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�%�*'!��$+���%�  +,�-��  *.�/�%�  0!+�'����  «�!1�%�!#(�,"  &%��,"  *��+����$�$ » 
)�%�) . �!�#!  �!���! , 19, &. ���)�%)�$�%+�� , 49000, ���!��! , E-mail: javor_v@mail.ru 
��$%'!��  �$!$��$�.���%&%  !�!#�0!  %/%��%+!�,  �  )%#*.��,  ����%#(�%  ��&�����%��,  �%'�#�"  ����$�.� -

��%"   !�!�$����$���  $����2  �%#%'%.�%-�%#���%&% $%��%0!, )%�$�%���,  �!  �!0#�.�%�  ��%3��$+�  *)�*&�  �  
'����)!$�+�,  ��#  �!&�*3���2 . �%�!0!�% , .$% )��  �0�������   !�!�$��!  �  +�#�.��,  ��#  + �����!$�.���%"  1� -
)�  $%��%0�%" ���$��,  )�%�� %'�$  �0�������  �%455�1���$!  $����2  $%��%0! )% +�#�.���  �  + 5*��1��  $%��%0-
�%&% �!3!$�2  �  ��%�%�$�  '+�3���2 . �%���#21�%��,"  !�!#�0  )%'$+��3'!�$  $���*6  #���"�*6  0!+����%�$(  �%-
455�1���$!  $����2 , +,2+#��,  0!�%�%����%�$�  *)�%7���2  %)$��!#(�%"  ��&�����%��%"  �%'�#�  )��  *���(-� -
���  %/8��%+ +,/%���  �  )��  *+�#�.����  '��)�����  �!/#6'���"  �  �%/#6'����  *�#%+�"  �'��$�5�1��*��%�$� . 
�%#*.���,�  ��0*#($!$,  )%0+%#26$ *$+��3'!$( , .$% �%455�1���$  $����2  $%��%0! %/#!'!�$  !&��&!$�,��  �+%"-
�$+!��  �  0!+���$  %$ ����1�%��, , *)�*&� , '����)!$�+�,  �+%"�$+ +��  �����!$�.����  )!�  '!��%"  $��/%#%-
&�.���%"  ���$��, ; 5���1�%��,�  �%#�/!��2  ���$�0��*6$  +��  �+%"�$+! �$�*�$*�,  $%��%0�%" ���$��, , .$% �!� -
-��2�$  %/#!�$(  *)�!+#���2  $������  + $%��%0�%� �� !��0�� . 


�������   ���! : $%��%0,  !�!�$����$���  $����2 , 4��)������$ , �$!$��$�.����"  !�!#�0 . 
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���3!+��"  +�7�"  �!+.!#(��"  0!�#!'  «�!1�%�!#(��"  &����.�"  *��+����$�$ » 
)�%�) . �!�#!  �!���! , 19, � . ���)�%)�$�%+�(� , 49000, ���!9�! , E-mail: javor_v@mail.ru 
��$%'!��  �$!$��$�.�%&%  !�!#�0*  %/:�*�$%+!��  � %$���!��  '���#(�!  ��&����"��  �%'�#�"  ����$�.�%9   !�!�$� -

���$���  $��$2 �%#%'�%+%-�%#���%&% &!#(�! , )%/*'%+!��  �!  ��0��"  ��%3���  )�*3��  � '���)!$�+��  ��#  �!+!� -
$!3���2 . �%�!0!�% , 7% )��  0����   !�!�$��*  � +�#�.���  ��#  + �����!$�.�%�*  #!�160�  &!#(��+�%9 ���$���  +�'/* -
+!;$(�2  0���!  �%�5�1�;�$!  $��$2 &!#(�!  0! +�#�.��%6  "  *  5*��1�9  &!#(��+�%&% �!$������2  � -+�'�%�$�  �* * . �%-
��#21�"��"  !�!#�0  )�'$+��'3*;  $���*  #���"�*  0!#�3���$(  �%�5�1�;�$!  $��$2, +�2+#���  0!�%�%����%�$�  �)�%7���2  
%)$��!#(�%9  ��&����"�%9  �%'�#�  )��  0���-����  %/�2&�+ +�/����  � )��  0/�#(-����  '��)����9  �)%�$���3��(  � '%-
$���!��2  *�%+ �'��$�5��%+!�%�$� . 
$���!��  ��0*#($!$�  '%0+%#26$( �$+��'3*+!$� , 7% �%�5�1�;�$  $��$2 &!#(�!  
+%#%'�; !&��&!$����  +#!�$�+%�$2��  � 0!#�3�$(  +�'  ����1�"�� , )�*3�� , '���)!$�+��  +#!�$�+%�$�"  +��  ���� -
�!$�.��  )!�  '!�%9 $��/%#%&�.�%9 ���$��� ; 5���1�"��  �%#�+!��2  ���$�0*6$(  +��  +#!�$�+%�$� �$�*�$*��  &!#(�� -
+�%9 ���$��� , 7% �%0-��6;  %/#!�$(  *)�!+#���2  $��$2�  + &!#(��+�%�*  �� !��0�� . 


�����'   ���! : &!#(�%,  !�!�$����$���  $��$2, ���)������$ , �$!$��$�.��"  !�!#�0 . 
 
������<�
��<  ���
�= . �  $�%���  $2&� [1] 

)���2$%  '%)*7���� , �%&#!��% �%$%�%�* $%��%0�!2 
)���'!.!  2+#2�$�2 �� !��0�%�  �  3��$����  0+��(2 -
�� . �  �+20�  �  4$��  *�#%+�2 +%0����%+���2  5���1� -
%��,  �%#�/!��"  )��  �!&�*3����  $%��%0%+, +%0-
�%3�%�$(  *)�!+#2$(  $������  0! �.�$  �  '��)5��% -
+!��2  �  ��)%#(0%+!���  + �%+,  $� ��.����  ��-� -
��2  ��  �!���!$��+!6$�2 . �!  -! $�%�  ��#(�%+%�  
$�!��)%�$�  [2] ��  )���2$%  $!�3�  �%����%+!���  45-
5��$�+�%�$�  5���1�%��,  �+%"�$+ $%��%0%+. �% 
��$( , ��!#�0*�$�2  $%$ )*$( , �%&'! ��)%#(0*�$�2  �'�! -
#�0��%+!��!2  '��!��.���!2  �%'�#(  $%��%0!, )�� -
��/��&!2  ����1��"  �  *)�*&%-'��)5��*67���  �+%"-
�$+!��  0+��(�+  �  �%�$!�$! , .$% +�'�$  �  )�%$�+%�� -
.�6  + ��!#�0!1��  ���'�$+  $2&� �  $%��%3���2  -! $ -
�,  )%�0'%+. 

��#(  �!/%$,  – )%#*.�$(  0�!.���2  �%455�1���$!  
$����2  �%#%'��  + 0!+����%�$�  %$ )!�!��$�%+  �%#�-
/!��"  $%��%0�%&% �� !��0�!  '#2  �'��$�5��!1��  
�%'�#�  *)�!+#���2  ��#%"  $����2  + $��/%#%&�.���%"  
���$��� . 

>!'!.� : 1) )��  �!0#�.�,  0�!.���2  *)�*&�  �  
'����)!$�+�,  )!�!��$�!  $%��%0�%&% �� !��0�! , 
)���'!.�  �  ��3��%+  �!&�*3���2  %)��'�#�$(  �%+�� -
�$�%�  +#�2���  ��%�%�$�  ��%#(3���2  V �  $%��%0�%&% 
�!3!$�2  � , +#�2��2  �!3'%&% �0  ��  )��  )%�$%2��%� 

0�!.����  '�*&%&% �  *�$!�%+�$(  �$�)��(  4$%&% +#�2-
��2  �!  +�#�.��*  �%455�1���$!  $����2  �%#%'��  � � ; 
2) )%#*.�$(  �)��$�%&�!��,  �%#�/!��"  *��#�"  �  
+�/�%)�����7���"  �%#%'��  + �%��!#(�%�  �  $!� -
&��1�!#(�%�  �!)�!+#���2  %$�%��$�#(�% �%#��! . 

��������  �  ��>��<���=  ������
�� -
��? . �!  5%��!#(�%�  *�%+��  0!'!.!  5%��*#��*�$�2  
�#�'*67��  %/�!0%�: 

– )%#*.�$(  )��'�$!+#����  % 5*��1��  %$�#��!  
).KV,V,K(f� =j                             (1) 

�  %/7��  +�'�  �%'�#(  0!+����%�$�  ��3'*  )��� -
����,��  ���!#�  + +�'�  

,KVaVaKaaK 3210 +++=j               (2) 
&'�  � 0, � 1, � 2, � 3 – �%455�1���$,  ��&�����%��%"  

�%'�#� . 
�%#�.��$+���%"   !�!�$����$��%"  1�#�  ���#�'% -

+!��2  2+#2�$�2 �%455�1���$  $����2  @� . 
�����  	
�
�
���
  �  �������  ���	
���
����� -

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

�!/%�  +, %'�,  )�������,  +�#6.!�$ : ��#*  
$����2 , +�/�%)�����7����  �%#%'�� . ��������,�  
2+#26$�2 �%#�.��$+���,�� , �  *�%+��  +,�!3!6$�2  
!�)#�$*'%"  �  .!�$%$%". 

��&��$�!1�6  + %'�,  )�������,  ��%/ %'��%  
+,)%#��$(  �  $%.�%�$(6 +,-� , .��  $%.�%�$( +, %' -
�,  )�������, . 

���)��!$*�*  $����2 , �!�  �  '�*&��  ��*)�!+#2� -
�,�  )�������,� , ���#6.!#�  �!�'%��0!1��"  )%�2' -
�!  )�%+�'���2  4��)������$!  �  )%�%7(6  $!/#�1,  
�#*.!"�,  .���# . 

�!$��!$�.���!2  �%'�#(  0!+����%�$�  �%455�1� -
��$!  $����2  )���2$!  #���"�%" . 

�������  ��
���������
�����  �  	����������
  
���	
���
��� . �%#�,"  5!�$%��,"  4��)������$ , + 
�%$%�%� ��!#�0*6$�2  +��  +%0�%3�,�  ��)%+$%�26-
7���2  �%�/��!1��  *�%+��"  )�������, , ����$  +�'  
Sk, &'�  k – �%#�.��$+% ��0!+����,  )�������, ; S – 
.��#%  *�%+��"  )�������, . 

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

S = 3. 

/7��  .��#%  �%455�1���$%+  *�!+����2  ��&��� -

���  �%'�#�  /�0  *.�$!  +0!��%'�"�$+�"  /%#��  +,�%�%-
&% )%�2'�! , .��  )!��,� , /*'�$  �!+�%  

.
)k(k

41
2

1
=+

+
                            (3) 

�!���  %/�!0%�, )�����!��  )#!�  $�)!  32 �  .�� -
#%� ��0!+����,  %),$%+ 

N = 32 = 9. 
>! %��%+�%" *�%+��(  ��0!+����,  )�������,  

)���2$,  0�!.���2  )% *�#%+�2�  *�$%".�+%�$�  �!&�* -
0%.�,  ��3��%+ , $% ��$(  6 �� , 2 � /� .  

�!$��1!  )#!���%+!��2  )��'�$!+#��!  $!/# . 1. 
�  �!$��1�  +,)%#���%  �%'��%+!���  )�������,  

i

ii
i x

xx
�

D
-

= 0                                 (4) 

&'�  � i – �%'%+%� 0�!.����  i-%" )�������%" ; xi – 
�!$*�!#(�%�  $��*7��  0�!.����  i-%" )�������%" ; xi0 – 
%��%+�%" *�%+��(  )�������%" ; � xi – )%#*��$��+!#  
+!�(��%+!��2  

2
)xx(

x minimaxi
i

-
=D .               (5)

 
�!/#�1!  1 – �!/%.!2  �!$��1!  )#!���%+!��2  ��),$!��"  �%#%'%.�%-�%#���%&% $%��%0! 

 -! $�%&% )%'+�3�%&% �%�$!+!  

>�!.����  )!�!��$�%+  
�%%�'��!$,  ��3���,  

$%.��  
��%+��  )�������,  

��#
%

+
�,�

 
%

/%
0�

!.�
��2

 

�!3!$�� ,  
��  

��%�%�$(,  
� /�  �%

#�
.��

$+
%

 
%

),
$%

+ 

�!&�*0�!  ��%�%�$( 

1 +1 0 
2 -1 0 
��%+�%"  *�%+��(  0  2 
3 -1 +1 
4 0 0 
5 +1 +1 
6 +1 -1 

�!&  +!�(��%+!��2  A 3 1 

7 0 -1 
�'���.�,�  *�%+�� :       
+�� ��"  +1 9 3 8 0 +1 
��3��"  -1 3 1 9 -1 -1 

 
�
��������  ���	
���
��� . �#!�  $��/*�$  �%'� -

#��%+!��2  �$!1�%�!��,  ��3��%+  $%��%3���2  �!0 -
#�.�%"  ��$����+�%�$�  �  )��  �!0�,  0�!.���2  3� -
�$�%�$�  �  '��)5��%+!��2  �����!$�.����  0+��(�+  
���$��,  �  �!�-$!/�,�  �%455�1���$%�  �!+�,�  1. 
�%4$%�* 4��)������$  �%3�$  /,$(  ��!#�0%+!�  �!  
�!$*��,  /�0����1�%��,  �$��'! . 

�!0�!/%$!�!  �$�*�$*�! , �%0'!�  �0����$�#(�,"  �  
%/�!/!$,+!67�"  �%�)#���  �!  /!0�  +�/�%!))!�!$* -
�,  “�%/%$�%�” [3] '#2  ���#�'%+!��2  '��!����  $�� -
��2 , ��)%#(0%+!�  -! $�,"  �0����$�#(�,"  +!&%� �  
!))!�!$*�%"  �����!$���  '+�3���2 . �%��%0�%"  �� -
 !��0�  +,)%#���  + �%%$+�$�$+�� �  �!�.�$�%"  � � -
�%"  +,/%�!  %)$��!#(�%"  &�%��$��� . 

�%��%0�%"  �$��'  �  )��+�%)���'!.�"  +,)%#���  
�!  /!0�  -! $�%&% 4#��$�%+%0! KI0-900. �����!$��!  
$%��%0! �  �!��$!�%+�!  �0����$�#(�,  *0#%+ )��' -
�$!+#��!  �!  ��� . 1, 2. �!$.��!��  *��#�"  2+#26$�2 
$��0%'��!�%��$�, . 

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

�  $2&%+%� )��+%'�  )�����26$�2  '+�&!$�#�  B� -
31 �  �%���!#(�,��  )!�!��$�!�� : �%7�%�$(  31 ��$ , 
$%� �!&�*0��  150 � , ��#!  $2&� 8,5 �� , ��%�%�$( '+� -
3���"  3,4 � /� . ��#!  $2&� �  ��%�%�$( '+�3���2  )�� -
+�'��,  �  %/%'* �%#��! . 

�+�&!$�#�  '%)*��!6$  �!)�23����  )�$!���  
(�
��  6962-75) 275 �  (�!  -��!  $2&%+%" )%'�$!� -
1�� ), 250�  (�%���!#(�%� ), 325 �  (�!����!#(�%� ), 
175 �  (�����!#(�%� ). �%4$%�* )%'&%$%+#��% 4#�� -
$�%��!/3����  4#��$�%+%0! %$ ���$��,  ��  ('% 200 � ) 
�  %$ $2&%+%" )%'�$!�1�"  (275 � ).  

B#��$�%+%0 *�%�)#��$%+!�  -$!$�,��  '!$.��%�  
�  *�!0!$�#��  ��%�%�$�  '+�3���2  �%#���%"  )!�, , 
�%$%�,�  )�%$!���%+!�,  '#2  �0������2  �  +�0*!#(�% -
&% �%�$�%#2 ��%�%�$�,  ��3��%+  $%��%3���2 . 
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�
��������  ���	
���
���  �  �
  ���
�	�
����� . 

/�!/%$�!  ��0*#($!$%+ 4��)������$!  )% )�!+�#!�  
��%&%5!�$%��%&% '��)����%��%&%  !�!#�0!  [4, 5] 
)��+�#!  �  �#�'*67��  )%�!0!$�#2� : 

– +,/%�%.�!2  '��)����2  5!�$%�!  V 
;,SV

32 103925 -×=  
– +,/%�%.�!2  '��)����2  5!�$%�!  �  

;,SK
32 105226 -×=  

 

 
 

���*�%�  1 – �%��%0�!2  ���$��!  4#��$�%+%0! � -10 
 �  �0����$�#(�,��  *0#!�� : 1 – '��!�%��$�  $%��%0-

�%&% �!3!$�2 ; 2 – '��!�%��$�  $%��%0�%" ��#, ; 
 3 – $%��%0�%" 1�#��'�  )��+�%)��+%'! ; 

 4 – �*.�%"  )��+%'  $%��%0! 
 

 
���*�%�  2 – �$��'  '#2  �!$*��,  ��),$!��"  

 $%��%0�%&% %/%�*'%+!��2 : 1 – '!$.��  ��%�%�$� ;  
2 – '��!�%��$�  $!�&��1�!#(�,  *��#�" ; 

 3 – '��!�%��$�  �%��!#(�,  *��#�" ; 4 – '!$.��  
$!�&��1�!#(�,  *��%����" ; 5 – '!$.��  �%��!#(�,  

*��%����"  
 

– +,/%�%.�!2  '��)����2  �#*.!"�%&% 5!�$%�!  
.,S 32

0 10642 -×=  

��!+�����  '��)����"  2
0

22 S,S,S KV  )��  )%�%7�  
���$���2  C�-��!  �+�'�$�#(�$+*�$  �  *�%+���  '%�$%-
+���%�$�  0,95 % 0�!.��%�$�  +#�2��2  ��%�%�$�  
��%#(3���2  V �  $%��%0�%&% �!3!$�2  �  �!  +�#�.��*  
�%455�1���$!  $����2   � � . 

�,/%�%.�!2  '��)����2   S
2 '#2  '#�$�#(�,  ��3� -

�%+ $%��%3���2  )��  )�%'%#3�$�#(�%�$�  %$ 390 �  '% 
990 �  �0���2�$�2  + )��'�#!  %$ 0,1D10-3 '% 0,7D10-3. 
��!+�����  '��)����"   

S2<< 2
0S  

*�!0,+!�$  �!  $%, .$% +#�2���  $��)��!$*�,  5���1� -
%��%&% �!&��+!  �!  � �  ���*7��$+���% . 

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

�  '!��%�  �#*.!�  2
0S   !�!�$���0*�$  $%.�%�$( �� -

$%'���  %)��'�#���2  �%455�1���$!  $����2  �  �$!� -
'!�$�!2  %-�/�!  � �  )��  4$%� �%�$!+#2�$  

,,,S 0514010642 3
0 =×= - ��

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

)��$��$,�  �%#%'��  ��!#�0*6$  ���(-��  0�!.���2  � � , 
.��  )��$��$,� , .$% *�!0,+!�$  �!  +#�2���  &�%��$���  
$%��%0�%&% �� !��0�! . ���  0!����  $%��%0�,  �%-
#%'%� $!�3�  �0���26$�2  0�!.���2  � � . 

�,)%#���  !�!#�0   ���.���%&%  �%�$!+!  .*&*�!  + 
�!0#�.�,  �%#%'�!  �  *�$!�%+#��% , .$% %� �0���2 -
�$�2  '!3�  + )��'�#!  %'�%" )!�$��  �  5!�$�.����  ��  
%$+�.!�$ �$!�'!�$*  (�
��  1412-85). �0+��$�%  [6, 7, 
8, 9, 10], .$% �0�������   ���%�$!+!  .*&*�!  �0���2�$  
�&% �� !��.�����  �+%"�$+!, .$% + �+%6 %.���'(  �0 -
���2�$  3��$�%�$(  �  '��)5��*67*6  �)%�%/�%�$(  
5���1�%��%&%  �%�$!�$!  $%��%0�%&% �� !��0�! . 

�,)%#���  ��&�����%��,"  !�!#�0  *��#�"  + $%�-
�%0�%�  �� !��0�� , �%$%�,"  ����$  0+��% + �%��!#( -
�%�  �!)�!+#����  + +�'� : 1) ����"�%"  3��$�%"  �$23-
�� ; 2) 1�#��'��.���%"  )�*3��,  3���%�$(6   
420 �� /� . ���  4$%� + $%��%0�%� �$��'�  %$�*$�$+*6$ 
$%��%0�!2 )���'!.!  �  )��+%'  (#!/%�!$%��,"  4��)� -
�����$ ). 

�%#*.��,  $��*7��  0�!.���2  �%455�1���$!  $�� -
��2  $%��%0�%" �%#%'��  '#2  +��  ��!#�0!1�"  5!� -
$%��%&% )#!�!  4��)������$!  

K
B

K =j ,                                    (6) 

&'�  � , �  – �&�%+���,�  0�!.���2  $%��%0�%&% *��#�2  
�  �!3!$�2  + ��!#�0!1�2 . 

�,)%#���%  �!+�%����%�  �+!�$%+!���  �0���2� -
�,  *��#�"  )% *�%+�6  .��#!  �+!�$%+ 

,
x
xx

n minmax 1+
D
-

=                         (7) 

&'�  xmax, xmin – �%%$+�$�$+���% �!����!#(�%�  �  �� -
���!#(�%�  0�!.����  ��# ; E
  – -!&  �+!�$%+!��2 . 

�% �$!�'!�$�%"  )�%&�!���  �!  B��  )%�$�%��,  
*�!+����2  ��&������ : 

– '#2  3��$�%"  �$23��  

,K,V,,K 05004204410 --=j             (8) 
�%455�1���$  ��%3��$+���%"  �%���#21��  
R� V� =0,77; 

,V,,K 04403830 -=j                                            (9) 
.!�$�,"  �%455�1���$  �%���#21��  R� V = 0,73; 

,K,,K 00703360 -=j                                          (10) 
.!�$�,"  �%455�1���$  �%���#21��  R� �  = 0,33; 

– '#2  )�*3���%"  �$23��  

,K,V,,K 020003805170 --=j   R� V� =0,74,    (11) 

,V,,K 03203770 -=j   R� V=0,29,               (12) 

,K,,K 01904210 -=j   R� � =0,65.              (13) 
�,�%���  0�!.���2  �%455�1���$%+  �%���#21��  

*�!0,+!6$  �!  $���*6  #���"�*6  0!+����%�$(  Kj  %$ 
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V �  K. ���3����  3��$�%�$�  0+��!  + �%��!#(�%�  �! -
)�!+#����  $%��%0�%&% �� !��0�!  *���(-!�$  +�#� -
.��*  �  ��$����+�%�$(  0!+����%�$�  �%455�1���$!  
$����2  %$ V �  K (�%455�1���$,  ��&������  )��  V �  K 
*���(-!6$�2 ), $% ��$(  �%455�1���$  $����2  � �  *+� -
#�.�+!�$�2 , *��#�+!�$�2  +#�2���  �!  � �  $%��%0�%&% 
�!3!$�2  � , +#�2���  ��%�%�$�  ��%#(3���2  V %�#!/� -
+!�$ . 

�,)%#���  ��&�����%��,"  !�!#�0  *��#�"  + $%�-
�%0�%" ���$���  ����"�%&%  -! $�%&% 4#��$�%+%0!, 
�%$%�!2 +�#6.!�$  )��+%' , )���'!.*  �  .�$,��  $%�-
�%0�,  �� !��0�!  ()�%�,-#���,"  4��)������$ ). 
���  %/8���  +,/%���  n=180 *�!+�����  ��&������  
����$  +�' : 

,K,V,,K 061001704780 --=j                   (14) 

R� V� =0,54, R� V=0,22, R� � =0,44, .,S 32
0 10122 -×=   

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

�,)%#���  �)��$�!#(�,"  !�!#�0  +�/�%)�����7� -
��"  �%#%'��  �  *��#�"  + $%��%0�%� �� !��0�� . 

�!  ��� . 3, 4 )��'�$!+#��,  �)��$�%&�!��,  +�/ -

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

�!�$%$!  ��  �0���2�$  �%�%$%��% �%��!#(�,�  
+�/�%)�����7���2  �%#%'�� . �  '�!)!0%��  .!�$%$ %$ 
500 '% 700 �1  )�%�� %'�$   !�!�$���%�  *+�#�.����  
!�)#�$*', . ������7����   !�!�$���%  *+�#�.�+!�$�2  
%$ ��%�%�$�  ��%#(3���2 , �#!/%  0!+���$  %$ $%��%0�%-
&% �!3!$�2 . 

�!�&��1�!#(�,�  +�/�%)�����7���2  �%�%$%��% 
*+�#�.�+!6$�2  )��  *���(-����  .!�$%$, , 0! ���#6 -
.�����  ��3��!  �  )!�!��$�!��  3 �� , 1 � /� . ��)#� -
$*'!  )�����7���"  *+�#�.�+!�$�2  )��  )%+,-����  
$%��%0�%&% �!3!$�2 , �#!/%  �!�$�$  )��  *+�#�.����  
��%�%�$�  ��%#(3���2 . �!  ��3���  3 �� , 1 � /�  )��� -
��7���2  ��0�%  +%0�!�$!6$ )��  .!�$%$!  200, 300, 
400, 525 �1  �  ���3!6$�2  )��  .!�$%$!  283, 375, 
480 �1 . ��%+��(  +�/�%)�����7���"  )��  .!�$%$�  
1000 �1  )�!�$�.����  �%+)!'!�$  + �%��!#(�%�  �  $!� -
&��1�!#(�%�  �!)�!+#���2 . 

 

 

 
���*�%�  3 – �)��$�%&�!��!  �%��!#(�,  

 +�/�%)�����7���"  �%#%'��  

 

 
���*�%�  4 – �)��$�%&�!��!  $!�&��1�!#(�,  

 +�/�%)�����7���"  �%#%'��  
 

  

! )             / ) 

���*�%�  5 – ��/�%)�����7����  �%#%'��  $!�&��1�!#(�,�  (+�� ��� ) �  �%��!#(�,�  (��3��� ) )��  $%��%0�%� 
�!3!$��  3 �� : ! ) ��%�%�$( ��%#(3���2  1 � /� ; / ) 2 � /�  

 

– 6 �� , 1 � /�  
– 9 �� , 3 � /�  
– 6 �� , 2 � /�  
– 3 �� , 1 � /�  
– 9 �� , 2 � /�  
– 6 �� , 3 � /�  
– 3 �� , 2 � /�  
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�!  ��� . 6 )��'�$!+#��,  %$'�#(�,�  5�!&���$,  
�&�%+���,  0�!.���"  )�������%"  �%�$!+#267�"  
*��#�"  + $%��%0�%� �� !��0��  �  3��$����  0+��(2 -
�� . ��'  �%#�/!��2  2+#2�$�2  !�!�$���,�  '#2  +��  
��!#�0!1�"  5!�$%��%&% 4��)������$! . 

�!  ��� . 7, 8 )��'�$!+#��,  �)��$�%&�!��,  *�� -
#�"  + $%��%0�%� �� !��0��  �  3��$����  0+��(2�� , 
&'�  %�'��!$,  )��'�$!+#26$  ���'���+!'�!$�.�%�  
0�!.����  )�������%"  �%�$!+#267�"  + 1/3 %�$!+� 
.!�$%$. ���#�'*��,"  .!�$%$�,"  '�!)!0%�  40–1000 
�1 . �)��$�%&�!��,  )�������%"  �%�$!+#267�"  *�� -
#�"  + '+*  �!)�!+#���2  ���6$  %'��   !�!�$�� . �� -
���!#(�,"  *�%+��(  �%#�/!��"  ����$  ���$%  + '�!)! -
0%�� .!�$%$ %$ 200 '% 400 �1 . ��'  �%#�/!��"  2+#2�$-
�2  !�!�$���,�  '#2  +��  ��!#�0!1�"  5!�$%��%&% 
4��)������$! . �  %/7��  �#*.!�  ���6$�2  .!�$%$,  �  
�!����!#(�,��  �%#�/!��2��  *��#�" . 

�%��%0�!2  �%#%'�!   !�!�$���0*�$�2  ��0�%.!� -
$%$�,��  �%#�/!��2��  /%#(-%"  !�)#�$*', , �%$%�!2 
+%0/*3'!6$�2  �����!$�.����  + ��0*#($!$�  �0���� -
��2  �!'�*�!  �%#��!  (��� . 6). ��)#�$*'!  �!3!$�2  �  
)%�$%2��! . ��)#�$*'!  ��#,  $����2  F �0���2�$�2  %$ 
��%�%�$�  ��%#(3���2 , ����$  �!����*�  �  �$!/�#�0� -
�*�$�2  )��  ��%�%�$�  V /%#��  3 � /� . ��)#�$*'!  ��#,  
$����2  �0���2�$�2  �������$��.�%  %$�%��$�#(�% 
���'��&%  0�!.���2 , �����!#(�%�  �  ���'���  0�!.����  
�%455�1���$!  $����2  )��  �%#�/!��2  �!0#�.!6$�2 . 

>! �.�$  ���3���2  3��$�%�$�  �+20�  + �%��!#(�%�  
�!)�!+#����  �%#%'��  $%��%0�%� �!3!$��  )�!�$�.� -
���  �$!/�#�0��*�$�2 . ��#!  $����2  �% �!�2�$  .!�$%-
$*, !�)#�$*'*  �%#�/!��"  �  $%$ 3�   !�!�$��  ��  �0�� -
����2 .��

��#!  $����2  �$!/�#�0��*�$�2  )��  ���3����  3� -
�$�%�$�  + �!�!$�#(�%�  �!)�!+#����  �%#%'�� . 

�  �$�*�$*��  5*��1��  ��#,  $����2  F(t) ����$�2  
4#����$  )���%'�.�%�$� . �#�'%+!$�#(�% , + �)��$��  
��0�%.!�$%$�,  �%#�/!��"  ��#,  $����2  $%��%0�%" 
�%#%'��  )��%/#!'!6$  .!�$%$, , �+20!��,�  �  �!��% -
&�%��$���"  �%�$!�$! . �  ��0*#($!$�  !�)#�$*'!  �%#�-
/!��"  $%��%0�%" ��#,  + '!��%"  %/#!�$�  4��)��� -
���$��%+!��2  �%�$!+#2�$ 20…30% %$ ���'��&%  0�! -
.���2 , !�)#�$*'!  �%#�/!��"  $%��%0�%&% �!3!$�2  
'%�$�&!�$  45% ���'��&%  0�!.���2 . ��)#�$*'!  �!3! -
$�2 �  )%�$%2��! . ��)#�$*'!  $%��%0�%" ��#,  ����$  
�!����*�  �  �$!/�#�0��*�$�2  )��  ��%�%�$�  ��%#(-
3���2  /%#��  3 � /� , �0���2�$�2  �������$��.�%  %$�%-
��$�#(�%  ���'��&%  0�!.���2 . �����!#(�,�  �  ���' -
���  0�!.���2  �%455�1���$!  $����2  )��  �%#�/!��2  
��#  �!0#�.!6$�2 . 

�%��%0�!2  ��#!  �$!/�#�0��*�$�2  )��  ���3����  
3��$�%�$�  �+20�  �%#%'��  + �!�!$�#(�%�  �!)�!+#� -
��� . 

�%#*.��!  ����$�.���!2   !�!�$����$��!  $����2  
'!��%&% *0#!, �%$%�!2 %)��'�#2�$�2  3��$�%�$(6  �  
'��)5��*67���  �+%"�$+!��  �+20�"  �%#%'��  + �%� -
�!#(�%�  �  �!�!$�#(�%�  �!)�!+#���2 . ���  %)��'� -
#���,  )!�!��$�!  �+20�"  0!+����%�$(  �%455�1� -
��$!  $����2  %$ ��%�%�$�  �����!#(�! . 

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

)�!+#����  + ����%#(�%  �!0  �  )��  .!�$%$�  0,2 ��1  
�%�$!+#2�$ 13 ��� . 

�)��$�!#(�,"  !�!#�0  !�)#�$*'�,  0�!.���"  
+�/�%)�����7���"  �%#%'��  +,)%#�2#�  )��  .!�$%$�  
200 �1  �  /%#�� , .$% �! %'�$�2  0! )��'�#!��  .!�$%$ 
�%#�/!��"  �!�,  $%��%0�%&% �$��'! . �0������2  )%-
�!0!#�  �%#�/!��2  �$��'!  �  �!����!#(�%"  !�)#�$* -
'%" )�����7���2  )��  20 �1 . 

�#2  $%��%0�%&% �!3!$�2  (�� ) ���'���+!'�!$�.� -
��%�  %$�#%�����  �%�$!+#2�$ 0,03, �#*.!"�!2  )%-
&��-�%�$(  ���'��&%  – 0,06, �%455�1���$,  !�����$ -
���  �  4��1���!  – 0,09 �  0,093, %$�#%����2  !�����$ -
���  �  4��1���!  – 0,41 �  0,74; '#2  ��#,  $����2  (�� ) 
�%%$+�$�$+���% – 0,01, 0,02, 0,29 �  0,20, 0,41 �  0,71; 
'#2  ��%�%�$�  ��%#(3���2  �%#��!  (� /� ) �%%$+�$�$+��-
�% – 0,01, 0,02, 0,53 �  0,19, 0,41 �  0,74. 

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

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

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

�  %��%+* ��$%'���  ���#�'%+!��2   !�!�$����$��  
�$!1�%�!��%&% $����2  $%��%0�%&% �� !��0�!  )%#%-
3��%  )���������  �!$��!$�.����  ��$%'%+  )#!�� -
�%+!��2  �  !�!#�0!  4��)������$%+ , .$% �!�2'*  �  '�* -
&���  )����*7��$+!��  )% ��!+����6  �  $�!'�1�%� -
�,��  ��$%'��!��  '!�$  +%0�%3�%�$( )��������2  
+��  +�'%+ �$!$��$�.���%&%  !�!#�0! . 

��&�����%��,"  !�!#�0  *��#�"  $%��%0�%&% �� ! -
��0�!  )%�!0,+!�$  ���3����  ��$����+�%�$�  0!+��� -
�%�$�  �%455�1���$!  $����2  �%#%'��  %$ ��%�%�$�  
��%#(3���2  �%#��!  )��  )%+,-����  3��$�%�$�  0+��!  
+ �%��!#(�%�  �!)�!+#���� . ���  4$%� �%��!#(�,�  
+�/�%)�����7���2  �%#%'��  *+�#�.�+!6$�2  )��  )%-
+,-����  ��%�%�$�  ��%#(3���2 , )%+,-����  3��$�% -
�$�  0+��!  + 4$%� �!)�!+#����  '��)5��*�$  �%#�/! -
��2  �%#%'�� .  

�%���#21�%��,"  !�!#�0  )%�!0,+!�$  )���%'�.� -
��*6  �%�$!+#267*6  + �)��$��  ��0�%.!�$%$�,  �%-
#�/!��"  *��#�"  $%��%0�%&% �� !��0�! .  

�!  +�#�.��*  ��#,  $����2  %�!0,+!�$  +#�2���  !� -
)#�$*'!  �%��!#(�,  �%#�/!��"  �  .!�$%$�,�  �%%$-
�%-���2  ��3'*  �%#�/!��2��  + �%��!#(�%�  �  $!� -
&��1�!#(�%�  �!)�!+#���2 . �0������2  ��#,  $����2  
�!  �!0#�.�,  .!�$%$!  ���6$  �!0#�.�,"  +�' . 
�)��$�  ���+%"  �%�$%�$ �0  &!��%���  ��!$�,  .!�$%$�  
$!�&��1�!#(�,  )�����7���" . 
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         ! )        / ) 
���*�%�  6 – ��������!2  �%�$!+#267!2  *��#�"  )��  $%��%0�%� �!3!$��  3 ��  �  ��%�%�$�  ��%#(3���2  2 � /� : 

! ) '�����$�%�$(  +������  100 �� /'�# ; / ) 5 �� /'�#  
 

 
���*�%�  7 – �)��$�%&�!��,  )�������%"  

�%�$!+#267�"  �%��!#(�,  *��#�"  $%��%0�%&% 
�� !��0�!  

 

 
���*�%�  8 – �)��$�%&�!��,  )�������%"  

�%�$!+#267�"  $!�&��1�!#(�,  *��#�"  $%��%0�%&% 
�� !��0�!  

 

�!�/%#��  ��$����+�%  )!'����  ��#,  $����2  + 
$%��%0�%� �%#%'%.�%-�%#���%�  �� !��0��  )�%�� -
 %'�$  )��  *+�#�.����  ��%�%�$�  '+�3���2  '% 5 � /� , 
.$% 2+#2�$�2 %/#!�$(6  )��������2  )%'+�3�%&% �%-
�$!+!  ��#(�%+%&% $�!��)%�$!  -! $ . �#2  )%+,-���2  
455��$�+�%�$�  $%��%3���2  �  ���#6.���2  %$�!0%+ + 
��0*#($!$�  /#%���%+!��2   %'%+,  �%#��  ��%/ %'� -
�% ��&*#��%+!���  $%��%0�%&% �!3!$�2  + )�%1����  
$%��%3���2  �#�  �!0�!/%$�!  �%'�#�"  *)�!+#���2  
��#%"  $����2  + $%��%0�%� �� !��0�� . 

�=�
�= . �#2  �!3'%"  ��!#�0!1��  5!�$%��%&% 
4��)������$!  ���6$  ���$%  �)��$�%&�!��,  +�/�% -
)�����7���"  �%#%'��  �  )�������,  �%�$!+#267�  
*��#�"  �!&�*3���2  + '+*  �!)�!+#���2  �%��$�*� -
1�%��,  �+20�" . �!�$%$!  �  !�)#�$*'!  +,�%�%.!� -
$%$�,  �%#�/!��"  �0���26$�2  + 0!+����%�$�  %$ 
$%��%0�%&% ��3��! ,  !�!�$����$��  ��#  �!&�*3���2 , 
.$% + �%�$%2���  $%��%0! �$!$��$�.����  %)��,+!�$�2  
�!0�,��  *�!+����2��  ��&������  �%'�#�  ����$�.� -
��%"   !�!�$����$���  $����2  )��  �!+�%+���%"  -��% -
 %+!$%�$� *��5�1��%+!��%"  $%��%0�%" �%#%'�� . 
��)#�$*'!  �%��!#(�,  +�/�%)�����7���"  �%#%'-

��  *+�#�.�+!�$�2  )��  )%+,-����  ��%�%�$�  ��%#( -
3���2  �  ���3����  .!�$%$,  �%#�/!��" , .$% +  !�!� -
$����$��!  +0!��%'�"�$+�2  ���2�$  �%�$!�$�%�  
�/#�3���� . ��)#�$*'!  ��#,  $����2  �0���2�$�2  �� -
�����$��.�%  %$�%��$�#(�% ���'��&%  0�!.���2 , 
���'���  0�!.���2  �%455�1���$!  $����2  ��  �!+�,  
$��*7��  �&�%+���,� . 

�%455�1���$,  ��&�����%��%"  �%'�#�   !�!�$��� -
�$���  $����2  �0���26$�2  )��  �0�������  &�%��$���  
�%��$�*�$�+�,  �+20�"  + $%��%0�%� �� !��0��  + )�%-
1����  �0�%�!  $%��%0�,  �%#%'%�, )��  �0�������   ! -
�!�$����$���  -��% %+!$%�$�  �%�$!�$�%"  )%+�� �%�$�  
�%#%'��  '% �!+�%+���%"  + )�%1����  )���!/%$�� , )��  
�0�������  �� !��.����  �+%"�$+ �!$���!#!  + ��0*#( -
$!$�  �0������2   ���%�$!+!  .*&*�!  $%��%0�%" �%#%'�� , 
)��  �0�������  *)�*&�  �  '���)!$�+��  �+%"�$+ + �� -
���!$�.���%"  1�)�  �!&�*3���2  $%��%0�,  �� !��0 -
�%+, +�#6.!2  ��)%#(0%+!���  )��+�%)��+%'!  �  )���'! -
.� , )��  )%)!'!���  + 0%�* $����2  �%#%'��  �  �%#��!  +#!-
&� �  &�20� �  %)%��%" )%+�� �%�$�  ��#(�!  + )�%�,- -
#���%�  4��)������$� , .$% 2+#2�$�2 &�!��.�%"  ��!0 -
�%", �%$%�!2 '��)5��*�$  5���1�%��,�  �%#�/!��2  + 
$%��%0�,  �� !��0�! . 

��$!�%+#��% , .$% %$�%��$�#(�%� ��%#(3����  $%�-
�%0�%" �%#%'��  )��+%'�$  �  +�/�%)�����7���2�  + 
�%��!#(�%�  �!)�!+#����  '% 15 ���  �  .!�$%$%" '% 1 
��1 , 0!+����%�$(  ��3'*  �%��!#(�%"  ��#%"  �!&�*0��  �  
��#%"  $����2  ��#���"�!2  �  !�����$��.�!2  ���'��&%  
0�!.���2 , �/#�3����  �%�$!�$!  ���2�$�2  ��#���"�% , 
++�'����  '��)5��%+!��2  2 ��  � /�  �  ���3�����  3��$ -
�%�$�  + �%��!#(�%�  �!)�!+#����  %$ 2540 '% 420 �� /�  
���#6.!�$  *���(-����  ��#,  $����2  )��  *+�#�.����  
��%�%�$�  ��%#(3���2  �  *+�#�.�+!�$  ��#*  $����2  �!  
+���  ��$��+!#�  ��%�%�$�"  )% ��!+����6  �  ��  0�!.� -
��2��  )��  $�  3�  ��%�%�$2  '+�3���2  /�0  '��)5��% -
+!��2 , .$% + �%�$%2���  $%��%0! +,�!3!�$�2  �0������ -
��  �%455�1���$%+  ��&������  �$!$��$�.���%"  �%'�#�  
 !�!�$����$���  $����2  $%��%0! �  .!�$�,  �%455�1� -
��$%+ �%���#21��  %$ 0,73 '% 0,29 (��%�%�$�  '+�3���2 ), 
%$ 0,33 '% 0,65 ($%��%0�%&% �!3!$�2 ) �  )%0+%#2�$ 
*)�!+#2$(  ��#%"  $����2  $%��%0!. 

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

– 6 �� , 1 � /�  
– 9 �� , 3 � /�  
– 6 �� , 2 � /�  
– 3 �� , 1 � /�  
– 9 �� , 2 � /�  
– 6 �� , 3 � /�  
– 3 �� , 2 � /�  

– 6 �� , 1 � /�  
– 9 �� , 3 � /�  
– 6 �� , 2 � /�  
– 3 �� , 1 � /�  
– 9 �� , 2 � /�  
– 6 �� , 3 � /�  
– 3 �� , 2 � /�  
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�%#*.���,�  ��0*#($!$,  )%0+%#26$ *$+��3'!$( , 
.$% �%455�1���$  $����2  $%��%0�,  �%#%'%� %/#!-
'!�$  !&��&!$�,��  �+%"�$+!��  + $%��%0�%" ���$���  �  
%)��'�#2�$�2  &�%��$���"  �%�$!�$!  $����2  �  $%��%0-
�%" )���'!.� , ����1�%��,�� , *)�*&���  �  '����)! -
$�+�,��  �+%"�$+!��  �%�$!�$! , $%��%0�%&% �� ! -
��0�! , )���'!.�  �  )��+%'! . �0�������  ��#,  $����2  
%$ ��%�%�$�  ��%#(3���2  2+#2�$�2 ��0*#($!$%�  +,�%-
�%.!�$%$�%&% +%0�*7���2  �%�$!�$!  $����2 , %$ �! -
&�*0��  – *)�*&%"  �#�  *)�*&%-)#!�$�.���%"  '�5%� -
�!1��  �&%, .$% 2+#2�$�2 %��%+!����  '#2  �!0�!/%$��  
�%'�#�  *)�!+#���2  ��#%"  $����2  + $%��%0�%� �� ! -
��0��  )% +�#�.���  �  + 5*��1��  ��%�%�$�  '+�3���2 .  
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ANALYSIS OF FRICTION CHARACTERISTICS 

 AND��FRICTIONAL ��CONTACT VIBRATIONS OF BRAKE �� 
� . Koptovets 
State Higher Educational Institution “National Mining University” 
prosp. Karl Marks, 19, Dnipropetrovsk, Ukraine, 49000, E-mail: javor_v@mail.ru 
Static analysis methods have been applied to substantiate and develop several regressive models of kinetic charac-

teristic of shoe and wheel brake using a variety of elastic loading forces as well as dissipative ones. It is demonstrated 
that changes in character and force intensity in brake system of kinematic chain factor into changes in brake friction 
coefficient in terms of value, brake application function, and motion speed. Correlation analysis supports close linear 
dependence of friction coefficient; regularities of optimum regression model simplification in the context of sampling 
amount decrease, observation dispersion increase, and adherence to specifications of identifiability have been indicated. 
The results make it possible to say that frictional coefficient of brake is of aggregate properties depending upon inertial 
behaviour, elastic behaviour, and dissipative behaviour of each kinematic pair of given tribological system; frictional 
vibrations synthesize all properties of braking system broadening friction control area in terms of brake device. Refer-
ences 10, table 1, figures 8. 

Key words: brake, friction characteristics, experiment, statistic analysis. 
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