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

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

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

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

8=>_ A
B> 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�?� A
B> 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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��'��	
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�	���
#�����"
������&!�

��	��
)����
#	���������	�*�� �!M������
#

 

��='?�&' 
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�?�=? A
B>
 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= B
B 
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?�?` 
':�
». 



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

�;8;���)���#7�@;B;�>�������#

 

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�?�=:, B
B 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
�B
C ���, �?
�=^���=? U�?7C>
8�?���? 

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

	 �
'B
f �
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: �?7
B>&� 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 B
B&'�-�=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&d
8-
�?�== �&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�=� T
X – p>& 8��=C�?�=? 8�
7?�_`
 ':�
 

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

�=C��&B 7 – ��
8=�& C8:^�8
�=: ^8?�
 8��=C�?-
�=: = ��&8�: 8��=C�?�=: 



310 %3(21)@.,<;/�M5;/�����$�Z[����{�K�Z���Z

���
�
��'��	
��"�
�	���
#�����"
������&!�

��	��
)����
#	���������	�*�� �!M������
#

 

(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
�B
C �?
�=^&8
� �
 :^�B? Java 8?�C== 1.8. 	 �
C>&:�?? 8�?': B
�B
C 

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
�B
C ��� 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?�?7
8
�=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&d
8�:�>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 �
'B
f &�>&�&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
�B
C = &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�
���� �?7
B>&� ='??> 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>
U
f 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&��^
�=>� = �
U
7?�=:. ��= p>&' 7�: 
B
�7&X& =^ CU?`=A=�?CB=f &>�&T?�=� d�7?> C&^7
�& C8&� ^8?�&, >&X7
 B
B 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?�_�&. 

�� 	 �
'B
f =^�&�?��&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>�
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`==, B&X7
 
pAA?B>=8�?� 88?C>= �
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U�='?�, B
B 
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 >
B�? �?
�=^
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�
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��� B
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 �
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�
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-
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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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