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	 C>
>_? �
CC'
>�=8
�>C: '?f
�=^'� p8&��`=&���f U�&`?CC&8, C&C>
8�:��=? B&�C>��B>=8�&-
&�=?�>=�&8
���� B&�`?U`=� C��?C>8&8
�=: = �
^8=>=: �=8&X& = �?�=8&X& '=�
 – B&�`?U`=� 
'�&X&
�_>?��
>=8�&C>=. 	 �
'B
f p>&� B&�`?U`== &dC��7
�>C: 8^
='&C8:^
���? = 8^
='&7&U&�-
�:��=? 7��X 7��X
 p8&��`=&���? U�=�`=U� '�&X&&d�
^=:, 7=CB�?>�&C>= = =?�
�f== U�&`?CC&8 = 
C>��B>��. �&B
^
�&, �>& 8&^'&��&C>_ p8&��`== &U�?7?�:?>C:, U�?�7? 8C?X&, X?>?�&X?��&C>_� 
A&�' C��?C>8&8
�=: '
>?�==, U&�&�7
��?� '�&X&&d�
^=? =f �&8�f C8&�C>8. �>'?�?�&, �>& �B
-
^
��&? '�&X&&d�
^=? �?&df&7='& &d?CU?�=8
?>C: 7=CB�?>�&C>_� p�?'?�>&8 A=^=�?CB=f = d=&�&-
X=�?CB=f C=C>?', &d�
^���?� B&'d=�
>&��&? '�&�?C>8& C=C>?'��f B&�A=X��
`=� = =f C&C>&:-
�=�. �
CB��8
?>C: 8^
='&C8:^_ =?�
�f== U�&`?CC&8 = C>��B>�� C& C8&�C>8
'= =f �C>&��=8&C>= = 
X&'?&C>
^=C&'. ��=8?7?�� U�='?�� =CU&�_^&8
�=: =^�&�?���f U�=�`=U&8 '�&X&
�_>?��
>=8�&-
C>= 8 U�&?B>=�&8
�== 8�C&B&�
7����f C=C>?' p�?B>�&C�
d�?�=: B&C'=�?CB=f C>
�`=� = U&C>�&-
?�== p8&��`=&���f 
�X&�=>'&8 C=C>?' U�=�:>=: �?T?�=�.�

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

&���
������j�>
�#�� �!�, �.�. �&�`?U`=: '�&X&
�_>?��
>=8�&C>= 8 �=8�f = �?�=8�f C>��B-
>��
f / 4.V. �&78
�_���, �.R. 	
C=�_?8 // ��>&�&X=: U�&?B>=�&8
�=:. – 2016. – �. 6, %3(21). – 
4. 355-367. – DOI: 10.18287/2223-9537-2016-6-3-355-367. 

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

8
?'�? 8 �
���&� B
�>=�? '=�
 B
B 8^
='��? U�&>=8&U&�&��&C>=, �>�
>=�= C8&� 
�>
X&-
�=^' C U&:8�?�=?' >?&�== &>B��>�f 7=CC=U
>=8��f C=C>?' [1, 2]. 	'?C>? C >?', 7&B
^
��
: 
�?U�&>=8&�?�=8&C>_ �B
^
���f U�&`?CC&8 &C>
8�:?> 8 C>&�&�? 8&U�&C & Cf&7C>8? p>=f p8&-
��`=�, '?f
�=^'� U�&>?B
�== B&>&��f 8 �=8&� = �?�=8&� U�=�&7? C��?C>8?��& �
^�=�
-
�>C: [3]. ��>&�&X=�?CB&? ^�
�?�=? p>&X& 8&U�&C
 [4-7] 7&U&��:?>C: 
B>�
�_��'= U&>�?d�&-
C>:'= >?&�?>=�?CB=f = U�=B�
7��f =CC�?7&8
�=� 8 &d�
C>= U�&?B>=�&8
�=: C>��B>���& 
C�&���f &>B��>�f C=C>?' �
^�=��&X& �
^�
�?�=: [8-10] = =�>?��?B>�
�_��f C=C>?' U�=�:-
>=: �?T?�=� [11-13], ���7
��=fC: 8 U�
B>=�?CB=f �?B&'?�7
`=:f U& �U�
8�?�=� >
B='= 
C=C>?'
'= = &`?�B? =f 8&^'&��&C>?�. 

�
B&�&'?��&C>= p8&��`=&���f U�&`?CC&8, :8�:��=?C: &d�='= 7�: �=8�f = �?�=8�f 
C>��B>��, 8�^�8
�> =�>?�?C � T=�&B&X& B��X
 =CC�?7&8
>?�?�, �
d&>
��=f 8 &d�
C>= d=&-
B=d?��?>=B= = ?� U�=�&�?�=�. 

	 �
d&>? [14] �
CC'
>�=8
?>C: >?&�=: p8&��`=&��&X& �C�&��?�=: d=&�&X=�?CB=f C=C>?' 
�
 &C�&8? =?�
�f=�?CB= U&C�?7&8
>?�_��f '?>
C=C>?'��f U?�?f&7&8: C��?C>8���=? d=&�&-
X=�?CB= �C>&��=8�? U&7C=C>?'� &d­?7=�:�>C: &d�=' '?f
�=^'&' �U�
8�?�=:, 8C�?7C>8=? 
�?X& A&�'=��?>C: C=C>?'
 �&8&X& =?�
�f=�?CB&X& ��&8�:, B&>&�
:, 8 C8&� &�?�?7_, :8�:?>C: 
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U&7C=C>?'&� d&�?? 8�C&B&X& ��&8�: �U�
8�?�=:. 	 [15, 16] 8 B
�?C>8? &7�&X& =^ &d�=f '?-
f
�=^'&8 p8&��`== '
>?�== &U=C�8
?>C: d�&���� U�=�`=U A&�'=�&8
�=: �&8�f C>��B>�� 
=^ ��? «&U�&d&8
���f», >.?. �=^�?CU&C&d��f (�C>&��=8�f) d�&B&8 �
 &C�&8? '
>�=��&� �?-
U�=B
`== – CU&C&d�&C>= B C
'&=�C>��B>=����?'� �C�&��?�=�. 4 >&�B= ^�?�=: p8&��`== 
>
B
: CU&C&d�&C>_ &B
^�8
?>C: d&�?? `?��&� 7�: C
'&&�X
�=^
`== C=C>?'�, �?�?�= C>?U?�_ 
U�=CU&C&d�?��&C>= B >?B��=' �C�&8=:' C�?7�. �CC�?7�: 8&^'&��&C>_ C
'&&�X
�=^
`== =C-
B�CC>8?���f C=C>?' o�. A&� �?�'
� [17] �C>
�&8=� C��?C>8&8
�=? �?B&>&�&X& B�=>=�?CB&-
X& ��&8�: C�&��&C>= C
'&8&CU�&=^8&7:�?X&C: 
8>&'
>
, �=�? B&>&�&X& 8&CU�&=^8&7:>C: 
8-
>&'
>� C d&�?? �=^B&� = 7
�? 8��&�7
��?�C: C�&��&C>_�, 
 8�T? p>&X& ��&8�:, �
^8
��&-
X& 8U&C�?7C>8== >&�B&� �?8&^8�
>
, C�&��&C>_ 
8>&'
>
, B
B =�A&�'
`=&��&� C=C>?'�, '&-
�?> 8&^�
C>
>_. ��=>?�=?' �B
^
��&� C�&��&C>= 7�: B�?>&��&X& 
8>&'
>
 :8�:?>C: B&'d=�
-
>&��&? '�&X&&d�
^=?, &U�?7?�:?'&? �=C�&' B�?>&B = B&�=�?C>8&' C&C>&:�=� B
�7&� =^ �=f. 
�
C>��? C���
= >
B&� C
'&&�X
�=^
`== &d�
���=8
�> 
8>&'
>� Vp�X>&�
 [18] = �&77
 [19], 
C
'&8&CU�&=^8?7?�=? =�= �U&�:7&�?��&? 78=�?�=? B&>&��f 8&^�=B
?>, �
�=�
: >&�_B& C �?-
B&>&�&X& ��&8�: =f C�&��&C>=. 

�
d&>� [20, 21] �B
^�8
�> �
 >?C��� 8^
='&C8:^_ A=^=�?CB&� �?&7�&�&7�&C>= C�&���f 
C=C>?' C =�A&�'
`=&���' U�=�`=U&' �?&df&7='&X& �
^�&&d�
^=: m. �Td=, U�=8&7:�?�, 8 
B&�?��&' C��>?, B C��?C>8&8
�=� � C=C>?' �?B&>&�&� B&�?��&� =�A&�'
`=&��&� C�&��&-
C>=, 7&C>
>&��&� 7�: =f �C>&��=8&X& p8&��`=&��&X& �
^8=>=: =, B�&'? >&X&, &d�C�&8�=8
-
��?� pAA?B>=8��� U&^�
8
?'&C>_ >
B=f C=C>?'. ���'= C�&8
'=, =7?? «�?�U�&�
?'&� 
C�&��&C>=» C=C>?' [22] U�&>=8&U&C>
8�:?>C: U�=�`=U=
�_�& =�
: &�>&�&X=�?CB
: U�?7U&-
C��B
 «�?�C�&��:?'&� U�&C>&>�» ^
B&�&8 U&C>�&?�=: = A��B`=&�=�&8
�=: CB&�_ �X&7�& 
C�&��&� C=C>?'�. 

mB
^
��
: U�?7U&C��B
 p8&��`== �
^8=8
?>C: 8 �
d&>
f [23-27] �
 &C�&8? �
���&X& 
�
U�
8�?�=: «�d�
: A&�'
�_�
: >?f�&�&X=:» (�a�), U&^8&�:��?X& U&-�&8&'� 8^X�:��>_ 
�
 8
��&C>_ B&�`?U`== C�&��&C>= C=C>?' 8 U�&`?CC
f p8&��`== [24]. 	 �
C>�&C>=, 8 
[24, 25], &>'?�
?>C:, �>& A��B`=&�
�_�&C>_ �?B&>&�&� C�&��&� B&�C>��B`== «�
C>�> C �&-
C>&' �=C�
 A��B`=&�
�_��f &d­?B>&8 8 B&�C>��B`== = �?=^d?��& 7&C>=X
?> >
B&X& ^�
�?-
�=:, �>& &B
^�8
?>C: 7&C>
>&��&� 7�: �?
�=^
`== A��B`=&�
�_�&� C�&��&C>= U�&`?CC
 C&d-
C>8?��&X& 8&CU�&=^8?7?�=:». ��= 8�U&��?�== �:7
 �C�&8=� >
B
: A��B`=&�
�_�&C>_ C>
�&-
8=>C: =^d�>&��&� = 8&^�=B
?> «8&^'&��&C>_ U&���?�=: d?CB&�?��&X& �=C�
 �&8�f B&�-
C>��B`=�» [25], >.?. 8&^'&��&C>_ U�&>?B
�=: p8&��`=&��&X& U�&`?CC
. �
 &C�&8? �a� 8 
�
C>&:�?? 8�?': U&���?�� 8
���? U�
B>=�?CB=? �?^��_>
>� U�= U&C>�&?�== 8�C&B&�
7��-
��f X?>?�&X?���f p�?B>�&���f Cf?' [26, 27]. 

��?7�
X
?'
: �
d&>
 �?�=> 8 ��C�? �B
^
���f =CC�?7&8
�=� &d�=f ^
B&�&'?��&C>?� 
p8&��`=&���f U�&`?CC&8. 	 B
�?C>8? B&�C>��B>=8�&� U
�
7=X'�, &d­?7=�:��?� p8&��`=� 
�=8&X& = �?�=8&X& = &>8?�
��?� &>'?�?���' 8�T? �?&df&7='�' �C�&8=:' ?� U�&>?B
�=:, 
�
CC'
>�=8
?>C: B&�`?U`=: '�&X&
�_>?��
>=8�&C>=, &C�&8
��
: �
 U�=�`=U
f '�&X&&d�
-
^=:, 7=CB�?>�&C>= = =?�
�f== U�&`?CC&8 = C>��B>�� [28-31]. 

1 +
��!�7 ������>
�9�4 
R�&X&&d�
^=? �?�=8�f A&�' C>�&?�=: '
>?�==, �
�=�
: C ��&8�: p�?'?�>
���f �
C>=`, 

&d�C�&8�=8
?> p8&��`=&����, �
8=�&&d�
^��� �&C> �=C�
 &�X
�=^&8
���f C>��B>��, &d�
-
7
��=f �&8�'= A=^=�?CB='= = f='=�?CB='= C8&�C>8
'=, 
 ^�
�=>, = CU&C&d�&C>_� B 
�C>&��=8&'� C��?C>8&8
�=� 8 �
^��f �C�&8=:f. �&CB&�_B� C&8&B�U�&C>_ &7�&�&7��f p�?-
'?�>&8 �? U&�&�7
?> �&8�f C8&�C>8, >& 8&^'&��&C>_ p8&��`== U�?7&U�?7?�:?>C: �
�=�=?' 
>&�_B& �
^�&>=U�&X& «=Cf&7�&X& '
>?�=
�
». 
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	 B
�?C>8? U�='?�
 U�
B>=�?CB&� �?
�=^
`== U�=�`=U
 '�&X&&d�
^=: '&��& U�=8?C>= 
C&^7
�=? 8�C&B&pAA?B>=8��f U�?&d�
^&8
>?�?� C&��?��&� p�?�X== �
 &C�&8? 
�C?�=7-
X
��=?8&� X?>?�&X?��&� C>��B>��� AlGaAs-GaAs, 8 �?CB&�_B& �
^ U�?8&Cf&7:�?� U& C8&=' 
p�?�X?>=�?CB=' U&B
^
>?�:' '&�&C>��B>��� �
 B�?'�=?8&� &C�&8? [32]. 4&^7
�=? '�&X&-
C�&���f A&>&p�?'?�>&8 =^ �
^��f CU�
8&8 X
��=: C =�7=?', A&CA&�&', 
^&>&' U&^8&�:?> 
U�?&d�
^&8�8
>_ 8 p�?B>�=�?CB�� p�?�X=� �
^��? 7=
U
^&�� CU?B>�
 C8?>&8&X& =^���?�=:, 
>.?. �
=d&�?? U&��& =CU&�_^&8
>_ ?X& p�?�X=�. 

4�?7�?> ^
'?>=>_, �>& =^8?C>��� 8 �
C>&:�?? 8�?': �
=d&�?? C&8?�T?���� d=&�&X=�?-
CB=� '?f
�=^' f�&�&A=�_�&X& A&>&C=�>?^
 >
B�? :8�:?>C: X?>?�&X?��&� C>��B>��&�, C&7?�-
�
�?� 78? A&>&C=C>?'� C 8^
='&7&U&��:��='= A��B`=:'= [33]. 

4��?C>8?��&, �>& &>'?�?��&? 8�T? C&C>&:�=? �C>&��=8&C>= U�&`?CC
 �? &^�
�
?> ?X& 
�
8�&8?C�&C>=. �
 �=C��B? 1 U&B
^
� X�&d
�_�& �C>&��=8��, �& �?�
8�&8?C��� U�&`?CC, 
U�&=Cf&7:�=� 8 �?�=�?��&� C=C>?'? 8>&�&X& U&�:7B
 C 8�?T�=' X
�'&�=�?CB=' 8&^7?�-
C>8=?' [34]. 

�
&>=�?CB=? A
^&8�? >�
?B>&�== �
 �=C��B? 1
 �?C�> 8 C?d? CB��>�� �U&�:7&�?���� 
A�
B>
�_��� C>��B>��� 78=�?�=:, U�&:8�:����C: 8 &>&d�
�?�=:f ��
�B
�? (�=C��&B 1d). 

 

�=C��&B 1 – ����C>�
`=: �C>&��=8&X& �?�
8�&8?C�&X& U�&`?CC
 

�
B=' &d�
^&', '�&�?C>8& �C>&��=8�f A=^=�?CB=f C>��B>�� 8B���
?> 8 C?d: &dT=���� 
B�
CC �?�
8�&8?C��f, f
&>=�?CB=f U�&`?CC&8, &d�
7
��=f ��8C>8=>?�_�&C>_� B '
��' =^-
'?�?�=:' �
�
�_��f �C�&8=� 78=�?�=: = 8�>?B
��?� =^ p>&X& 8�C&B&� U&�&�7
��?� CU&-
C&d�&C>_� p8&��`=&��&X& '�&X&&d�
^=:. 

R�&X&&d�
^=? 8 d=&�&X=�?CB=f C=C>?'
f :8�:?>C: 7&C>
>&��& &�?8=7��' C8&�C>8&' �=-
8&� U�=�&7�, ^�
�?�=? B&>&�&X& ^
B�?U�?�& B&�8?�`=?� ��� [35]. �8&��`=&��
: �?&df&-
7='&C>_ p>&X& '�&X&&d�
^=: ^
B���
?>C: �? >&�_B& 8 &d?CU?�?�== �?U�?��8�&C>= >�&A=�?-
CB=f (U=�?8�f) C8:^?� 8 d=&C=C>?'? U�= 8&^�=B�&8?�== �C�&8=�, �?d�
X&U�=:>��f 7�: C�-
�?C>8&8
�=: >&� =�= =�&� ?� �
C>= (8=7&8&� ��&8?�_), �& = 8 U&C>
8B? X?�?>=�?CB&X& '
>?-
�=
�
 7�: '?f
�=^'
 ?C>?C>8?��&X& &>d&�
, >.?. �?�=> 8 &C�&8? p8&��`== �=8&X& '=�
 (X?�?-
>=�?CB=� ��&8?�_) [36]. �
 ��&8�? &>7?�_��f &�X
�=^'&8 '�&X&&d�
^=? U�=CU&C&d=>?�_��f 
'?f
�=^'&8 T=�&B& U�&:8�:?>C: 8 A&�'? CU?`=
�=^
`== = �
^7?�?�=: �? >&�_B& A=^=&�&X=-
�?CB= �
^�=���f, �& = &7=�
B&8�f A��B`=� &�X
�=^'
, �?
�=^�?'�f 8 �
^��f �C�&8=:f. 	 
B
�?C>8? U�='?�
 '&��& U�=8?C>= �?^��_>
> p8&��`== ^�?�=: �=8&>��f, 8 �
C>�&C>=, U�=-
'
>&8, U�=8?7T=� B A&�'=�&8
�=� `8?>&8&CU�=='�=8�f, �& C �=^B&� C8?>&��8C>8=>?�_�&-
C>_� ^�=>?�_��f �?`?U>&�&8 – B&�d&�?B, A��B`=&�=����=f 8 C8?>�&? 8�?': C�>&B, = 8�C&-
B&��8C>8=>?�_��f �?`?U>&�&8 – U
�&�?B, �? 8&CU�=�='
��=f `8?> = A��B`=&�=����=f 
U�= '
��f ��&8�:f :�B&C>= (�=C��&B 2). 


) d)
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�=C��&B 2 – �
^7?�?�=? A��B`=� 7�?8�&X& = C�'?�?��&X& ^�?�=: 

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

 

�=C��&B 3 – ��='?�� CU?`=
�=^
`== A��B`=� C>8&�&8�f B�?>&B 

�
B=' &d�
^&', =C>&��=B&' p8&��`== �=8&� = �?�=8&� '
>?�== :8�:?>C: '�&X&&d�
^=? 
?� A&�', U&�&�7
��?? B
�?C>8?��& �&8�? C>��B>���. 	 >&' C���
?, ?C�= �B
^
��&? '�&X&-
&d�
^=? &d?CU?�=8
?>C: 8 �
'B
f &7�&� A=^=�?CB&� =�= d=&�&X=�?CB&� C=C>?'�, >& >
B
: 
C=C>?'
 U�=&d�?>
?> p8&��`=&���? U�?='��?C>8
: �C>&��=8&C>_ C��?C>8&8
�=: = pAA?B-
>=8�&? =CU&�_^&8
�=? p�?�X== 8�?T�?� C�?7� = 8��>�?��=f �?C��C&8. 
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2 +
��!�7 ��
�
;�� 6�
����
 
�?�
�f=: p>
U&8 p8&��`== �?�=8�f C>��B>�� &U�?7?�:?>C: 7=
�?B>=�?CB=' ^
B&�&' U?-

�?f&7
 B&�=�?C>8?���f =^'?�?�=� 8 B
�?C>8?���? = C&C>&=> 8 U&C�?7&8
>?�_�&' B&�=�?-
C>8?��&' �C�&��?�== C8&=f A&�': p�?'?�>
���? �
C>=`� – 
>&'� – f='=�?CB=? p�?'?�>�  – 
>?�
 – ^8�^7��? C=C>?'� – X
�
B>=B=, 
 >
B�? 8=7&8 =f 8^
='&7?�C>8=:, C&U�&8&�7
?'&' 
CB
�B&&d�
^��'= B
�?C>8?���'= =^'?�?�=:'= 8 =f C8&�C>8
f. 

4�?7�?> &>'?>=>_, �>& &>�=�=: 8 C8&�C>8
f �
^�=���f ��&8�?� =?�
�f== A=^=�?CB=f 
A&�' '
>?�== 8&^�=B
?> �? >&�_B& 8C�?7C>8=? �
^�=��&X& C&C>
8
 =f p�?'?�>&8, �& = 8 �?-
^��_>
>? =^'?�?�=: CU&C&d&8 =f &�X
�=^
`==: B
�7�� ��&8?�_ &�X
�=^
`== �?�=8�f A&�' 
8&^�=B
?> 8 C=�� B
�?C>8?��& 7��X=f &>�&T?�=� =f C&C>
8�:��=f (�
=d&�?? :�B=� U�='?� – 
U?�=&7=�?CB=� ^
B&� f='=�?CB=f p�?'?�>&8 o.�. R?�7?�??8
). 

�^8?C>�
: =?�
�f=: �=8�f C>��B>��: ��B�?&>=7 – X?� – B�?>B
 – &�X
�=^' – U&U��:`=: – 
pB&C=C>?'
 – d=&CA?�
, - &�?8=7�& �B
^�8
?> �
 &d��&C>_ �
CC'
>�=8
?'&X& p8&��`=&��&X& 
U�=�`=U
 [37]. �
 B
�7&' ��&8�? C>��B>��� d=&�&X=�?CB
: C=C>?'
 =CU&�_^�?> �
^��? CU&-
C&d� C&f�
�?�=: C8&?X& �C>&��=8&X& C��?C>8&8
�=:: 
�� �
 �=^T=f ��&8�:f – d?�B&8�� = ��B�?&>=7��� U&�='&�A=^' (8^
='&^
'?�:?'&C>_ 

A��B`=� �
^�=���f d?�B&8 = ��B�?&>=7&8); 
�� �
 ��&8�? &�X
�=^'&8 – X&'?&C>
^=C, &d�
^���=� '�&X&��&8�?8�� C=C>?'� ^
�=>�, 8 

B&>&�&� U?�?f&7 B d&�?? 8�C&B=' ?� ��&8�:' ^
>�
X=8
?> 8C� d&�_T?? �=C�& A=^=&�&X=-
�?CB=f U&7C=C>?' &�X
�=^'
. �
 �=C��B? 4 7
�
 Cf?'
>=�?CB
: =���C>�
`=: A��B`=&�=-
�&8
�=: >
B&� C=C>?'�, U&77?��=8
��?� A=^=&�&X=�?CB= �&�'
�_��� ��&8?�_ C
f
�
 8 
B�&8= �?�&8?B
; 

�� �
 ��&8�? pB&C=C>?' – �
^�&&d�
^=? 8=7&8, �&7&8 C?'?�C>8 = >.7. 

 

�=C��&B 4 – ��='?� '�&X&��&8�?8&X& �?X��=�&8
�=: C&7?��
�=: C
f
�
 8 B�&8= �?�&8?B
 
(�&�'
�_�&? C&7?��
�=? 0,8—1,2 X/�) 

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

R�&X&��&8�?8&C>_ '
>?�=
�_��f C=C>?', &d?CU?�=8
: �C>&��=8&C>_ U�&`?CC&8 (8 >&' 
�=C�? �?�
8�&8?C��f) 8 �?�=8�f C>��B>��
f, >
B �?, B
B = X&'?&C>
^=C 8 �=8�f &�X
�=^'
f, 
:8�:?>C: �? >&�_B& �?^��_>
>&' p8&��`==, �& = C&^7
�> �C�&8=: 7�: �
B
U�=8
�=: = �?
�=^
-
`== 8 p>=f C=C>?'
f p8&��`=&���f =^'?�?�=� �
 B
�7&' ��&8�?. 
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3 +
��!�7 ��6�
����6�� 
o&C>=�?�=: B8
�>&8&� >?&�== &U�?7?�=�= 7=CB�?>�&C>_ p�?�X?>=�?CB=f U
�
'?>�&8 

p�?'?�>
���f �
C>=` �?�=8&� '
>?�== = =f 8^
='��f C&C>&:�=� – C=C>?'��f B&�A=X��
-
`=�, =�= C>��B>�� [38]. 	 B
�?C>8? =���C>�
`== >
B&� 7=CB�?>�&C>= �
 '
B�&CB&U=�?CB&' 
��&8�? �
 �=C��B? 5 U&B
^
�� 78
 C&C>&:�=: U���&��&� C>��B>���, &U&���? �^�� B&>&�&� 
^
7
��, 
 7&U&��=>?�_��? �^�� &d�
^��>C: 8 ^
8=C='&C>= &> �
�
�_��f �C�&8=� &d�
^&8
-
�=: U���B= [39]. 

�d? C>��B>��� 
) = d) �
 �=C��B? 5 :8�:�>C: p�?�X?>=�?CB= �&B
�_�& �C>&��=8�'=. 	 
�
CC'
>�=8
?'&� C=C>?'? C��?C>8�?> �?CB&�_B& 8U&��? &U�?7?�����f �C>&��=8�f C&C>&:-
�=�, >.?. =f '�&�?C>8& 7=CB�?>�&. ��?8=7�&, �>& ?C�= B
�7&? >
B&? �C>&��=8&? C&C>&:�=? 
&f
�
B>?�=^&8
>_ �?B&>&��' U&B
^
>?�?' – B�=>?�=?' B
�?C>8
, >& 8 A&�'
�_�&' U�
�? �
 
�B
^
��&' '�&�?C>8? C&C>&:�=� '&�?> d�>_ U&C>
8�?�
 ^
7
�
 U&=CB
 X�&d
�_�&X& pBC>�?-
'�'
. 

     

�=C��&B 5 – o=CB�?>��? C&C>&:�=: U���&��&� C>��B>��� 8 �&B
�_��f p�?�X?>=�?CB=f '=�='�'
f 

	 d=&�&X=�?CB=f C>��B>��
f 7=CB�?>�&C>_ C>�&?�=: &U�?7?�:?>C:, 8 �
C>�&C>=, C��?-
C>8&8
�=?' 8C?X& 20->= &C�&8��f 
'=�&B=C�&>, B&'d=�
`== B&>&��f U�= C�?7�?� 7�=�? =f 
U&C�?7&8
>?�_�&C>= 8 100 
'=�&B=C�&> &U�?7?�:?>C: �=C�&' �
^'?�?�=� C U&8>&�?�=:'= = 
C&C>
8�:?> 20100 8
�=
�>&8, �>& C =^d�>B&' &d?CU?�=8
?> 8C� �
^�&&d�
^=? =^8?C>��f 8=7&8 
d?�B&8 (U�='?��& 204). 

o=CB�?>�&C>_ X?�?>=�?CB=f C>��B>�� &d?CU?�=8
?> p�?'?�>
���' �&C=>?�:' �
C�?7-
C>8?��&C>= 8�C&B�� �C>&��=8&C>_, >
B B
B U?�?f&7 =^ &7�&X& 7=CB�?>�&X& C&C>&:�=: 8 7��-
X&? >�?d�?> U�?&7&�?�=: �?B&>&�&X& p�?�X?>=�?CB&X& U&�&X
. �. o&B=�^ 8 C8&?� �
d&>? [40] 
U&7���B=8
?>, �>& p8&��`=&��
: «d?CC'?�>�&C>_» X?�
 �?&df&7='& &U�?7?�:?>C: 7=CB�?>-
�&C>_� ?X& A&�', = �>& ?C>?C>8?���� &>d&� 8&^'&�?� >&�_B& �
 7=CB�?>�&' '�&�?C>8? B&�-
B��=����=f 8
�=
�>&8. 

o�: =?�
�f=�?CB= C�&���f C>��B>�� �
d��7
?>C: 7=CB�?>�&C>_ U&8?7?��?CB=f �?
B`=�: 
8 �
C>�&C>=, �. �
B?� U�=8&7=> U&U��:���� U�='?� B&�?��&X& 7=CB�?>�&X& �
d&�
 �C>&��=-
8�f ?C>?C>8?���f 
����&8 � �&T
7=: T
X, ��C_, =�&f&7_, X
�&U [7]. 

�d&d�
: p8&��`=&���� �&�_ 7=CB�?>�&C>= A&�' '
>?�==, �.R. �
�='&8 �B
^�8
?> [41], 
�>& «�
=d&�?? pB&�&'��� CU&C&d U�&=^8&7C>8
 �=^B&-p�>�&U=��&X& U�&7�B>
 C&C>&=> 8 B&'-
d=�=�&8
�== ��? ='?��=fC: �=^B&p�>�&U=���f C>��B>��; p8&��`=: 8 �
T?' U&�='
�== 
7&���
 U�&=Cf&7=>_ �? >&�_B& = 7
�? �? C>&�_B& U�>?' '
��f =^'?�?�=�, CB&�_B& CB
�B
'=, 
&d�C�&8�?���'= �&8�'= C&�?>
�=:'= C>
��f C>��B>��». 

�>C�7
 C�?7�?>, �>& 7=CB�?>�&C>_ �=8�f = �?�=8�f C>��B>�� &d?CU?�=8
?> �
CC'&>�?�-
�&? 8�T? '�&X&&d�
^=? 8
�=
�>&8 A&�' = :8�:?>C: �?&>­?'�?'�' �C�&8=?' p8&��`==. 


) d)
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4 -����9�!�4 7
��!�7�� ����������
�������6�� � ���
�7������; 6�6����; 
4A&�'��=�&8
���? 8�T? p8&��`=&���? U�=�`=U� '�&X&
�_>?��
>=8�&X& U&C>�&?�=: 

?C>?C>8?���f A=^=�?CB=f = d=&�&X=�?CB=f C>��B>�� &d?CU?�=8
�> 8&^�=B�&8?�=? 8 p>=f 
C>��B>��
f &C�&8�&X& p8&��`=&��&X& C8&�C>8
 – CU&C&d�&C>= �C>&��=8&X& C��?C>8&8
�=: 8 
�C�&8=:f &>B��>&X& 8^
='&7?�C>8=: C �?U�?��8�& =^'?�:��?�C: 8�?T�?� C�?7&�. �C&-
^�
��&? 8&CU�&=^8?7?�=? �B
^
���f U�=�`=U&8 8 =CB�CC>8?���f C=C>?'
f U&^8&�:?> �?
�=-
^&8
>_ 8 �=f p�?'?�>� 
7
U>=8�&X&, U�=CU&C&d=>?�_�&X& U&8?7?�=:, f
�
B>?��&X& 7�: ��_-
>�
C>
d=�_��f C>��B>��, &d�
7
��=f 8�C&B&� �=8��?C>_�. 

	 �
d&>? [42] U�=8&7=>C: U�='?� U&C>�&?�=: C=C>?'� p�?B>�&C�
d�?�=: B&C'=�?CB&� 
C>
�`==, C&C>
8 B&>&�&� U�?7C>
8�?� �
 �=C��B? 6
 = 8B���
?> 8 C?d: >�= ��&8�: U&7C=C>?': 
2� U&7C=C>?'� C&��?���f d
>
�?�; 
2� U&7C=C>?'� =C>&��=B
 8�C&B&X& �
U�:�?�=:, �
f&7:�?X&C: �
 8�?T�?' U& &>�&T?�=� B 

B&C'=�?CB&� C>
�`== 
UU
�
>?; 
2� U&7C=C>?'� p�?B>�&f='=�?CB=f 
BB�'��:>&���f d
>
�?� (
W), �
B
U�=8
��=f p�?�X=� 

U�= ?� =^d�>B? 8 C=C>?'? = &>7
��?� – U�= �?7&C>
>B?. 
4U&C&d 8^
='&7?�C>8=: p>=f U&7C=C>?' &d�
^�?> =?�
�f=�?CB�� C>��B>���, 8 B&>&�&� 

U?�?7
�
 A��B`=� p�?B>�&C�
d�?�=: B
�7&'� U&C�?7���?'� ��&8�� U�&=Cf&7=> >&�_B& 
U�= U&��&C>_� =C�?�U
���f p�?�X?>=�?CB=f �?C��C
f U�?7T?C>8���?X& ��&8�: (�=C��&B 6). 

 

�=C��&B 6 – ����C>�
`=: U�=�`=U&8 '�&X&
�_>?��
>=8�&C>= 8 C>��B>��? = �?�='
f �
d&>� 
C=C>?'� p�?B>�&C�
d�?�=: B&C'=�?CB&� C>
�`== 

�
 �=C��B? 6d U&B
^
�&, �>& U�= 8�f&7? �U�
8�:��?X& C=X�
�
 u ^
 ^&�� �?X��=�&8
�=: 
[-0,9; -0,5] U&7C=C>?'
 C&��?���f d
>
�?� &>7
�> 8 �
X��^B� C8&� U&���� >&B I4W,max, = 8 �
-
d&>� 8C>�U
?> U&7C=C>?'
 8�?T�?X& =C>&��=B
 (7=
U
^&� �?X��=�&8
�=: [-0,4; 0,4]). ��= 
U&��&C>_� ^
X���?���f C&��?��&� d
>
�?? = 8�?T�?' =C>&��=B? (I4W = I4W,max = I	� = I	�,max) 
�
�=�
?>C: &>d&� p�?�X== &> 
BB�'��:>&���f d
>
�?�. 
�
�&X=��
: U?�?7
�
 �U�
8�?�=: 
&C��?C>8�:?>C: 8 U�?7?�
f B
�7&� U&7C=C>?'�, B&>&��? C&7?��
> d&�_T&? �=C�& =7?�>=�-
��f '&7��?�. R&7��_�&C>_ = =?�
�f=��&C>_ C>�&?�=: =CB���
�> 8&^'&��&C>_ B
CB
7�&X& 
(>?f�&�&X=�?CB= C8:^
��&X&) �
�
C>
�=: &>B
^&8 8 C=C>?'?, >
B B
B U�= ��d&' >&B? �
X��^B= 
&C��?C>8�:?>C: 
B>=8�&? �?X��=�&8
�=? �? 8C?� &>7
8
?'&� U&>�?d=>?�:' '&��&C>=, 
 
>&�_B& >&� ?� �
C>=, B&>&�
: C&&>8?>C>8�?> &7�&'� '&7��� >&� =�= =�&� U&7C=C>?'�. 	C? 
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&C>
�_��? '&7��= �
f&7:>C: 8 �?�?X��=��?'&' �?�='? – �
C>_ =^ �=f &>7
�> U&���� >&B, 
 
�?=CU&�_^�?'
: �
C>_ &>B���?�
. 	 �?^��_>
>? 7&C>=X
?>C: «�?�C�&��:?'
: U�&C>&>
» C=-
C>?'� [41], U&:8�:?>C: 8&^'&��&C>_ ��=A=B
`== B&�>��&8 �U�
8�?�=: = d�&��&X& U&C>�&?-
�=: U&7C=C>?' =^ 8^
='&^
'?�:?'�f d�&B&8, �>& 8 C&8&B�U�&C>= &d?CU?�=8
?> �
7���&? 
A��B`=&�=�&8
�=? C=C>?'� p�?B>�&C�
d�?�=: 8 T=�&B&' 7=
U
^&�? =^'?�?�=: ?� U
�
'?>-
�&8, �
X��^&B = U�= &>B
^
f &>7?�_��f d�&B&8. 

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

 

�=C��&B 7 – 
�X&�=>'� �U�
8�?�=: = U�=�:>=: �?T?�=�, U&C>�&?���? �
 d=&A=^=�?CB=f U�=�`=U
f 

�^ U?�?�=C�?���f �
 �=C��B? 7 U�='?�&8 &>'?>=' &dT=���� B�
CC f&�&T& �
^�
d&>
�-
��f X?�?>=�?CB=f 
�X&�=>'&8 [11], =CU&�_^���=f, 8 �
C>�&C>=, �? >&�_B& '?f
�=^'� �
C-
�?U�?�=: �&7=>?�_CB=f U�=^�
B&8, �& = '
>�=���� �?U�=B
`=� =^�
�
�_�& =^8?C>�&X& 
�
d&�
 '&7��?�, '�&X&&d�
^=? B&>&��f C U&'&�_� C
'&=�C>��B>=�&8
�=: '�>
`=� (U�&&d-
�
^
 p8&��`=&��&� U
':>=) U&�&�7
?> '�&�?C>8& 
�_>?��
>=8��f 8
�=
�>&8 �?T?�=� 
[31, 43, 44]. �
 �=C��B? 8 U&B
^
� �?^��_>
> U�='?�?�=: >
B&X& 
�X&�=>'
 7�: �?T?�=: ^
7
-
�= �>?��?�
 C �
^'?��&C>:'= n = 100 = n = 75. 

 
�=C��&B 8 – ��='?�� B�
>�
�T=f C?>?� �>?��?�
, U&C>�&?���f X?�?>=�?CB=' 
�X&�=>'&' 

C p8&��`=&��&� U
':>_� 
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�Cf&7��? &U&���? �^�� C?>= �>?��?�
 �
 �=C��B? 8d C&8U
7
�> C C&&>8?>C>8���=' 
A�
X'?�>&' �
 �=C��B? 8
, &7�
B& >&U&�&X== p>=f A�
X'?�>&8 C?>?� �
 �=C��B
f 8
 = 8d &>-
�=�
�>C: 8 C=�� C=C>?'�&X& 8�=:�=: �
^�=��&X& &d�?X& �=C�
 n &U&���f �^�&8. 

&���=����� 
�7=�C>8& ^
B&�&8 p8&��`== �=8�f = �?�=8�f C=C>?' '&�?> d�>_ �C>
�&8�?�& �
 &C�&-

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

��=�`=U '�&X&&d�
^=: &>�
�
?> =Cf&7��� &�>&�&X=�?CB�� U�?7U&C��B� & 8&^'&��&-
C>= 8&^�=B�&8?�=: = C>
d=�=^
`== �&8�f – p8&��`=&���f - =^'?�?�=� 8 U�=�&7? >&�_B& �
 
&C�&8? '�&�?C>8?���f 8
�=
`=� ='?��=fC: C>��B>��. 	 =�A&�'
`=&��&' U�
�? p>&> >?^=C 
d�=^&B B =^8?C>�&'� B=d?��?>=�?CB&'� U�=�`=U� �?&df&7='&X& �
^�&&d�
^=: m. �Td=: 
“Variety can destroy variety”. 

o=CB�?>�&C>_ C>�&?�=: = C&C>&:�=� �=8�f = �?�=8�f C>��B>�� :8�:?>C: �?&df&7='�' 
�C�&8=?' B&'d=�
>&��&X& '�&X&&d�
^=: A=^=�?CB=f = d=&�&X=�?CB=f A&�' C��?C>8&8
�=: 
'
>?�==, &U�?7?�:: f
�
B>?� U�&>?B
�=: p8&��`=&���f U�&`?CC&8 8 8=7? CB
�B&&d�
^��f, 
B
�?C>8?���f U?�?f&7&8. 

�?�
�f=�?CB&?, '�&X&��&8�?8&? C>�&?�=? C�&���f U�=�&7��f C=C>?' &d?CU?�=8
?> 8&^-
�=B�&8?�=? 8 p>=f C=C>?'
f A?�&'?�&�&X=�?CB&X& C8&�C>8
 «�?�C�&��:?'&� U�&C>&>�», 8�-
�
�
��?X&C: 8 =f X&'?&C>
>=^? = ��_>�
C>
d=�_�&C>=, B&>&��? 8&^�
C>
�> C �8?�=�?�=?' 
�
^�&&d�
^=: 8f&7:�=f 8 C=C>?'� U&7C=C>?'. 

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

�8&��`=&��
: &d��&C>_ B&�`?U`== '�&X&
�_>?��
>=8�&C>= &>B��8
?> U?�CU?B>=8� ?� 
U�
B>=�?CB&X& U�='?�?�=: 7�: U�=B�
7�&X& 
�
�=^
 = �U�
8�?�=: C�&���'= �
^8=8
��=-
'=C: C=C>?'
'= B
B ?C>?C>8?��&X&, >
B = 
�>�&U&X?��&X& U�&=Cf&�7?�=:. 
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THE CONCEPT OF MULTI-ALTERNATIVE 
IN THE ANIMATE AND INANIMATE STRUCTURES 

�� ��¡WUQYZ�¢!q�?�£��¤Y�JZ�AQ��

Voronezh State Technical University, Voronezh, Russia  
1spodvalny@yandex.ru, 2vgtu-aits@yandex.ru  

Abstract 
The paper concentrates on some mechanisms of evolution that forms the constructive-oriented approach to the existence 
and development process of both wildlife and inanimate nature. This approach, also known as multi-alternative concept, 
is taken as a basis for the discussion of some interrelated and complementary principles of the diversity, discreteness 
and hierarchy in evolutionary processes and structures. First of all, it is demonstrated, that the possibility of evolution 
depends mainly on the heterogeneity of matter forms that implicates the diversity of its acquired characteristics. It can 
also be shown that the specified diversity is essentially enabled with discreteness of elements, which constitutes the 
combinatorial manifold of patterns and modes in physical and biological systems. Special attention is given to the issue 
of correlation between process hierarchy and structures, on one side, and its stability and homeostasis on the other. Fi-
nally, there are some examples provided to demonstrate the application of the considered principles in solving different 
technological problems, such as development of high-reliable power systems for space stations or designing evolution-
ary algorithms for decision-making systems. It is shown that the evolutionary concept of community multi-alternative 
opens prospects for its practical appliance to application analysis and control of complex systems, both of natural and 
anthropogenic origin.�

�����}~��j open systems, evolution in the animate and inanimate nature, concept multi-alternative.�

������}�j Podvalny SL, Vasiljev EM. The concept of multi-alternative in the animate and inanimate structures [in Rus-
sian]. Ontology of designing. 2016; v.6, 3(21): 355-367. DOI: 10.18287/2223-9537-2016-6-3-355-367. 
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