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�
"	# �	�	
$%��&$�
	 ��&&%�$	'�� 

 

	(����)��*�) ��+��,. �&+.&'�/!&) / /�./9'!/, 5&3�!.��)�, )� 5�.&& 
,��3)*+ !' � 1)*+ 5&-!'� &+, � '� 8& ��&+/ ��3��./97 + ��.�( '6 

�) ��.6)�9  )2��+�0 9 ��� � ,.�5 ))*� ���0&!!��, ���'&��97 � � 

3&+)*� )&-���, '��   �  �)�'�&))&+ !'��&)   !�&-*  )� ��'  

��!���!'��)&) / !&1!+ (&!� � ��.) �' �(�,� 3&+.&'�/!&) / -� 

�&, !'� ��97 � �� 5����. �+&))� )� �!)��& �5��5�'�    �)�. 3� :'�1 

 )2��+�0   !�!'��./9'!/ +�-&.  !����!')�,� !'��&) / '�&�-*� �5�.�(&� 

�&+. , ��3��5�'*��9'!/   ����&�/9'!/ ��3. ()*& +�-&.  !'��&) / !�&-*   

+�-&.  �(�,� 3&+.&'�/!&) /. ��)&()� 8&, 3�-�(� ���&-&.&) / ����+&'��� 

�+&7�97&1 !�&-* � �5.�!'  +&8-� �(�,�+ 3&+.&'�/!&) /   ���&��)�!')�1 

! !'&+�1 �&, !'��0     3�-�(� ��!!'�)��.&) / ����+&'��� �(�,� 

3&+.&'�/!&) / � ��.)�1 - )�+ (&!��1 ��!'�)���&  '&!)� !�/3�)*, � )� 5�.&& 
3�+�)�'�1   ��.)�1 /�./&'!/ !��+&!')�/ ��!'�)���� – ���&-&.&) & 
!����!')�,� !'��&) /   ����+&'��� �(�,�� �� !&�   )�5.9-&) 1 3� 

��3. ()*+  ,&�2 3 (&!� +  ��./+  � ��3)*� �5.�!'/�.  

�-)��� :'� ��!'�)���� )� !&,�-)/4) 1 -&)6 ��&-!'��./&'!/ 

(�&3�*(�1)� !.�8)�1, �� (&+ )&, '�.6�� +�'&+�' (&!� , )�   2 3 (&!�  

(�- )  3 �����!�� – �*5�� +&��) (&!��1 +�-&.  2��+ ����) / �(�,�, 
�-��.&'��� '&.6)� �5;/!)/97&1 -./ -�))�,� �&, �)� �!)��)*& 

�!�5&))�!'  ���/�.&) / !&1!+ (&!��1 ��' �)�!'    +�'&+�' (&!��& && 
�� !�) &). ��:'�+� � -�))�1 ��5�'& �!)��)�& �) +�) & �-&./&'!/ 

��!!'�)��.&) 9 !'��&) / !�&-*   � )&' (&!� � ����+&'��� )�!*7&))�1 

8 -��!'69 ����,�-��� !'�1 !�&-*. 

# +�'&+�' (&!��1 2 3 �& �5*()� ��!!+�'� ��9'!/ 3�-�(  !.&-�97&,� 

� -�: 3�-�&'!/ - 22&�&)0 �.6)�& ����)&) &   )&��'��*& -���.) '&.6)*& 

�!.�� / ()�(�.6)*&   ���&�*&) ��'��*+ -�.8)� �-��.&'���/'6 �&4&) & 

- 22&�&)0 �.6)�,� ����)&) /. ��� ���� .�, :'  -���.) '&.6)*& �!.�� / 

�*-&./9'  3 �!&1 !������)�!'  �&4&) 1 - 22&�&)0 �.6)�,� ����)&) / 

�-)� �&4&) &. �� )/'� ����&�')*& )�(�.6)�-���&�*& 3�-�(  

+�'&+�' (&!��1 2 3 �  )�3*��'6 ��/+*+  3�-�(�+ . 

��!'�)���� ��8-�1 ��/+�1 3�-�(  ��&-��.�,�&' 3�-�) & )&��'���,� 

( !.� 2�)�0 1. "�!'6 :' � 2�)�0 1 ���&-&./&' - 22&�&)0 �.6)�& 

����)&) & ()��� +&�, ��:22 0 &)'* . )&1)�,� ����)&) /), -��,�/ (�!'6 – 

)�(�.6)*&  .  ���&�*& �!.�� /. # �&3�.6'�'& �&4&) / ��/+�1 3�-�(  

3�-�))�+� )�5��� 2�)�0 1 !'�� '!/ � !��'�&'!'� & )���/ 2�)�0 / – 

�&4&) & ���&��1 3�-�( . �&+ !�+*+ !'�� '!/ )&��'��*1 ��&��'��, 

���&-&.&))*1 )� -�))*� ��/+�1 3�-�( . ��&-!'�� + '&�&�6, ('� )&��'��*& 
 3 '&� 2�)�0 1, ��'��*& �� )/'� 3�-���'6 � ��/+�1 3�-�(&, )& 3�&!')* (  

 +&))�  � �'*!��) &   ��&-!'��./&' �!)��)�1  )'&�&!), � �+&!'� ) � -�)� 
)&��'���/ -���.) '&.6)�/  )2��+�0 / � �&4&)   ��/+�1 3�-�( . ��-�5)*& 
3�-�(  )�3*��9'!/ �5��')�1 3�-�(&1 +�'&+�' (&!��1 2 3 � . 
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# - )�+ (&!� � �5��')*� 3�-�(�� -./ ����,�-��� !'*� !�&- ���+& 
!����!'  ��!���!'��)&) / ��.)   �.�')�!'  -���.) '&.6)� +�8)� 

���&-&. '6 ��� !'�!'6, ���) 0�&+�!'6   -��, & � )&' (&!� & ����+&'�* 

!�&-*, ��'��*& ���&-&./9' 3�'���) & :)&�,  , � �'. ( & �' �5��')*� 

- )�+ (&!� � 3�-�( -./ ����, � !�.�4)*� !�&-. 

 �!!.&-���) & ��.)��*� ���0&!!��   /�.&) 1  � !�+*� ��3)��5��3)*� 

!�&-��   ! !'&+��, � !��9 �(&�&-6, !' +�. ����.  ��3� ' & �)�. ' (&!� �, 

��&8-& �!&,� �� 5. 8&))*�   ( !.&))*� +&'�-��, �&�. 3�&+*� )� <#�.     

� �(&'�+ :'�,� ���� .6)�& +�'&+�' (&!��& +�-&. ����) &    3�(&) &  

����&�')�!'  ��!'�)���  ��/+*�   �5��')*� 3�-�( ��!���!'��)&) / SH 

��.) � ����,�-��� !'*� !�&-��, � '��8&  ��3��5�'�� :22&�' �)*� 

�*( !. '&.6)*� �.,�� '+�� ��!(&'� '�� � 3�-�( ��&-!'��./&' ��� 

'&��&' (&!� 1, '��   ����' (&!� 1  )'&�&!. ��:'�+� :'   !!.&-���) /  

/�./9'!/ �&!6+� ��'��.6)*+ .  

&��-��) ��������*�� -��+���,. # - )�+ (&!� � �5��')*� 3�-�(�� 

-./ , �&�5�. (&!� � ����)&) 1 � ��(&!'�& -���.) '&.6)�1  )2��+�0   

3�-�&'!/ !.&- �&4&) / !��'�&'!'��97&1  3�-�(  )� )&��'���1, ��� ���� .�, 

��&+&) -��-�5)�1 ���&��)�!' . �&��*& ��!'�)���  - )�+ (&!� � �5��')*� 

3�-�( -./ , �&�5�. (&!� � ����)&) 1   ! !'&+ 5*.  !2��+�. ����)*   

 !!.&-���)* �.�. ����&)'6&�*+,  #.�. 
�+�)��*+, �.�. 
.�,��&7&)!� +   

�.�. �.&�!&&�*+. 
�3. ()*& ��-��-*   +&'�-*  !!.&-���) / �5��')*� 

- )�+ (&!� � 3�-�( -./ , �&�5�. (&!� � ����)&) 1   ! !'&+ ��&-.�8&)*   

��3� '* � ��5�'�� �.�. ����&)'6&��, #.�. 
�+�)���, �.�. 
.�,��&7&)!��,�, 

�.�. �� .&���, $.�. �) ��)���, �.�. 
��,&1+�, $.�. ����)&)��, 
.�. 

��� 1!��,�, �.�. ��.��!��,�, �.�. ���)����, �.#. 
�&��, 
.�. 
�5)���,     

�.�. �+�+)�3�����,  �. ��1-�����, �.�. ���- &��   -�. �3 �&�&( !.&))*� 

�*4& ��5�' �'+&' + ��5�'* #.�. 
�+�)���   �.�. 
.�,��&7&)!��,�, ��'��*& 
� !��&1 ��!'�)���& )� 5�.&& 5. 3�  �  - !!&�'�0 �))�1 ��5�'&. ��+ 

��!!+�'� ��&'!/ �-)�+&�)�/ �5��')�/ 3�-�(� -./ ��.)���,� ����)&) / �5 

���&-&.&)   ��!��&-&.&) / !����!'  -./ �&�' ��.6)�-)&�-)���-)�1 

 3�'���)�-����,�1 +�-&.  !�&-* �� )&��'���1 -���.) '&.6)�1  )2��+�0   

� ��.)���+ ��.& )� !��5�-)�1 ���&��)�!' . �./ �&4&) / :'�1 3�-�(  

-���3�)� '&��&+� � ��3�&4 +�!'    )&��&�*�)�1 3�� ! +�!'  �' ���-)*� 

-�))*�. 

&�.�) ��**����/������  ��+��,  * ��������*(���  -������ ���. 


�5�'� �*��.)&)� � !��'�&'!'�   ! �.�)�+ )��()�- !!.&-���'&.6!� � 

��5�' ���&�'� 
�� 16.12 «
�3� ' & ��)0&�0     '&�)�.�, (&!� � �� )0 ��� 

+&8- !0 �. )��)�,� ���,)�3�   3&+.&'�/!&) 1 )� �!)��& +�-&.  !&1!+ (&!� � 

���0&!!�� � ����,�-��� !'�1 2.9 -�)�!*7&))�1 !�&-&»   ,��)'� 
���  06-

05-65110 «��'&+�' (&!��& +�-&. ����) & ��!���!'��)&) / )&. )&1)*� ��.) �  

�����-/7 � 2.9 -�)�!*7&))*� ��� !'*� !�&-��», ,-& !� !��'&.6 �(�!'����. 

� �&�. 3�0   '&+ ���&�'��. 
'��) �**��������.: 0&.69 )�!'�/7&1 - !!&�'�0 �))�1 ��5�'* 

/�./&'!/ +�'&+�' (&!��& +�-&. ����) & - )�+ (&!� � ���0&!!�� 

��!���!'��)&) / SH ��.), � ��+��� ��'���,� !'��/'!/ +�'&+�' (&!� & 
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+�-&. ,  3�(&) & �����'&�� �&4&) 1,  !!.&-���) & ��3�&4 +�!'    

&- )!'�&))�!'  ��.�(�97 �!/ ��  :'�+ ��/+*�   �5��')*� 3�-�(, 

��3��5�'��  ( !.&))*� +&'�-�� �&4&) / 3�-�(    !��'�&'!'��97 � 

���,��++. 

0����� �**��������.:  

1. �*��- +�'&+�' (&!��1 +�-&.  ��!���!'��)&) / SH ��.) � ����,�- 

��� !'*� !�&-��;  

2. ��!'��&) & ! ),�./�)*� �&4&) 1 ����)&) / SH ��.) � ����,�-

��� !'*� !�&-��; 

3. ��.�(&) & ! !'&+ )&. )&1)*� ��.6'&����*�  )'&,��.6)*� ����)&) 1 

�'���,� ��-� -./ - )�+ (&!� � �5��')*� 3�-�( -./ ����)&) / SH ��.) 

� ����,�- ��� !'*� !�&-��;  

4. -���3�'&.6!'�� '&��&+* &- )!'�&))�!'    � «+�.�+» '&��&+* 

!�7&!'����) / �&4&) / ��!!+�'�&))*� �5��')*� 3�-�(, � '��8& 
)&��&�*�)�1 3�� ! +�!'  �&4&) 1 �5��')*� - )�+ (&!� � 3�-�( �' 
���-)*� -�))*�; 

5. ��3��5�'��  �*( !. '&.6)*� +&'�-�� ��!(&'� ��/+�1   �5��')�1 3�-�( 

��!���!'��)&) / SH ��.) � ����,�-��� !'*� !�&-��. 

6. !�3-�) &  ���,��++*  -./ ����&-&) / �*( !. '&.6)�,� :�!�&� +&)'� 
)� <#�. 

�+1�(� � -������ �**��������.. �5;&�'�+  !!.&-���) / /�./&'!/ ��.)* 

� ��� !'�1 !�&-& !� !.�8)�1 �&�.�, &1. ��&-+&'�+  !!.&-���) / /�./&'!/ 

+�'&+�' (&!��& +�-&. ����) & - )�+ (&!� � ���0&!!�� ��!���!'��)&) / SH 

��.), � '��8&  !!.&-���) & ��.�(&))*� ��  :'�+ ��/+*�   �5��')*� 3�-�(. 

�����, �**��������.. �!!.&-���)   - )�+ (&!� � ���0&!!�� 

 !��.63���)* +&'�-* +�'&+�' (&!��,� +�-&. ����) /, +&'�- �����'&� !' � 

-./ , �&�5�. (&!� � ! !'&+, +&'�-  )'&,��.6)*� ����)&) 1, ��)&()�-

��3)�!')*& +&'�-*, +&'�- !���/8&))*� ,��- &)'��, � '��8& '&�)�.�, / 

���,��++ ����) /. 

�*����,� -�������., �,��*��,� �� ��2���: 

− +�'&+�' (&!� & +�-&.  -./ ��.)��*� ���0&!!�� � ����,�-��� !'*� 

!�&-��; 

− ��!'��&))�& ! ),�./�)�& �&4&) & ��/+�1 - )�+ (&!��1 3�-�(  -./ 

����)&) / SH ��.) � ����,�-��� !'�1 !�&-&; 
− ��.�(&))�/ ! !'&+� )&. )&1)*� ��.6'&����*�  )'&,��.6)*� 

����)&) 1 �'���,� ��-� -./ - )�+ (&!� � �5��')*� 3�-�( -./ 

����)&) / SH ��.) � ����,�-��� !'�1 !�&-&;  
− '&��&+� &- )!'�&))�!'    � «+�.�+» '&��&+* !�7&!'����) / 

��!!+�'�&))*� �5��')*� 3�-�(, � '��8& )&��&�*�)�1 3�� ! +�!'  

�&4&) 1 �5��')*� - )�+ (&!� � 3�-�( �' ���-)*� -�))*�; 

− ( !.&))*1 +&'�-  )'&,� ����) / �-�.6 �����'&� !' �, ��'��*1 

:22&�' �)� �*( !./&' ���2 .6 ��:22 0 &)'� ��+& (��� 2�)�0 / 

,.�5 )*) �� 3�-�))�+� ! ,)�.�,  3+&�&))�+� )� ���&��)�!'  ! 

��� 3��.6)�1  !��-)�1 3�)- ��97&1 2�)�0 &1; 
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− �*( !. '&.6)*1 +&'�- ��!(&'� ��/+*�   �5��')*� 3�-�( 

��!���!'��)&) / SH ��.) � ����,�-��� !'*� !�&-�� )� �!)��& 
��)&()�-��3)�!')�,� +&'�-�   +&'�-�  )'&,� ����) / �-�.6 

�����'&� !' �, � '��8& +&'�-� !���/8&))*� ,��- &)'��; 

− ���,��++�  -./ �&�. 3�0   ( !.&))*� +&'�-�� �&4&) / ��/+�1   

�5��')*� 3�-�(.  

   ������. �������: 

− �*�&-&)� +�'&+�' (&!��/ +�-&.6 ��!���!'��)&) / SH ��.) � 

����,�-��� !'*� !�&-��; 

− ��!'��&)* ! ),�./�)*& �&4&) /  ����)&) / SH ��.) � ����,�-

��� !'*� !�&-��; 

− ��.�(&)� ! !'&+� )&. )&1)*� ��.6'&����*�  )'&,��.6)*� 

����)&) 1 �'���,� ��-� -./ - )�+ (&!� � �5��')*� 3�-�( -./ 

����)&) / SH ��.) � ����,�-��� !'*� !�&-��; 

− -���3�)� '&��&+� &- )!'�&))�!'    � «+�.�+» !�7&!'����) / 

�&4&) / ��!!+�'�&))*� �5��')*� 3�-�(, � '��8& )&��&�*�)�1 

3�� ! +�!'  �&4&) 1 �5��')*� - )�+ (&!� � 3�-�( �' ���-)*� 

-�))*�; 

− ��3��5�'�)* :22&�' �)*1 �*( !. '&.6)*1 �.,�� '+   

���,��++)�& �5&!�&(&) & -./ ��/+�1   �5��')�1 3�-�( 

��!���!'��)&) / SH ��.) � ����,�-��� !'*� !�&-��. 

������. � -��(����*(�. �������*�) �����)����� �**��������.. 

��.�(&))*& �&3�.6'�'* +�,�' )�1'  �� +&)&) & ��   !!.&-���) 1 

4 ����,� �.�!!� ��3. ()*� �� ��-)*�   '&�)�.�, (&!� � ���0&!!��. # 

(�!')�!' , :'  �&3�.6'�'* +�,�' 5*'6 �� +&)&)* -./ -�.6)&14&,� 

 !!.&-���) / �5��')*� 3�-�( -./ ��.)��*� ���0&!!��. 

  �������/�. �����)�����. 
&3�.6'�'*  !!.&-���) 1 +�,�' 5*'6 
 !��.63���)* � !&1!+�.�,  ,  ��  ��3��5�'�& )&2'/)*�   ,�3��*� 

+&!'���8-&) 1   ('&)   !�&0 �.6)*� ���!�� .&�0 1 �� ��&-+&'� 

+�'&+�' (&!��,� +�-&. ����) / -./ !'��4 � ���!�� 5���.��� �'��*   

+�, !'��'��*.  

	-��+�/�. ��+��,. 
&3�.6'�'* - !!&�'�0 �))�1 ��5�'* -�.�8&)* )�:  
XLII +&8-�)���-)�1 ����! 5 �!��1 )��()�1 !'�-&)(&!��1 ��)2&�&)0   

(����! 5 �!�, 2004), V-+&8-�)���-)�1 �&�,�)!��1 ��)2&�&)0   

«��&-&.6)*& '&��&+* '&��   �&��/')�!'&1    � �� .�8&) /» (�&�,�)�, 

2005), IX �&8-�)���-)�+ !&+ )��& �� ���!' �& )&�-)���-)*� !�&- 

(����! 5 �!�, 2006), �&8-�)���-)�1 ��)2&�&)0   «��'&+�' (&!� & 

+&'�-* � ,&�2 3 �&» (����! 5 �!�, 2008), 
&!��5. ��)!��1   )��()�1 

��)2&�&)0   «���5.&+* !���&+&))�1 +�'&+�' � » (���4 , 2011), 

�&8-�)���-)�1 ��)2&�&)0   «��5�'��)*& 2��+�.*, +&'�-* ��)'&-���.� 

   � �� .�8&) /» (���!)�/�!�, 2011).  

�-�+��(������*�) �����)�����. �� '&+& - !!&�'�0 �))�1 ��5�'* 

���5. ����)� 6 )��()*� !'�'&1   '&3 !�� -��.�-��,  3 ) � 3-8��)�.6)*& 
!'�'6 . 
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&���(���� � �+1�� ��**����/��. � !!&�'�0 /, �5;&+ ��'���1 

!�!'��./&' 100 !'��) 0, !�!'� '  3 ��&-&) /, '�&� ,.��, 3��.9(&) /, ��.9(�/   
42 � !�)��, !� !��  !��.63���))�1 . '&��'��*  3 60 )� +&)���) 1   

�� .�8&) /. 

 

�&�����% &��%�3	��% ��&&%�$	'�� 

 

�� �������� �5�!)���)�  ��'��.6)�!'6 '&+* - !!&�'�0 �))�1 

��5�'*, !2��+�. ����)* 0&.    3�-�(   !!.&-���) /   -�)� �57�/ 

�����'&� !' �� ��5�'*.   

� -����� 4����  � �&��*� -��� ����,��2��  !'��/'!/ )&. )&1)*&   

. )&1)*& +�'&+�' (&!� & +�-&.  -� 8&) / )�!*7&))*� 8 -��!'69 

��� !'*� !�&-.  # '�&'6&+ ����,��2& �� ��- '!/ ��!'�)����   �&4&) &   
�-)�+&�)�1 ������  3�-�(  -./ SH ��.) � ����,�-��� !'�1 !�&-&: 

),)(()())(()( 2

ttlzztts
VUzzUzUz −−= ρχµρ                  (1) 

 ),)(()()( 2

ttlttl
VUzzVz −= ρχρ                                              (2) 

,-& ),( tzuU
y

=    ),( tzvV
y

=  – ��+��)&)'* !����!'  !+&7&) 1 (�!' 0 �� �!   

y  ����,�,� ��� !'�,� '&.�   8 -��!'  ! ���0 �.6)*+ �.�')�!'/+  

)( z
s

ρ    )( z
l

ρ  !��'�&'!'�&))�, )( zχ  - ��:22 0 &)' '�&) /. �!6 z  

)�����.&)� �&�' ��.6)� �) 3, !�&-� 3���.)/&' ��.����!'��)!'�� 0>z . 

��(�.6)*& �!.�� / (!�&-� ���� '!/ ��  0<t ): 

0| 0 =<tU ,    0| 0 =<ttU ;                                             (3) 

0| 0 =<tV ,     0|
0
=

<tt
V                                                      (4) 

 �� ,��) 0& 0=z  �� .�8&)� ! .� !  +��.6!�+:  

)(|
0

tFU
zz

=
=

µ ,                                           (5) 

,-& 
�++= )()0()()( tfttF εδ  ,                                           (6) 

−)(tδ -&.6'� 2�)�0 / � ����, −)(tε 2�)�0 / �&� !�1-�. 

��&5�&'!/ �� :'�1  )2��+�0     3�-�))*+ 2�)�0 /+ - )&��&�*�)� 

- 22&�&)0 ��&+*+ )( z
s

ρ    )( zµ , )&��&�*�)*+ )( z
l

ρ , )(zχ  -  

���&-&. '6 ��.)��*& ��./ ),( ztU , ),( ztV . 

  
&4&) & :'�1  3�-�(& (1)-(6)  7&'!/ � � -& ��3.�8&) 1:  

....))()((
2

1
))()(())(()(),( 2 +−+−+−=

++
ztzztzztzztU

sss τγτβτεα    (7) 

...,))()((
2

1
))()(())(()(),( 2 +−+−+−=

++
ztzztzztzztV

lll τγτβτεα     (8) 

,-& ��:22 0 &)'* ...),(),( zz
ss βα , ),...(),( zz

ll βα    )(zτ  - ���� )& 3�&!')*& 

2�)�0  . �( '�&+, ('�   0)0( =τ . 

# 2��+�.�� (7)   (8) +)�,�'�( &+ �5�3)�(&)* 5�.&& ,.�-� & �� 

!���)&) 9 ! �*� !�))*+ !.�,�&+*& ��  )(zt τ= , �  
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�
�
�

≤

>
=

+
.0,0

,0,

x

xx
x

n

n
 

�& 3�&!')*& 2�)�0   )(zτ , ),(z
lα ),(z

lβ ),(),( zz
ss βα  )���-/'!/ �-)�3)�()�. 

��� + �5��3�+, � :'�+ ����,��2& ��.�(&)� ! ),�./�)�& �&4&) & -./ 

�-)�+&�)�,� ����)&) / SH ��.)  � ����,�-��� !'�1 !�&-& ! �(&'�+ ��'&�  

:)&�,   )� +&8��+��)&)')�& '�&) &. 
# (&'�&�'�+ ����,��2& 3�-�(� (1)-(6) !��- '!/ � 3�-�(&  -./ 

, �&�5�. (&!��1 ! !'&+*. 

#�&-&+ �+&!'� z ����- )�'� x: 

�=
z

t
c

d
x

0 )(ξ

ξ
 ,                                                                        (9) 

,-& 
)(

)(
)(

z

z
zc

s

t
ρ

µ
=  -!����!'6 SH ��.) � ����,�-��� !'�1 !�&-&. ��.�8 + 

�
�
�

��
�

�

=Φ

+=Ψ

−=Ψ

t

xt

xt

V

UU

UU

),(
~

),(
~

2

1

σ

σ

                                                                     (10) 

,-& .)()()( zzz
s

ρµσσ ==  

	���)&) / (1),(2) ��&�5��3�9'!/ � � -� 

,
1

1

22

22 2

22

22

Φ��
�

�
		



�
+Ψ

��
�
�
�

�

�

		
	
	
	




�

−−−

+−−

=
∂

Ψ∂
Λ+

∂

Ψ∂

s

l

s

l

s

l

s

l

s

l

q

q

xt ρ

ρ
σχ

ρ

ρχ

ρ

ρχ

ρ

ρχ

ρ

ρχ

                    (11) 

( ) Φ−Ψ+Ψ=
∂

Φ∂
ll

t
ρχρ

σ

χ
21

2
  ,                                                             (12) 

,-&  

��
�

�
		



�

−
=Λ

10

01
,  

σ

σ

2
)( xxq

′
= . 

��(�.6)*& �!.�� / �� +�' � - 

,0
0

=Ψ
<t                                                                       (13) 

0
0

=Φ
<t                                                                              (14) 

���) ()*& �!.�� / (5)   (6) �&�&� !*��9'!/ � � -& 

).(
0

ts
x

=Ψ
=                                                                         (15) 

# 2��+�.& (15)  



 9 

== ))(),(()(
21

tststs  

      �
�
�

�
	
	



�
+−= )(

)0(

1
)()0(),(

)0(

1
)()0( tFtGtFtG

σ
σ

σ
σ �� , 

,-& (&�&3 )(tG �5�3)�(&)� 3)�(&) & 2�)�0   U  ��  0=z : )(),(
0

tGtzU
z

=
=

,          

�  '�(�� )�- �&�&+&))�1 �3)�(�&' ��� 3��-)�9 �� ��&+&) . 

��.�8 + -./ �&4&) / 3�-�(  (11)-(15)  

��
�

�
		



�
+−��

�

�
		



�
=Ψ

),(

),(
)(

0

1
),(

2

1

xt

xt
xtxt

ψ

ψ
δ ,                              (16) 

,),(),(
3

xtxt ψ=Φ                                                   (17) 

 

( ) ( ) ( ),0,0,
21

tMtt +Ψ=Ψ α                                           (18) 

,-& )3,2,1( =i
i

ψ  – )&��&�*�)*& ��  xt ≥   2�)�0  ,  +&97 &, ��3+�8)�, 

��3�*�* ��  xt =    { }.:,),(supp xtxtxt
i

≥⊆ψ , ( )tMconst,=α -3�-�))�/ 

2�)�0 / � -�  
( ) ( ) ( ).tmttM += δ  

	!.�� & (18) ��&-��.�,�&' !�/36 +&8-� 2�)�0 /+  )(
1

ts   )(
2

ts � (1.4.14), 

'.&. +&8-� )(tF    )(tG : 

                     )(
)0(

)(
)()0(

)0(

)(
)()0( tM

tF
tG

tF
tG +�

�
�

�
	
	



�
+=−

σ
σα

σ
σ �� . 


&4&) & ��/+�1 3�-�(  (11)- (15)  7&+ � � -& (16), (17). �!)�, ('� �&4&) & 
��!!+�'� ��&+�1 3�-�(  ) 8& �����'&� !' �  xt =  ���)� )�.9: 

( ) ,0, ≡Ψ < xt
xt    

                          ( ) 0, ≡Φ
< xt

xt  

�./ '�(&� ),( xt   �*4& �����'&� !' �  xt =  )( xt >   ��'&+  )'&,� ����) / 

����)&) 1 (11), (12) �-�.6 �����'&� !' � ��.�( + 3�+�)�'�9  ! !'&+�  

. )&1)*� ��.6'&����*�  )'&,��.6)*�  ����)&) 1 �'���,� ��-� 
�')�! '&.6)� )3,2,1( =i

i
ψ . ����/ ! !'&+� �!&,-� ��3�&4 +�   �&4&) & 

&- )!'�&))�.   

   # �/'�+ ����,��2& -�))�1 ,.��* -./ -�!'�'�()� ,.�-� � 2�)�0 1 

( ) ( ) ( ) ( ) ( )xxttmx
sl

ρρχσ ,,,,  �&4&) & ! !'&+* (11), (12), �-��.&'���/97&& 
,��) ()�+� �!.�� 9 (18), ��!'��&)� � � -& ! ),�./�)�,� ��3.�8&) /  

( )
( )

( )
( )
( )

( )
( )
( )

( ) ...,
0

,
2

1

2

1
+−��

�

�
		



�
+−��

�

�
		



�
+−��

�

�
		



�
=Ψ +xt

xc

xc
xt

xb

xb
xt

xa
xt εδ            (19) 

( ) ( ) ( ) ( )( ) ...,,
21

+−+−=Φ +xtxdxtxdxt ε                          (20) 

��:22 0 &)'* ( ) ( ) ( ) ( ) ( ) ( ) ( )xdxdxcxcxbxbxa
212121

,,,,,,  )�1-&)*  

�-)�3)�()�. 
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# 4&!'�+ ����,��2& !'�� '!/ ( !.&))*1 +&'�- �&4&) / 

��!!+�'� ��&+�1 3�-�( .  #�&-/ )& 3�&!')*& 2�)�0    

t
Uw = ,

x
Uxp )(σ−= , t

Vr = , 

 3 ����)&) / (1) ��.�(�&+ 

)()()()()( rwxqxwwpwp
tx

−−′=+++ σσσσ                   (21) 

)()()()()( rwxqxwtwpxwp −−′−=−−− σσσσ          (22) 

,-& )(xσ ′  - ��� 3��-)�/ )(xσ . 

	���)&) / (21), (22) +�8)� '��8& 3�� !�'6 �  )'&,��.6)�1 2��+&. �./ :'�,� 

(21) ��� )'&,� ��&+ �-�.6 �����'&� !' �  1=
dx

td
 �' )~,~( xxtx +−  -� ),( tx  

(!+. � !.1). 

 
��*. 1. ����(����*��(�, -��!��.2�� ����� ���(� );( tx .   

 

��,-� ��.�( +  !��')�4&) & 
[ ] =+−++−−+ )~,~()~()~,~(),()(),( xxtxwxxxtxptxwxtxp σσ  

[ ]� +−−+−−+−′=
x

x
dssxtsrsxtswsqssxtsws

~
)),(),(()()(),()( σσ   (23) 

�)�.�, ()�, ��� )'&,� ����� ����)&) & (22) �-�.6 �����'&� !' �  

1−=
dx

td
 �' )~,~( xxtx −+  -� ( , )x t  (!+. � !.1), ��.�(�&+ �'���& !��')�4&) &: 

[ ]=−+−−+−− )~,~()~()~,~(),()(),( xxtxwxxxtxptxwxtxp σσ  

[ ]� −+−−++−+′−=
x

x
dssxtsrsxtswsqssxtsws

~
)),(),(()()(),()( σσ  (24) 
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 	���)&) / (23)   (24) �8& ��-��-/' -./ ( !.&))�,� +�-&. ����) /. ��.�,�/ 

xxh ~−= , 0>h  -�!'�'�()� +�.�, ������! + ��/ ��� 3��-)�9 )(sσ ′  ��- 

 )'&,��.�+ �*��8&) &+ 

,
)~()(

)(
h

xx
s

σσ
σ

−
≈′                               (25) 

�  )'&,��. – �� +&'�-� '���&0 1, ��.�( + �� 5. 8&))*& 2��+�.*:  

[ ]� ≈+−−+−−+−′
x

x
dssxtsrsxtswsqssxtsws

~
)),(),(()()(),()( σσ  

  [ ][ ]−+−+−≈ )~,~(),()~()(
2

1
xxtxwtxwxx σσ  

[ ],))~,~()~,~(()~()~()),(),()(()(
2

xxtxrxxtxwxqxtxrtxwxqx
h

+−−+−+−− σσ  (26) 

  

[ ]� ≈−+−−++−+′
x

x
dssxtsrsxtswsqssxtsws

~
)),(),(()()(),()( σσ  

 [ ][ ]+−++−≈ )~,~(),()~()(
2

1
xxtxwtxwxx σσ  

[ ]))~,~()~,~(()~()~()),(),()(()(
2

xxtxrxxtxwxqxtxrtxwxqx
h

−+−−++−+ σσ  .   (27) 

����&0 ��&+ �&. ( )* rwp ,,    σ  )� !&'��, ����3�))�9 )� � !.2, ,-& 
'�(�  !&'�  ���&-&./9'!/ �&�&!&(&) /+  �����'&� !' �. 

 
 

��*. 2. ��*�����. *��(�, �*-��)�����. � ������ ����4��������. 

����) !���(����*��(. 3���,� �����–!���(����*��(� 4�-��+�����*(�� 

*�*���,  ��������� (23). ����. x t=  – 5���� ����,. 
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����&0 ��&+ ����)&) & (2), ��&-��� '&.6)� ��� )'&,� ����� �� t ,  

'��8& )� :'� !&'�� (� !.2). �3 ��.�(&))*� !��')�4&) 1 )� !&'�& ��!'��&) 

�*( !. '&.6)*1 �.,�� '+ �&4&) / ��/+�1 3�-�(  -./ ����)&) / SH ��.) � 

����,�-��� !'�1 !�&-&.    
 

�����. 4���� ��!�/7&)� +�'&+�'&( !� + +�-&./+   ( !.&))*+ 

+&'�-�+ �&4&) / �-)�+&�)*� �5��')*� - )�+ (&!� � 3�-�(, 

�� !*��97 �!/  ����)&) /+  SH ��.) � ����,�-��� !'�1 !�&-&. 
# �&���+ ����,��2& �� ��-/'!/ ��!'�)���    �&4&) &  - )�+ (&!� � 

�5��')*� 3�-�(: 

0����� 1. ��&5�&'!/ �� -���.) '&.6)�1  )2��+�0    

),(
0

tGU
z

=
=

       (28) 

��!!'�)�� '6 )(zµ   3 (1)-(5) (��  :'�+ !( '�9'!/  3�&!')*+  

�!'�.6)*& 2�)�0    )(),(),( zzz
ls

χρρ ). 

0����� 2. ��&5�&'!/ ��  )2��+�0   (28) ��!!'�)�� '6 )(zχ   3   (1)-(5) 

(��  :'�+ !( '�9'!/  3�&!')*+  �!'�.6)*& 2�)�0   )(),(),( zzz
ls

µρρ ). 

0����� 3. ��&5�&'!/ ��  )2��+�0   (28) ��!!'�)�� '6 )(z
s

ρ   3 (1)-(5) 

(��  :'�+ !( '�9'!/  3�&!')*+  �!'�.6)*& 2�)�0   )(),(),( zzz
l

χµρ ). 

0����� 4. ��&5�&'!/ ��  )2��+�0   (28) ��!!'�)�� '6 )(z
l

ρ  3   (1)-(5) 

(��  :'�+ !( '�9'!/  3�&!')*+  �!'�.6)*& 2�)�0   )(),(),( zzz
s

χµρ ). 

 ��.&&  �� !�) +&'�- �&4&) / �&���1 �5��')�1 3�-�( , ! ��+�769 

��'���,� 3�-�(� !�&-&)� � �&4&) 9 3�+�)�'�1 ! !'&+*  )&. )&1)*� 

��.6'&����*�  )'&,��.6)*� ����)&) 1 �'���,� ��-� �')�! '&.6)� 

)& 3�&!')*� 2�)�0 1 ),(,),(
21

xtxt ΨΨ    )(xq ,  �  +&))�  

+−=Ψ )(),(
11

xtsxt  

( ) ( )
( )

+−+Ψ+ � ηηη
ηρ

ηρηχ
dxt

x

s

l ),(
20 1

2

  

( ) ( )
( )� +−+Ψ�




�
�
�

�
++

x

s

l dxtq
0 2

2

),()(
2

ηηηη
ηρ

ηρηχ
  

,)),(),((
)(2

)()(
0

))(()(

210

32

ητητητ
ηρ

ηρηχ τηηρηχη

dde
x xtxt

s

l l� �
−−+−+−

Ψ+Ψ+   

++=Ψ )(),(
22

xtsxt     

                
( ) ( )

( )
++−Ψ�




�
�
�

�
−+ � ηηηη

ηρ

ηρηχ
dxtq

x

s

l ),()(
2

10

2

  

                 
( ) ( )

( )� ++−Ψ+
x

s

l dxt
0 2

2

),(
2

ηηη
ηρ

ηρηχ
  

     .)),(),((
)(2

)()(
0

))(()(

210

32

ητητητ
ηρ

ηρηχ τηηρηχη

dde
x xtxt

s

l l� �
−+−−+−

Ψ+Ψ+  
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( ) ( )
( )

+−=
x

xx
xq

s

l

ρ

ρχ 2

2
)(   

         
( ) ( )

( )
( ) ( )

( )
+−Ψ�




�
�
�

�
+��

�

�
		



�
+ �� ηηηη

ηρ

ηρηχ

ρ

ρχ
dxqyd

y

yy x

s

l
x

s

l ),2()(
22

exp2
10

2

0

2

  

         
( ) ( )

( )
( ) ( )

( )
−−Ψ��

�

�
		



�
+ �� ηηη

ηρ

ηρηχ

ρ

ρχ
dxyd

y

yy x

s

l
x

s

l ),2(
22

exp2
0 2

2

0

2

  

         
( ) ( )

( ) � ��
− −+− −Ψ��

�

�
		



�
−

x x xt

s

l
x

s

l ddeyd
y

yy
l

0

2

0

))(()(

1

32

0

2

),(
)(2

)()(

2
exp2

η τηηρηχ ητητ
ηρ

ηρηχ

ρ

ρχ
  

         
( ) ( )

( ) � ��
− −+− −Ψ��

�

�
		



�
−

x x xt

s

l
x

s

l ddeyd
y

yy
l

0

2

0

))(()(

2

32

0

2

),(
)(2

)()(

2
exp2

η τηηρηχ ητητ
ηρ

ηρηχ

ρ

ρχ
    

( ) ( )
( )

)2(
2

exp2
20

2

xsyd
y

yyx

s

l

��
�

�
		



�
− � ρ

ρχ
                                                             (29) 

 

� !'&+� ����)&) 1 (29) �5.�-�&' +�.*+ ����+&'��+, ��.6 ��'���,� 

 ,��&' +&�� �5.�!'   )'&,� ����) / � :' � ����)&) /�. 
.�,�-��/ )�. ( 9 

:'�,� +�.�,� ����+&'��, � :'�1 ! !'&+& ����)&) 1 ���3*��&'!/ �� +&) + 

�� )0 � !8�'*� �'�5��8&) 1 
�)���.  
     #� �'���+ ����,��2&   !!.&-���)� ! !'&+�  )'&,��.6)*� ����)&) 1 

(29)   -���3�)� &- )!'�&))�!'6   !�7&!'����) & �&4&) 1 �5��')*� 3�-�( 1, 

2, 3, 4 � +�.�+.  

  # '�&'6&+ ����,��2& )&��&�*�)�/ 3�� ! +�!'6 �&4&) 1 �5��')*� 

3�-�( �' ���-)*� -�))*� )(),( 21 tsts . �5�3)�( + (&�&3 )(~ xq  2�)�0 9 )(xq , 

)�1-&))�9 �� « 3+&)&))*+» ���-)*+ -�))*+ )(~
1

ts , )(~
2

ts . ����3�)�  
$������. ��!'6 

[ ]

.))(~)(,)(~)((max 2211

2,0 0

δ≤−−
∈

tstststs
xt

    (30) 

��,-�  +&&' +&!'� �0&)�� 

,)(~)( δCxqxq ≤−  

,-& −> 0C  ��!'�/))�/, )&3�� !/7�/ �' δ (+�8&' 3�� !&'6 �' 
0

x    

-�.����+&'��� ). 
<'� '&��&+� ����3*��&'  )&��&�*�)�9 3�� ! +�!'6 �&4&) 1 �5��')*� 

- )�+ (&!� � 3�-�( �' ���-)*� -�))*� -./ �5��')�1 3�-�(  1.  

���'�&'!'��97 & '&��&+* �&�)*    -./ �5��')*� 3�-�( 2, 3   4. 

# (&'�&�'�+ ����,��2& -�))�1 ,.��* ��&-!'��.&) ( !.&))*1 +&'�- 

 )'&,� ����) / �-�.6 �����'&� !' �, ��'��*1 :22&�' �)� �*( !./&' 
���2 .6 ��:22 0 &)'� ��+& ��� 2�)�0   ,.�5 )* (3�-�(� 1) �� 3�-�))�+� 

!&1!+ (&!��+� ! ,)�.�,  3+&�&))�+� )� ���&��)�!'  ! ��� 3��.6)�1 

 !��-)�1 3�)- ��97&1 2�)�0 &1. # �&3�.6'�'& �� +&)&) / -�))�,� +&'�-� 
��.�(&)* �&����&)')*& !��')�4&) /, ��3��./97 & ��!!'�)�� '6 ���2 .6 
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��:22 0 &)'� ��+& �)�'�  !�&-*, �-)���&+&))� ��!!'�)��. ��/   ��.)��*& 
��./ !����!'&1 !+&7&) 1 ����,�,� ��� !'�,� '&.�   8 -��!' .   

��!.&-) 1  ����,��2 -�))�1 ,.��* ��!�/7&) ( !.&))�+� �&4&) 9 

!��+&7&))*�  �5��')*� 3�-�( -./ ����)&) 1 �����-/7 � ����,�-��� !'*� 

!�&- -./ ���&�&()*� ��.). �& 3�&!')*& 2�)�0    7�'!/ ��� '�(�  

+ ) +�+� 0&.&�*� 2�)�0 �)�.��, �����'&� 3�97 � ��.�)&) & � )��+& L2 

�&�.6)�,� 3��&, !'� ����))�,� ��.)���,�   :.&�'� (&!��,� ��.&1 �' 
��!!( '�))�,� -./ ���5)�1 '&��7&1 +�-&. . 

$���). 4����  !�!'� '  3 '�&� ����,��2��, � ��'��*� �� �&-&)� 

��-��5)�& �� !�) & !�&+ �*( !.&) 1 -./ ��.�(&) / ( !.&))�,� �&4&) / 

��/+�1   �5��')*� 3�-�( -./ SH ��.) )� �!)��& +&'�-��, ��&-.�8&))*� � 

��&-*-�7 � -��� ,.����. ����&-&)* '&!'��*& ��!(&'* -./ ��3. ()*� 

+�-&.6)*� -�))*�. 

�./ ��!'��&) / �.,�� '+� �&4&) / �5��')�1 3�-�(  5*.   !��.63���)* 

�&����&)')*& 2��+�.*  

−−+++=
−−−−−−−

)()(
4

1
)(

2

1
,11,11,11,1, jIjIIIjIjIjI

wwppp σσ  

[ ])()(
4

)(
2

,1,11,11,111,, jIjIjIjIIIjIjIII
rwrwq

h
rwq

h
−−−−−−−−

−+−−−− σσ  (31) 

−++
+

−
=

−−−

−

−−−
)(

2

1)(
,11,1

1

,11,1

, jIjI

II

jIjI

jI
ww

pp
w

σσ
 

[ ]
II

jIjIjIjIII
rwrwqh

σσ

σ

+

−−−
−

−

−−−−−−−−

1

,1,11,11,111
)()(

2
                    (32) 

)()(2
1 jijiiljiji

rwhrr −+=
+

ρχ                                                              (33) 

�+&!'& ! )&�5��- +*+  )�(�.6)*+    ,��) ()*+  �!.�� /+ . 

# ���,��++& ��,�) 3���) 0 �. �� i  �' 2 -� N (N – ��. (&!'�� '�(&� 

��35 &) /), �)�'�  ��'���,� – 0 �. �� j  �' 1i +  -� N. ��.�(&))�/ !�&+� 
 +&&' �&��*1 ���/-�� '�()�!'  �� h , ,-& h  - 4�, !&'�  �� )�����.&) 9 x . 

�./ �*��.)&) / �!&,� ���0&!!� �*( !.&) 1 '�&5�&'!/ 2( )O N  ��&��0 1 � 

! .� '�,�, ('� �*( !.&) / �����-/'!/ ��!.&-���'&.6)� ! ��+�769 

�&����&)')*� 2��+�.. 

�./ ��!'��&) / �.,�� '+� �&4&) / ��/+�1 3�-�(  5*.   !��.63���)* 

�&����&)')�/ 2��+�.� (33)   2��+�.* 

{ }−++++−
∆

=
++−−−−−− jiiijiiijijiji

wwppw
,111,11,11,1

)()()(2
1

σσσσ  

[ ]{ })(2)(
1

1,11,111,1,111 −−−−−−++++
−+−−

∆
−

jijiiijiiijijiii
rwqrqrwqh σσσ                (34) 

[ ] [ ] −+++−=
−−−−−− 1,11,11,1

2

1

2

1
jiiijiiijiji

wwpp σσσσ  
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[ ])()(
2

1,11,111,, −−−−−−
−+−−

jijiiijijiii
rwqrwq

h
σσ                                  (35) 

�+&!'& ! )&�5��- +*+  )�(�.6)*+    ,��) ()*+  �!.�� /+ .  

 # ���,��++& ��,�) 3���) 0 �. �� k  �' 2 -�N , �)�'�  ��'���,� – 0 �. 

�� i  �' 2 -� 1+− kN . ��.�(&))�/ !�&+�  +&&' �&��*1 ���/-�� '�()�!'  �� h , 

,-& h  - 4�, !&'�  �� )�����.&) 9 x .  

�./ �*��.)&) / �!&,� ���0&!!� �*( !.&) 1, ���   -./ �5��')�1 3�-�( , 

'�&5�&'!/ 2( )O N  ��&��0 1 � ! .� '�,�, ('� �*( !.&) / �����-/'!/ 

��!.&-���'&.6)� ! ��+�769 �&����&)')*� 2��+�.. 

���,��++� '&!' ����.�!6 )� ��3. ()*� +�-&.6)*� -�))*�. # �'���+ 

����,��2& �� �&-&)* �&3�.6'�'* )&!��.6� � '&!' ����) 1. 

#� �!&� '&!'��  !��.63���. !6 !.&-�97 & 3)�(&) /: ��&+&))�1 

 )'&���. 50=T , ��. (&!'�� 4�,�� 1000=N . ��)�0   5*.  3�-�)* '��: 

1)( =xχ , )sin()( xxf = , )(3.0)( xx
sl

ρρ = . 

# �&���+ '&!'&  !��.63���. !6 2�)�0  : 

)sin(5.01)( xx
s

+=ρ    1)( =xµ . 

�����- . !6 ��!(&'* -./ ��/+�1 3�-�( , � ��'�+ ��.�(&))�& �&4&) & 
 !��.63���.�!6 ��� ���-)*& -�))*& -./ �5��')�1 3�-�( . 

�./  ..9!'��0   ��5�'* ���,��++* )� )&,.�-� �   ��3�*�)*� 

2�)�0 /� ��!!+�'� ��.!/ !.&-�97 1 �� +&�. 

�!��.63�&+*& 2�)�0  :  

1)( =x
s

ρ   
�
�
�

∈−+

∉
=

]30;10[&!. ,1003.01

]30;10[&!. ,1
)(

xx

x
xµ  

# :'�+ !.�(�& '��8& 5*.� �&4&)� !)�(�.� ��/+�/ 3�-�(�, � ��'�+ 

�5��')�/ ! ���-)*+  -�))*+ , ��.�(&))*+  ��  �&4&)   ��/+�1. #� 

�'���+  ����,��2& �� �&-&)* ,��2 (&!� &  ..9!'��0   ��.�(&))*� 

�&3�.6'�'�� ��  '&!' ����)  .  

��.�(&))*& �&3�.6'�'* ����3�)* )� � !.3   � !.4. 

 
 

��*. 3. 6��5�( �*!����� 5��(/�� )(xσ  ��. -�.��� ������. 
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��*. 4. 6��5�( 5��(/�� )(xσ , -��������� -�� ��7���� �+������ 

������. 


&3�.6'�'* '&!'� ����3�. , ('� �.,�� '+ ��5�'�&'   )� )&,.�-� �   -�8& 
��3�*�)*�  !��-)*� 2�)�0 /�. 

# '�&'6&+ ����,��2& �� �&-&)* �&3�.6'�'* �*( !. '&.6)*� 

:�!�&� +&)'�� -./ �&4&) / �-)�+&�)*� �5��')*� - )�+ (&!� � 3�-�( 

��!!+�'�&))*� � ����,��2& 2.5. 
*.� )�� !�)�  ���,��++� )� /3*�& C++ ! 
��!4 �&))*+ ,��2 (&!� +  )'&�2&1!�+, ��'���/ ��3��./.� ��� 3��- '6 

��!!'�)��.&) & 2�)�0 1 )(),(),( zzzc slt σσ . 
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���'� & �5�57&))*& �*��-* ��  - !!&�'�0 �))�+�  !!.&-���) 9: 

1. ��!'��&)* +�'&+�' (&!� & +�-&.   ��/+*�   �5��')*� - )�+ (&!� � 

���0&!!��, !���/7 &!/ � ! !'&+& - 22&�&)0 �.6)*� ����)&) 1 SH ��.), ! 
)�(�.6)�-���&�*+  �!.�� /+ .  

2. ��!'��&)� ! ),�./�)�& �&4&) & ��/+�1 - )�+ (&!��1 3�-�(  -./ 

����)&) 1 SH ��.) � ����,�-��� !'�1 !�&-& ! �(&'�+ ��'&�  :)&�,   )� 
+&8��+��)&)')�& '�&) &. 

3. ��!'��&)� ! !'&+� )&. )&1)*� ��.6'&����*�  )'&,��.6)*� ����)&) 1 

�'���,� ��-� -./ �-)�+&�)*� - )�+ (&!� � �5��')*� 3�-�( -./ ����)&) / 

SH ��.) � ����,�-��� !'�1 !�&-&, ��'���/ �!&,-� ��3�&4 +�    +&&' 
&- )!'�&))�& �&4&) & � +�.�+.  

4. �� +&)&)  ( !.&))*1 +&'�-  )'&,� ����) / �-�.6 �����'&� !' �, 

��'��*1 :22&�' �)� �*( !./&' ���2 .6 ��:22 0 &)'� ��+& (��� 2�)�0   

,.�5 )*) �� 3�-�))�+� ! ,)�.�,  3+&�&))�+� )� ���&��)�!'  ! 
��� 3��.6)�1  !��-)�1 3�)- ��97&1 2�)�0 &1. # �&3�.6'�'& �� +&)&) / 

-�))�,� +&'�-� ��.�(&)* �&����&)')*& !��')�4&) /, ��3��./97 & 
��!!'�)�� '6 ���2 .6 ��:22 0 &)'� ��+& �)�'�  !�&-*, �-)���&+&))� 

��!!'�)��. ��/   ��.)��*& ��./ !+&7&) 1 ����,�-��� !'�,� '&.�   

8 -��!' .  

5. ����3�)� '&��&+� &- )!'�&))�!'    � «+�.�+» !�7&!'����) / 

��!!+�'�&))*� �5��')*� 3�-�(, � '��8& )&��&�*�)�1 3�� ! +�!'  �&4&) 1 

�5��')*� - )�+ (&!� � 3�-�( �' ���-)*� -�))*�, '.&. +�.*+  3+&)&) /+ 

-�))*� �5��')�1 3�-�(  !��'�&'!'��9' +�.*&  3+&)&) / �&4&) /. 

6. " !.&))� �&4&)* !��+&7&))*& �-)�+&�)*& �5��')*& 3�-�(  -./ 

����)&) 1 �����-/7 � ��� !'*� !�&- -./ ���&�&()*� ��.). 

7. ��3-�)� ���,��++�  -./ �&�. 3�0   ��&-.�8&))*� !�&+ �*( !.&) 1   

-./ ( !.&))�,� �&4&) / �-)�+&�)*� ��/+�1   �5��')*� 3�-�(. �&'�- 

�����'&� !' (&!��,�  )'&,� ����) / �(&)6 :22&�' �&) �� ��&+&)  !(&'�.  
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1. �+�+)�3���� �.�., ��.+���-�� �.<. ��/+*&   �5��')*& 
- )�+ (&!� & 3�-�(  -./ ����)&) / SH ��.) � ��� !'�1 !�&-& // 

��'&� �.* XLII +&8-�)���-)�1 )��()�1 !'�-&)(&!��1 ��)2&�&)0  .  

– ����! 5 �!�,  2004. – �. 192-193.  

2. ��.+���-�� �.<. � ),�./�)�& �&4&) & ����)&) / SH ��.) � ��� !'*� 

!�&-��// ��'&� �.* 
&!��5. ��)!��1   )��()�1 ��)2&�&)0   +�.�-*� 

�(&)*�-+�'&+�' ���, ��!�/7&))�1 125-.&' 9 ���-&+ ��                   
#.�. 
�+�)��!��,�. – ��4�&)', 2004. – �. 98-101.  

3. �+�+)�3���� �.�., ��.+���-�� �.<. ��/+*&   �5��')*& 
- )�+ (&!� & 3�-�(  -./ ����)&) / SH ��.) � ��� !'�1 !�&-& // 

#&!') � �	 	3, !&� / +&��) ��−+�'&+�' ��. – ��4�&)', 2006. – =2.   

–�. 86−91.    

4. Imomnazarov Kh.Kh. and Kholmurodov A.E. Direct and inverse dynamic   

problems for SH-waves in porous media // Mathematical and Computer 

Modelling. – Amsterdam, 2007.–V. 45. –=3-4. – P. 270-280. 

5. �+�+)�3���� �.�., ��.+���-�� �.<. �.,�� '+* ( !.&))�,� �&4&) / 

�-)�+&�)*� ��/+�1   �5��')�1 3�-�( ��!���!'��)&) / SH ��.) � 

��� !'*� !�&-��// #&!') � ����	. –���4 , 2010. – =3. –�. 43−53.  

6. ��.+���-�� �.<. �.,�� '+ ( !.&))�,� �&4&) / �-)�+&�)*� ��/+*� 

3�-�( ��!���!'��)&) / SH ��.) � ��� !'*� !�&-��// ��'&� �.* 

+&8-�)���-)�1 ��)2&�&)0   ��5�'��)*& 2��+�.*, +&'�-* ��)'&-
���.�    � �� .�8&) /. – ���!)�/�!�, 2011. –�. 123-126.  
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� 3 ��-+�'&+�' �� 2�).��  )�+3�-   .+ 1 -���8�! ,� '�.�5,�� 

��.+���-�� �5-�.��+ - <�� )�� () ), 05.13.18-+�'&+�' � 

+�-&..�4' � 4) ), )�3�� 1 �!�!.��   �' !�!. ,  5>1 (� «
 � >.(��.  SH 

'>.? ) '&),.�+�!  5 .�) '��! 2.�)��(  - )�+ � 8���@).��)  +�'&+�' � 

+�-&..�4' � 4» +��3�! -�,  - !!&�'�0 /! ) ),  
 

�%08�%&� 

 

$�.�� *;����: :.�!' �-A���� +�B ', SH '>.? ).��, , �&�5�. � ! !'&+�, 
'>A�  +�!�.�, '&!���  +�!�.�. 

$��<�<�� �+1�(����: '�-? ?�' �5;&�'  − +������5 '�3 . 4-�,  A���� 

+�B '-�,  '>.? ).��. ��-? ?�' ��&-+&'  − A���� +�B '-�  SH '>.? )  

'��?�. 4 8���@).�� )  +�'&+�' � +�-&..�4' � 4 B�+-� 5�)-� B�! . 

5>.��(  '>A�  �� '&!���  +�!�.�.��. 

�7���4 ��<*���: 5 � >.(��.   SH '>.? ) '&),.�+�!  5 .�) 

'��! 2.�)��(   - )�+ � 8���@).��)  +�'&+�' � +�-&..�4' � 4, 5�)-� 
B�! . 5>.��(  '>A�  �� '&!���  +�!�.�.��) ), &( +.�� )  +��8�-. � �� 
/,�)�. ��� '&�4 � 4, 5� +�!�.�.��) ), !�).  &( 4 +&'�-.�� )  '�� 4 

B�+-� +�! -�!'��.�� )  '�3 4. 

$��<�<�� ���������: +�'&+�' � +�-&..�4' � 4, , �&�5�. � 

! !'&+�.�� �(�) �����'&� !' ��.�� �!�. ,  )'&,��. '&),.�+�.�� �� (&�.  

�1 �+�.�� �!�..�� , ?>4+� ,��- &)'.�� �!�.  B�+-� -�!'��.�4 

'&�)�.�, /! . 

����4�� ��������� �� �������4 .�4���4�: ?�1 -�,  )�' 8�.�� /), : 

− :.�!' �-A���� +�B '-�  SH '>.? ) '��?�. 4 ) ), +�'&+�' � +�-&. ; 

− :.�!' �-A���� +�B '-� SH '>.? ) '&),.�+�! ) ), ! ),�./� &( + ; 

− :.�!' �-A����  +�B '-�  SH '>.? ) '&),.�+�!  �(�) '&!���  - )�+ � 

+�!�.�.��) ),  �� )(  '�� )�( 3 ?.  ��.6'&���  )'&,��. '&),.�+�.�� 

! !'&+�! ;  

− ?���.�@',�) '&!���  +�!�.�.�� &( + ) ), +��8�-. � �� /,�)�. �  

'&��&+�! ;  

− :.�!' �-A����  +�B '-� SH '>.? ) '��?�. 4 ) ), '>A�  �� '&!���  

+�!�.�.�� ) ), !�).  &( 4 �!�.  �� �),� +�! -�!'��.  

	����� �=���.��: �. ),�) )�' 8�.�� '��.  '�5  1 �� '&�)�., � 

8���@).��)  '&�4 � 4-� ?>..�) . 4  +�+� ). 

 $��+�< >��7 ������*� �� �<��*���� *����������4�:  4 

+�'&� �..�� -�) 9?��  ���! 5���.��� �'��� �� +�, !'��'��� '�.�5�.��  

�(�)  +�'&+�' � +�-&..�4' � 4,� � -  +��!�! ���!.��) ),  �!�! )  

'�4� . :'�- . 

?;�����7 *�=�*�: �. ),�) )�' 8�.��  !&1!+�.�, /-�, )&2'6 �� ,�3 
3�B ��.�� )  �) ?.�4 �� �)-�) 2�1-�.�) 4-� ?>..�) . 4  +�+� ). 
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�%08�% 

 
- !!&�'�0   ��.+���-��� �5-�.��+ -� <�� )�� (� )� '&+�: «��'&+�' (&!��& 
+�-&. ����) & - )�+ (&!� � ���0&!!��, �� !*��97 �!/ �-)�+&�)*+  

����)&) /+  SH ��.)» )� !� !��) & �(&)�1 !'&�&)  ��)- -�'� 2 3 ��-

+�'&+�' (&!� � )��� �� !�&0 �.6)�!'   05.13.18 – '&��&' (&!� & �!)��* 

+�'&+�' (&!��,� +�-&. ����) / 

 

 
�@���,� *����: ����,�-��� !'�/ !�&-�, SH ��.)*, , �&�5�. (&!��/ 

! !'&+�, ��/+�/ 3�-�(�, �5��')�/ 3�-�(�. 
�+1�(�, �**��������.: �5;&�'�+  !!.&-���) / /�./&'!/ ��.)* � ��� !'�1 

!�&-& !� !.�8)�1 �&�.�, &1. ��&-+&'�+  !!.&-���) / /�./&'!/ +�'&+�' (&!��& 
+�-&. ����) & - )�+ (&!� � ���0&!!�� ��!���!'��)&) / �-)�+&�)*� SH ��.), � 
'��8&  !!.&-���) & ��.�(&))*� ��  :'�+ ��/+*�   �5��')*� 3�-�(. 

'��) ��+��,: /�./&'!/ +�'&+�' (&!��& +�-&. ����) & - )�+ (&!� � 

���0&!!�� ��!���!'��)&) / SH ��.), � ��+��� ��'���,� !'��/'!/ +�'&+�' (&!� & 
+�-&. ,  3�(&) & �����'&�� �&4&) 1,  !!.&-���) & ��3�&4 +�!'    

&- )!'�&))�!'  ��.�(�97 �!/ ��  :'�+ ��/+*�   �5��')*� 3�-�(, ��3��5�'��  
( !.&))*� +&'�-�� �&4&) / 3�-�(    !��'�&'!'��97 � ���,��++. 

�����, �**��������.: � ��5�'*   !��.63�9'!/ +&'�-* +�'&+�' (&!��,� 

+�-&. ����) /, +&'�- �����'&� !' � -./ , �&�5�. (&!� � ! !'&+, +&'�- 

 )'&,��.6)*� ����)&) 1, ��)&()�-��3)�!')*& +&'�-*, +&'�- !���/8&))*� 

,��- &)'��, � '��8& '&�)�.�, / ���,��++ ����) /. 

9�������,� �����)���, � �!  �������: !.&-�97 &  �&3�.6'�'* ��5�'* 

/�./9'!/ )��*+ :    

− �*�&-&)� +�'&+�' (&!��/ +�-&.6 ��!���!'��)&) / SH ��.) � ����,�-

��� !'*� !�&-��; 

− ��!'��&)* ! ),�./�)*& �&4&) /  ����)&) / SH ��.) � ����,�-��� !'*� 

!�&-��; 

− ��.�(&)� ! !'&+� )&. )&1)*� ��.6'&����*�  )'&,��.6)*� ����)&) 1 

�'���,� ��-� -./ - )�+ (&!� � �5��')*� 3�-�( -./ ����)&) / SH ��.) � 

����,�-��� !'*� !�&-��; 

− -���3�)� '&��&+� &- )!'�&))�!'    � «+�.�+» !�7&!'����) / �&4&) / 

��!!+�'�&))*� �5��')*� 3�-�(, � '��8& )&��&�*�)�1 3�� ! +�!'  �&4&) 1 

�5��')*� - )�+ (&!� � 3�-�( �' ���-)*� -�))*�; 

− ��3��5�'�) ( !.&))*1 +&'�-   !�3-�)� ���,��++� -./ ( !.&))�,� �&4&) /  

��/+�1   �5��')*� 3�-�( -./ ��!���!'��)&) / SH ��.) � ����,�-��� !'*� 

!�&-��. 

 9��(����*(�. �������*�): ��.�(&))*& �&3�.6'�'* +�,�' )�1'  

�� +&)&) & ��   !!.&-���) 1 4 ����,� �.�!!� ��3. ()*� �� ��-)*�   

'&�)�.�, (&!� � ���0&!!��.  

&��-��) ��������. � >(�������*(�. >55�(�����*�): �&3�.6'�'* +�,�' 
!�!'�� '6 �!)��� !�&0 �.6)*� ���!�� .&�0 1 �� ��&-+&'� +�'&+�' (&!��,� 

+�-&. ����) / -./ !'��4 � ���!�� 5���.��� �'��*   +�, !'��'��*.  

  �+��*�) -��������.: �&3�.6'�'*  !!.&-���) 1 +�,�' 5*'6  !��.63���)* 

� !&1!+�.�,  ,  ��  ��3��5�'�& )&2'/)*�   ,�3��*� +&!'���8-&) 1.  



 21 

RESUME 

 

Thesis of Holmurodov Abdulhamid Erkinovich on "Mathematical modeling 

of dynamic processes described by one-dimensional equations of SH waves" to get  

the scientific  degree of  PH in the field of physics and mathematics on the 

specialty  05.13.18 – Theoretical basis of mathematical modeling. 

 

 Key words: elastic porous medium, SH-wave, hyperbolic system, direct 

problem, inverse problem. 

 Subjects of research: the subjects of this study are  waves in porous media 

with complex reology, the mathematical modeling of dynamic processes of 

propagation of one-dimensional SH-waves, and also the investigation of the 

obtained in this study direct and inverse problems. 

Purpose of research: the purpose of the thesis are the mathematical modeling 

of dynamic processes of propagation of  SH-waves in which  mathematical models 

are constructed,   studying  the nature of solution, existence and  uniqueness of the 

solution to  obtained in this study direct and inverse problems, the development of 

numerical methods for solving the problems and programm. 

Methods of research: we use mathematical modeling methods, the method of 

characteristics for hyperbolic systems, the method of integral equations, finite 

difference methods, the conjugate gradient method, and programming technology. 

 Results obtained and their novelty: the following results are new: 

− derived mathematical model of SH-wave propagation in elastic-porous 

media; 

−  constructed singular solutions of SH-wave propagation in elastic-porous 

media; 

−  a system of nonlinear Volterra integral equations of the second kind for the 

dynamic inverse problems for SH-waves in  elastic-porous media; 

−  uniqueness theorem and a "in small" existence of a solution of inverse 

problems considered, as well as the continuous dependence of solutions to 

inverse dynamic problems on input data; 

−  developed numerical method and created  program for the numerical 

solution to the direct and inverse problems for SH-wave propagation in the 

elastic-porous media. 

 Practical significance: the results can be used in a broad class of studies of 

various natural and technological processes. 

 Degree of embed and economic effectivity: the results may form the basis 

of special courses on the subject of mathematical modeling for senior 

undergraduate and graduate students. 

  Field of application: the  results can be used in seismology and in the 

development of oil and gas deposits. 


