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������(�2 
4&7�?'?���� z>
U �
]7=>=: =�A&�'
_=&���d >?d�&�&W=� d
�
B>?�=]�?>C: ��?C>&�?�=?' >�?c&-
7
�=�, U�?6Ü:7�:?'�d B zAA?B>=7�&C>= A��B_=&�=�&7
�=: C&]6
7
?'�d =�A&�'
_=&���d C=-
C>?', B C>&='&C>= = C�&B
' =d �
]�
c&>B=, 
 >
B�? B ��&7�� =d «=�>?��?B>
». y?�C>7?���' C�?6-
C>7&' �?T?�=: z>=d ]
6
� :7�:?>C: =CU&�^]&7
�=? &�>&�&W=�?CB=d '&6?�?� �
 7C?d z>
U
d 
�=]�?��&W& _=B�
 =�A&�'
_=&���d C=C>?'. 	 ]�
�=>?�^�&� �
C>= C&]6
7
?'�? =�A&�'
_=&���? 
C=C>?'� :7�:�>C: C=C>?'
'= �?
�^�&W& 7�?'?�=. y�: C=C>?' �?
�^�&W& 7�?'?�= CU?_=A=�?CB=' 
:7�:?>C: 
�d=>?B>����� z>
U U�&?B>=�&7
�=:. �
 z>&' z>
U? U�?6�
W
?>C: =CU&�^]&7
�=? 
�d=-
>?B>����d &�>&�&W=�?CB=d '&6?�?�, B&>&��? U&]7&�:�> �?
�=]&7�7
>^ C=C>?'� U&66?��B= U�=-
�:>=: 
�d=>?B>����d �?T?�=� = �
B&U�?�=: 
�d=>?B>���&W& ]�
�=:. �
CC'
>�=7
?>C: C>��B>��
 

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

�������� 	�
��: 	��	�	���, ������	�
 ¹�(����, !�	�
���	�����, 
�
���� ������	�	 �������. 

�
�
�
���
�: *	��(	, +.E. ��>&�&W=�?CB=? '&6?�= 6�: C=C>?' �?
�^�&W& 7�?'?�= / 
.�. 	&6:d&, 
	.	. �=B=A&�&7 // ��>&�&W=: U�&?B>=�&7
�=:. – 2018. – �. 8, %2 (28). - 4.240-252. – DOI: 
10.18287/2223-9537-2018-8-2-240-252. 

�"�&���� 
4&7�?'?���� z>
U �
]7=>=: =�A&�'
_=&���d >?d�&�&W=� (��) d
�
B>?�=]�?>C: 

U&C>&:���' �7?�=�?�=?' C�&��&C>= = �
CT=�?�=?' CA?�� U�='?�?�=: =�A&�'
_=&���d 
C=C>?' (�4), U&7�T?�=?' >�?c&7
�=� B c�C>�&6?�C>7=�. ��
�=>?�^�
: �
C>^ C&]6
7
?'�d 
�4 &>�&C=>C: B C=C>?'
' �?
�^�&W& 7�?'?�= (4�	). 4�	 – z>& &6=� =] 7
���d U&6B�
CC&7 
�4, B&>&��� '&��& &U�?6?�=>^ B
B �4, &>�&C:�=?C: B &U�?6?����&'� 6&'?�� >�?c&7
�=�, 
>.?. �4, &cÜ?6=�?���? &c��&C>^� >�?c&7
�=� 7 U�
�? c�C>�&6?�C>7=:. 4�	 �
d&6:> 
U�='?�?�=? 7 C
'�d �
]�=���d U�?6'?>��d &c�
C>:d, >
B=d B
B C=C>?'� �U�
7�?�=: 
U&67=���'= &cÜ?B>
'= (
7>&'&c=�=, C
'&�?>�, �
B?>�, �&c&>�), C=C>?'� �U�
7�?�=: 
&c&��6&7
�=?' = 6�. y�: 6&C>=�?�=: >�?c�?'&W& B
�?C>7
 A��B_=&�=�&7
�=: �?&cd&6='& 
�?
�=]&7�7
>^ 6&C>
>&��& C�&���� �&W=B� �
c&>� �4 = U?�?C>�
=7
>^ ?� 7 ]
7=C='&C>= &> 
�
c��6
?'�d C=>�
_=� 7 �C�&7=:d &W�
�=�?���d �?C��C&7. 4�	 '&W�> c�>^ U&C>�&?�� C 
=CU&�^]&7
�=?' �
]�=���d 
�d=>?B>����d C>=�?�, >
B=d B
B B&�7?�?�� = A=�^>�� 
(pipes&filters), C=C>?'�, �U�
7�:?'�? C&c�>=:'=, �?U&]=>
�== [1]. �?C'&>�: �
 >&, �>& 
�
]�
c&>
�
 &c�
: >?&�=: U&C>�&?�=: 4�	, U�?6�
W
�>C: '�&W&�=C�?���? '?>&6=B= 
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�

U�&?B>=�&7
�=: 4�	, ='?�>C: �?B&'?�6
_== U& U�&?B>=�&7
�=�, 6&C>�U�� c=c�=&>?B= 
U
>>?��&7, C&]6
�=? = C&U�&7&�6?�=? 4�	 U�&6&��
�> &C>
7
>^C: �?>�=7=
�^�&� ]
6
�?�, 
�?T?�=? B&>&�&� >�?c�?> CU?_=
�^��d ]�
�=� = 7�C&B&� B7
�=A=B
_==, &C&c?��& B&W6
 
�?�^ =6?> &c zBC>�?'
�^��d d
�
B>?�=C>=B
d U& c�C>�&6?�C>7=�. 

y�: �?T?�=: ]
6
� U�&?B>=�&7
�=: = '&6?�=�&7
�=: 7 ��-CA?�? T=�&B& U�='?�:?>C: 
&�>&�&W=�?CB=� U&6d&6, B&>&��� 
B>=7�& �
]7=7
?>C:. 	 �
C>�&C>=, �
c��6
?>C: 7C� c&�?? 
�C=�=7
��??C: 7]
='&7�=:�=? '?�6� &�>&�&W=�?CB=' U�&?B>=�&7
�=?' = U�&W�
''�&� 
=��?�?�=?�. �>&> U�&_?CC ��? =6�>, U& B�
��?� '?�?, U&�>&�
 6?C:>B
 �?>, �& 
&�>&�&W=�?CB=� U&6d&6 6& C=d U&� �? U�?7�
>=�C: 7 
�d=>?B>����� C>=�^ = 7 C�?6? 
U�=B�
6��d U�&W�
''=C>&7 U�&6&��
?> &C>
7
>^C: �?6B=' :7�?�=?'.  

	 �
C>&:�?� C>
>^? �
CC'
>�=7
�>C: 7&U�&C� U�='?�?�=: &�>&�&W=�?CB=d '&6?�?� 
(�R) U�= U�&?B>=�&7
�== 4�	 C ���>&' &C&c?��&C>?� z>&W& B�
CC
 C=C>?'.  

1 @��$������ �� =�� =���'����"���� /	� 
�C�&7��? >=U&7�? z>
U� U�&?B>=�&7
�=: 4�	 7B���
�>: 
�� A&�'=�&7
�=? >�?c&7
�=�; 
�� 
�d=>?B>���&? U�&?B>=�&7
�=?: 

�� �
]�
c&>B
 >�?c&7
�=� B 
�d=>?B>��?; 
�� U�=�:>=? 
�d=>?B>����d �?T?�=�; 
�� �
]�
c&>B
 
�d=>?B>����d '&6?�?�; 
�� �
]�
c&>B
 
�d=>?B>���&W& &U=C
�=:; 
�� &_?�B
 
�d=>?B>��� C U&'&�^� '&6?�?�; 

�� U�&?B>=�&7
�=? U�=�&�?�=: U& '&6?�:'; 
�� &>�
6B
, >?C>=�&7
�=?; 
�� '&6?��=]
_=:. 
�$%�� !	�(	�. V&�^T=�C>7& z>
U&7 =6?�>=��& B
B 6�: �4, �? &>�&C:�=dC: B B�
CC� 

4�	, >
B = 6�: C=C>?' ':WB&W& = ��C>B&W& �?
�^�&W& 7�?'?�= (b�	). 4 >&�B= ]�?�=: 
�?
�=]
_== U�&_?CC
 U�&?B>=�&7
�=: �
 7?�d�?' ��&7�? &�>&�&W=�?CB=� U&6d&6 B 
U�&?B>=�&7
�=� U&6�&c�& &U=C
� 7 [2], d&>: z>&> U&6d&6 &>�&C=>?�^�& C�
c& C7:]
� C 
�?
�^��' U�&_?CC&' U�&?B>=�&7
�=: U�&W�
''�&W& &c?CU?�?�=: [3]. �>& &>�&C=>C:, 7 
�
C>�&C>=, B 
�d=>?B>���&'� U�&?B>=�&7
�=� �4. �
CC'&>�=' 7&]'&���? U&6d&6� B 
=CU&�^]&7
�=� �R �
 �
]�=���d z>
U
d U�&?B>=�&7
�=: �4. 

G	����	����� ���$	�����. �
 z>
U? A&�'=�&7
�=: >�?c&7
�=� 6&'?���? &�>&�&W==, 
&U=C�7
��=? &c�
C>^ U�='?�?�=: _?�?7&� C=C>?'�, '&W�> =CU&�^]&7
>^C: 7 B
�?C>7? 
C�&7
�:, B&>&��� '&W�> =CU&�^]&7
>^ ]
=�>?�?C&7
���? C>&�&�� 6�: =CB���?�=: 
�?U�
7=�^�&W& U&�='
�=: >�?c&7
�=�. ��&'? >&W&, �R '&W�> c�>^ =CU&�^]&7
�� B
B 
C�?6C>7& A&�'
�=]&7
��&W& &U=C
�=: >�?c&7
�=� [4, 5] = �U�
7�?�=: >�?c&7
�=:'= [4, 6].  

+�(���
����	� !�	�
���	����� )�* 
 �
!	��#	������ �'. 
�d=>?B>���&? U�&?B>=�&-
7
�=? – z>& >&> z>
U, �
 B&>&�&' CU?_=A=B
 4�	 U�&:7�:?>C: 7 U&��&� '?�?. 	 U?�7�� 
&�?�?6^ z>& &>�&C=>C: B U�&W�
''�&� 
�d=>?B>��?. ��>&�&W=�?CB=� U&6d&6 B 
�d=>?B>��-
�&'� U�&?B>=�&7
�=� 4�	 �
]�=��&W& �
]�
�?�=: '&�?> c�>^ �?
�=]&7
�, 7 �
C>�&C>=, 7 
�
'B
d 
�d=>?B>���&W& A�?�'7&�B
 �
d'
�
 (`�), B&>&���, U& C��?C>7�, U�?6C>
7�:?> C&c&� 
&�>&�&W=� [7]. 	 `� ]
�&�?�� = &>�
C>= �?
�=]&7
�� =6?=, C7:]
���? C �
B&U�?�=?' = 
U&7>&���' =CU&�^]&7
�=?' 
�d=>?B>���&W& ]�
�=: [8] 7 A&�'? 
�d=>?B>����d '&6?�?�. `� 
'&��& �
CC'
>�=7
>^ B
B B&�>?��?� 6�: d�
�?�=: '&6?�?� = '?>
'&6?�?�, 7 �
C>�&C>= �R, 
�
]�&W& ��&7�: = U&66?��=7
��=d �
]��? 
�d=>?B>����? U?�CU?B>=7� = >&�B= ]�?�=: [9]. 
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	 �
C>&:�?? 7�?': 6&C>�U�� �?
�=]
_== `� 6�: �
]��d U�
>A&�', B&>&��? 
B>=7�& 
=CU&�^]��>C: �
 U�
B>=B?, �
U�='?� 7 U&U��:��&' U�&6�B>? Enterprise Architect [10]. 

	 &C�&7? `� �?�=> =6?:, C&C>&:�
: 7 >&', �>& A��B_=&�=�&7
�=? �4 '&��& &U=C
>^ 7 
>?�'=�
d &>7?>
 �
 T?C>^ U�&C>�d 7&U�&C&7: ��
, ���, '��, ��
, �
'��, �
����: 
=CU&�^]�?'�? 6
���? (��
?), U�&_?CC� = A��B_== (���?), '?C>
 7�U&��?�=: U�&_?CC&7 
('��?), &�W
�=]
_== = U?�C&�
� (��
?), �U�
7�:��=? C&c�>=: (�
'��?), _?�= = &W�
�=�?�=:, 
&U�?6?�:��=? �
c&>� C=C>?'� (�
����?). �>7?>� �
 z>= 7&U�&C� '&��& 6
7
>^ C 
=CU&�^]&7
�=?' �
]�=���d U&�:>=�, >.?. C �
]�&� C>?U?�^� 6?>
�=]
_==. ��= z>&' 7�6?�:�> 
T?C>^ ��&7�?� 6?>
�=]
_==: ��&7?�^ B&�>?BC>
, ��&7?�^ c=]�?C-&U=C
�=�, C=C>?'��� 
��&7?�^, >?d�&�&W=�?CB=� ��&7?�^, >?d�=�?CB=� ��&7?�^, ��&7?�^ �?
�^�&� C=C>?'�. 

�c&]�
�?���? 7&U�&C� &U�?6?�:�> T?C>^ 
CU?B>&7 �
CC'&>�?�=: C >&�B= ]�?�=: �
]��d 
]
=�>?�?C&7
���d C>&�&�, 7 �=C�& B&>&��d 7d&6:>: 
�
�=>=B=, '?�?6�?��, 
�d=>?B>&��, 
�
]�
c&>�=B=, C=C>?'��? 
6'=�=C>�
>&��, U&�^]&7
>?�=. 

�
B=' CU&C&c&' A&�'=��?>C: '
>�=_
 �
]'?�&' 6d6, B
�6&� B�?>B? B&>&�&� C>
7:>C: 7 
C&&>7?>C>7=? '&6?�= = 
�>?A
B>�. `�
W'?�> '
>�=_� `�, &>�&C:�=�C: B 
�d=>?B>���&'� 
��&7��, U�=7?6�� 7 >
c�=_? 1. ��&�=? B�?>B= ]
U&��:�>C: C>
�6
�>��' 6�: `� CU&C&c&'. 

�?�7
: C>�&B
 (B&�>?BC>) C&&>7?>C>7�?> ��&7�� U&]=_=&�=�&7
�=: C=C>?'� C ���>&' 
7�?T�=d A
B>&�&7. y
��
: C>�&B
 &U�?6?�:?> B&�>?BC> 7C?d U&C�?6���=d C>�&B, &>�
�
?> 
C
'�� &c�=� 7]W�:6 �
 &�W
�=]
_=� U�&?B>=��?'&� �4 = &>�
�
?> >&�B� ]�?�=: c=]�?C-

�
�=>=B
. 	>&�
: C>�&B
 &U=C�7
?> A��B_=&�=�&7
�=? �4 7 c=]�?C->?�'=�
d. ��?>^: 
C>�&B
 C&&>7?>C>7�?> 7=6?�=� C=C>?'� 
�d=>?B>&�&'. �?>7?�>
: C>�&B
 – z>& U�=7:]B
 
6
���d = &U?�
_=� �
6 �='= B &U�?6?�?���' U�&W�
''��' = 
UU
�
>��' U�
>A&�'
' = 
=�C>��'?�>
�^��' C�?6C>7
'. �:>
: C>�&B
 &>�
�
?> 7=6?�=: C=C>?'� 
6'=�=C>�
>&�&' 
(C=C>?'��� 
6'=�=C>�
>&�, 
6'=�=C>�
>&� c
] 6
���d = >.U.). �?C>
: C>�&B
 &U=C�7
?> 
A��B_=&�=������ C=C>?'�. �C&c& C�?6�?> &>'?>=>^, �>& `� �? �
B�
6�7
?> &W�
�=�?�=� 
�
 >=U� =CU&�^]�?'�d '&6?�?�, = �R '&W�> c�>^ U&'?�?�� 7 z>&> B&�>?��?� c?] U�&c�?'. 

�
c�=_
 1 – R
>�=��&? U�?6C>
7�?�=? `� (A�
W'?�>) 

¿ ���>��' ����-
$�8�)�� 

��� ,�� (�� ,�� ,�%�� ��0��� *������������-
��� �������

1 �&�>?BC>       
�
�=>=B= 
2 V=]�?C-'&6?�^ 

�4 
      �&U '?�?6�?�� 

3 4=C>?'�
: 
'&6?�^ �4 

�&�_?U>�-

�^��? '&-
6?�= 6
���d 


�d=>?B>��
 
U�=�&�?�=: 


�d=>?B-
>��
 �
C-
U�?6?�?�-
�&� �4 

��>?�-
A?�C� 
U&�^]&7
-
>?�: 

R&6?�^ 
�
c&>� C 
C&c�>=:-
'= 

V=]�?C-
U�
7=�
 


�d=>?B>&�� 

4 �?d�&�&W=�?-
CB
: '&6?�^ �4 

      �
]�
c&>�=B= 

5 y?>
�^�&? 
&U=C
�=? 

      
6'=�=C>�
>&�� 

6 `��B_=&�=- 
���T
: �4 

      �&�^]&7
>?�= 

 
4U?_=A=B
 4�	 U�&:7�:?>C: �
=c&�?? &>�?>�=7& �
 z>
U? 
�d=>?B>���&W& U�&?B>=-

�&7
�=: (>�?>^: C>�&B
). �>& z>
U, �
 B&>&�&' 
�d=>?B>&�&' U�=�='
�>C: 
�d=>?B>����? 
�?T?�=: = A&�'=��?>C: 
�d=>?B>���&? &U=C
�=?, 7B���
��??, 7 �
C>�&C>=, 
�d=>?B>���&? 
&c&C�&7
�=? [11]. ��= z>&' U?�7&&�?�?6�&� =�>?�?C U�?6C>
7�:�> 
�d=>?B>����? 
U?�CU?B>=7�, &>�&C:�=?C: B &c?CU?�?�=� c�C>�&6?�C>7=:. 


�d=>?B>���&? ]�
�=? '&��& &U�?6?�=>^ B
B ]�
�=?, �?&cd&6='&? 
�d=>?B>&�� 6�: 
U�=�:>=: 
�d=>?B>����d �?T?�=� = C&C>
7�?�=: 
�d=>?B>���&W& &U=C
�=:. 
�d=>?B>���&? 
]�
�=? �
B
U�=7
?>C: U�?='��?C>7?��& 7 7=6? U�
7=�, 
 C&C>
7�?�=? 
�d=>?B>���&W& 
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+&E&�*	��(	 �*&*&�H�
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�

&U=C
�=: >�?c�?> &c&C�&7
�=: 7�c&�
 >?d =�= =��d 
�d=>?B>����d �?T?�=�. y�: �?T?�=: 
U?�?�=C�?���d 7�T? ]
6
� '&W�> c�>^ �CU?T�& =CU&�^]&7
�� �R. ��= z>&' �R, 
&>�&C:�=?C: B 
�d=>?B>���&'� (>�?>^?'�) ��&7��, '&��& &U�?6?�=>^ B
B 
�d=>?B>����? 
�R (
�R). 

2 @��&�����$%� =�&9�& 
	 &C�&7� U�?6�
W
?'&W& U&6d&6
 B =CU&�^]&7
�=� 
�R 6�: �?T?�=: ]
6
� 


�d=>?B>���&W& U�&?B>=�&7
�=: 4�	 U&�&�?�� C�?6���=? U�=�_=U�:  
�� 
�R – z>& �
C>^ &�>&�&W=�?CB&W& &U=C
�=: �4 7 �
'B
d `�; 
�� 
�R '&�?> =CU&�^]&7
>^C: �=c& B
B c
]
 ]�
�=�, B B&>&�&� 
�d=>?B>&� '&�?> 

&c�
�
>^C: C& SPARQL-]
U�&C
'=, �=c& '&�?> =CU&�^]&7
>^C: C&7'?C>�& C 6��W='= �? 
&�>&�&W=�?CB='= '&6?�:'= 6�: A&�'=�&7
�=: '&6?�?� c&�?? 7�C&B&W& ��&7�:; 

�� 
�R ='??> >�?d��&7�?7�� C>��B>���, B B
�6&'� =] ��&7�?� '&��& &c�
�
>^C: C 
]
U�&C
'= C&&>7?>C>7���?W& ��&7�:.  
s�&7�= '&W�> �
CC'
>�=7
>^C: B
B ��&7�= ]�?�&C>= 
�R: ��&7?�^ 1 (:6�& &�>&�&W==, 

B&>&�&? C&6?��=> &c�=? ]�
�=: & 4�	), ��&7?�^ 2 (=�B
UC��=��?> ]�
�=:, U&]7&�:��=? 
�
c&>
>^ �
 ��&7�? 
�d=>?B>����d >
B>=B [9] = 
�d=>?B>����d &c&C�&7
�=�), ��&7?�^ 3 
(U&]7&�:?> U�&7?�:>^ B&��?B>�&C>^ C&]6
���d 
�d=>?B>����d '&6?�?�). 

��= �
c&>? �
 U?�7&' ��&7�? B 
�R 4�	 '&��& &c�
�
>^C: C ]
U�&C
'= >=U
: 
�� 7�
�� ��(���#�� �!�������� �	��� �
!	��#	����
� � )�*? 
�� 7�
�� ��(���#�� �	��� �
!	��#	����
� !�� �����( 	����������(? 
�� 7�
�� ��
������������� 
���
��� 
�%�
���a� ��� !	����"
� ����	�	 ��(���#��? 
�� 7�
�� !������� �	
��!�� ��� �����#���� ����	�	 ��(���#��? 
�� 7�
�� ��(���#�� ����� �
!	��#	����
� � !	(	"�( !�	�
��(? 

��= �
c&>? �
 7>&�&' ��&7�? 
�R '&�?> &>7?�
>^ �
 7&U�&C� >=U
: 
�� *	#�	"�	 �� �
!	��#	����� ����	�	 ��(���#�� !�� #������( 	����������(? 
�� ¼�����
� �� ��(���#� ���K�� ��� �
!	��#	����� � 
�
���� !�� #������( 	����������(? 
�� * �_� 
	
�	�� �	
�	��
��� � ���	
���
� ��#��( ��(���#�	� !�� #������( 

	����������(? 
��= �
c&>? �
 >�?>^?' ��&7�? 
�R '&��& U&���=>^ &>7?>� �
 7&U�&C� >=U
: 

�� ¼�����
� �� 
	#������ ��(���
������ �	���� 
	���
��	�? 
�� ¼�����
� �� 
	#������ +�' 	!�������	� !�� #������( 	����������(? 

��?7=6�&, �>& U�= �
c&>? �
 7>&�&' = >�?>^?' ��&7�:d >�?c�?>C: =CU&�^]&7
�=? 
7�?T�=d C?�7=C&7, >
B=d, �
U�='?�, B
B '&6?�=�&7
�=? 7 >?�'=�
d C?>?� �?>�= = 6�.  

	 �
C>&:�?? 7�?': �
]�
c&>
� B
�B
C U?�7&W& ��&7�: 
�R, &C��?C>7�:?>C: ?W& 
>?C>=�&7
�=?. 	 �?W& ]
�&�?�� c
]&7�? ]�
�=: =] &c�
C>= C&7�?'?���d 4�	. 	 &C�&7� 
U&�&�?�� >
B=? C���&C>=, B
B ���$	�����, !�	�	
	�, ��
��
, ��
�������, !�	��

, 
�!�������� !�	��

���. 
�R 4�	 C>�&=>C: C =CU&�^]&7
�=?' >�
6=_=&���d U&6d&6&7 B 
U�&?B>=�&7
�=� &�>&�&W=� [2]. s�&7�= 2 = 3 �
d&6:>C: �
 C>
6== U�&�
c&>B=. 

3 -����2, 5���#���%� " ��� /	� !��"�2 1 
M��$	����� 
 
	
���� #�����. �C�&7�
: U�&c�?'
 U�= U&C>�&?�== :6�
 
�R - &>c&� 

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

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

�

C&U�&7&�6?�=?. 	 &C�&7� c��= U&�&�?�� �?]��^>
>� >?&�?>=�?CB=d =CC�?6&7
�=� = 
U�
B>=�?CB=d �
]�
c&>&B, U�&7&6=7T=dC: 4����
� 7 &c�
C>= 4�	 7 U&C�?6�=? W&6�. 
�=�? 7 C�
>&' 7=6? U�=7?6?�� ]�
�=:, B&>&��? «]
T=>�» 7 :6�& 
�R. 

)!�����
� )�*. ����?7&? C7&�C>7& 4�	 C&C>&=> 7 >&', �>& &�= �
c&>
�> 7 «C>��B>��? 
7�?'?�=», &U�?6?�:?'&� d&6&' 7�?T�=d U�&_?CC&7 [12]. �
B&? C&&>7?>C>7=? '?�6� d&6&' 
=CU&��?�=: B&'U&�?�>&7 U�&W�
''��d U�=�&�?�=� 4�	 = d&6&' 7�?T�=d U�&_?CC&7 �
C>& 
&c�C�&7�?�& �
�=�=?' ��C>B=d 7�?'?���d �
'&B 6�: =�A&�'
_=&���d &c'?�&7 C 7�?T-
�='= U�&_?CC
'=. �6�=' =] W�
7��d C�?6C>7=� z>&W& &cC>&:>?�^C>7
 :7�:?>C: >�?c&7
�=? 
&�W
�=]
_== U�&W�
''�&W& U�=�&�?�=: 4�	 7 7=6? B&'U�?BC
 B&&U?�
>=7��d ]
6
� - 
B&'U�?BC
 ]
6
�, C&7'?C>�& =CU&��:?'�d 6�: 6&C>=�?�=: &c�=d _?�?� A��B_=&�=�&7
�=: 
4�	, U�= z>&' 7&]�=B
?> �?>�=7=
�^�
: ]
6
�
 �U�
7�?�=: >
B=' B&'U�?BC&'.  

	 d&6? �
c&>� '�&W&]
6
��&W& U�&W�
''�&W& B&'U�?BC
 C&C>
7�:��=? ?W& 
B&&U?�
>=7��? ]
6
�= �
]6?�:�> &c�=? C=C>?'��? �?C��C�: =CU&��=>?�^��? �?C��C� (7 
U?�7�� &�?�?6^ – U�&_?CC&��, :6�
 '�&W&:6?���d U�&_?CC&�&7) = =�A&�'
_=&���? �?C��C� 
(W�&c
�^��? '
CC=7� 6
���d, =�>?�A?�C��? �?W=C>�� U?�=A?�=���d �C>�&�C>7, z�?'?�>� 
�?�&7?B&-'
T=��&W& =�>?�A?�C
 = >.U.). 	 C���
? 4�	 �
 U&C>�&?�=? '�&W&]
6
���d 
U�&W�
''��d U�=�&�?�=� �
B�
6�7
�>C:, 7&-U?�7�d, >�?c&7
�=: B&��?B>�&� �?
�=]
_== 
6&C>�U
 ]
6
� B �
]6?�:?'�' =�A&�'
_=&���' �?C��C
' =, 7&-7>&��d, >�?c&7
�=: 
zAA?B>=7�&W& =CU&�^]&7
�=: =CU&��=>?�^��d �?C��C&7.  

¹����� 	 
!	
	$�( 	�����#���� �	
��!� 
 ��#�������� ��
��
��. ��?c&7
�=: 
B&��?B>�&� &�W
�=]
_== 6&C>�U
 B �
]6?�:?'�' �?C��C
' C&C>&:> 7 7�U&��?�== C�?6���=d 
�C�&7=�: _?�&C>�&C>= �
]6?�:?'�d =�A&�'
_=&���d �?C��C&7 = &>C�>C>7=: &U
C�&C>= 
7&]�=B�&7?�=: 7]
='�&W& c�&B=�&7
�=: ]
6
�. 	�U&��?�=? z>=d �C�&7=� �?&cd&6='& 6�: 
&c?CU?�?�=: �&W=�?CB&� B&��?B>�&C>= U�&W�
''��d U�=�&�?�=� �? >&�^B& 7 C���
? 4�	, �& 
= 7 C���
? ��c�d U�&W�
''��d U�=�&�?�=�, 7 B&>&��d 6�: &c?CU?�?�=: C&W�
C&7
��&C>= 
=CU&��?�=: B&&U?�
>=7��? ]
6
�= &c'?�=7
�>C: 6
���'= = C=�d�&�=]=����='= 
(C=W�
�^��'=) =�A&�'
_=&���'= C&&c�?�=:'=. 

	 C���
? 4�	 ='??> '?C>& 6&U&��=>?�^�&? �C�&7=? 6=�
'=�?CB&� B&��?B>�&C>= — 
&c?CU?�?�=? C7&?7�?'?��&C>= =CU&��?�=: ]
6
�. 	 B�
CC=�?CB&� U&C>
�&7B? U�&6&��=>?�^-
�&C>^ B
�6&W& &�?�?6�&W& =CU&��?�=: ]
6
�= �?
�^�&W& 7�?'?�= &W�
�=�?�
 U�?6?�^��' 
C�&B&'. y�: ]
6
�, &>7?�
��=d >�?c&7
�=:' b�	, �
��T?�=? U�?6?�^�&W& C�&B
 C�=>
?>C: 
�?6&U�C>='�', U&CB&�^B� '&�?> U&7�?�^, �
U�='?�, '
>?�=
�^��? U&>?�= (7 �
C>�&C>=, 
7�7&6 =] C>�&: &c&��6&7
�=:) =�= 6
�? �?�&7?�?CB=? �?�>7�. 

	 �
C>�&' C���
? U�&W�
''��? U�=�&�?�=: 4�	 '&W�> C&C>&:>^ =] �?]
7=C='�d ]
6
�, 7 
B&>&��d &>C�>C>7��> '?�]
6
���? C=�d�&�=]=����=? C7:]=. �C�= >
B=? C7:]= ='?�> 
'?C>&, ]
6
�= :7�:�>C: 7]
='&]
7=C='�'=. y�: U�=�&�?�=� C �?]
7=C='�'= ]
6
�
'= 7 
�:6� U?�?�=C�?���d >�?c&7
�=� B&��?B>�&� �
c&>� C=C>?'� &C>
�>C: �=T^ >�?c&7
�=: 
6=�
'=�?CB&� B&��?B>�&C>=, 6�: �6&7�?>7&�?�=: B&>&��d 7�c=�
?>C: U&6d&6:�=� U&�:6&B 
U�?6&C>
7�?�=: ]
6
�
' ='?��=dC: =CU&��=>?�^��d �?C��C&7 — 7�c&� U&6d&6:�=d 
�W&-
�=>'&7 U�
�=�&7
�=: 7��=C�=>?�^��d U�&_?CC&7. �CC�?6&7
�=:, U&C7:�?���? �
]�
c&>B? 
zAA?B>=7��d 6=C_=U�=� U�
�=�&7
�=: 7��=C�=>?�^��d U�&_?CC&7 6�: 4�	 �
 c
]? 
&6=�&���d &6�&:6?���d U�&_?CC&�&7, �
�
�=C^ c&�?? C&�&B
 �?> �
]
6 [13]. V��= 
&U�?6?�?�� zAA?B>=7��? 6=C_=U�=�� U�
�=�&7
�=: C& C>
>=�?CB='=, A=BC=�&7
���'= 
U�=&�=>?>
'= ]
6
� (�
U�='?�, RM - Rate monotonic), = c 6=�
'=�?CB='=, =]'?�:?'�'= 7 
d&6? �
c&>� C=C>?'� U�=&�=>?>
'= ]
6
� (�
U�='?�, EDF - Early Deadline First). 

�C&c?��& =�>?�C=7�& �
]7=7
�>C: '?>&6� U&7�T?�=: zAA?B>=7�&C>= =CU&�^]&7
�=: 
7��=C�=>?�^��d �?C��C&7 '�&W&:6?���d U�&_?CC&�&7 [14]. y=C_=U�=�� U�
�=�&7
�=: C& 
C>
>=�?CB='= U�=&�=>?>
'= ]
6
� &>�&C=>?�^�& U�&C>� 7 �?
�=]
_==, �& 7 �C�&7=:d 
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+&E&�*	��(	 �*&*&�H�
��	�	��

�

��C>B=d U�?6?�^��d C�&B&7 7�U&��?�=: ]
6
� �C>�U
�> 6=C_=U�=�
' C 6=�
'=�?CB='= 
U�=&�=>?>
'= ]
6
� 7 &>�&T?�== zAA?B>=7�&C>= =CU&�^]&7
�=: U�&_?CC&��&W& 7�?'?�=.  

4>
�6
�>��� U&6d&6 B &c?CU?�?�=� _?�&C>�&C>= �
]6?�:?'�d =�A&�'
_=&���d �?C��-
C&7 C7&6=>C: B =CU&�^]&7
�=� «'^�>?BC&7» (
�W�. mutex, &> mutual exclusion — «7]
='�&? 
=CB���?�=?») [15]. y�: B
�6&W& =] �
]6?�:?'�d �?C��C&7 A&�'=��?>C: U�&W�
''��� &cÜ?B> 
'^�>?BC – C=�d�&�=]=����=� z�?'?�>, A=BC=����=� ]
�:>&C>^ �?C��C
. s�
C>&B B&6
, 7 
�
'B
d B&>&�&W& ]
6
�
 ='??> 6&C>�U B &U�?6?����&'� �?C��C� (B�=>=�?CB=� =�>?�7
� U& 
6&C>�U� B z>&'� �?C��C�), &W�
�=�=7
?>C: C=�d�&�=]=����='= &U?�
>&�
'= ]
d7
>
 = 
&C7&c&�6?�=: �?C��C
. 4&C>
7 = U&�:6&B 6?�C>7=�, �?
�=]�?'�d z>='= &U?�
>&�
'=, 
&U�?6?�:?>C: =CU&�^]�?'�' U�&>&B&�&' 6&C>�U
 B �
]6?�:?'�' �?C��C
'. y�: U�&C>?�T?W& 
U�&>&B&�
 PP (Primitive Protocol) ?6=�C>7?��&? �C�&7=? 7d&6
 7 B�=>=�?CB=� =�>?�7
� 
C&C>&=> 7 >&', �>& >�?c�?'�� �?C��C C7&c&6?�. 	 �C�&7=:d U�='?�?�=: U�&>&B&�
 PP 
7&]'&��
 =�7?�C=: U�=&�=>?>&7, 7?6��
: B �
��T?�=� C7&?7�?'?��&C>= =CU&��?�=: 
7�C&B&U�=&�=>?>��d ]
6
�. ��&>&B&� �
C�?6&7
�=: U�=&�=>?>&7 PIP (Priority Inheritance 
Protocol) &c?CU?�=7
?> �C>�
�?�=? 7&]'&��&C>= 7&]�=B�&7?�=: =�7?�C== U�=&�=>?>&7, �& �? 
W
�
�>=��?> �?T?�=: U�&c�?'� 7]
='�&W& c�&B=�&7
�=:. ��&>&B&� U&�&W&7�d U�=&�=>?>&7 
PCP (Priority Ceiling Protocol) U�?6&>7�
�
?> = =�7?�C=� U�=&�=>?>&7, = 7&]'&��&C>^ 
7&]�=B�&7?�=: 7]
='�&W& c�&B=�&7
�=: ]
6
�. �& ?W& U�='?�?�=? 6&U�C>='& >&�^B& 7 
�C�&7=:d =CU&�^]&7
�=: 6=C_=U�=� U�
�=�&7
�=: C& C>
>=�?CB='= U�=&�=>?>
'= ]
6
� [15]. 
��='?�?�=? PCP >�?c�?> CU?_=
�^�&� C>
>=�?CB&� (�
 z>
U? U�&?B>=�&7
�=: U�&W�
''�&W& 
U�=�&�?�=:) &c�
c&>B= Cd?'� U�&W�
''�&W& U�=�&�?�=:, &>�
�
��?� C>��B>��� 
'?�]
6
���d C7:]?� 7 '�&W&]
6
��&' U�&W�
''�&' B&'U�?BC? 4�	. 

�&7�� U�&>&B&� '?�6&�^��d B&�>��&7 PIPC (Protocol Inter-Partite Contours) �? >&�^B& 
U�?6&>7�
�
?> =�7?�C=� U�=&�=>?>&7 = 7&]�=B�&7?�=? 7]
='�&W& c�&B=�&7
�=: ]
6
�, �& 
U�= z>&' &C>
7�:?> 7&]'&��&C>^ =CU&�^]&7
�=: zAA?B>=7��d 6=C_=U�=� U�
�=�&7
�=: C 
6=�
'=�?CB='= U�=&�=>?>
'= [16]. 	 C���
? U�='?�?�=: PIPC, B
B = 7 C���
? U�='?�?�=: 
PIP, >�?c�?>C: CU?_=
�^�
: C>
>=�?CB
: &c�
c&>B
 Cd?'� U�=�&�?�=:. �
B
: &c�
c&>B
 &U=-
�
?>C: �
 U&C>�&?�=? W�
A
 C7:]&B B�=>=�?CB=d =�>?�7
�&7 - CU?_=
�^�&W& '�&W&6&�^�&W& 
&�=?�>=�&7
��&W& W�
A
, &>�
�
��?W& &C&c?��&C>= '?�]
6
���d C=�d�&�=]=����=d 
C7:]?� [17]. 

¹����� 	 
!	
	$�( ��$	�� 
 ��#���
����� #�������. ��&W�
''��' U�=�&�?�=:' 4�	, 
C&C>&:�=' =] �?]
7=C='�d ]
6
�, �? >�?c��>C: �C��W= >=U
 U�&>&B&�&7 6&C>�U
 B 
�
]6?�:?'�' �?C��C
'. y�: >
B=d U�=�&�?�=� 7�c&� 6=C_=U�=�� U�
�=�&7
�=: 
7�U&��:?>C: 7 U&�:6B? U&=CB
 �
]�?T?�=: U�&>=7&�?�=� '?�6� >�?c&7
�=:'= C�=�?�=: 
&cÜ�'
 7�6?�:?'�d 7��=C�=>?�^��d �?C��C&7 = >�?c&7
�=:'= 6=�
'=�?CB&� B&��?B>�&C>= 
(>�?c&7
�=:'= C&d�
�?�=: C7&?7�?'?��&C>= 7�U&��?�=: ]
6
�). 

y�: U�&W�
''��d U�=�&�?�=� 4�	, C&6?��
�=d 7]
='&]
7=C='�? ]
6
�=, �
 7�c&� 
6=C_=U�=�� U�
�=�&7
�=: �
B�
6�7
?>C: 6&U&��=>?�^�&? &W�
�=�?�=?: 7�c=�
?'
: 
6=C_=U�=�
 U�
�=�&7
�=: 6&���
 c�>^ 6&U�C>='
 7 �C�&7=:d U�='?�?�=: >�?c�?'&W& 
U�&>&B&�
 6&C>�U
 B �
]6?�:?'�' �?C��C
'. �>'?�?��&? 6&U&��=>?�^�&? &W�
�=�?�=? 
&c�C�&7�?�& >?', �>& U�='?�?�=? B&�B�?>�&W& U�&>&B&�
 6&C>�U
 '&�?> C��
>^ C&C>
7 
6&U�C>='�d 6=C_=U�=� U�
�=�&7
�=:. 

��='?�?�=?' PCP ]
�=�
?> =CU&��?�=? U�&W�
''�&W& U�=�&�?�=: &> 7&]�=B�&7?�=: 
7]
='�&W& c�&B=�&7
�=: ]
6
�. ��= �
c&>? 4�	 7]
='�&? c�&B=�&7
�=? ]
6
� '&�?> U�=7?C-
>= B �?6&U�C>='�' U&C�?6C>7=:'. 	 z>&� C7:]= �
]�
c&>�=B= 4�	 &c���& &�=?�>=���>C: �
 
U�='?�?�=? PCP U�= C&]6
�== ��c�d U�&W�
''��d B&'U�?BC&7 C 7]
='&]
7=C='�'= 
]
6
�
'=, 
7>&'
>=�?CB= C��
: 7&]'&��&C>= 7�c&�
 zAA?B>=7��d 6=C_=U�=� U�
�=�&7
�=: 
7��=C�=>?�^��d U�&_?CC&7. 
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����	���������
�
����������	�	���������

�

�
�=�=? 7]
='&]
7=C='�d ]
6
� �? &c:]
>?�^�& &]�
�
?> 7&]'&��&C>^ 7&]�=B�&7?�=: =d 
7]
='�&W& c�&B=�&7
�=:. �] C
'&W& z>&W& A
B>
 �? C�?6�?> �?&cd&6='&C>^ U�='?�?�=: PCP, 
7�?B��?W& &>B
] &> =CU&�^]&7
�=: zAA?B>=7��d 6=C_=U�=� U�
�=�&7
�=:. 	]
='�&? 
c�&B=�&7
�=? �?7&]'&��&, ?C�= 7 B&6
d 7]
='&]
7=C='�d ]
6
� &>C�>C>7��> 
U?�?C?B
��=?C: (7�&�?���? =�= C_?U�?���?) B�=>=�?CB=? =�>?�7
��. �
�6
: U
�
 
U?�?C?B
��=dC: B�=>=�?CB=d =�>?�7
�&7 �
]�7
?>C: C7:]B&� B�=>=�?CB=d =�>?�7
�&7 [18]. 
�
B=' &c�
]&', U?�7�' T
W&' 
�
�=]
 C>��B>��� U�&W�
''�&W& U�=�&�?�=: �
 
7&]'&��&C>^ 7]
='�&W& c�&B=�&7
�=: :7�:?>C: U�&7?�B
 �
�=�=: 7 B&6
d ]
6
� C7:]&B 
B�=>=�?CB=d =�>?�7
�&7. �>C�>C>7=? >
B=d C7:]&B &]�
�
?>, �>& 7&]�=B�&7?�=? 7]
='�&W& 
c�&B=�&7
�=: �?7&]'&��&, �>& 7'?C>& PCP '&��& U�='?�:>^ U�&>&B&��, �? C��
��=? 
7&]'&��&C>= 7�c&�
 zAA?B>=7��d 6=C_=U�=� U�
�=�&7
�=: (�
U�='?�, PP =�= PIP). 

�
�=�=? C7:]&B B�=>=�?CB=d =�>?�7
�&7 :7�:?>C: �?&cd&6='�', �& �? 6&C>
>&���' 
�C�&7=?' 7&]'&��&C>= 7&]�=B�&7?�=: 7]
='�&W& c�&B=�&7
�=:. �?&cd&6='&? = 6&C>
>&��&? 
�C�&7=? >
B&� 7&]'&��&C>= U�=7?6?�& 7 [18]. y�: U�&7?�B= U�&W�
''�&W& U�=�&�?�=: �
 
7&]'&��&C>^ 7]
='�&W& c�&B=�&7
�=: ]
6
� 77&6=>C: &>�&T?�=? ]
7=C='&C>= C7:]&B = 
U�?6�
W
?>C: C>�&=>^ '�&W&6&�^��� &�=?�>=�&7
���� W�
A, B
�6
: 7?�T=�
 B&>&�&W& 
C&&>7?>C>7�?> &>6?�^�&� C7:]B?, 
 6�W= &>�
�
�> &>�&T?�=? ]
7=C='&C>= C7:]&B. 	 z>=d 
>?�'=�
d �?&cd&6='&? = 6&C>
>&��&? �C�&7=? 7&]'&��&C>= 7]
='�&W& c�&B=�&7
�=: 
A&�'��=��?>C: >
B: 7]
='�&? c�&B=�&7
�=? ]
6
� 7&]'&��& 7 >&' = >&�^B& 7 >&' C���
?, 
?C�= U&C>�&?���� '�&W&6&�^��� &�=?�>=�&7
���� W�
A (W�
A ]
7=C='&C>?� C7:]&B) 
C&6?��=> '?�6&�^��? B&�>���.  

�
B=' &c�
]&', 7>&��' T
W&' U�&7?�B= C>��B>��� U�&W�
''�&W& U�=�&�?�=: �
 
7&]'&��&C>^ 7]
='�&W& c�&B=�&7
�=: :7�:?>C: U&C>�&?�=? W�
A
 C7:]&B = U�&7?�B
 �
�=�=: 
7 z>&' W�
A? '?�6&�^��d B&�>��&7. �>C�>C>7=? '?�6&�^��d B&�>��&7 &]�
�
?>, �>& 7 
U�='?�?�== PCP �?> �?&cd&6='&C>=, '&��& U�='?�:>^ U�&>&B&��, 6&U�CB
��=? 
7&]'&��&C>^ =CU&�^]&7
�=: zAA?B>=7��d 6=C_=U�=� U�
�=�&7
�=:. 

��
A C7:]&B �? >&�^B& &c?CU?�=7
?> U�&7?�B� �?&cd&6='&W& = 6&C>
>&��&W& �C�&7=: 
7&]'&��&C>= 7]
='�&W& c�&B=�&7
�=:, &� U&]7&�:?> �&B
�=]&7
>^ U�=�=�� >
B&� 
7&]'&��&C>=. 	 �
c&>? [19] U�?6C>
7�?� U&6d&6 B �C>�
�?�=� z>=d U�=�=� U�>�' �&B
�^�&� 
'&6=A=B
_== B&6&7 ]
6
�. 	 �?]��^>
>? '&6=A=B
_== '&��& &c?CU?�=>^ �
]��7 
'?�6&�^�&W& B&�>��
 W�
A
 C7:]&B, �C>�
�:: >?' C
'�' 7&]'&��&C>^ 7]
='�&W& 
c�&B=�&7
�=:. �C�= 
�
�=] U&B
]�7
?>, �>& U& B
B='->& U�=�=�
' >�?c�?'
: '&6=A=B
_=: 
B&6
 �?6&U�C>='
, >& ?�� &C>
�>C: U�&7?�B
 7&]'&��&C>= U�='?�?�=: U�?6C>
7�?��&W& 7 
[17] U�&>&B&�
 PIPC, B&>&���, C &6�&� C>&�&��, U�?6&>7�
�
?> 7]
='�&? c�&B=�&7
�=? =, C 
6��W&� C>&�&��, &C>
7�:?> 7&]'&��&C>^ =CU&�^]&7
�=: zAA?B>=7��d 6=C_=U�=� 
U�
�=�&7
�=: C 6=�
'=�?CB='= U�=&�=>?>
'=. 

¹�����, 
	�	��� #�
������a�
� � ��	��� 2 � 3. ��
�=:, ]
�&�?���? 7 
�R U?�7&W& 
��&7�:, �? U�?6�
]�
�?�� �
U�:'�� 6�: W?�?�
_== 
�d=>?B>����d �?T?�=�. ��= U&]7&�:�> 
>&�^B& U&���
>^ =�A&�'
_=� =�= CC��B= �
 =�A&�'
_=� & 4�	, B&>&�
: �?&cd&6='
 6�: 
U�=�:>=: 
�d=>?B>����d �?T?�=�. 	 U?�7�� &�?�?6^, z>= ]�
�=: U&�?]�� 6�: 
�d=>?B>&�&7, 
�? ='?��=d c&�^T&W& &U�>
 U�= U&C>�&?�== 4�	. ��&'? >&W&, z>� '&6?�^ '&��& 
=CU&�^]&7
>^ 7 ��?c��d _?�:d, 7 �
C>�&C>= 6�: >?C>=�&7
�=: &c��
?'�d.  

y�: C&]6
�=: U�
B>=�?CB= U&�?]�&W& C?�7=C
 U&66?��B= U�=�:>=: 
�d=>?B>����d 
�?T?�=� U�= U�&?B>=�&7
�== 4�	 >�?c�?>C: C&]6
7
>^ U�=�&�?�=: �
 c
]? :6�
, CU&C&c��? 
&>7?�
>^ �
 7&U�&C�, &>�&C:�=?C: B ��&7�� 2. �?
�=]
_=: &U=C
��&� 7�T? U�&_?6��� 
>�?c�?> U&C>&:��&W& ���>
 7�?'?���d &>�&T?�=�. 4�?6�?> ]
'?>=>^, �>& C&7�?'?���? 
'?d
�=]'� �
c&>� C &�>&�&W=:'= U&]7&�:�> �
c&>
>^ C& 7�?'?�?' [20], �& &U=C
�=: 
U&���
�>C: 6&C>
>&��& W�&'&]6B=' = �=C�& 6&C>�U��d �R z>&W& >=U
 &W�
�=�?�&. �&z>&'� 
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7>&�� &�=?�>=�&7
�=C^ �
 =CU&�^]&7
�=: 7�?T�=d C=C>?' '&6?�=�&7
�=:, 7 �
C>�&C>=, 
�
]�
c&>
���d 7 4����
�. ��=�&�?�=: z>&W& ��&7�: C>�&:>C: C =CU&�^]&7
�=?' 
'=B�&C?�7=C��d �?T?�=�. �>= �
c&>� �
d&6:>C: 7 ]
7?�T
��?� C>
6==.  

��=�&�?�=:, &>�&C:�=?C: B ��&7�� 3, C>�&:>C: �
 c
]? C?�7=C&7, U�?6&C>
7�:?'�d 
��&7�:'= 1 = 2, = 6&���� &c?CU?�=7
>^ �?T?�=? ]
6
� 7?�=A=B
_== = &_?�B= 
zAA?B>=7�&C>= 
�W&�=>'&7, =CU&�^]�?'�d 7 4�	. ��=�&�?�=: z>&W& ��&7�: >
B�? C>�&:>C: 
C =CU&�^]&7
�=?' '=B�&C?�7=C��d �?T?�=�. �?
�=]
_=: z>&W& ��&7�: 6&���
 U&]7&�=>^ 
7��>= �
 �?
�=]
_=� C=C>?' U&66?��B= U�=�:>=: �?T?�=� (4���) 
�d=>?B>���&W& z>
U
 
U�&?B>=�&7
�=:, >.?. &c?CU?�=7
>^ U&���?�=? =�A&�'
_== & 7&]'&���d �?T?�=:d 4�	, 
�?
�=]
_=� 
�d=>?B>����d >
B>=B [9], &>�&C:�=dC: B 6&C>=�?�=� >�?c�?'�d U&B
]
>?�?� 
c�C>�&6?�C>7=:, 
7>&'
>=�?CB&? A&�'=�&7
�=? 
�d=>?B>���&W& &c&C�&7
�=:, �7:]�7
�=? 
U&B
]
>?�?� c�C>�&6?�C>7=: C 6��W='= A��B_=&�
�^��'= = �?A��B_=&�
�^��'= 
d
�
B>?�=C>=B
', 7?�=A=B
_=� '?d
�=]'&7 �U�
7�?�=: 7��=C�=>?�^��'= U�&_?CC
'=, 
CU&C&c�&C>^ &_?�=7
>^ zAA?B>=7�&C>^ 
�W&�=>'&7 �U�
7�?�=: 7��=C�=>?�^��' U�&_?CC&', 

 >
B�? �
B
U�=7
>^ ]�
�=: &c zAA?B>=7�&C>= U�='?�?�=: >?d =�= =��d '?d
�=]'&7 
�U�
7�?�=: 7��=C�=>?�^��' U�&_?CC&'. 	 �
C>&:�?? 7�?': ]
B
��=7
?>C: U�&�
c&>B
 
&C�&7��d >?d�=�?CB=d �?T?�=� U�=�&�?�=� ��&7�: 3. 

4 @���'����"���� =����#���2 /	� =� $�&��2$ 
4&7�?'?���� U&6d&6 B U�&?B>=�&7
�=� �4 U�?6�C'
>�=7
?> T=�&B&? =CU&�^]&7
�=? 

'?>&6&7 U�&?B>=�&7
�== �
 &C�&7? '&6?�?�, U�?6U&�
W
��?? =CU&�^]&7
�=? '&6?�?�, 
'?>
'&6?�?� = '?d
�=]'&7 >�
�CA&�'
_== '&6?�?�, &6�
B& U& C�
7�?�=� C &�>&�&W=:'= 
7��
]=>?�^��? CU&C&c�&C>= =CU&�^]�?'�d '&6?�?� &W�
�=�?��, 7 �
C>�&C>= &�= �? 
U&]7&�:�> U�='?�:>^ U�&_?6��� �&W=�?CB&W& 7�7&6
. 4&7�?'?���? '?>&6&�&W== 
U�&?B>=�&7
�=: U�?6U&�
W
�> =CU&�^]&7
�=? MDA-&�=?�>=�&7
���d :]�B&7, >
B=d B
B 
UML = SysML. 4�?6�?> &>'?>=>^, �>& 7&U�&C� =�>?W�
_== �R = MDA-&�=?�>=�&7
���d 
:]�B&7 U�&�
c&>
�� 6&C>
>&��& d&�&T& [21-24].  

�R '&W�> >
B�? =CU&�^]&7
>^C: �
 z>
U? >?C>=�&7
�=: = C&U�&7&�6?�=: U�&W�
''�&� 
C=C>?'�. 	 �
C>�&C>=, 7&]'&��& =CU&�^]&7
�=? �R 6�: W?�?�
_== >?C>&7 B
B 7 C>
>=B? >
B = 
7 6=�
'=B?. �>&> U&6d&6 U�?6C>
7�:?> =�>?�?C, U�?�6? 7C?W&, B&W6
 =CU&�^]��>C: 
6=�
'=�?CB=? 
�d=>?B>���. 	 c&�?? U�&C>&' C���
? �R '&�?> =CU&�^]&7
>^C: 7 �?�='? 
zBCU?�>�&� C=C>?'� 6�: U&=CB
 �?=CU�
7�&C>?� [25]. 

R&��& �>7?��6
>^, �>& �
 7C?d z>
U
d U�&?B>=�&7
�=:, B�&'? 
�d=>?B>���&W& 
U�&?B>=�&7
�=:, =CU&�^]&7
�=? �R &U�?6?�:?>C: �? C>&�^B& CU?_=A=B&� 4�	, CB&�^B& 

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

	 >
c�=_? 2 U�=7?6?�� >=U&7�? 7
�=
�>� =CU&�^]&7
�=: �R 7 4�	 = U&>?�_=
�^��? 
U�?='��?C>7
 &> =d =CU&�^]&7
�=: �
 �
]�=���d z>
U
d U�&?B>=�&7
�=:.  

�
c�=_
 2 – �=U&7�? 7
�=
�>� =CU&�^]&7
�=: �R 7 4�	 = U&>?�_=
�^��? U�?='��?C>7
 &> =d =CU&�^]&7
�=: 

% 	
�=
�> =CU&�^]&7
�=:  ��?='��?C>7
 &> =CU&�^]&7
�=: �R 
1 `&�'=�&7
�=? >�?c&7
�=� 	&]'&��&C>^ A&�'
�^�& &U=C�7
>^, 
�
�=]=�&7
>^ = &>C�?�=7
>^ >�?c&-

7
�=: 
2 
�d=>?B>���&?  

U�&?B>=�&7
�=? 
s'?�^T?�=? �=C�
 A
>
�^��d &T=c&B U�&?B>=�&7
�=:. 
�
B&U�?�=? = U&7>&��&? =CU&�^]&7
�=? 
�d=>?B>���&W& ]�
�=: 

3 MDA- U�&?B>=�&7
�=? s'?�^T?�=? C>&='&C>= = C�&B&7 U�&?B>=�&7
�=:, �'?�^T?�=? �=C�
 
&T=c&B U�&?B>=�&7
�=: 

4 �?C>=�&7
�=? =  
C&U�&7&�6?�=? 

	&]'&��&C>^ �?
�=]
_== �
B&U�?�=: = &c�
c&>B= ]�
�=� & Cc&:d, &T=c-
B
d = �?=CU�
7�&C>:d. 	&]'&��&C>^ 
7>&'
>=�?CB&� W?�?�
_== >?C>&7 
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5 @��7=�'��"% �������'�!���5�(�� 7�7��$ /	� 
��&c�?'
 U&7�T?�=: ��&7�: =�>?��?B>
 C&]6
7
?'�d �4, 7 �
C>�&C>= 4�	 = C=C>?' 

b�	, :7�:?>C: &6�&� =] B���?7�d ]
6
� C&7�?'?��&W& z>
U
 �
]7=>=: �4. ��='?�=>?�^�& B 
4�	 &C�&7�
: U�&c�?'
 ]
B���
?>C: 7 >&', �>& �?
�=]
_=: =�>?��?B>�
�^��d z�?'?�>&7 
U&7?6?�=: >�?c�?> U?�?d&6
 �
 �
c&>� C& ]�
�=?'. R
�=U��:_== C& ]�
�=:'=, 
U�?6C>
7�?���'= 7 A&�'? �R, U�?6U&�
W
�> �?
�=]
_== �&W=�?CB&W& 7�7&6
, �>&, 7 C7&� 
&�?�?6^, >�?c�?> 7�U&��?�=: c&�^T&W& �=C�
 '
T=���d &U?�
_=�, B&>&��? �? 7C?W6
 '&��& 
7�U&��:>^ U
�
��?�^�&, �>& ]
>��6�:?> =CU&�^]&7
�=? �R �? >&�^B& 7 C=C>?'
d b�	, �& = 7 
4�	 C �'?�?���'= >�?c&7
�=:'= B C>�&W&C>= C&c��6?�=: C�&B&7 7�U&��?�=: ]
6
�. ��&'? 
>&W&, 7�?':, >�?c�?'&? 6�: �?
�=]
_== �&W=�?CB&W& 7�7&6
, �? 7C?W6
 7&]'&��& >&��& 
U�?6CB
]
>^, U&CB&�^B� U&>&B&7�? &�>&�&W== &�=?�>=�&7
�� U�?='��?C>7?��& �
 
=CU&�^]&7
�=? 7 �
'B
d 
�d=>?B>���&W& C>=�: pipes&filters, 
 �? �
 U&C>�&?�=? �4, 
�U�
7�:?'�d C&c�>=:'=. y�: :6�
 4�	, &>7?�
��?W& ]
 U�
�=�&7
�=? 7��=C�=>?�^��d 
U�&_?CC&7, z>&, B
B U�
7=�&, �?U�=?'�?'&. 	 z>&' U�
�?, U& B�
��?� '?�? U�= 
=CU&�^]&7
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Abstract 
The modern state of information technologies is characterized by permanently increasing level of requirements to op-
eration effectiveness, cost, duration of development and the level of intelligence of information systems (IS). The effec-
tive approach to solution of these problems is the usage of ontology models in all stages of IS life cycle. An essential 
part of modern IS are real time systems (RTS). In the article the mechanisms of processes management which are used 
in modern RTS and possible aspects of ontology models used for solving problems appearing in different stages of RTS 
development are analyzed. From the development point of view, RTS requires a specific architectural design stage. This 
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stage uses architectural ontological models which allow implementation of architectural decision support system and 
mechanisms of architectural knowledge saving and processing. The structure of architectural ontological model is con-
sidered, three levels of model maturity are defined. The composition of knowledge to be included into a model kernel is 
considered. The built-in ontological models in RTS can be used for implementation of the functions connected with 
realization of cognitive behavior. It is suggested to use presented architectural ontological model as an element of well 
known and widely used Zachman's framework. 

Key words: ontology, Zachman's framework, design, real time systems. 
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