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����&		  

��2�!'!%  " ��%3%##/�  �� !2� ,"'�  !  '%�# $ &!.  '�%1�%' " 2,�#!-  # � &  

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

 "# �#/�  #�����$%#!.  �  �� %�'!� ��#!!    1 ��, ��#!-  !  3�+!#  -�$-%'"-  "!#'%2 

# �/�  �� "'��#"'�%##/�  � 1 ' '%�#!)%"�!�  "!"'%3  !  � 3�$%�" � ,  "# ��##/�  

#�  3%��#!23��  ����$$%$(# .  "'���'��/ . 

�%��#!23/  ����$$%$(# .  "'���'��/   1$�,�6'  �-, 3  ��%!3�8%"'�  �  

"���#%#!6  " 3%��#!23�3!  � "$%, ��'%$(# .  "'���'��/ . 	#!   1$�,�6'  1 $(+%.  

&��2 � ,;%3# "'(6 , 7%"'� "'(6 , 1/"'� ,%."'�!%3 . 	,#��  3%��#!23�3  <' &  

�$�""�  ��!"�8!  !  #%, "'�'�! , '��!%  ���  �2�!3 �$!-#!%  ��!� , � , #�$!)!%   " -

1/�  � $ 7%#!. , "�-2�##/�  " � '%�%.  "'%�%#%. "� 1 ,/  !$!  �����$-%3 "'! .  

�$-  �%+%#!- ���2�##/�  �� 1$%3  3%��#!23 �  ����$$%$(# .  "'���'��/  #%-

 1� ,!3  !"� $(2 ��'(  � ,� ,/ , � 2� $-68!%  ��� "'!'(  2�,�)!  �!#%3�'!�! , 

,!#�3!�! , �����$%#!- . :'  "�-2�#  " !"� $(2 ��#!%3  "� ."'�  �!#%3�'!)%"� .  

��2�-2�!  ,�!7%#!. , !2 3 �5# "'! , � "' -#"'��  �%�%,�' )# &   '# +%#!-  3%7,�  

��!� ,�3!  !  �/� ,#/3  2�%# 3. �$-  3%��#!23 �  " 1 $(+!3  )!"$ 3  "'%�%#%. "� -

1 ,/  ��2�-2��  � 2� $-%'  ��2$ 7!'(  "!"'%3/  ����#%#!.  �!#%3�'!�! , ,!#�3!�!  !  

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

,%$!'(  #%2��!"!3/%  � ,"!"'%3/ . 

� $(+!#"'�  "�8%"'��68!�  3%��#!23 �  " +%"'(6  "'%�%#-3!  "� 1 ,/ ,  1 -

$�,�68!�   "� ."'� 3  ��2�-2�!  ,�!7%#!. , !3%6'  '�!  �!#%3�'!)%"�!%  *%�! . 4�!  

<' 3  �  ��7, .  *%�!  ��"� $ 7%#/  �  ,��  ��!� ,� . 4%��/.  ��!� ,  ��"� $ 7%#  #�  

#%� ,�!7# 3   "# ��#!! , �' � .  ��!� ,  – #�  � ,�!7# 3  2�%#% �!#%3�'!)%"� .  

*%�! . ��%3/  " '��!3  ��"� $ 7%#!%3  ��!� , �  "#!7�6'  7%"'� "'(  !  &��2 � ,; -

%3# "'(  '%�#!)%"�!�  �"'� ."'� . 


��!3   1��2 3 , ,�##�-  ,!""%�'�*! ##�-  ��1 '� , � "�-8%##�-  "!#'%2�  !  !" -

"$%, ��#!6  # �/�  �� "'��#"'�%##/�  3%��#!23 �  " +%"'(6  "'%�%#-3!  "� 1 ,/ , " 
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+%"'(6  �!#%3�'!)%"�!3!  *%�-3!  !  +%"'(6  ��!� ,�3! , ��"� $ 7%##/3!  #�  #%-

� ,�!7# 3   "# ��#!! , "  "� ."'��3!  ��2�-2�! , !2 3 �5# "'!  !  � "' -#"'��  �%-

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

' )�!  2�%#!- #��)# .  !  ����'!)%"� .  2#�)!3 "'! . 

 

'���  ������  

��2��1 '��  !  !""$%, ��#!%  # �/�  3%��#!23 �  " +%"'(6  "'%�%#-3!  "� 1 -

,/ , !3%68!�   �' & #�$(#  ��"� $ 7%##/%  ���/  ,�!&�'%$%.  " � ���#  ����$ -

$%$(#/3!   "-3! , "� ."'��3!  !2 3 �5# "'!  !  �!#%3�'!)%"� .  ��2�-2�! . 

(�
�)	  ��%)����  	

��
����	�  

�$-  , "'!7%#!-  � "'��$%## .  *%$! �%+�6'"-  "$%,�68!%  2�,�)! : 

1. 4� �%"'!  "'���'��#/.  "!#'%2 # �/�  3%��#!23 �  ����$$%$(# .  "'���'��/  " 

+%"'(6  "'%�%#-3!  "� 1 ,/  "  �' & #�$(#  ��"� $ 7%##/3!  ����3!  ��!� , �  #�  

 "# ��#!!  #�  ����$$%$(#/�   "-� . 

2. ��2��1 '�'(  3%' ,!��  �!#%3�'!)%"� &  �#�$!2�  # � &  3%��#!23�  ����$ -

$%$(# . "'���'��/  "  +%"'(6  "'%�%#-3!  "� 1 ,/ . 

3. �""$%, ��'(  ��1 )�6  2 #�  # � &  3%��#!23�  !   ��%,%$!'(  �$!-#!%  ��23%-

� �  �� 3%7�' )#/�  2�%#(%� #�  %% ��23%�/  !  5 �3� . 

4.  ��2��1 '�'(  3%' ,!��   �!#%3�'!)%"� .  ' )# "'!  3%��#!23� . 

5. ��2��1 '�'(  3%' ,!��  "!$ � &  �#�$!2�  3%��#!23� . 

6. �2& ' �!'(  5!2!)%"�!.  �� ' '!�  "!#'%2!� ��## &  3%��#!23�  ����$$%$( -

# .  "'���'��/  "  +%"'(6  "'%�%#-3!  "� 1 ,/  !  <�"�%�!3%#'�$(#  � ,'�%�,!'(  %&  

"� ."'��  !  ��1 ' "� " 1# "'( . 

"�%)���  ���	���  

1. �!#'%2!� ��#/  # �/%  3%��#!23/  ����$$%$(# .  "'���'��/  "  +%"'(6  "'%�%-

#-3!  "� 1 ,/ ,  1$�,�68!%  "� ."'��3!  !2 3 �5# "'! , � "' -#"'��  �%�%,�-

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

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

��#!23�  !   *%#�!  ' )# "'!  � 2!*! #!� ��#!- . 



 

 

6 

3. 4�%,$ 7%# 3%' ,   "!$ � &  �#�$!2�  3%��#!23�  " +%"'(6  "'%�%#-3!  "� 1 -

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

4. 4 $�)%#/  �%2�$('�'/  <�"�%�!3%#'�$(#/�  !""$%, ��#!.  "!#'%2!� ��## &  

3%��#!23�  #�  ,%."'��68%.  3 ,%$! , � ,'�%�7,�68!%  '% �%'!)%"�!%  ��")% -

'/ . 

*�����	)�
���  ���)	��
��  2��$6)�%'"-   �  ��2��1 '�%  3%' ,!�  "'���'��# &  

"!#'%2� , �!#%3�'!)%"� &  !  "!$ � &  �#�$!2�  3%��#!23�  ����$$%$(# .  "'���'��/  

"  +%"'(6  "'%�%#-3!  "� 1 ,/  "  �' & #�$(#  ��"� $ 7%##/3!  ����3!  ,�!&�'%$%.  

" � ���#  ����$$%$(#/3!   "-3! . 

+���
�  	

��
����	�  


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

!")!"$%#!- , ,!55%�%#*!�$(# &  !")!"$%#!- , '% �!!  �!#' � &  !")!"$%#!- , '% -

�!!  3�+!#  !  3%��#!23 � , '% �%'!)%"� .  3%��#!�! , � 3�(6'%�# &  3 ,%$!� �� -

#!- . 

,����	)�
���  ���)	��
��  2��$6)�%'"-  �  ' 3 , )'  "!#'%2!� ��#/  # �/%   3%��-

#!23/  "  �' & #�$(#  ��"� $ 7%##/3!  ����3!  ,�!&�'%$%.  " � ���#  ����$$%$( -

#/3!   "-3! ,  1$�,�68!%  "� ."'��3!  ��2�-2�! , !2 3 �5# "'!  !  � "' -#"'��  �%-

�%,�' )# &   '# +%#!-  ��!  � "'���'%$(#/�  ,�!7%#!-� . 4 $�)%##/%  3%��#!23/  

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

3/+$%## "'! ,  �   �!%#'!��68!�  �"'� ."'��� , �  !"�/'�'%$(#/�  !  !23%�!'%$(#/�  

�"'� ."'��� . ��2��1 '�##/%  �$& �!'3/  !  �� &��33/  �!#%3�'!)%"� &  !  ,!#�3! -

)%"� &  �#�$!2�  3 &�'  1/'(  !"� (2 ��#/   ��!  !""$%, ��#!!  ,��&!�  3%��#!23 �  �  

#��)#/�  !  �)%1#/�  2�,�)�� . 

,������	� , ����
	���  ��  ���	�% : 

- �!#%3�'!)%"�!%  "�%3/  # �/�  "!#'%2!� ��##/�  3%��#!23 �  "  �' & #�$(#  ��" -

� $ 7%##/3!  ����3!  ,�!&�'%$%.  " � ���#  ����$$%$(#/3!   "-3! ; 

- 3%' ,!��  "'���'��# &  "!#'%2�  # �/�  3%��#!23 � ; 

- 3%' ,!��  �!#%3�'!)%"� &  !  "!$ � &  �#�$!2� ; 

- ,%."'��68�-    3 ,%$(  3%��#!23� , � ,'�%�7,�68�-  %&  ��1 ' "� " 1# "'(  !  

"� ."'�� , � $�)%##/%  <�"�%�!3%#'�$(#/%  �%2�$('�'/ . 
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$�
�������
��  ���%�������   1�"$ �$%#�  "'� & "'(6  3�'%3�'!)%"�!�  �/�$�, � , 

� ��%�'# "'(6  !"� $(2 ��##/�  , ��8%#!. , " � "'��$%#!%3  '% �%'!)%"�!�  !  

<�"�%�!3%#'�$(#/�  �%2�$('�' � . 

�	)���  ����
  ������  


��!#/3  	 .� . ��2��1 '�#�  3%' ,!��  "'���'��# &  "!#'%2�  "!$ � &  �#�$!2� , �%-

+%#/  2�,�)!    � $ 7%#!!  !  "� � "'-�  3%��#!23�  " +%"'(6  "'%�%#-3!  "� 1 ,/  " 

 �' & #�$(#  ��"� $ 7%##/3!  ����3!  ,�!&�'%$%.  " � ���#  ����$$%$(#/3!  

 "-3! ,  " 2,�#�  � #"'���*!-  5!2!)%"� .  3 ,%$!  3%��#!23�  ,$-  � ,'�%�7,%#!-  

%&  ��1 ' "� " 1# "'! .  

������&	�  ������  

	"# �#/%  �%2�$('�'/  1/$!  , $ 7%#/  #�  � #5%�%#*!-� : 

– �%7,�#�� ,#�-  #��)# -'%�#!)%"� .  � #5%�%#*!-  «���	��=�� -2016», � -

"��� , 2016, 

– IX 3%7,�#�� ,#/.  � #&�%""  «��	
�0�	�	
�� : �	�
	����  �  4�� -

�4��
��>  ��4	��9	����� », &. � "��� , 2017, 

– �%7,�#�� ,#�-  #��)# -'%�#!)%"��-  � #5%�%#*!-  «���	��=�� -2018», 

&.� "��� , 2018, 

– �%7,�#�� ,#�-  #��)#�-  "'�,%#)%"��-  � #5%�%#*!-  «��
��� -2019»,   

&.� "��� , 2019, 

– �%7,�#�� ,#/.  #��)# -'%�#!)%"�!.  "!3� 2!�3  «�' �/%  3%7,�#�� ,#/%       

� "/&!#"�!%  )'%#!- », &. � "��� , 2019. 

,%��	��&		  

4  �%2�$('�'�3  ��1 '/   ��1$!� ��#/  11 #��)#/�  ��1 ' , �  ' 3  )!"$% 4 "'�'(!  �  

7��#�$��  !2 "�!"��  ��� , 1 "'�'(-  !2  1�2/  Scopus, 2 ��'%#'�  #�  � $%2#�6  3 ,%$( , 

1 "�!,%'%$("'�    �%&!"'��*!!  �� &��33  ,$-  :�� . 

-��%��%��  
	

����&		  

�!""%�'�*!-  " "' !'  !2 ��%,%#!- , )%'/�%�  &$�� , 2��$6)%#!- , "�!"��  $!'%��'��/  

!2 122 #�!3%# ��#!. , 2 ��!$ 7%#!. . 	18!.   1;%3 ,!""%�'�*!!  " "'��$-%'  122 

"'��#!*/ , 64 �!"�#�� , 1 '�1$!*� . 
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��� �  1. �.(��  ,��-*��"-* !""/0   

+!0�"#(+�   ,�����!�1"�2  -*�34*3�/   

 

 

 

�  #�"' -8%.  &$��% ��""3 '�%#/  3%��#!23/  ����$$%$(# .  "'���'��/   " ��2 -

$!)#/3  )!"$ 3  "'%�%#%. "� 1 ,/ .  	" 1 %  �#!3�#!%  �,%$%#  3%��#!23�3  " +%-

"'(6  "'%�%#-3!  "� 1 ,/ , �  '��7%  3%��#!23�3  " '�%3-  "'%�%#-3!  "� 1 ,/ ,  "�8% -

"'�$-68!3  � "'���'%$(#/%  !  ���8�'%$(#/%  ,�!7%#!- . 
��7%  ��""3 '�%#/  �� -

"'��#"'�%##/%  3%��#!23/ ,  1$�,�68!%   '$!)!'%$(#/3!  "� ."'��3! , '��!3!  ���  

)�"'!)#�-  �!#%3�'!)%"��-  ��2�-2�� , !2 3 �5# "'( , � "' -#"'�  �%�%,�' )# &   ' -

# +%#!- . 4�!�%,%#/  ��!3%�/  !"� $(2 ��#!-  3�#!��$-' � �  ����$$%$(# .  "'��� -

'��/  �   '��"$-�  �� 3/+$%## "'! .  

. 

 

1.1.,�	�����	�  �����	����  ������������  
��%��%��  �  ����	)���  ����
���  

�����������
�	 . 

 

 

4� "'��#"'�%##/%  3%��#!23/  ����$$%$(# .  "'���'��/  ��%,"'��$-6'   ,#  

!2 #�����$%#!.  �  " ��%3%## 3  3�+!# �%,%#!!  [9, 11, 13–15, 17, 20–22, 24, 28– 32, 

35, 36, 41, 42, 46, 50–55, 58, 66, 67, 69, 71, 78, 79,  91, 105, 112, 120]. 	#!   1$�,�6'  

 '$!)!'%$(#/3!   " 1%## "'-3!   �  "���#%#!6  " '��,!*! ##/3!  "'���'���3!  �# -

'� � 3 �5#/�  3%��#!23 � . 
��!%  3%��#!23/   1$�,�6'  � �/+%##/3!  � ��2�'% -

$-3!  ' )# "'!  !  &��2 � ,;%3# "'! . �� 3%  ' & , ��!� ,/  3 &�'  1/'(  ��"� $ 7%#/  

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

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

,�� . 

�  ,�##/�  3%��#!23��  �/� ,# %  2�%#  (!"� $#!'%$(#/.   �&�# ) " %,!#%#  " 

 "# ��#!%3  #%"� $(�!3!  �!#%3�'!)%"�!3!  *%�-3!  [13, 54,  80]. 
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��#!��$-*! ##/%  3%��#!23/  ����$$%$(# .  "'���'��/  #�� ,-'  +!� � %  

��!3%#%#!% �  ��2$!)#/�   '��"$-�  �� 3/+$%## "'!  �  "!$�  "� !�  ��%!3�8%"'� . 


�� ,   1 ��, ��#!%  " !"� $(2 ��#!%3  3%��#!23 �  " +%"'(6  "'%�%#-3!  "� 1 ,/ , 

'��!�  ���  �$�'5 �3�  
��5� -�'6��'� , ��!3%#-6'"-  �  �  �,!#�'# -!23%�!'%$(#/�  

�"'� ."'���  (5!�3�  ���!� ) (�!"�# �  1.1). 
��!%  !23%�!'%$(#/% � 3�$%�"/  ��! -

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

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

$%"�, +%"'%�#!  �  �%,��' ���  !  � � 1���  �%�%,�) , ��$/ , ��3/  !  1�$�!  , +�'�#/ , 

"'��!*/ , *��5/ , +�!�/ , ,!"�! , +$!*%�/%  " %,!#%#!- ). 


��7%  �  �,!#�'# -!23%�!'%$(#/% 3�+!#/  «���!� » !"� $(2�6'"-  ,$-  

� #'� $-  &% 3%'�!!  � �%��# "'%.  � $%" � ,�!7# &  " "'��� . 	" 1  ��7#/3  

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

��2��$�  !  � ,#�'�%#!- , �  '��7%  3# &!�  ,��&!�  , ��"� �  � �%��# "'%.  � $%"� .  

 

 

�!"�# �  1.1 – �  �,!#�'# -!23%�!'%$(# % �"'� ."'�  ���!�  (��� -500)  
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� #"'���*!-  �$�'5 �3/  
��5� -�'6��'�  +!� �  !"� $(2�%'"-  

�  ��!�"!3�$-' ��� ,  " 1%##  �  � $# �!$ '�7#/�  '�%#�7%��� , "  +%"'(6  "'%�%#--

3!  "� 1 ,/  (�!"�# �  1.2). 

 

�!"�# �  1.2 – ��!�"!3�$-' �  5!�3/  Lockheed  

 


��7%   ,#!3  !2 ��!3%#%#!.  3%��#!23�  ����$$%$(# .  "'���'��/  "  +%"'(6  

"'%�%#-3!  "� 1 ,/  -�$-%'"-   1��1�'/��68!.  *%#'�  	 KUMA ( �!"�# �  1.3). 

 

�!"�# �  1.3 –  	1��1�'/��68!.  *%#'�  OKUMA  
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��!%  3%��#!23/   #�� ,-'  ��!3%#%#!% �    �' �%,!!  ,$-  � ��%�*!!  ,%5 � -

3�*!!  � "'%.  !  $%)%#!- "$ 7#/�  �%�%$ 3 � , #���!3%�  �� "'��#"'�%##�-  ��3�  


%.$ ��  (�!"�# �  1.4) [114]. 

 

�!"�# �  1.4  - 4� "'��#"'�%##�-  ��3�  
%.$ ��  

 

	,#!3  !2 ��!3%#%#!.  3%��#!23 �  " +%"'(6  "'%�%#-3!  "� 1 ,/  -�$-%'"-  

!�  !"� $(2 ��#!%  ��!  � 2!*! #!� ��#!!  "��'#!� �/�  �#'%##, #���!3%�  ��,! -

'%$%"� �  AMiBA ( �!"�# �  1.5) [84]. 

 

�!"�# �  1.5 – ��,! '%$%"� �  AMiBA 
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�%��#!23/  " �-'(6  "'%�%#-3!  "� 1 ,/  #�� ,-'  ��!3%#%#!% �   1��1�'/ -

��68!�  *%#'���  5!�3/  «�%'� 3 » (�!"�# �  1.6). 4�%,$ 7%##�-  � #"'���*!-  

3 7%'  ��!3%#-'("-  ,$-  � "$ .# .  3d �%)�'! , �  '��7%  �  ��)%"'�%  � �'�'!�# &  

 1��1�'/��68%&  �"'� ."'��  (�!"�# �  1.7). 

 

�!"�# �  1.6 –  	1��1�'/��68!.  *%#'�  ��
�	�  

 

�!"�# �  1.7 –  � 1!$(#/.  � �'�'!�#/.   "'�# �  ��
�	�    

 

4 "'���'%$(#/.  3%��#!23  " '�%3-  "'%�%#-3!  "� 1 ,/  #�  1�2% 3%��#!23�  

,%$('�  3 7%'  ��!3%#-'("-  �  1/"'� ,%."'��68!�   �%��*!-�  #�  � #�%.%�#/�  $! -

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

1.8)  
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�!"�# �  1.8 –   4 ' )#�-  ���� � )#�-  $!#!-  

 

�)!'/��-  ��%!3�8%"'��  3%��#!23�  ,%$('� ,  #  3 7%'  ��!3%#-'("-  �  �/" -

� ' )#/�   �%��*!-�  "1 ��!  <$%�'� ##/�  � 3� #%#' �  �  )!"' 3  � 3%8%#!! .  

�!#%3�'!)%"��-  "�%3�  3%��#!23�  ,%$('�  �,��'!� ��#�  ,$-  3D-��!#'%� �  

(�!"�# �  1.9). 

 

�!"�# �  1.9 –  4�!#'%�  #�  1�2% 3%��#!23�  ,%$('�  
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�%��#!23  ,%$('�  3 7%'  1/'(  !"� $(2 ��#  #�  3 1!$(# .  �$�'5 �3%  ,$-  �� -

1 '  �  "%$("� � 2-."'�%## .   '��"$!  ��!   1��1 '�%  ��$('��  5!�3/  «ecoRobotix 

SA» (�!"�# �  1.10) 

 

�!"�# �  1.10 –  �%$("� � 2-."'�%##/.  � 1 '  #�  1�2% 3%��#!23�  ,%$('�  

«ecoRobotix SA» 

 


��!3   1��2 3 , �  ����&��5%  � ��2�#/  !21��##/%  ��!3%�/  !"� $(2 ��#!-  

� 1 ' '%�#!)%"�!� , '��#"� �'#/� , '%�# $ &!)%"�!� , '�%#�7%�#/�  !  3%,!*!#"�!�  

"!"'%3 , !"� $(2�68!�  �   "# �%  3�#!��$-*! ##/%  3%��#!23/  ����$$%$(# .  

"'���'��/ . 
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1.2. ,�
�%���������  	  
5��	)�
�	�  ���
����
�������   

�����	���  ������������  
��%��%��  

 

 

�  �� 3/+$%## "'!  #�� ,-'  ��!3%#%#!% 3%��#!23/  ����$$%$(# .  "'���'� -

�/  " ��2$!)#/3  )!"$ 3  "'%�%#%. "� 1 ,/ . �#'%�%"  !""$%, ��'%$%.  #�����$%#  !2� -

)%#!% 3%��#!23 �  " '�%3- , )%'/�(3- , �-'(6  !  +%"'(6  "'%�%#-3!  "� 1 ,/  [13, 41,  

46, 47, 51, 58,  63, 69, 71, 72, 76, 79, 88, 90, 92, 93, 98, 100, 113, 115, 118 – 121].  

��!1 $(+%%  ��"�� "'��#%#!%  #�� ,-'  3%��#!23/  " '�%3-  "'%�%#-3!  "� 1 -

,/ ,  "�8%"'�$-68!%  � "'���'%$(# %  !   �!%#'!��68%%  ,�!7%#!-   [1, 11, 34, 42, 

52, 56, 75, 78, 82, 83, 89, 94–97, 99, 101–103, 106–111, 116].  :'!  3%��#!23/  !#'%-

�%"#/  '%3, )'  ��!  #% 1� ,!3 "'!  , � $#!'%$(#/�  ,�!7%#!. , �� ,!'"-  %8%  ,#�  

"'%�%#( "� 1 ,/ . 4�!  <' 3  #% �� !"� ,!'  !23%#%#!%  "# �# .  � #"'���*!!  3%��-

#!23� . 
��!3   1��2 3 ,  !""$%, ��#!%  #�!1 $%% �� "'/�  3%��#!23 �  " '�%3-  "'%�%-

#-3!  "� 1 ,/ ,  "�8%"'�$-68!�  � "'���'%$(# %  !  ���8�'%$(# %  ,�!7%#!% , � 2� -

$-%' �"$ 7#-'(  !  ��2�!��'(  "�8%"'��68!%  "�%3/  �"'� ."'� . 

�  � "'���'%$(#/�  3%��#!23��  �/� ,# %  2�%#  !3%%' ' $(�  � "'���'%$(# %  

,�!7%#!% . 

�!#%3�'!)%"��-  *%�(  3 7%'  " ,%�7�'( :  

- '�!  �!#%3�'!)%"�!%  ���/  PPP, PaPP  

- )%'/�%  �!#%3�'!)%"�!%  ���/  PaPaRR, RPPR , RRRP 

- �-'(  �!#%3�'!)%"�!�  ���   RPRRR, RRRRR, UPU 

&,% – P – ��!23�'!)%"��-  ���� , R – ���8�'%$(#�-  ���� , U – �#!�%�"�$(#/.  

+��#!� , Pa – ����$$%$ &��33 . 

� $(+ .  �$�""  � "'���'%$(#/�  3%��#!23 �  1/$  ��2��1 '�#  � #& 3  !  
 "$%-

# 3 , � . ����!��'  !  � . 4��%#'! -��"'%$$!  [79]. �  1991&. � . �$��%$%3 1/$  ��%,$ -

7%# 3%��#!23  ,%$('�  [85]. �%��#!23  �%$('�  #�+%$ 1 $(+ %  ��!3%#%#!% �  ��2$!) -

#/�  '%�#!)%"�!�  �"'� ."'���  �  "!$�  �� "' '/  � #"'���*!!  (�!"�# �  1.11) [53]. �  

<' 3  3%��#!23% ��!� ,/  ��"� $ 7%#/  #�   "# ��#!! . ��!7%#!%  #�  �/� ,# %  2�%#  
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�%�%,�%'"- )%�%2 ����$$%$ &��33/ . 
���-  � #"'���*!-  3%��#!23�  -�$-%'"-  �� -

"' . , )'   1%"�%)!$  %% +!� � %  ��!3%#%#!%. 

 

 

�!"�# �  1.11 –  �%��#!23  ,%$('�  

 

	,#!3  !2 �"'� ."'�  ,�## &  �$�""�  -�$-%'"-  3%��#!23  	�' &$-.,  (�!"�# �  

1.12) [53]. :' '  3%��#!23  –  3PRPaR " ,%�7!'  $!#%.#/% ,�!&�'%$! , ��"� $ 7%# -

#/%  �' & #�$(#  #�   "# ��#!!   [83]. 4�%!3�8%"'� 3  '�� &  3%��#!23�  -�$-%'"-  

 '"�'"'�!%   " 1/�  � $ 7%#!. . 

 

�!"�# �  1.12 –  �%��#!23  	�' &$-.,  3PRPaR 
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�%��#!23  " +��#!�#/3!  ����$$%$ &��33�3!  3PPaPa 1/$  ��%,$ 7%#  
$�2� -

# �/3  � .� ., 0%.$  � .� . (�!"�# �  1.13) [55]. 

 

� ) 

  

1) 

�!"�# �  1.13 – 4 "'���'%$(# -#�����$-68!.  3�#!��$-' �   

����$$%$(# .  "'���'��/  "  '�%3-  "'%�%#-3!  "� 1 ,/  3PPaPa 

�  –  �!#%3�'!)%"��-  "�%3� , 1 – �� ' '!�  



 

 

18 


$�2�# �/3  � .� ., ���6+�!#/3  4 .� .  ��%,$ 7%#  3%��#!23  " �-'(6  ���8� -

'%$(#/3!  ����3!  �  ��7, .  *%�!  – 3RRRRR (�!"�# �  1.14) [87].  �  3%��#!23% " -

,%�7�'"-  '�!  "!33%'�!)#/%  �!#%3�'!)%"�!%  *%�! . �  <' 3  3%��#!23% ��7,�-  !2 

*%�%. #��$�,/��%'  #�  �/� ,# %  2�%#   ,#�  "�-2( . :'�  "�-2(   '#!3�%'   ,#�  "'%-

�%#( "� 1 ,/  (���8%#!% ). �  #�)�$(# 3  � $ 7%#!!  �"% �� 3%7�' )#/%  2�%#(- 

�!#%3�'!)%"�!�  *%�%. ��"� $�&�6'"-  � ,  ��-3/3!  �&$�3!  ,��&  �  ,��&� . 4� "' -

'�  � #"'���*!!   1%"�%)!��%'  "!33%'�!)# "'(  �!#%3�'!)%"�!�  *%�%., �  '��7%  #� -

$!)!%  ' $(�  ���8�'%$(#/�  ��� . �%��#!23   1$�,�%'  "!33%'�!)# .  5 �3 .  �� -

"'��#"'��  ��1 )%.  2 #/ . 

   

� )                                                          1) 

�!" . 1.14. �%��#!23  3–RRRRR 

� – �!#%3�'!)%"��-  "�%3� , 1 – �� ' '!�   

 

�  "5%�!)%"�!�  3%��#!23��  �%�%,�)�  ,�!7%#!-   "�8%"'�$-%'"-  3%7,�  �2�! -

3 �%�%"%��68!3!"-   "-3!  [16]. 	#!  ��!3%#-6'"-  �  �"'� ."'���  ,$-   �!%#'�*!!  

,�!7%#!. . ��#!��$-' �/ , �/� $#-68!%  "5%�!)%"�!% ,�!7%#!- , 3 &�'  1/'(  � -

"'� %#/  #�   "# �%  ��2$!)#/�  � #"'���'!�#/�  "�%3. 	"!  �� ,#/�  !  �/� ,#/�  ���  

�%�%"%��6'"-  �   ,# .  ' )�% . :'  -�$-%'"-  !�   18!3   "� ."'� 3 . 

�!#%3�'!)%"��-  *%�(  '�� &  3%��#!23�  3 7%'  " ,%�7�'( : 

- '�!  ���8�'%$(#/%  ���/ , #�$�&�68!%  �  '�!  "�-2! : RRR, RU  
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- �-'(  ���8�'%$(#/�  ��� , #�$�&�68!�  �   ,# .  "�-2! : RRRRR,  URU [53]. 

��!1 $%%  !2�%"'# .  "�%3 .  -�$-%'"-  3%��#!23  " '�%3-  �!#%3�'!)%"�!3!  

*%�-3! , " ,%�7�8!3!  �  '�!  ���8�'%$(#/%  ���/  (�!"�# �  1.15). :' '  3%��#!23  

" "' !'  !2 '�%�  �!#%3�'!)%"�!�  *%�%.. �"%  "!  �!#%3�'!)%"�!�  ���  �%�%"%��6' -

"- .  �   ,# .  ' )�%  – #�)�$% �  �,!#�'  � ,  �&$ 3  900. �/� ,# %  2�%#  " %,!#%#  " 

'�%'(!3!  �!#%3�'!)%"�!3!  ����3!  *%�%.. �� ,# %  2�%#  ��7, .  *%�!  " %,!#%#  

" ���8�'%$(#/3  ,�!&�'%$%3. �  <' 3  3%��#!23% ��7,�-  *%�(  #�$�&�%' �  '�!   ,! -

#�� �/�  "�-2!  [51–53]. 

 

�!"�# �  1.15 –  �5%�!)%"�!.  3%��#!23  3RRR 

���& .  "�%3 .  "5%�!)%"� &  3%��#!23�  " '�%3-  "'%�%#-3!  "� 1 ,/  -�$-%' -

"-  3%��#!23 , � "'� %##/.  �  ��!#*!��   '1 ��  ��7, .  *%�(6  �   ,# .  "'%�%#! 

"� 1 ,/  – 3RRRRR (�!"�# �  1.16) [53]. 

�  <' 3  3%��#!23% #�)�$(#�-  ���8�'%$(#�-  �!#%3�'!)%"��-  ����  ��"� $ -

7%#� �%��%#,!��$-�#   "!  ,�!&�'%$- , �  ,�% �� 3%7�' )#/%  ���8�'%$(#/%  ���/  

��"� $ 7%#/  ����$$%$(#   "!  #�)�$(# .  ���/ . � #%)#�-  ���8�'%$(#�-  ����  ��" -

� $ 7%#�  �%��%#,!��$-�#   "!  �' � .  �� 3%7�' )# .  ���/  !  " ��-7%#�  " �/ -

� ,#/3  2�%# 3.  
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�!"�# �  1.16 –  �5%�!)%"�!.  3%��#!23  3RRRRR 

 

��%3�  3%��#!23� , ��%,$ 7%##�-  0%.$  � .� . (2RRRU, RU), " ,%�7!'  ,�% 

 ,!#�� �/%  �!#%3�'!)%"�!%  *%�! , '�%'(-   1%"�%)!��%'  ���8%#!%  � ���&  " 1"' -

�%## .   "!  (�!"�# �  1.17) [54]. 

 

� ) 
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  1) 

�!"�# �  1.17 –  �5%�!)%"�!.  3%��#!23  " '�%3-  �!#%3�'!)%"�!3!  *%�-3!   

2RRRU, RU 

 

�  ��1 '%  4 .� . ���6+�!#�  " " ��' ��3!   ��""3�'�!��%'"-  "5%�!)%"�!.  3� -

#!��$-' �  ����$$%$(# .  "'���'��/ , " "' -8!.  !2 '�%�   ,!#�� �/�  " %,!#!'%$( -

#/�  �!#%3�'!)%"�!�  *%�%., ��7,�-  !2 � ' �/�  " ,%�7!'  �  �-'(  ���8�'%$(#/�  

�!#%3�'!)%"�!�  ���  (�!"�# �  1.18) [108]. 	'$!)!'%$(# .   " 1%## "'(6  -�$-%'"-  

' , )'  ��!� ,/  ��"� $ 7%#/  �, $(   ,# .  �%�'!��$(# .   "! .  �  ,��& .  �!#%3� -

'!)%"� .  "�%3%, ��!� ,/  ��"� $ 7%#/  #�  ���& � .  #�����$-68%.  (�!"�# �  

1.19).  
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�!"�# �  1.18 –  �5%�!)%"�!.  3%��#!23  " "  "#  ��"� $ 7%##/3!  ��!� ,�3!  

 

�!"�# �  1.19 –  �5%�!)%"�!.  3%��#!23  " ��!� ,�3!  #�  ���& � .  #�����$-68%.  

 

�  ,�## 3  ����&��5%  ��""3 '�%#/  ��!3%�/  3%��#!23 �  " '�%3-  "'%�%#-3!  

"� 1 ,/ ,  "�8%"'�$-68!�  � "'���'%$(# %  !  ���8�'%$(# %  ,�!7%#!- . �  3%��#!2 -

3��  '�� &  �$�"��  ,$-  � $�)%#!-  , � $#!'%$(#/�  ,�!7%#!.  3 7#  , 1��!'(  %8% 

 ,#�  "'%�%#( "� 1 ,/ , #% 3%#-- �!#%3�'!)%"��6  "�%3� , �  , � $#--  %%.  
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 1.3. +����	���  ������������  
��%��%��  
  �
����	  
���
����	  (�	�����	 -

)�
���  ��������� , 	�����5��
��� , ��
����
����  ����
���)����  �������	� ) 

 

 

�%��#!23/  ����$$%$(# .  "'���'��/  -�$-6'"-  �� "'��#"'�%##/3!  �"'� . -

"'��3!  " 1 $(+!3  )!"$ 3  "'%�%#%. "� 1 ,/ . �  <'!�  3%��#!23��  !3%6'"-   1$�"'!  

 " 1/�  � $ 7%#!. , '��7%  ��!"�'"'��%'  �2�!3 �$!-#!%  ��!� , � . 4 <' 3�  ��!  

"!#'%2% '��!�  �� "'��#"'�%##/�  �"'� ."'�  *%$%"  1��2#  !"� $(2 ��'(  #%� ' �/%  

 " 1%## "'!  ("� ."'�� ), � 2� $-68!%  ��� "'!'(  �!#%3�'!)%"��6  "�%3� . 

�!#%3�'!)%"��-  ��2�-2��  � 2� $-%'  ��� "'!'(  �%+%#!% 2�,�)!    � $ 7%#!! , 

!  ���  "$%,"'�!% , 2�,�)!  ,!#�3!�!  !  �����$%#!- .   


��7%  !#'%�%"#/3  "� ."'� 3  -�$-%'"-  !2 3 �5# "'( , � &,�  ��7,/.  ��!� ,  

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

# +%#!-  3%7,�  ��!� , 3  !  �/� ,#/3  2�%# 3  1%"�%)!��%'  ' )# "'(  !  7%"'� "'(  

� 2!*! #!� ��#!- . 


��!%  �%+%#!- 1/$!  ��%,$ 7%#/  �## "%#'! , ��! , �  '��7%  #��)# .  +� $ .  

����  ��� , � 2&$��$-%3 .  
$�2�# �/3  � .� . [11]. 

�  ����  ���  
/�%" 3  � .� .1/$!  ��%,$ 7%#/  #��)#/%   "# �/  � "'� %#!-  

3�#!��$-*! ##/�  3%��#!23 �  " ��2�-2� .  ,�!7%#!.  [50]. 

�  3�#!��$-' �%  4������  " '�%3-  �!#%3�'!)%"�!3!  *%�-3!  �%�'!��$(# %  

�%�%3%8%#!% !  ����# �%+!��#!%  �%"� �/� $#-%'"-   ,#!3  ��!� , 3 , �   "'�$(#/%  

��!� ,/  �/� $#-6'  ,�!7%#!-  �  �$ "� "'! . ��2�-2��  ,�!7%#!.  3 7%'  1/'(   "�8% -

"'�$%#�  " !"� $(2 ��#!%3  +��#!�#/�  ����$$%$ &��33 � ,  1%"�%)!��68!�  �2�!3 -

#/% � "'���'%$(#/%  ,�!7%#!-  2�%#(%� (�!" .1.20). 
�� , 3 ��!� ,�   1%"�%)!��6'  3 

"'%�%#! "� 1 ,/  – �%�%3%8%#!% �  �$ "� "'! , �  4-.  ��!� ,   "�8%"'�$-%'  �%�'! -

��$(# %  �%�%3%8%#!% [72–74, 77]. 
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� ) 

 

1) 

�!"�# �  1.20 –     �%��#!23   4������   

(� - �!#%3�'!)%"��-  "�%3� , 1- 5!2!)%"��-  3 ,%$( ) 

 

��   "# ��#!!  "�%3/  4������  �!�!#�!#/3  � .� . 1/$�  ��%,$ 7%#�  �! -

#%3�'!)%"��-  "�%3�  3%��#!23� , �  � ' � 3  '�!  ��!� ,�   1%"�%)!��$!  �%�%3%8%#!% 

�  �$ "� "'! , �  )%'�%�'/.  ��!� ,  – �%�'!��$(# %  �%�%3%8%#!% (�!"�# �  1.21)      

[69, 70]. 
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� ) 

 

1) 

�!"�# �  1.21 –  �%��#!23  " )%'/�(3-  "'%�%#-3!  "� 1 ,/  

 �  –  �!#%3�'!)%"��-  "�%3� , 1 – �� ' '!�  

 

�-,   �!&!#�$(#/�  �%+%#!. 1/$  � $�)%#  � . �!�# �"�!  [113]. �  3%��#!23% 

POLMAN 2x3 ���8�'%$(#/%  !  � "'���'%$(#/%  ,�!&�'%$!  �"'�# �$%#/  #�   "# �� -
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#!!  " " �3%8%#!%3 !�   "%.  (�!"�# �  1.22). 
��!3   1��2 3 , 1/$!  � $�)%#/  ,�% 

"�%3/  3%��#!23 �  " '�%3-  "'%�%#-3!  "� 1 ,/  �  ��7, 3 . 4�!  <' 3   "�8%"'�$-%'"-  

��2�-2��  ,�!7%#!.  !  � "'���'%$(#/� , !  ���8�'%$(#/� . 

� " � .  � .� . ��%,$ 7%#/  # �/%  "�%3/  3%��#!23 �  " )%'/�(3- , �-'(6  !  

+%"'(6  "'%�%#-3!  "� 1 ,/ , �  � ' �/�  ���8�'%$(# %  ,�!7%#!%   "�8%"'�$-%'"-  " 

� 3 8(6  +��#!�#/�  ����$$%$ &��33 �  (�!"�# �  1.23) [41]. 4�%,$ 7%##/% "�%3/  

��2�!'/  #�  1�2% 3%��#!23�  	�' &$-., . 

 

 

 

�!"�# �  1.22 –  ��#!��$-' �   POLMAN 2x3 
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� ) 

 

 

1) 
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� ) 

�!" . 1.23 –  �%��#!23/   

�  –  �!#%3�'!)%"��-  "�%3�  3%��#!23�  " 4-3-  "'%�%#-3!  "� 1 ,/ ,   

1 – �!#%3�'!)%"��-  "�%3�  3%��#!23�  " 6-6  "'%�%#-3!  "� 1 ,/ ,  

 �  – �� ' '!�  3%��#!23�  " 4-3-  "'%�%#-3!  "� 1 ,/  

 


/�%" 3  � .� ., ��#!$!#/3  4 .	 . 1/$  ��%,$ 7%#  '�!� ,  3� 2 " ��!� ,�3!  #�  

 "# ��#!!  (�!"�# � 1.24) [17, 50].  4 "'���'%$(# %  ,�!7%#!%   "�8%"'�$-6'  ���8� -

'%$(# % ,�!7%#!%  �/� ,# &  2�%#�. �  <' 3  �"'� ."'�%  !"� $(2�6'"-  �#!�%�"�$( -

#/% +��#!�/ , " %,!#-68!%  �� ,# .  !  �/� ,# .  ��$/ . 4 "'���'%$(# %  ,�!7%#!%  

 1%"�%)!��%'"-  ����$$%$(# "'(6  �#%+#!�   "%.  ��%"' �!#  +��#!� �  !  ����$$%$( -

# "'(6  �� ,#/�  !  �/� ,#/�  ��$ � .  
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� ) 

 

1) 

�!"�# �  1.24 – 
�!� ,  2� 3 

� – �!#%3�'!)%"��-  "�%3� , 1 – �� ' '!�  
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��$6�!#/3  � .� . ��%,$ 7%#  3%��#!23  " �/� ,#/3  2�%# 3, ��%,"'��$-6 -

8!3  "'%�7%#( " "���' 3  #�  � #*% (�!"�# �  1.25) [67]. 	'�$ #%#!%  �� !2� ,!'"-  �  

#�����$-68!3  ,�&�3 . 4 "'���'%$(# %  ,�!7%#!%   "�8%"'�$-%'"-  2�1)�'/3!  �%�%-

,�)�3! , 2�3%#-68!3!  +��#!�#/%  ����$$%$ &��33/ . 

 

� ) 

 

1) 

�!"�# �  1.25 – �%��#!23  " +%"'(6  "'%�%#-3!  "� 1 ,/  " 2�1)�'/3!  �%�%,�)�3!  

�  –  �!#%3�'!)%"��-  "�%3�  3%��#!23� , 1 – �� ' '!�  
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� 3�# �/3  � .� . � $�)%#�  # ��-  � #"'���*!-  3%��#!23� ,  1;%,!#-68�-  � -

2!*! #!��68!. , �%�%,�' )#/.  !   �!%#'!��68!.  3%��#!23/  (�!"�# �  1.26) [46]. 

:' '  3%��#!23   1$�,�%'  "� ."'��3!  �!#%3�'!)%"� .  ��2�-2�!  � "'���'%$( -

#/�  !  ���8�'%$(#/�  ,�!7%#!. , � "' -#"'��  �%�%,�' )# &   '# +%#!-  ��!  ���8� -

'%$(#/�  ,�!7%#!-�  !   '"�'"'�!%3   " 1/�  � $ 7%#!.   �!%#'!��68%&  3%��#!23� . 

9�   "# ��  1/$  �2-'  3%��#!23  ,%$('� . �  ��7,�6  *%�( 1/$!  , 1��$%#/  ��� -

,�##/%  +��#!�/  �3%"'  ����$$%$ &��33 � . 	�!%#'!��68!%  ,�!7%#!-  �%�$!2 �� -

#/  , 1��$%#!%3  ,!55%�%#*!�$(# &  3%��#!23�  " � #!)%"�!3!  2�1)�'/3!  � $%"� -

3! . ���8�'%$(#/%  ,�!7%#!-  � $�)%#/  2� ")%'  1;%,!#%#!-  �� "'��#"'�%## &  

�/)�7# &  3%��#!23� , " ,%�7�8%&  ���,�##/%  +��#!�/ , �$ "� & , "5%�!)%"� &  

!  2�1)�'/�  3%��#!23 � , " ,%�7�8!�  � ,�!7#/%   "! . 4�!  <' 3  3%��#!23  #% !3%%' 

 " 1/�  � $ 7%#!. . 

 

� ) 
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1) 

�!"�# �  1.26 – �%��#!23  "  " 6-6  "'%�%#-3!  "� 1 ,/  #�  1�2% 3%��#!23�  ,%$('�    

�  – �!#%3�'!)%"��-  "�%3�  3%��#!23� , 1 – �� ' '!�  

 

� �/.  3%��#!23  1/$  ��%,$ 7%#  �,��!# .  
 .� . [21]. ��' � 3  ��2��1 '�#  

!2 3 �5#/.  � "'���'%$(# -#�����$-68!.  3%��#!23  " �!#%3�'!)%"�!3!  *%�-3! , 

#% " ,%�7�8!3!  � "'���'%$(#/�  ���  !  !3%68!.  , � $#!'%$(#�6  *%�( ,$-  �%�%-

,�)!  ���8�'%$(#/�  ,�!7%#!.  (�!"�# �  1.27). 
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�!"�# �  1.27 –  �2 3 �5#/.  3%��#!23  

 

���&!3  �%+%#!%3 " !"� $(2 ��#!%3  "� ."'��  )�"'!)# .  ��2�-2�!  ,�!7%#!.  

-�$-%'"-  3�#!��$-' � , ��%,$ 7%##/.  �  �!#&  �%# 3  " " ��' ��3!   (�!"�# �  1.28) 

[122]. �  #%3 � "'���'%$(#/%  !  ���8�'%$(#/%  ��!� ,/  " " �3%8%##/3!   "-3!   

��23%8%#/ #�   "# ��#!! .  
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�!"�# �  1.28 – ��#!��$-' �  � . �!#&  �%#�  

 

�#�$ &!)#/%  �%2�$('�'/  1/$!   �!"�#/  �  ��1$!��*!-�  [78, 79, 97, 106, 111]. 

�%� ' �/%  ��!3%�/  '��!�  "'���'��  ��%,"'��$%#/  #�  �!"�#�%  1.29. �$-  <'!�  3%��-

#!23 �   18!3!  "� ."'��3!  -�$-6'"-   !2 3 �5# "'(  3%��#!23� , � &,�  ��7,/.  

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

4%�%,�' )# %   '# +%#!%  ���#  %,!#!*%. 

 



 

 

35 

 
� )  

 
1)  

 

 
� )  
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� )  

 

%)  

�!" . 1.29 �%��#!23/  "  "� ."'� 3  !2 3 �5# "'!  

� – 3�#!��$-' �/  3-PRRRR,  1 – 3-PRRR, �  – 3-PRRR, & –  3-PRRRR,  

,  – 3-PRRRR, % – 3-RRRRR 

 

��!3   1��2 3 , � ��2�#/  3%��#!23/  ����$$%$(# .  "'���'��/ ,  1$�,�68!%  

"� ."'��3!  )�"'!)# .  ��2�-2�!  ,�!7%#!. , !2 3 �5# "'(6  !   � "' -#"'� 3  �%�%-

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

'!�! ,  ,!#�3!�!  !  %&  "!"'%3�  �����$%#!- . 
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���%������  	  ����
�  ��  �����  

 
 
 
1. 4� �%,%##/.  �#�$!2  � ��2/��%' , )'  3%��#!23/  ����$$%$(# .  "'���'��/  #� -

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

8%"'� , '��!�  ���  ' )# "'( , 7%"'� "'( , �/" �!%  "� � "'!  �%�%3%8%#!-. 

2. ��!1 $%%  ��!3%#-%3/% 3%��#!23/  ����$$%$(# .  "'���'��/  �  '%�#!)%"�!�  �"' -

� ."'���  <'  3%��#!23/  " +%"'(6  "'%�%#-3!  "� 1 ,/ , �  '��7%  � "'���'%$(#/%  !  

"5%�!)%"�!% 3%��#!23/  " '�%3-  "'%�%#-3!  "� 1 ,/ . 

 3. �%��#!23/  " +%"'(6  "'%�%#-3!  "� 1 ,/  -�$-6'"-  "$ 7#/3!  '%�#!)%"�!3!  

�"'� ."'��3! . �$-  ��� 8%#!-  "!"'%3/  ����#%#!. ,  �!"/��68!�  �!#%3�'!)% -

"��6  !  ,!#!3!)%"��6  �2�!3 "�-2(  3%7,�  ��!� ,�3!  !  �/� ,#/3  2�%# 3 � 2 -

3 7#  !"� $(2 ��'(  "� ."'��  �!#%3�'!)%"� .  ��2�-2�! . 

 4. �%��#!23/  ����$$%$(# .  "'���'��/  3 &�'   1$�,�'(  , � $#!'%$(#/3!  "� . -

"'��3!  !2 3 �5# "'!  !  � "' -#"'��  �%�%,�' )# &   '# +%#!- . 
��!%  "� ."'��  

� 2� $-%'  ��� "'!'(  "!"'%3�  �����$%#!- , � �/"!'(  ' )# "'(  !  7%"'� "'( . 

5. 	,#!3  !2 #�����$%#!.  !""$%, ��#!.  3%��#!23 �  ����$$%$(# .  "'���'��/  -� -

$-%'"- "!#'%2 3%��#!23 �  " +%"'(6  "'%�%#-3!  "� 1 ,/ ,  1$�,�68!�  "� ."'��3!  

�!#%3�'!)"� .  ��2�-2�! , !2 3 �5# "'!  !  � "' -#"'��  �%�%,�' )# &   '# +%#!- . 


��!%  3%��#!23/  � 2� $-6'  � $�)�'(   ',%$(#  � "'���'%$(#/%  !$!  ���8�'%$( -

#/% ,�!7%#!-  !$!  !�  � 31!#�*!6 . 
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��� �  2. -*�34*3�"/2  -#"*!( , (�$�6�  �  ,���7!"##  

+!0�"#(+�  -  8!-*19  -*!,!":+#  - �.�$/ , #+!9;#0  

��*���"��1"�  ��-,���7!""/!  ,��/  $ #��*!�!2  -  

,�,��"�  ,�����!�1"/+#  �-:+#  

 

 

 

�  &$��% ��%,"'��$%#/  # �/%  3%��#!23/  " +%"'(6  "'%�%#-3!  "� 1 ,/ . 4 -

��2�#  !�  "'���'��#/.  "!#'%2 !  �!#%3�'!)%"�!.  �#�$!2 . 4�%,"'��$%#  �%+%#!% 

2�,�)!    � $ 7%#!! .  ��   "# �%  2�,�)!    � $ 7%#!!  !""$%, ��#�  ��1 )�-  2 #�  

3%��#!23 � . 4�%,"'��$%#  �%+%#!% 2�,�)!  �!#%3�'!)%"� .  ' )# "'!  3%��#!23� . 

 

 

  

2.1. #
���������	�    ��%��  �	����  
��  �����
��	�  
��%��%�����  

����	��  �����	����  
 

 

 

�  ����&��5%  � ��2�#  "'���'��#/.  "!#'%2 �� "'��#"'�%##/�  3%��#!23 � , 

 "# ��##/.  #�  ������'%  2�3�#�'/�  &����  �!#' � . 


% �!-  �!#' �  1/$�  ��2�!'�  '��,�3!  !""$%, ��'%$%.  [8, 11, 19, 20, 81, 87, 

105]. 

4�!  "!#'%2% # �/�  �� "'��#"'�%##/�  3%��#!23 �  ��!3%#-%'"-  � ,� , ,  " -

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

&�����  �!#' �  3 7%'  1/'(  ��%,"'��$%#�  $!1   ,# .  ���8�'%$(# . , $!1  � "'��� -

'%$(# .  ��� . , $!1  �!#' � .  ��� . . ��!7%#!%   �!"/��%'"-   ,#!3  �!#%3�'!)% -

"�!3  �!#' 3 . 
�� , ,$-  ���8�'%$(# .  ���/  �!#%3�'!)%"�!.  �!#'  !3%%' �  �,!#� -

'/  < 1 (1, 0, 0, 0, 0, 0), ,$-  � "'���'%$(# .        < 1 (0, 0, 0, 1, 0, 0), ,$-  �!#' � .  < 1 

(1, 0, 0, p, 0, 0). 	,# 3�  �!#%3�'!)%"� 3�  �!#'�  �2�!3#/  �-'(  "!$ �/�  �!#' �  R1, 

R2, R3, R4 , R5. 
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����)$%##/%  &����/  �!#' �  3 &�'  1/'(  ��%,"'��$%#/  $!1   ,# .  *!$!#, -

�!)%"� .  < 1 (1, 0, 0, 1, 0, 0),  $!1  ,��3-  � "'���'%$(#/3!  ����3!  " �  �,!#�'� -

3!  �!#%3�'!)%"�!�  �!#' �  < 1(0, 0, 0, 1, 0, 0), < 2 (0, 0, 0, 0, 1, 0), $!1  ,��3-  ��� -

8�'%$(#/3!  ����3!  " �  �,!#�'�3!  �!#%3�'!)%"�!�  �!#' �  < 1 (1, 0, 0, 0, 0, 0), 

< 2 (0, 1, 0, 0, 0, 0). :'!3  ,��3  �!#%3�'!)%"�!3  �!#'�3  �2�!3#/  )%'/�%  "!$ �/�  

�!#'�  R1, R2, R3, R4. 

��""3 '�!3  '�%�)$%##/%  &����/  �!#' � . 
�%�)$%##/% &����/  �!#' �  3 -

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

<' 3  "$�)�%  ��%,"'��$-%'"-  $!1  � "'���'%$(#/. , $!1  "5%�!)%"�!.  3%��#!23/ . 

4 "'���'%$(#/.  3%��#!23  ��%,"'��$%#  '�%3-  �!#'�3!  1%"� #%)# &  ����3%'��  

()!"'/.  3 3%#' ) "  '�%'"'�%##                           < 1 (0, 0, 0, 1, 0, 0), < 2 (0 ,0, 0, 0, 1, 

0,),  < 3 (0, 0, 0, 0, 0, 1), )'  "  '�%'"'��%'  '�%3  � "'���'%$(#/3  ����3 . �5%�!)% -

"�!.  3%��#!23  ��%,"'��$%#  '�%3-  �!#'�3!  #�$%� &  ����3%'��  ()!"'/.  �%�' � ) 

< 1 (1, 0, 0, 0, 0, 0),                < 2 (0, 1, 0, 0, 0, 0,),  < 3 (0, 0, 1, 0, 0, 0), )'  "  '�%'"' -

��%'  '�%3  ���8�'%$(#/3  ����3  "  "-3! , �%�%"%��68!3!"-  �   ,# .  ' )�% . 

4$ "�!.  3%��#!23  " '�%3-  "'%�%#-3!  "� 1 ,/  '��7%  3 7%'  1/'(  ��%,"'�� -

$%# '�%�)$%## .  &���� .  �!#' � : ,��3-  �!#'�3!  1%"� #%)# &  ����3%'��  !   , -

#!3  - #�$%� & . 

4�!  ��""3 '�%#!!  � "'���'%$(#/�  3%��#!23 �  ��7,�-  �!#%3�'!)%"��-  

*%�(  3 7%'  " ,%�7�'(   ,#�  ��!� ,#�6  � "'���'%$(#�6  ����  !  ,�% #%��!� ,#/%  

� "'���'%$(#/%  ���/  (�!"�# �  2.1). 4�!)%3 , � "'���'%$(#/%  ���/  3 &�'  1/'(  

�/� $#%#/  �  �!,%  +��#!�#/�  ����$$%$ &��33 � .  

�  <' 3  "$�)�%  %,!#!)#/%  �!#'/  !3%6'  �  �,!#�'/ :  

� 11(0, 0, 0, 1, 0, 0)     � 12 (0, 0, 0, 0, 0, 1)   � 13(0, 0, 0, 0, 1, 0)     

� 21(0, 0, 0, 0, 0, 1)      � 22(0, 0, 0, 0, 1, 0)       � 23(0, 0, 0, 1, 0, 0)      

 � 31(0, 0, 0, 0, 1, 0)      � 32(0, 0, 0, 1, 0, 0)      � 33(0, 0, 0, 0, 0, 1). 
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�!"�# �   2.1 4 "'���'%$(#/.  3%��#!23  " '�%3-  "'%�%#-3!  "� 1 ,/  

 

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

!3%6'  �  �,!#�'/ : R1 (0, 0, 0, 1, 0, 0),   R2 (0, 0, 0, 0, 0, 1),   R3 (0, 0, 0, 0, 1, 0).  


�%�)$%##�-  &�����  �!#' � , ��%,"'��$%##�-  '�%3-  �!#'�3!  1%"� #%)# &  

����3%'�� , �����'%�!2�%'  � "'���'%$(#/.  3%��#!23 . 

��""3 '�!3  "5%�!)%"�!.  3%��#!23  (�!"�# �  2.2.). ��7,�-  �!#%3�'!)%"��-  

*%�(  " ,%�7!'   ,#�  ��!� ,#�6  ���8�'%$(#�6  ����  !  )%'/�%  #%��!� ,#/%  ��� -

8�'%$(#/%  ���/ . 	"!  �� ,#/�  !  �/� ,#/�  ���  �%�%"%��6'"-  �   ,# .  ' )�% . 	"!  

'�%�  �� 3%7�' )#/�  ���  ����$$%$(#/ .  
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�!"�# �  2.2. �5%�!)%"�!.  3%��#!23  " '�%3-  "'%�%#-3!  "� 1 ,/  

 

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

'/  !3%6'  �  �,!#�'/ :  

–� 11(1, 0, 0, 0, 0, 0),  � 12(e12x, e12y, e12z, 0, 0, 0), � 13(e13x, e13y, e13z, 0, 0, 0),                     

� 14(e14x, e14y, e14z, 0, 0, 0),  � 15(e15x, e15y, e15z, 0, 0, 0),   

–� 21(0, 1, 0, 0, 0, 0),    � 22(e22x, e22y, e22z, 0, 0, 0),  � 23(e23x, e23y, e23z, 0, 0, 0),                  

� 24(e24x, e24y, e24z, 0, 0, 0), � 25(e25x, e25y, e25z, 0, 0, 0),   

–� 31(0, 0, 1, 0, 0, 0),    � 32(e32x, e32y, e32z, 0, 0, 0),      � 33(e33x, e33y, e33z, 0, 0, 0),             

� 34(e34x, e34y, e34z, 0, 0, 0), � 35(e35x, e35y, e35z, 0, 0, 0).     

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

!3%6'  �  �,!#�'/ :  

R1 (1, 0, 0, 0, 0, 0),          R2 (0, 1, 0, 0, 0, 0),           R3 (0, 0, 1, 0, 0, 0).       

 
�%�)$%##�-  &�����  �!#' � , ��%,"'��$-%3�-  '�%3-  �!#'�3!  #�$%� &  ���� -

3%'�� , "  '�%'"'��%'  "5%�!)%"� 3�  3%��#!23� . 
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��""3 '�!3  3%��#!23/  " +%"'(6  "'%�%#-3!  "� 1 ,/ . �%"'!)$%##�-  &��� -

��  �!#' �  "  '�%'"'��%'  �� "'��#"'�%## 3�  3%��#!23�  " +%"'(6  "'%�%#-3!  "� -

1 ,/  (�!"�# �  2.3). ��""3�'�!��%3/.  3%��#!23   1$�,�%'  "� ."'� 3  ��2�-2�!  ,�! -

7%#!. . �,!#!)#/%  �!#'/   "%.  �!#%3�'!)%"�!�  ��� : 

–� 11(1, 0, 0, 0, 0, 0),    � 12(0, 0, 1, 0, 0, 0),      � 13(0, 1, 0, 0, 0, 0),            

� 14(e14x, e14y, e14z, 0, 0, 0),  � 15(e15x, e15y, e15z, 0, 0, 0),   � 16(e15x, e15y, e15z, 0, 0, 0);    

–� 21(0, 0, 1, 0, 0, 0),    � 22(0, 1, 0, 0, 0, 0),      � 23(1, 0, 0, 0, 0, 0),                  

� 24(e24x, e24y, e24z, 0, 0, 0), � 25(e25x, e25y, e25z, 0, 0, 0),  � 26(0, 0, 1, 0, 0, 0);   

– � 31(0, 1, 0, 0, 0, 0),    � 32(1, 0, 0, 0, 0, 0),      � 33(0, 0, 1, 0, 0, 0),           

� 34(e34x, e34y, e34z, 0, 0, 0), � 35(e35x, e35y, e35z, 0, 0, 0),  � 36(e36x, e36y, e36z, 0, 0, 0).   

�!#'/  � i1, � i2, � i3 – 1%"� #%)#  1 $(+ &  ����3%'�� . �!#'/  � i4, � i5, � i6 – 

#�$%� &  ����3%'�� .  

�!#%3�'!)%"�!%  �!#'/  3 &�'  1/'(  ��%,"'��$%#/  �  "$%,�68%3 �!,% : 

? 1 (1, 0, 0, 0, 0, 0), ? 2 (0, 1, 0, 0, 0, 0),  ? 3 (0, 0, 1, 0, 0, 0),  ? 4 (0, 0, 0, 1, 0, 0), 

? 5 (0, 0, 0, 0, 1, 0), ? 6 (0, 0, 0, 0, 0, 1).  

��$!)!%   " 1/�  � $ 7%#!.  �  3%��#!23% � 23 7#  �  "$�)�% , %"$! �"% +%"'(  

%,!#!)#/�  �!#' �  � i1, � i2, � i3, � i4, � i5, � i6  $!#%.#  2��!"!3/ . 
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�!"�# �  2.3. 4� "'��#"'�%##/.  3%��#!23  " +%"'(6  "'%�%#-3!  "� 1 ,/  

 

��  <' 3  ������'%  2�3�#�'/�  &����  �!#' �  � ��2�#/  ��!#*!�/  � "'� %#!-  

# �/�  3%��#!23 � . 
��7%  #�   "# �%  '�� &  � ,� ,�  3 7#  �� � ,!'(  !�  �$�""! -

5!��*!6 . 

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

��#  ,$-  �%+%#!- 2�,�)!  "!$ � &  �#�$!2�  !""$%,�%3/�  3%��#!23 � . 
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2.2. -��%��%����  
	����  �����  �����	����  
 

 

�  ����&��5%  � ��2�#  "'���'��#/.  "!#'%2 3%��#!23 �  " +%"'(6  "'%�%#-3!  

"� 1 ,/ . 

	,#!3  !2 3%��#!23 �  " ���2�##/3!  �/+%  "� ."'��3!  1/$  3%��#!23 , ��%, -

$ 7%##/.  � #%�/3   - Hexapteron [115]. :' '  3%��#!23  " ,%�7!'  +%"'(  �!#%3� -

'!)%"�!�  *%�%. (�!"�# �  2.4). ��7,/%  ,��  ��!� ,�  ��"� $ 7%#/  #�    "-�  x, y, z 

"  '�%'"'�%## . :' '  3%��#!23   1$�,�%'  �!#%3�'!)%"� .  ��2�-2� .  � "'���'%$( -

#/�  !  ���8�'%$(#/�  ,�!7%#!. . 

 

 

� )  
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1) 

�!"�# �  2.4  �%��#!23  � . � #%��  (Hexapteron) 

�  –  �!#%3�'!)%"��-  "�%3� ; 1 – �� ' '!�  
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�%��#!23  � . � #%��  �/1��#  �� ' '!� 3  ��2��1 '�##/�  # �/�  3�#!��$- -

*! ##/�  3%��#!23 �  (�!"�# �  2.5, 2.6)  [43, 44]. � �/%  3%��#!23/   1$�,�6'  +%-

"'(6  "'%�%#-3!  "� 1 ,/ .  ��7,�-  �!#%3�'!)%"��-  *%�(  " ,%�7!'  �   ,# .  ��! -

� ,# .  � "'���'%$(# .  ���% . 4�!� ,/  3 &�'  1/'(  �/� $#%#/  " ���8�'%$(#/3!  

,�!&�'%$-3!  $!1  � "'���'%$(#/3! . 	" 1%## "'(6  <'!�  3%��#!23 �  -�$-%'"-  ' , 

)'  ���/  ��!� , �  ,�!7�'"-  ����$$%$(#   �' & #�$(#/3   "-3 , ��!� ,/  �  �����  

��"� $ 7%#/   �2�!3#  �� '!� � $ 7# . 4�%,$ 7%##/% "�%3/   1%"�%)!��6'  

1 $(+�6  7%"'� "'( , ' )# "'(  !  &��2 � ,;%3# "'( . 

��7,�-  �!#%3�'!)%"��-  *%�(  " ,%�7!'   ,#�  ��!� ,#�6  � "'���'%$(#�6  

����  [43, 104].  ��%3�  3%��#!23�  3 7#  2��!"�'(  �  �!,%  6PRRS (�!"�# �  2.5). 

 

 

�!"�# �  2.5 �%��#!23/  6PRRS 

 

4�!3%#!�  5 �3�$�  � 3 �� -��$/+%�� , � $�)�%3  )!"$  "'%�%#%. "� 1 ,/ : 
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6364665)114(6345)1(6 345 =×-×-×--×=×-×-×--×= pppnW  

&,% n – )!"$  2�%#(%�; p5  – )!"$  ���  �-' &  �$�""�  ( ,# � ,�!7#/�  ��� ); p4  

– )!"$  ���  )%'�%�' &  �$�""�  (,���� ,�!7#/�  ��� ), p3  – )!"$  ���  '�%'(%&   

�$�""�  ('�%�� ,�!7#/�  ��� ). 

	"# ��#!%  �/� $#%#  �  �!,%  �%1%� ��1� . �/� ,# %  2�%#  �/� $#%#  '��7%  

�  �!,%  ��1� . �%��#!23  " ,%�7!'  +%"'(  �!#%3�'!)%"�!�  *%�%.. ��7,�-  *%�(  " -

,%�7!'  �� ,#�6  ,���� ,�!7#�6  *!$!#,�!)%"��6  �!#%3�'!)%"��6  ���� , ��"� -

$ 7%##�6  ����$$%$(#   ,# .  !2  "%.  ,%���' � .  "!"'%3/  �  �,!#�' . 	"(  �� -

3%7�' )# .  *!$!#,�!)%"� .  �!#%3�'!)%"� .  ���/  ����$$%$(#�   "!  �� ,# .  �� -

�/ . � #%)#�-  "5%�!)%"��-  ����  " ��-7%#�  " �/� ,#/3  2�%# 3 �  *%#'�% "  '�%' -

"��68%&  �%1��  ��1�  �/� ,# &  2�%#�. 

	"!  �� ,#/�  ,���� ,�!7#/�  *!$!#,�!)%"�!�  ���  � ���#  ����$$%$(#/%  

,��&  ,��&�  !  ��"� $ 7%#/  #�  ,!�& #�$(#  �� '!� � $ 7#/�  �%1���  ��1�   "# �� -

#!- , �  *%#'�/  "  '�%'"'��68!�  � #%)#/�  "5%�!)%"�!�  �!#%3�'!)%"�!�  ���  ��" -

� $ 7%#/  #�  ����$$%$(#/�  ,!�& #�$(#  �� '!� � $ 7#/�  �%1���  ��1�  �/� ,# -

&  2�%#�. 

���&!3  ���!�#' 3  !"� $#%#!-  3%��#!23�  3 7%'  1/'(  "�%3�  6PRPS (�!"� -

# �  2.6) [44].  :' '  3%��#!23  " ,%�7!'  +%"'(  �!#%3�'!)%"�!�  *%�%. !  +%"'(  ��! -

� , � . ��7,�-  *%�(  " ,%�7!'  �� ,#�6  ,���� ,�!7#�6  *!$!#,�!)%"��6  �!#%3� -

'!)%"��6  ���� , ��"� $ 7%##�6  ����$$%$(#   ,# .  !2  "%.  ,%���' � .  "!"'%3/  

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

$%$(#/% ,��&  ,��&�  !  ��"� $ 7%#/  #�  ,!�& #�$(#  �� '!� � $ 7#/�  �%1���  �� -

1�   "# ��#!- . :' '  3%��#!23   '$!)�%'"-   '  ��%,/,�8%&  '%3, )'  �  ��7, .  �! -

#%3�'!)%"� .  *%�!   " ,%�7!'"-  �� 3%7�' )#�-  � "'���'%$(#�-  ���� . 

�!"$  "'%�%#%. "� 1 ,/  <' &  3%��#!23�   ��%,%$-%'"-  �  5 �3�$% : 

6364665)114(6345)1(6
345

=×-×-×--×=×-×-×--×= pppnW  
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�!"�# �  2.6 �%��#!23/   6PRPS 

 

 

 

2.3. �����	�  ��
�)	  �  �������		  

 

 

	,# .  !2 &$��#/�  2�,�)  -�$-%'"-  2�,�)�    � $ 7%#!! . �/� ,# %  2�%#  !3%-

%' 5 �3�  ��1�  "  "' � # .  2a. �  �,!#�'/  ' )%�  "5%�!)%"�!�  �!#%3�'!)%"�!�  

���  ��1�  �/� ,# &  2�%#�: A1(0, a, -a) A2 (0, -a, a), A3(-a, 0, a), A4(a, 0, -a),  A5(-a, a, 

0), A6(a, -a, 0). 



 

 

49 

=%#'�  � ,�!7# .  "!"'%3/  �  �,!#�'  �  #%� ,�!7# .  "!"'%3% �  �,!#�'  

 ��%,%$!3  ���   (x0, y0, z0). �  �,!#�'/   "%.  ��!� , � : q1(x1, 0, 0),  q2(x2, 0, 0),  q3(0, 

y1, 0), q4(0, y2, 0),  q5(0, 0, z1),  q6(0, 0, z2). 4�!  ,�!7%#!!  ��!� ,�  !23%#-%'"- ' $(�  

 ,#�  �  �,!#�'� , �, $(   "!  � ' � .   #  �%�%3%8�%'"-. 
 &,�  ����#%#!-  ,$-   ��% -

,%$%#!- <' .  �  �,!#�'/  3 7#  2��!"�'(  �  "$%,�68%3 �!,% : 
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&,% R – 3�'�!*�  � � � '�  � ���&   "%.  x, y, z  . 

��'�!*�  R 3 7#  ��%,"'��!'(  5 �3�$ .  R=� 3·� 2·� 1, &,%   

� 1 – 3�'�!*�  � � � '�  � ���&   "!  �   
�
�
�

�

�

�
�
�

�

�

aa

a-a=

cossin0

sincos0

001

1A ; 

� 2 – 3�'�!*�  � � � '�  � ���&   "!  y 
�
�
�

�

�

�
�
�

�

�

bb-

bb

=

cos0sin

010

sin0cos

2A ; 

� 3 – 3�'�!*�  � � � '�  � ���&   "!  z 
�
�
�

�

�

�
�
�

�

�
gg

g-g

=

100

0cossin

0sincos

3A . 

��'�!*�  R 3 7#  2��!"�'(  �  �!,% : 

.

coscossincossin

sincossinsincossinsinsincoscossincos

sincoscossinsinsincossinsincoscoscos

�
�
�

�

�

�
�
�

�

�

a×ba×bb-

a×g-b×g×ag×b×a+g×ag×b

b×g×a+g×ag×a-a×b×gb×g

=R  

4�!3%�  �%+%#!-  1��'# .  2�,�)!    � $ 7%#!! .  
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9�,�,!3  �  �,!#�'/  �/� ,# &  2�%#� ' .�  (3,0; 3,5; 4,0),  �&$/   @=200, A=100,   

B=100. 
 &,�  �  �,!#�'/  ��!� , �  1�,�'  ���#/ :   q1= 3,325,  q2=2,675,  q3=3,979,     

q4=3,021;   q5=3,857;  q6=4,163. 

4�%,$ 7%##/.  3%��#!23   1$�,�%'  "� ."'� 3  )�"'!)# .  �!#%3�'!)%"� .  

��2�-2�!  (� 23 7# "'(  � $�)%#!-  ' $(�  � "'���'%$(#/� , ' $(�  ���8�'%$(#/�  

,�!7%#!.  !$!  !�  � 31!#�*!! ). 4 <' 3�  "!"'%3�  ����#%#!.  �!#%3�'!�!  ��"��,� -

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

3 7# "'(  ��� "'!'(  �%+%#!% 2�,�)!  �!#%3�'!�! , �  ,!#�3!)%"��-  ��2�-2��  � 2� -

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

,�!7%#!.  #% 1� ,!3   ,# ��%3%## %  ,# #�����$%## %  ,�!7%#!%  ��!� , � , 

�����$-68!�   ,# .  �  �,!#�' .  �/� ,# &  2�%#� (q1, q2 �����$-6'  �  �,!#�' .  

x; q3, q4 �����$-6'  y, �   q5, q6 �  �,!#�' .   z). �$-  � $�)%#!-  ' $(�  ���8�'%$( -

#/�  ,�!7%#!.  #% 1� ,!3   ��2# #�����$%## %  �%�%3%8%#!% "  ,!#�� � .  "� -

� "'(6  ��!� , �  q1, q2;  ��!� , �  q3, q4;  ��!� , �  q5, q6. 

 
 
 

2.4. ����)��  ����  
 
 
 

	,# .  !2 ��7#/�   �����'%�!"'!�  3�#!��$-*! ##/�  3%��#!23 �  -�$-%'"-  

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

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

��-3 .  2�,�)!    � $ 7%#!! . 9#�)%#!-   1 18%##/�  �  �,!#�'   3�#!��$-' ��  qi,  

i=1,….., N   #�� ,-'"-   �  ��%,%$�� ,  1�"$ �$%##/�  � #"'���*!%.  3%��#!23� : 

maxmin iii qqq ££ . 

��7, 3�  2#�)%#!6   1 18%##/�  �  �,!#�'  "  '�%'"'��%'   ��%,%$%## % � -

$ 7%#!% �/� ,# &  2�%#� [59]. �!#%3�'!)%"��-  "�%3�   ��%,%$-%' &��#!*�  ��1 -

)%&  �� "'��#"'�� . 	*%#��  ��23%��  !  5 �3/  ��1 )%.  2 #/   ��%,%$-%'"-  �%+%#!-

%3 2�,�)!    � $ 7%#!! . 4�!  <' 3  !"� $(2�6'"-  !'%��*! ##/%  �$& �!'3/ . �$-  

3%��#!23�  �  $61 .  ' )�%  %&  ��1 )%&  �� "'��#"'��  ����#%#!-  "�-2!  , $7#/   1 -
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��8�'("-  �  ' 7,%"'�� . �  ��7, .  ' )�%  ��1 )%.  2 #/  3%��#!23�   "�8%"'��6'  �%-

+%#!-  ��-3 .  !   1��'# .  2�,�)!    � $ 7%#!! . �#% ��1 )%.  2 #/ , "  '�%'"'�%# -

# , �%+!'(  ����#%#!-  "�-2!  #%� 23 7# .   

4 $�)%##/%  ' )�!  " "'��$-6'  ��1 )�6  2 #� . 	1;%3  ��1 )%&  �� "'��#"'��  

 ��%,%$-%'"-  �%+%#!%3  2�,�)!    � $ 7%#!!  )!"$%##/3  3%' , 3  �  ��2��1 '�# -

# 3�  �$& �!'3�   (�!"�# �  2.7). 4� &��33�  ��!�%,%#�  �  4�!$ 7%#!!  1. 

4�!  !""$%, ��#!!  ��1 )%.  2 #/  3%��#!23�  #% 1� ,!3  �)!'/��'(   &��#! -

)%#!- – ,$!#/  �� 3%7�' )#/�  2�%#(%� *%�%. 3%��#!23� .  


% 3%'�!)%"�!%   &��#!)%#!-  1�,�'   �!"/��'("-  "$%,�68%.  "!"'%3 .  

����#%#!. : 

�$!#/  �%�� &  !  �' � &  2�%#� ,$-  ��7, .  *%�!  "  '�%'"'�%##   L1, L2         (L1> L2 ) 

	&��#!)%#!-  ,$-  1-.  *%�! : 

 - 1) ( ) ( ) 21

2

1

2

1 LLzAyA AA +£++-  

- 2) ( ) ( ) 21

2

1

2

1 LLzAyA AA -³++-  

�  �,!#�'/  yA1, zA1 
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; 

	&��#!)%#!-  ,$-  2-.  *%�! : 

- 3) ( ) ( ) 21
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2 LLzAyA AA +£-++  

- 4) ( ) ( ) 21
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2 LLzAyA AA -³-++  

�  �,!#�'/  yA2, zA2 
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 	&��#!)%#!-  ,$-  3-.  *%�! : 

- 5) ( ) ( ) 21
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3 LLzAxA AA +£-++  

- 6) ( ) ( ) 21
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3 LLzAxA AA -³-++  
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�  �,!#�'/  xA3, zA3 
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	&��#!)%#!-  ,$-  4-.  *%�! : 

- 7) ( ) ( ) 21
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2

4 LLzAxA AA +£++-  

- 8) ( ) ( ) 21
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4 LLzAxA AA -³++-  

�  �,!#�'/   xA4, zA4 
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	&��#!)%#!-  ,$-  5-.  *%�! : 

- 9) ( ) ( ) 21
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2

5 LLyAxA AA +£-++  

- 10) ( ) ( ) 21
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5 LLyAxA AA -³-++  
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	&��#!)%#!-  ,$-  6-.  *%�! : 

- 11) ( ) ( ) 21
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2

6 LLyAxA AA +£++-  

- 12) ( ) ( ) 21

2

6

2

6 LLyAxA AA -³++-  

�  �,!#�'/   xA6, zA6 

�
�
�

�

�

�
�
�

�

� -

×+
�
�
�

�

�

�
�
�

�

�
=

�
�
�

�

�

�
�
�

�

�

0

1

1

0

0

0

6

6

6

R

z

y

x

z

y

x

A

A

A

 

&,% �  – ,$!#�  �%1��  #%� ,�!7# &  ��1�   "# ��#!- . 

 



 

 

53 

 

�!"�# �  2.7  �$ � -"�%3�   ��%,%$%#!- ��1 )%.  2 #/  
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� �3�  !  ��23%�/  ��1 )%.  2 #/  3%��#!23�  2��!"-'  #% ' $(�   '  "  '# +% -

#!-  ��23%� �  �%1%� �� ,# &  !  �/� ,# &  2�%#(%� !   �!%#'�*!!  �/� ,# &  2�%#�, 

#  !   '  ,$!#  2�%#(%� L1 !  L2.  �""$%,�%3  ��1 )�6  2 #�  3%��#!23�  "  "# ��#!%3   �  

5 �3%  ��1�  " ,$!# .  �%1�� , ���# .  2�  (� =10), !  �/� ,#/3  2�%# 3 �  5 �3%  ��1�  " 

�%1� 3 , ���#/3  2�  (� =1), "  �"%3!  �� 3%7�' )#/3!  2�%#(-3!   ,!#�� � .  ,$!#/  

(L1=L2=A).   

��1 )�-  2 #�  3%��#!23�   &��#!)%#�  � �%��# "'(6 , � ' ��6   1��2�%'  3# -

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

# % ,�!7%#!% , ��!� ,/  ,�!7�'"-  �, $(   "%.  �  �,!#�'  �  ,!���2 #%  [(-A+a); (A-

a)]. ��23%�  ,!���2 #�  h 3 7#  2��!"�'(  �  �!,% : 

h = 2 (A – a). 

�  ��7, .  !2 +%"'!  �!#%3�'!)%"�!�  *%�%. 3��"!3�$(#  �,�$%## %   '   "!  

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

 ���7# "'! ,  1��2 ��## .  ���8%#!%3  � ���&   "!  "  '�%'"'��68%&  ��!� ,� . 

	)%�!,# , #�!1 $(+%% 2#�)%#!% ��,!�"�  '�� &  ���8%#!-  , "'!7!3  ��!  «��2� -

��)!��#!! » 2�%#(%� L1 !  L2  �  ��-3�6  $!#!6  (�& $  3%7,�  L1 !  L2 ���%#  180 ) !   � -

�%,%$-%'"- "�33 .  ,$!#  2�%#(%� L1 !  L2  !  � $ �!#/  ,!�& #�$!  &��#!  ��1�  �/� , -

# &  2�%#�: 

221 aLL ++ . 

!$!  "  �)%' 3  L1 = L2 = � : 

22 aA+ , 

4%�%"%��68!%"- *!$!#,�/ , � "'� %##/%  � ���&   "%.  ��7, .  ���/  ��!� -

, � , �%�%"%��-"(,  1��2�6'  5!&��� , !3%68�6   "( , ����$$%$(#�6  "  '�%'"'��6 -

8%.  "!  "!"'%3/  �  �,!#�' . ��7,�-  '���-  5!&���  #��$�,/��%'  "� !   &��#!)%#!-  

#�  ��1 )�6  2 #� . 4�!� ,/  q1  !   q2  ,�!7�'"-  �, $(   "!  � . 	&��#!)%#!-  ��1 '/  

<'!�  ��!� , �  ��%,"'��$-%'  " 1 .  5!&���  "  �%�%"%��68!3!"-  *!$!#,��3!  " 

 "(6 , ����$$%$(# .   "!  x (�!" . 2.8). 
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�!"�# �  2.8 �!&���  "  �%�%"%��68!3!"-  *!$!#,��3!  "  "(6 , ����$$%$(# .   "!  x 

 
 
	&��#!)%#!-  ��1 '/  ��!� , �  q3, q4  1��2�6'  5!&���  �%�%"%)%#!- *!$!#,� �  " 

 "(6 , ����$$%$(# .   "!  y (�!"�# �  2.9), �  ��!� , �  q5, q6  – 5!&���  "   "(6  ����$ -

$%$(# .  "!  z (�!"�# �  2.10). 

 
�!"�# �  2.9 �!&���  "  �%�%"%��68!3!"-  *!$!#,��3!  "  "(6 , ����$$%$(# .   "!  y 
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�!"�# �  2.10 �!&���  "  �%�%"%��68!3!"-  *!$!#,��3!  "  "(6 , ����$$%$(# .   "!   z 

 

 

4 "$%, ��'%$(#  , 1��!3  �  �%�� .  ���%  *!$!#,�!)%"�!�  � �%��# "'%.  ,�% 

,��&!%  ���/ ,  &��#!)!��68!%  ��1 )�6  2 #�  3%��#!23�  (�!"�# �  2.11, 2.12). 

  
�!"�# �  2.11 �!&���  "  �%�%"%��68!3!"-  *!$!#,��3!  "  "-3!   

����$$%$(#/3!   "-3  x !  y 
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�!"�# �  2.12 ��1 )�-  2 #�  - 5!&���  "  �%�%"%��68!3!"-  *!$!#,��3!  "  "-3!   

����$$%$(#/3!   "-3  x, y !  z 
 

� �3�  ��1 )%.  2 #/  ��%,"'��$%#�  #�  �!"�#�%  2.13 (4�!$ 7%#!%  1). 

 

�!"�# �  2.13 � �3�  ��1 )%.  2 #/  

 

��7# .  2�,�)%.  ��!  ��2��1 '�%  3�#!��$-*! ## &  3%��#!23�  -�$-%'"-   � -

�%,%$%#!% 3��"!3�$(# .  ��1 )%.  2 #/  ��!  ��2$!)#/�  ,$!#��  �� 3%7�' )#/�  
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2�%#(%�. �%+%#!% 2�,�)!  � 2� $-%'   �'!3�$(#  �/1��'(  ��23%�/  �� 3%7�' )#/�  

2�%#(%� ,$-  � $�)%#!-  2�,�## .  ��1 )%.  2 #/  [23, 61]. 

4�!3%�/  �%+%#!- 2�,�)!  " ��2$!)#/3!  ,$!#�3!  �� 3%7�' )#/�  

2�%#(%�  ��%,"'��$%#/  #�  �!"�#�%  2.14. ��")%'/  �� � ,!$!"(  �  MatLab,  1 -

2#�)%#!-   "%.  #�  &��5!���  ��!�%,%#/  #�  �#&$!."� 3  -2/�%  [48].   

 

�

� ) 
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�

1) 
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� ) 
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&) 

�
�

, ) 

�!"�# �   2.14 ��23%�  ��1 )%.  2 #/  ��!  "  '# +%#!-�  �#%+#%&  (#%� ,�!7# & ) 

 "# ��#!-  !  � ,�!7# &  ��1�   

� ) 2-1,4; 1) 2-1,2; � ) 2-1; &) 2-0,8; , ) 2-0,6 
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2.5. 4	�����	)�
���  ��)��
��  �����	���  

 

 

	,#�   !2 �����'%�!"'!�   *%#�!  ��)%"'��  5�#�*! #!� ��#!-  3�#!��$-*! -

 ##/�  3%��#!23 �  – ' )# "'(  � 2!*! #!� ��#!- . 9�,�)�   1%"�%)%#!- ' )# "'!  

, $7#�  �%+�'("-  #�  <'��% �� %�'!� ��#!-  3�+!#  !   1 ��, ��#!-  [6, 7, 38, 62].  

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

"'!  ,  0,05 33 . 

4 &�%+# "'(  � 2!*! #!� ��#!-   ��%,%$-%'"-   +!1��3! : 

- "!"'%3�'!)%"�!3!  (#%' )# "'(  ��1 '/  "!"'%3/  �����$%#!- ,  '�$ #%#!-   '  

# 3!#�$�  ��23%� �  2�%#(%�) 

- "$�)�.#/3!  " "'��$-68!3!  (2�2 �/  �  +��#!��� ,  "$�1$%#!% 2�'-7�!  �  

��%�$%#!-� , � $%1�#!-  '%3�%��'��/ , �!1��*!!  � 1 '� , �/2��##/%  "3%7#/3   1 -

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

�!"'%3�'!)%"�!%   +!1�!  3 &�'  1/'(  )�"'!)#  "� 3�%#"!� ��#/ . �3%#( -

+%#!% �$!-#!-  "$�)�.#/�   +!1 �  , $7#  �)!'/��'("-  ��!  �� %�'!� ��#!!  !  

<�"�$��'�*!! .  

�  ��1 '%  1/$�  !""$%, ��#�  "!"'%3�'!)%"��-  " "'��$-68�-  – #%' )# "'(  !2-

& ' �$%#!-  2�%#(%� 3%��#!23� . 

�$-  �%+%#!- � "'��$%## .  2�,�)!  ��!3%#%# �$�""!)%"�!.  � ,� ,  �   *%#�% 

$!#%.# .  ' )# "'!  [62]. 

�$-  �%+%#!- 2�,�)!  #�� 7,%#!-   '�$ #%#!-  � $ 7%#!-  �/� ,# &  2�%#�  '  

��")%'# .  "�%3/  ��!   '�$ #%#!!  ��23%� �  2�%#(%� 3%��#!23�  !"� $(2�%3  "!"'% -

3�  +%"'!  $!#%.#  #%2��!"!3/�  ����#%#!. .  �%+%#!% <' .  "!"'%3/  ����#%#!.  � -

2� $-%'   ��%,%$!'(   +!1��  � 2!*! #!� ��#!- .  

��""3 '�!3  � ,�!7# %  2�%#  �   18%3 �!,%  –  �  �!,%  ��-3 �& $(#!��  "  ��2 -

3%��3!  a, b, c. 4�!  <' 3  �  �,!#�'/  ' )%�  ��%�$%#!-  1�,�'  !3%'(  �!, : A1(0, b, -c) 

A2 (0, -c, b), A3(-a, 0, c), A4(a, 0, -c),  A5(-a, b, 0), A6(a, -b, 0). 

�2  ����#%#!.  (2.1) 2�,�)�    � $ 7%#!!  3 7#  2��!"�'(  �  �!,%  #%-�#/�  

5�#�*!. : 
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( )( ) 0cossincossin(sin)sinsinsincossin0

11

=××+××-××-××--

-=

abgagbagag cbx

qF

( )( ) 0sinsincoscos(sin)sincoscoscossin0

22

=××-××+××+××+-

-=

abgagbagag cbx

qF

( )( ) 0cossin)sincossinsincos033 =××-××-××--= bgbagag acyqF
( )( ) 0cossin)sincossinsincos044 =××+××-××+-= bgbagag cayqF

( ) 0sincossin055 =××+×+-= abb bazqF  

( ) 0sincossin066 =××-×--= abb bazqF  

4 $#/.  ,!55%�%#*!�$  5�#�*!!   3 7#  2��!"�'(  �  �!,% : 
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      (2.2) 

&,% i=1, 6 

4�!#!3�%3  ��!��8%#!-  �  ��!� ,��  ���#/3!  #�$6  

0654321 ====== qqqqqq dddddd . ����#%#!-  #%-�#/�  5�#�*!.   (2.2) 3 7#  2��! -

"�'(  �  "$%,�68%3 �!,% : 
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��"'#/%  �� !2� ,#/%  1�,�'  !3%'(  �!, : 
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1
0

1 -=
¶
¶
x
F

;  

bgaag sincoscossinsin1 ××+×=
¶
¶

c
F

;  

bgaag sincossincossin1 ××-×=
¶
¶

b
F

abgagabgag
a

cossincossin(sin)sinsincoscos(sin1 ××+××-××-××=
¶
¶

bc
F

;

abgabg
b

sincoscoscoscoscos1 ×××-×××=
¶
¶

bc
F

; 

bagagabgag
g

sincossinsincos)sinsinsincos(cos1 ××-××+××+××=
¶
¶

cb
F

; 

1
0

2 -=
¶
¶
x
F

;  

( )abgag cossincossinsin2 ××-×=
¶
¶

b
F

 

agabg cossinsinsincos2 ×-××=
¶
¶

c
F

 

)sinsincoscos(sin)sincoscossin(sin2 abgagbagag
a

××-××-××+××=
¶
¶

bc
F

; 

)coscos(cos)coscos(sin2 abgbga
b

×××-×××=
¶
¶

bc
F

; 

)coscossinsin(sin)sincossincos(sin2 agbagagbag
g

×+×××-×-×××=
¶
¶

cb
F

1
0

3 -=
¶
¶
y
F

;  

( )abgag cossinsinsincos3 ××-×=
¶
¶

�
F

 

bg cossin3 ×=
¶
¶

a
F

 

( )abgag
a

sinsinsincoscos3 ××+××=
¶
¶

c
F

; 

abgbg
b

coscossinsinsin3 ×××-××-=
¶
¶

ca
F

;

)sincoscossin(sincoscos3 bagagbg
g

××+××-××=
¶
¶

ca
F

; 
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1
0

4 -=
¶
¶
y
F

;  

( )agbag sincossincossin4 ×-××=
¶
¶

a
F

; 

 bg cossin4 ×-=
¶
¶

c
F

 

( )abgag
a

sinsinsincoscos4 ××+××-=
¶
¶

a
F

; abgbg
b

coscossinsinsin4 ×××+××=
¶
¶

ac
F

; 

bgbagag
g

coscos)sincoscossin(sin4 ××-××+××=
¶
¶

ca
F

; 

1
0

5 -=
¶
¶
z
F

;    ( )bsin5 -=
¶
¶

a
F

;    ab sincos5 ×-=
¶
¶

b
F

; 

 ( )ab
a

coscos5 ××-=
¶
¶

b
F

;    bba
b

cos)sin(sin5 ×-××=
¶
¶

ab
F

;    05 =
¶
¶

g
F

; 

1
0

6 -=
¶
¶

z
F

; ( )ab sincos6 ×=
¶
¶

b
F

;    bsin6 =
¶
¶

a
F

; 

( )ab
a

coscos6 ××=
¶
¶

b
F

;   abb
b

sinsincos5 ××-×=
¶
¶

ba
F

;   05 =
¶
¶

g
F

. 

�2  ����#%#!.   (2.2) 3 7#  � $�)!'(  2#�)%#!-   '�$ #%#!-  � 2!*! #!� �� -

#!-  !"� $#!'%$(# &   �&�#� . 

9�,�,!3   '�$ #%#!-  ��23%� �  �/� ,# &  2�%#�  Cx=0,15, Cy=0,015, Cz=0,01, 

��23%�/  � ,�!7# &  ��1�  a=20,  b=20,  c=20.   

9#�)%#!-   '�$ #%#!-  �  �,!#�'  �/� ,# &  2�%#� ��%,"'��$%#/  �  
�1$!*%  2.1. 

 


�1$!*�  2.1  9#�)%#!-   '�$ #%#!-  �&$ �  �/� ,# &  2�%#� 
 

�  �,!#�'/  
�/� ,# &  2�%#� 

@, A, B, &��,   

D@,  
&��, . 

DA, 
&��,  

DB,  
&��,  

3;  3;  5 0,067 0,035 0,15 

7; 8; 5 0,037 0,025 0,18 
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�"� $(2�-  ,�##/.  � ,� , , 3 7#   ��%,%$!'(   '�$ #%#!-  �/� ,# &  2�%#� 

��!  #%' )# "'-�  !2& ' �$%#!-  �� 3%7�' )#/�  2�%#(%� �  ��2$!)#/�  � $ 7%#!-� .  

 

 

���%������  	  ����
�  ��  �����  

 

 

1. �  �%2�$('�'%  �� �%,%## &  "'���'��# &  "!#'%2�  ��%,$ 7%#/  # �/%  �!#%3� -

'!)%"�!%  "�%3/  �� "'��#"'�%##/�  3%��#!23 �  ����$$%$(# .  "'���'��/  "  +%-

"'(6   "'%�%#-3!  "� 1 ,/  " � "' -##/3  �%�%,�' )#/3   '# +%#!%3  ��!  � "'� -

��'%$(#/�  ,�!7%#!-� . 

2. �$-  ��2��1 '�##/�  "�%3 3%��#!23 �  � $�)%#/  ����#%#!-  "�-2!  3%7,�   1 1 -

8%##/3!  (#%2��!"!3/3! ) �  �,!#�'�3! ,  �!"/��68!3!  !23%#%#!% � $ 7% -

#!-  �� ,#/�  2�%#(%� 3%��#!23� , !  �1" $6'#/3!  �  �,!#�'�3!  %&  �/� ,# &  

2�%#�.   

3. ��2��1 '�#/  3�'%3�'!)%"�!%  3 ,%$!   !  �� &��33/  ,$-  �%+%#!-  1��'# .  2�-

,�)!    � $ 7%#!!  !   ��%,%$%#!- ����3%'� �  ��1 )%&  �� "'��#"'��  3�#!�� -

$-' �� . 

4. 4 $�)%## % �#�$!'!)%"� %  �%+%#!%  1��'# .  2�,�)!    � $ 7%#!-�  � 2� $-%'  

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

$-' �� . 

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

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

'�%�3%�# 3  �� "'��#"'�% . 

6. �"'�# �$%#/  2��!"!3 "'!  ��23%� �  !  5 �3/  ��1 )%&  �� "'��#"'��  3%��#!2 -

3�   '  ��23%� �  ,$!#  �� 3%7�' )#/�  2�%#(%�. 

7. ��2��1 '�##/%  �� &��33/  &��5!)%"� &   ��%,%$%#!- ��1 )%&  �� "'��#"'��  

3�#!��$-' ��  � 2� $-6'   *%#!'(  &�1��!'/  3�#!��$-' ��  !  ��23%�/  !  5 �3�  

%&  ��1 )%.  2 #/ . 
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8. �"'�# �$%#/  2��!"!3 "'!  #%' )# "'!  !2& ' �$%#!-  2�%#(%� #�  ' )# "'(  � 2! -

*!#!� ��#!-  �/� # &  2�%#�. 

9. 4�!�%,%#/  )!"$%##/% ��!3%�/   '�$ #%#!-  � $ 7%#!-  �/� ,# &  2�%#�  '  #%-

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

 

 

�  ,�## .  &$��% !""$%,�6'"-  ,!#�3!)%"�!%  !  "!$ �/%  �����'%�!"'!�!  3%��-

#!23�  " +%"'(6  "'%�%#-3!  "� 1 ,/ . 4�%,"'��$%#  �%+%#!%  1��'# .  2�,�)!    

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

'%�!"'!�!  ��!� , � , �  '��7%  !"� $(2 ��'(  !�  �  ,�$(#%.+%3 ,$-  � "'� %#!-   "�%-

3/  �����$%#!-  � 1 ' 3 . 

 

 

3.1. (�
�)�  �  
����
���  	  �
����  �������	��  
 
 
 

�$-  �%+%#!- 2�,�)!    "� � "'-�  2��!+%3  5�#�*!6  � $ 7%#!-  (2.1) 3%��-

#!23�  �  #%-�# 3  �!,% : 

�
�
�

�

�

�
�
�

�

�

�
�
�

�

�

�
�
�

�

�
×+

�
�
�

�

�

�
�
�

�

�
×

�
�
�

�

�

�
�
�

�

�
-=

1

1

1

0

0

0

11

0

0

1

A

A

A

z

y

x

z

y

x

qF R

T

�
�
�

�

�

�
�
�

�

�

�
�
�

�

�

�
�
�

�

�
×+

�
�
�

�

�

�
�
�

�

�
×

�
�
�

�

�

�
�
�

�

�
-=

2

2

2

0

0

0

22

0

0

1

A

A

A

z

y

x

z

y

x

qF R

T

,

�
�
�

�

�

�
�
�

�

�

�
�
�

�

�

�
�
�

�

�
+

�
�
�

�

�

�
�
�

�

�
×

�
�
�

�

�

�
�
�

�

�
-=

3

3

3

0

0

0

33

0

1

0

A

A

A

z

y

x

z

y

x

qF R

*

,
�
�
�

�

�

�
�
�

�

�

�
�
�

�

�

�
�
�

�

�
+

�
�
�

�

�

�
�
�

�

�
×

�
�
�

�

�

�
�
�

�

�
-=

4

4

4

0

0

0

44

0

1

0

A

A

A

z

y

x

z

y

x

qF R

*

,

�
�
�

�

�

�
�
�

�

�

�
�
�

�

�

�
�
�

�

�
+

�
�
�

�

�

�
�
�

�

�
×

�
�
�

�

�

�
�
�

�

�
-=

5

5

5

0

0

0

55

1

0

0

A

A

A

z

y

x

z

y

x

qF R

*

, 
�
�
�

�

�

�
�
�

�

�

�
�
�

�

�

�
�
�

�

�
+

�
�
�

�

�

�
�
�

�

�
×

�
�
�

�

�

�
�
�

�

�
-=

6

6

6

0

0

0

66

1

0

0

A

A

A

z

y

x

z

y

x

qF R

*

. 

����#%#!-  "�-2%. !3%6'  �!, : 

( )( ) 0sinsincossincoscossinsincossin011 =××-××-×-××+-= abgbagagagaxqF
( )( ) 0sinsincossincoscossinsincossin022 =××+××+×-××+-= abgbagagagaxqF

( )( ) 0cossinsincossincossin043 =×-×-×××+-= bgagbbgayqF
( )( ) 0sincossinsincoscossin034 =××-×+××+-= bagagbgayqF
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( )( ) 0sincossin055 =×+×+-= abbazqF
( )( ) 0sincossin066 =×+×--= abbazqF  

&,%,  �  –  "' � #�  � ,�!7# &  ��1�  

�%+%#!% 2�,�)!    "� � "'-�  �%+�%3 ,!55%�%#*!� ��#!%3  ����#%#!.  "�-2%.:  

qBVA �×-=×  

��
�
�
�
�
�
�
�
�
�
�
�
�
�

�

�

��
�
�
�
�
�
�
�
�
�
�
�
�
�

�

�

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

=

gba

gba

gba

gba

gba

gba

666

0

6

0

6

0

6

555

0

5

0

5

0

5

444

0

4

0

4

0

4

333

0

3

0

3

0

3

222

0

2

0

2

0

2

111

0

1

0

1

0

1

FFF
z
F

y
F

x
F

FFF
z
F

y
F

x
F

FFF
z
F

y
F

x
F

FFF
z
F

y
F

x
F

FFF
z
F

y
F

x
F

FFF
z
F

y
F

x
F

A ; 

��
�
�
�
�
�
�

�

�

��
�
�
�
�
�
�

�

�

=

��
�
�
�
�
�
�
�
�
�
�
�
�
�

�

�

��
�
�
�
�
�
�
�
�
�
�
�
�
�

�

�

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

¶
¶

=

100000

010000

001000

000100

000010

000001

6

6

5

6

4

6

3

6

2

6

1

6

6

5

5

5

4

5

3

5

2

5

1

5

6

4

5

4

4

4

3

4

2

4

1

4

4

3

4

3

4

3

3

3

2

3

1

3

6

2

5

2

4

2

3

2

2

2

1

2

6

1

5

1

4

1

3

1

2

1

1

1

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

q
F

B  

�  – 3�'�!*�  )�"'#/�  �� !2� ,#/�   '  #%-�# .  5�#�*!!  �  x0, y0, z0, @, A, B;  

  – 3�'�!*�  )�"'#/�  �� !2� ,#/�   '  #%-�# .  5�#�*!!  �   1 18%##/3  �  �,! -

#�'�3   q1, q2, q3, q4, q5, q6; 

R – 3�'�!*�  ���8%#!- ; 

V – 3�'�!*�  "� � "'%.  � "'���'%$(# &  ,�!7%#!-  Vx, Vy, Vz !  ���8�'%$(# &  

,�!7%#!-  �/� ,# &  2�%#� gba ��� ,, , ��!)%3  �&$ �/%  "� � "'!  ��2$ 7%#/  #�  1�2!"  

#% �%��%#,!��$-�#/�  ,��&  ,��&�   "%. , � ' �/%   ��%,%$-6'"-  �&$�3!  @, A, B. 
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��"'#/%  �� !2� ,#/%  5�#�*!.  ���#/ : 

11 -=
¶
¶

x
F

; 12 -=
¶
¶

x
F

; 03 =
¶
¶

x
F

; 04 =
¶
¶

x
F

; 05 =
¶
¶

x
F

; 06 =
¶
¶

x
F

 

0
0

1 =
¶
¶
y
F

; 0
0

2 =
¶
¶
y
F

; 1
0

3 -=
¶
¶
y
F

; 1
0

4 -=
¶
¶
y
F

; 0
0

5 =
¶
¶
y
F

; 0
0

6 =
¶
¶
y
F

 

0
0

1 =
¶
¶
z
F

; 0
0

2 =
¶
¶

z
F

; 0
0

3 =
¶
¶
z
F

; 0
0

4 =
¶
¶

z
F

; 1
0

5 -=
¶
¶
z
F

; 0
0

6 =
¶
¶

z
F

 

agbagagabg
a

cossinsincoscossinsinsinsincos1 ×-××+×+××=
¶
¶F

; 

agbagagabg
a

cossinsincoscossinsinsinsincos2 ×-××-×-××=
¶
¶F

; 

abgag
a

sinsinsincoscos3 ××-×-=
¶
¶F

; abgag
a

sinsinsincoscos4 ××+×=
¶
¶F

; 

ab
a

coscos5 ×=
¶
¶F

;  abgagb
b

sincoscoscoscoscos1 ××+××=
¶
¶F

;   

abgagb
b

sincoscoscoscoscos2 ××-××-=
¶
¶F

 

 abgbg
b

coscossinsinsin3 ××+×=
¶
¶F

;     abgbg
b

coscossinsinsin4 ××-×-=
¶
¶F

 

bba
b

cossinsin5 -×-=
¶
¶F

;     bba
b

cossinsin6 +×=
¶
¶F

; 

abgbaggaag
g

sinsinsinsincossincossincoscos1 ××-××-×-×=
¶
¶F

;

abgbaggaag
g

sinsinsinsincossincossincoscos2 ××+××+×-×=
¶
¶F

; 

bagagbg
g

sincoscossinsincoscos3 ××+×-×=
¶
¶F

; 

bagagbg
g

sincoscossinsincoscos4 ××-×-×=
¶
¶F

; 05 =
¶
¶

g
F

; 06 =
¶
¶

g
F

 

�� � "'(  �/� ,# &  2�%#� 3 7%'  1/'(  ��2$ 7%#�  #�   "!  x, y, z !  #�  � ,�!7 -

#/%  "!  @, A, B. �$-  �%+%#!- 2�,�)!    "� � "'-�  #% 1� ,!3  #�.'!  "  '# +%#!%  

�� %�*!.  "� � "'%.  #�   "!  @, A, B !   "!  x, y, z. 	1 2#�)!�  "� � "'!  gba ��� ,,  � ���&  
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 "%.  @, A, B, �  "� � "'!  Ex, Ey , Ez � ���&   "%.  x, y, z, 3 7#  � $�)!'(  !�  "  '# -

+%#!% [54]: 

;gba gbaw xxxx ×+×+×= ���  

;gba gbaw yyyy ×+×+×= ���  

gba gbaw zzzz ×+×+×= ��� . 

&,% xB, yB, zB – �  �,!#�'/  %,!#!)# &  �%�' ��   "!  �%�� .  �!#%3�'!)%"� .  ���/  

5!�'!�# .  �!#%3�'!)%"� .  *%�! , ��"� $ 7%## .  �, $(   "!  z 
�
�
�

�

�

�
�
�

�

�
=

�
�
�

�

�

�
�
�

�

�

1

0

0

g

g

g

z

y

x

;  

xA, yA, zA – �  �,!#�'/  %,!#!)# &  �%�' ��  �' � .  �!#%3�'!)%"� .  ���/  5!�'!� -

# .  �!#%3�'!)%"� .  *%�! , ���#/%  �� !2�%,%#!6  3�'�!*/  � � � '�  #�  �& $  B � -

���&   "!  z !  �3# 7%##/%  #�  �  �,!#�'/  %,!#!)# &  �%�' ��  �' � .  ���/   �  #� -

)�$(# 3  � $ 7%#!!   

�
�
�

�

�

�
�
�

�

� -

=
�
�
�

�

�

�
�
�

�

�
×

�
�
�

�

�

�
�
�

�

� -

=
�
�
�

�

�

�
�
�

�

�

0

cos

sin

0

1

0

100

0cossin

0sincos

g

g

gg

gg

b

b

b

z

y

x
; 

x@, y@, z@ – �  �,!#�'/  %,!#!)# &  �%�' ��  '�%'(%.  �!#%3�'!)%"� .  ���/  5!�'!� -

# .  �!#%3�'!)%"� .  *%�! , ���#/%  �� !2�%,%#!6  3�'�!*/  � � � '�  �/� ,# &  

2�%#� #�  �  �,!#�'/  %,!#!)# &  �%�' ��  '�%'(%.  ���/  �  #�)�$(# 3  � $ 7%#!!  

( )
�
�
�

�

�

�
�
�

�

�

-

×

×

=
�
�
�

�

�

�
�
�

�

�
×=

�
�
�

�

�

�
�
�

�

�

b

bg

bg

a

a

a

sin

cossin

coscos

0

0

1

R

z

y

x

 

4�!3%�  �%+%#!-  1��'# .  2�,�)!    "� � "'-� . 

9�,�,!3   �!%#'�*!6  �/� ,# &  2�%#�: @=45.50; A=42.00; B=400 !  "� � "'!  ,�!7% -

#!-  �/� ,# &  2�%#� Vx=1.2 3/"; Vy=1.3 3/";  Vz=1.0 3/"; 0.1=a� ��, /c; 1.1=b� ��, /c; 

2.1=g� ��, /" . 

�%+�-  2�,�)� , 3 7#   ��%,%$!'(  "� � "'!  �  ��!� ,��  

q1= – 0.214 3/c;  q2= – 1.756 3/c;   q3= – 2.866 3/c;  

q4=0.466 3/c; q5= – 1.494 3/c; q6= – 1.106 3/c; 
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3.2. #

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

 

 

	" 1/%  � $ 7%#!-  3 7#   ��%,%$!'( , !"� $(2�-  "� ."'��  3�'�!*  A !      

[2,  18, 56, 65, 73, 96, 113].   	" 1%##  ��7#  !""$%, ��'(   1$�"'(   " 1/�  � $ 7% -

#!.  ��!  !�  �%�%� ,% [12]. ���%#"'�  #�$6   ��%,%$!'%$-  3�'�!*  �  !$!    � ��2/ -

��%'  #�$!)!%   " 1/�  � $ 7%#!. . 	1$�"'(   " 1/�  � $ 7%#!.  ��%,"'��$-%'  " 1 .  

"$ 7#�6  �� "'��#"'�%##�6  5!&���  (�!"�# �  3.1). �$-  !""$%, ��#!-   1$�"'!  

 " 1/�  � $ 7%#!.  � "'� %#/  "%)%#!- ��!  ��2$!)#/�  �&$��  @; A; B (�!"�# � . 3.2). 

 

�!"�# �  3.1 	1$�"'(  "!#&�$-�# "'%. ,   18!.  �!,  
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� ) 

 

1) 
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� ) 

 

&) 
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, )                                                              

�!"�# �  3.2 �%)%#!-  1$�"'!   " 1/�  � $ 7%#!.  ��!  � "' -##/�  �&$��  

 � – B=00; 1 – B= –300; �  – B=350; & – @=350; ,  – A= –350   

 


��!3   1��2 3 , �� �#�$!2!� ���   1$�"'(   " 1/�  � $ 7%#!. , 3 7#   ��% -

,%$!'(   1$�"'( , �  � ' � .  #% #�1$6,�6'"-   " 1/%  � $ 7%#!-   – <'   1$�"'(  " !2-

3%#%#!%3 �&$ �  –300<@<300, –300<A<300, –300<B<300. 

 

 

3.3. -	�����  ����	��  �����	���   
  ��
���  
�������	  
����
�  

 

 

�  "!$ � 3�  �#�$!2�   '# "!'"-  !""$%, ��#!%  � �%,%#!-  3%��#!23�  " ��!$ -

7%## .  �  #%3� #�&��2� .  [3–5, 9, 12, 22, 24,  25–27, 33, 37–39, 45, 49, 57, 66, 68,  

80, 86, 89]. :'!  !""$%, ��#!-  �� � ,-'"-  #�  ��2$!)#/�  <'����  �� %�'!� ��#!-  
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3%��#!23� . �%2�$('�'/  ��")%' �  � 2� $-6'  "� ��%�'!� ��'(  � #"'���*!6  3%��-

#!23�  " *%$(6 �$�)+%#!-  ,!#�3!)%"�!�  � ��2�'%$%.  3%��#!)%"� .  )�"'!  � 1 '� .  

��")%'/  " "' -'  !2 "$%,�68!�  <$%3%#' �: 

- " "'��$%#!%  3�'%3�'!)%"� .  3 ,%$!  (" "'��$%#!%  ����#%#!. ) " �)%' 3  

,%."'��68!�  "!$ , 

- �%+%#!% ��")%'#/�  ����#%#!. . 

��7#/3  <'�� 3  !""$%, ��#!-  -�$-%'"-  �%�%� ,   '  � #"'���*!!  �  %&  ,!#� -

3!)%"� .  3 ,%$! . 

�,%���'# "'(  3 ,%$!  2��!"!'   #% ' $(�   '  3%��#!23�  !  2�� # �  %&  ,�!7% -

#!- , #  !   '  2�,�)  !""$%, ��#!- . 

4�!  �� �%,%#!!  "!$ � &  �#�$!2�  ��!3%3  "$%,�68!%  , ��8%#!- : 

-�"% 2�%#(- �1" $6'#  '�%�,/% , 

- �"% �!#%3�'!)%"�!%  ���/  !,%�$(#/%  ( '"�'"'��%'  '�%#!%), 

- �  3%��#!23�  ��!$ 7%#/   1 18%##/% ,�!7�8!%  "!$/ . 

4�!  �� �%,%#!!  "!$ � &  �#�$!2�  �%+�6'"-   ,�% 2�,�)! : ��-3�-  !   1��'#�- . 

4�-3�-  2�,�)�  – <'   ��%,%$%#!% "� � "'%.  !  �"� �%#!.  #�  !"� $#!'%$(# 3   � -

&�#% 3%��#!23�  ��!  2�,�##/�  "� � "'-�  !  "!$��   (3 3%#'�� ) �  ��!� ,��  3%��#!2 -

3� . 4�!  �%+%#!!  1��'# .  2�,�)!  �  2�,�##/3  "� � "'-3  !   �"� �%#!-3  �/� , -

# &  2�%#�   ��%,%$-6'"-  "� � "'!  !  "!$/  (3 3%#'/ ), ,%."'��68!%  �  ��!� ,��  

[64]. 

�!$ � .  ��")%'  !3%%' 1 $(+ %  ����'!)%"� %  2#�)%#!%. ��")%'  � 2� $-%'  

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

3%��#!23 �  !  �!#%3�'!)%"�!%  ���/ , �  '��7%   *%#!��'(  �� )# "'(  !  7%"'� "'(  

� #"'���*!. . 

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

3%��#!23 �  ��!� ,!'  �  "$ 7#/3  "!"'%3�3  ����#%#!. . :'  �/2/��%'  #% 1� ,! -

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

� , ,  �%�!��68!.  " &�����3!  "!$ �/�  !  �!#%3�'!)%"�!�  �!#' � . 

�  3%��#!23% ��2$!)�6'  �!#%3�'!)%"�!%  !  "!$ �/%  �!#'/ . �!$ � .  �!#'  – 

�!#' , �  � ' � 3�  ��!� ,!'"-  "!"'%3�  "!$ , ,%."'��68!�  #�  '%$ . (�%�' �  �!#'�  – 
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���# ,%."'��68�-  "!$� , 3 3%#'#�-  )�"'(  �!#'�  – 3 3%#'  �"%�  "!$   '# "!'%$(#  

' )�!  ��!�%,%#!- ). �!#%3�'!)%"�!.  �!#'  – �����'%�!2�%'  ,�!7%#!%  (�%�' �  �!# -

'�  – �%�' �  � � � '�  � ���&   "!  �!#'� , 3 3%#'  – $!#%.# % �%�%3%8%#!%). �!#'  

 ��%,%$-%'"-  +%"'(6  �$6��%� �/3!  �  �,!#�'�3!  ('�!  – �� %�*!!  �%�' ��  �!# -

'�  #�   "! , ,��&!%  '�!  – �� %�*!!  3 3%#'�  �!#'�  #�   "! ). 

	'# "!'%$(#/.  3 3%#'  ,���  �!#' �  – "�33�  "��$-�#/�  �� !2�%,%#!.  �%�-

' ��  �%�� &  �!#'�  #�  3 3%#'  �' � &  !  �%�' ��  �' � &  �!#'�  #�  3 3%#'  �%�� -

& . 	'# "!'%$(#/.  3 3%#'  "!$ � &  !  �!#%3�'!)%"� &  �!#' �  – <$%3%#'��#�- 

��1 '�  "!$ � &  �!#'�  #�  3�$ 3  �%�%3%8%#!!.  

�  ��1 '%  "'��!'"-  2�,�)�   ��%,%$%#!- "!$ �/�  �!#' � , ,%."'��68!�  #�  

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

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

�%,%$%#!- 3 3%#' �  "!$ �/�  �!#' �   '# "!'%$(#  &$��#/�  *%#'��$(#/�   "%.  

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

"'  ���8�'%$(# %  ,�!7%#!-  �/� ,# &  2�%#�. 

=%#'�  #%� ,�!7# .  "!"'%3/  �  �,!#�'  Oxyz � 3%"'!3  �  ' )�%  �%�%"%)%#!- 

,!�& #�$%.  ����$$%$%�!�%,� , �, $(  �%1%� � ' � &  ��"� $ 7%#/  ��!� ,/ . =%#'�  

"�-2�## .  " �/� ,#/3  2�%# 3 � ,�!7# .  "!"'%3/  �  �,!#�'  OmFGH " ���,�%'  " 

' )� .  �%�%"%)%#!- &$��#/�  *%#'��$(#/�   "%.  !#%�*!!  �/� ,# &  2�%#�. 4�! -

3%3, )'  �  #�)�$(# 3  � $ 7%#!!  *%#'�/  � ,�!7# .  !  #%� ,�!7# .  "!"'%3  �  � -

,!#�'  " ���,�6' . �  �,!#�'/  *%#'� �  "5%�!)%"�!�  +��#!� � , ��"� $ 7%##/�  

#�  �/� ,# 3  2�%#%: A1(0, a, –a); A2 (0, –a, a); A3(–a, 0, a); A4(a, 0, –a); A5(–a, a, 

0); A6(a, –a, 0). 

�"!$!- , " 2,���%3/%  ��!� ,�3! , #�����$%#/  ����$$%$(#   "-3  #%� ,�!7 -

# .  "!"'%3/  �  �,!#�'  !  �%�%,�6'"-  �!#%3�'!)%"�!3!  *%�-3!  1%2 !23%#%#!- 

3 ,�$-  !  #�����$%#!-  #�  �/� ,# %  2�%# . 

��7,/.  !2 3 3%#' �  �#%+#!�  "!$ , ,%."'��68!�  #�  �/� ,# %  2�%# , 3 7#  

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

# "!'%$(# &  3 3%#'�  %,!#!)# &  "!$ � &  �!#'�  !   �'�   "!  3 1!$(# .  "!"'%3/  

�  �,!#�' , ��!�%,%##/�  �   18%3�  *%#'�� .  
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4�"'(  #%� ' � %  '%��8%% � $ 7%#!%  �/� ,# &  2�%#� 2�,�#  �&$�3!  � � -

� '�  @, A, B "!"'%3/  �  �,!#�'  �/� ,# &  2�%#� OmFGH  '# "!'%$(#   "%.  Ox, Oy, 

Oz ("!"'%3/  �  �,!#�'   "# ��#!- ) "  '�%'"'�%##  !  �  �,!#�'�3!  ' )�!  Om(x; y; 

z) �  "!"'%3% Oxyz. 

�  �,!#�'/  ' )%�  A1, A2, …, A6 – *%#'� �  "5%�!)%"�!�  ���  #�  �/� ,# 3  

2�%#% �/��7%#/  �  � ,�!7# .  "!"'%3% �  �,!#�'  !3%6'  �!,  

�
�
�

�

�

�
�
�

�

�

-

=

a

aAm

0

1 , 
�
�
�

�

�

�
�
�

�

�
-=

a

aAm

0

2 , 
�
�
�

�

�

�
�
�

�

�

-

-

=

a

a

Am 03 , 
�
�
�

�

�

�
�
�

�

�

-

=

a

a

Am 04 , 
�
�
�

�

�

�
�
�

�

� -

=

0
5 a

a

Am , 
�
�
�

�

�

�
�
�

�

�
-=

0
6 a

a

Am  

�  �,!#�'/  ' )%�  �/� ,# &  2�%#� �  "!"'%3% �  �,!#�'   "# ��#!-  ���#/  
mAA 11 ×= R ,  

mAA 22 ×= R , 

mAA 33 ×= R ,                                                 (3.1) 

mAA 44 ×= R , 

mAA 55 ×= R , 

mAA 66 ×= R  

&,% R=� 3·� 2·� 1 3�'�!*�  � � � ' � ,  �!"/��68!�  ���8%#!%  �/� ,# &  

2�%#�  '# "!'%$(#   "%.  Ox, Oy, Oz "  '�%'"'�%##   

� 1 – 3�'�!*�  � � � '�  � ���&   "!  �   
�
�
�

�

�

�
�
�

�

�
-=

aa

aa

cossin0

sincos0

001

1A ; 

� 2 – 3�'�!*�  � � � '�  � ���&   "!  y 
�
�
�

�

�

�
�
�

�

�

-

=

bb

bb

cos0sin

010

sin0cos

2A ; 

� 3 – 3�'�!*�  � � � '�  � ���&   "!  z 
�
�
�

�

�

�
�
�

�

� -

=

100

0cossin

0sincos

gg

gg

3A . 

��$%% "$%,�%'  ��%,%$!'(  �$6��%� �/  �  �,!#�'/  "!$ �/�  �!#' �  

Ri(r i,r i
0), �%�%,���%3/�  #�  �/� ,# %  2�%# . �%�' �/  "!$ �/�  �!#' �  �%�� .  !  

�' � .  �!#%3�'!)%"�!�  *%�%. ,%."'��6'  �, $(   "!  Ox, '�%'(%.  !  )%'�%�' .  �! -
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#%3�'!)%"�!�  *%�%. �, $(   "!  Oy, �%�' �/  "!$ �/�  �!#' �  �-' .  !  +%"' .  �!#%-

3�'!)%"�!�  *%�%. ,%."'��6'  �, $(   "!  Oz. 
��!3   1��2 3 , �  �,!#�'/  �%�' � -

#/�  )�"'%.  "!$ �/�  �!#' �  3 7#  ��%,"'��!'(  ���  

�
�
�

�

�

�
�
�

�

�
=

0

0

1

1r ,
�
�
�

�

�

�
�
�

�

�
=

0

0

1

2r ,  

�
�
�

�

�

�
�
�

�

�
=

0

1

0

3r , 
�
�
�

�

�

�
�
�

�

�
=

0

1

0

4r ,  

�
�
�

�

�

�
�
�

�

�
=

1

0

0

5r , 
�
�
�

�

�

�
�
�

�

�
=

1

0

0

6r . 

4$6��%� �/  �  �,!#�'/  3 3%#'# .  )�"'!  "!$ �/�  �!#' �  ��%,"'��$-6'  

" 1 .  �%�' �# %  �� !2�%,%#!%  ��,!�" -�%�' ��  
iAr  ' )�!  � i #�  "  '�%'"'��68!.  

�%�' �  "!$ � &  �!#'�  r i
0, � ' �/%  �/��7%#/  �  "!"'%3% �  �,!#�'   "# ��#!-  

iAi i
rrr 0 ×= .  


��!3   1��2 3 ,  3 3%#'#�-  )�"'(  1�,%'  ���#� : 

11A1 rrr 0 ×= , 22A2 rrr 0 ×= , 

33A3 rrr 0 ×= , 11A1 rrr 0 ×= ,                                            (3.2) 

55A5 rrr 0 ×= ,  66A6 rrr 0 ×= , 

��,!�" -�%�' �/  *%#'� �  "5%�!)%"�!�  ���  �/� ,# &  2�%#� �  "!"'%3% �  �,!#�'  

 "# ��#!-  !  3 3%#'#/% )�"'!  �$6��%� �/�  �  �,!#�'  "!$ �/�  �!#' �   18%3 

�!,% : 

�
�
�

�

�

�
�
�

�

�
+

�
�
�

�

�

�
�
�

�

�
×=

0

0

0

1

1

1

z

y

x

z

y

x

A

A

A

RrA1  !$!   

�
�
�

�

�

�
�
�

�

�

××+××+×-

××+××-××-××-××+

××+××+××+××-××-

=

ababb

bgbagagbagag

bgbagagabgag

coscossincossin

cossin)sincossinsin(cos)sinsinsinsin(cos

coscos)sincoscossin(sin)sinsincoscos(sin

111

111

111

AAA

AAA

AAA

zyxz

xzyy

xzyx

A1r

 

��  ���  �  �,!#�'/  ' )�!  � 1 (0, yA1, zA1), '  3 7#  2��!"�'( : 
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�
�
�

�

�

�
�
�

�

�

××+××+

××-××-××-××+

××+××+××-××-

=

abab

bagagbagag

bagagabgag

coscossincos

)sincossinsin(cos)sinsinsinsin(cos

)sincoscossin(sin)sinsincoscos(sin

110

110

110

AA

AA

AA

zyz

zyy

zyx

A1r  

�$-  ' )�!  � 1 "  �  �,!#�'�3!  
�
�
�

�

�

�
�
�

�

�

-

=
�
�
�

�

�

�
�
�

�

�
=

a

a

z

yA

A

A

00

1

11  

�
�
�

�

�

�
�
�

�

�

××-××+

××-××+××-××+

××+××-××-××-

=

abab

bagagbagag

bagagabgag

coscossincos

)sincossinsin(cos)sinsinsinsin(cos

)sincoscossin(sin)sinsincoscos(sin

0

0

0

aaz

aay

aax

A1r  

� 3%#'#�-  )�"'(   ��%,%$-%'"-  !2 "$%,�68!�  "  '# +%#!.  (3.2): 

).()()0(

001
111111 yAzAzAyAxA rkrjirrr

kji

-+--=
�
�
�

�

	








�

�

=´= rrr A1
0
A1  

�   18%3 �!,% : 

�
�
�

�

�

�
�
�

�

�

××-××+××-××--

××+××+=

bagagbagag

abab

sincossinsin(cos)sinsincossin(cos

sincoscoscos

0

110

110

AA

AA

zyy

zyz0
A1r

,$-  ' )�!  � 1 "  �  �,!#�'�3!  (0,-� , -� ) 

�
�
�

�

�

�
�
�

�

�

××-××-××-××--

××-××+=

bagagbagag

abab

sincossinsin(cos)sinsincossin(cos

sincoscoscos

0

0

0

aay

aaz0
A1r

 
�#�$ &!)#   ��%,%$-6'"-  ��,!�"/  �%�' �/  ' )%�  A2, A3, A4 ,A5 A6: 

�
�
�

�

�

�
�
�

�

�
+

�
�
�

�

�

�
�
�

�

�
×=

0

0

0

2

2

2

z

y

x

z

y

x

A

A

A

RrA2 , 
�
�
�

�

�

�
�
�

�

�
+

�
�
�

�

�

�
�
�

�

�
×=

0

0

0

3

3

3

z

y

x

z

y

x

A

A

A

RrA3 , 
�
�
�

�

�

�
�
�

�

�
+

�
�
�

�

�

�
�
�

�

�
×=

0

0

0

4

4

4

z

y

x

z

y

x

A

A

A

RrA4 , 

�
�
�

�

�

�
�
�

�

�
+

�
�
�

�

�

�
�
�

�

�
×=

0

0

0

5

5

5

z

y

x

z

y

x

A

A

A

RrA5 , 
�
�
�

�

�

�
�
�

�

�
+

�
�
�

�

�

�
�
�

�

�
×=

0

0

0

6
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y

x

z

y
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A

A
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�
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�
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�
�
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�
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kji
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�
�
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0
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666666 krjrirrr

kji

xAyAzAyAxA +-=
�
�
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0
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�
�
�

�

�

××-××+

××-××-××+××-

××+××+××-××+

=
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bagagbagag

bagagabgag

coscossincos

)sincossinsin(cos)sinsinsinsin(cos

)sincoscossin(sin)sinsincoscos(sin
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0

0

aaz

aay

aax

A2r  

�
�
�

�
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�
�
�

�

�

××-××+××-××+-

××-××+=

bagagbagag

abab

sincossinsin(cos)sinsincossin(cos

sincoscoscos

0

0

0
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aaz0
A2r
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�
�

�
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××+×+

××-××-××-

××-××+××+

=
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bgbagag

bgabgag

coscossin

)cossin)sincossinsin(cos

)coscos)cossincossin(sin

0

0

0
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aay

aax

A3r  
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�
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�

�

××-××+××+

××-×--

=

gbabgag
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coscos)cossincossin(sin

0

)coscossin
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0

aax

aaz
0
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�
�
�

�

�

�
�
�

�

�

××+××+××-

××+×+-

=

gbabgag

bab

coscos)cossincossin(sin

0

)coscossin

0

0

aax

aaz
0
4r  

 

�
�
�

�

�

�
�
�

�

�

××+×+

××-××+××+

××-××-××-

=

abb

bgbagag

bgabgag

sincossin

)cossin)sinsinsincos(cos

)coscos)sinsincoscos(sin

0

0

0

aaz

aay

aax

A5r  

 
 

�
�
�

�

�

�
�
�

�

�
××+××-××+-

××-××+××+

=

0

)coscos)sinsincoscos(sin

)cossin)sinsinsincos(cos

0

0

0
5 bgbagag

bgabgag

aax

aay

r  

 

�
�
�

�

�

�
�
�

�

�

××-×-

××+××+××-

××+××-××+

=

abb

bgbagag

bgabgag

sincossin

)cossin)sinsinsincos(cos

)coscos)sinsincoscos(sin

0

0

0

aaz

aay

aax

A6r  

�
�
�

�

�

�
�
�

�

�
××-××-××--

××+××+××-

=

0

)coscos)sinsincoscos(sin

)cossin)sinsinsincos(cos

0

0

0
6 bgbagag

bgabgag

aax

aay

r  

 
��$%% #�.,%3  �$6��%� �/  �  �,!#�'/  (=, =0), (G, G0), (>, >0)  �' �   "%.  � , -

�!7# .  "!"'%3/  �  �,!#�'  �  "!"'%3% �  �,!#�'   "# ��#!-  !   '# "!'%$(#/%  3 -

3%#'/  %,!#!)#/�  "!$ �/�  �!#' �  !   �' �   "%.  F, G, H. ��7,�-  !2 �!#%3�'!)%"�!�  

*%�%. �%�%,�%' �"!$!%  Pi, 2�,���%3 %  �  i-3 ��!� ,% , �  ' )��  ��%�$%#!-  �/� ,# &  

2�%#� � i. � 3%#'/  "!$  Pi  '# "!'%$(#   "%.  � ,�!7# .  "!"'%3/  �  �,!#�'  #�. -

,%3 ���   '# "!'%$(#/%  3 3%#'/  �%�' ��  r i %,!#!)# &  "!$ � &  �!#'�  Ri, 2�,�6 -

8%&  #�����$%#!%  Pi, !   �' �   "%.  � ,�!7# .  "!"'%3/  �  �,!#�' , ��!�%,-  !�  �  

#�)�$�  #%� ,�!7# .  "!"'%3/   '")%'�  

mom(Ri,=)=r iI=
0+r i

0I=;  

mom(Ri,?)=r iI?
0+r i

0I?;                                       (3.3) 

mom(Ri,>)=r iI>
0+r i

0I>;  

(i=1,2,.., 6), 

&,% mom(Ri, =), mom(Ri, ?), mom(Ri, >) –  '# "!'%$(#/%  3 3%#'/  %,!#!)#/�  "! -

$ �/�  �!#' �  Ri !   �' �   "%.  F, G, H. 
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��.,%3  �$6��%� �/  �  �,!#�'/   �' �   "%.  � ,�!7# .  "!"'%3/  �  �,! -

#�' , "�-2�## .  " �/� ,#/3  2�%# 3. 	�'/   "%.  �  "!"'%3% �  �,!#�'  �/� ,# &  

2�%#�: Fm(1, 0, 0), Hm(0, 1, 0), Gm(0, 0, 1). �  �,!#�'/  #�)�$�  � ,�!7# .  "!"'%3/  

�  �,!#�'  �  #%� ' � 3  '%��8%3 � $ 7%#!!  Om(x, y, z), ' &,�  �%�' �#/%  !  3 -

3%#'#/% )�"'!  �$6��%� �/�  �  �,!#�'   �' �   "%.  "!"'%3/  �  �,!#�'  �  #%� , -

�!7# .  "!"'%3% �  �,!#�' : 

�
�
�

�

�

�
�
�

�

�
×

×

=

b

bg

bg

x

sin

cossin

coscos

,  

�
�
�

�

�

�
�
�

�

�
×

×

×
�
�
�

�

�

�
�
�

�

�
=

b

bg

bg

x

sin

cossin

coscos
0

z

y

x

, 

�
�
�

�

�

�
�
�

�

�

×

××+×

×-××

=

ab

bagag

agabg

h

sincos

sinsinsinsincos

cossinsinsincos
, 

�
�
�

�

�

�
�
�

�

�

×

××+×

×-××

×
�
�
�

�

�

�
�
�

�

�
=

ab

bagag

agabg

h

sincos

sinsinsinsincos

cossinsinsincos
0

z

y

x
 

�
�
�

�

�

�
�
�

�

�

×

×-××

××+×

=

ab

agbag

bagag

x

coscos

sincossincossin

sincoscossinsin

, 

�
�
�

�

�

�
�
�

�

�

×

×-××

××+×

×
�
�
�

�

�

�
�
�

�

�
=

ab

agbag

bagag

x

coscos

sincossincossin

sincoscossinsin
0

z

y

x
 

��!7%#!%  ��""3�'�!��%3/�  3%��#!23 �   �!"/��%'"-  ,!#�3!)%"�!3!  ���� -

#%#!-3!  �(6' #� –:.$%�� : 

( ) EMJJJ xhzzhxx =-j×j+j× ���� , 

 ( ) EMJJJ hxzzxhh =-j×j+j× ���� , 

( ) EMJJJ zxhhxzz =-j×j+j× ���� ,                                 (3.4) 

 E
xRxm =�� ,  

E
yRym =�� ,  

,E
zmz R=��  
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&,% , ,J J Jx h z  – 3 3%#'/  !#%�*!!  �/� ,# &  2�%#�  '# "!'%$(#   "%.  F, G, H "  ' -

�%'"'�%## ;  

xj�� , hj�� , zj��  – �� %�*!!  �&$ � &  �"� �%#!-  �/� ,# &  2�%#� #�   "!  F, G, H "  '�%' -

"'�%## ;  

xj� , hj� , zj� – �� %�*!!  �&$ � .  "� � "'!  �/� ,# &  2�%#� #�   "!  F, G, H "  '�%'"' -

�%## ;  

, ,x y z�� �� ��  – �� %�*!!  $!#%.# &  �"� �%#!-  �/� ,# &  2�%#� #�   "!  x, y, z "  '�%'"' -

�%## ;  

m – 3�""�  �/� ,# &  2�%#�;  

, ,E E EM M Rx h z – �� %�*!!  &$��# &  3 3%#'�  �#%+#!�  "!$  #�   "!  F, G, H; , ,E E E
x y zR R R – 

�� %�*!!  &$��# &  �%�' ��  �#%+#!�  "!$  #�   "!  x, y, z. 

�!#�3!)%"�!%  ����#%#!-  �(6' #� –:.$%��  (3.4) 2��!+%3  �  �!,%  

( ) ( ) ( )
( ) ( ) ( ) ( )hzzh

xx

-j×j-×+×+×+×+×+×+

+×+×+×+×+×+×=j×

JJPPP

PPPJ

��

��

=r=r=r=r=r=r

=r=r=r=r=r=r
0
6

0
6

0
5

0
5

0
4

0
4

0
3

0
3

0
2

0
2

0
1

0
1

654

321

,
 

( ) ( ) ( )
( ) ( ) ( ) ( )xzzx

hh

-j×j-×+×+×+×+×+×+

+×+h×+×+×+×+×=j×

JJPPP

PPPJ

��

��

?r?r?r?r?r?r

?rr?r?r?r?r
0
6

0
6

0
5

0
5

0
4

0
4

0
3

0
3

0
2

0
2

0
1

0
1

654

321

,       (3.5)
 

( ) ( ) ( )
( ) ( ) ( ) ( )xhhx

zz

-j×j-×+×+×+×+×+×+

+×+×+×+×+×+×=j×

JJPPP

PPPJ

��

��

>r>r>r>r>r>r

>r>r>r>r=r>r
0
6

0
6

0
5

0
5

0
4

0
4

0
3

0
3

0
2

0
2

0
1

0
1

654

321

,
 

xx PPxm 21 +=�� ,  

yy PPym 43 +=�� , 

 zz PPzm 65 +=�� . 

	'# "!'%$(#/%  3 3%#'/  -�$-6'"-  � <55!*!%#'�3! , 2��!"-8!3!   '  � $ -

7%#!- !   �!%#'�*!!  �/� ,# &  2�%#�. 

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

�%+%#!% ��-3 .  2�,�)!  ,!#�3!�!  ,$-  ��""3�'�!��%3/�  3%��#!23 � . ��  �!"�#�%  

3.3 ��%,"'��$%#�  "�%3�  �%�� .  �!#%3�'!)%"� .  *%�!  3%��#!23� .  
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�!"�# �  3.3. ��%3�  �%�� .  �!#%3�'!)%"� .  *%�! . 

 

4�"'(  3�""�  �/� ,# &  2�%#� m = 1�&; $!#%.#/% ��23%�/  �/� ,# &  2�%#� 

�, $(   "%.  F, G, H  ���#/  0,1 3,  ��%,%$-68!%  �  �,!#�'/  ' )%�  A1, A2, …, A6; �%-

�%3%8%#!% �/� ,# &  2�%#� 2�,�#  2#�)%#!-3! : @ = J/6 ��, .; A = J/6 ��, .; B = 

J/6 ��, ., x = 0,1 3; y = 0,15 3; z = 0,2 3; �"!$!-  �  ��!� ,�� : P1 = P2 = 1 � , P3 = P4 

= 2 � , P5 = P6 =3 � ; �� %�*!!  �&$ �/�  "� � "'%. : 3=j x
�  ��, /c, 2=j h

� ��, /c, 1=j z
�  

��, /" . 

�  �,!#�'/  ' )%�  ��%�$%#!-  ��!� , �  #�  �/� ,# 3  2�%#% �  "!"'%3% �  � -

,!#�'  �/� ,# &  2�%#� ��%,"'��!3  ���  

�
�
�

�

�

�
�
�

�

�

-

=

1.0

1.0

0

1
mA , 

�
�
�

�

�

�
�
�

�

�
-=

1.0

1.0

0

2
mA , 
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�
�
�

�

�

�
�
�

�

� -

=

1.0

0

1.0

3
mA , 

�
�
�

�

�

�
�
�

�

�

-

=

1.0

0

1.0

4
mA , 

�
�
�

�

�

�
�
�

�

� -

=

0

1.0

1.0

5
mA , 

�
�
�

�

�

�
�
�

�

�
-=

0

1.0

1.0

6
mA . 

�  �,!#�'/  ' )%�  �/� ,# &  2�%#� �  �1" $6'# .  "!"'%3% �  �,!#�'  !3%6'  

�!,  

�
�
�

�

�

�
�
�

�

�
=

168.0

259.0

0161.0

1
mA ,

�
�
�

�

�

�
�
�

�

�
=

232.0

041.0

184.0

2
mA  

�
�
�

�

�

�
�
�

�

�
=

325.0

085.0

088.0

3
mA , 

�
�
�

�

�

�
�
�

�

�
=

075.0

215.0

113.0

4
mA , 

�
�
�

�

�

�
�
�

�

�
=

293.0

194.0

003.0

5
mA ,

�
�
�

�

�

�
�
�

�

�
=

107.0

106.0

197.0

6
mA  

�,!#!)#/%  �%�' �/  "!$ �/�  �!#' �  #�����$%#/  ����$$%$(#   "-3  �  �,! -

#�' , �  3 3%#'#/% )�"'!  #�.,%#/  ���  �%�' �#/%  �� !2�%,%#!-  

�
�
�

�

�

�
�
�

�

�

-

=

259.0

168.0

0

r0
1

�
�
�

�

�

�
�
�

�

�

-

=

041.0

232.0

0

r0
2 , 

�
�
�

�

�

�
�
�

�

� -

=

088.0

0

325.0

r0
3 , 

�
�
�

�

�

�
�
�

�

� -

=

113.0

0

075.0

r0
4 ,  

�
�
�

�

�

�
�
�

�

�
-=

0

003.0

194.0

r0
5 ,

�
�
�

�

�

�
�
�

�

�
-=

0

196.0

106.0

r0
6 . 

 

4$6��%� �/  �  �,!#�'/   �' �   "%.  "!"'%3/  �  �,!#�'  �/� ,# &  2�%#� 

OmFGH �  #%� ,�!7# .  "!"'%3% �  �,!#�'  Oxyz 3 7#  ��%,"'��!'(  ���  
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0.75

F 0.43

0.5

� �
� �=� �
� �-� �

, 0

0.16

F 0.2

0.07

-� �
� �= � �
� �-� �

, 

0.21

G 0.87

0.43

-� �
� �= -� �
� �
� �

, 0

0.11

G 0.087

0.12

-� �
� �= -� �
� �
� �

, 

0.625

H 0.217

0.75

� �
� �= -� �
� �
� �

, 0

0.156

H 0.05

0.11

� �
� �= � �
� �-� �

. 

	'# "!'%$(#/%  3 3%#'/  %,!#!)#/�  "!$ �/�  �!#' �  !   "!  F  ��%,%$-6'"-  

�  ����#%#!-  (3.3): 

mom(R1,=) = 0.041; mom(R2,=) = –0.041; mom(R3,=) = –0.088; 

mom(R4,=) = 0.088; mom(R5,=) = 0.075;  mom(R6,=) = –0.041. 

	'# "!'%$(#/%  3 3%#'/  %,!#!)#/�  "!$ �/�  �!#' �  !   "!  G 

mom(R1,?) = –0.075; mom(R2,?) = 0.075; mom(R3,?) = 0.022; 

mom(R4,?) = –0.022; mom(R5,?) = 0.075; mom(R6,?) = –0.075. 

	'# "!'%$(#/%  3 3%#'/  %,!#!)#/�  "!$ �/�  �!#' �  !   "!  H 

mom(R1, >) = –0.075; mom(R2, >) = 0.075; mom(R3, >) = –0.088; 

mom(R4, >) = 0.088; mom(R5, >) = 0.0069; mom(R6, >) = –0.0069. 

� ,�$!  $!#%.# &  !  �&$ � &  �"� �%#!.  !  !�  �� %�*!.   ��%,%$-6'"-  !2 

����#%#!-  (3.4): 

7.483a =  3/c2, 2x =��  3/c2, 4y =��  3/c2, 6z =��  3/c2; 

3.539j =��  ��, /c2, 1.2xj =��  ��, /c2, 2.4hj =��  ��, /c2, 2.308zj =��  ��, /c2. 
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���%������  	  ����
�  ��  �����  

 

 

1.  4 $�)%## % �#�$!'!)%"� %  �%+%#!% 2�,�)!    � $ 7%#!!  � 2� $-%'  �� -

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

#!��$-' � � . 

2.  �%' , 3  ,!55%�%#*!� ��#!-  ����#%#!.  "�-2%. �%+%#� 2�,�)�     "� � -

"'-� . 4�!�%,%#  )!"$%## % �%+%#!%  1��'# .  2�,�)!    "� � "'-� . 

3. �""$%, ��#!%  "� ."'�  3�'�!*  )�"'#/�  �� !2� ,#/�  ����#%#!.  "�-2%. 

� 2� $!$   ��%,%$!'(   1$�"'(   " 1/�  � $ 7%#!. . 

4. 4�%,"'��$%#  �#�$!2  3%��#!23� , �)!'/��68!.  ����$$%$(# "'(   "%.  "!$ -

�/�  �!#' � , �%�%,���%3/�  "  "' � #/  �!#%3�'!)%"�!�  *%�%. #�  �/� ,# %  2�%# ,  

!    "%.  $!#%.#/�  ,�!&�'%$%. .  

5. �$-  � $�)%#!-  ����#%#!.  ,!#�3!�! , "�-2�##/�  " ���8�'%$(#/3!  ,�!7% -

#!-3!  �/� ,# &  2�%#�  ��%,%$%#/  '# "!'%$(#/.  3 3%#'  3%7,�  "  '�%'"' -

��68%.   "(6  � ,�!7# .  "!"'%3/  �  �,!#�'  !  "!$ �/3  �!#' 3  !  3 3%#'/  "!$ -

�/�  �!#' � , �%�%,���%3/�  #�  �/� ,# %  2�%# .  

6. 4�%,"'��$%#  �%+%#!% ��-3 .  2�,�)!  "!$ � &  �#�$!2� , � &,�  �  �� !2 -

� $(# 3  � $ 7%#!!  !2�%"'#/  �1" $6'#/%  !   1 18%##/% "� � "'! , ,%."'��68!%  

�  ��!� ,��  "!$/ ,  !   ��%,%$-6'"-  �"� �%#!-  �/� ,# &  2�%#�. 

7. 4 $�)%##/%  2��!"!3 "'!  � 2� $-6'  �/1��'(  ��!� ,  "   �'!3�$(#/3!  �� -

���'%�!"'!��3! .  
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��� �  4. @4-,!�#+!"*��1"�!  #--�!$� �"#!   

+!0�"#(+�  #  ,!�-,!4*# /  !��  #-,��1(� �"#:  

 

 

4.1. ��	
��	�  ���
��%�&		  �����	���  
  ��
���  
�������	  
����
�  

 

 

4�%,"'��$%##�-  <�"�%�!3%#'�$(#�-  3 ,%$(  3%��#!23�  "  '�%'"'��%'  ��2�� -

1 '�## 3�  ��'%#'�  #�  � $%2#�6  3 ,%$(  [43].   

� ,%$(  " "' !'  !2  "# ��#!- , �/� $#%## &  �  �!,%  #%� ,�!7# .  ��3# .  

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

)%"�!�  *%�%. [10].   

�%� ,�!7# %   "# ��#!%   �/� $#%#   �  �!,%  � $���1�  (�!"�# �  4.1).  

 

�!"�# �   4.1. �%� ,�!7# %   "# ��#!%  
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�%� ,�!7# %   "# ��#!%  !2& ' �$%#  !2 �$63!#!%� &  � #"'���*! ## &  

�� 5!$-  V20x20L " ��23%� 3  ��2�  6 33  (�!"�# �  4.2).  �$!#�  "' � #/  #%� ,�!7 -

# &   "# ��#!-  550 33 .  

 

�!"�# �  4.2. 4� 5!$(  #%� ,�!7# &   "# ��#!-  

 

�' � #/  #%� ,�!7# &   "# ��#!-  " %,!#%#/  3%7,�  " 1 .  " � 3 8(6  �$� -

"'!#  (�!"�# �  4.3). 
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�!"�# �  4.3. 4$�"'!#/  ,$-  "1 ��!  #%� ,�!7# &   "# ��#!-  
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4 ,�!7# %  �/� ,# %   2�%#  �/� $#%#   �  �!,%  ��1� . 	#  !2& ' �$%#  !2 

� BS �$�"'!��   "  "' � # .  55 33  " �"'�# �$%##/3!  "5%�!)%"�!3!  ����3!  �  *%#-

'���  �%1%� (�!"�# �  4.4). 

 

�!"�# �  4.4. �/� ,# %  2�%#  

 

��   "# ��#!!  �"'�# �$%#/  +�& �/%  ,�!&�'%$!  (�!"�# �  4.5). 
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�!"�# �  4.5. ��& �/.  ,�!&�'%$(  #�  #%� ,�!7# 3   "# ��#!!  

 

*���	)�
�	�  ��������	
�	�	  
�	������ :  


!� : 1!� $-�#/.  

�!"$  5�2 : 2 

� 3!#�$(# %  #���-7%#!% : 3.6 �  DC 

�&$ � .  +�&: 1,8 °±0. 09 ° (200 +�& �  #�   1 � ' ) 

� 3!#�$(#/.  ' � : 1.5 �  

� �� '!�$%#!% : 2.4 	3  

�#,��'!�# "'( : 3.7 3
#  

� 3%#'  �,%�7�#!- : K 4.2 �&*"3  

 

��!&�'%$(  ��%�!'"-  �  �$�"'!#%  (�!"�# �  4.6). 
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�!"�# �  4.6 4$�"'!#�  ��%�$%#!-  ,�!&�'%$-  

 

�  3%��#!23% �"'�# �$%#/  +%"'(  �!#%3�'!)%"�!�  *%�%.. 9�%#(- 3%��#!23�  

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

160 33  " � �%�%)#/3  "%)%#!%3 16� 16 33 , �� 3%7�' )# %  2�%#  ,$!# .  180 33  " 

� �%�%)#/3  "%)%#!%3 13� 13 33  (�!"�# � 4.7). �%" �� ,# &  !  �� 3%7�' )# &  

2�%#(%� �  25 &�. 
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�!"�# �  4.7 �� ,# %  !  �� 3%7�' )# %  2�%#(- 

 

��!7%#!%   '  ,�!&�'%$-  �%�%,�%'"- �� ,# 3�  2�%#� 2�1)�' .  �%3%## . �%-

�%,�)%. . �%7 "%� %  ��""' -#!%  2�1)�' .  �%3%## . �%�%,�)!  400 33 ,   +�& �%3#- 
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1,6 33 . ���%'��  #�'-7%#!-  �%3#- �  2�1)�' .  �%�%,�)% ��"� $ 7%#�  #�  #%� ,�!7 -

# 3   "# ��#!!  (�!"�# �  4.8). 

   

 

�!"�# �  4.8. ���%'��  #�'-7%#!-  �%3#- 

 

���8�'%$(#�-  ����  �� ,# &  2�%#� ��"� $ 7%#�  #�  � ,�!7# .  ���%'�% , 

,�!7�8%."-  �  #�����$-68%.   "# ��#!-  " � 3 8(6  )%'/�%�  � $!� � . 4�!)%3 , 

,$-  �%&�$!� ��#!-  2�2 ��  3%7,�  � $!��3!  !  #�����$-68%.  !"� $(2�%'"-  <�"*%#-

'�!� , ��"� $ 7%##/.  #�  ,���   "-�  � $!� �  (�!"�# �  4.9). 



 

 

96 

 

 

� ) 

 

1) 

�!" . 4.9. 4 ,�!7#�-  ���%'��  

�  – !"� $#%#!%, 1 – )%�'%7 
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���%'��  ,$-  ��%�$%#!-  �%�� .  ���8�'%$(# .  ���/  (�!"�# �  4.10) 

 

�!"�# �   4.10 ���%'�� -�� #+'%.#  

 

� 3�$%�'  3%��#!23�  ��%,"'��$%#  #�  �!"�#�%  4.11. 

 

�!"�# �  4.11. � 3�$%�'  3%��#!23�  
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��!3   1��2 3 , ��%,"'��$%#�  3 ,%$(  "!#'%2!� ��## &  3%��#!23�  " +%"'(  

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

"'��#/%  <$%3%#'/ 3%��#!23� :  "# ��#!% , � 3�$%�'�68!%  <$%3%#'/ 3%��#!23� , 

,�!&�'%$!  !  �%�%,�)! . 4 ��2�# , )'  3%��#!23/  ����$$%$(# .  "'���'��/  '�� &  

�$�""�   -�$-6'"-  �� "'/3!  � #"'���*!-3! . 	#!   1$�,�6'  � 23 7# "'-3!  �#! -

5!��*!! , � 2� $-6'  !23%#-'(  ,$!#/  �� 3%7�' )#/�  2�%#(%�, �  '��7%  �!#%3�'! -

)%"�!% ���/ . �  ��%,"'��$%## 3  3%��#!23% ��!� ,/  ��"� $ 7%#/  #�   "# ��#!! , 

)'  � 2� $-%'  �/1!��'(  ,�!&�'%$!  " 1 $(+ .  3 8# "'(6 . 

 
 

4.2. @�
���	����������  	

��
����	�  �����	���  
 
 
 

 �  ,�## 3  ����&��5%  � ��2�#  !""$%, ��#!%  "� ."'�  3%��#!23� . �"� ,# %  

� $ 7%#!%  ��%,"'��$%#  #�  �!"�#�%  4.13. 

 

�!"�# �  4.13. �"� ,# %  � $ 7%#!%  3%��#!23�  
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4�!  ,�!7%#!!  �/� ,# &  2�%#� � 23 7#  , "'!)(  &��#!*  ��1 )%.  2 #/  

(�!"�# �  4.14). 4 $�)%#/  3��"!3�$(#/%  �&$/  � � � '�  �/� ,# &  2�%#� (�!"� -

# �  4.15). 

  

� )                                                  1) 

 

� ) 

�!"�# �  4.14. (� , 1, � ) 4 $ 7%#!% �/� ,# &  2�%#� #�  &��#!*%  

��1 )%.  2 #/  3%��#!23�   
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� ) 

 
1) 

�!"�# �  4.15 (� , 1) ���"!3�$(#/%  �&$/  � � � '�  �/� ,# &  2�%#�. 
 

�  ,�## 3  ����&��5%   ��%,"'��$%#�  <�"�%�!3%#'�$(#�-  3 ,%$(  3%��#!23�  

����$$%$(# .  "'���'��/  "  +%"'(6  "'%�%#-3!  "� 1 ,/  !  +%"'(6  �!#%3�'!)%"�! -

3!  *%�-3! . :�"�%�!3%#'�$(# %  !""$%, ��#!%  � ,'�%�,!$  ��23%�  ��1 )%.  2 #/ , 
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3��"!3�$(#/%  �&$/  � � � '�  �/� ,# &  2�%#�, �  '��7%   " 1/%  � $ 7%#!- ,  1� -

"$ �$%##/% � '%�%.  "'%�%#! "� 1 ,/ . 

�� 3%  ' & , � ��2�#�  � 23 7# "'(  �!#%3�'!)%"� .  ��2�-2�!  ,�!7%#!.  � -

"'���'%$(#/�  !  ���8�'%$(#/� . 

 

 

4.3.  ��������  ��	�����	�  �����	����  

 

 

�!#'%2!� ��##/%  3%��#!23/  �  "!$�  !�  ��%!3�8%"'�  3 &�'  !3%'(  1 $(+!%   

� 23 7# "'!  ��!3%#%#!-  �  ��2$!)#/�   '��"$-�  �� 3/+$%## "'!  [58, 60, 63]. 

��2��1 '�##/%  3%��#!23/  " +%"'(6  "'%�%#-3!  "� 1 ,/  3 &�'  ��!3%#-'("-  

,$-  '%�# $ &!)%"�!�   �%��*!. , �  !23%�!'%$(#/�  "!"'%3�� . �"'�# �$%##/%  #�  

3 # �%$(" � 3  ��'! , 3%��#!23/  ,�##/�  �$�"" �  3 &�'   1%"�%)!��'(   "�-2!  3%7-

,�  '%�# $ &!)%"�!3!  �%�%� ,�3! . 	,#!3  !2 � 23 7#/�  ��!3%#%#!.  3 7%'  1/'(  

� ,�!7#�-  �����$-%3�-  '%$%7�� ,$-   1��1 '�!  "%$("� � 2-."'�%##/�  ��$('��  

(�!"�# �  4.16). 

 

� ) 
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1) 

�!"�# �  4.16. 4 ,�!7#�-  �����$-%3�-  �$�'5 �3�  " �"'�# �$%## .   

#�  #%. 3%��#!23 3   

� – 6PRRS;  1 – 6PRPS 

 

�%��#!23/  ����$$%$(# .  "'���'��/  3 &�'  1/'(  ��!3%#%#/  �  �"'� ."'���  

'%$%"� � �  �  ��)%"'�%  3%��#!23�  � � � '�  ,$-  #��%,%#!-  !  ���8%#!-  ��,! $ �� -

*! ##/�  �#'%## (�!"�# �   4.17). 

4�%,$ 7%##/% 3%��#!23/  3 &�'  ��!3%#-'("-  �  !23%�!'%$(#/�  "!"'%3�� . �  

<' 3  "$�)�%  #�  �/� ,# 3  2�%#% 1�,%'  �"'�# �$%#�  !23%�!'%$(#�-  "!"'%3�  (�!"� -

# �  4.18). �23%�%#!-  �  �,!#�'  � �%��# "'!   1;%�'�  �� � ,-'"-  � "�%,"'� 3  

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

!23%�!'%$(#/% 3�+!#/  3 &�'  !"� $(2 ��'("-  ,$-  !23%�%#!- &�1��!' �  !  ��23%-

� � , �� 5!$-  ,%'�$%., !23%�%#!- �&$ �  !$!   �!%#'�*!! , � "'� %#!-  ���'  �%$(%5�.

 �  ,�##/�  3%��#!23��  ��!� ,/  ��"� $ 7%#/  #�   "# ��#!!  !   ',%$%#/   '  

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

	,#!3  !�  ��7#/�  ��!3%#%#!.  3%��#!23�  3 7%'  1/'(  %&  !"� $(2 ��#!%  �  

�,,!'!�#/�  '%�# $ &!-� , &,% �/� ,# %  2�%#  3 7%'  #% ' $(�   1%"�%)!��'(  �%-

)�'(  �  �$ "� "'! , #  !  �/� $#-'(  #��$ #  �%)�'�68%&  �"'� ."'�� . 



 

 

103 

 

 

 

 

�!"�# �  4.17 �"'� ."'�   �!%#'�*!!  �#'%##/   
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�!"�# �  4.18 �23%�!'%$(#/.  � 3�$%�"  

 

��#!��$-*! ##/%  3%��#!23/  ����$$%$(# .  "'���'��/ ,  1$�,�68!%  �/" -

� .  "� � "'(6 , ' )# "'(6 , #!2� .  "%1%"' !3 "'(6 , �� "' .  � #"'���*!%.  3 &�'  

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

� ��2/��6'  � 23 7# %  +!� � %  ��!3%#%#!% 3�#!��$-' � �  ����$$%$(# .  "'��� -

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

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

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

 

 

���%������  	  ����
�  ��  �����  

 

 

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

#!23�  ����$$%$(# .  "'���'��/  " +%"'(6  "'%�%#-3!  "� 1 ,/ ,  ',%$(#/%  �2$/  !  

<$%3%#'/. 
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2. 4 ��2�# , )'  3%��#!23  ����$$%$(# .  "'���'��/  " +%"'(6  "'%�%#-3!  "� 1 ,/  

-�$-%'"-  �� "' .  �  !2& ' �$%#!!  � #"'���*!%. . 

3. 4� �%,%#/  !""$%, ��#!-  "� ."'�  3%��#!23 � ,  ��%,%$%#/ ��1 )�-  2 #�  !   " -

1/% � $ 7%#!- .   

4. 4 ��2�# , )'  "!#'%2!� ��##/.  3%��#!23  -�$-%'"-  ��1 ' "� " 1#/3 . �%2�$(-

'�'/  <�"�%�!3%#' �  " ���,�6'  " �%2�$('�'�3!  ��")%' � .  

4. �""$%, ��#!%  �� ' '!��  � 2� $-%'  ��2��1 '�'(  �%� 3%#,�*!!  �  �� %�'!� �� -

#!6  3%��#!23 �  ,�## &  �$�""� . 
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�-"� "/!  �!(3�1*�*/  #   / �$/  

 

 

1. �  �%2�$('�'%  �� �%,%## &  "'���'��# &  "!#'%2�  ��%,$ 7%#/  # �/%  "�%3/  

�� "'��#"'�%##/�  3%��#!23 �  ����$$%$(# .  "'���'��/  " +%"'(6   "'%�%#-3!  

"� 1 ,/ , !3%68!�   �' & #�$(#  ��"� $ 7%##/%  ���/  ,�!&�'%$%.  " � ���#  

����$$%$(#/3!   "-3! . 

2.  4 ��2�# , )'  "!#'%2!� ��##/%  3%��#!23/   1$�,�6'  "� ."'��3!  )�"'!)# .  

��2�-2�!  ,�!7%#!. , !2 3 �5# "'(6  !  � "' -#"'� 3  �%�%,�' )# &   '# +%#!-  

��!  � "'���'%$(#/�  ,�!7%#!-� . 

3. ��2��1 '�#/  3�'%3�'!)%"�!%  �$& �!'3/  !  �� &��33/  ,$-  �%+%#!- ��-3 .  !  

 1��'# .  2�,�)    � $ 7%#!! ,   ��%,%$%#/ ����3%'�/  ��1 )%&  �� "'��#"'��  

3%��#!23� . 

4. �"'�# �$%#/  2��!"!3 "'!  3%7,�  ,$!#�3!  �� 3%7�' )#/�  2�%#(%� !  ��23%� 3  

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

#!23� . 

5. �"'�# �$%# , )'   1$�"'(   " 1/�  � $ 7%#!.  2��!"!'  ' $(�   '   �!%#'�*!!  

�/� ,# &  2�%#� !  � -�$-%'"-   ��!  �&$��  � � � '� , ��%�/+�68!�  � #"'��� -

'!�#/%   &��#!)%#!- .  

6. 4 $�)%#/  ����#%#!-  "!$ � &  �#�$!2� . 	��%,%$%#/  3 3%#'/  "!$ �/�  �!#' � , 

�%�%,���%3/�  #�  �/� ,# %  2�%# ,  '# "!'%$(#/%  3 3%#'/  3%7,�   "-3!  � , -

�!7# .  "!"'%3/  �  �,!#�'  !  "!$ �/3!  �!#'�3! .  

7. �%+%#� 2�,�)�  "!$ � &  �#�$!2�  ,$-  �� !2� $(# &  � $ 7%#!-  �/� ,# &  2�%-

#�  ��!  2�,�##/�  �1" $6'#/�  !   1 18%##/�  "� � "'-�  !  ,%."'��68!�  �  ��! -

� ,��  "!$�� . 

8. :�"�%�!3%#'�$(# %  !""$%, ��#!%  3 ,%$!  � ,'�%�,!$  ��1 ' "� " 1# "'(  3%-

��#!23� . 	��%,%$%#/  ��23%�  ��1 )%.  2 #/ , 3��"!3�$(#/%  �&$/  � � � '�  �/ -

� ,# &  2�%#�, #�$!)!%   " 1/�  � $ 7%#!. ,  1�"$ �$%##/�  � '%�%.  "'%�%#! 

"� 1 ,/ . 4 ��2�#�  � 23 7# "'(  �!#%3�'!)%"� .  ��2�-2�!  � "'���'%$(#/�  !  

���8�'%$(#/�  ,�!7%#!. . 
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9.  4 ��2�# , )'  !2& ' �$%##/.  3%��#!23  ����$$%$(# .  "'���'��/  "  +%"'(6  

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

��!� ,/  ��"� $ 7%#/  #�   "# ��#!! . 

10. �""$%, ��#!%  ,%."'��68%.  3 ,%$!  � 2� $-%'  ��2��1 '�'(  �%� 3%#,�*!!  �  

�� %�'!� ��#!6  3%��#!23 �  ,�## &  �$�""� . 
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-,#-�4  �#*!��*3�/  
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%% Example  

figure;  

r = 1; % radius of cylinder  

h = 2; % height of cylinder  

circumference_pnts = 100; % number of points in the circumference  

theta = linspace(0, 2*pi, circumference_pnts); % angle to compute 'x' and 'y'  

x = repmat(r*cos(theta),2,1); % compute coordinates and put in appropriate form  

y = repmat(r*sin(theta),2,1); % compute coordinates and put in appropriate form  

z = [zeros(1,circumference_pnts); h*ones(1,circumfe rence_pnts)];  

% array of 'z' values: first row is basis of cylind er and second row is top of 
cylinder  

surf(z,x,y)  

%% 

clear all ;  

clc; 
% ���������  �	
	����  
����	�	������
  ���
���  �
��  

% ���	��  	  ���
��  �	
	����  �

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

r = 9.43; % radius of cylinder    

circumference_pnts = 100; % number of points in the circumference  

theta = linspace(0, 2*pi, circumference_pnts); % angle to compute 'x' and 'y'    

% X,Y coordinates of the center of the circle #1 ( ������  �	
	��� )  

x0_1 = -5;  

y0_1 =  5;  

x1 = r*cos(theta) + x0_1;  

y1 = r*sin(theta) + y0_1;    

% X,Y coordinates of the center of the circle #2 ( ��
�
�  �	
	��� )  

x0_2 =  5;  

y0_2 = -5;  

x2 = r*cos(theta) + x0_2;  

y2 = r*sin(theta) + y0_2;    

% Plot result  

figure; hold;  

plot(x1,y1); grid on;  

plot(x2,y2); grid on;    

% ��
��  	���  �
��	  ���������	�  ����  �	
	���
�  	  ���
	�  ��	��� ,  

% 
����
������  ������  ���������	�� . ������  ��	���  ������  �
���  �	
	����    

% Points of intersection of the circles   

[xint,yint] = circcirc(x0_1,y0_1,r,x0_2,y0_2,r);  

% Plot result  

plot(xint(1),yint(1), 'r*' ); plot(xint(2),yint(2), 'b*' );    

thetalim1 = atan((yint(1)+y0_1)/( xint(1)+x0_1));  

thetalim2 = atan((yint(2)+y0_1)/( xint(2)+x0_1));    

thetalim3 = pi + thetalim1;  

thetalim4 = pi + thetalim2;    

l1 = linspace(thetalim1, thetalim2, circumference_p nts/2);  

l2 = linspace(thetalim4, thetalim3, circumference_p nts/2);    

x3 = r*cos(l1) + x0_1;  

y3 = r*sin(l1) + y0_1;  

x4 = r*cos(l2) + x0_2;  

y4 = r*sin(l2) + y0_2;    

x4 = fliplr(x4);  

y4 = fliplr(y4);    

x_int = repmat([x3 x4],2,1);  

y_int = repmat([y3 y4],2,1);    

plot(x_int(1,:), y_int(1,:));  

legend( ' ������  
��� �
��! ' , ' ��
���  
��� �
��! ' , ...   

    '1- ��  �
���  ���������	� ' , '2- ��  �
���  ���������	� ' , ' 	��
���  ��	��� ' );     

% array of 'z' values: first row is basis of cylind er and second row is top of 
cylinder  
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z = [-9*ones(1,circumference_pnts); 9*ones(1,circum ference_pnts)];  

figure; grid;  

hold;  

surf(z,x_int,y_int); % A2A1 

surf(-x_int, z, y_int) % A3A4 

surf(x_int,-y_int, z) % A5A6   

xlabel( 'X' );  

ylabel( 'Y' );  

zlabel( 'Z' );  

grid on;  
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