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��+�;*�0�'/%�/  (&!.#./�6*�/  !-(6/  5(/1!.&0�'/.  ;��67�$  #*./(/!  1�'  

(&+�#9*-4  �.(&!�/$  5(�%-7�/**�!.# . �!5��6+�0&*#/  !���%- , +�&"�0-4  
!/�6!"�4�+'$!.0/**-4  "3�6.3(  – />/  �1*&  #**�0&,#'  0 !.(�#./�6!.0/  <"� -1�%�0.  

�/�68  *&39*-4  #!!�/1�0&*#$  '0�'/.!'  5�1;�(  !0'+38>#4  1�;&0�"  1�'  
3�397/*#'  !0�$!.0  # 0�+%� *�!./$  5(/!!�0&*#'  ,/��8��+�!�1/( &>/)�  !-(6' . 

�/(/1  &0.�(&%# !.�'.  !�/138>#/  +&1&9# – #!!�/1�0&.6  0�+%� *-/  !0'+38>#/  
5(#(�1*�)�  # !#*./.#9/!"�)�  5(�#!4� 1/*#'  1�'  */1(/0/!*�)�  
,/��8��+�!�1/( &>/)�  5(#(�1*�)�  !-(6'  !  ,/�68  3�397/*#'  /)�  ./4*���)#9/!"#4  
4&(&"./(#!.#" , & #%/**�  .&"#4, "&" 0�&)�!.�$"�!.6 , 5(�9*�!.6 , 1��)�0/9*�!.6 , 
<"���)#9*�!.6 . 

�  "&9/!.0/  �;A/".&  #!!�/1�0&*#'  #!5��6+�0&�#!6  5(/!!�0&**&'  ;#�%&!!& 
#+%/�69/**�$  !���%- .  


0.�(&%#  ;-�#  #!!�/1�0&*-  0 "&9/!.0/  !0'+38>#4  !�/138>#/  0/>/!.0& : 
�#)*#* , "&(;�"!#�%/.#�,/��8��+& , �#)*�!3�62&*&. . :.#  0/>/!.0&  '0�'8.!'  
*/1�(�)#%#  # 1�!.35*-%# . 

�#)*#*&  0 .(�!.*#"/  !�1/( #.!'  1�0��6*�  %*�)� , 1�  25%. 	*  #%//.  &%�(2*38  
!.(3".3(3 , #, "&" 0!/  ��� , */  #%//.  �5(/1/�/**�$  .�9"#  5�&0�/*#' , 5(#  *&)(/0&*##  
(&+%')9&/.!'  5�!./5/**� . �(#  ./%5/(&.3(*�%  0�+1/$!.0##  5�1  1&0�/*#/% �#)*#*  
0-!.35&/.  0 (��#  !0'+38>/)�  "�%5�*/*.&  !-(6' . 

��"&+&*� , 9.�  5(#  #!5��6+�0&*##  "&(;�"!#�%/.#�,/��8��+-  0 "&9/!.0/  
!0'+38>/)�  "�%5�*/*.&  1�'  3�397/*#'  !"�/#0&*#'  9&!.#,  #+%/�69/**�$  !���%- , 
�;(&+,-  5��39#�#!6  4(35"#/  # */!.�$"#/  "  #!.#(&*#8  # (&+��%3. 

�!!�/1�0&*� , 9.�  5(#%/*/*#/  20% (&!.0�(&  �#)*�!3�62&*&.&  0 "&9/!.0/  
!0'+38>/)�  0/>/!.0&  5�"&+&�� , 9.�  5�!�/  5(/!!�0&*#'  # 0-!37#0&*#'  5(#  "�%*&.*�$  
./%5/(&.3(/  �;(&+,-  */  �;�&1&8.  4�(�7#%  !,/5�/*#/%  9&!.#,  !���%- . �(#  ;��//  
0-!�"�%  5(�,/*.*�%  !�1/( &*##  !0'+38>/)�  "�%5�*/*.&  !,/5"&  9&!.#,  
#+%/�69/**�)�  .(�!.*#"&  *&;�81&�&!6  ;��//  !�&;&' , *�  5�!�/  0-!37#0&*#'  5(#  
./%5/(&.3(/  �"(3 &8>/$  !(/1-  �;(&+,-  5(#*'�#  1�!.&.�9*�  5(�9*38  2�(%3 , "�.�(&'  
*/  1/2�(%#(�0&�&!6  5(#  %/4&*#9/!"�%  0�+1/$!.0## .  

�  *&!.�'>//  0(/%'  5�1;�(  !0'+38>#4  "�%5�*/*.�0  # #4 #!!�/1�0&*#'  
5(�1�� &8.!' . 
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�&"  #+0/!.*� , 5��#%/(*&'  5&!.& �� -1 (��  2494-004-98528460-07), 

#+)�.�0�/**&'  #+ 5�&!.#+��/$  !3!5/*+#�**�)�  ��� , %� /.  ;-.6  #!5��6+�0&*&  0 
*#.(#�6*-4  (/+#*&4 0%/!.�  IPPD (N-#+5(�5#� -N’-2/*#� -n-2/*#�/*1#&%#* ) 
5(&".#9/!"#  5(#  /)�  (&0*�%&!!�0�$  +&%/*/. �(#  <.�% !�1/( &*#/  
5(�.#0�!.&(#./�6*�$  )(355-  0 5&!./  �� -1 !�!.&0�'/.  0!/)�  25-30% �.  "��#9/!.0&  
IPPD 0 #!!�/13/%�$  (/+#*�0�$  !%/!# . �/%  */  %/*//  +&>#.*-$  <22/".  �;/!5/9#0&/.!'  
"&" +& !9/.  ��� , "�.�(-$ , 05(�9/% , �"&+-0&/.  �#76  !3>/!.0/**38  +&>#.3 �.  1/$!.0#'  
�+�*& , .&" #, 0 ;��67/$  !./5/*# , �.  !#*/()/.#9/!"�)�  0�#'*#'  5(�.#0�!.&(#./�6*�$  
!#!./%-  0 5&!./ . �  !#!./%/  *&4�1'.!'  5(�.#0�!.&(#./�# , 0-5��*'8>#/  5(/0/*.#0*-/  
23*",## , .&" # 5(�.#0�!.&(#./�# , �;(-0&8>#/  ,/56  �"#!�/*#' . 
 �&"#% �;(&+�% , %�(2���)#9/!"#/  �!�;/**�!.#  5��#%/(*�$  
5(�.#0�!.&(#./�6*�$  5&!.- , #+)�.�0�/**�$  *& �!*�0/  5�&!.#+��/$  !3!5/*+#�**�)�  
��� , 5�+0��'8.  30/�#9#.6  23*",#�*&�6*�!.6  5&!.-  0 ,/��%  # #!5��6+�0&.6  //  */  
.��6"�  0 (/+#*&4 *& �!*�0/  ;3.&1#/* -*#.(#�6*-4 , *�  # 0 (/+#*&4 *& �!*�0/  
4��(�5(/*�0-4  "&393"�0, !  3%/*67/*#/%  1��#  "&393"& # 9&!.# 5(�.#0�!.&(#./�6*�$  
)(355- . �(#  <.�%, 9.�  �!�;/**�  !3>/!.0/**� , 0�+%� *�  �!3>/!.0#.6  (&0*�%&!!�038  
+&%/*3  5(�.#0�!.&(#./�/$  ;/+  1(3)#4 "&"#4-�#;�  #+%/*/*#$ (/,/5.3(-   (/+#*�0�$  
!%/!#  #, .&"#% �;(&+�% , !�4(&*#.6  <"�*�%#9/!"38  ,/�/!��;(&+*�!.6  1&**�)�  
./4*���)#9/!"�)�  5(#/%&. 
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�/2.'*-/  +&)('+*/*#'  �"(3 &8>/$  !(/1-  1�!.#)�#  "&.&!.(�2#9/!"#4  

(&+%/(�0. 	1*#%  #+ �!*�0*-4  <.&5�0 �#"0#1&,##  */2.'*-4  (&+�#0�0 '0�'/.!'  
5(#%/*/*#/  !�(;/*.�0 . �  5�!�/1*#/  0(/%'  0!/  9&>/ #!5��6+38.  */2.'*-/  !�(;/*.-   
*& �!*�0/  (&!.#./�6*-4  �.4�1�0 . :.�  �;3!��0�/*� , 0 5/(038  �9/(/16 , 1�!.&.�9*�  
0-!�"�$  5�)��>&8>/$  !5�!�;*�!.68  5��39&/%-4  ;#�!�(;/*.�0 , *#+"�$  !.�#%�!.68 , 
1�!.35*�!.68  %/!.*�)�  !-(6'  # 0�+%� *�!.68  1&�6*/$7/$  3.#�#+&,## 0 "&9/!.0/  
.�5�#0& . 

�/�68  (&;�.-  '0�'/.!'  #!!�/1�0&*#/  !0�$!.0  */2./!�(;/*.& , 5��39/**�)�  
*&5(&0�/**-%  %�1#2#,#(�0&*#/%  ,/��8��+�!�1/( &>/)�  !-(6' , # �,/*"&  /)�  
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5(#)�1*�!.#  5(#  #!5��6+�0&*##  1�'  �#"0#1&,##  (&+�#0�0 */2.#  # */2./5(�13".�0  !  
0�1*-4  5�0/(4*�!./$ . 

�  "&9/!.0/  �;A/".&  #!!�/1�0&*#'  0-;(&*  .(�!.*#"  �;-"*�0/**-$ , 
5(�#+(&!.&8>#$  *& ./((#.�(##  ���)�)(&1!"�$  �;�&!.# . �+*&9&�6*�  #!!�/13/%�/  
(&!.#./�6*�/  !-(6/  #+%/�69&�# !  ,/�68  5��39/*#'  ,/��8��+*�$  %&.(#,-  # 
1&�6*/$7/$  "&(;�*#+&,## . �(�0/1/*#/  0-!�"�./%5/(&.3(*�$  �;(&;�."#  
#+%/�69/**�)�  !-(6'  */�;4�1#%�  1�'  5(�./"&*#'  ./(%��"#!�#./�6*�$  1/!.(3",## , 
"�.�(&'  5(#0�1#.  "  (&+(-03 %/ %��/"3�'(*-4  !0'+/$  0 ;#�5��#%/(/  !  5�!�/138>#%  
�;(&+�0&*#/%  "&(;�"!#�6*-4  )(355 . �(#  0-!�"�./%5/(&.3(*�$  ./(%��;(&;�."/  
5(�#!4�1#.  +*&9#./�6*�/  (&+(37/*#/  !.(3".3(-  %&./(#&�& # 2�(%#(3/.!'  "&("&! , 
!�1/( &>#$  3)�/(�1*38  # !#�#"&.*38  !�!.&0�'8>#/ . :.�  5�+0��'/.  30/�#9#.6   
5�(#!.�!.6  �5-.*-4  �;(&+,�0  # #4 &1!�(;,#�**38  &".#0*�!.6 .  

��'  1&�6*/$7/)�  !.(3".3(#(�0&*#'  5��39/**�$  %&.(#,-  5(�0�1#�&!6  
4#%#9/!"&'  1034!.&1#$*&' %�1#2#"&,#' : *& 5/(0�$  !.&1## – )#1(��#+  !-(6'  �#%�**�$  
"#!��.�$ , *& 0.�(�$  – #!5��6+�0&*#/  2�!2�(�!�1/( &>#$  (/&)/*. . 

���39/**-/   !�(;,#�**-/  �;(&+,-  ;-�#  #!!�/1�0&*-  *&: *&!-5*38  5��.*�!.6 , 
2��.&,#�**38  !5�!�;*�!.6 , */2./5�)��>/*#/ , &1!�(;,#�**38  !5�!�;*�!.6  # 
&1!�(;,#�**38  &".#0*�!.6  5�  $�13. :.#  5&(&%/.(-  5�+0��'8.  �4&(&"./(#+�0&.6  
!�(;,#�**-/  !0�$!.0&  5(/1�&)&/%�)�  !-(6' . 

�  9#!�3  �!*�0*-4  5�"&+&./�/$  <22/".#0*�!.#  !�(;/*.�0  "(�%/  */2.//%"�!.#  
�.*�!'.  0�1�5�)��>/*#/  # 5�&039/!.6 , "�.�(-/  5(#  �#"0#1&,##  (&+�#0�0 */2.#  # 
*/2./5(�13".�0  *& 0�1*-4  5�0/(4*�!.'4  #%/8.  �!�;/**�  0& *�/  +*&9/*#/ , . ." . 
5�.�5�/*#/  */2./5(�13".�0  #+-+& ;��67�)�  <"���)#9/!"�)�  (#!"&  */1�53!.#%� . 

��*.(��6*-%  �;(&+,�%  !�3 #.  #+%/�69/**-$  !./;/�6  .(�!.*#"&  8 *�)� .  �-�#  
5(#*'.-  !�/138>#/  �;�+*&9/*#' : �;(&+/,  1 – 5��39/*  5(�0/1/*#/%  "&(;�*#+&,##  
#+%/�69/**�)�  .(�!.*#"&  8 *�)� ; �;(&+/,  2 – 4#%#9/!"&'  %�1#2#"&,#'  �#%�**�$  
"#!��.�$  5#(��#+�0&**�)�  !-(6' ; �;(&+/,  3 – 4#%#9/!"&'  %�1#2#"&,#'  �#%�**�$  
"#!��.�$  # (&!.0�(�%  !35/(2�!2&.&  #+%/�69/**�)�  !./;�'  .(�!.*#"&  8 *�)� ; �;(&+/,  
4 – 4#%#9/!"&'  %�1#2#"&,#'  �#%�**�$  "#!��.�$  # (&!.0�(�%  !35/(2�!2&.&  
5#(��#+�0&**�)�  !-(6' . 

�&#�397#/  4&(&"./(#!.#"#  5(#  #!!�/1�0&*##  2��.&,#�**�$  !5�!�;*�!.#  
5�"&+&�# �;(&+,-  3 # 4. �&%-% 0-!�"#%  5�"&+&./�/%  */2./5�)�&>/*#'  �;�&1&/.  
�;(&+/,  4. ��  *&#;��//  0-!�"#$  5�"&+&./�6  *&!-5*�$  5��.*�!.#  #%//.  �;(&+/, , 
5(�7/17#$  %�1#2#"&,#8  #+%/�69/*#/%. ��  5��39/**-%  1&**-% #!!�/1�0&*#'  
&1!�(;,##  *& )(&*#,/  .0/(1�/  ./��  –  #1"�!.6  ;-��  0-'0�/*� , 9.�  *&#;��//  
�5.#%&�6*�$  !�(;,#�**�$  !5�!�;*�!.68  �;�&1&/.  �;(&+/,  4. �/%�1#2#,#(�0&**-/  
�;(&+,-  #+%/�69/**-4  �!.&."�0  .(�!.*#"&  � *�)�  # 1(/0/!*-4  �5#��"  */40�$*-4  
5�(�1  0 1&**�% !�39&/  5�"&+&�# *&#%/*67#$ (/+3�6.&.  5�  0!/% #!!�/13/%-%  
*&5(&0�/*#'% . �/+3�6.&.-  #!!�/1�0&*#$  &1!�(;,#�**�$  &".#0*�!.#  5�  $�13 
3!.&*�0#�# , 9.�  2#+#"� -4#%#9/!"&'  %�1#2#"&,#'  �5-.*-4  �;(&+,�0  30/�#9#0&/.  
!5�!�;*�!.6  5�)��>&.6  0/>/!.0&  !�#+%/(#%-/  !  %��/"3��$  $�1&. �/%  0-7/  5(�,/*.  
!�(;,#�**�$  &".#0*�!.# , ./% ;��67/  0/>/!.0  !  1#&%/.(�% %��/"3�-  $�1& !5�!�;/*  
5�)��.#.6  �;(&+/, . ���39/**-/  �;(&+,-  3, 4 5�  !(/1*/%3  5�"&+&./�8  $�1*�)�  9#!�& */  
3!.35&8.  &".#0*-%  3)�'%  %&("# 
� -2.  
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�  *&!.�'>//  0(/%'  7#(�"�/  (&!5(�!.(&*/*#/  0 5(�%-7�/**�!.#  ���  5��39#�  

5(#(�1*-$  3)�/(�1!�1/( &>#$  #*)(/1#/*.  (/+#*�0-4  !%/!/$  – 73*)#. . 
�!5��6+�0&*#/  73*)#.&  0 "&9/!.0/  +&%/*#./�'  ./4*#9/!"�)�  3)�/(�1&  �#;�  
1�5��*#./�6*�  "  */%3 0 (/,/5.3(&4  7#**-4  (/+#*  # ���  *& �!*�0/  */5��'(*-4  
<�&!.�%/(�0  5�+0��#��  (/7#.6  ('1  &".3&�6*-4  +&1&9 "&" 0 �;�&!.#  (/,/5.3(�!.(�/*#' , 
.&" # 0 <"���)## , <"�*�%#"/ , & .&" /  0 �;�&!.#  !�0/(7/*!.0�0&*#'  ./4*���)#9/!"#4  
5(�,/!!�0 , 5(#%/*'/%-4  1�'  #+)�.�0�/*#'  3"&+&**-4 0-7/  #+1/�#$ . 

�(/10&(#./�6*&'  &".#0&,#'  73*)#.&  5�+0��'/.  30/�#9#.6  1��8  
(&+35�('1�9/**-4  3)�/(�1*-4  !.(3".3(  # %� /.  !5�!�;!.0�0&.6  30/�#9/*#8  1��#  
!0�;�1*-4  23��/(/*�5�1�;*-4  !.(3".3( . �3��/(/*  0 �.�#9#/  �.  #+0/!.*-4  .(/4  2�(%  
3)�/(�1&  (&!.0�(#%  0 �()&*#9/!"#4  (&!.0�(#./�'4  (;/*+�� , )/"!&* , !/(�3)�/(�1 ).  

�&!!%�.(/*�  0�#'*#/  %#"(�0��*�0�)�  #+�39/*#'  *& 31/�6*38  &1!�(;,#�**38  
5�0/(4*�!.6  73*)#.& . �!.&*�0�/*� , 9.�  5(#  �;(&;�."/  .�"&%# ���  31/�6*&'  
&1!�(;,#�**&'  5�0/(4*�!.6  &".#0#(�0&**�)�  73*)#.&  30/�#9#0&/.!'  !  2,89B104 1�  
2,20B105 %2/). 

��!�/  5(/10&(#./�6*�$  &".#0&,## 73*)#.&  #+ *&0/!"#  �;(&+,&  <"!.(&)#(�0&�&!6  
23��/(/* -!�1/( &>&'  3)�/(�1*&'  2(&",#'  (��� ). �!.&*�0�/*� , 9.�  #+ 
(&!!%&.(#0&/%-4 <"!.(&)/*.�0  *&#;��//  <22/".#0*-%  '0�'/.!'  .��3�� .  

�(#  00/1/*##  <"!.(&)#(�0&**�)�  ���  0 !�!.&0  (/+#*�0-4  !%/!/$  *& �!*�0/  
<.#�/* -5(�5#�/*1#/*�0�)�  "&393"& !  !/(*�$  03�"&*#+38>/$  !#!./%�$  5(�#!4�1#.  
30/�#9/*#/  3!��0*�$  5(�9*�!.#  5(#  (&!.' /*##  *& 10-12 % # 3%/*67/*#/  !./5/*#  
*&;34&*#'  0 .��3��/  *& 5-7 %. 
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�#>/*"�  � .� ., �3(3*#*&  � .� . 
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� &.-$  0�+134 – �1#*  #+ !&%-4 (&!5(�!.(&*/**-4  <*/()�*�!#./�/$  *& �8;�%  

5(�%-7�/**�%  5(/15(#'.## , & !�0�"35*�!.6  3!.(�$!.0 , !0'+&**-4  !  /)�  �;(&;�."�$  # 
(&!5(/1/�/*#/% , '0�'/.!'  1�!.&.�9*�  !�� *�$  <*/()�/%"�$  <*/()/.#9/!"�$  
5(�%-7�/**�$  !#!./%�$ , �.  3(�0*'  !�0/(7/*!.0&  "�.�(�$  +&0#!'. 5�"&+&./�#  
./4*���)#9/!"#4  5(�,/!!�0 , )1/  #!5��6+3/.!'  ! &.-$  0�+134. �  !0�8  �9/(/16 , !#!./%&  
0�+134�!*&; /*#'  5(/1*&+*&9/*& 1�'  ,/*.(&�#+�0&**�)�  �;/!5/9/*#'  (&+*��;(&+*-4  
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5(�%-7�/**-4  5�.(/;#./�/$  ! &.-%  0�+134�% .(/;3/%-4  5&(&%/.(�0 (1&0�/*#/ , 
(&!4�1 , ./%5/(&.3(& , 0�& *�!.6 ) 0 !��.0/.!.0##  !  +&1&**-% )(&2#"�% .  

��.(/;*�!.6  5(/15(#'.#'  0 ! &.�%  0�+134/ �5(/1/�'/.!'  0#1�% # �;A/%�%  
5(�#+0�1!.0& , *�%/*"�&.3(�$  0-53!"&/%�$  5(�13",##  # #!4�1*�)�  !-(6' , !.(3".3(�$  
,/4�0 , �!�;/**�!.'%#  ./4*���)#9/!"�)�  5(�,/!!&  # ./4*#9/!"�$  4&(&"./(#!.#"�$  
3!.&*�0�/**�)�  �;�(31�0&*#' . �  ,/�68  !*# /*#'  0/(�'.*�!.#  �;(&+�0&*#'  "�*1/*!&.&  
0 5*/0%&�#*#'4 , #!.�9*#"  ! &.�)�  0�+134& !*&; &8.  3!.(�$!.0&%#  �4�& 1/*#'  
# �!37"# , "�.�(-/  3!.&*&0�#0&8.  */5�!(/1!.0/**�  +& "�%5(/!!�(�% . �4  <22/".#0*�/  
31&�/*#/  �;/!5/9#0&8.  %&)#!.(&�6*-/  2#�6.(-  "�*.&".*�)�  1/$!.0#' , #�#  
"�&�/!,/*.*-/  2#�6.(- . 

�  (&;�./  #+39/*-  2#�6.(-  # 5*/0%�(&!5(/1/�#./�# , "�.�(-/  %� *�  5(#%/*#.6  
0 5(�#+0�1!.0/  0 5*/0%�%&)#!.(&�'4  1�'  31&�/*#'  "�*1/*!&.&  # 30/�#9/*#'  
%/ (/%�*.*�)�  5/(#�1& . �(/1�� /*�  +&%/*#.6 3!.&(/07#$  5*/0%�(&!5(/1/�#./�6  
� 40 *& � 64-25
 -03  !  3!.&*�0"�$  2#�6.(&  
 F5000. 
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��������  	���
��
�������  �
�
�
�
  (������ )  
��������������  ��������
��

���  
��
��������  �
������
�
�  

 
��0(/%/**-/  ./*1/*,##  ;��67#*!.0&  �;�&!./$  5(�%-7�/**�!.# , 0 .�%  9#!�/  # 

5(�%-7�/**�!.#  ��� , +&"�89&8.!'  0 +&%/*/ #%5�(.*�)�  !-(6'  *& �./9/!.0/**�/ . �  
!0'+#  !  <.#% 5(�0�1#.!'  +&%/*& %#*/(&�6*�)�  *&5��*#./�'  .&3(#.& (�/!53;�#"&  
�&+&4!.&*) # 9&!.# ./4*#9/!"�)�  3)�/(�1&  *& �./9/!.0/**-$  5(#(�1*-$  
3)�/(�1!�1/( &>#$  *&5��*#./�6  73*)#.  (�/!53;�#"&  �&(/�#' ).  

�&3(#.  # 73*)#.  – 5(#(�1*-/  %#*/(&�6*-/  5�(�1-  ;�#+"#/  5�  4#%#9/!"�%3 
!�!.&03  # �.�#9&8>#/!'  ;��67#%  !�1/( &*#/%  3)�/(�1&  # 1#�"!#1&  "(/%*#'  0 
73*)#./ . 

�(�0�1#�&!6  +&%/*& 9&!.# ./4*#9/!"�)�  3)�/(�1&  0 !�!.&0/  5(�./".�(*-4  
(/+#*�0-4  !%/!/$  *& 73*)#. . �('%&'  +&%/*& */  5�"&+&�& 4�(�7#4  (/+3�6.&.�0 , 
5�<.�%3  73*)#.  ;-�  5(/10&(#./�6*�  �;(&;�.&*  0-!�"�9&!.�.*-%  #+�39/*#/%, & .&" /  
%�1#2#,#(38>#%#  1�;&0"&%#: >/��9&%# , "#!��.&%# , &%#*&%# # 1( .  

���39/**-/  (/+3�6.&.-  5�"&+&�#, 9.�  %�1#2#"&,#'  73*)#.&  0-!�"�9&!.�.*-%  
#+�39/*#/% # "�*,/*.(#(�0&**-%#  >/��9&%#  */  �"&+-0&/.  !"��6"� -*#;316  +*&9#%�)� 
5��� #./�6*�)�  0�#'*#'  *& !0�$!.0&  03�"&*#+&.�0. �(#  <.�% 00/1/*#/  0 (/+#*�0-/  
!%/!#  73*)#.& , %�1#2#,#(�0&**�)�  5��#<.#�/*5��#&%#*�% , 5�0-7&/.  35(3)� -
5(�9*�!.*-/  !0�$!.0&  *& 15 %, & &1)/+#�**-/  !0�$!.0&  30/�#9#0&8.!'  *& 10-20 %. 

�&"#% �;(&+�% , 0�+%� *&  9&!.#9*&'  +&%/*& ./4*#9/!"�)�  3)�/(�1&  0 !�!.&0/  
5(�./".�(*-4  (/+#*  *& 73*)#.  �& �)#*!"�)�  %/!.�(� 1/*#'  (�/!53;�#"&  �&(/�#' ) 
%�1#2#,#(�0&**�)�  5��#<.#�/*5��#&%#*�% .  
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�/�*.6/0&  
 .� ., �(8"�0&  � .
 ., ��0�5��6,/0&  	 .� ., �&;��0  � .� . 
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�  "& 1-%  )�1�%  0 (/+#*�./4*#9/!"�$  5(�%-7�/**�!.#  0!/  ;��6738  

5�53�'(*�!.6  *&;#(&/.  �./9/!.0/**-$  *&5��*#./�6  – 73*)#. . �)�  5(#%/*/*#/  "&" 
+&%/*#./�'  9&!.# ./4*#9/!"�)�  3)�/(�1& , .&" # 0 1�5��*/*#/  "  5�!�/1*/%3  %� /.  
5�+0��#.6  (/7#.6  ('1  5(�;�/% , *&5(#%/( , 0 <"���)#9/!"�$ , <"�*�%#9/!"�$  # %*�)#4  
1(3)#4 �;�&!.'4 . 

�3*)#.  – %#*/(&�6*-$  *&5��*#./�6 , !�!.�'>#$  #+ !#�#"&.*-4  9&!.#,  (60 %) # 
&%�(2*�)�  73*)#.�0�)�  3)�/(�1&  (30 %) !  5(#%/!68  */�()&*#9/!"#4  0/>/!.0 . 

�+39/*�  0�#'*#/  1#!5/(!*�!.#  73*)#.&  5(�#+0�1!.0&  			  «�&(/�6!"&'  
#*0/!.#,#�**&'  "�%5&*#'  «��� » %&(�" �� -0 (20 %"%), �� -1 (10 %"%), �� -2 (5 %"%), 
�� -�  (0���"*#!.-$ ), �� -�  ()��;3�'(*-$ ) 5(#  +&%/*/ 9&!.# ./4*#9/!"�)�  3)�/(�1&  *& 
2#+#"� -%/4&*#9/!"#/  # &1)/+#�**-/  !0�$!.0&  <�&!.�%/(*-4  "�%5�+#,#$ . 

�!!�/1�0&*#'  5�"&+&�# */0�+%� *�!.6  5('%�$  +&%/*- 20-50 % ./4*#9/!"�)�  
3)�/(�1&  *& 73*)#.  0!/4  %&(�" #+-+& 34317/*#'  <"!5�3&.&,#�**-4  4&(&"./(#!.#" . 
��<.�%3  ;-�&  5(�0/1/*&  5(/10&(#./�6*&'  2#+#9/!"&'  (�;(&;�."&  ��� -#+�39/*#/%) # 
4#%#9/!"&'  (�;(&;�."&  )/"!&4��( -5-"!#����%  # ,/��#.&%#  !  5��#<.#�/*5��#&%#*�% ) 
%�1#2#"&,## . �(#  <.�% %�1#2#,#(�0&**-%  73*)#.�%  +&%/*'�#  10 %&!!. 9. 
./4*#9/!"�)�  3)�/(�1& .  

�0/1/*#/  0 !�!.&0  (/+#*�0�$  !%/!#  73*)#.&  !  1#!5/(!*�!.68  5 %"%, 
%�1#2#,#(�0&**�)�  !%/!68  ,/��#.&  !  5��#<.#�/*5��#&%#*�% , 5�"&+-0&/.  �397#/  
(/+3�6.&.- : 0�+(&!.&/.  !"�(�!.6  03�"&*#+&,## *& 10-15 % 5(#  !�4(&*/*##  
#*13",#�**�)�  5/(#�1& ; 5�0-7&/.!'  &1)/+#�**&'  5(�9*�!.6  *& 30-40 %, 35(3)�  
5(�9*�!.*-/  !0�$!.0&  �!.&8.!'  *& +&1&**�% 3(�0*/ . 

�&"#% �;(&+�% , *&#;��//  ,/�/!��;(&+*&  +&%/*& 9&!.# ./4*#9/!"�)�  3)�/(�1&  *& 
73*)#.  %&("# �� -2 !  (&+%/(�% 9&!.#,  5 %"%, %�1#2#,#(�0&**�)�  !%/!68  ,/��#.&  !  
5��#<.#�/*5��#&%#*�% . 
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�#(�"�/  (&!5(�!.(&*/*#/  5��39#�#  �)*/./5��+&>#.*-/  %&./(#&�-  (	��� ) *& 
�!*�0/  <�&!.�%/(�0 . ��0-7/*#/  #4 <22/".#0*�!.#  '0�'/.!'  0& *�$  +&1&9/$, (/7/*#/  
"�.�(�$  5�+0��#.  !*#+#.6  <*/()/.#9/!"#/  # %&./(#&�6*-/  +&.(&.- , 5�0-!#.  
*&1/ *�!.6  # ;/+�5&!*�!.6  +&>#>&/%-4 "�*!.(3",#$ .  

�+0/!.*�  #!5��6+�0&*#/  0���"*#!.-4  *&5��*#./�/$  1�'  5�0-7/*#'  �)*/ - 
./5��+&>#.*-4  !0�$!.0  %&./(#&��0 . �0/1/*#/  0 !�!.&0  (/+#*�0-4  !%/!/$  
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%#"(�0���"�*  !*# &/.  5(�9*�!.6  03�"&*#+&.�0, 9.�  �;3!��0�/*�  */(&0*�%/(*-%  
(&!5(/1/�/*#/%  *&5��*#./�'  0 5��#%/(*�$  %&.(#,/ . �&**-$  */1�!.&.�"  %� /.  ;-.6  
3!.(&*/*  %�1#2#"&,#/$  .&"#4 *&5��*#./�/$ , 5�+0��'8>/$  5�0-!#.6  !(�1!.0�  "  
<�&!.�%/(3  # 3�397#.6  #4 (&!5(/1/�/*#/ . 

�  (&;�./  #!!�/1�0&��!6  0�#'*#/  %#"(�0���"*#!.-4  *&5��*#./�/$  (��� ) 
("&��#*�0-4 , "/(&%#9/!"#4 , "0&(,/0-4 , "(/%*/+@%*-4, 3)�/(�1*-4 , &!;/!.�0-4 ) !  
1�#*�$  9&!.#,  1�  110 %"% # 1#&%/.(�% 5�('1"&  10 %"% *& 2#+#"� -%/4&*#9/!"#/  # 
�)*/./5��+&>#.*-/  !0�$!.0&  (/+#*  *& �!*�0/  <.#�/*5(�5#�/*1#/*�0�)�  "&393"& 
��:�� -40. 	)*/./5��+&>#.*-/  !0�$!.0&  �,/*#0&�#  5�  0(/%/*#  5(�)(/0&  
*/�;�)(/0&/%�$  5�0/(4*�!.#  �;(&+,&  1�  100 � �  # 5�  !"�(�!.#  �#*/$*�)�  )�(/*#' . 

�0/1/*#/  %#"(�0���"�*  30/�#9#0&/.  <22/".#0*�!.6  	���  5(#  
0-!�"�./%5/(&.3(*�%  0�+1/$!.0##  +& !9/.  �;(&+�0&*#'  *& 5�0/(4*�!.#  ;��//  5(�9*�)�  
+&>#.*�)�  "�"!�0�)�  !��' , 9.� , 0 !0�8  �9/(/16 , !5�!�;!.03/.  30/�#9/*#8  0(/%/*#  
5(�)(/0&  */�;�)(/0&/%�$  5�0/(4*�!.#  �;(&+,&  1�  100 � �  *& 30 % # 3%/*67/*#8  5�./(#  
%&!!-  �;(&+,&%# 0 1,5-2 (&+&.  

��'  5��39/*#'  0-!�"�$  �)*/./5��!.�$"�!.#  ;/+  34317/*#'  �!.&�6*-4  
5�"&+&./�/$  0���"*#!.-/  *&5��*#./�#  ;-�#  %�1#2#,#(�0&*-  5 %-*-%  (&!.0�(�%  
2�!2�(;�(!�1/( &>/)�  ��#)�%/(&  !  1�;&0�/*#/%  */5�!(/1!.0/**�  0 (/+#*�038  !%/!6  
1 %&!!.9. )/"!&4��( -5-"!#���& . 

�0/1/*#/  0 <�&!.�%/(*-/  "�%5�+#,##  %�1#2#,#(�0&**-4  0���"�*  5�+0��'/.  
5�0-!#.6  5(�9*�!.6  *& 15 %. �(#  <.�% !*# &/.!'  !"�(�!.6  1/!.(3",##  5�  !(&0*/*#8  !  
#!4�1*-%  %&./(#&��%, 9.�  !0'+&*�  !  4�(�7/$  "�*.&".*�$  +�*�$  %/ 13  9&!.#,&%# 
0���"*&  # 5��#%/(& , & .&" /  30/�#9#0&/.!'  0(/%'  5(�)(/0&  */�;�)(/0&/%�$  
5�0/(4*�!.#  �;(&+,&  1�  100 � �  *& 50-70 %. 

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

5��39#�  5(�,/!!  75(#,/0&*#' , 0 4�1/  "�.�(�)�  (/+#*�0-%#  !%/!'%#  #�#  "&393"�% 
5(#�;(/.&8.!'  */�;4�1#%-/  !0�$!.0&  # 5(#1&/.!'  */�;4�1#%&'  2�(%& 53./% 
5(�1&0�#0&*#'  %&./(#&�& 9/(/+  �.0/(!.#/  �5(/1/�/**�)�  5&(&%/.(& # "�*2#)3(&,## .  

�  9#!�3  �!*�0*-4  %&7#* *& (/+#*�0�%  5(�#+0�1!.0/  �.*�!'.!'  9/(0'9*-/  
%&7#*- , ;�&)�1&('  #4 0-!�"�$  <22/".#0*�!.#  # 3*#0/(!&�6*�!.# . �/(0'9*&'  %&7#*& 
'0�'/.!'  %&7#*�$ */5(/(-0*�)�  1/$!.0#' . 	*&  5(/1*&+*&9/*& 1�'  5��39/*#'  #+ 
#!4�1*�$  (/+#*�0�$  !%/!#  +&)�.�0�"  (&+�#9*�$  1�#*-  # 5(�2#�' , 5�&!.#2#"&,##  
"&393"&, �;"�&1"#  "&;/�/$  # (3"&0�0 (/+#*�0�$  !%/!68 , & .&" /  1�'  )(&*3�#(�0&*#'  
(/+#*�0-4  !%/!/$ . �/(0'9*-/  %&7#*-  !5/,#&�6*�$  "�*!.(3",##  !�3 &.  3+�&%# 
5�&!.#2#"&,##  # 05(-!"&  0 9/(0'9*� -5�3* /(*-4  �#.6/0-4  %&7#*&4 # #!5��6+38.!'  
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0 "&9/!.0/  (/+#*�!%/!#./�/$  */5(/(-0*�)�  1/$!.0#' . �(#  5�%�>#  9/(0'9*-4  %&7#* 
(/&�#+3/.!'  5(�,/!!  75(#,/0&*#'  (/+#*�0-4  !%/!/$ , "�.�(-$  5(�#!4�1#.  ;�&)�1&('  
5(�1&0�#0&*#8  9/(0'"�%  (&+�)(/.�$  (/+#*�0�$  !%/!#  5�1  1&0�/*#/% 9/(/+  
5(�2#�6*�/  �.0/(!.#/  #*!.(3%/*.& , "�.�(-$  (&+%/>&8. 0 )���0"/  %&7#*- . 
�/+3�6.&.�%  <.�)�  5(�,/!!&  !.&*�0#.!'  2�(%#(�0&*#/  +&)�.�0"# , 5�5/(/9*�/  !/9/*#/  
"�.�(�)�  !��.0/.!.03/.  2�(%/  �.0/(!.#' . �&"#% %/.�1�%  5��39&8.  +&)�.�0"#  "&%/(, 
5(�"�&1�" , 7�&*)�0 , 7*3(�0 , 5(�./".�(�0  # . .1. 

�/�(/.#9/!"�/  (/7/*#/  �8;�$  +&1&9# 5�  5/(/(&;�."/  (/+#*�0�$  !%/!#  
5(/15��&)&/.  +*&*#/ .(/4  )(355  5&(&%/.(�0: )/�%/.(#9/!"#4  �9/(.&*#$  +�*-  
1/2�(%&,## , !"�(�!.*�)�  (/ #%&  5/(/(&;�."#  # !0�$!.0  (/+#*�0�$  !%/!# . ��1  
!0�$!.0&%# (/+#*�0�$  !%/!#  5�1(&+3%/0&8.!'  .&"#/  //  2#+#"� -%/4&*#9/!"#/  
5�"&+&./�# , "&" ./"39/!.6 ,  /!."�!.6 , ./5��5(�0�1*�!.6 , ./5��/%"�!.6 , "�<22#,#/*.  
0*3.(/**/)�  # 0*/7*/)�  .(/*#'  # 1( . �!/  <.# 5�"&+&./�#  +&0#!'. �.  !�!.&0&  (/+#*�0�$  
!%/!# , !�!.&0   /  !%/!#  �5(/1/�'/.!'  *&+*&9/*#/% 1/.&�# , & &!!�(.#%/*.  1/.&�/$  
9(/+0-9&$*�  0/�#" . �  1(3)�$  !.�(�*- , 0/�#9#*&  5�"&+&./�/$  # 1& /  !0�$!.0&  !#�6*�  
+&0#!'. �.  ./%5/(&.3(-  # !"�(�!.#  1/2�(%#(�0&*#' . �&5(#%/( , 5(#  4���1*�%  5#.&*## 
9/(0'9*�$  %&7#*-  (/+#*�0&'  !%/!6  0 +�*/  5#.&*#'  0 ;��67/$  !./5/*#  5(�'0�'/.  
35(3)#/  !0�$!.0&  # %� /.  (&!!%&.(#0&.6!'  "&" .0/(1�/  ./�� , & 0 +�*/  *&)*/.&*#'  0 
;��67/$  !./5/*#  5(�'0�'8.!'  ./"39#/  !0�$!.0& , # +1/!6 �*&  %� /.  35�1�;�'.6!'  
0-!�"�0'+"�$   #1"�!.# . �!./!.0/**� , 9.�  0 !(/1*/$  +�*/  (+�*/  5�&!.#2#"&,## ) #%//.  
%/!.�  5/(/4�1  (/+#*�0�$  !%/!#  #+ .0/(1� -35(3)�)� -<�&!.#9*�)�  !�!.�'*#'  0 0'+"� -
./"39// . �!/  <.�  +&.(31*'/.  5��39/*#/  5(�!.-4  # *&1/ *-4  0-(& /*#$  1�'  (&!9/.&  
./4*���)#9/!"#4  5&(&%/.(�0 53./% %&./%&.#9/!"�)�  %�1/�#(�0&*#'  (&;�.-  9/(0'9*�$  
%&7#*- . 

	!*�0*-%#  5&(&%/.(&%# 9/(0'9*�$  %&7#*-  '0�'8.!' : 1#&%/.( 9/(0'"& , 
�.*�7/*#/  1#&%/.(& 9/(0'"&  "  /)�  (&;�9/$  1�#*/ , 9&!.�.&  0(&>/*#'  # !./5/*6  ! &.#'  
5/(/(&;&.-0&/%�)�  %&./(#&�&. �(�;�/%&  !�!.�#.  0 5�1;�(/  .&"#4 5&(&%/.(�0 %&7#*-  
()���0"# , 10#)&./�'  # . .1.), 9.�;-  �;/!5/9#.6  +&1&**38 !"�(�!.6  5/(/%/>/*#'  
(/+#*�0�$  !%/!# , 1&0�/*#'  0 )���0"/  # . .1. 
  .&" "&" (/+#*�0&'  !%/!6 , 5�5&1&' 0 
<"!.(31/( , %/*'/.  !0�#  !0�$!.0&  !  .0/(1�)�  ./�&  *& !0�$!.0&  */*68.�*�0!"�$  
 #1"�!.# , .�  +&1&9& !.&*�0#.6!'  */.(#0#&�6*�$ . 

�  4�1/  #!!�/1�0&*#$  ;-�  5(�0/1/*  5&(&%/.(#9/!"#$  (&!9/.  %&7#*-  ./5��)�  
5#.&*#'  .#5& ��� -125 !  ,/�68  #+39/*#'  )#1(�1#*&%#9/!"#4  5(�,/!!�0 , 0�+*#"&8>#4  
5(#  <"!.(31#(�0&*##  (/+#*�0�$  !%/!# . �/(0'"  ;-�  0-;(&*  1034+&4�1*-$, . ." . !(/1*//  
+*&9/*#/  ���  .&"�)�  9/(0'"&  0-7/ , 9/% 3 �1*�+&4�1*�)�  (0,05-0,07%). �-;(&*  
<�/".(�10#)&./�6  .#5& ���� 250S����� . N<1=57"�. . 
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��%/*"�  � .� ., �&57#*&  � .� . 
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	;A/".  #!!�/1�0&*#'  (&;�.-  – (/".#2#"&,#�**&'  "���**&  *& �#*##  !#*./+&  

���:  	
	  «:".�!  – ���)& » 0 )�(�1/  ��� !"#$ . 
�&;�.&  !�!.�#.  0 .�% , 9.�;-  (&!!%�.(/.6  */"�.�(-/  <�/%/*.-  "���**-  *& 

*&1/ *�!.6 , .&" "&" ���:  '0�'/.!'  0+(-0� -5� &(��5&!*-%  0/>/!.0�% , #, /!�#  



 

5(�#+�$1/.  /)�  3./9"&, *& 5(/15(#'.##
�81# . 

���:  – <.�  5(#!&1"&
&0.�%�;#�# , */!#�6*�  0(/1#��
&0.�%�;#�#  �9/*6  0�!.(/;�0&*-
!0'+#  !  ./%, 9.�  ��� !"#$
34317&/.!' . �  5�%�>68  ���:
!1/�&.6  4�.6  */;��67�$ , *�  !0�$

��!"��6"3  ���:  5(�#+0�1#.!'
"&"#/  ;-0&8.  (&+*�0#1*�!.#
./4*���)#9/!"#$  # 5(�9*�!.*�$
(/".#2#"&,#�**&'  "���**&  5(�#+0�1!.0&
«:".�!  - ���)& », *&1/ *&  0 #!5��6+�0&*##

�  (/+3�6.&./  (&!9/.�0
- �#&%/.(  "���**-  D = 2400 

- �"�(�!.6  5&(& 
- �-;�(  .&(/�"# :  "�&5&**&'
- ���>#*&  !./*"#  = 10 %% 

�  (/+3�6.&./  5(�0/1/**-4
1/$!.0#./�6*-$  "�<22#,#/*.
1�53!.#%-/  #+%/*/*#'  .��>#*-
"�*!.(3",## . 

 
�5#!�"  �#./(&.3(- : 

1. �/.�7"#*  
 .� . �(�,/!!-  #
��� , 2006. - ! .: #� ., ;#;�#�)(

2. ��*#"&(�0 , � .� . �&7#*-
*/2./)&+�5/(/(&;�."#  : 39/;*#"
2006. – 608 !  
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��*�%/.#�&*#�#*  #�#

&%#*�0 &(�%&.#9/!"�)�  4&(&"./(&
5(#!&1�"  ;/*+#*&  &*.#1/.�*&,#�**�)�
%/.#�&*#�#*  5(/1*&+*&9/*&
#!5��6+3/.!'  1�'  5(�#+0�1!.0&
*#+"��".&*�0-%# , 5('%�)�**-%#
!�0(/%/**-4  0-!�"��".&*�0-4

�(�%/  .�)� , 5(#  1�;&0�/*##
5(�13".&  # /)�  <"���)#9*�!.6
!&%-4 5�53�'(*-4  %*�)�23*",#�*&�6*-4
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*& 5(/15(#'.##  %� /.  !�39#.6!'  &0&(#' # %�)3.

5(#!&1"& 1�'  ;/*+#*& , 9.�;-  .�5�#0� , "�.�(-%
0(/1#��  <"���)##  )�(�1& , 0 "�.�(�%  %-

0�!.(/;�0&*- , # 5�<.�%3  .�5�#0&  5�.(/;�'/.!'  �9/*6
��� !"#$  – <.�  5(�%-7�/**-$  )�( �1 , .�  <"���)#'

5�%�>68 ���:  %- 5-.&/%!'  */%*�)�  3�397#.6  &.%�!2/(3
*�  !0�$  0"�&1. 
5(�#+0�1#.!'  *& (/".#2#"&,#�**-4  3!.&*�0"&4

(&+*�0#1*�!.#  "���**- , 0#1-  (/".#2#"&,#$  0
5(�9*�!.*�$  (&!9/.- , 9.�;-  3;/1#.6!'

"���**&  5(�#+0�1!.0&  ���: , *&4�1'>&'!'  *& 5(�#+0�1!.0/
*&1/ *& 0  #!5��6+�0&*## .  

(&!9/.�0  0-'!*/*-  �5.#%&�6*-/  5&(&%/.(-  "���**-
= 2400 �� . 

� /� .  
"�&5&**&' . 

5(�0/1/**-4  5(�9 *�!.*-4  (&!9/.�0  ;-�
"�<22#,#/*.  +&5&!& 5(�9*�!.#  <�/%/*.�0  "���**-

.��>#*-  !./*�"  <�/%/*.�0  1�'  �;/!5/9/*#'

 
�(�,/!!-  # &55&(&.- )&+��9#!."# . �9/;*�/  5�!�;#/

;#;�#�)( . 
�&7#*-  # &55&(&.- 4#%#9/!"#4 5(�#+0�1!.0

*/2./)&+�5/(/(&;�."#  : 39/;*#"  / � .� . ��*#"&(�0 , � .� . �&$*3�#* . 
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�"�;�(&  � . � ., �3(3*#*&  � . � . 

 
��������  	���
��
�������  �
�
�
�
  (������ )  

��������������  ��������
��

���  
��
��������  �
������
�
�

��*�%/.#�&*#�#*  #�#  N–%/.#�&*#�#*  5(#*&1�/ #.  "  "�&!!3
&(�%&.#9/!"�)� 4&(&"./(& . �&#;��//  0�!.(/;�0&*  0 �;�&!.#

&*.#1/.�*&,#�**�)�  .#5&. 
*.#1/.�*&,#�**&'
5(/1*&+*&9/*& 1�'  30/�#9/*#'  1/ .�*&,#�**�$  !.�$"�!.#

5(�#+0�1!.0&  */<.#�#(�0&**-4  ;/*+#*�0  53./%
5('%�)�**-%#  ;/*+#*&%# # '0�'/.!'  �!*�0*-%

0-!�"��".&*�0-4  1�;&0�" .  
5(# 1�;&0�/*##  /)�  0 .�5�#0�  (/)3�#(3/.!'  �".&*�0�/

<"���)#9*�!.6 . �0& <.#4 2&".�(&  !1/�&�#  N-%/.#�&*#�#*
%*�)�23*",#�*&�6*-4  5(#!&1�" . ��*�%/.#�&*#�#*

&0&(#' # %�)3.  5�!.(&1&.6  

"�.�(-%  +&5(&0�'8.!'  
%-  #0/% . �/$9&!  

5�.(/;�'/.!'  �9/*6  %*�)� , & 0 
<"���)#'  !.(/%#./�6*�  

3�397#.6 &.%�!2/(3  0 )�(�1/ , 

3!.&*�0"&4 , (&!!%�.(#% , 
(/".#2#"&,#$  0 *#4, !1/�& /% 

3;/1#.6!'  0 .�% , 9.�  
*& 5(�#+0�1!.0/  	
	  

"���**- : 

(&!9/.�0 ;-�  3!.&*�0�/*  
"���**-  # �5(/1/�/*-  

�;/!5/9/*#'  *&1/ *�!.#  

5�!�;#/ . – �/*+& : �+1 -0�  

4#%#9/!"#4 5(�#+0�1!.0  # 
�&$*3�#* . – � . : 
�62& -� , 

�
����������  �  ������  

 
�
������
�
�  

"�&!!3  +&%/>/**-4  
�;�&!.#  5(�#+0�1!.0&  


*.#1/.�*&,#�**&'  1�;&0"& N-
!.�$"�!.#  &0.�;/*+#*�0 , 

53./% !%/7#0&*#'  !  
�!*�0*-%  "�%5�*/*.�%  

(/)3�#(3/.!'  �".&*�0�/  9#!��  
%/.#�&*#�#*  �1*�$  #+ 

��*�%/.#�&*#�#*  5��*�!.68  
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(&!.0�(#%  0 ;/*+#*/ . 	!*�0*-%  5(�%-7�/**-%  !5�!�;�%  /)�  5��39/*#'  '0�'/.!'  
5&(�2&+*�/  "&.&�#.#9/!"�/  &�"#�#(�0&*#/  &*#�#*& %/.&*���% .  

�/�68  1&**�$  (&;�.-  '0�'/.!'  #!!�/1�0&*#/  5��39/*#'  N-%/�#�&*#�#*&  # 
(&;�.-  (/&".�(*�)�  3+�&.  

�   (&;�./  ;-�#  5(�#+0/1/*-  ./4*���)#9/!"#$  (&!9/. , 5(�9*�!.*�$  (&!9/.  # 
"�*!.(3".#0*-$  (&!9/.  &55&(&.&. �&!!%�.(/*-  %&./(#&�-  #+)�.�0�/*#'  "�*!.(3",#$  
&55&(&.&, 5(/1�� /*-  *�0-/  0#1-  !.&�/$ . �1/�&*  !(&0*#./�6*-$  &*&�#+ 
./5��*�!#./�/$ , "�.�(-/  #!5��6+38.!'  0 1&**�% 5(�#+0�1!.0/ . ��  ./4*���)#9/!"#%  
5&(&%/.(&% �.1&*�  5(/15�9./*#/  (&!5�&03 !��/$ . �  (/+3�6.&./  ./4*���)#9/!"�)�  
(&!9/.&  ;-��  5(/1�� /*�  #+%/*#.6 !.&�6  1�'  #+)�.�0�/*#'  .(3;*�$  (/7/."#  # 
"��#9/!.0�  .(3;�"  0 539"/ . :.#  #+%/*/*#'  1�� *-  5��� #./�6*�  !"&+&.6!'  *& 
3�397/*##  5(�#+0�1#./�6*�!.#  0-53!"&   N-%/.#�&*#�#*& . 
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�/()//0&  � .� ., �&57#*&  � .� . 
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��
�� -
��
 -��
������  ����  (���� ) – �1#*  #+ )�&0*-4  "#!��(�1�!�1/( &>#4  

0-!�"��".&*�0-4  "�%5�*/*.�0 , #!5��6+3/%-4  5(#  5��39/*##  */<.#�#(�0&**-4  
&0.�%�;#�6*-4  ;/*+#*�0 . ���:  5(#%/*'/.!'  0 "&9/!.0/  1�;&0"#  "  %�.�(*-%  
.�5�#0&%, 5�0-7&8>/$  �".&*�0�/  9#!��  ;/*+#*�0  (&*.#1/.�*&.�( ). ���"  7#(�"�  
5(#%/*'/.!'  0 5(�#+0�1!.0/  0-!�"��".&*�0-4  ;/*+#*�0 , 5(#  <.�% 0-!.35&/.  "&" 
*/.�"!#9*-$ , 0-!�"��".&*�0-$  "�%5�*/*.  # "&" �"!#)/*&.  (*�!#./�6  "#!��(�1& ), 
!5�!�;!.038>#$  ;��//  5��*�%3  !)�(&*#8  .�5�#0&  # 5(/1�.0(&>/*#8  "�((�+##  
%/.&���0 . 

�!!�/13/%&'  (/".#2#"&,#�**&'  "���**&  !.�#.  *& �#*##  5(�#+0�1!.0&  ���:  – 
%/.#� -.(/. -;3.#��0�)�  <2#(& (!.(3".3(*&'  2�(%3�&  333)( ��� � ) – #!5��6+3/%�)�  0 
"&9/!.0/  1�;&0"#  "  %�.�(*-%  .�5�#0&%, 5�0-7&8>/$  �".&*�0�/  9#!��  ;/*+#*�0 .  

��'  �5.#%#+&,## 5(�,/!!&  (&+(&;�.&*& %&./%&.#9/!"&' %�1/�6 . �&**&'  %�1/�6  
0"�89&/.  0 !/;'  !#!./%3  3(&0*/*#$  1�'  (&!9/.& : "��#9/!.0&  �;(&+38>/)�!'  ���: ; 
0-4�1&  #+�;3.&*&; !"�(�!.6  5&(&; 1#&%/.( "���**- ; )#1(&0�#9/!"�/  !�5(�.#0�/*#/  
.&(/��" ; "��#9/!.0&  .&(/��" ; 0-!�.-  "���**- ; ./5��0�$  (&!9/.  3!.&*�0"# .  

�  (/+3�6.&./  &*&�#+& 5��39/**-4  (/+3�6.&.�0  5(/1�� /*�  +&%/*#.6 
"��5&9"�038  .&(/�"3  *& "�&5&**38 . �.�  5(#0�1#.  "  3%/*67/*#8  )#1(&0�#9/!"�)�  
!�5(�.#0�/*#'  # <*/()�+&.(&. . ��0-7&/.  3!.�$9#0�!.6  "���**-  "  5/(/5&13 *&)(3+�" . 
�%/*67&/.  930!.0#./�6*�!.6  "  +&)('+*/*#8  # �;>#$  �;A/%  (/%�*.*� -
0�!!.&*�0#./�6*-4  (&;�. . 

�&+(&;�.&**38  %&./%&.#9/!"38 %�1/�6  %� *�  #!5��6+�0&.6  0 "&9/!.0/  
�;39&8>/)�  %�13�' . 

�  !�� #07/$!'  <"���)#9/!"�$  �;!.&*�0"/  */�;4�1#%�  3%/*67&.6 
#!5��6+�0&*#/  !0#*,/!�1/( &>#4  1�;&0�"  # 5/(/4�1#.6  *& ;��//  <"���)#9/!"#  9#!.-/  
1�;&0"# , "  5(#%/(3 , ���:  # :��: .  
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�5#!�"  �#./(&.3(- : 
1. 
$*7./$*  � .� ., 	;>#$  "3(!  5(�,/!!�0  # &55&(&.�0 4#%#9/!"�$  ./4*���)##  / � .� . 


$*7./$* , � . � . �&4&(�0 – � .: �#%#' , 2008. – 437 
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��.�5�0  � .
 ., �3(3*#*&  � .� . 
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��(%&.�(- -03�"&*#+&.�(-  '0�'8.!'  �!*�0*-%  0#1�% �;�(31�0&*#'  1�'  

03�"&*#+&,##, #!5��6+3/%-%  *& !�0(/%/**-4  +&0�1&4 5�  5(�#+0�1!.03  
5*/0%&.#9/!"#4  7#* . �  7#**�$  5(�%-7�/**�!.#  7#(�"�  5(#%/*'8.  2�(%&.�(- -
03�"&*#+&.�(- , 0 "�.�(-4  !�0%/>&/.!'  5(/10&(#./�6*�/  2�(%�0&*#/  5�"(-7/"  # #4 
03�"&*#+&,#' . ��"(-7"#  2�(%38.  !  5�%�>68  !5/,#&�6*�$  (/+#*�0�$  1#&2(&)%-, 
"�.�(&'  5(#  03�"&*#+&,## 0-5��*'/.  (��6  0&(�9*�$  "&%/(- . �(#  *&)(/0&*##  +&)�.�0�"  
5�"(-7/"  1�  70–80 º�  �;�/)9&/.!'  5(/10&(#./�6*�/  #4 2�(%�0&*#/  # !�"(&>&/.!'  
5(�1�� #./�6*�!.6  03�"&*#+&,##.  

�3>/!.038.  !�/138>#/  0#1-  2�(%&.�(�0 -03�"&*#+&.�(�0 : 
2�(%&.�( -03�"&*#+&.�(  .#5& «&3.�2�(% », 2�(%&.�(- -03�"&*#+&.�(-  !  */3;#(&8>/$!'  
1#&2(&)%�$ .#5& «�/) -� -%&.#"», %*�)�5�+#,#�**-$  03�"&*#+&.�( , 03�"&*#+&.�(  !  
!/".�(*-%#  5(/!! -2�(%&%#. 

�3�"&*#+&,#'  (4#%#9/!"#$ 5(�,/!! ) – +&"�89#./�6*-$  ./4*���)#9/!"#$  
5(�,/!!  7#**�)�  5(�#+0�1!.0& . �/(/1  03�"&*#+&,#/$  0*3.(/**88  # *&(3 *38  
5�0/(4*�!.6  5�"(-7/"  5�"(-0&8.  !%&+"�$, !�1/( &>/$  .�*"�1#!5/(!*-/  ((&+%/(�% 
9&!.#,  10 %"%) .&�6"  # !�813 , & .&"  /  4�+'$!.0/**�/  %-��  !  !�1/( &*#/%   #(*-4  
"#!��.  60% # !#�#"�*�038  <%3�6!#8, (&!5(/1/�/**-/  0 0�1/  #�#  ;/*+#*/ . ��&)�1&('  
�;(&+�0&*#8  !��'  !%&+"# *& 0*3.(/**/$  5�0/(4*�!.#  5�"(-7"#  �;�/)9&/.!'  
+&"�&1-0&*#/ 0 //  5���!.6  1#&2(&)%-, 0-4�1  0�+134& %/ 13  1#&2(&)%�$ # "&("&!�% , 
5(/1�.0(&>&/.!'  5(#  03�"&*#+&,## 1#&2(&)%- "  0*3.(/**/$  5�0/(4*�!.#  "&("&!&, & 
.&" /  5(#�#5&*#/  /+1�0�$  "&%/(-  "  5�"(-7"/  5(#  <"!5�3&.&,## .  

�&5�(*-/  # (/)3�#(38>#/  "�&5&*- , & .&" /  5&(�(/)3�'.�(-  „Regell“ ;-�#  
!5/,#&�6*�  (&+(&;�.&*-  1�'  #!5��6+�0&*#'  *& 5(/15(#'.#'4  7#**�$  
5(�%-7�/**�!.# . �-5��*/*  <*/()/.#9/!"#$  (&!9@.- 2�(%&.�(&  �� -88, "�.�(-$  
5�"&+&�, 9.�  +&%/*& %/%;(&**�)�  "�&5&*& *& 5�(7*/0�$  5(#0/1/.  "  3%/*67/*#8  
<*/()�+&.(&. . 
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��9/.�0&  
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 ., �3(3*#*&  � .� ., �&57#*&  � .� . 
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�#.(�;/*+��  – '0�'/.!'  �1*#% #+ 0& */$7#4  *#.(�!�/1#*/*#$  # #!5��6+3/.!'   

0 5(�%-7�/**�!.#  0 ;��67#4  "��#9/!.0&4  0 "&9/!.0/  #!4�1*�)�  !-(6'  0 5(�,/!!/  
5��39/*#'  &*#�#*&, %-1#*#.(�;/*+��& , ;/*+#1#*& , *#.(�4��(;/*+��& , (&+�#9*-4  
"(&!#./�/$  (#*3�#*�0 , *#)(�+#*�0 ), �*  5(#%/*'/.!'  0 "&9/!.0/  (&!.0�(#./�'  5(#  
�9#!."/  */2.'*-4  !%&+�9*-4  %&!/� , 1�'  �.137"#  %-�& # 1(3)#4 ,/�/$ . 

	1*&"�  �!*�0*�/  5(#%/*/*#/  �*  *&4�1#.  0 4#%#9/!"�$  5(�%-7�/**�!.#  0 
"&9/!.0/  !-(6'  0 5(�#+0�1!.0/  .&"�0�  "(35*�)�  5(�13".& , "&" &*#�#* , %#(�0�/  
5(�#+0�1!.0�  "�.�(�)�  !�!.&0�'/.  ;��//  1%�* . .�**  0 )�1 . 
*#�#*  0-(&;&.-0&/.!'  0�  
0!/% %#(/ # *& 5(/15(#'.#'4  ��!!#$!"�$  �/1/(&,##  0 �!*�0*�%  5&(�2&+*-% 
"&.&�#.#9/!"#%  )#1(#(�0&*#/%  *#.(�;/*+��& .  

�"&+&**-$  *#.(�;/*+��  !�1/( #.  +*&9#./�6*�/  "��#9/!.0�  �()&*#9/!"#4  
!/(*#!.-4  5(#%/!/$ , *#.(�2/*���0 . 	;>//  !�1/( &*#/  !/(-  0 .&"�% *#.(�;/*+��/  
1�!.#)&/.  0,03% 0 .�%  9#!�/  *#.(�.#�2/**�$  !/(-  -0,004-0,008%. 

�-7/35�%'*3.-/  5(#%/!#  �.(#,&./�6*�  0�#'8.  *& 5(�./"&*#/  5(�,/!!&  
)#1(#(�0&*#'  *#.(�;/*+��&  0 &*#�#* , 34317&8.  (&;�.3  "&.&�#+&.�(& # "&9/!.0�  
5��39&/%-4  "&.&�#+&.& # .�0&(*�)�  &*#�#*&. 	9#!."#  *#.(�;/*+��&  �.  !/(*#!.-4  
5(#%/!/$  5(�./"&/.  0 (/".#2#"&,#�**�$  "���**/ . 	1*&  #+ 5(�;�/% , !.�'>#4  5/(/1  
5(/15(#'.#/%  5(�#+0�1#./�/% , – 5�0-7/*#'  5(�#+0�1#./�6*�!.#  */  0 3>/(;  "&9/!.03 . 
           ��'  (/7/*#'  +&1&9# 5�0-7/*#'  5(�#+0�1#./�6*�!.#  5(�0/1/*  &*&�#+ 
"�*!.(3",##  &55&(&.&, 5&./*.*�$  5(�(&;�."# , ;-�  0-;(&*  !5�!�;  (/7/*#'  
5�!.&0�/**�$  +&1&9#, & #%/**�  +&%/*& "��5&9"�0-4  .&(/��"  *& 5&"/.*38  (/)3�'(*38  
*&!&1"3 ((&+%/(�% 300 %%. 31/�6*&'  5�0/(4*�!.6  *&!&1"# 500 %2/%3, !0�;�1*-$  �;A/%  
*&!&1"# 0,91 %3/%3, *&!-5*&'  5��.*�!.6  490 ") /%3), 9.� , 0 !0�8  �9/(/16 , 5(#0/1@. "  
5�0-7/*#8  5(�#+0�1#./�6*�!.# . 

	1*#%  #+ %#*3!�0  *&!&1�9*�$  "���**- , '0�'/.!'  */!.&;#�6*�/  (&!5(/1/�/*#/  
 #1"�!.#  5�  !/9/*#8  "���**- , �;(&+�0&*#/  +&!.�$*-4  +�* . �/7/*#/%  1&**�$  
5(�;�/%-  !.&�&  3!.&*�0"&  *&1 *&!&1"�$  .(3;9&.-4  (&!5(/1/�#./�/$   #1"�!.# . �&" /  
+&%/*& "�*.&".*-4  3!.(�$!.0  35(�>&/.  %�*.&  # (/%�*.  "���**- , 9.� , 0 !0�8  
�9/(/16 , 5(#0/1@. "  !�"(&>/*#8  (/%�*.*�)�  0(/%/*# . 
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	1*#%  #+ <22/".#0*-4  !(/1!.0 , 5�+0��'8>#4  (&,#�*&�6*�  �()&*#+�0&.6  
5(�#+0�1!.0�  4#%#9/!"�$  5(�13",## , 5(#  5��39/*##  "�.�(�$  5(#%/*'8.!'  
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(&!.0�(#./�# , '0�'/.!'  (/"35/(&,#'  – 5(�,/!!  3�&0�#0&*#'  5&(�0  �/.39#4  
�()&*#9/!"#4  (&!.0�(#./�/$  #+ 5&(�0�+137*�$  !%/!#  # 0�+0(&>/*#/  #4 0 
�!*�0*�/  5(�#+0�1!.0�  1�'  5�0.�(*�)�  #!5��6+�0&*#' . 

�(#  5(�#+0�1!.0/  "�//0 , �&"�"(&!�9*�$  5(�13",##  0 &.%�!2/(3  0-1/�'8.!'  
5&(-  (&!.0�(#./�/$ , *&5(#%/( , ;/*+#*  #�#  !%/!6  ;/*+#*&  # <.#�&,/.&.& . 

��&0�#0&*#/  5&(�0�+137*�$  !%/!#  ;/*+#*&  #%//.  ;��67�/  5(&".#9/!"�/  
+*&9/*#/ . �� -5/(0-4 , 5&(-  ;/*+#*&  .�"!#9*- , & 0� -0.�(-4 , )�(89#  # 
0+(-0��5&!*- , 5�<.�%3  �*#  1�� *-  ;-.6  31&�/*-  #+ (&;�9#4  5�%/>/*#$ . �(�%/  
.�)� , 39#.-0&'  +*&9#./�6*38  !.�#%�!.6  ;/*+#*& -(&!.0�(#./�' , /)�  5&(-  
*/�;4�1#%�  3�&0�#0&.6 #+ 0�+134& # +&./% 0*�06  0�+0(&>&.6 0 5(�#+0�1!.0� , 9/% 
!*# &.6  !/;/!.�#%�!.6  0-53!"&/%�$  5(�13",## . 

�/"35/(&,#'  ;/*+#*&  # /)�  !%/!/$  !  1(3)#%# (&!.0�(#./�'%#  0 
5(�#+0�1!.0&4  �!3>/!.0�'/.!'  &1!�(;,#�**-%  %/.�1�% , "�.�(-$  5�+0��'/.  
(/7&.6  +&1&9# )�3;�"�$  �9#!."#  ./4*���)#9/!"#4  # �.4�1'>#4  5(�%-7�/**-4  
)&+�0, !�1/( &>#4  5&(-  ;/*+#*& . 


1!�(;,#�**-$  %/.�1  �!*�0&*  *& #+;#(&./�6*�%  5�)��>/*##  
(&!.0�(#./�/$  .0/(1-%  5�)��.#./�/%  +& !9/.  !#�  %/ %��/"3�'(*�)�  
0+&#%�1/$!.0#'.  


".#0#(�0&**-$  3)��6  "&" &1!�(;/*.  5��39#�  *&#;��//  7#(�"�/  
5(#%/*/*#/ . 	*  '0�'/.!'  �1*#% #+ */!�� *-4  &1!�(;/*.�0 , "�.�(-/  %� *�  
#!5��6+�0&.6  1�'  0�& *-4  )&+�0. �!�/1!.0#/  */!5/,#2#9*�!.#  &".#0#(�0&**-$  
3)��6  &1!�(;#(3/.  0!/  )&+-, 5(#!3.!.038>#/  0 %&�-4 "��#9/!.0&4 , 
5(�5�(,#�*&�6*�  #4 "�*,/*.(&,#'% , 5�<.�%3  !�/13/.  39#.-0&.6  .�.  2&". , 9.�  
5�%#%� )&+&, "�.�(-$  */�;4�1#%�  3��0#.6 , ;313.  &1!�(;#(�0&.6!'  # 1(3)#/  
5(#%/!# . 

:22/".#0*�!.6  �9#!."#  0-;(�!�0  �/.39#4  (&!.0�(#./�/$  &1!�(;,#�**-%  
%/.�1�%  !�!.&0�'/.  95 - 98 %.  
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�� #*  � .� ., �&�#5&/0 � .� ., �&�#5&/0& 	 .
 ., �(�4�(/*"�  � .
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�#�./4*���)#9/!"#/  5(�,/!!-  7#(�"�  5(#%/*'8.!'  0 5#>/0�$ , 

2&(%&,/0.#9/!"�$  # 1(3)#4 �.(&!�'4  5(�%-7�/**�!.# , & .&" /  0 <"���)#9/!"#4  
5(�,/!!&4  �9#!."#  !.�9*-4  0�1 . �5/,#2#"&  ;#�./4*���)#9/!"#4  5(�,/!!�0  !�!.�#.  0 
.�% , 9.�  0 *#4 39&!.038.   #0-/  "�/."# , !3;"�/.�9*-/  !.(3".3(-  #�#  0-1/�/**-/  #+ 
"�/.�"  2/(%/*.-  # #4 "�%5�/"!- . :.�  �"&+-0&/.  !3>/!.0/**�/  0�#'*#/  *& 5(�,/!!-  
%&!!�5/(/1&9#  # ./5���;%/*&  #, "&" !�/1!.0#/ , *& "�*!.(3".#0*-/  �!�;/**�!.#  
�;�(31�0&*#' . 

�#�(/&".�(-  "�&!!#2#,#(38.  5�  !5�!�;3  00�1& <*/()##  0 &55&(&. (5�  !5�!�;3  
�!3>/!.0�/*#'  5(�,/!!�0  &<(#(�0&*#'  # 5/(/%/7#0&*#' ): !  10# 3>/$  !#��$  5�  
)&+�0�$ 2&+/, !  10# 3>/$  !#��$  5�   #1"�$  2&+/ # "�%;#*#(�0&**-/  (!  10# 3>/$  
!#��$  5�  )&+�0�$ #  #1"�$  2&+�$ �1*�0(/%/**� ). 
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�&+(&;�.&*&  <"!5/(#%/*.&�6*&'  3!.&*�0"&  )&+� #1"�!.*�)�  ;#�(/&".�(&  !  
%/4&*#9/!"#% 5/(/%/7#0&*#/% . �(/1�� /*&  "�*!.(3",#'  ;#�(/&".�(& , *& "�.�(38  
5�1&*& +&'0"& *& 5��/+*38  %�1/�6 . ��1/(*#+#(�0&**&'  "�*!.(3",#'  ;#�(/&".�(&  */  
.(/;3/.  !.&;#�#+&,##  04�1*-4  5&(&%/.(�0. �(�0/*6   #1"�$  2&+- 5�11/( #0&/.!'  0 
(&;�9/%  5��� /*##  ;�&)�1&('  %/4&*#+%3 !&%�(/)3�#(�0&*#'  "�*!.(3".#0*-4  
<�/%/*.�0  ;#�(/&".�(& . �!�0/(7/*!.0�0&**&'  "�*!.(3",#'  5/(/%/7#0&8>/)�  
3!.(�$!.0&  5(/13!%&.(#0&/.  930!.0#./�6*�!.6  ;#���)#9/!"#4  &)/*.�0  "  2#+#"� -
%/4&*#9/!"#% 0�+1/$!.0#'% . �  5(�,/!!/  *&!->/*#'  5#.&./�6*�$  !(/1-  0�+134�% 
�;(&+3/.!'  )&+�- #1"�!.*&'  <%3�6!#' , ,#("3�#(38>&'  5�  0!/%3 �;A/%3  &55&(&.&, 
�;/!5/9#0&8>&'  <22/".#0*�/  5/(/%/7#0&*#/  !(/1- . ��'  ;�(6;-  !  �;(&+38>/$!'  5(#  
&<(&,## 5/*�$  #!5��6+3/.!'  %/4&*#9/!"�/  5/*�)&7/*#/ . 

�&+(&;�.&**&'  "�*!.(3",#'  ;#�(/&".�(&  5�+0��'/.  5(�0�1#.6  5(�,/!!  
%/ 2&+�0�)�  5/(/*�!&  0/>/!.0  (« #1"�!.6  – "�/."# », «)&+ –  #1"�!.6  – "�/."# ») !  
39/.�%  !�� *�$  (/)3�',##  (�!.&  # ;#�!#*./+& , */!.&;#�6*�!.#  ,/�/0-4  5(�13".�0 , 
�;/!5/9#0&/.  !&%�(/)3�#(�0&*#/  3(�0*'   #1"�$  2&+-, 9.�  5�0-7&/.  <22/".#0*�!.6  # 
5(�#+0�1#./�6*�!.6  ;#�./4*���)#9/!"�)�  5(�,/!!& .  
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  �  !0'+#  !  ;��67#%  (&+*��;(&+#/%  %#*/(&��)#9/!"�)�  !�!.&0&  (31, 
5�10/()&/%-4  2��.&,#�**�%3  �;�)&>/*#8 , �5.#%&�6*-/  (/+3�6.&.-  %�)3.  ;-.6  
1�!.#)*3.-  �#76  5(#  #!5��6+�0&*##  7#(�"�)�  &!!�(.#%/*.&  &�"#�"!&*.�)/*&.�0  
>/��9*-4  %/.&���0  (
=� ) *& �!*�0/  !5#(.�0  � 2-� 7. �  *&!.�'>//  0(/%'  0 *&7/$  
!.(&*/  5(�#+0�1'.!'  <.#� -, * -;3.#� -, #+�;3.#� - # #+�5(�5#�"!&*.�)/*&.-  "&�#' .  

	1*#%  #+ �!*�0*-4  �;�(31�0&*#$ , #!5��6+3/%-4  1�'  5(�#+0�1!.0&  
"!&*.�)/*&.�0 , '0�'/.!'   #1"�2&+*-$  (/&".�( . 

�(�1�� #./�6*�!.6  0!/4  �5/(&,#$  0 (/&".�(/  +&0#!#. �.  5(&0#�6*�)�  0-;�(&  
"�*!.(3",##  %/7&�"#  # �5(/1/�/*#'  !"�(�!.#  //  0(&>/*#' , +�*-  5�1&9# 1�+#(3/%�)�  
0/>/!.0&  (./5��0-/  �5/(&,## ). �&  !.&1## 1�+#(�0&*#'  !/(�3)�/(�1&  0�+*#"&/.  
*/�;4�1#%�!.6  5�11/( &*#'  0�  0+0/7/**�%  !�!.�'*##  9&!.# "!&*.�)/*&.& . �-;�(  
"�*!.(3",##  %/7&�"#  # 9#!�& //  �;�(�.�0  ,/�/!��;(&+*�  �!3>/!.0�'.6  5�  !&%�$ 
.' /��$  �5/(&,##  – 1�+#(�0&*#/  !/(�3)�/(�1& . 

�&!9/.-  5�  �5(/1/�/*#8  5(�1�� #./�6*�!.#  !3>/!.0�0&*#'  )��;3�  !  
1�+#(3/%-% (/&)/*.�%  5�"&+&�#, 9.�  0 5(#!3.!.0##  ;-!.(�$  (/&",##  0 !#!./%/  
5(�#!4�1#.  �9/*6  ;-!.(�/  #!9/(5&*#/  (/&)/*.&  #+ )��;3� . �  *&9&�6*-$  %�%/*.  
1�+#(�0&*#' , "�)1&  (&!.0�(/**�)�  (/&)/*.&  %*�)� , 1�+#(3/%-$  (/&)/*.  (&!4�13/.!'  0 
)��;3�&4  +& 1��#  !/"3*1- . �  "�*,/  �5/(&,##  1�+#(�0&*#' , "�)1&  (&!.0�(/**�)�  
(/&)/*.&  �!.&/.!'  %&��, 5(�1�� #./�6*�!.6  �5�(� */*#'  )��;3�  0-(&!.&/.  1�  0(/%/*#  
!�5�!.&0#%�)�  !�  0(/%/*/%  ,#("3�',## . ��<.�%3  1�'  (&!9/.&  (/&".�(&  0 �;'+&./�6*�%  
5�('1"/  */�;4�1#%�  0"�89#.6  5(�,/13(3  (&!9/.&  0(/%/*#  �5�(� */*#'  !  
�1*�0(/%/**-%  5/(/%/>/*#/%  )��;3�-  0 �;A/%/  5/(/%/7#0&/%�$  %&!!- . :.�  
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�5�(� */*#/  �!3>/!.0�'/.!'  0 5(�,/!!/  5/(/%/>/*#'  )��;3�-  5�  ,#("3�',#�**�%3  
"�*.3(3 . ��'  %/7&��"  (&+�#9*�$  "�*!.(3",##  <.�.  53.6 (&+�#9/* .  

	1*#%  #+ *&#;��//  (&!5(�!.(&*/**-4  .#5�0  %/7&��"  '0�'8.!'  .3(;#**-/  
%/7&�"# . �#1"�!.6  10# /.!'  5�  "�*.3(3 , !�!.�'>/%3  #+ 1034 5/./�6 . 	1*&  #+ 5/./�6  
(&!5��� /*&  %/ 13  5��!"�!.68  0(&>/*#'  %/7&�"#  # !0�;�1*�$  5�0/(4*�!.68  
 #1"�!.# , 1(3)&'  %/ 13  <.�$  5��!"�!.68  # 1*#>/%  &55&(&.&. 	;%/*  %/ 13  <.#%# 
5/.�'%#  �!3>/!.0�'/.!'  *& 0-4�1/   #1"�!.#  #+ %/ ��5&!.*�)�  5(�!.(&*!.0&  %/7&�"# . 
��!.&0   #1"�!.#  0 <.�$  +�*/  3!(/1*'/.!' . �&./% 5�.�"   #1"�!.#  *&./"&/.  *& 
0*3.(/**88  5�0/(4*�!.6  &55&(&.& # (&+1/�'/.!'  *& 10&. 	1#*  5�.�"  34�1#.  00/(4 , "  
!0�;�1*�$  5�0/(4*�!.#   #1"�!.#  0 &55&(&./. �(3)�$  5�.�"  5�0�(&9#0&/.  0 
*&5(&0�/*##  1*#>& &55&(&.&. ��  53.# !�/1�0&*#'  5�.�"�0  5(�#!4�1#.  �5�(� */*#/  
)��;3�  �.  1�+#(3/%�)�  (/&)/*.& , #+%/*/*#/  "�*,/*.(&,##  (&!.0�(/**�)�  0 �!*�0*�$  
%&!!/  #1"�!.#  (/&)/*.& , #+%/*/*#/  (&+%/(�0 )��;3�  0 !��.0/.!.0##  !  ��"&�6*�$  
!"�(�!.68  (&!!/#0&*#'  <*/()##  0 /1#*#,/  %&!!-   #1"�!.# .  

��!.(�/*&  %&./%&.#9/!"&' %�1/�6  (/&".�(&  !  39/.�%  %&"(�.(&*!5�(.&   #1"�!.#  
0*3.(#  &55&(&.&. ��1/�6  #!5��6+�0&*&  1�'  �,/*"#  0�#'*#'  (&+�#9*-4  
./4*���)#9/!"#4  5&(&%/.(�0 *& 0-4�1*-/  4&(&"./(#!.#"#  (&;�.-  (/&".�(&  # 1�'  
�5(/1/�/*#'  3!��0#$ , �;/!5/9#0&8>#4  0-!�"#$  0-4�1  5(�13".&  0 5(�%-7�/**�%  
5(�,/!!/  !#*./+& . 
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�&�#5&/0 � .� ., ��!!�*3  � .� ., �&�#5&/0& 	 . 
 ., ����0&*9#"�0  
 .� .  
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�&!!��;%/**-/  &55&(&.- 5(#%/*'8.!'  0 4#%#9/!"�$ , */2./4#%#9/!"�$ , 

)&+�5/(/(&;&.-0&8>/$ , 5#>/0�$  # 1(3)#4 �.(&!�'4  5(�%-7�/**�!.# , & .&" /  0 
<"���)#9/!"#4  5(�,/!!&4  �9#!."#  �.4�1'>#4  )&+�0 �.  0(/1*-4  5(#%/!/$ . 
	5.#%&�6*-%#  (/ #%&%# (&;�.-  *&!&1�9*-4  %&!!��;%/**-4  &55&(&.�0 '0�'8.!'  
(/ #%-  <%3�6)#(�0&*#'  # .3(;3�#+&,## .  

�(/1�&)&/.!'  "�*!.(3",#'  <�/%/*.&  *&!&1"# 1�'  5(�0/1/*#'  %&!!��;%/**�)�  
5(�,/!!& , *& "�.�(38  5�1&*& +&'0"& *& 5��/+*38  %�1/�6  # 5��39/*�  5��� #./�6*�/  
(/7/*#/ . �&!&1"& 1�'  %&!!��;%/**-4  5(�,/!!�0  0-5��*/*&  0 0#1/ 1034 ./�  
0(&>/*#'  ,#�#*1(#9/!"�$  2�(%- , !��!*�  3!.&*�0�/**-4  �1*�  0*3.(#  1(3)�)�  # 
 @!."�  !�/1#*@**-4  %/ 13  !�;�$ , �1*�  ./��  0(&>/*#'  0-5��*/*�  0 0#1/ 0#.�$  
5(�0���9*�$  5(3 #*- , & 1(3)�/  ./��  0(&>/*#'  0-5��*/*�  0 0#1/ 5���)�  
,#�#*1(& , 0#.&'  5(�0���9*&'  5(3 #*&  3!.&*�0�/*&  0*3.(#  5���)�  ,#�#*1(& , 
5(#9/% 5��-$  ,#�#*1(  05��.*38  �;�/)&/.  0#.38  5(�0���9*38  5(3 #*3 , 
5(#*#%&' 2�(%3  )�2(- , # 0-5��*/*  #+ 5/*�5��#%/(*�)�  %&./(#&�&. 

�/�68  (&;�.-  '0�'/.!'  5��39/*#/  0-!�"�.3(;3�/*.*�)�  .(/42&+*�)�  5�.�"&  0 
%&!!��;%/**�%  *&!&1�9*�%  &55&(&./: )&+ (5&(),  #1"�!.6 , .0/(1&'  2&+& (5�&0&8>#/  
<�/%/*.-  *&!&1"#) 5�  0!/%3 �;A/%3  %/ 13  (&!5(/1/�#./�6*-%#  (/7/."&%# . 

���>#*&  5(�0���"#  # .#5  5/*�5��#%/(*�)�  %&./(#&�& 5���)�  ,#�#*1(&  
0-;#(&8.!' , #!4�1'  #+ ./4*���)#9/!"#4  4&(&"./(#!.#"  %&!!��;%/**�)�  5(�,/!!& , 
1�'  (&!9/.&  �5.#%&�6*�$  5��.*�!.#  *&!&1"# 5�  &�)�(#.%3 : 
          1) 1�#*& 5(�0���"#  l= 1,2BC d n 
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2) %&!!& 5(�0���"#  m� = ! �  (C l " �
2) /4 

3) %&!!& 5/*�5��#%/(*�)�  ,#�#*1(&   m	 = 1,2B ! 	  (C d h D	 ) /4 
4) �;>&'  %&!!& <�/%/*.&  *&!&1"# m= m� + m	  
5) �;>#$  �;A/%  V= V� + V	 =(C l " �

2) /4+(C d h D	 ) /4 
6) !(/1*''  5��.*�!.6  *&!&1"# ! =m /V 
�&'0�/**&'  "�*!.(3",#'  <�/%/*.&  *&!&1"# %&!!��;%/**�)�  &55&(&.& 

5�+0��'/.  5(�0�1#.6  %&!!��;%/*  0 3!��0#'4  5!/01�� # /**�)�  !��'  5(#  
0-!�"�.3(;3�#+#(�0&**�%  .(/42&+*�%  5�.�"/  0 7#(�"�%  1#&5&+�*/ 2#+#9/!"#4  
5&(&%/.(�0  (&;�9#4  !(/1 , #!"�89&/.  0�+%� *�!.6  +&(&!.&*#' <�/%/*.�0  *&!&1"#, 
�;/!5/9#0&/.  3!.�$9#038  (&;�.3  %&!!��;%/**�)�  &55&(&.&, 9.�  5�0-7&/.  
5(�#+0�1#./�6*�!.6  "���**-  # <22/".#0*�!.6  %&!!��;%/**�)�  5(�,/!!& . 
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�(�,/!!  #+)�.�0�/*#'  (/+#*�0-4  !%/!/$  *&+-0&/.!'  !%/7/*#/% . �%/7#0&'  

"&393"# !  #*)(/1#/*.&%#  0 �5(/1/�/**-4  !��.*�7/*#'4 , %� *�  5��39#.6  (/+#*�0-/  
!%/!# , �/)"�  5�10/()&/%-/  ./4*���)#9/!"�$  �;(&;�."/ . 

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

�/+#*�!%/!#./�6  5(/1!.&0�'/.  !�;�$  +&"(-.38  "&%/(3 !  0(&>&8>#%#!'  
*&0!.(/93  1(3)  1(3)3 (�.�(&%# . �  +&)(3+�9*38 0�(�*"3  5�1&8.!'  0 �5(/1/�/**�$  
5�!�/1�0&./�6*�!.#  0!/  "�%5�*/*.-  (/+#*�0�$  !%/!# .  

�/+#*�!%/!#./�6  5�  !(&0*/*#8  !  1(3)#%# !%/7#0&8>#%# %&7#*&%# �;�&1&/.  
('1�%  5(/#%3>/!.0  # */1�!.&."�0 : )/(%/.#+&,#'  (&;�9/)�  5(�,/!!& , ;��//  
;�&)�5(#'.*-/  3!��0#'  5/(/%/7#0&*#'  %&./(#&�&, ;/+�5&!*�!.6  (&;�.- . 

�/+#*�!%/!#./�#  (&;�.&8.  5(#  ;��//  0-!�"#4  ./%5/(&.3(&4 , <.�  �;A'!*'/.!'  
.(31*�!.68  �.0�1&  ./5�&  #+ +&"(-.�$  "&%/(-  %&7#*- , 5�<.�%3  (&!4�1  0�1-  1�'  
(/+#*�!%/!#./�'  ;��67/ . 

�(#)�.�0�/*#/  # �;(&;�."&  (/+#*�0-4  !%/!/$  – 0& */$7&'  �5/(&,#'  0 
7#**�%  # (/+#*�0�%  5(�#+0�1!.0&4 , �.  "�.�(�$  +&0#!'. 5�&!.�<�&!.#9/!"#/  # 
5(�9*�!.*-/  !0�$!.0& , !.(3".3(&  # )�%�)/**�!.6 , & .&" /  ./4*���)#9*�!.6  !%/!/$  
(/+#*�0-4  # (/+#*�"�(1*-4  5��32&;(#"&.�0 , !�+1&8.!'  */�;4�1#%-/  3!��0#'  1�'  
5��39/*#'  (/+#*�0-4  #+1/�#$  0-!�"�)�  "&9/!.0&. ��'  #+)�.�0�/*#'  (/+#*�0-4  
#+1/�#$  !  +&1&**-%# <"!5�3&.&,#�**-%#  !0�$!.0&%# "&393"# !%/7#0&8.  !  
(&+�#9*-%#  #*)(/1#/*.&%# , 00�1#%-%# 0 !%/!6  0 �5(/1/�/**�%  %&!!�0�% 
!��.*�7/*##  # 0 �5(/1/�/**�$  5�!�/1�0&./�6*�!.# . �(#  !%/7/*##  #*)(/1#/*.�0  
0-1/�'/.!'  ;��67�/  "��#9/!.0�  ./5�& , "�.�(�/  */�;4�1#%�  �.0�1#.6 , .&" "&" 5/(/)(/0  
*/)&.#0*�  !"& /.!'  *& "&9/!.0/  )�.�0�$  5(�13",## . �  (&;�./  #!!�/1�0&*�  0�#'*#/  
+&%/*- 4�&1&)/*.& *& (&;�9#/  5&(&%/.(-  (/+#*�!%/!#./�' . �  (/+3�6.&./  1&**�)�  
*�0�00/1/*#'  ./5��5/(/1&9&  (�.�(&  5�0-7&/.!'  0 10& (&+&. �&"#% �;(&+�% , %� *�  
1�;#.6!'  30/�#9/*#'  5(�#+0�1#./�6*�!.#  1&**�)�  (/+#*�!%/!#./�' . 
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�5#!�"  �#./(&.3(- : 
1. �/"#*  � .� ., �&*#*  � .� . 	;�(31�0&*#/  +&0�1�0 (/+#*�0�$  5(�%-7�/**�!.#  – � . : 

�#%#' , 1978. – 398 ! .  
2. �&(!"�0  � .� . �&7#*-  # &55&(&.- (/+#*�0�)�  5(�#+0�1!.0& . - � ., �#%#' , 1975. – 

594 ! . 
3. ��!.(�"*3.�0  � .� . �/(/(&;�."&  "&393"�0 # (/+#*�0-4  !%/!/$  ((/���)#9/!"#/  

�!*�0- , ./4*���)#' , �;�(31�0&*#/ ). – � .: �#%#' ,1980. 280 ! .  
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��1&  7#(�"�  5(#%/*'/.!'  0 ./4*���)#9/!"#4  5(�,/!!&4  (&+�#9*-4  

5(/15(#'.#$ , # (&,#�*&�6*�/  /@ 5(#%/*/*#/  %� /.  +*&9#./�6*�  !�"(&.#.6  (&!4�1-  
5(�#+0�1!.0& . �(�%/  .�)� , *& 5(/15(#'.#'4  0 0�13 5�5&1&/. �)(�%*�/  %*� /!.0�  
�5&!*-4  # 0(/1*-4  0/>/!.0 , "�.�(-/  %�)3.  *&*/!.#  +*&9#./�6*-$  0(/1  <"���)##  0!/)�  
%#(&. ��<.�%3  <22/".#0*&'  �9#!."&  !.�9*-4  # �;�(�.*-4  0�1  0 5(�%-7�/**�!.#  5� -
5(/ */%3  '0�'/.!'  &".3&�6*�$  5(�;�/%�$ .  

	1*#%  #+ !&%-4 5(�!.-4  # 1/7/0-4  !5�!�;�0  �9#!."#  !.�9*-4  0�1  !�3 #.  
�.!.&#0&*#/ . �(�,/!!  5(�./"&/.  5�1  1/$!.0#/%  )(&0#.&,#�**-4  !#�  # !  %#*#%&�6*-%# 
+&.(&.&%# <*/()## . 	.!.&#0&*#/  7#(�"�  5(#%/*'/.!'  0�  0!/4  !2/(&4  �9#!."#  0�1- : 
;-.�0-4  0�1 , 5(�#+0�1!.0/**-4  # . .1. 	.!.&#0&*#/  �;�&1&/.  1�!.&.�9*�  5(�!.-%  
5(#*,#5�%  (&;�.- , 9.�  # !1/�&��  /)�  .&"#% (&!5(�!.(&*/**-% . 	*�  5(#%/*'/.!'  "&" 
5(/10&(#./�6*&'  5�1)�.�0"&  �#;�  +&"�89#./�6*&'  �9#!."& . 

	.!.&#0&*#/  5(#%/*'/.!'  1�'  �9#!."#  0�1-  �.  "(35*�1#!5/(!*-4  9&!.#, . ��'  
�.!.&#0&*#'  #+ %*� /!.0&  �.!.�$*#"�0  ;-�  0-;(&*  (&1#&�6*-$  �.!.�$*#" , . ." . 0 
5(�#+0�1!.0/**-4  %&!7.&;&4 �9#!."#  0�1-  �*  *&#;��//  !��.0/.!.038.  */�;4�1#%-%  
5&(&%/.(&%, .&"#% "&": !./5/*6  �9#!."# , (&!4�1  0�1- . �&1#&�6*-/  �.!.�$*#"#  
5(#%/*'8.  5(#  (&!4�1&4 !.�9*-4  0�1  ;��//  20 .-! . %3/!3. . :.#  �.!.�$*#"# , 5�  
!(&0*/*#8  !  )�(#+�*.&�6*-%# , #%/8.  */"�.�(-/  5(/#%3>/!.0& : 5(�!.�.&  # 
*&1/ *�!.6  <"!5�3&.&,## , <"�*�%#9*�!.6 , 0�+%� *�!.6  !.(�#./�6!.0&  !��(3 /*#$  
;��67�$  5(�#+0�1#./�6*�!.# . �/1�!.&.�"  – *&�#9#/  5�10# *�$  2/(%-  !�  !"(/;"&%# . 

�(/#%3>/!.0�%  (&1#&�6*-4  �.!.�$*#"�0  '0�'/.!'  */;��67&'  )�3;#*& , 9.�  
31/7/0�'/.  #4 !.(�#./�6!.0� . �(3)�&'  2�(%& �.!.�$*#"&  5�+0��'/.  3!.&*&0�#0&.6 
%#*#%&�6*-/  5�  .��>#*/  !./*"# , 9.�  .&" /  !*# &/.  !.�#%�!.6  !��(3 /*#$ .  

	*  %� /.  5(#%/*'.6!'  *& 5(/15(#'.#'4  1�'  �.9#!."#  !.�9*-4  0�1  �.  
0+0/7/**-4  "(35*�1#!5/(!*-4  9&!.#, . ��'  5(/10&(#./�6*�)�  �!0/.�/*#'  0�1-  !  
5�!�/138>/$  ;��//  .>&./�6*�$  �9#!."�$  *& �9#!.*-4  !��(3 /*#'4  ;��//  )�3;�"�$  # 
!5/,#2#9/!"�$  �9#!."# . �&  �8;-4  5(/15(#'.#'4 , 0 "�.�(-4  #!5��6+3/.!'  0�1&, *3 *�  
5(�0�1#.6  �9#!."3  0�1-  �.  +&)('+*'8>#4  0/>/!.0 . 	.  5(/15(#'.#'  +&0#!#., �.  9/)�  
�*&  ;31/.  �9#>&.6!' , �.  �5(/1/�/**-4  0/>/!.0  # 9&!.#, . �  5�<.�%3  1�'  (&+�#9*-4  
5(/15(#'.#$  !4/%& �9#!."#  �.�#9&/.!' , *�  �.!.�$*#"#  5(#%/*'8.!'  0/+1/, 9.�  )�0�(#.  
�  0�!.(/;�0&**�!.#  �.!.&#0&*#'  0�1- . �&" /  1�'  3%/*67/*#'  (&!4�1�0  0�1-  
#!5��6+38.  0.�(#9*38  0�13 1�'  �;�)(/0& . �(�%/  <.�)�  5(#%/*'8.  3 /  
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#!5��6+�0&**38  *& 5(/15(#'.##  0�13 5�!�/  //  �9#!."#  �.  +&)('+*'8>#4  0/>/!.0  # 
5(#1&*#'  /$  �5(/1/�/**-4  !0�$!.0 . 

��'  �397/$  (&;�.-  �.!.�$*#"&  /)�  (/"�%/*13/.!'  +&*/!.#  0 +&"(-.�/  
5�%/>/*#/  1�'  5�11/( &*#'  �5.#%&�6*�$  ./%5/(&.3(-  20 0� . 
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�  5�!�/1*//  0(/%'  0 �;�&!.#  �)*/+&>#.-  1(/0/!#*-  �1*#% #+ 5/(!5/".#0*-4  

*&5(&0�/*#$  !.&�&  (&+(&;�."&  �)*/+&>#.*-4  5(�5#.�9*-4  !�!.&0�0 , 5�+0��'8>#4  
5�0-!#.6  5(/1/�  �)*/!.�$"�!.#  1/(/0'**-4  "�*!.(3",#$  5(#  5� &(/ . 

�  (&;�./  ;-�#  (&!!%�.(/*-  �)*/+&>#.*-/  5(�5#.�9*-/  !�!.&0-  1�'  1(/0/!#*-  
*& �!*�0/  2�!2�(!�1/( &>#4  0/>/!.0 .  

�(�%/  .�)� , (&!!%&.(#0&�&!6 0�+%� *�!.6  */$.(&�#+&,##  3"&+&**-4 !�!.&0�0  
0�1*-%  (&!.0�(�%  &%%#&"&. �  4�1/  #!!�/1�0&*#$  0-'0�/*  *&#;��//  <22/".#0*-$  
!�!.&0 . 

�/�68  (&;�.-  '0�'/.!'  !�+1&*#/  �)*/+&>#.*-4  5�"(-.#$  1�'  1(/0/!#*-  *& 
�!*�0/  2�!2�(!�1/( &>#4  !�/1#*/*#$ . 

	,/*"&  !.�$"�!.#  "  ./(%��"#!�#./�6*�$  1/!.(3",##  �;(&+,�0  5�  0/�#9#*/  
"�"!�0�)�  �!.&."&  '0�'/.!'  �1*#% #+ 5�"&+&./�/$  ./(%�!.�$"�!.#  # "�!0/**-%  
5�"&+&./�/%  �)*/!.�$"�!.# . �  4�1/  5(�0/1/*#'  1&**�)�  #!!�/1�0&*#'  3!.&*�0�/*� , 9.�  
5(#   � =300 °�  # 0(/%/*#  0-1/( "#  �;(&+,�0  0 5/9# 0 ./9/*#/  5/(0-4  10 %#*3. 
*&;�81&/.!'  0!539#0&*#/ �;(&+,�0 , & 5(#  � =400 °�  5#(��#+  5(�./"&/.  *&#;��//  
#*./*!#0*� .  
     �  (&;�./  .&" /  5(�0/1/*&  �,/*"&  �)*/!.�$"�!.#  %�1#2#,#(�0&**-4  �;(&+,�0  
1(/0/!#*- , "�.�(&'  5�"&+&�&, 9.�  *&#;��67/$  �)*/!.�$"�!.68  �;�&1&8.  !�!.&0-  *& 
�!*�0/  ��	  # ��� . 

	;&  !�!.&0&  5(�'0�'8.  �)*/+&>#.*-$  <22/".  5�  103% %/4&*#+%&%: #*#,##(38.  
5(�,/!!  �;(&+�0&*#'  .�*"�$  5�/*"# , 5(/5'.!.038>/$  5�!.35�/*#8  "#!��(�1& , # 
!5�!�;!.038.  �;(&+�0&*#8  «"�"!�0�$  7&5"#», "�.�(&'  #%//.  5�(#!.38  !.(3".3(3  # 
*#+"38  ./5��5(�0�1*�!.6 . 

�&"#% �;(&+�% , !.(3".3(& , !�!.&0 , & #%/**�  0-!�"�/  !�1/( &*#/  
&*.#5#(#(38>#4  )(355  0 (&+(&;�.&**-4  !�!.&0&4 , 3!#�#0&/.  #4 �)*/+&>#.*38  
<22/".#0*�!.6  # �;3!�&0�#0&/.  0�+%� *�!.6  #!5��6+�0&*#'  0 "&9/!.0/  #*)#;#.�(�0  
)�(/*#'  1�'  1(/0/!#*-  # 5(�13".�0  /@ 5/(/(&;�."# . 

	)*/+&>#.*&'  5(�5#."&  1�'  1/(/0&  */  !5&!/.  �.  5�1 �)& , )1/  ;313.  5(#%/*/*-  
�/)"�0�!5�&%/*'8>#/!'  # )�(89#/  (&!.0�(- . 	1*&"�  /!�#  5� &(  (&+)�(#.!'  �.  
*/;��67�)�  �9&)&, .�  1(/0/!#*& , 5(�5#.&**&'  &*.#5#(/*&%#, !%� /.  0-!.�'.6 . 
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�37%&*�0  
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�  *&!.�'>//  0(/%'  0 (/+#*�0�$  5(�%-7�/**�!.#  �!3>/!.0�'/.!'  ./4*#9/!"�/  

5/(/0��(3 /*#/  *& �!*�0/  *�0�$  ./4*#"#  !  ,/�68  5�0-7/*#'  <22/".#0*�!.#  
5(�#+0�1!.0& , 5(�#+0�1#./�6*�!.#  .(31& # 3�397/*#'  "&9/!.0& 5(�13".& .  

�(�,/!!  !%/7/*#'  4&(&"./(#+3/.!'  +&.(&.�$ �5(/1/�/**�)�  "��#9/!.0&  <*/()##  
*& /1#*#,3  "��#9/!.0&  !%/!# , & .&" /  0�+*#"&8>#%# 0 %&!!/ 5/(/(&;&.-0&/%�)�  
%&./(#&�& !10#)�0-%#  # *�(%&�6*-%#  *&5(' /*#'%# . �(#  (&;�./  (/+#*�!%/!#./�'  
%/ 13  /)�  (&;�9#%# �()&*&%# – (�.�(&%#  # "&%/(�$ , !  �1*�$  !.�(�*- , # 
5/(/(&;&.-0&/%-%  %&./(#&��%, !  1(3)�$ , – 3!.&*&0�#0&/.!'  �5(/1/�/**�/  
0+&#%�1/$!.0#/, !�5(�0� 1&/%�/  0�+*#"*�0/*#/%  ;��67#4  3!#�#$ , "�.�(-/  
�5(/1/�'8.  "�*!.(3".#0*-/  �!�;/**�!.#  %&7#*-  !  .�9"#  +(/*#'  5(�9*�!.#  1/.&�/$  # 
5�.(/;�/*#'  <*/()## .  

�/4*���)#9/!"#$  5(�,/!!  5��39/*#'  (/+#*�0�$  !%/!#  5(�0�1'.  %/4&*#9/!"#% 
!%/7/*#/%  (&+�#9*-4  #*)(/1#/*.�0  !  "&393"�%. �+ -+& +*&9#./�6*�)�  5�0-7/*#'  
./%5/(&.3(-  0 5(�,/!!/  !%/7/*#'  5(�,/!!  5(�0�1'.  0 10/ !.&1##. �&  5/(0�$  !.&1## 
!%/7#0&8.  "&393" !�  0!/%# #*)(/1#/*.&%# , "(�%/  03�"&*#+38>#4  &)/*.�0  # 
3!"�(#./�/$  03�"&*#+&,##. ��!�/  �!.-0&*#'  5��39/**�$  %&.�9*�$  !%/!#  0�  0.�(�$  
!.&1## 0 !%/!6  00�1'.  !/(3  # 3!"�(#./�# . �/(/%/7#0&*#/  1�!.#)&/.!'  !#��0-%  
0�+1/$!.0#/%  (&;�9#4  �()&*�0  (/+#*�!%/!#./�'  *& !%/7#0&/%-$  %&./(#&�, 0 
(/+3�6.&./  9/)�  �;(&+3/.!'  (&0*�%/(*�  (&!5(/1/�@**&'  !%/!6  #*)(/1#/*.�0  0 "&393"/. 
�(�,/!!  5(#)�.�0�/*#'  (/+#*�0-4  !%/!/$  5(�0�1'. , "&" 5(&0#�� , 0 (�.�(*-4  
(/+#*�!%/!#./�'4 , 5(/1!.&0�'8>#4  !�;�$  !%/!#./�6*38  ((&;�938 ) "&%/(3 !  
0(&>&8>#%#!'  0*3.(#  */@ *&0!.(/93  1(3)  1(3)3 (�.�(&%# , 5(#0�1#%-%# 0 10# /*#/  
<�/".(�10#)&./�/%  9/(/+  ;��" -(/13".�( . �&1  !%/!#./�6*�$  "&%/(�$  +&"(/5�/*- : 
+&)(3+�9*&' 0�(�*"&  # 0/(4*#$  +&.0�(, 5(/1!.&0�'8>#$  !�;�$  5*/0%�,#�#*1( , 
5(/1*&+*&9/**-$  1�'  !�+1&*#'  1&0�/*#'  *& �;(&;&.-0&/%38  !%/!6 . �&!��*"&  
+&)(3+�9*�$  0�(�*"#  .&" /  35(&0�'/.!'  5*/0%�5(#0�1�% . �*#+3  !%/!#./�6*&'  "&%/(& 
+&"(-0&/.!'  !"��6+'>#%  *# *#%  +&.0�(�%. 

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

��'  5�11/( &*#'  *3 *�$  ./%5/(&.3(-  (/+#*�0�$  !%/!#  0&�"# 0*3.(#  
5�10/()&8.!'  �4�& 1/*#8 , & 0 !�39&/  *&1�;*�!.#  – # 5�1�)(/03 . �&+�#9&8.  10& 
!5�!�;&  �4�& 1/*#'  0&�"�0 : �."(-.-$  # +&"(-.-$ . 

�  !0�#4  #!!�/1�0&*#'4  '  (&!!%�.(/�  (/+#*�!%/!#./�6  ��  140, .&" "&" �*  
*&#;��//  (&!5(�!.(&*/*  0 5(�#+0�1!.0/  (/+#*�0�$  !%/!# . �-�#  (&!!%�.(/*-  .&"#/  
&!5/".-  "&" "�*!.(3",#'  # (&;�.&  (/+#*�!%/!#./�/$ , ./4*���)#'  5(�#+0�1!.0&  
(/+#*�0�$  !%/!# , &0.�%&.#+&,#' 5(�#+0�1!.0& . �&  �!*�0/  1#&)(&%%- 5�.(/;�/*#'  
<*/()##  <�/".(�10#)&./�/%  (/+#*�!%/!#./�'  ;-�#  !1/�&*-  0-0�1- . 
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�(#"�&1*&'  +&1&9& +&"�89&�&!6 0 �5(/1/�/*##  %�>*�!.#  5(#0�1& 
(/+#*�!%/!#./�' ,  %&"!#%&�6*�)�  1&0�/*#'  (/+#*�0�$  !%/!#  0 "&%/(/  (/+#*�!%/!#./�'  
# (&!9/.&  !#!./%-  �4�& 1/*#'  1�'  0-;�(&  �5.#%&�6*�)�  ./5��0�)�  (/ #%& . 

�  4�1/  !0�#4  #!!�/1�0&*#$  '  (&!!9#.&�  %�>*�!.6  10#)&./�'  5(#0�1&, !  39/.�%  
5/(/)(3+"#  0�  0(/%'  00/1/*#'  "�%5�*/*.�0  0 (/+#*�!%/!#./�6 ; !  5�%�>68  *&$1/**�$  
<22/".#0*�$  0'+"�!.#  (/+#*-  # #!5��6+3'  #*./)(&�6*�/  3(&0*/*#/  ./5��0�)�  ;&�&*!&, 
�5(/1/�#�  "�*/9*38  ./%5/(&.3(3  �4�& 1&8>/$  0�1- . ��!.(�#�  )(&2#"#  +&0#!#%�!.# 
./%5/(&.3(-  �.  0(/%/*#  #, (&!!9#.&0 0(/%'  5�103�"&*#+&,## , !1/�&�  0-0�1- . 
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��%5(/!!�(*-/  %&7#*-  – 0& *-/  0#1-  5(�13",##  %&7#*�!.(�/*#' . 	*#  

5(#%/*'8.!'  0�  %*�)#4  �.(&!�'4  *&(�1*�)�  4�+'$!.0& : 4#%#9/!"�$ , */2.'*�$ , )&+�0�$ 
# %&7#*�!.(�#./�6*�$ , *& .(&*!5�(./ , 0 %/.&��3()## , )/���)## , !.(�#./�6!.0/ , 
&)(�5(�%-7�/**�%  "�%5�/"!/ , & .&" /  0 *�0-4  5/(!5/".#0*-4  *&5(&0�/*#'4  ./4*#"#  
# ./4*���)## , 0 9&!.*�!.# , 0 "�!%�*&0.#"/ , (�;�.�./4*#"/ , 5(�#+0�1!.0/  
#!"3!!.0/**�)�  .�5�#0&  # 1( . �/(1,/%  �8;�$  4���1#�6*�$  # "(#�)/**�$  3!.&*�0"#  
'0�'/.!'  "�%5(/!!�( . 	.  <22/".#0*�!.#  # *&1/ *�!.#  /)�  (&;�.-  +&0#!'. ���  # 
1��)�0/9*�!.6  "�%5�/"!&  0 ,/��% . 

�(�0/1'  &*&�#+ 5�(7*/0-4  %&7#*, 1�'  1&�6*/$7#4  #!!�/1�0&*#$  ;-�  0-;(&*  
1034('1*-$  �55�+#.*-$ , 5�(7*/0�$  "�%5(/!!�(  !  3�397/**�$  !#!./%�$  !%&+"#. 
��397/*#/  !#!./%-  !%&+"# !5�!�;!.03/.  3%/*67/*#8  *&)(/0&*#'  "�(53!&  
"�%5(/!!�(& , 30/�#9/*#8  %/ (/%�*.*-4  !(�"�0  %&7#* # %/4&*#+%�0 # 5(�1�/0&/.  
!(�"  !�3 ;- . �(�%/  .�)� , 0 5(�,/!!/  (&;�.-  %&7#*-  !*# &/.!'  73%. 

�  1�!.�#*!.0&%  0-;(&**�)�  "�%5(/!!�(&  %� *�  �.*/!.# : !(&0*#./�6*�  
*/;��67#/  23*1&%/*.-  # 0�+%� *�!.6  30/�#9/*#'  9#!�& "�&5&*�0 , 9.�  !*# &/.  
0�+*#"&8>#/  0 *#4 5�./(#  <*/()## . �!.&*�0"&  .&"�)�  "�%5(/!!�(&  �;/!5/9#.  5(�!.�.3  
�;!�3 #0&*#'  # 3%/*67/*#/  %&./(#&�6*-4  +&.(&.. �(�#+0�1#./�6*�!.6  0-;(&**�)�  
"�%5(/!!�(&  �;/!5/9#0&/.  1�!.&.�9*�/  1&0�/*#/  0 !#!./%/  1�'  5�11/( &*#'   
*�(%&�6*�$  (&;�.-  �;�(31�0&*#' , & .&" /  0 !�39&'4  &0&(#$*�)�  5&1/*#'  1&0�/*#'  0 
.(3;�5(�0�1/  1�  0,45 ��& . 

��%5(/!!�(*38  3!.&*�0"3  &0.�%&.#+#(3/% !  5�%�>68   "�*.(���/(& ,  "�.�(-$   
5�+0��'/.  �!3>/!.0�'.6  35(&0�/*#/  0!/%# �5/(&,#'%#  # 5&(&%/.(&%#, 
*/�;4�1#%-%#  5(#  #!5��6+�0&*##  "�%5(/!!�(& : #+;-.�9*�/  1&0�/*#/ , �!.&*�0"&  # 
+&53!" %&7#*- . 

�(�%/  !�;!.0/**�  "�%5(/!!�(&  !  5(#0�1�%  0 "�%5(/!!�(*38  3!.&*�0"3  04�1'.  
.&" / : %/ !.35/*9&.&'  # "�*,/0&'  ./5���;%/**&'  &55&(&.3(&, 0�&)� - # 
%&!���.1/�#./�# , .(3;�5(�0�1- , �;0'+"#  !.35/*/$ , & .&" /  !(/1!.0&  "�*.(��' , +&>#.-  
# &0.�%&.#"#. ��%5(/!!�(-  %�)3.  ;-.6  !.&,#�*&(*-%#  # 5/(/10# *-%# , & 0 
+&0#!#%�!.# �.  "�%5(/!!#(3/%�$  !(/1- : 0�+137*-%# , )&+�0-%# # 4���1#�6*-%#  

�  5(�/".#(3/%�%  "�%5(/!!�(/  5(/1�&)&/.!'  3!�0/(7/*!.0�0&.6  "��/*9&.-$  0&� 
!  5�%�>68  ��� . �&" /  5(/1�&)&/.!'  #!5��6+�0&.6  &*.#2(#",#�**-/  
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5(�.#0�#+*�!*-/  # 5(�.#0�+&1#(*-/  5(#!&1"#  "  %&!�&% (1#.#�2�!2&.-  ,#*"& , 
!3�62#1-  �
�� , 	�� ), 5(#%/*'.6  0%/!.�  #*13!.(#&�6*�)�  %&!�& � -50
 , 
!#*./.#9/!"�/  %&!��  Texaco Compressor Oil EP VDL-100, 9.�  5�%� /.  30/�#9#.6  
%/ (/%�*.*-/  !(�"#  %&7#* # %/4&*#+%�0, 5(�1�#.  !(�"  !�3 ;- , !*#+#.  73% 5(#  
(&;�./  �;�(31�0&*#' . �(�%/  .�)� , 5(/1�&)&/%-/  3!�0/(7/*!.0�0&*#'  �;/!5/9&.  
!.�$"�!.6  "  �"#!�/*#8 , +&>#.3 �.  "�((�+##  # #!"�89#./�6*-/  5(�.#0�+&1#(*-/  
4&(&"./(#!.#"# . �#+"&'  !"��**�!.6  "  �;(&+�0&*#8  �.�� /*#$  *& 5�(7*'4  # "�&5&*&4 
5(#  0-!�"#4  ./%5/(&.3(&4  (1�  294° � ) !0�1#.  "  %#*#%3%3 (#!"  0�+)�(&*#'  5(#  
<"!5�3&.&,## . 	;/!5/9#0&/.  (�0*38  # <"�*�%#9*38  (&;�.3  "�%5(/!!�(& , �!�;/**�  0 
 /!."#4  3!��0#'4 . 

�&+(&;�."&  5�(7*/0�)�  1034('1*�)�  �55�+#.*�)�  "�%5(/!!�(&  1�'  5�1&9# 
&%%#&"& !  3�397/**�$  !#!./%�$  !%&+"# 5�+0��#.  +*&9#./�6*�  !�"(&.#.6  (&!4�1-  *& 
�;!�3 #0&*#/  "�%5(/!!�(& , ;�&)�1&('  1/$!.0#8  &*.#2(#",#�**-4 , 5(�.#0�#+*�!*-4  
# 5(�.#0�+&1#(*-4  5(#!&1�" . �&**-/  3!��0#'  �;/!5/9#�#  +*&9#./�6*�/  !*# /*#/  
"��#9/!.0&  +&.(&. *& %&./(#&�-  5(#  �;!�3 #0&*##  # */5(/(-0*�$  (&;�./  5�(7*/0�)�  
"�%5(/!!�(& . 
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�3;*�0&  � .� ., ��"(/,�0&  � .� . 
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��
�� -
��
 -��
������  ����  (���� ) – �1#*  #+ )�&0*-4  "#!��(�1�!�1/( &>#4  

0-!�"��".&*�0-4  "�%5�*/*.�0 , #!5��6+3/%-4  5(#  5��39/*##  */<.#�#(�0&**-4  
&0.�%�;#�6*-4  ;/*+#*�0 . ���:  5(#%/*'/.!'  0 "&9/!.0/  1�;&0"#  "  %�.�(*-%  
.�5�#0&%, 5�0-7&8>/$  �".&*�0�/  9#!��  ;/*+#*�0  (&*.#1/.�*&.�( ). ���"  7#(�"�  
5(#%/*'/.!'  0 5(�#+0�1!.0/  0-!�"��".&*�0-4  ;/*+#*�0 , 5(#  <.�% 0-!.35&/.  "&" 
*/.�"!#9*-$ , 0-!�"��".&*�0-$  "�%5�*/*.  # "&" �"!#)/*&.  (*�!#./�6  "#!��(�1& ), 
!5�!�;!.038>#$  ;��//  5��*�%3  !)�(&*#8  .�5�#0&  # 5(/1�.0(&>/*#8  "�((�+##  
%/.&���0 . 

�!!�/13/%&'  (/".#2#"&,#�**&'  "���**&  !.�#.  *& �#*##  5(�#+0�1!.0&  ���:  – 
%/.#� -.(/. -;3.#��0�)�  <2#(& (!.(3".3(*&'  2�(%3�&  333)( ��� � ) – #!5��6+3/%�)�  0 
"&9/!.0/  1�;&0"#  "  %�.�(*-%  .�5�#0&%, 5�0-7&8>/$  �".&*�0�/  9#!��  ;/*+#*�0 .  

��'  �5.#%#+&,## )&;&(#.*-4  (&+%/(�0 &55&(&.& 5(�,/!!&  (/".#2#"&,##  
(&+(&;�.&*& %&./%&.#9/!"&' %�1/�6 . �&**&'  %�1/�6  0"�89&/.  0 !/;'  !#!./%3  
3(&0*/*#$  1�'  (&!9/.& : "��#9/!.0&  �;(&+38>/)�!'  ���: ; 0-4�1&  #+�;3.&*&; !"�(�!.#  
5&(&; 1#&%/.(& "���**- ; )#1(&0�#9/!"�)�  !�5(�.#0�/*#/  .&(/��" ; "��#9/!.0&  .&(/��" ; 
0-!�.-  "���**- ; ./5��0�)�  (&!9/.&  3!.&*�0"# , & .&"  /  5(�9*�!.*�)�  (&!9/.&  "�(53!&  
"���**- , "�%5�*�0"#  �;�(31�0&*#' , (&+(&;�.&*-  <�/%/*.-  &0.�%&.#+&,## 5(�,/!!& . 
�(�9*�!.*-/  (&!9/.-  0-5��*/*-  !  #!5��6+�0&*#/%  !.&*1&(.*�$  %/.�1#"#  (&!9/.& , .&" 
# !  5(#%/*/*#/  5(�)(&%%*�)�  5(�13".&  �	��
�  3D. ��!�/1*//  5�+0��#��  5��39#.6  
*/  .��6"�  (&;�9#/  5(�9*�!.*-/  4&(&"./(#!.#"#  &55&(&.&, *�  # 5(�0/!.#  0#+3&�#+&,#8 
(&!5(/1/�/*#'  (&;�9#4  *&)(3+�"  # "�<22#,#/*.�0  +&5&!&. ���39/**-/  (/+3�6.&.-  
5(�9*�!.*�)�  (&!9/.&  5�+0��#.  0-5��*#.6  5(�)*�+#(�0&*#/  5�  5(�1�� #./�6*�!.#  
;/+&0&(#$*�$  (&;�.-  "���**-  # �5(/1/�#.6  (/!3(!  �!.&.�9*�$  (&;�.�!5�!�;*�!.# .  
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�&+(&;�.&**38  %&./%&.#9/!"38 %�1/�6  %� *�  #!5��6+�0&.6  0 "&9/!.0/  
�;39&8>/)�  %�13�' . 

�/+3�6.&.-  (&!9/.&  5(#0/1/*-  0 .&;�#,/  
 

�  !�� #07/$!'  <"���)#9/!"�$  �;!.&*�0"/  */�;4�1#%�  3%/*67&.6 
#!5��6+�0&*#/  !0#*,/!�1/( &>#4  1�;&0�"  # 5/(/4�1#.6  *& ;��//  <"���)#9/!"#  9#!.-/  
1�;&0"# , "  5(#%/(3 , ���:  # :��: .  

 
�5#!�"  �#./(&.3(- : 

1. 
$*7./$*  � .� ., 	;>#$  "3(!  5(�,/!!�0  # &55&(&.�0 4#%#9/!"�$  ./4*���)##  / � .� . 

$*7./$* , � . � . �&4&(�0 – � .: �#%#' , 2008. – 437 

2. �#4&�/0  � . � . �&!9/.-  # "�*!.(3#(�0&*#/  %&7#* # &55&(&.�0 4#%#9/!"#4 
5(�#+0�1!.0  [�/"!. ]: / � .� . �#4&�/0  – ��!"0& : «�&7#*�!.(�/*#/ ». 1965. – 301 ! . 
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�  *&!.�'>//  0(/%'  (&!.@. 5�.(/;*�!.6  0 5�0-7/*##  �)*/./5��+&>#.*-4  
!0�$!.0  #+1/�#$  *& �!*�0/  5��#%/(*-4  "�%5�+#,#$ . 	*#  5(#%/*'8.!'  0 &0#&,#�**�$ , 
%�(!"�$  # (&"/.*�$  ./4*#"/ , & .&" /  1�'  "�*!.(3",#$  !5/,#&�6*�)�  *&+*&9/*#' , 
(&;�.&8>#4  5(#  <"!.(/%&�6*�  0-!�"#4  ./%5/(&.3(&4 . 

�/(!5/".#0*-%  "�%5�*/*.�%  1�'  5�0-7/*#'  �)*/./5��+&>#.*-4  !0�$!.0  
5��#%/(*-4  %&./(#&��0  '0�'8.!'  )#1(&.-  !#�#"&.&  *&.(#' , !5�!�;*-/  "  2#+#"� -
4#%#9/!"#% 5(/0(&>/*#'%  0 *&)(/0&/%�% %&./(#&�/ , 5(#  <.�% %� /.  *&;�81&.6!'  
#*.3%/!,/*,#' , 5�)��>/*#/  ./5�&  +& !9/.  5(�./"&*#'  <*1�./(%#9/!"#4  5(/0(&>/*#$ , 
!�5(�0� 1&8>#4!'  0-1/�/*#/%  0�1- , # 1(3)#/  +&>#.*-/  <22/".- . 

�+0/!.*-  <22/".#0*-/  5(�5#.�9*-/  !�!.&0-  # �)*/+&>#.*-/  5�"(-.#'  [1],  
!�1/( &>#/  )#1(&.-  !#�#"&.&  *&.(#' ; !3>/!.038.  "�%5�+#,##  *& �!*�0/  
5��#0#*#�4��(#1& , !�1/( &>#/  !#�#"&.  *&.(#'  0 (��#  ./(%�!.&;#�#+&.�(& . 

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

�&(&%/.(-  !(&0*/*#'  �&**-/  5(�#+0�1!.0&  �/+3�6.&.-  (&!9/.&  

�#&%/.(  &55&(&.& 2,4 %   2,2 % 

�-!�.&  &55&(&.& 28100 %% 14000 %% 

�#1(&0�#9/!"�/  
!�5(�.#0�/*#/  

62000 �&  � ���� � �� 	   �&  

�#5  "�*.&".*�)�  
3!.(�$!.0&  

"�&5&**&'  "��5&9"�0&'   
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%/4&*#9/!"#/  # �)*/./5��+&>#.*-/  !0�$!.0&  03�"&*#+&.�0. ��  00�1#%-4 )#1(&.&4 
!#�#"&.&  *&.(#'  #+%/*'8.!'  !�1/( &*#/  !0'+&**�$  0�1- , !./5/*6  # !5�!�;  
#+%/�69/*#' . 
 �&;�81&/.!'  5�0-7/*#/  �)*/./5��+&>#.*-4  !0�$!.0  03�"&*#+&.�0, 
!�1/( &>#4  )#1(&.-  !#�#"&.&  *&.(#'  �.*�!#./�6*�  "�*.(��6*-4  5�"&+&./�/$ , 5(#  
*/"�.�(�%  !*# /*##  2#+#"� -%/4&*#9/!"#4 !0�$!.0 .  
��!.&0-  # !0�$!.0&  #!!�/1�0&**-4  "�%5�+#,#$  5(/1!.&0�/*-  0 .&;� . 1, 2. 

 
�&;�#,&  1 – ��1/( &*#/  *&5��*#./�'  0 (/+#*�0�$  !%/!#  

 �
$%&'()*&+   
�
,, .-  '
  100 	
,,  -
,)*.  /
0-0/
   

�  1 2 3 

��  � -234 30 30 30 30 

�#1(&.  !#�#"&.&  
*&.(#'  

- 5 10 15 

   
  �&;�#,&  2 – �#+#"� -%/4&*#9/!"#/  # # ./5��2#+#9/!"#/  !0�$!.0&  03�"&*#+&.�0 

 �%/
1
)*&+   
�(23  %43
15
 

�  1 2 3 

�!��0*&'  5(�9*�!.6  5(#  (&!.' /*##  (f� ), ��&  9,4 6,1 3,6 2,3 

	.*�!#./�6*�/  31�#*/*#/  5(#  (&+(-0/  (e), % 480 370 310 290 

	.*�!#./�6*�/  �!.&.�9*�/  31�#*/*#/  5�!�/  (&+(-0& 
(e� ), % 20 4 8 8 

�(/%'  5(�)(/0&  */�;�)(/0&/%�$  5�0/(4*�!.#  �;(&+,&  
1�  100 � � , !  
  

47 67 85 99 

C"�(�!.6  �#*/$*�)�  )�(/*#' , %%/%#*. 176 168 153 144 

 
�5#!�"  �#./(&.3(- : 
1. 	)*/+&>#.*-$  �&"  : 5&.. 2299229 �� : ���  C09D5/26 C09D1/02 C09D1/04 

C09D5/18 / 
 . � . �/0#9/0  (RU), � . � . �&0�8"�0#9  (RU), � . � . �&+#/0 (RU), � . � . 
�&�/,"#$  (RU); +&'0#./�6  # 5&./*.��;�&1&./�6  
 . � . �/0#9/0  (RU), � . � . �&0�8"�0#9 , 
� . � . �&+#/0 (RU), � . � . �&�/,"#$  – 2005116003/04; +&'0�. 26.05.2005; �53;� . 
20.05.2007, �8� . E  14 (II 9.) . – 16 ! . 
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���������� ����  ����������  

 
�&;��0  � .� ., �/$;&�  � .
 ., �(/"&�/0&  � .� ., �./5&*�0&  
 .� .  

 
��������  	���
��
�������  �
�
�
�
  (������ )  

��������������  ��������
��

���  
��
��������  �
������
�
�  
 

��#!"#  53./$ , �)(&*#9#0&8>#4  )�(89/!.6  5��#%/(�0  # 3%/*67&8>#4  
0-1/�/*#/  1-%& # .�"!#9*-4  5(�13".�0  5(#  )�(/*## , 5(�1�� &8.!'  0�  0!/% %#(/, # *& 
<.�  .(&.'.!'  +*&9#./�6*-/  2#*&*!�0-/  # #*./��/".3&�6*-/  !(/1!.0& . 	1*#%  #+ 
!5�!�;�0  5(/"(&>/*#'  (&!5(�!.(&*/*#'  5� &(�0  '0�'8.!'  5(�.#0�5� &(*-/  7.�(- . 
��+%� *-%  %&./(#&��% 1�'  #+)�.�0�/*#'  5(�.#0�5� &(*-4  7.�(  '0�'/.!'  ."&*6  !  
�)*/!.�$"#%  ��� -5�"(-.#/% . ��"(-.#'  *& #4 �!*�0/  1�� *-  �;�&1&.6  0-!�"�$  
1��)�0/9*�!.68  # !.�$"�!.68  "  0�+1/$!.0#8  �"(3 &8>/$  !(/1- . �(�.#0�5� &(*-/  
7.�(-  '0�'8.!'  !5�!�;�%  ��"&�#+&,##  #!.�9*#"&  0�+)�(&*#' , .&"  /  �*#  
5(/1�.0(&>&8.  *&)(/0  */!3>#4  # 0& *-4  "�*!.(3",#$ . ��+%� *�!.6  5(#%/*/*#'  0 
"&9/!.0/  &(%#(38>/$  5�1�� "#  ."&*6  (&+�#9*�$  5(#(�1- : "&" )�(89/$ , .&" # 
*/)�(89/$ . 

�/�68  1&**�$  (&;�.-  (&+(&;�.&.6  �5.#%&�6*38  (/,/5.3(3  ��� -5�&!.#+��'  !  
3�397/**-%#  2#+#"� -%/4&*#9/!"#%# 5�"&+&./�'%#  # 5�0-7/**�$  �)*/!.�$"�!.68  
1�'  5(�5#."#  !./"�'**�$  ."&*# . ��'  5�"(-.#$  (/&�#+38.!'  .(&1#,#�**-/  %/.�1-  
!*# /*#'  )�(89/!.#  5��#%/(*-4  %&./(#&��0 , & #%/**�  00/1/*#/ : 1) &*.#5#(/*�0 -
1�;&0�" ; 2) &*.#5#(/*�0 -*&5��*#./�/$ ; 3) *&5��*#./�/$ ; 4) 5�/*"��;(&+�0&./�/$  !  
*#+"#% !�1/( &*#/%  )�(89/$  �()&*#9/!"�$  9&!.#. �(#  5#(��#+/  2�!2�(!�1/( &>#4  
&*.#5#(/*�0  5(�#!4�1#.  �;(&+�0&*#/  2�!2�(*�$  "#!��.-  # //  &*)#1(#1�0 , "�.�(-/  
"&.&�#+#(38.  1/)#1(&.&,#8  # 1/)#1(#(�0&*#/  # !5�!�;!.038.  5(�,/!!3  "&(;�*#+&,## .  

�&+(&;�.&*&  �5.#%&�6*&'  (/,/5.3(&  ��� -5�&!.#+��' , "�.�(&'  �;�&1&/.  
�)*/!.�$"�!.68 , 4�(�7#%  3(�0*/%  %&!��;/*+�!.�$"�!.#  # 2#+#"� -%/4&*#9/!"#4 
!0�$!.0 . �*# /*#/  )�(89/!.#  ;-��  1�!.#)*3.�  53./% 00/1/*#'  0 "�%5�+#,#8  
23*",#�*&�6*�$  1�;&0"#  2�!2�(;�(!�1/( &>/)�  ��#)�%/(&  (��	 ), "�.�(-$  !�1/( #.  
0 !0�/%  !�!.&0/  �1*�0(/%/**�  &.�%-  2�!2�(&  # )&��)/*& , 5(/5'.!.038>#/  5(�,/!!3  
)�(/*#' , */  34317&' 5(#  <.�% �!*�0*-4  !0�$!.0  5�&!.#+��' . ��&!.#+��6  *&*�!#�#  *& 
5�1�� "3  (!./"�'**38  ."&*6), 0-1/( #0&�#  0 !37#�6*�%  7"&23  10-15 %#*3. 5(#  
./%5/(&.3(/  150-165 °� .  

�  ,/�68  �5(/1/�/*#'  <22/".#0*�!.#  (&+(&;�.&**-4  "�%5�+#.�0  5(�0/1/*&  
�,/*"&  #4 �)*/!.�$"�!.#  53./% 0�+1/$!.0#'  *& �;(&+/,  #!.�9*#"&  �."(-.�)�  �)*' . 
�!.&*�0�/*� , 9.�  00/1/*#/  2�!2�(;�(!�1/( &>/)�  ��#)�%/(&  0 !�!.&0  ��� -
5�&!.#+��'  5(#0�1#.  "  3%/*67/*#8  ./%5/(&.3(-  (*& 20 %) *& */�;�)(/0&/%�$  !.�(�*/  
�;(&+,& , 9.�  )�0�(#.  �;  3�397/**-4  �)*/+&>#.*-4  !0�$!.0&4  %&./(#&�&. 
1)/+#�**&'  
5(�9*�!.6  "  5�1�� "/  (!./"�'**&'  ."&*6) 5�0-7&/.!'  *& 50 %, ��	  0-!.35&/.  0 
"&9/!.0/  5(�%�.�(&  &1)/+##.  
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�&;��0  � .� ., �/$;&�  � .
 ., ���; /0&  � .� .,  
�.&("�0  � .� ., �*&3;  � .: ., �%#(*�0&  � .� . 
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	1*#%  #+ (&!5(�!.(&*/**-4  !(/1!.0  .37/*#'  5� &(�0  '0�'/.!'  0�1&, 9.�  
�;3!��0�/*�  //  1�!.35*�!.68 , *#+"�$  !.�#%�!.68 , +*&9#./�6*�$  ./5��/%"�!.68  # 
0-!�"�$  !"(-.�$  ./5��.�$  5&(��;(&+�0&*#' . 	1*&"�  0�1& 4&(&"./(#+3/.!'  1�!.&.�9*�  
0-!�"�$  ./%5/(&.3(�$  +&%/(+&*#', *#+"�$  ./5��5(�0�1*�!.68 , 0-!�"#%  
"�<22#,#/*.�%  5�0/(4*�!.*�)�  *&.' /*#' , 9.�  5(/5'.!.03/.  //  ;-!.(�%3  (&!./"&*#8  
5�  5�0/(4*�!.#  )�('>#4  .0/(1-4  %&./(#&��0 , 5(�*#"*�0/*#8  0)�3;6  # #4 
!%&9#0&*#8. ��<.�%3  1�'  3!.(&*/*#'  1&**-4  */1�!.&."�0  1�;&0�'8.  0 *//  
5�0/(4*�!.*� -&".#0*-/  0/>/!.0&  #�#  !%&9#0&./�#, #!5��6+�0&*#/  "�.�(-4  5�+0��'/.  
5��39#.6  «0'+"38 » 0�13. 

�&%# (&+(&;�.&*-  (/,/5.3(-  # #+)�.�0�/*-  <"!5/(#%/*.&�6*-/  
0�1�5��#%/(*-/  �)*/.37&>#/  (��	 ) !�!.&0-  *& �!*�0/  1% (&!.0�(�0  (&+�#9*-4  
;#�5��#%/(�0 . �(�%/  <.�)�  0 !�!.&0  ;-�#  00/1/*-  0 (&+*-4  "�*,/*.(&,#�**-4  
!��.*�7/*#'4  .&"#/  1�;&0"# , "&": ��	 , !35/(2�!2&. , &%%�2�!, "&(;&%#1, ;#"&(;�*&.  
*&.(#' , 0�1*-$  <"!.(&".  "�(*'  !���1"# . 

��"&+&*� , 9.�  *&#%/*67#%# 5�"&+&./�'%#  0'+"�!.#  4&(&"./(#+38.!'  
0�1�5��#%/(*-/  �)*/)&!'>#/  �;(&+,-  !  1�;&0�/*#/%  ��	 . �  1(3)#4 �5-.*-4  
�;(&+,&4  5�"&+&./�6  0'+"�!.#  30/�#9#0&/.!'  1�  3 (&+ 5�  !(&0*/*#8  !  0�1�$ . �(#  <.�% 
*&;�81&/.!'  !�/138>&'  ./*1/*,#' : *&#;��67/$  5��>&168  (&!./"&/%�!.#  5�  
1/(/0'**�$  5�0/(4*�!.# , 5�  !(&0*/*#8  !  1(3)#%# �;(&+,&%#, 4&(&"./(#+3/.!'  �;(&+/,  
!  !�1/( &*#/%  ��	 . 

�!!�/1�0&*� , *&#;��67#$  3)��  !./"&*#'  !  0/(.#"&�6*�$  1/(/0'**�$  
5�0/(4*�!.#  3 (&;�9/)�  �;(&+,&  !  1�;&0�/*#/%  &%%�2�!&, & *&#%/*67#$ – 3 �;(&+,&  !  
1�;&0�/*#/%  ��	 . 

 �&%# 0 �&;�(&.�(*-4  3!��0#'4  �5(/1/�'��!6  0(/%'  !�5(�.#0�/*#'  )�(/*#'  
1/(/0'**-4  �;(&+,�0  # �;A/%  0-)�(/07/$  5�0/(4*�!.#  5�1  1/$!.0#/%  �)*' . ���>&16  
0-  /**�$  5�0/(4*�!.#  (&!5��� /*&  .��6"�  0 +�*/  */5�!(/1!.0/**�)�  
!�5(#"�!*�0/*#'  �."(-.�)�  �)*'  5(#  %#*#%&�6*�$ )�3;#*/  0�(�*"# . 	)*/)&!'>#$  
(&!.0�(  5(�*#"&/.  0 %/�69&$7#/  5�(-  1/(/0'**�)�  �;(&+,&  +& !9/.  1�;&0�/**�)�  0 
*/)�  !%&9#0&./�'  # �;(&+3/.  !��$  *#+"�"(&.*�$  5/*- . ��"&+&*� , 9.�  5(#%/*/*#/  
�)*/.37&>#4  �;(&+,�0  !  !�1/( &*#/%  !35/(2�!2&.&  # &%%�2�!& */  0-+-0&/.  
5�0.�(*�/  0�+)�(&*#/  %�1/�6*�)�  �9&)& 5� &(&  "�&!!&  
 , 9.�  �;3!��0�/*�  */  .��6"�  
�;(&+�0&*#8  .�*"�$  0�1�5��#%/(*�$  5�/*"#  *& 5�0/(4*�!.#  ��� , *�  # !�1/( &*#/%  
&*.#5#(/**-4  1�;&0�" . 


*&�#+#(3'  5��39/**-/  (/+3�6.&.-  #!!�/1�0&*#$ , %� *�  +&"�89#.6 , 9.�  
(&+(&;�.&**-/  0�1�5��#%/(*-/  �)*/)&!'>#/  !�!.&0-  !  2�!2�(!�1/( &>#%#  
!�/1#*/*#'%#  <22/".#0*-  1�'  5(#%/*/*#'  .37/*#'  5� &(�0  "�&!!&  
 . �!5��6+�0&*#/  
;#�5��#%/(�0  0 "&9/!.0/  �!*�0-  1�'  �)*/.37&>#4  !(/1!.0  30/�#9#0&/.  #4 0'+"�!.6 , 
3�397&/.  !%&9#0&/%�!.6 5�0/(4*�!./$ . ��"&+&*� , 9.�  5(#  00/1/*##  0 0�1�5��#%/(*-/  
(&!.0�(-  2�!2�(!�1/( &>#4  0/>/!.0 , 0 9&!.*�!.# , 2�!2�(;�(!�1/( &>/)�  
��#)�%/(& , &%%�2�!& #�#  !35/(2�!2&.& , 3�397&8.!'  &*.#5#(#(38>#/  !0�$!.0& . 
�/+3�6.&.-  #!!�/1�0&*#$  5�"&+&�#, 9.�  *&#;��//  <22/".#0*-%  '0�'/.!'  
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5� &(�.37&>#$  !�!.&0 , 0 "�.�(�%  0 0#1/ 2�!2�(!�1/( &>/$  1�;&0"#  #!5��6+�0&�#  
&%%�2�!.  

#���
�  ��	��
�
�  	��  	��������  ���

�  #$$% , 
����  	����
�  18-43-340001 
«#�&����
��  ��
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�39"�0  
 .� ., �(#,3*  � .� . 
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�&*//  �53;�#"�0&**-/  *&%# (/+3�6.&.-  #!!�/1�0&*#$  [1] 5�"&+&�#, 9.�  
5�&!.#+��#  ��� , 0 "�.�(-4  5�&!.#2#"&.�(&%#  '0�'�#!6  "�%5�+#,##  0 0#1/ (&!5�&0�0  
�&".&%!�1/( &>#4  5(�.#0�!.&(#./�/$ , %�)3.  ;-.6  #!5��6+�0&*-  1�'  +&>#.-  (/+#*  *& 
�!*�0/  "&393"�0 �;>/)�  *&+*&9/*#'  �.  1/$!.0#'  ./5�& , "#!��(�1&  # �+�*& . �(#  <.�% 0 
"&9/!.0/  �;A/".&  #!!�/1�0&*#$  !�3 #�&  5(�#+0�1!.0/**&'  (/,/5.3(&  1�'  #+)�.�0�/*#'  
5(�./".�(&  7#*-  *& �!*�0/  "&393"�0 ���  ���  # ��� . �(/1!.&0�'��  #*./(/!  5(�0/!.#  
&5(�;&,#8  <.#4 ./4*���)#9/!"#4  1�;&0�"  0 <�&!.�%/(*�$  "�%5�+#,##  *& �!*�0/  
.��6"�  ���  # ��� . 

�  1&**�% #!!�/1�0&*##  #!5��6+�0&*-  2 (/,/5.3(-  5(�.#0�!.&(#./�6*-4  5&!.: 
�� -JFT-��  # �� -JFT-Prim. �� -JFT-��  5(/1!.&0�'/.  #+ !/;'  5�&!.#+��6 , "�.�(-$  
0*/1(@* 0 %&.(#,3 *&.3(&�6*�)�  "&393"&. �� -JFT-Prim – #1/*.#9*-$  5/(0�%3  
5�&!.#+��6 , "�.�(-$  5/(/1  00/1/*#/%  0 %&.(#,3 ��  ;-�  5(/10&(#./�6*�  "&5!3�#(�0&*  
;/��$  !& /$ . 

�(#  5(#)�.�0�/*##  (/+#*�0-4  !%/!/$  !  1�;&0�/*#/%  �5-.*-4  1�;&0�"  #+ 
�!*�0*�)�  !�!.&0&  "&393"�0 3;#(&/.!'  .�  "��#9/!.0�  "&393"&, "�.�(�/  04�1#.  0 !�!.&0  
5&!.- . �  1&**�% !�39&/  3%/*67&/.!'  "��#9/!.0�  ��� -3. �  5/(0�$  �5-.*�$  !%/!#  �� -
JFT-Prim 00�1#�!'  0 5�!�/1*88  !.&1#8 , 0�  0.�(�$  – 0 5/(038  !.&1#8 , 0 .(/.6/$  
00�1#�!'  �� -JFT-��  0 5/(038  !.&1#8 . 

�&  �!*�0&*##  5(�0/1@**-4  #!!�/1�0&*#$  ;-�#  !1/�&*-  !�/138>#/  0-0�1- : 
1. �!!�/13/%-/  ./4*���)#9/!"#/  1�;&0"#  %�)3.  ;-.6  #!5��6+�0&*-  */  

.��6"�  0 <�&!.�%/(*-4  "�%5�+#,#'4  *& �!*�0/  ��� , ���  # ��� , *�  # <�&!.�%/(*-4  
"�%5�+#,#'4  ;#*&(*-4  !#!./%  – ���  # ��� . 

2. �&#�397#%#  (/+3�6.&.&%# !  5�+#,##  0�#'*#'  *& (/�%/.(#9/!"#/  
5�"&+&./�#  # #+*�!�!.�$"�!.#  �;�&1&/.  !%/!6  !  �� -JFT-�� . 

3. �&#�397#%#  (/+3�6.&.&%# !  5�+#,##  0�#'*#'  *& 35(3)�5(�9*�!.*-/  
!0�$!.0&  # +&>#.-  �.  ./(%��"#!�#./�6*�)�  !.&(/*#'  �;�&1&8.  !%/!#  !  #!5��6+�0&*#/%  
�� -JFT-Prim, 00/1@**�)�  0 5�!�/1*88  !.&1#8 . 

4. �&>#.&  �.  �+�**�)�  !.&(/*#'  *& ;��//  0-!�"�%  3(�0*/  3 0!/4  �5-.*-4  
�;(&+,�0 . 

�&+(&;�.&**-/  (/,/5.3(-  5&!. %�)3.  '0�'.6!'  <22/".#0*�$  +&%/*�$ 
!3>/!.038>/$  5(�.#0�!.&(#./�6*�$  )(355/  IPPD # &,/.�*&*#�&  0 (/+#*�0-4  !%/!'4  
*& �!*�0/  "&393"�0 �;>/)�  *&+*&9/*#' . 
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�#;�#�)(&2#9/!"#$  !5#!�" : 
1. �39"�0 , 
 .� . ��+%� *�!.6  #!5��6+�0&*#'  �&".&%!�1/( &>#4  

5�&!.#+��/$  5��#0#*#�4��(#1&  0 (/+#*&4 *& �!*�0/  "&393"�0 �;>/)�  *&+*&9/*#'  / 
 .� . 
�39"�0  [# 1( .] // �(�%-7�/**�/  5(�#+0�1!.0�  # #!5��6+�0&*#/  <�&!.�%/(�0 . ��!"0&  - 
2018 - E 3 – � . 39-42. 
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�/(!5/".#0*-%#  !�/1#*/*#'%#  1�'  (&+(&;�."#  *�0-4  5(�%�.�(�0  &1)/+## 1�'  

"�//0  *& �!*�0/  5��#4��(�5(/*&  '0�'8.!'  &1)/+#�**� -&".#0*-/  !�/1#*/*#'  
!�1/( &>#/  )&��)/*- , &%#*�)(355- . 

	!*�0*�$  ,/�68  1&**�$  (&;�.-  +&"�89&/.!'  �,/*"&  0�#'*#'  %�1#2#"&,## 
"�//0-4  !�!.&0�0  *& �!*�0/  5��#4��(�5(/*&  2�!2�(&+�.!�1/( &>#%#  
%�1#2#,#(38>#%#  1�;&0"&%# *& &1)/+#�**-/  !0�$!.0  3"&+&**-4 !�!.&0�0  5(#  
!"�/#0&*##  (/+#*  1(3)  !  1(3)�% # ./(%�!.�$"�!.6 . 

�(&0*#0&'  1&**-/  0�#'*#'  (&+(&;�.&**-4  2�!2�(&+�.!�1/( &>#4  
%�1#2#,#(38>#4  1�;&0�"  *& "�/#  %&("# 88-�
 , 3!.&*�0�/*� , 9.�  30/�#9/*#/  
&1)/+#�**�$  5(�9*�!.#  1�'  (/+#*  1�!.#)&/.!'  5(#  00/1/*##  %�1#2#"&.�(&  0 
"��#9/!.0/  1-1,5 %.  

�!!�/1�0&*#'  !.�$"�!.#  "  ./(%��"#!�#./�6*�$  1/!.(3",##  5�"&+&�� , 
*&#;��67&'  0/�#9#*&  0-4�1&  "�"!�0�)�  �!.&."&  1�!.#)&/.!'  !  (�!.�%  !�1/( &*#'  ��	  
0 "�//0�$  "�%5�+#,## . �"&+&**�/  �;A'!*'/.!'  5(#!3.!.0#/%  0 !�!.&0/  ��	  &.�%�0 
2�!2�(&  # ;�(& , "�.�(-/ , "&" #+0/!.*� , 0-5��*'8.  &*.#5#(#(38>38  23*",#8 . 

�  4�1/  #!!�/1�0&*#'  &1)/+## "�%5�+#,##  5(#  ./%5/(&.3(/  <"!5�3&.&,##  
3!.&*�0�/*� , 9.�  %�1#2#"&,#'  "�/'  %&("# 88 �
  1&**-% %�1#2#"&.�(�%  5(#0/�&  "  
3�397/*#8  ./(%#9/!"#4  !0�$!.0 . �!.&*�0�/*� , 9.�  %�1#2#"&,#'  "�/'  %&("# 88 �
  
1&**-% %�1#2#"&.�(�%  0 "��#9/!.0/  2 %  5(#0/�&  "  3�397/*#8  ./(%�!.�$"�!.#  1,5-2 
(&+&. 
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�  5�!�/1*//  0(/%'  0�!.(/;�0&*-  <�&!.�%/(*-/  %&./(#&�- , !5�!�;*-/  "  
*&;34&*#8  0 */2.# , 0�1/  # 0 ;3(�0-4  (&!.0�(&4  *& //  �!*�0/ . 	1*&"�  .&"�)�  .#5& 
%&./(#&�-  0 ��!!##  5(�#+0�1#.!'  �)(&*#9/**� , 9.�  �;3!�&0�#0&/.  &".3&�6*�!.6  
#!!�/1�0&*#$  0 1&**�% *&5(&0�/*## . �/�;4�1#%�!.6  0-5��*/*#'  *&39*� -
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#!!�/1�0&./�6!"#4  (&;�.  5�  (&+(&;�."/  (/,/5.3(  0�1�*/2./*&;34&8>#4  (/+#*  !0'+&*�  
!  #%5�(.�+&%/>/*#/%  *&;34&8>#4  5&"/(�0 , (&*//  #%5�(.#(3/%-4  #+-+& (3;/ & .  

�  *&!.�'>//  0(/%'  &".#0*�  (&+0#0&/.!'  ./4*���)#'  (&+�;>/*#'  5�&!.�0  # 
#+��',##  %/ 5�&!.�0-4  5/(/.�"�0  # 1(3)#/  0#1-  (&;�.  5(#  "(/5�/*##  !"0& #*  !  
5(#%/*/*#/%  *&;34&8>#4 5&"/(�0 , 0 "�.�(-4  35��.*#./�6*-$  <�/%/*.  0-5��*/*  #+ 
<�&!.�%/(& , !5�!�;*�)�  30/�#9#0&.6!'  0 �;A/%/  5(#  "�*.&"./  !  �5(/1/�/**-%#  
 #1"�!.'%# . �!�#  .#5  !"0& #**�)�  2�8#1&  */#+0/!./* , .� , 9.�;-  1�;#.6!'  
"&9/!.0/**�$  #+��',##  5�&!.�0 , */�;4�1#%�  #!5��6+�0&.6  )#;(#1*-/  
("�%;#*#(�0&**-/ ) 5&"/(- . �  )#;(#1*-4  5&"/(&4 35��.*#./�6*-$  <�/%/*.  *&;34&/. , 
0!.35&'  0 (/&",#8  "&" !  0�1�$ , (&!.0�(&%# *& 0�1*�$  �!*�0/ , .&" # !  */2.68 , 
(&!.0�(&%# *& 3)�/0�1�(�1*�$  �!*�0/  # ;3(�0-%#  (&!.0�(&%# *& 3)�/0�1�(�1*�$  
�!*�0/ . �(#  <.�% !"�(�!.6  *&;34&*#'  +&1&/.!' "&" 1�'  (&!.0�(�0  *& 3)�/0�1�(�1*�$  
�!*�0/ , .&" # 1�'  (&!.0�(�0  *& 0�1*�$  �!*�0/ .  

�/�68  (&;�.-  '0�'/.!'  5(�0/1/*#/  "�%5�/"!&  <"!5/(#%/*.&�6*-4  
#!!�/1�0&*#$ , */�;4�1#%-4  1�'  (&+(&;�."#  (/,/5.3(  0�1�*/2./*&;34&8>#4  (/+#* . 

�-�#  (&+(&;�.&*-  (/,/5.3(-  (/+#*�0�$  !%/!#  *& �!*�0/  1#0#*#� -*#.(#�6*�)�  
"&393"&, !�1/( &>#/  0 "&9/!.0/  )#1(�2#�6*�)�  *&5��*#./�'  %�1#2#,#(�0&**�/  
5��#&%#1*�/  0���"*� , & .&" /  !/(3  0 "&9/!.0/  03�"&*#+#(38>/)�  &)/*.& # &".#0*-/  
1�;&0"# . 

�/+#*�0&'  !%/!6  )�.�0#�&!6  !%/7#0&*#/% 0 %#"(�!%/!#./�/  # *& �&;�(&.�(*-4  
0&�6,&4 !  (/)3�#(3/%-%  �;�)(/0�%  5(#  50 °� . 	;(&+,-  1�'  �5(/1/�/*#'  !0�$!.0  (/+#*  
03�"&*#+�0&�#!6  5(#  ./%5/(&.3(/  150 °�  0 ./9/*#/  30 %#*. ��'  �,/*"#  "&9/!.0& 
(&+(&;�.&**-4  (/+#*  #!5��6+�0&�#!6  !.&*1&(.*-/  %/.�1-  �5(/1/�/*#'  35(3)� -
5(�9*�!.*-4  !0�$!.0  5(#  (&!.' /*##  # *&;34&*## 0  #1"�!.'4 .  

�!!�/1�0&*#/  2#+#"� -%/4&*#9/!"#/  4&(&"./(#!.#"  5�"&+&�� , 9.�  0 
03�"&*#+&.&4, !�1/( &>#4  %�1#2#,#(�0&**�/  5��#&%#1*�/  0���"*� , *&;�81&/.!'  
3�397/*#/  3!��0*�$  5(�9*�!.#  5(#  (&!.' /*##  # 3%/*67/*#/  �.*�!#./�6*�)�  
31�#*/*#'  5(#  (&+(-0/  5�  !(&0*/*#8  !  "�*.(��6*-%  �;(&+,�% , */  !�1/( &>#%  
)#1(�2#�6*�)�  *&5��*#./�' . 

�(#  #!!�/1�0&*#/  �;(&+,�0  03�"&*#+&.�0 5(#  "�*.&"./  !  0�1�$  0 ./9/*#/  5 
!3.�"  *&;�81&/.!'  *&;34&*#/  5 %, 9/(/+  12 !3.�"  – 18 %, 5(#  "�*.&"./  !  ;3(�0-%  
#*0/(.*-%  <%3�6!#�**-%  (&!.0�(�%  0 ./9/*#/  5 !3.�"  *&;�81&/.!'  *&;34&*#/   10 %, 
9/(/+  12 !3.�"  – 25 %. �  4�1/  0-5��*/*#'  (&;�.-  (&+(&;�.&*& (/,/5.3(&  
0�1�*/2*&;34&8>#4  (/+#*  1�'  #+)�.�0�/*#'  35��.*#./�6*-4  <�/%/*.�0  ;3(�0�)�  
�;�(31�0&*#' .  
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�.(/%�/*#/  "  5�0-7/*#8  5(�9*�!.*-4  !0�$!.0 , %�13�/$ , .0/(1�!.#  # �!.&.�9*�$  

1/2�(%&,##  ! &.#'  (	�� ) (/+#*�0-4  %&* /.  #+ ��� -26, 0-5��*'8>#4  +&5�(*38  
23*",#8  5&"/(*-4  3!.(�$!.0 , 0-+0&*�  ./%, 9.�  %&* /.-  <"!5�3&.#(38.!'  0 
<"!.(/%&�6*-4  3!��0#'4  – 1&0�/*##  50-70 ��&  # ./%5/(&.3(/  200°� . �  <.�$  ,/�68  
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*&%# ;-�&  (&+(&;�.&*& 03�"&*#+38>&'  !#!./%&  – 3MFK [1]. �(#  #!5��6+�0&*##  3MFK 
�.*�!#./�6*�  *& *#+"�% 3(�0*/  �!.&8.!'  %�13�#  # 1�!.&.�9*�  0-!�"#/  +*&9/*#'  	�� . 
�&"  5�"&+&�# 1&�6*/$7#/  #!!�/1�0&*#' , <.# 5�"&+&./�#  %�)3.  ;-.6  3�397/*-  53./% 
#!5��6+�0&*#'  %#*/(&�6*-4  *&5��*#./�/$ , & .&" /  #4 "�%;#*&,##  !  !#*./.#9/!"#%#  
*&5��*#./�'%# . ��'  <.#4 ,/�/$  ;-�#  &5(�;#(�0&*-  &�8%�!#�#"&.-  (&+�#9*-4  %&(�", 
!#�#"&.-  %&)*#', %/�  # 1( . ��(�7#/  (/+3�6.&.-  ;-�#  5��39/*-  !  #!5��6+�0&*#/%  
1#!5/()#(�0&**�)�  &!;/!.&  4(#+��#.�0�)�  (�
� ). �#!5/()#(�0&*#/  5(�0�1#��!6   0 
!(/1/  �&".&%!�1/( &>#4  1#!5/()&.�(�0  (�� ). �!5��6+�0&*#/  �
�  5�+0��#��  
3!.(&*#.6  5(�;�/%- , !0'+&**-/  !  *#+"#%# <"!5�3&.&,#�**-%#  5�"&+&./�'%#  (/+#* , & 
0(/%'  *& 5(#)�.�0�/*#/  (/+#*�0�$  !%/!#  !  /)�  !�1/( &*#/%  !�"(&.#.6  5(&".#9/!"#  *& 
5�('1�"  [2]. 

�(�%/  ./4*���)#9/!"#4  5(#/%�0 , 3"&+&**-4 0-7/ , 5�0-7/*#/  5(�9*�!.*-4  
!0�$!.0  (/+#*  *& �!*�0/  ��� -26 %� *�  1�;#.6!'  (&+(&;&.-0&/%-%# *&%# 
5�&!.#+��'%#  ��� , 0 "�.�(-4  5�&!.#2#"&.�(&%#  %�)3.  '0#.6!'  (&!5�&0-  e-
"&5(��&".&%& !  03�"&*#+38>#%# &)/*.&%# ��� -26, 0 9&!.*�!.# , !  ;#23()#*�% . 

���� #./�6*�%  %�%/*.�%  #!5��6+�0&*#'  5�&!.#+��/$  '0�'/.!'  .�.  2&". , 9.�  
*&('13  !  5�0-7/*#/%  5(�9*�!.*-4  !0�$!.0  (/+#*  (/7&/.!'  5(�;�/%&  1�#./�6*�)�  
!�4(&*/*#'  23*",#�*&�6*-4  !0�$!.0 , 5(#!3>#4  ;#23()#*3 , "�)1&  �*  *&4�1#.6!'  0 
!�!.&0/  5�&!.#+��/$ , .&" "&" #!5��6+�0&*#/  #*1#0#13&�6*�)�  ;#23()#*&  
!�5(�0� 1&/.!'  !�  0(/%/*/%  3.(&.�$  /)�  �!*�0*-4  23*",#$   "&"  03�"&*#+38>/)�  
&)/*.&.   

 
�#;�#�)(&2#9/!"#$  !5#!�" : 
1) �39"�0  
 .� ., �3,�0  � .
 .  �/>/('"�0  
 .� . �3,�0  
 .� . �3�"&*#+3/%&'  (/+#*�0&'  
!%/!6  *& �!*�0/  2.�("&393"&  �&./*.  RU 2 656 496.  
2) �39"�0  
 .� ., �3,�0  � .
 .  �/+#*-  ��� -26 !  5�0-7/**-%#  <"!5�3&.&,#�**-%#  
!0�$!0&%#. XXVIII �/ 13*&(�1*-$  !#%5�+#3% «�(�;�/%-  7#* , ���  # <�&!.�%/(*-4  
"�%5�+#.�0 . - � : 			  ���� , 2018. – 392! . 
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�  *&!.�'>//  0(/%'  5��#0#*#�4��(#1  (��� ) '0�'/.!'  �1*#% #+ *&#;��//  

(&!5(�!.(&*/**-4  5�&!.#"�0 . :.�  �;3!��0#��  9(/+0-9&$*�  (&+*��;(&+*�/  5(#%/*/*#/  
%&./(#&��0  *& �!*�0/  ���  0 (&+�#9*-4  �.(&!�'4  ./4*#"# . ��&!.#2#"&,#'  5��#%/(�0  
'0�'/.!'  �1*#% #+ !5�!�;�0  #4 %�1#2#"&,## , 5�+0��'8>#%  7#(�"�  #+%/*'.6  !0�$!.0&  
5��39&/%-4  %&./(#&��0 . ��  5(#  00/1/*##  5�&!.#2#"&.�(�0 , 9&>/ 0!/)�  <2#(�0  
2.&�/0�$ , !/;&,#*�0�$ , &1#5#*�0�$  # 1(3)#4 1034�!*�0*-4  �()&*#9/!"#4  "#!��. , 
(/+"�  3%/*67&/.!'  3!.�$9#0�!.6  ���  "  0�+1/$!.0#8  5�&%/*#, 9.�  5(#0�1#.  "  
*/�;4�1#%�!.#  5(#%/*/*#'  ./4  #�#  #*-4  !5�!�;�0  !*# /*#'  )�(89/!.# .  

��'  !*# /*#'  )�(89/!.#  ���  #!5��6+38.  )#1(�"!#1-  &�8%#*#'  # %&)*#'. 
�(#%/*/*#/  )#1(�"!#1�0  0 "&9/!.0/  &*.#5#(/*�0  5�!.�'**�  0�+(&!.&/. , 9.�  
�;3!��0�/*�  #4 */.�"!#9*�!.68  # *#+"�$  !.�#%�!.68 . ���)�)(&1!"&'  �;�&!.6  
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(&!5��&)&/.  ;��67#%  "��#9/!.0�%  5��/+*-4  #!"�5&/%-4 , 0 .�%  9#!�/  1�'  4#%#9/!"�$  
5(�%-7�/**�!.# , "�.�(-/  5(/1!.&0�'8.  #*./(/!  0 "&9/!.0/  !-(6'  1�'  5��39/*#'  
5/(!5/".#0*�$  5(�13",## . �#1(�"!#1  # �"!#1  %&)*#' �;�&1&8.  7#(�"#%  !5/".(�%  
5(#%/*/*#'  0 (&+�#9*-4  �;�&!.'4  5(�%-7�/**�!.# , 0 .�%  9#!�/  "&" 1�;&0"#  5(#  
5/(/(&;�."/  5��#%/(�0 . :22/".#0*�!.6  )#1(�"!#1�0  %/.&���0  5(�'0�'/.!'  �#76  5(#  
#!5��6+�0&*##  #4 0 ;��67#4  "��#9/!.0&4  (�.  75 1�  100 % %&!!-  !0'+38>/)� ). 	1*&"�  
<.� , 0 !0�8  �9/(/16 , 34317&/.  2#+#"� -%/4&*#9/!"#/  !0�$!.0&  5��#%/(*�)�  %&./(#&�&. 
��'  +&>#.-  #+1/�#$  #+ 5�&!.%&!!  �;-9*�  #!5��6+38.!'  "�%;#*&,##  &*.#5#(/*�0  
(&+*�)�  .#5& 1/$!.0#' , �;�&1&8>#4  !#*/()#9/!"#%  <22/".�% . 

�5/(0-/  0 1&**�$  (&;�./  5(�0/1/*&  %�1#2#"&,#'  )#1(�"!#1&  %&)*#' 
2�!2�(;�(!�1/( &>#%  ��#)�%/(�% , .&"#% �;(&+�% , #!5��6+�0&*#/  
%�1#2#,#(�0&**�)�  )#1(�"!#1&  %&)*#' 5�+0��'/.  %�1/(*#+#(�0&.6  (/,/5.3(-  ���  
5�&!.#"&.�0  !  5�0-7/*#/%  #4 ./4*���)#9/!"#4  # 5� &(�;/+�5&!*-4  !0�$!.0 . 
��!2�(�()&*#9/!"#/  !�/1#*/*#'  1/$!.038.  5(/#%3>/!.0/**�  0 "�*1/*!#(�0&**�$  
2&+/, #+%/*''  *&5(&0�/*#/  5(�,/!!�0  1/!.(3",## , !5�!�;!.03'  30/�#9/*#8  "�"!�0�)�  
�!.&."&  # !*# /*#8  "��#9/!.0&  )&+��;(&+*-4  )�(89#4  5(�13".�0 . �  �.�#9#/  �.  
)&��)/*!�1/( &>#4  &*.#5#(/*�0 , 2�!2�(!�1/( &>#/  !�/1#*/*#'  */  5/(/4�1'.  0 
)&+�038 2&+3 # */  30/�#9#0&8.  .�"!#9*�!.6  )�(/*#' . 

�!!�/1�0&*#/  2#+#"� -%/4&*#9/!"#/  4&(&"./(#!.#"  5�"&+&./�# , 9.�  0 
"�%5�+#,#'4  ��� , !�1/( &>#4  %�1#2#,#(�0&**-$  )#1(�"!#1  %&)*#', *&;�81&/.!'  
5�0-7/*#/  .0/(1�!.#  # 5(�9*�!.#  5(#  (&!.' /*## , & .&" /  3%/*67/*#/  
�.*�!#./�6*�)�  31�#*/*#'  5�  !(&0*/*#8  !  "�%5�+#,#'%# , !�1/( &>#%#  
*/%�1#2#,#(�0&**-$  )#1(�"!#1  %&)*#'.  

�!.&*�0�/*� , 9.�  5(#  )�(/*##  "�%5�+#,#$  *& �!*�0/  ���  !  %�1#2#,#(�0&**-%  
)#1(�"!#1�%  %&)*#', *& /)�  5�0/(4*�!.#  �;(&+3/.!'  "�"!�0&'  «7&5"&», "�.�(&'  
3%/*67&/.  "��#9/!.0�  �/.39#4  )�(89#4  5(�13".�0  5#(��#+&  5�&!.#"&.&  # %/*'/.  
3!��0#'  ./5���;%/*&  5�&%/*# !  5�0/(4*�!.68  )�('>/)�  %&./(#&�&.  
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�  */2.'*�$  # )&+�0�$ 5(�%-7�/**�!.#  "  �;�(31�0&*#8  !"0& #* , 0 5/(038  

�9/(/16  "  5&"/(&%, 5(/1A'0�'8.  �!�;-/  .(/;�0&*#' . �&"  1�  !#4 5�(  */1�!.&.�9*�  
(/7/*-  0�5(�!-  *&1/ *�$  )/(%/.#+&,##  5&"/(�0  0 3!��0#'4  0�+1/$!.0#'  *& *#4 
0-!�"�)�  1&0�/*#'  !�  !.�(�*-  (&+�#9*-4  2�8#1�0  5(#  0-!�"#4  ./%5/(&.3(&4 .  

�&#�397#/  (/+3�6.&.- , �!�;/**�  0 3!��0#'4  0�+1/$!.0#'  0-!�"#4  ./%5/(&.3(  
(!0-7/  150°� ), 1�!.#)&8.!'  !  5(#%/*/*#/%  #%5�(.*-4  2.�("&393"�0 . 	!*�0*&'  
5(�;�/%&  5(#  #!5��6+�0&*##  �./9/!.0/**�)�  2.�("&393"&  1�'  1&**�)�  0#1& #+1/�#$ 
!0'+&*& !  */1�!.&.�9*�$  5(�9*�!.68  03�"&*#+&.�0 (*/  ;��//  19 ��&  5(#  *&5��*/*##  
60 %&!.9. �� ). �(�%/  .�)� , *&5��*/*#/  ;��67#%  "��#9/!.0�%  ��  5(#0�1#.  "  !*# /*#8  
./5��!.�$"�!.#  #+1/�#$ , 0 (/+3�6.&./  9/)�  5(�#!4�1#.  (&+(37/*#/  <�/%/*.�0  />/  *& 
!.&1## #+)�.�0�/*#' .  
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�&"  5�"&+&�# #!!�/1�0&*#'  (.&;�#,&  1), <.# +&1&9# %�)3.  ;-.6  (/7/*-  !  
#!5��6+�0&*#/%  (&+(&;�.&**�$  *&%# !#*/()#9/!"�$  03�"&*#+38>/$  !#!./%-  # &!;/!.&  
4(#+�.#��0�)�  (
� ). �(#9/%  
�  1#!5/()#(�0&**�)�  (#+%/�69/**�)� ) 0 !5/,#&�6*�$  
!(/1/ . �(/1& , 0-5��*''  �!*�0*38  23*",#8  1#!5/()&.�(& , �;�&1&/.  &55(/.#(38>#%#  
!0�$!.0&%#, �;/!5/9#0&'  ./% !&%-% 0�+%� *�!.6  00/1/*#'  0 "&393" +*&9#./�6*�)�  
"��#9/!.0&  1#!5/()#(�0&**�)�  &!;/!.&  4(#+�.#��0�)�  (�
� ) 5(#  !�4(&*/*##  /)�  
0���"*#!.�$  !.(3".3(-  (�#!  1).  

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

5�"&+&./�#  #4 03�"&*#+&.�0 *& �!*�0/  ��� -26. 
�*)(/1#/*.-  1-1 1-2 1-3 1-4 1-5 

��� -26 100 100 100 100 100 

	!*�0&*#/  �#22&  3 3 3 3 3 

� -900 40 20 20 20 - 

�
�  - 20 40 60 100 

�#+#"� -%/4&*#9/!"#/  5�"&+&./�#  
�0/(1�!.6 , ��(  
  75 90 92 95 100 

�!��0*&'  5(�9*�!.6  5(#  (&+(-0/ , ��&  13,5 20,1 22,4 23,9 31,0 

	.*�!#./�6*�/  31�#*/*#/  5(#  (&+(-0/ , % 280 120 80 60 10 

	!.&.�9*�/  31�#*/*#/  5�!�/  (&+(-0&, % 6 4 4 2 1 

	�� , % 30 38 45 70 100 
  

�&;�#,&  2 – �(&0*#./�6*&'  4&(&"./(#!.#"&  2#+#"� -%/4&*#9/!"#4 5�"&+&./�/$  �
�  
!  ��� -26, "#.&$!"#% &*&��)�%  FPM-26-180 # #%5�(.*-%  2.�(<�&!.�%/(�%  
5(�#+0�1!.0&  Viton 
��"&+&./�6  �3�"&*#+&.-  (!%/!# )* 

��� -26 FPM-26-180 Viton G600 

�!��0*&'  5(�9*�!.6  5(#  (&+(-0/ , ��&  20,1/16,0 20,4/18.0 22,7/20.0 
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	.*�!#./�6*�/  31�#*/*#/  5(#  (&+(-0/ , % 120/250 140/260 150/270 

	!.&.�9*�/  31�#*/*#/  5�!�/  (&+(-0&,% 4 4 2 

��5(�.#0�/*#/  (&+1#(3, ")! /!% 35 31,4 31 

�0/(1�!.6 , ��(  
  90/75 91/77 88/78 

	�� , % 38 45 42 

* �  +*&%/*&./�'4  3"&+&*- +*&9/*#'  1�'  03�"&*#+&.�0 *&5��*/**-4  .��6"�  � -900  

�/+3�6.&.-  !./*1�0-4  #!5-.&*#$  %�)3.  5��� #./�6*�  !"&+&.6!'  *& 5(�;�/%/  
#%5�(.�+&%/>/*#' . �&"  #+ .&;�#,-  2 0#1*� , 03�"&*#+&.-  *& �!*�0/  ��� -26 !  20 %&!.9. 
�
�  ;�#+"#  5�  2#+#"� -%/4&*#9/!"#% 5�"&+&./�'%  "  ;��//  1�(�)#%  #%5�(.*-%  
&*&��)&%. �%/!#  !  #%5�(.*-%#  "&393"&%# !�1/( &. , .&" /  20 %&!.9. �
� . 
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�#(#��0&  � ., �3(3*#*&  � .� . 
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��%5(/!!�(-  *&4�1'.  1�!.&.�9*�  7#(�"�/  5(#%/*/*#/  0 *&7/$  5�0!/1*/0*�$  

 #+*# . �+0/!.*� , 9.�  "�%5(/!!�(-  5(#*#%&8.  39&!.#/  0 (&+�#9*-4  0& *-4  
5(�#+0�1!.0/**-4  5(�,/!!&4 , & .&" /  04�1'.  0 !�!.&0  5(�%-7�/**-4  <*/()�!#!./% . �  
#*13!.(#&�6*�$  !2/(/  5(�#+0�1!.0&  "�%5(/!!�(-  !*&; &8.  !5/,#&�6*�  ! &.-%  
0�+134�% �;>#/  !#!./%-  "�*.(��'  ./%5/(&.3(*-4  (/ #%�0 , �9#!.#./�6*-/  !#!./%-  
#�#  !#!./%-  !5/,#&�6*-4  0�+137*-4  +&!��*�" .  

�&+�#9&8.  "�%5(/!!�(  0�+137*-$ , "�.�(-$  '0�'/.!'  3!.(�$!.0�% , ! #%&8>#%  
&.%�!2/(*-$  0�+134 53./% 3%/*67/*#'  /)�  *�%#*&�6*�)�  �;A/%& !3)3;�  
%/4&*#9/!"#% !5�!�;�% . ��!�/  ! &.#'  5(�#!4�1#.  &""3%3�',#'  0�+134& 0 !5/,#&�6*�  
(&+(&;�.&**�$  1�'  <.�)�  /%"�!.# . �  */"�.�(-4  !�39&'4  5�!�/  ! &.#'  0�+134 5�!.35&/.  
*/5�!(/1!.0/**�  0 (&;�938  %&)#!.(&�6. �(#  <.�% ! &.#/  !5�!�;!.03/.  .�%3, 9.�  
%��/"3�-  &.%�!2/(*�)�  0�+134& *&9#*&8.  10#)&.6!'  !  �)(�%*�$  !"�(�!.68  0 %/*67/% 
*�%#*&�6*�%  �;A/%/ . �!�#  5(�#!4�1#.  !*# /*#/  !#�-  1&0�/*#' , �;3!��0�/**�/  
0*/7*#%#  2&".�(&%#, .�  0�+134 *&9#*&/.  �9/*6  ;-!.(�  10#)&.6!' , !.(/%'!6  *&(3 3 . 
�&"#/  "�%5(/!!�(-  7#(�"�  5(#%/*'8.!'  0 (&+�#9*-4  !2/(&4  *&7/$   #+*# , �!�;/**�  
0 4���1#�6*-4  3!.&*�0"&4 , &)(/)&.&4, #*!.(3%/*.&4 . �8;�$  .#5  "�%5(/!!�(&  #%//.  
!0�8  �;�&!.6  5(#%/*/*#' , !0�#  3*#"&�6*-/  4&(&"./(#!.#"# , 9.�  5�+0��'/.  #% 
�!.&0&.6!'  0�!.(/;�0&**-%#  # 5�  !/$  1/*6 . 

�   (&;�./   #!!�/1�0&*�   *&!�!*� -"�%5(/!!�(*�/  �;�(31�0&*#/  !  ,/�68  
3�397/*#'  !#!./%-  !%&+"#. �+39/*-  # 5(�&*&�#+#(�0&*-  (&+�#9*-/  �#./(&.3(*-/  
#!.�9*#"#  1�'  #!!�/1�0&*#'  5(�;�/%- , !1/�&*  !(&0*#./�6*-$  &*&�#+ !%&+�" 2#(% 
Shell Corena, Ultracoolant, Renep CGLP 1�'  0-;(&**�)�  0#*.�0�)�  "�%5(/!!�(& . 
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�&(%&*�0  � .� ., �39"�0  
 .� ., �/(/4�0&  � .� ., 
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�(#  #!5��6+�0&*##  <.#�/* -5(�5#�/*�0-4  (��:� ) # <.#�/* -5(�5#�/* -1#/*�0-4  

(��:�� ) "&393"�0 0 5(�#+0�1!.0/  (/+#*� -%/.&��#9/!"#4  #+1/�#$  (��� ) 0�+*#"&/.   
5(�;�/%&  – �.*�!#./�6*�  *#+"&'  5(�9*�!.6  "(/5�/*#'  (/+#*-  "  %/.&��3 . 

�(#  5�1)�.�0"/  5�0/(4*�!.#  !3;!.(&.& , 0"�89&8>/$  .��6"�  �; #) , .�"&(*38  # 
1(�;/!.(3$*38  �;(&;�."3 , "�//0&'  5�@*"&, �;(&+�0&07&'!'  5(#  #!5��6+�0&*##  
!#!./%-  "�//0  «�/%�!#� », �!.&@.!'  *& 5�0/(4*�!.#  (/+#*�0�)�  %&!!#0&, 5(#  <.�% 
5(�9*�!.6  !0'+#  �.*�!#./�6*�  */0-!�"&'  (*/  ;��//  4,0 ��& ). �(#  .>&./�6*�$  
5�1)�.�0"/ , 0"�89&8>/$  �; #) , .�"&(*38 , 1(�;/!.(3$*38  �;(&;�."3 , & 5/(/1  
*/5�!(/1!.0/**-%  *&*/!/*#/%  "�//0 , +&9#!."3 *& &;(&+#0*�% "(3)/ , 4&(&"./(  �.(-0&  
(&1#"&�6*�  %/*'/.!'  – "�//0&'  5�/*"&  �!.&/.!'  *& )(#;"&4 . �&5(&7#0&/.!'  0-0�1  �  
*/)&.#0*�%  0�#'*##  *& ,/��!.*�!.6  "�//0�$  5�/*"#  �!.&07#4!'  #�#  0�+*#"*307#4  
5�!�/  ./4*���)#9/!"�$  �;(&;�."#  *& 5�0/(4*�!.#   /�/+&  /)�  �"!#1�0 . 

�!!�/1�0&*#'  5�"&+&�#, 9.�  #+%/*#.6 5�0/(4*�!.*-$  !��$  !3;!.(&.&  %� *� , */  
5(#;/)&'  "  5('%�%3 0�+1/$!.0#8  *& */)�  "#!��.  # >/��9/$ , 0�+1/$!.03'  *& �"!#1-  
%/.&���0  �()&*#9/!"#%#  "#!��.&%# . 	1*�$  #+ .&"#4 "#!��.  '0#�&!6  %&�/#*�0&'  
"#!��.& , #!5��6+3/%&'  5�!(/1!.0�%  %&�/#*�0�)�  &*)#1(#1& (�
 ). �  *&7/% !�39&/  �
  
04�1#�  0 (&+(&;�.&**-/  *&%# 5�&!.#+��#  ��� . �(/15��&)&'  1#223+#8 5�&!.#+��'  
9/(/+  "�//038  5�/*"3 , %� *�  �.%/.#.6  5(/0(&>/*#/  5�0/(4*�!.*-4  �"!#1�0   /�/+&  0 
5��#%/(*38  "�%5�/"!*38  !��6 . 	*& , 0 �.�#9#/  �.  (-4��)�  !��'  #+ �"!#1�0   /�/+& , 
3!.(&*'/.  �.%/9/**-/  0-7/  */)&.#0*-/  '0�/*#' , !5�!�;!.03'  ./% !&%-% 5�0-7/*#8  
5(�9*�!.#  !0'+# .  

�&"#% �;(&+�% , 0 "&9/!.0/  �!*�0*�)�  0-0�1&  %� *�  5(#0/!.#  +&"�89/*#/  �  
5(/0/*.#0*�$  23*",##  �
  0 �;/!5/9/*##  &1)/+#�**-4  !0�$!.0  ���  !   /�/+*�$  
&(%&.3(�$ # <�&!.�%/(�%  *& �!*�0/  ��:��  #�#  ��:� , – 23*",## , 5(/135(/ 1&8>/$  
*/)&.#0*�/  0�#'*#/  &(./2&".�0  *& 5�0/(4*�!.#  &(%&.3(-, 0 9&!.*�!.#  – �"!#1�0  
 /�/+& . 
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�(�,/!!  5�1)�.�0"#  ./4*#9/!"�)�  0�+134& '0�'/.!'  */�;4�1#%-%  <.&5�% (&;�.-  

�8;�$  5(�%-7�/**�$  5*/0%&.#9/!"�$  !#!./%- . ��1)�.�0"&  ./4*#9/!"�)�  0�+134& 
!�!.�#.  0 31&�/*##  #+ */)�  (&+*�)�  (�1&  5(#%/!/$  0 0#1/ .0/(1-4 ,  #1"#4  # 
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)&+��;(&+*-4  0"�89/*#$ , & #%/**�  5-�# , "�*1/*!&.& , �"&�#*- , "�%5(/!!�(*�)�  %&!�&, 
5(�13".�0  #+*�!&  5*/0%��;�(31�0&*#'  # 1(3)#4 +&)('+*#./�/$ . �(�%/  <.�)� , 
5�1)�.�0"&  0"�89&/.  0 !/;'  (/)3�#(�0&*#/  1&0�/*#' , & .&" /  !)�& #0&*#/  /)�  
"��/;&*#$  # 5(#  */�;4�1#%�!.#  – 5�1&93 !%&+"# 1�'  5*/0%&.#9/!"#4  3!.(�$!.0 . 

�!5��6+�0&*#/  ! &.�)�  0�+134& 0 */�9#>/**�%  !�!.�'*##  %� /.  5(#0/!.#  "  
)3;#./�6*-%  5�!�/1!.0#'%  1�'  �;�(31�0&*#'  – 5�.(/;#./�'  ! &.�)�  0�+134&, 5(�!.�'%  
# 5���%"&%, !;�'%  0 ./4*���)#9/!"�%  5(�,/!!/ . �(�,/!!  5�1)�.�0"#  ! &.�)�  
0�+134& '0�'/.!'  */�;4�1#%-%  "�%5�*/*.�%  "�%5(/!!�(*-4  3!.&*�0�"  0 !0'+#  !  ./%, 
9.�  1�'  %*�)#4  ./4*���)#9/!"#4  5(�,/!!�0  */�;4�1#%  9#!.-$  0�+134 ;/+  5-�/0-4  
5(#%/!/$ , & .&" /  0�&)#, "�.�(-/  %�)3.  *&*/!.#  !/(6/+*-$  3>/(;  !#!./%/  0�  0(/%'  
<"!5�3&.&,## , �;(&+3'  &;(&+#0*38 !%/!6 , "�.�(&'  0 !0�8  �9/(/16  ;31/.  '0�'.6!'  
5(#9#*�$  3!"�(/**�)�  #+*�!&  0!/)�  �;�(31�0&*#'  0 ,/��% . 

�  (&;�./  ;-�  0-;(&*  &1!�(;/(  – !#�#"&)/�6 , 5(�#+0/1/*-  /)�  (&!9/.-  5(#  
+&1&**�$ 5(�#+0�1#./�6*�!.# . �(#0/1/*&  !(&0*#./�6*&'  4&(&"./(#!.#"&  !  &".#0*-%  
�"!#1�%  &�8%#*#' . �&!!9#.&*  <"�*�%#9/!"#$  <22/". , �!*�0&**-$  *& #!5��6+�0&*##  
!#�#"&)/�' , 5(�#+0/1/**�)�  5�  *�0�$  ./4*���)## , "�.�(&'  5�+0��#.  !<"�*�%#.6  
<*/()�+&.(&.-  5(/15(#'.#' . 
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�#(*�0  � .
 ., ��9/."�0  � .� . 
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�!"�89#./�6*&'  !5�!�;*�!.6  (&!.0�('.6   #(- , %&!�& # !%��-  �;3!��0�#0&/.  

./4*#9/!"�/  5(#%/*/*#/  !/(�3)�/(�1&  0 "&9/!.0/  (&!.0�(#./�' . �(�%/  .�)� , 
!/(�3)�/(�1  #!5��6+3/.!'  1�'  5��39/*#'  9/.-(/44��(#!.�)�  3)�/(�1& , (�1&*#!.-4  
!�/1#*/*#$  # .#�%�9/0#*- , 1�'  03�"&*#+&,## "&393"& # 0 "&9/!.0/  '1& 1�'  ;�(6;-  !  
0(/1#./�'%#  (&!./*#$ . 	1*&"�  *&#;��67//  5(#%/*/*#/  !/(�3)�/(�1  *&7/�  0 
5(�#+0�1!.0/  #!"3!!.0/**�)�  7/�"&  – 0#!"�+- . ���39/*#/  0#!"�+*�)�  7/�"&  #+ 
,/��8��+-  �!*�0&*�  *& �;>/$  (/&",##  0+&#%�1/$!.0#' !/(�3)�/(�1&  !�  !5#(.&%#. 

�  (/+3�6.&./  5(�0/1/**�)�  �;+�(&  #*2�(%&,#�**-4  #!.�9*#"�0  3!.&*�0�/*� , 9.�  
0 *&!.�'>//  0(/%'  0 5(�%-7�/**�!.#  *&#;��67//  (&!5(�!.(&*/*#/  5��39#�  !#*./+  
!/(�3)�/(�1&  0 5&(�)&+�0�$  !(/1/  *& "&.&�#+&.�(/  (&".#0#(�0&**-$  )�#*�+/% ) #+ 
5(#(�1*�)�  )&+& # !/(- . 

�  (&%"&4 5(�0�1#%�)�  5(�/".*�)�  #!!�/1�0&*#'  5(/1�&)&/.!'  #!5��6+�0&.6  0 
"&9/!.0/  "&.&�#+&.�(& ��
� -3 # ��
� -8, !��.0/.!.0/**�  �.  3,5 1�  4,9 # �.  4,7 1�  5,4 % 
(%&!!.) *#"/�' . �(/%'  "�*.&".#(�0&*#'  )&+�0�)�  5�.�"&  !�!.&0�'/.  10-15 !/"3*1  5(#  
140-180 � � . �&**�/  *�0�00/1/*#/  5�+0��#.  30/�#9#.6  0-4�1  !/(-  1�  99,9 % # !*#+#.6  
./%5/(&.3(3  �9#!."#  )&+& 1�  90-120 � � , ./% !&%-% 3%/*67#.6  <*/()�+&.(&.-  *& *&)(/0  
#!4�1*-4  (/&)/*.�0 . 

��'  5�0-7/*#'  ./4*#"� -<"�*�%#9/!"#4  5�"&+&./�/$  5(�,/!!&  5��39/*#'  
!/(�3)�/(�1&   5(/1�&)&/.!'  %�1/(*#+#(�0&.6  5(�,/!!  1/!�(;,##  !/(�3)�/(�1&  53./% 
#!5��6+�0&*#'  0 "&9/!.0/  1/!�(;#(38>/)�  &)/*.& !/(�0�1�(�1 , 0-1/�/**-$  *& !.&1## 
&;!�(;,## , +&%/*''  #% �!.(-$  5&( (2,0 ��& ). 

�(/#%3>/!.0&  1&**�)�  5(/1�� /*#'  !�/138>#/ : 
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- 0�+%� *�!.6  #!"�89/*#'  #+ ./4*���)#9/!"�$  !4/%-  3+�& �.5&("#  !.�"�0 ; 
- 3%/*67/*#/  !3%%&(*�)�  "��#9/!.0&  4#%#9/!"# )('+*-4  !.�"�0 ; 
- �;!�3 #0&*#/  �;�(31�0&*#'  5(�,/!!&  1/!�(;,##  �;�/)9#.!'  0!�/1!.0#/  

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

4���1#�6*#" -"�*1/*!&.�(  *& 0/(.#"&�6*-$ . :.�  !0'+&*�  !  ;��67/$  <22/".#0*�!.68  
./5���;%/**-4  3+��0  0/(.#"&�6*�$  "�%5�*�0"# , 9.�  �;/!5/9#.  0�+%� *�!.6  
#!5��6+�0&*#'  �;�(31�0&*#'  %/*67#4 )/�%/.(#9/!"#4  (&+%/(�0 # !*#+#.6  *&)(3+"3 
3+�& 5�  �;�(�.*�$  0�1/ . 
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���)�0&  � .� ., 
�/"!&*1(#*&  
 .� . 
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��

���  
��
��������  �
������
�
�  
 
�(�0/*6  5�.(/;�/*#'  !#*./.#9/!"#4  %�8>#4  !(/1!.0  0 ��!!## , "&" 5�"&+-0&/.  

!.&.#!.#"& , 5�!.�'**�  (&!./. .  
�&��)�%  3!5/4& "�%5&*#$ 5�  5(�#+0�1!.03  %�8>#4  !(/1!.0  '0�'/.!'  

!0�/0(/%/**�/  (/&)#(�0&*#/  *& #+%/*/*#/  "�*A8*".3(-  (-*"& , 0 9&!.*�!.# , 
5�'0�/*#/  *�0-4  5(�13".�0-4  �#*//"  "�*"3(/*.�0 , #+%/*/*#/  5�.(/;#./�6!"#4  
5(/15�9./*#$ . �& */$7#%  *&5(&0�/*#/%  (&;�.-  0 <.�$  !0'+#  '0�'/.!'  5�!.�'**&'  
�5.#%#+&,#'  (/,/5.3(-   %�8>#4  "�%5�+#,#$ .  

�(#%/*/*#/  .&"�)�  %&./%&.#9/!"�)�  #*!.(3%/*.&(#'  5�+0��'/.  �;�!*�0&**�  
�.�;(&.6  *&#�397#/  !  .�9"#  +(/*#'  !��.*�7/*#'  «!�!.&0 -!0�$!.0& » "�%5�+#,##  # 
(/"�%/*1�0&.6  #4 1�'  *&.3(*�)�  <"!5/(#%/*.& . �&**-$  5�14�1  5�+0��#.  !<"�*�%#.6  
"&" %&./(#&�6*-/ , .&" # .(31�0-/  (/!3(!-  # !0�/0(/%/**�  0-53!.#.6  *& (-*�"  *�0-$  
5(�13". . 

�&"#% �;(&+�% , #+39/*#/  0�+%� *�!./$  23*",##   /�&./�6*�!.#  �&((#*).�*&   
"&" %/.�1& (/7/*#'  %*�)�"(#./(#&�6*-4  �5.#%#+&,#�**-4  +&1&9 1�'  �5.#%#+&,## 
!�!.&0&  %�8>#4  "�%5�+#,#$  '0�'/.!'  &".3&�6*-% . 

�  1&**�$  (&;�./  �5.#%#+#(3/.!'  (/,/5.3(&  !(/1!.0&  1�'  %-.6'  5�!31-  *& 
�!*�0/  !�/138>#4  �
� : &*#�**-/  – �&3(/.!3�62&.  *&.(#'  (SLES), &�62& – 
��/2#*!3�62�*&.  *&.(#'  (AOS); */#�*�)/**-/  – &�"#�5��#)�8"�+#1  (APG), 
&�"#�1#%/.#�&%#*�"!#1  (OXY). 

	!*�0*-%#  "(#./(#'%#  �,/*"#  !(/1!.0  1�'  %-.6'  5�!31-  !�)�&!*�  �	��  
32478, �	��  �  51696 '0�'/.!'  5/*��;(&+38>&'  !5�!�;*�!.6  (H, %%) # 3!.�$9#0�!.6  
5/*-  (� , %), 5�"&+&./�6  pH, & .&" /  %�8>&'  !5�!�;*�!.6  (X, %), "�.�(&'  +&0#!#. �.  
5�0/(4*�!.*�)�  *&.' /*#'  (G, %� /%) (&!.0�(&  %�8>#4  "�%5�+#,#$ . 

�  .&;�#,/  1 5(#0/1/*-  !�!.&0-  �5.#%&�6*-4  %�8>#4  "�%5�+#,#$ , 
�5.#%#+#(�0&**-/  !  5�%�>68  23*",##   /�&./�6*�!.#  �&((#*).�*& . 

 
�&;�#,&  1 – 	5.#%&�6*-/  !�!.&0-  %�8>#4  "�%5�+#,#$  

��%/(  	.%/."&  
5�  7"&�/  

���.*�7/*#/  �/>/!.0&  G, 
%� /% 

pH H, 
%% 

� , 
% 

X, 
% 

44 0,833 2:3 SLES:OXY 21,196 6,09 365 98 95 
14 0,762 1:2 AOS:OXY 21,338 6,65 300 90 94 
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13 0,739 1:1 AOS:OXY 22,727 6,47 305 89 91 
15 0,689 1:3 AOS:OXY 23,192 6,69 300 93 90 
9 0,679 1:1 SLES:OXY 22,727 6,88 320 88 91 
16 0,666 2:3 AOS:OXY 23,813 6,61 300 91 88 
12 0,651 2:3 SLES:OXY 22,186 7,12 300 90 93 
10 0,645 1:2 SLES:OXY 22,822 7,04 305 91 90 

 
�&  �!*�0&*##  �;�;>/**�$  23*",##   /�&./�6*�!.#  �&((#*).�*&  

�5.#%#+#(�0&*& (/,/5.3(&  %�8>#4  !�!.&0�0  !(/1!.0  1�'  %-.6'  5�!31- . �&#�39738  
�,/*"3  5��39#�&  "�%5�+#,#'  *�%/(  44 !  �.%/."�$  5�  7"&�/   /�&./�6*�!.#  0,833. 
	,/*"#  «4�(�7� » #%/8.  "�%5�+#,##  *�%/(  14,13,15,9,16,12,10 (!�!.&0  5(#0/1/*  0 
.&;�#,/  1). 

 
 

���
��������
  �  ����
�  �������������  �������  
 

�&(37/0  � .� ., ��"(/,�0&  � .� . 
 

��������  	���
��
�������  �
�
�
�
  (������ )  
��������������  ��������
��

���  
��
��������  �
������
�
�  

 
��&!!#9/!"#$  %/.�1  5(�/".#(�0&*#/  4#%#9/!"�)�  �;�(31�0&*#'  �9/*6  !�� *-$  

# 5(�1�� #./�6*-$  5(�,/!! , 5�<.�%3  1�'  ;��//  .�9*�)�  # ;-!.(�)�  (&!9@.& 
�;�(31�0&*#'  7#(�"�  5(#%/*'8.!'  (&+�#9*-/  0-9#!�#./�6*-/  5(�)(&%%- , 
#!5��6+3/%-/  *& �� . ��0(/%/**-/  3!��0#'  .(/;38.  #!5��6+�0&*#'  :�� , 5�.�%3  9.�  
5(#  <.�% +*&9#./�6*�  !�"(&>&/.!'  0(/%'  (&!9/.& , 5�'0�'/.!'  0�+%� *�!.6  5��39#.6  
)�(&+1�  ;��67#$  �;A/%  #*2�(%&,## , 0�+%� *�  1�;#.6!'  !�"(&>/*#'  (&!4�1�0  5(#  
5(�/".#(�0&*##  +& !9/.  �5.#%#+&,## "�*!.(3",##  1/.&�/$  &, !�/1�0&./�6*� , !*# /*#'  
#4 !.�#%�!.# , 3%/*67/*#/  !�� *�!.#  (&!9/.�0  # !*# /*#/  "��#9/!.0&  �7#;�" . 

��/*�9*�/  ./5�� - %&!!��;%/**�/  �;�(31�0&*#/  7#(�"�  (&!5(�!.(&*/*�  0 
4#%#9/!"�$  5(�%-7�/**�!.# , 0 9&!.*�!.#  5�/*�9*-$  &55&(&. 5(#%/*'/.!'  1�'  
�!3>/!.0�/*#'  5(�,/!!&  &;!�(;,## . 

��'  �,/*"#  0�#'*#'  (&+�#9*-4  ./4*���)#9/!"#4  5&(&%/.(�0 *& 
5(�#+0�1#./�6*�!.6  # "&9/!.0/**-/  5�"&+&./�#  (&;�.-  &;!�(;/(&  ;-�&  (&+(&;�.&*& 
%&./%&.#9/!"&' %�1/�6 .  

�(#  !�!.&0�/*##  %&./%&.#9/!"�$  %�1/�#  �;A/".&  ;-�#  5(#*'.-  !�/138>#/  
1�53>/*#' : 1�'  5�.�"&  )&+& #  #1"�$  5�/*"#  5(#*'.&  %�1/�6  #1/&�6*�)�  0-./!*/*#' ; 
"�<22#,#/*.-  %&!!��.1&9#  – 0/�#9#*-  5�!.�'**-/ , "�*,/*.(&,##  0 "& 1�$  2&+/ 
5�!.�'**-  5�  !/9/*#8  &55&(&.&; !(/1*''  !"�(�!.6  )&+& w �#*/$*�  +&0#!#. �.  
./%5/(&.3(- , & !(/1*''  !"�(�!.6   #1"�$  5�/*"#  5�!.�'**&  5�  !/9/*#8  &55&(&.&. 

�(&0*/*#'  %&./(#&�6*�)�  ;&�&*!&  

);CC(f
wdl

dC
x

*
x��

x

xfx -+=
b

 
y 0xf

31
0 y

dC t
f ;

dl w t
b

= -
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)1/  F – 5��>&16  "�*.&".&  2&+, [%2]; V – �;A/%  5�/*"# , [%3]; 
*
xC - (&0*�0/!*&'  

"�*,/*.(&,#'  [%��6 /%3]; f31 - 31/�6*&'  5�0/(4*�!.6  "�*.&".&  2&+, [%2/%3]; to - *&9&�6*&' 
./%5/(&.3(&  )&+&, [°� ]; wo - *&9&�6*&' !"�(�!.6  )&+&, [%/! ]; 

�(&0*/*#'  ./5��0�)�  ;&�&*!&  

y 311  31 2
� y   +

(   (   

f fd
t (t t ) (t t );

dl c w c w

a × a ×
= × - - × -

×r × × r ×  
 31

3  3
P3 3 3

fd
t (t t );

dl ! w

a ×
= × -

×r ×  
)1/  cpy - 31/�6*&'  ./5��/%"�!.6  5�/*"#  0�1- , [� /")� ]; r   - 5��.*�!.6   #1"�!.# , 
[") /%3]; t+ - ./%5/(&.3(&  0�+134& 0 %/ .(3;*�%  5(�!.(&*!.0/ , [°� ]; w(t)3 - #+%/*/*#/  
!"�(�!.#  0�+134& �.  ./%5/(&.3(- , [%/! ]; Vm .(  - �;A/%  %/ .(3;*�)�  5(�!.(&*!.0& , [%3]; 

w3 - !(/1*''  !"�(�!.6  0�+134&, [%/! ]; ! p3 - 31/�6*&'  ./5��/%"�!.6  0�+134&, [� /")� ]; 3r  
- 5��.*�!.6  0�+134&, [") /%3]; t3- ./%5/(&.3(&  0�+134&, [°� ]. 

�  !��.0/.!.0##  !  */$  %�1/�6  )&+�0�)�  5�.�"&  5(/1!.&0�'/.  !�;�$  !#!./%3  
3(&0*/*#$  #+%/*/*#$  ./%5/(&.3(-  )&+&, "�*,/*.(&,##  103�"#!#  3)�/(�1&  5�  1�#*/  
.(3;-  # *&9&�6*-/  3!��0#' . 


*&�#+  %�1/�#  0-5��*'�!'  9#!�/**-%  %/.�1�% . �  5�%�>68  %�1/�#  ;-��  
5(�&*&�#+#(�0&*�  0�#'*#/  (&+�#9*-4  2&".�(�0  *& 5(�#+0�1#./�6*�!.6  # "&9/!.0/**-/  
5�"&+&./�#  (&;�.-  &;!�(;/(& . ���39/**-/  1&**-/  %�)3.  !�3 #.6  �!*�0�$  1�'  
(&+(&;�."#  (/"�%/*1&,#$  5�  30/�#9/*#8  5(�#+0�1#./�6*�!.#  &55&(&.&. 
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 ., �0&*"#*&  	 .� . 
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��(%&�61/)#1  �5#!-0&/.!'  4#%#9/!"�$  2�(%3��$  �� 2	 . �(/1!.&0�'/.  !�;�$  

;/!,0/.*-$  )&+ !  (/+"#% (&+1(& &8>#% +&5&4�%. �#!.-$  )&+��;(&+*-$  2�(%&�61/)#1  
�.*�!#./�6*�  !.&;#�/*  5(#  80-100 � � , 5(#  ./%5/(&.3(&4  *# /  80 � �  %/1�/**�  
5��#%/(#+3/.!' . 

�(�#+0�1!.0�  2�(%&�61/)#1& !3>/!.03/.  3 /  �"���  !.&  �/. . ��(%&�61/)#1  
#!5��6+38.  0 5(�%-7�/**�!.#  0 �()&*#9/!"�%  !#*./+/ , 0 5(�#+0�1!.0/  
2/*���2�(%&�61/)#1*-4 , "&(;&%#1*-4  # 1(3)#4 !#*./.#9/!"#4  !%�� , & .&" /  0 
5(�#+0�1!.0/  5�&!.%&!! . ��3 #.  #!4�1*-%  0/>/!.0�%  1�'  5��39/*#'  "(&!#./�/$ , 
!#*./.#9/!"�)�  "&393"& # 1(3)#4 �()&*#9/!"#4  !�/1#*/*#$ . ��(%&�61/)#1  5(#%/*'8.  
0 %/1#,#*/  1�'  5��39/*#'  */"�.�(-4  2&(%&,/0.#9/!"#4  5(/5&(&.�0 , #!5��6+38.  0 
"&9/!.0/  1/+#*2#,#(38>/)� , &*.#!/5.#9/!"�)�  # 1/+�1�(#(38>/)�  !(/1!.0& . �*&9/*#/  
2�(%&�61/)#1& 0 *&(�1*�%  4�+'$!.0/  0/�#"�  # 5�  %/(/  (&+0#.#' ./4*���)##  �*�  0!@ 
;��//  0�+(&!.&/. . 

��&!!#9/!"#$  %/.�1  5(�/".#(�0&*#/  4#%#9/!"�)�  �;�(31�0&*#'  �9/*6  !�� *-$  
# 5(�1�� #./�6*-$  5(�,/!! , 5�<.�%3  1�'  ;��//  .�9*�)�  # ;-!.(�)�  (&!9@.& 
�;�(31�0&*#'  7#(�"�  5(#%/*'8.!'  (&+�#9*-/  0-9#!�#./�6*-/  5(�)(&%%- , 
#!5��6+3/%-/  *& �� . ��0(/%/**-/  3!��0#'  .(/;38.  #!5��6+�0&*#'  :�� , 5�.�%3  9.�  
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5(#  <.�% +*&9#./�6*�  !�"(&>&/.!'  0(/%'  (&!9/.& , 5�'0�'/.!'  0�+%� *�!.6  5��39#.6  
)�(&+1�  ;��67#$  �;A/%  #*2�(%&,## , 5�+0��'/.  1�;#.6!'  !�"(&>/*#'  (&!4�1�0  5(#  
5(�/".#(�0&*##  +& !9/.  �5.#%#+&,## "�*!.(3",##  1/.&�/$  &, !�/1�0&./�6*� , !*# /*#'  
#4 !.�#%�!.# , 3%/*67/*#'  !�� *�!.#  (&!9/.�0  # !*# /*#'  "��#9/!.0&  �7#;�" . 

��'  �,/*"#  0�#'*#'  (&+�#9*-4  ./4*���)#9/!"#4  5&(&%/.(�0  *& 
5(�#+0�1#./�6*�!.6  # "&9/!.0/**-/  5�"&+&./�#  (&;�.-  (/&".�(&  ;-�&  (&+(&;�.&*& 
%&./%&.#9/!"&' %�1/�6 . 

�&./%&.#9/!"&'  %�1/�6  !��'  "&.&�#+&.�(& 0"�89&/.  3(&0*/*#' : #+%/*/*#'  
!./5/*#  5(/0(&>/*#' , 0-4�1&  2�(%&�61/)#1& # ./%5/(&.3(- . 


�

�
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� � � � � � � �
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� � � � � �

� �

� �
�
� �

�
�

�
� �  ! � � �

�
� �� � � � � �� �

� � � � � � � �
 

( )0 0A 1 A 20 1 0 2
K K

0 P 0 0 P 0 & 0

C H C Hdt T k T k
1 x C C

dl C T V C T V 1 a C x
D D y

= × × - + × × ×
r r +

 

��1/�6  5�1"�*.&".*�)�  4���1#�6*#"&  0"�89&/.  3(&0*/*#' : #+%/*/*#'  0-4�1&  
2�(%&�61/)#1&, ./%5/(&.3(-  (/&",#�**�$  !%/!#  0 .(3;*�%  5(�!.(&*!.0/ , ./%5/(&.3(-  
(/&",#�**�$  !%/!#  0 %/ .(3;*�%  5(�!.(&*!.0/ . 
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�&./%&.#9/!"&'  %�1/�6  5�+0��'/.  (&!!9#.&.6  #+%/*/*#/  !./5/*#  5(/0(&>/*#' , 
0-4�1&  2�(%&�61/)#1& # ./%5/(&.3(-  (/&",#�**�$  !%/!#  5�  .��>#*/  !��'  
"&.&�#+&.�(& (/&".�(& . 
  .&" /  5(�&*&�#+#(�0&.6  #+%/*/*#/  0-4�1&  2�(%&�61/)#1&, 
./%5/(&.3(-  .(3;*�)�  # %/ .(3;*�)�  5(�!.(&*!.0&  5�  1�#*/  .(3;"#  0 (/+3�6.&./  
(&+�� /*#'  5(�13".& . ��!.(�#.6  # �,/*#.6  +&0#!#%�!.# !./5/*#  5(/0(&>/*#' , 0-4�1&  
2�(%&�61/)#1& # 5(�#+0�1#./�6*�!.#  �.  (&!4�1& # *&9&�6*�$  ./%5/(&.3(-  #!4�1*�$  
5&(�)&+�0�$  !%/!# , 5�1&0&/%�$ *& !��$  "&.&�#+&.�(&. 
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�39"�0  
 .� ., 
5/0&�#*&  � .� ., �5#(#1�*�0&  � .� ., 
*.�*�0  � .� . 
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�&!!%&.(#0&/.!'  0�+%� *�!.6  #!5��6+�0&*#'  "&5!3�#(�0&**�$  !/(-  1�'  

03�"&*#+&,## "&393"�0 �;>/)�  # !5/,#&�6*�)�  *&+*&9/*#' . �  �.�#9#/  �.  
!3>/!.038>#4  %/.�1�0  "&5!3�#(�0&*#' , !/(&  5(/10&(#./�6*�  1#!5/()#(3/.!'  0 
!%��'*�$  "�%5�+#,## , 5(/1!.&0�/**�$  5(�.#0�!.&(#./�'%# , 1/$!.038>#%#  5�  (&+*-% 
*&5(&0�/*#'% , & +&./% "&5!3�#(3/.!'  5��#0#*#�4��(#1�% . 



 

�  "&9/!.0/  �;A/".�0  #!!�/1�0&*#'
�!*�0/  "&393"�0 ��� -3 # ���
(/,/5 .3(/  ;-�&  5(�0/1/*&  +&%/*&
"&5!3�/  (1,3 %&!.9. *& 100 
)(355&, 5(/1!.&0�/**&'  IPPD

�+  &*&�#+& (/�%/.(#9/!"#4
�5-.*&'  !%/!6  4&(&"./(#+3/.!'
03�"&*#+&,## %� *�  !�"(&.#.6
"�*.(��6*�$  !%/!# , .�  %� *�
(/7#.6  0& *38  <"�*�%#9/!"38
!9/.  !�"(&>/*#'  0(/%/*#  03�"&*#+&,##

�#! .1 �/�%/.(#9/!"#/
1-(/+#*�0&'  !%/!6  !  

!5�!�;�%  00/1/*#'  !/(-  
 
�#!5/(!*&'  !(/1& , 

1�5��*#./�6*-$  <22/".  – +&>#.3
�&"#% �;(&+�% , 5��39/**&'

%*�)�,/�/0-/  23*",##  #
<"�*�%#9/!"�$  ,/�/!� �;(&+*�!.#
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".3&�6*�$  '0�'/.!'  +&1&9&

!5�!�;*-4  !�4(&*'.6  (&;�.�!5�!�;*�!.6
�&**&'  +&1&9& (/7&/.!' , 0 9&!.*�!.#
5(/5'.!.038>#4  5(�,/!!3  )�(

�  #4 9#!�3  %� *�
2�!2�(;�(&+�.!�1/( &>#$  ��#)�%/(
5�0-7/*##  #*./*!#0*�!.#
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�;A/".�0  #!!�/1�0&*#'  #!5��6+�0&�#  <�&!.�%/(*38
# ��� , 5(#%/*'/%38  0 5(�#+0�1!.0/  5(�./".�(&

5(�0/1/*&  +&%/*& !/(-  *& .&"�/   /  //  "��#9/!.0�
 100 %&!.9. "&393"&), & .&" /  0-0/1/*&  5(�.#0�!.&(#./�6*&'
IPPD # &,/.�*&*#��% . 

(/�%/.(#9/!"#4  "(#0-4 , 5(#0/1/**-4  *& (#!3*"/
4&(&"./(#+3/.!'  ;� �67/$  !"�(�!.68  !.(3".3(#(�0&*#'

!�"(&.#.6  *& 10%. �!�#   /  �5#(&.6!'  *& �5.#%3%
%� *�  !�"(&.#.6  0(/%'  03�"&*#+&,## �5-.*�$

<"�*�%#9/!"38  +&1&93 – 3%/*67/*#/  5�.(/;�/*#'  <*/()�(/!3(!�0
0(/%/*#  03�"&*#+&,##. 

 
�/�%/.(#9/!"#/  "(#0-/ . �/�%/.(  MDR-3000 

!%/!6  !  "&5!3�#(�0&**�$  !/(�$  (SPPG-1); 2 –

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

5��39/**&'  ./4*���)#9/!"&'  1�;&0"& !5�!�;*&
23*",## #  ;-.6  (/&�#+�0&*& 0 (/,/5.3(/  (/+#*

�;(&+*�!.# . 
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  ��"�� -40 

 

*.�*�0  � .� ., �/$;&�  � .
 ., �&;��0  � .� . 
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'0�'/.!'  +&1&9& (&+(&;�."#  %&./(#&��0 , 0 .�%  9#!�/
(&;�.�!5�!�;*�!.6  5(#  "(#.#9/!"#  0-!�"#4

(/7&/.!' , 0 9&!.*�!.# , 5(#  5�%�>#  00/1/*#'  !5/,#&�6*-4
5(�,/!!3  )�( /*#' .  

%� *�  �.*/!.#  2�!2�(;�(!�1/( &>#$  ��#)�%/(
2�!2�(;�(&+�.!�1/( &>#$  ��#)�%/(  (�:�
 ). �/4&*#+%  #4 1/$!.0#'

#*./*!#0*�!.#  "�"!��;(&+�0&*#' . 	;(&+38>#$!'  "�"!

<�&!.�%/(*38  "�%5�+#,#8  *& 
5(�#+0�1!.0/ 5(�./".�(&  7#* . �  

"��#9/!.0� , *&4�1'>//!'  0 
5(�.#0�!.&(#./�6*&'  

(#!3*"/ , 0#1*� , 9.�  
!.(3".3(#(�0&*#' , 5(#  <.�% ,#"�  

�5.#%3% 03�"&*#+&,## 
�5-.*�$  !%/!#  *& 30% # 

�.(/;�/*#'  <*/()�(/!3(!�0  +& 

– !�  !.&*1&(.*-%  

5(�.#0�!.&(#./�'%# , �"&+-0&/.  
�+�*& . 
!5�!�;*&  0-5��*#.6  

(/,/5.3(/ (/+#*  !  5�+#,##  

��������
� -
���
�
������������  

 
�
������
�
�  

9#!�/  <�&!.�%/(*-4 , 
0-!�"#4  ./%5/(&.3(&4 . 

!5/,#&�6*-4  1�;&0�" , 

��#)�%/(  (��	 ) # 
1/$!.0#'  +&"�89&/.!'  0 

	;(&+38>#$!' "�"!  5(/5'.!.03/.  
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5(�)(/03  0*3.(/**#4  !��/0  %&./(#&�&. �&" /  0 5(�,/!!/  )�(/*#'  5(�#!4�1#.  
#+�%/(#+&,#'  2�!2�(!�1/( &>#4  !�/1#*/*#$  1�  5#(�2�!2�(*-4  "#!��.  # 0;(�!  #4 0 
+�*3  )�(/*#' . :.�  !5�!�;!.03/.  !*# /*#8  "�*,/*.(&,##  "#!��(�1&  0 +�*/  )�(/*#' . 

��'  1�!.# /*#'  �397#4  �)*/./5��+&>#.*-4  4&(&"./(#!.#"  %�1#2#"&.�(  
*&*�!#.!'  *& 5�0/(4*�!.6  !5/,#&�6*�)�  *&5��*#./�' , 5(/1!.&0�'8>/)�  !�;�$  !%/!6  
%#"(�3)�/(�1*-4  0���"�*  (��� ) # &�8%�!#�#"&.*-4  %#"(�!2/(  (��� ). 

�*./(/!  5(/1!.&0�'8.  !.(3".3(- , #+�;(& /**-/  *& (#!3*"/  1. �&  2�.�)(&2#'4  
0#1*� , 9.�  0�"(3)  &�8%�!#�#"&.*-4  %#"(�!2/(  !�!(/1�.�9/*&  ;��67&'  9&!.6 
%�1#2#"&.�(& , 9.�  1/�&/.  #4 !0�/�;(&+*-%#  ,/*.(&%#  "�"!��;(&+�0&*#' . 
�&4�1'>#/!'   /  5�;�#+�!.#  %#"(�3)�/(�1*-/  0���"*&  &(%#(38.  �;(&+38>#$!'  "�"! , 
./% !&%-% !*# &'  #*./*!#0*�!.6  /)�  3*�!& . 

  
�#!3*�"  1 – �#"(�2�.�)(&2##  %�1#2#,#(�0&**-4  ���  # ���   
 
�  .&;�#,/  1 5(#0/1/*  (/,/5.  #+)�.�0�/**-4  �;(&+,�0  # (/+3�6.&.-  #!5-.&*#$ . 
 
�&;�#,&  1 – �/,/5.  # (/+3�6.&.-  #!5-.&*#$  #!!�/13/%-4  �;(&+,�0  

�*)(/1#/*.   ��*.(��6*-$   ��	 -2��   ��	 -
3��   

��	 -
5��   

�:�
 -5��   

�&393"  ��:�� -40  100,0  100,0  100,0  100,0  100,0  

�/(&  %���.&'   1,0  1,0  1,0  1,0  2,0  

�#3(&% �   1,5  1,5  1,5  1,5  0,5  

2-%/("&5.�;/*+.#&+��  
("&5.&"! )  

0,5  0,5  0,5  0,5  1,5  

	"!#1  ,#*"&   5,0  5,0  5,0  5,0  3,0  

�./&(#*   1,0  1,0  1,0  1,0  2,0  

�/4*#9/!"#$  3)�/(�1  � -234  40,0  40,0  40,0  40,0  40,0  

�#"(�!2/(-   -  2,0  3,0  5,0  5,0  

�#"(�3)�/(�1*-/  0���"*&   -  10,0  10,0  10,0  10,0  

��!2�(;�(&+�.!�1/( &>#$  
��#)�%/(  �:�
   

-  -  -  -  1,0  

��!2�(;�(!�1/( &>#$  
��#)�%/(  ��	   

-  1,0  1,0  1,0  -  
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��"&+&./�6        

�!��0*&'  5(�9*�!.6  5(#  
(&!.' /*## , ��&   

16,5  14,3  12,7  11,8  14,1  

�(/%'  5(�)(/0&  �;(&+,&  1�  

100 
�
� , !   

72  55  66  84  85  

�(/%'  !)�(&*#'  �;(&+,& , !   120  290  530  780  211  

��"!�0�/  9#!�� , %  2,4  9,3  9,4  15,9  33,4  

 
���39/**-/  (/+3�6.&.-  !0#1/./�6!.038.  �  .�% , 9.�  5(#%/*/*#/  !#!./%-  

*&5��*#./�6 -%�1#2#"&.�( , !�!.�'>/$  #+ ��	  #�#  �:�
 , *&*/!/**-4  *& !%/!6  
%#"(�3)�/(�1*-4  0���"�*  # &�8%�!#�#"&.*-4  %#"(�!2/( , 5�+0��'/.  5�0-!#.6  
�)*/./5��!.�$"�!.6  <�&!.�%/(*-4  %&./(#&��0 .  
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�/"!&*1(�0&  
 .
 ., ��9/."�0  � .� . 
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�(�#+0�1!.0�  7#*  1�'  &0.�%�;#�/$  – <.�  1�!.&.�9*�  !�� *-$  ./4*���)#9/!"#$  

5(�,/!! , "�.�(-$  .(/;3/.  #!5��6+�0&*#'  !5/,#&�6*�)�  �;�(31�0&*#'  # %&./(#&��0 . 
�/!6  5(�,/!!  5(�#+0�1!.0&  7#*  %� *�  3!��0*�  (&+1/�#.6  *& 5'.6  <.&5�0: #+)�.�0�/*#/  
(/+#*�0�$  !%/!# , #+)�.�0�/*#/  1/.&�/$  5�"(-7/" , !;�("&  7#*- , 03�"&*#+&,#'  # 
5(�0/("&  "&9/!.0&. 

	1*#%  #+ "(35*-4  5�.(/;#./�/$  7#*  '0�'/.!'  !/�6!"�/  4�+'$!.0� . �#*-  1�'  
!/�6!"�4�+'$!.0/**�$  ./4*#"#  #%/8.  ('1   /!."#4  4&(&"./(#!.#" , !��.0/.!.0#/  
"�.�(-%  �5(/1/�'/.  (&;�.�!5�!�;*�!.6  5�"(-7"# . �(/1#  �!*�0*-4  .(/;�0&*#$ , 
5(/1A'0�'/%-4  "  !/�64�+ . 7#*&%, %� *�  0-1/�#.6  3!.�$9#0�!.6  "  5�0(/ 1/*#'%  # 
5(�"��&% ; 0-!�"38  #+*�!�!.�$"�!.6 ; 0�+%� *�!.6  !&%��9#>/*#' ; %&"!#%&�6*�/ 
!,/5�/*#/  1& /  !  */*&1@ *�$  (-4��$  5�90�$ ; %#*#%3% 1&0�/*#'  *& +/%�8 . 

�  !0'+#  !  0�+(&!.&8>#%#  �;A/%&%# 5�.(/;�/*#'  (&!7#('/.!'  # (-*�"  !;-.&  
7#* , 9.�  0 !0�8  �9/(/16  .(/;3/.  %�1/(*#+&,##  # (&!7#(/*#'  5(�#+0�1!.0& . �  
�!*�0*-%  2&".�(&%  #*./*!#2#"&,##  5(�#+0�1!.0/**-4  5(�,/!!�0  5/(/(&;�."#  # 
5(#)�.�0�/*#'  (/+#*�0-4  !%/!/$  �.*�!#.!'  "�%5�/"!*&'  %/4&*#+&,#' # &0.�%&.#+&,#' 
5(�#+0�1!.0& .  

�  1&**�$  (&;�./  !  ,/�68  5�0-7/*#'  5(�#+0�1#./�6*�!.#  # "&9/!.0& 
#+)�.&0�#0&/%-4  7#*  5(/1�&)&/.!'  �!3>/!.0�'.6  !;�("3  *& &0.�%&.#9/!"�%  
!;�(�9*�%  !.&*"/  Mertc P-Pro2. �&**-$  !.&*�"  5�+0��'/.  5(�0�1#.6  �1*�!.35/*9&.-$  
5(�,/!!  !;�("#  7#*  !  0-!�"�$  5(�#+0�1#./�6*�!.68  # 0-!�"�$  !./5/*68  
&0.�%&.#+&,##, 9.�  !�"(&>&/.  .(31�+&.(&.-  # 5�+0��'/.  ;-!.(�  %/*'.6  (&+%/( 7#* . 
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� »  �� .-�+��
� , 124 � . 

strelka1505@mail.ru 
 
:"���)#9/!"&'  �;!.&*�0"&  *& 1&**-$  %�%/*.  0��*3/.  ;��67#*!.0�  �81/$ . 

��5(�!-  +&)('+*/*#'  �"(3 &8>/$  !(/1-  0!/  ;��//  &".3&�6*-  1�'  �8;�$  ./((#.�(## , 
�!�;/**�  /!�#  (/96  #1/.  �  "(35*�%  )�(�1/  !  %*� /!.0�%  5(�%-7�/**-4  5(/15(#'.#$ .  
	,/*"3  "&9/!.0& �"(3 &8>/$  !(/1-  %� *�  5(�#+0�1#.6  (&+�#9*-%#  !5�!�;&%# . 
	9/*6  9&!.�  1�'  %�*#.�(#*)�0-4  #!!�/1�0&*#$  #!5��6+38.!'  0#1- -;#�#*1#"&.�(- . 
�&#;��//  31�;*-  ./ , "�.�(-/  5�!.�'**�  5(� #0&8.  *& #!!�/13/%�$  ./((#.�(## . 
�%/**�  5�<.�%3  9&!.�  1�'  5�1�;*-4  (&;�.  0-;#(&8.  (&!./*#' .  

�/�68  1&**�$  (&;�.-  '0�'/.!'  #+39/*#/  )/*/.#9/!"�)�  5��#%�(2#+%& 0 
5�53�',#'4  ;/��)�  5��+39/)�  "�/0/(& , 5(�#+(&!.&8>/)�  0 3!��0#'4  (&+*�$  
&*.(�5�)/**�$  *&)(3+"#. 
��'  �!3>/!.0�/*#'  1&**�$  ,/�#  ;-�#  5�!.&0�/*-  !�/138>#/  +&1&9#: 

1) ��;(&.6  %&./(#&� (�#!.6'  "�/0/(& ) *& #!!�/13/%-4  ./((#.�(#'4 , 39#.-0&'  
%/.�1#"# . 

2) 	5(/1/�#.6  *&#;��//  9&!.�  0!.(/9&8>#$!'  2/*�.#5  0 5�53�',#'4 . 
3) �&  �!*�0&*##  5��39/**-4  1&**-4  !1/�&.6  0-0�1-  �  !./5/*#  &*.(�5�)/**�$  

*&)(3+"#.   
�  1&**�$  (&;�./  0 "&9/!.0/  �;A/".&  #!!�/1�0&*#'  ;-�  0-;(&*  "�/0/(  5��+39#$ . 

	*  7#(�"�  5(/1!.&0�/*  0 *&7/$  %/!.*�!.# , 5(�#+(&!.&/.  *& ./((#.�(#'4  !  (&+*�$  
!./5/*68  &*.(�5�)/**�$  *&)(3+"#, 1�!.35/*  1�'  !;�(&  0�  0(/%'  �/.*/)�  5/(#�1& . 

�(/1%/.  #!!�/1�0&*#' : #+%/*/*#/  (#!3*"&  *& �#!.6'4  "�/0/(&  5��+39/)�  0 
+&0#!#%�!.# �.  3(�0*'  &*.(�5�)/**�)�  0�+1/$!.0#' . �#5�./+& : *&#;��67//  "��#9/!.0�  
�!�;/$  !  «!/1-%#  5'.*&%#» ;31/.  0!.(/9&.6!'  *& ./((#.�(#'4  !  ;��//  0-!�"�$  
&*.(�5�)/**�$  *&)(3+"�$ . 

�  (&;�./  #!!�/1�0&�!'  5��#%�(2#+%  0 5�53�',#'4  "�/0/(&  5��+39/)�  5�  2�(%/  
(#!3*"&  «!/1�)�  5'.*& » *& �#!.�0�$  5�&!.#*"/ . �&+*��;(&+#/  (&!./*#$  �;3!��0�/*�  
!/(#/$  %*� /!.0/**-4  &��/�/$  )/*&  V. �/* , �5(/1/�'8>#$  5(#+*&" !/1-4  5'./*  *& 
�#!.�9"&4  3 "�/0/(& . �&**-$  5(#+*&" %� /.  (&+�#9&.6!'  (&!5��� /*#/% , �"(&!"�$ , 
#*./*!#0*�!.68  5(�'0�/*#' , (&+%/(�% # ('1�%  1(3)#4 5�"&+&./�/$ . �&�#9#/  «!/1�)� » 
5'.*&  *& �#!.6'4  – 5(#+*&" 1�%#*&*.*-$  (V), /)�  �.!3.!.0#/  – (/,/!!#0*-$  (v). 
�&+*��;(&+#/  2/*�0  0 <.�% !�39&/  �;3!��0�/*�  5�'0�/*#/%  0 (/+3�6.&./  )/**�$  
%3.&,## !/(##  %*� /!.0/**-4  &��/�/$  )/*&  V, 0�!/%6  #+ "�.�(-4  0!.(/9&8.!'  
*&#;��//  9&!.� . 
*&�#+  # �5(/1/�/*#/  2/*�.#5�0  (&!./*#$  5(�0�1#�#  5�  %/.�1#"/  
�&5�*�0�$  � .� . (1982) # �0&(,%&*&  � .� . (1986), !�5�!.&0�''  (#!3*�"  *& �#!./  !  
)/*�.#5�%  5�  .&;�#,/ . �;�(  %&./(#&�& 5(�#+0�1#�!'  0 ).��� !"#$ . 	;(&;�."&  
%&./(#&�& 5(�0�1#�&!6  !(&+3 5�!�/  !;�(& , .&" "&" «!/1�/  5'.*� » 5(#  4(&*/*##  �#!.6/0  
%� /.  #!9/+*3.6 , 9.�  */1�53!.#%�  0 1&**�% #!!�/1�0&*## . ��'  (&;�.-  ;-�#  0-;(&*-  
./((#.�(##  !  5(/15��� #./�6*�  (&+*�$  !./5/*6  &*.(�5�)/**�$  *&)(3+"#. 1.�/((#.�(#'  
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5&("& 5�  5( . �/*#*&  (!;�(  %&./(#&�& 0 */5�!(/1!.0/**�$  ;�#+�!.#  �.  1�(�)# , ('1�%  !  
5� . �/*#*& ). 2. �/((#.�(#' , 5(#�/)&8>&'  "  �+.�(3)��/  (�.!3.!.0#/  1�(�) , .(&*!5�(.&  #  
4�+'$!.0/**�$  1/'./�6*�!.#  9/��0/"&  0 */5�!(/1!.0/**�$  ;�#+�!.# ).  

��!�/  �;(&;�."#  #!!�/13/%�)�  %&./(#&�& # !�5�!.&0�/*#'  !  %/.�1#9/!"#%#  
.&;�#,&%#  ;-��  0-'0�/*� , 9.�  *&#;��//  9&!.�  0!.(/9&/.!'  "�/0/(  !  )/*�.#5&%# : vv, 
VHVB, VPVP. 
*&�#+#(3'  2/*�.#5#9/!"�/  %*�)��;(&+#/  0 5�53�',#'4  "�/0/(& , 
5(�#+(&!.&8>#4  *& ./((#.�(#'4  !  5�0-7/**�$  &*.(�5�)/**�$  *&)(3+"�$ , ;-��  
3!.&*�0�/*� , 9.�  0 *#4 5(/�;�&1&8>#%  '0�'/.!'  2/*�.#5  	  (�#!.  ;/+  ;/��)�  (#!3*"& ), 
1&�//  5�  9&!.�./  0!.(/9&/%�!.#  !�/138.  (&!./*#'  !  2/*�.#5&%#  
  # � . �&  5/(0�$  
./((#.�(##  *&;�81&/.!'  ;��67//  "��#9/!.0�  0!.(/9&8>#4!'  2/*�.#5�0 , 9.�  
5�1.0/( 1&/.  0-10#*3.38  )#5�./+3  �   ;��67�$  &*.(�5�)/**�$  *&)(3+"/ .   

��  #.�)&% (&;�.-  ;-��  0-'0�/*� , 9.�  (&+�#9#'  0 )/*/.#9/!"�%  5��#%�(2#+%/  
"�/0/(&  ;/��)�  5��+39/)�  0 (&+�#9*-4  5�53�',#'4  !0'+&*-  !  (&+*��;(&+*-%#   
&*.(�5�)/**-%#  2&".�(&%#. 	5(/1/�/*-  *&#;��//  9&!.�  0!.(/9&8>#/!'  2/*�.#5-  # 
5�1!9#.&*�  �;>//  #4 "��#9/!.0� . �&  �!*�0&*##  5��39/**-4  (/+3�6.&.�0  !1/�&*-  
0-0�1-  �  .�% , 9.�  !./5/*6  &*.(�5�)/**�$  *&)(3+"# *& ./((#.�(## , 5(#�/)&8>/$  "  
�+.�(3)��/ , +*&9#./�6*�  %/*67/ , 9/% *& ./((#.�(##  5&("&. ��&)�1&('  5��39/**-%  
1&**-% , %� *�  5(/15��� #.6  *&�#9#/  �5(/1/�/**�$  &*.(�5�)/**�$  *&)(3+"# *& 
1(3)#4 ./((#.�(#'4 , )1/  (&!./.  "�/0/(  5��+39#$ , !�/1�0&./�6*� , /)�  %� *�  
#!5��6+�0&.6  0 "&9/!.0/  0#1&-;#�#*1#"&.�(& . 

 
�#./(&.3(& :  
1. 
�/"!//0  � .� . # 1( . �(&".#"3%  5�  <"���)## . - � .: 
	  ��� , 1996 
2. 
!.&/0&  
 .� ., �3"&/0&  � .� . �/*�.#5#9/!"&'  1#&)*�!.#"&  !/�6!"�$  %/!.*�!.#  // 
�!5/4#  !�0(/%/**�)�  /!./!.0�+*&*#' . – 2011. – E  8 – � . 18-19. 
3. �#�#*1#"&,##  +&)('+*/*#'  *&+/%*-4 <"�!#!./%  / ��1 . �/1  � . �3;/(.& .- � .: �#( , 
1988. 
4. �3+*/,�0  � .
 . ���/0�$  5(&".#"3% 5�  <"���)## . – � ., 1994. 
5. ��"���0&  � .� ., �&%&�1#*�0& � . � . ��2�)/*/.#9/!"#$  5��#%�(2#+%  �#!.6/0  "�/0/(&  
5��+39/)�  
6. �./5&*�0!"#$  
 . � . :"���)#' . � .: ����� -�
�
  
7. �"��6*-$  <"���)#9/!"#$  %�*#.�(#*) : 39/;*� -%/.�1#9/!"�/  5�!�;#/  / 5�1  (/1 . � .� . 

7#4%#*�$ . - � .:
�
� , 2000. 
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tiaglova@mail.ru  

 
�&  !/)�1*'7*#$  1/*6  �!.(�  !.�#.  0�5(�!  �  *&"�5�/*##  0 �"(3 &8>/$  !(/1/  

�.4�1�0  !#*./.#9/!"#4  5��#%/(�0 , �;�&1&8>#4  #!"�89#./�6*�$  !.�$"�!.68  "  
2#+#"� -4#%#9/!"�%3 # ;#���)#9/!"�%3  (&+�� /*#8 . 	1*#%  #+ 5/(!5/".#0*-4  
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*&5(&0�/*#$  (/7/*#'  <.�$  <"���)#9/!"�$  5(�;�/%-  '0�'/.!'  (&+(&;�."&  
;#�(&+�&)&/%-4  5��#%/(*-4  %&./(#&��0  *& �!*�0/  ;#�5��#%/(�0  !#*./+#(3/%-4  #+ 
0�+�;*�0�'/%�)�  !-(6' . 	1*&"�  !.�#%�!.6 , !�� *�!.6  ./4*���)##  5��39/*#'  # *#+"#$ 
3(�0/*6  <"!5�3&.&,#�**-4  4&(&"./(#!.#"  !#�6*�  �)(&*#9#0&8.  0�+%� *�!.#  #4 
5(#%/*/*#' . 

�0/1/*#/  0 !#*./.#9/!"#/  5��#%/(-  1�;&0�" , #*#,##(38>#4  ;#�(&+�� /*#/ , 
5�+0��'/. , %#*3' 1�(�)�!.�'>38  !.&1#8  !#*./+& , !�+1&0&.6 *�0-/  %&./(#&�-  !  
5�0-7/**�$  !5�!�;*�!.68  "  ;#�(&+�� /*#8  5�!�/  0-4�1&  #+ <"!5�3&.&,## . �(#  <.�% 
!#*./.#9/!"#$  5��#%/( , 04�1'>#$  0 !�!.&0  "�%5�+#.&, �;3!��0�#0&/.  */�;4�1#%-/  
<"!5�3&.&,#�**-/  !0�$!.0&  # 0�+%� *�!.6  0.�(#9*�$  5/(/(&;�."#  %&./(#&��0 . 
�(#%/*/*#/  *&5��*#./�/$  5(#(�1*�)�  5(�#!4� 1/*#' , 0 9&!.*�!.#  �3+)# !/%'*  
5�1!��*/9*#"& , 5�+0��'/. , !  �1*�$  !.�(�*- , 9&!.#9*�  +&%/*#.6 */0�+�;*�0�'/%�/  
*/2./4#%#9/!"�/  !-(6/  *& 0�+�;*�0�'/%�/ , & !  1(3)�$  – !*#+#.6  !.�#%�!.6  5(�13",##  
;�&)�1&('  #!5��6+�0&*#8  �.4�1�0  5#>/0-4  5(�#+0�1!.0 .  

	)(�%*-/  %&!7.&;-  5(�%-7�/**�)�  5(�#+0�1!.0&  # 7#(�"#$  !5/".(  
5(#%/*/*#'  5��#��/2#*�0 , 0 9&!.*�!.#  1�'  #+)�.�0�/*#'  #+1/�#$  !  "�(�."#%  
 #+*/**-%  ,#"��% , �;3!��0�#0&8.  &".3&�6*�!.6  !�+1&*#'  ;#�(&+�&)&/%-4  %&./(#&��0  
*& #4 �!*�0/ . �!5��6+�0&*#/  1�'  !�+1&*#'  ;#�(&+�&)&/%-4  "�%5�+#,#$  !%/!/0�$  
5��#%/(*�$  %&.(#,-  *& �!*�0/  5��#5(�5#�/*&  # 5��#<.#�/*&  0-!�"�)�  1&0�/*#'  0 
(&+�#9*-4  !��.*�7/*#'4  1&@. 0�+%� *�!.6  53./% #+%/*/*#'  %�(2���)##  
(/)3�#(�0&.6  */  .��6"�  <"!5�3&.&,#�**-/  !0�$!.0& , *�  # !"�(�!.6  1/)(&1&,## 
%&./(#&��0 . 

�&"#% �;(&+�% , ,/�6  (&;�.-  5(/1!.&0�'/.  !�;�$  #!!�/1�0&*#/  0�#'*#'  !�!.&0&  
"�%5�+#,#$ , 0"�89&8>#4  5��#<.#�/*./(/2.&�&. , 5��#<.#�/*  *#+"�)�  1&0�/*#'  # 
�3+)# 5�1!��*/9*#"& , *& <"!5�3&.&,#�**-/  4&(&"./(#!.#"#  5��39&/%-4  %&./(#&��0 . 

�  (/+3�6.&./  5(�0/1/*#'  (&;�.-  5��39/*-  "�%5�+#,##  *& �!*�0/  
5��#��/2#*�0  # 0�+�;*�0�'/%-4  *&5��*#./�/$  # �,/*/*-  #4 <"!5�3&.&,#�**-/  
4&(&"./(#!.#"# . 
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�/�6!"&'  � ., �')��0&  � .� .  
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�  �  35, ��  24 (�(�����  2.� .), 

tiaglova@mail.ru  
 
�&  1*/  �"/&*&  *&4�1#.!'  +*&9#./�6*�/  "��#9/!.0�  %/.&*& 0 0#1/ )#1(&.�0 . �!�#  

./%5/(&.3(&  *& 5�&*/./  5(�1�� #.  5�0-7&.6!' , .�  <.�.  %/.&* ;31/.  0-!0�;� 1&.6!'  
#+ )#1(&.�0  # 0-4�1#.6  0 0#1/ )&+& 0 &.%�!2/(3 . �3>/!.03/.  ./�(#' , 9.�  <.�  5(#0/1/.  "  
5�!.�'**�%3  3!"�(/*#8  )��;&�6*�)�  5�./5�/*#' , .&" "&" %/.&* !&% 5�  !/;/  '0�'/.!'  
5&(*#"�0-%  )&+�%. 

�(/15��� #0 , 9.�  <.& ./�(#'  0/(*& , */�;4�1#%�  *&$.# !5�!�;  ;/+�5&!*�  
(&+('1#.6  <.�  “%/.&*)#1(&.*�/  (3 6/ ”. �#5�./+&  +&"�89&/.!'  0 .�% , 9.�  5�0-7/*#/  
./%5/(&.3(-  �"/&*&  +&53!"&/. 5(�,/!!  (&+�� /*#'  %/.&*)#1(&.&, *&4�1'>/)�!'  *& /)�  
1*/ , *& 0�13 # %/.&*.  

((CH4)4(H2O)23)H  4CH4+23H2O 
�-!0�;� 1/*#/  %/.&*&, "�.�(-$  '0�'/.!'  !#�6*-%  5&(*#"�0-%  )&+�%, 0/1/.  "  

1&�6*/$7/%3  (�!.3  ./%5/(&.3(-  # 1&�6*/$7/%3  (&!5&13 +&�/ /$  )#1(&.%/.&*& 0 
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�"/&*/ . �%/**�  #+-+& .�)� , 9.�  <.�.  5(�,/!!  .(31*�  �!.&*�0#.6 , /)�  !(&0*#0&8.  !  
0-!.(/��%  (3 6' . �&#;��//  0/(�'.*-%#  !�;-.#'%# , !0'+&**-%#  !  0-!0�;� 1/*#/%  
%/.&*&, '0�'/.!'  %&!!�0�/  5(#%�(!"�/  0-%#(&*#/ , 5�./5�/*#/  "�#%&.& # #+%/*/*#/  
!�!.&0&  &.%�!2/(- . 

�.�;-  5�*'.6  5(#9#*-  (&!5&1& %/.&*)#1(&.&, *3 *�  (&!!%�.(/.6  /)�  
�!�;/**�!.# . �/.&)#1(&.  – <.�  !35/(%��/"3�'(*�/  !�/1#*/*#/  %/.&*& !  0�1�$ , "�.�(�/  
#%//.  "�&.(&.*38  !.(3".3(3 . ��'  /)�  �;(&+�0&*#'  .(/;38.!'  *#+"#/  ./%5/(&.3(-  # 
0-!�"�/  1&0�/*#/ . �/%  0-7/  1&0�/*#/ , ./% 0-7/  ./%5/(&.3(& , 5(#  "�.�(�$  )#1(&.  
%/.&*& 3!.�$9#0 . �(#9#*&%#  (&!5&1& %/.&*)#1(&.& '0�'8.!'  5�0-7/*#/  ./%5/(&.3(-  
# !*# /*#/  1&0�/*#' . 

�3!"�0-%  %/4&*#+%�% !�+1&*#'  3!��0#'  (&!5&1& %/.&*)#1(&.&, 5�%#%� 
5�0-7/*#'  !(/1*/$  ./%5/(&.3(-  *& +/%�/ , '0�'/.!'  ./�(#'  �  (&!7#(/*##  5�&*/.- , .�  
/!.6  30/�#9/*#/  //  (&1#3!&, 30/�#9/*#/  ,/*.(�;/ *�$  !#�-  # 5�0!/%/!.*�/  
�!�&;�/*#/  1&0�/*#'  0 5�&!.&4. �&!7.&;*�/  !%/>/*#/  !��/0  ;31/.  !�5(�0� 1&.6!'  
.(/*#/% , 9.�  5�1*#%/.  ./%5/(&.3(3  # +&53!.#. 0 */1(&4  %�>*-/  <�/".(�4#%#9/!"#/  
5(�,/!!- . 

��/1!.0#/%  0-!0�;� 1/*#'  %/.&*& # 1(3)#4 5&(*#"�0-4  )&+�0 !.&*/.  
5&(*#"�0-$  <22/". . �&"  �*  5(�'0�'/.!' ? ��1  0�+1/$!.0#/%  !��*/9*-4  �39/$  
5�0/(4*�!.6  �/%�#  *&)(/0&/.!'  # #+�39&/. <�/".(�%&)*#.*38  <*/()#8  0 #*2(&"(&!*�%  
1#&5&+�*/. :.�  #+�39/*#/  +&1/( #0&/.!'  5&(*#"�0-%#  )&+&%#. �(#  5�)��>/*##  
<�/".(�%&)*#.*�)�  #+�39/*#'  %��/"3��$  5&(*#"�0�)�  )&+& <*/()#'  .(&*!2�(%#(3/.!'  
0 ./5��038  <*/()#8  – &.%�!2/(&  *&)(/0&/.!' . �/%  ;��67/  0 &.%�!2/(/  "�*,/*.(&,#'  
5&(*#"�0-4  )&+�0, ./% #*./*!#0*//  *&"&5�#0&/.!'  ./5��0&'  <*/()#'  0 
5(#5�0/(4*�!.*-4  !��'4  &.%�!2/(- . 

�-  *&7�#  10& 0&(#&*.& 3%/*67/*#'  "��#9/!.0&  %/.&*& 0 &.%�!2/(/ . �/(0-% , 
'0�'/.!'  !#%;#�+  %4& !2&)*3% !  ;&"./(#'%#  (�1�0  Methylocystis, Methylosinus, 
Methylomonas, Methylobacter # Methylomicrobium, "�.�(-/  �"#!�'8.  %/.&*. ��'  
�"#!�/*#'  �*#  #!5��6+38.  %/.&*�!0'+-0&8>#/  %�*��"!1- , .�  /!.6  2/(%/*.- , 
"&.&�#+#(38>#/  (/&",#8  5(#!�/1#*/*#'  �1*�)�  (%�*��"!#)/*&+- ) &.�%& "#!��(�1&  "  
%��/"3�/  !3;!.(&.& , #!.�9*#"�%  "#!��(�1&  0 <.�% !�39&/  '0�'/.!'  %��/"3�'(*-$  
"#!��(�1 . 

�.�(�$  !5�!�;  – <.�  30/�#9/*#/  "��#9/!.0&  %/.&*�.(�2*-4  ;&"./(#$ . �&"./(#$ , 
"�.�(-/  #!5��6+38.  %/.&* 0 "&9/!.0/  #!.�9*#"&  <*/()## . �&"#%# ;&"./(#'%#  
'0�'8.!' : Acidimethylosilex fumarolicum.# Methylokorus infernorum. �(#  �"#!�/*##  
%/.&*& 0-1/�'/.!'  3)�/"#!�-$  )&+, "�.�(-$  .� /  '0�'/.!'  5&(*#"�0-%  )&+�%, 
!�/1�0&./�6*� , *3 *�  3%/*67#.6  /)�  "��#9/!.0�  0 &.%�!2/(/  .� / . 

�  �0/$,&(##  0-!.(�#�#  +&0�1, "�.�(-$  0-.')#0&/.  #+ &.%�!2/(-  3)�/"#!�-$  
)&+ 5�!(/1!.0�%  18 !.&�6*-4  "�*./$*/(�0  !  0/*.#�'.�(&%# . �*3.(#  "�*./$*/(�0  
*&4�1#.!'  0���"*#!.-$  )3;9&.-$  %&./(#&�, 5(�5#.&**-$  4#%#9/!"#%# 0/>/!.0&%#  – 
&%#*&%#. �(�4�1'  9/(/+  <.# )3;"# , 5(�#!4�1#.  5(�,/!!  &1!�(;,##  !�!.&0*-4  9&!./$  
0�+134&, # �* , �9#>/**-$  �.  3)�/"#!��)�  )&+&, 0-;(&!-0&/.!'  �;(&.*�  0 &.%�!2/(3 . 

CO2+NH3+H2OH NH4HCO3 
6CO2+6H2OH C6H12O6+6O2 

�-  5(/15��� #�#  */!"��6"�  0&(#&*.�0  #!5��6+�0&*#'  �9#>/**�)�  3)�/"#!��)�  
)&+&. �!�#  &1!�(;/*.�%  '0�'8.!'  &%%#&", .�)1&  5��39#07#$!'  )#1(�"&(;�*&.  &%%�*#' 
5�  70/$,&(!"�$  ./4*���)##  5�10/()&8.  *&)(/0&*#8 , 5�!�/  9/)�  9#!.-$  3)�/"#!�-$  
)&+ 5�  .(3;&% 5/(/0�+'.  *& ;�# &$738  2/(%3  0 ./5�#,- . �)�/"#!�-$  )&+ # ;��67�/  
"��#9/!.0�  !��*/9*�)�  !0/.&  5��� #./�6*�  !"&+-0&/.!'  *& 5(�,/!!/  2�.�!#*./+& , 0 
(/+3�6.&./  9/)�  (&!./*#'  *&9#*&8.  ;-!.(//  (&!.#  # #4 !�,0/.#'  # 5��1-  '0�'8.!'  
;��//  !�9*-%#  # �;A/%*-%# . �(3)#%  53./% #!5��6+�0&*#'  3)�/"#!��)�  )&+& '0�'/.!'  
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!#*./+  %#*/(&�6*-4  31�;(/*#$ , "�.�(-/  �/)9/  .(&*!5�(.#(�0&.6  *& 1&�6*#/  
(&!!.�'*#' .  

�+  0!/)�  0-7/!"&+&**�)�  %� *�  !1/�&.6  !�/138>#/  0-0�1- . �/.&*)#1(&.*�/  
(3 6/  �!*�0&*�  *& 4#%#9/!"�$  (/&",##  (&+�� /*#' . �/1�!.&."�%  <.�)�  «(3 6' » 
'0�'/.!'  5&(*#"�0-$  <22/". . �*# /*#/  "�*,/*.(&,##  5&(*#"�0-4  )&+�0  0 &.%�!2/(/  
(%/.&*&) 0�+%� *�  �"#!�#./�6*-%#  (/&",#'%#  !#%;#�.#9*-4  �()&*#+%�0  # 
&1!�(;,#/$  (3)�/"#!�-$  )&+) !  5�!�/138>#%  #!5��6+�0&*#/%  0 "&9/!.0/  31�;(/*#' . 
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 �(/1#  .(/;�0&*#$  "  ;/+�5&!*�$  <"!5�3&.&,##  +1&*#$ # !��(3 /*#$  �!�;�/  
%/!.�  +&*#%&/. 5� &(*&'  ;/+�5&!*�!.6 . ��'  /@ �;/!5/9/*#'  5�%#%� &".#0*-4  !(/1!.0  
5(/135(/ 1/*#'  # +&>#.-  �.  (&+0#.#' �9&)& 5� &(&  0 "�*!.(3",##  1�� *&  
#!5��6+�0&.6!'  5&!!#0*&'  +&>#.&, +&.(31*'8>&'  0�+*#"*�0/*#/  # 5(/1�.0(&>&8>&'  
(&+0#.#/ �9&)& 5� &(& , 0 .�%  9#!�/  # 5� &(�!.�$"#/  <�/%/*.-  +1&*#$ #+ 
!./"��5&"/.�0 . �  5�!�/1*//  0(/%'  0 "&9/!.0/  .&"#4 <�/%/*.�0  #!5��6+38.  
5(�.#0�5� &(*-/  !./"�& .  
 �*&+7  8
''%.  3
4%)9  '0�'/.!'  (&+(&;�."&  !�!.&0�0  �)*/!.�$"�)�  +&�#0�9*�)�  
)#1(�)/�'  1�'  5(�.#0�5� &(*-4  �!./"�@**-4  "�*!.(3",#$ , 5(#%/*'/%-4  0 
!.(�#./�6!.0/ .  
 �#1(�)/�6  )�.�0#�#  *& �!*�0/  !#�#"&.&  *&.(#' , 1�5��*#./�6*�  00�1#�#  +��6  
1#�"!#1&  "(/%*#' . �(�%/  .�)� , 0 !�!.&0  )#1(�)/�'  04�1'.  />/  ('1  0/>/!.0 . 	*#  
1/$!.038.  "&" 5�&!.#2#"&.�(- . 	;(&+,-  �)*/!.�$"�)�  �!./"�/*#'  #+)�.�0�'�#  #+ 
�"�**�)�  !./"�&  .��>#*�$  3 %%, 2�(%#(3'  %/ 13  *#%# 5���!.6  .��>#*�$  2,5-3 %%. �  
'9/$"3  +&�#0&�# 5��39/**-$  (&!.0�(  # 5�10/()&8.  !37"/  0 !37#�6*�%  7"&23  5(#  
"�*.(��#(3/%�$  ./%5/(&.3(/ , 2�(%#(3'  )/�#/038  5(�!��$"3 . ��'  5��39/**-4  
�;(&+,�0  )#1(�)/�'  (&+�#9*�)�  !�!.&0&  ;-�#  5(�0/1/*-  5(/10&(#./�6*-/  #!5-.&*#' . 
�-�#  #+)�.�0�/*-  %�1/�#  !./"��5&"/.&  #+ 3 !��/0  !./"�&  # 2 )/�#/0-4  5(�!��/"  
(&+%/(�% 1004100 %%. �!5-.&*#'  5(�0�1#�#  5(#  ./%5/(&.3(/  800-900 0�  0 ./9/*#/  60 
%#*. �&  �;(&.*�$  (*/  �;�)(/0&/%�$ ) !.�(�*/  !./"��;��"&  "�*.(��#(�0&�#  ./%5/(&.3(3  
!  5�%�>68  5#(�%/.(& . �!.&*�0�/*� , 9.�  0!/  �;(&+,-  4&(&"./(#+38.!'  1�!.&.�9*�  
0-!�"�$  !5�!�;*�!.68  �;/!5/9#0&.6  ;&(6/(  1�'  5�&%/*#.      
 �  4�1/  #!5-.&*#$  ;-��  3!.&*�0�/*� , 9.�  (&+(37/*#/  �;(&+,�0  !./"��;��"&  
5(�#!4�1#��  !.35/*9&.� . �(#  �1*�!.�(�**/%  *&)(/0/  !./"��;��"&  ;�# &$7#/  "  
*&)(/0&/%�$  !.�(�*/  !��#  )#1(�)/�'  0!539#0&�#!6, �;(&+�0-0&'  )3;9&.-$  
*/5(�+(&9*-$  %&./(#&� !  *#+"�$  ./5��5(�0�1*�!.68 , +&.(31*'8>#$  5/(/1&93 ./5�&  0 
5�!�/138>#/  !��#  #+1/�#' . ��&)�1&('  <.�%3 ;��//  31&�/**-/  �.  ./5��0�)�  #!.�9*#"&  
!��#  !./"�&  # 0.�(�)�  !��'  )/�'  !�4(&*'8.  ,/��!.*�!.6 , �;/!5/9#0&'  �;>38  
)/(%/.#9*�!.6  0!/$  "�*!.(3",## .  



60 
 

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

�%#(*�0  // �� &(�0+(-0�;/+�5&!*�!.6 .-2003.- E 4.- � .56-61. 
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  (������ ) ����/�.  

404121, ��������  (������������(  �����
* ), �� . �
���*�� , 42� , 
e-mail: vht@volpi.ru 

 
�  5�!�/1*#/  )�1-  <"���)#9/!"#/  !0�$!.0&  .�5�#0&  0-10#)&8.!'  *& 5/(0-$  5�&* . 

��!.&0  # !0�$!.0&  �.(&;�.&07#4  )&+�0 &0.�%�;#�/$  +&0#!'. �.  !�!.&0&  # !0�$!.0  
5(#%/*'/%-4  .�5�#0  # %&!/� . ��'0�'/.!'  ,/�&'  !�0�"35*�!.6  .(/;�0&*#$  "  "&9/!.0&% 
.�5�#0  # %&!/� , �;3!��0�#0&8>#4  #4 0�#'*#/  *& �"(3 &8>38  !(/13  # *&+0&**-4 
<"���)#9/!"#%# . 

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

�/2.6  5(/1!.&0�'/.  !�;�$  !�� *38  !%/!6  �()&*#9/!"#4  0/>/!.0 . �(#  5/(0#9*�$  
5/(/(&;�."/  */2.#  5��39&8.  (&+�#9*-/  */2./5(�13".- . �/*+#*�0&'  2(&",#'  !�1/( #.  
!%/!6  &�"&*�0 , *&2./*�0  # &(�%&.#9/!"#4  3)�/0�1�(�1�0  � 5 – � 10. �&%# #+39/*�  
0�#'*#/  <.#4 0/>/!.0  *& "&9/!.0�  */2./5(�13".�0 . 


(/*-  !*# &8.  5��*�.3  !)�(&*#'  # 34317&8.  <"���)#9/!"#/  !0�$!.0&  .�5�#0  
(�;(&+�0&*#/  !& # , �"!#1�0  !/(-  0 5(�13".&4  !)�(&*#' ).  

�&%# ;-�  5(�&*&�#+#(�0&*  "&9/!.0/**-$  # "��#9/!.0/**-$  !�!.&0  ;/*+#*�0�$  
2(&",##  */2.#  �&*"�(!"�)�  %/!.�(� 1/*#' . �(&",#'  5(/#%3>/!.0/**�  !�!.�#.  #+ 
*&2./*�0-4  # &(�%&.#9/!"#4  3)�/0�1�(�1�0 , *�(%&�6*-/  # !�&;�(&+0/.0�/**-/  
&�"&*-  5(/1!.&0�/*-  0 */;��67�%  "��#9/!.0/ . 

�&!9/.  5(�,/*.*�)�  !�!.&0&  5�"&+&� *&�#9#/  &(�%&.#9/!"#4  3)�/0�1�(�1�0  
!3%%&(*� 16,15%, 9.�  !��.0/.!.03/.  .(/;�0&*#'% , 5(/1A'0�'/%-%  "  "&9/!.03  ;/*+#*& .  

�(�13".-  5/(0#9*�$  5/(/(&;�."#  */2.# , "&" 5(&0#�� , */  '0�'8.!'  .�0&(*-%#  
*/2./5(�13".&%# . �  !0'+#  !  <.#% */2.'*-/  2(&",##  5�!.35&8.  *& 3!.&*�0"#  
0.�(#9*-4  5(�,/!!�0 , 5(#+0&**-/  �!3>/!.0#.6  3�397/*#/  "&9/!.0& */2./5(�13".�0  # 
3)�3;�/**�$  5/(/(&;�."#  */2.#  (*&#;��//  <22/".#0*�  #!5��6+�0&.6  )#1(�"(/"#*) ). 
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�&+&/0 � .� ., �/(,/0  � .
 ., �(�,/*"�  � .
 . 

 
�
���

�  ���		�  2-17  ��# -32 

/�  -�.  «��������  	���
��
�������  
��
���� »,  
� . �������� , ������������(  �����
*  

�� . ������
�( , 1 
 

��0(/%/**�/  5(�#+0�1!.0�  5(/13!%&.(#0&/.  #!5��6+�0&*#/  !&%-4 (&+*��;(&+*-4  
./4*���)#9/!"#4  5(#/%�0 , !0'+&**-4  !  �;(&;�."�$  (&+�#9*-4  %&./(#&��0 , %�*.& �%  # 
!;�("�$  #+1/�#$ . �(�2/!!#'  ./4*#"& -%/4&*#"& 5(�%-7�/**�)�  �;�(31�0&*#'  ./!*�  
!0'+&*& !  7#(�"#%  !5/".(�%  ./4*���)#9/!"#4  5(�,/!!�0 , &".#0*�  +&)('+*'8>#4  
�"(3 &8>38  !(/13  (&+�#9*-%#  0-;(�!&%# . �  5(�,/!!/  (&;�.-  *& 5(�#+0�1!.0/  
5�'0�'8.!'  �.(#,&./�6*-/  2&".�(- , "�.�(-/  %�)3.  0�#'.6  "&" */5�!(/1!.0/**�  *& 
9/��0/"& , �!3>/!.0�'8>/)�  5(�#+0�1!.0/**-$  5(�,/!!  (*&5(#%/( , <�/".(#9/!"#$  .�" , 
!0/.�0-/  0!5-7"# , 0(&>&8>#/!'  9&!.# �;�(31�0&*#' ), .&" # *& �"(3 &8>38  !(/13  
(*&5(#%/( , 73%- , 5-�6 , +&)('+*/*#/  0�+134& 4#%#9/!"# &".#0*-%#  0/>/!.0&%# ). �  
�;>/%  !�39&/  0 5(�#+0�1!.0/**�%  5(�,/!!/  %�)3.  0�+*#"&.6 �5&!*-/  2#+#9/!"#/ , 
4#%#9/!"#/ , ;#���)#9/!"#/  # <!./.#9/!"#/  5(�#+0�1!.0/**-/  2&".�(- . 

��0(/%/**�/  !�!.�'*#/  ;#�!2/(-  4&(&"./(#+3/.!'  ./%, 9.�  1/'./�6*�!.6  
9/��0/"&  !.&*�0#.!'  0!/  ;��//  */!�5�!.&0#%�$  !  /!./!.0/**-%#  !#�&%# 5(#(�1- . �&" , 
*&"�5�/*#/  0 &.%�!2/(/  3)�/"#!��)�  )&+& 0 (/+3�6.&./  ! #)&*#'  .�5�#0&  #1/.  ;��//  
#*./*!#0*� , 9/% /)�  5�)��>/*#/  (&!.#./�6*�!.68  # 0�1&%# �"/&*�0  # %�(/$ . 	;A/%  
&.%�!2/(*�)�  "#!��(�1&  3%/*67&/.!'  .&"#%# ./%5&%#, 9.�  "  !/(/1#*/  !�/138>/)�  
!.��/.#'  %� /.  0�+*#"*3.6  ('1  �5&!*-4  5(�;�/% . 
*.(�5�)/**�/  +&5-�/*#/  
&.%�!2/(-  5(#;�#+#��!6  "  "��#9/!.03  5-�#  # +��- , #+0/()&/%-4  03�"&*&%#, & 
&*.(�5�)/**�/  +&)('+*/*#/  %�(/$  */2.68  5(/0-!#��  �;A/%  //  5�!.35�/*#'  9/(/+  
/!./!.0/**-/  (&+��%-  # .(/>#*-  0 +/%*�$  5�0/(4*�!.# .  

�&>#.&  �"(3 &8>/$  !(/1-  5(/ 1/  0!/)�  !0'+&*& !�  0!/!.�(�**#%  #+39/*#/% 
;#�!2/(-  # //  <0��8,## , !  (&+(&;�."�$  %/.�1���)##  ;#���)#9/!"�)�  # <"���)#9/!"�)�  
5(�)*�+#(�0&*#' . 

�&#;��//  �5&!*-%  0#1�% */5(/1*&%/(/**�)�  0�+1/$!.0#'  *& 5(#(�1*38  !(/13  
'0�'/.!'  //  +&)('+*/*#/ . �/./�(���)#9/!"#/  # )#1(���)#9/!"#/  5(�,/!!-  5/(/*�!'. , 
(&!5(�!.(&*'8.  # (&!!/#0&8.  5(�%-7�/**-/  +&)('+*'8>#/  0/>/!.0& .  
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 �/��0/"  – !3>/!.0�  */  .��6"�  !�,#&�6*�/ , *�  0 5/(038  �9/(/16  ;#���)#9/!"�/ , 
5�<.�%3  0!/  5(#(�1*-/  3!��0#'  # 2&".�(-  �"(3 &8>/$  !(/1-  .&" #�#  #*&9/ 
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�"&+-0&8.  0�#'*#/  *& /)�  +1�(�06/ . 
".#0*&'  1/'./�6*�!.6  9/��0/"&  *& 5(�.' /*##  
.-!'9/�/.#$  ;-�&  *&5(&0�/*&  */  *& )&(%�*#9*�/  !3>/!.0�0&*#/  0 ;#�!2/(/ , & *& 
!�+1&*#/  "�%2�(.*-4  3!��0#$   #+*#  # .(31& #!"�89#./�6*�  1�'  !/;' . �8;�/  3!��0#/  
�"(3 &8>/$  !(/1- , "�.�(�/  �"&+-0&/.  5('%�/  #�#  "�!0/**�/  0�+1/$!.0#/  *&  #0�$  
�()&*#+% 0 �8;�$  2&+/ /)�   #+*/1/'./�6*�!.#  # *& "�.�(�/  �*  0-1&/.  
5(#!5�!�;#./�6*-/  (/&",## , '0�'/.!'  <"���)#9/!"#%  2&".�(�% . 
:"���)#9/!"#/  2&".�(-  3!��0*�  %� *�  (&+1/�#.6  *& .(#  ;��67#/  )(355- : 
1. ;#�.#9/!"#/  – 0�#'*#/   #0�$  5(#(�1- ; 
2. &;#�.#9/!"#/  ("�#%&.#9/!"#/ , <1&2#9/!"#/  # 1( .) – 0�#'*#/  */ #0�$  5(#(�1- ; 
3. &*.(�5�)/**-/  – 0�#'*#/  (&+3%*�$ #�#  */(&+3%*�$  1/'./�6*�!.#  9/��0/"& . 

�  (/+3�6.&./  */(&+3%*�$  1/'./�6*�!.#  9/��0/"&  0 �"(3 &8>38  !(/13  5�5&1&8. 
1/!'."#  %#��#&(1�0  .�**  3)�/"#!��)�  )&+&, !�.*#  %#��#�*�0  .�**  3)&(*�)�  )&+& # 
5-�# , 1/!'."#  %#��#�*�0  .�**  �"#!#  &+�.&, & .&" /  �)(�%*�/  "��#9/!.0�  2(/�*�0 , 
'1�0#.-4  4#%#"&.�0 # �5&!*-4  "&*,/(�)/**-4  0/>/!.0 . �#%#9/!"#/  0/>/!.0& , 
!�1/( &>#/!'  0 �.4�1&4   #+*/1/'./�6*�!.# , 5/(/4�1'.  #+ �1*�$  ,/5#  0 1(3)38  5�  
<"���)#9/!"#%  +0/*6'%: #+ 0�+134& 0 5�903, #+ 5�90-  0 0�13, #+ 0�1-  0 &.%�!2/(3 . 
�&)('+*/**�!.6  �"(3 &8>/$  !(/1-  0-(& &/.!'  0 0-5&1/*##  "#!��.*-4  1� 1/$ , 
�;(&+�0&*##  1-%*-4  !%�)�0  # .�"!#9/!"#4  <22/".�0 . �  *&7/$  !.(&*/ , "&" # 0 ('1/  
1(3)#4 0-!�"�(&+0#.-4  )�!31&(!.0 , )(& 1&*#*3  5(/1�!.&0�/*�  "�*!.#.3,#�**�/  5(&0�  
*& <"���)#9/!"38  ;/+�5&!*�!.6 , "�.�(�/  0+&#%�!0'+&*� !  5(&0�% *&  #+*6  # 
5��39/*#/%  3!�3)  +1(&0��4(&*/*#' . ��  .� , 9.�  *&5#!&*�  *& ;3%&)/, – 0!/)�  �#76  !��0& ! 
��'  .�)�  9.�;-  *& �/%�/  */  5(�#!4�1#�#  ./4*�)/**-/  "&.&!.(�2- , */  !�39&�#!6  
&0&(## *& &.�%*-4  !.&*,#'4  (�/(*�;-�6 , �3"3!#%& ), 5�!�/1!.0#'  "�.�(-4  ;313.  
�.(#,&./�6*�  !"&+-0&.6!'  *& +1�(�06/  */!"��6"#4  5�"��/*#$ , 9/��0/9/!.0�  1�� *�  
�9/*6  ;/(/ *�  �.*�!#.6!'  "  5(#(�1/ . 
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��'  �8;�)�  4#%#9/!"�)�  5(/15(#'.#'  �1*�$  #+ +&1&9 '0�'/.!'  �;/!5/9/*#/  

<"���)#9/!"�$  ;/+�5&!*�!.#  5(�#+0�1!.0& , & 0 9&!.*�!.#  0�1��9#!."& . �&"  "&" 
5(/15(#'.#'  5�.(/;�'8.  ;��67�/  "��#9/!.0�  0�1- , <.�  +&1&9& '0�'/.!'  &".3&�6*�$  # 
.(/;3/.  5�!.�'**�)�  0*#%&*#'. ��0-7/*#/  <22/".#0*�!.#  �9#!."#  0�1  %� *�  
1�;#.6!'  +& !9@. .�9*�)�  (/)3�#(�0&*#'  ./4*���)#9/!"#4  5&(&%/.(�0  5(�,/!!&  
�9#!."# . ��'  5(#%/(& (&!!%�.(#%  &�)�(#.%  *&!.(�$"#  5&(&%/.(�0  (/)3�'.�(&  1�'  
5�11/( &*#'  ./%5/(&.3(-  0 0�1��9#!.*�%  (/&".�(/ . 

	;A/".�%  &0.�%&.#9/!"�)�  (/)3�#(�0&*#'  0-;#(&/.!'  (/&".�(  (5�+.1), 5(#  
"�.�(�%  5(�#!4�1#.  5�0-7/*#/  (�  !.�9*-4  0�1  (-1.6-). 

 
�#!3*�"  1 – �4/%& 35(&0�/*#'  (�  0 (/&".�(/  

 
�(#  30/�#9/*##  (&!4�1& (&!.0�(&  /1"�)�  *&.(#'  (-9.2-) 30/�#9#0&/.!'  

./%5/(&.3(&  &;)&+�0 (-4.4-) 0 (/&".�(/  (5�+.1).  
�"�89/*#/  %/7&�"#  0 (/&".�(/  (5�+.1) 5(�#!4�1#.  5�  1�!.# /*#8  +&1&**�)�  

3(�0*' . ��#0  !.�9*-4  0�1  (-1.6-), 0 5�+.11, 5(�#!4�1#.  5�  1�!.# /*#8  +&1&**�)�  
3(�0*'  (� . 


;)&+-  (-4.4-) #+ (/&".�(&  �.0�1'.!'  *& !&*#.&(*38  "���**3 . �/%5/(&.3(&  
&;)&+�0 (-4.4-) 0 (/&".�(/  #+%/*'/.!'  !  #+*&9&�6*-4 20 °�  1�  90 °� . �/%5/(&.3(&  0 
(/&".�(/  (5�+.1) 5�0-7&/.!'  +& !9/.  4#%#9/!"�$  (/&",##  0+&#%�1/$!.0#' (&!.0�(&  
/1"�)�  *&.(#'  (-9.2-) !  (.3.68 , "�.�(&'  5(�#!4�1#.  !  0-1/�/*#/%  ./5�& . 

�*&9&�/  */�;4�1#%�  �5(/1/�#.6  5/(/1&.�9*38  23*",#8  (/&".�(& , 1�'  <.�)�  5�  
5��39/**-%  <"!5/(#%/*.&�6*-%  1&**-%  #!5��6+3/.!'  %/.�1  ��.&9&  ((#! . 2). 

�  (/+3�6.&./  9/)�  ;-�&  5��39/*&  !�/138>&'  23*",#' : 
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4 5 

6

�78 � �� 9 : ; <5= 

�>�

��8 � � ?>+8 � �
: ; <5�>� � 

)1/ : T1, � 2 – 5�!.�'**-/  0(/%/*# ; 
I  – &;!��8.*�/  0(/%'  +&5&+1-0&*#'; 
n – 5�('1�"  �;A/".&  35(&0�/*#' . 

�!4�1'  #+ 5/(/1&.�9*�$  23*",## , "�*.3(  (/)3�#(�0&*#'  ./%5/(&.3(-  0 
(/&".�(/  #%//.  0.�(�$  5�('1�"  # �;�&1&/.  0(/%/*/%  +&5&+1-0&*#' (&0*-%  0.1 %#*3.. 

 
�#!3*�"  2 – :"!5/(#%/*.&�6*&'  "(#0&'  

 
��'  (&!9/.&  5&(&%/.(�0  (/)3�'.�(�0  #!5��6+3/.!'  %/.�1  �#)�/(& -�#"��!& , 

(/&�#+�0&**-$  !  5�%�>68  5(�)(&%%*�)�  !(/1!.0&  VisSim. 
�-;�(&  +&"�*& (/)3�#(�0&*#'  �!3>/!.0�'/.!'  5�  �!*�0*-%  "(#./(#'%  "&9/!.0& 

5/(/4�1*-4  5(�,/!!�0 : 0(/%'  (/)3�#(�0&*#' , 5/(/(/)3�#(�0&*#/  # "��/;&./�6*�!.6  
5/(/4�1*�)�  5(�,/!!& . 

�(/%/*/%  (/)3�#(�0&*#'  *&+-0&8.  (tp) 0(/%/**�$  #*./(0&� , �.!9#.-0&/%-$  !  
%�%/*.& 5(#�� /*#'  0�+1/$!.0#'  "  !#!./%/  (t
 ) 1�  %�%/*.& 3!.&*�0#07/)�!'  +*&9/*#'  
(t� ). �&!!9#.-0&/.!'  5�  2�(%3�/ : 

@5 
 @� � @
 > 
	5(/1/�'/%  !./5/*6  5/(/(/)3�#(�0&*#' , J *&+-0&/.!'  %&"!#%&�6*�/ �."��*/*#/  

(/)3�#(3/%�$  0/�#9#*-  AB���  �.  3!.&*�0#07/)�!'  +*&9/*#'   B��
 , 0-(& /**�/  0 
5(�,/*.&4 : 

C 

B��� � B ��


B��

: ���D > 

���/;&./�6*�!.6  5/(/4�1*�)�  5(�,/!!&  �5(/1/�'/.!'  9#!��%  "��/;&*#$  
(/)3�#(3/%�$  0/�#9#*-  +& 0(/%'  (/)3�#(�0&*#'  tp. 

�/&�#+&,#'  ��� -(/)3�'.�(&  !  (&!!9#.&**-%#  *&!.(�/9*-%#  5&(&%/.(&%# 0 
5(�)(&%%*�% !(/1!.0/  VisSim. 
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�#!3*�"  3 – ��� -(/)3�'.�(  !  (&!!9#.&*-%#  *&!.(�/9*&%#  5&(&%/.(&%# 

 
�9:%8 : ��  1&**-%  "(#0�$  (&+)�*& ;-�&  �5(/1/�/*&  %&./%&.#9/!"&' %�1/�6  

�;A/".&  35(&0�/*#' . �  4�1/  #!!�/1�0&*#'  ;-��  �5(/1/�/*� , 9.�  �;A/".  #%//.  0.�(�$  
5�('1�" , �;�&1&/.  0(/%/*/%  +&5&+1-0&*#', (&0*-%  0.1 %#*3.&%. ��  &*&�#+3 "(#./(#/0  
"&9/!.0& �!*�0*-4  +&"�*�0  (/)3�#(�0&*#'  !#!./%-  %� *�  !1/�&.6  0-0�1  �  .�% , 9.�  
+&"�*  (/)3�#(�0&*#'  !#!./%-  35(&0�/*#'  ./%5/(&.3(�$  0 (/&".�(/  ;31/.  ��� -+&"�*  
(/)3�#(�0&*#' . 

 
�#./(&.3(& : 
1. �/*#)�0  � .� . �/�(#'  &0.�%&.#9/!"�)�  35(&0�/*#' : ��*!5/".  �/",#$ . – 

�/�';#*!" : ��(�� , 2001 - 93! . 
2. �/.�1#9/!"#/  3"&+&*#' VisSim [:�/".(�**-$  (/!3(! ] // �&$��0-$  &(4#0 1�'  

!.31/*.�0  URL:https://studfiles.net/preview/6385829/ (1&.& �;(&>/*#' : 19.01.2019). 
3. ��.&9  � .� . �/�(#'  &0.�%&.#9/!"�)�  35(&0�/*#'  ./5��<*/()/.#9/!"#%#  

5(�,/!!&%# : �9/;*#"  1�'  03+�0. - � .: :*/()�&.�%#+1&. . 1985. - 296 ! . 
4. �0&*�0 , 
 .
 . 
0.�%&.#+&,#'  ./4*���)#9/!"#4  5(�,/!!�0  # 5(�#+0�1!.0 : 

�9/;*�/  5�!�;#/  / 
 .
 . �0&*�0 .// � .: ��(3% , 2012. – 224! . 
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�#1(�&)(/)&.  – 3!.(�$!.0� , !�!.�'>//  #+ )#1(&0�#9/!"�$  .3(;#*-  # 
<�/".(#9/!"�)�  )#1(�)/*/(&.�(&  [1]. �#1(�)/*/(&.�(-  '0�'8.!'  .#5�%  <�/".(#9/!"#4  
%&7#* )/*/(#(38>/)�  �;�(31�0&*#' , 5(/1*&+*&9/**-/  1�'  0-(&;�."#  <�/".(�<*/()##  
5(#  0(&>/*##  )#1(�.3(;#*- . �&**-/  <�/".(#9/!"#/  %&7#*- , �;-9*�  
#*1#0#13&�6*�)�  #!5��*/*#' , !�9/.&8.  0 !/;/  5(�;�/%-  <�/".(�%&)*#.*-4  
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4&(&"./(#!.#" , +*&9#./�6*�)�  *&)(/0&, */�;4�1#%�!.#  �4�& 1/*#' , !.&.#9/!"�$  # 
1#*&%#9/!"�$  5(�9*�!.# , ;��67#4  )&;&(#.�0 . �0#13  !�� *�!.#  !�+1&*#'  ,/*.(&�6*�$  
*&39*� -./4*#9/!"�$  5(�;�/%�$  '0�'/.!'  1�!.# /*#/  %&"!#%&�6*�$ <"!5�3&.&,#�**�$  
*&1/ *�!.#  <�/%/*.�0  "�*!.(3",##  # !��.0/.!.0#/  .(/;�0&*#'%  5(�%-7�/**�$  
;/+�5&!*�!.#  [2]. �.(/%�/*#/  #+)�.�0#.6  )/*/(&.�(  ;��67/$  %�>*�!.#  # 1�53!.#%�  
5(#/%�/%-4  (&+%/(�0 5(#0�1#.  "  0�+(&!.&*#8  5��.*�!.#  .�"& , & +*&9#. # *&)(/03  
.�"�0/13>#4  <�/%/*.�0 , �+*&9&8>#4 #+*�!  # !.&(/*#/  #+��',## . ��'  5(/1�.0(&>/*#'  
5/(/)(/0&  # 0-4�1&  #4 !.(�'  #+��',## , )/*/(&.�(-  0-5��*'8.  !  #!"3!!.0/**-%  
�4�& 1/*#/% , �.0�1'>#%  #+ %&7#* ./5��<�/".(#9/!"#/ , %&)*#.*-/  # %/4&*#9/!"#/  
5�./(# . 

�  "�*.3(&4  0�+137*�)�  �4�& 1/*#'  �!3>/!.0�'/.!'  ,#("3�',#'  0�+134& #+ 
0�+134��4�&1#./�/$  5�  .(3;&% 0 "&%/(3 �4�& 1@**�)�  0�+134&, & +&./% 0 5��-/  
%/1*-/  .(3;"#  �;%�."#  !.&.�(&  5�  +&%"*3.�%3 "�*.3(3  ((#!3*�"  1). ��1& , 
�!3>/!.0�'8>&'  �4�& 1/*#/  0�+134&, 5�1&@.!' *& �4�&1#./�6  #+ 0�1�*&5�(*�)�  
"���/".�(& , "31& 5�!.35&/.  5�!�/  2#�6.(�0  %/4&*#9/!"�$  �9#!."#  #+ 9/.-(@4  
0�1�+&;�(*-4  �#*#$ . 

 

 
�#!3*�"  1 – �4/%& �4�& 1/*#'  �;%�.�"  !.&.�(&  )#1(�&)(/)&.&  

 
	!*�0*-%  ./4*���)#9/!"#%  5&(&%/.(�%, 5�1�/ &>#%  (/)3�#(�0&*#8 , '0�'/.!'  

./%5/(&.3(&  0�+134& 0 !#!./%/  �4�& 1/*#'  !.&.�(& . �(#%/*/*#/  !#!./%-  
&0.�%&.#9/!"�)�  (/)3�#(�0&*#'  (�
� ) ./%5/(&.3(-  �4�& 1&8>/)�  0�+134& 53./% 
#+%/*/*#'  5�1&9# 0�1-  ((#!3*�"  2) 5�+0��#.  #+;/ &.6  #+;-.�9*-4  5�./(6  %�>*�!.#  
#�#  0-4�1&  #+ !.(�'  &)(/)&.& #+-+& 5/(/)(/0&  �;%�.�"  !0-7/  1�53!.#%-4  ./%5/(&.3(  
[6]. 
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�#!3*�"  2 – �
�  ./%5/(&.3(-  �;%�."#  !.&.�(&  53./% #+%/*/*#'  5�1&9# 0�1-  

 
��  %/(/  +&)('+*/*#'  2#�6.(&  1�!.#)&/.!'  1�53!.#%-$  5/(/5&1  1&0�/*#'  0 

.(3;�5(�0�1/  1�  # 5�!�/  2#�6.(& , 9.�  )�0�(#.  �  */�;4�1#%�!.#  �9#!."#  2#�6.(& . 
	9#!."&  �!3>/!.0�'/.!'  53./% +&"(-.#'  "�&5&*& !  0�1�+&;�(&  # �."(-.#/%  "�&5&*& *& 
!�#0*�$  "���/".�( . 	;(&.*-%  5�.�"�%  0�1-  !  *&5�(*�)�  "���/".�(&  2#�6.(  
5(�%-0&/.!'  9/(/+  �5(/1/�/**-$  #*./(0&�  0(/%/*# . ��  +&0/(7/*##  �9#!."#  "�&5&* *& 
!�#0*�$  "���/".�(  +&"(-0&/.!' , & "�&5&* !  0�1�+&;�(&  �."(-0&/.!' . �#!./%&  
5(�1�� &/.  (&;�.&.6  0 !.&*1&(.*�%  (/ #%/  ((#!3*�"  3). �&"�/  (/7/*#/  5�+0��'/.  
5(/1�.0(&.#.6  #+%/*/*#/  1&0�/*#'  0 !#!./%/  *# /  1�53!.#%�)�  0 *&5�(*�%  
"���/".�(/ . 

 
�#!3*�"  3 – ��*.3(  35(&0�/*#'  �9#!."#  2#�6.(&  

 
�#+3&�#+&,#'  ./4*���)#9/!"#4  5&(&%/.(�0  # 0�+%� *�!.6  #4 +&1&9# 

�!3>/!.0�'/.!'  5&*/�68  �5/(&.�(&  ICP DAS SV-6201 # 5(#%/*/*#/%  
5(�)(&%%#(3/%�)�  ��)#9/!"�)�  "�*.(���/(&  WP-9821-CE7  [3].  

	5.#%&�6*-%  5/(/5&1�%  ./%5/(&.3(  0�+134& *& 04�1/  # 0-4�1/  
0�+134��4�&1#./�'  !9#.&/.!'  18-25°C.  

��'  "�*.(��'  ./%5/(&.3(-  )�('9/)�  0�+134& *& 04�1/  "& 1�)�  
0�+134��4�&1#./�'  #!5��6+3/.!'  1&.9#"# ./%5/(&.3(-  ����  �/.(&*  276.  
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��'  �,/*"#  3(�0*'  +&)('+*@**�!.#  2#�6.(�0  �#*#$  5�1&9# 0�1-  0 
0�1�*&5�(*-$  "���/".�(  5(#%/*'/.!'   1&.9#"# 5/(/5&1& 1&0�/*#'  �/.(&*  150 CD [7].  

�+%/(/*#/  1&0�/*#'  0 .(3;�5(�0�1&4  #+ 0�1�+&;�(&  1-4 (1�  2#�6.(�0  �9#!."# ) 
�!3>/!.0�'/.!'  %#"(�5(�,/!!�(*-%#  1&.9#"&%# 1&0�/*#'  �/.(&*  150 TG [7]. 

�+%/(/*#/  (&!4�1& *& 0�+134��4�&1#./�#  1-12 �!3>/!.0�'/.!'  
%#"(�5(�,/!!�(*-%#  (&!4�1�%/(&%#   Rosemount 8800  [5]. 

�-0�1 : �*/1(/*#/  !#!./%-  35(&0�/*#'  �4�& 1/*#/%  0�+134& �;%�.�"  !.&.�(&  
)#1(�)/*/(&.�(&  *& ;&+/ !�0(/%/**-4  %#"(�5(�,/!!�(*-4  5(#;�(�0  5�+0��#.  
3�397#.6  "&9/!.0�  # <22/".#0*�!.6  35(&0�/*#'  �4�& 1/*#/%  �;%�.�"  !.&.�(& , & 
.&" /  !�"(&.#.6  <"�*�%#9/!"#/  +&.(&.-  *& (/%�*.  # �;!�3 #0&*#/ . 

 
�#;�#�)(&2#9/!"#$  !5#!�" : 
1. �&,%&*  � .� . :�/".(#9/!"#/  %&7#*- . � .: �-!7 .7"��& , 1983. 452 ! . 
2. �� "�0&  � .� ., ��+3�#*  � .� . :�/".(��;�(31�0&*#/  <�/".(�!.&*,#$  # 5�1!.&*,#$ . 3 
#+1.  � .: :*/()�&.�%#+1&. , 1987. 
3. �/(#'  "�*.(���/(�0  XP-9000 // 	2#,#&�6*-$  !&$.  2#(%-  ICP DAS URL: 
https://f.icp-das.ru/files/add/doc/e9d// (1&.& �;(&>/*#' : 28.03.2019)) . 
4. 	5/(&.�(!"&'  5&*/�6  SV-6201. // �*13!.(#&�6*-$  "&.&��)  5(�13",##  ICP DAS URL: 
https://ipc2u.ru/catalog/sv-6201/ (1&.& �;(&>/*#' : 28.03.2019)). 
5. �&!4�1�%/(  Rosemount 8800 // �&.&��)  ��  *�0-/  ./4*���)##  URL: 
https://www.emerson.ru/ru-ru/catalog/automation-solutions/measurement-
instrumentation/flow/rosemount-8800-vortex-ru-ru (1&.& �;(&>/*#' : 28.03.2019)). 
6. �(/�;(&+�0&./�#  ./%5/(&.3(-  ����
�  // 	2#,#&�6*-$  !&$.  2#(%-  ����
�  
URL: https://www.emerson.ru/ru-ru/catalog/metran-276-ru-ru (1&.& �;(&>/*#' : 
28.03.2019)). 
7. �(/�;(&+�0&./�#  1&0�/*#'  ����
�  // 	2#,#&�6*-$  !&$.  2#(%-  ����
� . URL: 
https://www.emerson.ru/ru-ru/catalog/metran-150-ru-ru (1&.& �;(&>/*#' : 28.03.2019)). 

 
 

���������� : ���� , ����������
��  
 

�/10/1/0&  � .� ., �&1 #/0  : .: .�  
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��5�#0� , 5��39&/%�/  0 (/+3�6.&./  5/(/(&;�."#  !./;�/$  !&4&(*�)�  .(�!.*#"&  #�#  

!/%'*  (&5!&, "3"3(3+- , !�# , *&+-0&/.!'  ;#���)#9/!"#% . 
	!*�0*-%  0#1�% #!4�1*�)�  !-(6'  1�'  5(�#+0�1!.0&  ;#�.�5�#0&  0 *&!.�'>//  

0(/%'  '0�'/.!'  (&5!  (�&. . Brassica napus). :.�  0#1 .(&0'*#!.-4  (&!./*#$  #+ !/%/$!.0&  
"(/!.�,0/.*-4 . :"�*�%#9/!"�/  +*&9/*#/  (&5!& "  "�*,3  XX 0/"& !3>/!.0/**�  0-(�!��  
0 !0'+#  !  ./%, 9.�  �*  *&9&� #!5��6+�0&.6!'  1�'  5��39/*#'  ;#�1#+/�'  [1]. 	.*�!#./�6*�  
%/!.& 5(�#!4� 1/*#'  (&5!& 1�  !#4  5�(  */.  /1#*�)�  %*/*#' , *�  0�  %*�)#4  !.(&*&4  
�0(�5- , 
+## , 
%/(#"#  # �/0/(*�$  
2(#"#  (&5!  0!.(/9&/.!'  0 �1#9&��%  !�!.�'*##  
"&" !�(*'" . �  ��!!##  "&" %&!�#9*38  "3�6.3(3  /)�  *&9&�# 0�+1/�-0&.6  !  *&9&�& XIX 0. 

�(#  !�+1&*## !�(.�0  (&5!& 	�'�����  *&5(&0�/*#'  (1�'  5(�#+0�1!.0&  %&()&(#*&, 
 #1"#4   #(�0  ��/#*�0�$  "#!��.- ) "  �!*�0*-%  +&1&9&% !�/13/.  �.*/!.#  30/�#9/*#/  
!�1/( &*#'  %&!�& 0 !/%/*&4  # 5�0-7/*#/  /)�  "&9/!.0&. �& *�/  +*&9/*#/  0 !/�/",##  
(&5!& <.�)�  *&5(&0�/*#'  #%//.  �"(&!"&  !/%'* . �(/15�9.#./�6*-   /�.�!/%'**-/  !�(.& , 
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5�!"��6"3  �*#  �.�#9&8.!'  5�0-7/**-%  !�1/( &*#/%  %&!�& # ;/�"&  # *#+"#% – 
"�/.9&."# . 


  5(#  !�+1&*## !�(.�0  
��
��������  *&5(&0�/*#'  */�;4�1#%-  !�(.& , 
!�1/( &>#/  0 !0�@% !�!.&0/  ./  #�#  #*-/   #(*-/  "#!��.- . �&" , ./4*#9/!"#/  %&!�& 
()#1(&0�#9/!"�/ , !%&+�9*�/ ) # ;#�.�5�#0�  1�� *-  �;�&1&.6  0-!�"#%  !�1/( &*#/%  
<(3"�0�$  "#!��.- , & 5(/1*&+*&9/**-/  1�'  5(�#+0�1!.0&  !#*./.#9/!"#4  %�8>#4  
!(/1!.0  # 5&(28%/(*�$  5(�13",##   – �&3(/*�0�$ . 

�(#  !�+1&*## !�(.�0  ���������  *&5(&0�/*#'  */�;4�1#%-  !�(.&  !  0-!�"#%  
"&9/!.0�%  "&" !/%'* , .&" # +/�@*�$ %&!!- , 5�0-7/**-%  !�1/( &*#/%  ;/�"& , 
!;&�&*!#(�0&**�)�  5�  &%#*�"#!��.*�%3  !�!.&03 , # *#+"#% 3(�0*/%  )�8"�+#*��&.�0  
[2].  

�3>/!.03/.  .(#  �!*�0*-4  0#1& ;#���)#9/!"�)�  .�5�#0& , ./4*���)#9/!"�/  
5(�#+0�1!.0�  "�.�(-4  *&#;��//  (&+(&;�.&*� . 

����
�
��  – �;-9*-$  <.&*�� , 5��39&/%-$  0 5(�,/!!/  5/(/(&;�."#  
(&!.#./�6*�)�  !-(6'  1�'  #!5��6+�0&*#'  0 "&9/!.0/  ;#�.�5�#0& . ���*�/  5(�#+0�1!.0�  
<.&*��&  *& 2009 ;-��  73.9 %#��#&(1& �#.(�0  (19.5 %#��#&(1�0  )&���*�0 ) !�)�&!*�  
1&**-% , !�;(&**-%  F.O. Licht. GRFA 5(/1!"&+-0&/. , 9.�  )��;&�6*�/  5(�#+0�1!.0�  
1�!.#)*/.  85.9 %#��#&(1�0  �#.(�0  (22.7 %#��#&(1& )&���*�0 ) 0 2010 (*& 16.2% ;��67/  
9/% 0 2009).). �  <.�% )�13  5(�#+0�1!.0�  :.&*��&  5/(/%/!.#.  5�.(/;*�!.6  0 370 
%#��#�*&4  <"0#0&�/*.*-4  ;&((/�/$  */2.#  )��;&�6*� . �#(�0�/  5(�#+0�1!.0�  
;#�<.&*��&  0 2005 !�!.&0#��  36,3 %�(1  �#.(�0 , #+ "�.�(-4  45 % 5(#7��!6  *& �(&+#�#8  
# 44,7 % – *& ��
 . :.&*��  0 �(&+#�##  5(�#+0�1#.!'  5(/#%3>/!.0/**�  #+ !&4&(*�)�  
.(�!.*#"& , & 0 ��
  – #+ "3"3(3+- . �(�#+0�1!.0�  <.&*��&  #+ .(�!.*#"&  *& !/)�1*'7*#$  
1/*6  <"�*�%#9/!"#  ;��//  0-)�1*� , 9/% #+ "3"3(3+- . �/1/(&�6*�/  5(&0#./�6!.0�  ��
  
5(/1�!.&0�'/.  5(�#+0�1#./�'%  <.&*��&  *&��)�0-$  "(/1#.  (*�  */  !3;!#1## ) 1�  $0,51 +& 
)&���*  <.&*��& . �(&+#�6!"#$  <.&*��  1@7/0 #+-+& *#+"#4 +&(&;�.*-4  5�&.  3 !;�(>#"�0  
!&4&(*�)�  .(�!.*#"&  [3].  

�����
�
��  – %/.#��0-$  !5#(. , 5(�#+0/1/**-$  0 (/+3�6.&./  5/(/(&;�."#  
;#���)#9/!"�)�  !-(6'  (7/�34#  +/(/*  # !/%/9/" , !34#4 �#!.6/0 , *&0�+&, 5�%/.&), & .&" /  
#+ �()&*#9/!"�)�  %3!�(&. �  9#!�/  �.*�!#./�6*�  *�0-4  !5�!�;�0  #!5��6+�0&*#'  
%/.&*��& , & !��.0/.!.0/**�  # ;#�%/.&*��& , 0-1/�'8. : 

-  5(#%/*/*#/  0 "&9/!.0/  1�;&0"#  "  &0.�%�;#�6*-%  ;/*+#*&%; 
-  5(#%/*/*#/  0 .�5�#0*-4  <�/%/*.&4 ; 
-  1�'  %/.#�#(�0&*#'  (&!.#./�6*-4  %&!/�  0 5(�,/!!/  5(�#+0�1!.0&  ;#�1#+/�' . 

	!*�0*-%#  1�!.�#*!.0&%#  ;#�%/.&*��&  '0�'8.!' : 
-  *#+"#$ �;A/%  0-;(�!�0  3)�/"#!��)�  )&+&; 
-  0�+%� *�!.6  �()&*#+�0&.6  5/(/(&;�."3  ((/,#"�#*) ) �.4�1�0   #0�.*�0�1!.0&  # 

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

-  *#+"#$ <*/()/.#9/!"#$  ���  – %&"!#%3% 68%; 
-  ;/!,0/.*�/  5�&%', 9.�  %� /.  5(#0/!.#  "  &0&(#$*-% !#.3&,#'% ; 
-  !(�"  �"35&/%�!.#  5(�/".&  – 1�  20 �/. . 

�!/)�  0 %#(/ *&!9#.-0&/.!'  5(#%/(*�  90 +&0�1�0 5�  5(�#+0�1!.03  %/.&*��& . 
�/%5-  (�!.&  �;A/%�0  #4 0-53!"&  1�0��6*�  *#+"#/  # !�!.&0�'8.  0!/)�  4% 0 )�1 . �  %#(/ 
*&!9#.-0&/.!'  0!/)�  5 5/(!5/".#0*-4  5(�/".�0 , "&!&8>#4!'  ;#�%/.&*��& , !(/1#  
*#4: BioMCN (�#1/(�&*1- , �0(�5& ), Smithfield Foods (�.& , ��
 ), North Shore Energy 
Technologies (0 5/(!5/".#0/ , ��
 ), Norin Green (0 5/(!5/".#0/ , �5�*#' ), Atlantic 
Biomass (0 5/(!5/".#0/ , ��
 ). 20% !�0�"35*�)�  5�.(/;�/*#'  %/.#��0�)�  !5#(.&  "&" 0 
9#!.�%  0#1/, .&" # 0 0#1/ /)�  5(�#+0�1*-4  5(#4�1#.!'  *& 1��8  .(&*!5�(.*-4  !(/1!.0 . 
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�/!%�.('  *& .� , 9.�  "  2020 )�13  1��'  ;#�.�5�#0  0 .(&*!5�(.*�%  !/".�(/  1�� *&  
5(/0-!#.6  6%, 1��'  ;#�%/.&*��&  �!.&*/.!'  1�0��6*�  *#+"�$  – 0!/)�  0,2%. 

��
������  �	��
  – ;#�;3.&*�� , ;3.&*�� , C4H10O – ;/!,0/.*&'   #1"�!.6  !  
4&(&"./(*-%  +&5&4�%. �#(�"�  #!5��6+3/.!'  0 5(�%-7�/**�!.# . :*/()#'  ;3.&*��&  
;�#+"&  "  <*/()##  ;/*+#*& . �3.&*��  %� /.  #!5��6+�0&.6!'  0 .�5�#0*-4  <�/%/*.&4  "&" 
!-(6@ 1�'  5(�#+0�1!.0&  0�1�(�1& . �(�%/  .�)� , ;3.&*��  #!5��6+38.  0 "&9/!.0/  
(&!.0�(#./�'  5(#  5(�#+0�1!.0/  */"�.�(-4  0#1�0 �&"�"(&!�9*-4  %&./(#&��0 . ��!!#'  – 
"(35*/$7#$  5(�#+0�1#./�6  # <"!5�(./(  ;3.&*��& . �& 5�!�/1*#/  5'.6  �/.  ;��//  60% 
5(�#+0/1/**�)�  0 !.(&*/  ;3.#��0�)�  !5#(.&  5�!.&0�'��!6  5�.(/;#./�'%  *& 0*/7*#4  
(-*"&4  !;-.& . �3.#��0-/  !5#(.-  0 ��!!##  0-53!"&8.  !�/138>#/  5(/15(#'.#'  
(3"&+&*- 0 5�('1"/  3;-0&*#'  5(�#+0�1!.0/**-4  %�>*�!./$ ): 
«�&�&0&.*/2./�()!#*./+ », «�#;3( -�#%5(�% », 
*)&(!"&'  ��� , «�/0#**�%-!!"#$  

+�. ». 
�5#!�"  �#./(&.3(- : 
1. �&$.  [:�/".(�**-$  (/!3(! ] URL: https://energosector.com 
2. �&$.  [:�/".(�**-$  (/!3(! ] URL: https://alter220.ru 
3. �&$.  [:�/".(�**-$  (/!3(! ] URL: http://ecotechblog.ru 
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�  *&!.�'>//  0(/%'  0 ��!!##  !�&;�  (&!5(�!.(&*/*�  5(�#+0�1!.0�  ;#�(/&".�(�0  !  

*&�#9#/% &0.�%&.#+#(�0&**�$  !#!./%-  35(&0�/*#' . �#�(/&".�(  – <.�  !�� *-$  �;A/".  
35(&0�/*#' , "�.�(-$  .(/;3/.  "&9/!.0/**�  5�1�;(&**-4  (/ #%�0  35(&0�/*#'  1�'  
5(�13".#0*�)�  0-(&>#0&*#'  "�*"(/.*�)�  ;#�%&./(#&�& . �#"(�0�1�(�!�6  Chlorella, 
0-!.35&8>&'  0 (��#  1&**�)�  ;#�%&./(#&�& , %� /.  5(#%/*'.6!'  0 (&+�#9*-4  !2/(&4  
1/'./�6*�!.#  9/��0/"& : %/1#,#*&, 1�;&0"& 0 "�(%& 1�'   #0�.*�0�19/!.0& , 
;#���)#9/!"&'  �9#!."&  !.�9*-4  0�1  # 5( ., *�  0 *&!.�'>//  0(/%'  *&#;��//  
(&!5(�!.(&*/*&  0 "&9/!.0/  #%/**�  1�;&0�"  0 "�(%  [1]. �(#%/*/*#/  1&**�)�  
;#�%&./(#&�&  �;3!�&0�#0&/.!'  /)�  7#(�"#%  !�!.&0�% , & #%/**�  *&�#9#/  ;��67�)�  
"��#9/!.0&  ;/�"& , 5��*�)�  *&;�(&  */+&%/*#%-4 &%#*�"#!��. , 3)�/0�1�0 ,  #(�0 , 
0#.&%#*�0 # ;#���)#9/!"#4  !.#%3�'.�(�0  [2]. �  "&9/!.0/  5��39&/%�)�  (/+3�6.&.&  
1�;&0�/*#'  0 "�(%  1&**�$  %#"(�0�1�(�!�#  %� *�  �.%/.#.6 : 
• 30/�#9/*#/  !(/1*/!3.�9*-4  5(#0/!�0  5(#  �."�(%/  "(35*�(�)&.�)�  !"�.&  # 
!0#*/$  *& 25-42% [2]; 
• !�"(&>/*#/  5&1/ & %���1*'"&  +& !9/.  3"(/5�/*#'  5(#(�1*�)�  #%%3*#./.& 
 #0�.*-4  [2]; 
• 30/�#9/*#/  5��1�0#.�!.#  (�1#./�6!"�)�  !.&1&, !�"(&>/*#/  */5(�13".#0*-4  
�!/%/*/*#$  [2]; 
• 5�0-7/*#/  3!0�'/%�!.#  "�(%�0 , 5�+0��'8>//  <"�*�%#.6  #4 (&!4�1�0&*#/  1�  
22% [2]. 

�/�68  (&+(&;�."#  '0�'/.!'  5��39/*#'  .&"�$  !#!./%-  &0.�%&.#+#(�0&**�)�  
35(&0�/*#'  ;#�(/&".�(�% , "�.�(&'  5�+0��'�&  ;-  5�11/( #0&.6  .(/;3/%-/  +*&9/*#'  



 

5&(&%/.(�0  (./%5/(&.3(& , 1&0�/*#/
�5(/1/�/**�%  0-;(&**-%  (/ #%�%
;#�%&./(#&�& . 
�&1&9# (&+(&;�."# : 

1. 	!3>/!.0#.6  !;�("3
2. �  5�%�>68  .(/;3/%-4

&0.�%&.#+&,#8 ;#�(/&".�(& .
3. �!!�/1�0&.6  3!��0#'

�!0/>/**�!.# , 1&0�/*#'  # 5(
5�!�/138>/)�  !�!.&0�/*#'  (/ #%�0

4. �&+(&;�.&.6  5(�)(&%%3
;#�(/&".�(�% . 

5. �&+(&;�.&.6  
*&4�1'>/)�!'  0 1&**-$  %�%/*.

�.(3".3(*&'  !4/%& ;#�(/&".�(&
�#�(/& ".�(  (&;�.&/.  !�/138>#%
	!*�0*-%  <�/%/*.�%  

5�+0��#.  !3>/!.0/ **�  �)(&*#9#.6
%#"(�0�1�(�!�# .  

�(�,/!!  *&9#*&/.!'  !
*&)(/.6  1�  �5.#%&�6*�$  1�'
*&)(/0&/.!'  5(#  5�%�>#  +%//0#"&
0 +%//0#"/ �;/!5/9#0&/.  *&!�!
/%"�!.68  2. �(/8>&'  0�1& *&)(/0&/.!'

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

�&"#% �;(&+�% , 5��39#0
%#"(�0�1�(�!�# , 5��39&'  !(/13
0 /%"�!.#  1 #!5��6+3/.!'  1�'
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./%5/(&.3(& , 1&0�/*#/ , "�*,/*.(&,#'  3)�/"#!��)�  )&+& #
0-;(&**-%  (/ #%�%  (&;�.-  1�'  5(�#+0�1!.0&  .(/;3/%�)�

	!3>/!.0#.6  !;�("3  �&;�(&.�(*�$  3!.&*�0"#  (;#�(/&".�(&
5�%�>68  .(/;3/%-4  ./4*#9/!"#4  !(/1!.0  &0.�%&.#+&,##
;#�(/&".�(& . 

�!!�/1�0&.6  3!��0#'  (�!.&  ;#�%&./(#&�& , 53./% #+%/*/*#'
1&0�/*#' #  5( ., !  ,/�68  �5(/1/�/*#'  �5.#%&�6*-4

!�!.&0�/*#'  (/ #%�0  (&;�.-  ;#�(/&".�(& . 
�&+(&;�.&.6  5(�)(&%%3 1�'  &0.�%&.#+#(�0&**�$  !#!./%-

�&+(&;�.&.6  !5�!�;  �5(/1/�/*#'  "�*,/*.(&,##  
%�%/*.  0 ;#�(/&".�(/ . 

!4/%& ;#�(/&".�(&  5(/1!.&0�/*&  *& (#!3*"/  1. 
(&;�.&/.  !�/138>#%  �;(&+�% . 
<�/%/*.�%  '0�'/.!'  )/(%/.#9*&'  */5(�+(&9*&'  /%"�!.6

�)(&*#9#.6  0�#'*#/  0*/7*/$  !(/1-  *& !(/13

*&9#*&/.!'  !  +&�#0& 0 /%"�!.6  1 0�1- . ��13  0 /%"�!.#
�5.#%&�6*�$ 1�'  (�!.&  %#"(�0�1�(�!�#  ./%5/(&.3(- . ��1&

5�%�># +%//0#"& 4, 0 "�.�(�%  ./9/.  )(/8>&'  0�1&. �#("3�',#8
�;/!5/9#0&/.  *&!�! . �(/8>&'  0�1& ,#("3�#(3/.  %/ 13

0�1& *&)(/0&/.!'  5(#  5�%�>#  *&)(/0&./�6*�)�  <�/%/*.&

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

0/>/!.0&%#  

5��39#0  0 /%"�!.#  1 */�;4�1#%38  ./%5/(&.3(3
5��39&'  !(/13  1�'  0-(&># 0&*#' . ��!�/  <.�)�  !#!./%&

#!5��6+3/.!' 1�'  5�11/( &*#'  ./%5/(&.3(-  !(/1-  1�'  0-(&>#0&*#'

)&+& # 5( .) *& 3(�0*/ , 
.(/;3/%�)�  " ��#9/!.0&  

;#�(/&".�(& ). 
&0.�%&.#+&,## (/&�#+�0&.6  

#+%/*/*#'  5&(&%/.(�0  
�5.#%&�6*-4  #4 +*&9/*#$ # 

!#!./%-  35(&0�/*#'  

"�*,/*.(&,##  ;#�%&./(#&�& , 

*/5(�+(&9*&' /%"�!.6  1, "�.�(&'  
*& !(/13  0-(&>#0&*#'  

/%"�!.#  */�;4�1#%�  
./%5/(&.3(- . ��1&  0 /%"�!.#  1 

0�1&. �#("3�',#8  0�1-  
%/ 13  +%//0#"�% # 

*&)(/0&./�6*�)�  <�/%/*.&  3. 

 
/%"�!.6  !  )(/8>/$  

!0/.�1#�1*-/  �&%5- , 7 – /%"�!.6  

./%5/(&.3(3 , 00�1#.!'  7.&%% 
!#!./%&  (&+�)(/0&  0�1-  
1�' 0-(&>#0&*#' . 
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��'  0-(&>#0&*#'  %#"(�0�1�(�!�#  !(/13  0 /%"�!.#  1 �;�)&>&8.  5�!(/1!.0�%  &<(&,## 
# / /1*/0*�$  5�1&9/$ 5#.&./�6*-4  0/>/!.0 . ��+134  5�1&/.!'  5(#  5�%�>#  
"�%5(/!!�(&  *& &<(&.�(  5, "�.�(-$  (&0*�%/(*�  (&!5(/1/�'/.  )&+ 5�  0!/%3 �;A/%3  
 #1"�!.# . �&"  "&" <.�  !#!./%&  +&"(-.�)�  .#5&, 5�!.�'**&'  5�1&9& 0�+134& *&)*/.&/.  
0*3.(#  3!.&*�0"#  1&0�/*#/ . ��'  !;(�!&  #+;-.�9*�)�  1&0�/*#'  5(/13!%�.(/*  "�&5&*. 
�#.&*#/  5(�#+0�1#.!'  5�!(/1!.0�%  *&!�!&  #+ /%"�!.#  !  5#.&./�6*-%  0/>/!.0�%  7. 
�&"   /  1�'  0-(&>#0&*#'  4��(/��-  #%//.  �)(�%*�/  +*&9/*#/  �!0/>/*#/ . 	!0/>/*#/  
�!3>/!.0�'/.!'  5(#  5�%�>#  !0/.�1#�1*-4  �/*.  6. 

�(�,/!!  0-(&>#0&*#'  +&*#%&/. */!"��6"�  1*/$ . ��  1�!.# /*#8  */�;4�1#%�)�  
(&+%/(& "���*##  0�1�(�!�/$ , ;#�%&./(#&�  0-"&9#0&8.  #+ /%"�!.# , 5�!�/  9/)�  5(�,/!!  
%� *�  5�0.�('.6  */�1*�"(&.*� . 

�-0�1 : �&  !�0(/%/**�%  <.&5/ (&+0#.#' !.(&*-  '0�'/.!'  �!�;/**�  0& *-%  
3"(/5�'.6  <"�*�%#9/!"#/  5�+#,##  # �1*#% #+ 53./$  <.�)�  %� /.  '0�'.6!'  0*/1(/*#/  0 
5#>/0�$  "�(%  !5/,#&�6*-4  1�;&0�" . �#"(�0�1�(�!�6  ���(/��&  3 /  1&0*� 5�"&+&�& 
!0�8  ;#���)#9/!"38  ,/**�!.6 , 5�<.�%3  !�+1&*#/  &0.�%&.#+#(�0&**-4  3!.&*�0�"  1�'  
//  0-(&>#0&*#'  '0�'/.!'  5/(!5/".#0*-%  ./4*#9/!"#%  *&5(&0�/*#/% . 
 
�5#!�"  �#./(&.3(- : 

1. 			  «�&7"#(!"&'  5.#,& ». �/4*���)#' . ���(/��&  [:�/".(�**-$  (/!3(! ]. – 
�/!3(!  1�!.35& : http://;&75.#,& .(2 /hlorella-ru/ 

2. �&$.  «:"��!/ ». ���(/��&  0  #0�.*�0�1!.0/  [:�/".(�**-$  (/!3(! ].– �/!3(!  
1�!.35& : http://ekovse.ru/hlorella/hlorella-v-zhivotnovodstve  
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�&+&"�0 � .� ., �&5�'  � .� . 
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�&)�0-/  10#)&./�#  (�� ) 7#(�"�  (&!5(�!.(&*/*-  0 35(&0�/*##  (&+�#9*-%#  

%�;#�6*-%#  !#!./%&%# +& !9/.  0-!�"�$  .�9*�!.#  5�+#,#�*#(�0&*#' , ;-!.(�1/$!.0#'  
# ;��67�$  <"�*�%##  5�.(/;�/*#'  <*/()## . 

�(&>/*#/  0&�& ��  �!3>/!.0�'/.!'  53./% 5�1&9# 5�!�/1�0&./�6*�!.#  
5('%�3)��6*-4  #%53�6!�0  *& �;%�."#  !.&.�(&  [1]. �&"!#%&�6*&'  #�#  5(/1/�6*&'  
!"�(�!.6  0(&>/*#'  0&�& ��  +&0#!#. �.  *&)(3+"# *& 10#)&./�6  # 9&!.�.-  35(&0�'8>#4  
#%53�6!�0 . �&" /  !�/13/.  39#.-0&.6  �!�;/**�!.#  "�*!.(3",##  "& 1�)�  10#)&./�' .  

�(/1/�6*�/  ;-!.(�1/$!.0#/  1�!.#)&/.!'  5(#  �1*�#%53�6!*�%  35(&0�/*##  !  
�)(&*#9/*#/%  5�  0/�#9#*/  0�+1/$!.0#' . �&**�/  3.0/( 1/*#/  !5(&0/1�#0�  .��6"�  1�'  
�;A/".�0  5/(0�)�  5�('1"&  [2, 3]. ���/;&./�6*�!.6  # 5/(/(/)3�#(�0&*#/  4&(&"./(#+38.  
5(�,/!!  5�+#,#�*#(�0&*#'  (�.�(& , #+-+& 9/)�  */�6+'  #!5��6+�0&.6  ��  *& 5(/1/�6*-4  
!"�(�!.'4 , . ." . */�;4�1#%�  (/+/(0#(�0&*#/  1�#./�6*�!.#  35(&0�'8>#4  #%53�6!�0 . 
�/+/(0#(�0&*#/  1�#./�6*�!.#  35(&0�'8>#4  #%53�6!�0  '0�'/.!'  5(#9#*�$  
*/<22/".#0*�)�  5�.(/;�/*#'  <�/".(�<*/()## . 

�"�(�!.6  0(&>/*#/  ��  5(#  �)(&*#9/**�%  35(&0�'8>/%  0�+1/$!.0##  
1�!.#)&/.!'  53./% 2�(%#(�0&*#'  5�!�/1�0&./�6*�!.#  #%53�6!�0  5/(/%/**�$  
1�#./�6*�!.#  # +*&"& [5]. 
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�(/1!.&0#%  %�1/�6  7&)�0�)�  10#)&./�'  0 0#1/ 1#22/(/*,#&�6*�)�  3(&0*/*#'  
[6]: 

EFG� H FI� J� 8� $ KLM� F 
 J� 8� $ KLM� N�  (1) 
)1/  J – %�%/*.  #*/(,## , p – 9#!��  5&( 5��8!�0 , D – "�<22#,#/*.  0'+"�)�  

.(/*#' , �  – %&)*#.*-$  5�.�" , n – 9#!��  0#."�0 , I – !#�&  .�"& , U – *&5(' /*#/  *& 
�;%�."/  !.&.�(& . 

�!5��6+3'  +&%/*3 5/(/%/**-4 , 5(/1!.&0#% 0-(& /*#/  (1) 0 (&+*�!.*�%  0#1/: 

F 
 FOPFI

FO � FO<�

Q@
PFG


FO � � � FO<� � FO<�

Q@� � 

)1/  Q@ – 1#!"(/.*-$  7&) 0(/%/*# . 
�#22/(/*,#&�6*�/  3(&0*/*#/  (1) 0 (&+*�!.*�%  0#1/ 5(#%/.  !�/138>#$  0#1: 

E�
FO � � � FO<� � FO<�

Q@� � H �
FO � FO<�

Q@
� � 8� $ KL� FO 
 J� 8� $ KLM� N 

�-(&+#0  5/(/%/**38  FO, 5��39#%  !�/138>38  (/"3((/*.*38  +&0#!#%�!.6 3)�& 
(�.�(&  FO �.  1#!"(/.*�)�  0(/%/*#  @O 
 6 � Q@: 

FO 

� 5R$ 9STUVWXY�Z

[
\ ] RU

^
\]

_<VWXR�
[

` ] R
[

\ ] RU
^
\]

U� 5R$ 9S
  (2) 

�(�0/(#%  "�((/".*�!.6  5��39/**�$  +&0#!#%�!.# (2). ��'  <.�)�  5(�0/1/%  
9#!�/**-$  <"!5/(#%/*.  !�  !�/138>#%#  +*&9/*#'%# 5&(&%/.(�0 : 

H 
 KLMNOP�� %� ! � (&1<� P$ 
 NMQ� NK<a �� � � � P 8
 MRP 

b 

MSK
ST

P E
 TLM� NK<c �� : � � P K
 MKKU 

�/7#0  1#22/(/*,#&�6*�/  3(&0*/*#/  (1) 5��39&/% 5/(/1&.�9*38  23*",#8 : 

4 � d� 

� 8� $ KL

d� E� dH � � 8� $ KL
 

��<22#,#/*.  +&.34&*#' 1�'  1&**�$  5/(/1&.�9*�$  23*",##  [7]: 
; 


e

� �� 5R$ 9S�f
[

RgR$ hi

j (3) 

�3>/!.03/.  .(#  3!��0#' , �5(/1/�'8>#/  0#1 0(/%/**-4  4&(&"./(#!.#" , 
#+0/!.*-4  *&% #+ ./�(##  &0.�%&.#9/!"�)�  35(&0�/*#' : 

·  �&(&"./(#!.#"#  #%/8.  "��/;&./�6*-$  4&(&"./(  5(#  0<e<1; 
·  �&(&"./(#!.#"#  %�*�.�**-  5(#  eV1; 
·  �&(&"./(#!.#"#  #%/8.  0#1 */+&.34&8>#4 "��/;&*#$  5(#  e=0. 

��<22#,#/*.  +&.34&*#' (3), (&!!9#.&**-$  0 9#!�/**�%  <"!5/(#%/*./ , (&0/*  
0.174, 9.�  !��.0/.!.03/.  3!��0#8  (4).  

�0�$!.0�  "��/;&./�6*�!.#  5(�,/!!&  0#1*�  5�  /)�  5/(/4�1*�$  4&(&"./(#!.#"/ . 
��1.0/( 1/*#/%  '0�'/.!'  (&!9/.*�/  +*&9/*#/  23*",##  (3). 	5.#%&�6*�/  0(/%'  7&)& 
�5(/1/�'/.!'  53./% 5�#!"&  ��"&�6*�)�  <"!.(/%3%&, "�.�(-$  04�1#.  0 1#&5&+�* 
1�53!.#%�)�  �."��*/*#'  �.  3!.&*�0#07/)�!'  +*&9/*#' , *&5(#%/( , D=5%. ��#!"  
<"!.(/%3%& �!3>/!.0�'/.!'  0 5(�,/!!/  #./(&,#�**-4  0-9#!�/*#$  1�  %�%/*.& k, 5(#  
"�.�(�%  0-5��*'/.!'  !�/138>//  3!��0#/ : 
J� FO k FO<� � l � FO<� m FO<� � l n FO<� o b � � � � p � qMr s � FO t FO<� � l � FO<� o FO<� � l

jjjjjjjl n FO<� m b � � � � p � qu  (5), 
)1/  W – 3)��  5�0�(�.&  0&�& *& 1 7&). 
�!�#  3!��0#/  (5) 0-5��*'/.!' , .�  *& 6-% 7&)/  5��39/*-  �5.#%&�6*-/  +*&9/*#'  

FO<� 
 F�	
 , 6 � � 
 6�	
  # !��.0/.!.0/**�  @�	
 
 6�	
 � Q@.  
�  (/+3�6.&./  5��39&8.!'  +*&9/*#' , '0�'8>#/!'  �5.#%&�6*-%  0(/%/*/%  �1*�)�  

.&".& (&;�.-  7&)�0�)�  10#)&./�' , +&0#!'>#/  �.  #*1#0#13&�6*-4  5&(&%/.(�0  
%&./%&.#9/!"�$  %�1/�# . 
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�/+3�6.&.-  &*&�#+& %&./%&.#9/!"�$  %�1/�#  # 9#!�/**�)�  <"!5/(#%/*.&  
5�+0��'8.  �5(/1/�#.6  %#*#%&�6*�/ 0(/%'  �1*�)�  .&".& (&;�.-  7&)�0�)�  10#)&./�' . 
�&**�/  0(/%'  '0�'/.!'  �5.#%&�6*-%  0 !�39&'4 , "�)1&  .(/;3/.!'  �;/!5/9#.6  
%&"!#%&�6*38 !"�(�!.6  0(&>/*#'  0&�& 10#)&./�' . 

 
�5#!�"  #!5��6+3/%-4  #!.�9*#"�0 : 
1. �&,%&*  � . � . :�/".(#9/!"#/  %&7#*- : 39/;*#"  1�'  !.31/*.�0  

39(/ 1/*#$  !(/1*/)�  5(�2/!!#�*&�6*�)�  �;(&+�0&*#' . �+1&*#/  5-/ , 5/(/(&; . # 1�5 . – 
��!"0& : Academia, 2003, 496 ! . 

2. �(&!�0!"#$  
 .
 . �5(&0�9*#"  5�  ./�(##  &0.�%&.#9/!"�)�  35(&0�/*#' . – 
� .: �&3"& , 1987, 712 ! . 

3. �-!/*"�  
 .� ., �/*,�0  
 .� . 	;  &!#%5.�.#9/!"#4  0/(!#'4  
�1*�#%53�6!*�)�  35(&0�/*#'  0 �#*/$*�$  !#!./%/ : %*� /!.0&  5(#.' /*#'  0 
5(�!.(&*!.0/  .(&/".�(#$  // �#22/(/*,#&�6*-/  35(&0�/*#'  # 5(�,/!!-  35(&0�/*#' , 
2003, E  2. 

4. �%/�6'*�0  
 .� . �&)�0-/  10#)&./�# : 39/; . 5�!�;#/ / 
 .� . �%/�6'*�0 , 
 .� . 
�#�#* / ���)��� . – ���)�)(&1 , 2005. – 48 ! . 

5. ��#!//0  
 . 
 . 	5.#%&�6*�/  35(&0�/*#/  5(#  1#!"(/.*-4  35(&0�'8>#4  
0�+1/$!.0#'4  // 
0.�%&.#"&  # ./�/%/4&*#"& , 1991, E  9, � . 123–132. 

6. Kenjo Takashi, Sugawara Akira. Stepping Motors and Their Microprocessor 
Controls. Oxford University Press; 2 edition, 1994, 279 p. 

7. Athani V. V. Stepper Motors: Fundamentals, Applications And Design. New 
Age International, 1997, 201 p. 
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�&9/!.0�  (/+#*�0-4  #+1/�#$  *&5('%38  +&0#!#. �.  !�;�81/*#'  ./4*���)##  

5(�,/!!&  03�"&*#+&,##, & #%/**�  ./%5/(&.3(-  # 0(/%/*#  03�"&*#+&,## # 1&0�/*#'  
0*3.(#  2�(%&.�(& -03�"&*#+&.�(&. ��<.�%3  (&;�.-  5�  !�0/(7/*!.0�0&*#8  !#!./%  
35(&0�/*#'  5(�,/!!�%  03�"&*#+&,## '0�'8.!'  &".3&�6*-%# . 

�/�68  (&;�.-  '0�'/.!' : 35(�!.#.6  5(�#+0�1!.0� , !�"(&.#.6  9/��0/9/!"�/  
0�#'*#/  *& 4�1  5(�#+0�1!.0& , 3�397#.6  "&9/!.0�  0-53!"&  5(�13",## , !�"(&.#.6  
/1#*#,-  %&./(#&�& #!4�1*�)�  (/!3(!& , 3%/*67#.6  +&.(&.-  0(/%/*#  *& 5(�#+0�1!.0�  
/1#*#,-  5(�13",##  

�&1&9# (&;�.- : (&+(&;�.&.6  %&./%&.#9/!"38 %�1/�6  "�*.3(&  (/)3�#(�0&*#'  
./%5/(&.3(-  2�(%&.�(& -03�"&*#+&.�(&; !5(�/".#(�0&.6  !#!./%3  35(&0�/*#'  5(�,/!!�%  
03�"&*#+&,## (/+#*�0-4  #+1/�#$ .  

�&  2�(%&.�(&4  – 03�"&*#+&.�(&4 5(�#+0�1'.!'  # 2�(%�0&*#/  !�;(&**�$  
5�"(-7"# , # //  03�"&*#+&,#' . �3*",#8  0&(�9*�$  "&%/(-  +1/!6 0-5��*'/.  
!5/,#&�6*&'  (/+#*�0&'  1#&2(&)%&, '0�'8>&'!'  5(#*&1�/ *�!.68  03�"&*#+&.�(&. 
�(#%/*/*#/  2�(%&.�(�0 -03�"&*#+&.�(�0  5�+0��#��  #+;&0#.6!'  �.  %*�)#4  .(31�/%"#4  
�5/(&,#$ , !0'+&**-4  !  5(#%/*/*#/%  (39*�)�  .(31&, .&"#4 "&" +&"�&1"& 0&(�9*-4  "&%/( 
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0 5�"(-7"#  # #4 2�(%�0&*#/ , #+0�/9/*#/  0&(�9*-4  "&%/( #+ 5�"(-7"#  5�!�/  
03�"&*#+&,##. 

��  0(/%'  2�(%�0&*#'  0*3.(6  ,#�#*1(&  5�1&@.!' 5&(, "�.�(-$  */5�!(/1!.0/**�  
0-0�(&9#0&/.  1#&2(&)%3 # 0!.&0�'/.  //  0*3.(6  5�"(-7"# . �/(4*''  9&!.6 2�(%-  
!�0/(7&/.  5��!"�5&(&��/�6*-/  10# /*#'  0*#+ # 2�(%3/.  7#*3 , 0-5��*''  23*",#8  
0/(4*/)�  1#!"& 0 0�+137*�%  2�(%&.�(/ . ��1  0�#'*#/%  5&(& 1#&2(&)%& (&+130&/.!'  # 
!�1/$!.03/.  2�(%�0&*#8  5�"(-7"# . 

�&"  .��6"�  2�(%& 5��*�!.68  +&%"*3�&!6, 0*3.(6  1#&2(&)%- 5�1&/.!'  
5/(/)(/.&'  0�1&, 5(/!! –2�(%& �;1&/.!'  5&(�%, # 03�"&*#+&,#'  5(�./"&/.  
5(#;�#+#./�6*�  .&"  / , "&" # 0 #*1#0#13&�6*�% 03�"&*#+&.�(/ . 

��!�/  +&0/(7/*#'  03�"&*#+&,## 2�(%& # 5�"(-7"&  �!.-0&8. , 5���!.6  
1#&2(&)%- !�/1#*'/.!'  !  0&"33%*�$ �#*#/$ , & 0/(4*''  9&!.6 2�(%-  5�1*#%&/.!' . 
��"(-7"&  �"&+-0&/.!'  0 0/(4*/$  9&!.# 2�(%- , & 1#&2(&)%& #+0�/"&/.!'  #+ *//  # 
34�1#.  0*#+, 0 ,#�#*1( . ��&)�1&('  0-.&�"#0&8>/%3  %/4&*#+%3 5�"(-7"&  5�!�/  
0-*#%&/.!'  #+ 0/(4*/$  9&!.# 2�(%- . 

�&1&9& &0.�%&.#9/!"�)�  (/)3�#(�0&*#'  +&"�89&/.!'  0 5�11/( &*##  +&1&**�$ 
./%5/(&.3(-  0*3.(#  03�"&*#+&,#�**�$  "&%/(- .  

�/.�1�%  ��.&9&  � .� . �5(/1/�'/.!'  5/(/1&.�9*&'  23*",#'  �;A/".&  35(&0�/*#' . 
�/.�1  5(/1*&+*&9/*  1�'  �;A/".�0 , 5/(/4�1*&'  4&(&"./(#!.#"&  "�.�(-4  #%//.  S-
�;(&+*-$  0#1. �&0#!#%�!.6  ./%5/(&.3(-  �.  (&!4�1& %� *�  �5#!&.6  5/(/1&.�9*�$  
23*",#/$ , 5(/1!.&0�/**�$  0 0#1/ 2�(%3�- : 

4 5 

6

�78 � �� 9 : ; <5= � 

�&"#% �;(&+�% , 5/(/1&.�9*&'  23*",#'  �;A/".&  35(&0�/*#'  ;31/.  #%/.6 
!�/138>#$  0#1: 

4 5 

6

�78 � �� 9 : ; <5= 

�>v

���>� � � � ��>�8 � �
: ; <5�>� � 

	;A/".  35(&0�/*#'  #%//.  0.�(�$  5�('1�"  # �;�&1&/.  0(/%/*/%  +&5&+1-0&*#' 
(&0*-%  0.1. 

��'  5(�/".#(�0&*#'  
����  03�"&*#+&,## (/+#*�0-4  #+1/�#$  5(/1�&)&/.!'  
#!5��6+�0&.6  !�/138>//  �;�(31�0&*#/ : %�13�6 00�1& &*&��)�0-4  !#)*&��0  �� 110 – 
8
 , %�13�6 0-0�1&  &*&��)�0-4  !#)*&��0  �� 110 – 8� , %�13�6 0-0�1&  1#!"(/.*-4  
!#)*&��0  �� 110 – 8��  4� , (&!4�1�%/( -!9/.9#"  0#4(/0�$  �����  ���  �  – 500, 
./(%�5(/�;(&+�0&./�#  	���  ���  035-50� .� 2. 120� , 1&.9#" 1&0�/*#'  	���  �� 100 – 
��  111. �  "&9/!.0/  #!5��*#./�6*-4  %/4&*#+%�0 5(/1�&)&/.!'  0-;(&.6 : "�&5&* 
5(�4�1*�$  �1*�!/1/�6*-$  SAUTER AVM-234S # "�&5&* <�/".(�%&)*#.*-$  DANFOSS 
042U436932 EV220W. �  "&9/!.0/  "�*.(��#(38>/)�  3!.(�$!.0&  0-;(&*  !/*!�(*-$  
5&*/�6*-$  "�*.(���/(  ���  110. 

�&"#% �;(&+�% , 0-5��*/*-  +&1&9# 5�  %�1/�#(�0&*#8  2�(%&.�(& -03�"&*#+&.�(& 
# 5(�/".#(�0&*#8  &0.�%&.#+#(�0&**�$  !#!./%-  35(&0�/*#'  ./4*���)#9/!"#%  
5(�,/!!�%  03�"&*#+&,## (/+#*�0-4  #+1/�#$ . 

 
�5#!�"  �#./(&.3(- : 
1. X�.&9, Y. � . �/�(#'  &0.�%&.#9/!"�)�  35(&0�/*#' : �9/;*#"  1�'  !.31/*.�0  

����0  / Y.� . X�.&9. – � .: �:� , 2010. – 399 ! . 
2. �31*#"�0 , � .� . 
0.�%&.#9/!"�/  35(&0�/*#/  0 4#%#9/!"�$  5(�%-7�/**�!.#  / 

� .� . �31*#"�0  – � .: �#%#' , 2007. – 368 ! . 
3. ��8/0 , 
 .� . �(�/".#(�0&*#/  !#!./%  &0.�%&.#+&,## ./4*���)#9/!"#4  

5(�,/!!�0 / 
 .� . ��8/0 , � .Y. ��&+�0 , 
 .� . �3;(�0!"#$ , 
 .
 . ��8/0 . // �5(&0�9*�/  
5�!�;#/ . – � .: :*/()�&.�%#+1&. , 1990. 
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4. Z��3;'.*#"�0 , � .
 ., 
0.�%&.#+&,#'  5(�,/!!�0  0 4#%#9/!"�$  
5(�%-7�/**�!.#  / Y.
 . Z��3;'.*#"�0 , Y. Y. �30&��0 – � .: �#%#' , 2002.–362!   

5. �&*)#* , Y. Y. �(�%-7�/**-/  "�*.(���/(-  0 !#!./%&4  &0.�%&.#+&,## 
./4*���)#9/!"#4  5(�,/!!�0  / � .� . �&*)#* . // �9/;*�/  5�!�;#/  – �. . 	!"�� : ��� , 2013. – 
408! . 
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 ��0(/%/**38   #+*6  .(31*�  # 1& /  */0�+%� *�  5(/1!.&0#.6  ;/+  
4#%#9/!"�$  5(�%-7�/**�!.# . �3"0&�6*�  0!/  0�"(3)  '0�'/.!'  (/+3�6.&.�%  ./4  #�#  
#*-4  4#%#9/!"#4 5(�,/!!�0 . �/%�$  1&**�$  !.&.6#  '0�'/.!'  5(�13". , #!5��6+3/%-$  0 
5(�#+0�1!.0/  ;��67�)�  "��#9/!.0&  .�0&(�0 . �&!.0�(#./�6 , #!"3!!.0/**&'  "� & , 
./"!.#�6 , */;68>//!'  !./"�� , (/+#*�0-$  "�/$ , 7/��&" , 5�&># , 2�.�)(&2#9/!"#/  
5�/*"#  # 134# – 0!/  <.# # />@ %*�)�  1(3)#4 (&+*�0#1*�!./$  .�0&(�0  #%/8.  0 !0�@% 
!�!.&0/  ;3.#��0-$  !5#(. . �3.#��0-$  !5#(.  (;3.&*�� ) – ;/!,0/.*&' , 93.6 %&!�'*#!.&'  
 #1"�!.6  !  4&(&"./(*-%  +&5&4�% !#037*�)�  %&!�&.  
 ��'  5��39/*#'  "&9/!.0/**�$  5(�13",##  */�;4�1#%�  !�;�8!.#  �1*�  #+ 
0& *-4  3!��0#$ , & #%/**� , 9#!.�.3  #!4�1*-4  5(�13".�0 . ��<.�%3  1�'  ;3.#��0�)�  
!5#(.&  */�;4�1#%�  5(�#+0/!.#  /)�  �9#!."3 . �&  !/)�1*'7*#$  1/*6  1�'  5��39/*#'  
9#!.�)�  ;3.#��0�)�  !5#(.&  #!5��6+38.  5(�,/!!  (/".#2#"&,## .  
 �(�,/!!  (/".#2#"&,##  5(/1!.&0�'/.  !�;�$  5(�,/!!  (&+1/�/*#'  10�$*-4  
#�#  %*�)�"�%5�*/*.*-4  !%/!/$  +& !9@. 5(�.#0�.�9*�)�  %&!!��;%/*&  %/ 13  5&(�% # 
 #1"�!.68 . 
 ��'  �!3>/!.0�/*#'  1&**�)�  5(�,/!!&  ;-�&  (&+(&;�.&*& /)�  !4/%&. �.&" , 
�!*�0*-%  <�/%/*.�%  1&**�$  !4/%-  �5(/1/�/**�  '0�'/.!'  (/".#2#"&,#�**&'  "���**& . 
��  5(/ 1/ , 9/% !-(6@ 5�!.35&/.  *& "���**3 , �*�  5(�4�1#.  <.&5 5(/10&(#./�6*�$  
�9#!."# , *& <.�% <.&5/ */�9#>/**-$  ;3.#��0-$  !5#(.  �!0�;� 1&/.!'  �.  �!*�0*�)�  
"��#9/!.0&  0�1- . ��'  1&**�)�  <.&5& ;-�#  5�1�;(&*-  2&+�(&+1/�#./�# . 
�&+�(&+1/�#./�#  5(/1!.&0�'8.  !�;�$  )�(#+�*.&�6*-/  @%"�!.# �;A/%�%  10 %3, 
�!*&>@**-/  3(�0*/%/(�%  1�'  "�*.(��'  3(�0*'  +&5��*/*#'  /%"�!.# , & .&"  /  3(�0*/%  
(&+1/�& 2&+. ��'  1&**�$  ,/�#  ;-�  0-;(&*  %#"(�5(�,/!!�(*-$  5(/�;(&+�0&./�6  3(�0*'  
;3$"�0-$  �
���� -22�� 1, <.�  �;A'!*'/.!'  ./%, 9.�  1&**-$  3(�0*/%/(  #1/&�6*�  
5�14�1#.  1�'  �5(/1/�/*#'  3(�0*'  (&+1/�& 2&+, & .&" /  #%//.  */0-!�"38  !.�#%�!.6  [4]. 
�&�//  5(#  1�!.# /*##  */�;4�1#%�)�  3(�0*'  (&+1/�& 2&+ !5#(.&  # 0�1- , .�  /!.6  80 # 20 
5(�,/*.�0  !��.0/.!.0/**� , �."(-0&/.!'  "�&5&* �.0�1&  0�1-  0 !;�(*#"  �.(&;�.&**�$  
0�1- . ��'  (/)3�#(�0&*#'  5�1&9# !(/1-  ;-�  0-;(&*  5*/0%&.#9/!"#$  (/)3�'.�(  
1&0�/*#'  ����  510 [8]. �-;�(  1&**�)�  #!5��*#./�6*�)�  %/4&*#+%& �;3!��0�/*  
5(�!.�.�$  /)�  "�*!.(3",## , <"!5�3&.&,#�**-%  �;!�3 #0&*#/% , .&" /  ;-!.(�$  
�"35&/%�!.68 , *&1/ *�!.68  (&;�.-  # 0�+%� *�!.68  #!5��6+�0&*#'  1&**�)�  
%/4&*#+%& 0 ;��67#4  1#&5&+�*&4 ./%5/(&.3( , 0�& *�!.#  # *& 0+(-0��5&!*�%  
5(�#+0�1!.0/ .  
 �&�// , 0-4�1'  #+ 5/(0�)�  2&+�(&+1/�#./�' , !5#(.  5�5&1&/. 0�  0.�(�$  
2&+�(&+1/�#./�6  1�'  0.�(#9*�)�  �.!.&#0&*#' . �&**-$  2&+�(&+1/�#./�6  &*&��)#9/*  
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5/(0�%3  # #%//.  5�1�;*-$  ;3$"�0-$  3(�0*/%/(  # .(3;�5(�0�1  �.0�1&  �.!.�'07/$!'  
0�1- . �&./%  �.!.�'07#$!'  !5#(.  #+ 2&+�(&+1/�#./�'  2 *&)*/.&/.!'  !  5�%�>68  *&!�!&  
*& ./5���;%/**#"  1�'  5(/10&(#./�6*�)�  *&)(/0& 1�'  (/".#2#"&,#�**�$  "���**- . 
 ��'  1&**�)�  5(�,/!!&  ;-�  0-;(&*  *&!�!  1,5�� -6-2,8 [9]. �&**-$  *&!�!  
5(/1*&+*&9/*  1�'  5/(/"&9#0&*#'  &)(/!!#0*-4 , )�(89#4 , !�1/( &>#4  0(/1*-/  
0/>/!.0&   #1"�!./$  0 (&+�#9*-4  3!��0#'4 . �  !0�@% *&+0&*#/ !�1/( #.  ;3"0-  ��  – 9.�  
)�0�('.  �  0�+%� *�!.#  5(#%/*/*#'  /)�  *& 4#%#9/!"�% 5(�#+0�1!.0/ , & .&" /  .� , 9.�  �*  
�;�&1&/.  0-!�"�$  )/(%/.#9*�!.68 . �  "&9/!.0/  ./5���;%/**#"&  ;-�&  0-;(&*&  
)�(#+�*.&�6*&'  /%"�!.6  �;A/%�%  10% %3.  
 �/�9#>/**-$  !5#(.  5�5&1&/. 0 ./5���;%/**#" , )1/  /)�  *&)(/0  
�!3>/!.0�'/.!'  3 /  �9#>/**-%  !5#(.�% , 0-7/17#%  !  (/".#2#"&,#�**�$  "���**- . 
�&  .(3;�5(�0�1/  5�1&9# 3!.&*�0�/*-  10& 5(#;�(& : 1&.9#" ./%5/(&.3(-  1�'  "�*.(��'  
1�!.# /*#'  */�;4�1#%�$  ./%5/(&.3(-  # (&!4�1�%/( , 35(&0�'8>#$  "�&5&*�% 5�1&9# 
*&)(/.�)�  !5#(.&  0 "���**3 . ��'  1&**�$  ,/�#  ;-�#  5�1�;(&*-  ./(%�5(/�;(&+�0&./�6  
!�5(�.#0�/*#'  5�&.#*�0-$  �/.(&*  256, & .&" /  <�/".(�**-$  (�.&%/.(  :��� -���
  
215 [5]. �-;�(  1&**�)�  (�.&%/.(&  �;3!��0�/*  1/7/0#+*�$ , *&1/ *�!.68  # 
*/5(#4�.�#0�!.68  0 #!5��6+�0&*## . �  5(�,/!!/  (/".#2#"&,##  )�&0*38  (��6  #)(&/.  
#%/**�  ./%5/(&.3(& , 5�<.�%3  ;-�  0-;(&*  #%/**�  ./(%�5(/�;(&+�0&./�6  
!�5(�.#0�/*#' , "�.�(-/  �.�#9&8.!'  0-!�"�$  .�9*�!.68 .  
 �&)(/.-$  !5#(.  5�!.35&/.  0 (/".#2#"&,#�**38  "���**3 . �  "���**/  
*&)(/0  �!3>/!.0�'/.!'  !  5�%�>68  0-*�!*�)�  "#5'.#�6*#"& . �(#  1�!.# /*##  
*/�;4�1#%�$  ./%5/(&.3(-  0 "���**/  5/(/"(-0&/.!'  "�&5&* �.0�1&  5&(& #+ 
"#5'.#�6*#"&  0 "���**3 . �/%5/(&.3(&  0 "���**/  5�11/( #0&/.!'  0 5(/1/�&4  �.  100 1�  
120�  # .&" /  (/)#!.(#(3/.!'  ./(%�5(/�;(&+�0&./�/%  !�5(�.#0�/*#'  �/.(&*  256 [6]. 
�&" /  0 "���**/  (/)#!.(#(3/.!'  1&0�/*#/  !  5�%�>68  #*./��/".3&�6*�)�  1&.9#"& 
#+;-.�9*�)�  1&0�/*#'  �/.(&*&  150GT2, "�.�(-$  �;�&1&/.  0-!�"�$  .�9*�!.68  
#+%/(/*#$  [7]. �(#  5(/0-7/*##  1&0�/*#'  �!3>/!.0�'/.!'  !#)*&�#+&,#' . 	9#>/**-$  
!5#(.  !"&5�#0&/.!'  0 "3;/  "���**- , 3(�0/*6  "�.�(�)�  #+%/('/.!'  3(�0*/%/(�%  
�&(2#( -22�� 1 [4]. �&�//  !5#(.  #+ "���**-  5�!.35&/.  0 ./5���;%/**#" , )1/  �*  
*&)(/0&/.  />@ */�9#>/**-$  !5#(. . �&./%  �*  5�5&1&/. 0�  0.�(�$  ./5���;%/**#"  1�'  
1�!.&.�9*�)�  �4�& 1/*#' , )1/  �4�& 1/*#/  5(�4�1#.  5�!(/1!.0�%  0�1- . �  #.�)/  
�9#>/**-$  ;3.#��0-$  !5#(.  5�!.35&/.  0 )�(#+�*.&�6*38  @%"�!.6 �;A/%�%  10%3. 
 ��'  "�*.(��'  # 35(&0�/*#'  1&**-%  5(�,/!!�%  ;-�  0-;(&*  "�*.(���/(  
�
��� -100 [3]. �&**-$  "�*.(���/(  ;-�  (&+(&;�.&*  5�1  5(�#+0�1!.0� , +&*#%&8>//!'  
4#%#/$ # */2./4#%#/$ . :.�.  3*#0/(!&�6*-$  "�*.(���/(  !5/,#&�#+#(�0&*  5�1  
4#%#9/!"#/  # */2./4#%#9/!"#/  5(�#+0�1!.0& . 	*  5(/1!.&0�'/.  !�;�$  !#!./%3  
5�0-7/**�$  *&1/ *�!.# , & .&" /  #%//.  0+(-0�+&>#>/**-/  %�1#2#"&,## . 

�-0�1 : (&+(&;�.&**&'  !#!./%&  (/".#2#"&,##  ;3.#��0�)�  !5#(.&  �;/!5/9#0&/.  
"&9/!.0/**38  !#!./%3  1�!.# /*#'  9#!.�)�  5(�13".&  +& !9/.  #!5��6+�0&*#'  
!�0(/%/**�)�  %#"(�5(�,/!!�(*�)�  �;�(31�0&*#' . 

 
�#;�#�)(&2#9/!"#$  !5#!�" : 
1. 
2�*#* , 
 .� . �/�(/.#9/!"#/  �!*�0-  (&+(&;�."#  # %�1/�#(�0&*#'  !#!./%  
&0.�%&.#+&,##: �9/;*�/  5�!�;#/  / 
 .� . 
2�*#* , � .� . �&(/)�(�1,/0 , 
 .� . �/.(�0& , 
� .� . �2(/%�0& . – � .: ��(3% , 2011. – 192! . 
2. �	��  21.208-2013. �#!./%&  5(�/".*�$  1�"3%/*.&,##  1�'  !.(�#./�6!.0& . 

0.�%&.#+&,#'  ./4*���)#9/!"#4  5(�,/!!�0 . 	;�+*&9/*#'  3!��0*-/  5(#;�(�0  # !(/1!.0  
&0.�%&.#+&,## 0 !4/%&4. – �0/1 .2014-11-01. –� .: �.&*1&(.#*2�(% ,  2015. – 26 ! . 
3. ��13�6*-$  "�*.(���/(  �&+#!-100. // 	2#,#&�6*-$  !&$.  2#(%-  :"�(/!3(! : 
http://ecoresurs.ru/controllers_b100.htm //(1&.& �;(&>/*#' : 22.05.2019)). 
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4.  �(�0*/%/(  �&52#(  // �&.&��)  .�0&(�0  ���  URL: https://skbps.nt-rt.ru// (1&.& 
�;(&>/*#' : 22.05.2019)). 
5.  �&!4�1�%/(  :��� -���
  // 	2#,#&�6*-$  !&$.  2#(%-  :���  URL: https://emis-
kip.ru/ru/ /(1&.& �;(&>/*#' : 22.05.2019)). 
6.  �(/�;(&+�0&./�#  ./%5/(&.3(-  ����
�  // 	2#,#&�6*-$  !&$.  2#(%-  ����
�  
URL: https://www.emerson.ru/ru-ru/catalog/metran-276-ru-ru (1&.& �;(&>/*#' : 
22.05.2019)). 
7.  �(/�;(&+�0&./�#  1&0�/*#'  ����
�  // 	2#,#&�6*-$  !&$.  2#(%-  ����
� . URL: 
https://www.emerson.ru/ru-ru/catalog/metran-150-ru-ru (1&.& �;(&>/*#' : 22.05.2019)). 
8.   �!5��*#./�6*-$  %/4&*#+% ����  //  	2#,#&�6*-$  !&$.  2#(%-  ����  URL: 
http://www.roost.ru/ (1&.& �;(&>/*#' : 22.05.2019)). 
9. �&!�!  )/(%/.#9*-$  // �&.&��)  Power Group URL:http://power-group.kiev.ua//  (1&.& 
�;(&>/*#' : 22.05.2019)). 
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�  *&!.�'>//  0(/%'  1�!.&.�9*�  7#(�"�/  (&!5(�!.(&*/*#/  5��39&8.  0!/  ;��//  

(&+*��;(&+*-/  )&+�0-/  !%/!# . �  (&+0#.#/% *&3"# # ./4*#"#  �;�&!.6  5(#%/*/*#'  # 
!5/".(  .&"#4 )&+�0-4  !%/!/$  */5(/(-0*�  (&!./. . �  "& 1-%  )�1�%  (&!7#('/.!'  (//!.(  
)&+�0-4  !%/!/$  5(�7/17#4  5(�,/13(3  )�!31&(!.0/**�)�  3.0/( 1/*#'  # 5��39#07#4  
!.&.3!  ��	  ���  ()�!31&(!.0/**-$  !.&*1&(.*-$  �;(&+/,  – 5�0/(�9*&'  )&+�0&' !%/!6 ).  

�&!!%&.(#0&/%-$  5(�,/!!  5(�#+0�1!.0&  ,#&*#!.�)�  0�1�(�1&  '0�'/.!'  
5(�%/ 3.�9*-%  0 5(�#+0�1!.0/  %/.#�*#*& . ��  <.�  */  3%/*67&/.  /)�  +*&9/*#' . 

0.�%&.#+&,#'  5(�,/!!&  5(�#+0�1!.0&  ,#&*#!.�)�  0�1�(�1&  5�+0��'/.  3�397#.6  
"&9/!.0�  (/)3�#(�0&*#' , 3�397&/.  3!��0#'  .(31& (&;�9#4 , .&" "&" 0 5(�,/!!/  
#!5��6+3/.!'  0-!�"�.�"!#9*-/  0/>/!.0& , & 5(#%/*/*#/  &0.�%&.#+&,## 5�+0��'/.  
!�"(&.#.6  1�  %#*#%3%& 5(/;-0&*#'  (&;�9#4  0 5(�#+0�1!.0/**-4  5�%/>/*#'4 . 

�/4*���)#'  5(�,/!!&  +&"�89&/.!'  0 .�% , 9.�  #!4�1*&'  .(�$*&'  )&+�0&' !%/!6  
%/.&*, &%%#&", "#!��(�1  (#�#  0�+134) 0 !��.*�7/*##  NH3:�� 4:O2=1:(1,10-1,24):(1,10-
1,5) 0 5�1�)(/.�%  1�  ./%5/(&.3(-  85-100o�  !�!.�'*##  5�1&8.  0 (/&".�(  *& 
5�&.#*�(�1#/0-$  "&.&�#+&.�( , )1/  5(#  ./%5/(&.3(/  1000-1200o�  5(�#!4�1#.  
0+&#%�1/$!.0#/ )&+�0 !  �;(&+�0&*#/%  ,#&*#!.�)�  0�1�(�1&  (HCN). �&./%  !%/!6  
,#&*#(�0&**-4  )&+�0 �4�& 1&8.  0 10& <.&5&. �&  5/(0�%  <.&5/, */5�!(/1!.0/**�  5�!�/  
+�*-  (/&",##  0 +&"&��9*�% 4���1#�6*#"/  (6), !%/!6  �4�& 1&8.  1�  ./%5/(&.3(-  600-
650o�  !�  !"�(�!.68  3000-12000 )(&1/!  # 0-./!*'8.  ,#&*#(�0&**-/  )&+- #+ (/&".�(&  0 
./5���;%/**#"  "�.�& -3.#�#+&.�(& . �.�(�$  <.&5 – �4�& 1/*#/  ,#&*#(�0&**-4  )&+�0 
5(�0�1'.  1�  ./%5/(&.3(-  245-250o�  # �.1/�'8.  ,/�/0�$  5(�13". . �&"&��9*-$  
4���1#�6*#"  6 #%//.  ;��6738  5�0/(4*�!.6  �4�& 1/*#'  5�  !(&0*/*#8  !  +&"&��9*-%  
4���1#�6*#"�%  0.�(�)�  <.&5& 7 (�#! .1).  
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�#!3*�"  1 – ���39/*#/  ,#&*#!.�)�  0�1�(�1&  (!%/!#./�6  1 1�'  5��39/*#'  

10�$*�$  !%/!# , !%/!#./�6  2 1�'  5��39/*#'  .(�$*�$  !%/!# , 3 – .�9"&  "�*.(��'  
./%5/(&.3(-  .(�$*�$  !%/!# , (/&".�(  4, 5�&.#*�(�1#/0-$  "&.&�#+&.�(  5, +&"&��9*-$  
4���1#�6*#"  5/(0#9*�)�  �4�& 1/*#'  ,#&*#(�0&**-4  )&+�0 6 , ./5���;%/**#"  0.�(�)�  
<.&5& �4�& 1/*#'  ,#&*#(�0&**-4  )&+�0 7, 8 - .�9"&  "�*.(��'  ./%5/(&.3(-  ,/�/0�)�  
5(�13".& , 4/%�!�(;/(-  9) 

 
��!"��6"3  (&+�� /*#/  ,/�/0�)�  5(�13".&  #1/.  &".#0*�  0 +�*/  */5�!(/1!.0/**�  

;�#+"�$  "  +�*/  (/&",## , .�  3!"�(/**�/  �4�& 1/*#/  ,#&*#(�0&**-4  )&+�0 5�!�/  +�*-  
(/&",##  30/�#9#0&/.  0-4�1  ,/�/0�)�  5(�13".&  *& 10-15% [1]. 

	!*�0�$  "&9/!.0/**�)�  0/1/*#'  ./4*���)#9/!"�)�  5(�,/!!&  5(�#+0�1!.0&  
!#*#�6*�$  "#!��.- , '0�'/.!'  .�9*�/  !��.*�7/*#/  #!4�1*-4  (/&)/*.�0  (%/.&*& # 
&%%#&"&) # #4 ./%5/(&.3(-  *& 04�1/  0 !%/!#./�6 . �/%5/(&.3(&  %/.&*& # &%%#&"& 
%� /.  #+%/*'.6!'  0 +&0#!#%�!.# �.  (&+�#9*-4  2&".�(�0 : *&(37/*#'  ./4*���)##  0 
5(/1-13>/%  5(�,/!!/ , ./%5/(&.3(-  �"(3 &8>/$  !(/1- . ��'  3!.(&*/*#'  <.�)�  
0�+%3>&8>/)�  0�+1/$!.0#'  3!.&*�0�/*-  4���1#�6*#"# , 0 "�.�(-4  3!.&*�0�/*-  
+%//0#"# 1�'  �4�& 1/*#'  %/.&*& # &%%#&"&. 	1*�0(/%/**�  !  <.#% 5�'0�'/.!'  
*/�;4�1#%�!.6  !�/1#.6  +& ./%5/(&.3(�$  5&(& 0 4���1#�6*#"&4 , .&" "&" 5(#  30/�#9/*##  
./%5/(&.3(-  <22/".#0*�!.6  +%//0#"& (/+"�  !*# &/.!' .  

�&!4�1  *&)(/.�)�  &%%#&"& # %/.&*& '0�'/.!'  �5(/1/�'8>#%  1�'  !.&1## 
5��39/*#'  !#*#�6*�$  "#!��.- , 5�<.�%3  1�'  *�(%&�6*�)�  4�1& ./4*���)#9/!"�)�  
5(�,/!!&  <.�.  (&!4�1  */�;4�1#%�  !.&;#�#+#(�0&.6 . 	1*�0(/%/**�  *& (&!4�1  &%%#&"& # 
%/.&*& %� /.  0�#'.6  #+%/*/*#/  1&0�/*#'  &%%#&"& # %/.&*& 0 .(3;�5(�0�1/  5/(/1  
04�1�% 0 ./5���;%/**#"  0!�/1!.0#/  0-1/�/*#'  )&+�0. ��'  3!.(&*/*#'  <.�)�  
0�+%3>&8>/)�  0�+1/$!.0#'  5(#%/*'/.!'  �1*�"�*.3(*&'  !#!./%&  !.&;#�#+&,##  
1&0�/*#' . 

�(#%/*/*#/  !�0(/%/**-4  !(/1!.0  &0.�%&.#+&,## 5�+0��#��  3�397#.6  �!*�0*-/  
5�"&+&./�#  <22/".#0*�!.# , .&"#/  "&" !�!.&0  5��39/**�$  ,#&*#!.�0�1�(�1*�$  "#!��.- , 
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;/+�5&!*�!.6  # ;/+&0&(#$*�!.6  5(�,/!!& , 5(#  �5.#%&�6*�$  5(�#+0�1#./�6*�!.#  
�;�(31�0&*#'  # 5(#  %#*#%&�6*-4 <*/()/.#9/!"#4  +&.(&.&4 *& 5(�,/!! . 

 
�5#!�"  #!5��6+3/%�$  �#./(&.3(- : 
1. �&./*.  E 2191746. C01C3/02 5��39/*#/  ,#&*#!.�0�1�(�1*�$  (!#*#�6*�$ ) 
"#!��.- . ��!!#' , &0.�(-  �&9/)#*  
 .� ., �.&(�0�$.�0  � .� ., �&.(#*  � .� ., �('"3*�0  
� .� ., �31&"�0& � .� ., �';93"  � .� ., �#7#*  	 .
 ., �&$1#*  � .� ., �/!./(/0  � .
 .. 	."(-.�/  
&",#�*/(*�/  �;>/!.0�  "��� !"#$  	()!#*./+ ". 
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�&(;#1  "(/%*#'  '0�'/.!'  5�53�'(*-%  &;(&+#0�%, .&" "&" �;�&1&/.  0-!�"�$  
5(�9*�!.68  # *#+"�$  ,/*�$ . ��&)�1&('  0-!�"�$  4#%#9/!"�$  !.&;#�6*�!.# , 
#+*�!�!.�$"�!.#  # �)*/35�(*�!.# , "&(;#1  "(/%*#'  5(#%/*'/.!'  0 "&9/!.0/  �)*/35�(&  0 
%/.&��3()#9/!"�$  5(�%-7�/**�!.# . ��'  #+)�.�0�/*#'  &;(&+#0*-4  #*!.(3%/*.�0 , 
.&"#4 "&" 7�#2�0&�6*-/  "(3)# , *& 1&9*&'  ;3%&)&, */�;4�1#%  #+%/�69@**-$ "&(;#1  
"(/%*#' .  

��  0(/%'  5�1)�.�0"#  "&(;#1& "(/%*#'  "  1(�;�/*#8  0 */)�  1�;&0�'/.!'  
./4*#9/!"&'  0�1& # 2��.�(/&)/*. , "�.�(-/  5�%�)&8.  �.9#>&.6  /)�  �.  5(#%/!/$ . 

�&  (#!3*"/  1 5(/1!.&0�/*&  ./4*���)#9/!"&'  !4/%& 5(�,/!!&  5�1)�.�0"#  "&(;#1& 
"(/%*#'  "  1(�;�/*#8 . 

 
�#!3*�"  1 – �/4*���)#9/!"&'  !4/%& 5(�,/!!&  5�1)�.�0"#  "&(;#1& "(/%*#'  "  
1(�;�/*#8  1 – 5(#/%*-$  ;3*"/( ; 2 – �/*.�9*-$  "�*0/$/(  (1�+&.�( ); 3 �� %�.�( -
(/13".�(  !  &!#*4(�**-%  10#)&./�/%  1�'  0(&>/*#'  (��#"&  �/*.- ; 4 – 5(#/%*-$  ;3*"/(  
1(�;#�"#  

 
�/(/)3�#(3/%&'  5�1&9# 2��.�(/&)/*.&  *&5('%38  0�#'/.  *& "&9/!.0�  5(�13".& . 

�  !� &�/*#8 , *& %*�)#4  5(/15(#'.#'4  �;A/%  5�1&0&/%�$  #1"�!.#  5(&".#9/!"#  */  
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(/)3�#(3/.!' . �  !0'+#  !  <.#% 30/�#9#0&/.!'  (&!4�1  2��.�(/&)/.&  #, "&" ;-��  !"&+&*� 
0-7/ , ./('/.!'  "&9/!.0�  #.�)�0�)�  %&./(#&�&.   

��'  (/7/*#'  1&**�$  5(�;�/%- , !0'+&**�$  !  1�+#(�0&*#/%  2��.�(/&)/*.& , %- 
0!.(&#0&/% 0 !#!./%3  %#"(�1�+&.�( . �#"(�1�+&.�(  2��.�(/&)/*.&  #%//.  !�/138>38  
"�*!.(3",#8  ((#!3*�"  2). 

 
�#!3*�"  2 – ��*!.(3",#'  1�'  (/)3�#(�0&*#'  2��.�(/&)/*.&  

�  – #+�39&./�6 , �  – 5(#/%*#" , ��  – %#"(�"�*.(���/( ,S – #!5��*#./�6*-$  %/4&*#+% 
 

�&**&'  "�*!.(3",#'  5�+0��'/.  30/�#9#.6  .�9*�!.6  1�+#(�0&*#'  2��.�(/&)*/.& , 
�.!�/ #0&.6  /)�  (&!4�1 , !�/1�0&./�6*� , 5�0-7&/.  <"�*�%#9*�!.6  5(�#+0�1!.0&  # 
"&9/!.0�  5��39&/%�$  5(�13",## .  


0.�%&.#+#(�0&**�/  (&;�9//  %/!.�  – <.�  (&;�9//  %/!.�  �5/(&.�(& , "�.�(�/  
�;�(31�0&*�  5/(!�*&�6*-%  "�%568./(�% , 5(�)(&%%*-%  �;/!5/9/*#/%  # !#!./%�$  
0#+3&�#+&,## "�*.(��#(3/%�)�  5(�,/!!& . 	*�   5�+0��'/.  5��39&.6  # �;(&;&.-0&.6  
#*2�(%&,#8  �  !�!.�'*##  5(�,/!!&  # 5(#  */�;4�1#%�!.#  "�((/".#(�0&.6  5&(&%/.(- , 
0�#'8>#/  *& 5(�#+0�1!.0�  5(�13",## .   

��'  31�;*�)�  0�!5(#'.#'  *& %�*#.�(/  �5/(&.�(&  0 0/(4*/$  9&!.# <"(&*& 
./"3>#/  +*&9/*#'  (&!4�1& "&(;#1& "(/%*#' , 2��.�(/&)/*.&  # 0�1- . 

	5�0/>/*#/  �5/(&.�(&  �;  �."��*/*##  "&"�)� -�#;�  #+ 5&(&%/.(�0  �.  *�(%-  #�#  
�  *#+"�% 3(�0*/  2��.�(/&)/*.&  0 /%"�!.#  ;31/.  �!3>/!.0�'.6!'  !  5�%�>68  &*#%&,##, 
0 0#1/ !#)*&�6*-4  �&%5. 

�#+3&�#+&,#'  ./"3>/)�  !�!.�'*#'  (&;�.-  "�&5&*�0  5�1&9# 2��.�(/&)/*.&  # 
0�1-  ;31/.  �!3>/!.0�'.6!'  !  5�%�>68  #+%/*/*#'  ,0/.  "�&5&*�0 . «�(&!*-$ » �� "�&5&* 
5/(/"(-. , «+/�/*-$ » �� "�&5&* �."(-. . 

�(#  *& &.##  *& "*�5"3  «�(/*1 » *& <"(&*/  �5/(&.�(&  ;31/.  �.�;(& &.6!'  .(/*1 , 
5�"&+-0&8>#$  #+%/*/*#'  +*&9/*#$ "�*.(��#(3/%-4  5&(&%/.(�0 . �*�5"&  «�(/0�)& » 
0-+-0&/.  �"*�  !  �.�;(& /*#/%  #*2�(%&,##  �  !#)*&�#+&,## . «���39#.6  �.9/. » 
2�(%#(3/.  2&$�  !  1&**-%#  �  (&!4�1/  0!/4  %&./(#&��0 . 
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�#!3*�"  3 — %*/%�!4/%& ./4*���)#9/!"�)�  5(�,/!!&  1�+#(�0&*#'  

 
�5#!�"  �#./(&.3(- : 

1. ��+&.�(-  */5(/(-0*�)�  1/$!.0#'  - !(/1!.0&  &0.�%&.#+&,## 5(�,/!!�0  
1�+#(�0&*#' . 	;+�(*&'  #*2�(%&,#' . — � ., 1982.- �#*#,-*  � . � ., �(�4#*  
 . � .  

2. 
0.�%&.#+#(�0&**�/  (&;�9//  %/!.�  1�'  !.&.#!.#9/!"�$  �;(&;�."#  
1&**-4 . / ��1  (/1 . � .� . �3(&"�0& , � .� . �&$#.;/)�0& , � .� . �#+(�4# , � .� . �!/*�0!"�)� . 
- � ., 2005). 

3. 
0.�%&.#9/!"#/  %#"(�1�+&.�(-  1�'   #1"�!./$ . — � ., 1975.-  
;#��0  
 . 
� ., �8.2&�#/0  � . 
 .  

4. ��+&.�(-  */5(/(-0*�)�  1/$!.0#'  - !(/1!.0&  &0.�%&.#+&,## 5(�,/!!�0  
1�+#(�0&*#' . 	;+�(*&'  #*2�(%&,#' . — � ., 1982.- �#*#,-*  � . � ., �(�4#*  
 . � .  

5. �&(;#1  "(/%*#' : ./4*���)#' , !0�$!.0& , 5(#%/*/*#/ /��1  (/1 . �/�'/0&  
 . 
� ., ��*&"�0�$  � . � . — �&(6"�0 . «���
 ». 2010. — 532 ! . (8,9 Mb) ISBN 978-966-02-
5445-9. 
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�/+#*�!%/7/*#/  .(31�/%"#$  # <*/()�+&.(&.*-$  5(�,/!! , 5�<.�%3  ./%& (&;�.-  

'0�'/.!'  &".3&�6*�$ . ��+1&.6  &0.�%&.#+#(�0&**38  !#!./%3  # 0*/1(#.6  !�0(/%/**-/  
!(/1!.0&  35(&0�/*#' , & .&" /  +&%/*#.6 3!.&(/07#/  "�%5�*/*.-  !#!./%-  – <.�  
0�+%� *�!.6  !*# /*#'  #+1/( /"  5(�#+0�1!.0& , 5�0-7/*#'  5(�#+0�1#./�6*�!.# , 
3�397/*#'  )�1�0�$  <"�*�%#9/!"�$  <22/".#0*�!.#  !#!./%- , & .&" /  3�397/*#'  
"&9/!.0& # ;-!.(�1/$!.0#'  !#!./%- . 

	!*�0*�$  ,/�68  (&;�.-  '0�'/.!'  5�0-7/*#/  "&9/!.0& 35(&0�/*#'  5(�,/!!�% .  
�&1&9# (&;�.- : (&+(&;�.&.6  %&./%&.#9/!"38 %�1/�6  "�*.3(&  (/)3�#(�0&*#'  

./%5/(&.3(-  (/+#*�!%/!#./�' ; !5(�/".#(�0&.6  !#!./%3  35(&0�/*#'  5(�,/!!�%  
&0.�%&.#+&,## (/+#*�!%/7/*#' . 

�/�68  1&**�)�  5(�,/!!&  '0�'/.!'  5(#)�.�0�/*#/  (/+#*�0�$  !%/!#  *& 
(/+#*�!%/!#./�/  �� -270-30. 
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�(�,/!!  5(#)�.�0�/*#'  (/+#*�0-4  !%/!/$  *&9#*&/.!'  !  (&+0/!"#  #*)(/1#/*.�0 ,  
04�1'>#4  0 !�!.&0  !%/!# , & #%/**� : !& # , %&!�&, !/(- , "&��#*& , */�+�*& , "&*#2��# , 
;#.3%&, �"#!#  %&)*/+##, �"#!#  ,#*"& , "&393"�0. �/+#*�!%/!#./�6  #%//.  !/%6 0/!�0-4  
3!.(�$!.0 , *& "& 1�%  0/!�0�%  3!.(�$!.0/  0+0/7#0&/.!'  5�  */!"��6"�  �1*�.#5*-4  
#*)(/1#/*.�0 . ��!�/  �!3>/!.0�'/.!'  +&)(3+"& 0 ;3*"/(  0/!�0 . �&�//  5(�#+0�1#.!'  
5��9/(/1*�/  0+0/7#0&*#/ "�%5�*/*.�0 . 
  5�!�/  <.�)�  5(�#!4�1#.  (&+)(3+"& �#;�  0 
!;�(*38  /%"�!.6 , �#;�  0 5(�130�9*38  /%"�!.6 , �#;�  *& .(&*!5�(./( . ��1�;*�/  
1/�/*#/  *& #*./(0&�-  0(/%/*#  # (&+�#9*-/  /%"�!.#  */�;4�1#%�  1�'  .�)� , 9.�;-  
�;/!5/9#.6  5�1&93 "�%5�*/*.�0  �1*�)�  .#5& 0 (/+#*�!%/!#./�6 . :.�  *&+-0&/.!'  
1034!.&1#$*�/  !%/7#0&*#/ , �*�  5(#%/*'/.!'  1�'  �;/!5/9/*#'  ;��//  .�9*�)�  
*&0/7#0&*#' . ��!�/  0+0/7#0&*#'  #*)(/1#/*.-  5�!.35&8.  *& �;>#$  .(&*!5�(./( . 
��!�/  �"�*9&*#'  (&+0/!"#  "�%5�*/*.�0 , �!3>/!.0�'/.!'  #4 +&)(3+"& 0 
(/+#*�!%/!#./�6 . �&�//  5(�#!4�1#.  ,#"�  !%/7/*#' . 

�  ,/�68  3*#2#"&,##  5(#%/*'8.!'  .#5�0-/  "�*2#)3(&,##  ./4*#9/!"#4  !(/1!.0 : 
%�13�6 0-0�1&  1#!"(/.*�)�  !#)*&�&  �� 110-16� , %�13�6 00�1& !#)*&��0  ./*+�1&.9#"�0  
�� 110-224.4�� , ;��"  5#.&*#'  	���  ��  120�  1�  120 �. , ./(%�5&(&  	���  ��� L-
015� -0110.120.1,0.� (8), (&!4�1�%/(  �/.(&*  – 350� , ./*+�1&.9#"  � 50, 
<�/".(�%&)*#.*-$  "�&5&* DanFoss BB024DS, #!5��*#./�6*-$  %/4&*#+% ���
�  � , 
5(/�;(&+�0&./�6  9&!.�.-  	���  ��� 104-4"�. . �  "&9/!.0/  "�*.(��#(38>/)�  # 
(/)3�#(38>/)�  3!.(�$!.0&  #!5��6+3/.!'  ��)#9/!"#$  "�*.(���/(  	���  ��� 160 – 
5(�)(&%%#(3/%-$  "�*.(���/( , 5(/1*&+*&9/**-$  1�'  5�!.(�/*#'  !#!./%  
&0.�%&.#+&,## 0-!�"�$  # !(/1*/$  !./5/*#  !�� *�!.#  !�0%/!.*�  !  !/*!�(*�$  
�5/(&.�(!"�$  5&*/�68  �� 315-�  

�&1&9& &0.�%&.#9/!"�)�  (/)3�#(�0&*#'  +&"�89&/.!'  0 5�11/( &*##  +&1&**�$ 
./%5/(&.3(-  0*3.(#  !%/!#./�6*�$  "&%/(- . �/%5/(&.3(&  0 (/+#*�!%/!#./�/  1�� *&  
;-.6  0 5(/1/�&4  110-120 °�  5(#  %&"!#%&�6*� 0�+%� *�$  5(�#+0�1#./�6*�!.#  # 
<"�*�%#9*�!.#  5(�,/!!& . ��<.�%3  */�;4�1#%�  (/)3�#(�0&*#/  ./%5/(&.3(-  0 
!%/!#./�6*�$  "&%/(/  53.@% #+%/*/*#'  5�1&9# 4���1*�$  0�1-  0 "&%/(3 !%/7/*#' . 

�/.�1�% , 5(/1�� /**-%  ��.&9/%  � .� ., �5(/1/�'/.!'  5/(/1&.�9*&'  23*",#'  
�;A/".&  35(&0�/*#' . �/.�1  5(/1*&+*&9/*  1�'  �;A/".�0 , 5/(/4�1*&'  4&(&"./(#!.#"&  
"�.�(-4  #%//.  S-�;(&+*-$  0#1. �&0#!#%�!.6  ./%5/(&.3(-  0 (/+#*�!%/!#./�/  �.  
(&!4�1& 4���1*�$  0�1-  %� *�  �5#!&.6  5/(/1&.�9*�$  23*",#/$ , 5(/1!.&0�/**�$  0 0#1/ 
2�(%3�- : 

( ) .
( 1)

p
n

k
W p e

Tp
t-=

+  
�&"#% �;(&+�% , 5/(/1&.�9*&'  23*",#'  �;A/".&  #%//.  0#1: 
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��/1�0&./�6*� , �;A/".  35(&0�/*#'  – (/+#*�!%/!#./�6  �� -270-30 #%//.  
9/.0@(.-$  5�('1�"  # �;�&1&/.  0(/%/*/%  +&5&+1-0&*#' (&0*-%  1,05. 

��  5/(/4�1*�%3  5(�,/!!3 , #+�;(& /**�%3  0 5(�)(&%%*�% !(/1!.0/  VisSim, 
0#1*� , 9.�  "(#0&'  5/(/4�1*�)�  5(�,/!!&  0-4�1#.  *& 3!.&*�0#07//!'  +*&9/*#/ . 
��/1�0&./�6*� , �;A/".  35(&0�/*#'  '0�'/.!'  3!.�$9#0-% . 

�(#  ���  (/)3�#(�0&*#/  !#!./%&  #%//.  %/*67//  "��#9/!.0�  "��/;&*#$  # 
;-!.(//  0-4�1#.  *& +&1&**�/ +*&9/*#/ . 

�/(0-$  5�"&+&./�6  <22/".#0*�!.#  – "&9/!.0�  5��39&/%�)�  5(�13".& . �.�(�$  
5�"&+&./�6  <22/".#0*�!.#  – 5(�#+0�1#./�6*�!.6  1&**�)�  ./4*���)#9/!"�)�  5(�,/!!& . 
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�(/.#$  5�"&+&./�6  <22/".#0*�!.#  – �5.#%&�6*-/  %&./(#&�6*-/  # <*/()/.#9/!"#/  
+&.(&.-  *& 5(�,/!! . 

  
�5#!�"  �#./(&.3(- : 

1. ��.&9 , � . � . �/�(#'  &0.�%&.#9/!"�)�  35(&0�/*#' : �9/;*#"  1�'  !.31/*.�0  
����0  / � .� . ��.&9 . – � .: �:� , 2010. – 399 ! . 

2. �/(/5/�#,#*&  � . � ., ��(�*#*  � . : ., �&09#,  
 . � . 
0.�%&.#+&,#'  !#!./%-  
35(&0�/*#'  5(�,/!!&  5(#)�.�0�/*#'  ;(/"/(*-4  (/+#*�0-4  !%/!/$  0 
(/+#*�!%/!#./�/  �� -270 // ����1�$  39/*-$ . — 2018. — E 5. — � . 37-40. — 
URL https://moluch.ru/archive/191/48186/  

3. �/"#* , � .� . 	;�(31�0&*#/  # �!*�0-  5(�/".#(�0&*#'  +&0�1�0 (/+#*�0�$  
5(�%-7�/**�!.#  / � .� . �/"#* . – � .: �#%#' , 2005. – 504 ! . 

4. ���3;'.*#"�0 , � .
 ., 
0.�%&.#+&,#'  5(�,/!!�0  0 4#%#9/!"�$  5(�%-7�/**�!.#  
/ � .
 . ���3;'.*#"�0 , � .� . �30&��0 – � .: �#%#' , 2002. – 362 !  

5. �31*#"�0 , � .� . 
0.�%&.#9/!"�/  35(&0�/*#/  0 4#%#9/!"�$  5(�%-7�/**�!.#  / 
� .� . �31*#"�0  – � .: �#%#' , 2007. – 368 ! . 
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�  *-*/7*//  0(/%'  &*.#"�((�+#$*�/  5�"(-.#/  7#(�"�  #!5��6+3/.!'  0 

5(�%-7�/**�!.#  !.(&*- . ��&0*&'  ,/�6  .&"�)�  5�"(-.#'  – <.�  #+��',#'  %/.&��#9/!"#4  
5�0/(4*�!./$  �.  &)(/!!#0*�$  !(/1- , !�4(&**�!.#  #4 (&;�.�!5�!�;*�!.#  *& 1��)�/  
0(/%' .  

�& *�$  !�!.&0�'8>/$  &*.#"�((�+#$*�)�  5�"(-.#'  '0�'/.!'  !&% 5(�,/!!  
+&"&�"# 1/.&�/$  0 >/��9&4  # "#!��.&4 . ��  <.�$  5(#9#*/  *3 *�  !�/1#.6  +& "&9/!.0�%  
"#!��. , 5(�5�(,#'%#  >/��9/$ , 5�11/( &*#/%  +&1&**�$ ./%5/(&.3(-  (&!.0�(�0 , 
5(�1�� #./�6*�!.68  5�)(3 /*#$  %32., .>&./�6*�$  5(�%-0"#  # !37"#  [1]. 


0.�%&.#+&,#'  1&**�)�  5(�,/!!&  5(#0/1@. "  ;��//  0-!�"�%3  "&9/!.03  0-53!"&  
5(�13",## , !�"(&>/*#8  0(/%/*#  *& 5(�#+0�1!.0�  /1#*#,-  5(�13",## , !*# /*#8  
!/;/!.�#%�!.#  0-53!"&/%�$  5(�13",## , 3%/*67/*#8  0�#'*#'  9/��0/9/!"�)�  2&".�(& , 
30/�#9/*#8  "�*.(��'  +& 0-53!"�%  5(�13",## , +&.(&. *& #!4�1*-/  (/!3(!- , 
30/�#9/*#8  (&;�.�!5�!�;*�!.#  0!/)�  5(�#+0�1!.0& . 
 �!.&*�0"&  &*.#"�((�+#$*�)�  5�"(-.#'  %32. 5(/1!.&0�'/.  !�;�$  "�%5�/".  0&**, 
�;!�3 #0&/%-4  !5/,#&�6*-%  %�!.�0-%  "(&*�% , # 35(&0�'/.!'  !��.0/.!.038>#%  
<�/".(#9/!"#%  �;�(31�0&*#/%  [1].  

	1*#%  #+ )�&0*-4  5�"&+&./�/$  "&9/!.0& �
�  '0�'/.!'  .�9*�!.6  (/)3�#(�0&*#'  
5&(&%/.(�0 . :.&  .�9*�!.6  +&0#!#. �.  0-;�(&  .#5& (/)3�'.�(&  # /)�  �5.#%&�6*-4  
5&(&%/.(�0  *&!.(�$"#  #+ %*� /!.0&  *&!.(�/9*-4  "�<22#,#/*.�0 , �;/!5/9#0&8>#4  
3!.�$9#0�!.6  �
�  [3]. 	;A/".�%  &0.�%&.#9/!"�)�  (/)3�#(�0&*#'  0-;(&*&  0&**&, & 
5&(&%/.(�% (/)3�#(�0&*#'  – ./%5/(&.3(& .  

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



 

 
�/�#9#*&  04�1*�)�  0�+%3>/*#'
 
�&;�#,&  1 - ���(1#*&.-

t, 
%#* 

0 2 4 6 

� , 
°�  

60 60,4 61 61,8 

 
�&"  "&" 5/(/4�1*&'  4&(&"./(#!.#"&

�!#  �(1#*&. , .�  # 5��39/**38
/1#*#,-  5�  2�(%3�/ : 

 

 
�&;�#,&  2 - ���(1#*&.-

% 0 4 10 18 32
t, 
%#* 

0 2 4 6 8 
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�#!3*�"  1 - �(#0&'  (&+)�*& 

04�1*�)� 0�+%3>/*#' : � ([ )=10% 

���(1#*&.-  "(#0�$  (&+)�*& 

8 10 12 14 16 18 20 22

63,2 64,7 66,2 67,7 69 70 70,8 71,2

5/(/4�1*&'  4&(&"./(#!.#"&  !.(�#.!'  0 �.*�!#./�6*-4
5��39/**38  "(#038  (&+)�*& */�;4�1#%�  5/(/0/!.#

 

�#!3*�"  2 – �(#0&'  (&+)�*& % 

���(1#*&.-  "(#0�$  (&+)�*& % 
32 47 62 77 88 95 100 102,5 

 10 12 14 16 18 20 22 

 

22 24 26 28 

71,2 71,2 71,2 71,2 

�.*�!#./�6*-4  "��(1#*&.&4  5�  
5/(/0/!.#  0 ;/+(&+%/(*-/  

 

 102,5 102,5 102,5 

24 26 28 



 

 ��  #.�)3  <"!5/(#%/*.&
*&#%/*67//  +*&9/*#/  "(#./(#'
&0.�%&.#9/!"�)�  35(&0�/*#' <22/".#0*//

�#!3*�"  3 - �.(3".3(*&'  !4/%&
"�<22# ,#/*.&  5(�5�(,#�*&�6*�!.#

 
�&;�#,&  3 - :"!5/(#%/*.&�6*-/

k3i 1,0 5,0 5,5
Ici 24682,0 20821,0 17634

 

�#!3*�"

 ��*.(��#(3/%-/  # (/)3�#(3/%-/
3(�0/*6  (&!.0�(&  0 @%"�!.'4
@%"�!.'4 ; �5(/1/�/*#/  5��� /*#'
 ��'  35(&0�/*#'  ./4*���)#9/!"#%
"�*.(���/(  	���  ��� 110 !
-  %�13�6 00�1& &*&��)�0-4  !#)*&��0
- %�13�6 0-0�1&  &*&��)�0-4  !#)*&��0
- %�13�6 0-0�1&  1#!"(/.*-4 !#)*&��0
 �-;�(  !(/1!.0  &0.�%&.#+&,##
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<"!5/(#%/*.&  ! #!./%& !  ���  – +&"�*�%  (/)3�#(�0&*#'
"(#./(#'  "&9/!.0&, !�/1�0&./�6*� , 1&**&'

35(&0�/*#'  <22/".#0*// . 

�.(3".3(*&'  !4/%& +&%"*3.�$ !#!./%-  (/)3�#(�0&*#'  !
,#/*.&  5(�5�(,#�*&�6*�!.#  k3i (��� -+&"�*  35(&0�/*#'

:"!5/(#%/*.&�6*-/  1&**-/  
5,5 6,0 6,9 9,0 15,0 
17634 15614,0 15563,0 15733,0 17177,0

�#!3*�"  4 - �(&2#"  +&0#!#%�!.# Ici �.  k3i 
 

# (/)3�#(3/%-/  5&(&%/.(- : ./%5/(&.3(&  (&!.0�(&
@%"�!.'4 ; (&!4�1  /1"�)�  *&.(#'  # <%3�6!��& ; #+%/(/*#/

5��� /*#'  "(&*&. 
./4*���)#9/!"#%  5(�,/!!�%  ;-�  0-;(&*  !/*!�(*-$
110 !  Ethernet: 

&*&��)�0-4  !#)*&��0  	���  �� 110–8
 ; 
&*&��)�0-4  !#)*&��0  	���  �� 110–8� ; 
1#!"(/.*-4  !#)*&��0  	���  �� 110 – 8��  4� ; 

&0.�%&.#+&,##: 

(/)3�#(�0&*#'  #%//.  
!�/1�0&./�6*� 1&**&'  !#!./%&  

 
(/)3�#(�0&*#'  !  5&(&%/.(&%# 

35(&0�/*#' ) 

 20,0 25,0 
17177,0 21654,0 24823,0 

 

(&!.0�(&  0 /%"�!.'4 ; 
<%3�6!��& ; #+%/(/*#/  pH 0 

!/*!�(*-$  5&*/�6*-$  
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- #+%/(/*#/  3(�0*'  0 @%"�!.# – 3�6.(&+03"�0�$  1&.9#" 3(�0*'  Prosonic FMU40; 
- #+%/(/*#/  ./%5/(&.3(-  0 0&**�$  – ./(%�!�5(�.#0�/*#/  	���  ���  015 – 50� ; 
- #+%/(/*#/  (�  (&!.0�(&  – 5(�%-7�/**-$  (�%/.(  – .(&*!%#../(  (�  – 4101; 
- #+%/(/*#/  (&!4�1& – (&!4�1�%/(  ProlineProsonicFlow 92F; 
- �5(/1/�/*#/  5��� /*#'  "(&*& – #*13".#0*�)�  0-"�89&./�'  ��� -� 55- 55� - 1113; 
- #!5��*#./�6*-$  %/4&*#+% (/)3�#(�0&*#'  (&!.0�(&  – "�&5&* 5(�4�1*�$  
�1*�!/1/�6*-$  +&5�(*� -(/)3�#(38>#$  ����  SAUTER AVM-234S; 
- 9&!.�.*-$  5(/�;(&+�0&./�6  35(&0�/*#'  10#)&./�'%#  ��� 103 – 4� 0 – � ; 
- 3!.(�$!.0�  0"�89/*#'  .<*�0  – .0/(1�./�6*�/  (/�/  ESS1-LA; 
- ;��"  5#.&*#'  	���  ��  60;  
- 5/(/"�89&./�#  5�0�(�.*-/  Siemens Sirius !/(##  3SB30; 
- !(/1!.0&  !#)*&�#+&,##  – !#)*&�6*-/  �&%5�9"# MT22 – D13 2#(%-  	��� ; 

�  (&;�./  ;-��  5(�0/1/*�  �;*�0�/*#/  0!/4  !(/1!.0  &0.�%&.#+&,##, & .&" /  
0-;(&*  5&*/�6*-$  5(�)(&%%*-$  ��)#9/!"#$  "�*.(���/(  ���  110, 35(&0�'8>#$  
5(�,/!!�%  &*.#"�((�+#$*�)�  5�"(-.#'  %32.. �!5��6+�0&*#/  !�0(/%/**-4  !(/1!.0  
&0.�%&.#+&,## !  !�0(/%/**-%  "�*.(���/(�%  5�0�#'��  *& #!"�89#./�6*38  .�9*�!.6  
�.!�/ #0&/%-4  # +&1&0&/%-4 ./4*���)#9/!"#4  5&(&%/.(�0  [2]. �.� , ;/+3!��0*� , 0�#'/.  
*& "&9/!.0�  0-1&0&/%�$ 3!.&*�0"�$  5(�13",## , .&" "&" #!"�89&/.  «9/��0/9/!"#$  
2&".�( » # 5�0-7&/.  .�9*�!.6  5(�#!4�1'>#4  5(�,/!!�0 . ��%#%�  <.�)� , 5�  (/+3�6.&.&% 
%�1/(*#+&,##  !3>/!.0/**�  3�397#�#!6  3!��0#'  (&;�.-  �;!�3 #0&8>/)�  5/(!�*&�& , # 
0�+(�!�&  ;/+�5&!*�!.6  ./4*���)#9/!"�)�  5(�,/!!& . 

 
�5#!�"  #!5��6+�0&**�$  �#./(&.3(- : 

1. ���3;'.*#"�0  � .
 . 
0.�%&.#+&,#'  5(�#+0�1!.0/**-4  5(�,/!!�0  0 4#%#9/!"�$  
5(�%-7�/**�!.# . / ���3;'.*#"�0  � .
 ., �30&��0  � .� . //  � ., �#%#' , 1991 .  

2. �&*)#* , � .� . �(�%-7�/**-/  "�*.(���/(-  0 !#!./%&4  &0.�%&.#+&,## 
./4*���)#9/!"#4  5(�,/!!�0  / � .� . �&*)#* . // �9/;*�/  5�!�;#/  – �. . 	!"�� : ��� , 
2013. 

3. �&.-7/*"� , � .� . 
0.�%&.#+&,#'  #+%/(/*#$ , "�*.(��'  # #!5-.&*#$ . �3(!�0�/  
5(�/".#(�0&*#/  / � .� . �&.-7/*"�  � .� . ����0#* . – � .: ����: , 2011.  
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�&"�1#9  : .� .,  ��(+#*  � .� . 
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�/4*���)#9/!"#$  5(�,/!!  (/".#2#"&,##  !%/!#  ;/*+��  – .��3��  '0�'/.!'  

0+(-0��5&!*-% , 5�<.�%3  *& 5(/15(#'.#'4  35(&0�/*#/  <.#% 5(�,/!!�%  �!3>/!.0�'/.!'  
!  5�%�>68  5*/0%&.#9/!"#4  !(/1!.0  &0.�%&.#+&,##. �(#%/*/*#/  5*/0%&.#9/!"#4  
!(/1!.0  &0.�%&.#+&,## �;/!5/9#0&/.  �.!3.!.0#/  0�+*#"*�0/*#'  #!"(/*#' , 0 �.�#9#/  �.  
<�/".(#9/!"#4  # <�/".(�**-4  3!.(�$!.0 , 0 "�.�(-4  0�+%� *�  0�+*#"*�0/*#/  #!"(  0 
%/!./  !�&;�)�  <�/".(#9/!"�)�  "�*.&".& , 9.�  '0�'/.!'  !�0/(7/**�  */1�53!.#%-%  5(#  
<"!5�3&.&,##  0�  0+(-0��5&!*-4  3!.&*�0"&4 , "  "�.�(-%  �.*�!#.!'  .&" /  # 3!.&*�0"&  
(/".#2#"&,##  !%/!#  ;/*+��  – .��3�� . ��  *&!.�'>/)�  0(/%/*#  1�'  35(&0�/*#'  
0+(-0��5&!*-%#  ./4*���)#9/!"#%#  5(�,/!!&%#  #!5��6+38.!'  5*/0%&.#9/!"#/  
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5(#;�(-  (&!4�1�%/(- , 5(/�;(&+�0&./�#  1&0�/*#'  # . .1. !#!./%-  «�.&(. », 
0-5��*/**-/  *& %/%;(&**-4  <�/%/*.&4  ��:��
  [1]. �&0�/*#/  5#.&*#'  5(#;�(�0  
!#!./%-  «�.&(. » !�!.&0�'/.  140 "�& , )&;&(#.*-/  (&+%/(-  �1*�)�  %/%;(&**�)�  ;��"& , 
04�1'>/)�  0 !�!.&0  5(#;�(&  !�!.&0�'/.  0 !(/1*/%  50450450 %%.  

�(/1�&)&/.!'  +&%/*#.6 0-7/3"&+&**-/  5*/0%&.#9/!"#/  %/%;(&**-/  !(/1!.0&  
&0.�%&.#+&,## *& 5*/0%&.#9/!"#/  !.(3$*-/ , 1&0�/*#/  5#.&*#'  "�.�(-4  4 "�&  # 
)&;&(#.*-/  (&+%/(-  *&%*�)�  %/*67/ , 0 !(/1*/%  4043045 %% [2]. ���//  *#+"�/  1&0�/*#/  
5#.&*#'  5�+0��'/.  5�0-!#.6  <"�*�%#9*�!.6  (&;�.-  35(&0�'8>/$  !#!./%- . �.(3$*-$  
"�*.(���/( , 5�!.(�/**-$  *& .&"#4 <�/%/*.&4 , ;31/.  #%/.6 )&;&(#.- , !�5�!.&0#%-/  !  
)&;&(#.&%# <�/".(�**-4  "�*.(���/(�0 , *�  0 �.�#9#/  �.  *#4 */  #%//.  */�;4�1#%�!.#  0 
1�5��*#./�6*-4  5(/�;(&+�0&./�'4  5*/0%&.#9/!"�)�  !#)*&�&  0 <�/".(#9/!"#$ , 9.�  
+*&9#./�6*�  31/7/0�'/.  !#!./%3  35(&0�/*#'  # 5�0-7&/.  //  *&1/ *�!.6 . 

�*/0%&.#9/!"#/  !#)*&�-  �.  !.(3$*-4  1&.9#"�0  1&0�/*#' , (&!4�1& ./%5/(&.3(- , 
3(�0*'  # . .1. +&0�1'.!'  *& &*&��)�0-/  04�1-  !.(3$*�)�  "�*.(���/(& . 	1*#%  #+ 
<�/%/*.�0  "�*.(���/(&  '0�'/.!'  !.(3$*-$  %3�6.#5�/"!�( , �!3>/!.0�'8>#$  
5��9/(@1*�/  5/(/"�89/*#/  04�1*-4  "&*&��0  *& �1#*  !0�$  0-4�1  # 1&�6*/$738  
5/(/1&93 !#)*&�&  *& &*&��)� -,#2(�0�$  5(/�;(&+�0&./�6  # &(#2%/.#"� -��)#9/!"�/  
3!.(�$!.0�  "�*.(���/(& . �&(&"./(#!.#"#  %3�6.#5�/"!�(&  (&!!%�.(/*-  0 [3]. 
�-4�1*�$  !#)*&�  "�*.(���/(&  .&" /  '0�'/.!'  5*/0%&.#9/!"#% # 5�!�/  3!#�/*#'  
5�!.35&/.  *& #!5��*#./�6*-/  %/4&*#+%- (/)3�#(38>#4  �()&*�0 .  

�&+(&;�.&*  # 0-5��*/*  <"!5/(#%/*.&�6*-$  �;(&+/,  !.(3$*�)�  %3�6.#5�/"!�(&  
*& 2 04�1&, 5�"&+&07#$ !.&;#�6*-/  4&(&"./(#!.#"#  0 1#&5&+�*/ 5#.&8>#4  1&0�/*#$  
0,7 – 3,5 "�& , +*&9/*#/  �.*�!#./�6*�$  5�)(/7*�!.#  5/(/1&9#  !#)*&�&  !�!.&0�'/.  0, 
55%  ((#! . 1). 

 

�#! . 1.  �&0#!#%�!.6  5��*�$  �.*�!#./�6*�$  5�)(/7*�!.#  �.  1&0�/*#'  5#.&*#'  

�!5��6+�0&*#/  (&+(&;�.&**�)�  %3�6.#5�/"!�(&  0 !�!.&0/  5*/0%&.#9/!"�)�  
!.(3$*�)�  "�*.(��/(&  &0.�%&.#+#(�0&**�$  !#!./%-  35(&0�/*#'  ./4*���)#9/!"#%  
5(�,/!!�%  (/".#2#"&,##  !%/!#  ;/*+��  – .��3��  5�+0��#.  �;/!5/9#.6  "&9/!.0/**�/  
35(&0�/*#/  1&**-%  ./4*���)#9/!"#%  5(�,/!!�% . 

 
�#./(&.3(& : 
1. �*/0%&.#9/!"�/  �;�(31�0&*#/ . URL: www.tizpribors.ru/Produkciya_ Tizpribor.html  
(1&.& �;(&>/*#'  05.05.2019) 
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2. �3("�0  � .� . �.(3$*-/  ��)#9/!"#/  <�/%/*.-  # 3!.(�$!.0&  &0.�%&.#9/!"�)�  
35(&0�/*#'  ./4*���)#9/!"#%  �;�(31�0&*#/%  / � .� . �3("�0 , � .� . �%/�/0 , : .� . 
�&5�-)#*  # 1( . / � .: �����:�� , 1989. – 65 ! . 
3.  ��(+#*  � .� . �&(&"./(#!.#"#  !.(3$*-4  <�/%/*.�0  / � .� . ��(+#* , 
 .� . ��(10#*,/0  
// 24-'  %/ 03+�0!"&'  *&39*� -5(&".#9/!"&'  "�*2/(/*,#'  %���1-4  39@*-4 # !.31/*.�0  ). 
��� !"�)�   (). ��� !"#$ , 2018) [:�/".(�**-$  (/!3(! ]: !;�(*#"  %&./(#&��0  
"�*2/(/*,## . ���  (2#�#&� ) ���) .��� . –  ��� !"#$ , 2018. – ! . 55-57. 
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�&�&4�0  
 . : ., �/10/1/0&  � .� . 
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�/.#� -.(/. -;3.#��0-$  <2#( (���: ) '0�'/.!'  "#!��(�1!�1/( &>#%  �".&*� -

5�0-7&8>#%  "�%5�*/*.�%  # #!5��6+3/.!'  1�'  5�0-7/*#'  �".&*�0�)�  9#!�&  
&0.�;/*+#*�0 . 

�  !�0(/%/**�%  %#(/ 0!.&�  0�5(�!  <"�*�%#9*�$  <"!5�3&.&,##  .(&*!5�(.*-4  
!(/1!.0  # 5(/1�.0(&>/*#'  +&)('+*/*#'  &.%�!2/(*�)�  0�+134& 0-4��5*-%#  )&+&%#, 9.� , 
0 !0�8  �9/(/16 , .(/;3/.  0*/1(/*#'  *�0-4  ./4*���)#$  5(#  5(�#+0�1!.0/  .�5�#0 . �&"  (&+ 
���:  # �"&+-0&/.  .&"#/  5��� #./�6*-/  !0�$!.0&  *& .�5�#0� . �� -5/(0-4 , <.�  
3�397/*#/  5&(&%/.(�0  1/.�*&,#�**�$  !.�$"�!.# . �� -0.�(-4 , !*# /*#/  !�1/( &*#'  0 
0-4��5&4  �"#!#  3)�/(�1&  # 3)�/0�1�(�1�0 . �  (/+3�6.&./  9/)�  0& *�  />@ # 5�0-!#.6  #4 
1�(� *�/  �".&*�0�/  9#!��  1�  3(�0*'  %#*#%&�6*-4 .(/;�0&*#$  �;>//0(�5/$!"#4  *�(%  
[1]. 

�  1&**�% 5(�,/!!/  �;A/".�%  35(&0�/*#'  0-;(&*  ./5���;%/**#"  (.&" "&" 0 */% 
5�1�)(/0&/.!'  (/&",#�**&'  7#4.&, #+ "�.�(�$  0 5(�,/!!/  5��39&/.!'  )�.�0-$  5(�13".  
–  ���: ). ��'  !*'.#'  5/(/4�1*�$  4&(&"./(#!.#"# , *& �!*�0/  "�.�(�$  (&!!9#.-0&8.!'  
5&(&%/.(-  5/(/1&.�9*�$  23*",## , *& 04�1 ./5���;%/**#"&  *&*�!#.!'  0�+%3>/*#/  0 
0#1/ !"&9"��;(&+*�)�  #+%/*/*#'  (&!4�1& %/.&*��&  �.  0.65 ") /!/"  1�  0.715 ") . ��)�&!*�  
(&!9/.&% �;A/".  35(&0�/*#'  #%//.  5/(0-$  5�('1�" .  

��'  (&+(&;�."#  !#!./%-  (/)3�#(�0&*#'  ./%5/(&.3(-  0 ./5���;%/**#"/  
0-;#(&/.!'  �� -+&"�*  (/)3�#(�0&*#' . �&�//  %�1/�#(3/.!'  !#!./%&  (/)3�#(�0&*#'  
./%5/(&.3(-  7#4.-  0 ./5���;%/**#"/  # 5(�0�1#.!'  #!!�/1�0&*#/  "&9/!.0/**-4  
5�"&+&./�/$  !#!./%- . �#!./%&  '0�'/.!'  �5.#%&�6*�$ , .&" "&" "(#./(##  "&9/!.0& 
31�0�/.0�('8.  ./4*#9/!"#%  .(/;�0&*#'%  5(�,/!!& . 
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�#!3*�"  1. �/4*���)#9/!"&'  !4/%& 5(�,/!!&  5��39/*#'  ���:  [2] 
 
�#*./+  ���:  5(�./"&/.  0 %')"#4  3!��0#'4  (./%5/(&.3(&  50÷80� � , 1&0�/*#/  

6÷12 &.%.) ((#! . 1). 
�  "&9/!.0/  "�*.(��#(38>/)�  # (/)3�#(38>/)�  3!.(�$!.0&  #!5��6+3/.!'  

"�*.(���/(  S7-1500 – %�13�6*-$  5(�)(&%%#(3/%-$  "�*.(���/( , 5(/1*&+*&9/**-$  1�'  
5�!.(�/*#'  !#!./%  &0.�%&.#+&,## 0-!�"�$  # !(/1*/$  !./5/*#  !�� *�!.# . SIMATIC S7- 
1500 '0�'/.!'  3*#0/(!&�6*-%  "�*.(���/(�% . 	*  �.0/9&/.  !&%-%  @!."#% .(/;�0&*#'%  
5(�%-7�/**-4  !.&*1&(.�0 , �;�&1&/.  0-!�"�$  !�0%/!.#%�!.68 , 0-!�"�$  !.�$"�!.68  "  
31&(*-% # 0#;(&,#�**-%  *&)(3+"&%. �!.&*�0"&  # +&%/*& %�13�/$  "�*.(���/(&  %� /.  
5(�0�1#.6!'  ;/+  �."�89/*#'  5#.&*#'  («)�('9&'  +&%/*&») [3]. 

�(/#%3>/!.0&  SIMATIC S7-1500: 
1) �-!�"�/  ;-!.(�1/$!.0#/ . �-5��*/*#/  ��)#9/!"#4  #*!.(3",#$  +& 0(/%' , 

*/  5(/0-7&8>//  1 *&*�!/"3*1 . 
2) �1�;*-/  !5�!�;-  3!.&*�0"#  5&(&%/.(�0  *&!.(�$"# . �!/  %�13�#  %�)3.  

*&!.(&#0&.6!'  !  5�%�>68  !.&*1&(.*-4  2�(%  STEP 7. 
��'  #+%/(/*#'  ./%5/(&.3(-  3!.&*&0�#0&8.!'  1&.9#"# ./%5/(&.3(-  ��
� -205-

�4  ./(%�5&(-  !  3*#2#,#(�0&**-%  .�"�0-%  !#)*&��% , 0!.(�/**-%  *�(%#(38>#%  
5(/�;(&+�0&./�/%  [4]. ��'  #+%/(/*#'  1&0�/*#'  #!5��6+3/.!'  1&.9#" 1&0�/*#'  !/(##  
�/.(&*  150 TG2, "�.�(-$  5(/1*&+*&9/*  1�'  (&;�.-  0 !#!./%&4  &0.�%&.#9/!"�)�  
"�*.(��' , �;/!5/9#0&/.  */5(/(-0*�/  5(/�;(&+�0&*#/  #+;-.�9*�)�  1&0�/*#'  
*/$.(&�6*-4  # &)(/!!#0*-4  !(/1  0 3*#2#,#(�0&**-$  .�"�0-$  0-4�1*�$  !#)*&�  # 
,#2(�0�$  !#)*&�  *& ;&+/ HART-5(�.�"��&  [5]. ��'  #+%/(/*#'  3(�0*'   #1"�!.#  0 
@%"�!.# # 0 "3;/  "���**-  3!.&*&0�#0&8.!'  (5�5�&0"�0-/  <�/".(#9/!"#/ ) 3(�0*/%/(-  
�&52#(  22 �� . �#.&*#/  1&.9#"�0  �!3>/!.0�'/.!'  ;��"�%  5#.&*#'  �
�
� -22. ���"#  
5#.&*#'  �
�
� -22 �!3>/!.0�'8.  5(/�;(&+�0&*#/  *&5(' /*#'  220�  5/(/%/**�)�  .�"&  
0 !.&;#�#+#(�0&**�/  *&5(' /*#/  5�!.�'**�)�  .�"&  36�  (24� ) 1�'  5#.&*#'  1&.9#"�0  !  
3*#2#,#(�0&**-%#  .�"�0-%#  0-4�1*-%#  !#)*&�&%#. �  "&9/!.0/  
<�/".(�5*/0%&.#9/!"�)�  5�+#,#�*/(&  (5(/�;(&+�0&./�' ) #!5��6+3/.!'  :�� -300 [6]. �  
"&9/!.0/  53!"&./�'  1�'  *&!�!&  ;-�  0-;(&*  ��� -2� . ��'  1&**�$  !#!./%-  0-;(&*-  
(%/%;(&**-/  5*/0%&.#9/!"#/ ) #!5��*#./�6*-/  %/4&*#+%- «����  -95» [7]. 

�(/1�� /**-/  !(/1!.0&  &0.�%&.#+&,## �;/!5/9#0&8.  .�9*�/  #+%/(/*#/  
./4*���)#9/!"#4  5&(&%/.(�0  5(�,/!!&  !#*./+&  ���: , & 0-;(&**-$  "�*.(���/(  
!��.0/.!.03/.  3!��0#'%  <"!5�3&.&,##  # .(/;�0&*#'%  ./4*���)#9/!"�)�  (/)�&%/*.& . 



91 
 

�#;�#�)(&2#9/!"#$  !5#!�" : 
1. ���: : �0�$!.0& , 5��39/*#/  # 5(#%/*/*#/  [:�/".(�**-$  (/!3(! ] // URL: 

http://inntt.ru/blog/toplivo/mtbe-svojstva-poluchenie-i-primenenie // (1&.& �;(&>/*#' : 
19.05.2019) 

2. Schematic flow diagram of the MTBE synthesis reactor.  [:�/".(�**-$  
(/!3(! ]// URL: https://www.researchgate.net/figure/Schematic-flow-diagram-of-the-MTBE-
synthesis-reactor_fig1_225397593 // (1&.& �;(&>/*#' : 28.03.2019)). 

3. ��13�6*-$  "�*.(���/(  Simatic S7-1500. // 	2#,#&�6*-$  !&$.  2#(%-  
Siemens: https://www.siemens-pro.ru/components/s7-1500.htm // (1&.& �;(&>/*#' : 
22.05.2019)). 

4. �(#;�(  #+%/(/*#'  ./%5/(&.3(-  ��
� -205 [:�/".(�**-$  (/!3(! ] // 
	2#,#&�6*-$  !&$.  2#(%-  :����� : 
https://www.elemer.ru/production/temperature/txxu/txxu_205n.php // (1&.& �;(&>/*#' : 
22.05.2019)). 

5. �(/�;(&+�0&./�#  1&0�/*#'  ����
�  [:�/".(�**-$  (/!3(! ] // 
	2#,#&�6*-$  !&$. 2#(%-  ����
� . URL: https://www.emerson.ru/ru-ru/catalog/metran-
150-ru-ru // (�&.&  �;(&>/*#'  20.05.2019).) 

6. ��+#,#�*/(  :��  300 [:�/".(�**-$  (/!3(! ] // 	2#,#&�6*-$  !&$.  2#(%-  
����  URL: http://www.roost.ru/ // (1&.& �;(&>/*#' : 22.05.2019)). 

7. �!5��*#./�6*-$  %/4&*#+% ����  [:�/".(�**-$  (/!3(! ] // 	2#,#&�6*-$  
!&$.  2#(%-  ����  URL: http://www.roost.ru/ // (1&.& �;(&>/*#' : 22.05.2019)). 
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��0�(�.*� -��5&!.*&'  )#1(�.3(;#*&  – <.�  (/&".#0*&'  )#1(�.3(;#*&  10�$*�)�  

(/)3�#(�0&*#' , 0 "�.�(�$  #+%/*/*#/  /@ %�>*�!.#  �!3>/!.0�'/.!'  �1*�0(/%/**-%  
5�0�(�.�%  ��5&.�"  *&5(&0�'8>/)�  &55&(&.& # ��5&!./$  (&;�9/)�  "��/!& . 
	!�;/**�!.68  (&;�9#4  "��/!  5�0�(�.*� -��5&!.*-4  )#1(�.3(;#*  '0�'/.!'  0�+%� *�!.6  
0�  0(/%'  !0�/$  (&;�.-  #+%/*'.6  3)��  (&+0�(�.&  ��5&!./$ . 

�&5(&0�'8>#$  &55&(&. '0�'/.!'  �()&*�%  (/)3�#(�0&*#'  (&!4�1& 0�1-  9/(/+  
)#1(�.3(;#*3  # 2�(%#(�0&*#'  *&5(&0�/*#'  5�.�"&  0�1- , 5�!.35&8>/)�  *& (&;�9//  
"��/!� , & .&" /  !(/1!.0�%  +&>#.-  )#1(�&)(/)&.&  �.  (&+)�*& 0 !�39&/  */5��&1�"  0 
!#!./%/  (/)3�#(�0&*#' . 	*  5(/1!.&0�'/.  !�;�$  "(3)�038  (/7@."3  5(�2#�/$  (��5&.�" ), 
�!#  5�0�(�.&  "�.�(-4  *&4�1'.!'  *& )�(#+�*.&�6*�$  ,#�#*1(#9/!"�$  5�0/(4*�!.# . 
�&!4�1  # *&5(&0�/*#/  5�.�"&  0�1-  �!3>/!.0�'/.!'  5�0�(�.�%  0!/4  *&5(&0�'8>#4  
��5&.�" , . ./ . #+%/*/*#/% !./5/*#  �."(-.#'  *&5(&0�'8>/)�  &55&(&.& [4]. 

�(#0�1-  *&5(&0�'8>/)�  &55&(&.& # (&;�9/)�  "��/!&  5(/1!.&0�'8.  !�;�$  
)#1(&0�#9/!"#/  !/(0�%�.�(- . �  *#4 #!5��6+3/.!'   @!."&'  !0'+6 %/ 13  04�1*-%  
35(&0�'8>#%  0�+1/$!.0#/%  �.  ��� -(/)3�'.�(&  !  "�%;#*&.�(�%  # 0-4�1*-%#  
5��� /*#'%#  3)�& (&+0�(�.&  (&;�9/)�  "��/!&  # !./5/*68  �."(-.#'  *&5(&0�'8>/)�  
&55&(&.&. �!.(�$!.0�  5(#0�1& 5�"&+&*�  *& (#!3*"/  1. �5(&0�'8>//  0�+1/$!.0#/  0 0#1/ 
<�/".(#9/!"�)�  !#)*&�&  5�!.35&/.  0 5(#0�1  # +&!.&0�'/.  10#)&.6!'  5�15(3 #*/**-$  
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5�!.�'**-$  %&)*#.. ��. , 0 !0�8  �9/(/16 , 10#)&/. 7.�"  +���.*#"&  1, (/)3�#(38>#$  
04�1-0-4�1  %&!�&.  

�&"#% �;(&+�% , %/*'8.!'  %/ 13  !�;�$  �;�&!.#  0-!�"�)�  # *#+"�)�  1&0�/*#' , 9.�  
0-+-0&/.  5/(/%/>/*#/  5�(7*'  3. �/(/+  !#!./%3  %/4&*#+%�0 5�(7/*6  #+%/*'/.  3)��  
(&+0�(�.&  ��5&.�"  *&5(&0�'8>/)�  &55&(&.& #�#  ��5&!./$  (&;�9/)�  "��/!& , 0 
+&0#!#%�!.# �.  .�)� , "�.�(-$  5(#0�1  #!5��6+3/.!' . �(#0�1  �40&9/*  �;(&.*-%#  
!0'+'%# , . ./ . '0�'/.!'  !�/1'>/$  !#!./%�$  [5]. 

 
�#!3*�"  1. – �!.(�$!.0�  <�/".(�)#1(&0�#9/!"�)�  5(#0�1& 

  1 -  7.�"  +���.*#"& ; 
2 -  5(3 #*& ; 
3 -  5�(7/*6  #!5��*#./�6*�)�  %/4&*#+%&;  

F -  35(&0�'8>//  0�+1/$!.0#/ , !�+1&0&/%�/ <�/".(�%&)*#.�% ; 
z -  5/(/%/>/*#/  7.�"&  5�(7*'  #!5��*#./�6*�)�  %/4&*#+%& (5/(/%/**&'  !�!.�'*#'  
5(#0�1&); 
p, p0 – �;�&!.#  0-!�"�)�  # *#+"�)�  1&0�/*#' . 
 
 

�(/�;(&+�0&*#/  <*/()##  0�1-  0 %/4&*#9/!"38  <*/()#8  *& 0&�3 �!3>/!.0�'/.!'  0 
(&;�9/%  "��/!/  +& !9@. 0+&#%�1/$!.0#' 5�.�"&  !  ��5&!.'%#  (&;�9/)�  "��/!& , 
5(/1!.&0�'8>/)�  !�;�$  0(&>&8>38!'  (/7@."3  5(�2#�/$ . 

�(�,/!!  53!"& )#1(�&)(/)&.&  �!3>/!.0�@*  0 7.&.*�%  (/ #%/ . �  *&9&�6*-$  
%�%/*.  0(/%/*#  5(�#!4�1#.  �."(-.#/  *&5(&0�'8>/)�  &55&(&.&, # (�.�(  *&9#*&/.  
0(&>&.6!' . �&;�(  9&!.�.-  5(�#!4�1#.  +& !9@. �."(-.#'  *&5(&0�'8>/)�  &55&(&.& # 
#+%/*/*#'  3)�& (&+0�(�.&  ��5&!./$  (&;�9/)�  "��/!&  5�  &5/(#�1#9/!"�%3  +&"�*3. �(#  
1�!.# /*##  9&!.�.-  100% 5(�#!4�1#.  !.&;#�#+&,#'  <.�)�  (/ #%&  1�  %�%/*.& 
0"�89/*#'  )/*/(&.�(&  [1].  

�(�,/!!  �!.&*�0&  5(�#+0/1/*  0 7.&.*�%  (/ #%/ . ��!�/  �."�89/*#'  *&)(3+"# �.  
)/*/(&.�(&  )#1(�&)(/)&.&  5(�#!4�1#.  5�&0*�/  +&"(-.#/  *&5(&0�'8>/)�  &55&(&.&. 
��!�/  5��*�)�  +&"(-.#'  *&5(&0�'8>/)�  &55&(&.& 9&!.�.&  0(&>/*#'  (�.�(&  !*# &/.!'  
5�1  1/$!.0#/%  !#�  0*3.(/**/)�  !�5(�.#0�/*#' . �  %�%/*.  0(/%/*# , "�)1&  9&!.�.&  
0(&>/*#'  !.&*�0#.!'  %/*67/  30%, 0"�89&8.  .�(%�+'>38  *&)(3+"3, # (�.�(  
5��*�!.68  �!.&*&0�#0&/.!' . 

�  5(�,/!!/  (&;�.-  )#1(�&)(/)&.&   /�/+�  !.&.�(&  *&)(/0&/.!'  0!�/1!.0#/  
0�+1/$!.0#'  5/(/%/**�)�  %&)*#.*�)�  5�.�"&  (�.�(&  # 5/(/%/**�)�  %&)*#.*�)�  5�.�"& , 
�;(&+�0&**�)�  .�"�% , 5(�./"&8>#%  9/(/+  !./( *#  !.&.�(& . �./( *#  !.&.�(&  

2 

z 

04�1 %&!�& 

!�#0  

F 

!�#0  

p 

p0 
�

1 

3 
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*&)(/0&8.!'  0 5(�,/!!/  5(�4� 1/*#'  .�"&  9/(/+  *#4. ��<.�%3  !.&.�(  .(/;3/.  
�4�& 1/*#'  [2]. 

��.�"  0�+134& *&)*/.&/.!'  ��5&."&%#, 3!.&*�0�/**-%#  *& 0/(4*#4  # *# *#4  
0*/7*#4  5�0/(4*�!.'4  (�.�(& . ��+134  5(�4�1#.  9/(/+  0/*.#�',#�**-/  "&*&�-  !.&.�(&  
(0 <.�.  %�%/*.  5(�#!4�1#.  ./5���;%/*  %/ 13   /�/+�%  !.&.�(&  # 0�+134�% –  /�/+�  
�4�& 1&/.!' , 0�+134 *&)(/0&/.!' ), 1&�//  0�+134 5(�4�1#.  9/(/+  12 0�+134��4�&1#./�/$ , 
*& 0-4�1/  �4�& 1@**-$  0�+134 5�5&1&/. 0 "&%/(3 �4�& 1@**�)�  0�+134&. �-7/  # 
*# /  !.&.�(&  /!.6  0/*.#�',#�**-/  �.0/(!.#' , 5�  "�.�(-%  0�+134 #+ "&%/(-  
�4�& 1@**�)�  0�+134& 5�5&1&/. 0 (�.�(  # 1&�//  5(�,/!!  ,#"�#9/!"#  5�0.�('/.!'  [3]. 

 
�5#!�"  #!5��6+�0&**�$  �#./(&.3(- : 

1. ��8/0 , 
 .� . �(�/".#(�0&*#/  !#!./%  &0.�%&.#+&,## ./4*���)#9/!"#4  5(�,/!!�0 / 

 .� . ��8/0 , � .� . ��&+�0 , 
 .� . �3;(�0!"#$ , 
 .
 . ��8/0 . // �5(&0�9*�/  5�!�;#/ . 
– � .: :*/()�&.�%#+1&. , 1990.  

2. ��+�0/,"#$ , � .� . �#1(� - #  5*/0%�!#!./%-  .(&*!5�(.*� -./4*���)#9/!"#4  
%&7#* / 2012. 

3. �3%'*,/0& , 
 .� . �#1(&0�#"&  # )#1(�5*/0%� -5(#0�1  / 
 .� . �3%'*,/0& , � .� . 
�-!/*"� , � .� . 
(./%6/0&  // 2014. 

4. =&5�0 , � .� . �3(;#**�/  �;�(31�0&*#/  )#1(�!.&*,#$  / 1961. 
5. ���37"#* , � .� . ��*.&  )#1(�&)(/)&.�0  / 1971. 
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�(#  1(�;�/*##  # !34�% #+%/�69/*##  /�/+*�$  (31- , & .&" /  5(#  !34�% 

)(�4�9/*## , !34�$  %&)*#.*�$  # <�/".(#9/!"�$  !/5&(&,## , 5(#  .(&*!5�(.#(�0&*##  
!34#4 %&./(#&��0  �;(&+3/.!'  5-�6 , .�  /!.6  3!.�$9#0&'  0+0/!6 0 0�+134/ .0/(1-4  9&!.#,  
"(35*�!.68  */  ;��//  0,5 %%. �(�%/  .�)� , 9.�  5(�%-7�/**&'  5-�6  0(/1*�  0�#'/.  *& 
+1�(�06/  �;!�3 #0&8>/)�  5/(!�*&�& , & .&" /  *& %/4&*#9/!"�/  !�!.�'*#/  
�;�(31�0&*#' , �*& , 5(#  �5(/1/�@**�$  "�*,/*.(&,##  0 0�+134/,  %� /.  0-+0&.6 0+(-0  0 
!�39&/  0�+*#"*�0/*#'  #!"(- . ��'  5(/1�.0(&>/*#'  0+(-0��5&!*�!.#  35(&0�/*#/  
./4*���)#9/!"#%  5(�,/!!�%  �!37"#   /�/+*�$  (31-  1�� *�  �!3>/!.0�'.6!'  !  
5�%�>68  0+(-0�;/+�5&!*-4  5*/0%&.#9/!"#4  !(/1!.0  &0.�%&.#+&,##. �&"#%# 
!(/1!.0&%#  %�)3.  '0�'.6!'  5*/0%&.#9/!"#/  %/%;(&**-/  5(#;�(-  !#!./%-  «��
�� » 
[1], �1*&"�  �*#  �;�&1&8.  +*&9#./�6*-%#  )&;&(#.&%# # %&!!�$ , & .&" /  */0-!�"�$  
<"�*�%#9*�!.68  0!�/1!.0#/  +*&9#./�6*�$  0/�#9#*-  5#.&8>/)�  1&0�/*#'  140 "�& . 


�6./(*&.#0�$  1&**-%  !(/1!.0&%  '0�'8.!'  !.(3$*-/  !(/1!.0&  #+%/(/*#'  # 
35(&0�/*#' , (&+(&;�.&**-/  *& �!*�0/  <�/%/*.�0  «���)& » [2], 1&0�/*#/  5#.&*#'  
"�.�(-4  !�!.&0�'/.  0!/)�  3-4 "�&  # )&;&(#.*-/  (&+%/(-  +*&9#./�6*�  %/*67/ . 
��&)�1&('  .&"�%3 *#+"�%3 1&0�/*#8  5#.&*#'  <"�*�%#9*�!.6  35(&0�'8>/$  !#!./%-  
'0�'/.!'  *&%*�)�  ;��//  0-!�"�$ . 

	1*#%  #+ <�/%/*.�0  !.(3$*�$  &0.�%&.#+#(�0&**�$  !#!./%-  35(&0�/*#'  
./4*���)#9/!"#%  5(�,/!!�%  �!37"#   /�/+*�$  (31-  '0�'/.!'  !.(3$*-$  
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1/%3�6.#5�/"!�(  [3], 5(/1*&+*&9/**-$  1�'  (&!5(/1/�/*#'  35(&0�'8>#4  !#)*&��0  
!.(3$*�)�  "�*.(���/(&  5�  &*&��)�0-%  # 1#!"(/.*-%  0-4�1&%. 

��)�&!*�  (/+3�6.&.&% 5(�0/1/**-4  <"!5/(#%/*.&�6*-4  #!!�/1�0&*#$  
<"!5/(#%/*.&�6*�)�  �;(&+,&  1/%3�6.#5�/"!�(&  *& 2 0-4�1&  5��39/*�  !.&;#�6*�/  
+*&9/*#/  �.*�!#./�6*�$  5�)(/7*�!.#  #+%/*/*#'  04�1*�)�  !#)*&�&  0 +&0#!#%�!.# �.  
0/�#9#*-  1&0�/*#'  5#.&*#'  <�/%/*.&  (&0*�/  1 %.  �(&2#"#  5��*�$  �.*�!#./�6*�$ , 
#*!.(3%/*.&�6*�$  �.*�!#./�6*�$  # %/.�1#9/!"�$  �.*�!#./�6*�$  5�)(/7*�!./$  
5(#0/1/*-  *& (#! .1. 

 

 

 

�.(3$*-$  1/%3�6.#5�/"!�( , '0�''!6  �1*#% #+ <�/%/*.�0  5*/0%&.#9/!"�)�  
!.(3$*�)�  "�*.(���/(&  &0.�%&.#+#(�0&**�$  !#!./%-  35(&0�/*#' , !5�!�;!.03/.  
�5.#%&�6*�%3  5(�0/1/*#8  ./4*���)#9/!"�)�  5(�,/!!&  �!37"#   /�/+*�$  (31- . 
 
�#./(&.3(& : 
1. �*/0%&.#9/!"�/  �;�(31�0&*#/ . URL: www.tizpribors.ru/Produkciya_ Tizpribor.html  
(1&.& �;(&>/*#'  07.05.2019) 
2. �3("�0  � .� . �.(3$*-/  ��)#9/!"#/  <�/%/*.-  # 3!.(�$!.0&  &0.�%&.#9/!"�)�  
35(&0�/*#'  ./4*���)#9/!"#%  �;�(31�0&*#/%  / � .� . �3("�0 , � .� . �%/�/0 , : .� . 
�&5�-)#*  # 1( . – � .: �����:�� , 1989. – 65 ! . 
3. � /*  
 .� . �.(3$*-$  ��)#9/!"#$  <�/%/*.  «1/%3�6.#5�/"!�(  *& 10& 0-4�1&  / 
 .� . 
� /* , � .� . �/�/4�0 , � .� . ��(+#*  // 18-'  *&39*� -5(&".#9/!"&'  "�*2/(/*,#'  
5(�2/!!�(!"� -5(/5�1&0&./�6!"�)�  !�!.&0&  ���  (2#�#&� ) ���)���  (). ��� !"#$ , 21-25 
'*0&('  2018) [:�/".(�**-$  (/!3(! ]: !;�(*#"  !.&./$ . –  ���)�)(&1 , 2019. – ! . 134-138. 

�
�
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0.�%&.#+&,#'  ./4*���)#9/!"#4  5(�,/!!�0  0 *&7/  0(/%'  5�%�)&/.  (/7&.6  
(&+�#9*-/  <"�*�%#9/!"#/ , 5(�#+0�1!.0/**-/  # !�,#&�6*-/  +&1&9#. �&5(#%/( , 
3%/*67/*#/  +&.(&. *& 5(�#+0�1!.0� , 30/�#9/*#/  !"�(�!.#  5(�#+0�1!.0& , 3�397/*#'  
"&9/!.0&  #+*#  # . .1. 

�  !0'+#  !  0-!�"�$  0�!.(/;�0&**�!.68  !5/,#&�#!.�0  0 !2/(/  &0.�%&.#+&,## 
./4*���)#9/!"#4  5(�,/!!�0  0�+*#"&/.  ;��67�$  (-*�"  .(31&. ��+*#"&/.  */�;4�1#%�!.6  
�;39/*#'  !5/,#&�#!.�0  1�'  5�"(-.#'  0�!.(/;�0&**�!.# . 	1*&"� , 0 !0'+#  !  1�!.&.�9*�  
;-!.(-%  (&+0#.#/% ./4*���)#9/!"#4  !(/1!.0  1�'  &0.�%&.#+&,## 5(�,/!!�0 , & .&" /  0 
0#13 #4 %*�)��;(&+#'  5(�,/!!  �;39/*#'  !.&*�0#.!'  1�0��6*�  .(31�/%"�$  +&1&9/$. 

�  5/(038  �9/(/16  �;39/*#/%  5�1�;*-4  !5/,#&�#!.�0  +&*#%&8.!' 0-!7#/  
39/;*-/  +&0/1/*#' . �(/1#  *#4 0-!�"&  "�*"3(/*,#' , & +*&9#., */�;4�1#%�  5�0-7&.6  
"&9/!.0�  �;39/*#'  !5/,#&�#!.�0 . 

��0(/%/**-/  <"�*�%#9/!"#/  (/&�##  # ;-!.(�/  (&+0#.#/ ./4*#"#  # 
#*2�(%&,#�**-4  ./4*���)#$  .(/;38.  �.  0-53!"*#"�0  ./4*#9/!"#4  03+�0 
!��.0/.!.038>/)�  3(�0*'  ./�(/.#9/!"#4  +*&*#$ # 5(&".#9/!"#4  *&0-"�0 . :.�  
1�!.#)&/.!'  (&,#�*&�6*-%  !�9/.&*#/%  �/",#�**-4  +&*'.#$  # �&;�(&.�(*-4  
5(&".#"3%�0  0 5(�,/!!/  �;39/*#' , 9.� , 0 !0�8  �9/(/16 , .(/;3/.  5�!.�'**�$  
%�1/(*#+&,##  %&./(#&�6*� -./4*#9/!"�$  ;&+-  39/;*-4  �&;�(&.�(#$  [1]. 

�& *-%  2&".�(�%  5(#  �;39/*##  !.31/*.&  '0�'/.!'  /)�  %�.#0&,#'  "  �;39/*#8 . 
��1/( &*#/  �&;�(&.�(*-4  (&;�.  1�� *�  ;-.6  �(#/*.#(�0&*�  *& 5(&".#9/!"38  5��6+3  
0 5(�2/!!## , "  "�.�(�$  )�.�0'.  !5/,#&�#!.& .  ��&0*-%  �;(&+�% , 5�!.&0�/**&'  +&1&9& 
1�� *&  5�%�96 (/7&.6  (/&�6*-/  5(�#+0�1!.0/**-/  5(�;�/%- . ���6"�  .&" %� *�  
+&%�.#0#(�0&.6 39&>/)�!'  "  3!0�/*#8  %&./(#&�& # 5�*#%&*#8  !5�!�;�0  (/7/*#'  
(/&�6*-4  +&1&9 # 5(�;�/% . 

�-5��*/*#/  �&;�(&.�(*-4  (&;�.  !  5�%�>68  �&;�(&.�(*-4  !./*1�0  5�%� /.  0 
(/7/*##  0-7/�5#!&**�$  5(�;�/%- , .&" "&" !.31/*.&%#  ;313.  (/7&.6!'  (/&�6*-/  
5(�#+0�1!.0/**-/  +&1&9#. 

���.0/.!.0/**� , �397#% 1�5��*/*#/%  "  �/",#�**-%  +&*'.#'%  ;313.  '0�'.6!'  
�&;�(&.�(*-/  (&;�.-  *& !0/ #4 , �.0/9&8>#4  !�0(/%/**-%  .(/;�0&*#'%  �;(&+�0&*#'  
�&;�(&.�(*-4  !./*1&4 . 

�(#%/(�%  %� /.  5�!�3 #.6  (&+(&;�.&**-$  !./*1  *& �!*�0/  "�*.(���/(&  	��� . 
�./*1  '0�'/.!'  3*#0/(!&�6*-% , !  1�!.&.�9*�  ;��67#%  *&;�(�%  0�+%� *�!./$ , 
5�<.�%3  *& /)�  ;&+/ %� *�  5�!.(�#.6  ,/�-$  "�%5�/"!  �&;�(&.�(*-4  (&;�.  1�'  
5��*�,/**�)�  �;39/*#'  !.31/*.�0  #�#  1�'  *&39*� -#!!�/1�0&./�6!"�$  1/'./�6*�!.# . 
�./*1  5�+0��'/.  %&"!#%&�6*� 5(#;�# /**�  "  (/&�6*�!.#  (&;�.&.6  !  (&+�#9*-%#  
(/&�6*-%#  �;A/".&%#  35(&0�/*#' . 

�  4�1/  0-5��*/*#'  �&;�(&.�(*-4  (&;�.  *& !./*1/  !.31/*.-  5��39&8.  *&0-"# : 
• (&;�.-  !  (/&�6*-%  �;�(31�0&*#/% ; 
• "�*2#)3(#(�0&*#'  ��� ; 
• 5(�)(&%%#(�0&*#'  5��6+�0&./�6!"#4  +&1&9 0 ���  *& '+-"&4  !.&*1&(.& �:�  

61131-3; 
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• +&1&*#' 5&(&%/.(�0  &0.�%&.#9/!"�)�  (/)3�#(�0&*#' ; 
• �!*�0&%  5(�%-7�/**-4  !/./$  # #*./(2/$!�0 ; 
• 1#&)*�!.#"/  ./4*���)#9/!"#4  !/./$ ; 
• (/+/(0#(�0&*#'  ��� ; 
• !�+1&*#'  (&!5(/1/�/**-4  !#!./%  35(&0�/*#' ; 
• !�+1&*#'  !#!./%  35(&0�/*#'  5�0-7/**�$  *&1/ *�!.# . 
�./*1  5�+0��'/.  (&;�.&.6  !  "�%5�/"!�%  (&+�#9*-4  �&;�(&.�(*-4  (&;�. , %� /.  

5(�)(&%%#(�0&.6!'  �8;-%  '+-"�%  #+ !.&*1&(.& �:�  61131-3 #�#  !  5�%�>68  
5(�)(&%%*�)�  5(�13".&  CoDeSys. 

�&"#% �;(&+�% , 1�'  3�397/*#'  "&9/!.0& �;(&+�0&*#'  0 0-!7#4  39/;*-4  
+&0/1/*#'4  */�;4�1#%�  #!5��6+�0&.6  �&;�(&.�(*-/  !./*1- , �.0/9&8>#/  !�0(/%/**-%  
.(/;�0&*#'  %&./(#&�6*� -./4*#9/!"�)�  �;/!5/9/*#' . 
 
�5#!�"  #!5��6+�0&**-4  #!.�9*#"�0 : 

1. �#.#*  � . 
 . �&+(&;�."&  �&;�(&.�(*�)�  !./*1&  1�'  #+39/*#'  (&;�.-  !  
%�13�'%#  00�1&-0-0�1&  5(�%-7�/**�)�  "�*.(���/(&  *& ;&+/ ��� -110 // ����1�$  
39/*-$ . — 2018. — E 21. — � . 64-65. — URL https://moluch.ru/archive/207/50710/ (1&.& 
�;(&>/*#' : 26.05.2019) 
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�  1&**�$  !.&.6/  #!!�/13/.!'  &0.�%&.#+#(�0&**&' !#!./%&  (/)3�#(�0&*#'  
./4*���)#9/!"�)�  5(�,/!!&  !#*./+&  &%%#&"&. �  *&!.�'>//  0(/%'  5(�#+0�1!.0�  &%%#&"& 
'0�'/.!'  5/(!5/".#0*-%  *&5(&0�/*#/% , .&" "&" !2/(&  /)�  #!5��6+�0&*#'  %*�)�+*&9*& # 
�5(/1/�'/.!'  "�*"(/.*-%  *&5(&0�/*#/% : 4#%#9/!"&'  5(�%-7�/**�!.6  (5(�#+0�1!.0�  
&+�.*-4  31�;(/*#$ , 0+(-09&.-4  0/>/!.0 , 5��#%/(�0  # . .1.); 4���1#�6*&'  ./4*#"&  (0 
"&9/!.0/  4���1#�6*�)�  &)/*.&); %/1#,#*& (10 % (&!.0�(  &%%#&"&, 9&>/ *&+-0&/%-$ 
*&7&.-(*-%  !5#(.�% , 5(#%/*'/.!'  5(#  �;%�(�9*-4  !�!.�'*#'4  (1�'  0�+;3 1/*#'  
1-4&*#' ), & .&" /  *&(3 *�  – */0(&�)## , %#�+#.- , 3"3!&4 *&!/"�%-4 , 1�'  �;(&;�."#  
(3"  4#(3()&). �  !0'+#  !  <.#% */�;4�1#%�  5�19/("*3.6 , 9.�  !#*./+  &%%#&"& '0�'/.!'  
&".3&�6*-%  *&5(&0�/*#/%  1�'  !�0(/%/**�$  5(�%-7�/**�!.# .  

	!*�0*-%#  5&(&%/.(&%#, (/)3�#(�0&*#/  "�.�(-4  */�;4�1#%�  5�  
./4*���)#9/!"�%3  (/)�&%/*.3  # 1�'  5��39/*#'  )�.�0�)�  5(�13".&  *&1�/ &>/)�  
"&9/!.0&, '0�'8.!' : 

-  ./%5/(&.3(&  0 "���**&4  !#*./+& ;  
-  3(�0*#   #1"�)�  &%%#&"& 0 !/5&(&.�(/  # "�*1/*!&,#�**�$  "���**/ ; 
-  ./%5/(&.3(&  )&+&, 0-4�1'>/)�  #+ &%%#&9*�)� "�*1/*!&.�(& ;  
-  !�!.&0  ,#("3�',#�**�)�  )&+& 5�  !�1/( &*#8  #*/(.*-4  5(#%/!/$  (�� 4 # Ar); 
-  0-1&9&  #1"�)�  &%%#&"& #+ )&+��.1/�#./�'  *& !"�&1 ;  
-  1&0�/*#/  0 )&+��.1/�#./�/  [1]. 

�& 1-$  3+/�  (/)3�#(�0&*#'  !�!.�#. : 
-  #+ 1&.9#"&, 5(/�;(&+38>/)�  "�*.(��#(3/%38  #�#  (/)3�#(3/%38  0/�#9#*3  0 
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0-4�1*�$  !#)*&� , 31�;*-$  1�'  1#!.&*,#�**�$  5/(/1&9#  # 1&�6*/$7/)�  
5(/�;(&+�0&*#'  0 !��.0/.!.038>#$  #%53�6!;  

-  "�*.(���/(& , !�!.�'>/)�  #+ �1*�)�  #�#  */!"��6"#4  ;��"�0 , �;/!5/9#0&8>#4  
5�11/( &*#/  +&1&**�)�  +&"�*& (/)3�#(�0&*#'  ./4*���)#9/!"�)�  5&(&%/.(&;  

-  #!5��*#./�6*�)�  %/4&*#+%& – (/)3�#(38>/)�  "�&5&*& !  5*/0%�5(#0�1�%  #�#  
1(3)�)�  3!.(�$!.0& .  
�#+3&�#+&,#'  ./4*���)#9/!"#4  5&(&%/.(�0  # 0�+%� *�!.6  #4 +&1&9# 

�!3>/!.0�'/.!'  5&*/�68  �5/(&.�(&  VPI HMI TP62K # 5(#%/*/*#/%  5(�)(&%%#(3/%�)�  
��)#9/!"�)�  "�*.(���/(&  ADAM-5510EKW/TP [2].  

	5.#%&�6*-%  5/(/5&1�%  ./%5/(&.3(  0�+134& *& 04�1/  # 0-4�1/  
0�+134��4�&1#./�'  !9#.&/.!'  18-25°C. ��'  "�*.(��'  ./%5/(&.3(-  )&+�0�$ !%/!#  
#!5��6+38.!'  1&.9#"# ./%5/(&.3(-  ����  �/.(&*  205.  

��'  #+%/(/*#'  1&0�/*#'  ;-�#  0-;(&*-  1&.9#"# 1&0�/*#'  2#(%-  :�/%/(  
�� -
20/� 2 ��  [3]. 

��'  #+%/(/*#'  3(�0*'  0 "���**&4  5(#%/*'/.!'  3(�0*/%/(  Rosemount 5300, 
"�.�(-$  3!.&*&0�#0&/.!'  0 0-*�!*�$  "&%/(/  [4]. 

�+%/(/*#/  (&!4�1& �!3>/!.0�'/.!'  %#"(�5(�,/!!�(*-%#  (&!4�1�%/(&%#   
Rosemount 8800  [5]. 

�-0�1 : �*/1(/*#/  !#!./%-  35(&0�/*#'  !#*./+�%  &%%#&"& *& ;&+/ !�0(/%/**-4  
%#"(�5(�,/!!�(*-4  5(#;�(�0  5�+0��#.  3�397#.6  "&9/!.0�  # <22/".#0*�!.6  
35(&0�/*#'  "&9/!.0�%  &%%#&"& *& 0-4�1/ , & .&" /  !�"(&.#.6  <"�*�%#9/!"#/  +&.(&.-  *& 
(/%�*.  # �;!�3 #0&*#/ . 

 
�5#!�"  �#./(&.3(- : 
1. 
0.�%&.#+&,#'  5(�,/!!&  5(�#+0�1!.0&  &%%#&"& [:�/".(�**-$  (/!3(! ]// 
:*,#"��5/1#'  «�#%#9/!"#/  ./4*���)## ». URL: engineer-
oht.ru/index.php?catid=217&id=574:2014-08-21-03-07-05&Itemid=260&option= 
com_content&view=article // (1&.& �;(&>/*#'  20.05.2019). 
2. ��*.(���/(-  # !.&*,##  00�1&/0-0�1&  !/(##  ADAM-5000 [:�/".(�**-$  (/!3(! ] 
//��%5&*#'  ��	�	��  URL:http://www.prosoft.ru/products/brands/vipa/3418/479057.html 
// (1&.& �;(&>/*#'  20.05.2019).). 
3. �&.&��)  5(�13",##  ���  «:����� » [:�/".(�**-$  (/!3(! ]// �&39*� -
5(�#+0�1!.0/**�/  5(/15(#'.#/  «:����� ». URL: 
https://www.elemer.ru/production/pressure/air_20.php // (1&.& �;(&>/*#'  20.05.2019).). 
4. �(�0*/%/(   Rosemount  5300  [:�/".(�**-$   (/!3(! ]//  Emerson  Process Manager.
 URL: http://www2.emersonprocess.com/ru-RU/brands/rosemount/Level/Guided-
Wave-Radar/5330 Series/Pages/index.aspx// (1&.& �;(&>/*#'  20.05.2019).). 
5. �#4(/0�$  (&!4�1�%/(  Rosemount 8800 [:�/".(�**-$   (/!3(! ]//  Emerson  Process 
Manager. URL: https://www.emerson.com/en-us/catalog/rosemount-8800-mulitvariable 
// (1&.& �;(&>/*#'  20/05/2019).). 
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�  0/"  &".#0*�$  &0.�%&.#+&,## 0!/)�  %#(& (-;�0�1*-/  4�+'$!.0&  0!/  />/  
5��&)&8.!'  *& (&;�.3  9/��0/"& , 9.�  */!/.  0 !/;/  �5(/1/�/**-/  !�� *�!.# . �&5(#%/( , 
.&"38  (&;�.3 , "&" 5�1"�(%"&  (-;-  # 00/1/*#/  31�;(/*#$  # %/1#,#*!"#4  5(/5&(&.�0  0 
0�1�/%- , �!3>/!.0�'/.  9/��0/" . �� , "  !� &�/*#8 , */0�+%� *�  5(�"�*.(��#(�0&.6  
"&9/!.0�  /)�  (&;�.- . �  5(#%/(3 , */0�+%� *�  3+*&.6 (&0*�%/(*�  �#  5�  0�1�/%3  
(&;�.*#"  (&!5(/1/�#�  "�(%  # 5(�#+0/�  00�1 31�;(/*#$  # %/1#,#*!"#4  5(/5&(&.�0 , 
0/!6  �#  "�(%  #!5��6+�0&* . 

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

�)�  �!*�0*-/  "&9/!.0& – <.�  *�0#+*&, &".3&�6*�!.6  # 3*#"&�6*�!.6 , 
5(/1�&)&/%-4  ./4*#9/!"#4  (/7/*#$ . 

��0#+*&  5(�/".&  +&"�89&/.!'  0 .�% , 9.�  0 *&!.�'>//  0(/%'  0 %#(/ */  #%//.!'  
5�1�;*-4  "�%5�/"!�0  1�'  0-5��*/*#'  ./4*���)#9/!"#4  �5/(&,#$  5(#  0-(&>#0&*##  
(-;- . 

��%5�/"!*&'  &0.�%&.#+&,#' # %#*#%#+&,#' 39&!.#'  9/��0/"&  0 5(�,/!!&4  
(-;�0�1!.0&  '0�'/.!'  &".3&�6*�$  +&1&9/$. 

�*#"&�6*�!.6  5(�/".&  !�!.�#.  0 .�% , 9.�  0 4�1/  /)�  (/&�#+&,##  5(/15��&)&/.!'  
!�+1&*#/  &0.�*�%*�$  (#!5��6+38>/$  !��*/9*38  <*/()#8 ), %*�)�23*",#�*&�6*�$  
3*#0/(!&�6*�$  5�&.2�(%-  1�'  %�13�/$  ./4*���)#9/!"�)�  �;�(31�0&*#'  5(31�0-4  
4�+'$!.0 , 5(/1*&+*&9/**�$  1�'  "�(%�/*#'  # 1(3)#4 ./4*���)#9/!"#4  �5/(&,#$  # 
5(�,/!!�0  0 .�0&(*�%  (-;�0�1!.0/ . 

�0�8  �!*�0*38  +&1&93 5�  "�(%�/*#8  (-;-  # 1(3)#4 ./4*���)#9/!"#4  
�5/(&,#'4  �;!�3 #0&*#'  (-;�0�1*-4  5(31�0  "&.&%&(&* ;31/.  �!3>/!.0�'.6  !  
5�%�>68  ;3*"/(& -1�+&.�(&  ((#! . 1). 

 
�#!3*�"  1. �(#*,#5  (&;�.-  ;3*"/(& -1�+&.�(&  

�  "�*!.(3",##  ;3*"/(& -1�+&.�(&  *&4�1#.!'  10& /%"�!.*-4  1&.9#"& 1�'  1034 
)(&*#,  (%&"!#%3%, %#*#%3%) 1�'  "�*.(��'  (&!4�1& "�(%&. 

�&  "&.&%&(&*/ 3!.&*�0�/*-  1&.9#"# "�*.(��'  !�!.�'*#'  5&(&%/.(�0  0�1-  
(./%5/(&.3(& , "#!��(�1 , (� , &%%#&"). �*2�(%&,#'  !  1&.9#"�0  5/(/1&/.!'  5�  
;/!5(�0�1*�%3  "&*&�3 !0'+#  0 1#!5/.9/(!"38 . �  +&0#!#%�!.# �.  5�"&+&*#$ 1&.9#"�0  
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2�(%#(3/.!'  5(�)(&%%& # "&(.-  "�(%�/*#' , 9.�  �;/!5/9#0&/.  (&,#�*&�6*�/  
#!5��6+�0&*#/  "�(%�0 .  

�0# /*#/  "&.&%&(&*& ;31/.  5(�#!4�1#.6  +& !9/.  <�/".(#9/!"#4  10#)&./�/$  
5�!.�'**�)�  .�"& . �#.&*#/  <�/".(�10#)&./�/$  �!3>/!.0�'/.!'  �.  .')�0-4  
&""3%3�'.�(*-4  ;&.&(/$  )�3;�"�)�  (&+('1&. �&('1  &""3%3�'.�(*-4  ;&.&(/$  
5(�#+0�1#.!'  �.  2�.�<�/".(#9/!"#4  5(/�;(&+�0&./�/$  !  5�%�>68  "�*.(���/(&  +&('1&. 

 
�#!3*�"  2. �(�.�.#5  )/�#�"&.&%&(&*&  

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

5(�7/�  3!5/7*-/  #!5-.&*#' . �/&�#+&,#'  1&**�)�  5(�/".&  5�+0��#.  5(/1&.6  
(-;�0�1*�%3  "�%5�/"!3  *�0-/  "&9/!.0& # +*&9#./�6*�  5�0-!#.6  /)�  <22/".#0*�!.6 , 
3%/*67#.6  +&.(&.-  ���  # #!"�89#.6  9/��0/9/!"#$  2&".�( .  

 
�#;�#�)(&2#9/!"#$  !5#!�" : 
1. �&(�&%�0 , � .� . ��*!.(3#(�0&*#/  !"�(�!.*-4  "�(1�0-4  %�1/�/$  !31�0 / � .� . 
�&(�&%�0 . – � .: �	�

� , 1973. — 50 ! . 
2. �3(1/*"�0 , � .� . �3�/0-/  3!.(�$!.0&  # (/)3�#(�0"&  *& 0�1/  !&%�4�1*-4  %�1/�/$  
"�(&;�/$ / � .� . �3(1/*"�0 . – � .: �	�

� , 1955. — 50 ! . 
3. �3"�0�1!.0�  5�  (&!9/.3  # 5(�/".#(�0&*#8   /�/+�;/.�**-4  !.&�6*-4  # 
"�%;#*#(�0&**-4  ;3*"/(�0 / – � .: ��!"0& : �.(�$#+1&.  1983 ). - 200 ! . 
4. �#1#*//0  � .� . 
0.�%&.#9/!"�/  */5(/(-0*�/  1�+#(�0&*#/  !-539#4  %&./(#&��0  
� .: :*/()#' , 1974. — 120 ! . 
5. ��1#�*�0  � . 
 ., �30�(#*&  � . � ., �&"//0  � . � ., �*'+/0  � . � . ��&!!#2#"&,#'  # 
*&+*&9/*#/ 1�+&.�(�0  // ����1�$  39/*-$ . — 2015. — E 11. — � . 409-413. 
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�/%/*�0  
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�!4�1'  #+ �;>/%#(�0-4  ./*1/*,#$  # !�0(/%/**�)�  !�!.�'*#'  &"0&"3�6.3(-  0 

*&7/$  !.(&*/ , %� *�  5(�)*�+#(�0&.6  "  2020 )�13  5(�#+0�1!.0�  )#1(�;#�*.�0  0 
&"0&"3�6.3(/  *& 3(�0*/  – 410 .-! . . , 9.�  0 4 (&+& ;��67/ , 9/% 0 *&!.�'>//  0(/%'  [1]. �  
!0'+#  !  <.#% 0!.&@. 0�5(�!  �;  <22/".#0*�%  0-(&>#0&*##  (-;- .  

�  *&!.�'>//  0(/%'  5(#%/*'8.!'  "�(%&, !�1/( &*#/  5#.&./�6*-4  0/>/!.0  0 
"�.�(-4  %� /.  */  !��.0/.!.0�0&.6  ;#���)#9/!"�$  5�.(/;*�!.#  (-; , 9.�  %� /.  
5(#0/!.#  "  */<22/".#0*�%3  (-;�5(�#+0�1!.03 , ;��/+*'%  # 1& /  )#;/�#  (-; . �(�%/  
.�)� , +&9&!.38 "�(%& 0*�!'.!'  0(39*38 , ;/+   @!."�)�  "�*.(��'  5�  "��#9/!.03  # %/!.3  
0*/!/*#' , 9.�  %� /.  0-+0&.6 #�#  )���1  3 (-; , #�#  +&)('+*/*#/  0�1- , 9.� , ;/+3!��0*� , 
.� /  0(/1#.  (-;&% . 

��<.�%3  0& *�  �;/!5/9#.6  (-;  "&9/!.0/**-%  "�(%�% , "�.�(-%  %�)3.  '0�'.6!'  
*&!/"�%-/  – 5(#(�1*&'  5#>& (-;  [2]. 

�  *&!.�'>//  0(/%'  #+0/!.*-  */!"��6"�  !5�!�;�0  1�5��*#./�6*�$  5�1"�(%"#  
(-;- . ���67#*!.0�  <.#4 !5�!�;�0  !0'+&*�  !  5(#0�/9/*#/%  *&!/"�%-4  "  #!.�9*#"3  
!0/.& , #4 3*#9.� /*#/%  ./% #�#  #*-%  !5�!�;�%  # 5�!�/138>#%  !"&(%�#0&*#/%. 

�3>/!.03/.  10& �!*�0*-4  !5�!�;&  3*#9.� /*#'  5(#0�/9@**-4  #!.�9*#"�%  
!0/.&  �/.&8>#4  *&!/"�%-4 : 

– %/4&*#9/!"#$  (3*#9.� /*#/  ;-!.(�0(&>&8>#%!'  <�/%/*.�% : !./( */%  #�#  
)#;"�$  5��#%/(*�$   #�"�$ ); 

– <�/".(#9/!"#$  (5(#0�/9@**-/  *&!/"�%-/  3*#9.� &8.!'  <�/".(#9/!"#%  
(&+('1�% ). 

�.�(�$  !5�!�;  '0�'/.!'  ;��//  (&!5(�!.(&*@**-% . �&!!%�.(#%  /)�  5�1(�;*// . 
:�/".(#9/!"#/  ��037"#  1�'  �/.&8>#4  *&!/"�%-4  – <.�  3!.(�$!.0& , "�.�(-/  

5(#0�/"&8.  "�%&(�0 , %�7/"  # ;&;�9/"  !0/.�%  !5/,#&�6*�$  �&%5-  (�;-9*�  %')"#% 
3�6.(&2#��/.�% ) # +&./% 3*#9.� &8.  #4 <�/".(#9/!"#%  (&+('1�%  5(#  5(#;�# /*##  "  
%/.&��#9/!"�$  !/."/ , *&4�1'>/$!'  5/(/1  �&%5�$. �&5(' /*#/  *& %/.&��#9/!"�$  !/."/  
�;-9*�  !�!.&0�'/.  500-1000 0��6. , �1*&"�  !#�&  .�"&  5(#  (&+('1/  0/!6%& */;��67&' , .&" 
9.�  3!.(�$!.0&  05��*/  ;/+�5&!*-  1�'  9/��0/"&  #  #0�.*-4 . 

�!.(�$!.0�  1�'  "�(%�/*#'  (-;   #0-%#  *&!/"�%-%#  3!.&*&0�#0&/.!'  0 .��>/  
0�1- . �  ./%*�/  0(/%'  !3.�"  �&%5& �!0/>&/.  .��>3  0�1-  # 5�0/(4*�!.*-/  �.(& &./�# , 
"  "�.�(-%  5�1�/.&8.  *&!/"�%-/ . 	*#  3!.(/%�'8.!'  "  �&%5/ # 5(#  5(#;�# /*##  "  
%/.&��#9/!"�$  (/7@."/  5��39&8.  <�/".(#9/!"#$  (&+('1 . �;#.-/  #�#  "&" %#*#%3% 
�)�37@**-/  <.#% (&+('1�%  *&!/"�%-/  5&1&8. 0 0�13. 

��  *&5(' /*#/  ,/�/!��;(&+*�  5�1&0&.6 */  5�!.�'**� , & 5/(#�1#9/!"# . �&"#% 
�;(&+�%  *&!/"�%-/  */  !%�)3.  5(#0-"*3.6  "  5�!.�'**�%3  <�/".(�%&)*#.*�%3  5��8  
0�"(3)  (/7@."# . �1�;&0�"  "  <.�%3, 5(#0�/9/*#/  5���0�+(/�-4  �!�;/$  "�%&(�0 -
.��"3*,�0  # +0�*,�0  5(#0/1@. "  (&+%*� /*#8 , �."�&1"/  '#, , 5��39/*#8  �#9#*�"  – 
4#(�*�%#1 . �3.6  1&**�$  ./4*���)##  !�!.�#.  0 .�% , 9.�  �#9#*"#  0!/4  0#1�0 (-;  
5#.&8.!'  �1#*&"�0�$  5#>/$  – +��5�&*".�*�% . �*&9&�/  <.�  #*23+�(##  # "���0(&."# , 
+&./% – (&"��;(&+*-/ : 1&2*## # ,#"��5- . ��  *&#;��67//  "�(%�0�/  +*&9/*#/  1�'  
�#9#*�"  # %&�6"�0 (-;  !/%/$!.0&  "&(5�0-4  5(/1!.&0�'8.  #%/**�  4#(�*�%#1-  [3]. 
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�(#  ;�&)�5(#'.*-4  3!��0#'4  �#9#*"#  "�%&(�0  0-"�@0-0&8.!'  #+ �.�� /**-4  
'#,  9/(/+  2-3 !3.�"  5�!�/  "�&1"# . �#9#*"#  5&1&8. 0 0�13 # !�3 &.  "�(%�%  1�'  (-;  [4]. 

��'  3�397/*#'  3!��0#$  (&+%*� /*#'  "�%&(�0  (/"�%/*13/.!'  0 (-;�0�1*-4  
5(31&4 �!.&0�'.6  */;��67#/  39&!."#  */  0-"�7/**�$  0�1*�$  (&!.#./�6*�!.#  
(.(�!.*#"& , "&%-7&, (�)�+&  # 1( .) :.#  39&!."#  '0�'8.!'  %/!.&%# (�/*#'  # 
(&+%*� /*#'  "�%&(�0 . �!�#  �!.&0#.6  39&!."#  0�1*�$  (&!.#./�6*�!.#  0�+%� *�!.#  */  
5(/1!.&0�'/.!' , .�  !�/13/.  #!5��6+�0&.6  5�&0&8>#/  539"# !���%-  #�#  */;��67#/  
!/.9&.-/  1/(/0'**-/  (&%-, 5�"(-.-/  .�*"#%  !��/%  !"�7/**�$  .(&0- . 

�  +&"�89/*##  4�9/.!'  �.%/.#.6 , 9.�  1�"�(%  (-;-  '0�'/.!'  */  /1#*!.0/**-%  
0�+%� *-%  *&5(&0�/*#/%  0 �5.#%#+&,## # &0.�%&.#+&,## (-;�0�1*-4  4�+'$!.0 , *�  
�1*#% #+ *&#;��//  <22/".#0*-4  # 5��/+*-4  !(/1#  5(�9#4 .  

 
�5#!�"  �#./(&.3(- : 

1. �&�&.1#*�0& , � .
 . ��0(/%/**-/  5(�;�/%-  # 5/(!5/".#0-  (&+0#.#' 
&"0&"3�6.3(- / � .
 . �&�&.1#*�0& . � .
  – ���	�  �	  «�&(&.�0!"#$  �
� » – �&(&.�0 , 
2016., 4! . 

2. ��1"�(%"&  (-;-  *& 0-(�!.*-4  5(31&4 / � .� . ��!.#* , � .
 . �&�6,/0 , 
 .� . 
�&09#, , 
 .� . �&(&+�0 , � .
 . ��"���0& , 
 .� . ��(*//0  // �/(%/( . ��0�� 6/ . - 2017. - E  11 
(65). - C. 68-69. 

3. �&+&��0 , � .� . :�/".(��5.#9/!"#$  5(/�;(&+�0&./�6  !  )&+�(&+('1*-%#  
#!.�9*#"&%# -&..(&".&*.&%# 1�'  5�1"�(%"#  (-;- : %�*�)(&2#' / � .� . �&+&��0 , � .� . 
�&;&*�0 , 
 .� . �&;&/0 , � .� . �/�/*�0 , � .
 . �&;&/0 . – �/(*�)(&1 : ���	�  ��	  
��

 , 
2013. 186 ! . 

4. ��')�+ , 
 .� . :�/".(��5.#9/!"#$  5(/�;(&+�0&./�6  1�'  +&>#.-  !&1�0 �.  
*&!/"�%-4 -0(/1#./�/$  !  5�)(3 /**-%  #!.�9*#"�% -&..(&".&*.�% . 
0.�(/2/(&.  
1#!!/(.&,##  *& !�#!"&*#/  39/*�$  !./5/*#  "&*1#1&.& ./4*#9/!"#4  *&3"/ 
 .� . ��')�+ ,  
�(&!*�1&(  – 2010 ). 
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��"���0  � .� ., �&5&/0& 
 .� ., �&09#,  
 .� . 
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�&(;#1  "(/%*#'  '0�'/.!'  1�0��6*�  5�53�'(*-%  &;(&+#0�%, .&" "&" �;�&1&/.  

0-!�"�$  5(�9*�!.68  # *#+"�$  ,/*�$ . ��&)�1&('  0-!�"�$  4#%#9/!"�$  !.&;#�6*�!.# , 
#+*�!�!.�$"�!.#  # �)*/35�(*�!.# , "&(;#1  "(/%*#'  5(#%/*'/.!'  0 "&9/!.0/  �)*/35�(&  0 
%/.&��3()#9/!"�$  5(�%-7�/**�!.# . �&" /  "&(;#1  "(/%*#'  5(#%/*'.!'  0 
%&7#*�!.(�/*#/ , 4#%#9/!"�% &55&(&.�!.(�/*## , <�/".(�./4*#"/  # 1(3)#4 �.(&!�'4  
5(�%-7�/**�!.# . ��'  #+)�.�0�/*#'  &;(&+#0*-4  #*!.(3%/*.�0 , .&"#4 "&" 
7�#2�0&�6*-/  "(3)# , *& 1&9*&'  ;3%&)&, */�;4�1#%  #+%/�69@**-$ "&(;#1  "(/%*#' .  

��  0(/%'  5�1)�.�0"#  "&(;#1& "(/%*#'  "  1(�;�/*#8 , 0 */)�  1�;&0�'/.!'  
./4*#9/!"&'  0�1& # 2��.�(/&)/*. , "�.�(-/  5�%�)&8.  �.9#>&.6  /)�  �.  5(#%/!/$ . 

�&  (#!3*"/  1 5(/1!.&0�/*&  ./4*���)#9/!"&'  !4/%& 5(�,/!!&  5�1)�.�0"#  "&(;#1& 
"(/%*#'  "  1(�;�/*#8 . 
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�#!3*�"  1 – �/4*���)#9/!"&'  !4/%& 5(�,/!!&  5�1)�.�0"#  "&(;#1& "(/%*#'  "  
1(�;�/*#8 : 1 – 5(#/%*-$  ;3*"/( ; 2 – �/*.�9*-$  "�*0/$/(  (1�+&.�( ); 3 – %�.�( -
(/13".�(  !  &!#*4(�**-%  10#)&./�/%  1�'  0(&>/*#'  (��#"&  �/*.- ; 4 – 5(#/%*-$  ;3*"/(  
1(�;#�"#  
 

�/(/)3�#(3/%&'  5�1&9# 2��.�(/&)/*.&  *&5('%38  0�#'/.  *& "&9/!.0�  5(�13".& . 
�  !0'+#  !  <.#% 0�+*#"&/.  0�5(�! , !  5�%�>68  9/)�  %� *�  (/)3�#(�0&.6  "��#9/!.0�  
5�1&0&/%�)�  2��.�(/&)/*.& ? �  !� &�/*#8 , *& %*�)#4  5(/15(#'.#'4 , �;A/%  5�1&0&/%�$ 
 #1"�!.#  5(&".#9/!"#  */  (/)3�#(3/.!' . �  !0'+#  !  <.#% 30/�#9#0&/.!'  (&!4�1  
2��.�(/&)/.&  #, "&" ;-��  !"&+&*� 0-7/ , ./('/.!'  "&9/!.0�  #.�)�0�)�  %&./(#&�&.   

��'  (/7/*#'  1&**�$  5(�;�/%- , !0'+&**�$  !  1�+#(�0&*#/%  2��.�(/&)/*.& , %- 
0!.(&#0&/% 0 !#!./%3  %#"(�1�+&.�( . �&"  "&" *& !/)�1*'7*#$  1/*6  %#"(�1�+&.�(-  
 #1"�!.#  #%/8.  �9/*6  0-!�"38  !.�#%�!.6  �#;�  5(#%/*'8.!'  #!"�89#./�6*�  0 
�&;�(&.�(*�$  5(&".#"/  # */  5�14�1'.  1�'  3!��0#$ , 0 "�.�(-4  5(�#!4�1#.  1(�;�/*#/  
"&(;#1& "(/%*#' , %- 5(/1�&)&/% #!5��6+�0&.6  !�/138>38  "�*!.(3",#8  
%#"(�1�+&.�(&  2��.�(/&)/*.&  ((#!3*�"  2), )1/ : 

�  - #+�39&./�6 ; 
�  - 5(#/%*#" ; 
��  - %#"(�"�*.(���/( ; 
S - �!5��*#./�6*-$  %/4&*#+% 

 
�#!3*�"  2 – ��*!.(3",#'  1�'  (/)3�#(�0&*#'  2��.�(/&)/*.&  
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�&**&'  "�*!.(3",#'  5�+0��'/.  30/�#9#.6  .�9*�!.6  1�+#(�0&*#'  2��.�(/&)*/.& , 
�.!�/ #0&.6  /)�  (&!4�1 , & !�/1�0&./�6*� , 5�0-!#.6  <"�*�%#9*�!.6  5(�#+0�1!.0&  # 
"&9/!.0�  5��39&/%�$  5(�13",## .  


0.�%&.#+#(�0&**�/  (&;�9//  %/!.�  – <.�  (&;�9//  %/!.�  �5/(&.�(& , "�.�(�/  
�;�(31�0&*�  5/(!�*&�6*-%  "�%568./(�% , 5(�)(&%%*-%  �;/!5/9/*#/%  # !#!./%�$  
0#+3&�#+&,## "�*.(��#(3/%�)�  5(�,/!!& . 	*�  5�+0��'/.  /%3 5��39&.6  # �;(&;&.-0&.6  
#*2�(%&,#8  �  !�!.�'*##  5(�,/!!&  # 5(#  */�;4�1#%�!.#  "�((/".#(�0&.6  5&(&%/.(- , 
0�#'8>#/  *& 5(�#+0�1!.0�  5(�13",## .   

	5/(&.�(  35(&0�'/.  !#!./%�$  1�+#(�0&*#' , "�*.(��#(3/.  (&!4�1  (/&)/*.�0  # 
!(&0*#0&/.  2&".#9/!"#$  (&!4�1  !  .(/;3/%-% . 

�&  !/)�1*'7*#$  1/*6  �5/(&.�(  !�  !0�/)�  (&;�9/)�  %/!.& */  %� /.  5�0�#'.6  *& 
�;A/%  5�1&0&/%�)�  2��.�(/&)/*.&  5(#  1(�;�/*##  "&(;#1& "(/%*#' . :.� , 0 !0�8  
�9/(/16 , !"&+-0&/.!'  *& "&9/!.0/  "�*/9*�)�  5(�13".& . 

��'  (/7/*#'  1&**�$  5(�;�/%- , !0'+&**�$  !  #*2�(%#(�0&*#/%  �5/(&.�(&  �  
!�!.�'*##  0!/4  5&(&%/.(�0  5(�,/!!& , 0 !#!./%3  0!.(&#0&8.!'  %#"(�(&!4�1�%/( , 
(&!4�1�%/(  # ./*+�%/.(#9/!"#$  1&.9#" 0/!&, "�.�(-/  5/(/1&/.  1&**-/  *& "�*.(���/( . 
��*.(���/( , 0 !0�8  �9/(/16 , !0'+&*  !  "�%568./(�%  �5/(&.�(& , )1/  # 0-0�1#.!'  
#*2�(%&,#'  �  5(�,/!!/  ((#!3*�"  3). 

 
�#!3*�"  3 – �4/%& 5/(/1&9#  1&**-4  *& "�%568./(  �5/(&.�(& : 1 – ��  �5/(&.�(& ; 

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

 
��'  31�;*�)�  0�!5(#'.#'  *& %�*#.�(  �5/(&.�(& , 0 0/(4*/$  9&!.# <"(&*&, 

0-0�1#.!'  0 (/&�6*�%  0(/%/*#  ./"3>#/  +*&9/*#'  (&!4�1& "&(;#1& "(/%*#' , 
2��.�(/&)/*.&  # 0�1- . 

	5�0/>/*#/  �5/(&.�(&  �;  �."��*/*##  "&"�)� -�#;�  #+ 5&(&%/.(& �.  *�(%-  #�#  �  
*#+"�% 3(�0*/  2��.�(/&)/*.&  0 /%"�!.#  ;31/.  �!3>/!.0�'.6!'  !  5�%�>68  &*#%&,##, 0 
0#1/ !#)*&�6*-4  �&%5. 

�#+3&�#+&,#'  ./"3>/)�  !�!.�'*#'  (&;�.-  "�&5&*�0  5�1&9# 2��.�(/&)/*.&  # 
0�1-  ;31/.  �!3>/!.0�'.6!'  !  5�%�>68  #+%/*/*#'  ,0/.  "�&5&*�0 . «�(&!*-$ » – "�&5&* 
5/(/"(-. , «+/�/*-$ » – "�&5&* �."(-. . 
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�(#  *& &.##  *& "*�5"3  «�(/*1 » *& <"(&*/  �5/(&.�(&  ;31/.  �.�;(& &.6!'  .(/*1 , 
5�"&+-0&8>#$  #+%/*/*#'  +*&9/*#$ "�*.(��#(3/%-4  5&(&%/.(�0  +& 0!/  0(/%'  (&;�.-  !  
%�%/*.& 0"�89/*#' . 

�(#  *& &.##  "*�5"#  «�(/0�)# » *& <"(&*/  ;31/.  5�'0�'.6!'  1#&��)�0�/  �"*� , )1/  
�.�;(& &/.!'  0(/%' , 1&.& # 5&(&%/.(- , 0-+0&07#/ !#)*&�#+&,#8 .  

�(#  *& &.##  "*�5"#  «���39#.6  �.9/. » 0 *&+*&9/**�$  5&5"/ 2�(%#(3/.!'  
./"!.�0-$  2&$�  «	.9/. », 0 "�.�(�%  3"&+&*- 1&**-/  �  (&!4�1/  "&(;#1& "(/%*#' , 
2��.�(/&)/*.&  # 0�1-   +& 1/*6 , %/!',  # )�1 . 

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

 
1. �3"  � . 
55&(&.*-/  #*./(2/$!-  �� . :*,#"��5/1#' . -- ��; .: 

�+1&./�6!"#$  1�% "�#./( ", 2002. -- 528 ! ..  
2. ��+&.�(-  */5(/(-0*�)�  1/$!.0#'  - !(/1!.0&  &0.�%&.#+&,## 5(�,/!!�0  

1�+#(�0&*#' . 	;+�(*&'  #*2�(%&,#' . — � ., 1982.- �#*#,-*  � . � ., �(�4#*  
 . � .  
3. 
0.�%&.#+#(�0&**�/  (&;�9//  %/!.�  1�'  !.&.#!.#9/!"�$  �;(&;�."#  

1&**-4 . / ��1  (/1 . � .� . �3(&"�0& , � .� . �&$#.;/)�0& , � .� . �#+(�4# , � .� . �!/*�0!"�)� . 
- � ., 2005). 

4. 
0.�%&.#9/!"#/  %#"(�1�+&.�(-  1�'   #1"�!./$ . — � ., 1975.-  
;#��0  
 . 
� ., �8.2&�#/0  � . 
 .  

5. ��+&.�(-  */5(/(-0*�)�  1/$!.0#'  - !(/1!.0&  &0.�%&.#+&,## 5(�,/!!�0  
1�+#(�0&*#' . 	;+�(*&'  #*2�(%&,#' . — � ., 1982.- �#*#,-*  � . � ., �(�4#*  
 . � .  

6. �&(;#1  "(/%*#' : ./4*���)#' , !0�$!.0& , 5(#%/*/*#/ /��1  (/1 . �/�'/0&  
 . 
� ., ��*&"�0�$  � . � . — �&(6"�0 . «���
 ». 2010. — 532 ! . (8,9 Mb) ISBN 978-966-02-
5445-9  
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�#1&*.�#*  -  �1*&  #+ ./4*���)#9/!"#4  !.&1#$ 5(�#+0�1!.0&  %/.#�*#*& . 

�/.#�*#*  '0�'/.!'  �()&*#9/!"�$  1�;&0"�$ , /)�  5(#%/*'8.  1�'  30/�#9/*#'  0/!& 5.#,-  
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# "(35*�)�  (�)&.�)�  !"�.& . �&" /  !3>/!.03/.  2&(%&,/0.#9/!"&'  (&+*�0#1*�!.6  
%/.#�*#*& , 5(#%/*'/%&'  1�'  �/9/*#'  �81/$  !  %&�/*6"#% 0/!�% . �&(%&,/0.#9/!"#$  
%/.#�*#*  5��39&8.  !  5�%�>68  ;��//  0-!�"�$  !./5/*#  �9#!."#  "�(%�0�)�  %/.#�*#*& . 

�&"  "&" %/.#�*#*  0 !�0(/%/**�%  %#(/ #!5��6+3/.!'  0!/  ;��67/  # ;��67/ , .�  
30/�#9#0&/.!'   5/(/9/*6  "�*.(��#(3/%-4  # (/)3�#(3/%-4  5&(&%/.(�0 : 

G �/%5/(&.3(&  5�!.35&8>/)�  
���  %� /.  #+%/*'.6!'  0 +&0#!#%�!.# �.  
(&+�#9*-4  2&".�(�0 : *&(37/*#'  ./4*���)##  0 5(/1-13>/%  5(�,/!!/  # ./%5/(&.3(-  
�"(3 &8>/$  !(/1- .  

G �&!4�1  
���  '0�'/.!'  �5(/1/�'8>#%  1�'  !.&1## !#*./+&  )#1&*.�#*& , 
5�<.�%3  1�'  *�(%&�6*�)�  4�1& ./4*���)#9/!"�)�  5(�,/!!&  <.�.  (&!4�1  */�;4�1#%�  
!.&;#�#+#(�0&.6 .  

G �#&*#!.-$  *&.(#$  5�1&@.!' 0 ./4*���)#9/!"#$  5(�,/!!  #+ 4(&*#�#>& . 
��'  *�(%&�6*�)�  4�1& ./4*���)#9/!"�)�  5(�,/!!&  */�;4�1#%�  �;/!5/9#.6  
;/!5/(/;�$*38  5�1&93 ,#&*#!.�)�  *&.(#'  0 (/&",#�**38  ,/56 . �!4�1'  #+ <.�)� , 
0�+*#"&/.  5�.(/;*�!.6  5�11/( #0&.6  3(�0/*6  ,#&*#!.�)�  *&.(#'  0 4(&*#�#>/ .  

G 
%%#&9*&' 0�1& .&" /  5�1&@.!' 0 ./4*���)#9/!"#$  5(�,/!!  0 
!��.0/.!.0##  !  (&!4�1�%  
��� . 

�.�;-  5�11/( #0&.6  0!/  <.# 5&(&%/.(-  0 *�(%/ , ;-�#  0-;(&*-  !�/138>#/  
!(/1!.0&  &0.�%&.#+&,##: 

·  ��*.(���/(  �&+#!-100 
·  �&*/�6  35(&0�/*#'  � 100.611 
·  �(�%-7�/**-$  5-5�(.�0-$  */35(&0�'/%-$  "�%%3.&.�(  NS-205G 
·  �&.9#"  1&0�/*#'  �/.(&* -150 
·  �/(%�5(/�;(&+�0&./�6  3*#0/(!&�6*-$  :�����  ���  0304 
·  �*13",#�**-$  (<�/".(�%&)*#.*-$ ) (&!4�1�%/(  FLONET FH10XX 
·  �(�0*/%/(  %&)*#.�!.(#",#�**-$  �/0/�.&9  F 
·  �/)3�#(38>#$  "�&5&* ����  500 
·  :�/".(�5*/0%&.#9/!"#$  5�+#,#�*/(  :��  300 
·  �!.(�$!.0&  5�&0*�)�  53!"& # .�(%� /*#'  1�'  &!#*4(�**-4  10#)&./�/$   

Schneider electric Altistart 01 
·  �!.�9*#"  5#.&*#'  Phoenix Contact INTERFACE QUINT POWER- QUINT 
24 V DC/20 A 
·  ��13�6  1#�1*-$  Phoenix Contact QUINT-DIODE/12-24DC/2420/1440 
��0-7/*#/  3(�0*'  &0.�%&.#+&,## '0�'/.!'  0& *�$  +&1&9/$ 1�'  5(/15(#'.#$ . 

��'  (/7/*#'  <.�$  +&1&9# ;-��  !1/�&*�  !�/138>// : 
G (&+(&;�.&*& &0.�%&.#+#(�0&**&' !#!./%&  35(&0�/*#'  ./4*���)#9/!"#%  

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

G 5(�#+0/1@* 0-;�(  */�;4�1#%-4  1�'  &0.�%&.#+#(�0&**�$  !#!./%-  
35(&0�/*#'  ./4*���)#9/!"#%  5(�,/!!�%  !#*./+&  )#1&*.�#*&  !(/1!.0  
&0.�%&.#+&,##. 

�!5��6+�0&*#/  5(�%-7�/**�)�  "�*.(���/(&  0 !#!./%&4  &0.�%&.#+&,## 
5�+0��'/. : 

G +*&9#./�6*�  30/�#9#.6  .�9*�!.6  +&1&*#' 5&(&%/.(�0 ; 
G 3%/*67#.6  0(/%'  5/(/4�1*-4  5(�,/!!�0  0 &55&(&.&4; 
G 5�'0�'/.!'  0�+%� *�!.6  4(&*/*#'  &(4#0�0 0 5&%'.# "�*.(���/(& ; 
G �."(-0&8.!'  7#(�"#/  0�+%� *�!.#  1�'  !�+1&*#'  ./((#.�(#&�6*�  

(&!5(/1/�@**-4  !#!./% ; 
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G 5(&".#9/!"#  5��*�!.68  #!"�89&/.  «9/��0/9/!"#$  2&".�( » 5(#  35(&0�/*##  
./4*���)#9/!"#%  5(�,/!!�% . 

�(�%/  0-7/  5/(/9#!�/**-4  5(/#%3>/!.0 , #!5��6+�0&*#/  5(�%-7�/**-4  
"�*.(���/(�0  0 !#!./%&4  &0.�%&.#+&,## +*&9#./�6*�  �;�/)9&/.  +&1&93 5(#%/*/*#'  
!#!./%  0/(4*/)�  3(�0*'  1�'  �.�;(& /*#'  *& */$  ./"3>/)�  !�!.�'*#'  5(�,/!!&  # 
(/)#!.(&,##  /)�  5&(&%/.(�0 . ��'0�'/.!'  0�+%� *�!.6  �!3>/!.0�'.6  #*2�(%&,#�**-$  
�;%/*  !  0/(4*#% 3(�0*/%  5�  !.&*1&(.#+#(�0&**-%  5(�.�"��&%  5/(/1&9#  1&**-4 . 
��'0�'/.!'  0�+%� *�!.6  &*&�#+#(�0&.6 0 (/&�6*�%  0(/%/*#  +*&9/*#'  5&(&%/.(�0 , 
5��39/**-4  !  5(#;�(�0 , 2�(%#(�0&.6  # 5/(/1&0&.6 #*#,#&.#0*-/  !��;>/*#'  5(#  
�5(/1/�/*##  &0&(#$*�$ !#.3&,##  *& 0/(4*#$  3(�0/*6 . 

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

�+1&./�6!.0�  �(&$. , 2018. – 180 ! . 
2. �&.&��)  5(�13",##  «Phoenix Contact» [:�/".(�**-$  (/!3(! ]//��%5&*#'  «Phoenix 

Contact» URL: http://�www.phoenixcontact.com (1&.& �;(&>/*#' : 01.02.2019) 
3. �&.&��)  5(�13",##  «Schneider-electric» [:�/".(�**-$  (/!3(! ]//��%5&*#'  

«Schneider-electric» URL: http://� www.schneider-electric.ru (1&.& �;(&>/*#' : 
01.02.2019) 
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 , �37"&(/0  	 .� .   
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 �+%/(/*#'  '0�'8.!'  �1*#% #+ �!*�0*-4  !5�!�;�0  5�+*&*#'  5(#(�1- , /@ '0�/*#$  

# +&"�*�0 . �& 1�%3  *�0�%3  �."(-.#8  0 �;�&!.#  /!./!.0/**-4  # ./4*#9/!"#4  *&3" 
5(/17/!.03/.  ;��67�/  9#!��  (&+�#9*-4  #+%/(/*#$  # #4 */5�!(/1!.0/**�/  �,/*#0&*#/ .  

�/�68  1&**�$  !.&.6#  '0�'/.!'  #!!�/1�0&*#/  %/.�1& (&!9/.&  */�5(/1/�/**�!.#  
#+%/(/*#$  !(/1!.0  #+%/(/*#$  <�/".(#9/!"#4  0/�#9#* , & #%/**� , &%5/(%/.(�0 , 
0��6.%/.(�0 , 0&..%/.(�0 , 5(#%/*'/%-4  *& «��� !"�%  .(3;*�%  +&0�1/». 

�(#  5(�0/1/*##  "&�#;(�0"#  0-5��*'8.  !�/138>#/  �5/(&,## :  
– 0*/7*#$  �!%�.( ;  
– �5(�;�0&*#/ ;  
– �,/*#0&*#/  */�5(/1/�/**�!.# . 
	1*�$  #+ *&!3>*-4  5(�;�/%  !�0(/%/**�$  %/.(���)##  '0�'/.!'  �,/*"&  

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

1�� *-  �,/*#0&.6  */�5(/1/�/**�!.#  #+%/(/*#'  0 !��.0/.!.0##  !  «�3"�0�1!.0�%  5�  
0-(& /*#8  */�5(/1/�/**�!.#  #+%/(/*#$ » (GUM), & .&" /  ��5��*/*#'%#  "  */%3 #/#�#  
0 !��.0/.!.0##  !  ��	  Guide 35. 

 �  !��.0/.!.0##  !�  !.&*1&(.&%# */�5(/1/�/**�!.6  #+%/(/*#'  – <.�  5&(&%/.(, 
!0'+&**-$  !  (/+3�6.&.�%  #+%/(/*#'  # 4&(&"./(#+38>#$  (&+;(�!  +*&9/*#$, "�.�(-/  !  
1�!.&.�9*-%  �!*�0&*#/%  %�)3.  ;-.6  5(#5#!&*-  #+%/('/%�$  0/�#9#*/ . 

	,/*#0&*#/  */�5(/1/�/**�!.#  (/+3�6.&.�0  #+%/(/*#$  5(#  "&�#;(�0"/  
&%5/(%/.(�0 , 0��6.%/.(�0  # 0&..%/.(�0  0-5��*'8.  !  39/.�%  (/"�%/*1&,#$ , 
5(#0/1/**-4  0 �	��  34100.1, �	��  34100.3, �	��  34100.3.1, �	��  34100.3.2. 

�(#  �,/*"/  !��.0/.!.0#'  !(/1!.0&  #+%/(/*#'  <�/".(#9/!"#4  0/�#9#*  5(#  
"&�#;(�0"/  */�;4�1#%�  39#.-0&.6  !.&*1&(.*38  */�5(/1/�/**�!.6  5�  .#53 
  # 5�  .#53 
� . �/�5(/1/�/**�!.6 , �,/*#0&/%&'  5�  .#53 
  (*/�5(/1/�/**�!.6  .#5& 
 ), – 
*/�5(/1/�/**�!.6 , "�.�(38  �,/*#0&8.  !.&.#!.#9/!"#%#  %/.�1&%#, 5��39/*#/  
!.&.#!.#9/!"#4  �,/*�"  *& �!*�0/  (/+3�6.&.�0  ('1&  #+%/(/*#$ . �.&*1&(.*&'  
*/�5(/1/�/**�!.6  5�  .#53 
  wxy , 4&(&"./(#+38>&'  +*&9/*#'  04�1*�$  #+%/('/%�$  
0/�#9#*- , #+%/*'8>/$!'  !�39&$*-%  �;(&+�%  5(#  5�!.�'**-4  3!��0#'4  #+%/(/*#' , 
5��39/**-/  53./% n */+&0#!#%-4 *&;�81/*#$  xi, �5(/1/�'/.!'  5�  2�(%3�/ : 

wxy 
 j f
�

9�9<��
z � { | � j {} � �9

|2� ,                                            (1) 

)1/  n – 9#!��  */+&0#!#%-4 #+%/(/*#$ , 5(�0/1/**-4  0 "& 1�$  .�9"/  #+%/(/*#$  
((/"�%/*1�0&*�  n = 5); 

xi – +*&9/*#'  04�1*�$  #+%/('/%�$  0/�#9#*- ; 
{} – !(/1*//  &(#2%/.#9/!"�/  +*&9/*#/  #+%/('/%�$  0/�#9#*- , �5(/1/�'/%�/  

2�(%3��$ : 
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j{ ~• 
 j
�

9
z { |€

9
€2� .                                                 (2) 

)1/  { |€ – 5��39/**-/  +*&9/*#'  5(#  "&�#;(�0"/ , %%. 
�/�5(/1/�/**�!.6 , �,/*#0&/%&'  5�  .#53 �  (*/�5(/1/�/**�!.6  .#5& � ), – 

*/�5(/1/�/**�!.6 , "�.�(38  �,/*#0&8.  */!.&.#!.#9/!"#%#  %/.�1&%#, 5��39/*#/  
�,/*�"  *& �!*�0/  &5(#�(*�$  */!.&.#!.#9/!"�$  #*2�(%&,## . �.&*1&(.*&'  
*/�5(/1/�/**�!.6  5�  .#53 �  %� /.  ;-.6  0-+0&*& %*� /!.0�%  2&".�(�0 , .&"#4 "&" 
�."��*/*#/%  <.&��**�)�  5(#;�(& , (&+*�!.68  ./%5/(&.3(  "&�#;(3/%�)�  # <.&��**�)�  
5(#;�(& , ,/*�$  1/�/*#'  "&�#;(3/%�)�  !(/1!.0&  #+%/(/*#' , �"(3)�/*#/% , 
%/4&*#9/!"#%# <22/".&%#, *&5(' /*#/%  !/.# . ��)�&!*�  �3"�0�1!.03  [3] 
*/�5(/1/�/**�!.6  #+%/(/*#'  #+%/('/%�$  0/�#9#*-  0-9#!�'/.!'  5(#  #+0/!.*-4  
*/#!"�89/**�$  !#!./%&.#9/!"�$  5�)(/7*�!.#  (��� , u��� ) # !.&*1&(.*�%  �."��*/*##  
(�	 , u�	 ) 0��6.%/.(�0 . ��  /!.6 , u�  (V) �5(/1/�'8.  5�  2�(%3�/ :  

w•O � ‚ � 
 ƒ �w„…� �‚�� � � �w …†� ‚ � � � ,                                              (3)  
      .&" "&" #+%/(/*#/  '0�'/.!'  %*�)�"(&.*-% , !.&*1&(.*�/  �."��*/*#/  

0-9#!�'/.!'  5�  2�(%3�/ : 

w…† 
 f j�‡<‡ }�j R

9<�
j�                                                                   (4)  

ŵ‰Š� ‚ � 

Aˆ‰Š

‹ 	
,                                                                   (4)  

)1/  D ���  – ��� , +&1&0&/%&' 5(/1/��%  1�53!"&/%�)�  +*&9/*#'  ("�&!!�%  .�9*�!.#  
0��6.%/.(�0  5�0/('/%�)�  # �;(&+,�0�)� ).  

�4�1*-/  0/�#9#*-  */  "�((/�#(�0&**- , !�/1�0&./�6*� , */.  */�;4�1#%�!.#  
�,/*"#  !./5/*#  #4 "�((/�',## . 

	,/*"&  �!*�0*�$  5�)(/7*�!.#  "&�#;(3/%-4  !(/1!.0  #+%/(/*#$  0 5(�,/*.&4  �.  
*�(%#(38>/)�  +*&9/*#'  (&!!9#.-0&/.!'  5�  2�(%3�/ : 

Œ 

y•Ž• <y •

yˆ
: ���  ,                                                       (5) 

)1/  V#+%  – +*&9/*#/  #+%/('/%�$  0/�#9#*- , �5(/1/�'/%�/  5�  5�"&+&*#'% 
5�0/('/%�)�  0��6.%/.(& ;  

V 1 – 1/$!.0#./�6*�/  +*&9/*#/  #+%/('/%�$  0/�#9#*- , �5(/1/�'/%�/  5�  
5�"&+&*#'% �;(&+,�0�)�  !(/1!.0&  #+%/(/*#$ ;  

V*  – *�(%#(38>//  +*&9/*#/ . 	!*�0*38  5�)(/7*�!.6  0��6.%/.(�0  "�&!!�0  
.�9*�!.#  0,05; 0,1; # 0,2 �5(/1/�'8.  *& "& 1�$  9#!��0�$  �.%/."/  7"&�- . ��'  
0��6.%/.(�0  "�&!!&  .�9*�!.#  0,5 # %/*//  .�9*-4 , & .&" /  1�'  0��6.%/.(�0  !  
(&0*�%/(*�$  7"&��$ , 3 "�.�(-4  9#!��0-4  �.%/.�"  ;��//  10, 1�53!"&/.!'  �5(/1/�'.6  
�!*�0*38  5�)(/7*�!.6  5�"&+&*#$ �#76  *& 5'.#  �.%/."&4  7"&�- , (&0*�%/(*�  
(&!5(/1/�/**-4  5�  1#&5&+�*3 #+%/(/*#$ . 

�3%%&(*&' !.&*1&(.*&'  */�5(/1/�/**�!.6  5(/1!.&0�'/.  !�;�$  �,/*"3  
!.&*1&(.*�)�  �."��*/*#'  #+%/('/%�$  0/�#9#*-  # 4&(&"./(#+3/.  (&+;(�!  +*&9/*#$, 
"�.�(-/  !  1�!.&.�9*-%  �!*�0&*#/%  %�)3.  ;-.6  5(#5#!&*-  <.�$  0/�#9#*/ . �3%%&(*&' 
*/�5(/1/�/**�!.6  #+%/(/*#'  (&!!9#.-0&/.!'  5�  2�(%3�/ : 

 

w‘ 
 j f z Z’ � : w“ ”
_

�
� j z n’ � : w• W

q
�5

O2�
–
€2� ,                               (6) 

 
)1/   w“ ”

 – %&"!#%&�6*�/ +*&9/*#/  !.&*1&(.*�$  */�5(/1/�/**�!.#  .#5& 
 ; 
w• W

 – !.&*1&(.*&'  */�5(/1/�/**�!.6  .#5& � . 

’ | 
 j
—˜

—y™
 – "�<22#,#/*.  930!.0#./�6*�!.# .  
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  3%*� #0  !3%%&(*38 */�5(/1/�/**�!.6  *& "�<22#,#/*.  �40&.&, 5��39#% 
+*&9/*#/  (&!7#(/**�$  */�5(/1/�/**�!.# . 

�&!7#(/**&'  */�5(/1/�/**�!.6  – <.�  0/�#9#*& , "�.�(&'  �5(/1/�'/.  #*./(0&�  
�"���  (/+3�6.&.&  #+%/(/*#' , 0 )(&*#,&4  "�.�(�)� , 0/(�'.*� , *&4�1#.!'  ;��67&'  9&!.6 
(&!5(/1/�/*#'  +*&9/*#$, "�.�(-/  !  1�!.&.�9*-%  *& .�  �;�!*�0&*#/%  %�)3.  ;-.6  
5(#5#!&*-  #+%/('/%�$  0/�#9#*/ . ��<22#,#/*.  �40&.&, "�<22#,#/*.  5�"(-.#'  
("�<22#,#/*.  (&!5(/1/�/*#'  5�)(/7*�!.# ) – "�<22#,#/*. , +&0#!'>#$ �.  0#1& 
(&!5(/1/�/*#'  */�5(/1/�/**�!.#  (/+3�6.&.&  #+%/(/*#$ . �&!7#(/**&'  
*/�5(/1/�/**�!.6  �5(/1/�'/.!'  5�  2�(%3�/ : 

   
w 
 6 5 : w‘ ,                                                     (7) 
)1/  uc – !3%%&(*&' */�5(/1/�/**�!.6  #+%/(/*#$ ; 
kp – "�<22#,#/*.  �40&.&. 
�(#  3!��0##  *�(%&�6*�)�  (&!5(/1/�/*#'  0�+%� *-4  +*&9/*#$ 5�"&+&*#$ 

!(/1!.0&  #+%/(/*#' , (&!7#(/**&'  */�5(/1/�/**�!.6  u !��.0/.!.03/.  3(�0*8  1�0/(#'  �  
= 0,95, .�  "�<22#,#/*.  �40&.& kp = 1,96. 

�/�5(/1/�/**�!.6  #+%/(/*#'  – <.�  �;>//  5�*'.#/ , !0'+&**�/  !  �8;-%  
#+%/(/*#/%, "�.�(�/  #!5��6+38.  5(#  */�;4�1#%�!.#  5(#*'.#'  �;�!*�0&**-4  (/7/*#$  
0 (&+*-4  �;�&!.'4  5(&".#9/!"�$  1/'./�6*�!.#  # ./�(/.#9/!"#4  #!!�/1�0&*#$ . ��  %/(/  
*&;�81&/%�)�  3 /!.�9/*#'  1�53!"�0  0 ./4*���)#9/!"#4  5(�,/!!&4  (��6  
*/�5(/1/�/**�!.#  #+%/(/*#$  5(#  �,/*"/  !��.0/.!.0#'  <.#% 1�53!"&% 0!/  ;��//  
0�+(&!.&/. . �/�5(/1/�/**�!.6  */�;4�1#%&  1�'  �5(/1/�/*#'  1/$!.0#./�6*-4  
%/.(���)#9/!"#4  4&(&"./(#!.#"  !  ,/�68  5�1.0/( 1/*#'  5(#)�1*�!.#  "  5(#%/*/*#8 . 

 
�#./(&.3(& :  

1. �	��  34100.1-2017 �/�5(/1/�/**�!.6  #+%/(/*#' . �&!.6  1. �0/1/*#/  0 
(3"�0�1!.0&  5�  0-(& /*#8  */�5(/1/�/**�!.#  #+%/(/*#'  

2. �	��  8.497-83. ��!31&(!.0/**&'  !#!./%&  �;/!5/9/*#'  /1#*!.0&  #+%/(/*#$ . 

%5/(%/.(- , 0��6.%/.(- , 0&..%/.(- , 0&(%/.(- . �/.�1-  # !(/1!.0&  5�0/("# .  

3. Guide to the Expression of Uncertainly in measurement/First edition-
ISO/Switzerland. 1993/-101 ! . �3"�0�1!.0�  5�  0-(& /*#'  */�5(/1/�/**�!./$  #+%/(/*#'  
/ �3!!"#$  5/(/0�1 ; *&39*-$  (/1&".�(  � .
 . ��&/0 . – ��� : ��	  �����  #%. 
� .� .�/*1/�//0& , 1999. 
�
�

������
  �
��
����
����  ����
���  �
�
�  
�������� ���  ��������  ��  �����
���  ����
���  

����������  ���������  
 


�/"!&*1(�0  
 .
 ., �/"%/*/0  � . 
 . 
 

��������  	���
��
�������  �
�
�
�
  (������ )  
��������������  ��������
��

���  
��
��������  �
������
�
�  

 
�!!�/1�0&*#/  )/�%/.(#9/!"#4  5&(&%/.(�0  (&+%/(�0 # 2�(%  +/(/*  

7�#2�0&�6*-4  5�(�7"�0  '0�'/.!'  �1*#% #+ &".3&�6*-4  0�5(�!�0  &;(&+#0*�$ 
�;(&;�."# . �&9#*&'  !  2006 )�1& 0 ��!!##  00/1/*  *�0-$  !.&*1&(.  *& +/(*�0�$  !�!.&0  
7�#2�0&�6*-4  5�(�7"�0  �	��  �  52381-2005, 9.�  .(/;3/.  &".3&�#+&,## (&*//  
5(�0/1/**-4  #!!�/1�0&*#$  )/�%/.(##  +/(/*  7�#2�0&�6*-4  5�(�7"�0 . 



 


".3&�6*�!.6  1&**�)�
#!5��6+38>#4!'  5�(�7"�0
1/.&�/$  %&7#* # .&"#/  
!5�!�;*�!.6 , #+*�!�!.�$"�!.6
!#�&  (/+&*#'  [1 - 3].  

�&5(#%/( , 0 !�39&/
+/(*&%#) 3%/*67/*#/  "�<22#,#/*.
<22/".#0*�$  %�>*�!.# , "
!3>/!.0/**�%3  (�!.3  "�<22#,#/*.&
"  %&!!/ #+(&!4�1�0&**�)�  %&./(#&�&
#!5��6+�0&*#'  "(3)�0  !  "�*.(��#(3/%�$

 

�#!3*�"  1 — �/ 3>&'
<22/".#0*&'  %�>*�!.6  (0

 
�  30/�#9/*#/%  "�<22#,#/*.&

"(3)�0  # <22/".#0*&'  %�>*�!.6
<*/()�+&.(&.-  5&1&8.. �-'0�/**-/
&1/"0&.*�  �.(& &8.!'  !�/138>#%#

 
                                           

                                           

                                           
 
�/�;4�1#%� , 9.�;-  +/(*�

)/�%/.(#/$ , "�.�(&'  +&0#!#. �.
#*!.(3%/*.& . �/7/*#/  5(�;�/%-
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1&**�)�  0�5(�!&  !�!.�#.  0 .�% , 9.�  2�(%& 
5�(�7"�0  *&5('%38  0�#'8.  *& 5(�,/!!  &;(&+#0*�$

.&"#/  5�"&+&./�#  &;(&+#0*�)�  #*!.(3%/*.&
#+*�!�!.�$"�!.6 , "&9/!.0�  �;(&;�.&**�$  5�0/(4*�!.#

!�39&/  �;(&;�."#  7�#2�0&�6*-%#  "(3)&%# (
"�<22#,#/*. & 2�(%-  &;(&+#0*-4  +/( /*  5(#0

%�>*�!.# , "  +*&9#./�6*�%3  !*# /*#8  #+*�!&  #, 
"�<22#,#/*.&  7�#2�0&*#'  (�.*�7/*#/  %&!!-  !*'.�)�

#+(&!4�1�0&**�)�  %&./(#&�& #*!.(3%/*.& ). �!/  <.�  )�0�(#.  �  ,/�/!��;(&+*�!.
"�*.(��#(3/%�$  2�(%�$  +/(/*  ((#! .1) [4].  

�/ 3>&'  !5�!�;*�!.6  (&), "�<22#,#/*.  7�#2�0&*#'
%�>*�!.6  (0) # <*/()�+&.(&.-  ()) �.(/+*-4  "(3)� 0 !  "�*.(��#(3/%�$

2�(%�$  +/(/*  

"�<22#,#/*.&  2�(%-  +/(/*  3 �  (/ 3>&'  !5�!�;*�!.6
%�>*�!.6  (/+&*#'  (&!.3. , & "�<22#,#/*.

�-'0�/**-/  +&"�*�%/(*�!.# , 1�'  5/(0-4  .(@4
!�/138>#%#  %&./%&.#9/!"#%# %�1/�'%# :  

                                           ;                                       

                                           ;                                       (2) 

          .                                 

+/(*�  �;�&1&��  ;�&)�5(#'.*�$ , 1�'  1&**�)�
+&0#!#. �.  1034 )�&0*-4  2&".�(�0  – 2�(%-  # (&!5��� /

5(�;�/%-  5�  35�('1�9/*#8  2�(%-  # �(#/*.&,##

2�(%& # (&+%/( +/(/*  
&;(&+#0*�$ �;(&;�."#  

#*!.(3%/*.& , "&" (/ 3>&'  
5�0/(4*�!.# , ./%5/(&.3(&  # 

"(3)&%# (+&"(/5�/**-%#  
5(#0�1#.  "  !*# /*#8  

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

)�0�(#.  �  ,/�/!��;(&+*�!. # 

 
7�#2�0&*#'  (; ), 

0 ! "�*.(��#(3/%�$  

!5�!�;*�!.6  �.(/+*-4  
"�<22#,#/*.  7�#2�0&*#'  # 

5/(0-4  .(@4 5&(&%/.(�0 , 

                             (1) 

;                                       (2)  

                             (3)  

1&**�)�  !�39&'  (/+&*#' , 
# (&!5��� / *#'  0 ./�/  
# �(#/*.&,##  +/(/*  



 

�."(-0&/.  0�+%� *�!.6  ;��//
# *& <.�$  �!*�0/  5�0-7/*#' <"!5�3&.&,#�**-4

�(#  0#;(�&;(&+#0*�
0�#'*#/  *& #+*�!  (&;�9/$  !(/1-
(/;/(  [5]. �!5��6+�0&*#/  )(&*3�
*/0-53"�-$  0�!6%#3)��6*#"
20% (5�  !(&0* /*#8  !  )(&*3�&%#

�#!3*�"  2 – �&0#!#%�!.6
"&" �.*�7/*#/  3)�& 0 �!*�0&*##

 
�� *�  +&%/.#.6 +*&9#./�6*38

2�(%- . �&0#!#%�!.6  #+*�!&
5(#+%- "  "��#9/!.03  <.#4
�1*�+*&9*38  "�((/�',#�**38

�+  !#*./+#(�0&**-4  
&�%&+- 2(&",#$  125/100 #
&�%&+*-4 5�(�7"&4  �5(/1/�/**-4
5�(�7"�0 , 5��39/**-4  5(#
9&7/9*-/  7�#2�0&�6*-/  " (3)#

�#!3*�"  3 — �&0#!#%�!.6
)&;#.3!*�)�  !�!.&0&  &�%&+*-4

"/(&%#"&; ; #
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;��//  5��*�)�  #!5��6+�0&*#'  #4 5�./*,#&�6*-4
5�0-7/*#'  <"!5�3&.&,#�**-4  5�"&+&./�/$  #*!.(3%/*.�0

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

�!5��6+�0&*#/  )(&*3�  0 2�(%/  5#(&%#1-, 0 �!*�0&*##
0�!6%#3)��6*#" , 5�+0��#��  1�;#.6!'  5�0-7/* #'  5(�#+0�1#./�6*�!.#

)(&*3�&%# 0 0#1/ "�*3!& ) 5(#  5(&".#9/!"#  .�%   /

�&0#!#%�!.6  #+*�!&  &;(&+#0*�$ )(&*3�-  �.  //  2�(%-
�!*�0&*##  5(&0#�6*�$  %*�)�3)��6*�$  5#(&%#1-

3)��0  0 %*�)�3)��6*#"/  \  

+*&9#./�6*38  +&0#!#%�!.6 #+*�!&  &;(&+#0*�$
#+*�!&  !(/1-  �.  �.*�7/*#'  3)�& %*�)�3)��6*#"&

<.#4 3)��0 , 5(/1!.&0�/**&'  *& (#!3*"/
"�((/�',#�**38  !0'+6 %/ 13  <.#%# 5&(&%/.(&%#. 

!#*./+#(�0&**-4  &�%&+�0 1�'  #!5-.&*#$  0 #*!.(3%/*./
 125/100 # 250/200. �(�&*&�#+#(�0&*�  5(�,/*.*�/

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

(3)#  *& %/.&��#9/!"�$  !0'+"/ .  

�&0#!#%�!.6  (/ 3>/$  !5�!�;*�!.#  7�#2�0&�6*-4
&�%&+*-4 5�(�7"�0 : & – �;(&;&.-0&/%-$  %&./(#&�

"/(&%#"&; ;  # 0 – �;(&;&.-0&/%-$  %&./(#&� ��%5�+#.

5�./*,#&�6*-4  0�+%� *�!./$  
#*!.(3%/*.�0  0 ,/��% .  

+/(*&%#) * &#;��67//  
#%/**�  "��#9/!.0�  #4 

�!*�0&*##  "�.�(�$  �/ #.  
5(�#+0�1#./�6*�!.#  *& 
.�%   /  #+*�!/ . 

 
2�(%- , �5(/1/�/**�$  

5#(&%#1- "  "��#9/!.03  

&;(&+#0*�$ )(&*3�-  �.  //  
%*�)�3)��6*#"&  0 �!*�0&*##  

(#!3*"/  3, 5�"&+-0&/.  

#*!.(3%/*./  ;-�#  0-;( &*-   
5(�,/*.*�/  !�1/( &*#/  0 
�5-.*-4  5&(.#$ &�%&+*-4 

"(#!.&��#+&,## , ;-�#  #+)�.�0�/*-  

 
7�#2�0&�6*-4  "(3)�0  �.  

%&./(#&� – (/ 3>&'  
��%5�+#.  
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�!5-.&*#'  5�"&+&�#, 9.�  0 3!��0#'4  *#+"�./%5/(&.3(*�)�  5(/,#+#�**�)�  
7�#2�0&*#'  .(31*��;(&;&.-0&/%-4  !0/(4.0/(1-4  %&./(#&��0  (<�6;�(&  # "/(&%#"#) 
(/ 3>&'  !5�!�;*�!.6  ((#!3*�"  3) "(3)�0  !  5�0-7/**�$  "�*,/*.(&,#/$  &�%&+�0 # 
4&(&"./(*�$  %�(2���)#/$  (�".&<1(- , �".&<1(-  4&(&"./(*�)�  )&;#.3!& ) 5�0-7&/.!'  *& 
25-30 %. 
 
�#./(&.3(& : 

1. �&$"&��0 , 
 .� . �0/1/*#/  0 ./�(#8  7�#2�0&*#'  %&./(#&��0 . � .: �&3"�0&  
13%"&. – 1978. – 207 ! . 

2. Katha Badu, M. Studies on recharging of abrasives in abrasive water jet 
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�#1(�&)(/)&.  – 3!.(�$!.0� , !�!.�'>//  #+ )#1(&0�#9/!"�$  .3(;#*-  # 

<�/".(#9/!"�)�  )#1(�)/*/(&.�(&  [1]. �#1(�)/*/(&.�(-  '0�'8.!'  .#5�%  <�/".(#9/!"#4  
%&7#* )/*/(#(38>/)�  �;�(31�0&*#' , 5(/1*&+*&9/**-/  1�'  0-(&;�."#  <�/".(�<*/()##  
5(#  0(&>/*##  )#1(�.3(;#*- . �&**-/  <�/".(#9/!"#/  %&7#*- , �;-9*�  
#*1#0#13&�6*�)�  #!5��*/*#' , !�9/.&8.  0 !/;/  5(�;�/%-  <�/".(�%&)*#.*-4  
4&(&"./(#!.#" , +*&9#./�6*�)�  *&)(/0&, */�;4�1#%�!.#  �4�& 1/*#' , !.&.#9/!"�$  # 
1#*&%#9/!"�$  5(�9*�!.# , ;��67#4  )&;&(#.�0 . �  1&**�% 0�5(�!/  *&39*� -./4*#9/!"�$  
5(�;�/%�$  '0�'/.!'  1�!.# /*#/  %&"!#%&�6*�$ <"!5�3&.&,#�**�$  *&1/ *�!.#  
<�/%/*.�0  "�*!.(3",##  # !��.0/.!.0#/  .(/;�0&*#'%  5(�%-7�/**�$  ;/+�5&!*�!.#  [2]. 
�.(/%�/*#/  #+)�.�0#.6  )/*/(&.�(  ;��67/$  %�>*�!.#  # 1�53!.#%�  5(#/%�/%-4  
(&+%/(�0 5(#0�1#.  "  0�+(&!.&*#8  5��.*�!.#  .�"& , & +*&9#., # *&)(/03  .�"�0/13>#4  
<�/%/*.�0 , �+*&9&8>#4 #+*�!  # !.&(/*#/  #+��',## . ��'  5(/1�.0(&>/*#'  5/(/)(/0&  # 
0-4�1&  #4 !.(�'  #+��',##  )/*/(&.�(-  0-5��*'8.  !  #!"3!!.0/**-%  �4�& 1/*#/% , 
�.0�1'>#%  #+ %&7#* ./5�� , <�/".(#9/!"#4 , %&)*#.*-4  # %/4&*#9/!"#4  5�./(6 . 

�  ��

����  ��&��+
���  �������
�(  �!3>/!.0�'/.!'  ,#("3�',#'  0�+134& #+ 
0�+134��4�&1#./�/$  5�  .(3;&% 0 "&%/(3 �4�& 1@**�)�  0�+134&, & +&./% 0 5��-/  
%/1*-/  .(3;"#  �;%�."#  !.&.�(&  5�  +&%"*3.�%3 "�*.3(3  ((#!3*�"  1). ��1& , 



 

�!3>/!.0�'8>&'  �4�& 1/*#/
"���/".�(& , "31& 5�!.35&/.
0�1�+&;�(*-4  �#*#$ . 

 

�#!3*�"  1 – 

	!*�0*-%  ./4*���)#9/!"#%
./%5/(&.3(&  0�+134& 0 !#!./%/
&0.�%&.#9/!"�)�  (/)3�#(�0&*#'
#+%/*/*#'  5�1&9# 0�1-  ((#!3*�"
#�#  0-4�1&  #+ ! .(�'  &)(/)&.&
[6]. 

�#+3&�#+&,#'  ./4*���)#9/!"#4
�!3>/!.0�'/.!'  5&*/�68  
5(�)(&%%#(3/%�)�  ��)#9/!"�)�

	5.#%&�6*-%  5/(/5&1�%
0�+134��4�&1#./�'  !9#.&/.!'

 

�#!3*�"  2 – �
�  ./%5/(&.3(-

��'  "�*.(��'  ./%5/(&.3(-
0�+134��4�&1#./�'  #!5��6+3/.!'

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

113 

�4�& 1/*#/  0�+134&, 5�1&@.!' *& �4�&1#./�6  #+
5�!.35&/.  5�!�/  2#�6.(�0  %/4&*#9/!"�$  �9#!."#

 �4/%& �4�& 1/*#'  �;%�.�"  !.&.�(&  )#1(�&)(/)&.&
 

./4*���)#9/!"#%  5&(&%/.(�%, 5�1�/ &>#%  (/)3�# (�0&*#8
0 !#!./%/  �4�& 1/*#'  !.&.�(& . �(#%/*/*#/

(/)3�#(�0&*#'  (�
� ) ./%5/(&.3(-  �4�& 1&8>/)�
(#!3*�"  2) 5�+0��#.  #+;/ &.6  #+;-.�9*-4  5�./(6

&)(/)&.& #+-+& 5/(/)(/0&  �;%�.�"  !0-7/  1�53!.#%-4

./4*���)#9/!"#4  5&(&%/.(�0  # 0�+%� *�!.6
5&*/�68  �5/(&.�(&  ICP DAS SV-6201 #
��)#9/!"�)�  "�*.(���/(&  WP-9821-CE7  [3].  

5/(/5&1�%  ./%5/(&.3(  0�+134& *& 04�1/
!9#.&/.!'  18-25°C.  

 
�
� ./%5/(&.3(-  �;%�."#  !.&.�(&  53./% #+%/*/*#'

 
./%5/(&.3(-  )�('9/)�  0�+134& *& 04�1/

#!5��6+3/.!'  1&.9#"# ./%5/(&.3(-  ����  �/.(&*  276. 
3(�0*'  +&)('+*@**�!.#  2#�6.(�0  �#*#$  5�1&9#

"���/".�( 5(#%/*'/.!'   1&.9#"# 5/(/5&1& 1&0�/*#'  �/.(

�4�&1#./�6  #+ 0�1�*&5�(*�)�  
�9#!."#  #+ 9/.-(@4  

 
)#1(�&)(/)&.&  

(�0&*#8 , '0�'/.!'  
�(#%/*/*#/  !#!./%-  

�4�& 1&8>/)�  0�+134& 53./% 
#+;-.�9*-4  5�./(6  %�>*�!.#  

1�53!.#%-4  ./%5/(&.3(  

0�+%� *�!.6  #4 +&1&9# 
# 5(#%/*/*#/%  

04�1/  # 0-4�1/  

#+%/*/*#'  5�1&9# 0�1-  

*& 04�1/  "& 1�)�  
�/.(&*  276.  

�#*#$  5�1&9# 0�1-  0 
1&0�/*#'  �/.( &* 150 CD [7]. 



114 
 

�&.9#"#  5/(/5&1& 1&0�/*#'  04�1'.  0 "�*.3(  &0.�%&.#9/!"�$  �9#!."#  2#�6.(& , 9.�  
5�+0��'/.  5(/1�.0(&.#.6  #+%/*/*#/  1&0�/*#'  0 !#!./%/  *# /  1�53!.#%�)�  0 *&5�(*�%  
"���/".�(/ . 

�+%/(/*#/  1&0�/*#'  0 .(3;�5(�0�1&4  #+ 0�1�+&;�(&  1-4 (1�  2#�6.(�0  �9#!."# ) 
�!3>/!.0�'/.!'  %#"(�5(�,/!!�(*-%#  1&.9#"&%# 1&0�/*#'  �/.(&*  150 TG. [7]. 

�+%/(/*#/  (&!4�1& *& 0�+134��4�&1#./�#  1-12 �!3>/!.0�'/.!'  
%#"(�5(�,/!!�(*-%#  (&!4�1�%/(&%#  Rosemount 8800  [5]. 

�-0�1 : �*/1(/*#/  !#!./%-  35(&0�/*#'  �4�& 1/*#/%  0�+134& �;%�.�"  !.&.�(&  
)#1(�)/*/(&.�(&  *& ;&+/ !�0(/%/**-4  %#"(�5(�,/!!�(*-4  5(#;�(�0  5�+0��#.  
3�397#.6  "&9/!.0�  # <22/".#0*�!.6  35(&0�/*#'  �4�& 1/*#/%  �;%�.�"  !.&.�(& , & 
.&" /  !�"(&.#.6  <"�*�%#9/!"#/  +&.(&.-  *& (/%�*.  # �;!�3 #0&*#/ . 

 
�#./(&.3(& : 

1. �&,%&*  � .� . :�/".(#9/!"#/  %&7#*- . � .: �-!7 .7"��& , 1983. 452 ! . 
2. �� "�0&  � .� ., ��+3�#*  � .� . :�/".(��;�(31�0&*#/  <�/".(�!.&*,#$  # 

5�1!.&*,#$ . 3 #+1.  � .: :*/()�&.�%#+1&. , 1987. 
3. �/(#'  "�*.(���/(�0  XP-9000 // 	2#,#&�6*-$  !&$.  2#(%-  ICP DAS URL: 

https://f.icp-das.ru/files/add/doc/e9d// (1&.& �;(&>/*#' : 28.03.2019)) . 
4. 	5/(&.�(!"&'  5&*/�6  SV-6201. // �*13!.(#&�6*-$  "&.&��)  5(�13",##  ICP 

DAS URL: https://ipc2u.ru/catalog/sv-6201/ (1&.& �;(&>/*#' : 28.03.2019)). 
5. �&!4�1�%/(  Rosemount 8800 // �&.&��)  ��  *�0-/  ./4*���)##  URL: 

https://www.emerson.ru/ru-ru/catalog/automation-solutions/measurement-
instrumentation/flow/rosemount-8800-vortex-ru-ru (1&.& �;(&>/*#' : 28.03.2019)). 

6. �(/�;(&+�0&./�#  ./%5/(&.3(-  ����
�  // 	2#,#&�6*-$  !&$.  2#(%-  
����
�  URL: https://www.emerson.ru/ru-ru/catalog/metran-276-ru-ru (1&.& �;(&>/*#' : 
28.03.2019)). 

7. �(/�;(&+�0&./�#  1&0�/*#'  ����
�  // 	2#,#&�6*-$  !&$. 2#(%-  ����
� . 
URL: https://www.emerson.ru/ru-ru/catalog/metran-150-ru-ru (1&.& �;(&>/*#' : 
28.03.2019)). 
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�(/>#*-  # %#"(�.(/>#*-  – <.�  (&+(-0  5�0/(4*�!.*�)�  !��'  %&./(#&�& 

+&)�.�0"#  5�1  0�+1/$!.0#/%  0*3.(/**#4  *&5(' /*#$ . �(/>#*-  # %#"(�.(/>#*-  *& 
5�0/(4*�!.#  +&)�.�0"#  5�'0�'8.!'  .��6"�  0 .�%  !�39&/ , /!�#  0/�#9#*&  "�*,/*.(&,##  
0*3.(/**#4  *&5(' /*#$  *& <.#4 39&!."&4 0-7/  5(/1/�&  5(�9*�!.#  %&./(#&�& 
+&)�.�0"#  *& (&+(-0 . 

�  *&!.�'>//  0(/%'  */.  "�&!!#2#"&,##  .(/>#*  *& 5�0/(4*�!.'4  +&)�.�0�" . �  
+&0#!#%�!.# �.  5(#9#*  �;(&+�0&*#'  .(/>#*-  *& 5�0/(4*�!.'4  +&)�.�0�"  %� *�  
5�1(&+1/�#.6  *& 5'.6  )(355 : 

- ./(%#9/!"#/ , '0�'8>#/!'  (/+3�6.&.�%  ./(%#9/!"�$  �;(&;�."#  +&)�.�0�" ; 
- 7�#2�0�9*-/ , '0�'8>#/!'  !�/1!.0#/%  */5(&0#�6*�$  &;(&+#0*�$ 

�;(&;�."# ; 
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- ./(%�7�#2�0�9*-/ , 0-'0�'8>#/!'  5(#  7�#2�0&*##  0 (/+3�6.&./  
*&5(' @**�)�  !�!.�'*#' , 0�+*#"&8>/)�  5(#  ./(%��;(&;�."/  # 7�#2�0&*## ; 

- <"!5�3&.&,#�**-/ , '0�'8>#/!'  (/+3�6.&.�%  *&�� /*#/  *&5(' /*#$ , 
�;(&+38>#4!'  5(#  <"!5�3&.&,## , *& !"(-.-/  ./(%�%/4&*#9/!"#/  *&5(' /*#' , 
+&�� /**-/  0 5�0/(4*�!.*�%  !��/  1/.&�/$ ; 

- "�*!.(3".�(!"#/ , '0�'8>#/!'  (/+3�6.&.�%  "�*,/*.(&,##  0*3.(/**#4  
*&5(' /*#$  0 �.1/�6*-4  +�*&4 1/.&�/$  #+-+& */1�(&;�."#  #4 "�*!.(3",##  # 
*/5(&0#�6*�)�  0-;�(&  %&./(#&�& 1/.&�/$ . 

�  +&0#!#%�!.# �.  0*3.(/**#4  *&5(' /*#$  0 5�0/(4*�!.*�%  !��/  +&)�.�0�"  
.(/>#*-  (&+1/�'8.!'  *& 10/ )(355- : .(/>#*-  !  0�)*3.-%#  "(&'%# �.  *&5(' /*#$  
(&!.' /*#' ; .(/>#*-  !  0-53"�-%#  "(&'%# �.  *&5(' /*#$  ! &.#' . 

��#2�0�9*-/  .(/>#*-  (�#! . 1) – )(355& %/�"#4  # .�*"#4  (&+(-0�0 , "&" 
5(&0#�� , 0 0#1/ !/."#  *& 7�#2�0&**�$  5�0/(4*�!.#  %/.&��& . ��+*#"&8.  5(#  
7�#2�0&*##  !.&�/$  */"�.�(-4  %&(�", !"��**-4  "  �;(&+�0&*#8  .(/>#* , – +&"&�/**-4  
0-!�"�3)�/(�1#!.-4  # �/)#(�0&**-4 , ,/%/*.#(�0&**-4 , &+�.#(�0&**-4  # 
4(�%#(�0&**-4  [1]. 

�
�#! . 1. ��#2�0&�6*-/  .(/>#*-  

 
�/(%�%/4&*#9/!"#/  .(/>#*-  (�#! . 2) �;(&+38.!'  *& +&)�.�0"/  0 (/+3�6.&./  

*&�� /*#'  7�#2�0�9*-4  0*3.(/**#4  *&5(' /*#$  *& #%/8>#/!'  0 %/.&��/  
./(%#9/!"#/  0*3.(/**#/  *&5(' /*#' . �(#  <.�% /!�#  *&5(' /*#'  �1*�)�  +*&"& # 
*&5(&0�/*#' , .�  #4 0/�#9#*-  !"�&1-0&8.!' , /!�#  (&+*-4  +*&"�0 – #%//.  %/!.�  
3%/*67/*#/  0/�#9#*-  *&5(' /*#$ . �(�%/  .�)� , *& �5/(&,#'4  7�#2�0&*#'  0-'0�'8.!'  
.(/>#*- , �;(&+38>#/!'  #+-+& 1/2/".�0  %&./(#&�&: 2��"/*�0 , 0���!�0#* , 
*/%/.&��#9/!"#4  0"�89/*#$  # 1(3)#4. 

 
�#! . 2. �(/>#*& , 0-+0&**&'  7�#2�0&�6*-%  5(# �)�%  

 
�(/>#*-  *& +&)�.�0"&4  5(#  7�#2�0&*## , +& #!"�89/*#/%  ./(%#9/!"#4  .(/>#* , 

0-'0#07#4!'  *& 7�#2�0&�6*-4  �5/(&,#'4 , 0!/)1& !�5(�0� 1&8.!'  5(# �)&%# . :.�  
�;A'!*'/.!'  !�/138>#% . �(#  ��"&�6*-4  *&)(/0&4 %/.&��  (&!7#('/.!'  0 5(/1/�&4  
%&��$ *&)(/.�$  +�*- . �  .�   /  0(/%'  �"(3 &8>#$  4���1*-$  %/.&��  �"&+-0&/.  
!�5(�.#0�/*#/  (&!7#(/*#8  *&)(/.�$  +�*- . �  (/+3�6.&./  5�  )(&*#,&% +�*-  0�+*#"&8.  
! #%&8>#/  *&5(' /*#' , & 0 /@ ,/*.(/  (&!.')#0&8>#/ .  

�(#  �4�& 1/*##  *&)(/.�)�  39&!."& 1�  ./%5/(&.3(-  �!*�0*�)�  %/.&��&  /)�  
�;A@% !�"(&>&/.!' , # 5�  "(&'%  +�*-  0�+*#"&8.  (&!.')#0&8>#/ , & 0*3.(#  – ! #%&8>#/  
*&5(' /*#' . �!�#  0/�#9#*&  *&5(' /*#$  5(/0-!#.  5(/1/�  5(�9*�!.#  %/.&��&  *& (&+(-0  
#�#  ! &.#/ , 5(�#+�$1@. (&+(-0  5�0/(4*�!.*�)�  !��'  +&)�.�0"#  0 ,/*.(/  #�#  *& 
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)(&*#,&4  5(# �)�0�)�  39&!."&, . ./ . 0 %/!.&4 �!�&;�/*#'  5(�9*�!.#  0!�/1!.0#/  
!.(3".3(*-4  #+%/*/*#$  0 %/.&��/  # %/!.&4 "�*,/*.(&,##  0*3.(/**#4  *&5(' /*#$ . 

�/5�!(/1!.0/**-%#  2&".�(&%#, 0-+-0&8>#%#  5�'0�/*#/  %#"(�.(/>#*  *& 
+&)�.�0"&4 , '0�'8.!' : "�*,/*.(&,#'  0*3.(/**#4  *&5(' /*#$ ; */�;(&.#%-/  #+%/*/*#'  
%#"(�!.(3".3(-  0 5�0/(4*�!.*�%  !��/  +&)�.�0�" ; *&�#9#/  1/2/".�0  # */�1*�(�1*�!.#  
!.(3".3(-  %&./(#&�& +&)�.�0�" , & .&" /  ./5��!.�$"�!.6  �/)#(38>#4  <�/%/*.�0 , 
5�0-7&8>#4  !"��**�!.6  %/.&��&  "  .(/>#*��;(&+�0&*#8 . ��<.�%3  5(#9#*&%# 
5�'0�/*#'  .(/>#*  5(#  �;(&;�."/  +&)�.�0�"  '0�'8.!'  0!/  5�"&+&./�#  5(�,/!!&  
�;(&;�."# , !5�!�;!.038>#/  5�'0�/*#8  <.#4 2&".�(�0 . 

�&!!%�.(#%  (/7/*#/  5(/1�.0(&>/*#'  5�'0�/*#'  0#1�0 .(/>#*  �.  2&".�(& , 
"�.�(-$  #4 0-+-0&/. . 

�&"  "&" ./(%#9/!"#/  .(/>#*-  �;(&+38.!'  0 (/+3�6.&./  5/(/)(/0&  5�0/(4*�!./$ , 
.�  5�1�;*-%  !.&*"&% (SwaAGL-125) # ;��//  !.&(-%  %�1/�'% , "�.�(-/  
<"!5�3&.#(38.!'  ;��67/$  9&!.68  0 *&!.�'>//  0(/%' , #%//.  !%-!�  00/!.#  <�/".(�**-$  
1&.9#", 3!��0*�/  �;�+*&9/*#/  "�.�(�)�  5(#0/1/*�  *& (#! . 3. 

 
  

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

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

+�*/  (/+&*#' . �&.9#"  5�!-�&/.  !#)*&� , /!�#  !#)*&�  0-4�1#.  +& 3!.&*�0�/**38  0 
5(�)(&%%/ (#�#  ;��//  1/7/0�%  0&(#&*./  &0.�%&.#+&,#' %� /.  ;-.6  &*&��)�0&' ), .�  
!.&*"3  (!.&*�9*#"3 ) !��;>&/.!'  !#)*&�  #�#  !.&*�"  !&% 5/(/4�1#.  0 ;��//  «%')"#$ » 
(/ #%  (/+&*#' , *&5(#%/( , !*# &/.  !"�(�!.6  (/+&*#'  # ./% !&%-% 3%/*67&/.  
./%5/(&.3(3  0 +�*/  (/+&*#' , 9.�  5(/5'.!.03/.  �;(&+�0&*#8  .(/>#*  0 +&)�.�0"/  00#13 
./%5/(&.3(*-4  1/2�(%&,#$ . 

	!.&�6*-/  0#1-  .(/>#*  – +&1&9& 3 /  1(3)#4 5(#;�(�0 , # 0 1&**�$  !.&.6/  1�'  
"(&."�!.#  !�1/( &*#'  %- (&!!%&.(#0&.6 */  ;31/%. 

�9:%8 . �-  (&!!%�.(/�#  5(�;�/%3  �;(&+�0&*#'  .(/>#*  # #4 */)&.#0*�/  
0�#'*#/  *& +&)�.�0"# . �(/1�� /*  *�0-$  %/.�1  5(/1�.0(&>/*#'  �;(&+�0&*#'  .(/>#*  0 
*#4.  
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�#./(&.3(& : 
1. �/.�1-  # 5(#;�(-  1/2/".�!"�5##  #+1/�#$ : �9/;*�/  5�!�;#/  / �&,#�*&�6*-$  

%#*/(&�6*� -!-(6/0�$  3*#0/(!#./.  «��(*-$ ». ��!. .: �&0��0  � .� . ��; , 2013, 73 ! . 
2. �3;&(/0  � . � . �!.�$9#0�!.6  5(�,/!!&  7�#2�0&*#'  !  39/.�%  /)�  

1#*&%#9/!"#4 4&(&"./(#!.#"  / � . � . �3;&(/0 , 
 . � . �(#/%-7/0 . – ��; .: �+1 -0�  
���#./4* . 3*-.&, 2016. – 388 ! . 

3. �#(�%/.(  9&!.#9*�)�  #+�39/*#'  ���  - C� . �3"�0�1!.0�  5�  <"!5�3&.&,##  
4211. 001. 48036674 – 99 �: . 
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�#4&*"#*  � .
 ., �&;(�1#*  
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��������  	���
��
�������  �
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�  
 
	;/!5/9/*#/  "&9/!.0& 5(�13",##  !/)�1*'  0-7��  *& 5/(0-$  5�&*  # !.&��  

"�89/0�$  +&1&9/$ 5(/15(#'.#' . �  3!��0#'4  5�!.�'**�)�  3!#�/*#'  "�*"3(/*.*�$  ;�(6;-  
*& %#(�0-4  (-*"&4  2&".�(  "&9/!.0& '0�'/.!'  0!/  ;��//  (/7&8>#% , �!�;/**�  5(#  
5�!.&0"&4  5(�13",##  *& (-*"#  1&�6*/)�  +&(3;/ 6' , "�%5&*#'%-�#1/(&%, & .&" /  5(#  
0-4�1/  *& *�0-/  (-*"#  !;-.& .  

�&**&'  ./%& 0-;(&*&  1�'  5�#!"&  3!��0#$  5�0-7/*#'  "&9/!.0& 5(�13",##  
(5�17#5*#"�0 ) +& !9/.  3�397/*#'  "&9/!.0& (��#"�0 , & .&" /  5�0-7/*#'  
"�*"3(/*.�!5�!�;*�!.#  5(�13",##  	
	  «���  ��� !"#$ » #, "&" !�/1!.0#/ , 
!�4(&*/*#'  # (&!7#(/*#'  (-*"&  !;-.& . ��!.# /*#/  <.�)�  0�+%� *�  .��6"�  5(#  
3!��0##  !*# /*#'  3(�0*'  1/2/".*�!.# . 

��17#5*#"  – !;�(�9*-$  3+/� , '0�'8>#$!'  9&!.68  �5�(-  #�#  35�(& , 
5�11/( #0&8>#$  0&�, �!6  #�#  #*38  5�10# *38  "�*!.(3",#8  !  +&1&**�$  @!."�!.68 . 

��17#5*#"#  "�&!!#2#,#(38.!'  5�  !�/138>#%  5(#+*&"&%: 
-  �&5(&0�/*#8  0�!5(#*#%&/%�$  *&)(3+"# ((&1#&�6*-/ , (&1#&�6*� -

35�(*-/ , 35�(*-/ ); 
-  ��(%/  ./�  "&9/*#'  (7&(#"�0-/ , (��#"�0-/  ,#�#*1(#9/!"#/ /"�*#9/!"#/ ); 
-  �#!�3  ('1�0  ./�  "&9/*#'  (�1*�('1*-/ , 1034('1*-/ , %*�)�('1*-/ ); 
-  ��9*�!.#  #+)�.�0�/*#'  (0,6 "�&!!  .�9*�!.#  1�'  �;>/)�  %&7#*�!.(�/*#' ; 

5,4,2 "�&!!  .�9*�!.#  1�'  !.&*"�!.(�/*#' ); 
-  �&�#9#8  +&>#.-  0*3.(/**/$  5���!.#  5�17#5*#"&  (!  0!.(�/**-%#  

35��.*#./�'%# , ;/+  !%&+"# # +&5��*'/%-/  !%&+"�$); 
-  �5�!�;3  %�*.& &  0 �5�(/  (!  ,#�#*1(#9/!"#% /"�*#9/!"#%  �.0/(!.#/% , !  

35�(*-%  ;�(.�%  *& *&(3 *�%  "��6,/ , 7#(�"#%  *&(3 *-%  "��6,�% ). 
�  .&;�#,/  1 5(/1!.&0�/*  ./4*���)#9/!"#$  5(�,/!!  #+)�.�0�/*#'  "�*#9/!"�)�  

(��#"&  � -1027313
 .04 
 
�&;�#,&  1 – �/4*���)#9/!"#$  5(�,/!!  (�5/(&,## ) #+)�.�0�/*#'  "�*#9/!"�)�  

(��#"&    
�(�.#(�9*&' , !%&+�9*&'  �2/(�7�#2�0&�6*&'  9#!.�0&'  
��(.#(�0�9*&'  10% �/!,/*.(�0� -7�#2�0&�6*&'  9#!.�0&'  
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�&.�9*&'  10% �2/(�7�#2�0&�6*&'  �"�*9&./�6*&'  
��(#+�*.&�6*� -0-!&1�9*&'  �/!,/*.(�0� -7�#2�0&�6*&'  �"�*9&./�6*&'  
�&�.�0�9*&'  �35/(2#*#7*&'  
	.;�(�9*&'  �.  "�*,�0  �(�%-0�9*� -5(�.#(�9*&'  
�+0/7#0&*#/  ��*.(��6*&'  5�  0*/7*#%  1/2/".&%  
�/!,/*.(�0� -7�#2�0&�6*&'  1�  ./(%��;(&;�."#  �/2/".�!"�5#'  5% 
��(,/7�#2�0&�6*&'  1�  ./(%��;(&;�."#  �&+%&)*#9#0&*#/  
�/(%��;(&;�."&  ��(.#(�0�9*&'  
�+0/7#0&*#/  ��*.(��6*&'  �"�*9&./�6*&'  
�&�.�0�9*&'  1�'  2&!�"  �+0/7#0&*#/  
�(�;/!.(3$*&'  �5&"�0�9*&'  !  "�*!/(0&,#/$  
�/!,/*.(�0� -7�#2�0&�6*&'  5(/10&(#./�6*&'    

 
�(#  &*&�#+/ 0-'0�/*-  !�/138>#/  �!*�0*-/  0#1-  ;(&"& (��#"�0  *& 

5(�#+0�1!.0/ : 
-  	."��*/*#/  )/�%/.(#9/!"#4  5&(&%/.(�0  �.  +&1&**-4; 
-  �(&"  0 (/+3�6.&./  7.&%5�0"# ; 
-  �(/+  5�  �;(&+38>/$ ; 
-  �(/+  5�  !2/(/  # .�(,3 ; 
-  �&;�#*- ;  
-  �(/>#*- ; 
-  	"&�#*- . 
�&  5�17#5*#"#  !�!.&0�/*-  ./4*���)#9/!"#/  5(�,/!!-  5�  #+)�.�0�/*#8  

(��#"�0 , )1/  �5/(&,##  5(�#+0�1'.!'  *& #%/8>/%!'  �;�(31�0&*##  *& 	
	  «���  
��� !"#$ ». �9#.-0&' , 9.�  �;�(31�0&*#/ , *& "�.�(�%  5(�#+0�1#.!'  #+)�.�0�/*#/ , 
<"!5�3&.#(3/.!'  !  5(�7��)�  0/"&, # 5(#*#%&' 0�  0*#%&*#/, 9.�  !(/1*#$  !(�"  
<"!5�3&.&,##  !.&*"�0  20-25 �/.  # !(�"  (/!3(!&  5�  .�9*�!.#  (�	��  7599-82) 11-14 �/. , 
%� *�  !1/�&.6  0-0�1 , 9.�  #%/8>//!'  �;�(31�0&*#/  3!.&(/��  2#+#9/!"# , %�(&�6*� , 
0-(&;�.&��  !0�$  .�9*�!.*�$  (/!3(! , & .&" /  */  �.0/9&/.  !�0(/%/**-%  .(/;�0&*#'%  "  
�;�(31�0&*#8  5�  ;/+�5&!*�!.#  1�'  �;!�3 #0&8>/)�  5/(!�*&�&  # �"(3 &8>/$  !(/1- , 
<()�*�%#9/!"#%  5�"&+&./�'% . ��/1�0&./�6*� , #%/8>//!'  �;�(31�0&*#/  */  %� /.  
�;/!5/9#0&.6  .(/;�0&*#'  +&"&+9#"& "  5�17#5*#"&% .  

��'  3!.(&*/*#'  ;(&"& (/"�%/*13/.!'  %�1/(*#+�0&.6  (��#"�0�/  5(�#+0�1!.0�  *& 
5(/15(#'.## , 1�'  <.�)�  5(/1�&)&/.!'  0*/1(#.6 : 

1. �(/4 -%&.(#9*-$  5(/!! -&0.�%&. FORMAX plus 
�(/#%3>/!.0�%  &0.�%&.& '0�'/.!'  0�+%� *�!.6  *&9&.6 2�(%#(�0&*#/  (��#"�0  !  

5(�0���"#  %/*67/)�  1#&%/.(& #, ;�&)�1&('  31&(&% 5(/10&(#./�6*�)�  2�(%#(�0&*#' , 
#+;&0#.6!'  �.  �8;-4  0�+%� *-4  1/2/".�0  �.(/+&**�$  +&)�.�0"# , .&"#4 "&": *&(3 *-/  
.(/>#*- , !"��- , 5(�1��6*-/  (#!"# , 0���!�0#*- , +&3!/*,- , +&40&. # !%/>/*#/  
5(�2#�' . �/4*���)#'  2�(%#(�0&*#'  (��#"&  +& .(#  31&(& �;/!5/9#0&/.  0�+%� *�!.6  
5(�#+0�1!.0&  1/.&�/$  ;��//  0-!�"�)�  # 5�!.�'**�)�  "&9/!.0&. ��&)�1&('  #+;&0�/*#8  
�.  1/2/".�0  �.(/+&**�$  +&)�.�0"# , 5�'0�'/.!'  0�+%� *�!.6  3%/*67/*#'  5(#53!"&  *& 
1&�6*/$738  %/4&*#9/!"38  �;(&;�."3 .  

2. ��*0/$/(*-$  &)(/)&.  .#5& 
� -400�  2#(%-  «REMIX» 1�'  +&"&�"# 0 
%&!��  # *#+"�)�  �.53!"&  "�*#9/!"#4  # ,#�#*1(#9/!"#4  (��#"�0  5�17#5*#"�0 . 

�/(%#9/!"&'  �;(&;�."&  *& *�0�%  �;�(31�0&*##  5�+0��#.  5��39&.6  1/.&�#  ;/+  
�"&�#*-  # !  %#*#%&�6*-% �;/+3)�/(� /**-%  !��/% . �  (/+3�6.&./  5��39/*#'  
%#*#%&�6*�)�  �;/+3)�/(� /**�)�  !��' , 0�+%� *�  3%/*67/*#/  5(#53!"&  *& �;(&;�."3 . 
�&" /  +& !9/.  3%/*67/*#'  1�  %#*#%&�6*�)�  3(�0*'  �;/+3)�/(� /**�)�  !��'  
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3%/*67#.!'  0/(�'.*�!.6  �;(&+�0&*#'  +&;�#* , 9.�  5(#0/1/.  "  3%/*67/*#8  73%�0-4  # 
0#;(&,#�**-4  5&(&%/.(�0  5�17#5*#"& . 

3. ��#2�0&�6*38  �#*#8  2#(%-  «Modler». 
��#2�0&�6*&'  �;(&;�."&  *& *�0�%  �;�(31�0&*##  5(#0/1/.  " : 
-  ��0-7/*#8  .�9*�!.#  # !.&;#�6*�!.#  )/�%/.(#9/!"#4  5&(&%/.(�0 ; 
-  �4�1  �.  +&;�#*  5�  (&;�9#%  5�0/(4*�!.'% ; 
-  �%/*67/*#/  0/(�'.*�!.#  0�+*#"*�0/*#'  1/2/".�0  5(#  7�#2�0&*## ; 
-  ��"(&>/*#/  0(/%/*#  �;(&;�."# . 
��%5�/"!*�/  0*/1(/*#/  *�0�)�  �;�(31�0&*#'  5�+0��#.  #!"�89#.6  ('1  

�5/(&,#$ : 
-  �&�.�0�9*&' ; 
-  	.;�(�9*&'  �.  "�*,�0 ;  
-  �+0/7#0&*#/  1�  ./(%��;(&;�."# ;  
-  �/!,/*.(�0� -7�#2�0&�6*&'  1�  ./(%��;(&;�."# ;  
-  ��(,/7�#2�0&�6*&'  1�  ./(%��;(&;�."# ; 
-  �+0/7#0&*#/  5�!�/  ./(%��;(&;�."# ;  
-  �&�.�0�9*&'  1�'  2&!�" ; 
-  �(�;/!.(3$*&' ;  
-  �/!,/*.(�0� -7�#2�0&�6*&'  5(/10&(#./�6*&' ; 
-  �2/(�7�#2�0&�6*&'  9#!.�0&' ; 
-  �(�%-0�9*� -5(�.#(�9*&' . 
�  .&;�#,/  2 5(#0/1/*-  #+%/*/*#'  0 ./4*���)#9/!"�%  5(�,/!!/  1�  # 5�!�/  

0*/1(/*#'  �;�(31�0&*#' . 
 
�&;�#,&  2 – �+%/*/*#'  0 ./4*���)#9/!"�%  5(�,/!!/  

�/4*���)#9/!"#$  5(�,/!!  (�5/(&,## ) 
#+)�.�0�/*#'  (��#"�0  1�  0*/1(/*#'  

�;�(31�0&*#'  

�/4*���)#9/!"#$  5(�,/!!  (�5/(&,## ) 
#+)�.�0�/*#'  (��#"�0  5�!�/  0*/1(/*#'  

�;�(31�0&*#'  
�(�.#(�9*&' , 
!%&+�9*&'  

�2/(�7�#2�0&�6*&'  
9#!.�0&'  

�(�.#(�9*&' , 
!%&+�9*&'  

�+0/7#0&*#/  

��(.#(�0�9*&'  10% �/!,/*.(�0� -
7�#2�0&�6*&'  
9#!.�0&'  

��(.#(�0�9*&'  10% �5&"�0�9*&'  !  
"�*!/(0&,#/$  

�&.�9*&'  10% �2/(�7�#2�0&�6*&'  
�"�*9&./�6*&'  

�&.�9*&'  10%   

��(#+�*.&�6*� -
0-!&1�9*&'  

�/!,/*.(�0� -
7�#2�0&�6*&'  
�"�*9&./�6*&'  

��(#+�*.&�6*� -
0-!&1�9*&'  

  

�&�.�0�9*&'  �35/(2#*#7*&'  �/(%��;(&;�."&    
	.;�(�9*&'  �.  "�*,�0  �(�%-0�9*� -

5(�.#(�9*&'  
�/!,/*.(�0� -
7�#2�0&�6*&'  
9#!.�0&'  

  

�+0/7#0&*#/  ��*.(��6*&'  5�  
0*/7*#%  1/2/".&%  

�2/(�7�#2�0&�6*&'  
�"�*9&./�6*&'  

  

�/!,/*.(�0� -
7�#2�0&�6*&'  1�  
./(%��;(&;�."#  

�/2/".�!"�5#'  5% �/!,/*.(�0� -
7�#2�0&�6*&'  
�"�*9&./�6*&'  

  

��(,/7�#2�0&�6*&'  
1�  ./(%��;(&;�."#  

�&+%&)*#9#0&*#/ �35/(2#*#7*&'    

�/(%��;(&;�."&  ��(.#(�0�9*&'  ��*.(��6*&'  5�  
0*/7*#%  1/2/".&%  
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�+0/7#0&*#/  ��*.(��6*&'  
�"�*9&./�6*&'  

�/2/".�!"�5#'  5%   

�&�.�0�9*&'  1�'  
2&!�"  

�+0/7#0&*#/  �&+%&)*#9#0&*#/   

�(�;/!.(3$*&'  �5&"�0�9*&'  !  
"�*!/(0&,#/$  

��(.#(�0�9*&'    

�/!,/*.(�0� -
7�#2�0&�6*&'  
5(/10&(#./�6*&'  

  ��*.(��6*&'  
�"�*9&./�6*&'  

  

 
�(/#%3>/!.0&  �.  "�%5�/"!*�)�  0*/1(/*#'  �;�(31�0&*#' : 
-  �.&;#�6*�!.6  )/�%/.(#9/!"#4  5&(&%/.(�0  +& !9/.  0-!�"�$  .�9*�!.#  

!.&*"�0 ; 
-  	.!3.!.0#/  1/2/".�0  *& �.(/+&**�$  +&)�.�0"/ ; 
-  �%/*67/*#/  5(#53!"&  5�  1#&%/.(3 *& �5/(&,##  1�  ./(%��;(&;�."# , 

5�!�/  ./(%��;(&;�."#  *& 5�!�/138>#/  �5/(&,## , 3%/*67/*#/  5(#53!"&  *& �;(&;�."3  
.�(,�0 . 

-  ���39/*#/  1/.&�/$  ;/+  �"&�#* ; 
-  �#*#%&�6*-$  �;/+3)�/(� /**-$  !��$ ;  
-  �%/*67/*#/  0/(�'.*�!.#  �;(&+�0&*#'  +&;�#* ; 
-  ���39/*#/  +&)�.�0�"  ;��//  0-!�"�)�  # 5�!.�'**�)�  "&9/!.0&; 
-  �*# /*#/  *�(%-  (&!4�1& %/.&��& ; 
-  ��"(&>/*#/  0(/%/*#  �;(&;�."#  (��#"& . 

 
�#./(&.3(& : 

1. �	��  520-2011 ��17#5*#"#  "&9/*#' . 	;>#/  ./4*#9/!"#/  3!��0#' . 
2. �	��  7599-82 �.&*"#  %/.&����;(&;&.-0&8>#/ . 	;>#/  ./4*#9/!"#/  

3!��0#' . 
3. �3"�0�1!.0&  5�  "&9/!.03  ��  ���  ��� !"#$  001–2018. 
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  ��������������� ��
  ����������  

���������  (���� -1) 
 

�#4&*"#*  � .
 ., �5#0&"�0&  � .� . 
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 ��'0�/*#/  *�0�$  5(�13",##  .(/;3/.  (&+(&;&.-0&.6 1�"3%/*.&,#8  *& 
*/!.&*1&(.*38  5(�13",#8 , *& "�.�(38  */  !3>/!.03/.  �&,#�*&�6*-4  !.&*1&(.�0 . 
�/�68  1&**�)�  #!!�/1�0&*#'  '0�'/.!'  (&!!%�.(/*#/  5(�,/!!&  (&+(&;�."#  # 0*/1(/*#'  
��  *& &0.�*�%*�/  &0.�%&.#+#(�0&**�/  3!.(�$!.0�  !  �5.#9/!"#%#  &..(&".&*.&%#.  
 ��)�&!*�  !. . 21 ��  «	  !.&*1&(.#+&,##  0 ��!!#$!"�$  �/1/(&,## » E  162 – ��    
./4*#9/!"#/  3!��0#'  (�� ) – 0#1 !.&*1&(.&  �()&*#+&,## , 3.0/( 1/**-$  #+)�.�0#./�/%  
5(�13",##  #�#  #!5��*#./�/%  (&;�.- , 3!�3)# , 1�"3%/*. , 3!.&*&0�#0&8>#$  
./4*#9/!"#/  .(/;�0&*#' , "�.�(-%  1�� *&  31�0�/.0�('.6  5(�13",#' , & .&" /  
5(�,/13(- , !  5�%�>68  "�.�(-4  %� *�  3!.&*�0#.6 , !�;�81/*-  �#  1&**-/  .(/;�0&*#' , 
# 5(�0/!.#  #1/*.#2#"&,#8  5(�13",## .  
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 �  *&7/$  !.(&*/  �!*�0*�$  5(#9#*�$  *#+"�)�  "&9/!.0& 0-53!"&/%�$  5(�13",##  
!9#.&/.!'  //  5(�#+0�1!.0�  5�  ./4*#9/!"#%  3!��0#'% . �0�'/.!'  �#  <.�  !3 1/*#/  
�;�!*�0&**-% ? �&  1&**-$  0�5(�!  "& 1-$  <"!5/(.  *&$1/.  «!0�$  �.0/. ».  
 �&"  #+0/!.*� , ��  – <.�  ./4*#9/!"#$  1�"3%/*.  *& 5(�#+0�1!.0�  5(�13",##  
(!-(6' /#+1/�#' /.�0&(&/). ��  '0�'8.!'  5�!�/1!.0#/%  (&+(&;�."#  *�0-4  #+1/�#$ . 
�/4*#9/!"#/  3!��0#'  */  .��6"�  «5�1)�.&0�#0&8.  ;&+3» 1�'  *&,#�*&�6*-4  !.&*1&(.�0 , 
.&" "&" '0�'8.!'  5/(0-%#  1�"3%/*.&%# 1�'  *�0�$  5(�13",## , *�  # +&%/*'8. ,  
1�5��*'8.  �	��- .  
 �/4*#9/!"#/  3!��0#'  5�0-7&8.  3(�0/*6  ;/+�5&!*�!.#   #+*#  # +1�(�06'  
)(& 1&*  # �4(&*-  5(#(�1- , �;/!5/9#0&8.  *&39*� –./4*#9/!"#$  5(�)(/!! , 
!5�!�;!.038.  5�0-7/*#8  "�*"3(/*.�!5�!�;*�!.#  5(�13",## , (&,#�*&�#+#(38.  
#!5��6+�0&*#/  (/!3(!�0 , 5�%�)&8.  5(#*'.6  0/(*�/  (/7/*#/  0�  0+&#%�+&%/*'/%�!.# 
5(�13",## .  
 �  ./4*#9/!"#4  3!��0#'4  5(�#+0�1#./�6  �;'+&*  .�9*�  # �1*�+*&9*�  3"&+&.6:  
*&#%/*�0&*#/  5(�13",## , &!!�(.#%/*. , 5�.(/;#./�6!"#/  !0�$!.0&  5(�13",## , //  
;/+�5&!*�!.6 , & .&" /  "�*"(/.*-/  .(/;�0&*#'  "  #!5��6+3/%�%3  !-(68 , %&("#(�0"/ , 
5(&0#�&% 5(#/%"# , 35&"�0"/ , .(&*!5�(.#(�0&*#8  # 4(&*/*#8 . �(#  <.�% */�;4�1#%�  
39#.-0&.6  �5(/1/�/**-/  .(/;�0&*#'  "  #4 5�!.(�/*#8 , �2�(%�/*#8  # !�1/( &*#8 . 
 �/4*#9/!"#/  3!��0#'  – <.�  0*3.(/**#$  1�"3%/*.  �()&*#+&,## , 0 "�.�(�%  
(/)�&%/*.#(38.!'  �!*�0*-/  ./4*#9/!"#/  .(/;�0&*#'  "  0-53!"&/%�$  5(�13",## : 
- �!*�0*-/  5&(&%/.(-  # 4&(&"./(#!.#"# ;   
- .(/;�0&*#'  "  !-(68  # %&./(#&�&%; 
-  "�%5�/".*�!.6 ; %&("#(�0"&, 
-  35&"�0"&;  
- .(/;�0&*#'  ;/+�5&!*�!.# ; 
- .(/;�0&*#'  �4(&*-  �"(3 &8>/$  !(/1- ;  
- 5(&0#�& 5(#/%"# ; 
- %/.�1-  "�*.(��' ; 
- .(&*!5�(.#(�0&*#/  # 4(&*/*#/ ; 
- 3"&+&*#' 5�  <"!5�3&.&,## ;  
- )&(&*.## #+)�.�0#./�' .  
 �&+(&;�."&  ��  5(�#!4�1#.  !�)�&!*�  �	��  2.114-2016 �1#*&'  !#!./%&  
"�*!.(3".�(!"�$  1�"3%/*.&,## . �/4*#9/!"#/  3!��0#' .  
- �&!.�'>#$  !.&*1&(.  3!.&*&0�#0&/.  �;>#/  .(/;�0&*#' , 5(&0#�& # *�(%-  "  
0-5��*/*#8  ./4*#9/!"#4  3!��0#$ .   
- �&!.�'>#$  !.&*1&(.  (&!5(�!.(&*'/.!'  *& #+1/�#'  %&7#*�!.(�/*#'  # 
5(#;�(�!.(�/*#'  0!/4  �.(&!�/$  5(�%-7�/**�!.# , #+)�.&0�#0&/%-4  # 5(#%/*'/%-4  5�  
"�*!.(3".�(!"�$  1�"3%/*.&,## , 0-5��*'/%�$  0 !��.0/.!.0##  !  .(/;�0&*#'%#  �1#*�$  
!#!./%-  "�*!.(3".�(!"�$  1�"3%/*.&,## . 
- �&  �!*�0/  *&!.�'>/)�  !.&*1&(.& %�)3.  ;-.6  (&+(&;�.&*-  !.&*1&(.- , 
39#.-0&8>#/  �!�;/**�!.#  0-5��*/*#'  ./4*#9/!"#4  3!��0#$  #+1/�#$  (&+�#9*-4  0#1�0 
./4*#"#  !  39/.�%  #4 !5/,#2#"#   
 �%/**�  9/(/+  �� , (&+(&;�.&**-/  #+)�.�0#./�/% , !�)�&!�0&**-/  #  
3.0/( 1/**-/   0  3!.&*�0�/**�%  5�('1"/ , (/&�#+38.!'  .(/;�0&*#'  ./4*#9/!"#4  
(/)�&%/*.�0  # !.&*1&(.�0 , '0�'8>#/!'  *�(%&.#0*�$  ;&+�$ 5(#  5�1.0/( 1/*##  
!��.0/.!.0#' . �  �!3>/!.0�'.6  "�*.(��6  */�;4�1#%�  *& !.&1## (&+(&;�."#  ./4*#9/!"#4  
3!��0#$ , 9.�  0-!.35&/.  */  .��6"�  0 #*./(/!&4  5�.(/;#./�' , *�  # 0 5/(038  �9/(/16  – 0 
#*./(/!&4  5(�#+0�1#./�' .  
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 ��  �;'+&*-  �5#(&.6!'  *& 5�!�/1*#/  1�!.# /*#'  *&3"# # ./4*#"# . �/4*#9/!"#/  
3!��0#'  1�� *-  (&+(&;&.-0&.6!'  !  39/.�%  #*./(/!�0  5�.(/;#./�/$ , �!*�0-0&.6!'  *& 
1/$!.038>#/  ./4*#9/!"#/  (/)�&%/*.-  # *&,#�*&�6*-/  !.&*1&(.- . 
 �(#  (&+(&;�."/  ./4*#9/!"#4  3!��0#$  *&#;��67//  0*#%&*#/ *3 *�  31/�'.6  
1/"�&(#(�0&*#8  !��.0/.!.0#'  (�;'+&./�6*�/  5�1.0/( 1/*#/  "&9/!.0& 5(�13",##  
*& !��.0/.!.0#/  0!/% 3!.&*�0�/**-%  *�(%&% # .(/;�0&*#'%  ;/+�5&!*�!.# ). 
 	!*�0*-/  #!4�1*-/  1&**-/ , */�;4�1#%-/  1�'  (&+(&;�."#  �� . 
 ��'  (&+(&;�."#  ��  +&"&+9#" 1�� /*  5(/1�!.&0#.6  !�/138>38  #*2�(%&,#8 : 
 1. 	5#!&*#/  5(�13",##  (0*/7*#$  0#1, 9/(./ # , !4/%- , ./4*#9/!"#/  
4&(&"./(#!.#"# , �;�&!.6  5(#%/*/*#' ). 
 2. 	5#!&*#/  ./4*���)#9/!"�)�  5(�,/!!& . 
 3. �/(.#2#"&.-  *& !-(6/  # "�%5�/".38>#/ . 
 4. �5#!�"  �;�(31�0&*#' , *& "�.�(�%  5(�#+0�1#.!'  5(�13". . 
 5. �0/1/*#'  5�  2&!�0"/  # 35&"�0"/ . 
        �&%# 5(�0/1/*&  (&+(&;�."&  5(�/".&  �/4*#9/!"#4  3!��0#$  1�'  «
0.�*�%*�)�  
�*�)�23*",#�*&�6*�)�  �!.(�$!.0&  �-;�0�1�0 ». 
 	!�;/**�!.#  3!.(�$!.0& :  
 �!.(�$!.0�  5(/1*&+*&9/*�  1�'  5(#0�/9/*#'  *�9*-4  �/.&8>#4  *&!/"�%-4  !  
,/�68  5�1"�(%"#  (-;-  # &"3!.#9/!"#%  %�13�/% 1�'  �.53)#0&*#'  (-;�'1*-4  5.#, . 
 	!*�0*-%#  %�13�'%#  '0�'8.!' : 
 - 2�.�<�/".(#9/!"#$  %�13�6; 
 - &"3!.#9/!"#$  %�13�6.   
 �(#  (&+(&;�."/  ��  ;-�#  #!5��6+�0&*-  !�/138>#/  !.&*1&(.- : 
 – �	��  �  �:�  62124-2013 �#!./%-  2�.�<�/".(#9/!"#/  &0.�*�%*-/ . �(�0/("&  
(&;�.�!5�!�;*�!.# ; 
 – �	��  23262-88 �#!./%-  &"3!.#9/!"#/  ;-.�0-/ . 	;>#/  ./4*#9/!"#/  3!��0#' ; 
 – �	��  �  �:�  60598-2-3-99 �0/.#�6*#"# . �&!.6  2. �&!.*-/  .(/;�0&*#' . 
 �  4�1/  1&**�$  (&;�.-  ;-�#  (&+(&;�.&*-  �/4*#9/!"#/  3!��0#'  *& �(#)#*&�6*�/  
&0.�*�%*�/  &0.�%&.#+#(�0&**�/  3!.(�$!.0� , "�.�(�/  ;31/.  0�!.(/;�0&*�  *& 
(-;�0�1*-4  +&0�1&4 # 4�+'$!.0&4 .  
 
�#./(&.3(& : 
1. �&"37#*&  � . «��1.0/( 1/*#/  !��.0/.!.0#'  – )&(&*.##'  ;/+�5&!*�!.#  5(�13",## » 
[:�/".(�**-$  (/!3(! ]: �(&�./!. . – �/ #%  1�!.35& : http://www.uraltest.ru   
2. �	��  2.114-2016 «�1#*&'  !#!./%&  "�*!.(3".�(!"�$  1�"3%/*.&,## . �/4*#9/!"#/  
3!��0#' ». 
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��0(/%/**-$  (-*�"  1#".3/.  +&0�1&%-5(�#+0�1#./�'%  .(3;  */2./)&+�0�)�  

!�(.&%/*.&   /!."#/  .(/;�0&*#'  "  "&9/!.03  )�.�0�$  5(�13",## , 5(�,/!!&%  
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5(�#+0�1!.0& . 	!0�/*#/  5(�#+0�1!.0&  .(3;  !  (&+�#9*-%#  5&(&%/.(&%# *& #%/8>/%!'  
�;�(31�0&*##  5(/1!.&0�'/.  .(31�/%"#$  5(�,/!! . 

�  ,/��%  5�  (�!!#$!"�%3  (-*"3 , *& *&9&��  2018 )�1&, !5(�!  30/�#9#�!'  *& 5-7 % 
*& .(3;-  <�/".(�!0&(*-/  )&+�*/2./5(�0�1*-/  %&)#!.(&�6*-/ , �;!&1*-/  # ;3(#�6*-/  
("�*13".�(*-/ ).  

�  !0'+#  !  5��39/*#/%  "0&�#2#"&,##  *& (&!7#(/*#/  *�%/*"�&.3(-  .(3;  
	  
«��� !"#$  .(3;*-$  +&0�1» *&9&� �!0&#0&.6 5(�#+0�1!.0�  <�/".(�!0&(*-4  
5('%�7�0*-4  .(3;  !  5(#0&(/**-%#  (/+6;�0-%#  1/.&�'%#  ("�**/".�(&%# ) 1�'  
(&!7#(/*#'  5�10�1*�)�  %�(!"�)�  3!.6'  !"0& #*-  # 5�!&1�9*-4  5/(/4�1*#"�0 , 
5(#%/*'/%-/  0 ;3(#�6*-4  3!.&*�0"&4 . 

��*13".�(*&'  "���**&  – "���**&  �;!&1*-4  .(3; , !�/1#*@**-4  %/ 13  !�;�$  
"�*#9/!"�$  (/+6;�$  5�!(/1!.0�%  %32., 5(/1*&+*&9/**-4  1�'  (&+�;>/*#'  0/(4*/)�  
#*./(0&�&  (&+(/+& )�(*-4  5�(�1 , #+��',##  5(/!*�0�1*-4  )�(#+�*.�0  �.  +&)('+*/*#' , 
%�*.& &  5(�.#0�0-;(�!�0�)�  �;�(31�0&*#'  # 5�10/!"#  5�!�/138>#4  �;!&1*-4  
"���**  5(#  !.(�#./�6!.0/  )�3;�"�0�1*-4  !"0& #* . �4/%& ;3(�0�$  3!.&*�0"#  !  
#!5��6+�0&*#/%  "�*13".�(�0  5(/1!.&0�/*&  *& (#!3*"/  1. 

 
�#!3*�"  1 – �4/%& !.&*1&(.*�$  ;3(�0�$  3!.&*�0"#  

 
�&9/!.0�  # <22/".#0*�!.6  ;3(�0-4  (&;�. , 5(�0�1#%-4  0 (&+�#9*-4  

5(�#+0�1!.0/**-4  !2/(&4 , 0 ;��67/$  !./5/*#  +&0#!'. �.  "&9/!.0& #!5��6+3/%�)�  
;3(�0�)�  �;�(31�0&*#'  #, 0 .�%  9#!�/ , "�*13".�(*-4  .(3; . �& *�/  %/!.�  0 �;7#(*�$  
*�%/*"�&.3(/  ;3(#�6*-4  .(3;  +&*#%&8. "�*13".�(*-/  .(3;-  !  5(#0&(/**-%#  
"�**/".�(&%# . ��*!.(3".#0*�  .&"#/  .(3;-  !�!.�'.  #+: ./�&  .(3;-  # "�**/".�(&  !  
*&(3 *�$  (/+6;�$ , "�**/".�(&  !  0*3.(/**/$  (/+6;�$ , 5(#0&(/**-4  "  ./�3  .(3;-  
%/.�1�%  13)�0�$  !0&("#  5�1  2�8!�%  ((#!3*�"  2). 
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�#!3*�"  2 – �4/%& "�*13".�(*�$  .(3;-  !  5(#0&(/**-%#  "�**/".�(&%#  
  
�& *�$  4&(&"./(#!.#"�$  !0&(*-4  !�/1#*/*#$  "�*13".�(*-4  .(3; , 0 

+*&9#./�6*�  %/(/  �5(/1/�'8>/$  .(31�/%"�!.6  # .�9*�!.6  ;3(/*#' , & .&" /  !(�"  
!�3 ;-  "�*13".�(*�$  "���**- , '0�'/.!'  !��!*�!.6  # 5/(5/*1#"3�'(*�!.6 , 
5(#0&(/**-4  "�**/".�(�0  # ./�&  .(3;- .  

��)�&!*�  .(/;�0&*#'%  [2], �."��*/*#/  �.  5/(5/*1#"3�'(*�!.#  "�**/".�(�0  # 
.(3;-  */  1�� *�  ;-.6  ;��//  1,59 %% *& 304,8 %%.  

���!*�!.6  "�**/".�(�0  # .(3;-  1�� *&  ;-.6  */  ;��//  12,7 %%. 
�&  �!*�0&*##  1&**-4  .(/;�0&*#$  */�;4�1#%�  3!�0/(7/*!.0�0&.6  #+%/(/*#'  !��!*�!.#  
# 5/(5/*1#"3�'(*�!.#  5('%�7�0*-4  .(3;  !  5(#0&(/**-%#  "�**/".�(&%# . 

�-�  5(�0/1/*  &*&�#+ !3>/!.038>#4  %/.�1�0  "�*.(��'  �."��*/*#'  �.  
5/(5/*1#"3�'(*�!.#  # !��!*�!.# : 

- "�*.(��6  �."��*/*#'  �.  5/(5/*1#"3�'(*�!.#  !  5�%�>68  5�0/(�9*�)�  
3)��6*#"&  # *&;�(&  >35�0 ; 

- "�*.(��6  �."��*/*#'  �.  5/(5/*1#"3�'(*�!.#  !  5�%�>68  �/"&�6*�)�  3)��6*#"&  
«*& 5(�!0/. »; 

- #+%/(/*#/  �."��*/*#'  �.  5/(5/*1#"3�'(*�!.#  !  5�%�>68  #+%/(#./�6*�$  
)���0"# , 5�0/(�9*�)�  3)��6*#"&  # 5�0/(�9*�$  5�#.- ; 

- #+%/(/*#/  �."��*/*#'  �.  5/(5/*1#"3�'(*�!.#  !  5�%�>68  #+%/(#./�6*�$  
)���0"#  !   /!."#%  35�(�% , 5�0/(�9*�)�  3)��6*#"&  # 5�0/(�9*�$  5�#.- ; 

- #+%/(/*#/  �."��*/*#'  �.  5/(5/*1#"3�'(*�!.#  !  5�%�>68  �5(&0"#  !  
#+%/(#./�6*�$  )���0"�$  #  /!."#%  35�(�% . 

�&  �!*�0&*##  5(�0/1/**�)�  &*&�#+& ;-�  0-;(&*  %/.�1  #+%/(/*#'  
5/(5/*1#"3�'(*�!.#  # !��!*�!.#  !  5�%�>68  �&+/(*�)�  5(#;�(&  API Tracker 3, .&" "&" 
<.�.  %/.�1  �;/!5/9#0&/.  */�;4�1#%38  .�9*�!.6  #+%/(/*#$ . 

 
�#./(&.3(& : 

1. �/4*���)#9/!"&'  #*!.(3",#'  5�  #+)�.�0�/*#8  5('%�7�0*-4  .(3;  *& 
	  
«��� » ��  01.1.18 / � . � . �'.9/**#"�0 , � . � . �'4  // 
	  «��� », ��� !"#$ , 2014. –174 ! . 

2. �/4*#9/!"#$  (/)�&%/*.  E  �� -��� -�:�� -24-12-15. �;�("&  # !0&("#  
"�*13".�(*-4  .(3;  // 
	  «��� », ��� !"#$ , 2016. –10 ! . 

3. �(/;�0&*#'  "  5(�13",##  1�'  <"!5�3&.&,##  0 3!.&��!.*�$  !(/1/ . 
��*!.(3",#�**-/  # *&5(&0�'8>#/  .(3;-  1�'  (&!7#(/*#'  5�10�1*�)�  %�(!"�)�  3!.6'  
!"0& #*-  # 5�!&1�9*-4  5/(/4�1*#"�0  EMTMP-PUR-265. – 3 ! . 

4. ���617./$*  
 .� ., �"#%�0  � .� . �+%/(/*#/  �."��*/*#'  �.  !��!*�!.#  !0&(*-4  
!�/1#*/*#$  ;3(#�6*-4  .(3;  // ���  531.7: 681.2-112.6.001.63. 
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5. �&(�'*  
 . � . �(3;-  */2.'*�)�  !�(.&%/*.& : �5(&0�9*#" / ��1  �;>/$  (/1 . – 3-/  
#+1., 5/(/(&; . # 1�5 . – � .: �/1(& , 1987. – 488 ! . 
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�  <"!5�3&.&,##  5�17#5*#"�0  0�+*#"&/.  #4 /!./!.0/**-$  #+*�! , #+-+& <.�)�  
5�'0�'8.!'  !&%-/  (&+�#9*-/  1/2/".- . :.#  1/2/".-  0-(& &8.!'  0 !.#(&*##  
"�*.&".*-4  5�0/(4*�!./$ , 5�'0�/*##  (&+�#9*-4  .(/>#* , ,&(&5#* , 3!.&��!.*-4  
(&+(37/*#$  # . .1. �*&9#./�6*38  9&!.6 0!/4  <.#4 (&+(37/*#$  %� *�  #+;/ &.6 , /!�#  
0�!5��6+�0&.6!'  0�+%� *�!.'%#  1/2/".�!"�5## . :.�.  "�%5�/"!  ,/�/*&5(&0�/**-4  
1/$!.0#$ , ,/�68  "�.�(-4  '0�'/.!'  0-'0�/*#/  !"(-.-4  1/2/".�0  #+1/�#' . :.#  1/2/".-  
.&" /  %�)3.  0�+*#"*3.6  0!�/1!.0#/  5(�#+0�1!.0/**�)�  ;(&"&. 

�/$!.0#/  0#4(/.�"�0�)�  "�*.(��'  "&9/!.0& 5�17#5*#"�0  �!*�0-0&/.!'  *& 
!�+1&*## 0 #+1/�##  0#4(/0-4  .�"�0 , 5�!�/  <.�)�  *& 0-4�1/  5(/�;(&+�0&./�'  5�'0�'/.!'  
!#)*&� . �&+& # &%5�#.31& <.�)�  !#)*&�&  �5(/1/�'/.!'  !  5�%�>68  1/$!.038>/)�  
0.�(#9*�)�  5��' . 

�  *&!.�'>//  0(/%'  0 5(�,/!!/  5(�#+0�1!.0&  "��/,  5�17#5*#"�0  5/(#�1#9/!"#  
0-'0�'8.!'  1/.&�#  !  1/2/".&%#  7.&%5�0�9*�)�  5(�#!4� 1/*#'  # !  7�#2�0&�6*-%#  
5(# �)&%# . �  !0'+#  !  30/�#9/*#/%  *�%/*"�&.3(-  "��/, , #+)�.&0�#0&/%-4  #+ 7.39*�$  
+&)�.�0"# , 30/�#9#0&/.!'  (#!"  5�!.&0"#  5�.(/;#./�8  5(�13",##  !  1/2/".&%#  
7.&%5�0�9*�)�  5(�#!4� 1/*#' . �  *&!.�'>//  0(/%'  5(#  �;*&(3 /*#'  0 5&(.## "��/,  !  
.(/>#*&%#  1�'  "�*.(��'  1/.&�/$  #!5��6+3/.!'  .(31�/%"#$  # %&��5(�#+0�1#./�6*-$  
%&)*#.�5�(�7"�0-$  %/.�1 . 

�  ,/�68  5(/1�.0(&>/*#'  5�5&1&*#'  *& !;�("3  5�17#5*#"�0  "��/,  !  
�."��*/*#'%#  */�;4�1#%�  0*/1(#.6  �;�(31�0&*#/  */(&+(37&8>/)�  "�*.(��'  *& 
*&�#9#/  5�0/(4*�!.*-4  1/2/".�0  5�!�/  7�#2�0&�6*�$  �;(&;�."# . �  *&!.�'>//  0(/%'  
�!3>/!.0�'8.!'  !�/138>#/  0#1-  "�*.(��'  "��/, : 

- 0-;�(�9*-$  "�*.(��6  0 5(�,/!!/  7�#2�0&�6*�$  �;(&;�."# . ��#2�0>#"  
"�*.(��#(3/.  5�  0*/7*/%3  0#13 "& 1�/  10-/  "��6,� ; 

- 0-;�(�9*-$  "�*.(��6  5�  &�6./(*&.#0*�%3  5(#+*&"3 (�	��  �  2859-1-2007) 5(#  
5(#/%"/  5(�13",##  	��#�� . 	.;�(  /1#*#,  5(�13",##  5(�0�1#.  "�*.(��/(  %/.�1�%  
*&#;��67/$  �;A/".#0*�!.#  #+ (&+*-4  !��/0  "��/,  0 ./4*���)#9/!"�$  .&(/  5�  �	��  
18321. 	;A/%  0-;�("#  0 !��.0/.!.0##  !  ��  ���  # .&;�#,/$ . 

 
�&;�#,&  – �&0#!#%�!.6  �;A/%& 5&(.## �.  �;A/%& 0-;�("#  

	;A/%  5&(.## 	;A/%  0-;�("# , 7. . 
2…8 2 
9…15 3 
16…25 5 
26…50 8 
51…90 13 
91…150 20 
151…280 25 



126 
 

281…500 32 
501…1200 50 

 
	.!3.!.0#/  !5��7*�)�  "�*.(��'  5(#0�1#.  "  5(�53!"3  "��/,  !  �."��*/*#'%#  # 

5�!�/138>/$  !;�("/  5�17#5*#"�0  !  1/2/".*-%#  1/.&�'%# . �&�#9#/  5�0/(4*�!.*-4  
1/2/".�0  (0���!�0#* , .(/>#* , (&"�0#* , !(/+�0 , (#!�" , %')"#4  5'./* , 5(# �)�0 ) *& 
1/.&�'4  5(#0�1#.  "  5(/ 1/0(/%/**�%3  (&+(37/*#8  5�17#5*#"&  5(#  <"!5�3&.&,## . 

�#4(/.�"�0-$  !./*1  1/2/".�!"�5  5(/1*&+*&9/*  1�'  0#4(/.�"�0�)�  "�*.(��'  
"��/,  # 7&$;  ;3"!�0-4  5�17#5*#"�0 . 

�#5-  "�*.(��#(3/%-4  1/.&�/$ : 
- "��6,�  *&(3 *�/ , 
- "��6,&  0*3.(/**#/ , 
- 35�(*&'  7&$;&. 
	!*�0*-/  �!�;/**�!.# : 
1. ��*.(��#(38.!'  �1*�0(/%/**�  0!/  7�#2�0&**-/  5�0/(4*�!.# . 
2. ��*.(��6  1/.&�#  �8;�)�  .#5& ;/+  5/(/*&�&1"# . 
3. ���*�!.68  &0.�%&.#9/!"&'  *&!.(�$"&  # "&�#;(�0"&  5�  "�*.(��6*-%  

�;(&+,&%. 
4. �(/%'  "�*.(��'  �1*�$  1/.&�#  – 60 !  (0%/!./  !  +&)(3+"�$-0-)(3+"�$ ). 
5. �#(#*&  0-'0�'/%�$  .(/>#*-  2 %"%. 
�  "�%5�/".  04�1#.  1/%&)*#.#+&.�( . �(/%'  (&+%&)*#9#0&*#' "��6,&  – 5 ! . 

 
�#!3*�"  1 - �#4(/.�"�0-$  !./*1  1/2/".�!"�5  

 
�!5��6+�0&*#/  �;�(31�0&*#'  1�'  */(&+(37&8>/)�  "�*.(��'  "��/,  

5�17#5*#"�0  *& *&�#9#/  5�0/(4*�!.*-4  1/2/".�0  5�+0��#.  #!"�89#.6  5�5&1&*#/ 
5�17#5*#"�0  !  1/2/".*-%#  1/.&�'%#  5�.(/;#./�8 , #, "&" !�/1!.0#/ , 5�0-!#.6  
"&9/!.0�  0-53!"&/%�$  5(�13",## . 
 
�#./(&.3(& : 

1 �(�#+0�1!.0�  5�17#5*#"�0  [:�/".(�**-$  (/!3(! ]. – URL: http://www.s-t-
group.com/catalgs/stock/tyrolit/Tyrolit.pdf (1&.& �;(&>/*#' : 20.04.2019 ).); 

2. �	��  16504-81 «�#!./%&  )�!31&(!.0/**-4  #!5-.&*#$  5(�13",## . �!5-.&*#'  
# "�*.(��6  "&9/!.0& 5(�13",## . 	!*�0*-/  ./(%#*-  # �5(/1/�/*#' ».  
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�  ����������  2-17717��  

 

�/"!&*1(�0  
 .
 ., �&(&!�0  
 . 
 . 

 
��������  	���
��
�������  �
�
�
�
  (������ )  

��������������  ��������
��

���  
��
��������  �
������
�
�  
 

	1*#%  #+ 0& */$7#4  2&".�(�0  (�!.&  <22/".#0*�!.#  5(�#+0�1!.0&  '0�'/.!'  
5�0-7/*#/  "&9/!.0& 5(�13",## , 0-53!"&/%�$  %&7#*�!.(�#./�6*-%#  5(/15(#'.#'%# , 
(&!,/*#0&/%�/  0 *&!.�'>//  0(/%' , "&" (/7&8>//  3!��0#/  //  "�*"3(/*.�!5�!�;*�!.#  
*& 0*3.(/**/%  # 0*/7*/%  (-*"&4 , "�.�(�/  */0�+%� *�  ;/+  0*/1(/*#'  
0-!�"�<22/".#0*-4  ./4*#9/!"#4  (/7/*#$ . �&5(#%/(  .&"#4, "&" #!5��6+�0&*#/  *& 
�5/(&,##  &;(&+#0*�$ �;(&;�."#  5(#%/*/*#/  .0/(1-4  !%&+�9*-4  %&./(#&��0  (��� ) [1].  
�(#%/*/*#/  ���  #%//.  "&" 1�!.�#*!.0& , .&" # */1�!.&."# . 	!*�0*-%#  1�!.�#*!.0&%#  
'0�'8.!' : 30/�#9/*#/  #+*�!.�$"�!.#  &;(&+#0*�)�  #*!.(3%/*.& ; 5�0-7/*#/  "&9/!.0& 
5�0/(4*�!.# ; 3%/*67/*#/  ./5��*&5(' /**�!.#  5(�,/!!& ; 3%/*67/*#/  �;(&+�0&*#'  
7�#2�0�9*-4  .(/>#* , & .&" /  3%/*67/*#/  (&!4�1& 5�  !(&0*/*#8  !  �	�  # ;��67&'  
<"���)#9*�!.6 . �/%  */  %/*//  "  */1�!.&."&%  ���  �.*�!'.!' : */�;4�1#%�!.6  
5�!.�'**�)�  0�+�;*�0�/*#'  !%&+"# *& 5�0/(4*�!.#  &;(&+#0*�)�  #*!.(3%/*.&  # 
*/+*&9#./�6*�/  30/�#9/*#/  !/;/!.�#%�!.#  �5/(&,##  [2]. 

�  (&;�./  #!!�/13/.!'  5�17#5*#"  (��#"�0-$  "�*#9/!"#$  �1*�('1*-$  �!*�0*�)�  
"�*!.(3".#0*�)�  #!5��*/*#'  2-17717�� , & #%/**�  *&(3 *�/  # 0*3.(/**//  "��6,& .  

��0/(4*�!.#  "��/,  5�10/()&8.!'  .�"&(*�$  # 7�#2�0&�6*�$  �;(&;�."&% . 
 �/4*���)#'  5(#%/*/*#'  ���  *& �5/(&,#'4  &;(&+#0*�$ �;(&;�."#  +&"�89&/.!'  
0 *&*/!/*#/  .0/(1�$  !%&+"# *& (&;�938  5�0/(4*�!.6  0(&>&8>/)�!'  7�#2�0&�6*�)�  
"(3)&  5�!�/  /)�  5(&0"#.  

�(�&*&�#+#(�0&0  !5�!�;-  5�1&9# ��� , 0-;(&*  !5�!�;  5�1&9# ���  0 +�*3  
�;(&;�."#  !  5�%�>68  5(#!5�!�;�/*#'  ((#!3*�"  1).  

 
�#!3*�"  1 – �(#!5�!�;�/*#/  1�'  5�1&9# �	�  0 +�*3  �;(&;�."#  



 

��1&9&  ���  �!3>/!.0�'/.!'
5 ") . ��'  �!3>/!.0�/*#'  0�+0(&.*�)�
"�*!.(3".#0*-4  �!�;/**�!./$
(&!5��� /**-4  0 !.&"&*&4 3, 
10& (&+�#9*-4  !%&+�9*-4  5�"(-.#'

�&" /  <22/".#0*�!.6
+*&9#./�6*�$  !./5/*#  +&0#!#.
!%&+�" 04�1'.  3 �!*�0*-4  "�%5�*/*.&
0/>/!.0&  # !5/,#&�6*-/  0/>/!.0&
  ��'  0-;�(&  �5.#%&�6*�)�
5(/1!.&0�/**-4  0 .&;�#,/  1.
 
�&;�#,&  1. �!!�/1�0&**-/  !�!.&0-

 	;�+*&9/*#/  
!�!.&0&  

��%5�*/*.- , % 
�/(&'  
)�#*&  �&(&2#*

Ml - 60 
� 2 40 60 
� 5 25 60 
� 1 - 60 
� 4 - 60 
� 2� 5 40 59,5 
� 2
 5 40 59,5 
� 1� 5 - 59,5 
� 1
 5 - 59,5 
 
�&)�.�0"#  7�#2�0&�#  *&
0&(6#(�0&*## !"�(�!.68  !.��&
0,01 ... 0,03 %%/10.4�1 , .0/(1�!.68
F46.  
�  "&9/!.0/  "(#./(#/0  �,/*"#
"�*.&".*&'  ./%5/(&.3(&  �
5&(&%/.(&% Ra  ((#!3*�"  2).
 

 �  
�#!3*�"  2 – �&0#!#%�!.6  !(/1*/$
7/(�4�0&.�!.#  Ra, %"% �.  0(/+*�$
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�!3>/!.0�'/.!'  5�(7*/%  4 5(#  0�+1/$!.0##  *& */)�
�!3>/!.0�/*#'  0�+0(&.*�)�  10# /*#'  3!.&*�0�/*&  5(3 #*&

�!�;/**�!./$  3!.(�$!.0&  5�1&9# ���  *&�#9#/
!.&"&*&4 3, 5�+0��'/.  �1*�0(/%/**�  #�#  5�!�/1�0&./�6*�

!%&+�9*-4  5�"(-.#' . 
22/".#0*�!.6  5(#%/*/*#'  ���  *& �5/(&,#'4  

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

!5/,#&�6*-/ 0/>/!.0& . 
�5.#%&�6*�)�  !�!.&0&  ���  (&!!%�.(/�#  */!"��6"�

.&;�#,/  1. 

�!!�/1�0&**-/  !�!.&0-  .0/(1-4  !%&+�9*-4  %&./(#&��0  
��%5�*/*.- , % %&!!. 

�&(&2#*  �(&2#.  
�#&.�%#
.  

�#!3�62#1  
%��#;1/*&  

�&*�5�
(�7�"

10 - 30 - 
0 - - - 
15 - - - 
0 40 - - 
15 25 - - 

 0 - - 0,5 
 0 - - - 
 0 40 - 0,5 
 0 40 - - 

*& 5��!"�7�#2�0&�6*�%  !.&*"/  %�1. 
!.��&  V�
  0 1#&5&+�*/ �.  5 1�  15 %/%#*, 0(/+*�$

.0/(1�!.68  S - 49 ... 55 �� , # +/(*#!.�!.6  7�#2�0&�6*�)�

�,/*"#  ./4*���)#9/!"�$  <22/".#0*�!.#  ;-�#  0-;(&*-
� � , # 7/(�4�0&.�!.6  7�#2�0&**-4  5�0/(4*�!./$

(#!3*�"  2). 

�  
�&0#!#%�!.6  !(/1*/$  "�*.&".*�$  ./%5/(&.3(-  � , °�

�.  0(/+*�$  5�1&9# S, %%/10. 4�1  # !�!.&0&  ���

*& */)�  )(3+& 5 %&!!�$  
5(3 #*&  6. �& !9/.  

*&�#9#/  1034 5�(7*/$ , 
5�!�/1�0&./�6*�  *&*�!#.6  

�5/(&,#'4  7�#2�0&*#'  0 
%&./(#&�&. �  !�!.&0  .0/(1-4  

4#%#9/!"#-&".#0*-/  

*/!"��6"�  !�!.&0�0 , 

�&*�5� -
(�7�"  � u 

�&*�5� -
(�7�"  
 l 
- 
- 
- 
- 
- 

 - 
0,5 

 - 
0,5 

%�1. �� 711�� 2 5(#  
0(/+*�$  5�1&9/$ S��  - 
7�#2�0&�6*�)�  "(3)&  

;-�#  0-;(&*- : !(/1*''  
5�0/(4*�!./$  5�  

 

, °�  (&) # 5&(&%/.(& 
!�!.&0&  ���  
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��  (/+3�6.&.&% *&.3(*-4  <"!5/(#%/*.�0  ;-��  3!.&*�0�/*� , 9.�  00/1/*#/  0 
!�!.&0  ���  *&5��*#./�/$  #+ 0-!�"�1#!5/(!*-4  5�(�7"�0  )��3;�$  )�#*- , 
1#&.�%#.&, & .&" /  *&*�5�(�7"�0  %/1# 5�0-7&/.  <22/".#0*�!.6  5(�,/!!&  
7�#2�0&*#'  5�  !(&0*/*#8  !  ;&+�0-%# !�!.&0&%# � 1. ��<.�%3  5�  !�0�"35*�!.#  
5&(&%/.(�0  0-;#(&/%  � 2� 5 0 "&9/!.0/  !�!.&0&  ��� . 
 
�#./(&.3(& : 
1. �31�;#* , � . � . �/4*#"&  5(#%/*/*#'  !%&+�9*�-�4�& 1&8>#4  !(/1!.0  0 
%/.&����;(&;�."/ . / � .� . �31�;#* , � .� . �/(1#9/0!"#$  - � .: �&7#*�!.(�/*#/ , 1977. - 
189 ! . #� . 
2. �%&+�9*� -�4�& 1&8>#/  ./4*���)#9/!"#/  !(/1!.0&  1�'  �;(&;�."#  %/.&���0  
(/+&*#/%: �5(&0�9*#"  / ��1  �;>/$  (/1 . � . � . :*./�#!& , : . � .�/(�#*/(& . - 2-/  #+1., 
5/(/(&; . # 1�5 . � .: �&7#*�!.(�/*#/ . - 1995. - 496 ! .; #� . 
�
�
����
������  �
��������  ������������  ����������   

�������
����  �����  �  ��  «��������  �������
� » �   
��
����
���  ��  
��  �����������  

 
�#4&*"#*  � .
 ., �&("�0  � .� . 

 
��������  	���
��
�������  �
�
�
�
  (������ )  

��������������  ��������
��

���  
��
��������  �
������
�
�  
 

�&**&'  ./%& 0-;(&*&  1�'  !�0/(7/*!.0�0&*#'  ./4*���)#9/!"�)�  5(�,/!!&  !  
,/�68  3�397/*#'  "&9/!.0& "!&*.�)/*&.&  "&�#'  ;3.#��0�)� , .&" "&" 5(�13".  */  
31�0�/.0�('/.  .(/;�0&*#$  5�.(/;#./�/$ . 

�3.#��0-$  "!&*.�)/*&.  "&�#'  (��� ) 0-53!"&/.!'  *& 
	  «��� !"#$  	()!#*./+ » 
!  1996 )�1& 5�  ��	 -00204168-003-2009 «�!&*.�)/*&.  "&�#'  ;3.#��0-$ ».��(/1!.&0�'/.  
!�;�$  5�(�7�"  �.  !0/.�� -!/(�)�  1�   /�.�0&.� -+/�/*�)�  !  0-(& /**-%  !5/,#2#9/!"#%  
+&5&4�%. �  5�(�7"��;(&+*�%  5(�13"./  %�)3.  *&4�1#.6!'  "�%�9"#  # 9/73$"# , 
(&!!-5&8>#/!'  5(#  5(#�� /*##  */+*&9#./�6*-4  3!#�#$ . 

���  – 2��.�(/&)/*. , #!5��6+3/.!'  5(#  �;�)&>/*##  (31 .' /�-4  ,0/.*-4 , 
;�&)�(�1*-4  # (/1"#4  %/.&���0 , !&%�(�1*�$  %/1# 0 "&9/!.0/  (/&)/*.& -!�;#(&./�' . 
:22/".#0/*  1�'  2��.&,##  0!/4  !3�62#1*-4  (31, & .&" /  �"#!�/**-4  %#*/(&��0  
!0#*,&  # %/1# 5�!�/  #4 !3�62#1#+&,## 0 )#1(�%/.&��3()#9/!"�$  5(�%-7�/**�!.# . 
�(#%/*'/.!'  "&" 3�6.(&3!"�(#./�6  1�'  !&%�03�"&*#+#(38>#4!'  "�//0  # 5(#  
*#+"�./%5/(&.3(*�$  03�"&*#+&,##, & .&" /  5(#  &*&�#.#9/!"�%  �5(/1/�/*##  
%��#;1/*& . 

�  *&!.�'>//  0(/%'  5(�%-7�/**-$  !#*./+  ���  �!3>/!.0�'/.!'  0 
./%5/(&.3(*�%  #*./(0&�/  38-44 °� , 1&**&' ./4*���)#'  */  0!/)1& �;/!5/9#0&/.  
.(/;3/%�/  "&9/!.0�  .�0&(*�)�  5(�13".& , 9.�  5(#0�1#.  "  */�;4�1#%�!.#  3.#�#+&,##  
0�1*� -!��/0�)�  �.4�1& . ��0&'  ./4*���)#'  5(�,/!!&  !#*./+&  *&5(&0�/*&  *& 30/�#9/*#/  
"&9/!.0& )�.�0�)�  5(�13".&  # !*# /*#/  �;(&+�0&*#'  �.4�1�0 . 

�&%# 5(�&*&�#+#(�0&*-  ./�(/.#9/!"#/  �!*�0-  �5.#%#+&,## 5(�,/!!& , & .&" /  
(/+3�6.&.-  <"!5/(#%/*.�0  5�  *�0�$  ./4*���)##  5(�,/!!&  !#*./+&  ��� .   

	1*#%  #+ 0& */$7#4  5&(&%/.(�0 , 0�#'8>#4  *& !"�(�!.6  # !/�/".#0*�!.6  
4#%#9/!"#4 5(�,/!!�0 , '0�'/.!'  ./%5/(&.3(& .  

�  �;>/%  !�39&/  !"�(�!.6  (/&",##  +&0#!#. �.  ./%5/(&.3(-  !�/138>#%  �;(&+�% : 
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š 
 › : ; <
œ

•ž : Ÿ� �  ,                                                          (1) 
)1/  r–!"�(�!.6  (/&",## ;  
R=8,314 � /%��6 * �  – 3*#0/(!&�6*&'  )&+�0&' 5�!.�'**&' ;  
�  – ./%5/(&.3(& , � ;  
f(C) – */"�.�(&'  23*",#'  "�*,/*.(&,#$  (/&)/*.�0  # 5(�13".�0 , �5(/1/�'/%&'  

%/4&*#+%�% (/&",## ;  

  – 5(/1<"!5�*/*,#&�6*-$  %*� #./�6 ;  
�  – <*/()#'  &".#0&,## 
�/�#9#*-  
  # �  '0�'8.!'  "�*!.&*.&%#  1�'  1&**�$  (/&",## . 
�!�/1!.0#/  (&+*-4  +*&9/*#$ <*/()##  &".#0&,## !"�(�!.6  "& 1�)�  4#%#9/!"�)�  

5(/0(&>/*#'  5� -(&+*�%3 �."�#"&/.!'  *& #+%/*/*#/  ./%5/(&.3(- . �/%  ;��67/  <*/()#'  
&".#0&,##, ./% ;-!.(//  30/�#9#0&/.!'  !"�(�!.6  (/&",##  !  (�!.�%  ./%5/(&.3(- . 

�(#  !#*./+/  ���  *& ('13  !  �!*�0*�$  (/&",#/$ : 
� 4� 9	�  + CS2 + � 2	  H C4H9OC(S)SK + � 2	 ,                                   (2) 

5(�./"&8.  .&" /  5�;�9*-/ : 
6� 0�  + CS2 H  2K2S + � 2�	 3 + �� 2	 ,                                         (3) 

K2S + CS2 H  K2CS3 .                                                    (4) 
�  *&39*� -./4*#9/!"�$  �#./(&.3(/  #%/8.!'  !0/1/*#'  �  5(#%/(*-4  +*&9/*#'4  

<*/()#$  &".#0&,## 1�'  "& 1�$  #+ 3"&+&**-4 0-7/  (/&",#$  1,2,3:  
E1=31 "� /%��6 ; � 2=83,8 "� /%��6 ; � 3=88,0  "� /%��6 . �+  5(/1!.&0�/**-4  

1&**-4  0#1*� , 9.�  <*/()#'  &".#0&,## �!*�0*�$  (/&",##  5(#%/(*�  0 2,5 (&+& *# / , 9/% 
3 5�;�9*-4  5(�,/!!�0 , !�/1�0&./�6*� , 1�'  30/�#9/*#'  !/�/".#0*�!.#  !#*./+&  ���  
*/�;4�1#%�  0/!.#  5(�,/!!  5(#  5�*# /**�$  ./%5/(&.3(/  (5(#  !*# /*##  ./%5/(&.3(-  
!"�(�!.6  5�;�9*-4  5(�,/!!�0  ;31/.  3%/*67&.6!'  ;-!.(// , 9/% !"�(�!.6  �!*�0*�$  
(/&",## ). 

��)�&!*�  *�(%&% ��  E  9 1�+#(�0"&  CS2 0 5(�%-7�/**-4  (/&".�(&4  0/1/.!'  5(#  
./%5/(&.3(/  38-44 °C. �(�0/1/*#/  !#*./+&  ���  5(#  ;��//  *#+"#4 ./%5/(&.3(&4  0 
#*./(0&�/  28-36 °C !�+1&/.  0�+%� *�!.6  1�'  3�397/*#'  4&(&"./(#!.#"  1/$!.038>/)�  
5/(#�1#9/!"�)�  !#*./+&  ���  # 5(�0/1/*#'  /)�  �5.#%#+&,##. 

��  0(/%'  !#*./+&  */�;4�1#%�  */  1�53!"&.6  "(#!.&��#+&,##  ���  #+ (&!.0�(& , 
.&" "&" <.�  ;31/.  5(#0�1#.6  "  +&;#0"/ 2�(!3*�"  *& !.&1## !37"# . ��  %/(/  5(�./"&*#'  
(/&",##  !�1/( &*#/  ���  0 (/&",#�**�$  %&!!/ 30/�#9#0&/.!' , !�/1�0&./�6*� , 
0�+(&!.&/.  �5&!*�!.6  /)�  "(#!.&��#+&,## . �&"#% �;(&+�% , *&#;��//  (&,#�*&�6*-%  
!5�!�;�%  0/1/*#'  !#*./+&  ���  0 5/(#�1#9/!"#4  3!��0#'4  '0�'/.!'  1�+#(�0"&  
!/(�3)�/(�1&  0 */!"��6"�  <.&5�0 !  5�0-7/*#/%  ./%5/(&.3(-  *& "& 1�%  <.&5/. �&  
�!*�0/  5(�0/1/**-4  (&*//  5(/10&(#./�6*-4  #!!�/1�0&*#$   ;-�#  (/"�%/*1�0&*-  
!�/138>#/  5&(&%/.(-  !#*./+&  ���  0 �5.#%#+#(�0&**�%  (/ #%/ : 

&) ��+#(�0&*#/  !/(�3)�/(�1&  0 3 <.&5&; 
; ) ���6*�/  !��.*�7/*#/  (/&)/*.�0  �	� :CS2(1):CS2(2):CS2(3):CS2 

(�;> ):BuOH:H2O = 1:0,400:0,310:0,225:0,935:2,87:6,0; 
0) �/%5/(&.3(&  *& "& 1�%  <.&5/ 1�+#(�0"#  t1 = 27-29 °C; t2 = 31-33 °C; t3 = 35-

37 °C; 
)) �-1/( "&  (/&",#�**�$  %&!!-  0 ./9/*#/  1 9 5(#  ./%5/(&.3(/  35-37 °C. 
��!.# /*#/  *#+"�$  ./%5/(&.3(-  *& 5/(0�%  <.&5/ 1�+#(�0"#  0�+%� *�  .��6"�  

5(#  *#+"�$  ./%5/(&.3(/  �;�(�.*�$  0�1- , . ./ . 0 �!/**/ -0/!/**#$  5/(#�1 . �  �/.*#$  
5/(#�1  1�'  5�11/( &*#'  ./%5/(&.3(*�)�  (/ #%&  */�;4�1#%�  #!5��6+�0&.6  (&!!��  0 
°C. 

���39/**-/  (/+3�6.&.-  �,/*#0&�#!6  5�  !�/138>#%  5&(&%/.(&%: 0-4�1  5�  
�	� , 0-4�1  5�  CS2, !�!.&0  0-!37/**�)�  5(�13".& , (&!4�1*&'  *�(%& 5�  �	�  (")  �	�  / 
1 .  ./4* . ��� ), (&!4�1*&'  *�(%& 5�  CS2 (")  CS2 / 1 .  ./4* . ��� ), *�(%& �;(&+�0&*#'  
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0�1*� -!��/0�)�  �.4�1&  (")  �.4�1&  /1.  ./4* . ��� ). �(&0*/*#/  (/+3�6.&.�0  (&;�.-  !.&1## 
!#*./+&  ���  0 �5.#%#+#(�0&**�%  # (/)�&%/*.*�%  (/ #%&4  (&;�.-  5(/1!.&0�/*�  0 
.&;�#,/  1. 

 
�&;�#,&  1 – �/+3�6.&.-  (&;�.-  !.&1## !#*./+&  ���  0 .#5�0�%  # �5.#%#+#(�0&**�%  

(/ #%&4  
 	5.#%#+#(�0&**-$  �/)�&%/*.*-$  

�-4�1  5�  �	� ,% 89,74 86,79 
�-4�1  5�  � S2,% 95,94 93,46 

�&!4�1*&'  *�(%& 5�  �	� , ") /1 .  ./4* . ���  314 336 
�&!4�1*&'  *�(%& 5�  � S2, ") /1 .  ./4* . ���  394 423 

��(%&  �;(&+�0&*#'  0�1*� -!��/0�)�  �.4�1& , ") /1 .  
./4* . ���  

0 27 

��1/( &*#/  �!*�0*�)�  
0/>/!.0&  0 !34�% ��� , 

% 

�  �.1/�/*#/%  �.4�1&  – 92 

�/+  �.1/�/*#'  �.4�1&  93 91,5 

��5��*#./�6*-/  <*/()/.#9/!"#/  +&.(&.- , "� /1 
.  ./4* . ��� (�"&� /1 .  ./4* . ��� ) 

137570 
� � ���� � �  

– 

 
�+  .&;�#,-  5�  (/+3�6.&.&% 5(�0/1/**-4  (&;�.  %� *�  !1/�&.6  !�/138>#/  

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

!/�/".#0*�!.#  5(�,/!!&  # 5�+0��'/.  30/�#9#.6  0-4�1  5�  �	�  *& 3 %, & 5�  CS2 – *& 2,5 
%, 9.�  1&/. 0�+%� *�!.6  <"�*�%#.6  22 ")  �	�  /1 .  ./4* . ���  # 29 ")  CS2/1 .  ./4* . ��� . 
�&**-/  +*&9/*#'  '0�'8.!'  �(#/*.#(�0�9*-%# , 5�!"��6"3  .�9*-/  +*&9/*#'  <"�*�%##  
�	�  # CS2, 5�  *&7/%3 %*/*#8 , %�)3.  ;-.6  5��39/*-  .��6"�  5(#  1�#./�6*�$  (&;�./  
5(�#+0�1!.0&  0 �5.#%#+#(�0&**�%  (/ #%/  # 5��*�$  #*0/*.&(#+&,##  0!/4  �!.&."�0  
!-(6'  # 5��35(�13".�0 ; 

2) 	5.#%#+&,#'  ./%5/(&.3(*�)�  (/ #%&  !#*./+&  ���  5(#0�1#.  "  3%/*67/*#8  
"��#9/!.0&  5(#%/!/$ , 9.�  5�+0��'/.  #!"�89#.6  �;(&+�0&*#/  0�1*� -!��/0�)�  �.4�1&  # 
30/�#9#.6  !�1/( &*#/  �!*�0*�)�  0/>/!.0&  0 ./4*#9/!"�%  5(�13"./  1�  93,0 %; 

3) 	1*&"�  (&;�.&  !.&1## !#*./+&  ���  0 �5.#%#+#(�0&**�%  ./%5/(&.3(*�%  
(/ #%/  .(/;3/.  1�5��*#./�6*-4  <*/()/.#9/!"#4  +&.(&. 0 0#1/ (&!!��&  0 °C 0 
"��#9/!.0/  0,033 �"&� /1.  ./4* . ��� . 

�/%  */  %/*//  0 ,/��%  �9/0#1/*  5��� #./�6*-$  (/+3�6.&.  !#*./+&  ���  0 
�5.#%#+#(�0&**�%  (/ #%/ . 
 
�#./(&.3(& : 

1.� 	()&*#9/!"#$  !#*./+ : �&;�(&.�(*-$  5(&".#"3%/� .� . �-"�0& , 
 .� . �3+6%#*. - 
�&%;�0 : �+1 -0�  �&%; . )�! . ./4* . 3*-.&, 2017).–80 ! . 

2. �(/.7*&$1/(  � . 	;>#/  �!*�0-  4#%#9/!"�$  ./4*���)## ,- �&+(&;�."&  # 
5(�/".#(�0&*#/  ./4*���)#9/!"#4  5(�,/!!�0  /�/( . !  5��6!"�)�  5�1  (/1 . ��%&*"�0&  � .� .-
� .: �#%#' , 2010 ).–504 ! . 
�
�
�
�
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�#4&*"#*  � .
 , �2#%�0&  � .� . 
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��
�������  �
�
�
�
  (������ )  
��������������  ��������
��

���  
��
��������  �
������
�
�  

 
���:  – �".&*�5�0-7&8>&'  1�;&0"&, "�.�(&'  5(/1*&+*&9/*& 0 "&9/!.0/  +&%/*- 

./.(&<.#�!0#*,&  0 ;/*+#*&4 , !&%�$ 1/7/0�$ , *�  # "&*,/(�)/**�$  �".&*�5�0-7&8>/$  
1�;&0"�$  "  %�.�(*-%  .�5�#0&%, 0 . .9. "  &0.�%�;#�6*-%  ;/*+#*&%. 

�  5(�%-7�/**�  (&+0#.-4  !.(&*&4  *& 1��8  &0.�.(&*!5�(.&  5(#4�1#.!'  1�  60 % 
0(/1*-4  0-;(�!�0  �.  �;>#4  #!.�9*#"�0  +&)('+*/*#'  &.%�!2/(- , 0 "(35*-4  )�(�1&4  
<.& 1��'  +*&9#./�6*& # %� /.  !�!.&0�'.6  80-90 %. 

��<.�%3  !*# /*#/  <"���)#9/!"�$  �5&!*�!.#  .�5�#0  # 5(�13".�0  #4 !)�(&*#'  
5(/1!.&0�'/.  +*&9#./�6*38  5(�;�/%3 , 5(#+*&**38  %#(�0-%  !��;>/!.0�% . 

�#(�0�/  5�.(/;�/*#/  %�.�(*-4  .�5�#0  / /)�1*�  !�!.&0�'/.  ;��//  1,7 %�(1 .. ., 0 
. .9. &0.�%�;#�6*-4  ;/*+#*�0  ;��//  800 %�* .. . 

�  ��!!##  5(�)*�+#(3/.!'  +*&9#./�6*-$  (�!.  &0.�%�;#�6*�)�  5&("&: 
      "  2010). – �*  !�!.&0#�  33 %�* . /1 .; 
      "  2015). – �*  !�!.&0#�  38 %�* . /1 . 
�  !��.0/.!.0##  !  %/ 13*&(�1*-%#  �;'+&./�6!.0&%#  5�  !1/( #0&*#8  <%#!!## 

0(/1*-4  0/>/!.0  0 &.%�!2/(3  0 ��!!##  �!3>/!.0�'/.!'  5/(/4�1  *& 0-53!"  
&0.�%�;#�6*-4  .�5�#0 , 0 . .9. ;/*+#*�0 , 31�0�/.0�('8>#4  .(/;�0&*#'  !#!./%-  
!.&*1&(.�0  «�0(� ». 

�  2005). 3.0/( 1/*  !5/,#&�6*-$  ./4*#9/!"#$  (/)�&%/*.  «	  .(/;�0&*#'4  "  
0-;(�!&%  &0.�%�;#�6*�$  ./4*#"�$ , 0-53!"&/%�$  0 �;(&>/*#/  *& ./((#.�(##  �� , 
0(/1*-4  (+&)('+*'8>#4 ) 0/>/!.0 », "�.�(-%  �5(/1/�/*-  !(�"#  00/1/*#'  0 1/$!.0#/  
./4*#9/!"#4  *�(%&.#0�0  0-;(�!�0  &0.�%�;#�6*�$  ./4*#"�$  <"���)#9/!"#4  "�&!!�0  2-
5. 

   	"!#)/*&.-  4&(&"./(#+38.!'  ;��67�$  <"���)#9/!"�$  9#!.�.�$ . 
  �  �0(�5/  ���:  7#(�"�  #!5��6+3/.!'  3 /  �"���  20 �/. . �  *&!.�'>//  0(/%'  

5�.(/;�/*#/  ���:  0 �0(�5/  �,/*#0&/.!'  0 3 %�* .. ./)�1 . �3%%&(*�/  5(�#+0�1!.0�  
���:  +& 2007)�1  �,/*#0&/.!'  ]  23 %�* .. ./)�1 . 

 �/.#� -.(/. -;3.#��0-$  <2#(  1�� /*  ;-.6  #+)�.�0�/*  0 !��.0/.!.0##  !   
.(/;�0&*#'%#  ./4*#9/!"#4  3!��0#$  5�  ./4*���)#9/!"�%3  (/)�&%/*.3 , 3.0/( 1/**�%3  0 
3!.&*�0�/**�%  5�('1"/ . 

���39/*#/  ���:  �!*�0&*�  *& (/&",##  0+&#%�1/$!.0#' #+�;3.#�/*&  # %/.&*��&  
0 5(#!3.!.0##  !3�62�"&.#�*#.*-4  "&.&�#+&.�(�0 . �/5��0�$  <22/".  (/&",##  
!�!.&0�'/.  10 ""&� /%��6 . 

�#*./+  ���:  �!3>/!.0�'/.!'  5�  �;(&.#%�$  (/&",## : 
#+�-� 4� 8 + �� 3	�  ^  �� 3	� (�� 3)3 

�&0*�0/!#/  (/&",##  !10#*3.�  05(&0� 3!��0#'%#  5(�0/1/*#'  5(�,/!!& . 
�/&",#'  5(�./"&/.  0  #1"�$  2&+/ !  0-1/�/*#/%  ./5�& .  
�  5(�,/!!/  �;(&+3/.!'  */;��67�/  "��#9/!.0�  5�;�9*-4  5(�13".�0 : 1#%/(-  

#+�;3.#�/*& , .(#%/.#�"&(;#*�� , 1#%/.#��0-$  <2#( . 
	;(&+�0&*#/  1&**-4  5(�13".�0  5(�#!4�1#.  5�  !�/138>#%  (/&",#'% : 
�#%/(#+&,#'  #+�;3.#�/*& : 
#+�-� 4� 8 + #+�-� 4� 8               � 8� 16 



133 
 

�#1(&.&,#'  #+�;3.#�/*& : 
#+�-� 4� 8 + � 2	                 � 4� 10	  
�/ %��/"3�'(*&'  1/)#1(&.&,#'  %/.&*��& : 
�� 3	�  + �� 3	�                    � 2� 6	  + � 2	  
��*0/(!#'  #+�;3.#�/*&  - 92,5% 
��*0/(!#'  %/.&*��&  - 87,7% 
�-4�1  ���:  *& 5(/0(&>/**-$  #+�;3.#�/*  - 98,6% %��  
�-4�1  ���:  *& 5(/0(&>/**-$  %/.&*��  - 99,3% %��  
�!.&*�0"&  !�!.�#.  #+ �1*�$  ./4*���)#9/!"�$  �#*## , 0"�89&8>/$  !�/138>#/  

!.&1##: 
- 5�1)�.�0"&  3)�/0�1�(�1*�$  7#4.- ; 
- !#*./+  ���: ; 
- 1/;3.&*#+&,#'  5(�13".�0  (/&",## ; 
- �.%-0"&  0�+0(&.*�$  2(&",##  � 4 �.  %/.&*��& ; 
- 5/(/(&;�."&  5(�%-0*-4  0�1 . 
�  "&9/!.0/  #+�;3.#�/*  !�1/( &>/)�  !-(6'  #!5��6+3/.!'  #+�;3.&* – 

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

0-!�"��".&*�0-4  "�%5�*/*.�0 , #!5��6+3/%-4  5(#  5��39/*##  */<.#�#(�0&**-4  
&0.�%�;#�6*-4  ;/*+#*�0 . �(#%/*'/.!'  0 "&9/!.0/  1�;&0"#  "  %�.�(*-%  .�5�#0&%, 
5�0-7&8>/$  �".&*�0�/  9#!��  ;/*+#*�0 . �(/. -�3.#��0-/  <2#(-  +*&9#./�6*�  ;��//  
;/+�5&!*-  1�'  �"(3 &8>/$  !(/1-  # 10#)&./�/$  5�  !(&0*/*#8  !  <.#��0�$   #1"�!.68  
(./.(&<.#�!0#*,�% ) #�#  &(�%&.#9/!"#%# 3)�/0�1�(�1&%# , "�.�(-/  .&" /  
#!5��6+38.!'  1�'  5�0-7/*#'  �".&*�0�)�  9#!�&  ;/*+#*�0 . ���:  0 *&!.�'>//  0(/%'  
!9#.&/.!'  !&%-% 5/(!5/".#0*-%  &*.#1/.�*&.�(�% . ��'  5��39/*#'  ;/*+#*�0  
� -95 # 

� -98 �;-9*�  #!5��6+38.  1�;&0"#  ���:  #�#  /)�  !%/!6  !  .(/. -;3.#��0-%  !5#(.�% , 
"�.�(&'  *&+-0&/.!'  �<.<(��  – .�()�0�/  *&+0&*#/ 	".&* -115. �  5�!�/1*#/  )�1-  0 
%#(�0�$  5(&".#"/  5(�!�/ #0&/.!'  ./*1/*,#'  5/(/5(�2#�#(�0&*#'  3!.&*�0�"  
5(�#+0�1!.0&  %/.#� -.(/. -;3.#��0�)�  <2#(& 1�'  5��39/*#'  0-!�"�"�*,/*.(#(�0&**�)�  
#+�;3.#�/*& . 

  �  )�(�1/  ��� !"#$  5(�#+0�1!.0�  ���:  �!3>/!.0�'/.  5(/15(#'.#/  «:".�! -
���)& » 

 �+�;3.#�/*!�1/( &>#/  2(&",##  %�)3.  ;-.6  5��39/*-  0 5(�,/!!&4  5#(��#+&    
3)�/0�1�(�1*�)�  !-(6' , "&.&�#.#9/!"�)�  "(/"#*)& , & .&" /  1/)#1(#(0&*#/%  #+�;3.&*&. 
�(�,/!!  0-1/�/*#'  #+�;3.#�/*&  #+ 3)�/0�1�(�1*-4  2(&",#$  9/(/+  !#*./+  – 0-1/�/*#/  
– (&+�� /*#/  ���:  4&(&"./(#+3/.!'  %/*67#% <*/()�5�.(/;�/*#/% . �/(6/+*-%  
&()3%/*.�%  0 5��6+3  <.�)�  *&5(&0�/*#'  !�3 #.  .� , 9.�  5(�#+0�1!.0�  <2#(�0  4�(�7�  
05#!-0&/.!'  0 ./4*���)#9/!"#/  3!��0#'  */2./5/(/(&;&.-0&8>#4  +&0�1�0. �  
+&0#!#%�!.# �.  "��/;&*#'  ,/*  # !5(�!&  *& <2#(-  5�!�/1*#/  %�)3.  ;-.6  *&5(&0�/*-  *& 
5(�,/!!  0-1/�/*#'  #+�;3.#�/*&  #�#  #!5��6+�0&.6!'  "&" 0-!�"��".&*�0-/  1�;&0"#  5(#  
5(�#+0�1!.0/  %�.�(*-4  .�5�#0 . �(�#+0�1!.0�  ���:  0 ��!!##  30/�#9#0&/.!'  !  "& 1-%  
)�1�% . �  1&**�$  (&;�./  5(/1�&)&/.!'  *& !.&1## !#*./+&  3!.&*�0#.6  ;��//  <22/".#0*-$  
(/&",#�**� -(/".#2#"&,#�**-$  &55&(&., 0 "�.�(�%  !#*./+  <2#(& �!3>/!.0�'/.!'  
�1*�0(/%/**�  !  (&+1/�/*#/%  5(�13".�0 . �#*./+  %/.#� -.(/. -;3.#��0�)�  <2#(& �!*�0&*  
*& (/&",##  !/�/".#0*�)�  0+&#%�1/$!.0#' #+�;3.#�/*&  # %/.&*��& . �/&",#'  
�!3>/!.0�'/.!'  0 %')"#4  3!��0#'4  0 5(#!3.!.0##  !3�62�#�*#.*�)�  2�(%�0&**�)�  
"&.&�#+&.�(&. �+/�  !#*./+&  ���: , 0"�89&8>#$  "&.&�#.#9/!"38  (/".#2#"&,#8  
!�0%/!.*�  !  5('%�.�9*-%  (/&".�(�% , '0�'/.!'  *&#;��//  3*#0/(!&�6*-% . 	*  
�;/!5/9#0&/.  0-!�"38  "�*0/(!#8  #+�;3.#�/*&  # %� /.  ;-.6  (/"�%/*1�0&*  1�'  
5/(/(&;�."#  �8;-4  #+�;3.#�/*!�1/( &>#4� 4-2(&",#$ . �(�,/!!  �!3>/!.0�'/.!'  0 
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"���**�%  &55&(&./, +&5��*/**�%  #�*#.*-%  "&.&�#+&.�(�%  0 !(/1*/$  +�*/  # #%/8>/%  
%&!!��;%/**-/  3!.(�$!.0&  0 *# */$  # 0/(4*/$  (/".#2#"&,#�**-4  +�*&4. �*/1(/*#/  
./4*���)#9/!"#4  (/7/*#$  5�+0��#.  30/�#9#.6  5(�#+0�1#./�6*�!.6  3!.&*�0"#  +& !9/.  
5�0-7/*#'  0-4�1&  5(�13".& , & .&" /  !*#+#.6  <*/()�/%"�!.6  5(�,/!!&  +& !9/.  
0-1/�/*#'  0 (/".#2#"&,#�**�$  !#!./%/  �.(&;�.&**�$  2(&",##  3)�/0�1�(�1�0  � 4, */  
!�1/( &>#4  �!.&.�9*�)�  "��#9/!.0&  !5#(.&  # <2#(&, .&" "&" */.  */�;4�1#%�!.#  
5(�0�1#.6  //  �9#!."3  �.  !5#(.& . 

 
�#./(&.3(& : 

1. �%/�6'*�0  � .� . �(�;�/%-  5(�#+0�1!.0&  �./9/!.0/**-4  &0.�%�;#�6*-4  
;/*+#*�0  # 53.# #4 (/7/*#'  // �#(  */2./5(�13".�0 . 2010. E  3. � . 10-13.  

2. ��0!3%+&1/  : .� ., ���/.&/0&  	 .� ., �3!�#%+&1/  � .� . 
0#&,#�**�/  .�5�#0� : 
XIX -XX 00. � .: �#%#' , 2006. 241! . 
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��1  %/*/1 %/*.�%  "&9/!.0& *& 5(/15(#'.##  5�*#%&/.!'  !�/138>// :  
— «��&*#(�0&*#/ » - 3!.&*�0�/*#/  ,/�/$  # 5�&*�0  0 �;�&!.#  "&9/!.0&;  
— «�5(&0�/*#/ » - 0-5��*/*#/  .(/;�0&*#$  "  "&9/!.03 ;  
— «	;/!5/9/*#/ » - !�+1&*#/  30/(/**�!.#  3 5�.(/;#./�' , 9.�  .(/;�0&*#'  "  

"&9/!.03  ;313.  0-5��*/*- ;  
— «��397/*#/ » - 30/�#9/*#/  !5�!�;*�!.#  5(/15(#'.#'  0-5��*'.6  .(/;�0&*#'  

"  "&9/!.03 .  
�/�#  0 �;�&!.#  "&9/!.0& – "�*"(/.*-/  �(#/*.#(- , "�*/9*-/  !�!.�'*#'  #�#  

(/+3�6.&.- , "�.�(-4  4�./�&  ;-  1�!.#96  �()&*#+&,#'  #�#  //  5�1(&+1/�/*#' .  
�/�#  1�� *-  ;-.6 :  
— !5/,#2#9/!"#/ , . ./ . 5(#/%�/%-/  "�*"(/.*�  1�'  5(/15(#'.#' , 5�1(&+1/�/*#' ;  
— #+%/(#%-/ , . ./ . #%/8>#/  "��#9/!.0/**-/  #!9#!�'/%-/  4&(&"./(#!.#"# ; 

!�/13'  <.�%3 5(#*,#53 , %- !�+1&/% 9/."38  ;&+3 �.!9/.&  1�'  5�!�/138>#4  (/7/*#$  # 
�,/*"#  4�1& (&;�.- ;  

— (/&�6*-/  # 1�!.# #%-/ ; 1�!.# #%�!.6  ,/�#  5�0-7&/.  30/(/**�!.6  # 
%�.#0&,#8  5/(!�*&�& ;  

— �5(/1/�/**-/  0�  0(/%/*# , �(#/*.&,#'  ,/�#  5�  0(/%/*#  5�0-7&/.  
�.0/.!.0/**�!.6  (3"�0�1#./�'  # 5/(!�*&�&  +& //  !0�/0(/%/**�/  1�!.# /*#/ .  

��&0*&'  ,/�6 , #+�� /**&'  0 ���#.#"/  0 �;�&!.#  "&9/!.0&, — 31/( &*#/  
#%/8>#4!'  # �!0�/*#/  *�0-4  (-*"�0  !;-.&  5(�13",##  # 3"(/5�/*#/  #%#1 & 
5(/15(#'.#' .  

��&0*&'  ,/�6  ���#.#"#  !�5(�0� 1&/.!'  !�53.!.038>#%#  ,/�'%# , 
!5�!�;!.038>#%#  //  1�!.# /*#8 .  

�&9/!.0�  — !./5/*6 , 0 "&"�$  !�0�"35*�!.6  5(#!3>#4  4&(&"./(#!.#"  
!��.0/.!.03/.  .(/;�0&*#'% .  

�(/;�0&*#/  — 5�.(/;*�!.#  #�#  � #1&*#/ , "�.�(�/  3!.&*�0�/*�  (9/(./ &%# , 
5(�/".&%# , 5�.(/;#./�/% ), �;-9*�  5(/15��&)&/.!'  (.(/;�0&*#'  5(/15(#'.#'  — 
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./4*���)#' , ./4%&(7(3.- ) #�#  '0�'/.!'  �;'+&./�6*-%  (+&"�*�1&./�6*-/  .(/;�0&*#' , 
�	��- ). 

�'
&(1  8*�)*&+'%,)(  $%8-('*''%�%  $%83
18*&*'(�   
	!�;&'  (��6  5(#  0*/1(/*##  !.&*1&(.& �  !#!./%/  %/*/1 %/*.&  "&9/!.0& 

�.0�1#.!'  &*&�#+3 1/'./�6*�!.#  5�19#*/**�)�  5�1(&+1/�/*#' .  
�.�  5�1(&+3%/0&/.!'  5�1  )(&%�.*-%  &*&�#+�%:  
— �5(/1/�/*#/  "(#./(#/0  &*&�#+&, �.(& &8>#4  !3>*�!.6  5(�,/!!�0 , �!*�0*-%  

!0�$!.0�%  .&"#4 "(#./(#/0  1�� *&  ;-.6  #+%/('/%�!.6 ;  
— %�*#.�(#*)  (�.!�/ #0&*#/ ) "(#./(#/0  0�  0(/%/*# ;  
— !(&0*/*#/  +*&9/*#$ "(#./(#/0  !  ./9/*#/%  0(/%/*# , 0-'0�/*#/  ./*1/*,#$  # 

+&"�*�%/(*�!./$ ;  
— 0-(&;�."&  0-0�1�0 , "�((/".#(38>#4  # 5(/135(/ 1&8>#4  1/$!.0#$ .  
�&  
	  «��� !"#$  	()!#*./+ » ;-�&  5(�0/1/*&  (&;�.&  5�  0*/1(/*#8  !#!./%-  

35(&0�/*#'  "&9/!.0�%  5(�13",##  0 !0'+#  !  0�+(&!.&8>/$  "�*"3(/*,#/$  *& (-*"/  
!;-.& .  

�&  5(/15(#'.##  !3>/!.038.  �!*�0*-/  5��� /*#'  5�  35(&0�/*#8 , �;/!5/9/*#8  
# 3�397/*#8  "&9/!.0& 5(�13",##  +&0�1&, "&!&8>#/!'  0!/4  5(�#+0�1!.0/**-4  
5�1(&+1/�/*#$ , !�3 ;  %&("/.#*)& , 5(�/".#(�0&*#'  # !;-.& .  

��+1&*&  !�3 ;&  "&9/!.0&, "��(1#*#(38>&'  0!/  5�1(&+1/�/*#'  5(/15(#'.#'  0 
�;�&!.#  "&9/!.0&. ��3 ;&  "&9/!.0& (&+(&;&.-0&/.  %/.�1#9/!"#/  (/"�%/*1&,##  5�  
"&9/!.03 . �3*",#�*&�6*�  # &1%#*#!.(&.#0*�  <.& !�3 ;&  5�19#*'/.!'  .��6"�  
�/*/(&�6*�%3  1#(/".�(3 .  

�
�#!3*�"  1 .�3*",#�*&�6*&'  5�19#*/**�!.6  !�3 ;  +&0�1& !�3 ;/  "&9/!.0& 

 
�%:*3;*',):%:
'(*  ,(,)*	9  0$3
:&*'(�  /
-*,):%	  $3%80/5((   
�(/1�� /*#' . 
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	!*�0*-/  *&5(&0�/*#'  !�0/(7/*!.0�0&*#'  !�/13/.  (&!!%&.(#0&.6 0 !�/138>#4  
&!5/".&4 :  

1. �&!7#(#.6  "(3)  +&1&9 5�  35(&0�/*#8  "&9/!.0�%  5(�13",## ;  
2. �-;(&.6  &1/"0&.*-/  <"�*�%#"� -%&./%&.#9/!"#/ %�1/�# , 5�+0��'8>#/  

"�*.(��#(�0&.6  "&9/!.0�  0-53!"&/%�$  5(�13",## ; 
3. �*/1(#.6  &0.�%&.#+#(�0&**38  !#!./%3  5(#*'.#'  5(�/".*-4  (/7/*#$  5�  

35(&0�/*#8  "&9/!.0�%  5(�13",## .  

	  «��� !"#$  	()!#*./+ » !�/13/.  31/�#.6  0*#%&*#/ ./4*#9/!"�%3  

�;/!5/9/*#8  !#!./%-  35(&0�/*#'  "&9/!.0�%  5(�13",## . �*/1(/*#/  #**�0&,#�**-4  
./4*���)#$  5�+0��#.  *&#;��//  <22/".#0*�  "�*.(��#(�0&.6  5(�,/!!  5(�#+0�1!.0& . 
�&" /  !�/13/.  31/�#.6  0*#%&*#/ "0&�#2#"&,##  +&1/$!.0�0&**�)�  5/(!�*&�& , .&" "&" 
9/% 0-7/  3(�0/*6  5�1)�.�0"#  !5/,#&�#!.�0 , ./% <22/".#0*/$  ;31/.  5(�#!4�1#.6  
5(�,/!!  "�*.(��'  "&9/!.0& 0-53!"&/%�$  5(�13",## .  

�!4�1'  #+ "�*,/5,##  %/ 13*&(�1*-4  !.&*1&(.�0  5�  "&9/!.03  %/ 13*&(�1*�$  
�()&*#+&,##  5�  !.&*1&(.#+&,##  (��	 ), 
	  «��� !"#$  	()!#*./+ » *3 *�  �5(/1/�#.6  
)�&0*38  ,/�6  0 �;�&!.#  "&9/!.0&: 1�!.# /*#/  0-!�"�$  "�*"3(/*.�!5�!�;*�!.#  
5(�13",##  *& 5(/15(#'.## . ��'  1�!.# /*#'  <.�$  ,/�#  */�;4�1#%�  �5(/1/�#.6  ('1  
!�53.!.038>#4  +&1&9:  

1. �#*#%#+&,#'  (#!"�0 , !0'+&**-4  ! :  
1.1 ��./(/$  (/53.&,##  5(/15(#'.#/% ; 
1.2 ��./(/$  (-*"�0  !;-.& ;  
1.3 �(/1A'0�/*#/%  (/"�&%&,#$ ; 
1.4 �/�5(&01&**-%  (&!4�1�%  .(31�0-4 , %&./(#&�6*-4  # 2#*&*!�0-4  (/!3(!�0 . 
�/+3�6.&.- : (�!.  5(#;-�#  +& !9/.  !#!./%&.#9/!"�)�  !*# /*#'  +&.(&. # 

#+1/( /" , !0'+&**-4  !  �;/!5/9/*#/%  !.&;#�6*�)�  "&9/!.0& 5(�13",## .  
�!!�/1�0&*#/  !#!./%-  "&9/!.0&, !3>/!.038>/$  *& 
	  «��� !"#$  	()!#*./+ ». 
��)�&!*�  (/+3�6.&.&% #!!�/1�0&*#'  5(/1�&)&8.!'  !�/138>#/  5/(!5/".#0*-/  

53.# (&+0#.#' # 3!�0/(7/*!.0�0&*#'  !#!./%-  "&9/!.0& (&!!%&.(#0&/%�)�  5(/15(#'.#' :  
• �!/  <�/%/*.-  # "�%5�*/*.-  !#!./%-  "&9/!.0& 1�� *-  ;-.6  5(/1%/.�%  

5�!.�'**�$  # (/)3�'(*�$  0*3.(/**/$  5(�0/("#  # �,/*"# .  
• �/&�#+&,#'  ,/�/$  !#!./%-  "&9/!.0& 1�� *&  �;/!5/9#0&.6!'  ./4*#9/!"#% , 

&1%#*#!.(&.#0*-%  # 9/��0/9/!"#%  2&".�(&%#, 0�#'8>#%#  *& "&9/!.0�  5(�#+0�1#%�$  
5(�13",## .  

• �#!./%&  "&9/!.0& 1�� *&  ;-.6  *&1�/ &>#%  �;(&+�%  1�"3%/*.#(�0&*& . 
�&  35(&0�/*#/  "&9/!.0�%  ;��67//  0�#'*#/  �"&+-0&/.  1�!.�0/(*�!.6  # .�9*�!.6  
"�*.(��' , !0�/0(/%/**�/  �;*&(3 /*#/  �."��*/*#$  0 ./4*���)#9/!"�%  5(�,/!!/ , 
5(�!�/ #0&/%�!.6  # #1/*.#2#"&,#' .  

 
�#./(&.3(& : 

1. �8��/(  � . �/"�.�(-/  &!5/".-  0*/1(/*#'  !#!./%-  "&9/!.0& 0 
5(�%-7�/**�!.#  // �.&*1&(.-  # "&9/!.0� . 2007. E 3 � . 58-64. 

2. �	��  ISO 9001-2015 �#!./%-  %/*/1 %/*.&  "&9/!.0&. �(/;�0&*#' .�&.&  
00/1/*#'  28.09.2015 ). 

3. https://ru.wikipedia.org/wiki/�#!./%& _%/*/1 %/*.& _"&9/!.0& 
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���*�/  *&#%/*�0&*#/  5(/15(#'.#' : 	;>/!.0�  !  �)(&*#9/**�$  

�.0/.!.0/**�!.68  «��()�0-$  ��%  "�	����
 ". 
 			  "��  "�	����
 " '0�'/.!'  +&0�1�% # *&4�1#.!'  0 ��!!## , )�(�1/  

��� !"�% , ���)�)(&1!"�$  �;�&!.# .  
�(/15(#'.#/  0 *&!.�'>//  0(/%'  !5/,#&�#+#(3/.!'  *& 5(�#+0�1!.0/  "(35*�$  # 

%/�"�$  ;-.�0�$  ./4*#"# : 
- !.#(&�6*-/  %&7#*- , ,/*.(#23)# , !37#�"#  # "�%5�/".38>#/ ; 
-  &(�9*-/  7"&2- , <�/".(�!37#�"# , 9&$*#"# # "�%5�/".38>#/ . 
��0&(-  1�'  5.#,/0�1!.0&  # 2/(%/(!.0& :  
- 5�#"#  # "�(%37"# ; 
- 5/(�>#5&�6*-/  %&7#*- ; 
- 1�%&7*#$ %#*#-�)�(�1 ; 
- "�(53!  0*/7*/)�  39/.& (��� ). 
�#.6/  5�1  1&0�/*#/%  – %/.�1  2�(%�0&*#'  #+1/�#$  #+ 5��#%/(*-4  %&./(#&��0 . 

�/(%�5�&!.#9*-$  %&./(#&� *&)(/0&/.!'  1�  0'+"�./"39/"�)�  !�!.�'*#' , 05(-!"#0&/.!'  
0 5(/!! -2�(%3  #, 5(#�;(/.&'  "�*2#)3(&,#8  //  0*3.(/**/$  5���!.# , +&.0/(1/0&/. . ��'  
�#.6'  5�1  1&0�/*#/%  5(#%/*'8.  !5/,#&�6*-/  �#.6/0-/  %&7#*-  – 
./(%�5�&!.&0.�%&.- , *& "�.�(-4  3!.&*&0�#0&8.!'  �#.6/0-/  2�(%- .  

:.#%  %/.�1�%  5��39&8.  ;��67#*!.0�  #+1/�#$  #+ 5�&!.%&!! . �(#%/*/*#/  
./4*���)##  �#.6'  5�1  1&0�/*#/%  5�+0��'/.  �()&*#+�0&.6  "(35*�!/(#$*-$  0-53!"  
5(�13",##  !  %#*#%&�6*�$ !/;/!.�#%�!.68 . :.�  �+*&9&/., 9.�  +& /1#*#,3  0(/%/*#  
0-53!"&/.!'  ;��67�/  "��#9/!.0�  1/.&�/$ , 5�<.�%3  1�'  �#./$*�)�  5(�#+0�1!.0&  �9/*6  
0& *& 5(&0#�6*&'  �()&*#+&,#'  0!/4  ./4*���)#9/!"#4  5(�,/!!�0 .  

     �/4*���)#9/!"&'  !4/%& 5(�#+0�1!.0&  #+1/�#$  #+ ./(%�5�&!.�0  %/.�1�%  �#.6'  
5�1  1&0�/*#/%  0"�89&/.  0 !/;'  !�/138>#/  !.&1##: 

- 5(#/%, .(&*!5�(.#(�0&*#/ , (&!.&(#0&*#/ , 4(&*/*#/  !-(6'  # /)�  04�1*�$  
"�*.(��6 ; 

- 5�1)�.�0"&  !-(6' ; 
- 5�1&9& !-(6'  �.  39&!."& 5�1)�.�0"#  "  �#.6/0-%  %&7#*&% 

(./(%�5�&!.&0.�%&.&% ); 
- �#.6/  #+1/�#$  5�1  1&0�/*#/% ; 
- �;(&;�."&  �.�#0�"  (+&9#!."& �#.*#"�0 , %/4&*#9/!"&'  1�(&;�."& ); 
- "�*.(��6  "&9/!.0& )�.�0�$  5(�13",## ; 
- 35&"�0"& # 4(&*/*#/  )�.�0�$  5(�13",## ; 
- 5/(/(&;�."&  �.4�1�0  5(�#+0�1!.0& ; 
- �;!�3 #0&*#/  # (/%�*.  �;�(31�0&*#'  # "�%%3*#"&,#$; 
- �;!�3 #0&*#/  # (/%�*.  5(/!! -2�(% . 
��'  "&9/!.0/**�$  (&;�.-  �5#!&**�$  0-7/  ./4*���)#9/!"�$  !4/%-  */�;4�1#%� :  
1) 5(&0#�6*�  !"�%5�*�0&.6  5(�#+0�1!.0/**-/  5��>&1# ,  
2) 5(&0#�6*�  �()&*#+�0&.6  (&;�.-  "& 1�)�  5�1(&+1/�/*#'  # #4 0+&#%�1/$!.0#/ 

%/ 13  !�;�$ ,  
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3) (&+(&;�.&.6  # 0-53!.#.6  "&9/!.0/**38  5(�13",#8  !  %#*#%&�6*-%# 
�.4�1&%# # .(31�+&.(&.&%#.  

��'  0-5��*/*#'  5/(0�$  +&1&9# "�%5�*�0�9*-/  (/7/*#'  5(�#+0�1!.0&  1�� *-  
!��.0/.!.0�0&.6  5(#*'.�$  0 ./4*���)#9/!"�%  5(�,/!!/  !4/%/  .(&*!5�(.#(�0&*#'  
!-(6' , �!*&!."# , )�.�0�$  5(�13",##  # �.4�1�0 . �(�#+0�1!.0/**-/  ,/4&  
5�1(&+1/�'8.!'  *& �!*�0*-/  (�#.6/0�/  5(�#+0�1!.0� , (/%�*.*� -#*!.(3%/*.&�6*�/  
4�+'$!.0�  # 1( .), 5�1!�;*-/  (!"�&1!"�)� , <*/()/.#9/!"�)�  # .(&*!5�(.*�)�  
*&+*&9/*#' ), �;!�3 #0&8>#/  (�2#!*�)�  # ;-.�0�)�  *&+*&9/*#' ), 0!5�%�)&./�6*-/  
(0/*.#�',#' , ./5���;%/* , !&*#.&(*� -�9#!.*-/  !��(3 /*#' ). �3>/!.038.   /!."#/  
*�(%&.#0-  *& 5�&*#(�0"3  5�%/>/*#$ , �.�5�/*#'  # 0/*.#�',## , (&+%/>/*#/  
�;�(31�0&*#'  # %&./(#&��0 , �()&*#+&,#8  5(�/+1�0 , 5(�4�1�0 , (&;�9#4  %/!.  # %/!.  
!"�&1#(�0&*#' .  

�(#9#*-  �;(&+�0&*#'  ;(&"& 5(#  �#.6/  5�1  1&0�/*#/% . 
1. �5&#  (4���1*-/  !5&#, !0&(*-/  70- , !.-"�0-/  70- ). 
�  5/(#�1  +&5��*/*#'  2�(%-  *& 5�0/(4*�!.#  #+1/�#'  %�)3.  �;(&+�0-0&.6!'  

!5&#, #�#  #4 />@ *&+-0&8.  1(3)#%# ./(%#*&%# – 4���1*-/  !5&#, !0&(*-/  70- , 
!.-"�0-/  70- . 

�5&#  �;(&+38.!'  0 (/+3�6.&./  !�/1#*/*#'  1034 (#�#  */!"��6"#4 ) 5�.�"�0  
(&!5�&0&, �;(&+38>#4!'  5(#  +&5��*/*##  %&./(#&��% 2�(%- . 

��'  !*# /*#'  0�&)# %&./(#&� *3 *�  .>&./�6*�  !37#.6  5/(/1  5/(/(&;�."�$ . 
�& *38  (��6  0 3!.(&*/*##  !5&/0 #)(&/.  .>&./�6*&'  5(�(&;�."&  (&!5��� /*#'  

�#.*#"�0  # 0!.&0�"  *& !.&1## 5(�/".#(�0&*#'  #+1/�#' . 
�5&$  %� *�  3!.(&*#.6  1/"�(#(�0&**�%  5�0/(4*�!.#  #+1/�#' , /!�#  !5&$ */  

31&��!6  3!.(&*#.6  5(#  5(�/".#(�0&*##  #+1/�#' . �  %/!./  0�+%� *�)�  �;(&+�0&*#'  !5&'  
1/�&8.  .&" *&+-0&/%38 "7&)(/*/038  "� 3 ". ��'  9/)�  0 2�(%/  1/�&8.  �5(/1/�/**-/  
(#2�/*#' . 

�!.(&*/*#8  !5&'  !5�!�;!.03/.  30/�#9/*#/  (&+%/(�0 5�5/(/9*�)�  !/9/*#'  
053!"�0 . 

2. ���*#!.&'  5�0/(4*�!.6 . 
"���*#!.&' " 5�0/(4*�!.6  �;-9*�  �;(&+3/.!'  *& #+1/�## , /!�#  2�(%& 

+&5��*'/.!'  *& 1034 (/ #%&4 . 
�0/�#9#.6  ./"39/!.6  %&./(#&�& # �;/!5/9#.6  +&5��*/*#/  2�(%-  *& 5/(0�%  

(/ #%/  %� *�  1�;&0�/*#/%  "  �!*�0*�%3  %&./(#&�3 %�1#2#,#(38>#4  1�;&0�" . 
�!�#  /!.6  0�+%� *�!.6 , .�  1�'  3!.(&*/*#'  (&!!%&.(#0&/%�)�  1/2/".&  *3 *�  

5/(/$.#  *& ;��//  *#+"�0'+"38  %&("3 5��#%/(& . 
3. �/(/;(#!.-/  5���!- . 
�(#  ./9/*##  )#)(�!"�5#9*-4  5��#%/(�0 , /!�#  �*#  */1�!.&.�9*�  4�(�7�  

0-!37/*- , *& 5�0/(4*�!.#  2(�*.&  5�.�"&  #�#  �"���  /)�  0*3.(/**/$  5�0/(4*�!.#  
*&4�1'.!'  53+-(6"#  0�&)#. 

��!�/  .�)� , "&" 53+-(6"#  0�&)# 1�!.#)�#  2(�*.&  5�.�"& , �*#  *&9#*&8.  
10#)&.6!'  0%/!./  !  2(�*.�%  5/(5/*1#"3�'(*�  �!*�0*�%3  5�.�"3  ./9/*#'  # 1�4�1'.  1�  
!./*�"  2�(%- . �&  !./*"/  2�(%-  53+-(6"#  0�&)# (&!5�8>#0&8.!'  # (&!.')#0&8.!'  5�  
*&5(&0�/*#8  ./9/*#'  %&./(#&�&. �&  5�0/(4*�!.#  #+1/�#'  �;(&+38.!'  4&(&"./(*-/  
;�/!"#  �.  0�&)# – !/(/;(#!.-/  5���!- . 

��'  3!.(&*/*#'  !/(/;(#!.-4  5���!  *& 5�0/(4*�!.#  #+1/�#$  %&./(#&� 5/(/1  
5/(/(&;�."�$  *3 *�  .>&./�6*�  !37#.6  1�'  3%/*67/*#'  0 */% 0�&)#. 

�%/*67/*#8  "!/(/;(& " *& 5�0/(4*�!.#  #+1/�#$  !5�!�;!.03/.  5�*# /*#/  
./%5/(&.3(-  %&./(#&�& ��  # !*# /*#/  !"�(�!.#  +&5��*/*#'  2�(%-  Q. 

4. 	;��$  (5�1�#0 , )(&. ). 
�(#9#*-  �;(&+�0&*#'  �;��'  %�)3.  ;-.6  (&+*-/ . 
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	1*&  #+ 5(#9#*  +&"�89&/.!'  0 .�% , 9.�  0 5(�,/!!/  2�(%�0&*#'  (0 5/(#�1  
+&5��*/*#'  #�#  *&(&!.&*#'  1&0�/*#' ) 0 2�(%/  0�+*#"&8.  0-!�"#/  1&0�/*#' . :.�  
�!�;/**�  4&(&"./(*�  1�'  .�*"�!./**-4  #+1/�#$  # #+1/�#$  !  1�#**-%#  53.'%# 
./9/*#' . �!#�#/ , 0�+*#"&8>//  0 2�(%/ , %� /.  5(/0-!#.6  3!#�#/  +&5#(&*#' 2�(%- . 

�  <.�% !�39&/  5���0#*"#  2�(%-  5(#�."(-0&8.!' , # 0 �;(&+�0&07#$!'  +&+�( 
+&./"&/.  %&./(#&�. �&  #+1/�##  �;(&+3/.!'  �;��$ . �)�  .&" /  *&+-0&8.  5�1�#0�%  #�#  
)(&.�% . 

�&"�$  0#1 ;(&"& 5(#0�1#.  "  1�5��*#./�6*�$  �;(&;�."/  #+1/�#$  (+&9#!."/ ) # 
5/(/(&!4�13  %&./(#&�&. 

:22/".#0*-%  !5�!�;�%  3!.(&*/*#'  �;��'  '0�'/.!'  �()&*#+&,#'  (/ #%&  
2�(%�0&*#'  !�  !;(�!�%  1&0�/*#' . �&"�$  (/ #%  5(/1�.0(&>&/.  (&+0#.#/ 0 2�(%/  
9(/+%/(*�  0-!�"#4  1&0�/*#$ . 

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

�;(&+38.!'  �;3)�/**-/  .�9"#  #�#  39&!."# . 
��'  3!.(&*/*#'  <.�)�  1/2/".&  5(#  5(�/".#(�0&*##  2�(%-  .(/;3/.!'  

5(/13!%�.(/.6  "&*&�-  1�'  0-4�1&  0�+134&. 
�  !�39&/  0�+*#"*�0/*#'  <.�)�  1/2/".&  *& 3 /  #+)�.�0�/**-4  2�(%&4 !�/13/.  

3%/*67#.6  �;A/%*38  !"�(�!.6  05(-!"&  Q. �%/*67/*#8  5(#)&(�0  !5�!�;!.03/.  .&" /  
!*# /*#/  1&0�/*#'  �#.6' . 

 
�&;�#,&  – �#1-  "�*.(��' . 
�3(1'
/  /&
,,(2(/
5((  �(8  /%')3%&�  
�.&1#'  ./4*#9/!"�)�  "�*.(��'  ��*.(��6  �5-.*�)�  �;(&+,& , 

5(�#+0�1!.0/**-$  "�*.(��6 , "�*.(��6  
5(#  <"!5�3&.&,##  

�.&1#'  5(�#+0�1!.0/**�)�  
5(�,/!!&  

�4�1*�$ , �5/(&,#�**-$ , "�*.(��6  
"&9/!.0& )�.�0�$  5(�13",## , 
.(&*!5�(.#(�0&*#' , 4(&*/*#'  

�#1  0�+1/$!.0#'  �&+(37&8>#$ , */(&+(37&8>#$  
	;A/%  "�*.(��#(3/%�$  

5(�13",##  
�5��7*�$ , 0-;�(�9*-$  

�/�6  "�*.(��'  �(#/%�9*-$ . �5(&0�/*#/  
"&9/!.0�%  5(�13",##  

�&(&"./(  "�*.(��'  �*!5/",#�**-$ , �/.39#$  
�(#*#%&/%�/  (/7/*#/  
".#0*-$ , 5&!!#0*-$  
�(#%/*/*#/  !(/1!.0  "�*.(��'  	()&*��/5.#9/!"#$ , 0#+3&�6*-$, 

#*!.(3%/*.&�6*-$  
�&(&"./(  5�!.35�/*#'  5(�13",##  

*& "�*.(��6  
�&(.#'%# , */5(/(-0*-$  

��*.(��#(3/%-$  5&(&%/.( ��  "��#9/!.0/**�%3  5(#+*&"3, 5�  
"&9/!.0/**�%3  5(#+*&"3, 5�  
&�6./(*&.#0*�%3  5(#+*&"3 

�./5/*6  39&!.#'  �5/(&.�(&  0 
"�*.(��/  

�39*�$ , &0.�%&.#+#(�0&**-$  

 
�-  3!.&*�0#�# , 9.�;-  �#.6/  5�&!.%&!!-  %/�"�!/(#$*�/  #�#  0 5(�%-7�/**-4  

%&!7.&;&4 ;-��  *&#;��//  "&9/!.0/**-% , */�;4�1#%�  5(#  #+)�.�0�/*##  3!.&*&0�#0&.6 
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"�%5�/"!*-$  5�4�1 , 5�!"��6"3  �.1/�6*-/  %/(-  */  5(#0�1'.  "  1�!.# /*#8  .�$  #�#  
#*�$  ,/�# . 

�.�;-  5(�0�1#.6  !#!./%&.#9/!"#$  "�*.(��6 , & .&" /  �;A'!*'.6  # 3!.(&*'.6  
1/2/".- , 5(�#+0�1#./�6  1&**�)�  5(�#+0�1!.0&  1�� /*  #!5��6+�0&.6  4�(�738 , 
#!5(&0*38  "�*!.(3",#8  5(/!! -2�(%- , & .&" /  ;-.6  30/(/**-%  0 5(&0#�6*�$  
3!.&*�0"/  5&(&%/.(�0  %&7#* # ./4*���)#9/!"#4  5&(&%/.(�0  5/(/(&;�."# , (/ #%�0  
�#.6' , & .&" /  1�� /*  "�*.(��#(�0&.6  04�1*�$  "�*.(��6  5��#%/(*�)�  %&./(#&�& 0�  
#+;/ &*#/  ;(&"�0&**�)�  #�#  */"&9/!.0/**�)�  %&./(#&�&. 

 
�#./(&.3(& : 

1. �#4�/(  � . �#.6/  5�1  1&0�/*#/% : "�(�."�  # '!*� . �# *#$  ��0)�(�1 , ���  
"�#%5�/"! ", 2000. - 74 ! . 

2. �#4�/(  � . �/.&�#  #+ 5�&!.%&!!  - �.�#0&.6  ;/+   
3. ��&!�0  � .� ., �&*1-(#*  � .� ., �3�/+*/0  � .� . # 1( . 	!*�0-  ./4*���)##  

5/(/(&;�."#  5�&!.%&!! . �9/;*#"  1�'  ����0 . — 2-/  #+1., #!5( . # 1�5 . — � .: �#%#' , 
2004. — 600 ! . 

4. �&�#*9/0  : .� . �5(&0�9*�/  5�!�;#/  1�'  <22/".#0*�)�  �#.6'  5�&!.%&!!  
5�1  1&0�/*#/% : ./4*���)#' , %&./(#&�- , �!*&!."& .�� .: ; /%, ; /). – 253 ! . 
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�&+0#.#/  !�0(/%/**-4  5(�#+0�1!.0  */0�+%� *�  5(/1!.&0#.6  ;/+  *&39*� -

./4*#9/!"�)�  5(�,/!!&  0 0#1/ ,#2(�0-4  ./4*���)#$ , (�;�.#+&,##  #�# , 5�  "(&$*/$  
%/(/ , &0.�%&.#+&,## �.1/�6*-4  39&!."�0 . �&39*� -./4*#9/!"#$  5(�)(/!!  ;/(/.  !0�/  
*&9&��  !  */5(/(-0*�)�  !�0/(7/*!.0�0&*#'  !�0(/%/**-4  ./4*���)#$ , "�.�(-/  
4&(&"./(#+38.!'  3!�� */*#/%  "�*!.(3",#$ , ;��//  3!#�/**-%#  .(/;�0&*#'%#  
5�.(/;#./�/$  "  "&9/!.03  # /)�  5�!.�'**�%3  !�0/(7/*!.0�0&*#8 , & .&" /  ./4*#"� -
<"�*�%#9/!"#%  5�"&+&./�'%  0-53!"&/%-4  #+1/�#$ . �(�%/  .�)� , / /)�1*�  (&!7#('/.!'  
!  )/�%/.(#9/!"�$  5(�)(/!!#/$  *�%/*"�&.3(&  #+1/�#$ , # 30/�#9#0&8.!'  ./%5-  
!%/*'/%�!.#  %�1/�/$ .  

�&  �8;�%  5(�#+0�1!.0/ , ;/+  #!"�89/*#' , �!3>/!.0�'/.!'  5�&*#(�0&*#/ , 
"�.�(�/  (&+1/�'/.!'  *& 3(�0*#  5(#%/*#./�6*�  "  5(/15(#'.#8 : %/ ,/4�0�$  # 
0*3.(#,/4�0�$ . ��&*#(�0&*#/  *& 3(�0*/  5(/15(#'.#'  '0�'/.!'  !(&0*#./�6*�  
*/!�� *�$  +&1&9/$, (/7&/%�$  0-!7#%  (3"�0�1!.0�%  # ;/+  5(#0�/9/*#'  !5/,#&�6*-4  
!(/1!.0  &0.�%&.#+&,##. 	1*&"�  5�&*#(�0&*#/  *& 0-7/5/(/9#!�/**-4  3(�0*'4  
'0�'/.!'  5/(0�!./5/**-%#  +&1&9&%# &0.�%&.#+#(�0&**-4  !#!./%  35(&0�/*#'  (
�� ) 
5(�#+0�1!.0�% . �(#  <.�% �.%/.#% , 9.�  5�&*#(�0&*#/  *& 0*3.(#,/4�0�%  3(�0*/  !&%�/  
!�� *�/ , 5�.�%3  "&" #%//.  1/��  !  .&"#%# <�/%/*.&(*-%#  �;A/".&%#  39@.&, "&": 
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./4*���)#9/!"#$  5(�,/!! , (&;�9#/ , !.&*"# , 0!5�%�)&./�6*�/  �;�(31�0&*#/ , 

./4*���)#9/!"&'  �!*&!."& , +&)�.�0"# , %&./(#&�-  # . .1. 
��!.&0�/*#/  �5/(&.#0*� -"&�/*1&(*�)�  5�&*& +&53!"&/0-53!"&  1/.&�/$  1�'  

5(�#+0�1!.0/**-4  39&!."�0  – .(31�/%"&'  (&;�.& , .(/;38>&'  5(/10&(#./�6*�)�  
)�3;�"�)�  &*&�#+& (/&�6*-4  3!��0#$  5(�#+0�1!.0&  0 "& 1�%  ,/4/ , 0-'0�/*#'  
4&(&"./(*-4  �!�;/**�!./$  # (&,#�*&�6*-4  <�/%/*.�0  0 !�� #07/$!'  !#!./%/  
5�&*#(�0&*#' .  

�  1&**�$  !.&.6/  *&%# (&!!%�.(/*�  5(#%/*/*#/  <"!5/(.*-4  !#!./%  0 �;�&!.#  
5(�%-7�/**�)�  !/".�(& , . .* . 5(�)(&%%*-/  5(�13".- , 5(#%/*'/%-/  0 5(�/".#(�0&*## , 
&*&�#.#"/  # 5(�)*�+#(�0&*##  *& 5(/15(#'.#'4 . 

�(/15(#'.#/  			  «��:� » '0�'/.!'  (&+(&;�.9#"�%  # 5(�#+0�1#./�/%  
5�&!.%&!!�0-4 , (/+#*�./4*#9/!"#4 , 5��#3(/.&*�0-4 , 2.�(�5�&!.�0-4  #+1/�#$  # 
./(%�<�&!.�5�&!.�0 .  


".3&�6*�$  # 5(#�(#./.*�$  +&1&9/$ 			  «��:� » 0 *&!.�'>//  0(/%'  '0�'/.!'  
0-0/1/*#/  5(�#+0�1!.0&  *& *�0-$  3(�0/*6 , & +*&9#. */�;4�1#%�  5(�&*&�#+#(�0&.6  
(&;�.3  5(�#+0�1!.0/**-4  39&!."�0  # 0-'0#.6  5(�;�/%*-/  0�5(�!- , (/7/*#/  "�.�(-4  
5�%� /.  0 (&+(&;�."/  %/(�5(#'.#$  5�  5�0-7/*#8  <22/".#0*�!.#  5(/15(#'.#'  0 
,/��% .  

�&%# ;-�  5(�&*&�#+#(�0&*  �1#*  #+ 5(�#+0�1!.0/**-4  ,/4�0  – 39&!.�"  
5(�#+0�1!.0&  */2�(%�0-4  #+1/�#$ , )1/  .(/;38.!'  1�(&;�."#  0 0�5(�!/  �5.#%#+&,## 
5�&*#(�0&*#'  +&)(3+"# �;�(31�0&*#'  # 39@.& +&)�.�0�"  # %&./(#&��0 .  

�&  %/ ,/4�0�%  3(�0*/  5�&*#(�0&*#'  */0�+%� *�  �5/(&.#0*�  (/&)#(�0&.6  *& 
#+%/*/*#'  5(�#+0�1!.0/**�$  !#.3&,##  0 "�*"(/.*�%  ,/4/  (*& �.!3.!.0#/ , "  5(#%/(3 , 
35(&0�'8>/$  5(�)(&%%-  (�� ) 1�'  !.&*"�0 , �.!3.!.0#/  +&)�.�0�" , 0-4�1  �;�(31�0&*#'  
#+ !.(�'  # 1( . !;�# ) #, "&" 5(&0#�� , 1�'  39@.& 5�1�;*-4  �;!.�'./�6!.0  5(�!.�  
30/�#9#0&/.!'  *�(%&.#0*&'  .(31�/%"�!.6  #+)�.�0�/*#'  1/.&�/$  # !;�(�9*-4  /1#*#,  
(��� ). �  (/+3�6.&./ , 9&!.�  0�+*#"&8.  !#.3&,## , "�)1&  !�0(/%/**�/  1�(�)�!.�'>//  
�;�(31�0&*#/  */1�)(3 /*�  #, !��.0/.!.0/**� , */(/*.&;/�6*� . 

	1*#%  #+ �!*�0*-4  53./$  5�0-7/*#'  "�<22#,#/*.&  +&)(3+"# �;�(31�0&*#'  
'0�'/.!'  !�!.&0�/*#/  5(�#+0�1!.0/**�)�  (&!5#!&*#'  /)�  (&;�.- , "�*.(��6  0-5��*/*#'  
# �5/(&.#0*&'  "�((/",#' . �� , "&" 3 /  ;-��  !"&+&*� *&%# (&*// , <.& +&1&9& '0�'/.!'  
1�!.&.�9*�  !�� *�$ , .&" "&" 1�'  �5.#%#+&,## +&)(3+"# !.&*"�0  .(/;3/.!'  39#.-0&.6  
+*&9#./�6*�/  "��#9/!.0�  3!��0#$  # �)(&*#9/*#$ . 

�#!./%&  &0.�%&.#+&,## 	��  1�'  �5.#%&�6*�$  +&)(3+"# �;�(31�0&*#'  *& 
39&!."/  5(�#+0�1!.0&  */2�(%�0-4  #+1/�#$  # %/4&*#9/!"�$  �;(&;�."#  5(/1*&+*&9/*& 
1�'  5�0-7/*#'  <22/".#0*�!.#  (&;�.-  39&!."�0  +& !9/.  0�+%� *�!.#  �5/(&.#0*�$  
"�((/",##  39@.& +&)�.�0�"  # (&!5#!&*#'  (&;�.  !�)�&!*�  ./"3>/$  5(�#+0�1!.0/**�$  
!#.3&,## . 

��'  (&+(&;�."#  !#!./%-  &0.�%&.#+&,## 	��  */�;4�1#%� : 
- 5(�&*&�#+#(�0&.6  0(/%/**-/  5�./(#  # 0-;(&.6  "(#./(##  <22/".#0*�!.#  

!#!./%-  &0.�%&.#+&,##; 
- (&+(&;�.&.6  &�)�(#.%  %/.�1#"#  �5.#%#+&,## 5�&*& +&)(3+"# �;�(31�0&*#' . 

*&�#+  #!5��6+�0&*#'  */5(�#+0�1!.0/**�)�  0(/%/*#  *& 39&!."/  */2�(%�0-4  

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

- 0(/%' , +&.(&9#0&/%�/ *& 5/(/*&�&1"3  �;�(31�0&*#'  5(#  39/./ , 9.�  +& *#% 
�!3>/!.0�'8.  (&;�.-  5��9/(/1*�  (&+*-/  �5/(&.�(-  !  (&+�#9*-%  +&1&*#/%; 

- 0(/%' , +&.(&9#0&/%�/ *& .(&*!5�(.#(�0"3  +&)�.�0�"  # "�%5�/".38>#4 , 
�!*&!."#  # #*!.(3%/*.& . 
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�(�&*&�#+#(�0&0  !#.3&,#8 , *&%# ;-�  !1/�&*  0-0�1 , 9.�  !&%� 0(/%'  
5/(/*&�&1"#  #+%/*#.6 */�6+' , *�  %� *�  0&(6#(�0&.6 5�('1�"  +&53!"& 1/.&�/$ , # ./% 
!&%-% #+%/*'.6  0(/%'  5(�!.�'  !.&*"�0 , . ./ . 0 "&9/!.0/  "(#./(#'  <22/".#0*�!.#  *&%# 
;-�  0-;(&*�  – *&#;��67//  0(/%'  5(�!.�'  !.&*"&  )(355- , "�.�(-$  1�� /*  !.(/%#.6!'  
"  %#*#%&�6*�%3 +*&9/*#8 . 

�!4�1*-%#  1&**-%#  1�'  (&;�.-  !#!./%-  !�3 &. : 5�&*  5(�#+0�1!.0&  *& %/!', , 
1&**-/  �  / /1*/0*-4  "�((/".#(�0"&4  <.�)�  5�&*& 0 0#1/ (&!5�(' /*#$  0-!7/)�  
(3"�0�1!.0& , 1&**-/  �  10# /*##  ���  *& 5(/1-13>#4  53*".&4  ./4*���)#9/!"#4  
%&(7(3.�0 . ��&)�1&('  !#!./%/  7.(#4 -"�1#(�0&*#'  %&(7(3.*-4  �#!.�0 , 
#!5��6+38>#4!'  0 			  «��:� » ;�&)�1&('  ;&+/ 1&**-4  «1� :�(/15(#'.#/ » # 
!�5(�0� 1&8>#4  5&(.## ��� , /!.6  0�+%� *�!.6  0/!.#  39@. 10# /*#'  ���  %/ 13  
,/4&%# # 5��39&.6  #*2�(%&,#8  �;  �;/!5/9/**�!.#  +&)�.�0"&%#. �&  ./"3>#$  %�%/*.  
0(/%/*#  1&**&' !#!./%&  5�+0��'/.  �.!�/ #0&.6  #*2�(%&,#8  */  5�  0!/% ,/4&%, 
5�<.�%3  39&!.�"  5(�#+0�1!.0&  */2�(%�0-4  #+1/�#$  # %/4&*#9/!"�$  �;(&;�."#  .��6"�  
�#76  5�&*#(3/.!'  %�1/(*#+#(�0&.6  53./% !�+1&*#'  0*3.(#  !/./0�$  5&5"# !  
�)(&*#9/**-%  1�!.35�%  1�'  �.!�/ #0&*#'  10# /*#'  %&./(#&��0 , +&)�.�0�"  # 
"�%5�/".38>#4  !  5�%�>68  &0.�%&.#+#(�0&**�$  !#!./%-  #, !��.0/.!.0/**� , &".#0*�  
5(#*#%&8.!'  5(/1�� /*#' . 

�&" /  #!4�1*-%#  1&**-%#  '0�'8.!' : 0(/%'  %&7#**�/ , 0(/%'  *&�&1"#, 0(/%'  
!*'.#' -3!.&*�0"#  1�'  "& 1�$  �5/(&,##  5�  1/.&�'% . �!.�9*#"�%  <.#4 1&**-4  '0�'/.!'  
5(/13!.&*�0�/**&'  ;&+& 1&**-4  !#!./%-  «1� :�(/15(#'.#/ ». �& 1&'  35(&0�'8>&'  
5(�)(&%%& +1/!6 5(�4�1#.  5(�,/13(3  0*/1(/*#' , 1�'  9/)�  (&+(&;�.9#"  5�%/>&/.  ��  0 
!#!./%3  «1� :�(/15(#'.#/ » # +&53!"&/. 5(�,/!!  !�)�&!�0&*#'  &".& �  0*/1(/*##  0 
<�/".(�**�%  0#1/ (0"�&1"& «��"3%/*.-  # 2&$�- »). �  4�1/  !�)�&!�0&*#'  0(/%'  
%&7#**�/  0*�!#.  (&+(&;�.9#"  �� , 0(/%'  *&�&1"#, !*'.#'  # 3!.&*�0"#  – *&9&�6*#" 
,/4& . 


�)�(#.%  %/.�1#"#  �5.#%#+&,## #%//.  !�/138>#$  0#1: 
1. ���6+�0&./�6  2�(%#(3/.  !5#!�"  !�)�&!*�  &".3&�6*-%  1&**-%  5�  ���  # 

3!.&*&0�#0&/.  )(&*#9*-/  3!��0#'  (�9/(/1*�!.6  (&!"�&1"#  1/.&�/$  5�  #+1/�#'%  
!�)�&!*�  5(#*,#53  FIFO� , 0-;�(  �;�(31�0&*#' , "�.�(�/  1�� *�  ;-.6  +&1/$!.0�0&*� , 
*&!.(�$"&  5(�#+0�1!.0/**�)�  "&�/*1&(' ); 

2. ���6+�0&./�6  +&53!"&/. 5(�,/13(3  �5.#%#+&,##. �  4�1/  "& 1�$  #./(&,##  
<.�$  5(�,/13(-  +*&9/*#'  5&(&%/.(�0  (5�('1"�0-/  *�%/(&  ��� ) (&!!9#.-0&8.!'  0 
!��.0/.!.0##  !  0-;(&**-%  %/.�1�%  �5.#%#+&,##; 

3. �-5��*'/.!'  "�((/".#(�0"&  ;��"�0  �5/(&,#$  !  39/.�%  *&�� /*#'  0(/%/*#  
*&�&1"#/5/(/*&�&1"# , !*'.#/  # 3!.&*�0"#  1/.&�/$ /�!*&!."# , & .&" /  
(/)�&%/*.#(�0&**-4  5/(/(-0�0  # 5/(/!%/*�" . 

�  (/+3�6.&./  !#!./%&  &0.�%&.#+&,## �5/(&.#0*� -"&�/*1&(*�)�  5�&*#(�0&*#'  
1�'  �5.#%&�6*�$  +&)(3+"# �;�(31�0&*#'  *& 39&!."/  5(�#+0�1!.0&  */2�(%�0-4  #+1/�#$  
# %/4&*#9/!"�$  �;(&;�."#  1�� *&  5�+0��'.6  !�!.&0�'.6  (&!5#!&*#'  +&)(3+"# 
�;�(31�0&*#'  # 5�%�)&.6  0 (/&�#+&,##  39@.& +&)�.�0�"  # %&./(#&��0  !�)�&!*�  
(&+�#9*-%  5(�#+0�1!.0/**-%  3!��0#'%  # �)(&*#9/*#'% , & .&" /  1&.6 0�+%� *�!.6  
�5/(&.�(3  39&!."& �5/(&.#0*�  (/&)#(�0&.6  *& #+%/*/*#'  5(�#+0�1!.0/**�$  !#.3&,## . 
 
�#./(&.3(& : 

1. �&%/*/0 , � . � . �/&�#+&,#'  �!�;/**�!./$  <"!5/(.*-4  !#!./%  (/&�6*�)�  
0(/%/*#  0 35(&0�/*##  *& %&7#*�!.(�#./�6*-4  5(/15(#'.#'4  # �()&*#+&,##  ;#+*/!&  / 
���������������������������������������� �������������������
� ��(#*,#5  FIFO – «5/(0-%  5(#7@�, 5/(0-%  37@�» –  .� , 9.�  *& !"�&1  5(#7��  0 5/(038  �9/(/16 , 34�1#.  
5/(0-%  5�  0�!.(/;�0&*#8  (%&./(#&�, +&)�.�0"#  # 5��32&;(#"&.-  – 0 5(�#+0�1!.0� , 5(�13",#'  – 
+&"&+9#"3).�
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� . �  �&%/*/0 , 
 . � . �3"6'*9#"�0 , 
 . 
 . ��(10#*�0  // �;�(*#"  *&39*-4  .(31�0  7-$ 
�/ 13*&(�1*�$  *&39*� -5(&".#9/!"�$  "�*2/(/*,## . �/4*#"&  # ./4*���)## : 53.# 
#**�0&,#�**�)�  (&+0#.#'. – �3(!" , 29-30 #8*'  2018 ). – � . 130-133 

2. 	!�;/**�!.#  (&+(&;�."#  �5/(&.#0*� -"&�/*1&(*-4  5�&*�0  (	�� ). 
[:�/".(�**-$  (/!3(! ]. – �/ #%  1�!.35& : http://www.market-pages.ru/manpred/14.html 
(1&.& �;(&>/*#'  15.05.2019). 

3. �#!"3*�0& , 
 . 
 . 
*&�#+  !�0(/%/**-4  !#!./%  35(&0�/*#'  ./4*���)#9/!"#%#  
5(�,/!!&%#  %*�)�*�%/*"�&.3(*�)�  5(�#+0�1!.0&  			  «��:� » !  ,/�68  5�0-7/*#'  
<22/".#0*�!.#  (&;�.-  5(�#+0�1!.0/**-4  39&!."�0  / 
 . 
 . �#!"3*�0& , � . 
 . �#4&*"#*  // 
XIV %/ (/)#�*&�6*&'  *&39*� -5(&".#9/!"&'  "�*2/(/*,#'  «�+&#%�1/$!.0#/  
5(/15(#'.#$  # 03+�0 – *&3"&, "&1(- , *�0-/  ./4*���)## » [:�/".(�**-$  (/!3(! ] : 
�;�(*#"  %&./(#&��0  "�*2/(/*,##  / ��1  (/1&",#/$  � .� . ��&)#*#*&  ; ���  (2#�#&� ) 
���)��� , ��� !"#$ , 2018 ). – � . 185-189  

4. �8%/*,/0& , � . � . �#!./%&  &0.�%&.#+&,## �5/(&.#0*� -"&�/*1&(*�)�  
5�&*#(�0&*#'  1�'  �5.#%&�6*�$  +&)(3+"# �;�(31�0&*#'  *& 39&!."/  !.&*"�0  !  ���  / � . 
� . �8%/*,/0& , � . � . �&�6)&0"�  // �&./(#&�-  �!/(�!!#$!"�$  %���1/ *�$  *&39*� -
./4*#9/!"�$  "�*2/(/*,## . �*2�(%&,#�**-/  ./4*���)##  0 *&3"/  # 5(�#+0�1!.0/ . – 
	%!" , 09-10 2/0(&�'  2015 ). – � . 172-175. 
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�  !0'+#  !  (&!7#(/*#/%  �;A/%& #!5��6+�0&*#'  0 5(�%-7�/**�  (&+0#.-4  !.(&*&4  
#+1/�#$  5�(�7"�0�$  %/.&��3()##  #+ 0-!�"�.0/(1-4  %&./(#&��0  (./4*#9/!"�$  
"/(&%#"#, &;(&+#0�0, .3)�5�&0"#4  !�/1#*/*#$  # 1( .) # #*./*!#2#"&,#/$  5(�,/!!�0  #4 
5(�#+0�1!.0&  ;��67�/  +*&9/*#/  5(#�;(/.&8.  0�5(�!-  35(�9*/*#'  5�0/(4*�!./$  
.(/*#'  #!5��6+3/%�$  5(#  <.�% ./4*���)#9/!"�$  �!*&!."# . �0/(1�!.6  9&!.#,  
5(/!!3/%-4  #+1/�#$  0 2-3 (&+& 5(/0-7&/.  .0/(1�!.6  !&%�$ 5(�9*�$  #*!.(3%/*.&�6*�$  
!.&�# , 5�<.�%3  35(�9*/*#/  !.&�6*-4  1/.&�/$  .(&1#,#�**-%#  %/.�1&%# (+&"&�"&, 
&+�.#(�0&*#/ , ;�(#(�0&*#/  # . .5.) */  1&/. !3>/!.0/**�)�  30/�#9/*#'  #4 5�0/(4*�!.*�$  
%#"(�.0/(1�!.#  # #+*�!�!.�$"�!.# .  

�+*&7#0&*#/  5�0/(4*�!.#  5(/!!�!*&!."#  5(#  5(/!!�0&*##  *�!#.  !�� *-$  
"�%5�/"!*-$  4&(&"./( , .&" "&", 0� -5/(0-4 , <.�  1034<.&5*-$ 5(�,/!!  (!�;!.0/**�  
5(/!!�0&*#/  # 0-.&�"#0&*#/ ), &, 0� -0.�(-4 , &;(&+#0*-/  9&!.#,-  0+&#%�1/$!.038.  
(&+�#9*-%  �;(&+�%  1(3)  !  1(3)�%  # #+*&7#0&/%�$ 5�0/(4*�!.68  0 +&0#!#%�!.# �.  ./4  
2#+#"� -%/4&*#9/!"#4  3!��0#$ , 0 "�.�(-/  �*#  5�5&1&8.. �&+�#9*-/  3!��0#'  0/13.  "  
(&+�#9#8  0 0#1&4 &;(&+#0*�)�  #+*&7#0&*#'. 

�(�%/  .�)� , *& 4&(&"./(  0+&#%�1/$!.0#' &;(&+#0*-4  9&!.#,  !  #+*&7#0&/%�$ 
5�0/(4*�!.68  5(#  5(/!!�0&*##  �"&+-0&/.  0�#'*#/  !��.*�7/*#/  .0/(1�!./$  &;(&+#0& # 
5�0/(4*�!.#  1/.&�/$ . 

�#1  #+*&7#0&*#' !3>/!.0/**�  0�#'/.  *& 0-;�(  %/.�1& 35(�9*/*#' , .(/;�0&*#$  
"  !.(3".3(/  # .0/(1�!.#  5�"(-.#'  # "�*!.(3".#0*-%  �!�;/**�!.'%  �5(&0�"  
5(/!!�!*&!."# . ��<.�%3  ;��67�/  +*&9/*#/  1�'  (&+(&;�."#  ./4*���)##  5��39/*#'  
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#+*�!�!.�$"#4  5�"(-.#$  #%//.  #+39/*#/  !5/,#2#"#  5(�,/!!&  &;(&+#0*�)�  
#+*&7#0&*#' 5(#  2�(%�0&*##  &;(&+#0*�)�  #*!.(3%/*.& . 

�&%# 5(�0/1/*-  !(&0*#./�6*-/  #!5-.&*#'  �.*�!#./�6*�$  #+*�!�!.�$"�!.#  
5(/!!2�(%  !  (&+�#9*-%#  5�"(-.#'%#  5(#  5(/!!�0&*##  &;(&+#0*-4  "(3)�0  *& 
"/(&%#9/!"�$  !0'+"/  0 5(�#+0�1!.0/**-4  3!��0#'4 . �  "&9/!.0/  (&;�9/$  1/.&�#  
5(/!!2�(%  #!5��6+�0&*&  �5(&0"&, 2�(%��;(&+38>&'  5�!&1�9*�/  �.0/(!.#/  "(3)& . 
	!�;/**�!.'%#  //  #+*&7#0&*#' '0�'8.!'  0-!�"#/  1&0�/*#'  (1�  30 ��& ), �.!3.!.0#/  
!%&+�9*�$ 5�/*"# , "�%;#*#(�0&**-$  4&(&"./(  !#��0�)�  0�+1/$!.0#'  (*�(%&�6*�/  # 
"&!&./�6*�/ ) # */+*&9#./�6*-$  1�53!"  *& #+*�!  (0,1 … 0,2 %% *& 1#&%/.(). 

�!5-.-0&/%-/  # "�*.(��6*-/  �5(&0"#  3!.&*&0�#0&�# �1*�0(/%/**�  *& 6-.#  
5�+#,#�**-4  5(/!!&4  0 5(�#+0�1!.0/**-4  3!��0#'4 , 9.�  �;/!5/9#0&��  #1/*.#9*�!.6  
#+*&7#0&*#'. 	.*�!#./�6*38  #+*�!�!.�$"�!.6  e 5�"(-.#'  �5(/1/�'�#  "&" �.*�7/*#/   
#+*�!�!.�$"�!.#  (5�  0(/%/*#  (&;�.�!5�!�;*�!.# ) #!5-.-0&/%�$  �5(&0"#  !  
35(�9*/**�$  5�0/(4*�!.68  .(/*#'  "  #+*�!�!.�$"�!.#  "�*.(��6*�$  �5(&0"#  #+ !.&�#   
� 8 (� R� 50). 

��'  3!.&*�0�/*#'  "�((/�',#�**�$  !0'+#  e  !  2#+#"� -%/4&*#9/!"#%# 
4&(&"./(#!.#"&%#  5�"(-.#$  �5(/1/�'�#  %/.�1�%  %#"(�01&0�#0&*#'  0�!!.&*�0�/**38  

dH , */0�!!.&*�0�/**38  pH , %#"(�.0/(1�!.6  # %#"(�5(�9*�!.6   s   5�"(-.#$ , 

"�.�(-/  %�)3.  5(/1�5(/1/�'.6  #4 &;(&+#0*38 #+*�!�!.�$"�!.6 . 
�!5-.&*#'  %#"(�01&0�#0&*#/% �!3>/!.0�'�#  5(#  *&)(3+"/  *& #*1/*.�(  3,5 � . 

�&+%/( �.5/9&."&  5(#  <.�% +*&9#./�6*�  5(/0-7&/.  (&+%/(-  0"�89/*#$  # �.1/�6*-4  
2&+ #+39&/%-4 "�%5�+#,#�**-4  %&./(#&��0 , 9.�  5�+0��'/.  �,/*#0&.6  &)(/)&.*38  
5(�9*�!.6  #!5-.3/%�$  5�0/(4*�!.# , (/&�#+3/%38  0 (/&�6*-4  5(�,/!!&4  &;(&+#0*�)�  
#+*&7#0&*#'. ��<22#,#/*.  0&(#&,## 5(#  5�1!9/./  2#+#"� -%/4&*#9/!"#4  
4&(&"./(#!.#"  */  5(/0-7&�  0,06 *& ;&+/ 20 �.5/9&."�0  #*1/*.�(& . �/+3�6.&.-  
#!!�/1�0&*#$  5(#0/1/*-  *& (#!3*"/ . 

�  
�#!3*�"  – �&0#!#%�!.6  5&(&%/.(�0  %#"(�.0/(1�!.#  # %#"(�5(�9*�!.#  �.  

�.*�!#./�6*�$  !.�$"�!.#  "(3)�0  
 

�!!�/1�0&*-  5(�,/!!-  #+*&7#0&*#' 5�0/(4*�!./$  .(/*#'  5(/!!�0�$  �!*&!."#  
5(#  2�(%#(�0&*##  &;(&+#0*-4  "(3)�0 . ��"&+&*� , 9.�  0#1 #+*�!&  !3>/!.0/**�  0�#'/.  
*& 0-;�(  %/.�1& #4 35(�9*/*#' . �(#  <.�% *& #+*�!�!.�$"�!.6  1/.&�/$  ;��67�/  
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0�#'*#/  �"&+-0&/.  *&�#9#/  1/2/".�0  *& #4 5�0/(4*�!.# , !�#+%/(#%-4  !  (&+%/(&%# 
&;(&+#0*-4  +/(/* . 
 
�#./(&.3(& : 

1. �%/�/0& , � . � . ��*.(��/(  (&;�.  5�  %/.&���5�"(-.#'% : 39/;*#"  / � . � . 
�%/�/0& . - � .: �&7#*�!.(�/*#/ , 2005. - 176 ! . 

2. ��)3. , 
 . � . :22/".#0*�!.6  5�0-7/*#'  "&9/!.0& 5(�13",##  0 
%&7#*�!.(�/*## : 39/;*#"  / 
 . � . ��)3. . - � .: �&7#*�!.(�/*#/ , 2000. - 240 ! . 

3. �&$*/( , � . � . 	;�(31�0&*#/  ,/4�0  <�/".(�4#%#9/!"#4  5�"(-.#$ : 
39/;*#"  / � . � . �&$*/( , � . 
 . �&!�'* . - � .: �&7#*�!.(�/*#/ , 2001. - 150 ! . 

4. ��)&9/0 , � . � . 	5-.  23*",#�*#(�0&*#'  5�1(&+1/�/*#$  5�  35(&0�/*#8  
"&9/!.0�%  0 5(�%-7�/**�!.# : 39/;*#"  / � . � . ��)&9/0 , � . � . �/%/*. . -� .: ����� , 
2003.-28 ! . 

5. ��/.*/0 , � . � . 	!*�0-  ./4*���)##  #+*�!�!.�$"�!.#  &*.#2(#",#�**-4  
5�"(-.#$ : 39/;*#"  / � . � . ��/.*/0 , � . � . �(3!/*,�0& . - � .: �&7#*�!.(�/*#/ , 2006. - 
152 ! . 

6. �/.&���5�"(-.#'  0 &0.�%�;#�/!.(�/*## : �5(&0�9*�/  5�!�;#/  / � . 
 . 
�&"&(�0& , � . 
 . �/;/1/0& , � . � . �&;�"�0& . - � .: �&7#*�!.(�/*#/ , 2007. - 292 ! . 

7. 	!*�0-  !.&*1&(.#+&,##  # "�*.(��'  "&9/!.0&: !5(&0�9*�/  5�!�;#/  / 5�1  
(/1 . � . � . �"&9/*"� . - � .: �+1 -0�  !.&*1&(.�0 , 2003. - 432 ! . 

 
 

����
������
  ��������  ���
����  �
��  ����   
��  ��
��������  ��  «��������  �������  ����� » 
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�37"&(/0  	 .� ., �&+&(/*"�  � .� . 
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�&+(/+"& )�('9/)�  %/.&��&  2(#",#�**-%#  1#!"&%# '0�'/.!'  */�.A/%�/%�$  
9&!.68  *& %/.&��3()#9/!"#4  # .(3;�5(�"&.*-4  5(/15(#'.#'4  ��!!##  # +& (3;/ �% . 
	!*�0*�/  1�!.�#*!.0�  1&**�)�  %/.�1& (/+"#  – <.�  ./4*���)#9/!"&'  5(�!.�.& , 
1/7/0#+*&  # 0-!�"&'  5(�#+0�1#./�6*�!.6  (/+&. 

�& */$7#%#  5�"&+&./�'%#  <22/".#0*�!.#  5(�,/!!&  )�('9/)�  (&+1/�/*#'  .(3;-  
'0�'/.!'  "&9/!.0�  .�(,&  5�!�/  (/+&. 

�/!%�.('  *& 5(#%/*/*#/  0 .(3;*�%  5(�#+0�1!.0/  #%5�(.*-4  5#� , 
#+)�.�0�/**-4  #+ 0-!�"�"&9/!.0/**-4  !5�&0�0 , "&9/!.0�  5��39&/%�)�  .�(,&  .(3;- , 
'0�'/.!'  3+"#% %/!.�%  0 5(�,/!!/  ./(%�2(#",#�**�)�  (/+&*#' , & +*&9#., #!!�/1�0&*#/  
# 3!�0/(7/*!.0�0&*#/  5(�,/!!&  )�('9/$  (/+"#  .(3;-  '0�'/.!'  &".3&�6*�$  +&1&9/$, 
�!�;/**�  0 3!��0#'4  !�0(/%/**�)�  &0.�%&.#+#(�0&**�)�  5(�#+0�1!.0& .  

�  5(�,/!!/  )�('9/$  (/+"#  .(3;-  *& �#*##  5(/!!  2000 ��� -2 
	  «��� » *& 
.�(,&4  .(3;-  �;(&+38.!'  "(35*-/  +&3!/*,-  */"�*.(��#(3/%�$  2�(%- , "�.�(-/  
5�(.'.  5�0/(4*�!.6  !��'*-4  0&**, #!5��6+3/%-4  0 1&�6*/$7/$  ./4*���)#9/!"�$  
�;(&;�."/  5�0/(4*�!.#  .(3;- , # 0 !�39&/  +&"(-.#'  +&3!/*,/%  0*3.(/**/$  5���!.#  
!3>/!.0/**�  3!�� *'/.!'  ./4*���)#9/!"#$  5(�,/!!  #4 �9#!."#  (�#!3*�"  1). 
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� � �
�#!3*�"  1 – ��(/,  3)�/(�1#!.�$  .(3;-  5�!�/  )�('9/)�  (/+& *& �#*##  5(/!!  2000 ��� -2  


	  «��� » 
 

�&  (#!3*"/  1 5(/1!.&0�/*&  2�.�)(&2#'  .�(,&  3)�/(�1#!.�$  .(3;-  5�!�/  
)�('9/)�  (/+&. �*3.(/**/  �.0/(!.#/  .(3;-  9&!.#9*�  +&"(-.�  «0/(4*#%» +&3!/*,/% , 0 .�  
0(/%'  "&" *& *# */$  9&!.# .�(,&  .(3;-  5(#!3.!.03/.  "(35*-$  +&3!/*/, , #%/8>#$  
5(�9*�/  "(/5�/*#/  !  .(3;�$ . 

 
�#!3*�"  2 – ��.�)(&2#'  *# */)�  +&3!/*,& *& .�(,/  .(3;-  1#&%/.(�% 58 %%, 5�!�/  (/+& 

"�&!!#9/!"�$  5#��$  
 

�+  (#!3*"&  2 0#1*� , 9.�  *# *#$  +&3!/*/,  #%//.  +*&9#./�6*-/  (&+%/(-  "&" 5�  
1�#*/ , .&" # 5�  .��>#*/ , & .&" /  5(�9*38  !0'+6 !  .(3;�$ . 
*&�#+  2�(%#(3/%-4  
+&3!/*,/0  *& .�(,&4  .(3;  5�"&+&� #4 +&0#!#%�!.6 �.  1#&%/.(& # .��>#*-  .(3;- . 
�&3!/*,-  #%/8.  0*/7*88  4&�.#9*�  2�(%#(3/%38  2�(%3 , +&*#%&8. ;��6738  9&!.6 
5/(#2/(##  .�(,& . �(3;-  %&��)�  1#&%/.(& 9&!.�  #%/8.  5��*�!.68  �#;�  9&!.#9*�  
+&"(-.�/  +&3!/*,/%  .�(,/0�/  �.0/(!.#/ . 

�/)&.#0*-/  %�%/*.-  �.  2�(%#(�0&*#'  +&3!/*,/0 : 
�  #!"�89&/.!'  5(#%/*/*#/  %/4&*#9/!"#4  �5/(&,#$  5�  #4 31&�/*#8  #+-+& ;��67#4  

31&(*-4  *&)(3+�"  *& 2&!�9*-/  (/+,- ; 
�  "(35*-/  +&3!/*,-  5�(.'.  0*3.(/**88  5�0/(4*�!.6  ./4*���)#9/!"#4  0&**, 

5(#%/*'/%-4  1�'  �;(&;�."#  5�0/(4*�!.#  .(3;-  (&!.0�(&%# ; 
�  30/�#9#0&/.!'  .(31�/%"�!.6  5(�,/!!&  �;(&;�."#  .(3;  (&!.0�(&%#  #+-+& 

+&"(-.#'  +&3!/*,&%# .�(,�0  .(3; ; 
�  5�0-7/**-$  (&!4�1  %/.&��&  #+-+& �.(/+"#  1/2/".*-4  "�*,�0  .(3; . 

��'  &*&�#+& 1#*&%#"# 5(�,/!!&  )�('9/$  (/+"#  .(3;�5(�"&.&  5(#%/*'�!'  
"�%5�/"!  !"�(�!.*�$  0#1/�!A@%"# �#1/��5(#*.  (VS – FAST) (�#!3*�"  3) "�%5&*## 
�
	  «���  – �#1/��"&* » # 5(�)(&%%*�/  �;/!5/9/*#/  SDK v 39. 

�

�
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�
�#!3*�"  3 – ��.�)(&2#'  *# */)�  +&3!/*,& *& .�(,/  .(3;-  1#&%/.(�% 58 %%, 5�!�/  (/+& 

"�&!!#9/!"�$  5#��$  
 

�+%/(/*#/  ./%5/(&.3(-  .(3;- , & .&" /  %/.&��& , 0-*�!#%�)�  #+ +�*-  (/+&*#'  0 
0#1/ "&5/�6 , 5(�#+0�1#��!6  !  5�%�>68  �&+/(*�)�  5#(�%/.(&  ���	�  – 101 (�#!3*�"  
4). 

�
�#!3*�"  4 – �#(�%/.(  ���	�  – 101  

 
��'  #!!�/1�0&*#'  5#�-  !  "�&!!#9/!"�$  )/�%/.(#/$  # 5#�-  !  *�0�$  )/�%/.(#/$  !  

,/�68  5��39/*#'  <"!5/(#%/*.&�6*-4  +*&9/*#$ 0/�#9#*  #+*�!&  +3;6/0 5#�-  
5(�0�1#�#!6  #+%/(/*#'  !�/138>#4  5&(&%/.(�0 : 

� 0-!�.&  +3;& 5#�-  (%%), 
� 1�#*&  # 7#(#*&  0/(4*/$  5��>&1"#  +3;& 5#�-  (%%), 
� 0-!�.&  1/2�(%#(�0&**�$  9&!.# +3;& 5#�-  (%%), 
� !%/>/*#/  +3;& 5#�-  �.*�!#./�6*�  �!*�0&*#'  (%%). 
��'  #+%/(/*#'  1�#*-  # 7#(#*-  0/(4*/$  5��>&1"#  +3;6/0 5#�6*�)�  1#!"& 

#!5��6+�0&�!'  <�/".(�**-$  7.&*)/*,#("3�6 , & 1�'  #+%/(/*#'  0-!�.-  # !%/>/*#'  +3;& 
5#�-  5(#%/*'�&!6  %#"(�"&./(*&'  )���0"&  *& %&)*#.*�$  !.�$"/  (�#!3*�"  5). 



 

�#!3*�"  5 - �

	;(&;�."&  (/+3�6.&.�0
3)�/(�1#!.�$  # */( &0/8>/$

��'  #!!�/1�0&*#'  5��39/**-4
0-;�("&  #+ 100 #+%/(/*#$
9&!.�.&  5�5&1&*#'  5��39/**-4

��  <.#% +*&9/*#'% ;-�
�  +&"�*/  (&!5(/1/�/*#'  (&+%/(�0
(&!5(/1/�/*#' . �(&0*/*#/  "(#0�$

)1/  4 – !.&*1&(.*�/  �."��*/*#/
5 – %&./%&.#9/!"�/  � #1&*#/

�(�0/("&  )#5�./+-  5(�0�1#�&!6
 #+ <"!5/(#%/*.&�6*-4  1&**-4

 

)1/  k – "��#9/!.0�  #*./(0&��0
fi – 9&!.�.&  (fi  > 5); 
n – "��#9/!.0�  <�/%/*.�0
Pi – 0/(�'.*�!.6  5�5&1&*#'
�  #%//.  ./�(/.#9/!"�/

�(&0*/*#/  <"!5/(#%/*.&�6*�)�
5(&0�%�9*�!.6  0-;�(&  +&"�*&
+&3!/*,/0  *& .�(,&4  .(3; . 

��!�/  (/+"#  .(3;  #+ 3)�/(�1#!.�$
;-�#  5��39/*-  !�/138>#/  +*&9/*#'

1)  %#*#%&�6*�/ +*&9/*#/
2)  !(/1*//  +*&9/*#/  2,35 
3)  %&"!#%&�6*�/ +*&9/*#/
4)  !.&*1&(.*�/  �."��*/*#/

�/�#9#*&  <"!5/(#%/*.&�6*�)�
(&0*�)�  9,5), 9.�  5�1.0/( 1&/.
(&!5(/1/�/*#'  .��>#*-  +&3!/*,&
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� #"(�"&./(*&'  )���0"&  *& %&)*#.*�$  !.�$"/

 
(/+3�6.&.�0  <"!5/(#%/*.&�6*-4  1&**-4  "&9/!.0&

*/( &0/8>/$  !.&�#  5�!�/  (/+"#  "�&!!#9/!"�$  5#��$ . 
#!!�/1�0&*#' 5��39/**-4  (/+3�6.&.�0  #+%/(/*#$  +&3!/*,/0

#+%/(/*#$  (&+;#0&�&!6 *& */!"��6"�  #*./(0&��0
5��39/**-4  +*&9/*#$ 0 "& 1-$  #*./(0&� . 

+*&9/*#'% ;-�  5�!.(�/*  5��#)�*  (&!5(/1/�/*#' . �(#*#%&�&!6
(&!5(/1/�/*#' (&+%/(�0  +&3!/*,/0  0 0#1/  *�(%&�6*�)�

�(&0*/*#/  "(#0�$  +&"�*& �&3!!&  #%//.  0#1: 

.                                           

�."��*/*#/  !�39&$*�$  0/�#9#*- , 
%&./%&.#9/!"�/  � #1&*#/  !�39&$*�$  0/�#9#*- . 

)#5�./+-  5(�0�1#�&!6  5�  "(#./(#8  �#(!�*& . �&4� 1/*#/
<"!5/(#%/*.&�6*-4  1&**-4  5(�#+0�1#.!'  #+ 0-(& /*#' : 

.                                          

#*./(0&��0 , 

<�/%/*.�0  0 0-;�("/  (n > 50) 
5�5&1&*#'  !�39&$*�$  0/�#9#*-  0 i-$ #*./(0&� , 

./�(/.#9/!"�/  (&!5(/1/�/*#/ . 

.     

<"!5/(#%/*.&�6*�)�  "(#./(#'   !  .&;�#9*-%
+&"�*& �&3!!&  0 "&9/!.0/  +&"�*& (&!5(/1/�/*#'

.(3; #+  3)�/(�1#!.�$  !.&�#  1#&%/.(�% 58 %% "�&!!#9/!"�$
!�/138>#/  +*&9/*#'  .��>#*-  *# */)�  +&3!/*,&: 

+*&9/*#/  2,20 %%; 
+*&9/*#/  2,35 %%; 

+*&9/*#/  2,50 %%; 
�."��*/*#/  0,05 %%. 

<"!5/(#%/*.&�6*�)�  "(#./(#'   (&0*& 6,85 %/*67/
5�1.0/( 1&/.  5(&0�%�9*�!.6  0-;�(&  +&"�*& �&3!!&  0

+&3!/*,& *& .�(,/  .(3;- . 

!.�$"/  

"&9/!.0& .�(,�0  .(3;  #+ 
 

+&3!/*,/0  *& .�(,&4  .(3 ; , 
#*./(0&��0  # �5(/1/�'�&!6  

�(#*#%&�&!6  )#5�./+&  
*�(%&�6*�)�  (�&3!!& ) +&"�*& 

                                (1) 

�&4� 1/*#/  0/�#9#*-  

                              (2) 

#*./(0&� , 5(#  3!��0## , 9.�  

.                              (3) 

.&;�#9*-%  62 5�1.0/( 1&/.  
(&!5(/1/�/*#'  (&+%/(�0 

%% "�&!!#9/!"�$  5#��$  

%/*67/  .&;�#9*�)�  (62 

�&3!!&  0 "&9/!.0/  +&"�*& 
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��!�/  (/+"#  .(3;  #+ */( &0/8>/$  !.&�#  1#&%/.(�% 58 %% "�&!!#9/!"�$  5#��$  
;-�#  5��39/*-  !�/138>#/  +*&9/*#'  .��>#*-  *# */)�  +&3!/*,&:  

1)  %#*#%&�6*�/ +*&9/*#/  1,50 %%, 
2)  !(/1*//  +*&9/*#/  1,75 %%, 
3)  %&"!#%&�6*�/ +*&9/*#/  2,00 %%, 
4)  !.&*1&(.*�/  �."��*/*#/  0,09 %%. 

�/�#9#*&  <"!5/(#%/*.&�6*�)�  "(#./(#'  ¡ ¢£‰Š
�  (&0*& 8,24 %/*67/  .&;�#9*�)�  (62 

(&0*�)�  9,5), 9.�  5�1.0/( 1&/.  5(&0�%�9*�!.6  0-;�(&  +&"�*& �&3!!&  0 "&9/!.0/  +&"�*& 
(&!5(/1/�/*#'  .��>#*-  +&3!/*,& *& .�(,/  .(3;- . 

��!�/  (/+"#  .(3;  #+ 3)�/(�1#!.�$  !.&�#  1#&%/.(�% 58 %% "�&!!#9/!"�$  5#��$  
;-�#  5��39/*-  !�/138>#/  +*&9/*#'  1�#*-  *# */)�  +&3!/*,&: 

1)  %#*#%&�6*�/ +*&9/*#/  10,00 %%, 
2)  !(/1*//  +*&9/*#/  11,54 %%, 
3)  %&"!#%&�6*�/ +*&9/*#/  13,00 %%, 
4)  !.&*1&(.*�/  �."��*/*#/  0,51 %%. 

�/�#9#*&  <"!5/(#%/*.&�6*�)�  "(#./(#'  ¡ ¢£‰Š
�  (&0*& 5,76 %/*67/  .&;�#9*�)�  (62 

(&0*�)�  9,5), 9.�  5�1.0/( 1&/.  5(&0�%�9*�!.6  0-;�(&  +&"�*& �&3!!&  0 "&9/!.0/  +&"�*& 
(&!5(/1/�/*#'  .��>#*-  +&3!/*,& *& .�(,/  .(3;- . 

��!�/  (/+"#  .(3;  #+ */( &0/8>/$  !.&�#  1#&%/.(�% 58 %% "�&!!#9/!"�$  5#��$  
;-�#  5��39/*-  !�/138>#/  +*&9/*#'  1�#*-  *# */)�  +&3!/*,&: 

1)  %#*#%&�6*�/ +*&9/*#/  11,00 %%, 
2)  !(/1*//  +*&9/*#/  12,03 %%, 
3)  %&"!#%&�6*�/ +*&9/*#/  13,00 %%, 
4)  !.&*1&(.*�/  �."��*/*#/  0,34 %%. 

��!�/  5(�0/1/*#'  3"&+&**-4 0-7/  <"!5/(#%/*.�0  *& 5(/15(#'.##  3!.&*�0�/*&  
*/�;4�1#%�!.6  %�1/(*#+&,##  "�&!!#9/!"�$  5#�- , .&" "&" #+;-.�9*�/  0-1/�/*#/  ./5�&  
5(#0�1#.  "  .�%3, 9.�  *&;�81&/.!'  5�&!.#9/!"&'  1/2�(%&,#'  +3;6/0 "�&!!#9/!"�$  
5#�- , 9.�  5(#0�1#.  "  5(/ 1/0(/%/**�%3  #+*�!3  5#�- , 5�'0�/*#8  0#;(&,#$ , 
*/!.&;#�6*�!.#  5(�,/!!&  (/+&*#' , & .&" /  "  �;(&+�0&*#8  "(35*-4  +&3!/*,/0  *& .�(,/  
.(3;-  # +&"(-.#8  0*3.(/**/)�  �.0/(!.#'  .(3;  %&��)�  1#&%/.(&. 

��'  5/(/.�9"#  5#�  *& 
	  «��� » */�;4�1#%�  �!.&*&0�#0&.6  5(�,/!!  
5(/!!�0&*#'  .(3; , !*#%&.6 5#�6*-$  1#!" , 3!.&*&0�#0&.6 *�0-$ , 1�!.&0�'.6  1#!"  *& 
+&.�9*-$  !.&*�" , 5(�#+0�1#.6  5/(/.�9"3 . �!@ <.�  !�"(&>&/.  0�+%� *-$  0-53!"  .(3;  # 
�;/!5/9#0&/.  1�5��*#./�6*-/  +&.(&.- . 

�(#%/*/*#/  5#�  !  *�0�$  )/�%/.(#/$  5�+0��#.  !�"(&.#.6  */�;4�1#%�!.6  
5/(/.�9"#  5#�  0 6 (&+ 5�  !(&0*/*#8  !  5#�&%# �./9/!.0/**-4  5(�#+0�1#./�/$ , 
0-5��*/**-4  5(/#%3>/!.0/**�  #+ !.&�#  65�  # 0 2,5 (&+& 5�  !(&0*/*#8  !  5#�&%# 
&0!.(#$!"�)�  5(�#+0�1!.0& , 0-5��*/**-%#  #+ !.&�#  50���
 . 

	;(&+3/%-/  +&3!/*,-  *& .�(,&4  .(3;  5�!�/  2(#",#�**�$  (/+"#  5#��$  !  *�0�$  
)/�%/.(#/$  */  5(/1!.&0�'8.  !�� *�!.#  5�  #4 31&�/*#8  *& !3>/!.038>#4  2&!�**-4  
�5/(&,#'4 , 9.�  5�+0��#.  !�4(&*#.6  +&1*#$ "�*/,  .(3;-  # 3%/*67#.6  (&!4�1*-$  
"�<22#,#/*.  *& %/.&�� . 

�*/1(/*#/  5#�-  !  *�0�$  )/�%/.(#/$  5�+0��#.  !�"(&.#.6  "��#9/!.0�  .(/;3/%-4  
5/(/.�9/"  # 5(�!.�#  �;�(31�0&*#' . 
 
�#./(&.3(& : 

1. �&**#"�0 , 
 .� . �+*�!  5(#  ./(%�2(#",#�**�%  (/+&*## 5#��$  !  #+%/*G**�$  
)/�%/.(#/$  / 
 .� . �&**#"�0 , 	 .
 . �&"&(�0& , 
 .� . �3(9/*"� , 
 .
 . �&**#"�0 , // �+0/!.#'   
���)��� .  �/(#'   "�(�)(/!!#0*-/   ./4*���)##   0  %&7#*�!.(�/*## ". �-5 . 4 : 
%/ 03+.!; . *&39. !. . / ���)��� . – ���)�)(&1 , 2016. – No 9. – 8 – 9 ! . 
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2. �&(3;#,"#$ ,  � .� .  �/5��2#+#9/!"#/   5(�,/!!-   5(#   ./(%�2(#",#�**�$  
�;(&;�."/  / � . � . �&(3;#,"#$ , � . � . �&�&*.�0 , � . � . ��!.#*& . – ��(�7#��0)(&1 : ��� , 
2015. – 8 ! . 

3. �3;9/*"� , 
 .� . �&(�9*#"  !.&�/$  # !5�&0�0  / 
 . � . �3;9/*"� , � . � . ����!"�0 . – 
2-/  #+1. – � . : �&7#*�!.(�/*#/ , 2016. – 784 ! . 
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��1  5(/10&(#./�6*-%  *&.')�%  5�17#5*#"�0  5�*#%&8.  !�+1&*#/  "�*.&".*-4  

1/2�(%&,#$  ./�  "&9/*#'  ;/)�0-%#  1�(� "&%#  5�17#5*#"�0-4  "��/,  [1, 2].  �/�#9#*&  
.&"�)�  *&.')&  !�!.&0�'/.  �.  2 1�  5 %"% 0 +&0#!#%�!.# �.  1#&%/.(&. 

	5/(&,#'  135�/"!&,##  5�17#5*#"�0  !�+1&/.  5(/10&(#./�6*-$  *&.')  0 3+�/ , 
0"�89&8>/%  �.  1034 # ;��//  5�17#5*#"�0 , 3!.&*�0�/**-4  0 �1*�$  �5�(/ , # 5�+0��'/.  
5�0-!#.6   /!."�!.6  # 0#;(�3!.�$9#0�!.6  0&�& #�#  75#*1/�'  0 (&1#&�6*�% # �!/0�%  
*&5(&0�/*##  53./% �.*�!#./�6*�)�  !%/>/*#'  *&(3 *�)�  # 0*3.(/**/)�  "��/,  5�1  
1/$!.0#/%  �!/0�$  !#�-  
  ((#! . 1) [1]. 

�(#9/%  0/�#9#*&  <.�$  !#�-  1�� *&  ;-.6  */!"��6"�  ;��67/  3!#�#'  (&;�9/$  
*&)(3+"# !  ./%, 9.�;-  5(#  (&;�./  5�17#5*#"&  *&.')  5��*�!.68  */  3!.(&*'�!' . 

 
�#! .1 – �/.�1-  135�/"!&,##  7&(#"�0-4  (/)3�#(3/%-4  5�17#5*#"�0  

 
�(/10&(#./�6*-$  *&.')  5�17#5*#"�0  %� /.  ;-.6  �!3>/!.0�/*  !�/138>#%#  

!5�!�;&%# : 
1. �3./%  5(/10&(#./�6*�$  !�7�#2�0"#  .�(,/0  0*3.(/**#4  "��/,  

5�17#5*#"�0  ((#! . 1 &) 5(#  5(#�� /*##  �!/0�)�  3!#�#'  
 . 
2. �3./%  3!.&*�0"#  %/ 13  "��6,&%#  5�17#5*#"�0  (&!5�(*-4  0.3��"  

(&+�#9*�$   1�#*-  ((#! . 1 ; ). 
�  5�%�>68  !5/,#&�6*-4  "�*!.(3",#$  5�17#5*#"�0 , *&5(#%/( , 2#(%-  SKF 

((#! . 1 0). 
�(#  .&"�$  0/�#9#*/  *&.')&  +&>/%�/*#'  ./�  "&9/*#'  */  5(�#!4�1#. , &  /!."�!.6  

# .�9*�!.6  0(&>/*#'  75#*1/�'  +*&9#./�6*�  5�0-7&/.!' .  
	;-9*�  0*&9&�/ !;�("#  5(�#+0�1#.!'  5�1;�(  # 135�/"&,#' , *&5(#%/( , 

75#*1/�6*-4  5�17#5*#"�0 . �  (/+3�6.&./  5�1;�(&  5�17#5*#"�0  �5(/1/�'8.  +*&9/*#'  
#4 (&1#&�6*-4  ;#/*#$  # 0-5��*'8.  �1*�!.�(�**88  �(#/*.&,#8 . �&./%  1�0�1'.  
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5�!&1�9*-/  5�0/(4*�!.#  5�17#5*#"�0  # 75#*1/�'  5�  5'.*3  "�*.&".&  (5�  "(&!"/ ) */  
%/*//  80%. �/(�4�0&.�!.6  !�5(')&/%-4  5�0/(4*�!./$   R&=(0,6…0,32) %"%. 

�  (&1#&�6*-4  7&(#"�5�17#5*#"&4  5(/10&(#./�6*-$  *&.')  !�+1&/.!'  
5�!(/1!.0�%  �!/0�)�  !%/>/*#'  "��/,  5�17#5*#"�0  !  #!5��6+�0&*#/%  1#!.&*,#�**-4  
"��/, . 

�  1034('1*-4  (��#"�0-4  5�17#5*#"&4  .#5& 3182100 5(/10&(#./�6*-$  *&.')  0 
(&1#&�6*�% *&5(&0�/*##  !�+1&/.!'  �!/0-%  !%/>/*#/%  0*3.(/**/)�  "��6,&  
5�17#5*#"&  5�  "�*#9/!"�$   7/$"/  75#*1/�' .  

�&!!%�.(#%  %/.�1#"3  !�+1&*#'  5(/10&(#./�6*�)�  *&.')&  5�17#5*#"&  .#5& 
3182100 *& 5(#%/(/  5/(/1*/$  �5�(-  75#*1/�'  )�(#+�*.&�6*�  2(/+/(*�)�  !.&*"& . 

�(/10&(#./�6*-$  *&.')  5�17#5*#"&  �!3>/!.0�'/.!'  !�/138>#%  �;(&+�% .  
�*&9&�/  3!.&*&0�#0&8.  0*3.(/**//  "��6,�  2 # 5�1.')#0&8.  /)�  5�  "�*3!3  

0(&>/*#/%  0(39*38  )&$"# 1 5(#  3.�5�/**�%   5�15(3 #*/**�%  2#"!&.�(/  7. �&./%  
#+%/('8.  (&!!.�'*#/  L0 �.  .�(,&  75#*1/�'  8 1�  .�(,&  "��6,&  "�*,/0-%#  %/(&%# !  
0-!�"�$  .�9*�!.68 . 

�/�;4�1#%38  0/�#9#*3  �!/0�)�  !%/>/*#'  L 1�'  !�+1&*#'  (&1#&�6*�)�  *&.')&  = 
(2…4) %"% �5(/1/�'8.  5�  2�(%3�/ : 

L = C (0 + a), 
)1/  �  – "�<22#,#/*. , 39#.-0&8>#$  (&1#&�6*38   /!."�!.6  75#*1/�' , 

0-;#(&/%  5�  .&;� . 4 0 +&0#!#%�!.# �.  !��.*�7/*#'  d0/d; d0 – 1#&%/.( �.0/(!.#'  0 
75#*1/�/ , %%; d – !(/1*#$  1#&%/.( �.0/(!.#'  0*3.(/**/)�  "��6,& , %%; 0 – *&9&�6*-$  
(&1#&�6*-$  +&+�( 0 5�17#5*#"/ , %% (5(#*#%&8.  0 = 0,02…0,04 %%) – */�;4�1#%-$  
(&1#&�6*-$  *&.') , 5(#*#%&8.  = 0,002…0,04 %%; & – 5�!.�'**&'  0/�#9#*&  +&+�(&, 
39#.-0&8>&'  ./5��0-/  1/2�(%&,##  75#*1/�' , 5(#*#%&8.   & = 0,01 %%. 

 
�&;�#,&  4 - �&1#&�6*&'   /!."�!.6  75#*1/�'  

d0/d 0,2 0,5 0,55 0,6 0,65 0,7 0,75 0,8 
C 14 15 15,5 16 16,5 17,3 18,5 20,2 

 
�/�;4�1#%38  .��>#*3  L 1#!.&*,#�**�)�  "��6,&  3 �5(/1/�'8.  5�  2�(%3�/ : 

L = L0 *L 
��'  31�;!.0&  /)�  3!.&*�0"#  0 +&+�( L0 "��6,�  0-5��*'8.  (&+(/+*-% , !�!.�'>#%   

#+ 1034 5��3"��/,  # 5�!�/  %�*.& &  !0'+-0&8.  5(�0�1�%  #�#  31/( #0&8.  )&$"�$  4. 
�&./%   5(�#+0�1'.  +&.' "3  )&$"# 1 # 5(�0/('8.  ./%5/(&.3(3  5�17#5*#"�0�)�  3+�& 5(#   
4���!.�%  4�1/  # 5(#  (/+&*##. ��53!.#%&'  ./%5/(&.3(&  *&)(/0& 5�17#5*#"�0  – 500 °C. 

��  .&"�$   /  %/.�1#"/  5(�0�1#.!'  (/)3�#(�0"&  5(/10&(#./�6*�)�  *&.')&   
5�17#5*#"�0  5(#  (/%�*./  75#*1/�6*-4  3+��0 . 

�  5�1.0/( 1/*#/  .&"�)�  5��� #./�6*�)�  ./4*#"� -<"�*�%#9/!"�)�  <22/".& , 
5��39&/%�)�  *& �!*�0/  1�"&+&**�$  ./4*#9/!"�$  *�0#+*-  (/7/*#$ , *3 *�  0-5��*#.6   
(&!9/.- : 0/�#9#*-  (&1#&�6*-4  +&+�(�0 %/ 13  (��#"&%# , 0/�#9#*-  !%/>/*#'  2-4 
!/5&(&.�(�0 , (&!9/.  *&)(3+"#;  /!."�!.#  # 1��)�0/9*�!.# ; 9#!�&  (��#"�0 ; %�%/*.& 
.(/*#' . �  "�*,/  – +&"�89/*#/  5�  (/+3�6.&.&% (&+(&;�.�"  # #!!�/1�0&*#8  0 !(&0*/*##  
!�  !.&*1&(.*-%  5�17#5*#"�%  #1/*.#9*-4  5&(&%/.(�0 . 
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�#! . 2 – �&!9/.*&'  !4/%& 5&(&%/.(�0  (&+(&;�.&**�)�  1034!/5&(&.�(*�)�  

(��#"�5�17#5*#"& : 1 – *&(3 *�/  "��6,� ; 2 – 0*3.(/**/  "��6,� ; 3 # 4 – !%/>/**-/  
!/5&(&.�(- ; 5, 6, 7, 8 – ./�&  "&9/*#'  ((��#"# ); S – (&1#&�6*-$  +&+�( %/ 13  ./�&%# 
"&9/*#' ; d1 – *&(3 *-$  1#&%/.(  *&(3 *�)�  "��6,& ; 2 – *&(3 *-$     d4 - *&(3 *-$  
1#&%/.( 0*3.(/**/)�  !/5&(&.�(& ; D1- 0*3.(/**#$  1#&%/.(  *&(3 *�)�  "��6,& ;   D2 – 
0*3.(/**#$  1#&%/.( 0*3.(/**/)�  "��6,&  D3 – 0*3.(/**#$  1#&%/.( *&(3 *�)�  
!/5&(&.�(& ;  D4 – 0*3.(/**#$  1#&%/.(  0*3.(/**/)�  !/5&(&.�(&  

 
�#! . 3 – �(&)%/*.  *# */)�  "��6,/0�)�  !/5&(&.�(& :1 – "�(53!  !/5&(&.�(& ; 2 – 

(/;(�   /!."�!.# ; 3 – �3*"&  !/5&(&.�(&  5�1  (��#" ; 4 – �/0&'  *&"�&1"& 1�'  31/( &*#'  
(��#"�0  �.  0-5&1&*#'  #+ �3*�"  3; 4 – 5(&0&' *&"�&1"& 1�'  31/( &*#'  (��#"�0  �.  
0-5&1&*#'  #+ �3*�"  3 

 
�&  (#! . 4 5(/1!.&0�/*  2(&)%/*.  5�17#5*#"&  !  !#%%/.(#9*�  (&!5��� /**-%#  

!/5&(&.�(&%# : 1 – !/5&(&.�(  *&(3 *�)�  "��6,&  3 5�17#5*#"& ; 2 – !/5&(&.�(  
0*3.(/**/)�  "��6,&  5�17#5*#"& ; 3 – *&(3 *�/  "��6,� ; 4 – 0*3.(/**/  "��6,� ; 5, 6 – 
./�&  "&9/*#' ; 7 – (&1#&�6*-/  (/;(&   /!."�!.#  !/5&(&.�(�0  1 # 2, !��.0/.!.0/**� ; 
Sm." .= 5.....10 %"%  – *�(%#(3/%�/  (&!!.�'*#/  %/ 13  ./�&%# "&9/*#' , */�;4�1#%�/  # 
1�!.&.�9*�/  1�'  #4  !%&+"#. 
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�#! . 4 – �(&)%/*.  !;�(*�)�  !/5&(&.�(&  5�!�/  135�/"!&,## , !�!.�'>/)�  #+ 

*&(3 *�)�  # �/*.�9*�)�  # "��6,/0�)�  0*3.(/**/)�  
 
��"&+&**-$  *& (#! . 4 2(&)%/*.  5�17#5*#"&  "&9/*#' , "�.�(-$  !�1/( #.   

"�*,/*.(#9/!"#  (&!5��� /**-/  !/5&(&.�(- , !�1/( &>#/  "��(1#*#(38>#/  <�/%/*.-  0 
0#1/ �"�* , 0-5��*/**-4  !   /!."#%#  "��(1#*&.&%#  L±DL, )1/   L=G  (R, S+, Sm." ) 
�.*�!#./�6*�  1(3)  1(3)& # (&+%/(&%# R, )1/  S, . ." . +&+�( %/ 13  ./�&%# "&9/*#'  # 
5�0/(4*�!.68  "��(1#*#(38>#4  <�/%/*.�0  (�"�* ). 

�  �.�#9#/  �.  #+0/!.*�)�  !5�!�;&  !;�("#  #+0/!.*-4  "�*!.(3",#$  �*  %� /. , 0 
+&0#!#%�!.# �.  ./4*���)##  # #!5��*/*#'  �1*�)�  #+ .(/4  0&(#&*.�0  !/5&(&.�(�0 ,  #%/.6 
.(#  0&(#&*.& !;�("#  5�17#5*#"&  "&9/*#' . 

��!"��6"3  5�17#5*#"  %� /.  !�1/( &.6  �.  �1*�)�  1�  1034 5�10# *-4  
�.*�!#./�6*�  1(3)  1(3)& *&(3 *�)�  # 0*3.(/**/)�  "�*,/*.(#9/!"#4  !/5&(&.�(�0  0 
0#1/ "��/, , "& 1�/  #+ "�.�(-4  0-5��*'8.  !  �1#*&"�0-%  "��#9/!.0�%  �"�* , .�  
!/5&(&.�(-  %� *�  5(#%/*'.6  0 1034 0&(#&*.&4 �1#*�9*�)�  5(#%/*/*#' : 5�  �1*�%3  
!  *&(3 *-%  #�#  0*3.(/**#%  "��6,&%#  5�17#5*#"�0  #�#  0%/!./ , #�#  .(/.#$  
0&(#&*. – !�0%/!.*� , �;(&+3'  0 <.�% !�39&/  !;�(*-$  1034!/5&(&.�(*-$   
5�17#5*#" , 0 "�.�(�%  *&(3 *-$  # 0*3.(/**#$  !/5&(&.�(-  !"(/5�/*-  ;�"�0-%#  
5�&*"&%# 5�!(/1!.0�%  7.#2.�0  #�#  .�9/9*�$  !0&("# .  

���.0/.!.0#/  2�(%  0-/%�"  # ./�  "&9/*#' , & .&" /  .�9*�/  ;&+#(�0&*#/  ./�  
"&9/*#'  0 0-/%"&4 �;/!5/9#0&8.  ;��//  .�9*�/  2#"!#(�0&**�/  (&!5��� /*#/  ./�  
"&9/*#' . �(#  <.�% #!"�89&/.!'  "&!&*#/  %/ 13  ./�&%# "&9/*#' , 9.�  #!"�89&/.  .(/*#/  
%/ 13  *#%#, & .&" /  %#*#%#+#(3/.!'  .(/*#/  5�  5�0/(4*�!.#  "�*.&".&  ./�  "&9/*#'  # 
!/5&(&.�(�0 . �  !�0�"35*�!.#  �;/!5/9#0&/.!'  !*# /*#/  #+*�!&  # 5�0-7/*#/  !(�"&  
!�3 ;- . 

�&"#% �;(&+�% , !5�!�;-  !;�("#  5�17#5*#"�0  "&9/*#'  !  �1#*�9*-%#  #�#  
!;�(*-%  !/5&(&.�(&%# , !�1/( &>#%#  *&(3 *-/  # 0*3.(/**#/  "��6,&  !  1�(� "&%#  
"&9/*#' , (&!5��� /**-%#  %/ 13  *#%# ./�&%#  "&9/*#' , 5�!�/  3!.&*�0"#  #4 0 �"*&  
!/5&(&.�(�0  !��!*�  !  2&!�**-%#  0-/%"&%#, 2�(%-  "�.�(-4  !��.0/.!.038.  
5(�2#�8  "�*.&".*-4  5�0/(4*�!./$  ./�  "&9/*#' , �;/!5/9#0&8.  !*# /*#/  #+*�!&   # 
5�0-7/*#/  !(�"&  !�3 ;-  # *&1/ *�!.#  5�17#5*#"&  "&9/*#' . 

�5�!�;  !;�("#  5�17#5*#"&  "&9/*#'  4&(&"./(#+3/.!'  ./% , 9.�  5�+0��'/.  
!�+1&.6 3!��0#'  1�'  !*# /*#'  0�#'*#'  !/5&(&.�(�0  *& .�9*�!.6  "��(1#*#(�0&*#'  ./�  
"&9/*#'  # 3%/*67#.6  9#!��  ./�  5�  !(&0*/*#8  !  !/5&(&.�(*-%#  5�17#5*#"&%#  
"&9/*#' . ��!.#)&/.!'  <.�  53./% 3!�0/(7/*!.0�0&*#'  ./4*���)##  !;�("#  5�17#5*#"&  
"&9/*#'  !  !/5&(&.�(&%# , "�.�(-/  5(#  !;�("/  !%/>&8.  �.  ,/*.(&  5�17#5*#"& , *& 
(&0*�/  31&�/*#/  #4 �!/0�$  �"(3 *�!.#  �.  �#*##  *&#;��67/)�  !;�# /*#'  ./�  "&9/*#' . 

 �(/1�� /**-/  !5�!�;-  !;�("#  !/5&(&.�(�0  !  *&(3 *-%#  # 0*3.(/**#%#  
"��6,&%#  5�17#5*#"&  "&9/*#'  5�+0��'8.  3!.&*&0�#0&.6 0 5�17#5*#"/  ./�&  "&9/*#'  
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*& %#*#%&�6*� 0�+%� *�%  (&!!.�'*## , 1�!.&.�9*�%  1�'  !%&+"# # 5(#  <.�% �;/!5/9#.6  
#4 ./4*#9/!"#/  4&(&"./(#!.#"# , 0 9&!.*�!.# , !"�(�!.6  0(&>/*#' , 5(#!3>//  
;/!!/5&(&.�(*-% . ��  1&**-% , %#*#%&�6*� */�;4�1#%-/  1�'  5�11/( &*#'  
1�!.&.�9*�$   !%&+"# +&+�(-  %/ 13  *#%# !�!.&0�'8.  5(/1/�-  5-10 %"%. 

 	!�;/**�!.68  !/5&(&.�(�0  # !;�("#  #4 !  ./�&%# "&9/*#'  0 .�% , 9.�  #4 
3!.&*&0�#0&8.  .&", 9.�  �*#  */  +&*#%&8. 5(�!.(&*!.0�  %/ 13  (&;�9#%# 5�0/(4*�!.'%#  
./�  "&9/*#' , . ./ . !/5&(&.�(-  (&!5��&)&8.  ;�# /  "  1�(� "&%  "&9/*#' . ���39/*#/  
./4*#"� -<"�*�%#9/!"�)�  <22/".&  !.&��  0�+%� *-%  0 (/+3�6.&./  5(#%/*/*#'  *�0-4  
5(#/%�0  !;�("#  !/5&(&.�(�0 , 3!.&*�0�/**-4  <"0#1#!.&*.*�  1�(� "&%  0*/7*/)�  # 
0*3.(/**/)�  "��/,  5�17#5*#"& . 

�9:%8 . �&+(&;�.&**&'  %/.�1#"&  135�/"!&,##  5�17#5*#"�0  "&9/*#'  53./% 
35(&0�/*#'  +&+�(&%# %/ 13  (��#"&%#  # "��(1#*#(�0&*#'  #4 �.*�!#./�6*�  1(3)  1(3)& 
(&+�#9*-%#  5�  5(�2#�8  �"*&%# !/5&(&.�(�0 , !%/>/**-%#  �.*�!#./�6*�  1�(� /"  ��  
# ��  "��/,  *& (&!9/.*�/  (&!!.�'*#/ , 5�+0��'/.  !�+1&.6 0�+%� *�!.#  1�'  �;/!5/9/*#'  
(&0*�%/(*�!.#  +&+�(�0, #4 !.&;#�#+&,## , 5�0-7/*#'   <"!5�3&.&,#�**-4  
4&(&"./(#!.#"  5�17#5*#"�0  "&9/*#' .  
 
�#./(&.3(& : 

1. chipmaker.ru›topic/33594/ 
2. studwood.ru›2125532/tovarovedenie/dupleksatsiya. 
3. �&*#*!"#$ , � .
 . �5�!�;  !;�("#  5�17#5*#"�0  "&9/*#'  / � .
 . �&*#*!"#$ , � .� . 

�31'"�0 , � .� . �%#(*�0&  // �+0/!.#'  ���)��� . �/( . �(�)(/!!#0*-/  ./4*���)##  0 
%&7#*�!.(�/*## . - ���)�)(&1 , 2016. - E  8 (187). - C. 49-52. 

4. �/(/�6 , � . � . ��17#5*#"#  "&9/*#' . �&!9/. , 5(�/".#(�0&*#/  # �;!�3 #0&*#/  
�5�( : �5(&0�9*#" .- � .: �&7#*�!.(�/*#/ , 1083.- 543 ! ., #� .  
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�+0/!.*-  10& 0#1& +&,/5�/*#$  ��0#"�0& , 0 "�.�(�%  +3;6'  "��@!  0 .�(,/0�%  

!/9/*##  �9/(9/*-  �"(3 *�!.'%#  ;�#+"#4  (&1#3!�0 . ���>&1"&  "�*.&".&  +3;6/0 
5/(/%/>&/.!'  */  5�  5(�2#�8  +3;&, "&" 0 5('%�+3;�%  <0��60/*.*�%  +&,/5�/*## , & 
01��6  */)� . �)��  1&0�/*#'  # !"�(�!.6  5/(/%/>/*#'  */  #+%/*'/.!'  �	��  17774 -72, 
�	��   15023 -76.  

  �&,/5�/*#'  (&+�#9&8. 1034 0#1�0: !  �1*�$  �#*#/$  +&,/5�/*#'  (	�� ) 
+&5��8!*-/  #�#  1�5��8!*-/  – !  103%' �#*#'%#  +&,/5�/*#'  (��� ) ((#! . 1). �/1�!.&.�"  
5/(/1&9#  – *&�#9#/  .(/*#'  !"��6 /*#'  %/ 13  5�0/(4*�!.'%#  +3;6/0 7/!./(*#  # 
"��/!&  <.�)�  #+0/!.*�)�  +3;9&.�)�  +&,/5�/*#' . 
 �&+(&;�.&*�  ,#�#*1(#9/!"�/  +&,/5�/*#/  (��#"�0�$  5/(/1&9# , .(&1#,#�**-/  
0#1-  "�*.&".&  +3;6/0 5/(/1&9#  +&%/*/*-  ./�&%# "&9/*#'  ((#! .  2). 

 



 

�#! . 

 

 
�#! . 2 - �4/%& ,#�#*1(#9/!"�)�

10345&(*�$ )#.&(/  ,/5#  *&!.(�$"#
!%/**-4  "��/!&4  !�  5&1#*&%#
5(�%/ 3.�9*�%  5&(&+#.*�$ "��/!/

�#! . 3 - �#1  !;�"3  5&(-  ����
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�#! . 1 – 5(�2#�6  +&,/5�/*#'  ��0#"�0&  

 
,#�#*1(#9/!"�)�  +&,/5�/*#'  (��#"�0�$  5/(/1&9#

,/5# *&!.(�$"#  %/.&���(/ 3>/)�  !.&*"& : & # 0 –
5&1#*&%# 5�1  ./�&  "&9/*#' ; ;  – 9#!��  

5&(&+#.*�$ "��/!/  !  (��#"&%#   ���   

 
����   5�  !4/%/  (#! . 1 

 

(��#"�0�$ 5/(/1&9#  (���� ) 0 
– 9#!��  05&1#*  0 

9#!��  ./�  "&9/*#'  0 
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�

�#! . 2 – �4/%& 5(#%/*/*#'  ���  0 )#.&(&4 1�'   *&!.(�$"#  ,/5#  %/.&���(/ 3>/)�  
!.&*"& : &. ; , 0, ) – 9#!�&  +3;6/0 !%/**-4  7/!./(/*  10345&(*�$ )#.&(-  

�(#%/(  3(&0*/*#'  )#.&(-  1/�#./�6*�$  )���0"#  ��� -180 !  4&(&"./(#!.#"�$  N=40, 
5(#  *&!.(�$"/  /)� , *&5(#%/( , *& *&(/+&*#/  0#*.�0-4  "&*&0�"  !5#(&�6*-4  !0/(�  !  
7&)�% "&*&0"# �  # !  7&)�% 4�1�0�)�  0#*.& 5(�1��6*�$  5�1&9# !.��&  t4.0. *& 
)�(#+�*.&�6*� -2(/+/(*�%  !.&*"/  %�1. 6� 82. �(&0*/*#/  1�'  �5(/1/�/*#'  
5/(/1&.�9*�)�  �.*�7/*#'  1�'  *&!.(�$"#  i !%. ++ !%/**-4  "��/!  )#.&(-  !  +3;9&.-% 
+&,/5�/*#/%  (�� ): 

��

��

P
t

N
d
c

b
a

×=×
                                            (1)                                                      

�

�.�;-  0-5��*#.6  3!��0#/  1�'  !4/%- , 5�"&+&**�$  *& (#! . 2, . . / . ; =0, 0 )#.&(/  
3!.&*&0�#0&8.  �1*3  5(�%/ 3.�9*38  5&(&+#.*38 7/!./(*8 . 

��)1&   5/(/1&.�9*�/  �.*�7/*#/  )#.&(-  !  ���  

 i !%. ,(5  =(&/; )(; /0)  ,                                                                   (2) 

 )1/  ;  – 9#!��  ./�  "&9/*#'  0 5(�%/ 3.�9*�$  5&(&+#.*�$ 7/!./(*/ . 

�9:%8 . �&+(&;�.&**&'  "�*!.(3",#'  5�+0��'/.  !�+1&.6 3!��0#'  1�'  +&%/*- 
5(�,/!!�0  !"��6 /*#'  %/ 13  "#*/%&.#9/!"#%#  5&(&%# .(/*#'  *& 5(�,/!!-  !  
4&(&"./(#!.#"&%#  5&( "&9/*#' , 9.�  %� /.  5�0-!#.6  ./4*#"� -<"�*�%#9/!"#/  
4&(&"./(#!.#"#  +&,/5�/*#'  # 0 ('1/  !�39&/0  �;/!5/9#.6  +&%/*3 +3;9&.-4  5/(/1&9  !  
<0��60/*.*-%#  # "(3)�-%#  2�(%&%# +3;6/0 *& ,#�#*1(#9/!"#/  !  3�397/**-%#  
.(#;���)#9/!"#%#  4&(&"./(#!.#"&%#  5/(/1&9  "(3.'>#4  %�%/*.�0  0 (/13".�(&4  
(&+�#9*�)�  *&+*&9/*#' , 0 9&!.*�!.#  )#.&(&4 %/.&���(/ 3>#4  !.&*"�0 . 
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�(/1!.&0�/*  &*&�#+ "(#.#9/!"�)�  (&!!.�'*#'  (�� ), 5(�$1/**�)�  5�0/(4*�!.'%#  

./�  "&9/*#'  5�  1(� "&%  "&9/*#'  *&(3 *�)�  "��6,&  (�� ) # 0*3.(/**/)�  "��/,  (�� ), 5�  
"�.�(-%  "�*.&".#(38.  ./�&  "&9/*#'  (��#"�5�17#5*#"& , 5(#  "�.�(-4  %� /.  
5(�#+�$.#  "&.&!.(�2#9/!"#$  #+*�!  5&( .(/*#' .  

�+0/!.*� , 9.�  0 5(�,/!!/  <"!5�3&.&,##  5�17#5*#"�0  "&9/*#'  #4 ./�&  "&9/*#'  
*/  .��6"�  5/(/"&.-0&8.!'  5�  5�0/(4*�!.#  1�(� /"  *&(3 *�)�  # 0*3.(/**/)�  "��/, , *�  
# */#+;/ *�  5(�!"&�6+-0&8.  �.*�!#./�6*�  1�(� /" . 


*&�#+  5�+0��'/.  0 */"�.�(-4  !�39&'4  3!��0*�  (&!!%&.(#0&.6 ./(%#*  
«5�17#5*#"  "&9/*#' », 9.�  !�+1&/.  3!��0#'  1�'  ./�(/.#9/!"�)�  �;�!*�0&*#'  
0�+%� *�!.#  5/(/!%�.(&  */  .��6"�  ./(%#*���)## , *�  %/.�1#"#  (&!9/.&  
#+*�!�!.�$"�!.#  5�0/(4*�!./$  "�*.&".&  0 5&(&4 .(/*#'  – "&9/*#'  !  39/.�%  
0�+*#"*�0/*#'  *& */"�.�(-4  39&!."&4 "�*.&".&  */  .��6"�  5(�,/!!&  "&9/*#' , *�  # 
.(/*#'  !"��6 /*#' . �  */"�.�(-4  "�*!.(3",#'4  5�17#5*#"�0  "&9/*#' , *& �!*�0/  
5(/10&(#./�6*-4  (&!9/.�0  ��  5(#  10# /*##  ./�  "&9/*#' , *& "�.�(-4  5(�#!4�1#.  
5/(/(&!5(/1/�/*#/  0#1�0 .(/*#' -"&9/*#'  # .(/*#'  !"��6 /*#' , */�;4�1#%�  �5(/1/�'.6  
# 39#.-0&.6  !./5/*6  #4 0�#'*#'  *& (&;�.�!5�!�;*�!.6  5(�,/!!&  .(/*#'  !"��6 /*#' . 
�!.&*�0�/*� , 9.�  3 5�17#5*#"�0  "&9/*#'  !  ;��67#%#  1#&%/.(&%# ./�  "&9/*#'  0�#'*#/  
.(/*#'  !"��6 /*#'  0 ;��67/$  !./5/*#  0�#'/.  *& &;(&+#0*-$  #+*�!  #+-+& (&+*#,-  1�#*  
1�(� /"  "&9/*#'  ��  # �� .  

�&!!%�.(#%  !4/%3 "�*.&".&  ./�  "&9/*#'  (��#"�5�17#5*#"&  !  1�(� "&%#  # 
103%' !/5&(&.�(&%# , 3!.&*�0�/**-%#  0-7/  # *# /  �"(3 *�$  �!#  ./�  "&9/*#'  ((#! . 1). 

�3>/!.0/**�/  �.�#9#/  5�17#5*#"&  !�!.�#.  0 .�% , 9.�  �*  !*&; /*  103%' 
!/5&(&.�(&%# , �1#*  #+ "�.�(-4  %� /.  "�*.&".#(�0&.6  *& 1�(� "/  "&9/*#'  �� , & 
1(3)�$  – *& 1�(� "/  "&9/*#'  �� . 	;&  !/5&(&.�(&  !#%%/.(#9*�  (&!5��� /*-  
�.*�!#./�6*�  �"(3 *�$  �!#  (��#"�0  *& (&!!.�'*##  R, # !*&; /*-  (&1#&�6*-%# 
(/;(&%#   /!."�!.# , �;(&>/**-%#  "  1�(� "&%  "&9/*#'  # "��(1#*#(38>#%#  
<�/%/*.&%# "��(1#*&,##  ./�  "&9/*#' , 0-5��*/**-%#  0 0#1/ 5��3,#�#*1(#9/!"�$  
2�(%-  �"�*  !  "��(1#*&.&%#  (&!5��� /*#' , �;/!5/9#0&8>#%#  0 5�17#5*#"/  .�9*�/  
5��� /*#/  ,/*.(�0  ./�  "&9/*#'  (&!!.�'*##  ¤ * A¤  ((#! . 2) �.*�!#./�6*�  1(3)  1(3)& 
5�  �!/0�$  �#*##  1#&%/.(�% d4,  
)1/    ¤ 
 ¥ : �¦� § 	 � §•>£>� ;                                                                                          (1)                                            

�&!9/.-    0/�#9#*    %&"!#%&�6*� 0�+%� *�)�  "(#.#9/!"�)�  53.#   ¤–¨‡  # 
%#*#%&�6*� 0�+%� *�)�  "(#.#9/!"�)�  53.# ¤–|9 , 0-5��*/**-/  5�  2�(%3�&% (1), (2), 
(3), 5�+0��'8.  �!3>/!.0#.6  !(&0*#./�6*-$  #4 &*&�#+ # �5(/1/�#.6  (&!!.�'*#/ , 
5(�$1/**�/  �1*�$  # .�$   /  5�0/(4*�!.68  ./�&  "&9/*#'  0 3!��0#'4  .(/*#'  !"��6 /*#' .  
���.0/.!.0/**� ,  1�'  "�*#9/!"#4  5�0/(4*�!./$  "�*.&".&  ((#! . 3&); 

                     ¤–|9 
 © : ª £«ˆ¬>jj£>jj–¨‡ : K–¨‡                     (2) 
 

                                   ¤–¨‡ 
 © : ª £«ˆ¬>jj£>jj–|9j : K–|9                        (3) 
��'  !2/(#9/!"#4  5�0/(4*�!./$  "�*.&".&  ((#! . 3; ); 
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     ¤–|9 
 © : ª £«ˆ¬>‰­>–¨‡ : K–¨‡             (4) 
 

                           ¤–¨‡ 
 © : ª £«ˆ¬>‰­>: K–|9                                      (5) 
 

)1/  K–¨‡  – %&"!#%&�6*�/ 9#!��  �;�(�.�0  (��#"&  0�"(3)  /)�  �!#  1�  1�!.# /*#'  
#% "(#.#9/!"�)�  #+*�!&  0 5(�,/!!/  .(/*#'  !"��6 /*#' ; 

)1/  ª £«ˆ¬>jj£>jj–¨‡ : K–¨‡  – %&"!#%&�6*-$ 0�+%� *-$  1#&%/.( "�*.&".&   
5�0/(4*�!./$   ;&+�0-4  "�*#9/!"#4  �.0/(!.#$  # .�(,&  (��#"& ; 
ª £«ˆ¬>‰­>–¨‡ – %&"!#%&�6*-$ 0�+%� *-$  1#&%/.( "�*.&".&  !2/(#9/!"#4   
5�0/(4*�!./$   ;&+�0-4  �.0/(!.#$  # .�(,&  (��#"& . 

�&1&9& &*&�#+& – �5(/1/�#.6  0�+%� *-$  "(#.#9/!"#$  53.6, 5(�$1/**-$   .�9"�$  
2, (&!5��� /**�$  *&#;��//  ;�#+"�  "  �!#  0(&>/*#'  (��#"& , 1�  1�!.# /*#'  (&;�9/$  
5�0/(4*�!.68  (��#"&  dp "(#.#9/!"�)�  #+*�!& . 

	9/0#1*� , 9.�  *& #+*�!  5�0/(4*�!./$  "�*.&".&  0�#'/.  (&+*#,& 1�#*  
A§ 
 ¤ –¨‡ � ¤ –|9       (6) 

�� *�  !1/�&.6  0-0�1 , 9.�  0 �;�&!.'4 , ;�#+"#4  "  �!#  (��#"& , 3 "�*#9/!"#4  2�(%  
"�*.&".  # !2/(#9/!"#4  ;��67/  0(/%'  1�  "(#.#9/!"�)�  #+*�!& . :.�  0(/%'  �5(/1/�'/.!'  
0 +&0#!#%�!.# �.  1�#*-  53.#    ¤–¨‡    #  ¤–|9 . 

     (7) 
)1/   ¤–|9  – %#*#%&�6*� 0�+%� *-$  "(#.#9/!"#$  53.6, 5(�$1/**-$   .�9"�$  2 
(&!5��� /**�$  *&#;��//  ;�#+"�  "  �!#  0(&>/*#'  (��#"& , 1�  1�!.# /*#'  (&;�9/$  
5�0/(4*�!.68   (��#"&  dp "(#.#9/!"�)�  #+*�!& ; 

 

 

�#! . 1 – �#1  5�17#5*#"&  !  !#%%/.(#9*�  (&!5��� /**-%#  !/5&(&.�(&%# : 1 –
!/5&(&.�(  *&(3 *�)�  "��6,&  3 5�17#5*#"& ; 2 – !/5&(&.�(  0*3.(/**/)�  "��6,&  
5�17#5*#"& ; 3 – *&(3 *�/  "��6,� ; 4 – 0*3.(/**/  "��6,� ; 5, 6 – ./�&  "&9/*#' ; 7 – 
(&1#&�6*-/  (/;(&   /!."�!.#  !/5&(&.�(�0  1 # 2, !��.0/.!.0/**�  ; S m." . = 5.....10 %"%  – 
*�(%#(3/%�/  (&!!.�'*#/  %/ 13  ./�&%# "&9/*#' , */�;4�1#%�/  # 1�!.&.�9*�/  1�'  #4  
!%&+"# 

�&  (#! . 2 5(/1!.&0�/*  2(&)%/*.  (��#"�5�17#5*#"&  !  30/�#9/**-%#  2�(%&%#.�
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�#! . 2 – �0/�#9/**-$  2(&)%/*.  <�/%/*.&  "��(1#*&,##  5�17#5*#"&  ;��67�)�  
1#&%/.(&: 1 – !/5&(&.�(  *&(3 *�)�  "��6,&  3 5�17#5*#"& ; 2 – !/5&(&.�(  0*3.(/**/)�  
"��6,&  5�17#5*#"& ; 3 – *&(3 *�/  "��6,� ; 4 – 0*3.(/**/  "��6,� ; 5, 6 – ./�&  "&9/*#' ; 7 
– (&1#&�6*-/  (/;(&   /!."�!.#  !/5&(&.�(�0  1 # 2, !��.0/.!.0/**� ; S m." . = 5.....10 %"%  – 
*�(%#(3/%�/  (&!!.�'*#/  %/ 13  ./�&%# "&9/*#' , */�;4�1#%�/  # 1�!.&.�9*�/  1�'  #4  
!%&+"#; (&1#3! ./�&  "&9/*#'  R =d/2 

��0-$  ./4*#9/!"#$  (/+3�6.&.  – !*# /*##/  #+*�!&  # 5�0-7/*#/  !(�"&  !�3 ;-  # 
*&1/ *�!.#  5�17#5*#"&  "&9/*#'  1�!.#)*3.  0 "�*!.(3",##  5�17#5*#"& , 5�"&+&**�)�  
*& (#! . 3. 

.           
          �                                        �                                                      �                                         

�#! . 3 – �4/%& 5�17#5*#"&  "&9/*#'  # "�*.&".�0  ./�  "&9/*#' : & – 0#1 
5�17#5*#"&  0 !/9/*## ;  & – !4/%& "�*#9/!"#4  5�0/(4*�!./$  "�*.&".&  ./�&  "&9/*#'  # 
0-/%"#  5(&0�$ .�(,/0�$  "(-7"#  ("�*3!��;(&+*&'  2�(%&); ;  – !4/%& "�*#9/!"#4  
.�(,/0-4  5�0/(4*�!./$  "�*.&".& ; 0 – !4/%& !2/(#9/!"#4  .�(,/0-4  5�0/(4*�!./$  
"�*.&".&  ./�&  "&9/*#'  # 0-/%"#  �/0�$  .�(,/0�$  "(-7"#  (!2/(#9/!"&'  2�(%&) 

 
 �/4*#9/!"#$  (/+3�6.&.  1�!.#)&/.!'  5(#  #!5��6+�0&*##  5�17#5*#"&  "&9/*#' , 

!�1/( &>/)�  *&(3 *�/  # 0*3.(/**//  "��6,&  !  1�(� "&%#  "&9/*#' , 
(&!5��� /**-%#  %/ 13  *#%# ./�&%#  "&9/*#' , 0-5��*/**-/  0 0#1/ 
,#�#*1(#9/!"#4  (��#"�0 , 3!.&*�0�/**-4  *& 2#"!#(�0&**�%  (&!!.�'*##  1(3)  �.  
1(3)&, 5(#  <.�% 5�17#5*#"  !*&; /*  103%' .�(,/0-%#  "(-7"&%# , 0 0-/%"&4 
"�.�(-4  3!.&*�0�/*-  (��#"#  !��!*�  !  0-/%"&%#, 2�(%-  0-/%�"  !��.0/.!.038.  
.�(,/0-%  "�*.&".*-%  5�0/(4*�!.'%  (��#"�0 , & �!/0-/  (&+%/(-  0-/%�"  ;��67/  
�!/0-4  (&+%/(�0 .�(,/0-4  "�*.&".*-4  5�0/(4*�!./$  (��#"�0 . 

��17#5*#"  (&;�.&/.  !�/138>#%  �;(&+�% . 
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�  5(�,/!!/  #!5��6+�0&*#'  5�17#5*#"&  "&9/*#'  ./�&  "&9/*#'  5 0(&>&8.!'  # 
5/(/%/>&8.!'  5�  1�(� "&%  "&9/*#'  3 # 4, !�4(&*''  5(#  <.�% !0�/  5��� /*#/  
�.*�!#./�6*�  1(3)  1(3)& */#+%/**-% , !0�1'  *& */.  0�+%� *�!.6  "�*.&".&  %/ 13  
(��#"&%#  5, 9.�  #!"�89&/.  .(/*#/  %/ 13  *#%#. �  !�0�"35*�!.#  !  %#*#%#+#(�0&**-% 
.(/*#/%  5�  5�0/(4*�!.#  "�*.&".&  ./�  "&9/*#'  # .�(,/0-4  "(-7/"  6 # 7 �;/!5/9#0&/.!'  
!*# /*#/  #+*�!&  ./�  "&9/*#'  5 # 5�0-7/*#/  !(�"&  !�3 ;-  # *&1/ *�!.#  5�17#5*#"&  
"&9/*#' . 

�9:%8 . �+  &*&�#+& 2�(%  # (&+%/(�0 5�0/(4*�!./$  "�*.&".&  ./�  "&9/*#'  !  
1�(� "&%#  ��  # ��  0#1*� , 9.�  9/% ;��67/  +*&9/*#/  R, ./% ;��67/  (&+*#,& 1#&%/.(�0  
1�(� /"  #, !��.0/.!.0/**� , 53./$  5(�!"&�6+-0&*#'  5�0/(4*�!./$  "�*.&".& , ./% ;��67/  
5(/�;�&1&8.  5(�,/!!  .(/*#'  !"��6 /*#'  # /)�  0�#'*#/  *& #+*�!  5�0/(4*�!./$  
"�*.&".&  # ./5��0-1/�/*#/  0 5�17#5*#"/  "&9/*#' . 

 
�#;�#�)(&2#9/!"#$  !5#!�" : 
1. via.geektimes 
2. �/(/�6 , � .� . ��17#5*#"#  "&9/*#' . �&!9/. , 5(�/".#(�0&*#/  # �;!�3 #0&*#/  �5�( : 
�5(&0�9*#" .- � .: �&7#*�!.(�/*#/ , 1983.- 543 ! ., #� . 
 3. RU 2016132018 A ���  F16C19/22, F16C 19/50, F16C 33/36 01.06.2017 : "�5�!�;  
5�0-7/*#'  .�9*�!.#  !;�("# ..."  �&*#*!"#$ , � .� . �#)#(#*!"#$  � . � . �31'"�0 , � . � . 
�%#(*�0& ; ���)��� . – 2017.  
4. �&*#*!"#$ , � .
 . �5�!�;  !;�("#  5�17#5*#"�0  "&9/*#'  / � .
 . �&*#*!"#$ , � .� . 
�31'"�0 , � .� . �%#(*�0&  // �+0/!.#'  ���)��� . �/( . �(�)(/!!#0*-/  ./4*���)##  0 
%&7#*�!.(�/*## . - ���)�)(&1 , 2016. - E  8 (187). - C. 49-52. 
 
 
������  ���������  ��
�
��  ��
�����  ������������   

��������  ���
�����  �������  ���������  
 

�&*#*!"#$  � .
 ., �/!./(/*"�  � .� . 
 

��������  	���
��
�������  �
�
�
�
  (������ )  
��������������  ��������
��

���  
��
��������  �
������
�
�  

 
�  1&**�$  (&;�./  (&!!%�.(/*  &*&�#+ %&7#**�)�  0(/%/*# , 5��39/**�)�  

(&!9/.*-%  53./% 1�'  �1*�)�  #+ 0�+%� *-4  0&(#&*.�0  (&!.&9#0&*#' )�3;�"#4  
�.0/(!.#$  (�	 ) 0 .(3;*�$  +&)�.�0"/  #+ �/)#(�0&**�$  !.&�#  1/.&�#  «�#�#*1( » ((#!3*�"  
1). 


*&�#+  *&5(&0�/*  *& �5(/1/�/*#/  */5(�#+0�1#./�6*-4  5(#/%�0  (&!.&9#0&*#' 
�	  .(&1#,#�**-%  %/.�1�%  4-4 5(�;*-4  5(�4�1�0  # 3!.&*�0�/*#/  0�+%� *�!.#  
!�"(&.#.6  %&7#**�/  0(/%'  53./% !�0%/>/*#'  (&;�9#4  4�1�0  53./% #!5��6+�0&*#'  
1(3)#4 #+0/!.*-4  5(�,/!!�0 , *&5(#%/( ,  !�0%/>/*#'  (/+&*#'  # ��� . 

�-5��*/*-  (&!9/.-  %&7#**�)�  0(/%/*#  1�'  �1*�)�  #+ 0�+%� *-4  0&(#&*.�0 
(&!.&9#0&*#' )�3;�"#4  �.0/(!.#$  (�	 ) %&���.4�1*�$  )�('9/"&.&*�$  .(3;*�$  +&)�.�0"#  
#+ �/)#(�0&**�$  !.&�#  [1, 2], 5��39/**�$  53./% //  7.&%5�0"# .  

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

- *& !.&*"&4  .#5& RIS 60….. 125, �!*&>/**-4  1�#**�%/(*-%#  ;�(7.&*)&%# , 
(&;�.&8>#%#  "&" *& ! &.#/ , .&" # *& (&!.' /*#/  [1]; 

- !  #!5��6+�0&*#/%  (&!.�9*-4  (/ 3>/ -1/2�(%#(38>#4  )���0�"  (��� ) - 2#(%-  
SandvikCoromant [2]; 
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- (/ 3>/ -1/2�(%#(38>#4  5#*��/$  (���� ) (&+(&;�.&**-4  0 ���)���  [3]; 
- 3*#0/(!&�6*-$  !5�!�;  %*�)�5(�4�1*�$  �;(&;�."#  %/.�1�%  5(�;*-4  5(�4�1�0  

!  5(#%/*/*#/%  3*#0/(!&�6*�)�  #*!.(3%/*.&(#' , *&5(#%/( , *& .�"&(*� -0#*.�(/+*�%  
!.&*"/  %�1/�#  �� 401[4-7]. 

��'  &*&�#+& %&7#**�)�  0(/%/*# , */�;4�1#%�)�  1�'  �;(&;�."#  �.0/(!.#'  0 
.(3;*�$  +&)�.�0"/ , (&!!%�.(/*- , 0 !��.0/.!.0##  !  .(/;�0&*#'%#  ���� , <.&5-  �!0�/*#'  
5(�#+0�1!.0& . �  +&0#!#%�!.# �.  <.&5�0 �!0�/*#'  5(�#+0�1!.0&  1/.&�#  «�#�#*1( » 
(&!!%�.(/*-  0&(#&*.-  5��39/*#'  &*&��)#9*-4  +&)�.�0�"  1�'  5�!�/1�0&./�6*�)�  
�!0�/*#'  �5-.*�)�  /1#*#9*�)� , !/(#$*�)�  # %&!!�0�)�  5(�#+0�1!.0  [8, 9].  

��'  /1#*#9*�)�  # !/(#$*�)�  5(�#+0�1!.0&  5(/1�&)&/.!'  #!5��6+�0&.6  
)�('9/"&.&*-$  "(3)�-$  5(�"&.  #�#  +&)�.�0"3  #+ )�('9/"&.&*�$  .(3;-  ((#!3*�"  1). 

��'  %/4&*#9/!"�$  �;(&;�."#  �	  0 .(3;*�$  +&)�.�0"/  0+'.  .�"&(*� -0#*.�(/+*-$  
!.&*�"  1�'  )�3;�"�)�  !0/(�/*#'  # (&!.&9#0&*#' %�1/�#  ��  – 401. 

�9/.  0!/4  !�!.&0�'8>#4  ./4*#"� -<"�*�%#9/!"�$  <22/".#0*�!.#  (�:: ) !�� /* , 
5�<.�%3  0 1&**�% 5(#%/(/  0 (&!9/.&4  #!5��6+38.!'  #!4�1*-/  1&**-/  (.&;�#,&  1) # 
5(#0/1/*  &*&�#+ %&7#**�)�  0(/%/*#  1�'  4-4 (&;�9#4  4�1�0 : 9/(*�0�)� , 5��39#!.�0�)� , 
9#!.�0�)�  # .�*"�)�  (&!.&9#0&*#' (.&;�#,&  3). 

 ���//  5��*-$  (&!9/.  �::  0�+%� /*  .��6"�  !  1�5��*#./�6*-%  39/.�%  
!.�#%�!.#  %&./(#&�& +&)�.�0�"  �;(&;&.-0&/%�$  1/.&�#  «�#�#*1( », 5(#%/*'/%-4  
%/.&���(/ 3>#4  !.&*"�0 , #4 �!*&!."#  # #*!.(3%/*.&(#' , (&!4�1& <*/()�*�!#./�/$ , 
�1#*&"�0-4  "&" 1�'  ;&+�0�)�  ./45(�,/!!& , .&" # 5(/1�&)&/%�)� , & .&" /  *&"�&1*-4  
(&!4�1�0  # . .1. �+  <.�)�  !�/13/. , 9.�  1�'  1�!.# /*#'  �1#*&"�0-4  .(/;3/%-4  
5&(&%/.(�0  %&7#**�)�  0(/%/*#  5(#  1�!.# /*##  *3 *�$  .�9*�!.#  �	  0 )�.�0�%  
#+1/�##  &*&�#+ 0-5��*'�!'  5�  (&;�9#%  4�1&% 5(#  %/4&*#9/!"�$  �;(&;�."/  �	 . 

�&!.&9#0&*#/  *& !.&*"/  ��  – 401 %� /.  0"�89&.6  0&(#&*.-  3*#0/(!&�6*�$  # 
.(&1#,#�**�$  �;(&;�."# , & .&" /  10/ �5/(&,## , 0-5��*'/%-/  *& !5/,#&�6*-4  !.&*"&4 , 
5�+0��'8>#4  !�0%/!.#.6  */!"��6"�  (&;�9#4  4�1�0 , (&*//  0-5��*'/%-4  *& 
3*#0/(!&�6*�%  # .(&1#,#�**�%  �;�(31�0&*##  0 �1*�%  (&;�9/%  4�1/ , 0-5��*'/%�%  !  
5(#%/*/*#/%  5(/1�&)&/%�$  !5/,#&�6*�$  �!*&!."# . ��'  5��39/*#'  */!"��6"#4  
(/+3�6.&.�0  (&!9/.&  %&7#**�)�  0(/%/*#  *& +&)�.�0"&4  (&+*-4  )&;&(#.�0  ;-�&  
!�!.&0�/*&  .&;�#,&  2. 

 
�#!3*�"  1 – �4/%& (&!5(/1/�/*#'  5(#53!"�0  *& (&;�9#/  4�1& 

 
�&  (#!3*"/  1 5(#*'.-  !�/138>#/  �;�+*&9/*#' : d+&).- *&(3 *-$  1#&%/.( .(3;*�$  

+&)�.�0"# ; D)�  - 1#&%/.( �	 ;  D+.). - 1#&%/.( �	  0 +&)�.�0"/  �	 ; TD - 5���0#*&  5��'   
1�53!"&  *& .�*"�/  (&!.&9#0&*#/ D)�  = 60H8(+0,046); Lo - 1�#*&  +&)�.�0"# ; Z1 - 5(#53!"  
*& 1-$ (&;�9#$  4�1 ; Z2 – 5(#53!"  *& 2-$ (&;�9#$  4�1 ;  Z3 – 5(#53!"  *& 3-$ (&;�9#$  4�1 ;   
Z4 – 5(#53!"  *& .�*"�/  (&!.&9#0&*#/ D�	 (4)= 59,8H9(+0,074);  Z5 – 5(#53!"  *& 
4�*#*)�0&*#/  D�	 (5)= 60H8(+0,046) 
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�&(#&*.-  �!3>/!.0�/*#'  %/4&*#9/!"�$  �;(&;�."#  �	  +&0#!'. �.  0#1& 
+&)�.�0"# , //  %&./(#&�& # ./4*#9/!"#4  .(/;�0&*#$  9/(./ &  1/.&�#  «�#�#*1( » 
(�&;�#,&  1 # 2). �#1  +&)�.�0"#  – 5�"�0"# , 5��39/**-/  #+ )�('9/"&.&*�)�  .(3;*�)�  
5(�"&.&  ;��67/)�  1#&%/.(& d.  %/*67/$  1�#*-  Lo, 9/% 1�#*&  )�.�0�$  1/.&�#  5�!�/  //  
%/4&*#9/!"�$  �;(&;�."# , 5�"&+&* *& (#!3*"/  2. ��+%� *-/  )/�%/.(#9/!"#/  5&(&%/.(-  
#+)�.&0�#0&/%-4  1/.&�/$  5(/1!.&0�/*-  0 .&;�#,/  2. 

 
 

�#!3*�"  2 – �(355�0�$  9/(./  �;(&;&.-0&/%�$  +&)�.�0"#  – 5�"�0"#  1/.&�#  
«�#�#*1( » 

 
�&!.&9#0&*#/  +&)�.�0"#  !  5(/10&(#./�6*�  5�1)�.�0�/**-%  �	  0-5��*'/.!'  +& 4-/  

(&;�9#4  4�1& *& .�"&(*�$  �5/(&,##  5�  %/.�13  5(�;*-4  5(�4�1�0 , . ./ . *3 *-/  (&+%/(-  
D1, D2, D3 # D4 5��39&8.!'  53./% #+%/(/*#'  5(�;*-4  5(�4�1�0  "�((/".#(�0"�$  
5��� /*#'  (&!.�9*�)�  (/+,&  5�  *�*#3!3  5�5/(/9*�)�  !355�(.&  .�"&(*�)�  !.&*"& . ��  
�"�*9&*#'  .�"&(*�$  �5/(&,##  �;(&;&.-0&/%&'  1/.&�6  */  !*#%&/.!'  !�  !.&*"& , 5�"&  */  
;313.  !*'.-  5(#53!"#  Z1, Z2, Z3,  Z4. 

�(#53!"  Z5 5�  (/)�&%/*.3  *&+*&9/*�  !*#%&.6 *& !�/138>/$  �5/(&,## , *&5(#%/( , 
*& 4�*#*)�0&�6*�%  !.&*"/  5�!�/  0-5��*/*#'  .�"&(*�$  �5/(&,## . �  �.�#9#/  �.  
&*&��)#9*�$  �5/(&,##  *& *&!.(�/**�%  !.&*"/ , )1/  *&!.(�$"#  *& (&+%/(-  # !*'.#/  
5(#53!"�0  �;/!5/9#0&/.!'  */!"��6"#%#  (/ 3>#%#  #*!.(3%/*.&%# , (&!!%&.(#0&/%&' 
�5/(&,#'  .(/;3/.  *& !*'.#/  !��.0/.!.038>/)�  5(#53!"&  ;��67/  %&7#**�)�  0(/%/*# , 
*�  %/*67/  5�1)�.�0#./�6*� -+&"�89#./�6*�)�  0(/%/*#  *& 3!.&*�0"3  (/ 3>/)�  
#*!.(3%/*.& .  

�(#%/%  0(/%'  *& 3!.&*�0"3  +&)�.�0"# , //  +&"(/5�/*#/  # !*'.#/  �;(&;�.&**�$  
+&)�.�0"#  ()�.�0�$  1�'  �!3>/!.0�/*#'  !�/138>/$  �5/(&,## ) (&0*-%# 1�'  
*&!.(�/**�)�  # 3*#0/(!&�6*�)�  !.&*"�0 . 

��)1&  "& 1&'  �5/(&,#'  !�!.�#.  #+ 5/(/4�1�0  #�#  (&;�9#4  4�1�0 : 3!.&*�0"&  (/+,&  
*& (&+%/(-  D1, D2, D3 # D4, �;(&;�."&  1�  .(/;3/%�)�  5(�%/ 3.�9*�)�  (&+%/(& !�  
!*'.#/%  5(#53!"&  Z1, �."(/5�/*#/  # !*'.#/  +&)�.�0"#  !�  !.&*"& . �&**-$  
./4*���)#9/!"#$  5(�,/!!  (�� ) 5�+0��'/.  #!5��6+�0&.6  %*�)�!.&*�9*�/  �;!�3 #0&*#/  
# 5�+0��'/.  �5(/1/�'.6  �%  "&" !3%%3 %&7#**�)�  0(/%/*# , +&.(&9/**�)�  *& 
(&!.&9#0&*#/ �	  1�  !��.0/.!.038>/)�  1#&%/.(& � 4 "& 1-$  (&+ 5�!�/1�0&./�6*�  
*&!.(&#0&/%-% *& 1#&%/.( � 1, � 2, � 3, � 4, � 5 (/+,�%  !.&*"&  ((#! . 2).  

_�% =�%1+�� 2+�%3+�%4,    
 (1) 

)1/  �%1, �� , �%3, �%4 = %&7#**�/  0(/%'  *& �!3>/!.0�/*#/  !.&*"�%  (&;�9#$  4�1�0 , 
39#.-0&8>//  5�%#%� 1�#*-  �	  # */1�;/)  DLo1 # 5/(/;/)  DL2 (/+,& . 

�  (/+3�6.&./  5��39#%  1�#*3  53.# (/+,&  *& "& 1�%  (&;�9/%  4�1/   
_ Lo = Lo1+ DL2 
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��!"��6"3  !"�(�!.6  (/+&*#'  # 5(�1��6*&'  5�1&9& S 1�'  "& 1�)�  (&;�9/)�  4�1& 
(&+�#9*- , .�  +*&9/*#'  %&7#**�)�  0(/%/*#  .� /  �.�#9&8.!'  ((#! . 2, 3 # .&;� . 3). 

 
�&;�#,&  1 – �!4�1*-/  1&**-/  1�'  (&!9/.�0  
 
�&("&  �;(&;&.-0&/%�)�  %&./(#&�&  40�  
�#&%/.(  �.0/(!.#'  0 +&)�.�0"/  d0, %% 38±2 
�#&%/.(  �;(&;�.&**�)�  �.0/(!.#'  d, %% 60H8(+0,046) 
�/(�4�0&.�!.6  �;(&;�.&**�$  5�0/(4*�!.# , %"% Ra 1,25 
��#*&  �;(&;�."#  l, %% 6000±4 

 
�&;�#,&  2 – �!4�1*-/  1&**-/  )&;&(#.*-4  (&+%/(�0 +&)�.�0�"  – 5�"�0�"  1�'  (&!9/.�0  
(/ #%�0  (/+&*#'  "  .&;�#,/  3 
 
D, %% L.  , %% L1, %% L2, %% D1, %% D2, %% D3, %% �0&�#./.  �	 , %% 
60 6000 100 500 90 100 70 � 8 
100 6000 200 700 130 140 110 � 8 
150 6000 300 900 180 190 160 � 8 
200 6000 400 1100 230 240 210 � 8 

 
�&!!%�.(#%  (&!9/.  %&7#**�)�  0(/%/*#  � �  1�'  1034 0&(#&*.�0  !*'.#'  5(#53!"&  0 

)�3;�"�%  �.0/(!.##  !  !��.*�7/*#/%  l/dG10 1/.&�#  «�#�#*1( » ((#!3*�"  2). �/4*#"� -
<"�*�%#9/!"&'  <22/".#0*�!.6  (&!!%&.(#0&/.!'  ;/+  39/.& 0!5�%�)&./�6*�)�  0(/%/*#  
5(#  �;>/5(#*'.�$  *�(%/  +&)(3+"# !.&*"&  �+  "&" 3*#0/(!&�6*�)�  # 5(�)(&%%/ 0-53!"&  
N, 5�+0��'8>/$  #!5��6+�0&.6  �1#*  !.&*�"  �� 401. �!��0*�  %� *�  !9#.&.6  �:: , #!4�1'  
#+ 5(#*'.�$  3!��0*�$  5(�)(&%%-  *& N = 1000 /1#*#,  5(�13",## . 

�&(#&*.  1: +&)�.�0"&  �;(&;&.-0&/.!'  +& 9/.-(/  (&;�9#4  4�1& (5/(/4�1& ) *& �1*�%  
!.&*"/ , . ./ . *& �1*�$  �5/(&,##  +& 4-/  (&;�9#4  4�1&, 0"�89&8>#4  !��.0/.!.038>#/  
(/ #%-  (/+&*#'  1�'  "& 1�)�  5/(/4�1& , 5��39/*#/  5(�%/ 3.�9*-4  (&+%/(�0 # 
.(/;3/%�)�  60H8(+0,046) *& .�"&(*�$  �5/(&,## . 

�(#0/1/%  (&!9/.-  1�'  5(#*'.�)�  0&(#&*.& +&)�.�0"#  (.&;�#,&  1). 	;(&;�."&  
0/1/.!'  %/.�1�%  (&!.&9#0&*#' *& !.&*"/  %�1/�#  �� 401. ��'  5��39/*#'  �.0/(!.#'  
.(/;3/%�$  .�9*�!.#  #+ #!4�1*�$  #%/8>/$!'  +&)�.�0"#  */�;4�1#%�  5(�0/!.#  4 
�5/(&,##  (&!.&9#0&*#': 9/(*�0�/  – 1�  1#&%/.(& 48H14, 5��39#!.�0�/  – 1�  1#&%/.(& 
56H12 # 9#!.�0�/  – 1�  1#&%/.(& 59,76+0,1, .�*"�/  (&!.&9#0&*#/ – 1�  .(/;3/%�)�  
1#&%/.(& 60� 8. �"�(�!.6  (/+&*#'  5(#  (&!.&9#0&*## %� /.  ;-.6  (&!!9#.&*& 5�  
<%5#(#9/!"�$  2�(%3�/  (1) #�#  #!4�1'  #+ (/"�%/*1&,#$ , 5(#0/1/**-4  0 .&;�#,/  2. 

vyxm
v K

stT
C

v ×
××

=      (2) 

)1/  Kv – "�<22#,#/*. , '0�'8>#$!'  5(�#+0/1/*#/%  "�<22#,#/*.�0 , 39#.-0&8>#4  
0�#'*#/  %&./(#&�& +&)�.�0"# , !�!.�'*#'  5�0/(4*�!.# , %&./(#&�& #*!.(3%/*.& , 
)/�%/.(#8  #*!.(3%/*.& ; T – 5/(#�1  !.�$"�!.#  #*!.(3%/*.& , %#* (5�  *�(%&.#0&% 30-60 
%#*3.), s – 5�1&9&, %%/�; ; t – )�3;#*&  (/+&*#' , %%. 
 
�&;�#,&  3 –  �/"�%/*1&,##  5�  *&+*&9/*#8  (/ #%�0  (/+&*#'  5(#  9/(*�0�%  # 
5��39#!.�0�%  (&!.&9#0&*## 

�&("&  # %/4&*#9/!"#/  4&(&"./(#!.#"#  %&./(#&�& �/ #%-  (/+&*#'  
�&("&  J0(, ��&  ��  U, %/%#* S, �; /%#* 
40�  780-830 230-240 55-90 0,11-0,23 
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20� 3�  590-640 150-179 50-120 0,11-0,24 
38�� 3��
  640-690 160-180 40-100 0,10-0,25 
1� 18� 10�  540-590 140-150 40-75 0,11-0,23 

 
�&!.�.&  0(&>/*#'  (&;�9/)�  75#*1/�'  %� /.  ;-.6  �5(/1/�/*& , #!4�1'  #+ 

2�(%3�-  (3), # �"(3)�/*&  1�  ;�# &$7/)�  ;��67/)�  +*&9/*#'  9&!.�.- , 3"&+&**�)�  0 
5&!5�(./  !.&*"& . 

D
v1000

n
×p

×
=       (3) 

)1/  D – 1#&%/.( �;(&;&.-0&/%�)�  �.0/(!.#'  
	!*�0*�/  (%&7#**�/ ) 0(/%' , . ./ . 0(/%' , +&.(&9/**�/  *& (/+&*#/ , %� /.  ;-.6  

�5(/1/�/*�  5�  2�(%3�/  (3). 

nS
L

T� ×
=       (4) 

�/+3�6.&.-  (&!9/.&  (/ #%�0  �;(&;�."#  # *�(%  0(/%/*#  5�  1&**�%3 ./4*���)#9/!"�%3  
5(�,/!!3  !0/1/*-  0 .&;�#,3  4. 

 
�&;�#,&  4 – �/+3�6.&.-  (&!9/.&  (/ #%�0  (/+&*#'  # *�(%  0(/%/*#  ��  0&(#&*. 1 
�#&%/.(  
�;(&;�."# , 
%% 

��#*&  
�;(&;�."# , 
%% 

��3;#*&  
(/+&*#' , 
%% 

��1&9& , 
%%/�;  

�"�(�!.6  
(/+&*#' , 
%/%#* 

�&!.�.&  0(&>/*#'
75#*1/�' ,  
�; /%#* 

	!*�0*�/  
0(/%' , %#* 

 �/(*�0�/  (&!.&9#0&*#/ 
48� 14+0,62 6000 5 0,4 70 470 32 

 ���39#!.�0�/  (&!.&9#0&*#/ 
56� 12+0,3 6000 4,5 0,3 80 455 44 

 �#!.�0�/  (&!.&9#0&*#/ 
59,76� 9+0,074 6000 2 0,2 120 640 46 

 ��*"�/  (&!.&9#0&*#/ 
60� 8+0,046 6000 0,1 0,16 150 780 76 

	;>//  0(/%'  �;(&;�."#  5�  1&**�%3 ./45(�,/!!3  198 
 
 

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

 
�9:%8 . 
*&�#+  (/+3�6.&.�0  (&!9/.&  %&7#**�)�  0(/%/*#  *& .�"&(*38   �5/(&,#8  

5�+0��#�  �5(/1/�#.6  !.(3".3(3  */5(�#+0�1#./�6*-4  5(#/%�0  (&!.&9#0&*#' �	  
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.(&1#,#�**-%  %/.�1�%  4-4 5(�;*-4  5(�4�1�0 , *&%/.#.6 # 3!.&*�0#.6  0�+%� *�!.#   
!�"(&>/*#'  %&7#**�)�  0(/%'  +& !9/.  !�0%/>/*#'  (&;�9#4  4�1�0  53./% #!5��6+�0&*#'  
1(3)#4 #+0/!.*-4  5(�,/!!�0 , *&5(#%/( ,  !�0%/>/*#'  (/+&*#'  # ��� . 
 
�#./(&.3(& : 
1. �&*#*!"#$ , � .
 . �&+(&;�."&  # 5(#%/*/*#/  2(/+/(*� -(&!.�9*-4  !.&*"�0  !  
%/4&*#+%�% 5�&*/.&(*�)�  10# /*#'  (/ 3>/)�  #*!.(3%/*.& : %�*�)(&2#'   / � .
 . 
�&*#*!"#$ ; ���  (2#�#&� ) ���)��� . - ���)�)(&1 : %�*�)(&2#' , 2016. - 110 ! . 
2. �&.&��)  SANDVIK COROMANT 2017: �(/+- , �0/(�& , �&!.�9*-/  #*!.(3%/*.-  !  
��� , 	!*&!."& . 
3. �&*#*!"#$  � .
 ., �/!./(/*"�  � .� . �&'0"&  2019106072 �.  04.03.2019.  �5�!�;  
%/4&*#9/!"�$  �;(&;�."#  )�3;�"�)�  �.0/(!.#'  0 .(3;*�$  +&)�.�0"/ . �&'0#./�6  ���)��� . 
4. 16k20.ru›��"&(*-/ -!.&*"# . 
5. �5(&0�9*#"  ./4*���)&  - %&7#*�!.(�#./�' . �  2-4 . . � . 2 / ��1  (/1 . 
 . � . �&�6!"�)� , 
 . � . 
�3!��0& , 
 . � . ��!#��0�$ , � . � . �/>/('"�0& . - 5-/  #+1., #!5(&0� . - M.: �&7#*�!.(�/*#/ -1, 
2003. – 944 ! . 
6. �*1/"! .�#(/". . 
7. ��"&(*-/  (&!.�9*-/  # !.&*"#  %�1. ��  401 — !%�.(#./  "&(.#*"#  �*1/"! . 
�&(.#*"# �.�"&(*-/  (&!.�9*-/  # !.&*"#  %�1. ��  401� 
8. �-;�(  +&)�.�0�"  1�'  %/4&*#9/!"�$  �;(&;�."#  !.35/*9&.-4  0&��0  [:�/".(�**-$  
(/!3(! ] / � .
 . �&*#*!"#$ , 
 .� . ��/5#"�0 , � .� . �%#(*�0& , � .� . �#'*  // 24-'  
%/ 03+�0!"&'  *&39*� -5(&".#9/!"&'  "�*2/(/*,#'  %���1-4  39@*-4 # !.31/*.�0  ). 
��� !"�)�  (). ��� !"#$ , 21-30 %&' 2018 ).) : !; . %&./(#&��0  "�*2 . / 5�1  (/1 . � . � . 
��&)#*#*&  ; ���  (2#�#&� ) ���)��� . - ��� !"#$ , 2018. - C. 119-123. – �/ #%  1�!.35&  : 
http://www.volpi.ru/files/science/science_conference/24_mnpk_2018/24_mnpk_2018.pdf. 
9. �&*#*!"#$ , � .
 . �/.�1#"&  *&+*&9/*#'  5(#53!"�0  *& %/4&*#9/!"38  �;(&;�."3  
5�0/(4*�!./$  00/1/*#/%  1�53!"&  *& 1/2�(%#(�0&**-$  !��$  [:�/".(�**-$  (/!3(! ] / 
� .
 . 10.�&*#*!"#$ , � .� . �%#(*�0& , � .� . �#'*  // 24-'  %/ 03+�0!"&'  *&39*� -
5(&".#9/!"&'  "�*2/(/*,#'  %���1-4  39@*-4 # !.31/*.�0  ). ��� !"�)�  (). ��� !"#$ , 
21-30 %&' 2018 ).) : !; . %&./(#&��0  "�*2 . / 5�1  (/1 . � . � . ��&)#*#*&  ; ���  (2#�#&� ) 
���)��� . - ��� !"#$ , 2018. - C. 129-134. – �/ #%  1�!.35&  : 
http://www.volpi.ru/files/science/science_conference/24_mnpk_2018/24_mnpk_2018.pdf. 
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�+��',#�**-/  5�"(-.#'  .(3; , *&*�!#%-/  0 +&0�1!"#4 3!��0#'4 , 

+&(/"�%/*1�0&�#  !/;'  0 "&9/!.0/  <22/".#0*-4  %/( +&>#.-  %&)#!.(&�6*-4  
.(3;�5(�0�1�0  �.  "�((�+## , 5�+0��'8>#4  1�!.#96  !3>/!.0/**�)�  5�0-7/*#'  
*&1/ *�!.#  �;A/".& . �/%  */  %/*// , */!%�.('  *& �.�#9*-/  5(�9*�!.*-/  # 
1/2�(%&.#0*-/  4&(&"./(#!.#"#  #!5��6+3/%-4  %&./(#&��0 , 3(�0/*6  1/2/".*�!.#  
5�"(-.#'  '0�'/.!'  1�!.&.�9*�  0-!�"#% . 
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�  4�1/  5(�0/1/*#'  #!!�/1�0&*#'  5��#<.#�/*�0�)�  5�"(-.#'  .(3;*�$  5(�13",##  
;-��  �;*&(3 /*� , 9.�  9&>/ 0!/)�  0!.(/9&8.!'  !�/138>#/  0#1-  1/2/".�0 : 

-  53+-(# , 
-  �.!��/*#/ , 
-  0%'.#*&, 
-  !1#( , 
-  0��*#!.�!.6 , 
-  *&5�-0 , 
-  5(�53!" . 
�  (/+3�6.&./  &*&�#+& 5(/1!.&0�/**-4  0#1�0 1/2/".�0  ;-�#  (&!!%�.(/*-  

0�+%� *-/  5(#9#*-  #4 0�+*#"*�0/*#'  # 5(/1�� /*-  53.# 5�0-7/*#'  "&9/!.0& 
.(3;*�$  5(�13",## . 

�3+-(# . 	;(&+�0&*#/  )&+�0-4  53+-(/$  %/ 13  !��'%#  5��#<.#�/*&  �#;�  %/ 13  
.(3;�$  # 5�"(-.#/% . ��39&$*�/  %/!.�(&!5��� /*#/  1/2/".& . ��1�/ #.  (/%�*.3 . 

�(#9#*- : 
— */5(&0#�6*&'  *&!.(�$"&  .(&*!5�(.*�$  �#*## ; 
— 0-!�"#$  #+*�!  !�/1#*#./�6*-4  %32.; 
— *&(37/*#/  )/�%/.(##  .(3;  (�0&� , "(#0#+*&); 
— 5�5&1&*#/ 0�&)# #�#  0�+134& 5�1  5�"(-.#/  0 %�%/*.  5(#"&."# . 
�/.�1  3!.(&*/*#' : 
— 5(�0/!.#  *&!.(�$"3  .(&*!5�(.*�$  �#*## ; 
— (/%�*.  #�#  +&%/*& !�/1#*#./�6*-4  %32.; 
— (/)�&%/*.#(�0&*#/  # "�*.(��6  �0&�&, "(#0#+*-  .(3; ; 
— 3!.(&*#.6  5(#9#*3  5�5&1&*#'  0�&)# #�#  0�+134& 5�1  5�"(-.#/  0 %�%/*.  

5(#"&."# . 
	.!��/*#/ . ��"&�6*�/  �.!��/*#/  5�"(-.#'  �.  %/.&��&  .(3;-  (*& 2&!"/ ) �#;�  

%/ 13  !��'%#  5�"(-.#' . �&!5��&)&/.!'  5(/#%3>/!.0/**�  5�  "�*,&%  .(3; . ��1�/ #.  
(/%�*.3 . 

�(#9#*- : 
— */1�!.&.�9*-$  *&)(/0  5�0/(4*�!.#  .(3;- ; 
— 5�5&1&*#/ +&>#.*�$  ;3%& *�$  �/*.-  5�1  5�"(-.#/ ; 
— */1�!.&.�9*&'  ./%5/(&.3(&  (&!5�&0& %&./(#&��0  (&1)/+#0, 5��#<.#�/* ); 
— 5�5&1&*#/ 9#!.'>#4  %&./(#&��0  !#�#"�*�0�)�  (��#"&  %/ 13  !��'%#  

5�"(-.#' ; 
— */1�!.&.�9*�/  1&0�/*#/  !#�#"�*�0�)�  (��#"& ; 
— .0/(1�!.6  !#�#"�*�0�)�  (��#"&  0-7/  (/)�&%/*.#(3/%�$ ; 
— �.!3.!.0#/  &1)/+#0&. 
�/.�1  3!.(&*/*#' : 
— 5(�#+0�1#.6  *&)(/0  5�0/(4*�!.#  .(3;-  0 !��.0/.!.0##  !  )(&2#"�%  0(/%/*#  

)/�/�;(&+�0&*#' ;  
— 3!.(&*#.6  5�5&1&*#/ +&>#.*�$  ;3%& *�$  �/*.-  5�1  5�"(-.#/ ; 
— 30/�#9#0&.6 ./%5/(&.3(3  (&!5�&0& %&./(#&��0 ; 
— 3!.(&*#.6  5�5&1&*#/ 9#!.'>#4  %&./(#&��0  !#�#"�*�0�)�  (��#"&  %/ 13  

!��'%#  5�"(-.#' ;  
— 30/�#9#.6  1&0�/*#/  !#�#"�*�0�)�  (��#"& ; 
— 5(�0/(#.6  .0/(1�!.6  !#�#"�*�0�)�  (��#"&  # 5(#  */�;4�1#%�!.#  5(�#+0/!.#  

/)�  +&%/*3. 
�%'.#*& . ��"&�6*-/  3)�3;�/*#' , */(�0*�!.#  5�0/(4*�!.#  5�"(-.#' , !"0�+*�/  

5�0(/ 1/*#/  5�"(-.#' . �/2/".  %� /.  (&!5��&)&.6!'  5�  0!/$  5�0/(4*�!.#  5�"(-.#' . 
��1�/ #.  (/%�*.3 . 
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�(#9#*- : 
— */31�0�/.0�(#./�6*�/  !�!.�'*#/  5�0/(4*�!.#  !#�#"�*�0�)�  5�"(-.#'  

5(#"&.*�)�  (��#"&  (%/4&*#9/!"#/  5�0(/ 1/*#'  # */(&0*�%/(*&'  .0/(1�!.6  
!#�#"�*�0�)�  5�"(-.#'  5(#"&.�9*�)�  (��#"& ); 

— */(&0*�%/(*�!.6  5�!.35�/*#'  5��#<.#�/*�0�)�  5���.*&  (%/!.*�/  3.�*/*#/  
5���.*& ). 

�/.�1  3!.(&*/*#' : 
— 0#+3&�6*-$ �!%�.(  # +&%/( .0/(1�!.#  !#�#"�*�0�)�  5�"(-.#'  5(#"&.�9*�)�  

(��#"& , 5(#  */�;4�1#%�!.#  5(�0/!.#  +&%/*3 (��#"& ; 
— "�((/".#(�0"&  1&0�/*#'  # *&!.(�$"&  3)�& (&+0�(�.&  !#�#"�*�0�)�  (��#"& ;  
— 9#!."&  # (/)3�#(�0"&  +&+�(& >/�/0�$  *&!&1"# <"!.(31/(&  5��#<.#�/*& . 
�1#( . �"0�+*�/  #�#  */!"0�+*�/  5�0(/ 1/*#/  5�"(-.#' . �/2/".  %� /.  

(&!5��&)&.6!'  5�  0!/$  5�0/(4*�!.#  5�"(-.#' . �1#*#9*�/ , !�39&$*�/  
%/!.�(&!5��� /*#/  1/2/".& . ��1�/ #.  (/%�*.3 . 

�(#9#*- : 
— %/4&*#9/!"�/  5�0(/ 1/*#/  .(/4!��$*�)�  5��#<.#�/*�0�)�  5�"(-.#'  1�  

%/.&��& ;  
— 5�0/(4*�!.*�/  %/4&*#9/!"�/  5�0(/ 1/*#/  5��#<.#�/*�0�)�  5�"(-.#' . 
�/.�1  3!.(&*/*#' : 
— 0-'0#.6  # 3!.(&*#.6  0!/  5(#9#*-  %/4&*#9/!"�)�  0�+1/$!.0#'  *& 5�"(-.#/ . 
���*#!.�!.6 . ���*#!.�!.6  5�"(-.#' . �(/#%3>/!.0/**�  1/2/".  (&!5��&)&/.!'  0 

*&9&�/ .(3;-  5�  4�13 5�"(-.#' , & .&" /  %� /.  (&!5��&)&.6!'  !  �5(/1/�/**�$  
5/(#�1#9*�!.68  #�#  «!�39&$*� » 0 �8;�%  %/!./  .(3;- . �0�'/.!'  1/2/".�%  .�0&(*�)�  
0#1&. �(#  *&�#9## 1�53!.#%�$  .��>#*-  5�"(-.#'  (/%�*.  */  .(/;3/.!' . 

�(#9#*- : 
— */5(&0#�6*&'  *&!.(�$"&  .(&*!5�(.*�$  �#*##  0 "&%/(/  �4�& 1/*#'  (3(�0/*6  # 

3)��  (&+0�(�.&  .(&*!5�(.*-4  (��#"�0 ); 
— */5(&0#�6*&'  *&!.(�$"&  !#�#"�*�0�)�  (��#"&  (1&0�/*#/  # 3)��  (&+0�(�.& ).  
�/.�1  3!.(&*/*#' : 
— *&!.(�$"&  .(&*!5�(.*�$  �#*##  0 "&%/(/  �4�& 1/*#' ; 
— "�((/".#(�0"&  1&0�/*#'  # *&!.(�$"&  3)�& (&+0�(�.&  !#�#"�*�0�)�  (��#"& . 
�&5�-0 . ��"&�6*�/  3.��>/*#/  5�"(-.#' . �1#*#9*�/ , !�39&$*�/  

%/!.�(&!5��� /*#/  1/2/".& . �-;�(�9*&'  5(�0/("&  *& *&�#9#/  53+-(/$ . 
�(#9#*- : 
— (&+�0-$  0-5�/!"  5��#<.#�/*&  +&!.�$*-4  +�*  >/�/0�$  *&!&1"# <"!.(31/(&  

�: ;  
— ��"&�6*�/  3.��>/*#/  5���.*&  5��#<.#�/*& . 
�/.�1  3!.(&*/*#' : 
— 9#!."&  # (/)3�#(�0"&  +&+�(& >/�/0�$  *&!&1"# <"!.(31/(&  5��#<.#�/*& . 
�(�53!" . 	.!3.!.0#/  5�"(-.#'  *& 39&!."/  .(3;- . ��39&$*�/  (&!5��� /*#/  

1/2/".& . �(3;-  !  1&**-%  1/2/".�%  ;(&"38. . 
�(#9#*- : 
— 5(/"(&>/*#/  5�1&9# %&./(#&��0  (<5�"!#1*�)�  5�(�7"& , &1)/+#0&, 

5��#<.#�/*& ).  
�/.�1  3!.(&*/*#' : 
— 0�!!.&*�0#.6  5�1&93 %&./(#&��0 . 
�  (/+3�6.&./  5(�0/1/**�)�  #!!�/1�0&*#'  *& 
	  «��� » 0-'0�/*-  0#1-  1/2/".�0  

&*.#"�((�+#�**-4  5�"(-.#$  # �!*�0*-/  5(#9#*- , 0�#'8>#/  *& "&9/!.0�  5�"(-.#' , & 
#%/**� : */!�;�81/*#/  ./4*#9/!"#4  # ./4*���)#9/!"#4  .(/;�0&*#$  *&*/!/*#'  
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5�"(-.#' , "&9/!.0�  #!4�1*�)�  %&./(#&�&, 2#+#9/!"#$  #+*�!  �;�(31�0&*#' , "&9/!.0�  
5�1)�.�0"#  5�0/(4*�!.#  5/(/1  5�"(-.#/%  # !(/1& . 

�&  �!*�0&*##  &*&�#+& 5��39/**-4  1&**-4  5(/1�� /*-  (/"�%/*1&,##  5�  
!*# /*#8  0�#'*#'  <.#4 5(#9#* : 0*/1(#.6  !#!./%3  <22/".#0*�$  <"!5�3&.&,##  
�;�(31�0&*#' ; .>&./�6*�  !�/1#.6  +& 5�5&1&*#/% 0�&)# #�#  0�+134& 5�1  5�"(-.#/  0 
%�%/*.  5(#"&."# ; 0-'0#.6  # 3!.(&*#.6  0!/  5(#9#*-  %/4&*#9/!"�)�  0�+1/$!.0#'  *& 
5�"(-.#/ ; 5�0-!#.6  "0&�#2#"&,#8  5/(!�*&�& ; �()&*#+�0&.6  5(�,/!!  �;/!5/9/*#'  
0-53!"&  "&9/!.0/**�$  5(�13",## ; 5�0-!#.6  "3�6.3(3  �()&*#+&,## . 

���6"�  5�!�/  0-5��*/*#'  0!/4  0-7/#+�� /**-4  (/"�%/*1&,#$  %� *�  1�;#.6!'  
5�0-7/*#'  "&9/!.0& &*.#"�((�+#�**-4  5�"(-.#$  5(�13",##  
	  «��� !"#$  .(3;*-$  
+&0�1». 
 
�#./(&.3(& : 

1. ��	  ���  03.09/1�  �&*/!/*#/  .(/4!��$*�)�  5�"(-.#'  (�:  #�#  �� ) *& 
*&(3 *38  5�0/(4*�!.6  .(3;  *& �
��  2. �/4*���)#9/!"&'  #*!.(3",#' . ��1  01.1.15. 

2. �&(#!�0 , � .
 . �(#9#*-  0�+*#"*�0/*#'  1/2/".�0  +&>#.*-4  5�"(-.#$  
.(3;�5(�0�1�0  / � .
 . �&(#!�0 , 
 .� . �5&>/*"� , � .
 . ����"���0& . // �&./(#&�-  56-$ 
*&39../4* . "�*2 . !.31 ., &!5. # %�� . �9/*-4  ����� . �2& : ����� , 2005. � . 34–35. 
 
 

����
������  ��������  ���
����  ��������
���  
������ ��������  ����  ��  «��������  �������  

����� » �  ����  ���
�� 
����������  
 

�&)&*�0  � .� ., �#4&*"#*  � .
 . 
 

��������  	���
��
�������  �
�
�
�
  (������ )  
��������������  ��������
��

���  
��
��������  �
������
�
�  

 
�/�68  (&;�.-  '0�'/.!'  (&+(&;�."&  (/"�%/*1&,#$  5�  !�0/(7/*!.0�0&*#8  

"�*.(��'  "&9/!.0& 5(�13",##  
	  «��� !"#$  .(3;*-$  +&0�1» !  ,/�68  3�397/*#'  
"�*.(��'  # "&9/!.0& 5(�13",## . 

��!.&0�/**&'  ,/�6  5�+0��'/.  0-10#*3.6  !�/138>#/  +&1&9#, 5(#  "�.�(-4  
*/�;4�1#%� : 

- (&!!%�.(/.6  %/.�1-  "�*.(��' , 5(#%/*'/%-/  *& 
	  «��� »; 
- 0-'!*#.6  5(�;�/%- , 0�+*#"&8>#/  5(#  "�*.(��/  "&9/!.0& 5(�13",## ;  
- 0*/!.#  5(/1�� /*#'  5�  #4 3!.(&*/*#8 . 
�/.�1-  "�*.(��'  #!5��6+3/%-/  *& 
	  «��� !"#$  .(3;*-$  +&0�1»: 
- 0*/7*#$  �!%�.( ; 
- "&5#��'(*-$  %/.�1 ; 
- 3�6.(&+03"�0�$  %/.�1 ; 
- %&)*#.�5�(�7"�0-$  %/.�1 . 
�!'"#$  "�*.(��6  !0&(*-4  !�/1#*/*#$  *&9#*&/.!'  !  0*/7*/)�  �!%�.(& , !  

5�%�>68  "�.�(�)�  %� *�  0-'0#.6  */  .��6"�  *&(3 *-/  1/2/".- , *�  # */"�.�(-/  
0*3.(/**#/ . �&5(#%/( , (&+*&' 0-!�.&  # 7#(#*&  70& # */(&0*�%/(*�!.6  !"�&1�"  
!0#1/./�6!.038.  �  9&!.-4  �;(-0&4  13)#, !�/1!.0#/%  "�.�(-4  '0�'8.!'  */5(�0&(- . 

�/(/1  �!%�.(�%  70-  .>&./�6*�)�  �9#>&8.!'  �.  7�&"& , �"&�#*-  # ;(-+)  
%/.&��& . ���//  .>&./�6*&'  �9#!."&  0 0#1/ �;(&;�."#  70& 5(�%-0"�$  !5#(.�%  # 
.(&0�/*#/%  10%-*-%  (&!.0�(�%  &+�.*�$  "#!��.-  5(#1&/.  703 %&.�038 5�0/(4*�!.6 , 
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*& "�.�(�$  �/)9/  +&%/.#.6 %/�"#/  .(/>#*-  # 5�(- . ��!�/  #!5��6+�0&*#'  "#!��.-  
*3 *�  */  +&;-.6  31&�#.6 //  !5#(.�%  0�  #+;/ &*#/  (&+A/1&*#' %/.&��& . 

�#+3&�6*-$  "�*.(��6  !0&(*-4  !�/1#*/*#$  0-'0�'/. , 5(/ 1/  0!/)� , *&(3 *-/  
1/2/".-  – )/�%/.(#9/!"#/  �."��*/*#'  70& (0-!�.- , 7#(#*- , "&./.& ), *&(3 *-/  5�(-  
# .(/>#*- , 5�1(/+- , */5(�0&(- , *&5�-0- . 

��'  <22/".#0*�!.#  "�*.(��'  #!5��6+38.  1�5��*#./�6*�/  %/!.*�/  �!0/>/*#/  # 
�353  !  5-10 "(&.*-%  30/�#9/*#/% . �35&  – �9/*6  5��/+*-$  #*!.(3%/*.  0 1&**�% !�39&/ , 
�*&  5�%�)&/.  0-'0#.6  %*�)#/  1/2/".- , "�.�(-/  */�6+'  (&!!%�.(/.6  */0��(3 /**-%  
)�&+�% – .�*"#/  0���!'*-/  .(/>#*- , 0-4�1'>#/  *& 5�0/(4*�!.6 , 5/(/ /)  %/.&��& , 
%&��+&%/.*-/  5�1(/+- . 	*&  5�+0��'/.  .&" /  5(�!�/1#.6 , "&" 0/1/.  !/;'  "�*"(/.*&'  
.(/>#*&  0 5(�,/!!/  <"!5�3&.&,##  – (&+(&!.&/.!'  #�#  */. . 

�(#  0*/7*/%  �!%�.(/  5(#%/*'/.!'  .&" /  #+%/(#./�6*-$  #*!.(3%/*.  1�'  
+&%/(& )/�%/.(#9/!"#4  5&(&%/.(�0  !0&(*�)�  !�/1#*/*#'  # 1/2/".�0  – 7.&*)/*,#("3�6 , 
�#*/$"& , (&+�#9*-/  7&;��*- . 

�*/7*#$  �!%�.(  # �;%/(-  !0&(*-4  70�0  */  1&8. 0�+%� *�!.#  �"�*9&./�6*�  
!31#.6  �  "&9/!.0/  !0&("# . 	*#  3!.&*&0�#0&8.  .��6"�  0*/7*#/  1/2/".-  70& # 
5�+0��'8.  �5(/1/�#.6  #4 !�%*#./�6*-/  39&!."# , "�.�(-/  %�)3.  ;-.6  5(�0/(/*-  ;��//  
1�!.�0/(*-%#  !5�!�;&%# . 

�&5#��'(*-$  "�*.(��6  �!*�0&*  *& "&5#��'(*�$  &".#0*�!.#   #1"�!./$  – #4 
!5�!�;*�!.#  0.')#0&.6!' , 5(�*#"&.6  0 %/�69&$7#/  "&*&�-  ("&5#��'(- ), #%/8>#/!'  *& 
5�0/(4*�!.#  %&./(#&��0 , 0 .�%  9#!�/  5�(-  # .(/>#*-  !0&(*-4  70�0 . �/%  0-7/  
!%&9#0&/%�!.6  #1"�!.#  # 9/% %/*67/  (&1#3! "&5#��'(& , ./% ;��67/  )�3;#*&  # 
!"�(�!.6  5(�*#"*�0/*#'   #1"�!.# . 

�  5�%�>68  "&5#��'(*�)�  "�*.(��'  %� *�  "�*.(��#(�0&.6  %&./(#&�-  �8;�)�  
0#1& # 2�(%-  – 2/((�%&)*#.*-/  # */2/((�%&)*#.*-/ , ,0/.*-/  # 9/(*-/  %/.&��-  # #4 
!5�&0- , "/(&%#"3, 5�&!.%&!!- , !./"�� . �  �!*�0*�% , "&5#��'(*-$  %/.�1  5(#%/*'8.  1�'  
�;*&(3 /*#'  */0#1#%-4  #�#  !�&;�0#1#%-4  */0��(3 /**-%  )�&+�% 5�0/(4*�!.*-4  
1/2/".�0  !  �."(-.�$  5���!.68 . 	1*&"�  !  5�%�>68  */"�.�(-4  %&./(#&��0  ("/(�!#*& , 
*&5(#%/( ) %� *�  !  3!5/4�%  �;*&(3 #0&.6  # !"0�+*-/  1/2/".- . 

�(�;�/%- , 0�+*#"&8>#/  5(#  "&5#��'(*�%  %/.�1/ : 
- "&5#��'(*&'  1/2/".�!"�5#'  !0&(*-4  70�0  5(/1*&+*&9&/.!'  1�'  3+"�)�  "(3)&  

1/2/".�0 ; 
- 1�'  0-'0�/*#'  (/+3�6.&.&  +&)�.�0"3  !�  70�%  .(/;3/.!'  !.&0#.6 0 �5(/1/�/**-/  

5��� /*#' , 9.�;-  ./"39&'   #1"�!.6  !%�)�&  5(�*#"*3.6  0*#+ 5�1  1/$!.0#/%  !#�-  
5(#.' /*#' ; 

- 1�'  //  5(�0/1/*#'  .(/;38.!'  (&!4�1*-/  %&./(#&�- , 9.�  %� /.  0-+0&.6 
.(31*�!.# , "�)1&  �*#  +&"�*9&.!' . 

��6.(&+03"�0�$  !5�!�;  #!5��6+3/.  !5�!�;*�!.6  3�6.(&+03"�0-4  0��*  
�.(& &.6!'  �.  )(&*#, , (&+1/�'8>#4  10/ 35(3)#/  !(/1-  !  (&+*-%# &"3!.#9/!"#%#  
!0�$!.0&%#. ��!�&**&'  5(#;�(�%  3�6.(&+03"�0&'  0��*& , 5(�$1'  %/.&�� , �.(& &/.!'  �.  
/)�  *# */$  5�0/(4*�!.#  # 0�+0(&>&/.!'  �;(&.*� , 2#"!#(3'!6  1&.9#"�%. �(#  *&�#9## 
0*3.(#  %/.&��&  1/2/".&  1&.9#" �.�;(&+#.  #!"& /*#/  0��*- . �&+�#9*-/  1/2/".-  
�.�;(& &8.!'  5� -(&+*�%3, 9.�  5�+0��'/.  �5(/1/�/**-%  �;(&+�%  "�&!!#2#,#(�0&.6  #4. 

��*.(��6  "&9/!.0& !0&(*-4  !�/1#*/*#$  !  5�%�>68  3�6.(&+03"�0-4  
1/2/".�!"�5�0  0 !#�3  31�;!.0&  /)�  5(�0/1/*#'  5��39#�  �9/*6  7#(�"�/  
(&!5(�!.(&*/*#/  – )�(&+1�  ;��67// , 9/% %&)*#.*&' # (&1#&,#�**&'  1/2/".�!"�5#' . �  
/)�  */1�!.&."&%  �.*�!#.!'  !�� *�!.6  (&!7#2(�0"#  !#)*&�&  ("&9/!.0/**�  !1/�&.6  
"�*.(��6  !0&(*�)�  !�/1#*/*#'  !5�!�;/*  .��6"�  !5/,#&�#!. , 5(�7/17#$  �;39/*#/ ), 
�)(&*#9/**�!.6  #!5��6+�0&*#'  1�'  %/.&���0  !  "(35*-%  +/(*�%  (&3!./*#.*-/  !.&�# , 
93)3* # 5( .). 
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	!*�0*-/  5(�;�/%- , !0'+&**-/  !  <.#% %/.�1�% : 
-  �)(&*#9/**�!.6  5��39/**�$  #*2�(%&,##  �  1/2/"./ ;  
- */"�.�(-/  .(31*�!.#  5(#  (&;�./  !  %/.&��&%# !  "(35*�+/(*#!.�$  !.(3".3(�$ , 

"�.�(-/  0�+*#"&8.  #+-+& !#�6*�)�  (&!!/'*#'  # +&.34&*#' 0��* ; 
-  */�;4�1#%�!.6  5(�0/1/*#'  5(/10&(#./�6*�$  5�1)�.�0"#  5�0/(4*�!.#  70&. 
��'  .�)�  9.�;-  3�397#.6  "�*.(��6  "&9/!.0& !5#(&�6*�7�0*-4  .(3; , 

(/"�%/*13/.!'  0*/1(#.6  *& 5(/15(#'.#/  
	  «��� !"#$  .(3;*-$  +&0�1» %/.�1  
0#4(/0-4  .�"�0 . 

	*  */  5(#0�1#.  "  (&+(37/*#8  �;(&+,& , .&" 9.�  /)�  %� *�  5(#%/*'.6  ;/+�5&!*�  
1�'  !&%�$ +&)�.�0"# . 	!*�0*-%  5(#*,#5�%  1/$!.0#' , *& "�.�(�%  �!*�0&*&  (&;�.&  
3!.(�$!.0&  "�*.(��' , '0�'/.!'  0+&#%�1/$!.0#/ <�/".(�%&)*#.*-4  5��/$  0#4(/0-4  
.�"�0  # 5��/$  0#4(/.�"�0�)�  5(/�;(&+�0&./�' . �!/  <.�  5�14�1#.  1�'  (&;�.-  !  
)(&2#.�% , %/.&���% , (&+�#9*-%#  !5�&0&%#, 5��35(�0�1*#"&%#  # 5(�9#%# 
%&./(#&�&%#. �&(&%/.(-  +�*-  "�*.(��' , "  5(#%/(3 , .&"�$  "&" )�3;#*&  5(�*#"*�0/*#' , 
+&0#!'. �.  %�>*�!.#  <�/".(�%&)*#.*�)�  5��' , 5(#  5�%�>#  "�.�(�)�  #!!�/138.  �;A/". . 
�/%  �*�  ;��67/ , ./% ;��67#$  39&!.�"  %� *�  +&40&.#.6. 

�#4(/.�"�0-$  "�*.(��6  !0&(*-4  !�/1#*/*#$  5�%�)&/.  �5(/1/�#.6  
)/�%/.(#9/!"#/  (&+%/(-  # !.(3".3(3  #+39&/%�)� �;A/".& . ��&)�1&('  1&**�%3 %/.�13  
%� *�  �5(/1/�#.6  */  .��6"�  *&�#9#/  */!5��7*�!./$ , *�  # #4 %/!.�  (&!5��� /*#' , .&" 
"&" 1&�/"�  */  0!/  #+ *#4 (&!5��&)&8.!'  *& 0#13, & %�)3.  +&�/)&.6 *& (&+�#9*�$  )�3;#*/ . 
�&**-$  %/.�1  5�%�)&/.  �5(/1/�#.6  *&�#9#/  .(/>#*  (&+�#9*�)�  .#5&, (&"�0#* , 
+&"&.�0, (&!!��/*#$ , *&�#9#/  */%/.&��#9/!"#4  0"�89/*#$ , 5�(  # 5(�9#4  0#1�0 
1/2/".�0  !0&(*-4  70�0 . 

�#4(/.�"�0-$  "�*.(��6  !0&(*-4  70�0  5�%�)&/.  �5(/1/�'.6  *&�#9#/  .(/>#*  
(&+%/(�% �.  1 %% # *& )�3;#*/  �.  1% �.*�!#./�6*�  1#&%/.(&. �(/1/�  #+%/(/*#'  
*&4�1#.!'  0 1#&5&+�* �.  */!"��6"#4  %#"(�%/.(�0  1�  */!"��6"#4  1/!'."�0  
%#��#%/.(�0 , & 5�)(/7*�!.6  #+%/(/*#'  0 !(/1*/%  !�!.&0�'/.  3-4%. �#*#%&�6*&'  
5��>&16  "�*.(��'  !�!.&0�'/.  1 "0&1(&.*-$  %#��#%/.( . :.�.  0#1 1/2/".�!"�5##  
!0&(*-4  70�0  #!5��6+3/.!'  1�'  �5(/1/�/*#'  +&+�(�0, 0#;(&,#$  # 5/(/%/>/*#$  0 
(&+�#9*-4  %/4&*#+%&4 # %&7#*&4. �.(3".3(*�/  !�!.�'*#/  �5(/1/�'/.  2#+#9/!"#/  # 
%/4&*#9/!"#/  !0�$!.0&  #!!�/13/%-4  %&./(#&��0 , .&" 9.�  5�1(�;*�/  #4 #+39/*#/  5(#  
5�%�>#  0#4(/0�)�  1/2/".�!"�5&  5�+0��'/.  �5(/1/�#.6  *&�#9#/  �."��*/*#$  0 
!.(3".3(/  # 5(#*'.6  (/7/*#/ , 1�53!.#%-  �#  .&"#/  0#1-  �."��*/*#$  5(#  5�&*#(3/%-4  
3!��0#'4  <"!5�3&.&,## . 

��!.�#*!.0& : 
-  5(�#+0�1#./�6*�!.6  1&**�)�  %/.�1& *&4�1#.!'  *& �9/*6  0-!�"�%  3(�0*/ ; 
-  !"�(�!.6  &*&�#+& %� /.  !�!.&0�'.6 , 5(#%/(*� , 10 %% 0 !/"3*13 ; 
-  "�*.(��6  %� /.  5(�0�1#.6!'  *& 5�0/(4*�!.'4  !  7/(�4�0&.�!.68  Rz30; 
- "�*.(��6  %� /.  5(�0�1#.6!'  1& /  5(#  *&�#9## 0/(4*/)�  !��'  */%&)*#.*�)�  

5�"(-.#' , "�.�(-$  1�!.#)&/.  1�  2 %%; 
- 5(�,/13(&  %� /.  5(�0�1#.6!'  1& /  5(#  �)(&*#9/**�%  1�!.35/  "  5�0/(4*�!.# ; 
- 0�+%� *&  (&;�.&   !  1/.&�'%#  !�� *�$  "�*2#)3(&,## . 
�+  */1�!.&."�0  .��6"� : 
- "�*.(��6  !0&(*-4  !�/1#*/*#$  0#4(/.�"�0-%  %/.�1�%  .(/;3/.  5(#%/*/*#'  

!5/,#&�#+#(�0&**�$  ./4*#"# ; 
- 1�'  (&;�.-  !  5(#;�(�%  "�*.(��'  */�;4�1#%�  �;�&1&.6  !��.0/.!.038>#%#  

*&0-"&%#. 
 
 
 



 

�#./(&.3(& : 
1. �	��  �  56512

%/.�1 . �#5�0-/  ./4*���)#9/!"#/
2. �	��  �  ��	  17640

��6.(&+03"�0�$  "�*.(��6 . �/4*���)#'
3. �	��  18442-80. 

.(/;�0&*#'  (!  �+%/*/*#'%#  N 1, 2)
4. �	��  �  55611

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

2. �/4*���)#'  7�# 2�0&*#'
�/4*���)#'  %#*#%&�6*�)�  
�4�& 1&8>#$  <22/". , !(&0*#%-$
!%&+-0&*#', 5(#  <.�% �;�&1&'
�9/*6  %&�� #!!�/1�0&*#$  0�#'*#'
1&0�/*#/  0�+134&, *& 5(�#+0�1#./�6*�!.6
0"�89&/.  0 !/;'  "&" (/ 3>#/
;&�&*!  �4�& 1/*#'  # !%&+-0&*#'
7�#2�0&*#' , "�.�(38  %� /.

3. CAMQL-7�#2�0&*#/
CAMQL-7�#2�0&*#/  (7�#2�0&*#/
0�+137*-%  �4�& 1/*#/% ) –
0-1/�/*#'  ./5�&  0 +�*/  (/+&*#'
0�+134& 5(�#!4�1#.  +& !9/.  0#4(/0�)�
(&+1/�/*#/  )&+& *& )�('9#$  5/(#2/(#$*-$

�#!3*�"  1 – �#4(/0&' .(3;&
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 56512-2015 ��*.(��6  */(&+(37&8>#$ . �&)*#.�5�(�7"�0-$
./4*���)#9/!"#/  5(�,/!!- . 

��	  17640-2016 �/(&+(37&8>#$  "�*.(��6  !0&(*-4
"�*.(��6 . �/4*���)#' , 3(�0* # "�*.(��'  # �,/*"# . 

80. ��*.(��6  */(&+(37&8>#$ . �&5#��'(*-/
�+%/*/*#'%#  N 1, 2) 

 55611-2013 ��*.(��6  */(&+(37&8>#$  0#4(/.�"�0-$
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 &(�5(�9*-4  *#"/�/0-4  !5�&0�0  
*#"/�'  &".#0*�  5(#%/*'8.  0 !.(�/*##  )&+�0-4  .3(;#*

*/2./5/(/(&;&.-0&8>/)�  �;�(31�0&*#' . :.�
<"!5�3&.&,#�**-%#  4&(&"./(#!.#"&%#  0 3!��0#'4
4�(�7#%  !�5(�.#0�/*#/%  "�((�+##  0 )&+�0-4  

.&" / �;�&1&8.  ('1�%  */1�!.&."�0 , 5(/ 1/  0!/)�
4(�%& 1/�&/.  <.# !5�&0-  �9/*6  1�(�)#%# . �.�(-%

 &(�5(�9*-/  !5�&0-  .(31*�  �;(&;&.-0&.6 . 
2�0&*#'  !  %#*#%&�6*�$ 5�1&9/$ �	�  (MQL)

%#*#%&�6*�)�  "��#9/!.0&  !%&+-0&*#' (MQL) �;/!5/9#0&/.
!(&0*#%-$  !  �4�& 1/*#/%  5(#  .(&1#,#�**�%

�;�&1&'  ;��//  0-!�"#%  3(�0*/%  <"���)#9*�!.#
#!!�/1�0&*#$ 0�#'*#'  5&(&%/.(�0  MQL, .&"#4 "&" !"�(�!.6

5(�#+0�1#./�6*�!.6  7�#2�0&*#' . ��!"��6"3
(/ 3>#/ , .&" # !"��6+'>#/  10# /*#' , */�;4�1#%�

!%&+-0&*#', 5�<.�%3  */�;4�1#%&  "�*.(��#(3/%&'
%� /.  �;/!5/9#.6  MQL. 

7�#2�0&*#/  
7�#2�0&*#/  !  %#*#%&�6*-% "��#9/!.0�%

– <.�  �1#*  #+ 0&(#&*.�0  (/7/*#'  5(�;�/%-
+�*/  (/+&*#'  #+-+& %&��)�  "��#9/!.0&   #1"�!.#

!9/.  0#4(/0�)�  <22/".& . �  ,#�#*1(#9/!"�$  .(3;/
)�('9#$  5/(#2/(#$*-$  5�.�"  # 4���1*-$  ,/*.(&�6*-$

 

�#4(/0&'  .(3;&  

�&)*#.�5�(�7"�0-$  

"�*.(��6 !0&(*-4  !�/1#*/*#$ . 

�&5#��'(*-/  %/.�1- . 	;>#/  

0#4(/.�"�0-$ . �/(%#*-  # 

������������  ��� ���  �  
�������  ����  

 
�
������
�
�  

)&+�0-4  .3(;#* , (&"/.*� -
�;�(31�0&*#' :.�  !0'+&*�  !  #4 

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

0!/)�  – 1�(�)�0#+*�$ . 
�.�(-%  */1�!.&."�%  

 (MQL) 
�;/!5/9#0&/.  �397#$  
.(&1#,#�**�%  %/.�1/  

<"���)#9*�!.# . �-��  5(�0/ 1/*�  
!"�(�!.6  5�.�"&  %&!�& # 

��!"��6"3  7�#2�0&*#/  
*/�;4�1#%�  �;/!5/9#.6  
"�*.(��#(3/%&'  !(/1&  

"��#9/!.0�%  !%&+-0&*#' # 
5(�;�/%-  5�0-7/**�)�  
 #1"�!.# . 	4�& 1/*#/  

,#�#*1(#9/!"�$  .(3;/  5(�#!4�1#.  
,/*.(&�6*-$ .  



 

4. ��#2�0&*#/   &(�5(�9*-4
MQL # CAMQL 

MQL !  0�+137*-%
5�0/(4*�!.'%#  "(3)&  # 1/.&�#
5(#0�1#.  "  !*# /*#8  "�<22#,#/*.&

 

�#!3*�"  2 – �*&9/*#'
!#�- . 

 

�#!3*�"  3 – ��<22#,#/*.  .(/*#'

5. �&!.#./�6*-/  %&!�&
5(#%/*/*#/%  MQL 
�!�#  �!*�0-0&.6!'  *& ./�(##
./5���;%/**&'  !5�!�;*�!.6  .0/(1�)�
!0�8  �9/(/16 , �397/ , 9/% 
*&*� #1" �!.#  0 ;#�(&+�&)&/%�/
.0/(1-4  *&*�9&!.#, . �&*� #1"�!.6
*&5(&0�'/.!'  0 +�*3  7�#2�0&*#'
23*",##  �4�& 1/*#' , 31&�/*#'
23*",#�*#(3/.  "&" !%&+"&
7�#2�0&*#' .  
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 &(�5(�9*-4  *#"/�/0-4  !5�&0�0  !  #!5��6+�0&*#/%

0�+137*-%  �4�& 1/*#/%  <22/".#0*�  !*# &/.  
1/.&�# , 5�11/( #0&'  0'+"�!.6  %&!�&, 9.�  0

"�<22#,#/*.&  .(/*#' . 

�*&9/*#'  !#�  (/+&*#'  - (a) .&*)/*,#&�6*�$  !#�-

 

��<22#,#/*.  .(/*#'  

%&!�& # *&*�9&!.#,-  5(#  7�#2�0&*##   &(�5(�9*-4

./�(##  5�0-7/*#'  ./5��5/(/1&9#  (Zhang et al., 2013), 
!5�!�;*�!.6  .0/(1�)�  ./�&  5(/0-7&/.  .&"�038  3  #1"�!.#

9/% 3 )&+&. �!4�1'  #+ <.�$  �!�;/**�!.# , 1�'
;#�(&+�&)&/%�/  %&!��  MQL 1�;&0�'8.  �5(/1/�/**�/

�&*� #1"�!.6  (&!5-�'/.!'  )&+�% 0-!�"�)�
7�#2�0&*#'  0 0#1/ !5(/' . �&+ 0-!�"�)�  1&0�/*#'

31&�/*#'  !.(3 "#  # 5/( /*�!&   #1"�!.#
!%&+"&, & *&*�9&!.#,-  30/�#9#0&8.  ./5���;%/*

#!5��6+�0&*#/%  ./4*���)##  

!*# &/.  .(/*#/  %/ 13  
9.�  0 "�*/9*�%  #.�)/  

 

!#�- , (b) *�(%&�6*�$  

 &(�5(�9*-4  !5�&0�0  !  

 (Zhang et al., 2013), .�  
 #1"�!.# , "�.�(&' , 0 

�!�;/**�!.# , 1�'  �;(&+�0&*#'  
�5(/1/�/**�/  "��#9/!.0�  

0-!�"�)�  1&0�/*#'  # 
1&0�/*#'  0-5��*'/.  

 #1"�!.# . �&!��  MQL 
./5���;%/*  0 +�*/  



 

�#!3*�"  4 – ��<22#,#/*.  .(/*#'

6. �/.�1#"&  <"!5/(#%/*.&
��'  5(�0/1/*#'  #!!�/1�0&*#'
��1&9&  %&!�& �!3>/!.0�'�&!6

�#!3*�"  5 – :"!5/(#%/*.&�6*&'

7. �/+3�6.&.-  �5-.�0

�#!3*�"  6 – �/(�4�0&.�!.6
(&!.#./�6*-%#  %&!�&%# 
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��<22#,#/*.  .(/*#'  5(#  (&+�#9*-4  3!��0#'4  �;(&;�."#  

<"!5/(#%/*.&  
#!!�/1�0&*#'  #!5��6+�0&�!'  5��!"�7�#2�0&� 6*-$

�!3>/!.0�'�&!6  !  5�%�>68  !#!./%-  5�1&9# spraymat - 700 mini.

 

:"!5/(#%/*.&�6*&'  3!.&*�0"&  

�5-.�0  

 

�/(�4�0&.�!.6  5�0/(4*�!.#  5�!�/  MQL-7�#2�0&*#'

 

6*-$  !.&*�"  3711. 
700 mini. 

7�#2�0&*#'  !  (&+�#9*-%#  



 

�#!3*�"  7 – �*&9/*#'  5&(&%/.(&
!%&+�9*�$ !(/1-  
 
�#./(&.3(& : 

1. Zhang, Q., Li, C. and Wang, S. Analysis of cooling characteristic for minimum 
quantity lubrication with nanoparticles / Zhang, Q., Li, C. and Wang, S. //
Technology & Machine Tool, No. 3, pp.91

2. Hwang, Y., Park, H. S., Lee, J. K. and Jung, W. H. Thermal Conductivity and 
Lubrication Characteristics of Nanofluids / Hwang, Y., Park, H. S., Lee, J. K. and Jung, W. H. 
// Current Applied Physics, Vol. 6S1, pp. 67

3. Silva L.R., Bianchi E.C., Fusse R.Y., Catai R.E., FranÇa T.V., Aguiar P.R. 
Analysis of surface integrity for minimum quantity lubricant
Bianchi E.C., Fusse R.Y., Catai R.E., FranÇa T.V., Agu
47:412–418 (2007). 
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��#2�0&*#/  – <.�  5(�,/!!

(/ 3>#%#  "(�%"&%# &;(&+#0*-4

;(&+#0*-/  +@(*&, 39&!.038>#/
./5��0�/  # 4#%#9/!"�/  0�+1/$!.0#/
(/+3�6.&./  .&"�)�  0�+1/$!.0#'
5�'0�/*#/  5��>&1�"  #+*�!&
!0'+"#  "(3)& , *&�#5&*#/  9&!.#9/"
5�(  "(3)&  %/.&��#9/!"�$  
34317&8.!' , *&(37&/.!'  /)�
5/(0�*&9&�6*�/  !�!.�'*#/  "(3)&

�( &0"& 5(/1!.&0�'/.  !�;�$
"(3)& , "�.�(-$  �!3>/!.0�'/.!'
.(#  !5�!�;&  5(&0"#: �;.&9#0&*#/

174 

 

5&(&%/.(& Ra 5�!�/  7�#2�0&*#'  !  (&+�#9*-%#

Zhang, Q., Li, C. and Wang, S. Analysis of cooling characteristic for minimum 
quantity lubrication with nanoparticles / Zhang, Q., Li, C. and Wang, S. //
Technology & Machine Tool, No. 3, pp.91–96. (2013) 

Hwang, Y., Park, H. S., Lee, J. K. and Jung, W. H. Thermal Conductivity and 
Lubrication Characteristics of Nanofluids / Hwang, Y., Park, H. S., Lee, J. K. and Jung, W. H. 

Physics, Vol. 6S1, pp. 67–71, 2006. 
Bianchi E.C., Fusse R.Y., Catai R.E., FranÇa T.V., Aguiar P.R. 

Analysis of surface integrity for minimum quantity lubricant-MQL in grinding / Silva L.R., 
Bianchi E.C., Fusse R.Y., Catai R.E., FranÇa T.V., Aguiar P.R. // Int J Machine Tools Manuf 
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<.�  5(�,/!!  0-!�"�!"�(�!.*�)�  %#"(�(/+&*#'
&;(&+#0*-4  +/(/* , +&"(/5�/**-4  *& (&;�9/$  5�0/(4*�!.#
39&!.038>#/  0 (&;�./ , #!5-.-0&8.  5/(#�1#9/!"�/

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

*&�#5&*#/ 9&!.#9/"  %/.&��&  *& 0/(7#*&4  (/ 3># 4 "(�%�"
%/.&��#9/!"�$  !.(3 "�$ . :"!5�3&.&,#�**-/  !0�$!.0&
*&(37&/.!' /)�  5(&0#�6*&'  )/�%/.(#9/!"&'  2�(%& #, 9.�;-

!�!.�'*#/  "(3)&  # /)�  (/ 3>#/  !0�$!.0& , */�;4�1#%&  /)�
5(/1!.&0�'/.  !�;�$  !A@% &;(&+#0*�)�  %&./(#&�& # !0'+"#
�!3>/!.0�'/.!'  !5/,#&�6*-%#  5(&0'>#%# #*!.(3%/*.&%#

�;.&9#0&*#/ , �;"&.-0&*#/  # 7�#2�0&*#/ . 

(&+�#9*-%#  3!��0#'%#  

Zhang, Q., Li, C. and Wang, S. Analysis of cooling characteristic for minimum 
quantity lubrication with nanoparticles / Zhang, Q., Li, C. and Wang, S. // Manufacturing 

Hwang, Y., Park, H. S., Lee, J. K. and Jung, W. H. Thermal Conductivity and 
Lubrication Characteristics of Nanofluids / Hwang, Y., Park, H. S., Lee, J. K. and Jung, W. H. 

Bianchi E.C., Fusse R.Y., Catai R.E., FranÇa T.V., Aguiar P.R. 
MQL in grinding / Silva L.R., 

iar P.R. // Int J Machine Tools Manuf 

�
����� ������   

 
�
������
�
�  

%#"(�(/+&*#'  %/�69&$7#%# 
(&;�9/$  5�0/(4*�!.#  "(3)& . 

5/(#�1#9/!"�/  !#��0�/ , 
�;(&;&.-0&/%�$  1/.&�68 . �  

(/ 3>#4  "(�%�"  +@(/*, 
0-(-0&*#/  ,/�-4  +@(/* #+ 

"(�%�"  # +&5��*/*#/  
!0�$!.0&  .&"�)�  "(3)&  

# 9.�;-  0�!!.&*�0#.6  
*/�;4�1#%&  /)�  5(&0"&. 

!0'+"#  !  5�0/(4*�!.#  
#*!.(3%/*.&%# . �(#%/*'8.  
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�#!3*�"  1 – �5�!�;-  5(&0"# 7�#2�0&�6*-4  "(3)�0  
&) �;.&9#0&*#/ , %/! ; ; ) �;"&.-0&*#/ , %/! ; 0) 7�#2�0&*#/ , %/! . 

 
�(#  5(&0"/  �;.&9#0&*#/% ((#! . 1, &) 5(&0'>#$  #*!.(3%/*.  0-5��*'/.  (��6  

(/+,& . �&"�$  !5�!�; , ;3139# *&#;��//  5(�!.-%  # *&1/ *-% , 0%/!./  !  ./% 0-+-0&/.  
*&#;��67//  #+*&7#0&*#/ 5(&0'>/)�  #*!.(3%/*.& , 5�<.�%3  .&"#% 3!��0#'%  %� /.  
31�0�/.0�('.6  .��6"�  &�%&+*-$ #*!.(3%/*. , �;�&1&8>#$  *&#;��67/$  
#+*�!�!.�$"�!.68 . �(&0'>#%#  #*!.(3%/*.&%#  !�3 &. : &�%&+*-/ "&(&*1&7#, &�%&+*-/ 
+/(*& (!  /!./!.0/**-%#  )(&*'%# ), +&"(/5�/**-/  0 �5(&0&4; &�%&+*-/ #*!.(3%/*.- , 
(/ 3>&'  9&!.6 "�.�(-4  #!"3!!.0/**�  �)(&*#0&/.!'  (7�#23/.!' ) 5�  �5(/1/�/**�$  
)/�%/.(#9/!"�$  2�(%/  – (/+,- , #)�- , )(/;/*"# . 

�(&0"&  �;"&.-0&*#/%  ((#! .1, ; ) – 5(�,/!!  1(�;�/*#'  # !"&�-0&*#'  �.  
0�+1/$!.0#'  #*!.(3%/*.&  "(3)��$  2�(%-  0(&>&8>/)�!'  �.  "�*.&".&  !  0(&>&8>#%!'  
"(3)�% . ��'  <.�)�  !.&�6*-/  1#!"#  !  +&"&�/**-%#  5�0/(4*�!.'%# , "&(;#1�"(/%*#/0-/  
"(3)# , (��#"#  #+ .0/(1-4  !5�&0�0  # 7&(�7"# -+0/+1�9"#. �/1�!.&."�%  1&**�)�  !5�!�;&  
5(&0"# '0�'/.!'  # �.*�!#./�6*�  */0-!�"&'  .�9*�!.6  �;(&;�."# , 1�!.�#*!.0&%#  – 
0-!�"&'  5(�#+0�1#./�6*�!.6  # �.!3.!.0#/  +&)�& #0&*#'  5�0/(4*�!.# . �&!.�  
#!5��6+3/.!'  0 "&9/!.0/  5(/10&(#./�6*�$  �5/(&,##  5/(/1  �;(&;�."�$  &�%&+*-% 
#*!.(3%/*.�% . 

��#2�0&*#/  ((#! .1, 0) – ./4*���)#'  3!.(&*/*#'  5�!�/1!.0#$  #+*�!&  
7�#2�0&�6*-4  "(3)�0  5�!(/1!.0�%  "�*.&".&  !  &;(&+#0*-% #*!.(3%/*.�% , 
5(#0�1#%-% 0 1/$!.0#/  !�;!.0/**-%  5(#0�1�% . ��#2�0&*#/  %� /.  5(�#+0�1#.6!'  
&�%&+*-%# (��#"&%# , <�6;�(�0-%#  #�#  &�%&+*-%# "(3)&%#, 1#!"&%# #+ .0/(1-4  
!5�&0�0  # 1( . #*!.(3%/*.�% , �!6  0(&>/*#'  "�.�(�)�  %� /.  ;-.6  "&" 5&(&��/�6*�$ , .&" 
# 5/(5/*1#"3�'(*�$  �!#  0(&>/*#'  �;(&;&.-0&/%�)�  1#!"&. �/1�!.&.�"  !5�!�;&  – 
*/�;4�1#%�!.6  0 !5/,#&�6*�%  5(#!5�!�;�/*##  1�'  5(&0"# 7�#2�0&�6*-4  "(3)�0 , . . " . 
(39*�/  0(&>/*#/  */  1�53!"&/.!'  #+-+& 0�+%� *-4  1/2/".�0  )/�%/.(##  5(#  �;(&;�."/ . 

�/(#�1  (&;�.-  "(3)&  %/ 13  103%' 5(&0"&%# 4&(&"./(#+3/.  /)�  !.�$"�!.6 . 
�.�$"�!.6  – <.�  !5�!�;*�!.6  7�#2�0&�6*�)�  "(3)&  5(�.#0�!.�'.6  5(�,/!!&%  

+&.35�/*#'  /)�  (/ 3>#4  "(�%�" , *&�#5&*#'  %/.&��&  *& /)�  (&;�938  5�0/(4*�!.6  # 
*&(37/*#'  /)�  5(&0#�6*�$  )/�%/.(#9/!"�$  2�(%- . �*./*!#0*�!.6  <.#4 5(�,/!!�0 , & 
!�/1�0&./�6*� , # 5/(#�1  !.�$"�!.#  "(3)&  +&0#!'. �.  /)�  (&+%/(�0 # 4&(&"./(#!.#"# , 
%&./(#�& # "�*2#)3(&,##  �;(&;&.-0&/%�$  1/.&�# , (/ #%�0  (/+&*#' ,  /!."�!.#  # 
0/.(�3!.�$9#0�!.#  7�#2�0&�6*�)�  !.&*"&  # !(/1- , 0 "�.�(�$  #1@. 7�#2�0&*#/ . 

�&"  "&" 7�#2�0&*#/ , )�&0*-%  �;(&+�% , '0�'/.!'  5(�,/!!�%  �"�*9&./�6*�$  
�;(&;�."#  1/.&�# , .�  �;-9*�  5�1;#(&8.  .&"#/  4&(&"./(#!.#"#  7�#2�0&�6*-4  "(3)�0  # 
(/ #%-  (/+&*#' , "�.�(-/  */  5(#0�1'.  "  #*./*!#0*�%3  #+*�!3  "(3)& . ��)1&  (&;�.&  
"(3)&  5(�#!4�1#.  !  5(/#%3>/!.0/**-%  +&.35�/*#/%  /)�  (/ 3>#4  "(�%�" , *&�#5&*#/% 
%/.&��&  *& +&.35�/**-/  0/(7#*-  # +&!�(/*#/%  5�(  (&;�9/$  5�0/(4*�!.#  "(3)&  
!.(3 "�$ . 	;-9*�  5�!�/1*//  �;!.�'./�6!.0�  */  '0�'/.!'  �#%#.#(38>#%  1�'  
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;��67#*!.0&  �5/(&,#$  7�#2�0&*#' , .&" "&" ;��67&'  9&!.6 !.(3 "#  31&�'/.!'  !  
 #1"�!.68  #�#  5�1  1/$!.0#/%  ,/*.(�;/ *-4  !#� . 

�0/�#9/*#/  !#�-  (/+&*#' , 0-+0&**�/  +&.35�/*#/%  "(3)& , 0/1/.  "  5�0-7/**�%3  
#+*�!3  "(3)&  # "  (�!.3  35(3)#4 �. &.#$  0 ./4*���)#9/!"�$  !#!./%/ . �(#  <.�% !"�(�!.6  
!A@%& %/.&��&  3%/*67&/.!'  +& !9/.  #+*�!&  "(3)&  # 35(3)#4 �. &.#$  0 !#!./%/ . �(#  
�5(/1/�/**-4  3!��0#'4 , "�)1&  7�#2�0&�6*-$  "(3) , & .�9*//  !0'+"&, */  %� /.  
0-1/( &.6  30/�#9#0&8>38!'  *&)(3+"3, 5(�#!4�1#.  (&+(37/*#/  (/ 3>/$  5�0/(4*�!.#  
"(3)& . 

�(#./(##  �,/*"#  (&;�9#4  4&(&"./(#!.#"  "(3)&  (*&9&�&) 5(&0"# %�)3.  ;-.6 : 
– 9#!.�.&  5�0/(4*�!.#  (7/(�4�0&.�!.6 ), 0-!�.&  */(�0*�!./$  �;(&;�.&**�$  

5�0/(4*�!.#  1/.&�# ; 
– �."��*/*#/  2�(%-  (0��*#!.�!.6 , �)(&*"& ); 
– 1(�;�/*#/  *& 5�0/(4*�!.# ; 
– 5�'0�/*#/  5(# �)�0 ; 
– 30/�#9/*#/  !#�-  (/+&*#' ; 
– 5�0-7/*#/  <22/".#0*�$  %�>*�!.# ; 
– 5�'0�/*#/  !5/,#2#9/!"�)�  73%&, 0#;(&,## ; 
– %#*#%&�6*&' !/;/!.�#%�!.6  �5/(&,##  7�#2�0&*#'  !  39/.�%  5(&0"#. 

�%&+*-$  5(&0'>#$  #*!.(3%/*.  2�(%#(3/.  0 5(�,/!!/  5(&0"# (/�6/2  (&;�9/$  

5�0/(4*�!.#  "(3)& , �.  "�.�(�)�  0�  %*�)�%  +&0#!#. <22/".#0*�!.6  �5/(&,##  
7�#2�0&*#' . 	!�;�/  +*&9/*#/  5(&0"& 7�#2�0&�6*-4  "(3)�0  #%//.  0 !�0(/%/**�%  
&0.�%&.#+#(�0&**�% 5(�#+0�1!.0/ . �1/!6  �*&  5(�#+0�1#.!'  0 &0.�%&.#9/!"�%  (/ #%/  # 
5(&0'>#$  #*!.(3%/*.  1�� /*  0�!!.&*&0�#0&.6  5(�2#�6  # !.&;#�6*-/  5&(&%/.(-  
(/�6/2&  (&;�9/$  5�0/(4*�!.#  "(3)&  */+&0#!#%� �.  !./5/*#  /)�  #+*�!& . 	1*#%  #+ 
5/(!5/".#0*-4  53./$  (/7/*#'  <.�$  5(�;�/%-  '0�'/.!'  5(#%/*/*#/  5(&0"# 
7�#2�0&�6*-4  "(3)�0  !  *&�� /*#/%  *& 5(&0'>#$  #*!.(3%/*.  %/4&*#9/!"#4  
"��/;&*#$  3�6.(&+03"�0�$  9&!.�.-  – 3�6.(&+03"�0�$  5(&0"# (��� ). ���  �;/!5/9#0&/.  
5�0-7/*#/  (/!3(!&  (&;�.-  &�%&+*-4 5(&0'>#4  #*!.(3%/*.�0  #+-+& !*# /*#'  
+&0#!#%�!.# #4 #+*�!&  *& (/ 3>38  !5�!�;*�!.6  "(3)& . 

�(#  5(&0"/  7�#2�0&�6*-4  "(3)�0 , !  ,/�68  +&%/*- &�%&+&, 5(#%/*'8.!'  
&;(&+#0*-/  # %/.&��#9/!"#/  #*!.(3%/*.- , *&5(#%/( , 5(#*31#./�6*�  0(&>&/%-/  
"&(&*1&7#. �5(�9/%  5(&0"& .&"#%# #*!.(3%/*.&%#  5�  .�9*�!.#  3!.35&/.  5(&0"/  
&�%&+&%#, .&" "&" +& 0(/%'  5(�4� 1/*#'  0-5(&0�'/%�$  5�0/(4*�!.#  7�#2�0&�6*�)�  
"(3)&  �8;�$  #+ #+0/!.*-4  +&%/*#./�/$  #+*&7#0&/.!'  +*&9#./�6*�  ;��67/ , 9/% &�%&+ 
[1]. 

�  *&9&�/ 5(�4�1&  +&%/*#./�6  !*#%&/.  !  "(3)&  ;��67#$  !��$ , 9/% 0 "�*,/  
5(�4�1& , # 5�<.�%3  5�0/(4*�!.6  0-5(&0�'/%�)�  "(3)&  */  #%//.  .�$  &;!��8.*�  
5(&0#�6*�$  2�(%- , "�.�(38  /$  %� /.  5(#1&.6 &�%&+. �(#*31#./�6*�  0(&>&/%-$ 
&;(&+#0*-$  "&(&*1&7 3!.&*&0�#0&8.  0 1/( &0"/  *&"��**�  # 5�10/()&8.  /)�  !  �1*�$  
!.�(�*-  0�+1/$!.0#8  5(3 #*- , !.(/%'>/$!'  5(# &.6  /)�  "  7�#2�0&�6*�%3  "(3)3 , & !  
1(3)�$  !.�(�*-  – 1/$!.0#8  �5�(*-4  (��#"�0 , �)(&*#9#0&8>#4  /)�  0-10# /*#/  5�  
*&5(&0�/*#8  "  "(3)3 . 

�&!!%�.(#%  !5�!�;  5(&0"# 7�#2�0&�6*�)�  "(3)& , 5(#  "�.�(�%  /)�  0(&>&8. , & 
(&;�938  5�0/(4*�!.6  *&)(/0&8.  �39�%  �&+/(&. �/�68  1&**�)�  %/.�1& '0�'/.!'  
5�0-7/*#/  !.�$"�!.#  "(3)&  +& !9/.  31&�/*#'  +&.35#07#4!'  +@(/* 5(#  ./(%�31&(/  
!0'+"#  [2]. 

�&;�938  5�0/(4*�!.6  0(&>&8>/)�!'  "(3)&  *&)(/0&8.  �39�%  �&+/(&, "�.�(-$  
5/(#�1#9/!"#  5/(/%/>&8.  "  */$  5�1  3)��% , 1�  ./%5/(&.3(-  (&+(37/*#'  !0'+"#  5(#  
./(%�31&(/  !  5�1&9/$ !%&+�9*�-�4�& 1&8>/$   #1"�!.#  0 +�*3  5(&0"#. 
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�0'+"&  &;(&+#0*�)�  "(3)&  5�10/()&/.!'  ;-!.(�%3  *&)(/03  # �4�& 1/*#8 , 9.�  
5(#0�1#.  "  ./(%�31&(3 , "�.�(-$  !5�!�;!.03/.  (&!.(/!"#0&*#8  # 0-"(&7#0&*#8  
!0'+"# . �  !0'+#  !  <.#% 0�+137*-/  5�.�"# , �;(&+3/%-/  0(&>&8>#%!'  "(3)�% , # 5�.�"  
!%&+�9*�-�4�& 1&8>/$!'   #1"�!.#  +&40&.-0&8. # !;(&!-0&8.  !  (&;�9/$  5�0/(4*�!.#  
(&+(37/**38  !0'+"3 , ./% !&%-% +&.35#07#/!'  &;(&+#0*-/  +@(*& #+-+& 0-5&1/*#'  
!0'+"#  ./('8.  �5�(3 , 31&�'8.!'  !  5�0/(4*�!.#  0(&>&8>/)�!'  "(3)&  # 1&8. 0-4�1  *& 
(&;�938  5�0/(4*�!.6  *�0-%  +@(*&%, "�.�(-/  �;�&1&8.  �397/$  (/ 3>/$  
!5�!�;*�!.68 . 

�(&0"&  7�#2�0&�6*-4  #*!.(3%/*.�0  !  5(#%/*/*#/%  �&+/(& 0 *&!.�'>//  0(/%'  
'0�'/.!'  5/(!5/".#0*-%  *&5(&0�/*#/% . �(&0"&  "(3)�0  %/4&*#9/!"#%# !5�!�;&%#  
("&(&*1&7&%#, (��#"&%# ) */  1&@. !.&;#�6*-4  (/+3�6.&.�0  5(#  7�#2�0&*## , 5(#9/% 
!3>/!.0/**�/  +*&9/*#/  �"&+-0&/.  �!.(�.&  &�%&+*-4 +/(@* # (/ #%-  5(&0"#. 

�  ,/�68  5�0-7/*#'  !.&;#�6*�!.#  (/+3�6.&.�0  # !*# /*#'  .(31�/%"�!.#  
(&;�9/)�  0(/%/*#  5(/1�&)&/.!'  #!5��6+�0&.6  5(&0"3 !  5(#%/*/*#/%  �&+/(&, "�.�(-$  
0�#'/.  *& !.�$"�!.6  7�#2�0&�6*-4  "(3)�0 . 
 
�#./(&.3(& : 

1. �&+& 5&./*.�0  ���� : �&./*.  62679, �(#!5�!�;�/*#/  1�'  5(&0"# 
7�#2�0&�6*-4  "(3)�0  5(#*31#./�6*�  0(&>&/%-% &;(&+#0*-% "&(&*1&7�%. �#(8"�0  
� .� . 1943. 

2. �&+& 5&./*.�0  ���� : �&./*.  1668122, �!.(�$!.0�  1�'  5(&0"# 7�#2�0&�6*�)�  
"(3)& . ��(��/0  
 .� ., �/(/+*'"  � .
 . 1991. 
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	;'+&./�6*-%  3!��0#/%  5��39/*#'  0-!�"�$  .�9*�!.#  # *#+"�$  7/(�4�0&.�!.#  

�;(&;�.&**�$  5�0/(4*�!.#  5(#  5(#%/*/*##  0-!�"�5(�#+0�1#./�6*-4  (/ #%�0  
'0�'/.!'  3!.�$9#0�!.6  10# /*#'  5(#  (/+&*##. ��'  <.�)�  ./4*���)#9/!"&'  !#!./%&  (�� ) 
1�� *&  ;-.6  0#;(�3!.�$9#0�$  # */  1�53!"&.6  !3>/!.0/**-4  "��/;&*#$ .  

�#;(&,## , 0�+*#"&8>#/  5(#  %/.&����;(&;�."/ , '0�'8.!'  !&%�$ */5(#'.*�$  
(5(/ 1/  0!/)�  #+-+& !0�/$  */5(/1!"&+3/%�!.# ) 5(#9#*�$  �."&+�0  5(#  (/&�#+&,##  
0-5��*/*#'  ./4*���)#9/!"�)�  5/(/4�1&  5(#  �;(&;�."/  %/.&���0  (/+&*#/%. �& 
5(�7/17#/  !.�  !  �#7*#%  �/.  %*� /!.0�  #!!�/1�0&./�/$  +&*#%&��!6 #+39/*#/% 
5(�;�/%-  0�+*#"*�0/*#'  0#;(&,#$  5(#  (/+&*## %/.&���0 , *�  &0.�"��/;&*#'  <�/%/*.�0  
��  5(#  %/4&*#9/!"�$  �;(&;�."/  1�  !#4  5�(  5(/5'.!.038.  !�+1&*#8  ;/+�."&+*-4  
./4*���)#$ . 

�  *&!.�'>//  0(/%'  *&#;��//  !�0/(7/**-/  !.&*"#  !  ���  �!*&>&8.!'  !#!./%&%# 
5�1&0�/*#'  &0.�"��/;&*#$ . 	1*&"� , 0� -5/(0-4 , <.�  */  '0�'/.!'  5&*&,//$  �.  0!/4  ;/1  
(5�!"��6"3  �*#  */  0!/)1& 1/$!.038.  <22/".#0*� ), 0� -0.�(-4 , .&"#/  !.&*"#  '0�'8.!'  
1�(�)�!.�'>#%#  # #4 <"�*�%#9/!"#  */<22/".#0*�  #!5��6+�0&.6  0 3!��0#'4  
/1#*#9*�)�  # %/�"�!/(#$*�)�  5(�#+0�1!.0& . 

�(#  �;(&;�."/  «*/ /!."#4 » 0&��0 , 1�#*&  "�.�(-4  5(/0-7&/.  1/!'.6  1#&%/.(�0 , 
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0 5(&".#"/  %&7#*�!.(�#./�6*-4  5(/15(#'.#$  �;-9*�  #!5��6+38.  */5�10# *-/  # 
5�10# *-/  �8*/.- , 1/%52/(-  # #4 !�9/.&*#'  [1].  

	1*&"� , "&" �.%/9&/.!'  0 (&;�./  [2], «�!*�0*-%  */1�!.&."�%  .(&1#,#�**-4  
�8*/.�0  '0�'/.!'  */0�+%� *�!.6  �;(&;�."#  *&(3 *�$  5�0/(4*�!.#  5�1  �8*/.&%# , 
*/�;4�1#%�!.6  !�+1&0&.6 1�5��*#./�6*-/  ./4*���)#9/!"#/  # #+%/(#./�6*-/  ;&+-  0 
0#1/ ;&+�0-4  7//"  # "�*.(��6*-4  5�'!"�0  !  0-!�"�$  .�9*�!.68  *& *#+"#4 (/ #%&4 , 
*/�;4�1#%�!.6  0-0/("#  +&)�.�0�" ». �397#/  (/+3�6.&.-  1&/. #!5��6+�0&*#/  
!&%�,/*.(#(38>#4!'  )#1(&0�#9/!"#4  �8*/.�0  [3]. 

	1*#%  #+ <22/".#0*-4  !(/1!.0  )&7/*#'  &0.�"��/;&*#$  5(#  .�"&(*�$  �;(&;�."/  
«*/ /!."#4 » 0&��0  '0�'/.!'  5(#%/*/*#/  (/+,�0  !5/,#&�6*-4  "�*!.(3",#$ , 
"�*2#)3(&,##  "�.�(-4  5(/1!.&0�/*-  *& (#!3*"/  1. 

 

 
�#!3*�"  1 – ��*2#)3(&,##  35(3)#4 (/+,�0  [4] 

 
�(#%/*/*#/  %*�)�(/+,�0-4  )���0�"  !  (/)3�#(�0&*#/%  �"(3 *�)�  7&)& +3;6/0 

5�+0��'/.  �;/!5/9#.6  1#*&%#9/!"38  3!.�$9#0�!.6  5(�,/!!&  .�9/*#'  */ /!."#4  0&��0 . 
�  (&;�./  [5] 5(/1�&)&/.!'  "�*!.(3",#'  # �5#!-0&/.!'  !5�!�;  )&7/*#'  &0.�"��/;&*#$  !  
5�%�>68  9/.-(/4(/+,�0�$  )���0"# , 3!.&*&0�#0&/%�$ *& !355�(./  .�"&(*� -
0#*.�(/+*�)�  !.&*"&  *& !5/,#&�6*�%  "(�*7./$*/  0%/!.�  (/+,/1/( &./�' . 
:22/".#0*�!.6  5�0-7/*#'  1#*&%#9/!"�$  3!.�$9#0�!.#  �;(&;�."#  0&��0  
%*�)�(/+,�0-%#  )���0"&%#  +&"�89&/.!'  0 5(#%/*/*##  */(&0*�%/(*�)�  7&)& +3;6/0. 
�/"�%/*1&,##  5�  0-;�(3  (&+*�!.#  7&)�0  !�!/1*#4  +3;6/0 ./�(/.#9/!"#  �;�!*�0&�  
� .� . �/1(�0  [6]. ��'  *&+*&9/**�$  !"�(�!.#  (/+&*#'  �*&  1�� *&  !�!.&0�'.6  5���0#*3  
1�#*-  0��*-  &0.�"��/;&*#$ . 

��!.&.�9*�  5(�!.&'  "�*!.(3",#'  (/)3�#(3/%�)�  5(3 #*'>/)�  5�0�1"�0�)�  
,/*.(&  1�'  .�9/*#'  */ @!."#4  0&��0 , !�+1&8>&'  1�5��*#./�6*-$  "��/;&./�6*-$  
"�*.3(  0 !#!./%/  +&)�.�0"# , ;-�&  5(/1�� /*&  0 (&;�./  [7]. �  ,/�68  )&7/*#'  
&0.�"��/;&*#$  0-5��*'/.!'  (/)3�#(�0"&   @!."�!.#  5(3 #*-  5�0�1"�0�)�  ,/*.(&  
.&"#% �;(&+�% , 9.�;-  9&!.�.&  "(3.#�6*-4  "��/;&*#$  +&)�.�0"#  ;-�&  (&0*& 
5(/10&(#./�6*�  �5(/1/�@**�$  9&!.�./  /@ #+)#;*-4  &0.�"��/;&*#$ .  

�&  �!*�0/  5(�0/1/**�)�  &*&�#+& %� *�  !1/�&.6  0-0�1  �  .�% , 9.�  1�'  3!.(&*/*#'  
0#;(&,#$  #, !�/1�0&./�6*� , 1�'  5�0-7/*#'  <22/".#0*�!.#  .�"&(*�$  �;(&;�."#  
*&#;��//  1/$!.0/**-%  '0�'/.!'  #!"3!!.0/**�/  !�+1&*#/  1�5��*#./�6*�)�  "&!&./�6*�)�  
"  5�0/(4*�!.#  (/+&*#'  "��/;&./�6*�)�  "�*.3(& , 9&!.�.3  "��/;&*#$  "�.�(�)�  
*&!.(&#0&8.  0 (/+�*&*!  !  9&!.�.�$  *�(%&�6*-4  "  5�0/(4*�!.#  (/+&*#'  &0.�"��/;&*#$ . 
��'  (/&�#+&,##  <.�)�  !5�!�;&  ;-�#  5(/1�� /*-  (&+�#9*-/  "�*!.(3",##  
(/+,/1/( &./�/$ , 1/( &0�"  (/+,�0 , ,/*.(�0 , �8*/.�0  # 1(3)�$  ./4*���)#9/!"�$  
�!*&!."# . �  !� &�/*#8 , */1�!.&."&%#  %*�)#4  #+ <.#4 3!.(�$!.0  '0�'8.!'  
"�*!.(3".#0*&'  !�� *�!.6  # )(�%�+1"�!.6 , 9.�  �)(&*#9#0&/.  #4 5(#%/*/*#/  0 
5(�%-7�/**�!.# . 
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�#./(&.3(& : 
1 ��15�("#*  � .� . 	;(&;�."&  */ /!."#4  1/.&�/$ . � .: �&7)#+ , 1959. 209 ! . 
2 �(&9/0  	 .� . �/4*���)#'  0#;(&,#�**�$  �;(&;�."#  # 0#;(&,#�**�)�  .�9/*#'  

%&�� /!."#4  1/.&�/$ . �(;#. : 	*#"! , 2014. 259 ! . 
3 �&!.�()3/0  � .
 ., �(&9/0  	 .� . �!!�/1�0&*#/  1#*&%#"# %&�� /!."#4  0&��0  // 

�+0/!.#'  ���)�)(&1!"�)�  )�!31&(!.0/**�)�  ./4*#9/!"�)�  3*#0/(!#./.& . 2004. E  9. � . 
55–56. 

4 �/�*.6/0  � .� ., �/�*.6/0&  
 .� . �5(&0�/*#/  5(�,/!!�%  (/+&*#'  !  ,/�68  
3!.(&*/*#'  0#;(&,#$  // �&7#*�!.(�/*#/ . 2012. E 6. � . 159–162. 

5 �0#*#*  � .� ., �(�4�(�0  
 .� . �&7/*#/  &0.�"��/;&*#$  +&"(/5�/**�)�  0 
,/*.(&4  */ /!."�)�  0&�& 5(#  .�9/*##  %*�)�(/+,�0�$  )���0"�$  !  5/(/%/**-%  7&)�% 
+3;6/0 // �/".�(  *&3"# ��� . 2016. E 2. � . 67–75. 

6 �/1(�0  � .� . ���/;&*#'  %/.&���(/ 3>#4  !.&*"�0 . � .: �&7#*�!.(�/*#/ , 1978. 
199! . 

7 �0#*#*  � .� ., ����)(//0  � .� ., �!&3��0  
 .� . ��0-7/*#/  1#*&%#9/!"�$  
3!.�$9#0�!.#  5(�,/!!&  .�9/*#'  53./% #!5��6+�0&*#'  5(3 #*'>/)�  5�0�1"�0�)�  
,/*.(&  // �/4&*#"#  XXI 0/"3 . ��0(/%/**-/  ./4*���)##  # &0.�%&.#+&,#' 0 
%&7#*�!.(�/*## . 2017. � . 140-143. 
 
 

���
��
���������
  �
��������
�����  ����
���  
��������
���  �������!#��  �
���
�  ���  

����������������  �
�������  ����  
 


�/"!&*1(�0  
 .
 ., �3+8."#*  � .� . 
 

��������  	���
��
�������  �
�
�
�
  (������ )  
��������������  ��������
��

���  
��
��������  �
������
�
�  

 
�& 5�!�/1*#/  10-15 �/.  *& ��� !"�%  .(3;*�%  +&0�1/ *&"�5�/*  �5-.  5�  

!�0/(7/*!.0�0&*#8  ./4*���)##  # �;�(31�0&*#'  .(3;*�)�  5(�#+0�1!.0& , & .&" /  
./(%#9/!"�$  �;(&;�."#  !.&�6*-4  .(3; . �  1980 )�13  *& ���  �!0�/*�  5(�#+0�1!.0�  
)�('9/"&.&*-4  �!�;�.�9*-4  .(3;  1#&%/.(�% 50-200 %% 1�'  %&7#*�!.(�/*#'  # 
5�17#5*#"�0�$  5(�%-7�/**�!.#  [1].       

�  ./4*���)#9/!"�%  5(�,/!!/  2�(%��;(&+�0&*#'  ;/!7�0*-4  .(3;  5(#%/*'8.!'  
"&�#;(38>#/  1/.&�#  – #)�& ((#! .1) # %&.(#,& ((#! .2). �/�68  (&;�.-  '0�'/.!'  
3!�0/(7/*!.0�0&*#/  ./4*���)#9/!"�)�  5(�,/!!&  #+)�.�0�/*#'  1&**-4  1/.&�/$  0 
3!��0#'4  	
	  «��� !"#$  .(3;*-$  +&0�1».  

 
 �  �  
 

�#!3*�"  1 – �&�#;(38>#/  1/.&�#  – #)�& (&), %&.(#,& (; ) 
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��'  �;/!5/9/*#'  0�+%� *�!.#  30/�#9/*#'  5(�#+0�1#./�6*�!.6  .(31& # 
3%/*67/*#'  !/;/!.�#%�!.#  0-53!"&/%�$  5(�13",##  5(�#+0�1#�&!6  "&9/!.0/**&'  # 
"��#9/!.0/**&'  �,/*"&  5�"&+&./�/$  ./4*���)#9*�!.#  #)�-  # %&.(#,-  !  (&!9/.�%  
5�"&+&./�/$ , 5(/13!%�.(/**-4  �	��  14.201-83. �/4*#"� -<"�*�%#9/!"�/  �;�!*�0&*#/  
0-;�(&  +&)�.�0"#  1�'  �;(&;&.-0&/%�$  1/.&�#  5(�0�1#�#  5�  */!"��6"#%  *&5(&0�/*#'% : 
%/.&���/%"�!.# , .(31�/%"�!.#  # !/;/!.�#%�!.# , 39#.-0&'  5(#  <.�% "�*"(/.*-/  
5(�#+0�1!.0/**-/  3!��0#' . �(#  <"�*�%#9/!"�$  �,/*"/  �5(/1/�'�#  %/.&���/%"�!.6 , 
!/;/!.�#%�!.6  #�#  .(31�/%"�!.6  "& 1�)�  0-;(&**�)�  0&(#&*.& [2]. 

�/4*#"� -<"�*�%#9/!"#/  (&!9/.-  5�"&+-0&8. , 9.�  +&)�.�0"& , 5��39/**&'  
%/.�1�%  )�('9/$  �;A/%*�$  7.&%5�0"#  *& )�(#+�*.&�6*� -"�0�9*�$  %&7#*/, ;��//  
<"�*�%#9*&  5�  #!5��6+�0&*#8  %&./(#&�&, 9/% +&)�.�0"&  #+ 5(�"&.& , �1*&"�  5�  
!/;/!.�#%�!.#  7.&%5�0&**&'  +&)�.�0"&  1�(� / , 5�<.�%3  5(#*#%&/% +&)�.�0"3  #+ 
)�('9/"&.&*�)�  "(3)��)�  5(�"&.&  �;-9*�$  .�9*�!.# . �(�%/  .�)� , 5�!"��6"3  5/(/5&1-  
1#&%/.(�0  1/.&�#  %&�- , .�  1�'  5��39/*#'  +&)�.�0�"  #)�-  # %&.(#,-  0 "(35*�!/(#$*�%  
5(�#+0�1!.0/  ,/�/!��;(&+*�  #!5��6+�0&.6  5(�"&. .  

�-;(&*&  �5.#%&�6*&'  1�#*&  5(�"&.&  1�'  #+)�.�0�/*#'  +&)�.�0"#  %/.�1�%  
�.(/+"#  *& *� *#,&4 . 	5(/1/�#�# , 9.�  5(�"&.  1�#*�$  4 % 1�'  #+)�.�0�/*#'  +&)�.�0�"  
;��//  <"�*�%#9/* , 9/% 5(�"&.  1�#*�$  7 %, .&" "&" 0 <.�% !�39&/  5�./(#  %&./(#&�& *& 
+& #% 5(#  �.(/+"/  5�  �.*�7/*#8  "  1�#*/  5(�"&.&  !�!.&0'.  �"���  1,7%, 0 .�  0(/%'  "&" 
1�'  7-%/.(�0�)�  5(�"&.&  �*#  !�!.&0�'8.  ;��//  5%.  

�(/1�&)&/.!'  0 1&**�% ./4*���)#9/!"�%  5(�,/!!/  *& #+)�.�0�/*#/  #)�-  0%/!.�  
.�"&(*� -0#*.�(/+*-4  !.&*"�0  1� 63 # 1� 365 #!5��6+�0&.6  .�"&(*� -0#*.�(/+*-$  !.&*�"  
!  ���  16� 30� 3. �&**�/  0*/1(/*#/  5�+0��#.  !�"(&.#.6  "��#9/!.0�  �5/(&,#$ , !.&*"�0 , 
9.�  5(#0/1/.  "  !�"(&>/*#8  5(�#+0�1!.0/**-4  5��>&1/$  # �;/!5/9#.  +&1&**38 
.�9*�!.6  #+)�.�0�/*#' . 

	!*�0*-%#  5(/#%3>/!.0&%# !.&*"�0  !  ���  5�  !(&0*/*#8  !  3*#0/(!&�6*-%#  
!.&*"&%# !  (39*-%  35(&0�/*#/%  '0�'8.!' : 5�0-7/*#/  .�9*�!.#  �;(&;�."# ; 
�;/!5/9/*#/  0+&#%�+&%/*'/%�!.# 1/.&�/$  0 !/(#$*�%  # %/�"�!/(#$*�%  5(�#+0�1!.0/ , 
!�"(&>/*#/  #�#  5��*&'  �#"0#1&,#'  (&+%/.�9*-4  # !�/!&(*� -5(#.#(�9*-4  (&;�. , 
5(�!.�.&  # %&��/  0(/%'  5/(/*&�&1"# ; "�*,/*.(&,#'  5/(/4�1�0  �;(&;�."#  *& �1*�%  
!.&*"/  [3].  

:.� , 0 !0�8  �9/(/16 , 5(#0�1#.  "  !�"(&>/*#8  +&.(&. 0(/%/*#  *& 3!.&*�0"3  
+&)�.�0"# , !�"(&>/*#8  9#!�&  �5/(&,#$ , �;�(�.*-4  !(/1!.0  0 */+&0/(7/**�%  
5(�#+0�1!.0/ , +&.(&. 0(/%/*#  # !(/1!.0  *& .(&*!5�(.#(�0&*#/  # "�*.(��6  1/.&�/$ ; 
�;/!5/9/*#/  0-!�"�$  .�9*�!.#  �;(&;�."#  1/.&�/$ , 3%/*67/*#/  ;(&"&  5�  0#*/  
(&;�9/)� ; 5�0-7/*#/  5(�#+0�1#./�6*�!.#  !.&*"&  0 (/+3�6.&./  �5.#%#+&,## 
./4*���)#9/!"#4  5&(&%/.(�0 , &0.�%&.#+&,## 0!/4  5/(/%/>/*#$ . �(�%/  .�)� , 
5�'0�'/.!'  0�+%� *�!.6  %*�)�!.&*�9*�)�  �;!�3 #0&*#' ; 3%/*67/*#/  5&("& !.&*"�0 , 
.&" "&" �1#*  !.&*�"  !  ���  +&%/*'/.  */!"��6"�  !.&*"�0  !  (39*-%  35(&0�/*#/%  [4]. 

�(�0/1/**-/  (&!9/.-  !/;/!.�#%�!.#  /1#*#,-  5(�13",##  5�"&+&�#, 9.�  0 
5(/1�&)&/%�% ./4*���)#9/!"�%  5(�,/!!/  �*&  *# /  5�9.#  *& 10% 5�  !(&0*/*#8  !  
;&+�0-%, 9.�  5(#  *�(%&.#0*�%  !(�"/  �"35&/%�!.#  �;�(31�0&*#'  7 �/.  1&/. 
<"�*�%#9/!"#$  <22/".  �"���  22 %�*  (3; .  

��<.�%3  %� *�  !1/�&.6  0-0�1  �  .�% , 9.�  0*/1(/*#/  ;��//  !�0/(7/**�)�  
�;�(31�0&*#'  5�+0��'/.  !*#+#.6  !/;/!.�#%�!.6  5(�13",## , *�  0 .�   /  0(/%'  
5(�#!4�1#.  30/�#9/*#/  5��39&/%�$  5(#;-�# . � ." . 5(#  #!5��6+�0&*##  !.&(-4  !.&*"�0  
;��67&'  9&!.6 5��39&/%�$  5(#;-�#  7�&  *& &%�(.#+&,#8  �;�(31�0&*#' , & !.&(&'  
5(�13",#'  5��39&�&!6  %/*//  "&9/!.0/**�$ , 9/% *�0&' . 
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 �&"#% �;(&+�% , <"�*�%#9/!"&'  <22/".#0*�!.6  5(�#+0�1!.0&  "&�#;(38>#4  
1/.&�/$  1�'  #+)�.�0�/*#'  ;/!7�0*-4  .(3;  1�!.#)*3.&  +& !9/.  0*/1(/*#'  *�0�)�  
�;�(31�0&*#' . 
 
�#./(&.3(& : 

1. �&$.  ��� !"�)�  .(3;*�)�  +&0�1& [:�/".(�**-$  (/!3(! ]. URL: 
https://vtz.tmk-group.ru (1&.& �;(&>/*#' : 20.05.2019).  

2. ��%#!!&(�0  � .� ., �/�*.6/0  � .� . ��9*�!.6 , 5(�#+0�1#./�6*�!.6  # 
*&1@ *�!.6  0 !#!./%/  5(�/".#(�0&*#'  ./4*���)#9/!"#4  5(�,/!!�0 . � .: 
�&7#*�!.(�/*#/ , 1985. – 224 ! . 

3. �#;"�/  &0.�%&.#+#(�0&**�/  5(�#+0�1!.0�  / ��1  (/1&",#/$  � .
 . �&$(�0&  
# � .� . 	(��0!"�)� . – � .: �&7#*�!.(�/*#/ , 1983. – 376 ! . 

4. �.&*�9*�/  �;�(31�0&*#/  &0.�%&.#+#(�0&**�)�  5(�#+0�1!.0& . � .2. ��1  
(/1 . � .� . �373/0& . – � .: �+1 -0�  «�.&*"#* », 1994. – 656 ! . 
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�&(#&3�#  � .� ., �&*#�/*"�  � .� . 
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�/(0#9*&'  �;(&;�."&  # 5(�2#�#(�0&*#/  1�(� /"  "&9/*#'  "��/,  5�17#5*#"�0  

5(�#+0�1#.!'  *& .�"&(*-4  !.&*"&4 . ��#2�0&*#/  1�(� /"  "&9/*#'  �!3>/!.0�'/.!'  !  
,/�68  5(#0/1/*#'  5&(&%/.(�0  "��/,  0 !��.0/.!.0#/  !  .(/;�0&*#'%#  9/(./ &  
(3%/*67/*#'  0��*#!.�!.#  # 7/(�4�0&.�!.# , !�;�81/*#'  .(/;�0&*#$  2�(%-  # 1�53!"�0  
*& .(/;3/%-/  (&+%/(- ). 

��0/(4*�!.#  "&9/*#'  0*3.(/**#4  "��/,  (��#"�0-4  5�17#5*#"�0  7�#238.  *& 
"(3)��7�#2�0&�6*-4  !.&*"&4  !  +& #%�% 0 %&)*#.*�% 5&.(�*/  # 2#"!&,#/$  �5�(*-%  
;&7%&"�%. �  5(�,/!!/  7�#2�0&*#'  "�*.(��#(38.  �0&�6*�!.6 , (&+*�!./**�!.6 , 
*/5/(5/*1#"3�'(*�!.6  (��#"�0�$  1�(� "#  "  .�(,3 , 3)��  # 1#&%/.( (��#"�0�$  
1�(� "# . ��#2�0&�6*�)�  35�(*�)�  ;�(.&  .&" /  0-5��*'/.!'  *& "(3)��7�#2�0&�6*�%  
!.&*"/  5/(#2/(#/$  "(3)& . 

�  ,/�68  !*# /*#'  .(31�+&.(&.  �5/(&,##  7�#2�0&*#'  1�(� "#  "&9/*#'  # ;�(.& , 
5(#  �;(&;�."/  "��/,  !  ;��67#%  3)��%  *&"��*&  ;�(.&  "  (��#"�0�$  1�(� "/ , 
!�0%/>&8. . �(#  */;��67#4  3)�&4 �5/(&,##  (&+1/�'8. , # 7�#2�0&*#/  ;�(.&  0-*�!'.  
*& �.1/�6*-$  !.&*�" . 

:22/".#0*�!.6  �5/(&,##  �1*�0(/%/**�)�  7�#2�0&*#'  1�(� "#  "&9/*#'  # 
35�(*�)�  ;�(.&  0 +*&9#./�6*�$  !./5/*#  �5(/1/�'/.!'  <"!5�3&.&,#�**-%#  
0�+%� *�!.'%#  5(#%/*'/%�)�  #*!.(3%/*.&  (7�#2�0&�6*�)�  "(3)& ), "�.�(-$  #)(&/.  
0& *38  (��6  0 2�(%#(�0&*##  "&9/!.0& �;(&;&.-0&/%-4  5�0/(4*�!./$  1/.&�/$  # 
5(�#+0�1#./�6*�!.#  7�#2�0&*#' . �/�(#'  # 5(&".#"&  5�"&+-0&8. , 9.�  !  3%/*67/*#/%  
+/(*#!.�!.#  7�#2�0&�6*�)�  "(3)&  7/(�4�0&.�!.6  �;(&;�.&**-4  5�0/(4*�!./$  
!*# &/.!' . ��+(&!.&*#/  .0/(1�!.#  "(3)&  # 5��.*�!.#  /)�  !.(3".3(-  !5�!�;!.03/.  
!*# /*#8  %#"(�*/(�0*�!./$  �;(&;�.&**-4  5�0/(4*�!./$  [1]. 

��)�&!*�  .(/;�0&*#'%  9/(./ &  7/(�4�0&.�!.6  5�0/(4*�!.#  35�(*�)�  ;�(.&  
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0*3.(/**/)�  "��6,&  5�17#5*#"&  (&0*& Ra =0,32 %"%, 1�(� "#  "&9/*#'  Ra = 0,16 %"%. 
��'  �1*�0(/%/**�)�  7�#2�0&*#'  5�0/(4*�!./$ , "  "�.�(-%  5(/1A'0�'8.!'  (&+*-/  
.(/;�0&*#'  5�  "&9/!.03 , *&#;��//  ,/�/!��;(&+*�  #!5��6+�0&.6  1034!��$*-/  
7�#2�0&�6*-/  "(3)#  .#5& «!<*10#9». �&**-$  "(3)  5�+0��'/.  5(�#+0�1#.6  5��*38  
�;(&;�."3  0!/)�  5(�2#�'  5�0/(4*�!.#  "&9/*#' , #!5��6+3'  �1#*  "(3)  # �1*3  !"�(�!.6 . 

���#  "(3)&  �.�#9&8.!'  +/(*#!.�!.68 , .0/(1�!.68  # !.(3".3(�$ . ���!.-$  !��$  
5(/1*&+*&9/*  1�'  7�#2�0&*#'  1�(� "#  "&9/*#'  # #+)�.�0�/*  #+ ;��//  %/�"�)�  +/(*&, 
!��$  ;��//  .0/(1-$ , *�  !  �."(-.�$  !.(3".3(�$ . :.�  !�9/.&*#/  5�+0��'/.  �!3>/!.0�'.6  
"&9/!.0/**38  �;(&;�."3  1�(� "#  "&9/*#'  !  0-!�"�$  5(�#+0�1#./�6*�!.68  # 
!.�$"�!.68 . 

�.�(�$  !��$  #+)�.�0�/*  #+ !(/1*/)�  +/(*& # %/*//  .0/(1-$ . ��3 #.  1�'  
7�#2�0&*#'  35�(*�)�  ;�(.& . �&(&"./(#!.#"&  !;&�&*!#(�0&*&  5�  !.�$"�!.#  # 
5(�#+0�1#./�6*�!.#  !  5/(0-%  !��/%  # �;/!5/9#0&/.  ;/!5(# �)�0�/  7�#2�0&*#/ . 
	.!3.!.0#/  5(# �)&  �;/!5/9#0&/.  %&"!#%&�6*-$ !(�"  !�3 ;-  5�17#5*#"& , 
�;3!��0�/**-$  �.!3.!.0#/%  1/2/".�0  *& 7�#23/%-4  5�0/(4*�!.'4 . 
 
�#./(&.3(& : 

1. 
;(&+#0*&'  # &�%&+*&' �;(&;�."&  %&./(#&��0 : �5(&0�9*#"  / ��1  (/1 . 
 .� . 
�/+*#"�0& . – � .: �&7#*�!.(�/*#/ , 1977. – 391 ! . 
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�&*1&3(�0&  � .� ., �&*#�/*"�  � .� . 
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�&9/!.0�  #+1/�#$  %&7#*�!.(�/*#'  �,/*#0&/.!'  5�  �!*�0*-%  5�"&+&./�'% , 

.&"#% "&": 5�"&+&./�#  *&+*&9/*#' , *&1/ *�!.#  # ;/+�5&!*�!.# . :.#  5�"&+&./�#  
�5(/1/�'8.!'  <"!5�3&.&,#�**-%#  !0�$!.0&%# 1/.&�/$ : #+*�!�!.�$"�!.68 , "�*.&".*�$  
 /!."�!.68 , 3!.&��!.*�$  5(�9*�!.68 , "�((�+#�**�$  !.�$"�!.68  # 1( ., # +&0#!'. �.  
.�9*�!.#  #+)�.�0�/*#'  1/.&�/$  %&7#* # !�!.�'*#'  #4 5�0/(4*�!.*-4  !��@0. 

��!.�'*#/  5�0/(4*�!.*�)�  !��'  # /)�  */!3>&'  !5�!�;*�!.6  2�(%#(3/.!'  *& 
2#*#7*-4  �5/(&,#'4  #+)�.�0�/*#'  1/.&�#  # �5(/1/�'/.!'  ./4*���)#/$  #+)�.�0�/*#' . 
��<.�%3  0-;�(  2#*#7*�$  �;(&;�."#  1/.&�/$  '0�'/.!'  �1*�$  #+ )�&0*-4  +&1&9 0 
%&7#*�!.(�/*## . ��'  5��39/*#'  .(/;3/%�)�  "&9/!.0& 5�0/(4*�!.*�)�  !��'  1/.&�/$  
!3>/!.03/.  ,/�-$  ('1  (&+�#9*-4  %/.�1�0  �;(&;�."# , 0 .�%  9#!�/  %/4&*#9/!"�/ , 
<�/".(�4#%#9/!"�/  # *&"&.*�/  5��#(�0&*#/ , &�%&+*�/ 0-)�& #0&*#/  # 1( . %/.�1- , 
�1*&"� , 5��39#.6  +&1&**38 7/(�4�0&.�!.6  5�0/(4*�!.#  .(31�/%"� , 1�(�)�!.�'>/ , & 
+&9&!.38 +&.(31*#./�6*� , �!�;/**�  #!5��6+3'  <"���)#9/!"#  9#!.-/  %/.�1-  �;(&;�."#  
%&./(#&��0 . 

	1*#%  #+ *&#;��//  5(�!.-4  # <22/".#0*-4  53./$  5�0-7/*#'  "&9/!.0& 
5�0/(4*�!./$  1/.&�/$  '0�'/.!'  �;(&;�."&  %/.�1&%# 5�0/(4*�!.*�)�  5�&!.#9/!"�)�  
1/2�(%#(�0&*#' , !(/1#  "�.�(-4  0& *&'  (��6  5(#*&1�/ #.  &�%&+*�%3 0-)�& #0&*#8  # 
*&"&.*�%3 5��#(�0&*#8 . 

�  "&9/!.0/  #*!.(3%/*.&  5(#  0-)�& #0&*##  #!5��6+38.!'  *&"�*/9*#"#  #+ 
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5(#(�1*�)�  #�#  !#*./.#9/!"�)�  &�%&+& !  (&;�9/$  5�0/(4*�!.68  0 0#1/ !2/(- , 
,#�#*1(&  #�#  "�*3!& . �-)�& #0&*#/  5�  "#*/%&.#"/  10# /*#$  0 ;��67#*!.0/  !�39&/0  
&*&��)#9*�  .�"&(*�$  �;(&;�."/ . �(�,/!!  5(�./"&/.  0 3!��0#'4  .(/*#'  !"��6 /*#' . 
�(#  �5(/1/�/**�$  !#�/  5�1 &.#'  &�%&+& "  �;(&;&.-0&/%�$  5�0/(4*�!.#  0 +�*/  
"�*.&".&  (&+0#0&8.!'  5�&!.#9/!"#/  1/2�(%&,## . �(#  <.�% 5(�#!4�1#.  #*./*!#0*�/  
!)�& #0&*#/  #!4�1*�$  7/(�4�0&.�!.# , 5�0-7&/.!'  .0/(1�!.6  5�0/(4*�!.*�)�  !��' , 0 
*/% 2�(%#(38.!'  ;�&)�5(#'.*-/  �!.&.�9*-/  *&5(' /*#'  ! &.#' .  


�%&+*�/  0-)�& #0&*#/  5(#%/*'/.!'  5�!�/  .�9/*#'  #�#  7�#2�0&*#' . �  
(/+3�6.&./  �;(&;�."#  0-)�& #0&*#/%  �;/!5/9#0&/.!'  3%/*67/*#/  7/(�4�0&.�!.#  0 
2...6 (&+, 30/�#9/*#/  */!3>/$  !5�!�;*�!.#  5�0/(4*�!.#  1�  10 (&+, 35(�9*/*#/  
5�0/(4*�!.*�)�  !��'  *& 20...200 % [1]. 

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

�&"&.*�/  5��#(�0&*#/  – <.�  5(�,/!!  5�0/(4*�!.*�$  5�&!.#9/!"�$  1/2�(%&,## , 
# 5(/1*&+*&9/*  1�'  5��39/*#'  5�0/(4*�!./$  +&1&**�)�  "&9/!.0&. 	1#*  #�#  */!"��6"�  
(��#"�0  #�#  7&(#"�0  5�&!.#9/!"#  1/2�(%#(38.  5�0/(4*�!.*-$  !��$  �;(&;&.-0&/%�$  
5�0/(4*�!.# . �&**-$  5(�,/!!  5(#%/*#% 1�'  %/.&��#9/!"#4  1/.&�/$ , "�)1&  �;-9*-%#  
%/.�1&%# �;(&;�."#  */0�+%� *�  )&(&*.#(�0&**�  5��39#.6  0-!�"�"&9/!.0/**-/  
5�0/(4*�!.# .  

�(#  *&"&.*�%  5��#(�0&*## , "�)1&  ! #%&8>#/  *&5(' /*#'  0 5�0/(4*�!.*�%  
!��/  1/.&�#  0 .�9"/  "�*.&".&  !  #*!.(3%/*.�%  5(/0-7&8.  5(/1/�  ./"39/!.#  %&./(#&�& 
1/.&�# , 5(�#!4�1#.  5�&!.#9/!"&'  1/2�(%&,#'  5�0/(4*�!.*�)�  !��'  1/.&�# . �&./(#&�  
1/.&�#  0 5�0/(4*�!.*�%  !��/  0 <.�% !�39&/  ./9/. , 5#"# %#"(�*/(�0*�!./$  �53!"&8.!'  
5�9.#  *�(%&�6*�  "  5�0/(4*�!.#  1/.&�# , +&5��*''  05&1#*-  %#"(�*/(�0*�!./$ . ��&1"&'  
5�0/(4*�!.6  5��39&/.!'  #%/**�  +& !9/.  ./9/*#'  %&./(#&�& 0 5�0/(4*�!.*�%  !��/ , & */  
+& !9/.  !)#;&  0/(7#*  %#"(�*/(�0*�!./$  #�#  #4 !5�8>#0&*#' , "&" 5(#  &�%&+*�% 
0-)�& #0&*##  [3]. 

�&"&.*�/  5��#(�0&*#/  %� *�  #!5��6+�0&.6  0%/!.�  �8;�)�  5(�,/!!& , 
5(/1*&+*&9/**�)�  1�'  5��39/*#'  5�0/(4*�!./$  0-!�"�)�  "&9/!.0&, .&"�)�  "&": .�*"�/  
.�9/*#/ , 7�#2�0&*#/ , (&+0/(.-0&*#/ , 4�*#*)�0&*#/ , !35/(2#*#7#(�0&*#/ , 
5(#.#(&*#/ , 5��#(�0&*#/ , 7&;(/*#/ . 

�&"&.*�/  5��#(�0&*#/  .&"  / , "&" # &�%&+*�/ 0-)�& #0&*#/ , '0�'/.!'  %/.�1�%  
�.1/��9*� -35(�9*'8>/$  �;(&;�."#  # #%//.  !�/138>#/  5(/#%3>/!.0&  5�  !(&0*/*#8  !  
*#%: 

&) 35(�9*/*#/  5�0/(4*�!.#  5(�#!4�1#.  0 3!��0#'4  .(/*#'  "&9/*#' , 9.�  ;��//  
;�&)�5(#'.*�  0 !(&0*/*##  !  .(/*#/%  !"��6 /*#' ;  

; ) ;��//  *#+"#/  .(/;�0&*#'  "  #!4�1*�%3  "&9/!.03  5�1)�.�0"#  5�0/(4*�!./$ , 9.�  
5�+0��'/.  !�"(&.#.6  ./4*���)#9/!"#$  5(�,/!!  #+)�.�0�/*#'  1/.&�/$  %&7#*; 

0) 0-!�"&'  5(�#+0�1#./�6*�!.6 ; 
)) %� *�  5(#%/*'.6  %#*#%&�6*�/ "��#9/!.0�  !%&+"#; 
1) ;��67�$  !(�"  !�3 ;-  #*!.(3%/*.& ; 
#) #+*�!  #*!.(3%/*.&  */  0�#'/.  *& (&+%/( 1/.&�# . 
�  */1�!.&."&%  *&"&.*�)�  5��#(�0&*#'  %� *�  �.*/!.# : ;��//  0-!�"38  

!.�#%�!.6  ./4*���)#9/!"�$  �!*&!."# , */0�+%� *�!.6  �;(&;�."#  %/.&���0  !  HRC ³  42 
… 45; */0�+%� *�!.6  �;(&;�."#  4(35"#4  %&./(#&��0  (93)3*�0 ); 1�!.# #%&'  
7/(�4�0&.�!.6  5�0/(4*�!.#  0-7/ , 9/% 5�!�/  5(�,/!!&  &�%&+*�)� 0-)�& #0&*#' . 

�&!!%�.(/**-/  !5�!�;-  �.1/��9*�$  �;(&;�."#  ,#�#*1(#9/!"#4  5�0/(4*�!./$  
'0�'8.!'  0-!�"�<22/".#0*-%#  0 (&+�#9*-4  �;�&!.'4  5(�#+0�1!.0&  # %�)3.  ;-.6  
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�.*/!/*-  "  <"���)#9/!"#  9#!.-%  5(�,/!!&% . :.�  �;A'!*'.!'  ./%, 9.�  0 5(�,/!!/  
�;(&;�."#  */  5(�#+0�1#.!'  31&�/*#'  %&./(#&�&; �.!3.!.03/.  5-�6  #�#  7�#2�0&�6*-$  
7�&%; (&!4�13/.!'  */;��67�/  "��#9/!.0�  !%&+�9*�-�4�& 1&8>/$   #1"�!.# ; 
*/0-!�"#$  3(�0/*6  73%&. 

�!/  <.�  !0#1/./�6!.03/.  �  .�% , 9.�  (&!!%�.(/**-/  ./4*���)##  #%/8.  4�(�7#/  
5/(!5/".#0-  !  .�9"#  +(/*#'  <"���)## , "&" ./4*���)##  ;313>/)� . :.�  !5�!�;-  
�;(&;�."# , 5(#  "�.�(-4  5�0-7&/.!'  1��)�0/9*�!.6  1/.&�# , 9.�  �"&+-0&/.  
;�&)�5(#'.*�/  0�+1/$!.0#/  *& <"���)#8  (3.#�#+&,#'  1/.&�#  *&!.35&/.  5�+ / ), 5(#9/% 
10�$*�/  – !�"(&>&/.!'  5�.(/;�/*#/  %&./(#&�& # <*/()##  *& //  5(�#+0�1!.0�  # +&.(&.-  
*& 3.#�#+&,#8 . 
 
�#./(&.3(& : 

1 ����0&*6 , 
 .� ., �(&*�0!"#$ , : .� ., �&7"�0 , � .� . 
�%&+*�/  .�9/*#/  # 
0-)�& #0&*#/ . - � .: �&7#*�!.(�/*#/ , 1976 .-32 ! .  

2 �%/�'*!"#$ , � .� . �/4&*#"&  35(�9*/*#'  1/.&�/$  5�0/(4*�!.*-%  
5�&!.#9/!"#%  1/2�(%#(�0&*#/% . � . : �&7#*�!.(�/*#/ , 2002. 299 ! . 

3 ��"./0 , � . 
 . �&"&.*�/  5��#(�0&*#/  # 35(�9*'8>//  *&"&.-0&*#/  / � . 
 . 
��"./0 , � . � . �&*9/*"�  // �.(3 "& . – 2013. – E  9. – � . 57–74. 
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�(�%-7�/**�/  #!5��6+�0&*#/  (/ 3>#4  #*!.(3%/*.�0  !  #+*�!�!.�$"#%#  

5�"(-.#'%#  5�+0��'/.  (/7&.6  ,/�-$  "�%5�/"!  0& */$7#4  +&1&9. �  .&"#% +&1&9&% 
%� *�  �.*/!.# : +*&9#./�6*�/  5�0-7/*#/  !.�$"�!.#  # *&1/ *�!.#  %/.&���(/ 3>/)�  
#*!.(3%/*.& ; 30/�#9/*#/  5(�#+0�1#./�6*�!.#  5(�,/!!�0  �;(&;�."#  1/.&�/$  (/+&*#/%; 
30/�#9/*#/  "&9/!.0& 5�0/(4*�!.*�)�  !��'  # .�9*�!.#  (&+%/(�0 �;(&;�.&**-4  1/.&�/$  
[3]. 

�3>/!.03/.  ;��67�/  9#!��  %/.�1�0  5��39/*#'  5�"(-.#$  *& (&;�9#4  
5�0/(4*�!.'4  (/ 3>#4  #*!.(3%/*.�0 . �  39/.�%  !5/,#2#"#  5(�./"&*#'  5(�,/!!�0  
2�(%#(�0&*#'  5�"(-.#$  !3>/!.038>#/  %/.�1-  %� *�  (&+1/�#.6  *& .(#  �!*�0*-/  
)(355- . 

�  %/.�1&% 5/(0�$  )(355-  �.*�!'.!'  4#%#"�-./(%#9/!"#/  %/.�1-  �;(&+�0&*#'  
5�"(-.#$  (��� ), �!*�0&**-/  *& .0/(1�2&+�0�% ,  #1"�!.*�%  # )&+�2&+�0�% 
*&!->/*##  5�0/(4*�!./$  #*!.(3%/*.& . �/.�1-  ���  5�+0��'8.  5��39#.6  5�"(-.#'  
.��>#*�$  10-40 %"%, 9.�  1&/. 0�+%� *�!.6  30/�#9#.6  !.�$"�!.6  (&+�#9*-4  .#5�0  
#*!.(3%/*.�0  #+ ;-!.(�(/ 3>#4  # 3)�/(�1#!.-4  !.&�/$  0 1,5-2 (&+&. 

��  0.�(�$  )(355/  %/.�1�0  5�  "�&!!#2#"&,##  �.*�!'.!'  %/.�1-  4#%#9/!"�)�  
�!& 1/*#'  5�"(-.#$  #+ 5&(�)&+�0�$  2&+- (%/.�1  �	� ), 5��39#07#/  0 %#(�0�$  
5(&".#"/  *&#%/*�0&*#/   CVD (Chemical vapor deposition). �!5��6+3'  %/.�1-  0.�(�$  
)(355- , %� *�  5��39#.6  5�"(-.#/  *& �!*�0/  "&(;#1�0 , *#.(#1�0  # "&(;�*#.(#1�0  
%/.&���0  4-6 )(355  5/(#�1#9/!"�$  !#!./%-  <�/%/*.�0 , #!5��6+�0&*#/  "�.�(-4  



 

5�+0��'/.  5�0-!#.6  !.�$"�!.6
5(#%/*/*#' . 

�  .(/.6/$  )(355/  %/.�1�0
5�"(-.#'  (%/.�1-  �	� ), 5��39#07#/
vapor deposition). �(#%/*/*#/
./4*���)#9/!"#/  0�+%� *�!.#
;��//  <22/".#0*�  35(&0�'.6
!0�$!.0&%#, & .&" /
"(#!.&���4#%#9/!"#4  # 2#+#"�
#*!.(3%/*.&�6*�)�  %&./(#&�&

 

�#!3*�"  1 – �/.�1-
 
	1*#%  #+ 0& */$7#4

(&;�.�!5�!�;*�!.6  (/ 3>/)�
'0�'/.!'  5&(&%/.(�%, 5�1�/ &>#%

�&**-/ , 5(/1!.&0�/*
+&0#!#. "�<22#,#/*.  5�0-7/*#'
5(#  (&+*-4  .��>#*&4  5�"(-.#$
5�"(-.#/%  �5(/1/�'�#  "&" �.*�7/*#/
!(/1*/$  !.�$"�!.#  #*!.(3%/*.&
5�"(-.#$  (8-14 %"%) 0 +*&9#./�6*�
(/+&*#' , & <22/".#0*�!.6  �8;�)�
�1*&"�  .&"�/  !*# /*#/  %/*67/

�#!3*�"  2 – ��#'*#/
!.�$"�!.#  !  (&+�#9*-%#

���>#*&  5�"(-.#'
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!.�$"�!.6  .0/(1�!5�&0*-4  5�&!.#*  0 3-10 (&+ 0 7#(�"�$

%/.�1�0  %�)3.  ;#.6  �.*/!/*-  %/.�1-  2#+#9/!"�)�
�	� ), 5��39#07#/  *&+0&*#/ 0 %#(�0�$  5(&".#"/

�(#%/*/*#/  0&"33%*�-5�&+%/**-4  %/.�1�0  +*&9#./�6*�
0�+%� *�!.#  #*!.(3%/*.�0  !  5�"(-.#'%# . :.#  %/.�1-

35(&0�'.6  5(�,/!!&% # 5��39/*#'  5�"(-.#$
.&" /  5(/135(/ 1&.6  �;(&+�0&*#/  
# 2#+#"� -%/4&*#9/!"#4  1/2/".�0  *& 5�0/(4*�!.*-4

%&./(#&�& ((#! . 1). 

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

0& */$7#4  5&(&%/.(�0  5�"(-.#' , �"&+-0&8>#%  !#�6*�/
(/ 3>/)�  #*!.(3%/*.& , '0�'/.!'  /)�  .��>#*& . ���>#*&

5�1�/ &>#%  �5.#%#+&,## 0 "& 1�%  "�*"(/.*�%
5(/1!.&0�/* *-/  *& (#!3*"/  2, 1/%�*!.(#(38. , *&!"��6"�

5�0-7/*#'  !.�$"�!.#  �.  0/�#9#*-  !"�(�!.#  (/+&*#'
5�"(-.#$ . ��<22#,#/*.  5�0-7/*#'  !.�$"�!.#
"&" �.*�7/*#/  !(/1*/$  !.�$"�!.#  #*!.(3%/*.&

#*!.(3%/*.&  ;/+  5�"(-.#' . �  9&!.*�!.# , <22/".#0*�!.6
+*&9#./�6*�  ;��67/$  !./5/*#  5(�'0�'/.!'  !

22/".#0*�!.6  �8;�)�  5�"(-.#'  +&%/.*� !*# &/.!'  5�  %/(/
%/*67/  1�'  ;��//  .�*"#4  5�"(-.#$ . 

��#'*#/  !"�(�!.#  (/+&*#'  # 5�1&9# *& "�<22#,#/*.
! (&+�#9*-%#  .��>#*&%#  5�"(-.#$  5(#  .�9/*##
5�"(-.#' : 1-1 %"%; 2-2 %"%; 3-4 %"%; 4-7 %"%; 

(&+ 0 7#(�"�$  �;�&!.#  

2#+#9/!"�)�  �!& 1/*#'  
5(&".#"/  PVD (Phisical 
+*&9#./�6*�  (&!7#('/.  
:.#  %/.�1-  5�+0��'8.  

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

5�0/(4*�!.*-4  !� �'4  

 
#$ #*!.(3%/*.  

�"&+-0&8>#% !#�6*�/  0�#'*#/  *& 
.��>#*& . ���>#*&  5�"(-.#'  
"�*"(/.*�%  !�39&/ . 

1/%�*!.(#(38. , *&!"��6"�  !#�6*�  
!"�(�!.#  (/+&*#'  # 5�1&9# 

!.�$"�!.#  5�&!.#*�"  !  
#*!.(3%/*.&  !  5�"(-.#/%  "  

<22/".#0*�!.6  .��!.-4  
5(�'0�'/.!'  !  (�!.�%  !"�(�!.#  

5�  %/(/  (�!. & 5�1&9#, 

 
"�<22#,#/*.  5�0-7/*#'   

.�9/*##  !.&�#  45.  
"%; 8-14 %"% 



 

�&  5(/15(#'.##  «��� !"#$
5(�0/1/*  "�%5�/"!  #!5-.&*#$
%&./(#&��0 : PT40 (;/+  5�"(-.#'
5�"(-.#/%  12 %"%) 5(�#+0�1!.0&
9/(*�0�$  .�"&(*�$  �;(&;�."/
!  V =60 1�  105 %/%#*, 5(#  
*3 *38  7/(�4�0&.�!.6  5�0/(4*�!.#
5(/1/�-  1�53!"&/%�$  (Ra12,5)
%%, V =94 %/%#* !#.3&,#'  
7/(�4�0&.�!.6  5�0/(4*�!.#
1�53!"&/%�$ .  

 

�#!3*�"  3 – ��#'*#/  !"�(�!.#
9/(*�0�%  .�9/*##

1 – 5�&!.#*&  ;/+  5�"(-.#'
3 –

 
�+  !"&+&**�)�  0-./"&/.

5(�#+0�1#./�6*�!.#  #*!.(3%/*.�0
(/ 3> #/  5�&!.#*-  5(�#+0�1!.0&
9/(*�038  �;(&;�."3  *& 15% 
.(/;3/%�$  9#!.�.-  5�0/(4*�!.#
!"�(�!.#  (/+&*#'  # 5(#%/*'/%�$
 
�#./(&.3(& : 

1. �(#)�(6/0 , � .� . 	;/!5/9/*#/
&0.�%&.#+#(�0&**-4  5(�#+0�1!.0&4
5�1  (/1 . �(#)�(6/0&  � .� . – �.&(-$

2. �
����� -����
http://dannat.ru/xFiles/SMKTC

3. ��(�0!"#$ , � .� . ��0-/
5(�,/!!�0  �;(&;�."#  %&./(#&��0
� .� . �&�"�0 . // �+0/!.#'  ����
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«��� !"#$  !31�!.(�#./�6*� -!31�(/%�*.*-$
#!5-.&*#$  (/ 3>#4  5�&!.#*  01111-270612 5�  �	��

5�"(-.#' ), �� 15 (!  CVD 5�"(-.#/%  6 %"%
5(�#+0�1!.0&  2#(%-  "���� " (��!!#' ). �!5-.-0&�#!6

�;(&;�."/  1/.&�#  «0&� )(/;*�$ ». �(#  5�0-7/*##  !"�(�!.#
5(#  t = 1 %%, S = 0,5 %%/�; . 5�&!.#*-  !  5�"(-.#/%

5�0/(4*�!.# , & ;/+  5�"(-.#'  7/(�4�0&.�!.6
12,5). �(#  5�0-7/*##  5�1&9# !  S = 0,5  1�  0,8 

!#.3&,#'  �;(&.*&' , 5�&!.#*-  !  5�"(-.#/%  */  !�4(&*'�#
5�0/(4*�!.# , & ;/+  5�"(-.#'  7/(�4�0&.�!.6  5�0-7&�&!6

!"�(�!.#  (/+&*#'  # 5�1&9# *& 7/(�4�0&.�!.6  5�0/(4*�!.#
.�9/*##  !.&�#  45 (/ 3>/$  5�&!.#*�$  01111-270612

5�"(-.#'  �� 40; 2 – 5�&!.#*&  !  5�"(-.#/%  CVD 6 
– 5�&!.#*&  !  5�"(-.#/%  CVD 14 %"% �� 35

0-./"&/.  5/(!5/".#0*�!.6  5(#%/*/*#'  !  .�9"#  +(/*#'
#*!.(3%/*.�0  !  #+*�!�!.�$"#%#  5�"(-.#'%#

5(�#+0�1!.0&  2#(%-  “���� ” 5�+0��'8.  !�"(&.#.6
 15% +& !9/.  #*./*!#2#"&,##  (/ #%�0  (/+&*#'

5�0/(4*�!.# , *�  0�+*#"&/.  �5.#%#+&,#�**&'  +&1&9&
5(#%/*'/%�$  5�1&9# 1�'  "& 1�)�  "�*"(/.*�)�  !�39&'

� . 	;/!5/9/*#/  "&9/!.0& 1/.&�/$  5(#  �;(&;�."/
5(�#+0�1!.0&4  / � .� . �(#)�(6/0 , 
 .� . �&!��0 , 


�.&(-$  	!"�� 6 ��� , 2012. – 412 ! . 
����  // www. dannat.ru [!&$. ]. 2019. 

SMKTC2000.pdf/ /(1&.& �;(&>/*#'  20.05.2019). 
� . ��0-/  #*!.(3%/*.-  1�'  5/(!5/".#0*-4  

%&./(#&��0 , 5(#%/*'/%-4  0 %&7#*�!.(�/*## . / 
����  «�
�� » – 2007. – E 2(4). – � . 114 – 118.

!31�(/%�*.*-$  +&0�1» ;-�  
5�  �	��  19043-80 #+ 
%"%), �� 35 (!  CVD 

�!5-.-0&�#!6  (/+,-  5(#  
5�0-7/*##  !"�(�!.#  (/+&*#'  

5�"(-.#/%  !�4(&*'�#  
7/(�4�0&.�!.6  5�0-7&�&!6  +& 

1�  0,8 %%/�;  5(#  t = 1 
*/ !�4(&*'�#  *3 *38  

5�0-7&�&!6  +& 5(/1/�-  

 
7/(�4�0&.�!.6  5�0/(4*�!.#  5(#  

270612.  
 CVD 6 %"% �� 15;  
�� 35 

.�9"#  +(/*#'  5�0-7/*#'  
5�"(-.#'%# . ��"(-.#'  *& 

!�"(&.#.6  0(/%'  *& 
(/+&*#'  !  !�4(&*/*#/%  

&,#�**&' +&1&9& !�0%/>/*#'  
"�*"(/.*�)� !�39&' .  

�;(&;�."/  (/+&*#/% 0 
�&!��0 , 
 .� . �4#(.�&1+/  / 

]. 2019. – URL : �

5/(!5/".#0*-4  ./4*���)#9/!"#4  
%&7#*�!.(�/*## . / � .� . ��(�0!"#$ , 

118. 
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�/"!&*1(�0

��������
��������������  ��������
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���

�&9/!.0�  5(�#+0/1/**-4
!0�$!.0  5(�,/!!�0  #4 #+)�.�0�/*#'
%&(7(3.& �;(&;�."#  # �5(/1/�'/.
�0#13  .�)� , 9.�  *& <"!5�3&.&,#�**-/
"&9/!.0�  (&;�9#4  5�0/(4*�!./$
#+)�.�0�/*#'  5(#;�#+#./�6*�
7�#2�0&�6*-/  # 1�0�1�9*-/
+&"&�/**-4  1/.&�/$  1�!.#)&/.!'

�&+*&9&' �5(/1/�/**-/
(&+%/(*38  # )/�%/.(#9/!"38
!��' , & .&" /  *&#;��//  0-!�"38
�;(&;�."# . ��%5�/"!  3"&+&**-4
%/.�1- , 3�397&8>#/  5(�,/!!
7�#2�0&*#/ , 5�0-7/*#/  "&9/!.0&
�5.#%&�6*-4  , #"��0  7�#2�0&*#'
7�#2�0&�6*�)�  "(3)& , 5(#%/*/*#/

�&  5(/15(#'.##  	
	
#!!�/1�0&*-  (&+�#9*-/  !%&+�9*�
9/(*�0�)�  # 5(/10&(#./�6*�)�
 #1"�!.#  #!5��6+�0&�!'  .(@45(�,/*.*-$

��"&+&*-  )#!.�)(&%%-
!�!.&0�'8>#4  !#�  5(#  &;(&+#0*�$
�	� . ��  0-!�./  !.��;,�0 , 4&(&"./(#+38>#4
23*",#�*&�6*-4  !0�$!.0&4  "& 1�)�

�#�- , 0�+*#"&8>#/  5(#
0-7/  ./4 , 9.�  0�+*#"&8.  5(#
*#+"�$  !%&+-0&8>/$ !5�!�;*�!.#
!(&0*/*##  !  ;&+�0�$   #1"�!.68

0&+��  1 .&" /  #%/8.  5�"&+&./�#
!�1- . �#*#%&�6*-/  !#�-  0�+*#"&8.

 �  
�#!3*�"  1 ��!.&0�'8>#/

��1�0-$  (&!.0�( ; 2 - ���)��

0&+��
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5(�#+0/1/**-4  "��/,  5�17#5*#"�0  �5(/1/�'/.!'
#+)�.�0�/*#' . ��#2�0&*#/  '0�'/.!'  "�*/9*�$

�5(/1/�'/.  "�*/9*�/  !�!.�'*#/  �;(&;&.-0&/%�$
<"!5�3&.&,#�**-/  4&(&"./(#!.#"#  5�17#5*#"�0  0

5�0/(4*�!./$  #4 1/.&�/$ , 0 ./4*���)#9/!"�%
5(#;�#+#./�6*�  60% !3%%&(*�$ .(31�/%"�!.#  

1�0�1�9*-/  �5/(&,##  [1]. �-!�"&'  .�9*�!.6  (&+%/(�0
1�!.#)&/.!'  7�#2�0&*#/% .  

�5(/1/�/**-/  3!��0#'  7�#2�0&*#' , !.(/%'.!'  �;/!5/9#.6
)/�%/.(#9/!"38  .�9*�!.6  1/.&�/$ , */�;4�1#%�/  "&9/!.0�

0-!�"38  5(�#+0�1#./�6*�!.6  5(#  *&#%/*67/$
3"&+&**-4 .(/;�0&*#$  %� *�  �!3>/!.0#.6

5(�,/!!  7�#2�0&*#' , "  "�.�(-%  �.*�!'.!'
5�0-7/*#/  "&9/!.0& 7�#2�0&�6*-4  "(3)�0 , 5(#%/*/*#/

7�#2�0&*#' , 5(#%/*/*#/  0-!�"�!"�(�!.*-4
5(#%/*/*#/  *&#;��//  <22/".#0*-4  �	� . 

	
	  	
	  «���  �&%&(&» 2#�#&�  ). ��� !"#$
(&+�#9*-/ !%&+�9*� -�4�& 1&8>#/   #1"�!.#  (�	�
5(/10&(#./�6*�)�  7�#2�0&*#'  1�(� "#  "&9/*#' . �  "&9/!.0/

#!5��6+�0&�!' .(@45(�,/*.*-$  !�1�0-$  (&!.0�( . 
)#!.�)(&%%-  !(/1*#4  +*&9/*#$ "&!&./�6*�$  

&;(&+#0*�$ �;(&;�."/  !  #!5��6+�0&*#/%  (&+�#9*-4
!.��;,�0 , 4&(&"./(#+38>#4  .3 #�#  #*38   #1"�!.6
!0�$!.0&4  "& 1�)�  #+ !�!.&0�0 . 

0�+*#"&8>#/  5(#  7�#2�0&*##  !   #1"�!.68  �#7�2�!  5%, 
0�+*#"&8.  5(#  5(#%/*/*##  "�*"3(#(38>#4  !�!.&0�0

!5�!�;*�!.#  1&**�)�  ./4*���)#9/!"�)�  !(/1!.0&
 #1"�!.68  – !� 1�0-%  (&!.0�(�% . �#7�2�!  1/!'.#

5�"&+&./�#  <22/".#0*�!.#  *# / , 9/% .(@45(�,/*.*-$
!#�-  0�+*#"&8.  5(#  5(#%/*/*##  �	�  – MODUS 

��!.&0�'8>#/  !#�-  7�#2�0&*#' : &) *�(%&�6*&' , ; ) "&!&./�6*&'
���)��  300 (081); 3 – TOTAL MS 7000; 4 – MODUS M


0&+��  1; 6 – �#7�2�!  5%; 7 – �#7�2�!  10% 

����������  �� �����  
42212��  

 
�
������
�
�  

�5(/1/�'/.!'  !�0�"35*�!.68  
"�*/9*�$  �5/(&,#/$  

�;(&;&.-0&/%�$  5�0/(4*�!.# . 
5�17#5*#"�0  0 �!*�0*�%  0�#'/.  
./4*���)#9/!"�%  5(�,/!!/  #4 
.(31�/%"�!.#  5(#4�1#.!'  *& 

.�9*�!.6 (&+%/(�0  # 2�(%-  

�;/!5/9#.6  +&1&**-/  
"&9/!.0�  5�0/(4*�!.*�)�  

*&#%/*67/$  !/;/!.�#%�!.#  
�!3>/!.0#.6 , +*&' �!*�0*-/  

�.*�!'.!' : !"�(�!.*�/  
5(#%/*/*#/  *&#;��//  

0-!�"�!"�(�!.*-4  5(#0�1�0  

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

�  "&9/!.0/  ;&+�0�$  

"&!&./�6*�$  # *�(%&�6*�$  
#!5��6+�0&*#/%  (&+�#9*-4  %&(�" 

 #1"�!.6 , %� *�  !31#.6  �  

�#7�2�!  5%, !(&0*#./�6*�  
!�!.&0�0 . :.�  )�0�(#.  �  

./4*���)#9/!"�)�  !(/1!.0&  1& /  0 
�#7�2�! 1/!'.# 5(�,/*.*-$  # 

.(@45(�,/*.*-$  (&!.0�(  
MODUS [2] ((#!3*�"  1). 

 
�  

"&!&./�6*&' : 1 – 
MODUS M1;  5 – 



 

	.  0/�#9#*-  !�!.&0�'8>#4
7/(�4�0&.�!.6  5�0/(4*�!.#  �;(&;&.-0&/%�)�
;-�#  5(#  #!5��6+�0&*##  �	�

�  5(�,/!!/  �;(&;�."#
#+%/*''  !.(3".3(3  !0'+"# . 
4#%#9/!"�/  0�+1/$!.0#/  *&
%/ 13  &;(&+#0*-%# +/(*&%#
5(�,/!!/  �;(&;�."#  # 5(#0�1#.

�(#  7�#2�0&*##  !.&�#
"(3)&  !�!.&0#�  �"���  130 %"%
# MODUS M1 <.�.  5�"&+&./�6

 

�#!3*�"  2. �+*�!  7�#2�0&�6*�)�
TOTAL MS 7000; 4 - MODUS M1 ;  5 

 
�9#.-0&' , 9.�  �5-.- 5(�0�1#�#!6

�1*�)�  #*!.(3%/*.& , *&5(&7#0&/.!'
�4�& 1&8>/$   #1"�!.#  %� *�
5(#  7�#2�0&*## . 

�(#%/*/*#/  *�0�$  !%&+�9*�
3%/*67#.6  !#�-  5(#  7�#2�0&*##
�&" /  5(#%/*/*#/  5��3!#*./.#9/!"�$
*/  1�53!.#.  "�((�+#8  3+��0  !.&*"&
 
�#./(&.3(& : 

1. �#*#"! , � .� . ��17#5*#"#
����
�  1983 

2. ��%5&*#'  «�#(  
https://www.mirsmazok.ru/upload
�;(&>/*#'  19.03.2019). 

3.� ��()�0� -5(�%-7�/**&'
https://tpksintez.ru/catalog/modus
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!�!.&0�'8>#4  !#�-  7�#2�0&*#'  0 5(�,/!!/  �;(&;�."#
5�0/(4*�!.#  �;(&;&.-0&/%�)�  %&./(#&�&. �#*#%&�6*&'

#!5��6+�0&*## �	�  ���)��  300 # MODUS. 
�;(&;�."#  �	�  .&" /  5(�*#"&/.  # 0 5�(-  7�#2�0&�6*�)�

!0'+"# . :�/%/*.-  !%&+�9*�-�4�& 1&8>/$   #1"�!.#
0�+1/$!.0#/ *&  !0'+38>#/  <�/%/*.-  "(3)&  # !5�!�;*-

+/(*&%#, 9.�  30/�#9#0&/.  0/(�'.*�!.6  0-(-0&*#'
5(#0�1#.  ./% !&%-% "  5�0-7/**�%3  #+*�!3 . 

7�#2�0&*## !.&�#  !�1�0-$  (&!.0�(  5�"&+&� *&#4317#$ (/+3�6.&.
%"%, .�)1&  "&" 5(#  #!5��6+�0&*##   #1"�!.#

5�"&+&./�6  */  5(/0-!#�  # 1/!'.#  %#"(�*  [3].  

7�#2�0&�6*�)�  "(3)& : 1 - ��1�0-$  (&!.0�( ; 2 - ���)��
MODUS M1 ;  5 - 
0&+��  1; 6 - �#7�2�!  5%; 7 

�5-.-  5(�0�1#�#!6  *& �1*#4  # ./4   /  (/ #%&4 #
*&5(&7#0&/.!'  0-0�1  �  .�% , 9.�  5�1;�(�%
%� *�  !3>/!.0/**�  0�#'.6  *& #+*�!  &;(&+#0*�)�

!%&+�9*�-�4�& 1&8>/$   #1"�!.#  MODUS
7�#2�0&*## , .&" # 3%/*67#.6  #+*�!  &;(&+#0*�)�

5��3!#*./.#9/!"�$  !%&+�9*�-�4�& 1&8>/$   #1"�!.#
3+��0  !.&*"& . 

��17#5*#"#  "&9/*#'  # !0�;�1*-/  1/.&�#

�#(  !%&+�"» // www.mirsmazok.ru [!&$. ]. 2019. 
upload/iblock/e47/e47593faabdd2d203a51b9a0919847

5(�%-7�/**&'  "�%5&*#'  �#*./+  // tpksintez.ru: [!&$.
https://tpksintez.ru/catalog/modus-m (1&.& �;(&>/*#'  19.03.2019). 

5(�,/!!/  �;(&;�."#  +&0#!#. 
�#*#%&�6*&'  7/(�4�0&.�!.6  

7�#2�0&�6*�)�  "(3)& , 
 #1"�!.#  �"&+-0&8.  

!5�!�;*-  �!�&;#.6  !0'+6 
0-(-0&*#'  +/(*& #+ "(3)&  0 

*&#4317#$ (/+3�6.&. . �+*�!  
 #1"�!.#  «�#7�2�!  10%» 

 
���)��   300 (081);  3 -

 5%; 7 - �#7�2�!  10%  

(/ #%&4  # !  5(#%/*/*#/%  
5�1;�(�%  !%&+�9*�-

&;(&+#0*�)�  #*!.(3%/*.&  

MODUS M1 5�+0��'/.  "&" 
&;(&+#0*�)�  #*!.(3%/*.& . 

 #1"�!.#  MODUS M1 

1/.&�# : �&.&��) . � : 

!&$. ]. 2019. – URL :�
0919847b3.pdf/(1&.& 

!&$.]. 2019. – URL: 
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�/"!&*1(�0  
 .
 ., �&!#�6/0&  � .� . 
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�*�)#%#  39@*-%#, *&39*-%# 7"��&%# , 5(/15(#'.#'%#  5(�0�1'.!'  
#!!�/1�0&*#' , # *&"�5�/*  ;��67�$  �5-.  5�  5�0-7/*#8  <22/".#0*�!.#  5(�,/!!�0  
(/+&*#' . �%/!./  !  ./% 5(#%/*/*#/  <.�)�  �5-.&  0 !�0(/%/**-4  5(�#+0�1!.0/**-4  
3!��0#'4  9&!.�  */  1&@. � #1&/%�)�  (/+3�6.&.&  [1]. 

�3>/!.038.  !�/138>#/  !5�!�;-  5�0-7/*#'  <22/".#0*�!.#  .�"&(*�$  
�;(&;�."#  "��/,  5�17#5*#"&  12310�� : 5(#%/*/*#/  !%&+�9*�-�4�& 1&8>#4  
./4*���)#9/!"#4  !(/1!.0 , �5.#%#+&,#'  (/ #%�0  (/+&*#' , 5(#%/*/*#/  
0-!�"�!"�(�!.*�$  �;(&;�."# , !�0/(7/*!.0�0&*#/  )/�%/.(##  (/ 3>/)�  #*!.(3%/*.& , 
30/�#9/*#/  #+*�!�!.�$"�!.#  # 5(�9*�!.#  #*!.(3%/*.&�6*�)�  %&./(#&�&, *&*/!/*#/  *& 
(/ 3>#$  #*!.(3%/*.  #+*�!�!.�$"#4  5�"(-.#$ . 

�&#;��67//  0�#'*#/  *& <22/".#0*�!.6  5(�,/!!&  (/+&*#'  �"&+-0&/.  0-;�(  
�5.#%&�6*-4  (/ #%�0  (/+&*#'  # "�*!.(3",##  (/ 3>/)�  #*!.(3%/*.& , 0"�89&'  /)�  
)/�%/.(#8 , #*!.(3%/*.&�6*-$  %&./(#&� # 35(�9*'8>//  5�"(-.#/ . 

�& *�  �.%/.#.6 , 9.�  <%5#(#9/!"#/  +&0#!#%�!.# !.�$"�!.#  �.  (/ #%�0  (/+&*#'  
#%/8.  0/!6%& �)(&*#9/**-$  1#&5&+�* #!5��6+�0&*#'  # 5(#%/*#%-  .��6"�  1�'  ./4  
3!��0#$  �;(&;�."#  (/+&*#/%, 5(#  "�.�(-4  5(�0�1#�#!6  #!5-.&*#'  # !.(�#�&!6  <.& 
+&0#!#%�!.6. [2] 

�&  2#�#&�  	
	  «���  �&%&(&» ). ��� !"#$  ;-�  5(�0/1/*  "�%5�/"!  #!5-.&*#$  
(/ 3>#4  #*!.(3%/*.�0  5(�#+0�1!.0&  2#(% "�&*10#" -���� " (��!!#' ), «Sandvik 
Coromant» (�0/,#' ), "KORLOY"(��(/' ), "�.�(-/  0 5�!�/1*//  0(/%'  *&4�1'.  
5(#%/*/*#/  *& %&7#*�!.(�#./�6*-4  5(/15(#'.#'4  ��!!## . �!5-.-0&�#!6  (/+,- , 
�!*&>/**-/  !%/**-%#  */5/(/.&9#0&/%-%#  5�&!.#*&%# !  #+*�!�!.�$"#%#  5�"(-.#'%#  
(CNMG 120408-MF), 5(#  �;(&;�."/  "��/,  5�17#5*#"&  12310��  #+ !.&�#  �� 15 
.0/(1�!.68  HRC 28…35 *& .�"&(*-4  !.&*"&4  !  ���  %�1. �
� 160. �(�#+0�1#�&!6  
�"�*9&./�6*&'  .�"&(*&'  �;(&;�."&  1�(� "#  "&9/*#' . �  *&!.�'>//  0(/%'  1�'  �;(&;�."#  
1&**�)�  "��6,&  #!5��6+38.!'  (/ 3>#/  5�&!.#*-  �&*10#"  �� 35 (�	���� ). 	;(&;�."&  
5(�#+0�1#.!'  !  (/ #%&%# (/+&*#'  V = 120 %/%#*, t = 0,2 %%, S = 0,15 %%/�; . 

�!5-.&*#'  5�&!.#*  �&*10#"  �� 35 (�	���� ) 5�"&+&�# [3], 9.�  !(/1*''  
!.�$"�!.6  5�&!.#*-  !�!.&0#�&  18,5 %#*, & !(/1*//  "��#9/!.0�  �;(&;�.&**-4  "��/,  
�1*�$  5�&!.#*�$  – 33. ��'  !(&0*/*#'  *& ./4   /  (/ #%&4  (/+&*#'  5(�0/1/*-  
!.�$"�!.*-/  #!5-.&*#'  5�&!.#*-  CNMG 120408-MF %&("# NC330 !  5�"(-.#/%  
5(�#+0�1!.0&  2#(%-  “KORLOY”. �!5-.&*#'  5�"&+&�#, 9.�  !(/1*''  !.�$"�!.6  
5�&!.#*-  !�!.&0#�&  20,3 %#*, & !(/1*//  "��#9/!.0�  �;(&;�.&**-4  "��/,  �1*�$  
5�&!.#*�$  – 37 %#*. # (�%;#9/!"#4  5�&!.#*  CNMG 120408-MF %&("# GC 6050 !  
5�"(-.#/%  5(�#+0�1!.0&  2#(%-  “Sandvik Coromant”. �  (/+3�6.&./  3!.&*�0�/*� , 9.�  
!(/1*''  !.�$"�!.6  5�&!.#*-  !�!.&0#�&  33,4 %#*, & !(/1*//  "��#9/!.0�  �;(&;�.&**-4  
"��/,  �1*�$  5�&!.#*�$  – 52.  

�&"#% �;(&+�% , !.�$"�!.6  5�&!.#*  5(�#+0�1!.0&  2#(%-  “Sandvik ” *& 39,3% 
0-7/  !.�$"�!.#  5�&!.#*  5(�#+0�1!.0&  2#(%-  “KORLOY” # *& 44,7% 5�&!.#*  
“ �&*10#" ”. �(#  <.�% #+*�!  (/ 3>/$  "(�%"#  5(�#!4�1#�  5�  5/(/1*/$  5�0/(4*�!.#  1�  
0,15 %% 3 5�&!.#*  5(�#+0�1!.0&  2#(%-  “Sandvik”, 1�  0,2 %% 3 5�&!.#*  5(�#+0�1!.0&  
2#(%-  “KORLOY” # 1�  0,28 %% 3 5�&!.#*  5(�#+0�1!.0&  2#(%-  “ �&*10#" ”.  
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�*# /*#/  5�"&+&./�/$  ;(&"& 5(�#!4�1#.  +& !9/.  3!.(&*/*#'  0�+%� *�!.#  /)�  
5�'0�/*#'  0 #!!�/13/%�%  5(�,/!!/ . �!!�/1�0&*#/  5�"&+&�� , 9.�  5(#  5�!.�'**�$  
�;(&;�."/  (/+,�%  ;/+  /)�  !%/*-  *& 5(�.' /*##  0(/%/*#  5(#  5�!.�'**-4  (/ #%&4  
(/+&*#'  5(#0�1#.  "  5�'0�/*#8  ;(&"�0&**-4  #+1/�#$  0 (/+3�6.&./  #+*�!& . �&  (#!3*"/  1 
0#1*� , 9.�  0/(�'.*�!.6  0�+*#"*�0/*#'  ;(&"& 5(#  �;(&;�."/  1/.&�#  (/+,�%  3 (Sandvik) 
*# / , 9/% 5(#  �;(&;�."/  (/+,&%# 1(�&*10#" ) #  2 (KORLOY). 
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� 	 
 �

�	 
��

�

�

�

�

�

�

�

�� �� �� �� �� ��

� 	 
 �

�	 
��

�

�

�

�

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

5(#  �;(&;�."/  (/ 3>#%  #*!.(3%/*.�%  
1. (�&*10#"  �� 35)2. (KORLOY NC330), 3. (Sandvik GC 6050) 
(/ #%-  (/+&*#'  (V = 120 %/%#*, t = 0,2 %%, S = 0,15 %%/�; ) 

 
�+  !"&+&**�)�  0-./"&/.  5/(!5/".#0*�!.6  5(#%/*/*#'  !  .�9"#  +(/*#'  !*# /*#'  

+&.(&. *& #*!.(3%/*.  (/ 3>#4  5�&!.#*  5(�#+0�1!.0&  2#(%-  “Sandvik”. �.�#%�!.6  
5�&!.#*  2#(%-  “Sandvik” 5(#%/(*�  *& 20% 0-7/ , 9/% 3 2#(%-  “KORLOY”, # *& 40% 
2#(%-  “ �&*10#" ”. 

�(#0/1/**-/  (/+3�6.&.-  5�"&+-0&8. , 9.�  5(#%/*/*#/  !�0(/%/**-4  (/ 3>#4  
#*!.(3%/*.�0  5(�#+0�1!.0&  2#(%-  “Sandvik” �."(-0&/.  *�0-/  ./4*���)#9/!"#/  
0�+%� *�!.#  5�0-7/*#'  5(�#+0�1#./�6*�!.#  # !*# /*#'  !/;/!.�#%�!.#  �;(&;�."#  
5(#  �1*�0(/%/**�%  3�397/*##  "&9/!.0& �;(&;&.-0&/%-4  5�0/(4*�!./$ , *�  
*/�;4�1#%�  ;��//  5�1(�;*�/  !.�#%�!.*�/  !(&0*/*#/  !  5�&!.#*&%# 2#(%-  “KORLOY”. 
 
�#./(&.3(& : 

1. �(#)�(6/0 , � .� . 	;/!5/9/*#/  "&9/!.0& 1/.&�/$  5(#  �;(&;�."/  (/+&*#/% 0 
&0.�%&.#+#(�0&**-4  5(�#+0�1!.0&4  / � .� . �(#)�(6/0 , 
 .� . �&!��0 , 
 .� . �4#(.�&1+/  / 
5�1  (/1 . �(#)�(6/0&  � .� . – �.&(-$  	!"�� 6 ��� , 2012. – 412 ! . 

2. ��&0*-$  #* /*/(  // www. chiefengineer.ru [!&$. ]. 2019. – URL : 
http://chiefengineer.ru/tehnologii-metaloobrabotki/tehnologii-obrabotki-metalla/povyshenie-
effektivnosti-mehanoobrabotki/ /(1&.& �;(&>/*#'  20.03.2019). 

3. ��(�0!"#$ , � .� . ��0-/  #*!.(3%/*.-  1�'  5/(!5/".#0*-4  ./4*���)#9/!"#4  
5(�,/!!�0  �;(&;�."#  %&./(#&��0 , 5(#%/*'/%-4  0 %&7#*�!.(�/*## . / � .� . ��(�0!"#$ , 
� .� . �&�"�0 . // �+0/!.#'  ����  «�
�� » – 2007. – E 2(4). – � . 114 – 118. 
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�3(1/$*&'  
 .� ., �#55&(#  � .� ., �&"&(�0&  � .
 ., �./;�/0/,  � .
 ., �31'"�0  � .� . 
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�(/1!.0&  #+%/(/*#' , !9/.9#"#  # 1&.9#"#, #!5��6+3/%-/  *& 5(/15(#'.#'4 , 
1�� *-  �.0/9&.6  �5(/1/�/**-%  .(/;�0&*#'%  # *�(%&%, "&!&8>#%!'  .�9*�!.#  1&**-4 , 
5��39&/%-4  !  #4 5�%�>68 . �  ,/�68  �;/!5/9/*#'  .�9*�!.#  5��39&/%�$  #*2�(%&,##  # 
!0�/0(/%/**�)�  0-'0�/*#'  */#!5(&0*�!./$  # �."��*/*#$  0 #+%/(/*#'4  �*#  
5�10/()&8.!'  (/)3�'(*�$  5�0/("/  – 0 !��.0/.!.0##  !�  !. . 13 +&"�*& E  102 ��  «	;  
�;/!5/9/*##  /1#*!.0&  #+%/(/*#$ ». 

��0/("&  — <.�  "�%5�/"!  %/(�5(#'.#$ , �!3>/!.0�'/%-4  1�'  �5(/1/�/*#'  
!��.0/.!.0#'  5(#;�(&  +&'0�/**-%  %/.(���)#9/!"#%  .(/;�0&*#'%  # *�(%&%. ��0/("#  
;-0&8.  !�/138>#4  0#1�0:  

- 5/(0#9*�$ . �(�0�1#.!'  !(&+3 5/(/1  00�1�% 0 <"!5�3&.&,#8  #�#  5�!�/  
(/%�*.&  !(/1!.0&  #+%/(/*#' ; 

- 5/(#�1#9/!"�$ . 	!3>/!.0�'/.!'  9/(/+  �5(/1/�/**-/  5(�%/ 3."#  
0(/%/*# , 3!.&*�0�/**-/  *�(%&.#0*-%#  # +&"�*�1&./�6*-%#  &".&%# 1�'  ./4  #�#  #*-4  
#+%/(#./�6*-4  5(#;�(�0 ; 

- 0*/�9/(/1*�$ . �(�0�1#.!'  0 5/(#�1  %/ 13  !(�"&%#  5/(#�1#9/!"�$  
5�0/("#  0 !#�3  (&+�#9*-4  �;!.�'./�6!.0 ; 

- #*!5/",#�**�$ . 	!3>/!.0�'/.!'  �()&*&%# )�!31&(!.0/**�$  
%/.(���)#9/!"�$  !�3 ;-  5(#  5(�0/1/*##  5�&*�0-4  #�#  0*/5�&*�0-4  #*!5/",#�**-4  
%/(�5(#'.#$ ; 

- <"!5/(.*�$ . 	!3>/!.0�'/.!'  !  ,/�68  (/7/*#'  (&+�#9*-4  !5�(�0 , 
0�+*#"&8>#4  %/ 13  4�+'$!.038>#%#  !3;A/".&%# , %/.(���)#9/!"#%#  !�3 ;&%# , 
5��6+�0&./�'%#  ��  �.*�!#./�6*�  <"!5�3&.&,#�**�$  5(#)�1*�!.#  5(#;�(�0  #+%/(/*#'  
[1]. 

��/13/.  �.�#9&.6  5�0/("3  5(#;�(�0  �.  #4 "&�#;(�0"# .  �.�  .&"�/  "&�#;(�0"&  
!(/1!.0  #+%/(/*#' ? 

�/  !�/13/.  53.&.6 !  5�0/("�$  "&�#;(�0"3  !(/1!.0  #+%/(/*#' . ��.'  �;/  
5(�,/13(-  �!3>/!.0�'8.!'  5�  !4� #%  #�#  1& /  �1#*&"�0-%  %/.�1#"&%, �*#  #%/8.  
!3>/!.0/**�/  (&+�#9#/: 

- "&�#;(�0"&  */  '0�'/.!'  �;'+&./�6*�$ . 	!3>/!.0�'/.!'  "�%5&*#/$ -
#+)�.�0#./�/%  !(/1!.0  #+%/(/*#$  #�#  5��6+�0&./�'%# ; 

- "&�#;(�0"&  — <.�  !"�(//  #!!�/1�0&*#/ , .&" "&" (/+3�6.&.  — �5(/1/�/*#/  
#!.#**-4  5�"&+&*#$ # 5�)(/7*�!./$  5(#;�(�0 ; 

- 5(#  "&�#;(�0"/  5�)(/7*�!.6  5(#;�(&  9&!.�  �5(/1/�'/.!'  .��6"�  0 
�5(/1/�/**�%  1#&5&+�*/ #+%/(/*#$  # 5(#  �5(/1/�/**-4  3!��0#'4 , "�.�(-/  9&!.�  
�.�#9&8.!'  �.  ./4 , 9.�  3!.&*�0�/*-  *�(%&%# 5(�0/1/*#'  5�0/("# . 

�/+3�6.&.-  "&�#;(�0"#  !�/13/.  +&*�!#.6  0 5&!5�(.  !(/1!.0&  #+%/(/*#' . 
�&�#;(�0"3  (/"�%/*13/.!'  5(�0�1#.6  1�'  0!/4  5(#;�(�0 , <"!5�3&.#(3/%-4  0 !�� *-4  
3!��0#'4 , .&" "&" #4 5�"&+&./�#  5(#  <.�% %�)3.  !3>/!.0/**�  �.�#9&.6!'  �.  
5�0/(�9*-4 . �&�#;(�0"&  5�%�)&/.  5�0-!#.6  .�9*�!.6  #+%/(/*#$  *& 0!/% 1#&5&+�*/ 
1�53!.#%-4  +*&9/*#'  #�#  .��6"�  *& #4 9&!.# – 0 +&0#!#%�!.# �.  3!��0#$  <"!5�3&.&,##  
"�*"(/.*�)�  5(#;�(& . 
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�%-!�  5(�0/1/*#'  "&�#;(�0�"  #%//.!' , "�)1&  (&;�.-  5�  %/.(���)#9/!"�%3  
�;/!5/9/*#8  0!/  ;��//  #*./*!#0*�  *&9#*&8.  5(�0�1#.6!'  0 !2/(/ , */5�!(/1!.0/**�  */  
0"�89/**�$  0 �;�&!.6  +&"�*�1&./�6*�$  %/.(���)## . �/�6  — 5�0-7/*#/  "&9/!.0& 
0-53!"&/%�$  5(�13",##  # 30/�#9/*#8  //  "�*"3(/*.�!5�!�;*�!.# . 

��#'*#/  ./%5/(&.3(- , 0�& *�!.# , )&+�0�)�  !�!.&0&  0�+134&, %&)*#.*-4  5��/$  # 
. .5. *& 5(�,/!!  "&�#;(�0"#  */  5�10/()&/.!'  !�%*/*#8 . �(/15��&)&/.!' , 9.�  5�%/>/*#'  
«1�� *-  !��.0/.!.0�0&.6  *�(%&�6*-%  3!��0#'%  (./%5/(&.3(& , 0�& *�!.6 , 9#!.�.&  
0�+134&, �!0/>/**�!.6 , +03"�- # 0#;(�#+��',#' , +&>#.& �.  #+�39/*#$  %&)*#.*�)� , 
<�/".(#9/!"�)�  # 1(3)#4 2#+#9/!"#4  5��/$ , !*&; /*#/  <�/".(�<*/()#/$ , 0�1�$ , 
0�+134�%, ./5��% , 4�&1&)/*.�%  # . .5.), .(/;�0&*#'% , 5(#%/*'/%-%  5�  "&�#;(�0"/ , 
!&*#.&(*-%  *�(%&% # 5(&0#�&%, .(/;�0&*#'%  ;/+�5&!*�!.#  .(31& # �4(&*-  
�"(3 &8>/$  !(/1-  # �;>#%  .(/;�0&*#'%  �	��  8.395-80. ��!31&(!.0/**&'  !#!./%&  
#+%/(/*#$ . ��(%&�6*-/  3!��0#'  #+%/(/*#$  5(#  5�0/("/ . 	;>#/  .(/;�0&*#' » [2]. 

��(%&�6*-/  3!��0#'  */�;'+&./�6*�  1�� *-  ;-.6  «5�  3%��9&*#8 » (./%5/(&.3(&  
20°� , 1&0�/*#/  768 %% (. .!. .), #4 0�+%� *�  0-;#(&.6  5�  .�%3  /  �	��3  8.395-80, *�  
*3 *�  �;/!5/9/*#/  5�!.�'**-4  3!��0#$  !�)�&!*�  5(�%-7�/**�%3  (/)�&%/*.3  
50.2.016-94 ��� . �(/;�0&*#'  "  0-5��*/*#8  "&�#;(�0�9*-4  (&;�.  5(&".#9/!"#  
5(#(&0*#0&8.  5(�,/13(3  "&�#;(�0"#  "  5(�,/13(/  5�0/("/ . �  9&!.*�!.# , .(/;�0&*#'  "  
�#,&%, 5(�0�1'>#%  "&�#;(�0"3 , +039&. .&":  

«�5/,#&�#!.-  %/.(���)#9/!"�$  !�3 ;-  1�� *-  #%/.6 5(�2/!!#�*&�6*38  
5�1)�.�0"3  # �5-.  "&�#;(�0"#  (5�0/("# ) !(/1!.0  #+%/(/*#$  0 +&'0�/**�$  �;�&!.#  
&""(/1#.&,## . ��'  "& 1�)�  !5/,#&�#!.&  1�� *-  3!.&*&0�#0&.6!'  23*",## , 
�;'+&**�!.# , 5(&0& # �.0/.!.0/**�!.6 , .(/;�0&*#'  "  �;(&+�0&*#8 , ./4*#9/!"#%  
+*&*#'% # �5-.3  (&;�.- » [4]. 

��'  %&�-4 5(/15(#'.#$  ). ��� !"�)�  *&�#9#/  .&"#4 !5/,#&�#!.�0  — (/7&/%&'  
5(�;�/%& , *�  !  �;/!5/9/*#/%  «*�(%&�6*-4  3!��0#$ » /!.6  �5(/1/�/**-/  .(31*�!.# , 0 
5/(038  �9/(/16  5�  ./%5/(&.3(/  # &.%�!2/(*�%3  1&0�/*#8 . 	;/!5/9/*#/  !.(�)�  
*�(%&�6*-4  3!��0#$  %� /.  ;-.6  #+;-.�9*�  1�(�)�  1�'  */;��67�)�  5(/15(#'.#' : 
+&.(&.-  *& !�+1&*#/  !5/,#&�6*�)�  5�%/>/*#' , !&%�)�  1�5��*#./�6*�)�  5�%/>/*#'  
%� /.  */  ;-.6 . �&"  0 �	��/  8.050-73 [3] 3!.&*�0�/*-  */  .��6"�  *�(%&�6*-/  5(/1/�-  
+*&9/*#$ �!*�0*-4  0�#'8>#4  0/�#9#* , �;/!5/9#0&8>#/  5(&".#9/!"�/  #!"�89/*#/  
1�5��*#./�6*-4  5�)(/7*�!./$  */+&0#!#%� �.  "�*"(/.*�)�  0#1& !(/1!.0&  # �;A/".&  
#+%/(/*#' , *�  # (&!7#(/**-/  *�(%&�6*-/  3!��0#'  – 3!��0#' , 3!.&*&0�#0&/%-/  0 
!��.0/.!.0##  !  &../!.�0&**-%#  (!.&*1&(.#+�0&**-%# ) %/.�1#"&%# 0-5��*/*#'  
#+%/(/*#$  # 1(3)�$  *�(%&.#0*� -./4*#9/!"�$  1�"3%/*.&,##  1�'  "�*"(/.*-4  !(/1!.0  # 
�;A/".�0  #+%/(/*#$  .&", 9.�  5(#  0-5��*/*##  #+%/(/*#$  */  .(/;3/.!'  00�1#.6 
5�5(&0"#  0!�/1!.0#/  5(&".#9/!"�)�  #!"�89/*#'  1�5��*#./�6*-4  5�)(/7*�!./$ . 

�&"#% �;(&+�% , 0�+%� *�  !�+1&.6 3!��0#'  1�'  "&�#;(�0"#  5(#;�(�0   %')9/ , 9/% 
1�'  5�0/("# , *�  /!�#  !.&0#.6 ,/�6  "&./)�(#9/!"�/  3�397/*#/  "&9/!.0&, .�  !�/13/. , 
*&�;�(�. , !�+1&0&.6 3!��0#'  ;��//   /!."#/ , %&"!#%&�6*�/ 5(#;�# /**-/  "  
5�0/(�9*-% . 

 
�#./(&.3(&  
1. �!/  �  5�0/("/  # "&�#;(�0"/  !(/1!.0  #+%/(/*#$ . URL: 

http://printsip.ru/biblioteka/o_metrologii/poverka-si (1&.& �;(&>/*#'  18.01.2019) 
2. �	��  8.395-80 ��!31&(!.0/**&'  !#!./%&  �;/!5/9/*#'  /1#*!.0&  

#+%/(/*#$ . ��(%&�6*-/  3!��0#'  #+%/(/*#$  5(#  5�0/("/ . 	;>#/  .(/;�0&*#' . �+1&*#/  
�2#,#&�6*�/ . � .: ���  �+1&./�6!.0�  !.&*1&(.�0 , 2008. – 14 ! . 

3. �	��  8.050-73 ��!31&(!.0/**&'  !#!./%&  �;/!5/9/*#'  /1#*!.0&  
#+%/(/*#' . ��(%&�6*-/  3!��0#'  0-5��*/*#'  �#*/$*-4  # 3)��0-4  #+%/(/*#$ . URL: 
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http://internet-law.ru/gosts/gost/17244/ 
4. ��  50.2.016-94 ��� . �(/;�0&*#'  "  0-5��*/*#8  "&�#;(�0�9*-4  (&;�. . 

URL: http://www.gosthelp.ru/text/PR50201694GSITrebovaniyak.html 
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�/�68  (&;�.-  '0�'/.!'  &*&�#+ 5(�0/1/*#'  &""(/1#.&,##  #!5-.&./�6*-4  

(&*&�#.#9/!"#4 ) �&;�(&.�(#$  # (&+(&;�."&  (/"�%/*1&,#$  5�  3!.(&*/*#8  */1�!.&."�0  0 
1�"3%/*.&,##  5�  5�0/("/  0 	
	  «��� !"#$  	()!#*./+ ».  

��'  (/&�#+&,##  5�!.&0�/**�$  ,/�#  (/7&�#!6  !�/138>#/  +&1&9#:  
- (&!!%�.(/.6  5�('1�"  5(�0/1/*#'  &""(/1#.&,##  #!5-.&./�6*-4  �&;�(&.�(#$ ; 
- 0-'0#.6  */1�!.&."#  *�(%&.#0*�$  1�"3%/*.&,##  5�  5�0/("/  0 	
	  «��� !"#$  

	()!#*./+ »; 
- (&+(&;�.&.6  (/"�%/*1&,##  5�  3!.(&*/*#8  */1�!.&."�0  0 1�"3%/*.&,##  5�  

5�0/("/ . 
�!5-.&./�6*-/  �&;�(&.�(##  �!3>/!.0�'8.  "�*.(��6  # #!5-.&*#'  (&+�#9*-4  

0#1�0 5(�13",##  # %&./(#&��0  *& !��.0/.!.0#/  .(/;�0&*#'%  *�(%&.#0*-4  1�"3%/*.�0  
(!.&*1&(.�0 , (/)�&%/*.�0 , ./4*#9/!"#4  3!��0#$  # 5( .). �/�6  #!5-.&*#$  – �;/!5/9#.6  
1�53!"  5(�13",##  *& (-*�"  # 5�1.0/(1#.6  0�+%� *�!.6  //  ;/+�5&!*�)�  #!5��6+�0&*#'  
# 5(#%/*/*#' . 
""(/1#.&,#'  #!5-.&./�6*�$  �&;�(&.�(##  5�+0��'/.  0-5��*'.6  <.# 
(&;�.-  *& 3(�0*/  %/ 13*&(�1*-4  !.&*1&(.�0 , 9.�  �;/!5/9#0&/.  5(#+*&*#/  5��39/**-4  
(/+3�6.&.�0  0!/%# 39&!.*#"&%# (-*"& . 

�.�   /  5(/1!.&0�'/.  !�;�$  5(�,/!!  &""(/1#.&,##  #!5-.&./�6*�$  �&;�(&.�(## ? 

""(/1#.&,#'  #!5-.&./�6*�$  �&;�(&.�(##  – <.�  �2#,#&�6*�/  5(#+*&*#/  

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

��'  .�)�  9.�;-  #!5-.&./�6*&'  �&;�(&.�(#'  5(�7�&  &""(/1#.&,#8  0 
�/1/(&�6*�$  !�3 ;/  5�  &""(/1#.&,## , *3 *�  5(�1/�&.6  !/(6@+*38 5�1)�.�0#./�6*38  
(&;�.3 . 

�&!!%�.(#%  5�('1�"  5(�0/1/*#'  &""(/1#.&,##  #!5-.&./�6*-4  �&;�(&.�(#$ . 
�&  5/(0�%  <.&5/ 5(/15(#'.#/  �.5(&0�'/.  +&'0"3 *& (&!!%�.(/*#/  0 

�/1/(&�6*38  !�3 ;3  5�  &""(/1#.&,## . �!5��*#./�6*-$  �()&*  5�  &""(/1#.&,##  
*&+*&9&/. �.0/.!.0/**�)�  #!5��*#./�'  5�  &""(/1#.&,##  "�*"(/.*�$  #!5-.&./�6*�$  
�&;�(&.�(## , "�.�(-$  0 !0�8  �9/(/16  5(�0/('/.  5��*�.3  # 5(&0#�6*�!.6  
5(/1!.&0�/**-4  1�"3%/*.�0 , 8(#1#9/!"#$  !.&.3!  +&'0#./�' , *&�#9#/  5/(!�*&�&  # 
�;�(31�0&*#'  1�'  �!3>/!.0�/*#'  +&'0�/**�$  1/'./�6*�!.# ; 5(�0�1#.  &*&�#+ *&�#9#'  
&*&��)#9*-4  &""(/1#.�0&**-4  �&;�(&.�(#$  # �5(/1/�'.  0�+%� *�!.6  5(�0/1/*#'  
(&;�.  5�  &""(/1#.&,##  +&'0#./�' . 

�  !�39&/  5��� #./�6*�)�  (&!!%�.(/*#'  5&"/.& 1�"3%/*.�0  �.0/.!.0/**-$  
#!5��*#./�6  !��;>&/.  +&'0#./�8  �  5(#*'.##  +&'0�/*#'  # "�%5�/".&  1�"3%/*.�0  "  
1&�6*/$7/%3  (&!!%�.(/*#8  5�!(/1!.0�%  (&+%/>/*#'  #*2�(%&,##  *& !&$./  #/#�#  5�  
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./�/2�*3 , 0 0#1/ <�/".(�**�)�  2&$�& #�#  #*-%#  !5�!�;&%#  0 5#!6%/**�$  2�(%/ , *�  */  
5�+1*//  10 1*/$  !�  1*'  5�!.35�/*#'  +&'0�/*#'  # "�%5�/".&  1�"3%/*.�0 .  

�  !�39&/  �.(#,&./�6*�)�  (/+3�6.&.&  �2�(%�'/.!'  5(#"&+ ��!&""(/1#.&,##  �;  
�."&+/  0 &""(/1#.&,##  �;'+&./�6*�  !  3"&+&*#/% 5(#9#*  �."&+&, "�5#'  5(#"&+& 1�� *&  
;-.6  0(39/*& +&'0#./�8  0 ./9/*#/  10 1*/$ . 

�.�(�$  <.&5 0"�89&/.  0 !/;'  <"!5/(.#+3  1�"3%/*.�0 . �&+;/(/%!'  5�5�1(�;*// . �  
!�39&/  5��� #./�6*�)�  (&!!%�.(/*#'  5&"/.& 1�"3%/*.�0 , (&;�9&'  "�%#!!#'  
3.0/( 1&/.  <"!5/(.*38  �()&*#+&,#8 , "�.�(&'  # ;31/.  5(�0�1#.6  <"!5/(.#+3  
1�"3%/*.�0 . �&�// , 0 ./9/*#/  .(/4  1*/$  �.0/.!.0/**-$  #!5��*#./�6  *&5(&0�'/.  
1�"3%/*.&,#8  *& <"!5/(.#+3  0 <"!5/(.*-$  ,/*.( . 

:"!5/(.*&'  �()&*#+&,#'  5(�0�1#.  <"!5/(.#+3  0!/4  1�"3%/*.�0 , 5(/1!.&0�/**-4  
0%/!./  !  +&'0"�$ , & 0 !�39&/  */�;4�1#%�!.#  +&5(&7#0&/. 3 +&'0#./�'  1�5��*#./�6*-/  
!0/1/*#' , "�.�(-/  .(/;38.!'  1�'  5�1.0/( 1/*#'  #�#  5�'!*/*#'  1&**-4 , 3"&+&**-4 0 
+&'0"/. 

�.�)�%  5(�0/1/**�$  <"!5/(.#+-  '0�'/.!'  0-1&9& <"!5/(.*�)�  +&"�89/*#' . 
:"!5/(.*�/  +&"�89/*#/  !�1/( #. : 
1) &*&�#+ !��.0/.!.0#'  +&'0�/**�$  #*2�(%&,##  "(#./(#'%  &""(/1#.&,## ; 
2) 3"&+&*#' *& */!��.0/.!.0#'  5�  �5(/1/�/**-%  "(#./(#'%  (/!�#  #%/8.!'  

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

5�1.0/( 1/*#'  +&'0#./�/%  0-5��*/*#'  <.#4 (/"�%/*1&,#$ ; 
4) 0-0�1-  �  !��.0/.!.0## /*/!��.0/.!.0##  +&'0�/**�$  #*2�(%&,##  "(#./(#'%  

&""(/1#.&,## . 
:"!5/(.*�/  +&"�89/*#/  5/(/1&/.!'  0 ��!&""(/1#.&,#8 , & 0 !�39&/  

5��� #./�6*�)�  <"!5/(.*�)�  +&"�89/*#'  <"!5/(.*&'  �()&*#+&,#'  0%/!./  !  
+&"�89/*#/%  5/(/1&/.  # 5(�/".  5(�)(&%%-  5(�0/("#  +&'0#./�' . 

��!&""(/1#.&,#'  5(�0�1#.  (&!!%�.(/*#/  +&"�89/*#'  # )�.�0#.  (&!5�(' /*#/  �  
5(�0/1/*##  &../!.&,##  +&'0#./�'  # !�!.&0/  &../!.&,#�**�$  "�%#!!##  #�#  0 !�39&/  
�.(#,&./�6*�)�  <"!5/(.*�)�  +&"�89/*#'  �;  �."&+/  0 &""(/1#.&,## . 

��!�/  <.�)�  <"!5/(.*�/  +&"�89/*#/  # (&!5�(' /*#/  �  5(�0/1/*## /�."&+/  0 
&../!.&,##  *&5(&0�'/.!'  +&'0#./�8 . 

�&  .(/.6/%  <.&5/ 5(�0�1#.!'  5(�0/("&  �&;�(&.�(##  5�  %/!.3  �!3>/!.0�/*#'  
1/'./�6*�!.# . ��(%#(3/.!'  !�!.&0  &../!.&,#�**�$  "�%#!!## , 0 "�.�(38  04�1'.  
<"!5/(.-  5�  &""(/1#.&,##  # ./4*#9/!"#/  <"!5/(.- . �.0/( 1&/.!'  5(�)(&%%& �,/*"#  *& 
%/!./  *&4� 1/*#'  �&;�(&.�(## .  

�(�0/("&  +&'0#./�'  5(�0�1#.!'  !�)�&!*�  3!.&*�0�/**-%  .(/;�0&*#'%  # 
%/.�1#"&% 5�  3.0/( 1/**�$  5(�)(&%%/ 0 !(�" , */  5(/0-7&8>#$  20 1*/$ .  �/+3�6.&.-  
(&;�.-  �2�(%�'8.!'  &".�%, "�.�(-$  0 5�!�/138>/%  5(/1!.&0�'/.!'  !��.0/.!.0/**�  0 
��!&""(/1#.&,#8 . 

�&  +&"�89#./�6*�%  <.&5/ 0-*�!#.!'  (/7/*#/  �;  &""(/1#.&,## . �!'  5��39/**&'  
#*2�(%&,#'  (&!!%&.(#0&/.!'  �/1/(&�6*�$  !�3 ;�$  5�  &""(/1#.&,##  *& !��.0/.!.0#/  
+&'0#./�'  3!.&*�0�/**-%  .(/;�0&*#'% , 0 (/+3�6.&./  9/)�  �2�(%�'/.!'  5(#"&+ �  0-1&9/  
&../!.&.&  &""(/1#.&,##  *& 5/(0�*&9&�6*-$  !(�"  �#;�  �;  �."&+/  0 &""(/1#.&,## . 

�&  �!*�0&*##  5(#"&+& ��!&""(/1#.&,##  �2�(%�'/.!'  &../!.&.  &""(/1#.&,## , 
5�!�/  9/)�  0 ./9/*#/  .(/4  1*/$  &../!.&.  &""(/1#.&,##  #!5-.&./�6*�$  �&;�(&.�(##  
0(39&/.!'  +&'0#./�8 . 


../!.&.  �;  &""(/1#.&,##  #!5-.&./�6*�$  �&;�(&.�(##  0-1&/.!'  *& !(�"  1�  5 
�/. . 
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�!5-.&./�6*&'  �&;�(&.�(#' , 5(/./*138>&'  *& 0-1&93 &../!.&.&  &""(/1#.&,##  
*& *�0-$  !(�" , 5�1&/.  +&'0�/*#/  # 5(#�&)&/%-/  "  */%3 1�"3%/*.-  0 ��!&""(/1#.&,#8  
*/  5�+1*//  90 1*/$  1�  �"�*9&*#'  !(�"&  1/$!.0#'  ./"3>/)�  &../!.&.&  &""(/1#.&,## . 

�!�#  #!5-.&./�6*&'  �&;�(&.�(#'  */  5(/15��&)&/.  (&!7#(/*#/  �;�&!.#  
&""(/1#.&,##  # /!�#  (/+3�6.&.-  #*!5/",#�**�)�  "�*.(��'  (1�� /*  ;-.6  5(�0/1/*  */  
;��//  9/% +& 1 )�1  1�  5�1&9# +&'0�/*#' ) */  !�1/( &.  *&(37/*#$  !�  !.�(�*-  
�&;�(&.�(## , .�  0-1&9& &../!.&.&  &""(/1#.&,##  *& *�0-$  !(�"  5(�0�1#.!'  5�  
35(�>/**�$  5(�,/13(/ , "�.�(&'  #1/*.#9*&  5(�,/13(/  0-1&9# 5/(0#9*�)�  &../!.&.&  
&""(/1#.&,## , *�  */  0"�89&/.  5(�0/("3  �&;�(&.�(##  5�  %/!.3  �!3>/!.0�/*#'  
1/'./�6*�!.# . 

��  0 5(�,/!!/  �2�(%�/*#'  1�"3%/*.�0  1�'  5�1&9# 0 ��!&""(/1#.&,#8  %�)3.  
;-.6  *&(37/*#'  0 *�(%&.#0*�$  1�"3%/*.&,##  5�  5�0/("/ . �(�&*&�#+#(�0&*�  
!�!.�'*#/  *�(%&.#0*�$  1�"3%/*.&,##  5�  5�0/("/ . �  (/+3�6.&./  0-'0�/*-  !�/138>#/  
*&(37/*#' . 

�&(37/*#/  E 1: “�  +&'0�/*##  */  3"&+&*� %/!.�  �!3>/!.0�/*#'  1/'./�6*�!.#  
#!5-.&./�6*�$  �&;�(&.�(##  0 +&'0�/**�$  �;�&!.#  &""(/1#.&,## . �"&+&*  .��6"�  
8(#1#9/!"#$  &1(/!  �()&*#+&,## ” 

�&(37/*#/  E 2: “�  +&'0�/*##  */  3"&+&*& 2&%#�#'  (3"�0�1#./�' , 0 �//!.(/  
3"&+&*& 2&%#�#'  5(/1-13>/)�  (3"�0�1#./�' ” 

�&(37/*#/  E  3: “�/  3.�9*/*&  �;�&!.6  &""(/1#.&,## , */  0-1/�/*&  (&!7#('/%&'  
�;�&!.6  &""(/1#.&,##  !  5(#%/*/*#/%  �� , 1/$!.038>/$  *& ./((#.�(##  �� ”. 

�&(37/*#/  E  4: “�/  0!/)1& !0�/0(/%/**�  �2�(%�'8.!'  (&;�9#/   3(*&�-  0 
!��.0/.!.0##  !  .(/;�0&*#'%#  "  &""(/1#.�0&**�$  �&;�(&.�(## ”. 

�&(37/*#/  E  5: “�/  !�)�&!�0&*  )(&2#"  5�0/("#  �;�(31�0&*#'  !  ��� ”. 
�&(37/*#/  E  6: “�/  �2�(%�/*  &(4#0 4(&*/*#'  1�"3%/*.&,##  0 !��.0/.!.0##  !  

.(/;�0&*#'%#  "  &""(/1#.�0&**�$  �&;�(&.�(## ”. 
�&(37/*#/  E  7: “�&  ��  # �	  */  �2�(%�/*-  *&"�/$"#  !  3"&+&*#/% !(�"&  # 

*�%/(&  !0#1/./�6!.0&  �  5�0/("/ ”. 
�&(37/*#/  E  8: “�/  �2�(%�/*-  "(&."#/  #*!.(3",##  *& ��  # �	 ”. 
�&(37/*#/  E  9: “	.!3.!.03/.   3(*&�  39@.& 5&(&%/.(�0  %#"(�"�#%&.& 0 

(&;�9#4  5�%/>/*#'4 ”. 
�&(37/*#/  E  10: “�/5(&0#�6*�  �2�(%�/*&  1�"3%/*.&,#'  *& )(&0#%/.(#9/!"#/  

%/.�1-  &*&�#+& 0 !��.0/.!.0##  !  5(#%/*'/%-%#  %/.�1#"&%#”. 
�&1&9&, "�.�(38  */�;4�1#%�  (/7#.6 , */5(�!.&' . ��<.�%3  !5/,#&�#!.&%  5�  

5�0/("/  ,/�/!��;(&+*�  *&5(&0#.6 3!#�#'  1�'  3!.(&*/*#'  */1�!.&."�0  !�/138>#%  
�;(&+�% . 

�/"�%/*1&,#'  1�'  E 1: «�  +&'0�/*##  *3 *�  3"&+-0&.6: &1(/!& %/!.  
�!3>/!.0�/*#'  1/'./�6*�!.#  0 +&'0�/**�$  �;�&!.#  &""(/1#.&,## , +& #!"�89/*#/%  %/!.  
�!3>/!.0�/*#'  0(/%/**-4  (&;�. ». 

�/"�%/*1&,#'  1�'  E 2: «
""(/1#.�0&**-/  �#,&  1�� *-  5(/1!.&0�'.6  0 
�/1/(&�6*38  !�3 ;3  5�  &""(/1#.&,##  !0/1/*#'  �;  #+%/*/*##  !�!.&0&  (&;�.*#"�0  
&""(/1#.�0&**�)�  �#,& , 5(#*#%&8>#4 39&!.#/  0 (&;�.&4  0 !��.0/.!.0##  !  �;�&!.68  
&""(/1#.&,## ». 

�/"�%/*1&,#'  1�'  E 3: «�/�;4�1#%�  9/."�  �5(/1/�#.6  �;�&!.6  &""(/1#.&,##  0 
!�39&/  (&!7#(/*#' , "�.�(38  !�/13/.  5(#"�&1-0&.6  "  +&'0�/*#8  *& 5(�0/1/*#/  
&""(/1#.&,## ». 

�/"�%/*1&,#'  1�'  E 4: «�(�0/(#.6  *&�#9#/  3 �&;�(&.�(##  !#!./%-  35(&0�/*#'  
1�"3%/*.&,#/$  (5(&0#� 1�"3%/*.��;�(�.& )». 

�/"�%/*1&,#'  1�'  E 5: «�;/1#.6!'  0 5�1.0/( 1/*##  *&�#9#'  +&5#!/$ �  
./4*#9/!"�%  �;!�3 #0&*## , (/%�*./ , )(&13#(�0"/ ». 
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�/"�%/*1&,#'  1�'  E 6: «�(�0/(#.6  *&�#9#/  3 �&;�(&.�(##  !#!./%-  4(&*/*#'  # 
&(4#0#(�0&*#'  1�"3%/*.�0 , 0 .�%  9#!�/  5(&0#�& 4(&*/*#'  # &(4#0#(�0&*#'  # 5(&0#�& 
!#!./%&.#+&,##  # 0/1/*#'  &(4#0& 1�"3%/*.�0 ». 

�/"�%/*1&,#'  1�'  E 7: «��� *-  ;-.6  0 �&;�(&.�(##  5(&0#�& 35(&0�/*#'  
�;�(31�0&*#/%  1�'  5(�0/1/*#'  #!!�/1�0&*#$  (#!5-.&*#$ ) # #+%/(/*#$ ». 

�/"�%/*1&,#'  1�'  E 8: «�3 *�  #%/.6 0 �&;�(&.�(##  #*!.(3",##  5�  
#!5��6+�0&*#8  # 35(&0�/*#8  �;�(31�0&*#/% ». 

�/"�%/*1&,#'  1�'  E 9: «��*.(��#(�0&.6  �;/!5/9/*#/  *&1�/ &>#4  0*/7*#4  
3!��0#$  1�'  �!3>/!.0�/*#'  1/'./�6*�!.#  �&;�(&.�(##  (./%5/(&.3(3 , 0�& *�!.6  
0�+134&, �!0/>/**�!.6 , 3(�0/*6  73%& # #*-/  0*/7*#/  3!��0#' , �"&+-0&8>#/  0�#'*#/  
*& "&9/!.0�  (/+3�6.&.�0  #!!�/1�0&*#$  (#!5-.&*#$ ) # #+%/(/*#$ )». 

�/"�%/*1&,#'  1�'  E 10: «�(�0/(#.6  *&�#9#/  5(&0#� 39/.& # 1�"3%/*.#(�0&*#'  
(/+3�6.&.�0  #!!�/1�0&*#$  (#!5-.&*#$ ) # #+%/(/*#$ ». 

�  +&"�89/*#/  %� *�  !"&+&.6, 9.�  5�!.&0�/**-/  +&1&9# 0-5��*/*- : 
1. �&!!%�.(/*  5�('1�"  5(�0/1/*#'  &""(/1#.&,## ; 
2. �-'0�/*-  */1�!.&."#  *�(%&.#0*�$  1�"3%/*.&,##  5�  5�0/("/  0 
	  

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

5(�0/1/*#8  &""(/1#.&,##  #!5-.&./�6*-4  �&;�(&.�(#$  
	  «��� !"#$  	()!#*./+ » 
!�/13/.  #%/.6 5�!.�'**38  !0'+6 !  �()&*&%# &""(/1#.&,## , 0 .�%  9#!�/  �()&*#+�0&.6  
1�'  (&;�.*#"�0  �&;�(&.�(##  "3(!-  5�0-7/*#'  "0&�#2#"&,##  #�#  1�5��*#./�6*�/  
�;39/*#/  (!/%#*&(  5�  �	��  �  ��	 /�:�  17025, �	��  �  ��	  5725). 
 
�#./(&.3(& : 

1. �/1/(&�6*-$  +&"�*  E  412-��  �.  28 1/"&;('  2013 )�1& “ 	;  &""(/1#.&,##  
0 *&,#�*&�6*�$  !#!./%/  &""(/1#.&,## ”. 

2. �(#"&+  E  326 �.  30 %&' 2014 ).  �#*#!./(!.0&  <"�*�%#9/!"�)�  (&+0#.#' 
��!!#$!"�$  �/1/(&,##  (�#*<"�*�%(&+0#.#'  ��!!## ) «	;  3.0/( 1/*##  �(#./(#/0  
&""(/1#.&,## , 5/(/9*'  1�"3%/*.�0 , 5�1.0/( 1&8>#4  !��.0/.!.0#/  +&'0#./�' , 
&""(/1#.�0&**�)�  �#,&  "(#./(#'%  &""(/1#.&,## , # 5/(/9*'  1�"3%/*.�0  0 �;�&!.#  
!.&*1&(.#+&,## , !�;�81/*#/  .(/;�0&*#$  "�.�(-4  +&'0#./�'%# , &""(/1#.�0&**-%#  
�#,&%# �;/!5/9#0&/.  #4 !��.0/.!.0#/  "(#./(#'%  &""(/1#.&,## ». 

3. �	��  �  ��	 /�:�  17025 “	;>#/  .(/;�0&*#'  "  "�%5/./*.*�!.#  
#!5-.&./�6*-4  # "&�#;(�0�9*-4  �&;�(&.�(#$ ”. 

4. �	��  �  ��	  5725 «��9*�!.6  (5(&0#�6*�!.6  # 5(/,#+#�**�!.6 ) %/.�1�0  
# (/+3�6.&.�0  #+%/(/*#$ ». 

5. ��/;�0&  � .� ., ��"39&/0&  
 .� ., �&*&9#*& � .� ., �+-"�0  � .	 ., ��(;&  
 .� . 
�1/*.#2#"&,#'  5(�,/!!&  5�1)�.�0"#  "  &""(/1#.&,##  #!5-.&./�6*�$  �&;�(&.�(##  
[�/"!. ] / � .� . ��/;�0& , 
 .� . ��"39&/0& , � .� . �&*&9#*&, � .	 . �+-"�0 , 
 .� . ��(;&  // 
�&39*-/  .(31-  �&�6(-;0.3+& . ¬– 2015.  

6. 	2#,#&�6*-$  !&$. ��!&""(/1#.&,##  [:�/".(�**-$  (/!3(! ]. - 
http://fsa.gov.ru/ (�&.&  �;(&>/*#'  10.03.2019). 

7.  �(�)(&%%&  0-/+1*�$  �,/*"#  – [:�/".(�**-$  (/!3(! ]. – 
https://www.garant.ru/products/ipo/prime/doc/71699202/ (�&.&  �;(&>/*#'  21.04.2019). 
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��%5&*#'  			  «�	  «
"0&%&7» '0�'/.!'  1#*&%#9*� (&+0#0&8>#%!' # 

0-!�"�./4*���)#9*-%  5(/15(#'.#/% . �(/15(#'.#/  )�.�0�  0-5��*'.6  "&" 
"(35*�!/(#$*-/ , .&" # %/�"�!/(#$*-/  5&(.## +&"&+�0. �&" /  "�%5&*#'  �!3>/!.0�'/.  
(&+(&;�."3  "�*!.(3".�(!"� -*�(%&.#0*�$  1�"3%/*.&,## . 			  «�	  «
"0&%&7» 
!/(.#2#,#(�0&*�  5�  ��	  9001-2008. 	1*�  #+ �!*�0*-4  *&5(&0�/*#$  1/'./�6*�!.#  
5(/15(#'.#'  – 5(�#+0�1!.0�  "�%5�/".38>#4  1�'  �;�(�**�$  5(�%-7�/**�!.# . 			  
«�	  «
"0&%&7» #%//.  �5-.  #+)�.�0�/*#'  0-!�"�.�9*-4  #+1/�#$ , 0 .�%  9#!�/  #+ 
!5/,#&�6*-4  !.&�/$  # !5�&0�0 . �	  «
"0&%&7» '0�'/.!'  "��5/(&*.�%  # 5�!.&0>#"�%  
"�%5�/".38>#4  1�'  5(/15(#'.#$ , 04�1'>#4  0 !.(3".3(3  4��1#*)&  «�/4*�1#*&%#"& » 
# )�!"�(5�(&,##  «��!"�!%�! ».  ��%#%�  #+)�.�0�/*#'  0-!�"�.�9*-4  1/.&�/$ , 
!;�(�9*-4  /1#*#,  # !�� *-4  3+��0  1�'  *3 1  &0#&,#�**�$  # �;�(�**�$  
5(�%-7�/**�!.# , & .&" /  #*13!.(##  10#)&./�/!.(�/*#'  5(/15(#'.#/  �!3>/!.0�'/.  
5(�#+0�1!.0�  )�.�0-4  #+1/�#$  0�/**�$  ./4*#"# . �&  0!/4  !.&1#'4  5(�#+0�1!.0&  
5(�13",#'  5(�4�1#.  "�*.(��6  "&9/!.0&, 0 .�%  9#!�/  %/ �5/(&,#�**-$ . �#!./%&  
%/*/1 %/*.&  "&9/!.0& !/(.#2#,#(�0&*&  *& !��.0/.!.0#/  .(/;�0&*#'%  ��	  9001-
2015 # �	��  ��  0015-002-2012. �	  «
"0&%&7» 0-5��*'/.  0#1-  (&;�.  5�  2(/+/(*�$  
�;(&;�."/  %/.&��& , "�.�(&'  0-5��*'/.!'  5�  9/(./ &%  #�#  �;(&+,&% +&"&+9#"&, !  
�;'+&./�6*-%  "�*.(��/%  "&9/!.0&. ��+%� *�!.#  5(/15(#'.#'  5�+0��'8.  0-5��*'.6  
./(%#9/!"38  �;(&;�."3  1/.&�/$  5(&".#9/!"#  0!/4  5(#%/*'/%-4  0 5(�#+0�1!.0/  
%&(�" !.&�/$  (�.  5(�!.-4  3)�/(�1#!.-4  1�  0-!�"��/)#(�0&**-4 , "�*!.(3",#�**-4 ). 

��*.(��6  "&9/!.0& 5(�13",##  *& 5(/15(#'.##  5(�#+0�1#.!'  !�)�&!*�  
./4*���)#9/!"#%  5(�,/!!&% . ��'  0-'0�/*#'  (&+�#9*�)�  0#1& 1/2/".�0  #!5��6+3/.!'  
1/2/".�!"�5  ��� -70, "�.�(-$  5(/1*&+*&9/*  1�'  0-'0�/*#'  5�0/(4*�!.*-4   # 
5�15�0/(4*�!.*-4  1/2/".�0 . 	!*�0*-/  0#1-  1/2/".�0 , 0�+*#"&8>#/  5(#  
5(�#+0�1!.0/  %/.&���5(�13",## , - %/.&��3()#9/!"#/  1/2/".- : 5�/*- , 53+-(#  *& 
5�0/(4*�!.# , .(/>#*- , +&;�#*-  # . .1. �(�%/  .�)� , 5(#  �;(&;�."/  %/.&��#9/!"#4  
1/.&�/$  %�)3.  0�+*#"&.6 4#%#9/!"#/  1/2/".- , .&"#/  "&" 5/(/.(&0 , 7/(�4�0&.-/  
5'.*&  # 1(3)#/  1/2/".- . �&" /  !3>/!.038.  %/4&*#9/!"#/  1/2/".- , "  "�.�(-%  
�.*�!'.!'  (0&*#*-  # *&1(-0- , 0-40&.- , (#!"#  # +&1#(-, %�(>#*-  # !"�&1"# . �&  
�!*�0&*##  &*&�#+�0 1&**-4  1/2/".�0  ;-�#  (&+(&;�.&*-  # 5(/1�� /*-  (/"�%/*1&,##  
5�  !�0/(7/*!.0�0&*#8  ./4*���)##  !  ,/�68  !*# /*#'  1/2/".�0  5(�13",## . ��'  
3!.(&*/*#'  %/.&��3()#9/!"#4  1/2/".�0  !�/13/.  !.&;#�#+#(�0&.6  ./4*���)#9/!"#/  
5(�,/!!- : (&0*�%/(*�!.6  *&)(/0&, #!"�89#.6  5(# �)#  5(#  7�#2�0&*## , 3�397#.6  
2�(%�0"3  # 0-(3;"3  1/2/".�0  0 #+1/�#'4  5��39/**-4  �;(&;�."�$  1&0�/*#/% . 
�#%#9/!"#/  1/2/".-  %� *�  3!.(&*#.6  (/)3�#(�0"�$  5(�,/!!&  .(&0�/*#'  %/.&��&  # 
5(/10&(#./�6*�$  5�1)�.�0"#  5�0/(4*�!.#  #+1/�#$ . �(/1�� /*#'  5�  3!.(&*/*#8  
%/4&*#9/!"#4  1/2/".�0 : !0�/0(/%/**�  5(�0�1#.6  5��#(�0"3  7.&%5�0, */  1�53!"&.6  
5�5&1&*#'  5�!.�(�**#4  #*�(�1*-4  9&!.#,  5(#  %/4&*#9/!"�$  �;(&;�."/ , !�/1#.6  +& 
./%5/(&.3(*-%  (/ #%�%  # !"�(�!.68  5(/!!�0&*#' . 	!*�0*&'  1��'  %/4&*#9/!"#4  
1/2/".�0  !0'+&*& !  �."��*/*#'%#  0 (&;�./  �;�(31�0&*#' , 9.�  3"&+-0&/. *& 
*/1�!.&.�9*-$  "�*.(��6  +& (&;�.�$  �;�(31�0&*#' . 
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�&".�(- , 0�#'8>#/  *& "&9/!.0�  5(�13",##  �	  «
"0&%&7»:  
1) �&(37/*#/  .(/;�0&*#$  ./4*���)#9/!"�$  1�"3%/*.&,## . �.�;-  !*#+#.6  (#!"  

0-53!"&  */"&9/!.0/**�$  5(�13",## , 5(/1�&)&/% !�!.&0#.6  # 3.0/(1#.6  5�&* -
)(&2#"  ���  ("�*!.(3".�(!"&'  ./4*���)#9/!"&'  1�"3%/*.&,#' ) *& )�1  (#�#  
30/�#9#0&/.!'  "��#9/!.0�  #/#�#  �;A/%  5(�0/(�" ). �0#1/./�6!.0�%  (/&�#+&,##  
%/(�5(#'.#$   '0�'8.!' :  3.0/( 1/**-$  5�&* -)(&2#"  ��� , &".-  ��� ,  3(*&�  
39/.& (/+3�6.&.�0  ��� , �.9/. . �&(.-  �;%/(&  1/.&�/$  1�'  "�*.(��'  	��  (�.1/�  
./4*#9/!"�)�  "�*.(��' ). �*# /*#/  "��#9/!.0&  *&(37/*#$  ��  5�  5/(#�1&% ()�1 , 
"0&(.&� , %/!', ) #�#  5�1(&+1/�/*#'%  (,/4 , 39&!.�" ), #�#  .#5&% #+1/�#$ .  

2) �/5(#)�1*�!.6  ��  (!(/1!.0  #+%/(/*#$ ) # �	  (#!5-.&./�6*�)�  �;�(31�0&*#' ). 
�.�;-  !*#+#.6  (#!"  0-53!"&  */"&9/!.0/**�$  5(�13",## , %- !9#.&/%, 
*/�;4�1#%�   / /)�1*�  !�!.&0�'.6  )(&2#"#  5�0/("#  ("&�#;(�0"# ) ��  # &../!.&,##  
�	 , & .&" /  5�&*  +&"35�" *�0�)�  �;�(31�0&*#' . �0#1/./�6!.0�%  (/&�#+&,##  
%/(�5(#'.#$  '0�'8.!' : 3.0/( 1/**-$  5�&* -)(&2#"  5�0/("#  ("&�#;(�0"# ) �� . 
�.0/( 1/**-$  5�&* -)(&2#"  &../!.&,##  �	 . �/+3�6.&.-  %/.(���)#9/!"�)�  
"�*.(��'  *& 5(/15(#'.## . �&5#!#  5�0/("# , "&�#;(�0"#  # &../!.&,## .  

3) �/#!5(&0*�!.6  (*/5(#)�1*�!.6 ) ./4*���)#9/!"�)�  �;�(31�0&*#'  (�	 ). �.�;-  
!*#+#.6  (#!"  0-53!"&  */"&9/!.0/**�$  5(�13",##  �	 , / /)�1*�  !�!.&0�'8.!'  
)(&2#"#  ���  (5�&*�0� -5(/135(/1#./�6*-$  (/%�*. ) # 5(�0/("#  �	  *& 
./4*���)#9/!"38  .�9*�!.6 , & .&" /  5�&*  +&"35�" *�0�)�  �;�(31�0&*#' . 
�0#1/./�6!.0�%  (/&�#+&,##  %/(�5(#'.#$  '0�'8.!' : 3.0/( 1/**-$  5�&* -)(&2#"  
��� . �.0/( 1/**-$  5�&* -)(&2#"  5(�0/("#  �	  *& ./4*���)#9/!"38  .�9*�!.6 . 
�&5#!#  (/%�*.& , �;!�3 #0&*#'  # 5(�0/("#  �	 .  

�&"�89/*#/ : (&!!%�.(/*&  5(�;�/%&.#"& , !3>/!.038>&'  *& 5(/15(#'.##  0 �;�&!.#  
5(�0/1/*#'  (&+�#9*-4  0#1�0 "�*.(��' , # 5(/1�� /*-  53.# 3!�0/(7/*!.0�0&*#' . 

 
�#./(&.3(& : 
1. �/ 13*&(�1*-$  !.&*1&(.  ISO 9001:2015 «�#!./%-  %/*/1 %/*.&  "&9/!.0&. 
�(/;�0&*#' ». 
2. �/18"#* , � .� . �5(&0�/*#/  "&9/!.0�%  5(�#+0�1!.0/**-4  5(�,/!!�0 : �9/;*�/  
5�!�;#/  / � .� . �/18"#* . - � .: �*��3! , 2013. - 232 c. 
3. ��(;&7"� , � .
 . �5(&0�/*#/  "&9/!.0�% : �9/;*#"  1�'  ;&"&�&0(�0  / � .
 . ��(;&7"� . - 
� .: �(&$. , 2012. - 463 c. 
4. http://www.aquamash.ru/ 
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�.(/%#./�6*�/  (&+0#.#/ 5(�#+0�1!.0&  0 �.(&!�#  %&7#*�!.(�/*#'  5(#0�1#.  "  

%�1/(*#+&,##  # !�0/(7/*!.0�0&*#8  5(#%/*'/%-4  #*!.(3%/*.�0 , �;�(31�0&*#' , 
%&./(#&��0  # %/.�1�0  #+)�.�0�/*#' . 

�(#  #+)�.�0�/*##  !/5&(&.�(�0  5�17#5*#"�0  "&9/*#'  0 5�!�/1*//  0(/%'  
#!5��6+38.  5�&!.%&!!-  (&+�#9*-4  %&(�" */  !.��6"�  0 ,/�'4  <"�*�%##  %/.&��& , 
!"��6"�  #!4�1'  #+ 23*",#�*&�6*-4  !��;(& /*#$ . 	!*�0*�$  ,/�68  '0�'/.!'  !*# /*#/  
"�<22#,#/*.&  .(/*#'  *& (&;�9#4  5�0/(4*�!.'4  !"��6 /*#'  #�#   /  35(�>/*#/  
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%�*.& &  !/5&(&.�(&  5�17#5*#"& . �(�%/  .�)� , *& #+)�.�0�/*#/  !/5&(&.�(&  
+&.(&9#0&/.!' +*&9#./�6*�  %/*67/  (&;�9/)�  0(/%/*# .  

�/5&(&.�(  5�17#5*#"&  – <.�  �!*�0*�$  <�/%/*.  5�17#5*#"�0  "&9/*#'  # 
5(/1*&+*&9/*  1�'  *&5(&0�/*#' , 31/( &*#'  ./�  "&9/*#'  *& (&+*�% (&!!.�'*##  1(3)  �.  
1(3)&. ��17#5*#"#  !  !/5&(&.�(�%  #%/8.  ;��//  1�#./�6*-$  5/(#�1  <"!5�3&.&,##  # 
%�)3.  (&;�.&.6  5(#  ;��67#4  !"�(�!.'4 , 9/% ;/!!/5&(&.�(*-/  5�17#5*#"# . �  
1�5��*#./�6*-%  5(/#%3>/!.0&%  !/5&(&.�(&  �.*�!#.!'  .� , 9.�  �*  1&/. 1�5��*#./�6*�/  
%/!.�  !%&+"# 1�'  ;��//  5�&0*�)�  4�1& 5�17#5*#"&  # 31/( #0&/.  7&(#"#  #�#  (��#"#  
5(#  (&+;�(/  5�17#5*#"& . 

�/5&(&.�(-  1/�'.!'  *&: 
·  �.&�6*-/  7.&%5�0&**-/ , 
·  �/4&*#9/!"#  �;(&;�.&**-/ , 
·  ���#%/(*-/  # "�%5�+#.*-/ , 
·  �5/,#&�6*-/ . 

�.&�6*-/  7.&%5�0&**-/  !/5&(&.�(-  #+)�.&0�#0&8.!'  #+ %&��3)�/(�1#!.�$ , 
*/( &0/8>/$  !.&�/$  # #+(/1"& #+ �&.3*# . 

�/4&*#9/!"#  �;(&;�.&**-/  !/5&(&.�(-  *&#;��//  (&!5(�!.(&*/*-  # 
#!5��6+38.!'  0 5�17#5*#"&4 , 5(/1*&+*&9/**-4  1�'  (&;�.-  *& 0-!�"#4  !"�(�!.'4 . 
�+)�.&0�#0&8.!'  #+ �&.3*#  # �/)"#4  %&./(#&��0 . 

���#%/(*-/  # "�%5�+#.*-/  !/5&(&.�(-  5��39#�#  7#(�"�/  (&!5(�!.(&*/*#/  
;�&)�1&('  5(�9*�!.*-%  4&(&"./(#!.#"&% , "�.�(-/  */  3!.35&8.  %/4&*#9/!"#%, 5(#  
<.�% .&"�$  %&./(#&� +&%/.*� �/)9/  # �;/!5/9#0&/.  .#4#$ 4�1  .(3>#4!'  9&!./$  
5�17#5*#"& . 	;�&1&8.  �.�#9*�$  0#;(�!.�$"�!.68  #+-+& 35(3)�!.#  %&./(#&�&, & .&" /  
%�)3.  23*",#�*#(�0&.6  0 5�17#5*#"&4 , (&;�.&8>#4  0 */!.&;#�6*-4  !#!./%&4  !  
(/+"#% !.&(.�%  # .�(%� /*#/% . 

���#%/(*-/  5�17#5*#"#  #+)�.&0�#0&8.  #+ .&"#4 %&./(#&��0 : 
·  ���#&%#1  6,6 – #!5��6+3/.!'  1�'  ;��67#*!.0&  #+)�.�0�/**-4  %/.�1�%  �#.6'  

5�1  1&0�/*#/%  !/5&(&.�(�0 . �� /.  #%/.6 #�#  */  #%/.6 &(%#(�0&*#/ 
!./"��0���"*�%  # 5(#  <.�% �.�#9&/.!'  ;�&)�5(#'.*-%  !�9/.&*#/%  5(�9*�!.#  # 
35(3)�!.# . 

·  ���#<2#(<2/("#.�*  – �5.#%&�6*-$  %&./(#&� 5�  !��.*�7/*#8  5(�9*�!.# , 
1��)�0/9*�!.# , 35(3)�!.#  # 5(�.#0�1/$!.0#8  4#%#9/!"#% !(/1&%. �&#;��//  
9&!.�  #!5��6+3/.!'  0 7&(#"�0-4  5�17#5*#"&4 . 	;�&1&/.  0-!�"�$  ./%5/(&.3(�$  
1�#./�6*�$  <"!5�3&.&,##  (+260°C), *� , 0 �.�#9#/  �.  1(3)�)�  
0-!�"�./%5/(&.3(*�)�  5�&!.#"&  – �.�(�5�&!.&  4, !.&;#�/*  0 (&+%/(&4 # 
!�4(&*'/.  ;��67#*!.0�  5/(0�*&9&�6*-4  4&(&"./(#!.#"  5(#  0-!�"#4  
./%5/(&.3(&4 . 
	!*�0*�$  */1�!.&.�"  5��#%/(*-4  !/5&(&.�(�0  – <.�  *#+"&'  3!.�$9#0�!.6  "  

0-!�"#%  # *#+"#% ./%5/(&.3(&%. 
��%5�+#.*-/  !/5&(&.�(-  #+)�.&0�#0&8.!'  #+ 5��#%/(�0 , *�  ;�&)�1&('  

3!#�/*#8  !  5�%�>68  &(%#(�0&**�$  !/."#  �;�&1&8.  )�(&+1�  �397#%# 5(�9*�!.*-%#  
4&(&"./(#!.#"&%# . 

	1*#%  #+ 53./$  5�0-7/*#'  <22/".#0*�!.#  5(�#+0�1!.0&  '0�'/.!'  5(#%/*/*#/  
!�0(/%/**-4  %&./(#&��0  # �;�(31�0&*#'  1�'  #+)�.�0�/*#'  !/5&(&.�(�0  5�17#5*#"�0 . 
�!5��6+�0&*#/  5��#%/(*�)�  !/5&(&.�(&  */  .��6"�  <"�*�%#.  %/.&�� , *�  # !5�!�;!.03/.  
3�397/*#8  ./4*#9/!"#4  4&(&"./(#!.#"  5�17#5*#"& , .&"#4 "&" !*# /*#/  
"�<22#,#/*.&  .(/*#'  *& (&;�9#4  5�0/(4*�!.'4  !"��6 /*#' . �(�%/  .�)� , *& 
#+)�.�0�/*#/  !/5&(&.�(&  +&.(&9#0&/.!' +*&9#./�6*�  %/*67/  (&;�9/)�  0(/%/*# . 
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�#4&*"#*  � .
 , �37"&(/0  	 .� , �3(3.#*&  � .� . 
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�  "&9/!.03  # !��.0/.!.0#8  &;(&+#0*�)�  #*!.(3%/*.&  3!.&*�0�/**-%  !.&*1&(.&% 
5(/1A'0�'8.!'  0!/  ;��//  0-!�"#/  .(/;�0&*#' . 

�  9#!�/  %/(�5(#'.#$ , *&5(&0�/**-4  *& 1&�6*/$7//  3�397/*#/  "&9/!.0& 
&;(&+#0*�)�  #*!.(3%/*.&  # 5�0-7/*#/  /)�  0-53!"& , !��.0/.!.038>//  0*#%&*#/ 
*/�;4�1#%�  31/�'.6  ;�(6;/  !  ;(&"�% . 	*  1�� /*  ;-.6  3!.(&*/*  5��*�!.68  #�# , 0�  
0!'"�%  !�39&/ , !0/1/*  1�  *&#%/*67/)�  +*&9/*#' . 

�&"  5�"&+-0&/.  5(&".#"& , (&;�.*#"#  &;(&+#0*-4  +&0�1�0 #!5-.-0&8.  
+&.(31*/*#'  5(#  3!.&*�0�/*##  #!.#**-4  5(#9#*  ;(&"& # /)�  0#*�0*#"�0 . :.#  
+&.(31*/*#'  �;3!��0�/*-  */1�!.&.�9*-%  +*&*#/% ./4*���)#9/!"#4  5(�,/!!�0 . �  
;��67#*!.0/  !�39&/0  5(#9#*�$  ;(&"& &;(&+#0*-4  #+1/�#$  !�3 #.  */!�;�81/*#/  
./4*���)## . 


;(&+#0*-$  #*!.(3%/*.  1�� /*  �;�&1&.6  0-!�"#%#  (/ 3>#%#  !0�$!.0&%# # 
!.�$"�!.68 , & .&" /  !5�!�;*�!.68  5(#1&0&.6 */�;4�1#%38  9#!.�.3  5�0/(4*�!.#  
%&./(#&�&, �;(&;&.-0&/%�)�  <.#% #*!.(3%/*.�% . �/!6%&  0& *-%  "(#./(#/%  "&9/!.0& 
&;(&+#0*�)�  #*!.(3%/*.&  '0�'/.!'  !.&*1&(.*�!.6  /)�  5�  !0�$!.0&%, (&+%/(&% # 2�(%/ . 
�!/  <.�  %� /.  ;-.6  1�!.#)*3.�  5(#  3!��0##  5(#%/*/*#'  !-(6' , !��.0/.!.038>/)�  
./4*#9/!"#%  *�(%&.#0&%, # .>&./�6*�)�  0-5��*/*#'  3!.&*�0�/**�$  ./4*���)##  
5(�#+0�1!.0&  &;(&+#0*�)�  #*!.(3%/*.& . 

�(#%/*/*#/  1/2/".*�)�  &;(&+#0*�)�  #*!.(3%/*.&  !*# &/.  5(�#+0�1#./�6*�!.6  
# "&9/!.0�  �;(&;�."#  #% 1/.&�/$ . �&" , 5(#  7�#2�0&*##  */�.;&�&*!#(�0&**-%#  
"(3)&%# *& �;(&;&.-0&/%�$  5�0/(4*�!.#  1/.&�/$  5�'0�'8.!'  1(�;�/*�!.6  # (';6 , # 
.&"#/  1/.&�#  ;(&"38. . �(#%/*/*#/  &;(&+#0*-4  "(3)�0  !  %37"�$  # *&5�&0�/*#/%  
5(#0�1#.  "  �;(&+�0&*#8  *& 7�#23/%�$  5�0/(4*�!.#  1/.&�/$  (#!�"  # 5(# �)�0 . 
�(#%/*/*#/  "(3)�0  !  +&0-7/**�$  .0/(1�!.68  0-+-0&/.  ;-!.(�/  #4 +&!&�#0&*#/ # 
�;(&+�0&*#/  *& �;(&;&.-0&/%�$  5�0/(4*�!.#  1/.&�/$  5(# �)�0  # .(/>#* . �%/!./  !  ./% 
+&!&�#0&*#/ "(3)�0  0-+-0&/.  9&!.38  #4 5(&0"3, & !�/1�0&./�6*� , */5(�#+0�1#./�6*-/  
(&!4�1-  &;(&+#0�0 # +&.(&.-  0(/%/*# . �(3)#  !  +&*# /**�$  .0/(1�!.68  ;-!.(�  
#+*&7#0&8.!' , ./('8.  5(�2#�6  # .� /  .(/;38.  5(&0"#. �(3)#  !  */(&0*�%/(*�$  
.0/(1�!.68  # */�1*�(�1*�$  !.(3".3(�$  #+*&7#0&8.!'  */(&0*�%/(*� , 9.�  */  5�+0��'/.  
5��39&.6  .�9*-/  (&+%/(-  �;(&;&.-0&/%�$  1/.&�# . �(3)#  !  9/(*-%#  5'.*&%# #�#  
+&3)�/(� /**-%#  39&!."&%# %�)3.  (&+(-0&.6!'  "&" "(3)# , �;�&1&8>#/  *#+"�$  
%/4&*#9/!"�$  5(�9*�!.68 , # . .1. 

�/�;4�1#%�  !9#.&.6  �;'+&./�6*-%  3!��0#/%  1�'  "& 1�)�  +&0�1&, 0-53!"&8>/)�  
&;(&+#0*-$  #*!.(3%/*. , 9.�  1/2/".*-/  &;(&+#0*-/  #+1/�#'  */  1�� *-  5�!.35&.6  "  
5�.(/;#./�8 . ��'  <.�)�  */1�!.&.�9*�  �;-9*�)�  "�*.(��'  )�.�0�$  5(�13",## . 
�/�;4�1#%�  1�;#.6!'  0-!�"�)�  "&9/!.0& 0!/)�  #+)�.�0�/**�)�  &;(&+#0*�)�  
#*!.(3%/*.& , (&+0/(*30 5�0!/1*/0*38  ;�(6;3  +& 5�0-7/*#/  "&9/!.0& &;(&+#0*�)�  
#*!.(3%/*.&  *& 0!/4  39&!."&4 /)�  5(�#+0�1!.0& . 

�#!;&�&*!  – */3(&0*�0/7/**�!.6  "(3)�0 : ,/*.(  .' /!.#  "(3)&  */  !�05&1&/.  !  
/)�  )/�%/.(#9/!"#%  ,/*.(�% . �#!;&�&*!  �;*&(3 #0&/.!'  5(#  5(�0/("/  
3(&0*�0/7/**�!.#  "(3)& . 

�(#9#*-  ;(&"&: 
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1) */(&0*�%/(*�/  (&!5(/1/�/*#/  2�(%�0�9*�$  %&!!-  0 5(/!! -2�(%/ , 9.�  0�/9/.  
+& !�;�$  */�1*�(�1*38  5��.*�!.6  +&2�(%#(�0&*�)�  #+1/�#'  # �1*�0(/%/**�/  
�;(&+�0&*#/  ('1&  1/2/".�0 : */3(&0*�0/7/**�!.6  "(3)�0 , */(&0*�%/(*�$  .0/(1�!.# ; 

2) */#!5(&0*�!.6  �;�(31�0&*#'  # #*0/*.&(' ; 
3) */3(&0*�0/7/**�!.6  "(3)�0  %� /.  �;(&+�0&.6!'  5(#  #4 2�(%#(�0&*##  

0!�/1!.0#/  !%/>/*#'  %&!!-  0 (/+3�6.&./  5(#%/*/*#'  5�#.  !  */5&(&��/�6*-%#  
5��!"�!.'%# ; 

5) */5(&0#�6*&'  %/4&*#9/!"&'  �;(&;�."& . �/5(&0#�6*�/ , */,/*.(#(�0&**�/  
"(/5�/*#/  "(3)&  *& .�"&(*�%  !.&*"/  5(#  �;(&;�."/  ,#�#*1(#9/!"�$  9&!.# "(3)&  
(0/(4�0 ) 5(#0�1#.  "  !%/>/*#8  ,/*.(&  /)�  �.0/(!.#'  5�  �.*�7/*#8  "  ,/*.(3  0*/7*/$  
�"(3 *�!.#  # ./% !&%-% !�+1&/.!'  */3(&0*�0/7/**�!.6  "(3)&  (1#!;&�&*! ). 

�/(-  5(/135(/ 1/*#'  ;(&"&: 5(#%/*/*#/  %/4&*#+#(�0&**�)�  (&+(&0*#0&*#' 
2�(%#(�0�9*�$  %&!!-  0 5(/!! -2�(%/ , �()&*#+&,#'  .>&./�6*�)�  *&;�81/*#'  +& 
5(&0#�6*-%  #!5��6+�0&*#/%  5(#!5�!�;�/*#$  1�'  (&+(&0*#0&*#' (5(/!!- , 5(/!! -
2�(%- , 5��!"��;1#(�9*-/  !.&*"# ) # +& 5(#%/*/*#/%  !��.0/.!.038>#4  *&!&1�9*-4  
�5(&0�"  *& .�"&(*�%  !.&*"/ .  

�  !�39&/  */;��67�)�  1#!;&�&*!& , 5(#9#*�$  "�.�(�)�  !�3 #.  */�1*�(�1*&'  
5��.*�!.6  "(3)& , #!5(&0�/*#/  ;(&"& 0�+%� *�  53./% !5/,#&�6*�)�  ;&�&*!#(�0&**�)�  
"(3)& . �(3)#  !  1#!;&�&*!�% , �;3!��0�/**-%  */5(&0#�6*�$  %/4&*#9/!"�$  �;(&;�."�$ , 
%� *�  5/(/.�9#.6  *& %/*67#$  (&+%/(.  

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

�(#9#*-  ;(&"&:  
1. */5(&0#�6*&'  %/4&*#9/!"&'  �;(&;�."& , 5�!�/1!.0#'%#  "�.�(�$  '0�'8.!'  

*&(37/*#/  (&+%/(�0 # 2�(%- , "�*3!*�!.# , 0-4�1'>#/  +& 5(/1/�-  1�53!"�0 , 3"&+&**-4 
0 ��  *& )�.�038  5(�13",#8 ;  

2.  */#!5(&0*�!.6  �;�(31�0&*#'  # #*0/*.&(' .  
�/(-  5(/135(/ 1/*#'  ;(&"&: .>&./�6*�/  *&;�81/*#/  +& "&9/!.0�%  

2�(%#(�0&*#'  # %/4&*#9/!"�$  �;(&;�."#  &;(&+#0*-4  #+1/�#$ , �;/!5/9/*#/  
#!5(&0*�)�  !�!.�'*#'  �;�(31�0&*#' , *&�#9#/  !��.0/.!.038>/)�  #+%/(#./�6*�)�  
�;�(31�0&*#'  # !#!./%&.#9/!"&'  /)�  5(�0/("& . 

�/2/".*-/  #+1/�#'  %� *�  �;.�9#.6  *& %/*67#$  (&+%/(. �!�#  1#&%/.( 
�.0/(!.#'  "(3)&  5(/0-7&/.  +&1&**38 0/�#9#*3 , .�  %� *�  #!5(&0#.6 <.�.  1/2/".  
"&�#;(�0&*#/%  �.0/(!.#' .  

	5-.   5�"&+-0&/. , 9.�  5�0!/1*/0*&'  �()&*#+�0&**&'  ;�(6;&  +& !*# /*#/  ;(&"&  
*& 5(�#+0�1!.0/  1�� *&  5(�#+0�1#.6!'  *& �!*�0/  */%/1�/**�)�  &*&�#+& 5(#9#*  
�;*&(3 /**�)�  ;(&"&. 	!*�0*&'  .(31*�!.6  5(#  &*&�#+/ ;(&"& – 3!.&*�0�/*#/  #!.#**-4  
/)�  5(#9#*  #, !�/1�0&./�6*� , 0#*�0*#"�0  ;(&"&, �!�;/**�  "�)1&  5�'0�/*#/  ;(&"& 
+&0#!#. �.  %*�)#4  5(#9#* . 	5(/1/�#0  0#1 ;(&"&, �5(/1/�'8.  0�+%� *-/  5(#9#*-  
;(&"& # !��.0/.!.0/**�  /)�  0#*�0*#"�0 . 

��'  .�)�  9.�;-  �5(/1/�#.6  *&)�'1*� , "&"�$  *&#;��//  9&!.�  0!.(/9&/%-$  0#1 
;(&"& *& 	
	  «�
� », %- #!5��6+3/%  1#&)(&%%3 �&(/.� .  

�#&)(&%%& �&(/.�  �5(/1/�'/. , "&"#/  0#1-  ;(&"�0  *&#;��//  9&!.- ; �*&  
5�+0��'/.  ;-!.(�  30#1/.6, *& 9/% !�/13/.  !�!(/1�.�9#.6  0*#%&*#/ 5(#  
!�0/(7/*!.0�0&*##  5(�,/!!& . �#&)(&%%& �&(/.�  !.(�#.!'  !�/138>#%  �;(&+�% : 5�  �!#  
�(1#*&.  �."�&1-0&/.!'  "��#9/!.0�  !�39&/0  ;(&"&, +&(/)#!.(#(�0&**�)�  0 %�13�/  
2&".#9/!"�)�  #+)�.�0�/*#' , & 5�  �!#  &;!,#!!  – 0-;(&**-/  5��6+�0&./�/%  #!.�9*#"#  
;(&"&. 
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�&  (#!3*"/  1 5�"&+&*& 1#&)(&%%& �&(/.�  5�  0#1&% */!��.0/.!.0#$  +& 4 "0&(.&�  
2018 ). �.��;,-  1#&)(&%%- ("& 1-$  !��.0/.!.03/.  �.1/�6*�%3  0#13) (&* #(�0&*-  0 
5�('1"/  3;-0&*#'  #*./*!#0*�!.#  ;(&"&, 9.�  5�+0��'/.  �5/(&.#0*�  �,/*#0&.6  «0"�&1» 
!��.0/.!038>/)�  0#1& (.&;�#,&  1). �/(0-$  !.��;/,  5(/1!.&0�'/.  *&#;��//  
«;(&"�#+0�1'>#$ » 2&".�( , 5(�,/*.*-$  0"�&1 <.�)�  2&".�(&  (/)#!.(#(3/.!'  5�  5(&0�$ 
0/(.#"&�6*�$  �!#  1#&)(&%%-. �&  <.�$   /  1#&)(&%%/ #+�;(& /*&  "(#0&'  #*./)(&�6*�)�  
5(�,/*.&  ;(&"&, "�.�(&'  0 1&**�% !�39&/  5�"&+-0&/. , 9.�  27,3% ;(&"& �;3!��0�/*�  
.(/%'  5/(0-%#  0#1&%#.  

 

 
�#! . 1. �#&)(&%%& �&(/.�  5�  */!��.0/.!.0#'%  +& 4 "0&(.&�  2018 ). 

 
�&;�#,&  1.- ��+%� *-/  1/2/".-  

7#2(  �&#%/*�0&*#/  */!��.0/.!.0#$  ") /.  �&"�5�
/**&'  
!3%%& 

% 5�  
"& 1�%3  
*/!��.0/
.!.0#8  

�&"�5�/
**-$ % 

27 �/2�(%&,#'  15,58 15,58 27,308 27,308 
30 �"��-  ./(%#9/!"#/  7,246 22,826 12,7 40,008 
28 �/!��.0/.!.0#/  (&+%/(�0 # 2�(%  5,525 28,351 9,684 49,692 
12 �(/>#*-  ,/*.(&�6*-/  # (&1#&�6*-/  4,591 32,942 8,0489 57,739 
29 	. &.-$  "(&$ 4,273 37,215 7,4895 65,229 
33 �/4&*#9/!"#$  ;�$  # !"��-  4,258 41,473 7,4895 72,692 
14 �(/>#*-  1#&%/.(&�6*-/  3,235 48,126 5,6702 84,353 
36 �&!�(/*#/  2,006 50,132 3,516 87,869 
34 �&!!��/*#/  5�  5/(#2/(##  1,505 51,637 2,6379 90,507 
13 �(/>#*-  5/(#2/(#9/!"#/  1,138 52,775 1,9946 92,502 
24  �37"#  1,044 53,819 1,8299 94,332 
35 �/!��.0/.!.0#/  (&+%/(�0 # 2�(%  0,937 54,756 1,6423 95,974 
26 �&"�0#*-  # 0-5(&0"#  0,791 55,547 1,3864 97,36 
20 �#!;&�&*!  0,428 55,975 0,7502 98,111 
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16 �(/>#*-  "�*,/*.(#9/!"#/  0,369 56,344 0,6468 98,757 
43 �&!!��/*#/  # 0!539#0&*#/ 0,25 56,594 0,4382 99,578 
18 �&*# /**&'  .0/(1�!.6  0,218 56,812 0,3821 99,578 
22 ��34�$  +03" 0,207 57,019 0,3628 99,94 
15 �"��-  2�(%�0�9*�)�  39&!."& 0,028 57,047 0,0491 99,989 
31 �&+(-0-  0,006 57,053 0,0105 100 
 �!/)�  */!��.0/.!.038>/$  5(�13",## , ")  57,053    

 
�(#  #!5��6+�0&*##  1#&)(&%%- �&(/.�  1�'  "�*.(��'  0& */$7#4  2&".�(�0  

*&#;��//  (&!5(�!.(&*/**-%  %/.�1�%  &*&�#+& '0�'/.!'  .&" *&+-0&/%-$ 
�� -&*&�#+. 
�(355&  ;(&"&, �.*�!'>&'!'  "  +�*/  
 , 5�1�/ #.  .>&./�6*�%3  (&!!%�.(/*#8  # &*&�#+3 
5(#9#*  0�+*#"*�0/*#'  ;(&"&, . ." . <.& +�*& *&#;��//  5(�;�/%*&' , & 0 +�*/  �  – 
*&#%/*67/%3 (&!!%�.(/*#8  5(#9#*  0�+*#"*�0/*#'  */!��.0/.!.0#$ . 

 
�5#!�"  �#./(&.3(- : 

1. �#"#2�(�0  � .� . ��0(/%/**-/  ./*1/*,##  7�#2�0&*#'  # &;(&+#0*�$ 
�;(&;�."# . �.&(-$  	!"�� : ��� , 2012. - 560 ! .  

2. �37"&(/0  	 .� , �3%'9/(  � .� . �/.�1-  # !(/1!.0&  "�*.(��'  2#+#"� -
%/4&*#9/!"#4  4&(&"./(#!.#"  &;(&+#0*-4  %&./(#&��0 : ��*�)(&2#'  / ���)�
�� , 
���)�)(&1 , 2004. – 144 ! . 
 
 

�
���
������
  �
����  ���
����������  
������
���  

 
�/�34#*  � .
 ., ��(��/0  � .
 . 

 
��������  	���
��
�������  �
�
�
�
  (������ )  

��������������  ��������
��

���  
��
��������  �
������
�
�  
 

�.&�6*-/  1/.&�#  0 %/4&*#+%&4 # 3!.(�$!.0&4  +&9&!.38 #!5-.-0&8.  
5�0-7/**-/  *&)(3+"#, "�.�(-/  5(#0�1'.  "  #+*�!3  #4 5�0/(4*�!.# . �.�;-  5�0-!#.6  
!(�"  !�3 ;-  1/.&�/$  # 1��)�0/9*�!.6  (&;�.-  %/4&*#+%�0 # 3!.(�$!.0  */�;4�1#%�  
!*#+#.6  #+*�!  5�0/(4*�!.#  1/.&�/$ . 

�3>/!.038.  !�/138>#/  %/.�1-  5�0/(4*�!.*�)�  35(�9*/*#' : %/4&*#9/!"#$ , 
./(%#9/!"#$ , ./(%#9/!"#$ , �&+/(*&'  +&"&�"&, #�**&'  #%5�&*.&,#'  # 1( . 

��'  5��39/*#'  0-!�"�$  .0/(1�!.#  5�0/(4*�!.*�)�  !��'  1/.&�#  !  !�4(&*/*#/%  
0'+"�$  !/(1,/0#*- , 9.�  �;/!5/9#0&/.  +&>#.*-/  !0�$!.0&  5�0/(4*�!.#  !  %/4&*#9/!"�$  
5(�9*�!.68  �!*�0- , 5(#%/*'8.  5�0/(4*�!.*38  +&"&�"3. ��0/(4*�!.*&'  +&"&�"& !.&�#  
!�!.�#.  #+ ;-!.(�)�  *&)(/0& 5�0/(4*�!.*�)�  !��'  !.&�#  1�  ./%5/(&.3(- , +*&9#./�6*�  
0-7/  "(#.#9/!"�$ , # 5�!�/138>/)�  ;-!.(�)�  //  �4�& 1/*#' .  

	!*�0*�/  5(/#%3>/!.0�  5�0/(4*�!.*�$  +&"&�"# !.&�#  – 5�0-7/*#/  
0-*�!�#0�!.#  1/.&�#  "  0�+1/$!.0#8  (&+*�)�  (�1&  1#*&%#9/!"#4 *&)(3+�" , *&5(#%/(  
#+)#;&8>#4 , *& !(/+  5(#  !�4(&*/*##  ;��67�$  #+*�!�!.�$"�!.# . :.�.  %/.�1  5�+0��'/.  
5��39#.6  .0/(138  #+*�!�!.�$"38  5�0/(4*�!.6  # 5�&!.#9*38  !/(1,/0#*3 . 

��/13/.  �.%/.#.6 , 9.� , 5(#%/*''  5�0/(4*�!.*38  +&"&�"3 !.&�# , !�"(&>&/.!'  
0(/%'  �;(&;�."# , .&" "&" *&)(/0  1�#.!'  */1��)� . �(#  */;��67�%  0(/%/*#  �;(&;�."#  */  
5(�#!4�1#.  �;/+3)�/(� #0&*#'  # �"#!�/*#'  !.&�# . �&)(/0&*#/  .��6"�  *&(3 *�)�  !��'  
#!"�89&/.  0�+%� *�!.6  5�'0�/*#'  ;��67#4  *&5(' /*#$ . 
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�(/1#  ('1&  %/.�1�0  5�0/(4*�!.*�$  +&"&�"# (0 (&!5�&0�/**-4  %/.&��&4, 
<�/".(�.�"�%  0-!�"�$  9&!.�.- , 5�&%/**&'  +&"&�"&, 5�&+%/**&' +&"&�"&) 0 5(&".#"/  
*&#;��//  7#(�"�/  5(#%/*/*#/  *&7/�  !5�!�;  0-!�"�9&!.�.*�$  +&"&�"# 5(#  *&)(/0/  
5�0/(4*�!.*�)�  !��'  1/.&�#  5/(/%/**-%  .�"�%  0-!�"�$  9&!.�.-  (��� ). �  �!*�0*-%  
5(/#%3>/!.0&%  1&**�)�  %/.�1& %� *�  �.*/!.# : 0�+%� *�!.6  "�*.(��#(�0&.6  )�3;#*3  
+&"&�@**�)� !��'  �.  1��/$  %#��#%/.(&  1�  10 %%, %#*#%&�6*�/ "�(�;�/*#/ . ��  +&"&�"& 
���  5(#%/*'/.!'  .��6"�  0 %&!!�0�% # "(35*�!/(#$*�%  5(�#+0�1!.0/  #+-+& 0-!�"�$  
!.�#%�!.#  �;�(31�0&*#'  # !&%�)�  ./4*���)#9/!"�)�  5(�,/!!& . 

��&+%/**�/  5�0/(4*�!.*�/  (./(%#9/!"#$  !5�!�; ) 35(�9*/*#/  (&+1/�'8. :  
-  *& 35(�9*/*#/  ;/+  �5�&0�/*#'  # !  �5�&0�/*#/%  5�0/(4*�!.#  1/.&�# ;  
-  35(�9*/*#/  !  +&+�(�% %/ 13  35(�9*/**-%#  +�*&%# (+�*-  ./(%#9/!"�)�  

0�#'*#' , ��� ), ;/+  5/(/"(-.#'  ���  # !  5/(/"(-.#/%  ��� ;  
-  4#%#"�-./(%#9/!"&'  5�&+%/**&' �;(&;�."& ;  
-  35(�9*/*#/  0 !�9/.&*##  !  1(3)#%# !5�!�;&%#  �;A/%*�$  #�#  

5�0/(4*�!.*�$  ./(%#9/!"�$  �;(&;�."# .  
��&+%/**38  5�0/(4*�!.*38  �;(&;�."3  (./(%#9/!"#$  !5�!�; ) %� *�  

<22/".#0*�  5(#%/*'.6 , *&5(#%/( , 1�'  5�0-7/*#'  !.�$"�!.#  7/!./(/*  # 
%/.&����;(&;&.-0&8>/)�  #*!.(3%/*.& . �(�;�/%&  1/2#,#.&  # 0-!�"�$  !.�#%�!.#  
#*!.(3%/*.&�6*-4  !.&�/$  %� /.  ;-.6  !3>/!.0/**�  !)�& /*&  1�'  %&7#*�!.(�#./�6*-4  
5(/15(#'.#$  ;�&)�1&('  5�0-7/*#8  (&;�.�!5�!�;*�!.#  %/.&����;(&;&.-0&8>/)�  
#*!.(3%/*.&  ((/+,�0 , !0/(� , 2(/+ ). ��&+%/**&'  5�0/(4*�!.*&'  �;(&;�."&  5�+0��'/.  
5�0-!#.6  !.�$"�!.6  1&**�)�  #*!.(3%/*.&  0  2–2,5  (&+&. 

��'  %/�"�!/(#$*�)�  # 7.39*�)�  5(�#+0�1!.0&  �5.#%&�6*-%  !5�!�;�%  ;31/.  
+&"&�"& !  5(#%/*/*#/%  5�&+%/**�)�  %/.�1&, #!5��6+38>/)�  !.&*1&(.*�/  !0&(�9*�/  
�;�(31�0&*#/ . 
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�  *&!.�'>//  0(/%'  7�#2�0&*#/  '0�'/.!'  �1*#% #+ �!*�0*-4  %/.�1�0  

�.1/��9*�$  �;(&;�."#  "��/,  5�17#5*#"�0 , 5(#  <.�% 1�!.#)&8.!'  0-!�"#/  "�&!!-  
9#!.�.-  5�0/(4*�!.#  # .�9*�!.#  �;(&;�."# . 

�& *�$  !�!.&0�'8>/$  5(�,/!!&  7�#2�0&*#'  '0�'/.!'  5(&0"& 7�#2�0&�6*�)�  
"(3)& , 0�  %*�)�%  �5(/1/�'8>&'  (/+3�6.&.-  �;(&;�."# . �(&0"&  "(3)&  */�;4�1#%&  1�'  
5(#1&*#'  (&;�9/$  5�0/(4*�!.#  7�#2�0&�6*�)�  "(3)&  +&1&**�$ )/�%/.(#9/!"�$  2�(%- . 
	.  3!��0#$  5(&0"# +&0#!#. (&!4�1  &;(&+#0*�)�  #*!.(3%/*.& , !�!.�'*#/  /)�  (&;�9/$  
5�0/(4*�!.# , /)�  (/ 3>#/  !0�$!.0& , & !�/1�0&./�6*� , 7/(�4�0&.�!.6  7�#23/%�$  
5�0/(4*�!.#  1/.&�# , "&9/!.0�  //  5�0/(4*�!.*�)�  !��' , 5(�#+0�1#./�6*�!.6  # 
!/;/!.�#%�!.6  �;(&;�."#  [1]. 

�  *&!.�'>//  0(/%'  1�'  5(&0"# 7�#2�0&�6*-4  "(3)�0  5(#%/*'8.  &�%&+--+/(*&, 
+&"(/5�/**-/  0 !5/,#&�6*�$  �5(&0/  (�	��  22908); &�%&+*�-%/.&��#9/!"#/  "&(&*1&7# 
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(�	��  607-80); !5/,#&�6*-/  7�#2�0&**-/  &�%&+*-/ #)�-  # &�%&+*-/ #)�-  !  
/!./!.0/**-%#  �!.(-%#  (/;(&%#  (�	��  17564). 

�(#  7�#2�0&*##  "��/,  5�17#5*#"&  *&;�(�%  7�#2�0&�6*-4  "(3)�0  .(/;3/.!'  
!�� *&'  2&!�**&'  5(&0"&, "�.�(&'  */  5�+0��'/.  #!5��6+�0&.6  &�%&+- 0 �5(&0/ . 

	!*�0*-%  0#1�% #*!.(3%/*.& , 5(#%/*'/%�)�  1�'  <.�$  �5/(&,## , '0�'/.!'  
&�%&+*�-%/.&��#9/!"#$  "&(&*1&7 !�  !5/,#&�6*�$  +&.�9"�$ , !3>/!.0/**-%#  
*/1�!.&."&%#  5(#%/*/*#'  "�.�(�)�  '0�'8.!' : */#+;/ *�/  5�0(/ 1/*#/  &�%&+*�)� 
+/(*& 0!�/1!.0#/  0�+1/$!.0#'  *& */)�  &;(&+#0*�)�  "(3)& ; *&(37/*#/   /!."�!.#  
"(/5�/*#'  &�%&+*�)� +/(*& 0 !5�&0/  &�%&+�*/!3>/$  0!.&0"# # !&%�$ 0!.&0"# 0 "�(53!/  
"&(&*1&7&; */0�+%� *�!.6  5�1)�.�0"#  "  (&;�./  �.1/�6*-4  +/(/*  0 !0'+#  !  #4 
*/5(#/%�/%�$  �(#/*.&,#/$  0�  0!.&0"/  # #*1#0#13&�6*�$  "&(&.*�!.# ; 0-5&1/*#/  
�.1/�6*-4  +/(/*  # . .1. 

�!.(&*#.6  5/(/9#!�/**-/  0-7/  5(�;�/%-  # 5�0-!#.6  5(�#+0�1#./�6*�!.6  
�5/(&,#$  7�#2�0&*#'  "��/,  5�17#5*#"&  %� *�  +& !9/.  5(#%/*/*#'  1�'  5(&0"# 
*&;�(&  7�#2�0&�6*-4  "(3)�0  &�%&+*�$ #)�- . ��&0*-%  <�/%/*.�%  &�%&+*�$ #)�-  
'0�'/.!'  "(#!.&��  &�%&+&, +&2#"!#(�0&**-$  5�  ,/*.(&�6*�$  �!#  !  �!.(�"�*/9*�$  
�.,/*.(#(�0&**�$  0/(7#*�$ , 2�(%�$  "�.�(�$  '0�'/.!'  5(&0#�6*&'  5#(&%#1& !  
9/.-(6%'  (&0*-%# )(&*'%# . ��)�&!*�  1&**-% , 5(/1!.&0�/**-%  0 (&;�./  [2], !.�$"�!.6  
#)�-  %#*#%3% 0 8 (&+ 0-7/  !.�$"�!.#  &�%&+*�)� "&(&*1&7&. 

�/!%�.('  *& .� , 9.�  !.�#%�!.6  &�%&+*�$ #)�-  +*&9#./�6*�  0-7/  !.�#%�!.#  
&�%&+*�-%/.&��#9/!"�)�  "&(&*1&7&, //  5(#%/*/*#/  5�+0��#.  3!.(&*#.6  5(�!.�#  
�;�(31�0&*#' , !0'+&**-/  !  �5/(&,#/$  +&.�9"# "&(&*1&7&, !�"(&.#.6  (&!4�1  5(&0'>/)�  
#*!.(3%/*.&  # .(31�+&.(&.- . ��<.�%3  5(#%/*/*#/  &�%&+*�$ #)�-  1�'  !�� *�$  
2&!�**�$  5(&0"# *&;�(&  "(3)�0 , #!5��6+3/%-4  1�'  7�#2�0&*#'  "��/,  5�17#5*#"& , 
<"�*�%#9/!"#  ,/�/!��;(&+*� . 
 
�#./(&.3(& : 

1. 
;(&+#0*&'  # &�%&+*&' �;(&;�."&  %&./(#&��0 : �5(&0�9*#"  / ��1  (/1 . 
 .� . 
�/+*#"�0& . – � .: �&7#*�!.(�/*#/ , 1977. – 391 ! . 

2. �5(&0�9*#"  5�  &�%&+*�$ �;(&;�."/  %/.&���(/ 3>/)�  #*!.(3%/*.&  / ��1  (/1 . 
� .� . �&"3�' . – � .: �/4*#"& , 1971. – 208 ! .  
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�/4&*#9/!"&'  �;(&;�."&  5�17#5*#"�0-4  "��/,  �;-9*�  !0�1#.!'  "  .�"&(*�$  # 
7�#2�0&�6*�$  �;(&;�."/ . 	.*�!#./�6*�/  (&!5(/1/�/*#/  %/ 13  .�"&(*�$  # 
7�#2�0&�6*�$  �;(&;�."�$  �;>/)�  �;A@%& 5�1�/ &>/)�  31&�/*#8  %/.&��&  
�5(/1/�'/.!'  !(&0*#./�6*�$  !.�#%�!.68  <.#4 �5/(&,#$ . �A@% %/.&��&  5(#  
7�#2�0&*##  �;-9*�  �;4�1#.!'  1�(� / , 9/% 5(#  .�"&(*�$  �;(&;�."/ . 

��"&(*&'  �;(&;�."&  1/.&�/$  %&7#* # %/4&*#+%�0 0 *&7#  1*#  '0�'/.!'  �1*�$  #+ 
*&#;��//  (&!5(�!.(&*/**-4  0 %&7#*�!.(�/*## . �(#  <.�% 5(�#!4�1#.  !A/% ;��67/$  
9&!.# 5(#53!"&  # �"�*9&./�6*�/  2�(%#(�0&*#/  "&9/!.0& 5�0/(4*�!.*�)�  !��'  1/.&�/$  
./�  0(&>/*#' , */  !�5(')&/%-4  !  1(3)#%# 1/.&�'%# . �  1(3)�$  !.�(�*- , .�9/*#/  %� /.  
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!9#.&.6!'  %&"!#%&�6*� 5(�!.-%  0#1�% %/4&*#9/!"�$  �;(&;�."#  !  *&#;��//  
*&)�'1*-%#  +&"�*�%/(*�!.'%#  5(�,/!!�0 , 5(�#!4�1'>#4  0 +�*/  (/+&*#' , 9.�  5�+0��'/.  
5/(/*�!#.6  (/+3�6.&.-  #!!�/1�0&*#$  �;(&;�."#  .�9/*#/%  *& 1(3)#/ , ;��//  !�� *-/  
./4*���)#9/!"#/  �5/(&,## . 

�&  7/(�4�0&.�!.6  5�0/(4*�!.# , �;(&;�.&**�$  (/+&*#/%, �"&+-0&/.  0�#'*#/  
;��67�/  9#!��  2&".�(�0 , !0'+&**-4  !  3!��0#'%#  #+)�.�0�/*#'  +&)�.�0"# . �  9&!.*�!.# , 
0-!�.&  # 2�(%& */(�0*�!./$ , & .&" /  4&(&"./(  (&!5��� /*#'  # *&5(&0�/*#/  
�;(&;�.�9*-4  (#!�"  +&0#!'. �.  5(#*'.�)�  0#1& # (/ #%&  �;(&;�."# ; 3!��0#$  
�4�& 1/*#'  # !%&+"# #*!.(3%/*.& ; 4#%#9/!"�)�  !�!.&0&  # %#"(�!.(3".3(-  
�;(&;&.-0&/%�)�  %&./(#&�&; "�*!.(3",## , )/�%/.(##  # !.�$"�!.#  (/ 3>/)�  
#*!.(3%/*.& ; .#5& # !�!.�'*#'  #!5��6+3/%�)�  �;�(31�0&*#' , 0!5�%�)&./�6*�)�  
#*!.(3%/*.&  # 5(#!5�!�;�/*#$ . 

	1*�$  #+ *&#;��//  0& *-4  +&1&9 1&**-4  5(/15(#'.#$  '0�'/.!'  (&+(&;�."&  # 
0*/1(/*#/  *�0/$7#4  #*!.(3%/*.&�6*-4  %&./(#&��0 , 31�0�/.0�('8>#4  0!/% 
5�.(/;*�!.'%  5�.(/;#./�/$ .  

�*!.(3%/*.&�6*-/  %&./(#&�-  1�� *-  �;�&1&.6  .&"#%# "&9/!.0&%#, "&" 
!.�$"�!.6 , 5(�9*�!.6 . �  5(�,/!!/  (/+&*#'  5(�#!4�1#.  #+*�!  (/+,&  # .(&*!2�(%&,#'  /)�  
)/�%/.(## . �(�%/  (/ #%�0  (/+&*#' : !"�(�!.#  V, 5�1&9# S, )�3;#*-  t, )/�%/.(##  (/+,& , 
#+*�!  #*!.(3%/*.&  !3>/!.0/**-%  �;(&+�%  0�#'/.  *& 5&(&%/.(-  "&9/!.0& �;(&;�.&**�$  
5�0/(4*�!.# . 

	;-9*�  0-1/�'8.  .(#  39&!."& "(#0�$  #+*�!& : 	
  – 5/(0�*&9&�6*-$  
#*./*!#0*-$  #+*�!  (5/(#�1  5(#(&;�."# ), 
�  – �!*�0*�$  39&!.�"  (&0*�%/(*�)�  #+*�!& , 
��  – 39&!.�"  "&.&!.(�2#9/!"�)�  #+*�!& . ��9"&  �  !��.0/.!.03/.  !.�$"�!.#  (/+,&  # 
"(#./(#8  #+*�!&  5�  +&1*/$ 5�0/(4*�!.# . ��!�/  <.�)�  (/+/,  �.5(&0�'8.  *& 5/(/.�9"3 .  

��/13/.  �.%/.#.6 , 9.�  0 5(�,/!!/  (/+&*#'  5(�#!4�1#.  .(&*!2�(%&,#'  )/�%/.(##  
(/+,& . �%/!.�  (&1#3!& r 5�'0�'/.!'  5��>&1"&  1�#*�$  � N, & 0%/!.�  �!.(�)�  +&1*/)�  
3)�& a 5�'0�'/.!'  5��>&1"&  7#(#*�$  h3. �0/�#9#0&8.!'  !#�-  (/+&*#'  #, 0 9&!.*�!.# , 
!#�-  .(/*#'  # ./%5/(&.3(&  0 +�*/  (/+&*#' . �  (/+3�6.&./  <.�)�  #+%/*'8.!'  5&(&%/.(-  
"&9/!.0&. 

��  %/(/  #+*�!&  (/+,&  #+%/*'/.!'  7/(�4�0&.�!.6  �;(&;�.&**�$  5�0/(4*�!.# . �  
5(�,/!!/  #+*�!&  7/(�4�0&.�!.6  �;(&;�.&**�$  5�0/(4*�!.#  #+*&9&�6*� !*# &/.!' , 9.�  
�;A'!*'/.!'  '0�/*#/%  «5(#(&;�."#  (/+,& », 0 .�%  9#!�/  # 30/�#9/*#/%  !#�-  .(/*#'  5�  
+&1*/$ 5�0/(4*�!.#  (/+,&  #, "&" !�/1!.0#/ , 5�0-7/*#/  1/%52#(38>#4  !0�$!.0  
./4*���)#9/!"�$  !#!./%- . �&�6*/$7//  30/�#9/*#/  5&(&%/.(& 7/(�4�0&.�!.#  %� *�  
�;A'!*#.6  30/�#9/*#/%  &%5�#.31-  0#;(&,#$  5(#  30/�#9/*##  !�!.&0�'8>/$  !#�-  
(/+&*#'  #+-+& +&.35�/*#'  #*!.(3%/*.& . 

�(#  30/�#9/*##  #+*�!&  (/+,&  ./%5/(&.3(&  0 +�*/  (/+&*#'  5�0-7&/.!'  0 1,5-2 
(&+&. ��0-7/*#/  ./%5/(&.3(-  0�#'/.  *& #+%/*/*#/  5�&!.#9*-4  !0�$!.0  
�;(&;&.-0&/%�)�  %&./(#&�& # *& 0�+%� *-/  !.(3".3(*� -2&+�0-/  #+%/*/*#'  0 
5�0/(4*�!.*�%  !��/  1/.&�# . 

��0(/%/**-$  3(�0/*6  %&7#*�!.(�/*#'  .(/;3/.  5(#%/*/*#'  *�0-4  ./4*���)#$ , 
�;�(31�0&*#'  # #*!.(3%/*.�0  1�'  %/4&*#9/!"�$  �;(&;�."# , �;/!5/9#0&8>#4  
!3>/!.0/**�/  5�0-7/*#/  5�"&+&./�/$  .�9*�!.# , "&9/!.0& # 5(�#+0�1#./�6*�!.# . �  
3!5/7*�%  (/7/*##  <.#4 +&1&9 0& *&'  (��6  5(#*&1�/ #.  #!5��6+�0&*#8  
5(�)(/!!#0*-4  !;�(*-4  "�*!.(3",#$  .0/(1�!5�&0*-4  #*!.(3%/*.�0  !  #+*�!�!.�$"#%#  
5�"(-.#'%#  0/13>#4  2#(%-5(�#+0�1#./�/$ .  

	!*�0*-%#  #+)�.�0#./�'%#  #*!.(3%/*.&  #+ .0/(1�)�  !5�&0& !  5�"(-.#'%#  
'0�'8.!'  "�%5&*##: Iscar (�#.&$ ), Sandvik (�0/,#' ), Tungaloy (�5�*#' ). 

�(#  #!5-.&*##  5�&!.#*  1&**-4  5(�#+0�1#./�/$ , ;-�#  0-'0�/*� , 9.�  !.�$"�!.6  
5�&!.#*  5(�#+0�1!.0&  2#(%-  «Tungaloy» *&#;��67&' , 9.�  5�"&+-0&/.  5/(!5/".#0*�!.6  
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5(#%/*/*#'  !  .�9"#  +(/*#'  !*# /*#'  +&.(&. *& #*!.(3%/*.  (/ 3>#4  5�&!.#*  
5(�#+0�1!.0&  2#(%-  «Tungaloy». 
 
�#;�#�)(&2#9/!"#$  !5#!�" : 

1. �/(�4�0&.�!.6  5�!�/  %/4&*#9/!"�$  �;(&;�."#  / :�/".(�**-$  (/!3(! . 
�/ #%  1�!.35& : http://texinfo.inf.ua/razdeli/texn_obr/stati/sheroxovatost.html. 

2. 
*&�#+  #*!.(3%/*.&�6*-4  %&./(#&��0  # 5&(&%/.(�0 , 0�#'8>#4  *& 
.�9*�!.6  �;(&;�."# / ��&+"�0  � .� ., �&!3.#*  � .� . 
��/'  *&3"#. 2018. � . 1. E  5 (21). � . 
892-896. 

3. 	,/*."&  #+*�!&  .0/(1�!5�&0*�)�  (/ 3>/)�  #*!.(3%/*.&  5(#  
%/4&*#9/!"�$  �;(&;�."/  / �#%!#0/  � .� ., �3.-7"#*  
 .� ., �#%!#0/  � .� . 	;(&;�."&  
%/.&���0  (./4*���)#' , �;�(31�0&*#/ , #*!.(3%/*.- ). 2012. E  1 (54). � . 50-55. 

4. �+*�!  (/+,�0  5(#  .�9/*##  +&"&�/**-4  !.&�/$  / ��!"�.#*  
 .
 ., �&+3%�0& 
� .� . �  !;�(*#"/ : ������
  �  ����	�	���  �
���	���	����  %&./(#&�-  V 
�/ 13*&(�1*�$  !.31/*9/!"�$  *&39*� -5(&".#9/!"�$  "�*2/(/*,## . 	%!"#$  
)�!31&(!.0/**-$  ./4*#9/!"#$  3*#0/(!#./. . 2016. � . 272-275. 

5. ��0-7/*#/  5(�#+0�1#./�6*�!.#  # "&9/!.0& %/4&*#9/!"�$  �;(&;�."#  *& 
�!*�0/  5(#%/*/*#'  5(�)(/!!#0*-4  (/ 3>#4  #*!.(3%/*.�0  / :�/".(�**-$  (/!3(! . 
�/ #%  1�!.35& :  http://masters.donntu.org/2014/fimm/nikolaenko/library/article3.pdf. 
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�(�5#.-0&*#/  "(3)�0  (&+�#9*-%#
(&!.0�(�%  !#�#"&.*�)�  "�/'
0�+*#"&/.  5(#  #%5(/)*#(�0&*##
+&"�89&/.!'  0 .�% , 9.�  5(#
#*!.(3%/*.&  (!  (&+%/(�% +/(*&
5�( , 9.�  5(#0�1#.  "  !*# /*#8
5(#9#*�$  <.�)�  '0�'/.!'  
#%5(/)*&.�(&%#  # 5��4&'
#*!.(3%/*.& . 

�(/1�&)&/.!'  *�0-$  
#*!.(3%/*.&  "&" 0 %�%/*.  /)�
!37"# , & .&" /  !�"(&>/*#'  <*/()�/%"�!.#
5(�5#."#  53./% 00/1/*#'  0 (&!.0�(
# 0�+1/$!.0#'  *& *#4 0*/7*#%
5(�5#."#  # 5(�#+0�1#./�6*�!.6
./5��5(�0�1*�!.6 , & .&" /  !�"(&.#.6

�  "&9/!.0/  2/((�%&)*/.#"&
"�;&�6.&  #�#  #4 !5� &0�0. �(#%/*/*#/
5�+0��'/.  5�0-!#.6  0'+"�!.6
9.�  5�1  0�+1/$!.0#/%  %&)*#.*�)�
(&+0/(*3.6!'  01��6  !#��0-4 �#*#$
5�0-7&/.!'  0'+"�!.6  #%5(/)*&.�(&
#*!.(3%/*.& . �(�%/  .�)� , 
#%5(/)*&.�(/ , '0�'8.!'  !0�/�;(&+*-%#
%/4&*#9/!"38  5(�9*�!.6  #*!.(3%/*.&
3�397&/.  ./5��5(�0�1*�!.6 #*!.(3%/*.&
0 5(/1/�&4  5-20 %"% �;3!��0�/*
*&4�1#.!'  0 5(/1/�&4  100-
5(�*#"&.6  0 5�(-  #*!.(3%/*.&
���#9/!.0/**�/  !�1/( &*#/
#%5(/)*&.�(&  �;/!5/9#0&/.
5(/1�.0(&>/*#'  0-./"&*##  #4

��'  (&!9/.&  0'+"�!.#  
!�/138>&'  2�(%3�&  [3]: 

)1/  t 0 – 0'+"�!.6  (&!5�&0& !/(-

�.  �;A/%*�)�  !�1/( &*#'  9&!.#,
!�1/( &*#/  9&!.#,  2/((�%&)*/.#"�0
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"(3)�0  (&+�#9*-%#  #%5(/)*&.�(&%# , *&5(#%/( , 
"�/'  # 1(3)#4, !�5(' /* �  !  ('1�%  .(31*�!./$

#%5(/)*#(�0&*##  7�#2�0&�6*-4  "(3)�0  7#(�"�)�  "
9.� 5(#  5(�5#.-0&*##  "(35*�5�(#!.�)�  #�#  "(35*�+/(*#!.�)�

(&+%/(�% +/(*& ;��//  100 %"%) 5(�#!4�1#.  0-./"&*#/
!*# /*#8  "&9/!.0& 5(�5#.&**�)�  #*!.( 3%/*.&

'0�'/.!'  */1�!.&.�9*&'  !%&9#0&/%�!.6 "/(&%#9/!"�)�
5��4&'  #4 &1)/+#' "  5�0/(4*�!.'%  5�(�0�)�

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

!�"(&>/*#'  <*/()�/%"�!.#  # 5�0-7/*#'  5(�#+0�1#./�6*�!.#
00/1/*#'  0 (&!.0�(  #�#  (&!5�&0 #%5(/)*&.�(&  2/((�%&)*#.*-4

0*/7*#%  %&)*#.*-%  5��/% . :.�  5� +0��'/.  5�0-!#.6
5(�#+0�1#./�6*�!.6  5(�,/!!& , 5(�9*�!.6  #*!.(3%/*.&

.&" /  !�"(&.#.6  <*/()�/%"�!.6  5(�,/!!&  5(�5#."#
2/((�%&)*/.#"&  5(#%/*'8.  9&!.#,-  #+ %&)*/.#.&

&0�0. �(#%/*/*#/  2/((�%&)*#.*-4  9&!.#,  # %&)*#.*�)�
0'+"�!.6  #%5(/)*&.�(&  0 */!"��6"�  (&+ [3]. :.�  �;A'!*'/.!'

0�+1/$!.0#/% %&)*#.*�)�  5��'  2/((�%&)*#.*-/  9&!.#,-
!#��0-4  �#*#$  # !)(355#(�0& .6!'  0 ,/5�9"# , +& !9/.

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

'0�'8.!' !0�/�;(&+*-%#  35(�9*'8>#%#  <�/%/*.&%#
5(�9*�!.6 #*!.(3%/*.& , & #4 0-5��*/*#/ , *&5(#%/(  #+

./5��5(�0�1*�!.6  #*!.(3%/*.&  0�  0(/%'  7�#2�0&*#' . �-;�(
�;3!��0�/*  %#*#%&�6*-% (&+%/(�% 5�(  0 #*!.(3%/*./

-150 %"%. �&"�$  (&+%/( 9&!.#,  5�+0��'/.
#*!.(3%/*.&  !�0%/!.*�  !  (&!.0�(�%  #�#  (&!5�&0�%

!�1/( &*#/  2/((�%&)*#.*-4  9&!.#,  0 5(/1/�&4  15
�;/!5/9#0&/.  */�;4�1# %38 0'+"�!.6  (&!.0�(3  #�#

0-./"&*##  #4 #+ 5�(  #*!.(3%/*.&  5(#  !37"/  #�#  �4�& 1/*##
0'+"�!.#  (&!5�&0& !/(-  !  2/((�%&)*/.#"&%#  t

 
(&!5�&0& !/(-  ;/+  2/((�%&)*/.#"�0 ; p – "�<22#,#/*.

!�1/( &*#'  9&!.#,  2/((�%&)*/.#"�0  (
2/((�%&)*/.#"�0 . 
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*&5(#%/( , (&!5�&0�% !/(- , 
.(31*�!./$ . 	1*&  #+ *#4 

7#(�"�)�  " �&!!& . �(�;�/%&  
#�#  "(35*�+/(*#!.�)�  

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

"/(&%#9/!"�)�  9/(/5"&  
5�(�0�)�  5(�!.(&*!.0&  

#%5(/)*&.�(&  #+ 5�(  
0(/%' /)�  �4�& 1/*#'  #�#  

5(�#+0�1#./�6*�!.#  5(�,/!!&  
2/((�%&)*#.*-4  9&!.#,  

+0��'/.  5�0-!#.6  "&9/!.0�  
#*!.(3%/*.&  # /)�  

5(�5#."# . 
%&)*/.#.&,  /�/+& , *#"/�' , 
9&!.#, #  %&)*#.*�)�  5��'  

:.�  �;A'!*'/.!'  ./%, 
9&!.#,-  !.(/%'.!'  

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

�!.&0&'!6  0 �.0/(1/07/%  
<�/%/*.&%#, 5�0-7 &8>#%# 
*&5(#%/(  #+  /�/+& , *#"/�' , 

�-;�(  (&+%/(& 9&!.#,  
#*!.(3%/*./ , "�.�(-$  

5�+0��'/.  #% !0�;�1*�  
(&!5�&0�% #%5(/)*&.�(& . 

5(/1/�&4  15-30% �.  �;A/%& 
#�#  (&!5�&03 1�'  

�4�& 1/*## . 
t   #!5��6+�0&�&!6  

(1) 
"�<22#,#/*. , */  +&0#!'>#$ 

); Vr - �;A/%*�/  



 

�&!9/.-  5�  2�(%3�/  (1) 
9&!.#,  0'+"�!.6  !(/1-  %� /.
0'+"�!.68  �!*�0- . �&�� /*#/
1&�6*/$7/%3  0�+(&!.&*#8  0'+"�!.#

�5�!�;  �!3>/!.0�'/.!'
*/%&)*#.*�$  */( &0/8>/$
2/((�%&)*#.*-%#  9&!.#,&%#
# #*./*!#0*�  5/(/%/7#0&8.
*&5(#%/(  7�#2�0&�6 *-$  "(3)
5(�5#."3  # 0-1/( "3  1�'  ;��//
#%5(/)*&.�(�% . �  %�%/*.  0-/%"#
#�#  �4�& 1/*#'  0"�89&8.
%&)*#.*�)�  5��' , +& !9/.
*&4�1'>/)�!'  0 5�(&4  #*!.(3%/*.&
�.0/( 1/*#'  #%5(/)*&.�(&
0-" �89&8.  <�/".(�%&)*#.-

�# /  5(#0/1/*-  5(#%/(-
7�#2�0&�6*-4  "(3)�0  0�1*-%
5(�5#."�$  "(3)�0  0� 1*-%
2/((�%&)*#.*-/  9&!.#,-   /�/+
(&!.0�(& . ���39/**38  !%/!6
5/(/%/7#0&8. . 

��#2�0&�6*-/  "(3)#  
5�)(3 &'  #4 0 5�1)�.�0�/**-$
9/)�  "(3)#  0-1/( #0&8.  0 (&!.0�(/
(&!.0�(&  #%5(/)*&.�(&  0"�89&8.
*&5(' /**�!.68  0 1#&5&+�*/
(&!.0�(&  #%5(/)*&.�(&  !  2,37·10
#%5(/)*&.�(&  #+ 5�(  #*!.(3%/*.&

�37"3  "(3)�0  5(�#+0�1'.
��!�/  +&.0/(1/0&*#'  #%5(/)*&.�(&

��'  5(�5#."#  7�#2�0&�6*-4
2/((�%&)*#.*-/  9&!.#,-   /�/+&
(&!5�&0&. 

�(3)# , 5�1�)(/.-/  1�  150
5�1)�.�0�/**-$  (&!5�&0 #%5(/)*&.�(&
0-1/( #0&8.  0 (&!5�&0/  0 ./9/*#/

�  %�%/*.  0-/%"#  "(3)�0
!�+1&*#'  %&)*#.*�)�  5��'  !
0'+"�!.6  (&!5�&0& !/(-  !  2/((�%&)*#.*-%#
248·10 -3 �& ·! , 5(/1�.0(&>&'  0-./"&*#/

	4�& 1/*#/  "(3)�0  5(�#+0�1'.
 105-110 °� . �(#  .&"�$
5�0/(4*�!.#  #*!.(3%/*.& . ��!�/

�!5��6+�0&*#/  2/((�%&)*#.*-4
./4*���)#'4  ;&+#(3/.!'  *& 2#+#9/!"�%
%&)*#.*�% 5��/  1/$!.03/.  !#�&

  
)1/  �  -  %&)*#.*-$  %�%/*.
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2�(%3�/  (1) # 5(&".#"&  5�"&+-0&8. , 9.�  5(#  3%/(/**�$
%� /.  ;-.6  5�0-7/*&  0 5-8 (&+ 5�  !(&0*/*#8

�&�� /*#/  0*/7*/)�  %&)*#.*�)�  5��'  .&" /  ;31/.
0�+(&!.&*#8  0'+"�!.# . 
�!3>/!.0�'/.!'  !�/138>#%  �;(&+�% . �  "&%/(3, 0-
*/( &0/8>/$  !.&�# , 5�1&8.  (&!.0�(  #�#  (&!5�&0 

9&!.#,&%#, 5(#  <.�% 5��39/**-$  !�!.&0  #%5(/)*&.�(&
5/(/%/7#0&8. . �&./%  0 "&%/(3 5�%/>&8.  &;(&+#0*-$

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

%�%/*.  0-/%"#  #*!.(3%/*.&  #+ "&%/(-  5�!�/  5(�5#."#
0"�89&8.  <�/".(�%&)* #.-  1�'  !�+1&*#'  0�"(3)

!9/.  "�.�(�)�  (/+"�  5�0-7&/.!'  0'+"�!.6
5�(&4 #*!.(3%/*.& , 9.�  5(/1�.0(&>&/.  /)�  0-./"&*#/

#%5(/)*&.�(&  0 5�(&4  #*!.(3%/*.&  5(#  !37"/  #�#
<�/".(�%&)*#.- . 

5(#0/1/*- 5(#%/(-  ./4*���)#9/!"#4  (/)�&%/*.�0
0�1*-%  (&!.0�(�%  !#�#"&.*�)�  "�/'  # (&!5�&0�%
1*-%  (&!.0�(�%  !#�#"&.*�)�  "�/'  0 

9&!.#,-   /�/+ & (&+%/(�% 15-20 %"% 0 "��#9/!.0/  25
!%/!6  5�%/>&8.  0 "&%/(3 # #*./*!#0*�  #

"(3)#  5�1&8.  5�  �1*�%3  #�#  5&"/.�%  0 "&%/(3
5�1)�.�0�/**-$  (&!.0�(  #%5(/)*&.� (& 1�  5��*�$  #4

0-1/( #0&8.  0 (&!.0�(/  0 ./9/*#/  5-7 %#*. �  %�%/*.  0-/%"#
0"�89&8.  <�/".(�%&)*#.-  1�'  !�+1&*#'  %&)*#.*�)�

1#&5&+�*/ 700-1200 
 /!%, 5�+0��'8>/)�  5�0-!#.6 0'+"
!  2,37·10-3 1�  145·10 -3 �& ·! , 9.�  5(/1�.0(&>&/.

#*!.(3%/*.& . 
5(�#+0�1'.  5�.�"�%  0�+134& !  ./%5/(&.3(�$  80 °�
#%5(/)*&.�(&  0 5�(&4  #*!.(3%/*. & 0-"�89&8.  <�/".(�%&)*#.-

7�#2�0&�6*-4  "(3)�0  (&!5�&0�% !/(- , 0
9&!.#,-   /�/+&  (&+%/(�% 5-15 %"% 0 "��#9/!.0/  15

5�1�)(/.-/ 1�  150-160 °� , 5�1&8.  0 "&%/(3, 5�!./5/**�
(&!5�&0 #%5(/)*&.�(&  1�  5��*�$  #4 5(�5#."# , 5�!�/

(&!5�&0/ 0  ./9/*#/  10-30 %#* 0 +&0#!#%�!.# �.  4&(&"./(#!.#"#
0-/%"# "(3)�0  #+ (&!5�&0& !/(-  0"�89&8.  <�/".(�%&)*#.-

5��'  !  * &5(' /**�!.68  0 1#&5&+�*/ 400-900 
!  2/((�%&)*#.*-%#  9&!.#,&%# 5�0-7&/.!'

5(/1�.0(&>&'  0-./"&*#/  (&!5�&0& #+ 5�(  "(3)�0 . 
"(3)�0  5(�#+0�1'.  5�.�"�%  0�+134& "�%*&.*�$  

.&"�$  ./%5/(&.3(/  5(�#!4�1#.  +&.0/(1/0&*#/  !/(-
#*!.(3%/*.& . ��!�/  <.�)�  <�/".(�%&)*#.-  0-"�89&8. . 

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

1/$!.03/.  !#�& , (&0*&' 5(�#+0/1/*#8   

  
%�%/*.  9&!.#,- ;  - )(&1#/*.  *&5(' /**�!.#

3%/(/**�$  "�*,/*.(&,##  
!(&0*/*#8  !  #!4�1*�$  

;31/.  !5�!�;!.0�0&.6  

"&%/(3, 0- 5��*/**38  #+ 
(&!5�&0 #%5(/)*&.�(&  !  
#%5(/)*&.�(&  */5(/(-0*�  
&;(&+#0*-$  #*!.(3%/*. , 

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

5�!�/ 5(�5#."#  1�'  !37"#  
0�"(3)  #*!.(3%/*.&  

0'+"�!.6  #%5(/)*&.�(& , 
/)� 0-./"&*#/ . ��!�/  

!37"/  #�#  �4�& 1/*##  

(/)�&%/*.�0  5(�5#."#  
(&!5�&0�% !/(- . �/(/1  

0 */)�  00�1'.!'  
"��#9/!.0/  25-30 % �.  �;A/%& 
#*./*!#0*�  # */5(/(-0*�  //  

0 "&%/(3, 5�!./5/**�  
5��*�$ #4  5(�5#."# , 5�!�/  

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

5�0-!#.6  0'+" �!.6  0�1*�)�  
5(/1�.0(&>&/.  0-./"&*#/  

 80 °�  0 ./9/*#/  0,5 9. 
0-"�89&8.  <�/".(�%&)*#.- . 

!/(- 0  */)�  00�1'.!'  
"��#9/!.0/  15-20 % �.  �;A/%& 

5�!./5/**�  5�)(3 &'  #4 0 
5(�5#."# , 5�!�/  9/)�  "(3)#  

4&(&"./(#!.#"#  "(3)�0 . 
<�/".(�%&)*#.-  1�'  
900 
 /!%, 5(#  <.�% 

5�0-7&/.!'  !  7,12·10-3 1�  

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

�;�&!.'4  ./4*#"#  # 
2/((�%&)*#.*-/  9&!.#,-  0 

(1) 
*&5(' /**�!.#  5��'  0 



 

.� 9"/(&!5��� /*#'  9&!.#, . �(�%/

.' /!.# , #*/(,#�**&'  !#�&  #
�+0/!.*-  2/((�%&)*/.#"#

 /�/+� , *#"/�6  # 1( .). �&!.
!.(3".3(3  # %&)*#.*-$  %�%/*.

)1/  V – �;A/%
�*/7*//  %&)*#.*�/  5��/

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

�'+"�!.6  (&!5�&0& !/(-
!/(-  t 0, �;A/%*�$  "�*,/*.(&,##
�  30/�#9/*#/%  "�*,/*.(&,##
;31/.  (&!.#  # %� /.  ;-.6  �5(/1/�/*&

)1/  t 0 – 0'+"�!.6  (&!5�&0& !/(-

�.  �;A/%*�)�  !�1/( &*#'  9&!.#,
!�1/( &*#/  9&!.#,  2/((�%&)*/.#"�0

���39/*#/  %&)*#.*-4  9&!.#,
4#%#9/!"�$  "�*1/*!&,## . �&5(#%/(
!%/7#0&*#'  10%-*-4  0�1*-4
(&!.0�(�%  &%%#&"& NH4OH
%&)*/.#.  !  (&+%/(�% 9&!.#,
0�1- . 

�/((�%&)*#.*-%#  !0�$!.0&%#
*/"�.�(-/  !5�&0-  */2/((�%&)*#.*-4
!5�&0�0   /�/+& . �&  %&)*#.*�/
�"&+-0&8.  0�#'*#/ : 0/�#9#*&
!�!.&0�'8>#4 , 2&+�0-$  
5�&!.#9/!"�$  1/2�(%&,## . �3>/!.0/**-%
9&!.#, . �  /)�  3%/*67/*#/%  
0*&9&�/ (&!./. , & 5�  1�!.# /*##

�&%&)*#9/**�!.6  9&!.#,
*&5(' /**�!.#  0*/7*/)�  %&)*#.*�)�
9&!.#,  1�� *&  ;-.6  0 5(/1/�&4
5(�1��)�0&.&'  (31�#*/**&' ). 
(&+0/(*3.6!'  01��6  !#��0�$
2/((�%&)*/.#"&  1�� *-  ;-.6
5(�#+0�1#.6  <22/".  #4 &;(&+#0*�)�

�/%5/(&.3(�!.�$"�!.6  
./%5/(&.3(�$ , 0-7/  "�.�(�$
%&./(#&�&4 (&+(37&8.!' , 5(/0(&>&'
#*13",#'  # "�<(,#.#0*&'
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9&!.#, . �(�%/  <.�$  !#�-  "  9&!.#,&% ; 313. 5(#�� /*-
!#�&  # !#�&  0'+"�)�  !�5(�.#0�/*#'  !�  !.�(�*-  (&!5�&0&

2/((�%&)*/.#"#  0 0#1/ !35/(1#!5/(!*-4  .0/(1-4  9&!.#,
�&!. #,-  #%/8.  (&+%/(-  5�('1"&  10-15 *%

%�%/*.  

  (2) 
�;A/%  9&!.#, ; J – *&%&)*#9/**�!.6  9&!.#,- .

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

!3%%/ %�%/*.�0  9&!.#,  0 /1#*#,/  �;A/%& (&!5�&0&

  (3) 

!/(-  !  2/((�%&)*/.#"&%#  ;31/.  +&0#!/.6 �.  0'+"�!.#
"�*,/*.(&,##  .0/(1-4  9&!.#,  V # 0*/7*/)�  %&)*#.*�)�

"�*,/*.(&,##  (�;A/%*�)�  !�1/( &*#' ) 9&!.#,  0'+"�!.6
;-.6  �5(/1/�/*&  5�  2�(%3�/  [3]: 

 
(&!5�&0& !/(-  ;/+  2/((�%&)*/.#"�0 ; p – "�<22#,#/*.

!�1/( &*#'  9&!.#,  2/((�%&)*/.#"�0  (
2/((�%&)*/.#"�0 . 

%&)*#.*-4  9&!.#,  "����#1*-4  (&+%/(�0 %� *�  �!3>/!.0#.6
�&5(#%/( , 5��39/*#/  %&)*/.#.& Fe3O4 �!3>/!.0�'/.!'

0�1*-4  (&!.0�(�0  !��/$  FeCl2 × 4 H2O, FeCl3 
OH. �  5(�,/!!/  (/&",##  0 �!&1�"  0-5&1&/. %�*�1#!5/(!*-$

9&!.#, , (&0*-%  10 *%. �&�//  %&)*/.#.  *&)(/0&8.

!0�$!.0&%# �;�&1&8.  9#!.-/  %/.&��-  Fe
*/2/((�%&)*#.*-4  <�/%/*.�0 , & .&" /  ;��67#*!.0�
%&)*#.*�/  !�!.�'*#/  9&!.#,  0 !�&;-4  # !(/1*#4  %&

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

1/2�(%&,## . �3>/!.0/**-%  5&(&%/.(�% 0 <.�% !�39&/
 !*# &/.!'   %&)*#.*&' 5(�*#,&/%�!.6 , & "�<(,#.#0*&'

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

0*/7*/)� %&)*#.*�)�  5��' . 	.*�! #./�6*&'  %&)*#.*&' 5(�*#,&/%�!.6
5(/1/�&4  30̧ 40. ��(%&  9&!.#,  *&#;��//  5(/15�9.#./�6*&

31�#*/**&' ). �(#  *&�� /*##  %&)*#.*�)�  5��'  .&"#/  9&!.#,-
!#��0�$  �#*##  !)(355#(�0&.6!'  0 ,/5�9"#

1�� *- ;-.6  5�  0�+%� *�!.#  ;��//  .0/(1-%# , 9.�;-
&;(&+#0*�)�  0�+1/$!.0#'  *&  5�0/(4*�!.#  7�#23/%�$

�/%5/(&.3(�!.�$"�!.6  2/((�%&)*/.#"�0  4&(&"./(#+3/.!'  .�9"�$
"�.�(�$  �;�&!.6  !5�*.&**�)�  *&%&)*#9#0&*#'

(&+(37&8.!' , 5(/0(&>&'  #4 0 5&(&%&)*/.#"#. �&%&)*#9/**�!.6
"�<(,#.#0*&'  !#�&  3%/*67&8.!'  !  5�0-7/*#/%  

313. 5(#�� /*-  !#�&  #4 
!.�(�*-  (&!5�&0& !/(- . 

.0/(1-4  9&!.#,  (%&)*/.#$, 
*%, �1*�1�%/**38  

9&!.#,- . 
�.1/�6*-4  9&!.#,  .&", 

+*&9/*#'4   *&%&)*#9#0&/.!' 1�  
(&!5�&0& !/(- : 

+&0#!/.6 �.  0'+"�!.#  (&!5�&0& 
%&)*#.*�)�  5��' . 
0'+"�!.6  (&!5�&0& !/(-  

(4) 
"�<22#,#/*. , */  +&0#!'>#$ 

); Vr - �;A/%*�/  

�!3>/!.0#.6  %/.�1�%  
�!3>/!.0�'/.!'  53./% 

 ×6 H2O !  0�1*-%  
0-5&1&/. %�*�1#!5/(!*-$  

*&)(/0&8.  1�  �.1/�/*#'  

Fe, Co, Ni, Cd, Er, 
;��67#*!.0�  !.&�/$  # 

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

!�39&/  '0�'/.!'  (&+%/( 
5(�*#,&/%�!.6 &  "�<(,#.#0*&'  !#�&  

*&9#*&/.  5&1&.6. 
%&./(#&�&, #4 2�(%-  # 

%&)*#.*&' 5(�*#,&/%�!.6  m 
*&#;��//  5(/15�9.#./�6*&  

.&"#/  9&!.#,-  !.(/%'.!'  
,/5�9"# . �&./ (#&�-  
9.�;-  1�5��*#./�6*�  
7�#23/%�$  1/.&�# . 
.�9"�$  �8(#  ( ) – 

*&%&)*#9#0&*#' (1�%/*- ) 0 
�&%&)*#9/**�!.6 , �!.&.�9*&'  

5�0-7/*#/%  ./%5/(&.3(-  # 



 

5(#;�# &8.!'  "  *3�8  0;�#+#
1�!.&.�9*�  0/�#"# : �.  213 °�

�&5(' /**�!.6  %&)*#.*�)�

�#! . 1 - �&0#!#%�!.6  %&)*#.*�$
*&5��*/*#'   5(#  (&+�#9*-4

 
�#./(&.3(& : 

1. 
0. .!0#1. ����  E  1191273, 
2. 
0. . !0#1. ����  E  1222521, 
3. � . � . �/(.%&*  �&)*#.*-/

184 ! . 
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��'  0-5��*/*#'  5(�/".&

;31/.  5�!.�'**�  30/�#9#0&.6!'
!#�#"&.*�)�  "#(5#9& !3>/!.03/.
:.�  5(�0/1/*#/  (/"�*!.(3",#$
5(/15(#'.#$  !  #!5��6+�0&*#/%
5�1)�.�0"&  "&1(�0  [1].  

 �  !0'+#  !  <.#% 0
�5.#%&�6*-4  !�!.&0�0  "(/%*/+/%#!.-4
#!!�/1�0&./�6!"&'  (&;�.&  5�
#+1/�#$  #+ "(/%*/+/%#!.�$  "/(&%#"#
5(�#+0�1!.0&  !#�#"&.*�)�  
5(�0�1#�&!6  5�  !�/138> #% 
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0;�#+#  . ��'  ;��67#*!.0&  2/((�%&)*/.#"�0
�  1�  1331 °� . 

�&5(' /**�!.6 %&)*#.*�)�  5��'  � , 
 /!%: 1 -  400; 2 – 1200; 3 
 

%&)*#.*�$  5(�*#,&/%�!.#  !(/1-  �.  "�<22#,#/*.&
5(# (&+�#9*-4  +*&9/*#' 4 *&5(' /**�!.#  %&)*#.*�)�

E  1191273, "� . B24D 3/34, 1985, �8� . E  42 
E  1222521, "� . B24D 3/34, 1986, �8� . E  13 

�&)*#.*-/   #1"�!.# . �#*!" , �+1 -0�  «�-!7&'
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���������  ������������
���
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�6������

 
�/0/�@0&  � .� ., 	(��0&  � .� . 
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5(�/".&  «��!.35*�/  # "�%2�(.* �/    #�6/  – )(& 1&*&%
30/�#9#0&.6!'  0-53!"  !#�#"&.*�)�  "#(5#9&. 	1*&"�

!3>/!.03/.  ('1  5(�;�/% , 1�'  (/7/*#'  "�.�(-4
(/"�*!.(3",#$  *& 1/$! .038>#4  +&0�1&4, !.(�#./�6!.0�
#!5��6+�0&*#/%  !�0(/%/**�)�  �./9/!.0/**�)�

<.#% 0 *&!.�'>#$  %�%/*.  &".3&�6*& +&1&9&
"(/%*/+/%#!.-4  %&./(#&��0 . �&%# ;-�&

(&;�.&  5�  (&+(&;�."/  ./4*���) ## # (/,/5.3(-
"(/%*/+/%#!.�$  "/(&%#"#. �  �.�#9#/  �.  �;>/5(#*'.-4  "�%5�*/*.�0

!#�#"&.*�)�  "#(5#9&, !-(6/0�$  !�!.&0  ;-�  (&!7#(/*
#% *&5(&0�/*#'% : 

2/((�%&)*/.#"�0  +*&9/*#'  

 
1200; 3 – 3000. 

"�<22#,#/*.&  �;A/%*�)�  
%&)*#.*�)�  5��'  

�-!7&'  7"��& », 1988. – 

������������  
��
��
�6������  �
������  

 
�
������
�
�  

)(& 1&*&% ��!!## » 
	1*&"�  0 5(�#+0�1!.0/  

"�.�(-4  .(/;3/.!'  0(/%' . 
!.(�#./�6!.0�  *�0-4  

�./9/!.0/**�)�  �;�(31�0&*#' , 

+&1&9& 5�  (&+(&;�."/  
�&%# ;-�&  5(�0/1/*&  
(/,/5.3(-  !.(�#./�6*-4  

�;>/5(#*'.-4  "�%5�*/*.�0  1�'  
(&!7#(/* . �&;�.&  
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- 5�#!"�0&'  (&;�.&  5�  !-(6/0-%  %&./(#&�&%; 
- �.(&;�."&  ./4*���)#9/!"#4  5&(&%/.(�0  0 +&0#!#%�!.# �.  <"!5�3&.&,#�**-4  
5�"&+&./�/$  !-(6/0-4  %&./(#&��0 ; 
- (&+(&;�."&  (/"�%/*1&,#$  5�  5(�#+0�1!.03   "#(5#9&; 
- ./4*#"� -<"�*�%#9/!"#$  (&!9/. . 

�  �.�#9#/  �.  �;>/5(#*'.�$  ./4*���)## , *&%# ;-�  #!5��6+�0&*  1�'  
#!!�/1�0&./�6!"�$  (&;�.-  !�/138>#$  !�!.&0  !-(6/0-4  %&./(#&��0 : "0.5/!�" , #+0/!.6 , 
"&3!.#9/!"&'  !�1&  # 0�1&. �(#9/%  5/!�"  ;-�  0+'.  !  (&+*-4  %/!.�(� 1/*#$ . ��;&0"&  
�&	  5�0-7&/.  5(�9*�!.6  �.2�(%�0&**-4  #+1/�#$  0�  0�& *�%  !�!.�'*## , 30/�#9#0&'  
0�1�!.�$"�!.6  %&./(#&�&, .&" "&" !#!./%&  �&	 Na2	 SiO2 0 !5�&0�/**�%  !�!.�'*##  
;��//  0�1�!.�$"& , 9/% !#!./%&  Na2OSiO2. �&!9/.  (/,/5.3(-  #!4�1#�  #+ .�)� , 9.�  1�'  
(/&",##  !5/"&*#'  !�1/( &*#/  �&	  # NaOH 1�� *�  ;-.6  0 �5.#%&�6*�%  "��#9/!.0/  
[2].  
        �&+(&;�."&  ./4*���)#9/!"�)�  5(�,/!!&  5�  !�+1&*#8  !.(�#./�6*-4  #+1/�#$  #+ 
"(/%*/+/%#!.�$  "/(&%#"# 5(�0�1#�&!6  0 */!"��6"�  <.&5�0: 
1. 	5(/1/�/*#/  +/(*�0�)�  !�!.&0&  # %�13�'  "(35*�!.#  (� "( .) "0&(,/0-4  5/!"�0  
(&+�#9*-4  %/!.�(� 1/*#$ . 	5(/1/�/*#/  !�1/( &*#'  )�#*- . 
2. �+0/7#0&*#/  %&./(#&�&, !�)�&!*�  (&+(&;�.&**�)�  (/,/5.& . 
3. �%/7#0&*#/  %&./(#&��0 . 
4. ��(%�0&*#/  �;(&+,�0 . 
5. �37"&  # �; #) . 
6. 	5(/1/�/*#/  2#+#"� -%/4&*#9/!"#4  4&(&"./(#!.#" . 

��'  �.1/�/*#'  "&%*/$, "�%6/0  )�#*-  "0.5/!�"  5(�!/#0&�!'  9/(/+  !#.�  !  
(&+%/(�% '9//"  0,63%%. 	5(/1/�/*#/  +/(*�0�)�  !�!.&0&  # � "( . "0.5/!"&  (&+�#9*-4  
%/!.�(� 1/*#$  5(�0�1#��!6  5�  %/.�1#"/ , !�)�&!*�  �	��  8735-88. �&**-/  
5(/1!.&0�/*-   0 .&;�#,/  1. 

�  (/9*�%  5/!"/  !�1/( &*#/  )�#*-  0 "�%"&4 */  ;-��  +&2#"!#(�0&*� , & 
!�1/( &*#/  5-�/0#1*-4  # )�#*#!.-4  9&!.#,  !�!.&0#��  11%. 

�+0/7#0&*#/  %&./(#&��0  5(�#+0�1#��!6  *& <�/".(�**-4  0/!&4 !  5�)(/7*�!.68  
0+0/7#0&*#'  2)( . 1�  6") . ��+#(�0&*#/  %&./(#&��0  �!3>/!.0�'��!6  !�)�&!*�  (/,/5.& . 

�+0/7/**-$  %&./(#&� +&!-5&�!'  0 !%/!#./�6 , )1/  5(�#!4�1#��  !%/7#0&*#/  
%&./(#&��0 . �/(0�*&9&�6*�  "  "0.5/!"3  5�!./5/**�  1�;&0�'�#  (&!.0�(   
(NaOH+CaO+H2O) # 0*�06  !%/7#0&�#  %&./(#&�. ���39/**-/  �;(&+,-  5�"&+-0&�#  
!(/1*#/  (/+3�6.&.-  5(#  #!5-.&*#'4  *& ! &.#/ . �  (/+3�6.&./  #+%/*/*#'  (/,/5.3(-  # 
�5(/1/�/**-4  ./4*���)#9/!"#4   5(#/%�0 , 31&��!6  3�397#.6  5�"&+&./�6  5�   ! &.#8 . 

 
�&;�#,&  1 - �/(*�0�$    !�!.&0   "0&(,/0-4   5/!"�0  

�/!.�(� 1/*#/  
"0&(,/0�)�  5/!"&  

�&+%/(    !/."# , %%. ��13�6  

2,5 1,25 0,63 0,315 0,16 -0,16 
"(35*�!.# , 

� "( . 

	(��0!"�/   0 0,02 1,38 27,2 45,4 25,4 0,75 

��(�*/ !"�/  0 0,21 0,52 7,33 40,86 51,08 0,49 

�/9*�$  
(( .
4.3;& ) 0 0 0 20,2 48,5 31,3 0,68 

 
�!4�1'  #+ (/,/5.3(*�)�  !�!.&0&  # 1�'  5��39/*#'  5(�9*�)�  # �1*�(�1*�)�  

!-(,& , #%/8>/)�  �5(/1/�/**-/  (&+%/(- , 2�(%3 , *&%# ;-�  0-;(&*  %/.�1  5��3!34�)�  
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5(/!!�0&*#' . ��(%�0&*#/  �!3>/!.0�'��!6  *& )#1(&0�#9/!"�%  5(/!!/  (3!#�#/  160. .). 
��'  ;��//  5��*�)�  31&�/*#'  0�+134& # 3%/*67/*#'  «*/(&0*�5��.*�!.# » 0 �;(&+,&4  
;-�&  5(/15(#*'.&  5�5-."&  %*�)�!.35/*9&.�)�  5(/!!�0&*#' . ���67&'  5(�9*�!.6  # 
5��.*�!.6  !-(,&  �;3!�&0�#0&8.  ;��6738  5(�9*�!.6  �;�  /**�)�  #+1/�#' . �&**-/  
5(/1!.&0�/*-  *& (#! . 1. 

 

 
   �#! .1. �&0#!#%�!.6  0-!�.-  �;(&+,&  �.  31/�6*�)�  1&0�/*#'  2�(%�0&*#'  

	1*&"�  5(#  .&"�% !5�!�;/  5(/!!�0&*#'  0 1&�6*/$7/%  0�+*#"�#  .(31*�!.#  5(#  
�;(&;�."/  �;(&+,�0 . �  39/.�%  (/"�%/*1&,#$  [3] ;-�#  !2�(%�0&*-  �;(&+,- , 5(#%/*''  
1034!.35/*9&.�/  5(/!!�0&*#/ . �  4�1/  5(�0/1/*#'  #!!�/1�0&./�6!"�$  (&;�.-  ;-�&  
30/�#9/*&  5(�1�� #./�6*�!.6  5(#�� /*#'  5(/!!�0�$  *&)(3+"#, 9.�  5��� #./�6*�  
!"&+&��!6  5(#  #!5-.&*#'4  �;(&+,�0  *& ! &.#/ . �#+#"� -%/4&*#9/!"#/  4&(&"./(#!.#"#  
�;(&+,�0  !(&0*#0&�#!6  !  .(/;�0&*#'%#  �	��  530-95. �/+3�6.&.-  (&;�.-  5(/1!.&0�/*-  
0 .&;�#,/  2. 
�/+3�6.&.-   #!!�/1�0&*#'                                                                             �&;�#,&  2 

 

38,8

39,6

40,6

42,0

50,0

37,0

38,0

39,0

40,0

41,0

42,0

43,0

44,0

45,0

46,0

47,0

48,0

49,0

50,0

51,0

0. 28,2. 33,7. 39,4. 45,0.

�������� ,�	� .


��
��  
������ ,� *10-3 �������� 1 �������� 2 �������� 3

�/!.�(� - 
1/*#/  

"0.5/!"&  
�&0�/*#/ , ��& . 

��<22# - 
,#/*.  

 
! &.#' , 

�! . 

�#+#"� -%/4&*#9/!"#/  4&(&"./(#!.#"#  

���. - 
*�!.6 , 
") /%3 

��1�5�) - 
��>/*#/ , % 

�(/1/�   
5(�9*�!.#   

5(#   
! &.## ,��& . 

�(/;�0&*#'  �	��  530-95 2,2 �/  %/*//  8,0% 5,0-25,0 

	(��0!"�/  + 
��(�*/ !"�/  

36,5-39,42 1,17 1,78 13,0 11,3 
(%&("& 125) 
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�&"  0#1*�  #+ (/+3�6.&.�0  #!!�/1�0&*#' , �;(&+,- , #+)�.�0�/**-/  #+ !%/!#  5/!"&  
	(��0!"�)�  # ��(�*/ !"�)�  %/!.�(� 1/*#$ , 5�"&+&�# */0-!�"#$  (/+3�6.&.  5(#  
#!5-.&*#'4  *& ! &.#/ . 	;(&+,- , #+)�.�0�/**-/  #+ !%/!#  2-4 2(&",#$  5/!"&  
	(��0!"�)�  %/!.�(� 1/*#' , 5�"&+&�# �397#$  (/+3�6.&.  5(#  #!5-.&*#'4  *& ! &.#/ . 
	1*&"�  5��39/*#/  #+%/�69/**�$  2(&",##  "0.5/!"&  0*�!#.  1�5��*#./�6*-/  .(31*�!.#  
0 ./4*���)#9/!"#$  5(�,/!! . �!5��6+�0&*#/  �;-9*�)�  (/9*�)�  5/!"&  5(#  #+)�.�0�/*##  
�;(&+,�0  5�0-!#�#  5�"&+&./�#  5(�9*�!.#  5(#  ! &.## . �&  �397#$  (/+3�6.&.  5�  (&;�./  
!  (/9*-%  5/!"�% , */!�%*/**� , 5�0�#'�  !5/,#&�6*�  (&+(&;�.&**-$  (/ #%  ./(%#9/!"�$  
�;(&;�."# . ��!�/  2�(%�0&*#'  �;(&+,-  5�10/()&�#!6  !37"/ . :.�  ;-��  */�;4�1#%�  1�'  
31&�/*#'  %/4&*#9/!"#  5(#%/7&**�$  0�1- , 0!�/1!.0#/  9/)�  �;(&+,-  5(#�;(/.&�#  
5(�9*�!.6 . ��/138>#%  <.&5�% 0 ./4*���)#9/!"�%  5(�,/!!/  ;-�  �; #)  #+1/�#$ , 
"�.�(-$  3!��0*�  %� *�  5�1(&+1/�#.6  *& !�/138>#/  �!*�0*-/  !.&1##: 31&�/*#/  
%/4&*#9/!"#  !0'+&**�$  # )#)(�!"�5#9/!"�$  0�1- , 5(�)(/0 , !�;!.0/**�  �; #) , 
0-1/( "&  5(#  %&"!#%&�6*�$ ./%5/(&.3(/ , �4�& 1/*#/  �;�  /**-4  �;(&+,�0 .  

�&"  5�"&+&� ./4*#"� -<"�*�%#9/!"#$  (&!9/. , 1. . 5��39/**-4  �;(&+,�0  !.�#.  
1500 (3; . �&  1&**-$  %�%/*.  1. . !#�#"&.*�)�  "#(5#9& !.�#.  2000-2400 (3; . [2]. 

�&  �!*�0&*##  5(�0/1/**-4  #!!�/1�0&*#$  %� *�  !1/�&.6  !�/138>#$  0-0�1 , 9.�  
5(�#+0�1!.0�  #+1/�#$  #+ "(/%*/+/%#!.�$  "/(&%#"# '0�'/.!'  ;��//  <22/".#0*-%  5(#  
3!��0##  #!5��6+�0&*#'  7#(�"�  (&!5(�!.(&*/**�)�  !-(6' . :.�  5�+0��#.  !�+1&.6 
5(�#+0�1!.0�  "#(5#9& *& %/!.*�%  !-(6/ . 
 
�#./(&.3(& : 

1. �0�!./*"�0  � .� . �&+0#.#/  5(�#+0�1!.0&  !#�#"&.*�)�  "#(5#9& 0 
��!!## .//�.(�#./�6*-/   %&./(#&�- .2007.-E 10.-� .4...8. 

2. 
0)3!.#*#"   
 .� . �/(&%#"& .- � .:�.(�$#+1&. .1975.-592! . 
3. �&)#;#*  � .� . �/4*���)#'   !.(�#./�6*�$   "/(&%#"#. - � .: �-!7&'   7"��& .1968.-357! . 
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�/(/7"�0  
 .� ., �(8"�0  � .
 ., �3%'9/(  � .� . 
 

��������  	���
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�������  �
�
�
�
  (������ )  
��������������  ��������
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���  
��
��������  �
������
�
�  

 
	5-.  <"!5�3&.&,##  7�#2�0&�6*-4  "(3)�0  *& 5�17#5*#"�0-4  +&0�1&4, & .&" /  

�.1/�6*-/  1&**-/  ('1&  #!!�/1�0&./�/$  5�"&+-0&8. , 9.�  &;(&+#0*-$  #*!.(3%/*.  
5�10/( /*  #+%/*/*#'%  5�  .0/(1�!.# , (/ 3>/$  !5�!�;*�!.# , !.�$"�!.#  # 1(3)#% 
5�"&+&./�'%  "&" 5(#  /)�  4(&*/*##  0 5(�#+0�1!.0/**-4  3!��0#'4 , .&" # 5(#  
7�#2�0&*##  !  #!5��6+�0&*#/%  0�1*-4  �	� , 9.�  */)&.#0*�  !"&+-0&/.!'  *& 
<22/".#0*�!.#  5(�,/!!&  7�#2�0&*#' , �!�;/**�  0 &0.�%&.#+#(�0&**-4  �#*#'4  5�  

	(��0!"�/  + 
	(��0!"�/  

(#+%/�69/**-$ ) 

36,5-39,4 1,14 1,66 13,6 19,9 
(%&("&200) 

     

�/9*�$  
(( .
4.3;& ) 

�034!.35/*9&.�/  
5(/!!�0&*#/  

28,2; 45,0 
1,18 1,8 12,4 27,3 

(%&("&250) 
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5(�#+0�1!.03  1/.&�/$  5�17#5*#"�0 . :.�  !0'+&*�  !  ./%, 9.�  &;(&+#0*-$  #*!.(3%/*.  1�  
!#4  5�(  !�+1&/.!'  *& �!*�0/  <%5#(#9/!"�)�  # ./4*���)#9/!"�)�  �5-.&  0 �.!3.!.0#/  
#*2�(%&,##  �  0+&#%�!0'+# /)�  !0�$!.0  !  3!��0#'%#  # (/ #%&%# /)�  <"!5�3&.&,## . 

�3>/!.038>#/  ./�(/.#9/!"#/  # <"!5/(#%/*.&�6*-/  �,/*"#  0�#'*#'  0*/7*#4  
2&".�(�0  *& %/4&*#9/!"38  5(�9*�!.6  #*!.(3%/*.&  */1�!.&.�9*�  39#.-0&8.  2#+#"� -
4#%#9/!"#/  !0�$!.0&  0*/7*/$  !(/1- , 3!��0#'  # !(�"#  4(&*/*#'  #*!.(3%/*.& , 
5&(&%/.(-  # (/ #%-  0�+1/$!.0#$ , .&"#4 "&" ./(%��;(&;�."3  # #%5(/)*#(�0&*#/  
#*!.(3%/*.& .  

�  (/+3�6.&./  ./�(/.#9/!"#4  #!!�/1�0&*#$  *& �!*�0/  !#!./%*�)�  &*&�#+& 
0�#'*#'  (&+�#9*-4  2&".�(�0  *& !0�$!.0&  7�#2�0&�6*-4  "(3)�0 , ;-�&  (&+(&;�.&*&  
"�&!!#2#"&,#'  !5�!�;�0  ./4*���)#9/!"#4  0�+1/$!.0#$  1�'  5�0-7/*#'  # !.&;#�#+&,##  
/)�  !.(3".3(*� -%/4&*#9/!"#4  # <"!5�3&.&,#�**-4  !0�$!.0 , "�.�(&'  0"�89&/. : 
%/4&*#9/!"#/ , 4#%#9/!"#/ , 2#+#9/!"#/  # "�%;#*#(�0&**-/  0�+1/$!.0#' , & .&" /  #4 
!�9/.&*#' . �&#;��//  <22/".#0*-%#  '0�'8.!'  "�%;#*#(�0&**-/  # !�0%/>/**-/  
./4*���)#9/!"#/  0�+1/$!.0#' , 1�5��*'8>#/  # 0+&#%*� &".#0#+#(38>#/  1(3)  1(3)&, 
*&5(#%/(  !�0%/>/*#/  ./4*���)#9/!"#4  0�+1/$!.0#$  – ./(%��;(&;�."#  # 
#%5(/)*#(�0&*#'  #*!.(3%/*.&  !/(�$ . 

�!4�1'  #+ 5(/1!.&0�/*#$  2#+#"� -4#%#9/!"�$  %/4&*#"# "�%5�+#,#�**-4  
%&./(#&��0 , ;-�&   (&+(&;�.&*& 2/*�%/*���)#9/!"&'  %�1/�6  5(�9*�!.#  #*!.(3%/*.&  "&" 
"�%5�+#.& !  39/.�%  .(/4  �!*�0*-4  )(355  2&".�(�0 , 4&(&"./(#+38>#4  (/&�6*38  
1/2/".*38  !.(3".3(3  %&.(#,- , 2#+#"� -4#%#9/!"�/  0+&#%�1/$!.0#/ +/(*& # !0'+"#  !�  
!(/1�$  # 0*/7*#/  2#+#"� -%/4&*#9/!"#/  0�+1/$!.0#'  *& #*!.(3%/*. . 

:"!5/(#%/*.&�6*&'  5(�0/("&  5��� /*#$  0-0�1�0  (&+(&;�.&**�$  %�1/�#  
5(�0�1#�&!6  5(#  #!5-.&*##  *& 5(�9*�!.6  5(#  !.&.#9/!"�%  #+)#;/  ;(3!"�0 , 
0-(/+&**-4  #+ 7�#2"(3)�0  !  4&(&"./(#!.#"&%#  25AL7V5 (25ACM2K) # +/(*#!.�!.'%#  
– F80, F60, F46 (16, 25, 40). �/+3�6.&.-  #!5-.&*#$  5�1.0/(1#�#  ./�(/.#9/!"38  �;(&.*�  
5(�5�(,#�*&�6*38  +&0#!#%�!.6 5(�9*�!.#  �.  (&+%/(& +/(*&, & .&" /  4&(&"./(  # 
!./5/*6  #+%/*/*#'  5(�9*�!.#  #*!.(3%/*.&  �.  0#1& !(/1-  # .#5& 0�+1/$!.0#$ . 
���*/**-/  (/+3�6.&.-  �.(& &8.  2#+#9/!"38  !3>*�!.6  (&+(&;�.&**�$  %�1/�#  
5(�9*�!.# , 9.�  5�+0��'/.  (/"�%/*1�0&.6  //  1�'  5(�)*�+#(�0&*#'  # %�1/�#(�0&*#'  
#+%/*/*#$  %/4&*#9/!"#4  !0�$!.0  #*!.(3%/*.&  5�1  0�#'*#/%  (&+�#9*-4  !(/1  # 
0�+1/$!.0#$ . 

��/138>#%  <.&5�% "�%5�/"!*-4  #!!�/1�0&*#$  '0�'��!6  3!.&*�0�/*#/  
"��#9/!.0/**-4  5�"&+&./�/$  # 0+&#%�!0'+# %/ 13  %/4&*#9/!"�$  5(�9*�!.68  # 
.0/(1�!.68  &;(&+#0*�)�  #*!.(3%/*.& . �  <.�$  !0'+#  *&%# ;-�  5(/1�� /*  %/.�1  
�5(/1/�/*#'  .0/(1�!.#  #*!.(3%/*.&  %&'.*#"�0-%  1#!5/()�%/.(�%  [1], !�!.�'>#%  #+ 
#*1/*.�(&  # %&'.*#"& !  )(3+�%. �& %/(3 .0/(1�!.#  5�  <.�%3 %/.�13  5(#*#%&�&!6 
5�!.�'**&'  0(/%/*#  5(�,/!!&  1#!5/()#(�0&*#' , �5(/1/�'/%&'  5�  0/�#9#*/  
�.*�!#./�6*�)�  +&.34&*#' "��/;&*#$  %&'.*#"&. �/�(/.#9/!"#  # <"!5/(#%/*.&�6*�  
1�"&+&*� , 9.�  %/ 13  .0/(1�!.68  5�  1#!5/()�%/.(3  # 31/�6*�$  �;A/%*�$  <*/()#/$  
(&+(37/*#'  5�0/(4*�!.#  #*!.(3%/*.&  !3>/!.03/.  ./!*&'  "�((/�',#�**&'  !0'+6, 9.�  
!0#1/./�6!.03/.  �  2#+#9/!"�%  !%-!�/  .0/(1�!.# , �5(/1/�'/%�$  5�  1#!5/()�%/.(3 . 
�!.&*�0�/*� , 9.�  �;(&+,- , 0-1/( &**-/  0 0�1/ , 0 +&0#!#%�!.# �.  #4 +/(*#!.�!.#  
#%/8.  .0/(1�!.6  *& 18...35% *# / , 9/% #!4�1*-/ . �/(�!#* , "&" #*&".#0*�/  0/>/!.0�  "  
+/(*3  # !0'+"/ , */  �"&+-0&/.  0�#'*#'  *& .0/(1�!.6  5(#  1#!5/()#(�0&*## . 	;(&+,-  
"(3)�0 , 0-1/( &**-/  0 !5#(./  # ./(%��;(&;�.&**-/ , 5�"&+&�# 5�0-7/*#/  .0/(1�!.#  
!��.0/.!.0/**�  *& 10... 18% # 17...23% 5�  !(&0*/*#8  !  #!4�1*-%#  �;(&+,&%#. �&%/(-  
.0/(1�!.#  5�  1#!5/()�%/.(3  3 #%5(/)*#(�0&**-4  !/(�$  �;(&+,�0  5�"&+&�#, 9.�  
.0/(1�!.6  30/�#9#�&!6  0 2,7...2,8 (&+& 5�  !(&0*/*#8  !  #!4�1*-%#  �;(&+,&%# ;/+  
5(�5#.-0&*#' . ��/13/.  �.%/.#.6  #1/*.#9*�!.6  5��39/**-4  +&0#!#%�!./$  5(#  
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#!5-.&*##  �;(&+,�0  *& #+)#; # 5(#  �5(/1/�/*##  .0/(1�!.#  5�  %/.�13  %&'.*#"�0�)�  
1#!5/()�%/.(& , 9.�  !0#1/./�6!.03/.  �  0+&#%�!0'+# %/4&*#9/!"�$  5(�9*�!.#  
#*!.(3%/*.&  !  /)�  .0/(1�!.68  5�  1#!5/()�%/.(3 . �&"#% �;(&+�% , 5��39/**-/  1&**-/  
4�(�7�  !�)�&!38.!'  !  �!*�0*-%#  5��� /*#'%#  # 0-0�1&%# (&+(&;�.&**�$  
2/*�%/*���)#9/!"�$  %�1/�68  5(�9*�!.#  &;(&+#0*�)�  #*!.(3%/*.& . 

�!4�1'  #+ .�)� , 9.�  &;(&+#0*�/  +/(*�  '0�'/.!'  �!*�0*-%  (&;�9#%  <�/%/*.�%  
!.(3".3(-  #*!.(3%/*.& , 5(�0�1#�#!6  #!!�/1�0&*#'  5�  #+39/*#8  0�#'*#'  0*/7*#4  
2&".�(�0  *& %&"(�- # %#"(�%/4&*#9/!"38  5(�9*�!.6  +/(/* . �  "&9/!.0/  �;A/".&  
#!!�/1�0&*#$  ;-�#  0-;(&*-  +/(*& <�/".(�"�(3*1&  ;/��)�  %&("# 25
  +/(*#!.�!.68  
F46 (40). 

�(�9*�!.6  +/(/*  �5(/1/�'��!6  *& 5(#;�(/  ����
�  53./% #4 (&+1&0�#0&*#' !  
2#"!&,#/$  (&+(37&8>/$  *&)(3+"#, %�%/*.�0  !"&�-0&*#'  # 4&(&"./(& (&+(37/*#'  
+/(*&. �/+3�6.&.-  <"!5/(#%/*.�0  �;(&;&.-0&�#!6  %/.�1�%  %&./%&.#9/!"�$  !.&.#!.#"#  
!  #!5��6+�0&*#/%  23*",##  (&!5(/1/�/*#'  �/$;3��& , & 1#22/(/*,#(�0&**38  �,/*"3  
5(�9*�!.#  +/(/*  5(�#+0�1#�#  5�  %/.�1#"/  � . � . ��)�%���0& . ���39/**-/  (/+3�6.&.-  
<"!5/(#%/*.�0  5�1.0/(1#�#  0+&#%�!0'+6 5(�9*�!.#  +/(/*  !  #4 1/2/".*�!.68 , & .&" /  
*/)&.#0*�/  0�#'*#/  *& <.# 5�"&+&./�#  5�0/(4*�!.*� -&".#0*-4  0/>/!.0  (0�1- ). 
�&�;�(�. , ./(%��;(&;�."&  +/(/*  # #4 0-1/( #0&*#/  0 #*&".#0*-4  !(/1&4  ("/(�!#* , 
!5#(. ) 5�0-7&/.  #4 5(�9*�!.6  # 3%/*67&/.  #4 1/2/".*�!.6 . �(�%/  .�)� , 
./(%��;(&;�."&  &;(&+#0*-4  +/(/*  5(#  t = 450 ... 500 °�  !5�!�;!.03/.  #4 �4(359#0&*#8  
#�#  5�0-7/*#8  %#"(�4(35"�!.# , 9.�  5��� #./�6*�  !"&+-0&/.!'  *& 5(�,/!!/  
!&%�+&.&9#0&/%�!.# +/(*& 5(#  7�#2�0&*## . �&"#% �;(&+�% , *&#;��//  <22/".#0*-%  
0*/7*#%  2#+#"� -%/4&*#9/!"#% 0�+1/$!.0#/%  '0�'/.!'  ./(%��;(&;�."& , (/&�#+38>&'  
5�./*,#&�6*-/  0�+%� *�!.# , +&�� /**-/  0 <�/".(�"�(3*1�0�%  +/(*/ . 	1*�0(/%/**�  !  
<.#% 3!.&*�0�/*� , 9.�  +&0#!#%�!.# #+%/*/*#'  %/4&*#9/!"#4  !0�$!.0  +/(*& # 
"/(&%#9/!"�$  !0'+"#  �.  3!��0#$  # !(�"&  4(&*/*#'  <.#4 %&./(#&��0  3"&+-0&8. *& 
*/�;4�1#%�!.6  !�4(&*/*#'  5(#�;(/./**-4  !0�$!.0  5�!�/  ./(%��;(&;�."#  *& 
1�#./�6*-$  5/(#�1  53./% #%5(/)*#(�0&*#'  #*!.(3%/*.&  )#1(�2�;*-%#  0/>/!.0&%# , 0 
9&!.*�!.# , !/(�$ . 	1*&"�  #+0/!.*-/  !5�!�;- , %/.�1-  # !3>/!.038>#/  +&0�1!"#/  
./4*���)##  5(�5#.-0&*#'  #*!.(3%/*.&  (&!5�&0�% !/(-  */  �;/!5/9#0&8.  0-!�"�)�  
"&9/!.0& #%5(/)*#(�0&*#' . �  !0'+#  !  <.#% ;-�&  (&+(&;�.&*& !.(3".3(*&'  !4/%& 
0�#'*#'  0*/7*#4  2&".�(�0  *& 5(�,/!!-  !%&9#0&*#' # 5(�5#.-0&*#'  #*!.(3%/*.& , 
"�.�(&'  5�"&+&�&, 9.�  *& <.# 5(�,/!!-  5(#  +&1&**-4 !0�$!.0&4   #1"�!.#  # .0/(1�)�  
./�&  !3>/!.0/**�/  0�#'*#/  �"&+-0&8.  0*/7*#/  2#+#"� -4#%#9/!"#/  0�+1/$!.0#'  # 
!0�$!.0&  %/ 2&+*�)�  "�*.&".&   #1"�!.#  !  5�0/(4*�!.68  ./�&  # #4 4#%#9/!"�/  
!4�1!.0� . �(�%/  .�)� , */)&.#0*�/  0�#'*#/  *& <.# 5(�,/!!-  �"&+-0&8.  &1!�(;,#'  !(/1-  
# (&+�#9*-/  +&)('+*/*#'  �()&*#9/!"�)�  # */�()&*#9/!"�)�  5(�#!4� 1/*#'  5�(�0�$  
5�0/(4*�!.#  #*!.(3%/*.& .  

�!.&*�0�/*� , 9.�  ./(%�5(�"&�"&  #*!.(3%/*.&  5/(/1  /)�  #%5(/)*#(�0&*#/%  5(#  
450...500 °�  3%/*67&/.  "(&/0�$  3)��  !%&9#0&*#' (&!5�&0& !/(-  0 3 (&+&, 5�0-7&/.  
&1)/+#8 0 5,1 (&+& # 30/�#9#0&/.  !"�(�!.6  5(�5#.-0&*#'  0 6. ..7 (&+ 5�  !(&0*/*#8  !  
#!4�1*-%  #*!.(3%/*.�% . �&  �!*�0/  5��39/**-4  (/+3�6.&.�0  5(/1�� /*&  *�0&'  
./4*���)#'  [2] 5(�5#.-0&*#'  (&!5�&0�% !/(-  <�/".(�"�(3*1�0�)�  #*!.(3%/*.&  *& 
"/(&%#9/!"�$  !0'+"/ , 0"�89&8>&'  !�/138>#/  �5/(&,## : *&)(/0  #*!.(3%/*.&  !�  
!"�(�!.68  5...8 °�  0 %#*3.3 1�  450...500°�  !  0-1/( "�$  �.  20.. .30 %#* 0 +&0#!#%�!.#, 
�.  +/(*#!.�!.#  !  5�!�/138>#%  �4�& 1/*#/%  *& 0�+134/ 1�  150 °� , 5�%/>/*#/  
#*!.(3%/*.&  0 (&!5�&0 !/(-  (t=140... 145 °� ) !�  !"�(�!.68  0,5...0.8 %%/!  1�  5��*�)�  /)�  
5(�5#.-0&*#' , 0-)(3+"&  # �4�& 1/*#/  /)�  *& 0�+134/.  

�(&0*#./�6*&'  �,/*"&  "&9/!.0& #%5(/)*#(�0&**-4  "(3)�0  5�"&+&�&, 9.�  3 
"(3)�0 , 5(�5#.&**-4  5�  (&+(&;�.&**�$  ./4*���)## , 30/�#9#0&8.!'  !./5/*6  # 
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"�<22#,#/*.  5(�5#.-0&*#'  0 1,4 (&+&, */3(&0*�0/7/**�!.6  "(3)&  !*# &/.!'  0 2,3 (&+& 
5�  !(&0*/*#8  !  "(3)&%#, 5(�5#.&**-%#  5�  +&0�1!"�$  ./4*���)##  ��� !"�)�  
5�17#5*#"�0�)�  +&0�1& ��� -15. 

�(�0/1/**-/  #!5-.&*#'  7�#2"(3)�0  !  (&+�#9*-%#  4&(&"./(#!.#"&%#  # 
#%5(/)*#(�0&**-4  5�  +&0�1!"�$  # 5(/1�&)&/%�$  ./4*���)#'%  5�  %/.�13  5�&*#(�0&*#'  
<"!5/(#%/*.�0  !  #!5��6+�0&*#/%  %&.(#,-  ����:  5�"&+&�#, 9.�  5(�9*�!.6  �5-.*-4  
"(3)�0  5(#  0/(4*/%  3(�0*/  2&".�(�0  0 1,49 (&+& # 5(#  *# */%  3(�0*/  0 1,6 (&+& 
;��67/ , 9/% 5(�9*�!.6  "(3)�0 , #%5(/)*#(�0&**-4  5�  +&0�1!"�$  ./4*���)## . :.�  
�;A'!*'/.!'  ./%, 9.�  (&+(&;�.&**&'  ./4*���)#'  �;/!5/9#0&/.  ;��//  "&9/!.0/**�/  
5(�5#.-0&*#/  "(3)�0 , 30/�#9#0&/.  &1)/+#8 !/(-  "  9/(/5"3  "(3)& , +& !9/.  9/)�  
5�0-7&/.!'  5(�9*�!.6  7�#2"(3)�0 . 

:"!5/(#%/*.&�6*-/  #!!�/1�0&*#'  +&0#!#%�!./$  5(�,/!!&  7�#2�0&*#'  # 
<"!5�3&.&,#�**-4  5�"&+&./�/$  7�#2"(3)�0 , #%5(/)*#(�0&**-4  5�  (&+(&;�.&**�$  
./4*���)## , 5�"&+&�# !�/138>#/  (/+3�6.&.- . �(#  7�#2�0&*##  !.&�#  �� 15 ;/+  
�4�& 1/*#'  *& (/ #%&4 : !"�(�!.6  "(3)&  - 35 %/! , !"�(�!.6  !.��&  5��!"�7�#2�0&�6*�)�  
!.&*"&  – 12 %/%#*, 5�1&9&  -0,01%%/10.4�1 , "(3)&%# �� 250� 25� 75 25AF80LV5 
(25
 16�� 2� 5), #%5(/)*#(�0&**-%#  5�  (&+(&;�.&**�$  ./4*���)## , 5/(#�1  #4 
5(#(&;�."#  0 2 (&+& %/*67/ , & !�!.&0�'8>#/  !#�-  (/+&*#'  3%/*67&8.!'  0 1,3... 1,6 
(&+& 5�  !(&0*/*#8  !  #!4�1*-%#  "(3)&%#. 	5-.*-/  "(3)#  �;/!5/9#0&8.  .&" /  
5�0-7/*#/  <22/".#0*�!.#  5(�,/!!&  7�#2�0&*#' . 

:"!5/(#%/*.&�6*�  3!.&*�0�/*� , 9.�  "(3)# , #%5(/)*#(�0&**-/  5�  (&+(&;�.&**�$  
./4*���)## , �;/!5/9#0&8.  3�397/*#/  <"!5�3&.&,#�**-4  5�"&+&./�/$ : (/ 3>&'  
!5�!�;*�!.6  30/�#9#0&/.!'  0 1,3 (&+&, #+*&7#0&*#/ "(3)�0  !*# &/.!'  0 1,2 (&+&, 
"�<22#,#/*.  7�#2�0&*#'  5�0-7&/.!'  0 1,5 (&+&, 7/(�4�0&.�!.6  Ra 3%/*67&/.!'  0 1,3 
(&+& 5�  !(&0*/*#8  !  "(3)&%#, #%5(/)*#(�0&**-%#  5�  +&0�1!"�$  ./4*���)## . 
�.�$"�!.6  �5-.*-4  "(3)�0  5�0-7&/.!'  *& 30 - 40 % 5(#  #4 #!5-.&*##  0 
5(�#+0�1!.0/**-4  3!��0#'4  ��� -15 [3]. 

�&"#% �;(&+�% , 3!.(&*''  */)&.#0*�/  0�#'*#/  0*/7*/$  !(/1-  *& 7�#2"(3)#  5(#  
#4 4(&*/*##  # <"!5�3&.&,##  +& !9/.  ./(%�5(�"&�"#  # #%5(/)*#(�0&*#'  !/(�$ , %� *�  
+*&9#./�6*�  3�397#.6  #4 23*",#�*&�6*-/  !0�$!.0& . 
 
�5#!�"  �#./(&.3(- : 

1. �(8"�0  � .
 .  �#!5/()�%/.(  1�'  �5(/1/�/*#'  5�0/(4*�!.*�$  .0/(1�!.#  
&;(&+#0*-4  #*!.(3%/*.�0  /�(8"�0  � .
 ., �&$1&"�0& � .� . // �&0�1!"&'  �&;�(&.�(#' . 
�#&)*�!.#"&  %&./(#&��0 . -  2017. -  � . 83. E  11. -  � . 62-65. 

2. �5�!�;  5�0-7/*#'  <"!5�3&.&,#�**-4  !0�$!.0  &;(&+#0*�)�  #*!.(3%/*.& : 
5&./*.  *& #+�;(/./*#/  E 2164857 / �3%'9/(  � .� ., 
*�4#*  � .� ., �(8"�0  � .
 . // 
�53;�#"�0&*�  10.04.2001 ;8� . E 10 

3. �(8"�0  � .
 .  �!5��6+�0&*#/  *&5��*#./�/$  # !%/!/$  #+ &;(&+#0�0 (&+*-4  
+/(*#!.�!./$  # 2�(%-  1�'  !�0/(7/*!.0�0&*#'  7�#2�0&�6*-4  #*!.(3%/*.�0 : 
%�*�)(&2#'  / �(8"�0  � .
 ., �&$1&"�0& � .� ., �#(�!/1#  
 .� ., 5�1  �;> .(/1 . � .� . 
�3%'9/(& . ��!"0& , ���
��� , 2017 – 160 ! . 
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��0-7/*#/  <22/".#0*�!.#  # "&9/!.0& &;(&+#0*�$ �;(&;�."#  '0�'/.!'  0 
*&!.�'>//  0(/%'  &".3&�6*�$  *&39*�$  5(�;�/%�$ , #%/8>/$  0& *�/  5(#"�&1*�/  
+*&9/*#/ . �&('13  !�  !*# /*#/%  !.�#%�!.#  5�.(/;#./�#  "(3)�0  4�./�#  ;-  0#1/.6 
!�4(&*/*#/  0-!�"#4  <"!5�3&.&,#�**-4  4&(&"./(#!.#"  &;(&+#0*�)�  #*!.(3%/*.& . 

��11/( &*#/  0-!�"#4  <"!5�3&.&,#�**-4  4&(&"./(#!.#"  &;(&+#0*�)�  
#*!.(3%/*.&  !0'+&*� , 5(/ 1/  0!/)� , !  5(#%/*/*#/%  *�0-4  %&./(#&��0  # ./4*���)##  
#+)�.�0�/*#' . �  5�!�/1*//  0(/%'  "  &;(&+#0*�%3 #*!.(3%/*.3  1�;&0#��!6  />@ �1*�  
.(/;�0&*#/  – !*# /*#/  73%& 5(#  (&;�./  "(3)& . 

�#;(�73%�0�/  0�+1/$!.0#/  *& 9/��0/9/!"#$  �()&*#+% 5(#0�1#.  "  
(&+*��;(&+*-%  */)&.#0*-%  '0�/*#'% , 0 "�*/9*�%  !9/./ , 5(�'0�'8>#%!'  0 !�"(&>/*##  
5(�1�� #./�6*�!.#   #+*# , 34317/*##  "�%2�(.*�!.#  3!��0#$  .(31&, "  !*# /*#8  
5(�#+0�1#./�6*�!.#  .(31&. ��53!.#%-$  3(�0/*6  73%& 0  #�-4  5�%/>/*#'4  
!�!.&0�'/.  30 1� . �  .�   /  0(/%'  3(�0/*6  0#;(�73%�0�)�  0�+1/$!.0#'  *& 9/��0/"&  
%� /.  #+%/*'.6!'  0 �9/*6  7#(�"#4  5(/1/�&4 . 

�3�/0�$  3(�0/*6  )(�%"�!.#  +03"& !��.0/.!.03/.  +03"�0�%3 1&0�/*#8  20 %"�&  # 
#*./*!#0*�!.#  +03"& 10-12 �. /%2. ���/0�$  5�(�)  73%& – 125 – 140 1� , !%/(./�6*-$  
3(�0/*6  73%& – 190 1� . 

�(#  (&;�./  �.(/+*�)�  "(3)&  5(#  (&+(/+"/   /�/+*�1�(� *-4  (/�6!�0  3(�0/*6  
73%& 1�!.#)&/.  (90 – 100) 1� , 0 */"�.�(-4  !�39&'4  �*  1�!.#)&/.  ;��/0�$  5�(�) . 
�!.(&*/*#/  <.�)�  �.(#,&./�6*�)�  '0�/*#'  '0�'/.!'  !�/1!.0#/%  #+%/*/*#'  !�!.&0&  
"(3)& , ./4*���)##  #+)�.�0�/*#' . ��"&+&./�6  «3(�0/*6  73%& 5(#  (&;�./  �.(/+*-4  
"(3)�0 » %� *�  �.*/!.#  "  <"!5�3&.&,#�**-%  5�"&+&./�'%  "(3)& . 

��1  &"3!.#9/!"#%#  5(#*'.�  5�*#%&.6 %&./(#&�- , 5(/1*&+*&9/**-/  1�'  
5�)��>/*#'  &"3!.#9/!"�$  <*/()##  0 !5/".(/  9&!.�.  �.  #*2(&+03"�0-4  1�  
3�6.(&+03"�0-4  "��/;&*#$ . �  <.�% 1#&5&+�*/ �"&+-0&8.!'  # 0#;(&,#�**-/  "��/;&*#' , 
�.�#9&8>#/!'  �.  +03"�0-4 , )�&0*-%  �;(&+�% , &%5�#.31�$. �  !0'+#  !  <.#% 
&"3!.#9/!"#/  %&./(#&�-  *&+-0&8.!'  0#;(�+03"�5�)��>&8>#%#  (��� ).  

��!"��6"3  &"3!.#9/!"#/  !0�$!.0&  �.(/+*�)�  "(3)&  ("�%5�+#.& *& �()&*#9/!"�%  
!0'+38>/% ) !3>/!.0/**�  +&0#!'. �.  3!��0#$  <*/()/.#9/!"�)�  0�+1/$!.0#'  *& *#4, .�  
+*&9/*#/  !"�(�!.#  (&!5(�!.(&*/*#'  +03"�0-4  "��/;&*#$  */  5�!.�'**�  # /@ 1#!5/(!#'  
%� /.  ;-.6  0/!6%& !3>/!.0/**�$ , +&0#!'>/$  �.  5(#9#*-  – (/�&"!&,#�**�$ , 
./%5/(&.3(*�$  #�#  (/+�*&*!*�$ . 

�(#  7�#2�0&*##  *& (&;�9/$  5�0/(4*�!.#  "(3)&  0�+*#"&8.  */(�0*�!.# , 
0-+-0&8>#/  �.*�!#./�6*-/  "��/;&*#'  "(3)&  # #+1/�#' , �.  9/)�  *& 5�0/(4*�!.#  "(3)&  
�;(&+38.!'  0��*- . 

�+0/!.*�  /1/, 9.�  0��*-  "(3)&  !�3 &.  #!.�9*#"�%  <*/()## , 5�11/( #0&8>/$  
&0.�"��/;&*#'  5(#  7�#2�0&*## . 
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�#!3*�"  1 -  �4/%& #+%/*/*#'  5��� /*#'  0��*  *& (&;�9/$  5�0/(4*�!.#  "(3)&  +& �1#*  
/)�  �;�(�.  

 
:*/()#' , 00�1#%&' 0 !#!./%3  0��*&%# "(3)&  +& ,#"�  "��/;&*#$ , (&!!9#.-0&/.!'  

!�/138>#%  �;(&+�% :  

lR

PbH
A

)

)

D
=

ap 222
  ���7��  

�  .�%  !�39&/ , "�)1&  0��*-  *& (&;�9/$  5�0/(4*�!.#  "(3)&  */!#%%/.(#9*- , 
0/�#9#*&  <*/()## , 00�1#%�$ 0 !#!./%3  +& ,#"�  "��/;&*#$ , %� /.  ;-.6  �5(/1/�/*&  5�  
2�(%3�/ : 

��
�

�
��
�

�
+

D
=

21

22

llR

bP 
8 ))

)

y aap
  ���7��  

)1/  l1  �� 39&!.�"  0��*-  5�!�/  	 +1 �;�(�.�0  (&!5��� /*  !�/0& , l2 �� !5(&0& �.  �!#  �(1#*&.  
(!%. (#! . 1). 


0.�"��/;&*#' , �;(&+38>#/!'  5(#  7�#2�0&*## , '0�'8.!'  #!.�9*#"�%  73%&. 
�!.&*�0�/*�  [1], 9.�  0��*-  "(3)& , !�31&(''!6  !  #+1/�#/% 5(#%/(*�  0 �1*#4  # ./4   /  
39&!."&4 (5�  05&1#*&% 0��* ), 30/�#9#0&8.  0-!�.3  0��*  *& "(3)/ , (&!"&9#0&8. 
./4*���)#9/!"38  !#!./%3  # �;(&+38.  0��*-  *& �;(&;&.-0&/%�$  5�0/(4*�!.# . 
�3>/!.03/.  5(/15��� /*#/  [1, 6], 9.�  1�'  5(/1�.0(&>/*#'  ;-!.(�)�  0�+*#"*�0/*#'  # 
(�!.&  0��*  *& 5�0/(4*�!.#  "(3)&  *3 *�  #!"�89#.6  !�31&(/*#/  "(3)&  # #+1/�#'  0 �1*#4  
# ./4   /  .�9"&4 . :.�  0�+%� *� , *&5(#%/( , +& !9/.  5/(#�1#9/!"�)�  #+%/*/*#'  !"�(�!.#  
0(&>/*#'  "(3)& , *�  3%/*67/*#/  !"�(�!.#  (&;�.-  �.(/+*�)�  "(3)&  0/1@. "  3%/*67/*#8  
<"!5�3&.&,#�**-4  5�"&+&./�/$ . 

�(�0/1/**-/  ./�(/.#9/!"#/  #!!�/1�0&*#'  5�"&+&�#, 9.�  !*# /*#/  3(�0*'  73%& 
0�+%� *�  .&" /  53./% 5(#%/*/*#'  &"3!.#9/!"#4  %&./(#&��0 , 00�1#%-4 0 !�!.&0  
!0'+"#  "(3)& . 

 �-�&  #+39/*& "&9/!.0/**&'  4&(&"./(#!.#"&  5(�,/!!&  +03"�5�)��>/*#'  0 

%&./(#&�/  ("�<22#,#/*.  +&.34&*#' W+) *& 1�#*/  (.��>#*/ ) l: 
1

0ln
1

8
8

l& =a , )1/   

80 # 8 l – &%5�#.31-  +03"�0-4  "��/;&*#$  0 *&9&�6*�$  # "�*/9*�$  .�9"&4  39&!."& 
.��>#*�$  l. 

��  !3>/!.03 , "�<22#,#/*.  +&.34&*#' �5(/1/�'/.!'  ��)&(#2%#9/!"#%  
1/"(/%/*.�%  # 4&(&"./(#+3/.  1#!!#5&,#8  &"3!.#9/!"�$  <*/()## , 0-+0&**38  
0*3.(/**#%  .(/*#/% . �  !0'+#  !  <.#% 1�'  �,/*"#  1#!!#5#(38>/$  !5�!�;*�!.#  
%&./(#&�& #!5��6+38.  .&*)/*!  3)�& %/4&*#9/!"#4  5�./(6 , �5(/1/�@**-$  5(#  +03"�0-4  
9&!.�.&4 . 	*  !0'+&*  !  2#+#"� -%/4&*#9/!"#%#, 2#+#"� -4#%#9/!"#%# !0�$!.0&%#, 
!�!.&0�% , !.(3".3(�$  # ./"!.3(�$  5��#%/(*�$  %&.(#,- . 
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�#;(�&"3!.#9/!"#/  4&(&"./(#!.#"#  0-!�"�%��/"3�'(*-4  !�/1#*/*#$ , 7#(�"�  
#!5��6+3/%-4  1�'  5��39/*#'  ���  

 
�-!�"�%��/"3�'(*�/  

!�/1#*/*#/   
�-;(�&"3!.#9/!"#/  4&(&"./(#!.#"#   
tg` max Ttg` max 

���#0#*#�&,/.&.   2,4 66 
���#0#*#�;3.#(&.   2,1 15 

���#;3.#�%/.&"(#�&.  1,4 85 
�3.#�&"(#�&.*-$  "&393" (�
�  

– 12)  
1,4 10 

�3.&1#/**#.(#�6*-$  "&393" 
(���  – 40) 

1,4 - 3  

���#0#*#�4��(#1  0,8 106 
���#!.#(��  1,1 120 

�3.&1#/*0#*#�#1/*4��(#1*-$  
"&393" (���  6 – 70) 

0,8 8 

�/+#*&  (1074) 0,96 10 
���#<.#�/*  *#+"�$  5��.*�!.#   0,5 50 

 
�&" /  ;-��  0-'0�/*� , 9.�  *& !*# /*#/  3(�0*'  73%& 0�#'/.  *& !"�(�!.6  

(&!5(�!.(&*/*#'  5(/1/�6*-4  +03"�0-4  "��/;&*#$  (� ), "�.�(&'  �5(/1/�'/.!'  5�  

2�(%3�/ : 
3

�
r

= , )1/  !  – 5��.*�!.6   %&./(#&�&; 3  – "�<22#,#/*.    35(3)#4 !0�$!.0  

!(/1- , 
)21)(1(

)1(
vv

v 
3

-+
-

= , )1/    – %�13�6  35(3)�!.#  5(#  +03"�0�$  9&!.�./  

(1#*&%#9/!"#$), v – "�<22#,#/*.  �3&!!�*& . 

*&�#+  +&0#!#%�!.# # (/+3�6.&.�0  <"!5/(#%/*.&�6*-4  #!!�/1�0&*#$  5�+0��'/.    

*&%/.#.6 53.# !*# /*#'  #*./*!#0*�!.#  &0.�"��/;&*#$  5(#  7�#2�0&*## , & #%/**�  
00/1/*#/  0 !�!.&0  "(3)&  %&./(#&��0  (5��#%/(�0 ), !�0%/>&8>#4  0 !/;/  0'+"#/  
(5�&!.#9/!"#/ ) # 35(3)#/  !0�$!.0& . 

�  5(�,/!!/  (&;�.-  ;-�&  0-'0�/*&  0�+%� *�!.6  #!5��6+�0&*#'  ���  1�'  
#+)�.�0�/*#'  «;/!73%*-4 » �.(/+*-4  "(3)�0 . �(#%/*/*#/  5��#%/(�0  0 ���  0-+0&*�  
�!�;/**�!.68  #4 !0�$!.0 . 

 
�&**-/  5�  #!5-.&*#8  <"!5�3&.&,#�**-4  5�"&+&./�/$  5(#0/1/*-  0 .&;�#,/ :  

�&#%/*�0&*#/  !0'+38>/)�  
�.(/+*�)�  "(3)&  

�(�0/*6  
73%&, 1�  

��<22#,#/*.  
7�#2�0&*#'  

�(# �)  

 2/*���2�(%&�61/)#1*�/  
!0'+38>//  

 
90 

 
2,0 

 
8% 

 2/*���2�(%&�61/)#1*�/  
!0'+38>// , %�1#2#,#(�0&**�/  
 #1"#%  "&393"�% 

 
 

70 

 
 

1,8 

 
 

5% 
2/*���2�(%&�61/)#1*�/  
!0'+38>// , %�1#2#,#(�0&**�/   
 #1"#%  "&393"�% # !/(�$  

 
 

50 

 
 

1,7 

 
 
- 

 
�!��0#'  5(�0/1/*#'  #!5-.&*#$ :  

1. �&+(/+&/%&' +&)�.�0"&  –  /�/+*�1�(� *&'  (/�6!& , .#5& � 65 (� 76) 
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2. �&./(#&�  (/�6!-  .#5& � 65 (!�1/( &*#/  <�/%/*.�0 , %) – 3)�/(�1   (0,71 – 0,82), 
%&()&*/,  (0,75 – 1,05), "(/%*#$  (0,18 – 0,40),  2�!2�(  */  ;��//  (0,035), !/(&  */  ;��//  
(0,045) 

3. �"�(�!.6  0(&>/*#'  "(3)&  100 %/! .  
 �-0�1 : 
�(#%/*/*#/  "(3)�0  *& 2/*��2�(%&�61/)#1*�%  !0'+38>/%  30/�#9#0&/.  3(�0/*6  

73%& 0 1,28 (&+ 5�  !(&0*/*#8  !  "(3)&%# *& !0'+38>/% , %�1#2#,#(�0&**�%   #1"#%  
"&393"�% # 0 1,8 (&+ *& !0'+38>/% , %�1#2#,#(�0&**-%  "&393"�% # !/(�$ , 5(#  <.�% 
5(�#!4�1#.  */  !3>/!.0/**�/  !*# /*#/  "�<22#,#/*.&  7�#2�0&*#' , "�.�(-%  %� *�  
5(/*/;(/96 . 


  39#.-0&' , 9.�  1�;&0�/*#/  !/(-  #!"�89&/.  5(# �)  *& 5�0/(4*�!.#  (/�6!�0  1�'  
5(�#+0�1!.0&  ;/!73%*-4  # ;/!5(# �)�0-4  �.(/+*-4  "(3)�0  (/"�%/*13/.!'  
5(#%/*/*#/  "(3)�0  *& 2/*���2�(%&�61/)#1*�%  !0'+38>/%  %�1#2#,#(�0&**-%  
"&393"�% # !/(�$ .  

 
 

�
�
��
  ������  ��  �����������  ����� �������  
����������������  ��
����  �
�����  �������
�����  

����������������  
 

�"�%;(#9#$  � .� ., ��)� "#*  � .� ., �7&"�0  � .
 . 
 

��������  	���
��
�������  �
�
�
�
  (������ )  
��������������  ��������
��

���  
��
��������  �
������
�
�  

 
�  *&!.�'>//  0(/%'  �8;&'  &0.�.(&*!5�(.*&'  "�%5&*#'  (5(/15(#'.#/ ) 0-*3 1/*&  

5(�#+0�1#.6  +&%/*3 #!5��6+3/%-4  .(&*!5�(.*-4  !(/1!.0  # �;�(31�0&*#' , "�.�(-/  !�  
0(/%/*/%  3.(&9#0&8. !0�#  <"!5�3&.&,#�**-/  !0�$!.0& , *& *�0-/ . �&1&9#, !0'+&**-/  !  
�;*�0�/*#/%  �!*�0*-4  !(/1!.0  (2�*1�0 ), �5(/1/�/*#/  �5.#%&�6*-4  !(�"�0  #4 
<"!5�3&.&,##  ,  	('(	
&+'9	(  1
)3
)
	(  '0�'8.!'  �1*#%# #+ 0& */$7#4  5(�;�/%  
*& !�0(/%/**�%  <.&5/ (&+0#.#' <"�*�%#"# . 

�(�;�/%&  �5(/1/�/*#'  (&,#�*&�6*�)�  !(�"&  !�3 ;-  &0.�.(&*!5�(.*-4  !(/1!.0  
(&!!%&.(#0&�&!6 0 (&;�.&4  [1]-[3], )1/  �*&  2�(%3�#(3/.!'  !�/138>#%  �;(&+�% . 


0.�.(&*!5�(.*�/  5(/15(#'.#/  #%//.  "&"�$ -.�  &0.�5&(" , <"!5�3&.&,#'  "�.�(�)�  
5(#*�!#.  5(#;-�6 . �  ./9/*#/%  0(/%/*#  5(�#+0�1#./�6*�!.6  &0.�.(&*!5�(.*-4  !(/1!.0  
!*# &/.!' , & <"!5�3&.&,#�**-/  (&!4�1-  *&9#*&8.  (&!.# . �/(/+  */"�.�(�/  0(/%'  
&0.�.(&*!5�(.*-/  !(/1!.0&  !�/13/.  +&%/*'.6 *�0-%# . �(/;3/.!'  �5(/1/�#.6  
�5.#%&�6*�/  0(/%'  #!5��6+�0&*#'  &0.�.(&*!5�(.*-4  !(/1!.0  5�  "(#./(#8  %&"!#%3%& 
5��39&/%�$  5(#;-�# . 

�  3"&+&**-4 0-7/  (&;�.&4  1&**&' +&1&9& (/7&/.!'  %/.�1&%# %&./%&.#9/!"�)�  
&*&�#+&. 

�&%# 1�'  (/7/*#'  5�1�;*-4  +&1&9 (&+(&;�.&*& *�0&'  %/.�1#"& , �!*�0&**&'  *& 
%&./%&.#9/!"�% &55&(&./ %/.�1& 1#*&%#9/!"�)�  5(�)(&%%#(�0&*#'  [4]. 

�&./%&.#9/!"&'  %�1/�6  .&"�$  +&1&9# #%//.  0#1: 
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t)1,(tQ

)t(t,Rt)(t,U)t(t,rP

)t1,(tQ)t(t,U)t(t,r:

(1,0)Q)t(t,S(0,0)U(0,0)r�

max),(Q

12

1222

1121212

121222

1

+

++-

++-

+--

=

+

+

+

ttt

                    (1) 
)1/  S9(t,t1), U9 (t,t1), R9(t,t1) - !��.0/.!.0/**� , +&.(&.-  !(/1!.0  *& +&%/*3; 

<"!5�3&.&,#�**-/  (&!4�1-  # (/%�*.*-/  +&.(&.-  0 )�1  I  &0.�.(&*!5�(.*�)�  !(/1!.0&  
(�;�(31�0&*#' ) 0�+(&!.& t, 5(�7/17/)�  5�!�/1*#$  (/%�*.  0 0�+(&!./  t1, r9(t,t1) - 1�4�1 , 
5��39&/%-$  0 )�1  I  �.  #!5��6+�0&*#'  &0.�.(&*!5�(.*�)�  !(/1!.0&  (�;�(31�0&*#' ) 
0�+(&!.& t, 5(�7/17/)�  5�!�/1*#$  (/%�*.  0 0�+(&!./  t1;  0-(& /*#'  0#1& UI(0,0) 
�+*&9&8., 9.�  5&(&%/.( 4&(&"./(#+3/.  (&;�.3  *�0�)�  &0.�.(&*!5�(.*�)�  !(/1!.0&  (t 
=0), */  5�10/()&07/)�!'  (/%�*.3  (t1= 0); Q9(t,t1) - 5(#;-�6 , 5��39&/%&'  +& )�1  I  # 0/!6  
5�!�/138>#$  #*./(0&�  0(/%/*#  1�  "�*,&  (&!!%&.(#0&/%�)�  5/(#�1& , �.  5(#%/*/*#'  
&0.�%�;#�' , /!�#  0 )�1  I  �*  #%/�  0�+(&!.  t, & (/%�*.  /)�  ;-�  5(�0/1/*  0 0�+(&!./  t1, 
Q9+1(t+1,t1), Q9(t+1,t) - 5(#;-�6 , 5��39&/%&'  5�!�/  )�1& I  # 1�  "�*,&  (&!!%&.(#0&/%�)�  
5/(#�1& , �.  5(#%/*/*#'  &0.�.(&*!5�(.*�)�  !(/1!.0& , /!�#  0 )�1  I  �* , !��.0/.!.0/**� , 
;-�  *�0-% ; #%/�  0�+(&!.  t, & (/%�*.  /)�  ;-�  5(�0/1/*  0 0�+(&!./  t1, ; 

 3 , � , #  – #%/8>#/!'  0 *&7/% (&!5�(' /*##  0�+%� *-/  0�+1/$!.0#'  *& 
!�!.�'*#/  &0.�.(&*!5�(.*�)�  !(/1!.0&  («"35#.6», «<"!5�3&.#(�0&.6 », «(/%�*.#(�0&.6 » 
!��.0/.!.0/**� ). 

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

	!�;/**�!.6  5(�)(&%%-  !�!.�#.  0 .�% , 9.�  +&1&/.!' �)(&*#9/**-$  5/(#�1  
0(/%/*# . �(�,/!!  (&!!%&.(#0&8.  !  "�*,&  5/(#�1&  # �5.#%#+#(38.  (&;�.3  
&0.�.(&*!5�(.*-4  !(/1!.0  0 "& 1-$  )�1  5/(#�1& , 5�!./5/**�  5/(/%/>&'!6  "  *&9&�3 
5/(#�1& . �(#  <.�% (&!!%&.(#0&8.  "& 1-$  0�+%� *-$  0�+(&!.  &0.�.(&*!5�(.*�)�  
!(/1!.0&  *& *&9&��  "& 1�)�  )�1& (&!!%&.(#0&/%�)�  5/(#�1& . �&"#% �;(&+�% , *&4�1'.  
.&" *&+-0&/%-/  3!��0*-/  �5.#%&�6*-/  (/7/*#'  1�'  "& 1�)�  )�1& 5/(#�1&  
<"!5�3&.&,##  5(#  �8;�%  *&9&�6*�% 0�+(&!./  &0.�.(&*!5�(.*�)�  !(/1!.0&  0 "& 1-$  
)�1 . 

�&./%  5(�,/!!  (/7/*#'  *&1�  «5(�;/ &.6 » 0 �;(&.*�%  *&5(&0�/*## , . . / . �.  
*&9&�& 5/(#�1&  1�  /)�  "�*,& , # 0-;(&.6  /1#*!.0/**�/  �5.#%&�6*�/  35(&0�/*#/  
5(�,/!!�%  <"!5�3&.&,##  &0.�.(&*!5�(.*�)�  !(/1!.0&  *& (&!!%&.(#0&/%-$ 5/(#�1 . 

�(�)(&%%&  5�+0��'/.  5��39#.6  .&"�$  0&(#&*. <"!5�3&.&,##  &0.�.(&*!5�(.*-4  
!(/1!.0 , "�.�(-$  �;/!5/9#0&/.  5��39/*#/  %&"!#%3%& 5(#;-�#  �.  #!5��6+�0&*#'  
&0.�.(&*!5�(.*-4  !(/1!.0  +& !(�"  #4 !�3 ;- . �(/1*/)�1�0�/  +*&9/*#/  5(#;-�#  Q�� . 
5�1!9#.-0&/.!'  5�  !�/138>/$  2�(%3�/ : 

                                        

n
tQn

�

)(
Q 0

( =

                                        (2) 
 
)1/  Q n (t� ) - !3%%&(*&' 5(#;-�6  �.  #!5��6+�0&*#'  &0.�.(&*!5�(.*�)�  !(/1!.0&  

+& 0/!6  (&!!%&.(#0&/%-$ 5/(#�1  0 �  �/. ; 
 t0 - 0�+(&!.  &0.�.(&*!5�(.*�)�  !(/1!.0&  *& *&9&��  (&!!%&.(#0&/%�)�  5/(#�1& . 
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�9:%89 : . .� ., (&!!%&.(#0&' "&"�/ -.�  &0.�.(&*!5�(.*�/  5(/15(#'.#/ , #!5��6+3'  
5(#  <.�% 1#*&%#9/!"�/  5(�)(&%%#(�0&*#/ , %� *�  5��39#.6  *&#;��//  �5.#%&�6*-$  
0&(#&*. <"!5�3&.&,##  &0.�.(&*!5�(.*-4  !(/1!.0  0 ,/��% , #%/'  5(#  <.�% 
%&"!#%&�6*38 0-)�13  # 5(#;-�6  +& 5/(#�1  !�3 ;-  1&**-4  &0.�.(&*!5�(.*-4  !(/1!.0 . 

 
�#./(&.3(& : 

1. �/.34�0 , � . � . �/.�1#"&  <"�*�%#9/!"�$  �,/*"#  #+*�!&  # !(�"�0  !�3 ;-  
%&7#*. -� . : :"�*�%#"& , 1965. 

2. ���/)&/0 , � . � . 	5(/1/�/*#/  *&#0-)�1*/$7#4  !(�"�0  !�3 ;-  %&7#*. -� . : 
:"�*�%#"& , 1963. 

3. ���/)&/0 , � . � . 	5(/1/�/*#/  �5.#%&�6*�$  1��)�0/9*�!.#  ./4*#9/!"#4  
!#!./% . - � . : ��0 . (&1#� , 1967. 

4. �/��%&* , � . �#*&%#9/!"�/  5(�)(&%%#(�0&*#/ . - � . : �*�!.(&**&'  �#./(&.3(& , 
1960. 
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�!5/7*�/  5(�/".#(�0&*#/  ;3�61�+/(�0  0�+%� *�  !  39@.�% 5(&0#�6*�)�  0-;�(&  

5&(&%/.(�0  %&7#*- , �;/!5/9#0&8>#4  0-!�"38  5(�#+0�1#./�6*�!.6  # <"�*�%#9*�!.6  
(&;�.- . 	!�;38  (��6  0 5(�,/!!/  0-5��*/*#'  (&;�9/)�  ,#"�&  #)(&/.  0+&#%�1/$!.0#/ 
�.0&�&  ;3�61�+/(&  !  (&+(&;&.-0&/%-% )(3*.�% . 
 �  !0'+#  !  <.#% *&%# 5(/1�&)&/.!'  5��39#.6  !.35/*9&.38  "(�%"3  (/+&*#'  )(3*.&  
;/+  #+%/*/*#'  3)�& (/+&*#'  �.0&�&  ;3�61�+/(& . 
 ��'  1�!.# /*#'  5�!.&0�/**�$  ,/�#  *&%# 5(/1�&)&/.!'  0*3.(/**88  !.�(�*3  
�.0&�&  # 0-10# *�$  *�  0-5��*#.6  !  *&5(&0�'8>#%# , "�.�(-/  �;/!5/9#0&8.  
5/(/%/>/*#/  0-10# *�)�  *� &  0 5��!"�!.# , 5&(&��/�6*�$  5��!"�!.#  �!*�0*�)�  *� & . 
�-10# *�$  *�  */�;4�1#%�  7&(*#(*�  !�/1#*#.6  !�  7.�"&%#  )#1(�,#�#*1(�0 , & 
"�(53!-  )#1(�,#�#*1(�0  *&1�  +&"(/5#.6 *& 0*3.(/**/$  !.�(�*/  �.0&�& , 5(#  <.�% 
*&5(&0�'8>#/  1�� *-  ;-.6  (&!5��� /*-  0 "� 34/  .(/3)��6*�)�  !/9/*#' . 
 	.0&�  1 ((#! . 1) !  0-10# *-%  *� �%  2 3!.&*&0�#0&/.!'  *& ;&+�0�% .(&".�(/ . 
��1A/%  # �53!"&*#/  0!/)�  �.0&�&  �!3>/!.0�'/.!'  5(#  5�%�>#  )#1(�,#�#*1(�0  
5�1A/%& �53!"&*#'  �.0&�&  (�#!.  1) 6. �-10# *�$  *�  2 (�#!.  2) 5�1*#%&/.!'  # 
�53!"&/.!'  !  5�%�>68  )#1(�,#�#*1(�0  3, "�.�(-/  3!.&*�0�/*-  7&(*#(*�  *& �!'4  4. 
	!#  4 0!.&0�/*-  0 5(�37#*-  !.�/"  5, "�.�(-/ , 0 !0�8  �9/(/16 , 5(#0&(/*-  "  �.0&�3 .   
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�#!3*�"  1 - 	.0&�  ;3�61�+/(&  

 
 �(/1*''  9&!.6 *� &  5(#  0-10# /*##  5/(/%/>&/.!'  5�  *&5(&0�'8>#%  5&+&% 
5��!"#4  5�&!.#*  6. ��&!.#*-  6 5(#0&(/*-  "  �.0&�3  0 *# */$  9&!.# !  5�%�>68  (/;/(  
.&"#% �;(&+�% , 9.�  5&+- (&!5��� /*-  0 5��!"�!.# , 5&(&��/�6*�$  5��!"�!.#  �!*�0*-4  
*� /$  �.0&�& . 
 �/(/10# /*#/  0-10# *�)�  *� &  5('%��#*/$*� , & !&% *�  '0�'/.!'  "&" ;-  
5(�1�� /*#/%  �!*�0*�)�  !A/%*�)�  *� & . 
 �-10# /*#/  �.0&�&  �!3>/!.0�'/.!'  !�/138>#%  �;(&+�% . �+  "&;#*-  %&7#*#!.& 
5(#0�1#.!'  0 1/$!.0#/  )#1(�,#�#*1( , 7.�"#  "�.�(�)�  5/(/1&8.  3!#�#/  *& *� , 
5/(/%/>&'  /)�  0*#+ 5�  *&5(&0�'8>#%  5&+&% 5�&!.#* . �-!�.&  0-!.35&8>/$  9&!.# 
*� &  .&" /  (/)3�#(3/.!'  )#1(�,#�#*1(&%# .  
 �&"#% �;(&+�% , 1�'  5��39/*#'  !.35/*9&.�$  (/ 3>/$  "(�%"#  ;/+  #+%/*/*#'  3)�& 
(/+&*#'  *&%# 5(/1�&)&/.!'  0*3.(/**88  !.�(�*3  �.0&�&  # 0-10# *�$  *�  0-5��*#.6  !  
*&5(&0�'8>#%# , �;/!5/9#0&8>#%#  5/(/%/>/*#/  0-10# *�)�  *� & . 
  !&% 0-10# *�$  
*�  7&(*#(*�  !�/1#*#.6  !�  7.�"&%#  )#1(�,#�#*1(�0 , "�(53!&  "�.�(-4  7&(*#(*�  
+&"(/5�/*-  *& 0*3.(/**/$  !.�(�*/  �.0&�& . 
 �(/1�&)&/%�/  "�*!.(3".�(!"�/  (/7/*#/  5�+0��#.  5�0-!#.6  5(�#+0�1#./�6*�!.6  
;3�61�+/(&  5(#  (&;�./  *& )(3*.&4   I - IV "&./)�(##  0 1,5 (&+&. 
 
�#./(&.3(& : 
1. � .� .��)� "#* , � .� . �(/;/**#"�0& . :"!5�3&.&,#'  %&7#* 0 !.(�#./�6!.0/  / �9/;*�/  
5�!�;#/ . – � .: �+1&./�6!.0�  
!!�,#&,#'  !.(�#./�6*-4  03+�0, 2005. – 152 ! . 
2. � .� . ��)� "#* . :"!5�3&.&,#'  %&7#* 0 !.(�#./�6!.0/ . �9/;*#" . – � .: �+1&./�6!.0�  

�� , 2011. – 648 ! . 
3. �3+*/,�0&  � .� . 	5(/1/�/*#/  "(#./(#'  +&%/*- (&;�9#4  �()&*�0  +/%�/(�$*-4  %&7#* 
// �/4&*#+&,#'  !.(�#./�6!.0& . - 2006. - E  4. 
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��!.�0-/  "(&*-  5(/1*&+*&9&8.!'  0 �!*�0*�%  1�'  �;!�3 #0&*#'  ,/4�0  # 
!"�&1�0  5(�#+0�1!.0/**-4  5(/15(#'.#$  !.(�#./�6!.0& . 	*#  5(#%/*'8.!'  0 (/%�*.*-4  
,/4&4  5(/15(#'.#$  # 5(�#+0�1!.0/**-4  ,/4&4  5(/15(#'.#$  !.(�#./�6*�$  #*13!.(## . 

��!.�0-/  "(&*-  !  5�10# *�$  ./�/ "�$  �;!�3 #0&8.  5(&".#9/!"#  0!8  5��>&16  
,/4& , +& #!"�89/*#/%  3+"�$  5���!-  01��6  !./*  ,/4& , *& "�.�(38  "(&*  */  %� /.  5�1&.6 
)(3+�+&40&.*�/  5(#!5�!�;�/*#/ . �!�#  */�;4�1#%�  �;!�3 #0&.6  0!8  5��>&16  ,/4&  # 
5/(/1&0&.6 )(3+-  0 !�!/1*#/  5(��/.- , 5(#%/*'8.  %�!.�0-/  "(&*- , ./�/ "#  "�.�(-4  
#%/8.  5�0�(�.*-/  !.(/�- , 5�+0��'8>#/  �;A/1#*#.6  .(&*!5�(.*-/  �5/(&,##  0 
5(/1/�&4  */!"��6"#4  5(��/.�0 .  

:.�  0�/9/.  +& !�;�$  */�;4�1#%�!.6  *&�#9#'  0 "& 1�%  5(��/./  !�;!.0/**�)�  
"(&*&, #+%/*/*#'  "�*!.(3",##  )(3+�+&40&.*-4 5(#!5�!�;�/*#$  %�!.�0-4  "(&*�0 , & 
.&" /  (/&�#+&,##  0�+%� *�!.#  ;/+�5&!*�)�  �;!�3 #0&*#'  ./((#.�(##  0 �;�&!.#  
)(&*#,  (&!5��� /*#'  5�1"(&*�0-4  ;&��" . 

�(�;�/%&  5/(/%/>/*#'  )(3+�0  %/ 13  5(��/.&%#  ,/4& , 0 "�.�(�%  "(&*-  */  
�;�(31�0&*-  5�0�(�.*-%#  !.(/�&%# , 9&!.�  (/7&/.!'  !  5�%�>68  #!5��6+�0&*#'  
&0.�.(&*!5�(.&  #�#  <�/".(#9/!"#4  *&+/%*-4 ./�/ /" , 5/(/%/>&8>#4!'  
5/(5/*1#"3�'(*�  �!'%  5(��/.�0 . 

��'  <.�)�  */�;4�1#%�  5�1*'.6  )(3+ �1*#% "(&*�% , 5/(/%/!.#.6  /)�  *& 
<�/".(�./�/ "3 , "�.�(&'  5/(/0�+#.  )(3+ 0 !�!/1*#$  5(��/. , 1&�//  1(3)#% "(&*�%  )(3+ 
5/(/%/>&/.!'  0 +&1&**38 .�9"3 . �/4*���)#'  5(�#+0�1!.0&  .&"#4 (&;�.  .(/;3/.  
�()&*#+&,##  *&+/%*-4 (/�6!�0-4  53./$ , %/4&*#+#(�0&**-4  !(/1!.0  ;��67�$  
)(3+�5�1A/%*�!.# , & .&" /  5/(!�*&�&  1�'  5(�#+0�1!.0&  (&;�.  # 1�'  5(�#+0�1!.0&  
./4*#9/!"#4  �;!�3 #0&*#$ . 

�&%# 5(/1�&)&/.!'  1(3)&'  !4/%& �;/!5/9/*#'  5/(/%/>/*#'  )(3+�0  %/ 13  
5(��/.&%#  ,/4& , "�.�(&'  5�+0��'/.  �;!�3 #0&.6  ./((#.�(#8  ,/4&  �1*#% %�!.�0-%  
"(&*�% . �(/1�&)&/%&'  !4/%& 5(/13!%&.(#0&/.  �;A/1#*/*#/  (/�6!�0-4  53./$  0 
�1*�3(�0*/038  5�1"(&*�038  %&)#!.(&�6. :.&  %&)#!.(&�6 �()&*#+�0&*& +& !9/.  
!�/1#*/*#'  5(�1��6*-4  *&5(&0�/*#$  (/�6!�0-4  53./$  5(��/.�0  !  (/�6!�0-%#  
�"(3)�/*#'%#  �5(/1/�/**�)�  (&1#3!& 0 !��.0/.!.0##  !  (#!3*"�%  1. �&**&'  !4/%& 
.(/;3/.  3!.&*�0"#  1�5��*#./�6*-4  5�1"(&*�0-4  "���**  1�'  (&!5��� /*#'  
5�1"(&*�0-4  53./$  0 !��.0/.!.0##  !  (&1#3!&%# +&"(3)�/*#$  �;>/$  %&)#!.(&�#. �&" /  
.(/;38.!'  "�*!.(3".#0*-/  #+%/*/*#'  0 %/4&*#+%/ 5/(/%/>/*#'  "(&*& 1�'  
0�+%� *�!.#  ;/!5(/5'.!.0/**�)�  10# /*#'  "(&*& 5�  "(#0��#*/$*-%  39&!."&% 
%&)#!.(&�#. 
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�#! . 1. �4/%& �;!�3 #0&*#'  %�!.�0-%  "(&*�%  1034 5&(&��/�6*-4  5(��/.�0  
 

�  !0'+#  !  <.#%, 1�'  (/&�#+&,##  <22/".#0*�)�  5/(/%/>/*#'  )(3+�0  "&" 0 +�*/  
5(��/.�0  ,/4& , .&" # %/ 13  *#%# *&%# 5(/1�&)&/.!'  %�1/(*#+#(�0&.6  1034;&��9*-$  
%�!.�0�$  "(&*  1�'  0�+%� *�!.#  5/(/10# /*#'  /)�  "&" 5�  5('%��#*/$*-% , .&" # 5�  
"(#0��#*/$*-%  39&!."&% 5�1"(&*�0�$  %&)#!.(&�#.  

��'  1�!.# /*#'  5�!.&0�/**�$  ,/�#  *&%# 5(/1�&)&/.!'  %�1/(*#+#(�0&.6  
%/4&*#+% 5/(/10# /*#'  5(/1�&)&/%�)�  "(&*& 1�'  5(#!5�!�;�/*#'  /)�  "  10# /*#8  5�  
"(#0��#*/$*-%  39&!."&%# (/�6!�0�)�  53.#. 
 ��'  (/&�#+&,##  <.#4 23*",#�*&�6*-4  .(/;�0&*#$  *&%# ;-��  5(#*'.�  
�5.#%&�6*�/  "�*!.(3".�(!"�/  (/7/*#/ , !3.6  "�.�(�)�  +&"�89&/.!'  0 5(#*,#5#&�6*�  
*�0�%  !5�!�;/  3!.&*�0"#  5/(/10# /*#'  "(&*& *& "�*,/0-4  ;&�"&4 . �&%# 5(/1�&)&/.!'  
3!.&*�0#.6  !.&*1&(.*-$  *�(%&�#+�0&**-$  (��#"�0-$  �5�(*� -5�0�(�.*-$  "(3)  0 
!��.0/.!.038>#4  5�+#,#'4  "�*,/0-4  ;&��"  # (&+%/!.#.6 *& */% 0!8  "�*!.(3",#8  
%/4&*#+%& 5/(/10# /*#'  ((#!3*�"  2). 

 
1 – ;32/( , 2 – (/�6!  "(&*�0-$ , 3 – (/�6!  "(&*�0-$ , 4 – 5��>&1"&  (&;�9&' , 5 – %/4&*#+% 
5/(/10# /*#'  "(&*&, 6 – ;&�"&  )�&0*&' , 7 – ;&�"&  "�*,/0&' , 8 – 5��>&1"&  .(���/$*&' , 9 

– "��/!�  4�1�0�/  0/1�%�/  
�#! . 2 �(&*  %�!.�0�$  %�1/(*#+#(�0&**-$  

 
�&"#% �;(&+�% , %/4&*#+% 5/(/10# /*#'  "(&*& 0%/!./  !  4�1�0�$  9&!.68  

5��39&/.  0�+%� *�!.6  !0�;�1*�  0(&>&.6!'  �.*�!#./�6*�  �!#  5/(/!/9/*#'  2(�*.&�6*�$  
# 0/(.#"&�6*�$  5��!"�!./$  0 +&1&**�% 1#&5&+�*/ #+%/*/*#'  3)�& ± 43 0, 9.�  1&/. 
0�+%� *�!.6  ;/!5(/5'.!.0/**�  5(/�1��/0&.6  "(#0��#*/$*-/  39&!."#  53.# !  (&1#3!�% 
"(#0#+*-  3,2 % ((#!3*�"  3). 
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�#! . 3 �4/%& 5(�4� 1/*#'  "(&*�%  %#*#%&�6*�)�  (&1#3!& 5�0�(�.&  

 
�#*&%#"& 5�0�(�.&  "(&*& 5(#  10# /*##  5�  "(#0��#*/$*�%3  39&!."3 !�/138>&' . �  
5(�,/!!/  5�0�(�.&  4�1�0�)�  "��/!& , 5(�4�1'>#/  5�  %#*#%&�6*�%3 (&1#3!3, �;�&1&8.  
+*&9#./�6*�  %/*67/$  !"�(�!.68 , 9/% "��/!& , 5(�4�1'>#/  5�  ;��67/%3  (&1#3!3. 
��/1�0&./�6*� , 5(#  0A/+1/ "(&*& *& *&9&��  "(#0��#*/$*�)�  39&!."& 1�� *�  
5(�#!4�1#.6  &0.�%&.#9/!"�/  (/)3�#(�0&*#/  9&!.�.  0(&>/*#'  �/0�$  # 5(&0�$ "�*,/0-4  
;&��"  %�!.�0�)�  "(&*&. :.&  23*",#'  (/&�#+�0&*& !  5�%�>68  1�5��*#./�6*-4  
"�*/9*-4  0-"�89&./�/$ , 3!.&*�0�/**-4  0 <�/".(#9/!"38  !4/%3 5(#0�1&. 

�*/1(/*#/  5�1�;*�)�  "�*!.(3",#�**�)�  (/7/*#'  1�'  ('1&  5(�%-7�/**-4  
5(/15(#'.#$  5�+0��'/. : 

- 5�0-!#.6  "&9/!.0�  0-5��*/*#'  5�)(3+� -(&+)(3+�9*-4  (&;�. ; 
- 5�0-!#.6  5(�#+0�1#./�6*�!.6  %�!.�0�)�  "(&*&;  
- 3%/*67#.6  9#!�/**�!.6  �;!�3 #0&8>/)�  5/(!�*&�&  # <"!5�3&.&,#�**-/  
(&!4�1-  *& �;!�3 #0&*#/  %�!.�0�)�  "(&*&; 
- ;��//  <"�*�%#9*�  23*",#�*#(�0&.6  0 ,/4�0-4  5(��/.*-4  5�%/>/*#'4  !  
*/!.&*1&(.*-%#  !4/%&%# (&!5��� /*#'  +�* , �;!�3 #0&/%-4  "(&*�% ; 
- !�"(&.#.6  9#!��  1�(�)�!.�'>#4  )(3+�5�1A/%*-4  %&7#* 0 5&("/  5(/15(#'.#'  
+& !9/.  <.�)�  30/�#9#.!'  "�<22#,#/*.  #!5��6+�0&*#'  %�1/(*#+#(�0&**�)�  
"(&*&. 

 
�#./(&.3(& : 

1 �(&31/ , � .� . �5(&0�9*#"  5�  "(&*&%: �  2-4 . . � .1., �&(&"./(#!.#"#  %&./(#&��0  # 
*&)(3+�" . 	!*�0-  (&!9/.�0  "(&*�0 , #4 5(#0�1�0    #   %/.&��#9/!"#4    
"�*!.(3",#$  / � .� . �(&31/ , � .� . ��4;/() ; 5�1    �;> .   (/1 .   � .� . ��4;/()& .  - 
� .: �&7#*�!.(�/*#/ , 1988.- 536 ! . 

2 
�/"!&*1(�0 , � .� . �5(&0�9*#"  5�  "(&*&%:  �   2-4 . .   � .2.  �&(&"./(#!.#"#   #  
"�*!.(3".#0*-/   !4/%-  "(&*�0 . �(&*�0-/    %/4&*#+%-,   #4   1/.&�#    #   3+�- .   
�/4*#9/!"&'  <"!5�3&.&,#'    "(&*�0  /    � .� . 
�/"!&*1(�0  [# 1( .];  5�1    �;> .    
(/1 .    � .� .    ��4;/()& .       - � .: �&7#*�!.(�/*#/ , 1988.- 536 ! . 

3 
�/"!&*1(�0 , � .� . �(3+�5�1A/%*-/  %&7#*- : 39/;*#"  1�'  03+�0 /  � .� . 

�/"!&*1(�0 . - � .: �+1 -0�   ����  #%. � .: . �&3%&*&, 2000,-552 ! .  

4 ��;(�*(&0�0 , � .� . �.(�#./�6*-/       %&7#*-  # �!*�0-  &0.�%&.#+&,##. / 
� .� .��;(�*(&0�0 . - � .: �-!7&'  7"��& , 2001. - 392 ! . 

 

 

 



228 
 

�
������������  �
�����
����  ������  � 5 
 

�/5/�/0  � .� ., �(8"�0  � .
 ., �3%'9/(  � .� . 
 

��������  	���
��
�������  �
�
�
�
  (������ )  
��������������  ��������
��

���  
��
��������  �
������
�
�  

 
�  +&0#!#%�!.# �.  %&./(#&�& &;(&+#0&, 0#1& # !�!.&0&  !0'+"#  5(�9*�!.6  !�/1#*/*#'  

%/ 13  +/(*&%# # !0'+"�$  %� /.  ;-.6  (&+�#9*�$ . �(�%/  .�)� , !0'+"& 0 7�#2�0&�6*�%  
#*!.(3%/*./  0�#'/.  *& )/�%/.(#8  (/�6/2&  /)�  (&;�9/$  5�0/(4*�!.# , #+*�!  
#*!.(3%/*.&  # 5&(&%/.(-  7/(�4�0&.�!.#  �;(&;�.&**�$  5�0/(4*�!.# . 

��'  <"!5/(#%/*.&  ;-�#  #+)�.�0�/*-  �;(&+,-  0 0#1/ ;(3!"�0  #+ "/(&%#9/!"�$  
!0'+"# , !��.0/.!.038>/$  5�  !�!.&03  !0'+"/ , 7#(�"�  5(#%/*'/%�$  1�'  #+)�.�0�/*#'  
<�/".(�"�(3*1�0-4  "(3)�0 . �(3!"#  #%/�#  (&+%/(-  0 !/9/*##  20×20 %% # 1�#*�$  150 
%%. �/.�1#"�$  ;-�#  5(/13!%�.(/*�  #!5-.&*#'  #!4�1*-4  ;(3!"�0  # 
./(%��;(&;�.&**-4  5(#  500 °� . ��#'*#/  1�5��*#./�6*�$  ./(%��;(&;�."#  *& 
5(�9*�!.6  !0'+"#  "�*.(��#(�0&��!6  �;>/5(#*'.-%#  %/.�1&%#: 5�  5(�9*�!.#  #+)#;3; 
5�  )�3;#*/  �3*"#  *& 5/!"�!.(3$*�%  5(#;�(/  # *& 5(#;�(/  ��� -3 �5(/1/�'�&!6  
%#"(�5(�9*�!.6  !0'+"# . 

�/�#9#*&  5(�9*�!.#  #+)#;3 s*  �5(/1/�'�&!6  5�  2�(%3�/ : 
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 =s ,  (1) 

)1/      # – (&+(37&8>//  3!#�#/  #+)#;&; 
           l – (&!!.�'*#/  %/ 13  �5�(&%# ; 
          b – 7#(#*&  ;(3!"& ; 
          h – 0-!�.&  ;(3!"& . 

�/+3�6.&.-  #!5-.&*#$  �;(&;&.-0&�#!6  %/.�1&%# %&./%&.#9/!"�$  !.&.#!.#"# . 
�-��  3!.&*�0�/*� , 9.�  !  3(�0*/%  +*&9#%�!.# 0,05 )#5�./+-  �  (&0/*!.0/  !(/1*#4  # 
1#!5/(!#$  5�  0&(#&*.&% #!5-.&*#$  */  5�1.0/( 1&8.!' , 9.�  !0#1/./�6!.03/.  �  
!3>/!.0/**�%  0�#'*##  1�5��*#./�6*�$  ./(%��;(&;�."#   *& 5(�9*�!.6  �;(&+,�0  
!0'+"# . 

�#"(�5(�9*�!.6  �;(&+,�0  !0'+"#  "�*.(��#(�0&�&!6  5�  (&+%/(3 +�*-  
5�0(/ 1&/%�!.#  0 (&$�*/  �.5/9&."&  &�%&+*�$ 5#(&%#1- *& 5(#;�(/  ��� -3.  	1*&  
5&(.#'  �;(&+,�0  !0'+"#  ;(&�&  #!4�1*�$ , & 1(3)&'  – ;-�&  *&)(/.&  1�  500 °�  !  0-1/( "�$  
30 %#*3. # �4�& 1&�&!6  *& 0�+134/ 1�  "�%*&.*�$  ./%5/(&.3(- . ��#2-  !9#.&�#!6  
)�.�0-%# , /!�#  5�0/(4*�!.6  �;(&+,�0  #%/�& +/("&�6*38  �.5��#(�0&**38  5�0/(4*�!.6 . 

�!5-.&*#/  5�1)�.�0�/**-4  7�#2�0  5(�;  5(�0�1#�#  5�  (&+(&;�.&**�$  0 
��� !"����
�/  %/.�1#"/  [1]. 	5(/1/�/*#/  %#"(�%/4&*#9/!"#4  !0�$!.0  +/(*& 
5(�0�1#�#!6  *& 5(#;�(/  ��� -3, �!*&>/**�%  !5/,#&�6*-%#  5(#!5�!�;�/*#'%#  1�'  
&0.�%&.#9/!"�)�  *&)(3 /*#'  # %&!�'*-%  1/%52/(�% . �(#%/*/*#/  <.#4 
5(#!5�!�;�/*#$  +*&9#./�6*�  5�0-7&/.  .�9*�!.6  #+%/(/*#$ . 

�  "&9/!.0/  #*1/*.�(&  #!5��6+�0&�&!6  &�%&+*&' 5#(&%#1& �#""/(!& . 	.5/9&."#  *& 
5(#)�.�0�/**-4  5�0/(4*�!.'4  #!!�/13/%-4  +/(/*  *&*�!#�#  0 7#(�"�%  1#&5&+�*/ 
*&)(3+�"  *& #*1/*.�(/  (# = 0,2; 0,4; 0,6; 0,8; 1,0 � ). �+%/(/*#/  (&+%/(�0 +�*-  
5�0(/ 1&/%�!.#  D 0 (&$�*/  "& 1�)�  �.5/9&."&  5(�#+0�1#�#  5�  %/.�1#"/  !  .�9*�!.68  
± 0,2 %"%. ��*&  5�0(/ 1&/%�!.#  �,/*#0&�&!6  5�  %&"!#%&�6*�%3 1#&%/.(3 4(35"�)�  
(&+(37/*#'  0�"(3)  �.5/9&."& . 

�#"(�5(�9*�!.6   0s  �5(/1/�'�#  5�  2�(%3�/ : 
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 (2) 
)1/   P – *&)(3+"& *& 5#(&%#13, � ; 
       D – (&+%/( +�*-  5�0(/ 1&/%�!.# , %"%. 

 
�0/(1�!.6  (5(�9*�!.6 ) �;(&+,�0  !0'+"#  �5(/1/�'�#  5�  )�3;#*/  �3*"#  h, 

�;(&+�0-0&8>/$!'  *& 5�0/(4*�!.#  �;(&+,&  5(#  #!5-.&*##  *& 5/!"�!.(3$*�%  5(#;�(/ . 
�  (/+3�6.&./  #!5-.&*#'  9&!.6 5�0/(4*�!.#  �;(&+,&  !0'+"#  (&+(37&/.!' , & +&./% 
#+%/('/.!'  )�3;#*&  �3*"# . �+%/(/*#/  5(�#+0�1#.!'  0 9/.-(@4  .�9"&4 , (&!5��� /**-4  
*& �1*�$  5�0/(4*�!.#  �;(&+,& , # *& (&0*�% (&!!.�'*##  �1*�)�  #+%/(/*#'  �.  1(3)�)� . 
	5(/1/�/*#/  5(�9*�!.#  5�  )�3;#*/  �3*"#  5(�#+0�1#��!6  5(#  1&0�/*##  0 (&;�9/$  
"&%/(/  5(#;�(&  0,1 ��&  (�	��  -18118). 

�  .&;�#,/  1 5(/1!.&0�/*-  (/+3�6.&.-  �5(/1/�/*#'  5(/1/�&  5(�9*�!.#  *& #+)#; 
;(3!"�0 , %#"(�5(�9*�!.#  # .0/(1�!.#  ;(3!"�0  5�  )�3;#*/  �3*"#  *& 5/!"�!.(3$*�%  
5(#;�(/ .  

�(#0/1/**-/  0 .&;�#,/  (/+3�6.&.-  5�"&+-0&8. , 9.�  5(�9*�!.6  �;(&+,�0  !0'+"#  *& 
#+)#; #+%/*'/.!'  */+*&9#./�6*� , 0 5(/1/�&4  8÷9 %, 0 .�   /  0(/%'  "&" %#"(�.0/(1�!.6  # 
.0/(1�!.6  #+%/*'.!'  0 1�!.&.�9*�  7#(�"#4  5(/1/�&4 . �  !(&0*/*##  !  #!4�1*-%  
�;(&+,�%  !0'+"#  %#"(�5(�9*�!.6  ./(%��;(&;�.&**�)�  �;(&+,&  #+%/*'/.!'  *& 28 %, & 
.0/(1�!.6   (5(�9*�!.6 ) 30/�#9#0&/.!'  *& 30 %. 
 
�&;�#,&  1- ��#'*#/  ./(%��;(&;�."#  *& 5(�9*�!.*-/  !0�$!.0&   # .0/(1�!.#  !0'+"#  � 5 
�#5  �;(&+,&  !0'+"#  �(�9*�!.6  *& #+)#; 

�&�s , ��&  
�#"(�5(�9*�!.6  0s

, ��&  

�0/(1�!.6  
(5(�9*�!.6 ) n, %% 

1. �!4�1*-$  34±1,7 2,31±0,12 1,49±0,11 
2. 
�/(%��;(&;�.&**-$  
5(#  500 °�  

37±2,1 1,80±0,10 1,14±0,09 

 
�#+#9/!"#  5(#(�13  <.�)�  '0�/*#'  %� *�  �;A'!*#.6  !�/138>#%  �;(&+�% . 
��#'*#/  ./%5/(&.3(-  *& #+%/*/*#/  !.(3".3(*� -%/4&*#9/!"#4  !0�$!.0  !"&+-0&/.!'  

(&+�#9*-%  �;(&+�% . �  (/+3�6.&./  ./(%��;(&;�."#  1/2/".*-4  4(35"#4  ./�  0�+%� *-  
"&" !�39&# #4 35(�9*/*#' , .&" # !�39&# (&+35(�9*/*#' . �/+1/2/".*-/  0-!�"�5(�9*-/  
4(35"#/  ./�&  �1*�+*&9*�  !*# &8.  !0�8  5(�9*�!.6  5(#  *&)(/0&*##  [2, 3]. �(�%/  .�)� , 
./(%��;(&;�."&  %� /.  .&" /  !#�6*�  0�#'.6  *& #!4�1*-/  !.(3".3(*-/  !0�$!.0&  
.0/(1-4  ./� , 0-+-0&'  (/"(#!.&��#+&,#8 , 2&+�0-/  5(/0(&>/*#' , 5/(/%/>/*#/  
1#!��"&,#$  # 1(3)#/  #+%/*/*#' . �!/  <.�  .&" /  %� /.  !"&+&.6!'  *& !./5/*#  5(�'0�/*#'  
&1!�(;,#�**-4  <22/".�0  # #+%/*/*#/  5(�9*�!.#  .0/(1�)�  ./�& . �./5/*6  # 4&(&"./(  
0�#'*#'  ./%5/(&.3(-  *& !.(3".3(*� -%/4&*#9/!"#/  !0�$!.0&  +&0#!'., 0 !0�8  �9/(/16 , �.  
//  0/�#9#*- , !"�(�!.#  *&)(/0&, 0(/%/*#  0-1/( "#  ./�&  5(#  +&1&**�$ ./%5/(&.3(/ . 

�  5(�,/!!/  ./(%��;(&;�."#  5/(0�*&9&�6*�  5(�#!4�1#.  1/!�(;,#'  0�&)# # 
31&�/*#/  (&+�#9*-4  +&)('+*/*#$  #+ %#"(�.(/>#*  5�0/(4*�!.*�)�  !��'  �;(&+,&  !0'+"# . 
�&./% , 5�!�/  /)�  �4�& 1/*#' , 0 5�0/(4*�!.*�%  !��/  !0'+"#  �;(&+3/.!'  +�*& *&5(' /*#$  
! &.#' , +& !9/.  9/)�  5(�#!4�1#.  3%/*67/*#/  9#!�&  %#"(�.(/>#*  # #4 (&+%/(�0 # 0 
,/��%  5�*# &/.!'  1/2/".*�!.6  !��' . �!/  <.�  !*# &/.  3(�0/*6  4(35"�$  
%#"(�5(�9*�!.#  # 5�0-7&/.  %#"(�4(35"�!.6  ./(%��;(&;�.&**�)�  �;(&+,&  !0'+"# . �  
1(3)�$  !.�(�*- , 5�0/(4*�!.*�/  *&5(' /*#/  ! &.#'  3!.(&*'/.  0*3.(/**#/  
(&!.')#0&8>#/  *&5(' /*#' , 0�+*#"&8>#/  5�1  1/$!.0#/%  0*/7*/$  *&)(3+"#, 9.�  ;31/.  
!5�!�;!.0�0&.6  # 5�0-7/*#8  0 ,/��%  5(�9*�!.#  !0'+"# , *&5(#%/( , 5(#   /@  #+)#;/ . :.�  
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&*&��)#9*�  30/�#9/*#8   /!."�!.#  ./�&  #�#  !#!./%- , 5(#0�1'>/%3  "  3%/*67/*#8  
0'+"�!.#  (&+(37/*#'  # �4(359#0&*#8  5�0/(4*�!.# . 
 
�5#!�"  �#./(&.3(- : 
1. �/(1#"�0  � .� ., �(8"�0  � .
 ., ��&0#*  
 .� . �!!�/1�0&*#/  35(3)#4 # 35(3)� -

5�&!.#9*-4  1/2�(%&,#$  5(#  %�1/�#(�0&*##  .�9*�!.#  &;(&+#0*�$ �;(&;�."#  
%/.�1�%  %#"(�#*1/*.#(�0&*#' : �; . !. . �/ 13*&( . *&39*. – ./4* . "�*2 . �
� -97 / �  
"* .: ��9*�!.6  &0.�%&.#+#(�0&**-4  5(�#+0�1!.0 . – �/*+& , 1997. – � . 154 – 156. 

2. �.�"! , � . � . �#"(�!"�5#9/!"#/  &!5/".-  (&+(37/*#'  "/(&%#"# / � . � . �.�"!  // 
�&+(37/*#/  : !;�(*#" . – �  7. – � . 1. – � . : �#( , 1976. – � . 129 – 220. 

3. �#��#5! , � . � . �&+(37/*#/  !./"�&  / � . � . �#��#5!  / �&+(37/*#/  : !;�(*#" . – � . 
7. – � . 1. – �  . : �#( , 1976. – � . 19 – 58 
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:�/".(�**�/  *&39*�/  #+1&*#/  

 
	.0/.!.0/**-$  +& 0-53!"   

 
�(#*&  �#".�(�0*&  �*43% 
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(). ��� !"#$ , 2019 ).) 

 
�;�(*#"  %&./(#&��0  "�*2/(/*,##  

 
:�/".(�**�/  #+1&*#/ !/./0�)�  (&!5(�!.(&*/*#'  

 
#����
��  ��
�����   .%. 

 
�/%5�&*  ./+#!�0  1�"�&1�0  *&39*-4  "�*2/(/*,#$  2019 ). ��+ . E  4� . 
��15#!&*�  "  #!5��6+�0&*#8  16.07.2019. ��(%&.  60484 1/16. 

�&(*#.3(&  Times. �!� . 5/9 . � . 14,44. 
 
 

���)�)(&1!"#$  )�!31&(!.0/**-$  ./4*#9/!"#$  3*#0/(!#./. . 
400005, ). ���)�)(&1 , 5( . �/*#*& , 28, "�(5 . 1. 

 
���  (2#�#&� ) ���)��� . 

404121, ).��� !"#$ . 3� . :*)/�6!& , 42&. 


