+"(�!�5 � ,�%�!�-�#."&" (�1�!�5 ��,�1!2,� 1�(!�,�. ��5 �!���1� 
0�.$"("+, +��598�% !� $"-!"#$ , .�-�#$+" "'(�'"$�!!"/ �"+�(%!"#$� � �("�1-
+"*�$�� !"#$  :��.$("��,�1!"/ "'(�'"$.�, �("+�*�!" �##��*"+�!�� :��.$("-
%�,�-�#."&" (�#$+"(�!�5 $+�(*"&" #���+� ��8 + !��"*+�3!", :��.$("��$�, + 
*+�3)8�,#5 :��.$("��$� � �(� !��(�(2+!", "'!"+��!�� �"+�(%!"#$� �(� 
4��0"+�!�� 1�(!�,� ��,�1!"&" .()&�. 	�#$+"(�!�� $+�(*"&" #���+� + (�#$+"-
(�% NaNO3, Na2SO4, NaCl �,��$ #%"3�/ %�(�.$�( � #"�("+"3*��$#5 ��##�+���-
"!!2,� 5+��!�5,�. � $"(,"3�!�9 �("��##� (�#$+"(�!�5 �(�+"*�$, .�. �".�-
1��� :.#��(�,�!$2, ��##�+���5 "*!"&" �1 #"#$�+�598�% $+�(*"&" #���+�, � 
�,�!!" +"� 0(�,�.  

��5 "��!.� +��5!�5 *�00)1�"!!2% "&(�!�-�!�/ �!"*!"� �"+�*�!�� $+�(-
*"&" #���+� ��8 �##��*"+�!" ,�$"*", +(�8�98�&"#5 *�#."+"&" :��.$("*�. �#-
$�!"+��!", -$" # )+���-�!��, #."("#$� +(�8�!�5 :��.$("*� *" 2750 "'/,�! 
��"$!"#$  $".� +"1(�#$��$ *" 50 % �" #(�+!�!�9 # (�#$+"(�!��, + !��"*+�3-
!", :��.$("��$�, -$" #+�*�$�� #$+)�$ " !���-�� *�00)1�"!!2% "&(�!�-�!�/. 
�*!�." )+���-�!�� #."("#$� +(�8�!�5 �!"*� !� �(�+"*�$ . �#.�9-�!�9 1"! 
��##�+���� �(� �!"*!", (�#$+"(�!�� #���+� ��8, :$" #+51�!" # !���-��, ".-
#�*!"/ ���!.� !� �"+�(%!"#$� (�#$+"(�!�5. ��5 �#.�9-�!�5 1"! ��##�+���� 
!�"'%"*�," �("�1+"*�$  !��(�(2+!"� )*���!�� ��##�+�()98�/ ".�#!"/ 
���!.� # �"+�(%!"#$� �!"*� (*���##�+���9), -$" +"1,"3!" + )#�"+�5% :��.$("-
��,�1!"&" 4��0"+�!�5. 

��. �".�1�!" !� (�#. 1, �(� !��(�(2+!", "'!"+��!�� �"+�(%!"#$� +" +#�, 
*����1"!� �"$�!����"+ "$#)$#$+)9$ )-�#$.� ��##�+����. ��.3� #��*)�$ "$,�-
$�$ , -$" )+���-�!�� *�+��!�5 P *" 3,2 ��� + 1!�-�$�� !"/ ,�(� +��5�$ !� 
("#$ ��"$!"#$� $".�, � #��*"+�$�� !", � #."("#$  �!"*!"&" (�#$+"(�!�5. 

�.#��(�,�!$�� !" )#$�!"+��!", -$" �(�,�!�!�� !��(�(2+!"&" "'!"+��-
!�5 �(� �!"*!", (�#$+"(�!�� $+�(*"&" #���+� ��8 �(�+"*�$ . �"+24�!�9 
��"$!"#$� $".� + 5 – 5,5 (�1 �" #(�+!�!�9 # (�#$+"(�!��, #���+� + #$���"!�(-
!2% )#�"+�5% � + 3 – 3,5 (�1� �" #(�+!�!�9 # (�#$+"(�!��, + )#�"+�5% +(�-
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8�98�&"#5 *�#."+"&" :��.$("*� �(� ,�!�,�� !", 1!�-�!�� "'!"+�598�% ��-
(�,�$("+ � = 0,8 ��� � V� = 6 ,/#.  

�#$�!"+��!� 1�+�#�,"#$  �("�1+"*�$�� !"#$� �("��##� �!"*!"&" (�#$+"-
(�!�5 "$ (�3�,"+ "'(�'"$.� – #."("#$� (�1�!�5 � *�+��!�5 ��,�1!"&" .()&� !� 
*�$��  – + +�*� (�&(�##�"!!"&" )(�+!�!�5. 

��5 :.#��(�,�!$�� !"&" "�(�*���!�5 +��5!�5 #."("#$� (�1�!�5 � *�+��-
!�5 ��,�1!"&" .()&� !� *�$��  !� �("�1+"*�$�� !"#$  �("��##� :��.$("��,�1-
!"&" 4��0"+�!�5 �("+�*�! :.#��(�,�!$ # �#�"� 1"+�!��, ,�$"*"+ ,�$�,�$�-
-�#."&" ���!�("+�!�5. � .�-�#$+� ��(�,�$(� "�$�,�1���� �(�!5$� "';�,!�5 
�("�1+"*�$�� !"#$  �("��##� Q, ,,

3/,�!. �(� :$�% 3� (�3�,�% "'(�'"$.� 
0�.#�("+���#  1!�-�!�5 )*�� !"&" �1!"#� ��,�1!"&" .()&�. 

 
 

 

	����1���5 ,�$(��2 ���!�("+�!�5 �"�!"0�.$"(!"&" :.#��(�,�!$� 23, 
+.�9-�98�&" + #�'5 9 "�2$"+, �"1+"���� "�(�*���$  1!�-�!�� ��(�,�$("+ "�-
$�,�1���� � )#$�!"+�$  1�+�#�,"#$  "';�,!"/ �("�1+"*�$�� !"#$� � )*�� !"-
&" �1!"#� + +�*� (�&(�##�"!!2% )(�+!�!�/. �"#�� "��!.� )("+!5 1!�-�,"#$� 
.":00����!$"+ )(�+!�!�5 �(�!5�� +�* 

 

Q = –70,7+4,05X1 + 94,57X2 – 18,98X2
2,                        (1) 

q = 3,6 – 0,49
1 – 1,3
2+0,27
2
2.                              (2) 

 
 

�� (�#. 2 � 3 �(�*#$�+��!2 �"+�(%!"#$� "$.��."+, "��#2+��,2% )(�+!�-
!�5,� (1) � (2) #""$+�$#$+�!!".  

 

 
�
�. 1. �"� $�,��(!�5 1�+�#�,"#$  �("��##� :��.$("��,�1!"&" 4��0"+�!�5 
$+�(*"&" #���+� ��8 + 10%-!", (�#$+"(� NaNO3 + H2O: 
1 – � = 0,8 ���, V� = 6 ,/#; 2 – � = 2 ���, V� = 24 ,/#; 
3 – � = 3,2 ���, V� = 15 ,/# 
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�
�. 2. ��+�#�,"#$  "';�,!"/ �("�1-
+"*�$�� !"#$� (Q) :��.$("��,�1!"&" 
4��0"+�!�5 $+�(*"&" #���+� ��8 "$ 
*�+��!�5 .()&� !� *�$��  (P) � #."("-
#$� (�1�!�5 (V�) + 10%-!", +"*!", 
(�#$+"(� NaNO3, U = 8 �, "��#2+��-
,"� )(�+!�!��, (1) 

�
�.3. ��+�#�,"#$  "$!"#�$�� !"&" 
�1!"#� ��,�1!"&" .()&� (q), + )#�"+�5% 
:��.$("��,�1!"&" 4��0"+�!�5 $+�(*"-
&" #���+� ��8, "$ *�+��!�5 .()&� !� 
*�$��  (P) � #."("#$� (�1�!�5 (V�) + 
10%-!", +"*!", (�#$+"(� NaNO3, U = 
8 �, "��#2+��,"� )(�+!�!��, (2) 

 

��.#�,�� !�5 �("�1+"*�$�� !"#$  "$,�-�!� �(� � = 3,2 ��� � V� = 15 
,/# � �#�"� 1"+�!�� + .�-�#$+� :��.$("��$� NaNO3. �25+��!", -$" �(� *�+��-
!�� #+24� � = 3,2 ��� !�'�9*��$#5 :("1�"!!2/ �("��##, �(�+"*58�/ . "�-
��+��!�9 .�. �"+�(%!"#$� "'(�'�$2+��,"/ *�$���, $�. � #+51.� .()&�. 

��(�*���!� "'��#$  (���"!�� !2% (�3�,"+ 4��0"+�!�5: #."("#$  (�1�-
!�5 V� = 10…20 ,/# � P = 2…2,5 ���. ��!!�5 "'��#$  (�3�,"+ %�(�.$�(�1)�$-
#5 #(�+!�$�� !" +2#"."/ �("�1+"*�$�� !"#$ 9 � ,��2, �1!"#", �!#$(),�!$�, 
!� �(�+24�98�, 1,5 ,&/&. 

� �������
. ������� (�'"$2 (�##,"$(�!2 $�%!"�"&�-�#.�� +"�("#2 ���  
&�)'".�% "$+�(#$�/ ,��"&" *��,�$(� + �1*���5% �1 $+�(*"&" #���+�.  

�(� "'(�'"$.� +!)$(�!!�% �"+�(%!"#$�/ +(�8�!�5 �!#$(),�!$ )#$�!�+��-
+��$#5 +!)$(� "$+�(#$�5. �&" +2��$ *"�3�! '2$  '"� 4� *��!2 "'(�'�$2+��-
,"&" "$+�(#$�5, � -�, ,�! 4� *��,�$( "$+�(#$�5, $�, ,�!�� 3�#$.�, ')*�$ �!-
#$(),�!$. �("+�*�!!2/ �!���1 0�.$"("+, +��598�% !� $"-!"#$  4��0"+�!�5 
"$+�(#$�/ ,�$"*", �("*"� !"/ �"*�-�, �".�1��, -$" $(�*���"!!�5 #%�,� +!)$-
(�!!�&" 4��0"+�!�5 �("*"� !"/ �"*�-�/ !� "'�#��-�+��$ 1�*�!!"/ $"-!"#$� 
"'(�'"$.�. �#$�!"+��!", -$" !��'"� 4�/ +.��* + �"&(�4!"#$  "'(�'"$.� +!"-
#�$ )�()&"� "$3�$�� �!#$(),�!$�, +21+�!!"� �&" !�3�#$."/ "�(�+."/. 

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

V�, ,/# P, ��� 

Q, 
,,3/,�! 

160 

0 

80 

24 

16 

6 
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V�, ,/# 

q, 
,&/& 

P,��� 

1,0 

1,8 

2,6 
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(�$)( + 1"!� ."!$�.$�. � #�)-�� �(�,�!�!�5 :��.$("��,�1!"&" 4��0"+�!�5 
'"� 4�5 *)&� ."!$�.$� �"1+"�5�$ �"+2#�$  �("�1+"*�$�� !"#$  "'(�'"$.� 1� 
#-�$ )+���-�!�5 :��.$("%�,�-�#."&" #;�,�. <���#""'(�1!" +�#$� "'(�'"$.) # 
'"� 4�,� &�)'�!�,� (�1�!�5 (*" 3 ,,), – $�. !�12+��,2, &�)'�!!2, 4��0"-
+�!��, (+ *�!!"/ (�'"$� – *" 1,1 ,,).  

��)'�!!"� 4��0"+�!�� 5+-
�5�$#5 +2#"."�("�1+"*�$�� -
!2, ,�$"*", �'(�1�+!"/ "'(�-
'"$.�. �2#".�5 �("�1+"*�$�� -
!"#$  *�!!"&" ,�$"*� "'(�'"$.� 
"'�#��-�+��$#5 1!�-�$�� !2, 
#;�,", "'(�'�$2+��,"&" ,�$�-
(����. ��)'�!!"� 4��0"+�!�� 
$�.3� !�12+�9$ "*!"�("%"*-
!2,, $�. .�. +�#  �(��)#. !� 
"'(�'"$.) #!�,�9$ 1� "*�! 
�("%"*. � #�)-�� �(�,�!�!�5 
&�)'�!!"/ #%�,2 "'(�'"$.� 
#."("#$  .()&"+"/ �"*�-� #!�-

3�9$ *" 2…5 ,,/,�!. ��!!2/ ,�$"* "'(�'"$.� �"1+"�5�$ �(� 1�*�!!", .�-�-
#$+� "'(�'"$.� #)8�#$+�!!" �"+2#�$  �("�1+"*�$�� !"#$ . �*!�." &�)'�!!"� 

$"-!"� 4��0"+�!�� !�+"1,"3!" 
+ )#�"+�5% �"!�3�!!"/ 3�#$."-
#$� #�#$�,2 
���.  


(�+!�, 3�#$."#$  ."!-
#"� !"&" � *+)%"�"(!"&" $��"+ 
1�.(����!�5 "�(�+". ((�#. 4 � 5), 
1*�#  ymax – ,�.#�,�� !2/ �("-
&�' #$�(3!5; � – #"#(�*"$"-�!-
!�5 #���; L – *��!�, !� ."$"("/ 
"�(�*��5�$#5 ,�.#�,�� !2/ �("-
&�'. �"�)-�!!2� *�!!2� �".�12-
+�9$, -$" �#�"� 1"+�!�� *"�"�-
!�$�� !"/ "�"(2 *�5 �!#$(),�!-
$� �"1+"�5�$ 1!�-�$�� !" �"+2-
#�$  �&" 3�#$."#$  � #!�1�$  )�-
()&�� "$3�$�5. ��.�, "'(�1",, 

�(� �#�"� 1"+�!�� *"�"�!�$�� !"/ "�"(2 3�#$."#$  �!#$(),�!$� �" #(�+!�-
!�9 # $(�*���"!!"/ #%�,"/ 4��0"+�!�5 ,�$"*", �("*"� !"/ �"*�-� # ."!-
#"� !2, 1�.(����!��, �!#$(),�!$� (j = 0,18 .�/,,) )+���-�+��$#5 + 55 (�1 � 
#"#$�+�5�$ 44 .H/,,. 

��. �1+�#$!", 3�#$."#$ 9 $�%!"�"&�-�#."/ #�#$�,2 !�12+��$#5 #�"#"'-
!"#$  :$"/ #�#$�,2 ".�12+�$  #"�("$�+��!�� *�/#$+�9 *�0"(,�()98�% �� #��. 

�*!�, �1 "#!"+!2% #�"#"'"+ �"+24�!�5 $"-!"#$� "'(�'"$.� 5+�5�$#5 ),�! -

 

 
 

�
�. 4. 	�#-�$!�5 #%�,� ."!#"� !"&" 1�.(��-
��!�5 �!#$(),�!$�, j = 0,18 .�/,, 

 

 
 

 

�
�. 5. 	�#-�$!�5 #%�,� *+)"�"(!"&" 1�.(�-
���!�5 �!#$(),�!$� # ��� !"/ "�(�+."/,  
j = 44 .�/,, 
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4�!�� )�()&�% "$3�$�/ $�%!"�"&�-�#."/ #�#$�,2 �"#(�*#$+", �"+24�!�5 3�-
#$."#$�. �"+2#�+ 3�#$."#$ , #""$+�$#$+�!!" ,"3!" �"+2#�$  $"-!"#$  � �("-
�1+"*�$�� !"#$  "'(�'"$.�. 


%�,� :��.$("��,�1!"&" 4��0"+�!�5 &�)'".�% "$+�(#$�/ ,��"&" *��,�$-
(�, "'�#��-�+�98�5 +2#".)9 �("�1+"*�$�� !"#$  � $"-!"#$  "'(�'"$.�, �".�-
1�!� !� (�#. 6. ��5 �"+24�!�5 36#$."#$� �!#$(),�!$�, �(�*�"3�!" �#�"� 1"-
+�$  *"�"�!�$�� !)9 "�"() (�"1. 5 (�#. 6). ��!�,�$�.� �("��##� "'(�'"$.� 
$+�(*"#���+!2% ,�$(�� #��*)98�5. �!#$(),�!$ #"+�(4��$ "*!" &��+!"� *+�-
3�!�� (�1�!�5 − +(�8�!�� �1. ��$��  #"+�(4��$ *+� *+�3�!�5: +(�1�!�5 – �1 
� .()&"+"/ �"*�-� – �2, ."$"(2� "'�#��-�+�9$#5 #������ !2, �(�#�"#"'��-
!��,.

 

 

�
�. 6. 
%�,� &�)'�!!"&" ���  &�)'".�% "$+�(#$�/: 
�1 – &��+!"� *+�3�!�� (�1�!�5, �2 – *+�3�!�� .()&"+"/ �"*�-�; �3 – *+�3�-
!�� +(�1�!�5, A – �,��(,�$(, V – +"� $,�$(; 1 – *�$��  (�!"*), 2 – �!#$(),�!$ 
(.�$"*), 3 – �#$"-!�. $�%!"�"&�-�#."&" $".�, 4 – $"."�"*+"*, 5 – *"�"�!�$�� -
!�5 "�"(� 

 


��*)�$ "$,�$�$ , -$" "'(�'"$.� �" �(�*�"3�!!"/ #%�,� !�+"1,"3!� �(� 
�#�"� 1"+�!�� #)8�#$+)98�&" "'"()*"+�!�5, *�5 �� (����1���� !�"'%"*�,� 
�&" ,"*�(!�1���5 ��'" #"1*�!�� !"+"&". 

��5 "�(�*���!�5 +��5!�5 (�3�,"+ 4��0"+�!�5 !� $"-!"#$  � 4�("%"+�-
$"#$  "'(�'"$�!!"&" "$+�(#$�5 + �1*���5% �1 $+�(*"&" #���+� ��8, �("+�*�!" 
�##��*"+�!�� !� #"1*�!!"/ :.#��(�,�!$�� !"/ )#$�!"+.� # �#�"� 1"+�!��, 
,�$"*� ,!"&"0�.$"(!"&" ���!�("+�!�5 :.#��(�,�!$�. � %"*� :.#��(�,�!$� �#-
�"� 1"+���#  #�#$�,� # *+)%"�"(!2, 1�.(����!��, �!#$(),�!$� ((�#. 5). � .�-
-�#$+� ��(�,�$("+ �##��*"+�!�5 �(�!5$2 $"-!"#$  *��,�$(� �d, ,.,, 4�("%"-
+�$"#$  �"+�(%!"#$� Ra, ,.,, �("&�' "�(�+.� y, ,.,, "$!"#�$�� !2/ �1!"# 

+ 
- 

U 

A 

�1(V�) 

�3(S����) 

�2(S��) 
1 

2 

3 

4 

5 
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.()&� q, ,&/&. ��)'�!� (�1�!�5 t, ,,, !��(53�!�� U, �, � #."("#$  .()&"+"/ �"-
*�-� S��, ,,/,�!, +2'(�!2 + .�-�#$+� ��(�,�!!2% 0�.$"("+. �("+!� +�( �("-
+�!�5 '2�� "�(�*���!2 !� "#!"+� �(�*+�(�$�� !2% :.#��(�,�!$"+. 	����1���5 
,�$(��2 ���!�("+�!�5 *�5 ��!$(�� !"&" "($"&"!�� !"&" .",�"1���"!!"&" 
���!�, +.�9-�98�5 + #�'5 15 "�2$"+, �"1+"���� "�(�*���$  1!�-�!�5 ��(�,�$-
("+ "�$�,�1���� � (�##-�$�$  +���-�!2 .":00����!$"+ )(�+!�!�5 (�&(�##�� 
+$"("&" �"(5*.�. �"#�� "�(�*���!�5 1!�-�,"#$� .":00����!$"+ )(�+!�!�5 
�(�!5�� +�*: 

 

y = – 0,61 – 0,14
1 + 0,7
2 + 1,2
3 – 0,6
3
2 + 0,09
2
2 – 0,0125
1
3,                (3) 

�d = 13,7 + 0,2
1 – 0,3X2 – 0,18
3 + 0,08
3
2 + 0,16
1
3,                                     (4) 

q = 0,77 + 0,21X1 – 0,14
2 + 0,1
3 + 0,012
2
2 + 0,016
3

2 + 0,056
1
2.               (5) 
Ra = 0,87 – 0,23
1 – 0,018X2 + 0,024
3 + 0,02
1
2,                                              (6) 
 

��5 +25+��!�5 1�+�#�,"#$� ��(�,�$("+ �##��*"+�!�5 "$ )�(�+�598�% 
0�.$"("+ (�##,�$(�+���#  �"+�(%!"#$� "$.��.� �(� 0�.#�("+�!!", #(�*!�, 
1!�-�!�� "*!"&" �1 $(�% 0�.$"("+. �� (�#. 7 – 10 �(�*#$�+��!2 �"+�(%!"#$� 
"$.��."+, "��#2+��,2% )(�+!�!�5,� 3 – 6 #""$+�$#$+�!!". 

�"-!"#$  � 4�("%"+�$"#$  &�)'".�% "$+�(#$�/ + �1*���5% �1 $+�(*"&" 
#���+� ��8, + )#�"+�5% "'(�'"$.� �" �(�*�"3�!!"/ #%�,�, + '"� 4�/ #$���!� 
"�(�*��5�$#5 .()&"+"/ �"*�-�/. �+���-�!�� .()&"+"/ �"*�-� �(�+"*�$ . ("#$) 
*�+��!�5 ��,�1!"&" .()&� !� *�$�� , -$" + #+"9 "-�(�*  )+���-�+��$ �("&�' 
"�(�+.�. ��.3� �(� :$", )+���-�+��$#5 �1!"# .()&�, $�. .�. +"1(�#$��$ !�&()1-
.� !� ��,�1!2� 1�(!�; )+���-�+��$#5 4�("%"+�$"#$  "$+�(#$�5 +#��*#$+�� )+�-
��-�!�5 &�)'�!2 +!�*(�!�5 ��,�1!2% 1�(�!. 
 

  
�
�. 7. ���5!�� &�)'�!2 (�1�!�5 (t) � 
.()&"+"/ �"*�-� (S��) !� �("&�' "�-
(�+.� (y), 10 %-!2/ +"*!2/ (�#$+"( 
NaNO3, U = 8 �, V� = 9,5 ,/#, "��#2-
+��,"� )(�+!�!��, (3) 

�
�. 8. ���5!�� &�)'�!2 (�1�!�5 (t) � 
.()&"+"/ �"*�-� (S��) !� $"-!"#$  
*��,�$(� "$+�(#$�5 (�d), 10 %-!2/ 
+"*!2/ (�#$+"( NaNO3, U = 8 �, V� = 
9,5 ,/#, "��#2+��,"� )(�+!�!��, (4) 

y, ,., 

S��, 
,,/,�! 

t, ,, 

�d, ,., 

S��, 
,,/,�! 

t, ,, 

4 

6 

8 

2 
4 

6 

0,2 
0,8 

1,2 

0,2 
0,8 

1,2 

2 
4 

6 
13 

15 

17 
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�
�. 9. ���5!�� &�)'�!2 (�1�!�5 (t) � 
.()&"+"/ �"*�-� (S��) !� "$!"#�$�� -
!2/ �1!"# ��,�1!"&" .()&� (q), 10 %-
!2/ +"*!2/ (�#$+"( NaNO3, U = 8 �, 
V� = 9,5 ,/#, "��#2+��,"� )(�+!�!��, 
(5) 

�
�. 10. ���5!�� !��(53�!�5 (U) � 
.()&"+"/ �"*�-� (S��) !� 4�("%"+�-
$"#$  "$+�(#$�5 (Ra), 10 %-!2/ +"*-
!2/ (�#$+"( NaNO3, t = 0,7 ,,, V� = 
9,5 ,/#, "��#2+��,"� )(�+!�!��, (6) 

 

�� "'(�'"$�!!"/ �"+�(%!"#$� �"#�� ���  "'(�1)�$#5 *�0�.$!2/ #�"/ + 
(�1)� $�$� :��.$("%�,�-�#."&" (�#$(�+��+�!�5 ,�$�(����. �#$�!"+��!", -$" 
�(� "'(�'"$.� &�)'".�% "$+�(#$�/ ,��"&" *��,�$(� �" �(�*�"3�!!"/ $�%!"�"-
&�� $"�8�!� *�0�.$!"&" #�"5 !� �(�+24��$ 5 ,.,. ���,�! 4�5 4�("%"+�$"#$  
"'(�'"$�!!"&" "$+�(#$�5 Ra = 0,78 ,.,, '2�� �"�)-�!� �(� t = 1,1 ,,, U = 6 �, 
S�� = 2 ,,/,�!. 

� ���
. ������� �(�+�*�!2 $�%!�-�#.�� (�4�!�5 �" #"1*�!�9 :.#��(�-
,�!$�� !"/ )#$�!"+.� *�5 ���  &�)'".�% "$+�(#$�/ ,��"&" *��,�$(� + �1*�-
��5% �1 $+�(*"&" #���+�. � &��+� �(�*#$�+��!2 .�!�,�$�-�#.�5 #%�,� )#$�!"+-
.�, "��#�!��, (�1(�'"$.� � (�#-�$ �(�+"*"+ +(�1�!�5 � .()&"+"/ �"*�-�, � $�.-
3� �(�+"*� �!#$(),�!$�. �".�1�!2 ."!#$().��� �!#$(),�!$� � *"�"�!�$�� -
!"/ "�"(2 *�5 !�&". 

�(�*�"3�!!�5 $�%!"�"&�5 "'(�'"$.� ,"3�$ '2$  (����1"+�!� �)$�, ,"-
*�(!�1���� #�(�/!" +2�)#.��,"&" "'"()*"+�!�5. �!)$(�4��0"+�� !2� #$�!-
.� ,"*���/ 3�225, 3�227, 3K228, 3�225, 3�12�, �#%"*5 �1 #+"�&" �(�*!�1!�-
-�!�5 '"��� �(�*�"-$�$�� !2, $�. .�. "'��*�9$ *"#$�$"-!"/ 3�#$."#$ 9 #$�-
!�!2. 

� .�-�#$+� �!#$(),�!$� *�5 :��.$("��,�1!"&" 4��0"+�!�5 "$+�(#$�/ �#-
�"� 1"+���#  ��,�1!2� .()&� !� ,�$����-�#."/ #+51.�, 0"(,2 �8 L = 10 ,,, D 
= 8 ,,, d = 3 ,, (��
� 16168-91), ."!��!$(���5 ��,�1"+ – 100 %, 1�(!�#$"#$  
– 80/63. ��. .�. *��!� "$+�(#$�5 (45,2 ,,) '"� 4� *��!2 .()&� (10 ,,), $" *�5 
*"#$�3�!�5 !�"'%"*�,"/ *��!2 �!#$(),�!$� !� "�(�+.) )#$�!�+��+��"#  �5$  
.()&"+. ��5 $"&" -$"'2 !� �"+�(%!"#$� "$+�(#$�5 !� "#$�+���#  .�!�+.� + ,�#-
$� #$2.� .()&"+, $"(�2 .()&"+ "'(�'�$2+���#  �"* )&�", 30 . "#� .()&�. 

q, ,&/& 

t, ,, 

S��, 
,,/,�! 

Ra, ,., 

S��, 
,,/,�! 

U, � 0,2 

0,8 
1,2 

2 
4 

6 

0,4 

1,2 

2 

2 
4 

6 

6 
8 

10 

1,05 

0,9 

0,75 
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�� (�#. 11 �".�1�!� *�$��  $��� «,�$(���» *" � �"#�� "'(�'"$.� "$+�(-
#$�5. �� (�#. 12 �(�*#$�+��!2 �!#$(),�!$�� !2� "�(�+.� � ��,�1!2/ .()&. � 
(�'"$� �#�"� 1"+�! �!#$(),�!$ # ��� !"/ "�(�+."/, �,�98�/ '"� 4)9 3�#$-
."#$ . �*!�.", +"1,"3!" �#�"� 1"+�!�� �!#$(),�!$� # #"#$�+!"/ "�(�+."/, .�. 
'"��� $�%!"�"&�-!"&", + #�)-��, �#�� �&" 3�#$."#$� *"#$�$"-!". 

��5 (����1���� �(�*�"3�!!"/ $�%!"�"&�� "'(�'"$.� &�)'".�% "$+�(#$�/ 
,��"&" *��,�$(� + *�$��5% �1 $+�(*"&" #���+� (�1(�'"$�!� :.#��(�,�!$�� !�5 
)#$�!"+.� !� '�1� +!)$(�4��0"+�� !"&" #$�!.� ,"*��� 3�225 ((�#. 13 � 14). 

 

 

 
�
�.11. �'(�'"$�!!�5 *�$�� -
«,�$(���»: 1 – *" "'(�'"$.�; 2 – 
�"#�� "'(�'"$.� 

�
�.12. ��(�+.� �!#$(),�!$�� !2�: 
1 – ��� !�5 "�(�+.�; 2 – #"#$�+!�5 "�(�+.�; 
3 – ��,�1!2/ .()& 

  
�
�.13. 	�'"-�5 1"!� :.#��(�-
,�!$�� !"/ )#$�!"+.� 

�
�.14. �'8�/ +�* :.#��(�,�!$�� !"/ )#-
$�!"+.� 

 

	�1)� $�$2 (�'"$2 ��("'�("+�!2 !� ��� «�"+"#�'�(#.�/ 1�+"* %�,�-�-
#.�% ."!��!$(�$"+», -$" �"*$+�(3*�!" �.$", �(",24��!!"&" ��("'�("+�!�5 
(�1)� $�$"+ .�!*�*�$#."/ *�##�($���"!!"/ (�'"$2. �" (�1)� $�$�, (�'"$2 

1 

2 

3 

1 2 
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(�1(�'"$�!� ."!#$().$"(#.�5 *".),�!$���5 *�5 ,"*�(!�1���� 4��0"+�� !"&" 
#$�!.� 3�12� *�5 �(",24��!!"&" �(�,�!�!�5. 
�'�
���� ���������� 
 ���
�� 

1. �#$�!"+��!", -$" &��+!2, �(��5$#$+��, �"+24�!�5 �("�1+"*�$�� !"-
#$� � $"-!"#$� "'(�'"$.� �(� 4��0"+�!�� &�)'".�% "$+�(#$�/ ,��"&" *��,�$-
(� 5+�5�$#5 !�1.�5 3�#$."#$  $�%!"�"&�-�#."/ #�#$�,2. 

2. ��"(�$�-�#.� "'"#!"+�!� � :.#��(�,�!$�� !" �"*$+�(3*�!� +"1,"3-
!"#$  �(�,�!�!�5 :��.$("��,�1!"&" 4��0"+�!�5 &�)'".�% "$+�(#$�/ ,��"&" 
*��,�$(� �(� �#�"� 1"+�!�� #%�,2 *+)%"�"(!"&" 1�.(����!�5 �!#$(),�!$� 

3. �.#��(�,�!$�� !" )#$�!"+��!", -$" �(� #$���"!�(!"/ :��.$("%�,�-�-
#."/ "'(�'"$.� $+�(*"&" #���+� ��8 �,�9$ ,�#$" *�00)1�"!!2� � ��##�+���-
"!!2� "&(�!�-�!�5, *�5 )#$(�!�!�5 ."$"(2% !�"'%"*�," "'�#��-�$  *+�3�!�� 
:��.$("��$� + ,�3:��.$("*!", 1�1"(� � !��(�(2+!"� "'!"+��!�� "'(�'�$2-
+��,"/ �"+�(%!"#$� + �("��##� �!"*!"&" (�#$+"(�!�5. �(� �#�"� 1"+�!�� 
10%-!2% +"*!2% (�#$+"("+ :��.$("��$"+ NaNO3, Na2SO4, NaCl )#$�!"+��!", 
-$" !��(�(2+!"� "'!"+��!�� �"+�(%!"#$� �!"*� ("'(�'�$2+��,"/ �"+�(%!"-
#$�) �(� �!"*!", (�#$+"(�!�� $+�(*"&" #���+� ��8 #"�("+"3*��$#5 �"+24�-
!��, ��"$!"#$� $".� + 5 – 5,5 (�1 �" #(�+!�!�9 # (�#$+"(�!��, #���+� + #$�-
��"!�(!2% )#�"+�5%. 

4. �25+��!2 ,�!�,�� !2� 1!�-�!�5 "'!"+�598�% 0�.$"("+ #."("#$� (�-
1�!�5 (V� = 6 ,/#) � *�+��!�5 .()&� !� *�$��  (P = 0,8 ���), "')#��+��+�98�� 
#!5$�� *�00)1�"!!2% � ��##�+���"!!2% "&(�!�-�!�/ �(� &�)'�!!", :��.$("-
��,�1!", 4��0"+�!�� &�)'".�% "$+�(#$�/ ,��"&" *��,�$(� + �1*���5% �1 
$+�(*"&" #���+� ��8. 

5. 	�1(�'"$�!� #$().$)(!�5 #%�,� � $�%!"�"&�-�#.�5 )#$�!"+.� *�5 (����-
1���� �(�*�"3�!!"/ #%�,2 "'(�'"$.�, +.�9-�98�5: 

- �(�+"* +(�1�!�5, "'�#��-�+�98�/ (�*��� !"� ��(�,�8�!�� 4��!*��5 
"$!"#�$�� !" "#� �!#$(),�!$�; 

- �(�+"* .()&"+"/ �"*�-� 4��!*��5; 
- �(�+"* �!#$(),�!$�; 
- *+)%"�"(!)9 #�#$�,) .(����!�5 �!#$(),�!$�, (�1!�#�!!)9 "$!"#�-

$�� !" 4��!*�� !"&" )1��; 
- #�#$�,) �"*�-� :��.$("��$� + 1"!) "'(�'"$.� -�(�1 "�"() �!#$(),�!$�. 
6. �� "#!"+� +25+��!!2% 0)!.��"!�� !2% 1�+�#�,"#$�/ )#$�!"+��!2 (�-

��"!�� !2� 1!�-�!�5 (�3�,"+ :��.$("��,�1!"&" 4��0"+�!�5, + 10 %-!", +"*-
!", (�#$+"(� NaNO3, "$+�(#$�5 Ø 9,8+0,013 *��!"/ 45,2 ,,, +2�"�!�!!"&" + �1-
*���� �1 $+�(*"&" #���+� ��8, "'�#��-�+�98�� �("�1+"*�$�� !"#$  "'(�'"$.� 
*" Q = 200 ,,3/,�!, 4�("%"+�$"#$  !� +24� Ra = 1,25 ,.,, "$!"#�$�� !2/ �1-
!"# �!#$(),�!$� !� '"��� q = 1,5 ,&/&: 

- #."("#$  .()&"+"/ �"*�-� S�� = 3…4 ,,/,�!; 
- #."("#$  +(�1�!�� S���� = 1…2 ,,/,�!; 
- #."("#$  (�1�!�5 V� = 10…20 ,/#; 
- &�)'�!� (�1�!�5 t = 0,7…1,1 ,,; 
- !��(53�!�� $�%!"�"&�-�#."&" $".� U = 7…9 �. 
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7. �("+�*�!� �(",24��!!�5 ��("'���5 (�1)� $�$"+ *�##�($���"!!"/ (�-
'"$2 !� ��� «�"+"#�'�(#.�/ 1�+"* %�,�-�#.�% ."!��!$(�$"+». 	�1(�'"$�!� 
."!#$().$"(#.�5 *".),�!$���5 *�5 ,"*�(!�1���� 4��0"+�� !"&" #$�!.� 
3�12�. �3�*��,2/ :."!",�-�#.�/ :00�.$ "$ +!�*(�!�5 (�1)� $�$"+ �##��*"-
+�!�5 + �("�1+"*#$+" #"#$�+�5�$ 2820859,45 ()'. 

 

�'�
���� �
�
-��
� 
 ���������� �
''�����

��
� ��(
�� 
���-�-
�� � '����2�
3 ��(
��3. 

 

1. �1)-�!�� �("��##� �!"*!"&" (�#$+"(�!�5 =
6 � ��8 ,�$"*", +(�8�9-
8�&"#5 *�#."+"&" :��.$("*� / �. �. 	�%�,5!"+, �. �. �(�#�� !�."+, �. �. ��-
.�$�!.", �. �. �"&��+ // 
"+(�,�!!2� �)$� (�1+�$�5 ,�4�!"#$("�!�5 � �+$"-
$(�!#�"($� �)1'�##�: $()*2 1-/ +#�("##�/#."/ !�)-.-$�%!�-. ."!0., 24 – 25 ".-
$5'(5 2007 &. – ��,�("+" �� «�)1���», 2007. – 
. 255 – 259. 

2. �(�#�� !�."+ �. �. �##��*"+�!�� �!"*!"&" �"+�*�!�5 $+�(*"&" #���+� 
��8 � �&" #"#$�+�598�% + !�/$(�� !2%  :��.$("��$�% / �. �. �(�#�� !�."+,   
�. �. �"&��+ // ��)-!2/ +�#$!�. ����. – 2008. – >2 (31) – 
. 86 – 98. 

3. �"&��+ �. �. �'(�'"$.� &�)'".�% "$+�(#$�/ + +2#"."�("-!2% ,�$�(����% 
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