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 ��-!#&# "�+D"#*"# ��;#�K�%""�" ��$&%!+"# ;+��!� �+D"#*"�D 
��;#�K�%"J, "%��!��J>� -%>�@� ��;#�K�%"J !+�%&+' E&%!$�D ,�&#"-
!��*"�D, ��=���D -'L!"%"J. 
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�+�% $��>� – /��;��%""� � ;%'@��"#D #"O+"+�"�-�+D"#*"�D 
=�%,#�"�$#� -"%"J # =�%$��*"�D "%��*�$ ��$���>�%""� # !����;%""� 
$�;=&+$>"�D >�>�+; -%E%&J"��+D"#*"�D >�%"!%��#�, ��$�"%""� ��*-
"#>"�D ��-�%D�"$#� # ;+���&�E#*"�E� -%@+-=+*+""� =�� ��E����&+""# 
+$>=&�%�%,#� # �+;�"�# >#&J>J$�E�>=�!%�>J$�� �+D"#$�. 

	#!=��#!"� !� $�%&#/#$%,#� D%�%$�+��>��$� #"O+"+�"�-�+D"#*"�' 
=�%,#�"�$ =���"+": !�>$�"%&� ��&�!#�� �>"��"�;� =�&�O+""�;� � 
E%&�-# >�%"!%���-%,#�, �$% -%@+-=+*�L ��-����$ "%�$���-�+D"#*"�E� 
=��,+>� ' #"�+">�/#$%,#K ����@"�,��%; -"%�� �>"��"# =��%""� �+�-
�#� �-%L;�-%;#""�>�#, =�%��&% =�-"%*+""� "��; ��*"�>�# =�� �/��-
;&+""# $�">���$���>J$�� �% �+D"�&�E#*"�� !�$�;+"�%,#�, ;+��!�$� 
��-�%D�"$� # ��@��� =�>%!�$ ��=���D -'L!"%"J, ��-�%D�"�$ ��-;#�-
"�D &%",KE#�, �;#�� $���>���%��>� -%>�@%;� ��;#�K�%"J, ��$�"�-
�%�� �D "%&%E�!O+""�. 

���> "	-%L;�-%;#""#>�J, >�%"!%���-%,#� # �+D"#*"# ��;#�K�%""�" 
L "+�@D#!"�K �;���K -%@+-=+*+""� �$�>�# =��+$���%""�, ����@"�,-
��%, +$>=&�%�%,#� # �+;�"�� ;%G�", @%-�K !&� ���*+""� �%$�D >=+,#-
%&J"�D !�>,�=&#": "�%!#'"#>�J # �+;�"� ;%G�"", "�$>=&�%�%,#� ;%-
G�""�-��%$���"�E� =%�$�", "�#&J>J$�E�>=�!%�>J$# ;%G�"�" �% #". 

 



 
��#��$ �.  

�%&�!' %("&�"�('#")�* 

+$"!" 1. %/(2 %("&�"�('#")�* 

1.1. %�	�
	����	�� �	 �� �������
� 

>=#G"% !#�&J"#>�J � @�!J-�$#' E%&�-# "%�$� # �+D"#$� =��'�-%"% 
#- >�%"!%���-%,#LK, P� =�&�E%L � -"%D�!O+""# �#G+"J !&� -%!%* "%-
�$�, �+D"#$� # +$�"�;#$� # "%,#&+"�� "% !�>�E"+""� �=��;%&J"�E� 
>��=+"K �=���!$��%"�>�# � =+�"#' E%&�-#. 
>"��"# �+�;#"� # ��-"%-
*+""� � E%&�-# >�%"!%���-%,#� �>�%"��&+"� ��;#�+��; ��
. �#O"%-
��!"% ��E%"#-%,#� >�%"!%���-%,#� =��'"�&% �%$+ ��-"%*+""�: "��%"-
!%���-%,#� – ,+ �>�%"��&+""� # -%>��>��%""� =�%��& - ;+��K �=���-
!$��%""� !#�&J"�>�#: � =+�"#' E%&�-# "% $���>�J �% -% �*%>�K �>#D -%-
#"�+�+>��%"�D >���#" #, -�$�+;%, !&� !�>�E"+""� -%E%&J"�� +$�"�;#� 
=�� !����;%""# �;�� +$>=&�%�%,#� (��$���>�%""�) # ��;�E @+-=+$�". 

�&+;+"�� >�%"!%���-%,#� -%>��>����%&�>J @&�-J$� 5000 ��$#� 
��;� � ��%��!%�"J�;� ME�=�# =#! *%> >=���!O+""� =#�%;#! #- $%;'�-
"�D @&�$#� =�%��&J"�� /��;� # ;%>�K � !+$#&J$% ��". 

 ��%��!%�"J�;� ��;# !&� ��!�=����!� ��$���>�����%&�>� 
���@� =+�"�D ��-;#�#� # /��;.  AV >�. � 	+"+,#� >�!"% # $��%@&# 
@�!��%&� "% =���,# #- ">�%"!%��"�D" !+�%&+' # ��-&#�. 

	 ��>#� >�%"!%���-%,#� -’���&%>J � =+�G#' =�&���"# AV� >�., $�-
&� -E#!"� $%-� ,%�� ��%"% �V ��E����&�&�>� >�%"!%��"# $%&#@��-
$��O%&% !&� $�"���&K ��-;#�#� �!+� !� E%�;%�. 

�% =�*%�$� AV�� >�. -% -%��+�!O+"�;� �+���; � -�%-$%;� @�!�-
�%&�>J >+�#� >�!+" - �!"%$���;� ��-;#�%;� -% -�%-$%;�, P� >=���&� 
G��!G�;� >����+""K �#�*�-"�"�E� /&���. �+��� � =��!#&�� =��%"-
"�; >�%"!%���-%,#� "%&+O"� ��%E� "+ &�G+ � $��%@&+@�!��%""#, % ' 
� >#&J>J$�;� E�>=�!%�>��#, ��;%E%K*�, P�@  D&#@ -%$�=����%&� ">�-
D�', >��!�&J"�', % "+ >���;�&���'". 	 #>���#� ��-���$� �+$>��&J"�� 
=��;�>&���>�# �#!�;�' �%$�O �$%- �+��% � =�� �$#>�J $%"%�#� # =%-
��>�"� !&� ���E���E� # �#'>J$���E� /&���, �$# =�>�%�&�&� $�=,# � 
!+�O%�"� >$%�@"�,K: ".. ��&� O �%$�' $�=*�>J$� E"�&�' ���%� =�-
>�%���J, ��@%�� �%$�;� E�&���, P�@ #"G�; "+ @�&� =��%!"�". ��>#� 
"%&+O��J =�#����+� � -%>��>��%""# +&+;+"�#� >�%"!%���-%,#� � ;+�%-
&��@��@"#' =��;�>&���>�#. 
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����+ !��+��&K,#'"% ��>#� =�%$��*"� "+ ;%&% >��L� "%,#�"%&J-
"�� >�>�+;� >�%"!%���-%,#� # L!"�>�# ;#�. 

 1918�. @�� =#!=�>%"�' !+$�+� =�� ��+!+""� � "%G#' $�%�"# ;+-
���*"�� >�>�+;� ;#�, # �%E, �$�' >�%� =+�+!�;���K �%!�">J$�� >�>-
�+;� >�%"!%���-%,#�. 

 1924�. -% �#G+""�; �%!�">J$�E� ���!� @�&� ��E%"#-��%"� �K-
�� =��;�>&���� >�%"!%���-%,#� 	��� ����, �$ $+�#�"�' ��E%" =� 
>�%"!%���-%,#� � =��;�>&���>�#. 15 �+�+>"� 1925 ��$� @�� >����+-
"�' ��;#�+� >�%"!%���-%,#� =�� �%!# =�%,# # �@���"�. �#>&� ,J�E� 
=�*%&� >����K�%��>� L!�"# !+�O%�"# (-%E%&J"�>�K-"#) >�%"!%���. 

�+�G�K ;#O"%��!"�K ��E%"#-%,#LK =� >�%"!%���-%,#� @�&% ��� 
"�#O"%��!"% /+!+�%,#� "%,#�"%&J"�' %>�,#%,#'", >����+"% � 1926�. 
 1946�. @�&% >����+"% "�#O"%��!"% ��E%"#-%,#� >�%"!%���-%,#�" 
(��
) - ;+��K =�$�%P+""� ;#O"%��!"�E� �@;#"� ���%�%;� # >=#���-
@#�"�,��% � "%�$��#', �+D"#*"#' �% +$�"�;#*"#' E%&�-�D. 

��%"!%���-%,#� @%-�L�J>� "% !�>�E"+""�D "%�$�, �+D"#$� # =+�+-
!���E� !�>�#!� # ��-"%*%L �>"��� "+ �#&J$� >J�E�!+""�, %&+ ' ;%'-
@��"J�E� ��-���$�. 

F ;+��K �@’L!"%""� ��@#� =� >�%"!%���-%,#� � $�%�"# ��-��@&+-
"% # ��+!+"% � !#K �+�O%�"% >�>�+;% >�%"!%���-%,#� (���), �$% 
=�+!>�%�&�L >�@�K $�;=&+$> �-%L;�=��'�-%"�D =�%��& # =�&�O+"J, 
P� ��-"%*%K�J ,#&# # -%!%*# >�%"!%���-%,#�, $%�+E��#� # ��!� >�%"!%-
��#�, =���!�$ �D ��-��@$�, -%��+�!O+""� # �=���%!O+""�, % �%$�O 
$�"���&K -% �D �=���%!O+""�; # !����;%""�;. 

	�P�; ��E%"�; =� >�%"!%���-%,#�, ;+���&�E#� �% >+���/#$%,#� L 
�+�O%�"�' ��;#�+� $�%�"� (�+�O>�%"!%�� $�%�"�). 

 1993�. @�&� -%��+�!O+"# !�$�;+"�� $%@#"+�� ;#"#>��#� $�%�-
"� "��� !+�O%�"�' "%E&�! -% !�!+�O%""�; >�%"!%��#�, "��; # =�%-
��& �% �#!=��#!%&J"#>�J -% �D =���G+""�" \ 30 -93 # !+$�+� "��� -%-
@+-=+*+""� L!"�>�# ��;#�K�%"J" \ 40-93. 

�+�O%�"% >�>�+;% >�%"!%���-%,#� �/��;&+"% � ��E&�!# $�;=&+$-
>� 13 �>"��"�D >�%"!%��#�: �
�� 1.0-85... �0�� 1.22-85. 
>"��"�; 
!�$�;+"��; L %("&�"�(, �$�' �>�%"��&KL ��;�E� !� E��= �!-
"��#!"�� =��!�$,#� # � "+�@D#!"�D ��=%!$%D !� $�"$�+�"�� =��!�$-
,#�, =�%��&% �� ��-��@$�, ����@"�,��% # -%>��>��%""�. 

�� �#-"���!#� >�%"!%���-%,#� "%&+O%�J: �"#/#$%,#�, >�;=&#/#$%-
,#�, ��=#-%,#� # %E�+E%���%""�. 

"#/#$%,#� =�&�E%L � �%,#�"%&J"�;� >$���*+""# *�>&% ��=#�, ��-
!#� # ��-;#�#� ����@#� �!"%$���E� /�"$,#�"%&J"�E� =��-"%*+""�. 
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�%-�% "�"#/#$%,#�" =�D�!��J �#! &%��">J$�E� "unio" (L!"#>�J) # 
"facere" (��@���), % �-"%*%L: =���+!+""� *�E�>J !� L!"�>�#, !� L!�-
"�� /��;�. 

��;#�+� ��
/����
 �+$�;+"!�L �%$+ ��-"%*+""� �"#/#$%,#�: ,+ 
/��;% >�%"!%���-%,#�, �$% =�&�E%L � �@'L!"%""# !��D # @#&JG+ !�$�-
;+"�#� (�+D"#*"�D �;��) � �!"�;� - �%$�; ��-�%D�"$�;, P�@ �+E&%-
;+"���%"# ,�; !�$�;+"��; ����@� ;�O"% @�&� �-%L;�-%;#"K�%�� 
=�� �D ��$���>�%""#. 

"#/#$%,#� >=���L =#!��P+""K =��!�$���"�>�# =�%,#, -"�O+""K 
����%� "% ��E����&+""�, +$>=&�%�%,#� # �+;�"�� ;%G�", >����KL 
�;��� !&� ��-���$� >=+,#%&#-%,#� ����@"�,��%, $�;=&+$>"�� ;+D%"#-
-%,#� # %���;%��-%,#�. �%$, "%=��$&%!, ���!�;#>�$#>�J ��E����&+""� 
@�&�#� # E%'�$ "% >=+,#%&#-��%"�;� =#!=��L;>��# � 10 �%-#� "�O*+, 
"#O "% "+>=+,#%&#-��%"�;�. 


!"%$ "+=�%��&J"� -!#'>"+"% �"#/#$%,#� ;�O+ !%�� +/+$�, -�$-
�+;%, $�&� =��D�!��J>� ��$���>�����%�� "%'@&�O*# �+&�$# �"#/#-
$��%"# !+�%&#, P� ��$&�$%L +$>=&�%�%,#'"�;� �;��%;� -@#&JG+""� 
;%>� # E%@%���#� ;%G�". 

	 �>"��� �"#/#$%,#� !+�%&+', ��-&#� %E�+E%�#�, ;%G�" =�$&%!+"� 
�D $�">���$���"� =�!#@"#>�J, �$% ��-"%*%L�J>� >=#&J"#>�K ��@�*�E� 
=��,+>�. �+�%&#, P� >$&%!%K�J ;%G�"�, !#&��J>� "% �"#/#$��%"# �% 
���E#"%&J"#. 

"#/#$��%"�K ��%O%L�J>� !+�%&J, �$% -%>��>���L�J>� - �!"�; 
=�-"%*+""�; � $#&J$�D �#-"�D ;%G�", % ���E#"%&J"�K – !+�%&J, �$% 
��$���>����L�J>� � �!"#' $�"$�+�"#' ;%G�"#. �#&J$#>"� �"#/#$%,#� 
D%�%$�+��-�L�J>� $�+/#,#L"��; �"#/#$%,#�: 

100� �
�

�
� �

%y

y o

n
y

n n
 ,    (1.1) 

!+ � yn  – >�;% "%-� �"#/#$��%"�D >�%"!%��#� # -%=�-�*+"�D !+-
�%&+'; � on  – >�;% "%-� ���E#"%&J"�D !+�%&+'. 

�%=��$&%!, ��%$����, �-70�, ��F-80A # ��F-82 �"#/#$��%"� - 
@%-���K ;�!+&&K ��%$���% ��F-80 �#!=��#!"� "% 61%, 88% # 95%. 
���E�"� �&�%'>J$�E� ;����"�E� -%��!� �-41 # �-01� ��=���-;#�� 
130D140;; �"#/#$��%"� "% 87%. 

	%O&��� -"%�� �#�+"J �"#/#$%,#� -%=%>"�D *%>��" =�� +$>=&�%-
�%,#� �% �+;�"�# ;%G�" !&� ��-"%*+""� =���#@"�>�#. 	�>�$�' �#�+"J 
�"#/#$%,#� >=���L =#!��P+""K +/+$���"�>�# ����@"�,��%. ����+ 
"�-J$�' �#�+"J �"#/#$%,#� ;�O+ >�#!*��� =�� ��$���>�%"# � ����@# 
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"��# $�">���$���"# +&+;+"��, P� �#!=��#!%K�J !�>�E"+""�; "%�$�-
��D !�>&#!O+"J # =+�+!���E� !�>�#!�. 


>"��"�;� ,#&�;� >�%"!%���-%,#� ��&�K�J>�: 
- -;+"G+""� �#-"�;%"#�"�>�# #>"�K*�D ��!#� # ����@#� G&�D�; 

-;#"� � "+�@D#!"�D ��=%!$%D $�">���$,#', ��-;#�#�, ;+��!#�, ����-
@"�,��%, �+D"�&�E#*"�D ��;�E, ;%��$ # �#-"���!#� ��$���>�����%-
"�D ;%�+�#%&#�, ��!#� ;+�%&�=�$���J # �.#".; 

- -;#"% $�">���$,#�, ��$�"%�*�D ��-;#�#�, ;%��$ ;%�+�#%&�, ��!#� 
�+�;��@��@$� # ��*"�>�# ��E����&+""� %"%&�E#*"�D ;%�+�#%&#� !+�%-
&+', -%>��>��%"�D "% �#-"�D -%��!%D, - ;+��K %���;%��-%,#� �D ����-
@"�,��%; 

- >����+""� $�;=&+$�#� �-%L;�-%;#""�D %E�+E%�#�, >$&%!���D 
�!�"�,J # !+�%&+' !&� >$&%!%""� -"%*"� @#&JG�� "�;+"$&%���� ;%-
G�", ;+D%"#-;#� # %=%�%�#� � =��#�"�""# - #>"�K*�;� "+ �"#/#$��%-
"�;� ����@%;� -% �%D�"�$ !�!%�%""� !+�$�� $#&J$�>�# ���E#"%&J"�D 
>$&%!���D �!�"�,J # !+�%&+'. 


@'L$�%;� �"#/#$%,#� ;�O��J @��� ����@� ;%>���E�, >+�#'"�E� 
�% #"!��#!�%&J"�E� ����@"�,��%: !+�%&#, >$&%!��# �!�"�,#, ;%G�"�. 
"#/#$%,#� !+�%&+' ;�O&��% � ��;� ��=%!$�, $�&� !+�%&# ;%K�J 
%"%&�E#*"+ =��-"%*+""�. "#/#$%,#� ;%G�" !�,#&J"% =�� "%��"�>�# 
"+�+&�$�� $#&J$�>�# >$&%!���D �!�"�,J �!"%$���E� =��-"%*+""�, 
P� ��$�"�K�J @&�-J$# -% D%�%$�+��; �=+�%,#� %@� =��,+>�. 

��;=&#/#$%,#� =�&�E%L � -;+"G+""# *�>&% ��=#� %@� #"G�D �#--
"���!#� ����@#� !� ;#"#;�;�, �+D"#*"� # +$�"�;#*"� !�,#&J"�E� !&� 
-%!���&+""� #>"�K*�D =���+@. �%$, =�� =+�+E�",# "%/�� ;�O"% !#>-
�%�� @+"-�" �$�� -%�E�!"� ;%�$�. �&+ !&� -��*"�>�# =�>�%*%""� *�-
>&� ;%��$ @+"-�"� �@;+O�K�J: �-72, �-76, �-93 �% #". 

��=#-%,#� ��&�L >�@�K ��-��@$� # �>�%"��&+""� ��=���D  $�">-
���$,#', �$# ;#>���J >=#&J"# !&� ��!� ����@#� $�">���$���"# =%�%;+-
���. �%=��$&%!, "%@#� =+�"�D ;%G�" !&� ��%$���#� �#-"�D $&%>#�. 
��=#-%,#� $�">���$,#' ����@#� !%L -;�E� �>�%"����� -�%-$� - "%'-
$�%P�;� +$>=&�%�%,#'"�;� =�$%-"�$%;�. ��=#-%,#� �+D"�&�E#*"�D 
=��,+>#� !%L -;�E� >$������� @%E%��;%"#�"#>�J �+D"�&�E#*"�D �=+-
�%,#�. 

��=#-%,#� >=���L =#!��P+""K =��!�$���"�>�# =�%,#, +$�"�;#� 
;%�+�#%&J"�D �+>��>#�, -"�O+""K >�@#�%���>�# =��!�$,#�. 

�E�+E%���%""� – ,+ =��",�= >����+""� ;%G�", �@&%!"%""�, 
=��&%!#�, #"G�D ����@#� - �"#/#$��%"�D %E�+E%�#� (>$&%!%&J"�D 
�!�"�,J), �$# �>�%"��&KK�J>� � �#-"�D >=�&�*+""�D # $#&J$�>��D. 
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	+&�$�E� =�G��+""� "%@�&� %E�+E%�"# �+�>�%��, �$# &+E$� ��--
@��%K�J>� # - %E�+E%�#� �$�D ;�O"% >$&%>�� "��# �+�>�%�� !&� �@��-
@$� #"G�D !+�%&+' - =���#@"�K ��*"#>�K. 

�%=��$&%! >���$���"�' %"%&#- ;+��!%;� �+��#� ;%G�" # ;+D%"#-
-;#� - ��%D��%""�; -%$�"#� =�!#@"�>�# �% �;�� +$>=&�%�%,#� =�$%-�L, 
P� !&� >%;�D#!"�D @�!#�+&J"�D # ��%">=���"�D ;%G�" - =���O"#>-
�K !��E�"#� �#! 5 !� 2500 $. >. *�>&� ��=���-;#�#� $�O"�E� %E�+E%�� 
�+��+��*"� ;�O"% -�+>�� !� 10....12. 

F%=���%!O+""� �"#/#$%,#� ' %E�+E%���%""� !%L -;�E� � 2…4 �%-� 
>$������� >���$� ����@"�,��% "���� �+D"#$� # "% 25...30% -"�-��� 
>�@#�%��#>�J �� ��E����&+""�, -;+"G��� ;+�%&�L;$#>�J # -%��%�� "% 
+$>=&�%�%,#K # �+;�"�. 

1.2. )�8� � �	
	�� ��	�
	����	�� 


>"��"�;� ,#&�;� >�%"!%���-%,#� L: 
- >=���""� -%@+-=+*+""K =��=��,#'"�E� ��-���$� �>#D E%&�-+' 

"%��!"�E� E�>=�!%�>��%; 
- =�&#=G+""� �$�>�# =��!�$,#� # �$�>�# ��@��� �% -%@+-=+*+""� �� 

�=��;%&J"�E� �#�"�; 
- -%@+-=+*+""� �-E�!O+""� ��;�E !� =��!�$,#� - =���+@%;� �@�-

��"� $�%�"�; 
- -%@+-=+*+""� �;�� !&� ��-���$� >=+,#%&#-%,#� � E%&�-# =��+$��-

�%""� # ����@"�,��% =��!�$,#�, -"�O+""� �� ���!�;#>�$�>�#, ;%&�L-
;"�>�# # =�&#=G+""� #"G�D =�$%-"�$#�; 

- -%@+-=+*+""� �;�� !&� ��-���$� +$>=���� ���%�#�, �$# -%!���-
&J"�K�J ��;�E%; >�#����E� ��"$�; 

- ��-����$ ;#O"%��!"�E� +$�"�;#*"�E� # �+D"#*"�E� >=#���@#�-
"�,��%; 

- �%,#�"%&J"+ ��$���>�%""� ����@"�*�D /�"!#� # +$�"�;#� ;%�+-
�#%&J"�D �% ���!���D �+>��>#�; 

- -%@+-=+*+""� �D���"� -!����'� "%>+&+""�, @+-=+$� =�%,#, �D�-
��"� =����!� # =�&#=G+""� ��$���>�%""� =����!"�D �+>��>#�. 

�&� !�>�E"+""� "%-�%"�D ,#&+' =���#@"� ��-�'�-%�� �%$# -%�!%""�: 
- �>�%"��&+""� =��E�+>��"�D >�>�+; >�%"!%��#�, �$# ��-"%*%K�J 

��;�E� !� $�">���$,#� ����@#�, !� �+D"�&�E#� �D ����@"�,��%, !� 
�$�>�# >�����"�, % �%$�O >����KK�J �;��� !&� /��;��%""� "+�@-
D#!"�� �$�>�# $#",+��� =��!�$,#� "% >�%!#� �� =��+$���%""�, ����@"�-
,��% �% +$>=&�%�%,#�; 
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- ��-"%*+""� L!�"�� >�>�+;� =�$%-"�$#� �$�>�# =��!�$,#�, ;+��-
!#� # -%>�@#� $�"���&K # ��=��@��%"J, % �%$�O "+�@D#!"�E� �#�"� "%-
!#'"�>�#; 

- �>�%"��&+""� "��;, ��;�E # ;+��!#� � E%&�-# =��+$���%""� # ��-
��@"�,��% =��!�$,#� !&� -%@+-=+*+""� �� �=��;%&J"�� �$�>�# �% ��-
$&K*+""� "+�%,#�"%&J"�� �#-"�;%"#�"�>�# �� ��!#�; 

- ��-����$ �"#/#$%,#� =��;�>&���� =��!�$,#� �% %E�+E%���%""� 
;%G�"; 

- -%@+-=+*+""� L!"�>�#, �#��E#!"�>�# ��;#�K�%"J # $�"���&K; 
- �>�%"��&+""� L!�"�D >�>�+; !�$�;+"�%,#�, $�%&#/#$%,#� # $�!�-

�%""� �+D"#$�-+$�"�;#*"�� #"/��;%,#�; 
- �>�%"��&+""� L!�"�D �+�;#"#� # =�-"%*+"J � E%&�-# "%�$� # �+D-

"#$� �% � "%��!"�;� E�>=�!%�>��#. 
	$%-%"# -%!%*# ;�O��J ���#G��%��>� �$ � ;%>G�%@%D $�%�"�, �%$ 

# � !+�$�D E%&�-�D "%��!"�E� E�>=�!%�>��%, �$�+;�D ����@"�*�D 
�@’L!"%"J # =#!=��L;>��. 

1.3. #�	����� ��	�
	����	�� 

	�=�>$ !+�%&+' # ��-&#� - *#�$� �@�;��&+"�;� /�"$,#�"%&J"�;� 
=%�%;+��%;� =�� �=��;%&J"#' �D ��*"�>�# �% �=��;%&J"#' �$�>�# 
=��+�D"#, >����+""� E%�%"���%"�E� -%=%>� ��@���-!%�"�>�# ;%G�" # 
=��&%!#� !�-��&�K�J -%@+-=+*��� �-%L;�-%;#""#>�J �>#D �!"���=-
"�D ����@#�, P� ��=�>$%L =#!=��L;>��� -% �D +$>=&�%�%,#'"�;� =�-
$%-"�$%;�. ��� ,J�;� �D ��*"#>�J # !��E��#*"#>�J =#!��P�L�J>� "% 
20...30%, @�%$ >$���*�L�J>� "% 20...40%, ���!�;#>�$#>�J =#!E�"�*-
"�D # �+E�&K�%&J"�D ��@#� -"�O�L�J>� "% 30...50%. 

��� >��L*%>"#' ��-��@,# �% =+�+E&�!# >�%"!%��#� "% �>"��# �+-
-�&J�%�#� "%�$���-!�>&#!"�,J$�D # ��=��@��%&J"�-$�">���$���-
>J$�D ��@#� =��>$��KL�J>� �=���%!O+""� !�>�E"+"J "%�$� # �+D"#-
$� � "%��!"�;� E�>=�!%�>��#. 

	 �+-�&J�%�# >�%"!%���-%,#� ��-&#� # %E�+E%�#� >����KK�J>� �;�-
�� !&� ��-���$� >=+,#%&#-%,#� # $��=+���%""� =#!=��L;>��, �=���%-
!O+""� >�%"!%���-%,#� >=���L ��>�� =��!�$���"�>�# =�%,#. F%�!�$� 
��$���>�%""� >�%"!%��"�E� �@&%!"%""� # #">���;+"�� -;+"G�K�J>� 
����%�� # >���$� "% =#!E����$� ����@"�,��%. 

��%"!%���-%,#� – +/+$���"�' G&�D >$���*+""� ����%� # =��>$�-
�+""� >����+""� >�>�+; %���;%��-��%"�E� =��+$���%""� (����). 
�&� �=���%!O+""� ���� "+�@D#!"� �=+�%���"� >������� ��=��# 
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;+��!� �#G+""� #"O+"+�"�D -%!%*, >�%"!%��#�, #"/��;%,#'"#, =��-
E�%;"# # �+D"#*"# -%>�@�. 

��%"!%���-%,#� �%$�O =�-����"� �=&��%L "% +$�"�;#*"#>�J ��-
��@"�,��%, "% >$���*+""� >���$#� =#!E�"�*"�D ��@#� # =#!��P+""� 
�+;�"�"� – =��!%�"�>�# ����@#�. ��%"!%���-%,#� L +/+$���"�; -%-
>�@�; �#G+""� =��@&+; �D���"� =�%,# � =��;�>&���>�# # >#&J>J$�-
;� E�>=�!%�>��#. ����L�� ��&J >�%"!%��� �#!#E�%K�J � +$�"�;#� ;%-
�+�#%&J"�D �+>��>#� -% �%D�"�$ �=���%!O+""� �+>��>�-@+�#E%K*�D 
�+D"�&�E#', >$���*+""� ����%� � =��,+># ����@"�,��%, -@+�#E%""�, 
��%">=�����%""� # +$>=&%"�%,#�. 

	 �+-�&J�%�# >�%"!%���-%,#� -%@+-=+*�L�J>� +$�"�;#� � =��,+># 
=��+$���%""�, ����@"�,��% # +$>=&�%�%,#�, L -"%*"�' +$�"�;#*"�' 
+/+$�. 

 

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

2.1. %�����	���	��, �8	��<��	�� � ��
��	��� 

��>�+;%��-%,#� =�+!;+�#�, ���P, =�"��J ;%L "% ;+�# -% !�=�;�-
E�K ��-;#P+""� �D � =+�"�;� =���!$� # =�>&#!��"�>�# >������� *#�-
$� >�>�+;�, -��*"� !&� $���>���%""�. �%'=��>�#G�K /��;�K >�>-
�+;%��-%,#� L %&/%�#�"% >�>�+;% ��-;#P+""� �@'L$�#�. �%$�O >�>�+-
;% ��$���>����L�J>�, "%=��$&%!, � +",�$&�=+!�*"�D, =�&#�+D"#*-
"�D �% #"G�D !��#!"�$%D. F%>��>���K�J �%$�O =���!$��� "�;+�%-
,#K �@’L$�#�, �$# >�>�+;%��-�K�J>�, %@� ��-;#P+""� �D D��"�&�E#*-
"#' =�>&#!��"�>�#. �%=��$&%!, ���� $�%�"� �+L>���K�J>� �+�O%-
�"�; ��;#�+��; >�%"!%��#� -% =���!$�; "�;+�#�, % =#>&� "�;+�% � 
>�%"!%��# -%-"%*%L�J>� �#$ '�E� -%��+�!O+""�. 

	%O&���E� -"%*+""� "%@�&% �#-"���!"#>�J >�>�+;%��-%,#� – $&%-
>�/#$%,#�. 

�&%>�/#$%,#� >=���L =�&#=G+""K �$�>�# # =#!��P+""K �#�"� 
�-%L;�-%;#""�>�#. �+�% $&%>�/#$%,#� – ��-=�!#&��� =�+!;+��, ���-
P%, =�"���� -% $&%>%;�, =#!$&%>%;�, ��-��!%;� -%&+O"� �#! �D >=#-
&J"�D �-"%$. �% @%-# !+�O%�"�� >�>�+;� �@*�>&K�%&J"�D ,+"��#� - 
!�=�;�E�K %���;%��-��%"�� >�>�+;� �=�%�&#""� (��), P� =���+-
@�L =+�+��!� �+D"#$�-+$�"�;#*"�� #"/��;%,#� "% ;��� ,�/����D $�-
!#�, >����+"% -%E%&J"�!+�O%�"% %���;%��-��%"% >�>�+;% -@��� # �@-
��@$� #"/��;%,#�. 	�"% �$&K*%L $�;=&+$> �-%L;�=��’�-%"�D $&%-
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>�/#$%���#� =��;�>&���� # >#&J>J$�E�>=�!%�>J$�� =��!�$,#�, $�">-
���$���>J$�� !�$�;+"�%,#� # �+D"�&�E#*"�' $&%>�/#$%���. 

�%'*%>�#G+ $&%>�/#$%,#K ��$�"�K�J -% !+>��$���K >�>�+;�K. 
>K @+-&#* =��!�$,#� =#!��-!#&�K�J "% 100 $&%>#� -% E%&�-�;� ��-
��@"�,��% (-% �!"��#!"#>�K ����@"�*�E� =��,+>�) $�"$�+��-�K�J 
-% �&%>����>��;� # =��-"%*+""�; =��!�$,#�. ��O"�' $&%> =#!��-!#-
&�K�J "% 10 =#!$&%>#�, % $�O"�' =#!$&%> – "% 10 E��=, % E��=� – "% 
10 =#!E��=.  >��K *+�E� =#!E��=� !#&��J "% 10 ��!#�. ��O+" ��! 
;%L �$&K*%�� !� 9999 $�"$�+�"�D "%';+"��%"J =��!�$,#� (� =���!-
$� =��>��E� =+�+&#*+""�). 

�+�+&#*+"# 5 >�%!#' =�!#&� =��!�$,#�, P� >����KK�J "%'��P# 
$&%>�/#$%,#'"# �E��=��%""�, ��$���>����K�J>� !&� $�!��%""� E��-
=���� "�;+"$&%���� =��!�$,#�. 

�&%> �@'L!"�L ��P# $�%&#/#$%,#'"# �E��=��%""� # $�"$�+�"# ��!� 
=��!�$,#�, �$# D%�%$�+��-�K�J>� $�;=&+$>�; �!"��#!"�D �-"%$ "+-
-%&+O"� �#! E%&�-# "%��!"�E� E�>=�!%�>��%. �%=��$&%!, � >%;�>�#'-
"# $&%>� ��!#&+"� =��!�$,#K %�����%$���"�E� # >#&J>J$�E�>=�!%�-
>J$�E� ;%G�"�@�!��%""� ($&%> 45), =��!�$,#K �+�>�%��@�!��%""� 
($&%> 47) (�%@&.2.1). 	#&J"# "�;+�� -%&�G+"# !&� ;%'@��"J�E� ��--
G��+""� $&%>�/#$%���%. 

"#�+�>%&J"� !+>��$��� $&%>�/#$%,#K (��) =��'"��� -% ;#O-
"%��!"� >�>�+;� ��@��$%,#� #"!+$>%;� �+D"#*"�� # E�;%"#�%�"�� &#-
�+�%����. �%=��$&%!, ��-62 – �+D"#$%; ��-621 – -%E%&J"+ ;%G�-
"�@�!��%""� ' +&+$���"#$% ��P�. ��>�+;%��-%,#� # $&%>�/#$%,#� L 
�>"���K @�!J-�$�� �"#/#$%,#� # "+�@D#!"# =�� ��$�"%""# ��@#� =� 
>�%"!%���-%,#�. 

2.2. %�����	 �����	=	���� ����8 

	���@&K�%"% "%��!"�; E�>=�!%�>���; =��!�$,#� D%�%$�+��-�-
L�J>� =+�"�;� =%�%;+��%;�. [�@ =#!��P��� �#�+"J �-%L;�-%;#""�-
>�# # -;+"G��� "�;+"$&%���� ����@#�, >������� �;��� !&� +/+$���-
"�� >=+,#%&#-%,#� $��=+���%""�, -!+G+�&+""� =��!�$,#�, =�� �"#/#-
$%,#� # ��-��@,# >�%"!%��#� -%>��>�K�J>� *�>&% =+�+�%O%K*# (��@�� 
=#&JE��#, �%$#, �$�; "%!%L�J>� =+�+�%E%) # ��!� =+�+�%O%K*�D *�>+&. 

F%>��>��%""� =+�+�%O%K*�D *�>+& !%L -;�E� �"#/#$��%�� ��-;#-
�� # =%�%;+��� =��!�$,#� �$ � ;%>G�%@%D $�%�"�, �%$ # � ;#O"%��!-
"�;� ;%>G�%@#. 
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���!�$,#� %�����%$���"�E� # 
>#&J>J$�E�>=�!%�>J$�E� 
;%G�"�@�!��%""� 

����;�@#&# 

��%$���� 

����,�$&� # �+&�>�=+!� 

1 

���E�"�, =%&��"% %=%�%���%, 
+&+$����@&%!"%""� %���;�@#&#�, 
��%$���#� # >#&J>J$�E�>=�!%�>J$# 
;%G�"� 

�#&J>J$�E�>=�!%�>J$# ;%G�"� 

���*+=� # "%=#�=��*+=� 
%���;�@#&#� 
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�@+��%""� 

	+�>�%�� ;+�%&��#-%&J"# 
!&� �@��@$� =��+�D�"J # 
=&�P�" >$&%!"�� /��;� 

�%G�"� $��%&J>J$�-
=�+>��# 


@&%!"%""� �+D"�&�E#*"+ 
!&� &��%�"�E� ����@"�,��% 

�#"#� %���;%��*"# !&� 
;%G�"�@�!��%""� # 
;+�%&��@��@$� 


@&%!"%""� !&� 
����@"�,��% %@�%-��"�E� # 
%&;%-"�E� #">���;+"�� 
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Y���$�E� -%>��>��%""� "%@�&� ��!� =+�+�%O%K*�D *�>+&, 
-%=�>%"�D "% �>"��# E+�;+���*"�D =��E�+>#', �$% ��&�L >�@�K ��! 
*�>+& - =�>�#'"�; �#!"��&+""�; !��D >�>#!"#D *�>+&, P� 
"%-��%L�J>� -"%;+""�$�; =��E�+>#' Q. 

�%=��$&%!, =�� Q =2 #  Q =10  =��E�+>#� ;%K�J ��E&�!: 1; 2; 4; 
8;16;.....# 1; 10;100; 1000; 10000;... �%'-��*"#G�;� L E+�;+���*"# 
=��E�+>#�, �$# ;%K�J *�>&� 1 # � �$�D  Q = 10R , !+ R = 5; 10; 20; 40; 
80; 160. F"%*+""� R ��-"%*%L *�>&� *&+"#� =��E�+>#� � �!"�;� !+>�-
�$���;� #"�+��%&#. 

�
�� 8032 – 84 �>�%"��&KL �%$# �>"��"# ��!� =+�+�%O%K*�D 
*�>+& (�%@&.2.2). 

������� 2.2. ������ ���� �
�
�������� ��
� 
#�	������ ��
 ����	����� ����-

���>� ��
� #	���>8��� ��	����� Q� (���� ��	����� Q� 
R 5 1,6 5 10 1,5849�  

R 10 1,25 10 10 1,2589�  
R 20 1,12 20 10 1,1220�  
R 40 1,06 40 10 1,0593�  

 
��� �>�%"��&+""# =%�%;+��#� =���#@"� �#!!%�� =+�+�%E� ��!� 

R5- =+�+! ��!�; R10, ��!� R10 =+�+! ��!�; R20, ��!� R20 =+�+! 
��!�; R40. 


>"��"# ��!� @�&� � $#",# !+�'��"%!,���E� >���#**� -%=��=�"�-
�%"# /�%",�-J$�' #"O+"+��; Y%�&+; �+"%��; # ����;%&� G���$+ 
��-=��>K!O+""�. 

�+�;+���*"# =��E�+>#� ;%K�J >&#!�K*# �&%>����>�#: 
%) !�@���$ %@� *%>�$% $�O"�D @�!J-�$�D !��D *&+"#� -%�O!� L �� 

*&+"�;; 
@) @�!J-�$�' *&+", =#!"+>+"�' !� ,#&�E� !�!%�"�E� %@� �#!'L;"�-

E� >��=+"K, �%$�O L *&+"�; ,#L� =��E�+>#�. 
��#; �>"��"�D -%>��>���K�J>� !�!%�$��# ��!�  R80 # R160. 
�% =�%$��,# -%>��>���K�J>� ��@#�$��# ��!�, �$# >����KK�J, !�-

@��%K*� $�O+" 2-', 3-', 4-' *&+" �>"��"�E� %@� !�!%�$���E� ��!�. 
��L!"�K*� �#-"# �>"��"# # (%@�) ��@#�$��# ��!�, ;�O"% �!+�O%�� 
>$&%!+"# ��!�, �$# � �#-"�D #"�+��%&%D ;%K�J "+�!"%$��# -"%;+""�-
$�. �"$�&� =�� >�%"!%���-%,#� -%>��>���K�J ��!� =+�+�%O%K*�D *�-
>+&, =�@�!��%"# "% %��/;+��*"#' =��E�+>#�, P� ;%K�J ��E&�!: 
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1 – 2 – 3 – 4 – 5 –...... 
25 – 50 – 75 – 100 – 125 –...... 
���/;+��*"# ��!� �20, �10, �5, �25 D%�%$�+�"# ��;, P� � "�D 

�#-"�,� ;#O !��;% >�>#!"#;� *�>&%;� -%�O!� =�>�#'"%. 
F�>��#*%K�J>� >��=#"*%>��-%��/;+��*"# ��!�, � �$�D "% �$�+-

;�D �#!�#-$%D =��E�+>#� �#-"�,# ;#O >�>#!"#;� *&+"%;� �#-"#: 
1,8 – 2 – 2,2 –.... – 3 – 3,5 – 4,5 –.... – 145 – 150 – 155 –.... 
�+�+�%O%K*# *�>&% # �D ��!� -%>��>���K�J: =�� �>�%"��&+""# 

>�%"!%��"�D -"%*+"J �+&�*�"; 
- =�� "��;��%""# -"%*+"J ��D#!"�D =%�%;+��#� =��!�$,#� �% �;�� 

�� #>"��%""�; 
- =�� "��;��%""# -"%*+"J =%�%;+��#� =��!�$,#�, �$# -�'�-%"# &%-

E%��/;��%"�K -%&+O"#>�K - ��D#!"�;� =%�%;+��%;�. 
���$&%!�; ��$���>�%""� ��!� =+�+�%O%K*�D *�>+& L ��! �"#$�-

�%"�D �%"�%O"�D %���;�@#&#� "% @%-# �M��F-549 �%"�%O�-
=#!'�;"#>�K 65, 110 # 220�. 

2.3. �	�	����� � �	�	�������� ��
� 

[��#*"� � ���� >����K�%&�>� @&�-J$� *����J�D ��>�* "���D 
��!#� ;%G�", =��&%!#�, ;+D%"#-;#�. ��O"�' ���#@ D%�%$�+��-�L�J>� 
=%�%;+���*"�;� ��-;#�%;�, %@� =%�%;+��%;�. U�>&� >�%"!%���-�-
�%"�D =%�%;+��#� =���""� @��� ;#"#;%&J"�;, %&+ !�>�%�"#; !&� 
�,#"$� +$>=&�%�%,#'"�D �$�>�+' ����@#� (;%G�"). �%�%;+��� ����-
@#� !#&��J>� "% E�&��"# �% �>"��"#. 

��&��"# =%�%;+��� – ,+ "%'�%O&��#G�' +$>=&�%�%,#'"�' =�$%--
"�$ ����@�, �$�' "+ -%&+O��J �#! '�E� �+D"#*"�E� �!�>$�"%&+""� # 
�+D"�&�E#� ��E����&+""�. �%=��$&%!, E�&��"�' =%�%;+�� ��$%�"�E� 
�+�>�%�% E%@%���"# ��-;#�� �@��@&K�%"�D -%E�����$; G�%"E+"#">�-
��;+"�%, ;#$��;+��#� – E�%"�,� ��;#�K�%""�. 

F% E�&��"�; =%�%;+���; @�!�K�J =%�%;+���*"�' ��!. 
�%�%;+���*"�; ��!�; "%-��%L�J>� -%$�"�;#�"� =�@�!��%"% � 

=+�"�;� !#%=%-�"# >�$�="#>�J *�>&���D -"%*+"J E�&��"�E� =%�%;+�-
�% ;%G�" %@� ����@#� �!"�E� /�"$,#�"%&J"�E� =��-"%*+""�. ��#; 
E�&��"�E� =%�%;+��%, #>"�K�J �>"��"# =%�%;+��� ����@#�. 
>"��"# 
=%�%;+��� ���%O%K�J>� *+�+- E�&��"�' =%�%;+��. �%=��$&%! E�&�-
�"�' =%�%;+�� =��G"+��E� $�;=�+>��% – !#%;+�� 	 ,�&#"!�%, % 
�!�" #- �>"��"�D '�E� =%�%;+��#� – =��!�$���"#>�J �: 
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2

4
� � �

	� � n�
     (2.1) 

!+ � – D#! =��G"�; �- *%>���% �@+��%""�. 
F%$�"�;#�"� =�@�!��%"% � =+�"�;� !#%=%-�"# >�$�="#>�J *�>&���D 

-"%*+"J E�&��"�E� =%�%;+��% ;%G�" %@� ����@#� �!"%$���E� /�"$,#-
�"%&J"�E� =��-"%*+""� "%-��%L�J>� =%�%;+���*"�; ��!�;. �#-"���-
!�; =%�%;+���*"�E� ��!� L ��=���-;#�"�' (%@� =��>�� ��-;#""�') 
��!; '�E� E�&��"�' =%�%;+�� – ��-;#�� ����@#�. �% @%-# -%-"%*+"�D 
��!#� >����KK�J>� $�">���$���"# ��!� $�"$�+�"�D ��=#� (;�!+&+') 
;%G�" �!"%$���� $�">���$,#� �% /�"$,#�"%&J"�E� =��-"%*+""�. 

 !+�$�D E%&�-�D ;%G�"�@�!��%""� (;+�%&��#-%&J"# �+�>�%��, 
!�-+&J"# !��E�"�, ��P�) -%>��>���K�J =%�%;+���*"# ��!� R10. �%-
�%;+���*"# ��!� ��-&#�, !+�%&+' +$�"�;"#G+ @�!��%�� -% ��P�; 
��!�;, "%=��$&%! -%  R20. F%-"%*+"# ��!� @�!�K�J, ��D�!�*� - =��-
=��,#'"�� -;#"� +$>=&�%�%,#'"�D =�$%-"�$#� ;%G�" (=���O"�>�#, 
=��!�$���"�>�#, ��P�).  ,J�;� ��=%!$� E+�;+���*"# D%�%$�+��>-
��$� ;%G�" (!#%;+�� ,�&#"!�#�, D#! =��G"�, ��P�) L =�D#!"�;� �#! 
+$>=&�%�%,#'"�D =�$%-"�$#�. ��!�K*� =%�%;+���*"#, ��=���-;#�# # 
$�">���$���"# ��!� ;%G�", >&#! !�!+�O��%��>� =�!#@"�>�# ��@�*�-
E� =��,+>� (;+D%"#*"�E�), �$�' =����!��J !� E+�;+���*"�� =�!#@-
"�>�#. �%=��$&%!, !&� !��E�"#� �"���#G"J�E� -E��%""� L !�# �;��� 
=�!#@"�>�#, �#�"#>�J >+�+!"J�E� +/+$���"�E� ��>$�, �$�' -%&+O��J 
�#! �+;=+�%���� # ��>$� =%&��"�� >�;#G# �#�"#>�J >+�+!"J�� G��!-
$�>�# �$% ��-"%*%L�J>� D�!�; =��G"� # *%>����K �@+��#� !��E�"%. 

	>�%"��&KK*� ��!�, =���#@"� ��%D����%�� P#&J"#>�J ��-=�!#&� 
-%>��>��"�>�# �#-"�D -"%*+"J =%�%;+��% ����@#�, �$# >�%"!%���-�-
K�J>�. ��� ,J�;� -@#&JG�L�J>� *�>&� *&+"#� ��!� � !#%=%-�"# ;%$-
>�;%&J"�� *%>���� -%>��>��%""�. �%$, � -%E%&J"�;� ;%G�"�@�!�-
�%""# @&�-J$� 90% �>#D ��$���>�����%"�D ;�!+&+' -�@*%>��D $�&#> 
=+�+@��%K�J � ;+O%D 1.....6 ;;. �&+ "%'*%>�#G+ -%>��>���K�J>� $�-
&+>% - m = 2...4 ;;. ��;� � >�%"!%��# "% ��! ;�!�&#� "%'@#&JG+ *�>-
&� E�%!%,#' =��=%!%L "% ;�!�&# 2...4 ;;. 

	>�%"��&KK*� *�>&� -"%*+"J E�&��"�E� =%�%;+��% # *%>���� ��-
!�, =���#@"� ��%D����%�� =���*"# =���+@�, =+�>=+$���� ��-���$� 
"%��!"�E� E�>=�!%�>��%, !�>�E"+""� "%�$� # �+D"#$�. 

[�@ �"�$"��� �+&�$�� "�;+"$&%���� ����@#�, P� ��E����&�-
K�J>�, =���#@"� *%>���� ��!� �+D"#*"� # +$�"�;#*"� �@_��"���%��. 
�- -;+"G+""�; *�>&% ��=���-;#�#� -@#&JG�L�J>� >+�#'"#>�J # -"%*"� 
-;+"G�L�J>� ���!�;#>�$#>�J ����@"�,��% (��>. 2.1.) 
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!�.2.1. "���
��� #��������#� ��$�#���
��� �����  
� %��
���#� ��� #��� �� ��������#��: 1 – �������
; &&- ������-  

� 
�
����
��'�
; &&& – ������
��'�
; &V – ����
. 

2.4. ?���8����	 � ������
=��	8@�	 ��	�
	����	�� 

�$#>�J @�!J-�$�E� ����@� ��-"%*%L�J>� �+&�$�; *�>&�; /%$��-
�#�: !�>$�"%&#>�K $�">���$,#'; �$#>�K ;%�+�#%&�, - �$�E� �#" ��E�-
���&�L�J>�, >��=+"+; �"#/#$%,#�, %E�+E%���%""� # >�%"!%���-%,#�; �#-
�"+; �+D"�&�E#� ����@"�,��% # $�"���&K; �#�"+; �-%L;�-%;#""�>�# 
�% #". �&� -%@+-=+*+""� ��>�$�� �$�>�# "+�@D#!"% �=��;#-%,#� -%-"%-
*+"�D /%$���#� # >����% �-%L;"% �-E�!O+"#>�J ��;�E !� �$�>�#. 

��-�’�-%""� ,J�E� -%�!%""� �>$&%!"KL�J>� G���$�K ;#OE%&�-+-
��K $��=+�%,#LK -%��!#�. �%$, =�� ����@"�,��# %���;�@#&#� ��$�-
��>����K�J =�"%! 4000 "%';+"��%"J ����@#� # ;%�+�#%&#�, ��>�*# 
��!#� �+D"�&�E#*"�E� �@&%!"%""�, #">���;+"�� # -%>�@#� $�"���&K. 
��-�’�-%�� ,+ -%�!%""� !%L -;�E� $�;=&+$>"% >�%"!%���-%,#�. 

��;=&+$>"�K "%-��%L�J>� >�%"!%���-%,#�, -% !�=�;�E�K �$�� 
-!#'>"KK�J>� ,#&+>=��;��%"+ # =&%"�;#�"+ �>�%"��&+""� # -%>��>�-
�%""� >�>�+;� �-%L;��-E�!O+""� ��;�E �$ !� �@’L$�% � ,#&�;�, �%$ # 
!� /%$���#�, P� �=&��%K�J "% �@’L$�, - ;+��K -%@+-=+*+""� �=��-
;%&J"�E� ��-�'�-%""� $�"$�+�"�� =��@&+;�. ���",�=��� "���; � 
��-���$� $�;=&+$>"�� >�%"!%���-%,#� �-%E%&# # >�%"!%���-%,#� >#&J-
>J$�E�>=�!%�>J$�� �+D"#$� -�$�+;% L !+!%&# G��G+ ��$���>�%""� 
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>�*%>"�D ;+��!#� =��E�%;"�-,#&J���E� =&%"��%""� ��@#� =� >�%"-
!%���-%,#�, �"%>&#!�$ *�E� �>�%"��&KK�J>� -@%&%">��%"# ��;�E� !� 
E������ =��!�$,#�, >�����"�, ;%�+�#%&#� # $�;=&+$��K*�D ����@#�. 

��-��@&K�%"# $�;=&+$>"# =��E�%;� =+�+!@%*%K�J: 
=#!��P+""� "%�$���-�+D"#*"�E� �#�"� >�%"!%��#�; 
- -%@+-=+*+""� �#!=��#!"�>�# >�%"!%��#� ��;�E%; ����@"�,��%, 

�@���"� $�%�"�, �"���#G"J�E� # -��"#G"J�E� ��"$#�. 
�+;=� "%�$���-�+D"#*"�� �+��&K,#� XX >���#**� �%$#, P� �#-$� 

>$������>� *%> ;#O =����K "%�$���� #!+� �% �� �+%&#-%,#LK. 
�%$, !&� �%!#� =+�#�! ��#&+""� #!+� � =�%$��$� @�� =��@&�-"� 

35 ��$#� (1867…1902 ��), % !&� �+&+@%*+""� – 14�. (1922…1936 ��), 
% !&� ��%"-�>���#� – �#&J$� 5 ��$#� (1948 … 1953 ��). 

����$ ;��%&J"�E� >�%�#""� �@&%!"%""�, ;+D%"#-;#�, =��&%!#� �#-
-$� >$������>�. ����+�#L; -"���� - ����@"�,��% ����@� L +$�"�;#-
*"# =+�+�%E� ����@"�,��% # +$>=&�%�%,#� "���E� ����@� ��E� O =��-
-"%*+""�, '�E� $�%P# �+D"#*"# ;�O&���>�# �% #"G# �$�>�#. ��;� # 
>�%"!%��� =���""# �!�>$�"%&K�%��>�. 

>=#G"�;� ��-�’�-%""K -%�!%""� -"%*"�E� >$���*+""� >���$#� 
�=���%!O+""� !�>�E"+"J "%�$� # �+D"#$� � ����@"�,��� >=���L ��-
=+�+!O��%&J"% >�%"!%���-%,#�. 

	�=+�+!O��%&J"�K "%-��%L�J>� >�%"!%���-%,#�, P� �>�%"��&KL 
"��;�, =#!��P+"# =� �#!"�G+""K !� �O+ !�>�E"���E� "% =�%$��,# 
�#�"�, # �%$# ��;�E� !� �@’L$�#� >�%"!%���-%,#�, �$# -E#!"� - =��E"�-
-%;� @�!��J �=��;%&J"�;� � ;%'@��"J�;�. 

�+�+! ��=+�+!O��%&J"�K >�%"!%���-%,#LK =��!�$,#� >����J �%$# 
�>"��"# -%�!%""�: 

1. F%@+-=+*+""� "%'��P�E� �+D"#*"�E� �#�"�, �$�>�# # +$�"�;#*-
"�>�# "���� # ;�!+�"#-��%"�� =��!�$,#� �$ =�� =��+$���%""#, �%$ # � 
����@"�,��#. 

2. 	>�%"��&+""� � >�%"!%��%D �=��;%&J"�D �>"��"�D ��;�E, �$# 
=#!��P+"� =� �#!"�G+""K !� �#�"� !�>�E"���E� =+�+!���;� �#�*�-
-"�"�;� # -%��@#O"�;� ����@"�,��%;�, # !�!+�O%""� �$�D =���""� 
-%@+-=+*��%�� =�>�#'"�' ��=�>$ =��!�$,#� ��P�� $%�+E��#� �$�>�# 
=����E�; �>J�E� -% =&%"���E� =+�#�!� �� >+�#'"�E� *� ;%>���E� ��-
��@"�,��%. 

3. F%@+-=+*+""� >�*%>"�� �"#/#$%,#� # �+D"#*"�� "%>��="�>�# =�� 
��-��@,# �#-"�D ;�!�/#$%,#' =��!�$,#� - ;+��K >$���*+""� "+�%,#-
�"%&J"�� �#-"�;%"#�"�>�# �� "�;+"$&%����. 

��%"!%��� - =+�>=+$���"�;� ��;�E%;� =���""# ��-��@&��� ��-
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E%"#-%,#� # =#!=��L;>��%, �$# @+-=�>+�+!"J� ��$�"�K�J ,# ��@���. 
��@��� =� ��=+�+!O��%&J"#' >�%"!%���-%,#� "���� =��!�$,#� =���""# 
=����!���>� -% �+-�&J�%�%;� =�G�$���D "%�$���-!�>&#!"�D ��@#�, 
>=��;��%"�D "% ��-"%*+""� =+�>=+$��� ��-���$� �#!=��#!"�D E��= 
�!"��#!"�� =��!�$,#� # �+D"�&�E#�, % �%$�O -% �+-�&J�%�%;� =+�>=+$-
���"�D !�>&#!"�-$�">���$���>J$�D # !�>&#!"�-�+D"#*"�D ��@#�. 

�+�+D#! "% ��=+�+!O��%&J"� >�%"!%���-%,#K "���� # ;�!+�"#-�-
�%"�� =��!�$,#� ;%� =��",�=��+ -"%*+""� � >=�%�# $%�!�"%&J"�E� 
�!�>$�"%&+""� �>#L� ��E%"#-%,#�, =&%"��%""� # �=�%�&#""� �+D"#*"�; 
=��E�+>�; � $�%�"#. 

2.5. %�	�
	����	�� ��������� 
�������	�� 

�$&%!��% *%>��"% $�;=&+$>"�� >�>�+;� >�%"!%���-%,#� – L!�"% 
>�>�+;% $�">���$���>J$�� !�$�;+"�%,#� (M���), �$% �>�%"��&KL 
!&� �>#D ��E%"#-%,#' $�%�"� L!�"# =���!�$ ��E%"#-%,#� =��+$���%""� 
# =�%��&% ��$�"%""� �% �/��;&+""� $�+>&+"J. I+ =�&+EG�L *��%""� 
# >=��';%""� $�+>&+"J, !%L -;�E� -%>��>����%�� =+�>�"%&J"# 
$�;=’K�+�� !&� =��+$���%""� # �@��@$� �+D"#*"�� !�$�;+"�%,#�, 
��-���$� $��=+���%""� � =��;�>&���>�#. 

F%>��>��%""� >�%"!%��#� M��� -%@+-=+*�L �-%L;"�' �@;#" $�">-
���$���>J$�K !�$�;+"�%,#LK ;#O =#!=��L;>��%;� # ��E%"#-%,#�;�, 
>=��P+""� $�">���$���>J$�D !�$�;+"�#� # E�%/#*"�D -�@�%O+"J, 
-"�O+""� ���!�;#>�$�>�# =��+$�"�-$�">���$���>J$�D ��-��@�$. 

��;=&+$> >�%"!%��#� M��� �=���%!O+"� - 1 >#*"� 1971 �; �#" 
�$&K*%� =�"%! 250 >�%"!%��#�, �$# ��-=�!#&�K�J>� "% !+�’��J �%$�D 
E��=: 

2.1. 
>"��"# =�&�O+""� (�
�� 2.102-68, �
�� 2.121-73, �
�� 
13-85). 

2.2. �&%>�/#$%,#� # =�-"%*+""� ����@#� � $�">���$���>J$�D !�-
$�;+"�%D (�
�� 2.201-80). 

2.3. F%E%&J"# =�%��&% ��$�"%""� $�+>&+"J (�
�� 2.301-68… 
�
�� 2.320 – 82). 

2.4. ��%��&% ��$�"%""� $�+>&+"J ����@#� ;%G�"�@�!��%""� # 
=��&%!�@�!��%""� (�
�� 2.401-68 – �
�� 2.427-75). 

2.5. ��%��&% �@����� $�">���$���>J$�D !�$�;+"�#�: �@&#$, -@+-
�#E%""�, �"+>+""� -%;#" (�
�� 2.501-68 … �
�� 2.503-74). 

2.6. ��%��&% ��$�"%""� +$>=&�%�%,#'"�� # �+;�"�"�� !�$�;+"�%-
,#� (�
�� 2.601-68 … �
�� 2.609-79). 
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2.7. ��%��&% ��$���>�%""� >D+; (�
�� 2.701-84 … �
�� 2.787-71). 
2.8. �%$+�"# ;+��!� =��+$���%""� (�
�� 2.801-74 … �
�� 

2.803-77). 
2.9. �"G# >�%"!%��� (>�%"!%��� "% ����@�, P� =��-"%*%K�J>� "% 

+$>=���, ��P�). 
���$&%! =�-"%*+""� >�%"!%��#� M���: �
�� 2.503-74. I�/�% 2 

– ,+ $&%> >�%"!%��#�; ,�/�% 5 =#>&� $�%=$� �-"%*%L E��=� >�%"!%�-
�#�; ,�/�% 03 �-"%*%L =���!$���' "�;+� >�%"!%��� � !%"#' E��=#; 
,�/�� 74 -%-"%*%K�J �#$ �+L>��%,#� >�%"!%���. 

	 $�;=&+$� M��� �$&K*+"� "��;%���"�' !�$�;+"� �
�� 
2.111-68 «M���. ���;�$�"���&J», �$�' �>�%"��&KL =���!�$ $�"�-
��&K $�">���$���>J$�� !�$�;+"�%,#�, % �%$�O �
�� 2.1�6-71 
«M���. �%��% �+D"#*"�E� �#�"� # �$�>�# =��!�$,#�» �$�' /#$>�L =�-
$%-"�$� $�%P�D �#�*�-"�"�D # -%��@#O"�D %"%&�E#�. I# $%��� ��$�-
��>����K�J>� !&� �,#"$� �$�>�# ����@#� =#! *%> �D %�+>�%,#�. 

�
�� 2.301-66 �+E&%;+"��L /��;%�� %�$�G#� $�+>&+"J �% #"G�D 
$�">���$���>J$�D !�$�;+"�#� (�%@&. 2.3.) 

������� 2.3. !
$���
�#����� (����#� 
��-"%*+""�  

/��;%�� �0 �1 �2 �3 �4 

��-;#�� >���#"  
/��;%�� 841D1189 594D841 420D594 297D420 210D297

 
�%>G�%@�, -�@�%O+"J "% $�+>&+""�D �>�%"��&KL �
�� 2.302-

68. �%>G�%@� -;+"G+""�: 1:2; 1:2,5; 1:4; 1:5; 1:10; 1:15; 1:20; 1:25; 
1:40; 1:50; 1:75; 1:100; 1:200; 1:400; 1:500; 1:800; 1:1000. 

�%>G�%@� -@#&JG+""�: 2:1; 2,5:1; 4:1; 5:1; 10:1; 20:1; 40:1; 50:1; 
100:1. 


!"�; #- �>"��"�D "%=��;$#� =+�>=+$���"�E� ��-���$� M��� L 
!�$�;+"�%&J"+ -%@+-=+*+""� >�>�+;� %���;%��-%,#� =��+$�"�-
$�">���$���>J$�D ��@#� � ����, �$+ !%L -;�E� =#!��P��%�� =��!�-
$���"#>�J $�">���$���>J$�� =�%,#. 

M!�"% >�>�+;% �+D"�&�E#*"�� !�$�;+"�%,#� (M���) ��&�L >�@�K 
$�;=&+$> !+�O%�"�D >�%"!%��#�, �$# �>�%"��&KK�J �-%L;�=��'�-%"# 
=�%��&% ��-��@$�, �/��;&+""� # �@����� �+D"�&�E#*"�� !�$�;+"�%-
,#�. 	 "%G *%> M��� �$&K*%L =�"%! 50 !+�O%�"�D >�%"!%��#�, �$# 
��-=�!#&�K�J>� "% 9 E��= (�%@&.2.4). 

���=� 7 # 8 =��-"%*%K�J>� !&� >�%"!%��#�, �$# ��-��@&K�%��-
;��J>� � =+�>=+$���#. 
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���$&%! =�-"%*+""� >�%"!%��#� M���: �
�� 3.1103-82. 
I�/�% 3 – $&%>: =+�G% ,�/�% 1 – =#!$&%> (>�%"!%��� M��� !&� 

����@#� ;%G�"�@�!��%""� # =��&%!�@�!��%""�); !��E% ,�/�% 1 – 
$&%>�/#$%,#'"% E��=%; ,�/�% 03 – =���!$���' "�;+� >�%"!%��� � 
E��=#; ,�/�� 82 =�-"%*%K�J �#$ �+L>��%,#� >�%"!%���. 

	=���%!O+""� >�%"!%��#� M��� !%L -;�E� =#!��P��� �#�+"J �+-
D"�&�E#*"�D ��-��@�$, =�&#=G��� �$#>�J �+D"�&�E#*"�� !�$�;+"�%-
,#�, =#!��P��� =��!�$���"#>�J =�%,#. 

������� 2.4. !�%����� #�����#�� )*�	  
%� �����(�����'���� $������ 

C�<� >���� &	D�����	��� ��	�
	���� 
0 F%E%&J"# =�&�O+""� 
1 
>"���=�&�O"# >�%"!%��� 
2 �&%>�/#$%,#� # =�-"%*+""� �+D"�&�E#*"�D !�$�;+"�#� 
3 
@&#$ -%>��>��"�>�# ����@#� # �+D"�&�E#*"�� �>"%>�$� 
4 
>"��"+ ����@"�,���. ��%��&% �/��;&+""� �+D"�&�E#*"�D 

!�$�;+"�#�, >=+,#%&#-��%"�D -% ��!%;� ��@#� 
5 
>"��"+ ����@"�,���, ��%��&% �/��;&+""� �+D"�&�E#*"�D 

!�$�;+"�#� "+ ��=��@��%""� # $�"���&J 
6 ��=�;#O"+ ����@"�,���. ��%��&% �/��;&+""� �+D"�&�E#*-

"�D !�$�;+"�#� 
7-8 - 
9 ���;%���"+ E�>=�!%�>��� 

 
M!�"% >�>�+;% �+D"�&�E#*"�� =#!E����$� ����@"�,��% (M���	) 

– ,+ >�%"!%���-��%"% >�>�+;% ��E%"#-%,#� ' �=�%�&#""� =��,+>�; 
�+D"�&�E#*"�� =#!E����$� ����@"�,��%, �$% =+�+!@%*%L -%>��>��%"-
"� =��E�+>��"�D ��=���D �+D"�&�E#*"�D =��,+>#� # �>"%P+""� ��-
@#�, -%>�@#� ;+D%"#-%,#� �% %���;%��-%,#� ����@"�*�D =��,+>#�. 

M���	 �$&K*%L >�%"!%��� =’��� E��=: ���$&%! =�-"%*+""� 
>�%"!%��#� M���	: 14.00-73. U�>&� 14 �-"%*%L $&%> >�%"!%��#�, 0 – 
E��=% >�%"!%��#�, 01 =���!$���' "�;+� >�%"!%��� � !%"#' E��=#, 73 
– �#$ �+L>��%,#� >�%"!%���. 

M���	 �>�%"��&KL "+�@D#!"#>�J =#!��P+""� �#�"� �+D"�&�E#*-
"�>�# $�">���$,#' ����@#� # G���$�E� -%>��>��%""� ��=���D �+D"�-
&�E#*"�D =��,+>#� !&� ��E����&+""� E��= �!"��#!"�D -% $�">���$-
,#LK # ;+��!%;� �@��@$� !+�%&+'. 
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+$"!" 3. ���E"!&" %'%(��" %("&�"�('#")�* 

3.1. ��>	�� � �8�=F� ������� ��	�
	����	�� 

��&��"�; ��E%"�; >�>�+;� >�%"!%���-%,#� L �+�O%�"�' $�;#�+� 
>�%"!%���-%,#� (�+�O>�%"!%��) $�%�"�, -%!%*%;� �$�E� L: 

- >����+""� >�>�+;� "��;%���"�-�+D"#*"�� !�$�;+"�%,#�, �$% 
�>�%"��&KL =��E�+>��"# ��;�E� !� ��-��@$�, ����@"�,��% # ��$�-
��>�%""� =��!�$,#� - ;+��K =#!��P+""� �+D"#*"�E� �#�"� # �$�>�# 
-%@+-=+*+""� ��$���>�%""�, >�;#>"�>�#, �-%L;�-%;#""�>�#, �D���"� 
!��$�&�G"J�E� >+�+!���P%, �+>��>�-@+�+O+""�, G���$�E� -%>��-
>��%""� ;%&�- # @+-�#!D�!"�D �+D"�&�E#'; 

- >����+""� # -%@+-=+*+""� /�"$,#�"��%""� !+�O%�"�� >�>�+;� 
>+���/#$%,#� =��!�$,#�; 

- -%@+-=+*+""� L!"�>�# # !�>���#�"�>�# - ;+��K -%D�>�� #"�+�+>#� 
!+�O%�� # >=�O��%*%; 

- >����+""� # -%@+-=+*+""� /�"$,#�"��%""� "%,#�"%&J"�� +�%-
&�""�� @%-�; 

- -%@+-=+*+""� !+�O%�"�E� "%E&�!� -% �=���%!O+""�; # !����-
;%""�; ��;�E >�%"!%��#�, �+D"#*"�D �;�� # -�%-$#� (+�%&�"#�) "% 
=��!�$,#K (��@���, =�>&�E�); 

- ��-"%*+""� �>"��"�D "%=��;$#� =���+!+""� -%D�!#� ;#O!+�O%-
�"�E� # ;#O"%��!"�E� >=#���@#�"�,��%, -�'�-%"�D #- >�%"!%���-%,#-
LK, ;+���&�E#LK # >+���/#$%,#LK; 

- ��E%"#-%,#� "��;%���"�-;+��!�*"�E� -%@+-=+*+""� >�>=#&J"�E� 
����@"�,��% =� =��%""�; >�%"!%���-%,#�, ;+���&�E#� # >+���/#$%,#�. 

����$���% ��E%"#� # >&�O@ >�%"!%���-%,#� =���""% -%@+-=+*��%-
�� �;��� !&� %$���"�� �*%>�# � ��@��%D =� >�%"!%���-%,#� �>#D &%"�$ 
E�>=�!%�K�%""� # $���!�"��%�� >��K !#�&J"#>�J - ��@���K ;#O!+-
�O%�"�D # ;#O"%��!"�D ��E%"#� # ��E%"#-%,#' =� >�%"!%���-%,#�. 

�� !+�O%�"�D ��E%"#�, P� -%';%K�J>� ��-��@$�K # �=���%!O+"-
"�; !�$�;+"�#� =+�G�E� # !��E�E� �#�"#� "%&+O��J �+�O>�%"!%�� 
$�%�"�, '�E� �+�����#%&J"# ��E%"� - "%�$���-!�>&#!"�,J$�K @%-
-�K, % �%$�O E�&��"# # @%-��# ��E%"#-%,#� =� =��@&+;%; >�%"!%���-%-
,#� # �+D"#*"# $�;#�+�� � E%&�-�D =��;�>&���>�#. 

��$�;+"�� ��+�J�E� �#�"� ��-��@&�L # �=���%!O�L >&�O@% >�%"-
!%���-%,#� =#!=��L;>��. 

��&��"# ��E%"#-%,#� =� >�%"!%���-%,#� =����!��J "%>��="� ��@���: 
- -!#'>"KK�J $+�#�"�,��� ��@��%;� =� >�%"!%���-%,#� � �#!=��#-
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!"�D E%&�-�D "%��!"�E� E�>=�!%�>��%; 
- >$&%!%K�J =&%"� $���!�"%,#� ��@#� =� ��-��@,# =��+$�#� !+�-

O%�"�D >�%"!%��#�; 
- ��-��@&�K�J �>"��"# "%=��;$� ��-���$� E%&�-+��� >�%"!%���-

-%,#� �% �"#/#$%,#�. 
�%-��# ��E%"#-%,#� =� >�%"!%���-%,#� -!#'>"KK�J: 
- ��-��@$� �>"��"�D "%=��;$#� ��-���$� >�%"!%���-%,#� =� -%-

$�#=&+"#' E��=# =��!�$,#�; 
- +$>=+���-� =��+$�#� ����@#� !&� �,#"$� #>"�K*�E� �D �#�"� 

>�%"!%���-%,#� �% �"#/#$%,#� =� -%$�#=&+"�; E��=%; =��!�$,#�, ��-
@��� =� ;#O"%��!"#' >�%"!%���-%,#�. 


>"��"# -%!%*# >&�O@� >�%"!%���-%,#� "% =#!=��L;>��%D "%>��="#: 
- ��E%"#-%,#� ��-��@$� >�%"!%��#� �% #"G�D !�$�;+"�#� =� >�%"-

!%���-%,#� "% =��!�$,#K, P� ��E����&�L =#!=��L;>���; 
- =���+!+""� ��@#� =� �"#/#$%,#� �% >�%"!%���-%,#� =��!�$,#� # =� 

�+D"�&�E#*"�;� �@&%!"%""K; 
- -%@+-=+*+""� # �=���%!O+""� >�%"!%��#� "% =#!=��L;>��#; 
- -!#'>"+""� "��;�$�"���&K �+D"#*"�� !�$�;+"�%,#� ��-��@&K-

�%"�� =��!�$,#�. 

3.2. ?	��>���� � ��
� ��	�
	���� 

�+-�&J�%��; !#�&J"�>�# !+�O%�"�� >�>�+;� >�%"!%���-%,#� (���) 
>�%� /�"! "��;%���"�-�+D"#*"�� !�$�;+"�%,#�, �$% =+�+!@%*%L >&#-
!�K*# $%�+E��#� >�%"!%��#�: ;#O!+�O%�"# (�
��), !+�O%�"# (��� 
$�%�"�), E%&�-+�# (
��), �+>=�@&#$%">J$# (���) >�%"!%��� =#!=��-
L;>�� (���), �+D"#*"# �;��� (�). 

	 =+�+D#!"�' =+�#�! "% !+�O%�"�;� �#�"# ;�O��J ��$���>����-
�%��>� # !#��� ;#O!+�O%�"# >�%"!%��� (�
�� � ����	) !���, !�$� 
$�%�"% "+ ��-��@��J �>�@�>�# (&�>� �+�O>�%"!%��� $�%�"� \7-
6/13 �#! 11.12.91�). ��� ,J�;� /�"! �%$�D >�%"!%��#� =���"+" 
=��'�� =+�+�#�$� "% ;�O&��#>�J -%>��>��%""� �D � �-%L;��#!"�G+"-
"�D =#!=��L;>��, ��-;#P+"�D "% �+�����#� $�%�"�. 

�+�O%�"# >�%"!%��� -%��+�!O�K�J>� �+�O>�%"!%���; $�%�"�. �D 
-%>��>��%""� �@��'�-$��+ !&� �>#D =#!=��L;>�� # ��E%"#-%,#' $�%�"�. 

�+�O%�"# >�%"!%��� �>�%"��&KK�J>� "% =��!�$,#K ;%>���E� # 
$��="�>+�#'"�E� ����@"�,��%, "% ����@�, P� =��'G&� !+�O%�"� 
%�+>�%,#K, +$>=���"# ���%��, "% "��;�, =�%��&%, ��;�E� # �. !. �� 
!+�O%�"�� >�%"!%���-%,#� "%&+O%�J -%E%&J"��+D"#*"# "��;� (=��-
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/#&J # ��-;#�� �#-J@�, !�=�>$� # =�>%!$�, ��D#!"�' $�"��� # ;�!�&# 
-�@*%>��D $�&#> # �. !.); "%�$���-�+D"#*"# �+�;#"� # =�-"%*+""�, �!�-
"�,# ��;#�K�%""�, >�>�+;� "��;%���"�-�+D"#*"��, $�">���$���>J-
$��, �+D"�&�E#*"��, +$>=&�%�%,#'"�� �% �+;�"�"�� !�$�;+"�%,#�; ;%-
G�"�, �@&%!"%""�, =��&%!�, !+�%&#, >�����"%, ;+��!� # -%>�@� =��#-
�$� ;#�, ��;#�K�%&J"�D =��&%!#� # �. !. 

�%&�-+�# >�%"!%��� ��-=��>K!O�K�J>� "% =��!�$,#K, P� "+ "%-
&+O��J !� �@'L$�#� !+�O%�"�� >�%"!%���-%,#�, % �%$�O "% "��;�, ��-
;�E� # =�-"%*+""�, �+E&%;+"�%,#� �$�D "+�@D#!"% !&� -%@+-=+*+""� 
�-%L;�-�'�-$� ����@"�*�-�+D"#*"�� !#�&J"�>�# =#!=��L;>�� # ��E%"#-
-%,#' E%&�-#. I�;� >�%"!%��%;� $���>��K�J>� �># =#!=��L;>��% # 
��E%"#-%,#� !%"�� E%&�-# ("%=��$&%!, %�����%$���"��, �+�>�%��@�!#�-
"�� # �. !.), % �%$�O >�;#O"�D E%&�-+', P� -%>��>���K�J %@� >=�O�-
�%K�J =��!�$,#K ,#L� E%&�-#. �#! E%&�--K ��-�;#K�J>� >�$�="#>�J 
=#!=��L;>�� # ��E%"#-%,#' "+-%&+O"� �#! �D �+�����#%&J"�E� ��-;#-
P+""� # �#!�;*�� "%&+O"�>�#, P� ��-��@&�K�J %@� ��E����&�K�J 
=+�"� =��!�$,#K. 

�%&�-+�# >�%"!%��� -%��+�!O�K�J>� �+!�*�; ;#"#>�+�>���;. 

@’L$�%;� E%&�-+��� >�%"!%���-%,#� ;�O��J @�/� ;%G�"�, �@&%-

!"%""�, =��&%!�, ����@� !�#@"�>+�#'"�E� ����@"�,��%, �$�+;# ��!� 
E������ =��!�$,#� �@;+O+"�E� -%>��>��%""�, !+�%&#, �@&%!"%""�, #"-
>���;+"�, >�����"%, ;%�+�#%&� �"���#G"J�E%&�-+��E� -%>��>��%""�. 

�+>=�@&#$%">J$# >�%"!%��� (!&� �+>=�@&#$� ���;) -%��+�!O�-
K�J>� �%@#"+��; �#"#>��#� �+>=�@&#$� ���;. 	�"� �>�%"��&KK�J-
>� "% =��!�$,#K, P� ��=�>$%K�J>� =#!=��L;>���; �+>=�@&#$� # 
�@��'�-$��# !&� �>#D =#!=��L;>�� # ��E%"#-%,#' �+>=�@&#$�. 


@’L$�%;� �+>=�@&#$%">J$�� >�%"!%���-%,#� L >�����"%, ;%�+�#%-
&�, =%&��� # $���>"# $�=%&�"� �"���#G"J��+>=�@&#$%">J$�E� -%>��-
>��%""�; �$�+;# ;%�$� ����@#� ;%>���E� %@� >+�#'"�E� ����@"�,�-
�%, P� �#!"�>��J>� !� =��/#&K �+>=�@&#$%">J$�D ;#"#>�+�>��. 

��%"!%��� =#!=��L;>�� -%��+�!O�K�J>� $+�#�"�,���; =#!=��-
L;>�� # �>�%"��&KK�J>� "% �@'L$�, P� ��$���>����K�J>� �#&J$� "% 
!%"�;� =#!=��L;>��#. 
@'L$�%;� >�%"!%���-%,#� "% =#!=��L;>��# 
;�O��J @��� !+�%&#, ��-&� # %E�+E%�� ����@#�, P� ��E����&�K�J>�, 
"��;� # =�%��&% � E%&�-# ��E%"#-%,#� # �=�%�&#""� �$#>�K; "��;� !&� 
��-��@$� =��!�$,#� =#!=��L;>��%; ;+��!� ��-�%D�"$� # �. !. 

��"���� ��! >�%"!%��� ��-"%*%L�J>� '�E� -;#>��; � -%&+O"�>�# 
�#! �@’L$�% >�%"!%���-%,#�. ��%"!%��� "% =��!�$,#K ��-!#&�K�J>� 
"% �%$# ��!�: 
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- =%�%;+��� # (%@�) ��-;#��; 
- ��=�, >���%;+"�, ;%�$�; 
- $�">���$,#�; 
- ;+��!� $�"���&K; 
- =��';%""�, ;%�$��%""�, �=%$��$%; 
- ��%">=�����%""�, -@+�#E%""�; 
- +$>=&�%�%,#� # �+;�"�; 
- -%E%&J"# �+D"#*"# ��;�E� # �+D"#*"# �;���. 

3.3. ����
�� �����F��, �	����
=���� � �����	
=���� ��	-
�
	���� 

�&%"��%""� >�%"!%���-%,#� L �>"��"�K *%>��"�K >�>�+;� !+�-
O%�"�E� =&%"��%""� "%�$���-!�>&#!"�,J$�D, !�>&#!"�,J$�-
$�">���$���>J$�D # +$>=+��;+"�%&J"�D ��@#�. 

F ;+��K !�>�E"+""� ��E%"#-%,#'"�-;+��!�*"�� L!"�>�# =�� ��--
��@,# >�%"!%��#�, % �%$�O !&� $�"���&K -% ��$�"%""�; ��@#� =� ��-
-��@,# >�%"!%��#� �>�%"��&+"� *����� >�%!#� ��-��@$� >�%"!%���. 

1. ��-��@$% # -%��+�!O+""� �+D"#*"�E� -%�!%""� "% ��-��@$� 
>�%"!%���. 

2. ��-��@$% =+�G�� �+!%$,#� =��+$�� # ��->�&%""� '�E� "% �+!%$,#�. 
3. 
=�%,K�%""� �+,+"-#�, ��-��@$% �>�%��*"�� �+!%$,#� >�%"!%�-

�� # =�!%""� '�E� "% -%��+�!O+""�. 
4. F%��+�!O+""� # !+�O%�"% �+L>��%,#� >�%"!%���. 
�+D"#*"+ -%�!%""� "% ��-��@$� >�%"!%��#� ��$�"�L�J>� - ��%D�-

�%""�; !�>�E"+"J �#�*�-"�"�� # -%��@#O"�� "%�$�, �+D"#$� # =+�+!�-
��E� !�>�#!�. 

�+�G% �+!%$,#� =��+$�� ��-��@&��J>� �#!=��#!"� !� -%��+�-
!O+""� =&%"� # �+D"#*"�E� -%�!%""� "% ��-��@$� >�%"!%��� # ��->�-
&%L�J>� �%-�; - =��>"K�%&J"�K -%=�>$�K # =��+$��; =&%"� �>"��-
"�D -%D�!#�, P� >$&%!%K�J>� � �#!=��#!J "% �+,+"-#K (�#!E�$). �+-
,+"-#� (�#!E�$�) "% =��+$� >�%"!%��� ��E%"#-%,#� "%!>�&%L ��-��@$� 
"+ =#-"#G+ �$ *+�+- ;#>�,J - !"� "%!D�!O+""� =��+$�� >�%"!%���. F% 
�!+�O%"�;� �#!E�$%&� >$&%!%L�J>� �D -�+!+""�, "% �>"��# �$�E� ��-
-��@&�L�J>� �>�%��*"% �+!%$,#� =��+$�� >�%"!%���. ���+$� =�!%-
L�J>� "% -%��+�!O+""� �%-�; #- >�=���#!"�; &�>��; �% #"/��;%,#'-
"�K $%���K, � �$#' "%��!��J>� ��-�%D�"�$ +$�"�;#*"�� +/+$���"�-
>�# >�%"!%���. 

�+�O%�"�' >�%"!%�� -%��+�!O�L�J>� # ���!��J>� � !#K =�>�%"�-
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��K �+�O>�%"!%��� $�%�"�. �#>&� -%��+�!O+""� >�%"!%�� �+L>�-
��K�J>� - �%$�K ;+��K: 

- -!#'>"+""� L!�"�E� �@&#$� >�%"!%��#�; 
- -%@+-=+*+""� �#!=��#!"�>�# >$&%!+"�D >�%"!%��#� ��;�E%; 

!+�O%�"�D >�%"!%��#�; 
- ��$&K*+""� !�@&K�%""� >�%"!%��#�. 
��%"!%���, P� "+ =��'G&� !+�O%�"�� �+L>��%,#�, "+ !�=�>$%-

K�J>� !� -%>��>��%""� � "%��!"�;� E�>=�!%�>��#. 
	=���%!O+""� >�%"!%��� =���""� @��� -%$#"*+"� !� !%�� ��+-

!+""� '�E� � !#K. ��%"!%�� ��%O%L�J>� -%=���%!O+"�;, �$P� �>�%-
"��&+"# � "J�;� ��;�E� !�!+�O�K�J>� -E#!"� - '�E� >/+��K !#�, E%-
&�--K ��-=��>K!O+""� # -%@+-=+*�K�J>� >�%@#&J"#>�J �$�>�# ����@-
&K�%"�� =��!�$,#�. 

�+�O%�"�' "%E&�! -% �=���%!O+""�; # !�!+�O%""�; >�%"!%��#� 
-!#'>"KL�J>� "% =��;�>&���D # >#&J>J$�E�>=�!%�>J$�D =#!=��L;>�-
�%D, � =��+$�%D # $�">���$���>J$�D ��E%"#-%,#�D, "% ��%">=���# # 
�>�%"��%D ���E#�&#, �D���"� -!����’� # -�’�-$�, "% @%-%D # >$&%!%D 
-@��$���D ��E%"#-%,#'. 

�+�O"%E&�! ;%L "% ;+�# -%@+-=+*+""� ��=�>$� =#!=��L;>��%;� # 
��E%"#-%,#�;� =��!�$,#�, �$% �#!=��#!%L $�%P�; �#�*�-"�"�; # -%��-
@#O"�; -�%-$%;, # "+ &�G+ ����&+""� =���G+"J =�� �=���%!O+""# # 
!�!+�O%""# >�%"!%��#�, %&+ ' "%!%""� $�"$�+�"�� !�=�;�E� =#!=��-
L;>��%; # ��E%"#-%,#�; � ��-��@,# �% -!#'>"+""# -%D�!#�, >=��;��%-
"�D "% �>�"+""� ,�D =���G+"J. �+�O%�"�' "%E&�! >��;�&KL ��--
����$ >�%"!%���-%,#� �% ��;#�K�%&J"�� �+D"#$� # =�G��KL�J>� "% 
�># ��!� =��!�$,#�. 

��>�+;% !+�O%�"�E� "%E&�!� >=���L >��L*%>"�;� �=���%!O+"-
"K � �>#D E%&�-�D "%��!"�E� E�>=�!%�>��% =��E�+>��"�D >�%"!%��#�, 
"% �#�"# >�*%>"�E� ��-���$� "%�$� # �+D"#$�. 

3.4. ��=�	��
�	 ��	�
	����	�� 

	%O&���; =��%""�; � /��;��%""# >�>�+;� >�%"!%���-%,#� # ;+-
���&�E#� L -@&�O+""� ,�D >�>�+; - ;#O"%��!"�;�, �+E#�"%&J"�;� # 
"%,#�"%&J"�;� >�>�+;%;� >�%"!%���-%,#� -%$��!�""�D $�%�"; �#!=�-
�#!"#>�J !+�O%�"�D >�%"!%��#� �>"��"�; =��",�=%; ;#O"%��!"�D 
>�%"!%��#�; ��-G��+""� =�%$��$� @+-=�>+�+!"J�E� -%>��>��%""� 
,�D >�%"!%��#� � "%��!"�;� E�>=�!%�>��#. 

�%'!#L�#G�; >=�>�@�; =#!��P+""� +/+$���"�>�# �*%>�# # ��&# 
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$�%�"� � !#�&J"�>�# ;#O"%��!"�D ��E%"#-%,#' L %$���#-%,#� ��@��� 
=� >����+""K ;#O"%��!"�D # �+E#�"%&J"�D >�%"!%��#� - %����>���; 
!+�O%�� – �*%>"�,#. I+ ;�O&��� =�� �;��# "%=��;$� ��@#� =� >�%-
"!%���-%,#� "% "%'=+�>=+$���"#G# $�"$��+"��>=��;�O"# ��!� =��-
!�$,#� # �+D"�&�E#�. 

F ;+��K =���+!+""� ,�D ��@#� "+�@D#!"� ���#G��� =��",�=��# 
=��%""� – �*%>�J $�%�"� � !#�&J"�>�# ;#O"%��!"�D ��E%"#-%,#' =� 
>�%"!%���-%,#�, �%$�D �$ ��
, ���, ���, ������� # ;#O"%��!"�D 
;+���&�E#*"�D ��E%"#-%,#' (�
F�, �

��� �% #"). 

�#O"%��!"�K ��E%"#-%,#LK � E%&�-# >�%"!%���-%,#� L ��
. F 
1973 ��$� ��"% ��=�>$%L ;#O"%��!"# >�%"!%���, �$# ;�O"% ��$���>-
�%�� � "%,#�"%&J"�D >�%"!%��%D # !&� ;#O"%��!"�D +$�"�;#*"�D 
-�’�-$#�. 


>"��"% ;+�% ��
, �$ >$%-%"� � ��%���# – “>=���L ��-���$� >�%-
"!%���-%,#� � �>J�;� >�#�# !&� ��E�, P�@ =�&+EG��� ;#O"%��!"�' 
�@;#" ���%�%;� # ��-���%�� �-%L;"+ >=#���@#�"�,��� � E%&�-# #"�+-
&+$��%&J"��, �+D"#*"�� �% +$�"�;#*"�� !#�&J"�>�#”. 

 ��@��# ��
 =��';%K�J �*%>�J "%,#�"%&J"# ��E%"#-%,#� =� >�%"-
!%���-%,#� 88 $�%�", � ��;� *�>&# - 1993 ��$� # $�%�"%. 

	�P�; ��E%"�; ��
 L �+"+�%&J"% �>%;@&+�, �$% -@��%L�J>� 
�!�" �%- � 3 ��$�. �% >+>#�D �>%;@&+� =��';%L�J>� �#G+""� =� "%'-
@#&JG �%O&���; =��%""�; # �@��%L�J>� ��+-�!+"� ��E%"#-%,#�. �#O 
>+>#�;� !#�&J"#>�K ��
 $+��L �%!%, P� >$&%!%L�J>� - ��+-�!+"�% # 
14 $�;#�+�#�. ��#; ��E� L 172 �+D"#*"�D $�;#�+��, P� -%';%K�J>� 
��-��@$�K �+$�;+"!%,#' � �#-"�D E%&�-�D (��-1 “�#-J@�”; ��-2 
“��&��, E%'$�, !+�%&# $�#=&+""�”; ��-3 “��=�>$� ' =�>%!$�”; ��-29 
“�">���;+"��” �% #"). �����+"� 653 =#!$�;#�+��, �$�;� ��-��@&+"� 
@&�-J$� 8 ��>�* ;#O"%��!"�D >�%"!%��#� -�$�+;% =� >#&J>J$�;� E�-
>=�!%�>��# @&�-J$� 600. 

��@���K $�O"�E� �+D"#*"�E� $�;#�+�� $+��L �!"% - "%,#�"%&J-
"�D ��E%"#-%,#' =� >�%"!%���-%,#�. 

F 1963�. � ��
 >����+"% �#O"%��!"% +&+$����+D"#*"% $�;#>#� 
(���), �$% -%';%L�J>� $���!�"%,#LK # ��-��@$�K >�%"!%��#� � E%-
&�-# �%!#��+D"#$�, +&+$����+D"#$� # +&+$���"#$�. 

 1956 ��,# @�&% ��E%"#-��%"% �#O"%��!"% ��E%"#-%,#� -%$�"�-
!%�*�� ;+���&�E#� (�
F�). 	�"% �+!+ ��@��� =� -%E%&J"�; =��%"-
"�; ;+���&�E#�, >�>�+;� �!�"�,J ��;#�K�%""�. 

�+"!+",#� !� ��-��@$� ;#O"%��!"�D >�%"!%��#� >=���&% =�!%-
&JG�;� -��>�%""K =�+>��O� # =�=�&��"�>�# ��-��@�$ ��
. �%$, 
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W��, Y�+,#�, 	+&�$�@���%"#�, �%"#� �% #". $�%�"� ��$���>����K�J 
;#O"%��!"# >�%"!%��� � "%,#�"%&J"#' =��;�>&���>�# =�%$��*"� @+- 
@�!J-�$�D -;#". 

	%O&���; "%=��;$�; !#�&J"�>�# ��
 � �>�%""# ��$� L %$���#-%-
,#� ��@#� =� >+���/#$%,#�. �+���/#$%,#� – ,+ -%>�#!*+""� -% !�=�;�-
E�K >+���/#$%�%, %@� -"%$% �#!=��#!"�>�# ��E�, P� ���#@, %@� =�>&�-
E% �#!=��#!%K�J =+�"�; >�%"!%��%;, %@� �+D"#*"�; �;��%;. 

�� !#�&J"�>�# =� >+���/#$%,#� -%&�*+"� =�"%! 50 $�;#�+�#� – 
*&+"#� ��
. 	 ,#' ��@��# �>�@&��� -%#"�+�+>��%"# $�%�"�, P� ��-��-
�%K�J>�, �>$#&J$� �D"� +$�"�;#$% �+&�$�K ;#��K -%&+O��J �#! �$�-
>�# =��!@%"�D "�;� ����@#� # �+D"�&�E#'. 

	=���%!O+""� ;#O"%��!"�D >�%"!%��#� � �#�*�-"�"� "��;%���-
"� !�$�;+"�%,#K �+!+ !� -"%*"�� +$�"�;#� -%>�@#�, P� -%��%*%K�J>� 
"% =���+!+""� "%�$��� – !�>&#!"�,J$�D ��@#� # !� >$���*+""� >���-
$#� =�� ��-��@,# "%,#�"%&J"�D >�%"!%��#�, �@&%!"%""�, �+D"�&�E#*-
"�D =��,+>#�. 

+$"!" 4. %("&�"�('#")�G � G?�%(2 ����/?)�* 

4.1. ������� ������� � ����	����� 

���@&+;% �$�>�# – ,+ �@’L$���"+ �#!�@�%O+""� =�>�#'"�E� ��--
���$� =��;�>&���>�# � �>J�;� >�#�# #, � =+�G� *+�E�, �!�>$�"%&+""� 
�+D"#$�. �#!��P+""� �$�>�# =��!�$,#� L �!"#LK - �%O&��#G�D +$�-
"�;#*"�D # =�&#��*"�D -%!%* "% >�*%>"�;� +�%=# >�>=#&J"�E� ����@-
"�,��%. 

 =��%""�D =#!��P+""� �$�>�# =��!�$,#� �+&�$% ��&J �#!��!��J-
>� ��$���>�%""K ;�O&���>�# >�%"!%���-%,#�, �$ �!"�E� - +/+$���-
"�D �%O+&#� �=�%�&#""� +$�"�;#$�K. 

�$#>�J =��!�$,#� – ,+ >�$�="#>�J �&%>����>�+' # =�$%-"�$#�, �$# 
��-"%*%K�J =��!%�"#>�J ����@#� !&� -%!���&+""� =���+@ >=�O��%*% 
�#!=��#!"� !� �D =��-"%*+""�. �$#>�J =��!�$,#� -%&+O��J �#! �+D"#-
*"�E� �#�"� ;%G�"�@�!��%""� # '�E� E%&�-+', �$�' ��-"%*%L�J>� 
�+&�$�K $#&J$#>�K /%$���#� (!�>$�"%&#>�J $�">���$,#�, �$#>�J -%-
>��>��%""� ;%�+�#%&#�, =���O"#>�J "% �!�" $#&�E�%; ;%>� $�">���-
$,#�, �#�+"J �"#/#$%,#�, >�%"!%���-%,#� ' %E�+E%���%""� �% #"). 

>K =��!�$,#K "%��!"�E� E�>=�!%�>��% ;�O"% ��-=�!#&��� "% 
!�% $&%>�. �+�G�' $&%> – ,+ =��!�$,#�, �$% =��"#>�K ����%*%L�J>� 
=�� �� ��$���>�%""#; =�� ,J�;� �#!@��%K�J>� "+�@����"# =��,+>�: 
=+�+��@$� (>�����"�, ;%�+�#%&#�, "%=#�/%@��$%�#�), -E��%""� (=%&�-
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�%), -%>��L""� (D%�*���D =��!�$�#�, !�@���%), ��P�. 
���E�' $&%> – ,+ =��!�$,#�, �$% =�� �� ��$���>�%""# !��� ����%-

*%L >�#' �+>��>, =�$� "%>��=%L �� �+D"#*"�' # ;��%&J"�' -"�>. 
>� =��!�$,#� ��-=�!#&�L�J>� =� =’��� E��=%D: 1) >�����"% # 

=����!"+ =%&���; 2) ;%�+�#%&� # =��!�$��; 3) ����%�"# ����@�; 4) 
"+�+;�"���%"# ����@�; 5) �+;�"���%"# ����@�. 

�� E��=� 1 �#!"�>��J>� ��!� �% �D $�",+"��%��, =����!"+ =%&�-
��, =����!"# @�!#�"# # !+$��%���"# ;%�+�#%&�, #"G# "+;+�%&+�# $�=%-
&�"� ��P�. 

���=% 2 – ,+ G��*"+ =%&���, ;%>��&%, -%E����$�, =��$%�, !�#�, 
�#-"# D#;#*"# =��!�$��, ;+!�*"# =�+=%�%��, �% #". 

���=% 3 – ����%�"# ����@�, "%=��$&%!: =%�/�;+�"�-$�>;+��*"# 
���%��, $�">+��� � @%"$%D, E%-� � @%&�"%D �% #". 

���=% 4 – "+ �+;�"���%"# ����@� (�$# "+ =#!&�E%K�J �+;�"��): 
+&+$����%$��;"# # "%=#�=���#!"�$��# ����@� (=��&%!�), �+-�>����; 
$�"!+">%����, ,+E&% $+�%;#*"% =&��$% �% #". 

���=% 5 – �+;�"���%"# ����@� (�$# ;�O"% �#!�+;�"���%��): �+D-
"#*"+ �@&%!"%""�, >#&J>J$�E�>=�!%�>J$# ;%G�"�, ��;#�K�%&J"# 
=��&%!�, G�+'"# # ���$��%O"# ����@�, ;+@&# �% #". 

F �$#>�K @+-=�>+�+!"J� -�’�-%"# �%$# =�"����, �$ "%!#'"#>�J # !�-
�E��#*"#>�J ����@#�, P� ��=�>$%K�J>� %@� �#!"��&KK�J>�. 

�%!#'"#>�J ����@#� – ,+ �&%>���#>�J ��$�"��%�� -%!%"# /�"$,#�, 
-@+�#E%�� >��� +$>=&�%�%,#'"# =�$%-"�$� � �>�%"��&+"�D ;+O%D 
=����E�; ��-"%*+"�E� *%>�. 

���E��#*"#>�J ����@#� – ,+ �&%>���#>�J ��$�"��%�� >��� /�"$,#� 
- �>�%"��&+"�;� =�$%-"�$%;� !� E�%"�*"�E� >�%"� ����@� - "+�@-
D#!"�;� =+�+��%;� !&� �+D"#*"�E� �@>&�E����%""� # �+;�"��. ���-
E��#*"#>�J D%�%$�+��-�L�J>� �+>��>�;, ��@�� "%��@#�$�; ����@� !� 
'�E� E�%"�*"�E� >�%"� (����%&#>�K %@� �@>�E�; ��@��� ����@� � 
E�!�"%D, $#&�;+��%D, E+$�%�%D, #"G�D �!�"�,�D). 

4.2. ���	����� ������ ���
���� 

�&� =�-"%*+""� >=+,�/#*"�� E%&�-# "%�$�, P� -%';%L�J>� ��-��-
@$�K -%E%&J"�D =��",�=#� # ;+��!#� ��;#�K�%""� �$�>�# ��+!+"�' 
�+�;#" $�%&#;+��#�. 
>"��"# -%!%*# $�%&#;+��#�: 

- ��-"%*��� "�;+"$&%���� "+�@D#!"�D =�$%-"�$#� �$�>�# ����@#� 
�% �D �=��;%&J"# -"%*+""�; 

- ��-��@��� ;+��!� $#&J$#>"�� �,#"$� �$�>�#; 
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- >������� ;+��!�$� �@&#$� -;#"� �$�>�# � *%>#. 
�%'+/+$���"#G�;� =�$%-"�$%;� �$�>�# ����@#� L �D +$>=&�%�%-

,#'"# D%�%$�+��>��$�, P� ��-"%*%K�J �$#>�J ��$�"%""� ����@�; -%-
!%"�D /�"$,#'. ��$%-"�$� �$�>�# =��!�$,#� – ,+ $#&J$#>"% D%�%$�+-
��>��$% �!"#L� *� !+$#&J$�D �&%>����>�+' =��!�$,#�, �$# >$&%!%K�J 
�� �$#>�J. ��-E&�!%L�J>� �%$% D%�%$�+��>��$% >��>��"� !� $�"$�+�-
"�D �;�� >����+""�, +$>=&�%�%,#� �% >=�O��%""� ,#L� =��!�$,#�. F%-
&+O"� �#! -%!%"�D /�"$,#' ����@� ;�O��J ;%�� �#-"# +$>=&�%�%,#'-
"# =�$%-"�$�. 


!�"�*"�' =�$%-"�$ �$�>�# =��!�$,#� – =�$%-"�$, �$�' D%�%$�+-
��-�L �!"� - �� �&%>����>�+'. 

�%=��$&%!, "%'D%�%$�+�"#G# �&%>����>�# ��;#�K�%&J"�D ����-
@#� – ��*"#>�J ��;#�K�%""�, ,#"% =�!#&$� G$%&�, E�%"�,# ��;#�K-
�%""� �% #".; !&� ��%">=���"�D ;%G�" – �%"�%O�=#!'�;"#>�J, G��!-
$#>�J ��D�, =��D#!"#>�J �% #". 

	�-"%*%K*� �=��;%&J"�' �#�+"J �$�>�# ;%G�" �% #"G�D ����-
@#�, $�#; �!�"�*"�D =�$%-"�$#�, $���>��K�J>� $�;=&+$>"�;� =�$%-
-"�$%;�, �$# D%�%$�+��-�K�J>� !+$#&J$% �&%>����>�+' =��!�$,#�, 
"%=��$&%! $�+/#,#L"��; �+D"#*"�� E����"�>�# ;%G�", �$�' ��-"%*%-
L�J>� -% /��;�&�K: 

+
B

TK
T T

�
�

,      (4.1) 

!+ � – "%��@#��$ "% �#!$%-; �, – >+�+!"#' *%> �#!"��&+""�. 
F%>��>���K�J �%$�O #"�+E�%&J"# =�$%-"�$� �$�>�#, �$# �#!�@�%-

O%K�J �#!"�G+""� >�;%�"�E� $���>"�E� +/+$�� �#! +$>=&�%�%,#� *� 
>=�O��%""� =��!�$,#� !� >�;%�"�D -%��%� "% �� >����+""� �% +$>-
=&�%�%,#K *� >=�O��%""�. 

�"!+$>�; �$�>�# =��!�$,#� "%-��%L�J>� $�;=&+$>"�' =�$%-"�$ 
�$�>�# �#-"��#!"�� =��!�$,#�, ��=�P+"�� -% =+�"�' #"�+��%&, �$�' 
!��#�"KL >+�+!"J�;� -�%O+"�;� �#!"�>"�D -"%*+"J =�$%-"�$#� �$�-
>�# ,#L� =��!�$,#�. 

�%-��+ -"%*+""� =�$%-"�$% �$�>�# =��!�$,#� – -"%*+""� =�$%-"�-
$% �$�>�# =��!�$,#�, �$+ @+�+�J>� -% �>"��� !&� =��#�"�&J"�� �,#"$� 
�� �$�>�#. 

-%E%&J"+"# =�$%-"�$� �$�>�# – ,+ >�;% �!�"�*"�D =�$%-"�$#�, 
P� ;%K�J �!"� ��-;#�"#>�J. 

�&� ��-"%*+""� =�$%-"�$#� �$�>�# -%>��>���K�J>� �%$# ;+��!� 
��;#�K�%&J"�', ��-�%D�"$���', ��E%"�&+=��*"�', >�,#�&�E#*"�', 
+$>=+��"�'. 
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	�;#�K�%&J"�' ;+��! – ,+ ��-"%*+""� =�$%-"�$#� �$�>�# -% !�-
=�;�E�K ��;#�K�%&J"�D -%>�@#�. 

��-�%D�"$���' ;+��! – ,+ ��-"%*+""� =�$%-"�$#� -% !�=�;�E�K 
�@*�>&+"J $�+/#,#L"�% $���>"�� !#�. 


�E%"�&+=��*"�' ;+��! !%L -;�E� ��-"%*��� =�$%-"�$� �$�>�# 
=��!�$,#� -% !�=�;�E�K ��E%"#� *���#� &K!�"� ("%=��$&%!, >;%$�-
��� �$�>�#). 

��,#�&�E#*"�' ;+��! =+�+!@%*%L -@��%""� # ��%D��%""� !�;�$ 
>=�O��%*#� =��!�$,#�. 

�$>=+��"�' ;+��! – ,+ ��-"%*+""� =�$%-"�$#� �$�>�# =��!�$,#� 
"% �>"��# �#G+""� E��=� +$>=+��#�. 

4.3. ����	 ����� ������ 

F ;+��K =#!��P+""� �$�>�# =��!�$,#� "+�@D#!"� '�E� >�>�+;%-
��*"� �,#"K�%��, ��@�� =��#�"K�%�� - @%-���;� -"%*+""�;�. �% 
=��;�>&���D =#!=��L;>��%D �J���% ��-��@&+"% $�;=&+$>"% >�>�+-
;% �=�%�&#""� �$#>�K =��!�$,#� (����), �$% ��%D���L �># =�-���-
�"# �&%>����>�# =�=+�+!"#D >�>�+;: ��� – >�>�+;% @+-!+/+$�"�� 
=�%,#; �
�� – "%�$��% ��E%"#-%,#� ��@��� - =#!��P+""�; ;����+-
>��>�; M���� – L!�"% >�>�+;% !+�O%�"�E� �=�%�&#""� �$#>�K 
=��!�$,#�. 

��� �D�=&KL �># >&�O@� =#!=��L;>��% # =+�+!@%*%L �$#>"�' =�-
$%-"�$ – $�+/#,#L"� �$�>�# =�%,#. 

	 �>"��� �
�� =�$&%!+"�' =��",�= >�>�+;%��*"�E� $�"���&K 
�#�"� ;����+>��>� !��E�"#� -% �%D�"�$ =#!��P+""� "%!#'"�>�# !+-
�%&+' # >$&%!���D �!�"�,J. 
>"��"�; =�$%-"�$�; �$�>�# L =#!��-
P+""� ;����+>��>�. 

	#!"�>"% D%�%$�+��>��$% �$�>�# =��!�$,#�, �>"��"% "% =��#�"�"-
"# -"%*+"J =�$%-"�$#� �$�>�# =��!�$,#�, �$% �,#"KL�J>� - @%-���;� 
-"%*+""�;�, �#!=��#!"�D =�$%-"�$#�, "%-��%L�J>� �#�"+; �$�>�# 
=��!�$,#�. �&� �,#"$� �$�>�# =��!�$,#� -%>��>���K�J !�/+�+",#'�-
�%"�' $�;=&+$>"�' # -;#G%"�' ;+��!�. 

��/+�+",#'��%"�' ;+��! �,#"$� �$�>�# =��!�$,#� =+�+!@%*%L 
��-!#&J"+ >=#�>�%�&+""� �!�"�*"�D =�$%-"�$#� �$�>�# ����@�, �$�' 
��-E&�!%L�J>� - %"%&�E#*"�;� =�$%-"�$%;�. 

�#�+"J �$�>�# ;�O"% ��-"%*��� -% /��;�&%;�: 
i

�
��

Pg
P

� ;     ��
�

i

Pg
P

� ,   (4.2) 
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!+ ��!  – �!�"�*"�' @%-���' =�$%-"�$; i!  – �!�"�*"�' =�$%-"�$ 
��-E&�!��%"�E� ����@�. 

�+�G% /��;�&% -%>��>���L�J>� !&� =�$%-"�$#� -@#&JG+""� �$�D 
>�#!*%�J =�� =#!��P+""� �$�>�# ����@� (=���O"#>�J =��!�$���"�>-
�#); !��E% /��;�&% – !&� =�$%-"�$#� -;+"G+""� �$�D �-"%*%L =�-
&#=G+""� �$�>�# (>�@#�%���>�#, ����%*%""� =%&J"�E�). �$P� �@*�>-
&+"# =�$%-"�$� @#&JG+ %@� !��#�"KK�J �!�"�,#, �� �#�+"J �$�>�# 
����@� =+�+��P�L �#�+"J %@� �#!=��#!%L �#�"K �$�>�# +�%&�"%. 

�$P� *%>��"% =�$%-"�$#� ;+"G% �!�"�,#, �� !&� �,#"$� �#�"� 
�$�>�# -%>��>���K�J $�;=&+$>"�' ;+��!. 

��;=&+$>"�' ;+��! �,#"$� �#�"� �$�>�# @%-�L�J>� "% -%>��>�-
�%""#  �-%E%&J"+"�D =�$%-"�$#� �$�>�#. -%E%&J"+"�' =�$%-"�$ �$�-
>�# ;�O"%, ��-"%*��� -% �%$�K -%&+O"#>�K: 

1

n

�� i i
i

! P K
�

� � ,     (4.3) 

!+ !�  – -"%*+""� �!�"�*"�E� =�$%-"�$%; /� – $�+/#,#L"� �%E�;�-
>�# =�$%-"�$%; n – *�>&� �!�"�*"�D =�$%-"�$#�. 

�$P� �&%>����>�# =��!�$,#� "+ ;�O"% =��"#>�K ��%D��%�� $�;-
=&+$>"�; ;+��!�;, �� !&� �,#"$� �#�"� �$�>�# -%>��>���K�J -;#G%-
"�' ;+��!. ��� ,J�;� �!�"�*"# =�$%-"�$� �$�>�# �@’L!"�K�J � 
E��=� # !&� $�O"�� - "�D ��-"%*%K�J $�;=&+$>"�' =�$%-"�$. ���#; 
��-E&�!%K�J ����;%"# $�;=&+$>"# =�$%-"�$� �$�>�#, -%>��>���K*� 
!�/+�+",#'"�' ;+��! �,#"$�. 

��-����$ "%�$�, �!�>$�"%&+""� ;+��!#� # -%>�@#� ����@"�,��% 
>=���K�J =#!��P+""K �#�"� �$�>�#. ���E��#*"#>�J ����@#� !�,#&J"� 
�>�%"��&K�%�� �#�"�K >���$� �D ;��%&J"�E� >�%�#""�. �&#! =�%E"�-
�� !� ;%$>�;%&J"�E� ��$���>�%""� $�">���$���"�D, �+D"�&�E#*"�D 
�% #"G�D /%$���#� !&� =#!��P+""� �$�>�# ����@#� @+- -@#&JG+""� 
����@"�,��%. 

�$P� �,#"KL�J>� �$#>�J �#-"�;%"#�"�� =��!�$,#� �#-"�D =#!=��-
L;>��, ��$���>����K�J #"!+$> �$�>�#. 

�"!+$> �$�>�# – ,+ $�;=&+$>"�' =�$%-"�$ �$�>�# �#-"��#!"�� 
=��!�$,#�, �#�"�' >+�+!"J����%O+"�;� -"%*+""K �#!"��"�D =�$%--
"�$#� �#-"��#!"�� =��!�$,#� -% =+�"�' =+�#�!. 

�$P� �#-"��#!"% =��!�$,#� ;�O+ @��� �D%�%$�+��-��%"% �!"�; 
E�&��"�; =�$%-"�$�;, �� #"!+$> �$�>�# ;�O+ @��� ��-"%*+"�' -% 
/��;�&�K: 
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1

1`

m

i i
i

0 m

i i
i

n qc
&

n c

�

�

�
�

�
,    (4.4) 

!+ m – $#&J$#>�J ����@#� =��!�$,#�; �� – $#&J$#>�J ����@#� #-E� 
��!� � =���*"�;� =+�#�!#; qi – �#!"�>"�' �>"��"�' =�$%-"�$ #-E� 
��!� =��!�$,#�; � – �=���% �%��#>�J =��!�$,#� #-E� ��!�, E�". 

 ��=%!$� =��>��L""� �,#"�*"�E� @%&� =��!�$,#�, %�+>���%"�K 
=� �!"#' - $%�+E��#' �$�>�#, #"!+$> �$�>�# =��!�$,#� ��-"%*%K�J -% 
/��;�&�K: 

�
0

�

�
&

�
� ,     (4.5) 

!+ �� –>+�+!"#' @%& =��!�$,#�; �� – >+�+!"#' @%& =��!�$,#�, �$�' 
=��'"���' !&� =��#�"�""� -% @%-��+ -"%*+""� # ��-"%*%L�J>� -% "%-
>��="�K -%&+O"#>�K: 

1

1`

5

i i
i

cp 5

i
i

c b
b

c

�

�

�
�

�
,     (4.6) 

!+ � – >�;% ��=�>$� �#-"��#!"�� =��!�$,#� #-�� $%�+E��#� �$�>�# -% 
=+�"�' =+�#�!; b� – @%& #-�� $%�+E��#� �$�>�#; 5 – $#&J$#>�J $%�+E��#' 
�$�>�#. 

 !+�$�D ��=%!$%D -%;#>�J ��-"%*+""� �#�"� �$�>�# ��-"%*%K�J 
�+&�*�"� !+/+$�"�� =��!�$,#� - !�=�;�E�K #"!+$>� !+/+$�"�� =��-
!�$,#�, �$�' L $�;=&+$>"�; =�$%-"�$�; �$�>�# �#-"��#!"�� =��!�$-
,#�, ��-"%*%L�J>� -% /��;�&�K: 

1

1`

m

i i
i

� m

i
i

c Q
&

c

�

�

�
�

�
,     (4.7) 

!+ iQ  �#!"�>"# =�$%-"�$� !+/+$���"�>�# #-E� ��!� =��!�$,#�, �$# 
��-"%*%K�J>� -% /��;�&�K: 

�
�

��

	Q
	

� ,     (4.8) 

!+ 	� – =�$%-"�$ !+/+$�"�� =��!�$,#�;  	�� – =�$%-"�$ !+/+$�"�>-
�# @%-���� =��!�$,#�. 

��� =#!��P+""# # �$�>�# =��!�$,#� &	 < 1; % =�� -"�O+""# &	>1. 
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4.4. ?�����8@ ������ ���
���� 

��"���&J �$�>�# =��!�$,#� – ,+ =+�+�#�$% �#!=��#!"�>�# =�$%--
"�$#� �$�>�# �>�%"��&+"�; ��;�E%;, -%/#$>��%"�; >�%"!%��%;�, �+-
D"#*"�;� �;��%;�. �%'@#&JG� =���;� �%E� - ���!�;#>�$�>�#, �%�-
��>�# # >$&%!"�>�# >�%"����J $�"���&J �$�>�#, �$�' ��$�"�L�J>� 
>&�O@�K �+D"#*"�E� $�"���&K. ��&��"+ -%�!%""� >&�O@� �+D"#*"�-
E� $�"���&K "% =��;�>&���;� =#!=��L;>��# – -%=�@#E%""� ��=�>$� 
�%$�� =��!�$,#�, �$% "+ -%!���&J"�L -% �#-"�;� �-"%$%;�. 

F% >��=+"+; %���;%��-%,#� ��"� ��-=�!#&�K�J>� "% ��*"# # ;+D%-
"#-��%"# =��>����, "%=#�%���;%�� ' %���;%��. ��� -%>��>��%""# ��*-
"�D =��>����� $�"���&J -!#'>"KL�J>� ���*"�: !+�%&J �>�%"��&KL�J-
>� "% ��;#�K�%&J"� =�-�,#K, �#-�%&J"� ��-"%*%L�J>� �+-�&J�%� ��;#-
�K�%""� -% �#!�%D�"$���; =��>���L;, �,#"KL�J>� �$#>�J !+�%&#. 

�+D%"#-��%"# =��>���� ��$���>����K�J !&� �!"�*%>"�� %@� =�>-
&#!��"�� =+�+�#�$� !+$#&J$�D ��-;#�#� >$&%!"�D !+�%&+' � >+�+!-
"J�;� # ;%>���;� ����@"�,��#.  �%$�D @%E%��;#�"�D =��>����D 
�=+�%,#� -%�%"�%O+""� # -"���� !+�%&+' ��$�"�K�J>� ���*"�, % �+-
-�&J�%�� $�"���&K �,#"KK�J>� ��;#�K�%&J"�; =��>���L; %���;%-
��*"� # ��!%K�J>� � "%�*"#' /��;# ("%=��$&%!, -% !�=�;�E�K >�#�-
&�/��"�E� �%@&�).  "%=#�%���;%�%D -%�%"�%O+""� $�"���&J��%"�D 
����@#� -!#'>"KL�J>� ���*"�, % �># �=+�%,#� – %���;%��*"�. 	 %���-
;%�%D �># =��,+>� =��"#>�K %���;%��-��%"�. �%=#�%���;%�� # %���-
;%�� G���$� -%>��>���K�J>� !&� >�����%""� !+�%&+' =#! *%> >+&+$-
���"�E� >$&%!%""�. 

F% �=&���; "% %���;%��*"�' =��,+> �># -%>�@� $�"���&K ��-=�-
!#&�K�J>� "% =%>��"# �% %$���"#. ��� =%>��"�;� $�"���&# -%>�@� 
$�"���&K &�G /#$>�K�J ��-;#� !+�%&+', =�!#&�K*� �D "% =��!%�"# 
�% @�%$, %@� >����K�J "% E��=�. �%$# =��>���� "+ �=&��%K�J @+-=�-
>+�+!"J� "% D#! �+D"�&�E#*"�E� =��,+>�. �%'=��E�+>��"#G�; L %$-
���"�' $�"���&J. �$���"# -%>�@� $�"���&K =�!%K�J >�E"%&� =�� 
�+, P� !+�%&J !�>�E&% -%�!%"�E� ��-;#�� �#! *%>, !� %@� =#>&� �� �@-
��@$�, *� =�� �+, P� !�>�E&� -%�!%"�E� =�&�O+""� ��$�"%�*# ;+D%-
"#-;� �+�>�%�% %@� �#O�*�E� #">���;+"��, ��@�� !%K�J -;�E� $+��-
�%�� ��*"#>�K �+D"�&�E#*"�E� =��,+>�. A%�%$�+�"% �>�@&��#>�J -%-
>�@#� %$���"�E� $�"���&K – "%��"#>�J -�����"J�E� -�’�-$�, P� -%-
@+-=+*�L ;�O&��#>�J -% �+-�&J�%�%;� $�"���&K �=&��%�� "% >�%" 
��$�"%�*�D ;+D%"#-;#� �+�>�%�% # -%�!�$� ,J�;� �"�$%�� @�%$�. �%-



	��
�� � 

 40 

$�' $�"���&J "%'!�,#&J"#G+ -%>��>����%�� "% !���!�*"�D �=+�%,#-
�D (G&#/��%""�, D�"#"E��%""� �% #".), =�� ��$�"%""# �$�D ��;%E%-
L�J>� ��>�$% ��*"#>�J �@��@$�, % �%$�O � @+-=+�+��"�D ����@"�*�D 
=��,+>%D ("%=��$&%!, =�� =��$%�# &�>�#�, ���@). �$���"�' $�"���&J 
>=���L =#!��P+""K ��*"�>�# �@��@$�, -%=�@#E%""K @�%$�. 

F%&+O"� �#! ;#>,� ��E%"#-%,#� $�"���&K "% +�%=%D ����@"�,��% 
��-�#-"�K�J: 

"#����� �	��	�� – ,+ -!#'>"K�%"�' >=�O��%*+; $�"���&J >�-
����"�, ;%�+�#%&#� # E������ =��!�$,#�, �$% "%!D�!��J - #"G�D =#!=-
��L;>��. �%$�' $�"���&J !%L -;�E� �"�$"��� -"�O+""� �$�>�# =��-
!�$,#�, �$+ ;�O+ ��"�$"��� *+�+- =�;�&$� =�>�%*%&J"�$%, % �%$�O 
-#@�%�� #"/��;%,#K =�� ;%�+�#%&�, P� -%$�=���K�J>�, - ;+��K ��-
@��� �%$�E� =�>�%*%&J"�$%, �$�' "%'@#&JG�K ;#��K -%!���&J"�L 
��;�E� >=�O��%*%. 

�$���%����� �	��	�� – ,+ $�"���&J =��!�$,#� %@� �+D"�&�E#*-
"�E� =��,+>�, �$�' ��$�"�L�J>� =#>&� -%$#"*+""� =+�"�� ����@"�*�� 
�=+�%,#�, "%=��$&%!: ��;#�K�%""� !#%;+��% G�'$� �%&% =#>&� G&#-
/��%""�. 

&���������� �	��	�� – ,+ $�"���&J E������ =��!�$,#� =#>&� �� 
��E����&+""�; -% �+-�&J�%�%;� �%$�E� $�"���&K =��';%L�J>� �#-
G+""� =�� =��!%�"#>�J =��!�$,#�. 

F%&+O"� �#! �D�=&+""� $�"���&J��%"�� =��!�$,#� $�"���&J ;�O+ 
@��� >�,#&J"�; # ��@#�$���;. ��,#&J"�' $�"���&J ;�O+ =��"#>�K 
��$&K*%�� @�%$ =��!�$,#�. ����+ � !+�$�D ��=%!$%D '�E� -%>��>�-
�%""� L +$�"�;#*"� "+�%,#�"%&J"�; (=�� �+&�$�D =��E�%;%D ��=�>-
$� =��!�$,#�) %@� "+;�O&���; (��;� P� =#! *%> $�"���&K =��!�$,#� 
��'"�L�J>�). ��;� "% ����@"�,��# -%>��>���K�J ��@#�$���' $�"�-
��&J, =#! *%> �$�E� =+�+�#��K�J �!"� *� !+$#&J$% ��@#��$ #- =%��#�. 

�&� %"%&#-� �+-�&J�%�#� ��@#�$���E� $�"���&K -%>��>���K�J ;+-
��!� ;%�+;%��*"�� >�%��>��$�, �$# !%K�J -;�E� "% =#!>�%�# �@;+O+-
"�� $#&J$�>�# $�"���&J"�D =+�+�#��$ ��@��� ��>"���$ =�� �$#>�J 
=%��#� ����@#� *� >�%" �+D"�&�E#*"�E� =��,+>�. �%$# ;+��!� $�"���-
&K "%-��%K�J >�%��>��*"�;�. ��%��>��*"# ;+��!� $�"���&K -%>��-
>���K�J &�G+ � ;%>���;� ����@"�,��# # �=���%!O�K�J !&� $�"���-
&K �% �=�%�&#""� �$#>�K =� �>J�;� �+D"�&�E#*"�;� ,�$&� – �#! "%-
D�!O+""� >�����"� "% =#!=��L;>��� !� ��$���>�%""� ����@#� >=�-
O��%*+;. 

��� ��E%"#-%,#� >�>�+;%��*"�E� =��';%&J"�E� $�"���&K ;#O 
>=�O��%*+; # ����@"�$�; ;�O"% "% �>"��# !�E����� =�� =�>�%*%"-
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"� !�;�����>� =�� E�%"�*"� !�=�>��;� "%��"#>�J !+/+$�"�D ����-
@#� � =%��#�. 

4.5. ���=	��	 ������	 	����	�� ������ ���
���� 

	%O&���K >$&%!���K *%>��"�K !+�O%�"�� >�>�+;� �=�%�&#""� 
�$#>�K L M!�"% >�>�+;% %�+>�%,#� �$�>�# =��!�$,#� (M����). 

��+>�%,#� =��!�$,#� =+�+!@%*%L =���+!+""� $�;=&+$>"�D -%D�-
!#�, >=��;��%"�D "% >��L*%>"+ �=���%!O+""� � ����@"�,��� "%�$�-
��-�+D"#*"�D !�>�E"+"J # =&%"�;#�"+ =#!��P+""� �$�>�# =��!�$,#�, 
P� ��=�>$%L�J>�. 


>"��"# -%�!%""�: 
1. F@#&JG+""� �@>�E#� ����@"�,��% =��!�$,#�, �$+ �#!=��#!%L 

$�%P�; �#�*�-"�"�; # >�#����; !�>�E"+""�; %@� =+�+��P�L �D. 
2. ��-G��+""� ����@"�,��% =��E�+>��"�D $�"$��+"�"�-!%�"�D 

;%G�", �@&%!"%""�, =��&%!#�. 
3. ���>$��+""� ;�!+�"#-%,#� %@� -"���� - ����@"�,��% -%>�%�#&�� 

=��!�$,#�. 
��+>�%,#� =��!�$,#� – ,+ �>"��% !&� =&%"��%""� �@>�E#� ����@-

"�,��% -% $%�+E��#�;� �$�>�#. ��+>�%,#� =#!&�E%L �>� =��;�>&��% 
=��!�$,#�, �$% ��-"%*%L =��/#&J ;#"#>�+�>��% �% #"G% =��!�$,#�, P� 
�� =�>�#'"� ��=�>$%K�J =��;�>&��# �@&%!"%""�, =#!=��L;>��% �% 
��E%"#-%,#�. 

�+ =#!&�E%L %�+>�%,#�: 
- =��;�>&��% =��!�$,#�, �$% ��$���>����L�J>� @+- =�=+�+!"J�� 

�@��@$� ("%/�%, ��E#&&� # =����!"# =��!�$�� �% #".); 
- =��;�>&��% =��!�$,#�, �$% ��E����&�L�J>� -% �!"��%-���;� 

!�E��#�"�;� -%;��&+""�;�; 
- =��;�>&��% =��!�$,#�, �$% =�>�%�&�L�J>� &�G+ !&� =���+@ 

�@���"�; 
- -%=%>"# *%>��"� # $�;=&+$��K*# ����@� !&� =��;�>&���� =��-

!�$,#�, -"���� - ����@"�,��%; 
- =��;�>&��% =��!�$,#� =#>&� �+;�"��; 
- ;+!�$%;+"��, $"�O$��% =��!�$,#�, ���%�� ;�>�+,��%, K�+&#�"# 

����@� # ����@� D�!�O"#D =��;�>&#�. 
F%"��� ��-��@&+"% =��;�>&��% =��!�$,#� %�+>��L�J>� - =�*%�$� 

�� >+�#'"�E� ����@"�,��%, =�� ,J�;� ��%D���K�J>� �+$�;+"!%,#� 
=��';%&J"�� $�;#>#�, �$% ��"�>��J �#G+""� =�� =�>�%"��� !%"�� 
=��!�$,#� "% ����@"�,���. 
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���!�$,#� %�+>��L�J>� -% !��;% $%�+E��#�;� �$�>�#. �� ��P�� 
$%�+E��#� �$�>�# �#!"�>��J>� =��!�$,#�, �$% -% �+D"#$�-
+$�"�;#*"�;� =�$%-"�$%;� �#!=��#!%L $�%P�; �#�*�-"�"�; # >�#��-
��; -�%-$%; %@� =+�+��P�L �D. 

�� =��;�>&���� =��!�$,#� =+�G�� $%�+E��#� �$�>�# "%&+O��J 
=��!�$,#�, �$% -% >���;� �+D"#$�-+$�"�;#*"�;� =�$%-"�$%;� �#!=�-
�#!%L ��;�E%; !#K*�D >�%"!%��#� # �+D"#*"�D �;��. ����$ !#� ��P�� # 
=+�G�� $%�+E��#� �$�>�# >�%"����J 1-3 ��$�, =��#; ����@� %�+>��K�J 
=�����"�. 

	 �;��%D ��"$���D �#!"�>�" # �#-"�D /��; �&%>"�>�# =��';%K�J 
�%O&��� ��&J �#!"�G+""� ;#O >=�O��%*%;� # ����@"�$%;� =��!�$-
,#�. �=�O��%* (=�$�=+,J) ;%L =�%�� ��;%E%�� �#! ����@"�$% (=��-
!%�,�), P�@ �$#>�J =��!@%"�� "�; =��!�$,#� �#!=��#!%&% ��;�E%; 
!+�O%�"�D >�%"!%��#� %@� #"G�; "��;%���"� – �+D"#*"�; !�$�;+"-
�%; # !�E�����, �$# =+�+!@%*%K�J @+-=+$�, �D���"� -!����’� # O���� 
E��;%!�", -@+�+O+""� "%�$�&�G"J�E� >+�+!���P%. 

���!�$,#� =���""% ;%�� E%�%"�#'"�' >���$, �$%-%"�' � =%>=��-
�#, "% �� +��$+�,# %@� � #"G�;� !�$�;+"�#� (%$,�-"% ;%�$%), �$% ��-
!%L�J>� >=�O��%*� �!"�*%>"� - =��!�$,#LK =�� =��!%O�. �%�%"�#'-
"�' >���$ "% �+;�"�"� =��!�$,#K -@#&JG�L�J>� "% =+�#�! �� -"%D�-
!O+""� � �+;�"�#, % =�� �@;#"# ���%�� �#!�%D���L�J>� -%"��� - !"� 
�@;#"�. 

��� ����&+""# !+/+$�#� =��!�$,#� =����E�; E%�%"�#'"�E� >���$� 
>=�O��%* (=�$�=+,J) ;%L =�%�� ��;%E%�� -%;#"� "% %"%&�E#*"� =��-
!�$,#K (���%�) %@� @+-$�G���"�E� �>�"+""� �D � ��=%!$�, �$P� ��-
"� "+ L �+-�&J�%��; =���G+""� >=�O��%*+; (=�$�=,+;) =�%��& $�-
��>���%""� ���%��;, %@� '�E� -@+�#E%""�. 

���!�$,#�, "% �$� � !+�O%�"�D >�%"!%��%D L ��;�E� =� -%@+-=+-
*+""K @+-=+$� O���� # -!����’� &K!+', �D���"� "%�$�&�G"J�E� >+-
�+!���P%, =#!&�E%L >+���/#$%,#�. F% =���G+""� ��;�E @+-=+$� ��-
��@"�$ (=��!%�+,J) "+>+ E��;%!>J$�-=�%���� %@� $��;#"%&J"� �#!-
=��#!%&J"#>�J � �#!=��#!"�>�# #- -%$�"�!%�>���;. 

���!�$,#�, P� ��=�>$%L�J>� "+-%&+O"� �#! /��; �&%>"�>�# =�-
��""% ;%�� ����@"�*� ;%�$� # -%�+L>����%"�' ���%�"�' -"%$. 	�-
��@"�*% ;%�$% ;#>���J "%-�� ����@"�$%, '�E� %!�+>�, =�-"%*+""� 
!+�O%�"�E� >�%"!%��� %@� �+D"#*"�D �;��, �$�; �#!=��#!%L ��E���-
�&+"% =��!�$,#�. 

���!�$,#�, P� ��E����&�L�J>� � �+-�&J�%�# #"!��#!�%&J"�-
���!���� !#�&J"�>�#, =���""% ;%�� +��$+�$� - "�;+��; =%�+"�� # "%-
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-�� ��E%"�, �$�' ��!%� =%�+"�. 
�=�O��%* ;%L =�%�� "% =+�+�#�$� �$�>�#, $�;=&+$�"�>�#, ;#�� 

=��!@%"�D ���%�#�, % �%$�O "% "%�*%""� @+-=+*"�E� # =�%��&J"�E� 
$���>���%""� "�;�. �$P� >=�O��%*� "%"+>+"�' -@���$ � �+-�&J�%-
�# -%>��>��%""� �;�� !�E�����, �� �#" =���"+" @��� �#!G$�!��%"�'. 
 ��=%!$� �#!;��� ����@"�$% (=��!%�,�) �#!G$�!��%�� -@���$, 
>=#� ���#G�L�J>� � >�!# -E#!"� #- -%$�"�!%�>���;. 

4.6. )�8� � �	�
	��� ���	�8���� ������ ���
���� 

��>�+;% �=�%�&#""� �$#>�K =��!�$,#� =+�+!@%*%L "%>��="# ,#&#: 
- =&%"�;#�"+ -%@+-=+*+""� �>+;#�"�E� ��$���>�%""� "%�$���-

�+D"#*"�D, ����@"�*�D # >�,#%&J"�-+$�"�;#*"�D ;�O&���>�+' !&� 
=�$�%P+""� �$�>�# =��!�$,#�; 

- "%'@#&JG =��"+ -%!���&+""� =���+@ "%>+&+""� # "%��!"�E� E�-
>=�!%�>��%; 

- -%@+-=+*+""� -%D�>�� !+�O%��; 
- ��-G��+""� +$>=���� =��!�$,#�. 
I# ,#&# !�>�E%K�J>�: 
- >����+""�; # �>��L""�; � -%!%"# >���$� "���D ��!#� =��!�$,#�, 

�$% -% >���;� �+D"#$�-+$�"�;#*"�;� D%�%$�+��>��$%;� �#!=��#!%L 
>�#����; !�>�E"+""�; %@� =+�+��P�L �D; 

- -@#&JG+""� =���;�� �%E� ��=�>$� =��!�$,#� ��>�$�� �$�>�# � 
-%E%&J"�;� �@>�-# ����@"�,��%; 

- =&%"�;#�"�; =�$�%P+""�; =�$%-"�$#� �$�>�# =��!�$,#�; 
- =#!��P+""�; $�"$��+"��>=��;�O"�>�# =��!�$,#� "% -��"#G-

"J�;� ��"$� �% #". 
�&� �=�%�&#""� �$#>�K =��!�$,#� "+�@D#!"� �!�>$�"%&K�%�� ��-

E%"#-%,#K ����@"�,��%, �=���%!O��%�� "��� �+D"#$�, �+D"�&�E#*"# 
=��,+>�, =#!��P��%�� $�%&#/#$%,#K ��@�*�D �% #"O+"+�"�-
�+D"#*"�D ��@#�"�$#�, =�$�%P��%�� $�"���&J �$�>�#. 

��$%-"�$� �$�>�# =��!�$,#� ��-"%*%K�J $�;=&+$> "��; # ��;�E 
!� $�">���$���>J$�� # �+D"�&�E#*"�� !�$�;+"�%,#�, % �%$�O ;+��!� # 
-%>�@� $�"���&K �$�>�#. 	�"� =���""# �#!=��#!%�� �#�"K $�%P�D 
!+�O%�"�D %@� >�#����D >�%"!%��#�. 

�&� -%@+-=+*+""� �$�>�# =��!�$,#� =#!=��L;>��% =���""# �!�>-
$�"%&K�%�� ��E%"#-%,#K ����@"�,��%, �=���%!O��%�� "��� �+D"#$� 
# �+D"�&�E#�, ��E%"#-����%�� =#!��P+""� $�%&#/#$%,#� #"O+"+�"�-
�+D"#*"�D ��@#�"�$#� # ��@�*�D. 	�>�$% �$#>�J =��!�$,#� # "%��"#>�J 
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>+���/#$%�% ;�O+ -%@+-=+*��� �� $�"$��+"��>=��;�O"#>�J "% >�#��-
��;� ��"$�. F ,#LK ;+��K >�%"!%��� ��
 9001, 9002, 
9003 -%��+�!O+"# @+- �>�$�D -;#" � �$�>�# !+�O%�"�D >�%"!%��#� 
(�
�� 40.9001.-88, �
�� 40.9002-88, �
�� 40.9003-88), � �$�D 
�=�%�&#""� �$#>�K ��-"%*%L�J>� �$ ;+��!� # !#�&J"#>�J �=+�%���"�-
E� D%�%$�+�� "%=�%�&+"� "% -%!���&+""� ��;�E !� �$�>�#. 

��$�%P+""� �$�>�# =��!�$,#� @%-�L�J>� "% �>"��# $�;=&+$>"�� 
>�>�+;� �=�%�&#""� �$#>�K =��!�$,#�. 

4.7. ?���8����	 ������	 ���	�8���� ������ ���
���� 

��;=&+$>"% >�>�+;% �=�%�&#""� �$#>�K =��!�$,#� (����) – ,+ 
>�$�="#>�J �+D"#*"�D, ��E%"#-%,#'"�D, +$�"�;#*"�D �% >�,#%&J"�D 
-%D�!#�, �>�%"��&+"�D >�%"!%��%;�, "%=�%�&+"�D "% =#!��P+""� 
�$�>�# =��!�$,#�. 

���� ��E%"#*"� =��’�-%"% - >�>�+;�K �=�%�&#""� "%��!"�; 
E�>=�!%�>���; � ,#&�;�. =�%�&#""� �$#>�K =��!�$,#� -!#'>"KL�J>� 
"% �>#D >�%!#�D ��E����&+""� =��!�$,#� (=��+$���%""�, ����@"�,��� 
�% +$>=&�%�%,#�). 

�% >�%!#� =��+$���%""� ��-"%*%K�J =�$%-"�$� �$�>�# �% ;+��!� 
�D -%@+-=+*+""�; �>�%"��&KK�J ��! $�">���$���>J$�D ��=��@��%"J, 
=���!�$ ��-��@$� +$>=&�%�%,#'"�� !�$�;+"�%,#�; ��-"%*%K�J �@>�E 
# ����@"�,��� �>�%"��*�� =%��#� # =���!�$ -!%*# "��;%���"� – �+D-
"#*"�� !�$�;+"�%,#�. 

�% >�%!#� ����@"�,��% -!#'>"KK�J �+D"�&�E#*"� =#!E����$� ��-
��@"�,��% # ;+���&�E#*"+ -%@+-=+*+""�; -%@+-=+*�K�J �+D"�&�E#*"� 
!�>,�=&#"�; -!#'>"KK�J $�">���$���>J$�' # �+D"�&�E#*"�' "%E&�! 
-% !�!+�O%""�; ��;�E "��;%���"� – �+D"�&�E#*"�� !�$�;+"�%,#�; 
��$�"�K�J �D#!"�' $�"���&J >�����"�, $�;=&+$��K*�D ����@#�; 
-!#'>"KK�J �D���"� =��!�$,#� � �#!=��#!"�>�# - ��;�E%;�. 

�% >�%!#� +$>=&�%�%,#� >&#!$�K�J -% !�!+�O%""�; "��; # =�%��& 
+$>=&�%�%,#�: ���*%K�J �#!$%-� ����@#�; %"%&#-�K�J =��*�"� �#!$%-
-#� # ��-��@&�K�J -%D�!� =� �D �>�"+""K. 

 �#!=��#!"�>�# - ��;�E%;� ��
 9004 O���L��' ,�$& =��!�$,#� 
�D�=&KL "%>��="# +�%=�: 

- ;%�$+��"E, =�G�$ # ���*+""� ��"$�; 
- =��+$���%""� # ��-��@$% =��!�$,#�; 
- ;%�+�#%&J"�-�+D"#*"+ -%@+-=+*+""�; 
- =#!E����$% # ��-��@$% ����@"�*�D =��,+>#�; 
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- ����@"�,���; 
- $�"���&J, =���+!+""� ��=��@��%"J # �@>�+O+""�; 
- �=%$��$% # -@+�+O+""�; 
- �+%&#-%,#� # ��-=�!#& =��!�$,#�; 
- ;�"�%O # +$>=&�%�%,#�; 
- �+D"#*"% !�=�;�E% # �@>&�E����%""�; 
- ���&#-%,#� =#>&� ��$���>�%""�. 
�#!E����$% ��-��@$� >�>�+;� =�*�"%L�J>� #- ��!%*# "% =#!=��-

L;>��# "%$%-#� =�� ��-��@$� >�>�+;�, /��;��%""� $���!�"%,#'"� – 
��@�*�� E��=� (���), -%��+�!O+""� =�&�O+""� ���. �%$%-�; "%--
"%*%K�J>�: E�&��% ���, �$�; =���"+" @��� $+�#�"�$ =#!=��L;>��%, 
=+�G�' -%>��="�$, -%>��="�$ =� �$�>�#, $+�#�"�$� >&�O@ # =#!��--
!#&#�, *&+"� >=+,#%&J"�E� =#!��-!#&�. 

F%!%*# =#!��-!#&� =� =#!��P+""K �$�>�# ��-"%*%K�J>� "% �>"��# 
%"%&#-� >�%"� >=�%� =� =#!��P+""K "%�$���-�+D"#*"�E� �#�"� # �$�-
>�# =��!�$,#� -% �>�%""# 3...5 ��$#�. ���#; ��$�"�L�J>� �-%E%&J"+""� 
�+-�&J�%�#� %"%&#-� # ��$���>�%""� '�E� !&� ��-��@$� �+D"#*"�E� 
-%�!%""�. 
>�%""L =���""� �$&K*%�� �@_��"���%""�, ,#&J # -%!%*# 
��-��@$�, D%�%$�+��>��$� =#!=��L;>��%, >���$� ��-��@$� >�>�+;�, 
=+�+&#$ >�%"!%��#�. �+D"#*"+ -%�!%""� =�E�!O�L�J>� - E�&��"�; %@� 
@%-���; =#!=��L;>���;, -%��+�!O�L�J>� $+�#�"�$�; =#!=��L;>��% # 
�+L>���L�J>�. 

��@�*�' =��+$� �� �� =�+!>�%�&�L >�@�K $�;=&+$� -%��+�-
!O+"�D >�%"!%��#�. ��-��@&+"�' # �/��;&+"�' ��@�*�' =��+$� >�>-
�+;� =#>&� -%��+�!O+""� # �+L>��%,#� =��D�!��J >�%!#K �=���%!O+"-
"�, =#>&� -%��+�!O+""� �$�E� �/��;&KL�J>� # -%��+�!O�L�J>� %$�. 

=�%�&#""� �$#>�K =��!�$,#� – ,+ �=�%�&#""� =��,+>�;, ����-
&+""� �#-"�D "+�#!=��#!"�>�+' =��!�$,#�, �>�"+""� �D =��*�". �#!-
��P+""� �$�>�# =���""� @��� =�>�#'"�K !#�&J"#>�K, �$% "%=�%�&+"% 
"% =#!��P+""� �+D"#*"�E� �#�"� =��!�$,#� # �$�>�# �� ����@"�,��%. 

	 >�>�+;# �=�%�&#""� �$#>�K �%O&��% ��&J �#!��!��J>� >+���/#-
$%,#�, �$% =�+!>�%�&�L >�@�K !#K, �$% - !�=�;�E�K >+���/#$%�% >�#-
!*��J, P� =��!�$,#� %@� =�>&�E� �#!=��#!%K�J >�%"!%��� %@� #"G#' 
"��;%���"�-�+D"#*"#' !�$�;+"�%,#�. 

��;#�+��; ��
 =� =��%""�; >+���/#$%,#� =+�+!@%*+"# >+���/#-
$%,#� ;�O&���>�+' =�>�%*%&J"�$%, >+���/#$%,#� �#!=��#!%&J"�>�#, 
P� �$&K*%L ��� ��!� �#!=��#!%&J"�>�#: -%��% =�� �#!=��#!%&J"#>�J, 
%�+>�%,#K # >+���/#$%,#K �#!=��#!%&J"�>�#. 

F%��% =�� �#!=��#!%&J"#>�J >�#!*��J =�� =��"� �#!=��#!%&J"#>�J 
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=�>�%*%&J"�$%, P� =��!�$,#�, �+D"�&�E#*"�' =��,+> %@� =�>&�E� �#!-
=��#!%K�J >�%"!%��� %@� #"G#' "��;%���"�-�+D"#*"#' !�$�;+"�%,#�. 

�+���/#$%,#� �#!=��#!%&J"�>�# – ,+ E%�%"�#� ��+�J�� >����"�, P� 
%!+$�%�"�; >��=+"+; ';��#�"�>�# =��!�$,#�, �+D"�&�E#*"�' =��,+> 
%@� =�>&�E� �#!=��#!%K�J >�%"!%��%; %@� #"G#' "��;%���"�-
�+D"#*"#' !�$�;+"�%,#�. 

�#!>�;$� ��@��� #- >+���/#$%,#� L =#!��+�!O+""� �#!=��#!"�>�# 
=��!�$,#� ��;�E%; >�%"!%��#� � ��E&�!# >+���/#$%�% *� -"%$% �#!=�-
�#!"�>�#. 

�+���/#$%�� �#!=��#!"�>�# >�#!*%�J, P� =��!�$,#�, �+D"�&�E#*-
"�' =��,+> %@� =�>&�E� �#!=��#!%K�J >�%"!%��%; %@� #"G#' "��;%-
���"� – �+D"#*"#' !�$�;+"�%,#�. 

F"%$ �#!=��#!"�>�# �D���"�L�J>� -%$�"�; # ��$���>����L�J>� �#!-
=��#!"� !� =��'"���D =�%��& >�>�+;� >+���/#$%,#�. 	#" �$%-�L "% �+, 
P� =��!�$,#�, �+D"�&�E#*"�' =��,+> %@� =�>&�E� �#!=��#!%K�J ��;�-
E%; >�%"!%��#� %@� #"G�� "��;%���"� – �+D"#*"�� !�$�;+"�%,#�. 

+$"!" 5. (��&�?�-�?�&���;&" �I�?('!&�%(2 
%("&�"�('#")�* 

5.1. ���������	 �<���������@ ��	�
	����	�� 

FE#!"� - ��;�E%;� �
�� 20779-81 +$�"�;#*"% +/+$���"#>�J >�%-
"!%���-%,#� ��-"%*%L�J>� -% �%$�D �;��: 

- +$�"�;#*"+ �@>&�E����%""� =&%"#� # =��E�%;; 
- �@_��"���%""� !�,#&J"�>�# ��-��@$� # -%��+�!O+""� >�%"!%��#� 

# �+D"#*"�D �;��; 
- ��-"%*+""� ,#" "% =��!�$,#K; 
- ��-"%*+""� ��-;#�#� -%�D�*+""� =�%,#�"�$#� � E%&�-# >�%"!%�-

��-%,#�. 
�$�"�;#*"% +/+$���"#>�J >�%"!%���-%,#� ��-"%*%L�J>� $�;=&+$-

>"�, - ��%D��%""�; �+-�&J�%�#� �=���%!O+""� �>#D -%D�!#� =� >�%"-
!%���-%,#� "% >�%!#�D ����@"�,��%, ��E����&+""� �% +$>=&�%�%,#�. 

�$�"�;#*"�' +/+$� >�%"!%���-%,#� – ,+ ���%O+"% � E��G��#' %@� 
"%���%&J"#' /��;# +$�"�;#� =�%,# � >�>=#&J"�;� ����@"�,��# �"%-
>&#!�$ �=���%!O+""� >�%"!%��� - ��%D��%""�; "+�@D#!"�D ����%�. 
�$�"�;#*"�' +/+$� ���%O%L�J>� � "%���%&J"#' /��;# (-"�O+""� 
���!�;#>�$�>�#, +$�"�;#� ;%�+�#%&#�, -;+"G+""� =���+@� � �@&%!-
"%""# # =&�P%D, ��P�), �$P� -%��%�� ��;#�KK�J>� � ��D >%;�D �!�-
"�,�D, P� ' +$�"�;#�. 	 #"G�D ��=%!$%D +$�"�;#*"�' +/+$� ���%-
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O%L�J>� � E��G��#' /��;#. 

@*�>&KK*� +$�"�;#*"�' +/+$� >�%"!%���-%,#� "% >�%!#� =��+$-

���%""�, ��%D���K�J >$���*+""� �@>�E� �% >���$#� =��+$�"�D ��@#�, 
-"�O+""� �D ���!�;#>�$�>�# �% �%���>�# �"%>&#!�$: =�&#=G+""� ��-
E%"#-%,#� =��+$�"�-$�">���$���>J$�D ��@#�; @%E%���%-���E� ��$���-
>�%""� >�%"!%��"�� �+D"#*"�� !�$�;+"�%,#�; -%>��>��%""� >�%"!%��-
"�D ;+��!#� ��-�%D�"$�; -;+"G+""� �@>�E� $�=#K�%&J"�D ��@#� �% 
#". ��� ,J�;� ��%D���K�J>� �$ =���*"#, �%$ # $%=#�%&J"# ����%��. 


@*�>&KK*� +$�"�;#*"�' +/+$� "% >�%!#� ����@"�,��%, ��%D�-
��K�J >+�#'"#>�J � ��E&�!# ��-"%*+""�: 

- -;+"G+""� ;%�+�#%&�L;$�>�#; 
- -"�O+""� ���!�;#>�$�>�# =��,+>#�; 
- -"�O+""� =���;�D ����%� +&+$���+"+�E#� # =%&��% �% #". 

@*�>&KK*� +$�"�;#*"�' +/+$� "% >�%!#� +$>=&�%�%,#�, ��%D�-

��K�J -"�O+""� ����%� >=�O��%*% �"%>&#!�$: =#!��P+""� �+D"#*-
"�E� �#�"� # �$�>�# =��!�$,#�; -@#&JG+""� >���$� >&�O@� ����@�; 
=#!��P+""� '�E� "%!#'"�>�#; -;+"G+""� =���;�� +"+�E�L;"�>�#; 
-"�O+""� �+;�"�"�D ��@#� �% #". 

��� ��-�%D�"$� +/+$���"�>�# �=���%!O+""� >�%"!%��#� ��%D�-
��K�J �!"��%-��# # =���*"# ����%��, P��#*"�' # �%-���' +/+$� (��-
�#&J"+""� �@����"�D $�G�#�, -;+"G+""� =���;�D $%=#�%&��$&%!+"J 
�% #".), �$# !�>�E%K�J>� �"%>&#!�$ >�%"!%���-%,#�.  �=#�>�%�&�K*� 
����%�� ' +$�"�;#K, ��@&��J ��>"��$� P�!� =��'"���� �#G+"J =�� 
>�%"!%���-%,#K. 

�$�"�;#*"�' +/+$� !%L �%$# �>"��"# -%D�!� =� >�%"!%���-%,#�: 
- -;+"G+""� "�;+"$&%���� ����@#�, -%�!�$� �$�;� =#!��P�L�J-

>� ;%>��#>�J ����@"�,��% # -;+"G�K�J>� ����%�� "% �D +$>=&�%�%-
,#K, -�$�+;% "% "%�*%""� =+�>�"%&�; 

- -@#&JG+""� "�;+"$&%����, -%�!�$� *�;� ;�O"% � $�O"�;� 
�$�+;�;� ��=%!$� -%>��>����%�� ��' ���#@ (=��!�$,#K), �$�' "%'-
$�%P+ �#!=��#!%L �>�%"��&+"�; ��;�E%;; 

- >�%"!%���-%,#� ;+��!#� ��$�"%""� ��@#�, !�$�;+"�%,#� # �+�;#-
"�&�E#�, �$% -;+"G�L ���!�;#>�$#>�J !%"�D ��@#� # >=���L =�&#=-
G+""K �D �+-�&J�%�#�; 

- �#!@#� "%'@#&JG �+D"�&�E#*"�D $�">���$,#', -%>��>��%""� �$�D 
-;+"G�L ����%�� "% ��E����&+""� ����@#�; 

- �>�%"��&+""� =%�%;+��#�, �$# -%@+-=+*�K�J "%'+$�"�;#*"#G+ 
-%>��>��%""� (+$>=&�%�%,#K) >�%"!%��"�� =��!�$,#�. 

F#>�%�&�K*� +$�"�;#*"� +/+$���"#>�J >�%"!%��#�, $�%P�; ��-
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-"%*%K�J ��' >�%"!%��, �$�' -%@+-=+*�L ;#"#;%&J"�' >���$ �$�="�-
>�# $%=#�%&J"�D �$&%!+"J. 

5.2. #	>	8@�� <����8� ����	����� �����������  
�<���������� ��	�
	����	�� 

��� "%��"�>�# !%"�D =�� �!�"�,K =��!�$,#� +$�"�;#*"�' +/+$� 
;�O"% ��-"%*��� -% �%$�K /��;�&�K: 

 
6=[(*1+6�/1)-( *2+6�/2)],2,    (5.1) 

 
!+ * – >�@#�%��#>�J �!�"�,# =��!�$,#� %@� ��@���; 6� – "��;%��-

�"�' $�+/#,#L"� +/+$���"�>�#; / – �%E�;# $%=#�%&J"# �$&%!� (����@-
"�*# /�"!�); , – �@>�E �#*"�E� ��=�>$� =��!�$,#�; 1 # 2 – #"!+$>�, 
�$�;� ��� # !%&# =�-"%*%L�J>� >�%"���P+ !� # =#>&� >�%"!%���-%,#�. 

�$P� L !%"# =�� �#*"�' ��=�>$ =��!�$,#�, �� +$�"�;#*"�' +/+$� 
�@*�>&KK�J -% �%$�K /��;�&�K: 

 
6=(*1+6�/1)-( *2+6�/2),   (5.2.) 

 
!+ * – >�@#�%��#>�J �#*"�E� ��=�>$�; / –�+&�*�"% ����@"�*�D 

/�"!#�. 
�#!�%D���K*� +$�"�;#*"�' +/+$� � "%���%&J"#' /��;#, =���#@-

"� $���>���%��>� �%$�;� /��;�&%;�. 
��� -"�O+""# ����%� ;%�+�#%&� +/+$� ���%O%L�J>� � ��"%D, ;+�-

�%D �% #"G�D �!�"�,�D: 
 

6=,(5�1-5�2),    (5.3) 
 
!+ 5� – "��;% ����%� ;%�+�#%&� "% �!�"�,K =��!�$,#�. 
��� -"�O+""# ���!�;#>�$�>�# (+/+$� ���%O%L�J>� $#&J$#>�K ��-

�#&J"+"�D =�%,#�"�$#�): 
 

� �1 2B T T
6

>
	

� ,    (5.4) 

 
!+ � – "��;% *%>� "% �!�"�,K; > – �#*"�' /�"! *%>� ��@���. 
��� -;+"G+""# ����%&�>�# ����@"�*�E� ,�$&� (+/+$� ���%O%-

L�J>� � �!�"�,�D *%>�) 
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6 = ?1 –?2,     (5.5) 

 
!+ ? – ����%&#>�J ����@"�*�E� ,�$&�. 
��-E&�"+;� �$�+;# =��$&%!� ��-�%D�"$� +$�"�;#*"�� +/+$���-

"�>�# >�%"!%���-%,#�. 
���$&%! 1. F;#"% >�@#�%���>�# �!�"�,# =��!�$,#� # =���;�D ��-

��@"�*�D /�"!#�. F% �%D�"�$ +$�"�;#� >�����"� >�@#�%��#>�J 1 ��"� 
=��!�$,#� =�� �=���%!O+""� �
�� 9410-71 -;+"G�L�J>� - 
145,6 E�". !� 80,3 E�". % =���;# ����@"�*# /�"!� – - 143,2 E�"/� !� 
80 E�"/�. �#*"�' ��=�>$ >�%"����J 42 000 �. 

F% /��;�&�K (5.1): 
 

6=(145,6+0,12d143,2)-(80,3+0,12d80)d42000=3070000 E�". 
 
���$&%! 2. F;#"% >�@#�%���>�# ��$�"%""� =��E�%; # -%E%&J"�� �+-

&�*�"� ����@"�*�D /�"!#�. 
��@#�%��#>�J �#*"�E� �@>�E� ��!�@��$� ��E#&&� =+�"�� ;%�$� !� 

>�%"!%���-%,#� – 1080000 E�"., =#>&� >�%"!%���-%,#� – 1060000 E�"., 
$%=#�%&J"# �$&%!� –1370000 E�"., -%;#>�J 1620000 E�"., >�@#�%��#>�J 
=+�+�+-+""� ��E#&&� -"�O�L�J>� - 210000 !� 150000 E�"., % $%=#�%-
&J"# ����%�� "% =+�+;#P+""� – - 630 !� 620 E�".  >=�O��%*% =���-
*"# ����%�� ��E#&&� -"�O�K�J>� - 440000 E�". !� 430000 E�". "% �#$, 
% $%=#�%&J"# �$&%!+""� – - 1310000 E�". !� 1160000 E�". 

F% /��;�&�K (5.2) +$�"�;#*"�' +/+$� !&� >�%!#' ��!�@��$� =+-
�+�+-+""� # -%>��>��%""� >�%"�����;+: 

6 = (1080000 + 0,12d1620000) – (1060000 + 0,12d1370000) +  
+ (120000 + 0,12d630) – (150000 + 0,12d621) + (440000 +  

+ 0,12d1310000) – (430000 + 0,12d1160000) =  138000 E�". 

5.3. ���������	 �<���������@ ��	�
	����	�� �	 ��
���J����� 

��#; ��-"%*+""� +$�"�;#*"�� +/+$���"�>�# >�%"!%���-%,#� !&� 
"%��!"�E� E�>=�!%�>��% "+�@D#!"� -"%�� +$�"�;#*"� +/+$���"#>�J 
�#! �=���%!O+""� >�%"!%��#� "% =#!=��L;>��#. 

��� ��-"%*+""# +$�"�;#*"�E� +/+$�� ��%D���K�J: 
- -"�O+""� >�@#�%���>�# ��E����&+""� >�%"!%��"�� =��!�$,#�; 
- =#!��P+""� ,#" "% >�%"!%��"� =��!�$,#K �"%>&#!�$ =#!��P+"-

"� �� �$�>�#; 
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- -@#&JG+""� �@>�E� �+%&#-%,#� >�%"!%��"�� =��!�$,#� �"%>&#!�$ 
=#!��P+""� =�=���; 

- -;+"G+""� �>"��"�D # �@����"�D /�"!#� =#!=��L;>��% �"%>&#-
!�$ #"�+">��"�E� ��$���>�%""� �@&%!"%""� # >$���*+""� ����%&�>�# 
����@"�*�D ,�$&#� ��=�>$ >�%"!%��"�� =��!�$,#�. 

	���%�� "% �=���%!O+""� >�%"!%��#� "% =��!�$,#K – ,+ �!"��%-
-��# ���%�� "% �+D"#*"� =#!E����$� ����@"�,��% # �>��L""� ��=�>$� 
=��!�$,#� -% ,�; >�%"!%���;. 

�� ����%� "% �=���%!O+""� >�%"!%��#� "% =��!�$,#K �D�!��J: 
- ����%�� "% ��-��@$� %@� =+�+E&�! "+�@D#!"�� �+D"#*"�� !�$�-

;+"�%,#� "% ���#@, �$�' >�%"!%���-�L�J>� (,#�); 
- ����%�� "% -%@+-=+*+""� =#!=��L;>�� "���;� ��!%;� >�����-

"�, ;%�+�#%&#� # $�;=&+$��K*�D ����@#� (,�), % �%$�O "���; �@&%!-
"%""�;, =��&%!%;�, =��>����;� !&� =���+!+""� ;�!+�"#-%,#� !#K-
*�E� �@&%!"%""� (,��); 

- ����%�� "% @�!#�"�,��� "���D, ��-G��+""� # �+$�">���$,#K 
!#K*�D @�!�� # >=���! (,���); 

- ����%�� "% =#!E����$� %@� =+�+=#!E����$� $%!�#� (,�) �% "% #"-
G# -%D�!� (,��). 

F%E%&J"# ���%�� "% �=���%!O+""� >�%"!%��� >�%"�����;��J: 
 

, = ,#� + ,�� + ,�+ ,���+ ,�+ ,��.   (5.6) 
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+$"!" 6. #"+"$2&� ��'&)'�' !#"K��#"��&&�%(� 

6.1. %��@ � ��
� ��	J���	�������� 

��*%>"+ ����@"�,��� ;%G�", ;+D%"#-;#�, ��-&#�, !+�%&+' �% �D 
�+;�"� _��"��K�J>� "% =��",�=# �-%L;�-%;#""�>�#. �+�#'"+ ��E���-
�&+""� !+�%&+' �#!@��%L�J>� � �!"�D ,+D%D, % >$&%!%""� ;%G�", ��-
-&#� # =��&%!#�, �$ =�%��&�, – � #"G�D. 

�#! *%> >$&%!%""� -%>��>���K�J>� �#-"# $�#=�&J"# !+�%&#, ����@� 
#- "+;+�%&+��D ;%�+�#%&#�, =#!G�="�$� $�*+""� �% #"G# =�$�="# ��-
��@�, ��E����&+"# � �#-"�' *%> "% �#-"�D >=+,#%&#-��%"�D =#!=��L;-
>��%D. �+-�%O%K*� "% ,+, >$&%!%""� -!#'>"KL�J>� @+- !�!%�$���D 
=#!E#""�D # !���!�*"�D �=+�%,#', % -#@�%"# ;%G�"� # �D *%>��"� -%-
!���&J"�K�J �>�%"��&+"# ��;�E�. I+ ;�O&��� -%�!�$� ��;�, P� ��-
-&� # !+�%&# ��E����&�K�J �-%L;�-%;#""�;�. 

�%"#G+ �-%L;�-%;#""#>�J ��-E&�!%&%>� &�G+ �$ =��",�= >$&%!%"-
"� !+�%&+' # ��-&#�. 	 "%G *%> �-%L;�-%;#""#>�J =�G��KL�J>� �O+ ' 
"% �%$# D%�%$�+��>��$� ����@#�, �$ >�#'$#>�J =���� >=�%,K�%""�, ��+-
�!#>�J, �"���#G"� "%=��E%, ��@�� "% �$#>"# =�$%-"�$�, �$# ��-"%*%K�J 
"%!#'"#>�J # !��E��#*"#>�J ��@��� ;%G�", ��-&#� # !+�%&+'. 

	-%L;�-%;#""#>�J "%-��%L�J>� �&%>���#>�J !+�%&+', >$&%!%&J"�D 
�!�"�,J, %E�+E%�#� -%';%�� >��L =�&�O+""� � ;%G�"# @+- !�!%�$�-
��D �=+�%,#' �@��@$� # ��$�"��%�� =�� ,J�;� -%!%"# /�"$,#� �#!=�-
�#!"� !� �+D"#*"�D ��;�E. 

	-%L;�-%;#""#>�J -%@+-=+*�L ;�O&��#>�J >$&%!%""� %@� -%;#"� 
=�� �+;�"�# @�!J-�$�D "+-%&+O"� ��E����&+"�D !+�%&+' � >$&%!%-
&J"# �!�"�,#, ��@�� � ����@�, >$&%!��# *%>��"� �$�D =���#@"� 
-’L!"%�� -% !�=�;�E�K �=+�%,#'. 

�+�%&#, �$# �D�!��J � >$&%!%&J"# �!�"�,#, =���""# @��� >�%"!%�-
��-��%"#. 
�O+, �-%L;�-%;#""#>�J @%-�L�J>� "% >�%"!%���-%,#�. 

�%"#G+ !@%&� =�� �-%L;�-%;#""#>�J, P�@ ;%�� ;�O&��#>�J G��!-
$� -%;#"��� !+�%&#, �$# ��'G&�, - &%!�, "���;�, P� >=���&� -!+G+�-
&+""K �+;�"�� �% +$>=&�%�%,#�. FE�!�; �-%L;�-%;#""#>�J, >�%&% -%-
>��>����%��>� �%$�O =�� ����@"�,��# ��%$���#�, %���;�@#&#�, $�;-
@%'"#� �% #"G�D ;%G�". 3%��!�, �$# ��E����&�K�J >�*%>"# ��%$����, 
%���;�@#&#, $�;@%'"�, ��$���>����K�J �-%L;�-%;#""# !+�%&# # >$&%-
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!%&J"# �!�"�,# �%-�; - !+>��$�; #"G�D >=+,#%&#-��%"�D -%��!#�. 
��-�#-"�K�J �-%L;�-%;#""#>�J =��"� # "+=+�"�, -��"#G"K # �"��-

�#G"K, -% /�"$,#�;� # -% E+�;+���*"�;� =%�%;+��%;�. 
���"% �-%L;�-%;#""#>�J -%@+-=+*�L -%!%"# =�$%-"�$� �$�>�# @+- 

!�!%�$���D =#!E#""�D �=+�%,#' =#! *%> >$&%!%""� =�� ��E����&+""# 
%@� �+;�"�# ;%G�" �% �D ��-&#�. �%$% �-%L;�-%;#""#>�J >=��P�L �+-
;�"� ;%G�", �>$#&J$�, @�!J-�$% !+�%&J, *� ��-�&, P� -"�>�&�>�, -%-
;#"KK�J>� -%=%>"�;�. �$�"�;#*"� !�,#&J"�; L -%>��>��%""� �-%L-
;�-%;#""�>�# !&� !+�%&+', ��*"#>�J �$�D "�O*% =’���E� $�%&#�+��, % 
�%$�O !&� ��-&#�, P� >$&%!%K�J>� - "+�+&�$�� $#&J$#>�# !+�%&+'. 

���"% �-%L;�-%;#""#>�J -%@+-=+*�L $��=+�%,#K # >=+,#%&#-%,#K 
=#!=��L;>�� =�� ��E����&+""# %@� �+;�"�# ;%G�", ��-&#�, !+�%&+'. 

�+=��"% �-%L;�-%;#""#>�J !�>�E%L�J>� =�� E��=���;� =#!@��# 
!+�%&+' (>+&+$���"+ %@� #"!��#!�%&J"+ >$&%!%""�), =�� ��$���>-
�%""# $�;=+">%���% %@� =�� ��-�%D�"$%D #- -%>��>��%""�; �+��#� 
';��#�"�>�#. F%>��>���L�J>� �%$�O !&� -'L!"%"J ��>�$�� ��*"�>�#. 
��*"#>�J >$&%!%""� =#!��P�L�J>� � >�#&J$�, �%-#�, "% >$#&J$� E��= 
@�&� ��->�����%"� !+�%&#. 

F%@+-=+*��� "+=��"� �-%L;�-%;#""#>�J ;�O"% G&�D�; �#G+""� 
,#&�E� $�;=&+$>� =��%"J $�">���K�%""�, �+D"�&�E#� ��E����&+""�, 
+$>=&�%�%,#� # �+;�"�� ����@#�. 

F��"#G"� �-%L;�-%;#""#>�J – ,+ �#!=��#!"#>�J =��L!"��%&J"�D 
=��+�D�"J ��-&#� -% ��-;#�%;� # /��;�K, % �%$�O -% �D +$>=&�%�%-
,#'"�;� =�$%-"�$%;�. �%=��$&%!, !&� +&+$���!��E�"#� – �-%L;�-%-
;#""#>�J -% =���O"#>�K # *%>����K �@+��%""�. 

	"���#G"� �-%L;�-%;#""#>�J -%@+-=+*�L�J>� ��*"#>�K !+�%&+', 
P� �D�!��J � ��-&�. �%=��$&%!, �-%L;�-%;#""#>�J G%��$#� %@� ��-
&�$#� =#!G�="�$#� $�*+""�, ��-&#� �+!�*�E� # �+!+"�E� �%&#� $���@-
$� -;#"� =+�+!%*. 

	-%L;�-%;#""#>�J, �$% -%@+-=+*�L "+ &�G+ ;�O&��#>�J >$&%!%""� 
%@� -%;#"� =�� �+;�"�# @�!J-�$�D !+�%&+', %&+ �%$�O �D �=��;%&J"# 
>&�O@��# /�"$,#�, "%-��%L�J>� /�"$,#�"%&J"�K �-%L;�-%;#""#>�K. 

�%=��$&%!, �-%L;�-%;#""+ -�@*%>�+ $�&+>� =���""� "+ &�G+ @+- 
�>�$�D =#!E#""�D �=+�%,#' -%'"��� >��L ;#>,+ � ;%G�"#, %&+ ' =+�+-
!%�%�� =���#@"�' $���"�' ;�;+"�, ;%�� =+�"+ =+�+!%��*"+ �#!"�-
G+""�. 

F%@+-=+*��� /�"$,#�"%&J"� �-%L;�-%;#""#>�J ;�O"% &�G+ � ��-
;� ��=%!$�, $�&� !�!+�O�L�J>� �-%L;�-%;#""#>�J -% E+�;+���*"�;� 
=%�%;+��%;�. W�"$,#�"%&J"� �-%L;�-%;#""#>�J =���#@"� >������� - 
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;�;+"�� =��+$���%""� ;%G�"� *� ��-&%. �&� ,J�E� ���*"�K�J>� 
"�;#"%&J"# -"%*+""� +$>=&�%�%,#'"�D =�$%-"�$#� # ��-"%*%K�J>� 
!�=�>��;# �#!D�&+""� �#! "�D. ���#; �>�%"��&KK�J>� �>"��"# ��--
&� # !+�%&#, �#! �$�D "%>%;=+�+! -%&+O%�J !%"# =�$%-"�$�. �&� ,�D 
��-&#� # !+�%&+' -%>��>���K�J �%$# ;%�+�#%&� # �+D"�&�E#K ��E����-
&+""�, P�@ "%!#'"#>�J, !��E��#*"#>�J �% #"G# =�$%-"�$� @�&� �=��-
;%&J"�;�. �#>&� ,J�E� ����&�K�J /�"$,#�"%&J"# =%�%;+��� # �>�%-
"��&KK�J �=��;%&J"# �#!D�&+""�. �&� �=���%!O+""� /�"$,#�"%&J-
"�� �-%L;�-%;#""�>�# �%O&���E� -"%*+""� "%@��%K�J ;+��!� # -%>�-
@�, �$# -%>��>���K�J �% ��-��@&�K�J !&� $�"���&K !+�%&+', ��-&#�, 
;+D%"#-;#�. 

���",�= /�"$,#�"%&J"�� �-%L;�-%;#""�>�# L �!"�; #- E�&��"�D 
=��",�=#� $�">���K�%""� # ����@"�,��%, $�"���&K �% +$>=&�%�%,#� 
;%G�" # ��-&#�. 

	#! -"%*+"J # $�&��%"J /�"$,#�"%&J"�D =%�%;+��#� -%&+O%�J 
+$>=&�%�%,#'"# =�$%-"�$� ����@#�. �%=��$&%!, -;#"% �+&�*�"� -%-
-��� ;#O =��G"+; # E#&J-�K -;#"KL =���O"#>�J !��E�"#�, % � =��G-
"+��D $�;=�+>��%D – =��!�$���"#>�J. �#� =�D�@�$ /�"$,#�"%&J"�D 
=%�%;+��#� ;�O+ =����&���>� "+-%&+O"� %@� � -�’�-$� - #"G�;� =%-
�%;+��%;�. �%=��$&%!, =��O"# �&%>����>�# ;+;@�%" =��&%!#� -%&+-
O%�J "% �#&J$� �#! /#-�$�-;+D%"#*"�D �&%>����>�+' ;%�+�#%&� ,�D 
!+�%&+' # ��-&#� �+�>�%�%, �%$ # O��>�$#>�K, �#@��>�#'$#>�K, =��O�-
"%;� # =&%>��*"�;� !+/��;%,#�;�. ��!#@"# =��$&%!� ;�O"% =��-
�+>��, %"%&#-�K*� $�">���$,#K @�!J-�$�� ;%G�"�, =��&%!� %@� #"-
G�E� ����@�. 

�&� /�"$,#�"%&J"�� �-%L;�-%;#""�>�# �%O&��� -%@+-=+*��%�� 
�-%L;�-%;#""#>�J ��D#!"�� >�����"� %@� ;%�+�#%&�, -%E�����$ %@� 
"%=#�/%@��$%�#�. 	+&�$+ -"%*+""� ;%L �%$�O �-%L;�-%;#""#>�J -%-
E�����$ -% ��-;#�%;� ;#O�=+�%,#'"�D =�>%!�*"�D =��+�D�"J. 

W�"$,#�"%&J"% �-%L;�-%;#""#>�J =���""% >����K�%��>�, =�*�-
"%K*� #- >�%!#� =��+$���%""� ����@#�. �&� ,J�E� "+�@D#!"� >����K-
�%�� "�;#"%&J"# -"%*+""� +$>=&�%�%,#'"�D =�$%-"�$#� ����@#�, P� 
!�>&#!O�K�J>� # ��-"%*���, ��D�!�*� - �D -"%*+"J, ��;�E� !� "%-
!#'"�>�# �% !��E��#*"�>�#, !�=�>��;# �#!D�&+""� +$>=&�%�%,#'"�D 
=�$%-"�$#� ����@#�, �$# ��"� @�!��J ;%�� � $#",# �>�%"��&+"�E� 
>���$� >&�O@�. 

���",�= /�"$,#�"%&J"�� �-%L;�-%;#""�>�# L �!"�; - �%O&��#-
G�D =��",�=#� $�">���K�%""�, ����@"�,��%, $�"���&K, +$>=&�%-
�%,#� # �+;�"�� ����@#�. 
>�@&��#>�K ,J�E� =��",�=� L �>�%"��-
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&+""� -�’�-$� +$>=&�%�%,#'"�D =�$%-"�$#� ����@#� - /�"$,#�"%&J-
"�;� =%�%;+��%;� �D !+�%&+' # *%>��" # "+-%&+O"+ ��E����&+""� 
�>�%""#D -% ,�;� =%�%;+��%;� - ��*"#>�K, ��-"%*+"�K, ��D�!�*� - 
!�=�>��;�D �#!D�&+"J +$>=&�%�%,#'"�D =�$%-"�$#� ����@#� � $#",# 
>���$� �D >&�O@�. 

	 �;��%D >#&J>J$�E�>=�!%�>J$�E� ����@"�,��% =#! *%> +$>=&�%�%-
,#� # �+;�"�� ;%G�" �-%L;�-%;#""#>�J E�%L �%O&��� ��&J, ��;� P� 
=�� "%��"�>�# �-%L;�-%;#""�D -%=%>"�D *%>��" ;�O"% G��!$� �>�"�-
�� "+>=�%�"�>�#, P� ��"�$%K�J. ����G+""� =��",�=� �-%L;�-%;#"-
"�>�# =��-��!��J !� -@#&JG+""� >���$#� # �%���>�# �+;�"�� ;%G�". 

	 ;#�� �!�>$�"%&+""� $�">���$,#' >#&J>J$�E�>=�!%�>J$�� �+D"#-
$�, =#!��P+""� �� "%!#'"�>�# # !��E��#*"�>�# ��&J �-%L;�-%;#""�>�# 
=�>�&KL�J>�. 

�+;�"� >#&J>J$�E�>=�!%�>J$�� �+D"#$� +$�"�;#*"� +/+$���"�' 
&�G+ ��!#, $�&� ��$���>����K�J>� �-%L;�-%;#""# -%=%>"# *%>��"�. 
�=+,#%&#-%,#� �+;�"�"�D =#!=��L;>�� # ��E%"#-%,#� ,+"��%&#-��%"�-
E� �#!"��&+""� >=�%,J��%"�D !+�%&+', ��-&#� # %E�+E%�#� !�-��&�L 
��$���>�����%�� � =��"#' ;#�# =+�+�%E� �-%L;�-%;#""�>�# =�� �+-
;�"�# ;%G�". 

	-%L;�-%;#""#>�J =�� +$>=&�%�%,#� # �+;�"�# >#&J>J$�E�>=�!%�-
>J$�� �+D"#$� �>�@&��� "%@��%L �+&�$+ -"%*+""� � �;��%D =#!��-
P+""� �$ �� >$&%!"�>�#, �%$ # ��;�E !� "%!#'"�>�# # !��E��#*"�>�#. �#-
�+"J �-%L;�-%;#""�>�# ����@"�,��% D%�%$�+��-�L�J>� $�+/#,#L"��; 
-%;#""�>�#, �$�' =�� ��E����&+""# ;%G�" # >$&%!%&J"�D ��@��%D 
��-"%*%L�J>� �#!=��#!"� -% "%>��="�;� -%&+O"�>��;�: 

 
,

,
"
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�

� ,      (6.1) 

. .1 �! * *
,
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� �/
�
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� 	 ,    (6.2) 

 
!+ �, – ���!�;#>�$#>�J ��E����&+""� -%;#""�D !+�%&+' # ��-&#� 

!%"�� ;%G�"�; �" – -%E%&J"% ���!�;#>�$#>�J ��E����&+""� !%"�� ;%-
G�"�; ��! – ���!�;#>�$#>�J ��@#� =��=%>��%""�; �*. *. – ���!�;#>�-
$#>�J ��@#� -% ;+��!�; >+&+$���"�E� >$&%!%""�; �* – ���!�;#>�$#>�J 
>$&%!%&J"�D ��@#�. 

���=#"J "%@&�O+""� $�+/#,#L"�% �-%L;�-%;#""�>�# !� �!�"�,# L 
=�$%-"�$�; �+D"#*"�� $�&J���� ����@"�,��%. 
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6.2. ������� �������� ��	J���	�������� 

�+�G+ -E%!��%""� =�� >�%"!%���-%,#K # �-%L;�-%;#""#>�J �#!"�-
>��J>� !� >�%��!%�"#D �#$#�. �%$, � >�%��!%�"J�;� ME�=�# =�� @�!#�-
"�,��# �#-"�D >=���! ��$���>�����%&%>� ,+E&% =�>�#'"�E� ��-;#��, 
$�&� !&� $�"���&K ,+E&� @�&% >����+"% �>�@&��% >&�O@%. 

��� @�!#�"�,��# 	%�#&�">J$�� �+O# @�&� ��$���>�%"� 85 ;&". 
,+E&�", �$# ;%&� �!"%$��� /��;� # ��-;#��. �&%-����%"% @&%$��"% 
,+E&% !&� �@&�,K�%""� �+�D"J�E� 15-;+�����E� =��+�D� �+O# @�&% 
��E����&+"% "+ �#&J$� =�>�#'"�D ��-;#�#�, %&+ # �!"�E� $�&J���, 
��@�� ,+E&%, ��-*�" # $�&#� E&%-��# @�&� >����� >�%"!%���-��%"#. 

��%��!%�"# ��;&�"� -%>��>����%&� =��",�=� �-%L;�-%;#""�>�# 
=�� @�!#�"�,��# ��!�=����!�. 
!"�*%>"� @�&� �>�%"��&+""# L!�"# 
��;�E� !� ��-;#�� !#%;+��� ��!�=���#!"�D ���@. 	�$���>�����%-
&�>J ���@� !#%;+���; � =’��J =%&J,#�, P� >$&%!%&� 95 ;;. ����-
G+""� ,�D ��;�E >����� $%�%&�>�, %O !� >;+��"�� $%��. 

��-����$ �+;+>+& � >+�+!"# �#$� -�;���&� @#&JG G���$+ -%>��-
>��%""� =��",�=#� �-%L;�-%;#""�>�#. 

 �$%,J$�;� ����@"�,��# @�&� �+E&%;+"���%"# G���"% �$%"�"� 
# $#&J$#>�J "���$ � �� �>"��#. 

�#&J$� -%�!�$� -%>��>��%""� =��",�=#� �-%L;�-%;#""�>�# ��"�-
$&� ��=�E�%/>J$# >=�>�@� $"�E�!��$��%""� (�>�%"��&+""� =+�"�D 
/��;%�#� !��$��%"�D %�$�G#� �% ��-;#�#� !��$%�>J$�D =��>��>�-
�%"J). �#�+�� �%$�O >�%&� ��E����&���>� �!"#L� ��>��� # -"%'G&� 
�-%L;�-%;#""#>�J. 

 XV >��&#��# � 	+"+,#� @�� -%>��>��%"�' =���*"�' ;+��! @�!#-
�"�,��% �%"�%O"�D # �#'>J$���D $��%@&#�. �% �!"�;%"#�"# $��=�>� 
$��%@&#�, �$# ��D%&�>� "% =&%�� =� ��-J$�;� $%"%&�, =�>&#!��"� 
�>�%"��&K�%&�>J �@&%!"%""� - !+�%&+' >�����E� ��-;#��: ;%*��, 
��&#, =%��>� �% #"G# ����@�. �%$�' ;+��! @�!#�"�,��% =+�+!@%*%� 
��>�$� >��=#"J �!"�;%"#�"�>�# �#-"�D +&+;+"�#� $��=�>% >�!"%, 
=��>��>��%""� # �@&%!"%""� # ;#E @��� -!#'>"+"�' �#&J$� -%�!�$� 
-%>��>��%""K �-%L;�-%;#""�>�#. 

�+�G+ -%>��>��%""� �-%L;�-%;#""�>�# � =��;�>&���>�# $�%�" 
M���=� �#!"�>��J>� !� 1785 ��$� $�&� /�%",�-J$�' #"O+"+� �+@-
&%" ��E������ =%��#K -%;$#� !� E��"�#��$ � $#&J$�>�# 50 G��$, $�O-
"�' - �$�D ;%� !�O+ �%O&��# �&%>����>�# – @�� �-%L;�-%;#""�;, 
��@�� $�O"�' -%;�$ ;�O"% @�&� ��$���>�����%�� � @�!J-�$#' E��"-
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�#�,# @+- =�=+�+!O��%&J"�E� =��=%>��%""�. 
 !��E#' =�&���"# A�A >�. >�%&% ��-���%��>� �-%L;�-%;#""#>�J # 

>�%"!%���-%,#� "% =#!=��L;>��%D @%E%�J�D !+�O%� M���=�. �%$, � 
�#;+**�"# � 1846 ��,# @�&% =���+!+"% �"#/#$%,#� G���"� -%&#-"�*-
"�� $�&#� �% =��>����� !&� -*#=$� �%E�"#�.  1891 ��,# � �"E&#� ��+-
!+"% >�%"!%��"% �#-J@% 	������%. 

	=+�G+ ;+��!� �-%L;�-%;#""�>�# � ��>#� @�&� -%>��>��%"# � 
1555 ��,#, $�&� =�� ��%"� ���-"�;� =�*%&� ��E����&���>� >�%"!%�-
�"# $%&#@�� – $��O%&% !&� ��;#�K�%""� !#%;+��% �!+� !&� E%�;%�. 
�� ,J�E� O *%>� �#!"�>��J>� # -%>��>��%""� �-%L;�-%;#""�>�# � @�-
!#�"�,��#. �&� @�!#�"�,��% D�%;� 	%>�&� �&%O+""�E� � ��>$�# 
(1554...1560 ��.) ��$���>�����%&%>� /#E��"% ,+E&% �#>#;"%!,��� ��-
=#�, % ,+�$�% 	�-"+>#""� =#! ��>$��K @�&% -@�!��%"% - ,+E&� 
!+�’��� ��=#�. 

 -#@�%""�D -%$�"#� $#",� XVI� – =�*%�$� XVI�� >�. L ��! �$%-#�, 
- �$�D ��!"�, P� � +=�D� �+��% � � ��>#� ����@� �#'>J$���� �+D"#$� 
��E����&�&�>� =� ��*"�; �-%L;�-%;#""�; -�%-$%;. 

F% *�+��J >��&#��� !� !�>&#!� /�%",�-% �+@&+"%, � 1761 �. � ��-
>#� "% ��&J>J$�;� -%��!# E��"�#��$ @�&% >/��;�&J��%"% -%!%*% -%-
@+-=+*+""� �-%L;�-%;#""�>�# # >=�>�@� �� -!#'>"+""�; @�&� "%&%E�-
!O+"� ;%>��+ ����@"�,��� E��"�#��$ #- �-%L;�-%;#""�;� !+�%&�;�. 
�� 1812 �. -% =��",�=�; �-%L;�-%;#""�>�# "% ��&J>J$�;� -%��!# 
P�;#>�*"� ��E����&�&�>� 7 ��>�* E��"�#��$. 

�%=��$#",# A�A – =�*%�$� AA >��&#��� �-%L;�-%;#""#>�J =�*%&� 
�=���%!O��%�� � -%E%&J"+ ;%G�"�@�!��%""�. 

�+�G� �#�*�-"�"� >�>�+;� !�=�>$#� # =�>%!�$ -%=��=�"��%� � 
1916 �. =��/+>�� �.�. ��$�&+�>J$�'.  1919 �. �"O+"+� �.�. Y+-
&��;�� ��-��@�� @#&JG >���E� >�>�+;� !�=�>$#� # =�>%!�$, =��+$� 
�$�� @�&� �=�@&#$��%"� � 1921 �. �&� >����+""� @#&JG >���"$�� >�>-
�+;� !�=�>$#� # =�>%!�$ =���#@"� @�&� �-%E%&J"��� !�>�#! ��@��� 
@%E%�J�D ;%G�"�@�!#�"�D -%��!#�, =���+>�� *�>&+""# +$>=+��;+"-
�%&J"# !�>&#!O+""�.  1925�. =#! $+�#�"�,���; =��/+>��% 
.�. �%�-
,�$% @�&� ��-��@&+"� "���' =��+$� >�%"!%��� “��=�>$� !&� =����-
"�$”, �$�' @�� -"%*"� !�>$�"%&#G�' @%E%�J�D -%$��!�""�D >�>�+; # 
>�%� �>"���K !&� >�*%>"�� !+�O%�"�� >�>�+;� !�=�>$#� # =�>%!�$. 

 "%>��="# ��$� >�>�+;% !�=�>$#� # =�>%!�$ ��-G��K�%&%>J # !�-
=��"K�%&%>J. 	># !+�O%�"# >�%"!%���, �$# ��-��@&�&�>� =#>&� 1932 
��$� ��%D��%�� �+$�;+"!%,#� �#O"%��!"�� ��E%"#-%,#� =� >�%"!%���-
-%,#� (��
), �$�K ��-��@&+"% “M!�"% >�>�+;% !�=�>$#� # =�>%!�$”. 
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F"%*"�' �$&%! � -%>��>��%""# �-%L;�-%;#""�>�# � �+;�"�"+ ��-
��@"�,��� �"+>&� $�&+$���� �+�O%�"�E� "%�$���-!�>&#!"�E� �+D-
"�&�E#*"�E� #">������ �+;�"�� # +$>=&�%�%,#� ��%$���#� # >#&J>J$�-
E�>=�!%�>J$�D ;%G�" (�
�����) # 	>+>�K-"�' "%�$���-!�>&#!"�' 
#">����� >#&J>J$�E�>=�!%�>J$�E� ;%G�"�@�!��%""� (	��A
�). �+-
-�&J�%��; >=#�=�%,# �*+"�D # ����@"�*"�$#� >�%&� >����+""� �;�� 
!&� G���$�E� �=���%!O+""� =��",�=#� �-%L;�-%;#""�>�# =�� ��E�-
���&+""# �% �+;�"�# ;%G�". 

6.3. ��8@ ��	J���	�������� � ���������� ����F����� 

�&� -%@+-=+*+""� �-%L;�-%;#""�>�# =���#@"� !�!+�O��%��>� �%-
$�D /%$���#�: 

1. F%>��>��%""� # !�!+�O%""� >�%"!%��#�. 
F%>��>��%""� �#�*�-"�"�D >�%"!%��#� =#!��P�L �#�+"J �-%L;�-%-

;#""�>�#, -%@+-=+*�L ;�O&��#>�J �%,#�"%&J"�E� ��$���>�%""� �+D-
"�&�E#*"�E� �@&%!"%""� # ��;#�K�%&J"�E� #">���;+"��. 

2. �%,#�"%&J"+ $�">���K�%""� ����@#�. 
��">���$,#� ����@� =���""% �#!=��#!%�� >�*%>"�; ��;�E%;. 

	�;�E� !� ��*"�>�# ��-;#�#� # /��; !+�%&+' # �D �-%L;"�E� =�&�-
O+""� ;%K�J -%@+-=+*��%�� ��>�$�' �#�+"J �-%L;�-%;#""�>�#. 

3. ��%;��"# ��-��@$� # �/��;&+""� $�+>&+"J. 

>$#&J$� ��@�*+ $�+>&+""� L ��D#!"�; !�$�;+"��; !&� �+D"�-

&�E#� # =�%,#�"�$#� �#!!#&� �+D"#*"�E� $�"���K, �� -% "�; ��-��@&�-
L�J>� # -!#'>"KL�J>� �+D"�&�E#*"�' =��,+>, =��-"%*%K�J>� -%>�@� 
$�"���&K ��*"�>�# �$ ����@"�*�E� =��,+>�, �%$ # E������ =��!�$,#�. 

�&� >=��P+""� =��+$�"�-$�">���$���>J$�D ��@#� �>�%"��&+"� 
M!�"# =�%��&% ��$�"%""� # �/��;&+""� $�+>&+"J. M!�"% >�>�+;% 
$�">���$���>J$�� !�$�;+"�%,#� (M���) -%@+-=+*�L L!"#>�J �/��;-
&+""� # =�-"%*+"J, �>�%"��&KL $�;=&+$�"#>�J �+D"#*"�� !�$�;+"�%,#�. 

4. ��-��@$% �@_��"���%"�� �+D"�&�E#� ����@"�,��%. �+��*� -% 
�>"��� +$>=&�%�%,#'"# ��;�E�, =���#@"� �-E�!O��%�� �D - �+D"�&�-
E#*"�;� ;�O&���>��;�. M!�"% >�>�+;% �+D"�&�E#*"�� !�$�;+"�%,#� 
(M���) �>�%"��&KL �@��’�-$���' =���!�$ ��-��@$�, �/��;&+""� # 
�@+��%""� �>#D ��!#� �+D"�&�E#*"�� !�$�;+"�%,#� # ;%L �%O&��+ -"%-
*+""� � -%@+-=+*+""# �-%L;�-%;#""�>�#. 

5. �+�@D#!"% ��*"#>�J ��;#�K�%"J. �+D"#*"# ��;#�K�%""� =�-
��""# @��� =��’�-%"# - �+D"�&�E#*"�; =��,+>�;. 

�%��"#>�J �+�>�%�"�E� =%�$�, �$�' -%@+-=+*�L "+�@D#!"� ��*-
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"#>�J, ��>�$% ��*"#>�J ��;#�K�%"J; -%>��>��%""� >�����"� # "%=#�-
/%@��$%�#� =���#@"�� �$�>�# >=���K�J �-%L;�-%;#""�>�# # =#!��-
P+""K �� �#�"�. 

 =��,+># +$>=&�%�%,#� "% !+�%&# �% ��-&� �=&��%K�J ;+D%"#*"# 
-�>�&&� �% >+�+!���P+, �"%>&#!�$ *�E� ;%�+�#%& >�%�#L, -;#"KK�J>� 
��-;#��. I+ ��$&�$%L =���G+""�, ��*"#>"�D D%�%$�+��>��$ 
-’L!"��%"�D !+�%&+' # >$���*�L >���$ !��E��#*"�>�# ��@��� ;%G�". 

�&� -%@+-=+*+""� ����%&�� �% +$�"�;#*"�� ��@��� ��%$���#�, %�-
��;�@#&#�, >#&J>J$�E�>=�!%�>J$�D ;%G�" "+�@D#!"� =#! *%> �#!"��-
&+""� *� ��E����&+""� !+�%&+' >���E� �@;+O��%�� �D ��-;#��, ��-
D�!�*� - �;�� ��@���, D%�%$�+�� ' �+&�*�"� "%�%"�%O+"J. 


@;+O+""� ��-;#�#� !+�%&+' � =+�"�D ;+O%D >=��P�L =��,+> 
>$&%!%""� ;%G�", -"�O�L ���!�;#>�$#>�J =#!E#""�D # �+E�&K�%&J-
"�D ��@#�. 

	 �;��%D �+&�$�D >=+,#%&#-��%"�D -%��!#� # �+;�"�"�D ;%'>�+-
�+"J >$&%!%""� ;%G�", ��-&#� "+ =���""� �#!�#-"���>� �#! >$&%!%""� 
"% ;%G�"�@�!#�"�D =#!=��L;>��%D. ��;� �-%L;�-%;#""#>�J =�� �+;�-
"�# ;%G�" E�%L "+ ;+"G �%O&��� ��&J, "#O � ;%G�"�@�!��%""#. 

	=���%!O+""� �-%L;�-%;#""�>�# � �+;�"�"�;� ����@"�,��# 
>=���L %���;%��-%,#� =��,+>� >$&%!%""� ��-&#� # ;%G�". �=+,#%&#-
-%,#� # $��=+���%""� =�� ����@"�,��# # �+;�"�# ;%G�" ;�O&��# 
&�G+ "% �>"��# �-%L;�-%;#""�>�# ��E����&+"�D # �#!�+;�"���%"�D 
!+�%&+' # ��-&#�. 

F%@+-=+*+""� �-%L;�-%;#""�>�# !%L +$�"�;#*"�' +/+$� �$ � ;%-
>���;�, >+�#'"�;�, �%$ # � �!�"�*"�;� ����@"�,��#, >=���L =#!��-
P+""K �$�>�# =��!�$,#�, =��!�$���"�>�# =�%,# ' +/+$���"�>�# ��-
$���>�%""� ;%G�". 

+$"!" 7. ���/%?' � ��%"�?' 

7.1. ������� ������� � ����	����� 


>"��"# ��-"%*+""� !�=�>$#� # =�>%!�$ �>�%"��&+"� >�%"!%���;. 
��� ��E����&+""# %@� �#!"��&+""# !+�%&+' !���!��J>� ;%�� 

>=�%�� - ��-;#�%;�. ��-;#��; "%-��%L�J>� *�>&��+ -"%*+""� &#"#'-
"�� �+&�*�"� � �@�%"�D �!�"�,�D ��;#�K�%""�. ����#@"� -"%�� 
=�"����, P� >��>�K�J>� ��-;#��. 

��;#"%&J"�; "%-��%L�J>� ��-;#�, �$�' ��-"%*%L�J>� /�"$,#�"%-
&J"�; =��-"%*+""� !+�%&# # L =�*%�$�; �#!&#$� �#!D�&+"J. ��;#"%-
&J"�' ��-;#� =�-"%*%K�J "% $�+>&+""�D !+�%&+' (Dn, dn). 
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F’L!"%""�; "%-��%L�J>� @�!J-�$+ ��D�;+ *� "+��D�;+ >=�&�*+""� 
!��D !+�%&+', - �$�D �!"% =��"#>�K %@� *%>�$��� -%D�!��J � #"G�.  
-’L!"%""# ��-�#-"KK�J �D�=&KK*� # �D�=&+"� =��+�D"#. �&� ,�&#"!-
��*"�D -’L!"%"J �D�=&KK*% =��+�D"� – ���#�, �D�=&+"% – �%&. 

��-;#� ����;%"�' @+-=�>+�+!"J� ��;#�K�%""�; - !�=�>��;�K 
=�D�@$�K, "%-��%K�J !#'>"�; ��-;#��; (D
, d
). 

��;#"%&J"�' ��-;#� -’L!"%""� – ,+ >=#&J"�' !&� -’L!"��%&J"�D 
!+�%&+' ��-;#�, �$�' L =�*%�$�; �#!&#$� �#!D�&+"J ��-;#�#� $�O"�� 
!+�%&# -’L!"%""� (dn). ��-;#�, �$�' �>�%"��&KL�J>� @+-=�>+�+!"#; 
��;#�K�%""�; - !�=�P+"�K =�D�@$�K, "%-��%L�J>� !#'>"�; ��-;#-
��; (Dr, dr). 

	�E����&��� !+�%&# ��*"�E� ��-;#�� !�O+ >$&%!"�. ��;� ��-;#�� 
!+�%&+' ��-"%*%K�J>� � �>�%"��&+"�D ;+O%D. ��-;#��, ;#O �$�;� 
;�O+ @��� !#'>"�' ��-;#� E������ !+�%&#, "%-��%K�J E�%"�*"�;�. 

	#!D�&+""� ��-;#�� – ,+ %&E+@��*"% �#-"�,� ;#O !#'>"�; (E�%-
"�*"�;) # �#!=��#!"�; "�;#"%&J"�; ��-;#��;. 	#!D�&+""� @��%K�J: 
=�-����"#, �$P� ��-;#� @#&JG�' �#! "�;#"%&J"�E�; "+E%���"# 
(�#!’L;"#), �$P� ��-;#� ;+"G�' �#! "�;#"%&J"�E�, # "�&J��#, �$P� 
��-;#� ��E����&+"�� !+�%&# !��#�"KL "�;#"%&J"�;�. �#"#K, �$% "% 
$�+>&+""# �;��"� =�-"%*%L "�;#"%&J"+ -"%*+""� ��-;#��, "%-��%-
K�J "�&J���K. 	E��� �#! "�&J���� &#"#� �#!$&%!%K�J =�-����"# �#!-
D�&+""�, �"�- – "+E%���"#. 

��%"�*"+ �#!D�&+""� – ,+ %&E+@�%�*"% �#-"�,� ;#O E�%"�*"�; # 
"�;#"%&J"�; ��-;#�%;�. 

	+�D"L �#!D�&+""� ES, es – ,+ %&E+@�%�*"% �#-"�,� ;#O "%'@#&J-
G�; E�%"�*"�; # "�;#"%&J"�; ��-;#�%;�: 

!&� ������ ES = Dmax,- Dn;     !&� �%&% es = d max – dn. 
��O"L �#!D�&+""� E&, e� – ,+ %&E+@�%�*"% �#-"�,� ;#O "%'-

;+"G�; E�%"�*"�; # "�;#"%&J"�; ��-;#�%;�: 
!&� ������ E& = Dm��,- Dn;     !&� �%&% e� = d m�� – dn. 
F�"% ;#O �+�D"#; # "�O"#; �#!D�&+""�; "%-��%L�J>� =�&+; !�-

=�>$�. �#-"�,� ;#O "%'@#&JG�; # "%';+"G�; E�%"�*"�;� ��-;#�%-
;� (E�%"�*"# �#!D�&+""�) – ,+ !�=�>$ ��-;#�� �: 

!&� ������ TD = Dmax,- Dm��;     !&� �%&% �d = d max – d m��. 
��=�>$ L ;#��K ��*"�>�# ��-;#��, *�; ;+"G�' !�=�>$, ��; ��-

P�K ;%L @��� ��*"#>�J, # "%�=%$�: "�-J$% ��*"#>�J D%�%$�+��-�L�J>� 
@#&JG�; !�=�>$�;. ��=�>$ @+-=�>+�+!"J� �=&��%L "% ���!�;#>�-
$#>�J ��E����&+""� # >�@#�%���>�# !+�%&+' (��>.7.1). 

	#! !�=�>$� -"%*"�K ;#��K -%&+O��J ��@#� �@&%!"%""�, -%>�@#� 
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$�"���&K, =��!�$���"�>�# �@��@$�. ��=�>$ – -%�O!� !�!%�"� �+&�-
*�"%. ��&+ !�=�>$� =�"���� @#&JG G���$+, "#O !�=�>$; ��"� D%�%$-
�+��-�L�J>� >��LK �+&�*�"�K # ��-;#P+""�;, �#!"�>"� "�;#"%&J"�-
E� ��-;#��. ��� �!"�;� ' ��;� >%;�;� !�=�>$� ;�O��J @��� �#-"# 
-% ��-;#P+""�; =�&� !�=�>$#�. 

A%�%$�+� -’L!"%""� !+�%&+' – =�>%!$%. F%-�� – ,+ !�!%�"� �#--
"�,� ;#O �D�=&KK*�; # �D�=&+"�; ��-;#�%;� !+�%&+': 

 
max max min� 	 � 	S D d ES ei ,    (7.1.) 
min min max� 	 � 	S D d E& es ,    (7.2.) 

���.7.1. #	8�=����@ �	������ ��
 �������� �F��F�� 
��=�>$ -%-��� !��#�"KL: 
 

max min� 	 � �s D d� S S T T ,    (7.3.) 
 
��!%�"� �#-"�,� ;#O �D�=&+"�; # �D�=&KK*�; ��-;#�%;� !+�%-

&+' "%-��%L�J>� "%��E�;: 
 

max max min� 	 � 	N d D 
s EI ,    (7.4.) 
min min max� 	 � 	N d D 
i ES ,    (7.5.) 

 
��=�>$ "%��E� TN  ��-"%*%L�J>� -% /��;�&�K: 

��=�>$ 

	
%�

�#
>�

J 
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max min� 	 � �N D d� N N T T ,   (7.6) 
 
��=�>$ =�>%!$� TN(S)  – ,+ !�=�>$ -%-��� %@� "%��E�: 
 

( ) � � � �N S N S D d� T N T T ,    (7.7) 
 
�%$�; *�"�;, !&� @�!J-�$�� =�>%!$� "%&+O"� �#! �� ��!� !�=�>$ 

=�>%!$� L >�;�K !�=�>$#� ������ # �%&%, P� �����KK�J -’L!"%""�. 

7.2. +�	<���� ��F�	=���� ��8�� 
������� 

����	����� >�	<����� ��
��8��@ � �������� �	 ����8����� 
��%/#*"�' >=�>#@ -�@�%O+""� =�&#� !�=�>$#� �#!�#-"�K�J>� "%�-

*"#>�K, P� !%L -;�E� G��!G+ ��-"%*%�� D%�%$�+� -’L!"%""� !+�%-
&+' # =�&+EG�L ��$�"%""� �#-"�D ��-�%D�"$#�. �&� E�%/#*"�E� -�-
@�%O+""� =�&#� !�=�>$#� >=�&�*+"�D !+�%&+' =�-"%*%L�J>� "�&J��% 
&#"#�, =��#; >D+;%��*"� -�@�%O�L�J>� !+�%&# - �D =�&�;� !�=�>$#�, 
E�%"�*"�;� ��-;#�%;�, �#!D�&+""�;�, -%=�>�K�J>� -"%*+""� -%-�-
�#� %@� "%��E#� (��>.7.2). 

��&� !�=�>$#� -�@�%O�K�J>� � ��E&�!# =��;�$��"�$#� # =�-"%-
*%K�J>� E�%"�*"�;� �#!D�&+""�;�. ��!%�"# �#!D�&+""� �#!$&%!%-
K�J �E��� �#! "�&J���� &#"#�, % "+E%���"# (�#!’L;"#) – �"�-. �- !��D 
�#!D�&+"J �>"��"�;� ��%O%L�J>� �+ �#!D�&+""�, �$+ -"%D�!��J>� 
@&�O*+ !� "�&J���� &#"#�. F !��D !�!%�"#D �#!D�&+"J �>"��"�; @�!+ 
"�O*+ �#!D�&+""�, % - !��D �#!’L;"�D – �>"��"�; @�!+ �+�D"L �#!-
D�&+""�. 

�% $�+>&+""�D &#"#'"# ��-;#�� # E�%"�*"# �#!D�&+""� =�-"%*%-
K�J � ;#&#;+��%D. ��%"�*"# �#!D�&+""� =�-"%*%K�J =#>&� "�;#"%&J-
"�D ��-;#�#� #- >���; -"%$�;, %&+ !�#@"#G�; G��/��;, =��*�;� 
�+�D"# �#!D�&+""� =�-"%*%K�J "%! "�O"#; ("%=��$&%!, 052,0

035,040�� ; 
035,0
052,040		 ). �$P� %@>�&K�"# �+&�*�"� �#!D�&+"J �!"%$��#, �� �D �+&�-

*�"� =�-"%*%K�J �!�" �%- #- -"%$�; + =���* - "�;#"%&J"�;� ��-;#-
�%;�; =�� ,J�;� ��>��% G��/�� �#!D�&+"J !��#�"KL ��>��# G��/�� 
"�;#"%&J"�E� ��-;#�� ("%=��$&%! 50+0,02). 	#!D�&+""�, �$# !��#�-
"KK�J "�&K, "% $�+>&+""�D "+ =�-"%*%K�J>� ("%=��$&%!, 2,0200� , 

2,0200	 ). �#&J$#>�J -"%$#� � �+�D"J�;� # "�O"J�;� �#!D�&+""�D ��-
�#�"KK�J, !�=�>�K*� "�&# >=�%�% ("%=��$&%!, 24,0

20,070�	 ; 032,0
100,035		 ). 
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!�.7.2. +��(���
 %�����
��� %’A�������� �
#��
' (�) 

 � �
�� ��%��C
��� ����� ������� (�) 
�% >$&%!%&J"�D $�+>&+""�D E�%"�*"# �#!D�&+""� ��-;#�#� !+�%-

&+' =�-"%*%K�J>� � ��E&�!# !��@�: � *�>+&J"�$� -%=�>�K�J �#!D�-
&+""� ������, % � -"%;+""�$� – �%&%. 

���$&%! 7.1. 	�-"%*��� E�%"�*"# ��-;#��, !�=�>$� !+�%&+', -%-

-��� � -’L!"%""# - =�>%!$�K #- -%-���; Ø
0,027

0,016
0,034

18
�

	
	

. 

max

min

max

min

max

18,000 0,027 18,027
18 0 18

18,027 18,000 0,027
18,000 0,016 17,984
18,000 0,034 17,966

17,027 17,966 0,018
18,027 17,966 0,061

� � �
� � �

� 	 �
� 	 �
� 	 �

� 	 �

� 	 �

D

d

D ��
D ��
T ��
d ��
d ��
T ��
S ��
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min 18,000 17,984 0,016
0,061 0,016 0,045
0,027 0,018 0,045

� 	 �
� 	 �

� � �
S

S

S ��
T ��
T ��

 

���$&%! 7.2. 	�-"%*��� E�%"�*"# ��-;#��, !�=�>$�, "%��E� � 

-’L!"%""# - =�>%!$�K #- "%��E�; Ø
0,025

0,085
0,060

40
�

	
	

. 

max

min

max

min

max

40,000 0,25 40,025
40 0 40

40,025 40,000 0,025
40,000 0,085 40,085
40,000 0,060 40,060

40,085 40,060 0,025
40,085 40,000 0,085

� � �

� � �
� 	 �
� 	 �

� 	 �
� 	 �
� 	 �

D

d

D ��
D ��
T ��
d ��
d ��
T ��
N ��

 

min 40,060 40,025 0,035
0,085 0,035 0,050
0,025 0,025 0,050

� 	 �
� 	 �
� � �

N

N

N ��
T ��
T ��

 

7.3. !�
� �’J
�	�@ � ���	
�� 

	�!� -’L!"%"J !+�%&+' ;%G�" !�O+ �#-"�;%"#�"#, �D $&%>�/#$�-
K�J "% E��=� -%&+O"� �#! /��;� >=�&�*+"�D =��+�D�"J, D%�%$�+�� 
$�"�%$�� # >��=+"K �#&J"�>�# �-%L;"�E� =+�+;#P+""� !+�%&+'. F% 
/��;�K =��+�D�"J ��-�#-"�K�J �%$# -’L!"%""�: 

- E&%!$# ,�&#"!��*"# # $�"#*"#; 
- �#-J@��# # E��"���# (,�&#"!��*"# # $�"#*"#); 
- -�@*%>�# ,�&#"!��*"#, $�"#*"#, E��"���#, E#=��!"#, *+��’�*"# �% #".; 
- G&#,��#, >/+��*"#, =&�>$#. 
F% >��=+"+; �#&J"�>�# �-%L;"�E� =+�+;#P+""� !+�%&+' ��-�#--

"�K�J �%$# -'L!"%""�: 
- ��D�;#, � �$�D =#! *%> ��@��� ;+D%"#-;� �!"% -’L!"%"% !+�%&J 

=+�+;#P�L�J>� �#!"�>"� #"G�� � =+�"�D "%=��;$%D - E%�%"���%"�; 
-%-���;; 

- "+��D�;# "+��-"#;"#, � �$�D �!"% >=�&�*"% !+�%&J L "+��D�-
;�K �#!"�>"� #"G# =����E�; �>J�E� >���$� ��@��� -’L!"%""�; �%$# 
-’L!"%""� D%�%$�+��-�K�J>� E%�%"���%"�; "%��E�; # "+ =#!&�E%K�J 



	��
�� �� 

 64 

��-@��%""K; 
- "+��D�;# ��-"#;"# -’L!"%""�, �$# �#!�#-"�K�J>� �#! =�=+�+!"#D 

��;, P� �D ;�O"% ��-@��%�� =#! *%> �+E�&K�%""� # �+;�"��, ,# 
-’L!"%""� ;%K�J, �$ =�%��&�, =+�+D#!"� =�>%!$� # D%�%$�+��-�K�J-
>� %@� "+�+&�$�; -%-���;, %@� "%��E�;. 

F’L!"%""� �#!�#-"�K�J>� �!�" �#! �!"�E� D%�%$�+��; -’L!"%""�, 
��@�� =�>%!$�K. ���%K�J =�>%!$� #- -%-���;, - "%��E�; # =+�+D#!"# 
(��>.7.3). 

!�. 7.3. !�%��C
��� ����� ������� ������ % %�%����,  
% ��#�$�� � �
�
������ ������. 
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+$"!" 8. (�;&�%(2 �M��M?' ��' !'+�(�!$�&&� 
� !��&�!$�&&� ��("$�O �"C'& 

8.1. !�
� ����F�� � ������� �� ���������� 

	 #"O+"+�"#' =�%$��,# *%>�� ��"�$%L "+�@D#!"#>�J =��%"%&#-�-
�%�� ��*"#>�J �+D"�&�E#*"�E� =��,+>�. I#&# �%$�E� %"%&#-�: ��-"%-
*���, *� �#!=��#!%L ��*"#>�J �@�%"�E� =��,+>� -%!%"#' ��*"�>�# ��-
��@�; �,#"���, *� ;�O+ �@&%!"%""� -%@+-=+*��� -%!%"� ��*"#>�J; 
�>�%"����� �+D"�&�E#*"# !�=�>$�, ��@�� !�>�O"� ��*"#>�J ��E����-
&+""�. ��*"#>�J E+�;+���*"�D =%�%;+��#� !+�%&# -%&+O��J �#! ��*-
"�>�# �� �@��@$� =#! *%> ��E����&+""� *� �+;�"��. 

�=�>�+�+O+""� -% ��E����&+""�; (�#!"��&+""�;) !+�%&+' "% �+-
�>�%�# - �!"�; "%&%G���%""�; =�� "+-;#""�D �>"��"�D �;��%D # 
=�����"# ��;#�K�%""� �!"#L� # �#L� O >%;�� !+�%&# �!"�; # ��; O+ 
��;#�K�%&J"�; =��&%!�; ����&�K�J "%��"#>�J ��->#�""� ��-;#�#� 
��E����&+"�D (�#!"��&+"�D) !+�%&+' # �+-�&J�%�#� ��;#�K�%""�, % 
��; >%;�; # ��->#�""� =�D�@�$ ��E����&+""� (�#!"��&+""�) # ��;#-
�K�%""�. 

��->#�""� =�D�@�$ =�+!>�%�&�L >�@�K ��-$�!%""� -"%*+"J �+-
-�&J�%�#� =�� =�����+""# � "+-;#""�D �;��%D =��,+!��� ��E����-
&+""� (�#!"��&+""�) %@� ��;#�K�%""� !+�%&+'. 

��D�@$� �@��@$� # ��;#�K�%""� ;%K�J � �>"��"�;� �!�"%$�-
��' D%�%$�+� # =#!&�E%K�J �!"�; # ��; O+ -%$�"�;#�"�>��;. 

��� ��;#�K�%""# "+�@D#!"� ��%D����%�� �=&�� >=�%,K�%""� 
��;#�K�%&J"�D =��+�D�"J =��&%!#�, % =�� �@��@,# – �=&�� >=�%,K-
�%""� �#O�*�E� #">���;+"��. 

��#; ��E� ��+@% ��%D����%�� # �+;=+�%���"# =�D�@$�. ��� ��;#-
�K�%""# !���!��J>� >��$%��>� - =�D�@$%;� -% �%D�"�$ ��;#�K�%-
&J"�E� -�>�&&�. ��� �@��@,# =�D�@$� ��"�$%K�J � �+-�&J�%�# !#� 
>�& �#-%""�, �$# "+�@D#!"� >�%@#&#-��%��. 

��-�#-"�K�J "�;#"%&J"� =��+�D"K, ��-"%*+"� $�+>&+""�;, # !#'-
>"� =��+�D"K, �$� !#>�%&� =#>&� �@��@$� # ��;#��&� - !�=�>��;�K 
��*"#>�K. 

��*"#>�J �@��@$� – ,+ >��=#"J �#!=��#!"�>�# !#'>"�D E+�;+���*-
"�D =%�%;+��#� ��; =%�%;+��%;, �$# ��-"%*+"# $�+>&+""�;. ���=#"J 
"+�#!=��#!"�>�# %@� �#!D�&+""� !#'>"�D =%�%;+��#� �#! -%!%"�D "%-
-��%K�J =�D�@$�K �@��@$�. 

	-%L;�-%;#""#>�J ����@#� -%@+-=+*�L�J>� ��*"#>�K �D =%�%;+�-
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�#�, ��-;#�#�.  =��,+># ��E����&+""� !+�%&+' "+;�"�*+ ��"�$%K�J 
=�D�@$� (F�), -"%*+""� �$�D �@*�>&KK�J -% /��;�&�K: 

 
(F�) = �� – �,       (8.1.) 

 
!+ �� – !#'>"# -"%*+""� =%�%;+��%, � – -%�!%"+ -"%*+""� =%�%;+��%. 
��D�@$� ;�O��J @��� >�>�+;%��*"�; # ��=%!$���;�. 
��>�+;%��*"�;� "%-��%K�J =�D�@$�, �$# ;%K�J =�>�#'"# �+&�*�-

"� # -"%$ %@� -;#"KK�J>� -% =+�"�K -%$�"�;#�"#>�K. ���$&%!%;� >�-
>�+;%��*"�D =�D�@�$ ;�O��J @���: >=�%,K�%""� �#O�*�E� #">���;+-
"��; �%!#%&J"+ @����; "+ -@#E%""� "�&J���E� G���D% �>"��"�� G$%&� 
G�%"E+"#">���;+"�% - "�&J���; G���D�; G$%&� "�"#�>% �% #". 


>"��"�;� =��*�"%;� >�>�+;%��*"�D =�D�@�$ L: � �+�>�%�%D: 
"+ -@#E%""� ,+"��#� =+�+!"J�� # -%!"J�� @%@�$, �%!#%&J"+ @���� G=�-
"!+&�, "+=��;�&#"#'"#>�J "%=��;"�D �+�>�%�% �% #".; � �#O�*�D #"-
>���;+"�%D – "+��*"#>�J ��-;#�� �#-,�, =����O�$, "+=�%��&J"#>�J �D 
/��;�, >=�%,K�%""� #">���;+"�% =#! *%> ��@���; � =��>����D – "+-
��*"#>�J �#!>�%"+' ;#O �>�;� "%=��;"�D ���&�$ $�"!�$���%, ���-
*�"� >�>�+;%��*"�D =�D�@�$ ;�O"% ������� ' �>�"���. 

��>�+;%��*"# =�D�@$� ��-!#&�K�J>� "% =�>�#'"# # -;#""# (/�"$-
,#�"%&J"#). 	�-"%*+""� >�>�+;%��*"�D =�D�@�$ �$ =�>�#'"�D -% �+-
&�*�"�K # -"%$� %@� ��D, P� -;#"KK�J>� -% =+�"�; -%$�"�; !�O+ 
�;��"+. 	+&�*�"% # -%$�" -;#"� >�>�+;%��*"�D =�D�@�$ $�&��%-
K�J>� �"%>&#!�$ >=�%,K�%""� �$�+;�D +&+;+"�#� ��;#�K�%&J"�D # 
�+D"�&�E#*"�D >�>�+;. ��O"% "%=+�+! �,#"��� "+ �#&J$� -"%$ %@� 
D%�%$�+� -;#"� >�>�+;%��*"�� =�D�@$�, %&+ # �� �+&�*�"�, D�* # "+ 
-%�O!� # !�>�%�"J� ��*"�. ��;� >�>�+;%��*"# =�D�@$� &+E$� =#!!%-
K�J>� �@&#$� ($�;=+">%,#�). 

��>�+;%��*"# =�D�@$� =�����KK�J>� =�� =+�+D�!# �#! !�>&#!� 
!� #"G�E�. ��O&��#>�J =�����+""� ,�D =�D�@�$ !�-��&�L ��-E&�!%-
�� >�>�+;%��*"# =�D�@$� �$ -%$�"�;#�"#. �%-�; - ��;, %@>�&K�"+ 
=�����+""� >�>�+;%��*"�D =�D�@�$ L =�%$��*"� "+;�O&���;. 

�+��+��*"� >�>�+;%��*"# =�D�@$� >&#! ��-E&�!%�� �$ E�%"�,#, 
!� �$�D =�%E"��J ;%�+;%��*"# �*#$��%""� ��=%!$���D =�D�@�$ =�� 
-@#&JG+""# $#&J$�>�# +$>=+��;+"�#�. 

��%$��*"� >�>�+;%��*"�;� =�D�@$%;� ;�O"% �;��"� "%-��%�� 
=�D�@$�, -"%*+""� �$�D ;�O"% !�>�%�"J� ��*"� ��-"%*��� =�� �#!-
"�>"� =�>�#'"�D �;��%D =���+!+""� +$>=+��;+"�#� %@� =�� !�>�%�-
"J� �+&�$#' $#&J$�>�# >=�>�+�+O+"J. 
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	�=%!$���;� "%-��%K�J "+=�>�#'"# -% %@>�&K�"�; -"%*+""�; # 
-"%$�; =�D�@$�, P� ��"�$%K�J =#! *%> ��E����&+""� (�#!"��&+""�) 
%@� ��;#�K�%""� -%&+O%�J �#! @%E%�J�D =��*�": "+>�%@#&J"�>�# D#;#*-
"�D, /#-�*"�D # ;+D%"#*"�D �&%>����>�+' ;%�+�#%&#�: >�&� �#-%""�; 
��;#�K�%&J"�� >�&�; �#-"�� ��*"�>�# �>�%"��&+""� !+�%&+' "% ��;#-
�K�%&J"� =�-�,#K. ��� ,J�;� O�!"% - "%-�%"�D =��*�" "+ !�;#"�L. 

A%�%$�+�"�K �D �-"%$�K L �%�#%,#� -"%*+"J, P� =��';%K�J>� � 
=�����"�D !�>&#!%D. I# =�D�@$� =����&�K�J>� � ��->#�""# ��-;#�#� 
!+�%&+' "%��"#>�J ��=%!$���D =�D�@�$ ��;#�K�%""� ����&�L�J>� 
��;�, P� =�� =�����"�;� ��;#�K�%""# - �!"%$���K �+�+&J"#>�K 
�!"#L� # �#L� O �+&�*�"� ����;�K�J>� �#-"# *�>&��# �+-�&J�%��. 

���"#>�K �>�"��� ��=%!$��# =�D�@$� "+;�O&���, %&+ �D ;�O"% 
-;+"G���, "%=��$&%!, � �+-�&J�%�# @#&JG �#�"�;#�"�E� =��=�>$� "% 
�@��@$�, @#&JG �#�"�;#�"�� ��+�!�>�# # >���$���� ;%�+�#%&� -%E���-
��$, >�%@#&#-%,#� >�& -%��>$%""� !+�%&# � =��>��>��%""# ��;#�K�%-
&J"�E� -�>�&&�. 

F"%*+""� $�O"�� - ��=%!$���D =�D�@�$ "+;�O&��� "%=+�+! ��-
-"%*���. F !�=�;�E�K ;+��!#� �+��#� ';��#�"�>�+' # ;%�+;%��*"�� 
>�%��>��$� ;�O"% =��@&�-"� �,#"��� �#&J$� ;+O# -;#"� # -"%*+""� 
>�;%�"�� ��=%!$���� =�D�@$�. 

8.2. #	������	��� ������ D����������D ��� 	�	8��� ����F�� 

�+��#� ';��#�"�>�+' – ,+ ;%�+;%��*"% "%�$%, �$% ���*%L -%$�-
"�;#�"�>�# � ��=%!$���D ���P%D. I� �+��#� ��"�$&% � >+�+!�"# A-
�� >�. -%�!�$� !�>&#!O+""�; �%>$%&�, �K'E+$>%. 	%O&���' $��$ � 
��-���$� �+��#� ';��#�"�>�+' >�%"��&��J =�%,# �+�"�&&#, # ;%�+;%-
��$% ��%��%, �$�' �=+�G+ ��-E&�"�� "%'=��>�#G�' ��=%!�$ "��-
;%&J"�E� -%$�"�. 	+&�$�' �"+>�$ � >�%"��&+""� �+��#� -��@&+"� 
=�%,�;� # �%=&%>>%, �%�>>%, ��%>>�"%. 

�% =�*%�$� A�A >�. � ��>#� @�&� >����+"� -"%;+"��� �+�+�@��-J$� 
;%�+;%��*"� G$�&�, =�%,# �$�� =�>�%��&% �+��#K ';��#�"�>�+' "% ;#-
,"� &�E#*"� # ;%�+;%��*"� �>"���. ��>#'>J$�' ;%�+;%��$ �.�. U+-
@�G+� ��#� � �+��#K ';��#�"�>�+' =�"���� ��=%!$���� �+&�*�"�, % 
'�E� �*"# 
.�. ��=�"�� # 
.�. �%�$�� =��!��O�&� '�E� �*+""�. 

�+�+! ��!%�"�D �*+"�D, P� �#!#E�%&� ���#G%&J"� ��&J � ��-���-
$� >�*%>"�� �+��#� ';��#�"�>�+', >&#! �#!;#���� �.�. �+�"G�+'"%, 
�.�. A�"*�"%, �.�. ��&;�E����%, 	.�. ��;%"��>J$�E�, �.	. �"+-
!+"$� �% #"G#. 
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!"+ #- �>"��"�D =�"��J �+��#� ';��#�"�>�+' – =�!#�. ��!#LK 
"%-��%L�J>� @�!J-�$�' /%$�, �$�' ;�O+ �#!@���>� �"%>&#!�$ ��=��-
@��%""�. �%=��$&%! =�!#': ��E����&+""� �%&� !#%;+���; 20;;, �@-
��� G%��"% � !��E�"#, �$�' =�%,KL. 

�&� $#&J$�>�# �,#"$� =�!#' -% >��=+"+; �D ;�O&���>�# ���!��J>� 
=�"���� – ';��#�"#>�J =�!#�. X;��#�"#>�K (!) =�!#� (G) "%-��%L�J>� 
�#!"�G+""� *�>&% ��=%!$#� (m), �$# >=���K�J =�!#�, !� -%E%&J"�E� 
*�>&% ��=%!$#� (N): 

 

� � � mP G
N ,     (8.2) 

 
�%=��$&%!: � =%��#� !+�%&+' #- 100 G��$ �����&�>J @�%$��%"�;� 

5 !+�%&+'. 
�O+, ';��#�"#>�J "%��"�>�# @�%$��%"�D !+�%&+' !��#�-
"K�%��;+ 0,05. 

F% "%@&�O+"+ -"%*+""� ';��#�"�>�# !(G) =�!#� =�� !�>�%�"J� 
�+&�$�;� *�>&# !�>&#!#� ;�O"% =��';%�� *%>�#>�J, ��@�� !(G) = H. 
U%>�#>�J H  =��",�=��� �#!�#-"�L�J>� �#! ';��#�"�>�# !(G) ��;, P� 
L ��=%!$���K �+&�*�"�K, �$% � �#-"�D >+�#�D �!"���="�D ��=��@�-
�%"J ;�O+ =��';%�� � -%&+O"�>�# �#! ��=%!$���D /%$���#�, �#-"# 
-"%*+""�, ��!# �$ ';��#�"#>�J =�+!>�%�&�L =�>�#'"+ !&� !%"�� =�!#� 
*�>&�, P� ��-"%*%L � >+�+!"J�;� *%>�#>�J '�E� =���� � ��=��@�-
�%""�D. 

��!#� @��%K�J: �#��E#!"�;�, "+;�O&���;�, "+>�;#>"�;�, "+-%-
&+O"�;� # -%&+O"�;�. 

	#��E#!"#>�K "%-��%L�J>� =�!#�, �$% -%�O!� �#!@��%L�J>� =#! *%> 
!�>&#!� (��=��@��%""�), "%=��$&%!, �$P� =���#@"� �#!#@�%�� �!"� 
=��!%�"� !+�%&J #- *�>&% =��!%�"�D !+�%&+', �� ';��#�"#>�J �#��E#-
!"�� =�!#� !��#�"KL �!�"�,#. 

�$P� � �>#D !�>&#!%D ��-E&�!��%"% =�!#� "#$�&� "+ �#!@��%L�J>�, 
�� ��"% "%-��%L�J>� "+;�O&���K. �%=��$&%!: =���% =��!%�"�� !+-
�%&# - *�>&% @�%$��%"�D !+�%&+'. X;��#�"#>�J "+;�O&���� =�!#� !�-
�#�"KL "�&K (0). 

��!#� "%-��%K�J>� "+>�;#>"�;�, �$P� � ��-E&�"���;� !�>&#!# 
��"� "+ ;�O��J �#!@��%��>� �%-�;. �%=��$&%!, �-��% #- =%��#� !+-
�%&J "+ ;�O+ @��� �!"�*%>"� =��!%�"�K # "+=��!%�"�K. 

��!#� "%-��%K�J>� -%&+O"�;� ;#O >�@�K, �$P� ';��#�"#>�J =�-
��� $�O"�� - "�D -%&+O��J �#! =���� %@� "+=���� =�!#'. �%=��$&%!: 
L 10 !+�%&+', - "�D 7 =��!%�"�D # 3 @�%$��%"�D. �#! *%> =+�G�E� !�-
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>&#!� @+���J �!"� !+�%&J # "+ =��+��%K�J �� � =%��#K. 
�O+, ';��#�-
"#>�J ��@��� =��!%�"�� !+�%&# � !��E�;� !�>&#!# -%&+O%��;+ �#! ��-
E�, �$� !+�%&J �-�&� � =+�G�;� !�>&#!#. �$P� >=�*%�$� �-��� =��-

!%�"� !+�%&J, �� 
6
9

�P , % �$P� – @�%$��%"� �� 7
9

�P . 

��!#� "%-��%K�J>� "+-%&+O"�;�, �$P� ';��#�"#>�J =���� $�O-
"�� - "�D "+ -%&+O��J �#! =���� *� "+=���� #"G�D =�!#'. 


!"�; #- �>"��"�D =�"��J �+��#� ';��#�"�>�+' L ��=%!$��% �+-
&�*�"%, ��@�� �%$% �+&�*�"%, �$% � !�>&#!# ;�O+ "%@��%�� @�!J-
�$�E� -"%*+""�. �%=��$&%!: �#!D�&+""� ��-;#�� �@��@&K�%"�� !+-
�%&#. �$P� ��=%!$��% �+&�*�"% ;�O+ "%@��%�� "%=+�+! �#!�;# -"%-
*+""�, �� ��"% "%-��%L�J>� =+�+��"�K, %@� !�>$�+�"�K ��=%!$���K 
�+&�*�"�K. �%=��$&%!: �+-�&J�%�� ��;#�K�%""� !+�%&# #">���;+"-
��; - =+�"�K ��*"#>�K �#!&#$�. 	+&�*�"�, �$# ;�O��J "%@��%�� � 
=+�"�D E�%"�,�D @�!J-�$# -"%*+""�, "%-��%K�J>� "+=+�+��"�;�, 
��=%!$���;�. �%=��$&%!: -"%*+""� -%-��#� � >=�&�*+""# � E�%"�,�D 
!�=�>$�. 

�%��"#>�J =�D�@�$ �@��@$� %@� ��;#�K�%"J =��-��!��J !� ��--
>#�""� ��-;#�#� � =%��#� !+�%&+'. 
>"��"# >�%��>��*"# =%�%;+��� 
(D%�%$�+��>��$�) ��->#�""� ��-;#�#�: >+�+!"L %��/;+��*"+ -"%*+"-
"� X , !#%=%-�" ��->#�""� R >+�+!"L $�%!�%��*"+ �#!D�&+""� H. 

�+�+!"#; %��/;+��*"�; -"%*+""�; X  "%-��%L�J>� *%>���"+ �#-
!"�G+""� >�;� ��=%!$���D �+&�*�" "% �D *�>&�: 

 

1��
�

N

i i
i

X n
X

N ,    (8.3) 

 
!+ X �  – -"%*+""� �$�+;�D ��=%!$���D �+&�*�"#; �� – *�>&� ��-

=%!$���� �+&�*�"�;  N – -%E%&J"+ *�>&� ��=%!$���D �+&�*�". 
�#%=%-�" ��->#�""� R – ,+ �#-"�,� ;#O ;%$>�;%&J"�; # ;#"#;%-

&J"�; -"%*+""�; =%�%;+��%: 
 

max min� 	R X X ,    (8.4) 
 
�#%=%-�" ��->#�""� D%�%$�+��-�L ��-$�! ��-;#�#� �#!"�>"� 

,+"��� E��=��%""�. 
��->#�""� ��-;#�#� �#!"�>"� ,+"��� E��=��%""� D%�%$�+��-�L�J-

>� >+�+!"#; $�%!�%��*"�; �#!D�&+""�;: 
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� �2

1
 �

	
�
�

N

i i
i

X X n

N
,   (8.5) 

 
��� N>30 !�,#&J"� ��-"%*��� >+�+!"L $�%!�%��*"+ 
 

� �
� �

2

1

1

 �

	
�

	

�
N

i i
i

X X n

N .    (8.6) 

 
��-;#�"#>�J M >=#�=%!%L - ��-;#�"#>�K ��=%!$���� �+&�*�"�. 

U�; ;+"G+ -"%*+""� M, ��; ��P+ ��*"#>�J ��E����&+""� ��;#�K-
�%""�. 

 �%@&�,# 8.1 =�!%"� ��-;#�� !+�%&+' =�� �@��@,# �D "% �+�>�%�#. 
������� 8.1. !�%����� ���������� %���
��. 

������	8 
�D���� ���-
�����, �� 

#�	����� ��-
��
�@�>� 

	��<�����-
��>�, �� 

;��8� ni 

��	8�D � 
������	8�

!�
��8���� ��
 
����
�@�>� ��	-
����� xxi ��	��  

;	����-
����@ 

�#! 11,915 !�11,925 11,920 2 -0,04 0,01 
=�"%!11,925 !� 11,935 11,930 6 -0,03 0,03 

11,935 !� 11,945 11,940 20 -0,02 0,10 
11,945 !� 11,955 11,950 48 -0,01 0,24 
11,955 !� 11,965 11,960 56 0 0,28 
11,965 !� 11,975 11,970 34 +0,01 0,17 
11,975 !� 11,985 11,980 20 +0,02 0,10 
11,985 !� 11,995 11,990 12 +0,03 0,06 
11,995 !� 12,005 12,000 2 +0,04 0,01 

X =11,96 - N = 200 �
�� = 0 ! = 1 

 
F"%*+""� X   � !%"�;� =��$&%!#: 
 

X = (11,92.2+11,93.6......12,2)D200=11,96 ;; 
 
�&� ��-E&�!��%"�E� =��$&%!� (�%@&.8.1) >+�+!"L $�%!�%��*"+ �#-

!D�&+""� !��#�"K�%��;+: 
 

15,001,0)04,0(......03,0)03,0(01,0)04,0( 222 �����	��	�
 ;;. 
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�&� -��*"�>�# �@��@$� �!+�O%"�D !%"�D �>K >�$�="#>�J ��-;#-
�#� !#&��J "% #"�+��%&� (8...12) # �#!$&%!%K�J �D "% �># %@>,�>, % =� 
�># ��!�"%� �#!$&%!%K�J ';��#�"�>�# %@� *%>���� =���� !+�%&# � #"-
�+��%&#. �;=#��*"�' ��-=�!#& � ��E&�!# >D#!*%>��E� E�%/#$% "%-��%-
L�J>� E#>��E�%;�K ��-=�!#&�. F’L!"%�G� ��*$�, �$# �#!=��#!%K�J 
';��#�"�>��; >+�+!"#D -"%*+"J ��=%!$���� �+&�*�"� !&� $�O"�E� 
#"�+��%&�, �!+�O�;� +;=#��*"� $���� ��-=�!#&�, �$% "%-��%L�J>� 
=�&#E�"�; ��-=�!#&� (��>.8.1). �- -@#&JG+""�; *�>&% #"�+��%&#� &%-
;%"% &#"#� "%@&�O%��;+�J>� !� =&%�"�� (�+��+��*"��) $�����. F% /�-
�;�K =�&#E�"% ;�O"% ��@��� ��>"���$ =�� -%$�" ��-=�!#&� ��=%!-
$���� �+&�*�"�. �%'*%>�#G+ -%>��>���K�J �%$# -%$�"� ��-=�!#&�: 

1. F%$�" "��;%&J"�E� ��-=�!#&�. �%'*%>�#G+ !#L "% =�%$��,#. 
����% "��;%&J"�E� ��-=�!#&� ($���% �%�>%) (��> 8.2, %) ���%O%L�J-
>� �#�"�""�;: 

2

2
( )

2

2





 �

	
	

�

x a

eU      ( 8.7 ) 

!+ U – ��!�"%�% $����� ��-=�!#&�, �$% �#!=��#!%L P#&J"�>�# ��--
=�!#&� ';��#�"�>�#; e – �>"��% "%���%&J"�E� &�E%��/;%; � – �+&�-
*�"% "+>=#�=%!%""� ,+"��� E��=� - =�*%�$�; �#!&#$� �+&�*�"� �. 

 

 
!�.8.1. +�#�$���� (1) � ����$�� (2) ��%������ %���
�� 

 ���������� �
������. 
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% � 

!�.8.2. "���� ��%������: � –%���� ���������$� ��%������;  
� – %���� ������ '�������#�; � – %���� ������
��
��$�  

#����#����; $ – %���� 5���
��. 
F%$�" "��;%&J"�E� ��-=�!#&� "%'*%>�#G+ =����&�L�J>� =�� �@-

��@,# !+�%&+' "% �+�>�%�%D-%���;%�%D, =�� ��;#�K�%""# �"#�+�>%-
&J"�;� -%>�@%;� ��;#�K�%""� G�%"E+"#">���;+"�%;�, ;#$��;+�-
��*"�;� #">���;+"�%;�, #"!�$%���"�;� =��&%!%;�, ��P�. 

 
!�. 8.3. /���� ���������$� ��%������ � ���� ��%�����  

��� ��%��� %���
���� M. 
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����% "��;%&J"�E� ��-=�!#&� ;%L �%$# �&%>����>�#: 
- $���% ��-=�!#&� >�;+���*"% �#!"�>"� �># ��!�"%�; 
- �#!D�&+""�, �$# ;+"G# -% �+&�*�"�K �#! >+�+!"J�E� %��/;+��-

*"�E�, ';��#�"#G#, "#O @#&JG# �#!D�&+""�; 
- =�� X�  �#�$� $����� %>�;=����*"� "%@&�O%K�J>� !� �># %@-

>,�>. 
F �#�"�""� $����� "��;%&J"�E� ��-=�!#&� ���#$%L, P� >+�+!"L 

$�%!�%��*"+ �#!D�&+""� ��=%!$���� �+&�*�"� M ��-"%*%L /��;� 
$����� # =�&+ ��->#�""� V. U�; ;+"G+ M, ��; ;+"G+ =�&+ ��->#�""� 
��-;#�#� # ��; @#&J; *�>&� !+�%&+' ;%K�J ��-;#��, @&�-J$# !� >+�+-
!"J�E� %��/;+��*"�E� -"%*+""� (��>. 8.3). 

 �+D"#*"�D ��-�%D�"$%D $���� "��;%&J"�E� ��-=�!#&� =� �># 
%@>,�> �@;+O�K�J � ;+O%D + 3M. 	+&�*�"% V = 6M  "%-��%L�J>� =�-
&+; ��->#�""�. 

2. F%$�" �#�"�� ';��#�"�>�# ��$���>����L�J>� !&� �,#"$� ��=%!-
$���D �+&�*�", "% �$# !�;#"�K*�' �=&�� #- �>#D !#K*�D /%$���#� 
&�G+ �!�" #- "�D. 

�%=��$&%!: =�� ��E����&+""# !+�%&# ��*#""�; >=�%,K�%""� �#-,� 
L E�&��"�; >+�+! #"G�D /%$���#� # �#�"�;#�"� -;#"KL�J>� � *%>#. ��--
;#�� !+�%&+' � =%��#�, P� ��E����&�L�J>�, �%$�O �#�"�;#�"� -;#"K�%-
��;��J>� � *%>#. �+�G% !+�%&J ;%��;+ ��-;#� Y1, �>�%""� – ��-;#� Y�,. 

>$#&J$� =#! *%> >$&%!%""� =���!$��# "�;+�% !+�%&+' "+ -@+�#E%K�J-
>�, �� !&� ��@#�"�$%->$&%!%&J"�$% @�!J-�$�' ��-;#� Y – =��;#�"�$% 
!+�%&# @�!+ ��=%!$���; # �%$�;, P� ;%L �!"%$��� ';��#�"#>�J - �>#;% 
#"G�;� ��-;#�%;� !%"�� =%��#�.  �%$�;� =��$&%!# ;%��;+;� $���� 
��-=�!#&� -% -%$�"�; �#�"�� ';��#�"�>�# (��>. 8.2, @): 

 

1

1
�

	n

Y
X X = const,     (8.8) 

 
�&� -%$�"� �#�"�� ';��#�"�>�#: 
 

V = 3,36 M. 
 
3. �$P� =�� ��E����&+""# !+�%&# !#K�J !�% �#�"�-"%*"� !�;#"�-

K*�D /%$����, �� �D �=&��� "% ��-;#� !+�%&# !�!%K�J>�. 	"%>&#!�$ 
��D�!��J ��-=�!#& -% -%$�"�; �#�"�@+!�+"�E� ���$��"�$% (-%$�" 
�#;=>�"%) (��>.8.2, �). 

[#&J"#>�J ';��#�"�>�# !&� =�&� �#! 0 !� 0,5 V !��#�"K�%��;+: 
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1 2

4
�

xY
V .     (8.10) 

 
�&� =�&� �#! 0,5 V !� V 
 

2 2

4( )	
�

V xY
V .    (8.11) 

 
�&� -%$�"� �#�"�@+!�+"�E� ���$��"�$% 
 
V = 4,9 M.     (8.12) 
 
4. F%$�" �%$>+&&% (-%$�" +$>,+"���>��+��) =�G��KL�J>� "% �+-

&�*�"�, P� ;%K�J !�!%�"L -"%*+""�. �%=��$&%!, ���,+�+ # �%!#%&J-
"+ @����, +$>,+"���>��+�, �#!D�&+""� �#! =%�%&+&J"�>�# �% #". 
(��>.8.2, E). �%"�' -%$�" =+�+!%L�J>� �%$�; �#�"�""�;: 

�Y r  
F"%""� -%$�"� ��-=�!#&� ��=%!$���� �+&�*�"� !�=�;%E%L 

��-�’�-��%�� -%!%*#, =��’�-%"# - %"%&#-�; ��*"�>�# ��;#�K�%"J. 
����! - X  # M =%�%;+��%;� ��->#�""� ��-;#�#� L !�>=+�>#� 

� �
2

2 2( ) ( ) ( )

��

	�

� � 	 � 	�xD x X X X X P X dx ,  (8.14) 

%>�;+��#� 
� �3

3

	

� i

x

X X
a ,      (8.15) 

# +$>,+> 
� �4

4

	

� i

x

X X
E ,      (8.16) 

8.3. !���	����� D�������>� ������� F�	�� 

 ;%�+;%��*"�D ��-�%D�"$%D, �>�@&��� =�� �@*�>&+""# ';��#�-
"�E� =��,+"�� @�%$� !+�%&+', P� ��E����&�K�J>� #- -%!%"�; !�=�>-
$�; �, =���#@"� -"%'�� >=#��#!"�G+""� ;#O �+&�*�"%;� =�&� !�=�-
>$� # =�&� ��->#�""�. I+ >=#��#!"�G+""� D%�%$�+��-�L�J>� $�+/#,#-
L"��; ��-�$�: 
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�

XZ .      (8.17) 

 
 �%-# "��;%&J"�E� ��-=�!#&�, $�&� >+�+!�"% =�&� !�=�>$� 

>=#�=%!%L - ,+"���; ��->#�""�, 2
�

NX , @�!+: 

 
322 6
 


� � � �
X T T TZ V V ,   (8.18) 

 
��O+ @��� ��� ��=%!$� >=#��#!"�G+""� =�&� !�=�>$� # =�%$��-

*"�E� =�&� ��->#�""� ��-;#�#� (��>. 8.4). 

 
!�. 8.4. "���
��� ��
(���A�#� ��%��� ��� ��%��� %���
���� T i Y. 

��&� =�&+ !�=�>$� !��#�"KL =�&K ��->#�""�, �� $�+/#,#L"� ��-
-�$� !��#�"KL 3.  �%$�;� ��=%!$� @�%$� =�%$��*"� "+;%L (!� 0,27 
%). �$P� V<T, �� $�+/#,#L"� ��-�$� @�!+ @#&JG�; �#! 3. ��%$� "+ 
@�!+, %&+ =��,+> �@��@$� L -%"%!�� ��*"�;, % ��O+ !���O*�;. ��&� 
V>T $�+/#,#L"� ��-�$� @�!+ ;+"G�; �#! 3.  �%$�;� ��=%!$� ';�-
�#�"#>�J @�%$� -@#&JG�L�J>�. 

F% !�=�;�E�K �+&�*�" $�+/#,#L"�#� ��-�$� ;�O"% =�� ��-�%D�-
"$%D ��-"%*��� ';��#�"�' =��,+"� @�%$��%"�D # =��!%�"�D !+�%-
&+', ';��#�"� $#&J$#>�J -’L!"%"J #- -%-���;, %@� "%��E�;, ��P�. 

��-E&�"+;� "% =��$&%!# =��,+> ��-"%*+""� ';��#�"�E� =��,+"-
�� @�%$� =�� ��E����&+""# (�#!"��&+""#) !+�%&+'. 
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�+D%' =���#@"� ��E���-

���� �%& Ø 70 0,0327
0,002
�� �

� ��� �
K . 

��->#�""� ��-;#�#� =#!&�E%L 
"��;%&J"�;� -%$�"�, >+�+-
!"L $�%!�%��*"+ �#!D�&+"-
"� M = 10 ;$;. I+"�� ��--
=�!#&� -@#E%L�J>� #- >+�+!�-
"�K =�&� !�=�>$� 

�#&�"$� Y3 # Y4 �#!=�-
�#!%K�J ��D�!� !+�%&+' -% 
=�&+ !�=�>$� ��@�� @�%$ L 
';��#�"�;. 	�-"%*%L;� $�-
+/#,#L"� ��-�$�: 

 
1

1
15 1,5;
10


� � �
XZ  

2
2

15 1,5.
10


� � �
XZ  

 
F% �%@&�,+K (!�!%��$ 1) 

��-"%*%L;� "��;��%"� /�-
"$,#K �%=&%>% 

 
1 2 0,4332� �z z> > . 

	�-"%*%L;� ';��#�"#>�J 
=��!%�"�D !+�%&+'. 

1 2 0, 4332 0, 4332 0,8664� � � � ����� z z! > > . 

�O+ $#&J$#>�J =��!%�"�D !+�%&+'  – 86,04 %. 
X;��#�"#>�J ��E����&+""� @�%$��%"�D !+�%&+': 

1 1 0,8664 0,1336� 	 � 	 ��� ����! !  %@� 13,36%. 

$�+;� ;�O"% ��-"%*��� =��,+"� =�=�%�"�E� # "+=�=�%�"�E� 

@�%$�. �&� �%&#� =�=�%�"�; @�%$ ��%O%L�J>� ��!#, $�&� ��-;#�� =+-
�+��P�K�J dmax. 

�%=��$&%!: 
1

2

0,5 0,5 0, 4332 0,0668;

0,5 0,5 0, 4332 0,0668.

� 	 � 	 �

� 	 � 	 �
���� z

�
��� z

P >
! >  

 

!�. 8.5. ,�%���
��� '�������$� 
����
�#� �����. 
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8.4. (������@ ������� � >����������� <���� 

��*"#>�J ��-;#�� =�-"%*%L $�">���$���, =��>�%�&�K*� "% $�+>-
&+""# E�%"�*"# �#!D�&+""�. ��� ��E����&+""# (�#!"��&+""#) !+�%&+' 
�D ��-;#��, =�-"%*+"# "% $�+>&+""#, "+ �#!����KK�J>� %@>�&K�"� 
��*"�, !+P� -;#"KK�J>�. I+ -�;��&KL �#!D�&+""� ��-;#P+""� =�-
�+�D�"J �% /��;� �+%&J"�� =��+�D"# �#! "�;#"%&J"��. 	#!D�&+""� 
/��;� ;�O"% ��-E&�!%�� ' �,#"K�%�� �$ >��>��"� !� =��/#&K =�-
�+�D"#, �%$ # "% �#' !#&�",# ,#L� =��+�D"#, �$% "��;�L�J>�. 

��-"%*+""� !�=�>$#� /��;� # ��-;#P+""� =��+�D�"J ��$�"�L�J-
>� "% �>"��# �
�� 24642 – 87. 

	#!&#$ �#!D�&+"J /��;� =��+�D"# ��$�"�L�J>� �#! =��&+E&�� =�-
�+�D"#, �$% ;%L /��;� "�;#"%&J"�� =��+�D"#, !���$%L�J>� !� �+%&J-
"�� =��+�D"# # ��-;#P+"% =�-% ;%�+�#%&�; !+�%&# �%$, P�@ �#!D�&+"-
"� F �#! ,#L� =��+�D"# !� "%'�#!!%&+"#G�� ��*$� �+%&J"�� =��+�D"# � 
;+O%D "��;��%"�� !#&J"�,# L ;%&� ;#"#;%&J"+ -"%*+""�. �%�%;+�� 
!&� $#&J$#>"�� �,#"$� �#!D�&+"J /��;� -% >�%"!%���; – �#!>�%"J F. 

��-�#-"�K�J �%$# ��!� =��&+E&�D =��+�D�"J # =��/#&#�: =��;%, 
=&�P�"%, $�&�, ,�&#"!�. 

���&+E&% =��;% – ,+ =��;%, �$% !���$%L�J>� !� �+%&J"�E� =��-
/#&K # ��-;#P+"% =�-% ;%�+�#%&�; !+�%&# �%$, P�@ �#!D�&+""� �#! 
"+� "%'�#!!%&+"#G�� ��*$� �+%&J"�E� =��/#&K � ;+O%D "��;��%"�� 
!#&�"$� ;%&� ;#"#;%&J"+ -"%*+""� (��>.8.6). 

���&+E&% =&�P�"% – ,+ =&�P�"%, �$% !���$%L�J>� !� �+%&J"�� 
=��+�D"# # ��-;#P+"% =�-% ;%�+�#%&�; !+�%&# �%$, P�@ �#!D�&+""� 
�#! "+� "%'�#!!%&+"#G�� ��*$� �+%&J"�� =��+�D"# � ;+O%D "��;��%-
"�� !#&�"$� ;%&� ;#"#;%&J"+ -"%*+""�. 

���&+E&+ $�&� – ,+ $�&� ;#"#;%&J"�E� !#%;+��%, �$+ �=�>%"� "%-
�$�&� =��/#&K -��"#G"J�� =��+�D"# %@� ;%$>�;%&J"�E� !#%;+��% # 
�=�>%"� � �+%&J"�' =��/#&J �"���#G"J�� =��+�D"# �@+��%""�. 

���&+E&�' ,�&#"!� – ,+ ,�&#"!� ;#"#;%&J"�E� !#%;+��%, �$�' 
�=�>%"� "%�$�&� �+%&J"�� -��"#G"J�� =��+�D"# %@� ;%$>�;%&J"�E� 
!#%;+��% # �=�>%"� � �+%&J"� �"���#G"K =��+�D"K. 

��=�>$�; /��;� "%-��%L�J>� "%'@#&JG+ !�=�>��;+ -"%*+""� �#-
!D�&+""� /��;�. 
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!�.8.6. �������� �����$����� ���
����� � ���(���� 

��&+ !�=�>$� /��;� – ,+ !#&�"$% � =��>���# %@� "% =&�P�"#, �>+-
�+!�"# �$�� -"%D�!��J>� �># ��*$� �+%&J"�� =��+�D"# %@� �+%&J"�E� 
=��/#&K # �$% �@;+O�L�J>� !�=�>$�;. F"%*+""� !�=�>$#� �@��%K�J -% 
>�%"!%���; -%&+O"� �#! ��!� �#!D�&+""� # >��=+"K ��*"�>�#. 

�&� ,�&#"!��*"�D !+�%&+' ��-�#-"KK�J �#!D�&+""� /��;� �$ � 
=�=+�+*"�;� =+�+�#-# (��%&J"#>�J, �E�%"$%) (��>.8.7), �%$ # � �>J�-
��;� =+�+�#-# ($�"�>�=�!#@"#>�J, @�*$�=�!#@"#>�J, >#!&�=�!#@"#>�J) 
(��>.8.8). 


�%&J"#>�J – ,+ �%$+ �#!D�&+""� �#! $��E&�� /��;�, $�&� �+%&J-
"�' =��/#&J ��&�L >�@�K ��%&�=�!#@"� /#E���, "%'@#&JG�' # "%'-
;+"G�' !#%;+��� �$�� -"%D�!��J>� � �-%L;"� =+�=+"!�$�&��"�D 
"%=��;%D: 

� �max min

2
	

� ���

d d
,    (8.19) 

 

%) 

@) 
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���*�"% =���� �E�%"$� @���� G=�"!+&� ��$%�"�E� G&#/��%&J-
"�E� �+�>�%�%, ��P�. 


E�%"$% – �%$+ �#!D�&+""� �#! $��E&�� /��;�, =�� �$�;� �+%&J-
"�' =��/#&J ��&�L >�@�K @%E%��E�%""� /#E���. 
E�%"$% ��"�$%L 
�"%>&#!�$ -;#"� =�&�O+""� ;���L��E� ,+"��% �@+��%""� !+�%&# =�� 
�@+��%""#, "%=��$&%! =�� @+-,+"�����;� G&#/��%""#. 

��"�>�=�!#@"#>�J – �%$+ �#!D�&+""� =��/#&K =�-!��O"J�E� =+-
�+�#-� =�� �$�;� ��#�"# L =��;�&#"#'"�;�, %&+ "+ =%�%&+&J"�;�. 
��"�>�=�!#@"#>�J ��"�$%L *+�+- "+>=#��#>"#>�J G=�"!+&� # =#"�&# 
-%!"J�� @%@$� �+�>�%�%, >=�%,K�%""� �+�>�%�%; ��P�. 

��*$�=�!#@"#>�J – �%$+ �#!D�&+""�, =�� �$�;� ��#�"# >�%K�J ��-
=�$&�;�, ��;� P� !#%;+��� -@#&JG�K�J>� �#! $�%�� "% >+�+!�"� ��-
-�#-�. ���*�"�K @�*$�=�!#@"�>�# ;�O+ @��� !+/��;%,#� !��E�D �%-
&#� =#! *%> �@��*��%""� �D � ,+"��%D @+- &K"+�#�. 

 
8.7. ,�����
��� (���� ������������ �
#��� � ���
�
�����  

�
�
��%�: � – �������#�; � – �$����� 
 

d m
ax

 

dmin 

 

 

 

 
 

d 
 

e 

�	'

max min

2
	

� � � �	� ��
d d  

 

� � �	' ��  

dmin 

d m
ax
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!�. 8.8. ,�����
��� (���� ������������ ���
���� � �������  

�
�
��%�: � – ������������#�; � – ������������#�;  
� – �����������#�. 

 
�#!&�=�!#@"#>�J – �#!D�&+""� =�-!��O"J�E� =+�+�#-�, =�� �$�;� 

��#�"# "+=��;�&#"#'"# # !#%;+��� -;+"G�K�J>� �#! $�%�� !� >+�+!�-
"� ��-�#-�. �#!&�=�!#@"#>�J L �+-�&J�%��; "+ -@#E%""� ,+"��#� ��$%-
�"�E� �+�>�%�% � �+���$%&J"#' =&�P�"#. 

  

  

  

max min
1 ( )
2

� � 	 � �*	+ $�	�d d  

d m
in
 

d m
ax

 

max min
1 ( )
2

� � 	 � ��	� $�	�d d  

d m
in
 

d m
ax

 

d m
in
 

d m
ax

 

max min
1 ( )
2��� $�	�d d� � 	 � �  
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��"�>�=�!#@"#>�J, @�*$�=�!#@"#>�J # >#!&�=�!#@"#>�J � $#&J$#>-
"�;� �#!"�G+""# ��-"%*%K�J>� =#��#-"�,+K ;#O ;%$>�;%&J"�; # 
;#"#;%&J"�; !#%;+��%;� � �!"�;� ' ��;� >%;�;� =�-!��O"J�;� 
=+�+�#-#. 

��;=&+$>"�; =�$%-"�$�; �#!D�&+"J /��;� =&�>$�D =��+�D�"J 
L �%$+ �#!D�&+""� �#! =&�P�""�>�#, �$+ D%�%$�+��-�L�J>� >�$�="#>-
�K �>#D �#!D�&+"J /��;� =��+�D"# ' !��#�"KL "%'@#&JG#' �#!>�%"# 
h �#! ��*�$ !#'>"�� =��+�D"# !� =��&+E&�� =&�P�"� (��>.8.9, %). U%-
>�$���;� ��!%;� �#!D�&+"J �#! =&�P�"� L ��#E"��#>�J (��>. 8.9, @) # 
��=�$&#>�J (��>. 8.9, �). 

!�. 8.9. ,�����
��� (���� ������ ���
�����: � – ������
���  
��� ���C����#�; � – ���$��#�#�; � – �������#�. 

 
	�#E"��#>�J – �%$+ �#!D�&+""�, =�� �$�;� �#!!%&+""� ��*�$ !#'>-

"�� (�+%&J"��) =��+�D"# �#! =��&+E&�� =&�P�"� -@#&JG�L�J>� �#! 
$�%�� !� >+�+!�"�. 

%) 

@) 

�) E) 
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	�=�$&#>�J – �%$+ �#!D�&+""�, =�� �$�;� �#!!%&+""� ��*�$ !#'>-
"�� (�+%&J"��) =��+�D"# �#! =��&+E&�� =&�P�"� -;+"G�L�J>� �#! 
$�%�� !� >+�+!�"�. 

��� ��E����&+""# !+�%&+' �=�>%"# ��P+ =�D�@$� /��;� �@;+O�-
K�J>� !�=�>$%;� /��;� -E#!"� #- >�%"!%��%;. �$P� !�=�>$ /��;� 
"+�#!�;�, �� �#" =���"+" @��� � ;+O%D !�=�>$� "% �@��@$� ��-;#��. 

8.5. !�
��8���� � 
������ �����P���� ��������@ 

	#!D�&+""�; ��-;#P+""� =��+�D�"J "%-��%L�J>� �#!D�&+""� �+-
%&J"�E� ��-;#P+""� ��-E&�!��%"�E� +&+;+"�% �#! "�;#"%&J"�E�. 
�+��*"�>�# �-%L;"�E� ��-;#P+""� =��+�D�"J – ,+ �+-�&J�%� "+ -@#-
E%""� �+D"#*"�D # $�">���$���"�D @%- # "+��*"�>�# �@��@$�. �%-�-
��K ;�O+ @��� =��+�D"�, �� ��#�"% %@� ��*$%. 

��=�>$ ��-;#P+""� – ,+ E�%"�,�, P� �@;+O�L !�=�P+"+ -"%-
*+""� �#!D�&+""� ��-;#P+""� =��+�D�"J. ��=�>$� ��-;#P+""� @�-
�%K�J -%&+O"�;� # "+-%&+O"�;�. �+-%&+O"�; "%-��%K�J �%$�' !�-
=�>$ ��-;#P+""�, �$�' L =�>�#'"�; !&� �>#D �!"�';+""�D !+�%&+' # 
"+ -%&+O��J �#! !#'>"�D ��-;#�#� ��-E&�!��%"�D =��+�D�"J. �%=��-
$&%!, !�=�>$ "% ;#O�>J��� �#!>�%"J $���@$� -%;#"� =+�+!%* "+ -%-
&+O��J �#! ��*"�>�# �����#� � $��=�># !&� =#!G�="�$#� $�*+""�. F%-
&+O"�; "%-��%L�J>� !�=�>$ ��-;#P+""�, �$�' L -;#""�; !&� �#-"�D 
!+�%&+', P� ��E����&�K�J>� -% !%"�; $�+>&+""�;, # �$�' -%&+O��J 
�#! !#'>"�D ��-;#�#� "��;��%"�E� +&+;+"�%. �% $�+>&+""�D =�-"%-
*%K�J '�E� ;#"#;%&J"+ -"%*+""�. F%&+O"# !�=�>$� ��-;#P+""� =�--
"%*%K�J �;��"�; -"%$�; 5. ># !�=�>$�, �$P� �#!>��"# �>�@&��# 
�$%-#�$�, ��%O%K�J>� "+-%&+O"�;�. 

���%K�J �%$# �#!D�&+""� ��-;#P+""�. 
	#!D�&+""� �#! >=#��#!"�>"�>�# �#!"�>"� �># @%-���� =��+�D"# – 

,+ �#!>�%"J ;#O �#>>K ��-E&�!��%"�� =��+�D"# �@+��%""� # �#>>K @%-
-���� =��+�D"# "% !��O�"# "��;��%"�� !#&�"$� L (��>.8.10). 	#!D�-
&+""� �#! >=#��#!"�>"�>�# �#!"�>"� >=#&J"�� �># – "%'@#&JG% �#!>-
�%"J (F1, F2.......) ;#O �#>>K ��-E&�!��%"�� =��+�D"# �@+��%""� # >=#-
&J"�K �#>>K !��D %@� !+$#&J$�D =��+�D�"J �@+��%""� "% !��O�"# 
"��;��%"�� !#&J"�,# (��>. 8.11). 

�%!#%&J"�; @����; "%-��%L�J>� �#-"�,� F "%'@#&JG�� # "%'-
;+"G�� �#!>�%"+' �#! ��*$� �+%&J"�E� =��/#&K =��+�D"# �@+��%""� 
@%-���� �># � ��-�#-# =&�P�"�K, �$% =+�=+"!�$�&��"% !� @%-���� �># 
(��>.8.12). 
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%) @) !�=�>$ >=#��#>"�>�# ������ �  

�#!"�>"� �#># ������ � ø 0,2 ;; 
!�. 8.10. *�
�� ������
��� ��� ����������#� ������� ��%���� 

���
���� (�) � ������� '�$� ��%���
��� �� ��
�
���� �
#��
' (�) 

 
%) @) !�=�>$ >=#��#>"�>�# �����#� 

�#!"�>"� -%E%&J"�� �#># ø 0,01 ;;
!�. 8.11. *�
�� ������
��� ��� ����������#� ������� %�$���-

��� ��� (�) � ������� ��%���
��� �� �� ��
�
���� �
#��� (�). 

 
%) @)  

!�.8.12. *�
�� ���������$� ��##� (�) � �������  
'�$� ��%���
��� �� ��
�
���� (�). 
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���,+��; @����; "%-��%L�J>� �#-"�,� F "%'@#&JG�� # "%';+"G�� 
�#!>�%"+' �#! ��*$�$ �+%&J"�E� =��/#&K ���,+��� =��+�D"# !� =&�-
P�"�, �$% =+�=+"!�$�&��"% !� @%-���� �># (��>.8.13). 

 
%) @)  

!�. 8.13. *�
�� #���
��$� ��##� (�) � �������  
'�$� ��%���
��� �� ��
�
���� (�). 

	#!D�&+""� �#! =+�+��"� �>+' – ,+ "%';+"G% �#!>�%"J ;#O �>�-
;�, �$# "�;#"%&J"� =+�+��"%K�J>� (��>.8.14). 

 
%) @) ��=�>$ =+�+��"� �>+'  

������ � 0,2 ;; 
!�. 8.14. ,�����
��� ��� �
�
#��� �
': � – �
�� ������
���  
��� �
�
#��� �
', � – ������� ��%���
��� '�$� �� ��
�
���� 

	#!D�&+""� �#! =%�%&+&J"�>�# =&�P�" – �#-"�,� ;#O "%'@#&J-
G�K # "%';+"G�K �#!>�%"�;�, �$# #>"�K�J ;#O =&�P�"%;� � ;+O%D 
"��;��%"�� !#&�"$� (��>. 8.15). 

	#!D�&+""� �#! =+�=+"!�$�&��"�>�# – ,+ �%$+ �#!D�&+""� $��% 
;#O =&�P�"%;� �#! =��;�E� $��% (90°), �$+ ���%O%L�J>� � �!�"�,�D 
=� !��O�"# "��;��%"�� !#&�"$� (��>.8.16). 

	#!D�&+""� �#! >�;+���*"�>�# – ,+ "%'@#&JG% �#!>�%"J ;#O 
=&�P�"�K >�;+��#� (�#>>K) ��-E&�!��%"�E� +&+;+"�% (%@� +&+;+"-
�#�) # =&�P�"�K >�;+��#� @%-���E� +&+;+"�� � ;+O%D "��;��%"�� 
!#&�"$� (��>.8.17). 
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%) 
@) !�=�>$ =%�%&+&J"�>�# =��+�D"# � 

�#!"�>"� =��+�D"# � 0,01 ;; "% -%!%-
"#' !��O�"# 100 ;; 

!�. 8.15. *�
�� ������
��� ��� �����
����#� (�) � �������  
��%���
��� �� �� ��
�
��� (�). 

 
%) @) !�=�>$ =+�=+"!�$�&��"�>�# =��+-

�D"# � �#!"�>"� �>"��� � 0,1 ;; 
!�. 8.16. *�
�� ������
��� ��� �
��
����������#� (�) 

 � ������� ��%���
��� �� �� ��
�
���� (�). 

 
%) @) !�=�>$ >�;+���*"�>�# =��+�D�"J � 

�#!"�>"� �#># ������ � 0,02 ;; 
!�.8.17. *�
�� ������
��� ��� ��
#�����#� (�) � ������� ��%-

���
��� �� �� ��
�
���� (�). 
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��%��&% =�-"%*+""� "% $�+>&+""�D !�=�>$#� /��;� # ��-;#P+"-
"� =��+�D�"J !+�%&+' �>�%"��&+"+ >�%"!%���;. ;��"+ =�-"%*+""� 
!�=�>$� >$&%!%L�J>� #- -"%$�, *�>&���E� -"%*+""� #, � �%-# =���+@�, 
@�$�+"�E� =�-"%*+""� (G, j # �. !.) @%-� ��;#�K�%""�. �%-� =�-"%-
*%K�J -%*��"+"�; ���$��"�$�; # -'L!"�K�J - �%;$�K. ># ,# !%"# � 
�%$#' >%;#' =�>&#!��"�>�# �=�>�K�J � �%;$�, �$� =�!#&+"� "% !�# 
%@� ��� *%>��"�, # -’L!"�K�J �� $�"���"�K %@� ��"�>"�K &#"#LK ��-
��@�. ��=�>$� /��;� # !�=�>$� ��-;#P+""� =�-"%*%K�J &�G+ =�� 
�>�@&���D ��;�E%D ��*"�>�# /��;� # ��-;#P+""� =��+�D�"J !+�%-
&+'.  �%@&�,# 8.2 "%�+!+"� �;��"# =�-"%*+""� !�=�>$#� /��;� # 
��-;#P+""� =��+�D�"J. 
������� 8.2. U����� ��%���
��� ������� ��%��C
��� ���
����� 

!�
��8���� �����P���� ������ �����P���� 
/�����D ��	� 


������ �	 
��	�
	���� 

	#!D�&+""� �#! >=#��#!"�>"�>�# ��=�>$ >=#��#!"�>"�>�# 
 

�%!#%&J"+ @���� ��=�>$ �%!#%&J"�E� @����  

���,+�+ @���� ��=�>$ ���,+��E� @����  

	#!D�&+""� �#! =%�%&+&J"�>�# ��=�>$ =%�%&+&J"�>�#  

	#!D�&+""� �#! =+�=+"!�$�&��-
"�>�# ��=�>$ =+�=+"!�$�&��"�>�# 

 

	#!D�&+""� �#! =+�+��"� �>+' ��=�>$ =+�+��"� �>+'  

	#!D�&+""� �#! >�;+���*"�>�# ��=�>$ >�;+���*"�>�#  

8.6. ���8������@ � Q��������@ ��������@ 

���+�D"# !+�%&+' "+ ;�O"% ��$�"��%�� #!+%&J"� E&%!+"J$�;�, 
�%$ �$ #>"�L @%E%�� �#-"�D /%$���#�, P� ��-��%K�J "% =��+�D"�D !+-
�%&+' =���� "+�#�"�>�+'. 
!"�; - �%$�D /%$���#� L >%; =��,+> �#-
-%""�, ��@�� �#O�*# $��;$� #">���;+"�% # -+�"� %@�%-��"�D ;%�+�#-
%&#� -%&�G%K�J "% =��+�D"# >��� >&#!�. �+�#�"�>�# -’��&�K�J>� �%-
$�O �#! >���>#�, �#@�%,#' �#O�*�E� #">���;+"��, �#! ������ *%>��-
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"�$ ;+�%&� =�� �#-%""#, �#! �+��� -%!"J�� *%>��"� �#O�*�E� #">���-
;+"�� =� =��+�D"#, P� �@��@&�K�J>�. I# "+�#�"�>�# -’��&�K�J>� � 
��E&�!# E�+@+"#� (��>��=#�) # �=%!�" # "%-��%K�J>� D��&�>�#>�K. �#! 
D��&�>�#>�K =��+�D"# ��-�;#L�J>� >�$�="#>�J "+�#�"�>�+', P� =����-
�KK�J>�, � �$�D $��$ =+�+��P�L @%-��� !��O�"� l. ��� D��&�>��>�# 
�#!"�G+""� $��$� D��&# Sw !� ��>��� "+�#�"�>�+' Wz !��#�"KL: 

40 1000z

z

S
W

� � .    (8.17) 

	�>���K D��&�>��>�# Wz "%-��%L�J>� >+�+!"L %��/;+��*"+ - 
=’��� �� -"%*+"J (W1, W2,….. W5), ��-"%*+"�D =� !��O�"# !#&�"$� ��-
;#�K�%"J Lw, P� !��#�"KL "+ ;+"G+ ='��� !#'>"�; "%'@#&JG�; 
$��$�; Sz D��&�>��>�# (��>.8.18): 

5

1

5

z
i

z

W
W ��

�
. 

�+O# *�>&���E� -"%*+""� Wz >&#! ��@��%�� - ��!�: 
0,1; 0,2; 0,4; 1,6; 3,2; 6,3; 12,5; 25; 50; 100; 200 

 

!�.8.18. ,�%���
��� ���#� (�) � ����� (�)  
�����#�#� ���
����. 

Y��>�$#>�K =��+�D"# "%-��%K�J >�$�="#>�J "+�#�"�>�+' - �#!-
"�>"� ;%&�;� $��$%;�, ��@�� 

 

%) 
Lw

lw1 lw2 lw3 lw4 lw5 

W
1 

W
2=

W
m

ax
 

W
3 

W
4 

W
5 

mw

@) 

Lw

Sw1 Sw2 Swn-1 Swn 

mw
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40z

z

S
W

� .    (8.18) 

 
Y��>�$#>�J # D��&�>�#>�J =��+�D"# �%-�; #- ��*"#>�K /��;� L 

�>"��"�;� D%�%$�+��>��$%;� �$�>�#. 	�"� E�%K�J �+&�$� ��&J � 
-'L!"%""�D !+�%&+', �>$#&J$� -"%*"�K ;#��K �=&��%K�J "% >=�%,K-
�%""� =��+�D�"J, �$# ����J>�. Y��>�$#>�J "��;�L�J>� -% �
�� 
25�42 – 82. 

�+�+!"J�K &#"#LK =��/#&K m (��>.8.18) "%-��%L�J>� @�$��% &#-
"#�, �$% ;%L /��;� "�;#"%&J"�E� =��/#&K # �$� =���+!+"� �%$, P� � 
;+O%D @%-���� !��O�"� >+�+!"L $�%!�%��*"+ �#!D�&+""� =��/#&K 
�#! ,#L� &#"#� L ;#"#;%&J"�;. ��%$��*"� �� =����!��J �%$�; *�"�;, 
P�@ =&�P# "% =��/#&�E�%;# =� �@�!�% @�$� �#! ,#L� &#"#� !� $�"���% 
=��/#&K @�&� �#�"�;� ;#O >�@�K. 

 
!�.8.19. *�
�� ���(���$���� ���
���� 

�%-��% &#"#� – ,+ &#"#� -%!%"�� E+�;+���*"�� /��;�, �$� =���+-
!+"� =+�"�; *�"�; �#!"�>"� =��/#&K # �$% ��$���>����L�J>� !&� 
�,#"$� E+�;+���*"�D =%�%;+��#� =��+�D�"J. 

��%"!%���; �>�%"��&+"� �%$# -"%*+""� @%-���� !��O�"�: 0,01; 
0,03; 0,08; 0,25; 0,60; 2,5; 8; 25. 

�#&J$#>"� G��>�$#>�J �,#"KL�J>� �%$�;� $���+�#�;�: >+�+!"#; 
%��/;+��*"�; �#!D�&+""�; =��/#&K Ra, ��>���K "+�#�"�>�+' Rz, 
"%'@#&JG�K ��>���K "+�#�"�>�+' =��/#&K Rmax, >+�+!"#; $��$�; 
"+�#�"�>�+' Sm, �=��"�K !��O�"�K =��/#&K �p, �#!"�>"�K �=��-
"�K !��O�"�K =��/#&K tp, �#�"+; =+�+�#-� =��/#&K �. 

�+�+!"#; %��/;+��*"�; �#!D�&+""�; =��/#&K Ra "%-��%L�J>� 
>+�+!"L %��/;+��*"+ %@>�&K�"�D -"%*+"J �#!D�&+"J =��/#&K � 
;+O%D @%-���� !��O�"�: 
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� �
10

1 1/ / / /
e n

a i
i

R x dx Y
e n �

� � � �� .   (8.19) 

	�>���K "+�#�"�>�+' =��/#&K -% !+>��J;% ��*$%;� Rz "%-��%-
L�J>� >�;% >+�+!"#D %@>�&K�"�D -"%*+"J ��>�� ='��� "%'@#&JG�D 
��>��=#� =��/#&K Ypi # E&�@�" ='��� "%'@#&JG�D -%=%!�" =��/#&K 
Yvi � ;+O%D @%-���� !��O�"�: 

5 5

1 1
/ / / /

5

pi vi
i i

z

Y Y
R � �

�
�
� �

 .   (8.20) 

�%'@#&JG% ��>��% "+�#�"�>�+' =��/#&K Rmax – ,+ �#!>�%"J ;#O 
&#"#LK ��>��=#� =��/#&K # &#"#LK -%=%!�" =��/#&K � ;+O%D @%-���� 
!��O�"�. 

�+�+!"#; $��$�; "+�#�"�>�+' =��/#&K Sm "%-��%L�J>� >+�+!"L 
-"%*+""� $��$� "+�#�"�>�+' � ;+O%D @%-���� !��O�"� 

1

1 n

m mi
i

S S
n �

� � ,     (8.21) 

!+ � – *�>&� $��$#� � ;+O%D @%-���� !��O�"� l; Sm� $��$ "+�#�"�-
>�+' =��/#&K, �$�' !��#�"KL !��O�"# �#!�#-$% >+�+!"J�� &#"#�, P� 
=+�+��"%L =��/#&J � ��J�D >�>#!"#D ��*$%D # �@;+O+"% !��;% $�%'-
"#;� ��*$%;�. 


=��"�K !��O�"�K =��/#&K p�  "%-��%L�J>� >�;% !��O�" �#!�#-
-$#� ��, �$# �#!��"%K�J>� "% -%!%"�;� �#�"# ! � ;%�+�#%&# =��/#&K 
&#"#LK, +$�#!�>�%"�"�K >+�+!"#' &#"#� m � ;+O%D @%-���� !��O�"�: 

1

n

p i
i

��
�

�� ,     (8.22) 

	#!"�>"% �=��"% !��O�"% =��/#&K tp – ,+ �#!"�G+""� �=��"�� 
!��O�"� =��/#&K !� @%-���� !��O�"�: 

�
pt

l
�

� ,     (8.23) 

U�>&��# -"%*+""� �>"��"�D =%�%;+��#� G��>�$�>�# "��;��%"� # 
�@�%"� - *�>+&, "%�+!+"�D � �%@&�,# 8.3. 
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������� 8.3. {����� %���
��� Ra, Rz, Rmax, Sm 
�	�	���� ;��8��� ��	����� 

100 80 63 50 40 
10,0 8,0 6,3 5,0 4,0 
1,0 0,80 0,63 0,50 0,40 Ra 

0,100 0,080 0,063 0,050 0,040 
1000 800 630 500 400 
100 80 63 50 40 
10,0 8,0 6,3 5,0 4,0 
1,0 0,80 0,63 0,50 0,40 

Rz Rmax 

0,100 0,080 0,063 0,050 4,0 
10,0 8,0 6,3 5,0 0,40 
1,00 0,80 0,63 0,50 0,040 
0,100 0,080 0,063 0,050 4,0 

Sm 
 

0,010 0,008 0,006 0,005 0,40 
32 25 20 16,0 0,040 
3,2 2,5 2,0 1,60 0,004 

0,32 0,25 0,20 0,160 12,5 
0,032 0,025 0,020 0,16 1,25 

- - - 0,10 0,008 

Ra 

- - - 1600 1250 
320 250 200 160 125 
32 25 20 16,0 12512,50 

3,20 2,5 2,0 1,60 1,25 
0,32 0,25 0,20 0,160 0,125 
0,032 0,025 - - - 

Rz Rmax 

- - - - 12,5 
3,2 2,5 2,0 1,60 1,25 

0,32 0,25 0,20 0,160 0,125 
0,032 0,025 0,020 0,0160 0,0125 

Sm 
 

0,003 0,002 - - - 

8.7. !�F�� �	�	������ Q��������� �	 �� ����	����� �	 ����-
8����� 

	�@#� =%�%;+��#� !&� �,#"$� G��>�$�>�+', �$ # ��;�E� !� G��>-
�$�>�#, =���""# @��� �@_��"���%"# # �>�%"��&K�%��>� ��D�!�*� - 
/�"$,#�"%&J"�E� =��-"%*+""� =��+�D�"J !+�%&+' $�"$�+�"�D ��-
��@#� �% �D $�">���$���"�D �>�@&���>�+'. �&� �#!=��#!%&J"�D !+�%-
&+', P� ����J>� !�,#&J"� �>�%"��&K�%�� =%�%;+��� Ra  (%@� Rz), 
Rmax, tp, % �%$�O "%=��;�$ "+�#�"�>�+'; !&� =��+�D�"J ,�$&#*"� "%-
�%"�%O+"�D �#!=��#!%&J"�D !+�%&+' – Rmax # Sm # �. !. ��� ��@��# 
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=%�%;+��#� Ra %@� Rz >&#! ;%�� "% ��%-#, P� Ra !%L @#&JG =��"� �,#-
"$� G��>�$�>�#, �%$ �$ !&� '�E� ��-"%*+""� ��;#�KK�J # !�!%K�J 
�#!>�%"# �+&�$�� $#&J$�>�# ��*�$ !#'>"�E� =��/#&K !� '�E� >+�+!-
"J�� &#"#�, ��!# �$ =�� ��-"%*+""# Rz ��;#�KK�J �#!>�%"# ;#O 
5 �+�G�"%;� # �=%!�"%;� "+�#�"�>�+'. 

��#'$#>�J !� >=�%,K�%""�, $�"�%$�"% G��>�$#>�J, ;#,"#>�J =�+>�-
��D =�>%!�$ @�!��J -%&+O%�� �#! -"%*+"J =%�%;+��� tp, %&+ ��+@% ��%-
D����%��, P� #- -@#&JG+""�; tp ��+@% @#&JG ���!�;#>�$# =��,+>� �@-
��@$�: "%=��$&%!, =�� tp p 25 % -%>��>���L�J>� *�>���+ ��*#""�, % =�� 
tp p 40 % – D�"#"E��%""�. 
=��"% !��O�"% =��/#&K tp ��-"%*%L �+&�-
*�"� =&%>��*"�� !+/��;%,#� =��+�D�"J !+�%&+' =�� �D $�"�%$�#. 

�#� "+�#!=��#!%&J"�D =��+�D�"J -"%*+""� G��>�$�>�# ��-"%*%-
L�J>� ��;�E%;� �+D"#*"�� +>�+��$�, $���-#'"�� >�#'$�>�# # �+D"�&�-
E#LK ��E����&+""�. 

�%�%;+��� G��>�$�>�# ��;#�KK�J>� "% @%-��#' !��O�"# l, -"%*+"-
"� �$�� ��@��%K�J -% !�=�>��;�;� Ra, Rz # Rmax -E#!"� �%@&�,# 8.4. 

������� 8.4. *���������
��� %���
�� �����
#���  
� ��%���� ������� (*�*|, 638 – 77) 

Ra, �� Rz Rmax, ��� l, �� 
�� 0,025 �� 0,010 0,08 

��"%! 0,025 !� 0,4 ��"%! 0,10 !� 1,6 0,25 
��"%! 0,4 !� 3,2 ��"%! 1,6 !� 12,5 0,8 
��"%! 3,2 !� 12,5 ��"%! 12,5 !� 50 2,5 

��"%! 12,5 !� 100 ��"%! 50 !� 400 8 
	�;�E� !� G��>�$�>�# =��+�D"# �>�%"��&KK�J @+- ��%D��%""� 

!+/+$�#� =��+�D�"J (=�!��=�"�, �%$���"�, # �. !.). �$P� � ,J�;� 
��"�$%L "+�@D#!"#>�J, �D �$%-�K�J �$�+;�. 

FE#!"� - �
�� 2.309-73 G��>�$#>�J =��+�D�"J =�-"%*%K�J "% 
$�+>&+""# -% =+�"�K >���$����K (��>.8.20, %). 	 =�-"%*+""# G��>�-
$�>�#, $�&� ��! �@��@$� $�">���$����; "+ �>�%"��&+"�, -%>��>���-
L�J>� >=+,#%&J"�' -"%$ (��>. 8.20, @).  =�-"%*+""# G��>�$�>�# =�-
�+�D"#, �$% �����KL�J>� -"����; G%�� ;%�+�#%&� (��*#""�;, >�+�!-
&#""�;, /�+-+���%""�; ��P�) -%>��>���K�J >=+,#%&J"�' -"%$ (��>. 
8.20, �). �$P� =��+�D"# �����KK�J>� @+- -"���� =��+�D"+��E� G%�� 
;%�+�#%&�, "%=��$&%! &����;, G�%;=��%""�;, =��$%��; ��P�, �� 
-%>��>���K�J >=+,#%&J"�' -"%$ (��>.8.20, E). 
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   %)     @) �) E)  

!�. 8.20. *#���#��� ��%���
��� ���#��#� ���
���� 
 
�%=��; "+�#�"�>�+' ��&�L >�@�K �;��"�' ;%&K"�$ "% =��+�D"# 

� =��,+># �@��@$�. �% $�+>&+""�D �;��"# =�-"%*+""� "%=��;#� "+-
�#�"�>�+' � �%-# =���+@� =�-"%*%K�J >=+,#%&J"�;� -"%$%;� 
(�%@&.8.5). 

������� 8.5. ������� �
�����#
' � �� ��%���
���. 

�%=��;� "+�#�-
"�>�+' 

�D+;%��*-
"+ -�@�%-

O+""� 

��-"%*+"-
"� "%=��;� 

��>�$ 

�%=��;� 
"+�#�"�>�+'

�D+;%��*-
"+ -�@�%-

O+""� 

��-"%*+"-
"� "%=��;� 

��>�$ 

�%�%&+&J"+ 
  

���#&J"+
  

�+�=+"!�-
$�&��"+ 

  ��&�=�!#-
@"+ 

  

�+�+D�+>"+ 
  

�%!#%&J"+
  

 
F"%*+""� =%�%;+��% G��>�$�>�# Ra -%=�>�K�J @+- >�;��&�, "%-

=��$&%!:  0,40; !&� �+G�� =%�%;+��#� – =#>&� �#!=��#!"�E� >�;��&� 
"%=��$&%!: Rz 32; Sm0,63; t5070. ��-"%*%K�J>� "%'@#&JG# !�=�>��;# 
-"%*+""� =%�%;+��#� G��>�$�>�#; "%';+"G# �D -"%*+""� "+ �@;+O�-
K�J>�.  =��$&%!# =�-"%*+""� t5070 -%-"%*+"�: �#!"�>"% �=��"% !�-
�O�"% =��/#&K �-70 % =�� �#�"# ��-�#-�*=��/#&K � = 50%. F%=�-
>�K*� !#%=%-�" -"%*+"J =%�%;+��% G��>�$�>�# =��+�D"# ("%'@#&J-
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G�E� # "%';+"G�E�), � =�-"%*+""# -%=�>�K�J �D � !�% ��!$�, "%=��-
$&%!: 

0,080 0,80 50 Rz 0,032 
Rmax 0,32 

t50 70  ��P�. 
 
F"%*+""� !+$#&J$�D =%�%;+��#� G��>�$�>�# =��+�D"# -%=�>�K�J 

-�+�D� �"�- � �%$#' =�>&#!��"�>�# (��>.8.21, %): =%�%;+�� Ra !� 
0,1 ;$;; =%�%;+�� $��$� "+�#�"�>�+' =��/#&K Sm �#! 0,063 !� 
0,040 ;;; "% @%-��#' !��O�"# 0,8 ;;; �#!"�>"% �=��"% !��O�"% 
=��/#&K t50 80 + 10 %. 

	�! �@��@$� =�-"%*%K�J "%! =�&�*$�K -"%$% � G��>�$�>�#. ��-
=�>$%L�J>� >=��P+"+ =�-"%*+""� G��>�$�>�+' - ��-'�>"+""�; '�E� 
� �+D"#*"�D ��;�E%D $�+>&+""� (��>.8.21, @). 

 
!�. 8.21. �������� ��%���
��� ���#��#� ���
����. 

��-"%*+""� G��>�$�>�# =��+�D�"J ��-;#P�K�J "% &#"#�D $�"��-
�� !+�%&#, ��"�>"�D &#"#�D (�$�;�E% @&�O*+ !� ��-;#�"�� &#"#�), "% 
=�&�*$%D &#"#'-��"�>�$, % �$P� "+ ��>�%*%L ;#>,�, !�=�>$%L�J>� ��-
-;#P+""� =�-"%*+"J "% ��-;#�"�D &#"#�D %@� "% �D =��!��O+""� 
(��>.8.22, @, �). 

�+�+�%O%K*% G��>�$#>�J =�-"%*%L�J>� � =�%��;� �+�D"J�;� $�-
�� $�+>&+""�, % �$P� =���#@"� =�-"%*��� �!"%$��� G��>�$#>�J !&� 
*%>��"� =��+�D�"J !+�%&#, �� � !�O$%D >�%�&��J P+ -"%$ G��>�$�>�# 
(��>. 8.22, %). 

�$P� G��>�$#>�J �!"#L� =��+�D"# �#-"% "% �$�+;�D !#&�"$%D, �� 
,# !#&�"$� ��-!#&KK�J >�,#&J"�K ��"$�K &#"#LK # "%"�>��J �#!=�-
�#!"# ��-;#�� # =�-"%*+""� G��>�$�>�# (��>.8.22, E). 

�$P� "% $�+>&+""�D -�@,#�, G&#,#� - +��&J�+"�"�; =��/#&+; "+ 
"%�+!+"� �D =��/#&K, �� G��>�$#>�J =��+�D�"J ,�D !+�%&+' =�-"%-
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*%L�J>� "% !#&�&J"�;� $�&#. 
�&� -;+"G+""� �+���, $��-%""� �% >=�%,K�%""� !�,#&J"� -%>��-

>����%�� !��#&J"�' "%=��; "+�#�"�>�+'. 	�@��%K*� =%�%;+��� Ra # 
Rz, =+�+�%E� >&#! "%!%�%�� Ra, �>$#&J$� �#" !%L =��"#G� �,#"$� G��-
>�$�>�#. 

!�. 8.22. �������� ��%���
��� ���#��#�. 

8.8. !�8�� ��
��8��@ >����������� �	�	������,  
���8������� � Q��������� �	 ����8�	�	�D�� ���	����� 
�	Q�� 

	#!D�&+""� /��;� # �-%L;"�E� =�&�O+""�, G��>�$#>�J # D��&�>-
�#>�J =��+�D�"J !+�%&+' -"%*"� �=&��%K�J "% +$>=&�%�%,#'"# =�$%-
-"�$� ��@��� ;%G�". 	#!D�&+""� E+�;+���*"�D =%�%;+��#� !+�%&+' 
=��-��!��J !� =�>�&+"�E� >=�%,K�%""�, -"�O�K�J "%!#'"#>�J # !�-
�E��#*"#>�J ;%G�". ��D�@$� �-%L;"�E� =�&�O+""� =��+�D�"J !+�%-
&+' �%$�O -"�O�K�J �$#>�J ��@��� -'L!"%"J. 	>�%"��&+"�, P� >=�%-
,K�%""� ,�&#"!�#� @&�$� %���;�@#&J"�D !��E�"#� "% >�%!#� =��=�%-
,K�%""� =��;�=��=��,#'"+ ��%&J"�>�#. �- -@#&JG+""�; ��%&J"�>�# 
E#&J- ,�&#"!�#� =�>�&KL�J>� ���#$%""� E%-#� � $%��+�, P� ��'"�L 
;%>&�"� =&#�$� "% =��+�D"# E#&J- ,�&#"!�#� # =��>$��KL >=�%,K-
�%""�. �%=��$&%!, =�� ��>D#!"#' ��%&J"�>�# !-+�$%&% ,�&#"!�#� 
0,04 ;; �� -"%*+""� -@#&JG�L�J>� !� 0,10... 0,12 ;; =#>&� 400 E�!. 
��@���, % =�� ��%&J"�>�# 0,025 ;; – &�G+ !� 0,05... 0,06 ;;. ��� 
=�*%�$��#' ��%&J"�>�# !��D !��E�"#� 21 # 45 ;; >=�%,K�%""� =#>&� 
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=��@#E� 22000 $; >�%"���&� 31 # 60 ;$;. 
	�>�$% ��*"#>�J ��E����&+""� !+�%&+' !%L -;�E� ��$�"��%�� 

>$&%!%""� - ;+"G�;� =�*%�$���;� -%-��%;� # =#!��P�L "%!#'"#>�J 
# !��E��#*"#>�J ��@��� ;%G�". 

A��&�>�#>�J # G��>�$#>�J � ��D�;�D -'L!"%""�D =��-��!��J !� 
"+�#�"�;#�"�>�# -%-��� # !� -;+"G+""� =&�P# $�"�%$��, % ��O+, -@#-
&JG�K�J =���;�' ��>$, ">D�=&KK�J" �$�+;# "+�#�"�>�# # �����%-
K�J *%>��"$� ;+�%&�, �$#, =���%=&�K*� !� ;%>��&% %$���"� !#K�J # 
-@#&JG�K�J >=�%,K�%""� � =�*%�$���' =+�#�! ��@���. U�; @#&JG+ 
=�*%�$��% G��>�$#>�J �#!�#-"�L�J>� �#! �=��;%&J"��, ��; @#&JG @�-
!+ >=�%,K�%""� � =+�#�! =��=�%,K�%""� (��>.8.23). �� &#"#� ��!�-
"%� �#!$&%!+"� =�$%-"�$� >=�%,K�%""�, =� &#"#� %@>,�> – *%>. ���-
�% 1 =�$%-�L "%��>�%""� >=�%,K�%""� =��+�D"# - =#!��P+"�K G��-
>�$#>�K, % $���% 2 – - �=��;%&J"�K G��>�$#>�K.  =+�#�! =��=�%-
,K�%""� t1 =+�+��P�L >=�%,K�%""� =��+�D"#, �$% ;%L �=��;%&J"� 
G��>�$#>�J. 
=��;%&J"�K G��>�$#>�K ��%O%L�J>� �%$% G��>�$#>�J, 
�$� ;%L;� =#>&� =��=�%,K�%""� # �$% -%@+-=+*�L ;#"#;%&J"+ # �#�"�-
;#�"+ >=�%,K�%""� � =��,+># ����%&�� +$>=&�%�%,#� ;%G�". �%�%;+�-
�� �=��;%&J"�� G��>�$�>�# ��-"%*%K�J>� �$#>�K ;%>��&%, �;��%;� 
��@��� =��+�D�"J !+�%&+', P� ����J>�, �D $�">���$,#LK # ;%�+�#%&�;. 
F;+"G+""� =�*%�$���E� >=�%,K�%""� � =+�#�! =��=�%,K�%""� >=��-
�L -@#&JG+""K =+�#�!� "��;%&J"�� +$>=&�%�%,#� - 1

2t  !� 2
2t . 

	#!D�&+""� �#! $��E&�� /��;� $�&J�$ !#%;+���; 8 ;;, �$+ !��#-
�"KL 0,5 ;;, ��$&�$%L � =#!G�="�$� $�*+""� G�; "% 15...20 !� @#-
&JG�', "#O =�� �#!D�&+""# � 0,125 ;$;. 

�#!&�=�!#@"#>�J ,%=/� # @�*$�=�!#@"#>�J �$&%!�G% =#!G�="�$% 
$��-%""� =��-��!��J !� ��E�, P� �#!�""+ �+��� =���G�L�J>� # $�"-
�%$� >=�&�*+"�D !+�%&+' �#!@��%L�J>� =� "%'@#&JG�D �+�G�"%D "+-
�#�"�>�+' =��+�D�"J. I+ ;�O+ -�;����� "�D�=&+""�" "+�#�"�>�+' #, 
��O+, -@#&JG+""� $�"�%$�"�D "%=��E, P�, � >��K *+�E�, -;+"G�L 
"%!#'"#>�J # !��E��#*"#>�J ��@��� -'L!"%""�. 

�+�#�"�>�#, @�!�*� $�",+"��%���%;� "%=��E, -"�O�K�J ���;-
&K�%"� ;#,"#>�J !+�%&+'. �%$, =�� -;+"G+""# G��>�$�>�# �=%!�"� 
"%�#-%"�� %@� G&#/��%"�� �#-J@� @�&�#� - Ra = 1,0 ;$; !� Ra = 
0,1 ;$; !�=�>��;% E�%"�*"% %;=&#��!% ,�$&� "%=��E -@#&JG�L�J>� 
"% 25...50 %. 
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!�.8.23. "��
���#� #
������$� �
���  
��� ���
�
����$� ����������. 

Y��>�$#>�J =��+�D"# �=&��%L �%$�O "% ���;&K�%"� ;#,"#>�J !+-
�%&+' # "% E+�;+��*"#>�J -'L!"%""�. 	�E&%!O��%""� =��+�D�"J (=#>-
&� ��*#""� %@� G&#/��%""�) %&;%-"�;� $#",+��$%;� - �%!#�>�; 
>/+�� %@� ,�&#"!�% 2...3 ;; "% 25...40% =#!��P�L ���;&K�%"� ;#,-
"#>�J # "% 15...50% >�#'$#>�J !� >=�%,K�%""� !+�%&+' - &+E��%"�D 
>�%&+' (-% �%D�"�$ >����+""� -%&�G$���D "%=��E >��>$� # $�%P�D 
=%�%;+��#� G��>�$�>�#). 

��#'$#>�J =��G"+��D =%&J,#� !��E�"#� ���-64 # �-240, �#!"��-
&+"�D >=�>�@�; �#@�%,#'"�E� !+/��;��%""� � 1,11 �%-#� ��P+, "#O 
>�#'$#>�J =%&J,#�, �#!"��&+"�D >=�>�@�; �+�;#*"�� �@��@$�. 

 "+��D�;�D -'L!"%""�D G��>�$#>�J =��+�D�"J !+�%&+' �=&��%L 
"% �D ;#,"#>�J. ��� -%=�+>����%""# �%&% � ���#� �#!@��%L�J>� *%>�-
$��+ -�#-%""� =��+�D�"J, �"%>&#!�$ *�E� -;+"G�L�J>� !#'>"�' "%��E 
=��#�"�"� - ��-�%D�"$���;. 

�#$��"+�#�"�>�# >=���K�J ��-���$� $���-#� ;+�%&�. �% E��@� 

  

 

t1 t1
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t2
2 
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�@��@&+"�D =��+�D"�D $���-#� ��"�$%L # ��-=��>K!O�L�J>� G��!-
G+. 

�- >$%-%"�E� ��=&��%L, P� �@_��"���%"+ =��-"%*+""� ��*"�>�# L 
�%O&���; /%$����; =#!��P+""� "%!#'>"�>�# # !��E��#*"�>�# ��@��� 
;%G�", �D >���$� >&�O@�. 

+$"!" 9. +$"�?� )'$�&��';&� 3’K�&"&&G 

9.1. %�����	 
������� � ���	
�� �%� 

M!�"� >�>�+;� !�=�>$#� # =�>%!�$ !&� E&%!$�D !+�%&+' # 
-’L!"%"J ��-��@&+"� "% �>"��# ;#O"%��!"�� >�>�+;� !�=�>$#� # =�-
>%!�$ ��
. �#O"%��!"� >�>�+;� ��
 >����+"� !&� ;�O&���� �"#/#-
$%,#� "%,#�"%&J"�D >�>�+; !�=�>$#� # =�>%!�$ - ;+��K -%@+-=+*+""� 
;#O"%��!"�D �+D"#*"�D -�’�-$#�. I� >�>�+;% L !��E�; �%�#%"��; 
;#O"%��!"�� >�>�+;� !�=�>$#� # =�>%!�$ ��� (��� – "%-�% !���L"-
"�� ;#O"%��!"�� ��E%"#-%,#� =� >�%"!%���-%,#�), �$% �D�=�&% ��-;#�� 
� ;+O%D 1...500 ;;. �+�G�' =��+$� ���, -%=��=�"��%"�' E��=�K 
�#;+**�"�, W�%",#�, U+D�>&��%**�"�, Y�+',%�#� # Y�+,#�, @�&� 
�=�@&#$��%"� � 1931 �., �>�%��*"�' – � 1935 �. F% =��",�=%;� =�-
@�!���, �;��"�;� =�-"%*+""�;� # *�>&���;� -"%*+""�;� E�%"�*-
"�D �#!D�&+"J >�>�+;% ��� �#!�#-"�&%>J �#! �>#D "%,#�"%&J"�D >�>-
�+;. 
/#,#'"� �� @�&� �/��;&+"� � 1940 �. � ��E&�!# �K&+�+"� ��� 
\25. 

��>�+;% ��
 _��"��L�J>� "% >�>�+;# ��� # �#!�#-"�L�J>� �#! "+� 
��;, P� =�G��KL�J>� "% ��-;#�� !� 1 ;; # =�"%! 500 !� 3150 ;;, % 
!&� ��-;#�#� 1...500 ;; !�=��"KL�J>� ��*"#G�;� ��!%; !�=�>$#� # 
!+$#&J$�;% "���;� ��=%;� ��-;#P+""� =�&#� !�=�>$#�. 

��>�+;% ��
 L �!"�>����""J�K E�%"�*"�K, �$% !�=�>$%L ��$�-
��>�%""� �$ >�>�+;� ������, �%$ # >�>�+;� �%&�. ���;%&J"% �+;=+-
�%���% ��;#�K�%""� �>�%"��&+"% �#�"�K 20º�. 

 >�>�+;# ��
 �>�%"��&+"� 18 $�%&#�+�#� (>�+=+"#�) ��*"�>�#. 
	�"% =+�+!@%*%L 21 =�&+ !�=�>$#� �%&#� # �����#�. 

�+�+D#! $�%�" "% ;#O"%��!"� >�>�+;� !�=�>$#� # =�>%!�$ =�*%�-
>� � 1932-1936 �. �. 	 "%G *%> >�>�+;% ��
 -%>��>���L�J>� � @%E%-
�J�D $�%�"%D >�#��, �$# "% �>"��# �+$�;+"!%,#' # >�%"!%��#� ��-��@-
&�K�J >��� "%,#�"%&J"# >�%"!%���. 

��>�+;% ��
 � �$�+;�D ��=%!$%D ;�O+ ��$���>�����%��>� =�� 
+$>=&�%�%,#� #;=���"�E� �@&%!"%""� # ����@"�,��# ����@#� -% &#,+-
"-#�;�. 
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9.2. ������� ��8�=���� J
���� ������� 
�������  
� ���	
�� (K%��) 

��>�+;�K !�=�>$#� # =�>%!�$ "%-��%L�J>� >�$�="#>�J ��!#� !�-
=�>$#� # =�>%!�$, -%$�"�;#�"� =�@�!��%"�D "% �>"��# ����@"�*�E� 
!�>�#!� # �/��;&+"�D � ��E&�!# >�%"!%��#�. 

M!�"% >�>�+;% !�=�>$#� # =�>%!�$ (M���) �D�=&KL �%$# 
-’L!"%""� � ;%G�"�@�!��%""#: E&%!$# (,�&#"!��*"# # =&�>$#), $�"#*-
"#, �#-J@��#, G&#,+�#, -�@*%>�# =+�+!%*# �% #". 

M��� >����KL =+�+!�;��� !&� -%@+-=+*+""� � ;#O"%��!"�;� 
;%>G�%@#: �-%L;�-%;#""�>�# !+�%&+', ��-&#� # ;%G�"; �!"%$���E� 
�/��;&+""� �+D"#*"�� !�$�;+"�%,#�; L!�"�E� =%�$� $�"���&J"�-
��;#�K�%&J"�D #">���;+"�#�. F%�!�$� ,J�;� !�>�E%L�J>�: 

1. �#!��P+""� "%!#'"�>�# ;#O"%��!"�� >=+,#%&#-%,#� =�� ����@-
"�,��# ;%G�" # ��-&#�. 

2. �#!��P+""� +/+$���"�>�# =��+$�"�-$�">���$���>J$�D ��@#� 
=� ;#O"%��!"#' >�%"!%���-%,#� � E%&�-# ;%G�"�@�!��%""�. 

3. F%@+-=+*+""� G���$�E� $��=+���%""� � E%&�-#  �+D"#*"�E� 
�>"%P+""�. 

4. �$���*+""� >���$#� =#!E����$� �% ����@"�,��% =��!�$,#� -% 
�+D"#*"�K !�$�;+"�%,#LK, �!+�O%"�K - #"G�D $�%�" ("%=��$&%! -% 
&#,+"-#�;�). 

5. �#!��P+""� $�"$��+"��>=��;�O"�>�# ����@#� �#�*�-"�"�E� 
;%G�"�@�!��%""� "% >�#����;� ��"$� -% �%D�"�$ �D �#!=��#!"�>�# 
��;�E%; ;#O"%��!"�D >�%"!%��#�. 

6. ��&+EG+""� �;�� =��!%O� -% $��!�" &#,+"-#' # �+D"#*"�� !�-
$�;+"�%,#� "% ;%G�"� # =��&%!�. 

7. F"�O+""� ����%� "% +$>=&�%�%,#K #;=���"�E� �@&%!"%""�. 
8. �#!��P+""� +/+$���"�>�# "%�$���-�+D"#*"�E� �@;#"� ;#O 

$�%�"%;�. 
	 "%G#' $�%�"# - 1.01.1980 �. !#L L!�"% >�>�+;% !�=�>$#� # =�>%-

!�$ (M���), �$% =�@�!��%"% - ��%D��%""�; >�>�+;� !�=�>$#� # =�-
>%!�$ ��
 # �/��;&+"% � ��E&�!# >�%"!%��#� �
�� 25346-82 (�� 
��	 145-75) # �
�� 25347 (�� ��	 144-75). 

M��� !&� E&%!$�D !+�%&+' # �D -’L!"%"J ��+!+"� � !#K � "%��!-
"�;� E�>=�!%�>��# "%G�� $�%�"� -%;#>�J E��=� !+�O%�"�D >�%"!%�-
�#�, �$# >�%"��&��J "%,#�"%&J"� >�>�+;� !�=�>$#� # =�>%!�$, �;��;� 
"%-�%"� >�>�+;�K 
��. 3 1977 �. =� 1980 �. =��;�>&��#>�J ���� 




������  ���
�� 

 99

=+�+�+!+"� "% L!�"� >�>�+;� !�=�>$#� # =�>%!�$, �$% �/��;&+"% � 
��E&�!# >�%"!%��#� �
�� 25346-82 # �
�� 25347-83. 

M��� �$&K*%L ��� E��=� =�>%!�$ -%&+O"� �#! ��-;#P+""� =�&#� 
!�=�>$#� ������ # �%&%: =�>%!$� #- -%-���;, =�>%!$� - "%��E�; # =+-
�+D#!"# =�>%!$� (��>.9.1). 

��>%!$� #- -%-���; =���""# ;%�� ;#"#;%&J"�' -%-�� ;#O ����-
��; # �%&�;, �$�' -%@+-=+*�L �#!�""+ �+��� � =��,+># +$>=&�%�%,#� 
-’L!"%""�, % !&� =�+,�-#'"�D =%� – �%$�O ��*"+ ,+"����%""� # �#�-
"�;#�"+ �@+��%""� �%&�.  =�>%!$%D #- -%-���; =�&+ !�=�>$� >����� 
��-;#P+"� "%! =�&+; !�=�>$� �%&%. 


>"��"% ��;�E%, �$% >�%���J>� !� =�>%!�$ - "%��E�;, – ,+ -%@+--
=+*+""� ��*"�E� ,+"����%""� !+�%&+' # =+�+!%* � =��,+># ����%&�� 
+$>=&�%�%,#� -%!%"�E� $���"�E� ;�;+"�� %@� �>J���E� -�>�&&�.  
=�>%!$%D #- "%��E�; =�&+ !�=�>$� �%&% ��-;#P+"� "%! =�&+; !�=�>-
$� ������. 

�+�+D#!"# =�>%!$� !%K�J -;�E� �!+�O��%�� � -’L!"%""# �$ -%-�-
��, �%$ # "%��E� -%&+O"� �#! -"%*+"J E�%"�*"�D ��-;#�#� >=�&�*��%-
"�D !+�%&+'.  =+�+D#!"�D =�>%!$%D =�&� !�=�>$#� ������ # �%&% =+-
�+$���%K�J>�. 

��>%!$� �>#D ��J�D E��= ;�O"% �!+�O%��, -;#"KK*� =�&�O+""� 
=�&#� !�=�>$#� �@�D >=�&�*��%"�D !+�%&+'. ����+ � +$�"�;#*"�;� # 
�+D"#*"�;� �#!"�G+""�D -��*"#G+ �!+�O%�� =�>%!$� -% !�=�;�E�K 
-;#"� =�&�O+""� =�&� !�=�>$�, %@� �%&%, %@� ������. �+�%&J, =�&�-
O+""� =�&� !�=�>$� �$�� -%&+O��J �#! ��!� =�>%!$�, "%-��%L�J>� �>"�-
�"�K !+�%&&K >�>�+;�.  >�>�+;# !�=�>$#� # =�>%!�$ �>"��"�;� !+�%-
&�;� L ������ # �%&�. 
>"��"% !+�%&J – ,+ !+�%&J, =�&+ !�=�>$� �$�� L 
@%-���; !&� �����+""� =�>%!�$. 
>"��"�' ���#� – ,+ �%$�' ���#�, "�-
O"L �#!D�&+""� �$�E� !��#�"KL "�&K, ��@�� 6& = 0. 
>"��"�' �%& – ,+ 
�%&, � �$�E� �+�D"L �#!D�&+""� !��#�"KL "�&K, ��@�� es = 0. 

A%�%$�+��>��$�K ��-;#P+""� =�&� !�=�>$� M��� L -"%$ # *�>-
&��+ -"%*+""� �>"��"�E� �#!D�&+""�. 
>"��"�; �#!D�&+""�; ��%-
O%L�J>� �+, - !��D E�%"�*"�D �#!D�&+"J ��-;#�� (�+�D"J�E� %@� "�-
O"J�E�), �$+ L @&�O*�; !� "�&J���� &#"#�. 


>"��"# �#!D�&+""� �����#� �#�"# -% %@>�&K�"�; -"%*+""�; # 
=����&+O"# -% -"%$�; �>"��"�; �#!D�&+""�; �%&#�, �$# =�-"%*%K�J 
�#LK >%;�K &#�+��K, ��@�� esEI 	� , =�� �>"��"�D �#!D�&+""�D �#! G 
!� � # e�ES 	�  =�� �>"��"�D �#!D�&+""�D �#! & !� ZC. I+ =�%��&� 
/��;�&KL�J>� �%$: �>"��"# �#!D�&+""� ������ # �%&%, �$# =�-"%-
*%K�J>� �#LK >%;�K &#�+��K L >�;+���*"�; �#!"�>"� "�&J���� &#"#�. 
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F ,J�E� =�%��&% L ��"���$ – !&� �����#� ��-;#��; =�"%! 3 ;; - 
�#!D�&+""�;�   I, K, M i N !� $�%&#�+�� 8 # - �#!D�&+""�;�  !… ZC 
!� $�%&#�+�� 7 �$&K*"�. �&� "�D �>�%"��&+"� =�%��&�: ES e�� 	 � � , 
!+ 1n nIT IT 	� � 	  – �#-"�,� ;#O !�=�>$�; ��-E&�!��%"�E� $�%&#�+�� # 
!�=�>$�; "%'@&�O*�E� ��*"�E� $�%&#�+�� (!�!%��$ 2). 

���� �$&K*%L !�% ��!� =�>%!�$: � >�>�+;# ������ # � >�>�+;# 
�%&%. ��>�+;�K ������ "%-��%L�J>� �%$% >�>�+;%, � �$#' =�>%!$� 
�����KK�J>� -'L!"%""�; �#-"�D �%&#� - �>"��"�; ������; (��>.9.2, 
%). ��>�+;�K �%&% "%-��%L�J>� >�>�+;%, � �$#' =�>%!$� �����KK�J-
>� -'L!"%""�; �#-"�D �����#� - �>"��"�; �%&�; ( ��>.9.2, @). 

��-;#P+""� =�&#� !�=�>$#� �#-"�D E��= =�>%!�$ � �$%-%"�D >�>-
�+;%D =�$%-%"� "% ��>. 9.3 # 9.4. 

������: % %�%����, �
�
�����, % ��#�$�� 

 
�) 

������: % %�%����, �
�
�����, % ��#�$�� 

 
�) 

9.2. *�#
�� ������: � – �#
�� �#����; � – �#
�� ���� 
��>�+;% !�=�>$#� # =�>%!�$ �>�%"��&KL *����� !#%=%-�"� "�;#-

"%&J"�D ��-;#�#�: !� 1 ;;; �#! 1 !� 500 ;;; =�"%! 500 !� 3150 ;;; 
=�"%! 3150 !� 10000 ;;. �%$�' ��-=�!#& !%L -;�E� ��%D��%�� >=+-
,�/#*"# �>�@&���>�# �����+""� =�>%!�$ � �#-"�D !#%=%-�"%D ��-;#-
�#� -’L!"%"J. ���=� ��-;#�#� >$&%!%K�J>� - �>"��"�D # =��;#O"�D 
#"�+��%&#�. ��-;#�� !� 1 ;; -E��=��%"� � ��� #"�+��%&�: !� 0,1 ;;; 
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=�"%! 0,1 !� 0,3 ;; # =�"%! 0,3 !� 1 ;;. ��-;#�� 1...500 ;; ;%K�J 
13 #"�+��%&#� (�#! 1 !� 3 ;;; =�"%! 3 !� 6 ;;; =�"%! 6 !� 10 ;;...; 
=�"%! 400 !� 500 ;;). ��*�"%K*� - 10 ;; �>"��"# #"�+��%&� !�!%�-
$��� ��-=�!#&�K�J>� "% =��;#O"# (10... 14 ;;; 14... 18 ;; ��P�). 
��-;#�� =�"%! 500 !� 3150 ;; =�!#&+"� "% 8 �>"��"�D # 
16 =��;#O"�D #"�+��%&#�, % ��-;#�� =�"%! 3150 !� 10000 ;; – "% 
5 �>"��"�D # 10 =��;#O"�D. ���;#O"# #"�+��%&� ��+!+"� !&� �#!D�-
&+"J, P� �����KK�J =�>%!$� - �+&�$�;� -%-��%;� # "%��E%;� !&� 
�!+�O%""� -’L!"%"J - @#&JG �#�"�;#�"�;� -%-��%;� # "%��E%;�. 

 
 
 
 
 
 
 
 
 
 
 
 
 

!�. 9.3. !�%�� ������ � �#
�� �#���� 
 
 
 
 
 
 
 
 
 
 

!�. 9.4. !�%�� ������ � �#
�� ���� 
F =�%$��*"�� !#�&J"�>�# �#!�;�, P� #- -@#&JG+""�; ��-;#�� 

>$&%!"#G+ !�>�E�� =���#@"�� ��*"�>�# ��E����&+""�, ��@�� -@#&J-
G�K�J>� =�D�@$� �@��@$�. 	"%>&#!�$ ��;#�K�%""� !+�%&+', �$# ��-
E����&�K�J>� =#! �!�" "�;#"%&J"�' ��-;#� # �#-"�;� ��!%;� �@��-
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@$�, �>�%"��&K�%&� ;+O# ��->#�""� # -"%D�!�&� =�&+ ��->#�""� ��-
-;#�#� V. �% �>"��# �!+�O%"�D !%"�D @�&� =�@�!��%"# $���# 
(��>.9.5), �$# D%�%$�+��-�K�J -%&+O"#>�J =�D�@�$ �@��@$� �#! !#%-
;+���. �"%&#- �!+�O%"�D -%&+O"�>�+' >�#!*��J =�� �+, P� =�&� ��-
->#�""� L �#-"�;� !&� �#-"�D >=�>�@#� �@��@$�. �%=��$&%!, =�� �!-
"�;� -"%*+""# !#%;+��% =�&+ ��->#�""� =�� ��"$#' �@��*,# L -"%*"� 
@#&JG�;, "#O =�� ��"$�;� G&#/��%""#. �&+ !&� �>#D >=�>�@#� �@��-
@$� D%�%$�+� $����D, % ��O+, # -%&+O"#>�J =�&� ��->#�""� �#! !#%;+-
��% =#!&�E%L �%$#' -%&+O"�>�#: 

xV c d� ,     (9.1) 
!+  – $�+/#,#L"�, �$�' -%&+O��J �#! >=�>�@� �@��@$�; � = 

2,5...3,5 – �+&�*�"%, �$% -;#"KL�J>�. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!�. 9.5. "��
���#� ������� ������� ��� ����
#��:  
1 – ������� �������; 2 – #���� �������; 3 – #���� �������; 

 4 – #���
 ���(������. 
I# !%"# =�$&%!+"� � �>"��� =�@�!��� L!�"�� >�>�+;� !�=�>$#� # 

=�>%!�$, !+ -%&+O"#>�J !�=�>$� �#! "�;#"%&J"�K ��-;#�� ���%O%-
L�J>� �!�"�,+K !�=�>$�. �&� ��-;#�#� !� 500 ;; �!�"�,� !�=�>$� � 
� ;$; ��-"%*%L�J>� -% �%$�K -%&+O"#>�K: 

30,45 � �� D D� � .    (9.2) 
 

d, ;; 

V,;$; 

1

2

3

4
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�&� ��-;#�#� =�"%! 500 !� 10000 ;; �!�"�,� !�=�>$� � !��#�-
"KL: 

0,004 2,1�� D� � ,    (9.3) 
!+ D� – >+�+!"L E+�;+���*"+ E�%"�*"�D -"%*+"J #"�+��%&� � ;;, 

�$+ ��-"%*%L�J>� -% /��;�&�K: 
� min masD D D� � .    (9.4) 

���=+"# ��*"�>�# � ���� "%-��%K�J $�%&#�+�%;� (�#! "#;+,J$�E� 
Qualität  – �$#>�J). ��%&#�+� D%�%$�+��-�L >$&%!"#>�J �!+�O%""� ��--
;#�� "+-%&+O"� �#! '�E� -"%*+"J. 	>J�E� � L!�"#' >�>�+;# !�=�>$#� # 
=�>%!�$ =+�+!@%*%L�J>� 19 $�%&#�+�#�, �$# =�-"%*%K�J>� =���!$���; 
"�;+��;, P� -��>�%L #- -@#&JG+""�; !�=�>$�: 01; 0; 1...; 17. ��;+�� 
01 # 0 �#!=��#!%K�J !��; "%'��*"#G�; $�%&#�+�%;, �$# ���!��J>� � 
>�>�+;� ��
 �O+ =#>&� ��E�, �$ -’����>� =+�G�' $�%&#�+�. 

�$���*+"� !�=�>$ -% �!"�; #- $�%&#�+�#� =�-"%*%L�J>� &%��">J-
$�;� &#�+�%;� &� # "�;+��; $�%&#�+��. �%=��$&%!, &�9 �-"%*%L !�-
=�>$ -% !+�’���; $�%&#�+��;. 

��=�>$ ���%O%L�J>� =+�"�; =�>�#'"�; !&� !%"�E� $�%&#�+�� *�-
>&�; �!�"�,J !�=�>$� �, �$+ "%-��%L�J>� $�+/#,#L"��; ��*"�>�#: 

2
&�� � .      (9.5) 

F"%*+""� D�, � # � "%�+!+"� � �%@&�,�D 9.1. # 9.2 
������� 9.1. "���
��� D" #� # ��� ��%��� ��#
������ ��%����� 

������	8�  
��������, �� 

%���
�J >��������-
�� ��	�����, �� 

�
����  

������, ��� 

	#! 1 !� 3 1,73 0,54 
��"%! 3 !� 6 4,24 0,73 

	#! 6 !� 10 7,75 0,89 
��"%! 10 !�18 13,4 1,09 

	#! 18 !� 30 23,2 1,3 
��"%! 30 !� 50 38,7 1,54 

	#! 50 !� 80 63,2 1,84 
��"%! 80 !� 120 97,8 2,2 

	#! 120 !� 180 147 2,5 
��"%! 180 !� 250 212 2,9 

	#! 250 !� 315 281 3,2 
��"%! 315 !� 400 355 3,5 

	#! 400 !� 500 447 3,84 
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������� 9.2. %���
��� ��
(���A�# #����#� % 
?�	8���� ?��<��J�� �������� 

�� 5 7 

�� 6 10 

�� 7 16 

�� 8 25 

�� 9 40 

�� 10 64 

�� 11 100 

�� 12 160 

�� 13 250 

�� 14 400 

��15 640 

��16 1000 

��17 1600 
 
��� !%"�D $�%&#�+�#� �% #"�+��%&# "�;#"%&J"�D ��-;#�#� -"%*+""� 

!�=�>$� L =�>�#'"�; !&� ��-;#�#� @�!J-�$�D +&+;+"�#� (�%&#�, �����#�, 
�>��=#�, ��P�) # � @�!J-�$�D =�&�D !�=�>$#�. �"G�K �>�@&��#>�K !�-
=�>$#� -% M��� L �+, P� =�*�"%K*� - =’���E� $�%&#�+��, !�=�>$ =#! 
*%> =+�+D�!� !� "%>��="�E�, E��@#G�E� $�%&#�+�� -@#&JG�L�J>� "% 
60%. U+�+- $�O"# =’��J $�%&#�+�#� !�=�>$� -@#&JG�K�J>� =��@&�-"� � 
10 �%-. I+ =�%��&� !%L -;�E� ��-���%�� >�>�+;� � "%=��;# E��@#G�D 
$�%&#�+�#�. 

�%=��$&%! &� 19 = 10 &� 14; &� 18 = 10 &� 13. 
�%��"# ;+��!� �@��@$� !%K�J ;�O&��#>�J !#>�%�� =+�"� ��*-

"#>�J ��E����&+""�, ��@�� $�%&#�+� (�%@&. 9.3).  !�O$%D -%-"%*%-
K�J>� ;�O&��# E�%"�,# $�&��%""� !�>�O"�D $�%&#�+�#�. 
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������� 9.3 5
#��� �������, ��� ���#� ��%�� #����#� ��$�#���
��� 
?�	8����� 

������ !	8� 
����
� �F��F�� 

1 2 3 
5...6 4...5 Y&#/��%""� $��E&+, ��"$+; =�&#���%""� ��"$+; =�����$% ��-

"$%; D�"#"E��%""� ,�&#"!�#� (6,7); >�=+�/#"#G��%""�; %"�!-
"�-;+D%"#*"+ G&#/��%""� =����� �*"+ (5,6) 

7...8 6...7 
@��*��%""�, ��-��*��%""� ��"$+ (%&;%-"+), *�>���+ (6...9); 
��-�+��%""� *�>���+, ��"$+ (6,7); =����E��%""� *�>���+; �@-
��@"+; G&#/��%""� $��E&+ *�>���+, ��"$+; =����E��%""� *�>-
���+ (7...9); $%&#@���%""� �����#� $�&J$�K %@� �=�%�$�K =#>-
&� ��-��*��%""� %@� ��-�+��%""�; �@$�*��%""� %@� ��-$�*�-
�%""� ��&�$%;� %@� $�&J$%;� (6...9); =�&#���%""� -��*%'"+; 

D�"#"E��%""� =&�P�", &%=#"E��%""� =�=+�+!"L # >+�+!"L; 
%"�!"�-;+D%"#*"+ G&#/��%""� *��"��+ (6..9), *�>���+; +&+$-
���=�&#���%""� !+$��%���"+ (6...9); +&+$���;+D%"#*"+ ��*#"-
"� -��*%'"+ (6...9), *�>���+; +&+$���;+D%"#*"+ ���#�"K�%""�

9 8...9 ����E%""� ��"$+; /�+-+���%""� ��"$+; �@��*��%""� =�=+�+-
*"�K =�!%*+K ��"$+ (8...11); ��-�+��%""� "%=#�*�>���+ (9,10
!&� *%��"� 8) =����E��%""� "%=#�*�>���+; G%@�+""� ��"$+; 

>&K>%�"% �@=�&��$% (9...11); G&#/��%""� $��E&+ "%=#�*�>��-
�+ (8...11); $%&#@���%""� �����#� $�&J$�K %@� �=�%��K =#>&� 

>�+�!&#""�. 
10 10 F+"$+���%""� *�>���+ (10,11) 
11 11 ����E%""� (11..13), /�+-+���%""� G��!$#>"+ *�>���+ 

(11..13); �@��*��%""� =�=+�+*"�K =�!%*+K *�>���+ (11..13);
�@��*��%""� G��!$#>"+; =#!�#-$% ���,#� (11...13); G%@�+""� 

E��@+; &���� =� ��=&%�&K�%"�D ;�!+&�D – !�#@"# !+�%&# - *�-
�"�D ;+�%&#� (11...13). 

13 12 ����E%""� *��"��+ (12...14); !��@%""� *�>���+; /�+-+���%"-
"� *��"��+ (12...14); �@��*��%""� =��-!��O"J�K =�!%*+K 

"%=#�*�>���+ (12...14); >�+�!&+""� @+- $�"!�$���% (12...14); 
��->�+�!&K�%""� (12...14); -+"$��%""� *��"��+; ��-��*��%"-
"� "%=#�*�>���+ (12...14); &���� � �@�&�"$��# /��;� – !+�%&#

#- *��"�D ;+�%&#� (12...14) 
14...17 14...17 ����;%��*"+ E%-��+ �#-%""� (15...17); �#!�#-%""� "�O�,�;� #

=�&$%;� (15...17); �#!�#-%""� �#-,+; # /�+-�K (14...16); !��-
@%""� *��"��+ (14...15); �@��*��%""� =�-!��O"J�K =�!%*+K
�@!��"+ (16,17), "%=#�*�>���+ (14,15); ��-��*��%""� *��"��+
(15..17); &���� � =#P%"# /��;� – *��"# ;+�%&� (14..16); &����
� =#P%"# /��;� – $�&J����# >=&%�� (16,17); &���� � $�$#&J –
*��"# ;+�%&� (14...16); �#!,+"����+ &���� (15); E%��*+ $��%"-

"� � G�%;=%D (14....17). 




������  ���
�� 

 107

9.3. /�������� ���	
�� � �%�� 

��O"+ - �>"��"�D �#!D�&+"J ��-"%*%L =�&�O+""� =�&� !�=�>$� 
�#!"�>"� "�&J���� &#"#�. F"%*+""� !��E�E� E�%"�*"�E� �#!D�&+""� 
-%&+O��J �#! �+&�*�"� !�=�>$� ��-;#��, ��@��: 

ei es IT ; es ei IT .� 	 � �      (9.6) 
EI ES IT ; ES EI IT .� 	 � �      (9.7) 


>"��"# �#!D�&+""� >�%"!%���-�K�J>�, =�-"%*%K�J>� &%��">J-
$�K &#�+��K – ;%&�K !&� �%&#� # �+&�$�K !&� �����#�. ��-"%*+""� 
��@&��J>� � %&/%�#�"�;� =���!$�, =�*�"%K*� �#! �#!D�&+"J, �$# !%-
K�J -;�E� �!+�O%�� "%'@#&JG# -%-��� � -’L!"%""# (�#!D�&+""� �, G). 
M !�!%�$��# �>"��"# �#!D�&+""�, �$# -"%D�!��J>� � =��;#O"�D =�&�-
O+""�D ;#O !��;% >�>#!"#;� �#!D�&+""�;�; ��"� =�-"%*%K�J>� >=�-
&�*+""�; &#�+� >�>#!"#D �#!D�&+"J. �%=��$&%!, �#!D�&+""� cd ��--
;#P�L�J>� ;#O �#!D�&+""�;� * i D. 	#!D�&+""� ;�O��J -"%D�!���>� 
-% �#!D�&+""�; z i =�-"%*%��>� - �!"#LK i- =�*%�$���D &#�+� %&/%�#�� 
(=�>&#!��"� �, �,  i �. !.). �%=��$&%!: za, zb, zc i �. !. 

�#�+��K h =�-"%*%K�J �+�D"L �#!D�&+""� �%&%, �$+ !��#�"KL "�-
&K (�>"��"�' �%&), % &#�+��K � – "�O"L �#!D�&+""� ������, �$+ !�-
�#�"KL "�&K (�>"��"�' ���#�). 

�D+;� �#!"�>"�E� ��-;#P+""� =�&#� !�=�>$#� !&� !%"�E� #"�+�-
�%&� !#%;+��#� "%�+!+"� "% ��>. 9.6. 

 >�>�+;# ������ �>"��"# �#!D�&+""� �#! � !� h =��-"%*%K�J>� 
!&� �����+""� =�&#� !�=�>$#� �%&#� � =�>%!$%D #- -%-���;: �#! �s !� n 
– !&� �����+""� =�&#� !�=�>$#� �%&#� � =+�+D#!"�D =�>%!$%D (�$ 
=�%��&�); �#! � !� z – !&� "+��D�;�D =�>%!�$. 

 >�>�+;# �%&% �>"��"# �#!D�&+""� �#! G !� � �����KK�J =�&� 
!�=�>$#� �����#� � =�>%!$%D #- -%-���;, �#! Is !� N – � =+�+D#!"�D 
=�>%!$%D �#! ! !� Z – � =�>%!$%D - "%��E�;. �#�+�%;� �s # Is =�-"%*%-
K�J >�;+���*"+ ��-;#P+""� =�&� !�=�>$� �#!"�>"� "�&J���� &#"#�. 
 ,J�;� �%-# *�>&��# -"%*+""� �+�D"J�E� # "�O"J�E� �#!D�&+"J L 
�!"%$���;� # ��-"%*%L�J>� -%&+O"� �#! !�=�>$� ($�%&#�+��), % �>"�-
�"�; =�� @�!J-�$�;� !�=�>$� L (�$ ��"���$) >+�+!"L �#!D�&+""�, 
P� !��#�"KL "�&K. 

��&� !�=�>$#� � ���� �����KK�J>� -’L!"%""�; �>"��"�E� �#!-
D�&+""� (D%�%$�+��>��$% ��-;#P+""�) # $�%&#�+�� (�+&�*�"% !�=�>-
$�). 

�%=��$&%! h6, d10 (!&� �%&#�) # H6, D10 (!&� �����#�). 
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!�. 9.6. ,������ �����
��� ����� ������� 
 ��� ����$� ��#
����� ����
#���. 

 M��� =�>%!$� "+ ;%K�J >=+,#%&J"�D "%-�. ����KK�J>� ��-
"� -'L!"%""�; =�&� !�=�>$� ������ # =�&� !�=�>$� �%&%, �;��"� =�-
-"%*%K�J>� � ��E&�!# !��@�: � *�>+&J"�$� – =�&+ !�=�>$� ������, � 
-"%;+""�$� – =�&+ !�=�>$� �%&%. �%=��$&%!: 

8 8 8 8
7 77 7

H F H F; ; ��� ;f h .f h  
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	�$���>�%""� �>#D �>"��"�D �#!D�&+"J # $�%&#�+�#� !%L -;�E� 
�!+�O%�� 490 =�&#� !�=�>$#� !&� �%&#� # 489 !&� �����#�. �%$# G���-
$# ;�O&���>�# �����+""� =�&#� !�=�>$#� -%@+-=+*�K�J -%>��>��%""� 
M��� � �#-"�;%"#�"�D ��=%!$%D, P� L �%O&���K �>�@&��#>�K ,#L� 
>�>�+;�. ����+ "% =�%$��,# ��$���>�%""� �>#D =�&#� !�=�>$#� "+ 
+$�"�;#*"�, �>$#&J$� ��;%E%L "%!;#�"�E� -@#&JG+""� =�>%!�$ # 
>=+,#%&J"�E� �+D"#*"�E� �>"%P+""�. 

�
�� 25 347-82 �>�%"��&KL �>"��"�' "%@#� =�&#� !�=�>$#�: 
72 =�&� !�=�>$� !&� �����#� # 80 =�&#� !�=�>$#� !&� �%&�. ��#; ��E� 
L !�!%�$���' "%@#� - 32 =�&#� !�=�>$#� �����#� # 34 =�&#� !�=�>$#�. 
X�E� ;�O"% -%>��>����%�� �#&J$� � +$�"�;#*"� �@_��"���%"�D ��-
=%!$%D. 

	>�%"��&+"�' "%>��="�' =���!�$ ��@��� =�&#� !�=�>$#�. 	 =+-
�G� *+�E� ��$���>����K�J =+�+�%O%K*# =�&� !�=�>$#�. �$P� "+-
;�O&��� ��$���>�����%""�; =+�+�%O%K*�D =�&#� !�=�>$#� -%@+--
=+*��� $�">���$���"# # �+D"�&�E#*"# ��;�E�, ��+@% ��$���>�����%-
�� =�&� !�=�>$#� #- �>"��"�E� "%@���.  !+�$�D ��=%!$%D !�=�>$%-
L�J>� -%>��>����%�� !�=�;#O"# =�&� !�=�>$#�. 

��>�+;% !�=�>$#� # =�>%!�$ =+�+!@%*%L �!"%$��� �+;=+�%���� 
!&� $�"���&J��%"�D !+�%&+' (+20°�) # -%>�@#� ��;#�K�%"J.  &%@�-
�%���#�D =���#@"� =#!���;��%�� �+;=+�%���� 20±2°�.  ,+D���D 
�;��%D, !+ =#!���;��%�� =�>�#'"� �+;=+�%���� >$&%!"#G+, =�� ��*-
"�D ��;#�K�%""�D =���#@"� �@*�>&��� �+&�*�"� =�D�@$� ��;#�K-
�%""� Fl (;;), !� �$�� =��-��!��J �+;=+�%���"# �#!D�&+""� # �#-"�-
,K $�+/#,#L"�#� &#"#'"�E� ��-G��+""�: 

1 1 2 2l l( t t )� � � 	 �� � ,     (9.8) 
!+ l – ��;#�K�%"% �+&�*�"%; 1 2i� �  – $�+/#,#L"�� &#"#'"�E� ��-

-G��+""� ;%�+�#%&� !+�%&# �% ��;#�K�%&J"�D -%>�@#�; 1 120t ( t )� � 	� - 
�#-"�,� ;#O "��;%&J"�K �+;=+�%����K # �+;=+�%����K !+�%&#; 

2 220t ( t )� � 	� - �#-"�,� ;#O "��;%&J"�K �+;=+�%����K # �+;=+�%��-
��K ��;#�K�%""�. 

9.4. ����	����� ��8�� 
������� � ���	
�� �	 ����8����� 


��#� � >�>�+;# �%&� # >�>�+;# ������ =�-"%*%L�J>� �#!=��#!"�-
;� �#!D�&+""�;�: G, ,, *,... # �, �, .... (��>.9.7). 

����! - �#!D�&+""�; -%-"%*%L�J>� �#!=��#!"�' $�%&#�+�. ��%"�-
*"# �#!D�&+""� "% $�+>&+""�D ��$�"�K�J>� �!"�; #- ��J�D >=�>�@#� 
(��>.9.8), "%"�>�*�: 
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�;��"# =�-"%*+""� =�&#� !�=�>$#�; 
-"%*+""� E�%"�*"�D �#!D�&+"J; 
�;��"# =�-"%*+""� =�&#� !�=�>$#� # -"%*+""� E�%"�*"�D �#!D�-

&+"J, �$# ��-;#P�K�J =���! � !�O$%D. 

 
!�. 9.7. ��%���
��� �
#��
' 

 
!�. 9.8. *����� ���

��� ������
�� 
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����! - �;��"�;� =�-"%*+""�;� =�&#� !�=�>$#� -"%*+""� E�%-
"�*"�D �#!D�&+"J -%=�>�K�J �@��’�-$��� � ��D ��=%!$%D, $�&� �#!-
D�&+""� =��-"%*%K�J>�: 

- "% ��-;#�� %@� +&+;+"�� -’L!"%"J >=+,#%&J"�D ��!#� – =�>%!$� 
=#!G�="�$#� $�*+""�, G=�"$���D =%-#� �% #". (��>.9.9, %); 

- "% ��-;#�� �>��=#� - "+>�;+���*"�; =�&+; !�=�>$� (��>.9.9, @); 
- "% ������, �$# �@��@&�K�J>� � >�>�+;# �%&% (��>.9.9, �). 
�$P� �$�+;# !#&�"$� =��+�D"# - �!"�; "�;#"%&J"�; ��-;#��; 

=���""# ;%�� �#-"� ��*"#>�J, �� ,# !#&�"$� !#&��J ��"$�K &#"#LK # 
-%-"%*%K�J ��*"#>�J �@��@$� $�O"�� !#&�"$� (��>.9.9, E). ��%"�*"# 
�#!D�&+""�, �$# L E��@#G�;� �!�"%!,���E� $�%&#�+�� # �#!"�>��J>� 
!� @%E%�� �%-#� =�����K�%"�D ��-;#�#�, -%-"%*%K�J "% =�&# $�+>-
&+""�. �%=��$&%!: “�+-%-"%*+"# E�%"�*"# �#!D�&+""� ��-;#�#�: 
�����#� �14, �%&#� h14, �+G�% + IT 15/2.” 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
!�. 9.9 �������� ���

��� ��%�����, ����� ������� � ������
�� 

%) @)

�)

E) 



	��
�� �� 

 112 

9.5. ������� ��8���� �	 �	8�� �������� 

��-;#�� ;+"G# 1 ;; "%&+O%�J !� ;%&�D, % @#&JG# 500 ;; – !� 
�+&�$�D. �&� ��-;#�#� �#! 500 !� 10 000 ;; �>�%"��&+"� �%$�O 
19 $�%&#�+�#� (01; 0; 1; 2;...17). ��=�>$� 5...17 $�%&#�+�#� ��-"%*%K�J 
-% -%&+O"�>��;�: 

T a i� � ,      (9.9) 
!+ � – *�>&� �!�"�,J !�=�>$�. 
	 $�%&#�+�%D &�01, &�0 � &�1 *�>&� �!�"�,J !�=�>$� �#!=��#!"� 

!��#�"KL 1; 1,41; 2. ��=�>$� $�%&#�+�#� &�2, &�3 # &�4 "%@&�O+"� L 
*&+"%;� E+�;+���*"�� =��E�+>#� ;#O !�=�>$%;� &�1 # &�5. 

�&� �+&�$�D ��-;#�#� �!�"�,� !�=�>$� ��-"%*%L�J>�: 

0 004 2 1HI , D ,� � ,     (9.10) 

�&� ��-;#�#� ;+"G+ 1 ;; -@#&JG+"� -%E%&J"� $#&J$#>�J !�=�>$#� 
� =��#�"�""# - =�&�;� !�=�>$#� !&� ��-;#�#� �#! 1 !� 500 ;;. 

�&� ��-;#�#� =�"%! 500 !� 10 000 ;; �>�%"��&+"� ;+"G� $#&J-
$#>�J =�&#� !�=�>$#�, "#O !&� ��-;#�#� 1...500 ;;. �+�+�%O%K*# =�&� 
!�=�>$#� "+ ��!#&+"#. 

+$"!" 10. �%&�!' ��#�"�/&?/ � !'M��/ ��%"��? 
� %(/��&�! (�;&�%(� 

10.1. !�F�� ������� ���	
��, ��	8����� � ��
� ���	
�� 

�#-"�;%"#�"# =�>%!$� ;�O��J @��� =��-"%*+"# $�">���$����; � 
>�>�+;# ������ %@� >�>�+;# �%&�. 
@�!�# >�>�+;� L �#�"�=�%�"�;�. 
�&� ��@��� -’L!"%""� "+ ;%L -"%*+""�, � �$#' >�>�+;# ��E����&+"� 
>=�&�*+"# !+�%&#. 	�@#� >�>�+;� ��-"%*%L�J>�, �$ >$&%!"#>�K ��E�-
���&+""� (>$&%!%""�) !+�%&+', �%$ # �%��#>�K ��E����&+""�. ����+ 
>�>�+;% ������ -%>��>���L�J>� *%>�#G+ - �%$�D =��*�": 

- =���#@"� ;+"G+ "�;+"$&%���� �#O�*�D #">���;+"�#� (>�+�!+&, 
=����O�$, ��-�+���$ ��P�); 

- L ;�O&��#>�J �@#'��>� ;+"G�K $#&J$#>�K ��;#�K�%&J"�E� #"-
>���;+"�� ($%&#@�� – =��@$�, ;#$��;+���*"# �% #"!�$%���"# "����-
;#�� ��P�). 

>+ ,+ ��@��J !+G+�G�; ����@"�,��� # �+;�"� ;%G�", %E�+E%-
�#�, ��-&#�. ��;� >�>�+;% ������ L +$�"�;#*"� ��E#!"%. 

��>�+;% �%&% �@��’�-$��� -%>��>���L�J>� � �%$�D ��=%!$%D: 
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1.  $�">���$,#�D, $�&� �%&� ��E����&�K�J>� #- =���$���E� ;%-
�+�#%&� @+- ;+D%"#*"�� �@��@$� =�>%!�*"�D ;#>,J. 

��� "%��"�>�# !��E�D �%&#�, % �%$�O ���@*%>��D !+�%&+', �>�@-
&��� ��!#, $�&� "% �$�+;�D !#&�"$%D �%&% �!"�E� "�;#"%&J"�E� ��--
;#�� "+�@D#!"� ��-;#>���� !+�%&# - �#-"�;� =�>%!$%;� (��>.10.1). 
�%$, � -’L!"%""# “@�@�G$% =��G"� – =��G"+��' =%&+,J” =���"+" 
@��� "%��E, % � -’L!"%""# “���&$% �+�D"J�� E�&��$� G%��"%” ;%L @�-
�� -%-��. [�@ �!+�O%�� � @�@�G$%D "%��E, !#%;+�� =%&J,� � -�"# 
@�@�G�D =���"+" @��� @#&JG�; �#! "�;#"%&J"�E� ��-;#��. �&� 
�!+�O%""� -%-��� ;#O ���&$�K �+�D"J�� E�&��$� G%��"% # =%&J,+; 
=���#@"� !#%;+�� �>�%""J�E� ��$�"%�� ;+"G�; �#! "�;#"%&J"�E�. 
I+ �-"%*%L, P� =��G"+��' =%&+,J @�!+ >��=#"*%>��;, ��@�� "% $#"-
,�D �#" ;%��;+ !#%;+�� @#&JG�', "#O � >+�+!"#' *%>��"#. �#! *%> 
>$&%!%""� =��G"+��' =%&+,J, =��D�!�*� =����P+"� *%>��"�K *+-
�+- ���&$� �+�D"J�� E�&��$� G%��"% ;+"G�E� !#%;+��%, ��-!%>�J ��, # 
-%-�� -@#&JG��J>�. I+ -;+"G��J !��E��#*"#>�J ��@��� !%"�E� 
-’L!"%""�. � � >�>�+;# �%&% =��G"+��' =%&+,J =� �>#' !��O�"# ;%-
��;+ �!�" # ��' >%;�' !#%;+�� #, =��D�!�*� *+�+- ���&$�, "+ >=�-
������J D%�%$�+�� =�>%!$� -’L!"%""�. 

 
!�. 10.1. ������� %�#������� �#
�� ���� ��� ����
��: 
 �#���� �
������ $������ ��#��� – �����
��' ���
�� � ������  

������ – �����
��' ���
��. 
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2.  ��=%!$� -%>��>��%""� >�%"!%��"�D -’L!"%"J !+�%&+' # ��--
&#�, ��$�"%"�D -% >�>�+;�K �%&%. �%=��$&%!, � -’L!"%""�D -��"#G-
"#D $#&+,J =#!G�="�$#� $�*+""� - �����%;� $��=�>#� ;%G�", G=�-
"�$ -% =%-%;� � ���&,# # "% �%&� ��P�. 

�$P� � %�����%$���"#' =��;�>&���>�# -!+@#&JG�E� -%>��>���-
L�J>� >�>�+;% ������, �� � >#&J>J$�E�>=�!%�>J$�;� ;%G�"�@�!�-
�%""# =+�+�%O%L >�>�+;% �%&%. 

�#! *%> ��E����&+""� -’L!"%"J =��%""� ��@��� ��*"�>�# ��E���-
�&+""� !+�%&+' "%@��%L =+�G�*+�E���E� -"%*+""�. �$P� ��@��%�� 
E��@#G�' $�%&#�+�, �� =�E#�G�L�J>� �$#>�J ��@��� !%"�E� -’L!"%""�, 
�$P� ��P�' $�%&#�+�, �� -@#&JG�L�J>� �%��#>�J ��E����&+""�. 

��� ��@��# $�%&#�+�#� "+�@D#!"� ��%D����%�� �%! /%$���#�: 
1. �+D"#$�-+$�"�;#*"# /%$����. �- -;+"G+""�; !�=�>$� =#!��-

P�L�J>� �$#>�J, %&+ �>$&%!"KL�J>� =��,+> ��E����&+""� # �#-$� -@#-
&JG�L�J>� �%��#>�J ����@#�.  -�’�-$� - ,�; =���#@"� =��-"%*%�� 
�%$� ��*"#>�J, �$% =�� "%';+"G�D -%��%�%D -%@+-=+*��J -%!%"� =�%-
,+-!%�"#>�J. 

2. �+D"�&�E#*"# ;�O&���>�# !�>�E"+""� -%!%"�� ��*"�>�#. ��O-
"�' ;+��! �@��@$� ;+�%&#� D%�%$�+��-�L�J>� =+�"�K ��*"#>�K. 
��O&���>�# !�>�E"+""� ��*"�>�# �!"�D # ��D >%;�D �+D"�&�E#*"�D 
=��,+>#� -%&+O��J �#! >�%"� �+�>�%�#� # �@&%!"%""�, % �%$�O �#! ��-
E%"#-%,#� �+D"�&�E#*"�D =��,+>#�. �%=��$&%!, -% !�=�;�E�K >=+,#%-
&J"�D =��>����� ��*"#>�J �!"�D # ��D >%;�D �+D"�&�E#*"�D =��,+>#� 
;�O"% !+P� =#!��P���. 

3. �+�+!"#' �#�+"J ��*"�>�#, �$�' -%@+-=+*�L =�%,+-!%�"#>�J ��-
��@#�. �%=��$&%!, @#&JG#>�J -’L!"%"J >#&J>J$�E�>=�!%�>J$�D ;%G�" 
��$�"�K�J -% &�8, &�9. 

4. ��O&��#>�J =+�+�#�$� "%;#*+"�� ��*"�>�# ��-;#�#�. �#� ,J�E� 
=���#@"�, P�@ @�&% �#!=��#!"#>�J ;#O ��*"#>�K ��E����&+""� ����-
@#� # !�>�O"�K ��*"#>�K ��;#�K�%&J"�D -%>�@#�. 

5. �%��"#>�J "+�@D#!"�D =�>%!�$ � $�%&#�+�#. �%=��$&%!, � #"�+-
��%&# 1...500 ;; =�>%!$� #- -%-���; � $�%&#�+�%D 4...12 �>�%"��&+"� 
=+�+D#!"# – 7, - "%��E�; – 5...8. 

��%&#�+�� -%>��>���K�J>� � �%$�D ��=%!$%D: 
4-' # 5-' $�%&#�+�� – =��#�"�"� �#!$�, � �>�@&��� ��*"�D 

-’L!"%""�D (��*"# G=�"!+&J"# # =��&%!"# =#!G�="�$� � $��=�>%D # 
�%&%D; =&%�%K*�' =��G"+��' =%&+,J � @�@�G$%D =��G"� # � G%��-
""#' E�&#�,# �% #".); 

6-' # 7-' $�%&#�+�� – � �%O&���D -’L!"%""�D, !+ =���#@"# =#!��-
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P+"% ;+D%"#*"% ;#,"#>�J !+�%&+', ��*"# =+�+;#P+""�, =&%�"#>�J D�-
!�, E+�;+��*"#>�J (��D�;# -’L!"%""� � $����G�="�-G%��""�;� ;+-
D%"#-;# �%O&���D !��E�"#� �"���#G"J�E� -E��%""�; -�@*%>�# $�&+>% 
��>�$�� # >+�+!"J�� ��*"�>�#); 

8-' # 9-' $�%&#�+�� – � -’L!"%""�D, � �$�D =+�+!%K�J>� -�>�&&�, 
��$�"�K�J>� =+�+;#P+""� !+�%&+' # � =�>%!$%D, P� -%@+-=+*�K�J 
>+�+!"K ��*"#>�J >$&%!%""� (>=�&�*+"# =��+�D"# � =�>%!$%D - �+&�-
$�;� "%��E%;�; =�>%!$� #- -%-���; !&� $�;=+">%,#� -"%*"�D =�D�-
@�$ /��;�); 

10-' $�%&#�+� – � =�>%!$%D #- -%-���; � ��D >%;�D ��=%!$%D, P� ' 
9-', �$P� !&� -!+G+�&+""� �@��@$� !+�%&+' =���#@"� ��-G����� 
!�=�>$; 

11-' # 12-' $�%&#�+�� – � -'L!"%""�D, � �$�D ��@&��J>� �+&�$# -%-
-��� # !�=�>$%K�J>� �D -"%*"# $�&��%""�, �$# =�G��+"# � "+�%O&�-
��D -’L!"%""�D ;%G�" ($��G$�, /&�",#, ��P�). 

��%&#�+� ;�O"% ��#L"���%"� ��@�%�� # -% ��-�%D�"$���;� %@� 
�!+�O%"�;� "% =�%$��,# E�%"�*"�;� -"%*+""�;� -%-��#� %@� "%��-
E#�. �%=��$&%!, �$P� =�� "�;#"%&J"�;� ��-;#�# -’L!"%""� 95 ;; 
�>�%"��&+"�, P� -%-�� ;#O G�'$�K �%&% # �$&%!�G+; =#!G�="�$% 
=���"+" @��� � ;+O%D Smax=70 ;$;, % Smin =10;$;, �� !�=�>$ -%-��% 
Ts= Smax – Smin = 70 – 10 = 60;$;. 

��-=�!#&�K*�  !�=�>$ =�>%!$� =��#�"� ;#O ������; # �%&�;, ;%-

��;+;�: �D= �d= 2
sT

 = 30 ;$;, P� �#!=��#!%L 6-;� # 7-;� $�%&#�+�%; 

(� = &�6 = 22 ;$;; � = &�7 =35 ;$;). F ��%D��%""�; @#&JG�� >$&%!-
"�>�# ��E����&+""� ������ ;�O"% =��'"��� !&� "J�E� !�=�>$ -% 7-; 
$�%&#�+��;, !&� �%&% – -% 6-; (Ts=35 + 22 = 57 ;$; ). 

	�@��%�� �#-"# =�>%!$� ;�O"% "% =#!>�%�# =�=+�+!"#D ��-�%D�"-
$#� +$>=+��;+"�%&J"�D !�>&#!O+"J %@� ��#L"�%,#� "% %"%&�E#*"# 
-'L!"%""�. ��-�%D�"$���' ;+��! !%L @#&JG �@_��"���%"# �+-�&J�%��. 
����+ �#-"�;%"#�"#>�J -’L!"%"J =+�+G$�!O%L >����+""K �"#�+�>%-
&J"�E� ;+��!� ��-�%D�"$�.  ;+��!# %"%&�E#� ��$���>����K�J>� �+-
$�;+"!%,#� P�!� -%>��>��%""� �$�+;�D =�>%!�$, ��-��@&+"�D �"%-
>&#!�$ �-%E%&J"+""� !�>�#!� =��+$���%""� �% +$>=&�%�%,#� ;%G�". 

10.2. #	������	��� ���	
�� � >	�	����	��� �	����� 

��>%!$� #- -%-���; =��-"%*%K�J>� !#� ��D�;�D # "+��D�;�D 
-'L!"%"J.  ��D�;�D -'L!"%""�D -%-�� -%@+-=+*�L >��@�!� =+�+;#-
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P+""�, ��-;#P+""� G%�� ;%>��&%, $�;=+">%,#� �+;=+�%���"�D !+-
/��;%,#', % �%$�O $�;=+">%,#� �#!D�&+"J /��;� # ��-�%G��%""� 
=��+�D�"J, =�;�&�$ >$&%!%""� ��P�. �&� �%O&��#G�D -’L!"%"J, �$# 
=���""# =�%,K�%�� � �;��%D �#!�""�E� �+���, -%-��� =#!�%D���K�J 
"% �>"��# E#!��!�"%;#*"�� �+��#� -;%P��%""�. 

 ��=%!$%D, $�&� !�=�>$%L�J>� ��@��% -'L!"%""� � �;��%D "%=#�-
�#!�""�E�, "%=#�>�D�E� # >�D�E� �+���, =�>%!$� "%'*%>�#G+ ��@��%-
K�J -% %"%&�E#LK - =�>%!$%;� �#!�;�D # !�@�+ =�%,KK*�D -’L!"%"J. 
 "+��D�;�D -’L!"%""�D =�>%!$� #- -%-���; -%>��>���K�J>� !&� -%-
@+-=+*+""� @+-=+�+G$�!"�E� >$&%!%""� !+�%&+'. �D �#!"�>"% "+��-
D�;#>�J -%@+-=+*�L�J>� -% !�=�;�E�K !�!%�$���E� $�#=&+""� G=�"-
$%;�, E��"�%;�, ��P�. ��>%!$� !&� "+��D�;�E� -’L!"%""� ��@��%-
K�J>� �%$�; *�"�;, P�@ -%-�� Smin -%@+-=+*��%� $�;=+">%,#K �#!-
D�&+"J /��;� # ��-;#P+""� >=�&�*+"�D =��+�D�"J. �%'@#&JG�' -%-
-�� Smax � =��%!$%D "+��D�;�D -’L!"%"J ��-"%*%L�J>� - !�=�>��;�-
E� +$>,+"���>#�� l %@� -;#P+""� �>+' >=�&�*"�D !+�%&+'. ��� ,J�-
;� =���#@"� !�!+�O��%��>J �%$�� �;���: 

2 1 2max zD zdS l , ( R R )� 	 � ,   (10.1) 
2 5max aD adS l ( R R )� 	 � ,   (10.2) 

!+ zD zdR ,R aD adR ,R  – =%�%;+��� G��>�$�>�# =��+�D"# ������ # �%&%. 
��>%!$�  D%�%$�+��-�K�J>� ��;, P� "%';+"G�' -%-�� !��#�"KL 

"�&K. 	�"� �>�%"��&KK�J>� � 4-;�...12-;� $�%&#�+�%D. ���-$# =�>%-
!$� -%>��>���K�J>� !&� "+��D�;�D -’L!"%"J - !�!%�$���; $�#=&+"-
"�;, �$P� �D =���#@"� *%>�� ��-@��%��, % �%$�O !&� ,+"����%""� 
"+��D�;� -'L!"%"�D !+�%&+', $�&� "+;%L "+�@D#!"�>�# � ��*"#G�;� 
,+"����%""#.  ��D�;�D -’L!"%""�D ,# =�>%!$� ��$���>����K�J>� 
!&� =��#&J"�D =+�+;#P+"J !+�%&+' -��*%'"� � =��-!��O"J�;� "%-
=��;#, % !&� ��*"�E� "%=��;� – =�� -�����"� – =�>��=%&J"�;� ��>#. 

��>%!$� ��>�$�� ��*"�>�# 
5 6
4 5

H H;
h h  -%>��>���K�J>� � "+��D�;�D 

-'L!"%""�D, �$# *%>�� ��-@��%K�J>� (��;#�K�%&J"# -�@*%>�# $�&+>% 
"% G=�"!+&�D -�@���;#�K�%&J"�D =��&%!#�, G=�"!+&J � $��=�># 
-%!"J�� @%@$� ��$%�"�E� �+�>�%�%). 	 �$�+;�D ��=%!$%D ,# =�>%!$� 
-%>��>���K�J>� !&� ��D�;�D -'L!"%"J =�� =��-!��O"J�;� =+�+;#-
P+""# !+�%&+' - "+�+&�$�K G��!$#>�K ("%=��$&%!, G=�"!+&J � $�-
�=�># -%!"J�� @%@$� �+�>�%�%).  ,#&�;� -%>��>��%""� =�>%!�$ ��>�-
$�� ��*"�>�# ;%L �@;+O+"�' D%�%$�+� *+�+- -"%*"� >$&%!"#>�J ��E�-
���&+""� !+�%&+'. 
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��>%!$% 7
6

H
h

 – G���$� ��-=��>K!O+"%, -%>��>���L�J>� � "+��-

D�;�D -’L!"%""�D =�� ��>�$�D ��;�E%D !� ��*"�>�# ,+"����%""� 
!+�%&+', �$# *%>�� ��-@��%K�J>� (-;#""# G+>�+�"# "% �%&%D ;+�%&��-
@��@"�D �+�>�%�#�, /��$,#'"# ;�/��, ��P�).  ��D�;�D -'L!"%""�D 
=�>%!$% -%>��>���L�J>� =�� -�����"� – =�>��=%&J"�D =+�+;#P+""�D 
(=��G"# � ,�&#"!�%D, G=�"!+&J � $��=�># >�+�!&�&J"�E� �+�>�%�%). 

��>%!$% 8
7

H
h  ;%L =��@&�-"� �+ >%;+ =�� -"%*+""�, P� ' =�>%!$% 

7
6

H
h

, %&+ D%�%$�+��-�L�J>� G��G�;� !�=�>$%;�, P� =�&+EG�L ��-

E����&+""� !+�%&+', �' "%!%L�J>� =+�+�%E%, # -%>��>���L�J>� ��"% 
=�� �+&�$#' !��O�"# >=�&�*+""�. �%=��$&%!, -’L!"%""� -;#""�D 
��;#�K�%&J"�D "%$�"+*"�$#� #- >�+�O"�;� =��&%!#�, "+��D�;# 
-’L!"%""� -�@*%>��D $�&#> - !��E�;� E&%!$�;� �%&%;�. ��>%!$� 

8
8

H ;
h

8
9

H
h

; 9
8

H
h

; 9
9

H
h

 G���$� ��$���>����K�J>� !&� ��D�;�D # "+��D�-

;�D -’L!"%"J # "%&+O%�J !� *�>&% ��D, �$�; "%!%L�J>� =+�+�%E%. ��-
>%!$% 10

10
H
h

 -!+@#&JG�E� -%>��>���L�J>� -%;#>�J =�>%!$� 9
9

H
h

. 

��>%!$� "�-J$�� ��*"�>�# 11
11

H
h

 # 12
12

H
h

 =��-"%*%K�J>� !&� "+��-

D�;�D # ��D�;�D -’L!"%"J ;%&�� ��*"�>�#. �+�+�%E% "%!%L�J>� =�>%-
!,# 11

11
H
h

, �$% -%>��>���L�J>� � "+��D�;�D -'L!"%""�D – !&� !+�%&+', 

�$# =���#@"� -�%�K�%�� (-#��*$� ��E���D &%",KE#� "% �%&%D), % � ��-
D�;�D -’L!"%""�D – �%;, !+ �!"% !+�%&J ;%L �#&J"� $��-%�� �#!"�>"� 
#"G�� =#! *%> �+E�&K�%""�. 

��>%!$� H G;
g h

 �>�%"��&+"� !&� �%&#� � $�%&#�+�%D 4...6 # !&� ����-

�#� – � $�%&#�+�%D 5...7 # -%>��>���K�J>� -!+@#&JG�E� !&� ��*"�D ��-
D�;�D -’L!"%"J, � �$�D =���#@"� -%@+-=+*��� =&%�"#>�J # ��*"#>�J =+-
�+;#P+"J, % � "+��D�;�D -'L!"%""�D – !&� -%@+-=+*+""� &+E$�E� �>�%-
"��&+""� !+�%&+'. ��>%!$� 7 7

6 6
H G;
g h

 ��$���>����K�J>� � =��-�"%D "%-

=��;"�D !��@%&J"�D �+�>�%�#�, � $&%=%""�D $���;�>&%D "% �>�D � 
;+D%"#-;# E%-���-=�!#&�, � =+�+>��"�D G+>�+�"�D "% �%&%D $���@�$ 
=+�+!%* ��P�. ��>%!$%; ��>�$�� ��*"�>�# 5 6 5

4 5 4
H G G; ;
g h h  -%>��>���K�J>� 

� �>�@&��� ��*"�D ;+D%"#-;%D. �%=��$&%!, =&�"O+�"# # -�&��"�$��# 
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=%��, G=�"!+&J !#&�&J"�� E�&��$� ��P�. 
��>%!$� H F;

f h
 D%�%$�+��-�K�J>� =�;#�"�; E%�%"���%"�; -%-���; 

!&� -%@+-=+*+""� �#&J"�E� �@+��%""� � &+E$�D # >+�+!"#D �+O�;%D ��-
@��� (=�;#�"# G��!$�>�# – !� 150 �%!/>). ��>%!$%; 7 8

7 6
H F;
f h

 "%!%L�J>� 

=+�+�%E% !&� =#!G�="�$#� �%&#� � $���@$%D =+�+!%*, !&� E�&��"�D �%-
&#� ��$%�"�D # /�+-+�"�D �+�>�%�#�, =��G"#� � E%&J;���;� ,�&#"!�# 
%���;�@#&� ��P�. ��>%!$� ��>�$�� ��*"�>�# 6 7

6 5
H F;
f h

 -%>��>���K�J>� � 

-'L!"%""�D �%;, !+ "+�@D#!"% =#!��P+"% ��*"#>�J ,+"����%""� ($��#"-
"# G�'$� $�&#"*%>��E� # G�'$� ��-=�!#&J"�E� �%&% � =#!G�="�$%D 
%���;�@#&J"�D !��E�"#�). ��>%!$� -"�O+"�� ��*"�>�# 8 8

8 8
H F;
f h

; 8 9
9 9

H F;
f h

 

=��-"%*%K�J>� !&� -’L!"%"J - E%�%"���%"�; -%-���; =�� "+��>�$�D 
��;�E%D !� ��*"�>�# (=#!G�="�$� $��-%""�, =&�"O+�� � ,�&#"!�%D E#-
!��=#!'�;"�$#� # !�;$�%�#� �% #".). 

��>%!$� H E;
e h

 D%�%$�+��-�K�J>� -"%*"�; E%�%"���%"�; -%-�-

��; (�!�#*# @#&JG�;, "#O !&� D�!���D =�>%!�$), -%>��>���L�J>� � 
-'L!"%""�D =�� =#!��P+"�D �+O�;%D ��@��� (-"%*"# =+�+�%"�%O+"-
"�, ��>�$# G��!$�>�# �@+��%""� – =�"%! 150 �%!/>). ��>%!$%; 

7 9
8 8

H E;
e h

 "%!%L�J>� =+�+�%E%. �� ,#L� E��=� >+�+!"J�� ��*"�>�# "%&+-

O%�J =�>%!$� � >�>�+;# �%&% 8 8
8 7

H E;
e h

 $��#""# G�'$� $�&#"*%>��E� 

�%&% # G�'$� ��-=�!#&J"�E� �%&% � =#!G�="�$%D !��E�"#� �"���#G-
"J�E� -E��%""�, ��=�>$"# $&%=%"� � "%=��;"�D %���;�@#&J"�E� !��-
E�"% ��P�. ��>%!$� ��>�$�� ��*"�>�# 6 8

7 6
H E;
e h

 =��-"%*%K�J>� E�&��-

"�; *�"�; !&� =#!G�="�$#� �#!�""�E� �+��� � ;%G�"%D =#!��P+"�� 
��*"�>�# ' !��E��#*"�>�#, -%>��>���K�J>� � $��#""�D =#!G�="�$%D 
$�&#"*%>��D �%&#� �%O&���D !��E�"#� �"���#G"J�E� -E��%""�. ��>%-
!$� -%"�O+"�� ��*"�>�# -%>��>���K�J>� � ;+"G �%O&���D $��-%"-
"�D !&� �@+��%&J"�E� # =�>��=%&J"�E� =+�+;#P+""� 8 9

9 9
H E;
e h

. 

��>%!$� H D;
d h

 D%�%$�+��-�K�J>� �+&�$�; E%�%"���%"�; -%-���;. 

��>%!$� 7 8
8 7

H D;
d h

 "%&+O%�J !� *�>&% =�>%!�$ =#!��P+"�� ��*"�>�# – 
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�=�>$"# �% ��=�>$"# $&%=%"� � "%=��;"�D !��E�"#� �"���#G"J�E� -E�-
�%""�, =��G"+�# $#&J,� � $%"%�$%D =��G"� =� G���"# �% #".). 

��>%!$% 8
8

H
c

 ��$���>����L�J>� !&� =��G"#� � !��E�"%D �"���#-

G"J�E� -E��%""�. 

10.3. ����	����� � ��F�� ���	
�� � >	�	����	��� �	����� 

 =��,+># +$>=&�%�%,#� ;%G�" �#!@��%L�J>� -"�> !+�%&+', ��-&#�, 
%E�+E%�#�, P� >=�%�&�L ���#G%&J"�' �=&�� "% !��E��#*"#>�J # +$>-
=&�%�%,#'"� "%!#'"#>�J ;%G�" �% �@&%!"%""�.  -%E%&J"�;� ��E&�!# 
!�"%;#$� =��,+>� -@#&JG+""� -%-��� � *%># ;�O"% -�@�%-��� � ��-
E&�!# $����� (��>.10.2). 

 
!�. 10.2. 	������� ����
� ���������� 

 =+�G�;� =+�#�!# – =+�#�! =��=�%,K�%""� t=� – >=�&�*+""� "#-
@� =��>��>���L�J>� !� �;�� "%�%"�%O+""�. F%-�� -@#&JG�L�J>� #"-
�+">��"� �"%>&#!�$ -E&%!O��%""� G��>�$�>�+'. 

 !��E�;� =+�#�!# – =+�#�!# ;��%&J"�E� >=�%,K�%""� t". >=�. 
G��!$#>�J "%��>�%""� >=�%,K�%""� =�>�#'"% %@� =��#&J"� "%��>-
�%L. I+' =+�#�! >$&%!%L "%'@#&JG� *%>��"� *%>� ��@��� -’L!"%""�. 
��>�E"+""� SE�%". �-"%*%L, P� "��;%&J"% ��@��% -%$#"*�&%>J # =���#-
@"� =����!��� �#!"��&K�%&J"# ��@���. 

 ��+�J�;� =+�#�!# – =+�#�!# %�%�#'"�E� >=�%,K�%""� t%. >=� – -%-
-�� �#-$� -@#&JG�L�J>�, P�, �$ =�%��&� =��-��!��J !� =�&�;$� !+-
�%&+' %@� !� %�%�#�. 
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 =��,+># +$>=&�%�%,#� =���#@"� !�;%E%��>� ��E�, P�@ *%> !�>�-
E"+""� E�%"�*"�E� -%-��� (>=�%,K�%""�), @�� �$ "%'@#&JG�;, ��@�� 
P�@ @�� ��P�; �+>��> >=�&�*+""�. �+>��> – >�;%�"+ "%=�%,K�%"-
"� ��@��� !� '�E� E�%"�*"�E� >�%"�, ��@�� !� =���� S$���. 

�+>��> ��@��� =��=�%,J��%"�E� -’L!"%""� ��-"%*%L�J>� -% �%-
$�K /��;�&�K: 

2
$��� ��

�.��

S S
t

tg�
	

� ,    (10.3) 

!+ tg�  – #"�+">��"#>�J "%��>�%""� >=�%,K�%""� � =��,+># +$>-
=&�%�%,#�. I� �+&�*�"% �>�%"��&KL�J>� !�>&#!"�; G&�D�; # -%&+-
O��J �#! =�*%�$���E� -%-��� S=�*, G��>�$�>�# =��+�D�"J !+�%&+', 
P� =�%,KK�J, �;�� �D +$>=&�%�%,#�. 

��-�%D�"�$ =�>%!�$ - E%�%"���%"�; -%-���; ��$�"�K�J !&� 
-’L!"%"J, P� =�%,KK�J � �;��%D �#!�""�E� �+���, "% �>"��# E#!��-
!�"%;#*"�� �+��#� -;%P��%""�. A%�%$�+� �% �;��� ��@��� ,�D -'L!-
"%"J !�O+ �#-"�;%"#�"#. 	�"� �#!�#-"�K�J>� �!�" �#! �!"�E� D%�%$-
�+��; �-%L;"�E� =+�+;#P+""� !+�%&+', �+;=+�%���"�; �+O�;�; 
��@���, "%=��;�; !#� "%�%"�%O+"J, >=�>�@�; =#!�+!+""� ;%>��&% 
��P�. 
>J *�;� "+ ;�O+ @��� L!�"�� ;+��!�$� �D"J�E� ��-�%D�"$�. 

�%'=�G��+"#G�; ��=�; �%O&���D -'L!"%"J - E%�%"���%"�; -%-
-���; L =#!G�="�$� $��-%""�. ��-E&�"+;� ;+��!�$� ��-�%D�"$� 
-'L!"%""� "=#!G�="�$ $��-%""� – �%&" (��>. 10.3). 

 
!�. 10.3. *�
�� �����
��� ���� � %’A������ ���������  

���%���� – ��� 




������  ���
�� 

 121

 >�%"# >=�$�K �%& �=��%L�J>� "% =#!G�="�$. �#! *%> �@+��%""� 
;%>��&� ��E"+�J>� -% �%&�;, # �%& "#@� ��=&��%L "%�+�D. U+�+- >�&� 
E#!��!�"%;#*"�E� ��>$� �#!@��%L�J>� -�#�"��%O+""� -��"#G"J�E� 
"%�%"�%O+""� # ��-$&�"K�%""� =��+�D�"J �%&% # �$&%!�G� =#!G�=-
"�$%. ��� ,J�;� �%& -;#P�L�J>� � "%=��;$� �@+��%""�, # !#%;+��%-
&J"�' -%-�� =� &#"#� ,+"��#� �%&% ' ������ S =�!#&��J>� "% hmin (-%-
-�� %@� ���P�"% G%�� ;%>��&% � ;#>,# "%'@#&JG�E� -@&�O+""� =�-
�+�D�"J) # "% hmax= S – hmin (-%-�� "% !#%;+��%&J"� =����&+O"�;� 
@�,#). ��&�O+""� �%&% � =#!G�="�$� D%�%$�+��-�L�J>� %@>�&K�"�; 
+$>,+"���>��+��; 
. 

�- E#!��!�"%;#*"�� �+��#� -;%P+""� -%&+O"#>�J ;#O h # S ���%O%-
L�J>� �%$�K -%&+O"#>�K: 

20 52 n

n

, d lhS
p d l
��

� �
�

,    (10.4) 

!+ h – ���P�"% G%�� ;%>��&% � ;#>,# "%'@#&JG�E� -@&�O+""� 
�%&% # �$&%!�G� =#!G�="�$% � ��@�*�;� >�%"#, ;; S – !#%;+��%&J-
"�' -%-�� =� &#"#� ,+"��#� �%&% # �$&%!�G% =#!G�="�$% � >�%"# >=�-
$�K, ;; dn- !#%;+�� �%&%, ;; l – !��O�"% =#!G�="�$%, ;; H – $����% 
G��!$#>�J, �%!/>; � – %@>�&K�"% �’�-$#>�J ;%>&%, �%. >; � – >+�+!"#' 
=���;�' ��>$ � =#!G�="�$�, �%. 

n

Rp
d l

� ,     (10.5) 

!+ R – "%�%"�%O+""� "% �%&, �. 
�$P� -% �;���K �%!#%&J"+ "%�%"�%O+""� "+ -%!%"�, �� '�E� ;�-

O"% ��-"%*���: 

n RR ld C��
�

� ,    (10.6) 

!+ � – !�"%;#*"% �’�-$#>�J ;%>��&% �%. >; � – �#!"�>"�' -%-��, 
P� !��#�"KL 

n

S
d

; CR – @+-��-;#�"�' $�+/#,#L"� -%�%"�%O+"�>�# =#!-

G�="�$%, �$�' -%&+O��J �#! 
n

l
d

. 

�&� �>�%"��&+"�E� ��D� 
4
Sh � .  �%$�;� ��=%!$� ;%��;+;� � 

>=�&�*+""# "%'��E#!"#G�' -%-��. �#!>�%�&�K*� ,+ -"%*+""� � /��-
;�&� (10.5), -"%D�!�;� �+&�*�"� ,J�E� -%-��� 

20 522 n
��'�

n

, d lS
p d l
��

� �
�

.    (10.7) 
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F% -"%'!+"�; -"%*+""�; ��'�S  – ��-"%*%L�J>� �+&�*�"% ��-�%D�-
"$���E� -%-��� - ��%D��%""�; ��E�, P� � =��,+># =��=�%,K�%""� 
��>��% G��>�$�>�# "% �@�D >=�&�*+"�D =��+�D"�D -;+"G��J>� "% 
0,7 �#! =�*%�$����, ��@��: 

1 4��%� ��'� zD zdS S , ( R R )� 	 � .    (10.8) 
��>%!$� ��@��%K�J, ��D�!�*� - �;���: 

��%� 
� .#S S� .      (10.9) 
��>%!$� >&#! ��@��%�� - *�>&% =+�+�%O%K*�D. ��>%!$� - 

Smin=0 -%>��>����%�� "+!�,#&J"�. 
@�%"� =�>%!$� =���#@"� =+�+�#-
���� "% -%@+-=+*+"#>�J ;#"#;%&J"�E� G%�� ;%>��&% -% "%'"+>=����-
&��#G�D �;��: 

1 4min
max .# ZD Zd

hSh
S , ( R R )

�
� �

.   (10.10) 

�#!�""+ �+��� -@+�#E%L�J>� � ��;� ��=%!$�, $�&� G%� ;%>��&% � 
;#>,# "%'@#&JG�E� -@&�O+""� �%&% #- �$&%!�G+; � =��,+># ��@��# "+ 
;%��;+ ��-���#�, ��@��: 

minh  ZD ZdR R� ,     (10.11) 
�&� @#&JG �#!=��#!%&J"�D -’L!"%"J: 

minh  ZD ZdK( R R )� ,     (10.12) 
!+ 2K   – $�+/#,#L"� -%=%>� "%!#'"�>�# =� ���P�"# G%�� ;%>��&%. 
�$P� ,� �;��% !�!+�O�L�J>�, �� =�>%!$� �@�%"� �#�"�, % �$P� 

"# – =���#@"� �@�%�� #"G� =�>%!$� # -"��� ��$�"%�� ��-�%D�"$��� 
=+�+�#�$�. 

���$&%!. �#!#@�%�� >�%"!%��"� =�>%!$� % E%�%"���%"�; -%-���; 
!&� "%>��="�D ��D#!"�D !%"�D: 

3 3 670 10 100 10 100 0 02 2 016 10

6 3 3 2

; ; ; , ; , ;

. ; , .

� �	 	� � � � � � � � �

� �

n

zD zd

���d � l � &� � � &�
�

R ��� R ���
 

1. 	�-"%*%L;� !�@���$: 
2 3 2 3

3

12 2 2

0 52 0 52 70 10 100 0 02 100 10
2 16 70 100 10

1415 10 1415

n

n

, d l , ( ) ,hS
p d l , ( )

� ���

�� 	 	

	

	

� � � �
� � � � �

� �

� � �
, 

2. 	�-"%*%L;� "%'��E#!"#G�' -%-��: 
��'�S  = 2 hs =2 1415 =75,2 ;$;. 

3. F"%D�!�;� �+&�*�"� ��-�%D�"$���E� -%-��� 
1 4 75 2 1 4 6 3 3 2 61 9��%� ��'� zD zd )S S , ( R R , , ( , , ) , ���� 	 � � 	 � � . 

4. F% �%@&�,�;� (!�!%��$ 3) ��@��%L;� =�>%!$�, �$% -%!���&J"�L 




������  ���
�� 

 123

�;��� ��%� 
� .#S S� . �%$#' �;��# �#!=��#!%L =�>%!$% 
770
7

H
f , � �$�� 

Smax=90 ;$;, Smin=30;$;, 
90 30 60

2 2
max min


� .#
S SS ���� �

� � � . 

5. 	�-"%*%L;� "%';+"G� ���P�"� G%�� ;%>��&%: 
145 13 7

1 4 90 1 4 6 3 3 2min
max .# ZD Zd

hSh , ���.
S , ( R R ) , ( , , )

� � �
� � � �

. 

;��% minh  ZD ZdR R�  !�!+�O�L�J>�, ��@�� 13,7 > 6,3+3,2. 

�O+ =�>%!$� ��@�%"� �#�"�. 
��>%!$� ;�O"% ��@�%�� -% -"%*+""�; ��-�%D�"$���D -%-��#� 

.max��%�S # .min��%�S . 
	�-"%*%L;� !�=�>$ =�>%!$�: 

.max .mins ��%� ��%�T S S� 	 .     (10.13) 
�=�*%�$� ��-"%*%L;� $�%&#�+� -% $�+/#,#L"��; ��*"�>�#: 

sTa
i

� .       (10.14) 

	�-"%*%L;� E�%"�*"# ;�"�%O"# -%-���: 
.max .max 0,3� ��%� sS S T� 	 ,     (10.15) 
.min .min 0,3� ��%� sS S T� 	 .     (10.16) 

	�@��%L;� =�>%!$�, ��D�!�*� - �;���: 
.max .max# �S S� ,      (10.17) 
.min .min# �S S� .      (10.18) 

���$&%!. ��-�%D��%�� # =#!#@�%�� >�%"!%��"� =�>%!$� =� "%>��-
="�; ��D#!"�; !%"�;: 3

n 40 10d 	� � ;; .max 25��%�S � ;$;; .min 65��%�S � ;$;. 
	�-"%*%L;� !�=�>$ =�>%!$� 

65 25 40sT � 	 � ;$;. 
F"%D�!�;� ;�"�%O"# -%-���: 

.max 65 0,3 40 53�S � 	 � � ;$;. 
.min 25 0,3 40 13�S � 	 � � ;$;. 

F% �%@&�,�;� =#!@��%L;� =�>%!$�, P� -%!���&J"�L �;��� 
.max .max# �S S� , # .min .min# �S S . �%$#' �;��# �#!=��#!%L =�>%!$%  

840
6

H
h

! , � �$#'  .max#S = 89 ;$;;   .min#S  = 25 ;$;. 

�&� !%"�� =�>%!$� -% �%@&�,�;� �� �|	 144-75 -"%D�!�;� �#!-
D�&+""� !+�%&+' (6S = + 0,064 ;$;, 6I = + 0,025 ;$;, es = 0; ei = 
0,025 ;$;). 
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%) 
@) 

�) E) 

!) +) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!�.10.4. �������� %�#������� ������ �% %�%����: 
� – ��%�� �����
��� �����; � – ������� �
�
���; � – ����� $�-

����� ��#��� �������#�$� ���� #���#���; $ – %������ #�$���$� 
�
��; � – �
�
��' ����� �������$� 
�
��#���; A – ���#������� 
��#�����. 
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�&� ��@��� =�>%!�$ "+�#!=��#!%&J"�D -’L!"%"J ;�O+ @��� ��$���-
>�%"�' ;+��! %"%&�E#�. 	#" =�&�E%L � =��-"%*+""# =�>%!$�, P� %"%&�E#-
*"% �#!�;�; =�>%!$%;, �$# !�@�+ =�%,KK�J -’L!"%"J �%$�E� O ��=�. 

���$&%!� -%>��>��%""� =�>%!�$ - -%-���; � %�����%$���"�;� # 
>#&J>J$�E�>=�!%�>J$�;� ;%G�"�@�!��%""# =���+!+"# "% ��>.10.4 

�&� =#!��P+""� !��E��#*"�>�# "+�@D#!"� >����K�%�� E%�%"��-
�%"�' -%=%> "% >=�%,K�%""�. �&� ,J�E� ��+@% ��-"%*��� ;#"#;%&J-
"�' -%-��, =�� �$�;� -%@+-=+*�L�J>� �#!�""+ �+���. ���#; -% minS  
��@��%L�J>� =�>%!$% # -"%D�!��J>� maxS  =�� �$�;� -@+�#E%L�J>� �#-
!�""+ �+��� # ��@���-!%�"#>�J -’L!"%""�. 

F%=%> "% >=�%,K�%""� !��#�"KL ( maxS - minS ) – ( d DT T� ). F"%K*� 
�+&�*�"� -%=%>� "% >=�%,K�%""� # G��!$#>�J >=�%,K�%""� >=��O+-
"�D !+�%&+', ;�O"% ��-"%*��� *%> "%!#'"�� ��@��� -’L!"%""�. 

�&� ��@��� �=��;%&J"�D =�>%!�$ "+�@D#!"� -"%�� -%&+O"#>�J 
���P�"� ;%>&�"�E� G%�� � ;#>,# "%'@#&JG�E� -@&�O+""� ,%=/� # 
�$&%!�G� =#!G�="�$% �#! �+&�*�"� -%-��� S. 	�! -%&+O"�>�# 

( )h f S�  =�� =�>�#'"�D -"%*+""�D 1/d # $��% �D�=&+""� =#!G�="�$% 
=�$%-%"�' "% ��>.10.5. 	>�%"��&+"�, P� �#!�""+ �+��� >����KL�J>� 
&�G+ � =+�"�;� !#%=%-�"# !#%;+��%&J"�D -%-��#�, �@;+O+"�;� "%'-
;+"G�; Smin, # "%'@#&JG�;  Smax, /�"$,#�"%&J"�;� -%-��%;�. 

 
!�. 10.5. "��
���#� #��C��� ������$� ����  

��� ����
#������$� %�%���. 
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�$P� =#>&� >$&%!%""� !#%;+��%&J"�' -%-�� � -’L!"%""# !��#�"KL 
Smin, �� =#>&� =��=�%,K�%""� # !+�$�E� *%>� ��@��� -'L!"%""� ,+' 
-%-�� !�>�E%L �+&�*�"� Sopt. ��� =�!%&JG�;� >=�%,K�%""# =��+�-
D�"J, P� ����J>�, -%-�� -@#&JG�L�J>�. ��&� �#" @�!+ @&�-J$�' %@� 
!��#�"K�%��;+ Smax, +$>=&�%�%,#� -’L!"%""� =���""% @��� =��=�-
"+"% *+�+- -"�O+""� '�E� +$>=&�%�%,#'"�D =�$%-"�$#� # ;�O&���>�# 
G��!$�E� >=�%,K�%""� !+�%&+'. 

10.4. ����	����� � ��F�� ���	
�� � >	�	����	��� �	��>�� 

��>%!$� - "%��E�; =��-"%*%K�J>� !&� �����+""� "+��D�;�D "+-
��-"#;"�D -'L!"%"J. 	#!"�>"% "+��D�;#>�J !+�%&+' =�� �%$�D =�>%-
!$%D !�>�E%L�J>� -% �%D�"�$ "%=��E, P� ��"�$%K�J � ;%�+�#%&# >=�-
&�*+"�D !+�%&+' �"%>&#!�$ !+/��;%,#' �D $�"�%$�"�D =��+�D�"J. 

�"�!# =�� =+�+!%*# �+&�$�D �@+��%K*�D ;�;+"�#�, P�@ ��-�%"-
�%O��� =��+�D"#, �$# $�"�%$��K�J, -%>��>���K�J !�!%�$��# $�#=�-
&J"# !+�%&# (G=�"$�, E��"��, G��/��). ��� �!"�;� ' ��;� >%;�;� 
"%��E� ;#,"#>�J -’L!"%""� -%&+O��J �#! ;%�+�#%&�, ��-;#�#� !+�%&+', 
G��>�$�>�# >=�&�*+"�D =��+�D�"J, >=�>�@� -’L!"%""� !+�%&+', 
G��!$�>�# -%=�+>��%""� ��P�. 

��-�#-"�K�J �%$# �>"��"# >=�>�@� >$&%!%""� !+�%&+' � =�>%!$%D 
- "%��E�;: >$&%!%""� =#! =�+>�; =�� "��;%&J"#' �+;=+�%���#; >$&%-
!%""� - =�=+�+!"#; ��-#E�#��; �D�=&KK*�� !+�%&# %@� �D�&�!O+"-
"�; �D�=&+"�� !+�%&# !� =+�"�� �+;=+�%����.  $�O"�;� $�"$�+�-
"�;� ��=%!$� ��@#� >=�>�@� >$&%!%""� ��-"%*%L�J>� $�">���$���-
"�;� ;#�$��%""�;� (/��;%, ��-;#�� �% #".). 

�$&%!%""� =#! =�+>�; – "%'@#&JG �#!�;�' # "%'=��>�#G�' =��-
,+>, P� -%>��>���L�J>� =+�+�%O"� =�� �#!"�>"� "+�+&�$�D "%��E%D 
(!� 0,001 dn). �+!�&#$� >=�>�@�: "+�#�"�;#�"#>�J !+/��;%,#� !+�%-
&+', ;�O&��#>�J �D =�G$�!O+""�, =���+@% � =���O"�D =�+>%D. 

�$&%!%""� >=�>�@�; �+�;#*"�D !+/��;%,#' -%>��>���L�J>� �$ 
=�� �#!"�>"� �+&�$�D, �%$ # =�� "+�+&�$�D "%��E%D # !%L ��P� �$#>�J 
-’L!"%""� -% �%D�"�$ ;+"G�D =�G$�!O+"J !+�%&+'. 

��;@#"��%"�' >=�>#@ -’L!"%""� – -% �%D�"�$ "%E�#�%""� ������ 
' �D�&�!O+""� �%&% – -%>��>���L�J>� ��!#, $�&� >%;�E� "%E�#�%""� 
*� >%;�E� �D�&�!O+""� "+!�>�%�"J�. 


>$#&J$� "%!#'"#>�J =�>%!$� - "%��E�; -%&+O��J �#! @%E%�J�D 
/%$���#� ($�">���$���"�D, �+D"�&�E#*"�D �% #".), �� � �%O&���D ��-
=%!$%D �@�%"� =�>%!$� >&#! =+�+�#���� +$>=+��;+"�%&J"�. 
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��>%!$% ��%O%L�J>� =��!%�"�K, �$P� =�� "%';+"G�;� "%��E� 
E%�%"��L�J>� "+��D�;#>�J -'L!"%""�, % =�� "%'@#&JG�;� – ;#,"#>�J 
-'L!"��%"�D !+�%&+'. F% ,�D �;�� -’L!"%""� =+�+!%�%��;+ -%!%"�' 
$���"�' ;�;+"� %@� �>J��� >�&�, % !+�%&#, "+ ��'"�K*�>J, �����-
;��%��;��J ��$&�$%"# "%��E�; "%=��E�. 

��-E&�"+;� -%E%&J"�' ��=%!�$ ��-�%D�"$� =�>%!$� - "%��E�;, 
$�&� -'L!"%""� >$&%!%L�J>� - =�>���#&�E� �%&% # ���&$� ( ��>.10.6). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!�. 10.6. !�%���� ���� � �#���� � �
������� %'A�������. 
	�-"%*%L;� =���;�' ��>$, =���#@"�' !&� =+�+!%�%""� "%�%"�%-

O+""� -%&+O"� �#! ��!� "%�%"�%O+""�: 
- �$P� "%�%"�%O+""� =+�+!%L�J>� *+�+- $���"�' ;�;+"� 5�� �� 

=���;�' ��>$ � ��-"%*%L�J>� - ���%-�: 

2

2 kp

n

M
P

d lf
 
� ,     (10.19) 

!+ dn – "�;#"%&J"�' ��-;#� �%&%, ;;  l – !��O�"% >=�&�*+""�, ;;  
f – $�+/#,#L"� �+���; 

- �$P� >=�&�*+""� "%�%"�%O+"� &�G+ �>J���K >�&�K Poc, ��: 
 

D 

d" 
d1 
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oc

n

PP
d lf�

 ,     (10.20) 

- =�� �!"�*%>"�;� "%�%"�%O+""# $���"�; ;�;+"��; # ��D�;�K 
�>J���K >�&�K: 

2 kp
oc

n

n

M
P

d
P

d lf�

�
 ,     (10.21) 

�%';+"G�' "%��E ��-"%*%L;� -% /��;�&�K: 
dD

min n
D

CCN pd
E Ed

� �
� �� �

� �
,    (10.22) 

!+ CD # Cd – $�">���$���"# $�+/#,#L"��; 6D # 6d – ;�!�&# =��O-
"�>�# ;%�+�#%&� ������ # �%&%: 

2

2
2

2

1

1

n

D D

n

d
D

C
d
D

�

� �
� � �
� �� �
� �

	 � �
� �

;         

2

1

2

1

1

1

n
D d

n

d
d

C
d
d

�

� �
� � �
� �� 	
� �

	 � �
� �

,   (10.23) 

!+ � � 0,3 !&� >�%&# # � � 0,25 !&� *%��"% – $�+/#,#L"� ��%>>�"% 
!&� �D�=&KK*�� �% �D�=&+"�� !+�%&+'. 

�$P� �%& >�,#&J"�', ��@��: d1 = 0, �� C1 =1 – d� . 
 =��,+># -%=�+>��%""� �%&% � ���#� =��@&�-"� 60% �D "+�#�"�>-

�+' -E&%!O�L�J>�, P� -;+"G�L !#'>"�' "%��E. ��-�%D�"$���' "%��E 
;�O"% ��-"%*��� -% /��;�&�K: 

� �1 2� � ���%�. min ZD ZdN N , R R .    (10.24) 
F% �%@&�,�;� �@��%L�J>� =�>%!$%, �$% -%!���&J"�L �;���: 

min .#��� . ��%� .N N      (10.25) 

	�-"%*%L;� ;%$>�;%&J"�' =���;�' ��>$ "% $�"�%$�"�D =��+�D-
"�D =�� ;%$>�;%&J"�;� "%��-# �@�%"�� =�>%!$�: 

� �max .#��� . ZD Zd
max .

dD
n

D d

N , R R
p

CCd E E

	 �
�

� ��� �
� �

1 2  .   (10.26) 

F"%D�!�;� "%=��E� !&� �D�=&KK*�� �% �D�=&+"�� !+�%&+' -% �%-
$�;� -%&+O"�>��;�: 

� �
� �

2
2

2
2

1

1
n

D max
n

d D
p

d D



�
�

	
 � �

� �

2
1

2
1

1

1
n

d
n

d d
p

d d

�
�

	
max
  . (10.27) 
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�$P� ,# "%=��E� "+ =+�+��P�K�J ;+O# �+$�*�>�# ;%�+�#%&�, 
��@��: D
  < � .D
  d
  < � .d
  

�� =�>%!$� �@�%"� �#�"�. �$P� �;��% ;#,"�>�# "+ !����;�L�J>�, 
�� =���#@"� ��@��%�� - �%@&�,J (!�!%��$ 4) #"G� =�>%!$�, �$% @ -%-
!���&J"�&% �;��� (10.25), # -%"��� ��$�"%�� ��-�%D�"�$ ;#,"�>�#. 

���$&%!. �#!#@�%�� >�%"!%��"� =�>%!$� % E%�%"���%"�; "%��E�; 
!&� �%$�D !%"�D: "�;#"%&J"�' !#%;+�� �%&% – dn = 50·10-3 ;; -��"#G-
"#' !#%;+�� ���&$� – D = 80·10-3 ;; !��O�"% >=��O+""� – l = 30·10-

3 ;; $���"�' ;�;+"� – 5�� = 164 �·;; G��>�$#>�J =��+�D"# ���&$� # 
�%&% – RZD = 10 ;$;; RZd = 6,3 ;$;; ;%�+�#%& �%&% # ���&$� – 
>�%&J 50; ;�!�&# =��O"�>�# – ED = Ed = 2,1·1011 �/;2, E�%"�,� �+$�-
*�>�# – M� = 370·106 �/;2O; ;%�+�#%& ���&$� # �%&% – >�%&J 50; 

	�-"%*%L;� �+&�*�"� ;#"#;%&J"�E� =���;�E� ��>$� ;#O >=�&�-
*"�;� =��+�D"�;� ���&$� # �%&%: 

6
2 2

2 2 164 14 10
3 14 0 05 0 03 0 1

��
min

n

M
p

d l f , , , ,�
� �

� � � �
� � � � � �

 �/;2. 

F"%D�!�;� "%';+"G�' !�=�>��;�' "%��E: 
6

11 11

6

2 6 0 714 10 0 05
2 1 10 2 1 10

11 10 11

dD
min min n

D d

CC , ,N p d ,
E E , ,

�	

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

 

!+  � �
� �

2 2
2

2 2
2

1 1 0 05 0 08 0 3 2 6
1 0 05 0 081

n
D D

n

d D ( , / , )C , ,
( , / , )d D

�
� �

� � � � �
		  

� �
� �

2
1

12
1

1
1 0 3 0 7 0

1
n

d D
n

d d
C , , ;d .

d d
�

�
� 	 � 	 � �

	  
3. 	�-"%*%L;� ��-�%D�"$���' "%��E: 

� �1 2 11 1 2 10 6 3 30��%�. min ZD ZdN N , R R , ( , )� � � � � � �  ;$;. 
4. F% �%@&�,+K (!�!%��$ 4) -"%D�!�;�, P� �;��# 

min .#��� . ��%� .N N  -%!���&J"�L =�>%!$% 
H
u

850
8

!  � �$�� Nmin. 

�*�.=31 ;$;, % Nmax. �*�. = 109 ;$; 
5. 	�-"%*%L;� ;%$>�;%&J"�' =���;�' ��>$ "% $�"�%$�"�D =��+-

�D"�D =�� ;%$>�;%&J"�;� "%��-# �@�%"�� =�>%!$�: 

;$;. 
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� �

� �6
6 2

11 11

1 2

109 10 1 2 10 6 3
161 10

2 6 0 70 05
2 1 10 2 1 10

max .#��� . ZD Zd
max .

dD
n

D d

N , R R
p

CCd E E

, .
� / �

, ,,
, ,

	

	 �
� �

� ��� �
� �

� 	 �
� � �

� ��� �� �� �

. 

 

6. 	�-"%*%L;� ;%$>�;%&J"+ "%=��O+""� � ���&,#: 
� �
� �

� �
� �

2 2
2 6 6 2

2 2
2

1 1 0 05 0 08
161 10 368 10

1 1 0 05 0 08
n

D max
n

d D , ,
p � / �

d D , ,



� �
� � � � �

	 	 . 
7. �����!�;� =+�+�#�$� =�%��&J"�>�# ��@�%"�� =�>%!$�: 
 
�D �  
�%$ �$ 368·106 �/;2 < 370·106 �/;2, �� =�>%!$% ��@�%"% �#�"�. 
	 �%@&�,# 10.1 "%�+!+"# -"%*+""� �#!"�G+"J D

D

C
E

 # d

d

C
E

 !&� �#-$�D 

>=#��#!"�G+"J !#%;+��#� # ;%�+�#%&� !+�%&+'. 

������� 10.1. "���
���  D

D

C
E

 � d

d

C
E

 

%�	8@ ;	���, ��
�� 
��8	�� 

"8���J��  
��8	�� 

�8	���	�	 ����
�	���� 

2

nd
D

 
410�

D

D

E
C 410�

d

d

E
C 410�

D

D

E
C 410�

d

d

E
C 410�

D

D

E
C 410�

d

d

E
C 410�

D

D

E
C 410�

d

d

E
C

0,1 0,36 0,67 0,80 1,50 1,03 1,90 0,36 0,67 
0,2 0,38 0,68 0,87 1,55 1,12 1,97 0,38 0,68 
0,3 0,42 0,71 1,00 1,65 1,27 2,10 0,42 0,71 
0,4 0,52 0,80 1,18 1,87 1,55 2,40 0,52 0,80 
0,5 0,65 0,94 1,52 2,20 1,95 2,80 0,65 0,94 
0,6 0,88 1,15 2,05 2,70 2,60 3,50 0,88 1,15 
0,7 1,25 1,55 2,90 3,60 3,70 4,00 1,22 1,55 
0,8 2,00 2,30 4,70 5,48 6,00 6,90 2,00 2,30 
0,9 4,40 4,70 10,0 11,0 13,20 14,00 4,40 4,70 

��>%!$� - "%��E�; ;�O"% ��@��%�� -% �+&�*�"�K ��-�%D�"$�-
��D "%��E#� 

.max��%�N # .min��%�N . 
	�-"%*%L;� !�=�>$ =�>%!$�: 

.max .minN ��%� ��%�T N N� 	  .    (10.28) 
�#!�%D���K�J E�%"�*"# ;�"�%O"# "%��E�, !�=�>���G�, P� -% =+-

�#�! =��=�%,K�%""� $���>"�' -%=%> ;+�%&� "% >=�%,K�%""� -;+"-
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G��J>� "% 30%: 
.max .max 0,3� ��%� NN N T� � ,    (10.29) 
.min .min 0,3� ��%� NN N T� � .    (10.30) 

F% �%@&�,�;� >�%"!%��� ��@��%K�J =�>%!$�, ��D�!�*� - �;���, 
P� >�%"!%��"# "%��E� -"%D�!���;��J>� � �%$#' -%&+O"�>�# �#! ;�"-
�%O"�D "%��E#�: 

.min#N > .min�N ;  .max .max# �N N� . 
���$&%!. ��-�%D��%�� # =#!#@�%�� >�%"!%��"� =�>%!$� =� >&#!�-

K*�; ��D#!"�; !%"�;: 3
n 110 10d 	� � ;; .min 40��%�N � ;$;. 

.max 25��%�N � ;$;; 
	�-"%*%L;� !�=�>$ =�>%!$� 

130 40 90NT � 	 � ;$;. 
F"%D�!�;� ;�"�%O"# -%-���: 

.min 40 0,3 90 67�N � � � � ;$;. 
.max 130 0,3 90 157�N � � � � ;$;. 

F% �%@&�,�;� =#!@��%L;� =�>%!$�, P� -%!���&J"�L �;��� 
.min#N > .min�N  # .max .max# �N N� . 

�%$#' �;��# �#!=��#!%L =�>%!$%  7110
6

H
t

! , � �$#' 

.min#N  = 69 ;$;, .max#N = 126 ;$;. 
�&� !%"�� =�>%!$� -% �%@&�,�;� -"%D�!�;� �#!D�&+""� >=�&�-

*+"�D !+�%&+': 
6S = + 0,064 ;$;;   6I = + 0,025 ;$;; 

es = 0;   ei = 0,025 ;$;. 
�&� ��D -’L!"%"J, !+ $���"�' ;�;+"� %@� �>J��+ "%�%"�%O+""� 

=+�+!%L�J>� $�#=�&J"�;� !+�%&�;�, ;�O"% =��-"%*%�� "+��D�;� 
=�>%!$� ;+��!�; %"%&�E#�, �$�' =�&�E%L � ��;�, P� =��-"%*%K�J>� 
=�>%!$�, %"%&�E#*"# �#!�;�; =�>%!$%; ��D -’L!"%"J ,J�E� >%;�E� 
��=�, P� !�@�+ =�%,KK�J. 


>"��"# =�>%!$� - "%��E�; -% �+&�*�"�K �#!"�>"�E� "%��E� ;�-
O"% �;��"� ��-!#&��� "% 4 E��=�: 

%) �>�@&��� �%O$#, � �$�D 1 / ( 8 / 8)����N ��� �� � z ; 
@) �%O$#, � �$�D 1 / ( 7 / 7; 8 / 8)����N ��� �� � u � u� ; 
�) >+�+!"#, � �$�D 0.5 / ( 7 / 6)����N ��� �� � r� ; 
E) &+E$#, � �$�D 0.25 / ( 7 / 6)����N ��� �� � s� . 

>�@&��� �%O$# # �%O$# =�>%!$� =+�+!%K�J �+&�$# $���"# ;�;+"-

�� # !�"%;#*"# "%�%"�%O+""�; >+�+!"# – �!�#*# ;+"G# "%�%"�%O+""�; 
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&+E$# – ;%&# "%�%"�%O+""�. �+��D�;#>�J !�>�E%L�J>� -% �%D�"�$ !�-
!%�$���D $�#=&+"J. 

��>%!$� �/p; P/h  D%�%$�+��-�K�J>� "��;%&J"�; E%�%"�#'"�; 
"%��E�;, !&� "�D �>�%"��&+"� ��*"#G# $�%&#�+�� (�%&� 4...6, ������ 
6...7). F%>��>���K�J>�: $�&� M�� %@� !	� ;%&#; !&� ��*"�D -’L!"%"J; 
!&� ,+"����%""� �+&�$�E%@%���"�D !+�%&+', P� �%O$� "%�%"�%O+"# 
%@� G��!$� �@+��%K�J>�. 

��>%!$�  H/r; R/h; H/s; S/h; H/t; T/h   D%�%$�+��-�K�J>� =�;#�-
"�; "%��E�; � ;+O%D (0,0002... 0,0006) -%@+-=+*�K�J =+�+!%*� "%-
�%"�%O��%""� >+�+!"J�� �+&�*�"� @+- !�!%�$���E� $�#=&+""�. 

	>�%"��&+"# !&� $�%&#�+�#� (�%&� 5...7, ������ 6...7). 

 
!�. 10.7. �������� %�#������� ������ % ��#�$��: � – ������ 

������� %
���%��������$� �����'��; �- ���������� �
#
��� 
����$� ��
�; � – �������� ������. 
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���$&%!�: -�@*%>�# $�&+>% "% =��;#O"�;� �%&� $���@$% -;#"� 
=+�+!%* �%"�%O"�D %���;�@#&#� - !�!%�$���; $�#=&+""�; G=�"$�K; 
G+>�+�"� "% �%&� ;%>&�"�E� "%>�>� ��%$���% - !�!%�$���; $�#=&+"-
"�; G=�"$�K �% #". 

��>%!$� H/u; U/h; H/x; H/z D%�%$�+��-�K�J>� @#&JG�; "%��E�; 
(0,001..,0,002) dn, =��-"%*%K�J>� !&� -’L!"%"J, "% �$# !#K�J �%O$# 
!�"%;#*"# "%�%"�%O+""� # -%>��>���K�J>�, �$ =�%��&�, @+- !�!%�$�-
��E� $�#=&+""� -'L!"��%"�D !+�%&+' � 6-;�, #"�!# � 7-;� $�%&#�+�# 
(���&$% =������"�E� $�&%$% ��%$���%; ���&$% �%O+&� �*�P+""� -+�-
"�-@��%&J"�E� $�;@%'"� �% #"). 

���$&%!� -%>��>��%""� =�>%!�$ "%�+!+"� "% ��>. 10.7. 

10.5. !�F�� � �����	����� ������
��� ���	
�� 

�+�+D#!"# =�>%!$� *%>�� ��$���>����K�J>� � ��D ��=%!$%D, $�-
&� =���#@"� -%@+-=+*���, - �!"�E� @�$�, �$#>"+ ,+"����%""� � =%�# #, 
- !��E�E� @�$�, ;�O&��#>�J ��-@��%""� � =��,+># +$>=&�%�%,#� -'L!-
"%""�. 

�%��E� � =+�+D#!"�D =�>%!$%D �#!"�>"� ;%&# #, �$ =�%��&�, "+ ��-
;%E%K�J =+�+�#�$� !+�%&+' "% ;#,"#>�J. F%-��� � =+�+D#!"�D =�>%!-
$%D �%$�O �#!"�>"� ;%&#. �%$�; *�"�;, =+�+D#!"# =�>%!$� D%�%$�+-
��-�K�J>� "%��"#>�K %@� -%-���, %@� "%��E�. �+�+D#!"# =�>%!$� 
�>�%"��&+"� � �#!"�>"� ��*"�D $�%&#�+�%D: �%&� � 4-;� – 7-;�, ����-
�� � 5-;� – 8-;�. 
����� � =+�+D#!"�D =�>%!$%D, �$ =�%��&�, -%>��-
>���K�J "% �!�" $�%&#�+� E��@#G# �#! �%&%. 
>"��"�' ��! =+�+D#!"�D 
=�>%!�$ �����KL�J>� �%&%;� 6-E� # �����%;� 7-E� $�%&#�+�#�. 

 
!�. 10.8. *�
�� ���������
��� %�%���� #� ��#�$��  

� �
�
�����' ������. 
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��-�%D�"�$ =+�+D#!"�D =�>%!�$ =�&�E%L � ��-"%*+""# ';��#�"�D 
-%-��#� # "%��E#� �% �D =��,+"�"�E� >=#��#!"�G+""�. ��-�%D���K*� 
=�>%!$�, -��*%'"� ��D�!��J - "��;%&J"�E� -%$�"� ��-=�!#&� ��-;#-
�#� !+�%&+' =�� ��E����&+""#. ��-=�!#& -%-��#� # "%��E#� �%$�O =#!-
&�E%L "��;%&J"�;� -%$�"� ��-=�!#&� (��>.10.8). 

��-E&�"+;� ;+��!�$� ��-�%D�"$� =+�+D#!"�D =�>%!�$ "% =��$-
&%!# �%$�E� -'L!"%""�: 

( 0.030)

0.039
0.020

7110
6( )

H
t

�

�
�

! . 

	�-"%*%L;� �+&�*�"� E�%"�*"�D "%��E#� (-%-��#�): 
Nmax = es – EI = 39 – 0 = 39 ;$;; 

Nmin = ei – ES = 20 – 30 = – 10 ;$;. 
F"%D�!�;� �+&�*�"� >+�+!"J�E� "%��E�: 

max min 39 ( 10) 14.5
2 2

N NN � � 	
� � �  ;$;. 

��=�>$� !+�%&+' !��#�"KK�J: 
�D = ES – EI = 30 – 0 = 30 ;$;; 
�d = es – ei = 39 – 20 = 19 ;$;. 

	�-"%*%L;� >+�+!"L $�%!�%��*"+ �#!D�&+""� "%��E�: 
2 2 2 21 1 30 19 5.9

6 6N D dT T� � � � �
  ;$;. 

�+O% #"�+E���%""� ( $�+/#,#L"� ��-�$�) >$&%!%L: 
14.5 2.46
5.9

c

N

NZ � � �

  

F% -"%'!+"�; -"%*+""�; Z ��-"%*%L;� -% �%@&�,�;� /�"$,#K >z: 
>z = 0.493. 

X;��#�"#>�J =���� "%��E#� -% �%$�;� -%&+O"�>��;�: 
PN = 0.5 + >z, �$P� Z >0; 
PS = 0.5 – >z, �$P� Z >0. 

 !%"�;� =��$&%!#: 
PN = 0.5 + >z = 0,5 + 0,493 = 0,993. 

X;��#�"#>�J =���� -%-��#�: 
PS = 1 – PN = 1 – 0.993 = 0.007 

	 M��� =+�+D#!"# =�>%!$� �����KK�J>� >=�&�*+""�; =�&#� !�-
=�>$#�, >$&%!+"�D >=�&�*+""�; �>"��"�D �#!D�&+"J  I (i) !� N(n) # 
$�%&#�+�#�. 

��>%!$� H/Is; Is/h D%�%$�+��-�K�J>� ��;, P� !&� "�D ';��#�"#-
G�; L -%-��, %&+ ;�O&��# ' "+�+&�$# "%��E�. �%$# =�>%!$� -%>��>�-
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��K�J>�, �$P� =�� ,+"����%""# !+�%&+' !�=�>$%K�J>� "+�+&�$# -%-
-��� %@� =���#@"� -%@+-=+*��� &+E$+ >$&%!%""�. 

�� "�D "%&+O%�J: H7/Is6; Is7/h6. 

 
!�. 10.9. �������� �
�
������ ������: � – �
#
�
���#�' 
���; � – ��%�� ����������-��#����$� �
����%�� #���#���;  

�- �����
��� %����#�$� ���
�; $ – ��%�� ������$� ���� 
 #���#���. 
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���$&%!�: "+�+&�$# G$#�� # ��*"# ;%D���$� "% $#",�D �%&#�; $�-
"�>"% ���&$% � =#!G�="�$� =+�+!"J�� @%@$� ��$%�"�D �+�>�%�#�. 

�&� =�>%!�$ H/k; K/h ';��#�"#>�J �!+�O%""� -%-��#� # "%��E#� 
�!"%$��%. 

��>%!$� H7/k6; K7/h6 -%>��>���K�J>� � -�@*%>��D $�&+>%D "% 
�%&%D �+!�$���#� �+�>�%�#� �% #"G�D ;%G�", � ���&$%D E�&���$ G%-
��"#� ��%$���"�D !��E�"#� �% #". ��>%!$� H6/k5; K6/h5- =#!��P+"�� 
��*"�>�# (=��G"+��' =%&+,J � @�@�G$%D =��G"�). 

��>%!$� H/m; M/h =+�+�%O"� -%@+-=+*�K�J "%��E. X;��#�"#>�J 
�!+�O%""� -%-��#� �#!"�>"� ;%&%. ��>%!$� H7/m6; 
M7/h6 -%>��>���K�J>� !&� "+��D�;�D -’L!"%"J !+�%&+' "% �%&%D, 
�$# G��!$� �@+��%K�J>� (-�@*%>�# $�&+>% "% �%&%D �+!�$���#�; =�>%-
!$� !+�%&+' "% $#",�D �%&#� +&+$���;%G�" �% #"). 

��>%!$� H/n; N/h – "%';#,"#G# - =+�+D#!"�D =�>%!�$. F%-��� 
=�� >$&%!%""# =�%$��*"� "+ ��"�$%K�J. 

F%>��>���K�J>� � �%O$�"%�%"�%O+"�D -�@*%>��D $�&+>%D; � ���-
&$%D G���D%*% � @&�,# ,�&#"!�#� ��%$���"�E� !��E�"% ��P�. 

���$&%!� -%>��>��%""� =+�+D#!"�D =�>%!�$ "%�+!+"� "% ��>. 
10.9. 

+$"!" 11. %�$�?('!&� %?$"�"&&G 

11.1. %��@ ��8�������>� ��8	
	��� 

�% =�%$��,# *%>�� ��"�$%L =���+@% ��E������� !+�%&# - �%$�K 
��*"#>�K, �$�� "+ ;�O"% !�>�E��, %@� =�� !�>�E"+""# �$�� !+�%&# @�-
!��J !���E�;� ("++$�"�;#*"�;�). �%$, -%-�� � =&�"O+�"#' =%�# =%-
&��"�E� "%>�>% =���"+" @��� � ;+O%D 1...3 ;$;. I+ -"%*��J, P� ��-
*"#>�J �@��@$� =&�"O+�% =���""% @��� � 7 �%-#�, % ���&$% – � 
10 �%-#� ��P�K, "#O -% 6-; $�%&#�+��;. 

�&� -%@+-=+*+""� �%$�� ��*"�>�# O�!+" #- "%��"�D �+D"�&�E#*-
"�D =��,+>#� "+ @�!+ +$�"�;#*"�;. ��;� � ����@"�,��# -%>��>���-
L�J>� >+&+$���"+ >$&%!%""�, �$+ !%&� -;�E� �!+�O%�� =�>%!$� =#!-
��P+"�� ��*"�>�#. 

�+&+$���"+ >$&%!%""� -%>��>���L�J>� # ��!#, $�&� =���#@"� =#!-
��P��� ��*"#>�J -’L!"%""� @+- -;+"G+""� !�=�>$#� "% �@��@$� 
>=�&�*��%"�D !+�%&+', % �%$�O # � ��;� ��=%!$�, $�&� =���#@"� ��-
-G����� !�=�>$� – �#! ��-�%D�"$���D !� +$�"�;#*"� !�,#&J"�D =�� 
!�!+�O%""# -%!%"�� ��*"�>�#. 

���J >+&+$���"�E� >$&%!%""� =�&�E%L � ��;�, P� !+�%&# 
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-’L!"%""� ��->������K�J "% E��=�, % =��#; -'L!"�K�J !+�%&# �!"�'-
;+""�D E��=. 

 -’L!"%""# E#&J-% ,�&#"!�#�-=��G+"J !��E�"% �-75 -%-��, -E#!"� 
- �+D"#*"�;� �;��%;�, ;%L @��� � ;+O%D 0,19...0,23 ;;. �% ��>. 
11.1. -�@�%O+"� >D+;� =�&#� !�=�>$#� ,J�E� -'L!"%""�. �- >D+;� ��-
!"�, P� -'L!"%""� E#&J- # =��G"#� �!"�';+""�D E��= !%L ;�O&�-
�#>�J �!+�O��%�� -%-��� � ,�D -%!%"�D ;+O%D. �$P� ,# !+�%&# "+ !#-
&��� "% E��=�, �� -%-�� ;#O E#&J-�K ,�&#"!�#� # =��G"+; >�%"���� 
@� 0,13...0,29 ;;, P� =��-�+&� @ !� -"�O+""� �+D"#*"�E� �+>��>�. 
��� -%-��%D 0,13...0,19 ;; � =��,+># ��@��� !��E�"% ;�E&� @ @��� 
-%!���. 

 
!�.11.1. *�
��, C� �����#
��%�A �#� 
�
�#����$� ��������. 

�+&+$���"+ >$&%!%""� ;%L �%$# =+�+�%E�: 
- ;�O&��#>�J �!+�O%""� �%$�� ��*"�>�#, �$% "+!�>�O"% %@� +$�-

"�;#*"� "+!�,#&J"% "% "%��"�;� �+D"�&�E#*"�;� �@&%!"%""#; 
- !+G+�G+ ��E����&+""� !+�%&+' -% �%D�"�$ ��-G��+""� =�&#� 

!�=�>$#�; 
- ;�O&��#>�J G��G�E� ��$���>�%""� >�%"!%��"�D =�>%!�$, �>�-
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@&��� =+�+D#!"�D. 
�+!�&#$� >+&+$���"�E� >$&%!%""�: 
- -@#&JG�K�J>� !�!%�$��# ����%�� "% >�����%""� # ;%�$��%""� 

!+�%&+'; 
- -@#&JG�K�J>� =���+@� � !���E�D $%&#@�%D; 

- =�D�@$% ��;#�K�%"J =�� >�����%""# !+�%&+' "% n E��= =���""% 
@��� � n  �%-#� "�O*�K, "#O =�� =��"�;� !�=�>$�. 

�- -@#&JG+""�; *�>&% E��= -@#&JG�L�J>� "+-%�+�G+"+ ����@"�,-
��� !+�%&+' �"%>&#!�$ �#-"�� �D $#&J$�>�# � �!"�';+""�D E��=%D. 
�&� -;+"G+""� $#&J$�>�# !+�%&+', �$# �=�"�&�>� � "+-%�+�G+"�;� 
����@"�,��#, =���#@"� �����K�%�� E��=� "+&#"#'"�; !#&+""�; =�-
&#� !�=�>$#�, % =��=��,#'"�; !#&+""�; =&�P $����D ��-=�!#&� 
(��>. 11.2). 
>$#&J$� *�>&� �����#� # �%&#� ;%L @��� �!"%$���;, �� 
=&�P# �@�D $����D ��-=�!#&� @�!��J �#�"�;�. 

��&+ !�=�>$� @�!J-�$�� !+�%&# !#&��J "% 5...10 �#�"�D *%>��". 
�&�P# F1; F2; F3; F4, ��&�K�J >�@�K � !+�$�;� ;%>G�%@# *�>&� !+-
�%&+'. ���#; $���� ��-=�!#&� �%&% !#&��J "% �+ >%;+ *�>&� *%>��" 
�%$�; *�"�;, P�@ =&�P% $�O"�� *%>��"� $����� ��-=�!#&� �%&% !�-
�#�"K�%&% =&�P# �#!=��#!"�� *%>��"� $����� ��-=�!#&� ������. 	#!-
=��#!"# ��*$� =�!#&� =%�"�D *%>�$���D =�&#� -’L!"�K�J =��;�;� 
&#"#�;�, P� "%-��%K�J>� -�’�-$%;� ��-=�!#&�. 

 
!�. 11.2 	��
��� �� $���� ��������'�� ���C���� $�#�$���. 
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!�. 11.3.  /����  %����   �E�  ���  = 

 ,J�;� ��=%!$� � $�O"#' E��=# @�!+ �!"%$��% $#&J$#>�J !+�%-
&+'. [�@ !�>�E�� ,J�E�, =���#@"� ��$�"%�� �%$# �;���: 

1. 	��*��� /%$��*"# $���# ��-=�!#&� !+�%&+'. �#� =#!���;%""� 
>�%@#&J"�>�# $����D ��-=�!#&� =���#@"�, P�@ "% �+�>�%�%D =�%,K-
�%&� =�>�#'"# ��@#�"�$� # -%>��>����%�>� #">���;+"� �!"�E� ��=�. 

2. �#! *%> >�����%""� >�+O��� -% =%�"#>�K !+�%&+' � E��=%D. ��-
�G"+�� =%�"#>�J ;�O"% ���#�"��� =#!E�"$�K, %&+ ,+ G$�!��J �-%L-
;�-%;#""�>�#. �+��! =#!E�"$� -%>��>���L�J>� � �+;�"�"�D =#!=��-
L;>��%D, �$# �#!"��&KK�J =�+,�-#'"# =%��. 

����#@"� ;%�� "% ��%-#, P� =�� -%"%!�� �+&�$�;� *�>&# E��= 
E��=���' !�=�>$ ;%&� �#!�#-"���;+�J>� �#! !�=�>$� =�� ;+"G�;� 
*�>&# E��=, -%�+ -"%*"� -@#&JG�K�J>� ����%��. �% ��>. 
11.3 -�@�%O+"� -;#"� E��= =��"�E� !�=�>$� � -%&+O"� �#! *�>&% 
E��= �'�. U�>&� "+�@D#!"�D E��= >+&+$���"�E� >$&%!%""� =���""+ 
@��� �=��;%&J"�;. 

11.2. ����	����� ���8	 >��� �’J
�	�@ � >	�	����	���  
�	����� 

������%""� "% E��=� � -'L!"%""�D - E%�%"���%"�; -%-���; -%-
>��>���L�J>� � �%$�D ��=%!$%D: 

- $�&� !�=�>$ =�>%!$� ;%&�', ��@�� !+�%&# =���""# @��� ��E���-
�&+"�;� -% ��>�$�; $�%&#�+��;; 



	��
�� �� 

 140 

- $�&� � �%@&�,�D "+;%L >�%"!%��"�� =�>%!$�, �$% -%!���&J"�L 
�;��� .min .min # �S S ; 

- $�&� =���#@"� =�;#�"� -@#&JG��� !��E��#*"#>�J -'L!"%""�. 
 -'L!"%""�D - E%�%"���%"�; -%-���; $�%P�; -% !��E��#*"#>�K 

��%O%��;��J>� -’L!"%""� - ;#"#;%&J"�; -%-���; minS . ��O+ @��� 
��� ��=%!$� >=#��#!"�G+""� ;#O !�=�>$%;� -'L!"��%"�D !+�%&+': 
!�=�>$� !+�%&+' �!"%$��#, !�=�>$ ������ @#&JG�' �#! !�=�>$� �%&% 
# !�=�>$ �%&% @#&JG�' �#! !�=�>$� ������. 

�$P� !�=�>$� -'L!"��%"�D !+�%&+' �!"%$��# (��>.11.4), ��@�� �D 
= �d, �� @�!��J �!"%$���; # E��=��# !�=�>$�, ��@�� �'�

D = �'�
d. �#"#-

;%&J"# -%-��� � -’L!"%""�D, >$&%!+"�D #- !+�%&+' �!"�';+""�D 
E��=, @�!��J �!"%$���;�, ��@�� 1 2

min min min� � nS S S . 
 �%$�;� ��=%!$� *�>&� E��= n !��#�"K�%��;+: 

� � dD
$� $�

D d

TTn
T T .      (11.1) 

 
!�. 11.4. *�
�� %���� %�%���� ��� �����#� ������� �
#��
' ( � 

�������, ���� ������ �
#��
' �����). 
 ��=%!$�, $�&� !�=�>$ ������ @#&JG�' �#! !�=�>$� �%&%, ��@��  

�D > �d ;#"#;%&J"�' -%-�� -@#&JG�L�J>� #- -@#&JG+""�; *�>&% E��= 
(��>.11.5). �$ ��!"� #- ��>�"$�, >%;�' ;#"#;%&J"�' -%-�� @�!+ � 
-'L!"%""# !+�%&+' =+�G�� E��=�, ��@�� 1

minS < 4
minS . F% �>"��� ��-�%-
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D�"$� *�>&% E��= @+�+;� ;#"#;%&J"�' -%-�� � =+�G#' E��=#, ��@��: 
1
min min� $�S S . 

 
!�. 11.5. *�
�� %���� %�%���� ��� �D > �d 

F !%"�� >D+;� ;�O"% -%=�>%��: 

min min� � 	$� D
D

TS S T
n .     (11.2) 

F�#!>�: 

min min

�
	 �

D
$�

D

Tn
S S T .     (11.3) 

��-E&�"+;� ��=%!�$, $�&� !�=�>$ �%&% @�!+ @#&JG�; �#! !�=�>-
$� ������, ��@�� �D < �d  (��>.11.6). �#"#;%&J"�' -%-�� -;+"G��%-
��;+�J>� #- -@#&JG+""�; *�>&% E��=. �$ ��!"� - ��>�"$%, >%;�' ;#-
"#;%&J"�' -%-�� @�!+ � *+��+��#' E��=#, ��@�� 4

minS < 1
minS . ��� ��-

-"%*+"�;� *�>&# E��= -% �>"��� @+�+;� ;#"#;%&J"�' -%-�� � *+��+�-
�#' E��=#, ��@�� 4

minS = 1
minS . 

�$ ��!"� - ��>.11.6, ;#"#;%&J"�' E��=���' -%-�� !��#�"KL: 

min min� � 	$� d
d

TS S T
n .     (11.4) 

F�#!>�: 

min min

�
	 �

d
$�

d

Tn
S S T .     (11.5) 
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!�.11.6. *�
�� %���� %�%���� ��� �D < �d 

11.3. ����	����� ���8	 >��� 
8� �’J
�	�@  
� >	�	����	��� �	��>�� 

������%""� !+�%&+' "% E��=� � -’L!"%""�D - E%�%"���%"�; "%��-
E�; -%>��>���L�J>� � �%$�D ��=%!$%D: 

- =�� ;%&�;� -"%*+""# !�=�>$� =�>%!$�; 
- $�&� � �%@&�,�D "+;%L =�>%!$�, �$% @ -%!���&J"�&% �;��#: 
.min#N > .min�N , .max#N } .max�N . 
�&� -%@+-=+*+""� !��E��#*"�>�# ��@��� -’L!"%""� - E%�%"���%-

"�; "%��E�; =���#@"�, P�@ ;#O -’L!"��%"�;� !+�%&�;� @�� ;%$>�-
;%&J"�' "%��E maxN . ��O+ @��� ��� ��=%!$� >=#��#!"�G+""� ;#O 
!�=�>$%;� !+�%&+', - �$�D >$&%!%L�J>� -'L!"%""�: !�=�>$� !+�%&+' 
�!"%$��#, !�=�>$ ������ @#&JG�' �#! !�=�>$� �%&% # !�=�>$ �%&% @#-
&JG�' �#! !�=�>$� ������. 

�$P� !�=�>$� !+�%&+' �#�"# ;#O >�@�K, ��@�� �D = �d, �� @�!��J 
�#�"# ;#O >�@�K # E��=��# !�=�>$�, ��@�� �'�

D = �'�
d (��>. 11.7) 

 ,J�;� ��=%!$� ;%$>�;%&J"# "%��E� � $�O"#' E��=# @�!��J �!-
"%$���;�, ��@��: 1 2

max max max� � nN N N . 
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!�. 11.7 *�
�� ���#���
��� ��#�$�� ��� �����#� �������  

�
#��
' (y �������, ���� ������ �
#��
' �����) 
 
U�>&� E��= >�����%""� !+�%&+' !��#�"K�%��;+: 

� � dD
$� $�

D d

TTn
T T .     (11.6) 

�$P� !�=�>$ ������ @#&JG�' �#! !�=�>$� �%&%, ��@�� �D > �d 
;%$>�;%&J"�' "%��E -;+"G�L�J>� #- -@#&JG+""�; *�>&% E��= 
(��>.11.8). 

�$ ��!"� - ��>�"$%, >%;�' ;%$>�;%&J"�' "%��E @�!+ � -’L!"%""# 
!+�%&+' =+�G�� E��=�, ��@�� 1

maxN > 4
maxN . F% �>"��� ��-�%D�"$� @+-

�+;� ;%$>�;%&J"�' "%��E � =+�G#' E��=#, ��@�� 
1
maxN = 4

maxN . 
F ��>�"$� 11.8. ���#$%L, P�: 

max max� 	 �$� d
d

TN N T
n     (11.7) 

F�#!>�: 

max min

�
	 �

d
$�

d

Tn
N N T .    (11.8) 
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!�. 11.8. *�
�� ���#���
��� ��#�$�� ��� �D > �d 

��-E&�"+;� ��-"%*+""� *�>&% E��= >�����%""�, $�&� !�=�>$ �%-
&% @�!+ @#&JG�; �#! !�=�>$� ������, ��@�� �D < �d (��>.11.9). �%$-
>�;%&J"�' "%��E -��>�%��;+ #- -@#&JG+""�; *�>&% E��=. �%;�' ;%-
$>�;%&J"�' "%��E @�!+ � *+��+��#' E��=#, ��@�� =�� ��-"%*+""# *�-
>&% E��= -% �>"��� @+�+;� ;%$>�;%&J"�' "%��E � *+��+��#' E��=#, 
��@�� 4

maxN > 1
maxN . ��� ��-"%*+""# *�>&% E��= -% �>"��� @+�+;� ;%-

$>�;%&J"�' "%��E � *+��+��#' E��=#, ��@�� 4
maxN = max

$�N . 

 
!�. 11.9. *�
�� ���#���
��� ��#�$�� ��� �D < �d 

�%$>�;%&J"�' E��=���' "%��E (��>.11.9) !��#�"KL: 
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max max� 	 �$� D
D

TN N T
n .    (11.9) 

F�#!>�: 

max min

�
	 �

D
$�

D

Tn
N N T .     (11.10) 

�����K*� !+�%&# "% E��=�, =���#@"� ��%D����%��, P� =�� �+&�-
$�;� *�>&# E��= E��=���' !�=�>$ ;%&� �#!�#-"�L�J>� �#! !�=�>$� 
=�� ;+"G�;� *�>&# E��=, %&+ -"%*"� �>$&%!"KK�J>� ��E%"#-%,#� # 
=��,+> >$&%!%""�. �% =�%$��,# �=��;%&J"+ *�>&� E��= @+���J �#�-
"�; 4 %@� 5, % !&� =#!G�="�$���D -’L!"%"J =�� >�����%""# �#& $�-
*+""� n > 10. 

 
+$"!" 12. ���/%?' &" ?/(�!� ��#���'  

� &" ��#���' ��("$�O ?�&�;&'� #’K�&"&2 

12.1. ?����� ������� � 
������ �	 ��� 

���� ($����# ��-;#��) ��-"%*%K�J =�&�O+""� =��+�D�"J !+�%-
&+', "%=��$&%! ,�&#"!�#� V – =�!#@"�D !��E�"#�, G$#�#� # �%�#%���#� 
$&�"�=%>���D =+�+!%* ��P�. ���� @��%K�J "+-%&+O"# # -%&+O"# ("�-
�;%&J"#). �+-%&+O"# $��� "+ -�’�-%"# ��-�%D�"$���;� >=#��#!"�-
G+""�;� - #"G�;� ��-;#�%;� =��+$���%"�D ����@#�. �% "�D =�G�-
�KK�J>� �
�� 8593-81 # �
�� 8908-81. 

���;%&J"# $��� - !��O�"�K ;+"G�� >����"� $��% !� 2500 ;; 
>�%"!%�� ��-=�!#&�L "% ��� ��!�. �� =+�G�E� ��!� �D�!��J $��� 0°, 
5°, 15°, 20°, 30°, 45°, 60°, 90°, 120°. ���E�' # ��+�#' ��!� �#!=��#!"� 
;#>���J 11 # 24 -"%*+""� $��#�. ��� ��@��# $��#� >&#! "%!%�%�� =+�+-
�%E� =+�G�;� ��!� =+�+! !��E�;, !��E�;� – =+�+! ��+�#;. 

�
�� 8908-81 =+�+!@%*%L �%$# =�-"%*+""� !�=�>$#� (��>. 12.1): 
G� – !�=�>$ $��% (�#-"�,� ;#O "%'@#&JG�; # "%';+"G�; E�%"�-

*"�;� $��%;�); 
G�� – !�=�>$ $��%, ���%O+"�' � $�����D �!�"�,�D; 
G� – -%$��E&+"+ -"%*+""� !�=�>$� $��% � E�%!�>%D, D��&�"%D, 

>+$�"!%D; 
G�h – !�=�>$ $��%, ���%O+"�' �#!�#-$�; "% =+�=+"!�$�&��# !� 

>����"� $��%, =����&+O"�E� $��� G�� "% �#!>�%"# L1 �#! �+�G�"� 
,J�E� $��%; 

G�D – !�=�>$ $��% $�"�>%, ���%O+"�' !�=�>$�; "% �#-"�,K !#%-
;+��#� � !��D "��;%&J"�D !� �># =+�+�#-%D $�"�>% "% -%!%"#' �#!>-
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�%"# L ;#O "�;� (��-"%*%L�J>� -% =+�=+"!�$�&���; !� �># $�"�>%). 
��=�>$� $��#� $�"�>#� - $�"�>"i>�K "+ @#&JG+ 1:3 =��-"%*%K�J 

� -%&+O"�>�# �#! "�;#"%&J"�� !��O�"� $�"�>% L, % - $�"�>"#>�K @#-
&JG�K 1:3 – -%&+O"� �#! !��O�"� ��#�"�� L1. 

	>�%"��&+"� 17 >��=+"#� ��*"�>�# !�=�>$#� $��#�: 1,2...., i � =�-
��!$� >=%!%""� ��*"�>�#. 

��� =�-"%*+""# !�=�>$� $��% -%!%"�E� >��=+"K ��*"�>�# !� =�--
"%*+""� !�=�>$� $��% !�!%L�J>� "�;+� �#!=��#!"�E� >��=+"K ��*-
"�>�#, "%=��$&%!: G� 5, G� 9. 

 
!�. 12.1. 	����� ��#���� ��%����� #� �� ��%���
���:  

� – ��� ������#� �
 �����
 1:3; � – ��� ������#� �����
 1:3; 
� – %�$����� �
��. 

���=+"# ��*"�>�# =��-"%*%K�J>�: 
1...6 – !&� $�����D ;#�, $%&#@�#�; 
7 – !&� !+�%&+' ��>�$�� ��*"�>�#, P� =���+@�K�J �$#>"�E� 

,+"����%""�; 
8...9 – !&� !+�%&+' ��>�$�� ��*"�>�#, �$# =+�+!%K�J �+&�$# $���"# 
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;�;+"��, "%=��$&%!, !&� #">���;+"�%&J"�D $�"�>#�; 
10...13 – !&� !+�%&+' "��;%&J"�� ��*"�>�# (,+"��� # ,+"����# E"#-

-!%, "%=��;"# =&%"$� �% i".); 
14 – !&� !+�%&+' "+��>�$�� ��*"�>�#, !&� $�����D ��-;#�#� # $�-

"�>#� !+�%&+', P� >��=����J (/#$>%����, -#��*$�, >��=o�"# ���&$�); 
15...17 – !&� "��;��%""� !�=�>$#� �#&J"�D $�����D ��-;#�#�. 

 
!�. 12.2. ,�����#� ��%��C
��� ������� �� ��#��� ��%���� 
F"%*+""� G�h ��-"%*%K�J>� -% /��;�&�K: 

3
1 10hAT AT L�

	� � ,     (12.1) 
!+ G�h – � ;#$��;+��%D; AT�  – � ;#$���%!#%"%D; 1L  – � ;#&#;+��%D. 
��=�>$� G� =��-"%*%K�J "% $�"�>� - $�"�>"#>�K @#&JG�K 1:3. 
�$P� $�"�>"#>�J "+ @#&JG% 1:3, �� ;�O"% - !�>�%�"J�K ��*"#>�K 

!�=�>����, P� D hAT AT� . �&� $�"�>#� - $�"�>"#>�K @#&JG�K 
1:3 -"%*+""� DAT  ��-"%*%K�J -% /��;�&�K: 



	��
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2cos /
h

D
ATAT
�

� ,      (12.2) 

!+ �  – "�;#"%&J"�' $�� $�"�>%. 
��=�>$� $��#� (��>. 12.2, %) # $�"�>#� (��>. 12.2, @) ;�O��J @��� ��-

-;#G+"�;� � =&K> (+G�), � ;#"�> (-G�) %@� >�;+���*"� 2
AT

"  �#!-

"�>"� "�;#"%&J"�E� $��%. 

12.2. ������� � ���	
�� �������� �'J
�	�@ 

Y���$+ ��-=��>K!O+""� $�"#*"�D -’L!"%"J -�;��&+"� �%$�;� �D 
=�-����"�;� �&%>����>��;�: ��>�$% E+�;+��*"#>�J # ;#,"#>�J -'L!-
"%""�; ;�O&��#>�J /#$>��%�� �-%L;"+ =�&�O+""� !��D !+�%&+' # � �%-
!#%&J"�;�, # � �>J���;� "%=��;%D, -%@+-=+*�K*� "+�@D#!"�' -%-�� 
%@� "%��E; -!%�"#>�J $�"#*"�� =%�� !� G��!$�E� ��-@��%""� # >$&%-
!%""� @+- =�G$�!O+""� =��+�D�"J +&+;+"�#� -'L!"%""�; >%;�,+"���-
�%"#>�J. 

��-�#-"�K�J �%$# ��!� $�"#*"�D -’L!"%"J: "+��D�;# (- "%��E�;), 
P#&J"# (- ;�O&��#>�K $��-%""�) # ��D�;# (#- -%-���;). 

�+��D�;# -’L!"%""� ��$���>����K�J>� !&� =+�+!%*# $���"�D 
;�;+"�#�. �+��D�;#>�J -%@+-=+*�L�J>� >�&�K �+��� ;#O >=�&�*+"�-
;� =��+�D"�;�. ��&% �+��� �+E�&KL�J>� "%��E�;, �$�' !�>�E%L�J>� 
-%��E��%""�; %@� -%=�+>��%""�; -��"#G"J�E� $�"�>% � �"���#G"#'. 
��� �+&�$�D "%�%"�%O+""�D, =�� �#!"�>"� ;%&�;� "%��-#, =�� �#@-
�%,#�D � "+��D�;�;� $�"#*"�;� -’L!"%""# =+�+!@%*%K�J>� G=�"$�. 
�%=��$&%!: -'L!"%""� /&%",+��D ;�/� - =���O"#;� # >�,#&J"�;� 
�%&%;�. 

[#&J"# -'L!"%""� -%>��>���K�J>� !&� -%@+-=+*+""� E+�;+��-%,#�. 
��>%!$% -%@+-=+*�L�J>� =�����$�K -'L!"��%"�D !+�%&+'. I# -'L!-
"%""� ��$���>����K�J>� � !��E�"%D !&� =�>%!$� $&%=%"% � >#!&�, � 
O�$&+�%D $%�@K�%���#�, ��P�. 

	#!"�>"+ �@+��%""� %@� -%-�� ;#O !+�%&�;� -%@+-=+*�K�J ��D�-
;# -'L!"%""�, �$# D%�%$�+��-�K�J>� ��*"�; ,+"����%""�;, ;�O&��#-
>�K $�;=+">%,#� >=�%,K�%""� !+�%&+' -% �%D�"�$ �� =+�+;#P+""� 
�-!��O �># ("%=��$&%!, � $�"#*"�D =#!G�="�$%D �+�>�%�#�, � �+E�-
&KK*�D =��>����D ��P�). 


>"��"# E+�;+���*"# =%�%;+��� $�"#*"�E� -’L!"%""� "%�+!+"� 
"% ��>. 12.3. 
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!�. 12.3.  �����
#�� �������$� %'A������ 

�%-���K =&�P�"�K $�"�>% "%-��%L�J>� =+�=+"!�$�&��"% !� �># 
$�"���� =&�P�"%, �#!"�>"� �$�� ��-"%*%L�J>� =�&�O+""� =+�+�#-#�. 

�%-��#!>�%"J Z (�>J��% �#!>�%"J) – ,+ �#!>�%"J ;#O @%-���;� 
=&�P�"%;� (@%-%;�) >=�&�*+"�D $�"�>#� �-!��O �D �>+'. 

�+$�;+"!�L�J>� �%$% �+�;#"�&�E#� !&� $�"#*"�D -’L!"%"J: 
max min, , ,A p A AZ T Z Z  – �#!=��#!"� "�;#"%&J"+ -"%*+""� @%-��#!>�%-

"#, �� !�=�>$, �+�D"L # "�O"L �#!D�&+""�; 
1 1 11, , ,d d dd AT es ei  – �#!=��#!"� "�;#"%&J"+ -"%*+""� ��-;#�� �+&�-

$�E� !#%;+��% -��"#G"J�E� $�"�>% (�%&%), '�E� !�=�>$, �+�D"L # "�-
O"L �#!D�&+""�; 

2 2 22 , , ,D D DD AT ES EI - �#!=��#!"� "�;#"%&J"+ -"%*+""� ��-;#�� ;+-
"G�E� !#%;+��% �"���#G"J�E� $�"�>% (������), '�E� !�=�>$, �+�D"L 
# "�O"L �#!D�&+""�; 
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, , ,
B B BB AT es ei� � ��  – �#!=��#!"� "�;#"%&J"+ -"%*+""� $��% $�"�>% 

�%&%, '�E� !�=�>$, �+�D"L # "�O"L �#!D�&+""�; 
0 0 00 , , ,AT ES EI� � ��  – �#!=��#!"� "�;#"%&J"+ -"%*+""� $��% $�"�>% 

������, '�E� !�=�>$, �+�D"L # "�O"L �#!D�&+""�; 
1 1 11, , ,L L LL T S I� � - �#!=��#!"� "�;#"%&J"+ -"%*+""� ��-;#�� !��O�-

"� �"���#G"J�E� $�"�>%, '�E� !�=�>$ �+�D"L # "�O"L �#!D�&+""�; 
2 2 22 , , ,L L LL T S I� � - �#!=��#!"� "�;#"%&J"+ -"%*+""� ��-;#�� !��-

O�"� -��"#G"J�E� $�"�>%, '�E� !�=�>$, �+�D"L # "�O"L �#!D�&+""�. 
* – $�"�>"#>�J. 
	#! ��-;#P+""� =�&� !�=�>$� ������ # �%&% �#!"�>"� "�;#"%&J-

"�E� ��-;#�� -%&+O��J -"%*+""� @%-��#!>�%"#: 
1 1

A
d DZ

C
	

� ,      (12.3) 

1 1max min
maxA

d DZ
C
	

� ,     (12.4) 

1 1min max
minA

d DZ
C
	

� .     (12.5) 

��=�>$ "% @%-��#!>�%"J !��#�"KL: 

max min
d D

p A A
T TT Z Z

C
	

� 	 � .     (12.6) 

�% ��>. 12.4 -�@�%O+"� >D+;� �����+""� E�%"�*"�D @%-��#!>�%-
"+'. ��"�> �%&% ;�O+ -%';%�� �#-"# =�&�O+""� �#!"�>"� $�"�>% 
������ =�� �!"�D # ��D >%;�D -%!%"�D !�=�>$%D -%&+O"� �#! ��E�, �$ 
��-;#P��%��;��J>� !�=�>$� "% !#%;+��� �#!"�>"� &#"#� "�;#"%&J"�-
E� ��-;#��. �>"�L !+$#&J$% �%�#%"�#� ��-;#P+""� =�&#� !�=�>$#� �#!-
"�>"� "�;#"%&J"�� &#"#�. 

�+�G�' �%�#%"� – !�=�>$� ��-;#G+"� � "�#&�" !+�%&+' 
(��>. 12.4, %). 

��� ,J�;�: 
1 1 1 1max min

maxA A
d D d DZ Z

C C
	 	

� � � ,    (12.7) 

� � � �1 11 1min max
min

d D
A A p

d T D Td DZ Z T
C C

	 	 �	
� � � 	 . (12.8) 

��� �%$�;� ��-;#P+""# =�&#� =�=�>$#� �%& - "�;#"%&J"�E� =�&�-
O+""� �=�>$%��;+�J>� &�G+ �"�- "% ��-;#� !�=�>$� @%-��#!>�%"# ��. 
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!�.12.4. ,�����#� ��%��C
��� ������� ������. 

���E�' �%�#%"� – !�=�>$� "% �@��@$� ��-;#G+"� - "�#&%" !+�%&+' 
(��>. 12.4, @).  ,J�;� ��=%!$�: 

max min;A A p A AZ Z T Z Z� � � .    (12.9) 
��+�#' �%�#%"� – !�=�>$� ��-;#G�K�J>� "% =�%��' @#$ �#! &#"#� 
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"�;#"%&J"�E� ��-;#�� (��>.12.4, �): 

max min;d d
A A A A

T TZ Z Z Z
C C

� � � 	 .    (12.10) 

�$P� !�=�>$� ��-;#G+"� =� &#��' @#$ &#"#�, ��: 

max min;D D
A A A A

T TZ Z Z Z
C C

� � � 	 .   (12.11) 

�% >�>�+;� !�=�>$#� # =�>%!�$ !&� $�"#*"�D -’L!"%"J �>�%"��&+-
"� �
�� 25307-82 # =�G��+"� "% E&%!$# $�"�>� !#%;+���; !� 
500 ;; # $�"�>"#>�K �#! 1:3 !� 1:500. ��%"!%���; �>�%"��&+"� �%-
$�O �>"��"# �#!D�&+""� - ;+��K �!+�O%""� �#-"�D =�>%!�$: d, e, f, 
g, h, is, k, m, n, p, r, s, t, u, x, z – !&� -��"#G"#D $�"�>#� # H, Is, N – 
!&� �"���#G"#D $�"�>#�. ��&� !�=�>$#� �����KK�J>� >=�&�*+""�; 
,�D �>"��"�D �#!D�&+"J - $�%&#�+�%;� 4...12. 

+$"!" 13. !#"K��#"��&&�%(2 ���C'�&'?�!'� 
#'K�&"&2 

13.1. ?8	�� �������� ��
Q������� ������� 

�#!G�="�$� $�*+""� G���$� -%>��>���K�J>� � ;%G�"�@�!�-
�%""#. �% �!"�;� &�G+ -+�"�-@��%&J"�;� $�;@%'"# L !� 70-
80 ;#>,J, !+ �>�%"��&+"� =#!G�="�$� $�*+""�. 	�"� =�%,KK�J =�� 
"%'�#-"�;%"#�"#G�D "%�%"�%O+""�D # *%>���%D �@+��%"J # =���""# 
;%�� ��>�$� !��E��#*"#>�J, "%!#'"#>�J # ��*"#>�J. 

��*"#>�J ��@��� =#!G�="�$#� ��-"%*%L�J>�: 
- ��*"#>�K ��-;#�#� =��L!"��%&J"�D =��+�D�"J $#&+,J; 
- ��*"#>�K /��;� # ��-;#P+""� $#&+,J # �D G��>�$#>�K; 
- ��*"#>�K ��-;#�#� # /��; �#& $�*+""�; 
- �+&�*�"�K @�$���E� @���� =� !��#O$%D $�*+""� -��"#G"J�E� # 

�"���#G"J�E� $#&+,J. 
�� �
�� 520-89 �>�%"��&+"� =’��J $&%>#� ��*"�>�# =#!G�="�-

$#�: 0, 6, 5, 4, 2, P� =�-"%*+"# � =���!$� =#!��P+""� ��*"�>�#. �&%> 
��*"�>�#, $�#; 0, =�-"%*%L�J>� *+�+- ���+ =+�+! �;��"�; =�-"%*+"-
"�; =#!G�="�$%, "%=��$&%!: 6-205. F% ��0 !�!%L�J>� P+ @�$�% ! 
(!6-205). �%$ �$ "�&J���' $&%> L �>"��"�;, �� �#" � =�-"%*+""# "+ 
�$%-�L�J>�. 

 ��%$���%D, %���;�@#&�D, >#&J>J$�E�>=�!%�>J$�D ;%G�"%D # E#!��-
;+&#��%���"�D ;%G�"%D -%>��>���K�J>� =#!G�="�$� �#&J$� $&%>� 0. 

�#!G�="�$%; $�*+""� �&%>���# =��"% -��"#G"� �-%L;�-%;#"-
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"#>�J ;#O =��L!"��%&J"�;� =��+�D"�;� (;#O -��"#G"#; !#%;+���; 
-��"#G"J�E� $#&J,� # �"���#G"#; !#%;+���; �"���#G"J�E� $#&J,�) # 
"+=��"% �"���#G"� �-%L;�-%;#""#>�J (;#O �#&%;� $�*+""� # $#&J,�-
;�). ���"% �-%L;�-%;#""#>�J !%L -;�E� G��!$� ;�"���%�� # -%;#"K-
�%�� >=�%,J��%"# =#!G�="�$� $�*+""�. 

[�@ =�&+EG��� �+;�"� ;%G�" =�� >=�%,K�%""# =�>%!�*"�D 
;#>,J, ��=�>$%K�J>� =#!G�="�$�, � �$�D !#%;+�� �"���#G"J�E� $#-
&J,� -;+"G+"�, % !#%;+�� -��"#G"J�E� $#&J,� -@#&JG+"�.  ,J�;� 
��=%!$� "% �"���#G"J�;� $#&J,# >�%�&��J &#�+�� 5 (;%&�'), % "% -�-
�"#G"J�;� – j (�+&�$�'). I+ !%L ;�O&��#>�J ��$���>�����%�� �%&� 
# $��=�>�, -"�G+"# � ;+O%D !�=�>$�, "+ ��E����&��� "���D. 

13.2. ������� � ���	
�� ��
Q������� ������� 

��=�>$� # =�>%!$� =#!G�="�$#� $�*+""� �+E&%;+"��L �
�� 
3325-85. 

��>%!$� �"���#G"J�E� $#&J,� �#!"�>"� �%&% -!#'>"KK�J>� � >�-
>�+;# ������, % -��"#G"J�E� $#&J,� � $��=�># – � >�>�+;# �%&%. ��&+ 
!�=�>$� "% >+�+!"#' !#%;+�� ������ md  =#!G�="�$% mLd  ��-;#G+"� 
� ";#"�>" �#! "�;#"%&J"�E� ��-;#��, % "+ � "=&K>", �$ �>"��"�E� 
������. I+ ��@��J>� !&� ��E�, P�@ � -’L!"%""�D - "%��E�; ��$���>-
�����%�� �%&�, ��E����&+"# -% >�%"!%��"�;� =+�+D#!"�;� =�>%!$%-
;�, # "+ ���!��� "���D =�>%!�$. ��&+ !�=�>$� !&� >+�+!"J�E� -��-
"#G"J�E� !#%;+��% mD  =#!G�="�$% mID  ��-;#G+"� � "�#&�" !+�%&#, 
��@�� �%$ >%;�, �$ � �>"��"�E� �%&% (��>.13.1). 

 
!�.13.1. *�
�� %�$������ ��%���
�� ����% ������� �� 
�
��� %�-

������' ����
#� � ����
#� �#���� ����������� 
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;��"# =�-"%*+""� =�>%!�$ =#!G�="�$#� -%=�>�K�J "% >$&%-
!%&J"�D $�+>&+""�D # � E%&�-+�#' "��;%���"�-�+D"#*"#' !�$�;+"�%,#�. 

���$&%!� =�-"%*+"J =�>%!�$ =#!G�="�$#� $�*+""�: 
�#!G�="�$ $&%>� ��*"�>�# 0 "% �%& - "�;#"%&J"�; !#%;+���; 

50 ;;, - =�&+; !�=�>$� �6. ��>%!$% – 
050
6

L
k

! . 

�+ >%;+ � �����# $��=�>� - "�;#"%&J"�; !#%;+���; 90 ;;, - =�-

&+; =�=�>$� /7. ��>%!$% 
750
0

K
I

! . 

��-"%*+""� =�>%!�$ =#!G�="�$#� "% �%& # � $��=�> "%�+!+"� "% 
��>.13.2. 

Y��>�$#>�J =�>%!�*"�D =��+�D�"J $#&+,J =#!G�="�$#� "�&J���-
E� $&%>� ��*"�>�# �>�%"��&+"� � ;+O%D aR = 2,5...0,63 ;$;, % "+=�-
>%!�*"�D =��+�D�"J �%&#� # �����#� aR = 2,5...1,25 ;$;. 

 
!�. 13.2. ��%���
��� ������ ������������$� %'A������. 

F"%*+""� G��>�$�>�# =�>%!�*"�D =��+�D�"J �%&#� �% �����#� $�-
�=�>#� (�
�� 2789-73) "%�+!+"# � �%@&�,# 13.1. 
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������� 13.1. ���#��#� ��������� ���
����� �����  
� �#����� ������� ��� ���������� ���
��� 

aR , ���  
��� �����	8@���� 
�	�����, �� 

���	
���	 ����-
���� 

?8	� �������� ��-

Q�����	 


� 80 80…500 
0 1,25 2,5 

6, 1, 5 0,63 1,25 
4 0,32 0,63 	%& 

2 0,16 0,32 
0 1,25 2,5 

6, 5, 1, 4 0,63 1,25 
��#� $��=�>% 
2 0,32 0,63 
0 2,5 2,5 

6, 5, 1, 4 1,25 2,5 ���+,J -%=&+*�$#� 
2 0,63 1,25 

 

 
!�. 13.3. ��%���
��� ������� (���� � �����
���  

������� #���
��� ���
����� %���
����� ���� � ������. 
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��=�>$� /��;� =�>%!�*"�D ;#>,J �%&#� # �����#� $��=�>#� � �%-
!#�>"�;� ��;#�K�%""# (!�=�>$ $��E&�>�#, !�=�>$ =��/#&K =�-!��-
O"J�E� =+�+�#-�) # � !#%;+��%&J"�;� ��;#�K�%""# (!�=�>$� "+>�%-
&�>�# !#%;+��% � =�=+�+*"�;� # =�-!��O"J�;� =+�+�#-#) �>�%"��-
&KK�J>� -%&+O"� �#! #"�+��%&#� "�;#"%&J"�D !#%;+��#� # $&%>� ��*-
"�>�#. ��-"%*+""� !�=�>$#� /��;� # =�&�O+""� =�>%!�*"�D # �=��-
"�D ���,+��D =��+�D�"J -%=&+*�$#� �%&#� # �����#� $��=�>#� "%�+!+-
"� "% ��>. 13.3. 

 =#!G�="�$���D -’L!"%""�D ��-�#-"�K�J !�% ��!� -%-��#�: �%-
!#%&J"# �% �>J��#. �%!#%&J"�; -%-���; "%-��%K�J �!"�@#*"�' >�;%-
�"�' -%-�� ;#O �#&%;� $�*+""� # !��#O$%;� � =&�P�"#, =+�=+"!�-
$�&��"#' !� �># �@+��%""�. 
>J���' -%-�� cS  =��"+ =+�+;#P+""� 
�!"�E� - $#&+,J =#!G�="�$% �#! �!"�E� $�%'"J�E� =�&�O+""� !� 
#"G�E� � "%=��;# �># �@+��%""�. 

13.3. !�F�� ���	
�� ��
Q������� ������� 

	�@#� =�>%!�$ =#!G�="�$% $�*+""� "% �%& # � $��=�> ��-"%*%-
L�J>� ��=�; # ��-;#��; =#!G�="�$%, �;��%;� '�E� +$>=&�%�%,#� # 
��!�; "%�%"�%O+""� $#&+,J. �
�� 3325-85 =+�+!@%*%L ��� ��!� "%-
�%"�%O+""� $#&+,J: ,��$�&�,#'"+, ;#>,+�+ # $�&��%&J"+ (��>. 13.4). 

��� ,��$�&�,#'"�;� "%�%"�%O+""# $#&J,+ >=��';%L �%!#%&J"+ 
"%�%"�%O+""� rF  =�>&#!��"� �>#; $�&�; !��#O$� $�*+""� (��>. 
13.4, %). ���$&%! – "%�%"�%O+""� -��"#G"J�E� $#&J,� =#!G�="�$% 
=+�+!"J�E� $�&+>% %���;�@#&� %@� �"���#G"J�E� $#&J,� =#!G�="�$% 
��%">;#>#'"�E� �%&%. 

��� ;#>,+��;� "%�%"�%O+""# (��>.13,4, @) $#&J,+ >=��';%L �%!#-
%&J"+ "%�%"�%O+""� �@;+O+"�K !#&�"$�K !��#O$� $�*+""� (-��"#-
G"L $#&J,+ =#!G�="�$% ��%">;#>#'"�E� �%&%). 

��� $�&��%&J"�;� "%�%"�%O+""# �@+����+ $#&J,+ >=��';%L �#�-
"�!#'"� r cF �  !��D �%!#%&J"�D "%�%"�%O+"J ( rF - =�>�#'"% -% "%=��;-
$�;, cF  ;+"G% -% �+&�*�"�K, �@+��%L�J>�) (��>.13.4, �). 

���$&%! – $#&J,� =#!G�="�$#� "+-@%&%">��%"�E� @%�%@%"� ;�&�-
��&J"�E� %=%�%��. [�@ �"�$"��� =���+��%""� �@+�����D $#&+,J =� 
=�>%!�*"#' =��+�D"# �%&% *� ������ $��=�>% � =��,+># ��@��� =#! 
"%�%"�%O+""�;, =���#@"� =�>%!$� ��$�"��%�� - E%�%"���%"�; "%��-
E�;. 
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!�. 13.4 *�
�� �����#��
��� ���
�� ����������� ���
��� 
��>%!$� �!"�E� #- "+�@+�����D $#&+,J =���#@"� ��$�"��%�� - E%-

�%"���%"�; -%-���;, P�@ -%@+-=+*��� �+E�&K�%""� �>J���E� "%��E� 
%@� -%-��� =#!G�="�$#�, % �%$�O !&� $�;=+">%,#� �+;=+�%���"�D 
!+/��;%,#' �%&#� %@� $��=�>#�. 

��>%!$� ,��$�&�,#'"� "%�%"�%O+"�E� $#&J,� ;�O"% ��@�%�� -% 
#"�+">��"#>�K �%!#%&J"�E� "%�%"�%O+""� RP  (�%@&.13.2). 

� �
R

R
FP K K K

B r 	� � � �
	 � 1 2 332 10

,   (13.1) 

!+ , – G���"% =#!G�="�$%, ;;; /1 = 1 =�� =+�+�%"�%O+""# !� 
150 %, =�;#�"�D =�G���D%D # �#@�%,#�, /1 = 1,8 – =�� =+�+�%"�%O+"-
"# !� 300 % >�&J"�D �!%�%D # �#@�%,#� – !�"%;#*"�' $�+/#,#L"�; /2 = 
1...3 – $�+/#,#L"�, �$�' ��%D���L >��=#"J =�>&%@&+""� "%��E�, $�&� 
�%& =�>���#&�'; /2 = 1, $�&� �%& >�,#&J"�'; /3 = 1...2 – $�+/#,#L"� 
"+�#�"�;#�"�>�# ��-=�!#&� "%�%"�%O+""� ;#O ��!%;� �#& $�*+""� 
=�� "%��"�>�# �>J���E� "%�%"�%O+""� aF  (/3 = 1 =�� �#!>��"�>�# 
�>J���E� "%�%"�%O+""� ); r – �%!#�> -%�$��E&+""� /%>$� $#&J,�. 

�+$�;+"!��%"# =�&� !�=�>$#� !&� ;#>,+�� "%�%"�%O+"�D $#&+,J 
"%�+!+"� � �%@&�,# 13.3. 

�$P� ��*"+ -"%*+""� !�"%;#*"�E� $�+/#,#L"�% /1 �%O$� -"%'��, 
;�O"% =�>%!$� ;#O ,��$�&�,#'"� "%�%"�%O+"�; $#&J,+; # =��+�D-
"+K >=�&�*+"�� - "�; !+�%&# ��-"%*��� -% ;#"#;%&J"�' "%��E�; ;#O 
,�;� !+�%&�;�: 

5

13
10 2min ( )

rF NN
B r

#� �
�

	 .     (13.2) 

!+ N' = 2,8 – $�+/#,#L"�, !&� &+E$�� >+�#� =#!G�="�$#�; N' = 2,0 – 



	��
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!&� �%O$��; N' =2,3 – !&� >+�+!"J�� ("��;%&J"��). 
������� 13.2 	���#��� ��#
�����#� �����#��
��  

�� ��������� ���
����� ����� � ������� 
�#%;+�� d ������ �"��-
�#G"J�E� $#&J,� =#!G�-

="�$%, ;; 
�%�%"�%O+""� PR, $�/;2, !&� =�&#� !�=�>$#� 

��"%! !� is6 k6 m6 n6 
18 80 !� 300 300…1350 1350…1600 1600…3000
80 180 !� 500 500…2000 2000…2500 2500…4000

180 360 !� 700 700…3000 3000…3500 3500…6000
360 630 !� 900 900…3500 3500…4500 4500…8000

�#%;+�� D -��"#G"J�E� 
$#&J,� =#!G�="�$%, ;; �%�%"�%O+""� PR, $�/;2, !&� =�&#� !�=�>$#� 

=�"%! !� K7 M7 N7 P7 
50 180 !� 800 800…1000 1000…1300 1300…2500

180 360 !� 1000 1000…1500 1500…2000 2000…3300
360 630 !� 1200 1200…2000 2000…2600 2600…4000
630 1600 !� 1600 1600…2500 2500…3500 3500…5500

������� 13.3 !
���
������� ���� �������  
��� ���
�� �����#��
��� ���
�� ����������� 

���	
�	 ������ ���	-

����>� 
�	��-

��	, �� 
� ������ ��	8@��� �� 

�	������ 
��	8� 
���	
 
� 

�	 �	8 
�����’J��	 ���’J��	 

(��  
��
Q�����	 

�%�%"�%O+""� >=�$#'"+ *� - =�;#�"�;� =�G���D%;� # �#@�%,#LK, 
=+�+�%"�%O+""� !� 150% 

– 80 h5, h6, g5 H6, M7 H6, H7 

80 260 g6, f6, is6 G6, G7 H6, H7 
��#; G�%;=��%"�D E�-

&*%>��D 

�%�%"�%O+""� - �!%�%;� # �#@�%,#LK, =+�+�%"�%O+""� !� 300% 
– 80 h5, h6 Is6, Is7 Is6, Is7 

80 260 h5, h6 Is6, Is7 Is6, Is7 

��#; G�%;=��%"�D E�-
&*%>��D, ��&�$���D, 
$�"#*"�D, 2-��!"�D 

	+&�*�"� !�=�>��;�E� "%��E� ;�O"% ��-"%*��� -% �%$�K -%&+-
O"#>�K: 

5

11 4
2 2 10
,

( )
g

g

N d
N

N

 #� � �

�
# 	 ,     (13.3) 

!+ g
 = 500 ��/;2 !&� =#!G�="�$���� >�%&# – !�=�>��;% "%=��E% 
"% ��-��E; d  – "�;#"%&J"�' !#%;+�� �"���#G"J�E� $#&J,�. 
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[�@ �"�$"��� ��-���� $#&+,J =#!G�="�$% =���#@"�, P�@ ;%$-
>�;%&J"�' "%��E =�>%!$� "+ =+�+��P��%� �+&�*�"� !�=�>��;�E� 
"%��E�, ��@��: 

max gN N�      (13.4) 
��-�%D���K*� =�>%!$� =#!G�="�$#�, P� =�%,KK�J =�� =#!��-

P+"�D �+;=+�%���"�D �+O�;%D, =���#@"� ��%D��%�� "+�#�"�;#�"�' 
"%��E �"���#G"J�E� $#&J,� # �%&% # ��@��%�� =�>%!$� - ��; @#&JG�; 
"%��E�;, *�; ��P�K L ��@�*% �+;=+�%���% =#!G�="�$%. 

�+$�;+"!��%"# =�&� !�=�>$#� !&� ;�"�%O� =#!G�="�$#� $�*+""� 
"% �%& # � $��=�> "%�+!+"� � !�!%�$� !� �
�� 3325-85. 

[�@ =+�+�#���� �$#>�J ;�"�%O� =#!G�="�$#� =#>&� -%�+�G+""� 
>$&%!%&J"�D �=+�%,#' # -;%P+""�, =���#@"� =�>���� >$&%!%&J"� 
�!�"�,K "% "�-J$�D �@+��%D @+- "%�%"�%O+""�. ��%��&J"� -;�"��-
�%"# # !�@�+ -;%P+"# =#!G�="�$� =�%,KK�J - �>"�;, @+-=+�+��"�; 
# �#�"�;#�"�; G�;�;. �$P� -’��&�L�J>� G�; ;+�%&+��E� ��"�, �� 
,+ >�#!*��J =�� "+!�>�%�"#' -%-�� � =#!G�="�$�. 

���$&%!: 	�@�%�� =�>%!$� ,��$�&�,#'"� "%�%"�%O+"�E� $#&J,� 
�!"���!$���E� �%!#%&J"�E� =#!G�="�$% 0-205. �&%> ��*"�>�# 0; d = 
25 ;;; 	=52 ;;; , = 15 ;;; r = 1,5;;. �%!#%&J"+ "%�%"�%O+""� 

rF  = 4500 �. �%�%"�%O+""� >=�$#'"+, �%& >�,#&J"�', �@+�����'. 
��+/#,#L"�� /1 = 1;. /2 = 1; /3 = 1 (��;� P� �#!>��"L �>J��+ "%�%"-
�%O+""�, ��@�� 0aF � ). 

F"%D�!�;� #"�+">��"#>�J �%!#%&J"�E� "%�%"�%O+""�: 

� � � �1 2 33 3
4500 1 1 1

2 10 15 2 1 5 10.R
RP k k k

B r 	 	� � � � � � � � �
	 � � 	 � �

375 10-3 �/; 

= 375 $�/;. 
F% >�%"!%���; (�%@&. 13.2) ��@��%L;� !&� �%&% =�&+ !�=�>$� �6 # 

!&� $��=�>% – =�&+ !�=�>$� /7 ��@��: 
� �0 015

0 00225 6 .
.k �

�!  # � �0 005
0 02152 7 .
.K �

	!  
	"���#G"L $#&J,+ ;%L =+�+�+�"��+ =�&+ !�=�>$�, ��@�� 

� �0 01325 0L 	! ,  � 6-;� $�%&#�+�# ($�%&#�+� �"���#G"J�E� $#&J,� ��@��%-
L�J>� �!"%$���; - $�%&#�+��; �%&%). F��"#G"L $#&J,+ ��E����&+"+ - 
=�&+; !�=�>$� � �0 03052 0I 	! , , ��@�� ��E����&+"� � >�>�+;# �%&# -% 7-; 
$�%&#�+��; ($�%&#�+� =���"+" !��#�"K�%�� $�%&#�+�� $��=�>%). 
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+$"!" 14. !#"K��#"��&&�%(2 C��&?�!'�  
� C$�)2�!'� #’K�&"&2 

14.1. ������� � ���	
�� Q�������� �’J
�	�@ 

Y=�"$��# -'L!"%""� ��$���>����K�J !&� -’L!"%""� - �%&%;� -�-
@*%>��D $�&#>, G$#�#�, ;%D���$#�, ;�/� �% #"G�D !+�%&+', P� =+�+-
!%K�J $���"�' ;�;+"�. ��%"!%�� �>�%"��&+"� "% G=�"$��# 
-’L!"%""� - =��-;%��*"�;�, >+E;+"�"�;� # $&�"���;� G=�"$%;�. 
�$ =�%��&�, =+�G# !�% ��!� -’L!"%"J "+"%=��O+"#, % $&�"��# – "%-
=��O+"#. ���-;%��*"# G=�"$� (��>.14.1), �$# !%K�J -;�E� �!+�O%�� 
�$ "+��D�;#, �%$ # $��-$# -’L!"%""�, ��E����&�K�J ��J�D ��!#�: G, ,, 
* (��>. 14.2). 

�+E;+"�"% G=�"$% ��$���>����L�J>� &�G+ !&� "+��D�;�D 
-’L!"%"J (��>.14.3), �$# -%>��>���K�J, �$ =�%��&�, �%;, !+ ��;�E� !� 
>=#�"�>�# >=�&�*+"�D !+�%&+' (G$#�#�, ;%D���$#�) "+��>�$#. 

�% -’L!"%""�D - =��-;%��*"�;� G=�"$%;� �>�%"��&+"�' 
�� ��	 189-75 ( �
�� 2336-78), >+E;+"�"�;� – �� ��	 647-77 
(�
�� 24071-80). ��-;#�� G=�"�$ (�%@&.14.1) ��@��%K�J -%&+O"� 
�#! !#%;+��% �%&%. 


>"��"# ��-;#�� >+E;+"�"�D G=�"�$ "%�+!+"� � �%@&.14.2 
���-"%*+""� I =+�+!@%*%L =+�+!%*� G=�"$�K $���"�E� ;�;+"-

��, II – ��$���>����L�J>� &�G+ !&� /#$>%,#�. 
[�@ =�&+EG��� >$&%!%""� # >����+""� "+��D�;�D # ��D�;�D 

-’L!"%"J �%&#� # ���&�$, �!"� ' �� >%;� G=�"$� ��E����&�K�J - �#--
"�;� =�>%!$%;�, -;#"KK*� =�&+ !�=�>$� =%-#�. ��� "+-;#""�;� 
=�&# !�=�>$� G=�"$� =� G���"# -%>��>���K�J =�>%!$� � >�>�+;# 
�%&%. �&� G���"� =��-;%��*"�D # >+E;+"�"�D G=�"�$ >�%"!%��%;� 
=+�+!@%*+"� =�&� !�=�>$#� h9. 

!�. 14.2. ,��� �������� ���%��#����� ������ 
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!�. 14.1. !�%���� ���%��#����� ������ � ��%�� ��� ��� 

 
!�. 14.3. !�%���� 
$�
�#��� ������ 
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������� 14.1. ������ ��%���� %'A����� % ���%��#������ 
��������, �� 

&����	8@�� �������  
Q����� 

&����	8@�� �������  
�	�	 

+8�F��	 ��	���� d �	-
8	, �� 

b x h 
������	8� 

��=��  l �	 �	8� t1 

�	 ���8� 
t2 

6…8 2 x 2 6…20 1,2 1,0 
8…10 3 x 3 6…36 1,8 1,4 

10…12 4 x 4 8…45 2,5 1,8 
12…17 5 x 5 10…56 3,0 2,3 
17…22 6 x 6 14…70 3,5 2,8 
22…30 8 x 7 18…90 4,0 3,3 
30…38 10 x 8 22…110 5,0 3,3 
38…44 12 x 8 28…140 5,0 3,3 
44…50 14 x 9 36…160 5,5 3,8 
50…58 16 x 10 45…180 6,0 4,3 
58…65 18 x 11 50…200 7,0 4,4 
65…75 20 x 12 56…220 7,5 4,9 
75…85 22 x 14 63…250 9,0 5,4 
85…95 25 x 14 70…280 9,0 5,4 
95…110 28 x 16 80…320 10,0 6,4 
110…130 32 x 18 90…360 11,0 7,4 
130…150 36 x 20 100…400 12,0 8,4 
150…170 40 D 22 100…400 13,0 9,4 
170…200 45 D 25 110…450 15,0 10,4 
200…230 50 D 28 125…500 17,0 11,4 
230…260 56 D 32 140…500 20,0 12,4 
260…290 63 D 32 160…500 20,0 12,4 
290…330 70 D 36 180…500 22,0 14,4 
330…380 80 D 40 200…500 25,0 15,4 
380…440 90 D 45 220…500 28,0 17,4 
440…500 100 D 50 250…500 31,0 19,5 
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������� 14.2  
������ ��%���� %’A����� i% 
$�
�#���� ��������, �� 

��	���� d �	8	, �� ������ Q����� +8�F��	 Q�������>� �	�	 
& && b x h x d� �	 �	8� t1 �	 ���8� t2 

3…4 3…4 1 D 1,4 D 4 1,0 0,6 
4…5 4…6 1,5 D 2,6 D 7 2,0 0,8 
5…6 6…8 2 D 2,6 D 7 1,8 1,8 
6…7 8…10 2 D 2,6 D 7 2,9 1,0 
7…8 10…12 2 D 3,7 D 10 2,7 1,2 
8…10 12…15 3 D 5 D 13 3,8 1,4 

10…12 15…18 3 D 6,5 D 16 5,3 1,5 
12…14 18…20 4 D 6,5 D 16 5,0 1,8 
14…16 20…22 4 D 7,5 D 19 6,0 1,8 
16…18 22…25 5 D 6,5 D 16 4,5 2,3 
18…20 25…28 5 D 7,5 D 19 5,5 2,3 
20…22 28…32 5 D 9 D 22 7,0 2,3 
22…25 32…36 6 D 9 D 22 6,5 2,8 
25…28 36…40 6 D 10 D 25 7,0 3,3 
28…32 =�"%! 40 8 D 11 D 28 8,0 3,3 
32…38  10 D 13 D 22 10,0 3,3 
 
�� G���"# G=�"�$ =�&� !�=�>$#� �����KK�J ��� ��!� -’L!"%"J: 

1 – �#&J"+, 2 – "��;%&J"+, 3 – P#&J"+. 
	#&J"# -’L!"%""� ;�O"% -%>��>����%�� � �%O$�D �;��%D >$&%-

!%""� # =�� "+�+�+�>��"�D �#�"�;#�"�D "%�%"�%O+""�D, % �%$�O !&� 
�!+�O%""� ��D�;�D -’L!"%"J =#! *%> &+E$�D �+O�;#� ��@���. ���-
;%&J"# -’L!"%""� -%>��>���K�J =�� >+�+!"#D �+O�;%D ��@���. 
[#&J"# -’L!"%""� ;%K�J =��@&�-"� �!"%$��# "+�+&�$# "%��E� � 
-'L!"%""�D G=�"�$ - �@�;% =%-%;� # -%>��>���K�J>� !&� "+��=���D 
��-@��%"J # �+�+�>��"�D "%�%"�%O+"J, 

�% �>"��"# ��-;#�� ,�D G=�"$���D -’L!"%"J - =��-;%��*"�K 
G=�"$�K =+�+!@%*%K�J>� �%$# =�&� !�=�>$#� (�%@&.14.3, ��>. 14.4). 

������� 14.3 +������� ������
��� %� ��%����� ���%��#����� 
������ 

+�	����� ��
��8���� ������� � !�
 �’J
-
�	��� Q����� �	�	 �	8	 �	�	 ���8�� 

�����	����� ���	
�� 

	#&J"+ h9 D10 H9 !&� �!�"�*"�E� # >+�#'"�-
E� ����@"�,��% 

���;%&J"+ h9 Is9 N9 !&� ;%>���E� ����@"�,��%
[#&J"+ h9 P9 P9 !&� "%=��;"�D G=�"�$ 
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!�. 14.4. ���
 ������� %’A����� % ���%��#������ �������� 

�% ��>��� =��-;%��*"�D G=�"�$ =�� h – 2...6 ;; �>�%"��&+"� 
=�&+ !�=�>$� h9, % =�"%! 6 ;; – h11; "% !��O�"� G=�"�$ – h14, % 
"% !��O�"� =%-#� – �15. F"%*+""� E�%"�*"�D �#!D�&+"J E&�@�"� 
=%-#� # �%&% # ���&$� =��-;%��*"�D G=�"�$ ��@��%K�J>� -%&+O"� 
�#! �D ��>��� (�%@&. 14.4). 

������� 14.4. +������� ������
��� t1 � t2  
������ !����	 Q�����, �� !�
��8����, �� 

�#! 2 !� 6 +0,1 
=�"%! 6 !� 18 +0,2 t1 %@� (d-t1)* 

=�"%! 18 !� 50 +0,3 
�#! 2 !� 6 +0,1 

=�"%! 6 !� 18 +0,2 t2 %@� (d+t2) 
=�"%! 18 !� 50 +0,3 

* ��@ A�A��+��	'	 �	A���� � ���� '����+�� ���#�����@ $��A��+�B��@   A� A���	� “�����”. 
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��%"�*"# �#!D�&+""� ��-;#�#� >+E;+"�"�D G=�"$���D -’L!"%"J 
�+E&%;+"���%"� >�%"!%���; (�%@&. 14.5). �% ��>��� G=�"�$ =��-"%-
*%K�J =�&+ !�=�>$� h11, "% !#%;+�� – h12. 

������� 14.5. +������� ������
��� ��%����� %’A����� �% 
$�
-
�#���� �������� 

+�	����� ��
��8���� ������� � !�
 
�’J
�	��� Q����� �	�	 �	8	 �	�	  

���8�� 
�����	����� ���	
�� 

	#&J"+ h9 P9 Is9 !&� �!�"�*"�E� # >+�#'"�E� 
����@"�,��% 

���;%&J"+ h9 N9 Is9 !&� ;%>���E� ����@"�,��%
[#&J"+ h9 P9 Is9 !&� "%=��;"�D G=�"�$ 
 
F"%*+""� �#!D�&+"J t1 # t2  =�!%"� � �%@&�,# 14.6. 

������� 14.6. +������� ������
��� ��%����� t1 � t2 %’A����� 
 �% 
$�
�#���� �������� 

������ !����	 Q�����, �� !�
��8����, �� 
�#! 1,4 !� 3,7 +0,1 

=�"%! 3,7 !� 7,5 +0,2 
t1 %@� (d-t1) 

=�"%! 7,5 +0,3 
�#! 1,4 !� 10 +0,1 t2 %@� (D+t2) 

=�"%! 10 +0,2 
* !&� -%-"%*+"�E� ��-;#�� �# >%;# E�%"�*"# �#!D�&+""� =��-"%*%K�J>�   -# -"%$�; “;#"�>”. 

14.2. ������� � ���	
�� Q8�@���� �’J
�	�@  
� �����F�����  ���<�8�� 

Y&#,J��# -’L!"%""� -%>��>���K�J>� !&� =+�+!%*# �+&�$�D $���-
"�D ;�;+"�#� # -%@+-=+*+""� @#&JG�� �$�>�# >=#��#>"�>�# 
-’L!"��%"�D !+�%&+'.  ;%G�"�@�!��%""# -%>��>���K�J -’L!"%""� 
��J�D ��!#�: - =��;�@#*"�;, +��&J�+"�"�; # ���$��"�; =��/#&+;. 
�%'!�>$�"%&#G�;� ��%O%K�J>� +��&J�+"�# G&#,J��# -’L!"%""�, %&+ 
�D ��E����&��� >$&%!"#G+, "#O =��;�@#*"#. ���$��"# -’L!"%""� -%-
>��>���K�J =�� ;%&�D "%�%"�%O+""�D. 


>"��"# =%�%;+��� =��;�@#*"�D G&#,J���D -’L!"%"J �%$#: -��-
"#G"#'  D # �"���#G"#' d !#%;+��� G&#,J���D �%&#� # ���&�$; *�>&� 
Z G&#,#�; G���"% G&#,#� # -%=%!�" b. 

F%&+O"� �#! $���"�E� ;�;+"��, �$�' =+�+!%L�J>�, �>�%"��&+"� 
��� ��=� -’L!"%"J: &+E$��, >+�+!"J�� # �%O$�� >+�#�. 

�% =��;�@#*"# G&#,J��# -’L!"%""� �>�%"��&+"� >�%"!%�� �
�� 
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II 309-80, (�� ��	 188-75). 
>"��"# "��;� �-%L;�-%;#""�>�#, 
-’L!"%""� G&#,J��# =��;�@#*"#. ��-;#�� (�%@&.14.7). 

������� 14.7. !�%���� ����������� ��������� %’A�����, ��. 


!�" #- =�$%-"�$#� ��*"�>�# G&#,J���D -’L!"%"J – ,+ $�",+"�-
��*"#>�J >=�&�*+"�D !+�%&+', �$% -%@+-=+*�L�J>� >=#��#>"#>�K 
,+"����%&J"�D =��+�D�"J �%&#� # ���&�$.  G&#,J���D -’L!"%""�D - 
=��;�@#*"�; =��/#&+; -%>��>���K�J>� ��� >=�>�@� �#!"�>"�E� 
,+"����%""� -% -��"#G"#; D # �"���#G"#; d !#%;+��%;� �% @#*"�;� 
=��+�D"�;� G&#,#� b (��>. 14.5). I+"����%""� -% !#%;+���; D �+$�-

Z x d x D b d1 
��'�� ����@ 

6 D 23 D 26 6 22,1 
6 D 26 D 30 6 24,6 
6 D 28 D 32 7 26,7 
8 D 32 D 36 6 30,4 
8 D 36 D 40 7 34,5 

10 D 72 D 78 12 69,6 
10 D 82 D 88 12 79,3 
10 D 92 D 98 14 89,4 

10 D 102 D 108 16 99,9 
10 D 112 D 120 18 108,8 

������@ ����@ 
6 D 11 D 14 3,0 9,9 
6 D 13 D 16 3,5 12,0 
6 D 16 D 20 4,0 14,5 
6 D 18 D 22 5,0 16,7 
6 D 21 D 25 5,0 19,5 
6 D 23 D 28 6,0 21,3 
6 D 26 D 32 6,0 23,4 
6 D 28 D 34 7,0 25,9 
8 D 32 D 38 6,0 29,4 
8 D 36 D 42 7,0 33,5 
8 D 42 D 48 8,0 39,5 
8 D 42 D 46 8,0 40,4 
8 D 46 D 50 9,0 44,6 
8 D 52 D 58 10,0 49,7 
8 D 56 D 62 10,0 53,6 
8 D 62 D 68 12,0 59,8 

10 D 112 D 125 18,0 106,3 
 

Z x d x D b d1 
"�F�� ����@ 

10 D 16 D 20 2,5 14,1 
10 D 18 D 23 3,0 15,6 
10 D 21 D 26 3,0 18,5 
10 D 23 D 29 4,0 20,3 
10 D 26 D 32 4,0 23,0 
10 D 28 D 35 4,0 24,4 
10 D 32 D 40 5,0 29,0 
10 D 36 D 45 5,0 31,3 
10 D 42 D 52 6,0 36,9 
10 D 46 D 56 7,0 40,9 
16 D 52 D 60 5,0 47,0 
16 D 56 D 65 5,0 50,6 
16 D 62 D 72 6,0 56,1 
16 D 72 D 82 7,0 65,9 
8 D 46 D 54 9,0 42,7 
8 D 52 D 60 10,0 48,7 
8 D 56 D 65 10,0 52,2 
8 D 62 D 72 12,0 57,8 
10 D 72 D 82 12,0 67,4 
10 D 82 D 92 12,0 77,1 

10 D 92 D 102 14,0 87,3 
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;+"!�L�J>� � ��D ��=%!$%D, $�&� ��+�!#>�J ���&$� "+ -%"%!�� ��>�-
$% # �� ;�O"% �@��@&��� *�>����K =����O$�K, % �%& – /�+-+���%"-
"�; # -%�+�G%&J"�; G&#/��%""�; =� -��"#G"J�;� !#%;+���. I+' 
��! ,+"����%""� -%>��>���L�J>� � "+��D�;�D -’L!"%""�D, � ��D�-
;�D, # � ��D, P� =+�+!%K�J ;%&# $���"# ;�;+"��. I+ "%'=��>�#G�' # 
"%'+$�"�;#*"#G�' >=�>#@. 

 
!�. 14.5. *����� �
�#������� ����������� ��������� %’A����� 

I+"����%""� =� !#%;+��� d -%>��>���L�J>� =�� ��>�$#' ��+�!�>-
�# >=�&�*"�D !+�%&+'. I+' >=�>#@ -"%*"� !���O*�', %&+ -%@+-=+*�L 
"%'@#&JG� ��*"#>�J. I+"����%""� =� @#*"�; =��+�D"�; b ��$���>-
����L�J>� =�� "+��>�$#' ��*"�>�# ,+"����%""� # �+�+�>��"�D �!%�-
"�D "%�%"�%O+""�D. 

��=�>$� "% +&+;+"�� G&#,J���E� -’L!"%""� �>�%"��&KK�J -%-
&+O"� �#! =�D�@�$ ��-;#�#� >%;�D +&+;+"�#� # �#! =�D�@�$ /��;� �% 
�-%L;"�E� ��-;#P+""� ,�D +&+;+"�#�. 

�% ��>. 14.6 -�@�%O+"� G&#,J��# ���&$� - �+��+��*"� =�%��&J-
"�; =��/#&+;. Y&#,J��# �%&� ;%K�J =�D�@$� $��$� G&#,#� (��>. 
14,6%), %>�;+���*"+ ��-;#P+""� -�@,#� (��>.14.6@), "+$�",+"���*-
"#>�J !�E $�&% =��/#&K (��>. 14.6�). 

 
!�. 14.6. ������� 
�
�
�#�� ��������$� %'A������ 
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��%"!%�� �>�%"��&KL !&� ,+"���K*�D =��+�D�"J �%&#� 19 =�&#� 
!�=�>$#� 5...9 $�%&#�+�#� - �>"��"�;� �#!D�&+""�;� d, e, f, g, h !&� 
�����+""� =�>%!�$ ��=� =+�+D#!"�D. �&� ,+"���K*�D =��+�D�"J 
���&�$ �>�%"��&+"# =�&� !�=�>$#� �6, �7, �8 – !&� ��-;#�#� D # d: 
F8, D9, D10, F10, Is10 – !&� ��-;#�� b. 

��� ,+"����%""# =� D i b =�>%!$� �����KK�J>� "+ �#&J$� =� 
,+"���K*�; =��+�D"�;, % # =� @#*"�; >����"%; -�@,#�. ��� ,+"���-
�%""# =� D �>�%"��&+"� 7 =�>%!�$ =� D i 16 =�>%!�$ =� b (�%@&. 14.8) 
=� d – 12 =�>%!�$ =� d i 32 – =� G���"# G&#,% (�%@&. 14.9). 

������� 14.8. !
���
������� ���� ������� � ������ ��� ��%-
����� D � b ��� �
�#������� �� D 

��8� 
������ 
���8�� ��8� 
������ �	8	 ���	
�� 

G�@ �	A���� D 
H7 f7; g6; is6; n6   ; 7 7 7

6 5 6
; ; ;H H H

g h n
       ; 8 8

8 7
;H H

e h
 

H8 e8; h7 8 8
8 7

;H H
e h

 

G�@ �	A���� b 
F8 d9; e8; f7; f8; h6; h8; 

is7 
8 8
9 8

; ;F H
d e

� �
� �
� �

   ;   ;      ;;        ; 8 8
6 8

;F F
h h

 

D9 d9; e8; f7; h8; is7 9 9 9 9 9
9 8 7 8 7

; ; ; ;
s

D D D D D
d e f h i

 

F10 e9; f7; h9 10 10 10
9 7 9

; ;F F F
e f h

 

Is10 d10 10
10
sI

d
 

���;#�$�. 1. ��#; ,�D =�>%!�$, !�=�>$%K�J>� ' #"G#. 
2. ��>%!$%;, =�-"%*+"�D � �%;$%D, "%!%L�J>� =+�+�%E%. 
3. ��>%!$�, �$# =�-"%*+"# � !�O$%D, $�%P+ "+ -%>��>����%��. 
��� ,+"����%""# =� b �>�%"��&KL�J>� 23 =�>%!$� (�%@&.14.10). 

�% "+,+"���K*# !#%;+��� �>�%"��&+"# =�&� !�=�>$#� (�%@&. 14.11). 
	�@#� =�>%!�$ G&#,J���D -’L!"%"J _��"��L�J>� "% ;+��!# =�!#@-

"�>�#. 	 -�’�-$� - ��;, P� >$&%!%""� G&#,J���D -’L!"%"J - "%��E�; 
�%O$+ #---% >$&%!"�>�# $�"���#� G&#,J���D !+�%&+', � >�%"!%��# �#!-
>��"# =�>%!$� - "%��E�;. �+��D�;# -'L!"%""� ;�O��J @��� �!+�O%"# 
- !�=�;�E�K =+�+D#!"�D =�>%!�$, %@� =�>%!�$ �$# ;%K�J Smin= 0 
(�7/h7; �8/h8). �- -@#&JG+""�; !��O�"� -’L!"��%"�D G&#,J���D 
!+�%&+' -%>��>���K�J =�>%!$� #- -@#&JG+"�; -%-���;, �$# "+�@D#!"# 
!&� $�;=+">%,#� =�D�@�$ /��;� G&#,J���D !+�%&+' �% �D -;%P+""�. 

7
7

H
f

7
6

H
Is

8
7

F
f

8
8

F
f

8
7s

F
i
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7
7

H
f

������� 14.9. !
���
������� ���� ������� i ������ ��� ��%-
����� d � b ��� �
�#������� �� d 

��8� 
������ 
���8�� 

��8� 
������ �	8	 ���	
�� 

G�@ �	A���� d 
H6 g5; is5 6 6

5 5
;

s

H H
g i

 

H7 e8; f7; g6; h6; h7; is6; 
is7; n6 

7
8

;H
e

        ; ;     ; 7 7 7 7 7
6 7 6 7 6

; ; ; ;
s s

H H H H H
h h i i n

 

H8 e8; e9 8 8
8 9

;H H
e e

� �
� �
� �

 

G�@ �	A���� b 
F8 d8; f7; f8; h7; h8; h9; 

is7 
8 8 8 8 8 8 8
9 7 8 7 8 9 7

; ; ; ; ; ;
s

F F F F F F F
d f h h f h i

 

H8 h7; h8; h9; is7 8 8 8 8
7 8 9 7

; ; ;
s

H H H H
h h h i

� �
� �
� �

 

D9 d9; e8; f7; f8; f9; h8; 
h9; is7; k7 

9 9 9 9
9 8 7 9

; ; ;D D D D
d e f f

; 

D10 d9 10
9

D
d

 

F10 d9; e8; f7; f8; f9; h7; 
h8; is7; k7 

10 10 10 10 10
9 8 7 8 7

; ; ; ;F F F F F
d e f f h

; 

10 10 10 10
8 10 7 7

; ; ;
s

F F F F
h h i k

 

Is10 d10 10
10
sI

d
 

������� 14.10  !
���
������� ���� ������� � ������ ��� ��-
%����� b ��� �
�#������� �� b 

��8� 
������ 
���8�� 

��8� 
������ �	8	 ���	
�� 

F8 e8; f7; is7 8 8
8 8

; ;F F
e f

 

D9 d9; e8; f8; f9; h8; h9; 
is7; k7 

9 9 9 9 9 9
9 9 8 9 7 7

; ; ; ; ; ;
s

D D D D D D
d f h h i k

 

D10 d10; d8; h10; 10 10 10
10 8 10

; ;D D D
d d h

� �
� �
� �

 

F10 d9; e8; f8; f9; h8; h9;
is7; k7 

10 10 10 10 10 10
8 9 8 9 7 7

; ; ; ; ;
s

F F F F F F
e f h h i k

 

Is10 D9 10
9

sI
d

 

8
7

F
f

9 9 9
9 7 7

; ;
s

D D D
h i k

7
7

H
f

8
7s

F
i

9 9
8 8

;D D
e f

10 10
9 8

;F F
d f
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;��"# =�-"%*+""� G&#,J���D =��;�@#*"�D -’L!"%"J # �D !+�%&+' 
=���""# ;%��: &#�+��, �$% �-"%*%L =��+�D"K ,+"����%""�, – D, d, b; 
*�>&� G&#,#�, "�;#"%&J"# -"%*+""� ��-;#�#� D, d, b; =�-"%*+""� =�-
>%!�$ # =�&#� !�=�>$#� -%-"%*+"�D ��-;#�#�. ��=�>$%L�J>� "+ !%�%�� 
� =�-"%*+""# !�=�>$#� "+,+"���K*�D !#%;+��#�. 

���$&%! =�-"%*+""�: !&� G&#,J���E� -’L!"%""� - =%�%;+��%;� Z 
= 8; D= 40 ;;; d = 36 ;;; b = 7;; ,+"����%""�; =� d - =�>%!$%;� 
=�: 

7 10 9
8 11 8

7 10 98 36 40 7
8 11 8

, , ,

;

H H Dd D b
e a f

H H Dd x x x
e a f

	 	 	

	
 

!&� ������:  8 36 7 40 10 7 9;d x H x H x D	  
!&� �%&%:  8 36 8 40 11 7 8d x e x a x f	 . 

14.3. ������� � ���	
�� ���8@������� Q8�@���� �’J
�	�@ 

���&J�+"�"# G&#,J��# -'L!"%""� ;%K�J �+ >%;+ =��-"%*+""�, P� 
' =��;�@#*"#, %&+ �; �&%>����' ��! =+�+�%E, % >%;+: 

- =#!��P+"% ;#,"#>�J -%�!�$� =�>��=���;� =����P+""K G&#,#� 
!� �>"��� # �#!>��"�>�# � =��/#&K E�>���D $��#� – $�",+"��%���#� 
"%=��E; 

- �+&�$% �+D"�&�E#*"#>�J (!&� �@��@$� �>#D ��=���-;#�#� �%&#� - 
=+�"�; ;�!�&+; =���#@"� &�G+ �!"� *+��’�*"� /�+-�); 

- $�%P# ,+"����%"#>�J # >%;��>�%"��&K�%"#>�J =#! "%�%"�%O+""�;. 
���&J�+"�# G&#,J��# -'L!"%""� ;%K�J # >��� "+!�&#$�: =�� -%$%-

&K�%""# �%&% # ���&$� G&#/��%""� G&#,#� L +$�"�;#*"� "+��E#!"�;; 
�%��#>�J +��&J�+"�"�D =����O�$ ��P% �#! �%���>�# =��;�@#*"�D. 

>"��"# ��-;#�� ,�D -'L!"%"J =���+!+"# � �� ��	 268-76 # �� ��	 
269-76, % !�=�>$� # =�>%!$� – � �
�� 6033-60 (�� ��	 259-76). 

�%'=�G��+"#G�; >=�>�@�; ,+"����%""� L ,+"����%""� -% -��-
"#G"#; !#%;+���; # -% @#*"�;� >����"%;� (��>. 14.7). I+"����%""� 
-% -��"#G"#; !#%;+���; -%>��>���L�J>�, $�&� =���#@"� !�>�E�� ��*-
"�� >=#��#>"�>�# !+�%&+' "% �%&�; % ,+"����%""� -% @#*"�;� =��+�D-
"�;� L @#&JG +$�"�;#*"�;. ��=�>$%L�J>� ,+"����%""� -% �"���#G-
"#; !#%;+���;. Y���"% -%=%!�"� ���&$� l # ���P�"% G&#,% (-�@%) 
�%&% s ��;#�KK�J>� -% !�E�K !#&�&J"�E� $�&%. 


>�@&��#>�K =�@�!��� >�>�+;� !�=�>$#� # =�>%!�$ "% @#*"# =�-
�+�D"# L �>�%"��&+""� >�;%�"�E� !�=�>$� �, �$�' �$&K*%L !�=�>$� 
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"% G���"� -%=%!�"� �
 # ���P�"� -�@% �s, % �%$�O �#!D�&+""� /��-
;� # ��-;#P+""� +&+;+"�#� =��/#&K -%=%!�"�. �&� G���"� -%=%!�-
"� �>�%"��&+"� �#!D�&+""� �7; �9; �11; !&� ���P�"� -�@% �%&% a, 
c, d, f, g, h, k, n, p, r i 7-' – 11-' >��=+"# ��*"�>�#. �&� �>#D =�&#� !�-
=�>$#� ��-;#�#� e # s �>�%"��&+"� =� ��� �#!D�&+""� (��>.14.8); 

1) �>"��"# (>�;%�"#) 6& – !&� -%=%!�"� # es !&� G&#,%; 
2) �+�D"# – ES "% G���"� -%=%!�"� i ei  "% ���P�"� G&#,%; 
3) "�O"# – EIe "% G���"� -%=%!�"� # ei "% ���P�"� G&#,%. ��>%!-

$� -% @#*"�;� =��+�D"�;� G&#,#� =+�+!@%*+"� &�G+ � >�>�+;# ������. 
��%"�*"# �#!D�&+""� ��-;#�#� e i s, % �%$�O !�=�>$� T i �
 (�s) �>�%"�-
�&+"� -%&+O"� �#! ;�!�&� m # !#%;+��% !#&�&J"�E� $�&% d. 

��&� !�=�>$#� ��-;#�#� G&#,J���D +��&J�+"�"�D -’L!"%"J =�--
"%*%K�J>� ,�/��K ($�%&#�+��;) # &#�+��K, P� =�-"%*%L �>"��"+ �#-
!D�&+""�, "%=��$&%!: 9�, 8�. �%$+ =�-"%*+""� ��+!+"�, P�@ �#!�#--
"��� =�&� !�=�>$#� ,�D -’L!"%"J �#! E&%!$�D, � =�-"%*+""�D �$�D 
,�/�% >����J =#>&� &#�+��. 

��-"%*+""� G&#,J���D +��&J�+"�"�D -’L!"%"J �$&K*%K�J: "�-
;#"%&J"�' !#%;+�� -'L!"%""�, ;�!�&J, -"%*+""� =�>%!$�, -%=�>%"+ 
=#>&� ��-;#�#� ,+"����%&J"�D +&+;+"�#�, "�;+� >�%"!%���. 

 
!�. 14.7. ,������' ���#�� � (���� ������ ���� � �#����  

��� �
�#�������: � – �� ������� ���
����� ������;  
� – �� %���������� ����
#�� 

����8	
� ����	���@ ��� ������	���: 
-% @#*"�;� >����"%;�: 50 × 2 × 9H/9g �
�� 6033-80; 
-% -��"#G"#; !#%;+���; -'L!"%""�: 50 × 7�/6g ×2 �
�� 6033-80; 
-% �"���#G"#; !#%;+���;: i 50 × 2 × 7H/6g �
�� 6033-80. 
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!�. 14.8 ���� ������� ��� 
�����
�#��� ��������� %’A����� 

��� �
�#������� �� ������� ���
����� ������. 
 

+$"!" 15. ���/%?' � ��%"�?' ��#2M�!'� 
#’K�&"&2 

15.1. !�
� ���@F� � ������� ����8�	�	�D�� ����>�  

� ���@F���� �’J
�	�@ 

F%�!�$� �#!"�>"#' =��>���# �% $�;=%$�"�>�#, $#&J$#>�J !+�%&+' - 
�#-J@�K � >�*%>"�D ;%G�"%D =+�+��P�L 60 %. �#-J@% =�+!>�%�&�L 
>�@�K E��"���# $%"%�$� "% ,�&#"!��*"�D %@� $�"#*"�D !+�%&�D, 
=��*�;� /��;% $%"%��$ ��-"%*%L�J>� �>�%"��&+"�; =��/#&+; �#-J-
@� � �>J���;� =+�+�#-#.  @#&JG�>�# -’L!"%"J -%>��>���K�J �#-J@� 
!&� -%$�#=&+""� !+�%&+' ;#O >�@�K # � �+E�&K�%&J"�D =��>����D. 

�#-J@� $&%>�/#$�K�J>�: 
- -% =��/#&+; E��"����� =��+�D"# "% ���$��"#, ��%=+,+�!%&J"#, 

�=��"# (=�&$�=�!#@"#), =��;�$��"#, $��E&# �% #", (��>. 15.1); 
- -% /��;�K =��+�D"#, "% �$#' �����+"% �#-J@% – "% ,�&#"!��*"# # 

$�"#*"#, -��"#G"# # �"���#G"#; 
- =� *�>&� -%D�!#� – "% �!"�-%D�!"# �% @%E%��-%D�!"#; 
- -% "%=��;$�; E��"����E� ��D� �#-J@���E� $�"���% – "% =�%�# �% 

&#�#; 
- -% =��'"���K �!�"�,+K ��;#�K�%""� &#"#'"�D ��-;#�#� "% ;+-

���*"# �% !K';��#. 
F% +$>=&�%�%,#'"�; =��-"%*+""�; �#-J@� !#&��J>� "% -%E%&J"# # 

>=+,#%&J"#, =��-"%*+"# !&� -’L!"%""� �!"�E� ��=� !+�%&+' =+�"�E� 
����@� (�#-J@% !&� ,�$�&#� �% =%���"#� +&+$���*"�D &%;=, !&� =��-
��E%-#� # �. !.). �� �#-J@ -%E%&J"�E� -%>��>��%""� �#!"�>��J>�: 

%) =��$�#=&KK*# (;+���*"%, !K';��%), P� -%>��>���K�J>� !&� 
��-’L;"�E� -'L!"%""� !+�%&+' ;%G�", E�&��"% ��;�E% !� �$�D – -%-
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@+-=+*+""� ;#,"�>�# # -@+�+O+""� P#&J"�>�# >��$� � =��,+># +$>-
=&�%�%,#�; 

@) $#"+;%��*"# (��%=+,+�!%&J"% # =��;�$��"%), �$# -%>��>���K�J-
>� !&� D�!���D E��"�#�, E��"�#� >�=���#� �+�>�%�#� �% >���&#� ��;#-
�K�%&J"�D =��&%!#� # �. !., E�&��"% ��;�E% !� �$�D – -%@+-=+*��� 
��*"+ =+�+;#P+""� =�� "%';+"G�;� �+��# �% �=��# !&� =+�+����+"-
"� �@+��%&J"�E� ��D� � =��;�&#"#'"�', � =�+>%D # !�;$�%�%D, E�&�-
�"% ��;�E% !� �$�� – -%@+-=+*+""� =&%�"�>�# �@+��%""� # ��>�$�� 
"%�%"�%O��%&J"�� -!%�"�>�#; 

 
!�. 15.1. !�%��� %�$�����$� ���%���
���: � – �
#����� ��%���;  

�- ��'���� ������� ��%���; � – #���
�
������� ��%���; $ – ������ 
��%���. 

�) ���@"# �% %�;%���"# (���@"# ,�&#"!��*"% # $�"#*"%, ;+���*"% 
$�"#*"%), P� -%>��>���K�J>� !&� ���@�=����!#� # %�;%���� �#-"�-
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;%"#�"�E� =��-"%*+""�, E�&��"% ��;�E% !� �$�D – -%@+-=+*��� E+�-
;+��*"#>�J -’L!"%"J. 

�$>=&�%�%,#'"# ��;�E� !� �#-J@ -%&+O%�J �#! =��-"%*+""� �#-J-
@���D -’L!"%"J. 	�;�E� "%!#'"�>�#, !��E��#*"�>�# �% -!%�"�>�# !� 
-E��"*��%""� @+- =#!E�"$� ��E����&+"�D �#-J@���D !+�%&+' =�� 
-@+�+O+""# +$>=&�%�%,#'"�D �$�>�+' L -%E%&J"�K !&� �>#D �#-J@. 

15.2. ������� �	�	����� �8��
������ ���@F 

	�-"%*+""� =%�%;+��#�, P� ��-E&�!%��;��J>� "�O*+, L -%E%&J-
"�;�, �$ !&� -��"#G"J�� �#-J@� (@�&�%, G=�&J$�, E��"�%), �%$ # �"�-
��#G"J�� �#-J@� (E%'$�, E"#-!%). 
>"��"# =%�%;+��� ,�&#"!��*"�D 
�#-J@ =�$%-%"# "% ��>.15.2. 

���/#&J �#-J@� – $�"��� =+�+�#-� �#-J@� � =&�P�"#, P� =��D�-
!��J *+�+- �� �#>J. 

F��"#G"#; !#%;+���; �#-J@� d(D) � "%-��%L�J>� !#%;+�� ���"�E� 
,�&#"!�%, !���*"�E� !� �+�G�" -��"#G"J�� �#-J@� %@� -%=%!�" �"�-
��#G"J�� �#-J@� (�$ =�%��&�, �#" L "�;#"%&J"�; !#%;+���; �#-J@�). 
	"���#G"#' !#%;+�� �#-J@� d1(D1) – !#%;+�� ���"�E� ,�&#"!�%, �=�-
>%"�E� !���*"� !� �+�G�" �"���#G"J�� �#-J@� %@� -%=%!�" -��"#G-
"J��. I+' !#%;+�� ��-"%*%L "+@+-=+*"�' =+�+�#- @�&�%. 

�+�+!"#' !#%;+�� �#-J@� d2(D2) ,+ !#%;+�� ���"�E� ,�&#"!�%, ��#-
�"# �$�E� =+�+��"%K�J "�;#"%&J"�' =��/#&J �#-J@� � ��D ��*$%D, !+ 
G���"% ���$#� !��#�"KL G���"# -%=%!�". 

 
!�. 15.2. ������ �����
#�� �
#������ ��%��� 
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���$�; �#-J@� ! "%-��%L�J>� �#!>�%"J ;#O >�>#!"#;� �!"�';+"-
"�;� @#*"�;� >����"%;� =��/#&K, ��;#��"% � "%=��;$�, =%�%&+&J-
"�;� �#># �#-J@�. 

��� =��/#&K � – ,+ $�� ;#O @#*"�;� >����"%;� � �>J��#' =&�-
P�"#. 

���O�"�K -E��"*��%""� l, "%-��%L�J>� !��O�"% >��$%""� -��-
"#G"J�� # �"���#G"J�� �#-J@� � �>J���;� "%=��;$�. 

	�>��% � – ��>��% ��>D#!"�E� ���$��"�$%, �!+�O%"�E� =��!��-
O+""�; @#*"�D >���#" =��/#&K !� �D =+�+��"�. 

��@�*% ��>��% =��/#&K �1 – ,+ ��>��% >��$%""� >���#" =��/#&K 
-��"#G"J�� # �"���#G"J�� �#-J@� � "%=��;$�, =+�=+"!�$�&��"�;� !� 
�#># �#-J@�. 

��� =#!'�;� �#-J@� �- ,+ $�� ;#O !���*"�K !� E��"����� &#"#� � 
��*,# >+�+!"J�E� !#%;+��% �#-J@� # =&�P�"�K, =+�=+"!�$�&��"�K 
!� �># �#-J@�. 

2

�
Ptg
d

�
� .     (15.1) 

�$P� $�� =#!'�;� ;+"G�' �#! $�+/#,#L"�% �+���, �� �#-J@% @�!+ 
>%;�E%&J;��%��>�. ��� !�"%;#*"�D "%�%"�%O+""�D =���#@"� -%>��-
>����%�� >=+,#%&J"# >��=��"# =��>����. 

���/#&J ;+���*"�� �#-J@� �+E&%;+"��L�J>� >�%"!%���;, 
�
�� 9150-81, �$�' =+�+!@%*%L -�#-� �+�G�" �#-J@�, P� !��#�"K-
K�J �/4 � E%'$� # �/8 � @�&�%. 	�>��% ��>D#!"�E� $�"���� � � 
0,866 !, -"%*+""� '�E� �1 � 0,541 !. 

�+���*"# �#-J@� =�!#&�K�J>� "% �#-J@� - �+&�$�; # !�#@"�; $��-
$�;. �&� �#-J@� - �+&�$�; $��$�; $�O"�;� -��"#G"J�;� !#%;+��� 
�#!=��#!%L ,#&$�; =+�"+ -"%*+""� $��$� 1 36� .( )d D P , % !&� �#-J@� - 
!�#@"�; $��$�; – �#-"# $��$�. 

�
�� 8724-81 �+E&%;+"��L ��� ��!$� !#%;+��#� ;+���*"�� �#-J-
@�. 	�@��%K*� !#%;+��� �#-J@� "%!%K�J =+�+�%E� =+�G�;� ��!$� 
=+�+! !��E�;, !��E�;� – =+�+! ��+�#;. �+���*"# �#-J@� - !�#@"�;� 
$��$%;� -%>��>���K�J !&� -’L!"%""� ��"$�>�#""�D !+�%&+', % �%$�O 
!&� -%@+-=+*+""� =#!��P+"�� ;#,"�>�# -’L!"%"J. 

�&� =��&%!#� ��*"�� ;+D%"#$� -%>��>���L�J>� ;+���*"% �#-J@% 
!&� !#%;+��#� 0,25...0,9 ;; (�
�� 9000-81).  =��&%!%D >�%"!%���-
-��%"� ;+���*"� �#-J@� - !�#@"#G�K E�%!%,#LK !#%;+��#� �#! 3,5 !� 
400 ;; (�
�� 24706-61). �&� �#-J@ !+�%&+' #- =&%>�;%> !#%;+��� 
1...160 ;; �>�%"��&+"� �
�� 1709-61. 
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15.3. #	>	8@�� ������� �	F��������� ��	J���	��������  
�8��
������ ���@F 

��>�+;% !�=�>$#� # =�>%!�$, P� -%@+-=+*�L �-%L;�-%;#""#>�J ,�-
&#"!��*"�D �#-J@ ��%D���L �>�@&���>�# $�">���$,#� �#-J@���D !+�%-
&+' # "%��"#>�J �-%L;�-�'�-$� =�D�@�$ �$�+;�D =%�%;+��#� �#-J@�. 

�����U�� �
���� ��F���. �% !��O�"# -E��"*��%""� �#-J-
@���E� -'L!"%""� ��-;#P+"� !+$#&J$% ���$#� �#-J@�, �$# �����KK�J 
�#-J@���' $�"���. ��;#"%&J"�' $�"��� (��>. 15.3) ��-"%*%L "%'@#-
&JG�' E�%"�*"�' $�"��� �#-J@� @�&�% # "%';+"G�' – E%'$�. 	#! 
"�;#"%&J"�E� $�"���% � "%=��;$�, =+�=+"!�$�&��"�;� !� �#># �#-J-
@�, �#!$&%!%K�J =�&� !�=�>$#� !#%;+��#� �#-J@� @�&�%; � =����&+O-
"� >����"� – =�&� !�=�>$#� !#%;+��#� �#-J@� E%'$�. 

 
!�. 15.3 ���(��� � $������� ���#��� ��%�����$� %’A������  

% �
#������ ��%����. 
��� ��E����&+""# �#-J@���D !+�%&+' "+;�"�*# =�D�@$� =��/#&K 

�#-J@� �% �� ��-;#�#� �% #"G# =�D�@$�, �$# ��$&�$%K�J =���G+""� 
-E��"*��%""� # =�E#�G+""� �$�>�# -’L!"%"J. �&� -%@+-=+*+""� -E��-
"*��%"�>�# # �$�>�# -’L!"%""� !#'>"# -"%*+""� !#%;+��#�, $��% # $��-
$� �#-J@� "+ =���""# ��D�!��� -% E�%"�*"# $�"���� "% �>#' !��O�"# 
-E��"*��%""�. 
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	#!D�&+""� $��$� # $��% =��/#&K �#-J@� # �D !#%;+��%&J"% $�;-
=+">%,#�. 	#!D�&+""� $��$� �#-J@� F! – ,+ �#-"�,� ;#O !#'>"�; # 
"�;#"%&J"�; -"%*+""�;� $��$�. ���$ �#-J@� L �>"��"�; $#"+;%��-
*"�; =%�%;+���; ��D�;�E� -’L!"%""�. 	#!D�&+""� $��$� L "%>&#!-
$�; $#"+;%��*"�� =�D�@$� �+�>�%�% # "+��*"�>�# $��$� '�E� D�!���-
E� E��"�%, �+;=+�%���"�D # >�&���D !+/��;%,#' E��"�% �+�>�%�% # 
�@��@&K�%"�D !+�%&+'; ;#>,+��E� >=�%,K�%""� �#-J@� D�!���D 
E��"�#�, =�D�@�$ �#-J@������KK*�D #">���;+"�#�, "+�!"��#!"�>�# 
;%�+�#%&� -%E����$� �% #"G�D =��*�". 

FE��"*��%""� �#-J@���D !+�%&+', P� ;%K�J =�D�@$� $��$� �#-J-
@� ;�O&��� =�� "%��"�>�# �#-"�,# fp, �D >+�+!"#D !#%;+��#�, ����;%-
"�� -% �%D�"�$ -;+"G+""� >+�+!"J�E� !#%;+��% �#-J@� @�&�% d2 %@� 
-@#&JG+""� >+�+!"J�E� !#%;+��� �#-J@� E%'$� D2. 

 
!�. 15.4. ,�����
��� ����� h�=  ����
#������  

'�$� ����
����� fp 
F ���$��"�$% a’, b’, c’ ,  �$�;� b’, c’ = 0,5fp (��>. 15.4 ) -"%D�!�;� 

0 5 0 5
2

� �. .p nf P ctg� , 

%@� 

2
� �p nf ctg P�

.    (15.2) 

	+&�*�"� fp "%-��%K�J !#%;+��%&J"�K $�;=+">%,#LK =�D�@�$ 
$��$� �#-J@� # ��-"%*%K�J -% /��;�&%;� (F!�  # fp – � ;#$��;+��%D): 
 !&� ;+���*"�� �#-J@�  (� = 60°) 

fp= 1,732 F!�,   (15.3) 
!&� ���@"�� �#-J@�  (� = 55°) 
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fp= 1,921 F!�,   (15.4) 
!&� ��%=+,+�!%&J"�� �#-J@�  (� = 30°) 

fp= 3,732 F!�.   (15.5) 
	#!D�&+""�; =�&���"� $��% =��/#&K �#-J@� F�/2 @�&�% %@� E%'-

$� (!&� �#-J@ - >�;+���*"�; =��/#&+;) "%-��%K�J �#-"�,K ;#O !#'-
>"�;� # "�;#"%&J"�;� -"%*+""�;� F�/2 (��>.15.5). I� =�D�@$% L �+-
-�&J�%��; =+�+$�>� =��/#&K �#!"�>"� �#># !+�%&#, =�;�&�$ =��/#&K 
�#-J@������KK*�E� #">���;+"�� # "+��*"�>�# '�E� �>�%"��$�. 

 
!�. 15.5. ,�����
��� �������� ��#� ���(��� 2

�
�

 

 � ����
#������ '�$� ����
����� ƒ[ 
FE��"*��%""� �#-J@���D !+�%&+', P� ;%K�J =�D�@$� F�/2, �$ # 

!+�%&+', P� ;%K�J =�D�@$� $��$�, ;�O&��� �#&J$� =�� "%��"�>�# 
"+�@D#!"�E� -%-��� =� >+�+!"#D !#%;+��%D �D �#-J@�, ��@�� !#%;+��%-
&J"�� $�;=+">%,#� ƒ� ,#L� =�D�@$�, �$% ;�O+ @��� -!#'>"+"% -% �%D�-
"�$ -;+"G+"�E� >+�+!"J�E� !#%;+��% �#-J@� @�&�% %@� -@#&JG+"�E� 
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>+�+!"J�E� !#%;+��% �#-J@� E%'$�. 
	+&�*�"� ƒ� ;�O"% -"%'�� - ���$��"�$% DEF (��>.15.5): 

12 2�
�

/
sin

Hf�
�
� ;     (15.6 ) 

!&� ;+���*"�� �#-J@�: 0 36
2

� �.f P�
�

;   (15.7) 

!&� ���@"�� �#-J@�: 0 35
2

� �.f P�
�

;   (15.8) 

!&� ��%=+,+�!%&J"�� �#-J@�: 0 582
2

� �.f P�
�

,  (15.9) 

!+ ƒ� – � ;#$��;+��%D;  ! – � ;#&#;+��%D;   2
�
�

 – � $�����D D��-

&�"%D. 
���	�����X �������X ������� ��F���. �&� >=��P+""� 

$�"���&K �#-J@ # ��-�%D�"$� !�=�>$#� ��+!+"� =�"���� =���+!+"�E� 
>+�+!"J�E� !#%;+��% �#-J@�, �$�' ��%D���L �=&�� "% -E��"*��%"#>�J 

2 2( ), ,pd D f f� . ����+!+"�; >+�+!"#; !#%;+���; "%-��%L�J>� -"%*+"-
"� >+�+!"J�E� !#%;+��% �#-J@�, -@#&JG+"+ !&� -��"#G"J�� %@� -;+"-
G+"�� !&� �"���#G"J�� �#-J@ "% >�;%�"� !#%;+��%&J"� $�;=+">%,#K 
�#!D�&+"J $��$� # $��% "%D�&� @#*"�� >����"� =��/#&K: 

!&� -��"#G"J�� �#-J@�: 2 2� � �. . ( )np ��� pd d f f� ; (15.10) 
!&� �"���#G"J�� �#-J@�: 2 2� 	 �. . ( )np ��� pD D f f� . (15.11) 
������X �
��� �������
�
 �������� ��F���. 

	"%>&#!�$ �-%L;�-�'�-$� ;#O �#!D�&+""�;� $��$�, $��% =��/#&K �#-
!=��#!"� >+�+!"J�E� !#%;+��% !�=�>��;# �#!D�&+""� ,�D =%�%;+��#� 
�$�+;� "+ "��;�K�J. 	�$&K*+""� >$&%!%K�J �#-J@� - "%��E�;, 
�#-J@� $%&#@�#� �% #">���;+"��. 

	>�%"��&KK�J �#&J$� >�;%�"�' !�=�>$ "% >+�+!"#' !#%;+�� @�&-
�% Td2, # E%'$� TD2, �$�' !��#�"KL: 

2 2 2 2� � � � �( ) ( ) pTd TD d D f f� .   (15.12) 
	 �>"��� $&%>�/#$%,#� �#-J@ =� ��*"�>�# # =�>%!$%; =��'"��# !�-

=�>$� =� >+�+!"J�;� !#%;+��� # D%�%$�+� >=��O+""� =� @�$���; 
>����"%; =��/#&K. 

15.4. ��8� 
������� � ���	
�� ��������� ���@F �� �	����� 

 ;%G�"�@�!��%""# -%>��>���L�J>� � �>"��"�;� ;+���*"% �#-J-
@% - !#%;+���; 1...600 ;;; �� =#!��-!#&�K�J "% �#-J@� - �+&�$�; $��-
$�; (!#%;+�� 1...68 ;;) # !�#@"�; $��$�; # (!#%;+�� 1...600 ;;). 
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��>�+;� !�=�>$#� # =�>%!�$ !&� ;+���*"�D �#-J@ �+E&%;+"��L 
�
�� 16093-81 "�#-J@% ;+���*"%. ��=�>$�. ��>%!$� #- -%-���;". 
��%"!%���; =+�+!@%*+"� 5 �>"��"�D �#!D�&+"J d, e, f, g, h !&� -��-
"#G"J�� �#-J@� # 4 �>"��"�D �#!D�&+""� E, F, G, H !&� �"���#G"J�� 
�#-J@� (��>. 15.6). 
>"��"# �#!D�&+""� h # H !��#�"KK�J "�&K. 


>"��"# �#!D�&+""� 6 # F �>�%"��&+"� !&� �#-J@ >=+,#%&J"�E� 
-%>��>��%""�. 	#!D�&+""� �#!�%D���K�J>� � "%=��;$�, =+�=+"!�$�-
&��"�;� !� �># �#-J@�. 

 
!�. 15.6. !�%��C
��� ������� ������
�� �
#������ ��%��  

�% %�%����. 
�$ ��!"� - ��>.15.6 >=�&�*+""� �>"��"�D �#!D�&+"J h # H ����-

�KL =�>%!$�, � �$�D Smin = 0. �% =�%$��,# ��$���>����K�J =+�+�%O-
"� -��"#G"# �#-J@� - �>"��"�; �#!D�&+""�; g, P� !%L -;�E� �!+�O�-
�%�� �#-J@��# -’L!"%""� - =�&+EG+""�; -E��"*��%""�; !+�%&+'. 

�#-J@��# -’L!"%""� i- -"%*"�;� -%-��%;� -%>��>���K�J>� ��!#, 
$�&� =���#@"� !�>�E�� &+E$�E� -E��"*��%""� !+�%&+', $�&� -'L!"%"-
"� =�%,KL � ��>�$�;� �+;=+�%���"�;� �+O�;#, $�&� "% �#-J@��# !+-
�%&# "%"+>+"� %"��$���-#'"+ =�$�����. 

	>�%"��&+"� �%$# >��=+"# ��*"�>�# � =���!$� �� >=%!%""� (�O�� 
16093-81):  !&� @�&�#� -% -��"#G"#; !#%;+���; d – 4, 6, 8; -% >+�+!-
"#; !#%;+���; d2 – 3, 4, 5, 6, 7, 6, 9; !&� E%'�$ -% �"���#G"#; # >+�+!-
"#; !#%;+��%;� D1 # D2 – 4, 5, 6, 7, 8. 

�% !#%;+��� d # D !�=�>$� "+ �>�%"��&KK�J>�, ��;� P� !��E# 
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E�%"�*"# �#!D�&+""� �@;+O+"# �#-J@�"%�#-"�; #">���;+"��;. �%'-
=�G��+"#G�; ��%O%L�J>� 6-' >��=#"J ��*"�>�#. 

F%&+O"�>�# �+&�*�"� !�=�>$� �#! >��=+"K ��*"�>�# �#-J@� "%�+-
!+"� � �%@&�,# 15.1. 

������� 15.1. "��
���#� �
������ ������  
��� #��
�� #����#�. 

���=#"J ��*"�>�# 3 4 5 6 7 8 9 10 

��+/#,#L"� 0,5 0,63 0,8 1,0 1,25 1,6 2,0 2,5 

��&� !�=�>$#� �����KK�J>� >=�&�*+""�; >��=+"K ��*"�>�# ' 
�>"��"�E� �#!D�&+""�. �%=��$&%!, -%=�> 6� �-"%*%L: =�&+ !�=�>$� 
E%'$� 6-E� >��=+"K ��*"�>�# - �#!D�&+""�; �; 7g – =�&+ !�=�>$� 
@�&�% 7-E� >��=+"K ��*"�>�# - �#!D�&+""�; g. 

	#!D�&+""� =�&#� !�=�>$#� !&� @�&�#� # E%'�$ ;�O"% ��-"%*��� 
-% �%$�;� /��;�&%;�: 

!&� @�&�#�: 
esg = – (15 + 11P);     (15.13) 
esf = – (30 + 11P);     (15.14) 
ese = – (50 + 11P), $�#; P } 0,75 ;;;  (15.15) 
es� = – (80 + 11P);     (15.16) 

!&� E%'�$: 
EIE = + (50 + 11P), $�#; P } 0,75 ;;;  (15.17) 
EIF = + (30 + 11P);     (15.18) 
EIG = + (15 + 11P).     (15.19) 

!+ es – �+�D"L �#!D�&+""� @�&�#�, ;$;; EI – "�O"L �#!D�&+""� 
E%'�$, ;$;;   ! – $��$ �#-J@�, ;;. 

�% ��>.15.7 =�$%-%"� >D+;� ��-;#P+""� =�&#� !�=�>$#� ;+���*-
"�D �#-J@ #- -%-���;. 

��>%!$� �#-J@ =�-"%*%K�J !��@�;: � *�>+&J"�$� – =�&+ !�=�>$� 
E%'$�, � -"%;+""�$� – =�&+ !�=�>$� @�&�%. �%=��$&%!, -%=�> 6 5

5 6
H G
h g

 

�-"%*%L 6� # 5G – >��=#"J ��*"�>�# # =�&+ !�=�>$� �#!=��#!"� >+�+-
!"J�E� # �"���#G"J�E� !#%;+��% E%'$�; 5h # 6g – >��=#"J ��*"�>�# i 
=�&+ !�=�>$� �#!=��#!"� >+�+!"J�E� # -��"#G"J�E� !#%;+��% @�&�%. 
�$P� "% �@�!�% !#%;+��� �#-J@� �>�%"��&+"+ �!"%$��# =�&� !�=�>-
$#�, �� � �;��"�;� =�-"%*+""# >�;��&� "+ =�����KK�J>�. �%=��-
$&%!, 6� �-"%*%L, P� "% !#%;+��� �#-J@� E%'$� �>�%"��&+"� �!"%$�-
�# =�&� !�=�>$#�. 
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!�. 15.7. *�
�� ��%��C
��� ����� ������� ��%��� $�'�� � ���#�  

� ������ % %�%���� 
��%"!%���; �>�%"��&+"� ��� E��=� !��O�" -E��"*��%""�: S – 

$����$#, N- "��;%&J"# # L – !��E#. �� E��=� N �#!"�>��J>� !��O�"� 
-E��"*��%""� =�"%! 2,24!d0,2 !� 6,7!d0,2. 

���O�"� -E��"*��%""� S # L =�-"%*%K�J � �+D"#*"�D ��;�E%D 
%@� � =�-"%*+""# �#-J@�. �%=��$&%!, 512 –7h6g – 30 (30 – !��O�"% 
-E��"*��%""�, ;;). 

��&� !�=�>$#� @�&�#� # E%'�$ �>�%"��&+"� � ��J�D $&%>%D ��*"�-
>�#: ��*"�;�, >+�+!"J�;� # E��@�;�. ��"���� $&%>� �O��%L�J>� !&� 
=��#�"�&J"�� �,#"$� ��*"�>�# �#-J@�. �% �>"��# !�>�#!� +$>=&�%�%,#� 
�#-J@���D -’L!"%"J, $�O"�' $&%> D%�%$�+��-�L�J>� =+�"�; "%@���; 
=�&#� !�=�>$#� (�%@&. 15.2). �# =�&� !�=�>$#�, �$�; "%!%L�J>� =+�+-
�%E%, ��!#&+"� �%;$%;�. 

��*"�' $&%> -%>��>���K�J !&� =�>%!�$ - ;%&�; $�&��%""�; -%-
-��#�, � �#!=��#!%&J"�D >�%��*"� "%�%"�%O+"�D �#-J@���D -'L!"%"-
"�D. �%'*%>�#G+ -%>��>���L�J>� >+�+!"#' $&%>, =�� �$�;� -%@+-=+-
*�L�J>� >�%��*"% i !�"%;#*"% ;#,"#>�J �#-J@���D -’L!"%"J. ���@�' 
$&%> �+$�;+"!�L�J>� -%>��>����%�� � "+�#!=��#!%&J"�D -'L!"%""�D 
(=�� "%�#-%""# �#-J@� "% E%��*+$%�%"�D -%E����$%D). 
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������� 15.2. ���� ������� ���#�� � $�'�� 
��8� 
������ ��� 
��=��� �>������	��� ���	8@ ?8	�  

�������� S N L 
��*"�' (3h; 4h) 4g; 4h (5h; 4h) 

5g; 6g 6d; 6e; 6f (7e; 6e) �+�+!"#' (5h; 6h) ; 6h 7g 6g /7h 6h/ ��&� 

���@�' - 8g (9g; 8g) 
��*"�' 4H 4H; 5H; 5H 6H 

�+�+!"#' (5G); 5H  (7G); 7H �%'$% 
���@�' - 7H (8G); 8H 

15.5. ��8� 
������� � ���	
�� ��������� ���@F � �	��>�� 

 ;%G�"�@�!��%""# !�>��J G���$� ��-=��>K!O+"# �#-J@��# 
-’L!"%""� - "%��E�;,  ,�D -’L!"%""�D ��-;#�� >=�&�*+"�D =��+�-
D�"J -��"#G"J�� �#-J@� !� -E��"*��%""� =���""# @��� @#&JG�;� �#! 
�#!=��#!"�D ��-;#�#� �"���#G"J�� �#-J@�. �&� -’L!"%""� - "%��E�; 
�O��%K�J �+�;#"� "G=�&J$%" # "E"#-!�" -%;#>�J "@�&�" # "E%'$%". 
�%=��$&%!: =�>%!$% �#-J@� G=�&J�$ � $��=�>� !��E�"#�. ��>%!$% - 
"%��E�; =���""% -%@+-=+*��%�� "+��D�;#>�J -’L!"%"J, �$% @ ��$&K-
*%&% >%;��#!E��"*��%""� G=�&J�$. �%��E� >����KK�J>� &�G+ -% @#-
*"�;� >����"%;� =��/#&K, ��@�� -% >+�+!"#; !#%;+���; >=�&�*+"�D 
�#-J@. F% -��"#G"#; # �"���#G"#; !#%;+��%;� =+�+!@%*+"� -%-���. 


>"��"# �#!D�&+""� # >��=+"# ��*"�>�# �#-J@ - "%��E%;� "%�+!+"� 
� �%@&�,# 15.3. 

������� 15.3. ������ ������
��� � #��
�� #����#� ��%��  
% ��#�$��� 

������� ��
��8���� ��� 
����	� !, �� !�
� ���@F ��	���� ���@F�


� 1,25 ��. 1,25 

%������  
�������� 

F��"#G"#' d e c 6 F��"#G"� �+�+!"#' d2 n p; r 2; 3 
F��"#G"#' D  H - 
�+�+!"#'  D2  H 2 	"���#G"� 

	"���#G"#' D1  C 4; 5 
 
���O�"� -E��"*��%""� �#-J@���D -’L!"%"J � =�>%!$%D - "%��E�; 

�>�%"��&KK�J>� -%&+O"� �#! ;%�+�#%&�. �%=��$&%!, �$P� !+�%&J - 
�"���#G"J�K �#-J@�K ��E����&+"� #- >�%&#, �� !��O�"% -E��"*��%"-
"� !��#�"KL (1...1,25)d; �$P� – #- *%��"�, �� !��#�"KL (1,25...1,5)d; 

6g

6H
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�$P� – - %&K;#"#L��D # ;%E"#L��D >=&%�#�, �� !��O�"% -E��"*��%""� 
>�%"����J (1,5...2). 

������� 15.4. ���� ������� � ������ % ��#�$��  
�
#������ ��%��� 

��8� 
������� ���@F� �	����	8 

��	8� � 

������Q-
�@�� 

���@F�� 

?���, ! 
�� ������Q�@�� �����Q�@�� ���	
�� 

��
	����� 
����� 

��8	
	�-
�� 

!� 1.25 2H5D 2r 
2 5

2
H D

r  - U%��" # 
%&K;#"#L�# 

>=&%�� =�"%! 
1.25 2H5C 2r 

2 5
2

H C
r   

!� 1.25 2H5D (2) 3p (2) 
2 5 2

3 2
( )

( )
H D

p  U%��", %&K-
;#"#L�# # ;%-
E"#L�# >=&%-

�� 
=�"%! 
1.25 2H5C (2) 3p (2) 

2 5 2
3 2

( )
( )

H C
p  

������%"-
"� "% !�# 

E��=� 

!� 1.25 2H4D (3) 3n (3) 
2 4 3

3 3
( )

( )
H D

n  ��%&J, ��-
>�$�;#,"#, 
���%"��# 
>=&%�� 

=�"%! 
1.25 2H4C (3) 3n (3) 

2 4 3
3 3

( )
( )

H C
n  

������%"-
"� 

( !�O$%D – *�>&� E��= >�����%""�) 
 

�&� =�>%!�$ - "%��E�; �>�%"��&KK�J ;%&# !�=�>$� -% >+�+!"#; 
!#%;+���;, ��;� P� =�� �+&�$�D !�=�>$%D # "%';+"G�;� "%��E� 
;�O&��# =��$��*��%""� G=�&J�$, % =�� ;%$>�;%&J"�;� "%��E� ;�-
O&��+ ��'"��%""� G=�&J$�. 

��=�>$ �#-J@� E"#-!%, �$ =�%��&�, "% 2 % @#&JG�' �#! !�=�>$� 
G=�&J$�. 

[�@ �"�$"��� -%$&�"K�%""� =�� -E��"*��%""# ��E�� �#-J@�, =� 
-��"#G"J�;� # �"���#G"J�;� !#%;+��%D =+�+!@%*+"� -%-���. 
�&� �#-J@ - "%��E�; !�=�>$%K�J>� �#!D�&+""� =�&���"� $��% =��-
/#&K # $��$� �#-J@� G=�&J�$ # E"#-! "% !��O�"# -E��"*��%""�.  

�$#>�J ��@��� �#-J@���D -’L!"%"J - "%��E�; -%&+O��J �%$�O �#! 
�#!D�&+""� /��;� �#-J@���D !+�%&+', �$+ "+ =���""� =+�+��P��%�� 
25 % !�=�>$� >+�+!"J�E� !#%;+��%. 

��&� !�=�>$#� # =�>%!�$ =� >�%"!%��� "% $�+>&+""�D =�-"%*%K�J: 
2 5 212

3 2
	

( )
( )

H DM
p . 




������  ���
�� 

 185

 
!�. 15.8. !�%��C
��� ����� ������� ��%��� % ��#�$�� 

�&� E"#-!% – �12-2�5D(2); !&� G=�&J$� �12-3�(2). 	 !�O$%D 
�$%-�L�J>� *�>&� >�����%&J"�D E��=. 

��>%!$� 
2 5 2 2 5 2 2 4 3 2 4 3

3 2 3 2 3 2 3 2
( ) ( ) ( ) ( ); ; ;

( ) ( ) ( ) ( )
H D H C H C H C

p p n n  -!#'>"KK�J>� - 

>�����%""�; -��"#G"J�� �% �"���#G"J�� �#-J@� =� >+�+!"J�;� !#%-
;+��� "% E��=�. F@��%""� -’L!"%""� =����!��J>� i- !+�%&+' �!"�'-
;+""�D E��=. 

�#-J@��# -’L!"%""� - "%��E�; -%>��>���K�J>� � ��D ��=%!$%D, $�-
&� =���#@"% E%�%"�#� �#! >%;��#!E��"*��%""� G=�&J�$ =#! *%> !#� 
-;#""�D "%�%"�%O+"J, �#@�%,#' # $�&��%"J �+;=+�%����. �%'D%�%$-
�+�"#G�' ��=%!�$ -%>��>��%""� =�>%!�$ - "%��E�; – �#-J@% G=�&J�$ 
� $��=�># !��E�"#�. 
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15.4 ������
�� ���	
�� ��������� ���@F 

�% =+�+D#!"# =�>%!$� �#-J@���D -’L!"%"J �>�%"��&+"� �
�� 
24834-81. Ii -'L!"%""� -%>��>���K�J � ��D ��=%!$%D, $�&� =#! *%> 
��@��� =���#@"� -%@+-=+*��� "+��D�;#>�J -’L!"%""�. �&+ >&#! ��%-
D��%��, P� �+&�$�' "%��E ;�O+ =��-�+>�� !� ��'"��%""� ��"$�>-
�#""�D !+�%&+'. 


>$#&J$� � =+�+D#!"�D =�>%!$%D "%��E� "+-"%*"#, ��, P�@ �"�$-
"��� >%;��#!E�"*��%""�, =���#@"� � $�">���$,#� �#-J@���E� -'L!-
"%""� =+�+!@%*%�� !�!%�$��# +&+;+"�� -%$&�"K�%""�. �%$�;� +&+-
;+"�%;� ;�O��J @��� $�"#*"�' -@#E �#-J@�, =&�>$�' @��� =#>&� 
�#-J@�, ,�&#"!��*"% ,%=/% =+�+! �#-J@�K "% $#",# G=�&J$�. 

��%"!%�� =+�+!@%*%L *����� =�&� !�=�>$� !&� -��"#G"J�� �#-J@� 
4ih; 4�; 4i�; 2m # ��� =�&� !�=�>$� !&� �"���#G"J�� �#-J@� 3�, 4�, 
5�. ��-;#P+""� =�&#� !�=�>$#� =+�+D#!"�D =�>%!�$ -�@�%O+"� "% 
��>. 15.9. 

�+$�;+"!��%"# =�&� !�=�>$#� # =�>%!$� "%�+!+"� � �%@&.15.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

!�.15.9. *�
�� ��%��C
��� ����� ������� ��%�� 
 �
�
������ ������ 
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������� 15.5. ���� ������� � �
�
����� ������ �
#������ 
��%���. 

�	����	8 
��	8� � ���-
���Q�@�� ���@F�� 

��8� 
������� ���@F� &����	8@-
��D 
�	���� 
���@F�, �� 4ih; 4�; 4i�; 2m ������Q�@�� �����Q�@�� 

���	
��

��%&J 

4�� 
 

2m 

4H6H 
 

3H6H 

4 6
4
H H

ik
3 6

2
H H

m	#! 5 !� 16 

U%��", %&K;#"#L�# �% ;%-
E"#L�# >=&%�� 

4�� 
 

2m 

5H6H 
 

3H6H 

5 6
4
H H

ik
3 6

2
H H

m

��%&J 

4�� 
 

2m 

4H6H 
 

3H6H 

4 6
4

H H
i

3 6
2

H H
m	#! 18 !� 30 

U%��", %&K;#"#L�# �% ;%-
E"#L�# >=&%�� 

4� 
 

2m 

5H6H 
 

3H6H 

 
3 6

2
H H

m

	#! 35 !� 45 ��%&J, *%��", %&K;#"#L�# 
�% ;%E"#L�# >=&%�� 

4� 
 

5H6H 
 

5 6
4

H H
i

+$"!" 16.  ���/%?' � ��%"�?'  
#/M;"%('� �����"; 

16.1. ����8�	�	�D�� ����>� 
� ��F�	���� ����
	� 

F�@*%>�# =+�+!%*# G���$� -%>��>���K�J>� � =��&%!�- # ;%G�"�@�-
!��%""#. 	�"� !%K�J -;�E� -%@+-=+*��� �-E�!O+"#>�J # @+-G�;"#>�J 
�@+��%""� �%&#�, ��>�$� ��*"#>�J ��@��� $#"+;%��*"�D &%",KE#�. F%-
&+O"� �#! ��-;#P+""� �>+' -�@*%>�# =+�+!%*# =#!��-!#&�K�J>� "% ,�-
&#"!��*"#, $�"#*"#, E��"���#, E#=��!"#, *+��’�*"# # >=#�%&+=�!#@"#. 

I�&#"!��*"# -�@*%>�# $�&+>% (�># =%�%&+&J"#) @��%K�J - =��;�-
;�, $�>�;� # G+���""�;� -�@%;�. ���/#&J -�@#� ;�O"% �$�+>&��� 
+��&J�+"��K, ,�$&��!"�K �% #"G�;� $����;�. Y���$�E� ��-=�-
�>K!O+""� "%@�&� =+�+!%*# - +��&J�+"�"�; -%*+=&+""�;, �$+ -%-
=��=�"��%� �. M'&+� � 1854 �. 

�%!�">J$�' �*+"�' �. �. ����$�� -%=��=�"��%� =+�+!%*# - "�-
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��;� $�&���;� =��/#&�;� -�@#� $�&#>. �% �#!;#"� �#! +��&J�+"�"�D 
=��/#&#� � =+�+!%*%D ����$��% =��/#&# -�@#� $�&#> �����+"� !�E%;� 
$�&% %@� @&�-J$�;� !� "�D =&%�"�;� $����;�. I# =+�+!%*# !%K�J 
;�O&��#>�J -@#&JG��� "%�%"�%O+""�, P� =+�+!%L�J>�, � ��� – *���-
�� �%-� =��#�"�"� - +��&J�+"�"�;� =+�+!%*%;� =�� ��D >%;�D E%-
@%���%D. Y���$+ �=���%!O+""� ,�D =+�+!%* � "%��!"+ E�>=�!%�>�-
�� !�-��&��J -% �%D�"�$ -"�O+""� ���!�;#>�$�>�# # -;+"G+""� ;%>� 
� 2…2,5 �%-� �!+�O%�� -"%*"� +$�"�;#K. 

��"#*"# -�@*%>�# $�&+>% (�># =+�+��"%K�J>�) ��E����&�K�J - 
=��;�;�, �%"E+",#%&J"�;�, $�&���;�, ,�$&��!"�;� -�@%;�. 

F% +$>=&�%�%,#'"�; =��-"%*+""�; -�@*%>�# =+�+!%*# @��%K�J: 
�#!&#$���;�, G��!$#>"�;�, >�&���;� # -%E%&J"�E� =��-"%*+""�. 

	#!&#$��# =+�+!%*# – ,+ G+>�#�"# E%-���-=�!#&�, G+>�+�"� # �+'$% 
=%&��"�E� "%>�>% !�-+&J"�E� !��E�"%, =+�+!%*# ��;#�K�%&J"�D 
=��&%!#�. ��&��"% ��;�E% !� ,�D =+�+!%* – ��>�$% $#"+;%��*"% ��-
*"#>�J, ��@�� ��*"% �-E�!O+"#>�J $��#� =������� �+!�*�E� # �+!+"�-
E� $�&#> =+�+!%*#. I# =+�+!%*# D%�%$�+��-�K�J>� ;%&�; ;�!�&+;. 

Y��!$#>"# =+�+!%*# – ,+ %���;�@#&J"# # ��%$���"# $���@$� =+�+-
!%*, =+�+!%*# -%!"#D ;�>�#�, $���@$� G��!$�>�+'. ��&��# G��!$�>�# 
-�@*%>��D $�&#> ,�D =+�+!%* !�>�E%K�J 60 ;/>. �%K�J >+�+!"#' ;�-
!�&J # -"%*"� !��O�"� -�@%. ��&��"% ��;�E% !� "�D – -%@+-=+*+""� 
=&%�"�>�# ��@���, ��@�� �#!>��"#>�J ,�$&#*"�D =�D�@�$. �- -@#&J-
G+""�; *%>���� �@+��%""�, ��;�E� !� =&%�"�>�# ��@��� =#!��P�-
K�J>�. �+�+!%*# =���""# @��� @+-G�;"�;�. ��&+>% �%$�D =+�+!%* 
-��*%'"� ;%K�J >+�+!"# ;�!�&# # -"%*"� !��O�"� -�@%. 

��&��# =+�+!%*# – ,+ -�@*%>�# =+�+!%*# �+!�$���#� �%"�%O�=#!-
'�;"�D ;%G�", @�����# =+�+!%*# ��%$���#�. ��&��"% ��;�E% !� ,�D 
=+�+!%* – -%@+-=+*+""� =��"�E� $�"�%$�� -�@#�. �&� >�&���D =+�+-
!%* D%�%$�+�"�: �+&�$�' ;�!�&J, ;%&# G��!$�>�#, �+&�$% !��O�"% 
-�@#�, =+�+!%*% -"%*"�D $���"�D ;�;+"�#�. 

�+�+!%*#, �#! �$�D "+ ��;%E%L�J>� =#!��P+"�� ��*"�>�#, "%-��%-
K�J =+�+!%*%;� -%E%&J"�E� =��-"%*+""�. 

�% ��@��� -�@*%>��D =+�+!%* �=&��%L �+&�$+ *�>&� +&+;+"�#�, 
=�D�@$� �$�D -"�O�K�J !��E��#*"#>�J, �$ >%;�� =+�+!%*#, �%$ # ;+-
D%"#-;� � ,#&�;�. F�@*%>�# =+�+!%*# =���""# ;%�� =#!��P+"� !��E�-
�#*"#>�J (5...10 ��>�* E�!�" =�%,#). 
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16.2. %�����	 
������� �	 �8��
����� ��F�	��� ����
	�� 

 ��-��@,# >�>�+;� !�=�>$#� # =�>%!�$ -�@*%>��D =+�+!%* %$���-
"� �*%>�J @�%&� �%!�">J$# �*+"# �. �. �%&%G"�$��, �. �. �%',, �. �. 
��D%"E+&J>J$�' �% #". ��=�>$� ,�&#"!��*"�D -�@*%>��D =+�+!%* - 
+��&J�+"�"�; =��/#&+; �+E&%;+"��L �
�� 1643-81. ��>�+;% !�=�>-
$#� # =�>%!�$ =�G��KL�J>� "% ,�&#"!��*"# -�@*%>�# $�&+>% # -�@*%>�# 
=+�+!%*# - =��;�-�@�;�, $�>�-�@�;� # G+���""�;� -�@*%>��;� $�-
&+>%;� - !#%;+���; !#&�&J"�E� $�&% !� 6300 ;;, - ;�!�&+; -�@#� m = 
1...56 ;;. I� >�>�+;% �#!=��#!%L �+$�;+"!%,#� ��
 1328-1975. 

	>�%"��&+"� 12 >��=+"#� ��*"�>�# -�@*%>��D $�&#> # =+�+!%*, �D 
=�-"%*%K�J � =���!$� >=%!%""� ��*"�>�#. �&� 1-E� # 2-E� >��=+"#� � 
>�%"!%��"# �#!D�&+""� "+ !%K�J>� (��"� =+�+!@%*%K�J>� "% =+�>=+-
$����).  >�%"!%��# �%$�O "+;%L �#!D�&+"J !&� "%'E��@#G�E�, 12-E� 
>��=+"� ��*"�>�#, �$�' � �>"��"�;� =�G��KL�J>� "% $�&+>%, P� "+ 
�@��@&�K�J>� ;+D%"#*"�; >=�>�@�;. 

	 %�����%$���"�;� # >#&J>J$�E�>=�!%�>J$�;� ;%G�"�@�!��%""# 
-%>��>���K�J>� -�@*%>�# $�&+>% =�*�"%K*� #- 7-E� >��=+"� ��*"�>-
�#. 
>"��"# +$>=&�%�%,#'"# =�$%-"�$� -�@*%>��D =+�+!%* ��-"%*%-
K�J>� "��;%;� $#"+;%��*"�� ��*"�>�#, =&%�"�>�# # $�"�%$�"�>�# 
>=�&�*+"�D -�@#�. 

�#"+;%��*"% ��*"#>�J D%�%$�+��-�L�J>� �%$�;� =%�%;+��%;�: 
$#"+;%��*"% =�D�@$% $�&+>%, �%!#%&J"+ @���� -�@*%>��E� �#",�, $�-
&��%""� !��O�"� -%E%&J"�� "��;%&#, $�&��%""� ��;#�K�%&J"�� ;#-
O�>J���� �#!>�%"# -% �@+�� $�&+>%, =�D�@$% �@$%��, "%$�=�*+"% =�-
D�@$% $��$� -% $�&+>�;. 

 
!�. 16.1. /��
��#���� ������� 
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�#"+;%��*"�K =�D�@$�K -�@*%>��E� $�&+>% Fi
’ "%-��%L�J>� "%'-

@#&JG% =�D�@$% $��% =������� $�&+>% � ;+O%D =��"�E� '�E� �@+��� 
(��>. 16.1). I� =�D�@$% L $�;=&+$>"�; =�$%-"�$�; "��;� $#"+;%-
��*"�� ��*"�>�#; ��"% ��"�$%L � �>"��"�;� *+�+- "+��*"#>�J !#&�-
&J"�E� &%",KE% �+�>�%�% # �@;+O�L�J>� !�=�>$�; Fi

’. ��%"!%�� "+ 
!%L �+&�*�"� !�=�>$�; �#" ��-"%*%L�J>� �$ >�;% !�=�>$� "% "%$�-
=�*+"� =�D�@$� $��$� -% $�&+>�; F� # !�=�>$� "% =�D�@$� =��/#&K 
ff (-% "��;%;� =&%�"�>�#), ��@�� 

Fi
’= F�+ ff .    (16.1) 

�%!#%&J"�; @����; -�@*%>��E� �#",� Fr "%-��%L�J>� "%'@#&JG+ 
$�&��%""� �#!>�%"+' �#! =�>�#'"�D D��! -�@#� # -%=%!�") !� �># '�E� 
�@+��%""�. ���*�"% ,#L� =�D�@$� -;#P+""� ,+"��� -%E����$� �#!"�-
>"� ,+"��� �=�%�$�. IK =�D�@$� �@;+O�L !�=�>$ Fr. �D+;� �%!#%-
&J"�E� @���� -�@*%>��E� �#",� =�!%"� "% ��>.16.2. 

 
!�. 16.2. *�
�� ���������$� ��##� %����#�$� ����� 

���O�"�K -%E%&J"�� "��;%&# W "%-��%L�J>� =��;%, �$% -’L!"�L 
��*$� !���$� !��D �#-"�';+""�D =��/#&#�. ��&��%""�; !��O�"� 
-%E%&J"�� "��;%&# Vwr ��%O%K�J �#-"�,K ;#O Wmax # Wmin � �!"�;� ' 
��;� >%;�;� $�&+># (��>.16.3): 

Vwr= Wmax – Wmin,  (16.2) 
IK =�D�@$� �@;+O+"� !�=�>$�; Vw. 
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!�.16.3. *�
�� ��%���
��� �������  

%�$������ ������� 
��&��%""�; ��;#�K�%&J"�� ;#O�>J���� �#!>�%"# -% �@+�� $�&+>% 
##

irF  ��%O%K�J �#-"�,K ;#O "%'@#&JG�K # "%';+"G�K !#'>"�;� ;#-
O�>J���;� �#!>�%"�;� -% �!�" �@+�� (��>. 16.4). I� =�D�@$% L "%>-
&#!$�; $�&��%"J =�&�O+""� -�@��#-"�E� #">���;+"�% �#!"�>"� �># 
$�&+>% 1 �@;+O���L�J>� !�=�>$�; ##

iF . 

 
!�. 16.4. /�������� ������������� ��������� ���#���. 

��D�@$% �@$%�� 
rcF  L >$&%!���K $#"+;%��*"�� =�D�@$� $�&+>%. 

[�@ ��-"%*��� =�D�@$� �@$%��, =���#@"� ��$&K*��� - =�D�@$� $�-
&+>% �%!#%&J"+ @���� -�@*%>��E� �#",�, % !&� =��;�-�@�D $�&#> – P+ 
' =�D�@$� $��$� -%*+=&+""� $�&+>%. 	+&�*�"% ,#L� =�D�@$� �@;+-
O�L�J>� !�=�>$�; cF  � ��D >%;�D �!�"�,�D, P� ' !�=�>$ "% $#"+-
;%��*"� =�D�@$� $�&+>%. 
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�%$�=�*+"% =�D�@$% $��$� =� $�&+>� prF  – "%'@#&JG% =�D�@$% 
� �-%L;"�;� ��-;#P+""# !��D �!"�';+""�D =��/#&#� $�&���D -�@#� 
$�&+>% �$� �@;+O�L !�=�>$ pF . 

�%$�=�*+"% =�D�@$% $��$� -% $�&+>�; -%&+O"� �#! >$&%!���D 
$#"+;%��*"�� =�D�@$� "% 15...20 % ;+"G% �#! $#"+;%��*"�� =�D�@$� 
$�&+>%. 	�"% �����KL�J>� =+�+�%O"� *+�+- =�D�@$� �@$%�� # +$>,+-
"���>#�+� 
 -�@*%>��E� $�&+>%. �%$�=�*+"� =�D�@$� $��$� -% $�&+-
>�; ;�O"% ��-"%*��� -% �%$�K -%&+O"#>�K: 

� " � �sin( )prF e $ ,   (16.3) 
!+ � – $�� =������� -�@*%>��E� $�&+>%; h – /%-���' $��. 
F"%$ “=&K>”  �#!=��#!%L &#�#' &#"#� -%*+=&+""�, -"%$ ";#"�>" – 

=�%�#'. 
�%-�%"# =�D�@$� L =� +&+;+"�"�;� (!�/+�+",#'��%"�;�) =�$%--

"�$%;�, �$# D%�%$�+��-�K�J ��*"#>�J &�G+ �!"�E� =%�%;+��� -�@-
*%>��E� $�&+>% %@� =+�+!%*#. 

	%O&���' =�$%-"�$ ��@��� -�@*%>��D =+�+!%* – =&%�"#>�J �D ��-
@���. [�@ -%@+-=+*��� =&%�"#>�J ��@��� $�&#> � =+�+!%*#, =���#@"� 
�@;+O��� !�=�>$%;� =�D�@$� �%$�D =%�%;+��#�: ,�$&#*"� =�D�@$�, 
E�%"�*"+ �#!D�&+""� $��$� -%*+=&+""�, E�%"�*"+ �#!D�&+""� $��$�, 
=�D�@$� =��/#&K -�@%. 

I�$&#*"�K =�D�@$�K ƒzkr (��>. 16.5) "%-��%K�J =�!��L"� %;=�-
&#��!� E%�;�"#*"�� >$&%!���� $#"+;%��*"�� =�D�@$� -�@*%>��E� $�-
&+>%. I�$&#*"% =�D�@$% �@;+O�L�J>� !�=�>$�; ƒzk # L $�;=&+$>"�; 
=�$%-"�$�; "+=&%�"�>�# ��@��� -�@*%>��E� $�&+>%. I� =�D�@$% ��-
"�$%L, "%=��$&%!, *+�+- @���� # =+�+$#> /�+-�. 

 
!�. 16.5. +��(��� ��������� ������� %����#�� ���� 
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A%�%$�+�"�; !&� ,�$&#*"�� =�D�@$� L "%��"#>�J D��&�>��>�# "% 
@#*"�D, =��+�D"�D -�@#� $�&+>% (��>. 16.6), P� -;+"G�L =&%�"#>�J 
��@��� -�@*%>��D =+�+!%*, =�>�&KL G�; # �#@�%,#K. 

 
!�. 16.6. Y����#�#� %��� ���
�. 

	#!D�&+""� $��$� -%*+=&+""� ƒpbr – ,+ �#-"�,� ;#O !#'>"�; # 
"�;#"%&J"�; $��$%;� -%*+=&+""� (��>. 16.7). IK =�D�@$� �@;+O�L 
!�=�>$ ƒpb. 

 
!�. 16.7. *�
�� ������
��� ����� %��
��
��� 

	#!D�&+""� $��$� ƒptr – ,+ =�D�@$% -�@*%>��E� $�&+>% =�� '�E� 
=������# "% �!�" "�;#"%&J"�' $�����' $��$. 	+&�*�"� ,#L� =�D�@-
$� �@;+O�L !�=�>$ ƒpt. 

��D�@$% =��/#&K -�@% ƒfr – ,+ �#!>�%"J =� "��;%&# ;#O !��;% 
�+��+��*"�;� =��/#&�;� (��>. 16.8). �% �+&�*�"� ,#L� =�D�@$� 
�>�%"��&+"� !�=�>$ ƒf. ��D�@$% =��/#&K =����!��J !� "+�#�"�;#�-
"�>�# ��D� -�@*%>��D $�&#>, !� !�!%�$���E� =#!��P+""� !�"%;#*"�D 
"%�%"�%O+"J. 
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!�. 16.8 *�
�� ������� ���(��� %��� 

[�@ �"�$"��� $�",+"��%,#� "%=��O+""� "% �$�+;�D !#&�"$%D 
@#*"�D =��+�D�"J -�@#�, >&#! !�!+�O��%��>J =+�"�D ��;�E !� $�"-
�%$�� >=�&�*+"�D -�@#� $�&#>. ���"��% $�"�%$�� ��-"%*%L�J>� =&�-
;�K $�"�%$�� (��>. 16.9). �- -@#&JG+""�; =��"��� $�"�%$�� -�@#�, 
��@�� =&�P# �% �#�"�;#�"�>�# ��-=�!#&� =&�;� $�"�%$�� =� ��@�*#' 
=��+�D"# -�@#�, =#!��P�L�J>� "%!#'"#>�J =+�+!%*. ��;=&+$>"�; =�-
$%-"�$�; =��"��� $�"�%$�� L >�;%�"% =&�;% $�"�%$��, ��@�� *%>��-
"% %$���"�� (��@�*��) =��+�D"# -�@%, "% �$#' ��-;#P+"� >&#!� =��&�-
E%""� ,J�E� -�@% !� -�@#� >=�&�*+"�E� - "�; #"G�E� -�@*%>��E� $�-
&+>% =#>&� �@+��%""� =+�+!%*#. 

 
!�. 16.9. *�
�� ����� ���#��#�. 

�&�;% $�"�%$�� �,#"KL�J>� �#!"�>"�K !��O�"�K: 

100
	

�� %ia c
b     (16.4) 

# ��>���K    100� %m

p

h
h . 

[�@ -%@+-=+*��� "+�@D#!"� ��*"#>�J =��&�E%""� (=��"��� $�"-
�%$��) -�@#� $�&#>, �>�%"��&+"� !�=�>$� "% =�D�@$� "%=��;� -�@% 
F�r, "% "+=%�%&+&J"#>�J �>+' ƒ�r   "% =+�+$#> �>+' ƒ�r. 
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��D�@$% "%=��;� -�@% F�r D%�%$�+��-�L�J>� �#!D�&+""�; "%-
=��;� -�@% �#! &#"#�, =%�%&+&J"�>�# �># $�&+>% (��>.16.10). 

 
!�. 16.10. *�
�� ������� ������� %��� 

IK =�D�@$� �@;+O�L !�=�>$ F�, �$�' -@#&JG�L�J>� #- -@#&JG+"-
"�; G���"� $�&+>% (%@� !��O�"� $�"�%$�"�� &#"#�). 

	#!D�&+""� �#! =%�%&+&J"�>�# �>+' ƒ�r – ,+ �#!D�&+""� �#! =%�%-
&+&J"�>�# =��+$,#' �>+' -�@*%>��D $�&#> � E���-�"�%&J"#' =&�P�"#. 
IK =�D�@$� �@;+O�L !�=�>$ ƒ�. 

�+�+$#> �>+' ƒ�r – �#!D�&+""� �#! =%�%&+&J"�>�# =��+$,#' �>+' 
-�@*%>��D $�&#> � �+���$%&J"#' =&�P�"#. �% ,K =�D�@$� �>�%"��-
&+"� !�=�>$ ƒ� (��>. 16.11). 

	#!D�&+""� �#! =%�%&+&J"�>�# # =+�+$#> �>+' ��-"%*%K�J � ���-
,+�#' =&�P�"# � &#"#'"�D �!�"�,�D "% !��O�"#, P� !��#�"KL ��@�-
*#' G���"# �#",�. 

	�@��%K*� >��=#"J ��*"�>�#, ��%D���K�J �%$# +$>=&�%�%,#'"#, 
��;�E�: $�&��% G��!$#>�J -�@*%>��D $�&#>, D%�%$�+� # �+&�*�"% "%-
�%"�%O+"J, =��-"%*+""� =+�+!%*. �>"�L ��� ;+��!� ��@��� >��=+"#� 
��*"�>�#: ��-�%D�"$���', !�>�#!"�', �%@&�*"�'. F% ��-�%D�"$���; 
;+��!�; >��=#"J ��*"�>�# =��-"%*%K�J "% �>"��# ��-�%D�"$#�; -% 
!�>�#!"�; – ��D�!�*� - !�>�#!� +$>=&�%�%,#� -�@*%>��D =+�+!%* 
%"%&�E#*"�E� =��-"%*+""�; -% �%@&�*"�; – #- �%@&�,J, >��=+"#� ��*-
"�>�#. ��%"!%�� !�-��&�L !&� �!"#L� ' �#L� >%;�� -�@*%>��� =+�+!%*# 
-%=���%!O��%�� �#-"# >��=+"# ��*"�>�# "% "��;� $#"+;%��*"�� ��*-
"�>�# =&%�"�>�# ��@��� # =��"��� $�"�%$��. �#O �$�+;�;� =�$%-"�-
$%;� ��*"�>�#, �$# >��>�K�J>� �#-"�D "��; ��*"�>�#, �>�%"��&+"� 
=+�"� �-%L;�-%&+O"#>�J: "��;� =&%�"�>�# ��@��� ;�O��J @��� 
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@#&JG, "#O "% !�% >��=+"# ��*"#G�;� # "% �!�" >��=#"J E��@#G�;� 
�#! "��; $#"+;%��*"�� ��*"�>�#; "��;� $�"�%$�� -�@#� ;%K�J @��� 
��*"#G�;�, "#O "��;� =&%�"�>�#; !&� =+�+!%* - $�+/#,#L"��; �>J�-
��E� =+�+$����� �� = 1,25 "��;� $�"�%$�� -�@#� !�=�>$%L�J>� =��--
"%*%�� "% �!�" >��=#"J E��@#G�;� �#! "��; =&%�"�>�# ��@���. 

 
!�. 16.11. �
�����
����#� ƒDr, � �
�
�� ƒ�r �
'. 

F%>��>��%""� �#-"�D >��=+"#� ��*"�>�# � -�@*%>�#' =+�+!%*# !�O+ 
+/+$���"+, �>$#&J$� !%L -;�E� =��-"%*��� ;%&# !�=�>$� "% �# "��;� 
��*"�>�#, �$# � �>"��"�;� ��-"%*%K�J =�%,+-!%�"#>�J $�"$�+�"�� 
=+�+!%*#. 	�D�!�*� - !�>�#!� +$>=&�%�%,#�, � �+!�$���%D -%E%&J"�E� 
=��-"%*+""� -%>��>���K�J >��=+"# ��*"�>�# 6...8; � $�%"���D ;+D%-
"#-;%D – 7...10, � ��;#�K�%&J"�D =��&%!%D – 3...5. 

��%"!%�� =+�+!@%*%L G#>�J ��!#� >=�&�*+"J, �$# �#!�#-"�K�J>� 
-% �+&�*�"�K E%�%"���%"�E� (;#"#;%&J"�E�) @#*"�E� -%-��� 3:nj i  
-@#&JG+"�; -%-���; – G, - "��;%&J"�; – ,, #- -;+"G+"�; – *, - ;%-
&�; – 	, - �>�@&��� ;%&�; – 6, - "�&J���; – �. �#*"�' -%-�� � =+-
�+!%*# (��>.16.12) �#!�%D���L�J>� =� -%E%&J"#' "��;%&# !� @#*"�D 
=��+�D�"J -�@#�; �#" >����KL "��;%&J"# �;��� !&� -;%P+""�, !&� 
$�;=+">%,#� =�D�@�$ =#! *%> ��E����&+""� # >$&%!%""�, % �%$�O 
�>��%L "+@+-=+$� -%$&�"K�%""� -�@#� �!"�E� $�&+>% � -%=%!�"%D 
!��E�E� �"%>&#!�$ �+=&���D # >�&���D !+/��;%,#'. 
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!�. 16.12  *�
�� ������$�  %�%���. 

�% @#*"�' -%-�� �>�%"��&+"� �#>#; ��!#� !�=�>$#� 
: , , , , , , ,

nj
T h d c b a z y x  � =���!$� -��>�%""� �+&�*�"� !�=�>$� =�� 

 m 1 ;;. 
�=�&�*+""�; � # 6 �#!=��#!%L ��! !�=�>$� h, >=�&�*+""�; 	, *, 

, # G – �#!=��#!"� d, , �, �. �% �+&�*�"� @#*"�E� -%-���, �$�' ��-
-"%*%L ��! >=�&�*+""�, �=&��%K�J: �+;=+�%���"�' �+O�; ��@��� 
=+�+!%*#; >=�>#@ -;%P+""� -�@*%>��D $�&#>, $�&��% G��!$#>�J -�@-
*%>��D $�&#> � =+�+!%*#; !�=�>��;�' �#&J"�' =������ -�@*%>��D $�-
&#> � ;+O%D @#*"�E� -%-���. 	+&�*�"% @#*"�E� -%-���, �#!=��#!"� !� 
�+;=+�%���"�� $�;=+">%,#�, ��-"%*%L�J>� -% /��;�&�K: 

� �
1

0 0
1 1 2 2 2� � 	 � sinnj a t t� � � � ,  (16.5) 

!+ a�  – ;#O�>J��% �#!>�%"J; 1 2i� � - $�+/#,#L"�� &#"#'"�E� ��--
G��+""� ;%�+�#%&� $�&#> # $��=�>%; 0 0

1 2� �t i t  – �#!D�&+""� �+;=+�%-
��� $�&#> # $��=�>% �#! 20°�; �  – $�� =��/#&K ��D#!"�E� $�"����. 

	+&�*�"% @#*"�E� -%-��� =���#@"% !&� ��-;#P+""� ;%>��&%, 
=��@&�-"� !��#�"KL: 

2
10 30� ( ... )n nj m ,     (16.6) 

!+ 10 nm  – !&� ��D�D#!"�D =+�+!%*; 30 nm  – !&� ��>�$�G��!$#>"�D 
=+�+!%*. 

�%�%"���%"�' @#*"�' -%-�� >�%"����J: 
1 2

 �minn n nj j j .      (16.7) 
FE#!"� - �;��%;� +$>=&�%�%,#� -�@*%>��D =+�+!%*, =��"�' -%-�� 

;%L -%@+-=+*��%�� "��;%&J"+ -;%P+""� -%*+=&+"J, % �%$�O $�;=+"-
>��%�� �+=&��# !+/��;%,#� # =�D�@$� ��E����&+""� # >$&%!%""� =+-
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�+!%*, # '�E� ;�O"% ��-"%*��� -% �%$�K -%&+O"#>�K: 
� �minn nj j K ,      (16.8) 

!+ / – *%>��"% @#*"�E� -%-���, � �$�;� ��%D��%"� �=&�� "% @#*-
"�' -%-�� >�;%�"�� =�D�@$� ��E����&+""� # ;�"�%O�. 

�%�%"���%"�' -%-�� L �>"��"�K D%�%$�+��>��$�K $�O"�E� ��!� 
>=�&�*+""�. 	#! "J�E� -%&+O��J $�;=+">%,#� �+=&���D !+/��;%,#' # 
"��;%&J"+ -;%P+""�. ��;� >�%"!%��"�' E%�%"���%"�' @#*"�' -%-�� 
=���"+" @��� "+ ;+"G�; �#! ��-�%D�"$���E� -"%*+""� "%';+"G�E� 
-%-���, ��@��: 

 min minn n ��%j j . 
��-�%D�"$���' !�=�>$ E%�%"���%"�E� @#*"�E� -%-��� ;�O"% ��-

-"%*��� �%$: 
� �

1 2
2 2� � � sin

n ��%j a H HT f T T � ,   (16.9) 
!+ af  – E�%"�*"+ �#!D�&+""� ;#O�>J���� �#!>�%"#; 

1 2H HT i T  – !�-
=�>$� "% -;#P+""� ��D#!"�E� $�"���� $�&+>% # G+>�+�"#. 

�%�%"���%"�' @#*"�' -%-�� -%@+-=+*�K�J �%$# =�$%-"�$�: !&� 
$�&#> – "%';+"G+ !�!%�$��+ -;#P+""� ��D#!"�E� $�"���� (-G�
, 
+G�
), %@� "%';+"G+ �#!D�&+""� !��O�"� -%E%&J"�� "��;%&#  
(

2
,

im mA A� � ), %@� #"G# =�$%-"�$�; !&� =+�+!%* - "+�+E�&J��%"�; =�-
&�O+""�; �>+' – af , - �+E�&J��%"�; - minnf . 

	 �;��"�D =�-"%*+""�D ��*"�>�# -�@*%>��D $�&#> # =+�+!%* -%=�-
>�K�J: >��=+"# ��*"�>�# -% "��;%;� $#"+;%��*"�� ��*"�>�#, =&%�"�>�# 
# =��"��� $�"�%$��; ��! >=�&�*+""� # !�=�>$ "% @#*"�' -%-��; "�;+� 
>�%"!%���. �%=��$&%!, =�-"%*+""� 6-7-6-,� =�$%-�L, P+ !&� =+�+!%*# 
- ,�&#"!��*"�;� -�@*%>��;� $�&+>%;� =��'"��� >��=+"# ��*"�>�# -% 
"��;%;� $#"+;%��*"�� ��*"�>�# 6, =&%�"�>�# ��@��� 7 # =��"��� $�"-
�%$�� 6, ��! >=�&�*+""� , - !�=�>$�; "% @#*"�' -%-�� �. 

�$P� "% �># "��;� ��*"�>�# �>�%"��&+"� �!"%$��# >��=+"# ��*-
"�>�#, % !�=�>$ @#*"�E� -%-��� �#!=��#!%L =��'"���;� ��!� >=�&�-
*+""�, �� � =�-"%*+""# >��=#"J ��*"�>�# -%=�>�K�J &�G+ �!�" �%-, % 
!�=�>$ @#*"�E� -%-��� �$�+;� "+ -%-"%*%K�J. 

�$P� !&� >=�&�*+""� =��-"%*+"� >=+,#%&J"�' E%�%"���%"�' @#-
*"�' -%-��, �� � =�-"%*+""# !%K�J '�E� -"%*+""� - ��!�; =��'"���-
E� !�=�>$�:  

7 – *� – 600. 
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16.3. %������ 
������� �	 ������� � ����’���� ����
	�� 

���",�=� =�@�!��� >�>�+;� !�=�>$#� # =�>%!�$ !&� $�"#*"�D # 
*+��’�*"�D =+�+!%* %"%&�E#*"# =��",�=%; =�@�!��� ,�&#"!��*"�D 
-�@*%>��D =+�+!%*. 

�
�� 1758-81 ;#>���J !�=�>$� $�"#*"�D -�@*%>��D =+�+!%* - m 
= 1...56 ;; # !#%;+���; !#&�&J"�E� $�&% !� 4000 ;;. �&� $�"#*"�D 
-�@*%>��D =+�+!%* �>�%"��&+"# 12 >��=+"#� ��*"�>�#. �&� 1-E�, 2-E�, 
3-E� # 12-E� >��=+"#� !�=�>$� # �#!D�&+""� "+ =+�+!@%*+"� - ��D >%-
;�D ;#�$��%"J, P� # !&� ,�&#"!��*"�D =+�+!%*. 

��=�>$� # �#!D�&+""� -% "��;%;� $#"+;%��*"�� ��*"�>�# �>�%"�-
�&KK�J -%&+O"� �#! ;�!�&� # !#%;+��% !#&�&J"�E� $�&%. ��%"!%�� 
=+�+!@%*%L "��;� E%�%"���%"�E� @#*"�E� -%-���, �$�' =�-"%*%L�J>� 
�%$: G, ,, *, 	, /, �. 

��$%-"�$%;� $#"+;%��*"�� ��*"�>�# $�"#*"�E� $�&+>% L: "%'@#-
&JG% $#"+;%��*"% =�D�@$% #

irF ( #
iF - !�=�>$); "%$�=�*+"% =�D�@$% 

$�&���E� $��$� prF  ( pF ); @���� -�@*%>��E� �#",� rrF  ( rF ); =�D�@$% 
�@$%�� crF  ( cF ) – !&� -�@*%>��� =+�+!%*#. 

�&� =�-"%*+""� =&%�"�>�# $���>��K�J>� �%$�;� =�$%-"�$%;�: 
,�$&#*"% =�D�@$% zkrf  ( zkf ); �#!D�&+""� $�&���E� $��$� ptrf  ( ptf ); 
�#-"�,� @�!J-�$�D $��$#� vptrf  ( vptf ); $�&��%""� ��;#�K�%&J"�E� $�-
�% =%�� "% �!"�;� -�@# �##i orf  ( �##i of ). 

F% "��;%;� $�"�%$�� =+�+�#��K�J: �#!D�&+""� �#!"�>"�D ��-;#-
�#� >�;%�"�� =&�;� $�"�%$�� -% !��O�"�K slrF ( slF ) # ��>�-
��K shrF ( shF ); �#!D�&+""� ;#O�>J���� �#!>�%"#. 

��*"#>�J $�"#*"�D -�@*%>��D =+�+!%* =�-"%*%L�J>� %"%&�E#*"� 
��*"�>�# ,�&#"!��*"�D -�@*%>��D =+�+!%*: 8-7-7-G �
�� 1956-81. 

��>�+;� !�=�>$#� # =�>%!�$ !&� *+��’�*"�D =+�+!%* ��-��@&+"� 
!&� ;�!�&#� �#! 1 !� 25 ;;, !&� !#%;+��% $�&#> !� 6300 ;; # 
*+��’�$#� !� 450 ;;. 	>�%"��&+"� 12 >��=+"#� ��*"�>�# # 6 ��!#� 
>=�&�*+"J: �, ,, 	, *, ,, G # �#>#; ��!#� !�=�>$#� "% @#*"�' -%-�� 

( , , , , , , , )
nj

T h d c b a z y x . 
 *+��’�*"�D =+�+!%*%D �$�+;� ��%D���K�J =�D�@$� *+��'�*"�-

E� $�&+>% # *+��’�$% (=�D�@$% $��$�, E��"����� &#"#�, =��/#&K "%�#--
$� *+��’�$%). �% �$#>�J ��@��� *+��’�*"�D =+�+!%* �>�@&���' �=&�� 
;%K�J: �#!D�&+""� ;#O�>J���E� $��% � =+�+!%*# �##i orF ( �##i oF ), �#!D�-
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&+""� ;#O�>J���� �#!>�%"# arf  ( af ), -;#P+""� >+�+!"J�� =&�P�"� 
$�&+>% xrf  ( xf ). 

;��"# =�-"%*+""� "��; ��*"�>�# # @#*"�E� -%-��� -%=�>�K�J -% 
��; >%;�; =��",�=�;, P� # -�@*%>��D ,�&#"!��*"�D =+�+!%*: 8-7-
6-,� �
�� 3675-81. 

16.4. ������� � ���	
�� ��D����� ����
	� 

�+'$��# =+�+!%*# >$&%!%K�J>� - �+'$� # ,�&#"!��*"�E� -�@*%>��-
E� $�&+>%. ��%"!%�� �+E&%;+"��L !�=�>$� "% ;+�%&#*"# ;+D%"#*"� 
�@��@&+"# -�@*%>�# �+'$��# =+�+!%*# - =��;�;� # $�>�;� -�@%;� # 
;�!�&�;� m = 1...30 ;;. 

��*"#>�J ,�&#"!��*"�D -�@*%>��D $�&#>, P� �D�!��J � �+'$��# 
=+�+!%*# �>�%"��&KL�J>� >�%"!%��%;� "% !�=�>$� ,�&#"!��*"�D -�-
@*%>��D =+�+!%*. ���=#"J ��*"�>�# $�&#> �+'$���D =+�+!%* "+ =�-
��""% @��� E��@#G+ >��=+"# ��*"�>�# �+'�$. 

�+'$� "%�#-%K�J>� !�>$���;� ;�!�&J"�;� %@� =%&J,+��;� /�+-
-%;� "% �"#�+�>%&J"�-/�+-+�"�D %@� E���-�"�%&J"�-/�+-+�"�D �+�-
>�%�%D. ��%"!%���; �>�%"��&+"# !�=�>$� !&� G+>�� >��=+"#� ��*"�-
>�# �#! 5 !� 10. 

���=+"# ��*"�>�# 5 # 6 =+�+!@%*+"# - ��%D��%""�; =�!%&JG�E� 
�!�>$�"%&+""� �+D"�&�E#� ��E����&+""� �+'�$ # � �$�>�# ��;#�K�%-
&J"�D �% #">���;+"�%&J"�D �+'�$.  ;%G�"�@�!��%""# "%'*%>�#G+ 
-%>��>���L�J>� 7-% >��=#"J ��*"�>�#. 

	�;�E� !� ��*"�>�# �+'$���D =+�+!%* �$&K*+"# � "��;� $#"+;%-
��*"�� ��*"�>�# �% =&%�"�>�# ��@��� �+'$� # � "��;�, P� ��-"%*%-
K�J =��"��� $�"�%$�� -�@#�. �+-%&+O"� �#! >��=+"#� ��*"�>�# $�&#>, 
�+'�$ # =+�+!%* �>�%"��&+"# "��;� @�$���E� -%-���. ��� =��-"%-
*+""# "��; ��*"�>�# "% �+'$� "+ =+�+!@%*%L�J>� $�;@#"��%""� "��; 
- �#-"�D >��=+"#� ��*"�>�#. 

��$%-"�$%;� $#"+;%��*"�� ��*"�>�# �% =&%�"�>�# ��@��� �+'$� 
L: "%$�=�*+"% =�D�@$% $��$� prF , �#!D�&+""� $��$� ptrf , =�D�@$% 
=��/#&K frf . 

��$%-"�$%;� =��"��� $�"�%$�� -�@#� � �+'$��#' =+�+!%*# L �#!-
D�&+""� =&�;� $�"�%$�� =� !��O�"# slrF , # ��>��# shrF , !&� �+'$� 
=�D�@$% "%=��;$� -�@% rF% . 
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+$"!" 17. ���/%?' � ��%"�?' ��("$�O  
# &���("$�!'� �"(���"$�! 

17.1. ������� � ���	
�� 
��	8�D �� �8	���	� 

�&%>�;%>��# !+�%&# G���$� ��$���>����K�J � %���;�@#&J"�;� # 
>#&J>J$�E�>=�!%�>J$�;� ;%G�"�@�!��%""#. �&%>�;%>� – +/+$���-
"�' -%>#@ �+D"#*"�E� �!�>$�"%&+""� ;%G�" # =#!��P+""� �D +$�"�-
;#*"�>�#. 	%��#>�J ����@#� #- !+�$�D =&%>�;%> ;+"G% �#! �%���>�# 
!+�%&+' �%$�E� >%;�E� ��=� #- $�&J�����D ;+�%&#� # >=&%�#�. ��#; 
��E�, =�� ��E����&+""# =&%>�;%>���D !+�%&+' -!+@#&JG�E� -%>��>�-
��K�J>� =��E�+>��"# �+D"�&�E#*"# ;+��!� (=�+>��%""� # =�+>��%""� 
&����;), �$# -%@+-=+*�K�J ��>�$� =��!�$���"#>�J. 

 >#&J>J$�E�>=�!%�>J$�;� ;%G�"�@�!��%""# =&%>�;%>� ��$���-
>����K�J !&� ��E����&+""� =#!G�="�$���D ���&�$, ;%D���$#�, -�@-
*%>��D $�&#> �% #"G�D !+�%&+'. 
>�@&��� +/+$���"� ��$���>����-
K�J =&%>�;%>� � +&+$����+D"#*"#' =��;�>&���>�#. 

�&+ >&#! ��%D����%��, P� /#-�$�-;+D%"#*"# �&%>����>�# =&%>�-
;%> �#!�#-"�K�J>� �#! �&%>����>�+' ;+�%&#�. �%=��$&%!, @#&JG#>�J 
=&%>�;%> ;%K�J "�O*�' ;�!�&J =��O"�>�#, ��P�' $�+/#,#L"� &#-
"#'"�E� ��-G��+""�, ;+"G� �+=&�=���#!"#>�J, @#&JG� E#E��>$�=#*-
"#>�J. >+ ,+ �=&��%L "% D%�%$�+� ��D�;�D -'L!"%"J. �+P� >���;�-
L�J>� G���$+ -%>��>��%""� =&%>�;%> �%$�K �D �&%>���#>�K, �$ >�%-
�#""�, ��@�� -;#"% �&%>����>�+' � G���$�D ;+O%D (0,1,..1% # @#&J-
G+). �%=��$&%!: =�&#��+�%" �-1 ;%L �>%!$� 0,16...0,25%, $%=��" – 
0,4...0,6%, =�&#+��&+" – =�"%! 1%. 

��%"!%�� "% =�&� !�=�>$#� !&� !+�%&+' #- =&%>�;%> =+�+!@%*%L 
!�=�>$� # =�>%!$� !&� E&%!$�D ,�&#"!��*"�D -’L!"%"J - ��-;#�%;� 
1...500 ;;, % �%$�O "% =&�>$# -’L!"%""� - =%�%&+&J"�;� =&�P�"%;�, 
��D#!"# �;��� =�&#� !�=�>$#�: �+;=+�%���% +20��, �#!"�>"% ��&�-
E#>�J =��#��� 65%. �&� !+�%&+' #- =&%>�;%> =��-"%*%K�J>� �%$# =�&� 
!�=�>$#�: 

!&� �����#� – G, ,, *, 	, E, F, H, Is, K, U, X, Z, ZA, ZB, ZC; 
!&� �%&#� – �, �, c, d, e, f, h, is, k, u, x, z, za, zb, zc. 
���-"%*%K�J>� $�%&#�+�� 8...17. 	�@��%K*� =�>%!$� � -'L!"%""�D 

=&%>�;%>���D !+�%&+', !�,#&J"� =��-"%*%�� =�&� !�=�>$#�: 
!&� �����#� – H7, H8, H9, H10, H11, H12; 
!&� �%&#� – h7, h8, h9, h10, h11, h12. 
 -'L!"%""�D =&%>�;%>���D !+�%&+' =���#@"� ��@��� @#&JG# -%-��� 
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%@� "%��E�, "#O � -'L!"%""�D ;+�%&+��D !+�%&+'. ��;� !&� =&%>�;%>�-
��D !+�%&+' �+$�;+"!�K�J>� =�>%!$�, �����+"# =�&�;� !�=�>$#� 
�����#� #- >�>�+;� �%&% # =�&�;� !�=�>$#� �%&#� #- >�>�+;� ������. 

��-;#�� �#! 1 !� 500 ;; =�!#&+"� "% 13 #"�+��%&#�. �+�$# #"�+�-
�%&� ;%K�J !�!%�$��� E�%!%,#K, P� =��>"KL�J>� ��P�K *��&��#>-
�K =&%>�;%> !� �+;=+�%���"�D $�&��%"J (80...120 ;;; 60...100 ;;; 
100...120 ;; # �. !.). 

�&� !+�%&+' #- =&%>�;%> �>�%"��&+"� �+D"�&�E#*"�' !�=�>$. I+ 
!�=�>$, �$�' ��-"%*%L�J>� E�%"�,�;� ��->#�""� ��-;#�#� !+�%&+' 
=#! *%> �D ��E����&+""� - ��%D��%""�; +$�"�;#*"o !�>�O"�� ��*"�-
>�# !&� !%"�E� ;%�+�#%&� # !%"�E� ;+��!� ��E����&+""�. 

��*"#>�J =&%>�;%>���D !+�%&+' -%&+O��J �#! ��!� /%$���#�, "%-
>%;=+�+! �#! ;+��!#� �D ��E����&+""�. ��D�@$� ��*"�>�# =&%>�;%-
>���D !+�%&+' ;�O"% ��-!#&��� "% ��� E��=�: 

=�D�@$� hT, �$# ��"�$%K�J � =��,+># ��E����&+""� (�+D"�&�E#*"# 
=�D�@$�); 

=�D�@$�, h�$&, �$# ��"�$%K�J -% �%D�"�$ �+D"�&�E#*"�D �$&�"#�; 
=�D�@$� hA, �$# ��"�$%K�J =#! *%> -@+�#E%""� !+�%&+'. 

�#L"���"� hA = (0,1…0,2)hT, �$P� ��&�E#>�J =��;#P+""�, !+ 

-@+�#E%K�J>� !+�%&#, >�%"����J 40...70%. ��D�@$% h�$& = 2Htg�, !+ � 
– ��>��% !+�%&#, � – $�� �$&�"�, � ,J�;� ��=%!$� -%E%&J"% =�D�@$% 
!��#�"K�%��;+: 

h-%E = (1,1…1,2)hT + 2Htg�    (17.1) 
���-"%*+"�' !�=�>$ =���"+" �@;+O��%�� �># =�D�@$�. 
��%&#�+�� ��*"�>�# !&� ��-;#�#� !+�%&+' #- =&%>�;%> =��>��� E+-

�;+���*"�� /��;� =��-"%*%K�J>� -% �+&�*�"�K �>%!$� # �>�%"��-
&KK�J �+D"�&�E#*"# !�=�>$� !&� $%�+E��#' ��-;#�#� – �1; �2; �3; 
(��>.17.1). ��-;#�� $%�+E��#� �1 ��*"#G# =��#�"�"� - ��-;#�%;� $%�+-
E��#' �2 # �3. 

�&� �,#"$� >�;%�"�� -%E%&J"�� =�D�@$� ��E����&+""� ����@#� #- 
=&%>�;%> �%O&���; L =��%""� =�� �+D"�&�E#*"# �$&�"�. 	�D�!�*� - 
����@"�*�E� !�>�#!�, ;�O"% �+$�;+"!��%�� �%$# -"%*+""� $��#� �$-
&�"#� �: 

-��"#G"# =��+�D"# – 30'; 45'; 1°; 1° 30'; 
�"���#G"# =��+�D"# – 45'; 1°; 2°, �$P� E&�@�"% ������ l > 1.5d # 

30'; 45', 
�$P� l } 1.5d. 
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!�. 17.1  /�#
$����  ��%�����. 

��*"#>�J ��E����&+""� =&%>�;%>���D !+�%&+' ��-�%D���L�J>� � 
�%$#' =�>&#!��"�>�#: 

- ��-"%*%K�J -% �%@&�,�;� $�&��%""� �>%!$� !&� !%"�� ;%�$� 
=&%>�;%>�; 

- ��-"%*%K�J $%�+E��#K >$&%!"�>�# !+�%&#; 
- �>�%"��&KK�J -% �%@&�,�;� $�%&#�+�� ��*"�>�# # ��-"%*%K�J 

-"%*+""� �+D"�&�E#*"�D !�=�>$#� � ��@�%"�D $�%&#�+�%D; 
- ��-"%*%K�J =�D�@$� �$&�"� # -@+�#E%""�; 
- =#!�%D���K�J -%E%&J"� =�D�@$� ��E����&+""� �>#D +&+;+"�#� 

!+�%&#; 
- =��#�"KK�J -%E%&J"� =�D�@$� - !�=�>$�; "% $�+>&+""# # ��@-

&��J ��>"���$ =�� "+�@D#!"#>�J (*� �#!>��"#>�J "+�@D#!"�>�#) ;+D%-
"#*"�� �@��@$�. 

��� ��E����&+""# �#-"�D -’L!"%"J #- -%-���; %@� "%��E�; ;�O-
&��# �%$# �%�#%"��: 1) �@�!�# !+�%&# =&%>�;%>��#; 2) �!"% !+�%&J ;+-
�%&+�%, !��E% =&%>�;%>��%. 


>$#&J$� $�+/#,#L"� &#"#'"�E� ��-G��+""� � =&%>�;%> � 
5...10 �%-#� @#&JG�', "#O � >�%&#, # -@#&JG+""� ��>$� =#! *%> +$>=&�-
%�%,#� =��-��!��J !o =#!��P+""� �+;=+�%����, =���#@"� -%-!%&+E#!J 
=+�+!@%*��%�� $�;=+">%,#K �+;=+�%���"�� !+/��;%,#� # �� �=&�� "% 
-%-��. ��;� �>�@&��+ -"%*+""� ;%L ��@#� �=��;%&J"�� ���P�"� >�#-
"$� =&%>�;%>���� !+�%&#. 
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��� ��&�E�=�E&�"%""# �#!@��%L�J>� =�;#�"+ -@#&JG+""� =&%>�-
;%>���� !+�%&#. F�;��&+"% E#E��>$�=#*"#>�K -;#"% ��-;#�#� =��=��-
,#'"% =&�P# =�=+�+*"�E� =+�+�#-�. 

��+/#,#L"� �+��� -@#&JG�L�J>� i- -@#&JG+""�; ���P�"� =&%>�-
;%>���� ���&$�.  -�’�-$� - ,�; =�� -@#&JG+""# ���P�"� ���&$� ;#-
"#;%&J"�' -%-��  Smin =���#@"o -@#&JG��%��. 

Y��>�$#>�J =��+�D"# =&%>�;%>���� !+�%&# "+ �=&��%L i>���"� "% 
$�+/#,#L"� �+���. 

	 +$>=&�%�%,#'"�;� >+�+!���P# (=��#���, @+"-�", ��!%, ;%>��&�) 
!&� !+�%&+' #- =&%>�;%> ;%'O+ �>#D ;%��$ �+$�;+"!�K�J>� �%$# =�-
&� !�=�>$#� � =�>%!$%D #- -%-���;: �8, �9, �10, �11 � >�>�+;# 
������ i h8, h9, h10, h11 � >�>�+;# �%&%. �&� �+$>��&#��, ��&�$"#�� # 
/+"�=&%>�� – �8, �9, �11 # h8, h9, h11 � �@�D >�>�+;%D. I# =�&� 
!�=�>$#� -%>��>���K�J>� � -'L!"%""�D #- =&%>�;%> # ;+�%&�. 

 -’L!"%""�D !+�%&+' #- =&%>�;%> =��-"%*%K�J>� =�&� !�=�>$#� 
�8, �9, �10, �11 � >�>�+;# ������ # h8, h9 � >�>�+;# �%&%. 

��>%!$� - "%��E�; -'L!"%"J =&%>�;%>���D !+�%&+' D%�%$�+��-�-
K�J>�, �$ =�%��&�, -"%*"�;� �+&�*�"%;� "%��E#�. ��� �#-"�D !#%;+�-
�%D # ���P�"%D >�#"$� !+�%&# #- -@#&JG+""�; "%��E� -�>�&&� -%=�+>�-
�%""� -@#&JG�L�J>� !� !+�$�� ;+O#, % =��#; >=%!%L. Y��>�$#>�J =��+-
�D"# ;+�%&+��� !+�%&# #>���"� �=&��%L "% -�>�&&� -%=�+>��%""� # ;#,-
"#>�J -’L!"%"J. �%=��$&%!: =�� G��>�$�>�# Rz = 3,2 ;$; -�>�&&� -%-
=�+>��%""� � 5 �%-#� @#&JG+, "#O =�� Rz = 1,6 ;$;. Y��>�$#>�J =&%>�-
;%>���D !+�%&+' � -�’�-$� - "�-J$�; ;�!�&+; =��O"�>�# "+ �=&��%L 
#>���"� "% ;#,"#>�J -'L!"%""�. M#,"#>�J -"%*"�K ;#��K -%&+O��J �#! 
�+;=+�%����. ��� =#!��P+"#' �+;=+�%���# -'L!"%""� - ;+�%&+��; �%-
&�; =&%>�;%>��% ���&$% -@#&JG�L�J>� @#&JG+, "#O �%&. 
�O+, "%��E 
-;+"G�L�J>�. �#"#;%&J"�' "%��E ��-"%*%L�J>� -% �%$�K /��;�&�K: 

Nmin = � dn + C,     (17.2) 
!+ � = 1…8 – $�+/#,#L"�, �$�' -%&+O��J �#! /#-�$�-;+D%"#*"�D 

�&%>����>�+' ;%�+�#%&#� >=�&�*"�D !+�%&+'; � = 30…60 – $�+/#,#-
L"�, �$�' ��%D���L G��>�$#>�J =��+�D"# i =�D�@$� E+�;+���*"�� 
/��;�. 

17.2. ������� � ���	
�� 
��	8�D � 
����	 

�% ����@� #- !+�+��"� �>�%"��&+"�' �
�� 6449-76, �$�' �#!=�-
�#!%L ��;�E%; �� ��	 145-75. I+' >�%"!%�� ��-=��>K!O�L�J>� "% 
����@� - !+�+��"� �% !+�+��""�D ;%�+�#%&#� ��-;#��; �#! 1 !� 10 
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000 ;;. 	>�%"��&+"� !+�’��J $�%&#�+�#�: 10...18, !�=�>$� =� �$�; 
=�-"%*%K�J>� �#!=��#!"�: IT10…IT18. 

	>�%"��&+"� !�% �>"��"�D �#!D�&+""� �����#� i !�%!,��J �!"+ 
�>"��"+ �#!D�&+""� �%&#�: 

�����#� – �, Is; 
�%&#� – ay, az, a, b, c, cd, d, e, h, is, k, r, t, v, y, z, za, zb, zc, zd, ze. 
��>%!$� =��-"%*%K�J>� � >�>�+;# ������ >=�&�*+""�; =�&#� 

!�=�>$#� �%&#� - �>"��"�D �����#� �. 	#!D�&+""� Is "+ =+�+!@%*+"� 
!&� =�>%!�$. 

 =�-"%*+""� =�>%!$� �D�!��J "�;#"%&J"�' ��-;#� # =�-"%*+""� 

=�&� !�=�>$� ������ # �%&%: "%=��$&%!,  45 13
13

H
a

 %@� 45 �13/�13. 

��%&#�+�� # =�&� !�=�>$#� ��+@% �>�%"��&K�%�� � -%&+O"�>�# �#! 
�$�>�# -'L!"%""�, =��-"%*+""�, $�">���$���"�D �>�@&���>�+' # �;�� 
+$>=&�%�%,#�. ����+�#L; ��@��� �#L� %@� #"G�� =�>%!$� =���""# @��� 
!�=�>��;# -%-��� %@� "%��E�, P� -%@+-=+*�K�J ��D�;#>�J %@� ;#,-
"#>�J �% P#&J"#>�J, P� ��;%E%K�J>�. 

�&� ����@#�, P� +$>=&�%��K�J>� � "+>=����&���D �+;=+�%���-
"�--��&�O+"�D �;��%D, =�� =��-"%*+""# =�>%!�$ "+�@D#!"� ��%D�-
���%�� "+;�"�*# -;#"� ��-;#�#�, % >%;+: 

- � ��D�;�D =�>%!$%D ;#"#;%&J"�' !�=�>��;�' -%-�� =���"+" 
@��� -%@+-=+*+"�' =�� "%'@#&JG#' +$>=&�%�%,#'"#' ��&�E�>�#; 

- � "+��D�;�D # =+�+D#!"�D =�>%!$%D -;#"� ��-;#�#� =�� $�&�-
�%""�D �D ��&�E�>�# "+ =���""# =��-�+>�� !� -"�O+""� +$>=&�%�%-
,#'"�D �&%>����>�+' ����@#� (-;+"G+""� ;#,"�>�#, O��>�$�>�#, -@#-
&JG+""� $���@&+""� �% #".) 

��%&#�+�� -'L!"��%"�D ��-;#�#� ��+@% ��@��%�� �!"�*%>"� - ��--
�%D�"$�; =�>%!�$ #- -"%*+"J !�=�>$#� =�>%!�$ (TS, TN, TS(N)), �$# 
��;%E%K�J>�. U�; ;+"G�' !�=�>$ =�>%!$�, ��; @#&JG+ ��*"�; =�-
��"+" @��� $�%&#�+�. 

�%=��$&%!. 	>�%"����� ��D�;� =�>%!$� !&� -'L!"%""� - "�;#"%-
&J"�; ��-;#��; 240 ;;, -%@+-=+*��G� =�� ,J�;� min 0.4 S ;;, 

max 2.4�S ;;. 
1. 	�-"%*%L;� !�=�>$ =�>%!$� 

max min 2.4 0.4 2.0� 	 � 	 �sT S S  ;;. 
2. 	�-"%*%L;� -"%*+""� !�=�>$� $�%&#�+�� 

2 1.0
2 2

� � �sTIT  ;; 

3. �%$# -"%*+""� IT  -"%D�!��J>� ;#O 13 # 14 $�%&#�+�%;�. 
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4. 	�@��%L;� =�>%!$� 14240 ,
13

H
b

 !&� �$�� min 0.42�S ;;, % 

max 2.29�S ;;. 
�&� ����@�, P+ =��+$��L�J>� =���""# @��� �>�%"��&+"# !�=�>-

��;# ;+O# -;#"� ��&�E�>�#. F;#"� ��-;#�#� !+�%&+' - !+�+��"� � "%-
=��;$� ��&�$�" =�� $�&��%""�D ��&�E�>�# =�%$��*"� "+-"%*"#, % 
��;� �D "+ ��%D���K�J. 

	+&�*�"% -;#"� ��-;#�#� !+�%&+' - !+�+��"� =�=+�+$ ��&�$�" 
;�O+ @��� ��-"%*+"% -% /��;�&�K: 

0.0024� � ��B B W ,       ( 17.2 ) 
!+ �B  – �+&�*�"% -;#"� ��-;#�#� !+�%&+', ;;; , – "�;#"%&J"�' 

��-;#� !+�%&+', ;;; �W  – �+&�*�"% -;#"� ��&�E�>�#, %. 

17.3. ������� ��8@��� � ����	�D��� �������� 

�+>=�&�*��%""# "+�#!=��#!%&J"# ��-;#��, �$# "+ �=&��%K�J "% 
+$>=&�%�%,#'"# =�$%-"�$� ��-&#� # %E�+E%�#� ;%G�" # "+ �D�!��J !� 
��-;#�"�D &%",KE#�, "%-��%K�J �#&J"�;� ��-;#�%;�, �D ;�O"% ��-
E����&��� -% @�!J-�$�; #- $�%&#�+�#�. 

�&� �#&J"�D ��-;#�#� � $�O"�;� - $�%&#�+�#� =+�+!@%*%K�J>� =�-
&� !�=�>$#� - �!"�>����""#; (� "�#&�" ;%�+�#%&� !+�%&#) ��-;#P+""�; 
�#!"�>"� "�;#"%&J"�E� ��-;#��. �&� �����#� =�&� !�=�>$#� =�-"%*%-
K�J � !&� �%&#� – h ("%=��$&%!, �9, �13; h9, h13). F%>��>���L�J>� 
�%$�O >�;+���*"# ��-;#P+""� =�&#� !�=�>$#�, �$# =�-"%*%K�J>� &#-
�+�%;� �s !&� �%&#� # Is !&� �����#�. �%=��$&%!: �s3, �s7; Is 3, Is7. 

��� �@��@,# -%E����$� - "+� =�>&#!��"� -"#;%K�J G%�� ;%�+�#%&� 
!� �!+�O%""� E������ !+�%&# (����@�). Y%� ;%�+�#%&�, P� '�E� -"#-
;%K�J =#! *%> !%"�� �=+�%,#�, "%-��%L�J>� �=+�%,#'"�; =��=�>$�;. 

�$�"�;#K ;%�+�#%&� # �+"�%@+&J"#>�J �+D"�&�E#*"�D =��,+>#�, 
$�#; #"G�D /%$���#�, -%@+-=+*�K�J �=��;%&J"# �=+�%,#'"# =��=�>-
$� # !�=�>$� "% "�D. ��� ;+D%"#*"#' �@��@,# !&� $�O"�E� �+D"�&�-
E#*"�E� =+�+D�!� =���#@"� =+�+!@%*%�� �%$�' =��=�>$, �$�' $�;-
=+">�L =�D�@$� =�=+�+!"J�� �@��@$� # "%��"#>�J !+/+$�"�E� G%��. 
��*"#>�J �@��@&K�%"�� !+�%&# -"%*"�K ;#��K -%&+O��J �#! ��*"�>�# 
-%E����$�. ��;� "% �>#D =��;#O"�D =+�+D�!%D =��-"%*%K�J !�=�>$, 
>=��;��%"�' � "�#&�" !+�%&#. �#O�=+�%,#'"# !�=�>$� =���""# @��� 
�-E�!O+"# - �#!=��#!"�;� =��=�>$%;�. F��*%'"� "% ;#O�=+�%,#'"# 
!�=�>$� �#!��!��J>� 25...40% �#! >+�+!"J�E� -"%*+""� =��=�>$� -%-
&+O"� �#! D%�%$�+�� ' ��*"�>�# �@��@$�. F�’�-�$ �=+�%,#'"�D !�=�-
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>$#� # =��=�>$#� -�@�%O+"�' "% ��>. 17.2. 

 
!�. 17.2. "�’�%�� ��
����'��� �������� � �������. 

��-�%D�"$���' =��=�>$ !��#�"KL "%';+"G�;� =��=�>$� =&K> 
!�=�>$ "% =�=+�+!"K �=+�%,#K: 

min 1	� �i i iZ Z T .     (17.3) 
�%'@#&JG�' =��=�>$ @�!+ � ��;� ��=%!$�, $�&� =#! *%> =�=+�+-

!"J�� �=+�%,#� !�=�>$ "% "+� "+ ��$���>�����%�>�, % =�� !%"#' �=+-
�%,#� ��$���>����L�J>� =��"#>�K: 

max min 1	� � � � �i i i i i iZ Z T T Z T .  (17.4) 
F%E%&J"�' =��=�>$ !��#�"KL >�;# �>#D �=+�%,#'"�D =��=�>$#�: 

1�
� � 	�

n

%�$ i %�$ �
#
i

Z Z d d .   (17.5) 


=+�%,#'"�' ��-;#� – ,+ ��-;#�, �$�' ��%D���L �=+�%,#'"�' 
=��=�>$ # �=+�%,#'"�' !�=�>$. �%=��$&%!, =��=�>$ "% *�>���+ �@-
��*��%""� �%&% 90 11! h , >�%"����J iZ  = 1,5 ;;, % !�=�>$ =#>&� *��-
"���E� �@��*��%""� =#! *�>���+ �>�%"��&KL�J>� -% 12-; $�%&#�+��;. 

=+�%,#'"�' ��-;#� =#! *�>���+ �@��*��%""� >�%"����J 

0.3591.5	�id ;;. 
F"%*+""� �+&�*�"� =��=�>$� !&� �#-"�D ��!#� �@��@$� =���#@"� 

�%$�O � �+;�"�"�;� ����@"�,��#, P�@ ��-"%*%�� �+;�"�# ��-;#�� 
�#!"��&K�%&J"�D !+�%&+'. 	�-"%*%K*� �+;�"�"�' ��-;#�, ��%D�-
��K�J �+&�*�"� # "+�#�"�;#�"#>�J >=�%,K�%""� !+�%&#, % �%$�O 
=��=�>$ "% �@��@$� (��>. 17.3). 

F%E%&J"% �+&�*�"% >=�%,K�%""� >�%"����J: 
min max� 	� � � ,     (17.6) 



	��
�� �� 

 208 

 
!�.17.3. "�’�%�� �
���#��$� ��%���� �% ����������� 

 � �
������� ������� 
!+ min max� i � - �#!=��#!"� "%';+"G+ # "%'@#&JG+ >=�%,K�%""�. 

>$#&J$� =�� !+/+$�%,#� ��;#�KK�J &�G+ �+&�*�"� -%E%&J"�E� 

>=�%,K�%""�, % min max� i �  ��-"%*��� !�>��J >$&%!"�, ��;� ��+&� 
=�"���� «$�+/#,#L"� "+�#�"�;#�"�>�# >=�%,K�%""� & : 

max�
�

�
& .     (17.7) 

F% ��>. 17.2 ;�O"% ��-"%*��� �+;�"�"�' ��-;#� �%&%: 
max2( / 2) 2( / 2)� 	 � � 	 �pd d � Z d H Z& . (17.8) 

	+&�*�"� 2( / 2)�H Z&  =��'"��� "%-��%�� �+;�"�"�; #"�+��%-
&�; H, ��@��: 

H = 2( / 2)�H Z& .    (17.9) 
F�#!>�: 

� 	pd d ' .     (17.10) 
�&� ������: 

� �pD D ' .    (17.11) 
U�>&� �+;�"�"�D ��-;#�#� �@;+O�L�J>�, �$ =�%��&�, ���P�"�K 

-%E%����%"�E� G%�� =��+�D"#: 

�
Sn
' ,     (17.12) 

!+ S - ���P�"% G%�� ;%�+�#%&�, P� -"#;%L�J>� @+- =�E#�G+""� 
��@��� !+�%&#. 
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+$"!" 18. ��#���&� $"&)\+' 

18.1. ������� ������� � ����	����� 

��-;#�� !+�%&+' � ��-&%D �-%L;�-�'�-%"# �% �-%L;�-%&+O"#. F;#"% 
��-;#�� �!"#L� !+�%&# �=&��%L "% =�&�O+""� i"G�D !+�%&+', P� �D�-
!��J � ��-�& %@� ;+D%"#-;. 	-%L;�-�'�-�$ # �-%L;�-%&+O"#>�J ��-;#-
�#� !+�%&+' �;��"� "%-��%K�J ��-;#�"�;� -�'�-$%;�, �$# �����KK�J 
��-;#�"# &%",KE�. �
�� 16319-80 �>�%"��&KL �>"��"# �+�;#"�, =�-
-"%*+""� # ��-"%*+""� ��-;#�"�D &%",KE#�. 

��-;#�"�; &%",KE�; "%-��%L�J>� >�$�="#>�J ��-;#P+"�D =� -%-
;$"���;� $�"���� �-%L;�-�'�-%"�D ��-;#�#�, �$# @+-=�>+�+!"J� 
�=&��%K�J "% ��*"#>�J # ��-;#P+""� �!"�E� #- ��-;#�#� $�"����. 

>"��"# �&%>����>�# ��-;#�"�E� &%",KE% – '�E� -%;$"��#>�J, �-%L-
;�-�’�-%"#>�J # �-%L;�-%&+O"#>�J ;#O ��-;#�%;�, !�!+�O%""� =��"-
,�=� "%'$����G�E� &%",KE% # (>��J ,J�E� =��",�=� =�&�E%L � ��;�, 
P� ��-;#�"�' &%",KE ;%L >$&%!%��>� - �$�;�E% ;+"G�E� *�>&% ��-
-;#�#�). 

��-;#��, P� >$&%!%K�J ��-;#�"�' &%",KE, =#!��-!#&�K�J "% 
>$&%!��# # -%;�$%K*#. F%;�$%K*�; "%-��%L�J>� ��-;#�, �$�' � =��-
,+># ��E����&+""� !+�%&+' *� =#! *%> >$&%!%""� ��-&% @�!+ �>�%"-
"#;. �+G�� ��-;#�#� ��-;#�"�E� &%",KE% "%-��%K�J >$&%!���;�. 

��-;#�"# &%",KE� -�@�%O�K�J � ��E&�!# >D+; ��-;#�"�D &%",K-
E#�. ��-;#�� =�-"%*%K�J �+&�$�;� &#�+�%;� %&/%�#��, "�;+��K�J 
=�>&#!��"� -% E�!�""�$���K >��#&$�K (%@� =���� E�!�""�$���� 
>��#&$�). ��O"�;� ��-;#�� "%!%L�J>� =+�"�' =���!$���' "�;+� 
("%=��$&%!: j1, j2, j3, …, j� %@� N1, N2, N3, …, Ni). F%;�$%K*�;� 
��-;#�� "%!%L�J>� i"!+$> � "%=��$&%!: j� %@� N�. ��-;#�"# &%",KE� 
$&%>�/#$�K�J -% �%$�;� �-"%$%;�: -% ;#>,+; � ����@# (=�!+�%&J"�' 
# >$&%!%&J"�'), -% ;+��!�; !�>�E"+""� ��*"�>�# (@+- $�;=+">%���%, 
- $�;=+">%����;), -% ��-;#P+""�; &%"�$ (&#"#'"�', =&�P�""�', 
=��>������'), -% D%�%$�+��; �-%L;"�E� -�’�-$� ("+-%&+O"�', �-%L-
;�-�'�-%"�'). 

�� !+�%&J"�' ��-;#�"�' &%",KE ��-"%*%L �#!"�>"+ =�&�O+""� i 
��*"#>�J =��+�D�"J %@� �>+' �!"#L� !+�%&# # (��>.18.1); >$&%!%&J"�' 
��-;#�"�' &%",KE ��-"%*%L �#!"�>"+ =�&�O+""� # ��*"#>�J �$�E�-
"+@�!J =%�%;+��� � >$&%!+"�;� ;+D%"#-;# ;%G�"� (��>.18.2). 
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!�. 18.1 ���
#�����' ��%�����' �����$ – �, i '�$� �
�� – � 

 
!�. 18.2 *���������' ��%�����' �����$ – �, #� '�$� �
�� – � 

	 ��-;#�"�;� &%",KE� @+- $�;=+">%���% "+�@D#!"% ��*"#>�J -%-
;�$%K*�� &%"$� -%@+-=+*�L�J>� �-%L;�-%;#""�;� !+�%&�;�, - $�;-
=+">%����; – -% �%D�"�$ -%>��>��%""� $�;=+">%���%. 

 &#"#'"�D ��-;#�"�D &%",KE%D �># ��-;#�� ��-;#P�K�J>� "% 
�-%L;"� =%�%&+&J"�D =&�P�"%D. ��-;#�"�' &%",KE "%-��%L�J>� 
=&�P�""�;, �$P� '�E� ��-;#�� ��-;#P+"� "% �!"#' %@� !+$#&J$�D 
=%�%&+&J"�D =&�P�"%D; =��>������; – �$P� ��-;#�� -"%D�!��J>� � 
"+=%�%&+&J"�D =&�P�"%D. 

�+-%&+O"�' ��-;#�"�' &%",KE – ,+ &%",KE, � �$�E� �># ��-;#�� 
�D�!��J !� �!"�E� ��-;#�"�E� &%",KE%; �-%L;�-�'�-%"�' – � �$�E� 
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�!�" %@� !+$#&J$% ��-;#�#� �D�!��J !� !��D %@� !+$#&J$�D ��-;#�-
"�D &%",KE#�. 

># >$&%!��# ��-;#�� &%",KE% -%&+O"� �#! �D �=&��� "% -%;�$%-
K*�' ��-;#� =#!��-!#&�K�J "% -@#&JG�K*# # -;+"G�K*#. F@#&JG�K-
*�; "%-��%L�J>� ��-;#�, #- -@#&JG+""�; �$�E� -@#&JG�L�J>� # -%;�-
$%K*�' ��-;#�. F;+"G�K*�; "%-��%L�J>� ��-;#�, #- -@#&JG+""�; 
�$�E� -%;�$%K*�' ��-;#� -;+"G�L�J>�. 

18.2. !���8���� � ��8	
	��� ��������� 8	��>�� 

	�$���>����K*� �+��#K ��-;#�"�D &%",KE#�, =���#@"� *#�$� # 
=�%��&J"� =�>�%���� # >/��;�&K�%�� -%!%*� ��-�%D�"$� ��-;#�"�-
E� &%",KE%, % �%$�O ������� # =�@�!��%�� ��-;#�"�' &%",KE. �$P� 
"+=�%��&J"� ��-"%*+"� -%;�$%K*� &%"$� ��-;#�"�E� &%",KE%, �� 
>=�������J>� /��;�&K�%""� -%!%*# ��-�%D�"$�, �$P� O "+ =�%��-
&J"� ����&+"� >$&%!��# &%"$�, �� � ��-;#�"�' &%",KE =���%=&��J 
��-;#��, �$# "+ �=&��%K�J "% -%;�$%K*�' ��-;#�. >+ ,+ >�%"+ =��-
*�"�K "+=��"�E� ��-�%D�"$�. 

�+�G -% �>+ =���#@"� ������� -%;�$%K*� &%"$� # �� ��$�"%�*# 
=��+�D"#. 	���&�K*� -%;�$%K*�' ��-;#�, ��-"%*%K�J ��;�E� !� 
��*"�>�#, P� �D ;%L -%!���&J"��� ��-�& *� ;+D%"#-;. ��*"#>�J �-%L-
;"�E� ��-;#P+""� !+�%&+' =���""% -%@+-=+*��%��: "%&+O"� ��@��� 
!%"�E� ��-&% =#! *%> '�E� +$>=&�%�%,#�, ;�O&��#>�J >$&%!%""� ��--
&%. 	�-"%*+"# �+D"#*"# ��;�E� # *�>&��+ -"%*+""�, P� �D D%�%$�+��-
-�K�J, -%=�>�K�J "% $�">���$���"#' >D+;# ��-&%. 

�#>&� ����&+""� -%;�$%K*�E� ��-;#�� -"%D�!��J >$&%!��# ��--
;#�� ��-;#�"�E� &%",KE%. ��� ,J�;�, -%>��>���K*� =��",�= "%'-
$����G�E� G&�D�, !� ��-;#�"�E� &%",KE% �$&K*%K�J &�G+ �# ��--
;#��, �$# @+-=�>+�+!"J� @+���J �*%>�J � �����+""# -%;�$%K*�E� ��-
-;#��. ��>&#!��"� ����&�K�J �># ��-;#�� !+�%&+' ��-&%, �$# >=�&�-
*+"# ;#O >�@�K # @+-=�>+�+!"J� �=&��%K�J "% -%;�$%K*� &%"$� ��-
-;#�"�E� &%",KE%. �&� ,J�E�, =�*�"%K*� �#! �!"#L� #- ��$�"%�*�D 
=��+�D�"J, �$# �@;+O�K�J -%;�$%K*�' ��-;#�, -"%D�!��J �># ��-;#-
*+"# =� -%;$"���;� $�"���� >$&%!��# ��-;#��, !�D�!�*� !� !��E�� 
��$�"%�*�� =��+�D"#. F%;�$%K*�' ��-;#� �!"�E� ��-;#�"�E� &%"-
,KE% ;�O+ @��� >$&%!���; ��-;#��; !&� #"G�E�. 
!�" # ��' >%;�' 
��-;#� ;�O+ @��� &%"$�K !+$#&J$�D ��-;#�"�D &%",KE#�. 

�� >$&%!���D ��-;#�#� "+�@D#!"� �$&K*%�� &�G+ �# ��-;#��, �$# 
@+-=�>+�+!"J� �=&��%K�J "% ��*"#>�J -%;�$%K*�� &%"$�. 
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�#>&� ����&+""� ��-;#�"�E� &%",KE% ��$�"�L�J>� '�E� ��--
�%D�"�$ �$�' L "+�@D#!"�; +�%=�; $�">���K�%""�, ����@"�,��% �% 
+$>=&�%�%,#� ;%G�", ;+D%"#-;#�, =��&%!#�. ���J ��-�%D�"$� ��-;#�-
"�E� &%",KE% =�&�E%L � �>�%"��&+""# E�%"�*"�D �#!D�&+"J # !�=�>-
$#� �>#D '�E� &%"�$. 

��-�%D�"�$ ��-;#�"�D &%"�$ !%L ;�O&��#>�J: 
- �>�%"����� E+�;+���*"# # $#"+;%��*"# -�’�-$� ;#O ��-;#�%;� 

!+�%&+', �D "�;#"%&J"# -"%*+""�, �#!D�&+""� # !�=�>$�; 
- ��-�%D��%�� "��;� ��*"�>�# # ��-��@��� �+D"#*"# �;��� "% ;%-

G�"� # �D >$&%!��# *%>��"�; 
- !�>�E�� =�%��&J"�� =�>�%"��$� ��-;#�#� # �#!D�&+"J "% ��-

@�*�D $�+>&+""�D !+�%&+'; 
- ��@�%�� -%>�@� # ;+��!� ��;#�K�%""�; 
- -@#&JG��� �+�;#" ��@��� ��-&#�, ;+D%"#-;#�, ;%G�" =�� ��-

$�"%""# "�;� >���D /�"$,#', �>�%"��&+"�D �+D"#*"�;� �;��%;�. 
��� ��-�%D�"$� ��-;#�"�D &%",KE#� ;�O+ @��� !�# -%!%*# – 

=��;% # �@+�"+"%.  =��;#' -%!%*# -% �#!�;�;� !%"�;� -%;�$%K*�� 
&%"$� ��-"%*%K�J !�=�>$� >$&%!���D &%"�$. 	 �@+�"+"#' -%!%*# -% 
�#!�;�; !�=�>$�; # E�%"�*"�; �#!D�&+""�; >$&%!���D &%"�$ ��-
-"%*%K�J !�=�>$ # E�%"�*"# �#!D�&+""� -%;�$%K*�� &%"$�. 
@�!�# 
,# -%!%*# ;�O"% ��-�’�-��%�� �%$�;� ;+��!%;�: ;%$>�;�;�-
;#"#;�;�, �+��+��$�-';��#�"�', $�;=+">%,#�. 

18.3. ����	����� ��������� 8	��>�� ����
��  
“�	������-�������” 

�+��! ��-�%D�"$� ��-;#�"�D &%",KE#� “;%$>�;�;-;#"#;�;” -%-
@+-=+*�L =��"� �-%L;�-%;#""#>�J, ��@�� -%!%"� ��*"#>�J >$&%!%""� 
@+- =#!@��%""� *� =#!E�"$� !+�%&+'. ��� ,J�;� =+�+!@%*%L�J>�, P� 
"%�#�J -% �;��� "%'E#�G�E� >=�&�*+""� ��-;#�#� (�># -@#&JG�K*# 
��-;#�� – ;%$>�;%&J"#, % �># -;+"G�K*# – ;#"#;%&J"#), -%;�$%K*% 
-%$&K*"% &%"$% "+ ��'!+ -% ;+O� �>�%"��&+"�E� !�=�>$�. 

��-E&�"+;� ��-�’�-�$ �@+�"+"�� -%!%*#, � �$#' =���#@"� ��--
"%*��� "�;#"%&J"�' ��-;#� G�, !�=�>$ �G�, �+�D"L �#!D�&+""� 
�SG� # "�O"L �&G� �#!D�&+""� -%;�$%K*�� &%"$�. 

��;#"%&J"�' ��-;#� -%;�$%K*�� &%"$� ��-"%*%L�J>� -% �%$�K 
-%&+O"#>�K: 

1 1

,
m n

%� %�
� �

� � m
G G G(

� � �

� 	� �      (18.1) 
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!+ m – *�>&� -@#&JG�K*�D ��-;#�#�; n – *�>&� -;+"G�K*�D &%"�$. 
�"%&#-�K*� >D+;� ��-;#�"�E� &%",KE% (��>.18.2@), ;�O"% -%=�-

>%��: 

1 1
max max m ,

m n
%� %�
i i in

� � m
G G G(

� � �

� 	� �      (18.2) 

1 1

m n
%� %�
i i

� � m
G G G(

� � �

� 	� �min min max .      (18.3) 

��!#: 

1 1 1 1

1 1

max min max min max min

.

m n n n
%� %� %� %�
i i i i

� i m i m i m

m n
%� %�
i i

i i m

TA G A G G A A

TA TA

( ( (
� � � � � � �

� � �

� � � �
� 	 � 	 � 	 �� � � �

� � � �

� �

� � � �

� �
 

��@�� !�=�>$ -%;�$%K*�� &%"$� !��#�"KL >�;# !�=�>$#� >$&%!�-
��D &%"�$: 

1

.
m n

�
i

�G �G
�

(
�

� �       (18.4) 

�#�"�""� 18.2 ;�O"% -%=�>%��: 

� � � �
1 1

1 1 1 1
.

m n
%� %� %� %�
i i i i

i i m

m n m n
%� %� %� %�
i i i i

i i m i i m

G SA G SG A IA

A A SA IA

( (
� � �

� � � � � �

� � � � � 	 � � �

� � � �
� 	 � � 	 �� � � �
� � � �

� �

� � � �
 (18.5) 

F�#!>�: 

1 1

.
m n

%� %�
i i

i i m
SA SA IA(

� � �

� � � 	 �� �       (18.6) 

[�@ -"%'�� "�O"L �#!D�&+""� -%;�$%K*�� &%"$�, >$���>�%L;�-
>� �#�"�""�; 18.3, �$+ ;�O"% =�!%�� � �%$�;� ��E&�!#: 

� � � �
1 1

1 1 1 1
.

m n
%� %� %� %�
i i i i

i i m

m n m n
%� %� %� %�
i i i i

i i m i i m

G IA G IG A SA

A A IA SA

( (
� � �

� � � � � �

� � � � � 	 � � �

� � � �
� 	 � � 	 �� � � �
� � � �

� �

� � � �
  (18.7) 


>$#&J$�: 

1 1

,
m n

%� %�
� �

� � m
G G A(

� � �

	 �� �  

��: 

1 1

.
m n

%� %�
i i

i i m
IA IA SA(

� � �

� � � 	 �� �       (18.8) 

�$&%!"#G�K L =��;% -%!%*%, � �$#' -% �#!�;�; !�=�>$�; # �#!D�-
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&+""�;� -%;�$%K*�� &%"$� =���#@"� -"%'�� !�=�>$� # �#!D�&+""� 
>$&%!���D &%"�$. 
>$#&J$� !�=�>$� >$&%!���D &%"�$ =���""# !��#-
�"K�%�� !�=�>$� -%;�$%K*�� &%"$�, �� ��-�’�-�$ -��!��J>� !� ��--
=�!#&� !�=�>$� -%;�$%K*�� &%"$� ;#O >$&%!���;� &%"$%;�. ���;� 
-%!%*� ;�O"% ��-�’�-%�� !��;% >=�>�@%;�: >=�>�@�; �#�"�D !�=�>-
$#� # >=�>�@�; �!"�E� $�%&#�+��. 

�=�>#@ �#�"�D !�=�>$#� =�&�E%L � ��;�, P� !�=�>$� >$&%!���D 
&%"�$ @+���J �#�"�;�, ��@��: 

.i
TATA

m n
(�
�

      (18.9) 

I+' >=�>#@ -%>��>���L�J>� !&� ��-;#�#� �!"�E� ��-;#�"�E� #"�+-
��%&�; ,+ =��>��', %&+ "+!�>�%�"J� ��*"�' >=�>#@, ��;� "�; $���>-
��K�J>� &�G+ !&� =��@&�-"�D ��-�%D�"$#�. 

�=�>#@ �!"�E� $�%&#�+�� =+�+!@%*%L, P� "% �># >$&%!��# &%"$� 
=��-"%*%K�J>� !�=�>$� �!"�E� >��=+"K ��*"�>�#. 

��%&#�+� ��-"%*%L�J>� -% $�+/#,#L"��; ��*"�>�# �: 

� �3

1 1
0 45 0 001

.
, ,

m n m n

� �
i i

TA TA

i D D
� ( (

� �

� �

� �
�� �

  (18.10) 

�$P� � ��-;#�"�' &%",KE �D�!��J !+$#&J$% &%"�$ / - �#!�;�;� 
!�=�>$%;�, ��: 

1

1

.

.

,

�

i ���
i

m n �

��%
i

TA TA

i
�

(
�

� 	

�

	
�

�

�
    (18.11) 

!+ 
1

.

m n �

��%
i

i
� 	

�
�  – >�;% �!�"�,J !�=�>$#� &%"�$, P� ��-"%*%K�J>�. 

F% �!+�O%"�;� -"%*+""�;� $�+/#,#L"�% ��*"�>�# ��-"%*%K�J 
$�%&#�+�. �$P� ��-�%D�"$��+ -"%*+""� $�+/#,#L"�% ��*"�>�# "+ >=#�-
=%!%L - �%@&�*"�;, �� �!"� #- &%"�$ =��';%K�J -% $��+E�K*� &%"$�, 
-% !�=�;�E�K �$�� !�>�E%L�J>� -%!%"% ��*"#>�J >$&%!%""� �%&%. ��-
�+E�K*�K �@��%L�J>� &%"$%, �$� &+EG+ �@��@��� # ��;#����. 

�$P� $��+E�K*% &%"$% L -@#&JG�K*�K, �� �� �#!D�&+""� ��-"%-
*%K�J>� -% �%$�;� -%&+O"�>��;�: 

1 1

,
n m

%� %� %�
��� i i

i m i
SA IA SA SA(

� � �

� � � � � 	 �� �    (18.12) 

1 1

.
n m

%� %� %�
��� i i

i m i
&A SA IA IA(

� � �

� � � � � 	 �� �   (18.13) 
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�&� $��+$��K*�� -;+"G�K*�� &%"$� �#!D�&+""� ��-"%*%K�J>� -% 
�%$�;� -%&+O"�>��;�: 

1 1

,
m n

%� %� %�
��� i i

i i m
SA IA IA SA(

� � �

� � � 	 � 	 �� �    (18.14) 

1 1

.
m n

%� %� %�
��� i i

i i m
&A SA SA IA(

� � �

� � � 	 � 	 �� �    (18.15) 

���$&%! 1. 	�-"%*��� "�;#"%&J"+ -"%*+""�, �+�D"L # "�O"L �#!-
D�&+""� # !�=�>$ -%;�$%K*�� &%"$� (��>.18.3), �$P� >$&%!��# &%"$� 
;%K�J �%$# -"%*+""�: 0 10 0 14

1 0 03 2 3

4 0 03 5 0 10

5 50 101

5 140

, ,
,

, ,

; ; ;
; .

� �
	

	 	

� � �

� �

� �� � �� � ��
� �� � ��

 

�$&%!%L;� >D+;� ��-;#�"�E� &%",KE% (��>. 18.3 @) # ��-"%*%L;� 
-% "+K -@#&JG�K*# (G2, G3) # -;+"G�K*# ( G1, G4, G5) ��-;#��. 

	�-"%*%L;� "�;#"%&J"+ -"%*+""� -%;�$%K*�� &%"$� -% /��-
;�&�K (18.1): 

G� = (50 + 101) – (5 + 140 + 5) = 1 ;;. 

 
!�. 18.3 6��% ��%�� (�) � '�$� ��%�����' �����$ (�) 

F% /��;�&�K (18.4) ��-"%*%L;� !�=�>$ -%;�$%K*�E� ��-;#��: 
�G = �G1+ �G2+ �G3+ �G4+ ("5 = 30+ 100 + 140 + 30 + 100 =  

= 400 ;$;. 
F% /��;�&�K ( 18.6 ) ��-"%*%L;� �SG�: 
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� � � �2 3 1 4 5

100 140 30 30 100 400 .
SA SA SA IA IA IA
SA ���

(

(

� � � � � 	 � � � � �

� � � 	 	 	 �
 

F% /��;�&�K (18.8) ��-"%*%L;� "�O"L �#!D�&+""� -%;�$%K*�� 
&%"$�: 

� � � �2 3 1 4 5

0 0 0 0 0 0 .
&A &A &A SA SA SA
IA

(

(

� � � � � 	 � � � � �

� � � 	 	 	 �
 


�O+, =�� -%!%"�D "�;#"%&J"�D ��-;#�%D # E�%"�*"�D �#!D�-
&+""�D >$&%!���D ��-;#�#� -%;�$%K*�' ��-;#� =���#@"� ��$�"��%�� 
- �+�D"#; E�%"�*"�; �#!D�&+""�; 0,4 ;; # "�O"#; 0, ��@��: 

G� = 1+0,40 ;;. 
��%��&J"#>�J ��-�’�-$� -%!%*# ;�O"% =+�+�#����, ��-"%*��G� -% 

/��;�&%;� (18.2) # (18.3) E�%"�*"# ��-;#�� -%;�$%K*�� &%"$� 
� � � �2 3 1 4 5

50 10 101 14 4 97 4 97 139 90 1 4
max max min min min min

max ( , , ) ( , , , ) , ,
A A A A A A
A ��
(

(

� � 	 � �

� � 	 � � �
 

� � � �2 3 1 4 5

50 0 101 0 5 0 5 0 140 0 1
min min min max max max

min ( , , ) ( , , , ) ,
A A A A A A
A ��
(

(

� � 	 � �

� � 	 � � �
 

��@�� G� = 1+040 ;;. �%$�; *�"�;, =+�+�#�$% =�$%-%&%, P� -%!%*� 
��-�'�-%"� =�%��&J"�. 

���$&%! 2. 	�-"%*��� !�=�>$� >$&%!���D ��-;#�#� !+�%&+' 
>$&%!%&J"�E� &%",KE%, -�@�%O+"�E� "% ��>. 18.3 =�� G�= 1+0,75 ;;. 

	�$�"�L;� =+�+�#�$� =�%��&J"�>�# >$&%!%""� ��-;#�"�E� &%"-
,KE% -% /��;�&�K (18.1): 

G� = ( G2 + G3) – ( G1 + G4 + G5) = ( 50 + 101) – ( 5+5+140) = 1 ;;. 

�O+, ��-;#�"�' &%",KE >$&%!+"� =�%��&J"�. 
F% �%@&�,�;� ��-"%*%L;� �!�"�,K !�=�>$� ��-;#�#�, � �$�D "+-

;%L �#!D�&+"J: 
�1 = 0,73 ;$;; �2 = 1,54 ;$;; �3 – 2,2 ;$;; �4 = 0,73 ;$;; �5 = 2,5 ;$;. 

F�#!>�: 
5

i 1

i
�
�  = 0,73 +1,54+2,2+0,73+2,5= 7,7 ;$;. 

	�-"%*%L;� $�+/#,#L"� ��*"�>�# ��-;#�"�E� &%",KE%: 

5

1

750 97
7 7

,

.
,

i

TA

i
�

�

(

�

�

� �

�  

F% -"%'!+"�; -"%*+""�; $�+/#,#L"�% ��*"�>�# ��@��%L;� 11-' 
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$�%&#�+�. 
>$#&J$� ��-�%D�"$��# -"%*+""� $�+/#,#L"�% ��*"�>�# "+ 
>=#�=%!%L - �%@&�*"�; (100), �� ��-;#� G1 = 5 ;; @+�+;� -% $��+E�-
K*�'. 

F% �%@&�,�;� ��-"%*%L;� �#!D�&+""� >$&%!���D &%"�$: 
2SA 0,160 ;;;� �      2IA 0.� �  
3SA 0,220 ;;;� �     3IA 0.� �  

4SA 0;� �     4IA 0,75 ;;.� � 	  
5SA 0;� �     5IA 0,250 ;;.� � 	  

F"%D�!�;� -% /��;�&%;� (18.12) # (18.13 ) �#!D�&+""� -;+"G�K-
*�E� $��+$��K*�E� ��-;#��  G1: 

1 2 3 4 5

1 0 0 0 0 0 0
SA &A &A IA SA SA
SA

(� � � � � 	 � 	 � 	 �

� � � 	 	 	 �
 

1 2 3 4 5

1 0 160 0 220 0 750 0 750 0 250 0 045, , , , , ,
IA SA SA SA IA IA
IA ��

(� � � � � 	 � 	 � 	 �

� � � 	 � � �
 

	�$�"�L;� =+�+�#�$� =�%��&J"�>�# ��-�%D�"$� �#!D�&+"J ��-;#-
�#� &%",KE% -% /��;�&�K ( 18.4): 

�G� = �G1+�G2 + �G3 + �G4 + �G5 
�G� = 0,045 + 0,160 + 0,220 + 0,075 + 0,250 = 0,750 ;;. 

F% �;���K �G� = 0,750 ;; – ��O+, ��-;#�"�' &%",KE ��-�%-
D��%"� =�%��&J"�. �$P� ������J>�, P� -%�!%"�' !�=�>$ -%;�$%K-
*�� &%"$� "+ !��#�"K�%��;+ ��-�%D�"$���;�, �� =���#@"� ��@�%�� 
>�>#!"#' $�%&#�+� # "%"��� ��$�"%�� ��-�%D�"�$. 

18.4.  (��������-D����������D ����
 ����	�����  
��������� 8	��>�� 

	 �>"��# ,J�E� ;+��!� &+O��J �#!�;+ =�&�O+""� �+��#� ';�-
�#�"�>�+': >=�&�*+""� "%'@#&JG�D -@#&JG�K*�D # "%';+"G�D -;+"-
G�K*�D ��-;#�#� @��%L �#!G+, "#O >+�+!"#D. 	"%>&#!�$ ,J�E� ;�O-
&���' =��,+"� ��-;#�"�D &%",KE#� - �#!D�&+""�;� -%;�$%K*�� 
&%"$�, �$# ��D�!��J -% ;+O# =���#@"�E� !�=�>$�, L "+-"%*"�;. �%-
=��$&%!, =�� *�>&# &%"�$ � ;+D%"#-;# n = 10 # !+""#' =��E�%;# 
1 ;&". G��$ "%'E#�G+ >=�&�*+""� -�>��#*%��;+�J>� � >+�+!"J�;� 
�!�" �%- � 10-15 ��>. ��$#�. I+ �-"%*%L, P� ;�O"% ��-G����� !�=�-
>$� "% &%"$�, ��-�$�K*� "+ �!+�O%�� E�%"�*"�D -"%*+"J -%;�$%K-
*�� &%"$�. 

�+��+��$�-';��#�"�>"�' ;+��! ��-�%D�"$� ��-;#�"�D &%",KE#� 
;#>���J =��;� �% �@+�"+"� -%!%*� �%$�E� >%;�E� -;#>��, �$ # !&� ;+-
��!� “;%$>�;�;-;#"#;�;”. 
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@+�"+"% -%!%*%. ��-;#� -%;�$%K*�� &%"$� ;�O"% ��-E&�!%�� �$ 
>$&%!"� ��=%!$��� =�!#K, P� -%&+O��J �#! =��>��D ��=%!$���D =�-
!#' – ��-;#�#� >$&%!���D &%"�$. �% ,#' =#!>�%�# ;�O"% ��-"%*��� 
>+�+!"J�$�%!�%��*"+ �#!D�&+""� -%;�$%K*�� &%"$�: 

1 2

2 2 2 2

1
,

� m n i

m n

G G G G A
i


 
 
 
 

�

�

�

� � � � � ��      (18.16) 

!+ 
iA
 – >+�+!"J�$�%!�%��*"+ �#!D�&+""� >$&%!���D &%"�$. 

	�%O%L;�, P� =�D�@$� >$&%!���D &%"�$ =#!$���K�J>� -%$�"� 
"��;%&J"�E� ��-=�!#&� # P� !�=�>$ � !��#�"KL =�&K ��->#�""� V, 
��@��: 

� = V = 6
 
F�#!>� ;�O"% -%=�>%��: 

1

1

6 6
, .A A

TA TA
 

(

(� �      (18.17) 

�#!>�%�&�K*� �#�"�""� (18.17) � �#�"�""� (18.16), ;%��;+;�: 
2

1
i

m n

A i
i

TA TA
�

�

� � .       (18.18) 

[�@ -"%'�� �#!D�&+""� -%;�$%K*�� &%"$�, =���#@"� ��-"%*��� 
�� $���!�"%�� >+�+!�"� =�&� !�=�>$� �>G�: 

1 1

,
m n

%� %�
 c i c i

i i m
A A A(

� � �

� � � 	 �� �      (18.19) 

�+=+� �#!D�&+""� -%;�$%K*�� &%"$� ;�O"% ��-"%*���: 
0 5, ,cSA A TA( ( (� � � �       (18.20) 
0 5, ,cIA A TA( ( (� � � 	       (18.21) 

W��;�&� (18.20) # (18.21) >=�%�+!&��#, $�&� ,+"�� E��=��%""� 
-@#E%L�J>� #- >+�+!�"�K =�&� !�=�>$�, % =�&+ ��->#K�%""� V – - �+-
&�*�"�K !�=�>$� �. �$P� ,+"�� E��=��%""� "+ -@#E%L�J>� - >+�+-
!�"�K =�&� !�=�>$�, �� � $���!�"%�� >+�+!�"� =�&� !�=�>$� -;�-
$%K*�� &%"$� ���!��J>� $�+/#,#L"� �#!"�>"�E� ��->#�""� /#, ��@�� 

1 12 2
,

%� %�m n
%� %�i �

c c i i c i �
i i m

TA �GA A K A /(
� � �

� � � �
� � � � 	 � �� � � �

� � � �
� �   (18.22) 

�&� -%$�"� "��;%&J"�E� ��-=�!#&� /# = 1; !&� -%$�"� ���$��"�$% 
(��;=>�"%) /# =1,22; !&� -%$�"� �#�"�� ';��#�"�>�# /# = 1,73. 

���;� -%!%*� ;�O"% ��-�’�-%�� *����;% >=�>�@%;�: 
�=�>#@ �#�"�D !�=�>$#� =+�+!@%*%L, P� "% �># >$&%!��# ��-;#�� 

=��-"%*%L�J>� �!"%$���' !�=�>$: 
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,�
�

�G�G
/ m n

(�
�

     (18.23) 

!+ m+n – *�>&� -@#&JG�K*�D # -;+"G�K*�D ��-;#�#� &%",KE%. 
2. �=�>#@ �!"�E� $�%&#�+�� %"%&�E#*"�' ��-�’�-%""K ;+��!�; 

“;%$>�;�;-;#"#;�;”. 
3. �=�>#@ =��@"�D ��-�%D�"$#� =�&�E%L � ��;�, P� !�=�>$� "% 

>$&%!��# ��-;#�� =��-"%*%K�J +$�"�;#*"� !�,#&J"�;� - ��%D��%"-
"�; $�">���$���"�D ��;�E # !�>�#!� +$>=&�%�%,#� "%��"�D =�!#@"�D 
��-&#�. [�@ =#!��P��� "%!#'"#>�J ��@��� ��-&%, =���#@"� !�=�>$� # 
E�%"�*"# �#!D�&+""� >$&%!���D ��-;#�#� $��+E��%��, =��-"%*%K*� 
�D @#&JG O��>�$�;� - ;+��K >����+""� -%=%>� "% >=�%,K�%""�. 

4. �=�>#@ �#�"�E� �=&��� -%>��>���K�J !&� ��-�’�-%""� -%!%* "% 
=�@�!��� =&�>$�D # =��>������D ��-;#�#� &%",KE#�. ���J >=�>�@� 
=�&�E%L � ��;�, P� !�=�>��;+ �#!D�&+""� $�O"�E� >$&%!���E� ��--
;#�� =���""� -�;����� �!"%$��� -;#"� -%;�$%K*�E� ��-;#��. 

18.5. ����
 �������	�� 

	�@#� ;+��!� $�;=+">%,#� -%&+O��J �#! $�">���$���"�� >D+;� 
;+D%"#-;�. ���J ,J�E� ;+��!� =�&�E%L � ��;�, P� � ��-;#�"�' &%"-
,KE ���!��J>� >=+,#%&J"% &%"$% – $�;=+">%���, -%�!�$� �$�;� 
>$&%!��# &%"$� ;�O"% ��E����&��� - ��-G��+"�;� !�=�>$%;�. F%-
>��>����%"# >=�>�@� $�;=+">%,#� !#&��J>� "% �+D"�&�E#*"# (=��E�"-
$%) # $�">���$���"# (>+&+$���"+ >$&%!%""� # �+E�&K�%""�). 

�=�>#@ =��E�"$� -%>��>���L�J>�, �$ =�%��&�, � #"!��#!�%&J"�;� 
# !�#@"�>+�#'"�;� ����@"�,��#. ���J ,J�E� >=�>�@� =�&�E%L � ��;�, 
P� ��*"#>�J -%;�$%K*�� &%"$� !�>�E%L�J>� -% !�=�;�E�K !�!%�$�-
��� �@��@$� �!"#L� #- >$&%!���D &%"�$ =#! *%> >$&%!%""�. ��� ,J�;� 
"% �># >$&%!��# &%"$�, �$# L +$�"�;#*"�;� !&� !%"�E� ����@"�,��%, 
�>�%"��&KK�J>� !�=�>$�. 

	+&�*�"� $�;=+">%,#� ;�O"% ��-"%*��� -% �%$�K /��;�&�K: 

1

,
m n

� i
i

�/ � A TA
�

(
�

� 	�      (18.24) 

!+ 
1

m n

p i
i

T A
�

�
� – >�;% ��-G��+"�D !�=�>$#� >$&%!���D &%"�$ 

	�!%&��� �+&�*�"� $�;=+">%,#� - ��-;#�"�E� &%",KE% ;�O"% 
-;#"��G� �+&�*�"� $�;=+">�K*�� &%"$�. ��;=+">%����; �@��%K�J 
�%$� >$&%!��� &%"$�, �$% "+ @�&% @ >=#&J"�K !&� !+$#&J$�D ��-;#�-
"�D &%",KE#�. 
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�+!�&#$� >=�>�@� =��E�"$�: �+D"�&�E#*"�; $�;=+">%����; ;�-
O+ @��� &�G+ &+E$�-"#;"% !+�%&J; -@#&JG�L�J>� ���!�;#>�$#>�J =#!-
E#""�D ��@#�; "+;%L =��"�� �-%L;�-%;#""�>�#. 

�#-"���!�; >=�>�@� =��E�"$� L >=�>#@ >=#&J"�� �@��@$� !+�%&+' 
� =�=+�+!"J�;� ��E&�!#, �$�' -%>��>���L�J>� !&� -%@+-=+*+""� ��-
>�$�� ��*"�>�# -%;�$%K*�� &%"$�. �&+ ,+' >=�>#@ +$�"�;#*"� "+��-
E#!"�'. 

�=�>#@ �+E�&K�%""� =�&�E%L � ��;�, P� -;#"KK*� �+&�*�"� -%-
-!%&+E#!J ��@�%"�E� $�;=+">%���%, !�>�E%K�J =���#@"�� ��*"�>�# 
-%;�$%K*�� &%"$�. ��� ,J�;� G%� ;%�+�#%&� - ,#L� &%"$� "+ -"#;%-
L�J>�. ��;=+">%���� ;�O��J $�;=+">��%�� =�D�@$� -%;�$%K*�� 
&%"$�, �$ ���*"�, (��>.18.4%), �%$ # %���;%��*"� (��>.18.4 @). 

��;#"%&J"�' ��-;#� $�;=+">�K*�� &%"$� / ;�O"% ��-"%*��� - 
�#�"�""�: 

1 1

.
m n

%� %�
i i

i i m
A A A K(

� � �

� 	 "� �      (18.25) 

F"%$ “=&K>” >�%���J>�, �$P� $�;=+">%��� � L -@#&JG�K*�; ��-
-;#��;, “;#"�>” – �$P� -;+"G�K*�;. 

 
!�.18.4 /���
��#���: � – �����' ��� �
$�������� %�%���; � – 

��#���#����' ������' ����
��#�� 
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I+' >=�>#@ !�,#&J"#G+ ��$���>�����%�� � ��-;#�"�D &%",KE%D - 
>$&%!���;� &%"$%;�, �$# #"�+">��"� >=�%,J���K�J>�. 

�$P� $�;=+">%��� ��&�L >�@�K "%@#� =��$&%!�$ #- z =��$&%!�$ 
�!"%$���� ���P�"�, �� *�>&� =��$&%!�$ � �%$�;� "%@��# !��#�"K-
�%��;+: 

1.TKz
TA(

� �       (18.26) 

[�@ "%@#� >$&%!%�>� - ;+"G�E� *�>&% =��$&%!�$, �D ���P�"� S1, 
S2,…, S� ��@&��J �#-"�;�: S1 = �G�; S2 = 2TA�; S3 = 22TA�; S� = 2z-

1TA�. 
�=�>#@ �+E�&K�%""� !%L -;�E� !�>�E%�� ��>�$�� ��*"�>�# ;+D%-

"#-;� # =#!���;��%�� �� � =��,+># +$>=&�%�%,#�. �+!�&#$�; ,J�E� 
>=�>�@� L -@#&JG+""� *�>&% !+�%&+' � ;+D%"#-;#, P� =����!��J !� 
�>$&%!"+""� $�">���$,#�, =��,+>� >$&%!%""� �% +$>=&�%�%,#�. 

���J >=�>�@� >+&+$���"�E� >$&%!%""� (E��=���� �-%L;�-
-%;#""�>�#) =�&�E%L � ��;�, P� !+�%&# �$# �D�!��J !� ��-;#�"�E� &%-
",KE%, �@��@&�K�J - ��-G��+"�;� !�=�>$%;�, =��#; >����K�J "% 
�#�"+ *�>&� E��= - ��O*�; E��=���; !�=�>$�; # >$&%!%K�J =� �!-
"�';+""�D E��=%D. 

 =�>%!$%D - E%�%"���%"�; -%-���; # E%�%"���%"�; "%��E�; ;%$-
>�;%&J"# -%-��� # "%��E� -;+"G�K�J>�, % ;#"#;%&J"# – -@#&JG�K�J>� 
#- -@#&JG+""�; *�>&% E��= >�����%""� (��>. 11.5, 11.6, 11.8, 11.9). 

�&� ��-"%*+""� �=��;%&J"�E� *�>&% E��= =���#@"� -"%'�� E��-
=��# -%-��� %@� "%��E�, �$# ��-"%*%K�J>� ;%$>�;%&J"�K !��E��#*"#-
>�K -’L!"%""�, %@� E��=��# !�=�>$� $�

DT  *� $�
dT , �$# ��-"%*%K�J ��-

D�!�*� - �;�� +$�"�;#*"�� ��*"�>�# >$&%!%""�. 
��� �#�"�>�# !�=�>$#�, ��@�� =�� �D = �d, E��=��# -%-��� %@� "%-

��E� -%&�G%K�J>� =�>�#'"�;� =#! *%> =+�+D�!� �#! �!"#L� E��=� !� 
#"G�� (��>.18.5). 

�$&%!%K*� !+�%&#, =���#@"� � =�>%!$%D - "%��E�; >����K�%�� 
;%$>�;%&J"�' "%��E Nmax, � =�>%!$%D #- -%-���; – ;#"#;%&J"�' -%-
-�� Smin, - ;+��K =#!��P+""� =�%,+-!%�"�>�# -’L!"%"J. U�>&� n E��= 
>�����%""� ��-"%*%K�J -% �%$�;� /��;�&%;� (��>.18.5): 

 =�>%!$%D - "%��E�; =�� -%!%"�;� 

max max ;$� d
d

TN N T
n

� 	 �      (18.27) 

� =�>%!$%D #- -%-���; =�� -%!%"�;� 
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m min .$� d
in d

TS S T
n

� � 	      (18.28) 

 
!�. 18.5 *�
�� ��#������ �
#��
' �� $���� ��� ������ 

 % ��#�$�� (�) �%�%���� (�) ��� �D = Td 
F ��>.18.5 ���#$%L, P�: 

max max ;$� $�
d dN N T T	 � 	      (18.29) 

min min ;$� $�
d dS S T T	 � 	      (18.30) 

��&� ��$�"%�� �#!=��#!"# =+�+����+""� # =��'"��� �D = Td, �� 
*�>&� E��= >�����%""� !��#�"K�%��;+: 

d D

d D
$� $�

T T
n

T T
� � .     (18.31) 
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>$#&J$� =�� TD > Td # Td > TD E��=��# -%-��� (%@� "%��E�) -;#-
"KK�J>� =#! *%> =+�+D�!� �#! �!"#L� E��=� !� #"G��, �� �!"��#!-
"#>�J -’L!"%"J "+ -%@+-=+*�L�J>�. ��;� >+&+$���"+ >$&%!%""� !�,#-
&J"� -%>��>����%�� &�G+ =�� TD = Td. 

���$&%!. 	�-"%*��� $#&J$#>�J E��= =�� >+&+$���"�;� >$&%!%""# 
# E��=���' !�=�>$ =��G"� # E#&J-�  !��E�"%  ���-60  =��   �;��#,  
P� Smax -@ = 60 ;$;, ��-;#�� E#&J-� ! 130+0,04 ;; # =��G"� ! 130-

0,04 ;;. 
	�-"%*%L;� E�%"�*"# -%-��� � -’L!"%""# E#&J-%-=��G+"J: 

Smax = Dmax – dmin 
Smax = 130,04 – �20,96 = 0,08 ;;; 

Smin = Dmin – dmax 
Smin = 130,00 – 130,00 = 0. 

�%$ �$ Smax  > Smin, ��  "+�@D#!"� ��$�"%�� !#&+""� "% E��=�. �%$ 
�$ �D = Td, �� 

0 04 0 04 2
0 06 0 0 04 0 02
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���=���' !�=�>$ E#&J-�: 
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���=���' !�=�>$ =��G"�: 
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�+-�&J�%�� ��-�%D�"$#� =���+!+"# � �%@&.18.1. 
������� 18.1 !�%���� $���% � ������� ���$��� *5	-60 

�� $����� 
��	����, �� &���� >���� ����	����� ��-

������� >���� >�8@�� ���Q�� 
� � 0,04

0,02130�
	  0,02130	  

�� � 0,02130�  0,02
0,04130	
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18.6. ���F8������ ����	����� �8����� � �����������  
��������� 8	��>�� 

[�@ ��-�%D����%�� =&�>$# # =��>�����# ��-;#�"# &%",KE�, �D 
=����!��J !� ��E&�!� &#"#'"�D ��-;#�"�D &%",KE#�. F ,#LK ;+��K 
=��+$��K�J ��-;#�� =&�>$�E� &%",KE% "% "%=��; -%;�$%K*�E� ��-
-;#��, ��-;#�� =��>������E� &%",KE% – "% !�# (���) �-%L;�=+�=+"!-
"$�&��"# �># # ��$�"�K�J ��-�%D�"�$ ��;� >%;�;� ;+��!%;�, P� ' 
��-�%D�"�$ &#"#'"�D &%",KE#�. 

�&� =��$&%!� ��-E&�"+;� =&�>$�' ��-;#�"�' &%",KE #- -%;�$%-
K*�; ��-;#��; G�, �$�' ��-"%*%L ;#O,+"����� �#!>�%"J -�@*%>��� 
=+�+!%*# �#! $�&#"*%��E� �%&% (��>.18.6). 

���+$��K*� ��-;#�� =&�>$�E� ��-;#�"�E� &%",KE% "% "%=��; -%-
;�$%K*�� &%"$�, �!+�O�L;� �#�"�""� &#"#'"�E� ��-;#�"�E� &%",KE%: 

2 2 3 3 1 1cos cos cosA M M M% % %( � � 	 .    (18.32) 
��-�%D�"�$ =��>������D ��-;#�"�D &%",KE#� -��!��J !� ��-�%-

D�"$� =&�>$�D ��-;#�"�D &%",KE#�, =��+$��K*� ��-;#�� "% ��� 
�-%L;"�=+�=+"!�$�&��"# =&�P�"�. 
!+�O%�G� =&�>$�' ��-;#�"�' 
&%",KE, =��+$��K�J '�E� "% "%=��; -%;�$%K*�� &%"$� # !#>�%K�J 
&#"#'"�' ��-;#�"�' &%",KE, �$�' ��-�%D���K�J �O+ �#!�;�;� ;+-
��!%;�. 

18.7. ����	����� 
������� �	 ��=������� ��
��	�� 

 ;%G�"�@�!��%""# G���$� ��$���>����K�J>� $�#=&+""� � ��-
E&�!# @�&�#�, G=�&J�$ �% #". ��;� �+&�$+ -"%*+""� ;%L =�%��&J"+ 
=��-"%*+""� !�=�>$� "% ;#O,+"����# �#!>�%"# (�># ,�&#"!�#� =���#-
@"� >$���!�"��%�� #- >+�+!�"%;� G%��""�D G�'�$ $�&#"*%>��D �%-
&#�, �># G=�&J�$ @&�$� ,�&#"!�#� – - �>�;� �����#� E�&��$� @&�$�). 

F%�!%""� ��-�%D�"$� !�=�>$#� "% ;#O,+"����# �#!>�%"# – �>�%-
"����� -%&+O"#>�J ;#O -%-���; # !�=�>$%;� "% ;#O,+"����# �#!>�%"#. 

��-E&�"+;� >=#��#!"�G+""� ;#O -%-���; S # �+&�*�"�K "+>=#��-
>"�>�# �%&% # ������ 
 (��>. 18.7). ��-;#�"�' &%",KE ;%��;+ �%$�' 
��E&�!: 

2 2
,d De d S� � � �      (18.33) 

%&+ D – d = S, ��;� =#>&� =+�+����+""� ;�O"% -%=�>%�� � = 0,5S. 

>$#&J$� � �>"��� ��-�%D�"$� @+�+�J>� ;#"#;%&J"�' -%-��, �� 

0 5 min,e S�        (18.34) 




������  ���
�� 

 225

 
!�. 18.6 6��% ��%�� (�), ���C����' (�) � ����'��' (�)  

��%����� �����$� 
[�@ -"%'�� -%&+O"#>�J ;#O -%-���; # !�=�>$%;� "% ;#O,+"����# 

�#!>�%"#, ��-E&�"+;� -’L!"%""� !��D !+�%&+' -% !�=�;�E�K @�&�#� 
(��>.18.8). 

��� -’L!"%""# !+�%&+' @�&�%;� �#!>�%"J ;#O �>�;� ;�O+ -;#"K-
�%��>� �#! Lmax !� Lmin (��>.18.8, %). ��O"% -%=�>%��: 

L1max – L2min = 
1 + 
2 + 
3 + 
4.   (18.35) 
�&� =����&+O"�D E�%"�*"�D -"%*+"J (��>. 18.8 @) ;%L;�: 
L2max – L1min = 
1 + 
2 + 
3 + 
4.   (18.36) 
��!%K*� ,# �#�"�""�, �!+�O�;�: 
�L1 + �L2 = 2(
1 + 
2 + 
3 + 
4)=8
,  (18.37) 
!+ 
1 = 
2 = 
3 = 
4 = 
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!�. 18.7 "�’�%�� 
��
�#���#
#� �% %�%���� � %’A������ 

F%;#"KK*� 
 *+�+- 0,5Smin, ;�O"% -%=�>%��: 
�L1 + �L2 = 4Smin.     (18.38) 

�$P� "�;#"%&J"# ��-;#�� L �#�"#, �� 
�L1 = �L2= �L.     (18.39) 

�+-�&J�%�: 
TL=2Smin .     (18.40) 

 
!�. 18.8 6��% ���#���$� %’A������ 

�$ =�%��&�, E�%"�*"# �#!D�&+""� $���!�"�K*�D ��-;#�#� =��--
"%*%K�J >�;+���*"�;�, ��@��: 

�SL = +0,5TL = +Smin;  �IL = –0,5TL = –Smin.    (18.41) 
��� G=�&J$���;� -’L!"%""# (��>.18.9) -%-��#� S3 i S4 "+ @�!+, 

��@�� S3 = S4 =0. ��!# ;�O"% -%=�>%��: 
L1max – L2min = 
1 + 
2; 
L2max – L1min = 
1 + 
2. 
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��!%K*� ,# �#�"�""� ;%L;�: 
�L1 + �L2 = 2(
1 + 
2)=4
, 

!+ 
1 = 
2 = 
. 
F%;#"KK*� � *+�+- 0,5Smin, �!+�O�;�: 

�L1 + �L2= �L. 
��� �#�"�>�# "�;#"%&J"�D ��-;#�#� 

�L1 = �L2= �L. 
�+-�&J�%�: 

TL = Smin.        (18.42) 
��� >�;+���*"�;� ��-;#P+""# �#!D�&+"J: 
�SL = +0,5TL = +0,5Smin;  �IL = –0,5TL = –0,5Smin (18.43) 

�$ =�%��&�, $�#=&+""� !+�%&+' -!#'>"KL�J>� "+ =� !��D �����%D, 
% =� @#&JG�;� *�>&� �����#�. ��=�>$ "% ;#O,+"����# �#!>�%"# � 
,J�;� ��=%!$� -%&+O��J �#! $#&J$�>�# �����#� � ��!� # �#! �+D"�&�E#� 
�D ��E����&+""� – ��O+, �#! >=�>�@� =��>�%�&+""� ��-;#�#�: “&%"-
,KO$�;” # “>D#!,�;�” (��>.18.10). 

 
!�. 18.9 6��% ���������$� %’A������ 

�+D��K*� =+�+$�>�; �>+', ;�O"% -%;#>�J �#!>�%"+' ;#O �#>�;� 
��-E&�!%�� �#!>�%"# ;#O ,+"��%;� ,�D �����#�. ��&� ��-;#�� =��-
>�%�&+"� “&%",KO$�;” (��>.18.10%), �� ��-;#� L @�!+ -%;�$%K*�;. 

�O+, ;�O"% -%=�>%��: 

�L = �L1 + �L2 + …+ TLn-1    (18.44) 
�$P� =��'"���, P� ��-;#�� ;#O ,+"��%;� �#�"#, ��@��: 

L1 = L2 = … = Ln-1 = Li, 
��  �L = (n-1)TLi      (18.45) 
F�#!>�:  

1
.i

TLTL
n

�
	

      (18.46) 

��� -’L!"%""# !+�%&+' @�&�%;�: 
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!�.18.10 ��%���
��� ��%�����: � – ���������; � – ������� 

2
1

min .i
STL

n
�

	
     (18.47) 

��� G=�&J$���;� -’L!"%""# 

1
min .i

STL
n

�
	

     (18.48) 

�$P� ��-;#�� =��>�%�&+"� “>D#!,�;�” (��>.18.10@), �� -%;�-
$%K*�; @�!+ ��-;#� ;#O !��;% �>�%""#;� ,+"��%;� �����#�. �&� 
@�!J-�$�D ��J�D �����#� ;�O"% >$&%>�� ��-;#�"�' &%",KE #- >$&%-
!���D ��-;#�#� L1 # L2 # -%;�$%K*�E� ��-;#�� (L2 – L1). 

��!#:      �(L2 – L1) = �L1 + L2. 
	�%O%K*�, P�   �L1 = �L2 = �L#, 

;�O"% -%=�>%��: �L = 2�L#;   �L# = 0,5�L.     (18.49) 
��� @�&����;� -’L!"%""#: 

TL# = Smin.       (18.50) 
��� G=�&J$���;� -’L!"%""#: 

TL� = 0,5Smin.      (18.51) 
�%"# /��;�&� !&� ��-E&�"���D >D+; @�!��J !#'>"�;� &�G+ � 

��;� ��=%!$�, �$P� �+D"�&�E#� ��E����&+""� �����#� =��"#>�K �#!-
=��#!%L >=�>�@� =��>�%�&+""� ��-;#�#�. 
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18.8. !�������	��� ��������>� 	�	8��� ��� ������� �	Q�� 

 =��,+># +$>=&�%�%,#� ;%G�" ��-;#�� !+�%&+' -;#"KK�J>� �"%-
>&#!�$ >=�%,K�%""�. ��;� =#! *%> �+;�"�� �%O&��� �#!"��&K�%�� 
��-;#�� # >$&%!���D &%"�$, # -%;�$%K*�� &%"$�. 	#!"��&+""� �+;�"-
�"�D &%",KE#� ;�O"% -!#'>"K�%�� -% �%D�"�$ >$&%!���D &%"�$ !� 
�D "�;#"%&J"�D ��-;#�#�. �&+ � ;%G�"%D &%"$� -!+@#&JG�E� �-%L;�-
-�'�-%"#, # =��>�+ �#!"��&+""� -’L!"%"J, �$# L &%"$%;� &%",KE%, "+ 
!%L @%O%"�D �+-�&J�%�#�. �%=��$&%!, ;�O"% -%;#"��� �># !+�%&# 
$����G�="�-G%��""�E� ;+D%"#-;� !+�%&�;� "�;#"%&J"�D ��-;#�#�, 
%&+ �$P� "+ �#!"����� ;#O�>J���� �#!>�%"# ,�&#"!�#� @&�$% # "+ �--
E�!��� ,# ��-;#�� - =�&�O+""�; $�&#"*%>��E� �%&%, �� >=�%,K�%""� 
!+�%&+' ,J�E� ;+D%"#-;� � *%># =��D�!���;+ "% 50% #"�+">��"#G+, 
"#O � "���;� !��E�"#. F ,J�E� =��$&%!� ���#$%L, P� �$P� "+D���%�� 
�#!"��&+""�; ��-;#�"�D &%",KE#�, �� "#�$# -%=%>"# *%>��"� "+ !�-
=�;�O��J. ��&� ��%D��%��, P� "% ����@"�,��# -%=%>"�D *%>��" 
=�%,KL @&�-J$� 1,5 ;&". ��@#�"�$#�, % "% ��=�>$ -%=%>"�D *%>��" 
P��#*"� ����%*%L�J>� 10 ;&". ��" ;+�%&�, �� >�%"+ -��-�;#&�;, �$+ 
�%O&��+ -"%*+""� ;%L �#!"��&+""� ��-;#�"�D &%",KE#� !&� =#!��-
P+""� "%!#'"�>�# !��E��#*"�>�#, >�#'$�>�# =���� >=�%,K�%""� # !&� 
-"�O+""� >�@#�%���>�#. 

 @#&JG�>�# ��=%!$#� ��*"#>�J -%;�$%K*�� &%"$� ;�O"% �#!"�-
���� -;#"KK*� ��-;#� �!"#L� %@� !��D &%"�$. �% 
��>.18.11 -�@�%O+"� ��-;#�"�' &%",KE, �$�' ��-"%*%L =�&�O+""� 
>+�+!�"� G%��""�� G�'$� �#!"�>"� @%-���� =��+�D"# @&�$%.  =��-
,+># >=�%,K�%""� ��-;#�� G2 # G3 -;#"KK�J>�: ��-;#� 
G2 -@#&JG�L�J>�, % ��-;#� G3 -;+"G�L�J>�. I# ��-;#�� -;#"KK�J>� 
�%$�O =�� G&#/��%""# �%&%. 

>+ ,+ >=�����KL ��-;#� G1. 	#!"����� =�*%�$���' ��-;#� ;�O-
"% -;#"KK*� ��-;#� G3, ��@�� ���P�"� �=��"�E� @���% =’���E� $�-
�#""�E� =#!G�="�$%. 

�"%&�E#*"# �+-�&J�%�� ;�O"% �!+�O%�� %"%&#-�K*� #"G# =�!#@"# 
��-;#�"# &%",KE�. F%�!%""� =�&�E%L � ��;�, P�@ � =��,+># ��-;#�-
"�E� %"%&#-� ��E� *� #"G�E� ;+D%"#-;� -"%'�� &+E$� �#!"��&K�%"� 
&%"$�, -;#"KK*� ��-;#�� �$�� ;�O"% �#!"����� ��*"#>�J -%;�$%K-
*�� &%"$�. 
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!�.18.11 !�%�����' �����$, C� ��%����A �����
���  

�������#�$� ���� � ������� �������� 
 



��#��$ III.  
(��&�;&� !'���\!"&&G 

+$"!" 19. �%&�!' (��&�;&'� !'���\!"&2 

19.1. ������� ��� ������ 

��A��U���� 	����Z	������ "%-��%K�J>� ��;#�K�%""� 
- !�=�;�E�K =+�"�D ;+��!#� # -%>�@#� �#-"�D /#-�*"�D �+&�*�". 
	�;#�K�%""� –�>"��% "%�$���D -"%"J. 	�"� =���#@"# !&� -%@+-=+-
*+""� �$�>�# ����@#�, �-%L;�-%;#""�>�# !+�%&+' # ��-&#�, �!�>$�"%-
&+""� �+D"�&�E#� ����@"�,��%, '�E� %���;%��-%,#� # >�%"!%���-%,#�. 
�#!$�+>&KK*� ��&J ��;#�K�%"J, �>"���=�&�O"�$ "%�$� ;+���&�E#� 
�.�. �+"!+&LL� >$%-%�: “	 =����!+ ;+�% � �+> >��J E&%�"�E� ���!�� 
=�-"%"��. �%�$% "%*�"%+�>� ��E!%, $�E!% "%*�"%K� �-;+���J”. 

F ��-���$�; "%�$� # �+D"#$� ��;#�K�%""� �>+ �>$&%!"KK�J>�, 
=#!��P�L�J>� ��*"#>�J �D, =#!��P�L�J>� $#&J$#>�J ��;#�K�%"J. �#! 
��;#�K�%&J"�K �+D"#$�K ��-�;#K�J "+ �#&J$� �+D"#*"# -%>�@�, - 
!�=�;�E�K �$�D ��$�"�K�J ��;#�K�%""�, % # �+D"#$� =���+!+""� 
��;#�K�%"J. ����+@% � G���$#' #"/��;%,#�, � ��-"%*+""# "���D =%-
�%;+��#� ��$&�$%L >����+""� "���D ��;#�K�%&J"�D -%>�@#� # -@#&J-
G+""� �D ��=�>$�. 

	 #"�+�+>%D $�O"�� $�%�"�, � �-%L;��#!"�G+""�D ;#O $�%�"%;� 
"+�@D#!"# �-E�!O+"#>�J �+-�&J�%�#� ��;#�K�%"J # �!"�;%"#�"#>�J 
�!�"�,J ��;#�K�%"�D �+&�*�". 

���%""�;� �+��#� # =�%$��$� -%@+-=+*+""� L!"�>�# ��;#�K�%"J, 
-%';%L�J>� ;+���&�E#�, P� L "%�$�K =�� ��;#�K�%""�, =�� ;+��!� # 
-%>�@� -%@+-=+*+""� �D L!"�>�# (�!"%$���>�#) # =�� >=�>�@� !�>�E-
"+""� =���#@"�� ��*"�>�#. 

“�+���&�E#�” � =+�+$&%!# - E�+,J$�� �-"%*%L “"%�$% =�� ;#��”. 
F%�!%""� >�*%>"�� ;+���&�E#� – �>�%"��&+""� # �#!����+""� � ��E&�-
!# +�%&�"#� �!�"�,J ��;#��, ��-��@$% -%>�@#� # ;+��!#� ��;#�K�%"-
"�, ��-��@$% ;+��!#� =#!��P+""� ��*"�>�# ��;#�K�%""�, ��-��@$% 
;+��!#� =#!��P+""� ��*"�>�# ��;#�K�%"J, ��-��@$% >=�>�@#� =+�+-
!%�%""� ��-;#�� �!�"�,# ��;#�#� �#! +�%&�"% !� ����@�. 


>�@&���>��;� "%�$���-�+D"#*"�E� =��E�+>� � ;+���&�E#� L 
�>��L""� ��;#�K�%""� "���D �+&�*�" # ��-G��+""� !#%=%-�"#� ��-
;#�K�%""� �>#D �+&�*�". �%=��$&%!, �$P� �%"#G+ !�>�%�"J� @�&� 
��;#�K�%�� �+;=+�%���� !� 10000� # ��>$ �#! 1·103 !� 1·109 �%, �� � 
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"%G *%>, #- >����+""�; "���D ;%�+�#%&#� # -��>�%""�; ��;�E ����@-
"�,��%, "+�@D#!"� ��;#�K�%�� �+;=+�%���� - ��*"#>�K !� !+$#&J$�D 
;#&J'�"#� E�%!�>#� # ��>$ – �#! 1·10-14 !� 1·1010 �%. �#!��P+""� ��&# 
��;#�K�%""� � >�*%>"�;� ����@"�,��# =��-��!��J !� -@#&JG+""� 
*%>�$� ����%� "% ��;#�K�%&J"� �+D"#$�. 	%��#>�J �>J�E� ��;#�K�%-
&J"�E� # ��=��@��%&J"�E� �@&%!"%""� � $�%�"# !�>�E%L !+$#&J$�D 
!+>��$#� ;#&J��!#� E���+"J. 

��O"% ��!#&��� ��� E�&��"# /�"$,#� ��;#�K�%"J � "%��!"�;� 
E�>=�!%�>��#: �@&#$ =��!�$,#�; ��;#�K�%""� - ;+��K $�"���&K # �+-
E�&K�%""� �+D"�&�E#*"�D =��,+>#�. 

�&� ��;#�K�%""� /#-�*"�D �+&�*�" �%O&��+ -"%*+""� ;%L ��@#� 
�!�"�,J ��;#��. 


!�"�,+K ��;#�� /#-�*"�� �+&�*�"� "%���%L�J>� �+&�*�"%, �$�, 
-% -E�!�K, �-��� -% �>"��� !&� $#&J$#>"�� �,#"$� �+&�*�", �!"�-
�#!"�D - !%"�K �+&�*�"�K � �$#>"�;� �#!"�G+""#. 
>"��"+ �#�"�"-
"� ��;#�� ;%L �%$�' ��E&�!: 

Q = q ) H,      (19.1) 
!+ Q – ��;#�K�%"% �+&�*�"%, q – *�>&��+ -"%*+""� ��;#�K�%"�� 

�+&�*�"� � =��'"���D �!�"�,�D, � – �!�"�,� ��;#��. 
U%>�� -%;#>�J -"%D�!O+""� *�>&���E� -"%*+""� �+&�*�"� =+�+-

�#��K�J, *� =+�+@��%L -"%*+""� ,#L� �+&�*�"� � �>�%"��&+"�D ;+-
O%D. ���,+> �!+�O%""� �% �@��@$� #"/��;%,#� =�� �@’L$�, % ;+��K 
��-"%*+""� '�E� =��!%�"�>�# "%-��%L�J>� $�"���&+;. 

F% >=�>�@�; �!+�O%""� *�>&���E� -"%*+""� �># ��;#�K�%""� !#-
&��J>� "% =��;#, "+=��;#, >�$�="# # >�;#>"#. 

���;�;� "%-��%K�J �%$# ��;#�K�%""�, =�� �$�D *�>&��+ -"%-
*+""� ��;#�K�%"�� �+&�*�"� �>�%"��&KK�J �"%>&#!�$ �!"�E� >=�-
>�+�+O+""� %@� �#!&#$�, "%=��$&%!: ��;#�K�%""� !��O�"� – &#"#'-
$�K, �+;=+�%���� – �+�;�;+���;. ���;# ��;#�K�%""� L �>"���K 
>$&%!"#G�D ��!#� ��;#�K�%"J. 

�+=��;�;� "%-��%K�J>� ��;#�K�%""�, �$# ��$�"�K�J>� =��;�; 
��;#�K�%""�; �+&�*�", -�’�-%"�D - ��;#�K�%"�K �+&�*�"�K =+�-
"�K -%&+O"#>�K (-"%D�!O+""� �@’L;� ,�&#"!�% -% �+-�&J�%�%;� 
��;#�K�%"J '�E� !#%;+��% # ��>���). 

��$�="�;� "%-��%K�J>� ��;#�K�%""�, =�� �$�D ��$�"�K�J "+-
=��;# ��;#�K�%""� �!"�*%>"� !+$#&J$�D �+&�*�", >$&%!%K�J # �+-+�-
��K�J >�>�+;� �#�"�"J # -"%D�!��J �+-�&J�%� ��;#�K�%"J. �%=��$&%!, 
� "%@��# E�� ��-"%*%K�J ;%>� �$�+;�D E�� -% �#!�;�K ;%>�K �!"#L� 
E��# # -% �+-�&J�%�%;� =��;�D =��#�"�"J ;%> �#-"�D =�L!"%"J E��. 



��������  ����	����� 

 233

��;#>"# ��;#�K�%""� – ,+ �!"�*%>"� ��$�"��%"# =��;# *� "+-
=��;# ��;#�K�%""� !+$#&J$�D �!"�';+""�D �+&�*�" - ;+��K -"%-
D�!O+""� /�"$,#�"%&J"�� -%&+O"�>�# ;#O "�;� ("%=��$&%!, ��-"%-
*%K�J -%&+O"#>�J !��O�"� �#&% �#! -;#"� �+;=+�%����). 

�%"#G+ �!�"�,# ��;#�� /#-�*"�D �+&�*�" �@��%&�>� !��#&J"� # 
"+-%&+O"� �!"% �#! �!"��. ����+ - ��-���$�; ;+���&�E#� @�&� �>�%-
"��&+"�, P� �%,#�"%&J"#G�; L �%$�' ��@#�, $�&� !+�$# �!�"�,# 
�@��%K�J "+-%&+O"�, % �+G�� �>�%"��&KK�J - ��%D��%""�; =+�"�D 
-%$�"�;#�"�D -�’�-$#� ;#O /#-�*"�;� �#&%;�. 
!�"�,# ��;#��, �$# 
�>�%"��&+"� "+-%&+O"� �!"% �#! �!"��, "%-��%K�J>� �>"��"�;�, % 
�#, �$# ��-"%*+"� -% !�=�;�E�K �#�"�"J, – =�D#!"�;�. 

��$�="#>�J �>"��"�D # =�D#!"�D �!�"�,J �����KL >�>�+;� �!�-
"�,J ��;#�K�%""�. 


>"��% ;%'O+ �>#D #>"�K*�D >�>�+; ��;#�K�%""� – ;+���*"% 
>�>�+;% ;#�, =��'"��% � W�%",#� "%=��$#",# AVY >�. F =����!� ,#L� 
>�>�+;� �.�. �+"!+&LL� =�>%�: “F"%'!+;� O # "% "%G�;� >$��;"�;� 
=�=��P# ;�O&��#>�J =�G��+""� ;+���*"�� >�>�+;� # ,�; =�>=���-
L;� -%E%&J"#' $���>�# # ;%'@��"J�;� @%O%"�;� -@&�O+""K "%��!#�. 
�+>$���, =����D�, %&+ ��"� �@��'�-$��� =��'!+. �#!+;� O '�;� "%-
-�>��#*”. 


!"#LK #- =+�G�D ;+���*"�D >�>�+; @�&% >�>�+;% ��� - �>"�-
�"�;� �!�"�,�;� ��;#��: ;+��, $#&�E�%;, >+$�"!%. �>"��%&� �%$�O 
>�>�+;� ���A (!�!%L�J>� �!�"�,� >�&� >���;� – %;=+�) # ���� 
(!�!%L�J>� �!�"�,� �+;=+�%���� – E�%!�>). 

�%��"#>�J !+$#&J$�D >�>�+; �!�"�,J ��;#�� >����KL "+-��*"�>-
�# � -�’�-$� - "+�@D#!"#>�K =+�+�%D�"$� - �!"#L� >�>�+;� "% #"G�. 
��;� ��"�$&% =���+@% >����+""� �"#�+�>%&J"�� >�>�+;� �!�"�,J 
!&� $���>���%""� � �>#D E%&�-�D "%�$� # �+D"#$� � ;#O"%��!"�;� 
;%>G�%@#. 

19.2. ��=�	��
�	 ������	 �
���@ 

 1960 �. "% XI �+"+�%&J"#' $�"/+�+",#� =� ;#�%D # �%E%D @�&� 
=��'"��� ;#O"%��!"� >�>�+;� �!�"�,J ��;#�� SI (��), P� �-"%*%L: 
“>�>�+;% #"�+�"%,#�"%&J"%”. I� >�>�+;% – "% >J�E�!"# "%'!�>$�"%-
&#G% /��;% ;+���*"�� >�>�+;� ;#�. 	�"% ;%L �%$# =+�+�%E�: 

- �"#/#$%,#� �!�"�,J /#-�*"�D �+&�*�" !&� �#-"�D ��!#� ��;#-
�K�%"J; 

- -;+"G+""� =���+@� � -%>��>��%""# @�!J-�$�D #"G�D �!�"�,J; 
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- �-E�!O+"#>�J >�>�+;�, -%�!�$� *�;� =�&+EG�L�J>� ���*+""� 
/#-�*"�D -%$�"�;#�"�>�+'; 

- >=��P+""� �=+�%,#' =� ��-�’�-%""K �#�"�"J, ��$�"%""K ��--
�%D�"$#�. 

	 $�%�"# - 1963 �. ��+!+"% !&� =+�+�%O"�E� -%>��>��%""� �#O-
"%��!"% >�>�+;% �!�"�,J ��;#�K�%""� �� (SI). 

�� >�>�+;� �� �D�!��J >#; �>"��"�D # ,#&�' ��! =�D#!"�D �!�-
"�,J ��;#��. 


>"��"# �!�"�,# ��;#��: 
�!�"�,� !��O�"� – ;+�� (m, ;); 
�!�"�,� ;%>� – $#&�E�%; ($g, $E); 
�!�"�,� *%>� – >+$�"!% (s, >); 
�!�"�,� >�&� +&+$���*"�E� >���;� – %;=+� (�, �); 
�!�"�,� �+�;�!�"%;#*"�� �+;=+�%���� – E�%!�> �+&J�#"% (�, �); 
�!�"�,� >�&� >�#�&% – $%"!+&% (>d, $!); 
�!�"�,� $#&J$�>�# �+*���"� – ;�&J (mol, ;�&J). 
�+�$# =�D#!"# �!�"�,# ��;#��: 
�!�"�,� >�&� – "JK��" (N, �); 1 $E = 9,80625 �; 
�!�"�,� ��@��� – !O��&J (G, �O); 1 �O = 1�·1�; 
�!�"�,� =���O"�>�# – 	%� (W, 	�); 1	� = 1�O: 1>; 
�!�"�,� ��>$�, ;+D%"#*"�� "%=��E� – =%>$%&J (�%, �%), 1�% = 1�: 

1;2; 
�!�"�,� +&+$���*"�� "%=��E� – ��&J� (V, 	), 1	 = 1	�: 1�; 
�!�"�,� +&+$���*"�E� �=��� – �; (�, 
;), 1
; = 1	�: 1�; 
�!�"�,� $#&J$�>�# +&+$���$� – $�&�" (�, �& ), 1�& = 1� · 1>. 
	 ��-�%D�"$%D =���#@"� ��@��� =+�+D#! �#! >�%��D =�-"%*+"J 

�!�"�,J !� =�-"%*+"J � ��.  �%=��$&%!: 1 $. >. = 735,499 	�; 1 ;; 
��. >�. = 133,3 �%; 1 $E/;;2 = 1·106 �/;2 = 1·106�% = 1��%. 

19.3. ?8	��<��	�� ����
�� � �	��F�� �������	�@ 

�+��! ��;#�K�%""� – ,+ >�$�="#>�J -%>�@#� # =��'�;#� !&� ��-
;#�K�%""� �$��-"+@�!J �+&�*�"�. �+��!� # -%>�@� ��;#�K�%"J �@�-
�%K�J>� - ��%D��%""�; �%$�D /%$���#�: ��;#�K�%"% �+&�*�"% – =�-
>�#'"% *� -;#""%, ��=%!$��% *� "+��=%!$��%, ��D�;% *� "+��D�;%? 

�>"�K�J �%$# ;+��!� ��;#�K�%""�: @+-=�>+�+!"� �,#"$%, =��#�-
"�""� - ;#��K, =����>�%�&+""�, !�/+�+",#'��%"�', "�&J���', -%-
;#P+""�, -@#E (�
�� 16263-70). 

�+��! @+-=�>+�+!"J�� �,#"$� – ,+ ��-"%*+""� �+&�*�"� @+-=�-
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>+�+!"J� -% �#!&#$���; =��>���L; ��;#�K�%&J"�E� =��&%!� =��;�� 
!#�. ���$&%! – ��;#�K�%""� -��"#G"J�E� ��-;#�� !+�%&+' ;#$��;+-
���;. �+��! =��#�"�""� - ;#��K – ,+ =��#�"�""� ��;#�K�%"�� �+-
&�*�"� - �+&�*�"�K, �$% �#!����KL ;#�� (��>.19.1). �%=��$&%!, 
P�@ ��;#���� ��-;#� � !+�%&# 1 ;#"#;+�� 2 -%$�#=&KK�J � >���"$�. 
���#&$� ;#"#;+��% �>�%"��&KK�J "% "�&J =� @&�$� $#",+��D ;#� 3, 
��>��% G �$�E� !��#�"KL "�;#"%&J"#' ��>��# � ��;#�K�%"�� !+�%&#. 
�#'>"�' ��-;#� !��#�"KL: � = G " �. ��� ��*"#>�J ��-;#�� � ��@-
&��J ��>"���$ -% �#!D�&+""�; ±� >��#&$� ;#"#;+��% �#!"�>"� "�-
&J���E� =�&�O+""�. 

 
!�. 19.1 *�
�� �
#��� ���������� % ����� 

�+��! =����>�%�&+""� – ,+ �%$+ =��#�"�""� - ;#��K, =�� �$�;� 
�+&�*�"% ��;#�K�%"% # �+&�*�"% �#!����K�%"% ;#��K �!"�*%>"� 
!#K�J "% =��$&%! =��#�"�""�. F% !�=�;�E�K =��$&%!� �>�%"��&K-
K�J >=#��#!"�G+""� ;#O ,�;� �+&�*�"%;�. 

��/+�+",#'��%"�' ;+��! – ,+ =��#�"�""� - ;#��K, =�� �$�;� "% 
��;#�K�%&J"�' =��$&%! !#L �#-"�,� ��;#�K�%"�� �+&�*�"� # �#!�-
;�� �+&�*�"�, �#!����K�%"�� ;#��K. 

��&J���' ;+��! – ,+ =��#�"�""� - ;#��K, =#! *%> �$�E� +/+$� !#� 
�+&�*�" "% =��$&%! =��#�"�""� !���!��J !� "�&�. 

�+��! -%;#P+""� – ,+ �%$+ =��#�"�""� - ;#��K, $�&� ��;#�K�%-
"� �+&�*�"� -%;#"KK�J �#!�;�K �+&�*�"�K, �$� �#!����KL ;#�%. 
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�+��! >=#�=%!%""� – ,+ �%$+ =��#�"�""� - ;#��K, $�&� �#-"�,K 
;#O ��;#�K�%"�K �+&�*�"�K # �+&�*�"�K, �$� �#!����KL ;#�%, ��-
;#�KK�J, ��$���>����K*� >=#�=%!%""� =�-"%*�$ G$%& %@� =+�#�-
!�*"�D >�E"%&#�. 

F%>��>��%""� ,�D ;+��!#� ��;#�K�%""� =+�+!@%*%L ��$���>�%"-
"� �#!=��#!"�D -%>�@#� ��;#�K�%""�. 

F%>#@ ��;#�K�%""� – ,+ �+D"#*"�' -%>#@, �$�' ��$���>����L�J>� 
!&� ��;#�K�%"J # ;%L "��;��%"# ;+���&�E#*"# �&%>����>�#. �$#>�J 
��;#�K�%"J -%&+O��J �#! E�%;��"�E� ��$���>�%""� -%>�@#� ��;#�K-
�%""�, �#! -"%""� �D �&%>����>�+'. 	 =+�G� *+�E� =���#@"� -"%�� 
$&%>�/#$%,#K -%>�@#� ��;#�K�%"J, �D ;+���&�E#*"# D%�%$�+��>��$�, 
=�D�@$� -%>�@#� ��;#�K�%"J # =��*�"� �D ��"�$"+""�. 

F%>�@� ��;#�K�%"J "+ =���""# �"�>��� =�;�&�$ � -"%*+""� ��-
;#�K�%"�D "�;� �+&�*�", % �$P� ,J�E� "+ ;�O"% �"�$"���, �� =+-
�+!@%*%L�J>� ;�O&��#>�J ��%D��%""� %@� ��$&K*+""� ,�D =�;�&�$ 
�#!=��#!"�;� =��'�;%;�. 

F%>�@� ��;#�K�%"J �#!=��#!"� !� �+�O%�"�� >�>�+;� ��;#�K-
�%"J (��	) =#!��-!#&�K�J "% �%$# E��=�: +�%&�"�, -�%-$��# ;#�� # 
=��&%!�, ����@"�*# ;#�� # =��&%!�. ��%&�"� – ,+ ;#�� # =��&%!�, 
=��-"%*+"# !&� �#!����+""� # -@+�#E%""� @�!J-�$�� �+&�*�"� - "%'-
��P�K ��*"#>�K. �� "�D "%&+O%�J: !+�O%�"�' +�%&�" ;+��%, +�%-
&�""# "%@��� $#",+��D ;#� !��O�"�. 

F�%-$��# ;#�� # =��&%!� =��-"%*%K�J>� !&� =+�+�#�$� # E�%!�K-
�%""� &%@��%���"�D # -%��!>J$�D ;#�. 

	���@"�*# ;#�� # =��&%!� =��-"%*%K�J>� !&� =+�+�#�$� ����@#� 
� �;��%D ����@"�,��%. 

F% D%�%$�+��; ��$���>�%""� � ����@"�*�;� =��,+># -%>�@� ��-
;#�K�%"J !#&��J "% ;#��, ��;#�K�%&J"# =��&%!� (#">���;+"��) # $%-
&#@��. 

+$"!" 20. �%&�!&� ��(��$�+�;&� ��?"#&'?' (�-
;&�%(� ��#/$2("(�! !'���\!"&2 � ?�&(��$\ 

20.1. �����8�>���� ���	����� �	��F�� �������	��� 

	�@��%K*� -%>�@� ��;#�K�%"J, =���#@"� ��%D����%&� �%$# ;+�-
��&�E#*"# =�$%-"�$�. 

�#%=%-�" =�$%-%"J – ,+ �@&%>�J -"%*+"J G$%&�, �@;+O+"% $#",+-
��; # =�*%�$���; -"%*+""�;� G$%&� (��>.20.1). �%=��$&%!, !&� �+-
���$%&J"�E� �=��;+��% ��	 !#%=%-�" =�$%-%"J >�%"����J ± 0,08 ;;. 
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�#%=%-�" ��;#�K�%"J – ,+ �@&%>�J -"%*+"J ��;#�K�%"�� �+&�*�-
"�, !&� �$�� "��;�K�J>� !�=�>��;# =�D�@$� -%>�@#� ��;#�K�%"J. 
�%$, !&� �=��;+��% ��	 !#%=%-�" ��;#�K�%"J >�%"����J 0...200 ;;. 

I#"% !#&+""� G$%&� – ,+ �#-"�,� -"%*+"J �+&�*�"�, �#!=��#!"�D 
!� !��D >�>#!"#D =�-"%*�$ G$%&� (!&� �=��;+��% ��	 – 1 ;$;). 

��*"#>�J ��;#�K�%"J – ,+ �$#>�J ��;#�K�%"J, �$% �#!�@�%O%L, "%-
>$#&J$� �+-�&J�%�� ��;#�K�%"J @&�-J$# !� #>��""�E� -"%*+""� ��;#-
�K�%&J"�� �+&�*�"�. U��&��#>�J ��;#�K�%&J"�D =��&%!#� – ,+ �#!-
"�G+""� ��;#�K�%""� >�E"%&� "% ��D�!� ��;#�K�%&J"�E� =��&%!� 
!� �#L� %;#"� ��;#�K�%&J"�� �+&�*�"�, �$% ��$&�$%&% ,+' >�E"%&. 

��%@#&J"#>�J -%>�@� ��;#�K�%""� – ,+ -!%�"#>�J "+ -;#"K�%�� � 
*%># '�E� ;+���&�E#*"�D D%�%$�+��>��$ (=�$%-%"J). 

��D�@$% ��;#�K�%"J – ,+ �#!D�&+""� �+-�&J�%�� ��;#�K�%""� 
�#! !#'>"�E� -"%*+""� ��;#�K�%"�� �+&�*�"�. 

��=�%�$% – ,+ �+&�*�"%, �$� =���#@"� %&E+@�%�*"� !�!%�� !� 
=�$%-%""� ��;#�K�%&J"�E� =��&%!�, P�@ !#>�%�� �%$+ -"%*+""� ��-
;#�K�%&J"�� �+&�*�"�, �$+ L "%'@&�O*�; !� !#'>"�E� -"%*+""�. 

��� $�">���K�%""# -%>�@#� ��;#�K�%""� =�%E"��J, P�@ =�D�@$% 
��;#�K�%""� @�&% "%';+"G�K, % #"G# ;+���&�E#*"# =�$%-"�$� -%-
>�@#� ��;#�K�%"J – � -%�!%"�D E�%"�,�D. �&� ,J�E� =�L!"�K�J �+-
&�$# =+�+!%��*"# �#!"�G+""� - =��>����K # �+D"�&�E#*"#>�K $�">-
���$,#�. ����#@"� �%$�O, P�@ !+, ;�O&���, "% �!"#' =��;#' ��-;#-
P��%&�>J �># G$%&� =��&%!� # $�">���'��%"�' ��-;#� !+�%&#, �$% 
=+�+�#��L�J>�. �$P� ,#L� �;��� "+ !�!+�O�K�J, �� =+�+$#> # "+=%�%-
&+&J"#>�J "%=��;"�D ��;#�K�%&J"�E� =��&%!� =��-��!��J !� -"%*-
"�D =�D�@�$ � ��;#�K�%""#. 
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!�. 20.1 *�
�� ����
��� �
#����$����� ����%����� ������� 

F%E%&J"�K D%�%$�+��>��$�K -%>�@#� ��;#�K�%""�, �$% ��-"%*%-
L�J>� E�%"�*"� !�=�>��;�;� =�D�@$%;�, % �%$�O #"G�;� �&%>����-
>��;�, P� �=&��%K�J "% ��*"#>�J, ��%O%L�J>� $&%> ��*"�>�# (�
�� 
8.401-80). 

�&%> ��*"�>�# D%�%$�+��-�L �&%>����>�# -%>�@#� ��;#�K�%""�, 
%&+ "+ ;�O+ @��� =�$%-"�$�; ��*"�>�# =���+!+"�D ��;#�K�%"J, ��-
;� P�, ��-"%*%K*� =�D�@$� ��;#�K�%""�, =���#@"� ��%D����%�� 
P+ ' =�D�@$� ;+��!�, "%>���'$� �% #". 

20.2. ����F�� ����8@�	�� �������	�@ 

�$P� !#'>"+ -"%*+""� �+&�*�"� =�-"%*��� *+�+- Q, =�D�@$� *+-
�+- �, �� �+-�&J�%� ��;#�K�%""� U !��#�"K�%��;+: 

U = Q + �,     (20.1) 
��D�@$% ��;#�K�%""� ���%O%L�J>� %@� � �!�"�,�D ��;#�� (%@-

>�&K�"% =�D�@$%), %@� � *%>�$%D *� =��,+"�%D �#! -"%*+""� ��;#-
�K�%"�� �+&�*�"� (�#!"�>"% =�D�@$%). F%&+O"� �#! D%�%$�+�� �D 
=����� =�D�@$� !#&��J>� "% >�>�+;%��*"#, ��=%!$��# # E��@#. 
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��>�+;%��*"% =�D�@$% – ,+ >$&%!��% =�D�@$% ��;#�K�%""�, �$% 
@��%L =�>�#'"�K, %@� -%$�"�;#�"+ -;#"KL�J>� =�� =�����"�D ��;#-
�K�%""�D �!"#L� ' �#L� >%;�� �+&�*�"�. ��>�+;%��*"% =�D�@$% �> 
"��;�L�J>� E�%"�*"�K =�D�@$�K �>. D. # >+�+!"#; $�%!�%��*"�; �#-
!D�&+""�; 
 (�>). 


>"��"# =��*�"� ��"�$"+""� >�>�+;%��*"�D =�D�@�$ – =�D�@-
$� #">���;+"�#� %@� ;+��!� ��;#�K�%"J, #"!��#!�%&J"# �>�@&���>�# 
+$>=+��;+"�%���%. 

	�=%!$��% =�D�@$% – ,+ �%$% >$&%!��% =�D�@$% ��;#�K�%""�, 
�$% -;#"KL�J>� ��=%!$��� =�� =�����"�D ��;#�K�%""�D �!"#L� ' �#-
L� >%;�� �+&�*�"�. 	�=%!$��% =�D�@$% ��  "��;�L�J>� �� E�%"�*"� 
!�=�>��;�; -"%*+""�; 
 ( �� >). 

	�=%!$��# =�D�@$� "+ ;�O"% ��$&K*��� - �+-�&J�%�� ��;#�K-
�%"J. ����+ �D �=&�� ;�O"% -;+"G��� =�� �@��@,# �+-�&J�%�#� ��-
;#�K�%"J. F"%*+""� ��=%!$���D =�D�@�$ -%&+O%�J �#! ��*"�>�# 
=��&%!� # !�>�#!*+"�>�# +$>=+��;+"�%���%.  ;+D%"#*"�D =��&%!%D 
!� =���� ��=%!$���D =�D�@�$ =��-��!��J -%-��� � &%"$%D $#"+;%-
��*"�E� &%",KE% ;+D%"#-;� =��&%!� �% #"G# =�!#@"# =��*�"�. F"%-
*+""� ��=%!$���D =�D�@�$ -%-!%&+E#!J �>�%"����� "+;�O&���, %&+ 
;�O"% ��-"%*��� ';��#�"#>�J �D =����. �&� ,J�E� =���#@"� -"%�� 
-%$�" ��-=�!#&� ��=%!$���D =�D�@�$. 

U�>&��# D%�%$�+��>��$� =�D�@�$ ��;#�K�%""� =��'"��� ���%-
O%�� >+�+!"#; %��/;+��*"�; X , >+�+!"#; $�%!�%��*"�; 
 # E�%"�-
*"�; �lim -"%*+""�;� ��=%!$���D =�D�@�$. 

�+�+!"L %��/;+��*"+ -"%*+""� �+-�&J�%�#� ��!� >=�>�+�+O+"J 
��-"%*%L�J>� �#�"�""�;: 

1 ,

�

i i
i

x n
X

N
��
�

      (20.2) 

!+ X  – -"%*+""� �$�+;�D ��=%!$���D �+&�*�"; n# – *�>&� =���� 
��=%!$���� �+&�*�"�; N – -%E%&J"+ *�>&� ��=%!$���D �+&�*�"; � – 
*�>&� #"�+��%&#� E��=��%""�. 

�+�+!"� $�%!�%��*"% =�D�@$% ��!� ��;#�K�%"J !��#�"KL: 
2

1
( )

�

i
�

x x

N

 �

	
�
�

.     (20.3) 

��%"�*"% =�D�@$% >�%"����J: 
�lim = ±3
.      (20.4) 
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���@�;� "%-��%K�J =�D�@$�, �$# -"%*"� =+�+��P�K�J >�>�+;%-
��*"# %@� ��=%!$��# =�D�@$�. �O+�+&�; E��@�D =�D�@�$, �$ =�%��-
&�, L =�;�&$�, P� �D !�=�>��� >=�>�+�#E%* =#! *%> ��;#�K�%"J ("+-
=�%��&J"�' �#!&#$ -% G$%&�K =��&%!�, =�;�&$���' -%=�> �+-�&J�%-
�#� >=�>�+�+O+"J # �. !.). ���@# =�D�@$� =��-��!��J !� >=�����+""� 
�+-�&J�%�#� ��;#�K�%"J, # �D =���#@"� ��$&K*%��. �>"�L !+$#&J$% 
$���+�#�� ��$&K*+""� E��@�D =�;�&�$. �%'=��>�#G�' – $���+�#' 
3
; >��J '�E� =�&�E%L � ��;�, P� �#!$�!%K�J>� �+-�&J�%��, �$# ;#>-
���J =�D�@$� =�"%! 3
. I+' ;+��! -%>��>���L�J>� =�� �+&�$�;� *�-
>&# >=�>�+�+O+"J. 

��;%�"� =�D�@$� ��;#�K�%"J =�� "��;%&J"�;� -%$�"# ��-=�!#-
&� ;�O"% ��-"%*��� �%$: 

22 2

1
3. ( ) ,

n

 D D n
i

D D
(
�

* +� � � � �, - ��     (20.5) 

!+ �>. D – E�%"�*"� !�=�>��;% >�>�+;%��*"% >$&%!��% =�D�@$%; 
( )D
 �� – E�%"�*"� !�=�>��;+ >+�+!"L $�%!�%��*"+ �#!D�&+""� ��=%-

!$���� >$&%!���� =�D�@$�; Dn – E�%"�*"� !�=�>��;# !�!%�$��# %@>�-
&K�"# =�D�@$� (�#! �=&��� -��"#G"#D !+>�%@#&#-�K*�D /%$���#�, !�-
!%�$���D =��>����� # �. !.); n – $#&J$#>�J ��%D��%"�D =�D�@�$. 

20.3. ���=	��	 ������	 �	F��������� J
����� �������	�@ 

�&� -%@+-=+*+""� =��",�=� �-%L;�-%;#""�>�# !+�%&+' =���#@"�, 
P�@ �># =#!=��L;>��% ;%&� L!�"# -%>�@� ��;#�K�%"J. 

M!"#>�J ��;#�K�%"J – ,+ �%$�' >�%" ��;#�K�%"J, -% �$�E� �D �+-
-�&J�%�� ���%O+"� � �-%$�"+"�D �!�"�,�D, % =�D�@$� ��;#�K�%"J 
�#!�;� #- -%!%"�K ';��#�"#>�K. 

���@&+;� L!"�>�# ��;#�K�%"J >��>�K�J>� �>#D, D�� ��$�"�L ��-
;#�K�%""� – *� �� ��;#�K�%""� ��>$� � G�"%D �>�@�>��E� %���;�-
@#&K, *� �� -%;#�� =�� ��>�+�!&K�%""# �����#� � �%;# $�#=&+""� �%-
$+�"�E� !��E�"% =+�+! '�E� �>�%"��&+""�; "% $�>;#*"�' $��%@+&J. 

F !%�"#D-!%�+" =��%""�; ��*"�>�# "%!%�%&� �+&�$�E� -"%*+""�. 
	 �>�%�# "��E���!>J$�E� $"�-� 	>+��&�!% �#! 1136 �. @�&� -%=�>%"�: 
“... ���E��# �># �%E� # ;#��&% =�&J"��%�� @+- $%=�>�#, "+ ��%&K�%��, 
"+ �;"�O%��, % P���$� -�%O��%��...”. 

FE#!"� �
�� 8.020-75 -% ;#O"%��!"�' ;+�� =��'"��� !��O�"�, 
P� !��#�"KL 1 650 763,73 !��O�"� D��&# � �%$��;# ��=��;#"K�%"-
"�, �#!=��#!"�E� !� =+�+D�!� ;#O �#�"�;� 2�10 # 5d5 %��;% $��=��"�-
86. ��*"#>�J �#!����+""� �!�"�,# !��O�"� >�%"����J 0,002 ;$;. 
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!�.20.2 *�
�� �
�
���� ��%���� ��� 
#����� �� ������ 

�+�+!%*% �>"��"�� �!�"�,# �#! +�%&�"% !� !+�%&# -!#'>"KL�J>� � 
�#!=��#!"�>�# !� =+�+�#�+"�� >D+;� (��>. 20.2). FE#!"� #- ,#LK >D+-
;�K ��-;#� �+�O%�"�E� +�%&�"% ;+��% =+�+!%L�J>� "% ��@�*# +�%-
&�"�, P� ��&�K�J >�@�K $#",+�# ;#�� !��O�"�, ��E����&+"# - $�%�-
,�. �D -@+�#E%K�J � ,+"��%&J"�D ;+���&�E#*"�D #">�����%D # ��$���-
>����K�J !&� =+�+�#�$� -�%-$���D ;#� 1-E� ��-��!�. F�%-$��# ;#�� 
2-E� ��-��!� =+�+�#��K�J>� -% ;#�%;� 1-E� ��-��!�, ;#�� 3-E� ��--
��!� – -% ;#�%;� 2-E� ��-��!� # �. !. 	#! -�%-$���D $#",+��D ;#� ��-
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-;#� �!�"�,# !��O�"� =+�+!%L�J>� "% ��@�*# ��;#�K�%&J"# #">���-
;+"�� # =��&%!�. ��"���� “=+�+�#�+"% >D+;%” # “>D+;% =+�+�#�$�” "+ 
#!+"��*"#. 

�+�+�#�+"% >D+;% – ,+ -%��+�!O+"�' � -%�+!+"�;� =���!$� !�-
$�;+"�, �$�' �>�%"��&KL -%>�@�, ;+��!� # ��*"#>�J =+�+!%*# ��-;#-
�� �!�"�,# �#! +�%&�"% *� ��D#!"�E� -�%-$���E� -%>�@� ��;#�K�%"J 
��@�*�; -%>�@%; ��;#�K�%"J. 

�D+;% =+�+�#�$� – ,+ >D+;% �+%&J"�D -’L!"%"J (+&+$���*"�D, E#-
!�%�&#*"�D, ="+�;%��*"�D ��P� ) -�%-$���D # ��@�*�D -%>�@#� ��;#-
�K�%"J =�� =+�+�#�,# �>�%""#D (��>.20.3). 

 
!�. 20.3 *�
�� ������� 
�
�#��������������� �������� 

��%"!%���; �>�%"��&+"� =���!�$ =���+!+""� =+�+�#�$� ��;#-
�K�%&J"�D -%>�@#�. �+�+�#�,# =#!&�E%K�J �># ��;#�K�%&J"# -%>�@� 
=#!=��L;>��. �+�#�!�*"#>�J =+�+�#�$� ��-"%*%L�J>� �#!=��#!"�;� 
#">���;+"�%;�. �%=��$&%!, =+�+�#�$% G�%"E+"#">���;+"�#�, ;#$��-
;+���*"�D �% #"!�$%���"�D #">���;+"�#� # =��&%!#� =����!��J>� 
�!�" �%- "% �#$. ����$� =+�+�#�$� -%"�>��J � >=+,#%&J"# E�%/#$�, �$# 
-%��+�!O�L $+�#�"�D =#!=��L;>��%. 

F%>�@� ��;#�K�%"J =+�+�#��K�J � ,+"��%&J"�D ��;#�K�%&J"�D 
&%@��%���#�D =#!=��L;>�� # >=+,#%&J"�D ;+���&�E#*"�D &%@��%���#-
�D. �+-�&J�%�� =+�+�#�$� -%=�>�K�J � >=+,#%&J"# =%>=���� (%@� %�+-
>�%��) #">���;+"�#� # =��&%!#�. 
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�"�!# "% ;#��&J"�' -%>#@ "%$&%!%K�J $&+';�. �&+';% ;#>���J 
�;��"�' G�/� =#!=��L;>��%, !�# �>�%""# ,�/�� ��$� -%>��>��%""� 
$&+';%, #"!��#!�%&J"�' -"%$ ("�;+�) =+�+�#�"�$% ' �;��"�' -"%$ 
;#"#>�+�>��%. 

+$"!" 21. ���' � ?"$�M�' 

21.1. ���� 8���D��� � ������� ��8���� 

�#�% – ,+ -%>#@ ��;#�K�%"J, =��-"%*+"�' !&� �#!����+""� �+&�-
*�"� �!"�E� %@� !+$#&J$�D ��-;#�#� - "+�@D#!"�K ��*"#>�K. ��-�#--
"�K�J �!"�-"%*"#, @%E%��-"%*"# ;#�� # "%@#� ;#�. 


!"�-"%*"# ;#�� �#!����KK�J /#-�*"� �+&�*�"� �!"�E� ��-;#-
��. �%E%��-"%*"# ;#�� �#!����KK�J !+$#&J$% �!"�';+""�D �+&�*�" 
�#-"�E� ��-;#�� (;%>G�%@"# &#"#'$�). 

�%@#� ;#� – ,+ >=+,#%&J"� =#!#@�%"�' $�;=&+$� ;#�, �$# -%>��>�-
��K�J>� "+ �#&J$� �$�+;�, % ' � �#-"�D >=�&�*+""�D % ;+��K �#!�-
���+""� ��!� �!"�';+""�D �+&�*�" �#-"�E� ��-;#��. 

F% $�">���$���"�;� �-"%$%;� ;#�� !#&��J>� "% G���D��# # $#"-
,+�#. 

Y���D��# ;#�� – =&%>��"� %@� !�>$�, "% =&�P�"� �$�D "%"+>+-
"� G���D�. ��-;#� � G���D���D ;#�%D ��-"%*%L�J>� �#!>�%""K ;#O 
>+�+!�"%;� G���D#�. Y���D��# ;#�� !��O�"� – ,+ ��;#�K�%&J"# 
&#"#'$�, >$&%!+"# ;+���, ��&+�$�. 

	�;#�K�%&J"% &#"#'$% ��$�"�L�J>� � ��E&�!# >�%&+��� >��#*$�; 
"% �� =��+�D"# "%"�>��J �!"� %@� !�# G$%&� - ,#"�K =�!#&$� 0,5 %@� 
1,0 ;;. 

��&+�$% – ,+ >�%&+�% >��#*$%, "%;��%"% "% �#>J ,�&#"!��*"�E� 
/��&��%. �% =��+�D"# >��#*$� "%"+>+"� G���D��� G$%&�. ��&+�$� 
��E����&�K�J !��O�"�K 1; 2; 5; 10; 20; 30 # 50 ;. �D -%>��>���K�J � 
�#-"�D E%&�-�D "%��!"�E� E�>=�!%�>��%, �%;, !+ "+ ��;%E%L�J>� ��-
>�$�� ��*"�>�# ��;#�K�%""�. 

�&�>$�=%�%&+&J"# $#",+�# ;#�� !��O�"� ��=�>$%K�J � ��E&�!# 
,�&#"!��*"�D >�+�O"#� %@� =��;�$��"�D =%�%&+&+=#=+!#� – =&���$, 
!��O�"% �$�D ��-"%*%L�J>� "%'$����G�K �#!>�%""K ;#O ��;#�K-
�%&J"�;� =��+�D"�;�. ��&��"% �D �&%>���#>�J – -!%�"#>�J =�����%-
��>� (��>.21.1), P� -%@+-=+*�L�J>� -*+=&+""�; ;�&+$�& ;%>��&%, 
�$�; =�$���%K�J ;#��. ��&% -*+=&+""� ;%L "%'@#&JG+ -"%*+""� 
=�� ���P�"# ;%>&�"�� =&#�$� !� 0,02 ;;. �@>�&K�"� �@+-O��+"# 
;#�� - ���>��; G%��; ;%>��&% "+ =�����%K�J>�. 
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F% �>"��"�' ��-;#� $#",+��� ;#�� =��'"��� �� >+�+!�""� !��O�-
"�, ��@�� !��O�"� =+�=+"!�$�&��% �	, �=�P+"�E� #- >+�+!�"� �+�-
D"J�� ��;#�K�%&J"�� =��+�D"# "% =&�P�"�, !� �$�� ;#�� =���+�&% 
"�O"� ��;#�K�%&J"% =��+�D"� (��>.21.2). 

�%@��� ;#� $�;=&+$��K�J #- $#",+��D ;#�. 
>"��"% ��;�E% !� 
"%@��#� ;#�: @�!J-�$+ -"%*+""� !��O�"� � -%!%"�D ;+O%D ;%L �#!�-
���K�%��>� -% !�=�;�E�K "+ @#&JG �$ *����J�D-=’��� ;#�, ��;� P� 
#- -@#&JG+""�; *�>&% ;#� -@#&JG�L�J>� =�D�@$% @&�$%. �%$, "%@#� \ 
1 #- 87 $#",+��D ;#� !��O�"�K �#! 1,005 !� 100 ;; !%L -;�E� �#!�-
������ !��O�"� �#! 1,005 ;; !� 340 ;; % ��$���>�%""�; "+ @#&JG+ 
*����J�D =&���$. F%>��>���K�J �%$�O ;#$��""�' "%@#� #- 9 ;#� ��-
-;#�%;� 1,001; 1,002;...; 1,009 ;;. 	�=�>$%K�J *%>�� ;#$��""# $#"-
,+�# ;#�� �#! 2 !� 2,001 ;; *+�+- 0,0001 ;; !&� =+�+�#�$� �>�@&��� 
��*"�D ��;#�K�%&J"�D =��&%!#�. �% $�O"#' $#",+�#' ;#�# E�%!�K-
K�J �� "�;#"%&J"�' ��-;#�. ��;#"%&J"�' ��-;#� ;#� !� 5,5 ;; "%"�-
>��J "% �!"� - ��;#�K�%&J"�D =��+�D�"J, =�"%! 5,5 ;; – "% @�$��� 
"+��@�*� =��+�D"K. 

 
!�.21.1 ���#������ ����������
����� ����
��� ��� ������� 

 
!�. 21.2 ����������
���� ����
� ���� �������: � – ��%����; � – 

���� ����
��� ���; � – �
�� ��%���
��� 
�
����� �������. 
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!�. 21.3 ����� ���#������ �� ����������
����� ��� �����-
��: � – �
������, �
���� �
�� ����������: 60, 110, 210 � 330 ��, 
� = 12"0,005��;  � – ����� � = 25...30 ��;  � – #���� ��� ����-

�
��� ������, C� �������#� ����
�� ���� ��%����� �����
 
100 ��  (����%��� �#���-����#����� ����A�);  

$ – ���� ��� �����
��� #������ ������ % ����������; 
 � – ����������
����'; 
 – �������' h =R = 2 ��;  

  � – �������' h = R = 5��; % – �������' h =R = 10; 15 ��� 
20 ��; � = h + 0,5; � – �
�#����'; � – ��
������' 

�&�$ $#",+��D ;#� >$&%!%K�J � �%$#' =�>&#!��"�>�#. �=�*%�$� 
=#!@��%K�J ;+"G� =&��$�, ��-;#� �$�� ;#>���J �>�%""#' !+>��$���' 
-"%$ ��-;#��, �$�' >$&%!%L�J>�; =��#; =&��$�, ��-;#� �$�� ;#>���J 
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"%>��="�' !+>��$���' -"%$, # �. !. �%=��$&%!, =���#@"� >$&%>�� 
@&�$ $#",+��D ;#� ��-;#��; 34,965. �%$�; *�"�;, @&�$ >$&%!%��-
;+�J>� #- *����J�D $#",+��D ;#� ��-;#�%;� 1,005 + 1,39 + 2,5 + 30 = 
34,895 ;;. 

�#>&� ��-"%*+""� ��-;#�#� $#",+�# ;#�� =�����%K�J, % =��#; =��-
���%K�J =&��$� � @&�$. �=�*%�$� !� >%;�� �+&�$�� ;#�� =�����%K�J 
!��E� -% ��-;#��; =&��$�, =��#; ��+�K # �. !. �+"G� =&��$� $&%!��J 
"% $�%' @#&JG�� (=��@&�-"� "% 1/3 !��O�"�) # - "+�+&�$�; "%��>$�; 
-�E-%E�=�!#@"�; ��D�; �-!��O !��E�E� �+@�% "%>��%K�J �+�D"K =&�-
�$� "% "�O"K – !� >=#�=%!%""� ��;#�K�%&J"�D =��+�D�"J. 

�#",+�# ;#�� ��=�>$%K�J *����J�D $&%>#� ��*"�>�#: 0, 1, 2 # 3 – � 
=���!$� >=%!%""� ��*"�>�#. �&� ;#�, P� =+�+@��%K�J � +$>=&�%�%-
,#�, !�!%�$��� �>�%"��&+"� 4-' # 5-' $&%>� ��*"�>�#. 

 
!�. 21.4. /�#��� ���� 

�&�>$�=%�%&+&J"# $#",+�# ;#�� !��O�"� -%>��>���K�J, �$ =�%-
��&�, ��!#, $�&� =���#@"� �!+�O%�� ��>�$� ��*"#>�J ��;#�K�%"J. 
�/+�� -%>��>��%""� $#",+��D ;#� ;�O"% ��-G�����, ��$���>����-
K*� =��>����: !+�O%�$�, ,+"��� �% #". (��>.21.3). 

�����# ;#�� ��$���>����K�J !&� -@+�#E%""� # =+�+!%*# �!�"�,# 
=&�>$�E� $��%, =+�+�#�$� # E�%!�K�%""� $�����D =��&%!#�, !&� $�"-
���&K $�����D ����@#�. �D -��*%'"� ��E����&�K�J #- >�%&# � ��E&�!# 
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���- # *�����E�%""�D =&���$ (��>. 21.4%), % �%$�O G+>��-
��>J;�E�%""�D =��-; (��>. 21.4@) #- >�%&#, �=��*"�E� >$&% # =&%�&+-
"�E� $�%�,�. 	�;#�K�%&J"# =��+�D"# =&���$ G&#/�K�J, P� !%L -;�-
E� >$&%!%�� @&�$� #- !+$#&J$�D ;#�. 

FE#!"� #- >�%"!%���; $����# ;#�� ��=�>$%K�J>� � ��E&�!# !+$#&J-
$�D "%@��#� #- 93, 33, 24, 8 # 7 ;#�. F%&+O"� �#! !�=�>��;�D �#!D�-
&+"J ��@�*�D $��#�, $����# ;#�� ��=�>$%K�J 0-E�, 1-E� # 2-E� $&%>#� 
��*"�>�#. �%$, !&� 0-E� $&%>� �#!D�&+""� ��@�*�D $��#� =+�+@��%-
K�J � ;+O%D ± 3...5, !&� =+�G�E� ±10, !&� !��E�E� ±30. 

 
!�. 21. 5 /�#���� 

�&� $�"���&K �-%L;"�� =+�=+"!�$�&��"�>�# -%>��>���L�J>� $�-
>�"+,J - ��@�*�; $���; 90°. ��>�",�;� =+�+�#��K�J �-%L;"� =+�-
=+"!�$�&��"#>�J =&�P�" ����@#�, =+�=+"!�$�&��"#>�J �#!"�>"�D 
=+�+;#P+"J !+�%&+' ;%G�". ��>�",# ��E����&�K�J>� G+>�� ��=#� 
(��>.21.5 ) # *����J�D $&%>#� ��*"�>�# (0, 1, 2 # 3). 
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�����# ;#�� -%>��>���K�J !&� ��;#�K�%""� $��#� =��#�"�&J"�; 
;+��!�;. �&� �#!&#$� �#-"�,# $��#� ��$���>����K�J >�#�&���' =��-
>�#� ;#O >����"%;� $��%, �$�' ��;#�KK�J, # $�����K ;#��K 
(��>.21.6). 	#!D�&+""� $��% ����@� �#! $��% $�>�",� ��-"%*%L�J>� 
-% �#!"�G+""�; =��>�#�� � !� !��O�"� >����"� �. �$P� �+&�*�"% 
=��>�#�� !� 30 ;$;, �� ��$���>����K�J -�%-$� =��>�#��, �$P� =�-
"%! 30 ;$; – >=+,#%&J"# P�=�. �D ��=�>$%K�J "%@��%;� 1-E�, 2-E�, 
3-E� # 4-E� "�;+�#� !��O�"�K 50, 100 # 200 ;; # ���P�"�K �#! 
0,02 !� 1 ;;. 

 
!�. 21.6 ,���������� ��#�� ��#����� 

21.2. ?	8�F�� 

�%&#@�%;� "%-��%K�J>� -%>�@� $�"���&K, �$�;� $���>��K�J>� 
!&� =+�+�#�$� �#!=��#!"�>�# �+D"#*"�; �;��%; ��-;#�#�, /��;� # 
�-%L;"�E� ��-;#P+""� �>+' # =��+�D�"J. �%&#@�� ��E����&�K�J #- 
D��;�>��� >�%&#. 

F%&+O"� �#! �;�� �,#"$� =��!%�"�>�# !+�%&+' $%&#@�� @��%K�J 
"��;%&J"# # E�%"�*"#. 

���;%&J"# $%&#@�� $�=#KK�J !#'>"# ��-;#�� ����@� # '�E� /��;�. 
���!%�"#>�J ����@� � ,J�;� ��=%!$� �,#"KK�J =� ��;�, �$ $%&#@� 
��#'G�� � ���#@ # �$ =��&�E%L !� "J�E�. ����+, �>$#&J$� >��=#"J =��&�-
E%""� ��$�"%�+,J ��-"%*%L -% >���; �#!*����;, �+-�&J�%�� =+�+�#�$� 
@�!��J >�@’L$���"�;�. ��;� "��;%&J"# $%&#@�� -%>��>���K�J �#!$�. 

��%"�*"�;� $%&#@�%;� ��-"%*%K�J, *� -"%D�!��J>� !#'>"�' ��-
-;#� ����@� � E�%"�,�D !�=�>$�. 

�%&#@�� !&� �%&#� "%-��%K�J>� >$�@%;� ($#&J,�;�) (��>. 21.7), % 
!&� �����#� – =��@$%;� (��>. 21.8). ��;=&+$� >$&%!%L�J>� - =��D#!-
"�E� # "+=��D#!"�E� $%&#@�#�. ���D#!"�; $%&#@��; $�"���&KK�J 
=�*%��$ =�&� !�=�>$�, "+=��D#!"�; – $#"+,J =�&� !�=�>$� !+�%&#. 
�+�%&J ��%O%L�J>� =��!%�"�K, �$P� =#! !#LK �&%>"�� ;%>� =��D#!-
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"�' $%&#@� =��D�!��J, % "+=��D#!"�' "+ =��D�!��J. 
�% ��@�*�D ;#>,�D -%>��>���K�J>� ��@�*# $%&#@�� (�-�� # �-

��). ��"���&+�� # -%;��"�$� ��$���>����K�J =��';%&J"# $%&#@�� 
(�-�� # �-��). �%&#@�� � =��,+># �D ��E����&+""� �% +$>=&�%�%,#� 
=+�+�#��K�J $�"���&J"�;� $%&#@�%;� (�-�� # �-�� ). 

 
!�. 21.7 /������ ��� ���#���� ����� – ����: � – ���#������; 
 � – ����#������; � – ����#������ % ������; $ – �% �#������ 

���D#!"�K =��@$�K $�"���&KK�J "%';+"G�' ��-;#� ������, 
"+=��D#!"�K – "%'@#&JG�'. ��%$ -% =��D#!"�; $%&#@��; ;�O"% ��-
=�%����, @�%$ -% "+=��D#!"�; $%&#@��; "+=�=�%�"�'. 

�%&#@�� – =��@$� -% $�">���$���"�; ��$�"%""�; @��%K�J =��-
"�;� # "+=��"�;�, !��>����""#;� # �!"�>����""#;�, �+E�&J��%"�-
;� # "+�+E�&J��%"�;�. ���"�;� =��@$%;�, �$ =�%��&�, =+�+�#���J 
����@� !#%;+���; !� 100 ;;, "+=��"�;� – =�"%! 100 ;;. 

�+=��D#!"�K >$�@�K $�"���&KK�J "%';+"G�' ��-;#� �%&%, 
=��D#!"�K – "%'@#&JG�'. �+E�&J��%"# >$�@�, �$ =�%��&�, -%>��>�-
��K�J � �;��%D >+�#'"�E� ����@"�,��%, P� !%L -;�E� ��-G����� 
!#%=%-�" $�"���&J��%"�D ����@#�, D�*% =�� ,J�;� ��*"#>�J $�"���-
&K "�O*%, "#O � "+�+E�&J��%"�D >$�@. 
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!�. 21.8. /������ ��� ���#���� �#����� – ������: � – ���#�-
�����; � – �
�����; � – ����#������ �������� � �
��������; $ – 
����#������ �������� � �
��������; � – ��#��� ���#������. 

��-�#-"�K�J �&%>"�' # ��@�*�' ��-;#�� >$�@. 	&%>"�' ��-;#� 
�!+�O�K�J -% �+-�&J�%�%;� ��;#�K�%"J; ��@�*�' – ,+ ��-;#� >$�@� 
=#! "%�%"�%O+""�;. ��� $�"���&# !#%;+��#� �%&#� �#! 50 !� 100 ;; 
�#-"�,� ;#O �&%>"�; # ��@�*�; ��-;#�%;� >$�@ >�%"����J 1,5 ;$;, 
=�� $�"���&# !#%;+��#� 100...170 ;; – 4,5 ;$;. 

 =��,+># $�"���&K $%&#@�� >=�%,J���K�J>�, �>�@&��� =��D#!"# 
$%&#@��. ��� ��E����&+""# $%&#@�#� =���#@"� >�+O���, P�@ �D ��--
;#�� -"%D�!�&�>J � E�%"�,�D �>�%"��&+"�D >�%"!%��%;� !�=�>$#�. 
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21.3. ������� �	8�F��� 

��&� !�=�>$#� $%&#@�#� ��-;#P�K�J>� �#!"�>"� "�;#"%&J"�D ��-
-;#�#�. ��;#"%&J"�;� ��-;#�%;� $%&#@�#� ��%O%K�J E�%"�*"# ��-;#-
�� !+�%&+'. �D+;% ��-;#P+""� =�&#� !�=�>$#� ��@�*�D $%&#@�#� -�-
@�%O+"% "% ��>. 21.9 (�
�� 24858-81; �� ��	 157-75) �>�%"��&KL 
>�>�+;� !�=�>$#� "% E&%!$# $%&#@�� !&� $�"���&K �����#� # �%&#� - 
��-;#�%;� !� 500 ;;. 

�&� ��E����&+""� $%&#@�#� =+�+!@%*+"� �%$# !�=�>$�: � – "% ��-
@�*# $%&#@�� – =��@$�; � – "% �# >%;# $%&#@��, %&+ #- >/+��*"�;� ��-
;#�K�%&J"�;� =��+�D"�;�; �1 – "% $%&#@��->$�@�, �� – "% $�"���-
&J"# $%&#@�� !&� $�"���&K �%&#�. ���D#!"# $%&#@�� ;%K�J E�%"�,K 
>=�%,K�%""�. �=�%,K�%""� �D - !�=�>$�; !� &�8 ;�O+ ��D�!��� -% 
E�%"�,K =�&� !�=�>$� !+�%&# "% �+&�*�"� Y !&� =��@�$ Y1 !&� >$�@. 
�&� =��D#!"�D $%&#@�#� $�%&#�+�#� �#! &�9 !� &�17 >=�%,K�%""� �@-
;+O�L�J>� =��D#!"�K E�%"�,+K, ��@�� Y = Y1 = 0. 

 
!�. 21.9 !�%��C
��� ����� ������� �������� 
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	 �>#D =��D#!"�D $%&#@�%D =�&� !�=�>$#� � # �1 ->�"��� �>+�+-
!�"� =�&� !�=�>$� ����@� "% �+&�*�"� z – !&� $%&#@�#�-=��@�$ # "% 
z1 – !&� $%&#@�#� >$�@. ��� "�;#"%&J"�D ��-;#�%D =�"%! 160 ;; =�-
&+ !�=�>$� =��D#!"�E� $%&#@�� �%$�O ->�"��� �>+�+!�"� =�&� !�=�-
>$� !+�%&# "% �+&�*�"� � !&� =��@�$ # "% �1 !&� >$�@, "% �%$ -�%"� 
-�"� @+-=+$�, �$% #>"�L !&� $�;=+">%,#� =�D�@�$ $�"���&K. �&� "+-
=��D#!"�D $%&#@�#� ��-;#��; !� 180 ;; � = �1 = 0. F>�� =�&#� !�=�-
>$#� $%&#@�#� # E�%"�,J >=�%,K�%""� �D =��D#!"�D >���#" �>+�+!�"� 
=�&� !�=�>$� !+�%&# -%=�@#E%L >=�����+""K =�>%!�$ # E%�%"��L �!+-
�O%""� ��-;#�#� !+�%&+' � E�%"�,�D =�&#� !�=�>$#�. 

	�$�"%�*�; ��-;#��; $%&#@�� "%-��%L�J>� ��-;#�, =��>�%�&+"�' 
"% '�E� $�+>&+""# �%$�; *�"�;, P�@ !�=�>$ "% '�E� ��E����&+""� 
@�&� >=��;��%"� � "�#&�" !+�%&#. F% ��$�"%�*�' ��-;#� =��@$� =��-
';%L�J>� "%'@#&JG�' E�%"�*"�' ��-;#� - �#!’L;"�; �#!D�&+""�;. 
F% ��$�"%�*�' ��-;#� >$�@� =��';%K�J �� "%';+"G�' E�%"�*"�' 
��-;#� - =�-����"�; �#!D�&+""�;. 

+$"!" 22. /&�!��%"$2&� #"%�M' !'���\!"&2 

22.1. /������	8@�� ����������� � ���8	
�  

8� 	F��8����� �������	�@ 

�">���;+"�� # =��&%!� ��$���>����K�J !&� @+-=�>+�+!"J�E� ��-
-"%*+""� ��;#�K�%"�� �+&�*�"�. �%'=�G��+"#G�;� ��;#�K�%&J"�-
;� #">���;+"�%;� L G�%"E+"#">���;+"�� # ;#$��;+���*"# ��;#�K�%-
&J"# #">���;+"��. �� G�%"E+"#">���;+"�#� "%&+O%�J: G�%"E+",��-
$�&# !&� ��;#�K�%""� -��"#G"#D # �"���#G"#D ��-;#�#�; G�%"E+"E&�-
@�"�;#�� !&� ��;#�K�%""� E&�@�"� �����#�, =%-#�; G�%"E+"�+'>;�>� 
!&� ��-;#*%""� # ��;#�K�%""� ��>��� ����@#�. 

># ��!� G�%"E+"#">���;+"�� ;%K�J G�%"E� # �#!&#$���' =��-
>��#' - "�"#�>�;, �$�' !%L -;�E� =����!��� �#!&#$ !��@���D *%>��$ 
=�!#&�$ �>"��"�� G$%&�. ��"#�>� ��E����&�K�J - �+&�*�"�K �#!&#-
$� 0,1; 0,05 # 0,02 ;;. 	 �>"��# �#!&#$� -% "�"#�>�; &+O��J -!%�"#>�J 
&K!>J$�E� �$% ��*"#G+ ��-"%*��� >��=#"J >=#�=%!%""� G���D#� 
!��D -#;$"���D G$%&. �&� ��-�%D�"$� "�"#�>% =���#@"� -"%�� !��-
O�"� =�!#&$� * �>"��"�� G$%&�, �+&�*�"� �#!&#$� -% "�"#�>�; �>-
"��"�� G$%&� �, ;�!�&J "�"#�>% ', �$�' =�$%-�L, >$#&J$� =�!#&�$ �>-
"��"�� G$%&� �#!=��#!%L �!"#' =�!#&,# "�"#�>%. U�>&� =�!#&�$ "�-
"#�>% n, !��O�"% =�!#&$� � G$%&� "�"#�>% # !��O�"% l G$%&� "�"#�-
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>% ��-"%*%L�J>� -% �%$�;� -%&+O"�>��;�: 
; ; ( )cn � c i l n� n c i

i
' '� � 	 � � 	 .    (22.1) 

�%=��$&%!:  �$P� � = 0,1 ;;;  * = 1 ;;;  ' = 2; �� n= 10, � = 
1,9 ;;, l = 19 ;;. 

U��%K*� =�$%-%""� "% G�%"E+"#">���;+"�%D - �+&�*�"�K �#!&#-
$� 0,05 ;;, �#!�%D���K�J -&#�% "%=�%�� ,#&+ *�>&� "�&J���; G���-
D�; "�"#�>% (��>. 22.1); =��#; -"%D�!��J G���D "�"#�>%, �$�' -@#E%-
L�J>� -# G���D�; G$%&� G�%"E�; !%&# !� "%'@&�O*�� -&#�% ,�/�� 
"�"#�>% (25 %@� 50, %@� 75), P� =�-"%*%L >��# *%>�$� ;#&#;+��%, !�-
!%K�J �+-�&J�%� ;"�O+""� �+&�*�"� �#!&#$� "% =���!$���' "�;+� 
$����$�E� G���D% "�"#�>%, �$�' -@#E%L�J>� -# G���D�; G�%"E� (,+' 
"�;+� �#!�%D���K�J �#! -"%'!+"�E� !��E�E� �,�/���%"�E� G���D%). 
�$P� O #- G���D�; G�%"E� -@#E%L�J>� !��E�' �,�/���%"�' G���D 
"�"#�>%, �� �@;+O�K�J>� !�!%�%""�; '�E� �+&�*�"� !� ,#&�E� *�>-
&% ;#&#;+��#�. 

 
!�. 22.1 ������� �������� ������: � – ����� % ������� � 

 % ���#�� ����%�����; � – ����� % �
������� ������� 0,1 ��; ��-
���� 10,0 �� � ������ � = 10,3 ��; � – �
�� � ������ ��%���
��� �� 

��%������� ������; 1 – ������ �����; 2 – ����� ������; 3 – 
�#��$�; 4 – ����� ��� H = 1; 5 – ����� ��� H = 2. 
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!�. 22.2 �#��$
�������� �?-&: 1 – $���� ��� ���#������ ����-
������; 2 – �����; 3 – %�#���� �����; 4 – �#��$�; 5 – ����'�� 
$�����������; 6 – �����; 7 – $���� ��� %�������� ���������� 
Y�%"E+",��$�&# @��%K�J ��J�D ��=#�: YI-�, YI-��, YI-���. 

Y�%"E+",��$�&# ��=� YI-� (��>.22.2) =��-"%*%K�J>� !&� -��"#G-
"#D # �"���#G"#D ��;#�K�%"J # !&� ��;#�K�%""� E&�@�". 	�"� ;%-
K�J !��>����""L ��-;#P+""� E�@�$ !&� -��"#G"#D 7 # �"���#G"#D 
1 ��;#�K�%"J # &#"#'$� 5 !&� ��-"%*+""� E&�@�". ��*"#>�J �#!&#$� -% 
"�"#�>�; >�%"����J 0,1 ;;. 

Y�%"E+",��$�&# ��=� YI-�� ��E����&�K�J - !��>����""#; ��--
;#P+""�; E�@�$ # ��$���>����K�J �$ !&� ��;#�K�%""�, �%$ # !&� 
��-;#�$� (��>.22.3). ��*"#>�J �#!&#$� -% "�"#�>�; >�%"����J 0,05 ;; 
# 0,1 ;;. Y�%"E+",��$�&# ��=� YI-��� ��=�>$%K�J - �!"�>����""#-
;� E�@$%;� # ��$���>����K�J !&� -��"#G"#D # �"���#G"#D ��;#�K-
�%"J % ��*"#>�K �#!&#$� -% "�"#�>�; 0,05 ;; # 0,1 ;; (��>. 22.4). 

 
!�. 22.3 �#��$
�������� �?-&&: 1 – �
������ ������������ $�-
���; 2 – ������ ������������ $����; 3 – �����; 4 – %�#���� ����; 
5 – ����� ������
#������ ������; 6 – %�#���� �����: 7 – �#�-
�$�; 8 – $�'�� � $���# ������
#������ ������ �����; 9 – ����� 
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!�. 22.4 �#��$
�������� �?-&&&: 1 – �����; 2 – %�#���� ���-
��; 3 – ����� ������
#������ ������; 4 – %�#���� �����; 5 – 

�#��$�; 6 – $�'�� � $���# ������
#������ ������; 7 – �����; 8 –
 $���� �����; 9 – $���� �#��$� 

�>"�K�J G�%"E+",��$�&# - ,�/����; �#!&#$�;. �%$�' =��>��#' 
>=��P�L �#!&#$ �+-�&J�%�#� ��;#�K�%"J # =#!��P�L =��!�$���"#>�J 
=�%,# $�"���&+�%. 

 
!�. 22.5 �#��$
�$���������: 1 – �����; 2 – %�#���� �����;  

3 – �����; 4 – %�#���� ����� ������
#������ ������; 5 – ����� 
������
#������ ������; 6 – �#��$�; 7 – $�'�� � $���# ������
#-

������ ������; 8 – ����� 
Y�%"E+"E&�@�"�;#� (��>.22.5) ��E����&�K�J �%$�; *�"�;, P� 

���,+�% =��+�D"� G�%"E� # "�O"� =��+�D"� �>"��� L ��@�*�;� =�-
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�+�D"�;�. �&�P% ��;#�K�%&J"�� =��+�D"# �>"��� -"%*"� @#&JG% �#! 
��;#�K�%&J"�� =��+�D"# G�%"E�, P� -%@+-=+*�L >�#'$#>�J G�%"E+"-
E&�@�"�;#�% =�� ��;#�K�%""# # ;�O&��#>�J '�E� -%>��>��%""� =�� 
��;#�K�%""# E&�@�"� � �����%D # =%-%D "+�+&�$�D ��-;#�#�. 

	�=�>$%K�J>� �%$�O G�%"E+"E&�@�"�;#�� - ,�/����; �#!&#$�;. 
Y�%"E+"E&�@�"�;#�� ��E����&�K�J - E�%"�,�;� ��;#�K�%""� �#! 

0 !� 160, 200, 250, 315, 400, 500 ;; # - ��*"#>�K �#!&#$� 0,05 ;; # 
0,1 ;;. 

 
!�. 22.6 �#��$
��
'��: 1 – �����; 2 – ������������ ����� ��-
%��#���� �����; 4 – �����; 5 – �����; 6 – $���# � $�'�� ������
#-
������ ������; 7 – �#��$�; 8 – ����� ������
#������ ������; 9 –
 %�#���� ����� ������
#������ ������; 10 – %�#���� �����. 
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Y�%"E+"�+'>;�>� (��>.22.6) =��-"%*%K�J>� !&� ��;#�K�%""� ��-
>�� # ��-;#��*"�D ��@#� # ��E����&�K�J>� - ,#"�K =�!#&$� 0,05 # 
0,1 ;;. [�@ �"�$"��� =�;�&�$ =�� =#!E����,# G�%"E+"�+'>;�>% !� 
��;#�K�%""�, =���#@"� =�� >$&%!%""# �>�%"����� ��;#�K�%&J"� "#O-
$� 2 "�O*+ �#! E�@$� �%;$� 4, @� �$P� "#O$% @�!+ ��P+ �#! E�@$� �%-
;$�, =�;�&$% !��#�"K�%��;+ >�;# ���P�"� "#O$� # E�@$� �%;$�. 

��%"�*"# =�D�@$� G�%"E+"#">���;+"�% =�� ��;#�K�%""# ��-;#-
�#� �#! 1 !� 500 ;; >�%"����J 60... 300 ;$;. 

�#$��;+���*"# #">���;+"�� (;#$��;+���, ;#$��;+���*"# E&�@�-
"�;#�� # "����;#��) G���$� -%>��>���K�J � ;%G�"�@�!��%""# !&� 
��;#�K�%""� &#"#'"�D  ��-;#�#�. 	�"� =�@�!��%"# "% ��$���>�%""# 
;#$��E��"����� =%�� # =+�+����+""� �@+��%&J"�E� ��D� � =�>��=%-
&J"�'. I#"% =�!#&$� ;#$��;+���*"�D #">���;+"�#� 0,01 ;;.  "�D 
=� !�# G$%&� – =�-!��O"� # $�&��%. �% =�-!��O"#' G$%&# "%"+>+"� 
!�% ��!� G���D#�, ->�"���D �#!"�>"� �!�" �!"�E� "% 0,5 ;;. I#"% 
=�!#&$� =�-!��O"J�� G$%&� 0,5 ;;, $�&���� – 0,01 ;;. 

!�. 22.7 5�����
#�: 1 – �’�#��, 2 – �#������ ����; 3 –
 ������
#�����' $���#; 4 – #
���; 5 – �������; 6 – #�������; 

7 – #����; 8 – ����; 9 – �������� 
�#$��;+��� (��>. 22.7) =��-"%*%K�J>� !&� -��"#G"#D ��;#�K-

�%"J. �=+,#%&J"# >�%@#&#-%���� -�>�&J � ��E&�!# ��#>$%*$� >����K-
K�J ��;#�K�%&J"+ -�>�&&� 7±2 �. �#$��;+�� >$&%!%L�J>� #- >$�@� 8 
#- =’��$�K 1.  =�%�#' *%>��"# >$�@� -%$�#=&+"� >�+@&� 4 - E&%!$�; # 
�#-J@���; "%=��;"�;� =��>%;�, �$# L �=���K ;#$��;+���*"�E� 
E��"�% 3. �% =�%��' $#"+,J E��"�% "%>%!O+"� @%�%@%" 5. [�@ P#&J-
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"� -’L!"%�� @%�%@%" - =��>�; ;#$��;+���*"�E� E��"�%, "%E��"*�-
K�J "% $#"+,J @%�%@%"% $��=%*�$ 9. �%�%@%", % ��O+, # ;#$��;+���*-
"�' E��"�, �@+��%L�J>� -% !�=�;�E�K ��#>$%*$� 6 (��>.22.8). �% "�-
O"#' =��+�D"# ��#>$%*$� L -�@�, �$# =�� �� �@+��%""# -%*#=&KK�J>� 
-% G��/� 1. �$P� �>J��+ -�>�&&�, �$+ ��"�$%L =�� $�"�%$�# ;#$��-
;+���*"�E� E��"�% - !+�%&&K, =+�+��P�L "��;%&J"+ -�>�&&�, �� 
G��/� �#!O�;%L =��O�"� 2, �"%>&#!�$ *�E� ��#>$%*$% =��$��*�L�J-
>� �D�&�>��, % @%�%@%" # ;#$��;+���*"�' E��"� "+ �@+��%K�J>�. �#-
$��;+���*"�' E��"� -%$�#=&KL�J>� >��=���; 7. 

 
!�.22.8 �������� % #���
���� %�����;1 – �#�(#;  

2 – �������; 3 – �������� 
��&��% G$%&% ;#$��;+��% >$&%!%L�J>� #- 50 G���D#�. ��� =���-

���# @%�%@%"% "% �!"� =�!#&$� ;#$��;+���*"�' E��"� =+�+;#P�L�J-
>� "% 0,5: 50 = 0,1 ;;. 

��-!��O"� G$%&% ;#$��;+��% =��-"%*%L�J>� !&� �#!&#$� ;#&#;+-
��#�, % $�&��% G$%&% – !&� �#!&#$� >���D *%>��$ ;#&#;+��%. �#! *%> 
+$>=&�%�%,#� ;#$��;+��#� *%>�� =���G�L�J>� =�&�O+""� @%�%@%"%, 
P� =��-��!��J !� -;#P+""� "�&J���E� =�&�O+""� G$%&�. �&� =+-
�+�#�$� "�&J���E� �#!&#$� ;#$��;+��% - �+�D"J�K E�%"�,+K ��;#-
�K�%""� 25 ;; =���#@"� -�+>�� ��;#�K�%&J"# =��+�D"# E��"�% # 
=’��$�: �$P� �#!&#$ !��#�"KL "�&K, -"%*��J ;#$��;+�� �#!�+E�&J�-
�%"� =�%��&J"�. �$P� O �#!&#$ "+ !��#�"KL "�&K, �� =���#@"� -%-
$�#=��� ;#$��;+���*"�' E��"� >��=���; # =�����;�K*� @%�%@%", 
�#!�+�"��� $��=%*�$ !&� ���#&J"+""� @%�%@%"%. ���#; -;#P�K*� 
@%�%@%", �!"�*%>"� =��+��%K*� '�E�, !� -@#E%""� -�#-� @%�%@%"% - 
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"�&J���; G���D�; >�+@&% # "�&J���E� G���D% @%�%@%"% - =�!��O-
"J�K ��>$�K >�+@&%. �#>&� ,J�E� -"��� -%E��"*�K�J $��=%*�$. ��-
&J���' �#!&#$ ;#$��;+��#� - �+�D"J�K E�%"�,+K ��;#�� 50, 75 # �. !. 
– !� 300 ;; =+�+�#��L�J>� �>�%"���*"�K ;#��K. �#$��;+��� - �+�-
D"J�K E�%"�,+K =�"%! 300 !� 600 ;; ;%K�J -;#""� %@� =+�+>��"� 
=’��$�. 

��%"�*"% =�D�@$% ;#$��;+��#� ��-"%*%L�J>� �+�D"#;� E�%"�,�-
;� ��;#�K�%""� # >�%"����J �#! "4 ;$; !&� ;#$��;+��#� - !#%=%-�-
"�; ��;#�K�%"J 0...25 ;; !� "50 ;$; !&� ;#$��;+��#� - !#%=%-�"�; 
��;#�K�%"J 500...600 ;;. �#$��;+��� ��=�>$%K�J>� 0,1-E� # 2-E� 
$&%>#� ��*"�>�#, - ,�/����; �#!&#$�;, ,#"�K =�!#&$� 0,001 ;; 
(��>.22.9). 

 
!�. 22.9 5�����
#� % ��(����� �������� 

�#$��;+���*"�' E&�@�"�;#� (��>. 22.10) >$&%!%L�J>� #- �>"��� 
1 - =&�>$�K ��;#�K�%&J"�K =��+�D"+K # ;#$��;+���*"�K E�&��-
$�K 2. ���=��#""� ;#$��;+���*"�E� E��"�% ��$�"�L�J>� >��=���; 
3. �#$��;+���*"# E&�@�"�;#�� ��=�>$%K�J>� % !#%=%-�"�; ��;#�K-
�%"J 0...100 # 0...150 ;; # !��D $&%>#� ��*"�>�# (1-E� # 2-E�). ��%"�,# 
!�=�>��;�� =�D�@$� E&�@�"�;#�#� 1-E� $&%>� ��*"�>�# - !#%=%-�"�; 
��;#�K�%""� 0...100 ;; "+ =���""# =+�+��P��%�� ± 3 ;$;, % E&�@�-
"�;#�#� - !#%=%-�"�; ��;#�K�%""� 0...150 ;; – ± 4 ;$;; !&� E&�@�-
"�;#�#� 2-E� $&%>� ��*"�>�# �#!=��#!"� ±5 # ±6 ;$;. 

�&� ;#$��;+���*"�E� E&�@�"�;#�% !�!%K�J>� *����� (25, 50, 75 # 
100 ;;) -;#""# ��;#�K�%&J"# >�+�O"# # !�# (25 # 75 ;;) �>�%"��*# ;#��. 

��%,KK*� - E&�@�"�;#��;, "%>%;=+�+! =���#@"� ��-"%*��� 
=�%��&J"#>�J '�E� "�&J���E� �#!&#$� (��>. 22.11). [�@ =+�+�#���� 
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E&�@�"�;#� !&� ��-;#�#� 25 ;;, ��;#�K�%&J"�' >�+�O+"J 25 ;; 
�>�%�&�K�J � ���#� ;#$��;+���*"�E� E��"�%. ���+�D"K �>"��� E&�-
@�"�;#�% =��O�;%K�J !� =&���. 
@+��%K*� ��#>$%*$� 6, ��;#�K-
�%&J"� =��+�D"K, >�+�O"� !���!��J !� -#�$"+""� � =&���K. �$P� 
=�� ,J�;� �#!&#$ -% G$%&%;� E&�@�"�;#�% !��#�"KL "�&K, �� #"-
>���;+"� "%>���L"� =�%��&J"�; �$P� "+ !��#�"KL "�&K – =���#@"� 
�#!�+E�&K�%��, �$ @�&� �=�>%"� ��P+. 

!�. 22.10 5�����
#�����' $���������: 1 – ����� (#���
��); 2 
– ������
#����� $������; 3 – #����; 4 – %����� ������������ 

#
����; 5 – �#������ ����; 6 – #������� 
�&�@�"�;#�� - �+�D"J�K E�%"�,+K ��;#�K�%""� =�"%! 25 ;; 

=+�+�#��K�J "%@���; �>�%"���*"�D ;#� # >�+�O"#�, �$# �>�%�&�K�J � 
���#� ;#$��;+���*"�E� E��"�%. �#$��;+���*"�' E&�@�"�;#� �%-�; 
- ��;#�K�%&J"�; >�+�O"+; �>�%"��&KK�J "% �#!=��#!"� �>�%"���-
*"� ;#�� (;#�"�' ,�&#"!��$), ��;#�KK�J ;#�� # =��#�"KK�J �� - =�-
$%-%""�;� E&�@�"�;#�%. ���$&%!� ��;#�K�%""� !+�%&+' ;#$��;+�-
��*"�; E&�@�"�;#��; =���+!+"# "% ��>. 22.12. 
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&�� ��F�# �����B����   &�� ���#��� ��F� �����B����  
0-25 ��     $	��� 25 �� (50, 75 � 100 ��) 

!�. 22.11 �
�
����� �������$� �����
��� ������
#�����$� $��-
�������� 

 
!�. 22.12 ,���������� ������
#������ $����������� 

�#$��;+���*"�' "����;#� (��>.22.13) =��-"%*%L�J>� !&� ��;#-
�K�%""� �"���#G"#D ��-;#�#� ����@#�. �#$��;+���*"# "����;#�� 
��E����&�K�J - !#%=%-�"�; ��;#�K�%""� 50...75, 75...175, 75...600, 
150...1250 # !� 10000 ;;. 

��%"�*"� !�=�>��;# =�D�@$� ;#$��;+���*"�D "����;#�#� ��-
-"%*%K�J>� -%&+O"� �#! ��;#�K�%"�D ��-;#�#� # >�%"��&��J �#! " 
6 ;$; !&� ��;#�K�%"�D ��-;#�#� �#! 50 !� 125 ;; # !� "180 ;$; !&� 
��;#�K�%"�D ��-;#�#� �#! 9200 !� 10 000 ;;. 
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!�. 22.13. 5�����
#�����' ��#�����: 1 – ����
���; 

 2 – ������
#����� $������; 3 – �����������; 4 – �#������ ���� 
�#$��;+���*"�' "����;#� >$&%!%L�J>� - ;#$��;+���*"�� E�&��-

$� 2, "%$�"+*"�$% 1 -# >/+��*"�K E�&��$�K # =�!��O��%*#� 3. �%'-
;+"G% E�%"�,� ��;#�K�%""� ;#$��;+���*"�� E�&��$� >�%"����J 
50 %@� 75 ;;. I#' E�%"�,# �#!=��#!%L �#!>�%"J ;#O ��;#�K�%&J"�;� 
=��+�D"�;� =�� "�&J���;� �#!&#$� -% G$%&%;�. 	+&�*�"% =+�+;#-
P+""� ;#$��;+���*"�E� E��"�% >�%"����J 13;;. 
�O+, ;#$��;+�-
��*"% E�&��$% !%L -;�E� ��;#�K�%�� �"���#G"# ��-;#�� � E�%"�,�D 
50...63 ;; %@� 75...88 ;;. �&� ��-G��+""� E�%"�,J "% &#�� "%�#-"� 
*%>��"� >�+@&% -%;#>�J "%$�"+*"�$% "%E��"*�K�J>� >=+,#%&J"# =�-
!��O��%*#. 

��&J���' �#!&#$ E�&��$� "����;#�% =+�+�#��K�J �>�%"��*�K ;#-
��K 4 �%$, �$ =+�+�#��L�J>� ;#$��;+��. 

�+�G "#O ��;#�K�%�� �"���#G"#' !#%;+�� (��-;#�) =���#@"� =#-
!#@�%�� =�!��O��%*#, �$# -%@+-=+*%�J ��;#�K�%""� -%!%"�E� !#%;+�-
�%. �%=��$&%!: =�� !#%;+��# E#&J-� ,�&#"!�#� 110 ;; =���#@+" =�!�-
�O��%* 25 ;;; !&� E#&J-� !#%;+���; 125 ;; – =�!��O��%*# 13 # 
25 ;;, !&� E#&J-� !#%;+���; 145 ;; – =�!��O��%*# 13 # 50 ;; ( !&� 
;#$��;+���*"�E� "����;#�% 75...68 ;;). 

�+��!�$% ��;#�K�%""� �"���#G"J�E� !#%;+��% E#&J-� �+$�;+"-
!�L �%$# !#�: 
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- �>�%"����� ;#$��;+���*"� E�&��$� "% "�&J; 
- =#!#@�%�� =�!��O��%*# �#!=��#!"� !� ��;#�K�%"�E� ��-;#��; 
- �>�%"����� "����;#� � !#%;+��%&J"#' =&�P�"# �%$, P�@ ;#$��-

;+���*"% E�&��$% @�&% >=�%�%, % �� =�!#&$� @�&� ��!"� -�+�D�; 
- "%D�&��� "����;#� �%$, P�@ '�E� =�%�% *%>��"% @�&% ��P+ &#-

��� "% 5...15 ;;; 
- �@+��%K*� @%�%@%" "% >+@+, !��+>�� ;#$��;+���*"� E�&#�$� !� 

-#�$"+""� - E#&J-�K; 
- �@+�+O"� �@+��%K*� @%�%@%" �#! >+@+, =��#&J"� �=�>$%�� =�%-

��' $#"+,J "����;#�% !� ��D =#�, =�$� "+ =�*"+ >&%@"��� $�"�%$� 
"����;#�% - E#&J-�K; �!"�*%>"� &+!J =��+��%�� "����;#� � E���-�"-
�%&J"#' =&�P�"#, -!#'>"KK*� '�E� "+=+�+��"�' $�"�%$� - E#&J-�K � 
"%'�#!!%&+"#G#' ��*,# �%!#�>�; 

 
!�. 22.14 5���' �������� ��#���
�#�����': 1 – �����; 2 – 
������������' #����; 3 – ������
#�����' $���# ���
�
���� 
�
�
��C
�� #�����; 4 – ������
#�����' $���# ���%������� 
�
�
��C
�� #�����; 5 – ��’A�#��; 6 – �����#
'�; 7 – �������-

��' �������� ��������� ��#������� $������; 8 – ������ ������-
$� ���������; 9 – �������; 10 – �
����%� $����$� (���������;  
11 – (���#�� �����#
'��; 12 – ��� ������ $������; 13 – ����-

����� ������ �������; 14 – ���#�����. 
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- -%$�#=��G� ;#$��;+���*"�' E��"� "����;#�%, =���+>�� �#!&#$; 
- ���#&J"��� ;#$��;+���*"�' E��"� # ���+>�� "����;#� - $�"�%$-

�� - E#&J-�K, �@+��%K*� @%�%@%" ;#$��;+���*"�� E�&��$� �#! >+@+. 
�">���;+"�%&J"# �% �"#�+�>%&J"# ;#$��>$�=� =��-"%*%K�J>� !&� 

��;#�K�%""� $��#� # &#"#'"�D ��-;#�#� !+�%&+' �% #">���;+"�#�, % 
�%$�O !&� =+�+�#�$� $%&#@�#�. �">���;+"�%&J"# ;#$��>$�=� ��=�>-
$%K�J !��D ��!#�: ;%&�' ;#$��>$�= #">���;+"�%&J"�' ��� # �+&�-
$�' ;#$��>$�= #">���;+"�%&J"�' 	��. F%E%&J"�' ��E&�! ;%&�E� ;#-
$��>$�=% #">���;+"�%&J"�E� -�@�%O+"� "% ��>. 22.14. �#$��>$�= 
>$&%!%L�J>� - *%��""�� �>"��� 1, "% �$#' -;�"���%"� ��;#�K�%&J-
"�' >��&�$ 2 - ;#$��;+���*"�;� E��"�%;� =�-!��O"J�E� 4 # =�=+-
�+*"�E� - =+�+;#P+"J # $�&�"$�K 9, =� "%=��;"�D �$�� -% !�=�;�-
E�K ;+D%"#-;� E��@�E� /�$�>��%""� 10 =+�+;#P�L�J>� $��"G�+'" 
6 - ;#$��>$�=�;.  -%!"K >�#"$� �>"��� �;�"���%"� �>�#�&K�%&J-
"�' =��>��#' 14. 

�">���;+"�%&J"# ;#$��>$�=� – ,+ &%@��%���"# =��&%!�, ��;� � 
=��;#P+""#, !+ �D �>�%"��&+"�, =���#@"� !�!+�O��%�� �+;=+�%���� 
20°� ± 3°� # >�+O���, P�@ �#!"�>"% ��&�E#>�J "+ =+�+��P��%&% 
70%. I#"% =�!#&$� ;#$��E��"�#� 0,005 ; # !#%=%-�" ��;#�K�%""� 
0...25 ;;. 

	>�%"��&KK*� $#",+�� ;#�� ;#O $#",�;� ;#$��E��"�% # ��;#�K-
�%&J"�; �=���;, ;�O"% -@#&JG��� !#%=%-�" ��;#�K�%""� � =�-!�-
�O"J�;� "%=��;$� !� 75 ;; � ;#$��>$�=# ��� # !� 150 ;; � ;#$��-
>$�=# 	��. 

��#; #">���;+"�%&J"�D ;#$��>$�=#�, -%>��>���K�J>� �"#�+�>%-
&J"# ;#$��>$�=�, � �$�D -%;#>�J ;#$��;+���*"�D ��;#�"�$#� – ;#&#-
;+����# G$%&� - �#!&#$���;� >=#�%&J"�;� ;#$��>$�=%;�. 

���",�=��% >D+;% ��;#�K�%""� "% �>#D ;#$��>$�=%D >=#&J"%. 
"#�+�>%&J"# ;#$��>$�=� ;%K�J @#&JG�' !#%=%-�" # =#!��P+"� ��*-
"#>�J &#"#'"�D ��;#�K�%"J. �%'@#&JG =�G��+"# �"#�+�>%&J"# ;#$��-
>$�=� ��-21 # ��-23 (��>. 22.15). 

"#�+�>%&J"# ;#$��>$�=� ;%K�J @#&JG#, "#O #">���;+"�%&J"# !#-
%=%-�"� ��;#�K�%""� �% =#!��P+"� ��*"#>�J &#"#'"�D ��;#�K�%"J. 
�%$, �"#�+�>%&J"�' ��;#�K�%&J"�' ;#$��>$�= ��-21 (��>. 22.15, 
%) ;%L "%>��="# !#%=%-�"� ��;#�K�%""� !&� &#"#'"�D ��-;#�#�: � =�-
�-!��O"J�;� "%=��;$� 0...200 ;;, � =�=+�+*"�;� 0...100 ;;; !&� 
$�����D ��-;#�#� – 0...3600 =�� ��*"�>�# �#!&#$� $������ E�&#�$� 1. 
F@#&JG+""� E�&��"�E� ;#$��>$�=% !��#�"KL 10D, 15D, 30D, %@� 50D, � 
-%&+O"�>�# �#! �@’L$����, P� -%>��>���L�J>�. �%$# O ;+���&�E#*"# 
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=�$%-"�$� ;%L =��+$,#'"�' ;#$��>$�= ��-23, "% �$�;� E�&��"�' # 
�#!&#$��# ;#$��>$�=� -%;#"+"# =��+$,#'"�;� =��>���;� �, ��, ��� 
(��>. 22.15, @), �$# -"%*"� =�&+EG�K�J ��@���. 

 
!�. 22.15 U���
������ ������������ ���������:  

� – U&5-21; � – U&5-23 
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�#$��>$�= ��-21 >$&%!%L�J>� - $%�+��$ 2 # 11, �$# =+�+;#P�-
K�J>� � =��-!��O"J�;�  #  =�=+�+*"�;�  "%=��;$%D =�  &��#' >�%-
"�"# 13.  O�&�@ $%�+�$� 2 �>�%"��&+"# ,+"����# @%@$� 3, % "% �=�-
�"#' =��+�D"# ,#L� $%�+�$� ��-;#P+"# =�+!;+�"�' >�#& # �#-"�;%"#�"# 
=��>��>��%""�. 

 "�O"#' *%>��"# $%�+�$� 11 -;�"���%"% �>�#�&K�%&J"% >�>�+-
;%, % � �+�D"#' – >�#'$% 7 - �#-��"�; ;#$��>$�=�; 8. F% !�=�;�E�K 
;%D���$% 9 >�#'$� 7 ;�O"% "%D�&��� "%�$��E� E���-�"�%&J"�� �#>#. 
�% $%�+�$%D 2 # 11 �>�%"��&+"# >$&�"# G$%&� - ,#"�K =�!#&$� 1 ;;, 
�$# �>�#�&KK�J>� =��D�!�*�; >�#�&�;. �%! G$%&%;� -;�"���%"# �#-
!&#$��# ;#$��>$�=� 4 # 5 #- >=#�%&J"�;� "�"#�>%;�, P� ;%K�J �+&�-
*�"� �#!&#$� 0,001 ;;. 

���@+ "%&%E�!O+""� ;#$��>$�=� -!#'>"KL�J>� =+�+;#P+""�; 
$%�+��$ 2 # 11 =�� �#!=�P+"�D E��"�%D 14 # 15; ��*"� O �D �>�%"��-
&�K�J - !�=�;�E�K ;#$��;+���*"�D E��"�#� 1 # 12 =#>&� -%$�#=&+"-
"� E��"�#� 14 # 15. �&� =+�+;#P+""� $��"G�+'"% � �+���$%&J"�;� 
"%=��;$� L $�+;%&JL�� 6. 
>�%��*"+ /�$�>��%""� -!#'>"KL�J>� 
�@+��%""�; "%$%�%"�E� $#&J,� 10, �$+ �>�%"��&KL ��@�> � =�&�O+"-
"�, �$+ =���#@"�. 

F%�%- ��=�>$%K�J>� �"#�+�>%&J"# ;#$��>$�=� - %���;%��*"�; 
,�/����; �#!&#$�; - ��*"#>�K �#!&#$� 0,1 ;$; # !#%=%-�"�; ��;#�K-
�%"J !� 600 ;;. 

�&� $�"���&K !+�%&+' #- >$&%!"�;� /%>�""�;� =��+�D"�;� -%-
>��>���K�J =��+$����, ��@�� =��&%!�, �$# !%K�J "% +$�%"# -@#&JG+-
"+ -�@�%O+""� !+�%&#, �$� $�"���&KK�J. ���+$���� ;�O��J =�%,K-
�%�� %@� � =��D#!"�D, %@� � �#!@���D =��;+"�D. 

���",�= !#� =��+$���#� =�&�E%L � ��;�, P� $�"���&J��%"�' 
�@’L$� � -@#&JG+"�;� ��E&�!# =��+$��L�J>� "% +$�%" # "% '�E� >�#�-
&���;� /�"# ��D�!��J �#"J��+ -�@�%O+""� !+�%&#. �+�%&J ��%O%L�J-
>� =��!%�"�K, �$P� $�"��� 11 -�@�%O+""� ��-;#P�L�J>� ;#O E�%-
"�*"�;� $�"���%;� $�+>&+""� !+�%&#, �$+ =�$&%!+"� "% +$�%". ��--
;#� !+�%&# ��-"%*%L�J>� @+-=�>+�+!"#; ��;#�K�%""�; -@#&JG+"�E� 
-�@�%O+""� !+�%&# "% +$�%", %@� -% =�$%-"�$%;� >=+,#%&J"�D �#!&#-
$���D =��>�����. 

 "%> ��=�>$%K�J>� �%$# ��!� =��+$���#�: �+&�$�' =��+$��� 	�, 
E�!�""�' =��+$��� ��, =��+$���� =%>���E� $�"���&K ���, >+�+!-
"# # "%>�#&J"# =��+$����. 

	+&�$�' =��+$��� 	� (��>.22.16) L "%'@#&JG ��-=��>K!O+"�;. 
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!�. 22.16. ,
����' ���
�#�� 

	#" >$&%!%L�J>� #- >�%"�"� 7, "% �$#' -;�"���%"# ��;#�K�%&J"�' 
>�#& 3, �>�#�&K�%* 1, =��+$,#'"�' =��>��#' 4, E�&��"+ !-+�$%&� 5 # 
+$�%" 6. �% �>"��# #">���;+"�%&J"�E� >��&� -;�"���%"# =��-!��O"� 
# =�=+�+*"% $%�+�$�, �$# =+�+;#P�K�J>� � �-%L;"�=+�=+"!�$�&��-
"�D "%=��;$%D ;#$��;+���*"�;� E��"�%;� 2, # $��E&�' =������"�' 
>�#&. ��#& ;�O"% -;#P��%�� # =� ��>��# - !�=�;�E�K ;%D���E� $�&+-
>% 9 # /#$>��%�� ��$���$�K 8. �#%=%-�"� =+�+;#P+""� >��&% � =�-
�-!��O"J�;� "%=��;$� 150 ;;, � =�=+�+*"�;� – 50 ;; # =� ��>��# 
100 ;;. �&� ��;#�K�%""� !��O�" @#&JG+ 25 ;; ��+@% -%>��>����%-
�� $#",+�# ;#�� !��O�"�. I#"% =�!#&$� G$%& "% @%�%@%"%D ;#$��;+-
���*"�D E��"�#� !��#�"KL 0,005 ;;. 

22.2. ���8	
� 
8� ��
������ �������	�@ 

���&%!� !&� �#!"�>"�D ��;#�K�%"J ��$���>����K�J>� !&� ��-
-"%*+""� ;%&�D &#"#'"�D ��-;#�#�, �$# "+ ��D�!��J -% ;+O# =�$%-%"J 
G$%&� ��;#�K�%&J"�� E�&��$�. I# =��&%!� =�@�!��%"� "% =+�+���-
�+""# ;%&�D =+�+;#P+"J ��;#�K�%&J"�E� >�+�O"� � �+&�$# =+�+;#-
P+""� =�$%-*�$%. F%&+O"� �#! @�!��� ;+D%"#-;� ,# =��&%!� !#&��J-
>� "% �%O#&J"#, #- -�@*%>��K =+�+!%*+K, - �%O#&J"�--�@*%>��K =+-
�+!%*+K, - �%O#&J"�-E��"����K =+�+!%*+K, - �%O#&J"�-=��O�""�K 
=+�+!%*+K. 

[�@ ��-"%*��� !#'>"�' ��-;#� !+�%&# !� �#!�;�E� ��-;#�� ;#�� 



	��
�� III 

 268 

!�!%K�J %@� �#!"#;%K�J �#! "J�E� – -%&+O"� �#! "%=��;� -;#P+""� 
>��#&$� �#! "�&J���E� G���D% – �#!D�&+""�. 

 
!�. 22.17 &�����#�� $����������$� #���: � – %�$�����' ��$���; 

� – %����#� �
�
���� 
���&%!� #- -�@*%>��K =+�+!%*+K – ,+ #"!�$%���� E�!�""�E� ��-

=�, �$# -%>��>���K�J>�  �  =�%$��,# �+D"#*"�D ��;#�K�%"J. �% ��>. 



��������  ����	����� 

 269

22.17 -�@�%O+"� #"!�$%��� #- -�@*%>��K =+�+!%*+K. 
F�@*%>�% �+'$%, "%�#-%"% "% ��;#�K�%&J"�;� >�+�O"# 3 �D�!��J 

� -%*+=&+""� - G+>�+�"+K z3 = 16, "% �># �$�� O��>�$� -%$�#=&+"� 
G+>�#�"K z1 =100. �#! *%> ��;#�K�%""� &#"#'"�; =+�+;#P+""�; 
>�+�O"� 3 =��+��%K�J G+>�+�"# z1 # z3, �$#, � >��K *+�E�, =��+��%-
K�J G+>�+�"K z4 = 10. �% �># G+>�+�"# z4 -%$�#=&+"� >��#&$� #"!�$%-
���% 7. �% �># G+>�+�"# z2 = 100 "+��D�;� "%>%!O+"� ���&$� - =��-
O�""�; ��&�>$�; 9 # ;%&� >��#&$� 16, ,� G+>�+�"� -*#=&KL�J>� - 
G+>�+�"+K z4 = 10. ���O�""�' ��&�>�$ -%=�@#E%L =���# ;+����E� 
D�!�, �$�' "+E%���"� �=&��%� @� "% >�#'$#>�J =�$%-%"J >��#&$� 
7 =�� �@+�"+"�-=�>��=%&J"�D ��D%D ��;#�K�%&J"�E� >�+�O"�. 	�-
;#�K�%"+ -�>�&&�, >����K�%"+ =��O�"�K 10, =+�+@��%L � ;+O%D � 
80...200 �. �+�+;#P+""K >�+�O"� 3 "% 1 ;; �#!=��#!%L =��"�' 
�@+�� >��#&$� #"!�$%���% 7. I#&# ;#&#;+��� �#!�%D���K�J>� -% G$%-
&�K 17 ;%&�K >��#&$�K 16. ��D�@$� #"!�$%���#� E�!�""�E� ��=� 
-"%D�!��J>� � ;+O%D �#! ± 4,5 !� ± 26 ;$;. 

�&� ��-G��+""� >/+�� -%>��>��%""� #"!�$%���#� -%>��>���K�J 
�#-"# =#!>�%�$�, >���$�, G�%����. �"!�$%���� -%>��>���K�J � �%$�D 
=��&%!%D: #"!�$%���"# "����;#��, E&�@�"�;#��, �#-"# ��;#�K�%&J"# 
=��&%!�. 

�% ��>.22.18 -�@�%O+"� >D+;� ��;#�K�%""� -��"#G"J�E� ��-;#-
�� !+�%&# -% !�=�;�E�K #"!�$%���% E�!�""�E� ��=�. 

[�@ ��;#���� �%!#%&J"+ @���� !+�%&# (��>. 22.19), �� �>�%"��&KK�J 
� ,+"��%D %@� "% =��-;#. 	�;#�K�%&J"�' "%$�"+*"�$ #"!�$%���% �=�-
�%L�J>� � =��+�D"K !+�%&# � �+�D"#' �� ��*,#. �"!�$%���� !%K�J "%��E 
� 1-2 �@+��� !&� ��E�, P�@ ;%�� -;�E� /#$>��%�� �$ =�-����"#, �%$ # 
"+E%���"# (�#!’L;"#) '�E� =�$%-%""�. 	>�%"��&KK�J #"!�$%��� "% 
"�&J # =��#&J"� =��$��*�K*� !+�%&J "% 360°, -%=�>�K�J $�%'"L =�%�+ 
# $�%'"L &#�+ �#!D�&+""� >��#&$�. ����� !+�%&# !��#�"K�%��;+ �#-"�,# 
-"%*+"J �#!D�&+"J, �-���D #- >���;� -"%$%;�. 

���&%!� - �%O#&J"�--�@*%>��K =+�+!%*+K – ,+ #"!�$%���"# >$�-
@�, #"!�$%���"# "����;#��, �%O#&J"# ;#$��;+���, � $�">���$,#� �$�D 
=�L!"�K�J>� �%O#&J"# # -�@*%>�# =+�+!%*#. �%'=��>�#G� >D+;� �%-
$�D =��&%!#� -�@�%O+"� "% ��>. 22.20. ��� =+�+;#P+""# ��*$� � 
�%O+&� 1 -�@*%>��' >+$��� =��+��%L G+>�+�"K 2 # >��#&$�, �$� =��-
$�#=&+"� O��>�$� "% �� �>#. ���O�"% 4 =����>$%L G+>�+�"K 2 !� -�-
@*%>��E� >+$���� 5 # �>��%L ;+����' D#!. 

I#"% =�!#&$� $�&���� G$%&� �%O#&J"�--�@*%>��D =��&%!#� 1, 2 # 
10 ;$;. 
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!�. 22.18 ,���������� %��������$� ��%����: � – �#�����
��� 

�� “����”; � – ����������� ����
#�� ���� 

 
!�. 22.19 ,���������� ���������$� ��##�:  

� – ����; � – �#���� 
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!�. 22.20 ���������� �
�� ��������-%����#�� �������� 
�"!�$%���"�' "����;#� (��>. 22.21) =��-"%*%L�J>� !&� ��;#�K-

�%""� �"���#G"#D ��-;#�#� !+�%&+' �#!"�>"�; ;+��!�;. 
�����;#� >$&%!%L�J>� #- $��=�>% 1 - !+�+�’�"�K "%$&%!$�K, 2-D 

��;#�K�%&J"�D >�+�O"#� 3 # 4, =+�+!%��*"�E� ;+D%"#-;� 5 # 6 �% #"-
!�$%���% E�!�""�$���E� ��=� 7, �$�' -"%D�!��J>� � $�O�># 13. F &#-
��E� @�$� $��=�>% �>�%"��&KL�J>� ��D�;�' ��;#�K�%&J"�' >�+�-
O+"J 3, -%$�#=&+"�' $�"��E%'$�K 9. �+�+;#P+""� ��D�;�E� ��;#-
�K�%&J"�E� >�+�O"� 4 -% !�=�;�E�K $�����E� �%O+&� 5 - �#>>K 
�@+��%""� 10 =+�+!%L�J>� *+�+- $�&J$� 12 "% >�+�O+"J # !%&# "% #"-
!�$%��� 7. ��+�O+"J 6 =+�+@��%L =#! !#LK =��O�"� 11, �$% -%@+-=+-
*�L ��;#�K�%&J"+ -�>�&&� 0,8...2 �. 

�� "����;#�� !�!%L�J>� $�;=&+$� -;#""�D ��;#�K�%&J"�D >�+�-
O"#�, P� -%@+-=+*�L '�E� ��$���>�%""� � ;+O%D �#-"�D ��-;#�#�. 

�"!�$%���"�' "����;#�, �$ =�%��&�, �>�%"��&KK�J -% !�=�;�-
E�K ;#$��;+��% - =�D�@$�K !� ±0,004 ;;, �$�' "%>���KK�J "% ��-
-;#�, P� !��#�"KL ��-;#�� ������. 
@+��%K*� -;#""�' >�+�O+"J 3, 
!���!��J ��;#�K�%&J"# >�+�O"# 3 # 4 !� $�"�%$�� - ��;#�K�%&J"�;� 
=��+�D"�;� ;#$��;+���, =��!��O�K*� �@+��%""�, >����KK�J "%��E 
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� �!�" �@+�� >��#&$� #"!�$%���%, "+�@D#!"�' !&� ��;#�K�%""� ��--
;#�#� >=�%,J��%"�D �����#� (E#&J-).  ,J�;� =�&�O+""# >�+�O+"J 
3 -%$�#=&KK�J $�"��E%'$�K 9, % #"!�$%��� �>�%"��&KK�J "% "�&J. 
�#>&� ,J�E� "����;#� =+�+"�>��J "% ��;#�K�%&J"� !+�%&J. ��� ��-
;#�K�%""# !+�%&# =��&%! =� !#%;+��� �>�%"��&KK�J -% !�=�;�E�K 
,+"���K*�E� ;#>�$%: �>�%"��&KK*� =��&%! � �>J��#' =&�P�"#, '�E� 
=�E�'!�K�J, �$ =�$%-%"� "% ��>. 22.22. 

 
!�. 22.21 &�����#����' ��#����� 
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!�. 22.22 ,���������� ����
#�� $���%�  

������#����� ��#������� 
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�&� ��;#�K�%""� -��"#G"#D ��-;#�#� !+�%&+' -%>��>���K�J>� 
#"!�$%���"#  >$�@�  (��>. 22.23). �"!�$%���"� >$�@� "%>���KK�J -% 
@&�$�; =&�>$�=%�%&+&J"�D $#",+��D ;#� =���#@"�E� ��-;#��. �$P� 
��-;#�, P� $�"���&KL�J>�, ����&�L�J>� @&�-J$�; !� �+�D"J�E� !#%-
=%-�"� ��;#�K�%""� #"!�$%���"�� >$�@�, �� =�=+�+!"J� �#!E��"*�-
K�J $��=%*�$ 5, �#!=�>$%K�J -%��>$%* 10. �+�+>�%�&�K�J =’��$� 6 # 
�>�%"��&KK�J �� "% ��-;#� ;+"G+ $�"���&J��%"�E�. 

 
!�. 22.23 &�����#��� ����: 1 – ������#��; 2 – ��������;  
3 – #
����%�����'�� ��������; 4 – �����; 5 – ��������;  
6 – �
�
#���� �’�#��; 7 – ������ �’�#��; 8 – �������;  

9 – $���#; 10 – %�#���� 
�&� -��*"�>�# �#!&#$� =�� $�"�%$�# =+�+>�%�"�� 6 # ��D�;�� 

7 =’���$ - $#",+��;� ;#�%;� =��+��%K�J �@�!�$ #"!�$%���% !� 
>=#�=%!%""� �+&�$�� >��#&$� - "�&J���; G���D�; ,�/+�@&%��. ��-
�#; ��-"%*%K�J �#!D�&+""� # =#!�%D���K�J !#'>"�' ��-;#� !+�%&#. 

�&� $�"���&K G&#/��%"�D # !��+!+"�D !+�%&+' ��$���>����K�J 
�%O#&J"# >$�@�. 	%O#&J"# >$�@� -%>��>���K�J>�, "%=��$&%!, !&� >�-
����%""� =+�+! =�����%""�; =&�"O+�#�, =�� ��;#�K�%""# =��G"+-
��D =%&J,#� !��E�"#� �"���#G"J�E� -E��%""�. �$�@% (��>. 22.24) ;%L 
�+=&�#-�&�,#'"� "%$&%!$� 5 !&� -;+"G+""� �=&��� �+=&% ��$ =�� 
��;#�K�%""#. 



��������  ����	����� 

 275

 
!�. 22.24 ,������� ����: � – %�$�����' ��$���;  

� – ��������-%����#�' �
����%�; � – �����; 1 – �����;  
2 – �
�
#���� �’�#��; 3 – ������ �’�#��; 4 – �����;  

5 – ��������; 6 – $�'��; 7 – ��������; 8 – ��������� ���� ����-
��; 9 – ��������; 10 – �������� % ��%����; 11 – �������;  

12 – �
#
���; 13 – #�����; 14 – ������� 
�&� -%=�@#E%""� �#! �!%�#� ��;#�K�%&J"�D =’���$ # !&� -��*"�>-

�# ��$���>�%""�, >$�@% ;%L �#!��!$� 9 ��D�;�� =’��$� 3. 
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�$�@% ;%L ��D�;# =�$%O*�$� 8 =�&� !�=�>$�, �$# =+�+>�%�&�-
K�J>� -% !�=�;�E�K $&K*%, P� !�!%L�J>� !� >$�@�. �&� ,J�E� "+-
�@D#!"� �#!�+�"��� $��=%*�$ 10. �+�+>�%�"% =’��$% 2 =+�+;#P�L�J-
>� �@+��%""�; E%'$� 6 # >��=����J>� $��=%*$�; 7. 

�%&%E�!O+""� >$�@� "% ��-;#� =����!��J>� -% $#",+��;� ;#�%;�. 
	%O#&J"% >$�@% ;%L !#%=%-�" ��;#�K�%""� �#! 0 !� 150 ;;, ,#"� 

=�!#&$� 0,002 # 0,005 ;;, !#%=%-�" ��;#�K�%""� =� G$%&# ±0,08 ;;. 
	�=�>$%K�J>� �%$�O �%O#&J"# >$�@� - ,�/����; �#!&#$���; =��>���-
L;. ���;�>&��#>�J ��=�>$%L �%O#&J"�--�@*%>�# E�&��$� (�!"��@+����# 
�� # @%E%���@+����# ���). 
!"��@+����# E�&��$� (��>.22.25) ;%K�J ,#-
"� =�!#&$� 1 # 2 ;$; # !#%=%-�" ��;#�K�%"J =� G$%&# �#! ±50 !� 
±100 ;$;, % @%E%���@+����# E�&��$� �#!=��#!"� 1 # 2 ;$; # 1...2 ;;. 

���8	
� � ���=���� �	 �	=�8@��-���=����� ����
	��� 
	�"� =�@�!��%"# -% =��",�=�; ��$���>�%""� � =+�+!%��*"�D 

;+D%"#-;%D =��O"�D �&%>����>�+' =&�>$�D # $��*+"�D (����D) =��-
O�". I# =��&%!� D%�%$�+��-�K�J>� ��>�$�K >�%@#&J"#>�K ��@���, 
;%&�K ,#"�K =�!#&$�, -%@+-=+*�K�J ��>�$� ��*"#>�J *+�+- �#!>��-
"#>�J � "�D =�D�@�$ �#! �+��� # ;+����D D�!#�. 
>"��"% !+�%&J ,�D 
=��&%!#� – >$��*+"% =&�>$% =��O�"%, ��E����&+"% #- /�>/���>��� 
%@� @+�#&#L��� @��"-� G���"�K 0,06...0,15 ;; # ���P�"�K 
0,005...0,012 ;;. 
!"� =�&���"� =��O�"� -%$��*+"� �&#��, % !��E� 
– �=�%�%. 
!�" #- =��$&%!#� �%$�E� ��=� – ;#$��$%���; � "J�E� ,#"% 
=�!#&$� >�%"����J 0,002; 0,001; 0,0002 # 0,0001 ;;, % !#%=%-�"� ��-
;#�K�%""� �#!=��#!"� !��#�"KK�J ±0,06; ±0,03; ±0,015; ±0,006; 
±0,003 ;;. 

���",�= !#� ;#$��$%���% �%$�': =+�+;#P�K*�>J �#!"�>"� �>�%-
"���*"�� >$�@ 2, ��;#�K�%&J"�' >�+�O+"J 1 !#L *+�+- =&�>$� =��-
O�"� 3 "% -%$��*+"� =��O�"� 4, �$� �!"�; $#",+; =��$�#=&+"� !� 
>$�@� 2, % !��E�; – !� =��O�"� 3. ��&� >�+�O+"J 1 =+�+;#P�L�J>� 
��+�D, =��O�"% 4 ��-��E�L�J>� # =��$�#=&+"% � >+�+!"#' �� *%>��"# 
>��#&$% 6 =+�+;#P�L�J>� �#!"�>"� G$%&� 5 (��>. 22.26). ��D�@$% 
=�$%-%"J ;#$��$%���#� >�%"����J 0,1...0,5 ;$;. 

�#$��$%��� "%>���KK�J -% @&�$�; $#",+��D ;#� =���#@"�E� ��-
-;#��. 	>�%"��&+""� ��;#�K�%"�D ����@#�, ��-"%*+""� �#!D�&+"J # 
=#!�%D�"�$ �+-�&J�%�#� ��;#�K�%"J ��$�"�K�J %"%&�E#*"� ,�; !#�; 
=�� -%>��>��%""# �%O#&J"�D >$�@. ��G+ "% �#!;#"� �#! >$�@ "% ;#$-
��$%���# "+ �>�%"��&KK�J =�&+ !�=�>$� =�$%O*�$%;�, % $�O"�' 
=�$%O*�$ E�%"�,J =�&� !�=�>$� =+�+;#P�L�J>� >%;�>�#'"�. 
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!�. 22.26 ���������� �
�� �������#���:1 – ������������' 

#
��
��; 2 – �#������ ����; 3 – ������� �����; 4 – �����-
�� ����
��; 5 – �����; 6 – #����� 

���&%!� - �%O#&J"�-�=��*"�K =+�+!%*+K ��$���>����K�J !&� 
��;#�K�%""� �#!"�>"�; ;+��!�; !+�%&+' ��>�$�� ��*"�>�#. 
!�" #- 
�%$�D =��&%!#� – �=��;+��; '�E� �=��*"� >D+;� -�@�%O+"� "% ��>. 
22.27. 

���;#"J >�#�&% �#!@���' �#! !-+�$%&%, =%!%L � P#&�"� ���@$� #, 
=+�+&�;��G�>J � ���E�%""#' =��-;#, �$% -"%D�!��J>� � $��=�># ���-
@$� �=��;+��%, =��D�!��J *+�+- G$%&�, "%"+>+"� "% =��-��#' =&%>-
��",#, �$% L � /�$%&J"#' =&�P�"# �@’L$����. ��&��"% �=��*"% �#>J 
�@’L$���� =��D�!��J *+�+- ,+"�� =&%>��"$� # =�D�&�E� !-+�$%&%, 
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!�. 22.27 ��#���� �
�� ��#��
#��:1 – ������; 2 – �����;  

3 – ��’A�#��; 4 – �%
�����; 5 – ������������' �#�(#;6 – �����;  
7 – ����%���; 8 – �����#� ����� 

��-;#P+"�E� =#! �@’L$����;. Y$%&� -;#P+"� � E���-�"�%&J"�;� 
"%=��;# =� �#!"�G+""K !� E�&��"�� �=��*"�� �#>#. ��*�$ >�#�&%, 
=��D�!�*� *+�+- =��-;�, �#!@��%L�J>� �#! "+� =#! $���; 90° # =���%-
=&�L � �@’L$���. 	�'G��G� - �@’L$����, >�#�&���' =�*�$ =���%=&�L 
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"% =�D�&+ !-+�$%&�, -�’�-%"+ - ��;#�K�%&J"�; G��/��;, # �#!@��%-
L�J>� �#! !-+�$%&% � -�����"�;� "%=��;#. 	#!@���' =��;#"J >�#�&% 
-"��� =�=%!%L � �@’L$���, # =��'G��G� *+�+- =��-;�, -@��%L�J>� � 
/�$%&J"#' =&�P�"# �@’L$����, !%K*� -�@�%O+""� G$%&�. F�@�%-
O+""� G$%&� -;#>���J>� �#!"�>"� !#'>"�� G$%&�. 	+&�*�"% ,J�E� 
-;#P+""� -%&+O��J �#! $��% "%D�&� !-+�$%&%, �$�' ��-"%*%L�J>� �+-
&�*�"�K =+�+;#P+""� ��;#�K�%&J"�E� G��/�%. 


=��;+��� @��%K�J �+���$%&J"# – !&� -��"#G"#D ��;#�K�%"J 
(��>.22.28) # E���-�"�%&J"# – !&� -��"#G"#D # �"���#G"#D ��;#�K-
�%"J (��>.22.28, @ ). 


>"��"# *%>��"� �+���$%&J"�E� �=��;+��% – ���@$% 15 (%@� %�-
��$�&#;%,#'"% ���@$%) - �>�#�&K�%&J"�; !-+�$%&�; 16 # �$�&���; 
17, $��"G�+'" 12, E��"� 10 !&� -%$�#=&+""� ���@$� � $��"G�+'"#; 
$�&�"$% 11; E%'$% 14,  �$% ��$���>����L�J>� !&�  E��@��  �>�%"��$�  
$��"G�+'"% # �!"�*%>"�  L  '�E�  �=���K;  >��=�� $��"G�+'"% 13;  
��;#�K�%&J"�' "%$�"+*"�$ 7, �#!��!$% (%�+���) 8 ��;#�K�%&J"�E� 
"%$�"+*"�$%; =�+!;+�"�' >��&�$ 6; �+E�&K�%&J"# E��"�� 4 >��&�$%; 
E%'$% 2 ��*"�� (;#$��;+���*"��) =�!%*# >��&�$%; >��=�� 3 >��&�$% 
1 �>"��% =��&%!� 1. 

�+�+! =�*%�$�; ��@��� =���#@"� =+�+�#����, *� >��&�$ �=��;+-
��% =%�%&+&J"�' =&�P�"# ��;#�K�%&J"�E� "%$�"+*"�$%. �&� ,J�E� 
$#",+�� ;#�� 15...20 ;; =�>&#!��"� �>�%"��&�K�J � *����� =�&�-
O+""�, -%>��>���K*� =&�>$# "%$�"+*"�$� (��>. 22.29). �$P� =�� 
-;#"# =�&�O+""� ;#�� �#!@��%��;+�J>� =+�+;#P+""� G$%&� �=��;+-
��%, ��, -"%*��J, >��&�$ �>�%"��&+"� "+=�%��&J"�. ��&�O+""� >��-
&�$% �+E�&KL�J>� E��"�%;� 4 (��>. 22.28, %). 
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!�. 22.29 �
�
����� �����
����#� #����� ��#��
#��. 

�#%=%-�" ��;#�K�%"J �+���$%&J"�D �=��;+��#� >�%"����J 
0...180 ;;, =�D�@$% =�$%-%"J "+ =���""% =+�+��P��%�� ±0,0003 ;;. 

����-�"�%&J"�' �=��;+�� (��>.22.28, @) ;%L �>"��� 1, !� �$�� 
$�#=��J>� "%=��;"% 2 - ��D�;�;� $��"G�+'"%;� 3. �% &#��;� 
$��"G�+'"# -%$�#=&+"� =#"�&J 5 - ;#$��;+���*"�; E��"��; 4, �$�' 
=+�+;#P�L >�+�O+"J -# -;#""�; "%$�"+*"�$�; 6. �% =�%��;� $��"-
G�+'"# -%$�#=&+"� ��;#�K�%&J"� E�&��$� �=��;+��% - ���@$�K 8. 

=��*"�' =��>��#' 9 �>�%"��&KK�J =#! $���;, �$�' -%@+-=+*�L =#-
!>�#*��%""� G$%&�. ��� ��;#�K�%""# -��"#G"#D ��-;#�#� @&�$ $#"-
,+��D ;#� �>�%"��&KK�J "% =�+!;+�"�' >��&�$ # �>�%"����G� "% 
"�&J, �>�%"��&KK�J "% >��&�$ ��;#�K�%"� !+�%&J. 

�&� ��;#�K�%""� �"���#G"#D ��-;#�#� !� E���-�"�%&J"�E� �=-
��;+��% !�!%K�J>� >=+,#%&J"# �%O#&J"# =��>���� – ��;#�K�%&J"# 
!�E� (��>. 22.30). 

�&� E���-�"�%&J"�D �=��;+��#� =�� ��;#�K�%""# -��"#G"#D ��-
-;#�#� !#%=%-�" ��;#�K�%"J !��#�"KL 0...350 ;;, % !&� �"���#G"#D 
��;#�K�%"J – 13,5...150 ;;. ��D�@$% =�$%-%"J =�� -��"#G"#D ��;#-
�K�%""�D !��#�"KL ±0,0003, % =�� �"���#G"#D – ± 0,0001 ;;. 

���;�>&��#>�J ��=�>$%L �+���$%&J"# �=��;+��� ��=� 
	
-1, 
��	 # E���-�"�%&J"# �=��;+��� ��=� 
�
-1 # ���. 
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!�.22.30 ���#������� ��� ���#������ ����������: 1 – ���� 
�
������; 2 – $���# �����
��� ��$� ������; 3, 4 – ����������� 
��$�; 5 – $���# �����
��� ��$�; #����� ��#��
#��; 6 – �
��� 

�
������; 7 – ��
#��; 8 – �
#��� (�����). 

22.3. #	��F� �������	��� ����� � ������� 

�&� ��;#�K�%""� $��#� # $�"�>#� -%>��>���K�J>� ��%">=�����"# 
�% �"#�+�>%&J"# $���;#��, >�"�>"# &#"#'$� �"#�+�>%&J"# !#&�&J"# E�-
&��$�. 

��%">=�����"�; $���;#��; (��>. 22.31) ��;#�KK�J -��"#G"# 
$��� �#! 0° !� 180°. 
>"��"# *%>��"� $���;#�% – "%=#�!�>$ 1 - !��;% 
&#"#'$%;� 2 # 3. �#"#'$� 2 O��>�$� -‘L!"%"� - "%=#�!�>$�; 1, % &#-
"#'$% 3 ;�O+ �@+��%��>� "%�$�&� �#># 4 �%-�; #- >+$����; 5, "% �$�-
;� -%$�#=&+"� "�"#�> 6. ��*"+ �>�%"��&+""� -% "�"#�>�; ��$�"�L�J-
>� ;#$��;+���*"�; E��"��; 7. �#"#'$% 3 -%$�#=&KL�J>� E��"��; 8. 
F%>��>���K*� !�!%�$���' $�>�"+,J 9, ;�O"% ��;#���� -��"#G"# $�-
�� �#! 0 !� 90°. 

I#"% =�!#&$� ��%">=�����"�E� $���;#�% >�%"����J 2' # 5'. ��D�@-
$% =�$%-%"J $���;#�% "+ =���""% =+�+��P��%�� ±2´ # ±5´. 

	�;#�K�%""� $��#� ��%">=�����"�; $���;#��; (��>. 22.32) ��-
$�"�L�J>� �%$�; *�"�;. ���+�D"# ��;#�K�%&J"�� !+�%&# ��-;#P�-
K�J ;#O ��;#�K�%&J"�;� =��+�D"�;� &#"#'�$. 
!"� =��+�D"K 
(E�%"J) P#&J"� =����>$�K�J !� ��D�;�� &#"#'$� -% !�=�;�E�K ;#$-
��;+���*"�E� E��"�%. ���#; -%$�#=&KK�J ��D�;� &#"#'$� # =����-
!��J �#!&#$ -% G$%&�K # "�"#�>�;. 

��� ��;#�K�%""# $��#� !� 90° �#!&#$ =����!��J>� @+-=�>+�+!"J� 
-% G$%&�K # "�"#�>�;. �$P� ��;#�KL�J>� $��#� =�"%! 90�, �� !� �#-
!&#$� -% $���;#��; =���#@"� !�!%�� 90°. 
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	#!&#$� -% G$%&�K # "�"#�>�; $���;#�% ��$�"�K�J>� � �%$�' >%-
;�' >=�>#@, �$ # =�� ��;#�K�%""�D G�%"E+"#">���;+"�%;�. 

��� ��;#�K�%""# $��#� -%>��>���K�J �%$# ;+��!�: =��#�"�&J"�', 
���E�"�;+���*"�', E�"#�;+���*"�', %@� ;+��! @+-=�>+�+!"J�E� 
��;#�K�%""�, # #"�+�/+�+",#'"�' ;+��!. 

��� =��#�"�&J"�;� ;+��!# ��-"%*%K�J -"%*+""� �#!D�&+""� ��-
;#�K�%"�E� $��% �#! $������ ;#��. 

��� ���E�"�;+���*"�;� ;+��!# ��-"%*%K�J $��� "+=��;�, % *+-
�+- ��;#�K�%""� &#"#'"�D �+&�*�" # ��$���>�%""� ���E�"�;+���*-
"�D /�"$,#'. ��D�@$% ��;#�K�%""� >�%"����J �#! ±3" !� ±52". 

��� E�"#�;+���*"�;� ;+��!# ��-"%*%K�J $��� =��&%!%;�, �$# 
;%K�J $���;#�"� G$%&� (�"#�+�>%&J"# �% #">���;+"�%&J"# ;#$��>$�-
=�, E�"#�;+��� �% #".). 

�"�+�/+�+",#'"�' ;+��! -%>��>���K�J =�� ��>�$���*"�D ��;#-
�K�%""�D. ��%"�*"% =�D�@$% �+-�&J�%�� ��;#�K�%""� $��% >�%"�-
���J ±0,2" 

"#�+�>%&J"�' $���;#� (��>. 22.33) ��$���>����L�J>� !&� ��;#-
�K�%""� -��"#G"#D $��#� �#! 0 !� 180° # �"���#G"#D �#! 40° !� 180°. 

����;#� >$&%!%L�J>�: - �>"��� 1 -# G$%&�K, &#"#'$� 2, $�>�",� 3, 
>+$���% 4, >��=��% 5, "�"#�>% 6, -"#;"�� &#"#'$� 7, !+�O%�$� 8. 

�&� ��;#�K�%""� �"���#G"#D $��#� �#! 40° !� 130° ��$���>����-
L�J>� �>"��% -# G$%&�K, "�"#�>, >+$��� #- >��=���;. 

I#"% =�!#&$� -% "�"#�>�; �"#�+�>%&J"�D $���;#�#� >�%"����J 2' # 
5'. 

	�=�>$%L�J>� �"#�+�>%&J"# $���;#�� - ��*"#>�K !� 2'. 
�% ��>. 22.31 # 22.35 �>"��"# =�&�O+""� �"#�+�>%&J"�E� $���;#-

�% =�� ��;#�K�%""# -��"#G"#D # �"���#G"#D $��#�. 
"#�+�>%&J"# !#&�&J"# �% �=��*"# E�&��$� -%>��>���K�J>� !&� 

��;#�K�%""� ,+"��%&J"�D $��#� # !&� -%;#�#� � =�&��"�D $���!�"%-
�%D. I�;� E�&��$%;� ;�O"% ��;#���� $��� �#! 0° !� 360°. 

I#"% =�!#&$� �=��*"�D E�&���$ �#! 2" (
��) !� 1' (
��-60). 
��"�>"% &#"#'$% ��$���>����L�J>� !&� ��*"�D ��;#�K�%"J -��-

"#G"#D # �"���#G"#D $��#� !+�%&+' "+=��;�; ;+��!�; (;%&.22.35). 
�#"#'$� ��=�>$%K�J>� ��J�D ��=#�: 
� – @+- �=��"�� =&��� # �!"�; "%D�&�;; 
�� – - �=��"�K =&���K # �!"�; "%D�&�;; 
��� – - !��;% �=��"�;� =&��%;� # =�!�#'"�; "%D�&�;. 
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!�. 22.34. ������ �����
��� ��#����� U� #� ��#���� ����-

%��� ��� ����������� %�������� ��#��. 
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!�. 22.35. ������ �����
��� ��#����� U� #� ��#����  

����%��� ��� ����������� ���#������ ��#��. 
��"�>"# &#"#'$� @��%K�J 1-E� # 2-E� $&%>� ��*"�>�#. 
��"�>"% &#"#'$% ��&�L >�@�K >�%&+��' >��&�$ 1, !� �$�E� =��$-

�#=&+"� !�% ,�&#"!��*"�D ��&�$% - �!"%$���E� !#%;+���. 	#!>�%"J 
;#O ��&�$%;� -��*%'"� >�%"����J 100 %@� 200 ;;. 
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!�. 22.36. *����� ����'��: 1 – #����; 2 – ������ ������;  

3 – �����. 
�D+;� ��;#�K�%""� $��% -�@�%O+"� "% ��>. 22.37. ���&�$ �>�%"�-

�&KK�J>� "% =+�+�#�"#' =&��# =#! -%�!%"�; $���; -% !�=�;�E�K @&�-
$% $#",+��D ;#�. 	�>��% @&�$% � ��-"%*%L�J>� �%$�K -%&+O"#>�K: 

� = L sin �,     (22.2) 
!+ � – $�� "%D�&� >�"�>"�� &#"#'$�. 
�"!�$%��� "% >���$� =+�+;#P�K�J �-!��O ��#�"�� !+�%&#, �$� =+-

�+�#��K�J, # =�-"%*%K�J =�$%-%""� #"!�$%���"�� E�&��$� � $�%'"#D 
��*$%D. �#!�%D���K�J $��, P� =+�+�#��L�J>�, -% /��;�&�K: 

HK l2
f

l2
dDtg �

	
�� ,    (22.3) 

!+ d – !#%;+�� ��&�$%; l� – !��O�"% ��;#�K�%"�E� $�"�>%; l� – 
�#!>�%"J ;#O ��;#�K�%"�;� ��*$%;�; f – �#-"�,� � =�$%-%""�D #"-
!�$%���%. 

��"�>"� &#"#'$� ��$���>����K�J !&� -%;#�#� $��#� !� 45°, ��;� 
P� #- -@#&JG+""�; $��% =�D�@$% G��!$� -��>�%L. ��D�@$% ��;#�K-
�%""� >�"�>"�;� &#"#'$%;� >�%"����J 3"...52" -%&+O"� �#! �+&�*�-
"� L # ��;#�K�%"�D $��#�. 
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!�. 22.37. ,���������� ��#� ������ ����'���:  

1 – ���� ����
��� ���; 2 – ��������� ���#�; 3 – #����;  
4 – ������#���� $������. 

+$"!" 23. %��)�"$2&� #"%�M' !'���\!"&2 

23.1. ����
� � �	��F� ������8� ���@F� 

��"���&J ��*"�>�# ,�&#"!��*"�� �#-J@� =����!��J !�/+�+",#'�-
�%"�; # $�;=&+$>"�; ;+��!%;�. 

��� !�/+�+",#'��%"�;� ;+��!# $�"���&K �$�+;� =+�+�#��K�J 
$�O"�' =%�%;+�� �#-J@�; >+�+!"#' !#%;+��, $��$ # =�&���"� $��% 
=��/#&K. I+' ;+��! !�O+ ���!�;#>�$�'. 

��� $�;=&+$>"�;� ;+��!# �!"�*%>"� $�"���&KK�J >+�+!"#' !#-
%;+��, $��$, =�&���"� $��% =��/#&K, �"���#G"#' # -��"#G"#' !#%;+-
���. ��"���&J -!#'>"KK�J E�%"�*"�;� $%&#@�%;� (��>. 23.1). �#-J-
@��# $%&#@�� ;%K�J =��D#!"� (��) # "+=��D#!"� (��) >����"�. ���-
D#!"# �#-J@��# =��@$� ;%K�J =��"�' =��/#&J �#-J@� # @#&JG� !��-
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O�"�. �+=��D#!"# �#-J@��# =��@$� ;%K�J �$���*+"# =��/#&J # !��-
O�"�, P� �>��%L �=&�� =�D�@$� $��% =��/#&K # $��$� =�� $�"���&# 
>+�+!"J�E� !#%;+��% �#-J@�. �+=��D#!"+ $#&J,+ �%$�O $����G+ # ;%L 
=�>+�+!�"# ����*$�. �#&J,� @��%K�J "+�+E�&J��%"# (>�,#&J"#) # �+-
E�&J��%"#. 

 
!�. 23.1. !�%����� �������: � – ������; � – ������ �
�
$��������;  

� – �����
 �
$�������
. 
���D#!"% >����"% (��) �#-J@���D $%&#@�#� =�� -%E��"*��%""# =�-

��""% �#&J"� -E��"*��%��>� - =��+�D"+K, �$% =+�+�#��L�J>�, $�"�-
��&J��%"�E� ��-;#�� (��>. 23.2), % "+=��D#!"% >����"% (��) "+ =�-
��""% - "+K -E��"*��%��>�. ��=�>$%L�J>� -E��"*��%""� "% �!"� – 
!�# "��$� - ���,� !+�%&#. 

 
!�. 23.2. /��#���� �
#��� ��%������� ���������. 
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�&� $�"���&K ��-;#�#� $%&#@�#� – $#&+,J # >$�@ -%>��>���K�J>� 
$�"���&J"# $%&#@��. 

�&� ��-"%*+""� "�;#"%&J"�E� ��-;#�� $��$� �#-J@� # (- ;%&�K ��-
*"#>�K) �� =��/#&K ��$���>����K�J �#-J@��# G%@&�"�, �D $�;=&+$��-
K�J � "%@��� (��>. 23.3) - E�%"�,�;� �+&�*�"� $��$� �#! 0,4 !� 6 ;;. 

 

 
!�. 23.3. !�%����� �������. 

�+�+!"#' !#%;+�� -��"#G"J�� �#-J@� ;�O"% -%;#���� �#-J@���;� 
;#$��;+��%;� #- �>�%�$%;�, ;+��!�; ��J�D %@� !��D !���#�, "% �"#-
�+�>%&J"�;� �% #">���;+"�%&J"�;� ;#$��>$�=%D. 

�#-J@���' ;#$��;+�� (��>. 23.4) -%>��>���K�J !&� ��;#�K�%""� 
>+�+!"J�E� !#%;+��% ���$��"�� -��"#G"J�� �#-J@� =��;�;, %@>�&K�-
"�; ;+��!�;. �#%=%-�" ��;#�K�%""� �#! 0 !� 350 ;; - #"�+��%&�; 
25 ;;. 

	 "%@��# �#-J@���E� ;#$��;+��% !�!%K�J>� >=+,#%&J"# �>�%�$�. 
	>�%�$� ��@��%K�J �#!=��#!"� !� $��$� �#-J@�, �$% $�"���&KL�J>�. 
���-;%��*"� �>�%�$� �>�%"��&KK�J � ���#� =‘��$�, $�"�>"� �>�%�-
$� � ;#$��;+���*"�' E��"�. 

�+�+! ��;#�K�%""�; >+�+!"J�E� !#%;+��% -��"#G"J�� �#-J@�, 
�#-J@���' ;#$��;+�� �>�%"��&KK�J "% "�&J. �’��$% - =��-;%��*-
"�K �>�%�$�K =+�+;#P�L�J>� !� $�"�%$���%""� - $�"�>"�K �>�%�-
$�K (=�� !#%=%-�"# ��;#�K�%""� 0...25 ;;), %@� - �>�%"��*�K ;#��K 
=�� !#%=%-�"# ��;#�K�%""� =�"%! 25 ;;. �+�+;#P+""� =‘��$� ��$�-
"�K�J -% !�=�;�E�K E%'�$, ��-;#P+"�D - �@�D @�$#� =‘��$�. 	#!E-
��"*�K*� E%'$� - &#��E� @�$� =‘��$� # -%E��"*�K*� !��E� E%'$�, 
=‘��$� "%@&�O%K�J !� ;#$��E��"�%, "%�=%$�. �#>&� !��+!+""� �>�%-
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��$ !� -#�$"+""� ;#O >�@�K %@� - �>�%"���*"�K ;#��K (��>. 23.5) 
�#!��!��J ;#$��E��"� # =+�+�#��K�J �>�%"��&+""� ;#$��;+��% � "�-
&J���;� =�&�O+""#. �$P� "�&J���� �>�%"��$� "+;%L, �� �� $��+E�-
K�J, =+�+;#P�K*� =’��$� %@� �>�%"��&+""�; @%�%@%"% ;#$��;+���-
*"�� E�&��$�. 

 
!�.23.4 !�%�����' ������
#� �% �#������. 

�&� ��*"�D ��;#�K�%"J >+�+!"J�E� !#%;+��% -��"#G"J�� �#-J@� 
-%>��>���K�J ;+��! ��J�D !����$#�. 

 ��J�D !����$#�, �$# -"%D�!��J>� � -%=%!�"%D �#-J@�, ��;#�K-
K�J �#!>�%"J ;#O ��J�;% �D ��*$%;�, P� ��>��=%K�J �=+�+!. ���#; 
��-"%*%K�J ;%�+;%��*"�; G&�D�; >+�+!"#' !#%;+��. ��;=&+$� 
>$&%!%L�J>� - ��J�D !����$#� �!"%$���E� !#%;+��% (��>. 23.6). �#%-
;+�� !����$#� d� ��@��%K�J -%&+O"� �#! $��$� �#-J@� !. 
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!�. 23.5. �
�
����� �������$� �����
��� ������
#�� 

 �% �#������. 

 
!�. 23.6. ,���������� ��%��� �
#���� #���� ���#����. 

�$P� �#># !����$#� =�� ��;#�K�%""# ��-;#P+"� �+���$%&J"�, �� 
!����$� =#!�#G�K�J "% $��"G�+'"#, -%$�#=&+"�;� "% =��&%!#, �$�; 
$���>��K�J>� (;#$��;+��, E���-�"�%&J"�' �=��;+�� �% #".). ��% 
!����$� �>�%"��&KK�J � -%=%!�"� �#-J@� - �!"�E� @�$�, ��+�#' !��-
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��$ – - =����&+O"�E� @�$�. ���#; ;#$��;+���; %@� �=��;+���; 
��;#�KK�J ��-;#� ;#O $�%'"#;� ��*$%;� 5, P� ��>��=%K�J �=+�+! 
(��>. 23.7) 

�&� ;+���*"�� �#-J@� >+�+!"#' !#%;+�� ��-"%*%L�J>� -% /��;�&�K: 
2 3 165 0 866� 	 �, ,�d M d ! .   (20.4) 

�+�+!"#', !#%;+�� !K';���� �#-J@� ��-"%*%L�J>� -% �%$�K -%&+-
O"#>�K: 

2 3 165 0 9605� 	 �, ,�d M d ! .    (20.5) 

 
!�. 23.7. ���#������� ��� �����������  


�
����$� ����
#�� ��%��� ���#�. 
�$P� "+ ��;%E%L�J>� �+&�$�� ��*"�>�# ��;#�K�%""� %@� *�>&� 

���$#� "+�+&�$+, �� ��$���>����K�J ;+��! !��D !����$#�. 
���$ �#-J@� # =�&���"� $��% =��/#&K $�"���&KK�J, �$ =�%��&�, 

"% ;#$��>$�=%D %@� =��+$���%D. 
�%�%;+��� �"���#G"J�� �#-J@� - $��$�; 0,25...2 ;; # >+�+!"#; 

!#%;+���; 18...98 ;; ;�O"% ��;#���� >=+,#%&J"�; �#-J@���; ;#$-
��>$�=�; �F�-59, �$�' L =��>���L; !� �"#�+�>%&J"�D ;#$��>$�=#� 
��-21 # ��-23. 

���;�>&��#>�J ��=�>$%L �%$�O %���;%��*"# -%>�@� $�"���&K 
�#-J@� (%���;%� �	-583 ). 

�&� $�"���&K # >�����%""� �"���#G"#D �#-J@ -%>��>���K�J, $�#; 
"%-�%"�D =��&%!#�, P+ ' #"!�$%���"�' �#-J@�;#�. 
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23.2. #	��F� ������8� 
��	8�D Q��������  
� Q8�@���� �’J
�	�@ 

��-;#�� G=�"$���D -'L!"%"J � #"!��#!�%&J"�;� ����@"�,��# =+-
�+�#��K�J>� �"#�+�>%&J"�; ��;#�K�%&J"�; #">���;+"��;, % � ;%-
>���;� # �+&�$�>+�#'"�;� ����@"�,��%D – >=+,#%&J"�;� $%&#@�%;� 
(��>. 23.8). Y���"% =%-#� =+�+�#��L�J>� =&%>��"%;�, �$# ;%K�J =��-
D#!"� # "+=��D#!"� >����"� (��>. 23.8, %). ��-;#� (D + t 2) $�"���&K-
L�J>� =��@$�K #- >��=#"*%>��K G=�"$�K (��>. 23.8, @), % E&�@�"% 
=%-#� �%&� (��-;#� t1) – $#&J,+��; $%&#@��;, �$�' ;%L >�+�O+"J - 
=��D#!"�; # "+=��D#!"�; ��>��=�; (��>. 23.8, E). ��;+���*"#>�J ��-
-;#P+""� =%-#� �#!"�>"� �>J���� =&�P�"� =+�+�#��L�J>� � ���&$� 
=��@$�K #- G=�"$�K (��>. 23.8, �), % � �%&% – "%$&%!"�K =��-;�K - 
$�"���&J"�; >�+�O"+;. 

 
!�. 23.8. "���� ���#���� ��������� %‘A�����: � – ���#���;  

� – ������ �% #������#�� �������; � – ������ �% �������; $ – 
�����
��' ������ �% #
������; � – ���%��. 
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��"���&J G&#,J���D -'L!"%"J ��$�"�K�J $�;=&+$>"�;� =��D#!-
"�;� $%&#@�%;� # �"#�+�>%&J"�;� ��;#�K�%&J"�;� -%>�@%;�. 

F��"#G"#' !#%;+�� �%&�, �"���#G"#' !#%;+�� ���&$�, ���P�"� 
G&#,#� �%&� # G���"� �=%!�" ������ $�"���&KK�J !�/+�+",#'��%-
"� -% !�=�;�E�K E&%!$�D E�%"�*"�D $%&#@�#� �% �"#�+�>%&J"�D -%-
>�@#� ��;#�K�%"J. 

F%>�@� # ;+��!� ��;#�K�%""� -��"#G"J�E� !#%;+��% G&#,J���� 
���&$� � �>"��"�;� -%>��>���K�J>� �# O, P� # =�� $�"���&# E&%!$�D 
�%&#� �% �����#�. 

���P�"% G&#,#� ��;#�KL�J>� �"#�+�>%&J"�;� =��&%!%;� (;#$-
��;+���;, E���-�"�%&J"�; �=��;+���; �% #".). Y���"% �=%!�" ;#O 
G&#,%;� "%'*%>�#G+ $�"���&KL�J>� @&�$%;� $#",+��D ;#�. 

��"���&J �#!D�&+""� /��;� # ��-;#P+""� @#*"�D >���#" G&#,#� # 
=%-#� ;�O+ @��� -!#'>"+"�' "% =��#��*"#' =&��# � =�L!"%""# - !#&�-
&J"�K E�&��$�K # =��&%!�; #- >��#&$�K ("%=��$&%!, #"!�$%����;) 
"% G�%���#. ��"���&J��%"% @#*"% =��+�D"� G&#,% �>�%"��&KL�J>� � 
=&�P#, =%�%&+&J"�� =&�P�"� =&���, % #"!�$%��� "%&%E�!O�L�J>� "% 
��>��� ,+"��#� - =�=�%�$�K "% =�&���"� ���P�"� -�@%. F% G$%&�K 
#"!�$%���% �#!�%D���L�J>� �#!D�&+""� ��-;#P+""� � !%"#' ��*,#, % 
=+�+;#P+""� ��*$� $�"�%$�� ��;#�K�%&J"�E� $#",+��$% - @#*"�K 
=��+�D"+K G&#,% !�-��&�L ������� �#!D�&+""� /��;�. �&� =�����-
�� �>�%"��&+"�� � ,+"��%D $�"���&J��%"�� !+�%&# "% "%>��="�' G&#, 
G�%��� - =��&%!�; -;#P�L�J>�, % =��#; =��!��E%L�J>� -"���. 

F;#P+""� �#># G&#,#� �#!"�>"� �#># ,+"���K*�E� ������ =�� 
,+"����%""# =� �"���#G"J�;� !#%;+��� ;�O+ $�"���&K�%��>� "%-
$&%!"�;� �%O#&J"�;� ;#$��;+���*"�;� =��&%!%;� (��>. 23..9, %) 
%@� � ,+"��%D "% $�"�%$�"#' =&��# - =#!$&%!$%;� =�� !�=�;�-# #"-
!�$%���%, -%$�#=&+"�E� "% G�%���# (��>. 23.9, @). 

��� �%$�;� O ,+"����%""# �#!D�&+""� �#! >=#��#>"�>�# ,�&#"!-
��*"�D =��+�D�"J, P� ��-"%*%K�J>� �"���#G"#; # -��"#G"#; !#%;+-
��%;� >=��O+""�, $�"���&KL�J>� -% >D+;�K (��>. 23.9, �). 

��"���&J $��$� G&#,J���E� �%&� =����!��J>� "% =��#��*"#' 
=&��# - !�=�;�E�K !#&�&J"�� E�&��$� # >��#&�*"�E� =��&%!� 
(��>. 23,9, E). ���&%! "%&%E�!O�L�J>� "% "�&J��+ =�&�O+""� >��#&-
$� =� @#*"#' =��+�D"# G&#,%, % =��#; G�%��� ��!��E%L�J>� # =����-
!��J>� =������ $�"���&J��%"�E� �%&� "% "�&J���' $��$. 

�"G�' >=�>#@ $�"���&K $��$� =�&�E%L � -%>��>��%""# =%�� ��;#�K-
�%&J"�D ��&�$#� !#%;+��% d�. ��-;#� !% =� ��&�$%; ��;#�KL�J>� @&�$�; 
$#",+��D ;#� - @�$���"$%;�, -%��>"���;� � >���@,�"# (��>. 23.9, !). 
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�&+;+"�� G&#,J���� ���&$� ��;#�KK�J>� %"%&�E#*"�. 	 ,J�;� 
��=%!$� >��#&�*"# =��&%!� ;%K�J !�!%�$��# �%O+&# !&� �>�%"��&+"-
"� $�"�%$�� - @�$���;� =��+�D"�;� �=%!�" �#!D�&+""� �#! >=#��#>-
"�>�# ,�&#"!��*"�D =��+�D�"J - !#%;+��%;� D i d $�"���&KK�J -% 
>D+;�K (��>. 29.9, �). 

 
!�. 23.9. /��#���� 
�
�
�#�� ��������$� %‘A������. 

 
!�. 23.10. /����
��� �������: � – ������-������  

% ����� ������; � – ������-������ % ����� �������;  
� – ������-�����
. 

��� =+�+�#�,# $�;=&+$>"�; $%&#@��; (��>. 23.10) ���&$% ��%O%-
L�J>� =��!%�"�K, �$P� $%&#@�-=��@$% =��D�!��J, % !#%;+�� # G���-
"% -%=%!�"� "+ ��D�!��J -% ;%$>�;%&J"# E�%"�*"# ��-;#��. 	%& 
��%O%L�J>� =��!%�"�;, �$P� $%&#@�-$#&J,+ =��D�!��J, % !#%;+��� # 
���P�"% G&#,% "+ ��D�!��J -% ;%$>�;%&J"# E�%"�*"# ��-;#��. �$P� 
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���P�"% G&#,J���E� �%&� %@� ���&$� @#&JG% �#! !��O�"� $�;=&+$-
>"�E� $%&#@��, �� E�%"�*"# �#!D�&+""� �#! =%�%&+&J"�>�# >���#" 
G&#,#� �%&% # =%-#� ���&$� �#!"�>"� �># ,+"���K*�� =��+�D"# "+ =�-
��""# =+�+��P��%�� 0,03 ;; "% !��O�"# 100 ;;. 

23.3. #	��F� ������8� ��F�	���� ����
	� 

��*"#>�J ��@��� -�@*%>��D =+�+!%* -%&+O��J �#! @%E%�J�D =%�%-
;+��#� (�#! =��/#&K ��@�*�� =��+�D"# -�@#�, $��$� -*+=&+""�, >=#�-
�#>"�>�# �%&#� �% #".) # "+ ;�O+ ��-"%*���>� �#&J$� ��*"#>�K ��E���-
�&+""� -�@*%>��D $�&#>. �%$, @#*"�' -%-�� -%&+O��J �#! !#'>"�D �#!-
D�&+"J ;#O�>J���� �#!>�%"# !%"�� =+�+!%*#. ��"���&J -�@*%>��D $�-
&#> ;%L �+&�$+ -"%*+""� !&� =#!��P+""� "%!#'"�>�# # !��E��#*"�>�# 
-�@*%>��D =+�+!%*. ��"���&J -�@*%>��D =+�+!%* ��;%E%L �#!=��#!-
"�� ��E%"#-%,#� # >=+,#%&J"�D ��;#�K�%&J"�D -%>�@#�. F%&+O"� �#! 
=��-"%*+""� �% +�%=#� =���+!+""� $�"���&K ��-�#-"�K�J =��';%-
&J"�', =��/#&%$��*"�' # �+D"�&�E#*"�' $�"���&J -�@*%>��D $�&#> # 
=+�+!%*. 

���';%&J"�' $�"���&J -‘�>���L �#!=��#!"#>�J ��*"�>�# -�@*%>-
��D $�&#> �;��%; ��@��� -�@*%>��D =+�+!%*. ��� $�"���&# >&#! "%-
!%�%�� =+�+�%E� $�;=&+$>"�; =�$%-"�$%, �$# !%K�J -;�E� �>�%"���-
�� >�;%�"� =�D�@$� -�@*%>��E� $�&+>% %@� =+�+!%*#. 

���/#&%$��*"�' $�"���&J -%>��>���L�J>� !&� ��-"%*+""� E+�-
;+���*"�� # $#"+;%��*"�� ��*"�>�# -�@��@��@"�D �+�>�%�#� # -�@��#-
-"�E� #">���;+"��. ��*"#>�J #">���;+"�� =+�+�#��L�J>� =#>&� $�O-
"�� -%��*$�. 

�+D"�&�E#*"�' $�"���&J -%>��>���K�J =�� "%&%E�!O��%""# �+D-
"�&�E#*"�E� �@&%!"%""� # !&� -’�>��%""� =��*�" @�%$�. ��+&+;+"-
�"� $�"���&KK�J �>�%"��*# �+D"�&�E#*"# @%-� =�$%-"�$#�, P� !%L 
=��"#G+ ���&+""� =�� D#! # >�%" �+D"�&�E#*"�E� =��,+>�. 

�&� $�O"�� #- ��J�D "��; ��*"�>�# # !&� ��!#� >=�&�*+""� �>�%-
"��&+"� $�;=&+$>"# # =�+&+;+"�"# =�$%-"�$�. F�@*%>�# $�&+>% $�"�-
��&KK�J =��&%!� !&� $�;=&+$>"�D # =��&%!� !&� =�+&+;+"�"�D 
=+�+�#��$. 

��;=&+$>"�' $�"���&J $#"+;%��*"�� =�D�@$� =����!��J>� "% 
>=+,#%&J"�D =��&%!%D � �!"�=��/#&J"�;� -*+=&+""#. ���",�= 
-!#'>"+""� $�"���&K =�$%-%"� "% ��>. 23.11. 
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!�. 23.11. ������ ��� �����
���$� ���#����  

��� �������(������� %��
��
���. 
�% �+!�*�;� �%&� 1 -%$�#=&+"� ��*"+ -�@*%>�+ $�&+>� 2, 

-‘L!"%"+ - ��*"�; -�@*%>��; $�&+>�; - # -�@*%>��; $�&+>�; 6, �$+ 
=+�+�#��K�J. F�@*%>�+ $�&+>� -%$�#=&+"� "% �+!+"�;� �%&� 4. �+�+-
!%��*"+ *�>&� ;#O -�@*%>��;� $�&+>%;� 2 # 3 =�%$��*"� !��#�"KL 
=�>�#'"�;� -"%*+""K. F�@*%>�+ $�&+>� 6 (�$+ =���#@"� =+�+�#����) 
�>�%"��&+"� "% =���O"�>�#' ���&,# 5, -;�"���%"#' $�",+"���*"� - 
�%&�; 4 # $%�+�$�K 7. 	��&$% ;�O+ �#&J"� =��+��%��>� �#!"�>"� 
,J�E� �%&�. 

�$P� "+;%L =�D�@�$, =+�+!%��*"+ *�>&� ;#O -�@*%>��;� $�&+-
>%;� 2 # 6 �%$�O !��#�"KL "�;#"%&J"�;� -"%*+""K. �$P� =�D�@$� 
!�=�P+"�, �� >�"D��""#>�J �@+��%""� �%&� 1 # ���&$� 
5 =���G�L�J>�, #"!�$���"�' !%�*�$ 1 >%;�=�G�*�' =��&%! /#$>�-
K�J =�D�@$� "% !#%E�%;#. 

 ;%>���;� # $��="�>+�#'"�;� ����@"�,��# -%>��>���L�J>� 
$�;=&+$>"% =+�+�#�$% -�@*%>��D $�&#> � !��D=��/#&J"�;� -%*+=-
&+""# "% ;#O,+"���;#�# (��>. 23.12). 

	�;#�K�%&J"+ -�@*%>�+ $�&+>� "%>%!O+"� "% �=�%�$� "+��D�;�-
E� >�=���� 4. 	�;#�K�%&J"% $%�+�$% =#! !#LK =��O�"� 5 =����>$�L 
�@�!�% -�@*%>�# $�&+>%, >����KK*� P#&J"+ -%*+=&+""�. ��� >�;#>-
"�;� �@+��%""# -�@*%>��D $�&#> =�D�@$% ��;#�K�%&J"�� ;#O�>J���� 
�#!>�%"# /#$>�L�J>� -% G$%&�K #"!�$%���%. 
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!�. 23.12. 5���
�#�����. 

�#O,+"���;#� -%@+-=+*�L ��>�$� +/+$���"#>�J $�"���&K # ;�O-
&��#>�J ��-"%*+""� -;#" ;#O�>J���� �#!>�%"# -% �!�" �@+�� -�@*%>-
��E� $�&+>%. 

��� =�+&+;+"�"�;� $�"���&# =+�+�#��K�J>� �$�+;# =%�%;+��� 
-�@*%>��� =+�+!%*# # $��$ -%*+=&+""�, $�����' # $�&���' $��$, =��-
/#&J -�@#�, !��O�"% -%E%&J"�� "��;%&#, ���P�"% -�@% �% #". 

�&� =+�+�#�$� $��$� -%*+=&+""� -%>��>���K�J $��$�;#��. F% ��-
!�; $�"�%$�� - ��;#�K�%"�;� =��+�D"�;� $��$�;#�� @��%K�J: 
$��$�;#�� - =&�>$�;� (�%"E+",#%&J"�;�) # $��;�*"�;� ��;#�K�%-
&J"�;� "%$�"+*"�$%;�. 

�%'@#&JG =�G��+"# $��$�;#�� - �%"E+",#%&J"�;� "%$�"+*"�$%-
;� (��>. 23.13). ���$ -%*+=&+""� ��;#�KK�J "+��D�;�; "%$�"+*-
"�$�; # ��D�;�; "%$�"+*"�$�; 2; ;#O "�;� =�=+�+!"J� -% @&�$�; 
$#",+��D ;#� �>�%"��&KK�J "�;#"%&J"+ -"%*+""� $��$� -%*+=&+""� 
-% !�=�;�E�K E��"�% 3 # ��D�;�� =&%"$� 4, !� �$�� G%�"#�"� =��$-
�#=&+"� "%$�"+*"�$ 2. �&%"$� 4 /#$>�K�J E��"�%;� 5. =���; 6 # 
"%$�"+*"�$�; 1 �>�%"��&KK�J # /#$>�K�J =��&%! "% -�@*%>��;� 
$�&+>#. ��� =������# ��D�;�E� "%$�"+*"�$% 2 =�D�@$� =+�+!%K�J>� 
>��#&,# #"!�$%���% 7. 

��"���&J $�����E� # $�&���E� $��$� -!#'>"KL�J>� "%$&%!"�;� # 
>�%,#�"%�"�;� $��$�;#�%;�. �%$&%!"# $��$�;#�� -��*%'"� @%-�-
K�J>� =� $�&# ��>��=#� %@� -%=%!�" # "+ -%@+-=+*�K�J ��>�$�� ��*-
"�>�# ��;#�K�%"J. ��;� =+�+�%E� �#!!%K�J >�%,#�"%�"�; $��$�;#-
�%;. ���",�= !#� >�%,#�"%�"�E� $��$�;#�� =�$%-%"� "% ��>. 23.14. 
�&� =+�+�#�$� -�@*%>�+ $�&+>� 1 �>�%"��&KK�J >=#��#>"� - &#;@�; 2 
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# "+��D�;� �#!"�>"� ,J�E� O &#;@%. ��� =������# "% $�O"�' $�� � 
&#;@ /#$>�L�J>� >��=���; 3. 	�>"���$ =�� ��*"#>�J $�&���E� # $�-
����E� $��$� ��@&��J -% �#�"�;#�"#>�K �#!>�%"+' ;#O �!"�';+""�-
;� =��/#&�;� -�@#� =� !#&�&J"�;� $�&�. �% =�*%�$� =+�+�#�$� 
>��#&$� #"!�$%���% �>�%"��&KK�J "% "�&J =� =+�G#' =%�# -�@#�. �%-
�+�$� 4 �#!��!��J �=�%��, ��;#�K�%&J"�' �%O#&J ����!��J #- -%*+=-
&+""� - =+�G�; -�@�;. �#;@ #- -�@*%>��; $�&+>�; =��$��*�K�J -% 
E�!�""�$���K >��#&$�K "% $�� � # =+�+;#P�K�J $%�+�$� 4 � -�����-
"�;� "%=��;# !� �=���. ��� ,J�;� ��;#�K�%&J"�' "%$�"+*"�$ 
�D�!��J � -%*+=&+""� -% "%>��="�; -�@�;. ��*"#>�J $��$� =+�G�� 
=%�� -�@#� ��-"%*%L�J>� =�&�O+""�; >��#&$� #"!�$%���% 7. �"%&�-
E#*"� ��-"%*%L�J>� �#!D�&+""� $��$� #"G�D =%� -�@#�. 

 
!�. 23.13. /������� % #��$
��������� ����
����� 

���/#&J -�@#� =+�+�#��K�J +��&J�+"��;#�%;� - �"#�+�>%&J"�;� 
%@� #"!��#!�%&J"�;� !�>$%;�. �% ��>. 23.15 =�$%-%"� >D+;� +��&J-
�+"��;#�% - #"!��#!�%&J"�; !�>$�;. F;#""�' !�>$ 1 # -�@*%>�+ $�-
&+>� 2, P� =+�+�#��L�J>�, �>�%"��&KK�J "% >=#&J"#' �=�%�,#. �#%-
;+�� !�>$% !��#�"KL !#%;+��� �>"��"�� �$��O"�>�# $�&+>%. ��>$ 
1 =����>$%K�J !� &#"#'$� 3, �$� O��>�$� -‘L!"%"� - $%�+�$�K 6. 
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��� �@+��%""# E��"�% 5, $%�+�$% - &#"#'$�K =�>��=%&J"� =+�+;#-
P�K�J>� # =����!��J � �@+��%""� !�>$ - $�&+>�;. 

 
!�. 23.14. /������� #���������'. 

�� $%�+�$� � �!"#' =&�P�"# #- -�@*%>��; $�&+>�; 2, �$+ =+�+�#-
��L�J>� =��$�#=&+"� �%O#&J 4; '�E� !��E+ =&+*+ >��$%L�J>� 
3 "%$�"+*"�$�; #"!�$%���% 8. ��� ��;#�K�%""# -�@*%>�+ $�&+>� 
=��+��%K�J �%$�; *�"�;, P�@ ��;#�K�%&J"�' "%$�"+*"�$ �%O+&� 
>��$%�>� - �>"���K @#*"�� =��+�D"# -�@%, P� ��;#�KL�J>�. ��� 
,J�;� >��#&$% #"!�$%���% �>�%"��&KL�J>� "% "�&J. �%&# D�!���; 
E��"��; "%!%K�J $%�+�,# =�>��=%&J"�E� ��D�, % !�>$� # -�@*%>��;� 
$�&+>� – �@+��%&J"�E� ��D�. 	�;#�K�%&J"�' "%$�"+*"�$ $��-%L @#-
*"�K =��+�D"+K -�@% !� ��D�!� #- -%*+=&+""� - "�;. ��� ,J�;� -�@ 
�+>J *%> =+�+@��%L � �+���$%&J"�;� =�&�O+""#. ��G+ =�D�@$� =�-
�+�D"# -�@% ��$&�$%K�J "+�+&�$# $����# =������� �%O+&+; # �#!=�-
�#!"# �#!D�&+""� >��#&$� #"!�$%���%. F% G$%&�K 7 ��-"%*%K�J -;#-
P+""� $%�+�$�, % -% G$%&�K 9 – $�� =������� -�@*%>��E� $�&+>%, 
=�� �$�;� ��;#�K�%&J"�' "%$�"+*"�$ >��$%L�J>� - @#*"�K =��+�D-
"+K -�@%, P� '�E� =+�+�#��K�J. 
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!�. 23.15. 6�����
�#���� % �������������� ����� 

���O�"� -%E%&J"�� "��;%&# ;�O"% ��;#���� G�%"E+",��$�&+; 
%@� ;#$��;+���; #- >=+,#%&J"�;� "%$�"+*"�$%;� # "��;%&+;#�%;�. 

F�@�;#�"�' ;#$��;+�� (��>. 23.16) �#!�#-"�L�J>� �#! ;#$��;+��% 
!&� -��"#G"#D ��;#�K�%"J "%>%!$%;� =&�>$�D !�>$#�. �#%=%-�"� 
��;#�K�%""�: 0...25, 25...50, 50...75, 75...100 ;;. 
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!�. 23.16 ������
��� 

 

 
!�. 23.17. "��������' ��������. 
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���;%&+;#� (��>. 23.17) >$&%!%L�J>� #- G�%"E� 1, "% �$� "%>%-
!O+"� ��-�#-"� ���&$� 2 - E�@$�K 3.  $��=�># 6 �>�%"��&+"� ��D�-
;� E�@$� 4, =+�+;#P+""� �$�� *+�+- =+�+!%��*"�' ;+D%"#-;, -;�"-
���%"�' � $��=�># 6, =+�+!%L�J>� "%$�"+*"�$� #"!�$%���% 5. ���-
;%&+;#� "%>���KK�J "% "�;#"%&J"� !��O�"� -%E%&J"�� "��;%&# -% 
@&�$�; =&�>$�=%�%&+&J"�D $#",+��D ;#�. ���P�"% -�@% ��;#�KL�J-
>� -% =�>�#'"�K D��!�K G�%"E+"-�@�;#�%;� (��>. 23.18). 

 
!�. 23.18. �#��$
�%������: 1 – ���#� ����'��; 2 – $����  

�#��$�; 3 – �����; 4 – �#��$�; 5 – �����; 6 – $���� �����. 
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�� G�%"-# � !��D �-%L;"�=+�=+"!�$�&��"�D "%=��;%D =+�+>�-
�%K�J !�# �%;$� - "�"#�>%. 
!"� �%;$� -'L!"%"� - ��>��"�K &#"#'-
$�K, !��E� ;%L E�@$%, �$% =+�+>��%L�J>� �#!"�>"� "+��D�;�� E�@$� 
G�%"E�. Y�%"E+"-�@�;#�� ��=�>$%K�J ��J�D ��-;#�#� !&� $�"���&K 
$�&#> - !#%=%-�"%;� ;�!�&� 1...36 ;;. 

	�>��"� &#"#'$� �>�%"��&KK�J "% ��-;#�, �%$ >%;�, �$ G�%"E+"-
E&�@�"�;#�, ��@�� �%$�; *�"�;, P�@ $�"�%$� ��;#�K�%&J"�D E�@�$ 
#- -�@�; $�"���&J��%"�E� $�&+>% �#!@��%�>� =� !#&�&J"�;� $�&�. 
��� ��;#�K�%""# ���P�"� -�@% =� D��!# =�$%-%""� "% G�%"E+"-�-
@�;#�# *��%K�J �%$ >%;�, �$ "% G�%"E+",��$�&#. 

+$"!" 24. ?�&(��$2 C��%(?�%(�, !���'$�&2 � ��-
#��^�&&G ��!����&2 

24.1. ?�����8@ Q��������� �������� 

Y��>�$#>�J � ����@"�*�D �;��%D �,#"KL�J>� �#-"�;� ;+��!%;�. 

!"�; - "%'=�G��+"#G�D L ;+��! =��#�"�""� -% !�=�;�E�K -�%-$% 
G��>�$�>�#. ���J ,J�E� ;+��!� =�&�E%L � =��#�"�""# $�"���&J��%-
"�� =��+�D"# - =��+�D"+K >=+,#%&J"� ��E����&+"�E� +�%&�"% – -�%--
$% G��>�$�>�#. F�%-$� G��>�$�>�# (��>. 24.1) – ,+ ;+�%&+�# =&%>��"� 
- =&�>$�K %@� ,�&#"!��*"�K ��@�*�K =��+�D"+K ��-;#��; 
30×20 ;;. ��@�*� =��+�D"K $�O"�E� -�%-$% �@��@&�K�J �!"�; #- 
�%$�D >=�>�@#�: -��"#G"#; ��*#""�;, �"���#G"J�K ��-��*$�K, -+"-
$+���%""�;, ��-�#�*��%""�;, >���E%""�;, /�+-+���%""�;, G&#/�-
�%""�; ($��E&�;, =&�>$�;, ���,+��; %@� �"���#G"#;). 

 
!�. 24.1 "��%�� ���#��#� ���
����. 

���#�"�""� =��+�D"# !+�%&# # -�%-$% =����!��J �#-�%&J"�. �%!#'-
"�;� �+-�&J�%�%;� $�"���&K @��%K�J &�G+ !&� =��+�D�"J !� 
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Ra = 6,3 ;$;. F%>��>��%""� &�=� -%@+-=+*�L �,#"$� G��>�$�>�# !� Ra 
= 0,32 ;$;. 

	�@��%K*� -�%-$� !&� $�"���&K G��>�$�>�# =��+�D"# !+�%&#, 
=���#@"� !�!+�O��%�� �%$�D �;��: 

– -�%-�$ ;%L @��� ��$�"%"�; - ��E� >%;�E� ;%�+�#%&�, P� ' $�"-
���&J��%"% !+�%&J; 

– ��@�*% =��+�D"� =���""% @��� �@��@&+"% ��; >%;�; ;+��!�;, 
P� ' $�"���&J��%"% =��+�D"� !+�%&#; 

– E+�;+���*"% /��;% ��@�*�� =��+�D"# -�%-$% ;%L �#!=��#!%�� 
E+�;+���*"#' /��;# $�"���&J��%"�� =��+�D"# !+�%&#. 

F%;#>�J -�%-$#� G��>�$�>�# #"�!# -%>��>���K�J E����� !+�%&J, 
G��>�$#>�J =��+�D"# �$�� %�+>���%"� >=+,#%&J"�;� ��;#�K�%&J"�-
;� =��&%!%;�. 

�+��! =��#�"�""� $�"���&J��%"�� =��+�D"# - =��+�D"+K -�%-$% 
��;%E%L =+�"�E� "%��$� # "+ E%�%"��L ��-"%*+""� $&%>� G��>�$�>�# 
- ��>�$�K ��*"#>�K *+�+- �#!;#""�>�# � �#!*����D $�"���&+�#�. 

Y��>�$#>�J ��;#�KK�J $�"�%$�"�; ;+��!�; -% !�=�;�E�K P�-
=���D  =��&%!#� (=��/#&�;+��#� # =��/#&�E�%/#�, # @+-$�"�%$�"�;� 
�=��*"�;� =��&%!%;�), =�!�#'"�;� ;#$��>$�=%;�, ;#$��#"�+�/+-
��;+��%;� �% #". 

���/#&�;+�� =���%���"�' ;�!+&# 253 L ��>�$�*��&���; ��;#-
�K�%&J"�; =��&%!�; !&� ��;#�K�%""� G��>�$�>�# ;+�%&+��D # "+-
;+�%&+��D ����@#� (=&%>�;%>%, >$&� �% #".) @+- =�G$�!O+""� �D =�-
�+�D"#. 

�#� =��&%!� _��"��L�J>� "% =��",�=# �@;%,��%""� %&;%-"�K E�&-
$�K !%�*�$% !�>&#!O��%"�� =��+�D"# # =+�+����+""� $�&��%"J E�&$� � 
-;#"� "%=��E� -% !�=�;�E�K ;+D%"����""�E� =+�+����K�%*%. 

���&%! (��>. 24.2) >$&%!%L�J>� - �%$�D ��-&#�: !%�*�$ 1, =����! 
2, +&+$���""�' @&�$ 3, =��>��#', P� >$&%!%L�J>� #- >���$% 4 # =��--
;� 5 #- >��&�$�; 6. �%�*�$ =+�+����KL &#"#'"# $�&��%""� E�&$�, �$# 
�#!=��#!%K�J "+�#�"�>��; =��+�D"#, � +&+$���*"# >�E"%&�.�%�*�$ 
(��>. 24.3) ;%L �%$� @�!���: +&+$���""% &%;=% (;+D%"����"), �$�K 
�=�%�&�K�J ;+D%"#*"�, # ��D�;�' %"�!, �$�' ��"$�K ;+;@�%"�K 
-�'�-%"� #- P�=�; 2. �% P�=# =��$�#=&+"� %&;%-"� E�&$� 3 - �%!#�-
>�; -%$��E&+""� 10 ;$;. �+D%"����" �>�%"��&+"� � $��=�> 5, "% 
=+�+!"#' *%>��"# �$�E� ��-;#P+"� ��+�!�>=&%�"� �=��� 4. �+D%"�-
���" -%$�#=&+"� � $��=�># $#&J,+; 8 -# G���+; 7, �$�' �=��%L�J>� � 
&�"$� E��"�% 6 =#! -�>�&&�; =��O�"� 11. �%$% $�">���$,#� $�#=-
&+""� !%L -;�E� �+E�&K�%�� =�&�O+""� ;+D%"����"%,  
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!�. 24.5. "�$�����' ��$��� 
�
�#�����$� �����. 

P� L "+�@D#!"�; !&� ��*"�E� �>�%"��&+""� E�&$� P�=% �#!"�>"� 
�=��� !%�*�$%. ���"�� 13, P� �=��%K�J>� � $#&J,+ 10, �+E�&KK�J # 
/#$>�K�J =�&�O+""� P�=%. F"�-� ;+D%"����" -%$���� $��G$�K 9. 
�%�*�$ -'L!"�L�J>� -# G��$�; =����!� ��&$�K ��-"#;%""� 12 # /#$-
>�L�J>� G��/��; 14. 

�+�+;#P+""� !%�*�$% - =�>�#'"�K G��!$#>�K -!#'>"KL�J>� 
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=����!�; (��>. 24.4), � =+�+!"#' *%>��"# �$�E� ��-;#P+"� E"#-!� 1, 
� �$+ �>�%�&�L�J>� !%�*�$; '�E� >��=����J E��"� 2. �%�*�$ =#!"#-
;%K�J �% >=�>$%K�J, �@+��%K*� ��$���$� 4, =�&�O+""� �$�� >��=�-
���J �%O#&J,+; 3. �% -%!"#' >�#",# =����!% ��-;#P+"� E"#-!%, � �$# 
�>�%�&�K�J G&%"E�, P� -‘L!"�L�J>� - +&+$���""�; @&�$�;. �% @#*-
"�D >�#"$%D $�O�D% ��-;#P�K�J "%$&%!$� 5 !&� -��*"�>�# -%D�%�� 
=#! *%> =+�+"+>+""�. 

�% =+�+!"#' =%"+&# +&+$���""�E� @&�$� (��>. 24.5) ��-;#P+"�: 
=��&%! 1 !&� =�$%-%"J, $"�=$� ��;$"+""� ;+�+O# 2, >�E"%&J"+ �#*-
$� 4, =+�+;�$%* !#%=%-�"#� ��;#�K�%"J 3, $"�=$% =�>$� 5. �% -%!"#' 
>�#",# – E"#-!% !&� -'L!"%""� - =����!�; 7 # 8, -%=�@#O"�$ 9, =��+"-
,#�;+�� 6 !&� �+E�&K�%""� *��&���>�# =��&%!� G&%"E 10 !&� =#!$-
&K*+""� =��&%!� � ;+�+O�. ���"�� 11 ��$���>����K�J>� !&� -"��-
�� $�O�D� =#! *%> �+;�"��. 

F%�!�$� =��/#&�E�%/%; ;�O"% %���;%��*"� !#>�%�� -%=%> ;#$-
��=��/#&K =��+�D"# � ��E&�!# =��/#&�E�%;�. �&� ,#L� ;+�� =��&%! 
;%L >%;�=�G�*�' =��>��#'. 

 
!�. 24.6. ���������� �
�� �����#�����  

���(����
#���-���(���$��(��. 
�%'!�>$�"%&#G�;� =��&%!%;� !&� ��;#�K�%""� G��>�$�>�+' 

��%O%K�J>� =��/#&�E�%/�-=��/#&�;+���. ���",�=��� >D+;� ,�D 
=��&%!#� -�@�%O+"� "% ��>. 24.6. 
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�&;%-"� E�&$� 1 O��>�$� -‘L!"%"� - �$��+; 2 =+�+����K�%*%, 
;%E"#�"% >�>�+;% �$�E� >$&%!%L�J>� - !��D $���G�$ 3 # -!��L"�E� � 
– =�!#@"�E� >+�!+*"�$% (�>+�!�) 4. ����G$� =+�+����K�%*% 1 !�# 
=�&���"� =+���""�� �@;��$� !�/+�+",#%&J"�E� ��%">/��;%���% 
6 >$&%!%K�J @%&%">���' ;#>�, O��&+""� �$�E� -!#'>"KL�J>� �#! E+-
"+�%���% -��$���� *%>���� 5. ��� =+�+;#P+""# =+�+����K�%*% �#!-
"�>"� $�"���&J��%"�� =��+�D"# %&;%-"% E�&$% 1 �@P�=�L =��+�D"K 
!+�%&# # -!#'>"KL �>J��# $�&��%""�. �%-�; - E�&$�K �#!"�>"� O��>-
�$� -%$�#=&+"�� =��-;� 10 =�*�"%L $�&��%��>� �$#� 
2 =+�+����K�%*%, ��$&�$%K*� -;#"� =��#���"�E� -%-��� ;#O ,�; 
�$��+; # >+�!+*"�$�; (�>+�!�;) 4. F;#"% =��#���"�E� -%-��� =���-
G�L �#�"��%E� @%&%">"�E� ;�>�%, �"%>&#!�$ *�E� � �����""#' �@;�-
�,# ��%">/��;%���% 6 ��"�$%L -;#""% "%=��E%. F;#"% "%=��E% =�>�-
&KL�J>� +&+$���""�; @&�$�; 7, "% ��D�!# �$�E� =��L!"%"� =�$%-�-
K*�' 8 # -%=�>�K*�' 9 =��&%!. 

�>"�K�J @+-$�"�%$�"# (�=��*"#) ;+��!� ��;#�K�%""� G��>�$�>�# 
=��+�D"#, ��"� =#!��-!#&�K�J>� "% ;+��! >�#�&���E� =+�+�#-� �% #"-
�+�/+�+,#'"# ;+��!�. 

��� ;+��!# >�#�&���E� =+�+�#-� $�"���&J��%"% =��+�D"� �>�#�-
&KL�J>� ��-J$�K >;�O$�K >�#�&% (>�#�&���K =&�P�"�K). ��"��� 
=��/#&K =��+�D"# � ��E&�!# &#"#� =+�+��"� >�#�&���� =&�P�"� - $�-
"���&J��%"�K =��+�D"+K, ��$���&+"�K ;#$��"+�#�"�>��;� (��>. 
24.7, %), ;�O"% ��-E&�"��� =�� -"%*"�;� -@#&JG+""#. 
!�" #- =��$-
&%!#� - �%$�; =��",�=�; !#� – =�!�#'"�' ;#$��>$�= %$%!+;#$% 	. �. 
�#""�$% (���-��). �#$��>$�= >$&%!%L�J>� - �>�#�&K�%&J"�E� 1 # �#-
-�%&J"�E� 2 ;#$��>$�=#� (��>. 24.7, @). F�@�%O+""� P#&�""�� !#%/-
�%E;� # (��>. 24.7, �), ��-;#P+"�� � /�$%&J"#' =&�P�"# &#"-� 2, =��-
+$��L�J>� �@‘L$����; �>�#�&K�%&J"�E� ;#$��>$�=% "% !�>&#!O��%-
&J"� =��+�D"K 3; �@'L$��� 4 �#-�%&J"�E� ;#$��>$�=% =��+$��L -�-
@�%O+""� &#"#� =+�+��"� >�#�&���� =&�P�"� - !�>&#!O��%&J"�K =�-
�+�D"+K � /�$%&J"� =&�P�"� 6-6 �$�&��% 5, � �$#' ��-;#P+"�' �#!-
&#$���' =��>��#'. 	#># ;#$��>$�=#� =+�+��"%K�J>� =#! $���; 90° # 
"%D�&+"# =#! $���; 45� !� $�"���&J��%"�� =��+�D"#. 

 =�&# -��� �$�&��% ;#$��>$�=% (;%&..24.7, E) >=�>�+�#E%L�J>� 
$%���"% ��-=�!#&� G��>�$�>�# "% !+�$#' !#&�",# @%-���� !��O�"�. 
	�>��� "+�#�"�>�+' ��-"%*%K�J �%$: �#-"�,K �#!&#$#� -% G$%&�K 
�$�&��"�E� ;#$��>$�=% =�� >�;#P+""# E���-�"�%&J"�� "��$� =+�+D-
�+P+""� - ��>��=%;� # -%=%!�"%;� "+�#�"�>�+' ;"�O%�J "% ,#"� 
=�!#&$� �$�&��"�E� ;#$��>$�=%. 
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!�. 24.7. �����'��' �������� ������� 5&*-&&: � – �
�� ��#-

����$� �
�
��%�; � – %�$�����' ��$���; � – ��#���� �
��; $ – ���
 
%��� ���������. 

�&� ��;#�K�%""� G��>�$�>�# - Ra = 20...0,32 ;$; !� ;#$��>$�=% 
!�!%K�J>� -;#""# ;#$���@‘L$����. ��D�@$% ��;#�K�%""� >�%"����J 
�#! 7,5 !� 24%. 

��� #"�+�/+�+",#'"�;� ;+��!# ��;#�KK�J G��>�$#>�J =��+�D"# 
- Ra = 0,16...0,01 ;$;. �&� ,J�E� ��$���>����L�J>� ;#$��#"�+�/+��-
;+��  ���-4, �$�' =��-"%*%L�J>� !&� &%@��%���"�D ��;#�K�%"J G�-
�>�$�>�# =��+�D�"J. 
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24.2. ?�����8@ ��
��8��@ <���� 

	#!D�&+""� /��;� ��-"%*%K�J =�� !�=�;�-# �"#�+�>%&J"�D �% 
>=+,#%&J"�D -%>�@#� ��;#�K�%"J - ��$���>�%""�; =��#��*"�D =&��. 

	#!D�&+""� �#! ,�&#"!��*"�>�# ��-"%*%L�J>� �$ "%=#��#-"�,� 
;#O "%'@#&JG�; # "%';+"G�; !#%;+��%;� =��+�D"#, P� ��;#�KL�J-
>� !��D$�"�%$�"�; =��&%!�; -% >D+;�K (��>. 24.8). 

 
!�. 24.8. /��#���� ������
�� (����: � – ������
���  

�����������#� �������#��#��� ��������; � – �$����� � ������;  
� – �$����� �� ���%��; $ – ��$��#�#�; � – �
 ���C����#�;  

 – �
���C����#� % ������$�� ������#����$� ���#���;  

� – �
���������'��#�; % – �
���C����#�; 1 – �
#���; 2 – ���-
��; 3 – ���������; 4 – ��������� ���#�; 5 – ��������' ����. 

�%&J"#>�J ��-"%*%L�J>� =�� !�=�;�-# �"#�+�>%&J"�D =��&%!#� 

��;#�K�%""�; "%'@#&JG�� �#-"�,# !#%;+��#� � !��D �-%L;"�=+�=+"-
!�$�&��"�D "%=��;$%D. 


E�%"$% ��;#�KL�J>� � $#&J,# �% "% =��-;#. ��� ��;#�K�%""# � 
$#&J,# '�E� !#%;+�� =���"+" !��#�"K�%�� !#%;+��� =��&�E%K*�E� 
$�&%. ��;� =���#@+" $�;=&+$� $#&+,J, �$�' ;%L ��; @#&JG+ �D *�>&�, 
*�; @#&JG% ��*"#>�J ��;#�K�%"J ��;%E%L�J>�. ��� ��;#�K�%""# "% 
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=��-;# �+&�*�"% �E�%"$� ��-"%*%L�J>� =+�+�%D�"$�; =�$%-%"J �#!-
&#$���� E�&��$� - ��%D��%""�; *�>&% E�%"+' # $��% =��-;�. 

24.3. ?�����8@ ��
��8��@ �����P���� 

	#!D�&+""� �#! =%�%&+&J"�>�# ��;#�KK�J "% =��#��*"#' =&��#, 
-%$�#=&+"#' "% >�#',# (��>. 24.9, %). �+�%&J �>�%"��&KL�J>� @%-���K 
=��+�D"+K "% =&��#, P� #;#��L =��&�E%K*� =&�P�"�, % �#!D�&+""� 
�#! =%�%&+&J"�>�# ��-"%*%L�J>� -;#"�K =�$%-%"J E�&��$� � �#-"�D 
��*$%D =��+�D"#. 

 
!�.24.9. /��#���� ������
��� ��%��C
��� ���
�����:1 – �
-

#���; 2 – ��������� ���#�; 3 – ���%��#���� ���������; 4 – ����; 
5 – ���%��; 6 – �����; 7 – ������. 
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	#!D�&+""� �#! =%�%&+&J"�>�# �% =+�+$#> �>+' ;�O"% ��;#���� "% 
=��#��*"#' =&��# =�� !�=�;�-# #"!�$%���%, -%$�#=&+"�E� "% >�#',# 
(��>. 24.9, @). �+�%&J �>�%"��&KL�J>� "% =��-;%D # ���#��L�J>� �%$, 
P�@ �#>J 1-1 @�&% =%�%&+&J"% =&�P�"# =��#��*"�� =&���. 

	#!D�&+""� �#! =%�%&+&J"�>�# �#># # =&�P�"� ��-"%*%L�J>� �%$�O 
"% =��#��*"#' =&��# - !�=�;�E�K �#!&#$���� E�&��$� (��>. 24.9, �). 

	#!D�&+""� �#! =%�%&+&J"�>�# �,#"KL�J>� -% �#-"�,+K =�$%-%"J 
#"!�$%���"�� E�&��$� "% -%!%"#' !��O�"# L. 	#!D�&+""� �#! =%�%&+-
&J"�>�# �#># ������ # =&�P�"� ��-"%*%L�J>� %"%&�E#*"�; *�"�; =� 
=��E"%"#' !� ������ �=�%�,# (��>. 24.9, E). 

	#!D�&+""� �#! =+�=+"!�$�&��"�>�# ��;#�KL�J>� "% =��#��*"#' 
=&��# - !�=�;�E�K ��;#�K�%&J"�� E�&��$�, -%$�#=&+"�� "% >�#",#, 
P� !�-��&�L =+�+;#P��%�� E�&��$� =+�=+"!�$�&��"� !� =&�P�"� 
=&��� (��>. 24.9, !). 

���,+�+ @���� ��-"%*%L�J>� "% =��-;# - !�=�;�E�K #"!�$%���"�� 
E�&��$� (��>. 24.9,L). �+�%&J �>�%"��&KL�J>� @%-���K =��+�D"+K # 
/#$>�L�J>� � �>J���;� "%=��;$�. F% ���,+�+ @���� =��';+�J>� �#--
"�,� ;#O "%'@#&JG�; # "%';+"G�; =�$%-%""�;� E�&��$�, ����;%-
"�;� =�� �@+��%""# !+�%&#. 

	#!D�&+""� �#! >=#��#>"�>�# ��-"%*%L�J>� "% �=��%D, P� -"%D�-
!��J>� � >+�+!"#D =+�+�#-%D �%&�, - !�=�;�E�K #"!�$%���"�� E�&��-
$� =�� �@+��%""# �%&� (��>. 24.9, O). 

��� "+-%&+O"�D !�=�>$%D �+&�*�"� "+>=#��#>"�>�# !�,#&J"� =+-
�+�#���� - !�=�;�E�K >��=#"*%>��D $%&#@�#� (��>. 24.9, -). 

	+&�*�"� @���� =+�+�#��K�J "% =��-;%D - !�=�;�E�K #"!�$%��-
�"�� E�&��$� (��>. 24.9, �). �$ �%!#%&J"+ @���� =��';%L�J>� �#-"�,� 
E�%"�*"�D =�$%-%"J #"!�$%���"�� E�&��$� -% =��"�' �@+��. 

	#!D�&+""� �#! >�;+���*"�>�# =+�+�#��K�J "% =&��# � ,+"��%D - 
!�=�;�E�K #"!�$%���"�� E�&��$� (��>. 24.9, $). 

	#!D�&+""� �#! =+�+��"� �>+' =+�+�#���J>� "% =��#��*"#' =&��# - 
!�=�;�E�K ��;#�K�%&J"�� E�&��$� # �=�%��$ (��>. 24.9, &). 	�;#-
�KL�J>� ��>��% ��#�"�� �#!=��#!"�� �=�%�$� "%! @%-���K =��+�D"+K 
� ��*,# =+�+��"� �>+' (=�&�O+""� � # 	). 



	��
�� III 

 320 

+$"!" 25. �%&�!&� ��'&)'�' !'M��/  
#"%�M�! !'���\!"&&G 

25.1. !�8�� ����F�� �������	��� �	 ����8@�	��  
������8� 


���;%"# �+-�&J�%�� $�"���&K -%&+O%�J �#! =�D�@�$ ��;#�K-
�%""�: =�D�@$� � >D+;# ��;#�K�%""�, =�D�@�$, P� ��$&�$%"# �;�-
�%;� =���+!+""� ��;#�K�%""� # "%&%E�!O+""�, �% =�D�@�$ ��;#�K-
�%&J"�D =��&%!#�. 

	�@#� ;+���&�E#*"�D =�$%-"�$#� -%>�@#� ��;#�K�%""� -%&+O��J 
�#! ��!� $�"���&K, � �$�;� -%>��>���K�J>� ��;#�K�%&J"# -%>�@�. 

	�@#� -%>�@#� ��;#�K�%"J -%&+O��J �#! ��!� $�"���&K, ;+���-
&�E#*"�D /%$���#�, ��*"�>�# ��E����&+""� (�#!"��&+""�) !+�%&+', 
;%>G�%@#� ����@"�,��%, $�">���$���"�D # +$�"�;#*"�D /%$���#�. 

 �+;�"�"�;� ����@"�,��#, �$ # � -%E%&J"�;� ;%G�"�@�!��%""#, 
-%>��>���K�J !�# /��;� $�"���&K: %$���"�' # =%>��"�' $�"���&J. 

�$���"�' $�"���&J - =��;�; ��;#�K�%""�; ��-;#�#� !+�%&# 
@+-=�>+�+!"J� �=&��%L "% �+D"�&�E#*"�' =��,+> �!+�O%""� =+�"�-
E� ��-;#��. 

��� %$���"�;� $�"���&# -%>��>���K�J, �$ =�%��&�, >=+,#%&J"# 
$�"���&J"# =��>����. 

�%>��"�' $�"���&J &�G+ ��-"%*%L =��!%�"#>�J !+�%&+'. 
��� ��$�"%""# ����@"�*�D ��;#�K�%"J ��%D���K�J �%$# ;+���-

&�E#*"# =�$%-"�$�: !#%=%-�" =�$%-%"J, !#%=%-�" ��;#�K�%"J, ��*-
"#>�J # =�D�@$% ��;#�K�%"J. 

��D�@$% ��;#�K�%"J – �!�" #- ���#G%&J"�D /%$���#�, �$# �=&�-
�%K�J "% ��@#� -%>�@#� ��;#�K�%"J. ��D�@$% ��;#�K�%""� =��-��-
!��J !� ��E�, P� *%>��"% @�%$��%"�D !+�%&+' "%!D�!��J "% >$&%-
!%""� (=�;�&$� !��E�E� ��!�), % *%>��"� =��!%�"�D !+�%&+' @�%-
$�K�J (=�;�&$� =+�G�E� ��!�). [�@ �"�$"��� =�;�&�$ !��E�E� 
��!� =���#@"� -;+"G��� !�=�>$ !+�%&# �, ��@�� ��+>�� -��O+"�' 
%@� ����@"�*�' !�=�>$ ����. 

25.2. ������ ����F� � ���D�	8@��D 
����� 

	���@"�*�' !�=�>$ – ,+ !�=�>$ "% ��E����&+""�, -;+"G+"�' - 
;+��K �>�"+""� "+E%���"�E� �=&��� =�D�@�$ ��;#�K�%""�. 	�+-
!+""� ����@"�*�E� !�=�>$� =��"#>�K ��$&K*%L "%!D�!O+""� "% 
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>$&%!%""� !+�%&+' - ��-;#�%;�, �$# ��D�!��J -% ;+O# ��-"%*+"�E� 
!�=�>$�. 

	�$���>����L�J>� ;+��! =��-"%*+""� ����@"�*�E� !�=�>$� -% 
�%D�"�$ -;+"G+""� E%�%"���%"�E� !�=�>$� ����@� "% =�!��L"� �+-
&�*�"� E�%"�*"�� =�D�@$�  F lim (��>. 25.1). 

lim2�T,�! �	� .        (25.1) 
����+ ,+' ;+��! +$�"�;#*"� "+ -%�O!� !�,#&J"�'. 

 
!�. 25.1. ���%���
��� ���������$� ������. 

�&� �>�%"��&+""� L!�"�D ��;�E =�� ��@��# -%>�@#� ��;#�K�%"J 
�+E&%;+"��K�J>� (�
�� 8.051-81) E�%"�,# !�=�>��;�D =�D�@�$ 
h	�� =�� ��;#�K�%"# &#"#'"�D ��-;#�#� !� 500 ;;. 	�@��%K*� #"-
>���;+"�, >&#! !�!+�O��%�� �;���: 

,�5lim �� � .      (25.2) 
�%>G�%@ ����@"�,��% �=&��%L "% ��@#� -%>�@#� ��;#�K�%"J. 	 

#"!��#!�%&J"�;� # !�#@"�>+�#'"�;� � ����@"�,��# !�,#&J"� -%>��-
>����%�� �"#�+�>%&J"# -%>�@� ��;#�K�%"J, % � ;%>���;� – >=+,#%&J-
"# -%>�@� ��;#�K�%"J # $%&#@��. 

��">���$���"# �>�@&���>�# (E%@%����, /��;%, ;%>% ��P�) !+�%-
&+' �%$�O -�;��&KK�J =+�"# �@;+O+""� "% ��@#� -%>�@#� ��;#�K-
�%"J. �%$, ;%>��"# !+�%&# $�"���&KK�J>� =+�+"�>"�;� ' ��;#�K�%-
&J"�;� =��&%!%;�, % !+�%&# "+�+&�$�D ��-;#�#� – >�%,#�"%�"�;�. 

�$�"�;#*"# /%$����, �$# �=&��%K�J "% ��@#� -%>�@#� ��;#�K�%"J 
�$&K*%K�J: �%��#>�J -%>�@#� ��;#�K�%"J, ����%&#>�J �D ��@��� !� 
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=�����"�E� �>�%"��&+""� # �+;�"��, *%> "% �>�%"��&+""� # "% ��;#-
�K�%""�, �#!=��#!"� $�%&#/#$%,#K �=+�%���%. 

F%&+O"� �#! ,#&J���E� =��-"%*+""� ��;#�K�%""� =����!��J>� - 
;+��K -'�>��%""� D%�%$�+�� >=�%,K�%""� # - ;+��K !+/+$���%""�. 

�&� !�>&#!O+""� >=�%,K�%""� ��-&#�, %E�+E%�#�, ;%G�" -%>��>�-
��K�J #"�+E�%&J"# ;+��!� (-% ;+�%&�; � ;%>��&#, -% ;#*+"�; %��;�; 
��P�). �&� ��-"%*+""� �$�>�# ;%�+�#%&�, D%�%$�+�� -@#&JG+""� 
>=�%,K�%""�, >���$� =��!%�"�>�# !+�%&+', *�>&% �+;�"�"�D ��-;#-
�#� =����!��J =�!+�%&J"# ��;#�K�%""�. 

�&� ����&+""� �+%&J"�� /��;� >=�%,J��%"�� !+�%&# �� ��;#�K-
K�J � !+$#&J$�D =+�+��"%D !��D �-%L;"�=+�=+"!�$�&��"�D =&�-
P�". 	#!>�%"# ;#O =+�+��"%;� �>�%"��&KK�J>� !��#&J"�, %&+ *�; 
*%>�#G+, ��; $�%P+. �"�!# ,# �#!>�%"# �@_��"����K�J D%�%$�+��; !#� 
>�& "% �$�+;# !#&�"$� ��;#�K�%"�� !+�%&#. �%$, � -‘L!"%""# ���&$� 
�+�D"J�� E�&��$� �>G%��"% - =��G"+��; =%&J,+; �"%>&#!�$ $%*%"-
"� G%��"% � =&�P�"# =�-!��O"J�� # @&�$% ,�&#"!�#� >�&% �+��� =� 
$�%�D ���&$� @�!+ @#&JG�K, "#O � >+�+!"#' �� *%>��"#. ��;�, P�@ 
-‘�>��%�� D%�%$�+� >=�%,K�%""� ���&$�, �� =���#@"� ��;#����, �$ 
;#"#;�;, � ��J�D =��>%D (��>. 25.2). 

 
!�. 25.2 Y����#
� ���������� �#���� �
������ $������ 

 ��#��� 
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���-!��O"# �-%L;"�=+�=+"!�$�&��"# =&�P�"� ��;#�K�%""� 
>&#! ��@��%�� �@_��"���%"�, - ��%D��%""�; =�-�,#' ����&+""� ;%$-
>�;%&J"�� ��%&J"�>�# # $�"�>"�>�#. �%=��$&%!, =�� ��;#�K�%""# 
,�&#"!�#� @&�$� !��E�"% �!"% =&�P�"% =���""% &+O%�� � =&�P�"# 
$%*%""� G%��"%, % !��E% – @��� =+�=+"!�$�&��"�K !� "+�. I# !�# 
�-%L;"� =+�=+"!�$�&��"# =&�P�"� - =�E&�!� !�"%;#$� >=�%,K�%"-
"� L �>"��"�;�.  =&�P�"# $%*%""� G%��"% !#K�J "��;%&J"# >�&�, 
% � =&�P�"# =+�=+"!�$�&��"#' !� $%*%""� G%��"%, – >�&�, �$# ��-
"�$%K�J *+�+- E+�;+���*"# =�D�@$�, % >%;+: =+�+$#> =��G"� �#!"�-
>"� ,�&#"!�% # =��G"+��E� =%&J,�, "+>=#�=%!%""� �># "�O"J�� E�-
&��$� G%��"% - �#>>K $�&#"*%>��E� �%&� # �. !. �+-�&J�%�� ��;#�K-
�%""� =���#@"� �-E�!��� - $#"+;%��$�K # !�"%;#$�K -’L!"%""�. ��-
&�O+""� !+�%&+' =#>&� >$&%!%""� ;%L �#!=��#!%�� =�&�O+""K �D !� 
��-@��%""�. 

�+�G "#O ��;#�K�%�� E#&J-� ,�&#"!�#�, =���#@"� =�-"%*��� �� 
=�&�O+""� � @&�,#, P�@ =�� =�����"�;� �>�%"��&+""# � @&�$ E#&J-% 
-%'"�&% =�=+�+!"L =�&�O+""�. �&� -‘�>��%""� D%�%$�+�� >=�%,K-
�%""� E#&J-� =� !��O�"# =+�+�#��K�J !+$#&J$% =+�+��"#� =+�+�#-#� 
(��>. 25.3). 

 
!�. 25.3. 5��� ����������� #� ����� ���������� ��������� 

 �� #�����' 
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�&� !+/+$�%,#�, ,#&J �$�� "+ �#&J$� ��@�%$��%""� !+�%&+' =#>&� 
+$>=&�%�%,#�, %&+ ' >�����%""� �D -% �+;�"�"�;� ��-;#�%;�, -%-"%-
*+"# ��;#�K�%""� =����!��J � ��D =+�+�#-%D !+�%&#, �$# "%'@#&JG 
>=�%,J���K�J>�. F��*%'"� ;+��! ��;#�K�%""� =�� !+/+$�%,#� 
�>�%"��&KK�J =#>&� -‘�>��%""� D%�%$�+�� >=�%,K�%""�. 

�$�"�;#*"� "+!�,#&J"� P��%-� ��;#�K�%�� !+�%&# -% �+&�$�; 
*�>&�; =+�+�#-#�. ��� !+/+$�%,#� =����!��J ��;#�K�%""�, &�G+ � 
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Z I(Z) Z I(Z) Z I(Z) Z I(Z) Z I(Z) 
0,00 0,0000 0,26 0,1026 0,52 0,1985 1,05 0,3531 2,60 0,4953 
0,01 0,0040 0,27 0,1064 0,54 0,2054 1,10 0,3643 2,70 0,4965 
0,02 0,0080 0,28 0,1103 0,56 0,2123 1,15 0,3749 2,80 0,4974 
0,03 0,0120 0,29 0,1141 0,58 0,2190 1,20 0,3849 2,90 0,49966 
0,04 0,0160 0,30 0,1179 0,60 0,2257 1,25 0,3944 3,00 0,49865 
0,05 0,0199         
0,06 0,0239 0,31 0,1217 0,62 0,2324 1,30 0,4032 3,20 0,49931 
0,07 0,0279 0,32 0,1255 0,64 0,2389 1,35 0,4115 3,40 0,49966 
0,08 0,0319 0,33 0,1293 0,66 0,2454 1,40 0,4192 3,60 0,49984 
0,09 0,0359 0,34 0,1331 0,68 0,2517 1,45 0,4265 3,80 0,499928
0,10 0,0398 0,35 0,1368 0,70 0,2580 1,50 0,4332 4,00 0,499968
0,11 0,0438 0,36 0,1406 0,72 0,2642 1,55 0,4394 4,50 0,499997
0,12 0,0478 0,37 0,1443 0,74 0,2703 1,60 0,4452 5,00 0,4999997
0,13 0,0517 0,38 0,1480 0,76 0,2764 1,65 0,4505 — — 
0,14 0,0557 0,39 0,1517 0,78 0,2823 1,70 0,4554 — — 
0,15 0,0596 0,40 0,1554 0,80 0,2881 1,75 0,4599 — — 
0,16 0,0636 0,41 0,1591 0,82 0,2939 1,80 0,4641 — — 
0,17 0,0675 0,42 0,1628 0,84 0,2995 1,85 0,4678 — — 
0,18 0,0714 0,43 0,1664 0,86 0,3051 1,90 0,4713 — — 
0,19 0,0753 0,44 0,1700 0,88 0,3106 1,95 0,4744 — — 
0,20 0,0793 0,45 0,1736 0,90 0,3159 2,00 0,4772 — — 
0,21 0,0832 0,46 0,1772 0,92 0,3212 2,10 0,4821 — — 
0,22 0,0871 0,47 0,1808 0,94 0,3264 2,20 0,4861 — — 
0,23 0,0910 0,48 0,1844 0,96 0,3315 2,30 0,4893 — — 
0,24 0,0948 0,49 0,1879 0,98 0,3365 2,40 0,4918 — — 
0,25 0,0987 0,50 0,1915 1,00 0,3413 2,50 0,4938 — — 
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��"%! 24 
!� 30 -41 -48 -55 -64 -75 -88 -118 -160 -218 

1,5 2 3 4 8 12

��"%! 30 
!� 40 -48 -60 -68 -80 -94 -112 -148 -200 -274 

��"%! 40 
!� 50 -54 -70 -81 -97 -114 -136 -180 -242 -325 

1,5 2 3 4 8 12

��"%! 50 
!� 65 -66 -87 -102 -122 -144 -172 -226 -300 -405 

��"%! 65 
!� 80 -75 -102 -120 -146 -174 -210 -274 -360 -480 

2 3 5 6 11 16

��"%! 80 
!� 100 -91 -124 -146 -178 -214 -258 -335 -445 -585 

��"%! 100 
!� 120 -104 -144 -172 -210 -254 -310 -400 -525 -690 

2 4 5 7 13 19

��"%! 120 
!� 140 -122 -170 -202 -248 -300 -365 -470 -620 -800 

��"%! 140 
!� 160 -134 -190 -228 -280 -340 -415 -535 -700 -900 

��"%! 160 
!� 118 -146 -210 -252 -310 -380 -465 -600 -780 -1000

3 4 6 7 15 23

��"%! 180 
!� 200 -166 -236 -284 -350 -425 -520 -670 -880 -1150

��"%! 200 
!� 225 -180 -258 -310 -385 -470 -575 -740 -960 -1250

�
&�

 #"
�+

��
%&

#�
 �

�-
;#

�#
�,

 ;
; 

��"%! 225 
!� 250 -196 -284 -340 -425 -520 -640 -820 -1050 -1350

3 4 6 9 17 26



 

 336 

��
	��� 3 
"���
��� ������, ��� (+�*� 25 346-82, *� *6, 145 – 75) 

��%&#�+� �"�+��%& ��-
-;#�#�, ;; 01 0 1 2 3 4 5 6 7 

�� 3 0,3 0,5 0,8 1,2 2 3 4 6 10 
��"%! 3 !� 6 0,4 0,6 1 1,5 2,5 4 5 8 12 
��"%! 6 !� 

10 0,4 0,6 1 1,5 2,5 4 6 9 15 

��"%! 10 !�
18 0,5 0,8 1,2 2 3 5 8 11 18 

��"%! 18 !�
30 0,6 1 1,5 2,5 4 6 9 13 21 

��"%! 30 !�
50 0,6 1 1,5 2,5 4 7 11 16 25 

��"%! 50 !�
80 0,8 1,2 2 3 5 8 13 19 30 

��"%! 80 !�
120 1 1,5 2,5 4 6 10 15 22 35 

��"%! 
120 !� 180 1,2 2 3,5 5 8 12 18 25 40 

��"%! 
180 !� 250 2 3 4,5 7 10 14 20 29 46 

��"%! 
250 !� 315 2,5 4 6 8 12 16 23 32 52 

��"%! 
315 !� 400 3 5 7 9 13 18 25 36 57 

��"%! 
400 !� 500 4 6 8 10 15 20 27 40 63 

���;#�$%: !&� ��-;#�#� 1;; $�%&#�+�� �#! 14 !� 17 "+ -%>��>���K�J>�. 
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���!��O+""� !�!%�$� 3 
��%&#�+� �"�+��%& ��-

-;#�#�, ;; 8 9 10 11 12 13 14 15 16 17 
�� 3 14 25 40 60 10 140 250 400 600 1000

��"%! 3 !� 6 18 30 48 75 120 180 300 480 750 1500
��"%! 6 !� 

10 22 36 58 90 150 220 360 580 900 1500

��"%! 10 !�
18 27 43 70 110 180 270 430 700 1100 1800

��"%! 18 !�
30 33 52 84 130 210 330 520 840 1300 2100

��"%! 30 !�
50 39 62 100 160 250 390 620 1000 1600 2500

��"%! 50 !�
80 46 74 120 190 300 460 740 1200 1900 3000

��"%! 80 !�
120 54 87 140 220 350 540 870 1400 2200 3500

��"%! 
120 !� 180 63 100 160 250 400 630 1000 1600 2500 4000

��"%! 
180 !� 250 72 115 185 290 460 720 1150 1850 2900 4600

��"%! 
250 !� 315 81 130 210 320 520 810 1300 2100 3200 5200

��"%! 
315 !� 400 89 140 230 360 570 890 1400 2300 3600 5700

��"%! 
400 !� 500 97 155 250 400 630 970 1550 2500 4000 6300
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��
	��� 4 
5��������� ����$� �� ���#��#� � %��
���#�  

��� ������� ��%���� � (���� 
&����	8@�� �������, �� 

�� 18 ���	
 
18 
� 50 

���	
 
50 
� 120 

���	
 
120 
� 500

������ 
������� 

�� ��	8�-
���� 

������ 
<���� % 
��
 ����� 
������� #�	����� R	, ��� �� F�8@Q� 

J�3 60 0,2 0,2 0,2 0,4 
J�4 60 0,2 0,4 0,4 0,8 
J�5 60 0,2 0,4 0,8 0,8 
J�6 60 0,4 0,8 0,8 1,6 
J�7 60 0,8 1,6 1,6 3,2 
J�8 60 0,8 1,6 3,2 3,2 
J�9 60 1,6 3,2 3,2 6,3 
J�10 60 1,6 3,2 3,2 6,3 
J�11 60 3,2 3,2 6,3 6,3 

J�12 # J�13 60 12,5 12,5 25 25 
J�14 # J�15 60 12,5 25 50 50 
J�16 # J�17 60 25 50 100 100 
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��
	��� 5 
������� � ��
��8���� 

�
�%

&#
-�

+�
� 

�
�-

"%
*+

"-
"�

 

�
� 

3 
�

�"
%!

 3
 !

� 
6 

�
�"

%!
 6

 !
� 

10
 

�
�"

%!
 1

0 
!�

 1
8 

�
�"

%!
 1

8 
!�

 3
0 

�
�"

%!
 3

0 
!�

 5
0 

�
�"

%!
 5

0 
!�

 8
0 

�
�"

%!
 8

0 
!�

 1
20

 

�
�"

%!
 1

20
 !

� 
18

0 

�
�"

%!
 1

80
 !

� 
25

0 

�
�"

%!
 2

50
 !

� 
31

5 

�
�"

%!
 3

15
 !

� 
40

0 

�
�"

%!
 4

00
 !

� 
50

0 

��=�>$ "% /��; 
$�&#@�% 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

6 

Z 
Y 

a, a1 
Z1 
Y1 

H, Hs 
H1 
Hp 

1 
1 
0 

1,5
1,5
1,2
2 

0,8

1,5
1
0
2

1,5
1,5
2,5
1

1,5 
1 
0 
2 

1,5 
1,5 
1,5 
1 

2 
1,5 
0 

2,5 
2 
2 
3 

1,2 

2 
1,5
0 
3 
3 

2,5
4 

1,5

2,5
2
0

3,5
3

2,5
4

1,5

2,5
2
0
4
3
3
5
2

3
3
0
5
4
5
6

2,5

4
3
0
6
4
5
8

3,5

5
4
2
7
5
7

10
4,5

6
5
3
8
6
8

12
6

7
6
4

10
6
9

13
7

8 
7 
5 

11 
7 

10 
15 
8 

 
 
 
 
 

JT1 
JT2 
JT1 

7 

Z, Z1 
Y, Y1 
a, a1 
H 
H1 

Hs, Hp

1,5
1,5
0 
2 
– 

0,8

2
1,5
0

2,5
–
1

2 
1,5 
0 

2,5 
1,5 
1 

2,5 
2 
0 
3 
2 

1,2 

3 
3 
0 
4 

2,5
1,5

3,5
3
0
4

2,5
1,5

4
3
0
5
3
2

5
4
0
6
4

2,5

6
4
0
8
5

3,5

7
6
3

10
7

4,5

8
7
4

12
8
6

10
8
6

13
9
7

11 
9 
7 

15 
1 
8 

 
 
 

JT2 
JT1 
JT1 

8 

Z, Z1 
Y, Y1 
a, a1 
H 
H1 

Hs, Hp

2 
3 
0 
2 
3 

1,2

3
3
0

2,5
4

1,5

3 
3 
0 

2,5 
4 

1,5 

4 
4 
0 
3 
5 
2 

5 
4 
0 
4 
6 

2,5

6
5
0
4
7

2,5

7
5
0
5
8
3

8
6
0
6

10
4

9
6
0
8

12
5

12
7
4

10
14
7

14
9
6

12
16
8

16
9
7

13
18
9

18 
11 
9 

15 
20 
10 

 
 
 

JT2 
JT1 
JT1 

9 

Z, Z1 
Y, Y1 
a, a1 
H 
H1 

Hs, Hp

5 
0 
0 
2 
3 

1,2

6
0
0

2,5
4

1,5

7 
0 
0 

2,5 
4 

1,5 

8 
0 
0 
3 
5 
2 

9 
0 
0 
4 
6 

2,5

11
0
0
4
7

2,5

13
0
0
5
8
3

15
0
0
6

10
4

18
0
0
8

12
5

21
0
4

10
14
7

24
0
6

12
16
8

28
0
7

13
18
9

32 
0 
9 

15 
20 
10 

 
 
 

JT2 
JT3 
JT1 

10 

Z, Z1 
Y, Y1 
a, a1 
H 
H1 

Hs, Hp

5 
0 
0 
2 
3 

1,2

6
0
0

2,5
4

1,5

7 
0 
0 

2,5 
4 

1,5 

8 
0 
0 
3 
5 
2 

9 
0 
0 
4 
6 

2,5

11
0
0
4
7

2,5

13
0
0
5
8
3

15
0
0
6

10
4

18
0
0
8

12
5

24
0
7

10
14
7

27
0
9

12
16
8

32
0

11
13
18
9

37 
0 

14 
15 
20 
10 

 
 
 

JT2 
JT3 
JT1 

11 

Z, Z1 
Y, Y1 
a, a1 
H 
H1 

Hs, Hp

10
0 
0 
4 
– 

1,2

12
0
0
5
–

1,5

14 
0 
0 
6 
4 

1,5 

16 
0 
0 
8 
5 
2 

19
0 
0 
9 
6 

2,5

22
0
0

11
7

2,5

25
0
0

13
8
3

28
0
0

15
10
4

32
0
0

18
12
6

40
0

10
20
14
7

45
0
5

23
16
8

50
0

15
25
18
9

55 
0 

20 
27 
20 
10 

 
 
 

JT4 
JT3 
JT1 
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���!��O+""� !�!%�$� 5 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

12 

Z, Z1 
Y, Y1 
a, a1 
H 
H1 

Hs, Hp

10
0 
0 
4 
– 

1,2

12 
0 
0 
5 
– 

1,5 

14 
0 
0 
6 
4 

1,5 

16 
0 
0 
8 
5 
2 

19 
0 
0 
9 
6 

2,5 

22
0
0

11
7

2,5

25
0
0

13
8
3

28
0
0

15
10
4

32
0
0

18
12
6

45
0

15
20
14
7

50
0

20
23
16
8

55
0

30
25
18
9

70
0

35
27
20
10

 
 
 

JT4 
JT3 
JT1 

13 

Z, Z1 
Y, Y1 
a, a1 
H 
H1 

Hs, Hp

20
0 
0 
10
– 
2 

24 
0 
0 
12 
– 

2,5 

28 
0 
0 
15 
9 

2,5 

32 
0 
0 

18 
11 
3 

36 
0 
0 

21 
13 
4 

42
0
0

25
16
4

48
0
0

30
19
5

54
0
0

35
22
6

60
0
0

40
25
8

100
0

45
46
29
10

110
0

55
52
32
12

125
0

70
57
36
13

145
0

90
63
40
15

 
 
 

JT5 
JT5 
JT2 

14* 

Z, Z1 
Y, Y1 
a, a1 
H 
H1 

Hs, Hp

20
0 
0 
10
– 
2 

24 
0 
0 
12 
– 

2,5 

28 
0 
0 
15 
9 

2,5 

32 
0 
0 

18 
11 
3 

36 
0 
0 

21 
13 
4 

42
0
0

25
16
4

48
0
0

30
19
5

54
0
0

35
22
6

60
0
0

40
25
8

100
0

45
46
29
10

110
0

55
52
32
12

125
0

70
57
36
13

145
0

90
63
40
15

 
 
 

JT5 
JT5 
JT2 

15* 

Z, Z1 
Y, Y1 
a, a1 

H 
H1 

Hs, Hp

40
0 
0 
10
– 
2 

48 
0 
0 
12 
– 

2,5 

56 
0 
0 
15 
9 

2,5 

64 
0 
0 

18 
11 
3 

72 
0 
0 

21 
13 
4 

80
0
0

25
16
4

90
0
0

30
19
5

100
0
0

35
22
6

110
0
0

40
25
8

170
0

70
46
29
10

190
0

90
52
32
12

210
0

110
57
36
13

240
0

140
63
40
15

 
 
 

JT5 
JT5 
JT2 

16* 

 
17 

Z, Z1 
Y, Y1 
a, a1 
H 
H1 

Hs, Hp

40
0 
0 
10
– 
2 

48 
0 
0 
12 
– 

2,5 

56 
0 
0 
15 
9 

2,5 

64 
0 
0 

18 
11 
3 

72 
0 
0 

21 
13 
4 

80
0
0

25
16
4

90
0
0

30
19
5

100
0
0

35
22
6

110
0
0

40
25
8

210
0

15
46
29
10

240
0

20
52
32
12

280
0

30
57
36
13

320
0

35
63
40
15

 
 

JT5 
JT5 
JT2 

���;#�$%: 1.* �&� ��-;#�#� !� 6 ;; "+ �#!"�>��J>� 
2.* �&� ��-;#�#� !� 1 ;; "+ �#!"�>��J>�. 
3.* U�>&��# -"%*+""� >�%"!%��"�D !�=�>$#� =��';%L�J>� =� �� �|	 145-75. 



 

 341

��
	��� 6 
	���#��� ������� (� ���) ��� ����������� ����'���  

��%����� ��� 1 �� 500 �� 

� � % & # � + � 

2 3 4 5 6 7 

��;#"%&J"# 
��-;#��, 

;$; 

� ���; � ���; � ���; � ���; � ���; � ���;

�� 3 1,2 0,4 2,0 0,8 3 1,0 4 1,4 6 1,8 10 3,0 

��".3 !� 6 1,5 0,6 2,5 1,0 4 1,4 5 1,6 8 2,0 12 3,0 

��".6 !� 10 1,5 0,6 2,5 1,0 4 1,4 6 2,0 9 2,0 15 4,0 

��".10 !� 18 2,0 0,8 3,0 1,2 5 1,6 8 2,8 11 3,0 18 5,0 

��".18 !� 30 2,5 1,0 4,0 1,4 6 2,0 9 3,0 13 4,0 21 6,0 

��".30 !� 50 2,5 1,0 4,0 1,4 7 2,4 11 4,0 16 5,0 25 7,0 

��".50 !� 80 3,0 1,2 5,0 1,8 8 2,8 13 4,0 19 5,0 30 9,0 

��".80 !� 
120 

4,0 1,6 6,0 2,0 10 3,0 15 5,0 22 6,0 35 10,0

��".120 !� 
180 

5,0 2,0 8,0 2,8 12 4,0 18 6,0 25 7,0 40 12,0

��".180 !� 
250 

7,0 2,8 10 4 14 5 20 7,0 29 8,0 46 12,0

��".250 !� 
315 

8,0 3,0 12,0 4 16 5,0 23 8,0 32 10,0 52 14,0

��".315 !� 
400 

9,0 3,0 13,0 5 18 6,0 25 9,0 36 10,0 57 16,0

��".400 !� 
500 

10 4,0 15,0 5 20 6,0 27 9,0 40 12,0 63 18,0
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���!��O+""� !�!%�$� 6 

� � % & # � + � 

8 9 10 11 12 

��;#"%&J"# ��--

;#��, ;$; 

� ���; � ���; � ���; � ���; � ���;

�� 3 14 3,0 25 6 40 8 60 12 100 20 

��".3 !� 6 18 4,0 30 8 48 10 75 16 120 30 

��".6 !� 10 22 5,0 36 9 58 12 90 18 150 30 

��".10 !� 18 27 7,0 43 10 70 14 110 30 180 40 

��".18 !� 30 33 8,0 52 12 84 18 130 30 210 50 

��".30 !� 50 39 10,0 62 16 100 20 160 40 250 50 

��".50 !� 80 46 12,0 74 18 120 30 190 40 300 60 

��".80 !� 120 54 12,0 87 20 140 30 220 50 350 70 

��".120 !� 180 63 16,0 100 30 160 40 250 50 400 80 

��".180 !� 250 72 18,0 115 30 185 40 290 60 460 100 

��".250 !� 315 81 20,0 130 30 210 50 320 70 530 120 

��".315 !� 400 89 24,0 140 40 230 50 360 80 570 120 

��".400 !� 500 97 26,0 155 40 250 50 400 80 630 140 
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���!��O+""� !�!%�$� 6 

� � % & # � + � 

13 14 15 16 17 
��;#"%&J"# ��-

-;#��, ;$; 

� ���; � ���; � ���; � ���; � ���;

�� 3 140 30 250 60 400 80 600 120 1000 200 

��".3 !� 6 180 40 300 80 480 100 750 160 1200 240 

��".6 !� 10 220 50 360 90 580 120 900 200 1500 300 

��".10 !� 18 270 70 430 100 700 140 1100 240 1800 380 

��".18 !� 30 330 80 520 120 840 180 1300 280 2100 440 

��".30 !� 50 390 100 620 160 1000 200 1600 320 2500 500 

��".50 !� 80 460 120 740 180 1200 240 1900 400 3000 600 

��".80 !� 120 540 140 8700 200 1400 280 2200 440 3500 700 

��".120 !� 180 630 160 1000 240 1600 320 2500 500 4000 800 

��".180 !� 250 720 180 1150 240 1850 380 2900 600 4600 1000

��".250 !� 315 810 180 1300 260 2100 440 3200 700 5200 1100

��".315 !� 400 890 180 1400 280 2300 460 5600 800 5700 1200

��".400 !� 500 970 200 1550 320 2500 500 4000 800 6300 1400
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��
	��� 7 
+������� ������� %����� ����������� ����'��� �
����� (�lim), ��� 

�"�+��%&� ��-;#�#� �%-�% =��&%!� �%&%E�!O+"# =� 
$#",+��D ;#�%D 

$&%>� 

1-
10

 

10
-5

0 

50
-8

0 

80
-1

20
 

12
0-

18
0 

1 2 3 4 5 6 7 

=��;+�� E���-�"�%&J"�' #
��;#�K�%&J"% ;%G�"% =��

��;#�K�%""# �%&#� 

0 
1 
2 

0,35 
0,4 
0,7 

0,5
0,6
1 

0,6 
0,8 
1,3 

0,8 
1 

1,6 

0,9 
1,2 
1,8 


=��;+�� E���-�"�%&J"�' #
��;#�K�%&J"% ;%G�"% =��

��;#�K�%""# �����#� 

0 
1 
2 

--- 0,9
1 

1,4

1,1 
1,3 
1,8 

1,3 
1,6 
2 

1,4 
1,8 
2,2 

�#"#;+�� - ,#"�K =�!#&$� 
0,001 ;; 

0 
1 
2 
3 

0,5 
0,6 
0,7 
1 

0,7
0,8
0,7
1,5

0,8 
1 

1,4 
2 

0,9 
1,2 
1,8 
2,5 

1 
1,4 
2 
3 

�#"#;+�� - ,#"�K =�!#&$� 
0,002 ;; 

1 
2 
3 

1 
1,2 
1,4 

1,2
1,5
1,8

1,4 
1,8 
2,5 

2 
3 

3,5 

1,6 
2,8 
3,5 

�#"#;+�� - ,#"�K =�!#&$� 
0,005 ;; 

2 
3 

2 
2,2 

2,2
2,5

2,5 
3 

2,5 
3,5 

3 
4 

�"!�$%��� - ,#"�K =�!#&$� 
0,002 ;; =�� ��@��# - ��%-
D��%""�; =�D�@$� -% %�+>-

�%��; 

 
3 

 
3 

 
3 

 
3,5 

 
4 

 
5 

0-E� $&%>� ��*"�-
>�# (=�� ��@��# � 
;+O%D "��;��%-

"�� !#&J"�,#, 
G$%&�) 

 
 

3 

 
 

8 

 
 
8 

 
 
9 

 
 

9 

 
 

9 

1-E� $&%>� ��*"�-
>�# (=�� ��@��# � 
;+O%D "��;��%-

"�� !#&J"�,# G$%-
&�) 

 
2 
 

3 

 
5 
 

10 

 
5,5

 
10 

 
5,5 

 
10 

 
6 
 

11 

 
6,5 

 
11 

�"!�$%-
��� - ,#-

"�K =�!#-
&$� 

0,01 ;; 

2-E� $&%>� ��*"�-
>�# =�� ��@��# � 
;+O%D "��;��%-

"�� 
!#&J"�,#, G$%&�)

 
 

3 

 
 

10 

 
 

10 

 
 

10 

 
 

11 

 
 

11 
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���!��O+""� !�!%�$� 7 
1 2 3 4 5 6 7 

0-E� $&%>� ��*-
"�>�# (=�� ��-
@��# � ;+O%D 

�!"�E� �@+��� 
>��#&$�) 

 
 
3 

 
 

12

 
 

12 

 
 

13 

 
 

13 

 
 

14 

1-E� $&%>� ��*-
"�>�# (=�� ��-
@��# � ;+O%D 

�!"�E� �@+��� 
>��#&$�) 
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�+E$% >+�#� �+�+!"� >+�#� 
200 10 30 9 1,0 308 40 90 23 2,5 
201 12 32 10 1,0 309 45 100 25 2,5 
202 15 35 11 1,0 310 50 110 27 3,0 
203 17 40 12 1,0 311 55 120 29 3,0 
204 20 47 14 1,5 312 60 130 31 3,5 
205 25 52 15 1,5 313 65 140 33 3,5 
206 30 62 16 1,5 314 70 150 35 3,5 
207 35 72 17 2,0 315 75 160 37 3,5 
208 40 80 18 2,0 316 80 170 39 3,5 
209 45 85 19 2,0 317 85 180 41 4,0 
210 50 90 20 2,0 318 90 190 43 4,0 
211 55 100 21 2,5 319 95 200 45 4,0 
212 60 110 22 2,5 320 100 215 47 4,0 
213 65 120 23 2,5 	%O$% >+�#� 
214 70 125 24 2,5 403 17 62 17 2,0 
215 75 130 25 2,5 404 20 72 19 2,0 
216 80 140 26 3,0 405 25 80 21 2,5 
217 85 150 28 3,0 406 30 90 23 2,5 
218 90 160 30 3,0 407 35 100 25 2,5 
219 95 170 32 3,5 408 40 110 27 3,0 
220 100 180 34 3,5 409 45 120 29 3,0 

�+�+!"� >+�#� 410 50 130 31 3,5 
300 10 35 11 1,0 411 55 140 33 3,5 
301 12 37 12 1,5 412 60 150 35 3,5 
302 15 42 13 1,5 413 65 160 37 3,5 
303 17 47 14 1,5 414 70 180 42 4,0 
304 20 52 15 2,0 415 75 190 45 4,0 
305 25 62 17 2,0 416 80 200 48 4,0 
306 30 72 19 2,0 417 85 210 52 5,0 
307 35 80 21 2,5 418 90 225 54 5,0 
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