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������(�2 
��&c�?' �]'?��&C>= �]�&&c�]��d C7&�C>7 C�&���d &cÜ?B>&7, U&6�?��=d &_?�=7�=�, �?-
T?>C: U�>�' W��UU=�&7B= &>����=d =d U&B]>?�?�. � &cÜ?B>� &_?�=7�=: 7�c��� C&7�?-
'?���? >��CU&�>��? C�?6C>7, U�?6C>7�:��=? C&c&� C�&���? B=c?�A=]=�?CB=? C=C>?'�. 
	 &>�=�=? &> U�='?�:?'&W& 7 �C>&:�?? 7�?': U&6d&6 B �?T?�=� &c&]��?��&� U�&c�?'�, &C-
�&7��&W& � U�B>=�?CB&' &U�>? = zBCU?�>��d &_?�Bd, U�?6�W?>C: 7�6?�=>^ 7C? C>&�&��, ]-
=�>?�?C&7���? 7 &_?�=7�== >?d�=�?CB&W& ��&7�: = B�?C>7 >��CU&�>��d C�?6C>7. � &C�&7? 
C=C>?'�&W& U&6d&6 7�6?�?�� ��C>�=B= �=]�?��&W& _=B� >��CU&�>�&� C=C>?'�. � �]��d 
z>Ud �=]�?��&W& _=B� >��CU&�>�&W& C�?6C>7 ='= :7�:�>C: U�&?B>=�&7�=B = =]W&>&7=>?�^, 
U�&67?_ = U&B�U>?�^, U&�^]&7>?�^ = zBCU��>_=&��=B. �&B]>?�= >��CU&�>�&� C=C>?'� 
W��UU=���>C: &>�&C=>?�^�& =�>?�?C&7 z>=d C>&�&�. ��?6�&�?�& ��=�>^ W��UU=�&7�=? U&B]-
>?�?� &> B&�?��&� _?�= >��CU&�>�&W& C�?6C>7, �?�=]�?'&� U&>�?c=>?�?'. 	�U&��?�& W��UU=-
�&7�=? &c&c�����d U&B]>?�?� >��CU&�>��d C�?6C>7 C ���>&' =�>?�?C&7 = U�?6U&�>?�=� 
��C>�=B&7 �=]�?��&W& _=B� >��CU&�>��d C�?6C>7 � '�&�?C>7? ?6=�=���d U&B]>?�?�. 
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�"�&���� 
4&7�?'?���? >��CU&�>��? C�?6C>7 (�4�) U�?6C>7�:�> C&c&� C�&���? B=c?�A=]=�?-

CB=? C=C>?'�, d�B>?�=]�?'�? '�&W='= 6?C:>B'= A=]=�?CB=d = =�>?��?B>��^��d 
C7&�C>7. 
B>��^�&� ]6�?� :7�:?>C: &_?�=7�=? =d >?d�=�?CB&W& ��&7�: = B�?C>7 � 7C?d 
z>Ud �=]�?��&W& _=B� (b�). 	 �c&>? [1] z> ]6� �?T?>C: C U&]=_== U�&?B>=�&7�=B 
C�&��&� >?d�=�?CB&� C=C>?'� (4�4). ��&c�?' &_?�=7�=: C&7�?'?��&W& �4� ]B���?>C: 
�? >&�^B& 7 ?� 7�C&B&� �]'?��&C>=, �& = 7 �?&cd&6='&C>= ���> C7&�C>7 C7:]���d C �=' 
&cÜ?B>&7, U�?6C>7�:��=d U& &>�&T?�=� B �4� 7�?T��� C�?6� (	4). ���'= C�&7'=, �4� 
����& �CC'>�=7>^ BB B&'U&�?�> >��CU&�>�&� C=C>?'� (�4), 7 �'Bd B&>&�&� &�& C&-
]6�>C:, U�=&c�?>?>C:, &cC���=7?>C:, U�='?�:?>C: U& �]��?�=� = �>=�=]=��?>C:. 	 70-? 
= 80-? W&6� XX 7?B U&6&c�&W& �&6 ]6�= �?T�=C^ 7 �'Bd U�&W�''�&-_?�?7&W& U��=-
�&7�=: [2]. 

�Cd&6��? C7&�C>7 4�4 ]B�6�7�>C: U�&?B>=�&7�=B&' C ���>&' 7C?d z>U&7 ?� b�. 
��6&? z�?'?�>��&? C7&�C>7& U�?6C>7�:?>C: C7&=' ?6=�=���' U&B]>?�?' [1]. �&CB&�^-
B� �4 d�B>?�=]�?>C: 6?C:>B'= ?6=�=���d U&B]>?�?�, U�&c�?' U�=?'�?'&� �]'?��&-
C>= �?T?>C: U�>�' U&z>U�&W& &cÜ?6=�?�=: ?6=�=���d U&B]>?�?� 7 W��UU�. 	 �c&>? [3] 
U?�?�?�^ 7C?d ?6=�=���d U&B]>?�?� � &C�&7? �B&U�?��&W& U�B>=�?CB&W& &U�> U�?6�-
W?>C: �]6?�:>^ � C�?6���=? W��UU�: A��B_=&��^��? (�]��?�=? 4�4), zBCU��>_=&�-
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�&->?d�=�?CB=?, zBCU��>_=&��&-zB&�&'=�?CB=?, z�W&�&'=�?CB=?, zB&�&W=�?CB=? = C>&=-
'&C>��?. �>& 6?�?�=? U?�?��: ?6=�=���d U&B]>?�?� �? ��=>�7?> =�>?�?C B �=' C& C>&�&-
�� 7C?d ��C>�=B&7 b� 4�4 (6�?? ]=�>?�?C&7���d C>&�&� =�= =�>?�?C�>&7). 
 B �=', 
U&'='& U�&?B>=�&7�=B, &>�&C:>C:: U�&=]7&6=>?�^ �4�, ?W& U�&67?_ (A=]=�?CB&? =�= 
��=6=�?CB&? �=_&, >.?. B&'U�=:), U&B�U>?�^, zBCU��>_=&��=B (>&>, B>& ?W& &cC���=7?>) 
= U&�^]&7>?�^ 7 �=_? &U?�>&� (7&6=>?�:, U=�&> = U�.) = ]B]�=B >��CU&�>��d �C��W 
(UCC�=�, W��]&&>U�7=>?�: = U�.). 

	 C7:]= C z>=' _?�^� �C>&:�?� �c&>� :7�:?>C: 7�:7�?�=? =�>?�?C&7 ��C>�=B&7 C&-
]6�=: = A��B_=&�=�&7�=: �4 = &U�?6?�?�=? =d U�?6U&�>?�=� B W��UU' U&B]>?�?�. 
� U?�7&&�?�?6�&� ]6�? &>�&C=>C: A&�'=�&7�=? 7?�d�?W& ��&7�: =?��d== U&B]>?�?�. 
��= z>&' �?'�&7��&� ]6�?� :7�:?>C: ��=A=B_=: U&B]>?�?� 7?�d�?W& ��&7�: 6�: 7C?d 
7=6&7 �4. 4 �?T?�=?' z>&� ]6�= C7:]�& U�='?�?�=? '?�6=C_=U�=����d U&�:>=�, U�=-
?'�?'�d 6�: ��c�d 7=6&7 �4. �CU&�^]&7�=? U&�:>=: !	�#����� � �]��d ��&7�:d 
=?��d== U&B]>?�?� >�?c�?> 7�?C?�=: >?�'=�&�&W=�?CB&� :C�&C>= 7 ?W& >�B>&7B� = &>�&-
T?�=? C c�=��T='= ?'� U&�:>=:'=. 

1 ���'��"'� =��2��2 �������	
� 
R�&W&��&7�?7: C>��B>�� U&B]>?�?� &>�&C=>C: B B�CC� &�>&�&W=�?CB=d '&6?�?�, 7 

B&>&��d 7��: �&�^ &>7&6=>C: U�?6'?>�&'� :]�B� [4, 5]. 	 U�?6�&�?��&' 7 �c&>? [5] C�&-
7�?�B���?7�d C�&7 U�&?B>�> &>C�>C>7�?> >?�'=� !	�#�����, U�='?�:?'�� 7& '�&W=d &c-
�C>:d ]��=:. 	 C�&7�? 4.�. ��?W&7 [6] !	�#����� 7 C'&' T=�&B&' C'�C�? &U�?6?�:?>-
C: BB «6���?, U& B&>&��' '&��& C�6=>^ & �]7=>==, d&6?, C&C>&:�== �?W&-�=c�6^». 

	 &>�=�=? &> ��CCB&W& C�&7 !	�#����� >?�'=� !������� c�� ]='C>7&7� =] 6�?7�?-
W�?�?CB&W& :]�B. �> W�W&� 
	�#����a (6�.-W�. ��������	
) c��& &c�]&7�& C��?C>7=-
>?�^�&? !�������.��&6 �=' U&�='�> 7?�=�=��, C U&'&�^� B&>&�&� d�B>?�=]��>C: B-
B=?->& C7&�C>7, CU&C&c�&C>=, C&C>&:�=?, �]'?� =�= A&�' &cÜ?B>, U�&_?CC, :7�?�=:, C=-
C>?'� = >.U.�4�?6&7>?�^�&, 7 C�&7? !������� 7 &>�=�=? &> U&B]>?�:, BB C�?6C>7 &_?�=-
7�=:, U?�7=�?� C'�C� =]'?�?�=:, =] �?W& C�?6�?>, �>& &�& ='??> c&�?? �]B=� C'�C� [7]. 

V&�^T?� &c��&C>^�, �?' U&B]>?�^, &c�6?> U&�:>=? (�������
��� (&> 6�.-W�?�. 
�������������� 	������������), BB C&7&B�U�&C>^ &>�=�=>?�^��d 
�	�
�� BB&W&-�=c& 
&cÜ?B>. ��& :7�:?>C: C&c=�>?�^��' U&�:>=?' U& &>�&T?�=� B &>6?�^��' C7&�C>7' &cÜ-
?B>, &_?�=7?'�' U&B]>?�:'= = U�'?>�'= [8]. 

�Cd&6: =] >&W&, �>&  '�&W&��&7�?7: C>��B>�� U&B]>?�?� 7&C>�?c&7� 6�: &_?�=7-
�=: ���
��� �4, 7 C>>^? >?�'=� !	�#����� =CU&�^]�?>C: ='?��& 7 z>&' B&�>?BC>?. 	 
��4� 15467-79 [9] !	�#����� ���
��� !�	����� &U�?6?��� BB 	����
������� d�B>?-
�=C>=B &6�&W& =�= �?CB&�^B=d C7&�C>7 U�&6�B_==, 7d&6:�=d 7 ?� B�?C>7&, �CC'>�=7?-
': U�='?�=>?�^�& B &U�?6?�����' �C�&7=:' ?� C&]6�=: = zBCU��>_== =�= U&>�?c�?�=:.  

�6=�=���� U&B]>?�^ B�?C>7 U�&6�B_== – z>& U&B]>?�^, d�B>?�=]���=� &6�& =] 
?� C7&�C>7. �6=�=���? U&B]>?�= B�?C>7 U�&6�B_== U& >?d�=�?CB=' d�B>?�=C>=B' 
&cÜ?6=�:�>C: 7 W��UU�: �]��?�=:, �6���&C>=, c?]&UC�&C>=, z�W&�&'=�?CB=?, C>&�B&C>= 
B 7�?T�=' 7&]6?�C>7=:', zC>?>=�?CB=?, >?d�&�&W=��&C>=, >��CU&�>c?�^�&C>=, C>�6�>=-
]_== = ��=A=B_==, U>?�>�&-U�7&7�?, zB&�&W=�?CB=?, zB&�&'=�?CB=? [10]. �]'?��&C>^ 
U&B]>?�?� z>&W& ��&7�: =?��d== >B�? U�?7&Cd&6=> =]7?C>��� UC=d&�&W=�?CB�� W��=_� 
7(2. �?&cd&6=' C�?6���=� ��&7?�^ &c&c�?�=:, &>����=� =�>?�?C� ��C>�=B&7 b� �4.  

y�: 7��?C?�=: &_?�B= B�?C>7 U& �?B&>&�&'� U&B]>?�� �?�&7?B� �?&cd&6='& C�7-
�=>^ ?W& ]��?�=? C =]7?C>��' ]��?�=?'. ���'= C�&7'=, ����& ]�>^ �&�'� =�= >�?c&7-
�=?, U�?6Ü:7�:?'&? B U&B]>?��. �>& >�?c&7�=? &>��?> �������, U�?6C>7�:��=� C&-
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c&� U�7=�& &_?�=7�=: U&B]>?�:. 	 [11] &�& A&�'�=]&7�& BB 67�d'?C>��� U�?6=B> 
U�?6U&�>?�=: AB>=�?CB&W& ]��?�=: U&B]>?�: U& &>�&T?�=� B ?W& �?�?'&'� =�= =]-
7?C>�&'� ]��?�=�. 	 �C>&:�?� �c&>? U�?6U&�>?�=: ��C>�=B&7 b� �4 &W��=�=7�>C: 
U?�?��?' =�>?�?C���=d =d U&B]>?�?� 7?�d�?W& ��&7�: =?��d==. 

2 ��7��"'� ��!5� � =�77�#���" 
�]��?�=?' ��c&� A=]=�?CB&� �4 :7�:?>C: �
	����� '���
-��		�`�
�1(6&C>7B ��) 

7 ]6��&' &cÜ�'?/B&�=�?C>7? =] U��B> 	�!�������� (��) 7 U��B> �	
���� (�y) U& 7�-
c���&'� ���K���� C U&'&�^� �4�. �CC'&>�=' B&'U&�?�>� U&�:>=: �	
���� �N. 

	�?T�?? �U�7�?�=? = &U?�>&� �4� �?�=]��> A��B_== U��&7&W& = &U?�>=7�&W& 
�U�7�?�=: 6&C>7B&� ��. ���] =]'?�:?>C: 'CC&� = &cÜ�'&',  UCC�=�� – B&�=�?C>7&'. 
�&6 W��]&' U&�='?>C: '>?�=�, �d&6:�=�C: 7 ��c&' =] >��d C&C>&:�=� (>7��6&?, �=6B&?, 
W]&&c�]�&?). R>?�=�� �]�=��>C:: (������	� !	���$����� (C��^�, U�&6�B>�, U�?6-
'?>� U&�^]&7�=:), �!�	�	� (B&�>?��?�, 6��W: >�, c?] >��), 	!�
�	
��a (�? &UC��?, 
W&���=?, 7]��7&&UC��?). �&6 UCC�=�&' U&�='?>C: ��c&? �=7&? C��?C>7&, >.?. �? >&�^-
B& �?�&7?B, �& = �=7&>�&?.  

�&6 �� U&�='?>C: ��c&� &cÜ?B>, C B&>&�&W& C>�>�?> �4�. �>&> &cÜ?B> '&�?> c�>^ 
BB ��!	���"���, >B = !	���"���. �&6 �y U&�='?>C: ��c&� &cÜ?B>, B B&>&�&'� 6&��?� 
c�>^ 6&C>7�?� W��] =�= UCC�=�. �B �?, BB = ��, �y '&�?> c�>^ BB �?U&67=���', >B 
= U&67=���'. y&C>7B �� ='??> �CT=�=>?�^�&? >&�B&7�=? BB 6&C>7B �? >&�^B& 7 B&-
�?���� (�y), �& = 7 ��c�� U�&'?��>&���� >&�B� '�T��>.  

��CC, C7:]�7��: �� = �y, �]�7?>C: ���*���
� 6&C>7B= W��]. R�T��>, U�&-
B�6�7?'�� '?�6� �� = �y, d�B>?�=]�?>C: ��

�	����� '?�6� �='= = 
	
�	����� 
>�CC�. R�T��> 7�c=�?>C: 7 U�&_?CC? ���K����#����. y�: &U?�>=7�&W& 7�c&� =�= =]-
'?�?�=: '�T��> =CU&�^]��>C: C�?6C>7 ���������, &U�?6?�:��=? '?C>&U&�&�?�=?, CB&-
�&C>^ = &�=?�>_=� 67=���?W&C: �4�.  

y&C>7B W��] d�B>?�=]�?>C: C�?6���='= U&B]>?�:'=: �	��	
�� 6&C>7B= 7 C'�C-
�? c�=]&C>= B �'?�?��&� _?�=, ����� 6&C>7B=, 
	(����	
�� W��], ��	$
��	 6�: UCC�=-
�&7 7 U�&_?CC? =d 6&C>7B= B �y, 
�	��	
�� 6&C>7B=. 

3 /"��7�"� ����7=������� 7��&7�"�  
�4� 6?�:>C:: U& ��#������a, U& 
���� 6&C>7B= �� = U& 
!	
	$� U?�?67=�?�=:. �?]7=-

C='& &> z>=d &C&c?��&C>?� ��c&'� �4� U�=C��= C�?6���=? C7&�C>7: CB&�&C>^; >&��&C>^ 
6&C>7B=; 'CC; Wc�=>�; �C>&��=7&C>^ B 7&]6?�C>7=� 7��>�?��=d = 7�?T�=d AB>&�&7; 
CU&C&c �U�7�?�=:; c?]&UC�&C>^; �6&cC>7&; '��7�?��&C>^; U�&d&6='&C>^; U&>�?c�:?'�? 
�?C��C�; 7&]6?�C>7=? � &B������� C�?6�. �CC'&>�=' �?B&>&��? =] �=d. 

6	�
���
	�� 7 T=�&B&' C'�C�? &U�?6?�:?>C: BB 
�	�
��	 	$���� ��!	����� 
�	� 
������ � �
�	���( �#������� ���������� 
���� � 	4. ��='?�=>?�^�& B �4� U&6 ?W& �C>&�-
�=7&C>^� C�?6�?> U&�='>^ 6&C>=�?�=? �y 7 �C�&7=:d 7�=:�=: 7��>�?��=d = 7�?T�=d AB-
>&�&7. �]�=���? 7=6� �C>&��=7&C>= c��= �CC'&>�?�� 7 [12]. 	 �C�&7=:d U�?6CB]�?'�d 
(�C��>��d) =]'?�?�=� 7��>�?��?� = 	4 �C>&��=7&C>^ B&�B�?>=]=��?>C: 7 ����	��
�� C=-
C>?'�. �>& C7&�C>7& �?�=]�?>C: C�?6C>7'= 7>&'>=�?CB&W& �?W��=�&7�=:, &c?CU?�=7�-
�='= U&66?���=? U&C>&:�C>7 U�'?>�&7 �4�. 	 �C�&7=:d �?U�?6CB]�?'�d =]'?�?�=� 
7��>�?��?� = 	4 �C>&��=7&C>^ B&�B�?>=]=��?>C: 7 !��
!	
	$����	
��. ��=CU&C&c�?�=? 

������������������������������������������������������������
1  	 [8] W��]&-UCC�=�� �]�7�>C: �����	� �����#	�.  
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(6U>_=:) C=C>?'� &C��?C>7�:?>C:, U�?�6? 7C?W&, ] C��> �B&U�?�=: &U�>. 	�CT=� ��&-
7?�^ �C>&��=7&C>= &c?CU?�=7?>C: ] C��> ��$	�� 	!�������	�	 !��� �]7=>=: C=C>?'�.  

�&6 %��
��	�
	��� U&�='?>C: 
	(������� 
�	�
�� �� 7 U�&_?CC? 6&C>7B=.  
6�
%	��
 – z>& C7&�C>7& �4�, BC��??C: BB &U?�>&�&7, >B = UCC�=�&7 �4�.  
5��)�����
	�� d�B>?�=]�?> CU&C&c�&C>^ �4� �#$����� ?C>?C>7?���? = =CB�CC>7?�-

��? U�?U:>C>7=:, 7C>�?���=?C: � U�>= C�?6&7�=:, '?�:: C7&= B&&�6=�>�, BB U& W&�=-
]&�>�=, >B = U& 7?�>=B�=, �? '?�:: �y. 

��
0
��
	�� d�B>?�=]�?> CU&C&c�&C>^ �4� !��	�	������ ?C>?C>7?���? = =CB�C-
C>7?���? U�?U:>C>7=:, 7C>�?���=?C: � U�>= C�?6&7�=:.  

4&U&C>7�:: U&�:>=: �#$����� = !��	�	������ U�?U:>C>7=: '&��& C6?�>^ 7�7&6, �>& 
���_�����	
�� = !�	(	���	
�� :7�:�>C: �>=U&6'= U& CU&C&c� U�?&6&�?�=: U�?U:>C>7=�. 

�
���%�?���� ��	��	�. �?C��C – z>& #�!�
 �?W&->&, B&>&��� '&��& =CU&�^]&7>^ 6�: 
�6&7�?>7&�?�=: B&�B�?>��d U&>�?c�&C>?�. �&6 �?C��C&' >?d�=�?CB&� C=C>?'� &c���& U&-
�='�> ��c&>B� 7 >?�?�=? �C>�&7�?��&W& C�&B C���c� U�= =CU&�^]&7�== U& �]��?-
�=�. �c&> �4� &c?CU?�=7?>C: ] C��> U&>�?c�?�=: 6&C>�U��d �?C��C&7 7 7=6? 7?�?C>7, 
z�?�W== = =�A&�'_==.  

�
����	��� �4� � &B������� C�?6� &U�?6?�:?>C: B&�=�?C>7&' &>d&6&7, ]W�:]�:-
��=d #���a, �	�� = �	#��(,  >B�? T�'&7�' = ���?7�' 7&]6?�C>7=?'.  

�CC'&>�?���? C7&�C>7 d�B>?�=]��> �4� C >&�B= ]�?�=: ?W& !	��#	������ (&U?�>&� 
= UCC�=�) = 7 z>&' C'�C�? :7�:�>C: U&>�?c=>?�^CB='= C7&�C>7'= �4�. 	 C=�� �?&6�&-
�&6�&C>= z>=d C7&�C>7 �]&c^�' =d � W��UU�. 47&�C>7 �4�, d�B>?�=]���=? ?W& CU&C&c-
�&C>^ 7�U&��:>^ 6&C>7B� �� =] �� 7 �y, &cÜ?6=�=' 7 W��UU� !	�#����� ��#������� (��). 
� z>&� W��UU? C&W�C�& [13] &>�&C:>C: C7&�C>7 �4�, B&>&��? &>7?��> � C�?6���=? 7&-
U�&C�: �	� W��] (=�= B&�=�?C>7& UCC�=�&7) '&�?> 6&C>7=>^ �4� 7 �y, C �	� 
	�	-

��a (=�= ] BB&? 7�?':) = C �	� �	��	
��a U�=c�=�?�=: B _?�= (�y). 

4�?6���: W��UU C7&�C>7 �4� &>��?> ���
��	 �	
���� (,�) ��. 9
�	����	
�� B 
7&]6?�C>7=� 7��>�?��=d = 7�?T�=d AB>&�&7 = $�#	!�
�	
�� W��>=���> U&�&�=>?�^��� 
=Cd&6 6&C>7B= ��,  ��	$
���, C&]6���? 6�: UCC�=�&7 = &U?�>&�, ='?�> &>�&T?�=? B 
=d C'&��7C>7=� 7 U�&_?CC? 6&C>7B= 7 �y. � z>&� �? W��UU? C�?6�?> &>�?C>= U&B]>?�= 
�
������	
��, 7�=:��=? � z'&_=&��^�&? 7&CU�=:>=? U&�^]&7>?�?' C7&?W& �4� [13]/� 

	��&� d�B>?�=C>=B&� U�&_?CC 6&C>7B= �� :7�:?>C: CU&C&c !�	(	"����� ���K��-
�� (�6). �� ]7=C=> &> >B=d B�?C>7 �4�, BB ���_�����	
�� = !�	(	���	
��. �>= C7&�-
C>7 �4� =CU&�^]��>C: U�= 7�c&�? '�T��> 7 U�&_?CC? 6&C>7B= ��. 

*#���	���
���� �4� C 	4 U�&:7�:?>C: �?�?] U&>�?c�?�=? ?� �?C��C&7 = ]W�:]�?�=? 
&B�����?� C�?6� &>d&6'= &> A��B_=&�=�&7�=: �4� = ?W& UCC�=�&7. 

	�6?�?���? �?>��? W��UU� C7&�C>7 U�?6C>7�:�> 7?�d�=� ��&7?�^ d�B>?�=C>=B= 
�4�, =�>?�?C���=� ?W& U&�^]&7>?�:. �CC'&>�?���? C7&�C>7 �4� �?&cd&6='� = 6&C>-
>&��� 6�: &_?�=7�=: =d B�?C>7 7 	����� &> 6��W=d C7&�C>7 �4. y�: &_?�=7�=: B�?C>7 
�4� 7 C&C>7? �4 �?&cd&6=' ��=] C7&�C>7 &cÜ?B>&7, 7]='&6?�C>7���=d C �4�. 

4 >��7���'� #�5������� (�'�� �/�  
	C? C>&�&��, ��C>7���=? 7 b� �4�, c�6?' �CC'>�=7>^ BB 	4. � �=C��B? 1 �4� 

U�?6C>7�?�& 7 7=6? :6� �4, &>6?����&W& &> 	4 U��B>=��&� �=�=?�. 	4 �]6?�?� � �?>�-
�? �C>=: B>=7��� = UCC=7��� 	4, 7�?T��� C=C>?'� = &U?�>&�, &C��?C>7�:��?W& 6&-
C>7B� �� � �4�. �U?�>&� = �� � �=C��B? 1 �C�&7�& &>6?�?�� &> �4�, d&>: 7 U�&_?CC? 
6&C>7B= '&W�> C&C>7�:>^ C �=' ?6=�&? _?�&?. ��6: =] 6��W=d >��d �C>?� 	4 6?�=>C: � 
�?CB&�^B& B&'U&�?�>&7. 	]='&6?�C>7=: '?�6� B&'U&�?�>'= �4 U&B]�� C>�?�B'=. 
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y7&��: CU�&T�: C>�?�B &]��?> 7&]6?�C>7=? � C7&�C>7 B&'U&�?�>,  67&��: U��B-
>=��: C>�?�B &]��?> U&>�?c�?�=? C7&�C>7 B&'U&�?�>. ���B>=��: &6=���: C>�?�B 
&>��?> zB&�&'=�?CB=� =�>?�?C B&'U&�?�> C=C>?'�. 4U�&T�: �=��: &6=���: C>�?�B 
&]��?> �U�7�?�=? �4�,  U��B>=��: – &c�>��� C7:]^. 

 

�����>�������
��������

����������
�������������

��&?B>=�&7�=B

�U?�>&�

��&=]7&6=>?�^

��&67?_

�&B�U>?�^

���]/�CC�=��

�?C��C�

��=�&6

�&�A�=B>���:

4&>��6�=���:

&���������������

��>= C&&c�?�=:

�BCU��>_=&��=B

���������
�������������

�
 

�=C��&B 1 – R&6?�^ 7]='&6?�C>7=: �4� C 7�?T�?� C�?6&� 

� B>=7�&� �C>= 	4 &>�?C?�� (� �=C��B? C�=]� 77?�d): U�&?B>=�&7�=B = U�&=]7&6=-
>?�^ �4�, U�&67?_, U&B�U>?�^ = zBCU��>_=&��=B. N�	����	�%� A&�'=��?> C7&�C>7 
c�6��?W& =]6?�=:,  !�	�#�	������ 7&U�&�?> =d 7 W&>&7&? �4�. �]W&>&7�?��&? �4� &>���-
6?>C: &> C7&?W& �&6=>?�: (7 C'�C�? 6�^�?�T?W& C'&C>&:>?�^�&W& C��?C>7&7�=:) = �?�?] 
!�	����� U&C>�U?> 7 �CU&�:�?�=? !	�!�����. 4 z>&W& '&'?�> U&B�U>?�^ C>�&7=>C: 
���������� �4�, B&>&��� U?�?6�> �4� 7 U&6�]6?�?�=? �
!��������, &>7?>C>7?��&? ] 
U&66?���=? �4� 7 =CU�7�&' C&C>&:�==. �cC���=7�=? �4� U�&6&��?>C: 7 >?�?�=? 7C?� 
B>=7�&� C>6== b� = ]7?�T?>C: �>=�=]_=?� �4�. 

�?U&C�?6C>7?��&? �U�7�?�=? �4� &C��?C>7�:?> &U?�>&� �=c& �d&6:C^ 7 �4�, �=c& 
6=C>�_=&��&. �4� 7�U&��:?> =CU&��=>?�^��? A��B_== �4, 6&C>7�:: �� B �y. 

� UCC=7�&� �C>= 	4 &>�?C?�� ��
��
�, !��� 
		$%����, U& B&>&��' U�&B�6�7?>C: 
'�T��> �4�, = !���	��. �C�= U?�7�? 67 B&'U&�?�> UCC=7�&� C�?6� &>�&C:>C: B U�?&c-
�]&7��&� �C>= U�=�&6�, >& U&6 U�=�&6&� U&�='?>C: ?� �C>^, �?U&67�C>�: �?�&7?B�. 
s�=>�7: C�&��&C>^ = C>?U?�^ 7>&�&'�&C>= C&7�?'?���d �4�, =d '&��& &>�?C>= B B�CC� 
B=c?�A=]=�?CB=d C=C>?' [14],  �4, 7B������� C�cÜ?B>&7 C&_=�', &>�?C>= B B�CC� C&-
_=�^��d B=c?�A=]=�?CB=d C=C>?' [15], �>& U&]7&�:?> =CU&�^]&7>^ &c��� >?�'=�&�&W=�. 

5 ������7% !��7���'�" ����7=������ 7�7��$%  
	 [16] = 6��W=d U�c�=B_=:d U& C=C>?'�&'� ��=]�, C�?6�: �W�&:]���&� >?�'=�&�&-

W==, C>&�&��, ]=�>?�?C&7���? 7 �?T?�== U�&c�?'�, �]�7�> >?�'=�&' stakeholders 
(7 C>>^? – z>& ������
����). �CC'&>�=' =�>?�?C� B�6&W& ��C>�=B b� �4�. 

N�	����	�%� A&�'=��?> 7C? C7&�C>7 �4� � ��&7�? '&6?�?�. �� ]=�>?�?C&7� 7 
&c?CU?�?�== 7�C&B&W& >?d�=�?CB&W& ��&7�: �4 7 _?�&' = �4� 7 �C>�&C>=. 	 C>�6�>? [17] 
���
��	 &U�?6?�?�& BB C&7&B�U�&C>^ d�B>?�=C>=B &cÜ?B>, &>�&C:�=dC: B ?W& CU&C&c�&-
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C>= ��	�����	���� �
���	������� � !���!	�������� !	���$�	
��. 4&W�C�& [18] >?d�=�?-
CB=� ��&7?�^ U�&6�B_== d�B>?�=]�?> C>?U?�^ ?� C&&>7?>C>7=: ���$	������ ��(����
	�	 
!�	���

� = &U�?6?�:?> ��&7?�^ B�?C>7 U�&6�B_== U�= �C�&7==, �>& &� =]W&>&7�?� 7 >&�-
�&' C&&>7?>C>7== C �&�'>=7�&->?d�=�?CB&� 6&B�'?�>_=?�.  

	��& &>'?>=>^, �>& ����T?�=? U&B]>?�?� �4� 6&C>=W?>C: � ��&7�? >?d�=�?CB=d d-
�B>?�=C>=B ?W& �C>?�. �>C�6 C�?6�?> �?&cd&6='&C>^ &_?�=7>^ >?d�=�?CB=� ��&7?�^ �4� 
� ��&7�? �C>?�,  �4 – � ��&7�? ?� B&'U&�?�>&7. ��6: �C>^ �4� = C&C>7�:��: �4 
d�B>?�=]�?>C: C7&=' �c&�&' ?6=�=���d U&B]>?�?�. �6=�=���? U&B]>?�= = >�?c&7-
�=: B �=' ]6�>C: 7 >?d�=�?CB&' ]6�== � U�&?B>=�&7�=? �4. 

N�	�#�	������ �4� A&�'=��?> C7&�C>7 �4� � A=]=�?CB&' ��&7�?. �W& =�>?�?C��> 
!�	���	-��(�	�	����
��, !������	-!���	��� = �	�	����
�� U&B]>?�=, d�B>?�=]�-
��=? >?d�&�&W=�?CB=� U�&_?CC U�&=]7&6C>7. ��&?B>�&->?d�&�&W=�?CB=? U&B]>?�= 6?�:>-
C: � C�?6���=? W��UU� [13]: 
��������#����, ��=A=B_== = U�??'C>7?��&C>=; ��(�	�	-
����	
��; ����
!	���$����	
��; 
	(������	
��. 

�] zB&�&'=�?CB=d U&B]>?�?� U�&=]7&6=>?�:, 7 U?�7�� &�?�?6^, =�>?�?C��> 
�$�
�	�-
�	
�� U�&6�B_== = !��$��� &> ?� �?�=]_==.  

N�	����� = !	�!����� �CC'>�=7�> �4� BB >&7�, �?�=]�: >&7��&-6?�?���? &>-
�&T?�=:. ��&67?_ ]=�>?�?C&7� 7 'BC='=]_== U�=c��= &> U�&6�= �4�. ��>?�?C U&B�-
U>?�: �4� ]B���?>C: 7 '=�='=]_== _?�� �4�. �&'='& _?�� ?W& =�>?�?C��>��
!���-
����	���� ��
(	�� [13]. 

��>?�?C �
!�������	���	� �4� U�?6C>7�:�> C���c� ��(����
	�	 = !�

�"��
	�	 
&cC���=7�=:. ��= �]'?��>C: 7 ��, �y = U�&'?��>&���d U��B>d '�T��>. 	'?C>? C 
U�>:'= C&&c�?�=: z>= U��B>� &c�]��> =�A�C>��B>��� �4. �U?�>&� (7&6=>?�:, U=�&>, 
&U?�>&� 6=C>�_=&��&W& �U�7�?�=: �4�) �4� =�>?�?C�?> B�?C>7& 6&C>7B= �� B �y. 
��>?�?C� U&C>7�=B&7 z�?�W?>=�?CB=d = =��d �?C��C&7 U�?6C>7�:�> =d 7�6?�^_�. ��= 
]=�>?�?C&7�� 7 &cÜ�'? U&C>7�:?'�d �?C��C&7. ��=�&6, BB UCC=7��� ��C>�=B �4, &B-
]�7?> 7&]6?�C>7=? � �4� 7 U�&_?CC? 6&C>7B= =' ��.  

6 @��&=������2 5�������7�"���%9 7�����  
��6�� ��C>�=B, ='?��=� &>�&T?�=? B �4,�='??> C7&� =�>?�?C B C&C>7� ?� U&B]>?-

�?�. �=�>?�?C&7��: C>&�&� C>�?'=>C: B 6&C>=�?�=� zBC>�?'�^��d ]��?�=� U&B]>?-
�?�, U�?6C>7�:��=d �=c&�^T=� =�>?�?C 6�: �?�,  � ]��?�=: &C>�^��d U&B]>?�?� - 
��&�=>^ U�=?'�?'�? &W��=�?�=:. 	C? U&B]>?�= 6?�:> � 67? W��UU�, �C�&7�& �]�7?-
'�? «_?�» = «B�?C>7&» [13]. 

N�	����	�%� �4 ]=�>?�?C&7� 7 &c?CU?�?�== 7�C&B&W& >?d�=�?CB&W& ��&7�: �4, 
B&'U&�?�>&7 �4 = �C>?� �4�. �?d�=�?CB=� ��&7?�^ =�>?�?C�?> = zBCU��>_=&��=B&7 �4. 
�_?�=7�=� B�?C>7 �4 � ��&7�? �C>?� U&6�?�> >&�^B& 7�=�>� &6�&W& U�&?B> 7 ?6=-
�&' U�&C>��C>7? d�B>?�=]���=d =d U&B]>?�?�. �] U�?6U&�>=>?�^��d U�&?B>&7 �4� 
7�c=��> >?, B&>&��? �6&7�?>7&�:�> &W��=�?�=:' U& C>&='&C>��' U&B]>?�:'. 

�W��=�?�=?' 6�: !�	�#�	������ �4� :7�:?>C: C&c��6?�=? >&��&W& C&&>7?>C>7=: U&B-
]>?�?� =]6?�=: C >�?c&7�=:'= �&�'>=7�&->?d�=�?CB&� 6&B�'?�>_== = C U>?�>�&-
U�7&7�'= >�?c&7�=:'=. ��:6� C z>=' U�&=]7&6=>?�^ ]=�>?�?C&7� 7 ����T?�== !�	-
���	-��(�	�	����
�( = �	�	����
�( U&B]>?�?�. 

�&B�U>?�: �4� =�>?�?C��> U&B]>?�= =] W��UU� ��, B&>&��? �C>�?'�:�>C: B U�?-
6?�^�& 7&]'&���' ]��?�=:', �U�='?�, 'BC='�^�: CB&�&C>^ �4�. �?� �4� = C>&=-
'&C>^ zBCU��>_== 6�: U&B�U>?�: &U�?6?�:?>C: �? >&�^B& C�''&� ='?��=dC: � �?W& 
C�?6C>7, �& = C&&>�&T?�=?' _?�/B�?C>7&. �U?�>&� �4�, BB = U&B�U>?�:, =�>?�?C��> 
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U&B]>?�= W��UU ��, �y, = �R. �C�= U&B�U>?�^ U�?6U&�>�>, 7 U?�7�� &�?�?6^, ��, >& 6�: 
&U?�>&� c&�?? 7���'= '&W�> &B]>^C: U&B]>?�= =] W��UU� �R. sCU?d U�&d&�6?�=: 
'�T��> ]7=C=> >B�? &> C�?6C>7 �7=W_==, U&7�T��=d '��7�?��&C>^ �4�. �CC�=� 
U�?6U&�>�> U&B]>?�= =] W��UU� �y, =] B&>&��d 7��?�T='= :7�:�>C: U&B]>?�= c?]-
&UC�&C>=.  

y�: &U?�>&� �4� U�?6C>7�:�> >B�? =�>?�?C C=>�>=7��? U&B]>?�=, B&>&��? ]7=-
C:> &> ]6�=: � 6&C>7B� B&�B�?>�&W& �� C �B]�=?' ��, �y = '�T��> '?�6� �='=. 

�?d�=�?CB&? &cC���=7�=? U�?6�]��?�& 6�: U&66?���=: 7 �c&�?' C&C>&:�== 7&C-
C>�7�=7?'&W& �4�. 	 �]�&� C>?U?�= &�& &C��?C>7�:?>C: � 7C?d U��B>d '�T��>. 
��?6C>7=>?�= C���c� >?d�=�?CB&W& &cC���=7�=: C>�?':>C: '=�='=]=�&7>^ U&B]>?�=, 
&>����=? ]>�>� � U&66?���=? �4� 7 �c&�?' C&C>&:�==. 

	�6?�?_ �?C��C&7 ]=�>?�?C&7� 7 'BC='=]_== U&>�?c�?�=: �?C��C&7 �4�. 	�6?�?_ 
U�>?� C&&c�?�=: ]=�>?�?C&7� 7 =d 6&�W&7?��&C>=, �>& U&c��6?> ?W& &c��>^ 7�='�=? 
� ��?�c, ��&C='�� U�>= �4�. y�: zB&�&W=�?CB&W& &�W� U?�7=���'= :7�:�>C: U&B]>?-
�=, d�B>?�=]���=? ]W�:]�?�=? &B�����?� C�?6�. 

��&7?6����� ��=] U&B]�7?> �]�&? &>�&T?�=? ]=�>?�?C&7���d C>&�&� B �]��' 
W��UU' U&B]>?�?�. �&CB&�^B� B�6: =] C>&�&� ='??> C7&� =�>?�?C B U&B]>?�:' �4�, 
?W& '&��& &_?�=7>^ zBCU?�>��' CU&C&c&' =�= W�'&�=]=�&7>^ =�>?�?C� ��C>�=B&7 '?-
>&6'= '�&W&W?�>��d C=C>?' [19]. �]'?�?�=? C>��B>��� U&B]>?�?� = U�?6U&�>?�=: '?�-
6� W��UU'= = 7��>�= W��UU 7�=:�> � &c��� &_?�B� C�7�=7?'�d 7�=�>&7 �4�. 

-�'�<����� 
�c���: U�B>=B &U�?6?�?�=: C&C>7 U&B]>?�?� 4�4 &C�&7�7?>C: � &U�>? = ]6�-

7&' C'�C�?. 	 �c&>? U�?6�W?>C: �CC'>�=7>^ U&B]>?�= 4�4 C U&]=_== B�6&� =] C>&-
�&�, U�=�C>��d B �]�=���' z>U' ?� b�. 	 B�?C>7? &cÜ?B> =CC�?6&7�=: 7�6?�?� B�CC 
�4. �?�>��^�&? '?C>& 7 �4 ]�='?> �4�, 7�U&��:��?? 6&C>7B� ��. ��?6�&�?�& ��=-
�>^ W��UU=�&7�=? U&B]>?�?� &> B&�?��&� _?�= �4�, �?�=]�?'&� U&>�?c=>?�?'. 	�6?�?-
�� �?>��? W��UU� U&B]>?�?�, &>7?���=? =�>?�?C' &U?�>&�. � &C�&7? C=C>?'�&W& 
U&6d&6 &U�?6?�?�� 6��W=? ��C>�=B= b� �4�. �d =�>?�?C� 7���?�� �?�?] >B=? &c&c-
�����? U&B]>?�=, B&>&��? '&W�> c�>^ B&�B�?>=]=�&7�� U�='?�=>?�^�& B T=�&B&'� 
B�CC� �4�. ��?6�&�?�& W��UU=�&7�=? &c&c�����d U&B]>?�?� �4� C ���>&' =�>?�?C&7 = 
U�?6U&�>?�=� ��C>�=B&7 b� �4� � '�&�?C>7? ?6=�=���d U&B]>?�?�. 

+����&����7�� 
�CC�?6&7�=:, 7�U&��?���? U& 6��&� >?'>=B?, U�&7&6=�=C^ U�= A=��C&7&� U&6-

6?��B? W��> �``� % 17-01-00139 7 �'Bd c�6�?>�&� >?'� % 0073–2018–0003. 
7>&� 
C�=>?> C7&=' U�=:>��' 6&�W&' 7��]=>^ c�W&6��&C>^ U�&A?CC&�� 4'�CB&W& ��=7?�C=-
>?> �.R. V&�W?C>� ] C��?C>7?���� U&'&�^ 7 �>&��?�== =CU&�^]�?'�d 7 �c&>? U&�:>=�.  
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FORMATION OF GENERALIZED INDICATORS OF TRANSPORT SYSTEM 
FROM THE POSITIONS OF STAKEHOLDERS  

¢_¦_��J U�J�
St. Petersburg Institute for Informatics and Automation of the Russian Academy of Sciences, St. Petersburg, Russia 
smikoni@mail.ru 

Abstract 
The problem of the dimension of the various properties of complex objects subject to estimation is solved by grouping 
the corresponding indicators. For the objects of assessment, modern vehicles, which are complex cyberphysical sys-
tems, have been adopted. In contrast to the current approach to solving this problem, based on practical experience and 
expert assessments, it is proposed to identify all stakeholders interested in assessing the technical level and quality of 
vehicles. At different stages of the vehicle's life cycle, they are the designer and manufacturer, the seller and the buyer, 
the user and the technical personnel. The indicators of the transport system are grouped in relation to the interests of 
stakeholders. It is proposed to begin grouping of indicators from the ultimate goal of the vehicle realized by its user. 
Using the system approach, other participants in the life cycle of the transport system are identified. The grouping of 
generalized indicators of vehicles is proposed taking into account the interests and preferences of participants in the life 
cycle of vehicles on a set of single indicators. 

Key words: system analysis, vehicle, transport system, stakeholder, quality, technical level, structuring of indicators. 
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