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#�����!�4 
	 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>=. 	 �'Bf 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?�=�.�
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>��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�>=�? '=� BB 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>&'>, BB =�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�&`?CCf 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�=�`=Uf '�&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 �'Bf &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>8f. 

4�?7�?> &>'?>=>_, �>& &>�=�=: 8 C8&�C>8f �^�=���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?�_ Cf� 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?���=: Cf� 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 �?, BB = X&'?&C>^=C 8 �=8�f &�X�=^'f, 
:8�:?>C: �? >&�_B& �?^��_>>&' p8&��`==, �& = C&^7�> �C�&8=: 7�: �BU�=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 BB 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 � �&T7=: TX, ��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�?'?�>� 7U>=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), �BU�=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��Cf 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>_ BCB7�&X& 
(>?f�&�&X=�?CB= C8:^��&X&) ��C>�=: &>B^&8 8 C=C>?'?, >B BB U�= ��d&' >&B? �X��^B= 
&C��?C>8�:?>C: B>=8�&? �?X��=�&8�=? �? 8C?� &>78?'&� 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�=�`=Uf 

�^ 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&8U7�> C C&&>8?>C>8���=' 
A�X'?�>&' � �=C��B? 8, &7�B& >&U&�&X== p>=f A�X'?�>&8 C?>?� � �=C��Bf 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>?''= BB ?C>?C>8?��&X&, >B = �>�&U&X?��&X& U�&=Cf&�7?�=:. 
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IN THE ANIMATE AND INANIMATE STRUCTURES 
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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. 

References 
[1]� Schrödinger E. What is Life? The physical aspect of the living cell [in Russian]. – Moscow-Izhevsk: NIC Regular 

and Chaotic Dynamics; 2002. 
[2]� Prigogine I, Stengers I. Order out of chaos [in Russian]. – Moscow: URSS; 2008. 
[3]� Vasilyev AN. Evolution of the Universe [in Russian]. Modern science: Encyclopedia. V. 4. Elementary Particle 

Physics. Astrophysics. – Moscow: Magistr-Press; 2000.  
[4]� Borgest NM. The scientific basis of ontology of designing [in Russian]. Ontology of designing. 2013; 1(7): 7-25. 
[5]� Smirnov SV. Ontologies as a semantic model [in Russian]. Ontology of designing. 2013; 2(8): 12-19.  
[6]� Knjazeva EN, Kurdjumov SP. The laws of evolution and self-organization of complex systems [in Russian].  – 

Moscow: Nauka; 1994. 
[7]� Haken H" Information and self-organization [in Russian]. – Moscow: URSS; 2014. 
[8]� Vittikh VA. Prolegomena to evergetics [in Russian]. Ontology of designing. 2015; 5(2): 135-148. 
[9]� Arpentieva MR. Evergetic and ontologies of management [in Russian]. Ontology of designing. 2016; 6(1): 106-124. 
[10]�Vittikh VA. Situational management from the perspective of postnonclassical science [in Russian]. Ontology of 

designing. 2012; 2(4): 7-15. 
[11]�Kureichik VV, Kureichik VM, Sorokoletov PV. Analysis and a survey of evolutionary models. Journal of Computer 

and Systems Sciences International. 2007; 46(5): 779-791. 



366 %3(21)@.,<;/�M5;/�����$�Z[����{�K�Z���Z

9�
�"
�H�&���� �������#�����#�%�#!M�����%�#!M����*	�*��M

 

[12]�Malyshev VV, Piyavsky BS, Piyavsky SA. A decision making method under conditions of diversity of means of re-
ducing uncertainty. Journal of Computer and Systems Sciences International 2010; 49(1): 44-58. 

[13]�Vittikh VA, Moiseeva TV, Skobelev PO. A decision on the basis of consensus with the use of multi-agent technolo-
gies [in Russian]. Ontology of designing. 2013; 2(8): 20-25. 

[14]�Turchin VF. The phenomenon of science. The cybernetic approach to evolution [in Russian]. – Moscow: ETS; 
2000. 

[15]�Ratner VA. Block-modular principle of organization and evolution of the molecular genetic control systems [in 
Russian]. Genetics. 1992; 2: 5-23. 

[16]�Eigen M. The self-organization of matter and the evolution of biological macromolecules [in Russian]. – Moscow: 
Mir; 1973.  

[17]�Neumann J. The theory of self-reproducing automata [in Russian]. – Moscow: URSS; 2010. 
[18]�Langton �G. Self-reproduction in cellular automata. Physica 10D 1984; 10: 134-144. 
[19]�Codd EF. Cellular Automata. – N.Y.: Academic Press; 1968.  
[20]�Chaitin GJ. Information-Theoretic Computational Complexity. IEEE Transactions on Information Theory IT-20. 

1974. – P. 10-15. 
[21]�Gurevich IM. Informatics laws – the basis of the structure and knowledge of complex systems [in Russian]. – Mos-

cow: Torus Press; 2007. 
[22]�Behe MJ. Darwin's Black Box. The Biochemical Challenge to Evolution. – N.Y.: Simon & Shuster; 1998. 
[23]�Krylov SM. Metamathematical foundations of the science of the future [in Russian]. – Samara: Samara State Tech-

nical University; 2014. 
[24]�Krylov SM. Prospects of metamathematical structures in science [in Russian]. Bulletin of Samara State Technical 

University 2013; 2: 101-110. 
[25]�Krylov SM. Ontology of Meta-Science. Axioms, Technologies, Algorithms, Evolution [in Russian]. – Saarbrücken: 

LAP LAMBERT Academic Publ.; 2012. 
[26]�Krylov SM. Mathematical foundation of binary system ontology for data processing [in Russian]. Ontology of de-

signing. 2016; 6(1): 29-38. 
[27]�Krylov SM, Grebenschikov EN. Ontology of heterogenious electronics systems design [in Russian]. Ontology of 

designing. 2012; 1: 65–72. 
[28]�Podvalny SL. Multi-alternative system: A review and classification [in Russian]. Control systems and information 

technologies. 2012; 48(2): 4-13. 
[29]�Podvalny SL. Multiple-variable structure system with automatic process control continuous polymerization 

[in Russian]. Control systems and information technologies. 2011; 46(4.1): 175-178. 
[30]�Podvalny SL, Vasiljev EM. Evolutionary principles for construction of intellectual systems of multi-alternative con-

trol. Automation and Remote Control. 2015; 76(2): 311-317. 
[31]�Podvalny SL, Vasiljev EM. A Multi-Alternative Approach to Control in Open Systems: Origins, Current State, and 

Future Prospects. Automation and Remote Control. 2015; 76(8): 1471-1499. 
[32]�Alfjorov ZhI, Andreev VM, Rumjancev VD. Trends and prospects for the development of solar photovoltaic [in 

Russian]. Semiconductor Physics and Technology. 2004; 38(8): 937-948. 
[33]�Plant Physiology [in Russian]. Red. Ermakov IP. – Moscow: Akademija; 2007. 
[34]�Vasiljev EM. Chaotic motion in the low-order [in Russian]. Bulletin of Voronezh State Technical University. 2012; 

8(6): 104-108. 
[35]�Convention on Biological Diversity. Treaty Series. N.Y.: United Nations, 2001; 1760(I. Nos. 30690): 79-307. 
[36]�Timofeev-Resovskij NV, Voroncov NN, Jablokov AV. A brief outline of the theory of evolution [in Russian]. – Mos-

cow: Nauka; 1977. 
[37]�Podvalny SL, Vasiljev EM. Intelligent multialternative control: principles and ways to implement [in Russian]. 

Proc. XII All-Russian conference on Control (16-19 June 2014, Moscow, Russia). - Moscow: Institute of Control 
Sciences of a name V.A. Trapeznikov RAS, 2014. – P. 996-1007. 

[38]�Okun' LB. Physics of Elementary Particles [in Russian].  – Moscow: URSS; 2013. 
[39]�Vasiljev EM, Krutskih IV. Research topologies Steiner networks on physical models of thin films [in Russian]. Bul-

letin of Voronezh State Technical University. 2010; 6(12): 125-129. 
[40]�Dawkins R. The Selfish Gene [in Russian]. – Moscow: AST; 2013. 
[41]�Galimov JeM. The phenomenon of life: between equilibrium and non-linearity. Origin and evolution of the princi-

ples [in Russian]. – Moscow: Editorial URSS; 2006. 
[42]�Tishhenko AK, Vasiljev EM, Tishhenko AO. Multialternative critical control mode power supply system space sta-

tion [in Russian]. Bulletin of Voronezh State Technical University. 2015; 11(2): 101-106. 
[43]�Podvalny SL, Vasiljev EM, Barabanov VF. Models of Multi-Alternative Control and Decision-Making in Complex 

System. Automation and Remote Control. 2014; 75(10): 1886-1891. 



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

�;�;�>�#�� �!�7�±;@;�8���� �#

 

[44]�Vasiljev EM, Krutskikh IV. Evolutionary algorithms with matrix replication [in Russian]. Bulletin of Voronezh 
State Technical University. 2011; 7(2): 21-23. 

________________________________________________________________________________________________ 

�������4 �> �����; 
	�����7�$��/�����2���������q 1938 X. �&�7?�=:. �B&��=� �7?CCB=� U&�=>?f�=�?CB=� 
=�C>=>�> (f='=B&->?f�&�&X=�?CB=� AB��_>?>) 8 1961 X., B.>.�. (1968), 7.>.�. (1982), U�&A. 
(1985). �8?7���=� BA?7�&� 	&�&�?�CB&X& X&C�7�C>8?��&X& >?f�=�?CB&X& ��=8?�C=>?-
>. �C���?���� 7?:>?�_ ��B= �&CC=�CB&� a?7?�`==. ��8��� �?7B>&� ����� «4=-
C>?'� �U�8�?�=: = =�A&�'`=&���? >?f�&�&X==» = ��?� �?7B&��?X=� �?CB&�_B=f 7��-
X=f �����&8. 
8>&� C8�T? 500 �����f �d&> 8 &d�C>= '>?'>=�?CB&X& '&7?�=�&8-
�=: 7=�'=�?CB=f &d?B>&8 = C=C>?' �?A>?f='=�?CB&X& U�&=^8&7C>8, �X&�=>'=^`== 
�U�8�?�=: >?f�&�&X=�?CB='= U�&`?CC'= = C&^7�=: CU?`=�=^=�&8���f 8��=C�=-
>?�_��f C=C>?'. 
�}������� �� ��� ��}���}��¡� (b. 1938), graduated from the Odessa polytechnic university, 

faculty of chemical technology in 1961. PhD (1968), D.Sc.Eng. (1982), professor (1985). Head of department of Voro-
nezh state technical university. Merited Scientist of the Russian Federation. Chief Editor of “Control Systems and In-
formation Technologies” journal. He is author of more than 500 publications in the field of mathematical modeling of 
dynamic objects and systems.�

�����7���5�������1���������q�1949 X. �&�7?�=:. �B&��=� 	&�&�?�CB=� U&�=>?f�=�?-
CB=� =�C>=>�> 8 1971 X., B.>.�. (1983). o&`?�> 	&�&�?�CB&X& X&C�7�C>8?��&X& >?f�=�?-
CB&X& ��=8?�C=>?>. 	 CU=CB? �����f >��7&8 d&�?? 300 U�d�=B`=� 8 &d�C>= '>?'>=-
�?CB&X& '&7?�=�&8�=: = �U�8�?�=: 7=�'=�?CB='= &d?B>'=.�
�����¢��������� |�£����}��¡�q�(b. 1949), graduated from the Voronezh polytechnic institute in 
1971, PhD (1983). Associate Professor of Voronezh state technical university. He is co-author 
of more than 300 publications in the field of mathematical modeling of dynamic objects. 




