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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&�'?. 
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INCOMPLETE DATA ANALYSIS FOR BUILDING FORMAL ONTOLOGIES 
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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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