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«��� ���� ���� � ��	�
»  
ALL THAT'S MINE I CARRY WITH ME 
OMNIA MEA MECUM PORTO 
�

������ ��� ��������, 
��������� ����� � ����� ����!������ ��������! 
�>&> �&'?� 8�f&7=> B ���� �d&>� XVIII '?�7���&7�&� B&�-

A?�?�`== «��&d�?'� �U�8�?�=: = '&7?�=�&8�=: 8 C�&���f C=-
C>?'f» (�mR44-2016), B&>&�: U�&�7�> C 20 U& 25 C?�>:d�: 2016 X. 
� d&�>� >?U�&f&7 «	�?�=� �B�&8», C�?7���?X& U& '�T��>� 
4'�-�?d&BC��-�=��=� �&8X&�&7-�^�_-4'�. 

�'?��& � p>&� B&�A?�?�`== 8 B��X� B&��?X, 7��^?� = ?7=�&-
'�T�?��=B&8 ^ «B��X��' C>&�&'» '� �'?�?�� &dC�7=>_ U:>=�?>-
�=? �?^��_>>� '&�&7&X& �����, �&�7���&X& BB �^ U&C�? &�?�?7-
�&� B&�A?�?�`== �mR44-2011. � ��? 8 C?�>:d�? 2011 X&7, �&8�& 
U:>_ �?> >&'� �^7, ����� d�� ^�?X=C>�=�&8� 8 �&CB&'�7^&�? = 
='?��& 8 C?�>:d�? 8�T?� ?X& ���?8&� �&'?�, &U�?7?�=8T=� A&�'> 
= B&�`?U`=� d�7��?X& ����&X& U�&7�B>. 4'�CB=� ��=8?�C=>?> 
(8 >� U&�� 4�
m), B7?'=�?CB=� =�C>=>�> (��m44 �
�) = =^7-
>?�_C>8& (��� «�&8: >?f�=B») &d?7=�=�= C8&= �C=�=: 8 C&^7�== 
T=�&B&�, =�>?��`=&��_�&� = '?�7=C`=U�=���&� U�&�7B= 7�: 
�����f 7=CB�CC=� 8 &d�C>= A&�'�=^`== ^��=� 8 U�&?B>�&� 7?:-
>?�_�&C>= � &C�&8? &�>&�&X=�, B&'U_�>?���f ��B = >?f�&�&X=� (computer science and 
engineering). 

	&U�&C� ����&� p>=B= =^���_�& 7�: �C d��= &U�?7?�:��='=. �&p>&'� &d��?�=? B 
=C>&B' ����&� '�C�=, B �T?7T=' 8 =C>&�=� X=X�>', � U�?�f B&>&��f C>&=> = C&8�?-
'?��&? U&B&�?�=? =CC�?7&8>?�?�, 8�d��& �'= �? C�����&. 	 B�7&' �&'?�? ����� '� 
8CU&'=�?' '�7�?`&8, �>: =f 7&C>=�?�=:, 8�CB^���? =7?= = C��7?�=:. 

	 p>&' �&'?�? �T «X&C>_» - ���� ��� 	
��� ���� (7�.-X�?�. ·¸¹º ¼ ½¾¿ÀÁÂÃº; VI 8?B 7& 
�.p.), 7�?8�?X�?�?CB=� '�7�?` = &d�?C>8?���� 7?:>?�_, &7=� =^ C?'= &C&d& �>='�f '�7�?-
`&8. �� C&�=�=� &B&�& 200 C>=f&8 U�& �&�=� (&d�C>_ � ^U7�&' U&d?�?�_? R�&� 
^== 
� �X?�CB&X& '&�:) = U�& >&, BB ?� ���T? 7&C>=�_ d�X&7?�C>8=:, 78: '�7��? C&8?>� ?� 
X��7�': 

W�7_ 8C?' X��7�' �X&7?�, X7? >?d? �= C���=>C: �=>_: 
	 p>&' – d�X& =C>=��&?, 7?�^B&'� �? �&�&8� – 

��: C8?�B?> C�7_d1. 
o=&X?� Vp�>CB=� 8 C8&?� B�=X? & X�?�?CB=f '�7�?`f &C>8=� �' 8&^^�?�=: W=�> � 

�=^�_, � ?� &�>&�&X=�. «4=� �?�&8?B� 7�>C: &> U�=�&7�, �'?�=? X&8&�=>_ � d�X& &>?�?-
C>8 – &> 7�T= = �^�'?�=:,  �����������
���������������������
��������������. W=�> 
X&8&�=�, �>& �?C�C>?� >&>, B>& �? 8 C=�f C�?C>= �?C�C>_?; �>& �=^�_ �7& �^'?�=8>_ >B, 
d�7>& �=>_ &C>�&C_ = '�&, = '�&X&.  
                                                           
1 ������������	��. � �=^�=, ��?�=:f = =^�?�?�=:f ^�'?�=>�f A=�&C&A&8. �?�. C 7�?8�?X�?�. R.V.�CU�&8. 2-? =^7., 
=CU�. – R.: �^7>?�_C>8& "R�C�_", 1986. – 576 c. - http://www.krotov.info/lib_sec/05_d/dio/gen_02.htm 
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W=�> C&8?>&8� �? CU?T=>_ d�>_C: ^ 7?�&,  8^:8T=C_, d�>_ >8��7�'. «�&8&�=, �? >&-
�&U:C_: CU?TB – ^�B d?^�'=:. V�d= �^�'?�=?. �? C=�&� d?�=,  �d?�7?�=?'. �^ '&�&7&-
C>= 8 C>�&C>_ d?�= '�7�&C>_, =d& �?> 7&C>&:�=: �7?��??». �^8?C>�& >B�? = ?X& «�>=7?-
'&B�>=�?CB&?» = �? d?CCU&��&? =^�?�?�=?, �>& «d&�_T=�C>8& – ^�&». 

�C>&�=: ^f8> U?�C'= ��=?��, ?X& �&7�&X& X&�&7, «U&�&7=�» C>8T?? ^�'?�=>�' 
A=�&C&ACB&? �>8?��7?�=? W=�>. �&X7 '�&X=? �=>?�= C>�= U&B=7>_ X&�&7, C>�?':C_ ^-
f8>=>_ C C&d&� BB '&��& d&�_T? ='��?C>8, C�?7= >&�U� d?�?�`?8 8�7?�:�C: W=�>, B&-
>&��� CU&B&��& T��, 7?�� 8 &7�&� ��B? �?d&�_T&� �^?�&B. � 8&U�&C, U&�?'� &� �=�?X& C 
C&d&� �? 8^:�, W=�> &>8?>=�: «���������������������». 	U&C�?7C>8== p>& =^�?�?�=? C>�& 
=^��d�?��&� X�?�?CB&� U&C�&8=`?�2. 

�?> �?&df&7='&C>= ^7?C_ X&8&�=>_ & >&', �>& C'&? `?��&?, �?' '� 8�7??', �>& 7?�-
C>8=>?�_�& :8�:?>C: �T?� C&dC>8?��&C>_� = �>& �?&CU&�='&, = �?&>7?�:?'& U�=�7�?�=> 
�=��& �' - p>& �T= ^��=:, �'?�=: = �8�B=, B&>&��? 8C?X7 C �'=. � >&�_B& �T? �?�-
�=?, �T 7&d�: 8&�: U&^8&�:?> &>7?�=>_ =f &> �C. 

�T= 8>&�� =CB�?��? 7?�:>C: C8&='= ^��=:'= = �?^��_>>'= C8&=f =CC�?7&8�=� � 
C>��=`f �T?X& �����. 

� U?�8�f p>Uf C&^7�=: ����� '� 7�: C?d: &U�?7?�=�= U�'?>�� �&'?� U& B&�=-
�?C>8� C>>?�. �?T=�=, �>& =f �? d�7?> d&�?? 7?C:>= 8 �&'?�?. �?�_ p>&X& &X��=�?�=: &7� 
– C>�?'�?�=? U&���=>_ 8�C&B&? �������������� ��. 4?X&7�:T�=� �&'?� 8�T?� � X�-
�=`� �C>�&8�?��&X& �'= �? 'BC='�'. �&�?��&, 7�: p>&X& U&>�?d&8�C_ �U&��: �d&> 
�?7B`== �����, �& '� C�C>�=8� U&�7&8>_ 8>&�&8 = �=>>?�?� = 8&> >B=' &d�^&' 
&>'?>=>_ �T �����������!�����"�

	 p>&' �&'?�? de facto '� B&�C>>=��?> &>B��>=? �&8&� ��d�=B= 8 �T?' �����? 
«�������� �!��"���#�!». ��?? '� ��? U�d�=B&8�= U?�?8&7� C �X�=�CB&X& �&''��=B? 
��>&�&X=�?CB&X& 4''=> 2014 = 2016 (%2, 2014 = % 2, 2016). 	 p>&' �&'?�? 8U?�8�? U�d-
�=B�?>C: U?�?8&7 C �?'?`B&X& :^�B &7�&� =^ X�8 '&�&X�A== «4U&� & >?f�=B?» a�=7�=f 
o?CC�p� «� A=�&C&A== >?f�=B=. �>& ?C>_ >?f�=B? – >?�'=� = C���&C>_». 	U�?7_ '� >B-
�? �'?�?�� U�d�=B&8>_ &�=X=��_��? U?�?8&7� =�&:^����f '>?�=�&8, B&>&��? B>�-
�_�� 7�: �T?X& �=>>?�: = �=X7? ��?? �? U�d�=B&8�=C_ � ��CCB&' :^�B?. 

�>&> �&'?�, >B�? BB = U�?7�7��=?, d&X> = � X?&X�A=� 8>&�&8. �T= 8>&�� U�?7-
C>8=�= 8 ��' �?^��_>>� =CC�?7&8�=�, U�&8&7='�f 8 �`=&��_��f =CC�?7&8>?�_CB=f 
��=8?�C=>?>f ��B�>CB, �^�=, 4'��, 8 ��=8?�C=>?>f 	&�&�?�, ��?8CB, �?�^�, 
4�B>-�?>?�d��X = m�_:�&8CB, 8 B7?'=�?CB=f =�C>=>�> R&CB8�, �?�?C�8�_-
��?CCB&X&, 4'��, 8 B&'U�=:f = U�?7U�=:>=:f R&CB8�, ��B�>CB = 7��X=f X&�&7&8.  

�^7>?�_CB=� U&�>A?�_ ����� �?�B�&��& �C>�>, = p>& �7�?>.  
R� U�&7&��?' �CT=�:>_ �T? U�=C�>C>8=? 8 '?7= U�&C>��C>8?. 	�T?7T=? 8 2015 

X&7� U?�>��? �&'?� ����� U�&f&7:> &�?�?7��� &`?�B� 8 '?�7���&7�&� d^? 7���f 
�&U?��=B (ICV 2015),  p�?B>�&���? 8?�C== ����� >?U?�_ '&��& 8=7?>_, �=>>_ = CB�=-
8>_ 8 �=d?�V?�=�B?3 = EBSCO4. 

$#�%��&!��'������ �����(�)*�*+����#��,���=C&?7=�:�>?C_ = 	� B �'!  
-.��/�0�����1.������0.�����2�1//�3�4.������1.���456�3��1��1�7�6��.�4�, 

                                                           
2 8�������9�����#. 4?'_ '�7�?`&8 o�?8�?� ��?`==, 8�U. 4. W=�> =^ ��=?��. 	&���B % 389 &> 10.09.2006 X. 	&���B= &d 
=C>&�== =�= Ab hoc at ab hac - http://www.abhoc.com/arc_vr/2006_09/389/. 
3 9�)�������	� — p>& ����: p�?B>�&��: d=d�=&>?B &>B��>&X& 7&C>�U (Open Access), &C�&8��'= ^7�'= B&>&�&� 
:8�:?>C: U&U��:�=^`=: ��B=, &d�?C>8?���� B&�>�&�_ B�?C>8 �����f U�d�=B`=�, �^8=>=? =�C>=>�> ����&� �?`?�-
^== = U&8�T?�=? `=>=��?'&C>= �&CC=�CB&� ��B=. - http://cyberleninka.ru/journal/n/ontologiya-proektirovaniya. 
4 �&���� >?BC> ����� >?U?�_ '&��& ��>= 8 d^f 7���f B&'U�== EBSCO Publishing � U�>A&�'? EBSCOhost.  
EBSCO Publishing  :8�:?>C: 8?7��=' '=�&8�' X�?X>&�&' �����f = U&U��:���f =^7�=�. - https://www.ebsco.com/.�
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#�����!�4 
�CC'&>�?�& C&8�?'?��&? C&C>&:�=? 8&U�&C C=�>?^ >?f�&�&X=�?CB=f `?U&�?B = U�&`?CC&8 8 �'-
Bf C=C>?' 8>&'>=^=�&8��&X& U�&?B>=�&8�=: >?f�&�&X=�?CB=f U�&`?CC&8. 	�U&��?� ��=^ 
U�d�=B`=� U& �?^��_>>' C&8�?'?���f =CC�?7&8�=�, �CC'&>�?�� &C&d?��&C>= B>��_��f 
U�&X�''��f C=C>?' U�&?B>=�&8�=:. o� B�CC=A=B`=: 4
�� >?f�&�&X=�?CB=f U�&`?CC&8 U& 
&>�C�?8&'� = `?�?8&'� �^��?�=� C ���>&' �&8&X& �U�8�?�=: 8 '?7=`=�?,  >B�? B�CC=A=-
B`=: '?>&7&8, U�='?�:?'�f 8 4
��. �&B^�&, �>& 7&C>=X��>�� C&8�?'?���� ��&8?�_ >?&�== 
U&B �? U&^8&�:?> C&^7>_ ��=8?�C�_��� >?f�&�&X=� C=�>?^, ?7=��� 7�: 8C?f U�=B�7��f 
�U�8�?�=�. �?�CU?B>=8� �?T?�=: 8&U�&C C8:^�8�>C: C U&C>�&?�=?' =�>?��?B>��_��f C=-
C>?' 8>&'>=^=�&8��&X& U�&?B>=�&8�=:, �?�=^���=f �=d&�?? &d�=� U&7f&7 B C=�>?^� � 
&C�&8? ='=>`== 7?:>?�_�&C>= �^�d&>�=B&8 = U�?7�^��?���f 7�: U&77?��B= ����&-
>?f�=�?CB=f = >?f�&�&X=�?CB=f �?T?�=� 8 U�=&�=>?>��f �U�8�?�=:f ��B= = >?f�=B=. ��=8?-
7?� &d�: Cf?' '�&X&��&8�?8&X& =>?�`=&��&X& U�&`?CC C=�>?^ � &C�&8? d^ ^��=�, f��:-
�=f U�?`?7?�>�, U�&`?7��� 8�d&�, �C>�&�B= = &`?�=8�=: 8�=�>. 	 C���? &>C�>C>8=: U&7-
f&7:�?X& &d�^` 8 d^? U�&8&7=>C: U�:'&� C=�>?^ �&8&X& >?f�&�&X=�?CB&X& U�&`?CC C U�='?�?-
�=?' &7�&X& =^ 8&^'&���f A&�'�_��f U&7f&7&8. 

#�!���$� �����: �#�&���N��#���� "��	���#����, ��M����'��	�� "�
���, ��M����'�-
�	�H 
�"'	�, �������	�*�� �!� �����&!, �����N "�
����. 

&���
������: :����	, :.<. 
��=^ C=C>?' U�&?B>=�&8�=: >?f�&�&X=�?CB=f `?U&�?B = U�&`?C-
C&8 / 
.�. 
X�&�=B, 
.
. ���?8, 	.�. a��?�B&, 	.R. ���'&8, �.�. �=TB=� // ��>&�&X=: 
U�&?B>=�&8�=:. – 2016. – �. 6, %3(21). – 4. 255-269. – DOI: 10.18287/2223-9537-2016-6-3-255-269. 

�������� 
�^8?C>?� �:7 B&�`?U>��_��f U&7f&7&8 B �?T?�=� U�&d�?'� C=�>?^ C>��B>�� >?f�&�&-

X=�?CB=f U�&`?CC&8 (��). �7�B&, B�7�� =^ �=f &d�7?> �:7&' U�=�`=U=�_��f �?7&-
C>>B&8, B&>&��? 7?��> �?8&^'&���' C&^7�=? � =f &C�&8? pAA?B>=8�& �d&>��=f C=-
C>?' 8>&'>=^=�&8��&X& U�&?B>=�&8�=:. ��8��'= =^ �=f :8�:�>C: �?8&^'&��&C>_ 8-
>&'>=�?CB&X& A&�'=�&8�=: �� =�= ?X& �C>=, �?7&C>>&��: ��=8?�C�_�&C>_ = C�d: =�-
>?X�`=: 8 ?7=�&? =�A&�'`=&��&? U�&C>��C>8&. �?&df&7='& C&^7�=? �&8�f '?>&7&8, '&-
7?�?� = =�C>��'?�>�_��f C�?7C>8, U�?7�^��?���f 7�: U&C>�&?�=: &U>='=^=�&8���f 
>?f�&�&X=�?CB=f `?U&�?B (��) = �� � &C�&8? d^ ^��=�, 8>&'>=�?CB&X& C=�>?^ U��&8 = 
>?f�&�&X=� =�>?��?B>��_�&X& �U�8�?�=:. o&��?� d�>_ 8�U&��?� ��=^ ='?��?X&C: 
����&X& ^7?�, 7�& &d&d�?�=? '=�&8�f 7&C>=�?�=� 8 &d�C>= =�>?��?B>��_��f '?>&7&8 
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U&C>�&?�=: >?f�&�&X=� = U�?7�&�?�� �&8�? '?f�=^'� C=�>?^ ����&->?f�=�?CB=f �?T?-
�=�, &C�&8���? � C&^7�== = U�='?�?�== d^ ^��=�. 

	 C8:^= C ��C>��?� C�&��&C>_� �� C>�&8=>C: B>��_�&� ^7� 8>&'>=�?CB&X& 
U&C>�&?�=: BB &>7?�_��f ��, >B = &d&d�����f Cf?' �� � =f &C�&8? C U�='?�?�=?' �^-
�=���f =�C>��'?�>�_��f C�?7C>8 =CB�CC>8?��&X& =�>?��?B>. 4&^7�=? C=C>?' 8>&'>=-
�?CB&X& C=�>?^ �� � &C�&8? B&�C>��B>=8�&->?f�&�&X=�?CB=f U�'?>�&8 &d?B> U�&?B>=-
�&8�=: :8�:?>C: &7�&� =^ �?�?T����f U&B U�&d�?'. ��8�&� U�=�=�&� p>&X& :8�:?>C: &>-
C�>C>8=? &d�?X& �?T?�=: U�&d�?'� 8>&'>=�?CB&X& C=�>?^ �� U�= �C�&8== =�8�=�>�&-
C>= B B�CC' &d?B>&8. �7�=' =^ U?�CU?B>=8��f U�>?� �?T?�=: p>&� C�&��&� ^7�= :8�:-
?>C: C&^7�=? pBCU?�>��f C=C>?', C�d�����f '?>&7'= =�>?��?B>��_�&X& U��=�&8�=: 
C=>�`== = '&���' UU�>&' &U>='=^`==. ��&`?CC U�=�:>=: �?T?�=: 7&��?� &U=�>_C: 
� '>?'>=�?CB=? '&7?�= C&&>8?>C>8���=f U�&`?CC&8 = A&�'�=^&8���? '?>&7� �d&>� 
C �='=, U&^8&�:��=? C ���>&' U�'?>�&8, f�B>?�=^���=f =�7=8=7��_�&C>_ U�&`?CC, 
C=�>?^=�&8>_ C&&>8?>C>8����� &U>='�_��� C>�>?X=�. 

	 �C>&:�?? 8�?': &>C�>C>8��> '?>&7=�?CB=? �d&>�, C8:^���? C &U>='=^`=?� 8�d&� 
�� 7�: B&�B�?>�&X& U�=�&�?�=: � &C�&8�== '>?'>=�?CB&� '&7?�=,  >B�? �^�d&>B= 
?7=�&X& '?f�=^' X?�?�`== = &`?�B= ��. � U�=&�=>?>��' U�?7'?>��' &d�C>:' (���) 
'&��& &>�?C>=:  
�� 8>&'>=�?CB&? U�&?B>=�&8�=? 'T=�&C>�&=>?�_��f =^7?�=� = U�=d&�&8, 8 >&' �=C�? 

U�&?B>=�&8�=? &U>='=^=�&8���f �CU=C�=� �d&>� >?f�=�?CB=f �C>�&�C>8 = C=�>?^ 
�X&�=>'&8 8 C=C>?'f 8>&'>=^=�&8��&X& U�&?B>=�&8�=: CU?`=�=^=�&8�-
��f �C>�&�C>8; 

�� 8>&'>=�?CB&? �U�8�?�=?, �U�='?�, �U�8�?�=? >�?B>&���' 78=�?�=?' �&d&>=^=�&-
8��&� C=C>?'� 8 `?�&' =�= ?� '?f�=^''= 8 &>7?�_�&C>=; 

�� A&�'=�&8�=? U�&`?CC �d&>� =�>?��?B>��_�&X& X?�?>=�?CB= &d��?'&X& 8>&'> 8 
C=C>?'f ^�=>�; 

�� C=�>?^ '?7=`=�CB=f >?f�&�&X=�?CB=f U�&`?CC&8, &U>='=^=�&8���f U&7 �?�?�=? B&�-
B�?>��f U`=?�>&8. 

1 �6������ 7��4��4 � �7�������4 
�&7 >?f�&�&X=�?CB&� `?U&�B&� (=�= >�?B>&�=?�) d�7?' U&�='>_ B&�?���� =�= `=B�=-

�?CB�� U&C�?7&8>?�_�&C>_ «7?�C>8=�» (&U?�`=�, p>U&8, �d&>, 7?�C>8=�, U?�?'?�?�=� = 
>.7.), �U�8�?���� � 7&C>=�?�=? U&C>8�?��&� `?�= 8 =CC�?7�?'&� ���. 	 C&&>8?>C>8== C 
��4� 3.1109-82 «�?�'=�� = &U�?7?�?�=: &C�&8��f U&�:>=�» >?f�&�&X=�?CB=� U�&`?CC – 
«�C>_ U�&=^8&7C>8?��&X& U�&`?CC, C&7?���: `?�?�U�8�?���? 7?�C>8=: U& =^'?�?�=� 
= (=�=) &U�?7?�?�=� C&C>&:�=: U�?7'?> >��7». �� C&7?��=> �? '?�?? &7�&� ��, B&>&��? 
'&X�> d�>_ 8^='&C8:^��, &d�^�: U���?�_��?, U���?�_�&-U&C�?7&8>?�_��? = B&�8?�-
?���? B&�C>��B`==. 4�&���� �� U�8=�_�& �CC'>�=8>_ BB C'&C>&:>?�_��� U�&`?CC, 
C&C>&:�=� =^ �C>��f �� = CU?`=A=�?CB=f 7?�C>8=�, B&>&��? �^�8�>C: >?f�&�&X=�?CB=-
'= &U?�`=:'=. 4&8�?'?��&? C&7?���=? U&�:>=: «>?f�&�&X=:» '�&X&X���& = 8B���?> 
U�&`?CC� &d�d&>B= = U?�?�d&>B= '>?�=�&8, &U=C�=? U�&`?CC&8, =�C>��B`== U& =f 8�-
U&��?�=�, 8C?8&^'&���? U���, X�A=B=, �?�>?�=, =^&d��?�=: �� = >�?d&8�=: B �=', 
B&�>�&�_ ^ U�&`?CC'= (�C��X'=) = =f B�?C>8&', C&8&B�U�&C>_ '?>&7&8 U&���?�=:, &d�-
d&>B= =�A&�'`== 8 �^�=���f &d�C>:f 7?:>?�_�&C>= �?�&8?B. �?f�&�&X=: BB ��B =^�-
�?> U�&`?CC� U�?&d�^&8�=: �?B&>&��f U?�8=���f C���&C>?� 8 C���&C>=, �7&8�?>8&�:-
��=? U&>�?d�&C>= �?�&8?B. �� &U=�?>C: � C&8&B�U�&C>_ ^��=� & CU&C&df = C�?7C>8f 
U&C>�&?�=: ��. 
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�&�X?', �>& �� = �� :8�:�>C: �?^��_>>&' 8>&'>=�?CB&X& U��=�&8�=: (X?�?�-
`==) 7=CB�?>��f «7?�C>8=�», &C��?C>8�:?'�f 8 C&&>8?>C>8== C �d&�&' �?B&>&��f U�8=� C 
���>&' >?'U&��_��f CU?B>&8 ���. �U�?7?�?�=? �� '&�?> d�>_ U�?7C>8�?�& 8 >?BC>&8&' 
8=7?, X�A=�?CB=' &U=C�=?', 7?B��`=?� � �?B&>&�&' A&�'�_�&' :^�B?. o�: &U=C�=: 
�� '&X�> d�>_ =CU&�_^&8�� '&7?�= U&>&B&8 �d&> (workflow) = 7���f (dataflow). 4=C>?'� 
�U�8�?�=: U&>&B'= �d&> &d?CU?�=8�> >�?d�?'�� U&C�?7&8>?�_�&C>_ 7?�C>8=� C �?C��-
C'=. ��7: >?f�&�&X=�?CB: &U?�`=: = 8?C_ �� 8 `?�&' f�B>?�=^��>C: ^��?�=:'= U&-
>�?d�:?'&X& �?C��C (&d�' U':>=, �=C�& =CU&��=>?�_��f �?C��C&8, 8�?': 8�U&��?�=: = 
7��X='= U�'?>�'=), �>& U&^8&�:?> U�&8&7=>_ &`?�B� U�&`?CC&8 = =f C�8�?�=?. 
�=d&�_T=� =�>?�?C U�?7C>8�:?> C=�>?^ &U>='=^=�&8���f U& ^��?? �C>�&8�?���' 
B�=>?�=:' �� = ��, U&���?'�f 8 �?^��_>>? X?�?�`== U��&8 =�>?��?B>��_��'= U��=-
�&8�=B'=, �d&>��='= C =�>?X�=�&8���'= d^'= ^��=�/7���f. �>'?>=', �>& 8 
�C>&:�?? 8�?': ^7� 8>&'>=�?CB&X& C=�>?^ �� :8�:?>C: �?�?T���&� 7& B&�` 8 >?&�?-
>=�?CB&' U��?. 	�U&��?���� ��=^ =C>&��=B&8 U&^8&�=� 8�:8=>_ �&8�? =�= '&7=A=`=-
�&8���? '?>&7� = U&7f&7�, &C�&8���? � U�='?�?�== d^ ^��=� = U��=�&8�==. 

2 ��6������9�!�4 � ���66�:���!�4 6�6��� �����!�� ��;��������6��; 
!�7���� � 7�!�66�� 
��CC=A=B`=� B�CC=�?CB=f C=C>?' 8>&'>=^=�&8��&X& U�&?B>=�&8�=: (4
��) 

'&��& C�=>>_, 8 &C�&8�&', �C>&:8T?�C: � &C�&8? �X�&:^����f >?�'=�&8, U�='?�:?'�f 
7�: B�CC=A=B`== U�&X�''��f U�=�&�?�=� = C�?7C>8 8>&'>=^`== U& &>�C�?8&'� = 
`?�?8&'� �^��?�=� [1, 2]. �7?C_ 8�7?�=' &C&d& >B&? �U�8�?�=? BB CAPP (Computer-
Aided Process Planning) – C�?7C>8 8>&'>=^`== U��=�&8�=: ��, B&>&�&'� C&&>8?>C>8�?> 
&>?�?C>8?��&? �^8�=? 4
�� ��. R�&X=? 4
�� C&8'?��> �?T?�=? ^7�, &>�&C:�=fC: B 
�^�=���' CU?B>' U�&?B>=�&8�=:, = :8�:�>C: B&'U�?BC��'= (CAD/CAM, CAD/CAE, 
CAD/CAE/CAM). �7�B&, &>�&C=>?�_�& �?78�& U&:8=�&C_ = d�C>�& C>�& U&���>_ �^8=-
>=? >B&? �U�8�?�=? BB '?7=`=�CB=? >?f�&�&X=�?CB=? U�&`?CC� (R��) [3-5]. 
��=^ ��-
>?��?> = d=d�=&>?���f �?C��C&8 U&B^�, �>& 8 '=�? �7?�:?>C: d&�_T&? 8�='�=? 8�?7�?-
�=� >?f�&�&X=� �U�8�?�=: R��. �>'?>=' U�d�=B`=&���� B>=8�&C>_ U&C�?7�=f �?> ^ 
��d?�&' 8 &d�C>= C=�>?^ R�� [6-8]. 	 �8�&U? 8?7�>C: �d&> U& 8�?7�?�=� C=C>?' �U�8-
�?�=: �?�?d�&-7=X�&C>=�?CB='= U�&`?CC'=, 8 >&' �=C�? 8 �&CC== �^8=8�>C: &�>&�&X=-
�?CB=� = =�A&�'`=&��&-��=>=�?CB=? U&7f&7� B &U=C�=� R��. �7�&� =^ &C�&8��f ^-
7�, �?T?�=? B&>&�&� U&^8&�=> C��?C>8?���' &d�^&' ����T=>_ B�?C>8& '?7=`=�CB&� U&-
'&�=, :8�:?>C: U&C>�&?�=? '&7?�?� = U��&8 =�7=8=7��_�&X& �?�?�=: U`=?�>&8 C �^�=�-
��'= �&^&�&X=:'= [9-10]. �'?��=?C: �^�d&>B= U&B �? U&^8&�:�> U�&8&7=>_ X��d&B�� 
A&�'�=^`=� R��. ��?7U&�X?>C: �^�d&>>_ '?>&7� = =�C>��'?�>�_��? C�?7C>8, B&-
>&��? U&^8&�:> 8�U&��=>_ 8>&'>=�?CB=� C=�>?^ &U>='=^=�&8���f R�� � &C�&8? C>�-
7�>&8 �?�?�=: = �B&U�?���f ^��=� &d =Cf&7f �?�?�=:. 

�C&d&? '?C>& 8 B�CC=A=B`== ^�='�> =�>?��?B>��_��? 4
�� (�4
��), 8 B&>&��f 
='=>=��?>C: 7?:>?�_�&C>_ >?f�&�&X. ��CC=A=B`=: 4
�� C ���>&' �&8�f �U�8�?�=� 
U�=8?7?� � �=C��B? 1.  

o�: U�?7C>8�?�=: C&8�?'?��&X& C&C>&:�=: ��� U�=8?7�' &d^&� �?B&>&��f �d&>. 	 �-
d&>? [11] �CC'&>�?�� '?>&7� = C&8�?'?���? 4
�� ��, U�&=^8?7�� ��=^ �=d&�?? �C-
U�&C>������f U�&X�'' 7�: U�&?B>=�&8�=: ��. 	 U?�8�� &�?�?7_ U�?7C>8�:�> =�>?�?C 
'?>&7� X?�?�`== ��, �CC'>�=8?'�? 8 4
�� ��. 4��?C>8��> >�= &C�&8��f '?>&7 8-
>&'>=^=�&8��&X& U�&?B>=�&8�=: ��: =�7=8=7��_�&? U�&?B>=�&8�=?; U�&?B>=�&8�=? 
� &C�&8? X��UU&8&X& ��; U�&?B>=�&8�=? �� '?>&7&' C=�>?^ (C'. �=C��&B 2). 
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�=C��&B 1 – ��CC=A=B`=: 4
�� 

 
�=C��&B 2 – ��CC=A=B`=: '?>&7&8 U�&?B>=�&8�=: �� 

R?>&7 =�7=8=7��_�&X& U�&?B>=�&8�=: ^B���?>C: 8 B&'U&�&8B? �?&df&7='&� U&C�?-
7&8>?�_�&C>= &U?�`=� = U?�?f&7&8 C =CU&�_^&8�=?' ='?��?�C: d^� 7���f. ��?7U&�-
X?>C: �^�d&>B �� � &C�&8? U�&`?CC-��&X, >.?. �^�d&>���f ��?? ��-U�?`?7?�>&8. 
��&?B>=�&8�=? � &C�&8? X��UU&8&X& ��, B&>&��� =CU&�_^�?>C: 8 B�?C>8? �C>�=8?'&X& 
Td�&�. R?>&7 C=�>?^ �� C&C>&=> 8 �X&�=>'=�?CB&' A&�'=�&8�== ��. 	 �C>&:�?? 
8�?': p>&> '?>&7 �f&7=> &X��=�?��&? U�='?�?�=?, U&CB&�_B� >�?d�?> C>�&X&X& '>?'>=-
�?CB&X& &U=C�=: A&�'=�&8�=: C>��B>��� ��.  

��7=8=7��_��? 4
�� CU?`=�=^=�&8�� � &U�?7?�����? B�CC� 7?>�?� = U&7 B&�-
B�?>��? U�?7U�=:>=:. 	�C&B: C>?U?�_ 8>&'>=^`== 8 �=f 7&C>=X?>C: ^ C��> =CU&�_^&8-
�=: �X&�=>'&8 U�&?B>=�&8�=:, &>����=f ^��=: >?f�&�&X=�?CB=f ��B = &U�> pBCU?�-
>&8->?f�&�&X&8, ��C>8���=f 8 �^�d&>B? C=C>?' = f&�&T& ^���=f B&�B�?>��? U�?7U�=-
:>=:. 
7U>`=: >B=f C=C>?' B �C�&8=:' 7��X=f U�?7U�=:>=:f &B^�8?>C: 8?C_' C�&��&� 
= >�?d�?> ^��=>?�_��f >��7&^>�>. 

��&?B>=�&8�=? � &C�&8? X��UU&8&X& �� d^=��?>C: � �^�d&>B? X��UU&8&X& Td�&�, 
B&>&��� �C>�=8?>C: � U�'?>�� B&�B�?>�&X& ��. ��='?�&' U&7&d�&X& U&7f&7 C���=> 
�d&> [12], 8 B&>&�&� U�=8?7?�� &C�&8��? '?>&7� =�>?X�=�&8���f 4
��, =CU&�_^�?'�? 
7�: U�&?B>=�&8�=: 7?>�?�, �^�&8 = X�?X>&8 B&�C>��B`== B&C'=�?CB&X& UU�>. � &C-
�&8�== >=U&8�f �� A&�'=��?>C: �d&�=� �� = �CC�=>�8�>C: U&B^>?�=. ��= p>&' 8�-
U&��:?>C: &U>='=^`=:, &d?CU?�=8��: >?f�&�&X=��&C>_ B&�C>��B`==. �d�=' �?7&C>>-
B&' X��UU&8&X& U�&?B>=�&8�=: �� :8�:?>C: ��?^'?��&? �8?�=�?�=? 8�=�>&8 >?f�&�&X=-
�?CB=f �?T?�=�, �>& 7?�?> '?>&7 X�&'&^7B=', �C�&��:: �d&>� U&�_^&8>?�?�. 

	&^'&��&C>= 8>&'>=^`==, U�?7&C>8�:?'�? '?>&7'= =�7=8=7��_�&X& = X��UU&8&X& 
U�&?B>=�&8�=:, U�B>=�?CB= =C�?�U��. �&p>&'� 8&^�=B?> �?&df&7='&C>_ 8 �^�d&>B? 

��CC=A=B`=: '?>&7&8 4
�� �� 

L���#��*�� �!� =>:  
������: B&'U&�&8B 
�C>�&X& �� 
��=CU&�_^&8�=? ��&X 
= ='?��?�C: d^� 7�-
��f 

B�*""#!� =>:  
��A&�'=�&8�=? d^� 7���f 
= ^��=� 
��8�d&� 8�=�> = �C��> 
U&B^>?�?� 8 C&&>8?>C>8== C 
B�=>?�=:'= 
��&U>='=^`=: �� 

@���! �����N� (������
��) =>:  
���X&�=>'=�?CB=� 
��'>?'>=�?CB&� �&X=B= 
��>?&�== p�?'?�>&8 
��'�&X&��&8�?8�� =>?�`=&���� 
��C?'�>=�?CB=� 

��CC=A=B`=: 4
�� U& &>�C�?8&'� = `?�?8&'� 
�^��?�=� 

9�����'��	��:  
MCAD (mechanical computer-aided design) 
EDA (electronic design automation) 
CAAD (computer-aided architectural design) 
CAD (computer-aided design/drafting) 
CAE (computer-aided engineering) 
CAM (computer-aided manufacturing) 
CAPP (computer-aided process planning) 

�&8�? �U�8�?�=: 

R�� �4
�� 

L�������#���!�:  
CAD /CAM 
CAD/CAE 
CAD/CAE/CAM 
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4
�� ��, A��B`=&�=����?� � &C�&8? '?>&7 C=�>?^ �� = B&'d=�=�&8���f '?>&7&8. 
R?>&7 C=�>?^ C&C>&=> 8 �X&�=>'=�?CB&' A&�'=�&8�== �� � &C�&8? '>?'>=�?CB=f '&-
7?�?�, U�?&d�^&8�=� A&�' U�?7C>8�?�=:, >&��&C>?� &U=C�=� = 7��X=f U�'?>�&8 8 C&-
&>8?>C>8== C �C>�&8�?���'= B�=>?�=:'= B�?C>8. R?>&7 �f&7=>C: 8 C&C>&:�== >?&�?>=-
�?CB&� U�&�d&>B= U&C>�&?�=: ��=8?�C�_�&X& U&7f&7 B U�&?B>=�&8�=� ��.  

�C&d?��&C>_� C=�>?^ Cf?'� �� :8�:?>C: A&�'=�&8�=? U&C�?7&8>?�_�&C>= U�?&d�-
^&8�=: =^7?�=: &> ���_�&X& C&C>&:�=: 7& B&�?��&X&. ��?&d�^&8�=? U�&=^8&7=>C: U& 
��&8�:', = B�7�� ��&8?�_ U�?7C>8�:?> C&d&� '�&X&8�=�>��� C=C>?'�. �?^��_>>&' 
U�&`?CC C=�>?^ :8�:?>C: U&C>�&?�=? 7?�?8 8�=�>&8, B&>&�&? &>8?�?> ^7���' >?f�&-
�&X=�?CB=' &X��=�?�=:' [13].  

R�&X&��&8�?8�� =>?�`=&���� '?>&7 :8�:?>C: ��=8?�C�_��' '?>&7&', >.B. C ?X& U&-
'&�_� '&��& CU�&?B>=�&8>_ �� U�B>=�?CB= 7�: ��d&� 7?>�= =�= Cd&�&��&� ?7=�=`�. 
� U?�8&' p>U? U�=�='?>C: �=d&�?? &d�?? �?T?�=?, B&>&�&? �>&��:?>C: � U&C�?7���=f 
p>Uf. �B&��>?�_��� 8�=�> &U�?7?�:?>C: � U&C�?7�?' p>U?, � U�&'?��>&���f p>Uf 
8�d=�?>C: B&'U�?BC �?T?�=�, �=d&�?? U&��& &>8?���=f ^7���' B�=>?�=:'. �> p>U 
B p>U� B��X U&=CB C��?>C:. 4f?' U�&`?CC C=�>?^ U�?7C>8�?� � �=C��B? 3.  

 
�=C��&B 3 – 4f?' U�&`?CC C=�>?^ �� 

 

�&=CB = 8�d&�  
��&X �� 

 
4=�>?^ �� 

�C>�&�B  
'&7?�= �� 

R&7?�=�&8�=? �� 


��=^ �?^��_>> 
�U>='=^`=: �� 

�?T?�=? 

�?T?�=? 
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�& �?^��_>>' U&=CB U�=�='?>C: �?T?�=?. �C�= ��&X C��?C>8�?>, >& d�&B&' �?T?-
�=: U�&=^8&7=>C: �C>�&�B U�&`?CC-��&X � U�&?B>=��?'�� 7?>�_. �>?' ��=^=��?>-
C: �?^��_>> � C&&>8?>C>8=? >?f�=�?CB&'� ^7�=� = U�&=^8&7=>C: '&7?�=�&8�=? U&��-
�?��&X& U�&`?CC. �C�= ��&X �? ��7?� 8 d^? 7���f, >& U?�?f&7:> B 8�=�>� C=�>?^ ��. 
��&?B>=�&8�=B C&^7�> U?�8&���_�&? �?T?�=? = U�&=^8&7=>C: '&7?�=�&8�=? U�&`?CC. 
�?^��_>>� '&7?�=�&8�=: ��=^=���>C: = U�=�='?>C: �?T?�=? & 8�d&�? �`=&��_�&X& 
8�=�>. �>&> 8�=�> &U>='=^=��?>C:, `=B� U&8>&�:?>C:, 8 �?^��_>>? �?CB&�_B=f =>?�-
`=� 8�d=�?>C: &U>='�_��� 8�=�> U& B�=>?�=:' ��. 

��='?�&' '?>&7 C=�>?^ �� '&�?> C���=>_ U&7f&7, &U=C���� 8 [14]. �?&df&7='�' 
�C�&8=?' :8�:?>C: U�?78�=>?�_�&? ^U&��?�=? d^� 7���f, B&X7 C>�&8=>C: 8&^'&���' 
8>&'>=^=�&8��&? U�=�:>=? C�&���f �&X=�?CB=f �?T?�=�, C8:^���f, �U�='?�, C 8�d&-
�&' C>��B>��� U�&`?CC = &U?�`=�, �^��?�=?' >?f�&�&X=�?CB=f d^ = 7��X='= U&7&d��-
'= ^7�'=. 	 �d&>? [15] =^�&�?�� &C�&8� �^�d&>B= '?>&7&8 ��=^ = C=�>?^ C=C>?' 
�U�8�?�=:, ��=>�8��=f ��=�=? &d�>��f C8:^?�, C�&���� 7=�'=B� U�&`?CC&8 �U�8-
�?�=:, A=^=�?CB�� �^�&�&7�&C>_ �C>�&�C>8 = p�?'?�>&8, '�&X&B�=>?�=�_�&C>_, �?&U�?7?-
����&C>_ ^78?'�f U�'?>�&8 = 8&^'����=f 8&^7?�C>8=�. ��='?�&' �X&�=>'=�?CB&X& 
U&7f&7 B C=�>?^� C���=> �d&> [16], 8 B&>&�&� �CC'&>�?� '?>&7=B = U�&`?CC 8>&'>=-
�?CB&X& U&C>�&?�=: (X?�?�`==) Cf?' p�?B>�=�?CB&� C=C>?'�. 

	 �d&>? [17] �CC'&>�?�& �&8&? U&B&�?�=? 4
��. �C�&8�: =7?: – U?�?�&C �&X=B= 8^-
='&C8:^= >?f�&�&X=�?CB=f &d?B>&8 =^ '&7?�= �� 8 C?'�>=�?CB�� '&7?�_ CU�8&���f 
7���f. �>& U&^8&�:?>, C &7�&� C>&�&��, �U�&C>=>_ �C>�&�B� = B&�A=X��=�&8�=? &d?B>-
�&� '&7?�= >?f�&�&X==, C 7��X&�, �CT=�:?> 8&^'&��&C>= C=C>?'� �U�8�?�=: ^ C��> B&�-
C&�=7`== ^��=� & U&8?7?�== = 8^='&7?�C>8== >?f�&�&X=�?CB=f &d?B>&8. ����?8�' C?�-
8=C&' &�X�=^`== 7���f :8�:?>C: C?'�>=�?CB=� U&=CB, U�= B&>&�&' 8 B�?C>8? B�=>?�=?8 
&>d&� &d?B>&8 '&��& ^78>_ �? >&�_B& =f >�=d�>�, �& = 8^='&C8:^= C 7��X='= &d?B-
>'=.  

	 [18] U�?7C>8�?� &d^&� 4
�� �� ('?>&7� U�&?B>=�&8�=:, C&8�?'?���? C=C>?'� 8-
>&'>=�?CB&X& U�&?B>=�&8�=: = 7�.), �CC'&>�?�� 78 '?>&7 U�&?B>=�&8�=: ��: '?>&7 
C=�>?^ = '?>&7 U�&`?CC`==. R?>&7 C=�>?^ ('�&X&��&8�?8��, =>?�`=&���� '?>&7 U�&?B-
>=�&8�=:) :8�:?>C: ��=8?�C�_��' '?>&7&', U&^8&�:��=' U�&?B>=�&8>_ 7&C>>&��& 
C�&���? ��, &C�&8� � BC=&'>=�?CB&' U&7f&7? = �?�=^&8� BB C=C>?' U�&?B>=�&8-
�=: 8 B�CC? C=C>?' «=CB�CC>8?���� =�>?��?B>». ��&?B>=�&8�=? &U?�`=� 8?7�>C: &> U&-
C�?7�?� B U?�8&� &U?�`== ('?>&7 «&d�>�&X& U��=�&8�=B»). R?>&7 U�&`?CC`== &C�&8�-
8?>C: � C&^7�== �d&�=f �� U�>�' �C>�&�B= ��=A=`=�&8���f (>=U&8�f =�= X��UU&-
8�f) �� � B&�B�?>��? 7?>�=. R?>&7 U&^8&�:?> =CU&�_^&8>_ 8C? U�?='��?C>8 X��UU&8&� 
>?f�&�&X==. 	 �C>&:�?? 8�?': &d '?>&7 =^-^ =f 8�C&B&� C�&��&C>= �? �?�=^&8�� 8 
U&��&� '?�?. 	 �C>�&C>=, �? �?T?�� ^7�= 8>&'>=�?CB&X& A&�'=�&8�=: '�T��> U�&-
`?CC, &U�?7?�?�=: C>��B>��� &U?�`==, d^=�&8�=: ^X&>&8&B, U&=CB U�=CU&C&d�?�=� = 
�:7 7��X=f =�>?��?B>��_��f ^7�. 

�>7?�_�& &>'?>=' >?&�?>=�?CB= U�&�d&>���� 4
�� [19, 20], 8 B&>&�&� d��= C7?��� 
U?�8�? U&U�>B= 8>&'>=�?CB&X& C=�>?^ �� U�='?�=>?�_�& B 'T=�&C>�&=>?�_��', �-
7=&p�?B>�&���', C>�&=>?�_��' = 7��X=' =^7?�=:', CA&�'��=�&8� &d�: >?&�=: A&�-
'�_�&X& C=�>?^ C>��B>�� =�>?�B>=8��f C=C>?'. �C�&8�: =7?: C=�>?^ C>��B>�� ^B���-
�C_ 8 C&^7�== C?>?8&� '&7?�= =�>?�B>=8��f C=C>?' � &C�&8? �X&�=>' A��B`=&�=�&8-
�=: = 8&^'&���f 8^='&C8:^?� A&�'>&8 7���f C �^�=���'= �?�=^`=:'= &>7?�_��f 
d�&B&8,  >B�? U&C�?7���?X& A&�'�_�&X& 8�d&� ���T?� �?�=^`== 8 8=7? &U�?7?�?�=: 
B�>��T?X& U�>= � C?>?8&� '&7?�=.  
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��='?� U�B>=�?CB&� 4
��, �d&>��?� � C>�B? X��UU&8�f >?f�&�&X=� = >?f�&�&X=� 
C=�>?^, &U=C� 8 �d&>? [21], 8 B&>&�&� U�?7C>8�?� U&��&A��B`=&��_�: C=C>?' >?f�&-
�&X=�?CB&X& U�&?B>=�&8�=:, &d�7��: X=dB='= C&8�?'?���'= C�?7C>8'= �^�d&>B= 
>?f�&�&X=�?CB=f U�&?B>&8 ��d&� C�&��&C>=. 4=C>?' U&^8&�:?> C=�>?^=�&8>_ 8�=�>� 
C=C>?'� =^ B&'U&�?�>&8 (d�&B&8) = &`?�=8>_ 8�=�>� U�= =f �C>=��&' U?�?d&�? C U�?7-
8�=>?�_��' U�&X�&^=�&8�=?' f�B>?�=C>=B B&'U&�?�>&8. W�&��&-=?��f=�?CB=� U&7f&7 
B U�&?B>=�&8�=� &C�&8� � 7?B&'U&^=`== C�&���f &U=C�=� &d?B>&8 = C�?7C>8 =f C&-
^7�=: � =?��f=�?CB=? ��&8�=, 88&7=> U&�:>=? C>=�: U�&?B>=�&8�=:, �C>�8�=8?> C8:^_ 
'?�7� U�'?>�'= C&C?7�=f =?��f=�?CB=f ��&8�?�. 	C: =�A&�'`=:, �?&df&7=': 7�: 
U�&?B>=�&8�=: ��, f��=>C: 8 CU�8&��=Bf B&'U�?BC T-FLEX. 4&^7�>C: d=d�=&>?B 
>?f�&�&X=�?CB=f �?T?�=�, 8 B&>&��� ^�&C:>C: U�&A?CC=&��_��? ^��=: (&U?�`== C U?�?-
f&7'=, &C��?�=?', =�C>��B`=:'= = >.U.). 4A&�'=�&8��: >B=' &d�^&' d^ ^��=� C>-
�&8=>C: 8���' =�A&�'`=&���' �?C��C&' U�?7U�=:>=:. �& 8�d����' B�=>?�=:' '&��& 
��>= ��&X=���� �� = � ?X& &C�&8? CU�&?B>=�&8>_ �&8��. ��= =CU&�_^&8�== � U�?7-
U�=:>== >=U&8�f =�= X��UU&8�f �� &d?CU?�=8?>C: 8&^'&��&C>_ =f U�'?>�=^`==. 	 >-
B=f U�'?>�=�?CB=f �� '&X�> 8>&'>=�?CB= U?�?C�=>�8>_C: ^��?�=: U�'?>�&8 U& 
8C?'� ��,  ^>?' U�&=^8&7=>_C: 8>&'>=�?CB=� U&7d&� &C��?�=:. 

��='?�'= C&8�?'?���f ^��d?���f U�&X�''��f �?T?�=�, �U�8�?���f � U&7X&-
>&8B� ��, :8�:�>C:: U�&X�'' Allplan B&'U�== Nemetschek [22], U�?7�^��?��: 7�: 
U&77?��B= 8C?f A^ �=^�?��&X& `=B� U�&?B>; U�&X�'' CADdy B&'U�== ZIEGLER-
Informatics GmbH [23], U�?7�^��?��: 7�: 8>&'>=^`== B&'U�?BC��f =�>?X�=�&8���f 
>?f�&�&X=� &> C>7== U�&?B>=�&8�=: 7& C>7== U�&=^8&7C>8; C=C>?' 8>&'>=^=�&8��&-
X& U�&?B>=�&8�=:, =��?�?��&X& ��=^ = U&7X&>&8B= U�&=^8&7C>8 SolidWorks B&'U�== 
SolidWorks Corporation [24]. ��='?�'= &>?�?C>8?���f U�&X�'' 7�: U�&?B>=�&8�=: �� 8 
'T=�&C>�&?�== :8�:�>C: «T-Flex �?f�&�&X=:» [21], «	?�>=B�_» [25] = «�?f�&��&» [26]. 
o�? 8 p>&� �=d&�?? �^8=>&� &d�C>= 8&U�&C U&��&C>_� 8>&'>=�?CB&� X?�?�`== >?f�&-
�&X== =^X&>&8�?�=: &d?B> U&B &C>�>C: &>B��>�'. 

	8=7� �?7&C>>B&8 U?�?�=C�?���f 8�T? '?>&7&8 4
�� �� 8C� d&�_T?? �^8=>=? U&��-
��> =�>?��?B>��_��? C=C>?'� – �4
��. �C�&8��? B&�`?U`== �4
�� U�?7C>8�?�� 8 
�d&>? [27]. 

��>?��?B>��=^`=: 4
�� 8&^'&�� >�?': CU&C&d'= [28]. 
1.�	�?T�:: ��=8?�C�_�: =�>?��?B>��=^`=: C U&'&�_� U&7B���?�=: =�C>��'?�-

>�_��f C�?7C>8, �C>�&?���f � C&&>8?>C>8����� ��� (B&�C>��=�&8�=?, >?f�&�&X=: = 
>.7.). 	 B�?C>8? >B=f C�?7C>8 '&X�> 8�C>�U>_ &d&�&�B= pBCU?�>��f, 7=�&X&8�f = &d��-
��=f C=C>?'. 

2.�	�?T�:: CU?`=�=^=�&8��: =�>?��?B>��=^`=: C U&'&�_� CU?`=�_��f U�&-
X�''��f 7&U&��?�=�, �d&>��=f � U�=�`=Uf =CB�CC>8?��&X& =�>?��?B>. 4U&C&d `?�?-
C&&d�^�& U�='?�:>_ BB �^8=>=? U�?7�7��?X& 8 >?f C���:f, B&X7 U�?7:8�:�>C: U&8�-
T?���? >�?d&8�=: B B�?C>8� �d&>� 4
��. �>&> CU&C&d �? >�?d�?> C��?C>8?��&X& =^'?-
�?�=: 8��>�?��?� C>��B>��� = �X&�=>'&8 �4
��, U&CB&�_B� C8&7=>C:, BB U�8=�&, B 
����T?�=� C?�8=C��f f�B>?�=C>=B, 8&^'&��&C>= A&�'��=�&8B= >=U&8&� ^7�= U�&?B>=-
�&8�=: � U�?7'?>�&-&�=?�>=�&8��&' :^�B?, d&�?? d�=^B&' B ?C>?C>8?��&'�. 4&8&B�U-
�&C>_ C�?7C>8 &d�?�=: U&�_^&8>?�: C 4
�� � U�?7'?>�&-&�=?�>=�&8��&' :^�B? �^�8-
?>C: =�>?��?B>��_��' =�>?�A?�C&'. 

3.�	��>�?��:: =�>?��?B>��=^`=: C U&'&�_� 8C>�&?���f >?f�&�&X=� =CB�CC>8?��&X& 
=�>?��?B>. 4U&C&d ^>�X=8?> X��d=���? C8&�C>8 4
��, 8B���: ?� A��B`=&��_��? 
8&^'&��&C>= U�&?B>=�&8�=:, 8&^'&��&C>= C=�>?^, 7U>`==, C'&&�X�=^`==, �d&>� C 
�?��>B&� A&�'��=�&8B&� ^7�=. 
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�=U&8: C>��B>�� �4
�� U�?7C>8�?� � �=C��B? 4. 
 

 
�=C��&B 4 – 4>��B>�� �4
�� 

4>��B>����� C=�>?^ �� 8 �4
�� �?�=^�?>C: C U&'&�_� pBCU?�>��f C=C>?' [29]. W^ 
^��=� �4
�� C&7?��=> �?&df&7='�� =�A&�'`=� & ���, 8 B&>&�&� �?T?>C: ^7� U�&-
?B>=�&8�=:,  >B�? pBCU?�>��� =�A&�'`=� & U�?7U&�X?'�f U�>:f U�&?B>=�&8�=:. 
��&?B>=�&8�=? &U=�?>C: � '?>&7� '&7?�=�&8�=: = &U�>, �B&U�?���� U�&?B>=�&8�=-
B'= = f��:�=�C: 8 d^? ^��=�. �7�=? � U�&?B>=�&8�=? A&�'=��?>C: C U&'&�_� =�-
>?��?B>��_�&X& =�>?�A?�C = U?�?8&7=>C: 8 CU?`=�_�&? 8��>�?��?? U�?7C>8�?�=? (d^� 
7���f). �>?' ^7� U?�?7�>C: � 8f&7 pBCU?�>�&� C=C>?'� ���, B&>&�: =�=`=�=^=��?> 
8��=C�?�=: = U�&=^8&7=> U&=CB �?T?�=:. ��?7C>8�?���? 8 d^? ^��=� '&7?�= &U?�=���> 
�d&�&' U�8=� = �>8?��7?�=�, C�?7�: B&>&��' '&��& U�=�>= &> ���_��f �C�&8=� B �&-
X=�?CB=' 8�8&7'. 

��= =CU&�_^&8�== �4
�� U&8�T?>C: B�?C>8& U�&?B>=��?'�f &d?B>&8 d�X&7�: 
�8?�=�?�=� �=C� U�&C'>�=8?'�f 8�=�>&8 = 7?>�_�&C>= U�&�d&>B=, �'?�_T?>C: 
8�?': U�&?B>=�&8�=: ^ C��> U�='?�?�=: C�?7C>8 ='=>`=&��&X& '&7?�=�&8�=: = �=C�?�-
��f '?>&7&8, U&8�T?>C: pAA?B>=8�&C>_ d�X&7�: U��=�&8�=� 8��=C�?�=� = B&�>�&�� 
�?^��_>>&8. �4
�� � 7���� '&'?�> �? U&���=�= T=�&B&X& �CU�&C>��?�=:, U&CB&�_B� 
&>C�>C>8�?> ��=8?�C�_�&C>_ U&7&d��f C=C>?', �^�d&>B 8?7�>C: C U�=8:^B&� B &U�?7?���-
�&� ��� = �&C=> A�X'?�>���� f�B>?�. 

 
3 �����6������ ������ ����������6��� �����!��  

��;��������6��; 7�!�66�� 
W^&8: B&�`?U`=: �X&�=>'=�?CB&X& 8�U&��?�=: C=C>?' &U?�`=� �7 dC>�B>��'= = 

A=^=�?CB='= &d?B>'= &7�&�&7�&X& = �?&7�&�&7�&X& f�B>?�, U&^=`=&�=��?': BB 
«�d�: A&�'�_�: >?f�&�&X=:» (�a�), U&���=� C8&� �^8=>=? 8 C?�== �d&> [30-32]. �C-
�&8��? ?� U&�&�?�=: d��= &d&d�?�� 8 '&�&X�A== [33]. 	��&, �>& B&�`?U`=: '&�?> d�>_ 
U�='?�?� 8 >?&�== 8>&'>=�?CB&X& U&C>�&?�=: ��=8?�C�_��f >?f�&�&X=�?CB=f C=C>?' = 
U�&`?CC&8 �^�=��&X& �^��?�=:. �a� &U=�?>C: � A��7'?�>�_��� �X?d�=�?CB�� C=-
C>?'� 8=7 PFA ��� ,,U , X7? A  – &C�&8�&? '�&�?C>8& C=C>?'�; F�  – '�&�?C>8& &U?�-
`=�, &U�?7?�����f � A ; P�  – '�&�?C>8& U�?7=B>&8, ^7���f � '�&�?C>8? A  [34]. 
m>8?��7?>C: [33], �>& 8C? 7��X=? U�B>=�?CB= 8���? '&7?�= :8�:�>C: ?� �C>��'= C���-
:'=. 	 �a� U�=�:>� ��&X=���? �X&�=>'=�?CB=? C=C>?'� (�^�8?'�? «>?f�&�&X=:'=») 

AT FFB ,,T � , X7? B  – '�&�?C>8& �?B&>&��f A=^=�?CB=f &d?B>&8, :8�:��=fC: =Cf&7��'= 
= B&�?���'= &d?B>'=-�?^��_>>'= &U?�`=� '�&�?C>8 TF , �^�8?'�f «B&�C>��B`=:-

��>?��?B>��_���  
=�>?�A?�C 

W�&B  
8��=C�?�=� 

�BCU?�>�:  
C=C>?' 

W^ 7���f / W^ ^��=� 

W�&B  
U&U&��?�=: 7���f 

W�&B 8�7�=  
�?T?�=� 
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'=»; TF  = AF  – B&�?���? '�&�?C>8 B&�?��&'?C>��f >?f�&�&X=�?CB=f (>=U C=�>?^ = 7?-
B&'U&^=`==) = ��=>=�?CB=f &U?�`=� �7 &d?B>'= =^ B , U�=��' �= &7� =^ &U?�`=� 8 

TF  = AF  �? '&�?> d�>_ 8���?� �?�?^ 7��X=?. 
�a� U&^8&�:?> C�8�=8>_ U&>?�`=�_��? 8&^'&��&C>= �^�=���f >?f�&�&X=�. 	 >B=f 

'?>'>?'>=�?CB=f C>��B>��f �?XB& C>�&:>C: '&7?�= U�&X�''=��?'�f >?f�&�&X=�?CB=f 
C=C>?' U�='?��& � >?f �? A&�'�_��f d^&8�f U�=�`=Uf. 	 C8&� &�?�?7_, p>= '&7?�= 
U&^8&�:�> =CU&�_^&8>_ =f 8 B�?C>8? d^&8�f U�= U&C>�&?�== U�B>=�?CB=f ��=8?�C�_��f 
U�&X�''=��?'�f >?f�&�&X=�?CB=f C=C>?' 8 C'�f �^�=���f &d�C>:f. 	 C&&>8?>C>8== C 
�a� CA&�'��=�&8�� &C�&8��? p>U� �^�d&>B= B&�B�?>��f '�&X&`?�?8�f U�&X�''�& 
�U�8�:?'�f >?f�&�&X=�?CB=f C=C>?':  
�� � &C�&8? ��=^ �^�=���f U�&`?CC&8 &d�d&>B= (U�?&d�^&8�=:) &d?B>&8 8 ^7��&� 

>?f�&�&X=�?CB&� &d�C>= 8�7?�:�>C: �=d&�?? �C>& =CU&�_^�?'�? >=U� >?f�&�&X=�?-
CB=f &U?�`=�; U&�����=?C: U�= p>&' �d&�� >?f�&�&X=�?CB=f = ��=>=�?CB=f &U?-
�`=� 7&���� &d�^&8�8>_ C&8&B�U�&C>= &U?�`=�, &>8?���=f B�=>?�=� U&��&>�; 

�� ��=^=���>C: U&>?�`=�_��? 8&^'&��&C>= 8�=�>&8 'BC='�_�& T=�&B&X& B�CC 
&d?B>&8 8 ^7��&� >?f�&�&X=�?CB&� &d�C>=; 8�d=�?>C: 8�=�> U&��&� >?f�&�&X==, 
B&>&��� U&^8&�:?> C=�>?^=�&8>_ = ��=^=�&8>_ 'BC='�_�& T=�&B=� B�CC &d?B>&8 
= 7&C>>&��& U�&C>& �?�=^�?>C: >?f�=�?CB=; 

�� 8�d=�?>C: B&�B�?>��� 8�=�> C>��B>��� 7�: >?f�=�?CB&� �?�=^`==, B&>&��� B&�-
�?B>=��?>C: C ���>&' �?�_�&X& C&C>8 >?f�&�&X=�?CB=f &U?�`=�. 
�?�?�=C�?���' U�=�`=U' �a� C&&>8?>C>8�?>, �U�='?�, ��=8?�C�_��� '?>&7 

[19, 20], �T?7T=� U�='?�?�=? 8 4
�� �7=&p�?B>�&�=B=, 'T=�&C>�&?�=:, U�=d&�&C>�&?-
�=:. �� �C>�8�=8?> 8^='&C8:^= '?�7� f�B>?�=C>=B'= �X&�=>'&8 A��B`=&�=�&8�=: 
C=C>?' = �?�=^`=:'= (UU�>��'=, U�&X�''��'=) �X&�=>'&8, A&�'�=^�?> U�&`?CC 
X?�?�`== 8�=�>&8 C>��B>���&� &�X�=^`== U�&?B>=��?'�f C=C>?'. �C>&��=B'= C=�>?^ 
:8�:�>C:: &U?�`== C& C>��B>��'= �X&�=>'&8, 7?B&'U&^=`=: �X&�=>'&8 � �C>= = =f 
&d?7=�?�=?, d^� U�&X�''�&� =�= UU�>�&� �?�=^`=� �C>?� �X&�=>'&8, CU&C&d� 
U�?&d�^&8�=: f�B>?�=C>=B &d?B>&8 =�A&�'`== = C=C>?'>=^`=: �?�=^`=�, B�=>?-
�== &`?�B= 8�=�>&8 U&C>�&?�=: C=C>?'. o?B&'U&^=`=� C>��B>�� �X&�=>'&8 U�?7�X?>C: 
U�&8&7=>_ U& U�=�`=U� C8:^�&C>= &U?�`=� 8 �X&�=>'f. ��?7U&�X?>C:, �>& U�&?B>=��?-
': C=C>?' �d&>?> U& ^7��&'� �X&�=>'� A��B`=&�=�&8�=: � , B&>&��� f�B>?�=^�-
?>C: C�?7���?� >�&�B&� U�'?>�&8: �O,,�� � , X7? �  – '�&�?C>8& &d?B>&8 C=C>?'�, O  
– '�&�?C>8& &U?�`=� �7 &d?B>'= (&U?��7'=), �  – '�&�?C>8& C8:^?� '?�7� &U?�`=:-
'=. ��='?�=>?�_�& B C=�>?^� =�A&�'`=&��&-8��=C�=>?�_��f C=C>?' [20] &d?B>� 8 C8&� 
&�?�?7_ f�B>?�=^�?>C: 78&�B&� �� ,� C , X7? C  – '�&�?C>8& CU&C&d&8 B&7=�&8�=: &U?-
��7&8, �  – '�&�?C>8& >&��&C>?� =f U�?7C>8�?�=:. o?�C>8=: �7 ^7���' �X&�=>'&' 
8�U&��:�>C: U& &U�?7?�����' U�8=�'. 

��8=�& 1. �?�8&���_�&? �^7?�?�=? �X&�=>' � �&B�_��? �X&�=>'� (V
) 7�: =f 
�?^8=C='&� �?�=^`== � �&B�_��f C>��B>��f (V4) 8�U&��:?>C: U�= ��=�== f&>: d� 
&7�&X& =^ C�?7���=f �C�&8=�: 1) &>C�>C>8=? =�A&�'`=&��&� C8:^= '?�7� V
, 2) ��=�=? 
�^�&� >&��&C>= =/=�= �^��f CU&C&d&8 B&7=�&8�=: &U?��7&8. 

�&C�? &U?�`=� �^7?�?�=: C>��B>��� �X&�=>' � V
 = =f U&B��>=: V4 &d�^�?>C: 
U?�8�� 8�=�> C>��B>��� �X&�=>'&8 C=C>?'�, f�B>?�=^�?'�� &U�?7?�����'= U&B^>?-
�:'= B�?C>8, B&>&��� '&�?> d�>_ U&78?�X��> 7�_�?�T?'� U�?&d�^&8�=� U�>�' &d-
?7=�?�=: V
 8 d&�?? B��U��? C `?�_� &d�^&8�=: �&8�f 8�=�>&8 �?�=^`== C=C>?'�. 
�U?�`== &d?7=�?�=: V
 U�&=^8&7:>C: '�&X&B�>�&. ��= p>&' B�7&'� V
 C&&>8?>C>8�?> 
8 &d�?' C���? '�&�?C>8& V4 =^ C&&>8?>C>8���?� d^� 7���f. �& '?�? �B��U�?�=: V
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�'?�_T?>C: B&�=�?C>8& d�&B&8 C>��B>��� = �8?�=�=8?>C: =f C�&��&C>_. �U?�`== &d-
?7=�?�=: U�&8&7:>C: U& C�?7���?'� U�8=��. 

��8=�& 2. ��= &d?7=�?�== �&B�_��f �X&�=>'&8 CU&C&d� B&7=�&8�=: =�A&�'`== 
7&���� d�>_ U�=8?7?�� B ?7=�&� A&�'?, U�=��' >&��&C>_ U�?7C>8�?�=: 7���f 8 &d&d-
����&' �X&�=>'? 8�d=�?>C: BB }min{ i�� � , },...,1{ ni	
 , X7? n  – �=C�& &d?7=�:?-
'�f V
. 

��= &d?7=�?�== 8&^�=B?> �&8�� V
, B&>&�&'� C&&>8?>C>8�?> �&8: V4, ='?��: 8 
&d�?' C���? �8?�=�?���� &d�' U':>= U& &>�&T?�=� B U?�8&���_��' V4. �B=' &d�-
^&', ^ C��> &U?�`=� C �X&�=>''= X?�?�=��?>C: '�&�?C>8& 8�=�>&8 C>��B>���&� &�X-
�=^`== U�&?B>=��?'&� C=C>?'�. 

� �=C��B? 5 8 B�?C>8? U�='?� U&B^�� U&C�?7&8>?�_�& p>U� C=�>?^ 8�=�>&8 
C>��B>�� =^'?�=>?�_�&� C=C>?'� [20]. 4=C>?' U�?7�^��?� 7�: 8�C&B&>&��&X& =^'?�?�=:, 
�&�'�=^`== = 8=^��=^`== 8 7?C:>=��&' B&7? �?>���f U�'?>�&8 ��. ��= �?T?�== ^-
7�= &U>='�_�&X& U?�?f&7 B C>��B>��? C=C>?'� '&��& &X��=�=>_C: �=d&�?? &d�='= 
U&B^>?�:'= B�?C>8, &U�?7?�:��='= f�B>?�=C>=B= �C>�&�C>8, �?�=^���?X& C=C>?'� 
V
. � �=' &>�&C:>C: U&B^>?�= C�&��&C>= �?�=^`==, d�C>�&7?�C>8=: = �7���&C>=. 

 
) d) 

 
8) 

 
X) 

 

7) 

 

�=C��&B 5 – �?B&>&��? 8�=�>� C=�>?^=��?'&� =^'?�=>?�_�&� C=C>?'� 

	�=�> () C&&>8?>C>8�?> U?�8&���_�&'� �^d=?�=� &d�?X& �X&�=>' A��B`=&�=�&-
8�=: C=C>?'� � V
 = =f U&B��>=? V4. �� C&7?��=> �?>��? �?^8=C='�f B�� =^'?�?-
�=: = 8=^��=^`== �C>&>��f C=X��&8. ��7�� B�� C&7?��=> C�?7���=? d�&B=: U�?&d-
�^&8>?�_ �C>&>�&X& C=X�� {F} 8 ��=>���� {Y}-B&7 �X&�=>' 
1; �?8?�C=8��� C��>�=B 
='U��_C&8 {Y}-B&7 C U�?&d�^&8�=?' U���?�_�&X& {P}-B&7 8 ��=>���� {Y}-B&7, 7�: �?-
�=^`== 
2; 78&=��&-7?C:>=���� C��>�=B C 8�8&7&' �=C� 8 {P}-B&7? 7�: U&C�?7���?X& 
U�?&d�^&8�=: 8 7?C:>=���� B&7 C `?�_� 8=^��=^`== =^'?�:?'&X& U�'?>� (7�: �?�=-
^`== 
3). ��� �^7?��� � >�= �C>= 8 C&&>8?>C>8== C �X&�=>''=: iA1 , iA2 , iA3 , U&CB&�_-

B� &�= &>�=��>C: CU&C&d'= B&7=�&8�=:. 	 �X&�=>'? iA1 =CU&�_^�?>C: ��&X&8�� �-
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C>&>��� C=X��, 8 iA2  – 78&=���� B&7, 8 iA3  – 7?C:>=���� B&7. a&�' U?�?7�= U�&'?��>&�-
�&� =�A&�'`== '?�7� �&B�_��'= �X&�=>''= 8�d�� 8 8=7? ��=>��&X& 78&=��&X& 
{Y}-B&7. 	C? U&C�?7���=? 8�=�>� U&B^�� A�X'?�>��&, = 8 �=f '&�?> U�='?�:>_C: 
BB 78&=��&? B&7=�&8�=?, >B = 7?C:>=���� B&7 {G}-B&7. �&C�?7�=� 8�=�> (7) C&&>8?>-
C>8�?> &d?7=�?�=� 8C?f V
 iA1 , iA2 , iA3  U& 8C?' B��'. �� f�B>?�=^�?>C: U���?�_��' 
=^'?�?�=?' �C>&>�&X& C=X�� U& 8C?' B��' ^ B&�&>B=? U�&'?��>B= 8�?'?�=, 7�: �?X& 
=CU&�_^�?>C: d�&B 8�?'?��&X& �^7?�?�=: ='U��_C&8 &> B�7&X& 7>�=B, &7=� 78&=��&-
7?C:>=���� C��>�=B = �?>��? �?X=C>�. �B&U�?��: 8 �?X=C>�f =�A&�'`=: (^ &d�?? 
8�?': =^'?�?�=:) U�?&d�^�?>C: 8 7?C:>=���� B&7 = 8=^��=^=��?>C:. 

	 7��X&� �d&>? p>&X& �U�8�?�=: [35] d�� �CC'&>�?� ^7� &U>='=^`== C>��B>��-
�&� &�X�=^`== U�&X�''�&X& &d?CU?�?�=: =�>?�B>=8��f C�?7C>8 3D-C=C>?' X?&'?>�=�?-
CB&X& '&7?�=�&8�=:, =CU&�_^�?'�f 7�: >�?��?�&8 = &d����=f C=C>?', C�?7C>8 8>&'-
>=^=�&8��&� �C>�&�B= C>�B&8 C ��m = �&d&>&8. ��&?B>=�&8�=? C�&��&X& =^7?�=: &C�-
�?C>8�:�&C_ ��=8?�C�_��' '?>&7&' U�>�' X?�?�`== 8�=�>&8 C U&'&�_� &U?�`=� C& 
C>��B>��'= �X&�=>'&8 8 C&&>8?>C>8== C U�8=�'=, ^B�7�8?'�'= 8 d^� ^��=� = U&-
C�?7���=' 8�d&�&' &U>='�_�&X& U& ^7���' B�=>?�=:' 8�=�>. 

&���=����� 

��=^ C&8�?'?��&X& C&C>&:�=: U&B^�8?>, �>&, �?C'&>�: � &d=�=? U�d�=B`=� U& &>-

7?�_��' �U�8�?�=:' C=�>?^ �� = ��, >?&�?>=�?CB=? =CC�?7&8�=:, &d?7=�:��=? �^-
�=���? U&7f&7� 8 ?7=��� =�>?��?B>��_��� >?f�&�&X=�, 7&C>>&���� 7�: C&^7�=: C=C>?' 
U&77?��B= U�=�:>=: ����&->?f�=�?CB=f �?T?�=� 8 U�=&�=>?>��f �U�8�?�=:f C&C>8�:-
�> =f '��� �C>_. 4�?7= �=f 8�7?�:?>C: >B �^�8?': «�d�: A&�'�_�: >?f�&�&X=:», 
B&>&�: C&^7�> >?&�?>=�?CB=? U�?7U&C��B= 7�: U&��&C>_� 8>&'>=�?CB&X& U�&?B>=�&8-
�=:. �U�?7?�����? U?�CU?B>=8� C8:^�8�>C: >B�? C 8�?7�?�=?' 8 4
�� '?>&7&8 = >?f�&-
�&X=� =CB�CC>8?��&X& =�>?��?B>. 	�?7�?�=? �B^���f U&7f&7&8 U&^8&�=> U&C>�&=>_ ��=-
8?�C�_��? 4
��, U�=X&7��? 7�: �^�=���f ���. 	 p>&' C���? �� X?�?�=��?>C: C U&'&-
�_� U�8=�, f��:�=fC: 8 d^? ^��=� =�>?��?B>��_��f C=C>?' U�= �?��>B=f B�=>?�=:f.  

	��������6�� 
�d&> 8�U&��?� U�= A=��C&8&� U&77?��B? U�&?B> �aa� % 16-29-12839-&A=_' 

«�^�d&>B '&7?�?�, '?>&7&8 = =�C>��'?�>�_��f C�?7C>8 7�: C=�>?^ &U>='=^=�&8���f 
>?f�&�&X=�?CB=f `?U&�?B = >?f�&�&X=�?CB=f U�&`?CC&8 � &C�&8? =�>?X�=�&8���f d^ ^�-
�=� = =�>?��?B>��_��f >?f�&�&X=� 8>&'>=�?CB&� X?�?�`== = &`?�B= U��&8». 
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Abstract 
The current state of the problem of synthesis of technological chains and processes of the computer-aided systems for 
technological processes designing was reviewed. Some publications on the results of modern research were analyzed; 
features of modern system’s program design were described. A classification of CAD for the technological processes of 
industrial and specific purpose was presented, taking into account new trends in medicine, as well as the classification 
methods, utilized in CAD. It is shown that the achieved level of modern theory does not allow us to create a universal 
synthesis technology that may be common to all subject areas. Prospects to solve the problem are associated with the 
construction of intelligent computer-aided design systems that implement the most common approach to synthesis, 
based on simulation and development activities, designed to support scientific, technical and technological solutions in 
the priority areas of science and technology. A general circuit of multilevel iterative synthesis process built on 
knowledge bases intended for storing precedents, select, configure, and options evaluating is presented. In case of ab-
sence of a suitable sample in the base, a direct synthesis of a new process is performed, using one of the possible formal 
approaches. 

Key words: computer-aided design, technology process, process chain, intelligent systems, process synthesis. 
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	 �d&>? U�=8&7=>C: '?>&7 A&�'=�&8�=: d=d�=&>?B= p>�&�&8 �?�?8�f B&'�7 C =CU&�_^&8�=-
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'�_�: '&7?�_ U�?7'?>�&� OWL-&�>&�&X==, =CU&�_^�?'&� 8 B�?C>8? d^� ^��=� 8 U�&`?CC? 
A&�'=�&8�=: = �CT=�?�=: d=d�=&>?B= p>�&���f B&'�7 8 U�&`?CC? �CU&^�8�=: �?�?8�f 
B&'�7,  >B�? &U=C� �X&�=>' =^8�?�?�=: CU=CB C=�&�='&8 8f&7��f �?�?8�f B&'�7 � &C�&-
8? U�?7'?>�&� OWL-&�>&�&X==. 4>>_: C&7?��=> &U=C�=? '?>&7=B= U�&8?7?�=:,  >B�? �?^��_-
>>� pBCU?�='?�>&8 U& A&�'=�&8�=� 8�=�>&8 d=d�=&>?B= p>�&�&8 = 8�d&� d=d�=&>?B= C 
�=d&�?? �^�=�='�'= B&'�7'= C =CU&�_^&8�=?' OWL-&�>&�&X== U�?7'?>�&� &d�C>= �U�8-
�?�=: X��7�CB&X& C'&�?> C U&'&�_� �?�?8�f B&'�7. ��=8&7:>C: �?^��_>>� pBCU?�='?�>&8, 
7&B^�8��=? pAA?B>=8�&C>_ U&7f&7. 
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�������� 
��= �CU&^�8�== �?�?8�f B&'�7 (��) =^ &X��=�?��&X& C�&8�: 8 �:7? �X&�=>'&8 

=CU&�_^�?>C: C�8�?�=? �d��7?'&� �� C B�7&� p>�&��&� ��, = =^ p>�&���f �f&7=>C: 
�=d&�?? d�=^B: B �d��7?'&�. 4 p>&� p>�&��&� �� �d��7?': �� U�=^��>C: =7?�-
>=��&�. 	 C=�� �^�=���f U�=�=� &> C&C>8 d=d�=&>?B= p>�&���f B&'�7 8 ^��=>?�_�&� 
C>?U?�= ^8=C=> 8?�&:>�&C>_ U�8=�_�&X& �CU&^�8�=: �� [1, 2].  

��= �CU&^�8�== �� d&�_T&? 8�=:�=? � 8?�&:>�&C>_ U�8=�_�&X& �CU&^�8�=: &B-
^�8?> �^�=�='&C>_ B&'�7 U& 7�=>?�_�&C>= U�&=^�?C?�=:. �d���& U& 7�=>?�_�&C>= U�&-
=^�?C?�=: U�&=^8&7=>C: U�?78�=>?�_�: C&�>=�&8B p>�&���f B&'�7, 8 �?^��_>>? B&>&-
�&� 8 7�_�?�T?' C�8�?�== C �d��7?'&� �� '&X�> ��C>8&8>_ �? 8C? p>�&���? [3-5]. 
�7�B&, =^-^ =^'?��=8&C>= 7�=>?�_�&C>= U�&=^�?C?�=: �� 7�? U�= =7?�>=A=B`== U& 
7�=>?�_�&C>= 8&^'&��� &T=dB= U?�8&X& = 8>&�&X& �&7.  

�T=dB U?�8&X& �&7 8&^�=B?> >&X7, B&X7 U&C�? U�?78�=>?�_�&� =7?�>=A=B`== 8 
7�_�?�T?� =7?�>=A=B`== �? ��C>8�?> p>�&�, 8 7?�C>8=>?�_�&C>= =7?�>=���� �d��7-
?'&� ��. ��?78�=>?�_�: =7?�>=A=B`=: `?�?C&&d�^�, ?C�= 8 �?^��_>>? 8?�&:>�&C>_ 
&T=dB= U?�8&X& �&7 d�=^B B ����.  

�T=dB= 8>&�&X& �&7 8&^�=B�>, ?C�= 8 7�_�?�T?� =7?�>=A=B`== U&'='& 7?�C>8=-
>?�_�& C&&>8?>C>8���?X& p>�&� ��C>8��> = 7��X=? p>�&���? ��, = CB&�_B& =f, C>&�_B& = 
&T=d&B 8>&�&X& �&7. �&p>&'� U�= C&f��?�== d�=^B&� B ���� 8?�&:>�&C>= &T=dB= U?�8&X& 
�&7 C�=�?�=? B&�=�?C>8 &T=d&B 8>&�&X& �&7 U�=8&7=> B �8?�=�?�=� 8?�&:>�&C>= U�-
8=�_�&X& �CU&^�8�=: �?�= [6, 7]. 
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�?�_� �C>&:�?� �d&>� :8�:?>C: A&�'=�&8�=? d=d�=&>?B= p>�&���f B&'�7, 8 B&>&-
�&� B&'�7� d��= d� 'BC='�_�& �^�=�='� U& 7�=>?�_�&C>= U�&=^�?C?�=:, >& ?C>_ 8 
U�&`?CC? �CU&^�8�=: 78�= '=�='�_�&? B&�=�?C>8& &T=d&B 8>&�&X& �&7 U�= d�=^B&� B 
���� 8?�&:>�&C>= &T=dB= U?�8&X& �&7, = U�= p>&' �? >?�:�C: >?'>=�?CB=� = U�B>=�?CB=� 
C'�C� d=d�=&>?B=. �U�='?�, ?C�= d=d�=&>?B =CU&�_^�?>C: 7�: �CU&^�8�=: B&'�7 
�U�8�?�=: >��CU&�>��' C�?7C>8&', >& B&'�7� 7&���� C&f��:>_ C'�C�&8�� C8:^_ C 8�-
^�8?'�'= ='= 8>&'>=�?CB='= 7?�C>8=:'= d&�>&8&X& &d&��7&8�=:. o�: 7&C>=�?�=: U&-
C>8�?��&� `?�= �?&df&7='& =CU&�_^&8>_ �?B�� d^� ^��=�, &U�?7?�:���� C?'�>=B� 
B�7&� �� =^ d=d�=&>?B= p>�&���f B&'�7 = �CT=�:���� ?� ^ C�?> A&�'=�&8�=: 8�-
��?�=�, C=�&�='=���f ��.  �7�=' =^ �=d&�?? pAA?B>=8��f U&7f&7&8 U�= �?T?�== 7�-
�&� ^7�= :8�:?>C: =CU&�_^&8�=? &�>&�&X==. 

1 OWL-��������4 :��������4 ��>��� V������� -. 
��>&�&X=: U�?7C>8�:?> C&d&� C=C>?'�, C&C>&:��� =^ '�&�?C>8 U&�:>=�, =f &U�?7?�?-

�=� = BC=&', �?&df&7='�f 7�: &X��=�?�=: =�>?�U�?>`== = =CU&�_^&8�=: U&�:>=�. V�-
d: &�>&�&X=: &C�&8� � '>?'>=�?CB&' UU�>? – 7?CB�=U`=&��&� �&X=B? (oV) &U�?7?-
�?��&X& >=U. 

OWL (Ontology Web Language) – :^�B &U=C�=: &�>&�&X=�, U&^8&�:��=� &U=C�8>_ 
B�CC� = &>�&T?�=: '?�7� �='=. 	 &C�&8? :^�B – U�?7C>8�?�=? 7?�C>8=>?�_�&C>= 8 '&7?-
�= 7���f «&d?B> – C8&�C>8&». OWL :8�:?>C: U?�?A&�'��=�&8B&� oV C =CU&�_^&8�=?' 
C=�>BC=C XML.  

��>&�&X=: U�?7'?>�&� &d�C>= (���) U�?7C>8�:?> C&d&� C&8&B�U�&C>_ RDF->�&?B: 
subject – predicate – object (C�d?B> — &>�&T?�=? — &d?B>). 	 �'Bf �?T?�=: U&C>8�?�-
�&� ^7�= =CU&�_^&8�C_ OWL-&�>&�&X=: [8]. 

��>&�&X=�?CB=� U&7f&7 B f��?�=� ^��=� 8 �'Bf �?T?�=: ^7�= U&���?�=: U&��&� 
d=d�=&>?B= ��&X&8 8&^'&���f �� U�?7U&�X?> U�?7C>8�?�=? =f 8 8=7? 

O = < =, R, F>,       
X7?:  

�� =  – >?�'=�� U�=B�7�&� &d�C>=, B&>&��� &U=C�8?> &�>&�&X=:,  U�= p>&' 
},,{ CHARACTOBJ TTTT  ,  

X7? TOBJ – '�&�?C>8& B�CC&8, &U=C�8��=f =?��f=� &d?B>&8 ^>�X=8?'&� ���; 
TACT – '�&�?C>8& B�CC&8, &U=C�8��=f 8&^'&���? 7?�C>8=:, C&8?�T?'�? �7 p�?'?�>'= 
'�&�?C>8  TOBJ ; 
TCHAR – '�&�?C>8& B�CC&8 f�B>?�=C>=B &d?B>&8 ��� =�= 7?�C>8=� �7 �='=. 
�� R – &>�&T?�=: '?�7� >?�'=�'= ^7��&� ���: 

},,,{ ANNOTDATAOBJCMN RRRRR  ,  
X7? RCMN – '�&�?C>8& 8C>�&?���f &>�&T?�=� C=�&�='== = =?��f== B�CC&8 &�>&�&X==. 
��='?� &U�?7?�?�=: 8C>�&?��&X& &>�&T?�=: =7?�>=��&C>= (sameAs) �^�d&>��&� OWL-
&�>&�&X==: 

<NamedIndividual rdf:about="&www;�#HN "> 
        <rdf:type rdf:resource="&www;�)��	�"/> 
        <sameAs rdf:resource="&www;���������"/> 
        <sameAs rdf:resource="&www;�)+����"/> 
    </NamedIndividual> 

ROBJ – '�&�?C>8& &>�&T?�=� &d?B>&8 (Object Properties). ��='?� &U�?7?�?�=: &>�&-
T?�=: &d?B>&8 «�C>_	���?�=:»: 

<NamedIndividual rdf:about="&www;)� (�"> 
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        <rdf:type rdf:resource="&www;�����#��"/> 
        <www:'��� 8!��%���H rdf:resource="&www;&+���"/> 
        <sameAs rdf:resource="&www;"#!��� "/> 

    </NamedIndividual> 
RDATA – '�&�?C>8& &>�&T?�=� >=U 7���f (Datatype Properties); 
RANNOT – '�&�?C>8& &>�&T?�=� ��&>`== (Annotation Properties). 
�� F – '�&�?C>8& A��B`=� =�>?�U�?>`== (BC=&'>=^`==), ^7���f � >?�'=�f =/=�= 

&>�&T?�=:f &�>&�&X==. 
o�: �?T?�=: ^7�= U&���?�=: 'BC='�_�&X& B&�=�?C>8 8�=�>&8 C=�&�='=���f �� 

8 d=d�=&>?B? p>�&�&8 d�� �^�d&>� OWL-&�>&�&X=:, 8B�����: B&'�7� C=C>?'� 
�?�?8&X& �U�8�?�=: �?�=''= �d&>� 78=X>?�: C'&��>.  

 OWL-&�>&�&X=: C&C>&=> =^ 3 B�CC&8: «o?�C>8=?», «�d?B>» = «��B>?�=C>=B», &d-
?B>� B&>&��f C8:^�� '?�7� C&d&� &>�&T?�=:'=  RCMN  = ROBJ. W�X&7�: ��=�=� p>=f &>-
�&T?�=�, &�>&�&X=: U&^8&�:?> U&���>_ �^�=���? 8�=`== �U=C�=: B&'�7, C=�&�=-
'=���f ��=^=��?'�'. a�X'?�> &�>&�&X==, =���C>�=����=� 7���� U�&`?CC, U�?7C>8-
�?� � �=C��B? 1. 

 
�=C��&B 1 – ��='?� U�='?�?�=: &>�&T?�=: «�C>_	���?�=:» OWL-&�>&�&X== 

�B 8=7�& =^ �=C��B 1, 78 &d?B> &�>&�&X== «&d&�&>�» = «d&�_T?» C8:^�� C &d?B-
>&' «'&��??» B�CC «o?�C>8=?» U&C�?7C>8&' &>�&T?�=: (Object Property) «�C>_	���?-
�=:», d�X&7�: �?'� U�= A&�'=�&8�== �d&� p>�&�&8 �� «&d&�&>� C�?8 (CU�8) d&�_-
T?» '&��& ^'?�=>_ � C?'�>=�?CB= C=�&�='=���� �� «'&��?? C�?8 (CU�8)».  


��&X=���' &d�^&' =CU&�_^��>C: U�= A&�'=�&8�== �d&� p>�&�&8 �� &>�&T?�=? 
«8B���?>», :8�:��??C: &d�>��' (C8&�C>8& &>�&T?�=: «Inverse Of») &>�&T?�=� 
«�C>_	���?�=:»,  >B�? 8C>�&?��&? &>�&T?�=? =7?�>=��&C>= «sameAs», B&>&�&? &U�?7?-
�:?> C=�&�='=� �?U&C�?7C>8?��& '?�7� 78�': &d?B>'= &�>&�&X==. � 7���� '&'?�> 
�^�d&>��: OWL-&�>&�&X=: C&7?��=> 89 &d?B>&8 B�CC&8. 

2 #������ �9�������4 67�6�� 6�������� �;����; �����; ������ �� �6-
���� 7�������� OWL-��������� 
OWL-&�>&�&X=: U&^8&�:?>, U&'='& �?U&C�?7C>8?��&X& &U=C�=: &C�&8��f &d?B>&8 

�CC'>�=8?'&� ���, C8:^�8>_ =f '?�7� C&d&�, d�X&7�: �?'� 8 U�&`?CC? &d�d&>B= B-
B&X&-�=d& C?'�>=�?CB= ^��='&X& 8���?�=: (8 �T?' C���? =' :8�:?>C: ��), U&:8�:?>C: 
8&^'&��&C>_ =^8�?�?�=: C=�&�='=���f 8���?�=�, �?&df&7='�f U�= �?T?�== ^7�= 
&U�?7?�?�=: = �U&��?�=: d=d�=&>?B= p>�&���f B&'�7. 
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�B=' &d�^&', �X&�=>' U&���?�=: CU=CB C=�&�='&8 8���?�=: � &C�&8? U�?7'?>�&� 
OWL-&�>&�&X== 8B���?> 8 C?d: C�?7���=? p>U�. 
1)� �^d=?�=? 8f&7�&X& 8���?�=: � C?'�>=�?CB= ^��='�? C&�?>�=: - C=�>X'� (C ���-

>&' �U&>�?d�?�=: U�?7�&X&8): P: a ÷ B, X7? a - 8f&7�&? 8���?�=?, B - '�&�?C>8& C?-
'�>=�?CB= ^��='�f ?7=�=`, � B&>&�&? 7��&? 8���?�=? �^d=8?>C:. 

2)� U&=CB U&���?���f &d?B>&8 8 U�?7'?>�&� OWL-&�>&�&X==. 
3)� X?�?�`=: �d&� 8���?�=� U&C�?7C>8&' C'?�� U&�:7B C�&8 8 C&�?>�=:f  

G1: B ÷ B', }B' ...B' ,{B'' n 21�B , X7? B' - '�&�?C>8& 8���?�=�, U&���?���f =^ 8f&7�&X& 
U�>�' C'?�� U&�:7B C?'�>=�?CB= ^��='�f ?7=�=`. 

4)� U&=CB C=�&�='&8 7�: B�7&X& C�&8 8f&7�&X& C&�?>�=:: S1: B ÷ BS, X7? BS - '�&�?C>8& 
C=�&�='&8 7�: B�7&� C?'�>=�?CB= ^��='&� ?7=�=`� 8f&7�&X& 8���?�=:. 

5)� X?�?�`=: �d&� 8���?�=� U&C�?7C>8&' C'?�� U&�:7B C�&8 = C ���>&' =f ^'?�� � 
C=�&�='�: G2: B ÷ B'S, }'B ...'B ,'{B'

\
m21 SSS�sB , X7? Bs' - '�&�?C>8& 8���?�=�, U&��-

�?���f =^ 8f&7�&X& U�>�' C'?�� U&�:7B C�&8 C ���>&' =f ^'?�� � C=�&�='�. 
6)� U&=CB C=�&�='&8 �C>&��=8�f 8���?�=� 8& 8f&7�&' 8���?�== (B&�=�?C>8& C�&8 '&-

�?> �? C&8U7>_): S2: B ÷ BEXP, X7? BEXP - '�&�?C>8& C=�&�='&8 �C>&��=8�f 8���?-
�=�, C&7?���=fC: 8& 8f&7�&' 8���?�==. 

7)� X?�?�`=: �d&� 8���?�=� U&C�?7C>8&' C'?�� U&�:7B C�&8 = C =CU&�_^&8�=?' C=-
�&�='&8 �C>&��=8�f 8���?�=�: G3: B ÷ B'EXP, }'B ...'B ,'{B'

\
m21 EXPEXPEXP�EXPB , X7? 

BEXP' - '�&�?C>8& 8���?�=�, U&���?���f =^ 8f&7�&X& U�>�' C'?�� U&�:7B C�&8 C =C-
U&�_^&8�=?' ��7?���f C=�&�='&8 �C>&��=8�f 8���?�=�. 

8)� U&C>�&?�=? U&��&X& CU=CB U&���?���f C=�&�='&8: }',','{ EXPSALL BBBB � . 
4f?'>=��& 7���� �X&�=>' U�?7C>8�?� � �=C��B? 2. 
�B=' &d�^&', 8 �?^��_>>? ��=^ 8f&7�&X& 8���?�=:, :8�:��?X&C: U�&>&>=U&' �?-

B&>&�&� �?�?8&� B&'�7�, �X&�=>' A&�'=��?> � &C�&8? ��=^ &>�&T?�=� 8 U�?7'?>�&� 
&�>&�&X== CU=C&B 8C?f 8&^'&���f C=�&�='&8 7��&X& 8���?�=:, >?' C'�' �CT=�:: 
8&^'&��&C>_ U�8=�_�&X& 8�d&� B&'�7� � p>U? �CU&^�8�=:. 

3 ��9����� �������� >�>������� V������� � ��>� >�>������� 6 ���>���� 
�9�������� ��������� 
4f?' pBCU?�='?�> U& 8�:8�?�=� �=d&�?? �^�=�='�f U& 7�=>?�_�&C>= B&'�7, C&-

C>8�:��=f d=d�=&>?B� p>�&�&8, C =CU&�_^&8�=?' U�?7'?>�&� OWL-&�>&�&X== 8�X�:7=> 
C�?7���=' &d�^&'. 
1)� 8�d=�?>C: �d&� B&'�7, �CC'>�=8?'�� 8 B�?C>8? =Cf&7�&� d=d�=&>?B=. 
2)� �^�d>�8?>C: U�?7'?>�: OWL-&�>&�&X=:, U&^8&�:��: U&���>_ C=�&�='� 7�: B&-

'�7 =^ p>&� d=d�=&>?B=.  
3)� 7�: B�7&� B&'�7� =^ p>&� d=d�=&>?B= C U&'&�_� OWL-&�>&�&X== C&^7�>C: 'BC=-

'�_�& 8&^'&��&? B&�=�?C>8& C=�&�='&8 >B, �>& B�7: B&'�7 =^ =Cf&7�&� d=d�=&-
>?B= &d�^�?> �d&� B&'�7 — C=�&�='=���f 8�=�>&8. 	C?8&^'&���? C&�?>�=: d?^ 
U&8>&�?�=� B&'�7 =^ &d�^&8���f �d&�&8 7�> �&8�? d=d�=&>?B= p>�&���f B&-
'�7.  

4)� 7�: B�7&� �&8&� d=d�=&>?B= U&7X&>8�=8�>C: �d&�� >?C>&8�f B&'�7 7�: �CU&^�-
8�=: U& 7�=>?�_�&C>= U�&=^�?C?�=:.  

5)� U�&8&7=>C: pBCU?�='?�>, 8 B&>&�&' >?C>&8�? B&'�7� =7?�>=A=`=���>C: U& 7�=>?�_-
�&C>=.  
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6)� 8�:8�:?>C: d=d�=&>?B, 7�: B&>&�&� 8 �?^��_>>? =7?�>=A=B`== U&���?�& '=�='�_-
�&? B&�=�?C>8& &T=d&B 8>&�&X& �&7 U�= &>C�>C>8== &T=d&B U?�8&X& �&7. 
 

 
�=C��&B 2 – 4f?' �X&�=>' �CT=�?�=: d=d�=&>?B= p>�&���f B&'�7 

o�: U�&8?7?�=: =CU�>�=� 8^:> d=d�=&>?B =^ 8&C_'= B&'�7, U�?7�^��?���f 7�: 
C=C>?'� �?�?8&X& �U�8�?�=: �?�=''= �d&>� 78=X>?�: C'&��> (C'. >d�=`� 1). o�: 
B�7&� B&'�7� C =CU&�_^&8�=?' �X&�=>' U&���?�=: C=�&�='&8 p>�&���f B&'�7 CX?-
�?�=�&8�& C8&� B&�=�?C>8& C=�&�='&8. �U�='?�, 7�: B&'�7� «&d&�&>� C�?8 '?�_T?»  
CX?�?�=�&8�& 24 C=�&�=', X��UU p>=f C=�&�='&8 U�=8?7?� 8 >d�=`? 2. 

�C�= =^ B�7&� X��UU� d�>_ U& &7�&'� C=�&�='�, >& U&���=>C: 897122304 �^�=���f 
B&'d=�`=� C=�&�='&8, �^�8?'�f C&�?>�=:'=.  ��7&? C&�?>�=? �CC'>�=8�&C_ BB 
d=d�=&>?B p>�&���f ��. o�: B�7&� =^ 897122304 d=d�=&>?B &U�?7?�?�& B&�=�?C>8& 
&T=d&B =7?�>=A=B`== U& 7�=>?�_�&C>= U�&=^�?C?�=:. � d=d�=&>?B, 7�: B&>&�&� 
&U�?7?�?�& �='?�_T?? B&�=�?C>8& &T=d&B 8>&�&X& �&7, d�� U�=^�� «&U>='�_�&�». 
�7?�>=A=B`=: U�&=^8&7=�C_ U�>�' C�8�?�=: 7�=�� �CU&^�8?'&� �� C 7�=�'= 
p>�&���f B&'�7.  
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�d�=` 1 – a&�'=�&8�=? �d&�&8 p>�&�&8 �?�?8�f B&'�7  

% �&'�7 �&�=�?C>8& 
C=�&�='&8 

�&'?� C=�&�=' 8 
«&U>='�_�&�» d=d�=&>?B? 

1. &d&�&>� C�?8 '?�_T? 24 1 

2. &d&�&>� C�?8 d&�_T? 26 25 

3. &d&�&>� CU�8 '?�_T? 24 1 

4. &d&�&>� CU�8 d&�_T? 26 25 

5. >��d&C>�>?� C�?8 4 4 

6. >��d&C>�>?� C�?8 8�B���=>_ 12 3 

7. >��d&C>�>?� CU�8 4 3 

8. >��d&C>�>?� CU�8 8�B���=>_ 12 5 

�d�=` 2 – �?�?�?�_ C=�&�='&8 B&'�7� «&d&�&>� C�?8 '?�_T?» 

% 4=�&�='� % 4=�&�='� 

1. &d&�&>� C�?8 '?�_T?  13. '&��&C>_ C�?8 '?�_T? 

2. &d&�&>� '?�_T? C�?8 14. '&��&C>_ '?�_T? C�?8 

3. C�?8 &d&�&>� '?�_T? 15. C�?8 '&��&C>_ '?�_T? 

4. C�?8 '?�_T? &d&�&>� 16. C�?8 '?�_T? '&��&C>_ 

5. '?�_T? &d&�&>� C�?8 17. '?�_T? '&��&C>_ C�?8 

6. '?�_T? C�?8 &d&�&>� 18. '?�_T? C�?8 '&��&C>_ 

7. &d&�&>� C�?8 C�=^=>_ 19. '&��&C>_ C�?8 C�=^=>_ 

8. &d&�&>� C�=^=>_ C�?8 20. '&��&C>_ C�=^=>_ C�?8 

9. C�?8 &d&�&>� C�=^=>_ 21. C�?8 '&��&C>_ C�=^=>_ 

10. C�?8 C�=^=>_ &d&�&>� 22. C�?8 C�=^=>_ '&��&C>_ 

11. C�=^=>_ &d&�&>� C�?8 23. C�=^=>_ '&��&C>_ C�?8 

12. C�=^=>_ C�?8 &d&�&>� 24. C�=^=>_ C�?8 '&��&C>_ 
 
	 �?^��_>>? C�8�?�=:, ?C�= 7�=� �CU&^�8?'&� B&'�7� U&U7?> 8 =�>?�8� 

� �1..81 =i,aL;L
a ii ��

�
��
� , X7? � �1..8=i,Li  –  7�=� �i �  p>�&��&� B&'�7�; a  – B&pAA=`=?�>, 

U&7d=�?'�� pBCU?�='?�>�_�&, B&'�7 U�=^��>C: =7?�>=��&� ^7��&'� p>�&��. 
�&pAA=`=?�> a  U&7d=��C: 8 U�&`?CC? =7?�>=A=B`== �� >B=' &d�^&', �>&d� U�= 
&>C�>C>8== &T=d&B U?�8&X& �&7 B&�=�?C>8& &T=d&B 8>&�&X& �&7 d��& '=�='�_��'.  

	 �?^��_>>? pBCU?�='?�> U�= =7?�>=A=B`== 8&C_'= >?C>&8�f �� '=�='�_�&? B&�=-
�?C>8& &T=d&B 8>&�&X& �&7 C&C>8=�& 46 U�= &>C�>C>8== &T=d&B U?�8&X& �&7, �>& X&8&�=> 
& f&�&T?� pAA?B>=8�&C>= �^�d&>��&X& �X&�=>'. 	�:8�?��: «&U>='�_�:» d=d�=&>?-
B �� U�=8?7?� 8 >d�=`? 3. 

&���=����� 
�CU&�_^&8�=? OWL-&�>&�&X==, U&^8&�:��?� U&���>_ �d&�� C=�&�='&8 7�: B�7&� 

�?�?8&� B&'�7� =^ d=d�=&>?B= p>�&�&8, U&^8&�=�& &U�?7?�=>_ ���T�� d=d�=&>?B� p>�&-
�&8, 8 B&>&�&� B&'�7� 8 d&�_T?� C>?U?�= �^�=�='� U& 7�=>?�_�&C>= U�&=^�?C?�=:, >&  
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?C>_ 8 U�&`?CC? =7?�>=A=B`== �� C =CU&�_^&8-
�=?' p>&� d=d�=&>?B= U�&=^&T�& '=�='�_�&? 
B&�=�?C>8& &T=d&B 8>&�&X& �&7 U�= &>C�>C>8== 
&T=d&B U?�8&X& �&7. ��= p>&' �? U&>?�:�C: >?'-
>=�?CB=� = U�B>=�?CB=� C'�C� d=d�=&>?B=. 

	��������6�� 
�d&> 8�U&��?� U�= A=��C&8&� U&77?��B? 

�aa� (U�&?B> % 16-48-730305 «�^�d&>B '?>&7 
�CU&^�8�=: C�=>�&� �?�= U& 78�'?���' 8>&-
B&��?�:`=&���' =^&d��?�=:' C =CU&�_^&8�=?' 
&�>&�&X==, =^8�?B?'&� =^ >?BC>&8 &U�?7?����&� 
U�?7'?>�&� &d�C>=»). 
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APPROACH TO CREATING SETS OF REFERENCE SPEECH 
COMMANDS USING ONTOLOGY 

A.I. Armer1, V.S. Moshkin2 
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Abstract 
This article describes the method of formation of speech commands reference library using ontology to increase their 
further recognition. The article presents the formal model of a subject OWL-ontology, used as a base of knowledge in 
the process of formation and expansion of the library of reference teams in the process of recognition of voice com-
mands. An algorithm for retrieval of the list of synonyms of input speech commands, based on the subject of OWL-
ontology is also described. The article describes the research methodology, as well as the results of experiments on the 
formation of variants of the reference library and selection of a library with the most recognizable commands using 

�d�=` 3 – «�U>='�_�:» d=d�=&>?B �� 
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OWL-ontology of civil aircraft voice command control. In conclusion, the results of experiments demonstrating the 
effectiveness of this approach are presented. 

Key words: speech commands, ontology, model, speech recognition. 
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#�����!�4 
4>>_: U&C8:�?� �^�d&>B? 8>&'>=^=�&8��&X& B&�8?�>?�, U�?&d�^���?X& d^� ^��=� 8 
8=7? &�>&�&X==, U�?7C>8�?��&� 8 &7�&' =^ A&�'>&8, 7&U�C>='�f �?7B>&�&' &�>&�&X=� 
OntoStudio (OWL =�= RDF), 8 &d?B>�&-&�=?�>=�&8���� d^� 7���f (��Wo) db4o. 	U?�8�? 
U�?7�&�?� U&7f&7, &C�&8���� � =CU&�_^&8�== B&'U=�:>&� B&'U=�:>&�&8 ANTLR (ANother 
Tool for Language Recognition). �>& U&^8&�:?> C&B�>=>_ >��7&^>�>� = U�='?�=>_ U�&X�''�&? 
C�?7C>8& ANTLR 7�: 7��X=f &�>&�&X=�, >B BB �^�d&>� X�''>=B :^�B &U=C�=: 
&�>&�&X=�, B&>&�: �? ^8=C=> &> U�?7'?>�&� &d�C>= d^� ^��=�. ��''>=B C&7?��=> �? 
>&�_B& �?BC=�?CB=? = C=�>BC=�?CB=? U�8=� 7�: U�&8?�B= U�8=�_�&C>= >?BC>, �& = U�8=� 
7?�C>8=� 7�: U�?&d�^&8�=: p�?'?�>&8 &�>&�&X== 8 =^&'&�A��? =' p�?'?�>� &d?B>�&� d^� 
7���f.  

#�!���$� �����: �����H, OntoStudio, ANTLR, Protégé, 	�#�����, ����, db4o, "��	�, )�N� 
N�����, 	����. 

&���
������: L��*(�, 8.:. �&�8?�>?� &�>&�&X=�?CB&� d^� ^��=� C>�B&8 = 7?>�?� 
'T=�&C>�&=>?�_�&X& U�&=^8&7C>8 8 &d?B>��� d^� 7���f � &C�&8? ANTRL / 	.
. �X��T, 
4.4. 4&C=�CB: // ��>&�&X=: U�&?B>=�&8�=:. – 2016. – �. 6, %3(21). - 4. 278-286. – DOI: 
10.18287/2223-9537-2016-6-3-278-286. 

�������� 
4��?C>8�?> '�&�?C>8& &dC>&:>?�_C>8, B&>&��? ^>��7�:�> �CU�&C>��?�=? = &d'?� 

'?�7� ��7_'= ^��=:'=, C>&�_ �?&df&7='�'= 7�: =f C=C>?'>=�?CB&X& U&U&��?�=: = 
�B&U�?�=:. 

�>& C8:^�& C d�C>��' �&C>&' �=C�?��&C>= �C?�?�=: = 8&8�?�?�=?' �&8�f U&B&�?�=� 8 
�^�=���? CA?�� 7?:>?�_�&C>=, >�?d���=? U&C>&:��& �C>��?X& ��&8�: ^��=�, �'?�=� = 
�8�B&8. �C&d�' &dC>&:>?�_C>8&' :8�:�>C: A��7'?�>�_��? &>�=�=: = '�&�?C>8?��&C>_ 
�`=&��_��f :^�B&8. 

R�&X=? U�&d�?'� 8 C&^7�== ^��=� = &d'?�? ='= &d�C�&8�?�� �?&7�&^����' 
8&CU�=:>=?' C'�C� ^��=� �^�=���'= ��C>�=B'= U�&`?CC, B&>&��? '&X�> U&�_^&8>_C: 
�^�=��&� >?�'=�&�&X=?� = U&�:>=���' UU�>&' = ��B&8&7C>8&8>_C: �^�=���'= 
'&7?�:'= 7?:>?�_�&C>=. 

	C�?7C>8=? p>=f &d?B>=8��f &dC>&:>?�_C>8 8?C_' �?�>?�_�&, �>&d� =�A&�'`=: = 
^��=: d��= C>��B>��=�&8�� >B=' &d�^&', �>&d� U&�_^&8>?�_, 8 >&' �=C�? = B&'U_�>?�, 
U&�='� = >?BC>, = C'�C� 7&B�'?�> = &d�d>�8� ?X& U&C�?7C>8&' =CU&�_^&8�=: 
=^8?C>��f ?'� U�8=� C U&'&�_� �?B&>&�&X& �&X=�?CB&X& :^�B,  >B�? d�� CU&C&d?� 
8�8?C>= �&8�? AB>� = ^��=: =^ 7&B�'?�> [1]. 
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��>&�&X=: – &7=� =^ CU&C&d&8 C>��B>��=�&8�=: ^��=� U�>�' C&^7�=: =?��f== 
U&�:>=� C =f C8&�C>8'=, U�8=�'= = ^U�&C'=. �&�:>=: 8'?C>? C =f pB^?'U�:�'= 
C&^7�> &d?B>��� d^� ^��=� [2]. ��8=� U&^8&�:�> 8�8&7=>_ �&8�? pB^?'U�:�� [3].  

4 7��X&� C>&�&��, &d?B>�&-&�=?�>=�&8���? d^� 7���f (��Wo) U�?7C>8�:�> C&d&� 
�d&� B�CC&8, &d�^���=f =?��f=� = C&7?���=f C8&�C>8, '?>&7�, ^U�&C� = &d?B>� 
(pB^?'U�:��) B�CC&8 [4].  

��A&�'`=&��: '&7?�_ 7���f 8 &d�C>= 'T=�&C>�&?�=: >�?d�?> U?�?f&7 &> 
�?C>��B>��=�&8���f 7���f B >B=' C>��B>��', B&>&��? U&^8&�:�> U&���=>_ &>8?>� � 
�����? ^U�&C� ^ �='?�_T?? 8�?':. o�: �?T?�=: p>&� U�&d�?'� d�� U�?7�&�?� �&8�� 
U&7f&7, C&�?>��=� A&�'=�&8�=? &�>&�&X==, C&7?���?� =�A&�'`=� & >?f�&�&X=�?CB=f 
8&^'&��&C>:f C>�B&8 = &d�d>�8?'�f � �=f 7?>�?� [5], = U���?�_�& C p>=' 
U�&?B>=�&8�=? = �?�=^`=� f��?�=: >&� �? =�A&�'`== 8 8=7? ��Wo [6]. 

�^�d&>B &�>&�&X== 7�> 8&^'&��&C>_ 8>&'>=^=�&8>_ U�&`?7��� 8�d&� C>�B&8, 
�=d&�?? U&7f&7:�=f 7�: &d�d&>B= >?f =�= =��f 7?>�?�. ��='?�?�=? &�>&�&X== BB 
X=dB&� C=C>?'� ^��=�, 8 B&>&��� '&X�> d�>_ 8B���?�� C'�? �^�=���? f�B>?�=C>=B= 
&d&��7&8�=:, U&^8&�:?> C&^7>_ >?f�&�&X=�?CB=� U�&`?CC, &d?CU?�=8��=� '=�='�_��? 
U�&C>&= &d&��7&8�=: = C�=�?�=? �Cf&7&8 � ?X& >?f�=�?CB&? &dC���=8�=?.  

�CC'&>�?�=? ��Wo :8�:?>C: C��?C>8?��& d&�?? pAA?B>=8��' U&7f&7&' B �^�d&>B? 
d^ 7���f U& C�8�?�=� C T=�&B& =CU&�_^�?'�'= �?�:`=&���'= d^'= 7���f.  

�^�d&>B �^�=���f C>��B>�� U�?7C>8�?�=: 7���f U&^8&�=> 8 d�7��?' C�8�=8>_ 
&d CU&C&d U& CB&�&C>= &d�d&>B= ^U�&C&8 = &d�'� �?&df&7='&� U':>= = U?�?f&7=>_ &> 
&7�&X& B 7��X&'� 7�: 8�d&� �=d&�?? pAA?B>=8�&X& 8 >&> =�= =�&� U?�=&7 8�?'?�=. 

1 3��� �9�>���� �������� 
�B U&B^�& 8 [6], &�>&�&X=: = ��Wo 7�: &7�&� U�?7'?>�&� &d�C>= =^&'&�A��. 
�C�= U�?7C>8=>_ &�>&�&X=� N={C, A, E, Q, R, P},  &d?B>�&-&�=?�>=�&8���� d^� 

7���f B={C, S, O, Z, M, D}, X7? 
C – B�CC�; 
A – >�=d�>�; 
E – pB^?'U�:�� B�CC&8; 
Q – ^U�&C�; 
R – U�8=�; 
P – &>�?>�; 
S – C8&�C>8 B�CC&8; 
O – &d?B>�, >& ?C>_ pB^?'U�:�� B�CC&8;  
Z – �?^��_>>� ^U�&C&8; 
M – '?>&7�; 
D – &>�?>��? 7&B�'?�>�, 
>& �>8?��7?>C:, �>& NýB, >B BB AýS, EýO, QýZ, RýM, PýD. 
	 C8:^= C p>=' �?&df&7='& ='?>_ U�&X�''�&? C�?7C>8& 7�: U�?&d�^&8�=: =^ &7�&� 

A&�'� 8 7��X��. 

8>&�'= d��& �^�d&>�& U�=�&�?�=? 7�: CB�=�&8�=: &�>&�&X== [6], 

U�?7C>8�?��&� 8 A&�'>? RDF-A��; p>&> A&�'>  &U=C� 8 [7]. �B&� A�� :8�:?>C: 
�?^��_>>&' C&8'?C>�&� &d�d&>B= �?7B>&�'= &�>&�&X=� OntoStudio = Protégé. 

�?^��_>>&' �d&>� U�=�&�?�=: :8�:?>C: ��Wo db4o. 
�7�B& �U=C�=? U&7&d�&X& U�=�&�?�=: :8�:?>C: &�?�_ >��7&�'B&� ^7�?� = 

U&>�?d�?> d&�_T=f ^>�> 8�?'?�= U�&X�''=C> U�= 8�?C?�== f&>: d� �?d&�_T=f 



.H, %3(21)@.,<;/�M5;/�����$�Z[����{�K�Z���Z

9�#�����������'��	��)�N!�N����������	#�����������;;;

=^'?�?�=� 8 &�>&�&X=�,  >?' d&�?? U�= �^�d&>B? �CT=�?��&� &�>&�&X==, �>& :8�:?>C: 
�?&df&7='�', �U�='?�, U�= �CC'&>�?�== >?f�&�&X== =^X&>&8�?�=: 7?>�?� � C>�Bf. 

� &C�&8�== =^�&�?��&X& d��& U�=�:>& �?T?�=? �^�d&>>_ B&�8?�>?� C 
=CU&�_^&8�=?' ANTLR (&> ANother Tool for Language Recognition) - =�C>��'?�>�=: 7�: 
C&^7�=: B&'U=�:>&� :^�B&8 U�&X�''=�&8�=:, B&>&��� �? >&�_B& U�&8?�:?> 
U�8=�_�&C>_ >?BC> � 8f&7�&' :^�B? C >&�B= ^�?�=: �?BC=B= = C=�>BC=C, �& = 
U�?&d�^�?> &U=C�=? C :^�B &U=C�=: &�>&�&X=� 8 :^�B ��Wo [8].  

2 ��6��� � ��9������� ANTLR 
ANTLR — X?�?�>&� U�C?�&8, U&^8&�:��=� 8>&'>=�?CB= C&^78>_ U�&X�''� 

�?BC=�?CB&X& = C=�>BC=�?CB&X& ��=^ � &7�&' =^ `?�?8�f :^�B&8 U�&X�''=�&8�=: 
(C++, Java, C#, Python, Ruby) U& &U=C�=� LL - X�''>=B= 8 �CT=�?��&� �&>`== WpB�C – 
��� [8]. 	 &d�?' C���? X�''>=B &>�&C=>C: B B�CC� LL(K) X�''>=B, ?C�= 7�: �?� 
'&��& U&C>�&=>_ ��=^>&�, ��=>�8��=� K 8f&7��f C='8&�&8,  �CU&�&�?���f CU�8 &> 
>?B��?� 8f&7�&� U&^=`==. �^8�=? LL U�&=^&T�& &> C�&8 Left, U&CB&�_B� ��=^>&� 
U�&C'>�=8?> 8f&7��� `?U&�B� C�?8 �U�8& = C�&8 Leftmost, U&CB&�_B� &� &d����=8?> 
U&:8�?�=? U�8=� U& &7�&'� =�= X��UU? C='8&�&8, &d�^���=f �?8�� B�� `?U&�B=. � 
U�B>=B? �=d&�_T?? U�='?�?�=? ='??> B�CC LL(1) X�''>=B, 7�: B&>&��f ��=^>&� 
�CC'>�=8?> >&�_B& &7=� 8f&7�&� C='8&�, �CU&�&�?���� CU�8 &> >?B��?� U&^=`==. 
4&^7>?�= ANTLR �>8?��7�>, �>& '�&X=? U�?='��?C>8 U�= &U�?7?�?�== 7?�C>8=� 7�: 
U�8=� X�''>=B= :8�:�>C: C�?7C>8=?' >&X&, �>& ANTLR &C��?C>8�:?> �^d&� C8?�f� 8�=^. 
��&'? >&X&, ANTLR 8�X&7�& &>�=�?>C: &> 7��X=f U&7&d��f U�&X�'' ��=�=?' 
8=^��_�&� C�?7� �^�d&>B= ANTLRWorks, U&^8&�:��?� �7&d�& C&^78>_ = �?7B>=�&8>_ 
X�''>=B=. 

ANTLR U�?7C>8�:?> C&d&� �d&�, C&C>&:�=� =^ 78�f �C>?�. 
�� B�������� �����N���# – U�=�&�?�=:, B&>&�&? U&���?> � 8f&7 &U=C�=? 

X�''>=B=  = X?�?�=��?> B&7 7�: �?BC=�?CB&X& = C=�>BC=�?CB&X& ��=^>&�. 
�� ��)����	� #��&��� #!"�����H, B&>&�: =CU&�_^�?>C: 7�: C&^7�=: B&�?��&� 

U�&X�''�. �> d=d�=&>?B C&7?��=> d^&8�? B�CC� 7�: ��=^>&�&8,  >B�? B�CC�, 
�U�8�:��=? U&>&B'= C='8&�&8, &d�d>�8��=? &T=dB= �^d&�, X?�?�=����=? 
8�f&7�&� B&7 � &C�&8? Td�&�&8 = '�&X&? 7��X&?. 
�7� =^ &C�&8��f ^7�, U�= �?T?�== B&>&��f =CU&�_^�?>C: ANTLR, - �^�d&>B 

>��C�:>&�&8 C :^�B&8 DSL (Domain Specific Language – :^�B, CU?`=A=���� 7�: U�?7'?>�&� 
&d�C>=), B&>&��? X?�?�=���> B&7 � :^�B? 8�C&B&X& ��&8�: [9]. 

	 &>�=�=? &> '�&X=f 7��X=f =�C>��'?�>&8 C&^7�=: B&'U=�:>&�&8, ANTLR ='??> 
C�?7C>8 7�: C&^7�=: �? >&�_B& frontend-�C>= (�?BC=�?CB&X& = C=�>BC=�?CB&X& 
��=^>&�), �& = 8&^'&��&C>= backend (X?�?�>&� B&7). 

��= p>&' backend '&�?> d�>_ &�X�=^&8� U&-�^�&'�, 8 ^8=C='&C>= &> �?��=: 
U&�_^&8>?�:. 	 C>>_? =CU&�_^�?>C: 8�^&8 7?�C>8=� (C?'�>=�?CB=f U�8=�, actions) 8 
C=�>BC=�?CB&' ��=^>&�?. o?�C>8=: 8�^�8�>C: C=�>BC=�?CB=' ��=^>&�&', B&X7 &� 
^B��=8?> �^d=�>_ BB��->& X�''>=�?CB�� B&�C>��B`=� =�= ?� �C>_ (C'. �=C��&B 1). 

� p>&' �=C��B? =^&d��?�&: 
�� >�	 ��&#�# – >?BC> U�&X�''� � =Cf&7�&' :^�B?; 
�� Lexer – �?BC=�?CB=� ��=^>&�, �^d=8��=� =Cf&7��� U&>&B C='8&�&8 � &>7?�_��? 

�?BC?'�. � 8�f&7? �?BC=�?CB=� ��=^>&� U&�&�7?> U&>&B �?BC?';  
�� Parser – C=�>BC=�?CB=� ��=^>&�. ��&C'>�=8?> U&>&B �?BC?' = ��=^=��?> 

C>��B>��� U�?7�&�?�=� :^�B; 
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�� Actions – 7?�C>8=: (B&7). �>= 7?�C>8=: U&^8&�:�> X?�?�=�&8>_ B&7 � :^�B? &U=C�=: 
Java [10] B&>&��� =CU&�_^�?>C: 8 ��Wo db4o; 

�� Output Text – &B&��>?�_��� >?BC> � U�?7'?>�&' :^�B?. 

 

�=C��&B 1 - ��X�=^`=: p�?'?�>&8 ANTLR 

3 +��6�������� ��������� 6������ � ������� ������6����������� 
7��9���6��� � ������� OntoStudio 
� &C�&8? ��=^ =�A&�'`==, �?&df&7='&� 7�: &U=C�=: C>�B&8 = 7?>�?� [11-14], 

U�= U&C>�&?�== &�>&�&X== 8 �?7B>&�? OntoStudio d��= 8�7?�?��  C�?7���=? B�CC�: 
4>�&B, o?>�_, R>?�=�, ��C>��'?�>, R�B '>?�=�, R�B =�C>��'?�>, �&�'>=8��? 
7&B�'?�>�.  

��7�� B�CC ='??> �?B&>&��? C8&�C>8. �U�='?�, C8&�C>8 B�CC o?>�_ U&B^�� � 
�=C��B? 2. 	^='&C8:^= B�CC o?>�_ U&B^�� � �=C��B? 3. 

 

 
�=C��&B 2 - 48&�C>8 B�CC o?>�_ 

48&�C>8, U?�?�=C�?���? � �=C��B? 2, '&X�> ='?>_ �^�=���? >=U� - BB C>�&B, >B = 
`?�&? �=C�&. 48&�C>8& «�': 7?>�=» f��=> =': 7?>�=, C8&�C>8& «�='?�&8�=? 7?>�=» 
f��=> &U=C�=? 7?>�=, C8&�C>8& «�d�=>� 7?>�=» f��=> Xd�=>� 7?>�=, =^'?�?���? 8 
�^�=���f ?7=�=`f =^'?�?�=:, U&p>&'� d��& �?T?�& 8�d�>_ >=U String, B&>&��� 8 
7�_�?�T?' U�&X�''��' U�>�' d�7?> U�?&d�^&8�8>_C: 8 ������ �=C�&8&� A&�'>. 
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�=C��&B 3 - 	^='&C8:^= B�CC o?>�_  

� �=C��B? 3 U&B^�&, BB 8 OntoStudio '&��& 8=^��_�& U&B^>_ 8^='&C8:^= C8&�C>8 
&7�&X& B�CC, B&>&��? :8�:�>C: pB^?'U�:�'= 7��X&X& B�CC. 	 �?8&� �C>= �=C��B 
=^&d��?�� pB^?'U�:�� B�CC «o?>�_»,  8 U�8&� �C>= '&��& �8=7?>_,  BB=? C8&�C>8 
B�CC «o?>�_» :8�:�>C: pB^?'U�:�'= 7��X=f B�CC&8. 

4 ������� 7����� 
�CC'&>�=', BB d�7?> 8^='&7?�C>8&8>_ ANTLR C �^�d&>B'= [5] = [6]. 
��''>=B &U=C�=: &�>&�&X== � :^�B? Object Logic U�=8?7?� �=�?. 
 
grammar ont_db4o; 
beginprog  :((name_conc ‘[(concept{ emitter.AddConc($name_conc.text );}| 
schema { emitter.AddSchema($scema.text );})| 
(name_conc concept_nasl{ emitter.AddConc_Child($name_conc.text);})| 
name_inst (props{ emitter.AddProp($name_ist.text ); } |instance{ 

emitter.AddIns($name_ins.text);})| 
query{ emitter.AddSQL($query );}| 
rule{ emitter.AddMethod($rul.text ); } )’.’)+ ; 
query : ‘?-‘ usls ; 
tip : TIP|name_conc ; 
usls : ((uslo|uslp)’and’?)+;’ 
uslo : NP ‘:’ name_conc; 
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uslp : NP’[name_prop ‘->’ (NP|CONSTC)’]; 
concept ‘]’; 
CONSTL : (‘true’|’false’); 
name_conc 
 :LET_ZAG CHAST; 
concept_nasl : ‘::’ name_conc ; 
rule : uslp query; 
schema  : (name_conc ‘[‘ name_prop(‘{0:*}’|’{1:1}’)’*=>’tip’]’ )*; 
instance : ‘:’name_conc ; 
name_prop :LET_MAL (LET_MAL|LET_ZAG|INT)*; 
name_inst :name_conc INT+ ; 
props  :(’[‘ name_prop ‘->’(CONSTC|CONSTL|TEXT) ‘]’); 
CONSTC : ‘-‘?INT+(‘.’INT+)?; 
CHAST : (LET_MAL|LET_ZAG|INT)*  ; 
NP  : ‘?’LET_ZAG; 
TEXT : ‘”’(LET_MAL|LET_ZAG|INT)+’”’; 

 
��''>=B C&C>&=> =^ U�8=�. 	C? U�8=� 7?�:>C: � �?BC=�?CB=? = C=�>BC=�?CB=?.  
V?BC=�?CB=? U�8=� =CU&�_^��>C: 7�: &U=C�=: �?BC?' = C���> &C�&8&� 7�: 

X?�?�`== �?BC=�?CB&X& ��=^>&�. 4=�>BC=�?CB=? U�8=� &U=C�8�> X�''>=B� :^�B. 
V?BC=�?CB=? U�8=� (= C&&>8?>C>8���=? =' ='?� �?BC?') 7&���� ��=�>_C: C 

^X�8�&� d�B8�,  C=�>BC=�?CB=? – C& C>�&��&�. 
	 X�''>=B� 8C>8�?�� Action – C='8&�� 7?�C>8=:, U&^8&�:��=? CX?�?�=�&8>_ B&7 � 

:^�B? java. 
�& X�''>=B? d��= CX?�?�=�&8�� B�CC�: 

�� Lexer – �?BC=�?CB=� d�&B; 
�� Parser – C=�>BC=�?CB=� d�&B; 
�� Emitter – d�&B X?�?�`== B�CC&8 db4o � :^�B? Java. 

	C? p>= B�CC� pBCU&�>=���>C: 8 C�?7� �^�d&>B= Eclipse [15], C U&'&�_� B&>&�&� 
C&^7�>C: U�&X�''��� U�&7�B> «�&�8?�>?� ��>&�&X=: – db4o». 	^='&7?�C>8=? 8C?f 
d�&B&8 U�&?B> �&�8?�>?� ��>&�&X=: – db4o U&B^�& � �=C��B? 4. 

��''>=B &�>&�&X== &d�d>�8?>C: U�&X�''&� ANTLRWorks, C U&'&�_� B&>&�&� 
X?�?�=���>C: B�CC� Lexer, Parser = Emitter. �>= B�CC� 8B����>C: 8 C&C>8 U�&?B> 
U�=�&�?�=: �&�8?�>?� ��>&�&X=: – db4o � :^�B? Java.  

a��� C &�>&�&X=?� 8 A&�'>f OWL = RDF U&C>�U�> � 8f&7 U�=�&�?�=:. 	 C���? 
��=�=: �?BC=�?CB=f =�= C=�>BC=�?CB=f &T=d&B 8�7�>C: C&&d�?�=:. �U�='?�, 
�� token recognition error at: '' at 3:5 
�� mismatched input '4' expecting {'as', 'is', '[', '(', '.', ';', '+', '-', '*', '/', '%', '&', '|', '^', '<', '>', '?', 

'??', '++', '--', '&&', '||', '->', '==', '!=', '<=', '>=', '<<'} at 8:19 
�� extraneous input '5' expecting {'as', 'is', '[', '(', '.', ';', '+', '-', '*', '/', '%', '&', '|', '^', '<', '>', '?', 

'??', '++', '--', '&&', '||', '->', '==', '!=', '<=', '>=', '<<'} at 8:21 
�� no viable alternative at input 'c}' at 15:5 
�� missing '}' at 'EOF' at 15:6. 

�C�= &T=d&B �?>, >& X?�?�=���>C: B�CC� ��Wo db4o, B&>&��? '&��& 8B���>_ 8 
��d&� U�&?B>, C&^7���� 8 C�?7? �^�d&>B= Eclipse.  
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�=C��&B 4 - 	^='&7?�C>8=? d�&B&8 U�&?B> �&�8?�>?� ��>&�&X=: – db4o 

&���=����� 
	 C>>_? �CC'&>�?�� U�=�`=U� �^�d&>B= B&�8?�>?� 7�: U�?&d�^&8�=: &�>&�&X== 8 

��Wo C =CU&�_^&8�=?' U�&X�''�&X& U�&7�B> ANTLR. �>& U&^8&�=�& C&B�>=>_ 
>��7&^>�>� U�= �U=C�== U�&X�''�&X& B&7. ��?7�X?': >?f�&�&X=: '&�?> d�>_ 
�CU�&C>��?� � C���� �CT=�?�=: &U=C��&� &�>&�&X==,  >B�? 7�: &d�>�&X& 
B&�8?�>=�&8�=: =^ ��Wo 8 &�>&�&X=�. o�: p>&X& U&>�?d�?>C: cB&��?B>=�&8>_ X�''>=B� 
ANTLR, 8&^'&��&, 8B���: B�CC Emitter. 
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Abstract 
The article is devoted to developing an automated converter for the knowledge base in the form of ontologies 
represented in one of the formats, acceptable for ontology editor OntoStudio (OWL or RDF), into an object-oriented 
database (OODB) db4o. The proposed approach is based on the ANTLR compiler (ANother Tool for Language 
Recognition). This approach is implemented for the first time. It reduces labor costs and applies the ANTLR software 
tool to other ontologies as the developed grammar ontology for the description language is independent from the subject 
area. Grammar contains not only lexical and syntactical rules to verify the text, but also the rules of action for the 
transformation of ontology elements into elements of isomorphic object database. 

Key words: Ontology, OntoStudio, ANTLR, Protégé, converter, OODB, db4o, project, knowledge base, class.  
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CU=��> BA?7�� >?f�&�&X== = 
&d&��7&8�=: 'T=�&C>�&=>?�_��f U�&=^8&7C>8. �d�C>_ �����f =�>?�?C&8 – 
&�>&�&X==, d^� 7���f. �'??> &B&�& 10 U�d�=B`=�. ���?�?�-U�&X�''=C> 2 B>?X&�== 
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#�����!�4 
	 �d&>? &U=C� '?>-&�>&�&X=:, U�?7�^��?��: 7�: �B&U�?�=:, B�CC=A=B`==, B&�>�&�: = 
U&=CB U�?`?7?�>&8, U�?7C>8�:��=f pB^?'U�:�� B&�B�?>��f C=>�`=� = C`?��=?8, B&>&��? 
8&^�=B�> U�= U�B>=�?CB&� 7?:>?�_�&C>= 8 >&� =�= =�&� U�?7'?>�&� &d�C>=. �C&d?��&C>_� 
&�>&�&X=�, C&^78?'�f � ?� &C�&8?, :8�:?>C: ��=�=? U�X'>=�?CB=f – �X&�=>'=�?CB=f, X?&-
'?>�=�?CB=f, U�?7=B>��f, X�A&8�f – '&7?�?� U&�:>=�, C U&'&�_� B&>&��f, 7&U&��=>?�_�& B 
C�?7C>8' �&X=�?CB&X& 8�8&7, '&��& &C��?C>8�:>_ «�='`=�» U�?`?7?�>&8 7�: 8=^��_�&X& 
B&�>�&�: = U&77?��B= U�=�:>=: �?T?�=�. 
�X&�=>'=�?CB=? '&7?�= '&X�> d�>_ ^7�� A&�'�-
�&�, U�&X�''&�, �='`=&���' A��&' 8 A&�'>? GIF. �?&'?>�=�?CB=? '&7?�= ^7�>C: A�-
�'= 8 A&�'>f XML, SVG, JPG = 7�. ��A� >B�? '&X�> d�>_ ^7�� 8 A&�'>? XML = ?'� U&-
7&d��f. ��?7=B>��? '&7?�= – p>& �&X=�?CB=? 8���?�=:, ^78?'�? 8 C>�&B&8&' 8=7?. 	 �?-
^��_>>? C=�>BC=�?CB&X& = C?'�>=�?CB&X& ��=^ >?BC> A&�'=��?>C: U�X'>=�?CB: C?'�>=-
�?CB: '&7?�_, B&>&�: &>&d��?> >�=d�>=8��� X�A C=>�`== =�= C`?��=:. 	 p>&' X�A? 8?�-
T=�'= :8�:�>C: U�?7'?>�, U�&`?CC� = &>�&T?�=:,  ��d�'= – C8:^= '?�7� �='=. �U=C�� 
pBCU?�='?�>� C =CU&�_^&8�=?' C=C>?'� Protege 7�: �^�d&>B= &�>&�&X=�. 

#�!���$� �����: �����H, "��
�����, "���&���	�, ��"��H�&�H &��� , ���&�
�H. 

&���
������: 9*'*���#, 8.O. ��>&�&X=: = �='`=: U�?`?7?�>&8 / 	.� ����X�&8  // ��>&�&X=: 
U�&?B>=�&8�=:. – 2016. – �.6, %3(21). - 4. 287-296. – DOI: 10.18287/2223-9537-2016-6-3-287-296. 

��������  
��>&�&X== U�?`?7?�>&8 =CU&�_^��>C: 8 �^�=���f U�?7'?>��f &d�C>:f (���) 7�: =�-

A&�'`=&��&X& &d?CU?�?�=: C=C>?' U&77?��B= U�=�:>=: �?T?�=� (4���). �=^&�?�� 
(reasoners) – «�CC��7>?�=», &C�&8���? � 7?CB�=U`=&���f (&U=C>?�_��f) �&X=Bf, &C�-
�?C>8�:�> B&�>�&�_ B&��?B>�&C>= &U�?7?�?�=�, B�CC=A=B`=� U&�:>=�, U&=CB pB^?'U�:-
�&8 = U�&�=? B&�>�&�_��? A��B`==. 

 �7�&� =^ '&���f C>�>?X=� U&=CB �?T?�=� 8 C=C>?'f =CB�CC>8?��&X& =�>?��?B> :8-
�:?>C: '&7?�=�&8�=? �CC��7?�=� � &C�&8? &U�>, �B&U�?��&X& C=C>?'&�. �>& '&X�> 
d�>_ �?T?�=:, '&7?�=, pBCU?�>��? U�8=�. �=d&�?? U�&C>�' = U&�:>��' U�>�' B�?>C: 
U&=CB 8 d^? ^��=� U&7f&7:�=f U�?`?7?�>&8 = =CU&�_^&8�=? =f 8 >?B��=f C=>�`=:f – 
Case-based Reasoning (CBR). �>& U&^8&�:?> �CB&�=>_ �?T?�=?, =^d8=>_C: &> U�?7�7��=f 
&T=d&B. � �?7&C>>B' U&7f&7, &C�&8��&X& � CBR, &>�&C:> [1] �?&df&7='&C>_ d&�_T&� 
d^� 7���f U�?`?7?�>&8, �>& C�=�?> U�&=^8&7=>?�_�&C>_ C=C>?'�,  >B�? U�&d�?'� C 
&U�?7?�?�=?' B�=>?�=?8 =7?�>=A=B`== = C�8�?�=: C���?8.  

	 C��?C>8���=f C=C>?'f �CC��7?�=� � U�?`?7?�>f C=>�`=: U�?7C>8�?� 8 8=7? 
C&8&B�U�&C>= >�=d�>&8. 	 U�&`?CC? =f C&U&C>8�?�=: C�8�=8�>C: ^��?�=: 8C?f >�=d�-
>&8 = 8��=C�:?>C: 8?�&:>�&C>�: �=d& �?��>B: '?� U&7&d=:. �&C�? p>&X& A&�'=��?>C: �?-
T?�=? [2]. � �?7&C>>B' >B&X& U&7f&7 C�?7�?> &>�?C>= C�d�� C>��B>��=�&8��&C>_ &U=-
C�=� C=>�`=�, �>& 8?7�> B U&>?�? 8��^=>?�_�&C>= 7�: ��=^ C?'�>=B= &>�&T?�=� = 
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�?7&C>>&��&� B&�B�?>�&C>= �?T?�=�. 	& '�&X=f ^7�f >�?d�?>C: ��=>�8>_ �^�=���? 
8=7� = ^��?�=: &>�&T?�=� '?�7� ��C>�=B'= C=>�`==. 

L.K. Branting [3] 7�: '&7?�=�&8�=: �CC��7?�=� U& ��&X== 8 ��=7=�?CB&� U�B>=B? 
U�?7�X?> �?7�B`=&��&-X�A&8�� '&7?�_ ��=7=�?CB&X& U�?`?7?�>, 8 B&>&�&� 8?�T=�'= 
C���> U�?7=B>� (8�CB^�8�=:),  �?d�'= – C?'�>=�?CB=? C8:^= '?�7� �='=. �U=C��: 
C=C>?' GREBE &>�CB=8?> 8 d^? C>��B>���&-B&�X��p�>��? U�?`?7?�>�, 8�U&��:: U&=CB 
&>&d��?�=: C U&'&�_� «�7�&X&» �X&�=>'. ��?7=B>� C�=>�>C: �C>=��& C&8U8T='=, 
?C�= ='?�> d�=��T?X& &d�?X& U�?7B 8 >BC&�&'=�?CB&� =?��f==. 

	 �d&>? [4] &U=C�8?>C: &�>&�&X=: 7�: U�8&8&� ���. ��>&�&X=: &C�&8�8?>C: � >?B-
C>&8&' B&�>?�>? ��=7=�?CB=f 7&B�'?�>&8. 
8>&'>=^`=: U�&`?CC U&U&��?�=: &�>&�&X==  
:8�:?>C: 8?C_' B>��_�&� ^7�?�, CU&C&d�&� �C>��=>_ �C>_ U�&d�?' A&�'�=^`== ^�-
�=� = C�=^=>_ 8?�&:>�&C>_ U&:8�?�=: &T=d&B, �?&7�&^���&C>?� = U�&>=8&�?�=�. 
8>&�� 
U�='?�:�> &d�d&>B� ?C>?C>8?��&X& :^�B 7�: U&C>�&?�=: &�>&�&X== 7&B�'?�>&8 = �?��>-
B�� �&X=B� 7�: 8��=C�?�=: Cf&7C>8 '?�7� 7&B�'?�>'= = =f B�CC=A=B`==. �C�&8� 
U�?7�&�?��&X& '?>&7 C&C>8�:?> �d&� ^7���f Td�&�&8 – B&�C>��B`=�, &U=C�8��=f 
7&B�'?�>� = =f C&7?���=?. �?7&C>>B&' '?>&7, � �T 8^X�:7, C�?7�?> C�=>>_ �^B�� 
U�?7'?>��� CU?`=�=^`=� Td�&�&8. 

	��&C>_ U�&d�?'� 8=^��_�&X& U�?7C>8�?�=: U&�:>=�, f��='�f 8 &�>&�&X=:f, U&B-
^�8?>, �U�='?�, �d&> [5], X7? &U=C�8?>C: '?>&7 U&��8>&'>=�?CB&X& U�?7C>8�?�=: 
C?'�>=B= B&�`?U>&8 C U&'&�_� :^�B =B&�&B VCM (Visualization of Concept in Medicine) 
7�: '?7=`=�CB&� &�>&�&X== SNOMED CT. ��?8=7�&, :^�B= =B&�&B = 7��X=? C�?7C>8 B&-
X�=>=8�&� X�A=B=, U�='?�:?'�? 8 4���, C��?C>8?��& U&8�T�> �X�:7�&C>_ = 8&CU�=-
�='?'&C>_ >?�'=�&8 = &U�?7?�?�=� 8 ���. 4 7��X&� C>&�&��, 8 �=f BB 8 ?C>?C>8?���f 
=?�&X�=A=�?CB=f :^�Bf U&C>&:��& 8&^�=B?> U&>�?d�&C>_ 8 �&8�f C='8&�f. 

	 7��&� �d&>? &U=C� '?>-&�>&�&X=:, &�=?�>=�&8��: � C&^7�=? d^ ^��=� & 
U�&`?CCf = =f ��C>�=Bf. �C&d?��&C>_� &�>&�&X=�, C&^78?'�f � ?� &C�&8?, :8�:?>C: 
��=�=? U�X'>=�?CB=f – �X&�=>'=�?CB=f, X?&'?>�=�?CB=f, U�?7=B>��f, X�A&8�f – '&-
7?�?� U&�:>=�, C U&'&�_� B&>&��f, 7&U&��=>?�_�& B C�?7C>8' �&X=�?CB&X& 8�8&7 �=^&�?-
�&8, '&��& &C��?C>8�:>_ «�='`=�» U�?`?7?�>&8 7�: 8=^��_�&X& B&�>�&�:. �?�8�� �^-
7?� U&C8:�?� &U=C�=� U&7f&7, 8& 8>&�&' �^7?�? U�?7�X?>C: '?>-&�>&�&X=: U�?`?7?�-
>&8, 8 >�?>_?' – &U=C�� pBCU?�='?�>� C =CU&�_^&8�=?' C=C>?'� Protege [6] 7�: �^�d&>B= 
&�>&�&X=�. 

1 �7�6���� 7��;��� 
��&`?CC��? &�>&�&X== &U=C�8�> U�&`?CC BB C&8&B�U�&C>_, 8B������� C8:^���? 

'?�7� C&d&�: C`?��=� (script), C`?��, ��C>�=B&8, �C�&8=:, C8&�C>8. o&C>&=�C>8&' 7?-
CB�=U`=&���f �&X=B, � B&>&��f &C�&8�8�>C: 8C? &�>&�&X=�?CB=? C=C>?'�, :8�:?>C: �7&d-
C>8& &U=C�=: C>��B>��=�&8��&� =�A&�'`==. 

��?7�X?': '?>-&�>&�&X=: U�?7�^��?� 7�: �B&U�?�=:, B�CC=A=B`==, B&�>�&�: 
= U&=CB U�?`?7?�>&8, U�?7C>8�:��=f pB^?'U�:�� B&�B�?>��f C=>�`=� = C`?��=?8, B&-
>&��? 8&^�=B�> U�= U�B>=�?CB&� 7?:>?�_�&C>= 8 >&� =�= =�&� ���. 

	 �T?� &�>&�&X== U&�:>=: C&7?��> 7&U&��=>?�_�& X?&'?>�=�?CB=?, �X&�=>'=�?CB=?, 
U�?7=B>��?, X�A&8�? '&7?�=, B&>&��? U�?7C>8�:�> U�X'>=�?CB�� B&'U&�?�>� U&�:-
>=�, C8:^�8: =f C C=C>?'&� 8&CU�&=^8?7?�=: (�='`==) – =CU&��=>?�_��' '?f�=^'&' >B 
�?, BB &d����� B&�B�?>��� >�=d�> C8:^�8?> U&�:>=? C B&�B�?>��' ^��?�=?' 8 d^? 
AB>&8 Abox1. 
                                                           
1 �C>_ d^� ^��=�, B&>&�: �^�8?>C: C=C>?'&� AB>&8 &d =�7=8=7f =�= ABox (&> �X�. assertional box). >��&. ���. 
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�X&�=>'=�?CB=? '&7?�= '&X�> d�>_ ^7�� A&�'��&�, U�&X�''&�, �='`=&���' 
A��&' 8 A&�'>? GIF. �?&'?>�=�?CB=? '&7?�= ^7�>C: A��'= 8 A&�'>f XML, SVG, 
JPG = 7�. ��A� >B�? '&X�> d�>_ ^7�� 8 A&�'>? XML = ?'� U&7&d��f. ��?7=B>��? 
'&7?�= – p>& �&X=�?CB=? 8���?�=:, ^78?'�? 8 C>�&B&8&' 8=7?. �C>?C>8?��&, >B=? U�X-
'>=�?CB=? '&7?�= U&�:>=� (�R�) �? '&X�> &>&d�^=>_ 8C?X& >&X&, �>& C&7?��> �?�_��? 
C=>�`== = C&d�>=:, �U�='?�, UC=f&�&X=�?CB=?, p'&`=&��_��? = U�&�=? CU?B>�. 

�R� &>�&C:>C: B B>?X&�== =CU&��:?'�f '&7?�?�. ��= U&^8&�:�> 8&CU�&=^8&7=>_ 
C>��B>��� C=>�`=� = C`?��=?8, 8��=C�:>_ pAA?B> 7?�C>8=� = =C>=��&C>_ &>�&T?�=�,  
>B�? C���> C�?7C>8&' 8=^��_�&X& B&�>�&�: U�?`?7?�>&8, U�8=�_�&C>= =f U&�='�=: 
'T=�&�, �>& &�?�_ 8��& 7�: 4���. 

2 *���-��������4 7�!������� 
o�: &U=C�=: C=�>BC=C = C?'�>=B= C=>�`=� 8&CU&�_^�?'C: 7?CB�=U`=&��&� �&X=B&� 

ALC(D), C&^7��&� � &C�&8? �&X=B= ALC (Attributive Language with Compliments) [7–9]. V&-
X=B ALC(D) �CT=�?� 7�: '&7?�=�&8�=: �CC��7?�=� �? >&�_B& � «dC>�B>��f» &d?B-
>f, >B=f BB ��7=, �=8&>��?, B&'U�== 8&&d�?, �& = � «B&�B�?>��f» &d?B>f = =f B�?-
C>8f, BB=? &d���& C&7?��>C: 8 d^f 7���f. 

��C>_ ^7� �?B&>&�: B&�B�?>�: &d�C>_ D C '�&�?C>8&' PN U�?7=B>��f C='8&�&8 
(U�?7=B>&8, 8���?�=�), C8:^�8��=f dC>�B>��? p�?'?�>� C B&�B�?>��'= &d�C>:'= 
^��?�=�, �U�='?�, 8?C, >?'U?�>���, CB&�&C>=. 

��C>_ >B�? ='?�>C: B&�?���? '�&�?C>8 C='8&�&8:  
�� CN = {A1,...,An} – >&'���? B&�`?U>�; 
�� RN = {R1,...,Rn} – >&'���? �&�=; 
�� AF � RN – >&'���? dC>�B>��? >�=d�>� (B&�`?U>��_��? �&�=); 
�� CF – >&'���? B&�B�?>��? >�=d�>�, C8:^�8��=? dC>�B>��? >�=d�>� C B&�B�?>-

��'= &d�C>:'= C��?C>8&8�=: C U&'&�_� U�?7=B>&8 =^ PN. 
��8=� B&�C>��=�&8�=: C&C>8��f B&�`?U>&8 ^7�>C: =�7�B>=8�&� X�''>=B&�: 

�� � , � - B&�`?U>� ������ = �% ; 
�� A � CN – >&'���� B&�`?U> A :8�:?>C: B&�`?U>&'; 
�� ?C�= � – B&�`?U>, >& ¬ � (7&U&��?�=? �) :8�:?>C: B&�`?U>&'; 
�� ?C�= � = D – B&�`?U>�, >& � � D, � � D (U?�?C?�?�=? = &d?7=�?�=?) :8�:�>C: B&�`?U-

>'=; 
�� ?C�= � – B&�`?U>,  R � RN – �&�_, >& � R.C, 	 R.C – B&�`?U>�; 
�� �[u1,...,un].P – B&�`?U>, 8 B&>&�&' C&C>8��? B&�B�?>��? >�=d�>� u1,...,un C8:^�� n – 

'?C>��' U�?7=B>&' P � PN  8 B&�B�?>�&� &d�C>= D. 
�7?C_ u = f1...fkh, k � 1 –  C&C>8�&� B&�B�?>��� >�=d�>, U�?7C>8�:��=� C&d&� `?U&�B� 

7�=�&� k +1 =^ >&'���f dC>�B>��f >�=d�>&8 fi � AF = &7�&X& B&�B�?>�&X& >�=d�> h 
� CF. 

o�: �7&dC>8 �d&>� C pBCU?�>&' ��� �^&d_�' '�&�?C>8& AF >&'���f dC>�B>��f 
>�=d�>&8 � 78 U&7'�&�?C>8: 

AF = PAF 
 EAF,  
X7? PAF – C&dC>8?���? B�?C>8 (Private); 

EAF – 8�?T�=?, C=>�>=8��? >�=d�>� (External). 
4&dC>8?���? B�?C>8 U�=C��= 8C:B&'� &d?B>� &> U�=�&7�. �& &d�C>:' ��B= – p>& 

A=^=�?CB=?, f='=�?CB=? = >.U. C8&�C>8. �U�='?�: �&�� 8��, �&�� >����� , �&�� -
�	��� , �&�� ������ ��� , �&�� ���&�� . 
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4=>�>=8��? >�=d�>� 7�> 7&U&��=>?�_��? f�B>?�=C>=B= &d?B>�, &U=C�8: ?X& &>-
�&T?�=: C 8�?T�=' &B���?�=?', =^'?�:��='C: &> C=>�`== B C=>�`==. �U�='?�, 
�&�� ��"�&, �&�� �&, �&�� ¨��*, �&�� ������. 

R?>-B&�`?U>� U�&`?CC�&-&�=?�>=�&8��&� &�>&�&X== U�?`?7?�>&8 ^7�> C=�>BC=C = 
C?'�>=B� B&�C>��B>&�&8 B&�`?U>&8, B&>&��? d�7�> 8f&7=>_ 8 B�CC� C&C>8��f U&�:>=� 
&�>&�&X==, &U=���?�C: � U�X'>=B� ���. 

	 B�?C>8? d^&8&X& B&�`?U> 88?7�' dC>�B>�&? �?U�C>&? B&�?��&? (8 &d�?' C���? 
d?CB&�?��&?) '�&�?C>8& Thing C���&C>?�, &f8>�8��?? 8C? >&'���? B&�`?U>� CN: 

CN � Thing. 
1���-�� ��� 	
����� 8�7?�:?> =^ 8C?8&^'&���f =�7=8=7&8 '�&�?C>8& =�7=8=7&8, 

&>&d��?'�f X?&'?>�=�?CB&� '&7?�_� (�?�>?�, =^&d��?�=?, B=�?'>=�?CB: Cf?', B�>, 
>��f'?��: X?&'?>�=�?CB: '&7?�_, pB���: A&�', d��B, = >.U.), ='?��=f C&dC>8?���? 
B�?C>8 = 8�?T�=? C=>�>=8��? >�=d�>� = &d�7��=f CU&C&d�&C>_� (7�: =CB�CC>8?���f 
U�?7'?>&8 '&��& C�=>>_ �^��?�=?') U�=�='>_ ��C>=? 8 BB=f-�=d& &U�?7?�����f 7?�-
C>8=:f: 

Subject © Thing � � hasModel.GModel � �hasQuality.PAF � �hasAttribute.EAF 
� �hasAppointment.Action. 

Q�&�'���� 1. �7?C_ >&�_B& X?&'?>�=�?CB=? '&7?�= = C&dC>8?���? B�?C>8 U�?7'?> 
&X��=�?�� B&�B�?>��'= &d�C>:'=. 4=>�>=8��? >�=d�>� '&X�> d�>_ &X��=�?�� B&�=-
�?C>8&' C��?C>8���=f C8:^?� C&&>8?>C>8���?X& >=U.  

R?�7� C&d&� U�?7'?>� �^�=��>C: X?&'?>�=�?CB='= '&7?�:'=, C&dC>8?���'= B�?-
C>8'= = 8�?T�='= >�=d�>'=, ^8=C:�='= &> �^��?�=: (=CB�CC>8?���? U�?7'?>�), �=d& 
�&d&�&>, &�= �f&7:> >& =�= =�&? U�='?�?�=? d�X&7�: U�=C��=' =' B�?C>8' (U�=�&7-
��? &d?B>�). 

�=U=���? BC=&'� 8�&�?��&C>= 7�: U�?7'?>&8: 
9*M��!���� � ���,   ��� � @�)�� . 

�&�`?U>-U�?7'?> &U=C�8?> B>?X&�=� >B=f &d?B>&8, B&>&��? C��?C>8��> 8 C>>=B?, 
>.?. �? =^'?�:�>C: (8 &U�?7?�����f U�?7?�f) � U�&>:�?�== &>�?^B 8�?'?�=, �CC'>�=8-
?'&X& 8 ^7�?, 8 &>�=�=? &> �=�? &U=C�8?'�f U�&`?CC&8, B&>&��? C��?C>8��> 8 7=�'=B?. 

1���-�� ��� 	
� ���. �B ��? CB^�&, U�&`?CC� C��?C>8��> 8 7=�'=B?. 	 f&7? 
U�&`?CC 8C?X7 �>&->& =^'?�:?>C:. 
 ='?��&, '?�:�>C: B�?C>8, 8 >&' �=C�?, U�&C>��-
C>8?���? f�B>?�=C>=B= &d?B>&8. �U�='?�, C>�?�=?, �X�?8�=?, U?�?'?�?�=?. 

	 &>�=�=? &> U�?7'?>&8, U�&`?CC� ='?�> �X&�=>'=�?CB�� '&7?�_ (A&�'��, �X&�=>', 
U�&X�''). �^��?�=?' U�&`?CC :8�:?>C: =^'?�?�=? �?X&-�=d&, >.?. C&dC>8?��& U�&`?CC 
BB >B&8&�: 

Process © Thing � �hasModel.AModel � �hasQuality.PAF. 
1���-�� ��� -��������. 	 �&X=B? ALC &U�?7?�:�> 78�'?C>��? = n – '?C>��? &>-

�&T?�=: BB �&�= 78�f =�= d&�?? U&�:>=� 8 �?B&>&��f C8:^Bf. o�: �X�:7�&C>= &�>&�&X== 
= �7&dC>8 �d&>� C �?� U&�?^�& U�?7&U�?7?�=>_ >=U&8�? C?'�>=�?CB=? B>?X&�== &>�&T?-
�=� '?�7� pB^?'U�:�'= 8 =CC�?7�?'&� ���. 

�U�?7?�=' '?>B&�`?U> &>�&T?�=: C�?7���=' &d�^&': 
Relation © Thing � �hasModel.PModel � �hasType.TypeR � �hasQuality.PAF 

� �(� 2 hasAttribute.EAF). 
	 =�>?�U�?>`== p>& &^��?> C��?C>8&8�=? &>�&T?�=: TypeR '?�7� pB^?'U�:�'=, 

�B^���'= 8 C=>�>=8��f >�=d�>f hasAttribute, B&>&�&? (&>�&T?�=?) ='??> B&�B�?>�&? 
^��?�=? hasQuality. �>�&T?�=? ='??> U�?7=B>��� '&7?�_ – 8�CB^�8�=?, ^U=C��&? � 
?C>?C>8?��&' :^�B? =�= 8 >?�'=�f �&X=B= U�?7=B>&8 1-X& U&�:7B. 
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	�7?�=' C�?7���=? B>?X&�== &>�&T?�=�, B>��_��? (� �T 8^X�:7) 7�: '&7?�=�&-
8�=: 8 4��� [10]. 

����
�$�: 
�� "�������%���  (	)  U�?7'?>�, U�&`?CC�, B�CC�, '�&�?C>8�; 
�� "�%���� (  ) pB^?'U�:� 8 U�&C>��C>8? U�?7'?>, C`?�� &>�&C=>?�_�& 7��X&X& pB-

^?'U�:�; 
�� ����#����  (�) 8& 8�?'?�= &>�&C=>?�_�& C&d�>=:, U�&`?CC; 
�� 	�*N�� ���  (�) – U�=�=��&-C�?7C>8?���? C8:^=; 
�� ���#����� (<, =, >)�^��?�=� C8&�C>8;  
�� ����������  (//); 
�� �"*���#�� ( @ ) – C&C��?C>8&8�=? (accompanies) pB^?'U�:�&8, U�=�7�?��=f �^��' 

B�CC',  �U�='?�, ��*� @ ���; 
�� "�
���*�� �-���#!� (?) – B>&? B&'�? �>&? 7�: �?X&? X7?? B&X7? BB? = >.7.. 

-�������� �� �
�=��: 
�� ����# (T) – C>?U?�_ �7����&C>= 7��X &> 7��X 78�f pB^?'U�:�&8 8 �&7&8=7&8&' 7?�?-

8?; 
�� �"���#����� (�, �) '>?'>=�?CB=f '&7?�?�, 8 �C>�&C>=, X�A&8. 

X��
�$� ��������� �
���
�)������ R ® R': 
�� ���
���� (� ); 
�� �)�������#���� ( ¦ )  – =X�&�=�&8�=? �?B&>&��f >�=d�>&8. 

	 C8&� &�?�?7_, B�CC� &>�&T?�=� '&X�> d�>_ �^d=>� � U&7B�CC�. �U�='?�, U�&-
`?CC��_�&-�&�?8�?: )!� L�"�������&, )!� L����*&���&, )!� �*)��	�&8N���-
��#�H. 

�B=' &d�^&', C���&C>=-&>�&T?�=: Relation � Thing, BB = 7��X=? B>?X&�== C���&-
C>?�, &d�7�> '&7?�_� = C8&�C>8'=. 

Q�&�'���� 2. R?>-B&�`?U> Relation �? ^'?�:?> C&d&� >�7=`=&���� CU&C&d &U=C�=: 
&>�&T?�=�. 4 &7�&� C>&�&��, �&X=B= C &U?�`=:'= �7 �&�:'= = BC=&''= 7�: �&�?�, &d-
�^���=f d^� RBox, U&^8&�:�> &C��?C>8�:>_ �&X=�?CB=� ��=^ = '&7?�=�&8�=? �CC��-
7?�=� � &>�&T?�=:f, C 7��X&� – '?>-B&�`?U> �>�&T?�=?, �CC'>�=8: &>�&T?�=: BB 
�^�&8=7�&C>_ C���&C>?� �?�_�&X& '=�, 7�> 8&^'&��&C>_ f��=>_ = &d�d>�8>_ =f >B 
�?, BB = 7��X=? C���&C>=. 

/�������� ��Z���¨� U�?7'?> =�= U�&`?CC –  ='??> C&C>8 (7?�?8& 8�&�?��&C>=) = Cf?-
'� C&?7=�?�=� (U�&C>��C>8?���� X�A): 

CompositionSubj © Subject � �hasTreeCompos.TreeCompos � �hasScheme.Graph  
� �hasQuality.PAF � �hasAttribute.EAF; 

CompositionProc © Process  �  �hasTreeCompos.TreeCompos  �  �hasScheme.Graph �  
�hasQuality.PAF � �hasAttribute.EAF. 

1���-�� ��� 4������� C8:^�8?> U�&`?CC = C=C>?'� U�&`?CC��_�&-�&�?8�f &>�&-
T?�=� C ��C>�=B'=: 

Action © Process � �hasPrecondition.Relation � �hasPostcondition.Relation � � hasAc-
tor. Subject � �hasRecipient.Subject  � �hasObject.Subject � �hasTool.Subject �  ... . 
�7?C_ '&7?�_� 7?�C>8=: C���=> �X&�=>'=�?CB: '&7?�_ U�&`?CC. m�C>�=B'= 7?�-

C>8=: :8�:�>C:: 
�� B>&� (=CU&��=>?�_); 
�� d?�?A=`=�> – ^B^�=B, 8 �_=f =�>?�?Cf 8�U&��:?>C: 7?�C>8=?, �d&>; 
�� �?`=U=?�> – U�=?'�=B 7?�C>8=: (�U�='?�, "	C: 7�> :d�&B& �>?", �?`=U=?�> –  �>:); 
�� U�?7'?> 8&^7?�C>8=:: =Cf&7���/�?^��_>=����=� (8 U�=8?7���&' U�='?�? – :d�&B&); 
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�� C`?� 7?�C>8=:; 
�� =�C>��'?�>; 
�� B&X?�> (C&=CU&��=>?�_); 
�� pAA?B> = >.7. 

� �=C��B? 1 U&B^� ���_�: &�>&�&X=: U�&`?CC��f U�?`?7?�>&8, C&^7��: 8 C=C>?-
'? 7�: �^�d&>B= &�>&�&X=� Protege. 
 

 
 

�=C��&B 1 – ���_�: &�>&�&X=: U�&`?CC��f U�?`?7?�>&8 8 C=C>?'? Protege 
 

��>?�U�?>`=: 7?�C>8=: BB C=C>?'� ^8=C='&C>?� U&B^�8?>, �>& �?^��_>> = pAA?B-
>=8�&C>_ U�&`?CC C��?C>8?���' &d�^&' ^8=C:> &> ��C>�=B&8 7?�C>8=:. �U�='?�: «�^-
'?�:� '=B�&'?>�&', &>'?�� '?�&', ��d= >&U&�&'»2. 	 �U�&����&� ?C>?C>8?��&� =�>?�U�?-
                                                           
2 a=^=B= T�>:>. �&7 &d�?� �?7B`=?� 	.����=�: R=�. – R., 1966. 
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>`== 8 �?^��_>>? 7?�C>8=: X7?->& �>&->& �d�8?>, X7?->& �>&->& U�=d�8?> (U&�>= U& R. 
V&'&�&C&8�). 

����
)�� �CC'>�=8?>C: BB C&8&B�U�&C>_ C&C>&:�=� U�?7'?>&8, U�&`?CC&8, &>�&T?-
�=�, X7? C&C>&:�=? – p>& C&8&B�U�&C>_ ^��?�=� =f U�'?>�&8 8 �?B&>&��� '&'?�> =�= &>-
�?^&B 8�?'?�=. 

R?>-B&�`?U> 4=>�`=: ^7�> B&�C>��B`=� B&�`?U>&8, &U�?7?�:��=f '�&�?C>8 B&�-
B�?>��f C=>�`=� BB C���&C>_, '&7?�_� B&>&�&� '&�?> C���=>_ >�=d�>=8��� X�A,  &d-
�='= f�B>?�=C>=B'= – >�=d�>�: 

Situation © Thing � �hasModel.Graph � �hasQuality.PAF � �hasAttribute.EAF. 
4��
����)�>���)��
��� – p>& �U&�:7&�?��: 8& 8�?'?�= C&8&B�U�&C>_ C=>�`=�, U?�?-

C?B��=fC: U& C&C>8� ��C>�=B&8: 
Scenario © Process � �hasModel.Graph � �hasQuality.PAF �  �hasAttribute.EAF. 
o�: �7&dC>8 U&=CB 8 CU=C&B >�=d�>&8 �?B&'?�7�?>C: 8��&C=>_ &C�&8��f ��C>�=B&8 

(=CU&��=>?�=, '?C>&). 

3 B�67������ 
�CC'&>�=' 8�CB^�8�=? «@���� 	�� &�� '�	 &������ (¯� " ���* � *#���� ��#'	*, 

	���H �)����� ���)!». 
	 �?^��_>>? C=�>BC=�?CB&X& = C?'�>=�?CB&X& �-

�=^ '� U&���?' U�X'>=�?CB�� C?'�>=�?CB�� '&-
7?�_ C`?��=: (�=C��&B 2) 8 �&>`== 4?R4 [10], B&>&�: 
8=^��_�& &>&d��?> >�=d�>=8��� X�A C`?��=:. 	 
p>&' X�A? 8?�T=�'= :8�:�>C: U�?7'?>�, U�&`?CC� = 
&>�&T?�=: (C =f >�=d�>'=) 8 C&&>8?>C>8== C 8�T?&U=-
C��&� '?>-&�>&�&X=?�,  ��d�'= – C8:^= '?�7� �='=. 

��= U?�?7�? =�A&�'`== & 8�CB^�8�== 8 &�>&�&-
X=� U�?`?7?�>&8 �CC��7>?�_ C=C>?'� &>�CB=8?> 8 
>BC&�&'== B�CC&8 pB^?'U�:� U�X'>=�?CB&� '&7?�= 
d�=��T?X& &d�?X& U�?7B = U&B^�8?> ?X& U&�_^&8>?-
��. �C�= �?> �?�?8�>��f pB^?'U�:�&8, >& =f ����& C&-
^7>_ = ^U=C>_ 8 �^7?� AB>&8 &�>&�&X== 8 B�?C>8? 
pB^?'U�:�&8 C&&>8?>C>8���=f U&�:>=� – U�?7'?>&8, 7?�-
C>8=�, C`?��=?8, �=d& �7&8�?>8&�=>_C: >?'=, B&>&��? 
��7?��. o�: 7?�C>8=� = C`?��=?8 �=d&�?? 7?B8>�� 
GIF �='`==, �& =f C&^7�=? d&�?? ^>�>�&. ��?d�?': 
C>?U?�_ 8=^��_�&� �?�?8�>�&C>= ^8=C=> &> �^��?�=: 
&�>&�&X== U�?`?7?�>&8. �C�= ����& �=T_ �d?7=>_C:, �>& 
U�?`?7?�> 8&CU�=�:> 'T=�&� U�8=�_�&, 7&C>>&��& 
='?>_ =^&d��?�=: = �='`== >&�_B& � C>�T=f ��&8-
�:f =?��f=�. 

� U?�8�f p>Uf �=^�?��&X& `=B� U�?`?7?�>�&� 
&�>&�&X== U�= 8=^��=^`== U�?`?7?�> C=C>?' '&�?> 
U&B^>_ �=T_ =^&d��?�=: dC>�B>��f U�?7'?>&8, 
�U�='?�, '�_�=B, 7?8&�B�, �?C, X�=d� = 7?�C>8=� =7-
>=, C&d=�>_. �& '?�? �B&U�?�=: =�A&�'`==, C=C>?' 
U&B^�8?> C&�?>�=:, C&C>&:�=? =^ d&�_T?X& B&�=�?C>8 

B&'U&�?�>&8 8 C&&>8?>C>8== C C&7?���=?' U�?`?7?�>. 	 &d�?' C���?, '� U&���?' �&-

�=C��&B 2 – ��X'>=�?CB: C?'�>=-
�?CB:  '&7?�_ 8�CB^�8�=: 
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8�? pB^?'U�:�� C`?��=:, 7?�C>8=�, ��C>�=B&8. 	 7��&' U�='?�?, BB='= d�8�> '�_-
�=B, 7?8&�B, �>& &�= '&X�> 7?�>_. 

 

       
)3 d)4 

�=C��&B 3 – 	=^��=^`=: U�?`?7?�> 8>&'>=�?CB= ��7?���'= =^&d��?�=:'= 
 

 
�=C��&B 4 – 
�='`=: U�?`?7?�> «o?8&�B >�`�?>» (*.gif, =C>&��=B: http://umors.net/photo/26-0-1864) 

 
� �=C��Bf 3, 4 U&B^�� ��7?���? 8 d^? ^��=� =^&d��?�=: «R�_�=B =7�> U& �?-

C�», «o?8�TB C&d=�?> X�=d�» = GIF �='`=: «o?8&�B >�`�?>». 

&���=����� 
	 &>�=�=? &> ^7�= U&=CB B�>=�&B U& B���?8�' C�&8', X7? =^&d��?�=: ��&>=��-

�>C: U�= =f ^U=C= 8 d^� 7���f, ^7?C_ U�?7C>8�?� &7=� =^ 8&^'&���f U&7f&7&8 B &�X�=-
^`== 8=^��_�&X& B&�>�&�: U�?`?7?�>&8, U�?7�^��?���f 7�: ^7� '&7?�=�&8�=: �C-
C��7?�=� � &C�&8? U�?`?7?�>&8, 8�:8�?�=: Cf&7C>8 = &>�=�=� 8 C=>�`=:f = C`?��=:f, 
=^8�?�?�=: ^��=� & 7?�C>8=:f = ��C>�=Bf. 

4U&C&d� 8=^��=^`== U&�:>=� = U�?`?7?�>&8 8B����> 7=X�''�, X�A=�?CB=? Cf?-
'�, �=C��B=, A&>&X�A==, A=�_'�, �='`==. �>& 8��& 7�: U&�='�=: = �?�&8?B&-

                                                           
3 �B&8 a=�='&�&8, a&>&d�B V&�=, https://lori.ru/1370884 
4 
�7�?� ��&C�8`?8, a&>&d�B V&�=, https://lori.ru/1054980 
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'T=��&X& &d�?�=:. �CU�&C>��?�=? >?�'=�&�&X=�?CB=f &�>&�&X=� 8 �^�=���f &d�C>:f 
&d�^&8�=:, ��B=, d=^�?C 8�&8_ U�=8�?B�& 8�='�=? =CC�?7&8>?�?� B >?f�&�&X=:' U=B-
>&X�'', =B&�&B, 8=^��=^`==, B&>&��? d�X&7�: C?>= ��>?��?> U&^8&�:�> 8 X�&d�_�&' 
'CT>d? &d'?�=8>_C: =�A&�'`=?� 8 �X�:7�&�, �?XB& 8&CU�=�='?'&� A&�'?. 

��?7�&�?���� U&7f&7, &C�&8�8��=�C: � U�X'>=�?CB=f '&7?�:f U&�:>=�, 8 >&' 
�=C�? U�?7C>8�:��=f C=>�`== = C`?��==, 7�> 8&^'&��&C>_ =�>?�U�?>=�&8>_ =f 8 =C-
U&��:?'�? B&7�, 8=^��_�& = A&�'�_�& &`?�=8>_ B&��?B>�&C>_ = pAA?B>. 

	 7�_�?�T?' U��=��?>C: U&8�C=>_ C>?U?�_ 8>&'>=^`== U�= 8>&^U&��?�== &�>&-
�&X=� U�?`?7?�>&8, U&U�>>_C: X?�?�=�&8>_ �='`=&���? A���, &C�&8�8:C_ � U�X'-
>=�?CB=f '&7?�:f U&�:>=� = pB^?'U�:�&8. 

	��������6�� 
�CC�?7&8�=? 8�U&��?�& U�= �C>=��&� U&77?��B? �&C^7�=: R=�&d���B= �a, ��&-

?B> % 625.�
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ONTOLOGY AND ANIMATION OF PRECEDENTS 
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Kalashnikov Izhevsk State Technical University, Izhevsk, Russia  
kuchuganov@istu.ru 

Abstract 
The paper describes a meta-ontology, designed for accumulating, classifying, controlling and retrieving precedents, 
representing instances of specific situations and scenarios, which arise in practical activity in a particular domain. A 
feature of ontologies, created on its basis, is the presence of pragmatic – algorithmical, geometrical, predicate, graph – 
models of concepts, with help of which, in addition to logical inference means, it is possible to carry out "animation" of 
cases for visual control and decision making support. Algorithmical models can be specified by a formula, a program or 
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an animation file in the GIF format. Geometrical models are specified by files in the formats XML, SVG, JPG, etc. 
Graphs are also can be specified in the format XML and similar ones. Predicate models are logical expressions, speci-
fied in a string form. In the result of syntactic and semantic analysis of a text we get a pragmatic semantic model, which 
represents an attributed graph of a situation or a scenario. In this graph vertices are things, processes and relations, 
while edges are connections between them. Experiments with the use of the system Protégé for developing ontologies 
are provided. 

Key words: ontology, precedent, pragmatics, executable model, animation. 

Citation: Kuchuganov VN. Ontology and animation of precedents [In Russian]. Ontology of designing. 2016; 6(21): 
287-296. DOI: 10.18287/2223-9537-2016-6-3-287-296. 
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#�����!�4 
�CC'>�=8?>C: &�>&�&X=�?CB=� U&7f&7 B U�&?B>=�&8�=� U&7C=C>?' &`?�B= &dC>�&8B= (���) 
=�>?��?B>��_��f X?�>&8 (�
), A��B`=&�=����=f 8 7=�'=�?CB=f '�&X&X?�>��f C�?7f, 8 >&' 
�=C�? 8 �C�&8=:f X��UU&8&X& U�&>=8&7?�C>8=:. �&7f&7 &C�&8� � 8�7?�?�== CU?B>&8 U&C>�&?-
�=: ���, =�8�=�>��f B&�B�?>��' &d�C>:' U�='?�?�=: X?�>&8 = �?T?'�' ='= ^7�'. 	 
B�?C>8? >?&�?>=�?CB&X& d^=C U�&`?CC U�&?B>=�&8�=: U�?7�&�?�& C?'?�C>8& '&7?�?�, A&�'-
�=^���=f �^�=���? CU?B>� U&C>�&?�=: = A��B`=&�=�&8�=: ���, C ���>&' U�?7C>8�?�=: 
�^��f B&'U&�?�>&8 8��>�?��?� '&7?�= '=� X?�>, &C&d?��&C>?� &�X�=^`== U�&`?CC 8��=C-
�?�=� = p>U&8 U�&?B>=�&8�=: ���. ��?7�&�?���? '&7?�= U&^8&�:�> C ?7=��f U&^=`=� U�&?B-
>=�&8>_ ��� 7�: �^��f �
 C =CU&�_^&8�=?' &�>&�&X=�. 	�7?�?�� 78 B�CC &�>&�&X=�, U&7-
7?��=8��=f U�&`?CC U�&?B>=�&8�=:: &�>&�&X=: ��� = &�>&�&X== B&�B�?>��f U�?7'?>��f 
&d�C>?�. ��>&�&X=: ��� &d?CU?�=8?> =�>?X�`=� 8 =�8�=�>��� B�BC U�&X�''�&X& B&7, 
�?�=^���?X& A��B`== &`?�B= &dC>�&8B= 7�: B&�B�?>�&X& X?�>. ��>&�&X=: U�?7'?>�&� &d�-
C>= �CT=�:?> &�>&�&X=� ��� = U&77?��=8?> 8>&'>=�?CB�� X?�?�`=� U�&X�''�&X& B&7 =  
?X& =�>?X�`=� 8 =�8�=�>��� B�BC ���. �?�?�`=: U�&X�''�&X& B&7 ��� 7�: B&�B�?>�&-
X& �
 &d?CU?�=8?>C: U�?7�&�?���'= &>&d��?�=:'= &�>&�&X=�?CB=f B�CC&8 = C8&�C>8 8 U�&-
X�''��? C>��B>���. �CC'&>�?� U�&>&>=U =�C>��'?�>�_�&� U�>A&�'� �^�d&>B= ���, �?-
�=^&8���� C =CU&�_^&8�=?' :^�B&8 U�?7C>8�?�=: = &d�d&>B= &�>&�&X=� OWL, SPARQL, SPIN 
= :^�B U�&X�''=�&8�=: Java. �&7f&7 =���C>�=��?>C: U&C>�&?�=?' ��� X?�>, A��B`=&�=-
����?X& 8 C�?7? 8=�>��_�&X& A�>d&�. 

#�!���$� �����: �������	�*�� �!� �����, "������&� 
��	� )����#	�, �����H "��	��-
�#���H, �����*&����� ��H "�����&�. 

&���
������: ��)���#, �.8. ��>&�&X=�?CB&? U�&?B>=�&8�=? U&7C=C>?'� &`?�B= &dC>�&8B= 
=�>?��?B>��_��f X?�>&8 / 4.	. V?d?7?8, R.�. ��>?�??8 // ��>&�&X=: U�&?B>=�&8�=:. – 2016. – 
�. 6, %3(21). - 4. 297-316. – DOI: 10.18287/2223-9537-2016-6-3-297-316. 

�������� 
	 U&C�?7�=? X&7� &�>&�&X== 8C? T=�? =CU&�_^��>C: U�= U�&?B>=�&8�== �^�=���f 

B�CC&8 >?f�=�?CB=f C=C>?' 8 B�?C>8? A&�'�=^&8���f '&7?�?� U�?7C>8�?�=: B&�`?U>�-
�_��f ^��=� &d p>=f C=C>?'f [1-3]. �7�=' =^ �=d&�?? 7=�'=��& �^8=8��=fC: B�C-
C&8 C=C>?' 8 &d�C>= =CB�CC>8?��&X& =�>?��?B> :8�:�>C: 8 �C>&:�?? 8�?': =�>?��?B>�-
�_��? X?�>� (�
) = &C�&8���? � �=f '�&X&X?�>��? C=C>?'� (R
4) [4, 5]. �CU&�_^&8-
�=� &�>&�&X=� U�= U�&?B>=�&8�== X?�>��f C=C>?' �^�=��&X& �^��?�=: U&C8:�?�& 7&-
C>>&��& '�&X& =CC�?7&8�=�, 8 �C>�&C>= [6, 7]. �7�B&, 8C�?7C>8=? T=�&B&X& �^�&&d�^=: 
= C�&��&C>= >B=f C=C>?', U�&d�?' =f &�>&�&X=�?CB&X& U�&?B>=�&8�=: ?�� 7�?B &> 
&B&��>?�_�&X& �?T?�=: = 8?C_' B>��_� 8 �C>&:�?? 8�?':. 
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	 C>>_? �CC'&>�?� &�>&�&X=�?CB=� U&7f&7 B 8>&'>=^`== �^�d&>B= U�&X�''�&X& 
&d?CU?�?�=: "������& 
��	� )����#	� (���) �
, A��B`=&�=����=f 8 �	�!�!M ��-
��&�'��	�M &��������!M (�oR) '=�f.  

L������	�*�� �� ������ &U�?7?�=' BB C=C>?'�, CU&C&d��� U��=�&8>_ C8&= 7?�-
C>8=: = &C��?C>8�:>_ 8>&�&'�&? `?�?�U�8�?��&? U&8?7?�=? 8 �oR-'=�f. 

	 U�&`?CC? U�&?B>=�&8�=: X?�>��f C=C>?' U�= 8�d&�? �f=>?B>��� �
 &7�=' =^ B��-
�?8�f CU?B>&8 :8�:?>C: >=U 8^='&7?�C>8=: X?�>&8 8 R
4: B&&U?�`=: 8 �'Bf U�=&�= 
^7��&� &�X�=^`=&��&� C>��B>���; U&=CB U�>�?�&8 8 &>B��>&� '�&X&X?�>&� C�?7? 
(8B���: U?�?X&8&�� = ^B���?�=? B&�>�B>&8 &d �C�&8=:f C&>��7�=�?C>8); B&�B��?�`=: (8 
>&' �=C�?, 8 �'Bf �B`=&�&8); �>X&�=C>=�?CB&? U�&>=8&7?�C>8=? (�U�='?�, 8 8&?���f 
U�=�&�?�=:f).   

�7�=' =^ �=d&�?? C�&���f 7�: U�&?B>=�&8�=: U&7B�CC&8 �
 :8�:�>C: X?�>�, U�?7-
�^��?���? 7�: �?T?�=: `?�?8�f ^7� 8 �C�&8=:f X��UU&8&X& (B&'�7�&X&) U�&>=8&7?�-
C>8=:. ��= U&C>�&?�== >B=f �
 8 �C>&:�?? 8�?': =CU&�_^��>C: 7?�=d?�>=8��? �f=>?B-
>���, U�?7U&�X��=? A&�'=�&8�=? = U&77?���=? 8 U':>= X?�> :8�&� C='8&�_�&� &-
���� &��� (RR). �d&d����: 7?�=d?�>=8�: �f=>?B>�� �
 U�?7C>8�?� � �=C��B? 1. 

 
�=C��&B 1 – 
�f=>?B>�� �
 

	��&� &C&d?��&C>_� 7��&X& B�CC C=C>?' :8�:?>C: &>C�>C>8=? B&''��=B`== '?�7� 
X?�>'= U�&>=8&7?�C>8���=f X��UU =, BB U�8=�&, &X��=�?��: B&''��=B`=: (8 �?B&-
>&��f C���:f – &>C�>C>8=?) '?�7� X?�>'= C8&?� X��UU�. 	 >B=f C=C>?'f X?�> &d�&8�:-
?> C8&� RR U& �?^��_>>' �d��7?�=� ^ C&C>&:�=?' = U&8?7?�=?' 8�?T�=f &d?B>&8 � 
&C�&8? C?�C&���f 7���f, U&C>�U��=f &> U&7C=C>?'� 8&CU�=:>=:. 

4?�C&���? 7���? &> U&7C=C>?'� 8&CU�=:>=: :8�:�>C: �=^B&��&8�?8�'= = >�?d��> &d-
�d&>B= 7�: U�?7C>8�?�=: RR � d&�?? 8�C&B&' ��&8�? dC>�B`==, �?&df&7='&' 7�: U�-
�=�&8�=: X?�>&' C8&=f 7?�C>8=� (U�=�:>=: �?T?�=�). �B: &d�d&>B 8�U&��:?>C: ���. 

�C�&8��'= �)�����H&� ���� �*�	
����#���H �
 �CC'>�=8?'&X& B�CC �oR-
'=�&8 :8�:�>C:: 
�� �	�!���  – C&C>8 X?�>&8, �f&7:�=fC: 8 &U�?7?������ '&'?�> 8�?'?�= 8 

&B�����?� �CC'>�=8?'&X& X?�> C�?7?, U�=&�= �?=^8?C>?� = '&�?> '?�:>_C: 8 
U�&`?CC? ?X& A��B`=&�=�&8�=: BB B&�=�?C>8?��&, >B = B�?C>8?��& (U& >=U' 
X?�>&8); 

�� ����&�'���  – 8 �?^��_>>? `?�?�U�8�?���f 7?�C>8=� X?�>&8 C&C>&:�=? '=� 
'?�:?>C: 7&C>>&��& d�C>�& = �?7?>?�'=�=�&8�&, >.B. �'?�?�=: 7��X=f X?�>&8 
�?=^8?C>�� (&>�&C=>?�_�& p>=f �'?�?�=� '&X�> C>�&=>_C: �=T_ X=U&>?^� � &C�&8? 
�d��7?'&X& U&8?7?�=:); 8 &U�?7?�����? '&'?�>� 8�?'?�= �^��? X?�>� CU&C&d�� 8 
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�^�=��&� C>?U?�= 8�=:>_ � `?�= = U��� �CC'>�=8?'&X& X?�>, >.?. ='?�> 7�: �?X& 
�^�=���� U�X'>=�?CB�� ^��='&C>_; 

�� �����N�
�H ��*""#!M �����#�� # @:� – 8 U�&`?CC? A��B`=&�=�&8�=: X?�>� 
U�&>=8&7?�C>8���=f X��UU=�&8&B '&X�> 7?�C>8&8>_ CB&&�7=�=�&8��&, 7=�'=�?CB= 
A&�'=��: X��UU� �^�=��&X& C&C>8 � �^��f ��&8�:f &�X�=^`=&��&� =?��f==. 

��=^ �B^���f &C&d?��&C>?� U&^8&�:?> 8�7?�=>_ C�?7���=? ��#�!� N���'� ��� 

X?�>&8 �CC'>�=8?'&X& B�CC, �?T?�=? B&>&��f �?&df&7='& 7�: U&77?���=: RR 8 B-
>��_�&' C&C>&:�==: 
�� &d����?�=? 8 &B�����?� C�?7? �&8�f (8�&8_ U&:8=8T=fC:) X?�>&8 = A=BC`=: 8�-

d�8�=: &>7?�_��f X?�>&8 (�U�='?�, 8C�?7C>8=? =f �d�>=: =�= A=^=�?CB&X& ��=�>&-
�?�=:); 

�� B�CC=A=B`=: >=U&8 X?�>&8, &U�?7?�?�=? (U&C>�&?�=? X=U&>?^) U& �d��7?'&'� U&-
8?7?�=� =f �'?�?�=� (�CU&^�8�=? U��&8) =, BB C�?7C>8=?, &U�?7?�?�=? (&`?�B) 
U�X'>=�?CB&� ^��='&C>= p>=f X?�>&8 C >&�B= ^�?�=: �CC'>�=8?'&X& X?�>; 

�� &d����?�=? AB>&8 A&�'=�&8�=: =^ &>7?�_��f X?�>&8 (=�= X��UU d&�?? �=^B&X& 
��&8�: =?��f==) X��UU CB&&�7=�=�&8��& 7?�C>8���=f X?�>&8, =^'?�?�=: C&C>8 >-
B=f X��UU =�= =f �CA&�'=�&8�=:; 

�� &U�?7?�?�=? (U&C>�&?�=? X=U&>?^ &>�&C=>?�_�&) >B>=B= X��UU&8�f 7?�C>8=� � �^��f 
��&8�:f =?��f== U& �d��7?'&'� CB&&�7=�=�&8��&'� U&8?7?�=� X?�>&8 U�&>=8&-
7?�C>8���?� X��UU=�&8B=; 

�� A&�'=�&8�=? ���*�
�� BB '�&�?C>8 =�7=8=7��_��f X?�>&8 = =f X��UU, ='?��=f 
U�X'>=�?CB�� ^��='&C>_ U�= U��=�&8�== 7?�C>8=� [8, 9]. 

1 .����� �����9 6�6��4��4 7�>������ �>��6�� 
	 C>>_? >?�'=�� «&`?�B &dC>�&8B=» = «&`?�B C=>�`==» (Situation Assessment) =C-

U&�_^��>C: BB C=�&�='�,  C&7?���=? C&&>8?>C>8���?X& U&�:>=: >�B>�?>C: 8 C'�C�? 
�?T?�=: U?�?�=C�?���f 8�T? ^7� U& &d�&8�?�=� = U&77?���=� 8 B>��_�&' C&C>&:�== 
RR X?�>. �&7�&d��� ��=^ U�d�=B`=�, �CC'>�=8��=f �^�=���? CU?B>� p>=f U&-
�:>=�, 8�f&7=> ^ �'B= C>>_=. �=�? U�?7C>8�?� B�>B=� &d^&� �d&>, �=d&�?? ^��='�f 
= d�=^B=f B U�?7�X?'&'� 8 C>>_? U&7f&7�.   

���X U�&d�?', C8:^���f C &`?�B&� &dC>�&8B= 8 C�&���f 7=�'=�?CB=f C�?7f, 7&C>-
>&��& T=�&B = =CC�?7�?>C: 8 �'Bf B&�`?U`=� ���*�
���� �#��&������� (Situation 
Awareness) = ���H��H ����!M (Data Fusion) [10].  

4&X�C�& �=d&�?? =^8?C>�&'� &U�?7?�?�=�, U�?7�&�?��&'� ��7C�= (Endsley),  C=>�-
`=&��: &C8?7&'����&C>_ U&�='?>C: BB «8&CU�=:>=? p�?'?�>&8 C�?7� 8 �'Bf �?B&>&�&X& 
U�&C>��C>8 = 8�?'?�=, &C&^��=? ?� C'�C� = U�&?`=�&8�=? ?� C&C>&:�=: � d�=��T?? 
d�7��??» [11]. 	 C&&>8?>C>8== C 7���' &U�?7?�?�=?' 8 '&7?�= C=>�`=&��&� &C8?7&'���-
�&C>= 8�7?�?�� >�= ��&8�:: #�"��H��� ���&���# ����! (=f C&C>&:�=:, C8&�C>8 = 7=�'=-
B=); �&!������ ��	*+�� ���*�
�� � &C�&8? C=�>?^ 8C?f p�?'?�>&8 ��&8�: 1 (8B���: A&-
B�C=�&8B� 8�='�=:, =�>?X�`=� �^�=���f �C>?� =�A&�'`== = &U�?7?�?�=? =f ^��='&-
C>= 7�: `?�?� X?�>); "��	
�H )*�*+�M ���H���, >.?. CU&C&d�&C>_ U�&X�&^=�&8>_ C&d�-
>=: = 7=�'=B� d�7��=f C=>�`=�. 

4�?7= '&7?�?� C�=:�=: 7���f �=d&�_T?? �CU�&C>��?�=? U&���=� JDL Data Fusion 
Model [12], �^�d&>��: ���UU&� C�=:�=: 7���f (Data Fusion Group) �d?7=�?��&� 7=-
�?B`== �d&�>&�=� (Joint Directors of Laboratories) R=�=C>?�C>8 �d&�&�� 4�
. �&7f&7� 
B &`?�B? C=>�`=� C =CU&�_^&8�=?' '&7?�= JDL �CC'&>�?��, 8 �C>�&C>=, 8 [13, 14]. ��?7-
C>8�?���? 8 p>=f �d&>f '&7?�= 7&C>>&��& dC>�B>��, �? &�=?�>=�&8�� � U�B>=�?-
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CB=? 8&U�&C� U�&?B>=�&8�=: �
, 8 �C>�&C>=, � U&8�T?�=? pAA?B>=8�&C>= U�&X�''�&� 
�?�=^`== X?�>&8.  

�=d&�?? d�=^B=' B �CC'&>�?��&'� 8 �C>&:�?� C>>_? U&7f&7�, :8�:?>C: &�>&�&X&-
&�=?�>=�&8��&? U&C>�&?�=? C=C>?' &`?�B= C=>�`== C =CU&�_^&8�=?' '&7?�= ��7C�= = 
C=>�`=&��&� >?&�== [15].  ��?7�&�?��: 8 p>&� �d&>? '&7?�_ U&^=`=&�=��?>C: BB &d�=� 
A&�'�=^&8���� >?&�?>=�?CB=� B�BC, U&^8&�:��=� C ?7=��f U&^=`=� U�&?B>=�&8>_ 
��� 7�: �^��f &d�C>?� U�='?�?�=:. 	 [16, 17] �CC'&>�?�& =CU&�_^&8�=? '&7?�= ��7-
C�= 8 C=C>?'f U&77?��B= &U?�>&�&8 B��U��f `?�>�&8 7���f. �C�&8��? =7?=: U&8>&��&? 
=CU&�_^&8�=? �>?AB>&8, ='?��=f >&�B= �CT=�?�=: (^ C��> U�='?�?�=: :7?���f &�>&-
�&X=� = '?>-C���&C>?�), T=�&B: U&77?��B U�&C>��C>8?��&-8�?'?���f &>�&T?�=�, 
A&�'�_�&? &U=C�=? �^8=>=: &>�&T?�=� = C=>�`=�. ��='?�?�=? =^8?C>��f U&7f&7&8 U�= 
U&C>�&?�== ��� X?�>&8, A��B`=&�=����=f 8 �oR-'=�f, &X��=�?�& �?7&C>>&��& X=d-
B='= 8&^'&��&C>:'= �U�8�?�=: U�&`?CC&' 8��=C�?�=�. �>& &d�C�&8�?�& �?7&C>>&���' 
��&8�?' X����:��&C>= >B=f '&7?�?� =, BB C�?7C>8=?, &>C�>C>8=?' 8&^'&��&C>= 7U>`== 
8��=C�=>?�_�&X& U�&`?CC B 7&C>�U�&'� 8�?'?�= U�=�:>=: �?T?�=�. 

2 ��������� 7�6������� 9����� 
�CC'&>�=' A��B`=&�=�&8�=? ��� 8 C&C>8? d^&8&� �f=>?B>��� �
 U�= �?T?�== 

8�7?�?���f 8�T? ?� &C�&8��f ^7� � B&�`?U>��_�&' ��&8�?, dC>�X=��:C_ &> &C&d?��&-
C>?� B&�B�?>��f X?�>&8 = C�?7C>8 A��B`=&�=�&8�=:. 

4?�C&�� = C�?7C>8 �=^B&��&8�?8&� &d�d&>B= U&C>�U��=f &> �=f C=X��&8 = =^&d�-
�?�=� 8 �CC'>�=8?'&� �f=>?B>��? �
 &>�?C?�� B U&7C=C>?'? 8&CU�=:>=: (�	). m�=>�-
8: U�B>=�?CB�� �U�8�?��&C>_ �C>&:�?� �d&>� � C&^7�=? =�C>��'?�>�_�&� U�>-
A&�'�, &d?CU?�=8��?� d�C>�&? U�&>&>=U=�&8�=? U�&X�''�&X& &d?CU?�?�=: 7��&X& 
B�CC C=C>?', U�='?' &d?B>�&-&�=?�>=�&8��&? U�?7C>8�?�=? RR X?�> (C'. �=C��&B 2).  

 
�=C��&B 2 – �d?B>�&? U�?7C>8�?�=? 8��>�?��?� '&7?�= '=� �
 = ��&8�?� &d�d&>B= 7���f 



301��>&�&X=:�U�&?B>=�&8�=:/�>&'�;/�%3(21)@.,<;

�;8;���)���#7�@;B;�>�������#

 

	 C>��B>��? RR 8�7?�=' ��&8?�_ =�7=8=7��_��f X?�>&8 =, 8 &d�?' C���?, U�&=^-
8&�_�&? �=C�& ��&8�?� =?��f== X��UU X?�>&8 (� �=C��B? 2 U&B^� &7=� >B&� ��&8?�_). 
��7=8=7��_��? X?�>� = =f X��UU� 8 &d?B>�&' U�?7C>8�?�== RR f�B>?�=^��>C: 
&U�?7?�����' �d&�&' C8&�C>8, C&C>8 B&>&��f ^8=C=> &> >=U C&&>8?>C>8���=f C���&-
C>?� (� �=C��B? 2 U&B^�� B���B'=). 

	8?7�' U&�:>=? *�#�H #!'������H �#���#� (7�?? 7�: B�>B&C>= – *�#�H �#���#�). � 
U?�8&'� ��&8�� &>�?C�' C8&�C>8 =�7=8=7��_��f X?�>&8, ^��?�=: B&>&��f U&C>�U�> 
�?U&C�?7C>8?��& &> �	 (� �=C��B? 2 – P1-P5). 48&�C>8& &>�&C=>C: B k-'� ��&8��, ?C�= 7�: 
8��=C�?�=: ?X& ^��?�=: =CU&�_^�?>C: f&>: d� &7�& C8&�C>8& (k – 1)-X& ��&8�:. ���?�=: 
C8&�C>8 8 &d�?' C���? 8��=C�:�>C: �?B&>&��'= A��B`=:'= fi, ^8=C:�='= &> C?'�>=B= 
C8&�C>8 = '?>&7 ?X& 8��=C�?�=: 8 B&�B�?>�&' U�=�&�?�==. 

�&CB&�_B� C&C>8 X?�>&8 8 &>B��>&� C�?7? '&�?> 7=�'=�?CB= '?�:>_C:, U�?7�C'&>�?-
�� A��B`== U&�&�7?�=: �&8&X& X?�> 8 RR (B&�C>��B>&�) = �7�?�=: X?�> =^ RR (7?-
C>��B>&�). 

�&�&�7?�=? 8 RR �&8�f C���&C>?� � ��&8�? X��UU X?�>&8 = =f �7�?�=? (�CA&�'=-
�&8�=?) &U�?7?�:?>C: � &C�&8? 8�7?�?�=: C&&>8?>C>8���=f &>�&T?�=� '?�7� =�7=8=7�-
�_��'= X?�>'= (=�= X��UU'= d&�?? �=^B&X& ��&8�: =?��f==). �U�='?�, X��UU&8: 
C���&C>_ «�=�=: �U7?�=:» 8 8=�>��_�&' A�>d&�? [18] 8�7?�:?>C: (A&�'=��?>C: 8 RR), 
?C�= C&&>8?>C>8���=? =X�&B= 8 >?�?�=? &U�?7?����&X& =�>?�8� 8�?'?�= �f&7:>C: d�=�? 
8C?X& B 8&�&>' C&U?��=B = 7?�C>8��> U�='?��& � &7�&� �=�==. 

��=8?7���&? � �=C��B? 2 &d?B>�&? U�?7C>8�?�=? RR =�8�=�>�& U�?7'?>��' &d�-
C>:' (���). 	�7?�?���? ��&8�= =�7=8=7��_��f X?�>&8, =f X��UU, C8&�C>8 = &>�&T?�=�,  
>B�? dC>�B>��f A��B`=� 7�: =f 8��=C�?�=:, C&C>8�:�> dC>�B`=� ���, �? ^8=C:-
��� &> C�?7� A��B`=&�=�&8�=: X?�> = �?T?'�f =' ^7�. 4 >&�B= ^�?�=: =�C>��'?�>-
�=: �^�d&>B= U�&X�''�&X& &d?CU?�?�=: �
 7��&'� &d?B>�&'� U�?7C>8�?�=� C&&>8?>-
C>8�?> =�8�=�>��� B�BC ���. 

��&?B>=�&8�=? X?�>&8 7�: B&�B�?>��f U�=�&�?�=� U�?7U&�X?> B&�B�?>=^`=� 7�-
�&� dC>�B`== U�>�' ^7�=: B&�B�?>��f ��"# )��	�#, A��B`=&�=����=f 8 C�?7?, �-
���# �#���# 7�: B�7&X& >=U, �*�	
�� ��H #!'������H N��'���� �#���# =�7=8=7��_��f 
X?�>&8 = ��(���� '?�7� X?�>'=, "N#�H�+�M #!�����  CB&&�7=�=�&8��& 7?�C>8�-
��=? ��*""! = >.U. �>= C���&C>= � p>U? U�&?B>=�&8�=: '&X�> d�>_ 8^:>� =^ &�>&�&X=� 
C&&>8?>C>8���=f ���.  

�Cf&7: =^ =^�&�?��&X&, ^7� U�&?B>=�&8�=: ��� 7�: �
, A��B`=&�=����=f 8 �^-
�=���f C�?7f, 8 C>>_? C>8=>C: = �?T?>C: 8 78�f CU?B>f. 8 ������'��	& "���� �?&d-
f&7='& �^�d&>>_ '�&�?C>8& '&7?�?�, C&C>8�:��=f &C�&8� U�&`?CC U�&?B>=�&8�=: 
���, 8B���: C&^7�=? C�?7C>8 d�C>�&X& U�&>&>=U=�&8�=: �
. 	 "��	��'��	& "���� 
�CC'>�=8�>C: 8&U�&C� C&^7�=: =�C>��'?�>�_�&� U�>A&�'� 7�: 8>&'>=^`== U�&?B-
>=�&8�=: = �^�d&>B= �
.  

��7=`=&���'= U&7f&7'= B �?T?�=� ^7�= 8>&'>=^`== U�&?B>=�&8�=: U�&-
X�''�&X& &d?CU?�?�=: :8�:�>C: �^�d&>B � &C�&8? '&7?�?� = U&8>&��&? =CU&�_^&8�=? 
B&7. �CU&�_^&8�=? &�>&�&X=� 8 �'Bf '&7?�_�&-&�=?�>=�&8��&� U�7=X'� [19] :8�:?>-
C: U?�CU?B>=8��' �U�8�?�=?', >.B. U&^8&�:?> C>�&=>_ (8 >&' �=C�?, =CU&�_^�: X�A=�?CB=? 
�?7B>&��), 8=^��=^=�&8>_ = 8>&'>=�?CB= 8�8&7=>_ p�?'?�>� '&7?�?�. 

3 	�9���� :�������� ������ ����������6���� 7����������4 +�� %# 
�d�: B&�`?U`=: U�?7�X?'&X& U&7f&7 B 8>&'>=^`== U�&?B>=�&8�=: = �^�d&>B= 

U�&X�''�&X& &d?CU?�?�=: ��� �
 =���C>�=��?>C: �=C��B&' 3. 
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�=C��&B 3 - �&�`?U`=: 8>&'>=^`== U�&?B>=�&8�=: ��� 

�CC'&>�=' d^&8�? A&�'�_��? '&7?�=, �?��=? 8 &C�&8? U�?7�X?'&X& U&7f&7. 
� C'&' &d�?' ��&8�? �?T?': U�&d�?' 7?B&'U&^=��?>C: � 78? d^&8�? ^7�=: U&-

C>�&?�=? A&�'�=^&8��&X& &U=C�=: �CC'>�=8?'&� ���; U�&?B>=�&8�=? ��� X?�>, 
U�?7�^��?��&X& 7�: �?T?�=: &U�?7?�����f ^7� 8 7��&� ���.  

4&&>8?>C>8?��&, d^&8: &���  "�)��&�� )����� C&7?��=> 78 B&'U&�?�>: < @@@, 
@>� >, X7? @@@ – '?>'&7?�_ RR; @>� – '&7?�_ U�&?B>=�&8�=:. 

���� ���	
�����
�����
��	��

��=^ &C&d?��&C>?� 8^='&7?�C>8=: X?�> C& C�?7&� U&^8&�:?> 8�7?�=>_ >�= &d&d-

�����f B&'U&�?�>�, �?^8=C:�=? &> ���. 4 &7�&� C>&�&��, 8 U�&`?CC? A��B`=&�=�&8�=: 
X?�> � &C�&8? 8&CU�=�='?'�f 7���f = U�=&���f ^��=� 7&��?� A&�'=�&8>_ 8 C8&?� 
U':>= (= 8 B�7&' `=B�? &d�&8�:>_) 8��>�?���� '&7?�_ '=� (8�@@). �> '&7?�_ C&7?�-
�=> ^��=: X?�> &d &d?B>f 8�?T�?� C�?7�, =f C8&�C>8f = &>�&T?�=:f, U�?7C>8�?���? 
� �^�=���f ��&8�:f dC>�B`==. 

4 7��X&� C>&�&��, �
, &d�7: C8&�C>8&' "��	��#����, 8 B�7�� '&'?�> 8�?'?�= 
f��=> 8 U':>= C8&= >?B��=? U���, 8�=�>� 8&^'&���f d�7��=f 7?�C>8=�, &`?�B= =f 
U&�?^�&C>= = 7��X�� =�A&�'`=�, 8�=:���� � &`?�B� >?B��?� C=>�`==. 4&&>8?>C>8��-
�=� B&'U&�?�> @@@ �^&8�' "��	��#�!& 	&"����& (>9).  

>9  ^7�> B&�>?BC>, &U�?7?�:��=� C���&C>= 8�?T�?� C�?7� (&d?B>�, C8&�C>8, &>�&-
T?�=:), B&>&��? :8�:�>C: U�X'>=�?CB= ^��='�'= 7�: X?�> 8 7���� '&'?�> 8�?'?�=, 
>.?. '&X�> 8�=:>_ � ?X& �?T?�=:. 4&8&B�U�&C>_ p>=f C���&C>?� C&&>8?>C>8�?> U&�:>=� ��-
�*�
�� = &d�^�?> 8?�f�=� ��&8?�_ U�?7C>8�?�=� X?�> & >?B��?' C&C>&:�== '=�. �'?�-
�& p>&> ��&8?�_ ��� =CU&�_^�?>C: 7�: =7?�>=A=B`== B�CC&8 U�&d�?'��f C=>�`=�. 4&&>-
8?>C>8���=� B&'U&�?�> U�?7C>8�?�=� X?�> �^&8�' ���*�
���� &��� � &��� (�@@). 

�B=' &d�^&', '?>'&7?�_ 8B���?> >�= �CC'&>�?���f 8�T? B&'U&�?�>:  
@@@ = < 8�@@, >9, �@@ >. 

���� ����������������	����
��&?B>=�&8�=? ��� U�?7U&�X?> �?T?�=? 78�f 8^='&C8:^���f ^7�: 8�d&� A&�'-

�=^&8��&X& U�?7C>8�?�=: @@@ = �?�=^`=� U�&`?CC 8��=C�?�=: ?� p�?'?�>&8 8 U�&-
`?CC? �?T?�=: ^7�= &`?�B= &dC>�&8B=. o�: &U=C�=: p>=f ^7� d�7?' =CU&�_^&8>_ C&-
&>8?>C>8?��& &���  "������#����H (@>) = &���  #!'������H (@8). o�: A&�'�=^`== C8:-
^= '?�7� p>='= '&7?�:'= 88?7�' 8 �CC'&>�?�=? &���  #!'����&��� (@8'). 

�B=' &d�^&', '&7?�_ U�&?B>=�&8�=: '&�?> d�>_ U�?7C>8�?� B&�>?�?': 
@>� = < @>, @8', @8 >. 
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������ ��	
����
	�����
����
@> 8B���?> C&8&B�U�&C>_ p�?'?�>&8, =CU&�_^�?'�f 7�: 8��>�?��?X& U�?7C>8�?�=: 

8&CU�=�='?'&� C�?7�: 
(1)�   @> ± O R� � � , 

X7? E – '�&�?C>8& p�?'?�>&8; O – '�&�?C>8& &d?B>&8; R – '�&�?C>8& &>�&T?�=� '?�7� 
&d?B>'=.  

W?^ U&>?�= &d��&C>= '&��& &X��=�=>_ �CC'&>�?�=? d=����'= &>�&T?�=:'=: 
(2)�   r(o1,o2). 
��?'?�> U�?7C>8�:?> C&d&� C&8&B�U�&C>_ C8&�C>8: � = {p1,…,pn}. �d?B> U�?7C>8�?� 

'�&�?C>8&' C8&�C>8 = &>�&T?�=� C 7��X='= &d?B>'=: 
o = {p1,…,pn; r1,…,rm}. 

	 ^8=C='&C>= &> &C&d?��&C>?� C�?7� A��B`=&�=�&8�=: = A=^=�?CB&� &�X�=^`== 
U&7C=C>?'� 8&CU�=:>=: X?�>, &d?B>� = =f C8&�C>8 '&X�> d�>_ �=d& �?U&C�?7C>8?��& 
8&CU�=�='?'�'=, �=d& 8��=C�:?'�'=. �U�='?�, 8 8=�>��_�&' A�>d&�? �?U&C�?7C>8?�-
�& 8&CU�=�='?'�'= &d?B>'= :8�:�>C: =X�&B=, ':�, �=�== = A�X= [20],  �?U&C�?7-
C>8?��& 8&CU�=�='?'�'= C8&�C>8'= – B&&�7=�>� = CB&�&C>= 78=�?�=: =X�&B&8 8 U&�:�-
�&� C=C>?'? B&&�7=�>. ��='?�&' 8��=C�:?'&X& C8&�C>8 :8�:?>C: «8�7?�=? ':�&'»,  8�-
�=C�:?'&X& &d?B> – X��UU&8&� &d?B> «�=�=: �U7?�=:». 	��=C�:?'�'= &>�&T?�=:'= 
:8�:�>C:: «�f&7=>C: 8 &7�&� �=�==», «d�>_ U�>�?�&' 7�: UC» = >. U.  

������ ��	
���������
����
@8 &U=C�8?> B&'U&�?�>� ('&7��=) 8��=C�=>?�_�&X& U�&`?CC, U&^8&�:��=? �C>�&-

8=>_ AB> C��?C>8&8�=: p�?'?�>&8 '&7?�= '=� � &C�&8? 8&CU�=�:>�f, ��?? 8��=C�?�-
��f = U�=&��& =^8?C>��f p�?'?�>&8. �B=' &d�^&', '�&�?C>8& p�?'?�>&8 @> (C'. A&�'�-
�� (1)) '&��& &U�?7?�=>_ >B: 

{ } { } { }known percepted calculatedE e e e� � � , 
X7? {eknown} – '�&�?C>8& U�=&��& =^8?C>��f p�?'?�>&8, {epercepted}  – '�&�?C>8& 8&CU�=�=-
'?'�f p�?'?�>&8, {ecalculated} – '�&�?C>8& 8��=C�:?'�f p�?'?�>&8. 

	��=C�?�=? d^=��?>C: � 7&U��?�== ��=�=: '?�7� &d?B>'= &>�&T?�=�, ^7���f 
A&�'��&� (2). �C�= �C>�&8�?�& C��?C>8&8�=? �C>= p�?'?�>&8 p>&� B&�A=X��`== (�U�=-
'?�, &d?B> o1 8&CU�=�:> = U�?7C>8�?� 8 @@ X?�>), >& '&�?> d�>_ 8��=C�?� AB> C��?-
C>8&8�=: 7��X=f p�?'?�>&8 – &d?B> o2 = &>�&T?�=? r. �B=' &d�^&', 8��=C�=>?�_��? ^-
8=C='&C>= &U�?7?�?�� �?�?^ U�?7'?>��? &>�&T?�=:. 

	 C&&>8?>C>8== C U�=�:>�' 7&U��?�=?' 88?7�' 8 �CC'&>�?�=? 78? d^&8�? �*�	
�� 
#!'������H (a	): 

(3)�   1 2 1 2 1 2( , , ( , )) ( , )af o o r o o r o o�� � � � � , 

(4)�   1 1 2 1 2 2( , ( , )) ( , ), �f o r o o r o o o�� �� � � � � . 

�7?C_  fa – ���
���*�+�H �*�	
�H, C8:^�8?> 78 =^8?C>��f &d?B> �?B&>&��' &>�&T?�=-
?';  fc – "�%���+�H �*�	
�H, C&^7�> �&8�� &d?B> U& =^8?C>�&'� &d?B>� = &>�&T?�=�, 
C8:^�8��?'� 7���? &d?B>�. 4='8&�� d?^ >&�B= C&&>8?>C>8��> U�=&��& =^8?C>��' 
p�?'?�>', C='8&�� C >&�B&� – 8&CU�=�:>�' =�= 8��=C�?���' p�?'?�>'. �>'?>=', �>& 
>=U� &>�&T?�=� 8B���?�� 8 &>&d��?�=:. 
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��='?�&' CC&`==����?� A��B`== :8�:?>C: 8��=C�?�=? &>�&T?�=: «8�7?>_ ':�&'» 
� &C�&8? 8&CU�=�:>&� =�A&�'`== &d =X�&B? = ':�?. 	��=C�?�=? �? &d?B> «8�7?�?` ':-
�» �?�=^�?>C: U&�&�7��?� A��B`=?� � &C�&8? >&� �? =�A&�'`==.  

4 ���>&' 8�T?=^�&�?��&X&, 8 �?�=^`== &`?�B= &dC>�&8B= '&��& 8�7?�=>_ 78 B��-
�?8�f CU?B>:  
�� �C>�&8�?�=? AB> C��?C>8&8�=: &d?B>&8 – ���(������ @@;  
�� �C>�&8�?�=? &>�&T?�=� '?�7� C��?C>8���='= &d?B>'= – �#HN!#���� @@.  

��&`?CC 8��=C�?�=: 8 ��� C&C>&=> =^ '�&�?C>8 A��B`=� 8��=C�?�=: =, 8 C&&>8?>-
C>8== C >�?d&8�=:'= B �
, 7&��?� &d�7>_ C8&�C>8'= X����:��&C>= = =?��f=��&C>=. 
�?��f=��&C>_ U�?7C>8�?� 7?�?8&' 8��=C�=>?�_��f ^8=C='&C>?�, 8 B&>&�&' 8��=C�:?-
'&? ^��?�=? ^8=C=> &> =^8?C>��f (8&CU�=�:>�f =/=�= ��?? 8��=C�?���f) ^��?�=�.  

48&�C>8 X����:��&C>= = =?��f=��&C>= U&^8&�:�> �?�=^&8>_ &`?�B� &dC>�&8B= BB 
U�&`?CC C =>?�>=8��' �>&��?�=?' �?^��_>> 8 U�?7?�f 8�7?�?��&X& 8�?'?�=. �7�=' =^ 
A�X'?�>&8 >B&� =?��f== 8 8=�>��_�&' A�>d&�? '&�?> d�>_, �U�='?�, &U�?7?�?�=? 8�-
7?�_` ':� � &C�&8? 8&CU�=�:>&X& '�&�?C>8 =X�&B&8 = ':�. 

	 C&&>8?>C>8== C U�=�`=U&' =?��f=��&C>= = X����:��&C>= U�&`?CC 7?�=>C: � ��&8�= 
8��=C�?�=: (7�?? U�&C>& ��&8�=) = �^�� 8��=C�?�=: (7�?? �^��): 

1 2, ,..., , n i@8 l l l l L�� � 	 , 
X7? li – i-�� ��&8?�_; L – '�&�?C>8& ��&8�?�. 

��7�� ��&8?�_ '&�?> d�>_ U�?7C>8�?� B&�>?�?': 
li = <{e}i, {cn}i , gi >, 

X7? {e}i – '�&�?C>8& p�?'?�>&8 @@  i-&X& ��&8�:; {cn}i – '�&�?C>8& �^�&8 i-&X& ��&8�:, 
B�7�� =^ B&>&��f �?�=^�?> A��B`=� 8��=C�?�=:; gi – A��B`=: 8��=C�?�=: (i + 1)-&X& 
��&8�:, >B: �>& 1i i ig f l ��� . �B=' &d�^&', ��&8�=, 8 &d�?' C���?, U&�&�7�>C: 7=�-
'=�?CB= � &C�&8? ^��?�=� A��B`=� 8��=C�?�=: �=�?�?��?X& ��&8�:.  

�U�='?�, 8 8=�>��_�&' A�>d&�? p�?'?�>'= U?�8&X& ��&8�: :8�:�>C: �?U&C�?7C>8?�-
�& 8&CU�=�='?'�? p�?'?�>�: �=�==, A�X=, 8&�&>, =X�&B=, ':�. ��= p>&' &7=� =^ �^�&8 
'&�?> �?�=^&8�8>_ U&�&�7���� A��B`=� 8��=C�?�=: 8�7?�_` ':�. 	��=C�?���� 
8�7?�?` ':� d�7?> :8�:>_C: p�?'?�>&' 8>&�&X& ��&8�: =?��f==. 

R�&�?C>8& {e}i p�?'?�>&8 B�7&X& i-X& ��&8�: U�?7C>8�:?> C&d&� A�X'?�> @@. �B=' 
&d�^&', '&��& ^U=C>_: 

1 2{ } { } ... { } :{ } { } , n i j@@ e e e e e i j� �  !� � � � . 
��= p>&' '�&�?C>8& p�?'?�>&8 B�7&X& ��&8�: A&�'=��?>C: 7=�'=�?CB= 8 �?^��_>>? 8&C-
U�=:>=: (7�: 1-X& ��&8�:) =�= 8��=C�?�=: (7�: &C>�_��f ��&8�?�). 

��7�� �^?� '&�?> d�>_ U�?7C>8�?� B&�>?�?': 
 { } , { } , { } , , in out

pr pr pr icn e e e pr l�� � , 
X7? pr – U�&`?7�� 8��=C�?�=: p�?'?�>&8, �?�=^���: A��B`=� 8��=C�?�=:; { }pre – &d:^-

>?�_�&? '�&�?C>8& �X�'?�>&8 U�&`?7��� pr, >B&? �>& { } { }pr ie e� ;  { }in
pre – �?&d:^>?�_�& 

'�&�?C>8& �X�'?�>&8 U�&`?7��� pr, >B&? �>& 1 2 1{ } { } { } ... { }in
pr ie e e e �� � � � ; { }out

pre  – '�&-

�?C>8& �?^��_>=����=f p�?'?�>&8 U�&`?7��� pr, >B&? �>& 1{ } { }out
pr ie e �� ; il  – i-�� ��&8?�_, 

B B&>&�&'� &>�&C=>C: 7���� �^?�. 
o�: �CC'>�=8?'&X& 8 7��&' U�='?�? �^� '�&�?C>8& &d:^>?�_��f �X�'?�>&8 U�&-

`?7��� 8B���?> =X�&B&8 = ':�, p�?'?�>&' �?^��_>=����?X& '�&�?C>8 :8�:?>C: «8�7?�?` 
':�». 
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4>��B>�� 8��=C�=>?�_�&X& U�&`?CC, C&&>8?>C>8���: &U=C��&� '&7?�=, U�?7C>8�?-
� �=C��B? 4. 

 
�=C��&B 4 – 4>��B>�� 8��=C�=>?�_�&X& U�&`?CC, C&&>8?>C>8���: R	 

	���' C8&�C>8&' U�?7�X?'&� '&7?�= :8�:?>C: 7=�'=�?CB&? U&�&�7?�=? ��&8�?� = 
�^�&8, �>& &d?CU?�=8?> X=dB&C>_ 8 &�X�=^`== U�&`?CC 8��=C�?�=� = U&^8&�:?> 8�7?�:>_ 
�?C��C� >&�_B& U& '?�? �?&df&7='&C>=. 

������ ��	
����������������
@8' U�?7C>8�:?> C&d&� &>&d��?�=? @> 8 @8, 8 &C�&8? B&>&�&X& �?�=> =CU&�_^&8�=? 

A��B`=� 8��=C�?�=:, BB C8:^���?X& ^8?� '?�7� p�?'?�>'= �B^���f '&7?�?�. o��: 
'&7?�_ U&^8&�:?> U?�?f&7=>_ &> @> B @8 � &C�&8? &U=C�8?'�f 7�?? &>&d��?�=�. 

�>&d��?�=? @> 8 @8' ^7�>C: �?�?^ CC&`==����=? = U&�&�7��=? 8��=C�=>?�_-
��? &>�&T?�=:: 

, : a c fr r R Domain Rang�	 � . 
	8?7�' &>&d��?�=? U�?7'?>��f &>�&T?�=� 8 A��B`== 8��=C�?�=:: 

(5)�   fR R� . 

�&X7 A��B`== 8��=C�?�=: (3) = (4) '&X�> d�>_ ^U=C�� 8 8=7?: 
�� 7�: ar r� , : , a af Domain Range r� �� ; 
�� 7�: cr r� , : , � �f Domain Range r�� � . 

o�: U�?7C>8�?�=: &>&d��?�=: @8' 8 @8 88?7�' U&�:>=? N#��� #!'������H (7�?? U�&-
C>& ^8?�&) CU: 

 { }, { }, b dCU e e f�� � , 
X7? a cf F F	 � ,{eb} – '�&�?C>8& d^&8�f p�?'?�>&8 ^8?�; {ed} – '�&�?C>8& U�&=^8&7��f 
p�?'?�>&8 ^8?�.  

��7&? 8��=C�=>?�_�&? &>�&T?�=? '&�?> d�>_ U�?&d�^&8�& 8 ^8?�& C�?7���=' &d-
�^&': 
�� 7�: ar r�  :  {eb}= Range Domain�  , {ed}  = r; 
�� 7�: cr r�  :  {eb}= Domain, {ed} = r Range� . 

�>&d��?�=? CU CN� , '�&�?C>8 ^8?�_?8 8��=C�?�=: CU 8& '�&�?C>8& �^�&8 8��=C-
�?�=: CN, 7&���& �7&8�?>8&�:>_ C�?7���=' �C�&8=:': 
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(6)�     
 :8�:?>C: �?�=^`=?�

{ } { } { },

 ,
�C>�8�=8?>C: 7=�'=�?

{ } { },

=. CB

in
pr pr b
out
pr d

i

pr f
l

e e e
e e

" �
## �$
#
#%

�

  

�CC'&>�?���? &>&d��?�=: &d?CU?�=8�> �?�=^`=� U�=�`=U C&&>8?>C>8=: &7�&X& 
U�?7C>8�?�=: '�&�?C>8� 8�=�>&8 &�X�=^`== 8��=C�?�=�. �>&d��?�=? (5) U&^8&�:?> 
C8:^>_ C &7�=' U�?7'?>��' &>�&T?�=?' 8��=C�=>?�_��? &>�&T?�=: 78�f �^��f >=U&8 – 
CC&`==����?? =�= U&�&�7��??. �>&d��?�=? (6) U&^8&�:?> 7=�'=�?CB= &U�?7?�:>_ 
��&8?�_, � B&>&�&' 8 ��� d�7?> �?�=^&8� 7��: A��B`=: =, B�&'? >&X&, C&U&C>8�:>_ 
&7�&� A��B`== 8��=C�?�=: �?CB&�_B& U�&X�''��f �?�=^`=� (&>�=���=fC:, �U�='?�, 
:^�B&' U�&X�''=�&8�=:). 

���� �������������������	����
��?7�X?'�� U&7f&7 B U�&?B>=�&8�=� ��� U�?7U&�X?> 7&U&��?�=? �CC'&>�?���f 

d^&8�f '&7?�?� '&7?�:'= B&�B�?>�&� ���, 7�: B&>&�&� U�&?B>=���>C: �
. 4&dC>8?��& 
U�&`?CC U�&?B>=�&8�=: ��� 8B���?> U&C�?7&8>?�_��? &>&d��?�=:, ^7���? A&�'�-
�'= (5) = (6), = C&C>&=> =^ >��f p>U&8: 
1)� U&C>�&?�=? @> 7�: 8�@@, >9 = �@@, U�>�' �CT=�?�=: d^&8&� @> &d?B>'= = 

&>�&T?�=:'= 8�d���&� ���;  
2)� &>&d��?�=? U&���?���f @> 8 @8' 8 C&&>8?>C>8== C &>&d��?�=?', U�?7C>8�?���' 

A&�'��&� (5); 
3)� &>&d��?�=? U&���?��&� @8',  C&&>8?>C>8?��& = @>, 8 @8 8 C&&>8?>C>8== C 

&>&d��?�=?', U�?7C>8�?���' A&�'��&� (6). 

���� ���
���
��&=���C>�=��?' U�?7�X?'�� U&7f&7 B U�&?B>=�&8�=� ��� � U�='?�? X?�>, 

A��B`=&�=����?X& 8 C�?7? 8=�>��_�&X& A�>d&�. 	 p>&� C�?7? C&C>&:�=? '�&X&X?�>�&X& 
'=� '&7?�=��?> C?�8?�, &d�&8�:: p>& C&C>&:�=? � &C�&8? B&'�7, U&���?'�f 8 B�7&' 
>B>? &> 8C?f =X�&B&8, = X?�?�=��: =' �?U&���? = �?>&���? C?�C&���? 7���?. 

�&7C=C>?' 8&CU�=:>=: X?�> 8 B�7&' >B>? U&���?> &> C?�8?� C�?7���=? 7���?: 
B&&�7=�>� C>>=�?CB=f (�=�==, A�X=, 8&�&>) = 7=�'=�?CB=f (7��X=? =X�&B=, ':�) &d?B-
>&8  8 U&�:���f B&&�7=�>f &>�&C=>?�_�& C?d:. 4>>=�?CB=? &d?B>� =CU&�_^��>C: 8 B�?-
C>8? �8=X`=&���f U�=8:^&B 7�: &U�?7?�?�=: C&dC>8?���f B&&�7=�>. 

�?&df&7='& U&C>�&=>_ '&7?�_ ��� X?�>, &d?CU?�=8����:  
�� 8��=C�?�=? C&dC>8?���f dC&��>��f B&&�7=�> X?�> � &C�&8? &>�&C=>?�_��f B&&�-

7=�> �8=X`=&���f &d?B>&8; 
�� &U�?7?�?�=? 8�7?�_` ':� � &C�&8? dC&��>��f B&&�7=�> ':� = =X�&B&8. 

	 C&&>8?>C>8== C U�?7�&�?���' U&7f&7&' 7�: �?T?�=: ^7�= U�&?B>=�&8�=: ��� 
X?�> �^�d&>��: 
�� =�8�=�>��? &�>&�&X== = U�&X�''��� B�BC ���, �?�=^���=? U�?7C>8�?���? 

'&7?�=;�
�� &�>&�&X=: = U�&X�''�: C>��B>��, C&&>8?>C>8���: ���; B�7�� =^ p>=f �>?AB>&8 

8 B�?C>8? &C�&8� =CU&�_^�?> C&&>8?>C>8����� &�>&�&X=�;�
�� CU&C&d 8>&'>=^=�&8��&� =�>?X�`== &�>&�&X== = U�&X�''�&X& B&7.�

��= �?T?�== U&C>8�?��&� ^7�= =CU&�_^&8�=C_ C�?7���=? :^�B= = =�C>��'?�>�: 
�� Java – &C�&8�&� :^�B U�&X�''=�&8�=: U�= �?�=^`== U�>A&�'� U�&?B>=�&8�=:; �
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�� OWL [21], SPIN [22], SPARQL [23] – :^�B= U�?7C>8�?�=: = &d�d&>B= &�>&�&X=�?CB=f 
^��=�;�

�� TopBraid Composer Free Edition [24] – C�?7 �^�d&>B=, U&77?��=8��: �d&>� C& 
8C?'= �B^���'= 8�T? :^�B'=.�
��= �^�d&>B? CB8&^�&X& C`?��=: U�&?B>=�&8�=: 7�: U�&d`== U�?7�X?'&X& 

U&7f&7 d��= U�=�:>� C�?7���=? �U�&���=? 7&U��?�=:, �? 8�=:��=? � &d��&C>_ 
U&7f&7:  
�� A&�'=��?': � &C�&8? &�>&�&X=�?CB&� '&7?�= C>��B>�� 8��=C�?�=� 8 ��� H#�H���H 

�����'��	� (� ��&8�? '&7?�= p>& &^��?> &>&�7?C>8�?�=? U&�:>=� �^� = ^8?�);  
�� �CC'>�=8�>C:  �����'� "���!� 	����*��
�� ��(���� '?�7� &d?B>'=;  
�� "��	��#�!� 	���	�� &`?�B= &dC>�&8B= U�?7U&�X?>C: C>>=���' = �� *'��!#���-

�H (�@@ = >9  =CB���?�� =^ �CC'&>�?�=:).�

������ ��������������
	 =�8�=�>�&� &�>&�&X== ��� (core.rdf) A&�'�=^&8�� '&7?�= U�&?B>=�&8�=: – @>, 

@8', @8. � �=C��B? 5 U�?7C>8�?� =?��f=: B�CC&8 7��&� &�>&�&X==. 
W^&8�'= &�>&�&X=�?CB='= B�CC'= @>� :8�:�>C::  Do-

mainEntity, ComputabilityEntity, CalculationEntity. 
��CC DomainEntity :8�:?>C: C�U?�B�CC&' 8C?f B�CC&8, =C-

U&�_^�?'�f 7�: U&C>�&?�=: @>. ��CC Percepted C&&>8?>C>8�?> 
p�?'?�>', U&C>�U��=' &> �	. �>�&T?�=: '?�7� &d?B>'= 
^U=C�8�>C: C U&'&�_� C>�7�>�&� B&�C>��B`== :^�B OWL 
– Object Property. 

o�: B�CC ComputabilityEntity &U�?7?��� U&7B�CC Computa-
tionUnit, =CU&�_^�?'�� 7�: U�?7C>8�?�=: ^8?�. 

��CC CalculationEntity ='??> U&7B�CC�, U�?7C>8�:��=? 
p�?'?�>� U�&`?CC 8��=C�?�=: – �^�� = ��&8�= 8��=C�?�=:. 

��&'? �CC'&>�?���f B�CC&8 8 &�>&�&X== &U�?7?��� �:7 
C8&�C>8, U�?7C>8�?���f �=�? 8 A&�'>? �&H �#���#� ()����  
"��������� ® )����  N��'����): 
�� hasBase(ComputationUnit ® DomainEntity) – &U=C�8?> 

d^&8�? p�?'?�>� ^8?�; 
�� hasDerivative(ComputationUnit ® DomainEntity) – &U=C�8?> 

U�&=^8&7��? p�?'?�>� ^8?�; 
�� computable = ?X& 7&�?��=? C8&�C>8 associative = generative – U�?7C>8�:�> CC&`==���-

�=? = U&�&�7��=? 8��=C�=>?�_��? &>�&T?�=: (7�: p>=f C8&�C>8 &d�C>= &U�?7?�?�=: 
= ^��?�=: �? ^7��); 

�� level(ComputationUnit ® Level) – &U=C�8?> ��&8?�_ 8��=C�?�=: 7��&X& ^8?�; 
�� number(Level ® xsd:integer) – �&'?� («8�C&>») ��&8�: 8��=C�?�=:. 

������ �����������������
������
 �����������
��&`?CC U�&?B>=�&8�=: U�?7U&�X?> �CT=�?�=? d^&8&� &�>&�&X== p�?'?�>'= ���. 

	 �'Bf �CC'>�=8?'&X& U�='?� �^�d&>� &�>&�&X=: ��� (soccer.rdf), 8 B&>&��� ='-
U&�>=�&8� d^&8: &�>&�&X=: ���. 

��&`?CC U�&?B>=�&8�=: 8 C&&>8?>C>8== C U. 3.3 8B���?>: 
1)� &U�?7?�?�=? &d?B>&8 = &>�&T?�=� (C8&�C>8) ���; 
2)� &>&d��?�=? U�?7'?>��f &>�&T?�=� 8 8��=C�=>?�_��? &>�&T?�=:; 
3)� A&�'=�&8�=? ^8?�_?8 = C>��B>��� U�&`?CC 8��=C�?�=:. 

 
�=C��&B 5 - �?��f=: B�CC&8 

 &�>&�&X== ��� 
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������ ��������������!��������"!�#����
	 �?^��_>>? U?�8�f 78�f p>U&8 U�&`?CC U�&?B>=�&8�=: �^�d&>� &�>&�&X=: ���, 

A�X'?�> B&>&�&� U�?7C>8�?� � �=C��B? 6. ��&'? B�CC&8, &U�?7?��� �:7 &>�&T?�=� 
(C8&�C>8), U?�?�=C�?���f �=�? 8 A��B`=&��_�&' A&�'>? (CC&`=>=8��? &>�&T?�=: &>-
'?�?�� U�=^�B&' «», U&�&�7��=? – U�=^�B&' «g»): 
�� beBase4Ego(BodyState ® Ego; g) – U&�&�7?> 8��>�?��?? U�?7C>8�?�=? C&dC>8?��&X& 

C&C>&:�=: X?�>-A�>d&�=C> � &C�&8? 8&CU�=:>=:; 
�� seeLandmark(Ego ® Flag, Goal, Line; a) – A=BC=��?> '�&�?C>8& 8=7='�f X?�>&' C>>=-

�?CB=f &d?B>&8, B&>&��? '&X�> =CU&�_^&8>_C: 7�: �8=X`== � A�>d&�_�&' U&�?; 
�� identifiedAs(Player ® IdentifiedPlayer; g) – U&�&�7?> 8��>�?��?? U�?7C>8�?�=? &d 

=X�&B? � &C�&8? C&&>8?>C>8���?X& 8&CU�=:>=: (8 8=�>��_�&' A�>d&�? 7��: &U?�-
`=: 8B���?> =7?�>=A=B`=� =X�&B = &>�?C?�=? ?X& B &U�?7?����&� B&'�7?); 

�� subClassOfEgo(seeLandmark ® EgoAbsolute; g) – U&�&�7?> 8��>�?��?? U�?7C>8�?�=? 
dC&��>��f B&&�7=�>, 8��=C�:?'�f � &C�&8? 8=7='�f �8=X`=&���f &d?B>&8; 

�� ownsBall(EgoAbsolute, IdentifiedPlayer ® Ball; �) – &U�?7?�:?> 8�7?�_` ':�. 
 

 
�=C��&B 6 - a�X'?�>� &�>&�&X== U�?7'?>�&� &d�C>= (B�CC� = C8&�C>8) 

�>&d��?�=? U�?7'?>��f &>�&T?�=� 8 8��=C�=>?�_��? 8�U&��:?>C: �?�?^ �C�?7&8-
�=? C&&>8?>C>8���?X& CC&`==����?X& =�= U&�&�7��?X& C8&�C>8 (C'. �=C��&B 6). 

������ �����������������
������
 ����������
� ^B���=>?�_�&' p>U? U�&?B>=�&8�=: 8 B�?C>8? C�?7C>8 8>&'>=^`== =CU&�_^�-

?>C: �?7B>&� TopBraid Composer Free Edition, U&77?��=8��=� :^�B SPIN. o���� :^�B 
U&^8&�:?> C8:^�8>_ SPARQL-^U�&C� C &�>&�&X=�?CB='= B�CC'=. �U�&C� 8�U&��:�>C: 
8C>�&?���' '&7��?' 8�8&7 � pB^?'U�:�f C&&>8?>C>8���=f B�CC&8. 	 �C>�&C>=, 7�: U&-
�&�7?�=: �&8�f C���&C>?� (B�CC&8, pB^?'U�:�&8, C8&�C>8) =CU&�_^��>C: SPARQL-^U�&C� 
CONSTRUCT. o��X&� &C&d?��&C>_� :^�B SPIN :8�:?>C: 8&^'&��&C>_ &U�?7?�?�=: U&�_^&-
8>?�_CB=f A��B`=�, U�?7C>8�:��=f C&d&� ^U�&C� � :^�B? SPARQL, B&>&��? '&��& 8�-
^�8>_ =^ 7��X=f SPARQL-^U�&C&8. 

�U�CB U�8=� � pB^?'U�:�f B�CC U&^8&�=� U&C>�&=>_ �?d&�_T�� =?��f=� B�CC&8-
p>U&8 U�&`?CC U�&?B>=�&8�=: (C'. �=C��&B 5) – DevelopmentStages: CUGeneration = Lev-
elGeneration. 4&^7�=? pB^?'U�:�&8 7���f B�CC&8 U&^8&�:?> ^U�CB>_ U�8=�, U&�&�7-
��=? p�?'?�>� &�>&�&X== � C&&>8?>C>8���?' p>U? U�&?B>=�&8�=:. 

��CC CUGeneration 8B���?> U�8=� U&�&�7?�=: ^8?�_?8: 
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�� ^8?�_?8 U?�8&X& ��&8�:, =X���=f �&�_ &d?B>&8-U&C�?7�=B&8 C �	 (>B=? ^8?�_:-
U&C�?7�=B= �? ='?�> d^&8�f p�?'?�>&8);  

�� ^8?�_?8, �?�=^���=f CC&`==����=? =�= U&�&�7��=? A��B`==.  
��&'? >&X&, B�CC CUGeneration 8B���?> U�8=�& 7�: U�=8:^B= ^8?�_?8-U&C�?7�=B&8 B U?�-
8&'� ��&8��. 

��CC LevelGeneration 8B���?> U�8=�& U&�&�7?�=: U?�8&X& ��&8�: = U�8=�& U�=8:^B= 
^8?� B ��&8��, B&>&�&? :8�:?>C: �=d&�?? C�&���'. ��= U&C>�&?�== U�8=� U�=8:^B= =C-
U&�_^��>C: U&�:>=: ^8?�-�?`=U=?�> = ^8?�-7&�&�: d^&8�? p�?'?�>� U?�8&X& :8�:�>C: 
U�&=^8&7��'= p�?'?�>'= 8>&�&X&. ��8=�& �?�=^�?> C�?7���=� �X&�=>'. 
1)� A=BC=���>C: d^&8�? p�?'?�>� �?`=U=?�>, U�= p>&' �?`=U=?�> �? 7&��?� d�>_ U�=8:-

^� B BB&'�-�=d& ��&8��. 
2)� =��>C: 7&�&��, � B&>&��f 8 B�?C>8? U�&=^8&7��f p�?'?�>&8 8�C>�U�> d^&8�? p�?-

'?�>�. �>= 7&�&�� 7&���� d�>_ U�=8:^�� B �?B&>&�&'� ��&8��.  
3)� 8�d=�?>C: 7&�&�, U�=8:^���� B �=d&�?? 8�C&B&'� ��&8��, U& B&>&�&'� &U�?7?�:?>-

C: ��&8?�_ �?`=U=?�>. 	C? d^&8�? p�?'?�>� 7&���� d�>_ U&77?���� 7&�&�'=.  
4&&>8?>C>8���?? U�8=�& U�?7C>8�?�& � �=C��B? 7. 

o��&? U�8=�& =CU&�_^�?> C�?7���=? 
U&�_^&8>?�_CB=? A��B`==:  
�� FindMaxLevel – �?�=^�?> U&=CB 

'BC='�_�&X& ��&8�:, B B&>&�&'� U�=8:^� 
7&�&�;  

�� FindNextLevel – 8��=C�:?> ��&8?�_ 
�?`=U=?�>;  

�� CountBases – U&7C�=>�8?> B&�=�?C>8& 
d^&8�f p�?'?�>&8 ^8?�;  

�� CountDonors – U&7C�=>�8?> B&�=�?C>8& 
7&�&�&8 ^8?�.  
��CC ComputationUnit >B�? C&7?��=> U�-

8=�& 7�: U&�&�7?�=: �&8&X& ��&8�:: U�= 7&d8-
�?�== �&8&X& ^8?� � C'�� 8�C&B=� C�?7= 
='?��=fC: ��&8?�_, U&�&�7?>C: C�?7���=� 
��&8?�_. 

� �=C��B? 8 U�?7C>8�?�� ^8?�_:, =f 8^=-
'&^8=C='&C>_ = U�=�7�?��&C>_ B ��&8��, U&-
���?���? 8>&'>=�?CB= 8 �?^��_>>? &d�d&>B= 
SPARQL-^U�&C. 

V&X=B U&�&�7?'&� =?��f== ^8?� ^B��-
�?>C: 8 C�?7���?'. �C>_ 8&CU�=:>=� U?�?8&-
7=>C: 8& 8��>�?��?? U�?7C>8�?�=?, �>& U&^8&-
�:?>, �U�='?�, C&f��:>_ =C>&�=�. �>& &>�&-
C=>C: B C&C>&:�=� X?�> (cd_beBas4Ego) = 8=-

7='�' =X�&B' (cd_idetifiedAs). �8=X`=&���? &d?B>� C8:^�8�>C: C 8��>�?��=' U�?7-
C>8�?�=?' X?�> (cd_seeLandmark), �>& U&^8&�:> 8 :8�&' 8=7? =CU&�_^&8>_ U&���?��&? 
&>�&T?�=? 7�: 8��=C�?�=: dC&��>��f B&&�7=�> (cd_subClassOfEgo). 	 C&&>8?>C>8== C 
U�&>&B&�&' �d&>� A�>d&�_�&X& C?�8?� 8&CU�=�:>&? C&dC>8?��&? C&C>&:�=? �? 8B���?> 
dC&��>��f B&&�7=�>. �& p>= B&&�7=�>� '&X�> d�>_ 8��=C�?�� � &C�&8? �CC>&:�=: = 
�X� &>�&C=>?�_�& �8=X`=&���f &d?B>&8. 
dC&��>��? B&&�7=�>� �8=X`=&���f &d-
?B>&8 &>�&C:>C: B U�=&���' ^��=:'. �&C�?7�=� TX – p>& 8��=C�?�=? 8�7?�_` ':� 

 
CONSTRUCT���
������	��
��������
����������
��
WHERE���
������	��
��������	������
�
�����
�MINUS���
�������
���������SELECT�DISTINCT������	��
��
���������WHERE���
������������
������������������	��
��������	������
�
�����
�������������BIND������
������������	��
���AS��������
�������������BIND������
���
���������	��
���AS��������
�������������FILTER�������� �!��""������ �!���""������# ���������
��������������
�����������
���������
�����
�MINUS���
����������	��
���������
$�������
�����
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�&������������	��
���AS���������
�BIND���%�
�'��������������AS��
�����������
��

�=C��&B 7 – ��8=�& C8:^�8�=: ^8?� 8��=C�?-
�=: = ��&8�: 8��=C�?�=: 
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(cd_ownBall), =Cf&7: =^ C&dC>8?��&X& U&�&�?�=:, U&�&�?�=: 8=7='�f =X�&B&8 = U&�&�?�=: 
':�. 

 
�=C��&B 8 – 	��=C�=>?�_��? ^8=C='&C>= '?�7� ^8?�_:'= 8��=C�?�=: = =f U�=8:^B B ��&8�:' 8��=C�?�=: 

� �=C��B? 9 C �?B&>&��'= �U�&�?�=:'= U�?7C>8�?� Cf?' 8>&'>=^=�&8��&X& U&-
�&�7?�=: p�?'?�>&8 @8. 	 ����&' �?�='? &U=C�8�>C: B�CC�, &>�&T?�=: = &U�?7?�:?>C: 
>=U &>�&T?�=�. �&C�? p>&X& 8>&'>=�?CB= C =CU&�_^&8�=?' ^U�&C CONSTRUCT 8�8&-
7:>C: p�?'?�>� U�&`?CC 8��=C�?�=�. 

 
�=C��&B 9 – 
8>&'>=^`=: X?�?�`== p�?'?�>&8 @8 � ��&8�? &�>&�&X== 

����$� ����������%� �� ���
��&X�''��� B�BC �?�=^&8� � :^�B? Java 8?�C== 1.8. 	 �C>&:�?? 8�?': B�BC 

8B���?> 78? U&7C=C>?'� – 8&CU�=:>=: = &`?�B= &dC>�&8B=. �&7C=C>?' 8&CU�=:>=: U�?7-
�^��?� 7�: 8^='&7?�C>8=: C C?�8?�&' 8=�>��_�&X& A�>d&� = �d&>?> 8 &>7?�_�&' 8�-
�=C�=>?�_�&' U&>&B?. o��: U&7C=C>?' �?�=^�?> &d'?� C&&d�?�=:'= = U�?&d�^&8�=? 
U&���?���f >?BC>&8�f C&&d�?�=� =^ >?BC>&8&X& A&�'> S-expression 8 &d?B>�.  

��8��� B�CC U�=�&�?�=: =�=`=�=^=��?> B�7�� =^ U&7C=C>?', U&C�? �?X& ^U�CB?> 
=f 8 d?CB&�?��&' `=B�?. �=B� ��=�?>C: C &�=7�=: C?�C&���f 7���f. �&C�? =f U&���?-
�=: &�= U?�?7�>C: ��� (push-U&7f&7). �&C�? p>&X& �U�8�?�=? U?�?7?>C: ���. 

��&X�''��� B�BC ��� U�?7C>8�?� >�?': d^&8�'= B�CC'=: 
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�� LevelHolder – B�CC-B&�>?��?�, C&7?���=� 8C? ��&8�= &d�d&>B= =�A&�'`== 8 ���; 
�� LightweightLevel – B�CC-B&�>?��?� ��&8�?�, C&7?���=� 8C? �^�� 7��&X& ��&8�:;  
�� LightweightNode – dC>�B>��� B�CC, U�?7C>8�:��=� �^?�.  

��CC� LevelHolder = LightweightLevel �?�=^��> '?>&7 process(), 8 >?�? B&>&�&X& 8�^�-
8�>C: &7�&='?���? '?>&7� 8��>�?��=f &d?B>&8.  

��CC LightweightNode >B�? C&7?��=> dC>�B>��� '?>&7 process(), B&>&��� 7&��?� 
d�>_ �?�=^&8� U&�_^&8>?�?' 8 C&&>8?>C>8== C �&X=B&� ��� (�U�='?�, 8��=C�?�=? dC&-
��>��f B&&�7=�> &d?B> 8 8=�>��_�&' A�>d&�?). ��&'? >&X&, 8 B�CC? LightweightNode 
&U�?7?��� dC>�B>��� '?>&7 pullBases() 7�: U&���?�=: 7���f &> �^�&8-U&C>8�=B&8 (7&-
�&�&8), >.?. =CU&�_^�?>C: pull-U&7f&7. 

��&`?CC 8��=C�?�=: &�X�=^&8� C�?7���=' &d�^&' (C'. �=C��&B 10). ��= U&���?�== 
�U�8�?�=: B�7�� �^?� (B�&'? �^� 1-X& ��&8�:) U�>?>C: U&���=>_ =�A&�'`=� &> �^�&8-
7&�&�&8. �C�= =�A&�'`=: 7&C>�U�, 8�U&��:�>C: �?&df&7='�? 8��=C�?�=: = �?^��_>> 
C&f��:?>C: 8 U&�:f &d?B>, 7&C>�U��f �^�'-U&>�?d=>?�:' 8�T?�?��=f ��&8�?�. o�: 
�U�&�?�=: 8^='&7?�C>8=: U�&X�''��f B&'U&�?�>&8 '?�7� �^�'= 8C?X7 U?�?7�>C: 
CU=CB= &d?B>&8. 

 
�=C��&B 10 – a�X'?�> `=B� 8��=C�?�=: 

����&� '
�
������������������ �	��
o�: X?�?�`== U�&X�''�&X& B&7 =CU&�_^&8�C_ d=d�=&>?B CodeModel [25], U&^8&�:-

��: B&'U&�&8>_ U�&X�''��� B&7 Java-B�CC&8. W=d�=&>?B U�?7C>8�:?> C&d&� �d&� 
8�^&8&8, B�7�� =^ B&>&��f C&^7�> ^7���� C>��B>��� U�&X�''�&X& B�CC (U&�:, '?>&-
7�, B&�C>��B>&��). �7 p>='= A��B`=:'= d�� �7C>�&?� A��B`=&�� U�?&d�^&8�=: &�>&-
�&X=�?CB=f 7���f 8 U�&X�''��� B&7, �?�=^&8���� 8 B�CC? Translator. o�: 7&C>�U B 
&�>&�&X== =CU&�_^&8�=C_ C�?7C>8 TopBraid API [26] = Jena [27]. 

o�: U&���?�=: 7���f =^ &�>&�&X== =CU&�_^&8�=C_ C�?7���=? SPARQL ^U�&C�:  
�� U&���?�=? 8C?f ^8?�_?8 C �&'?�'= ��&8�?�, B B&>&��' &�= U�=8:^��, 7�: X?�?�`== 

��&8�?� = �^�&8;  
�� U&���?�=? d^&8�f = U�&=^8&7��f p�?'?�>&8 7�: ^7��&X& ^8?� 7�: X?�?�`== U&�?� 

B�CC �^�, U�?7C>8�:��=f C&d&� CU=CB= d^&8�f = U&�&�7?'�f p�?'?�>&8; 
�� U&���?�=? �^�&8 7&�&�&8 C&8'?C>�& C ��&8�:'=, B B&>&��' &�= U�=8:^��, 7�: 

�>&��?�=: B&�C>��B>&� B�CC �^� >B=' &d�^&', �>&d� 8 �?X& U?�?78�=C_ ��&8�=, 
8B�����=? �^��-7&�&�� (U�= =�=`=�=^`== =^8�?B�>C: U& ='?�= B�CC �^�-
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7&�&�). m^��-7&�&�� =CU&�_^��>C: 8 '?>&7? pullBases(), B&>&��� >B�? U&�&�7?>C: 
8>&'>=�?CB=. �B�? 7&d8�:�>C: U&�: B�CC, U�?7C>8�:��=? �^��-7&�&��. 
�?�?7 8�U&��?�=?' ^U�&C&8 �?&df&7='& ^U�C>=>_ �&X=�?CB=� 8�8&7 7�: A&�'=�&8-

�=: C>��B>��� 8��=C�=>?�_�&X& U�&`?CC 8 �'Bf &�>&�&X==. 
��&'? U&�&�7?�=: B�CC&8 7�: ��&8�?� = �^�&8 U&�&�7?>C: B�CC LevelNodeInitializer, 

=�=`=�=^=����=� C>��B>��� U�&`?CC 8��=C�?�=:: C&^7�=? pB^?'U�:�&8 B�CC&8 ��&8�?� 
= �^�&8, C U?�?7�?� U&C�?7�=' ��&8�?�, &> B&>&��f &�= ^8=C:>. 

�&C�? U&�&�7?�=: B&7 >�?d�?>C: ?X& =�>?X�`=: 8 B�BC = &U�?7?�?�=? '?>&7&8 pro-
cess() B�7&X& =^ �^�&8 8��=C�?�=:. 	 d�7��?' p>= '?>&7� '&X�> d�>_ CU?`=A=`=�&8�� � 
p>U? C&^7�=: &�>&�&X==, ?C�= C&&>8?>C>8���=? A��B`== d�7�> 7&C>�U�� =^ X&>&8�f d=d-
�=&>?B. 

����(� )
�!����������#������	*�	��
�^�d&>���� U�&>&>=U U�&7?'&�C>�=�&8� 8&^'&��&C>_ U&C>�&?�=: &�>&�&X== 8�-

d���&� ��� � d^? =�8�=�>�&� &�>&�&X== = 8&^'&��&C>_ X?�?�`== U�&X�''�&X& B&7 
U& U&C>�&?��&� &�>&�&X== ���. o&C>&=�C>8'= U�?7�X?'&X& U&7f&7 :8�:�>C:: 
�� 	&^'&��&C>_ =CU&�_^&8�=: X�A=�?CB=f C�?7C>8 7�: U&C>�&?�=: &�>&�&X== ���. 

	�d����� �?7B>&� ='??> 8C>�&?���? C�?7C>8, U&^8&�:��=? � p>U? U&C>�&?�=: 
&�>&�&X== U�&C'>�=8>_ C>��B>��� A&�'=��?'&X& 8 ��� 8��=C�=>?�_�&X& U�&`?CC = 
B&�>�&�=�&8>_ ?� U�8=�_�&C>_ ��? � ���=f p>Uf U�&?B>=�&8�=:. 

�� �&77?��B 8>&'>=�?CB&� X?�?�`== &�>&�&X=�?CB=f C���&C>?� (8 �?�=^&8��&' U�&-
>&>=U? 8>&'>=�?CB= CX?�?�=�&8�& 55 >�&?B). 

�� �&77?��B 8>&'>=�?CB&� X?�?�`== U�&X�''�&X& B&7. 	 �?�=^&8��&' U�&>&>=U? 
d��& 8>&'>=�?CB= CX?�?�=�&8�& 12 B�CC&8, &d�=� &d�' CX?�?�=�&8��&X& B&7 
C&C>8=� 291C>�&B�. 
	'?C>? C >?', �^�d&>���� U�&>&>=U 8�:8=� �:7 >�?d���=f �?T?�=: U�&d�?'.  

�� �&77?��B � &�>&�&X=�?CB&' = U�&X�''�&' ��&8�? X��UU&8�f &d?B>&8, U&�&�7?-
'�f � &C�&8? '�&�?C>8 7��X=f (d&�?? U�&C>�f) &d?B>&8, C8:^���f CU?`=A=�?CB=' 
&>�&T?�=?'. ��='?�&' :8�:?>C: &U�?7?�?�=? >B>=�?CB&X& U&C>�&?�=: B&'�7� � &C-
�&8? ��?? 8��=C�?���f �=�=� &d&�&��, U&��^�=>� = �U7?�=:. ��= p>&' 7�: 
B�7&X& =^ CU?`=A=�?CB=f &>�&T?�=� d�7?> C&^7�& C8&� ^8?�&, >&X7 BB U& �&X=B? 
8��=C�?�=: ^8?�& 7&���& d�>_ &7�&. �.?. 8'?C>& &7�&X& ^8?�, 8��=C�:��?X& A&�'-
`=� � &C�&8? >��f &d?B>&8, d�7?> C&^7�& >�= &>7?�_��f ^8?�, B�7&? =^ B&>&��f d�-
7?> 8��=C�:>_ A&�'`=� � &C�&8? &7�&� �=�==. 

�� �?�?f&7 &> &>�&T?�=�-C8&�C>8 B &>�&T?�=:'-B�CC', &d�C�&8�?����, �U�='?�, 
�?&df&7='&C>_� �CT=�?�=: &>�&T?�=� CU?`=A=�?CB='= C8&�C>8'=. 

�� �?�=^`=: 7=�'=�?CB&X& C8&�C>8 R	 (7=�'=�?CB&? U&�&�7?�=? ��&8�?� = �^�&8). 	 
B�?C>8? d^&8�f 8�=�>&8 '&��& �^8>_ `?�>��=^&8��&? U&�&�7?�=? = 
�CU�?7?����&? U&�&�7?�=?, � B�7&' ��&8�? 8��=C�?�=: &>7?�_�&. 

�� 	 �'Bf =^�&�?��&X& U&7f&7 U�?7�X?>C: U?�?f&7=>_ &> U�?7'?>��f &>�&T?�=� B 
8��=C�=>?�_��' ^8=C='&C>:'. 4 p>=' U?�?f&7&' C8:^� U�&d�?' 8��=C�?�=: � 
��&8�? C8&�C>8 &>7?�_�&X& &d?B>, B&X7 &7�= C8&�C>8 &d?B> 8��=C�:�>C: � &C�&8? 
7��X=f C8&�C>8 = &>�&T?�=�, 8 B&>&��f ��C>8�?> 7���� &d?B>. 	 U�?7�&�?��&' 
U�='?�? p>& �?T?�& 88&7&' CU?`=A=�?CB&X& &>�&T?�=: �C�?7&8�=:, �U�='?�, 
subClassOfEgo, &d�C>_ &U�?7?�?�=: B&>&�&X& 8B���?> C8&�C>8& seeLandmark. ���' 
8�=�>&' '&�?> C>>_ 8�7?�?�=? U&7'&7?�=, A&�'�=^���?� ^8=C='&C>= '?�7� 
C8&�C>8'= = &>�&T?�=:'= &7�&X& B�CC. 
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�> U�&d�?' '&�?> d�>_ �CC'&>�?� 8 B&�>?BC>? d&�?? &d�?� U�&d�?'� – 
&d�?U�='?�='&C>= U�=�`=U U&�&�7?�=: 8��=C�=>?�_��f ^8=C='&C>?� � &C�&8? 
U�?7'?>��f &>�&T?�=�; 

�� 4�&���? ^7�= >��7�& �?T=>_ � ?7=�&' ��&8�? B&�`?U>��=^`==, B&X7 
pAA?B>=8�?� 88?C>= �^�=���? =�>?�U�?>`== 7�: C���&C>?�, �U�='?�, BB 
U�&C>��C>8?��&-8�?'?���f = C>��B>���&-&�X�=^`=&���f. �&7 B�7�� >B�� 
=�>?�U�?>`=� �?&df&7='& C>�&=>_ C8&� &�>&�&X=� = &d?CU?�=8>_ =f 8^='�&? 
&>&d��?�=?. 

4 	���_�� ��7������4 �66��������� 
�?�CU?B>=8� U�B>=�?CB&X& �^8=>=: 7��&� �d&>� C8:^�� C �?�=^`=?� U&��&A��B-

`=&��_�&� C�?7� U�&?B>=�&8�=:, U&77?��=8��?� CB8&^��? C`?��== U�&?B>=�&8�=: 
��� 7�: �
 �^�=��&X& �^��?�=:. �>= C`?��== 7&���� 8B���>_ X?�?�`=� U�&X�''-
��f B�CC&8 &d?B>&8 = &>�&T?�=� U& &�>&�&X=�?CB=' C���&C>:',  >B�? �?�=^`=� = 
U&7B���?�=? CU?`=A=�?CB=f A��B`=� 8��=C�?�=:. R?f�=^' U&7B���?�=: U�?7U&�X?>C: 
�?�=^&8>_ �?�?^ CU?`=A=`=�&8�=? d=d�=&>?B = A��B`=� 8 &�>&�&X== ���. 	 >?&�?>=�?-
CB&' U��? >�?d��> 7�_�?�T?X& ��=^ U�&d�?'�, CA&�'��=�&8���? 8 U. 3.4.7.  

�&�?��&� `?�_� U�&?B> :8�:?>C: C&^7�=? =�>?X�=�&8��&� C=C>?'� U�&?B>=�&8�=: 
�
 �	, &d?CU?�=8��?� C&8'?C>�&? U�&?B>=�&8�=? U�&X�''�&X& &d?CU?�?�=: 8C?f U&7-
C=C>?' �
, 8B���: ��� = U&7C=C>?'� U��=�&8�=:. 

&���=����� 
�^�d&>� = U�&d=�&8� &�>&�&X=�?CB=� U&7f&7 B 8>&'>=^`== U�&?B>=�&8�=: = 

�^�d&>B= ��� �
, &C�&8���� � U&8>&��&' =CU&�_^&8�== B&7 = '&7?�_�&-
&�=?�>=�&8��&' U�&?B>=�&8�==. ��>&�&X== U&^8&�:�> U�='?�:>_ '?>&7� 8>&'>=�?CB&� 
X?�?�`== U�&X�''�&X& B&7, B&>&��� ^>?' =�>?X�=��?>C: 8 =�8�=�>��� 8��=C�=>?�_-
��� B�BC ���. 

	 U�&`?CC? U�&d`== U&7f&7 �^�d&>�� =�8�=�>��? U�?7'?>�&� &d�C>= d^&8: 
&�>&�&X=: = U�&X�''��� B�BC ���.  ��= U�&?B>=�&8�== X?�> 7�: C�?7� 8=�>��_�&X& 
A�>d&� U&C>�&?� 7&'?��: &�>&�&X=: = U�&d=�&8� >?f�&�&X=: 8>&'>=�?CB&� X?�?�-
`== U�&X�''�&X& B&7.  

�?^��_>>� U�&d`==  U&7>8?�7=�= �d&>&CU&C&d�&C>_ = pAA?B>=8�&C>_ U�?7�&�?��&X& 
&�>&�&X=�?CB&X& U&7f&7 B 8>&'>=^`== U�&?B>=�&8�=: U�&X�''�&X& &d?CU?�?�=: ��� 
�
. 	'?C>? C >?', U�&d`=: U&^8&�=� �>&��=>_ U�&d�?'�, >�?d���=? 7�_�?�T?� �^�-
d&>B=.  
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ONTOLOGY-DRIVEN DESIGN APPROACH TO DEVELOPMENT OF 
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Abstract 
An ontology-driven design approach to development of situation awareness subsystem (SAS) of intelligent agents is 
discussed. It is supposed that agents act in multi-agent competitive environments. The approach is based on the separa-
tion of domain independent and domain specific aspects. A set of domain independent models is proposed as a theoreti-
cal underpinning of the approach. Those models formalize different aspects of design and development of SAS includ-
ing internal agent's representation of an environment, situation awareness calculation stages and SAS design stages. The 
models are used to build ontological and program components, used for SAS design and development. Two classes of 
ontologies are defined: SAS ontology and ontologies of specific domains. SAS ontology is used to provide domain spe-
cific program code integration into the domain independent SAS framework. Domain specific ontology is used to repre-
sent domain specific concepts on the base of SAS ontology concepts. SAS development process includes the following 
stages: domain specific ontology construction, automatized generation of domain specific code, integration of domain 
specific code into the SAS framework and implementation of domain specific functions within the framework. Automa-
tized code generation is based on the proposed mappings of ontological classes and properties to the program structures. 
A toolset is proposed for building domain specific SAS. The toolset utilizes such languages from the Semantic Web 
stack as OWL, SPARQL and SPIN. The toolset is written in Java language. The approach is illustrated and evaluated on 
the simplified virtual soccer scenario. 

Key words: intelligent agent, situation assessment, ontology-driven development, toolset. 
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#�����!�4 
	 C>>_? �CC'>�=8?>C: U�&d�?' 8>&'>=^`== A&�'=�&8�=: &�>&�&X=�?CB=f CU?`=A=B`=� 
U�?7'?>��f &d�C>?� � &C�&8? =^'?�?�=� – C>?���?8: U�&d�?' &�>&�&X=�?CB&X& ��=^ 7�-
��f. ��?7C>8�?�� '&7?�= = '?>&7�, �U�8�?���? � 8�:8�?�=? U&�:>=��&� C>��B>��� =, 8 B&-
�?��&' C�?>?, A&�'�_�&� &�>&�&X== =CC�?7�?'&� U�?7'?>�&� &d�C>=. a��7'?�>�_��? �?�== 
�B&U�?�=: p'U=�=�?CB&� =�A&�'`==: '�&X&B�>��? �?^8=C='�? =^'?�?�=: B�7&X& C8&�C>8 
&d?B> &d����?� 8�d&�B=; B&�X��p�>�&C>_ �C>= U�&`?7�� =^'?�?�=:; 7=AA?�?�`=`=: 7&8?-
�=: B �^�=���' =C>&��=B' 7���f - &>��?�� 8 '&7?�= &d&d�?��&� >d�=`� «&d?B>�-
C8&�C>8». �?U&��&> (�?>&��&C>_, U�&>=8&�?�=8&C>_, �?&U�?7?�?��&C>_) p>&� =�A&�'`== 8�?�?> 
�?&df&7='&C>_ =CU&�_^&8�=: 7�: ?� U?�8=��&� &d�d&>B= '&7?�?� '�&X&^���&� �&X=B=. �?^��_-
>> >B&� &d�d&>B= - �?C>�&X=� A&�'�_��� B&�>?BC> – 7&��?� d�>_ UU�&BC='=�&8� &7�&-
^����' B&�>?BC>&', =^ B&>&�&X& 8&^'&�?� 8�8&7 A&�'�_��f U&�:>=� 8 �'Bf U�=B�7�&� 8?>-
8= >?&�== �?T�>&B, =^8?C>�&� BB «��=^ A&�'�_��f U&�:>=�». �CC�?7�?>C: X?�?^=C «&X��=�?-
�=� C��?C>8&8�=: C8&�C>8», B&>&��? 8�=:�> � B&��?B>�&C>_ UU�&BC='`== �?C>�&X&X& A&�-
'�_�&X& B&�>?BC>. ��?7�X�>C: '&7?�= = '?>&7 ��?> p>&� 7&U&��=>?�_�&� =�A&�'`==. a&�-
'��=���>C: U�X'>=�?CB= &d&C�&8���? U�=�`=U� U�?&d�^&8�=: �?T?>B= A&�'�_��f U&�:-
>=� 8 A&�'�_��� &�>&�&X=�. ��=8&7=>C: '&7?�_��� U�='?� =CU&�_^&8�=: �^�d&>���f '&-
7?�?� = '?>&7&8 &�>&�&X=�?CB&X& ��=^ 7���f. 

#�!���$� �����: �����'��	�� �����N ����!M, ��&�� ��H �����H, �����N ��&�� �!M "-
�H���, &��N��'��H #�	����H ���	�, �����'���H �*+���##���H �#���#. 

&���
������: 
��=^ �?U&���f 7���f 8 ^7�f U&C>�&?�=: A&�'�_��f &�>&�&X=� / 
o.�. 4'&��&8, 	.
. 4?'?�&8, 4.	. 4'=��&8 // ��>&�&X=: U�&?B>=�&8�=:. – 2016. – �. 6, %3(21). 
- 4. 317-339. – DOI: 10.18287/2223-9537-2016-6-3-317-339. 

�������� 
4�&���? =�A&�'`=&���? C=C>?'� �?^��_>>=8�� �=T_ U�= �7?��&' = C&X�C&8�-

�&' (8 �^��f C'�C�f) U�?7C>8�?�== =f U�?7'?>. 4=C>?'>=^`=:, �^�d&>B = =CU&�_-
^&8�=? C&&>8?>C>8���=f =�A&�'`=&���f '&7?�?� C&C>8�:�> C&8�?'?��&? C&7?���=? 
�����'��	� "�M�� 8 8��=C�=>?�_��f ��Bf. 

	 &>�=�=? &> A=�&C&A== &�>&�&X=: 8 =�A&�'>=B? &U=C�8?> �?B&>&��� &X��=�?���� 
CA?�� ^��=:, "���&���*� )����  (���). �&p>&'� 8 C=�� '�&�?C>8?��&C>= ��B = ���, 
B&X7 B�7: =^ �=f ='??> C8&� C&dC>8?���� =�= 7�? �?CB&�_B& B&�B��=����=f >?�'=�&-
�&X=�, ^7?C_ 8 U�&>=8&U&�&��&C>_ A=�&C&A== U�=&d�?>?> C'�C� �U&>�?d�?�=? '�&�?-
C>8?��&X& �=C� 7�: >?�'=�, >.?. X&8&�:> &d «&�>&�&X=:f». W&�?? >&X&, �^�=��> �=�X8=-
                                                           
& c����_��� 8�=�> 7&B�7&8 � R?�7���&7�&� B&�A?�?�`== = '&�&7?��&� TB&�? «��A&�'`=&���? >?f�&�&X== = 
��&>?f�&�&X==» ����-2015, 2016. �?B&'?�7&8� B &U�d�=B&8�=� ��&X�''��' B&'=>?>&' ����. 
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C>=�?CB=? = ��&�� �!� ������, X7? U&C�?7�=? �C�?7��> U�7=X'� '&7?�?� = '?>&7&8 
U�?7C>8�?�=: ^��=�, �^�d&>���f 8 =CB�CC>8?��&' =�>?��?B>? [1, 2]. 

a&�'�_�: &�>&�&X=: &U=C�8?> ��� C U&'&�_� C>�7�>=^=����?� >?�'=�&�&X== – 
C�&8�:,  >B�? �?&7�&�&7��f C8:^?� '?�7� &U�?7?�?���'= 8 ��' U&�:>=:'=. R&7?�=���-
�='= U�='=>=8'= &�>&�&X=�?CB&� CU?`=A=B`== &d���& C���> B�CC�, &>�&T?�=:, A��B-
`== = BC=&'�, �>& 8 �?B&>&�&' C'�C�? Cd�=�?> p>= C>��B>��� U�?7C>8�?�=: ^��=� = C&-
&>8?>C>8���=? B&'U_�>?���? �?C��C� C �X?d�=�?CB='= C=C>?''= 
.�. R�_`?8 [3]. 

4?X&7�: '&��& �B^>_ >�= &C�&8��f U�>= �^�d&>B= &�>&�&X=� [4]: 
� �=d&�?? =CU&�_^�?'�� C8:^� C U�:'&� A&�'�=^`=?� &U�> = ^��=� pBCU?�>&8, B&>&-

��? C U&'&�_� B&'U_�>?���f :^�B&8�f C�?7C>8 �=d& 8>&A&�'�=^��> C8&= U�?7C>8-
�?�=: & ���, �=d& A=BC=���> =f C U&'&�_� =��?�?� U& ^��=:' [5]; 

� U�= ��=�== �^8=>&� =�A�C>��B>��� �d&>� C& ^��=:'= B>��_��? &�>&�&X== '&X�> 
C=�>?^=�&8>_C: 8 �?^��_>>? �?�&8?B&-'T=���f U�&`?7�� B&�B�?>=^`==, B&'U&^=-
`==/7?B&'U&^=`== U�&d=�&8���f A&�'�_��f &�>&�&X=�, =f U�&>&>=U&8 (U>>?��&8) 
�^�&X& ��&8�: = �U�8�?��&C>= [6-8]; 

� >�?>=� U�>_ C8:^� C 8>&'>=�?CB=' «8�8&7&'» A&�'�_��f &�>&�&X=� =^ 7&C>�U��f 
7���f. �>= 7���? �CC'>�=8�>C: BB �?^��_>> =^'?�?�=� �#���# )��	�# =CC�?-
7�?'&� ��� = C8&7:>C: 8 C>�7�>=^&8���? ��)��
! «)��	�!-�#���#�» (��4) 
[9, 10], ��=^ B&>&��f U�=8&7=> B 8�:8�?�=� U&�:>=��&� C>��B>��� ���. �=d&�?? �?-
^��_>>=8��? '?>&7� p>&X& �U�8�?�=: &U=��>C: � 8?>8_ >?&�== �?T�>&B – ��=^ 
A&�'�_��f U&�:>=� (
a�) [11-15]. 	 =Cf&7�&' 8�=�>? 
a� 7&C>8�:?> �=T_ «CB?-
�?>» &�>&�&X== [16], >.?. '�&�?C>8& ��&�� �!M "�H��� = C��?C>8���?? � p>&' '�&-
�?C>8? ��(���� ))+���H (is-A). R?>&7=B 8�:8�?�=: C U&'&�_� 
a� U�&=^8&�_-
��f C?'�>=�?CB=f &>�&T?�=� '?�7� A&�'�_��'= U&�:>=:'= U�?7�&�?� 8 [17] � &C-
�&8? =�>?�U�?>`== �?>BC&�&'=�?CB=f C8:^?� '?�7� &d?B>'= ��� BB U�&:8�?�=: 
&C&d�f �#���#-#����������. 
�CC'>�=8: >�?>=� U�>_ U&C>�&?�=: A&�'�_��f &�>&�&X=� - �����'��	�� �����N 

����!M (�
o), - 8��& U&7�?�B��>_ =���, �?' 8 7��X=f C���:f �&�_ C�d?B> &�>&�&X=�?-
CB&X& =��=�=�=�X («&�>&�&X»). aB>=�?CB= ?X& &C�&8�&� ^7�?� C>�&8=>C: 8�78=�?�=? 
X=U&>?^ & C8&�C>8f &d?B>&8 =CC�?7�?'&� ��� = ^>?' U�=&��&? B&'U�?B>&8�=? �C?�� 
=^'?�=>?�_��f U�&`?7�� (&�X�&8 ��8C>8, 8?�d�_��f 8&^'&��&C>?� pBCU?�>&8, =CB�CC>8?�-
��f C?�C&�&8, U�=d&�&8, C=C>?' = >.7.), C U&'&�_� B&>&��f =�>?�?C���: ?X& ��� d�7?> 
^&�7=�&8>_C:. 

	 U�?7�X?'&� C>>_? 8�='�=? C&C�?7&>&�?�& � 78�f CU?B>f �
o. 	&-U?�8�f, p>& 
&>��?�=? �?�=� Cd&� 7���f & ���, U�=8&7:�?? B �?&df&7='&C>= =CU&�_^&8�=: 7�: 
U�?7C>8�?�=: p'U=�=�?CB&� =�A&�'`== '&7?�?� '�&X&^���&� �&X=B=, , 8&-8>&��f (= 8 
C8:^= C U?�8�'), � '&7?�=�&8�== = '?>&7? ��?> 8 �d&>? U�=&�= =^8?C>��f =CC�?7&8>?-
�� ^8=C='&C>?� '?�7� =^'?�:?'�'= C8&�C>8'=. 

1 ?��������� V�7����6��; �����; � 7�������� �>��6�� 

1.1 ����	���� ������ 
	 B&�>�C> C &d�?U�=�:>&� >&�B&� ^�?�=: 8 ��=^? 7���f �
o =Cf&7=> =^ U&�&�?�=:, 

�>& 8C:B&? =^'?�?�=? C8&�C>8 &d?B> '&�?> 7>_ CU?`=�_��� �?^��_>> «None», B&>&��� 
'&�?> C8=7?>?�_C>8&8>_ & C?'�>=�?CB&' �?C&&>8?>C>8== =CC�?7�?'&X& &d?B> = =^'?�=-
>?�_�&� U�&`?7���, & �f&�7?�== ^��?�=: =^'?�:?'&X& C8&�C>8 ^ U&�&X'= ��8C>8=>?�_-
�&C>=, 8�? 7=�'=�?CB&X& 7=U^&� C�?7C>8 =^'?�?�=� [18]. 
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	 B�CC=�?CB&' 
a� U&7&d��? pAA?B>� 7&C>=X�>C: 8 �?^��_>>? 8�U&��?�=: B&X�=-
>=8�&� U�&`?7���, ='?��?'&� 	�
�"�*�� �!& (	����#����& [11, 19]. �7?C_ ��4 ='?��-
?>C: &��N��'�!& ��&�� �!& 	���	��' = &U=C�8?>C: B&�>?�?' 

(G*, M, V, I), 
X7?: 
� G* = {gi}i = 1,…, r, r = 'G*' � 1 - �d&� &d?B>&8 =CC�?7�?'&� ���, U&U8T=f 8 U&�? ^�?�=: 

&�>&�&X; =��? X&8&�:, p>& '�&�?C>8& &d?B>&8 )*'��+�� #!)�	�: G* � G, X7? G – 8C� 
'�C�='&? '�&�?C>8& &d?B>&8 ���; 

� M = {mj}j = 1,…, s, s = 'M' � 1 - '�&�?C>8& =^'?�:?'�f � &d?B>&8 C8&�C>8; 
� V - '�&�?C>8& ^��?�=� C8&�C>8; 
� I - >?����&? &>�&T?�=? '?�7� G*, M = V (I � G*(M(V), &U�?7?����&? 7�: 8C?f U� =^ 

G*(M. 
�?A&�'�_�& B&�`?U>��_�&? TB�=�&8�=? =^'?�:?'&X& C8&�C>8 U�?7C>8�:?> C&d&� 

C�d?B>=8�&? B&�C>��=�&8�=? «"	�!��H» 7=�'=�?CB&X& 7=U^&� (7&'?� 7&C>8�:?-
'�f ^��?�=�) C&&>8?>C>8���?� U�&`?7��� =^'?�?�=: C &d�^&8�=?' �#!M =^'?�:?'�f 
C8&�C>8 � &d?B>&8 ���. �B&? U&B��>=? ='?��?>C: 	�
�"�*�� �� (	���. ��='?� B&�-
`?U>��_�&� TB�� C 7=^��B>��' «�C�?U�?�=?'» 7=�'=�?CB&X& 7=U^&� U�&`?7��� 
=^'?�?�=: 7�> >d�=` 1. �&C�? TB�=�&8�=: 8�&8_ 88?7?���? C8&�C>8 AB>=�?CB= =^'?-
�:�>C: 8 d=���&� TB�? �='?�&8�=� {X, None}, X7? X - �=�X8=C>=�?CB: B&�C>�>, C&-
d=�>?�_�& &d&^����: ��d&� C='8&� TB�� 7=�'=�?CB&X& 7=U^&� =^'?�=>?�_�&� 
U�&`?7���.  

�d�=` 1 – �&�`?U>��_�: TB� 7�: C8&�C>8 «�&C>» &d?B>&8-'���=� («(» - ����
, U�&d?� - 0�8') 

�&C> '���=��, C' �=^B=� 4�?7�=� 	�C&B=� 
< 168 (   
168-175  (  
> 175   ( 

 
�B =�= =��?, U&7&d�: «None-B&�`?U`=:» U&^8&�:?> =^'?�=>_ U�7=X'� ��=^ pBC-

U?�='?�>�_�&X& '>?�=� & ��� =, U�?�7? 8C?X&, ?C>?C>8?���' &d�^&' U�?&d�^&8>_ 
��4 8 C&8&B�U�&C>_ &`?�&B =C>=��&C>= )�N#!M ��&����'��	�M �*%����� (W44) & ��� 8=-
7 bij= «&d?B> gi &d�7?> C8&�C>8&' mj»: 

(1)     
)
*
+

%
$
"�

C���?. &��&'U�&>=8&U&� 8 ,
; ?C>_  &d?B>�   C8&�C>8 =^'?�?�=: �?^��_>> ?C�= ,

0�8'
�����
 ij

ij
gmb  

�'?��& � &d�d&>B� >B=f 7���f &�=?�>=�&8� 
a�, 8 B&>&�&' =CU&�_^��>C: C�?7�-
��=? &d&^��?�=: = '&7?�= [11]: 
� K = (G*, M, I) – A&�'�_��� B&�>?BC>, X7? G* = M ='?�> ��? �B^�88T=�C: C'�C�, I – 

d=���&? C&&>8?>C>8=? «&d?B>�-C8&�C>8», >.?. C&8&B�U�&C>_ &`?�&B 8=7 (1); 
� &U?�>&�� ��� ,, - (&d�: �&>`=: «'») 7�: B&�>?BC> K:  
,(X) = X ' = {mj.mj 	 M, 
gi 	 X: (gi, mj) 	 I} - &d�=? C8&�C>8 &d?B>&8, C&C>8�:��=f 
X � G*, =�= ���-U�&?B`=: X � M;  
-(Y) = Y ' = {gi.gi 	 G*, 
mj 	 Y: (gi, mj) 	 I} - &d?B>�, B&>&��? &d�7�> 8C?'= C8&�-
C>8'= =^ Y � M, =�= ���-U�&?B`=: Y � G*; 

� (X, Y) – A&�'�_�&? U&�:>=?, � B&>&�&X& X � G* - &d?', Y � M - C&7?���=?, U�=�?' 
X = Y ', Y = X '; 

� �(K) - '�&�?C>8& A&�'�_��f U&�:>=� B&�>?BC> K; 
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�  (�(K), �) – ^'B��>: �?T?>B U&�:>=�, &>����: d=���&? &>�&T?�=? �C>=��&X& 
U&�:7B � '�&�?C>8? A&�'�_��f U&�:>=�: (X1, Y1) � (X2, Y2), ?C�= X1 � X2, =�= pB8=8-
�?�>�& Y1 / Y2, - =^8?C>�&? BB &>�&T?�=? ))+���H "�H���, =�= ������#���H 
�#���#. 
�
o 8 U&��&� '?�? &U=�?>C: � '&7?�= 
a�. 

1.2 ����!���	� �	��"	 «��#����-���$���	» 
� U�B>=B? B�?C>8& =Cf&7�&X& p'U=�=�?CB&X& '>?�=� >B&8&, �>&, U& B���?� '?�?, 

7�: �C>= W44 &`?�B =C>=��&C>= �CU��8�> (�U�='?�, A&�'=��?>C: pBCU?�>&' � &C�&8? 
&U�> =�= =�>�=`==), = 7�: &`?�=8�=: >B=f C��7?�=� ?C>?C>8?��?? �U&>�?d�:>_ =C>=�-
�&C>��? ^��?�=:, 88&7='�? &��N��'�!&� ���	�&�. �7�B& >&X7 8&^�=B?> 8&U�&C & '&-
7?�=, &d:C�:��?� U�&=Cf&�7?�=? = &U�?7?�:��?� CU&C&d 8��=C�?�=: U&7&d��f &`?�&B. 

	 &d�?' U��? :C�&, �>& '�&X&^���&C>_ &`?�&B =C>=��&C>= W44 8�^�8?> �?U&��&> 
7���f & ��� (�?>&��&C>_, U�&>=8&�?�=8&C>_, �?&U�?7?����&C>_ = >.U.), B&>&�: �? �f&7=> 
&>��?�=: 8 C>�7�>�&� C>��B>��? ��4. ��=�=�� �?U&��&>� 8�^�8�>C: �����H&� ��	"-
����H �&"���'��	� ����&�
��. a��7'?�>�_��'= AB>&�'= ^7?C_ :8�:�>C:: 
� 8�U&��?�=?, BB U�8=�&, '�&X&B�>��f �?^8=C='�f =^'?�?�=� C8&�C>8 mj 	 M � &d-

?B> gi 	 G*; 
� =CU&�_^&8�=? 7�: =^'?�?�=: &7�&X& = >&X& �? C8&�C>8 mj �?CB&�_B=f �^�=���f U�&`?-

7�� (B&�X��p�>��f =C>&��=B&8 =�A&�'`==); 
� 7=AA?�?�`=`=: 7&8?�=: B �^�=���' U�&`?7��' =^'?�?�=:. 

�&p>&'� 8 B�?C>8? 7?B8>�&� '&7?�= =Cf&7��f 7���f U�?7�X?>C: ))+����H ��4, 
&U=C�8?': B&�>?�?' 

(2)     (G*, M, S�, Pr, A), 
X7? (C'. �=C��&B 1): 
� 1 ( )

r
i iSe Se�� �  - '�&�?C>8& 8C?f 8�U&��?���f U�= ^&�7=�&8�== ��� C?�=� =^'?�?�=�, 

1 ( )
r
i iSe Se m�� �0 , = 

( )( ) ( ) 1,...{ }
ii i k k qSe se �� , q(i) � 1, i = 1,…, r - '�&�?C>8& C?�=� =^'?�?-

�=�, B&>&��' U&78?�X��> &d?B> gi 	 G*; 
� 1 ( )

s
j iPr Pr�� �  - �C?�� 8C?f =CU&�_^�?'�f U�= ^&�7=�&8�== ��� U�&`?7�� =^'?�?�=:, 

1 ( )
s
j jPr Pr n�� �0 , = 

( )( ) ( ) 1,...{ }
jj j k k pPr pr �� , p(j) � 1, j = 1,…, s - '�&�?C>8& B&�X��p�>��f 

U�&`?7�� =^'?�?�=: C8&�C>8 mj 	 M, U�=�?' 8C:B: U�&`?7�� pr(j)k f�B>?�=^�?>C: 
C>?U?�_� 7&8?�=: B ?� �?^��_>>' t(j)k; 

� A = (aij)i=1,…, m; j=1,…, n – '>�=` �?^��_>>&8 C?�=� =^'?�?�=� S� C8&�C>8 M � &d?B>&8 =^ 
8�d&�B= G*, 8�U&��?���f C U&'&�_� U�&`?7�� =^'?�?�=: Pr. ��?'?�>'= p>&� '>�=`� 
'&X�> d�>_ B&�C>�>� X = None,  >B�? ?�� 78? �=�X8=C>=�?CB=? B&�C>�>�. �&�C>�> 
Failure A=BC=��?> &>B^, Cd&� =^'?�=>?�_�&X& C�?7C>8, 8&^7?���=? U�= X&�&C&8�== = 
>.U., >.?. >&> �?�?7B& �d��7?'�� � U�B>=B? «�?^��_>>» �d&>� =^'?�=>?�_�&� U�&-
`?7���, B&>&��� C&d=�>?�_�& '&��& B8�=A=`=�&8>_ BB «�	�N � #!"�����H �N&�-
����H». �&�C>�> NM (not measured) �B^�8?>, �>& 8 7?�C>8=>?�_�&C>= 8 �CC'>�=8?-
'&� C?�== =^'?�?�=� &>7?�_�: U�&`?7�� =^'?�?�=: �? =CU&�_^&8�C_ (88?7?�=? p>&X& 
A&�'�_�&X& �?^��_>> �?&df&7='&, U&'='& U�&�?X&, 7�: C&f��?�=: 78�'?��&X& f-
�B>?� &d&d����&� >d�=`� «&d?B>�-C8&�C>8»). 
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�=C��&B 1 – 4>��B>�� &d&d�?��&� >d�=`� «&d?B>�-C8&�C>8» � &C�&8? 78�'?��&� '>�=`� 

(>?'��? :�?�B= '>�=`� C&&>8?>C>8��> �?^��_>>' =^'?�?�=: X, None = Failure,  C8?>��? – �?^��_>>� NM) 

1.3 ���������� ������%�%� &��
	���%� ��������	 � 
�	�	'	 �%� ������	'��$ 	�������
	"�� 

R&7?�_ (2) U&^8&�:?> 8��=C�:>_ «':XB=?», '�&X&^����? &`?�B= =C>=��&C>= W44 & 
���. 

�U�='?�, p>& 8��=C�?�=? '&��& &C��?C>8=>_ � &C�&8? �?��>B&� �&X=B=. �7�B& � 
C?X&7�: d&�_T?� '&��&C>_� '&7?�=�&8�=: «�?�&8?�?CB&X& U&7f&7» B U&7&d��' &`?�B' 
&d�7�> #�	���!� ���	�, 7�: B&>&��f f&�&T& �^8=> U&�:>=���� = ��=>=�?CB=� UU-
�>, &d&d���=� U&�&�?�=: = B�CC=�?CB&�, = �?�?>B&�, = �^�=���f '�&X&^����f �&X=B 
[20]. 	 �C>�&C>=, 8 �&X=B? B�CC VTF =C>=��&C>_ W44 d�7?> &`?�=8>_C: #�	��& �L���-
��, �% � (�=C��&B 2): 

(3)    ||bij|| = �b+
ij, b�ij�; b+

ij, b-
ij 	 [0, 1], 

X7? B&'U&�?�>, =�= CU?B> =C>=��&C>=, b+
ij – L�����, A&�'=��?>C: C8=7?>?�_C>8'= (8��-

���='= �=���� &U�> = ^��=: &�>&�&X, U&C>�U��='= B �?'� &> pBCU?�>&8, �f&7='�-
'= =' 8 �=>?�>��?, U�=&d�?>?'�'= =' 8 CU?`=�_�& U&C>8�?���f pBCU?�='?�>f = >.U.), 
"��#��%���+�&� W44,  B&'U&�?�> (CU?B>) b�ij – �% , - ���
��+�&� W44. ��=7�=? 
d&�_T?� 7?B8>�&C>= ������� [20] C&&>8?>C>8=: I, ^7��&X& '>�=`?� 8?B>&�&8 (3), �?-
�_�&'� U�&`?CC� &C'�C�?�=: ��� '&�?> d�>_ &d:C�?�& >?', �>& >�7=`=&���? B&�C>�-
>� ����
 = 0�8', B&>&��'= &�>&�&X =�>�=>=8�& C>�?'=>C: &`?�=>_ =C>=��&C>_ W44, ^-
�C>�� &U�?7?�:?>C: 7�: �?X& �?^8=C='�' B&'U�?BC&' C8=7?>?�_C>8 >B, �>& 0�8' �? 8�-
8&7=' =^ &>C�>C>8=: (7?A=`=>) ����.,  ����
 – =^ &>C�>C>8=: (�?7&C>�=) 08�. 

M 

G* 

gi 

t(j)2 

A 

mj 

pr(j)2 
t(j)1 

pr(j)1 

se(i)1 
se(i)2 
se(i)3 
se(i)4 
se(i)5 

se(i)k 
se(i)k+1 

se(i)q(i) 

t(j)p(j) 
pr(j)p(j) Pr(j)

Se(i) 
… 

… 

… 
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�>U� U&C>�&?�=: ������� ��&�� �� 	���	��� K – A&�'�_�&X& B&�>?BC> C �?-
C>�&X=' C&&>8?>C>8=?' I - C8&7:>C: B C�?7���?'�. 

 
�=C��&B 2 – �`?�B =C>=��&C>= d^&8&X& C?'�>=�?CB&X& C��7?�=: 8 8?B>&��&� VTF-�&X=B? 

�?�8�' TX&' :8�:?>C: U?�?f&7 &> U?�8=���f 7���f, C>��B>��=�&8���f 8 8=7? '>-
�=`� A, B =f C'�C�&8&� =�>?�U�?>`== 8 8=7? �?C>�&X&X& C&&>8?>C>8=: «C?�== =^'?�?�=� – 
U�&`?7��� =^'?�?�=�» I: 

(4)  1,..., ; 1,...,

1, 0 , ?C�= ;
0, 1 , ?C�= ; 
0.5, 0.5 , ?C�= { , }.

ij

ij iji m j n
ij

a
b a

a
� �

" +� �
# #� � �$ *
# #� 	% )

� X
0 None
� Failure NM

, 

X7? �, 0 = � – =C>=��&C>��? B&�C>�>� VTF-�&X=B= (C'. �=C��&B 2). 
m��> ^��?�=� Failure U&>�?d&8� 88?7?�=: 8 ��=^ =C>=��&C>�&� B&�C>�>� «�%���-

��� [
��	�]» � = �0.5, 0.5�, B&>&�: ='??> ��&X= 8 U�X'>=�?CB= &�=?�>=�&8���f '�&X&-
^����f �&X=Bf (C'., �U�='?�, 7&U&��=>?�_�&? ^��?�=? =C>=��&C>= «	�*�-
�!� ����&�
���!� �� » *��� 8 [21]) = ��#�*������ &> =^8?C>��f 8 VTF-�&X=B? =C>=�-
�&C>��f B&�C>�> «L�����» �, «�% » 0, «O�"�����¯���� » 	 = �0, 0� = «>���#��-
'��» � = �1, 1� (C'. �=C��&B 2). �&����, «�%������» - �=d&�?? 7?B8>�: &`?�B W44 = 8 
C���?, B&X7 �?&df&7='&? =^'?�?�=? �? U�&8&7=�&C_. 

o�?? �?C>�&X&? C&&>8?>C>8=? I >��CA&�'=��?>C: 8 C�?7���?' U&�:7B?. 
8-"��#!M, B�7: &`?�B =C>=��&C>= W44 8 I C&8'?�?>C: C& C>?U?�_� 7&8?�=: B =C-

>&��=B� 7���f, B&>&��? d��= U&�&�?�� 8 &C�&8� p>&� &`?�B=. �CU&�_^�?>C: U�&C>?�T: 
'&7?�_ ��?> C>?U?�= 7&8?�=: B =^'?�=>?�_��' U�&`?7��' 8 8=7? CB�:���f '?� t(j) 	 [0, 1] 
= p�?'?�>��: A&�'�� U?�?C�?> 8?B>&� =C>=��&C>= W44 bij: ||bij|| :� tj 1||bij|| (AB>=�?CB= 
p>& C&&>8?>C>8�?> U�='?�?�=� 7�: '&7?�=�&8�=: 7=AA?�?�`=`== 7&8?�=: &�>&�&X B =C-
>&��=B' =�A&�'`== 8?B>&� =C>=��&C>= VTF-�&X=B= (tj

+, tj
�), X7? tj

+ = tj
� = tj, = &d?7=�?�=� 

C8=7?>?�_C>8 &d =C>=��&C>= B�7&X& W44 = ��&8�: 7&8?�=: B =C>&��=B� p>&X& W44 U& Cf?'? 
>B �^�8?'&X& «00-	&"N�
���� �#&�+���H» � &C�&8? B&'U&^=`=&��&X& �'�&�?�=: 
C&X�C�& t-�&�'? x 2 y = xy [20]). 

8-#��!M, C&X�C�& U&���?��&'� C&&>8?>C>8=� I &U�?7?�:�>C: &`?�B= =C>=��&C>= W44 
U& �?^��_>>' 8C?f C?�=� =^'?�?�=�, 8�U&��?���f ��H ���� � #NH�� )��	�� B�7&� 
=^'?�=>?�_�&� U�&`?7��&�. �&X7 7�: &d?B> gi 	 G* U�&=^8?7?� �=T_ &7� C?�=: =^'?�?-
�=�, >.?. |Se(i)| = 1, >& >�?d�?': &`?�B 7?-AB>& ��? ='??>C:. ���? &`?�B= =C>=��&C>= 8& 
8C?f C>�&Bf C&&>8?>C>8=: I, C&&>8?>C>8���=f p�?'?�>' C?�== Se(i), 7&���� d�>_ �#&�+�-

0 = �0, 1� 

b�ij 

	 = �0, 0� 

� = �1, 1� 

� = �1, 0� 
b+

||bij|| 

b+
ij

b�

- #�	�� ��������� ||bij|| = �b+
ij, b �ij�, b+

ij, b �ij 	 [0, 1] d^&8&X& C?'�>=�?CB&X& C��7?�=: bij; 
- =C>=��&C>��? B&�C>�>� VTF-�&X=B=: 

	 - «�?&U�?7?����&C>_», 0 -  «V&�_», � - «�C>=�», � - «��&>=8&�?�=?»; 
� = �0.5, 0.5�  - «��=7�=? [&`?�B=]» (7&U&��=>?�_�: B&�C>�>) 

� 
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�!. o��X='= C�&8'=, &d�d&>B 7���f '�&X&B�>�&X& =^'?�?�=: C8&�C>8 &d?B> U�=8&-
7=> B �?&df&7='&C>= =�>?X�`== �?^8=C='�f C8=7?>?�_C>8 =C>=��&C>= &>7?�_�&X& W44. 

o�: C&8'?�?�=: =C>=��&C>��f ^��?�=� 8 8?B>&��&� �&X=B? ='??>C: �?CB&�_B& 7&U�-
C>='�f Cf?'. �=d&�?? 7?B8>�&� C'�C�&8&� 7?:>?�_�&C>= &�>&�&X C�?7�?> U�=^�>_ Cf?-
'� «�C=�?�=:-�C�?7�?�=:» - �C>��� C���� >B �^�8?'&X& «11-	&"N�
���� �#&�-
+���H» � &C�&8? B&'U&^=`=&��&X& C�&�?�=: C&X�C�& >�=�X��=�&8��&� s-�&�'? 
x 3 y = min(1, x + y) [20]. 

	��& &>'?>=>_, �>& C&8'?�: &`?�B=, U&���?���? � &C�&8? �d&>� &>7?�_�& 8^:>&� 
=^'?�=>?�_�&� U�&`?7��� U�='?�=>?�_�& B &U�?7?����&'� &d?B>�, C�?7�?> d?^�C�&8�& 
�)���!#��  &`?�B=, B&>&��? d��= U&'?�?�� 8 I � &C�&8? «�?-=^'?�?�=�» NM, >.B. =f 
U&:8�?�=? 8�^8�& =CB���=>?�_�& A&�'�_��'= U&>�?d�&C>:'= C>��B>��=^`== &d&d�?�-
�&� ��4, U&p>&'� =f ���> U�=8?7�> B �?B&��?B>�&'� �?^��_>>� C&8'?�?�=:. �7=�C>8?���' 
=^:>=?' =^ p>&X& U�8=� d�7?> C����, B&X7 �?^��_>> NM d�� «U&���?�» # #��M d?^ =C-
B���?�=: C?�=:f =^'?�?�=� Se(i). 

�B&�?`, #-���� �M, 7�: B�7&X& C8&�C>8 mj 	 M 8 A&�'=��?'&' C&&>8?>C>8== I «C8?�-
>�8?>C:» =�A&�'`=: C>&�d`&8, C&&>8?>C>8���=f B&�X��p�>��' U�&`?7��' Pr(j). � p>� 
=�>?X�=������ &U?�`=� 7�: &�>&�&X ?C>?C>8?��& U�&=^8&7=>_ U& Cf?'? «�C=�?�=:-
�C�?7�?�=:» U�= C&8'?�?�== C8=7?>?�_C>8 8?B>&��&� �&X=B=. 

	 �?^��_>>? U&���?' �?C>�&X=� A&�'�_��� B&�>?BC> (G*, M, I), X7? =>&X&8&? �?C>�&-
X&? C&&>8?>C>8=? I ='??> �^'?��&C>_ r ( s,  ?X& p�?'?�> 8=7 (3) '&��& �CC'>�=8>_ BB 
8?B>&���� U&B^>?�_ U�=�7�?��&C>= C8&�C>8 mj U�=&�= �?=^8?C>�&'� '�&�?C>8� Mi 
C8&�C>8 &d?B> gi. 	 >?�'=�f VTF-�&X=B= Mi ?C>_ �?C>�&X&? U&7'�&�?C>8& ��=8?�C�' M. 

� C?X&7�: �? C��?C>8�?> pAA?B>=8��f '?>&7&8 8�8&7 U&�:>=��&� C>��B>��� ��� 
�?U&C�?7C>8?��& =^ «':XB=f» A&�'�_��f B&�>?BC>&8. �U�='?�, C�&���� 8 >?&�?>=�?CB&' 
= 8��=C�=>?�_�&' U��? '?>&7, =CU&�_^���=� &U?�>&� ^'�B�=: �?��>B&X& '�&�?C>8 
[22], U�?7C>8�:?> �=T_ B7?'=�?CB=� =�>?�?C, U&CB&�_B� X?�?�=��?> X=X�>CB&? B&�=�?-
C>8& �?�?>B=f U&�:>=� 7�? 7�: '�&�^'?���f «�^�?�?���f» �?��>B=f B&�>?BC>&8. �&-
p>&'� �?^��_>>=8��? '?>&7� &C�&8�� � A&�'�_�& 8&^'&��&' �^�&�?�== �&X=�?CB= 
'�&X&^���&X& C&&>8?>C>8=: «&d?B>�-C8&�C>8» U& ?X& ��N��'�!& (C p�?'?�>'= =�`=-
7?�>�&C>=, &U�?7?�����'= 8 d=���&� TB�? �='?�&8�=� {����
, 0�8'}) �� ��-
��'���H& C �C>�&8�?�=?' &�>&�&X&' U&�&X 7&8?�=: B =Cf&7��' 7���' (C'., �U�='?� 
[23, 24]). 

��='?�=>?�_�& B �?C>�&X&'� C&&>8?>C>8=� I ='??' [20]: 

� ]1,0[,
)(,	

��
�� 1� 44

444 II , 

,
C���? &��&'U�&>=8&U&� 8

;?C�=,
,)( )(

,...,1;,...,1
)()(

)
*
+

%
$
" 56�
��

����

�� 0�8'
����
 44444 ijij

ijsjriij
bb

bbI  

X7? �_A-C?�?�=? I(4) - &d���&? d=���&? &>�&T?�=? «&d?B>�-C8&�C>8» 8?B>&��&X& ��&8�: 
4 = �4+, 4 ��. 

� U�B>=B? U�= ^7�== &�>&�&X&' U&�&X 7&8?�=: 4 B =Cf&7��' 7���' C?�?�=? I(4) 
=CU&�_^��> 8 B�?C>8? "��)��%���H, >B �^�8?'&� «4-�""�	��&�
��» =Cf&7�&X& «':XB&-
X&» C&&>8?>C>8=: I. �>?' B U&���?��&� UU�&BC='`== U�='?�:�>C: (C �^�=���'= 7&U&�-
�?�=:'=) U�&d=�&8���? '?>&7� 8�8&7 U&�:>=�. 

�?' �? '?�??, = p>&> U&7f&7 8 &d�?' C���? &B^�8?>C: ��	���	��!&. �U�='?�, �&C> 
B&�B�?>�&X& '���=�� 8 &7�&^���&' A&�'�_�&' B&�>?BC>?, U&���?��&' U�>�' �_A-
C?�?�=:, '&�?> d�>_ &`?��� = BB �=^B=�, = BB 8�C&B=�, U&CB&�_B� U�=�' 4-UU�&BC='`== 
�? ��=>�8?> ^8=C='&C>= '?�7� =^'?�:?'�'= C8&�C>8'=. 
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2 ���������4 6�_�6�������4 6���6�� 
2.1 (	����
���� 
�)�* ���$���	
� 

o?�C>8=>?�_�&, C>�7�>�: U�&`?7�� �_A-C?�?�=: �? ��=>�8?> BB=? d� >& �= d��& 
C8:^= '?�7� p�?'?�>'= '�&�?C>8-�&C=>?�?� �?C>�&X&X& &>�&T?�=: «&d?B>�-C8&�C>8». 

�&CB&�_B� &d &d?B>f ��� C&X�C�& &d�?� U�7=X'? ��=^ 7���f �' �=�?X& �?-
=^8?C>�& (B�&'? U�?7U&�&�?�=: & 8&^'&��&C>= 8�7?�=>_ &d?B> 8 ��� = &C��?C>8=>_ =^'?-
�?�=: ?X& C8&�C>8), >& �CC'>�=8?': «C�?U&>» U�&`?7��� �_A-C?�?�=: =�7=AA?�?�>� 
U& &>�&T?�=� B &d����?� 8�d&�B? &d?B>&8. 

���? 7?�& &dC>&=> C '�&�?C>8&' =^'?�:?'�f C8&�C>8. �7�&^���: UU�&BC='`=: �?-
C>�&X&X& C&&>8?>C>8=: «&d?B>�-C8&�C>8» CU&C&d� «&d��=>_» U�&>=8&�?�=: '?�7� W44, 
B&>&��? U�&:8�:�>C: 7�: &�>&�&X BB �"���� ���"*���&!� �'�����H �#���# )��	-
�#. 	 &d�?' C���? p>= U�&>=8&�?�=: �? '&X�> d�>_ &d����?�� 8 A&�'�_�&' B&�>?BC>? 
C ':XB='= &`?�B'= =C>=��&C>= W44. 

	 B&�`?U>��_�&' U��? =C>&��=B&' U�&d�?'� :8�:?>C: U�=C��: �
o B&X�=>=8�: 
C=''?>�=: «&d?B>&8» = «C8&�C>8». a&�'�_�& «&d?B>�» �?^8=C='� &> &�>&�&X, &U=C�-
8��?X& ���. �U�&>=8 «C8&�C>8» - �?^��_>> U�&7�`=�&8�=: &�>&�&X&' X=U&>?^ & ��� 
� &C�&8? 7&C>=X��>&X& =' ��?? '=�&U&�='�=: =�=, >&��?? X&8&�:, ='?��?�C: � �?X& C&-
8&B�U�&C>= �"����!M N�����. ��>&�&X :8�:?>C: «8�7?�_`?'» �C?�� U�&`?7�� =^'?�?-
�=: C8&�C>8, &d�7: 7&C>>&��& U&��&� =�A&�'`=?� &d p>=f =�C>��'?�>f. 	 �C>�&C>=, 
&� '&�?> (= 7&��?�) ^�>_ &d &U�?7?�����f ^8=C='&C>:f '?�7� �?^��_>>'= 8�U&��?�=: 
�^�=���f U�&`?7�� =^'?�?�=: U�='?�=>?�_�& B &7�&'� = >&'� �? &d?B>�, >.?. & N�#���&-
��HM &�%�* �#���#�&� )��	�#. 

�d�=? '&7?�= f�B>?���f >=U&8 C8:^?� '?�7� C8&�C>8'= U�?7�&�?�� 8 [25] 8 A&�'? 
d=����f &>�&T?�=� «�����'���� �*+���##���H» C8&�C>8 (�44). �� C8&�C>8 
mj, mk 	 M, j µ k 7�: ��d&X& &d?B> ��� (=, C�?7&8>?�_�&, 7�: 
gi 	 G*) '&�?> &d�7>_: 
� )*��#������ �, ?C�=, &d�7: C8&�C>8&' mj, &d?B> gi �?U�?�&��& &d�7?> C8&�C>8&' 

mk (f&>: &d�>�&? '&�?> d�>_ �?8?��&), >.?. �(mj, mk) 7 
gi 	 G*: mj 	 {gi}' � mk 	 {gi}', 
X7? {gi}' – '�&�?C>8& C8&�C>8 &d?B> gi (C'. U&7�^7?� 1.1); 

� ���#&����&�� �, ?C�=, &d�7: C8&�C>8&' mj, &d?B> gi ^8?7&'& �? &d�7?> C8&�-
C>8&' mk, = �&d&�&>, >.?. E(mj, mk) 7 
gi 	 G*: mj 	 {gi}' � mk 8 {gi}'. 
��= >B=f ^8=C='&C>:f &d?B> &d����?� 8�d&�B= '&�?> &d�7>_ �=T_ ��&�� �!& 

"�&�%���#& '�&�?C>8 =^'?�:?'�f C8&�C>8 [16, 25]. �&7'�&�?C>8& =^'?�:?'�f 
C8&�C>8 Z � M �&�'�_�& >&X7 = >&�_B& >&X7, B&X7 &�& ^'B��>& = C&8'?C>='&: Z ^'B��-
>&, ?C�= &�& C&7?��=> 8C? C8&�C>8, &d�C�&8�?���? ��d�' p�?'?�>&' Z, >.?. 
mj 	 Z 
(9mk 	 M: �(mj, mk) � mk 	 Z); Z C&8'?C>='&, ?C�= ��d�? 78 p�?'?�> Z �? C8:^�� &>�&-
T?�=?' �?C&8'?C>='&C>=, >.?. 
mj 	 Z (9mk 	 M: ±(mj, mk) � mk 8 Z). 

48&�C>8 C=''?>�== d=����f &>�&T?�=� E = � 8U&��? &�?8=7�� BB = >&, �>& U� 
�?C&8'?C>='�f C8&�C>8 �? '&�?> U�=�7�?�>_ '�&�?C>8� U� C8&�C>8 C &d�C�&8�?��&C>_�. 
W&�?? 8���' 8 '&7?�_�&' = '?>&7=�?CB&' &d?CU?�?�== �
o &B^�8?>C: �C�&8�: ����-
N���#���  ���#&����&��� ������� � )*��#������� C8&�C>8 (�=C��&B 3): 


mj, mk, ml 	 M, j µ k, j µ l, k µ l: �(mj, mk) & E(mk, ml) � E(mj, ml). 

2.2 +������ �%�	��'���$ �*!������	��� ���$��� 
�B ��? &>'?��&C_, 8 &d�?' U��? =C>&��=B&' �44 :8�:�>C: U�=&���? ^��=: C�d-

?B> &�>&�&X=�?CB&X& ��=^, �?�?8�>��? =CC�?7�?'&� ���. ��?8=7�&, �>& =CC�?7&8�=? 
>B&X& «=C>&��=B» &X��=�?�=� 8?C_' U�&d�?'>=��&. 
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�=C��&B 3 – ��='?�� &>�&T?�=� �?C&8'?C>='&C>= = &d�C�&8�?��&C>= =^'?�:?'�f C8&�C>8: 
     - C8&�C>8&;       - �?C&8'?C>='&C>_;        - &d�C�&8�?��&C>_ 

�7�B& 8 �CC'>�=8?'&' '?>&7=�?CB&' B&'U�?BC? ��=^ 7���f �U&'=��C_ A��-
7'?�>�_�: B&X�=>=8�: U�&`?7�� - B&�`?U>��_�&? TB�=�&8�=?, - X7? &�>&�&X AB>=-
�?CB= 88&7=> B�?C>8?��& �&8�� =�A&�'`=� & ���, U�:'& A&�'=������ �44. 

�B, >d�=` 1 :8�:?>C: U�='?�&' �&���� �� (	��!, =�= TB�� �='?�&8�=� [9], 
�C>�8�=8��?� C>�&X& 7=^��B>=8�& U&B��>=? =Cf&7�&X& 7&'?� ^��?�=� TB�=��?'&X& 
C8&�C>8 «�&C> '���=��, C'»; &d�^`&' d&�?? >&�B&X& U&7f&7 ^7?C_ '&X�& d� d�>_ =CU&�_-
^&8�=? �?��>B&� TB�� �='?�&8�=�. 	 ��d&' 8�=�>? :C�&, �>& 88&7='�' �&'=��_�&� 
TB�&� C8&�C>8' &d?B>&8 ��� U�=C�� "����H ���#&����&��  E. 	 p>&' C'�C�? �?-
^��_>> �&'=��_�&X& TB�=�&8�=: C&X�C�& >d�=`? 1 =���C>�=��?> �=C��&B 3d. 

�AA?B>� U�='?�?�=: 7��X=f >=U&8 TB� '&��& U&B^>_ � U�='?�f =^ [26], �^�'??>-
C:, �? =C�?�U�8��=f CU&C&d� 8���?�=: =CC�?7&8>?�?' C8&?X& C�d?B>=8�&X& 8&CU�=:-
>=: ���. 

>�H�	#*� (	��* `?�?C&&d�^�& =CU&�_^&8>_ 7�: C&f��?�=: �U&�:7&�?��&C>= ^��?-
�=� 8 7&'?�? ^��?�=� =^'?�:?'&X& C8&�C>8. 

o&'?� C8&�C>8 «R>?�=�_�&? U&�&�?�=? (R�)» '&�?> d�>_ &U=C� C�?7���='= 8��-
�?�=:'= (&> >:�?�&X& 7& d�X&U&����&X&) [26]: 
1) 7?�?X �? f8>?> 7�? � U=>�=?; 
2) � U=>�=? 7?�?X f8>?>, �& �? f8>?> � U&B�UB� &7?�7� = &d�8=; 
3) � &7?�7� = &d�8_ 7?�?X f8>?>, �& U�=&d�?>?�=? d�>&8&� >?f�=B= U&^8&�=>_ �? '&�?'; 
4) 7?�?X 8U&��? f8>?> � U�=&d�?>?�=? d�>&8&� >?f�=B=, �& �? '&�?' B�U=>_ �&8�� 8>&-

'&d=�_; 
5) 7?�?X f8>?> � 8C�, B�&'? >B=f 7&�&X=f U�=&d�?>?�=� BB B8�>=�, 7&'; 
6) '>?�=�_��f ^>��7�?�=� �? =CU�>�8?', U�= �?&df&7='&C>= '&X�= d� U�=&d�?C>= B8�-

>=��, 7&'. 
o�: &�>&�&X ?C>?C>8?��&� TB�&� 7�: >B&X& C8&�C>8 d�7?> >d�=` 2, B&>&�: �C>-

�8�=8?> '?�7� 8�&8_ 88?7����'= C8&�C>8'= d=���&? &>�&T?�=? &d�C�&8�?��&C>= �: 
i < k 7 �(R�k, R�i) – C'. �=C��&B 38. 

�d�=` 2 - �B� '>?�=�_�&X& U&�&�?�=: 

5 R�1 R�2 R�3 R�4 R�5 R�6 
1 (      
2 ( (     
3 ( ( (    
4 ( ( ( (   
5 ( ( ( ( (  
6 ( ( ( ( ( ( 

 

j 

k 

l �=^B=� 	�C&B=�

4�?7�=� 

W1 

W2 W3 

W4 

) d) 8) X) 

R�1 

R�2 
R�3 

R�4 

R�5 
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	 �C>&:�?? 8�?': 8?C_' U&U��:��� TB�� C �^7?�?�=?' = U&�:7B&', &U=C���? 
8 [26] � U�='?�? ^B��>&X& 8&U�&C «��8C>8�?>? �= 	� C?d: 8 d?^&UC�&C>=? (W)» C 8�=�-
>'= &>8?>: 
1) d?^�C�&8�& 7; 
2) CB&�?? 7; 
3) CB&�?? �?>; 
4) d?^�C�&8�& �?>. 

4�d?B>=8�&? U&�='�=? ^��?�=� p>&X& 7&'?� ^��?�=� '&�?> d�>_ 8���?�& �#*"-
�H�	#� (	���, 7&C>8�:?'&� >d�=`?� 3. 

�d�=` 3 - �B� d?^&UC�&C>= 

 W1 W2 W3 W4 
1 ( (   
2  (   
3   (  
4   ( ( 

 
	 p>&' U�='?�? &�>&�&X C�d?B>=8�& �CT=�:?> ='?��=?C: 7���? & ���, 88&7: C�?-

7���=? d=����? &>�&T?�=: '?�7� 8�&8_ 88&7='�'= C8&�C>8'= (�=C��&B 3X): 
� E = {(W1, W3), (W1, W4), (W2, W3), (W2, W4)}; 
� C = {(W1, W2), (W4, W3)}. 

2.3 ,�*�*������	� 
���� �%�	��'���$ �*!������	��� ���$��� 
�^�=���? ^7�= &�>&�&X=�?CB&X& =��=�=�=�X U&d��7�> �CC'>�=8>_ f�B>?���? 

X��UU� ^8=C='�f C8&�C>8. 
�U�='?�, 8 [25] U�= U&C>�&?�== &�>&�&X=� �=T_ � &C�&8? ^��=: C8&�C>8 &d?B>&8 

��� = ^8=C='&C>?� '?�7� C8&�C>8'= &>U�8��' U��B>&' ��=^ :8�:�>C: 8^='&&d�-
C�&8�?���? U�� C8&�C>8. 	 [16] U�= �CT=�?�== C��?C>8���=f &�>&�&X=� 8 `?�>�? 8�=-
'�=: &B^�8�>C: �&�'�_��? U&7'�&�?C>8 ��=>�8?'�f C8&�C>8 &d?B>&8. 

	 [27] =CC�?7&8�C_ U�&d�?' 8�8&7 A&�'�_��f U&�:>=� =^ U�&>=8&�?�=8�f 7���f 
C ���>&' ^8=C='&C>= '?�7� C8&�C>8'=, 8&^�=B��?� 8 �?^��_>>? =f �&'=��_�&X& TB-
�=�&8�=:. �B ��? &>'?��&C_, p>&> �=d&�?? �CU�&C>��?���� B&X�=>=8��� U�=�' U&-
�&�7?> 8& '�&�?C>8? =^'?�:?'�f C8&�C>8 &d?B>&8 X��UU� C8&�C>8 C U��&� �?C&8'?C>=-
'&C>_�. �^&8?' >B=? X��UU� C8&�C>8 �"�H%¯��!&� (�44). aB>=�?CB=, B�7: >B: 
X��UU 8 `?�&' U�?7C>8�:?> �?B&>&�&? "���#���#, 7&'?� ^��?�=� B&>&�&X& 7=^��B-
>=8�& �C�?U��� 8 �?^��_>>? TB�=�&8�=:. 

��7: �44 U�?7&U�?7?�:?> &7�� =^ 78�f 8&^'&��&C>?�: �=d& 8C? =^'?�:?'�? C8&�C>8, 
8f&7:�=? 8 X��UU�, � &d?B> &d����?� 8�d&�B= 7&���� &>C�>C>8&8>_, �=d& &d?B> &d�-
���?� 8�d&�B= 7&��?� &d�7>_ BB='-�=d& &7�=' = >&�_B& &7�=' C8&�C>8&' =^ 7��&� 
X��UU�. 

mC�&8='C:, �>& 8C:B&? =^'?�:?'&? C8&�C>8&, �? 8f&7:�?? �= 8 &7�� =^ �44, U&�='?>C: 
BB «�?�C�?U�?��&?» U�&>&C8&�C>8&, =�= ���'��H �44 (�7�44 8 U�&>=8&U&�&��&C>_ 
&�%���#���!& �44 - R��44). �>C�7 ?C>?C>8?��& U�=�:>_, �>& �44 ^7�>C: � '�&�?-
C>8? U�&>&C8&�C>8. �?' C'�' A&�'=��?>C: �#*M*�#��#�H &���  �44, B&>&���, BB d�7?> 
U&:C�?�& 8 C�?7���?' �^7?�?, `?�?C&&d�^�& =CU&�_^&8>_ 8 �
o. 

mB��U����& p> '&7?�_ &U�?7?�:?>C: B&�>?�?' 
(MP, EP, CP), 

X7?: 
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� MP - '�&�?C>8& B>��_��f 7�: &�>&�&X U�&>&C8&�C>8 &d?B>&8 ���, 1 � |MP| � 'M', 
MP = MP1 : MP2, MP1 ; MP2 =  ; MP1 – U&7'�&�?C>8& �?�C�?U�����f U�&>&C8&�C>8, >.?. 
'�&�?C>8& �7�44; MP2 – U&7'�&�?C>8& �C�?U�?���f U�&>&C8&�C>8, >.?. '�&�?C>8& 
R��44: MP2 = {

21 PMGrGr ,..., }, - U�=�?' 8 B�7&� R��44 Gri C&C>8�:��=? ?? =^'?�:?-

'�? C8&�C>8 �?C&8'?C>='�, >.?. (
mj, mk 	 Gri, j µ k) � E(mj, mk) = ����
; 
� EP – U�� �?C&8'?C>='�f U�&>&C8&�C>8, EP � MP ( MP, |EP| � 2

PMC  (�=C�& C&�?>�=�); 

� CP – U�� &d�C�&8�?���f U�&>&C8&�C>8, CP � MP ( MP, |CP| � 2
PMA  (�=C�& �^'?�?�=�). 

3 -�!��������4 �77��6���!�4 ��6���� :��������� ������6�� 
�>B, C `?�_� U�='?�?�=: pAA?B>=8��f '?>&7&8 8�8&7 U&�:>=��&� C>��B>��� ��� =^ 

�?C>�&X&X& A&�'�_�&X& B&�>?BC>  �?&df&7='& &d?CU?�=>_ ?X& B&��?B>��� 
4-UU�&BC='`=� U�= ��=�== �44. 

a&�'�_�& p>� ^7�� '&��& C8?C>= B U&C>�&?�=� &7�&'?C>�&X& U�?7=B> «:� ��-
��'���� 	���	��» C 8?B>&���' �X�'?�>&' 4 = �4+, 4 ��, 4+, 4 � 	 [0, 1], X7? �C�&8=? U&7-
>8?��7?�=: =C>=��&C>= B�7&X& p'U=�=�?CB&X& W44 bij 

||bij|| � 4+ 6 ||bij|| 54 � , 
(=�=, �U�&>=8, �?&df&7='&� �&��&C>= p>&X& W44) 7&���& d�>_ C&8'?�?�& C 8�U&��?�=?' 
8C?f B>��_��f �44. � 7�?? ��>= &d�C>_ (8&^'&��&, &� &B�?>C: U�C>&�) C��?C>8&8-
�=: U&�&X&8 7&8?�=: 4, 7&C>8�:��=f >B&'� U�?7=B>� ^��?�=? ����
. 

�^�'??>C:, 8 &d�?' C���? U&C>�&=>_ >B&� U�?7=B> = 8�:8=>_ �B^���� &d�C>_ 
8?C_' �?U�&C>&; U�='?� U&C>�&?�=: >B&X& U�?7=B> 7�: C���:, B&X7 �44 8�^8�� �&-
'=��_��' TB�=�&8�=?' �?B&>&�&� �C>= =^'?�:?'�f C8&�C>8, '&��& ��>= 8 [27]. �7-
�B&, 7�? 7&U�CB: 8&^'&��&C>_ >B&X& �?T?�=:, C8:^>_ &�>&�&X �?&df&7='&C>_� 8�d=-
�>_ U&�&X >&�_B& �N �����'���� )����� 8?C_' ��"��	��'�. �U�='?�, U�= >B&' U&7-
f&7? 7�: &�>&�&X 8 &d�?' C���? �? d�7�> 8�U&��:>_C: =�>�=>=8��? &�=7�=: � C':X�?-
�=? = ��?C>&�?�=? U&�&X 7&8?�=: B =Cf&7��' 7���'. 

	^'?� U�?7�X?>C: C�?7���: �#�����	�: &�>&�&X C8&d&7?� 8 8�d&�? U&�&X,  C&&>-
8?>C>8���?? U&�&X� = 8 &d�?' C���? �?7&U�C>='&? '�&�?C>8& C8&�C>8 � B�7&X& &d?B> 
&d����?� 8�d&�B= U&C�?7&8>?�_�& �	��+����H ^ C��> �&B�_�&X& ��?C>&�?�=: U&�&X 
7&8?�=: 7�: &>C?�?�=: � B�7&' TX? C8&�C>8, ���T��?X& &X��=�?�=: C��?C>8&8�=:. 
�C�&8��' B�=>?�=?' 8�d&� C8&�C>8 7�: &>C?�?�=: C���=> &���&�� �� *%���'���� "-
��� 7&8?�=: B 7���', �C>�&8�?��&X& &�>&�&X&'. 

��?7�X?'�� p8�=C>=�?CB=� '?>&7 U&���?�=: B&��?B>�&� d=���&� UU�&BC='`== �?-
C>�&X&X& A&�'�_�&X& B&�>?BC> ��N*� ����#��. 

o?�C>8=>?�_�&, '?>&7 �?�=^�?>C: 7�: B�7&X& &d?B> &d����?� 8�d&�B= C?U�-
d?�_�&, = � �?B&>&�&' TX? 8&^�=B�?> &7�& =^ C�?7���=f �C�&8=�: 
� �=d& '�&�?C>8& C8&�C>8 &d?B> C>�?> �7&8�?>8&�:>_ &X��=�?�=:' C��?C>8&8�=: (^-

'?>=', �>& U�C>&? '�&�?C>8& C8&�C>8 =' �7&8�?>8&�:?>, U�87 >&X7 &d?B> C >B=' 
«�d&�&'» C8&�C>8 U�=f&7=>C: B8�=A=`=�&8>_ BB �?&U&^�����); 

� �=d& d�7?> B&�C>>=�&8�&, �>& 8 =Cf&7��f «':XB=f» &`?�Bf =C>=��&C>= W44 ='??>C: 
��*������&� "���#��'��: &>�&C=>?�_�& &d?B> ='?�>C: =^���_�& =C>=���? 8 
B�CC=�?CB&� �&X=B? W44, ���T��=? U�=&���? �44. 
	�U&��:>_ U�?7�X?'�� '?>&7 `?�?C&&d�^�& BB �#*M���"�*� U�&`?7���, �B��U����& 

U�?7C>8�?���� � �=C��B? 4. 
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�=C��&B 4 – 4f?' U&C>�&?�=: �`=&��_�&� 4-UU�&BC='`== �?C>�&X&X& A&�'�_�&X& B&�>?BC> 
(� - '�&�?C>8& �?�_�& =CU&�_^&8���f U&�&X&8 7&8?�=:  

7�: UU�&BC='`== �^�=���f A�X'?�>&8 B&�>?BC>) 

4��� U�?7�X?'�' CU&C&d&' &d�d>�8�>C: 8C? R��44 C U�=�`=U=�_��' �C�&-
8=?' C&f��?�=: � B�7&X& &d?B> &d����?� 8�d&�B= �? d&�?? &7�&X& C8&�C>8 =^ B�7&� 
X��UU� (C&&>8?>C>8���=� d�&B 8�7?�?� � �=C��B? 4 >�'�&� ^�=8B&�). �>?' �?^��_>>� 
U?�8&� C>7== &d�d>�8�>C: >?' �? CU&C&d&' C&8'?C>�& C =Cf&7��'= 7���'= & 
«�?�C�?U�����f» U�&>&C8&�C>8f (� �=C��B? 4 p>&> A�X'?�> Cf?'� �^'?��� � >�'�&' 
A&�?). 

�C�&8�=?' 7�: >B&� &�X�=^`== U�&`?7��� B&��?B`== :8�:�>C: 78 '&'?�>: 

(G*, M, I[�������]); 4

o

�?�?d&� &d?B>&8 &d����?� 8�d&�B= gi 	 G*

4&B��?�=? '�&�?C>8 
U�&>&C8&�C>8-B�7=7>&8 � =CB���?�=? 

(G*, M, I[��N��'��]); �

4>�7�>�: («C�?U:») 4-UU�&BC='`=: 
�?C>�&X&X& A&�'�_�&X& B&�>?BC> 

 ��=�=? U�&>&C8&�C>8 
���T?> �44? 

�?�?d&� p�?'?�>&8 I, U�?7C>8�:��=f
�M������!� � &d?B> gi U�&>&C8&�C>8

�?> 

V&B�_�: B&��?B`=: 4-UU�&BC='`== 
B�7&� R��44 &d?B> gi 

o&d8�?�=? �CC'>�=8?'&X& U�&>&C8&�C>8 
8& '�&�?C>8& B�7=7>&8 � =CB���?�=? 

C «`?�&�» �4j 

�`=&��_��� 8�d&� = =CB���?�=? 
��� U�&>&C8&�C>8-B�7=7> 

� &C�&8? C�8�?�=: 8C?f �4j 

 
R�&�?C>8& 

U�&>&C8&�C>8-B�7=7>&8 
U�C>&? 

�?> 

o
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� 8&-U?�8�f, �U&':��>: 8 U&7�^7?�? 2.1 «>��^=>=8�&C>_ �?C&8'?C>='&C>= &>�&C=>?�_�& 
&d�C�&8�?��&C>=». �&�B�?>�& �?�=^`== U�?7�X?'&X& '?>&7 8 &7=� p>U U�?U:>C>8�-
?> ��=B�_�: C=>�`=:, B&X7 C&X�C�& &X��=�?�=:' C��?C>8&8�=: �?B&>&��? =^ U�&-
>&C8&�C>8 :8�:�>C: )*��#����!&� = 8 >& �? 8�?': «���+�"�¯��!&�». ��7&? >B&? C&-
�?>�=? U&�&�7?> n &�=X=��_��f 8�=�>&8 d=���&X& &>�&T?�=: &d�C�&8�?��&C>= � 
'�&�?C>8? �N&��H�&!M �#���#, X7? n – B&�=�?C>8& =^'?�:?'�f C8&�C>8, � B&>&��? 
«�C�?U�?�&» &d�C�&8�?��&? U�&>&C8&�C>8&. �&p>&'� &7�&p>U�: C>�>?X=: �?�=^`== 
U�?7�&�?��&X& '?>&7 U& �?&df&7='&C>= 7&��� U�?7�C'>�=8>_ B&�C>��=�&8�=? = 
&d�d&>B� U�:'&X& U�&=^8?7?�=: 8C?f 8�=�>&8 &X��=�?�=� C��?C>8&8�=: =^'?�:?-
'�f C8&�C>8 C U&C�?7���=' C&U&C>8�?�=?' U&���?'�f �?^��_>>&8, �>& �?�_^: U�=-
^�>_ �`=&��_��'; 

� 8&-8>&��f, &d&C&d�?��: �&B�_�: B&��?B`=: 4-UU�&BC='`== B�7&� R��44 ='??> 
�?^?�8� ����	��#�� �����N�
�� U�?7�X?'&X& '?>&7 ^ C��> «&7�&�&7�&C>=» �44 – 
&>C�>C>8=? BB=f-�=d& C�&���f Cf?' &X��=�?�=� B�&'? U��&� �?C&8'?C>='&C>= =^'?-
�:?'�f C8&�C>8 (U&7�&d�&C>= '&��& ��>= 8 [28]). 

4 +�6������ :�������� ��������� 7�������� �>��6�� 
�B���=>?�_��' p>U&' �
o :8�:?>C: >��CA&�'`=: �?T�>B= A&�'�_��f U&�:>=�, 

U&���?��&� C U&'&�_� d^&8�f �X&�=>'&8 
a�, 8 A&�'�_��� &�>&�&X=�, U&�='?'�� 
^7?C_ BB >BC&�&'=: B�CC&8 &d?B>&8 ��� C ^7���'= � B�CCf �?>BC&�&'=�?CB='= 
&>�&T?�=:'=. ��= p>&' >BC&�&'=� &U�?7?�:?> &>�&T?�=? &d&d�?�=: � '�&�?C>8? A&�-
'�_��f U&�:>=�, ^A=BC=�&8��&� �?T�>B&�,  8C? �?>BC&�&'=�?CB=? C>��B>����? &>�&-
T?�=: '?�7� U&�:>=:'=-B�CC'= d�7�> &U=C��, BB ��? �U&'=��&C_ 8& 88?7?�==, d�X&-
7�: C8&�C>8'-8�?�>�&C>:' [17]. 

	'?C>? C >?' p>& U�?&d�^&8�=? C>�&8=>C: �?>�=8=�_�&� ^7�?�, ?C�= ��=>�8>_ 
U?�CU?B>=8� X?�?�`== � &C�&8? A&�'�_�&� &�>&�&X== d^ 7���f 7�: f��?�=: 7?�&>-
>=8��f &d?B>��f '&7?�?� ���. 

o?�& 8 >&', �>& ��7?���? A&�'�_��? U&�:>=: 8 ^8=C='&C>= &> C>��B>��� C8&=f &d-
�'&8 ='?�> >�= �^�&8=7�&C>=: 
� U&�:>=: U?�8&X& 8=7 &U=C�8�> &d?B>�, 7?�C>8=>?�_�& C��?C>8���=? 8 ��=^=��?-

'&� ��� (�^�'??>C:, �CB&�_B& ?� U�?7C>8�:?> &d����: 8�d&�B). �>= U&�:>=: 
&U�?7?�:> B�CC� &d?B>&8, B&>&��? ^C���=8�> ='?�&8�=? �*+����!�, =�= �*���-
&����� �!�; 

� U&�:>=: 8>&�&X& 8=7 �=T_ &d&d��> 7��X=? U&�:>=:. 	 U�&X�''=�&8�== >B=? B�C-
C� =^8?C>�� BB #���*�� �!�; 

� >�?>=� 8=7 U&�:>=� f�B>?�=^�?>C: C&8'?�?�=?' �B^���f �?�> U&�:>=� U?�8&X& = 
8>&�&X& 8=7&8. 
��X'>=�?CB=? C&&d��?�=: &d���& >�?d��> &X��=�=>_C: U�= U&C>�&?�== A&�'�_-

�&� &�>&�&X== �=T_ A��7'?�>�_��'= = 8=�>��_��'= B�CC'= &d?B>&8, = 8 `?�&' &U=-
�>_C: � C�?7���=? U�=�`=U� U�?&d�^&8�=: �?T�>B= A&�'�_��f U&�:>=� 8 >BC&�&-
'=� B�CC&8: 
� 8C? U&�:>=: �?T�>B= :8�:�>C: B�7=7>'= 8 A��7'?�>�_��? B�CC� >BC&�&'==; 
� 8 A��7'?�>�_��� B�CC U�?8��?>C: '=�='�_�&? (8 >?�'=�&�&X== �?T�>&B) U&�:-

>=?, C&7?���?? &d?B> 8 C8&?' &d?'?; 
� C8&�C>8& C&f��:?>C: 8 'BC='�_�&' U&�:>==, C&7?���?' p>& C8&�C>8& 8 C8&�' C&7?�-

��==; 
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� �=d&�_T?? U&�:>=? �?T�>B= (?X& U�=^�B – '&��&C>_ &d�' �8� '&��&C>= '�&�?-
C>8 &d?B>&8 &d����?� 8�d&�B=) ^8?7&'& =CB���?>C: =^ >BC&�&'==, ?C�= ?X& C&-
7?���=? U�C>&; 

� �='?�_T?? U&�:>=? �?T�>B= (?X& U�=^�B – '&��&C>_ C&7?���=: �8� '&��&C>= 
'�&�?C>8 C8&�C>8) ^8?7&'& =CB���?>C: =^ >BC&�&'==, ?C�= ?X& &d�' U�C>; 

� ��=^ U&�:>=�-B�7=7>&8 8 A��7'?�>�_��? B�CC� 8?7�>C: U& :��C' d�=��T=f 
�7U&�:>=� («�&7=>?�?�»), ��=�: C �='?�_T?X& U&�:>=:. 
R?>&7, &d�7��=� &U=C���' B�?C>8&' = �?^��_>>=8�&C>_�, U&7�&d�& &U=C� 8 [29]. 

5 +��� 
��?'?�>� U�?7C>8�?��&X& U&7f&7 =CU&�_^&8�=C_ 8 �^�=���f C���:f, C8:^���f C 

�?&df&7='&C>_� C>��B>��=�&8��&X& &U=C�=: ��� 8 ^7�f U&77?��B= U�=�:>=: �?T?-
�=�, 8 �C>�&C>=: 
� U�= U�&?B>=�&8�== `8?>&8&X& &A&�'�?�=: p�?'?�>&8 U&�_^&8>?�_CB&X& =�>?�A?�C =�-

C>��'?�>�_��f U�&X�''��f B&'U�?BC&8 C `?�_� ����T?�=: �7&dC>8 =CU&�_^&8�=:; 
� U�= U�&?B>=�&8�== d^=����=fC: � &�>&�&X=:f C�d?B>=8�&-&�=?�>=�&8���f =�-

>?�A?�C&8 B �?�:`=&���' d^' 7���f; 
� U�= 8�7?�?�== `?�?8�f X��UU �C?�?�=: U�= A&�'=�&8�== �?X=&��_��f X&C�7�-

C>8?���f U�&X�'' C&`=�_�&� U&77?��B=; 
� 7�: &U=C�=: >=U&8 8�?T�&C>= X��UU ��7?� � &C�&8? pBCU?�>=^� C&X�C�& Xd=>&CB&-

U== – >?&�== =7?�>=A=B`== 8�?T�&C>= ��7?�, �^�d&>��&� 8 B�='=��=C>=B?; 
� U�= =^��?�== >&8���f ���B&8. 

�>= U�='?�?�=: &d?7=�:� 8U&��? &U�?7?����& 8���?���� f�B>?� =Cf&7��f 7�-
��f. R�?�=? & C8&�C>8f &d?B>&8 C>&�_ �^��f ��� 8����= X��UU� pBCU?�>&8, U&�_^&-
8>?�?�, X��7�, = C&&>8?>C>8���=? 7���? BB 7&U&��:�= 7��X 7��X, >B = �?�?7B& U�&-
>=8&�?�=�= &7=� 7��X&'�. o���f =^ &7�&X& =C>&��=B '&X�& &B^>_C: ^��=>?�_�& d&�_-
T?, �?' =^ B&�B��=����?X&,  7&8?�=? ^B^�=B =CC�?7&8�=: B �^�=���' =C>&��=B' �-
C>& d��& �? &7=�B&8�'. o�: B&�C&�=7`== >B&� =�A&�'`== = d��= =CU&�_^&8�� '&7?-
�= = '?>&7�, U�?7C>8�?���? 8 C>>_?. 

�B U�8=�&, �U&':��>�? U�='?�� X�&'&^7B=, = ^ �?7B=' =CB���?�=?' (C'., �U�='?�, 
[27, 30]) &C>�>C: 8 '�&7&C>�U��f &>�?>f & ���. �7?C_ 7�: =���C>�`== &X��=�='C: =C-
B�CC>8?���' '&7?�_��' U�='?�&'. 

� �=C��B? 5 U�?7C>8�?� &d&d����: ��4, X7? ='=>=�&8�� 7���? =^'?�?�=� 
C8&�C>8 M = {, d,…, A} � &d?B>&8 ���, =^ B&>&�&� 8 &d������ 8�d&�B� U&U�= &d?B>�, 
�C�&8�& U&='?�&8���? U�&U=C��'= d�B8'=,  ='?��&: G* = {
, W,…, �}. �&8>&�:��=?C: 
='?� &d?B> 8 U?�8&' C>&�d`? ��4 =7?�>=A=`=���> �^�=���? C?�== =^'?�?�=�, 8�U&�-
�?���? 7�: 7��&X& &d?B>,  U&8>&�:��=?C: ='?� =^'?�:?'&X& C8&�C>8 8 U?�8&� C>�&B? 
��4 – B&�X��p�>��? U�&`?7���, =^'?�:��=? p>& C8&�C>8&. 	& 8>&�&� C>�&B? ��4 8 U�&-
`?�>f ^A=BC=�&8� C>?U?�_ 7&8?�=: B U�&`?7��' =^'?�?�=:. �?^U&��?���? :�?�B= �?-
^��_>>&8 �d&>� U�&`?7�� =^'?�?�=: 8 �^�=���f C?�=:f &^���>, �>& 8 C&&>8?>C>8���?� 
C?�== =^'?�?�=? �? U�&=^8&7=�&C_ (C�. C �=C��B&' 1). 

�=C��&B 6 7?'&�C>�=��?> p>� >d�=`� �? >&�_B& C �U&�:7&�?���'= C?�=:'= =^'?�?�=� 
7�: &d?B>&8, �&, U�?�7? 8C?X&, C �>&��?�=?' �?^U&��?���f p�?'?�>&8 C&&>8?>C>8=:: &7�= 
=^ �=f U&���=�= ^��?�=? NM = d�7�> ��=>�8>_C: U�= U&C>�&?�== �?C>�&X&X& A&�'�_�&X& 
B&�>?BC>, C&X�C�& A&�'��? (4), 7��X=? U�= U&C>�&?�== �?C>�&X&X& A&�'�_�&X& B&�>?BC> 
=CU&�_^&8�� �? d�7�> (C'. U&7�^7?� 1.3). 
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�=C��&B 5 – �d&d�?��: >d�=` «&d?B>�-C8&�C>8» 

�=C��&B 7 U&B^�8?> >d�=���� Cf?'� �44, U�=&�= A=BC=��?'�� &�>&�&X&'. �?�8: 
C>�&B Cf?'� C&7?��=> =7?�>=A=B>&�� =^'?�:?'�f C8&�C>8 = «�C�?U�����f» U�&-
>&C8&�C>8. 	 U?�8&' C>&�d`? Cf?'� U?�?�=C�:�>C: =7?�>=A=B>&�� «�#HN	» C8&�C>8, U�?-
A=BC� B&>&��f �B^�8�> 8=7 &>�&T?�=: '?�7� C8&�C>8'=: �7�44; R��44; �44	 - U� 
C&U�:�����f C8&�C>8-8�?�>�&C>?�; �4� – U� C8&�C>8 C &d�C�&8�?��&C>_�; �4� – U� 
C8&�C>8 C �?C&8'?C>='&C>_�. 4&&>8?>C>8=? «C8:^B=-C8&�C>8» U�?7C>8�?�& 8 Cf?'? X&�=-
^&�>�_��'= «�?�>'=» = ^�B'= =�`=7?�>�&C>= «�» = «�». �&C�?7�=� ^�B �B^�8?> 
&d�C�&8�?��&? C8&�C>8& 8 �4� = C8&�C>8&-B&8�?�>�&C>_ 8 �44	 (>.?. Cf?' &X��=�=8?> 
&U=C�=? �?>BC&�&'=�?CB=f C?'�>=�?CB=f C8:^?� '?�7� U&�:>=:'= 8 8�8&7='�f &�>&�&-
X=:f d=����'= C=''?>�=���'= &>�&T?�=:'= [15]). 

�?C>�&X=� A&�'�_��� B&�>?BC>, U&���?���� =^ �CC'>�=8?'&� &d&d����&� ��4 
U�=8?7�� � �=C��B? 8. �X& C>�7�>���, «C�?U��» B �44 4-UU�&BC='`=� U�= U&�&X? 7&-
8?�=: �0,55; 0,5� U�?7C>8�:?> �=C��&B 9, X7? C&f������? p�?'?�>� C&&>8?>C>8=: «&d?B>�-
C8&�C>8» C�?7�?> U&�='>_ BB C8=7?>?�_C>8 &d =C>=��&C>= C&&>8?>C>8���=f W44; =��? 
W44 U&�X�>C: �&���'=. 
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�=C��&B 6 – m>&�����: &d&d�?��: >d�=` «&d?B>�-C8&�C>8» 

 
�=C��&B 7 – �d�=��: Cf?' &X��=�?�=� C��?C>8&8�=: C8&�C>8 
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�=C��&B 8 – �?C>�&X=� A&�'�_��� B&�>?BC> 

 
�=C��&B 9 – 4>�7�>�: 4-UU�&BC='`=: �?C>�&X&X& A&�'�_�&X& B&�>?BC> U�= U&�&X? 7&8?�=: �0,55; 0,5� 

�B�? C�?7�?> =�>?�U�?>=�&8>_ = �=C��&B 10, U&B^�8��=� �?^��_>> B&��?B`== 
C>�7�>�&� 4-UU�&BC='`== C ���>&' U�=�:>�f �44 (>.?. B&��?B>��� &7�&^����� A&�-
'�_��� B&�>?BC>),  �=C��&B 11 U�=8&7=> =CU&�_^&8���? 7�: p>&X& U&�&X= 7&8?�=:, B&>&-
��? &d�C�&8=�= C&f��?�=? �B^���f � �=C��B? 10 p�?'?�>&8 C&&>8?>C>8=: «&d?B>�-
C8&�C>8» (��?? � �=C��B? 4 '�&�?C>8& p>=f U&�&X&8 &d&^��?�& BB �). 

 
�=C��&B 10 – �7�&^���: UU�&BC='`=: �?C>�&X&X& A&�'�_�&X& B&�>?BC> U�= U&�&X? 7&8?�=: �0,55; 0,5� 

C ���>&' &X��=�?�=� C��?C>8&8�=: C8&�C>8 

�=C��&B 12 U�?7C>8�:?> 8C? A&�'�_��? U&�:>=:, 8�8?7?���? =^ U&���?��&X& B&��?B>-
�&X& A&�'�_�&X& B&�>?BC>,  �=C��&B 13 – CU?`=�_�& �^'?�?���� >��^=>=8��� �?7�B-
`== �?T�>B= p>=f A&�'�_��f U&�:>=� (>.�. 7=X�''� �CC? [11-15], X7? C8&�C>8& U&'?�?> 
�#��M* 'BC='�_�&? U&�:>=?, ^B�����?? p>& C8&�C>8& 8 C8&�' C&7?���==,  &d?B> U&-
'?�?> ���N* '=�='�_�&? U&�:>=?, ^B�����?? p>&> &d?B> 8 C8&�' &d�'?). 
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�=C��&B 11 – V&B�_��? U&�&X= 7&8?�=: 7�: p�?'?�>&8 C&&>8?>C>8=: �?C>�&X& A&�'�_�&X& B&�>?BC>, 

&`?�B&� =C>=��&C>= B&>&��f 8 &7�&^���&� UU�&BC='`== :8�:?>C: ����
 

 
�=C��&B 12 – R�&�?C>8& A&�'�_��f U&�:>=� 

 
�=C��&B 13 – o=X�'' �CC? �?T�>B= A&�'�_��f U&�:>=�: 

    - A&�'�_�&? U&�:>=?;       - &d&d�?�=? '?�7� U&�:>=:'=; 8 U�:'&�X&�_�=Bf – =^'?�:?'�? C8&�C>8 = &d-
?B>� &d����?� 8�d&�B=; 1 = 5 – C&&>8?>C>8?��& �='?�_T?? = �=d&�_T?? U&�:>=: �?T�>B= 
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�B&�?`, �=C��&B 14 U�?7C>8�:?> �?^��_>> >��CA&�'`== U&���?��&� �?T�>B= A&�-
'�_��f U&�:>=� 8 A&�'�_��� &�>&�&X=� ��� C&X�C�& U�=�`=U', =^�&�?���' 8 �^7?-
�? 4. � �=C��B? 14 =7?�>=A=B>&�� CA&�'=�&8���f A��7'?�>�_��f B�CC&8 ='?�> 
U�?A=BC «f». a&�'�_�&'� U&�:>=� 12 (C'. �=C��B= 11, 12) B�CC �? C&U&C>8�?�, >.B. &�& �? 
:8�:?>C: �= 'BC='�_��' 7�: BB&X&-�=d& C8&�C>8, �= '=�='�_��' 7�: BB&X&-�=d& U&-
�:>=: 8 U&���?��&� �?T�>B? A&�'�_��f U&�:>=�. ��=8&�=�?���? C8:^���=? C>�?�B= � 
�=C��B? 14 U&B^�8�> �?>BC&�&'=�?CB=? &>�&T?�=: 8�8?7?���f A&�'�_��f U&�:>=�. 
�C>&B = C>&B B�7&� =^ �=f &U�?7?�:?> C&&>8?>C>8���: �44	-C8:^_ 8 Cf?'? �44 (C'. �=-
C��&B 7) = U�=�7�?��&C>_ ?� �X�'?�>&8-C8&�C>8 C&7?���=� &U�?7?�����f A&�'�_��f 
U&�:>=� (C'. �=C��&B 12). 

 
�=C��&B 14 – ��CC� &d?B>&8 = =f C8:^= (A&�'�_�: &�>&�&X=:): 

    - �?>BC&�&'=�?CB=? &>�&T?�=: '?�7� B�CC'= 

&���=����� 
��?7C>8�?���? 8 C>>_? '&7?�= = '?>&7� U&B^�8�> �&8�� p>U �^8=>=: &�>&�&X=�?-

CB&X& ��=^ 7���f - '?>&7=B= 8�:8�?�=: U&�:>=��&� C>��B>��� =, 8 B&�?��&' C��>?, 
A&�'�_�&� &�>&�&X== pBCU?�='?�>�_�& =CC�?7�?'&� ���. �C�&8� '?>&7=B= C&C>8�:?> 
��=^ A&�'�_��f U&�:>=�, 8 B&>&�&' C&f��?�& B�CC=�?CB&? U&�='�=? U&�:>=: BB 
A��7'?�>�_�&X& C'�C�&8&X& p�?'?�>, &U�?7?�:?'&X& &d�'&' = C&7?���=?'. 

	 `?�>�? 8�='�=: 8�U&��?��&X& =CC�?7&8�=: �f&7=>C: U�&d�?' &>��?�=: �?�=� 
�B&U�?�=: p'U=�=�?CB&� =�A&�'`== & ���, &U�?7?�:��=f �?U&��&>� =Cf&7��f 7���f. 
o�: ?� �?T?�=: U&>�?d&8�&C_ &d&d�=>_ C>�7�>��� '&7?�_ U�?7C>8�?�=: &d?B>�&-
U�=^�B&8�f 7���f = U�='?�=>_ 7�: ?� &d�d&>B= '&7?�= = UU�> '�&X&^���&� 8?B>&�-
�&� �&X=B=. 

�&8�T?�=? 7?B8>�&C>= '&7?�?� =Cf&7��f 7���f U&�&7=�& �&8�? ^7�= &�>&�&X=-
�?CB&X& ��=^. �&>�?d&8�&C_ �^�d&>>_ =�>?��?B>��_��� '?>&7 U�?&d�^&8�=: =C-
f&7��f 7���f �&8&X& A&�'> 8 &7�&^����� A&�'�_��� B&�>?BC>, 7�: B&>&�&X& =^8?C>-
�� pAA?B>=8��? �X&�=>'� 8�8&7 A&�'�_��f U&�:>=�. ��= p>&' U&C>�&?�� '&7?�= 7�: 
���> U�=&�= =^8?C>��f ^8=C='&C>?� '?�7� =^'?�:?'�'= C8&�C>8'= &d?B>&8 ���. 

�B&�?`, 8 '?>&7=B� 8B����� �:7 U�X'>=�?CB=f U�=�`=U&8, &U�?7?�=8T=f '?>&7 
>��CA&�'`== �?T?>B= A&�'�_��f U&�:>=�, 8�8&7='&� =^ p'U=�=�?CB=f 7���f, 8 A&�-
'�_��� &�>&�&X=� ���. 	 U&��&' &d�'? U�?7C>8�?���� '?>&7=�?CB=� B&'U�?BC U�?7-
U&�X?>C: 8�?7�=>_ 8 �^�d>�8?'�� 8 ��C>=>�>? U�&d�?' �U�8�?�=: C�&���'= C=C>?-
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''= �
� C=C>?'� C?'�>=�?CB&X& '&7?�=�&8�=: = U�&?B>=�&8�=: � 'CC&8&� U�&-
X�''�&� U�>A&�'?. 

�7�6�� �6�������� 
[1] �CB�CC>8?���� =�>?��?B>. – 	 3-f B�. ��. 2. R&7?�= = '?>&7�: 4U�8&��=B / �&7 �?7. o.
. �&CU?�&8. – 

R.: �7=& = C8:^_, 1990. – 304 C. 
[2] 2�������, (.�. �?^���C� 8 ^7�f =�A&�'`=&��&X& U&=CB / �.	. V�BT?8=�. – R.: �^7-8& R&CB&8-

CB&X& ��=8?�C=>?>, 2011.- 512 C. 
[3] 1��7 ��, '.+. 
�X?d�=�?CB=? C=C>?'�. – R.: ��B, 1970. – 392 C. 
[4] /��
���, /.�. ��>&�&X=�?CB&? '&7?�=�&8�=? 8 C=>�`=&��&' �U�8�?�== // ��>&�&X=: U�&?B>=�&8�=:. 

– 2012. - %2(4). - 4. 16-24. 
[5] *��
�����, 9.'. ��>?��?B>��_��? >?f�&�&X== 8 '?�?7�'?�>?: =�C>��'?�>� = C=C>?'� / �.
. �8�=�&8, 

o.�. R��&'`?8. – 4�d.: �^7-8& «	�CT: TB&� '?�?7�'?�>»; �^7. 7&' 4�d�m, 2008. – 488 C. 
[6] /��
���, '.�. ��>&�&X== 8 C=C>?'f =CB�CC>8?��&X& =�>?��?B>: CU&C&d� U&C>�&?�=: = &�X�=^`== / 


.	. 4'=��&8, R.�. �TB=�, �.�. �=�&8, �.	. V?8T&8 // �&8&C>= =CB�CC>8?��&X& =�>?��?B>. - 2002. - 
%1. - 4. 3-13 (�C>_ 1); %2. - 4. 3-9 (�C>_ 2). 

[7] Suarez-Figueroa, M.S. The NeOn Methodology for Ontology Engineering / M.S. Suarez-Figueroa, A. Gomez-
Perez, M. Fernandez-Lopez // In: Ontology Engineering in a Networked World. - Berlin-Heidelberg: Springer, 
2012. – P. 9-34. 

[8] 2����, 	.'. 
8>&'>=^`=: C=�>?^ C&C>8��f &�>&�&X=�?CB=f U>>?��&8 C&7?���=: // ��>&�&X=: U�&?B-
>=�&8�=:. – 2016. – �. 6, %2(20). - 4. 162-172. 

[9] \���
���, (.*. ��=B�7��? '?>&7� ��=^ 7���f = ^��=� / �.�. �X&���B&. – �&8&C=d=�CB: ��C>=>�> 
'>?'>=B= 4� �
�, 1999. – 270 C. 

[10] ��
�����, '.'. 
��=^ 7���f = U�&`?CC&8 / 
.
. W�C?X:�, R.4. ��U�=:�&8, �.�. �&�&7, R.o. �?CC, 
4.�. ��=^�&8. - 3-? =^7., U?�?�d. = 7&U. – 4�d.: W�	-�?>?�d��X, 2009. – 512 C. 

[11] Ganter, B. Formal Concept Analysis. Mathematical foundations / B. Ganter, R. Wille. - Berlin-Heidelberg: Spring-
er-Verlag, 1999. - 290 p. 

[12] Carpineto, C. Concept Data Analysis: Theory and Applications / C. Carpineto, G. Romano. – Wiley, 2004. 
[13] Ganter, B. Conceptual Exploration / B. Ganter, S. Obiedkov. – Springer, 2016. 
[14] Ignatov, D.I. Introduction to Formal Concept Analysis and Its Applications in Information Retrieval and Related 

Filds / D.I. Ignatov // In: P. Braslavski, N. Karpov, M. Worring, Y. Volkovich, D.I. Ignatov (Eds.): Information Re-
trieval. Revised Selected Papers 8th Russian Summer School, RuSSIR 2014 (Nizhniy Novgorod, Russia, August 
18-22, 2014). – Springer International Publishing, 2015. – P. 42-141. 

[15] Formal Concept Analysis Homepage - http://www.upriss.org.uk/fca/fca.html (7> &d��?�=: 20.08.2016). 
[16] 	
�����, �.'. �CU&�_^&8�=? &>�&T?�=� '?�7� >�=d�>'= 7�: U&C>�&?�=: &�>&�&X== U�?7'?>�&� &d�-

C>= / 	.
. ��&�=�, V.W. �=U=�=� // ��&d�?'� �U�8�?�=:. - 2009. - %1. - 4. 27-32. 
[17] /��
���, /.�. �&C>�&?�=? &�>&�&X=� U�?7'?>��f &d�C>?� C& C>��B>����'= &>�&T?�=:'= � &C�&8? �-

�=^ A&�'�_��f U&�:>=� / 4.	. 4'=��&8 // ���=: – ��>&�&X== – �?&�==: R>?�=�� 	C?�&CC=�CB&� 
B&�A. C '?�7���&7��' ��C>=?' (3-5 &B>:d�: 2011 X., �&8&C=d=�CB, �&CC=:). �. 2. – �&8&C=d=�CB: ��C>=-
>�> '>?'>=B= 4� �
�, 2011. - 4. 103-112. 

[18] /��
���, /.�. ��>&�&X=�?CB=� ��=^ U�?7'?>��f &d�C>?� '&7?�=�&8�=: / 4.	. 4'=��&8 // �^8?C>=: 
4'�CB&X& ����&X& `?�>� �
�. - 2001. - �. 3, % 1. - 4. 62-70. 

[19] Ganter, B. Conceptual scaling / B. Ganter, R. Wille // In: F. Roberts (Ed.): Applications of Combinatorics and 
Graph Theory to the Biological and Social Sciences. - New York Springer-Verlag, 1989. – �. 139-167. 

[20] '
������, 2.�. 	?B>&���? �&X=B=: &C�&8�=:, B&�`?U`==, '&7?�= / V.	. 
�T=�CB=�. - ��B�>CB: ��B�>-
CB=� X&C. ��->, 2007. – 228 C. 

[21] \��
��, *.(. �?B�CC=�?CB=? �&X=B= 8 ^7�f =7?�>=A=B`== / �.�. �8?�?8 // �7?�>=A=B`=: C=C>?' = ^-
7�= �U�8�?�=:: ���7� '?�7���&7�&� B&�A. SICHRO’2000 (26-28 C?�>:d�: 2000 X., R&CB8, �&CC=:). – 
R.: ��m �
�, 2000. - 4. 1607-1616. 

[22] Belohlavek, R. Computing the lattice of all fixpoints of a fuzzy closure operator / R. Belohlavek, B. De Baets, 
B. Outrata, J. Vychodil // IEEE Trans. on Fuzzy systems. - 2010. - Issue 3, Vol. 18. – P. 546-557. 

[23] Tho, Q.T. Automatic Fuzzy Ontology Generation for the Semantic Web / Q.T. Tho, S.C. Hui, A.C.M. Fong, 
T.H. Cao // IEEE Transactions on Knowledge and Data Engineering. - 2006. - Issue 6, Vol. 18. - P. 842–856. 

[24] Yang, K.M. Fuzzy Concept Mining based on Formal Concept Analysis / K.M. Yang, E.H. Kim, S.H. Hwang, 
S.H. Choi // Int. J. of Computers. - 2008. – Issue 3, Vol. 2. – P. 279-290. 



++F��>&�&X=:�U�&?B>=�&8�=:/�>&'�;/�%3(21)@.,<;

�;±;���&��#7�8;:;���&¯�#�7��;8;��&���#

 

[25] Lammari, N. Building and maintaining ontologies: a set of algorithms / N. Lammari , E. Metais // Data & 
Knowledge Engineering. – 2004. - Vol. 48(2). - P. 155-176. 

[26] +������, 4.+. �?T�>B= A&�'�_��f U&�:>=� 7�: ��=^ 7���f C&`=&�&X=�?CB=f &U�&C&8 / 
o.�. �X�>&8, �.�. �&�&��f=� // ��>?X�=�&8���? '&7?�= = ':XB=? 8��=C�?�=: 8 =CB�CC>8?��&' =�>?�-
�?B>?: ���7� V-� R?�7���&7�&� ����&->?f�=�?CB&� B&�A?�?�`== (20-30 ': 2009 X., �&�&'�, �&CC=:). 
� 1. – R.: a=^'>�=>, 2009. – C. 230-240. 

[27] -=� �
��, �.	. R?>&7 �_A-C?�?�=: �?C>�&X=f A&�'�_��f B&�>?BC>&8 8 ��=^? A&�'�_��f U&�:>=� / 
	.�. �A=`?�&8, 	.4. 4'=��&8, 4.	. 4'=��&8 // ��&d�?'� �U�8�?�=: = '&7?�=�&8�=: 8 C�&���f C=C>?-
'f: ���7� XVI '?�7���&7�&� B&�A. (30 =��: - 03 =��: 2014 X., 4'�, �&CC=:). – 4'�: 4'�� �
�, 
2014. - 4. 228-244. 

[28] \�� ��, 6.-. 
�X&�=>'=�?CB&? = U�&X�''�&? &d?CU?�?�=? &�>&�&X=�?CB&X& ��=^ 7���f / �.�. ��d`&8, 
	.
. 4?'?�&8, 4.	. 4'=��&8 // �>B��>�? C?'�>=�?CB=? >?f�&�&X== U�&?B>=�&8�=: =�>?��?B>��_��f 
C=C>?' = Open Semantic Technologies for Intelligent Systems (OSTIS-2016): R>?�=�� VI '?�7���&7�&� 
����&->?f�=�?CB&� B&�A. (18-20 A?8��: 2016 X. R=�CB, W?���C_) / �?7B&�.: 	.	. �&�?�B&8 (&>8. �?7.) [= 
7�.]. – R=�CB: W�m��, 2016. – 4. 83-88. 

[29] Kovartsev, A.N. Intelligent Design of Class Structure Model based on Ontological Data Analysis / A.N. Kovartsev, 
V.S. Smirnov, S.V. Smirnov // ���7� �4� �
�. 2015. �. 27. 	�U�CB 3. – C.73-86. 

[30] �����
����, +.4. �^��?�=? 8>&'&d=�_�&X& ���B � &C�&8? &�>&�&X=� U&>�?d=>?�_CB=f U�?7U&�>?�=� / 
�.o. 	=�&X�7&8, 	.
. 	=>>=f, 	.R. ��U&8, 
.�. R&CB��B, 4.	. 4'=��&8 // 	?C>�=B B&'U_�>?���f = 
=�A&�'`=&���f >?f�&�&X=�. - 2005. - %1. - 4. 2-7. 

________________________________________________________________________________ 

INCOMPLETE DATA ANALYSIS FOR BUILDING FORMAL ONTOLOGIES 

D.E. Samoilov1,2, V.A. Semenova1,2, S.V. Smirnov2 
1 Samara National Research University named after academician S.P. Korolev, Samara, Russia 
dmitrysam3@gmail.com, queenbfjr@gmail.com 
2 Institute for the Control of Complex Systems of Russian Academy of Sciences, Samara, Russia 
smirnov@iccs.ru 

Abstract 
The article considers the problem of automating the formation of ontological specifications subject domains on the basis 
of measurements. This problem is the pivotal issue of ontological analysis. The article presents models and methods, 
aimed at identifying conceptual structure and, ultimately, detecting the formal ontology of the considered subject do-
main. Fundamental realities of accumulation of empirical data (multiple independent measurements for each training 
sample properties of the object; congruence of the measurement procedures; differentiation of trust to different data 
sources) are reflected in the "objects-properties" summary table model. Imperfection (inaccuracy, inconsistency, uncer-
tainty) of this information implies the need to use many-valued logic models for its primary processing. The result of 
this treatment - fuzzy formal context - should be approximated as a unique context, from which the possible conclusion 
of formal concepts in the framework of applied branch of the lattice theory, known as the "formal concept analysis". 
The genesis of the "properties’ limits of existence" that affect the correctness of the approximation of fuzzy formal con-
text is studied. The models and the method of accounting for this additional information are proposed. Guidelines for 
conversion of lattice formal concepts into a formal ontology are formulated. A model example of the developed models 
and ontological data analysis methods is presented. 

Key words: ontological data analysis, formal ontology, formal concept analysis, multi-valued vector logic, properties 
existence constraints. 
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B&�C>�>�, C>?U?��&� A��B`==, U&B^>?�_�&� A��B`==, pBCU&�?�`=�_�&� A��B`==, �&X�=A'=�?-
CB&� A��B`==, A��B`== �>���_��� �&X�=A', >�=X&�&'?>�=�?CB=f A��B`=�, &d�>��f >�=X&�&-
'?>�=�?CB=f A��B`=�. a&�'��� 8C?f U�&=^8&7��f U�?7C>8�?�� 8 &>B��>&� =�>?�8�_�&� A&�'?. 
�&B^�& &>�=�=? U�&=^8&7��f =�>?�8�_��f p�?'?�>���f A��B`=� &> U�&=^8&7��f C&&>8?>C>8�-
��=f �?=�>?�8�_��f p�?'?�>���f A��B`=�. 

#�!���$�������j �����#��, �����#�� ��H �*�	
�H, �����#�� �!� #!'������H, �����#�� ��H "�-
�N#���H, �����#�� �-��������
��� �� ��'�������, �����#�� �!� ���&������!� �*�	
��. 

&���
������j���#��, 8.L. o=AA?�?�`=�_�&? =C�=C�?�=? =�>?�8�_��f p�?'?�>���f A��B`=� 
= U�=�:>=? �?T?�=� / 	.�. V?8=� // ��>&�&X=: U�&?B>=�&8�=:. – 2016. – �.6, %3(21). - 4. 340-354. 
– DOI: 10.18287/2223-9537-2016-6-3-340-354. 

�������� 
��&?B>=�&8�=? = ��=^ C8&�C>8 �^�&&d�^��f C=C>?' >�?d�?> C&&>8?>C>8���?X&, 

7?B8>�&X& �CC'>�=8?'&� ^7�?, '>?'>=�?CB&X& UU�>. 	C>�?���=?C: � U�B>=B? 
C=C>?'� �C>& f�B>?�=^��>C: >&� =�= =�&� C>?U?�_� �?&U�?7?����&C>= (�?7?>?�'=�=�&8-
��). o�: =CC�?7&8�=: = U&C>�&?�=: >B=f C=C>?' &d���& U�='?�:�> CU?`=�=^=�&8���� 
'>?'>=�?CB=� UU�> – >?&�=� 8?�&:>�&C>?�, �?��>B=? '�&�?C>8, =�>?�8�_��� '>?'-
>=B� [1–3]. 

	 �d&>f [4, 5] 8>&�&' d�� U�?7�&�?� �&8�� '>?'>=�?CB=� UU�> 7�: U�&?B>=�&8-
�=: = =CC�?7&8�=: �?7?>?�'=�=�&8���f C=C>?' – �?7?>?�'=�=C>CB&? (=�>?�8�_�&?) 7=A-
A?�?�`=�_�&? =C�=C�?�=?. �>&> UU�> :8�:?>C: ��&X&' B�CC=�?CB&X& 7=AA?�?�`=�_-
�&X& =C�=C�?�=: �_�>&�–V?�d�=` [6]. �� U&^8&�:?> U?�?�&C=>_ &C�&8��? =7?= B�CC=�?-
CB&X& 7=AA?�?�`=�_�&X& =C�=C�?�=: � �?U&��&C>_� &U�?7?�����? A��B`==, ^78?'�? C 
>&��&C>_� 7& =�>?�8�&8 8&^'&���f ^��?�=� U?�?'?���f. �7�B&, �?C'&>�: � Cf&7C>8& 
&C�&8��f =Cf&7��f =7?� 78�f =C�=C�?�=�, U�?7�&�?��&? =�>?�8�_�&? 7=AA?�?�`=�_�&? 
=C�=C�?�=? U& A&�'? �? U&f&�? � B�CC=�?CB&? 7=AA?�?�`=�_�&? =C�=C�?�=? �_�>&�–
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V?�d�=`, �>& :8�:?>C: C�?7C>8=?' �?&U�?7?����&C>= =�>?�8�_��f A��B`=�, &d���& A=X�-
�=����=f 8 =�>?�8�_�&� '>?'>=B?. ��&'? >&X&, U�?7�&�?��&? =�>?�8�_�&? 7=AA?�?�-
`=�_�&? =C�=C�?�=?, U& �T?'� '�?�=�, d&�?? 7?B8>�& U�=�&7��' :8�?�=:' = U�&`?C-
C', �?' B�CC=�?CB&? 7=AA?�?�`=�_�&? =C�=C�?�=? [7]. 

1 +�6������� 9����� 
4&X�C�& B�CC=�?CB&'� 7=AA?�?�`=�_�&'� =C�=C�?�=� [6], �f&�7?�=? U�&=^8&7�&� 

&> ��d&� A��B`== d^=��?>C: �: 1) U�?7C>8�?�== p>&� A��B`== 8 8=7? C&&>8?>C>8���?� 
C�U?�U&^=`== >B �^�8?'�f p�?'?�>���f A��B`=�; 2) U?�?f&7? 8 U&���?��&' U�?7C>8�?-
�== &> A��B`=� B =f U�&=^8&7��', C =CU&�_^&8�=?' 7�: p>&X& &C�&8��f >?&�?' 7=AA?�?�-
`=�_�&X& =C�=C�?�=: (U�&=^8&7�: C�''� A��B`=�, U�&=^8&7�: U�&=^8?7?�=: A��B`=� = 
>.7.); 3) U&7C>�&8B? 8���?�=� U�&=^8&7��f p�?'?�>���f A��B`=�. 

��&`?7��, Cf&7�: C &U=C��&�, '&�?> d�>_ U&�?^� = U�= �f&�7?�== U�&=^8&7��f 
&> =�>?�8�_��f A��B`=�, �CC'>�=8?'�f 8 =�>?�8�_�&' 7=AA?�?�`=�_�&' =C�=C�?-
�==. ��= p>&' �?&df&7='& ��=>�8>_ d&�_T&? &>�=�=? C8&�C>8 = A&�' U�?7C>8�?�=: 
&d����f = =�>?�8�_��f A��B`=� = U�&=^8&7��f &> �=f. �7�'= C>>_= :8�:�>C:: 1) C&-
C>8�?�=? U&��&X& �d&� U�&=^8&7��f &> 8C?f =�>?�8�_��f p�?'?�>���f A��B`=�; 2) 
8�:8�?�=? �^�=�=� U�&=^8&7��f &> =�>?�8�_��f p�?'?�>���f A��B`=� = U�&=^8&7��f 
&> 7?>?�'=�=�&8���f p�?'?�>���f A��B`=�. 

��>?�8�_�&? 7=AA?�?�`=�_�&? =C�=C�?�=? '&�?> d�>_ =CU&�_^&8�& 7�: =CC�?7&8-
�=: U&8?7?�=: �?U&��&C>_� &U�?7?�����f A��B`=�, C����=f f�B>?�=C>=B'=  �?7?>?�-
'=�=�&8���f C=C>?', U�= U�=�:>== �?T?�=� � p>U? U�&?B>=�&8�=: >B=f C=C>?'. �> 
C=>�`=: ��&X=�� =CU&�_^&8�=� B�CC=�?CB&X& 7=AA?�?�`=�_�&X& =C�=C�?�=: U�= =C-
C�?7&8�== U&8?7?�=: A��B`=�, :8�:��=fC: f�B>?�=C>=B'= 7?>?�'=�=�&8���f C=C>?'.  

��= �?T?�== ^7�= d�7?' =CU&�_^&8>_ 8 B�?C>8? 8CU&'&X>?�_��f C8?7?�=� &C�&8-
��? '>?'>=�?CB=? C8?7?�=: =^ �X?d�� =�>?�8�_��f �=C?� [3, 4]. 	 p>&� �X?d�? &U?�=-
���> =�>?�8�_��'= �=C�'= (&U?��7'=), &U?�`=:'= �7 =�>?�8�_��'= �=C�'= = =�-
>?�8�_��'= A��B`=:'= [4, 5, 7]. 

2 *���������6��� �77��� 
W^&8&? 7�: 7��&� C>>_= U&�:>=? =�>?�8�_�&� A��B`== [4, 5, 7] 88&7=>C: BB &7�&-

^���&? &>&d��?�=? '�&�?C>8 }~{x  ^'B��>�f 8?�?C>8?���f =�>?�8�&8 ],[~
21 xxx �  � '�&-

�?C>8& }~{y  ^'B��>�f 8?�?C>8?���f =�>?�8�&8 ],[~
21 yyy �  >&X& �? 8=7. 4='8&�=�?CB= =�-

>?�8�_�: A��B`=: ^U=C�8?>C: 8 8=7? 
(1)� )]~(),~([],[~=�=)~(~

2121 xfxfyyyxfy ��� ,                                             
X7? ],[~

21 xxx�  – =�>?�8�_�: �?^8=C=': U?�?'?��:, ],[~
21 yyy�  – =�>?�8�_�: ^8=C=': U?-

�?'?��:, ],[~
21 fff �  – =�>?�8�_�: A��B`=:, C ?� �=��?� 1f  = 8?�f�?� 2f  X��=���'= A��B-

`=:'=. 	>&�&? d^&8&? U&�:>=?, =CU&�_^�?'&? 7�??, – U&�:>=? U�?7?� =�>?�8�_�&� A��B`==. 
�?^8=C=': =�>?�8�_�: U?�?'?��: ],[~

21 xxx �  =�>?�8�_�&� A��B`== (1) U& &U�?-
7?�?�=� �?&X��=�?��& U�=d�=�?>C: B �?B&>&�&'� =�>?�8�� (U�?7?��) ],[~

21
��� xxx � , ?C�= 8 

U�&`?CC? �B^��&X& =^'?�?�=: 1x  �?&X��=�?��& U�=d�=�?>C: B �
1x ,  2x  B �

2x . 4='8&�=�?-
CB= p>& ^U=C�8?>C: 8 8=7? 

(2)� ),(~~
2211
��� xxxxxx ���� .                                                        
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��&X=��& &U�?7?�:?>C: �?&X��=�?��&? U�=d�=�?�=? ^8=C='&� =�>?�8�_�&� U?�?-
'?��&� ],[~

21 yyy �  =�>?�8�_�&� A��B`== (1) B =�>?�8�� (U�?7?��) ],[~
21
��� yyy � : 

(3)� ),(~~
2211
��� yyyyyy ���� .                                                        

�C�= �?^8=C=': =�>?�8�_�: U?�?'?��: x~  C8&=' �?&X��=�?���' U�=d�=�?�=?' B 
=�>?�8��-U�?7?�� �x~  8�^�8?> �?&X��=�?��&? U�=d�=�?�=? ^8=C='&� =�>?�8�_�&� U?-
�?'?��&� y~ B =�>?�8��-U�?7?�� �y~ , >& X&8&�=', �>& U�?7?� =�>?�8�_�&� A��B`== (1) U�= x~ , 
C>�?':�?'C: B �x~ , �8?� �y~ : 

(4)� ��

��
yxfyy

xxxx

~)~(~lim=�=~~lim
~~~~

��
��

.                                                    

�C�= =�>?�8�_�: A��B`=: f~  (1) �?U�?��8�, >.?. ?� �=��:: 1f  = 8?�f�:: 2f  X��=�-
��? A��B`== ?C>_ �?U�?��8��? A��B`== �=��?� 1x  = 8?�f�?� 2x  X��=` �?^8=C='&� U?-
�?'?��&� ],[~

21 xxx � , >& U�?7?� A��B`== f~  �8?� ?� ^��?�=� 8 U�?7?�_�&� >&�B? �x~  �X�-
'?�> x~ , =�= C='8&�=�?CB= 

(5)� )~(~)~(~lim
~~

�

�
xfxf

xx
�

�
.                                                                

�C�&8�&? U&�:>=? =�>?�8�_�&� U�&=^8&7�&� 88&7=>C: ��&X=��& U&�:>=� &d���&� 
U�&=^8&7�&� A��B`== [6]. �CC'&>�=' U�&=^8&�_��� =�>?�8�_��� A��B`=� f~  8=7 (1). 
W�7?' C�=>>_ ?� �?U�?��8�&�. �A=BC=��?' ^��?�=? �?^8=C='&� U?�?'?��&� ],[~~

21
��� xxxx �� . 

�>&'� ^��?�=�, 8 C=�� �?U�?��8�&C>= A��B`==, C&&>8?>C>8�?> A=BC=�&8��&? ^��?�=? C-
'&� A��B`== )~(~~ �� xfy � . �U�?7?�=' U�=��?�=? �?^8=C='&� = ^8=C='&� U?�?'?���f A��B-
`== &>�&C=>?�_�& p>=f A=BC=�&8���f ^��?�=� 

(6)� )~(~)~(~~~~,~~~ ��� xfxfyyyxxx ��������                                               
= C&C>8=' &>�&T?�=? 8>&�&X& U�=��?�=: B U?�8&'� 

(7)� )~~/())~(~)~(~()~~/()~~(~/~ ���� xxxfxfxxyyxy �������� .                                   
��?7?� &>�&T?�=: (7) U�= �?&X��=�?��&' U�=d�=�?�== �?^8=C='&� U?�?'?��&� x~  B ?� 

A=BC=�&8��&'� U�?7?�_�&'� ^��?�=� �x~ , ?C�= &� C��?C>8�?>, �^�8?>C: =�>?�8�_�&� 
U�&=^8&7�&� A��B`=?� &> =Cf&7�&� =�>?�8�_�&� A��B`== )~(~ xf  (1) 8 >&�B? �x~  = &d&^��-
?>C: �xy~~<  =�= )~(~

~ xfx�
< . �B=' &d�^&', 

(8)� (6)=^~,~X7?,~/~lim)~(~~
~~

~~ yxxyxfy
xx

xx �����<�<
� �

�� .                                         

o&B^�& [4, 5, 7], �>& 7�: C��?C>8&8�=: � �?U�?��8�&� =�>?�8�_�&� A��B`== )~(~~ xfy�  8 
>&�B? �x~  =�>?�8�_�&� U�&=^8&7�&� �?&df&7='& = 7&C>>&��&, �>&d� 8 p>&� >&�B? = �?B&>&-
�&� ?� &B�?C>�&C>= BB �?^8=C=': x~ , >B = ^8=C=': y~ U?�?'?���? d��= C��?C>8?��& 
=�>?�8�_��'= (>.?. �? 8��&�7�=C_ 8 >&�B�). 

�B = 8 C���? &d���&� U�&=^8&7�&�, U&�:>=? =�>?�8�_�&� U�&=^8&7�&� '&��& &d&d-
�=>_ U�>�' U&8>&��&X& 8�U&��?�=: &U?�`== 8^:>=: U�&=^8&7�&�. ��= p>&' =^ =�>?�8�_-
�&� U�&=^8&7�&� 1-X& U&�:7B xy~~<  U&���?>C: =�>?�8�_�: U�&=^8&7�: 2-X& U&�:7B xy~~<< , 
 =^ U&C�?7�?� – =�>?�8�_�: U�&=^8&7�: 3-X& U&�:7B xy~~ <<<  = >.7. 4&X�C�& 88?7����' &U�?7?-
�?�=:' =�>?�8�_�&� U�&=^8&7�&� ��d&X& U&�:7B, 8C? =�>?�8�_��? U�&=^8&7��?, BB = =C-
f&7�: =�>?�8�_�: A��B`=:, U�= ��d&' �=C�?��&' ^��?�== �X�'?�> x~  8 8=7? =�>?�8-
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8;L;���#��

� 8&^'&���f ^��?�=� ],[~
21 xxx �  >B�? U�=�='�> �=C�?���? ^��?�=: 8 8=7? =�>?�8� 

8&^'&���f ^��?�=�. �&p>&'� 8��=C�?�=? =�>?�8�_�&� A��B`== = =�>?�8�_�&� U�&=^8&7-
�&� &> �?� ��d&X& U&�:7B C&C>&=> 8 8��=C�?�== �=��=f = 8?�f�=f X��=���f A��B`=� C&-
&>8?>C>8���=f =�>?�8�_��f A��B`=�. 	��=C�?�=? =�>?�8�_�&� A��B`== f~  8�U&��:?>C: 
C&X�C�& A&�'��? (1), ^7��?� p>� A��B`=� 8 8=7? U�� «�=��:: 1f  = 8?�f�:: 2f  X��=�-
��? A��B`==». 	��=C�?�=? =�>?�8�_�&� U�&=^8&7�&� ��d&X& n -X& U&�:7B )~(~~ )(

~
)(

~ xfy n
x

n
x �  &> 

=�>?�8�_�&� A��B`== )~(~~ xfy �  8�U&��:?>C: C U&'&�_� A&�'��� [7] 
(9)� )]~(~),~(~[)~(~~ )(

~.,2
)(
~,1

)(
~

)(
~ xfxfxfy n

x
n
x

n
x

n
x �� ,                                                    

X7? )(
~,1

~ n
xf  = )(

~,2
~ n

xf  – C&&>8?>C>8?��& �=��:: = 8?�f�:: X��=���? A��B`== =�>?�8�_�&� U�&=^-

8&7�&� )(
~
~ n

xf  n -X& U&�:7B &> =Cf&7�&� =�>?�8�_�&� A��B`== )~(~~ xfy � . �>= X��=���? A��B-
`== 8 A&�'��? (9) 8����>C: 8 8=7? 

(10)� nnn
x

nnn
x xxyyxfxxyyxf )/()(2)~(~,)/()(2)~(~

1212
1)(

~,21212
1)(

~,1 ������� �� ,                     
U�= p>&' 21, xx  – �=��:: = 8?�f�:: X��=`� =�>?�8�_�&� �?^8=C='&� U?�?'?��&� ],[~

21 xxx�  
8 >&�B? 8^:>=: U�&=^8&7�&� &> A��B`== )~(~~ xfy� , 21, yy  – �=��:: = 8?�f�:: X��=`� =�>?�-
8�_�&� ^8=C='&� U?�?'?��&� ],[~

21 yyy�  p>&� A��B`== 8 >&� �? >&�B?. �B C�?7�?> =^ 8��-
�?�=� (9), (10), =�>?�8�_�: U�&=^8&7�: ��d&X& U&�:7B ='??> 8=7 =�>?�8�, C=''?>�=�-
�&X& &>�&C=>?�_�& ���:. �>& U&^8&�:?> ^U=C>_ 8���?�=? =�>?�8�_�&� U�&=^8&7�&� ��-
d&X& n -X& U&�:7B (9), (10) 8 d&�?? U�&C>&� A&�'? 

(11)� )]~(),~([)~(~)~(~ )(
~

)(
~

)(
~

)(
~ xfxfxfxy n

x
n

x
n

x
n

x ��� ,                                            
X7? 

(12)� nnn
x xxyyxf )/()(2)~( 1212

1)(
~ ��� � ,                                               

 ^��?�=: 2121 ,,, yyxx  �CB��>� 8 U&:C�?�=:f B A&�'��? (10). 
a&�'��� (11), (12) U&^8&�:�> �f&7=>_ =�>?�8�_��? U�&=^8&7��? ��d&X& U&�:7B &> 

��d�f =�>?�8�_��f A��B`=�, 8 >&' �=C�? &> p�?'?�>���f =�>?�8�_��f A��B`=�. 

3 +��9������ �� V���������; ����������; :���!�� 

�& &U�?7?�?�=� ��d: p�?'?�>��: =�>?�8�_�: A��B`=: )~(~~ xfy �  8=7 (1) U&���?>C: =^ 
C&&>8?>C>8���?� p�?'?�>��&� 8?�?C>8?��&� A��B`== )(xfy�  U�>�' U�?&d�^&8�=: 8 C&&>-
8?>C>8���=? =�>?�8�_��? A&�'� �?^8=C='&� U?�?'?��&� ],[~

21 xxx � , ^8=C='&� U?�?'?��&� 
],[~

21 yyy �  = =�>?�8�_�&� A��B`== ],[~
21 fff � . �U�?7?�?�=? U�&=^8&7��f &> p�?'?�>���f 

=�>?�8�_��f A��B`=� ����' C U�&C>?�T?� =�>?�8�_�&� A��B`== – =�>?�8�_�&� B&�C>�>�. 
<���)���������
$'�
������
��
 8���?>C: 8 8=7? 
(13)� 212121 ,const,const],,[~~ cccccccy ����� .                                  
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?>C: =�>?�8�_�&� A��B`=?�, �=��:: = 8?�f�:: X��=���? A��B`== B&>&�&� ='?�> 8=7 

(44)� 121222221111 cos),()~(,cos),()~( xxxfxfyxxxfxfy ������ .                     
�&7C>8�:: (44) 8 (11) = (12), U&���=' 8���?�=? U�&=^8&7�&� ��d&X& n -X& U&�:7B &> 

=�>?�8�_�&� >�=X&�&'?>�=�?CB&� A��B`== xy ~cos~ �  8 8=7? 
(45)� )]~(),~([]),[(cos)~(cos~ )()()(

21
)()( xfxfxxxy nnnnn ���� ,                                   

X7? 
nnn xxxxxf )/()cos(cos2)~( 1221

1)( ��� � . 
4&X�C�& (45), 8 =�>?�8�_�&� U�&=^8&7�&� ��d&X& n -X& U&�:7B )()~(cos nx  =Cf&7�: >�=X&-
�&'?>�=�?CB: A��B`=: B&C=��C &C>?>C: B&C=��C&', 8 &>�=�=? &> U�&=^8&7�&� &> 8?�?-
C>8?��&� >�=X&�&'?>�=�?CB&� A��B`== xcos , �8�&� xsin� . ��>?�8�_�: U�&=^8&7�: 
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��������
��#����������#�� �!M����&������!M��*�	
�����"���H������(����

)()~(cos nx  C��?C>8�?> 8& 8C?f >&�Bf ],[~
21 xxx� , X7? 21 xx ! . �� '&�&>&��& �d�8?> C �8?�=-

�?�=?' �^�&C>= 12 xx � . 
������
$'�
�����%��������/��
������)����
�%�� 8���?>C: 8 8=7? 
(46)� ],[tg~tg],[~

2121 xxxyyy ��� ,                                                
X7? ],[~

21 xxx�  – =�>?�8�_�: �?^8=C=': U?�?'?��:, ],[~
21 yyy�  – =�>?�8�_�: ^8=C=': U?-

�?'?��:. 4&X�C�& [4, 5, 7], =�>?�8�_�: A��B`=: x~tg  &U�?7?�:?>C: 8 8=7? 
(47)� }~|tg{~tg xxxx 	� ,                                                         

U�=��' xtg  – =Cf&7�: &d���: >�=X&�&'?>�=�?CB: A��B`=: >�X?�C, B&>&�: '&�&>&��& 
8&^�C>?> � =�>?�8�? 2/2/ == 55� x , X7? &� U&C�?7&8>?�_�& U�=�='?> 8C? C8&= 8&^'&�-
��? ^��?�=: &> >�  7& >� . �>& U&^8&�:?> ^U=C>_ =�>?�8�_��� >�=X&�&'?>�=�?CB�� 
A��B`=� >�X?�C (47) 8 :8�&' =�>?�8�_�&' 8=7? 

(48)� ]tg,tg[],[tg~tg],[~
212121 xxxxxyyy ���� .                                      

4�8�=8 8���?�=? (48) C (1), �C>�8�=8?', �>& =�>?�8�_�: >�=X&�&'?>�=�?CB: A��B-
`=: >�X?�C ?C>_ =�>?�8�_�: A��B`=:, �=��:: = 8?�f�:: X��=���? A��B`== B&>&�&� 
='?�> 8=7 

(49)� 221222121111 tg),()~(,tg),()~( xxxfxfyxxxfxfy ������ .                         
�&7C>8�:: (49) 8 (11) = (12), U&���=' 8���?�=? U�&=^8&7�&� ��d&X& n -X& U&�:7B &> 

=�>?�8�_�&� >�=X&�&'?>�=�?CB&� A��B`== xy ~tg~ �   8 8=7? 
(50)� )]~(),~([]),[tg()~tg(~ )()()(

21
)()( xfxfxxxy nnnnn ���� ,                                  

X7? 
nnn xxxxxf )/()tgtg(2)~( 1212

1)( ��� � . 
a&�'�� (50) U&B^�8?>, �>& 8 =�>?�8�_�&� U�&=^8&7�&� ��d&X& n -X& U&�:7B )()~tg( nx  
&> =�>?�8�_�&� >�=X&�&'?>�=�?CB&� A��B`== x~tg  =Cf&7�: >�=X&�&'?>�=�?CB: A��B`=: 
>�X?�C &C>�>C: >�X?�C&', 8 &>�=�=? &> B�CC=�?CB&� U�&=^8&7�&� &> 8?�?C>8?��&� >�=X&-
�&'?>�=�?CB&� A��B`== xtg , �8�&� x2cos/1 . ��>?�8�_�: U�&=^8&7�: )()~tg( nx  C��?C>8�-
?> 8& 8C?f >&�Bf ],[~

21 xxx� , X7? 21 xx ! . �� '&�&>&��& �d�8?> C �8?�=�?�=?' �^�&C>= 12 xx � . 
������
$'�
�����%��������/��
������)������
�%�� 8���?>C: 8 8=7? 
(51)� ],[ctg~ctg],[~

2121 xxxyyy ��� ,                                              
X7? ],[~

21 xxx �  – =�>?�8�_�: �?^8=C=': U?�?'?��:, ],[~
21 yyy �  – =�>?�8�_�: ^8=C=': 

U?�?'?��:. 4&X�C�& [4, 5, 7], =�>?�8�_�: A��B`=: x~ctg  &U�?7?�:?>C: 8 8=7? 
(52)� }~|ctg{~ctg xxxx 	� ,                                                    

^7?C_ xctg  – =Cf&7�: &d���: >�=X&�&'?>�=�?CB: A��B`=: B&>�X?�C, B&>&�: '&�&>&��& 
�d�8?> � =�>?�8�? =55 x0 , X7? &� U&C�?7&8>?�_�& U�=�='?> 8C? 8&^'&���? ^��?�=: 
&> >�  7& >� . �>& U&^8&�:?> ^U=C>_ =�>?�8�_��� >�=X&�&'?>�=�?CB�� A��B`=� (52) 8 
:8�&' =�>?�8�_�&' 8=7? 

(53)� ]ctg,ctg[],[ctg~ctg],[~
122121 xxxxxyyy ���� .                                  

4�8�=8: (53) C (1), 8=7=', �>& =�>?�8�_�: >�=X&�&'?>�=�?CB: A��B`=: B&>�X?�C 
?C>_ =�>?�8�_�: A��B`=:, �=��:: = 8?�f�:: X��=���? A��B`== B&>&�&� ='?�> 8=7 

(54)� 121222221111 ctg),()~(,ctg),()~( xxxfxfyxxxfxfy ������ .                      
�&7C>8�:: (54) 8 (11) = (12), U&���?' 8���?�=? U�&=^8&7�&� ��d&X& n -X& U&�:7B &> 

=�>?�8�_�&� >�=X&�&'?>�=�?CB&� A��B`== xy ~ctg~ �   8 8=7? 
(55)� )]~(),~([]),[ctg()~ctg(~ )()()(

21
)()( xfxfxxxy nnnnn ���� ,                               
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X7? 
nnn xxxxxf )/()ctgctg(2)~( 1221

1)( ��� � . 
	���?�=? (55) U&B^�8?>, �>& 8 =�>?�8�_�&� U�&=^8&7�&� ��d&X& n -X& U&�:7B )()~ctg( nx  
&> =�>?�8�_�&� >�=X&�&'?>�=�?CB&� A��B`== x~ctg  =Cf&7�: >�=X&�&'?>�=�?CB: A��B`=: 
B&>�X?�C &C>�>C: B&>�X?�C&', 8 &>�=�=? &> B�CC=�?CB&� U�&=^8&7�&� &> &d���&� >�=X&-
�&'?>�=�?CB&� A��B`== xctg , B&>&�: �8� x2sin/1� . ��>?�8�_�: U�&=^8&7�: )()~ctg( nx  
C��?C>8�?> 8& 8C?f >&�Bf ],[~

21 xxx � , 8 B&>&��f 21 xx ! . �� '&�&>&��& �d�8?> C �8?�=�?�=-

?' �^�&C>= 12 xx � . 
������
$'�
���:�
��
�����%��������/��
������)���
����� 8���?>C: 8 8=7? 
(56)� ],[arcsin~arcsin],[~

2121 xxxyyy ��� ,                                             
X7? ],[~

21 xxx�  – =�>?�8�_�: �?^8=C=': U?�?'?��:, ],[~
21 yyy�  – =�>?�8�_�: ^8=C=': U?-

�?'?��:. 4&X�C�& [4, 5, 7], =�>?�8�_�: A��B`=: x~arcsin  &U�?7?�:?>C: 8 8=7? 
(57)� }~|{arcsin~arcsin xxxx 	� ,                                                    

8 B&>&�&' xarcsin  ?C>_ =Cf&7�: &d���: &d�>�: >�=X&�&'?>�=�?CB: A��B`=: �BC=��C. �&-
C�?7�:: '&�&>&��& 8&^�C>?> � =�>?�8�? 11 55� x , U�&f&7: U&C�?7&8>?�_�& 8C? 8&^'&�-
��? ^��?�=: &> 2/=�  7& 2/= . �>& U&^8&�:?> ^U=C>_ =�>?�8�_��� &d�>��� >�=X&�&-
'?>�=�?CB�� A��B`=� (57) 8 :8�&' =�>?�8�_�&' 8=7? C�?7���=' &d�^&' 

(58)� ]arcsin,[arcsin],[arcsin~arcsin],[~
212121 xxxxxyyy ���� .                           

4�8�=8: (58) C (1), �C>�8�=8?', �>& =�>?�8�_�: &d�>�: >�=X&�&'?>�=�?CB: A��B-
`=: �BC=��C :8�:?>C: =�>?�8�_�&� A��B`=?�, �=��:: = 8?�f�:: X��=���? A��B`== B&>&-
�&� ='?�> 8=7 

(59)� 221222121111 arcsin),()~(,arcsin),()~( xxxfxfyxxxfxfy ������ .                   
�&7C>8=8 (59) 8 (11) = (12), U&���=' 8���?�=? U�&=^8&7�&� ��d&X& n -X& U&�:7B &> 

=�>?�8�_�&� &d�>�&� >�=X&�&'?>�=�?CB&� A��B`== xy ~arcsin~ �   8 8=7? 
(60)� )]~(),~([]),[(arcsin)~(arcsin~ )()()(

21
)()( xfxfxxxy nnnnn ���� ,                            

X7? 
nnn xxxxxf )/()arcsin(arcsin2)~( 1212

1)( ��� � . 
�B 8=7�& =^ A&�'��� (60), 8 =�>?�8�_�&� U�&=^8&7�&� ��d&X& n -X& U&�:7B )()~(arcsin nx  

&> =�>?�8�_�&� &d�>�&� >�=X&�&'?>�=�?CB&� A��B`== x~arcsin  =Cf&7�: &d���: &d�>-
�: >�=X&�&'?>�=�?CB: A��B`=: �BC=��C &C>�>C: �BC=��C&', 8 &>�=�=? &> U�&=^8&7�&� 
&> &d���&� &d�>�&� >�=X&�&'?>�=�?CB&� A��B`== xarcsin , �8�&� 21/1 x� . ��&=^8&7�: 

)()~(arcsin nx  C��?C>8�?> 8& 8C?f >&�Bf ],[~
21 xxx � , X7? 21 xx !  = '&�&>&��& �d�8?> C �8?�=�?-

�=?' �^�&C>= 12 xx � . 
������
$'�
���:�
��
�����%��������/��
������)���
������� 8���?>C: 8 8=7? 
(61)� ],[arccos~arccos],[~

2121 xxxyyy ��� ,                                          
X7? ],[~

21 xxx�  – =�>?�8�_�: �?^8=C=': U?�?'?��:, ],[~
21 yyy�  – =�>?�8�_�: ^8=C=': U?-

�?'?��:. 4&X�C�& [4, 5, 7], =�>?�8�_�: A��B`=: x~arccos  &U�?7?�:?>C: 8 8=7? 
(62)� }~|{arccos~arccos xxxx 	� ,                                                   

U�= p>&' xarccos  – =Cf&7�: &d���: &d�>�: >�=X&�&'?>�=�?CB: A��B`=: �BB&C=��C, 
B&>&�: '&�&>&��& �d�8?> � =�>?�8�? 11 55� x , U�&f&7: U&C�?7&8>?�_�& 8C? 8&^'&���? 
^��?�=: &> =  7& 0 . �>& U&^8&�:?> ^U=C>_ A��B`=� �BB&C=��C (62) 8 =�>?�8�_�&' 8=7? 
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(63)� ]arccos,[arccos],[arccos~arccos],[~
122121 xxxxxyyy ���� .                       

4�8�=8 8���?�=? (63) C (1), 8=7=', �>& =�>?�8�_�: &d�>�: >�=X&�&'?>�=�?CB: A��B`=: 
�BB&C=��C :8�:?>C: =�>?�8�_�&� A��B`=?�, �=��:: = 8?�f�:: X��=���? A��B`== B&>&�&� 
='?�> 8=7 

(64)� 121222221111 arccos),()~(,arccos),()~( xxxfxfyxxxfxfy ������ .                   
�&7C>8=8 8���?�=: (64) 8 (11) = (12), U&���=' 8���?�=? U�&=^8&7�&� ��d&X& n -X& 

U&�:7B &> =�>?�8�_�&� &d�>�&� >�=X&�&'?>�=�?CB&� A��B`== xy ~arccos~ �   8 8=7? 
(65)� )]~(),~([]),[(arccos)~(arccos~ )()()(

21
)()( xfxfxxxy nnnnn ���� ,                             

X7? 
nnn xxxxxf )/()arccos(arccos2)~( 1221

1)( ��� � . 
a&�'�� (65) U&B^�8?>, �>& 8 =�>?�8�_�&� U�&=^8&7�&� ��d&X& n -X& U&�:7B )()~(arccos nx  
&> =�>?�8�_�&� &d�>�&� >�=X&�&'?>�=�?CB&� A��B`== x~arccos  =Cf&7�: &d���: &d�>-
�: >�=X&�&'?>�=�?CB: A��B`=: �BB&C=��C &C>�>C: �BB&C=��C&', 8 &>�=�=? &> U�&=^-
8&7�&� &> &d���&� &d�>�&� >�=X&�&'?>�=�?CB&� A��B`== xarccos , B&>&�: �8� 

21/1 x�� . ��>?�8�_�: U�&=^8&7�: )()~(arccos nx  C��?C>8�?> 8& 8C?f >&�Bf ],[~
21 xxx � , 8 

B&>&��f 21 xx ! . �� '&�&>&��& �d�8?> C �8?�=�?�=?' �^�&C>= 12 xx � . 
������
$'�
���:�
��
�����%��������/��
������)���
���
�%�� 8���?>C: 8 8=7? 
(66)� ],[arctg~arctg],[~

2121 xxxyyy ��� ,                                           
X7? ],[~

21 xxx�  – =�>?�8�_�: �?^8=C=': U?�?'?��:, ],[~
21 yyy�  – =�>?�8�_�: ^8=C=': U?-

�?'?��:. 4&X�C�& [4, 5, 7] =�>?�8�_�: A��B`=: x~arctg  &U�?7?�:?>C: 8 8=7? 
(67)� }~|arctg{~arctg xxxx 	� ,                                                       

8 B&>&�&' xarctg  – =Cf&7�: &d���: &d�>�: >�=X&�&'?>�=�?CB: A��B`=: �B>�X?�C. 
�&C�?7�:: '&�&>&��& 8&^�C>?> � =�>?�8�? >��>� x , U�&f&7: U&C�?7&8>?�_�& 8C? 8&^-
'&���? ^��?�=: &> 2/=�  7& 2/= , �>& 7�> 8&^'&��&C>_ ^U=C>_ =�>?�8�_��� &d�>��� 
>�=X&�&'?>�=�?CB�� A��B`=� �B>�X?�C (67) 8 8=7? 

(68)� ]arctg,arctg[],[arctg~arctg],[~
212121 xxxxxyyy ���� .                               

4�8�=8 8���?�=? (68) C (1), �8=7=', �>& =�>?�8�_�: &d�>�: >�=X&�&'?>�=�?CB: 
A��B`=: �B>�X?�C :8�:?>C: =�>?�8�_�&� A��B`=?�, �=��:: = 8?�f�:: X��=���? A��B`== 
B&>&�&� ='?�> 8=7 

(69)� 221222121111 arctg),()~(,arctg),()~( xxxfxfyxxxfxfy ������ .                    
�&7C>8=8 (69) 8 (11) = (12), ��7�' 8���?�=? U�&=^8&7�&� ��d&X& n -X& U&�:7B &> =�-

>?�8�_�&� &d�>�&� >�=X&�&'?>�=�?CB&� A��B`== xy ~arctg~ �   8 8=7? 
(70)� )]~(),~([]),[arctg()~arctg(~ )()()(

21
)()( xfxfxxxy nnnnn ���� ,                             

X7? 
nnn xxxxxf )/()arctgarctg(2)~( 1212

1)( ��� � . 
a&�'�� (70) U&B^�8?>, �>& 8 =�>?�8�_�&� U�&=^8&7�&� ��d&X& n -X& U&�:7B )()~arctg( nx  

&> =�>?�8�_�&� &d�>�&� >�=X&�&'?>�=�?CB&� A��B`== x~arctg  =Cf&7�: &d�>�: >�=X&-
�&'?>�=�?CB: A��B`=: �B>�X?�C &C>�>C: �B>�X?�C&', 8 &>�=�=? &> U�&=^8&7�&� &> 
&d���&� &d�>�&� >�=X&�&'?>�=�?CB&� A��B`== xarctg , B&>&�: �8� )1/(1 2x� . ��>?�8�_�: 
U�&=^8&7�: )()~arctg( nx  C��?C>8�?> 8& 8C?f >&�Bf ],[~

21 xxx � , 8 B&>&��f 21 xx ! . �� '&-
�&>&��& �d�8?> C �8?�=�?�=?' �^�&C>= 12 xx � . 
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$'�
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�����%��������/��
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�����
�%�� 8���?>C: 8 
C�?7���?' 8=7? 

(71)� ],[arcctg~arcctg],[~
2121 xxxyyy ��� ,                                       

X7? ],[~
21 xxx �  – =�>?�8�_�: �?^8=C=': U?�?'?��:, ],[~

21 yyy �  – =�>?�8�_�: ^8=C=': 
U?�?'?��:. 4&X�C�& [4, 5, 7] =�>?�8�_�: A��B`=: x~arcctg  &U�?7?�:?>C: 8 8=7? 

(72)� }~|arcctg{~arcctg xxxx 	� ,                                                  
U�= p>&' xarcctg  ?C>_ =Cf&7�: &d���: &d�>�: >�=X&�&'?>�=�?CB: A��B`=: �BB&>�-
X?�C. �&C�?7�:: '&�&>&��& �d�8?> � =�>?�8�? >��>� x  = U�&f&7=> U&C�?7&8>?�_�& 8C? 
8&^'&���? ^��?�=: &> =  7& 0 . �>& U&^8&�:?> ^U=C>_ =�>?�8�_��� &d�>��� >�=X&�&-
'?>�=�?CB�� A��B`=� �BB&>�X?�C (72) 8 8=7? 

(73)� ]arcctg,arcctg[],[arcctg~arcctg],[~
122121 xxxxxyyy ���� .                      

4�8�=8 (73) C (1), 8=7=', �>& =�>?�8�_�: &d�>�: >�=X&�&'?>�=�?CB: A��B`=: �BB&-
>�X?�C :8�:?>C: =�>?�8�_�&� A��B`=?�, �=��:: = 8?�f�:: X��=���? A��B`== B&>&�&� 
='?�> 8=7 

(74)� 121222221111 arcctg),()~(,arcctg),()~( xxxfxfyxxxfxfy ������ .                    
�&7C>8=8 (74) 8 (11) = (12), U&���=' 8���?�=? U�&=^8&7�&� ��d&X& n -X& U&�:7B &> 

=�>?�8�_�&� &d�>�&� >�=X&�&'?>�=�?CB&� A��B`== xy ~arcctg~ �   8 8=7? 
(75)� )]~(),~([]),[arcctg()~arcctg(~ )()()(

21
)()( xfxfxxxy nnnnn ���� ,                            

X7? 
nnn xxxxxf )/()arcctgarcctg(2)~( 1221

1)( ��� � . 
a&�'�� (75) U&B^�8?>, �>& 8 =�>?�8�_�&� U�&=^8&7�&� ��d&X& n -X& U&�:7B )()~arcctg( nx  
&> =�>?�8�_�&� &d�>�&� >�=X&�&'?>�=�?CB&� A��B`== x~arcctg  =Cf&7�: &d�>�: >�=X&-
�&'?>�=�?CB: A��B`=: �BB&>�X?�C &C>�>C: �BB&>�X?�C&', 8 &>�=�=? &> U�&=^8&7�&� &> 
&d���&� &d�>�&� >�=X&�&'?>�=�?CB&� A��B`== xarcctg , B&>&�: �8� )1/(1 2x�� . ��>?�-
8�_�: U�&=^8&7�: )()~arcctg( nx  C��?C>8�?> 8& 8C?f >&�Bf ],[~

21 xxx � , 8 B&>&��f 21 xx ! . �� 
'&�&>&��& �d�8?> C �8?�=�?�=?' �^�&C>= 12 xx � . 

4 �>6������� 
��&d�?' 8��=C�?�=: U�&=^8&7��f &> =�>?�8�_�&-&U�?7?�����f A��B`=� C��?C>8?�-

�& &>�=�?>C: &> ��&X=��&� U�&d�?'� 7�: U&��&C>_� &U�?7?�����f A��B`=�. �>& &>�=�=? 
C8:^�& C =^8?C>��' &>�=�=?' U�&`?CC 8��=C�?�=: U&��&C>_� &U�?7?����&� A��B`== &> U�&-
`?CC 8��=C�?�=: =�>?�8�_�&� A��B`== – 8& 8>&�&' C���? U�=f&7=>C: 8��=C�:>_ U��-
�?�_�& 78? �?^8=C='�? >&��& ^7���? A��B`== – �=���� = 8?�f��� X��=���? A��B`== 
=�>?�8�_�&� A��B`==. 	 C8:^= C p>=' &>�=�=?' 8��=C�?�=? �?U&��&C>_� &U�?7?����&� – =�-
>?�8�_�&� A��B`== &B^�8?>C: d&�?? C�&���' [8–13]. �> C�&��&C>_ 8��=C�?�=: �CU�&-
C>��:?>C: = � U�&=^8&7��? &> =�>?�8�_��f A��B`=�, U&CB&�_B� &�= >B�? :8�:�>C: =�-
>?�8�_��'= A��B`=:'=. �&p>&'� U�?7U�=�:>&? 8 C>>_? 7?>�_�&? =^��?�=? U�&=^8&7��f 
p�?'?�>���f A��B`=�, C&U�&8&�7?'&? U&���?�=?' U�&C>�f A&�'�� 7�: 8��=C�?�=: p>=f 
U�&=^8&7��f, :8�:?>C: 8���' TX&' � U�>= �'?�_T?�=: C�&��&C>= 8��=C�?�=: =�>?�8�_-
��f A��B`=�.  

	 U�&`?CC? =^��?�=: 8�:8�?�� �^�=�=: '?�7� =�>?�8�_��'= U�&=^8&7��'= &> =�>?�-
8�_��f p�?'?�>���f A��B`=� = B�CC=�?CB='= U�&=^8&7��'= &> 7?>?�'=�=�&8���f p�?-
'?�>���f A��B`=�. ��8�&? �^�=�=? C&C>&=> 8 >&', �>& U�&=^8&7�: ��d&X& n -X& 
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,...)2,1( �n  U&�:7B &> ��d&� =�>?�8�_�&� A��B`== )~(~ xP , 8 �C>�&C>=, p�?'?�>��&� A��B-
`==, 8C?X7 U�?7C>8�:?> C&d&� A��B`=� B�CC nxxP ~/)~(~ . �&p>&'� =�>?�8�_��� U�&=^8&7-
��� ��d&X& n -X& U&�:7B C U&���' U�8&' '&��& =�>?�U�?>=�&8>_ BB CB&�&C>_ n -X& U&-
�:7B =^'?�?�=: A��B`== )~(xP  &>�&C=>?�_�& ?� �X�'?�> x~ . �^8?C>�&, �>& B�CC=�?CB: 
U�&=^8&7�: ��d&X& U&�:7B n  &> ��d&� 7?>?�'=�=�&8��&� A��B`== )(xP  �? &d:^>?�_�& 
U�?7C>8�:?> C&d&� A��B`=� B�CC nxxP /)( . �&p>&'� >B�� U�&=^8&7��� 8 &d�?' C���? 
�?�_^: =�>?�U�?>=�&8>_ BB CB&�&C>_ n -X& U&�:7B =^'?�?�=: A��B`== )(xP  &>�&C=>?�_�& ?� 
�X�'?�>. �>& &^��?>, 8 C8&� &�?�?7_, �>& B�CC=�?CB: U�&=^8&7�: �_�>&�–V?�d�=`, 8 
&>�=�=? &> =�>?�8�_�&� U�&=^8&7�&�, 8&&d�? X&8&�:, �? '&�?> C�=>>_C: 7?B8>�&� '&7?-
�_� 7=�'=B= d&�_T=�C>8 U�=�&7��f &d?B>&8 = U�&`?CC&8.  

&���=����� 
	 �d&>? U&���?� U&���� �d&� U�&=^8&7��f ��d�f U&�:7B&8 &> 8C?f p�?'?�>���f 

=�>?�8�_��f A��B`=�. 	�:8�?�� �^�=�=: '?�7� =�>?�8�_��'= U�&=^8&7��'= &> =�>?�-
8�_��f p�?'?�>���f A��B`=� = B�CC=�?CB='= U�&=^8&7��'= &> &d����f 7?>?�'=�=�&-
8���f p�?'?�>���f A��B`=�. �&B^�&, �>& ���> �?&U�?7?����&C>= =Cf&7��f A��B`=� 8 
A&�'? =�>?�8�_�&C>= =f 8&^'&���f ^��?�=� 7?�?> U�&=^8&7��? &> �=f 7?B8>��'= '&-
7?�:'= 7=�'=B= U�=�&7��f U�&`?CC&8. 
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Abstract 
The article deals with problems, related to calculation of derivatives of interval-specified functions. These problems are 
relevant in study of systems with any level of uncertainty (nondeterministic systems). Specifically we speak about sim-
ple systems described by elementary interval-specific functions. Accordingly we solved the problem of calculating de-
rivatives of elementary interval-specified functions. Previously obtained formulas and methods of finding of derivatives 
of any intervally defined functions are used. Basic definitions, related to derivatives of the interval-specified functions, 
are given and formulas of two types allowing calculation of interval derivatives are presented. Formulas of the first type 
express derivatives in the closed interval form, which requires computation using the apparatus of interval mathematics. 
But formulas of the second type express derivatives in open interval form, i.e. in form of two formulas. Formulas above 
expresses the lower and the upper limits of the interval representing the derivative. Here the calculation of the derivative 
of interval-defined function is reduced to computation of two ordinary certain functions. Using the aforementioned 
mathematical apparatus we find the derivatives of all elementary interval functions: interval constant, interval power 
function, interval exponential function, interval logarithmic function, interval natural-logarithmic function, interval trig-
onometric functions (cosine, sine, tangent, cotangent), interval inverse trigonometric functions. Formulas of all the de-
rivatives are shown in form of an open interval. The difference between derivatives of interval elementary functions and 
the derivatives of normal (i.e. noninterval) elementary functions is discussed. 

����}~��j interval value, interval function, interval derivative, interval computations, interval-differential calculus, inter-
val elementary functions. 
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�������4 �> ����� 
2����� �������� +�7�� &B&��=� ���CCB=� U&�=>?f�=�?CB=� =�->, �>B��>�� ��-> 
�^�=�:. o&B>&� >?f�=�?CB=f ��B, U�&A?CC&�, PhD, Full Professor, ^8?7���=� BA?7�&� 
'>?'>=B= (1975–2000), C&8?>�=B �?B->&� U& ��B? (2006–2011) �?�^?�CB&X& 
X&C&C�7�C>8?��&X& >?f�&�&X=�?CB&X& ��=8?�C=>?>>, U�&A?CC&� R&CB&8CB&X& 
��=8?�C=>?> ='. 4.�. 	=>>? (C 2003 X.). 	 CU=CB? �����f >��7&8 C&>�= �d&> (8 >&' 
�=C�? 7?C:>B= '&�&X�A=�) U& �&X=B?; '>?'>=�?CB&'� '&7?�=�&8�=� 8 >?f�=B?, 
pB&�&'=B?, C&`=&�&X==, U�=�:>=� �?T?�=�; &U>='=^`==; >?&�== �7?��&C>=; =C>&�== 
��B=; U�&d�?'' &d�^&8�=:. o?�C>8=>?�_��� ��?� R
�, �
�, R
��W = 
4�, 
^C���?���� 7?:>?�_ ��B= �&CC=�CB&� a?7?�`==, ���?> '?�7���&7��f U�?'=� 
«4&�&C&8CB=� U�&A?CC&�», R?�7���&7��� pBCU?�> 8 &d�C>= C&`=&�&X== B&�A�=B> = 
�?�>=�X&8�=: ��=?�C=>?>&8. 
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#�����!�4 
	 C>>_? �CC'>�=8�>C: '?f�=^'� p8&��`=&���f U�&`?CC&8, C&C>8�:��=? B&�C>��B>=8�&-
&�=?�>=�&8���� B&�`?U`=� C��?C>8&8�=: = �^8=>=: �=8&X& = �?�=8&X& '=� – B&�`?U`=� 
'�&X&�_>?��>=8�&C>=. 	 �'Bf p>&� B&�`?U`== &dC��7�>C: 8^='&C8:^���? = 8^='&7&U&�-
�:��=? 7��X 7��X p8&��`=&���? U�=�`=U� '�&X&&d�^=:, 7=CB�?>�&C>= = =?��f== U�&`?CC&8 = 
C>��B>��. �&B^�&, �>& 8&^'&��&C>_ p8&��`== &U�?7?�:?>C:, U�?�7? 8C?X&, X?>?�&X?��&C>_� 
A&�' C��?C>8&8�=: '>?�==, U&�&�7��?� '�&X&&d�^=? =f �&8�f C8&�C>8. �>'?�?�&, �>& �B-
^��&? '�&X&&d�^=? �?&df&7='& &d?CU?�=8?>C: 7=CB�?>�&C>_� p�?'?�>&8 A=^=�?CB=f = d=&�&-
X=�?CB=f C=C>?', &d�^���?� B&'d=�>&��&? '�&�?C>8& C=C>?'��f B&�A=X��`=� = =f C&C>&:-
�=�. �CB��8?>C: 8^='&C8:^_ =?��f== U�&`?CC&8 = C>��B>�� C& C8&�C>8'= =f �C>&��=8&C>= = 
X&'?&C>^=C&'. ��=8?7?�� U�='?�� =CU&�_^&8�=: =^�&�?���f U�=�`=U&8 '�&X&�_>?��>=8�&-
C>= 8 U�&?B>=�&8�== 8�C&B&�7����f C=C>?' p�?B>�&C�d�?�=: B&C'=�?CB=f C>�`=� = U&C>�&-
?�== p8&��`=&���f �X&�=>'&8 C=C>?' U�=�:>=: �?T?�=�.�

#�!���$�������j �	�!�!� �����&!, �#��
�H, ���*	�*��, %�#�H � ��%�#�H "�����, &�-
��� �������#��� .�

&���
������j�>�#�� �!�, �.�. �&�`?U`=: '�&X&�_>?��>=8�&C>= 8 �=8�f = �?�=8�f C>��B-
>��f / 4.V. �&78�_���, �.R. 	C=�_?8 // ��>&�&X=: U�&?B>=�&8�=:. – 2016. – �. 6, %3(21). – 
4. 355-367. – DOI: 10.18287/2223-9537-2016-6-3-355-367. 

�������� 
�8&��`=&���? U�&`?CC� 8 �=8�f = �?�=8�f C>��B>��f, 7&C>>&��& 7&�X& �CC'>�=-

8?'�? 8 ����&� B�>=�? '=� BB 8^='��? U�&>=8&U&�&��&C>=, �>�>=�= C8&� �>X&-
�=^' C U&:8�?�=?' >?&�== &>B��>�f 7=CC=U>=8��f C=C>?' [1, 2]. 	'?C>? C >?', 7&B^��: 
�?U�&>=8&�?�=8&C>_ �B^���f U�&`?CC&8 &C>8�:?> 8 C>&�&�? 8&U�&C & Cf&7C>8? p>=f p8&-
��`=�, '?f�=^'� U�&>?B�== B&>&��f 8 �=8&� = �?�=8&� U�=�&7? C��?C>8?��& �^�=�-
�>C: [3]. ��>&�&X=�?CB&? ^��?�=? p>&X& 8&U�&C [4-7] 7&U&��:?>C: B>��_��'= U&>�?d�&-
C>:'= >?&�?>=�?CB=f = U�=B�7��f =CC�?7&8�=� 8 &d�C>= U�&?B>=�&8�=: C>��B>���& 
C�&���f &>B��>�f C=C>?' �^�=��&X& �^��?�=: [8-10] = =�>?��?B>��_��f C=C>?' U�=�:-
>=: �?T?�=� [11-13], ���7��=fC: 8 U�B>=�?CB=f �?B&'?�7`=:f U& �U�8�?�=� >B='= 
C=C>?''= = &`?�B? =f 8&^'&��&C>?�. 

�B&�&'?��&C>= p8&��`=&���f U�&`?CC&8, :8�:��=?C: &d�='= 7�: �=8�f = �?�=8�f 
C>��B>��, 8�^�8�> =�>?�?C � T=�&B&X& B��X =CC�?7&8>?�?�, �d&>��=f 8 &d�C>= d=&-
B=d?��?>=B= = ?� U�=�&�?�=�. 

	 �d&>? [14] �CC'>�=8?>C: >?&�=: p8&��`=&��&X& �C�&��?�=: d=&�&X=�?CB=f C=C>?' 
� &C�&8? =?��f=�?CB= U&C�?7&8>?�_��f '?>C=C>?'��f U?�?f&7&8: C��?C>8���=? d=&�&-
X=�?CB= �C>&��=8�? U&7C=C>?'� &d?7=�:�>C: &d�=' '?f�=^'&' �U�8�?�=:, 8C�?7C>8=? 
�?X& A&�'=��?>C: C=C>?' �&8&X& =?��f=�?CB&X& ��&8�:, B&>&�:, 8 C8&� &�?�?7_, :8�:?>C: 
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U&7C=C>?'&� d&�?? 8�C&B&X& ��&8�: �U�8�?�=:. 	 [15, 16] 8 B�?C>8? &7�&X& =^ &d�=f '?-
f�=^'&8 p8&��`== '>?�== &U=C�8?>C: d�&���� U�=�`=U A&�'=�&8�=: �&8�f C>��B>�� 
=^ ��? «&U�&d&8���f», >.?. �=^�?CU&C&d��f (�C>&��=8�f) d�&B&8 � &C�&8? '>�=��&� �?-
U�=B`== – CU&C&d�&C>= B C'&=�C>��B>=����?'� �C�&��?�=�. 4 >&�B= ^�?�=: p8&��`== 
>B: CU&C&d�&C>_ &B^�8?>C: d&�?? `?��&� 7�: C'&&�X�=^`== C=C>?'�, �?�?�= C>?U?�_ 
U�=CU&C&d�?��&C>= B >?B��=' �C�&8=:' C�?7�. �CC�?7�: 8&^'&��&C>_ C'&&�X�=^`== =C-
B�CC>8?���f C=C>?' o�. A&� �?�'� [17] �C>�&8=� C��?C>8&8�=? �?B&>&�&X& B�=>=�?CB&-
X& ��&8�: C�&��&C>= C'&8&CU�&=^8&7:�?X&C: 8>&'>, �=�? B&>&�&X& 8&CU�&=^8&7:>C: 8-
>&'>� C d&�?? �=^B&� = 7�? 8��&�7��?�C: C�&��&C>_�,  8�T? p>&X& ��&8�:, �^8��&-
X& 8U&C�?7C>8== >&�B&� �?8&^8�>, C�&��&C>_ 8>&'>, BB =�A&�'`=&��&� C=C>?'�, '&-
�?> 8&^�C>>_. ��=>?�=?' �B^��&� C�&��&C>= 7�: B�?>&��&X& 8>&'> :8�:?>C: B&'d=�-
>&��&? '�&X&&d�^=?, &U�?7?�:?'&? �=C�&' B�?>&B = B&�=�?C>8&' C&C>&:�=� B�7&� =^ �=f. 
�C>��? C���= >B&� C'&&�X�=^`== &d����=8�> 8>&'>� Vp�X>&� [18] = �&77 [19], 
C'&8&CU�&=^8?7?�=? =�= �U&�:7&�?��&? 78=�?�=? B&>&��f 8&^�=B?>, ��=�: >&�_B& C �?-
B&>&�&X& ��&8�: =f C�&��&C>=. 

�d&>� [20, 21] �B^�8�> � >?C��� 8^='&C8:^_ A=^=�?CB&� �?&7�&�&7�&C>= C�&���f 
C=C>?' C =�A&�'`=&���' U�=�`=U&' �?&df&7='&X& �^�&&d�^=: m. �Td=, U�=8&7:�?�, 8 
B&�?��&' C��>?, B C��?C>8&8�=� � C=C>?' �?B&>&�&� B&�?��&� =�A&�'`=&��&� C�&��&-
C>=, 7&C>>&��&� 7�: =f �C>&��=8&X& p8&��`=&��&X& �^8=>=: =, B�&'? >&X&, &d�C�&8�=8-
��?� pAA?B>=8��� U&^�8?'&C>_ >B=f C=C>?'. ���'= C�&8'=, =7?? «�?�U�&�?'&� 
C�&��&C>=» C=C>?' [22] U�&>=8&U&C>8�:?>C: U�=�`=U=�_�& =�: &�>&�&X=�?CB: U�?7U&-
C��B «�?�C�&��:?'&� U�&C>&>�» ^B&�&8 U&C>�&?�=: = A��B`=&�=�&8�=: CB&�_ �X&7�& 
C�&��&� C=C>?'�. 

mB^��: U�?7U&C��B p8&��`== �^8=8?>C: 8 �d&>f [23-27] � &C�&8? ����&X& 
�U�8�?�=: «�d�: A&�'�_�: >?f�&�&X=:» (�a�), U&^8&�:��?X& U&-�&8&'� 8^X�:��>_ 
� 8��&C>_ B&�`?U`== C�&��&C>= C=C>?' 8 U�&`?CCf p8&��`== [24]. 	 �C>�&C>=, 8 
[24, 25], &>'?�?>C:, �>& A��B`=&��_�&C>_ �?B&>&�&� C�&��&� B&�C>��B`== «�C>�> C �&-
C>&' �=C� A��B`=&��_��f &d?B>&8 8 B&�C>��B`== = �?=^d?��& 7&C>=X?> >B&X& ^��?-
�=:, �>& &B^�8?>C: 7&C>>&��&� 7�: �?�=^`== A��B`=&��_�&� C�&��&C>= U�&`?CC C&d-
C>8?��&X& 8&CU�&=^8?7?�=:». ��= 8�U&��?�== �:7 �C�&8=� >B: A��B`=&��_�&C>_ C>�&-
8=>C: =^d�>&��&� = 8&^�=B?> «8&^'&��&C>_ U&���?�=: d?CB&�?��&X& �=C� �&8�f B&�-
C>��B`=�» [25], >.?. 8&^'&��&C>_ U�&>?B�=: p8&��`=&��&X& U�&`?CC. � &C�&8? �a� 8 
�C>&:�?? 8�?': U&���?�� 8���? U�B>=�?CB=? �?^��_>>� U�= U&C>�&?�== 8�C&B&�7��-
��f X?>?�&X?���f p�?B>�&���f Cf?' [26, 27]. 

��?7�X?': �d&> �?�=> 8 ��C�? �B^���f =CC�?7&8�=� &d�=f ^B&�&'?��&C>?� 
p8&��`=&���f U�&`?CC&8. 	 B�?C>8? B&�C>��B>=8�&� U�7=X'�, &d?7=�:��?� p8&��`=� 
�=8&X& = �?�=8&X& = &>8?���?� &>'?�?���' 8�T? �?&df&7='�' �C�&8=:' ?� U�&>?B�=:, 
�CC'>�=8?>C: B&�`?U`=: '�&X&�_>?��>=8�&C>=, &C�&8��: � U�=�`=Uf '�&X&&d�-
^=:, 7=CB�?>�&C>= = =?��f== U�&`?CC&8 = C>��B>�� [28-31]. 

1 +��!�7 ������>�9�4 
R�&X&&d�^=? �?�=8�f A&�' C>�&?�=: '>?�==, ��=�: C ��&8�: p�?'?�>���f �C>=`, 

&d�C�&8�=8?> p8&��`=&����, �8=�&&d�^��� �&C> �=C� &�X�=^&8���f C>��B>��, &d�-
7��=f �&8�'= A=^=�?CB='= = f='=�?CB='= C8&�C>8'=,  ^��=>, = CU&C&d�&C>_� B 
�C>&��=8&'� C��?C>8&8�=� 8 �^��f �C�&8=:f. �&CB&�_B� C&8&B�U�&C>_ &7�&�&7��f p�?-
'?�>&8 �? U&�&�7?> �&8�f C8&�C>8, >& 8&^'&��&C>_ p8&��`== U�?7&U�?7?�:?>C: ��=�=?' 
>&�_B& �^�&>=U�&X& «=Cf&7�&X& '>?�=�». 
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	 B�?C>8? U�='?� U�B>=�?CB&� �?�=^`== U�=�`=U '�&X&&d�^=: '&��& U�=8?C>= 
C&^7�=? 8�C&B&pAA?B>=8��f U�?&d�^&8>?�?� C&��?��&� p�?�X== � &C�&8? �C?�=7-
X��=?8&� X?>?�&X?��&� C>��B>��� AlGaAs-GaAs, 8 �?CB&�_B& �^ U�?8&Cf&7:�?� U& C8&=' 
p�?�X?>=�?CB=' U&B^>?�:' '&�&C>��B>��� � B�?'�=?8&� &C�&8? [32]. 4&^7�=? '�&X&-
C�&���f A&>&p�?'?�>&8 =^ �^��f CU�8&8 X��=: C =�7=?', A&CA&�&', ^&>&' U&^8&�:?> 
U�?&d�^&8�8>_ 8 p�?B>�=�?CB�� p�?�X=� �^��? 7=U^&�� CU?B>� C8?>&8&X& =^���?�=:, 
>.?. �=d&�?? U&��& =CU&�_^&8>_ ?X& p�?�X=�. 

4�?7�?> ^'?>=>_, �>& =^8?C>��� 8 �C>&:�?? 8�?': �=d&�?? C&8?�T?���� d=&�&X=�?-
CB=� '?f�=^' f�&�&A=�_�&X& A&>&C=�>?^ >B�? :8�:?>C: X?>?�&X?��&� C>��B>��&�, C&7?�-
��?� 78? A&>&C=C>?'� C 8^='&7&U&��:��='= A��B`=:'= [33]. 

4��?C>8?��&, �>& &>'?�?��&? 8�T? C&C>&:�=? �C>&��=8&C>= U�&`?CC �? &^��?> ?X& 
�8�&8?C�&C>=. � �=C��B? 1 U&B^� X�&d�_�& �C>&��=8��, �& �?�8�&8?C��� U�&`?CC, 
U�&=Cf&7:�=� 8 �?�=�?��&� C=C>?'? 8>&�&X& U&�:7B C 8�?T�=' X�'&�=�?CB=' 8&^7?�-
C>8=?' [34]. 

�&>=�?CB=? A^&8�? >�?B>&�== � �=C��B? 1 �?C�> 8 C?d? CB��>�� �U&�:7&�?���� 
A�B>�_��� C>��B>��� 78=�?�=:, U�&:8�:����C: 8 &>&d��?�=:f ���B�? (�=C��&B 1d). 

 

�=C��&B 1 – ����C>�`=: �C>&��=8&X& �?�8�&8?C�&X& U�&`?CC 

�B=' &d�^&', '�&�?C>8& �C>&��=8�f A=^=�?CB=f C>��B>�� 8B���?> 8 C?d: &dT=���� 
B�CC �?�8�&8?C��f, f&>=�?CB=f U�&`?CC&8, &d�7��=f ��8C>8=>?�_�&C>_� B '��' =^-
'?�?�=:' ���_��f �C�&8=� 78=�?�=: = 8�>?B��?� =^ p>&X& 8�C&B&� U&�&�7��?� CU&-
C&d�&C>_� p8&��`=&��&X& '�&X&&d�^=:. 

R�&X&&d�^=? 8 d=&�&X=�?CB=f C=C>?'f :8�:?>C: 7&C>>&��& &�?8=7��' C8&�C>8&' �=-
8&� U�=�&7�, ^��?�=? B&>&�&X& ^B�?U�?�& B&�8?�`=?� ��� [35]. �8&��`=&��: �?&df&-
7='&C>_ p>&X& '�&X&&d�^=: ^B���?>C: �? >&�_B& 8 &d?CU?�?�== �?U�?��8�&C>= >�&A=�?-
CB=f (U=�?8�f) C8:^?� 8 d=&C=C>?'? U�= 8&^�=B�&8?�== �C�&8=�, �?d�X&U�=:>��f 7�: C�-
�?C>8&8�=: >&� =�= =�&� ?� �C>= (8=7&8&� ��&8?�_), �& = 8 U&C>8B? X?�?>=�?CB&X& '>?-
�=� 7�: '?f�=^' ?C>?C>8?��&X& &>d&�, >.?. �?�=> 8 &C�&8? p8&��`== �=8&X& '=� (X?�?-
>=�?CB=� ��&8?�_) [36]. � ��&8�? &>7?�_��f &�X�=^'&8 '�&X&&d�^=? U�=CU&C&d=>?�_��f 
'?f�=^'&8 T=�&B& U�&:8�:?>C: 8 A&�'? CU?`=�=^`== = �^7?�?�=: �? >&�_B& A=^=&�&X=-
�?CB= �^�=���f, �& = &7=�B&8�f A��B`=� &�X�=^', �?�=^�?'�f 8 �^��f �C�&8=:f. 	 
B�?C>8? U�='?� '&��& U�=8?C>= �?^��_>> p8&��`== ^�?�=: �=8&>��f, 8 �C>�&C>=, U�=-
'>&8, U�=8?7T=� B A&�'=�&8�=� `8?>&8&CU�=='�=8�f, �& C �=^B&� C8?>&��8C>8=>?�_�&-
C>_� ^�=>?�_��f �?`?U>&�&8 – B&�d&�?B, A��B`=&�=����=f 8 C8?>�&? 8�?': C�>&B, = 8�C&-
B&��8C>8=>?�_��f �?`?U>&�&8 – U�&�?B, �? 8&CU�=�='��=f `8?> = A��B`=&�=����=f 
U�= '��f ��&8�:f :�B&C>= (�=C��&B 2). 

) d)
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�=C��&B 2 – �^7?�?�=? A��B`=� 7�?8�&X& = C�'?�?��&X& ^�?�=: 

��� d&�?? U&�^=>?�_��' U�='?�&' '�&X&&d�^=: = �^7?�?�=: A��B`=� :8�:?>C: 
��=�=? � 8�CT=f '�?B&U=>��=f >B �^�8?'�f C>8&�&8�f B�?>&B, B&>&��? =^���_�& 
�? :8�:�>C: A��B`=&��_�& &�=?�>=�&8���'=, �& CU&C&d�� U�=&d�?>>_ �^B�� A��B`=&-
��_��� CU?`=�=^`=� 8 ^8=C='&C>= &> >?B��=f U&>�?d�&C>?� &�X�=^' (�=C��&B 3). 

 

�=C��&B 3 – ��='?�� CU?`=�=^`== A��B`=� C>8&�&8�f B�?>&B 

�B=' &d�^&', =C>&��=B&' p8&��`== �=8&� = �?�=8&� '>?�== :8�:?>C: '�&X&&d�^=? 
?� A&�', U&�&�7��?? B�?C>8?��& �&8�? C>��B>���. 	 >&' C���?, ?C�= �B^��&? '�&X&-
&d�^=? &d?CU?�=8?>C: 8 �'Bf &7�&� A=^=�?CB&� =�= d=&�&X=�?CB&� C=C>?'�, >& >B: 
C=C>?' U�=&d�?>?> p8&��`=&���? U�?='��?C>8: �C>&��=8&C>_ C��?C>8&8�=: = pAA?B-
>=8�&? =CU&�_^&8�=? p�?�X== 8�?T�?� C�?7� = 8��>�?��=f �?C��C&8. 
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2 +��!�7 ���;�� 6����� 
�?��f=: p>U&8 p8&��`== �?�=8�f C>��B>�� &U�?7?�:?>C: 7=�?B>=�?CB=' ^B&�&' U?-

�?f&7 B&�=�?C>8?���f =^'?�?�=� 8 B�?C>8?���? = C&C>&=> 8 U&C�?7&8>?�_�&' B&�=�?-
C>8?��&' �C�&��?�== C8&=f A&�': p�?'?�>���? �C>=`� – >&'� – f='=�?CB=? p�?'?�>�  – 
>?� – ^8�^7��? C=C>?'� – X�B>=B=,  >B�? 8=7&8 =f 8^='&7?�C>8=:, C&U�&8&�7?'&' 
CB�B&&d�^��'= B�?C>8?���'= =^'?�?�=:'= 8 =f C8&�C>8f. 

4�?7�?> &>'?>=>_, �>& &>�=�=: 8 C8&�C>8f �^�=���f ��&8�?� =?��f== A=^=�?CB=f 
A&�' '>?�== 8&^�=B?> �? >&�_B& 8C�?7C>8=? �^�=��&X& C&C>8 =f p�?'?�>&8, �& = 8 �?-
^��_>>? =^'?�?�=: CU&C&d&8 =f &�X�=^`==: B�7�� ��&8?�_ &�X�=^`== �?�=8�f A&�' 
8&^�=B?> 8 C=�� B�?C>8?��& 7��X=f &>�&T?�=� =f C&C>8�:��=f (�=d&�?? :�B=� U�='?� – 
U?�=&7=�?CB=� ^B&� f='=�?CB=f p�?'?�>&8 o.�. R?�7?�??8). 

�^8?C>�: =?��f=: �=8�f C>��B>��: ��B�?&>=7 – X?� – B�?>B – &�X�=^' – U&U��:`=: – 
pB&C=C>?' – d=&CA?�, - &�?8=7�& �B^�8?> � &d��&C>_ �CC'>�=8?'&X& p8&��`=&��&X& 
U�=�`=U [37]. � B�7&' ��&8�? C>��B>��� d=&�&X=�?CB: C=C>?' =CU&�_^�?> �^��? CU&-
C&d� C&f��?�=: C8&?X& �C>&��=8&X& C��?C>8&8�=:: 
�� � �=^T=f ��&8�:f – d?�B&8�� = ��B�?&>=7��� U&�='&�A=^' (8^='&^'?�:?'&C>_ 

A��B`=� �^�=���f d?�B&8 = ��B�?&>=7&8); 
�� � ��&8�? &�X�=^'&8 – X&'?&C>^=C, &d�^���=� '�&X&��&8�?8�� C=C>?'� ^�=>�, 8 

B&>&�&� U?�?f&7 B d&�?? 8�C&B=' ?� ��&8�:' ^>�X=8?> 8C� d&�_T?? �=C�& A=^=&�&X=-
�?CB=f U&7C=C>?' &�X�=^'. � �=C��B? 4 7� Cf?'>=�?CB: =���C>�`=: A��B`=&�=-
�&8�=: >B&� C=C>?'�, U&77?��=8��?� A=^=&�&X=�?CB= �&�'�_��� ��&8?�_ Cf� 8 
B�&8= �?�&8?B; 

�� � ��&8�? pB&C=C>?' – �^�&&d�^=? 8=7&8, �&7&8 C?'?�C>8 = >.7. 

 

�=C��&B 4 – ��='?� '�&X&��&8�?8&X& �?X��=�&8�=: C&7?���=: Cf� 8 B�&8= �?�&8?B 
(�&�'�_�&? C&7?���=? 0,8—1,2 X/�) 

	��& &>'?>=>_, �>& U?�?f&7 C &7�&X& ��&8�: &�X�=^`== =�= A��B`=&�=�&8�=: C=-
C>?'� � 7��X&� ��&8?�_ �&C=> 7=CB�?>���, C>�U?��>�� f�B>?�, U�=�=� B&>&�&X& �C-
B��8?>C: 7�?? 8 �^7?�? 3. 

R�&X&��&8�?8&C>_ '>?�=�_��f C=C>?', &d?CU?�=8: �C>&��=8&C>_ U�&`?CC&8 (8 >&' 
�=C�? �?�8�&8?C��f) 8 �?�=8�f C>��B>��f, >B �?, BB = X&'?&C>^=C 8 �=8�f &�X�=^'f, 
:8�:?>C: �? >&�_B& �?^��_>>&' p8&��`==, �& = C&^7�> �C�&8=: 7�: �BU�=8�=: = �?�=^-
`== 8 p>=f C=C>?'f p8&��`=&���f =^'?�?�=� � B�7&' ��&8�?. 
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3 +��!�7 ��6�����6�� 
o&C>=�?�=: B8�>&8&� >?&�== &U�?7?�=�= 7=CB�?>�&C>_ p�?�X?>=�?CB=f U�'?>�&8 

p�?'?�>���f �C>=` �?�=8&� '>?�== = =f 8^='��f C&C>&:�=� – C=C>?'��f B&�A=X��-
`=�, =�= C>��B>�� [38]. 	 B�?C>8? =���C>�`== >B&� 7=CB�?>�&C>= � 'B�&CB&U=�?CB&' 
��&8�? � �=C��B? 5 U&B^�� 78 C&C>&:�=: U���&��&� C>��B>���, &U&���? �^�� B&>&�&� 
^7��,  7&U&��=>?�_��? �^�� &d�^��>C: 8 ^8=C='&C>= &> ���_��f �C�&8=� &d�^&8-
�=: U���B= [39]. 

�d? C>��B>��� ) = d) � �=C��B? 5 :8�:�>C: p�?�X?>=�?CB= �&B�_�& �C>&��=8�'=. 	 
�CC'>�=8?'&� C=C>?'? C��?C>8�?> �?CB&�_B& 8U&��? &U�?7?�����f �C>&��=8�f C&C>&:-
�=�, >.?. =f '�&�?C>8& 7=CB�?>�&. ��?8=7�&, �>& ?C�= B�7&? >B&? �C>&��=8&? C&C>&:�=? 
&f�B>?�=^&8>_ �?B&>&��' U&B^>?�?' – B�=>?�=?' B�?C>8, >& 8 A&�'�_�&' U��? � 
�B^��&' '�&�?C>8? C&C>&:�=� '&�?> d�>_ U&C>8�?� ^7� U&=CB X�&d�_�&X& pBC>�?-
'�'. 

     

�=C��&B 5 – o=CB�?>��? C&C>&:�=: U���&��&� C>��B>��� 8 �&B�_��f p�?�X?>=�?CB=f '=�='�'f 

	 d=&�&X=�?CB=f C>��B>��f 7=CB�?>�&C>_ C>�&?�=: &U�?7?�:?>C:, 8 �C>�&C>=, C��?-
C>8&8�=?' 8C?X& 20->= &C�&8��f '=�&B=C�&>, B&'d=�`== B&>&��f U�= C�?7�?� 7�=�? =f 
U&C�?7&8>?�_�&C>= 8 100 '=�&B=C�&> &U�?7?�:?>C: �=C�&' �^'?�?�=� C U&8>&�?�=:'= = 
C&C>8�:?> 20100 8�=�>&8, �>& C =^d�>B&' &d?CU?�=8?> 8C� �^�&&d�^=? =^8?C>��f 8=7&8 
d?�B&8 (U�='?��& 204). 

o=CB�?>�&C>_ X?�?>=�?CB=f C>��B>�� &d?CU?�=8?> p�?'?�>���' �&C=>?�:' �C�?7-
C>8?��&C>= 8�C&B�� �C>&��=8&C>_, >B BB U?�?f&7 =^ &7�&X& 7=CB�?>�&X& C&C>&:�=: 8 7��-
X&? >�?d�?> U�?&7&�?�=: �?B&>&�&X& p�?�X?>=�?CB&X& U&�&X. �. o&B=�^ 8 C8&?� �d&>? [40] 
U&7���B=8?>, �>& p8&��`=&��: «d?CC'?�>�&C>_» X?� �?&df&7='& &U�?7?�:?>C: 7=CB�?>-
�&C>_� ?X& A&�', = �>& ?C>?C>8?���� &>d&� 8&^'&�?� >&�_B& � 7=CB�?>�&' '�&�?C>8? B&�-
B��=����=f 8�=�>&8. 

o�: =?��f=�?CB= C�&���f C>��B>�� �d��7?>C: 7=CB�?>�&C>_ U&8?7?��?CB=f �?B`=�: 
8 �C>�&C>=, �. �B?� U�=8&7=> U&U��:���� U�='?� B&�?��&X& 7=CB�?>�&X& �d&� �C>&��=-
8�f ?C>?C>8?���f ����&8 � �&T7=: TX, ��C_, =�&f&7_, X�&U [7]. 

�d&d�: p8&��`=&���� �&�_ 7=CB�?>�&C>= A&�' '>?�==, �.R. ��='&8 �B^�8?> [41], 
�>& «�=d&�?? pB&�&'��� CU&C&d U�&=^8&7C>8 �=^B&-p�>�&U=��&X& U�&7�B> C&C>&=> 8 B&'-
d=�=�&8�== ��? ='?��=fC: �=^B&p�>�&U=���f C>��B>��; p8&��`=: 8 �T?' U&�='�== 
7&��� U�&=Cf&7=>_ �? >&�_B& = 7�? �? C>&�_B& U�>?' '��f =^'?�?�=�, CB&�_B& CB�B'=, 
&d�C�&8�?���'= �&8�'= C&�?>�=:'= C>��f C>��B>��». 

�>C�7 C�?7�?>, �>& 7=CB�?>�&C>_ �=8�f = �?�=8�f C>��B>�� &d?CU?�=8?> �CC'&>�?�-
�&? 8�T? '�&X&&d�^=? 8�=�>&8 A&�' = :8�:?>C: �?&>?'�?'�' �C�&8=?' p8&��`==. 

) d)
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4 -����9�!�4 7��!�7�� �����������������6�� � ����7������; 6�6����; 
4A&�'��=�&8���? 8�T? p8&��`=&���? U�=�`=U� '�&X&�_>?��>=8�&X& U&C>�&?�=: 

?C>?C>8?���f A=^=�?CB=f = d=&�&X=�?CB=f C>��B>�� &d?CU?�=8�> 8&^�=B�&8?�=? 8 p>=f 
C>��B>��f &C�&8�&X& p8&��`=&��&X& C8&�C>8 – CU&C&d�&C>= �C>&��=8&X& C��?C>8&8�=: 8 
�C�&8=:f &>B��>&X& 8^='&7?�C>8=: C �?U�?��8�& =^'?�:��?�C: 8�?T�?� C�?7&�. �C&-
^���&? 8&CU�&=^8?7?�=? �B^���f U�=�`=U&8 8 =CB�CC>8?���f C=C>?'f U&^8&�:?> �?�=-
^&8>_ 8 �=f p�?'?�>� 7U>=8�&X&, U�=CU&C&d=>?�_�&X& U&8?7?�=:, f�B>?��&X& 7�: ��_-
>�C>d=�_��f C>��B>��, &d�7��=f 8�C&B&� �=8��?C>_�. 

	 �d&>? [42] U�=8&7=>C: U�='?� U&C>�&?�=: C=C>?'� p�?B>�&C�d�?�=: B&C'=�?CB&� 
C>�`==, C&C>8 B&>&�&� U�?7C>8�?� � �=C��B? 6 = 8B���?> 8 C?d: >�= ��&8�: U&7C=C>?': 
2� U&7C=C>?'� C&��?���f d>�?�; 
2� U&7C=C>?'� =C>&��=B 8�C&B&X& �U�:�?�=:, �f&7:�?X&C: � 8�?T�?' U& &>�&T?�=� B 

B&C'=�?CB&� C>�`== UU�>?; 
2� U&7C=C>?'� p�?B>�&f='=�?CB=f BB�'��:>&���f d>�?� (
W), �BU�=8��=f p�?�X=� 

U�= ?� =^d�>B? 8 C=C>?'? = &>7��?� – U�= �?7&C>>B?. 
4U&C&d 8^='&7?�C>8=: p>=f U&7C=C>?' &d�^�?> =?��f=�?CB�� C>��B>���, 8 B&>&�&� 

U?�?7� A��B`=� p�?B>�&C�d�?�=: B�7&'� U&C�?7���?'� ��&8�� U�&=Cf&7=> >&�_B& 
U�= U&��&C>_� =C�?�U���f p�?�X?>=�?CB=f �?C��Cf U�?7T?C>8���?X& ��&8�: (�=C��&B 6). 

 

�=C��&B 6 – ����C>�`=: U�=�`=U&8 '�&X&�_>?��>=8�&C>= 8 C>��B>��? = �?�='f �d&>� 
C=C>?'� p�?B>�&C�d�?�=: B&C'=�?CB&� C>�`== 

� �=C��B? 6d U&B^�&, �>& U�= 8�f&7? �U�8�:��?X& C=X�� u ^ ^&�� �?X��=�&8�=: 
[-0,9; -0,5] U&7C=C>?' C&��?���f d>�?� &>7�> 8 �X��^B� C8&� U&���� >&B I4W,max, = 8 �-
d&>� 8C>�U?> U&7C=C>?' 8�?T�?X& =C>&��=B (7=U^&� �?X��=�&8�=: [-0,4; 0,4]). ��= 
U&��&C>_� ^X���?���f C&��?��&� d>�?? = 8�?T�?' =C>&��=B? (I4W = I4W,max = I	� = I	�,max) 
��=�?>C: &>d&� p�?�X== &> BB�'��:>&���f d>�?�. 
��&X=��: U?�?7� �U�8�?�=: 
&C��?C>8�:?>C: 8 U�?7?�f B�7&� U&7C=C>?'�, B&>&��? C&7?��> d&�_T&? �=C�& =7?�>=�-
��f '&7��?�. R&7��_�&C>_ = =?��f=��&C>_ C>�&?�=: =CB����> 8&^'&��&C>_ BCB7�&X& 
(>?f�&�&X=�?CB= C8:^��&X&) ��C>�=: &>B^&8 8 C=C>?'?, >B BB U�= ��d&' >&B? �X��^B= 
&C��?C>8�:?>C: B>=8�&? �?X��=�&8�=? �? 8C?� &>78?'&� U&>�?d=>?�:' '&��&C>=,  
>&�_B& >&� ?� �C>=, B&>&�: C&&>8?>C>8�?> &7�&'� '&7��� >&� =�= =�&� U&7C=C>?'�. 	C? 
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&C>�_��? '&7��= �f&7:>C: 8 �?�?X��=��?'&' �?�='? – �C>_ =^ �=f &>7�> U&���� >&B,  
�?=CU&�_^�?': �C>_ &>B���?�. 	 �?^��_>>? 7&C>=X?>C: «�?�C�&��:?': U�&C>&>» C=-
C>?'� [41], U&:8�:?>C: 8&^'&��&C>_ ��=A=B`== B&�>��&8 �U�8�?�=: = d�&��&X& U&C>�&?-
�=: U&7C=C>?' =^ 8^='&^'?�:?'�f d�&B&8, �>& 8 C&8&B�U�&C>= &d?CU?�=8?> �7���&? 
A��B`=&�=�&8�=? C=C>?'� p�?B>�&C�d�?�=: 8 T=�&B&' 7=U^&�? =^'?�?�=: ?� U�'?>-
�&8, �X��^&B = U�= &>B^f &>7?�_��f d�&B&8. 

�8&��`=&���? U�=�`=U� A��B`=&�=�&8�=: ��_>�C>d=�_��f d=&A=^=�?CB=f C>��B-
>��, C&f��:��=f C8&� 8 �?B&>&�&' C'�C�? pBC>�?'�_�&? C&C>&:�=?, �CU?T�& U�='?�:�>C: 
>B�? 8 =�A&�'`=&���f C=C>?'f 7�: U&=CB &U>='�_��f �?T?�=� 8 C�&���f NP-U&���f 
^7�f 8�C&B&� �^'?��&C>= (�=C��&B 7). 

 

�=C��&B 7 – 
�X&�=>'� �U�8�?�=: = U�=�:>=: �?T?�=�, U&C>�&?���? � d=&A=^=�?CB=f U�=�`=Uf 

�^ U?�?�=C�?���f � �=C��B? 7 U�='?�&8 &>'?>=' &dT=���� B�CC f&�&T& �^�d&>�-
��f X?�?>=�?CB=f �X&�=>'&8 [11], =CU&�_^���=f, 8 �C>�&C>=, �? >&�_B& '?f�=^'� �C-
�?U�?�=: �&7=>?�_CB=f U�=^�B&8, �& = '>�=���� �?U�=B`=� =^���_�& =^8?C>�&X& 
�d&� '&7��?�, '�&X&&d�^=? B&>&��f C U&'&�_� C'&=�C>��B>=�&8�=: '�>`=� (U�&&d-
�^ p8&��`=&��&� U':>=) U&�&�7?> '�&�?C>8& �_>?��>=8��f 8�=�>&8 �?T?�=� 
[31, 43, 44]. � �=C��B? 8 U&B^� �?^��_>> U�='?�?�=: >B&X& �X&�=>' 7�: �?T?�=: ^7-
�= �>?��?� C �^'?��&C>:'= n = 100 = n = 75. 

 
�=C��&B 8 – ��='?�� B�>��T=f C?>?� �>?��?�, U&C>�&?���f X?�?>=�?CB=' �X&�=>'&' 

C p8&��`=&��&� U':>_� 
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�Cf&7��? &U&���? �^�� C?>= �>?��?� � �=C��B? 8d C&8U7�> C C&&>8?>C>8���=' 
A�X'?�>&' � �=C��B? 8, &7�B& >&U&�&X== p>=f A�X'?�>&8 C?>?� � �=C��Bf 8 = 8d &>-
�=��>C: 8 C=�� C=C>?'�&X& 8�=:�=: �^�=��&X& &d�?X& �=C� n &U&���f �^�&8. 

&���=����� 
�7=�C>8& ^B&�&8 p8&��`== �=8�f = �?�=8�f C=C>?' '&�?> d�>_ �C>�&8�?�& � &C�&-

8? &d?7=�:��?� B&�`?U`== '�&X&�_>?��>=8�&C>=, U&C>��=����?� U�=�`=U� '�&X&&d-
�^=:, 7=CB�?>�&C>= = =?��f== C>��B>��. 

��=�`=U '�&X&&d�^=: &>��?> =Cf&7��� &�>&�&X=�?CB�� U�?7U&C��B� & 8&^'&��&-
C>= 8&^�=B�&8?�=: = C>d=�=^`== �&8�f – p8&��`=&���f - =^'?�?�=� 8 U�=�&7? >&�_B& � 
&C�&8? '�&�?C>8?���f 8�=`=� ='?��=fC: C>��B>��. 	 =�A&�'`=&��&' U��? p>&> >?^=C 
d�=^&B B =^8?C>�&'� B=d?��?>=�?CB&'� U�=�`=U� �?&df&7='&X& �^�&&d�^=: m. �Td=: 
“Variety can destroy variety”. 

o=CB�?>�&C>_ C>�&?�=: = C&C>&:�=� �=8�f = �?�=8�f C>��B>�� :8�:?>C: �?&df&7='�' 
�C�&8=?' B&'d=�>&��&X& '�&X&&d�^=: A=^=�?CB=f = d=&�&X=�?CB=f A&�' C��?C>8&8�=: 
'>?�==, &U�?7?�:: f�B>?� U�&>?B�=: p8&��`=&���f U�&`?CC&8 8 8=7? CB�B&&d�^��f, 
B�?C>8?���f U?�?f&7&8. 

�?��f=�?CB&?, '�&X&��&8�?8&? C>�&?�=? C�&���f U�=�&7��f C=C>?' &d?CU?�=8?> 8&^-
�=B�&8?�=? 8 p>=f C=C>?'f A?�&'?�&�&X=�?CB&X& C8&�C>8 «�?�C�&��:?'&� U�&C>&>�», 8�-
����?X&C: 8 =f X&'?&C>>=^? = ��_>�C>d=�_�&C>=, B&>&��? 8&^�C>�> C �8?�=�?�=?' 
�^�&&d�^=: 8f&7:�=f 8 C=C>?'� U&7C=C>?'. 

�&�C>��B>=8�&? C&7?���=? p>=f U�=�`=U&8 ^B���?>C: 8 =f `?�?�U�8�?��&' =C-
U&�_^&8�== U�= U�&?B>=�&8�== 8�C&B&�7����f C=C>?' B�=>=�?CB&X& �^��?�=: = U&-
C>�&?�== =�>?��?B>��_��f C=C>?' U�=�:>=: �?T?�=�. 

�8&��`=&��: &d��&C>_ B&�`?U`== '�&X&�_>?��>=8�&C>= &>B��8?> U?�CU?B>=8� ?� 
U�B>=�?CB&X& U�='?�?�=: 7�: U�=B�7�&X& ��=^ = �U�8�?�=: C�&���'= �^8=8��=-
'=C: C=C>?''= BB ?C>?C>8?��&X&, >B = �>�&U&X?��&X& U�&=Cf&�7?�=:. 
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Abstract 
The paper concentrates on some mechanisms of evolution that forms the constructive-oriented approach to the existence 
and development process of both wildlife and inanimate nature. This approach, also known as multi-alternative concept, 
is taken as a basis for the discussion of some interrelated and complementary principles of the diversity, discreteness 
and hierarchy in evolutionary processes and structures. First of all, it is demonstrated, that the possibility of evolution 
depends mainly on the heterogeneity of matter forms that implicates the diversity of its acquired characteristics. It can 
also be shown that the specified diversity is essentially enabled with discreteness of elements, which constitutes the 
combinatorial manifold of patterns and modes in physical and biological systems. Special attention is given to the issue 
of correlation between process hierarchy and structures, on one side, and its stability and homeostasis on the other. Fi-
nally, there are some examples provided to demonstrate the application of the considered principles in solving different 
technological problems, such as development of high-reliable power systems for space stations or designing evolution-
ary algorithms for decision-making systems. It is shown that the evolutionary concept of community multi-alternative 
opens prospects for its practical appliance to application analysis and control of complex systems, both of natural and 
anthropogenic origin.�

�����}~��j open systems, evolution in the animate and inanimate nature, concept multi-alternative.�

������}�j Podvalny SL, Vasiljev EM. The concept of multi-alternative in the animate and inanimate structures [in Rus-
sian]. Ontology of designing. 2016; v.6, 3(21): 355-367. DOI: 10.18287/2223-9537-2016-6-3-355-367. 
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#�����!�4 
�CC'&>�?�� B&X�=>=8��? U�&d�?'�, 8&^�=B��=? U�= 8�U&��?�== U�&?B>=�&8�=: C�&���f 
C=C>?' � &C�&8? B&'U_�>?���f '&7?�?�: B&X�=>=8��� d�_?� = d?��`=: B&X�=>=8�&X& 
U�&`?CC. �U�?7?�?�� U�=�=�� �B^���f U�&d�?', B&>&��? �&C:> BB >?f�=�?CB=�, >B = C&`=&-
X�'�=>���� f�B>?�. 	 �?&�=d?��=C>CB&' BU=>�=^'? U&8�C=�C_ ^��='&C>_ A=��C&8&X& 
C?B>&�. 4'?�:?'&C>_ U&B&�?�=� >?f�=�?CB=f �C>�&�C>8 8�^8� pB&�&'=�?CB&�,  �? ����&-
>?f�=�?CB&� ^7�?� =�= U&>�?d�&C>:'= �?�&8?B. ���&8`=&��: pB&�&'=B U&�&�7?> 7=CB��C 
=^'?�?�=� �?�&8?B C `?�_� C&^7>_ U&>�?d=>?�:, C&�^'?��&X& >?'U' >?f�=�?CB&X& U�&X�?CC. 
	�^8���� pB&�&'=B&� >?'U >?f�=�?CB=f =^'?�?�=� �? �>�&U&'?�?�, �? C&&>8?>C>8�?> >?'U� 
«C�C>�=8&� �=^�=». o=�'=^`=: d^=C U�=8&7=> B 7=�'=^`== '&��_�&-��8C>8?��&� 
CA?��, 8&^�=B?> >��^=>&��: p>=B. V>?�>�&C>_ B&X�=>=8��f U�&d�?' U�&?B>=�&8�=: – 
C�?7C>8=? U&>�?d�&C>= U&���=>_ =��&8`=&���� U�&7�B> 8 ��C>B=f 8�?'?���f �'Bf. ��= 
X�8?�C>8? >?f�=`=^' 8 ��B? = �?=^d?��&C>= 8�?7�?�=: �?^��_>>&8 U�&?B>=�&8�=: 8 �=^�_ 
U�&?B>�: 7?:>?�_�&C>_ 7&��� C&U�&8&�7>_C: A=�&C&ACB&� �?A�?BC=?�.  

#�!���$�������j 	�����#�!� "�)��&!, "��	���#����, ����N�����H ���	�, �'��� �, 
����&�
���� )+���#. 
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'&7?�?�: >?f�=�?CB=� = C&`=&-X�'�=>���� CU?B>� / 4.	. ��X=�, �.�. ��X=� // ��>&�&X=: 
U�&?B>=�&8�=:. – 2016. – �. 6, %3(21). – 4. 368-376. – DOI: 10.18287/2223-9537-2016-6-3-368-376. 

�������� 
	 �C>&:�?? 8�?': U�&X�''�&-UU�>��? C=C>?'� 8>&'>=^=�&8��&X& 

U�&?B>=�&8�=: (4
��) �f&7:> C8&� U�='?�?�=? U�= C&^7�== BB >?f�=�?CB=f, >B = 
?C>?C>8?��&�����f, ��&X=���f U�=�&7��', &d?B>&8. 	'?C>? C >?', U�='?�?�=? 4
�� 
7�: U�&?B>=�&8�=: &U�?7?�����f B�CC&8 &d?B>&8 �=d& ^>��7�=>?�_�&, �=d& �? 
`?�?C&&d�^�&. ��= U�&?B>=�&8�== C�&���f >?f�=�?CB=f &d?B>&8 >�?d�?>C: &U?�=�&8>_ 
7���'=, �^�=���'= U& C8&?� U�=�&7? [1]. ���7�&C>= U�= U�&?B>=�&8�== 8&^�=B�> U�= 
8^='&7?�C>8== '?�7� CU?`=�=C>'= =^ �^�=���f &d�C>?�, �>& U�=8&7=> B >��7�& 
�C>��='�' B&��=^=:'. o��&? &dC>&:>?�_C>8& :8�:?>C: AB>&�&' &X��=�?�=: C�&��&C>= 
&d?B> U�&?B>=�&8�=: (��). ��=�=�� >B&X& �&7 &X��=�?�=� B�&�>C: 8 >&', �>& 

                                                           
* 4>>_: = ?� 8>&�� – �X�:7��� U�='?� 8^='�&X& C>�?'�?�=: B =�>?X�`== «�^7?����&X&» >?f�=�?CB&X& = 
X�'�=>��&X& ^��=:. 
B>��_�&C>_ «C>�B&8�f» =CC�?7&8�=� 8�� 7�: �T?X& �����, = &d p>&' '� �?&7�&B�>�& 
U=C�=, C>='��=��: >?' C'�' U�=>&B >B&X& �&7 �d&>. ��d�=B�?': C>>_: 8�^8� �?&7�&^����� &`?�B� 8 �?7B`== 8 
C=�� �?>&��&C>= =�= �?U&��&>� �:7 A&�'��=�&8&B =CC�?7�?'�f U&�:>=�. �?' �? '?�??, C ���>&' B>��_�&C>= 
�CC'>�=8?'&� >?'�, '� �7??'C: � U�&7&��?�=? ?� &dC��7?�=: �T='= �?�8�&7�T��'= �=>>?�:'=, B&>&��? 
8&CU&��:> p>&> U�&d?�. >��&.���. 
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B&'U_�>?���? '&7?�= (�R) �� 8 &U�?7?�����f C���:f, 8&-U?�8�f, &B^�8�>C: �? 
7?B8>��'=,  8&-8>&��f, C�&���'= 7�: C&^7�=: =/=�= =�>?�U�?>`== [2]. � U?�8&? 
&dC>&:>?�_C>8& ��? �B^�8�&C_ =CC�?7&8>?�:'= 8 �d&>? [3] U�='?�=>?�_�& B �R �� =^ 
&d�C>= f='==. 	>&�&? &dC>&:>?�_C>8& �B^�& 8 �d&>? [4]: 4
�� U�&X�''��f B&'U�?BC&8 
U�='?�='� � U�B>=B? �? C>&�_B& BB «U&'&��=B=», CB&�_B& BB C�?7C>8& 7�: 
7&B�'?�>=�&8�=: U�&'?��>&���f = =>&X&8�f �?^��_>>&8. 

	 ��' �? ^B���?>C: U�=�=�� U&7&d�&X& �&7 &X��=�?�=�? �B=? U&C�?7C>8=:, 8 >&' 
�=C�? – C&`=�_��?, '&X�> 8&^�=B��>_ U�= �?7&&`?�B? =/=�= =X�&�=�&8�== C�&�=8T?�C: 
C=>�`==? �B=? CU&C&d� �^�?T?�=: C�&�=8T?�C: U�&d�?'� '&X�> d�>_ U�=?'�?'�?  

�?�_ �C>&:�?� �d&>� – &>8?>� � �B^���? 8&U�&C�. 

1 �6������ 7��4��4 � �7�������4 
�CC'&>�=' d^&8�? U&�:>=: = &U�?7?�?�=:, C����=? &>U�8�&� >&�B&� 7�: 

=CC�?7&8�=:.  
>��	���#���� [5, C. 1061] – U�&`?CC C&^7�=: U�&?B> – U�&>&>=U, U�&&d�^ 

U�?7U&�X?'&X& =�= 8&^'&��&X& &d?B>, C&C>&:�=:. 
>��	� [5, C. 1061] – 1) ^'�C?�, U��; 2) C&8&B�U�&C>_ 7&B�'?�>&8 (�C��>&8, �?�>?�?� 

= 7�.) 7�: C&^7�=: BB&X&-�=d& C&&���?�=: =�= =^7?�=:. 
�& ?C>_ U�&?B> ?C>_ &d�^, 8&U�&������ 8 A&�'� &U=C�=:, &d&C�&8�=:, �C��>&8, 

�?�>?�?�, �CB��8��=f C���&C>_ ^'�C� = 8&^'&��&C>_ ?X& U�B>=�?CB&� �?�=^`==. 
�d��?> � C?d: 8�='�=? >&> AB>, �>& 8 &U�?7?�?�== U�&?B> �d��7?>C: �?B&>&�: 
78&�C>8?��&C>_. 4 &7�&� C>&�&��, U�&?B> 7&��?� �CB��8>_ ^'�C?�, =7?�, &d�^ 
d�7��?X& &d?B> U�&?B>=�&8�=:. 4 7��X&� C>&�&��, U�&?B> �?'�C�=' d?^ �CB��>=: 
>?f�&�&X== �?�=^`== ��. �& '?�? �C�&��?�=: ��, �>& C>�& 8&^'&���' 8& 8>&�&� 
U&�&8=�? XX 8?B 8 �?^��_>>? T=�&B&X& U�='?�?�=: B&'U_�>?���f '&7?�?�, 8 
U�&?B>=�&8�== U�&C�?�=8?>C: 78&�C>8?��: >?�7?�`=:, �T?7T: C8&? &>��?�=: 8 
&U�?7?�?�== U&7f&7&8 B U�&?B>=�&8�=� � &C�&8? B&'U_�>?���f '&7?�?�. �^�=��> 78 
U&7f&7 B U�&?B>=�&8�=�: A��B`=&��_��� = &U>='=^`=&���� [6]. 

��= A��B`=&��_�&' U&7f&7? B U�&?B>=�&8�=� � U?�8�� U�� 8�C>�U?> A��B`=:, 
B&>&��� 7&��?� 8�U&��:>_ &d?B>. ��& �`?�?�&, U�?�7? 8C?X&, � C&^7�=? pAA?B>=8�& 
�d&>��?X& &d?B>. 	�U&��?�=? >�?d�?'&� A��B`== — X�8�: `?�_ = &C�&8 �^�d&>B= 
��. 	& 8�='�=? U�=�='�>C:, U�?�7? 8C?X&, A��B`=&��_��? U&B^>?�= B�?C>8 = 
U&B^>?�= �7���&C>=. 

��= &U>='=^`=&��&' (B�=>?�=�_�&', 8�=�>�&') U&7f&7? B U�&?B>=�&8�=� 
&C��?C>8�:?>C: �? >&�_B& U&=CB A��B`=&��_�& pAA?B>=8��f �?T?�=�, �& = 
�7&8�?>8&�?�=? �^��f, U&�&� U�&>=8&�?�=8�f U&>�?d�&C>?� ��7?�. ��&=^8&7=>C: 
&d&C�&8���� 8�d&� &B&��>?�_�&X& 8�=�>. 
B>=8�& &U>='=^`=&��&? U�&?B>=�&8�=? 
���& U�='?�:>_C: C& 8>&�&� U&�&8=�� XX 8?B d�X&7�: 7&C>=�?�=:' >?&�== U�=�:>=: 
�?T?�=�, >?&�== =CC�?7&8�=: &U?�`=�,  >B�? d�X&7�: T=�&B&'� 
�CU�&C>��?�=� 8��=C�=>?�_�&� >?f�=B=. mB^���? &dC>&:>?�_C>8 U&^8&�=�= 
�^�d&>>_ '?>&7�, U&^8&�:��=? 8 &d&^�='�? C�&B= U�&C�=>�8>_ '�&X&�=C�?���? 
8�=�>� = �?T>_ C�&���? '>?'>=�?CB=? ^7�=. 

�U>='=^`=&���� U&7f&7 �C=�=�C: 8 B&�`? XX, 8 ���? XXI 8?B&8. 	&^�&CT: 
B>��_�&C>_ �B^��&X& U&7f&7 �U�:'�� C8:^� C =�>?�C=A=B`=?� '&7?��=C>CB&� 
=7?&�&X==: C&^7>?�= �� >�?d��>, �>&d� �&8&? U&B&�?�=? U�&?B>=��?'�f &d?B>&8 d��& 
7?T?8�? U& C?d?C>&='&C>= = 8 d&�_T?� C>?U?�= �7&8�?>8&�:�& C&8�?'?��&� C>��B>��? 
CU�&C. R&7?��=C>CB: =7?&�&X=:, 8 C8&� &�?�?7_, �U�:'�� C8:^� C �&X=B&� 
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BU=>�=^', U�= �CC'&>�?�== B&>&�&� '� U?�?f&7=' B C&`=&-X�'�=>���' CU?B>' 
B&X�=>=8��f U�&d�?' U�&?B>=�&8�=:. W^&8&? U&�:>=? ^7?C_ – >��^=>&��: p>=B. 
=���N�����H ���	� – p>& C=C>?' �&�' ��8C>8?��&X& U&8?7?�=: �?�&8?B =�= C&`=�_�&� 
X��UU�, U�?7U&�X��: 8 B�?C>8? d^&8&� '&��_�&� `?��&C>= =��&8`=&�=^' 
(=7?&�&X=� X&>&8�&C>= �?�&8?B B U?�?'?�'). 

2 .���������� 7�>���� 7����������4: 6�!��-����������� �67��� 
R&7?��=C>CB: =7?&�&X=: 8U=C� 8 �&X=B� BU=>�=^' 8 ?X& �?&�=d?��_�&� 8?�C==. 

�&8�C=�C_ ^��='&C>_ A=��C&8&X& C?B>&� = X�8�&� `?�_� =��&8`=� C>�& �8?�=�?�=? 
&d�' &d&�&> 7?�?���f C�?7C>8. �&p>&'� C'?�:?'&C>_ U&B&�?�=� >?f�=�?CB=f �C>�&�C>8 
^�C>�� U�&7=B>&8� 8�?T�?� pB&�&'=�?CB&�, �?�?�= 8��>�?��?� ����&->?f�=�?CB&� 
^7�?�, >?' d&�?? �? 8=>�_��'= =�= pB^=C>?�`=�_��'= U&>�?d�&C>:'= �?�&8?B. �d&�=? 
�A&��, �?U�=X&7��? 7�: =CU&�_^&8�=: 8 C8:^= C �?8&^'&��&C>_� CB�>_ «�C>�?8T??» 
U�&X�''�&? &d?CU?�?�=?, ^�:7�&? �C>�&�C>8&, 8�f&7:�?? =^ C>�&: �? U& A=^=�?CB=' 
U�=�=�',  =^-^ �?C&8'?C>='&C>= C �&8�' �� – p>& U�='?�� «8�B�=8�=: 7?�?X» =^ 
U&>�?d=>?�: >?f�&�&X=�.  

W�C>�: C'?� >?f�&�&X=� CU&C&d� &d?CB���=>_ �d&��� C=��, 8�d=>_ U&�8� =^-U&7 
�&X �d&>�=B&8 8 �T?' �?C>d=�_�&', >��^=>&��&' '=�?, 8C?�=>_ ��8C>8& 
�?&U�?7?����&C>=. V�7= 8����7?�� d?^ &d?B>=8�&� �?&df&7='&C>= U?�?C>�=8>_ C8&= 
>��7&8�? �8�B= U&7 �&8&? &d&��7&8�=? = �&8�? =�A&�'`=&���? >?f�&�&X==. 4B^��&? 
B>��_�& = 8 &>�&T?�=?, �U�='?�, d�fX�>?�&8, B�7�� �^ &>8�?B��=f C8&� 
pB^=C>?�`=�_��� p�?�X=� � &C8&?�=? �&8&� 8?�C== �� 7�: ��&X&8�f &�X�&8, = 7�: 
U�&A?CC&�CB&-U�?U&78>?�_CB&X& C&C>8 	m�&8, &>8�?B��?X& C8&= C=�� = 8�?': � 
&C8&?�=? 8C� �&8�f = �&8�f =�A&�'`=&��&->?f�=�?CB=f C�?7C>8 7�: A&�'�=^`== C8&?X& 
>��7. 

�?f�=�?CB&? >8&��?C>8& C?X&7�: �?X��=��?>C: 8>&�CB=' U�8&', U&�&�7: ��? 
'CT>d��� U�B>=B� «�=^�= � �?�>�» �? >&�_B& 7�: =^&d�?>>?�: >?f�&�&X==, �& = 7�: 
8C?X& T>> C&>��7�=B&8 >?f�=�?CB=f &�X�=^`=�. 	�7?�_`� U>?�>&8 �C>�8�=8�> 
pB&�&'=�?CB=? «U�8=�» =X��», U�?U:>C>8�: �^8=>=� �_>?��>=8��f >?f�&�&X=�. 
�^�&C_ d�, �= �>& =�&?, BB B&�B��?�`=: =�CU=�=��?> =��&8`==, ^C>8�:?> =��?�?�&8 
U�=7�'�8>_ �&8�? �C>�&�C>8. �7�B&, � U�B>=B? &B^�8?>C:, �>& &>�C�=, ^�:>�? 
C&^7�=?' >?f�&�&X=�, C&^7�> �C>�&�C>8, 7�: B&>&��f ?�� >&�_B& U�?7C>&=> C&^7>_ 
���&B Cd�>. �&p>&'� «�_8=��� 7&��» 8 �^�d&>Bf C&C>8�:?> �?B�' C ?� 
'�B?>=�X&8�'= >?f�&�&X=:'=. �U�?7?�:: =��&8`=&���? >&8��, �d&>�, �C��X= BB 
«>&8��, �d&>�, �C��X=, �&8�? =�= U&78?�X8T=?C: 8 >?�?�=? U&C�?7�=f >��f �?> �^�&� 
C>?U?�= >?f�&�&X=�?CB=' =^'?�?�=:'», �&CC>> B&C8?��& �C>�8�=8?> &d�=� 7�: 8C?f 
8=7&8 >?f�=B= C�&B �&8=^�� =��&8`=&��&� U�&7�B`== – �? d&�?? 3 �?> [7]. �>&d� d�>_ 
«=��&8`=&���'», U�&=^8&7=>?�_ 7&��?� �? �?�? >��f �?> =^'?�:>_ >?f�=�?CB=? U�'?>�� 
U�&7�B`==, 8����7: U&>�?d=>?�?� U&B�U>_ ='?��& �&8�? >&8��. �8:^�=8&C>_ 7=CB��C 
«=^'?�?�=� C?d: = 7��X=f», 7�: >&X&, �>&d� C&&>8?>C>8&8>_ «=��&8`=&��&'� 7�f� 
8�?'?�=», =7?= & U?�?8&CU=>�==, U?�?�d?�7?�==, U&C>&:��&� C&`=�=^`== = 
�?C&`=�=^`== 8^�&C��f AB>=�?CB= :8�:�>C: '�B?>=�X&8�' f&7&', U&U�>B&� C&^7>_ 
�?�&8?B, C&&>8?>C>8���?X& >?'U' >?f�=�?CB&X& U�&X�?CC, 8&CU�=�='��?X& 
�?&df&7='&C>_ =^'?�?�=� �?B�=>=�?CB=, BB �&�'�.  

�?^��_>>� >?f�=�?CB&X& >8&��?C>8 C?X&7�: d�C>�& 8�?7�:�>C: 8 U&8C?7�?8�&C>_ �?�?^ 
�^�=���? >?f�=�?CB=? = U�&X�''��? �C>�&�C>8. 	&U�&C: �CB&�_B& >B&� >?'U 
=^'?�?�=� C&`=�_�& ^��='�f U&B^>?�?� >?f�=�?CB&X& &C��?�=: �=^�= �>�&U&'?�?�, 
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C&&>8?>C>8�?> >?'U� &C'�C�?��&� = «C�C>�=8&�» �?�&8?�?CB&� �=^�=? 4�C>�=8: �=^�_ 
U�?7U&�X?> C>d=�_�&C>_ = �?=^'?��&C>_ ^��='�f C&`=�_��f U&B^>?�?�, B B&>&��' 
&>�&C:>C: = '&��_��? �C>�&8B=. �&X7 C�C>�=8, 8�?': �?>=> �?^'?>�&, �=^�_ U�&d?X?>, 
BB '=X ='?��& U&>&'�, �>& ^'?�?': ?7=�=` C&`=�_�&X& 8�?'?�= – p>& U�&'?��>&B 
'?�7� �&8�'= �=^�?��& ^��='�'= C&d�>=:'=. �^'?�?�=: 8 �=^�= �����, �& &�= 
�>�&U&'?��� >&�_B& >&X7, B&X7 &�X�=��& 8�>?B�> =^ d=&X�A=�?CB=f U&8&�&>&8 �=^�= 
�?�&8?B,  �? �8:^�� 8�?T�?� U& &>�&T?�=� B �?'� d&�_d&� =�8?C>&�&8 ^ 
U&>�?d=>?�_CB=� ���&B =��&8`=&��&� U�&7�B`==. ��= =^'?�?�== �?�&8?�?CB&� �=^�= 
C�&B'= =��&8`=�, B&X7 CB&�&C>_ >��CA&�'`== d^=C, 8?��&� C&C>8�:��?� 8�C&B 8 
�X&7� '&7?��=C>CB&� =7?&�&X==, U�&=Cf&7=> =CB�CC>8?��: 7=�'=^`=: '&��_�&-
��8C>8?��&� CA?��, �>& U�=8&7=> B 8&^�=B�&8?�=� '&��_�&� >��^=>&��&C>= 
(>��^=>&��&� p>=B=). R&��_�: >��^=>&��&C>_ BB U�=�`=U, U�?7U&�X��=� X&>&8�&C>_ 
�?�&8?B B =^'?�?�=:' – &7� =^ U�=�=� '&��_�&-��8C>8?��&X& �?�:>=8=^', B&>&��� 
>�7=`=&��& &C'�C�=8?>C: BB �?�> U&C>'&7?��=^'.  

�B=' &d�^&', >?f�=B C?X&7�: �=CB�?> &B^>_C: 8 �=C�? C�?7C>8 �8&7 �?�&8?B 8 
C>&�&�� &> ?X& 8=>�_��f = pB^=C>?�`=�_��f `?�?�. ��?8=7�&, �>& U&C�?7���?? 
=CU&�_^&8�=? CU�&?B>=�&8���f >?f�=�?CB=f = U�&X�''��f �C>�&�C>8 ��? �? :8�:?>C: 
U&�?' &>8?>C>8?��&C>= =��?�?�, �C>�U?> &>8?>C>8?��&C>_ pB&�&'=C>, U&�=>=B, 
U�8&U�='?�=>?�:, C&`=�' 8 `?�&'. �7�B&, 8 �C�&8=:f X�8?�C>8 >?f�=`=C>CB&X& 
'�T�?�=: 8 ��B?, 8 �C�&8=:f �?=^d?��&X& 8�?7�?�=: 8 &d�?C>8?���� U�B>=B� 8 
&d:^>?�_�&� A&�'? =�A&�'`=&��&� B&'U?>?�>�&C>=, 8>&��?�=: �?^��_>>&8 
B&'U_�>?��&X& '&7?�=�&8�=: 8 U&8C?7�?8�&C>_ 8 A&�'? &d=�=: 8C?8&^'&���f «X7�?>&8», 
«��>?��?> 8?�?�» = «��>?��?> 8C?X&», 7?:>?�_�&C>_ U�&?B>=�&8�=B&8 7&��� 
C&U�&8&�7>_C: ������	� �����	���� �#����#������ ^ U&C�?7C>8=: C8&?� 
7?:>?�_�&C>=. 	?7_ 8�?7�?���� C?X&7�: 8 &d�?C>8?���� U�B>=B� �?^��_>> 
U�&?B>=�&8�=: ^�C>�� '&�?> &B^>_C: 8=>�_�&� =/=�= pB^=C>?�`=�_�&� �&8�TB&� 7�: 
�?�&8?B, BB 7�: U&�_^&8>?�:, >B = 7�: U�&?B>=�&8�=B =��&8`=&��&� U�&7�B`==. 

3 ��������4 6;��� 7�!�66� ��������9��������� 7����������4 
��&`?CC 8>&'>=^=�&8��&X& U�&?B>=�&8�=: U�?7C>8=' C�?7���?� C>��B>���&� 

Cf?'&� (�=C��&B 1). o�?? &d?B> U�&?B>=�&8�=: � p>U? ^'�C� d�7?' &d&^��>_ BB 
��,  &d?B> U�&?B>=�&8�=:, �?�=^&8���� 8 A=^=�?CB&� C�?7? – BB ���. 4 &7�&� 
C>&�&�� ='??> '?C>& ^'�C?� U�&?B>=�&8�=B (=�= X��UU� U�&?B>=�&8�=B&8), B&>&��? 
U�&:8�:?>C: 8 8=7? B&�?��&X& '�&�?C>8 =7?�_��f ��. o�: B�7&X& =7?�_�&X& �� 
C&^7�>C: C8&: �R U�= =CU&�_^&8�== 4
�� �^�=��&X& �^��?�=:. � &C�&8? '�&�?C>8 
�R 8 &U�?7?����&� A=^=�?CB&� C�?7? BB ?C>?C>8?��&X& (�U�='?�, &d�C>_ f='==), >B = 
=CB�CC>8?��&X& (�U�='?�, &d�C>_ >?f�=B=) U�&=Cf&�7?�=: C&^7�>C: ���. ��'?>�� 
A=^=�?CB&� C�?7� �B�7�8�> &X��=�?�=: BB � '�&�?C>8 =7?�_��f ��, 
&>&d����=f ^'�C?� U�&?B>=�&8�=B&8, >B = � '�&�?C>8 C&^78?'�f �R.  

�d&^��=' C�?7���=? B&X�=>=8��? U�&d�?'� 8>&'>=^=�&8��&X& U�&?B>=�&8�=:. 
	&-U?�8�f, U�= C&^7�== C�&���f =7?�_��f �� X��UU&� U�&?B>=�&8�=B&8 – CU?`=�=C>&8 
=^ �^��f &d�C>?�, >�?d�?>C: &d?CU?�=>_ =f 8^='&7?�C>8=? 8 &U�?7?����&� �&>`==, � 
^7��&' '?>:^�B?. 	&-8>&��f, '�&�?C>8& �R, &U=C�8��=f ��, >�?d�?>C: C&^78>_ U�= 
=CU&�_^&8�== &d�?� B&'U_�>?��&� C�?7�.  

���7�&C>= �^�?T?�=: �B^���f U�&d�?'��f 8&U�&C&8 � U�B>=B? d��= &U�?7?�?�� 8 
[1]: 1) 8 B�7&� U�&?B>�&� &�X�=^`== C��?C>8��> 7?C:>B= �^�=���f 4
��,  � C>�Bf 
'?�7� �='= 8&^�=B?> �?'�& 8&U�&C&8, �?B&>&��? =^ B&>&��f &C>�>C: �? �?T����'=; 
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2) C�&��&C>_, �^�&&d�^�&C>_ = '�&X&�=C�?��&C>_ U�&?B>��f 7���f C?X&7�: �? U&^8&�:?> 
U�&?B>=�&8�=B�-��B&8&7=>?�� &^�B&'=>_C: C '�&�?C>8&' =7?�_��f ��; 3) �^d=>_ 
U�&?B> � A�X'?�>� 7���f �? 8C?X7 �7�>C:. 

 
�=C��&B 1 - 4>��B>���: Cf?' U�&`?CC 8>&'>=^=�&8��&X& U�&?B>=�&8�=: 

��?7C>8�?��: C>��B>���: Cf?' U�&`?CC 8>&'>=^=�&8��&X& U�&?B>=�&8�=: 
U&^8&�:?> &U�?7?�=>_ C�?7���=? U&7f&7�, U�='?�:?'�? 8 C&8�?'?���f 4
�� C�&���f 
��. 

>�M� 1. R�&�?C>8& =7?�_��f �� (��1, …, ��k) &U=C�8?>C: 8 &d�?� �&>`==, � 
&7�&' '?>:^�B?, U&^8&�:: &U�?7?�=>_ ?7=�C>8?���� =7?�_��� ��, 7�: B&>&�&X& C>�&=>C: 
&7� �R. 4&X�C�& 7��&� �R &U�?7?�:?>C: ���, C��?C>8���=� 8 ^7��&� A=^=�?CB&� 
C�?7?. 

>�M� 2. o�: B�7&X& =7?�_�&X& i��  8 ?7=�&� B&'U_�>?��&� C�?7? C>�&=>C: �Ri, 

ki ,1� , U�= p>&' � &C�&8? '�&�?C>8 (�R1, …, �Rk) &U�?7?�:?>C: ?7=�: �R, � &C�&8? 
B&>&�&� C>�&=>C: ��. 

>�M� 3. o�: B�7&X& ��i C>�&=>C: �Ri, � &C�&8? B&>&�&�, 8 C8&� &�?�?7_, C>�&=>C: 
���i, ki ,1� , U�= p>&' U�='?�:�>C: 78? = d&�?? B&'U_�>?���? C�?7�; C&8&B�U�&C>_ ���i 
U�?7C>8�:?> C&d&� ���. 

	&^'&��&C>_ 8�d&� >&X& =�= =�&X& U&7f&7 &U�?7?�:?>C: C8&�C>8'= ���. �?�8�� 
U&7f&7 >�?d�?> ��=�=: &d�?� �&>`==, '?>:^�B, B&>&��? d� 7?B8>�& &U=C�8�= 
=7?�_��� �� 8 `?�&',  >B�? ?X& B&'U&�?�>�. 	>&�&� U&7f&7, U&'='& >�?d&8�=�, 
U�?7:8�:?'�f B U?�8&'� U&7f&7�, >�?d�?> ��=�=: &d�?� C�?7� 7�: B&'U_�>?��&X& 
'&7?�=�&8�=:, U&^8&�:��?� 8 8>&'>=^=�&8��&' �?�='? &d?7=�=>_ '�&�?C>8& (�R1, 
…, �Rk) 8 ?7=��� �R, &>&d������ ���. ��?>=� U&7f&7 U�?7:8�:?> U&8�T?���? 
>�?d&8�=: B ���: ��=�=? 8&^'&��&C>= �^d=?�=: � &>7?�_��? p�?'?�>� ���i, ki ,1� , 
&X��=�?��& C8:^���? 7��X C 7��X&'. 	 p>&' C���? B�7�� p�?'?�> ��� U�&?B>=��?>C: 
&>7?�_�&, C =CU&�_^&8�=?' &>7?�_�&� B&'U_�>?��&� C�?7�, d^=����?�C: � ^7��&� 
�&>`==, '?>:^�B?.  

��?>=� U&7f&7, d?^�C�&8�&, U&^8&�:?> C��?C>8?��& �8?�=�=>_ C�&��&C>_ ��� U�>�' 
�8?�=�?�=: B&�=�?C>8 ?X& p�?'?�>&8 – i��� , ki ,1� . 	'?C>? C >?', C�&��&C>= 8&^�=B�> 8 
>&' C���?, ?C�= X��UU&� U�&?B>=�&8�=B&8 �? ��>?�& =/=�= �? U&��&C>_� &U�?7?�?�& 8C� 
'�&X&&d�^=? C8:^?� '?�7� p�?'?�>'= i��� , ki ,1� . ��='?�&' U&7&d�&X& U&7f&7 '&�?> 
C���=>_ U�&?B>=�&8�=? = �^�d&>B C�&���f &d?B>�&-&�=?�>=�&8���f U�&X�'' 7�: 

. . . 

4
��1 
�7?�_��� ��1 

. . . 

�7?�_��� ��k 

�R1 

. . . 

4
��k 

�Rk 

a=^=�?CB: C�?7 
(?C>?C>8?��: =�= 

=CB�CC>8?��:) 

 
��� 
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�	R. mB^���? U�&X�''��? B&'U�?BC� C�&��& 8?�=A=`=�&8>_. ��7�� B&'U&�?�> 8 
&>7?�_�&C>= 8?�=A=`=��?>C: &>�&C=>?�_�& �?>��7�&. �&X7 BB U&8?�=>_ 8C� C&8&B�U�&C>_ 
8^='&7?�C>8=� '?�7� '�&X&�=C�?���'= U�&X�''��'= B&'U&�?�>'= ^ U�=?'�?'�� 
C�&B �? U�?7C>8�:?>C: 8&^'&���'. 	 7��&� C8:^=, � U�B>=B? �T�� T=�&B&? 
U�='?�?�=? U&7f&7, C8:^���� C U&C>8B&� U&�_^&8>?�� �C>=��& &>��?��&X& 
U�&X�''�&X& &d?CU?�?�=: C C?�8=C�&� C=C>?'&�. 48?7?�=: &d &T=dBf 8 �d&>? 
U�&X�''�&X& B&'U�?BC, �U�8�:?'�? U&�_^&8>?�:'= �^�d&>�=B', 
C=C>?'>=^=���>C:, &T=dB= =CU�8�:�>C:, = U&�_^&8>?�:' �CC���>C: >B �^�8?'�? 
Service Packs (UB?>� &d�&8�?�=�). 	 �C>&:�?? 8�?': �B^���� U&7f&7 =�>?�C=8�& 
�^8=8?>C: U�='?�=>?�_�& B U�&?B>=�&8�=� C�&���f U�&X�''�&-UU�>��f 
B&'U�?BC&8. �U�='?�, B U�&?B>=�&8�=� C=C>?' � B�=C>��? = 8C>�&?���f C=C>?'.  

�7�B&, �B^���� U&7f&7 8 U�=�`=U? �? U�='?�=' B C=C>?'', >�?d���=' U?�?7 
U�='?�?�=?' 100 % &>�7B=. �U�='?�, B C=C>?'' =�A&�'`=&��&� d?^&UC�&C>=.  

	&^�=B?> 8&U�&C & U�='?�='&C>= >B&X& �&7 U&7f&7&8 B U�&?B>=�&8�=� C�&���f 
&d?B>&8 ?C>?C>8?��&X& U�&=Cf&�7?�=:. �C>?C>8?��: A=^=�?CB: C�?7 U& &U�?7?�?�=� �? 
�^d=8?' � &>7?�_��? ��C>B=. 	 7��&� C8:^=, B U�&?B>=�&8�=� &d?B>&8 8 C�?7? 
?C>?C>8?��&X& U�&=Cf&�7?�=:, �U�='?�, 8 &d�C>= f='==, U�='?�='� >&�_B& U?�8�? 78 
U&7f&7. o��&? &dC>&:>?�_C>8& U�?7:8�:?> d&�?? 8�C&B=? >�?d&8�=: B 7?B8>�&C>= �R 
�� 8 ?C>?C>8?��&� C�?7?, U& C�8�?�=� C �R &d?B>'=, U�&?B>=��?'�'= 8 =CB�CC>8?��&� 
C�?7?.  

4 .��7�=����� ������ � ��������9�������� 7����������� 
��= 8>&'>=^=�&8��&' U�&?B>=�&8�== C&^7�>C: p�?B>�&���� &d�^, �R ?�� �? 

C��?C>8���?X& &d?B>, B&>&��� >�?d�?>C: C&^7>_. 	'?C>? C >?', U& '?�? �^8=>=: �R 
B>��=^=��?>C:  "�)��&� 	�����#�� )�� ���, &d&^��?': C�?7���=' &d�^&' [2]. 

4 &7�&� C>&�&��, U�&=^8&7=>C: dC>�X=�&8�=? &> &U�?7?�����f f�B>?�=C>=B ��, 
B&>&��?, U& '�?�=� =CC�?7&8>?�:, :8�:�>C: �?C��?C>8?���'=. ��= p>&' =CC�?7&8>?�_ 
��B&8&7C>8�?>C: C&dC>8?��&� =�>�=`=?�, &U=���?�C: � U&C>�&8B� U�=B�7�&� ^7�= = 
U&�='�=? U�=�&7� &d?B> '&7?�=�&8�=: [8, C>�. 42]. ��&'? >&X&, ='??> '?C>& �U�&�?�=? 
f�B>?� C8:^?� '?�7� f�B>?�=C>=B'= &d?B>. �U�='?�, �=�?�=^`=: C8:^?� '?�7� 
U�'?>�'= �R C `?�_� �U�&�?�=: &U=C�=: ^8=C='&C>?� '?�7� �='=, U�= ��=�== � 
=CC�?7&8>?�: =�A&�'`== & �?�=�?��&' f�B>?�? �B^���f C8:^?�. 4�?7C>8=?' 
U&7&d�&X& dC>�X=�&8�=: = �U�&�?�=: :8�:?>C: C&^7�=? =7?�_�&X& &d�^ 
'&7?�=��?'&X& &d?B>. �&7&d�: =7?�=^`=: �?=^d?��& 8�?��> ^ C&d&� &X��=�?�=: � 
&d�C>_ 7?B8>�&C>= C&^78?'&� �R. 	��>�?��=? = 8�f&7��? f�B>?�=C>=B= 
'&7?�=��?'&X& &d?B> &>&d���>C: C U�=?'�?'&� >&��&C>_� >&�_B& � &X��=�?��&� 
&d�C>= 7?B8>�&C>= 8 U�&C>��C>8? 8f&7��f U�'?>�&8 �R.  

4 7��X&� C>&�&��, ���> 8C?f U�'?>�&8 &d?B> '&7?�=�&8�=: = �?�=�?��&X& 
f�B>?� C8:^?� '?�7� �='= 8?7�> B C��?C>8?��&'� �C�&��?�=� U�&`?CC&8 8?�=A=B`== = 
8�=7`== C&^78?'&� �R. �U�?7?�?�=? &d�C>= 7?B8>�&C>= �R >�?d�?> C��?C>8?���f 
8��=C�=>?�_��f ^>�>. mB^���? ^>�>� pBCU&�?�`=�_�& 8&^�C>�> U�= �&C>? 
B&�=�?C>8 &>&d��?'�f U�'?>�&8 '&7?�=��?'&X& &d?B> C �?�=�?���'= C8:^:'= 
'?�7� �='= [9].  

	 �?^��_>>? C&8&B�U��? 8��=C�=>?�_��? ^>�>�, �U�8�?���? � &U�?7?�?�=? 
&d�C>= 7?B8>�&C>= C&^78?'&� �R, C>�&8:>C: C��?C>8?��& 8�T?, �?' ^>�>� � 
8�U&��?�=? pBCU?�='?�>&8 � �R ��. �&>: U�= B&'U_�>?��&' '&7?�=�&8�== U?�8: 
^7� U�B>=�?CB= �? &>7?�=' &> 8>&�&� [8, 10].  
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>�)��&� �)����
�� 	�����#�� "�
���� U�= U&C>�&?�== �R ��, &d&^��?��: 8 [2, 
11], 8 7��&' C���? C8&7=>C: B U�&d�?'? B&X�=>=8�&X& d�_?�. ��&?B>=�&8�=B�, 
U&�_^&8>?�� 4
�� C�?7�?> �C>�&8=>_ &d�C>_ 7?B8>�&C>=  �R ��. 	 U�&>=8�&' C���?, 
=^-^ &d?B>=8=^`== = �>���=^`== �?^��_>>&8, U&���?���f � �R C �? 
=7?�>=A=`=�&8��&� &d�C>_� 7?B8>�&C>=, = «78�?�=:» �B^���f �?^��_>>&8 � 
U&�='�=? =CC�?7&8>?�?�, ='??> '?C>& &UC�&C>_ d?��`== B&X�=>=8�&X& U�&`?CC U�= 
U�&?B>=�&8�== C�&���f C=C>?'. �U�='?�, C&X�C�& [3], &>7?�_��? �R U&^8&�:�> 
&U=C�8>_ C ^7��&� C>?U?�_� >&��&C>= >&�_B& C>�&X& &U�?7?����&? f='=�?CB&? 8?�?C>8& 
8 ^7��&' X�?X>�&' C&C>&:�==.  

&���=����� 
�B=' &d�^&', U�= U�&?B>=�&8�== C�&���f &d?B>&8 8&^�=B?> U�&d�?' 

B&X�=>=8�&X& d�_?�. ��= p>&' B���?8�� �&�_ =X�?> A=^=�?CB: C�?7, p�?'?�>&' 
B&>&�&� :8�:?>C: �B^���� &d?B>. 4�?7 =CB�CC>8?��&X& U�&=Cf&�7?�=: U&^8&�:?> 
&U�?7?�:>_ C�&���� �� BB C&8&B�U�&C>_ p�?'?�>&8, B�7�� =^ B&>&��f 8&^'&��& 
U�&?B>=�&8>_ &>7?�_�&, C U�='?�?�=?' �R = 4
��. �>& BC?>C: C�&���f &d?B>&8, 
:8�:��=fC: �C>_� ?C>?C>8?��&� C�?7�, >& =f U�&?B>=�&8�=? 7&���& d�>_ U�&=^8?7?�& � 
&C�&8? ?7=�&� �R. 

��= �8?�=�?�== C�&��&C>= �R = UU�>��f C�?7C>8 '&7?�=�&8�=: �?&df&7='& 
�7?�=>_ U�=C>�_�&? 8�='�=? C�?7? U�&?B>=�&8�=: = '?>:^�B�, 7&U�CB��?'� 
A&�'�_�&? &U=C�=? C�&��&X& ��. 

����?8�� �&�_ U�= U�&?B>=�&8�== C�&���f &d?B>&8 =X�?> 8?�=A=B`=: U�&?B> = 
C=�>?^=�&8��&X& &d?B>. V>?�>�&C>_ B&X�=>=8��f U�&d�?' U�&?B>=�&8�=: �B^��&X& 
B�CC &d?B>&8 ^�C>�� :8�:?>C: C�?7C>8=?' >&X&, �>& 8 C&8�?'?��&' =�A&�'`=&��&' 
&d�?C>8? C��?C>8�?> �C>&��=8: U&>�?d�&C>_ 8 U&���?�== �?^��_>> U�= ��=�== ��C>B=f 
8�?'?���f &X��=�?�=�. 	 �C�&8=:f 8�?7�?�=: 8 &d�?C>8?���� U�B>=B� �?^��_>>&8 
B&'U_�>?��&X& '&7?�=�&8�=: U�&?B>�: 7?:>?�_�&C>_ 7&��� C&U�&8&�7>_C: 
A=�&C&ACB&� �?A�?BC=?� &>8?>C>8?��&C>= ^ C&`=�_��? U&C�?7C>8=:.  

�7�6�� �6�������� 
[1]� ;
����� 	"2" 4=C>?'� 8>&'>=^=�&8��&X& U�&?B>=�&8�=:: �&�_ �?�&8?B = B&'U_�>?��&� C�?7� / 

�.V. ��UB=� // �^8=>=? 8��=C�=>?�_�&� >?f�=B= = ?? U�&X�''�&X& &d?CU?�?�=: 8 �&CC== = C>��f 
d�8T?X& 444�: =C>&�=: = U?�CU?B>=8� (SoRuCom-2014): >��7� III R?�7���. B&�A. – �^�_: �^7-8& 
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Abstract 
Cognitive problems resulting from the implementation of the designing of complex systems based on computer models 
are considered, including cognitive barrier and aberration of cognitive process. The reasons of these problems are both 
technical and socio-humanitarian. In neoliberalist capitalism the importance of the financial sector has increased. 
Turnover of generations of technical equipment is caused by economic rather than technical science problems or human 
needs. Innovative economy generates discourse of human changes to create a consumer, commensurate with the pace of 
technological progress. Economies-driven pace of technical change corresponds neither to human-dimension nor the 
tempo of a happy life. Dynamizing of basis leads to a dynamizing of moral sphere leads to transitory ethics. The latency 
of cognitive problems of design is a consequence of the need to get an innovative product in a strict time frame. In the 
context of the rule of technicism in science and the inevitable adoption of the results of design activity to the life, design 
activity must be accompanied by a philosophical reflection. 

�����}~��j cognitive problems, designing, transitory ethics, happiness, information society. 

������}�j Shalagin S.V, Salagina G.E. Cognitive problems of designing based on computer models: technical and socio-
humanitarian aspects [In Russian]. Ontology of designing. 2016; 6(21): 368-376. DOI: 10.18287/2223-9537-2016-6-3-
368-376. 
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B&'U_�>?���f C=C>?' �^�CB&X& �`=&��_�&X& =CC�?7&8>?�_CB&X& >?f�=�?CB&X& 
��=8?�C=>?> ='. 
.�.��U&�?8 (�
�). 	 CU=CB? �����f >��7&8 d&�?? 100 �d&> 8 
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X&C�7�C>8?���� B&�C?�8>&�=� ='. �.�. c=X�&8 8 1998 X., B.A.�. (2001). o&`?�> 
BA?7�� A=�&C&A== = =C>&�== ��B= �^�CB&X& �`=&��_�&X& =CC�?7&8>?�_CB&X& 
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�.�. 	������ 
��&���	�� ��
���� �!� ������#���� �	�� *��#������� �&. �	���&�	� �.>. 9���#�, ��&���, G���H 
phil@ssau.ru 

#�����!�4 
	 C>>_? �CC'>�=8�>C: U&�:>=? = U�&d�?' >?f�=B= 8 �d&>f a�=7�=f o?CC�p� 
«a=�&C&A=: >?f�=B=» (1927) = «4U&� & >?f�=B?» (1959). 
��=^=���>C: CU&C&d� U&C>�&8B= 
pU=C>?'&�&X=�?CB=f = &�>&�&X=�?CB=f 8&U�&C&8, CU?`=A=�?CB=f 7�: >?f�=B=. �&B^�8?>C:, �>& 
B&�`?U`=: «�?>8��>&X& `�C>8» :8�:?>C: &d�C>_� U�8=� U�&?B>=8�&�, '>?�=�_�& 
8���?��&� �?A�?BC==, U&�='?'&� 8 B�?C>8? >?f�=B= 8 C&dC>8?��&' C'�C�?. �d&C�&8�8?>C: 
>?^=C & >&', �>& «�?>8��>&? `�C>8&» 8�U&��:?> 7�: U�&?B>=8�&� 7?:>?�_�&C>= >? �? A��B`==, �>& 
= «'=� =7?�» ��>&� – 7�: >�7=`=&��& =CC�?7�?'&� 8 =C>&�== A=�&C&A== �?`?U>=8�&� 
7?:>?�_�&C>=; >?' C'�' U�>&�=C>CB: A=�&C&A=: >?f�=B= 7?'&�C>�=��?>C: 8 B�?C>8? 
U?�CU?B>=8�&� &d�C>= =CC�?7&8�=� 8 �'Bf ��=^ U�&?B>=8��f U�8=� C U&^=`=� 
>��C`?�7?�>�=^' = &d�?� C?'=&>=B=. 

#�!���$� �����: "�����N& # ������� ��M��	�, '��#¯��� 
����#, "��	��#�!� ��&�N��, 
"���*����#����!� ��&! ��(����, ��	*���#���� � ������#����. 

&���
������: O�����#, :.<. �U=C>?'&�&X=�?CB=? = &�>&�&X=�?CB=? U�&d�?'� A=�&C&A== 
>?f�=B=: «�?>8��>&? `�C>8&» a. o?CC�p� / 
.�. �?C>?�&8 // ��>&�&X=: U�&?B>=�&8�=:. – 2016. 
– �. 6, %3(21). - 4. 377-389. – DOI: 10.18287/2223-9537-2016-6-3-377-389. 

+�6������� 7�>����. (�;���� � :���6�:�4 
�?B&>&��? U�&d�?'� 8 ��=>=�?CB&� A=�&C&A== = 8 `?�&' 8 �`=&��_��f '&7?�:f 

A=�&C&AC>8&8�=: XX-XXI 88. '&X�> d�>_ U�&:C�?�� � U�='?�? A=�&C&A== >?f�=B=. �>& 
&>�&C=>?�_�& '&�&7&? �U�8�?�=? =CC�?7&8�=�: «a=�&C&A=: >?f�=B=» �. �UU d�� 
&U�d�=B&8� 8 1877 X&7� [1],  U?�8�? U&U�>B= =CC�?7&8�=: C���&C>= >?f�=B= 
U�?7U�=�='�>C: >&�_B& 8 U?�8�? 7?C:>=�?>=: XX 8. (�.�. ��X?�_'?�?� [2], �. A&� R�?� 
[3], R. 
�> [4], �. �T=''?� [5]). a��7'?�>�_�&? &>�=�=? A=�&C&A== >?f�=B= &> 
U&78�:��?X& d&�_T=�C>8 �U�8�?�=� C&8�?'?��&� A=�&C&A== &U�?7?�:?>C: ?� 
U�?7'?>&': >?f�=B �? >&�_B& �?`?U>=8�, �& = U�&?B>=8�, ?� U�=�&7 ^B���?>C: �? 
>&�_B& = �? C>&�_B& 8 8&CU�=:>== = ��=^?, CB&�_B& 8 7?:>?�_�&C>=. �C�= '� f&>=' U&�:>_, 
U?�?A�^=��: =^8?C>�&? 8���?�=? �. R�BC, BB ='?��& A=�&C&A� =^'?�:�> '=�, BB 
7&��� U&�='>_C: A=�&C&A=:, �>&d� &� &B^�C_ CU&C&d� B =^'?�?�=� «'=�», >?f�=B 
:8�:?>C: ?78 �= �? C'�' �7&d��' = &�?8=7��' U�?7'?>&' =CC�?7&8�=:. 

a=�&C&A=: 8 XX 8., U&C�? ���=f �d&> �. ���U [6], >&�7?C>8?�� '?>&7&�&X==, 
&>8?�?> � 8&U�&C «BB?» = &C��?C>8�:?>C: 8 A&�'? �&X=�?CB&X& ��=^ :^�B, 
7?:>?�_�&C>=, '=�&8&^^�?�=:, >?f =�= =��f C=C>?'. 	 >&' =�= =�&' 8=7? A=�&C&A=: 7�: 
��d&� pU&f= :8�:?>C: ��=^&' U�?7?�_��f &C�&8�=�, >?f X��=���f �C�&8=�, B&>&��? 
&d?CU?�=8�> B&�B�?>�&? &C��?C>8�?�=? �?�&8?�?CB&X& 8 �?�&8?B? 8 B&�B�?>��f 
=C>&�=�?CB=f &dC>&:>?�_C>8f. a. o?CC�p� &>'?��, �>& «A=�&C&AC>8&8>_ – ^��=> C>8=>_ 
8&U�&C� & C���&C>= = C'�C�? =, �CB&�_B& p>& �7�>C:, U�&:C�:>_ =f» [7, C.59]. m�? 8 �T= 
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7�= 	.�. �&�� U�?7�&�=� �d?7=>?�_�&? = =C�?�U�8��?? &U�?7?�?�=? A=�&C&A== 8 
B�?C>8? «�?A�?BC=8�&� '?>'=�&8&^^�?��?CB&� >?&�==» [8, 9].  

a=�&C&AC>8&8�=? 8 ��d&' 8=7? ^7�>C: =Cf&7��' U&�='�=?' �?�&8?�?CB&X& = 
�?�&8?B. �>8?> � 8&U�&C, �>& ?C>_ �?�&8?B, :8�:?>C: =Cf&7�&� U�?7U&C��B&� ��d&X& 
A=�&C&ACB&X& U&C>�&?�=:. ��&:C�=>_ p>&> 8&U�&C 7&8&�_�& U�&C>& �?�?^ &UU&^=`=� 
«�?�&8?B – U�=�&7»; 8 �?� �?�&8?B – p>& �=d& C�X�d& 8&CU�=�='��?? C��?C>8&, �=d& 
C��?C>8& 7?�C>8���??, C&&>8?>C>8?��& �?�&8?�?CB&? &U�?7?�?�& �=d& >&�_B& �?`?U>=8��'= 
U�&`?7��'=, �=d& �?`?U>=8��? U�&`?7��� 7&U&��:�>C: U�&?B>=8��'=, 7?:>?�_�&C>_� 
>&X& =�= =�&X& �&7. �>� &UU&^=`=� 8U&��? �7��& U&B^�8?> U&U��:��: 8 U&C�?7�?� 
>�?>= XX 8. = 8 ���? XXI 8. �=>?�>��, =���C>�=����: d�> = '=�&8&CU�=:>=? 
U�='=>=8�&X&, 7&=C>&�=�?CB&X& �?�&8?B: �. �C>�?7, �U�='?�, �=C�?> &d�^ «�X8�:», 
8&CU�=�='��?X& '=� &C&d?���', C8?�f�?�&8?�?CB=' CU&C&d&' = &>�=���?X&C: &> 
�?�&8?B BB >B&8&X& C�&��&C>_� 8&CU�=:>=:; 	. 4��B=�, �U�&>=8, U&B^�8?> &d�^ 
«T'�», 7?�C>8���?X& 8 �C�&8=:f U?�8&d�>�&� U�=�&7� = &>�=���?X&C: &> C�?7�?X& 
�?�&8?B �8�B&', CU&C&d�&C>_� B &U�?7?����&X& �&7 7?:>?�_�&C>= [10]. 	 C&&>8?>C>8== C 
p>&� &UU&^=`=?� A=�&C&AC>8&8>_ – ^��=> =^8�?B>_ U�?7U&C��B= �=d& 8&CU�=:>=:, �=d& 
�8�B&8 U�B>=�?CB&X& 7?�C>8=:, >B �>& = ��d&? =^ U�=8?7����f &U�?7?�?�=� A=�&C&A== 
'&�?> d�>_ �^8����>& �=d& 8 &7��, �=d& 8 7��X�� C>&�&��. 

�?f�=B � A&�? &UU&^=`== 7?�C>8���?X& = 8&CU�=�='��?X& �?�&8?B U�?7C>8�:?> 
C&d&� C8&?X& �&7 &d��� >?��=>&�=�, 8 B&>&�&� &d?7=�?�� = U?�?U�?>?�� �8�B= 
8&CU�=:>=: = 7?:>?�_�&C>=, B&>&�: ='??> 8U&��? B&�B�?>�&? &>�&T?�=? B C��?'� 
(�?�_�&C>= BB &� ?C>_ C' U& C?d?), &U�?7?������ U&�:7&B &>�&T?�=� C8&=f p�?'?�>&8, 
&U�?7?�����? '?f�=^'� �^8=>=: = 7?X�7`==. �B X&8&�=> a. o?CC�p�, «>?f�=B&� 
�^�8?>C: C&^7�=? = C>�?'=>?�_�& �8?�=�=8��=�C: =�8?�>�_ >B=f1 U�?7'?>&8 = 
>?f�&�&X=�» [7, C.109]. �?f�=B, d�7��= &d?B>=8`=?� �?�&8?�?CB=f CU&C&d�&C>?� = 
�8�B&8, U&^8&�:?> '�&X&? U�&:C�=>_ 8 A=�&C&ACB&' ^��==, U&B^>_ U�B>=�?CB�� 
U�='?�='&C>_ =�= �?, �&d&�&>, dC��7�&C>_ >?f =�= =��f U&C>�&?�=�. 

��CC=�?CB=? U�&d�?'� A=�&C&ACB&X& ^��=:, � A&�? B&>&��f A=�&C&A=: C '&'?�> 
C8&?X& 8&^�=B�&8?�=: U&B^�8?> X��=`� (= �CT=�?�=? X��=`) �?�&8?�?CB&X&, p>& 8&�:, 
=C>=�, B�C&>, 7&d�&, U&�_^ (8B���: `?��&C>_). �>&> CU=C&B =CU&�_^�?>, �U�='?�, 
�.�. ��X?�_'?�?�, �>&d� U&B^>_ 8&^'&��&C>= &U�?7?�?�=: >?f�=�?CB&� 8&�= = 
>?f�=�?CB&X& '=�&8&^^�?�=: [2, C.92-96], 7& �?X& U&7&d��� U?�?�?�_ d�� U�?7�&�?� 
	. 	=�7?�_d�7&'. �?��&C>_ >?f�=B= 8 B�?C>8? U�?7'?> A=�&C&ACB&X& =CC�?7&8�=: 
^B���?>C: 8 >&', �>& ^7?C_ 8U?�8�? U&:8�:?>C: 8&^'&��&C>_ =CC�?7&8>_ U�&`?CC�, 
U�&=Cf&7:�=? 8 �?�&8?B?, BB 8�^8���? �? �?B&>&��'= U�=�&7��'= 7��&C>:'=, >& ?C>_ 
?C>?C>8?���'=, �? &d�C�&8�?���'= �?�&8?�?CB=' �^�'&' = 8&�?� C&d�>=:'=, �& =f 
=CB�CC>8?���'= C�dC>=>�>'=, C&^7���'= = &U�?7?�����'= U&C�?7C>8&' �^�' = 8&�= 
�?�&8?B. �U�='?�, 8 &d�C>= pC>?>=B= ='?��& >?f�=B 8U?�8�? U&^8&�:?> C�8�=>_ 
U?�?�=8�=? U�?B�C�&X&, BB &�& 8�^�8?>C: ^B>&', �CC8?>&', U?�^�?', A=^=�?CB&� 
7��&C>_� BB&X&->& U�=�&7�&X& &d?B>, C U?�?�=8�=?', B&>&�&? 8&^�=B?> U�= 
C&^?�`�== C>>�=, C&d&�, �>?�== U&p>=�?CB&X& U�&=^8?7?�=: = >.U. 	 &d�C>= p>=B= – p>& 
�U�8�?�=? C>�&8=>C: 8C� d&�?? U&U��:���' 8 U&C�?7�=? X&7� – C�8�=8?>C: 
7&��?�C>8&8�=? (C=C>?'� `?��&C>?�), BB &�& �?�=^�?>C: 8 ?C>?C>8?���f �?�&8?�?CB=f 
C&&d�?C>8f, = =CB�CC>8?��& ^7���? U�8=� U&8?7?�=: X?�>&8 8 '��_>=X?�>��f 
C=C>?'f [11-13] = >.U. 	 &d�C>= �&X=B= – p>& �=d&�?? f&�&T& =CC�?7&8��: 8 U&C�?7�?? 
C>&�?>=? &d�C>_ – B>��_��' :8�:?>C: ��=^ &C��?C>8�?�=: ?C>?C>8?���f ^B&�&8 

������������������������������������������������������������
1 4&^7���f = C&^78?'�f �?�&8?B&'. >��&. �#���. 



+Fh��>&�&X=:�U�&?B>=�&8�=:/�>&'�;/�%3(21)@.,<;

:;<;�O�����#

�&X=B=, C=�>BC=�?CB=f U�8=� ?C>?C>8?���f :^�B&8, >?f �>���_��f A&�' '�T�?�=:, 
B&>&��? &B^�8�>C: �?U�&>=8&�?�=8�'= 8 C=�� U�=�&7� '�T�?�=: BB >B&8&X& � A&�? 
&d�C�&8�?��&X& «�&8&� �&X=B&�» 8 C'�C�? 	?�CB&X& B���B '>?'>=�?CB&X& = 
B=d?��?>=�?CB&X& U&C>�&?�=: =CB�CC>8?���f :^�B&8, 8 B&>&��f =CU&�_^��>C: 
=CB�CC>8?���? �A8=>�, =CB�CC>8?���? U�8=� 8�8&7, ^ C��> B&>&��f C&^7�>C: 
�?U�=�&7��? U�&X�''��? C=C>?'� = C�?7�. ��='?�&' �CT=�?�=: �&X=�?CB&X& 
=CC�?7&8�=: ^ C��> >?f�=B= :8�:?>C: C&&>�&T?�=? B&��?CU&�7?�>CB&� = B&X?�?�>�&� 
>?&�=� =C>=��: ?C�= U�='?�?�=? B&��?CU&�7?�>CB&� >?&�== &X��=�=8?>C: 7�: 
=�7=8=7��_�&X& C�d?B> U�=�`=U&' U�=8=�?X=�&8��&X& 7&C>�U B &d?B>' 
C&dC>8?��&X& C&^��=:, >& B&X?�?�>�: >?&�=:, 8���: C=C>?'� '?�C�d?B>��f 
C=�>BC=�?CB=f U�8=�, dC>�X=��?>C: &> B&�B�?>�&X& C�d?B>, U&B^�8?> &d?B>=8�&C>_ 
=C>=��&C>�&X& &>�&T?�=: = U&7>8?��7?>C: &C��?C>8�?�=?' p>&X& &>�&T?�=: 8 �>?AB>f. 
�7?C_, BB = 8 &d�C>:f &�>&�&X==, >?&�== U&^��=: = U�BC=&�&X==, >?f�=B 8U?�8�? 
U&^8&�:?> 7&d=>_C: &d?B>=8�&C>=, &d�?^��='&C>=, :C�&C>= = 8&CU�&=^8&7='&C>= 
�?�&8?�?CB&X& ^��=: BB >B&8&X&. 

�7�& =^ �=d&�?? �7���f &U�?7?�?�=� >?f�=B= U�?7�&�?�& a. o?CC�p�&' 8 1959 X. 8 
�d&>? «4U&� & >?f�=B?»: «�?f�=B ?C>_ �?�_�&? d�>=? =^ =7?� U&C�?7C>8&' A=��=C>CB&X& 
A&�'=�&8�=: = &d�d&>B= =^ 7��&X& U�=�&7&� =�8?�>�:» [7, C. 115]. 
��=^ p>&X& 
&U�?7?�?�=: U&^8&�:?> U�&:C�=>_ �? >&�_B& &d�?A=�&C&ACB=� B&�>?BC> =CC�?7&8�=: 
>?f�=B= BB '=� =CB�CC>8?���f &d?B>&8, �CU&�X��?X&C: '?�7� ?C>?C>8?���', 
U�=�&7&� = 8��>�?��=', &U=C�8?'�' 8 >?�'=�f res cogitans, =�>?�`=&��_�&C>=, B8�=, 
7�T= = 7�f, �& = �?B&>&��? U�&d�?'� ��=>=�?CB&� A=�&C&A== >?f�=B= [14, 15], 8 
�C>�&C>=, U�&d�?'� ^��?�=:, U�&d�?'� C��?C>8&8�=: = U�='?�?�=: U�8=�. 4' 
a. o?CC�p� f�B>?�=^�?> p>& &U�?7?�?�=? C &�>&�&X=�?CB&�, pU=C>?'&�&X=�?CB&� = 
U�BC=&�&X=�?CB&� >&�?B ^�?�=: = U&B^�8?> ?X& U&>?�`=� 8 B&�>?BC>? BC=&�&X== = 
pC>?>=B=. 

1 (�;���� � ������6�� ��������� � V7�6��������� 
������H ��M��	� 8B���?> 8 C?d: d&�_T&? �=C�& 8&U�&C&8. 4&dC>8?���� 8&U�&C 

&�>&�&X== – p>& 8&U�&C & C��?C>8&8�== �?�_�&C>= d?^&>�&C=>?�_�& B BB&'�-�=d& CU&C&d� 
���>, A=BC`== =�= 8&CU�=:>=: p>&� �?�_�&C>= BB='-�=d& C�d?B>&'. 4': B&�&>B: 
A&�'��=�&8B &�>&�&X=�?CB&X& 8&U�&C U�?7�&�?� m. ����&': «�>& ?C>_?» [16]. 	 
��=>=�?CB&� A=�&C&A== &� A&�'��=��?>C: '?>&7&�&X=�?CB=: «�>& ^��=> d�>_?», «�>& 
^��=> C��?C>8&8>_?», «�>& ^��=> d�>_ �?�_��'?». ��='?�=>?�_�& B ��=>=�?CB&� 
A=�&C&A== >?f�=B= CU=C&B &�>&�&X=�?CB=f 8&U�&C&8 A&�'��=��?>C: C�?7���=' &d�^&': 
«�>& ^��=> d�>_ >?f�=�?CB=' &d?B>&'?», «�>& ^��=> d�>_ >?f�=�?CB&� C�?7&�?», 
«�B&8� CU&C&d� C��?C>8&8�=: >?f�=�?CB&X& &d?B> = >?f�=�?CB&� C�?7�?», «�?' 
>?f�=�?CB=�, =CB�CC>8?���� CU&C&d C��?C>8&8�=: &d?B>&8 = C�?7 &>�=�?>C: &> 
U�=�&7�&X&, ?C>?C>8?��&X&, C &7�&� C>&�&��, = &> A�>^==, 8�'�C�, =�&d�>=:, C 7��X&� 
C>&�&��?». 

m�=B�_�&C>_ >?f�=B= � A&�? >�7=`=&��&X& B&�>?BC> &�>&�&X== �?XB& �8=7?>_, ?C�= 
CA&�'��=�&8>_ =^8?C>��? &>8?>� � 8&U�&C & C��?C>8&8�==. 4��?C>8&8>_ – ^��=>_ d�>_ 
8&CU�=�='?'�', ^��?�=?' U?�?'?��&�, ��=>�8?'�' >?' =�= =��' CU&C&d&' [17]. 
�d��7?'�� &d?B>, C &7�&� C>&�&��, U�8=�& ('>?'>=�?CB=? =�= �&X=�?CB=? &d?B>�) – 
C 7��X&� = A�>^=: (f�7&�?C>8?���� &d�^ 8 >8&��?CB&' C&^��== U&p> =�= �=>>?�: 
U&p>=�?CB&X& >?BC>) – C >�?>_?�, C��?C>8��> �^�=���'= CU&C&d'=. �=d&�?? «C=�_���» 
B�=>?�=� C��?C>8&8�=: – p>& �d��7?'&C>_, ='?��& �d��7?'&C>_ C8=7?>?�_C>8�?> & 
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U&7�=��&C>= C��?C>8&8�=:, ��=�: C o�. W?�B�= [18] = 8U�&>_ 7& C&8�?'?��&� 
'>?�=�=C>=�?CB&� ��B=. �=d&�?? «C�d��» – «��=>�8?'&C>_» 8�'�C�&' = A�>^=?�: 
&� d�� 8�C'?:� ?�? � ��>&� [19] = &B^�8?>C: U&U�&C>� ^U�?�����' 8 ��d&X& �&7 
U�&�d&>��&' �?�=X=&^�&' C&^��==, &> =�7�=^' 7& =C�' = f�=C>=�CB&X& 
U�&>?C>�>=^'. «4�?7�::» &d�C>_ C��?C>8&8�=: U�8=� >�B>�?>C: U&C�? ��>&� �=d& 8 
B�?C>8? =Cf&7�&X& '=� d&�?C>8?��&X& d�>=:, 8 B�?C>8? '=� '>?'>=�?CB=f &d?B>&8, 
'>?�=�_�&? &C��?C>8�?�=? B&>&��f C&^7�> >? =�= =��? �d��7?'�? &d?B>�, – p>� 
>&�B� ^�?�=: �?XB& U?�?�='?> pBCU?�='?�>�_�: ��B C �. ��=�??', �=d& U&C�? �. ��> 
[20] – 8 B�?C>8? CU&C&d &�X�=^`== �?�&8?�?CB&X& U&^��=:, &d?B>=8=����?X& = 
&U�?7'?�=8��?X& �?�_�&? � &C�&8? >��C`?�7?�>�_��f A&�', >& ?C>_ C��?C>8���=f 
&C&d�' 8��>�?��=' &d�^&' U�8=�. 

4U?`=A=B >?f�=�?CB&X& � A&�? C�X�d& A�>^== =�= �d��7?�=: C�X�d& ?C>?C>8?���f 
&d?B>&8 (^B>, �CC8?>, 7?�?8, ���_:) ^B���?>C: 8 U�B>=�?CB&' C&?7=�?�== 8C?f 
&d�C>?� C��?C>8���?X&, 7&C>�U��f �?�&8?B�: A�>^==, �CC�7B = 8&CU�=:>=:. ��=>?�=� 
C��?C>8&8�=: >?f�=�?CB&X& &d?B> – p>& U&C�?7&8>?�_�: �?�=^`=: =^8?C>��f 
B�=>?�=?8 C��?C>8&8�=: C C'&X& C�d&X& 8U�&>_ 7& C'&X& C=�_�&X&. �U�='?�, C'&��> 
BB A�>^=: – p>& U�?7C>8�?�=? �?�&8?B&' C?d: 8 �U�8�:?'&' U&��>? �7 ^?'���. 4'&��> 
BB �&X=�?CB: A&�' – p>& �?�>�� =�= B&�C>��B`=:, =^&d�?>?�=? A&�'�, CU&C&d�&� 
8�U&��=>_ U&��>. 4'&��> BB 8&CU�=�='?'�� &d?B> – p>& '>?�=�_�: �?�=^`=: 
�?�>?� 8 U�&=^8&7C>8?��&' `=B�?. �?f�=�?CB=� &d?B> 8&^�=B?>, U&C�?7&8>?�_�& 
«�C=�=8:» CU&C&d C8&?X& C��?C>8&8�=: &> 8�'�C� B �d��7?�=�. 

�?f�=�?CB=� &d?B> – =^���_�& �? �d��7?'�� &d?B>. �?f�=�?CB=� &d?B> 7&��?� 
d�>_ &C��?C>8��� (�?�&8?B&'), �>&d� &� C��?C>8&8�. �� 7&��?� d�>_ =^&d�?>��, >& ?C>_ 
&A&�'�?� C�?7C>8'= A�>^== = 8�'�C�, ^>?' U�=8?7�� B �?B&>&�&� �&X=�?CB&� A&�'?, 
='?��?�C: 8 �CU&�:�?�== =^&d�?>>?�:,  ^>?' &d�d&>� ��B'= = =�C>��'?�>'=. 
a. o?CC�p� C8:^�8?> &C��?C>8�?�=? >?f�=�?CB&X& &d?B> C >�?': A��7'?�>�_��'= 
CU&C&d�&C>:'= �?�&8?B: �?�&8?B =^&d�?>��=� (investigator), �?�&8?B 8�?7�:��=� 
(inventor), �?�&8?B &d�d>�8��=� (faber): =^&d�?>?�=?, 8�?7�?�=? = &d�d&>B U&^8&�:�> 
>?f�=�?CB&'� &d?B>� C��?C>8&8>_ [7, c.68-70]. �B=' &d�^&', &�>&�&X=: >?f�=�?CB&X& 
&d?B> 8 ��=>=�?CB&� �C>=, U�= �?B&�C>��B`== ^��?�=: 8&U�&C «�>& ^��=> 
C��?C>8&8>_?» &B^�8?>C: d&�?? C�&��&�, �?�?�= =CC�?7&8�=? d�>=: ?C>?C>8?���f 
&d?B>&8 = U�&`?CC&8, 8����7?> =CU&�_^&8>_ 8?C_ ��d&>���� A=�&C&A'= U&>?�`=� 
7�: A=BC`== C���&C>= >?f�=�?CB&X&. �C�= �? U&C�?7&8>_ ^ a. o?CC�p�&' 8 >&', �>& 
��B C>�&8=>C: ��B&� >&X7 = >&�_B& >&X7, B&X7 ��=�?> =CU&�_^&8>_ >?f�=B� 7�: 
=^'?�=>?�_�&X& pBCU?�='?�>, >& '&��& �>8?��7>_, �>& 8C:B&? ����&? ^��=? U&C�?7�=f 
>��f 8?B&8 :8�:?>C: >?f�=�?CB=' ^��=?' = CU&C&d�& U&B^>_ �?�_��� '=� �&8�& 8 >&� 
'?�?, 8 BB&� p>&> '=� >?f�=�?CB= &C��?C>8=' �?�&8?B&'. 

�>7?�_��� 8&U�&C &�>&�&X== >?f�=B= – p>& C��?C>8&8�=? >?f�=�?CB=f C�?7 =�= 
=CB�CC>8?��&� U�=�&7�, >?f�=�?CB= C&^7��&� �?�&8?B&'. a. o?CC�p� U&7�&d�& 
&C>�8�=8?>C: � >&', �>& 8C:B=� >?f�=�?CB=� &d?B>, d�7_ >& '?7=B'?�> =�= 7?>�_ 
'T=��, &C��?C>8�::C_ 8 �?�_�&' '=�?, U�=8�&C=> 8 �?X& C8&� CU?`=A=�?CB�� «C=��»: 
'?7=B'?�> &C>�8�=8?> d&�?^�_ =�= C'?�>_, 7?>�_ 'T=�� U&^8&�:?> A��B`=&�=�&8>_ 
U�&=^8&7C>8� = >.7.; «C=�» 8 7��&' C���? – p>& �?B&>&�&? =^'?�?�=?, ���T?�=? 
?C>?C>8?��&X& U&�:7B 8?�?�, 8�?B��??, 8 >&' �=C�?, = >��CA&�'`=� X&�=^&�>&8 
A�>^==, B&>&��?, 8 C8&� &�?�?7_, U&B^�8�> 8&^'&��&C>= 7�: �&8�f >?f�=�?CB=f 
&d?B>&8. 	��&, �>& C�&�?�=? C=� &>7?�_��f >?f�=�?CB=f &d?B>&8 U&^8&�:?> >?f�=B? 8 
`?�&' =^'?�:>_ �?�&8?�?CB=� '=�. �d�=� C'�C� >?f�=B=, BB X&8&�=> a. o?CC�p�, 
^B���?>C: 8 U&C>�&?�== �?�&8?�?CB&� C�?7�, �B�7�8��?�C: � ?C>?C>8?����, 



+H<��>&�&X=:�U�&?B>=�&8�=:/�>&'�;/�%3(21)@.,<;

:;<;�O�����#

U�=�&7��� C�?7� = U&^8&�:��?� �?�&8?B� �?�=^&8>_ C8&� C&dC>8?��& �?�&8?�?CB=� 
U&>?�`=� [7, c.105-108]. c=^�?���� '=� �?�&8?B – p>& =CB�CC>8?��:, >?f�=�?CB= 
U&C>�&?��: C'=' �?�&8?B&' C�?7. 4�'' >��CA&�'`=�, 8�&C='�f &>7?�_��'= 
>?f�=�?CB='= &d?B>'= 8 ?C>?C>8?���� C�?7�, U?�?�C>?> 8 �&8&? B�?C>8& C�?7�: =^ 
?C>?C>8?��&� &� C>�&8=>C: =CB�CC>8?��&�. 4�?7&8>?�_�&, U�B>=�?CB&? &C��?C>8�?�=? 
C&^7���f 8�'�C�&' A&�' C��� 8 C>��B>��f �CC�7B,  ^>?' U�>�' &d�d&>B=, >& ?C>_ 
8 '>?�==, 7&C>�U�&� ��8C>8?��&'� 8&CU�=:>=�, U&^8&�:?> �?�=^&8>_C: �&8&'� B�?C>8� 
C�?7� &d=>�=: �?�&8?B, =^'?�=>_ «'=�». 

�CC��7?�=? a. o?CC�p� & C'�C�? >?f�=B= (8 B&�>?BC>? ��=>=�?CB&� A=�&C&A== 
U�8=�_�?? d��& d� X&8&�=>_ «& `?�= >?f�=B=») f&�&T& B&��?�=��?> C �CC��7?�=?' 
�.�. ��X?�_'?�?� & �?U�='?�='&C>= >?&�== p8&��`== �. o�8=� B &U=C�=� �?�&8?B = 
�?�&8?�?CB&� =C>&�== [2, c.91-92]. �?�&8?B �? U�=CU&Cd�=8?>C: B C�?7?, �?�&8?B =^'?�:?> 
C�?7� >B=' &d�^&', �>&d� &� C&&>8?>C>8&8� ?X& U&>�?d�&C>:'. �>& 8?��& 8 &>�&T?�== 
�?�&8?�?CB&X& 8=7 8 `?�&', U&CB&�_B� =�7=8=7 U& &U�?7?�?�=� �? '&�?> :8�:>_C: �= 
&d?B>&', �= C�d?B>&' p8&��`== 8 7�8=�&8CB&' C'�C�?. ��B>=�?CB&? =^'?�?�=? C�?7� 
?C>_ C�?7C>8=? C'&�^8=>=: �?�&8?B U&C�?7C>8&' >?f�=B=. o?�C>8=>?�_�&, >& �&8&?, 
B&>&�&? A=BC=��?>C: �?�&8?B&' 8 U�B>=B? ?C>?C>8?��&����&X&, f�7&�?C>8?��&X& = 
=C>&�=�?CB&X& U&^��=:, C&^7�>C: C'=' �?�&8?B&': �&8�? U�?7'?>�, �&8�? 
f�7&�?C>8?���? = '>?'>=�?CB=? :^�B=, �&8�? C=C>?'� `?��&C>?�, - U�=��' 8& 8C?f 
C���:f �?�_ =7�> & >?f�=B? BB '?C>? U&:8�?�=: �&8&X&. ��� &7=� 8^X�:7 � C=>�`=� 
U&:8�?�=: �&8&� =CB�CC>8?��&� C�?7� ^ C��> >?f�=�?CB&X& �^8=>=: 7�> &�=X=��_�&? 
�CC��7?�=? �.R. V&>'� & C���&C>= 8>&B&''��=B`== [21, C.168-177]. �C�= 
U�?7C>8=>_ C?d? 8�?': BB B�� &C��?C>8�?�=: B&''��=B`==,  �?�&8?�?C>8&, 
�?�&8?�?CB=� 8=7 – 8 B�?C>8? X�&d�_�&X& C�d?B> B&''��=B`==, >& &B�?>C:, �>& 
�?�&8?�?C>8& B&''��=`=��?> >&�_B& C C'=' C&d&�, U&C>&:��& &C>8�:?> C'&'� C?d? 
C&&d�?�=? 8& 8�?'?�=, C'& ?X& U�=�='?> BB C&&d�?�=?, �CT=A�&8�8?> = =^'?�:?> C?d: 
U&7 8�=:�=?' &>U�8�?��&X& C'&'� C?d? C&&d�?�=:. �?�&8?�?C>8& C&^7�> �&8�? 
>?f�=�?CB=? &d?B>� =^ C'&X& C?d: 8 &UU&^=`== ?C>?C>8?��&� U�=�&7?, U&C�?7&8>?�_�& 
U&7'?�:: U&C�?7��� =CB�CC>8?��&� U�=�&7&�. 4�&�?�=? C=� >?f�=�?CB=f &d?B>&8 C&^7�> 
�&8�� C8?�f?C>?C>8?���� C�?7�, = 8 p>&� �&8&� C�?7? 8&^�=B�> �&8�? '?f�=^'� 
&C��?C>8�?�=: �?�&8?�?CB&X&, �&8�? CU&C&d� U&C>�&?�=: >?f�=�?CB=f &d?B>&8, �&8�? 
A&�'� f�7&�?C>8?��&X&, ��B=, p>=B= = >.7. �>&> 8&U�&C 7&8&�_�& U&7�&d�& �CC'&>�?� [22, 
23] 8 �'Bf ��=^ p8&��`== >?f�=B= &> U?�8&� ?C>?C>8?��&� U�=�&7� B& 8>&�&� = >�?>_?� 
=CB�CC>8?��&� U�=�&7?. 4?��C U&7�?�B��', �>& 8 �'Bf &�>&�&X== >?f�=B= =CB�CC>8?��: 
C�?7, U&�:>: �?�?^ C�''� ���T?�=�, 8�?C����f B�7�' &>7?�_��' >?f�=�?CB=' 
&d?B>&' 8 '=� ?C>?C>8?��&� U�=�&7�, – p>& >&, �>& '?�:?>, 8 >&' �=C�?, = CU&C&d 
C'&U&�='�=: �?�&8?B, f�B>?� ?X& �?A�?BC== &>�&C=>?�_�& 8&CU�=:>=: = 7?:>?�_�&C>=, 
f�B>?� p>=�?CB&X& 7&��?�C>8&8�=:. �&, �>& �?'?`B=?,  ^>?' C&8?>CB=? TB&�� 
A=�&C&A== =CC�?7��> 8 B�?C>8? '=�&8&^^�?�=:, AB>=�?CB= ?C>_ >?f�=�?CB: C�?7 
�?�&8?B, A&�'=����: = &X��=�=8��: ?X& X&�=^&�>�. 4&&>�&T?�=? =C>&�=�?CB&� 
>��CA&�'`== '=�&8&^^�?�=:, �U�='?�, 8 C'�C�? 	. o=�_>?: [24], = p8&��`== 
>?f�=�?CB=f C�?7 C =f U�?7?�_�& B&�B�?>�&� &�>&�&X=?�, 8���?��&� 8 X��=`f A�>^==, 
�CC�7&���f C>��B>��, '>?�=�_�& &C��?C>8='&X&, ?�? U�?7C>&=> U�&�d&>>_: a. 
o?CC�p� Cf&7��' &d�^&' U�?7�&�=� U&C'&>�?>_ � ��B� BB � 7?:>?�_�&C>_, 
&U&C�?7&8���� = C>8T�� 8&^'&��&� d�X&7�: >?f�=B?; 8 ^��=>?�_�&� C>?U?�= p>&> 
U&7f&7 �?�=^�?>C: C?��C 8 >?�'=�f C&`=&�&X== ��B=, 8 =C>&�=�?CB&' '?>&7? 
>?f�&�&X=�?CB&� �?B&�C>��B`==, 8 '>?'>=�?CB&' '&7?�=�&8�== =C>&�== ��B= (= 7�? 
B�CC=�?CB&� U&�=>=�?CB&� =C>&�==) � A&�?  =C>&�== >?f�=B=. 
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°"����&���H ��M��	�, BB = pU=C>?'&�&X=: 8 `?�&', – p>& �=d&�?? :C�: =^ 8C?f 
8&^'&���f A=�&C&ACB=f 7=C`=U�=�. �� 8B���?> 8 C?d: &>8?>� � 8&U�&C� &d 
&U�?7?�?�== B> U&^��=:, & 7&C>�U? U&^���?X& C�d?B> B �?�_�&C>=, &d &U�?7?�?�== 
^��=:, & U�=�=�f = CU&C&df �CT=�?�=: U&^��=: = ^��=:.  a. o?CC�p� U&7���B=8?>, 
�>& >?f�=B – >?f�=�?CB=? &d?B>� = C�?7� – C8&=' C��?C>8&8�=?' C�='?> U�?7'?> 
B�CC=�?CB&� 7=CB�CC== & 7&C>�U? =�7=8=7 B �?�_�&C>=. 4���&C>_ p>&X& CU&� 
^B���?>C: 8 8&U�&C?, ='??> �= �?�&8?B 7&C>�U B �?�_�&C>= BB &� ?C>_ C' U& C?d? 8 
B>? U&^��=:, ?C�= U&^��=? &U�?7?�?�& 8 8=7? =�>?�=&�=^`== «8�?T�?X& '=�». 
�?f�=�?CB=� &d?B> 8C?X7 &C��?C>8�:?>C: � &C�&8? ^��=: & �?�_�&', BB &�& 7&C>�U�& 
�?�&8?B�: �?' 8�T? ��&8?�_ p>&X& ^��=:, >?' C�&��?? &d?B>�, B&>&��? '&X�> d�>_ 
U&C>�&?�� � ?X& &C�&8?; >?f�=�?CB=� &d?B> 8C?X7 =CU&��:?> ^B&�� U�=�&7�. ���C 8 
>&', �>& 8C:B=� >?f�=�?CB=� &d?B>, d�7��= &7��7� =^&d�?>����', 8 7�_�?�T?' 
A��B`=&�=��?> BB p�?'?�> 8&CU�=�='?'&X& '=�, ��:7� C ?C>?C>8?���'= &d?B>'=. �>& 
&^��?>, �>& �?�&8?B ='??> 7&C>�U B �?�_�&C>= 8 >&� '?�?, 8 BB&� &� CU&C&d?� C&^78>_ 
�? U�&C>& C�dC>=>�>� ?C>?C>8?���f &d?B>&8, �& �&8�? &d?B>�, «C��?C>8���=?» 7�: ?X& 
C=C>?' 8&CU�=:>=: �&8�& >?' �? CU&C&d&', �>& = �?>?f�=�?CB=?, U�=�&7��? &d?B>�: 
�d��7?'�� U&�?8&� `8?>&B �C>�> C' U& C?d?, :8�:?>C: U�=�&7��' &d?B>&', 8'?C>? C 
>?', B&�?C& =�= �&U> 8&CU�=�='�>C: >&��& >B �?, BB = U&�?8&� `8?>&B, f&>: = :8�:�>C: 
=CB�CC>8?���'= &d?B>'=. �>&> U�='?� (a. o?CC�p� X&8&�=> & '=B�&CB&U? � A&�? 
�C>?�=: =�= A��B> [7, c.104]) C pU=C>?'&�&X=�?CB&� >&�B= ^�?�=: U&B^�8?> �:7 B���? 
^��='�f '&'?�>&8. 	&-U?�8�f, �?�&8?B &d�7?> ^��=?' BB C=C>?'&� &d&C�&8���f 
=C>=���f �d?�7?�=� & ��'->& >&X7 = >&�_B& >&X7, B&X7 &� 8 C&C>&:�== p>& �?�>& 
8&CU�&=^8?C>= 8 B�?C>8? >?f�=�?CB&X& &d?B> – 8 p>&' C'�C�? �T? ^��=? U�=�&7� � 
A&�? ^��=: >?f�=�?CB=f =CB�CC>8?���f &d?B>&8 = U�&`?CC&8 U& &U�?7?�?�=� �?U&��& = 
d�7?> >B&8�' 8C?X7 U�= ��d�f &dC>&:>?�_C>8f. �?�&8?B '&�?> C?��C U�&'&7?�=�&8>_ 
'�&X=? U�=�&7��? = =C>&�=�?CB=? U�&`?CC�, &7�B& &>��7_ �? 8C? '&7?�= '&X�> d�>_ 
&C��?C>8�?�� 8 8=7? >?f�=�?CB=f &d?B>&8. 	&-8>&��f, &d?B>=8�&? ^��=? & ?C>?C>8?��&', 
& U�=�&7? &X��=�?�& >?f�=B&�. ��B, U&�='?': 8 B�?C>8? C&?7=�?�=: ��8C>8?��&X& 
8&CU�=:>=: = �&X=�?CB&X& ��=^ [25], C>�&8=>C: ��B&� d�X&7�: >?f�=�?CB&'� 
=^'?�=>?�_�&'� pBCU?�='?�>�, �?X=>='=����?'� =�7�B>=8��� '?>&7 U&^��=:. 	->�?>_=f, 
&d =C>&�== '� ^�?' >&�_B& >&, �>& d��& >?f�=�?CB= &C��?C>8�?�& �T='= U�?7B'= = 
>&�_B& 8 >&� '?�?, 8 BB&� =f >?f�=�?CB=? '?>&7� pB8=8�?�>� C?X&7�:T�=' '?>&7', >& 
?C>_ U&�:>�� U�?7C>8=>?�:' �T?� pU&f=. �&C�?7�=� '&'?�> �CB��8?> B���? 
U�&7�B>=8�&? U�='?�?�=? '?>&7&8 X?�'?�?8>=B= 8 =C>&�== >?f�=B= = =C>&�== BB >B&8&�. 

�=d&�?? 8���� 7�: pU=C>?'&�&X== >?f�=B= 8&U�&C ^B���?>C: 8 >&', &>B�7 �?�&8?B 
C&dC>8?��& �?�U?> C8?7?�=: & B&�B�?>��f >?f�=�?CB=f A&�'f, U&C�?7C>8&' B&>&��f 
'&�?> d�>_ �7&8�?>8&�?� ?X& U&>�?d�&C>_, �?��=? =�= A�>^=:. �>& C&d&� U�?7C>8�:�> 
«=7?=», U&^8&�:��=? >?f�=�?CB&'� &d?B>� C>>_ �?�_�&C>_� 8 &U�?7?�?�== >?f�=B= 
a. o?CC�p�? 
��&X=���� 8&U�&C 8 &d�?� pU=C>?'&�&X== – &>B�7 8&&d�? d?��>C: A&�' 
=�7�B>=8�&X& &d&d�?�=: 8 C���? =�7�B>=8�&X& 8�8&7, =�= �>& >B&? X=U&>?^, BB &� 
8&^'&��, �>& :8�:?>C: ?� &C�&8�=?'?   

4 >&�B= ^�?�=: &U�?7?�?�=: �?`?U>=8�&X&, �?>?f�=�?CB&X& U&^��=: &>8?> � p>&> 
8&U�&C 7?'&�C>�=��?>C: ��? ��>&�&' = C >?f U&� U�B>=�?CB= �? U�?>?�U?8?> C?�_�^��f 
=^'?�?�=�, C&C>8�:: B�CC=�?CB=� U�?7'?> =C>&�== &�>&�&X==, pU=C>?'&�&X== = 
A=�&C&A== :^�B �?�?^ CU&� �&'=��=^' = �?�=^', �&�7?�=? C?'=&>=B= 8 B�?C>8? 
&d�?� >?&�== =�>?�U�?>`==, A&�'=�&8�=? C&dC>8?��& >?&�== U&^��=: � A&�? 
V?�d�=`?-	&�_A&8CB&� '?>A=^=B= = >.7. �&X7 &d����=8?>C:, �>& CU&C&d '�T�?�=: &d 
&d?B>? – �&X=�?CB: A&�', 8 B&>&��� 8B����� U�?7'?> 8 =�7=8=7��_�&' '�T�?�==, =�= 
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:^�B&8: A&�', U&C�?7C>8&' B&>&�&� &d?B> &B^�8?>C: &d&^��?� 8 >&� =�= =�&� 
C=>�`== B&''��=B`==, – �? C&8U7?> �= C &d?B>&', �= C U&�:7B&' &d����?�=: p>&X& 
&d?B> ��8C>8?���' 8&CU�=:>=?' (U�&A. R.	. V?d?7?82 ��d=� � C8&=f �?B`=:f ^78>_ 
8&U�&C, &>�?X& >B&? d&�_T&? �=8&>�&? BB C�&�, &d&^��?>C: >B=' B&�&>B=' C�&8&' 
«C�&�»?), 8&^�=B?> &�>&�&X=�?CB: U�&d�?' C��?C>8&8�=: U�8=� '�T�?�=: = :^�B = 
pU=C>?'&�&X=�?CB: U�&d�?' C&&>�&T?�=: '�T�?�=: = :^�B, C &7�&� C>&�&��, = 
A=BC=��?'�f ��8C>8?���' 8&CU�=:>=?' &d?B>&8, C 7��X&� C>&�&��; B�&'? >&X&, = 
C&?7=�?�=? &�>&�&X== = pU=C>?'&�&X== ^C>8�:?> ^7>_ '?>A=^=�?CB=� 8&U�&C & >&', ?C>_ 
�=, �U�='?�, 8 C�&�? �>&->& �?�_�&?, >B&?, B&>&�&? �f&7=>C: ^ U�?7?�'= ?X& 
8&CU�=:>=:, '�T�?�=: = X&8&�?�=: & ��'. 

�?T?�=? ��>&�&' p>&X& CU=CB U�&d�?' CA&�'��=�&8�& 8 ?X& ��?�== &d =7?:f. 
�?�&8?B �=8�> 8 �?U&7�=��&' '=�?, U&7&d�&' U?�?�?, = 8&CU�=�='?> ��8C>8?���' 
8&CU�=:>=?' �=T_ >?�=, >& ?C>_ '>?�=�_��? &C��?C>8�?�=: 7?�C>8=>?�_�& C��?C>8���=f 
�?'>?�=�_��f 8?�?�. �&7�=���� �? '=� – p>& =7?=, �CU&�&�?���? ^ U�?7?�'= �T?X& 
�?U&7�=��&X& '=�. 	��>= =^ '=� >?�?� '&��&, =^��: '>?'>=B�: '�&X&�?>�:: 
B&�`?�>�`=: 8�='�=: � �=A'?>=B?, X?&'?>�== = C>�&�&'== U&^8&�:?> «C>���» 
U?�?�>= &> �?U&7�=��&X& = =���^&��&X& B U&7�=��&'�, �?�_�&'� [19]. �C>&�=: p>&� 
U�>&�&8&� '?>A&�� U& d&�_T&'� C��>� C&8U7?> C =C>&�=?� A=�&C&A== BB >B&8&�, 
8B���: ���=? 7&U�>&�&8� 8?�C== =�7�=^'. 4?��C 8��& &>'?>=>_, �>& ��>&� 8 >?&�== 
=7?� &>B��8?> CA?�� �CC�7B, &d�C>_ U�8=�, C��?C>8&8�=? B&>&��f ^B���?>C: �? 8 
�d��7?'&C>=, �& 8 �?U�&>=8&�?�=8&C>=, &d�C>_, B&>&�: A=BC=��?>C: �? 8&CU�=:>=?', �& 
&>�=���' &> 8&CU�=:>=: �'&'. 4?�_�^��? >��CA&�'`== p>& ��?�=? U�?>?�U?8?> C��� 8 
>��C`?�7?�>�_�&� A=�&C&A== �. ��>,  ^>?', ��? 8 XX 8., – 8 B&�`?U`== «>�?>_?X& 
'=�» �.�. �&UU?� [26].  �&7�=��& C��?C>8���=? «=7?=» ��>&� 8 «��=>=B? �=C>&X& 
�^�'» �. ��> [20] &d����=8�>C: �? 8 B�?C>8? �?B=f C'&C>&:>?�_��f C���&C>?�, 
U&7&d��f �d��7?'�' &d?B>', �& 8 B�?C>8? U�?7�f&7='�f U�8=� 7?:>?�_�&C>= 
�?�&8?�?CB&X& �', «>��C`?�7?�>�_�&X& C&^��=:». �B^�8?>C:, �>& �?�&8?�?CB: 
7?:>?�_�&C>_ 8& 8C?f ?� CU?B>f = �U�8�?�=:f ?C>_ &C��?C>8�?�=? C=C>?' U�=&���f = 
U&C>?�=&���f U�8=� 8&CU�=:>=:, �CC�7B = �^�'. ��? 7& �. ��> o. W?�B�= [18] 
8U&��? �d?7=>?�_�& U&B^�, �>& U�&d�?' U�='?�?�=: = >��CA&�'`== U�=&���f U�8=� 
:8�:?>C: �=d&�?? C��?C>8?��&� U�&d�?'&� BB &�>&�&X==, >B = X�&C?&�&X==: �U�='?�, 
='?��& �?CU&C&d�&C>_ B&�B�?>�&X& �?�&8?B, B&�B�?>�&X& C�d?B> U&^��=: =^'?�=>_ >& 
=�= =�&? U�8=�&, BB->& C��?C>8?��& U&8�=:>_ � U&�:7&B ?X& &C��?C>8�?�=: :8�:?>C: 
�=d&�?? C=�_��' �X�'?�>&' U�&>=8 C&�=UC=^' (U�&>=8 &>C�>C>8=: � �?�&8?B 7&C>�U B 
«�?�_�&C>=», �?' d� &� �= d��).  

��?8��?�=? C'&C>&:>?�_�& C��?C>8���?X& '=� =7?�, U&C>=�='�f C�?7C>8'= 
�&X=B= = '>?'>=B=, 8 C=C>?'� >��C`?�7?�>�_��f U�8=� 7?:>?�_�&C>= U&^8&�=�& U&-
�&8&'� U&C>8=>_ 8&U�&C & �?�&8?B?, & ?X& &>�&T?�== B �?�_�&C>=, & '>?�==. �dC��7?�=? 
p>&X& 8&U�&C 8 `?�&' 8�8?�& d� C�=TB&' 7�?B& ^ U�?7?�� 8&U�&C & >?f�=B?. �>'?>=', 
�>& 8�=:>?�_��' �^8=>=?' U�>&�=^' 8 XX 8. :8�:?>C: U����=C>=�?CB: &�>&�&X=: �.�. 
�&UU?� [26], 8�7?�:��: &>7?�_�& '=� A=^=�?CB=f &d?B>&8, '=� '?�>�_��f C&C>&:�=� = 
>�?>=� '=� :^�B. �B8=8�?�>&' '=� ��>&�&8�f =7?�, '=� '>?'>=�?CB=f &d?B>&8 =�= 
U�8=� :8�:?>C: '=� :^�B. 	 &>�=�=? &> ��>&�, '�&�?C>8& p�?'?�>&8 >�?>_?X& '=� 
�&UU?� d?CB&�?��& = '&�?> �8?�=�=8>_C: U&C�?7C>8&' 7?:>?�_�&C>= �?�&8?B. 	��&, �>& 
= ^7?C_ – � '>?�=�? �����f >?&�=�, U�&`?7�� �C>�&8�?�=: =f =C>=��&C>= = �&��&C>=, 
p8&��`== ����&X& ^��=: – U&B^� �?8�8&7='&C>_ &7�&X& '=� =^ 7��X&X&, 
������������������������������������������������������������
2 V?d?7?8 RBC=' 	�7='=�&8=� (1959-2012) 8=7��� �&CC=�CB=� A=�&C&A, �&X=B = �=�X8=C>, 7&B>&� A=�&C&ACB=f ��B, 
��?� ����&X& C&8?> �
� U& '?>&7&�&X== =CB�CC>8?��&X& =�>?��?B>, X�8��� �?7B>&� ����� «Analytica». >��&.���. 
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C'&C>&:>?�_��� f�B>?� �^�=���f CU&C&d&8 C��?C>8&8�=: 8 8=7? A=^=�?CB=f &d?B>&8, 
p'&`=&��_��f C&C>&:�=� = U?�?�=8�=� = �����f >?&�=�. a��7'?�>�_��� 8&U�&C 
>?&�== U&^��=: A&�'��=��?>C: = ^7?C_: «BB &C��?C>8�:?>C: U&^��=??», «BB 
8^='&7?�C>8��> �^�=���? '=��?», «BB &�= &>&d���>C: 7��X 8 7��X??».  

�?T?�=? A��7'?�>�_�&� U�&d�?'� U&^��=: 8 B�CC=�?CB&� �?`?U>=8�&� 
pU=C>?'&�&X== C8:^�& C B&�`?U`=?� &>&d��?�=: A&�' &7�&X& '=� � A&�'f 7��X&X& 
'=�: 7�: 
�>=��&C>= '>?'>=�?CB: =7?: &>U?�>�8?>C: 8 '>?�==, &>&d��: 8 �?� C8&� 
A&�'�; 7�: C�?7�?8?B&8&� = 8& '�&X&' �&8&?8�&U?�CB&� A=�&C&A== A=X�� «d&X» 
&U&C�?7�?> 8 >&' =�= =�&' 8=7? C&&>�?C?�=? ��8C>8?��&X& = �'&U&C>=X?'&X&; 7�: 
��=>=�?CB&� A=�&C&A== 8 8?�C== V. 	=>X?�T>?�� X�''>=B =^&'&�A� C>��B>��' 
�d��7?�=: = >.U. a. o?CC�p� >B�? CC��?>C: � B&�`?U`=� &>&d��?�=: =�= 
«&>��?�=:» �?�_�&X& '=� 8 7�f? [7, c.100-105.]. ��?7C>8�?�=? & U&^��== BB 
&>&d��?�== &7�&� C=C>?'� � 7��X&� – &7=� =^ �=d&�?? ^��='�f �?^��_>>&8 
?8�&U?�CB&� A=�&C&A==. �>& &>&d��?�=? '&�?> '�C�=>_C: BB «8�?T�??» = BB 
«8��>�?��??». �C�= &�& d?��>C: BB 8�?T�?? &>�&T?�=?, >& «�?�_��' '=�&'», 
&>&d��?'�' 8& «8��>�?��?' '=�?», &B^�8?>C: d&�?? C�&��:, C&7?���: d&�_T?? 
B&�=�?C>8& p�?'?�>&8 C=C>?', &>&d����:C: � d&�?? U�&C>&�, C&7?���?� '?�_T?? 
B&�=�?C>8& p�?'?�>&8 C=C>?'?: 8 B�?C>8? >B&X& �&7 �?�_�&C>= 8�C>�U?>, 8 ^8=C='&C>= 
&> 8>&� B&�`?U`== = &> pU&f=, �=d& '=� A=^=�?CB=f &d?B>&8, �=d& '=� U�8=� 
(d&�?C>8?����). �C�= �? &>&d��?�=? d?��>C: BB 8��>�?��??, 8��>�=C=C>?'�&? &>�&T?�=?, 
>& «�?�_��' '=�&'» &B^�8?>C: d?CB&�?��& d&�_T&? B&�=�?C>8& U�8=�, 8���?'&? = 
U&B^�8?'&? B�7&� =^ C=C>?', ��C>8���=f 8 U&^��==,  «8��>�?��=' '=�&'» – > 
C�'' U�8=�, B&>&�: =^8?C>� �?�&8?B� 8 �?`?U>=8�&' = U�&?B>=8�&' C'�C�?. R&7?�_ 8 
=C>&�== A=�&C&A==, B&>&�: U&B^�8?> �B^��&? &>&d��?�=? '=�&8 7��X 8 7��X? 8 B>? 
U&^��=: 8 B�?C>8? 8��>�=C=C>?'�&X& &>�&T?�=:, – p>& >��C`?�7?�>�=^'. 4 >&�B= ^�?�=: 
>��C`?�7?�>�=^' 8 ?X& �?`?U>=8�&' 8���?�== U�&d�?' 7&C>�U B �?�_�&C>=, �8�& 
BB = U�&d�?' '>?�==, &C>�>C: '?>A=^=�?CB='= U�&d�?''=, �?�^�?T='�'= 7& >?f 
U&�, U&B �?`?U>=8�&? �U�8�?�=? U&^��=: �? d�7?> �CC'&>�?�&  � A&�? U�&?B>=8�&X&, 
B&�C>��B>=8�&X& U&^��=:. �'?��& >?f�=B BB '>?�=�_�& 8���?��: U�&?B>=8�: 
�?A�?BC=: U&^8&�:?> 8 7��&' C���? C&^7>_ �d&� U�&8?�:?'�f C�?7C>8=�, 
U&7>8?��7��=f &�>&�&X=�?CB=? U�?7U&C��B= >��C`?�7?�>�=^'. ���C`?�7?�>�_�: 
A=�&C&A=:, B&>&��� =C>&�=�?CB= 8&^8&7:> B �. ��>�, AB>=�?CB= &C��?C>8�:?>C: 8 
=C>&�== A=�&C&A==, ��=�: C 
. 
8X�C>=�, BB C?'=&>=B, &d�: >?&�=: ^�B&8, 
U�?>?�7���: � ?7=�&&d�^�&? &U=C�=? U�&`?7�� U&^��=:, B&''��=B`== = U&�='�=: 
8 >?�'=�f C=�>BC=�?CB=f, C?'�>=�?CB=f, U�X'>=�?CB=f U�8=� = CU&C&d&8 =f 
8^='&7?�C>8=: 8 �?�_��f, 8���?���f 8 >&� =�= =�&� '>?�== C���&C>:f. 

o& >?f U&�, U&B U&^��=? �CC'>�=8?>C: C�X�d& �?`?U>=8�&, U�&d�?'� A&�'� 
&>&d��?�=: &7�&� C=C>?'� � 7��X&� 7&8&�_�& >��7�& �8=7?>_ 8 B�?C>8? U�&d�?'�, = p> 
>��7�&C>_ U�=8&7=� 8 =C>&�== A=�&C&A== B '?>A=^=B?, �'�&�?�=� C���&C>?� = >��7�& 
8&CU�&=^8&7='�' &�>&�&X=�?CB=' B&�C>��B`=:'. �&X7 U&^��=? �CC'>�=8?>C: 
U�&?B>=8�&, 8 B�?C>8? U�&`?7��� C&^7�=: >?f�=�?CB&X& &d?B> –  ��d&� C&^78?'�� 
�?�&8?B&' «&d?B>» :8�:?>C: >?f�=�?CB=' &d?B>&', =^&d�?>����' 8 A�>^==, 
8&U�&�����' C��� 8 �&X=�?CB�� A&�'�,  ^>?' 8���?���' 8 '>?�== A=^=�?CB&X& 
'=� – U�&d�?' &>&d��?�=: 7��X 8 7��X? C�&�8 C&^��=: 8 C'�C�? �?'?`B&X& =7?�=^' 
=�= 8^='&7?�C>8=: '=�&8 8 C'�C�? �.�. �&UU?� C>�&8=>C: U�?7?�_�& :C�&� = &>B��>&�. 
a. o?CC�p� 8& '�&X=f '?C>f U&7���B=8?>, �>& 8 =7?�? B�7&� A�>^== 7&���& 
C&&>8?>C>8&8>_ >&�_B& &7�& >?f�=�?CB&? �?T?�=?, = p>& �?T?�=?, U& ?X& '�?�=�, 
U�=�7�?�=> �? �?�&8?B�, �& B&C'&C�, U&�:7B� '=�&^7�=:. �>& C&&>8?>C>8=? &� 
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A&�'��=��?> 8 B&�`?U`== «�?>8��>&X& `�C>8», �^8��&X& =' >B 8 U�&7&��?�=? >��f 
«`�C>8» �. ��>: «`�C>8 &U�>�&X& U&^��=:», «`�C>8 8&�= = ��8C>8?��&X& ^B&�», 
«`�C>8 pC>?>=�?CB&X& = `?�?C&&d�^�&X& [des Zweckmaessigen]» [27, C.50]: «��&��&X& 
7?�?�=: '=� U& ��>� �?7&C>>&��&. 	 �?>8��>&' `�C>8? '� 8C>�U?' 8 �&8�� '=�, 
^B�����=�C: 8 >?f�=B?» [27, c.57]. 

2 «2���l��� !�6���» ?. ��66��V�   
�>& p>& ^��=>, �>& >?f�=B C&C>8�:?> �&8�� '=�? R&��& �= U�&C�?7=>_ ?X& �&8=^��, 

?X& &>B��>=? �?�&8?B&' �? 8 7&=C>&�=�?CB=f 8�?'?�f,  8 U�&`?CCf 8^�&C�?�=:, 
8&CU=>�=:, >& ?C>_ 8 U�&`?CCf �&C> C'&C&^��=:, 7�f&8�&X& �&C>? �C�= ��? U&�:>�&, 
�>& >?f�=B BB 7?:>?�_�&C>_ – p>& '>?�=�_�& 8���?��: �?A�?BC=:, &C��?C>8�:?': 
�?�&8?B&' U�&`?7�� C'&U&^��=:, >& &>8?> &�?8=7?�.  �?�&8?B ^ U�?7?�'= �?B&>&��f 
�C>��f C���?8 8>&'>=�?CB&X& 8&CU�=:>=: = �?A�?B>&��&� �?&C&^�8?'&� 7?:>?�_�&C>= 
:8�:?>C: �?A�?BC=����=' C��?C>8&'. �>B��>=? &C&^���&� = �U�8�:?'&� �?A�?BC== BB 
'?f�=^' C>�&8�?�=: �?�&8?B �?�&8?B&' '�B=��?> U?�?f&7 &> '=A&�&X=�?CB&X&, 
�f=�?CB&X& '=�&8&^^�?�=: B �?�=X=&^�&'�. �>B��>=? 8&^'&��&C>?� 8�?>?�?C�&� 
(�.�. �&UU?� CB^� d� «pB^&C&'>=�?CB&�») �?A�?BC== – = ?C>_ &>B��>=? >?f�=B= «BB 
'=�&8&� C=��», B&>&�&? U�&B�7�8?> U�>_ B ����&'�,  C C?�?7=�� XX 8. – B =��?�?��&-
>?f�=�?CB&'� '=�&8&^^�?�=� (8 C'�C�? �.�. ��X?�_'?�?�). 

�?A�?BC=: 8 ?� '>?�=�_�&', A=^=�?CB&' 8���?�== – p>& �=d&�?? C�&���� ��&8?�_ 
C'&C&^��=:, B&>&�&X& 7&d=�C: �?�&8?B � �C>&:�=� '&'?�>. �7�& 7?�& – =�>�=>=8�&? 
U�&^�?�=?, U&B^�8��?? �?C&8U7?�=? �^�' C �CC�7B&' = 8&CU�=:>=?', 7��X&? – 
A�>^=: =�= 8�'�C?�, 8&^�=B��=� 8 U?�?�=8�== >B&X& �?C&8U7?�=:, >�?>_? – 
8&U�&�?�=? A�>^== = 8�'�C� 8 �&X=�?CB&� A&�'?, 8���?�=? 8 C>��B>��f :^�B = 
>&�_B& �?>8��>&? – >?f�=B, '>?�=�_�&? 8&U�&�?�=? &d?B>, ?X& (8&C)C&^7�=?. 
�&�`?U`=: �?>8��>&X& `�C>8 a. o?CC�p� BB �?B&?X& U�?77�&X& ��d&� >?f�=�?CB&� 
7?:>?�_�&C>= =�8?�>�: «U�?7�C>�&8�?���f &d�^&8 �?T?�=�» 8�U&��:?> A��B`=� '=� 
=7?� ��>&�, >&�_B& �? 7�: �?`?U>=8�&X&,  7�: U�&?B>=8�&X& �^�'. 	 >?�'=�f 
>��C`?�7?�>�_�&� A=�&C&A== ?� C�?7�?> U&�='>_ BB &d�C>_ CU?`=A=�?CB=f U�8=� 
U�&?B>=8�&� �?A�?BC==, ��=�����C: C U�=C��=f �^�'� U�8=� C&^?�`�=: = 
B&�C>��=�&8�=:, & B&>&��f �. ��> X&8&�=> 8 «���C`?�7?�>�_�&' ��?�== & '?>&7?», 
&U�CB����C: ^>?' � ��&8?�_ �CC�7&���f B>?X&�=�, �>&d� 8 B&�?��&' =>&X? 
8&U�&>=>_C: 8 U�&C>��C>8? = 8�?'?�= BB A&�'f 8&CU�=:>=:. � :^�B? &d�?� C?'=&>=B= 
«�?>8��>&? `�C>8&» '&�?> d�>_ U�?7C>8�?�& BB �d&� U�8=� U&C�?7&8>?�_�&X& 
&>&d��?�=: C=�>BC=C �^�'�&� 7?:>?�_�&C>= 8 C=�>BC=C? �CC�7&��&�, :^�B&8&� 
7?:>?�_�&C>= = ^>?' – 8 C=�>BC=C? 8&CU�=:>=:, =�=, 7��X='= C�&8'=, BB �d&� U�8=� 
C&X�C&8�=: U�X'>=�?CB=f U�8=� �^��f >=U&8 C?'=&^=C. �>'?>=', �>& >� 
B&�C>��B`=�, B&>&��� a. o?CC�p� A=BC=��?> = U�?7�X?> =CC�?7&8>_ 8 8=7? «�?>8��>&X& 
`�C>8», 8 �&8&? 8�?': o�. W?�B�= [18] 8 >&' �? U�&?B>=8�&' B���? (7�: W?�B�= C'& 
8&CU�=:>=? – U& C�>= U�&?B>=8�:,  �? �?`?U>=8�: 7?:>?�_�&C>_) &U�?7?�=� 8 8=7? 
«7&d�&X& d&X», >B&� A=X���, B&>&�: &>8?�?> ^ C'&>&�7?C>8?��&C>_ '=�&^7�=: 
(��&X=��&� A=X��&� :8�:?>C: «��=8?�C�_��� �d��7>?�_» 8 A=^=B? XX 8.),  �. 
V?�d�=` [28] – 8 8=7? U�?7�C>�&8�?��&� X�'&�==, U&^8&�:��?� 8^='&7?�C>8&8>_ 
�^�=���' >=U C��?X&. 	 �T= 7�= 
.�. �8�?�B& CU�8?7�=8& C8:^�8?> U�&?B>=8��� 
B&�`?U`=� >?f�=B= a. o?CC�p� C «�>�&U��' B&C'&�&X=�?CB=' U�=�`=U&'»  [29, §6].  
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	 �d&>? «4U&� & >?f�=B?» a. o?CC�p� [7, C.83-85] U�?7�X?> T?C>_ >?^=C&8 
&>�&C=>?�_�& «�?>8��>&X& `�C>8»3.  

4&8�?'?���? B�=>=B=, U�?^�=>?�_�& =�= �?7&�'���& &>'?��8�8��=?C: &> B&�`?U`== 
«�?>8��>&X& `�C>8», d&�_T?� �C>_� U�&C>& �? ^�B&'� C >?BC>&' a. o?CC�p� (=�= �? 
CU&C&d�� =^�&�=>_ ?X& >B, �>&d� p>& ^�B&'C>8& C>�& &�?8=7��' 7�: =�A&�'=�&8��&X& 
�=>>?�:). �?^=C� a. o?CC�p� = U�=8?7����? �CC��7?�=: U&B^�8�>, �>& A=�&C&A=: 
>?f�=B= ^ C��> CU?`=A=�?CB&X& C&?7=�?�=: &�>&�&X== = >?&�== U&^��=: U&^8&�:?> �? 
>&�_B& U�&:C�=>_ B�CC=�?CB=� CU&� & �?�_�&C>= = 7?�C>8=>?�_�&C>=, �& = 8 ^��=>?�_�&� 
C>?U?�= U�&:C�=>_ A��7'?�>�_��� U�&d�?'� p>=B=, ^B�������C: 8 �?C&&>8?>C>8== 
C��?X& (7?�C>8=>?�_�&X&) = 7&���&X& (8&^'&��&X&). �C�= =CB>_ 7?B8>��? U���?�= 7�: 
U�&d�?', U�&d��' �?T?�=?' B&>&��f :8�:?>C: B&�`?U`=: «�?>8��>&X& `�C>8», >& &�= 
&d����=8�>C: 8 `?�&' 8 A=�&C&A== >8&��?C>8, BB C A=�&�&X=�?CB&� =�= 8 `?�&' 
=C>&�=B&-f�7&�?C>8?��&� C>&�&��, >B = C UC=f&�&X=�?CB&�.  
��=^ «U�?7�C>�&8�?���f 
A&�' �?T?�=�» 8 >?f�=B? C�?7�?> C&U&C>8�:>_ C ��=^&' >?f X�''>=�?CB=f = 
C>=�=C>=�?CB=f �&�', B&>&��? >&> =�= =�&� :^�B U�?7&C>8�:?> U&p>�, C ��=^&' 
C&&>8?>C>8=� `8?>&8&� U�=>�� = X?&'?>�== A�>^== f�7&��=B, C ��=^&' ^8�B&8�f 
�:7&8, �C>&>��f f�B>?�=C>=B, U&C�?7C>8&' B&>&��f 8���?> C8&= &d�^� B&'U&^=>&� 
=�= '�^�B�>-='U�&8=^>&�, C ��=^&' �&X=�?CB=f C>��B>��, A&�'�� = U�8=�, B&>&��? 
U&^8&�:�> ����&'� CA&�'��=�&8>_ d7�B>=8��� X=U&>?^�. �>&> ��=^ U& d&�_T&'� C��>� 
7&��?� ��=�>_C: C U�=U&'=��=: >&X& B&�B�?>�&X& CU&C&d, B&>&��' B�7�� C>�7?�> 
�?T�, �?T?> = d�7?> �?T>_ U�&d�?'� «�=C>&X& �=C>» � f&�&T?X& U�&A?CC&�, U�&d�?'� 
��� C&dC>8?��&X& >?BC>, U?�8�� 7�: B�7&X& = &>>&X& C'�� 8���� CU&C&d 
&C��?C>8�?�=: &d�?� U�&d�?'� 8���?�=:. 

&���=�����. +�>���� �������� � :���6�:�� ��;���� 
	 �C>&:�?' �CC��7?�== d?^ 8�='�=: &C>�C_ U�&d�?' p8&��`== >?f�=�?CB=f C�?7, 

?� 8�=:�=? � �?�&8?B, 8&U�&C� & �?�?�&8?�?CB=f C�d?B>f 7?:>?�_�&C>=, 8&^�=B��=? 
U�= &dC��7?�== >.�. «>?f�&�&X=�?CB&� C=�X��:��&C>=» [30]. ��>&�=C>CB&? U&�='�=? 
>?f�=B= a. o?CC�p�&' U&^8&�:?> 7&C>>&��& 8�:>�& U&C>8=>_ p>= U�&d�?'� = 8&U�&C�, 
8��^=8 =f 8 '&7?�:f >��C`?�7?�>�_�&X& &U=C�=: � :^�B? &d�?� C?'=&>=B=. ��?8=7�&, 
�>& 8 XXI 8?B? �?�&8?�?C>8& 8C>�U?> 8 C&C>&:�=? «>�?>_?� U�=�&7�», 8�C>�=8: �&8�� 
=CB�CC>8?���� C�?7� U&8?�f =CB�CC>8?��&� C�?7�, C&^7��&� 8 XIX = XX 8?Bf, = � 
A=�&C&ACB&X& C&&d�?C>8 U&B �?> &d&d���=f X�&d�_��f '&7?�?�, B&>&��? '&X�= d� 
&U=C>_ 8^='&7?�C>8=? U�=�&7�&X& = =CB�CC>8?��&X&, U&B^>_ X�&d�_��� X&�=^&�> 
U�&X�&^. �A&�'�?��&? a. o?CC�p�&' U�>&�=C>CB&? U&�='�=? >?f�=B= BB U�&?B>=8�&�, 
'>?�=�_�& 8���?��&� �?A�?BC==, A&�'=����?� CU?`=A=�?CB�� C�?7� C& C8&='= 
�&�''= C��?C>8&8�=: = p8&��`==, U&^8&�:?>, U& '?�_T?� '?�?, �8=7?>_ p>&> B��X 
U�&d�?'. 

��>&�=C>CB=� U&7f&7 a. o?CC�p� B U&�='�=� >?f�=B= 8 &�>&�&X=�?CB&� = 
pU=C>?'&�&X=�?CB&� U?�CU?B>=8f 8�:8�:?> C��?C>8?���� &d�C>_ 8 =CC�?7&8�=:f 
A=�&C&A== >?f�=B=,  ='?��& &d�C>_ U�8=� U�&?B>=8�&� �?A�?BC==, B&>&�: 8CB��8?> 
C���&C>_ >?f�=�?CB&X& � A&�? U�&d�?'� �?�&8?B. �?f�=B – &d�C>_, 8 B&>&�&� 
C>�B=8�>C: �?�&8?�?CB=? U�&d�?'�, >& ?C>_ ^��=? �?�&8?B & C&dC>8?��&' �?^��==, C& 
CU&C&d'= =f �?T?�=:, >& ?C>_ C A&�''= = U�8=�'= �?�&8?�?CB&� 7?:>?�_�&C>= 8 
&>�&T?�== ?C>?C>8?��&� U�=�&7�, C'&X& C?d: = 7��X=f ��7?�. ��7&? B&�B�?>�&? �?T?�=? 
������������������������������������������������������������
3 �?�?8&7 � ��CCB=� :^�B 8>&�&� X�8� «� A=�&C&A== >?f�=B=. �>& ?C>_ >?f�=B? – �?�'=� = C���&C>_» '&�&X�A== 
a. o?CC�p� «4U&� & >?f�=B?», 8 B&>&�&� U�=8?7?�� p>= >?^=C�, U�d�=B�?>C: 8U?�8�? 8 p>&' �&'?�? �����. >��&.���. 



+HF��>&�&X=:�U�&?B>=�&8�=:/�>&'�;/�%3(21)@.,<;

:;<;�O�����#

8 &d�C>= >?f�=B=, d�7_ >& �&X=�?CB= B&��?B>�: >?&�=: U& U&8&7� &d?B> =�= U�&`?CC =�= 
C&^7���� >?f�=�?CB=� &d?B>, &B^�8?> CU?`=A=�?CB&?, U�=C��?? >&�_B& ?'� 8&^7?�C>8=? 
� 8C� &d�C>_ >?f�=B= = �?�?^ �?� – � �?�&8?B = � C�?7� ?X& &d=>�=:. �>= =^'?�?�=:, 
�BU�=8:C_, 8�?B�> =^'?�?�=: 8 ����&�, U&�=>=�?CB&�, pB&�&'=�?CB&� CA?�f, U�:'& 
8�=:�> � U&�='�=? `?�?� = C&7?���=? &d�^&8�=:.  

4&&>8?>C>8?��& =CC�?7&8�=? &d�C>= >?f�=B=, >?f�&CA?�� '&�?> = 7&���& 
&�=?�>=�&8>_C: � ��=^ U�8=� U�&?B>=8�&� �?A�?BC==, ^7���f «�?>8��>�' `�C>8&'» 
a. o?CC�p�, ���=>_C: 7?�=>_ =f 8 C'�C�? &d�?� C?'=&>=B= � X��UU� C?'�>=�?CB=f, 
C=�>BC=�?CB=f, U�X'>=�?CB=f U�8=�, �f&7=>_ B&��?�:`== p>=f U�8=� C &d�='= 
U�8=�'= 8���?�=: = >?&�=:'= >8&��?C>8, =CC�?7�?'�'= A=�&C&A'=, =C>&�=B'=, 
A=�&�&X'=, UC=f&�&X'= = C&`=&�&X'=.  

	��������6�� 
�d&> 8�U&��?� U�= U&77?��B? 4&8?> U& X��>' ��?^=7?�> �&CC=�CB&� a?7?�`==, 

U�&?B> Ro-6200.2016.6  «4?'=&>=�?CB=? &C�&8�=: >?f�=B= = >?f�=�?CB&X& C&^��=:». 
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Abstract 
This article considers the concept and a problem of technology in Friedrich Dessauer's works "Philosophy of 
technology" (1927) and "Dispute on technology" (1959). Ways of statement of the epistemological and ontological 
questions specific to technology are analyzed. The article shows that the concept of "the fourth kingdom" is an area of 
rules of the projective, materially expressed reflection which is understood as technology in the true sense. The author 
proves the thesis that "the fourth kingdom" carries out for projective activity the same functions, as "the world of ideas" 
of Plato – for the philosophy of receptive activity which has been traditionally investigated in the history. Thereby the 
platonic philosophy of technology is shown as a perspective area of research within the analysis of projective rules from 
positions of transcendentalism and the general semiotics. 

Key words: Platonism in the philosophy of technology, the fourth kingdom, projective semiosis, the preset forms of 
decisions, artificial and natural. 
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THE TWENTIETH INTERNATIONAL MULTI-CONFERENCE  
ON ADVANCED COMPUTER SYSTEMS�

ACS 2016 
Mi;dzyzdroje, Poland, October 19-21, 2016 

ORGANIZED BY 
West Pomeranian University of Technology, Faculty of Computer Science, Poland 

IN COOPERATION WITH 
Warsaw University of Technology, Faculty of Mathematics and Information Science 

AGH University of Science and Technology, Faculty of Physics and Applied Computer Science, Poland 
Ehime University, Japan 

Polish Academy of Sciences IPIPAN, Poland 
Kuban State University of Technology, Institute of Information Technology and Safety, Russia 

PURPOSE OF CONFERENCE 
Artificial intelligence, software technologies, biometrics and IT security are established fields of computer 
science of both theoretical and practical significance. 

The aim of ACS 2016 Multi-Conference is to bring artificial intelligence, software technologies, biometrics, IT 
security and open and distance learning researchers in contact with the ACS community, and to give ACS 
attendees an opportunity to exchange some significant knowledge according to this areas of interest. Indus-
trial and systems presentations bearing new ideas and solution paradigms are welcome as well. 

The primary focus is on high-quality original unpublished research, case studies, and implementation experi-
ences. Papers should have practical relevance to the construction, evaluation, application or operation of the 
systems. Theoretical papers must make convincing argument for the practical significance of the results. 

Any other information details as committees, instructions for authors, invitation session (plenary papers) and 
payment details see the ACS web site: http://acs.zut.edu.pl. 

�
SECRETARIAT ADDRESS FOR CONTACTS 

Sylwia Hardej, Miss 
Faculty of Computer Science & Information Systems 
West Pomeranian University of Technology, Poland 

Zolnierska 52, 71-210 Szczecin, Poland, tel. (+4891) 449 56 62, shardej@zut.edu.pl 
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Ontologists and designers of all countries and subject areas, join us!
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