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>=�?CB=f '?>&7&8 >?&�== U�=�:>=: �?T?�=� = C&8�?'?���f =�A&�-
'
d=&���f >?f�&�&X=� �
 U�='?�? C=C>?' �
8?7?�=: �U�
8�:?'�f 
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B�
CC=A=B
d=: _
7
� >?&�== U�=�:>=: �?T?�=� = '?>&7&8 oBCU?�>��f &d?�&B >?f�=�?CB&X& ��&8-
�: C=C>?' �
8?7?�=:. �&B
_
�� &C�&8��? o>
U� �?T?�=: _
7
�= C�
8�=>?�b�&X& 
�
�=_
 C=C>?' 
�
8?7?�=: �U�
8�:?'�f 
8=
d=&���f c&'c 7�: 8�c�
��&X& '?>&7
 '�&X&B�=>?�=
�b�&� &d?�B=. 
�U=C
�
 &�X
�=_
d=: U�&8?7?�=: oBCU?�>�&� &d?�B= >?f�=�?CB&X& ��&8�: C�&���f >?f�=�?CB=f 
C=C>?' C U&'&�b� �
_�
c&>
��&� =�A&�'
d=&��&-
�
�=>=�?CB&� C=C>?'�. ��?7�&�?�
 C>��B>�-
�
 = C&7?��
�=? &d?�&���f U&B
_
>?�?�, 8B���
��
: C&8&B�U�&C>b =�>?X�
�b��f = ?7=�=���f 
U&B
_
>?�?�, &c�
7
��=f U&��&>&� >?f�=�?CB=f f
�
B>?�=C>=B =CC�?7�?'�f C=C>?'. ��?7C>
8-
�?���� '?>&7 C�
8�=>?�b�&X& 
�
�=_
 = 8�c&�
 U& =?�
�f=�?CB&� C=C>?'? =�>?X�
�b��f = ?7=-
�=���f U&B
_
>?�?� ='??> ��=8?�C
�b��� f
�
B>?� = U�='?�=' 7�: �
_�=���f U�?7'?>��f &c�
-
C>?� &c&�&��&X& = X�
�7
�CB&X& �
_�
�?�=:. R?>&7 U&_8&�:?> 8�:8=>b �
=c&�?? U�?7U&�>=>?�b-
��? 8
�=
�>� 
�
�=_=��?'�f C=C>?' �
 �
��=f C>
7=:f U�&?B>=�&8
�=: C ���>&' 8C?f o>
U&8 
�=_�?��&X& d=B�
. 
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�
���� 
�
���, ��(�����	�� ��
���!, �
	�&�����, ������'. 
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>&' U&��&X& �=_�?��&X& d=B�
 / �.R. 	&�&�&8, 	.	. �?�c=�=�, 4.4. 4?'?�&8 // ��>&�&X=: U�&?B-
>=�&8
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�"�&���� 
��= �
_�
c&>B? C�&���f >?f�=�?CB=f C=C>?' (4�4) B
B 8&?��&X&, >
B = X�
�7
�CB&X& 

�
_�
�?�=: �
 8C?f C>
7=:f U�&?B>=�&8
�=: C>&=> _
7
�
 8�c&�
 �
U�
8�?�=� =CC�?7&8
�=� 
7�: A&�'=�&8
�=: >?f�=�?CB=f �?T?�=� =�= C=�>?_
 �
=c&�?? U�?7U&�>=>?�b�&X& &c�
_d
 
4�4 =_ '�&�?C>8
 7&U�C>='&-
�b>?��
>=8��f. 4 o>&� d?�b� 
�
�=_=��?>C: ��&8?�b B&�-
B�?>��f 4�4, >?�7?�d== =f �
_8=>=: = 8&_'&���? �
U�
8�?�=: C&8?�T?�C>8&8
�=: 4�4. 

	 �
c&>
f [1, 2] &>'?�
?>C:, �>& 8
��?�T?� f
�
B>?�=C>=B&� B
�?C>8
 �&8�f �
_�
c&>&B 
:8�:?>C: =f >?f�=�?CB=� ��&8?�b (�m), B&>&��� U�?7C>
8�:?> C&c&� &c&c������ f
�
B>?�=-
C>=B� A=_=�?CB=f C8&�C>8, 8&_'&��&C>?� = C>?U?�b >?f�=�?CB&� �&8=_�� �
CC'
>�=8
?'&� 
4�4. �U�?7?�?�=? �m ��c&X& &c°?B>
 (=_7?�=:), B
B U�
8=�&, &C�&8
�& �
 C&U&C>
8�?�== 
_�
�?�=� ?X& U&B
_
>?�?� C U&B
_
>?�:'= C&&>8?>C>8���?X& c
_&8&X& &c�
_d
, >.?. ���T?X& 



<F* %2(20)@.,<;/�M5;/�~���$�Z[����z�K�Z���Z

6�

��	����(�����	
'
���
��)���
���(���(�����	�(������������\�
����&����
'
�
�	��


�
�&X
 =�= U�&>&>=U
1, U�=�:>&X& _
 c
_� C�
8�?�=:. ��?7U&�
X
?>C:, �>& U&B
_
>?�= 8�-
c�
��&X& 
�
�&X
 =_8?C>�� =�= 7&C>
>&��& �?XB& &U�?7?�='�. �m U&B
_�8
?>, C&&>8?>C>8�-
�> �= U
�
'?>�� 8�&8b C&_7
8
?'&� U�&7�Bd== ���T=' &c�
_d
', ='?��='C: �
 '=�&8&' 
���B?, = >?', B&>&��? U&:8:>C: B �
�
�� ?� U�&'�T�?��&X& 8�U�CB
, =�= &�
 ?�� 8&&c�? �? 
='??> 
�
�&X&8. �m :8�:?>C: &C�&8&� B
�?C>8
 4�4, B&>&�&? :8�:?>C: c&�?? T=�&B=' U&�:-
>=?'. ��
�=? & �m C&_7
8
?'&� U�&7�Bd== C��?C>8?���' &c�
_&' 8�=:?> �
 U�=�:>=? �?T?-
�=� U�= ?� �
_�
c&>B?. ��= o>&' �?&cf&7='& &>'?>=>b, �>& 8B�
7 o>
U
 U�=�:>=: �?T?�=� 8 
U�&d?CC? C&_7
�=: 4�4 (�
U�='?�, B&�
c�: =�= C
'&�?>
) '&�?> 7&f&7=>b 7& 70% [3, 4], >&-
X7
 B
B 8B�
7 _
'�C�
 8 _
>�
>� �
 oCB=_��� U�&?B> C&C>
8�:?> '?�?? 1% U&��&� C>&='&C>= 
8C?X& �=_�?��&X& d=B�
 (�=C��&B 1). 

 
1 – 8�=:�=? �?T?�=� �
 C>&='&C>b �=_�?��&X& d=B�
, 2 – U&��
: C>&='&C>b. 

�=C��&B 1 – �d?�B
 8�=:�=: U�=�:>=: �?T?�=� �
 C>&='&C>b o>
U&8 �=_�?��&X& d=B�
 

�
�
�& �
_�
c&>B= U�?7�&�?��&X& '?>&7
 &d?�B= �m &c�
_d&8 8&&���?�=: = ?X& &>-
7?�b��f C=C>?' &>�&C=>C: B 1992–1998 XX., >.?. B B�=_=C�&'� U?�=&7� 8 �=_�= C>�
��. �&-
o>&'� B���?8&� C>
�
 _
7
�
 �
_�
c&>B= '?>&7&8 8�c&�
 U?�CU?B>=8��f «�?�>
c?�b��f» 
�
U�
8�?�=� �
_8=>=: C&&>8?>C>8���=f U&7C=C>?'. 	&CU&�b_&8
>bC: &>�
c&>
���'= '?>&-
7=B
'= &d?�B= c&?8&� oAA?B>=8�&C>= U& B�=>?�=� «oAA?B>=8�&C>b–C>&='&C>b» c��& �? 
>&�bB& _
>��7�=>?�b�& U& U�=�=�
' &>C�>C>8=: Cd?�
�=?8 c&?8&X& U�='?�?�=: 7�: �&8�f 
X?&U&�=>=�?CB=f �C�&8=�, f
&>=��&C>= C>&='&C>��f U&B
_
>?�?� (7�: �B
_
��&X& U?�=&7
 
8�?'?�=), �& = U&>&'�, �>& �?&cf&7='& c��& ��?C>b �:7 A
B>&�&8, &>�&C:�=fC: B �
_�=���' 
o>
U
' �=_�?��&X& d=B�
 =_7?�=: (U�&?B>=�&8
�=: = c&?8&X& U�='?�?�=:) = B
C
��=fC: 
U�&=_8&7C>8?��&->?f�&�&X=�?CB=f 8&_'&��&C>?� U�?7U�=:>=�, oBCU��
>
d=&���f f
�
B>?-
�=C>=B 4�4, 8&_'&��&C>= &c?CU?�?�=: >�?c�?'&X& ��&8�: B
�?C>8
 = 7�. 	 C�&�=8T=fC: 
�C�&8=:f 8&_�=B�
 U&>�?c�&C>b �
_�
c&>B= '?>&7=�?CB&X& 
UU
�
>
 8 B�
CC? oBCU?�>��f C=-
C>?' U�=�:>=: �?T?�=� U�= 8C?f =_8?C>��f = U?�CU?B>=8��f 8&_'&��&C>:f U&C�?7�=f. �&-
o>&'� U�?7�&�?� B&'U�?BC��� '?>&7 &d?�B= �m 4�4, ��=>�8
��=� &C�&8��? ?� C8&�C>8
 
�
 8C�' �=_�?��&' d=B�?, &> �
��=f o>
U&8 U�&?B>=�&8
�=: 7& c&?8&X& U�='?�?�=:, = 8�=-
������������������������������������������������������������

1 
�
�&X = U�&>&>=U �? :8�:�>C: C=�&�='
'= 8 U&��&' C'�C�?. �f C&7?��
>?�b�&? �
U&��?�=? &c���& �
_7?�:�>. ��&>&-
>=U – o>& >&, �>& c?��>C: _
 &C�&8� U�= �
_�
c&>B? �&8&X& =_7?�=: (c�C>�
:, �?��&8
: �?
�=_
d=: c�7��?� C=C>?'� =�= ?� 
&c&c�?��
: '&7?�b, U&C>�&?��
: �
 C&8&B�U�&' =CU&�b_&8
�== C8&�C>8 �?
�=_&8
���f =�= CU�&?B>=�&8
���f 
�
�&X=�-
��f U& �
_�
�?�=� =_7?�=�). 
�
�&X – c�=_B=� U& f
�
B>?�=C>=B
' &c°?B> =�= C=C>?'
 (>&, �>& c?�?>C: _
 &C�&8� U�= 
C�
8�?�==). 9���. ���. 



<F`��>&�&X=:�U�&?B>=�&8
�=:/�>&'�;/�%2(20)@.,<;

�727�*
�
�
�8�*7*7���������8�Q7Q7�Q����
�

:��=f 8 d?�&' �
 ?X& �m [5]. 	 '&�&X�
A== [6] o>&> U&7f&7 U�='?��� B �?T?�=� _
7
�= 
&d?�B= �m 4�4 C=C>?' �
8?7?�=: (4�) �U�
8�:?'�f 
8=
d=&���f c&'c (m
W). 4� :8�:?>C: 
&C�&8�&� C&C>
8�&� �
C>b� �U�
8�:?'�f 
8=
d=&���f C�?7C>8 U&�
�?�=: (m
4�). �
U�=-
'?�, 4� m
W C��?C>8?��& 8�=:�> �
 c&?8�? = oBCU��
>
d=&���? C8&�C>8
 m
W, �
 �=f 
U�=f&7=>C: 7& 30% C>&='&C>= 8&&���?�=:. ��?7�&�?���� '?>&7 &d?�B= �m 4� m
W '&�?> 
c�>b =CU&�b_&8
� 7�: &d?�B= �m &c°?B>&8 c&�?? 8�C&B&X& =?�
�f=�?CB&X& ��&8�: – m
W 
=�= �U�
8�:?'�f �
B?> (m�) B�
CC
 «8&_7�f–U&8?�f�&C>b». 

�&B
_
>?�b B
�?C>8
 4�4 8 >?�?�=? U�&=_8&7C>8?��&X& = oBCU��
>
d=&��&X& o>
U&8 
�=_�?��&X& d=B�
 ='??> f
�
B>?� [7], U�= B&>&�&' U�&=Cf&7=> '?7�?��&? �
�
�=8
�=? B
-
�?C>8
 8 �
�
�b��� U?�=&7 (��
C>&B 1 B�=8&� �
 �=C��B? 2), U?�=&7 C>
c=�=_
d== (��
C>&B 2) 
= U
7?�=? U�= '&�
�b�&' = A=_=�?CB&' =_�&C? C=C>?'� c?_ '&7?��=_
d== (��
C>&B 3). 4 '&-
7?��=_
d=?� (��
C>&B 4) U�&=Cf&7=> �&C> 7& ��&8�: ��
C>B
 2. �d?�B
 �m �
 �
_�=���f o>
-
U
f �=_�?��&X& d=B�
 7
�> 8&_'&��&C>b U�=�='
>b �
=c&�?? &c&C�&8
���? �?T?�=: U& 
�
U�
8�?�=:' C&_7
�=: = �?
�=_
d== �&8&� >?f�=B=. 

 
� U�8 �.d = � oBC �.d – U�&7&��=>?�b�&C>b U�&=_8&7C>8?��&X& = oBCU��
>
d=&��&X& o>
U&8 �=_�?��&X& d=B�
. 

�=C��&B 2 – �
8=C='&C>b ��&8�: U&B
_
>?�: B
�?C>8
 �
_�=���f 8=7&8 4�4 8 >?�?�=? �=_�?��&X& d=B�
 
7�: �C�?7�?���f �C�&8=� ?X& U�='?�?�=: 

1 .K`�'� �<<��&�"���+ 
��: �
_�
c&>�=B
 4� m
W 8
���' :8�:?>C: 8�c&� �
=c&�?? U�?7U&�>=>?�b��f 8
�=
�-

>&8 4� 7�: U�&?B>=��?'&X& &c�
_d
 m
W: �
_?���?, >?�?8=_=&���?, >?U�&8=_=&���?, �
-
7=&�&B
d=&���?, �
7=&'?>�=�?CB=?, =�?�d=
�b�&-CU�>�=B&8�?, >?�?B&'
�7��? = B&'c=�=-
�&8
���? 4�. 4 o>&� d?�b� C&c=�
�> C8?7?�=: & �
CU�&C>�
����&C>= U�='?�?�=: >?f =�= 
=��f 4� 8 &c�
_d
f m
W, &d?�=8
�> 7
���? 4� U& oAA?B>=8�&C>= �
8?7?�=: m
W �
 d?�=, 
C>��B>����? C8&�C>8
 4� = >.7. 

�C�&8�&? 8�='
�=? �7?�:?>C: 7?>
�b�&'� 
�
�=_� =�A&�'
d=&���f c�&B&8 4� = =�-
A&�'
d=&���f �C�&8=� U�='?�?�=: 4�, &c?CU?�=8
��=f B��X�&C�>&��&C>b, 8C?U&X&7�&C>b 
= 7
�b�&C>b U�='?�?�=: m
W. 
�
�=_=��?>C: >?f�=�?CB=� &c�=B �
 &C�&8? >
B>=�?CB=f 
8&_'&��&C>?� &C�&8��f f
�
B>?�=C>=B, U�?&c�
_&8
>?�: «=_���?�=:–C=X�
�», f
�
B>?�=-
C>=B �
7=&�&B
d=&���f, &U>=�?CB=f = X=�&CB&U=�?CB=f C=C>?', >=U&8 
�X&�=>'&8 &c�
c&>-
B= =�A&�'
d== = ?� &>&c�
�?�=:, =�A&�'
d=&��&X& &c'?�
 C 
UU
�
>��&� m
W, '
CC&X
c
-
�=>��f f
�
B>?�=C>=B = C>&='&C>= 4�. 
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2 ���<<�;�'�(�+ $���&�" d'<*����%? �(���' ��?����<'��� !��"�+ �3�  
��: 8�c&�
 = &c&C�&8
�=: '?>&7
 C�
8�=>?�b�&X& 
�
�=_
 U�= &d?�B? �m 4� m
W �
C-

C'&>�=' B�
CC=A=B
d=� _
7
�, �?T
?'�f C U&'&�b� C=C>?' U&77?��B= U�=�:>=: �?T?�=� 
(4���). 	 4��� =CU&�b_�?>C: �?CB&�bB& B�
CC=A=B
d=� _
7
�. 	 >
c�=d? 1 U�=8?7?�� >�= 
>=U
 _
7
�: ��B&8&7:�=? �U�
8�:��=?, &U?�
>=8��? �U�
8�:��=? = &U?�
>=8��? =CU&��=-
>?�b��? C A&�'=�&8
�=?' f
�
B>?�=C>=B 4��� 8 _
8=C='&C>= &> 7
���f >=U&8 _
7
�. 

 �
c�=d
 1 – �
�
B>?�=C>=B= 4��� 8 _
8=C='&C>= &> >=U
 �?T
?'�f _
7
� 

�
�
B>?�=C>=B= 
4��� 

��
�=��&? 
_�
�?�=? 

=�A&�'
d== 

�=U �?T
?'�f _
7
� 
��
�=��&? _�
�?-
�=? =�A&�'
d== 

��B&8&7:�=? 
�U�
8�:��=? 

_
7
�= 

�U?�
>=8��? 
�U�
8�:��=? 

_
7
�= 

�U?�
>=8��? 
=CU&��=>?�b��? 

_
7
�= 
�&��&C>b =CU&�b-
_�?'&� =�A&�'
-
d== 

�?&U�?7?�?��
: 
� 

=�A&�'
d=: 
V�� 

– � 
=�A&�'
d=: W� >&��
: 

4>?U?�b 7?>
�=_
-
d== =�A&�'
d== 
X�?X=�&8
��
: � 

V�� – � 
W� 7?>
�=_=�&8
��
:

	�?'?��&� X&�=-
_&�> >�?c�?'&� 
=�A&�'
d== 

U�&7&��=>?�b��� � – – B&�&>B=� 

�
C>&>
 =CU&�b_&-
8
�=: �?7B& � � – �
C>& 

	��>�?��:: =�= 
8�?T�:: =�A&�'
-
d=: (=C>&��=B)  

8�?T�:: � – – 8��>�?��:: 

�=�&>
 &f8
>
 
=�A&�'
d== T=�&B
: � 

V�� – � 
W� �_B
: 

�&�=�?C>8?��
: 
=�= B
�?C>8?��
: 
=�A&�'
d=: 

B
�?C>8?��
: � 
V�� – � 

W� B&�=�?C>8?��
: 

�U?�
>=8�&C>b 
=�A&�'
d== �?&U?�
>=8�
: � – – &U?�
>=8�
: 

9���������: V�� – �=d&, U�=�='
��?? �?T?�=?; W� – c
_
 7
���f; 
� – A
B>&� =CU&�b_&8
�=: f
�
B>?�=C>=B= 4��� 8 >=U
f �?T
?'�f _
7
�. 

 
�>'?�?���? 8 >
c�=d? 1 f
�
B>?�=C>=B= =CU&�b_&8
�=Cb U�= U&C>�&?�== 8�c�
��&� 7�: 

C�
8�=>?�b�&X& 
�
�=_
 4��� C ���>&' 8&_'&��&C>= 88&7
 = &c�
c&>B= oBCU?�>��f &d?�&B.    
��
CC=A=B
d=: '?>&7&8 U&���?�=: oBCU?�>��f &d?�&B U�=8?7?�
 �
 �=C��B? 3. 

�
�=_ �=>?�
>��� U& '?>&7&�&X== =CC�?7&8
�=: 
8=
d=&���f C=C>?'  [8, 9] = U& U�&?B-

>=�&8
�=� m
4� 8 d?�&' = =f 4� C �
_�=���'= =�A&�'
d=&���'= c�&B
'= [10-12] U&B
-
_
�, �>& B
B&�-�=c& A&�'
�=_&8
��&� U�&d?7��� 8�c&�
 4� �
 �
_�=���f o>
U
f �=_�?��&-
X& d=B�
 �? C��?C>8�?>.  

�
 �
�
�b��f o>
U
f �=_�?��&X& d=B�
 8�c&� >=U
 4� U�&=_8&7=>C: C =CU&�b_&8
�=?' 
C&U&C>
8=>?�b��f >
c�=d f
�
B>?�=C>=B 4� [12], �
 &C�&8? C&8&B�U�&C>= A
B>&�&8, 8�=:�-
�=f �
 �
c&>� 4�, =�= �
 &C�&8? &d?�B= c&?8&� oAA?B>=8�&C>= 8 C&C>
8? =_7?�=:. 	 �
C>&-
:�?? 8�?': m
4� 8 C&C>
8? �U�
8�:?'&X& 
8=
d=&��&X& B&'U�?BC
 (m
�) 8 _
8=C='&C>= &> 
��&8�?� c&?8&X& U�='?�?�=: m
� (X��UU=�&8B
, X��UU
, &7=�&���� m
�, B&'U�?BC 8&&��-
�?�=:, o�?'?�>� B&'U�?BC
) C U&B
_
>?�:'= oAA?B>=8�&C>= c&?8&X& U�='?�?�=: (C�?7�=� 
��?�c d?�=, �=C�& �7
�&8 U& d?�=, ��?�c d?�= 8 &7�&' �7
�?, B&&�7=�
>��� _
B&� U&�
�?-
�=: d?�= m
4�, >&��&C>b c&?8&X& U�='?�?�=: m
4�, U&>?�= m
� &> �	� = 7�.) C&C>
8�:-
�> &C�&8� c&?8&� oAA?B>=8�&C>= m
4�–m
W (>
c�=d
 2). ��= >
B&� &d?�B? ��=>�8
?>C: 
>&�bB& &7�
 C>
7=: �=_�?��&X& d=B�
 =_7?�=: – c&?8&? U�='?�?�=?. 
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�=C��&B 3 – ��
CC=A=B
d=: '?>&7&8 U&���?�=: oBCU?�>��f &d?�&B 

�
c�=d
 2 – �&B
_
>?�= oAA?B>=8�&C>= c&?8&X& U�='?�?�=: m
� [5] 

 
 

	�c&� 4� U�=f&7=>C: U�&8&7=>b ��? �
 �
��?� C>
7== C&_7
�=: m
W – C>
7== U�?7U�&-
?B>�&X& =CC�?7&8
�=:. �&o>&'� 
B>�
�b�&� _
7
�?� :8�:?>C: �
_�
c&>B
 '?>&7
 &d?�B= �m 
4� m
W C ���>&' X��UU� f
�
B>?�=C>=B-U&B
_
>?�?�: '
CC&X
c
�=>��?, >
B>=�?CB=?, >?f�=-
�?CB=?, o�?�X&&c?CU?�=8
��=?, �
7���&C>��?, oBCU��
>
d=&���?, oB&�&'=�?CB=?. 	 B
�?-
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'
���
��)���
���(���(�����	�(������������\�
����&����
'
�
�	��

C>8? >?f�&�&X== U�=�:>=: �?T?�=: 8 �
_8=8
?'&' '�&X&B�=>?�=
�b�&' '?>&7? U�='?�:?>C: 
'?>&7 U�&C>&X& 8_8?T=8
�=:, 7&C>
>&��& �
X�:7��� 7�: V��. �&�'=�&8
���? 7
���? U& 
U&B
_
>?�:' A&�'=���>C: C U&'&�b� A��Bd=� d?��&C>= – U&�?_�&C>= �
 '�&�?C>8? =f 8
-
�=
�>&8: �=�?���f, 8�U�B��f, 8&X��>�f, s-&c�
_��f. m�>?�
 8 7
��&' '?>&7? = C>
�7
�>�
: 
U�&d?7��
 U&���?�=: B&oAA=d=?�>
 B&�B&�7
d==. 

3 ��$*��'<�%� $���& �(��'� ��?����<'��� !��"�+ 
<�<��$ ��"�&���+ !*��"�+�$%? �"��(����%? K�$K 
R�&X&o>
U�
: C>��B>��
 '?>&7
 &d?�B= �m 4� m
W U�=8?7?�
 �
 �=C��B? 4. �
_�
c&>
-

�� U�&d?7��� 8�c&�
 ?7=�=���f &d?�&���f U&B
_
>?�?� = C&&>8?>C>8=: ?7=�=���f U&B
_
-
>?�?� =�>?X�
�b��', &U�?7?�?�=: A��Bd=� d?��&C>= 7�: B
�7&X& ?7=�=��&X& U&B
_
>?�: 
(��), &c&C�&8
�� B�=>?�== = �
_�
c&>
�� U�&d?7��� &>c&�
 &c°?B>&8 =CC�?7&8
�=: (&c�
_-
d&8 4� m
W) 7�: C�
8�=>?�b�&X& 
�
�=_
, &c&C�&8
�� B�=>?�== 8�c&�
 
�
�&X
 =_ �=C�
 
�
=���T=f 8
�=
�>&8 4� C ���>&' 8C?f C>
7=� �=_�?��&X& d=B�
. 

�C�&8��? &C&c?��&C>= o>
U&8 '?>&7
. 
#'�
�������������	���	��������������%�����	�
�5�— _
7
�=? =�>?X�
�b��f U&B
_
-

>?�?� (��) = &U�?7?�?�=? 8�=:��=f �
 �=f ��. ��= o>&' 7�: B
�?C>8?��&X& A&�'=�&8
�=: 
C=C>?'� &d?�&���f U&B
_
>?�?� �?&cf&7='& 8�U&��=>b >�?c&8
�=: U& U&��&>? �
c&�
 U&-
B
_
>?�?� = =f 7?�C>8?��&C>=, �
_�&�='&C>=, B�=>=��&C>= = �C>&��=8&C>=, �? =_c�>&��&C>= 
= '=�='
�b�&� �
_'?��&C>=. 

!'�?%����
������������	�������/��³�&U�?7?�?�=? 8?C&'&C>= �� �
 C&&>8?>C>8���=? 
�� (�?�?_ 8?C&'&C>= X��UU U&B
_
>?�?�). ��: 8�:8�?�=: '�?�=� oBCU?�>&8 �
_�
c
>�8
?>C: 

�B?>
, B&>&�
: 8B���
?> U?�?�?�b U&B
_
>?�?� C &d?�B&� U& 7?C:>=c
��b�&� TB
�?. 	 oBC-
U?�>��� X��UU� U&7c=�
�>C: CU?d=
�=C>�, �&7 7?:>?�b�&C>= B&>&��f &f8
>�8
?> 8?Cb �=_-
�?���� d=B� =_7?�=�. �.?. 8 �?� 7&���� c�>b U�?7C>
8=>?�= _
B
_�8
��=f = �
����f &�-
X
�=_
d=�, A&�'=����=f &U?�
>=8��� = >
B>=B&->?f�=�?CB�� B&�d?Ud=� �
_8=>=: m
W; 
=CU�>
>?�b��f d?�>�&8 = d?�>�&8 c&?8&� U&7X&>&8B=: C>�&?8�f �
C>?� U& &cC���=8
�=� = 
U�='?�?�=� m
W; U�?7C>
8=>?�= U�&'�T�?��&C>= (X&�&8�&X& U�?7U�=:>=:-=CU&��=>?�: U& 
�
_�
c&>B? m
W, U�?7U�=:>=: C&=CU&��=>?�: C&C>
8��f �
C>?� = 7�.). 

�&���?���? &> oBCU?�>&8 
�B?>� &c�
_��> c
_� 7
���f oBCU?�>��f &d?�&B. ��= 8�U&�-
�?�== 7
��&� U�&d?7��� oBCU?�>� U&���
�> 8C? �?&cf&7='�? C8?7?�=: &c =CC�?7�?'�f 4� 
m
W, 
 >
B�? 7&U&��=>?�b��? C8?7?�=: &c &>?�?C>8?���f = _
��c?���f 
�
�&X
f. �
�?? 
&C��?C>8�:?>C: &d?�B
 C&X�
C&8
��&C>= '�?�=� oBCU?�>&8. 	 C���
? �?C&X�
C&8
��&C>= 
'�?�=� oBCU?�>&8 U�&8&7=>C: B&��?B>=8�&? &cC��7?�=? U&���?���f �?_��b>
>&8 &d?�B= 8?-
C&'&C>= B
�7&X& U&B
_
>?�:, U�= o>&' U�?7U�=�='
?>C: U&U�>B
 U�=�>= B B&'U�&'=CC�, 
U�=?'�?'&'� 7�: 8C?f ��?�&8 oBCU?�>�&� X��UU�. ��= �
�=�== C��?C>8?���f �
Cf&�7?�=� 
8 U�?7U&�>?�=:f oBCU?�>&8 U�&8&7=>C: �>&��?�=? U&���?���f &d?�&B = U&8>&��&? &cC��7?-
�=? U&���?���f �?_��b>
>&8. 	 B
�?C>8? 8?C&8 U&B
_
>?�?� =CU&�b_��>C: _�
�?�=: '
>?'
-
>=�?CB=f &�=7
�=� &d?�&B C&&>8?>C>8���=f 8?C&8. 

q'� ?%����
����� �
#� �����$�� ��� �������� ������	�� – A&�'=�&8
�=? 7�: ?7=�=���f 
U&B
_
>?�?� A��Bd== d?��&C>=. 

w'�?	���������	������
�������#��
#�������	�
���$�����
����– A&�'=�&8
�=? '�&�?-
C>8
 �
CC'
>�=8
?'�f &c°?B>&8 �
 &C�&8? &U�?7?�����f B�=>?�=?8. 

$'�8��������
�$��������
�����
�����������
�	����	�����
���� o>
U �?&cf&7=' 7�: 
&C��?C>8�?�=: 8 7
�b�?�T?' &d?�B= �m =CC�?7�?'&� 4� m
W, B&>&�
: 8�U&��:?>C: �
 &C-
�&8? C�
8�=>?�b�&X& 
�
�=_
 C 7��X&� 4�, B&>&�
: 8�C>�U
?> 
�
�&X&'.�
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�'� 
������������ ��	����� ������	�� ���
�������#� �� ��&� �
#� /�� �� �%����
�����
��5	��$����
�	����	����
#������$��/����	�����%���	�$������ �����#' �?�>=�X 
�b-
>?��
>=8� (&c�
_d
 4� m
W) &>7?�b�& 7�: B
�7&X& �� �
CC�=>�8
?>C: U& A&�'��? 
 (1) Rj (i) = 

k
� Wkj � Ukj�(i)�, 

X7? Rj (i) – �?�>=�X 
�b>?��
>=8� i U& �� j, Wkj – 8?C k �� j,  
 Ukj�(i)�– _�
�?�=? A��Bd== d?��&C>= �� k 
�b>?��
>=8� i �� j. 

 
�=C��&B 4 – �>
U� �?T?�=: _
7
�= C�
8�=>?�b�&X& 
�
�=_
 4� m
W  

�'�
��������������	�����������	�����
�������#���/�&��
#������/�����%����
�����
�	�$�������5	��$����
�	����	�����	�����%���	�$������ �����#' 	 o>&� '
>�=d? 8 B
-
�?C>8? _�
�?�=� �� =CU&�b_��>C: �?�>=�X= 
�b>?��
>=8, U&���?���? �
 o>
U? 
�
�=_
 '?-
>&7&' U�&C>&X& 8_8?T=8
�=: (o>
U 6). ��= &U�?7?�?�== '?C> &c°?B>&8 =CC�?7&8
�=: 8 A=-
�
�b�&' �
��=�&8
�== =>&X&8�? �?�>=�X= 
�b>?��
>=8 &U�?7?�:�>C: C U&'&�b� '?>&7
 
8_8?T?��&X& C�''=�&8
�=: U& A&�'��?  
 (2) R (i) = 

j
�  Wj � Rj (i) , 

X7? Wj – 8?C&8&� B&oAA=d=?�> �� j,  
 Rj (i) – �?�>=�X 
�b>?��
>=8� i U& �� j, �
CC�=>
���� U& (1). 



<H, %2(20)@.,<;/�M5;/�~���$�Z[����z�K�Z���Z

6�

��	����(�����	
'
���
��)���
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�
�	��

�'�?%����
���������������	���=������	������
�������#�– A&�'=�&8
�=? 7�: B
�7&-
X& &c�
_d
 4� m
W =_ �
CC'
>�=8
?'&X& '�&�?C>8
 &c&c�?��&X& U&B
_
>?�: B
�?C>8
. 
�U�?7?�?�=? B&oAA=d=?�>
 �m 
�b>?��
>=8� K�m(i) U�&=_8&7=>C: U& A&�'��? 
 (3) K�m ( i  = R(i) / R(o),�

X7? R(i) – �?�>=�X 
�b>?��
>=8� i,  
 R(o) – �?�>=�X 
�b>?��
>=8� o, 8�c�
��&� 8 B
�?C>8? 
�
�&X
. 

	�:8�?�
 8
��
: C8:_b 88&7='&� C>��B>��� 8&Cb'= �� (>?f�=�?CB=�, >?f�&�&X=�?CB=�, 
oBCU��
>
d=&��&->?f�=�?CB=�, >
B>=�?CB=�, 8��=8
?'&C>b, oB&�&'=�?CB=�, �
7���&C>=, 
8�?'?��&�), B
B U&�&�7����f &C�&8��'= f
�
B>?���'= U�=_�
B
'= C>
7=� �=_�?��&X& 
d=B�
 =_7?�=:, &C&c?��& >
B=f B
B =CC�?7&8
�=? = �
_�
c&>B
, C?�=��&? U�&=_8&7C>8&, oBC-
U��
>
d=: (c&?8&? U�='?�?�=?) C o>
U
'= �=_�?��&X& d=B�
 4� m
W, �>& =���C>�=��?> �=-
C��&B 5. 

 
�=C��&B 5 – 4f?'
 8_
='&C8:_= =�>?X�
�b��f U&B
_
>?�?� C o>
U
'= �=_�?��&X& d=B�
 4� m
W 

4� m
W :8�:?>C: &7�=' =_ o�?'?�>&8 m
W, B&>&�
: U�='?�:?>C: �
�:7� C 7��X='= o�?-
'?�>
'= B&'U�?BC
 
8=
d=&��&X& 8&&���?�=: (�
	: 
8=
d=&���? U��?'?>� = U�TB= C c&?-
U�=U
C
'= B �=', �U�
8�:?'�? = �?�U�
8�:?'�? �
B?>�, c&'c�, >&�U?7�, '=�� = 7�.). 

4>��B>��
 &d?�&���f U&B
_
>?�?� �
 ��&8�? ��, B&>&��? 7?B&'U&_=���> ��, &>�
�
?> 
�&�b 4� 8 C>��B>��? c&?8&X& 
8=
d=&��&X& B&'U�?BC
 (W
�). ^�
X'?�> U&��&� =?�
�f=�?-
CB&� C>��B>��� W
� U�?7C>
8�?� �
 �=C��B? 6, =_ B&>&�&X& C�?7�?>, �>& ��&8?�b 4� :8�:?>-
C: T?C>�' (C8?�f�-8�=_) ��&8�?' U&7C=C>?' C�?7C>8 U&�
�?�=: m
W W
�. �&o>&'� �?&cf&-
7='& U�=�='
>b 8 �
C��> _
7
�= = U&B
_
>?�= U&7C=C>?' c&�?? 8�C&B=f ��&8�?� =?�
�f== 
(I-V): �
�?C?�=: '
BC='
�b�&X& ��?�c
 d?�=, �
�?C?�=: �7
�
 &7�=' �?>
>?�b��' 
UU
�
-
>&' (V
), ���>
 �
	 V
, U&�
�?�=: d?�= �
_�=���'= C�?7C>8
'= U&�
�?�=: �
	 V
, f
-
�
B>?�=C>=B U&�
�
��?X& 7?�C>8=: C�?7C>8 U&�
�?�=:. 

�
 U?�8&' o>
U? 8�:8�:�>C: �� C 8�C&B&� C>?U?�b� 8�=:�=: �
 ��, 7�: �?X& �
_�
c&-
>
�
 C=C>?'
 C&&>8?>C>8=: X��UU �� 7�: B
�7&X& �� (>
c�=d
 3). ��=�:>& U�?7U&�&�?�=? 
&c &7�&_�
��&' C&&>8?>C>8== &7�&X& �� &7�&'� �� C >?', �>&c� �? c��& >
B �
_�8
?'&X& 
«78&��&X& C��>
» &7�&X& �� 8 &c&c����&' U&B
_
>?�? �m. 
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�� – 
o�&7�&'�&? >?f�=�?CB&? &cC���=8
�=?; �
� – =��?�?��&-
8=
d=&��&? &c?CU?�?�=?; 4
m – C=C>?'
 


8>&'
>=�?CB&X& �U�
8�?�=:; �
	 – B&'U�?BC 
8=
d=&��&X& 8&&���?�=:; 4m	 – C=C>?'
 �U�
8�?�=: 8&&���?-
�=?'; 
4� – 
8=
d=&���? C�?7C>8
 U&�
�?�=:; m
4� – �U�
8�:?'�? 
8=
d=&���? C�?7C>8
 U&�
�?�=:;          

m� – �U�
8�:?'�? �
B?>�; m
W – �U�
8�:?'�? 
8=
d=&���? c&'c� 

�=C��&B 6 – 4>��B>���
: Cf?'
 c&?8&X& 
8=
d=&��&X& B&'U�?BC
 (A�
X'?�> Cf?'�) 

�
c�=d
 3 – R
>�=d
 A&�'=�&8
�=: C&&>8?>C>8=: ?7=�=���f U&B
_
>?�?� =�>?X�
�b��' 

 
�
c�=d
 3 C&C>
8�:?>C: �
 &C�&8
�== �?CB&�bB=f 
�
�&X=���f >
c�=d, U�?7C>
8�?���f 

B
�7�' oBCU?�>&'. �d?�B= bij 8��=C�:�>C: U& C�?7���?� A&�'��? 
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6�

��	����(�����	
'
���
��)���
���(���(�����	�(������������\�
����&����
'
�
�	��

� (4)�
1

/
m

ij ijk
k

b entir b m
�

� �� � � !
� , 

X7? i = 1,…, L – ��; j = 1,…, N – ��; k = 1,…, m – oBCU?�>�; bij– &d?�B
 &> k-X& oBCU?�>
, B&-
>&�
: �
8�
 1, ?C�= 7
���� j-� �� oBCU?�> &>�&C=> B i-'� ��, = ���� - 8 U�&>=8&U&�&��&' 
C���
?; L – �=C�& ��; m – �=C�& oBCU?�>&8. 

4 U&'&�b� (4) U�&=_8&7=>C: &C�?7�?�=? &d?�&B bij U& 8C?' m oBCU?�>
' C U&C�?7���=' 
&B��X�?�=?' 7& c�=�
�T?X& d?�&X& (���: =�= ?7=�=d�), U&CB&�bB� bij '&�?> ='?>b >&�bB& 
&7�& =_ 78�f _�
�?�=�. 	 �?_��b>
>? c�7�> CA&�'=�&8
�� &>�&T?�=: '?�7� �� = ��. 

�
B�? �
_�
c&>
�
 >?f�&�&X=: &U�?7?�?�=: A��Bd== d?��&C>= 7�: B
�7&X& �� �
 &C�&-
8? oBCU?�>�&X& &U�&C
. ^��Bd=: d?��&C>= 7�: �&X=�?CB=f U&B
_
>?�?� :8�:?>C: c=�
��&� = 
U�=�='
?> _�
�?�=? 0 =�= 1 8 _
8=C='&C>= &> >&X&, �?�
>?�b�& 7
��&? C8&�C>8& =�= �?>. 
^��Bd=: d?��&C>= 7�: �=C�&8�f U&B
_
>?�?� U�?7U&�
X
?> 88?7?�=? &> 78�f 7& U:>= >&�?B 8 
_
8=C='&C>= &> >=U
 B�=8&�. ^��Bd=: d?��&C>= Uji(gji), '&�?> ='?>b �?CB&�bB& >=U&8 (�=C�-
�&B 7) = c�>b �c�8
��?� =�= 8&_�
C>
��?�. 

 
1 – �=�?����, 2 – 8&X��>�� (�?CB�&��&C>b B �=CB�); 3 – 8�U�B��� (CB�&���� B �=CB�); 

4 – s-&c�
_��� 8=7; i – &c°?B> (j = 1,…, n); j – &d?�&���� U&B
_
>?�b (j = 1,…, m) 

�=C��&B 7 – �
�
B>?���? >=U� A��Bd== d?��&C>= 

�=U 1 ='??> �=�?���� f
�
B>?� 8 C���
? &>C�>C>8=: U�?7U&�>?�=: 7�: U&B
_
>?�:: >=U� 
2 = 3 ='?�> 8&X��>&C>b = 8�U�B�&C>b = �C>
�
8�=8
�>C: >&X7
, B&X7
 �?�
>?�b�& ='?>b 
c&�bT=� =�= '?�bT=� oAA?B> 8 _
8=C='&C>= &> _�
�?�=: U&B
_
>?�:. �=U 4 ='??> S-
&c�
_��� 8=7 = 88&7=>C: 8 >?f C���
:f, B&X7
 U&���
?'�� oAA?B> �?�
>?�b�& U�?7C>
8=>b 
7�: c&�bT=f ?X& _�
�?�=�. 

4f?'
 U�&8?7?�=: oBCU?�>��f &d?�&B U& &U�?7?�?�=� A��Bd== d?��&C>= 7�: B
�7&X& 
�� (8�c&�� >=U
 = _�
�?�=�) 
�
�&X=��
 =_�&�?��&� U�= A&�'=�&8
�== C&&>8?>C>8=: ?7=-
�=���f U&B
_
>?�?� =�>?X�
�b��'. 

�
�??, �
 &C�&8? 8?B>&�
 B�=>?�=?8 (U& C>?U?�= X&>&8�&C>= 4� m
W, U& '
CC&X
c
�=>-
��' f
�
B>?�=C>=B
' 4� m
W, U& C>&='&C>= 4� m
W) A&�'=��?>C: '?>&7=B
 &>c&�
 8
�=-

�>&8 4� 7�: =f C�
8�?�=:. 	 B
�?C>8? 4�-
�
�&X
 8�c=�
?>C: C?�=���� &c�
_?d C 8�C&B&� 
7&C>&8?��&C>b� ?7=�=���f U&B
_
>?�?�, C ���T='= C8&�C>8
'= U& &d?�B? oBCU?�>&8 = =�-
>?�8
�&' �CU?T�&X& U�='?�?�=: �? '?�?? U:>= �?> U�= 8�U&��?�== >?f �? A��Bd=�, �>& = 
7��X=? &c�
_d� =_ &>&c�
���f. 	 �?_��b>
>? &>�&T?�=: �?�>=�X&8 &>&c�
���f 
�b>?��
>=8 
4� B �?�>=�X� 
�
�&X
–U�&>&>=U
 A&�'=��?>C: B&oAA=d=?�> �m 4� m
W B
�7&� &>&c�
�-
�&� 
�b>?��
>=8� 4�. 

R?>&7 &d?�B= �m 4� m
W U&_8&�:?> �?
�=_&8
>b C�
8�=>?�b��� 
�
�=_ 4� = U&���
>b 
�? >&�bB& �
��=�&8
�=? &c°?B>&8 8 d?�&', �& = U& B
�7&'� ��. �>&> '?>&7 &d?�B= �m 4� 
m
W '&�?> c�>b U�='?�?� �
 ��c&� C>
7== �=_�?��&X& d=B�
 &c°?B>
. �
 �
_�
c&>
���� 
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�

'?>&7 &d?�B= �m 4�4 = '?>&7� A&�'=�&8
�=: &d?�&���f U&B
_
>?�?� = &U�?7?�?�=: A��B-
d=� d?��&C>= ?7=�=���f U&B
_
>?�?� U&���?�� U
>?�>� �
 =_&c�?>?�=: [13–15]. 

4&8�?'?���? '
>?'
>=�?CB=? '?>&7� = B&'Ub�>?���? >?f�&�&X== c��= U&�&�?�� 8 
&C�&8� C&_7
�=: =�A&�'
d=&��&-
�
�=>=�?CB&� C=C>?'� (�
4) «�d?�B
 = 8�c&�», 8 B&>&-
�&� c�� �?
�=_&8
� �
_�
c&>
���� '?>&7 &d?�B= �m 4� m
W = U�&8?7?�� �
C>&:�=? =C-
C�?7&8
�=:. 

4 ���!'�!�� � <�&��#���� �(�����%? *�'�=������ 
4&8&B�U�&C>b U&���?���f �� = �� &c�
7
?> U&��&>&� >?f�=�?CB=f f
�
B>?�=C>=B, 

c&�bT&� U�
B>=�?CB&� _�
�='&C>b� = 8�f&7=> _
 �
'B= �
_�
c&>
��&X& '?>&7
 &d?�B= �m 
4� m
W. 	 �
C>�&C>=, �� «�?f�=�?CB=�» 8B���
?> U:>b �� 
UU
�
>���&->?f�=�?CB=f = 78
 
'
CC&X
c
�=>��f ��. �� «�BCU��
>
d=&��&->?f�=�?CB=�» 8B���
?> �?>��? ��: 7&�X&8?�-
�&C>b, �?'&�>&U�=X&7�&C>b, C&f�
�:?'&C>b, B&�>�&�?U�=X&7�&C>b.  

�C&c?��& C�&��
: X��UU&8
: C>��B>��
 U& �� U&���?�
 8 �� «�
B>=�?CB=�»: 
�� X��UU
 =_ �?>��?f �� U&7 &c�=' �
_8
�=?' «�&B
_
>?�= >
B>=�?CB&� 8&_'&��&C>=»;  
�� X��UU
 =_ 7?8:>= �� «�&B
_
>?�= C�?7� = c&?8&X& U�='?�?�=:» 8 C&C>
8?: C>?U?�b B��X-

�&C�>&��&C>=, C>?U?�b 8C?U&X&7�&C>= U�='?�?�=: m
W, C>?U?�b &c�
��&C>=, 8�?': U�=-
d?�=8
�=:, >&��&C>b 
8>&C&U�&8&�7?�=:, C>?U?�b 
8>&�&'�&C>=, '
BC='
�b�
: 7&U�C>=-
'
: 8�C&>
 U�=d?�=8
�=:, _
f8
> d?�= �
 >�
?B>&�== U&�?>
 m
W, 8&_'&��&C>b U?�?�
-
d?�=8
�=: U&C�? Cc�&C
 m
W; 

�� X��UU
 =_ C?'= �� «�&B
_
>?�= U&7X&>&8B= U&��>�&X& _
7
�=: = 8_
='&7?�C>8=: C C
'&-
��>&'-�&C=>?�?'»; 

�� X��UU
 =_ C?'= �� «�&B
_
>?�= 8_
='&7?�C>8=: C &c°?B>&' U&�
�?�=:»: >=U 4� �
B�
-
7�8
?> &X�
�=�?�=? �
 �&'?�B�
>��� d?�?� U�= �
8?7?�==, 4� &c?CU?�=8
?> �
8?7?�=? 
�
 U&78=���? d?�=, 4� &c?CU?�=8
?> �
8?7?�=? �
 C�
c&B&�>�
C>��? d?�=, 4� &c?CU?-
�=8
?> �
8?7?�=? �
 _
'
CB=�&8
���? d?�=, 4� &c?CU?�=8
?> �
8?7?�=? �
 d?�= C 8�-
�&8�?���' >?'U?�
>����' B&�>�
C>&' (U&C�? 7&�7:), 4� &c?CU?�=8
?> �
8?7?�=? U�= 
=�8?�C== >?'U?�
>���&X& B&�>�
C>
 d?�=, 4� &c?CU?�=8
?> �
8?7?�=? 8 _
7
���� &c-
�
C>b.  
	 B
�?C>8? U�='?�
 8 >
c�=d
f 4, 5 U�?7C>
8�?�� A�
X'?�> oBCU?�>�&� &d?�B= _�
�='&-

C>= �� = A��Bd== d?��&C>= 7�: �� «�
B>=�?CB=�». 	 �?_��b>
>? U&���?�� '
>?�=
�� U& 
f
�
B>?�=C>=B
' �� = ��, �?&cf&7='�? 7�: �?
�=_
d== '?>&7
 &d?�B= �m 4� m
W. 

5 .�����=�(�+ *��"�&���+ d'<*������ �(��'� �  
 ��=!�����% �(��'� ��?����<'��� !��"�+ 
 < *�$�>�@ ��;��$�(�����-���������<'�� <�<��$% 

��: 8�U&��?�=: =CC�?7&8
�=� U& �
_�
c&>
��&'� '?>&7� C&_7
?>C: oBCU?�>�
: B&'=C-
C=:, B&>&�
: C&C>&=> =_ �
c&�?� = oBCU?�>�&� X��UU. �
c&�
: X��UU
 C&C>&=> =_ ��B&8&7=>?-
�:, B&�C��b>
�>
 U& 4� m
W = =��?�?��&->?f�=�?CB=f �
c&>�=B&8, B&>&��? ��
C>8��> 8 
C&C>
8�?�== U�&X�
''� oBCU?�>�&� &d?�B= �m 4� m
W, &�X
�=_
d== �
c&>� oBCU?�>�&� 
X��UU� (8B���
: &U�&C oBCU?�>&8) = 
�
�=_? U&���?���f �?_��b>
>&8. �BCU?�>�
: X��UU
 
U�&f&7=> &c��?�=? U�='?�?�=� '?>&7
 &d?�B= �m 4� m
W, = ?� �
c&>
 8�U&��:?>C: 8 �?-
>��? o>
U
. 
1)� A&�'��=��?>C: d?�b oBCU?�>�&� &d?�B= = A&�'=��?>C: �
c&�
: X��UU
; 
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6�

��	����(�����	
'
���
��)���
���(���(�����	�(������������\�
����&����
'
�
�	��

2)� �>&��:�>C: d?�= oBCU?�>�&� &d?�B=, &U�?7?�:�>C: U?�?�?�b &U?�
d=�, 8�U&��:?'�f 
oBCU?�>
'=, C&C>
8 oBCU?�>�&� X��UU�, CU&C&c = U�&d?7��
 &U�&C
 oBCU?�>&8, �
_�
c
>�-
8
?>C: 
�B?>
 7�: &U�&C
 oBCU?�>&8 = U�&8&7=>C: &U�&C oBCU?�>&8; 

3)� �>&��:?>C: C>��B>��
 &d?�&���f U&B
_
>?�?� = �&'?�B�
>��
 &d?�&���f U&B
_
>?�?� = 
&U�?7?�:?>C: _�
�='&C>b �� = �� 8 C&&>8?>C>8== C d?�:'= = _
7
�
'= oBCU?�>�&� &d?�-
B=, >.?. A&�'=��?>C: c
_
 7
���f 7�: U�&8?7?�=: oBCU?�>�&X& 
�
�=_
. ��&'? >&X&, 8��
-
c
>�8
�>C: �?B&'?�7
d== 7�: 8�c&�
 
�
�&X
 – c
_&8&X& &c�
_d
 4� m
W; 

�
c�=d
 4 – �?_��b>
>� oBCU?�>�&� &d?�B= _�
�='&C>= �� 7�: C�
8�=>?�b�&X& 
�
�=_
 4� m
W 

�
U�
8�?�=? 
8�=:�=: �
 

�&C> �m 

��>?X�
�b��� 
U&B
_
>?�b 

(8?C&8&� U&-
B
_
>?�b) 

�7=�=���� U&B
_
>?�b 

W
���  
�BCU?�> 

1 2 3 4 

 �
B>=�?CB=� 
(0,192) 

 8 9 7 8 

  9
	�&����� ��	�����	�( �
&�
��
����     
�&X. 4� �?
�=_�?> U�=�d=U «Cc�&C=�-_
c��» (4–�) 5 9 7 9 
" �
�b�&C>b &c�
���?�=: d?�= 7�?' D&c� 7�, B' 8 8 7 7 
" �
�b�&C>b &c�
���?�=: d?�= �&�b� D&c� �, B' 8 8 7 7 

# �
�b�&C>b 7?�C>8=: '=�='
�b�
: (&C�?U�?�=:) d?�= 
Dmin, B' 3 3 7 6 

" 4>?U?�b �?
�=_
d== _
f8
>
 4� D_ max/Dmax, ?7. 5 5 7 9 
" 4>?U?�b 8C?U&X&7�&C>= 	, ?7. 9 9 7 8 
" 4>?U?�b &c�
��&C>= �c (�Cc, 8�?': X&7
), ?7. 9 5 7 8 
# 	�?': U�=d?�=8
�=: �U�=d., C 3 8 7 7 
# �&��&C>b 
8>&C&U�&8&�7?�=: d?�= ��	�, ' 6 9 7 8 
" 4>?U?�b 
8>&�&'�&C>= t (�Cc), ?7. 5 5 7 8 
" R
BC='
�b�
: 7&U�C>='
: 8�C&>
 �
c&>� 4� �C� max, B' 5 5 7 6 

�&X. 4� &c?CU?�=8
?> _
f8
> d?�= �
 >�
?B>&�== U&�?>
             
=_7?�=: (��) 8 9 7 7 

�&X. 4� 7&U�CB
?> 8&_'&��&C>b U?�?�
d?�=8
�=: U&C�?            
Cc�&C
 =_7?�=: (���) 5 7 5 6 

�
c�=d
 5 - ^��Bd=: d?��&C>= ?7=�=���f &d?�&���f U&B
_
>?�?� 8 _
8=C='&C>= &> _�
�?�=: �� 

�7=�=���? U&B
_
>?�= 

^��Bd=: d?��&C>= 
R=�='
�b�&-

U�=?'�?'& 
(0,01) 

�&C�?7-
C>8?��& 
(0,20) 

�&�&T& 
(0,50) 

�&�>= 
&>�=��& 

(0,70) 

��?8&Cf&7�&
(0,90) 

4. �
�����4��� 
9
	�&����� ��	�����	�( �
&�
��
���� 

4� �?
�=_�?> U�=�d=U «Cc�&C=�-
_
c��» (4-�) 

�
 – C8&�C>8& �?�
>?�b�&  
�?> – C8&�C>8& �?�?�
>?�b�& 

�
�b�&C>b &c�
���?�=: d?�= 7�?'  
D&c� 7�, B'  3 5 8 10 15 

�
�b�&C>b &c�
���?�=: d?�= �&�b�  
D&c� �, B' 3 5 8 10 15 

�
�b�&C>b 7?�C>8=: '=�='
�b�
:  
(&C�?U�?�=:) 7& d?�= Dmin, B' 0,4 0,3 0,2 0,1 0,05 

4>?U?�b �?
�=_
d== _
f8
>
 4�  
D_ max / Dmax, ?7. 0,2 0,3 0,5 0,7 0,9 
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4)� U�&8&7=>C: &c�
c&>B
 U&���?���f oBCU?�>��f &d?�&B U�>�' 88&7
 c
_� 7
���f 8 �
4 
«�d?�B
 = 8�c&�», 8 B&>&�&� �?
�=_&8
�� 
�X&�=>'� '?>&7
 &d?�B= �m 4� m
W, U&��-
�
�>C: &B&��
>?�b��? �?_��b>
>� C�
8�=>?�b�&X& 
�
�=_
, U�&8&7=>C: 
�
�=_ �?_��b>
-
>&8 = X&>&8=>C: �?T?�=? oBCU?�>�&� X��UU�. 
��= &U�&C? oBCU?�>&8 =CU&�b_�?>C: =�7=8=7�
�b�
: &d?�B
 ��?�&8 oBCU?�>�&� X��UU� 

U& 10->= c
��b�&� C=C>?'?. 	 _
7
�� oBCU?�>&8 8f&7:>: &U�?7?�?�=? B&oAA=d=?�>&8 8?C&'&-
C>= �� = �� = &U�?7?�?�=? A��Bd=� d?��&C>= 7�: B
�7&X& ��. 

4�=�?�=? >��7&�'B&C>= U�&d?CC
 U&���?�=: oBCU?�>��f &d?�&B, &c?CU?�?�=? C&X�
C&-
8
��&C>= '�?�=� oBCU?�>&8 = &d?�B= �m 4� m
W U& �
_�
c&>
��&'� '?>&7� &C��?C>8�:-
�&Cb U�>�' _
'?�� &>7?�b��f &U?�
d=� oBCU?�>�&� &d?�B= �m 4� m
W A&�'
�=_&8
���'= 
8��=C�=>?�b��'= U�&d?7��
'= �
4 «�d?�B
 = 8�c&�». 	 _
7
�� oBCU?�>&8 8f&7=�& �=Tb 
&U�?7?�?�=? B&oAA=d=?�>&8 8?C&'&C>= �� = �� = A��Bd=� d?��&C>= ��.  

9�����. 
	 B
�?C>8? d?�?� A��Bd=&�=�&8
�=: 4� �
CC'&>�=' U�='?�?�=? m
W 8 C&C>
8? m
� 

7�: Cc�&C
 m
W C 8�C&> &> 0,6 7& 2-5 B' �?>&' = _='&� �
 �
U
7�&' >?
>�? 8&?���f 7?�-
C>8=� 7�: U&�
�?�=: X��UU� d?�?� >=U
 �?�?_�&7&�&���� '&C>, 8_�?>�&-U&C
7&��
: U&�&-
C
, �?�?_&c?>&��&? �B��>=?, d?f '
T=�&C>�&=>?�b�&X& _
8&7
 C ���>&' U�?&7&�?�=: o�?-
'?�>&8 �	� = 7�. ��: C�
8�=>?�b�&X& 
�
�=_
 CA&�'=��?' 7&C>
>&��& U&��&? &U=C
�=? 

�b>?��
>=8 =_ 78?�
7d
>= &c�
_d&8 (C B�
CC=A=B
d=?� U& =�A&�'
d=&���' c�&B
' 4�) 4� 
U�= U�='?�?�== m
W U& �
_?'��' d?�:': 
1)� V� – U&��
B>=8�
: �
_?��
: X=�&C>
c=�=_=�&8
��
:; 
2)� VR4 – �&X=�?CB
: '�&X&CU?B>�
�b�
:; 
3)� V^ – U&��
B>=8�
: �
_?��
: A��X?��
:; 
4)� �V-� – �
7=&�&B
d=&��
: ''-7=
U
_&�
; 
5)� �	-�4�-(��4) – >?�?8=_=&��&-B&'
�7�
: �
 &C�&8? U�=?'�=B
 =_���?�=� C _
�:7&8&� 

C8:_b�; 
6)� �	-R��-(���) – >?�?8=_=&��
: �
 c
_? o�?B>�&&U>=�?CB=f U�?&c�
_&8
>?�?�; 
7)� �	-R� – >?�?8=_=&��
:; 
8)� �	-R�(�) – >?�?8=_=&��
: C _
f8
>&' d?�= �
 >�
?B>&�== U& _
�
�?? U&7X&>&8�?��&'� 

o>
�&��; 
9)� �	-(	��) – >?�?8=_=&��
: �
 &C�&8? 8=7=B&�
; 
10)��	-R-(��4) – >?�?8=_=&��
: �
 &C�&8? U�=?'�=B
 =_���?�=� C _
�:7&8&� C8:_b�; 
11)���-(���) – >?U�&8=_=&��
: �
 &C�&8? U=�&8=7=B&�
; 
12)���-�4�-(���) – >?U�&8=_=&��&-B&'
�7�
: �
 &C�&8? U=�&8=7=B&�
. 

	 >
c�=d? 6 �
 U�='?�? �� «�
B>=�?CB=�» 7
�� C�
8�=>?�b��? &d?�B= >=U&8 4� U& �� 
7�: 7
��&X& ��, = U&7&c�&? '&�?> c�>b CA&�'=�&8
�& 7�: 8C?f ��.  

	 >
c�=d? 7 U�=8?7?�� �?_��b>
>� oBCU?�>��f C�
8�?�=� �� 8 A&�'? 8?C&8�f B&oAA=-
d=?�>&8. 
�
�=_ U�?7�C'
>�=8
?> =CC�?7&8
�=? 4� 8 �
_�=���f >
B>=�?CB=f �C�&8=:f U�=-
'?�?�=:.  

	 >
c�=d? 8 7
�� �C�&8=: T?C>= 8
�=
�>&8 
�
�=_
 C ���>&' >
B>=�?CB=f �C�&8=� U& 8�-
C&>? Cc�&C
 m
W = 8�?'?�= X&7
. 	 �
C>�&C>=, 8
�=
�> «
�
�=_-1» U& 8�C&>? Cc�&C
 0.6 B', 
8�?': X&7
 – �?>&.  

4�
8�=>?�b��� �?�>=�X =CC�?7�?'�f 78?�
7d
>= 4� m
W 7�: T?C>= 8
�=
�>&8 �C�&8=� 

�
�=_
 7
� 8 >
c�=d? 9. 	& 8C?f 8
�=
�>
f 
�
�=_
 �
=���T=� U&C�?7&8
>?�b�& �c�8
��=� 
�?�>=�X ='?�> C?7b'&�, 8&Cb'&�, 7?8:>��, T?C>&� = U?�8�� 8=7 4� m
W. ��= 88?7?�== 

�
�&X
 4� >=U
 V^ ���T=? _�
�?�=: B&oAA=d=?�>&8 �m 4� m
W 7�: U�?7?�b��f �?�='&8 
U& 8�C&>? U�='?�?�=: m
W (0,6 B' = 5,0 B') &>�&C=>?�b�& 8�c�
��&X& 
�
�&X
 7
�> C?7b-
'&� = 8&Cb'&� 8=7 4� m
W. 
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6�

��	����(�����	
'
���
��)���
���(���(�����	�(������������\�
����&����
'
�
�	��

�
c�=d
 6 – �C�&8��? &d?�&���? U&B
_
>?�= 4� m
W 7�: U�&8?7?�=: C�
8�=>?�b�&X& 
�
�=_
 (U�='?�) 

��>?X�
�b��� 
U&B
_
>?�b �7=�=���� U&B
_
>?�b 

�=U 4� 

V^ V� �	- 
	�� 

�	-
R� 

 �	-       
R�-(�) 

4�1 4�2 4�3 4�4 4�5 
�
B>=�?CB=� 4� �?
�=_�?> U�=�d=U «Cc�&C=�-_
c��» (4-�) �?> �?> �
 �
 �
 

	�?': U�=d?�=8
�=: TU�=d, C 5 5 5 5 3 
�&��&C>b 
8>&C&U�&8&�?�=: d?�= �	�
 , ' 7 5 3 3 10 
�
�b�&C>b &c�
���?�=: d?�= 7�?' D
�� �� , B'  5 6 10 15 70 
�
�b�&C>b &c�
���?�=: d?�= �&�b� D&c� � , B'  5 6 0 0 70 
�
�b�&C>b 7?�C>8=: '=�='
�b�
: &C�?U�?�=:) 
d?�= Dmin , B' 0,1 0,05 0,1 0,1 0,1 

4>?U?�b 
8>&�&'�&C>= t (H ��1)  0 0 1 1 1 
4>?U?�b 
8>&�&'�&C>= t (H �� 2)  0 0 1 1 1 
4>?U?�b 
8>&�&'�&C>= t (H �� 3)  0 0 1 1 1 
4>?U?�b �?
�=_
d== _
f8
>
 4� D& max / Dmax 0,18 0,21 0,35 0,53 1 
4>?U?�b B��X�&C�>&��&C>= � (�?>&) 1 1 0,65 0,79 0,79 
4>?U?�b B��X�&C�>&��&C>= � (_='
) 1 1 0,35 0,50 0,50 

�
c�=d
 7 – �?_��b>
>� oBCU?�>�&� &d?�B= 
 _�
�='&C>= �� 7�: C�
8�=>?�b�&X& 
 
�
�=_
 4� m
W 

�
c�=d
 8 – 4&7?��
�=? U�
�
 
�
�=_
 C?�== «
�
�=_» 

��>?X�
�b���  
U&B
_
>?�b 

	?C&8&� 
B&oAA=d=?�> 

�?f�=�?CB=� (G1) 0,180 
�?f�&�&X=�?CB=� (G2) 0,114 
�BCU��
>
d=&��&-
>?f�=�?CB=� (G3) 

0,132 

�
B>=�?CB=� (G4) 0,192 
	��=8
?'&C>b (G5) 0,132 
�
7?��&C>b (G6) 0,126 
�B&�&'=�?CB=� (G7) 0,126 

�
='?�&8
�=?
U�
�
 
�
�=_


�
B>=�?CB=? �C�&8=: 
	�C&>
 Cc�&C
 

H, B' 	�?': X&7
 

«
�
�=_-1» 0,6 �?>& 
«
�
�=_-2» 0,6 _='
 
«
�
�=_-3» 2 �?>& 
«
�
�=_-4» 2 _='
 
«
�
�=_-5» 5 �?>& 
«
�
�=_-6» 5 _='
 

	 >
c�=d? 10 7
�� �?_��b>
>� C�
8�=>?�b�&X& 
�
�=_
 4� m
W U& U�
�� «
�
�=_-1» 8 
�?�='? «�?�>=�X» U& B
�7&'� ��, =_ B&>&�&� C�?7�?> U�?='��?C>8& C?7b'&� = 8&Cb'&� 4� 
m
W =_ =Cf&7�&X& U?�?��:. �>&c�
�?�=? B
�7&X& C>&�cd
 >
c�=d� 10 8 8=7? 7=
X�
'' 
U�?7C>
8�?�& �
 �=C��B
f 8-9 = �
 �=C��B? 10). 

	 >
c�=d? 11 U�?7C>
8�?�� �?_��b>
>� �
C��>
 8?�&:>�&C>= U&�
�?�=: d?�= U�= 8�-
c�
���f 4� = =f �?�>=�X U& U&���?���' _�
�?�=:' 8?�&:>�&C>= U&�
�?�=:. 

	 >
c�=d? 12 U�?7C>
8�?� �?_��b>
> C�
8�=>?�b�&X& 
�
�=_
 7
���f 4� m
W (U�= 8
�=-

�>? �C�&8=� «
�
�=_-3») 7�: �� «�
B>=�?CB=�», 
 8 >
c�=d? 13 – U& C&8&B�U�&C>= ��. 

4&U&C>
8=>?�b��� 
�
�=_ �?�>=�X&8 =CC�?7�?'�f 4� m
W, U&���?���� �
_��'= '?>&-
7
'= U&B
_�8
?> c�=_&C>b �?_��b>
>&8 (�=C��&B 11).  

��?7C>
8�?�=? �?_��b>
>&8 =CC�?7&8
�=� 8 A&�'? �?U?C>B&8�f (8?B>&���f) 7=
X�
'' 
(�=C��&B 12) U&_8&�:?> X�
A=�?CB= C�
8�=8
>b U&���?���? �?_��b>
>� U& 8&Cb'= =�>?-
X�
�b��' U&B
_
>?�:'. 

�& �?_��b>
>
' C�
8�?�=: '&��& 8�7?�=>b �?>��? X��UU� 
�
�=_=��?'�f 4� m
W. 
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�727�*
�
�
�8�*7*7���������8�Q7Q7�Q����
�

�
c�=d
 9 – �?_��b>
>� C�
8�=>?�b�&X& 
�
�=_
 4� m
W U& U�
�� «
�
�=_» 
 7�: �
_�=���f >
B>=�?CB=f �C�&8=� c&?8&X& U�='?�?�=: 

�=U =CC�?7�?'�f 4� m
W
(4� m
W U�=8?7?�� 8 

U&�:7B? U&���?��&X& �?�-
>=�X
 4� U& U�
�� 
�
�=-

_
 «
�
�=_-1») 

�?�>=�X =CC�?7�?'�f 4� m
W 
	�C&>
 Cc�&C
 � = 0,6 B' 	�C&>
 Cc�&C
 � = 2 B' 	�C&>
 Cc�&C
 � = 5 B'

V?>& �='
 V?>& �='
 V?>& �='
 
«
�
�=_-1» «
�
�=_-2» «
�
�=_-3» «
�
�=_-4» «
�
�=_-5» «
�
�=_-6»

�	-R� 687 681 685 678 684 677 
�	-R�-(�) 653 647 653 647 653 647 
�	-	�� 650 643 648 640 646 639 
�	-R��-(���) 642 639 639 636 638 635 
V� 631 629 629 626 628 625 
VR4 625 625 625 625 625 625 
�	-R-(��4) 624 618 622 615 621 614 
��-(���) 610 608 608 605 607 604 
�V-� 535 535 535 535 535 535 
V^ 535 532 532 529 531 528 
�	-�4�-(��4) 527 522 529 524 531 525 
��-�4�-(���) 461 459 463 461 465 463 

�
c�=d
 10 – �?_��b>
>� C�
8�=>?�b�&X& 
�
�=_
 4� m
W U& U�
�� 
�
�=_
 «
�
�=_-1» 8 �?�='? «�?�>=�X» 

 
�=U 

=CC�?7�?-
'�f 

4� m
W 

��>?X�
�b��� U&B
_
>?�b 

�c�=� 
�?_��b-

>
> 

�
B>=�?-
CB=� 

�?f�=�?-
CB=� 

	��=8
?-
'&C>b 

�BCU��
>
d=-
&��&-

>?f�=�?CB=� 

�B&�&'=�?-
CB=� 

�
7?�-
�&C>b 

�?f�&-
�&-

X=�?-
CB=� 

�
�X 1 W
�� 1 W
�� 1 W
�� 1 W
�� 1 W
�� 1 W
�� 1 W
�� 1 
�	-R� 687 646 761 536 666 735 799 649 
�	-R�-
(�) 

653 756 709 536 666 580 799 420 

�	-	��) 649 492 712 536 438 796 799 856 
�	-R��-
(���) 

642 653 662 536 666 714 799 420 

V� 631 602 831 0 666 827 899 534 
VR4 625 680 451 463 528 651 799 879 
�	-R-
(��4) 

624 500 712 536 438 768 799 649 

��-(���) 610 519 593 536 528 703 799 649 
�V–� 535 467 578 0 528 660 699 879 
V^ 534 531 657 0 178 817 899 649 
�	-�4�-
(��4) 

527 624 378 0 528 547 799 879 

��-�4�-
(���) 

461 586 378 0 528 490 799 420 

��='?�
�=:: 1) >=U� 4� m
W U�=8?7?�� 8 U&�:7B? U&���?��&X& �?�>=�X
 4� U& U�
�� 
�
�=_
 «
�
�=_-1». 
 2) c
�� 1 &_�
�
?> &d?�B� U& '?>&7� U�&C>&X& 8_8?T=8
�=:. 
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��)���
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�
�	��

�=C��&B 8 – �?_��b>
>� C�
8�=>?�b�&X& 
�
�=_
 4� 
m
W U& U�
�� 
�
�=_
 «
�
�=_-1» 8 �?�='? «�?�>=�X».

�c�=? �?_��b>
>� 

�=C��&B 9 – �?_��b>
>� C�
8�=>?�b�&X& 
�
�=_
 4� 
m
W U& U�
�� 
�
�=_
 «
�
�=_-1» 8 �?�='? «�?�-

>=�X». �&B
_
>?�b «�
B>=�?CB=�» 

 

 
�=C��&B 10 – �B�
� �
4 «�d?�B
 = 8�c&�» U�= =CU&�b_&8
�== '?>&7
 8_8?T?��&X& C�''=�&8
�=:  

U�>?' C�
8�=>?�b�&X& 
�
�=_
 4� m
W 

�
c�=d
 11 - 	?�&:>�&C>b U&�
�?�=: d?�= (>=U
 �/7 '&C>) �Ud 7�: m
W U�= U�='?�?�== 8 C&C>
8? 
 C
'&�?>
-�&C=>?�: �
 8�C&>
f 2-5 B' = CB&�&C>= 250-300 '/C 

�=U m
W P�
 �>�&C=>?�b�&? _�
�?�=? R?C>& 
�	-R�-(�) 0,48 1,0 1 
��-(���) 0,46 0,96 2 
�	-R� 0,42 0,88 3 
�V-� 0,27 0,56 4 
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�727�*
�
�
�8�*7*7���������8�Q7Q7�Q����
�

�
c�=d
 12 - �?_��b>
>� C�
8�=>?�b�&X& 
�
�=_
 4� m
W U& U�
�� 
�
�=_
 «
�
�=_-3R». �� «�
B>=�?CB=�» 

�=U 4�  �?�>=�X �>�&C=>?�b�&? _�
�?�=? R?C>& 
�	-(�) 714 1,0 1 
��-(���) 621 0,87 2 
�	-R� 558 0,78 3 
�V-� 481 0,67 4 

 

�
c�=d
 13 - �?_��b>
>� C�
8�=>?�b�&X& 
�
�=_
 4� m
W U& U�
�� 
�
�=_
 «
�
�=_-3R». 
 �>&X&8�? �?_��b>
>� 

�=U 4�  �?�>=�X �>�&C=>?�b�&? _�
�?�=? R?C>& 
�	-R�-(�) 658 1,0 1 
��-(���) 617 0,94 3 
�	-R� 657 0,998 1–2 
�V-� 438 0,665 4 

0

01�

01'

012

013

�

�1�

�4,56,789 �.,7.:;9 �4,56 :<,=

>�
����-��
��	�������?@>

�
#�	�
��	��%���
��

 
�=C��&B 11 – 4&U&C>
8=>?�b�
: 7=
X�
''
 �?�>=�X&8 =CC�?7�?'�f &c�
_d&8 4� m
W, 

U&���?���f U�>?' &d?�B= �m = oAA?B>=8�&C>= c&?8&X& U�='?�?�=: m
W 

 
�=C��&B 12 – 	?B>&��
: 7=
X�
''
 C�
8�?�=: U& &d?�&���' U&B
_
>?�:' �
_�=���f >=U&8 4� m
W 
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	 U?�8�� U�=&�=>?>��� X��UU�, ='?���� 8�CT=� �?�>=�X, 8f&7:> �	-R�, �	-R�(�), 
�	-(	��), �	-R��-(���), V�, VR4, �	-(��4), U�=��' U?�8&? '?C>& � �	-R�, U&C�?7�?? 
� �	-(��4).  

	>&��� X��UU� 4� m
W C&C>
8�:?> ��-(���).  
��?>b� X��UU� – �V-�, V^, �	-�4�-(��4), ��-�4�-(���).  
�&C�?7�:: X��UU
 '?�?? &>�
c&>
�
, ='??> c&�bT=? >?f�=�?CB=? �=CB=, c&�bT=? '
C-

C&X
c
�=>��? f
�
B>?�=C>=B= = 8�C&B�� C>&='&C>b.  
�
B=' &c�
_&', �
_�
c&>
���� '?>&7 U&_8&�:?> �
_c=>b 4� m
W �
 X��UU� U& _�
�='&-

C>= = 8�:8=>b �
=c&�?? U?�CU?B>=8��? 8
�=
�>�. 

1�'�@����� 
��?7C>
8�?���� '?>&7 C�
8�=>?�b�&X& 
�
�=_
 = 8�c&�
 4�4 =_ �
c&�
 
�b>?��
>=8 U& 

=?�
�f=�?CB&� C=C>?'? =�>?X�
�b��f = ?7=�=���f U&B
_
>?�?� �m ='??> ��=8?�C
�b��� 
f
�
B>?� = U�='?�=' 7�: �
_�=���f U�?7'?>��f &c�
C>?� &c&�&��&X& = X�
�7
�CB&X& 
�
_�
�?�=:. R?>&7 U&_8&�:?> 8�:8=>b �
=c&�?? U�?7U&�>=>?�b��? 8
�=
�>� 
�
�=_=��?'�f 
4�4 �
 �
��=f C>
7=:f U�&?B>=�&8
�=: C ���>&' o>
U&8 �=_�?��&X& d=B�
.  
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Abstract�
In article the approach to an estimation of a technological level of modern complex technical systems with use of math-
ematical methods of the theory of decision-making and modern information technology taking into account all life cycle 
on an example of systems of prompting of operated aviation bombs is stated. Classification of problems of the theory of 
decision-making and methods of expert estimations of a technological level of systems of prompting is resulted. The 
basic stages of the decision of a problem of the comparative analysis of systems of prompting of operated aviation 
bombs for the chosen method multicriteria evaluation are shown. The organization of carrying out of an expert estima-
tion of a technological level of complex technical systems by means of the developed information-analytical system is 
described. The structure and the maintenance of the estimated indicators, including set of the integrated and individual 
indicators possessing completeness of technical characteristics of investigated systems is offered. The presented method 
of the comparative analysis and choice on hierarchical system of integrated and individual indicators has universal 
character and is applicable for various subject domains of defensive and civil appointment. The method allows to reveal 
the most preferable variants of analyzed systems at early design stages taking into account all stages of life cycle. 

[Z\�]LQ^_: complex technical systems, imaging system, controlled bombs, technical level, criteria, rating. 

J`bWb`LO<�Voronov �2, Scherbinin VV, Semenov SS. To the assessment of technical level complex technical systems 
taking into account the whole life cycle [In Russian]. Ontology of designing. 2016; v.6, 2(20): 173-192. - DOI: 
10.18287/2223-9537-2016-6-2-173-192. 
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