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��&-"�-&�  *#&�!�#.  !&�$)  6'%6��!6  !%#<(#. , '  (�.  ���4�!6  

(�#$(#&#$(#!��  &�0%� (#.  *&#�6<�((#!��  (��!;��8 ). ��%2�&�7�6  '  ��"#.  !&�$�  

#*�!)'���!6  $�//�&�(7��%2()��  -&�'(�(�6��  '   �!�()1  *&#�0'#$()1 , '�$  

"#�#&)1  0�'�!��  #�  ��!;��8� , (�  "#�#&#�  ')*#%(6��!6  �!!%�$#'�(�� . ��!�#  

&�!!���&�'�4�  !%�$-4:��  ��!;��8)  (�#$(#&#$(#!��. : «��"&#��!;��8 » 

(#�$�%2()�  *#&) ) �  «��"&#��!;��8 » ((� �(�6  !  &�0��&#'  "�&(� ). 
�" , $'�<�(��  

<�$"#!��.  '  *#&�1 #*�!)'���!6  -&�'(�(�6��  $'�<�(�6  '60"#.  <�$"#!��  (��'2� -

��#"!� ); (�  ��"&#��!;��8�  !*&�'�$%�')  -&�'(�(�6  �(#+#/�0(#.  /�%2�&�7�� . �  

*#&�!�#.  !&�$�  ��"<�  ')$�%64�!6  �  $&-+��  ��!;��8) , -&�'(�(�6  $%6 "#�#&)1  

�!!%�$#'�%�!2 , (�*&���& , '  &�8#��1  �'�$%�&�  � .� . [91]. 

�%6 ')*#%(�(�6  &�! ��#'  !  �!*#%20#'�(���  $�//�&�(7��%2()1  -&�'(�(�.  

$#%<()  8)�2  �0'�!�()  '�%� �() , 1�&�"��&�0-4:��  !'#.!�'�  *#&�!�#.  !&�$)  �  

/�%2�&-4:�1!6  <�$"#!��. . ��*&���& , $%6 -&�'(�(�.  /�%2�&�7��  '  "�<$#.  

�# "�  *&#!�&�(!�'�  (�#81#$��#  0�$��2  "#?//�7��(�)  *#&�!�#!�� , �8!#%4�(#.  

*&#(�7���#!�� , #�(#!���%2()�  /�0#')�  *&#(�7���#!��  (	�3 ), /�0� �!"��  

!'#.!�'�  /�%2�&-4:�1!6  /�0  �  � .$. 3&�  ?�#�  -&�'(�(�6  /�%2�&�7��  (�  "&-*(#�  

��!;��8�  �#+-�  8)�2  *#%- �()  !  *#�#:24  #!&�$(�(�6  -&�'(�(�.  8#%�� ��%"#+# 

��!;��8� . 
#  <�  !��#�  #�(#!��!6  �  "  '�%� �(�� , 1�&�"��&�0-4:��  

/�%2�&�7�#(()�  !'#.!�'�  *#&�!�#.  !&�$) . 3&#7�$-&�  *#%- �(�6  -&�'(�(�.  

� /�%�  �1  *�&����&#'  (�  "&-*(#�  ��!;��8�  !  �!*#%20#'�(���  -&�'(�(�.  8#%�� 

��%"#+# ��!;��8�  8-$��  (�0)'��2  &���!;��8�&#'�(��� .  

��  *&�"��"�   �!�#  �!*#%20-4�!6  $�!"&��()�  �#$�%�  /�%2�&�7�� : 

&�0(#!�()�  !1��)  $%6 �#$�%�&#'�(�6  *&#7�!!#'  /�%2�&�7��  *&�  &�0&�8#�"�  

(�/�6()1  �  +�0#')1  ��!�#&#<$�(�. , $�!"&��()�  ��"&#�#$�%�  *#&�!�#.  !&�$)  

((�*&���& , *#&#!���')�  �#$�%� ), $�!"&��()�  $�(��� �!"��  !�!���)  �  $&. �  (�1 , 
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'  #�%� ��  #�  (�*&�&)'()1  �#$�%�. , #!(#'�(()1  (�  $�//�&�(7��%2()1  

-&�'(�(�61 , (��0'�!�()�  '�%� �()  (�1#$6�!6  (�  '  8�!"#(� (#� , �  '  "#(� (#�  

 �!%�  �# �"  *&#!�&�(!�'�  � /�%�  '&���(� . ��<()�  ��*#�  $�!"&��()1  �#$�%�.  

6'%64�!6  &�0(#!�()�  !1��) , *#%- �4:��!6  '  &�0-%2����  $�!"&���0�7��  

$�//�&�(7��%2()1  -&�'(�(�.  *# *&#!�&�(!�'-  �  '&���(� , !  *#�#:24  "#�#&)1  

*# 8#%2;�.   �!��  �  &�;�4�!6  -&�'(�(�6  /�%2�&�7�� .  

�(#+��  �0  #��� �(()1  ');�  �#$�%�.  ("�"  $�!"&��()1 , ��"  �  (�*&�&)'()1 ) 

�#+-�  ����2  #8:��  !'#.!�'� , ��"��  "�"  ��*  -&�'(�(�. , *#$#8��  !  �# "�  0&�(�6  

!�&-"�-&)  �  (�%� �6  +&-**  (�*&�&)'()1  !�����&�.  �  � .$. ��*&���& , *&�  

&���!;��8�&#'�(��  (�*!"�.%�(+� ) $�!"&��()1  �#$�%�.  /�%2�&�7��  

(+�$&#$�(��� �!"��  �#$�%� ) *&�  *�&�1#$�  #�  ��%"#+# ��!;��8�  "  8#%�� 

"&-*(#�-  �#+-�  �0��(6�2!6  �#%2"# �8!#%4�(�6  *&#(�7���#!�2  �  /-("7��  	�3 . 

��&-"�-&�  -&�'(�(�.  *&�  ?�#�  �#<��  (�  ��(6�2!6 . 3#?�#�-  "&�.(�  '�<()�  

6'%6��!6  �!!%�$#'�(��  *#$#8�.  $�!"&��()1  �#$�%�.  !  *#�#:24  &�0%� ()1  

��#&��� �!"�1  ���#$#' , '   �!�(#!�� , !  *#�#:24  (�*&�&)'()1  +&-**  !�����&�. , 

"#�#&)�  $#"�0�%�  !'#4  '�<(#!�2  $%6 $�//�&�(7��%2()1  -&�'(�(�. . ��!"&��()�  

�#$�%�  #$(#+# '�$�  �#+-�  �!*#%20#'��2!6  $%6 (� �%2()1  �  +&�(� ()1  -!%#'�.  

#$(#+# "%�!!�  ((�*&���& , $%6 0�$� �  �*!"�.%�(+� ) !  �# "�  0&�(�6  (�*&�&)'()1  

!�����&�. ,  �#  *&�'#$��  "# �(#<�!�'-  «*#$#8()1 »  �!%�(()1  &�;�(�. . 3&�  

?�#�  *#%- �(��  '!�1  ��"�1  &�;�(�.  #$(#+# "%�!!�  *-���  *&6�#+# &�! ���  (�  

6'%6��!6  &�7�#(�%2()�  �0 -0� �1  !'60�  !  *#�#:24  *&�#8&�0#'�(�.  (�*&�&)'(#.  

+&-**)  !�����&�� . 

3&#8%��)  �#$�%�&#'�(�6  /�%2�&�7��  '  *#&�!�)1  !&�$�1  �!!%�$#'�%�!2  '  

&�8#��1  !%�$-4:�1  - �()1  – Aziz K., Muskat M., Settari A., 
 .� . ��&�(8%�� , 

��!(��'  � .� ., ��(�'!"�6  � .� ., ��&0�$<�(0�$�  � .5 ., 3 .� . 3#%-8�&�(#'� -�# �(� , 

� .� . =�%"� �'  �  $&.; *&#7�!!)  /�%2�&�7��  (�  ��"&#��!;��8�  *#&�!�#.  !&�$)  – 

Blunt M., Rink van Dijke, 
�&"�  � .� ., ��(�&��'  	 .� . �  $&.; &�;�(��  &�0%� ()1  

#8&��()1  0�$� , !'60�(()1  '  �#�   �!%�  !  *&#7�!!���  '  *#&�!�)1  !&�$�1 : 


�1#(#'  � .� ., ��'&�(�2�'  � .� . �  $&.; !'602 ��<$-  *&#7�!!���  /�%2�&�7��  (�  

&�0()1  ��!;��8�1  – Blunt M., Christie M., Durlofsky L.J. �  $&.; �!!%�$#'�(��  
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$�!"&��()1  �#$�%�.  !  *#�#:24  (�*&�&)'()1  !�����&�.  – Levi D., Maeda S., 

Winternitz P., �#&#$(�7)(  � .� . �  $&. 

��%&�	'(�)%'  *��+	�
, . �  (�!�#6:��  '&��6  �#$�%�&#'�(��  &�0&�8#�"�  

(�/�6()1  �  +�0#')1  ��!�#&#<$�(�. , "�"  #860���%2().  ?��*  *&#�"��&#'�(�6  

&�0&�8#�"� , '"%4 ���  '  !�86  *#!�&#�(��  �#$�%�.  *&#7�!!#'  /�%2�&�7�� . 


&�8#'�(��  $���%2(#!��  ?��1  �#$�%�.  $%6 �1  �!*#%20#'�(�6  *&�  *&#�"��&#'�(��  

"�"  &�0&�8#�"�  '!�+#  ��!�#&#<$�(�6  '  7�%#� , ��"  �  ��&#*&�6��.  *# !"'�<�(��  

�&�8-��  8#%2;�1  '&���(()1  0��&�� ,  �#  '%�6��  (�  !"#&#!�2  *&�(6��6  &�;�(�. . 


�"<�  ')!#"�6  (�#*&�$�%�((#!�2  '  �!1#$()1  $�(()1  ')(-<$���  *&#'#$��2  

!�&�.()�  &�! ��)  ((�*&���& , �$�*��7�6  "  �!�#&��  &�8#�)  !"'�<�( ),  �# , '  !'#4  

# �&�$2 , ��"<�  -'�%� �'���  '&���(()�  0��&��) . �  ?�#.  !'60�  *&#8%��)  

*#');�(�6  !"#&#!��  &�! ��#'  8�0 !-:�!�'�((#.  *#��&�  �# (#!��  6'%64�!6  

�"�-�%2()�� , �  &�;�4�!6  '  $�!!�&��7��  0� ! ��  *&���(�(�6  (�*&�&)'()1  +&-**  

!�����&�.  $%6 $�!"&��()1  �#$�%�.  &�0%� ()1  ��!;��8#'  *#&�!�#.  !&�$) . 

��%� ��  �(#+�1  ��!;��8#'  *#&�!�#.  !&�$)  ((�*&���& , (�/��+�0#(#!().  

*%�!� ) �  �1  '%�6(��  (�  *&#7�!!  /�%2�&�7��  (�  ��"&#��!;��8� , �  ��"<�  

#�!-�!�'��  (�"#�#&)1  ?"!*�&���(��%2()1  $�(()1  �  (�%� ��  ')!#"#.  

(�#*&�$�%�((#!��  '  (�1 , ')(-<$���  �0- ��2  *&#7�!!)  /�%2�&�7��  (�  

��"&#��!;��8�  *#&�!�#.  !&�$) , +$� '  8#%2;�(!�'�  !%- ��'  �!*#%20-4�!6  

$�!"&��()�  �#$�%� . 	$(�"#  '#0(�"���  *&#8%���  &���!;��8�&#'�(�6  -*#�6(-�)1  

�#$�%�.  ��"&#��!;��8�  (�  ��"&#��!;��8  (�/��+�0#(#!()1  *%�!�#' , +$� *#"�  (�  

$�(().  �#��(�  (�  !-:�!�'-��  #8:�*&�(6�#+#  *#$1#$�. ��((�6  *&#8%���  

&���!;��8�&#'�(�6  �!!%�$-��!6  '  *&�$!��'%�((#.  $�!!�&��7�#((#.  &�8#�� . 


�"��  #8&�0#�, &�0'����  ���#$#'  �������� �!"#+#  �#$�%�&#'�(�6  

*&#7�!!#'  /�%2�&�7��  $%6 ��"&#��!;��8�  *#&�!�#.  !&�$)  �  &���!;��8�&#'�(�6  

(�  ��"&#��!;��8 , &�0&�8#�"�   �!%�(()1  ���#$#'  -!"#&�(�6  &�! ��#' , �  ��"<�  

!#0$�(��  !##�'��!�'-4:�+#  "#�*%�"!�  *&#+&���  6'%64�!6  �"�-�%2(#.  0�$� �. . 

��	'  ��+�%,  0�"%4 ���!6  '  �!!%�$#'�(��  $�!"&��()1  �#$�%�.  *#&�!�)1  

!&�$ , #*�!)'�4:�1  *&#7�!!)  /�%2�&�7��  (�  &�0%� ()1  ��!;��8�1 , �  �1  

'0���#!'60�.  (�  #$(#�  �  &�0()1  ��!;��8�1 . 
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�)(��(,�  -�����  �!!%�$#'�(�6 : 

·  ��0&�8#�"�  ���#$�  (�  #!(#'�  ��#&��  (�*&�&)'()1  +&-**  !�����&�.  

$%6 -!"#&�(�6  *#%- �(�6   �!%�(()1  &�;�(�.  *&�  �!!%�$#'�(��  

$�!"&��()1  �#$�%�.  *&#7�!!#'  /�%2�&�7�� . 

·  ��1#<$�(��  "%�!!#'  $�!"&��()1  �#$�%�.  /�%2�&�7�� , $%6 "#�#&)1  

*&���(��  ���#$  &�0�(#<�(�6   �!%�(()1  &�;�(�.  !  *#�#:24  

(�*&�&)'()1  +&-**  !�����&�. . 

·  ��0&�8#�"�  *#$1#$� "  &���!;��8�&#'�(�4  $�!"&��()1  ��"&#�#$�%�.  

*#&�!�#.  !&�$)  $%6 �1  �!*#%20#'�(�6  *&�  &�! ���  /�%2�&�7�#(()1  

*�&����&#'  $�!"&��()1  ��"&#�#$�%�.  *#&�!�#.  !&�$)  (�/�6()1  �  

+�0#')1  ��!�#&#<$�(�. . 

·  ���%�0�7�6  &�0&�8#��(()1  ���#$#'  '  '�$�  �$�(#+#  *&#+&���(#+#  

"#�*%�"!� . 

��&�(�.  (���-(�  $�!!�&��7��  !#!�#��  '  !%�$-4:�� : 

��
���

����	�  �	���
�	���
�  

1. �*�&')�  !  *#�#:24  (�*&�&)'()1  +&-**  !�����&�.  �!!%�$#'�()  

$�!"&��()�  �#$�%�  /�%2�&�7�� : &�0(#!�()�  !1��)  $%6 -&�'(�(�.  /�%2�&�7��  

+�0�, ��"%�6 -��'�&����  �  ��*#*#&�� -��!� . 

2. 3#%- �()  (#')�  "%�!!)  $�!"&��()1  �#$�%�. , $%6 "#�#&)1  *&���(��  

&�0&�8#��(().  ���#$  &�0�(#<�(�6   �!%�(()1  &�;�(�. : $'-��&()�  �  

�&�1��&()�  $�!"&��()�  $�(��� �!"��  !�!���) , &�0(#!�()�  !1��)  $%6 -&�'(�(�.  

��*#*#&�� -��!�  �  /�%2�&�7��  +�0�. 

3. ��0&�8#��(  (#').  ���#$  *#!�&#�(�6  �#$�%�.  *#&#')1  !���. , 

*#0'#%64:�.  !�&#��2  !�#1�!�� �!"��  �#$�%�  (�  #!(#'�  (�0�'�!��#.  +�(�&�7��  

*�&����&#'  *# �1  &�!*&�$�%�(�6�  �  !  - ��#�  �1  '0���#!'60�. . 

�
�������  ��
	��  

1. �  �!*#%20#'�(���  (�*&�&)'()1  +&-**  !�����&�.  &�0&�8#��(  

#&�+�(�%2().  ���#$  &�0�(#<�(�6   �!%�(()1  &�;�(�.  $%6 !�!���  -&�'(�(�.  

$�!"&��()1  �#$�%�.  *&#7�!!#'  /�%2�&�7�� . 



12�

2. ��0&�8#��(  (#').   �!%�(().  ���#$  &�;�(�6  #8&��()1  0�$�  

!##�'��!�'�6  0�$�(()�  /�%2�&�7�#(()�  1�&�"��&�!��"��  $%6 !�#1�!�� �!"�1  

�#$�%�.  *#&#')1  !���. , +$� '*�&')�  $%6 ��"#+#  ��*�  �#$�%�.  *&���(�(  

#*����0�7�#(().  ���#$  «&#6  �!��7 ». 

3. ��0&�8#��(  (#').  ���#$  ')$�%�(�6  &�+�#(#'  1�&�"��&()1  �#$�%�.  

*#&#')1  !���.  $%6 $�!"&��()1  �#$�%�.  ��"&#��!;��8� . 

�	�������  ��	�����  

1. ��0&�8#��(  #&�+�(�%2().  *#$1#$ "  &���!;��8�&#'�(�4  $�!"&��()1  

��"&#�#$�%�.  (�  ��"&#��!;��8  (�/��+�0#(#!()1  *%�!�#' , "#�#&).  #!(#'�(  (�  

&�0&�8#��(()1  ���#$�1  �  &��%�0#'�(  '  '�$�  �$�(#+#  *&#+&���(#+#  "#�*%�"!� . 

2. 
�8"#!�2  �&1���"�-&)  *&#+&���(#+#  "#�*%�"!�  *#0'#%6�� 

�!*#%20#'��2  &�0&�8#��(()�  ���#$)  (�  ;�&#"#�  !*�"�&�  �!1#$()1  $�(()1  �  

$#*#%(6�2 "#�*%�"!  !-:�!�'-4:���  ���#$���  8�0 '(�!�(�6  �0��(�(�.  '  

�!1#$().  "#$. 

3. 3&#+&���().  "#�*%�"!  «PoroScale», !#!�#6:�.  �0  #&�+�(�%2(#.  

"#�8�(�7��  *&#+&���()1  �#$-%�. , &��%�0#'�(  �'�#&#�  $%6 �!*#%20#'�(�6  '  

%�8#&��#&�61 *# �!!%�$#'�(�4  "�&(�  ��!�#&#<$�(�.  (�/��  �  +�0� $%6 

#8#!(#'�(�6  /�%2�&�7�#(()1  1�&�"��&�!��" . 

�+/��%�
  �))	�����(�.  6'%64�!6  (�!):�(()�  *#&�!�)�  !&�$) , '  �#�  

 �!%�  ��!�#&#<$�(�6  (�/��  �  +�0�. 

����
�%�
  �))	�����(�.  6'%64�!6  $�!"&��()�  �#$�%�  *#&�!�#.  !&�$)  

(&�0(#!�()�  !1��) , $�!"&��()�  $�(��� �!"��  !�!���) , �#$�%�  *#&#')1  !���. ) 

$%6 �0- �(�6  *&#7�!!#'  �(#+#/�0(#.  /�%2�&�7�� , *&#�!1#$6:�1  (�  ��"&# - �  

��"&#��!;��8�1  (�/�6()1  �  +�0#')1  ��!�#&#<$�(�. . 

��%��,  �))	�����(�. . 3&�  &�;�(��  *#!��'%�(()1  '  $�!!�&��7��  0�$�  

8)%�  �!*#%20#'�()  ���#$)  +&-**#'#+# �(�%�0�  &�0(#!�()1  !1�� , ���#$)  

�#$�%�&#'�(�6  *#&�!�#.  !&�$)  !  *#�#:24  *#&#')1  !���. , ���#$)  &�;�(�6  

#*����0�7�#(()1  0�$� , ���#$)  !����!�� �!"#+#  �(�%�0� . 
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��  -�0�%&  �,(�).%).  !%�$-4:��  &�0-%2���) , !##�'��!�'-4:��  ;�!��  

*-("���  *�!*#&��  !*�7��%2(#!��  05.13.18 �������� �!"#�  �#$�%�&#'�(�� , 

 �!%�(()�  ���#$)  �  "#�*%�"!)  *&#+&���  *# /�0�"# -�������� �!"��  (�-"�� . 
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�"��  #8&�0#�, '  !##�'��!�'��  !  /#&�-%#.  !*�7��%2(#!��  05.13.18 '  

$�!!�&��7��  *&�$!��'%�()  #&�+�(�%2()�  &�0-%2���)  #$(#'&���((#  �0  �&�1  

#8%�!��. : �������� �!"#+#  �#$�%�&#'�(�6 ,  �!%�(()1  ���#$#'  �  "#�*%�"!#'  

*&#+&��� . 

�����%���)��.  -(���
�)%'  ��+�%,  0�"%4 ���!6  ' : 

·  ��!;�&�(��  ��*#'  -&�'(�(�. , $%6 "#�#&)1  *&���(6��!6  ��#&�6  

(�*&�&)'()1  +&-**  !�����&�. . 
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·  ��0&�8#�"�  (#'#+#  ���#$�  &�0�(#<�(�6   �!%�(()1  &�;�(�.  !  

�!*#%20#'�(���  $�!"&��()1  �#$�%�.  ((�*&���& , �('�&��(�()�  

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

·  �!!%�$#'�(��  *&#8%�� &���!;��8�&#'�(�6  �#$�%�.  /�%2�&�7��  (�  

&�0%� ()1  ��!;��8�1  *#&�!�#.  !&�$) . 

����%���)��.  -(���
�)%'  $�!!�&��7�#((#.  &�8#�)  0�"%4 ���!6  '  �#� , 

 �#  ��  &�0-%2���)  �#+-�  8)�2  *&���(�()  (�  ?��*�  �#$�%�&#'�(�6  *&#7�!!#'  

/�%2�&�7��  *&�  *&#�"��&#'�(��  &�0&�8#�"�  (�/�6()1  �  +�0#')1  ��!�#&#<$�(�.  

�  $%6 !#0$�(�6  !##�'��!�'-4:�1  *&#+&���()1  "#�*%�"!#' . 

��)%����(�)%'  ��-&	'%�%��  *#$�'�&<$���!6 : 

·  �!*#%20#'�(���  �0'�!�()1  +&-**#')1  "%�!!�/�"�7�.  

$�//�&�(7��%2()1  -&�'(�(�.  ��#&��  /�%2�&�7��  �  �0'�!�(#+#  

���#$�  *#%- �(�6  &�0(#!�()1  !1��  !  !#1&�(�(���  (�*&�&)'()1  

+&-**  !�����&�. ; 

·  !&�'(�(�6��  *#%- �(()1   �!%�(()1  &�;�(�.  !  �0'�!�()��  �# ()��  

&�;�(�6��  !##�'��!�'-4:�1  -&�'(�(�. ; 

·  *&#'�$�(���  ��!�#')1  !&�'(���%2()1  &�! ��#'  !  �!*#%20#'�(���  

!�(���� �!"�1  �#$�%�.  �  ?"!*�&���(��%2()1  $�(()1 ; 

·  !#+%�!#'�((#!�24  #�$�%2()1  ')'#$#'  $�!!�&��7��  !  &�0-%2������  

�0'�!�()1  &�8#� , #*-8%�"#'�(()1  $&-+���  �'�#&��� . 


(����(��  ��-&	'%�%�� . ��0-%2���)  $�!!�&��7�#((#+#  �!!%�$#'�(�6  

*#%- �%�  *&�"�� �!"#�  *&���(�(��  '  &�8#��  			  «��� -�	��	�� » �  

			  «��"&#�#$�% » '  #8%�!��  �#$�%�&#'�(�6  *&#7�!!#'  /�%2�&�7��  *&�  

*&#�"��&#'�(��  &�0&�8#�"�  (�/�6()1  �  +�0#')1  ��!�#&#<$�(�. . 

�*��+�1�.  ��+�%, . ��0-%2���)  $�!!�&��7�#((#+#  �!!%�$#'�(�6  

$#"%�$)'�%�!2  (�  6 '!�&#!!�.!"�1  �  11 ��<$-(�&#$()1  (�- ()1  "#(/�&�(7�61 : 

��- (�6  "#(/�&�(7�6  $%6 !�-$�(�#' , �!*�&�(�#'  �  �#%#$)1  - �()1  «�����
 -

2012» (+. 
4��(2 , 
4��(!"�.  +#!-$�&!�'�(().  -(�'�&!���� , 2012 +.); 51-6 

��<$-(�&#$(�6  (�- (�6  !�-$�( �!"�6  "#(/�&�(7��  «��-$�(�  �  (�- (# -

��1(� �!"�.  *&#+&�!!», (+. �#'#!�8�&!" , 2013 +.); 16-6 ��<$-(�&#$(�6  (�- (�6  
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"#(/�&�(7�6  «�#'&���(().  +&-**#'#.  �(�%�0 , MOGRAN-16», (+. �/� , 

�/��!"�.  +#!-$�&!�'�(().  �'��7�#((# -��1(� �!"�.  -(�'�&!���� , 2013 +.); 

��<$-(�&#$(�6  "#(/�&�(7�6  «Edinburgh SIAM Student Chapter Student 

Conference» (��%�"#8&���(�6 , +. @$�(8-&+, Heriot-Watt University, 2014 +.); 

��<$-(�&#$(�6  "#(/�&�(7�6  «SIAM Conference» (��%�"#8&���(�6 , +. ��� , Bath 

University, 2015 +.); ��<$-(�&#$(�6  "#(/�&�(7�6  «7th annual Oxford SIAM 

Student Conference» (��%�"#8&���(�6 , +. 	"!/#&$ , Oxford University, 2015 +.); 

��<$-(�&#$(�6  "#(/�&�(7�6  «PMPM Annual meeting» (��%�"#8&���(�6 , 

+. @$�(8-&+, International Centre for Mathematical Sciences, 2015 +.); �!�&#!!�.!"�.  

(�/��+�0#').  /#&-�  «���
�
��
@�  2015» (+. 
4��(2 , ��*�$(# -��8�&!"�.  

�((#'�7�#(().  7�(�&  (�/��  �  +�0�, 2015 +.); �!�&#!!�.!"�6  "#(/�&�(7�6  «��/�2  

�  +�0 ��*�$(#.  ��8�&� » (+. 
4��(2 , 
4��(!"�.  +#!-$�&!�'�(().  (�/��+�0#').  

-(�'�&!���� , 2015 +.); 16-6 �!�&#!!�.!"�6  "#(/�&�(7�6  �#%#$)1  - �()1  *# 

�������� �!"#�-  �#$�%�&#'�(�4  �  �(/#&��7�#(()�  ��1(#%#+�6�  

(+. �&�!(#6&!" , �(!���-�  ') �!%���%2(#+#  �#$�%�&#'�(�6  �	  ��� , 2015 +.); 

��<$-(�&#$(�6  (�- (# -��1(� �!"�6  "#(/�&�(7�6  EAGE «Saint Petersburg 2016 

International Conference & Exhibition» (+. ��("� -3���&8-&+ , 2016 +.); 

��<$-(�&#$(�6  (�- (�6  "#(/�&�(7�6  «Mathematical and Information Technologies, 

MIT-2016» (��&8�6 –��&(#+#&�6 , +. �&(6 "�  ��(6 –+. �-$'� , 2016 +.); «XVII 

�!�&#!!�.!"�6  "#(/�&�(7�6  �#%#$)1  - A()1  *# �������� �!"#�-  

�#$�%�&#'�(�4  �  �(/#&��7�#(()�  ��1(#%#+�6� » (+. �#'#!�8�&!" , �(!���-�  

�) �!%���%2()1  
�1(#%#+�.  �	  ��� , 2016 +.); ��<$-(�&#$(�6  (�- (# -

��1(� �!"�6  "#(/�&�(7�6  EAGE «Tyumen 2017» (+. 
4��(2 , 2017 +.); 

�!�&#!!�.!"�6  "#(/�&�(7�6  !  ��<$-(�&#$()�  - �!����  «�#'&���(()�  

*&#8%��)  ��1�(�"�  !*%#;()1  !&�$  �  /�0�"�  '0&)'� » (+. �#'#!�8�&!" , �(!���-�  

+�$&#$�(���"�  �� . � .� . ��'&�(�2�'�  �	  ��� , 2017 +.); 10-6 ��<$-(�&#$(�6  

(�- (# -*&�"�� �!"�6  "#(/�&�(7�6  «�#*&#!)  ��1(� �!"�1  �  /�0�"# -

�������� �!"�1  (�-"  '  !'���  !#'&���(()1  �!!%�$#'�(�. » (+. �#'#!�8�&!" , 

2018 +.); ��<$-(�&#$(�6  (50-6 �!�&#!!�.!"�6 ) �#%#$A<(�6 ;"#%� -"#(/�&�(7�6  

«�#'&���(()�  *&#8%��)  ��������"�  �  �A *&�%#<�(�. » (+. �"���&�(8-&+ , 
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�(!���-�  ��������"�  �  ��1�(�"�  �� . � .� . �&�!#'!"#+#  �&	  ��� , �&�%2!"�.  

/�$�&�%2().  -(�'�&!����  �� . *�&'#+#  3&�0�$�(��  �#!!��  � .� . �%27�(� , 2019 +.). 


�"<�  &�0-%2���)  $#"%�$)'�%�!2  �  #8!-<$�%�!2  (�  (�- ()1  !���(�&�1  


4��(!"#+#  /�%��%�  �
3�  �	  ��� , �(!���-��  +�$&#$�(���"�  �� . ��'&�(�2�'�  

�	  ��� , �
�  (�/��  �  +�0� �� . 
-8"�(� , 
4��(!"#+#  +#!-$�&!�'�((#+#  

-(�'�&!����� , -(�'�&!�����  Heriot-Watt (��%�"#8&���(�6 ), (�  (�- (# -

��1(� �!"�1  !#'�:�(�61  ��	  «
��
 », 			  «��� -�	��	�� », 			  «
�0*&#�  

����
�� », 	�	  «�-&+-���3�(�/�2 », 			  «
�0*&#�(�/�2  �
, ». 

�%�&�%&��  �  �+/�
  ��+�%, . ��!!�&��7�6  !#!�#��  �0  ''�$�(�6 , *6��  +%�', 

0�"%4 �(�6 , !*�!"�  %���&��-&)  �  *&�%#<�(�. . 	8:�.  #89��  &�8#�)  !#!��'%6��  

190 !�&�(�7 , '"%4 ���  51 &�!-(#"  �  12 ��8%�7 . �*�!#"  %���&��-&)  !#$�&<��  234 

(����(#'�(�6 . 


  *����2  3	���  $���!6  #*�!�(��  �  "%�!!�/�"�7�6  $�!"&��()1  �#$�%�.  

��#&��  /�%2�&�7��  '  *#&�!�)1  !&�$�1 , �  ��"<�  *&�$!��'%64�!6  &�0%� ()�  

'0���#!'60�  $�!"&��()1  �#$�%�.  '  &��"�1  #$(#+# �  &�0()1  ��!;��8#' . 


�  �%���2  3	���  *&�'#$��!6  ''�$�(��  '  +&-**#'#.  �(�%�0  $�!"&��()1  

�#$�%�.  !  *#�#:24  (�*&�&)'()1  +&-**  !�����&�. , �  ��"<�  *#%- �()  +&-**#')�  

"%�!!�/�"�7��  &�0%� ()1  ��*#'  $�!"&��()1  �#$�%�.  /�%2�&�7�� . 


  %��%'�2  3	���  *&�'#$��!6  &�0&�8#��(().  ���#$  &�0�(#<�(�6   �!%�(()1  

&�;�(�.  !  �!*#%20#'�(���  (�*&�&)'()1  +&-**  !�����&�. , $�4�!6  *&���&)  

*&���(�(�6  $�((#+#  ���#$�  �  "%�!!�/�"�7�.  �0  '�#&#.  +%�') . 


  ��%���%�2  3	���  $�4�!6  "%�!!�/�"�7�6  $�!"&��()1  ��"&#�#$�%�.  

*#&�!�#.  !&�$) , ���#$)  �1  *#%- �(�6  �  �#$�%�&#'�(�6  �(#+#/�0(#+#  �� �(�6 . 


  *.%�2  3	���  *&�$!��'%�(  *#$1#$ "  &���!;��8�&#'�(�4  ��"&#�#$�%�.  

*#&�!�#.  !&�$)  $%6 &�! ���  /�%2�&�7�#(()1  *�&����&#' , �!*#%20-��)1  (�  

��"&#��!;��8�  ��!�#&#<$�(�.  (�/��  �  +�0�. 


  *��	�4�(�.5  *&�'�$�()  #*�!�(��  &�0&�8#��((#+#  "#�*%�"!�  *&#+&��� , 

!'�$���%2!�'#  # &�+�!�&�7��  @��  �  $#"-��(�)  # '(�$&�(��  &�0&�8#��(()1  

���#$#'  �  *&#+&���(#+#  "#�*%�"!� . 
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�&+	���1�� . 	!(#'()�  &�0-%2���)  $�!!�&��7��  #*-8%�"#'�()  '  28 

&�8#��1 , !*�!#"  "#�#&)1  *&�'�$�(  '  "#(7�  �'�#&�/�&��� , '  �#�   �!%�  '  10 &�8#��1  

'  <-&(�%�1  �  �0$�(�61 , &�"#��($#'�(()1  ��� . 
�"<�  *#%- �(#  !'�$���%2!�'#  # 

&�+�!�&�7��  "#�*%�"!�  *&#+&���  $%6 @��  B 2016663800 «�#$�%�&#'�(��  (�  

��"&#��!;��8�  *#&�!�#.  !&�$)  «PoroScale». 

���(,2  ��	�� . 	!(#'()�  &�0-%2���)  $�!!�&��7��  *#%- �()  �'�#&#�  

%� (# . 	8!-<$�(��  &�0-%2���#'  *&#'#$�%#!2 '��!��  !  (�- ()�  &-"#'#$���%�� . 

#	�3����(�)%� . �'�#&  8%�+#$�&�( !'#��-  (�- (#�-  &-"#'#$���%4  

� .3 . �#$�#(#'-  0� '!�#89��%4:-4  *#$$�&<"-  '  *&#7�!!�  (�*�!�(�6  

$�!!�&��7�� . �'�#&  ')&�<���  8%�+#$�&(#!�2 "#%%�"��'��  �(!���-��  ��������"�  

�  "#�*24��&()1  (�-"  
4�
�  �  
4��(!"#+#  /�%��%�  �
3�  �	  ��� , '  "#�#&)1  

'�%�!2  &�8#��  (�$  $�!!�&��7��. . �'�#&  ��"<�  8%�+#$�&�( "#%%�"��'��  ��0�"# -

��1(� �!"#+#  �(!���-��  
4�
� , -(�'�&!�����  Heriot-Watt, ��	  «
��
 » �  

			  «��� -�	��	�� » 0� !#�&-$(� �!�'# , 7�(()�  0��� �(�6  �  *#$$�&<"- . 

	!#8#�   -'!�'#  8%�+#$�&(#!��  �'�#&  ')&�<���  !'#��-  *�&'#�-  (�- (#�-  

&-"#'#$���%4  � .	 . �)��'- , "#�#&#+#, "  !#<�%�(�4 , -<�  (��  !  (���  �  "#�#&).  

!�%2(# *#'%�6% (�  (�- (-4  $�6��%2(#!�2  �'�#&� .  
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$	���  1.  ������  ����������  
  ��������  ������  

1.1.  ���%��.  �	�))�6���1�.  %�*��  �))	��&�
,5  
���	�2  

1.1.1.  ������  �	�����  �  
	��
  ����
�  ��
���

����
�  	�)��
	�  

��"  �  %48)�  *&#7�!!)  �%�  6'%�(�6 , *&#7�!!)  /�%2�&�7��  '  *#&�!�)1  

!&�$�1  �#+-�  8)�2  #*�!�()  &�0%� ()��  ��*���  �#$�%�. . �-:�!�'-��  7�%).  &6$ 

&�0%� ()1  "%�!!�/�"�7�.  �#$�%�.  [64], "#�#&)�  0�'�!6�  #�  7�%�.  

�#$�%�&#'�(�6 , ��!;��8#' , �!*#%20-��)1  �������� �!"�1  �  /�0� �!"�1  

���#$#' . 	8) (#  &�!!���&�'�4�!6  !%�$-4:��  ��*)  �#$�%�.  /�%2�&�7�� : 

(�*&�&)'()�  ($�//�&�(7��%2()�  -&�'(�(�6 ) �  $�!"&��()�  (&�0(#!�()�  !1��) ). 

�%6 6!(#!��  $�$��  #*&�$�%�(�6  �!*#%20-��)1  '  $�((#.  $�!!�&��7��  ��*#'  

�#$�%�. . 3#$ (�*&�&)'()��  �#$�%6��  *#$&�0-��'�4�!6  �#$�%� , $%6 "#�#&)1  

*&#!�&�(!�'�  (�0�'�!��)1  *�&���(()1 , 0(� �(�.  (��0'�!�()1  /-("7�.  �  

'&���(�  6'%64�!6  "#(��(--����  [64]. ���8#%��  &�!*&#!�&�(�(()��  *&���&���  

(�*&�&)'()1  �#$�%�.  6'%64�!6  $�//�&�(7��%2()�  -&�'(�(�6 . 

3#$ $�!"&��()��  �#$�%6��  �#<��  *#(����2!6  #8;�&().  "%�!!  &�0%� ()1  

��*#'  -&�'(�(�. . ��!"&��(#!�2  �#$�%�.  �#<��  *&#6'%6�2!6 '  !%�$-4:�� : 

$�!"&��(#!�2  �(#<�!�'�  �# �"  '  *&#!�&�(!�'�  (/�0#'#�  *&#!�&�(!�'# ), '  "#�#&)1  

0�$�4�!6  !#!�#6(�6  �!!%�$-��#.  !�!���) , $�!"&��(#!�2  �(#<�!�'�  !#!�#6(�.  

!�!���)  �  $�!"&��(#!�2  '&���(�  [11]. �  *&���&- , $%6 &�0(#!�()1  !1��  

*&#!�&�(!�'#  0(� �(�.  (��0'�!�()1  /-("7�.  �#<��  8)�2  "#(��(--�#� , �  

*&#!�&�(!�'�((# -'&���(()�  *�&���(()�  6'%64�!6  $�!"&��()�� . 3&���&���  

�#$�%�.  $�!"&��()1  *# '!��  �&��  -"�0�(()�  ');�  *�&���(()�  6'%64�!6  

"%��# ()�  �'�#���) . �!�  &�0-%2���)  $�((#.  $�!!�&��7��  *#%- �()  $%6 

$�!"&��()1  �#$�%�.  *&#7�!!#'  /�%2�&�7��  '  *#&�!�)1  !&�$�1 , +$� $�!"&��()�  

6'%6��!6  *&#!�&�(!�'#  �  '&��6 , �  *&#!�&�(!�'#  !#!�#6(�.  !�!���)  �#<��  8)�2  

"�"  (�*&�&)'()� , ��"  �  $�!"&��()� . 

�%6 *&#!�#�)  8-$��  ! ����2 ,  �#  (�*&�&)'()�  �#$�%�  – ?�# �#$�%� , '  

"#�#&)1  (�*&�&)'(#  '&��6 , *&#!�&�(!�'#  (�0�'�!��)1  *�&���(()1  �  

*&#!�&�(!�'#  !#!�#6(�. , $�!"&��()�  �#$�%�  – �#$�%� , '  "#�#&)1  1#�6 8)  #$(�  �0  
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?��1  '�%� �(  $�!"&��(� . �  ?�#�  !�)!%�  �#$�%�&#'�(��  *&#7�!!#'  /�%2�&�7��  

*&�  &�0&�8#�"�  (�/�6()1  �  +�0#')1  ��!�#&#<$�(�.  '  8#%2;�(!�'�  !%- ��'  

#!(#')'���!6  (�  $�!"&��()1  �#$�%61 (&�0(#!�()�  !1��) ), #$(�"#  '�<()��  �  

�!*#%20-��)��  #!��4�!6  �  �(�%��� �!"��  &�;�(�6 , !##�'��!�'-4:��  

(�*&�&)'()�  �#$�%6� . 

1.1.2.  ������  �	�����  �  
	��
  ����
�  ��	����	�  

3#���#  '�$#'  �#$�%�. , -"�0�(()1  ');� , "%�!!)  �#$�%�.  /�%2�&�7��  

0�'�!6�  ��"<�  #�  �#+# "�"#.  *&#7�!! , *&#�!1#$6:�.  +$� �  *&�  - A��  "�"�1  

/�"�#&#'  �#$�%�&-��!6 . �  #8%�!��  �#$�%�&#'�(�6  *&#7�!!#'  /�%2�&�7��  *&�  

&�0&�8#�"�  ��!�#&#<$�(�.  (�/��  �  +�0� (�"#*%�(  8#%2;#.  «8�+�< » &�0-%2���#' , 

"#�#&)�  #*�!)'�4�!6  '  "%�!!� �!"�1  - �8(�"�1  [2, 7, 8, 69, 94] �  $&. 3&�  

�!!%�$#'�(��  *&#7�!!#'  /�%2�&�7�� , #�(#!6:�1!6  (�  �#%2"# "  (�/�6(#.  �  

+�0#'#.  *&#�);%�((#!�� , !%�$-��  -*#�6(-�2  "%�!!� �!"-4  &�8#�-  [70], 

*#!'6:�((-4  �������� �!"��  ���#$��  �!!%�$#'�(�6  $'�<�(�.  +&-(�#')1  '#$ . 

��((#�  $�!!�&��7�#((#�  �!!%�$#'�(��  '  8#%2;#.  !��*�(�  "#(7�(�&�&-��!6  

(�  *&#7�!!�1  /�%2�&�7��  (�  ��"&#-&#'(�  *#&, *#?�#�-  $�%��  '  
%�'�  4 

*&�'#$��!6  *#$&#8().  #80#& �  "%�!!�/�"�7�6  &�0-%2���#'  $%6 ?��1  ��*#'  

*&#7�!!#' . �  
%�'�1  2 �  3 &�!!�#�&�()   �!�()�  !%- ��  �#$�%�.  *&#7�!!#'  

/�%2�&�7��  '  *%�!�� , -&�'(�(�6  �  &�0(#!�()1  !1��)  "#�#&)1  ���4�  

(�*&�&)'()�  +&-**)  !�����&�. ,  �#  *#0'#%6�� 8#%�� 8)!�&#  *#%- ��2  

 �!%�(()1  &�;�(�6 . 3#%- �(()�  &�0(#!�()�  !1��)  ��"<�  �#+-�  8)�2  

*&���(�()  $%6 $�!"&��()1  �#$�%�.  *&#7�!!#'  /�%2�&�7��  (�  -&#'(�  *#&. 

�(#+��  *&�"%�$()�  0�$� �  '  #8%�!��  �#$�%�&#'�(�6  *&#7�!!#'  

�(#+#/�0(#+#  �� �(�6  �  /�%2�&�7��  *&�  &�0&�8#�"�  ��!�#&#<$�(�.  (�/��  �  +�0� 

6'%64�!6  #8&��()�� , *&���&)  ��"�1  0�$�  �#<(#  (�.�� , (�*&���& , '  [63, 77]. 

��;�(��  #8&��()1  0�$�  $%6 &�0%� ()1  &�0$�%#' �������� �!"#.  /�0�"� , '  �#�  

 �!%�  !'60�(()1  !  &�0%� ()��  *&#7�!!���  '  *#&�!�)1  !&�$�1 , *&�$!��'%�() , 

(�*&���& , '  &�8#��  [79] �  $%6 *�&�8#%� �!"�1  -&�'(�(�.  '  [125]. 3&�  

&�!!�#�&�(��  *&#7�!!#'  /�%2�&�7��  '  $&-+�1 #8%�!�61 ��"<�  ;�&#"#  

&�!*&#!�&�(�()  #8&��()�  0�$� � , (�*&���& , *&�  �#$�%�&#'�(��  /�%2�&�7��  '  
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0��%6()1  *%#��(�1  [35]. �#%��  *#$&#8(# '#*&#!  &�;�(�6  #8&��()1  0�$�  $%6 

*&#7�!!#'  /�%2�&�7��  (�  -&#'(�  *#& �  *%�!�#'  &�!!�#�&�(  '  
%�'�  5. 

1.2.  �*�)�(��  ��)���%(,5  
���	�2  

1.2.1.  *�#
�  �
�  �
�
���  �������
�  �
����
�	�  �	���
  

3#$ $�!"&��(#.  �#$�%24  *&#7�!!#'  /�%2�&�7��  '  *#&�!�)1  !&�$�1  8-$��  

*#(����2  �#$�%2, #*�!)'���-4  !%�$-4:�.  !�!���#.  -&�'(�(�.  [62] 

�

� � � �� � � �� 	 � 
 � �� � �
� 
� � � 
� 	 � 
 � 
�� �

� �� � � �� 	 � 
 � �� � �
� � � � � � � � 
 � � � �

� � � �� � � �� 	 � 
 � �� � �
� 
� � � 
� 	 � 
 � 
�� �

� ��� � �� 	 � 
 � �� � �
� � � � � � � � 
 � � � �

� � � �� � � �� 	 � 
 � �� � �
� 
�� � � 
� 	 � 
 � 
�� �

� ��� � �� 	 � 
 � �� � �
� � � � � � � � 
 � � � �

 1. (1.1) 

+$� � �  – $�!"&��()�  -&�'(�(�6 , � �  – -&�'(�(�6 , #*&�$�%64:��  &�! ��(-4  !��"- , 

!#!�#6:-4  �0  $�!"&��(#+#  �(#<�!�'�  -0%#', � �  – -&�'(�(�6 , 0�$�4:��  

(� �%2()�  �  +&�(� ()�  -!%#'�6 , �� � � � � � � 	 � 
 � � � � �  ! �  – '�"�#&  (�0�'�!��)1  

*�&���(()1  ('"%4 �6  '&��6 ), 
� � �� � � " 
 � � �� � � 
 	 � �� � � 
 � 
 # � �� � $  ! #  – '�"�#&  

(��0'�!�()1  /-("7�. , �� � ��� 
� � � %� � � ��� 
� � � � 	 � ��� 
� � � 
 � � &� ��� 
� � '  ! & – '�"�#&  

*�&����&#'  �#$�%� . 

3#$ &�;�(���  !�!���)  -&�'(�(�.  (1.1) 8-$��  *#(����2  ��"#.  (�8#& 

0(� �(�.  '�"�#&#'  ( � � )�� � � 
� � * $%6 "�<$#+# -0%� !��"�  *#$ (#��&#�  �  �  

0�$�((#+#  (�8#&�  *�&����&#'  �#$�%� , "#�#&).  *&�  *#$!��(#'"�  '  (1.1) #8&�:���  '  

(#%2 %�')�   �!��  -&�'(�(�. . �-("7��  � � , � � , + �  *#%�+�4�!6  ���4:���  '!�  

(�#81#$��)�  !'#.!�'�  '  0�'�!��#!��  #�  &�;���#.  0�$� � , (�*&���& , �&�8#'�(��  

!-:�!�'#'�(�6  &�;�(�.  !�!���)  (1.1) �  �&�8#'�(��  (�*&�&)'(#!��  /-("7�. . 

1.2.2.  $�	����� , 	�
��������  	�#��  �
�
��	�  �������
�  

��!����  -&�'(�(�.  (1.1) 0�$���  !  *#�#:24  /-("7�.  � �  $�!"&��(#�  

�(#<�!�'#  �# �"  (!��"� ), $%6 "�<$#.  �# "�  "#�#&#+# 0�$�()  /-("7��  � � , 

#*&�$�%64:��  -&�'(�(�6  (�  0(� �(�6  '�%� �(  (��0'�!�()1  /-("7��  
�  '  ?��1  

�# "�1  (-0%) !��"� ). �-("7��  + �  *&�  ?�#�  $%6 (�"#�#&#+#  (�8#&�  -0%#' 

#*&�$�%64�  -&�'(�(�6  (�  0(� �(�6  (��0'�!�(#.  /-("7��  – (� �%2()�  �  

+&�(� ()�  -!%#'�6 . ��!����  -&�'(�(�.  +� � � � � �+ � ,  '  &��"�1  $�((#.  $�!!�&��7��  
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#*�!)'���  (�"#�#&).  *&#7�!!  /�%2�&�7�� , 0�'�!6:�.  #�  #*&�$�%64:�+#  �+# 

'�"�#&�  *�&����&#'  �� , 0(� �(�6  "#�#&#+# ��"<�  0�$�4�!6  $%6 "�<$#+# -0%� !��"� . 

��!"&��(�6  �#$�%2, "#�#&�6  0�$���!6  !  *#�#:24  !�!���)  -&�'(�(�.  '�$�  

(1.1), 6'%6��!6  #8#8:�(���  &�0(#!�()1  !1�� , "#�#&#�  *&�'#$��!6  '  !���2�  [161]. 

��((�6  !�!����  -&�'(�(�.  ''#$��!6  $%6 #89�$�(�(�6  &�0()1  &�!!���&�'���)1  '  

(�!�#6:�.  $�!!�&��7��  ��*#'  -&�'(�(�. , !##�'��!�'-4:�1  $�!"&��(#.  

$�(��� �!"#.  !�!����  [9, 92], &�0(#!�(#.  !1���  [17] �  �#$�%�  *#&#'#.  !���  

[56, 226], (#  !1#<�1  *# !'#�.  !-�� , "�"  !��#!�#6��%2()1  �������� �!"�1  

#89�"�#' . ��*&���& , $�!"&��()�  $�(��� �!"��  !�!���)  �#<(#  &�!!���&�'��2  

"�"  6'()�  &�0(#!�()�  !1��) . ����  &�0(#!�()�  !1��)  *&�  ?�#�  �#<(#  

&�!!���&�'��2  8�0 -!%#'�6  !##�'��!�'�6  '  *&�$�%�  (�"#�#&#�-  

$�//�&�(7��%2(#�-  -&�'(�(�4 , �!%� , "  *&���&- , #(�  *#%- �()  �0(� �%2(#  (�  

#!(#'�  (�"#�#&#+#  $�!"&��(#+#  0�"#(�  !#1&�(�(�6 . ��&#+#  +#'#&6, ��"#.  #89�"�  

-<�  (�%206 (�0)'��2  "#(� (# -&�0(#!�(#.  !1��#. . 
��  !��)�  &�0()�  *# 

*&#�!1#<$�(�4  #89�"�)  (6'()�  &�0(#!�()�  !1��)  �  $�!"&��()�  $�(��� �!"��  

!�!���) ) �#+-�  8)�2  �!!%�$#'�()  #$(���  �  ����  <�  ���#$��� , "#�#&)�  

!*&�'�$%�')  '  7�%#�  $%6 $�!"&��()1  �#$�%�.  '�$�  (1.1). 

1.3.  ��-	��(,�  
�)7%�+,  (�6%�3�-�(�)(�3�  *	�)%�  �	.  
���	�����(�.  

*��1�))��  6�	'%��1��  

1.3.1.  +�#��
�� #
�  �����
�
���

  ���"
��	�  

��"  �0'�!�(# , *#&�!�)�  !&�$)  �#+-�  ����2  !%#<(-4  �(#+#��!;��8(-4  

!�&-"�-&- , +$� (�+%6$()�  *&���&#�  6'%64�!6  ��!�#&#<$�(�6  (�/��  �  +�0� [33]. 

��0()�  �!!%�$#'���%�  *&�$%�+�4�  &�0%� ()�  "%�!!�/�"�7��  ��!;��8#'  

(�#$(#&#$(#!��.  $%6 �!!%�$#'�(�6  *#&�!�)1  !&�$  (�/��+�0#(#!()1  *%�!�#' ,  �#  

#896!(6��!6  *#$ �(�((#!�24  *#$#8()1  "%�!!�/�"�7�.  "#("&��()�  

�!!%�$-��)�  *&#8%���� . 

�  "(�+�  [212] ')$�%64�!6  !%�$-4:��  ��!;��8)  (�#$(#&#$(#!��  *#&�!�#.  

!&�$) : ��"&#!"#*� �!"��  (*#&)  �  "�*�%%6&)), ��"&#!"#*� �!"��  (#8&�0�7 

"�&(� ), ��+�!"#*� �!"��  (��!�#&#<$�(�� ) �  +�+�!"#*� �!"��  (+&-**�  
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��!�#&#<$�(�. ) (�#$(#&#$(#!�� . �  "(�+�  [33] ')$�%64�!6  '!�+#  $'�  ��!;��8�  

(�#$(#&#$(#!��. : ��"&#!"#*� �!"��  (&�!*&�$�%�(��  /�%2�&�7�#((# -��"#!�()1  

!'#.!�'  '  "#%%�"�#&� 0�%�<�. ) �  ��"&#!"#*� �!"��  (&�!*&�$�%�(��  "#%%�"�#&� �  

(�"#%%�"�#&�  '  #89���  0�%�<�. ). �  !���2�  [6] ')$�%64�!6  !%�$-4:��  ��!;��8)  

$%6 (�#*&�$�%�((#!��. : (�(#��!;��8 , ;%�/)  "�&(� , "�&( , 
�� -!"'�<�(� , *%�!� , 

��!�#&#<$�(�� , &�+�#( . 

1.3.2.  ������
�
������  �  ����	�  �
����
��

  ���"
���  

�  $�((#.  $�!!�&��7��  &�!!���&�'�4�!6  &�0%� ()�  '0���#!'60�  $�!"&��()1  

�#$�%�.  '  &��"�1  #$(#+# �  (�!"#%2"�1  ��!;��8#' , +$� �!*#%20-4�!6  $'�  

��!;��8�  *#&�!�#.  !&�$) : 

·  ��"&#��!;��8  – ��!;��8 , +$� &�!!���&�'���!6  /�%2�&�7�6  !  - ��#�  

#�$�%2()1  *#& �  "�*�%%6&#', �  &�0��&)  &�! ��()1  #8%�!��.  �#+-�  

(� �(��2!6  !  $�!6�"#'  ��"&#( . 

·  ��"&#��!;��8  – ��!;��8 , +$� $%6 �#$�%�.  �!*#%20-��!6  #8#8:�(().  

0�"#(  ��&!� , �  &�0��&)  &�! ��()1  #8%�!��.  �#+-�  $#!��+��2  &�0��&#'  

(�/��+�0#(#!()1  *%�!�#' . 

�)$�%�(()�  ��!;��8)  '06�)  !  - ��#�  !-:�!�'-4:�1  &�0%� ()1  

"%�!!�/�"�7�.  ��!;��8#' , "#�#&)�  #8!-<$�%�!2  ');� . 	!(#'(�6  7�%2 ')8#&�  

$�(()1  ��!;��8#'  – '  �# (#!��  #*�!��2  ��!;��8)  �!*#%20-��)1  '  $�((#.  

$�!!�&��7��  �#$�%�. . 

1.4.  ��))
�%�����
,�  %�*,  )�.-�2  ��)���%(,5  
���	�2  

1.4.1.  +���
  ��!��  �	�����
  ��  ������  ���"
����  

�#'&���((#�  *&�$!��'%�(��  # *&#7�!!�1  /�%2�&�7��  '  *#&�!�)1  !&�$�1  '!�  

8#%2;� #!(#')'���!6  (�  *#(���(��  '�<(#!��  - ���  &�0%� ()1  ��!;��8#'  

*#&�!�#.  !&�$)  *&�  ��  �!!%�$#'�(�� . ��"�#&) , *&#6'%64:��!6  (�  ��"&# - �  

(�(#��!;��8�1 , '(#!6�  !-:�!�'�(().  '"%�$  '  *&#7�!!)  /�%2�&�7��  (�  

��"&#��!;��8� , �  0(� ��  �  '  ?//�"��'(#!�2  &�0&�8#�"�  (�/�6()1  �  +�0#')1  

��!�#&#<$�(�. . ��*&���& , '  &�8#��  [82] ')*#%(�(#  !&�'(�(��  ��"&#��1(#%#+�.  

'#0$�.!�'�6  (�  *%�!�  ('  $�((#�  !%- ��  -'�%� �(��  *%#�(#!��  !��"�  !"'�<�( ) �  
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(�(#��1(#%#+�.  '#0$�.!�'�6  (�  *%�!�  (*&���(�(��  *#'�&1(#!�(# -�"��'()1  

'�:�!�'  – 3�� ). 3&�&#!�  "#?//�7��(��  �0'%� �(�6  (�/��  (��� ) $%6 ?��1  

��1(#%#+�.  �����  !#*#!��'��)�  0(� �(�6 . �  &�8#��  [74] ?"!*�&���(��%2(#  8)%� 

*#%- �(�  !'602 #!���# ()1  (�!):�((#!��.  �  !##�(#;�(�6  $�����&#'  *#& �  

"�*�%%6&#'. �!�  ');�!"�0�((#�  +#'#&��  # '�<(#!��  �!!%�$#'�(�6  !'60�.  

*�&����&#'  &�0%� ()1  ��!;��8#' . 

	$(��  �0  *#$1#$#'  �!!%�$#'�(�6  !'60�.  1�&�"��&�!��"  ��<$-  &�0%� ()��  

��!;��8���  6'%6��!6  �!*#%20#'�(��  ?%���(��&()1  *&�$!��'���%2()1  #89��#'  

[85, 105] (representative elementary volume �%�  REV). @%���(��&()�  

*&�$!��'���%2()�  #89��#�  6'%6��!6  #89��  *#&�!�#.  !&�$) , (� �(�6  !  "#�#&#+# 

�+# 1�&�"��&�!��"�  6'%64�!6  *&�$!��'���%2()��  $%6 '!�.  *#&�!�#.  !&�$)  !  

�# "�  0&�(�6  !����!�� �!"#.  #7�("�  ��  *�&����&#' . ��*&���& , '  &�8#��  [105] 

$���!6  #7�("�  &�0��&#'  ?%���(��&()1  *&�$!��'���%2()1  #89��#'  $%6 &�0-%2���#'  

�&�1��&(#.  "#�*24��&(#.  �#�#+&�/��  !  �# "�  0&�(�6  0(� �(�.  *#&�!�#!�� , 

"##&$�(�7�#((#+#   �!%� , &�!*&�$�%�(�6  &�0��&#'   �!��7 . 

�&-+��  *#$1#$#�  "  �0- �(�4  '0���#!'60�.  �#$�%�.  (�  &�0()1  ��!;��8�1  

6'%6��!6  ��#&�6  +#�#+�(�0�7��  (homogenization theory). ��((�6  ��#&�6  '  

(�"#�#&#�  !�)!%�  6'%6��!6  !#'#"-*(#!�24  ���#$#'  «&���!;��8�&#'�(�6 » 

$�//�&�(7��%2()1  -&�'(�(�. . �%6 �#$�%�&#'�(�6  *&#7�!!#'  /�%2�&�7��  '  

*#&�!�)1  !&�$�1  8)% *#%- �(  &6$ �(��&�!()1  &�0-%2���#' , '   �!�(#!�� , 8)%� 

*#%- �(�  !'602 -&�'(�(�.  ��'2� -��#"!�  $%6 *�&�#$� �!"#.  *#&�!�#.  !&�$)  !  

0�"#(#�  ��&!�  [140]. 	�%� ��  +#�#+�(�0�7��  #�  *#$1#$� �!*#%20#'�(�6  

?%���(��&()1  #89��#'  !#!�#��  '  �#� ,  �#  *&�  +#�#+�(�0�7��  �)  *#%�+���  

1�&�"��&()�  &�0��&)  ��"&#��!;��8�  �(#+#  8	 %2;��� ,  ��  ��"&#��!;��8� , �  

���  !��)�  '  *&�$�%�  #7�(�'�4�!6  1�&�"��&�!��"�  ��"&#��!;��8� . 3&�  

�!*#%20#'�(��  ?%���(��&()1  #89��#'  '  (�1  *&#�!1#$��  #!&�$(�(��  

��"&#��!;��8()1  *�&����&#'  $%6 #7�("�  ��"&#��!;��8()1  *�&����&#' , (#  

1�&�"��&()�  &�0��&)  #8#�1 ��!;��8#'  *&�  ?�#�  "#(� () . 
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1.4.2.  +���
  ��!��  �	�����
  ��  ���
  �����������  �
���
�
�  

������&�6  6'%6��!6  '�<()�  *#(6����  "�"  *&�  �!!%�$#'�(��  &��%2(#+# 

��&� , ��"  �  *&�  �!!%�$#'�(��  �8!�&�"�()1  #89�"�#'  ��������"� , '  �#�   �!%�  

�������� �!"�1  �#$�%�.  *&#7�!!#'  �  6'%�(�6  &��%2(#+# ��&� . 
�#&�6  !�����&�.  

0� *&#;�$;�.  '�"  *&�'&���%�!2  �0  "#(7�*7��  «+�&�#(��  ��&� » '  �#:().  

�(!�&-��(�  �!!%�$#'�(�6  '  �!��!�'�(()1  (�-"�1 . ��<(-4  &#%2 '  ?�#�  !)+&�%�  

��#&�6  +&-**  ��  [14]. 

�  $�((#.  $�!!�&��7��  &�!!���&�'�4�!6  +&-**)  ��  *&�#8&�0#'�(�.  ($&-+#� 

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

!�����&�.  $%6 �#$�%�.  *&#7�!!#'  /�%2�&�7��  �  �1  !�!���  -&�'(�(�. , "#�#&)�  '  

�#�   �!%�  �#+-�  ����2  '�$  (1.1). 3# !'#�.  !-��  (�*&�&)'(�6  !�����&�6  $%6 

&�!!���&�'���)1  ��*#'  -&�'(�(�.  (�#$�%�. ) #0(� ���  �('�&��(�(#!�2  -&�'(�(�.  

('��!��  !  (� �%2()��  �  +&�(� ()��  -!%#'�6�� ) #�(#!���%2(#  !##�'��!�'-4:�.  

(�*&�&)'(#.  +&-**)  *&�#8&�0#'�(�. . �%6 #�$�%2(# '06�#+# -&�'(�(�6  (8�0 

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

*#0'#%6�� (�1#$��2  (#')�  &�;�(�6  �  -*&#:��2  !##�'��!�'-4:-4  �#$�%2. 

1.4.3.  ,����������  ����
  �	�����  

�!!%�$-��)�  '  $�((#.  $�!!�&��7��  !'60�  $�!"&��()1  �#$�%�.  &�08�'�4�!6  

(�  $'�  ��*�  (��!-(#"  1.1): 

1. �'602  $�!"&��()1  �#$�%�.  0� ! ��  (�*&�&)'()1  !�����&�.  

((�*&���& , '&�:���%2(�6  !�����&�6 ) "�"  (�  #$(#�  &�!!���&�'���#�  

'  $�((#.  $�!!�&��7��  ��!;��8� , ��"  �  (�  #8#�1 ��!;��8�1  0� ! ��  

*#$#8�6  *&#7�!!#'  (�  &�0()1  ��!;��8�1 . 

2. �'602  ��<$-  '�"�#&���  *�&����&#'  $�!"&��()1  �#$�%�.  (�  ��"&# - �  

��"&#��!;��8�1 ,  �#  '  $�%2(�.;��  8-$��  (�0)'��2!6  

&���!;��8�&#'�(��� . 

�!!%�$#'�(��  ��*�  !'60�  1, "#�#&#�-  *#!'6:�()  
%�'�  2 �  
%�'�  3, 

*#0'#%6�� -!"#&��2   �!%�(()�  &�! ��) , !'60�(()�  '  �#�   �!%�  !  ��*#�  !'60�  2 

$%6 $�!"&��()1  �#$�%�. , *#?�#�-  ��*  !'60�  1 &�!!���&�'���!6  $�%��  *�&')� . �  


%�'�  2 *&�$!��'%�()  *#%- �(()�  "%�!!)  $�!"&��()1  �#$�%�.  ��#&��  
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/�%2�&�7�� , $%6 "#�#&)1  !-:�!�'-��  ��*  !'60�  1 ((�*&�&)'()�  !�����&�� ), 

#*�!�(().  !  *&�'�$�(���  *#%- �(()1  *&���&#'  '  
%�'�  3. 


�*  !'60�  2 '  $�!!�&��7��  *&�$!��'%�(  *#$1#$#�  "  &���!;��8�&#'�(�4  

��"&#�#$�%�. , +$� �!*#%20-��)�  "%�!!)  $�!"&��()1  ��"&#�#$�%�.  &�0%� �4�!6  

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

!�&-"�-&-  -&�'(�(�. , (#  &�0()�  *�&����&)  �#$�%�. . 3�&').  ��*  "%�!!#'  #*�!�(  

'  
%�'�  4, '�#&#.  ��*  "%�!!#'  – '  
%�'�  5, �  !��  *&�$%�+���).  *#$1#$ "  

&���!;��8�&#'�(�4  #*�!�(  !  *&�'�$�(���  *&���&#'  '  
%�'�  5. ��(().  *#$1#$ 

6'%6��!6  8%�0"��  "  *#$1#$- (�  #!(#'�  �!*#%20#'�(�6  *&�$!��'���%2()1  

?%���(��&()1  #89��#' , *#!"#%2"-  #(  ��"<�  #!(#'�(  (�  #!&�$(�(��  *�&����&#'  (�  

��"&#��!;��8�  !  "#(� ()�  1�&�"��&()�  &�0��&#� . 

��((�6  $�!!�&��7�6  *#!'6:�(�  !#'��!�(#�-  �!!%�$#'�(�4  �  *&���(�(�4  

!'60�.  0� ! ��  (�*&�&)'()1  !�����&��  �  &���!;��8�&#'�(�6  $�!"&��()1  

�#$�%�.  *&#7�!!#'  /�%2�&�7�� . �#'��!�(#�  *&���(�(��  -"�0�(()1  ��*#'  !'60�.  

$�!"&��()1  �#$�%�.  8)%# *&�$!��'%�(#  '  !%�$-4:�1  &�8#��1  [174, 175, 176]. 

 

 
��!-(#"  1.1 - �1���  !'60�.  $�!"&��()1  �#$�%�. , &�!!���&�'����6  '  $�((#.  $�!!�&��7��  

 

1.5.  ��))
�%�����
,�  *��+	�
,  �  -�����  ��((�3�  ��))��%�1��((�3�  

�))	�����(�.  

1.5.1.  $�	�����  
�����	���
�  �	�
�
��  ����  

��((�6  $�!!�&��7�6  *#!'6:�(�  &�;�(�4  !%�$-4:�1  *&#8%�� 

�#$�%�&#'�(�6  &�0%� ()1  *&#7�!!#'  /�%2�&�7��  '  *#&�!�)1  !&�$�1 , '  �#�   �!%�  
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�#$�%�&#'�(�6  *&#7�!!#'  &�0&�8#�"�  (�/�6()1  �  +�0#')1  ��!�#&#<$�(�. , 

*&#8%��)  "#�#&#+# &�!!���&�'�4�!6 , (�*&���& , '  [84]: 

·  ��#81#$��#!�2  - ���  &�0%� ()1  /�"�#&#' , *&#6'%64:�1  !�86  (�  

��"&#��!;��8�  *#&�!�#.  !&�$) , 0� ! ��  *#!�&#�(�6  �#$�%�.  

*&#7�!!#'  (�  ?�#�  ��!;��8� . 

·  ��#81#$��#!�2  '  &���!;��8�&#'�(��  &�0-%2���#'  &�! ��#'  (�  

��"&#��!;��8�  $%6 ��"&#��!;��8� , (�*&���& , $%6 /�%2�&�7�#(()1  

�#$�%�.  (�/�6()1  �  +�0#')1  ��!�#&#<$�(�. . 

·  ��#81#$��#!�2  '  &�! ���1  $%6 *#1#<�1  &�0(#!�()1  !1�� ,  �#  

')0'�(# , (�*&���& , (�#81#$��#!�24  *&#'�$�(�6  �$�*��7��  "  �!�#&��  

&�0&�8#�"�  ��!�#&#<$�(�6 . 

·  ��0"�6  !"#&#!�2  &�! ��� , !'60�((�6  !  (�#81#$��#!�24  �!*#%20#'�(�6  

8#%�� $���%2()1  �#$�%�.  *#&�!�)1  !&�$ , (�*&���& , $%6 (�/�6()1  �  

+�0#')1  ��!�#&#<$�(�.  (�  &�0()1  ��!;��8�1 . 

1.5.2.  -����
  ����	�	  �
����
��
	��	�	  
�����	���
�  

�"�0�(()�  '#  ''�$�(��  0�$� �  *&�0'�()  (�.��  &�;�(�6  *&�$!��'%�(()�  '  

*&�$)$-:��  *-("��  *&#8%����  �#$�%�&#'�(�6  *&#7�!!#'  /�%2�&�7��  '  

*#&�!�)1  !&�$�1 . ��(()�  0�$� �  �#<(#  #89�$�(��2  '  $'�  8%#"� '0���#!'60�(()1  

0�$� : 

·  3#');�(��  "� �!�'�  #7�("�  /�%2�&�7�#(()1  *�&����&#'  *#&�!�)1  

!&�$  0� ! ��  �!*#%20#'�(�6  $�!"&��()1  ��"&#�#$�%�. , - ��)'�4:�1  

'�<()�  ��"&#��!;��8()�  /�"�#&) , �  #7�("�  *&#!�&�(!�'�((#+#  

&�!*&�$�%�(�6  ��"&#�#$�%�.  (�  ��!;��8�  ��"&#�#$�%�. , �  ��"<�  

#7�("�  !'60�  ��"&# - �  ��"&#��!;��8()1  *�&����&#'  

(&���!;��8�&#'�(�� ). 

·  �(�<�(��  '&���(()1  0��&��  (�  !�&�.()�   �!%�(()�  &�! ��)  !  

*#�#:24  $�!"&��()1  �#$�%�. , "#�#&)�  '#0(�"�4� , (�*&���& , *&�  

&�;�(��  &�0%� ()1  #8&��()1  0�$�  $%6 $�!"&��()1  ��"&# - �  

��"&#�#$�%�.  ((�*&���& , 0�$� �  �$�*��7��  "  �!�#&��  &�0&�8#�"�  

��!�#&#<$�(�. ). 
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��.$�(()�  '  &��"�1  $�((#.  $�!!�&��7��  &�;�(�6  �#+-�  8)�2  *&���(�()  

(�  �#%2"# "  *&#8%���� , !'60�(()�  !  ��!�#&#<$�(�6��  (�/��  �  +�0�, (#  �  "  

*#$#8()�  *&#8%����  �#$�%�&#'�(�6  *&#7�!!#'  /�%2�&�7��  '  7�%#� . �  

 �!�(#!�� , ?��  &�;�(�6  �#+-�  8)�2  *&���(�()  "  0�$� �  # �!�"�  <�$"#!��.  �  

+�0#' !  *#�#:24  /�%2�&#' . 


,���,  �  3	���  

1. ��((�6  +%�'�  *&�0'�(�  $��2  #8:-4  !1��-  *&�$!��'%�((#.  

$�!!�&��7�#((#.  &�8#�) , *&�'�!��  #!(#'()�  �!*#%20-��)�  '  (�.  

*#(6��6  �  �1  '0���#!'60� . 

2. ��!!�#�&�()  &�0%� ()�  ��*)  �#$�%�.  *&#7�!!#'  /�%2�&�7��  '  

*#&�!�)1  !&�$�1  �  $�(#  #*&�$�%�(��  $�!"&��()1  �#$�%�. , "#�#&#�  

�!*#%20-4�!6  $�%��  '  $�((#.  $�!!�&��7�� . 

3. 3#%- �(  #80#& "%�!!�/�"�7�.  &�0%� ()1  ��!;��8#'  

(�/��+�0#(#!(#+#  *%�!��  *&�  �!!%�$#'�(��  *&#7�!!#'  /�%2�&�7�� , 

!/#&�-%�&#'�()  &�!!���&�'���)�  '  $�!!�&��7��  ��!;��8) . 

4. ��  #!(#'�  �(�%�0�  &�!!�#�&�(()1  ��*#'  !'60�.  �#$�%�.  

!/#&�-%�&#'�()  �!!%�$-��)�  '  $�((#.  $�!!�&��7��  !'60� : !'60�  

��<$-  �#$�%6��  &�0()1  ��!;��8#'  (&���!;��8�&#'�(�� ) �  !'60�  

�#$�%�.  0� ! ��  !�����&�. . 

5. �/#&�-%�&#'�()  0�$� �  $%6 $�((#+#  $�!!�&��7�#((#+#  �!!%�$#'�(�6  

(�  #!(#'�  ')$�%�(()1  *&#8%�� �!!%�$#'�(�6  *#&�!�)1  !&�$ . 

� �
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$	���  2.   ��
�8  ������������8  ����������  �������  

������  ����������  �  ����9�:  �������
���  $�;��  

���������  

��((�6  +%�'�  *#!'6:�(�  #$(#�-  �0  $'-1  ��*#'  !'60�. , "#�#&)�  ''�$�()  '  

&�!!�#�&�(��  $%6 $�!"&��()1  �#$�%�.  '  
%�'�  1, – !'602 0� ! ��  (�*&�&)'()1  

+&-**  !�����&�. . ��(().  ��*  !'60�  &�!!���&�'���!6  *�&')� , ��"  "�"  *#%- �(()�  

0$�!2 &�0-%2���)  �!*#%20-4�!6  '  +%�'�1, *#!'6:�(()1  ��*-  !'60�  0� ! ��  

&���!;��8�&#'�(�6  $�!"&��()1  �#$�%�.  ��"&#��!;��8�  *#&�!�#.  !&�$) . 
�"<�  

*&�'#$6�!6  (�.$�(()�  "%�!!)  $�!"&��()1  �#$�%�.  /�%2�&�7��  (�  ��"&# - �  

��"&#��!;��8�  *#&�!�#.  !&�$) , -&�'(�(�6  "#�#&)1  ���4�  (�*&�&)'()�  

!�����&�� . 

2.1.  �*����	�(��  (�*���,�(,5  )�

�%��2  �	.  ��-	��(,5  %�*��  &���(�(�2  

2.1.1.  *��������
�  ���������	�  ������  ���	����	���
�  

���2  #*&�$�%�(��  %#"�%2(#. +&-**)  ��  ((�*&�&)'(#.  +&-**) ) �#<(#  

(�!"#%2"���  !*#!#8��� : !  *#�#:24  *#(6��6  +%�$"#+# �(#+##8&�0�6  �  !  

*#�#:24  #$(#*�&����&� �!"#+#  (�*&�&)'(#+#  !���.!�'�  *&�#8&�0#'�(�. . 

��(()�  #*&�$�%�(�6  6'%64�!6  ?"'�'�%�(�()��  '#  �(#+�1  !%- �61 . ���8#%��  <�  

*#$1#$6:��  #*&�$�%�(���  $%6 $�((#.  $�!!�&��7�#((#.  &�8#�)  6'%6��!6  '�#&#�  

#*&�$�%�(��  [4, 16, 18, 65]. 

��!!�#�&��  $%6 (� �%�  '  (�"#�#&#.  #8%�!��  - . ! �  '0���(# -#$(#0(� ()�  

#�#8&�<�(�6  /0 - 1 - , "#�#&)�  �!��!�'�((#  #*&�$�%��2  /#&�-%#.  � 2 � 3 � � � , +$� 

� 2� �  - . �%�$-4:�.  ;�+  – #*&�$�%�(��  +&-**)  *&�#8&�0#'�(�. : �(#<�!�'#  

*&�#8&�0#'�(�.  (  '��!��  !  #*�&�7��.  "#�*#0�7��  4 *&�#8&�0#'�(�.  6'%6��!6  

+&-**#. , �!%�  ')*#%(�()  �&�  !%�$-4:�1  -!%#'�6  [87]: 

1. �(#<�!�'#  (  0��"(-�#  #�(#!���%2(#  ''�$�((#.  #*�&�7�� : 5 4 6 � 7 , 

+$� 5� 6� 7  ( ; 

2. �#<$�!�'�((#�  *&�#8&�0#'�(��  8 *&�(�$%�<��  �(#<�!�'-  ( ; 

3. $%6 %48#+# 5  (  !-:�!�'-��  ��"#.  ?%���(�  59�  ( ,  �#  5 4 59� � 8 . 
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�  $�((#�  #*&�$�%�(��  #�!-�!�'-��  !'#.!�'#  �!!#7����'(#!�� , ��"  "�"  #*�&�7�6  

"#�*#0�7��  *&�#8&�0#'�(�.  #8%�$���  ��  *# #*&�$�%�(�4 . 

��!!�#�&��  $�%��  !���.!�'#  *&�#8&�0#'�(�.  )/ : *, 0�'�!6:��  #�  ;  

!-:�!�'�(()1  *�&����&#'  < � � <� � <	 � 
 � < =�  > . ! = (�#  �!�2  #(�  (�  �#+-�  8)�2  

0���(�()  ��(2;��   �!%#�  /-("7�. , 0�'�!6:�1  #�  (�1 ) �  #*&�$�%6��#�  

/#&�-%���  � 2 � 3 � �� < � , +$� � 2� �  - . 	*�&�7�4  "#�*#0�7��  *&�#8&�0#'�(�.  

$�((#+#  !���.!�'�  �#<(#  0�$��2  !  *#�#:24  +&-**#'#+# 0�"#(�  -�(#<�(�6  

?0 >2@ >2 1 >  *# /#&�-%�  / : 4 / � � / A� :�� � , +$� >2 B >. 

����.!�'#  *&�#8&�0#'�(�.  )/ : * (�0)'���!6  %#"�%2(#. ; -*�&����&� �!"#.  

+&-**#.  ��  *&�#8&�0#'�(�. , �!%�  !-:�!�'-��  ��"#�  !'60(#�  #�"&)�#�  

#+&�(� �((#�  �(#<�!�'#  >2 B >, $%6 "#�#&#+# ')*#%(�()  !%�$-4:��  �"!�#�) : 

1. $%6 C<� D  >2 ')*#%(�(#  / : 4 / � � � / E� , +$� F � ? � <� D�  > ; 

2. !���.!�'#  *&�#8&�0#'�(�.  -$#'%��'#&6��  -!%#'�4  +%�$"#!�� , �#  �!�2  

3� �� < �  7 	 � - @ >� ; 

3. !���.!�'#  %#"�%2(# -*#&6$# �(#  '  >2, �#  �!�2  $%6 %48)1 <� D  >2 �0  

/ : � � / � �  !%�$-��  < � D ; 

4. !���.!�'#  !#$�&<��  �#<�!�'�((#�  *&�#8&�0#'�(�� , �#  �!�2  

!-:�!�'-��  <G  > 2 ��"#� ,  �#  / : H
� 8 . 

5. $%6 %48#+# <  > 2 !-:�!�'-��  *�&����&  <9�  > 2 ��"#. ,  �#  

? � <� <9� � � ? � <9� � <� � < G, �#  �!�2  / : 4 / : IJ � � � . 

�(#<�!�'#  >2 �#<��  8)�2  ')8&�(#  $#!���# (#  ��%)�  ��" ,  �#8)  '  (��  

')*#%(6%�!2  �"!�#�) . @�# �  #896!(6��  ��&��(  «%#"�%2(�6 +&-**� » '  

#*&�$�%�(��  +&-**)  �� . 

3&���&)  #*&�$�%�(()1  ');�  +&-** : +&-**�  &�!�6<�(�.  (�  *%#!"#!��  –  

� 2 � � K: � 
 2 � 
 K: �> � ! � 1. (2.1) 

+&-**�  (L � M�  '&�:�(�.  (�  *%#!"#!��  –  

� 2 � � FNO� <� P 
 O��� <� � 
 2 � � O�� � <� Q 
 FNO� <� �> � RPS�ST� 1. (2.2) 

�  $�((#.  $�!!�&��7��  $�%��  *#$ +&-**#.  ��  *&�#8&�0#'�(�. , (�*&�&)'(#.  

+&-**#.  *&�#8&�0#'�(�.  �%�  *&#!�#  *#$ +&-**#.  *&�#8&�0#'�(�.  8-$��  
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*#(����2!6  ���((#  %#"�%2(�6 ; -*�&����&� �!"�6  +&-**�  ��  *&�#8&�0#'�(�. . �%6 

�#+#  �#8)  �0%�;(�  (�  -!%#<(6�2  �0%#<�(��  ��#&��  +&-**#'#+# �(�%�0� , '  

"� �!�'�  #8%�!��  - , (�  "#�#&#.  $�.!�'-��  ; -*�&����&� �!"�6  +&-**� , 8-$��  

&�!!���&�'��2   �:�  '!�+#  '!�  *&#!�&�(!�'#  ! � . 

2.1.2.  ,��
�

��
�������  	����
	�  

��!!�#�&��  (�"#�#&-4  %#"�%2(-4 #$(#*�&����&� �!"-4  +&-**-  ��  

*&�#8&�0#'�(�. . 3-!�2  $�((�6  +&-**�  0�$���!6  *&�#8&�0#'�(�6��   

/ : 0� 2 � 3� � �<� �UUU� 2� �  ! � � 1. (2.3) 

�!%�  0�/�"!�&#'��2  �# "-  � G, �#  *&�  �0��(�(��  *�&����&�  < *#%- ��  (�"#�#&-4  

"&�'-4  '  *&#!�&�(!�'�  ! � . ��((�6  "&�'�6  (�0)'���!6  #&8��#.  �# "�  � G. 

�#�*#(�(�)  "�!���%2(#.  "  $�((#.  "&�'#.  '  �# "�  �  0�$�4�!6  /#&�-%#.  

V� � � G� �
W3� � � G�<�

W<
X
: YG

� 2. (2.4) 

��(66  �# "-  � G, *#%- ��  "�!���%2(#�  '�"�#&(#�  *#%�. �'�$��  ��*�&2  *#(6���  

�(/�(���0���%2(#+#  (8�!"#(� (#  ��%#+#) #*�&��#&�  #$(#*�&����&� �!"#.  

+&-**)  ��  (2.3): �(/�(���0���%2()�  #*�&��#&#�  +&-**)  (�0)'���!6  

$�//�&�(7��%2().  #*�&��#&  '�$�  

Z � [ V� � � �

�

�Y�

W
W� � � 1. (2.5) 

3&�$!��'%�(��  "�!���%2(#+#  *#%6 '  '�$�  %�(�.(#+#  $�//�&�(7��%2(#+#  

#*�&��#&� , "�"  8-$��  *#"�0�(#  (�<� , $���  # �(2  �#:().  �(!�&-��(�  *&�  &�8#��  !  

�('�&��(����  +&-**) . �%�$-4:�6  ��#&���  ��  #*&�$�%6��  #$(#0(� (-4  !'602 

��<$-  +&-**#.  �  �A �(/�(���0���%2()�  #*�&��#&#�  [30]: #&8���  / : �  +&-**)  

(2.3) 6'%6��!6  �(��+&�%2(#.  "&�'#.  -&�'(�(�6  ��  

\3
\<

� V� 3� �UUU3]: YG � � � 1. (2.6) 

��&(#  ��"<�  #8&��(#�  -�'�&<$�(�� : $%6 %48#+# +%�$"#+# '�"�#&(#+#  *#%6 

V0 !� 1 ! �  �  %48#. �# "�  �  ! �  !-:�!�'-�� , *&��#�  �$�(!�'�((#� , &�;�(��  

-&�'(�(�6  �� . @�# &�;�(��  #*&�$�%6��  #$(#*�&����&� �!"-4  %#"�%2(-4 +&-**-  
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*&�#8&�0#'�(�. , "�!���%2(#�  '�"�#&(#�  *#%� "#�#&#.  !#'*�$���  !  0�$�(()�  

*#%��  V. 

�(/�(���0���%2().  #*�&��#&  +&-**)  &�!�6<�(�.  (2.1) '  ! 	  –  

Z �
W� � K: �

W<
X
: YG

W
W�

Q
W� 
 K: �

W<
X
: YG

W
W


� �
W
W�

Q 

W
W


� 1. (2.7) 

	*�&��#&  +&-**)  '&�:�(�.  (2.2) '  *&#!�&�(!�'�  ! 	  –  

Z � P

W
W�

Q �
W
W


� 1. (2.8) 

��!!�#�&��  "�"  ��(6��!6  �(/�(���0���%2().  #*�&��#&  *&�  0���(�  

*�&���(()1 . 3&�  *�&�1#$�  "  (#'#.  !�!����  "##&$�(��  
 � � 
 � ���  "#�*#(�(�)  

"�!���%2(#+#  *#%6 *&�#8&�0-��!6  *# !%�$-4:�.  /#&�-%�  [18] 

^ � � 
 � � V� � � �
W
 �

W� � � 1. (2.9) 

'  �(/�(���0���%2(#�  #*�&��#&�  0���(�  *�&���(()1  *&#�0'#$��!6  *# /#&�-%�  

Z � V� � � �
W

W� � � Z %
 � � � � '
W

W
 � � ^ � � 
 �
W

W
 � � 1. (2.10) 

+$� *# *#'�#&64:��!6  �($�"!��  �� � � �� 
 � �  *&#�0'#$��!6  !-���&#'�(�� . 

2.1.3.  ,����
��
�  
  ��

��
�  
����
��
�	�

  

��!!�#�&��  ; -*�&����&� �!"-4  (�*&�&)'(-4  +&-**-  � =. 	*&�$�%��  

*#(6���  �('�&��(��  +&-**)  [29]: /-("7�6  _��� ` FN�Oa  (�0)'���!6  �('�&��(�#�  

+&-**)  *&�#8&�0#'�(�.  '  *&#!�&�(!�'�  ! � , �!%�  /-("7�6  _ *#!�#6((�  (�  #&8���  

"�<$#.  �# "�  �  ! � , �#  �!�2  ')*#%(�(#  !##�(#;�(��  

_� / : � � � _� � � � 1. (2.11) 

�&���&�.  �('�&��(�(#!��  /-("7�� : +%�$"�6 /-("7�6  _���  6'%6��!6  

�('�&��(�#�  #$(#*�&����&� �!"#.  +&-**)  � �  �#+$�  �  �#%2"# �#+$� , "#+$� 

')*#%(�(#  !%�$-4:��  !##�(#;�(��  (!-���&#'�(��  *# *#'�#&64:��!6  

�($�"!�� ) 

Z_ � V� � � �
W_
W� � � � � 1. (2.12) 
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�#&�-%�  (2.12) *&�$!��'%6��  !#8#.  %�(�.(#�  #$(#&#$(#�  -&�'(�(��  '  

 �!�()1  *&#�0'#$()1  *�&'#+#  *#&6$"� , +$� _���  – (��0'�!�(�6  /-("7�6 . 

	8:��0'�!�(#  [29],  �#  $�((#�  -&�'(�(��  '  *&#!�&�(!�'�  ! �  �����  � P �  

/-("7�#(�%2(#  (�0�'�!��)1  &�;�(�.  8� ���� 8 	 ���� 
 � 8 �9� ��� . �48#�  $&-+#� 

&�;�(��  $�((#+#  -&�'(�(�6  ')&�<���!6   �&�0  8� ���  '  '�$�  _ � b�8 � � 8	 � 
 � 8 �9� �  !  

*#$1#$6:�.  +%�$"#. /-("7��.  b . 3#%().  (�8#&  /-("7�#(�%2(#  (�0�'�!��)1  

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

�(#+##8&�0��  c B ! � , 0�$�((#�  !�!���#.  -&�'(�(�.  

c 0d � � � � � � �UUUU� � � � 
 �O� 1. (2.13) 

+$� ;<�� e
fg h

fi j e � O , �('�&��(�(#  #�(#!���%2(#  +&-**)  � =, �!%�  $%6 %48#+# 

�  c  �  $%6 %48#+# /  � = ')*#%(�(#  /�  c . �('�&��(�(#!�2  �(#+##8&�0�6 , 

0�$�((#+#  -&�'(�(�6��  (2.13), +#'#&��  # �#� ,  �#  *#$ $�.!�'���  +&-**)  &�;�(�6  

!�!���)  -&�'(�(�. , "#�#&)�  0�$�4�  �(#+##8&�0�� , *�&�1#$6�  '  &�;�(�� . 

�&���&�.  �('�&��(�(#!��  �(#+##8&�0�6  8-$��  $�(  (�<�  !&�0-  $%6  

; -*�&����&� �!"#.  +&-**) . 

��0�!  �('�&��(�#'  $%6 �(/�(���0���%2()1  #*�&��#&#'  $%6 *&���&�  (2.7) �  

(2.8) !##�'��!�'�((# : 

Z � �
W
W�

Q 

W
W


�UUU8� � � � 
 � �
�



� 1. (2.14) 

Z � P

W
W�

Q �
W
W


�UUU8� � � � 
 � � � 	 Q 
 	 �
 

1. (2.15) 

�/#&�-%�&-��  ��*�&2  "&���&�.  �('�&��(�(#!��  $%6 ; -*�&����&� �!"#.  

+&-**)  *&�#8&�0#'�(�.  *&#!�&�(!�'�  ! �  [29]: $%6 +&-**)  � = "&���&�.  *&�(�����  

'�$  !%�$-4:�.  !�!���)  $�//�&�(7��%2()1  -&�'(�(�. : 

Z� _ � V�
� � � �

W_
W� � � � � � � � � 
 � ; � 1. (2.16) 

+$� V�
� ���  – "#�*#(�(�)  8�0�!()1  '�"�#&()1  *#%�.  +&-**)  � =. ��!%#  &�;�(�.  

-&�'(�(�.  (2.16) #*&�$�%6��!6  '�%� �(#.  

;k � lmn
i  ! o

pqrsUt V�
� � � � t � � � � � 
 � � � � � � � 
 � ; � 1. (2.17) 
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"#�#&�6  6'%6��!6  #8:��  &�(+#�  ���&�7)  "V�
� ��� $. 
&-**�  � = �����  �('�&��(�)  

�#+$�  �  �#%2"# �#+$� , "#+$� #8:�.  &�(+ ;k u � . �!%�  ')*#%(�(#  $�((#�  -!%#'�6 , 

�#  !-:�!�'-��  � P ; k /-("7�#(�%2(#  (�0�'�!��)1  �('�&��(�#' . 3&�  ;k � �  

+&-**�  � = (�  �����  �('�&��(�#' . �#%��  *#$&#8(# '#*&#!  *#�!"�  &�;�(�.  

*#$#8()1  !�!���  �!!%�$#'�(  '  [18, 32]. 

�&���&�.  �('�&��(�(#!��  �(#+##8&�0�6  $%6 ; -*�&����&� �!"#.  +&-**)  � = 

�#<(#  (�.�� , (�*&���&  '  [18]. @�#� "&���&�.  $%6 �(#+##8&�0�6  (2.13) �  +&-**)  

� = !  #*�&��#&���  Z�  �����  !%�$-4:�.  '�$  

Zv dwx
c

� � �UUUy � � � 
 � ; �UUUz � � � 
 �O� 1. (2.18) 

+$� ]c  #8#0(� ���  *�&�1#$  (�  �(#+##8&�0�� ,  �#  0�"%4 ���!6  '  ')&�<�(��  O 

*�&���(()1  �0  (2.13) �  *#$!��(#'"�  �1  '  (2.18). 

��<(#�  ��!�#  '  ��#&��  %#"�%2()1 (�*&�&)'()1  +&-**  0�(�����  *#(6���  

�%+�8&) �� . ��<$-  +&-**#.  ��  �  ��  �%+�8&#. !-:�!�'-��  # �(2  ��!(�6  !'602: 

"�<$#.  ; -��&(#.  +&-**�  ��  � = !#*#!��'%6��!6  ; -��&(�6  �%+�8&� ��  { =, 

*&�$!��'%64:�6  !#8#.  !#'#"-*(#!�2  '�"�#&()1  *#%�. , "�!���%2()1  "  #&8����  

+&-**) , (�  �(#<�!�'�  "#�#&)1  ''�$�(�  #*�&�7�6  "#��-��7�� ; !  $&-+#. !�#&#() , 

"�<$�6  "#(� (#��&(�6  �%+�8&� ��  �0#�#&/(�  �%+�8&� ��  (�"#�#&#.  +&-**)  �� . 

3#$&#8(# ?��  #8%�!�2 �%+�8&) #*�!�(�  '  [18]. 

2.2.  �)(��(,�  *�(.%�.  %�����  3�&**���3�  �(�	�-�  �	.  ��)���%(,5  
���	�2  

2.2.1.  .����	�	�  ����
�  ����
����  

�	�  �������
�  

�(/�(���0���%2(�6  ��1(�"� , "#�#&-4  &�0'�% �#/-!  �� , #"�0�%�!2  # �(2  

*%#$#�'#&(#.  *&���(���%2(#  "  $�//�&�(7��%2()�  -&�'(�(�6�  �  -&�'(�(�6�  

�������� �!"#.  /�0�"�  '   �!�(#!�� . �#%2;#�   �!%#  &�0%� ()1  ��*#'  -&�'(�(�.  

*&�'�%#  "  *#6'%�(�4  �(#<�!�'�  &�0(##8&�0()1  ���#$#'  �(��+&�&#'�(�6 . 

�%�+#$�&6 �#/-!-  ��  (�  '!�  ?��  ���#$)  �#<(#  !�#�&��2   �&�0  *&�0�-  

!�����&�.(#+#  *#$1#$� "  &�;�(�4  $�//�&�(7��%2()1  -&�'(�(�. . 

��!#�(�((# , 0�"#(#��&()�  6'%6��!6  �#�  /�"� ,  �#  '  *#!%�$(��  

$�!6��%���6 , *#���#  $�//�&�(7��%2()1  -&�'(�(�. , +&-**#'#.  �(�%�0  (� �%  

*%#$#�'#&(# &�0'�'��2!6  �  *&���(���%2(#  "  $&-+��  ��*��  -&�'(�(�. , "#�#&)�  
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'#0(�"�4�  '  !��)1  &�0(##8&�0()1  &�0$�%�1 /�0�"� . �  ��"��  -&�'(�(�6�  

#�(#!6�!6  �(��+&# -$�//�&�(7��%2()�  ("  *&���&- , "�(��� �!"#�  -&�'(�(��  

�#%27��(�  �0  /�0� �!"#.  "�(���"�  [20]), $�//�&�(7��%2(# -&�0(#!�()�  ("  

*&���&- , 7�*# "�  
#$)  �0  /�0�"�  �'�&$#+#  ��%�  [230]), &�0(#!�()�  -&�'(�(�6  ("  

*&���&- , &�0(#!�(�6  !1���  $%6 (�%�(�.(#+#  -&�'(�(�6  �&A$�(+�&�  [26]) �  

$&-+��  ��*)  -&�'(�(�. . 

	$(#.  �0  *�&')1  &�8#�  '  #8%�!��  +&-**#'#.  "%�!!�/�"�7��  &�0(#!�()1  

-&�'(�(�.  6'%6��!6  !���26  [95], +$� *&#'�$�(�  +&-**#'�6  "%�!!�/�"�7�6  

&�0(#!�()1  !1��  $%6 !�!���)  -&�'(�(�.  +�0#'#.  $�(���"� . 	*&�$�%�(��  

(�*&�&)'(#.  !�����&��  $%6 $�!"&��()1  $�(��� �!"�1  !�!��� , "#�#&#�  6'%6��!6  

#!(#'#*#%�+�4:��  $%6 $�((#.  $�!!�&��7�� , !/#&�-%�&#'�%  6*#(!"�.  ��������"  

Maeda '  !���261  [171] �  [172]. 	$(�"#  �+# �$��  $#%+#� '&��6  (�  (�1#$�%�  

*&�"�� �!"�  (�"�"#+#  #�&�<�(�6  '  &�8#��1 , *#!'6:�(()1  $�!"&��()�  !�!����� . 

�� �%#  &�0'���6  +&-**#'#+# �(�%�0�  $%6 &�0(#!�()1  -&�'(�(�.  8)%# *#%#<�(# '  

80-90-1 +#$�1 *&#;%#+# '�"�  �  !'60�(#  !  &�8#����  �(#+�1  ��������"#'  

[27, 127, 162, 230]. �  ?��1  &�8#��1  (#80#& '  !���2�  [48]) '  #!(#'(#�  �!!%�$#'�%�!2  

%�8# &�0(#!�()�  �#$�%�  $%6 ;�&#"#  �0'�!�()1  $�//�&�(7��%2()1  -&�'(�(�. , 

%�8# $�//�&�(7��%2(# -&�0(#!�()�  -&�'(�(�6 . 

2.2.2.  �����������  ������  �
���
�

  ���  �
����
���  
  �����������  �������
�  

3#$1#$ !  �!*#%20#'�(���  (�*&�&)'()1  !�����&�.  *#0'#%6�� &�8#���2  !  

-&�'(�(�6��  &�0()1  ��*#'  "�"  !  �(#+##8&�0�6��  '�$�  (2.13) '  !##�'��!�'-4:��  

*&#!�&�(!�'� . @�# #0(� ��� ,  �#  (�*&�&)'()�  �%�  &�0(#!�()�  *&#�0'#$()�  

&�!!���&�'�4�!6  '  "� �!�'�  $&-+�1 (�0�'�!��)1  *�&���(()1 . 3#(6���  

*&#$#%<�(�6  $�.!�'�6  +&-**  ��  *#�#+���  #*&�$�%��2  (#')�  $#*#%(���%2()�  

*�&���(()�  $%6 +&-**)  *&�#8&�0#'�(�. , "#�#&)�  *&�$!��'%�()  '  -&�'(�(�� , 

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

�!1#$()��  *�&���(()��  �(�%#+� ()�  #8&�0#�. 

3&�  �!!%�$#'�(��  !  *#�#:24  +&-**  ��  -&�'(�(�6  +�#���&� �!"�  �#+-�  

8)�2  &�!!�#�&�()  "�"  �(#+#��&()�  �(#+##8&�0�6  c , 0�$�'���)�  !�����  
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-&�'(�(�6�� ,  �#  *#0'#%6�� #!-:�!�'��2  *&#$#%<�(��  $�.!�'�6  +&-**)  

*&�#8&�0#'�(�.  �  �1  �(/�(���0���%2()1  #*�&��#&#' : 

·  $%6 $�//�&�(7��%2()1  -&�'(�(�.  '  *&#!�&�(!�'�  !  (�0�'�!��)��  

*�&���(()��  � � � � � � � 	 � 
 � � � �  ! � , (��0'�!�()��  /-("7�6��  

'�$�  U
 � � 
 � � � � � 
 	 � � � � 
 � 
 # ��� �  ! #  �  *&#�0'#$()��  

(��0'�!�()1  /-("7�.  *# (�0�'�!��)�  *�&���(()�  


 2 � |
W
�

W��
�
W
�

W�	
� 
 �

W
#

W��
�

W	 
 �

W�� W��
�

W	 
 �

W�� W�	
� 
 �

W	 
 #

W�� W��
� 
 }  ! & 

'  "� �!�'�  #�$�%2()1  *�&���(()1  ((�  ?��  *�&���(()�  (�#81#$��#  

*&#$#%<�(��  +&-**  *&�#8&�0#'�(�. ), �#  �!�2  c B ! �~#~& ��� 
� 
 2�  

[29, 65, 66]; 

·  $%6 &�0(#!�()1  !1��  '  *&#!�&�(!�'�  !  (�0�'�!��)��  *�&���(()��  

)� � *, +$� � � � � � �
� � � �

	 � 
 � � �
� �  ! � , �  (��0'�!�()��  /-("7�6��  )
 � *, 

+$� 
 � � � 
 �
� � 
 �

	 � 
 � 
 �
# �  ! # , '  "� �!�'�  #�$�%2()1  *�&���(()1  '  

-0%� !��"�  *#$ (#��&#�  � , �#  �!�2  c B ! � � ��~#� �) � � *� )
 � *� , +$� � �  – 

��(���%2(#�   �!%#  -0%#' !��"� , $#!���# (#�  $%6 0�*�!�  &�0(#!�(#.  

!1��) , *&�  ?�#�  &�0(#!�(�6  !1���  $#%<(� !#!�#6�2  �0  !##�(#;�(�6 , 

0�$�4:�+#  &�0(#!�(#�  -&�'(�(�� , �  !##�(#;�(�6 , 0�$�4:�+#  

!��"-  [26]. 

��*&�&)'(�6  +&-**�  6'%6��!6  +&-**#.  !�����&��  $%6 $�//�&�(7��%2(#+#  

-&�'(�(�6  �%�  &�0(#!�(#.  !1��) , �!%�  *#$ $�.!�'���  ?�#.  +&-**)  �(#+##8&�0�6 , 

0�$�'���)�  ��� , #!��4�!6  �('�&��(�()�� , �#  �!�2  $%6 %48#. �# "�  

�(#+##8&�0�6  �  c  '�&(#  / : �  c , +$� �  0�$���!6  $%6 *#%(#+# (�8#&�  

*�&���(()1 , 0�$�4:�1  $�//�&�(7��%2(#�  -&�'(�(��  �%�  &�0(#!�(-4  !1��- . 

3#$ $�.!�'���  +&-**)  !�����&��  %48#� &�;�(��  -&�'(�(�6  

($�//�&�(7��%2(#+#  �%�  &�0(#!�(#+# ) *�&�1#$��  '  &�;�(�� , '#0�#<(#  '  �#<�  

!��#� , �!%�  �0(� �%2(#�  &�;�(��  �('�&��(�(#  [29, 65]. @�# #0(� ��� ,  �#  *&�  

(�%� ��  #$(#+#  �!�(#+#  (��('�&��(�(#+#  &�;�(�6  �#<(#  !  *#�#:24  

*&�#8&�0#'�(�.  +&-**)  !�����&��  *#%- ��2  7�%#� !���.!�'#  &�;�(�. . ��((#�  
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#8!�#6��%2!�'#  $���  '#0�#<(#!�2  «&�0�(#<�(�6 » &�;�(�.  !  *#�#:24  +&-**)  

!�����&��  �  8-$��  *&#$��#(!�&�&#'�(#  $�%�� . 

2.2.3.  +�#��
�� #
�  ��
	�  �	�
�	��
�  ����	�
���  ����  �  �	������
��  

�����������  �
���
�
�  �
�������
������  �������
�  

3#$1#$ *#!�&#�(�6  &�0(#!�()1  !1��  !  !#1&�(�(���  (�*&�&)'()1  

!�����&�.  $%6 �!1#$(#+#  $�//�&�(7��%2(#+#  -&�'(�(�6  8)% *&�$!��'%�(  '  

[26, 131]. @�#� ���#$  �!*#%20-��!6  $%6 *#%- �(�6  '!�1  '#0�#<()1  �('�&��(�()1  

&�0(#!�()1  !1��  8�0 #+&�(� �(�6  (�  #*&�$�%�(()�  /#&�)  &�0(#!�()1  

*&#�0'#$()1  �%�  *&#!�#  !#!�$(�1  �# �"  $%6 ��"-:�.  �# "�  !��"� . 

�-:�!�'-4�  &�0()�  *#$1#$)  "  #*&�$�%�(�4  $�.!�'�6  *&�#8&�0#'�(�.  

(�*&�&)'(#.  +&-**)  [26, 230] (�  $�!"&��()�  �#$�%� , *&�  ?�#�  '#  �(#+�1  !%- �61  

#(�  6'%64�!6  ?"'�'�%�(�()�� : 

·  *&#$#%<�(��  $�.!�'�6  *&�#8&�0#'�(�.  +&-**)  (�  0(� �(�6  

(�0�'�!��)1  *�&���(()1  �  (��0'�!�()1  /-("7�.  '  !#!�$(�1  �# "�1  

(�  !��"� : +&-**�  *&�#8&�0#'�(�.  $�.!�'-��  (�  -0%) !��"�  �  0(� �(�6  '  

(�1  (�0�'�!��#  $&-+ #�  $&-+�, �  *&#$#%<�(��  +&-**)  !�&#��!6  !  

- ��#�  ?�#+#; 

·  ''�$�(��  '  &�!!�#�&�(��  "#(� (# -&�0(#!�()1  *&#�0'#$()1  �  ;�+#'  

(�  !��"� , "#�#&)�  &�!!���&�'�4�!6  '  !#!�$(�1  -0%�1 !��"�  

(*&#$#%<�(��  *#$#8(# !%- �4  $�//�&�(7��%2()1  -&�'(�(�. ). 

�  $�((#.  $�!!�&��7��  �!*#%20-��!6  *�&').  �0  #*�!�(()1  *#$1#$#'  [181], 

�#  �!�2  *#$1#$ !  &�!!�#�&�(���  �#%2"# 0(� �(�.  (�0�'�!��)1  *�&���(()1  �  

(��0'�!�()1  /-("7�.  '  -0%�1 !��"� , "#�#&).  "&��"#  $���!6  (�<� . ��(().  ')8#&  

#896!(6��!6  8#%2;�.  *&#!�#�#.  *�&'#+#  *#$1#$� (�  ?��*�  *&#$#%<�(�6  

�(/�(���0���%2()1  #*�&��#&#'  (�  !#!�$(��  �# "�  (�  !��"� . 

��!!�#�&��  (�"#�#&-4  !�!���-  $�//�&�(7��%2()1  -&�'(�(�.  

_� | � � 
 � 

�
� 


	
� 
 � 


•
} � � �UUUUU� � � 
 €�UUUUU�  ! � � 
  ! # � 1. (2.19) 
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+$� 

�
 �!�2  �(#<�!�'#  *&#�0'#$()1  � -+# *#&6$"�  $%6 /-("7�.  
���  �  �  – *#&6$#" 

-&�'(�(�6  (2.19). 3-!�2  -&�'(�(��  (2.19) �����  ; -*�&����&� �!"-4  +&-**-  

!�����&�� , "#�#&�6  6'%6��!6  +&-**#.  ��  

� •� � 3� � � � 
 �<� �UUU
 •� � ‚ � � � � 
 � <� �UUU<  ! =�UUU� •� �  ! � � 


 •� 
  ! # �UUU� � � 
 � �UUU� � � 
 ƒ  
1. (2.20) 

!  ;  �(/�(���0���%2()��  #*�&��#&���  

Z� � [ V�
� � � � 
 �

W
W� �

�

�Y�

Q [ ^�
� � � � 
 �

#

�Y�

W
W
 � � 1. (2.21) 

��!����  (2.19) �#<��  8)�2  0�*�!�(�  !  *#�#:24  $�//�&�(7��%2()1  �('�&��(�#'  

8�  [29, 65, 66, 67] +&-**)  !�����&��  (2.20), "#�#&)�  �#<(#  (�.��  �0  

-&�'(�(�6  (2.12): 

b � � 8� �8	 � 
 � 8„ � � � � � � � 
 €�UUUU8� � 8� | � � 
 � 

�
� 


	
� � � � � 


•
} � � � � 
 O� 1. (2.22) 

3#!"#%2"-  %48�6 /-("7�6 , 0�'�!6:�6  #�  �('�&��(�#' , 6'%6��!6  �('�&��(�#� , �#  

?�#�  (�8#&  /-("7�.  (�  6'%6��!6  -(�"�%2()� . 

��!!�#�&��  *&#�0'#%2(-4  &�0(#!�(-4  !1��-  '  !%�$-4:��  '�$� , "#�#&).  

#!(#')'���!6  (�  ''�$�((#.  ');�  #8:�.  /#&��  $�!"&��(#.  �#$�%�  (1.1), 

� � %� � J
� 
 � J

� � � …
� 
 � …

� 
 � � � o �
� 
 � o �

' � � � 

� � � 
 � � �UUU�� � � 	 � 
 � � � �
 † . ‡ � �U

� � %� � J
� 
 � J

� � � …
� 
 � …

� 
 � � � o �
� 
 � o �

' � ��  

� � � 
 � � �UUU�  ! � �UUU
  ! # � 

1. (2.23) 

+$� � �  #*&�$�%6��  &�0(#!�(#�  -&�'(�(��  �  � �  #*&�$�%6��  !��"- , � � P �  – *#&6$#" 

&�0(#!�(#.  !1��)  (2.23) �  � � � � � � � � � � � � �
 †  �!�2  � -"� , "#�#&)�  #�'� �4�  0� 

*#0�7��  (�  !��"�  �  '  � -��&(#�  *&#!�&�(!�'� . �!%�  -&�'(�(�6  (2.23) #*&�$�%64�  

�('�&��(�(#�  �(#+##8&�0��  $%6 +&-**)  *&�#8&�0#'�(�.  (2.20), "#�#&�6  

*&#$#%<�(�  $%6 '!�1  �($�"!#'  †  (�#  �!�2  *&#$#%<�(�  (�  � � P �  !#!�$(�1  -0%#' 

!��"� ) �0  (2.23) "�"  
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� •�
� � 3� � � � � 
 � �<� � 
 •�

� � ‚ � � � � � 
 � �<� � � � � 
 � � � � � 
 ƒ � �  †  1. (2.24) 

�#  +#'#&6�,  �#  ?��  +&-**�  *&�#8&�0#'�(�.  6'%6��!6  +&-**#.  !�����&��  $%6 

-&�'(�(�6  (2.23). �  �!%�  &�0(#!�(�6  !1���  (2.23) '  *&�$�%�  !�&����!6  "  

-&�'(�(�4  (2.19), �#  +#'#&6�,  �#  (2.23) 6'%6��!6  �('�&��(�(#.  &�0(#!�(#.  

!1��#.  $%6 $�//�&�(7��%2(#+#  -&�'(�(�6  (2.19) �%� ,  �#  '  (2.23) '!�  !�����&��  

(2.19) (�!%�$-4�!6 . ��&��%�(��  "  *&�$�%- '  ?�#�  #*&�$�%�(��  #0(� ��� ,  �#  

'�%� �(�  / #:i 1 � , +$� 

ˆ #:i � ƒ<�
]� J 9 � …]‰� � �UUU� J �� … Š

x� � J
P � � …

x� 1. (2.25) 

�%6 (�1#<$�(�6  �('�&��(�(#.  &�0(#!�(#.  !1��)  (-<(#  (�.��  &�0(#!�()�  

�('�&��(�)  $%6 (�*&�&)'(#.  +&-**)  (2.24). ��0(#!�()�  �('�&��(�)  �#<(#  

(�.��  �0  !%�$-4:�.  !�!���)  -&�'(�(�.  

Z�
Š

‹ %� � J
� 
 � J

� � � …
� 
 � …

� 
 � � � o �
� 
 � o �

' � � �UUU� � � 
 ; �U

Z�
Š

� [ Œ[ V�
� � � � � 
 � �

W

W� �
�

�

�Y�

Q [ ^�
� � � � � 
 � �

#

�Y�

W

W
 �
� • �

�  Š

 
1. (2.26) 

+$� Z�
Š

 – *&#$#%<�(�6  #*�&��#&#'  Z�  (�  *�&���(()�  � � J
� 
 � J

� � � …
� 
 � …

� 
 � � � o �
� 
 � o �

, 

"#�#&)�  6'%64�!6  0(� �(�6��  $%6 (�0�'�!��)1  �  0�'�!��)1  *�&���(()1  '  

�# "�1  !��"�  !  (�8#&#�  �($�"!#'  †  $%6 "�<$#.  �# "� . 

3-!�2  /-("7��   

Ž� %� � J
� 
 � J

� � � …
� 
 � …

� 
 � � � o �
� 
 � o �

' � FN�Oa�UUU� � � 
 O• 1. (2.27) 

6'%64�!6  &�0(#!�()��  �('�&��(���� , "#�#&)�  (�.$�()  �0  !�!���)  -&�'(�(�.  

(2.26). �%6 *#!�&#�(�6  �('�&��(�()1  &�0(#!�()1  !1��  !%�$-4:��  ;�+#�  $#%<(� 

8)�2  �**&#"!���7�6  $�//�&�(7��%2()1  �('�&��(�#'  (2.22) !  *#�#:24  

&�0(#!�()1  �('�&��(�#'  (2.26), "#�#&)�  �#<(#  0�*�!��2  !%�$-4:��  #8&�0#� 

8� | � � 
 � 

�
� 


	
� 
 � 


•
} � b•� � Ž� �Ž	 � 
 �Ž„ •� Q L "/ #:i

� • $�UUU� � � 
 O� 1. (2.28) 

+$� / #:i 1 � . 
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�('�&��(�()�  &�0(#!�()�  !1��)  $%6 $�//�&�(7��%2(#+#  -&�'(�(�6  

!�&#6�!6  !  *#�#:24  !%�$-4:�1  ;�+#' : 
1. 	*&�$�%�(��  (�*&�&)'()1  !�����&�.  $%6 !�!���)  

$�//�&�(7��%2()1  -&�'(�(�.  '�$�  (2.19). 

2. �)&�<�(��  $�//�&�(7��%2()1  -&�'(�(�.  !�!���)  (2.19) '  ��&��(�1  

$�//�&�(7��%2()1  �('�&��(�#' , "�"  *#"�0�(#  ');�  – (2.22). 

3. 3#!�&#�(��  &�0(#!�()1  �('�&��(�#'  $%6 +&-**)  !�����&��  '�$�  

(2.20) !  *#�#:24  +&-**)  !�����&��  (2.24). 

4. �**&#"!���7�6  $�//�&�(7��%2()1  �('�&��(�#'  �0  (2.22) !  *#�#:24  

&�0(#!�()1  �('�&��(�#'  (2.27). 

5. ��*�!2  -&�'(�(�6  (2.22) !  *#�#:24  �**&#"!���7��  

$�//�&�(7��%2()1  �('�&��(�#'  (2.28). 

6. 3#�!"  /-("7��  � �  $%6 #*&�$�%�(�6  !��"� , � .� . *#%- �(��  ')&�<�(�.  

$%6 (�0�'�!��)1  *�&���(()1 . 

	*&�$�%�(�� , $�((#�  ');� , (�  *)����!6  8)�2  !�&#+��  �  *&�0'�(#  

*&�$!��'��2  "#(7�*7�4 , (#  '  $�%2(�.;��  *&�  �!*#%20#'�(��  ?�#+# #*&�$�%�(�6  

"�<$#.  *&#�0'#%2(#.  /-("7�� , ��"#.  "�"  _� , � � , � � , $#%<(# 8)�2  $#!���# (#  $%6 

"#&&�"�(#+#  #*&�$�%�(�6  !##�'��!�'-4:�1  ��*#'  -&�'(�(�.  �%�  $&-+�1 

#89�"�#' , (�*&���& , (�*&�&)'(#.  +&-**)  *&�#8&�0#'�(�. . �#(� (# , $%6 ?�#+# 

#*&�$�%�(��  �#<��  8)�2  !��-�7�6  �#%2"# !  �('�&��(�()�  -&�'(�(���  ��*�  (2.23) 

8�0 #+&�(� �(�6  ��*�  (2.25), (#  ?�#�  *#$1#$ *#0'#%6�� ����2  '!�  '#0�#<()�  

�('�&��(�()�  !1��) , '  �#�   �!%�  !  #+&�(� �(���  �  8�0 (�+# . 

	$(#.  �0  #!(#'()1  7�%�.  �!!%�$#'�(�6  $�!"&��()1  �#$�%�.  '  $�((#.  

$�!!�&��7��  – *#�!"  *&���-:�!�'  '   �!%�(()1  &�! ���1  !  �!*#%20#'�(���  

�('�&��(�()1  &�0(#!�()1  !1�� . ��(().  '#*&#!  '#0(�"���  �0  &�8#�  ((�*&���& , 

[230]), "#�#&)�  #*�!)'�4�  ��#&�4  +&-**#'#+# �(�%�0�  &�0(#!�()1  !1�� , (#  *# ��  

(�  "�!�4�!6  �(�%�0�  *&���-:�!�'  �!*#%20#'�(�6  �('�&��(�()1  &�0(#!�()1  !1�� . 


�"<�  !�#��  #������2 ,  �#  �('�&��(�()�  &�0(#!�()�  !1��) , ���6  ��  <�  

(�*&�&)'()�  !�����&�� , �#+-�  !#$�&<��2  '�<(-4  �(/#&��7�4  #8 �!1#$(#�  

-&�'(�(�� . 
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2.2.4.  ���������  ��
���  ��
�����
�  ��
	��  �	�
�	��
�  
����
��
���  

����	�
���  ����  

�%6 (�+%6$(#+# *&�$!��'%�(�6  '!�+#  ');�  !"�0�((#+#  &�!!�#�&�� , "  

*&���&- , #8)"(#'�((#�  $�//�&�(7��%2(#�  -&�'(�(�� , "#�#&#�  �0#8&�<�(#  (�<�  

(��!-(#"  2.1) '��!��  !#  !'#�.  +&-**#.  !�����&��  �  #8:��  &�;�(���  [57]. 

 

 
��!-(#"  2.1 - ��//�&�(7��%2(#�  -&�'(�(��  '  *&#!�&�(!�'� , '  "#�#&#�  0�$�(#  �+# 

�(#+##8&�0�� , �  ��"<�  �+# +&-**�  !�����&��  �  #8:��  &�;�(��  
 

�  $�((#�  *&���&�  +&-**#.  !�����&��  6'%6��!6  +&-**�  &�!�6<�(�. , $%6 "#�#&#.  

$�((#�  $�//�&�(7��%2(#�  -&�'(�(��  6'%6��!6  �('�&��(�()� . �!%�  '06�2 "�"#� -

%�8#  �!�(#�  &�;�(�� , �#  !  *#�#:24  -"�0�((#.  +&-**)  !�����&��  �#<(#  

*#%- ��2  '!�  #!��%2()�  &�;�(�6 . @�# *&#$��#(!�&�&#'�(#  ')&�<�(���  

*&#�0'#%2(#.  "#(!��(�)  #8:�+#  &�;�(�6   �&�0  +&-**#'#.  *�&����&  q +&-**)  

!�����&�� . 
�#���&� �!"�  �(#+##8&�0��  -&�'(�(�6  !"%�$)'���!6  �0  �+# &�;�(�.  

(��!-(#"  2.1), �  (�*&�&)'(�6  +&-**�  !�����&�.  0�$���  0�"#(  *�&�1#$�  ��<$-  

&�;�(�6�� . 

3�&')�  ?��*#�  6'%6��!6  (�1#<$�(��  +&-**  !�����&��  $%6 �0(� �%2(#+#  

$�//�&�(7��%2(#+#  -&�'(�(�6 , "#�#&#�  0�*�!)'���!6  "�"  

a
 ‘ Q 
 � a� Q a � � � 1. (2.29) 

3&#$#%<�(().  (�  *�&'-4  *&#�0'#$(-4  �(/�(���0���%2().  #*�&��#&  +&-**)  

!�����&��  �����  '�$  
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Z•= � a
W
Wa

Q 

W
W


Q � ’
W

W
 ‘
� 1. (2.30) 

�  !##�'��!�'-4:��  $�//�&�(7��%2()�  �('�&��(�)  ���4�  '�$  

8� �


a

� 8	 � 
 ‘ � 1. (2.31) 

��*�!2  �!1#$(#+#  $�//�&�(7��%2(#+#  -&�'(�(�6   �&�0  �('�&��(�)  +&-**)  

!�����&��  –  

8� Q 8	 Q � � � � 1. (2.32) 

�  *#�#:24  �(/�(���0���%2(#+#  #*�&��#&�  +&-**)  !�����&�� , 0�*�!�((#+#  $%6 

*&#!�&�(!�'� , '  "#�#&#�  0�$�4�!6  &�0(#!�()�  !1��)  -&�'(�(�6  (2.29), 

Z•=
“ � a�

W
Wa�

Q 
 �
W

W
 �
Q a� ~ �

W
Wa� ~ �

Q 
 � ~ �
W

W
 � ~ �
 1. (2.33) 

*&#�!1#$��  *#�!"  &�0(#!�()1  �('�&��(�#'  $%6 +&-**)  !�����&�� , "#�#&)�  

���4�  '�$  

8�
“ �


 �

a�
� 8	

“ �

 � ~ �

a� ~ �
� 8”

“ �
a� ~ �

a�
� 1. (2.34) 

�**&#"!���7��  $�//�&�(7��%2()1  �('�&��(�#'   �&�0  &�0(#!�()�  �('�&��(�)  

0�*�!�(�  (�<� : 

8� � 8�
“ � 8	 •

8	
“ 8”

“ P 8�
“

8”
“ P �

Q L � a� ~ � P a� � � 1. (2.35) 

��  #!(#'�  *&�$!��'%�(()1  ');�  �**&#"!���7�.  *&#�!1#$��  *#!�&#�(��  

�('�&��(�()1  &�0(#!�()1  !1��  !  &�0(#!�()�  -&�'(�(���  

a�

 � ~ � P 
 �

a� ~ � P a�
Q 
 � Q a� � �  1. (2.36) 

�  &�0(#!�(#.  !��"#.  

a� ~ � � ; ’ a� � ; � FN�Oa� 1. (2.37) 

+$� "�<$).  !%�$-4:�.  ;�+  *# '&���(�  �0��(6��!6  *&#*#&7�#(�%2(# (�"#�#&#.  

"#(!��(��  ; – � . ��((�6  &�0(#!�(�6  !1���  (2.36)-(2.37) 0�*�!�(�  !  *#�#:24  

*�&���(()1  $%6 $'-1  !#!�$(�1  �# �"  (8�0 *&�'60"�  "  �1  "#("&��(#�-  
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*#%#<�(�4 ) &�0(#!�(#.  !��"� ,  �#  $#!���# (#  $%6 0�$�(�6  &�!!���&�'���#.  

&�0(#!�(#.  !1��) . 
&-**�  !�����&��  $%6 (2.36)-(2.37) �����  '�$  

a•� � K: a� �UUU
 •� � K: 
 � �UUUa•� ~ � � K: a� ~ � �UUU
 •� ~ � � K: 
 � ~ � � 2. (2.38) 


�1(� �!"�  (�%� ��  (�*&�&)'(#.  !�����&��  #0(� ��� ,  �#  *&�  

*#$!��(#'"�  (#')1  *�&���(()1 , "#�#&)�  0�$�()  !  *#�#:24  +&-**)  !�����&�� , 

-&�'(�(��  #!����!6  (��0��(()� ,  �#  �#<(#  %�+"# *&#'�&��2  $%6 $�((#+#  *&���&�  

*&#!�#.  *#$!��(#'"#.  ')&�<�(�.  $%6 +&-**)  !�����&�� . 3&�  ?�#�  !�#��  

#������2 ,  �#  -&�'(�(��  (2.36), 0�$�4:��  !��"- , #!����!6  (��0��(()�  *#$ 

$�.!�'���  +&-**)  !�����&�� , (#  "##&$�(��)  -0%#' "#("&��(#.  0�$�((#.  !��"�  

((�*&���& , 0�$�(�  "##&$�(���  (� �%2(#.  �# "�  aG) *&�#8&�0-4�!6 . 

2.3.  ����.  3�&**���.  �	�))�6���1�.  ��)���%(,5  ��(�
���)��5  )�)%�
  

2.3.1.  *��	�  ��#��
�� #
�  ������
�
	�  

�(#+��  �'�#&)  *#$ *#(6����  «$�!"&��(�6  $�(��� �!"�6  !�!���� » 

*#(���4�  &�0(#!�()� , $�//�&�(7��%2(# -&�0(#!�()�  -&�'(�(�6 , $�!"&��()�  *# 

'&���(�  �  *&#!�&�(!�'-  $�(��� �!"��  !�!���)  ("%��# ()�  �'�#���) ) �  $&. �%6 

-*#�6(-�)1  ��*#'  !�!���  !-:�!�'-4�  &�0%� ()�  "%�!!�/�"�7��  [48]. �%6 

%�(�.()1  (#�(#!���%2(#  (�*&�&)'(#.  *&#�0'#$(#. ) $�//�&�(7��%2(# -

&�0(#!�()1  -&�'(�(�.  '�#&#+# *#&6$"�  (#�(#!���%2(#  (�*&�&)'(#.  �  &�0(#!�(#.  

*&#�0'#$(#. ) +&-**#'�6  "%�!!�/�"�7�6  8)%� *&#'�$�(�  '  &�8#��  [163]; '  !���2�  

[135] ?��  &�0-%2���)  &�!*&#!�&�(�()  (�  !�!���)  �0  $'-1  -&�'(�(�.  $�((#+#  ��*� . 

�%6 #8)"(#'�(()1  &�0(#!�()1  -&�'(�(�.  '�#&#+# *#&6$"�  ���4�!6  &�0-%2���)  

*# �1  +&-**#'#.  "%�!!�/�"�7��  [130], "#�#&)�  *#$#8()  "%�!!�/�"�7��  

#8)"(#'�(()1  $�//�&�(7��%2()1  -&�'(�(�.  '�#&#+# *#&6$"� , *#%- �((#.  

�#/-!#�  ��  '  &�8#��  [164]. �#*&#!)  �(��+&�&-��#!��  (�"#�#&)1  ��*#'  

&�0(#!�()1  �  $�//�&�(7��%2(# -&�0(#!�()1  -&�'(�(�.  8)%�  �!!%�$#'�()  '  

&�8#��  [1].  

�);�(�0'�(()�  &�8#�)  *#!%-<�%�  #!(#'#.  $%6 &�0'���6  ��#&��  

+&-**#'#+# �(�%�0�  $�!"&��()1  $�(��� �!"�1  !�!��� . 3# $�!"&��()�  !�!�����  

&�!!���&�'���#+#  (�<�  ��*�  !�#��  #������2  &�8#�-  [188], '  "#�#&#. , '   �!�(#!�� , 
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-"�0�(  !*#!#8  *#(�<�(�6  *#&6$"�  !�!���)  !  *#�#:24  +&-**)  !�����&��  �  

&�!!�#�&�()  $�!"&��()�  !�!���) , 0�$�(()�  (�  /&�"��%�1 . 3&���(���%2(#  "  

#$(#��&()�  !�!�����  �(�%�0  !  *#�#:24  (�*&�&)'()1  +&-**  !�����&��  8)% 

')*#%(�(  �:�  '  &�8#��  [172]. �  &�8#��  [11] 8)% *#%- �(  *#1#<�.  &�0-%2��� : 

-"�0�(  !*#!#8  (�1#<$�(�6  %�(��&�0-4:�.  0���()  $%6 #$(#��&()1  $�!"&��()1  

!�!���  8�0 �!*#%20#'�(�6  ���#$#'  +&-**#'#+# �(�%�0� , #$(�"#  '  !%- ��  

#$(#��&()1  !�!���  ?�# ?"'�'�%�(�(#  (�1#<$�(�4  (�*&�&)'(#.  !�����&�� . 

�  $�((#.  &�8#��  8)%� *&#'�$�(�  +&-**#'�6  "%�!!�/�"�7�6  $'-��&()1  �  

�&�1��&()1  $�!"&��()1  $�(��� �!"�1  !�!��� , "#�#&)�  ��"<�  (#!6�  (�0'�(��  

"�!"�$#'  (�!%�  #�#8&�<�(��  6'%6��!6  +#��#�#&/�0�#� ) [9, 92] �  0�$�4�!6  '  

!##�'��!�'��  !  #*&�$�%�(��� , &�!*#%#<�(()�  (�<� . 
�"��  $�!"&��()�  

$�(��� �!"��  !�!���)  �#<(#  &�!!���&�'��2  �  "�"  !�!���)  &�0(#!�()1  

-&�'(�(�.  *�&'#+#  *#&6$"� , 0�$�(()1  (�  &�'(#��&(#.  !��"� , &�0&�;�(()1  

#�(#!���%2(#  0(� �(�.  (��0'�!�()1  /-("7�.  '  �# "�  � Q �  �  (�  0�'�!6:�1  6'(#  

#�  $�!"&��(#+#  '&���(�  ('  $�((#�  !%- ��  – � ), �  ��"<�  "�"   �!�().  !%- �.  (1.1): 

—
˜

™

� � ~ � � � � 
� � � �� � � �
� �~� P � � � � �
� G � FN�Oa�

�G � FN�Oa�

� G� � � � 
 � � �  ! �

� � � 
 � � 
 	 � 
 � 
 # �  ! # �
�� � � � � � � 	 � 
 � � &�  ! &�
� � � � 
 � � P � �  

1. (2.39) 

	$(�"#  +&-**#'�6  "%�!!�/�"�7�6  ��"�1  !�!���  *#%- �(�  &�(��  (�  8)%�, �  

&�0-%2���) , *&�'�$�(()�  (�<� , (�  6'%64�!6   �!�()�  !%- ���  �%�  #8#8:�(���  

-*#�6(-�)1  ');�  "%�!!�/�"�7�. . 

2.3.2.  �	���  �����	���  �����
�
���
�  ���������  �
����
���  �
���
����
�  

�
�
��  

��!"&��(�6  $�(��� �!"�6  !�!���� , $#*-!"�4:�6  #$(#*�&����&� �!"-4  

+&-**-  !�����&�� , �#<��  8)�2  !'�$�(�  "  !�!����  (�  �$�(�7-  ��(2;�.  

&�0��&(#!��  [188]. �!%�  <�  $�(��� �!"�6  !�!����  �����  $'-1*�&����&� �!"-4  

+&-**-  !�����&�� , �#  �A &�0��&(#!�2 , '  0�'�!��#!��  #�  ��*�  �%+�8&) �� , (�  

'!�+$�  �#<��  8)�2  -��(2;�(�  (�  $'� , �#  �!�2  !'�$�(�  "  !�!����  �0  $'-1  %�(�.()1  

#�#8&�<�(�. . @�# *#"�0)'���  *&#'�$�((�6  "%�!!�/�"�7�6  $'-��&()1  
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$�!"&��()1  $�(��� �!"�1  !�!���  !  $'-1*�&����&� �!"#.  +&-**#.  !�����&��  

[43, 45, 48], "#�#&-4  *&�$!��'%6��  
�#&���  1. 

�����
�  1. �'-��&(�6  $�!"&��(�6  $�(��� �!"�6  !�!����  '�$�  (�  �  
  – 

(��0'�!�()�  /-("7�� ) 

� � ~ � � 3� � � � 
 � � �UUU
 � ~ � � ‚ � � � � 
 � � �UUU3� ‚  7 � � 1. (2.40) 

$#*-!"�4:�6  $'-��&(-4  +&-**-  !�����&�� , *&�  *#�#:�  (�"#�#&#.  +%�$"#. 

#8&����#.  0���()  *�&���(()1  �#<��  8)�2  !'�$�(�  '  0�'�!��#!��  #�  ��*�  

�%+�8&) ��  "  #$(#�-  �0   ��)&�1  '�$#'  – 
�8%�7�  2.1, +$� F� � F	  – (�"#�#&)�  

"#(!��(�) , ����  – +%�$"�6 /-("7�6 , �  !���  �%+�8&) ��  *#!%� *�&�1#$�  "  (#')�  

*�&���(()�  *&��-�  '�$  �0  ��8%�7)  (�<� . 

 


�8%�7�  2.1 - ��*#$#8()�  $'-��&()�  �%+�8&) ��  �  $�!"&��()�  $�(��� �!"��  !�!���)  !  
$'-1*�&����&� �!"#.  +&-**#.  !�����&��  
�#��&  
"%�!!�  

��$  $�!"&��(#.  $�(��� �!"#.  
!�!���)  

�(/�(���0���%2()�  #*�&��#&)  

1 � � ~ � � � � Q F� �UUUU
 � ~ � � 
 � Q F	 � Z� �
W
W�

� Z	 �
W
W


� 

2 � � ~ � � � � �UUUU
 � ~ � � 
 � Q � � � � � � Z� �
W
W


� Z	 � �
W
W


� 

3 � � ~ � � F� � � �UUUU
 � ~ � � F	 � � Q 
 � � Z� �
W
W


� Z	 � �
W
W�

Q 

W
W


� 

4 � � ~ � � � � � � � �UUUU
 � ~ � � 
 � � Z� �
W
W


� Z	 � 

W
W


� 

 

����-�%�	')%�� . 3#%- �(��  *&�'�$�(()1  &�0-%2���#'  *#"�0�(#  (�<�  $%6 

'�#&#+# !%- �6 , ��"  "�"  #!��%2()�  *#%- �4�!6  �(�%#+� (# . 3-!�2  !�!����  (2.40) 

�����  $'-1*�&����&� �!"-4  +&-**-  !�����&�� . 
#+$�  �%+�8&� ��  +&-**)  

!�����&��  *&�'#$��!6  "  #$(#�-  �0   ��)&�1  '�$#'  *&�  *#�#:�  (�"#�#&#.  0���()  

*�&���(()1  [31, 164]. 3&�  +%�$"#. #8&����#.  0���(�  *�&���(()1  !'#.!�'#  

"#��-��&#'�(�6  +&-**)  *&�#8&�0#'�(�.  �  #�#8&�<�(�6  (2.40) !#1&�(6��!6  

[171, 172], �#  �!�2  +&-**�  !�����&��  $%6 $�!"&��(#.  $�(��� �!"#.  !�!���)  '  

(#')1  *�&���(()1  ��"<�  8-$��  +&-**#.  !�����&�� . 	�!4$�  !%�$-�� ,  �#  $%6 
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$#"�0���%2!�'�  �&�8-��!6  (�.��  #8:�.  '�$  #�#8&�<�(�. , "#�#&)�  "#��-��&-4�  !  

$'-1*�&����&� �!"���  +&-**��� , "#�#&)�  ���4�  #$�(  �0   ��)&�1  '�$#' . 

�%6 �#+#  �#8)  (�.��  #8:�.  '�$  $�(��� �!"#.  !�!���) , $#*-!"�4:�.  

*�&�(#!)  '$#%2 #!�  #&$�(�� , '#!*#%20-��!6  #*&�$�%64:��  -&�'(�(���  [172], 

"#�#&#�  '  $'-��&(#�  !%- ��  �����  '�$  

—
š
˜

š
™V� 3� � � � 
 � � � ‚ � � � � 
 � � � P V� � � � 
 � �

W3
W� �

P ^� � � � 
 � �
W3
W
 �

� � �

^� 3� � � � 
 � � � ‚ � � � � 
 � � � P V� � � � 
 � �
W‚
W� �

P ^� � � � 
 � �
W‚
W
 �

� � �
 1. (2.41) 

3#!%� *#$!��(#'"�  "#�*#(�(�  "�!���%2(#+#  *#%6 V�� � � 
 � � � �  �  ^�� � � 
 � � � �  '  

(2.41) *#%- ���  !�!���-  $�//�&�(7��%2()1  -&�'(�(�.  (�  3 �  ‚ : 

W3
W
 �

� � �
W‚
W
 �

� � � 1. (2.42) 

�0  $�((#.  !�!���)  !%�$-�� ,  �#  #8:�.  '�$  $�!"&��(#.  $�(��� �!"#.  !�!���) , 

$#*-!"�4:�.  *�&�(#!)  '$#%2 #!�  #&$�(�� , 8-$��  !%�$-4:�.  

� � ~ � � 3›� � � � � 
 � ~ � � 
 � Q ‚œ� � � � � 1. (2.43) 

��(().  &�0-%2���  *#%(#!�24  !#+%�!-��!6  !  &�0-%2������  # "�(#(� �!"�1  

*�&���(()1  [188]. ��%��  �(�%#+� (#  *#!�-*���  !#  '�#&)�  #*�&��#&#�  �%+�8&) 

'�#&#+# ��*�  – #*�&��#&#�  +&-**)  *&�#8&�0#'�(�.  
�%�%�6 : '  -&�'(�(��  (2.41) 

*#$!��'%6��  V�� � � 
 � � � � , ^�� � � 
 � � � � � , 3�� � � 
 � � � 3 ›�� � �  �  ‚ � � � � 
 � � � 
 � Q

Q‚œ� � � � . �  ��#+�  *#%- ���  3›�� � � � � �  �  *&�1#$��  "  �!"#�#�-  #8:��-  '�$-  

� •� � �UUU
 •� 
 Q ‚œ� � � � 1. (2.44) 

$#*-!"�4:��-  $'-1*�&����&� �!"-4  +&-**-  *&�#8&�0#'�(�.  !  �%+�8&#. �� , 

8�0�!()�  #*�&��#&)  "#�#&#.  �����  '�$  Z� �
f

f•
, Z	 � �

f

f•
. C 

3#"�<��  $�%��  "�"  *#%- ��2  #8:�.  '�$  !�!��� , "#�#&)�  !##�'��!�'-4�  

*&�'�$�(()�  ');�  "%�!!�� . 3-!�2  ž � y��� 
�  �  Ÿ � z��� 
�  – +%�$"�6 0���(�  

*�&���(()1 , �  � � y• �ž� Ÿ�  �  
 � z •�ž� Ÿ�  – #8&��(�6  0���(� . 3#!%� *�&�1#$�  '  

(#'-4  !�!���-  "##&$�(��  (2.40) 8-$��  ����2  '�$  
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ž � ~ � � y+3 y•� ž � �Ÿ� � � z•� ž � �Ÿ� � ¡� ‚  y•� ž � �Ÿ� � � z•� ž � �Ÿ� � ¡, �U

Ÿ� ~ � � z +3 y•� ž � �Ÿ� � � z•� ž � �Ÿ� � ¡� ‚  y•� ž � �Ÿ� � � z•� ž � �Ÿ� � ¡, � 
1. (2.45) 

�0  (2.44) �  (2.45) !%�$-�� ,  �#  #8:�.  '�$  !�!���) , $#*-!"�4:�.  

$'-1*�&����&� �!"-4  +&-**-  *&�#8&�0#'�(�.  !  �%+�8&#. ��  '�#&#+# ��*� , 8-$��  

!%�$-4:��  

ž � ~ � � y+y•� ž � �Ÿ� � � z•� ž � �Ÿ� � Q ‚œRy•� ž � �Ÿ� � T, �U

Ÿ� ~ � � z+y•� ž � �Ÿ� � � z•� ž � �Ÿ� � Q ‚œRy•� ž � �Ÿ� � T, � 
1. (2.46) 

2.3.3.  �	���  �����	���  �����
�
���
�  
���������  �
����
���  �
���
����
�  

�
�
��  

�����
�  2. ��!"&��()�  $�(��� �!"��  !�!���)  '�$�   

� � ~ � � 3� � � � 
 � �¢� � � 

 �~� � ‚ � � � � 
 � � ¢� � � 
¢� ~ � � ˆ � � � � 
 � � ¢� � �UUUU3� ‚ � ˆ  7 �  

1. (2.47) 

!  �&�1*�&����&� �!"#.  +&-**#.  (�*&�&)'(#.  !�����&��  !'#$6�!6  "  #$(#�-  �0  

*&�$!��'%�(()1  (�<�  !%- ��'  (
�8%�7�  2.2). 

����-�%�	')%��  
�#&��)  2 �(�%#+� (#  
�#&���  1. �  !���2�  [153] 8)%� 

*#%- �(�  "%�!!�/�"�7�6  �&�1��&()1  �%+�8& ��  +&-**  *&�#8&�0#'�(�.  

�&�1��&(#+#  �'"%�$#'#+#  *&#!�&�(!�'� . ��((�6  "%�!!�/�"�7�6  �%+�8& ��  8)%� 

�!*#%20#'�(�  *&�  *#!�&#�(��  !���.!�'  �&�1��&()1  $�!"&��()1  $�(��� �!"�1  

!�!���  [44, 46, 47, 48]. C 

�(�%�0  &�0-%2���#'  *#"�0�%,  �#  (�  "#(� ().  '�$  !���.!�'�  (&�0��&(#!�2 , 

"#%� �!�'#  *&#�0'#%2()1  /-("7�.  �  "#(!��(� ) '%�6��  '  8#%2;�.  !��*�(�  #8:�.  

&�(+ ���&�7) , !#!��'%�((#.  �0  "#�*#(�(�  �(/�(���0���%2()1  #*�&��#&#' . 

	8:�.  &�(+ $%6 �%+�8&) ��  �(/�(���0���%2()1  #*�&��#&#'  !%�$-4:�+#  '�$�  – 

Z# � V # ��� 
� ¢�W i Q ^# ��� 
� ¢�W • Q £# ��� 
� ¢�W ¤, +$e ƒ � ��M�¥�  ') �!%6��!6  "�"  

; k � ;<�� ¦
V� ^� £�
V	 ^	 £	
V” ^” £”

¦ � 1. (2.48) 
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�8%�7�  2.2 - ��*#$#8()�  �&�1��&()�  �%+�8&) ��  �  $�!"&��()�  $�(��� �!"��  !�!���)  !  
�&�1*�&����&� �!"#.  +&-**#.  !�����&��  


�*  �%+�8&� ��  ; k ��!"&��(�6  $�(��� �!"�6  !�!����  
1 Z� � W¤�Z	 � Wi �Z” � W•  3 � � ~ � � � � Q F� � 
 � ~ � � 
 � Q F	 � ¢� ~ � � ¢� Q F”  
2 Z� � W¤�Z	 � Wi �Z” � 
 Wi Q <� 
 � W¤ 2 � � ~ � � � � Q 3� 
 � � � 
 � ~ � � 
 � � ¢� ~ � � ¢� Q ˆ � 
 � �  
3 Z� � W¤�Z	 � � W¤�Z” � 
 W¤ 1 � � ~ � � � � � 
 � ~ � � 
 � � ¢� ~ � � ¢� Q ˆ � � � � 
 � �  

4 
Z� � W¤�Z	 � � W¤�Z” � <� � � W¤�U
<§� � � ` �  

1 � � ~ � � � � � 
 � ~ � � ‚ � � � � 
 � � � ¢� ~ � � ¢� Q ˆ � � � � 
 � �  

5 Z� � W¤�Z	 � Wi �Z” � W• Q � W¤ 3 
� � ~ � � � � Q F� � 
 � ~ � � 
 � Q F	 �U
¢� ~ � � ¢� Q F� 
 � Q F”  

6 Z� � W¤�Z	 � Wi �Z” � 
 Wi Q � W¤ 2 � � ~ � � � � � 
 � ~ � � 
 � � ¢� ~ � � ¢� Q ˆ � 
 � �  
7 Z� � W¤�Z	 � Wi �Z” � � W¤ 2 � � ~ � � � � � 
 � ~ � � ‚ � 
 � � � ¢� ~ � � ¢� Q ˆ � 
 � �  

8 
Z� � W¤�Z	 � Wi �U
Z” � €� Wi Q W• Q ¢W¤ 3 

� � ~ � � � � Q F� K̈ • h � 
 � ~ � � 
 � Q F	 �U
¢� ~ � � ¢� Q F” K• h  

9 Z� � W¤�Z	 � Wi �Z” � €� Wi Q ¢W¤ 2 � � ~ � � � � � 
 � ~ � � ‚ � 
 � � � ¢� ~ � � ¢�  

10 
Z� � W¤�Z	 � � W¤�U
Z” � � � P €� � Wi Q ¢W¤ 

2,1 � � ~ � � � � � 
 � ~ � � ‚ � 
 � � � ¢� ~ � � ¢� Q ˆ � 
 � � � �

9
�

� ¨ 9 � �  
11 Z� � W¤�Z	 � Wi �Z” � 
 Wi Q ¢W¤ 2 � � ~ � � � � Q 3� 
 � � � 
 � ~ � � 
 � � ¢� ~ � � ¢�  
12 Z� � W¤�Z	 � � W¤�Z” � W• Q ¢W¤ 2 � � ~ � � � � � 
 � ~ � � 
 � Q ‚ � � � � � ¢� ~ � � ¢� Q ˆ � � � � K• h  

13 
Z� � W¤�Z	 � Wi �U
Z” � � Wi Q W• Q � � Q ¢� W¤ 3 

� � ~ � � � � Q F� K• h � 
 � ~ � � 
 � Q F	 �U
¢� ~ � � � F� 
 � Q F” � K• h Q ¢�  

14 
Z� � W¤�Z	 � Wi �U
UZ” � � Wi Q � � Q ¢� W¤ 

2 � � ~ � � � � � 
 � ~ � � ‚ � 
 � � � ¢� ~ � � ¢�  

15 
Z� � W¤�Z	 � � W¤�U
Z” � PWi Q ©W• Q ¢W¤�©� � ��  2 

� � ~ � � � � � 
 � ~ � � P©� � Q ‚ � ©� � Q 
 � � �U
¢� ~ � � ¢� Q ˆ � ©� � Q 
 � � K9 i h  

16 
Z� � W¤� Z	 � W i �U
Z” � �€� Q ¢�W i Q W• P �W¤ 3 

� �~� � � � P ; � F� K=J • h P ; 	 F	 K=…• h �U


 �~� � 
 � Q F” �DD; ��	 �
�€ ª « €	 P ¬�

M
U

¢� ~ � � ¢� Q F	 K=…• h Q F� K=J • h  

17 
Z� � W¤�Z	 � Wi �U
Z” � � €� Q ¢� Wi P � W¤ 2 

� � ~ � � � � � 
 � ~ � � ‚ � 
 � � � ¢� ~ � � ¢�

18 
Z� � W¤�Z	 � � W¤�U
Z” � � � 	 P €� Q � � Wi Q �¢ W¤

 
2 

� � ~ � � � � � 
 � ~ � � ‚ � 
 � � �U

¢� ~ � � ¢� Q ˆ � 
 � � ­ � �
	 P €� � Q � ’ K

¨ ®¯°±|
� 9 	 i h~ ¨ �

« ¨ …9²
}

« ¨ …9 ²

19 
Z� � W¤�Z	 � Wi Q ¢W¤�U
Z” � M¢Wi Q Ki W• Q ¢	 W¤ 3 

� � ~ � � � � P M³r � 
 � P F� � Q F	 �U


 � ~ � � P
KE…


 � P F�
Q F” � ¢� ~ � � ¢� P

Ki h


 � P F�

20 
Z� � W¤�Z	 � Wi Q ¢W¤�U
Z” � M¢Wi Q � ¢	 ª K	 i � W¤ 2 

� � ~ � � � � � 
 � ~ � � ‚ � 
 � � � ¢� ~ � � ¢�

21 Z� � W¤�Z	 � ¢W¤�Z” � ¢	 W¤
1 

� � ~ � � 3� � � � 
 � � � 
 � ~ � � ‚ � � � � 
 � � � ¢� ~ � � ¢�

22 

Z� � W¤U

Z	 � l´r ¢Wi Q
µ¶l ¢

µ¶l �
W• P ·¸ U� µ¶l ¢W¤U

Z” � µ¶l ¢Wi P
l´r ¢

µ¶l �
W• Q ·¸ � l´r ¢W¤

3 

� � ~ � � � � Q MS¹� ¹  ‡U

 �~� � 
 � Q MSƒ �ƒ  ‡U
¢� ~ � � ¢� Q MS� � �  ‡

23 
Z� � W¤�Z	 � l´r ¢Wi P ·¸ U� µ¶l ¢W¤�U
Z” � µ¶l ¢Wi Q ·¸ U� l´r ¢W¤

 
2 

� � ~ � � � � Q MS¹� ¹  ‡U

 �~� � ‚ � 
 � � �U
¢� ~ � � ¢� Q MSƒ �ƒ  ‡
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�!�  *#%- �(()�  !���.!�'�  !#$�&<��  '  !�8�  �#<$�!�'�((#�  #�#8&�<�(��  '  

!�%-  �#+#,  �#  #(# "#��-��&-��  !  %48)�  #�#8&�<�(��� . ����.!�'�  $%6 ��*#'  

�%+�8&) ��  9, 14, 17, 20 *#%(#!�24  !#'*�$�4� . ��'�(!�'#  #8:�+#  &�(+�  $'-�  $%6 

?��1  ��*#'  �%+�8& *#0'#%��  *&�  *�&�1#$�  "  *�&���(()� , '  "#�#&)1  �%+�8&� ��  

�����  #$�(  �0  *&�$!��'%�(()1  (�<�  '�$#'  (
�8%�7�  2.2), !'�!��  �!1#$(-4  

�&�1��&(-4  $�!"&��(-4  !�!���-  "  #$(#��&(#.  $�(��� �!"#.  !�!���� . 

��'�(!�'#  #8:�+#  &�(+�  $'-�  (�  +�&�(��&-��  *&�'�$�(��  �!1#$(#.  !�!���)  

"  « �!�# » #$(#��&(#.  !�!���� . �  *&���&- , $%6 ��*�  6 8)%# *#%- �(# , *# !-�� , 

!���.!�'#  #$(#��&()1  #�#8&�<�(�.  $%6 /�"!�&#'�((#.  /-("7��  ˆ�
 � � . 

��"#�#&)�  !���.!�'�  *#%(#!�24  !#$�&<��!6  '  $&-+�1. ��*&���& , !���.!�'#  $%6 

��*�  �%+�8&) 3 7�%�"#�  !#$�&<��!6  '  !���.!�'�  4 '  !�%-  �#+#,  �#  *&�  &�'()1  

#8:�1  &�(+�1  -  ��*�  4 "#�*#(�(�)  "�!���%2()1  *#%�.  0�'�!6�  �#%2"# #�  � . 

2.4.  ����.  3�&**���.  �	�))�6���1�.  ��-(�)%(,5  )5�
  �	.  &���(�(�2  

6�	'%��1��  3�-�  


&-**#'#.  �(�%�0  !  *#�#:24  (�*&�&)'()1  +&-**  !�����&�.  �!*#%20-��!6  

$�%��  $%6 *#%- �(�6  !���.!�'  &�0(#!�()1  !1��  !  (�*&�&)'()��  !�����&�6�� . 

@��  &�0-%2���)  �!*#%20-4�!6  '  
%�'�  3 $%6 &�0&�8#��((#+#  ���#$�  &�0�(#<�(�6  

 �!%�(()1  &�;�(�. . 
�"<�  +&-**#'#.  �(�%�0  "�"  $�//�&�(7��%2()1 , ��"  �  

&�0(#!�()1  -&�'(�(�. , 6'%6��!6  '�<()�  $%6 *#(���(�6  !���1  -&�'(�(�.  �  

*&#7�!!#' , "#�#&)�  #(�  #*�!)'�4� . ��*&���& , '  !���2�  [5] *#"�0�(# ,  �#  #$(��  

�0  �('�&��(�#'  *#$�%+�8&) #*�&��#&#'  *&�#8&�0#'�(�.  ?"'�'�%�(�(#!��  6'%6��!6  

0�"#(  
��-&� , "#�#&).  !'60)'���  �8!#%4�(-4  *&#(�7���#!�2 , *#&�!�#!�2  �  

#!���# (-4  '#$#(�!):�((#!�2 . �  !���2�  [109] $%6 -&�'(�(�.  $'-1/�0(#.  

/�%2�&�7��  *#%- �()  (#')�  0�"#()  !#1&�(�(�6  �   �!�()�  &�;�(�6 . �  &�8#��  

[110] $%6 (�!"#%2"�1  $�//�&�(7��%2()1  -&�'(�(�.  ��*%#*&#'#$(#!��  *#!�&#�()  

&�0(#!�()�  !1��) , !#1&�(64:��  �0(� �%2()�  (�*&�&)'()�  !�����&��  

$�//�&�(7��%2()1  -&�'(�(�. . 
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2.4.1.  *�#
�  �
�  �
�������
����	�	  �������
�  

�  $�((#�  &�0$�%� &�!!���&�'���!6   �!�().  !%- �.  *�&�8#%� �!"�1  

$�//�&�(7��%2()1  -&�'(�(�.  '   �!�()1  *&#�0'#$()1  – -&�'(�(��  /�%2�&�7��  

+�0� '  #$(#��&(#.  *#&�!�#.  !&�$�  [102]. @�# -&�'(�(��  0�$���!6  "�"  

W� º � »� ? � »� �

W»
W»
Wa

P
W
W�

¼
† � »� º � »�

½� »�
W»
W�

¾� � � 1. (2.49) 

+$� º�»�  – *%#�(#!�2  +�0� ("+/� 3), ?�»�  – *#&�!�#!�2  ($. �$ .), †�»�  – �8!#%4�(�6  

*&#(�7���#!�2  (� 2), ½�»�  – '60"#!�2  +�0� (3�E! ), »�a� ��  – $�'%�(��  (3� ). 

�&�'(�(��  (2.49) �#<��  8)�2  !'�$�(#  "  (2.50) 

\y � »�
\»

W»
Wa

P
W
W�

¼z � »�
W»
W�

¾� � � 1. (2.50) 

 �#  $���   ��"#�  *#(���(��  �#+#,  �#  #(# *#1#<�  (�  !##�'��!�'-4:��  -&�'(�(��  

��*%#*&#'#$(#!�� . ��0%� ()�  ��*)  -&�'(�(�.  ��*%#*&#'#$(#!��  1#&#;# 

�0- �()  !  �# "�  0&�(�6  +&-**#'#+# �(�%�0�  !  �!*#%20#'�(���  +&-**  ��  �# � ()1  

*&�#8&�0#'�(�.  [41]. �'�$�(()�  "#?//�7��(�)  �!*#%20-4�!6  '  $�%2(�.;��  $%6 

*&�$!��'%�(�6  �0'�!�()1  +&-**#')1  "%�!!�/�"�7�.  ?��1  $�//�&�(7��%2()1  

-&�'(�(�.  �  *#%- �(�6  �1  !##�'��!�'-4:�1  !��# ()1  *&�$!��'%�(�. . �%6 

$�//�&�(7��%2(#+#  !%- �6  +&-**#'�6  "%�!!�/�"�7�6  *&#'�$�(�  $%6 !���.!�'�  

-&�'(�(�.  (2.50) �  ��  �#<(#  (�.��  '  [108]. 

2.4.2.  ������  �
�������
������  �������
�  
  
�  ����	�
���  ����  

��//�&�(7��%2()�  -&�'(�(�6  ��*�  (2.50), "#�#&)�  *&�$!��'%64�  

&�0%� ()�  0�$� �  #$(#/�0(#.  /�%2�&�7��  '  *#&�!�)1  !&�$�1 , 1#&#;# �0- �()  !  

*#�#:24  ��#&��  +&-**  �� . @��  &�0-%2���)  '��!��  !  ��#&��.  �0  [26], "#�#&�6  

"&��"#  #*�!�(�  ');� , �!*#%20-4�!6  $%6 *#%- �(�6  !���.!�'  �('�&��(�()1  

&�0(#!�()1  !1��  $%6 $�//�&�(7��%2()1  -&�'(�(�.  ��*�  (2.50) (
�8%�7�  2.3), 

"#�#&)�  !�#6�  0� /�0� �!"#.  0�$� �.  (2.49). �  $�((#.  ��8%�7�  � �  ‡  �  F�  !  – 

*&#�0'#%2()�  "#(!��(�) , '�&1(�.  �($�"!  n #�'� �4�  0� '&��6 , (�<(�.  �($�"!  �  

– 0� *&#!�&�(!�'�((-4  "##&$�(��- , #*�&��#&)  Z� , Z	 , Z”  *&�$!��'%�()  (�<� : 

Z� �
W
Wa

�UUUZ	 �
W
W�

�UUUZ” � Ma
W
Wa

Q �
W
W�

� 1. (2.51) 



51�

,�%2  *&�$!��'%�(()1  0$�!2 &�0-%2���#'  !#!�#��  '  �#� ,  �#8)  *#%- ��2  

�#%2"# $�//�&�(7��%2()�  -&�'(�(�6  �  �1  �('�&��(�()�  &�0(#!�()�  !1��)  !  

"#?//�7��(���� , "#�#&)�  �#+-�  8)�2  ')8&�()  �0  &��%2()1  /�0� �!"�1  0�$�  

/�%2�&�7��  '  *#&�!�)1  !&�$�1 . 
�"��  #8&�0#�, &�0-%2���) , "#�#&)�  

$��#(!�&�&-��  
�8%�7�  2.3 �  *&�$!��'%�()  '  [50, 53, 179, 181], (�  *&�$(�0(� �()  

$%6 #1'���  '!�1  -&�'(�(�.  �0  �0'�!�()1  "%�!!�/�"�7�. . 

 


�8%�7�  2.3 - �('�&��(�()�  &�0(#!�()�  !1��)  $%6 -&�'(�(�.  /�%2�&�7��  +�0� 
B  y  z  	*�&��#&)  ��0(#!�()�  �('�&��(�)  
1 y � F� » Q F	  z � F” K¿ Z� �Z	 �Z” � 
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P � �~• J…

��� �~• JÂ
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P � �~• JÃ

��� �~• JJ
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\»
� F” K9 ¿ @U

@ �F� P K9¿ � E… 

z � F² K9 ¿  
 

Z� �Z	 � 

Z•” � F	 a
W

Wa
QU

Q�F� K¿ P ��
W

W»
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Ž� �
� a� ~ • J P a� ~ • …� KE…¿hÀÁÃ

o ÀÁÂ

�F� K¿hÀÁ Ã
oÀÁ Â

P �� E…
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Ž	 �
�EJ �

ÆhÀÁ Å
oÀÁ Ä

9��

� EJ �
ÆhÀÁ Ç

oÀÁ È
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K¿hÀÁ Ç
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��0-%2���) , "#�#&)�  *&�$!��'%6��  
�8%�7�  2.3, !#'*�$�4�  !  &�0-%2������  

�0  [128] $%6 !%- ��'  1-3 �  #*&�$�%�(()1  0(� �(�.  "#(!��(�  � � . �!�  !%- ��  �0  ?�#.  

��8%�7)  �#+-�  ����2  "#?//�7��(�)  !  #*&�$�%�(()�  /�0� �!"��  !�)!%#� , �  

&�0(#!�()�  �('�&��(�)  �#+-�  8)�2  �!*#%20#'�()  $%6 *#!�&#�(�6  8#%2;#+# 

"%�!!�  �('�&��(�()1  &�0(#!�()1  !1�� . 
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2.4.3.  $�
���  �	�����
�  	��	�	  
�  �����	�  

�  $�((#�  &�0$�%� *&�'#$��!6  *&���&  *#%- �(�6  &�0(#!�()1  �('�&��(�#'  

$%6 "%�!!�  2 (
�8%�7�  2.3). �%6 $&-+�1 "%�!!#'  &�0(#!�()�  �('�&��(�)  8)%�  

*#%- �()  �(�%#+� (# . �%6 ')8&�((#+#  "%�!!�  2 �(/�(���0���%2()�  #*�&��#&)  

��   ��)&�1*�&����&� �!"#.  +&-**)  !�����&�.  ���4�  '�$  

Z� �
W
Wa

�Z	 �
W
W�

�Z” � Ma
W
Wa

Q �
W
W�

�Z² �
F²

M
�

W
W�

Q »
W

W»
� 1. (2.52) 

��%2(�.;�.  *#�!"  &�0(#!�()1  �('�&��(�#'  8-$��  *&#'#$��2  $%6 *6��  !#!�$(�1  

-0%#' &�0(#!�(#.  !��"� , "#�#&)�  �#+-�  8)�2  0�*�!�()  "�"   

)� a� � � � 9 � �»� 9 �
� � � � a� � � � ~ � �»� ~ �

� � � � a� � � � �»�
� � �

� a� 9 � � � � �»�
� 9 � � � � a� ~ � � � � �»�

� ~ � � *
 1. (2.53) 

+$� �(#<�!�'#  �($�"!#'  -0%#' 0�*�!)'���!6  "�"  

† � )€� �€	 �€” �€² �€Ë*� 1. (2.54) 

��*&���& , $%6 Z²  �0  (2.52) �  *6��  -0%#' (2.53) !��"�  !  �($�"!���  (2.54) 

*&#$#%<�(().  #*�&��#&  �����  '�$  

Z²
Š

�
F²

M
¼� � 9 �

W
W� �9�

Q � �
W

W� �
Q � � ~ �

W
W� �~�

¾QU

Q»�9�
� W

W»�9�
� Q »�~�

� W
W»�~�

� Q »�
� W

W»�
� Q 

Q»�
�9� W

W»�
� 9 � Q »�

�~� W

W»�
� ~ � � 

1. (2.55) 

�%6 *&#$#%<�(()1  #*�&��#&#' , (�*&���&  $%6 (2.55), -&�'(�(��  (2.26) $%6 *#�!"�  

&�0(#!�()1  �('�&��(�#'  �����  '�$  (�($�"!  � � � 
 ¬ ) 

Z�
Š

‹ � a� 9 � � a� �a� ~ � � � � 9 � � � � � � � ~ � �»� 9 �
� � »� ~ �

� � »�
� �»�

� 9 � �»�
� ~ � � � � �U 1. (2.56) 

�&�'(�(��  (2.56) *&�  *#$!��(#'"�  *&#$#%<�(()1  #*�&��#&#'  *�&�*�!)'���!6  '  

'�$�  !%�$-4:�.  !�!���)  %�(�.()1  $�//�&�(7��%2()1  -&�'(�(�.  !   �!�()��  

*&#�0'#$()��  *�&'#+#  *#&6$"� , ���#$)  &�;�(�6  "#�#&)1  �#+-�  8)�2  (�.$�() , 

(�*&���&  '  [22],  
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Q
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W��~�
� ��

Ma�9� W‹
Wa�9� Q Ma�

W‹
Wa�

Q Ma�~� W‹
Wa�~� Q

Q� �9�
W‹

W��9�
Q � �

W‹
W��

Q � �~�
W‹

W��~�
� ��

F²

M
¼� �9�

W‹
W��9�

Q � �
W‹
W��

Q � �~�
W‹

W��~�
¾Q

Q»�9�
� W‹

W»�9�
� Q »�~�

� W‹
W»�~�

� Q »�
� W‹

W»�
� Q

Q»�
�9� W‹

W»�
� 9 � Q »�

�~� W‹

W»�
� ~ � � � �

 1. (2.57) 

��;�(��  $%6 *�&')1  $'-1  -&�'(�(�.  !�!���)  (2.57) �#<��  8)�2  0�*�!�(#  

"�"  !%�$-4:�6  /-("7�6  

‹ � ‹ � a� P a� 9 � �a� ~ � P a� � � � P � � 9 � � � � ~ � PU
P� � �»� 9 �

� �»� ~ �
� � »�

� �»�
� 9 � �»�

� ~ � � . 
1. (2.58) 

3#$!��'%66  (2.58) '  �&��2�  -&�'(�(��  (2.57), *#%- ���  !%�$-4:��  &�;�(��  

‹ � ‹ |
� � � P � � 9 � � � � � ~ � P � � �

� a� P a� 9 � �
�
� � � P � � 9 � � � � � ~ � P � � �

� a� ~ � P a� �
�U

»� 9 �
� �»� ~ �

� � »�
� �»�

�9� �»�
�~� ' � 

1. (2.59) 

�  (�"#(�7  *#$!��'%66  (2.59) '   ��'�&�#�  -&�'(�(��  (2.57), *#%- ���  &�;�(��  

!�!���)  (2.57) 

‹ � ‹ |
� a� ~ � P a� �
� a� P a� 9 � �

�
� � � P � � 9 � � � � � ~ � P � � �

� a� P a� 9 � � � »�
� � EÃ

�U

� � � P � �9� �� � �~� P � � �

� a� ~ � P a� � � »�
� � EÃ

�
»�

�

»� 9 �
� �

»�
�

»� ~ �
� �

»�
�

»�
� 9 � �

»�
�

»�
� ~ � } � 

1. (2.60) 

�-("7�6  (2.60) 6'%6��!6  �('�&��(�#�  $%6 (�*&�&)'(#.  +&-**)  !�����&�� , 

"#�#&�6  0�$���!6  #*�&��#&���  (2.52) �  0�'�!��  #�  8�0�!�  �('�&��(�#' , "#�#&).  

!#!�#��  �0  !���  /-("7�.  '�$�  (2.27). 

��;�(��  !�!���)  -&�'(�(�.  (2.57) �#<��  8)�2  ��"<� , (�*&���& , 0�*�!�(#  

"�"  /-("7�6  
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‹ � ‹ |
� a� ~ � P a� �
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� a� P a� 9 � � � »�
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�� � P � �9� ��� �~� P � � �
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»� ~ �
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»�
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»�
� �

»�
�9�

»�
� ~ � }  

1. (2.61) 

!  - ��#�  �#+#,  �#  *�&���(()�  »�
�9�  �  »�

�  *#��(6()  ��!���� . @�# '#0�#<(#  '  

!�%-  (�  �$�(!�'�((#!��  *-��  &�;�(�6  &�!!���&�'���#.  !�!���)  -&�'(�(�. . 


�"<�  (�  �$�(!�'�(()�  6'%6��!6  (�8#&  *�&���(()1  (2.53): '  $�((#�  !%- ��  �#+-�  

8)�2  '06�)  '  &�!!�#�&�(�6  �:�  $#*#%(���%2()�  *�&���(()� , (�*&���&  a�~	 , 

!%�$#'���%2(#  *�&').  �('�&��(�  8�0�!�  �#<��  8)�2  *�&�*�!�(  "�"  

�a �~	 P a�~� � �a � P a�9� �Ì � 3&#$��#(!�&�&#'�(()�  ');�  0���()  *�&���(()1  '  

�('�&��(��1  *#0'#%64� �!*#%20#'��2  "#(!��(�)  � �  $%6 &�0(#!�()1  �('�&��(�#'  

"%�!!�/�"�7�� , *&�'�$�((#.  ');�  (
�8%�7�  2.3),  �# , '  !'#4  # �&�$2 , $���  

'#0�#<(#!�2  8#%�� #8:�.  0�*�!�  &�0(#!�()1  �('�&��(�#' . @�# '#0�#<(#  *# 

*&� �(�  �#+#,  �#  �(/�(���0���%2()�  #*�&��#&)  ���4�  '�$   

Z � V� � a�
W
Wa

Q V	 � � �
W
W�

Q ^� »�
W

W»
� 1. (2.62) 

	$(�"#   �!�� ()�  �!"%4 �(���  6'%6��!6  "%�!!  3, -  "#�#&#+# #*�&��#&  Z•Ë (�  

#�(#!��!6  "  -*#�6(-�#�-  '�$- ,  �#  '%�6��  (�  '�$  &�0(#!�()1  �('�&��(�#'  Ž�  �  Ž” . 

2.5.  ����.  3�&**���.  �	�))�6���1�.  ��-(�)%(,5  )5�
  &���(�(�2  

��&56�-(�2  6�	'%��1��  �	.  -�����  ��*�*��%� -��)�  

2.5.1.  *�#
�  �
�  �
�������
����	�	  �������
�  

�  $�((#�  &�0$�%� &�!!���&�'���!6  #$(#��&(#�  -&�'(�(��  ��*#*#&�� -��!� , 

"#�#&#�  6'%6��!6  #8#8:�(���  "%�!!� �!"#.  0�$� �  ��"%�6 -��'�&����  !  - ��#�  

/-("7��  "�*�%%6&(#+# $�'%�(�6  �  0�*�!)'���!6  '  '�$�  [207] 

W(
Wa

Q
†

Í ½Î

W
W�

¼† Î � ( � 3� ( �
\ »E

\(
W(
W�

¾Q
Ï
Í

\3
\(

W(
W�

� � � 1. (2.63) 

+$� (�a� ��  – '#$#(�!):�((#!�2  ($. �$ .), Í � FN�Oa  – *#&�!�#!�2  ($. �$ .),  

† � FN�Oa  – �8!#%4�(�6  *&#(�7���#!�2  (� 2), ½Ð � ½Î � FN�Oa – '60"#!��  '#$)  �  

(�/��  !##�'��!�'�((#  (3�E! ), »E�(� � » Î P »Ð  – /-("7�6  "�*�%%6&(#+# $�'%�(�6  
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(3� ), Ï � Ï Î Q ÏÐ � FN�Oa – !-���&(�6  !"#&#!�2  *#�#"�  <�$"#!��  (� /! ), 3�(�  – 

/-("7�6  ��"%�6 -��'�&����  ($. �$ .), ')&�<����6  "�"  

3� ( � �

†Ð � ( �
½Ð

†Ð � ( �
½Ð

Q
† Î � ( �

½Î

� 1. (2.64) 

†Ð �(�  – #�(#!���%2(�6  /�0#'�6  *&#(�7���#!�2  $%6 '#$)  �  † Î �(�  – #�(#!���%2(�6  

/�0#'�6  *&#(�7���#!�2  $%6 (�/��  ($. �$ .). 

�&�'(�(��  (2.63) �#<��  8)�2  0�*�!�(#  "�"  

W(
Wa

P
W
W�

¼5� ( �
W(
W�

¾Q
W6� ( �

W(
W(
W�

� �  1. (2.65) 

�  8)�2  �!*#%20#'�(#  $%6 +&-**#'#.  "%�!!�/�"�7��  &�0(#!�()1  !1�� , "#�#&�6  

*&�'#$��!6  (�<� . 

2.5.2.  ������  �
�������
������  �������
�  
  
�  ����	�
���  ����  

�%6 -&�'(�(�6  (2.65) (�  #!(#'�  &�0-%2���#'  "%�!!�/�"�7��  

!##�'��!�'-4:�+#  ��*�  $�//�&�(7��%2()1  -&�'(�(�. , "#�#&)�  *&�$!��'%�()  '  

[196], *#%- �(�  "%�!!�/�"�7�6  [57, 60, 62, 179, 178] &�0(#!�()1  !1��  (
�8%�7�  

2.4), +$� Z�  �  Z	  8�&-�!6  �0  (2.51), F� � F	 � F”  – (�"#�#&)�  "#(!��(�) . ��(()�  "%�!!)  

*#%- �()  !  *#�#:24  &�;�(�6  -&�'(�(�6  (2.26) �(�%#+� (#  �#�- , "�"  ?�# 8)%# 

*&#$�%�(# $%6 "%�!!#'  &�0(#!�()1  !1��  -&�'(�(�6  /�%2�&�7��  +�0�. 
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3 5 � F� KE…Ñ 6 � F� F” KE…Ñ Z� �Z	 � 

Z•” � Pa
W

Wa
Q

�

F	

W
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o ÀÁÂ
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,�%2  *#%- �(()1  "%�!!�/�"�7�.  !#!�#��  '  �#� ,  �#8)  *&�$!��'��2  �#%2"# 

$�//�&�(7��%2()�  -&�'(�(�6  �  �1  �('�&��(�()�  &�0(#!�()�  !1��)  (*#%- �4�!6  
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')&�<�(���  �0  &�0(#!�()1  �('�&��(�#' ) !  "#?//�7��(���� , "#�#&)�  �#+-�  8)�2  

')8&�()  �0  &��%2()1  /�0� �!"�1  0�$�  /�%2�&�7��  '  *#&�!�)1  !&�$�1 . 
�"<�  

')8#&  "%�!!#'  *#$ �(�(  �&�8#'�(�4  '#0�#<(#!��  *#%- �(�6  6'(#+# 

�(�%��� �!"#+#  '�$�  *&�#8&�0#'�(�.  +&-**)  !�����&��  �  &�0(#!�()1  

�('�&��(�#'  *&�  &�;�(��  !##�'��!�'-4:�1  $�//�&�(7��%2()1  -&�'(�(�. . 


�"��  #8&�0#�, &�0-%2���) , "#�#&)�  *&�$!��'%6��  
�8%�7�  2.4, �  ��"<�  
�8%�7�  

2.3, (�  *&�$(�0(� �()  $%6 #1'���  '!�1  -&�'(�(�.  �0  �0'�!�()1  "%�!!�/�"�7�.  

$�//�&�(7��%2()1  -&�'(�(�. , "#�#&)� , '   �!�(#!�� , �#+-�  #*�!)'��2  $&-+��  

*&#7�!!) : ��*%#*�&�(#! , $�//-0�6  �  $&. �#("&��()�  *&���&)  *&���(�(�6  

*#%- �(()1  "%�!!�/�"�7�.  8-$-�  *&�'�$�()  $�%��  '  
%�'�  3 $�((#.  

$�!!�&��7�#((#.  &�8#�) . 

2.6.  �+�+0�(��  *�	&��((,5  �	�))�6���1�2  (�  
(�3�
��(,�  )	&���  

2.6.1.  ���"
���
�  �	��������  �����	�  �
����
���  �
���
����
�  �
�
��  ��  

������  �	 0��"
�  �������	�
��  

3#%- �(()�  "%�!!)  $'-��&()1  $�!"&��()1  $�(��� �!"�1  !�!���  !  

$'-1*�&����&� �!"���  +&-**���  !�����&�.  (
�8%�7�  2.1) �  �&�1��&()1  

$�!"&��()1  $�(��� �!"�1  !�!���  !  �&�1*�&����&� �!"���  +&-**���  !�����&�.  

(
�8%�7�  2.2) �#+-�  8)�2  !'�$�()  "  "%�!!��  !  8#%2;�.  &�0��&(#!�24 : "  �!1#$(#.  

!�!����  $#8�'%6��!6  (�!"#%2"#  !##�(#;�(�.  '�$�   

ž � ~ �
� � Ÿ� � ž �

� � ž �
	 � 
 � ž �

� � � 
 � ž � ~ �
� � Ÿ� � ž �

� � ž �
	 � 
 � ž �

� � � 1. (2.66) 

+$� �1  "#%� �!�'#  #*&�$�%6��!6  <�%���#.  &�0��&(#!�24  (#'#.  $�!"&��(#.  

$�(��� �!"#.  !�!���) , �  $#8�'%6��)�  /-("7��  (�  0�'�!6�  #�  -<�  !-:�!�'-4:�1  

*�&���(()1 . ��%��  �!1#$(�6  !�!����  ��(6��!6  '  !##�'��!�'��  !#  !%�$-4:��  

(�8#&#�  *&�'�% : 

·  �!%�  /-("7�6 , !�#6:�6  '  *&�'#.   �!��  �!1#$(#.  !�!���) , !##�'��!�'-��  

�#<$�!�'�((#�-  *&�#8&�0#'�(�4  ((�*&���& , � �~� � � � ), �#  #(�  #!����!6  

(��0��((#.  �  (#')�  *�&���(()�  $%6 $�((#+#  -&�'(�(�6  (�  $#8�'%64�!6 ; 

·  �!%�  '  /-("7��  *&�'#.   �!��  *&�!-�!�'-��  *&#�0'#%2(�6 /-("7�6  (�%�  

/-("7�� ), (�*&���&  � �~� � ��� � � 
 � � Q ¢� , �#  #(�  0���(6��!6  (�  /-("7�4  
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0�'�!6:�.  #�  '!�1  ''#$��)1  *�&���(()1 , �#  �!�2  �!*#%20-��!6  !%�$-4:�� : 

� �~� � ��� � � 
 � � ž�
� � ž�

	 � 
 � ž �
� � Q ¢� Ò 

·  �!%�  /-("7�6  *&�'#.   �!��  !#$�&<��  *&#�0'#%2()�  "#(!��(�) , "  *&���&-  

� �~� � � � Q F, �#  ?�# !##�'��!�'-��  *&�$)$-:��-  !%- �4 , �#  �!�2  

�!*#%20-��!6  !%�$-4:�� : � �~� � � � Q ��ž �
� � ž�

	 � 
 � ž �
� � ; 

·  �!%�  -  /-("7�.  *&�')1   �!��.  ���4�!6  "#(!��(�) , "#�#&)�  �#+-�  

�0��(6�!6  (�  (�  '!��  �(#<�!�'�  $�.!�'���%2()1   �!�% , �#  ''#$���6  

/-("7�6  $#%<(� ��"<�  *&�(����2  0(� �(�6  �#%2"# (�  !##�'��!�'-4:��  

�(#<�!�'�  (*&���&  – "%�!!)  22 �  23, "#�#&)�  *&�$!��'%6��  
�8%�7�  2.2). 

�(/�(���0���%2()�  #*�&��#&)  $%6 &�!;�&�((#+#  "%�!!�  (#!6�  �#�  <�  '�$ , 

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

�#<$�!�'�((# . �%6 *#%- �(�6  '!�1  '#0�#<()1  *&�#8&�0#'�(�.  "%�!!�  

(�#81#$��#  '#!*#%20#'��2!6  /#&�-%���  ��*�  (2.45) $%6 !##�'��!�'-4:�.  

&�0��&(#!�� . 

��!!�#�&��  *&���&  $%6 $'-��&(#+#  "%�!!�  3 (
�8%�7�  2.1): 

� � ~ � � F� � � �UUUU
 � ~ � � F	 � � Q 
 � � 1. (2.67) 

��!;�&��  $�(().  "%�!!  $#  ��)&�1��&(#+#  !  *#�#:24  -"�0�(()1  ');�  ;�+#' , 

 �#  *&�'#$��  "  !�!����  

� � ~ � � � � � ž �
� � ž �

	 � � � �UUU
 � ~ � � � 	 � ž �
� � ž �

	 � � � Q 
 � � 

ž � ~ �
� � Ÿ� � ž �

� � ž �
	 � �UUUž � ~ �

	 � Ÿ	 � ž �
� � ž �

	 � � 
1. (2.68) 

2.6.2.  ���"
���
�  �	��������  �����	�  ����	�
���  ����  ��  ������  �	 0��"
�  

�������	�
��  

�&�'(�(��  /�%2�&�7��  +�0� (2.50) �#<��  8)�2  0�*�!�(#  $%6 �(#+#��&(#+#  

!%- �6  '  '�$�  

\y � »�
\»

W»
Wa

P [
W

W� � ¼z� »�
W»
W� � ¾

�

�Y�

� � � 1. (2.69) 

�  -&�'(�(��  ��*#*#&�� -��!�  (2.65) '  '�$�  
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W(
Wa

P [
W

W� � ¼5� ( �
W(
W� � ¾

�

�Y�

Q
W6� ( �

W(
[ Ï � W(

W� �

�

�Y�

� � � 1. (2.70) 

+$� �!*#%20-4�!6  "#?//�7��(�)  y  �  z  (
�8%�7�  2.3) �  "#?//�7��(�)  5 �  6  

(
�8%�7�  2.4) $%6 -&�'(�(�.  (2.69) �  (2.70) !##�'��!�'�((# , �  ��"<�  *#!�#6(()�  

"#�*#(�(�)  !"#&#!��  *#�#"�  Ï � . 

�#%2;�(!�'#  #*�&��#&#'  �0  -"�0�(()1  ��8%�7  �����  '�$  

Z � VG� a�
W
Wa

Q V� � � � �
W

W� � Q ^� 
 �
W
W


� 1. (2.71) 

+$� *#$ *�&���((#.  
  *#(���4�!6  /-("7��  $�'%�(�6  �%�  (�!):�((#!�� . 
�"#.  

'�$  #*�&��#&#'  *#0'#%6�� #8#8:��2  *#%- �(()�  "%�!!�/�"�7��  &�0(#!�()1  !1��  

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

#8#8:�(��  *&��-�  '�$  

Z � VG� a�
W
Wa

Q [ F� V� � � � �
W

W� �

�

�Y�

Q ^� 
 �
W
W


� 2. (2.72) 

+$� F�  – (�"#�#&)�  "#(!��(�) , -$#'%��'#&64:��  !%�$-4:��  -!%#'�6� : 

·  �!%�  VG�a� Ó �  �  ^�
� Ó � , �#  *#%- ���  �  #*�&��#&#'  '�$�  Z, +$� �#%2"# 

#$(�  �0  "#(!��(�  F�  (�  &�'(�  (-%4 ; 

·  '  *&#��'(#�  !%- ��  '!�  F�  (�  &�'()  (-%4 . 

��(()�  #*�&��#&)  8-$-�  !##�'��!�'#'��2  (�*&�&)'()�  +&-**��  !�����&�.  

-&�'(�(�.  (2.69) �  (2.70) !  - ��#�  "#?//�7��(�#'  �  �!1#$()1  #*�&��#&#'  '�$�  

(2.71) – 
�8%�7�  2.3 �  
�8%�7�  2.4. 

�%6 *#%- �(�6  &�0(#!�()1  �('�&��(�#'  $%6 �(#+#��&(#+#  !%- �6  (-<(#  

«*&#$-8%�&#'��2 » (�  '!�  (#')�  *&#!�&�(!�'�(()�  *�&���(()�  ��  �('�&��(�) , 

"#�#&)�  !#$�&<��  '  #$(#��&(#�  !%- ��  *&#!�&�(!�'�((-4  *�&���((-4 , �  $%6 

0�'�!��)1  *�&���(()1  (-<(#  $#8�'��2  �($�"!) , #�'� �4:��  0� (#')�  

*&#!�&�(!�'�(()�  *�&���(()� . ��*&���& , $%6 !%- �6  1 "%�!!�/�"�7��  

&�0(#!�()1  !1��  $%6 -&�'(�(�6  /�%2�&�7��  +�0� (
�8%�7�  2.3) #8#8:�(()�  (�   

� -��&().  !%- �.  &�0(#!�()�  �('�&��(�)  8-$-�  ����2  '�$ : 



59�

Ž�
� �

%� � j ~ • J
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� P � � j ~ • …
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� ' %� � j ~ • Â
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j
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� a�~• Ä P a�~• Å� K
¿

hj ÀÁÇ
J �
�h j ÀÁÇ

o
oÀÁ È
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Ž	 � »
� j ~• JH

J ������ j ~• JH
o

�~• É P »
� j ~• J…

J ������ j ~• J…
o

�~• JJ �U

Ž” �
a�~• JÂ P a�~• JÃ

a� ~ • JÄ P a� ~ • JÅ
�UUUU� � � � � � � � 

1. (2.73) 

+$� '�&1(�.  �($�"!  $%6 "#(!��(�  � � � � 	 � � ” � � ² � � Ô� � �G � � �	 , �  ��"<�  $%6 �($�"!�  �  

#0(� ���  (#��&  *&#!�&�(!�'�((#.  *�&���((#. . 

�%- �.  3 "%�!!�/�"�7��  &�0(#!�()1  !1��  $%6 -&�'(�(�.  /�%2�&�7��  +�0� 

(�  �#<��  8)�2  #8#8:�(  (�  �(#+#��&().  !%- �.  #*�!�(()�  0$�!2 !*#!#8#� , ��"  

"�"  -  (�+#  #*�&��#&  Z²  (�  0�*�!)'���!6  '  '�$�  (2.71). ��(().  !%- �.  �&�8-��  

*#%- �(�6  *#%(#.  +&-**#'#.  "%�!!�/�"�7��  $�//�&�(7��%2()1  -&�'(�(�.  '�$�  

(2.69),  �#  (�  6'%6��!6  7�%24 $�((#.  $�!!�&��7�� . 
�"<�  !�#��  #������2 ,  �#  

*#%- ����6  -"�0�(()�  0$�!2 !*#!#8#�  +&-**�  (�*&�&)'()1  !�����&�.  �#<��  

6'%6�2!6 (�  *#%(#. , �  $%6 �#+#,  �#8)  *#%- ��2  *#%(-4  +&-**-  !�����&�. , (-<(#  

*&#'#$��2  *#%(#7�(().  +&-**#'#.  �(�%�0  ?��1  -&�'(�(�. ,  �#  (�  6'%6��!6  7�%24 

$�((#.  $�!!�&��7�� . 


,���,  �  3	���  

1. �  $�((#.  +%�'�  $�(#  *#(6���  (�*&�&)'()1  !�����&�.  $%6 &�0%� ()1  

��*#'  -&�'(�(�.  �  *&�$!��'%�(#  ''�$�(��  '  ��#&�4  +&-**#'#+# 

�(�%�0�  $%6 $�!"&��()1  �#$�%�.  '��!��  !  �0'�!�()�  ���#$#�  

*#!�&#�(�6  &�0(#!�()1  !1��  !  (�!%�$#'�(���  (�*&�&)'()1  

!�����&�. . 

2. 3#%- �()  "%�!!)  $'-��&()1  �  �&�1��&()1  $�!"&��()1  

$�(��� �!"�1  !�!���  (�  #!(#'�  �0'�!�()1  "%�!!�/�"�7�.  

$'-1*�&����&� �!"�1  �  �&�1*�&����&� �!"�1  (�*&�&)'()1  +&-**  

*&�#8&�0#'�(�. . 

3. 3#%- �()  +&-**#')�  "%�!!�/�"�7�6  &�0(#!�()1  !1��  

$�//�&�(7��%2()1  -&�'(�(�.  /�%2�&�7��  +�0� �  $�//�&�(7��%2()1  

-&�'(�(�.  $'-1/�0(#.  /�%2�&�7��  $%6 0�$� �  ��*#*#&�� -��!�  (�  
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#!(#'�  �0'�!�()1  +&-**#')1  "%�!!�/�"�7�.  ?��1  $�//�&�(7��%2()1  

-&�'(�(�. . 

4. 3#%- �(#  #8#8:�(��  *#%- �(()1  "%�!!#'  $�!"&��()1  $�(��� �!"�1  

!�!���  �  "%�!!#'  &�0(#!�()1  !1��  (�  !%- �.  8	 %2;�1  &�0��&(#!��. . 

5. ��*&�&)'()�  +&-**)  !�����&�.  $�!"&��()1  �#$�%�.  ��#&��  

/�%2�&�7��  !#$�&<��  '  !�8�  /-($���(��%2(-4  �(/#&��7�4  # �#$�%�  

�  �#+-�  8)�2  �!*#%20#'�()  (�  *&�"��"�  *&�   �!%�(()1  &�! ���1 ,  �#  

8-$��  *#"�0�(#  '  &��"�1  *&���(�(�6  *#%- �(()1  "%�!!�/�"�7�.  '  

!%�$-4:�1  +%�'�1 $�((#.  $�!!�&��7�� . 
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$	���  3.  ����������  �������
���  $�;��  ���������  �  

�������
���:  ����������  �������  ��������
  

����������  

��((�6  +%�'�  *#!'6:�(�  *&���(�(�4  *#%- �(()1  '  
%�'�  2 &�0-%2���#'  

�!!%�$#'�(�6  !'60�.  $�!"&��()1  �#$�%�.  0� ! ��  (�*&�&)'()1  !�����&�. . �$�!2  

*&�'#$6�!6  *&���&)  *&���(�(�6  -*#�6(-�)1  &�0-%2���#'  "  $�!"&��()�  �#$�%6�  

*&#7�!!#'  /�%2�&�7��  (�  ��"&# - �  ��"&#��!;��8�1  *#&�!�)1  !&�$ . 

3.1.  ���,2  
�%��  ��-
(�4�(�.  ��)	�((,5  ��7�(�2  ��66���(1��	'(,5  

&���(�(�2  )  *�
�0'<  (�*���,�(,5  3�&**  )�

�%��2  

3.1.1.  *�
���
�  ��
	��  �����	!��
�  �
�������  ��"��
�  

�%6 *&�"�� �!"#+#  �!*#%20#'�(�6   �!%�(()1  �%+#&���#'  '#  �(#+�1  

#8%�!�61 # �(2  '�<(# ,  �#8)  !  �1  *#�#:24  8)%� '#0�#<(#!�2  *#%- �(�6  

8)!�&)1  �  (�$�<()1  &�0-%2���#' . ��%� ��  (�*&�&)'()1  !�����&�.  $���  

'#0�#<(#!�2  «&�0�(#<�(�6 » &�;�(�.  !  �!*#%20#'�(���  *&�#8&�0#'�(�.  �#%2"# 

?��1  (�*&�&)'()1  +&-** . �-<(#  ') �!%��2  #$(#  �!%�((#�  &�;�(��  $%6 

�('�&��(�(#.  &�0(#!�(#.  !1��) , "#�#&#�  (�  $#%<(# 8)�2  �&�'��%2()�  �%�  

�('�&��(�()� . 3#!%� ?�#+# !���.!�'#  &�;�(�.  �#<��  8)�2  *#%- �(#  !  

�!*#%20#'�(���  (�*&�&)'(#.  +&-**)  !�����&�� . �  8#%2;�.  !��*�(�  ?�# 

!'#.!�'#  �!*#%20#'�%#!2 *&�  �!!%�$#'�(��  $�//�&�(7��%2()1  -&�'(�(�.  

[18, 26, 131]. 	$(�"#  #(# '�&(#  �  $%6 $�!"&��()1  -&�'(�(�.  [204], �#  �!�2  

(��('�&��(�(#�  �  (��&�'��%2(#�   �!%�((#�  &�;�(��  $�!"&��(#+#  -&�'(�(�6  

*�&�1#$��  '  $&-+#� &�;�(��  *#$ $�.!�'���  *&�#8&�0#'�(�.  (�*&�&)'(#.  +&-**)  

!�����&�� . ���#$  &�0�(#<�(�6  (+�(�&�7�� )  �!%�(()1  &�;�(�.  #!(#'�(  (�  

-"�0�(()1  ');�  !'#.!�'�1  �  !#!�#��  �0  !%�$-4:�1  ;�+#'  [57, 179]: 

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

(�*&�&)'(#.  !�����&��. , $%6 &�!!���&�'���#+#  $�//�&�(7��%2(#+#  

-&�'(�(�6 , �%�  (�1#<$�(��  (�*&�&)'()1  !�����&�.  $%6 -<�  

!-:�!�'-4:�1  &�0(#!�()1  !1�� ; 
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2. &�! ��  #$(#+#  �!�(#+#   �!%�((#+#  &�;�(�6  (�!*#%20-��!6   �!%�((#�  

&�;�(�� , *#%- �((#�  !  *#�#:24  @�� ) !  *#�#:24  �('�&��(�(#.  

&�0(#!�(#.  !1��)  !  (� �%2()��  �  +&�(� ()��  -!%#'�6��  �0  

�(#<�!�'�  -!%#'�. , "#�#&#�  �('�&��(�(#  #�(#!���%2(#  (�.$�((#.  

+&-**)  !�����&�� ; 

3. (�1#<$�(��  *�&����&#'  +&-**)  !�����&�� , *�&�'#$6:�1  (� �%2()�  

�  +&�(� ()�  -!%#'�6  -<�  &�!! ���((#+#  &�;�(�6  '  -!%#'�6  �0  

�('�&��(�(#+#  �(#<�!�'�  -!%#'�.  $%6 *#%- ���)1  &�;�(�. ; 

4. *&�#8&�0#'�(��  &�!! ���((#+#  &�;�(�6  !  �!*#%20#'�(���  

*&�#8&�0#'�(�.  +&-**)  !�����&��  !  - ��#�  (�.$�((#+#  (�8#&�  

*�&����&#'  +&-**) . 


�"<�  -"�0�((�6  ');�  *#!%�$#'���%2(#!�2  ;�+#'  *&�$!��'%�(�  

!1����� �!"�  (�<�  (��!-(#"  3.1). ��((�6  *#!%�$#'���%2(#!�2  ;�+#'  &��%�0#'�(�  

'  '�$�  *&#+&���)  '  ���  Matlab, "&��"#�  #*�!�(��  "#�#&#.  *&�'#$��!6  '  

3&�%#<�(��  A. 

 

 
��!-(#"  3.1 - 3&�(7�*  &�0�(#<�(�6   �!%�(()1  &�;�(�.  !  *#�#:24  (�*&�&)'(#.  +&-**)  

!�����&��  &�0(#!�(#.  !1��)  
 

	*�;��  $�%��  ���#$  &�0�(#<�(�6   �!%�(()1  &�;�(�.  8#%�� *#$&#8(#. 

3-!�2   �!%�((#�  &�;�(��  

( G � Õ
 � � 
 	 � 
 � 
 ÖÁ
×�UUU
 � � � 
 �

� � 
 �
	 � 
 � 
 �

# �  ! # �UUU� � � � 
 �Ø•  1. (3.1) 

0�$�(#  (�  !��"�  �0  Ø•  -0%#' 
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ÙG � Õ� � � � 	 � 
 � � ÖÁ
×�UUUU� � � � � �

� � � �
	 � 
 � � �

� �  ! � �UUUU� � � � 
 �Ø•  1. (3.2) 

!  (� �%2()��  -!%#'�6��  (*�&'-4  "##&$�(��-  � �  ! �����  '&���(�� ) 

� ���‘�:& � Õ
 �
� � 
 	

� � 
 � 
 ÖÁ
� × 1. (3.3) 

�  +&�(� ()��  -!%#'�6��  (�  Ø�  +&�(� ()1  -0%�1 !  �($�"!���  +y � � y 	 � 
 � y ÖÚ
,  

� �ÎÛ�“:=• � Õ
 v J
� 
 v …

� 
 � 
 v ÜÚ
× 1. (3.4) 

$%6 (�"#�#&#.  !�!���)  $�!"&��()1  -&�'(�(�.  '�$�  (1.1) !  (�*&�&)'(#.   

; -*�&����&� �!"#.  +&-**#.  !�����&��  '�$�  

/ : 0� •� � 3� � � � 
 � �<� �UUU
 •� � ‚ � � � � 
 � � <� �UUU<  ! =� 1. (3.5) 

�  $�((#�  !%- ��  '�&1(�.  �($�"!  #�'� ���  0� (#��&  "##&$�(��) , �  (�<(�.  – 0� 

(#��&  -0%� !��"�  �  $�%��  0� (#��&  +�(�&�&-��#+#  &�;�(�6 . ��!!�#�&��  $�%��  

(�"#�#&#�  0�$�((#�  �(#<�!�'#  �0  Ø„  (� �%2()1  �  +&�(� ()1  -!%#'�.  $%6 �#.  <�  

!�!���)  $�!"&��()1  -&�'(�(�.  

+� � ���‘�:&
� � � �ÎÛ�“:=•

� � � � � ���‘�:&
	 � � �ÎÛ�“:=•

	 � � 
 � � � ���‘�:&
ÖÝ � � �ÎÛ�“:=•

ÖÝ � , � 1. (3.6) 

$%6 "#�#&#+# 0�*�;��  �(#<�!�'#  !�!���  -&�'(�(�.  '�$�  

Þ
/ : j

� ���‘�:&
� � � ���‘�:& �UUU� � � � 
 �Ø„ �

/ : j
� �ÎÛ�“:=•

� � � �ÎÛ�“:=•
 1. (3.7) 

(�  Ø„  (��0'�!�()1  +&-**#')1  *�&����&#'  <�  $%6 +&-**)  (�*&�&)'(#.  !�����&��  

(3.5), +$�, (�*&���& , *#$ / : �  '��!��  !  0�$�(()��  0(� �(�6��  $%6 '�"�#&�  

0�'�!��)1  *�&���(()1  
  �����!6  '  '�$-  !%�$-4:��  

/ : � � � / : � � � 
 � / : � � � � � 3� � � � � 
 � � � � 
 � � 
 � 
 # �<� � 
 �<=� � 
 �U
3� � � � � 
 � � � � 
 � � 
 � 
 # �<� � 
 �<=� � � 

1. (3.8) 

��!����  -&�'(�(�.  (3.7) *#0'#%6�� (�.��  *&�#8&�0#'�(�6  +&-**)  (�*&�&)'(#.  

!�����&�� , "#�#&)�  *&�#8&�0-4�   �!�(#�  &�;�(��  (3.1), 0�$�((#+#  (�  !��"�  (3.2), 

!  (� �%2()��  �  +&�(� ()��  -!%#'�6��  (3.3) �  (3.4) !##�'��!�'�((#  '  (#')�  

&�;�(�6  !  (� �%2()��  �  +&�(� ()��  -!%#'�6��  (3.6). �#')�   �!%�(()�  &�;�(�6  

(*&�  -!%#'�� ,  �#  �!1#$(#�  &�;�(��  $%6 &�0�(#<�(�6  (3.1) (�  !��"�  (3.2) (�  

6'%6��!6  �('�&��(�()� ) ���4�  '�$  
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( � � Õ/ : j

 � � / : j


 	 � 
 � / : j

 ÖÁ

� ×� 2. (3.9) 

�  0�$�()  (�  *&�#8&�0#'�((#.  !��"�  

Ù � � Õ/ : j
� � � / : j

� 	 � 
 � / : j
� ÖÁ

� ×� 1. (3.10) 

	*�!�((#�  ');�  $��#(!�&�&-��  ��!-(#"  3.2. 

 

 
��!-(#"  3.2 - �1���  *&�#8&�0#'�(�6   �!%�((#+#  &�;�(�6  !  *#�#:24  (�*&�&)'(#.  +&-**)  

!�����&��  (�  *&���&�  #$(#��&(#+#  !%- �6  
 

3.1.2.  $��	����	���
�  ���������  
  ����
����  ���	�
�  

�%6 *&�$!��'%�((#+#  ');�  ���#$�  &�0�(#<�(�6   �!%�(()1  &�;�(�.  

#!(#'(#.  *&#8%��#.  6'%6��!6  &�;�(��  -&�'(�(�.  '�$�  (3.8) $%6 &�!!���&�'���)1  

(� �%2()1  �  +&�(� ()1  -!%#'�.  (3.3) �  (3.4), ��"  "�"  0�$�(()�  $%6 (#')1  

&�;�(�.  (� �%2()�  �  +&�(� ()�  -!%#'�6  �#+-�  (�  *&�#8&�0#')'��2!6  '  

(� �%2()�  �  +&�(� ()�  -!%#'�6  �!1#$(#+#  &�;�(�6 . @�� *&#8%���  �0'�!�(�  �  

#8!-<$���!6 , (�*&���& , '  [141]. �!�  ?�# #0(� ��� ,  �#  *&���(�(��  *&�'�$�((#+#  

');�  ���#$�  '#0�#<(#  �#%2"# '  &��"�1  !���.!�'  (� �%2()1  �  +&�(� ()1  

-!%#'�. , "#�#&)�  '(-�&�  !���.!�'  !'60�()  ��<$-  !#8#.  *&�#8&�0#'�(�6��  �0  

(�*&�&)'()1  +&-**  !�����&�. . 

�%6 *#%- �(�6  !���.!�'  (� �%2()1  �  +&�(� ()1  -!%#'�. , $%6 "#�#&)1  

'#0�#<(#  *&���(�(��  #*�!�((#+#  ���#$� , &�!!�#�&��  (�"#�#&)�  /-("7��  

ž � ž� � 	 � 
 � � � � �UUUž0- 1 ! # �UUU- B ! � 9 � �U
Ÿ � Ÿ"� � � � 	 � 
 � � � � 
 � � 
 � 
 # $�U 

Ÿ0! @� @! # 1 ! # �UUU� B ! � 9 � � 
1. (3.11) 
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��(()�  /-("7��  0�$�4�  *&���&  (� �%2()1  �  +&�(� ()1  -!%#'�.  !##�'��!�'�((# , 

�(��&�!()1  $%6 (�"#�#&#.  "#("&��(#.  0�$� � , +$� /-("7�6  Ÿ 0�$�(�  (�  +&�(�7�  �  

#8%�!��  - , '  "#�#&#.  0�$�(#  &�!!���&�'���#�  $�!"&��(#�  -&�'(�(�� . ����.!�'#  

(� �%2()1  �  +&�(� ()1  -!%#'�.  !�&#��!6  (�  #!(#'�  *&�#8&�0#'�(�.  (�*&�&)'(#.  

+&-**)  !�����&��  !%�$-4:��  #8&�0#�: 

ž : � / : ž� � 	 � 
 � � � � �UUUž0/ : - 1 ! # � / : - B ! � 9 � �U
Ÿ: � / : Ÿ"� � � � 	 � 
 � � � � 
 � � 
 	 � 
 � 
 # $�U 

Ÿ0/ : � ! @� @! # � 1 ! # �UUU/ : � B ! � 9 � � 
1. (3.12) 

3.1.3.  ,�����	���
�  
	��	�

  ��
	��  �����	!��
�  �
�������  ��"��
�  

��"  #��� �%#!2  ');� , �!%�  �)  0(���  +&-**-  (�*&�&)'(#.  !�����&�� , �)  

�#<��  *&�#8&�0#'��2  #$(#  �!�(#�  &�;�(��  '  $&-+#� *&�  -!%#'�� ,  �#  *�&'#�  

&�;�(��  (�  6'%6��!6  �('�&��(�()�  �  �&�'��%2()� . 
�"��  #8&�0#�, �#<(#  

*#%- ��2  !���.!�'#  &�;�(�. , "#�#&#�  0�'�!��  #�  *�&����&�  +&-**) . @�# $���  

'#0�#<(#!�2  &�!! ����2   �!%�((#�  &�;�(��  �#%2"# #$�(  &�0 �  *#%- ��2  '!�  

#!��%2()�  *&#!�#  �!*#%20-6 (�*&�&)'(-4  +&-**-  !�����&�. , (# , "#(� (# , $%6 

(�"#�#&)1  ��*#'  (� �%2()1  �  +&�(� ()1  -!%#'�. , "#�#&)�  $#%<()  

*&�#8&�0#')'��2!6  $&-+ '  $&-+� !  *#�#:24  *&�#8&�0#'�(�.  +&-**)  !�����&�� . 

��!!�#�&��  0�$�((#�   �!%�((#�  &�;�(�� , "#�#&#�  *&�$!��'%6��  !#8#.  

�(#<�!�'#  �# �"  )�� � � 
 � � *, +$� �  – �($�"!  (�  !��"� , � �  – '�"�#&  (�0�'�!��)1  

*�&���(()1  �  
 �  – '�"�#&  0�'�!��)1  *�&���(()1 . @�# «�$��%2(#� »  �!%�((#�  

&�;�(��  [90], "#�#&#�  &�!! ��)'���!6  !  *#�#:24  «�$��%2(#+#» "#�*24��&�  

(8�!"#(� (#&�0&6$(#+# ), "#�#&).  �#<��  �08�<��2  #;�8#"  #"&-+%�(�6. 

��!!�#�&��  #;�8"�  #"&-+%�(�6 ©�
�  �  ©�

	 , ��"��  #8&�0#�, «&��%2(#�» &�;�(��  

�#<��  8)�2  0�*�!�(#  "�"  �(#<�!�'#  �# �"  )�� � Q ©�
� � 
 � Q ©�

	 � *. 

	;�8"�  *&�#8&�0-4�!6 , "#+$� �)  �!*#%20-��  *&�#8&�0#'�(��  �0  (�"#�#&#.  

+&-**)  !�����&��  $%6 !##�'��!�'-4:�.  &�0(#!�(#.  !1��) , "#�#&�6  �����  

-*#�6(-�#�   �!%�((#�  &�;�(�� . �#')�  #;�8"�  �#+-�  8)�2  0�*�!�()  '  '�$�  

� •� 3� � � 
 � <� �UUU
 •� ‚ � � � 
 � <� �U
©•�

� � 3� � � Q ©�
� � 
 � Q ©�

	 �<� P 3� � � � 
 � � <� Q ©�
” � � � � 
 � �©�

� �©�
	 �<� �U

©•�
	 � ‚ � � � Q ©�

� � 
 � Q ©�
	 �<� P ‚ � � � � 
 � � <� Q ©�

² � � � � 
 � �©�
� �©�

	 �<� � 
1. (3.13) 
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+$� ©•�
�  �  ©•�

	  6'%64�!6  #;�8"���  $%6 !+�(�&�&#'�(()1  !  �!*#%20#'�(���  

(�*&�&)'()1  !�����&�.  &�;�(�. , ©�
”  �  ©�

²  – #;�8"�  ') �!%�(�6  0(� �(�.  

/-("7�.  3 �  ‚ , �!*#%20-6 «&��%2(). » "#�*24��& . 	;�8"�  ©�
�  �  ©�

	  !�&��6�!6  "  

(-%4 , �!%�  ?�# *#0'#%6�� �!*#%20-��).  �%+#&���  *#%- �(�6  �0(� �%2(#+#  

&�;�(�6 . 	;�8"�  ©�
”  �  ©�

²  !�&��6�!6  "  (-%4 , �!%�  �!*#%20-��!6  !1#$6:�.!6  

�%+#&���  $%6 ') �!%�(�6  /-("7�.  3 �  ‚ , �  ��"<�  �!%�  ©�
�  �  ©�

	  !�&��6�!6  "  (-%4 . 

	;�8"�  ©•�
�  �  ©•�

	  !�&��6�!6  "  (-%4 , �!%�  ©�
� � ©�

	 � ©�
” � ©�

²  !�&��6�!6  "  (-%4 , ��"  "�"  

/-("7��  3 �  ‚  6'%64�!6  (�*&�&)'()�� . �%�$#'���%2(# , #;�8"�  (3.13) $%6 

&�;�(�.  �#+-�  "#(�&#%�&#'��2!6  �  8)�2  !(�<�() , "#+$� +�(�&�&-4�!6  

 �!%�(()�  &�;�(�6  !  �!*#%20#'�(���  (�*&�&)'()1  !�����&�. . 

�$�!2  (�  &�!!���&�'���!6  '#*&#!  # 1�&�"��&�  "#("&��(#+#  �!*#%20-��#+#  

&�;�(�6 , �#  �!�2  #(# �#<��  8)�2 , (�*&���& , (�-!�#. �')� . 
�"<�  (�  

&�!!���&�'���!6  '#*&#!  #7�("�  #;�8#"   �!%�(()1  &�;�(�.  #�(#!���%2(#  

�# ()1 , ��"  "�"  '  $�((#�  !%- ��  '�<()�  6'%6��!6  �# ,  �#8)  #;�8"�  ©•�
�  �  ©•�

	  8)%�  

��%)��  �  !�&���%�!2  "  (-%4 . �!%�  ?�# '�&(# , �#  #;�8"�   �!%�(()1  &�;�(�.  

0�'�!6�  '  8#%2;�.  !��*�(�  #�  �!*#%20-��#.  &�0(#!�(#.  !1��)  $%6 *#%- �(�6  

�0(� �%2(#+#  &�;�(�6 . 

3.2.  ���
��  *��
�(�(�.  
�%���  ��-
(�4�(�.  ��)	�((,5  ��7�(�2  �	.  

&���(�(�.  6�	'%��1��  3�-�  

3.2.1.  ���
���  ������  �
�������
����	�	  �������
�  

��!!�#�&��  "#("&��().  *&���&  -&�'(�(�.  (2.49) !  -&�'(�(���  !#!�#6(�6  

º � ß»  �$��%2(#+# +�0� *&�  *#!�#6((#.  ���*�&��-&�  �  !##�(#;�(���  

�%�("�(8�&+�  $%6 *&#(�7���#!��  [102, 155], "#�#&#�  $���!6  /#&�-%#.  (3.14) 

† � »� � †� � � Q
† 	

»
� � 1. (3.14) 

+$� ß � Ù à/Ì � FN�Oa, †�  – ?//�"��'(�6  *&#(�7���#!�2  <�$"#!�� , † 	  – ��(+�(!  

-+%� (�"%#(�  '  "##&$�(���1  †�»�  �  � »Ì , �  ��"<�  *-!�2  ? � FN�Oa  �  ½ � FN�Oa. 

�%�  ?��1  "#?//�7��(�#'  -&�'(�(��  �#<��  8)�2  0�*�!�(#  "�"  
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W»
Wa

P á
W
W�

Œ� » Q † 	 �
W»
W�

• � � �UUUá �
†�

½?
� 1. (3.15) 

�&�'(�(��  (3.15) �  '!�  $�%2(�.;��  &�0-%2���)  [181] *&�(�$%�<��  !%- �4  2 

�0  *&�$!��'%�((#.  '  *&�$)$-:�.  +%�'�  "%�!!�/�"�7�� , "#�#&-4  $���  
�8%�7�  

2.3, !  0���(#.  *�&���(()1  »• � » Q † 	  �  !  "#?//�7��(����  
“v

“¿
� »  �   

z � » . �&�'(�(��  (3.15) �����   ��)&�1*�&����&� �!"-4  +&-**-  !�����&�.  !  

�(/�(���0���%2()��  #*�&��#&���  [41, 108] 

Z� �
W
Wa

�Z	 �
W
W�

�Z” � Ma
W
Wa

Q �
W
W�

�Z² � Pa
W
Wa

Q � » Q † 	 �
W

W»
� 1. (3.16) 

��*&�&)'()�  !�����&��  $%6 $�//�&�(7��%2()1  -&�'(�(�.  �#+-�  

!#$�&<��2  '�<()�  �1  !'#.!�'� , *#�#�-   �#  ?��  !�����&��  #*&�$�%64�  !'60�  

��<$-  &�;�(�6�� . �%6 &�!!���&�'���#+#   �!�(#+#  !%- �6  (3.15) !�����&��  !  

#*�&��#&���  Z�  �  Z	  6'%64�!6  +&-**���  *�&�(#!#'  *# '&���(�  �  

*&#!�&�(!�'�((#.  "##&$�(���  !##�'��!�'�((# , *#?�#�-  -&�'(�(��  (3.15) (�  �����  

'&���(�  �  *&#!�&�(!�'�((#.  *�&���((#.  '  6'(#�  '�$� . 	*�&��#&  Z”  #�'� ���  0� 

!�����&�4  #�(#!���%2(#  &�!�6<�(�.  $%6 -&�'(�(�6  (3.15) �%� , *# !-�� , 0� 

*�&�8#%� �!"-4  $�//�&�(7��%2(-4  !�&-"�-&-  ?�#+# -&�'(�(�6 . ������&�6  !  

#*�&��#&#�  Z²  '#0(�"���  �0 -0� "#("&��(#+#  '�$�  "#?//�7��(��  (3.14). �!�  ?��  

 ��)&�  #$(#*�&����&� �!"��  +&-**)  !�����&�.  *#0'#%64� *#%- ��2  !���.!�'�  

&�;�(�. , �!%�  �0'�!�(#  #$(#  �!�(#�  &�;�(�� . 

3.2.2.  ,����
��
�	�
�  ���	�
�  ��
	��
�	�

  ���  	��	�	  
�  �	��������  �����	�  

����	�
���  ����  

��!!�#�&��  *&���&  (3.15) �  !$�%���  !%�$-4:-4  0���(-  *�&���((#.  [132] 

»• � â á� � Q † 	 �
¿

G
\� � 1. (3.17) 

3#!%� 0���()  *�&���(()1  -&�'(�(��  (3.15) *&����  '�$  

W»
Wa

P « Má» Q � á† 	 � 	
W	 »
W� 	 � � � 1. (3.18) 
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+$�  �&��  (�$  (#'#.  *�&���((#.  »• #*-:�(�  $%6 "#�*�"�(#!��  $�%2(�.;�1  

')"%�$#" . @�� 0���(�  *�&���(()1  *&#�0'#$��!6  �#%2"# $%6 *#!%�$-4:�+#  

�(�%�0�  -!�#. �'#!��  $�((#+#  &�0$�%�. �%6 (#'#+#  -&�'(�(�6  #*�&��#&)  +&-**)  

!�����&��  !#'*�$�4�  '!� , "&#��  *#!%�$(�+#  

Z� �Z	 �Z” �Z•² � Pa
W
Wa

Q � M» Q á† 	
	 �

W
W»

� 1. (3.19) 

�%6 +&-**)  !�����&�� , "#�#&�6  *&�$!��'%6��!6  #*�&��#&���  (3.19), 

$�//�&�(7��%2().  �('�&��(�  $%6 �('�&��(�(#.  0�*�!�  '�$�  (2.22) �����  '�$  

8� �
»ii « Má» Q � á† 	 � 	

»‘
� 1. (3.20) 

��*&�&)'(�6  +&-**�  !  �(/�(���0���%2()��  #*�&��#&���  (3.19) �����  �:�  �&�  

$�//�&�(7��%2()1  �('�&��(�� , (#  #(�  #*-:�() , ��"  "�"  �('�&��(�(�6  0�*�!2  

$%6 -&�'(�(�6  (3.18) *&�$!��'%6��!6  "�"  8� � � . ��0(#!�()�  �('�&��(�)  $%6 (3.19) 

�#<(#  0�*�!��2  "�"  

Ž� �
� � � ~ • J

P � � ~ • …
� 	

� a�~• Â P a�~• Ã� ­ Má»�~• Ä

�~• Å Q � á† 	 � 	

�U

UUŽ	 �
M»�~• È

�~• Ç Q á†	
	

M»�~• É

�~• JH Q á†	
	

�U

Ž” �
� �~• JJ

P � �~• J…

� � ~ • JÂ
P � � ~ • JÃ

�UUU� �  ‡ 

1. (3.21) 

�  �#+-�  8)�2  *#%- �()  �0  !�!���)  -&�'(�(�.  !   �!�()��  *&#�0'#$()��  *�&'#+#  

*#&6$"�  (2.26) !  *&#$#%<�(()��  #*�&��#&���  $%6 (3.19). ��!%#  �('�&��(�#'  

0�'�!��  #�   �!%�  ($%6 ?�#+# !%- �6  ?�#  ��)&� ) (�0�'�!��)1  #*�&��#&#'  ('  !�)!%�  

/-("7�#(�%2(#.  (�0�'�!��#!��  '  *&#!�&�(!�'�  '!�1  $�!"&��()1  *�&���(()1 ) �  

#�   �!%�  '!�1  $�!"&��()1  *�&���(()1 . �  ?�#�  !%- ��  �#<��  8)�2  ')8&�(#  

#$�((�$7��2  $�!"&��()1  *�&���(()1  $%6 '&���(� , *&#!�&�(!�'�  �  $�'%�(�6  '  

*6��  -0%�1 !��"� : *# 7�(�&- , !'�&1- , !(�0- , !%�'�  �  !*&�'� . 
�"��  #8&�0#�,  �!%#  

�('�&��(�#'  �#<��  8)�2  &�0()� , (#  �!�2  �#%2"# �&�  &�0%� ()�  /#&�)  (3.21) ?��1  

�('�&��(�#' . �#(!��(�)  � �  ‡  (�#81#$��)  $%6 ')&�<�(�6  '!�1  �('�&��(�#'  �  

$%6 *#%- �(�6  8#%�� ;�&#"#+#  !*�"�&�  �('�&��(�()1  &�0(#!�()1  !1�� : 
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(�*&���& , $%6 �!*#%20#'�(�6  &�0%� (#+# "#%� �!�'�  !#!�$(�1  �# �"  $%6 

�**&#"!���7��  $�//�&�(7��%2()1  *&#�0'#$()1 . @��  *�&�(#!)  ("#(!��(�)  � � ) 

'#0�#<()  �0 -0� !*�7�/� �!"#.  /#&�)  #*�&��#&#'  (3.19), "#�#&)�  �#+-�  8)�2  

0�*�!�()  "�"  

Z� � [ V�
� � � � �

W
W� �

�

�Y�

Q [ ^�
� � 
 � �

#

�Y�

W
W
 � � 1. (3.22) 

�('�&��(�  Ž�  *#0'#%6�� 0�$��2  !%�$-4:�.  ;�+  *# '&���(�  '  0�'�!��#!��  #�  

;�+�  *# *&#!�&�(!�'-  �  ��"-:�+#  0(� �(�6  $�'%�(�6  »�
� . �('�&��(�  Ž”  #*&�$�%6��  

'#0�#<()�  !��"� , '"%4 �4:��  &�'(#��&()�  !��"�  $%6 *�&���((#.  � , �  Ž	  

*#6'%6��!6  �0 -0� #*�&��#&�  Z•² , "#�#&).  *#0'#%6�� ��!;��8�&#'��2  '��!��  

$�'%�(��  �  '&��6 . �%6 8#%�� +%-8#"#+# *#(���(�6  &�0(#!�(#+#  �('�&��(��  Ž�  

&�!!�#�&��  �('�&��(�()�  &�0(#!�()�  !1��)  [53]: 6'(-4  

»�
� ~ � P »�

�

a� ~ � P a� P
« Má»�

� Q � á† 	 � 	 � »� ~ �
� P M»�

� Q »� 9 �
� �

� � � ~ � P � � � � � � P � � 9 � �
� �  1. (3.23) 

�  (�6'(-4  

»�
� ~ � P »�

�

a� ~ � P a� P
« Má»�

� Q � á† 	 � 	 � »� ~ �
� ~ � P M»�

� ~ � Q »� 9 �
� ~ � �

� � � ~ � P � � � � � � P � � 9 � �
� �  1. (3.24) 

&�0(#!�()�  !1��) . @��  &�0(#!�()�  !1��)  �#+-�  8)�2  *#%- �()  !  *#�#:24  

&�0(#!�()1  �('�&��(�#'  (3.21), �  !  �!*#%20#'�(���  ���#$�  0��#&#<�(()1  

"#?//�7��(�#'  [17, 220] �#<(#  *#%- ��2  (�#81#$��)�  -!%#'�6  -!�#. �'#!��  

?��1  &�0(#!�()1  !1�� , "#�#&)�  �#+-�  8)�2  0�*�!�()  "�"   

M� a� ~ � P a� � ƒ<�
�

« Má»�
� Q � á† 	 � 	

� � �~� P � � � � � � P � �9� �
u � �U

U
M�a�~� P a� �ƒ<�

�
« Má»�

� Q �á† 	 � 	

� � � ~ � P � � � � � � P � � 9 � �
– �  

1. (3.25) 

!##�'��!�'�((# . �('�&��(�  Ž�  �#<��  8)�2  ')&�<�(  "�"  

Ž� �
� � � ~ � P � � � 	

� a�~� P a� � ƒ<�
�

« Má»�
� Q � á† 	 � 	

� 7 � FN�Oa� 1. (3.26) 
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@�# #0(� ��� ,  �#  (�#81#$��)�  -!%#'�6  -!�#. �'#!��  $%6 (3.23) �  (3.24) 6'%64�!6  

�('�&��(����  [181], (#  $%6 &�0%� ()1  (�8#&#'  0(� �(�.  "#(!��(�)  7. @�#� /�"�  

(�*&6�-4  (�  !%�$-��  �0  ��#&��  +&-**#'#+# �(�%�0� , #$(�"#  $���  *&���&  '�<(#!��  

(�%� �6  (�*&�&)'()1  !�����&�.  $%6 &�0(#!�()1  !1�� . �#(� (# , �!�2  *&���&)  

&�0(#!�()1  !1�� , "#�#&)�  �#+-�  ����2  8#%�� ')+#$()�  !'#.!�'�  $%6  �!%�(()1  

&�! ��#'  �  8)�2  (��('�&��(�()�� . �#  #*�!�(().  ');�  *#$1#$ *#0'#%6�� ����2  

;�&#"�.  ')8#&  &�0(#!�()1  !1�� , "#�#&)�  �#+-�  *#0'#%��2  (�1#$��2   �!%�(()�  

&�;�(��  8)!�&��  �  !  �#.  <�  �# (#!�24  *&�  *&���(�(��  ���#$�  &�0�(#<�(�6  

 �!%�(()1  &�;�(�. . 

3.2.3.  ,����
��
���  ����	�
���  �����  
  
��	����  ������  ���  �����
	�  

�%6 *#%- �(�6  $�%2(�.;�1  &�0-%2���#'  [53, 176, 179, 181] *&#$#%<���  

�!*#%20#'��2!6  *&���&  (3.15). ��%��  �!*#%20-4�!6  !%�$-4:��  6'(#�  �  (�6'(#�  

&�0(#!�()�  -&�'(�(�6  !##�'��!�'�((#  (*#&6$#" �**&#"!���7��  L�ã� / � ) 

»�
� ~ � P »�

�

ã� P
á
ˆ 	

� � »� ~ �
� P »�

� � � »�
� Q † 	 � P � »�

� P »� 9 �
� � � »� 9 �

� Q † 	 � � � � � 1. (3.27) 

»�
� ~ � P »�

�

ã� P
á
ˆ 	

� � »� ~ �
� ~ � P »�

� ~ � � � »�
� Q † 	 � P � »�

� ~ � P »� 9 �
� ~ � � � »� 9 �

� Q † 	 � � � �  2. (3.28) 

�  &�0(#!�(�6  !��"�  

ˆ � � � ~ � P � � � FN�Oa�UUUUUã� � a� ~ � P a� �
5 ’ ˆ 	

� »•� Q † 	 �
� 1. (3.29) 

+$� 5 – "#?//�7��(� , 0�'�!6:�.  #�  ��"!���%2(#+#  0(� �(�6  '&���(� , »•�  – 

!&�$(��  $�'%�(��  (�  � -).  ;�+ . 
�8%�7�  3.1 *&�'#$��  �!*#%20-��)�  *�&����&)  

$%6  �!%�(()1  &�! ��#' . ��0(#!�()�  !1��)  (3.27)-(3.29) #�(#!6�!6  "  "%�!!��  !1��  

"'�0�%�(�.(#+#  -&�'(�(�6  ��*%#*&#'#$(#!�� , "#�#&)�  �0- �() , (�*&���&  '  [73]. 

�  
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�8%�7�  3.1 - �!1#$()�  $�(()�  $%6  �!%�(()1  &�! ��#'  !  *#�#:24  &�0(#!�()1  !1��  (3.27)-
(3.29) 

����
�%�  �� . �-
 .  (���(��  
��'#�  (� �%2(#�  $�'%�(��  3�  100 000 
3&�'#�  (� �%2(#�  $�'%�(��  3�  10 000 
�(��&'�%  '&���(�  !  0…700 000 
�(��&'�%  *&#!�&�(!�'�((#.  *�&���((#.  �  0…500 
��!%#  '&���(()1  ;�+#'  ;� . 156 
��!%#  *&#!�&�(!�'�(()1  ;�+#'  ;� . 10 
3#&�!�#!�2  $. �$ . 0.20 
�60"#!�2  3�E!  10-6 
3&#(�7���#!�2  †�  � 2 10-12 
�#?//�7��(�  † 	  3�  10 
�#(!��(��  7	  !  150 000 

 

3.2.4.  +������
�  ����
����  ���
��
	�  ���	��  "���  �	  ������
  

3&� �(�  ')8#&�  6'(#.  &�0(#!�(#.  !1��)  !#!�#��  '  �#� ,  �#8)  

*&#$��#(!�&�&#'��2  *&���(�(��  (�.$�((#+#  �('�&��(�(#+#  -!%#'�6  

-!�#. �'#!�� . 
# (#�  &�;�(��  -&�'(�(�6  (3.15) *&�$!��'%�(#  '  [201] �  �#<��  

8)�2  0�*�!�(#  "�"  

»� a� � � � P
� � Q 7� � 	

äá� aQ 7	 �
Q

7”

]aQ 7	 ]
�
”

P † 	 � 1. (3.30) 

+$� "#(!��(�)  7�  �  7”  0�'�!6�  #�  (� �%2()1  $�'%�(�.  ((�  %�'#.  �  *&�'#.  

+&�(�7�1 ), "#(!��(��  7	  – #�  (� �%2(#+#  0(� �(�6  '&���(� . �� �%2()�  �  

+&�(� ()�  -!%#'�6  $%6 �!*#%20-��)1  &�0(#!�()1  !1��  ')8�&�4�!6  '  

!##�'��!�'��  !  &�;�(���  (3.30) $%6 *&#'�&"�  �# (#!��   �!%�(()1  &�;�(�. . 

��<�  ��!-(#"  3.3 *#"�0)'���  !&�'(�(��   �!%�(()1  &�;�(�.  $%6 

&�0(#!�()1  !1��  (3.27)-(3.29) !  *#!�#6(()�  ;�+#�  *# '&���(�  �  !  *�&���(()�  

;�+#�  [181]. ��&1(��  +&�/�"�  (!%�'�  $%6 6'(#.  !1��) , !*&�'�  $%6 (�6'(#.  

!1��) ) *#"�0)'�4�  !&�'(�(��  �# (#+#  &�;�(�6  �   �!%�(()1  &�;�(�.  $%6 (3.27)-

(3.29) !  ')8#&#�  ;�+#'  *# '&���(�  '  0�'�!��#!��  #�  ;�+�  *# *&#!�&�(!�'�((#.  

*�&���((#.  �  !&�$(�+#  $�'%�(�6  (�  ��"-:��  '&���((#�  !%#� �  !  *#!�#6(()�  

;�+#�  *# '&���(� . ��  %�'#�  (�<(��  +&�/�"�  *#"�0�(#  !&�'(�(��  #�(#!���%2()1  

#;�8#"  (#�(#!���%2(#  �# (#+#  &�;�(�6 )  ��)&�1  &�!!���&�'���)1  &�0(#!�()1  
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!1�� . ��  *&�'#�  (�<(��  +&�/�"�  *&�$!��'%�(#  !&�'(�(��  "#%� �!�'�  ;�+#'  *# 

'&���(�  $'-1  -*#�6(-�)1   �!%�(()1  &�;�(�. . ��!-(#"  3.3 *#"�0)'��� ,  �#  

')8#&  ;�+�  *# '&���(�  �0  (3.29) !*#!#8!�'-��  !��8�%�0�7��  6'(#.  &�0(#!�(#.  

!1��)  *# !&�'(�(�4  !  ���  <�   �!%#�  *#!�#6(()1  '&���(()1  ;�+#'  (?�# 

 �!%�((#�  &�;�(��  (�-!�#. �'# ). 

�&�'(�(��  (�  &�!-("�  (�<�  *#"�0)'���  *&���-:�!�'�  $%6 &�! ��#'  !  

�!*#%20#'�(���  ')8#&�  '&���(()1  ;�+#'  �0  (3.29). 
�"#.  *#$1#$ $%6 '&���(()1  

;�+#'  1#&#;# �0'�!��(  �  &�!!���&�'���!6 , (�*&���& , '  "(�+�  [17], (#  #(  

'#0(�"���  '  $�((#�  !%- ��  �0  �(�%�0�  !  *#�#:24  (�*&�&)'()1  !�����&�. . 

	$(�"# , (�  *�&').  '0+%6$, �!*#%20-��).  ���#$  *#!�&#�(�6  �('�&��(�()1  

&�0(#!�()1  !1��  (�  #860�( *&�'#$��2  "  ?�#�-  -!%#'�4  -!�#. �'#!�� . 

 

  

 
��!-(#"  3.3 - �&�'(�(��   �!%�(()1  &�;�(�.  !  &�0%� ()�  ')8#&#�  ;�+#'  *# '&���(�  

�  
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3.2.5.  ������
�
�  �
�������  �����
	�  

�%6 +&-**  !�����&�.  !  #*�&��#&���  Z�  �  Z	  �0  (3.19) *&�#8&�0#'�(�6  $%6 

&�;�(�.  #0(� �4�  *�&�(#!)  $%6 '&���(()1  �  *&#!�&�(!�'�(()1  *�&���(()1 , 

 �# , '  !'#4  # �&�$2 , #0(� ���  *&#!�#  *�&���:�(��  !��"�  8�0 "�"�1 -%�8# 

�0��(�(�.  $%6 &�0(#!�()1  -&�'(�(�. . �#%��  �(��&�!()�  6'%6��!6  &�!!�#�&�(��  

#*�&��#&#'  Z”  �  Z²  �0  (3.19), $%6 "#�#&)1  +&-**)  *&�#8&�0#'�(�.  ���4�  '�$  

a•� K	 : a� � •� K: � �»• � »�U
a•� K9 : a� � •� � � »• � � » Q † 	 � K: P † 	  

1. (3.31) 

$%6 Z”  �  Z²  !##�'��!�'�((# . ��!-(#"  3.4 *#"�0)'���  $�.!�'��  (3.31) (�  �!1#$(#�  

 �!%�((#�  &�;�(��  !  ')8#&�  ;�+�  *# '&���(�  (/#&�-%)  (3.9) �  (3.10)). ��&1(�.  

%�').  �  '�&1(�.  *&�').  +&�/�"�  *#"�0)'�4�  �!*#%20#'�(��  &�!�6<�(�.  $%6 

'&���(()1  �  *&#!�&�(!�'�(()1  *�&���(()1  – �(/�(���0���%2().  #*�&��#&  Z” . 

��<(�.  %�').  �  (�<(�.  *&�').  +&�/�"�  *#"�0)'�4�  *&���(�(��  Z² , "#�#&).  

#*&�$�%6��  &�!�6<�(�6  *# '&���(�  '  !# ���(��  !  &�!�6<�(���  �  *�&�(#!#�  *# 

$�'%�(�4 . ��$�(()�  (� �%2()�  $�'%�(�6  (�  %�'#.  +&�(�7�  #*&�$�%64�  

*�&����&)  $%6 &�0�(#<�(�6  &�;�(�. . 	�(#!���%2(�6  #;�8"�  �!1#$(#+#  

 �!%�((#+#  &�;�(�6 , *#%- �((#+#  !  *#�#:24  (�6'(#.  &�0(#!�(#.  !1��)  !  

')8#&#�  ;�+�  *# '&���(�  (��!-(#"  3.3), *#!%� *&���(�(�6  *&�#8&�0#'�(�.  

+&-**)  !�����&��  #!����!6  !  �# (#!�24  $# 6 0(�"�  ��"#.  <� : !&�$(66  

#�(#!���%2(�6  #;�8"�  – 0.003498 $. �$ ., ��"!���%2(�6  – 0.014460 $. �$ . ��(()�  

&�0-%2���)  *#%- �()  !  *#�#:24  &�0&�8#��((#.  *&#+&���)  '  ���  Matlab, 

"#�#&�6  6'%6��!6   �!�2  *&#+&���(#+#  "#�*%�"!� , #*�!�((#+#  '  3&�%#<�(��  A. 

���#$  *#!�&#�(�6  &�0(#!�()1  !1��  !  !#1&�(�(���  (�*&�&)'()1  +&-**  

!�����&�.  &�!!���&�'���!6  (�  *&���&�  -&�'(�(�6  /�%2�&�7��  +�0� '  *#&�!�)1  

!&�$�1 . 3&�'�$�(()�  *&���&)  �  &�0-%2���)   �!%�(()1  &�! ��#'  *#"�0)'�4�  

# �(2  ��!(-4  !'602 ��<$-  !�����&�6��  �  !'#.!�'���  &�0(#!�()1  !1�� : 

�('�&��(�(#!�2  (�#81#$��)1  -!%#'�.  -!�#. �'#!��  �  '#0�#<(#!�2  &�0�(#<�(�6  

 �!%�(()1  &�;�(�. . 3#%- �(()�  &�0(#!�()�  �('�&��(�)  �  *&�'�$�((�6  

"%�!!�/�"�7�6  $%6 &�!!���&�'���#+#  !���.!�'�  $�//�&�(7��%2()1  -&�'(�(�.  

�#<��  8)�2  �!*#%20#'�(�  $%6 *&#'�&"�   �!�#  �!*#%20-��)1  &�0(#!�()1  !1��  �  
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$%6 *#!�&#�(�6  (#')1  !1�� . 	*�!�(().  !*#!#8  *#%- �(�6   �!%�(()1  &�;�(�.  

�#<��  8)�2  *&���(�(  $%6 *#');�(�6  �# (#!��  �  !"#&#!��  ') �!%�(�. . 

 

  

  
��!-(#"  3.4 - ��0�(#<�(��   �!%�(()1  &�;�(�.  !  *#�#:24  &�!! ���((#+#  &�;�(�6  !  ')8#&#�  

'&���(()1  ;�+#'  
 

3#%- �(()�  0$�!2 &�0-%2���)  ��"<�  !*#!#8!�'-4�  $�%2(�.;��  *#*)�"��  

*#(6�2  !'602 -!�#. �'#!��  �  (�*&�&)'()1  !�����&�.  $%6 &�0(#!�()1  !1��  '  

8#%�� #8:�1  !%- �61 , (�*&���& , *&�  &�!!�#�&�(��  $'-1 - �  �&�1��&()1  !%- ��'  

-&�'(�(�.  �(#+#/�0(#.  /�%2�&�7��  '  *#&�!�)1  !&�$�1 . �  �#�-  <�  (�0��&#(-�).  

0$�!2 '#*&#!  # 0�"#(�1  !#1&�(�(�6  [109, 127, 129] # �(2  8%�0#" "  (�*&�&)'()�  

!�����&�6�  �  �#<��  *#�# 2  *#(6�2  ;�&�  &�!!���&�'���)�  *&#8%��) . 
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3.3.  ���
��  *��
�(�(�.  
�%���  ��-
(�4�(�.  ��)	�((,5  ��7�(�2  �	.  

&���(�(�.  ��*�*��%� -��)�  

3.3.1.  ���
���  ������  �
�������
����	�	  �������
�  ���	�	�
� -1
��  ���  

�
�������  �����
	�  

3&�  *&#�0'#%2()1  /-("7�61  $%6 	�3  �  "�*�%%6&(#+# $�'%�(�6  -&�'(�(��  

(2.63) �����  $#!���# (#  # �'�$(-4  +&-**-  !�����&��  �0  *�&�(#!#'  *# '&���(�  �  

*&#!�&�(!�'- , ��"  "�"  '&��6  �  *&#!�&�(!�'�((�6  "##&$�(���  (�  *&�!-�!�'-4�  

6'(#  '  -&�'(�(�� . 3&�  0�$�(��  -*#�6(-�)1  /-("7�.  '  '�$�  [57, 178, 179] 

†Ð � ( � � ( Ö�UUU† Î � ( � � � � P ( Ö� �UUU»E� ( � � P
»�

Ø
¹� X

( Ö

( Ö P �
XQ »	 �U

3� ( � � ( Ö�UUU½Î � ½Ð � ½� 
1. (3.32) 

+$� »�  �  »	  – ��!;��8�&-4:��  "#?//�7��(�) , 0�$�4:��  0�'�!��#!�2  $%6 

"�*�%%6&(#+# $�'%�(�6  (3� ), Ø – 8�0&�0��&().  *�&����& , -$#'%��'#&64:�.  

-!%#'�6�  Ø ` �  �  Ø  ! , -&�'(�(��  (2.63) !'#$��!6  "  -&�'(�(�4  

W(
Wa

P y
W
W�

¼( Ö9 � W(
W�

¾P z( Ö9 � W(
W�

� � �UUUy �
† »�

½Í
�UUUz � P

ÏØ
Í

� 1. (3.33) 

�&�'(�(��  (3.33) �����  �&�1*�&����&� �!"-4  +&-**-  !�����&��   

a•� K9 : J aQ <	 �UUU� •� � Q <” �UUU(• � K
: J

Ö9 � ( �UUU<� �<	 �<”  ! � 1. (3.34) 

"#�#&�6  *#0'#%6�� ?//�"��'(#  �!*#%20#'��2  ���#$  &�0�(#<�(�6   �!%�(()1  

&�;�(�.  $%6  �!�(#+#  !%- �6  (3.33) -&�'(�(�6  (2.63). ��$�(��  /-("7�.  (3.32) $%6 

-&�'(�(�6  (2.63),  �#8)  *#%- ��2  -&�'(�(��  (3.33) !  +&-**#.  !�����&��  (3.34), 

#!(#')'���!6  (�  +&-**#'#.  "%�!!�/�"�7��  -&�'(�(�.  ��*�  (2.63) '  [41, 108, 196] 

�  *&�0'�(#  *#%- ��2  $#!���# (-4  $%6 &�0�(#<�(�6  &�;�(�.  +&-**-  !�����&�� . 

��#��  #������2 ,  �#  '#0�#<()  ��"<�  �  $&-+��  !���.!�'�  /-("7�. , "#�#&)�  

*#0'#%64� !'�!��  $�//�&�(7��%2(#�  -&�'(�(��  (2.63) "  -&�'(�(�4  (3.33) �%�  "  

$&-+��  -&�'(�(�6�  �0  "%�!!�/�"�7�. , -*#�6(-�)1  ');� . ��*&�&)'(�6  +&-**�  

!�����&��  (3.34) !"%�$)'���!6  �0  *�&�(#!#'  *# '&���(�  �  *&#!�&�(!�'- , �  ��"<�  

!#'��!�()1  &�!�6<�(�.  *# '&���(�  �  (�!):�((#!�� ,  �#  �#<(#  *#%- ��2  
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*#!%�$#'���%2()�  *&�&�'(�'�(���  *�&����&#'  +&-**)  !�����&��  "  (-%4 , 0� 

�!"%4 �(���  #$(#+#. 

�%6 -&�'(�(�6  (3.33) �0'�!�(#  !���.!�'#  &�;�(�.  [201], "#�#&#�  �#<��  

8)�2  0�*�!�(#  '  '�$�  

( � a� � � � å P
�

z � a Q 7� �
Q

y ³r æ
aQ 7�

7	
æ

z 	 � Ø P � �� a Q 7� �
ç

�
Ö9 �

�UUUU

7� �
{

z � ( è
Ö9� P ( é

Ö9� �
�UUU³r]7	 ] � ³r ]7� ] P ( è

Ö9� z 	

y
� Ø P � � 7� �UUUU

( è � ( � � �� � �UUUU( é � ( � � � { � �UUUU�  R� � { T�UUUUa  R� � / T 

1. (3.35) 

�  �!*#%20#'�(#  (�<�  $%6 *&#'�&"�  !1#$��#!��  ')8&�((#.  &�0(#!�(#.  !1��) . 

��((#�  !���.!�'#  &�;�(�.  (3.35) 6'%6��!6  �('�&��(�()�  #�(#!���%2(#  +&-**)  

(3.34), �#  �!�2  �0  %48#+# &�;�(�6  !���.!�'�  *#$ $�.!�'���  $�((#.  +&-**)  

!�����&��  *#%- ���!6  ��"<�  &�;�(��  !���.!�'� . 

3.3.2.  ����	�
���  �����  
  
��	����  ������  ���  �����
	�  

�%6 *&�$!��'%�(�6  #*�!�((#+#  ');�  ���#$�  &�0�(#<�(�6   �!%�(()1  

&�;�(�.  �!*#%20#'�(�  !%�$-4:�6  (�6'(�6  &�0(#!�(�6  !1���  (*#&6$#" 

�**&#"!���7��  L� Fa�F�� ) 

( �
� ~ � � ( �

� Q z
� a
� �

� ( �
� � Ö9 � � ( �

� ~ � P ( � 9 �
� ~ � � QU

Qy
� a

� � 	 %� ( �
� � Ö9� � ( �~�

�~� P ( �
�~� � P � ( �9�

� � Ö9� � ( �
�~� P ( �9�

�~� � ' �U

� a � FN�Oa�UUU� � � FN�Oa�

1. (3.36) 

�0  !���.!�'�  �('�&��(�()1  &�0(#!�()1  !1��  "%�!!�  1 (
�8%�7�  2.4). 3�&����&) , 

"#�#&)�  �!*#%20#'�()  $%6 *&�'�$�(()1  0$�!2 &�! ��#'  [57, 179, 178], 

*&�$!��'%�()  (�<�  (
�8%�7�  3.2). @��  *�&����&)  8)%�  ')8&�()  �0  !##8&�<�(�.  

(�+%6$(#. $��#(!�&�7��  #*�!)'���#+#  �%+#&����  &�0�(#<�(�6   �!%�(()1  

&�;�(�.  8�0 <�!�"#.  *&�'60"�  "  �(��&'�%��  �1  &��%2(#+# �0��(�(�6  $%6 

"#("&��()1  *%�!�#')1  !�!��� . ��0(#!�(�6  !1���  (3.36) �!*#%20-��  �0'�!�()�  

'�$)  �**&#"!���7�.  $%6 "#('�"��'(#+#  �  $�//-0�#((#+#   %�(#' , "#�#&)�  

�0- �() , (�*&���&  '  [73, 76, 83].  
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�8%�7�  3.2 - �(� �(�6  *�&����&#'  $%6  �!%�(()1  &�! ��#'  !  *#�#:24  &�0(#!�(#.  
 !1��)  (3.36) 

����
�%�  �� . �-
 .  (���(��  
3#&�!�#!�2  Í  $. �$ . 0.20 
�8!#%4�(�6  *&#(�7���#!�2  †  � 2 10-12 
�60"#!�2 U½ 3�E!  10-3 
��!;��8�&-4:�.  *�&����&  »�  3�  3 000 000 
��!;��8�&-4:�.  *�&����&  »	  3�  6 000 000 
�"#&#!�2  <�$"#!��  Ï  � /c 0.0001 
3�&����&  $%6 !��*�(�  Ø - 2 
�%�(�  &�! ��(#.  #8%�!��  {  �  100 
��"!���%2(#�  '&��6  /  !  200 000 
�� �%2(�6  (�!):�((#!�2  (�  %�'#.  +&�(�7�  ( è $. �$ . 0.20 
�� �%2(�6  (�!):�((#!�2  (�  *&�'#.  +&�(�7�  ( é  $. �$ . 0.60 
�#%� �!�'#  ;�+#'  *# *&#!�&�(!�'-  Øi  ;� . 100 
�#%� �!�'#  ;�+#'  *# '&���(�  Ø‘  ;� . 200 000 

 

��<�  ��!-(#"  3.5 *&�$!��'%6��  /-("7��  	�3  �  "�*�%%6&(#+# $�'%�(�6  $%6 

-"�0�(()1  ');�  *�&����&#'  (
�8%�7�  3.2). 3&�$!��'%�(()�  (�<�  /-("7��  	�3  

�#+-�  8)�2  ��!;��8�&#'�()  (�  #!���# ()�  (�!):�((#!�� , *&�  ?�#�  (� �%2()�  �  

+&�(� ()�  -!%#'�6  $#%<()  8&��2!6  �0  �(��&'�%�  #!���# ()1  (�!):�((#!��. . 

��'�!��#!��  $%6 	�3  *#"�0)'�4� ,  �#  #$(�  �0  "&�')1  $%6 '#$)  �%�  (�/��  '  

$�((#.  �#$�%�  6'%6��!6  ')*-"%#. . 
�"#.  '�$  #�(#!���%2()1  /�0#')1  

*&#(�7���#!��.  �#<��  '!�&� ��2!6 , "  *&���&- , $%6 *!�'$# -	�3  *&�  

#89�$�(�(��  !%#�'  !  &�0(#.  *&#(�7���#!�24  [71], �  !��#  -&�'(�(��  �#<��  8)�2  

�!*#%20#'�(#  $%6 0�$�  ��*�  [133]. 
�"<�  ��"#.  '�$  /-("7�.  	�3  '  (�"#�#&)1  

!%- �61  �#<��  8)�2  *#%- �(  *# &�0-%2�����  ?"!*�&���(�#'  (�  "�&(� , "�"  

(�*&���&  *&�$!��'%�(#  '  [3] $%6 /�%2�&�7��  '#$)  �  (�/��  �  '  [68] $%6 

/�%2�&�7��  +�0� �  '#$) . 
�"<�  !�#��  #������2 ,  �#  "#("&��().  '�$  /-("7�.  

	�3  �  "�*�%%6&(#+# $�'%�(�6  �#<��  8)�2  *#%- �(  (�  #!(#'�  �#$�%�&#'�(�6  

*&#7�!!#'  /�%2�&�7��  '  *#&#��!;��8()1  �#$�%61 *#&�!�#.  !&�$) ,  ��-  

*#$&#8(# *#!'6:�(�  
%�'�  4. 
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��!-(#"  3.5 - �-("7��  	�3  �  "�*�%%6&(#+# $�'%�(�6 , �!*#%20#'�(()�  $%6  �!%�(()1  

&�! ��#'  
 

3.3.3.  ������
�
�  �
�������  �����
	�  

��<�  *&�$!��'%�()  (��!-(#"  3.6) /-("7��  (� �%2()1  �  +&�(� ()1  -!%#'�.  

$%6  �!%�((#+#  &�;�(�6 , "#�#&#�  �!*#%20-��!6  $%6 &�0�(#<�(�6  &�;�(�.  

[57, 178]. 
�"#.  ')8#&  -!%#'�.  ')0'�(  <�%�(���  *&#'�&"�  !1#$��#!��  

*#%- ���)1   �!%�(()1  &�;�(�.  !  !���.!�'#�  &�;�(�.  (3.35), �#  �!�2  -!%#'�6  

*#%- �()  !  �!*#%20#'�(���  #$(#+#  �!�(#+#  &�;�(�6  ?�#+# !���.!�'� . ��(()�  

(� �%2()�  �  +&�(� ()�  -!%#'�6  '��!��  !  &�0(#!�(#.  !1��#.  (3.36) �#+-�  8)�2  

#�(�!�()  "  0�$� � , +$� '  *%�!��  !  *#!�#6((#.  !"#&#!�24  <�$"#!��  �$��  *&#*��"�  

(�/�24 . 
�"<�  ��!-(#"  3.6 *&�$!��'%6��  *&#/�%�  (�!):�((#!��  '#  '&���(�  �  

*&#!�&�(!�'�  $%6 &�;�(�6 , "#�#&#�  �!*#%20-��!6  $%6 &�0�(#<�(�6  &�;�(�.  

&�!!���&�'���#.  &�0(#!�(#.  !1��)  !  -"�0�(()��  ');�  *�&����&��� . �&�'(�(��  

!  �0'�!�()�   �!�()�  &�;�(���  �0  (3.35) $�//�&�(7��%2(#+#  -&�'(�(�6  (3.33) 

*#"�0)'���  1#&#;-4  �# (#!�2  �  !1#$��#!�2  �!*#%20-��#.  &�0(#!�(#.  !1��)  $%6 

0�$�(()1  *�&����&#' . 3#!%� *&���(�(�6  *&�#8&�0#'�(�.  +&-**)  !�����&��  

#�(#!���%2(�6  #;�8"�  #!����!6  !  �# (#!�24  $# 6 0(�"�  ��"#.  <� : !&�$(66  

#�(#!���%2(�6  #;�8"�  – 0.001673 $. �$ ., ��"!���%2(�6  – 0.005179 $. �$ . 
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��!-(#"  3.6 - 3&#/�%�  (�!):�((#!��  *# '&���(�  (!%�'� ) �  *&#!�&�(!�'-  (!*&�'� ) $%6 

&�0(#!�(#.  !1��)  (3.36) �  *�&����&#' , *&�$!��'%�(()1  ');�  (
�8%�7�  3.2) 
 

��!-(#"  3.7 *&�$!��'%6��  &�0�(#<�(��  *6��   �!%�(()1  &�;�(�.  $%6 

(�!):�((#!��.  ( è � ��¥M� ��Mê� ��M¬� ���ä� ���M  (�  #!(#'�  *#%- �((#+#  �!1#$(#+#  

&�;�(�6  $%6 &�0�(#<�(�6 , *&#/�%�  "#�#&#+# �0#8&�<�()  ');�  (��!-(#"  3.6). 

��0�(#<�(��  *&#'#$��!6  !  *#�#:24  *&�#8&�0#'�(�.  +&-**)  !�����&��  (3.34), 

*&�  ?�#�  <� ` �� < 	 � �� < ” � � ,  �#  #0(� ���  �!*#%20#'�(��  �#%2"# 

#$(#*�&����&� �!"#.  +&-**)  &�!�6<�(�.  *# '&���(�  �  (�!):�((#!�� . 

�!*#%20#'�(��  *�&�(#!#'  *# '&���(�  -��!�(# , �!%�  $%6 !+�(�&�&#'�(()1  

&�;�(�.  �&�8-��!6  �0��(�(��  !##�(#;�(�6  ( é ( èÌ . ��! ��)  *&#'#$�%�!2  !  

*#�#:24  &�0&�8#��((#.  '  ���  Matlab *&#+&���) , #*�!�(��  "#�#&#.  

*&�$!��'%�(#  '  3&�%#<�(��  A. �)�+&);  '  !"#&#!��  &�! ���  *6��   �!%�(()1  

&�;�(�.  !  *#�#:24  +&-**)  !�����&��  (8�0 - ���  '&���(�  &�! ���  �!1#$(#+#  

&�;�(�6 ) *�&�$  &�! ��#�  ��"#+#  <�   �!%�  &�;�(�.  !  *#�#:24  ���#$#'  &�;�(�6  

����  &�0(#!�(#.  !1��)  !#!��'%6��  *#&6$"�  1000 &�0. 3# !-�� , '&��6  &�8#�)  

���#$�  &�0�(#<�(�6   �!%�(()1  &�;�(�.  '  !-:�!�'�((#.  !��*�(�  0�'�!��  #�  

'&���(�  &�! ���  �!1#$(#+#  &�;�(�6  !  *#�#:24  &�0(#!�(#.  !1��)  (�*&6�-4 . 
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��!-(#"  3.7 - 3&#/�%�  (�!):�((#!��  *# '&���(�  (!%�'� ) �  *&#!�&�(!�'-  (!*&�'� ) $%6 

*#%- �(()1  &�;�(�.  
 

�  $�((#�  &�0$�%� *&#$��#(!�&�&#'�()  *&���-:�!�'�  �!*#%20#'�(�6  

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

-&�'(�(�6  ��*#*#&�� -��!� . @��  &�0-%2���)  *&�$!��'%�()  '  [56]. ��0-!%#'()��  

*&���-:�!�'���  $�((#+#  *#$1#$� 6'%64�!6  0(� ���%2(#�  -'�%� �(��  !"#&#!��  

&�! ���  ((�  �&�  *#&6$"� ), ��"  "�"  *#%- ��2   �!%�((#�  &�;�(��  !  *#�#:24  

&�0(#!�(#.  !1��)  (-<(#  %�;2  #$�(  &�0, �  '#0�#<(#!�2  "#(�&#%6 �# (#!��  $%6 

*#!%�$-4:�1  &�! ��#' , ��"  "�"  #;�8"�  !+�(�&�&#'�(()1  &�;�(�.  0�'�!��  #�  

#;�8"�  *�&'#(� �%2(#+#  &�! ��� . @��  *&���-:�!�'�  *#0'#%64� 8)!�&��  �  

?//�"��'(��  (�1#$��2  &�;�(�6  �(#+�1  0�$� , "#�#&)�  �&�8-4�  8#%2;#+# 

"#%� �!�'�  �(#+#'�&��(�()1  &�! ��#' : �(�%�0  (�#*&�$�%�((#!��  [25], �$�*��7�6  

"  �!�#&��  &�0&�8#�"�  [37], �*!"�.%�(+  [71] �  �(#+#�  $&-+#�. 

��$#!���"#�  *&�$%�+���#+#  *#$1#$� (�  *�&').  '0+%6$ 6'%6��!6  

#+&�(� �((#!�2  ')8#&�  �!*#%20-��)1  	�3  �(�%��� �!"���  0�'�!��#!�6��  '�$�  

(3.32). 	$(�"#  '  -!%#'�61  ')!#"#.  !��*�(�  (�#*&�$�%�((#!��  $%6 	�3  �  

"�*�%%6&(#+# $�'%�(�6  ?�#�  (�$#!���#"  �#<��  #"�0��2!6  (�!-:�!�'�(()� . 

3.4.  ���
��,  *��
�(�(�.  �	�))�6���1�2  ��)���%(,5  ��(�
���)��5  )�)%�
  

3.4.1.  $�
���  ���  ����	�
�	�  �����  �������
�  2����� -1�����

�  

�%6 *#!�&#�(�6  *&���&�  $�!"&��(#.  $�(��� �!"#.  !�!���)  �0  

"%�!!�/�"�7�� , "#�#&�6  *#%- �(�  '  *&�$)$-:�.  
%�'�  2 $%6 $'-��&()1  !�!���  !  

$'-1*�&����&� �!"���  +&-**���  (�*&�&)'()1  !�����&�. , &�!!�#�&��  
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$�//�&�(7��%2(#�  -&�'(�(��  ��"%�6 -��'�&����  [8]. ��((#�  -&�'(�(��  #*�!)'���  

*&#7�!!  $'-1/�0(#.  /�%2�&�7��  '  #$(#��&(#.  *#&�!�#.  !&�$�  8�0 - ���  

"�*�%%6&(#+# $�'%�(�6  �  !  *#!�#6(()�  !-���&()�  &�!1#$#�  <�$"#!�� : 

W(
Wa

Q
Ï
?

\3
\(

W(
W�

� � � 1. (3.37) 

+$� Ï  – *#!�#6((�6  !-���&(�6  !"#&#!�2  $'-1/�0(#+#  *#�#"� , ?  – *#!�#6(().  

"#?//�7��(�  *#&�!�#!�� , (�a� ��  – '#$#(�!):�((#!�2 , 3�(�  – $#%6 '#$)  '  *#�#"� . 


&-**#'#.  �(�%�0  $�((#+#  ��*�  -&�'(�(�.  8)% *&#'�$�(  '  !���2�  [191], +$� 8)% 

')$�%�(  #$�(  "%�!!  -&�'(�(�.  !  '#!2��*�&����&� �!"#.  (�*&�&)'(#.  +&-**#.  

!�����&��  $%6 *&#�0'#%2(#.  /-("7��  ��"%�6 -��'�&���� . 

��%��  $%6 !%�$-4:�1  /-("7�.  	�3  �  ��"%�6 -��'�&����  

†Ð � ( � � ( 	 �UUU† Î � ( � � � � P ( 	 � �UUU½Î � ½Ð � ½� 

3�(� �

†Ð � ( �
½Ð

†Ð � ( �
½Ð

Q
† Î � ( �

½Î

� ( 	 � 
1. (3.38) 

"#�#&)�  8)%�  �!*#%20#'�()  $%6 -&�'(�(�6  ��*#*#&�� -��!�  '  $�((#.  +%�'�  [57], 

*#!�&#��  *&���&  6'(#.  &�0(#!�(#.  !1��)  $%6 ;�!��  '(-�&�((�1  �  $'-1  

+&�(� ()1  *&#!�&�(!�'�(()1  -0%#' !  &�'(#��&()�  ;�+#�  �  !  *#!�#6(()�  

'&���(()�  ;�+#�  [179]. ��((�6  &�0(#!�(�6  !1���  6'%6��!6 , *# !-�� , 

;�!����&(#.  $�!"&��(#.  $�(��� �!"#.  !�!���#.  �  �#<��  8)�2  0�*�!�(�  "�"  

( �
� ~ � � ( �

� P ( �
� Ï

?
M>a
>�

� ( �
� P ( è� � ( 	

� ~ � � ( 	
� P ( 	

� Ï
?

>a
M>�

� ( ”
� P ( �

� � �U
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�~� � ( ”
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?
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� P ( ”

� � � ( ²
�~� � ( ²
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?
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>�
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� � �U

( Ë
� ~ � � ( Ë
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� Ï

?
>a
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� ( ë

� P ( ²
� � � ( ë

� ~ � � ( ë
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2. (3.39) 

+$� '�&1(�.  �($�"!  �  #�'� ���  0� '&���((#.  !%#., (�<(�.  �($�"!  #�'� ���  0� 

(#��&  -0%� (�  *&#!�&�(!�'�((#.  !��"� , ( è �  ( é  – *#!�#6(()�  +&�(� ()�  

(�!):�((#!��  (�  %�'#.  �  *&�'#.  +&�(�7�1  !##�'��!�'�((# . ��((�6  $�!"&��(�6  

$�(��� �!"�6  !�!����  �����  $'-1*�&����&� �!"-4  +&-**-  !�����&�� , $%6 
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"#�#&#.  *&#$#%<�(()�  (�  $�!"&��()�  *�&���(()�  �(/�(���0���%2()�  

#*�&��#&)  ���4�  '�$  

Z� � ( 	
� W

W( 	
� Q ( 	

� ~ � W

W( 	
� ~ � �Z	 � ( Ë

� W
W( Ë

� Q ( Ë
� ~ � W

W( Ë
� ~ � � 1. (3.40) 

��'�6  �  *&�'�6  "#(� (# -&�0(#!�()�  *&#�0'#$()� , �!*#%20#'�(()�  $%6 -&�'(�(�.  

(#��&  2 �  5 !##�'��!�'�((# , *#0'#%64� ����2  -"�0�((-4  +&-**-  !�����&�� . 

��!"&��(�6  $�(��� �!"�6  !�!����  (3.39) �  $'-1*�&����&� �!"�6  +&-**�  

!�����&�� , *&�$!��'%6���6  #*�&��#&���  (3.40), #�(#!��!6  "  !%- �4  1 

"%�!!�/�"�7��  $'-��&()1  $�!"&��()1  $�(��� �!"�1  !�!���  (
�8%�7�  2.1) !  

- ��#�  &�0-%2���#'  *# #8#8:�(�4  "%�!!�/�"�7�.  (�  �(#+#��&().  !%- �.  – 

&�0$�% 2.6.1. *&�$)$-:�.  +%�') . ,�%24  *#!�&#�(�6  $�((#.  &�0(#!�(#.  !1��)  

6'%6��!6  $��#(!�&�7�6  *#$1#$� *&���(�(�6  *#%- �((#.  "%�!!�/�"�7��  

$�!"&��()1  $�(��� �!"�1  !�!���  $%6 &�0(#!�()1  !1�� , *#?�#�-  '  $�((#�  

&�0$�%� (�  0��&�+�'�4�!6  '#*&#!)  -!�#. �'#!��  �  *#&6$"#'  �**&#"!���7�. . 

3.4.2.  $�
���  ���  ����
����	�  ��

  ���
����	�  �  �
��  
����	���
��  

+���
���	�	  

3&�  �#$�%�&#'�(��  �� �(�6  '#  /&�"��%2()1  "�*�%%6&()1  !��61 , "�"  8)%# 

*#"�0�(#  '  [97],  �#8)  *#%- ��2  +�$&�'%� �!"#�  !#*&#��'%�(��  (�  #$(#.  �0  

+&�(�.  � -+# *&�8%�<�(�6  /&�"��%2(#+#  �(#<�!�'�  (-<(#  !$�%��2  �  ���&�7�.  

0(� �(�6  !#*&#��'%�(�6  (�  #$(#.  �0  +&�(�.  (� �%2(#+#  *&�8%�<�(�6 . 3&� ��  

���&�7��  *&#�0'#$6�!6  !  *#�#:24  $&#8(#-&�7�#(�%2()1  /-("7�. , -  "#�#&)1  

*#%�(#�)  0(���(���%6  �   �!%���%6  -$#'%��'#&64�  $'-�  -!%#'�6� : 

·  !��*�(2  *#%�(#��   �!%���%6  (�  �$�(�7-  8#%2;� !��*�(�  *#%�(#��  

0(���(���%6 ; 

·  *#%�(#�)  '   �!%���%�  �  '  0(���(���%�  6'%64�!6  #$(#&#$()��  

/-("7�6��  – !-���&(�6  !��*�(2  '!�1  #$(# %�(#'  &�'(�  ��<$-  !#8#. . 

�  !���2�  [188] 8)%# *#"�0�(# ,  �#  $�!"&��(�6  $�(��� �!"�6  !�!����  

�  
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� � ~ � �
� � � ì � � Q ¬
 � � � � � P 
 � �
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 � � � ¥� � Q 
 � �
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 � ~ � �
�� � P 
 � ��� �

	 P ¬� � 
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 �
	 �

M� M� � P 
 � � � ¥� � Q 
 � �
� 

1. (3.41) 

���&�7��  "#�#&#.  $�4�  !#*&#��'%�(��  !�#&#(  �(�0#�&#*(#.  !���  "�*�%%6&#' '  

'�$�  �&�-+#%2(�"�  ��&*�(!"#+#  (��!-(#"  3.8), �#<��  8)�2  !'�$�(�  "  #$(#��&(#.  

!�!���� . 

 
��!-(#"  3.8 - �1���  ���&�7�.  !#*&#��'%�(�6  (�  !�#&#(�1  �&�-+#%2(�"�  ��&*�(!"#+#  
 

3#$#8().  &�0-%2���  �#<(#  *#%- ��2  �  $%6 $&-+�1 !���.  "�*�%%6&#' 

[46, 47, 49, 179], -  "#�#&)1  !#*&#��'%�(�6  (�  !�#&#(�1  ') �!%64�!6  !  *#�#:24  

#�#8&�<�(�.  

� � ~ � �
† � � � � 
 � �
{ � � � � 
 � �

� 
 � ~ � �
Ù � � � � 
 � �
Ø� � � � 
 � �

� 1. (3.42) 

+$� †� {� Ù� Ø  – *#%�(#�) , -$#'%��'#&64:��  -!%#'�6� , "#�#&)�  #*�!�()  ');� . 

��!"&��(�6  $�(��� �!"�6  !�!���� , 0�$�((�6  #�#8&�<�(���  '�$�  (3.42), $#*-!"���  

+&-**-  #$(#&#$()1  &�!�6<�(�.  

� 2 � � K: �UUU
 2 � 
 K: �UUUZ� � �
W
W�

Q 

W
W


� 1. (3.43) 

��(#(� �!"��  *�&���(()�  $%6 $�((#.  +&-**)  *&�#8&�0#'�(�.  ���4�  '�$  

ž �


�

�Ÿ � ³r 
 �
 

2. (3.44) 

�  ?��1  *�&���(()1  #*�&��#&  Z�  *&����  '�$  
f

fí
� �  *#�#:24  0���()  (3.44) 

#�#8&�<�(��  (3.42) *&�'#$��!6  "  '�$-  
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ž � ~ � �
{î � ž � � ’ Ùï � ž � �

†ï � ž � � ’ Øï � ž � �
�UUUŸ� ~ � � Ÿ� Q ¹�

Ùï � ž � �

Øï � ž � �
� 1. (3.45) 

+$� †ï � ž� � † � � žÌ � � �  �  � .$. 

��!!�#�&��  $�%��  (�"#�#&).  �(/�(���0���%2().  #*�&��#&  

Z	 � V� � � 
 �
W
W�

Q ^� � � 
 �
W
W


 1. (3.46) 

�  *&�$*#%#<�� ,  �#  ?�#�  #*�&��#&  0�$���  +&-**-  !�����&��  '��!��  !  !�����&��.  

(3.43) !�!���)  (3.42). �!*#%20-��  $�%��  "%�!!  4 �0  "%�!!�/�"�7��  $'-��&()1  

$�!"&��()1  $�(��� �!"�1  !�!���  (
�8%�7�  2.1): (�.$��  ��"#.  #*�&��#&  Z	 , 

"#�#&).  '��!��  !  Z�  *&�'#$��!6  "  "%�!!-  4, �  $%6 ?�#+# &�;��  !�!���-  -&�'(�(�.  

—
˜

™Z	 ž � V� � � 
 � %P


� 	 ' Q ^� � � 
 � ¼

�
�

¾� � �

Z	 Ÿ � V� � � 
 � ’ � Q ^� � � 
 � ¼
�



¾� 
 �
 1. (3.47) 

��((#�  -&�'(�(��  $%6 *#�!"�  (#')1  "##&$�(��  �#<(#  (�.�� , (�*&���& , '  [18]. 

��;�(���  !�!���)  (3.47) 6'%64�!6  /-("7��  

V� � � 
 � � �
 �UUÛ� � � 
 � � 
 	 � 1. (3.48) 

��%��  �!*#%20-��  !�!���-  -&�'(�(�.  (2.41) $%6 *&#'�&"�  6'%6��!6  %� 

!##�'��!�'-4:�6  #*�&��#&-  (3.48) +&-**�  (�*&�&)'()1  *&�#8&�0#'�(�.  +&-**#.  

!�����&��  $%6 (3.45), +$� !�!����  -&�'(�(�.  �  #*�&��#&  0�*�!)'�4�!6  '  

"�(#(� �!"�1  "##&$�(���1  (3.44). �0  -*#�6(-�#.  !�!���)  -&�'(�(�.  !%�$-�� ,  �#  

Ù ØÌ Ó FN�Oa. @�# *&#��'#&� ��  -!%#'�6�  (�  /-("7��  $�!"&��(#.  $�(��� �!"#.  

!�!���)  (3.42), �  0(� ��  �  *&�$*#%#<�(�4  # (�%� ��  �:�  #$(#.  

#$(#*�&����&� �!"#.  +&-**)  !�����&��  [179]. �0  ?�#+# !%�$-�� ,  �#  !�!����  

(3.42) (�  !'#$��!6  "  "%�!!-  4.  

��!!�#�&�(().  *&���&  $��#(!�&�&-��  *&���(�(��  *#%- �(()1  

"%�!!�/�"�7�.  $�!"&��()1  $�(��� �!"�1  !�!���  $%6 *#�!"�  (#')1  !�����&�.  

�%� , '   �!�(#!�� , $%6 $#"�0���%2!�'�  �1  #�!-�!�'�6 ,  �#  ��"<�  6'%6��!6  *#%�0()�  

&�0-%2���#� . 
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,���,  �  3	���  

1. �  $�((#.  +%�'�  *&#$��#(!�&�&#'�(#  *&���(�(��  *&�$!��'%�(()1  '  

*&�$)$-:�.  +%�'�  "%�!!�/�"�7�.  $%6 �!!%�$#'�(�6  $�!"&��()1  

�#$�%�.  *&#7�!!#'  /�%2�&�7��  '  *#&�!�)1  !&�$�1 .  

2. 3&�$!��'%�(  &�0&�8#��(().  ���#$  &�0�(#<�(�6  (+�(�&�7�� ) 

 �!%�(()1  &�;�(�.  !  *#�#:24  (�*&�&)'()1  +&-**  !�����&�.  

'��!��  !  �!!%�$#'�(���  �# (#!��  $�((#+#  ���#$� . 

3. ���#$  &�0�(#<�(�6   �!%�(()1  &�;�(�.  &�0(#!�()1  !1��  

*&#��!��&#'�(  (�  *&���&�   �!�(#+#  !%- �6  -&�'(�(�6  /�%2�&�7��  

+�0�, $%6 "#�#&#+# ��"<�  *#%- �(�  �('�&��(�(#!�2  -!%#'�.  

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

��!� . 

4. 3&�'�$�()  $'�  *&���&�  *&���(�(�6  "%�!!�/�"�7�.  $�!"&��()1  

$�(��� �!"�1  !�!��� : *&���&  6'(#.  &�0(#!�(#.  !1��)  -&�'(�(�6  

��"%�6 -��'�&����  "�"  $�!"&��(#.  $�(��� �!"#.  !�!���) ; *&���&  

$�!"&��(#.  $�(��� �!"#.  !�!���)  $%6 *&#'#$��#!��.  /&�"��%2(#.  

!���  "�*�%%6&#' '  '�$�  �&�-+#%2(�"�  ��&*�(!"#+# , $%6 "#�#&#.  

*&#$��#(!�&�&#'�(  *#$1#$ "  $#"�0���%2!�'-  (�%� �6  �%�  #�!-�!�'�6  

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

5. 3#"�0�(# ,  �#  �!*#%20#'�(��  (�*&�&)'()1  +&-**  !�����&�.  

*#0'#%6�� 0(� ���%2(#  -!"#&��2  &�! ��)  !  *#�#:24  $�!"&��()1  

�#$�%�.  *&#7�!!#'  /�%2�&�7��  '  *#&�!�)1  !&�$�1 ,  �#  "&�.(�  '�<(# , 

'   �!�(#!�� , $%6 0�$�  !  �(#+#'�&��(�()��  &�! ����� : 0�$� �  

&���!;��8�&#'�(�6  �#$�%�. , #8&��()�  0�$� �  #*&�$�%�(�6  

*�&����&#'  �#$�%�.  �  $&. @��  ��*)  0�$�  8-$-�  $�%��  '  !%�$-4:�1  

+%�'�1 (#!��2  +%�'�(!�'-4:-4  &#%2 *&�  �!!%�$#'�(��  

*#&#��!;��8()1  �#$�%�.  *#&�!�)1  !&�$  (��"&#�#$�%� ) �  �1  

*&���(�(��  $%6 $�!"&��()1  ��"&#�#$�%�.  ��!�#&#<$�(�.  (�/��  �  

+�0�.  
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$	���  4.  ����������  ������  ��������
  ����������  ��  

���"��#�  ���  

��((�6  +%�'�  *#!'6:�(�  $�!"&��()�  �#$�%6�  *#&�!�#.  !&�$) , 

#*�!)'�4:��  *&#7�!!)  /�%2�&�7��  (�  ��!;��8�  *#&. 3&�$!��'%�(()�  0$�!2 

�#$�%�  *#&#')1  !���.  6'%64�!6  #$(��  �0  "%�!!#'  $�!"&��()1  ��"&#�#$�%�. . 

	(�  �!*#%20-4�!6  '  !%�$-4:�.  
%�'�  5 $%6 �!!%�$#'�(�6  !'60�.  $�!"&��()1  

�#$�%�.  ��"&# - �  ��"&#��!;��8�  – &���!;��8�&#'�(�� , "#�#&#�  "&��"#  #*�!�(#  

'  
%�'�  1. 
�"<�  *&#'�$�(#  #8#!(#'�(��  ')8#&�  $�((#+#  "%�!!�  $�!"&��()1  

�#$�%�.  ��"&#��!;��8�  $%6 &���!;��8�&#'�(�6 . 

4.1.  ���
�(�(��  *���
�)7%�+(,5  
���	�2  �  �+	�)%�  
���	�����(�.  

*��1�))��  6�	'%��1��  �  (�6%�3�-�(�)(,5  *	�)%�5  

4.1.1.  $����	����
  ��
�����
�  �	�	���"
�����  �
����
���  �	�����  ���  

	����
  �
��
���
	����  �����
��
�

�  ���
����	�	����  ����
	�  

�#$�%�&#'�(��  *&#7�!!#'  /�%2�&�7��  (+�$&#$�(��� �!"#�  

�#$�%�&#'�(�� ) 6'%6��!6  (�#�9��%��#.   �!�24  !#'&���((#+#  *&#�"��&#'�(�6  

&�0&�8#�"�  (�/�6()1  �  +�0#')1  ��!�#&#<$�(�. . �!*#%20-��)�  $%6 

�#$�%�&#'�(�6  ') �!%���%2()�  �(!�&-��(�)  (!��-%6�#&) ) *&�$#!��'%64�  

;�&#"��  '#0�#<(#!��  $%6 &�! ���  *#"�0���%�.  &�0&�8#�"� . 	$(�"#  �0 -0� 

(�$#!���# (#.  *#%(#�)  �  (�0"#+#  "� �!�'�  $�(()1 , (�#81#$��)1  $%6 

+�$&#$�(��� �!"�1  !��-%6�#&#' , &�! ��  *&#+(#0()1  *#"�0���%�.  &�0&�8#�"�  

��!�#&#<$�(�.   �!�#  *&�'#$��  "  8#%2;��  #;�8"�� . 3#?�#�-  �!*#%20-��)�  '  

&�! ���1  $�(()�  $#%<()  ����2  1#&#;��  #8#!(#'�(��  �  "� �!�'�((-4  #8&�8#�"- . 

�1#$()�  $�(()� , "�"  *&�'�%# , !�&-"�-&�&-4�!6  '  !##�'��!�'��  !  #�$�%2()��  

!#!��'%64:���  *&�$!��'%�(�6  # (�/��+�0#(#!()1  *%�!��1 , ��"���  "�"  

+�#%#+� �!"��  *�&����&) , $�(()�  *&#�)!%#'#.  �!�#&�� , PVT-!'#.!�'�  /%4�$#' , 

/�%2�&�7�#(()�  *�&����&)  (�8!#%4�(�6  *&#(�7���#!�2 , #�(#!���%2()�  /�0#')�  

*&#(�7���#!��  �%�  	�3 , "�*�%%6&(#� $�'%�(��  �  $&.) �  � .$.  

	8) (#  (��8#%��  !%�8# #8#!(#'�(()�� , (#  '  �#  <�  '&��6  #"�0)'�4:���  

(��8#%��  !�%2(#�  '%�6(��  (�  *#"�0���%�  &�0&�8#�"� , 6'%64�!6  /�%2�&�7�#(()�  
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*�&����&) , '  #!#8�((#!��  	�3 . 3#?�#�-  �&�8-��!6  ����2  (�$�<(#�  #8#!(#'�(��  

/�%2�&�7�#(()1  *�&����&#'  (�  ��!;��8�  #8&�07#' "�&(�  �  #8�!*� ��2  �1  

"#&&�"�(#�  &���!;��8�&#'�(��  (�  6 �."�  /�%2�&�7�#((#.  �#$�%�  *%�!�� . 3&�  

*&�'�%2(#�  #8#!(#'�(��  �  &���!;��8�&#'�(��  /�%2�&�7�#(()1  *�&����&#'  �1  

*#!%�$-4:�6  "#&&�"��&#'"�  (�$�*��7�6 ) "  �!�#&��  &�0&�8#�"� , *&�  -!%#'��  

+&��#�(#+#  #8#!(#'�(�6  $&-+�1 *�&����&#' , $#%<(� #8�!*� ��2  1#&#;��  

*&#+(#0()�  !'#.!�'�  /�%2�&�7�#((#.  �#$�%� . �!%�  <�  �$�*��7�6  

/�%2�&�7�#(()1  *�&����&#'  ')*#%(�(�  /#&��%2(# , 8�0 - ���  $#*#%(���%2(#.  

�(/#&��7��  # *%�!�� , '   �!�(#!�� , �(/#&��7��  # ��"&#!�&-"�-&�  *#&�!�#.  

!&�$) , �#  "� �!�'#  &�0-%2���#'  �#$�%�&#'�(�6  �#<��  #"�0��2!6  (�0"�� , $�<�  

�!%�  *&�  ?�#�  8-$��  $#!��+(-�#  1#&#;��  !##�'��!�'��  &�! ��()1  �  *&#�)!%#')1  

$�(()1 . 

	*&�$�%�(��  /�%2�&�7�#(()1  *�&����&#'  *%�!��  (�  -&#'(�  #8&�07#' "�&(�  

'  (�!�#6:��  '&��6  �0- ���!6  *&���-:�!�'�((#  ?"!*�&���(��%2(# . 3&�  ?�#�  

(�#81#$��)�  -!%#'�6  *&#'�$�(�6  ?"!*�&���(��  (�  '!�+$�  !#8%4$�4�!6 , 

"#%� �!�'#  ')*#%(�(()1  �0��&�(�.   �!�#  8)'���  (�$#!���# ()� , �  !%#<()�  �  

$#&#+�� ?"!*�&���(�) , (�*&���&  &�! ��  	�3  $%6 (�0"#*&#(�7���)1  #8&�07#' 

"#%%�"�#&� �%�  �&�1/�0(#.  /�%2�&�7�� , �  '#'!�  *&�"�� �!"�  (�  *&#'#$6�!6 . �  

&�0-%2����  �#<(#  ')$�%��2  !%�$-4:��  *&#8%��)  �#$�%�&#'�(�6  *&#7�!!#'  

/�%2�&�7��  [74, 84]: 

·  ')!#"�6  !��*�(2  (�#*&�$�%�((#!��  /�%2�&�7�#(()1  *�&����&#' ; 

·  (�*#%(#�  !##�'��!�'��  -!%#'�.  *&#'�$�(�6  ?"!*�&���(�#'  *%�!�#')�  

-!%#'�6� ; 

·  (�$#!���# (#�  "#%� �!�'#  ?"!*�&���(��%2()1  $�(()1 , (�#81#$��)1  

$%6 #8#!(#'�(�6  /�%2�&�7�#(()1  *�&����&#' , *# ��  *#%(#� 

#�!-�!�'��  $#&#+#!�#6:�1  �  �&-$#0��&��()1  ?"!*�&���(�#' ; 

·  �!*#%20#'�(��  $�(()1  ��!;��8�  "�&(�  $%6 ��!;��8�  ��"&#�#$�%�  

(�/��+�0#(#!(#+#  *%�!��  8�0 *&#'�$�(�6  &���!;��8�&#'�(�6 ; 
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·  "#&&�"��&#'"�  /�%2�&�7�#(()1  *�&����&#'  +%�'()�  #8&�0#� (�  

#!(#'�  $�(()1  *&#�)!%#'#.  �!�#&�� , 8�0 - ���  $#*#%(���%2(#.  

�(/#&��7��  # *%�!�� . 

�!�  ');�!"�0�((#�  !'�$���%2!�'-��  # �#� ,  �#  $%6 #8#!(#'�(�6  

(��0'�!�()1  �%�  (�  *#%(#!�24  #1'� �(()1  ?"!*�&���(����  /�%2�&�7�#(()1  

*�&����&#'  �#$�%�.  $%6 (�/��+�0#(#!()1  *%�!�#'  (�#81#$��#  *&�'%�"��2  �  

��#&��� �!"��  ���#$) , 6'%64:��!6  +#&�0$# ��(��  0��&��()�� ,  ��  

?"!*�&���(��%2()� . 
��  (�  ��(�� , #8) ()�  �(�%��� �!"��  �%�  !����!�� �!"��  

���#$�"� , (�"#�#&)�  �0  "#�#&)1  �#<(#  (�.��  '  [55, 78, 80], ��"<�  (�  '!�+$�  

*#0'#%64� !$�%��2  $#!�#'�&(#�  #8#!(#'�(��  /�%2�&�7�#(()1  *�&����&#' . 

3&� �(�  ?�#+# "&#��!6  '  (�#81#$��#!��  �!*#%20#'�(�6  8#%�� !%#<()1  �#$�%�.  

��"&#!�&-"�-&)  *#&�!�#.  !&�$) , #�  "#�#&)1  0�'�!6�  /�%2�&�7�#(()�  

*�&����&) ,  �# , (�*&���& , *&#$��#(!�&�&#'�(#  '  [74]. 3#?�#�-  (�#81#$��#  

*&�'%�"��2  �  &�0'�'��2  ���#$) , !  *#�#:24  "#�#&)1  �#<(#  �#$�%�&#'��2  

/�0� �!"��  *&#7�!!) , *&#��"�4:��  '  (�/��+�0#(#!()1  *%�!��1  (�  -&#'(�  

#�$�%2()1  *#&, �  *#0'#%64:�1  ')*#%(6�2  �#$�%�&#'�(��  &��%2()1  

?"!*�&���(�#'  (�  "�&(� . 

4.1.2.  +�#��
�� #
�  ��	�����  �	�	���"
���	�	  �	���
�	���
�  

�  -*#�6(-�)�  ');�  ��#&��� �!"��  ���#$�� , 8�0-!%#'(# , #�(#!6�!6  ���#$)  

*#&#��!;��8(#+#  �#$�%�&#'�(�6  ('  �(#!�&�((#.  %���&��-&�  – pore-scale 

modeling) !#'��!�(#  !  ���#$���  7�/&#'#+#  �!!%�$#'�(�6  "�&(�  ('  �(#!�&�((#.  

%���&��-&�  – digital core analysis). 	$(�"#  $%6 ?�#+# (�*&�'%�(�6  !-:�!�'-��  &6$ 

*&#8%��, "#�#&)�  -*#��(�4�!6  �  !�!������0�&-4�!6 , (�*&���& , '  !���261  [149] �  

[214], �  (�<�  *&�'#$��!6  �1  #8#8:�(�� : 

·  3&#8%��)  *#%- �(�6  $#!�#'�&()1  �!1#$()1  $�(()1  $%6 

*#&#��!;��8(#+#  �#$�%�&#'�(�6 :  

o (�$#!���# (#�  &�0&�;�(��  �#�#+&�/��  �  ��"&#!"#*��  $%6 

«0�1'��� » ��"&#!�&-"�-&)  *#&�!�#.  !&�$) ; 

o !%#<(#!�2  '  #*&�$�%�(��  &�!*&�$�%�(�6  !�� �'���#!��  (�  

��!;��8�  *#&; 
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o 0(� ���%2()�  &�0%� �6  ��"&#!�&-"�-&)  *#&�!�#.  !&�$)  '  

���#!/�&()1  �  *%�!�#')1  -!%#'�61 ; 

o &�0%� �6  '  &�0��&�1  #8&�07#' $%6 7�/&#'#+#  �(�%�0�  "�&(�  �  '  

&�0��&�1  #8&�07#' $%6 !��($�&�(#+#  "#�*%�"!�  �!!%�$#'�(�6  

"�&(�  (#*&�$�%�(��  *#&�!�#!�� , *&#(�7���#!��  �  � .$.). 

·  3&#8%��)  �#$�%�&#'�(�6  &�0%� ()1  *&#7�!!#'  !  *#�#:24  

*#&#��!;��8()1  �#$�%�. : 

o #!����!6  #�"&)�)�  '#*&#!  # !#+%�!#'�((#!��  *#&#��!;��8()1  

�#$�%�.  (�  &�0%� ()1  ��!;��8�1 , #!(#'�(()1  (�  &�0%� ()1  

8�0#')1  -&�'(�(�61 , (#  #*�!)'�4:�1  #$(�  �  ��  <�  *&#7�!!)  

((�*&���& , ���#$) , #!(#'�(()�  (�  &�0%� (#+# &#$� « �!��7�1 », 

8#%2;� *#$1#$6� $%6 #*�!�(�6  *&#7�!!#'  (�  �#%�"-%6&(#�  

-&#'(� ); 

o "�"  *&�'�%# , *#&#��!;��8(#�  �#$�%�&#'�(��  "#(7�(�&�&-��!6  

(�  #$(#�  /�0� �!"#�  *&#7�!!� , #$(�"#  6'%6��!6  "&�.(�  '�<()�  

&�!!�#�&�(��  &�0%� ()1  /�0� �!"�1  *&#7�!!#'  #$(#'&���((# . 

·  3&#8%��) , !'60�(()�  !  &���!;��8�&#'�(���  *#%- ���)1  

&�0-%2���#'   �&�0  '!�  !-:�!�'-4:��  ��!;��8)  (�/��+�0#(#!(#+#  

*%�!�� : 

o *&#8%���  !##�'��!�'�6  /�%2�&�7�#(()1  *�&����&#'  ('  

(��8#%2;�.  !��*�(�  	�3 ), *#%- �(()1  (�  ��!;��8�  

��"&#�#$�%�.  �  #8&�07#' "�&(� , *�&����&��  ��!;��8�  

(�/��+�0#(#!(#+#  *%�!�� ; 

o !%#<(#!��  '  *&#'�$�(��  ��"&#��!;��8()1  ?"!*�&���(�#'  �  '  

!&�'(�(��  �  "#&&�"��&#'"�  *#&#��!;��8()1  &�0-%2���#'  (�  

#!(#'�  ?�#+#. 

��0-!%#'(# , -*#�6(-�)�  ');�  *&#8%��)  6'%64�!6  "&�.(�  !%#<()�� . 

	$(�"#  #(�  1�&�"��&()  $%6 �(#+�1  #8%�!��.  �#$�%�&#'�(�6 , !'60�(()1  !  

�0- �(���  *&#7�!!#' , *&#�!1#$6:�1  '  *#&�!�)1  !&�$�1 , '   �!�(#!�� , 

(�/��+�0#(#!()1  *%�!�#' . ��"#�#&)�  �0  (�1  -*#�6(-�)  '  *&�$)$-:��  *-("�� . 
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��*&���& , ��"<�  #!�&# !�#��  *&#8%���  *#%- �(�6  $#!�#'�&()1  �!1#$()1  $�(()1  

$%6 &�! ���  "#?//�7��(�#'  !'60�.  !"'�<�(  !  *%�!���� ,  �# , '  !'#4  # �&�$2 , 

!'60�(#  !  *&#8%��#.  #*&�$�%�(�6  !"�( -/�"�#&� . 

4.2.  �	�))�6���1�.  *���
�)7%�+(,5  
���	�2  *���)%,5  )���  

4.2.1.  +�#��
�� #
�  ��
	��  �	�	���"
���	�	  �	���
�	���
�  
  
�  

�����
�
���
�  

3#&#��!;��8(#�  �#$�%�&#'�(�� , (�!�#�&6  (�  ');��0%#<�(()�  *&#8%��) , 

6'%6��!6  *�&!*�"��'()�  �  8)!�&#&�0'�'�4:��!6  (�*&�'%�(���  [115] 

�#$�%�&#'�(�6  *&#7�!!#'  �(#+#/�0(#.  /�%2�&�7��  $%6 (�/�6()1  �  +�0#')1  

��!�#&#<$�(�. . 	(#  *#0'#%6�� - ��)'��2  &�0%� ()�  /�"�#&)  ((�*&���& , !��(�  

!�� �'���#!�� ) *&�  �#$�%�&#'�(��  *&#7�!!#'  ((�*&���& , 0�"� "�  *#%���&#' ), 

*&#�!1#$6:�1  (�  ��"&#��!;��8�  *#&�!�#.  !&�$) . 

��8#�)  [77, 112, 148, 149, 184, 232] $�4�  "%�!!�/�"�7��  �  #80#&) 

!-:�!�'-4:�1  (�  $�(().  �#��(�  ���#$#'  *#&#��!;��8(#+#  �#$�%�&#'�(�6 , 

"#�#&)�  *&�$!��'%�((�6  (�<�  "%�!!�/�"�7�6  [88] $�((#.  $�!!�&��7��  

&�!;�&6�� . �%6 *#&#��!;��8()1  �#$�%�.  ���4�!6  !%�$-4:��  *#$1#$)  "  

*#!�&#�(�4  &�! ��()1  !��#" : 

·  3#!�&#�(��  !��#"  (�  #!(#'�  !+�(�&�&#'�(()1  �%�  &��%2()1  

�0#8&�<�(�.  *-!�#�(#+#  *&#!�&�(!�'� , *#%- �(()1  !  *#�#:24 , "  

*&���&- , �&�1��&(#.  "#�*24��&(#.  ��"&#�#�#+&�/��  "�&(�  [126]: 

o *#!�&#�(��  &�0(#!�()1  !��#"  (*&���&  *#!�&#�(�6  !��"�  �  

 �!%�(()1  &�! ��#'  – !���26  [213]); 

o &�08��(��  &�! ��(#.  #8%�!��  (�  "#(� ()�  ?%���(�)  (*&���&  

*#!�&#�(�6  �   �!%�(()1  &�! ��#'  – !���26  [99]) �  $&-+��  

���#$) . 

·  �0'%� �(��  ('  �(#!�&�((#.  %���&��-&�  – extraction) �#$�%�.  *#&#')1  

!���. : #*�!�(��  $�(()1  ���#$#'  �#<(#  (�.�� , (�*&���& , '  

[104, 126, 232]. 
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�%6 *#&#��!;��8()1  �#$�%�.  (�  #!(#'�  �(�%�0�  #*-8%�"#'�(()1  &�8#�  

#�� �!�'�(()1  �  0�&-8�<()1  !*�7��%�!�#'  8)%�  ')$�%�()  !%�$-4:��  *#$1#$)  

$%6  �!%�((#+#  �#$�%�&#'�(�6  �(#+#/�0(#+#  �� �(�6 : 

·  ���#$)  (�  #!(#'�  �# ()1  �   �!%�(()1  &�;�(�. , *#%- �(()1 , "  

*&���&- , !  *#�#:24  -*#�6(-�)1  (�<�  ���#$#' , $%6 0�$�  �� �(�6  

�(#+#/�0(#.  <�$"#!��  '  "�*�%%6&�1 �  *#&�1 &�0%� (#+# !� �(�6  

((�*&���& ,  �!%�((#�  &�;�(�6  $%6 !� �(�6  '  /#&��  0'�0$)  [210]), 

$�(().  *#$1#$ '  8#%2;�.  !��*�(�  *&���(6��!6  $%6 �#$�%�.  *#&#')1  

!���. : 

o ��! ��  �� �(�6  �(#+#/�0(#.  !��!�  *# $%�(�  *#& �  "�*�%%6&#' 

((�*&���& , !  *#�#:24  �#$�%�  *#&;(�'#+#  ')��!(�(�6  [101], !  

*#�#:24   �!%�((#+#  &�;�(�6  -&�'(�(�.  ��&(-%%�  [3, 77]) – 

$�(��� �!"��  �#$�%�  *#&#')1  !���.  [148]. 

o ��! ��  �� �(�6  �(#+#/�0(#.  !��!� , *&�  "#�#&#�  #8%�!��  

�� �(�6  �0��(64�!6  '#  '&���(�  '  !� �(��  *#& �  "�*�%%6&#', �  

*# $%�(�  ��(64�!6  (�  #!(#'�  (�"#�#&#+#  &�!! ��)'���#+#  

*#&#+#'#+# $�'%�(�6  (entry pressure, (�*&���&  [200]) – 

"'�0�!��7�#(�&()�  �#$�%�  *#&#')1  !���.  [148]. @�#� *#$1#$ 

�!*#%20-��!6  '  $�((#.  $�!!�&��7�#((#.  &�8#�� . 

·  ���#$)  &�;��# ()1  -&�'(�(�.  �#%27��(�  (lattice Boltzmann methods 

�%�  LBM): #!(#')  ���#$#' , �1  "%�!!�/�"�7�6  �  &�;�(�6  &�0%� ()1  

0�$�  #$(#- �  $'-1/�0(#.  /�%2�&�7��  $%6 &�0%� ()1  !�!���  *#& 

$�() , (�*&���& , '  !���261  [10 ,136, 198]. 

·  ���#$  #89���  <�$"#!��  (volume of fluid method �%�  VOF): #!(#')  

���#$�  $�() , (�*&���& , '  [138]; '  !���2�  [205] $���!6  �#$�/�"�7�6  

���#$�  �  *&���&)  &�;�(�6  &�0%� ()1  0�$�  '  #8%�!��  �(#+#/�0(#+#  

�� �(�6  '  *#&�!�)1  !&�$�1 ; '  $�!!�&��7��  [77] *&�'#$��!6  ���#$  

&�! ���  	�3  (�  #!(#'�   ��# (#+#  $'-1/�0(#+#  �� �(�6  '  !�!����  

(�*�&�!�"�4:�1!6  "�*�%%6&()1  "�(�%#'  *�&���((#+#  &�$�-!� . 
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·  ���#$)  /-("7�.  -&#'(6  (level set methods): #!(#')  ���#$�  

*&�'#$6�!6  '  "(�+�  [197], �  '  !���2�  [203] *&�'#$6�!6  &�0-%2���)  �+# 

*&���(�(�6  $%6 0�$�  $&�(�<�  �  *&#*��"�  '  #�$�%2()1  *#&�1 �  '  

!�!����1  *#&. 

·  ���#$  /-("7�#(�%�  *%#�(#!��  (density functional method): #!(#')  

���#$�  $�4�!6 , (�*&���& , '  [23] �  [24]; '  !���2�  [89] $���!6  *&���&  

*&���(�(��  $%6 �!!%�$#'�(�6  ')��!(�(�6  (�/��  �0  *#&�!�)1  !&�$  

&�0%� ()��  &�!�'#&���  *#%���&#' . 

·  ���#$)  +�$&#$�(���"�  !+%�<�(()1   �!��7  (smooth particles 

hydrodynamics): #!(#')  ���#$�  �  *&���&)  &�;�(�6  $'-1/�0()1  0�$�  

')��!(�(�6  !��;�'�4:�1!6  �  (�!��;�'�4:�1!6  /%4�$#'  �#<(#  

(�.��  '  [223]; '  !���2�  [158] *&�'#$6�!6  !&�'(�(�6  &�0-%2���#'  ���#$�  

!  ?"!*�&���(����  *# $'-1/�0(#�-  $&�(�<- . 

·  ���#$)  �#%�"-%6&(#.  $�(���"�  (molecular dynamics simulation): 

#!(#')  ���#$�  �#<(#  (�.�� , (�*&���& , '  "(�+�  [106], �  '  !���2�  [221] 

�!!%�$-��!6  *&#8%���  !��#*&#�0'#%2(#.  *&#*��"�  '  *#&�1 

(�(#���&#'#+#  ��!;��8�  !  *#�#:24  $�((#+#  ���#$� . 

·  ���#$)  ��#&��  *�&"#%67�� : (�  #!(#'�  �(�%��� �!"�1  /#&�-%  – 

(�*&���& , '  [36] �  [151] $�4�!6  /#&�-%)  &�! ���  /-("7�.  	�3  $%6 

$&�(�<�  �  *&#*��"�  !  *#�#:24  !���')1  �#$�%�. ; (�  #!(#'�  

�%+#&����  �('�0�'(#.  *�&"#%67��  (invasion percolation algorithm) – 

(�*&���& , !���26  [229]. 

4.2.2.  $	�	��
��	�  �	���
�	���
�  
  ��	  ���
��#��
��  

	$(��  �0  (�*&�'%�(�.  *#&#��!;��8(#+#  �#$�%�&#'�(�6  6'%6��!6  

*#&#!���'#�  �#$�%�&#'�(��  [112, 225] ('  �(#!�&�((#.  %���&��-&�  – pore network 

modeling), "#�#&#�  #!(#')'���!6  (�  �#$�%�&#'�(��  *#&�!�#.  !&�$)  '  '�$�  +&�/� , 

+$� *#&)  – -0%), �  "�*�%%6&) – !'60� . �%6 "�<$#.  *#&)  �  "�*�%%6&� 0�$�4�!6  �1  

&�0%� ()�  1�&�"��&�!��"� : &�$�-! , "#(��"�().  -+#% �  $&. 3#$1#$ !  *&���(�(���  

�#$�%�.  *#&#')1  !���.  6'%6��!6  "#�*&#��!!()�  -*&#:�(���  !%#<(#.  

!�&-"�-&)  *-!�#�(#+#  *&#!�&�(!�'�  *#&�!�#.  !&�$) . ��(().  *#$1#$ *#0'#%6�� 
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����2  !%�$-4:��  "%4 �')�  *&���-:�!�'� , "#�#&)�  '�<()  $%6 *#!%�$-4:�1  

&�0-%2���#'  $�((#.  $�!!�&��7�� : 

·  �#%� �!�'#  -&�'(�(�.  �  (��0'�!�()1  $%6 �#$�%�.  *#&#')1  !���.  (�  

*#&6$"�  ��(2;�  '  !&�'(�(��  !  *#$1#$���  *&6�#+# �#$�%�&#'�(�6  

�(#+#/�0(#.  /�%2�&�7��  $%6 !��# ()1  �#$�%�.  #8&�07� "�&(�  #$(#+# 

�  �#+# <�  &�0��&� . ��*&���&  $%6 �0#8&�<�(�6 , *#%- �((#+#  

�#�#+&�/��.  #8&�07� *�! �(�"�  Berea �  !#!�#6:�+#  �0  6.4x107 

'#"!�%�. , �#$�%2 *#&#'#.  !���  *# ���#$-  ��"!���%2()1  ;�&#'  

!#!�#��  �0  6298 *#& �  12545 "�*�%%6&#' [126]. 

·  ��(().  *#$1#$ *#0'#%6�� ����2  #�(#!���%2(#  (�8#%2;#�   �!%#  

*�&����&#' , 0�$�4:�1  �#$�%2 *#&�!�#.  !&�$)  !  �# "�  0&�(�6  

&�0%� ()1  *&#7�!!#' , '  �#�   �!%�  /�%2�&�7�#(()1 ,  �# , '  !'#4  

# �&�$2 , $���  '#0�#<(#!�2  ?//�"��'(#+#  !�#1�!�� �!"#+#  *#!�&#�(�6  

��"�1  �#$�%�.  �  &�;�(�6  #8&��()1  0�$�  $%6 (�1 . 

·  ��(().  *#$1#$ $���  '#0�#<(#!�2  &���!;��8�&#'��2  *#%- �(()�  !  

*#�#:24  �#$�%�.  *#&#')1  !���.  &�0-%2���)   �&�0  �!!%�$#'�(��  

"#&&�%67�. #*&�$�%64:�1  *�&����&#'  $%6 ?��1  �#$�%�.  � , (�*&���& , 

&�0-%2���#'  �(��&*&���7��  
�� . 

4.3.  �*����	�(��  
���	�2  *����,5  )�%�2  �  )&0�)%�&<0��  
�%��,  �5  

*�	&��(�.  

4.3.1.  *��������
�  �	���
  �	�	�	�  ��

  

3#$ �#$�%24  *#&#'#.  !���  (*#&#!���'#.  �#$�%24 , *#&#'#-!���'#.  

�#$�%24 ) *#(�����!6  !��2  (+&�/ ) *#& �  !'60)'�4:�1  �1  "�*�%%6&#', "#�#&�6  

*&�$!��'%6��  !#8#.  �#$�%2 *#&�!�#.  !&�$)  (�  ��"&#-&#'(� , +$� *#&)  – -0%), �  

"�*�%%6&) – !'60� . �#$�%2  *#&#'#.  !���  '"%4 ���  '  !�86 : 

·  #*�!�(��  +�#���&� �!"�1  1�&�"��&�!��"  !��� ; 

·  �#$�%2 �  1�&�"��&�!��"�  *&#7�!!�  /�%2�&�7�� . 
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�  ��"!��  $�!!�&��7��  *#$ �#$�%24  *#&#'#.  !���  *#(�����!6  *&�$!��'%�((�6  

');�  !#'#"-*(#!�2  #*�!�(�.  +�#���&��  �  �#$�%�  *&#7�!!� , �!%�  (�  #+#'#&�(# 

�(#� . 

	*�!�(��  +�#���&� �!"�1  1�&�"��&�!��"  !���  '"%4 ���  '  !�86  !%�$-4:�.  

(�8#&  $�(()1  !#+%�!(# /#&���- , *&�$!��'%�((#�- , "  *&���&-  '  [56, 167]: 

·  $%6 *#& 0�$���!6 : 

o �($�"!  *#&)  '  �#$�%� ; 

o "##&$�(��)  *#&)  '  �#$�%� ; 

o "##&$�(�7�#((#�   �!%#  ("#%� �!�'#  "�*�%%6&#', "#�#&)�  

!'60)'�4�  $�((-4  *#&- !  $&-+��� ); 

o (#��&�  *#&, "#�#&)�  !#�$�(64�!6  !  $�((#.  *#&#. ; 

o !'60�(�  %� *#&�  !#  !�#"#�  �%�  �!�# (�"#� ; 

o (#��&�  "�*�%%6&#', "#�#&)�  !#�$�(64�!6  !  $�((#.  *#&#. ; 

o #89��  $%6 #�"&)�#.  *#&�!�#!�� ; 

o '*�!�(().  &�$�-!  #"&-<(#!��  $%6 !� �(�6  *#&) ; 

o /�"�#&  /#&�)  *#&)  (#�(#;�(��  *%#:�$�  "  "'�$&��-  *�&����&�  

*#*�&� (#+#  !� �(�6 ); 

o #89��  $%6 *#&�!�#!��  +%�(; 

·  $%6 "�*�%%6&#' 0�$���!6 : 

o �($�"!  "�*�%%6&� '  �#$�%� ; 

o (#��&�  $'-1  *#&, "#�#&)�  !#�$�(64�!6  $�(()�  "�*�%%6&#�; 

o &�$�-!  "�*�%%6&�; 

o /�"�#&  /#&�)  !� �(�6  "�*�%%6&�; 

o $%�(�  ��<$-  7�(�&���  !'60)'���)1  *#&; 

o &�!!�#6(��  ��<$-  #89����� , 0�(�����)��  *#&��� ; 

o #89��  $%6 #�"&)�#.  *#&�!�#!�� ; 

o #89��  $%6 *#&�!�#!��  +%�(; 

o !'60�(  %� "�*�%%6& !#  !�#"#�  �%�  �!�# (�"#� . 

��8#&  $�(()1 , *&�$!��'%�(()1  ');� , 0�*�!)'���!6  '  /�.%)  (link1, link2, node1, 

node2), /#&���  "#�#&)1  #*�!�( , (�*&���& , '  [219], �  !���  /�.%)  �!*#%20-4�!6  
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$%6 &�! ��#' , "#�#&)�  *&#'�$�()  '  !%�$-4:�.  +%�'� . 	*�!�(��  �#$�%�.  �  

1�&�"��&�!��"  *&#7�!!#'  /�%2�&�7��  $�(#  (�<�  '  &�0$�%� 4.4. �#&���  0�$�(�6  

1�&�"��&�!��"  *&#7�!!#'  /�%2�&�7��  #*�!�(  '  [225]. 

��!-(#"  4.1 *&�$!��'%6��  *&���&  �#$�%�  *#&#'#.  !���  $%6 *�! �(�"�  Berea 

[126], +$� 8)%� �!*#%20#'�(�  *&#+&����  �&�1��&(#.  '�0-�%�0�7��  

&�0&�8#��((#+#  *&#+&���(#+#  "#�*%�"!�  ($%6 (�+%6$(#!��  �!*#%20#'�(�  "&-+#'�6  

+�#���&�6  *#*�&� (#+#  !� �(�6  $%6 '!�1  ?%���(�#' ). �#$�%�  *#&#')1  !���.  

6'%64�!6  $�!"&��()��  �#$�%6��  �  �#+-�  8)�2  *&�$!��'%�()  '  /#&��  (1.1) 

(/#&�-%)  (4.20)-(4.24) (�<� ), +$� -0%���  !��"�  �#+-�  6'%6�2!6 "##&$�(��)  *#&, �  

0�"#()  !#1&�(�(�6  $%6 (�1  0�$�4�  $�!"&��()�  -&�'(�(�6 . 

 

 
��!-(#"  4.1 - �#$�%2  *#&#'#.  !���  $%6 #8&�07� *�! �(�"�  Berea 

 

�-:�!�'-��  ��"<�  ���#$)  *#!�&#�(�6  '%#<�(()1  �#$�%�.  *#&#')1  !���.  

(dual pore network models). ��(()�  ���#$)  (�1#$6�  !'#�  *&���(�(��  *&�  

�!!%�$#'�(��  *#&�!�#.  !&�$)  !  &�0%� ()��  '%#<�(()��  $&-+ '  $&-+� !�!������  

*-!�#� : *#&) , �&�:�() , "�'�&()  � .$. �%�!!�/�"�7�6  �  "&��"#�  #*�!�(��  ���#$#'  

$%6 '%#<�(()1  �#$�%�.  *#&#')1  !���.  8)%�  *&�'�$�() , (�*&���& , '  !���2�  [232]. 

4.3.2.  �����
�
���
�  ��#��
�� #
�  ��
	�	�  �	�����
�  ������  ���  �	�
�	��
�  

�	�����  �	�	���  ��
��  

��<�  $�()  "%�!!�/�"�7�6  �  #80#& %���&��-&)  $%6 �#$�%�.  *#&#')1  !���. , 

���4:��  ?%���(�)  (*#&)  �  "�*�%%6&)) !  #$�(�"#')��  *# $%�(�  !� �(�6�� . 

�#%��  *#%().  #80#& �  "%�!!�/�"�7�6  &�0%� ()1  �#$�%�.  *#&#')1  !���.  $�(  '  

&�8#��  [182].  



96�

�  !���261  [56, 146, 232] $�()  #80#&) �  "%�!!�/�"�7��  ���#$#'  *#%- �(�6  

�#$�%�.  *#&#')1  !���.  (#*�!�(��  +�#���&�� ), "#�#&)�  #8#8:�4�!6  �  

&�!;�&64�!6  '  $�((#�  &�0$�%� (�<� . �#$�%�  *#&#')1  !���.  �#+-�  8)�2  

*#%- �()  !%�$-4:���  ���#$��� : 

·  �0'%� �(��  �0  �&�1��&()1  �0#8&�<�(�.  *#&�!�#.  !&�$)  [232]: 

�%+#&���  ��"!���%2()1  ;�&#'  (maximal balls algorithm) [104], 

�%+#&���)  ��$��%2(#.  #!�  (medial axis algorithms) [165] �  $&. 3&�  

?�#�  �&�1��&()�  �0#8&�<�(�6  �#+-�  8)�2  *#%- �() : 

o @"!*�&���(��%2(#  !  *#�#:24  �&�1��&(#.  "#�*24��&(#.  

��"&#�#�#+&�/��  "�&(�  (microCT) [120, 121, 126]. 

o 3#!�&#�(���  �&�1��&()1  !�#1�!�� �!"�1  �0#8&�<�(�.  

*-!�#�(#+#  *&#!�&�(!�'�  *#&�!�#.  !&�$) : 

�  ��  #!(#'�  !����!�� �!"#+#  �(�%�0�  $'-��&()1  

/#�#+&�/�.  ((�*&���& , ;%�/)  "�&(� ) �  

!�#1�!�� �!"#.  +�(�&�7�� : ���#$  (�  #!(#'�  

�(#+#�# � (#.  !����!��"�  [194], ���#$  (�  #!(#'�  

��&"#'!"�1  7�*�.  [231] �  $&.  

�  ��  #!(#'�  &�0%� ()1  !�#1�!�� �!"�1  �#$�%�.  $%6 

+�(�&�7��  8�(�&()1  �0#8&�<�(�.  *-!�#�(#+#  

*&#!�&�(!�'� , "  *&���&-  !  *#�#:24  �#$�%�.  

8&#-(#'!"#+#  $'�<�(�6  [154]. 

o ��  #!(#'�  �#$�%�&#'�(�6  &�0%� ()1  -*�"#'#"   �!��7  &�0(#.  

/#&�) , "  *&���&- , !  *#�#:24  !/�&� �!"#.  -*�"#'"�  [119]. 

·  ��#1�!�� �!"�6  +�(�&�7��  �#$�%�.  (�  #!(#'�  &�!*&�$�%�(�.  �1  

*�&����&#'  [142] �%�  (�  #!(#'�  -<�  *#%- �(()1  $&-+���  ���#$���  

�#$�%�.  *#&#')1  !���.  [56]. 

·  �  *#�#:24  &�;�(�6  #8&��()1  0�$�  $%6 �#$�%�.  *#&#')1  !���.  (�  

#!(#'�  0�$�(()1  ?"!*�&���(��%2()1  $�(()1 . ��*&���& , #7�("�  

*�&����&#'  �#$�%�.  !  *#�#:24  ���#$#'  �#(�� -��&%# $%6 

?"!*�&���(��%2()1  $�(()1  &�!*&�$�%�(�.  *#& *# &�0��&��  
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"�&8#(��(#+#  "#%%�"�#&� [150]. ��"  *&�'�%# , $�(()�  ���#$)  

#!(#')'�4�!6  (�  "�"#� -�#  ���#$�  !�#1�!�� �!"#.  +�(�&�7��  �#$�%�.  

*#&#')1  !���. , �  '  &�0-%2����  &�;�(�6  #8&��(#.  0�$� �  

(�!�&��'�4�!6  *�&����&)  �!*#%20-��#+#  ���#$�  +�(�&�7�� . 

	*�!�(��  *&�$%�+���)1  '  &��"�1  $�((#.  $�!!�&��7��  ���#$#'  *# 

!�#1�!�� �!"#.  +�(�&�7��  [58] �  *# &�;�(�4  #8&��()1  0�$�  $%6 �#$�%�.  

*#&#')1  !���.  [56] *&�$!��'%�()  '  !%�$-4:�.  +%�'� . 3# ?�#.  *&� �(�  #80#&) 

-<�  !-:�!�'-4:�1  ���#$#'  *# ?���  $'-�  "%�!!��  ���#$#'  $�()  '  !%�$-4:�.  

+%�'� . 

4.3.3.  3���������  �	��� 
�����  
	�	����
�  

3&�(7�*  �0- �(�6  #89�"�#'  !  *#�#:24  &�(�+�(#'!"#+#  �0%- �(�6  

*&���(6��!6  $�'(#  �  -!*�;(#  '  !��)1  &�0%� ()1  #8%�!�61. 
�"<�  $�((�6  

��1(#%#+�6 (�;%�  !'#�  *&���(�(��  �  '  (�/��+�0#'#.  #�&�!%�  '  #8%�!��  

�!!%�$#'�(�6  !�&-"�-&)  *#&#'#+# *&#!�&�(!�'�  #8&�07#' "�&(�  [39, 121, 126]. �  

&�0-%2����  *&���(�(�6  $�((#.  ��1(#%#+��  �  #*&�$�%�(()1  ���#$#'  #8&�8#�"�  

*#%- �4�!6  �&�1��&()�  �0#8&�<�(�6 , '  "#�#&)1  ')$�%�()  *-!�#�)  �  *#&#$�. �  

*&���&- , ��!-(#"  4.2 *&�$!��'%6��  �&�1��&(#�  �0#8&�<�(��  *-!�#�(#+#  

*&#!�&�(!�'�  $%6 *�! �(�"�  Berea [86, 126]. 

 

 
��!-(#"  4.2 - 3&���&  �&�1��&(#+#  �0#8&�<�(�6  *-!�#�(#+#  *&#!�&�(!�'�  

 

�#'&���(()�  �#�#+&�/)  *#0'#%64� $#!�� 2  #*&�$�%�(�6  #!#8�((#!��.  

*#&�!�#.  !&�$)  !  �# (#!�24  $# 1 �"�  �  $�<�  �# (��  $%6 (#'�.;�1  -!��(#'#" . 
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��((�6  �# (#!�2  �#<��  8)�2  $#!���# (#.  $%6 #8&�07#' !  ')!#"#.  

*&#(�7���#!�24 , (#  (�%� ��  #8&�07#' !  (�0"#.  *&#(�7���#!�24  �&�8-��  

8#%2;�.  �# (#!��  $%6 0�1'���  *#& �  "�*�%%6&#' !  ��%)��  &�$�-!��� . 

4.3.4.  $	�
�	��
�  ���������  
  
���������  �
	���

����
�  
�	���!��
�  

���
	
�	�	  ��	�
����
��  �	�
�
	�  �����  

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

#!(#'�  $'-��&()1  8�(�&�0#'�(()1  �0#8&�<�(�.  #8&�07#' "�&(�  �%�  (�  #!(#'�  

(�"#�#&)1  !�#1�!�� �!"�1  �#$�%�.  '#0(�"%�  *# *&� �(�  (�$#!���# (#!��  #89���  

?"!*�&���(��%2()1  �!!%�$#'�(�.  *# �&�1��&(#.  "#�*24��&(#.  

��"&#�#�#+&�/��  #8&�07#' "�&(� . �  "� �!�'�  $'-��&()1  �0#8&�<�(�.  �#+-�  

8)�2  �!*#%20#'�()  /#�#+&�/��  ;%�/#'  "�&(� . �-:�!�'-��  7�%).  &6$ ���#$#'  

[117, 168, 193], "#�#&)�  *#0'#%64� *&#�0'�!��  *#!�&#�(��  �&�1��&(#+#  

�0#8&�<�(�6  (�  #!(#'�  ')8#&"�  $'-��&()1  �0#8&�<�(�. . �-:�!�'-4�  ��"<�  

*#$1#$) , "#�#&)�  #!(#')'�4�!6  (�  (�"#�#&)1  *&�$*#%#<�(�61  # !�#1�!�� �!"#.  

�#$�%�  $%6 +�(�&�7��  8�(�&()1  �0#8&�<�(�. : (�*&���& , '  !���2�  [154] 8�(�&(#�  

�0#8&�<�(��  *#&�!�#.  !&�$)  !�#1�!�� �!"�  +�(�&�&-��!6  (�  #!(#'�  $&#8(#+# 

8&#-(#'!"#+#  $'�<�(�6 ; '  !���2�  [98] +�(�&�7�6  #!(#')'���!6  (�  �#$�%�&#'�(��  

+�-!!#'!"�1  *#%�.  !  0�$�(()�  *#&#+#')�  0(� �(��� ; !  *#�#:24  

"#&&�%67�#(()1  /-("7�.  �  �%+#&����  #*����0�7��  «#�<�+#� » *&#�!1#$��  

&�"#(!�&-"7�6  *-!�#�(#+#  *&#!�&�(!�'�  '  !���2�  [38]. 

	$�(  �0  ���#$#'  *#!�&#�(�6  �&�1��&()1  �0#8&�<�(�.  (�  #!(#'�  ')8#&"�  

$'-��&()1  �0#8&�<�(�. , (�*&���& , #!(#'�(  (�  ���#$�1  �(#+#�# � (#.  

!����!��"�  [117] �  !'#$��!6  "  *#!�&#�(�4  /-("7��  &�!*&�$�%�(�6  -!%#'(#.  

'�&#6�(#!��  $%6 1�&�"��&()1  *����&(#'  ')8#&"�  �0#8&�<�(�. . ��!2  *&#7�!!  

*#%- �(�6  �&�1��&(#+#  �0#8&�<�(�6  '  -*&#:�((#�  '�$�  *&�$!��'%�(  (�<�  $%6 

-*#�6(-�#+#  ���#$�  – ��!-(#"  4.3 [56]. 
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��!-(#"  4.3 - �1���  *#!�&#�(�6  �&�1��&(#+#  �0#8&�<�(�6  !  *#�#:24  ���#$#'  �(#+#�# � (#.  

!����!��"�  
 

3#$ ;%�/#�  "�&(�  *#(�����!6  �#("�.  !&�0 #8&�07� "�&(� , $%6 "#�#&#+# *#$ 

��"&#!"#*#�  !$�%�(�  �+# /#�#+&�/�6 . �'-��&()�  �0#8&�<�(��  *#%- �4�!6  

?"!*�&���(��%2(#  !  *#�#:24 , (�*&���& , &�!�&#'#+#  ?%�"�&#((#+# ��"&#!"#*�  

[19, 40]. ��(()�  �0#8&�<�(�6  �!*#%20-4�!6  $%6 #*�!�(�6  ��"&#!�&-"�-&)  

*#&�!�#.  !&�$)  �  ��"<�  �#+-�  8)�2  �!*#%20#'�()  $%6 *#!�&#�(�6  �#$�%�  

*#&#'#.  !���  !  *#�#:24  ���#$� , !#!�#6:�+#  �0  !%�$-4:�1  ;�+#'  [56, 126, 193]: 

·  8�(�&�0�7�6  �0#8&�<�(�6 , �#  �!�2  ')$�%�(��  #$(#+# 7'���  $%6 

*#&#$)  ( �&(). ) �  $&-+#+# 7'���  $%6 *-!�#�  (8�%). ) "�"  �0#8&�<�(#  

(�<�  – ��!-(#"  4.4; 

·  &�"#(!�&-"7�6  �&�1��&(#+#  �0#8&�<�(�6  *#&#'#+# *&#!�&�(!�'� ; 

·  ')$�%�(��  �#$�%�  *#&#'#.  !��� . 
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��!-(#"  4.4 - 3&���&  *&#7�!!�  8�(�&�0�7��  /#�#+&�/��  ;%�/�  "�&(�  

 

4.3.5.  $	�
�	��
�  
���������  
�	���!��
�  �  �	�	#�  ����	�	�  ���

�  

��(()�  ���#$)  #!(#'�()  (�  0�$�(��  &�0%� ()1  &�!*&�$�%�(�.   �!��7 , 

"#�#&)�  �#+-�  *�&�!�"��2!6  �%�  (�  *�&�!�"��2!6 , $%6 �����7��  &�!*&�$�%�(�6  

+&�(-% *#&#$)  &��%2(#.  *#&�!�#.  !&�$) . ��  *#%#<�(��  �  ��*   �!��7  �#<�� , 

(�*&���& , '%�6�2  ')8&�((�6  �#$�%2 #!�$"##8&�0#'�(�6 , �  !���   �!��7)  �#+-�  

*&�$!��'%6�2  +&�(-%)  *#&#$)  (�*&6�-4  �%�  *�&�!�"��2!6  �  #8&�0#')'��2  

�(#<�!�'�  +&�(-%. 

3&#!��.;���  *&���&���  &�!!���&�'���)1  0$�!2 �#$�%�.  6'%64�!6  

!��';��  "%�!!� �!"���  �#$�%�  �%�1��&�  [218], !#!�#6:��  �0  +�#���&� �!"�  

*&�'�%2(#  -*�"#'�(()1  #$�(�"#')1  !/�&� �!"�1   �!��7 . 3#!%�$-4:��  

�!!%�$#'���%�  *&�$%#<�%� &6$ �#$�%�. , "#�#&)�  #8#8:�()  '  [72]. 3&���&���  

$�%2(�.;�+#  &�0'���6  $�((#.  ��#&��  6'%64�!6 : !���26  [119], +$� %#"�%2(# 

*&���(�(�  &�+-%6&(�6 �&��(+-%67�6  ��%#(�  $%6 (�*�&�!�"�4:�1!6  !/�&� �!"�1  

 �!��7  &�0%� (#+# $�����&�  �  �1  *#0�7�. ; !���26  [107] (��!-(#"  4.5), +$� $%6 

*#%- �(�6  -*�"#'"�  +&�(-% *�! �(�"�  �#$�%�&-��!6  *&#7�!!  !�$���(��7�� ; 

!���26  [21], +$� *&�$%�+���!6  #8#8:�(��  *#$1#$� �#0�(�  [157] (�  !%- �.  

*�&�!�"�4:�1!6  ;�&#')1  !�+��(�#'  $%6 !"�%���  *#&#$) . 
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��!-(#"  4.5 - 3&���&  *#%- �((#.  -*�"#'"�   �!��7  �  �&�1��&(#+#  �0#8&�<�(�6  *-!�#�(#+#  

*&#!�&�(!�'�  
 

4.3.6.  $	�
�	��
�  �	�����  �	�	���  ��
��  

3&�  (�%� ��  �&�1��&(#+#  �0#8&�<�(�6  *#&#'#+# *&#!�&�(!�'�  �#+-�  8)�2  

�!*#%20#'�()  ���#$)  *#!�&#�(�6  �#$�%�.  *#&#')1  !���. . �-:�!�'-��  7�%).  &6$ 

���#$#' , "#�#&)�  #*�!�() , (�*&���& , '  &�8#��1  [104, 145, 165, 216], $%6 

�0'%� �(�6  �#$�%�.  *#&#')1  !���. . ��*&���& , ���#$  ��"!���%2()1  ;�&#'  [216] 

$%6 �0'%� �(�6  �#$�%�.  *#&#')1  !���.  "&��"#  �#<��  8)�2  *&�$!��'%�(  '  '�$�  

!1��) , &�!*#%#<�((#.  (�<�  – ��!-(#"  4.6 [56]. 

 

  
��!-(#"  4.6 - �)$�%�(��  �#$�%�.  *#&#')1  !���.  ���#$#�  ��"!���%2()1  ;�&#'  

 


�"<�   �!�#  *&���(6��)�  6'%6��!6  *#$1#$, +$� �#$�%2 *#&#'#.  !���  

!�#1�!�� �!"�  +�(�&�&-��!6  [58, 142] (�  #!(#'�(��  !%�$-4:�+# : 
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·  �(�%�0�  $'-��&()1  �  �&�1��&()1  �0#8&�<�(�.  *-!�#�(#+#  

*&#!�&�(!�'�  *-���  ')$�%�(�6  ')8#&"�  �#$�%�.  *#&#')1  !���. ; 

·  �*&�#&(#+#  0�$�(�6  *�&����&#'  &�!*&�$�%�(�.  �#$�%�.  *#&#')1  

!���. . 

3#$&#8().  #80#& $�(()1  ���#$#'  *&�'�$�(  '  !%�$-4:�.  
%�'�  5. 
�"<�  '  ?�#.  

+%�'�  *&�$!��'%�(  (#').  ���#$  !�#1�!�� �!"#.  +�(�&�7��  �#$�%�.  *#&#')1  !���.  

�  *&#'�$�(#  #8#!(#'�(��  ')8#&�  !�#1�!�� �!"#+#  *#$1#$� "  *#!�&#�(�4  

(+�(�&�7�� ) �#$�%�.  *#&#')1  !���.  $%6 7�%�.  $�((#.  $�!!�&��7�� . 

4.4.  �)*�	'-���((,�  �  ��((�2  ��))��%�1��  )&0�)%�&<0��  
�%��,  


���	�����(�.  ��(� - �  ��&56�-(�3�  %���(�2  �  *����,5  )�%.5 

�  &��"�1  $�((#.  $�!!�&��7��  �!*#%20-��!6  "'�0�!��7�#(�&(#�  *#&#!���'#�  

�#$�%�&#'�(�� , "#�#&#�  8)%# -*#�6(-�#  ');�  '  *&�$!��'%�((#.  "%�!!�/�"�7�� . 


&�(�7)  *&���(��#!��  ���#$#' , �!*#%20#'�(()1  (�<� , $�4�!6  '  $�!!�&��7��  

[101]. �&�'(�(�6  *#%- ���)1  &�! ��()1  $�(()1  $%6 �!*#%20-��)1  ���#$#'  !  

&�0-%2������  ?"!*�&���(�#'  *#"�0)'�4�  1#&#;��  !##�'��!�'�6  �  *&�'#$6�!6 , "  

*&���&- , '  $�!!�&��7��  [225]. 

4.4.1.  +
�
���  �������
�  ���  	��	����	�	  ������  

�8!#%4�(�6  *&#(�7���#!�2  #7�(�'���!6  (�  #!(#'�  0(� �(�.  $�'%�(�6 , 

"#�#&#�  &�!! ��)'���!6  $%6 "�<$#.  *#&)  �0  !�!���)  -&�'(�(�.  ����&��%2(#+#  

8�%�(!�  !  - ��#�  &�0(�7)  $�'%�(�.  ��<$-  !�#"#�  �  �!�# (�"#�  [56, 111, 210]: 

[ €��

�

� � �UUU�  Ø�Î“�„ �UUUU�  Ø�Î“�„
� � 1. (4.1) 

+$� Ø�Î“�„  – �(#<�!�'#  '!�1  �($�"!#'  *#&; Ø�Î“�„
�  – �(#<�!�'#  �($�"!#'  *#&, 

!#�$�(�(()1  !  � -#.  *#&#.  ('  $�((#�  �(#<�!�'�  ��"<�  - ��()  *#&) -�!�# (�"�  �  

*#&) -!�#"� ). ��!1#$  /%4�$�  €��  ��<$-  *#&���  �  �  �  &�!! ��)'���!6  *# /#&�-%�  

€�� �
‚ ��

{ ��
>»�� � 2. (4.2) 

+$� ‚ ��  #8#0(� ���  ?//�"��'(-4  +�$&�'%� �!"-4  *&#'#$��#!�2  ��<$-  *#&���  �  �  

� , { ��  – &�!!�#6(��  ��<$-  7�(�&���  *#& �  �  � , >»��  – &�0(�7�  $�'%�(�.  ��<$-  
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*#&���  �  �  � . 3&#'#$��#!��  ‚ ��  *&�$!��'%64�  !#8#.  !-���&()�  *&#'#$��#!�� , 

"#�#&)�  (�1#$6�!6  �0  !##�(#;�(�6  

{ ��

‚ ��
�

{ �
�

‚ �
� Q

{ ��
�

‚ ��
� Q

{ �
�

‚ �
� � 3. (4.3) 

+$� ‚ �
�  �  ‚ �

�  – *&#'#$��#!��  *#& �  �  �  !##�'��!�'�((# , ‚ ��
�  – *&#'#$��#!�2  

"�*�%%6&� ��<$-  *#&���  �  �  � , { �
�  �  { �

�  – *#%#'�()  $%�( *#& �  �  �  !##�'��!�'�((# , 

{ ��
�  – $%�(�  "�*�%%6&� (��!-(#"  4.7). �%6 *&#'#$��#!��.  *#& �  "�*�%%6&#' 

/#&�-%)  &�! ���  8-$-�  $�()  (�<� . 

 

  
��!-(#"  4.7 - �'�  *#&)  �  !'60)'�4:�.  �1  "�*�%%6& 

 

�8!#%4�(�6  *&#(�7���#!�2  &�!! ��)'���!6  (�  #!(#'�  0�"#(�  ��&!�  

† �
½‹{ ð

5ðñ»
�UUU‹ � [ €��

� � �� �  Ñ

� 4. (4.4) 

+$� ‹  – !-���&().  *#�#"  /%4�$� , (  – �(#<�!�'#  *�&  �($�"!#'  +&�(� ()1  *#& �  

!##�'��!�'-4:�1  ��  *#&-!�#"#'  � /�%�  *#&-�!�# (�"#' , ½ – '60"#!�2  /%4�$� , { ð  – 

$%�(�  �#$�%�  *#&#'#.  !��� , 5ð  – !-���&(�6  *%#:�$2  !� �(�6  �#$�%�  

*�&*�($�"-%6&(#  (�*&�'%�(�4  *#�#"� , >» – &�0(�7�  $�'%�(�6  ��<$-  !�#"#�  �  

�!�# (�"#� . 

4.4.2.  +
�
���  �������
�  ���  ��������	�	  ������  

�!!%�$#'�(��  �(#+#/�0(#+#  �� �(�6  6'%6��!6  +#&�0$# 8#%�� !%#<(#.  

0�$� �.  $%6 �#$�%�&#'�(�6 ,  ��  �!!%�$#'�(��  #$(#/�0(#+#  �� �(�6 , *#?�#�-  

"&�.(�  '�<()��  6'%64�!6  $�(()�  #8 ?��1  *&#7�!!�1 , *#%- �(()�  '  &�0-%2����  

&�0%� ()1  ?"!*�&���(�#' . �(#+��  #*�!�(()�  (�<�  �#$�%�  #!(#'�()  (�  

?"!*�&���(��%2()1  *&#0&� ()1  ��"&#�#$�%61  �0  &�0%� ()1  ����&��%#'  
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(��!-(#"  4.8), '  "#�#&)1  �!!%�$#'�%�!2  *&#7�!!)  *&���-:�!�'�((#  $'-1/�0(#+#  

�� �(�6 . ��0-%2���)  $�(()1  ?"!*�&���(�#'  #*�!�()  '  [81, 118, 159, 189, 190]. 

 

  
��!-(#"  4.8 - 3&���&  ?"!*�&���(��  $'-1/�0(#+#  $&�(�<�  (�  *&#0&� (#.  ��"&#�#$�%�  

 

��! ��  /�0#'#.  *&#(�7���#!��  *&#�!1#$��  �(�%#+� (#  [210, 225] /#&�-%��  

(4.1)-(4.4), *&�$!��'%�(()�  ');� , (#  -<�  !  - ��#�  0�"#(�  !#1&�(�(�6  ��!!)  

"�<$#.  /�0)  '  #�$�%2(#!�� : 

[ €��
•

�

� � �UUU�  Ø�Î“�„ �UUU�  Ø�Î“�„
� �UUU� � ò �N�U

€��
• �

‚ ��
•

{ ��
ñ»��

• �UUU
{ ��

‚ ��
• �

{ �
�

‚ �
�• Q

{ ��
�

‚ ��
�• Q

{ �
�

‚ �
�• � 

1. (4.5) 

�&�'(�(�6  (4.5) !*&�'�$%�')  *&�  *&�$*#%#<�(��  (�!<�����#!��  /%4�$#'  

(�($�"!  �  – water �%�  oil) �  (�0(� ���%2(#+#  *# !&�'(�(�4  !  "�*�%%6&()�  

$�'%�(���  *�&�*�$�  $�'%�(�6  0� ! ��  '60"#!��  [225]. �#&�-%)  $%6 

*&#'#$��#!��. , - �!�'-4:�1  '  -&�'(�(�61 , 8-$-�  $�()  (�<� . 

	�(#!���%2()�  /�0#')�  *&#(�7���#!��  $%6 �#$�%�  *#&#'#.  !���  

&�!! ��)'�4�!6  *# /#&�-%��  

†=• � ( • � �
†• � ( • �

† :�„
�†• � ( • � �

½• ‹ • � ( • � { ð

5ð>»•
� ‹ • � [ €��

•

� � �� �  Ñ

� � � ò �N� 1. (4.6) 

+$� ( •  – (�!):�((#!�2  /�0#.  � , &�!! ��)'����6  *# /#&�-%�   

( • �
Ï •

Ï ‘
�UUUÏ ‘ � Ï � Q ÏE�UUU( Ð � � P ( Î � 1. (4.7) 
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+$� Ï •  –  �!�2  #89���  *-!�#�(#+#  *&#!�&�(!�'�  *#& �  "�*�%%6&#', 0�(6�#+#  

/�0#.  � ; Ï ‘  – !-���&().  #89��  *#& �  "�*�%%6&#'; ÏE – #89��  *-!�#�(#+#  

*&#!�&�(!�'� , *&�1#$6:�+#!6  (�  +%�(- '  *#&�1 �  "�*�%%6&�1; Ï �  – #89�� , 

*&�1#$6:�.!6  (�  *-!�#�(#�  *&#!�&�(!�'#  '  *#&�1 �  "�*�%%6&�1. 

4.4.3.  ���������  
  ����
����  ���	�
�  

�%6 �#$�%�.  *#&#')1  !���.  *&���(64�!6  $'�  ��*�  0�$�(�6  +&�(� ()1  *#& 

[210] '  0�'�!��#!��  #�  (�#81#$��#!��  �!!%�$#'��2  (�*&�'%�((-4  /�%2�&�7�4 : 

·  3�&�#$� �!"�. : '!�  *#&) , &�!*#%#<�(()�  &6$#� !  #$(#.  �0  +&�(�.  

�#$�%�  !'60)'�4�!6  "�*�%%6&���  !  *#&��� -�!�# (�"���  �%�  *#&��� -

!�#"��� , *&� ��  *#&)  *&#��'#*#%#<()1  +&�(�.  �#$�%�  !'60)'�4�!6  

%�8# !  �!�# (�"#� , %�8# !#  !�#"#� , �#  �!�2  '!�  ;�!�2  +&�(�.  

!'60)'�4�!6  !  �!�# (�"#�  �%�  !�#"#� . 

·  ��*�&�#$� �!"�. : '!�  *#&) , &�!*#%#<�(()�  &6$#� !  +&�(6�� , 

*�&*�($�"-%6&()��  #$(#.  �0  #!�.  X, Y �%�  Z, !#�$�(64�!6  !  

*#&��� -�!�# (�"���  �%�  *#&��� -!�#"��� , �#  �!�2  !  �!�# (�"#�  �%�  

!�#"#�  !#�$�(64�!6  �#%2"# $'�  +&�(� . 

�%�!!� �!"��  -!%#'�6  *&�%�*�(�6  $%6 �#$�%�&#'�(�6  �� �(�6  '60"#.  

<�$"#!��  - ��)'�4�!6  '  /#&�-%�1  &�! ���  *&#'#$��#!��.  $%6 *#& �  "�*�%%6&#' 

[225, 226]. 

��!):�((#!�2  ( ��  0�*#%(�(  ?%���(�  !��� ) $%6 *#&-�!�# (�"#'  �  *#&-

!�#"#'  ')8�&���!6  '  0�'�!��#!��  #�  ��*�  �#$�%�&-��#+#  *&#7�!!� : 

·  3&#7�!!  $&�(�<�  – ')��!(�(��  !�� �'�4:�.  /�0)  (�!�� �'�4:�. . 

·  3&#7�!!  *&#*��"�  – ')��!(�(��  (�!�� �'�4:�.  /�0)  !�� �'�4:�. . 

�� �%2(#�  &�!*&�$�%�(��  /�0  '  ?%���(��1  !���  0�$���!6  !%�$-4:���  

!*#!#8���  [225]: 

·  ��#*&#7�(�(�6  (�!):�((#!�2  '!�1  ?%���(�#'  *#&#'#.  !���  #$(#.  �0  

/�0 , (�*&���& , $%6 *�&'� (#+#  $&�(�<�  – !�#*&#7�(�(�6  

'#$#(�!):�((#!�2 . 

·  ��!*&�$�%�(��  (�!):�((#!��  *# ?%���(���  *#&#'#.  !���  !%- �.()�  

#8&�0#� �%�  (�  #!(#'�  *&�$'�&���%2(#+#  �#$�%�&#'�(�6  "�"#+# -%�8# 
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*&#7�!!� , (�*&���& , �#$�%�&#'�(��  *�&'� (#+#  $&�(�<�  �  

*#!%�$-4:��  �#$�%�&#'�(��  *�&'� (#.  *&#*��"� . 

3&#7�!!  &�! ���  !  *#�#:24  �#$�%�.  *#&#')1  !���.  #*�!)'���!6  

!%�$-4:��  #8&�0#� [210]:  

·  �%6 �!�# (�"�  �  !�#"�  *#;�+#'#  ��(6��!6  &�0(#!�2  �1  $�'%�(�.  

ó» � a� � » „ÎÛ=„� �a� P » „��� �a� ,  �#  '%� ��  0� !#8#.  *#;�+#'#�  

�0��(�(��  (�!):�((#!��  �#$�%� . ��*�%%6&(#�  $�'%�(��  

&�!! ��)'���!6  *# !%�$-4:��  /#&�-%�� : 

»E� ( Ð � � »Î P »Ð � ô »„ÎÛ=„� P ô »„��� � 1. (4.8) 

+$� "#?//�7��(�  ô , &�'().  1, !##�'��!�'-��  $&�(�<-  ((�/�2  

')��!(6��  '#$- ), &�'().  -1 – *&#*��"�  ('#$�  ')��!(6��  (�/�2 ). 

·  ��  "�<$#�  ;�+�  *# $�'%�(�4  #*&�$�%64�!6  *#&)  �  "�*�%%6&), '  

"#�#&)�  �#<��  '(�$&��2!6  0�"� �'���).  /%4�$ , (�  #!(#'�  

*#&#+#'#+# $�'%�(�6  »��‘=• . 

4.4.4.  �����
  �	�	�	�	�	  ������
�  

3#&#+#'#� $�'%�(��  0�$���  ��(���%2(#  (�#81#$��-4  &�0(�7-  $�'%�(�6  '  

/�0�1 , *&�  "#�#&#.  #$(�  /�0�  ')��!(6��  $&-+-4 . �%6 "&-+%#+# !� �(�6  *#&#+#'#� 

$�'%�(��  $%6 $'-1  /�0  &�!! ��)'���!6  (�  #!(#'�  0�"#(�  �(+� -��*%�!�  [56] 

»��‘=• �
MõÎÐ FNOö

à
� 1. (4.9) 

+$� õÎÐ  – *#'�&1(#!�(#�  (��6<�(��  ��<$-  '#$#.  �  (�/�24 , ö – -+#% !�� �'�(�6  

�  à  – &�$�-!  !� �(�6  *#&)  �%�  "�*�%%6&�. 3&�'�$�((�6  ');�  /#&�-%�  '�&(�  $%6 

"&-+%#. +�#���&��  *#*�&� (#+#  !� �(�6  �  *&#$��#(!�&�&#'�(�  $%6 $'-1/�0(#+#  

�� �(�6 . 

�%6 $&-+�1 ��*#'  +�#���&��  !� �(�6  �%+#&���  &�! ���  *#&#+#'#+# $�'%�(�.  

�#<(#  (�.��  '  [195, 200, 210], +$� &�! ��  8�0�&-��!6  (�  ���#$�  MS-P (Mayer, 

Stowe and Princen method). ��(().  ���#$  #!(#'�(  (�  *&�&�'(�'�(��  "&�'�0()  

+%�'(#+# +&�(� (#+#  ��(�!"�  (main terminal meniscus) "&�'�0(�  $-+#'#+# ��(�!"�  

(arc meniscus) '  *&�$*#%#<�(��  #�!-�!�'�6  +&�'���7�� . ��!-(#"  4.9 *&�$!��'%6��  

*&#7�!!  $&�(�<� , +$� -"�0�(()�  "&�'�0()  &�'()  7“ . 
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��!-(#"  4.9 - �1���  $'�<�(�6  +&�(�7)  &�0$�%� /�0  *&�  $&�(�<�  

 

��8#��  "�*�%%6&()1  !�% *# *&#$'�<�(�4  ��(�!"�  (��!-(#"  4.10) (�  $%�(-  ó�  

0�*�!)'���!6  "�"  [195] 

»��‘=• 5 Î \� � � { ÎÐ õÎÐ Q { Î„ õÎ„ P { Î„ õÐ„ � \� � 1. (4.10) 

 

 
��!-(#"  4.10 - �+%#'�6  #8%�!�2 �� �(�6  '  !� �(��  ?%���(��  *#&#'#.  !���  

 

�0  -&�'(�(�6  (4.10), -&�'(�(�6  �(+� -��*%�!�  �  +�#���&� �!"�1  *�&����&#'  

(��!-(#"  4.10) !%�$-��  !%�$-4:��  &�'�(!�'#  $%6 *#&#'#+# "�*�%%6&(#+# 

$�'%�(�6  $%6 *&#7�!!�  $&�(�<�  

»��‘=• �
õÎÐ FNOö= " � Q M÷S� $

à
_“ � ö=� � � z � � 1. (4.11) 
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+$� 0(� �(�6  /-("7��  _“  �  *#&#+#')�  $�'%�(�6  $%6 *&#7�!!�  *&#*��"�  �#+-�  

8)�2  (�.$�()  '  &�8#��1  [195, 210, 225]. 

3&�  &�! ���  *&#'#$��#!��.  *#& �  "�*�%%6&#' �#<��  8)�2  - ��(#  

#8&�0#'�(��  -+%#')1  !%#�'  �  *%�(#"  &�0%� ()1  /%4�$#' , *&�  ?�#�  �#+-�  8)�2  

0�$�()  &�0%� ()�  "&���&��  $%6 �1  #8&�0#'�(�6  �  �! �0(#'�(�6 : 

·  
�#���&� �!"�.  "&���&�.  [114], +$� *&�$*#%�+���!6 ,  �#  !%#. ��&*��  

"#%%�*! *&�  !#*&�"#!(#'�(��  �+# *&#��'#%�<�:�1  *#'�&1(#!��. . 

·  
�&�#$�(��� �!"�.  "&���&�.  [210, 227], +$� -!%#'�6  *#%- �()  (�  

#!(#'�  ���#$�  MS-P, "#�#&).  "&��"#  *&�$!��'%�(  ');� . 

�%6 &�0%� ()1  *&#7�!!#'  ("  *&���&-  $&�(�<  �  *&#*��"� ) 0�$�4�!6  !1��)  

*�&�1#$�  ��<$-  "#(/�+-&�7�6��  #8%�!��.  �� �(�6 . �%6 *&#7�!!�  $&�(�<�  !#  

!�#*&#7�(�(#.  (� �%2(#.  (�!):�((#!�24  '#$#.  !1��-  *�&�1#$�  [210] 

*&�$!��'%6��  ��!-(#"  4.11. �%6 *&#7�!!�  *&#*��"�  !1��)  ���4�  8#%�� !%#<().  

'�$ , ��"  "�"  '#0&�!����   �!%#  '#0�#<()1  "#(/�+-&�7�.  [210, 225]. 

 
��!-(#"  4.11 - �1���  *�&�1#$�  ��<$-  "#(/�+-&�7�6��  #8%�!��.  �� �(�6  $%6 $&�(�<�  

 

�  $�((#.  $�!!�&��7��  $%6 �#$�%�.  *#&#')1  !���.  &�!!���&�'���!6  #$(#- �  

$'-1/�0(#�  �� �(�� . 	$(�"#  #*�!�(().  0$�!2 *#$1#$ !  #*&�$�%�(���  &�0%� ()1  

"#(/�+-&�7��  #8%�!��.  �� �(�6  �  0�$�(���  $%6 (�1  0�"#(#'  *�&�1#$�  $&-+ ��<$-  

$&-+#�  �#<��  8)�2  *&���(�(  �  $%6 �&�1/�0(#+#  �� �(�6 . ��<�  $���!6  *&���&  

(��!-(#"  4.12) &�0%� ()1  "#(/�+-&�7�.  #8%�!��.  �� �(�6  $%6 !#'��!�(#+#  

�� �(�6  '#$) , (�/��  �  +�0�. ��(().  *&���&  '06�  �0  !���2�  [137]. 
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��!-(#"  4.12 - 3&���&  &�0%� ()1  "#(/�+-&�7�.  #8%�!��.  �&�1/�0(#+#  �� �(�6  '  !� �(��  

?%���(��  *#&#'#.  !���  ('#$�  – +#%-8#., (�/�2  – "&�!(). , +�0 – <�%�). ) 
 

4.4.5.  �����
  ��	�	�
�	�
��  ���  (�����
	�  ��
��  

�%6 *&�$!��'%�(�6  +�#���&��  *#*�&� (#+#  !� �(�6  *#& �  "�*�%%6&#' 

')$�%64�  !%�$-4:��  '�$)  !� �(�.  [56, 200, 211]: 

·  "&-+%)�  !� �(��  (circular, ��!-(#"  4.1); 

·  �&�-+#%2()�  !� �(�6  (triangular); 

·  "'�$&��()�  !� �(�6  (square); 

·  !� �(�6  "'�$&�� -�&�-+#%2(�" -"&-+ (CTS �%�  circle-triangle-square); 

·  !� �(�6  '  '�$�  n-"#(� ()1  0'�0$ (n-star). 

�  &��"�1  $�((#.  $�!!�&��7��  �!*#%20#'�(  *#$1#$ CTS (��!-(#"  4.13). 

 

 
��!-(#"  4.13 - 3#*�&� ()�  !� �(�6  ?%���(�#'  *#&#'#.  !���  $%6 CTS 

 

�%#<(-4  +�#���&�4  *-!�#�(#+#  *&#!�&�(!�'�  *#&�!�#.  !&�$)  '  &��"�1  

*#&#!���'#+#  �#$�%�&#'�(�6  *&�$!��'%6��  /�"�#&  /#&�)  [182], "#�#&).  �!�2  
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#�(#;�(��  � � 5 » 	Ì  ��<$-  *%#:�$24  5 �  "'�$&��#�  *�&����&�  » 	  !� �(�6  *#& 

�%�  "�*�%%6&#'. �%6 &�0%� ()1  *#*�&� ()1  !� �(�.  /�"�#&  /#&�)  �  /#&�-%)  

$%6 &�! ���  *&#'#$��#!��  $%6 #$(#/�0(#+#  �� �(�6  ���4�  '�$ : 

·  "&-+%#� !� �(��  – � � � � ¬S�Ì � � � � MÌ ; 

·  "'�$&��(#�  !� �(��  – � � � �äÌ � � • ��øäM¥ ; 

·  &�'(#!�#&#((�.  �&�-+#%2(�"  – � � ÷¥ ¥äÌ � � � ¥ øÌ ; 

·  *&#�0'#%2(#�  �&�-+#%2(#� !� �(��  – �  " �� ÷¥ ¥äÌ $� � • ¥ øÌ ; 

‚ � �
5 	 �

½
� 1. (4.12) 

��(()�  !##�(#;�(�6  *#%- �()  (�  #!(#'�  #8#8:�(�6  �# ()1  &�;�(�.  �  !�&�.  

 �!%�(()1  &�! ��#' , "#�#&)�  #*�!�()  '  [199, 225]. 

��"  8)%# *#"�0�(#  '  *&�$)$-:��  *-("��  $%6 $'-1  �  �&�1  /�0 , !� �(��  

?%���(��  *#&#'#.  !���  (*#&�  �%�  "�*�%%6&) &�08�'���!6  (�  #8%�!��  �� �(�6  

(��!-(#"  4.14): '(-�&�((66   �!�2 , -+%#')�   �!�� , !%#�. 

 
��!-(#"  4.14 - 	8%�!��  �� �(�6  '  *#*�&� (#�  !� �(��  ?%���(��  *#&#'#.  !���  

 

��! ��  *&#'#$��#!��.  '  ��"#�  !%- ��  *&#'#$��!6  $%6 "�<$#.  #8%�!��  �� �(�6  

?%���(��  '  #�$�%2(#!�� , �  $�%��  #(�  !-���&-4�!6  $%6 *#%- �(�6  #8:�.  /�0#'#.  

*&#'#$��#!��  "�"  *&�$!��'%�(#  (�<�  $%6 #$(#+# !� �(�6 : 

‚ • � [ ‚ EÎ=�� =j

•

�

Q [ ‚ &:•� =j

•

�

Q ‚ �Û&�
• � 1. (4.13) 

 

�  
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+$� �($�"!  �  *&#8�+���  *# '!��  -+%�� . �%6 '(-�&�((�.  #8%�!��  �� �(�6  

*&#'#$��#!�2  &�!! ��)'���!6  *# *&�'�$�(()�  ');�  /#&�-%��  !  - ��#�  

0�(�����#.  /%4�$#�  �  *%#:�$�  5 • . 

‚ �Û&�
• � �

5 •
	 �

½•
�UUU� � N�ò � 1. (4.14) 

�%6 -+%#')1  #8%�!��.  �  #8%�!��.  -+%#')1  !%#�'  *&#'#$��#!��  8)%�  *#%- �()  '  

[195] �  '  [226] !##�'��!�'�((#  (�  #!(#'�  #8#8:�(�6   �!%�(()1  &�! ��#'  $%6 

&�0%� ()1  +�#���&� �!"�1  1�&�"��&�!��"  ?��1  #8%�!��. . 

4.4.6.  �����
���  ��
�����
�  �� 
�	�  

�  *&#7�!!�  $&�(�<�  �  *&#*��"� , "�"  8)%# #8(�&-<�(#  (�  

?"!*�&���(��%2()1  ��"&#�#$�%61  (��!-(#"  4.8) �  #*�!�(#  '  !���2�  [159], �#<��  

*&�!-�!�'#'��2  �&�  ��1�(�0��  ')��!(�(�6 : 

·  *#&;(�'#�  ')��!(�(��  (0�'�!��  �#%2"# #�  *#&#+#'#+# $�'%�(�6 , 

"#�#&#�  #*&�$�%�(#  ');�  '  $�((#.  +%�'� ); 

·  «snap-off»,  �#  (�  &-!!"�.  60)"  �#<��  8)�2  *�&�'�$�(#  "�"  «!%#�» 

�%�  ?//�"�  «0�:�%"� » [77]; 

·  0�*#%(�(��  *#& (pore body filling �%�  PBF). 

��*#%(�(��  *#& *&�  *&#*��"�  0�'�!��  #�   �!%�  !#!�$�. , "#�#&)�  -<�  

0�*#%(�()  !�� �'�4:�.  /�0#. . ��!-(#"  4.15 !1����� (#  *&�$!��'%6��  ��*)  

0�*#%(�(�6  *#&)  !  &�0()�  "#%� �!�'#�  !#!�$(�1 , 0�*#%(�(()1  !�� �'�4:�.  

/�0#.  "�*�%%6&#': $%6 *#&)  !  "##&$�(�7�#(()�   �!%#�  ¢ ��*-  8�  !##�'��!�'-��  

!%- �.  !  ¢ P �  0�*#%(�(()��  ')��!(64:��  /%4�$#�  "�*�%%6&��� . 3#&#+#'#� 

$�'%�(��  '  $�((#�  !%- ��  8-$��  ��"<�  0�'�!��2  #�  "#%� �!�'�  #"&-<�4:�1  

"�*�%%6&#', 0�*#%(�(()1  !�� �'�4:�.  /�0#. . �#$�%�  0�*#%(�(�6  *#&: 

·  �#$�%2  «Blunt1» #*�!�(�  '  !���2�  [111] �  0�$���!6  /#&�-%#.  

»��‘=•
� �

Mõ FNOö
; Q ù 5 � � �

�
�Y�

� 1. (4.15) 

·  �#$�%2  «Blunt2» *&�$!��'%�(�  '  !���2�  [113] �  0�$���!6  /#&�-%#.  
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»��‘=•
� �

Mõ FNOö
;

P õ [ 5 � � �

�

�Y�

� 1. (4.16) 

·  �#$�%2  «Oren1» �#<��  8)�2  (�.$�(�  '  !���2�  [195] �  #*&�$�%6��!6  

/#&�-%#.  

»��‘=•
� �

Mõ FNOö
; Q ù 5 � ; � � �

�
�Y�

� 1. (4.17) 

·  �#$�%2  «Oren2» #*�!�(�  '  !���2�  [195] �  #*&�$�%6��!6  /#&�-%#.  

»��‘=•
� �

" � Q M÷S� $õ FNOö
; Q ù 5 � ; � � �

�
�Y�

� 1. (4.18) 

�  *&�$!��'%�(()1  ');�   ��)&�1  �#$�%61 �  –  �!%#  0�*#%(�(()1  ')��!(64:�.  

/�0#.  "�*�%%6&#', �($�"!  � � � 
 �  #�'� ���  0� (-��&�7�4  ?��1  "�*�%%6&#', � �  – 

!%- �.()�   �!%�  ��<$-  0 �  1, ;  – &�$�-!  $�((#.  *#&) , ; �  – &�$�-!)  !#�$�(64:�1  

$�((-4  *#&- "�*�%%6&#', õ �  ö – *#'�&1(#!�(#�  (��6<�(��  �  "#(��"�().  -+#% 

$%6 !�!���)  '#$� -(�/�2 -*#&#$� !##�'��!�'�((# , 5 �  – 0�$�(().  *#!�#6(().  '�!  

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

')8&�()  "�"  '  !���2�  [226]: 

5 	 P 5 � �
� ��¥

« † :�„

�UUU5� � � �� � 1. (4.19) 

+$� † :�„  – �8!#%4�(�6  *&#(�7���#!�2 . 

 

  
��!-(#"  4.15 - ��0%� ()�  ��*)  0�*#%(�(�6  *#& '  *&#7�!!�  *&#*��"�  (!�� �'�4:�6  /�0�  

*&�$!��'%�(�  +#%-8)�  7'��#� , (�!�� �'�4:�6  – "&�!()� ) 
 



113�

�  *&#7�!!�  «snap-off» *%�("�  '#$)  -'�%� �'���!6  (��!-(#"  4.16) '  #89���  

$# ��1  *#&, *#"�  *#'�&1(#!�2  "#(��"��  '#$)  �  (�/��  !��(#'��!6  (�!��8�%2(#. . �  

?�#+# �#��(��  ?%���(�  *#%(#!�24  0�*#%(6��!6  '#$#. , "�"  !�� �'�4:�.  /�0#. . 

�!%�  '  *&#7�!!�  *&#*��"�  '#$#.  ?%���(�  *#&#'#.  !���  0�*#%(�(  *%�("���  '#$)  �  

(�/�24  '  7�(�&� , (#  (�  �����  !#!�$(�1  ?%���(�#' , 0�*#%(�(()1  '#$#.  '  7�(�&�1  

?%���(�#' , �#  ?�#�  ?%���(�  �#<��  8)�2  0�*#%(�(  '#$#.  0� ! ��  ��1�(�0��  «snap-

off». �!%#'�6  '#0(�"(#'�(�6  $�((#+#  ��1�(�0��  ')��!(�(�6  8#%�� *#$&#8(# 

#*�!�()  '  [210, 225]. 

 

  
��!-(#"  4.16 - 3&#7�!!  ')��!(�(�6  «snap-off» (�!�� �'�4:�.  /�0)  '  *&#7�!!�  $&�(�<�  

(!�� �'�4:�6  /�0�  – +#%-8#. 7'�� , (�!�� �'�4:�6  – "&�!(). ) 
 

4.4.7.  �����
  �	�
��
���  ���	�  

�#(��"�()�  -+%) $%6 !��(#"  #�$�%2()1  ?%���(�#'  �#$�%�  *#&#'#.  !���  

(*#&)  �  "�*�%%6&)) �#+-�  8)�2  #*&�$�%�()  !%�$-4:���  !*#!#8���  [210]: 

·  ��$�(��  #$(#+# 0(� �(�6  "#(��"�(#+#  -+%� $%6 '!�1  !��(#" . 

·  ��$�(��  &�0()1  0(� �(�.  "#(��"�(#+#  -+%� $%6 !��(#"  ?%���(��  

�#$�%�  *#&#'#.  !��� . 

�  7�%#�  *# �#$�%�  *#&#'#.  !���  "#(��"�().  -+#% �#<��  8)�2  &�!*&�$�%�(  

!%�$-4:���  !*#!#8���  [210]: 

·  ��'(#��&(�6  !�� �'���#!�2  *# '!�.  �#$�%� : 

o ��'(#��&(�6  !�� �'���#!�2  '#$#.  (Uniform Water-Wet �%�  

UWW), �#  �!�2  0(� �(�6  "#(��"�(#+#  -+%� &�!*&�$�%�()  *# 

(�"#�#&#�-  '�&#6�(#!�(#�-  0�"#(-  '  �(��&'�%�  ��<$-  

Rö#�� � ö#:i T, +$� ö#�� u ö #:i u ú� 4� 
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o ��'(#��&(�6  !�� �'���#!�2  (�/�24  (Uniform Oil-Wet �%�  

UOW), �#  �!�2  0(� �(�6  "#(��"�(#+#  -+%� &�!*&�$�%�()  ��"<�  

"�"  '  *&�$)$-:��  *-("��  0� �!"%4 �(���  �#+#,  �#   

 ú� 4 u ö #�� u ö #:i � 

·  ��&�'(#��&(�6  !�� �'���#!�2  *# '!�.  �#$�%� : 

o ���;�((�6  !�� �'���#!�2  !  0�$�(()�  ��"!���%2()�  &�$�-!#�  

(Mixed-Wet Large �%�  MWL): !�� �'���)��  (�/�24  (ö – ú� 4) 

?%���(����  (�0(� �4�!6  ��  ?%���(�) , &�$�-!  "#�#&)1  8#%2;� 

(�"#�#&#+#  0�$�((#+#  &�$�-!� , $�%��  0(� �(�6  "#(��"�()1  

-+%#' $%6 !�� �'���)1  '#$#.  *#%- ���!6  !#+%�!(# -!%#'�6�  

&�'(#��&(#.  !�� �'���#!��  '#$#.  (UWW), �  $%6 !�� �'���)1  

(�/�24  – !#+%�!(# &�'(#��&(#.  !�� �'���#!��  (�/�24  (UOW). 

o ���;�((�6  !�� �'���#!�2  !  0�$�(()�  ��(���%2()�  &�$�-!#�  

(Mixed-Wet Small �%�  MWS): -$#'%��'#&6��  -!%#'�6�  

*&�$)$-:�+#  *-("��  0� �!"%4 �(���  �#+#,  �#  !�� �'���)��  

'#$#.  (ö u ú� 4) ?%���(����  (�0(� �4�!6  ��  ?%���(�) , &�$�-!  

"#�#&)1  ��(2;�  (�"#�#&#+#  0�$�((#+#  &�$�-!� . 

o �&#8(�6  !�� �'���#!�2  (Fractionally-Wet �%�  FW),  �#  #0(� ���  

0�$�(��  (�"#�#&#.  $#%� y  ?%���(�#' , !�� �'���)1  (�/�24 , �   

� P y  ?%���(�#' , !�� �'���)1  '#$#. , (�0�'�!��#  #�  �1  

&�$�-!#' . ��%��  *&#�!1#$��  (�0(� �(��  !%- �.()�  #8&�0#� 

?%���(�#' , !�� �'���)1  '#$#.  �  (�/�24 , !#+%�!(# -*#�6(-�)�  

$#%6� �  ') �!%�(��  $%6 (�1  0(� �(�.  "#(��"�()1  -+%#' *# 

��"#.  <�  "�"  '  *&�$)$-:�1  $'-1  *-("��1  !1��� . 

�#(��"�().  -+#%, �!*#%20-��).  *&�  &�! ���  !  *#�#:24  �#$�%�.  *#&#')1  

!���. , (�*&���&  '  /#&�-%�  (4.10), �#<��  ��(6�2!6  *# *&� �(�  [118, 189, 190]: 

·  !��()  !�� �'���#!��  0� ! ��  +�$&#/#8�0�7��  *#'�&1(#!�� , 

"#(��"��&-4:�.  !  �6<�%)��  "#�*#(�(����  (�/�� ; 

·  �0��(�(�6  "#(��"�(#+#  -+%� *# *&� �(�  +�!��&�0�!� , ')0'�((#+#  

;�&#1#'��#!�24  *#'�&1(#!��. . 
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���(�  !�� �'���#!��  !  '#$#!�� �'�4:�.  (�  (�/��!�� �'�4:-4  �%�  «!��&�(�� » 

*#&#$)  ('  �(#!�&�((#.  %���&��-&�  – ageing) �#<��  *&#6'%6�2!6 *#!%� *�&'� (#+#  

$&�(�<� , '  "#�#&#�   �!��  *#& �  "�*�%%6&#', "#(��"��&-4:�1  !  (�/�24 , ��(64�  

!'#4  !�� �'���#!�2  '  &�0-%2����  �$+�0��  �  �$!#&87��  (�"#�#&)1  +�$&#/#8()1  

"#�*#(�(�#'  !  �� �(���  '&���(�  [118, 210]. �0��(�(��  "#(��"�(#+#  -+%� !  

- ��#�  &�0%� ()1  �#$�%�.  +�!��&�0�!� , 0�'�!6:�1  #�  ;�&#1#'��#!��  

*#'�&1(#!��.  �  #�  �#+#, "�"#.  /%4�$  (!�� �'�4:�.  �%�  (�!�� �'�4:�. ) "�"#.  

')��!(6��  [202], �#<��  &�!! ��)'��2!6  '  !##�'��!�'��  !#  !%�$-4:���  �#$�%6�� : 

·  �#$�%2  1 – (��  +�!��&�0�!� , +%�$"��  *#'�&1(#!�� : *&�$*#%�+���   

ö� � ö = � ö :  , +$� ö�  – !���� �!"�.  "#(��"�().  -+#%, �0��&�(().  (�  

+%�$"#. *#'�&1(#!��  (intrinsic contact angle), ö= – #�!�-*�4:�.  

$�(��� �!"�.  "#(��"�().  -+#% (receding contact angle), ö:  – 

(�!�-*�4:�.  "#(��"�().  -+#% (advancing contact angle). ��((�6  

�#$�%2 !##�'��!�'-��  �%�!!-  I, #*&�$�%�((#�-  '  [189] (�  #!(#'�  

?"!*�&���(�#'  (�  *#%����&�/�#&?��%�(#')1  (PTFE) �&-8"�1 . 

·  �#$�%2  2 – -��&�(().  +�!��&�0�! , !%�8�6 ;�&#1#'��#!�2 : 

*&�$*#%�+���  #�%� ��  ö= �  ö:  (�  *#!�#6(().  -+#%, *&�  ?�#�   

ö: � ö� � � 4� � � 4 �  ö=� ö� � �ê� 4� � �ê� 4. �  #�%� ���  (�  -+#% Mø�M4 

$�((�6  �#$�%2 !##�'��!�'-��  �%�!!-  II, #*&�$�%�((#�-  '  [189]. 

·  �#$�%2  3 – !-:�!�'�(().  +�!��&�0�! , !�%2(�6  ;�&#1#'��#!�2 : 

*&�$*#%�+���  !##�'��!�'��  �%�!!-  III, #*&�$�%�((#�-  '  [189] �  

�0#8&�<�((#�-  (�<�  – ��!-(#"  4.17. 
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��!-(#"  4.17 - ��'�!��#!��  $�(��� �!"�1  "#(��"�()1  -+%#' #�  !���� �!"�1  !  - ��#�  �%�!!�  

+�!��&�0�!�  [210] 
 

4.4.8.  ��"�����  �  �	�	#�  �	�����  �	�	���  ��
��  �����
  

�  *#�#:24  �#$�%�.  *#&#')1  !���.  �����!6  '#0�#<(#!�2  &�! ���  &6$� 

/�%2�&�7�#(()1  1�&�"��&�!��"  $%6 &�0%� ()1  &�<��#'  �� �(�6  ($&�(�<  �  

*&#*��"� ), ��*#'  !�� �'���#!��  *#&#$)  �  /%4�$#'  [210, 225]: 

·  *#&�!�#!�2  – #�(#;�(��  !-���&(#+#  #89���  *#& �  "�*�%%6&#' "  

#8:��-  #89��-  �#$�%� ; 

·  �8!#%4�(�6  *&#(�7���#!�2  &�!! ��)'���!6  *# /#&�-%�  (4.4); 

·  ��"-:��  (�!):�((#!��  /�0  &�!! ��)'�4�!6  *# /#&�-%��  (4.7); 

·  #!���# ()�  (�!):�((#!��  /�0  – ��"-:��  (�!):�((#!�� , "#�#&)�  

!##�'��!�'-4�  &�!*&�$�%�(�4  /%4�$#'  *#!%� '!�1  ;�+#'  �0��(�(�6  

$�'%�(�6  (�  +&�(�7�1  �#$�%� ; 

·  "#?//�7��(�  ')��!(�(�6  &�!! ��)'���!6  (�  #!(#'�  (� �%2()1  �  

#!���# ()1  (�!):�((#!��. ; 

·  "�*�%%6&(#� $�'%�(��  &�!! ��)'���!6  *# /#&�-%�  (4.8) $%6 $'-1  �  

8#%�� /�0 ; 

·  #�(#!���%2()�  /�0#')�  *&#(�7���#!��  &�!! ��)'�4�!6  *# /#&�-%�  

(4.6) $%6 $'-1  �  8#%�� /�0 . 

�#0�#<(#!��  *#&#!���'#+#  �#$�%�&#'�(�6  8)%�  #*&#8#'�()  *&�  &�;�(��  

;�&#"#+#  !*�"�&�  0�$� , "#�#&)�  "&��"#  #8#8:�()  '  [56, 232]: 
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·  $%6 &�0%� ()1  ��*#'  *#&#$, "  *&���&-  $%6 "�&8#(��()1  

[103, 104, 134, 173, 193] �  !%�(7�')1  *#&#$ [169, 170]; 

·  $%6 &�0%� ()1  *&#7�!!#' , '   �!�(#!�� , '#$#+�0#'#�  '#0$�.!�'��  

[134, 173] �  �&�1/�0(�6  /�%2�&�7�6  [100, 134, 200]; 

·  &�0%� ()�  �#$�%�  /%4�$#' , (�*&���&  (�(24�#(#'!"��  <�$"#!��  

[167] �  $&. 

�#0�#<(#!��  �#$�%�&#'�(�6  !  *#�#:24  *#&#')1  !���. , "#�#&)�  "&��"#  

#*�!�()  '  [149], !1����� (#  *&�$!��'%�()  (�<�  (��!-(#"  4.18). 

 

  
��!-(#"  4.18 - �#0�#<(#!��  �#$�%�&#'�(�6  !  *#�#:24  *#&#')1  !���.  

 

4.5.  ���
�(�(��  (�*���,�(,5  3�&**  )�

�%��2  �  
���	.
  *����,5  )�%�2 

4.5.1.  -��
��  	�#��	  �
��  �
�
���  �������
�  �	�����  �	�	���  ��
��  

�#$�%�  *#&#')1  !���.  6'%64�!6  *&���&���  $�!"&��()1  �#$�%�.  *#&�!�#.  

!&�$)  (�  ��"&#��!;��8� . 	8#8:�6  '!�  ');�  *&�$!��'%�((#�  '  $�((#.  +%�'� , 

0�*�;��  �#$�%2 *#&#'#.  !���  '  '�$�  $�!"&��(#.  �#$�%�  (1.1) $%6 $'-1/�0(#+#  

!%- �6  [59]: 

·  $�!"&��()�  -&�'(�(�6  (�  $�'%�(�6  '  *#&�1 �  "�*�%%6&�1 –  

[ 5 �� ß��
•� "»�

•� P »�
•� $

ÖÁ

�Y�

Q [ 6„� ß„�
•� "»�

•� P »„
•� $

„Y„ÎÛ=„��„���

� � �U

»��
•� � 7»"»�

•� �»�
•� $Ò�

1. (4.20) 
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·  $�!"&��()�  -&�'(�(�6  (�  +�#���&� �!"��  1�&�"��&�!��"�  #8%�!��.  

�� �(�6  '  ?%���(��1  *#&#'#.  !���  –  

û �=
•� � ü="û �=

•� 9 � � � � �à � �ö� �»�
• �8�

Î�& �8�
Ð:‘�= $�U

û ��=
•� � ü="û ��=

•� 9 � � � �� �à �� �ö�� �»��
• �8��

Î�& � 8��
Ð:‘�= $Ò�

1. (4.21) 

·  &�! ��(�6  !��"�  –  

a� ~ � � a� Q � a�aG � � � � a � FN�Oa�U
� � � FN�Oa� 
 � � FN�Oa�¢� � FN�OaÒ�

1. (4.22) 

·  (� �%2()�  -!%#'�6  –  

»�
• G � FN�Oa�»��

• G � FN�Oa�û �=
• G � FN�Oa�û ��=

• G � FN�OaÒ� 1. (4.23) 

·  +&�(� ()�  -!%#'�6  –  

»„ÎÛ=„�
•� � »„ÎÛ=„�

• G Q � »
a�

� a
�»„ÎÛ=„�

• G � FN�Oa�U

»„���
•� � »„���

•� 9 � � FN�Oa� � » � FN�Oa��
1. (4.24) 

�  0�*�!� , *&�$!��'%�((#.  ');� , �!*#%20#'�()  !%�$-4:��  �($�"!)  

� � � � � 
 Ø• �UUU� � � 
 Ø‘ �UUUU

� � ò<aK;�N�¹�UUUO� ONž;OK�O��� ��
1. (4.25) 

�  ��"<�  !%�$-4:��  #8#0(� �(�6 : 5 ��  – ���&�7�  !'60�.  *#&)  �  !  *#&#.  �  (0 – *#&)  

(�  !'60�() , 1 – *#&)  !'60�() ); 6„�  – ���&�7�  !'60�.  *#&)  �  !  *#&#. -�!�# (�"#�  

�%�  !�#"#�  O (0 – *#&�  (�  !'60�(� , 1 – *#&�  !'60�(� ); ß – /-("7��  $%6 

*&#'#$��#!��. : 

ßý•�
•� � Œ

àý•

‚ ý•
•� Q

"{ ý•� P àý•P à� $

‚ ý•�
•� Q

à�

‚ �
•� •

9 �

�� 1. (4.26) 

+$� �($�"!  þ•, *#���#  0(� �(�.  �($�"!�  � , '"%4 ���  '  !�86  ��"<�  *#&--�!�# (�"  �  

*#&--!�#" ; ‚  – ��"-:��  /�0#')�  *&#'#$��#!��  ?%���(�#' , #*&�$�%6��)�  "�"  

‚ �
•� � [ ( �=

• ’ b="û �=
• � � � �à � �ö� �»�

• $

Ö�� �

=Y�

� 

‚ ��
•� � [ ( ��=

• ’ b="û ��=
• � � �� �à �� �ö�� �»��

• $

Ö�� �

=Y�

Ò�

1. (4.27) 
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à – &�$�-!  '*�!�((#.  #"&-<(#!��  !� �(�6  ?%���(�� ; �  – /�"�#&  /#&�)  !� �(�6  

?%���(�� ; ö – "#(�&�"�().  -+#% ?%���(�� ; { ��  – $%�(�  ��<$-  7�(�&���  *#& �  �  � : 

{ �� � ­ " � � P � � $
	

Q "
 � P 
 � $
	

Q "¢� P ¢� $
	
Ò� 1. (4.28) 

� � , 
 � , ¢�  – "##&$�(��)  � -#.  *#&) ; ( =
•  – ��"-:��  0(� �(�6  (0 �%�  1) (�!):�((#!��.  

/�0#.  �  $%6 #8%�!��.  �� �(�6  ; -+# ��*�  $%6 ?%���(�� , &�!! ��)'���)�  "�"  
( ��=

•� � (5/ "û ��=
•� $�( �=

•� � (5/ "û �=
•� $�� 1. (4.29) 

�);�  �!*#%20#'�()  !%�$-4:��  /-("7�� : b= – /-("7��  $%6 &�! ���  

*&#'#$��#!��.  ((�*&���& , /#&�-%�  (4.14)) #8%�!��  �� �(�6  ; -+# ��*�  (��!-(#"  

4.14); û= – '�"�#&  +�#���&� �!"�1  1�&�"��&�!��"  0��"(-�#.  "&�'#.  ("&�'�0()  

$-+, -+%) ��<$-  $-+��� , $%�()  $-+ �  � .$.), #*�!)'�4:�.  +�#���&�4  #$(#.  �0  

Ø=��  #8%�!��.  �� �(�6  /�0)  '  ?%���(��  (��!-(#"  4.14); ü= – /-("7�6 , 

#*�!)'�4:�6  �0��(�(��  1�&�"��&�!��"  #8%�!��.  �� �(�6  ((�*&���& , ��!-(#"  

4.11); 7»  – /-("7�6  &�! ���  $�'%�(�6  $%6 "�*�%%6&#' (�  #!(#'�  0(� �(�.  

$�'%�(�6  '  !#!�$(�1  *#&�1 ((�*&���& , "�"  !&�$(��  �&�/���� �!"#� ).  

3-!�2  7{  – /-("7�6  *&�(�$%�<(#!��  ?%���(��  "%�!��&- , �#+$�  "#(!��(�)  

*&�(�$%�<(#!��  "%�!��&��  8 (0 �%�  1) 8-$-�  &�!! ��)'��2!6  (�  #!(#'�  

!%�$-4:�1  /#&�-% : 

8�
•� � 7{ � � � � � 5�6 �û • � �UUU8��

•� � 7{ � � � � �5�6 �û • � �� 1. (4.30) 

��(()�  "#(!��(�)  0�'�!6�  #�  '�"�#&#'  û  $%6 '!�1  *#& �  "�*�%%6&#' $%6 /�0)  � . 

�-("7�6  (5/  $%6 &�! ���  (�!):�((#!��  0�*�!)'���!6  "�"  

(5/ � û=� � �
� �5à�5 � û=� � � �
� �5à�5 � û=� – � �

� 2. (4.31) 

+$� 5à�5  – *%#:�$�  !� �(�.  #8%�!��.  �� �(�6  !  *�&����&���  û . 

�%6 '�"�#&�  +�#���&� �!"�1  1�&�"��&�!��"  û , (�!):�((#!��  (  �  $�'%�(�6  

» 0(� �(�6  �#+-�  8&��2!6  !  *&�$)$-:�+#  � /�%�  ��"-:�+#  '&���((#+#  ;�+�  ��� , 

+$� (�  -"�0�()  �($�"!)  $%6 '&���(()1  ;�+#' . 
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4.5.2.  $�
����  ��
�����
�  ������
�
	�  �����	�	�  �����
�
���

  ���  


�����	���
�  �	�����  �	�	���  ��
��  

��*�!2  �#$�%�  *#&#'#.  !���  '  '�$�  $�!"&��(#.  �#$�%�  (4.20)-(4.31) 

*#0'#%6�� *&���(6�2  ��#&�4  (�*&�&)'()1  +&-**  !�����&�.  [59], "#�#&#.  

*#!'6:�()  *&�$)$-:��  
%�'�  2 �  
%�'�  3. �(�%�0  $�((#.  �#$�%�  *#0'#%6�� 

+#'#&��2  # �#� ,  �#  #(�  �����  �&�1��&(-4  +&-**-  '&�:�(�.  �  �&�1��&(-4  

+&-**-  *�&�(#!#'  *# *&#!�&�(!�'�(()�  "##&$�(����  '  "� �!�'�  (�*&�&)'()1  

!�����&�.  (0(� �(�6  "#(!��(�  '  (4.22) ��(64�!6 , (#  #8:�.  '�$  #!����!6  

(��0��(()� ): 

Z� � �
W
W


P 

W
W�

�UUUZ	 � ¢
W
W


P 

W
W¢

�UUUZ” � �
W
W¢

P ¢
W
W�

�U

Z² �
W
W�

�UUUZË �
W
W


�UUUZë �
W
W¢

��
1. (4.32) 

	$(�"# , (�*&���& , +&-**�  &�!�6<�(�.  (�  6'%6��!6  (�*&�&)'(#.  !�����&��. , ��"  

"�"  #(�  ��(6��  &�!!�#6(�6  ��<$-  *#&��� , �  0(� ��  ��(6��  '�$  /-("7��  ß. 

��!!�#�&��  !%- �.  #$(#/�0(#+#  �� �(�6 ,  �#  $%6 �#$�%�  (4.20)-(4.31) 

#0(� ���  #�!-�!�'��  �($�"!�  � , (�0�'�!��#!�2  "#?//�7��(��  ß #�  $�'%�(�6  �  

(�%� ��  �#%2"# #$(#.  #8%�!��  �� �(�6 , 1�&�"��&�!��"�  "#�#&#.  (�  ��(64�!6 , �#  

�!�2  ü � �û� � û . ��(()�  -!%#'�6  *&�'#$6�  (�%�(�.(#�  $�!"&��(#�  -&�'(�(��  �0  

(4.20) "  %�(�.(#�- ,  �#  *#0'#%6�� ��-  ����2  $#*#%(���%2(#  "  (4.32) +&-**-  

*�&�(#!#'  *# $�'%�(�4  �  +&-**-  !#'��!�()1  &�!�6<�(�.  *# '&���(�  �  $�'%�(�4  

'  "� �!�'�  +&-**  (�*&�&)'()1  !�����&�. . ��%� ��  $�(()1  !�����&�. , '  

 �!�(#!�� , '%� ��  0� !#8#.  (�0�'�!��#!�2  �8!#%4�(#.  *&#(�7���#!��  (4.4) #�  

0(� �(�.  $�'%�(�6 ,  �#  6'%6��!6  #<�$���)�  '  $�((#�  !%- �� . 

��!!�#�&��  !%- �.  $'-1/�0(#+#  �� �(�6 : *-!�2  -&�'(�(�6  (4.21) (�  0�'�!6�  

#�  $�'%�(�.  �  "#(!��(�  *&�(�$%�<(#!��  "%�!��&��  8. 
#+$�  -&�'(�(�6  (4.21) 

!'#$6�!6  "  '�$-  $�!"&��()1  $�(��� �!"�1  !�!��� , +$� �#+-�  8)�2  �!*#%20#'�()  

&�0-%2���)  
%�')  2 �  
%�')  3, '   �!�(#!��  
�8%�7�  2.1 �  
�8%�7�  2.2. 

�#$�%�  *#&#')1  !���.  '  '�$�  -&�'(�(�.  (4.20)-(4.31) $%6 #$(#/�0(#+#  

!%- �6  �#+-�  !'#$��2!6  "  '�$-  &�0(#!�()1  !1��  $%6 !��7�#(�&(#+#  �(#+#��&(#+#  
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-&�'(�(�6  /�%2�&�7��  +�0� *&�  #*&�$�%�((#�  '�$�  /-("7�.  ß �  ���&�7  5 �  6 . 

3#&)  '  ��"#�  !%- ��  8-$-�  -0%���  !��"� , �  "�*�%%6&) #�'� ��2  0� +&�(�7)  6 ��" . 

�  ?�#�  !%- ��  ��"<�  �#+-�  8)�2  �!*#%20#'�()  &�0-%2���)  
%�')  2 �  
%�')  3, '  

 �!�(#!��  
�8%�7�  2.3. 


,���,  �  3	���  

1. ��((�6  +%�'�  *#!'6:�(�  *#&#��!;��8(#�-  �#$�%�&#'�(�4  

*&#7�!!#'  /�%2�&�7��  �  �+# *&���(�(�4  $%6 /�%2�&�7�#(()1  

�#$�%�.  (�/��+�0#(#!()1  *%�!�#' : *&#'�$�(�  "%�!!�/�"�7�6  

*#&#��!;��8()1  ���#$#'  �#$�%�&#'�(�6  *&#7�!!#'  /�%2�&�7��  '  

*#&�!�)1  !&�$�1  �  #8#8:�()  !-:�!�'-4:��  *&#8%��)  

*#&#��!;��8(#+#  �#$�%�&#'�(�6 . 

2. 3#$&#8(# &�!!�#�&�()  ���#$)  *#&#!���'#+#  �#$�%�&#'�(�6  �  �1  

*&���-:�!�'� , $�(#  #*&�$�%�(��  �#$�%�.  *#&#')1  !���. , *&#'�$�(�  

"%�!!�/�"�7�6  ���#$#'  *#%- �(�6  $�(()1  $%6 �#$�%�.  *#&#')1  

!���. , *&�$!��'%�()  �0'�!�()�  ���#$)  �#$�%�&#'�(�6  #$(#- �  

$'-1/�0(#+#  �� �(�6  '  *#&#')1  !��61 , (�  #!(#'�  �(�%�0�  %���&��-&)  

#8#8:�()  &�;���)�  !  *#�#:24  �#$�%�.  *#&#')1  !���.  0�$� � . 

3. 3#%- �(  #8:�.  '�$  �#$�%�.  *#&#')1  !���. , !#+%�!(# ''�$�(()�  '  


%�'�  1 $�!"&��()�  �#$�%6� , �  ��"<�  *&�'�$�()  *&���&)  

*&���(�(�6  &�0-%2���#'  +&-**#'#.  "%�!!�/�"�7��  $%6 �#$�%�.  

*#&#')1  !���. . 

4. ���#$)  *#&#��!;��8(#+#  �#$�%�&#'�(�6  '  7�%#�  �  *#&#!���'#+#  

�#$�%�&#'�(�6  '   �!�(#!��  !*#!#8()  0(� ���%2(#  -'�%� ��2  

*#(���(��  *&#7�!!#'  /�%2�&�7��  '  *#&�!�)1  !&�$�1 . 	$(�"#  #$(#.  

�0  #!(#'()1  *&#8%�� 6'%6��!6  (�!##�'��!�'��  ��!;��8#'  

#*�!)'���)1  '  $�((#.  +%�'�  �#$�%�.  �  ��!;��8#'  #89�"�#'  

�!!%�$#'�(�6 , '   �!�(#!�� , (�/��+�0#(#!()1  *%�!�#' . 3#?�#�-  

!%�$-4:�6  +%�'� , +$� /#"-!  �!!%�$#'�(�6  !��:�(  '  #8%�!�2 �#$�%�.  

*#&#')1  !���. , *#!'6:�(�  $�((#.  *&#8%��� .  
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$	���  5.  �����"��#���
����  ����������  �������  

��������"��#�  ��������  �����  ��  ��������"��#�  

��((�6  +%�'�  *#!'6:�(�  �!!%�$#'�(�4  !'60�.  $�!"&��()1  �#$�%�.  

*&#7�!!#'  /�%2�&�7��  (�  ��"&# - �  ��"&#��!;��8�1  *#&�!�)1  !&�$ , 

*&�$!��'%�(()1  '  
%�'�  1. �!!%�$#'�(��  '�$��!6  !  7�%24 &���!;��8�&#'�(�6  

��"&#��!;��8()1  �#$�%�.  $%6 �1  �!*#%20#'�(�6  *&�  0�$�(��  *�&����&#'  

$�!"&��()1  �#$�%�.  ��"&#��!;��8� . 

5.1.  �*�)�(��  *��5����  �  ��
�)7%�+�����(�<  ��)���%(,5  
���	�2  


����
�)7%�+�  

5.1.1.  *��	�  ��#��
�� #
�  �	��	�	�  �  �����"
��
�	���
  

3#&#��!;��8(#�  �#$�%�&#'�(��  '  7�%#�  �  *#&#!���'#�  �#$�%�&#'�(��  '  

 �!�(#!�� , "#�#&)�  *#!'6:�(�  
%�'�  4, 6'%64�!6  �#:()��  �(!�&-��(����  

�#$�%�&#'�(�6  �(#+#/�0(#.  /�%2�&�7��  '  *#&�!�)1  !&�$�1 . 	$(#.  �0  

'�<(�.;�1  *&#8%�� *#&#��!;��8(#+#  �#$�%�&#'�(�6  6'%6��!6  «*�&�(#! » 

(&���!;��8�&#'�(�� ) *#%- �(()1  (�  ��"&#��!;��8�  &�0-%2���#'  (�  8#%�� 

"&-*().  ��!;��8 , (�*&���&  (�  ��!;��8  (�/�6()1  �  +�0#')1  *%�!�#'  [149, 214]. 

�"�0�((�6  ');�  *&#8%���  6'%6��!6  �"�-�%2(#.  ���#.  �!!%�$#'�(�.  �(#+�1  

- �()1 . �  !���2�  [160] (�  #!(#'�  &�0-%2���#'  *#&#!���'#+#  �#$�%�&#'�(�6  [195] 

*&�$%�+���!6  *#$1#$ "  &���!;��8�&#'�(�4  0� ! ��  *#!�&#�(�6  /�7��%2()1  

�#$�%�. , *#!�&#�(�6  +�#%#+� �!"#.  �#$�%�  �  &���!;��8�&#'�((#.  

/�%2�&�7�#((#. , +$� '!�  &�0-%2���)  *#%- �()  $%6 #$(#+# �0  ��!�#&#<$�(�.  

(�/��  �  +�0� ��'�&(#+#  �#&6. �  !���2�  [156] *&�$%#<�(  !%�$-4:�.  *#$1#$ "  

&���!;��8�&#'�(�4 : !#'��!�(#�  ')$�%�(��  /�7�.  �  ��*#'  *#&#$ !  *#%- �(���  

!##�'��!�'-4:�1  ��  *#&#!���')1  �#$�%�.  �  /�%2�&�7�#(()1  1�&�"��&�!��" , 

*#%- �(��  #!&�$(�(()1  1�&�"��&�!��"  $%6 "�<$#.  /�7��  '  *&#7�!!�  $'-1/�0(#+#  

!��7�#(�&(#+#  &���!;��8�&#'�(�6 , �!*#%20#'�(��  #!&�$(�(()1  1�&�"��&�!��"  

*&�  &�! ���  !  *#�#:24  +�$&#$�(��� �!"#+#  !��-%6�#&�  (�  ��!;��8�  '!�+#  

��!�#&#<$�(�6 . 
�"<�  '  ?�#.  !���2�  *&#'�$�(#  !&�'(�(��  /�"�� �!"#.  �  

&�! ��(#.  (�"#*%�((#.  $#8) �  (�/��  !  - ��#�  *&���(6��#.  ��1(#%#+��  
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'#$#+�0#'#+# '#0$�.!�'�6  (WAG) $%6 #$(#+# �0  ��!�#&#<$�(�.  (�/��  �  +�0� 

��'�&(#+#  �#&6. �  &�8#��  [224] �!*#%20-��!6  #*�!�(().  '  *&�$)$-:�.  !���2�  

*#$1#$ "  &���!;��8�&#'�(�4  $%6 �0- �(�6  *�$�(�6  *%�!�#'#+#  $�'%�(�6  '  

*&#7�!!�  &�0&�8#�"�  ��!�#&#<$�(�6  (�/��  �  +�0�, &�!*#%#<�((#+#  '  ��'�&(#�  

�#&� . �  !���2�  [208] *&�$%#<�(  *#$1#$ "  &���!;��8�&#'�(�4  (�  #!(#'�  ��&�&1��  

!���')1  �#$�%�.  $%6 "�<$#+# &�!!���&�'���#+#  ��!;��8� , +$� &�! ��  #$(#/�0(#.  

/�%2�&�7��  *&#'#$��!6  (�  #!(#'�  �#$�%�  !%- �.(#+#  8%-<$�(�6  !  (�*&�&)'()�  

'&���(�� . �  $�!!�&��7��  [222] *&�$%#<�(  *#$1#$ "  &���!;��8�&#'�(�4  (�  

#!(#'�  ���#$#'  $�"#�*#0�7��  #8%�!��  *&�   �!%�(()1  &�! ���1 ,  �#  *#0'#%6�� 

«!;�'��2 » &�0%� ()�  �#$�%�  #$(#+# ��!;��8�  $%6  �!%�(()1  &�! ��#'  (�  

8#%2;�1  ��!;��8�1 . 

	*�!)'���)�  '  $�((#�  &�0$�%� ���#$)  &���!;��8�&#'�(�6  ��"&#�#$�%�.  

!1#<�  !  ���#$���  &���!;��8�&#'�(�6  /�%2�&�7�#(()1  �#$�%�.  *&�  *�&�1#$�  #�  

��%"#��!;��8(#.  !��"�  "  "&-*(#��!;��8(#.  ('  �(#!�&�((#.  %���&��-&�  – 

upgridding) �  *�&�! ���  '!�1  *�&����&#' , 0�$�(()1  (�  �&�1��&()1  !��"�  

(upscaling). 3&���&)  $�(()1  ���#$#'  �#<(#  (�.��  '  !���2�  [71]. 3&�  

&�!!�#�&�(��  (�!"#%2"�1  ��!;��8#' , +$� $%6 (����(2;�+#  ��!;��8�  �0'�!�()  

/�%2�&�7�#(()�  1�&�"��&�!��"� , *#!%�$#'���%2(#  *&���(64�!6  &�0%� ()�  

���#$)  &���!;��8�&#'�(�6 , "�"  ?�#, (�*&���& , #*�!�(#  '  &�8#��  [166]. ��(()�  

���#$)  ��"<�  *&���(64�!6  '  *#$1#$�1 "  &���!;��8�&#'�(�4 , #*�!�(()1  '  

*&�$)$-:��  �80�7� . 

5.1.2.  +����  ����������	�	  �	��	��  �  �����"
��
�	���
  �	�����  

�
��	���"
���  �	  ����	���"
���  

	$(#.  �0  #!(#'()1  *&#8%�� -*#�6(-�)1  ');�  *#$1#$#'  6'%6��!6  

(�$#!���# (#�  �!!%�$#'�(��  '0���#!'60�  *�&����&#'  ��"&#��!;��8�  �  

��0#��!;��8#'  ((�*&���& , ��!;��8  �(��&'�%#'  
�� ) $%6 *�&�1#$�  (�  

��"&#��!;��8 . 
�"<�  $�(()�  ���#$) , "�"  *&�'�%# , �&�8-4�  $#!���# (#  8#%2;#. 

#89��  ?"!*�&���(��%2()1  $�(()1 , "#�#&).  0� �!�-4  #�!-�!�'-��  (�  

��!�#&#<$�(�61 . 
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�"�0�(()�  *&#8%��)  *&�$%�+���!6  &�;��2  !  *#�#:24  &�0&�8#��((#+#  

*#$1#$� "  &���!;��8�&#'�(�4  $�!"&��()1  �#$�%�.  ��"&#��!;��8�  $# 

��"&#��!;��8� , +$� '  "� �!�'�  $�(()1  ��0#��!;��8�  �!*#%20-4�!6  $�(()�  

��
�� , ��"  "�"  #1'��  &�0&�0#' !"'�<�(  ?����  �!!%�$#'�(�6��  (�  *#&6$#" ');� , 

 ��  #1'�� , (�*&���& , �!!%�$#'�(�6��  "�&(� . 	*�!�(().  *#$1#$ 8%�0#" *#$1#$- !  

�!*#%20#'�(���  REV, ��"  "�"  �(�%#+� (#  *&#�!1#$��  #!&�$(�(��  *�&����&#'  

��(2;�+#  ��!;��8�  (�  8#%�� "&-*(#�  ��!;��8� ,  �#  8)%# #��� �(#  '  
%�'�  1. 

��#��2  #������2 ,  �#  $%6 8#%2;�.  �# (#!��  *&���(�(�6  &�0&�8#��((#+#  *#$1#$� 

�!*#%20-��)�  $�!"&��()�  ��"&#�#$�%�  $#%<()  !##�'��!�'#'��2  REV. 

��0&�8#��(().  *#$1#$ "  &���!;��8�&#'�(�4  $�!"&��()1  ��"&#�#$�%�.  

*&�$!��'%�(  '  [51, 52, 56, 174, 175, 176]. ��!-(#"  5.1 *#"�0)'���  !1��-  *#$1#$�, 

(�  "#�#&#.  ��"<�  -"�0�()  ?��*)  (�  #!(#'�  &�0&�8#��(()1  ���#$#' , �  ?��*) , (�  

"#�#&)1  '#0�#<(#  *&���(�(��  ���#$�  &�0�(#<�(�6   �!%�(()1  &�;�(�. . 

��0&�8#��(().  *#$1#$ 8�0�&-��!6  (�  !%�$-4:��  (��!-(#"  5.1): 

·  *#%- �(��  ')8#&"�  $�!"&��()1  ��"&#�#$�%�.  (�#$�%�  *#&#')1  

!���. ) !  *#�#:24  ���#$#' , "#�#&)�  -*#�6(-�)  '  *&�$)$-:�.  


%�'�  4: 

o *#!�&#�(��  (�  #!(#'�  �&�1��&()1  �0#8&�<�(�.  *-!�#�(#+#  

*&#!�&�(!�'�  (#*�!�(#  '  *&�$)$-:�.  +%�'� ); 

o *#!�&#�(��  (�  #!(#'�  !�#1�!�� �!"#.  +�(�&�7��  �#$�%�.  �  

&�;�(��  #8&��()1  0�$�  $%6 &�0%� ()1  ?"!*�&���(��%2()1  

$�(()1  (�  "�&(�  (*&�$!��'%�(#  (�<�  '  $�((#.  +%�'� ). 

·  &�08��(��  *#%- �(()1  ��"&#�#$�%�.  (�  "%�!!)  (�  #!(#'�  !&�'(�(�6  

&�!*&�$�%�(�.  �1  *�&����&#' ; 

·  "#&&�%67�6 "%�!!#'  !  $�(()��  ��
��  – ')$�%�(��  &�+�#(#'  

��"&#�#$�%�. ; 

·  #!&�$(�(��  *�&����&#'  ��"&#�#$�%�.  '  ')$�%�(()1  &�+�#(�1 ; 

·  *#%- �(��  (��0'�!�()1  &�!*&�$�%�(�.  *�&����&#'  $%6 #!&�$(�(()1  

��"&#�#$�%�.  '  &�+�#(�1  ((�*&���& , &�!*&�$�%�(��  "#(��"�()1  

-+%#' '  �#$�%� ) *-���  &�;�(�6  #8&��()1  0�$� ; 
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·  &�!*&#!�&�(�(��  ')$�%�(()1  (�  &�0&�0� *# !"'�<�(��  &�+�#(#'  (�  

��<!"'�<�((#�  *&#!�&�(!�'#  !  *#�#:24  ���#$#'  +�#!����!��"�  �  

$���&��(�!�� �!"�1  ���#$#'  *&#!�&�(!�'�((#.  �(��&*#%67�� ; 

·  &�! ��  /�%2�&�7�#(()1  *�&����&#'  $%6 $�!"&��()1  ��"&#�#$�%�.  – 

�#$�%�.  *&#7�!!#'  /�%2�&�7��  '  (�/��+�0#(#!()1  *%�!��1 ; 

·  &��%�0�7�6  *&�$!��'%�(()1  0$�!2 ;�+#'  '  '�$�  �$�(#+#  *&#+&���(#+#  

"#�*%�"!�  «PoroScale», #*�!�(��  �  !'�$���%2!�'#  # &�+�!�&�7��  [54] 

"#�#&#+# *&�$!��'%�()  '  *&�%#<�(�61 . 

 

 
��!-(#"  5.1 - 	8:�6  !1���  �!*#%20#'�(�6  �#$�%�.  *#&#')1  !���.  $%6 &�! ���  *�&����&#'  (�  

��"&#��!;��8�  *#&�!�#.  !&�$)  
 

��*�;��  *&�$!��'%�((-4  !1��-  !  *#�#:24  0�*�!�  $�!"&��()1  �#$�%�.  

'�$�  (1.1), �  $%6 ?�#+# ''�$��  $%6 "&��"#!��  !%�$-4:��  #8#0(� �(�6  (5.1) 

�  
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Z � %�� � � �� 	 � 
 � �� � �
' �UUU� � %
� � � 
� 	 � 
 � 
� � �

' �UUU��  ! � �UUU
�  ! # �U

» “� � � " � � � � 	 � 
 � � &��� $�UUU»Û�“� � � " � � � � 	 � 
 � � &� o ��� $�U

» � %»�
“� � � »�

Û�“� � � »	
“� � � »	

Û�“� � � 
 � » � �

“� � � »� �

Û�“� � ' �U

�  !�UUUU¹ � ¹“� � Q ¹Û�“� � �U

� � %� � � Z� � � »� � 
 � � � �
� Z� � � »� ' �U

� � ¼� � � Z� � � »� � 
 � � � �
� Z� � � »� ¾�U

� � %� � � Z� � �»� � 
 � � � Ú
� Z� � �»� ' ��

1. (5.1) 

��!!�#�&��  $�!"&��()�  ��"&#�#$�%� , (�*&���& , �#$�%�  *#&#')1  !���. , 

0�*�!�(()�  '  '�$�  (4.20)-(4.28): 

Ù#�E=Î � )� #�E=Î � Z#�E=Î � � #�E=Î �»#�E=Î � �U
� #�E=Î � Z#�E=Î � � #�E=Î � »#�E=Î � �U
7#�E=Î � Z#�E=Î � � #�E=Î � »#�E=Î � *�

1. (5.2) 

�  (�"#�#&-4  $�!"&��(-4  ��"&#�#$�%2  '�$�  

Ù#:E=Î � )� #:E=Î � Z#:E=Î � � #:E=Î � »#:E=Î � �U
� #:E=Î � Z#:E=Î � � #:E=Î �»#:E=Î � �U
7#�E=Î � Z#:E=Î � � #:E=Î �»#:E=Î � *��

1. (5.3) 

+$�  �!�2  *�&����&#'  �  ��"&# - �  ��"&#�#$�%�.  6'%64�!6  (��0'�!�()��  (�($�"!  

ž�\K3 ): $%6 ��"&#�#$�%�.  ?�# �#<��  8)�2 , (�*&���& , &�!*&�$�%�(��  "#(��"�(#+#  

-+%� '  �#$�%� , �  $%6 ��"&#�#$�%�.  ��"���  *�&����&���  '  $�((#.  $�!!�&��7��  

6'%64�!6  /�%2�&�7�#(()�  *�&����&)  ((�*&���& , �8!#%4�(�6  *&#(�7���#!�2 ). �  

*&�$!��'%�(()1  ��"&# - �  ��"&#�#$�%61  "#%� �!�'#  '!�1  '�$#'  *�&���(()1  

6'%6��!6  &�0%� ()� . 

3&�$!��'%�((�6  ');�  !1���  &���!;��8�&#'�(�6  !#!�#��  (�  *�&'#�  ?��*�  '  

*#!�&#�(��  &�0%� ()��  ���#$���  ')8#&"�  5 � )Ù#�E=Î
„ * $�!"&��()1  

��"&#�#$�%�. .

 

��%��  �$��  &�08��(��  �(#<�!�'�  5 (�  *#$�(#<�!�'�  ("%�!!) ) 5 �  

(�  #!(#'�(��  (�"#�#&#.  ���&�"�  

º "Ù � �Ù� $ � - �� � FN�Oa� 1. (5.4) 

�  ')$�%�(��  "#�*#(�(�  !'60(#!��  +&�/�  !  �!*#%20#'�(���  ���&�7)  &�!!�#6(�.  

- ��  (#*�!�(��  ���#$�  $�(#  (�<� ). �  ')$�%�(()1  "%�!!�1  �0'�!�()�  *�&����&)  (!  
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�($�"!#�  \K3 ) -!&�$(64�!6  �  $%6 "�<$#+# *#$�(#<�!�'�  5 �  !�&#��!6  

-!&�$(�((�6  �#$�%2 Ù•#�E=Î
� � 

�#$�%�  (5.2) �#+-�  ����2  !'602 !  �#$�%6��  (5.3) '  '�$�  

_•&:E� � Z#�E=Î
„ � � �� „

#:E=Î �UUU�� „
#:E=Î  Z#:E=Î �� 1. (5.5) 

 �# , *# !-�� , 6'%6��!6  "##&$�(�����  ��"&#�#$�%�.  '  ��"&#�#$�%� . ��*&���& , 

"##&$�(�����  �#<��  8)�2  ��!�#  #�8#&� #8&�07� "�&(� , (�  #!(#'�(��  "#�#&#+# 

*#%- �(�  ��"&#�#$�%2  !  �($�"!#�  O. ��  #!(#'�(��  !'60�  '�$�  (5.5) �  �(�%�0�  

'0���#!'60�  ("#&&�%67��) �0'�!�()1  *�&����&#'  ��"&#�#$�%�.  �  �0'�!�()1  

*�&����&#'  ��"&#�#$�%�  Ù#:E=Î  �$��  *#!�&#�(��  #�#8&�<�(�6  �(#<�!�'�  

(�0�'�!��)1  *�&���(()1  Z#:E=Î  (�  (!4&9�"7�6 ) �(#<�!�'#  #!&�$(�(()1  

�#$�%�.  Ù•#�E=Î
�  '�$�  

_=���Î� � �� #:E=Î � � Ù•#�E=Î
� �UUU�� #:E=Î  Z#:E=Î �� 1. (5.6) 

���0'�!�()�  *�&����&)  #!&�$(�(()1  ��"&#�#$�%�.  Ù•#�E=Î
�  (!  �($�"!#�  

ž�\K3 ) #7�(�'�4�!6  (�  #!(#'�(��  &�;�(�6  #8&��()1  0�$� , "#�#&)�  �#+-�  8)�2  

0�*�!�()  '  '�$�  &�;�(�6  -&�'(�(�.  '�$�  

_E	 :=:E "Ù•#�E=Î
� $ � 
•� � 
•�  ! � Ê�� 1. (5.7) 

�-("7�6  _E	 :=:E  *#0'#%6�� &�!! ��)'��2  &�0%� ()�  1�&�"��&�!��"�  
 , '  

 �!�(#!��  /�%2�&�7�#(()� , +$� 
•�  – '�"�#&  7�%�')1  0(� �(�.  /�%2�&�7�#(()1  

1�&�"��&�!��" , "#�#&)�  *#%- �() , (�*&���& , ?"!*�&���(��%2(# . �� �%2()�  �  

+&�(� ()�  -!%#'�6  $%6 $�!"&��()1  ��"&#�#$�%�.  Ù•#�E=Î
�  ')8�&�4�!6  �!1#$6  �0  

��*�  7�%�')1  0(� �(�.  1�&�"��&�!��"  
•�  �  *�&����&#'  ��"&#�#$�%�. , "#�#&)�  

(-<(#  &�!! ����2 . 

3#!%� #7�("�  (��0'�!�()1  *�&����&#'  #!&�$(�(()1  ��"&#�#$�%�.  $%6 

"�<$#+# &�+�#(�  �  !##�'��!�'-4:�+#  *#$�(#<�!�'�  5 �  !  *#�#:24  �#$�%�.  

Ù•#�E=Î
�

 &�!! ��)'�4�!6  (��0'�!�()�  /�%2�&�7�#(()�  *�&����&)  ��"&#�#$�%�.  

*# !%�$-4:�.  /#&�-%�  

»#:E= Î
Û�“� � � �� #:E=Î � � _E	 :=:E %_=���Î� � �� #:E=Î � ' �� 1. (5.8) 

+$� �($�"!  &�+�#(�  �  #*&�$�%6��!6  !  *#�#:24  /#&�-%)  (5.6). 
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��%2(�.;��  &�0$�%) $�((#.  +%�')  *&�0'�()  8#%�� *#$&#8(# &�!"&)�2  '!�  

?��*)  !1��)  &���!;��8�&#'�(�6  – *�&�+&�/)  5.2-5.4. 3&���&)  $%6 #!(#'()1  

?��*#'  &���!;��8�&#'�(�6  $�!"&��()1  ��"&#�#$�%�.  $�4�!6  *#!%�$#'���%2(#  '  

*�&�+&�/�1  5.5-5.7. 3#!%�$#'���%2(#!�2  �0%#<�(�6  #!(#'()1  ?��*#'  

*&�$%#<�((#+# *#$1#$� �  *&���&#'  *&���(�(�6  $%6 (�1  #!(#')'���!6  (�  

&�!!���&�'���#�  !"'#0(#�  *&���&� :  

·  ')8#&"�  $�!"&��()1  ��"&#�#$�%�.  !�&#��!6  !  �!*#%20#'�(���  

&�0-%2���#'  &�-�(#.  *#&#���&��  #8&�07#' "�&(� , (�  #!(#'�  "#�#&)1  

')$�%64�!6  "%�!!)  �  &�+�#()  $�!"&��(#.  ��"&#�#$�%�  !  *#�#:24  

"#&&�%67�� !  *�&����&#�  ��
��  �%2/� -3�  [42]; 

·  $�%��  $%6 *#%- �(�6  #!&�$(�(()1  '  &�+�#(�1  $�!"&��()1  

��"&#�#$�%�.  �!*#%20-4�!6  #!&�$(�(()�  &�0-%2���)  &�-�(#.  

*#&#���&��  �  &�0&�8#��(().  ���#$  &�;�(�6  #8&��()1  0�$� , "�"  

*&�%#<�(��  ���#$�  !�#1�!�� �!"#.  +�(�&�7��  �#$�%�.  *#&#')1  

!���. , "#�#&).  '(� �%�  �!!%�$-��!6  (�  *&�$���  "#(�&#%6 &�08&#!� 

&�0-%2���#'  '  0�'�!��#!��  #�  !�#1�!�� �!"�1  &��%�0�7�. . 

5.1.3.  ,��	���	���
�  �����������  �����  �
���
�
�  ���  ����������	�	  �	��	��  �  

�����"
��
�	���
  �
����
���  �
��	�	�����  

��0-%2���)  �!!%�$#'�(�.  !  *#�#:24  (�*&�&)'()1  +&-**  !�����&�.  

(
%�'�  2 �  
%�'�  3) �#<(#  *&���(6�2  $%6 -!"#&�(�6   �!%�(()1  &�! ��#'  *&�  

&�;�(��  #8&��()1  0�$�  $%6 $�!"&��()1  ��"&#�#$�%�. , - �!�'-4:�1  '  

*&�'�$�((#.  ');�  !1���  &���!;��8�&#'�(�6 : 

·  3#%- �(()�  "%�!!)  $�!"&��()1  $�(��� �!"�1  !�!���  (
�8%�7�  2.1 �  


�8%�7�  2.2) �#+-�  8)�2  �!*#%20#'�()  $%6 -!"#&�(�6  &�! ��#'  '  

0�$� �1 , +$� '#0(�"�4�  $�!"&��()�  $�(��� �!"��  !�!���)  "�"  "%�!!  

$�!"&��()1  ��"&#�#$�%�.  '�$�  (1.1), "  *&���&- , $�!"&��(�6  

$�(��� �!"�6  !�!����  (3.41) $%6 /&�"��%2(#.  "�*�%%6&(#.  !���  '  

'�$�  �&�-+#%2(�"�  ��&*�(!"#+# . 

·  �%�!!)  &�0(#!�()1  -&�'(�(�.  /�%2�&�7��  +�0� (
�8%�7�  2.3) !  

(�*&�&)'()��  !�����&�6��  �#<(#  *&���(6�2  $%6 �#$�%�&#'�(�6  
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#$(#/�0(#+#  �� �(�6  +�0� [234] �%�  $%6 �#$�%�&#'�(�6  �(#+#/�0(#+#  

�� �(�6  [192, 217] !  - ��#�  0�"#(�  3-�0�.%6  '  �#$�%61 *#&#')1  !���. , 

�  ��"<�  $%6 �#$�%�&#'�(�6  $�(���"�  *%�(#"  '  !�!����  +�0-<�$"#!�2 -

"�*�%%6& [233] '  �#$�%61 *#&#')1  !���. .  

·  
�"<�  �#+-�  8)�2  �!*#%20#'�()  &�0-%2���)  $%6 #8:�+#  '�$�  �#$�%�.  

*#&#')1  !���. , "#�#&)�  &�!!�#�&�()  ');�  '  *-("��  4.5.  

��0-%2���)  +&-**#'#+# �(�%�0�  *&�$)$-:�1  +%�' �#+-�  8)�2  �!*#%20#'�()  

$%6 -!"#&�(�6  &�! ��#'  (�  ��"&# - �  ��0#��!;��8�1  ((�*&���& , ��!;��8  

&�0%� ()1  /�%2�&#'  $%6 # �!�"�  +�0�) !  *#�#:2  !%�$-4:�1  $�!"&��()1  

��"&#�#$�%�. , "#�#&)�  �!*#%20-4�!6  (�  *#!%�$(��  ?��*�  *&�$!��'%�((#.  !1��)  

&���!;��8�&#'�(�6 : 

·  ��!"&��()�  $�(��� �!"��  !�!���)  �0  &�!!�#�&�(()1  ');�  "%�!!#'  

(
�8%�7�  2.1 �  
�8%�7�  2.2) �#+-�  8)�2  *&���(�() , "�"  &�0(#!�()�  

!1��)  $%6 &�0%� ()1  -&�'(�(�.  /�%2�&�7�� , "  *&���&- , $%6 

-&�'(�(�6  ��"%�6 -��'�&����  – &�0(#!�(�6  !1���  (3.39). 

·  �%�!!)  &�0(#!�()1  !1��  $%6 -&�'(�(�.  /�%2�&�7��  +�0� (
�8%�7�  

2.3) � , '   �!�(#!�� , &�0(#!�(-4  !1��-  (3.27) �#<(#  *&���(6�2  $%6 

�#$�%�&#'�(�6  #$(#/�0(#.  /�%2�&�7��  (�  &�0%� ()1  ��!;��8�1 . �  

*&���&- , '#0�#<(#  *&���(�(��  $%6 �#$�%�&#'�(�6  *&#7�!!#' , 

!'60�(()1  !  +�#%#+� �!"��  1&�(�(���  CO2 (CO2 geological storage) 

[228] �%� , '   �!�(#!�� , *&#7�!!#'  0�"� "�  CO2 (�  ��"&#��!;��8�1  

*#&�!�#.  !&�$)  [123]. 

·  �%�!!)  &�0(#!�()1  !1��  $%6 -&�'(�(�.  ��*#*#&�� -��!�  (
�8%�7�  2.4) 

� , '   �!�(#!�� , &�0(#!�(�6  !1���  (3.36) !  �(�%��� �!"���  

0�'�!��#!�6��  $%6 	�3  �  "�*�%%6&(#+# $�'%�(�6  �#<(#  *&���(6�2  

$%6 �#$�%�&#'�(�6  &�0%� ()1  *&#7�!!#'  $'-1/�0(#.  /�%2�&�7�� . 

·  ��%2�&�7�#(()�  1�&�"��&�!��"�  ((�*&���& , /-("7��  	�3 ) $%6 

-&�'(�(�6  /�%2�&�7��  +�0� (2.49) �  -&�'(�(�6  ��*#*#&�� -��!�  (2.63) 

�#+-�  8)�2  *#%- �()  !  *#�#:24  ���#$#'  *#&#��!;��8(#+#  

�#$�%�&#'�(�6  �0  
%�')  4, �  '  $�%��  "  ?���  -&�'(�(�6�  �#+-�  8)�2  
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*&���(�()  &�0-%2���)  �1  �!!%�$#'�(�.  !  *#�#:24  (�*&�&)'()1  

+&-**  !�����&�.  �0  
%�')  2 �  
%�')  3. 

��0&�8#��(().  ���#$  *#%- �(�6   �!%�(()1  &�;�(�.  !  *#�#:24  

(�*&�&)'()1  +&-**  !�����&�.  �����  �-  <�  �# (#!�2  (*-("�  3.1.3. *&�$!��'%6��  

&�0-%2���)  �!!%�$#'�(�.  �# (#!�� ),  �#  �  -<�  !-:�!�'-4:��  ���#$)  *#%- �(�6  

&�;�(�.  $%6 &�0%� ()1  !�!���  -&�'(�(�.  '�$�  (1.1). 
�!��&#'�(��  $�((#+#  

���#$�  *#%(#7�((#  *&�$!��'%6��  
%�'�  3. 3#?�#�-  $%6 $�%2(�.;�1  &�! ��#' , 

!'60�(()1  !  *&�$%#<�((#.  !1��#.  &���!;��8�&#'�(�6 , �!*#%20-4�!6  -<�  

!-:�!�'-4:��  $#!�-*()�  �%+#&���) , ��"  "�"  (��  "� �!�'�(()1  &�0%� �.  '  

*#%- ���)1  &�0-%2����1 , �����!6  �#%2"# ')�+&);  '  !"#&#!��  &�! ��#' . �#%��  

�#+#, '  $�((#.  +%�'�  '(���(��  !"#(7�(�&�&#'�(#  (�  !���1  $�!"&��()1  �#$�%61 

$%6 &�0%� ()1  ��!;��8#' , �1  *�&����&�1 , &���!;��8�&#'�(��  �  &�;�(�61 , �  (�  

(�  ���#$�1  �1  *#%- �(�6 . 

5.2.  ���,2  
�%��  �,��	�(�.  ��3��(��  ��)���%(,5  
����
���	�2  *���)%�2  

)���,  )  *�
�0'<  ��)���%(,5  
����
���	�2  

5.2.1.  *��	�  ��#��
�� #
�  �	��	�	�  

��  $�(().  �#��(�  !-:�!�'-��  &6$ ���#$#'  ')$�%�(�6  &�+�#(#'  

$�!"&��()1  ��"&#�#$�%�.  *#&�!�#.  !&�$) , '  &#%� "#�#&)1 , '   �!�(#!�� , �#+-�  

8)�2  +�#%#+� �!"��  �  /�%2�&�7�#(()�  �#$�%�  *%�!�#')1  !�!��� . ��((�6  0�$� �  

'�<(�  !  �# "�  0&�(�6  *#(���(�6  *&#!�&�(!�'�((#+#  &�!*&�$�%�(�6  &�0%� ()1  

!'#.!�'  *%�!�� ,  �# , '  !'#4  # �&�$2 , '�<(#  !  �# "�  0&�(�6  *&#�"��&#'�(�6  

&�0&�8#�"� . 

�� �!�-4  ')$�%�(��  &�+�#(#'  *&#�!1#$��  (�  #!(#'�  �(�%�0�  &�0-%2���#'  

!��($�&�()1  �  !*�7��%2()1  �!!%�$#'�(�.  "�&(� , +$�, "�"  *&�'�%# , &�+�#()  

')$�%64�!6  !  *#�#:24  $�//�&�(7��7��  *# $��*�0#(��  ���  [93]. �#%��  

"#�*%�"!()�  *#$1#$#�  6'%6��!6  ')$�%�(��  /�7�.  �  ��*#'  *#&#$ (&�0%� �6  !  

*&�$)$-:��  ���#$#�  6'%64�!6  -!%#'()�� ) (�  #!(#'�  �(�%�0�  '!�.  ���4:�.!6  

�(/#&��7��  # &�0-%2����1  �!!%�$#'�(�.  "�&(� , ��
��  �  � .$. �%�!!�/�"�7�6  

$�(()1  ���#$#'  *&#'�$�(�  '  [209]. �  !���2�  [96] ')$�%�(��  &�+�#(#'  
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#!-:�!�'%6��!6  (�  #!(#'�  �(�%�0�  +�$&�'%� �!"�1  �$�(�7  *#�#"�  �  "#&&�%67�� !  

$�(()��  ��
�� . 	�(#!���%2(#  (#')�  *#$1#$#�  6'%6��!6  ')$�%�(��  "%�!!#'  

*#&#$ (�  #!(#'�  �(�%�0�  &�0-%2���#'  "#�*24��&(#.  �#�#+&�/��  "�&(� ,  �#  

*&#$�%�(#, (�*&���& , '  [39]. 

5.2.2.  '������
�  �����	�  �	�	����  �
��	�	�����  

�)$�%�(��  ��*#'  *#&#$ �  /�7��%2().  �(�%�0  (�  6'%6��!6  (#')�  

(�*&�'%�(���  �!!%�$#'�(�6 , #$(�"#  �(��&�!  �  "#%� �!�'#  *#%�0()1  &�0-%2���#'  '  

?�#.  #8%�!��  (��0��((#  &�!�-� ,  �#  #896!(6��!6 , '   �!�(#!�� , (�#81#$��#!�24  

8#%�� *#%(#+# *#(���(�6  !�&#�(�6  "#%%�"�#&#', *&�-&# �(()1  "  

�&-$(#�0'%�"���)�  0�*�!�� . �  $�((#�  &�0$�%� ')$�%�(��  ��*#'  *#&#$ �$��  (�  

#!(#'�  ')$�%�(�6  "%�!!#'  $�!"&��()1  *#&#��!;��8()1  �#$�%�.  (��"&#�#$�%� ), 

 �#  �#<��  8)�2  #�(�!�(#  "  ')$�%�(�4  *��&#+&�/� �!"�1  ��*#'  *#&#$ �  

!##�'��!�'-4:�1  ?�#�-  /�7�. , "�"  *#"�0�(# , (�*&���&  '  [209]. 	*�!)'���).  

&�0&�8#��(().  ���#$  *&�$!��'%�(  '  [55, 177, 180], �  ��"<�  &��%�0#'�(  '  

*&#+&���(#�  "#�*%�"!�  «PoroScale» [54], "#�#&).  #*�!�(  '  3&�%#<�(��  A. 

�%6 ')$�%�(�6  "%�!!#'  ��"&#�#$�%�.  $%6 "�<$#+# *�&����&�  ("  *&���&- , 

&�$�-!)  "�*�%%6&#') ! �����!6  '�%� �(�  #;�8"�  *#$#8�6  &�!*&�$�%�(�.  i-#.  �   

j-#.  �#$�%� . 	;�8"�  *#$#8�6  (���&�"�  (5.4) '  *&�$%�+���#�  *#$1#$�) ��<$-  

#�$�%2()��  &�!*&�$�%�(�6��  ��"&#�#$�%�.  �#<��  ! ����2!6  #$(��  �0  !*#!#8#' : 

·  !-���&(�6  *#�(��&'�%2(�6  &�0(�7�   �!�#�  

- �� � [ x3�
� P 3�

� x

� ��


� Y�

�� 1. (5.9) 

·  #�(#!���%2(�6  &�0(�7�  �������� �!"#+#  #<�$�(�6  �  $�!*�&!��  

- �� �
x<� P <� x

� <
Q

xõ � P õ � x
� õ

�� 1. (5.10) 

+$� � #:i  – "#%� �!�'#  �(��&'�%#'  '  &�08��(�� , 3�
�
 –  �!�#��  '  $#%61 �$�(�7)  $%6 

� -+# �(��&'�%�  � -+# &�!*&�$�%�(�6  (&�!*&�$�%�(�6  $#%<()  8)�2  *�&�(�!�()  (�  

#8:��  �(��&'�%) ), <�  �  <�  – �������� �!"��  #<�$�(�6  $%6 !##�'��!�'-4:�1  

��#&��� �!"�1  &�!*&�$�%�(�.  *�&����&#'  ��"&#�#$�%�.  (#��&  �  �  �  
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!##�'��!�'�((# , õ �  �  õ �  – $�!*�&!��  $%6 !##�'��!�'-4:�1  ��#&��� �!"�1  

&�!*&�$�%�(�.  *�&����&#'  ��"&#�#$�%�.  (#��&  �  �  �  !##�'��!�'�((# , F< �  Fõ – 

$%�(�  �(��&'�%#'  �0��(�(�6  �������� �!"�1  #<�$�(�.  �  $�!*�&!�.  

!##�'��!�'�((#  $%6 &�!*&�$�%�(�.  ')8&�((#+#  *�&����&�  ��"&#�#$�%�. . �%6 

&�!*&�$�%�(�.  '!�1  *�&����&#'  ��"&#�#$�%�.  *&#�0'#$��!6  !-���&#'�(��  '!�1  

#;�8#"  *#$#8�6  $%6 '!�1  *�&  �#$�%�.  *#!%� &�! ���  #;�8#"  *#$#8�6  *# /#&�-%�  

(5.9) �%�  (5.10). 

�!%�  0�$��2  ��"!���%2(-4  #;�8"-  *#$#8�6  - #:i , *&�  "#�#&#.  �#<(#  

! ����2  ��"&#�#$�%�  #89�$�(�(()��  '  #$�(  "%�!!  *#$#8�6 , �#  �#<(#  *#%- ��2  

���&�7-  �0  (-%�.  �  �$�(�7 , "#�#&�6  �����  !%�$-4:�.  !�)!% : �$�(�7�  (�  

*�&�!� �(��  � -#.  !�&#"�  �  � -+# !�#%87� #0(� ���  *&�(�$%�<(#!�2  

!##�'��!�'-4:�1  ��"&#�#$�%�.  "  #$(#�-  "%�!!-  *#$#8�6 . @�� ���&�7�  *# 

!'#��-  !�)!%-  !#+%�!(# ��#&��  +&�/#'  [12] �#<��  6'%6�2!6 ���&�7�.  !��<(#!��  

!'60�.  *#$#8�6  ��"&#�#$�%�.  (��!-(#"  5.2). �(�%�0  $�((#.  ����7)  *#0'#%6�� 

')$�%��2  "%�!!)  "�"  "#�*#(�(�)  !'60(#!��  +&�/� . 

  
��!-(#"  5.2 - 3&���&  8�(�&(#.  ���&�7)  *#$#8�6  ��"&#�#$�%�.  

 

�%+#&���  #89�$�(�(�6  ��"&#�#$�%�.  '  #$�(  "%�!!  *# ���&�7�  !��<(#!��  

0�*�!)'���!6  !%�$-4:��  #8&�0#�: 

1. ���&�7�  !��<(#!��  *&#!���&�'���!6  *#!�&# (#  �  "�<$�6  

��"&#�#$�%2 , "#�#&�6  *#$#8(�  (0(� �(��  '  6 �."�  &�'(#�  1) 

&�!!���&�'���#.  ��"&#�#$�%�  (!##�'��!�'-��  ��"-:�.  !�&#"� ) 

#89�$�(6��!6  !  (��  '  #$�(  "%�!! ; 
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2. $�%��  '!�  ')$�%�(()�  (�  *&�$)$-:��  ;�+�  "%�!!)  �(�%�0�&-4�!6  (�  

*�&�!� �(�6  �  *&�  �1  (�%� ��  #89�$�(64�!6  '  #$�( ; 

3. ;�+  2 *#'�#&6��!6  $# ��1  *#&, *#"�  '  "%�!!�1  (�  #!��(��!6  

*�&�!� �(�. ; 

4. "%�!!) , !#!�#6:��  �0  #�(#!���%2(#+#  (�8#%2;#+#  �!%�  

��"&#�#$�%�. , #89�$�(64�!6  !  8%�<�.;��  #�(#!���%2(#  ')8&�((#.  

���&�"�  "%�!!#� . 

3#!%� ')$�%�(�6  "%�!!#'  *&#�!1#$��  #!&�$(�(��  *�&����&#'  

��"&#�#$�%�.  '  ?��1  "%�!!�1 : *&�  *#�(��&'�%2(#�  &�! ���  #;�8#"  *#$#8�6  *# 

/#&�-%�  (5.9) $%6 "�<$#+# *�&����&�  '  "�<$#�  �(��&'�%�  &�!! ��)'���!6  !&�$(��  

�&�/���� �!"#�  0(� �(��   �!�#�) , �  *&�  �!*#%20#'�(��  #�(#!���%2(#.  &�0(�7)  

�������� �!"#+#  #<�$�(�6  �  $�!*�&!��  *# /#&�-%�  (5.10) &�!! ��)'�4�!6  

!&�$(��  �&�/���� �!"��  0(� �(�6  ?��1  *�&����&#' . 

5.2.3.  '������
�  ���
	�	�  ����	�	���
  ��  	��	��  ����������  �����	�  

�
��	�	�����  

�)$�%�(()�  (�  #!(#'�  ')8#&"�  ��"&#�#$�%�.  "%�!!)  $%6 �1  

�!*#%20#'�(�6  '  �&�1��&()1  $�!"&��()1  ��"&#�#$�%61  ((�*&���& , 

+�#%#+� �!"�1  �%�  /�%2�&�7�#(()1 ) (-<(#  !'60��2  !  *�&����&��� , "#�#&)�  

���4�  8#%2;#.  #1'��  �!!%�$#'�(���  ((�*&���& , $�(()�  "�&#��<� , !�.!��"�  �  

$&.). @�# $���  '#0�#<(#!�2  *&�$!"�0)'��2  ��*  *#&#$)  (�  #!(#'�  ')$�%�(()1  

"%�!!#'  *# &�0&�0- !"'�<�() , �  �(��&*#%�&#'��2  '  ��<!"'�<�((#�  *&#!�&�(!�'# . 

	1'��  !"'�<�(  �!!%�$#'�(�6��  (�  "�&(�  +#&�0$# (�<�  *# !&�'(�(�4  !  #1'��#�  

!"'�<�(  ���#$���  +�#/�0� �!"�1  �!!%�$#'�(�.  (
�� ) [77]. 3#?�#�-  $%6 

$�%2(�.;�+#  &�!*&#!�&�(�(�6  ')$�%�(()1  "%�!!#'  (�  '�!2  (�/��+�0#(#!().  

*%�!�  �!*#%20-��!6  '0���#!'602  *�&����&#'  &�0-%2���#'  �(��&*&���7��  
��  

(��
�� ) �  ')$�%�(()1  "%�!!#' . 

���#$  *�&�(#!�  ')$�%�(()1  "%�!!#'  (�  &�0&�0 *# !"'�<�(��  *&�$!��'%�(  '  

[55, 177, 180], #!(#'�(  (�  *#!�&#�(��  $%6 '!�1  "%�!!#'  +�!�#+&���)  

&�!*&�$�%�(�.  ')8&�((#+#  *�&����&�  ��
��  �  �(�%�0�  �(��&'�%#'  �0��(�(�6  

0(� �(�.  ?�#+# *�&����&�  $%6 "�<$#+# �0  "%�!!#' . 3&�  ?�#�  "�<$#.  ��"&#�#$�%�  
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$#%<(# 8)�2  *#!��'%�(#  '  !##�'��!�'��  0(� �(�6  *�&����&�  ��
��  (�  #!(#'�  

��!��  #�8#&� !##�'��!�'-4:�+#  #8&�07� "�&(� . ��(().  ���#$  !1#<  !  ���#$#� , 

"#�#&).  8)% *&�$!��'%�(  '  [96] $%6 +�$&�'%� �!"�1  �$�(�7  *#�#"� . 

���#$  ')$�%�(�6  &�+�#(#'  ��"&#�#$�%�.  (��!-(#"  5.3) !#!�#��  �0  

!%�$-4:�1  ;�+#'  (/#&�-%�  (5.6) '  *&�$%�+���#�  *#$1#$� "  

&���!;��8�&#'�(�4 ): 

·  ��&#6�!6  &�!*&�$�%�(�6  0(� �(�.  *�&����&#'  ��
��  ($#%<()  8)�2  

(#&��&#'�()  (�  ��(���%2()�  �  ��"!���%2()�  0(� �(�6  – /#&�-%�  

(5.11)) $%6 "�<$#+# "%�!!�  ��"&#�#$�%�. . 

·  �)8�&���!6  *�&����&  ��
��  !  (����(2;�.  '�%� �(#.  0#()  

*�&�!� �(�6  &�!*&�$�%�(�. . 

·  �%6 &�!*&�$�%�(�.  ')$�%64�!6  �(��&'�%)  0(� �(�. , +$� 

*&�!-�!�'-4�  �#%2"# #$�(  "%�!!  �%�  (�  ��(��   ��  $'�  "%�!!� . 

·  �  �!*#%20#'�(���  ')$�%�(()1  �(��&'�%#'  0(� �(�.  �$��  *&�!'#�(��  

(#��&#'  "%�!!#'  �# "��  &�0&�0� (�  #!(#'�  (��8#%2;�.   �!�#�)  �%�  

8%�<�.;�+#  �(��&'�%�  !  #*&�$�%�(()�  !##�'��!�'���  "%�!!- . 

·  �)$�%64�!6  &�+�#()  ��"&#�#$�%�.  $%6 &�0&�0#' *# !"'�<�(��  (�  

#!(#'�  *#!�&#�((#.  !'60�  (#��&�  "%�!!�  �  0(� �(�6  *�&����&�  

��
�� . 

·  3#%- �(()�  &�+�#()  �#+-�  8)�2  &�!*&#!�&�(�()  (�  '�!2  *%�!�  

&�0%� ()��  ���#$���  �(��&*#%67��  [25]. 

��%��  #*�;��  ���#$  8#%�� *#$&#8(#. 3#!%� ')$�%�(�6  ��"&#�#$�%�.  '  

#�$�%2()�  "%�!!)  ')8�&���!6  *�&����&  ��
�� , *# "#�#&#�-  #�!�&��'�4�!6  

!#'��!�(#  &�!*&�$�%�(�6  ')8&�((#+#  *�&����&�  '  "%�!!�1  ("#(7�*7�6  ���#$�  – 

��!-(#"  5.3). ��%��  *# 0#(��  *�&�!� �(�6  +&�/�"#'  #*&�$�%64�!6  �(��&'�%)  

0(� �(�.  *�&����&�  ��
�� , "#�#&)�  !##�'��!�'-4�  "�"#�- -%�8# &�+�#(- . 
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��!-(#"  5.3 - �1���  "#&&�%67�� "%�!!#'  ��"&#�#$�%�.  !  ��
��  

 

�#&��&#'"�  *�&����&�  ��
��  Z• *&#�0'#$��!6  *# !%�$-4:�.  /#&�-%�  

Z �
Z� P Z� #��

Z� #:i P Z� #��
�� 1. (5.11) 

3#!�&#�(��  &�!*&�$�%�(�6  (&�! ��  #�(#!���%2(#.   �!�#�) ) *&#�!1#$��  $%6 

0�$�((#+#  0�&�(��  &�'(#��&(#+#  &�08��(�6  �(��&'�%�  �0��(�(�6  (#&��&#'�((#+#  

*�&����&�  ��
��  Z $%6 "�<$#+# "%�!!�  *# !%�$-4:�.  /#&�-%�  

_à�‹ " � � ; �+Z¨ , � )Z� *$ � 3�
= � U

� � [ 8é "Z¨ � ; $

� �

¨Y�

�

9 �

’ [" 8�Z¨ � Z� � Z�~� � ’ 8é �Z ¨ � ;� $

� �

¨Y�

��

Z� � Z #�� Q � � P � �
Z#:i PZ#��

‹ � P �
�U

� � � 
 ‹ � �UUU€ � � 
 ‹� �UUU; � � 
 ‹ é �U

U8� Z¨ �Z� �Z� ~ � � � Þ
� �UUUZ¨ � RZ� �Z� ~ � � �
� �UUUZ¨  RZ� �Z� ~ � � �

�

1. (5.12) 

+$� _à�‹  – #�(#!���%2(�6   �!�#��  $%6 *�&����&�  Z '  �(��&'�%�  !  (#��&#�  �  $%6 

&�+�#(�  !  (#��&#�  ; , 3�
= –  �!�#��  $%6 �(��&'�%�  �  &�+�#(�  ; , Z�  – +&�(�7)  

�(��&'�%#'  &�08��(�6 , Z¨  –0(� �(�6  *�&����&�  Z $%6 ��"&#�#$�%�  !  (#��&#�  €, 

8 – �($�"��#&(�6  /-("7�6  *#*�$�(�6  0(� �(�6  Z¨  '  *#%-�(��&'�%  RZ� � Z�~� �  

(*#!%�$(�.  *#%-�(��&'�%  (-<(#  ! ����2  #�&�0"#� ), 8é  – �($�"��#&(�6  /-("7�6  
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*&�(�$%�<(#!��  0(� �(�6  *�&����&�  ��
��  Z¨  &�+�#(-  !  (#��&#�  ; , ‹ �  – 

"#%� �!�'#  0(� �(�.  *�&����&�  Z $%6 "�<$#.  ��"&#�#$�%� , ‹ �  – "#%� �!�'#  

�(��&'�%#'  $%6 *#!�&#�(�6  +�!�#+&���  &�!*&�$�%�(�6  *�&����&#'  ��
�� . ‹ é  – 

"#%� �!�'#  &�+�#(#' . 

�)8#&  "#%� �!�'�  �(��&'�%#'  $%6 *#!�&#�(�6  +�!�#+&���)  $#%<�( 

#!(#')'��2!6  (�  "#%� �!�'�  �!!%�$-��)1  #8&�07#' "�&(� , ��"  "�"  *&�  $#!���# (#  

��%"#�  &�08��(��  �#<��  8)�2  !��-�7�� , "#+$� "�<$#�  0(� �(��  *#*�$���  '  !'#.  

!#8!�'�(().  �(��&'�% ,  �#  $�%���  $�%2(�.;�.  &�! ��  *# &�0&�0- !"'�<�(  

8�!!�)!%�(()� . ��"#��($-��)�  0(� �(�6  '�%� �()  ‹ �  – #�  5 $# 10 �(��&'�%#' . 

3#!%� &�! ���  &�!*&�$�%�(�.  $%6 ')8&�((#+#  *�&����&�  ��
��  �$��  

&�! ��  $#%� *�&�!� �(�6  &�!*&�$�%�(�.  ?�#+# *�&����&�  '  "%�!!�1 : 

7àL(( � )3�
=*� � [ (�7 "3�

� �3�
	 � � � � �3�

� � $

� �

� Y�

�� 1. (5.13) 

+$� (�7  – '�#&#�  *# '�%� �(�  0(� �(��  #�(#!���%2(#.   �!�#�)  '  ��"-:��  

*#%-�(��&'�%�  RZ� � Z�~� �  *&�  -!%#'��  (�%� �6  (�  ��(��  $'-1  (�(-%�')1  0(� �(�.  

#�(#!���%2(#.   �!�#�) . �!%�  �!�2  �#%2"# (�  8#%�� #$(#+# (�(-%�'#+#  0(� �(�6 , 

�#  $�((�6  /-("7�6  #8&�:���!6  '  (#%2. 

�)8#&  �($�"!#'  "%�!!#'  *&#�!1#$��  !%�$-4:��  #8&�0#�: 

1. $%6 ')8&�((#+#  *�&����&�  ��
��  $%6 "�<$#+# �(��&'�%�  *#!�&#�(�6  

&�!*&�$�%�(�.  #*&�$�%6��!6  �($�"!  "%�!!�  (�  #!(#'�  (��8#%2;�+#  

0(� �(�6  #�(#!���%2(#.   �!�#�)  '  ?�#�  �(��&'�%� ; 

2. �!%�  '  "�"#� -%�8# �(��&'�%�  '!�  0(� �(�6  #�(#!���%2(#.   �!�#�)  

(-%�')� , �#  �($�"!  "%�!!�  #*&�$�%6��!6  (�  #!(#'�  8%�<�.;�.  

(��8#%2;�.  (�(-%�'#.  #�(#!���%2(#.   �!�#�) ; 

3. *# &�0&�0- !"'�<�(  �($�"!  #*&�$�%6��!6  (�  #!(#'�  *&�(�$%�<(#!��  

0(� �(�6  *�&����&�  ��
��  �#�-  �%�  �(#�-  �(��&'�%-  !  

*&�!'#�(()�  (�  *&�$)$-:��  ;�+�  �($�"!#�  "%�!!� . 

	*&�$�%�((�6  '�%� �(�  7àL((  !%-<��  *#"�0���%��  $#!�#'�&(#!��  

*&#'�$�((#+#  *�&�(#!�  $�(()1  "�&(�  (�  &�0&�0 *# !"'�<�(�� . ���  ��(2;�  $�((�6  
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'�%� �(� , ���  ��(2;�  '�&#6�(#!�2  #;�8"�  #*&�$�%�(�6  &�+�#(#'  *# &�0&�0��  

!"'�<�( . 3#%- �(()�  �($�"!)  "%�!!#'  ��"&#�#$�%�.  *# &�0&�0��  !"'�<�(  

0�$�4�  &�+�#()  ��"&#�#$�%�.  (�  ��"&#��!;��8� , �!%�  *&���(��2  (�"#�#&).  �0  

���#$#'  �(��&*#%67��  [25]. �  $�((#.  $�!!�&��7��  #�$�%2(# (�  &�!!���&�'���!6  

'#*&#!  �(��&*#%67��  *#%- �((#+#  �($�"!�  *# *&� �(�  �#+#,  �#  ?�# 6'%6��!6  

#�$�%2(#.  !%#<(#.  0�$� �. , "#�#&�6  6'%6��!6  #8:�.  $%6 &�0%� (#+# ��*�  

$�!"&��()1  *�&����&#'  (*�&����&)  %��#%#+��, /�7�.  �  � .$.) �  *#$&#8(# 

�!!%�$-��!6  '  #8%�!��  +�#!����!��"� . 

5.2.4.  +������
�  ����������	�	  ��
	��  �  ��#��
�� #
�
  


�8%�7�  5.1 *&�$!��'%6��  !&�'(�(��  *&�$%�+���#+#  ���#$�  ')$�%�(�6  

&�+�#(#'  !  !-:�!�'-4:���  ���#$��� , #80#& "#�#&)1  $�(  ');� . �  7�%#�  

*&�$%�+���).  ���#$  �#<(#  ! ����2  &�0'�����  ���#$#'  (�  #!(#'�  ')$�%�(�6  

��*#'  *#&#$ �  /�7�. . 


�8%�7�  5.1 - �&�'(�(��  ���#$#'  ')$�%�(�6  &�+�#(#'  

B  ���#$  
3&6�#.  - ��  '!�1  
/�%2�&�7�#(()1  

1�&�"��&�!��"  
�#&&�%67�6 !  ��
��  

� ��  �#*#%#+� �!"�1 , 
+�#���&� �!"�1  �  

!�� �'�4:�1  !'#.!�'  
*#&#$)  

1 
��//�&�(7��7�6  !  
*#�#:24  ')$�%�(�6  
$��*�0#(#'  ���  

�� , 0� ! ��  �(�%�0�  
$��*�0#(#'  �0��(�(�6  

&�0-%2���#'  
!��($�&�(#+#  �  
!*�7��%2(#+#  
"#�*%�"!#'  

�!!%�$#'�(�6  "�&(�  

�� , 0� ! ��  
"#&&�%67�#(()1  

0�'�!��#!��.  ��*�  "�&( -

��  [34] 

���  *#$1#$� "  
!#'��!�(#�-  

�!*#%20#'�(�4  
&�0%� ()1  ��*#'  
?"!*�&���(�#'  (�  

"�&(� , - ��)'�4:��  
$�(()�  /�"�#&)  

2 
�)$�%�(��  
+�$&�'%� �!"�1  �$�(�7  
*#�#"�  


#%2"# *#&�!�#!�2  �  
*&#(�7���#!�2  (�  #!(#'�  

-*&#:�((#.  �#$�%�  

�� , "�"  (�*&���&  '  
!���2�  [96] 

�*&#:�(().  - ��  
$�(()1  /�"�#&#'  

3 

�)$�%�(��  &�+�#(#'  (�  
#!(#'�  �(�%�0�  
&�0-%2���#'  
"#�*24��&(#.  
��"&#�#�#+&�/��  "�&(�  

��0"�6  !"#&#!�2  
 �!%�(()1  &�! ��#'  

(*-("�  4.2.2. $���  
*&���& ) 0(� ���%2(#  

-!%#<(6�� , '   �!�(#!�� , 
*&#'�$�(��  

�(#+#'�&��(�()1  
&�! ��#'  

���  #$(#0(� (#+#  
*#$1#$� $%6 #*&�$�%�(�6  

!'60�  &�0-%2���#'  
�(�%�0�  �#�#+&�/��  �  

��
��  

���  #$(#0(� (#+#  
*#$1#$� "  

�(��&*&���7��  '!�1  
$�(()1  !'#.!�'  *# 

�&�1��&()�  
�0#8&�<�(�6�  

(�*&6�-4  

4 
���#$)  /�7��%2(#+#  
�(�%�0�  �  ')$�%�(�6  
��*#'  *#&#$ 

�� , (#  '  8#%2;�.  
!��*�(�  *&�  (�%� ��  

*&6�)1  ?"!*�&���(�#'  
��  

�� , (#  '  8#%2;�.  
!��*�(�  *&�  (�%� ��  

*&6�)1  ?"!*�&���(�#'  

5 

�#').  ���#$  ')$�%�(�6  
&�+�#(#'  (�  #!(#'�  
�(�%�0�  �#$�%�.  
*#&#')1  !���.  

�� , 0� ! ��   �!%�((#+#  
�#$�%�&#'�(�6  '  
*#&#')1  !��61  

�� , 0� ! ��  "#&&�%67�� 
"%�!!#'  !  ��
��  

�� , 0� ! ��  *#!�&#�(�6  
�  $�%2(�.;�+#  �(�%�0�  
�#$�%�.  *#&#')1  !���.  
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5.3.  ���,2  
�%��  )%�5�)%���)��2  3�(���1��  
���	�2  *����,5  )�%�2  (�  

�)(���  ��)*����	�(�2  �5  *���
�%���  

5.3.1.  *��	�  ��#��
�� #
�  ��
	�	�  

�(�%�0  !-:�!�'-4:�1  ���#$#'  '  #8%�!��  �#$�%�&#'�(�6  !  *#�#:24  

*#&#')1  !���. , �  ��"<�  �(�%�0  "� �!�'� , "#%� �!�'� , !*�7�/�"�  $�(()1  $%6 �1  

*#!�&#�(�6  �  &��%2(# $#!�-*()1  '  8#%2;�(!�'�  !%- ��'  $�(()1  $%6 �(<�(�&�  

*#0'#%64� ')$�%��2  !%�$-4:��  *&#8%��)  [58]: 

·  "#%� �!�'�  &�0-%2���#'  �&�1��&(#.  "#�*24��&(#.  �#�#+&�/��  '  

(�!�#6:�.  �#��(�  (�$#!���# (#  $%6 �1  ;�&#"#+#  *&���(�(�6  '  

�(<�(�&(#.  *&�"��"� ; 

·  (�$#!���# (#�  "� �!�'#  $�(()1 , '�<()1  $%6 *#!�&#�(�6  *#&#')1  

!���. , "  *&���&- , "� �!�'#  /#�#+&�/�.  ;%�/#'  "�&(� ,  �!�#  (�  

*#0'#%6�� #*�&��2!6  '  *#%(#. ��&�  (�  �$�(� ()�  �#$�%�  *#&#')1  

!���. ; 

·  ��!;��8  �#$�%�.  *#&#')1  !���.  �&�8-��  *&���(�(�6  *&#7�$-&)  

&���!;��8�&#'�(�6  $%6 �1  *#!%�$-4:�+#  �!*#%20#'�(�6  '  

��"&#��!;��8()1  &�! ���1 . 

�!�  ');�!"�0�((#�  +#'#&��  # (�#81#$��#!��  �!*#%20#'�(�6  

!�#1�!�� �!"�1  ���#$#'  +�(�&�7��  �#$�%�.  *#&#')1  !���. . 3&�!-�!�'��  

!����!�� �!"�  #8#!(#'�((#+#  (�8#&�  &�!*&�$�%�(�.  *�&����&#'  *#&#')1  !���.  

$���  '#0�#<(#!�2  +�(�&�&#'��2  *#&#')�  !���  (�  #!(#'�  ?��1  &�!*&�$�%�(�. ,  �# , 

'  !'#4  # �&�$2 , *#0'#%6�� &�!! ����2  !����!�� �!"�  8#%�� #8#!(#'�(()�  

/�%2�&�7�#(()�  *�&����&) . 

��<�  $�()  "%�!!�/�"�7�6  �  #80#& %���&��-&)  $%6 �#$�%�.  *#&#')1  !���. , 

���4:��  ?%���(�)  (*#&)  �  "�*�%%6&)) !  #$�(�"#')��  *# $%�(�  !� �(�6�� . 

3#%().  #80#& �  "%�!!�/�"�7�6  &�0%� ()1  �#$�%�.  *#&#')1  !���.  $�(  '  &�8#��  

[182]. �  &�8#��  [142] *&�$!��'%�(  #80#& ���#$#'  !�#1�!�� �!"#.  +�(�&�7��  

�#$�%�.  *#&#')1  !���. . �)$�%64�  !%�$-4:��  *#$1#$)  "  !�#1�!�� �!"#.  

+�(�&�7��  �#$�%�.  *#&#')1  !���.  *# ��*-  +�(�&�&-��)1  !���.  [148]: 
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·  ��3&	.�(,�  *#&#')�  !���  !  *#!�#6(()�  "##&$�(�7�#(()�   �!%#�  

(��!-(#"  5.4 a). �  &�8#��1  [36, 151] �!!%�$-4�!6  &�0%� ()�  

&�+-%6&()�  �#$�%�  *#&#')1  !���.  '  '�$�  *�&"#%67�#(()1  &�;��#" , 

(�  #!(#'�  ��#&��  *�&"#%67��  *#%- �()  /#&�-%)  $%6 &�! ���  

/�%2�&�7�#(()1  1�&�"��&�!��"  $%6 #$(#- �  $'-1/�0(#.  /�%2�&�7�� . 

�  &�8#��  [9] �!*#%20-4�!6  &�+-%6&()�  "�(�%2()�  �#$�%�  $%6 &�! ���  

*&#(�7���#!��  (�  #!(#'�  *&6�#+# �#$�%�&#'�(�6  #$(#/�0(#+#  

�� �(�6  '60"#.  <�$"#!�� . 

·  ���-���3&	.�(,�  *#&#')�  !���  !  '�&2�&-��)�  "##&$�(�7�#(()�  

 �!%#�  (��!-(#"  5.4 8). �  !���2�  [28] +�(�&�&-4�!6  $'-��&()�  

"'�0�&�+-%6&()�  �#$�%�  *#&#')1  !���. , $%6 "#�#&)1  �!!%�$-4�!6  

0�'�!��#!��  *�&����&#'  +�(�&�&-��)1  !���.  $%6 �$�*��7��  "  

&�0-%2�����  �!!%�$#'�(�.  #8&�07#' "�&(�  '  &��"�1  #$(#/�0(#.  

/�%2�&�7�� . �'�0�&�+-%6&()�  �#$�%�  *#&#')1  !���. , "�"  #!(#'-  $%6 

+�(�&�7��  �#$�%�.  *#&#')1  !���. , �#<(#  ��"<�  (�.��  '  [147], +$� '  

�#�   �!%�  �!!%�$#'�()  '0���#!'60�  *#&�!�#!��  �  *&#(�7���#!��  !  

*�&����&���  +�(�&�&-��)1  !���. . 

·  ����3&	.�(,�  *#&#')�  !���  (��!-(#"  5.4 ' ). 
�(�&�7�6  

(�&�+-%6&()1  �#$�%�.  *#&#')1  !���.  (�  #!(#'�  6 ��"  �#&#(#+# �  

�&��(+-%67��  ��%#(�  *&�$%�+���!6  '  !���261  [116, 144], +$� '  !���2�  

[144] �!!%�$-��!6  *&#7�!!  $'-1/�0(#.  /�%2�&�7��  !  *#�#:24  

+�(�&�&-��)1  !���. . �  !���2�  [122] '  &��"�1  #$(#/�0(#.  /�%2�&�7��  

*&�$%#<�(  *#$1#$, '  "#�#&#�  &�+-%6&(�6 �#$�%2 *#&#'#.  !���  

*#$'�&+���!6  $'-�  �0��(�(�6� : �#$�/�"�7�6  "##&$�(��  *#& �  

-$�%�(��  "�*�%%6&#' $%6 0�$�(�6  !&�$(�+#  "##&$�(�7�#((#+#   �!%� . 

�  $�!!�&��7��  [142] *&�$%#<�(  �%+#&���  !�#1�!�� �!"#.  +�(�&�7��  

(�&�+-%6&()1  �#$�%�.  *#&#')1  !���.  (�  #!(#'�  &�!*&�$�%�(�.  

&�$�-!#'  *#& �  "�*�%%6&#' �  "##&$�(�7�#((#+#   �!%� , ��"<�  

*&#'�$�(#  ��!��&#'�(��  $�((#+#  ���#$�  '  &��"�1  $'-1/�0(#.  

/�%2�&�7��  �  $�(��� �!"�1  �#$�%�.  *#&#')1  !���. . �  &�8#��  [145] 
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*&�$%�+���!6  ���#$  $%6 *#!�&#�(�6  !�#1�!�� �!"�1  �#$�%�.  *#&#')1  

!���.  (�  #!(#'�  &�!*&�$�%�(�.  &�$�-!#'  *#& �  "�*�%%6&#', 

&�!*&�$�%�(�6  /�"�#&#'  /#&�) , &�!*&�$�%�(�6  $%�( "�*�%%6&#' �  

$&-+�1 *�&����&#' , ��"<�  *&�'�$�(#  ��!��&#'�(��  '  &��"�1  

$'-1/�0(#.  /�%2�&�7�� . 

 

 
��!-(#"  5.4 - 
�*)  !�#1�!�� �!"�1  �#$�%�.  *#&#')1  !���.  

 

5.3.2.  *�
���
�  ����������	�	  ��
	��  �
	���

����	�  �������

  �	�����  

�	�	���  ��
��  

	!(#'(#.  7�%24 &�0&�8#�"�  ���#$�  [58] !�#1�!�� �!"#.  +�(�&�7��  �#$�%�.  

*#&#')1  !���.  (#*�!�(��  +�#���&�� ) 6'%6��!6  *&#!�#��  �  8#%�� ;�&#"�.  !*�"�&  

'#0�#<()1  �#$�%�.  *# !&�'(�(�4  !  !-:�!�'-4:���  ���#$��� . �  #!(#'�  

�%+#&����  %�<��  &�0$�%2(�6 !�#1�!�� �!"�6  +�(�&�7�6  '!�+#  (�8#&�  *�&����&#'  

�#$�%�.  *#&#')1  !���.  8�0 - ���  �1  +�#���&� �!"#.  &��%�0-��#!�� , �#  �!�2 , '  

 �!�(#!�� , 8�0 - ���  "##&$�(��  *#& *&�  &�! ���  $%�( "�*�%%6&#'. ��!*&�$�%�(�6  

*�&����&#' , #*&�$�%64:��  !�#1�!�� �!"-4  �#$�%2 *#&#'#.  !��� , -"�0�()  (�<�  

à �
¿ � {N‚Ø � <é

¿ �õé
¿ � � � �

¿ � Ø¼<�
¿ �õ�

¿ � � �
�

¬S
¾� � � � 7Ø- � <�

¿ � � #:i � U

5 �� � {N‚Ø � <�
� � õ�

� � � � ��
� � Ø¼<�

� � õ�
� � ��

�
¬S

¾� { ��
� � {N‚Ø � <è

� � õè
� � �U

{ ��
‘ � { ��

� Q à �
¿ Q à�
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1. (5.14) 

+$� '�&1(�.  �($�"!  » #�'� ���  0� *#&) , '�&1(�.  �($�"!  7 – 0� "�*�%%6&), (�<(�.  

�($�"!  �  #�'� ���  0� (#��&  *#&) , (�<(��  �($�"!)  �  �  �  #�'� �4�  0� (-��&�7�4  
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"�*�%%6&#' ��<$-  *#&#.  �  �  *#&#.  � , Ø¿ – "#%� �!�'#  *#&, Ø�  – "#%� �!�'#  

"�*�%%6&#', à  – 0(� �(�6  &�$�-!#' , �  – 0(� �(�6  /�"�#&#'  /#&�) , �  – 

"##&$�(�7�#(()�   �!%� , 5 – #�(#;�(�6  &�$�-!#'  *#& �  "�*�%%6&#', {  – $%�()  

"�*�%%6&#' (!  �($�"!#�  7 – $%�(�  ��<$-  #89�����  *#&, !  �($�"!#�  a – $%�(�  

��<$-  7�(�&���  *#&), Ø – #8&�0�((#�  (�  �(��&'�%  � �� � ¬SÌ �  (#&��%2(#�  

&�!*&�$�%�(��  !  *�&����&���  < �  õ, {N‚Ø  – %#+(#&��%2(#� &�!*&�$�%�(��  !  

*�&����&���  < �  õ, 7Ø-  – &�!*&�$�%�(��  "##&$�(�7�#(()1   �!�%  (*&#7�!!  �+# 

*#%- �(�6  #*�!�(  (�<� ), "#�#&#�  0�$���!6  !&�$(��  0(� �(���  < �  ��"!���%2()�  

0(� �(���  � #:i . 
�"��  #8&�0#� !�#1�!�� �!"�6  �#$�%2 *#&#'#.  !���  (#*�!�(��  

+�#���&�� ) �#<��  8)�2  *&�$!��'%�(�  !%�$-4:��  (�8#&#�  !%- �.()1  '�%� �(   

»ØÙ � "à �
¿ � � �

¿ � � � �5 �� �à ��
� � � ��

� � { ��
� � { ��

‘ $�� 1. (5.15) 

"#�#&).  *#0'#%6�� 0�$��2  &��%�0�7�4  �#$�%�  '  /#&����  «link-node» [219]. 

3#;�+#').  �%+#&���  !�#1�!�� �!"#.  +�(�&�7��  �#$�%�.  *#&#')1  !���. : 

1. ��$�4�!6  &�!*&�$�%�(�6  *�&����&#'  (�  #!(#'�  *#%- �(()1  &�(��  

�#$�%�.  �%�  (�  #!(#'�  *&�$*#%#<�(�.  # &�!*&�$�%�(�61 . 

2. ��%��  &�+-%6&(�6 !��"�  *#&, '"%4 �6  +&�(� ()�  *#&) , +�(�&�&-��!6  

(�  #!(#'�  0�$�(()1  &�0��&#'  &�! ��(#.  #8%�!��  �  "#%� �!�'�  *#&. 

3. 3#!%� ?�#+# '!�  !#!�$(��  *#&)  !#�$�(64�!6  $&-+ !  $&-+#�  !  -!%#'���  

(�*&�');�(�6  0�$�((#+#  ��"!���%2(#+#  "##&$�(�7�#((#+#   �!%� . 

4. �����  !#�$�(�(�6  ("�*�%%6&)) -$�%64�!6  !%- �.()�  #8&�0#�,  �#8)  

!'�!��  !&�$(��  "##&$�(�7�#((#�   �!%#  �#$�%�  "  0�$�((#�-  

0(� �(�4 , ���  !��)�  *#%- ���!6  &�!*&�$�%�(��  7Ø-  (5.14). 

5. ��$�-!)  "�*�%%6&#' �  $%�()  ��<$-  ��%���  *#& !�#1�!�� �!"�  

+�(�&�&-��!6  (�  #!(#'�  0�$�(()1  &�!*&�$�%�(�. . 

6. ��$�-!)  *#& ') �!%64�!6  (�  #!(#'�  !+�(�&�&#'�(()1  &�$�-!#'  

"�*�%%6&#' �  #�(#;�(�.  &�$�-!#'  *#& �  "�*�%%6&#'. 

7. �%�()  ��<$-  7�(�&���  *#& &�!! ��)'�4�!6  (�  #!(#'�  0(� �(�.  

&�$�-!#'  *#& �  $%�( ��<$-  ��%���  *#&. 



142�

8. ��"�#&)  /#&�)  *#& �  "�*�%%6&#' +�(�&�&-4�!6  (�  #!(#'�  0�$�((#+#  

�$�(#+#  &�!*&�$�%�(�6 . 

9. 	89��)  &�!! ��)'�4�!6  (�  #!(#'�  !+�(�&�&#'�(()1  *�&����&#'  *#& 

�  "�*�%%6&#'. 

10. ��$�((�6  *#&�!�#!�2  0�$���!6  '  �#$�%�  0� ! ��  #$(#'&���((#+#  

��!;��8�&#'�(�6  #8:�1  &�0��&#'  �  #89��#'  ?%���(�#'  �#$�%� . 

��(().  ���#$  *#0'#%6�� 0�$�'��2  *&#�0'#%2()�  &�!*&�$�%�(�6  $%6 '!�1  

*�&����&#'  8�0 - ���  �1  '0���#!'60�.  '  &��"�1  &��%2()1  &�0��&#'  ?%���(�#'  '  

+�(�&�&-��#.  �#$�%� : (�*&���& , "##&$�(��)  �  &�$�-!)  !'60�(()1  "�*�%%6&#� 

*#& (�  - �!�'-4�  '  &�! ���  $%�()  ��<$-  ��%���  *#&. 
�"��  �#$�%�  �#+-�  8)�2  

(�0'�()  �+�+0�((,
�  
���	.
�  *����,5  )�%�2 , ��"  "�"  #(�  '"%4 �4�  '  !�86  

"%�!!� �!"�.  *#$1#$ "  #*&�$�%�(�4  �#$�%�.  *#&#')1  !���.  (!  - ��#�  �1  

"##&$�(��  '  �&�1��&(#�  *&#!�&�(!�'� ) �  *#0'#%64� +�(�&�&#'��2  8#%�� ;�&#"�.  

!*�"�&  �#$�%�.  *# !&�'(�(�4  !  "%�!!� �!"��  *#$1#$#� . 

3# !-�� , '!�  +�#���&� �!"��  1�&�"��&�!��"�  (-<()  $%6 &�;�(�6  -&�'(�(�.  

'�$�  (4.5), +$� $%6 '!�1  ?%���(�#'  *#&#'#.  !���  (-<(#  0�$��2  �#%2"# /-("7��  

‚ {Ì . 3#?�#�-  $%6 �$�"'��(#!��  �#$�%�&#'�(�6  *#&�!�)1  !&�$  (�  6'%6��!6  

"&��� ()�  #�!-�!�'��  !'60�  ��<$-  "##&$�(����� , &�$�-!���  �  $%�(��� , ��"  "�"  

*#$1#$ !#  !�#1�!�� �!"#.  +�(�&�7��.  #8#8:�(()1  �#$�%�.  *#&#')1  !���.  

*#0'#%6�� &�!;�&��2  !���.!�'#  �!*#%20-��)1  /-("7�.  ‚ {Ì . �#%��  �#+#, 

''�$�(��  &�0%� ()1  $#*#%(���%2()1  !'60�.  ��<$-  *�&����&���  �#<��  8)�2  

- ��(# , �!%�  �#+# �&�8-��  *#!��'%�((�6  0�$� � . 

5.3.3.  +������
�  ����������	�	  ��
	��  �  ��#��
�� #
�
  

��<�  
�8%�7�  5.2 *&�$!��'%6��  !&�'(�(��  #*�!�((#+#  ');�  ���#$�  

!�#1�!�� �!"#.  +�(�&�7��  �#$�%�.  *#&#')1  !���.  !  !-:�!�'-4:���  ���#$��� . 

�  
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�8%�7�  5.2 - �&�'(�(��  ���#$#'  !�#1�!�� �!"#.  +�(�&�7��  �#$�%�.  *#&#')1  !���.  

B  ���#$)  

� ��  
&�!*&�$�%�(�6  

$%�( 
"�*�%%6&#' 

� ��  
&�!*&�$�%�(�6  
"##&$�(�7�#( -

(#+#  �!%�  

� ��  
&�!*&�$�%�(�.  
&�$�-!#'  *#& �  

"�*�%%6&#' 

���*�(2  
#8:(#!��  
�#$�%�.  

��%� ��  
&�0-%2���#'  
�$�*��7��  
�#$�%�.  "  

&�0-%2�����  
?"!*�&���(�#'  

1 

���#$)  
+�(�&�7��  
&�+-%6&()1 
�#$�%�.  
*#&#')1  !���.  

���  ���  ��  - 

��$#!���# (#  
*�&����&#'  $%6 
8#%�� �# (#.  
�$�*��7��  "  
���  �  	�3  

2 

���#$)  
+�(�&�7��  
"'�0�&�+-%6&()1  
�#$�%�.  
*#&#')1  !���.  

���  ��  ��  
	8#8:�(��  

*-("��  1 

�  8#%2;�(!�'�  
!%- ��'  

'!�&� ���!6  
1#&#;��  

!##�'��!�'��  
�8!#%4�(#.  

*&#(�7���#!��  

3 

���#$)  
+�(�&�7��  
(�&�+-%6&()1  
�#$�%�.  
*#&#')1  !���.  

�� , �#%2"# $%6 
(�"#�#&)1  
���#$#' , 

(�*&���&  [145] 

�� , �#%2"# $%6 
(�"#�#&)1  
���#$#' , 

(�*&���&   �&�0  
0�$�((-4  
/-("7�4  

!'60(#!��  [145] 

��  
	8#8:�(��  

*-("�#'  1 �  2 
�!�2  

&�0-%2���)  

4 

�#').  ���#$  
+�(�&�7��  
�#$�%�.  
*#&#')1  !���.   

�� , 8#%�� 
�# (�6  

+�(�&�7�6  
0�$�((#+#  

&�!*&�$�%�(�6  
$%�(, ��"  "�"  
+�(�&�&-4�!6  
(�0�'�!��#  #�  
&�$�-!#'  *#& 

�� , 0�$�(���  
!&�$(�+#  
0(� �(�6 , 

�#<��  8)�2  
*&���(�(  
*#$1#$ 

*-("��  3 

�� , 8#%�� 
�# (�6  

+�(�&�7�6  
&�$�-!#'  *#&, 
��"  "�"  #(�  

+�(�&�&-4�!6  
(�0�'�!��#  #�  

$%�( 
"�*�%%6&#' 

	8#8:�(��  
*-("�#'  1, 2, 3 

0� ! ��  
�!*#%20#'�(�6  
#8#8:�(()1  

�#$�%�.  
*#&#')1  !���.  

�!�2  
&�0-%2���)  

 

�  $�((#.  ��8%�7�  (�  - ��)'�4�!6  "&��"#  #*�!�(()�  '  
%�'�  4 ���#$)  

')$�%�(�6  �#$�%�.  *#&#')1  !���.  �0  �&�1��&()1  �0#8&�<�(�.  *-!�#�(#+#  

*&#!�&�(!�'� , ��"  "�"  #(�  (�  6'%64�!6  *#%(#!�24  !�#1�!�� �!"��� , "�"  

&�!!���&�'���)�  0$�!2 ���#$) . 

5.4.  ���,2  
�%��  ��7�(�.  �+��%(,5  -����  *��  *�)%���(��  
���	�2  *����,5  

)�%�2  *�  -���((,
  *���
�%��
  ��(� - �  ��&56�-(�2  6�	'%��1��  

5.4.1.  $	�
��	���  ��"�����  	���
���  �����  

��(().  *-("�  *&�$!��'%6��  #*�!�(��  &�;���)1  '  &��"�1  $�((#.  

$�!!�&��7��  #8&��()1  0�$�  $%6 �#$�%�.  *#&#')1  !���.  (/#&�-%�  (5.7) '  

*&�$%�+���#�  *#$1#$� "  &���!;��8�&#'�(�4 ). ,�%2  ��"�1  0�$�  !#!�#��  '  

(�1#<$�(��  *�&����&#'  �#$�%�.  *#&#')1  !���. , "#�#&)�  *#0'#%64� &�!! ����2  
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"�*�%%6&(#� $�'%�(��  �  �8!#%4�(-4  *&#(�7���#!�2 , !##�'��!�'-4:-4  

(�"#�#&#�-  (�8#&-  ?"!*�&���(��%2()1  $�(()1 . ,�%�'#.  /-("7�#(�%  $%6 

#8&��(#.  0�$� �  0�$���!6  "�"  [61, 185] 

_� »5à � � [ Œ
� »E� ( � � P »•E� ( � �»5à � � 	

M"õE
� $

	 Q
� † P †• � »5à � � 	

M"õ•�=# $
	 •

Ö�

�Y�

�� 1. (5.16) 

+$� »E – /-("7�6  "�*�%%6&(#+# $�'%�(�6  $%6 !�!���)  '#$� -(�/�2 -*#&#$� $%6 

"�<$#+# � -+# 0(� �(�6  '#$#(�!):�((#!��  ( � , ØÑ – "#%� �!�'#  0(� �(�.  

'#$#(�!):�((#!�� , †  – �8!#%4�(�6  *&#(�7���#!�2 , õE
�  �  õ•�=#  – 

!&�$(�"'�$&��� �!"��  #�"%#(�(�6  $%6 ?"!*�&���(��%2()1  $�(()1  *# 

"�*�%%6&(#�-  $�'%�(�4  �  �8!#%4�(#.  *&#(�7���#!��  !##�'��!�'�((# . 

3�&���(()�  !   �&�#.  $%6 "�*�%%6&(#+# $�'%�(�6  �  �8!#%4�(#.  *&#(�7���#!��  

!##�'��!�'-4�  0(� �(�6�  (�  ��"-:�.  ���&�7��  ���#$�  #*����0�7�� , "#�#&)�  

0�'�!6�  #�  � -��&(#+#  '�"�#&�  '�&2�&-��)1  *�&����&#'  »5à  ! � . ��"�#&  »5à  

0�$���  �#$�%2 *#&#'#.  !���  '  '�$�  !�#1�!�� �!"#.  &��%�0�7��  '�"�#&�  !%- �.()1  

'�%� �(  »ØÙ  (5.15) �  *�&����&)  $%6 �#$�%�&#'�(�6  #$(#- �  $'-1/�0(#+#  

�� �(�. , (�*&���&  *�&����&)  &�!*&�$�%�(�6  "#(��"�()1  -+%#'. 3�&����&) , 

#*&�$�%64:��  +�#���&�4  �#$�%�  *#&#'#.  !��� , �!*#%20-4�!6  &�0&�8#��(()�  

!�#1�!�� �!"��  +�(�&��#&#�  �#$�%�. , �  $&-+�6  �!�2  *�&����&#'  �!*#%20-��!6  

!��-%6�#&#�  $%6 �#$�%�&#'�(�6  *&#7�!!#'  /�%2�&�7�� . 

�&�$(�"'�$&��� �!"��  #�"%#(�(�6  &�!! ��)'�4�!6  !  �!*#%20#'�(�6  

?"!*�&���(��%2()1  $�(()1  �  !%�$-4:�1  /#&�-%  $%6 "�*�%%6&(#+# $�'%�(�6  [61] 

õ�
� � áE�

�
Ø 

[ � »E
� � ( � � P

�
Ø 

[ »E
! •� ( � �

Ö"

! •Y�

�

	Ö"

� Y�

� 1. (5.17) 

�  �8!#%4�(#.  *&#(�7���#!��  

õ•�=# � á•�=# �
�

Ø 
[ � † � P

�
Ø 

[ † ! •

Ö"

! •Y�

�

	Ö"

� Y�

�� 1. (5.18) 
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+$� Ø  – "#%� �!�'#  ?"!*�&���(�#' , áE �  á•�=#  – ��!;��8�&-4:��  "#?//�7��(�)  

$%6 !&�$(�"'�$&��� �!"#+#  #�"%#(�(�6  (�  #!(#'�  ?"!*�&���(��%2()1  $�(()1 . 

��(()�  ��!;��8�&-4:��  "#?//�7��(�)  (-<()  *# *&� �(�  �#+#,  �#  

&�!! ��)'���)�  (�  #!(#'�  "�&(#')1  $�(()1  "#?//�7��(�)  õ �#+-�  8)�2  

!%�;"#�  8#%2;��� , $%6 �1  �!*#%20#'�(�6  '  /#&�-%�  (5.16). 

	�(#!���%2(�6  /�0#'�6  *&#(�7���#!�2  �#<��  8)�2  ''�$�(�  '  &�!!�#�&�(��  

�(�%#+� (#  "�*�%%6&(#�-  $�'%�(�4  '  /#&�-%�1  (5.16) �  (5.17). ��;�(��  

#8&��(#.  0�$� �  *&�$%�+���)�  ���#$#�  $��#(!�&�&-��!6  (�<�  �#%2"# $%6 

�8!#%4�(#.  *&#(�7���#!��  �  "�*�%%6&(#+# $�'%�(�6 , ��"  "�"  ''�$�(��  '  

&�!!�#�&�(��  /-("7�.  	�3  0(� ���%2(#  -'�%� �'���   �!%#  '�&2�&-��)1  

*�&����&#' , (#  *&�  ?�#�  *&�(7�*��%2(#  (�  ��(6��  !��-  #8&��(-4  0�$� -  $%6 

$�((#+#  ���#$� . �$�*��7�6  "  "�*�%%6&(#�-  $�'%�(�4  �  �8!#%4�(#.  

*&#(�7���#!��  6'%6��!6 , (�*&���& , �(��&�!(#.  !  �# "�  0&�(�6  (�1#<$�(�6  

�#$�%�.  *#&#')1  !���.  �  &�! ���  �1  /-("7�.  	�3  $%6 �(�%�0�  

(�#*&�$�%�((#!��.  �%�  #!&�$(�(�6  (�  ��!;��8�  (�/��+�0#(#!()1  *%�!�#' , "�"  

?�# *&�$%#<�(# , (�*&���& , '  !���2�  [56]. 

5.4.2.  *��	�  ��#��
�� #
�  ��
	�	�  

��  $�(().  �#��(�  !-:�!�'-��  &6$ ���#$#'  $%6 &�;�(�6  #8&��()1  0�$� . 

�1  ')8#&  '  8#%2;�.  !��*�(�  0�'�!��  #�  &�!!���&�'���#.  0�$� �  ��(���0�7��  

7�%�'#+# /-("7�#(�%� . �%6 �#$�%�.  *#&#')1  !���.  #80#& *&���(6��)1  *#$1#$#'  

"  (�!�&#."�  (�  ���  *&�'�$�()  '  $�!!�&��7��  [226]. �  &�8#��  [206] &�+-%6&()�  

�#$�%�  *#&#')1  !���.  !  *#�#:24  +�(��� �!"#+#  �%+#&����  (�!�&��'�4�!6  (�  

&�!*&�$�%�(��  "##&$�(�7�#((#+#   �!%� , "#�#&#�  !##�'��!�'-��  &��%2(#�-  

#8&�07- "�&(� . �  !���2�  [215] &�+-%6&()�  �#$�%�  *#&#')1  !���.  (�!�&��'�4�!6  (�  

*#%- �(()�  ?"!*�&���(��%2(#  *#&�!�#!�2 , *&#(�7���#!�2  �  "�*�%%6&(#� 

$�'%�(��  !  �!*#%20#'�(���  ���#$�  ��%$�&� -��$� . �'�#&)  !���2�  [139] !  

*#�#:24  ���#$�  !%- �.()1  8%-<$�(�.  (�!�&��'�4�  �#$�%�  *#&#')1  !���.  (�  

?"!*�&���(��%2()�  $�(()� . �  !���2�  [143] (�&�+-%6&()�  �#$�%�  *#&#')1  !���.  

!�&#6�!6  (�  #!(#'�  ��#&��  �(#+#"%��# (#+#  &#!��  (multi-cellular growth), �  !  

*#�#:24  +�(��� �!"#+#  �%+#&����  �$��  *#�!"  (��0'�!�()1  *�&����&#'  
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�%+#&����  *#!�&#�(�6  �#$�%�.  $%6 (�!�&#."�  (�  ?"!*�&���(��%2()�  

/�%2�&�7�#(()�  1�&�"��&�!��"� . 

3&#'�$�(()�  !&�'(�(�6  ?//�"��'(#!��  &�0%� ()1  ���#$#'  #*����0�7��  

$%6 0�$� �  �$�*��7��  /�%2�&�7�#(()1  �#$�%�.  "  �!�#&��  &�0&�8#�"�  (history 

matching) *#"�0�%�  ')!#"-4  ?//�"��'(#!�2  ���#$�  #*����0�7��  &#6  �!��7  *# 

!&�'(�(�4  !  $&-+���  ���#$��� . �  !���261  [186] �  [187] $�()  !&�'(�(�6  ���#$�  

#*����0�7��  &#6  �!��7  !  &�0%� ()��  ���#$���  (���#$)  �#(�� -��&%#, ���#$  (�  

#!(#'�  /�%2�&�  ��%��(�  �  $&.) $%6 0�$� �  �$�*��7��  /�%2�&�7�#(()1  �#$�%�.  

(�/��+�0#(#!()1  *%�!�#' . �  ?��1  !���261  ��"<�  *#"�0�(# ,  �#  $�((#�-  ���#$-  

�&�8-��!6  ��(2;��  %�8# !&�'(��#�  "#%� �!�'#  ���&�7�.  $%6 (�1#<$�(�6  

#*����%2()1  �#$�%�.  *# !&�'(�(�4  !  $&-+���  ���#$��� . 3# ?�#.  *&� �(�  ���#$  

#*����0�7��  &#6  �!��7  8)% ')8&�(  $%6 &�;�(�6  *#!��'%�(()1  ');�  #8&��()1  

0�$� , ��"  "�"  /�0� �!"��  *&#7�!!)  �  !%#<(#!�2  0�$�  *#$#8() . ��(().  ���#$  

*&���(6��!6  '*�&')�  $%6 &�;�(�6  #8&��()1  0�$� , !'60�(()1  !  �#$�%6��  

*#&#')1  !���. . 

5.4.3.  *�#��  �����  ����������	�	  ��
	��  ��"��
�  	���
���  �����  

�%6 *#!�&#�(�6  �#$�%�.  *#&#')1  !���.  �  #7�("�  �1  *�&����&#' , 

!##�'��!�'-4:�1  (�"#�#&)�  �!1#$()�  /�%2�&�7�#(()�  1�&�"��&�!��"��  

((�*&���& , ?"!*�&���(��%2()� ), '  &��"�1  $�((#.  $�!!�&��7�#((#.  &�8#�)  

&�0&�8#��(  ���#$  &�;�(�6  #8&��()1  0�$�  "�"  *&�%#<�(��  &�0&�8#��((#+#  

���#$�  !�#1�!�� �!"#.  +�(�&�7��  �#$�%�. . 3&�$%�+���).  ���#$  &�;�(�6  

#8&��()1  0�$�  #!(#')'���!6  (�  !%�$-4:�1  �&�1  ���#$�1  [56, 61, 175, 176]: 

·  ���#$  +�(�&�7��  �#$�%�.  *#&#')1  !���. , #*�!�(().  '  *&�$)$-:�1  

&�0$�%�1 $�((#.  +%�') , $%6 *#%- �(�6  �#$�%�.  *#&#')1  !���.  (�  

#!(#'�  "#(� (#+#  (�8#&�  #*&�$�%64:�1  *�&����&#' . 

·  ���#$)  �#$�%�&#'�(�6  #$(#- �  $'-1/�0(#+#  �� �(�.  '  *#&#')1  

!��61 , "#�#&)�  #*�!�()  '  *&�$)$-:�.  +%�'� . 

·  ���#$  #*����0�7��  &#6  �!��7  (#*�!�(��  $�(#  (�<� ) $%6 *#�!"�  

#*����%2()1  0(� �(�.  '�&2�&-��)1  *�&����&#'  $%6 �#$�%�.  

*#&#')1  !���. . 
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�%+#&���  *&�$%�+���#+#  ���#$�  &�;�(�6  #8&��()1  0�$�  $%6 �#$�%�.  

*#&#')1  !���.  *&�$!��'%6��!6  (�<�  (��!-(#"  5.5), +$� Ø�‘�=  – (#��&  ��"-:�.  

���&�7��  ���#$�  #*����0�7�� , Ø#:i  – 0�$�((#�  ��"!���%2(#�   �!%#  ���&�7�� , _ 

– 7�%�'#.  /-("7�#(�%  '�$�  (5.16), � #��  – ��(���%2(#  $#*-!���#�  0(� �(��  

7�%�'#+# /-("7�#(�%� , *&�  "#�#&#�  *&#�!1#$��  ')1#$  �0  ���&�7�#((#+#  7�"%�  

���#$�  #*����0�7�� . ��(().  ���#$  &��%�0#'�(  '  *&#+&���(#�  "#�*%�"!� , 

"#�#&).  #*�!�(  '  3&�%#<�(��  A. 

 

 
��!-(#"  5.5 - �%#"-!1���  ���#$�  &�;�(�6  #8&��()1  0�$�  $%6 �#$�%�.  *#&#')1  !���.  

 
5.4.4.  +������
�  �  ��#��
�� #
�
  ��
	���
  

�#%2;�(!�'#  !-:�!�'-4:�1  &�!!�#�&�(()1  #8&��()1  0�$� , "�"  

*&�$!��'%�(#  ');� , &�;���!6  0� ! ��  �!*#%20#'�(�6  !%�$-4:�1  �&�1  ���#$#' : 

���#$  *#!�&#�(�6  *#&#��!;��8()1  �#$�%�. , ���#$  �#$�%�&#'�(�6  �(#+#/�0(#+#  

�� �(�6  '  *#&#��!;��8()1  �#$�%61, ���#$  #*����0�7�� . 3&�$%#<�(().  ');�  

���#$  &�;�(�6  #8&��()1  0�$�  ��"<�  !#!�#��  �0  -"�0�(()1  ���#$#' . �+#  #�%� �6  

#�  !-:�!�'-4:�1  ���#$#'  &�;�(�6  #8&��()1  0�$�  "&#6�!6 '  �!*#%20#'�((#.  

"#�8�(�7��  �&�1  ���#$#' : 

·  3&�$%#<�(().  ���#$  +�(�&�7��  �#$�%�.  *#&#')1  !���.  (!&�'(�(��  !  

�(�%#+� ()��  ���#$���  *&�$!��'%�(#  '  !##�'��!�'-4:��  *�&�+&�/�  

$�((#.  +%�') ). 
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·  �-:�!�'-4:�.  ���#$  �#$�%�&#'�(�6  �(#+#/�0(#+#  �� �(�6  '  

�#$�%61 *#&#')1  !���.  (#*�!�(��  $�(#  '  
%�'�  4). 

·  �-:�!�'-4:�.  #*����0�7�#(().  ���#$  &#6  �!��7  (�!*#%20#'�(  

'*�&')�  $%6 #8&��()1  0�$� , !'60�(()1  !  �#$�%6��  *#&#')1  !���. , 

!!)%"�  (�  !&�'(�(��  !  $&-+���  ���#$���  $�()  ');�  '  $�((#.  +%�'� ). 

5.4.5.  ,��	��������  	�

�
���
	����  ��
	�  �	�  ���

�  

���#$  #*����0�7��  &#6  �!��7  8)% &�0&�8#��(  (�  #!(#'�  (�8%4$�(�.  0� 

*#'�$�(���  &�0%� ()1  !"#*%�(�.  « �!��7 », (�*&���& , "#!6"#'  &)8 , !��.  *��7 , 

&#�'  (�!�"#�)1  �  $&. ��!��7)  /#&��&-4�  &#. �0  Ø¿  �!��7 , "#�#&)�  *)��4�!6  

(�.��  ��(��-�  $%6 7�%�'#+# /-("7�#(�%�  '  *&#!�&�(!�'�  '�&2�&-��)1  

*�&����&#' . 

��  *�&'#.  ���&�7��  '!�   �!��7)  &�!*#%�+�4�!6  !%- �.()�  #8&�0#� !  

'�"�#&#�  "##&$�(��  � �
G $%6 �-#.   �!��7) . 
�"<�  '!��   �!��7��  0�$�4�!6  '�"�#&�  

!"#&#!��.  Ÿ�
G, "#�#&)�  &�!! ��)'�4�!6  !%- �.()�  #8&�0#� !  - ��#�  

*&#!�&�(!�'�  '�&2�&-��)1  *�&����&#' . ��  !%�$-4:�.  ���&�7��  "##&$�(��)  �  

!"#&#!��  *�&�! ��)'�4�!6  '  !##�'��!�'��  !  *&�'�%��� , *#$&�<�4:���  &#4: 

#�$�%2().  ?%���(�  &#6 #!(#')'���  !'#�  *#'�$�(��  (�  !'#�.  �!�#&��  *#�!"�  �  (�  

�!�#&��  !#!�$(�1 . 3&�'�%�  �#+-�  8)�2  0�*�!�()  "�"  [152], [185] 

Ÿ�
� ~ � � ô Ÿ�

� Q F� ;<� \ � " �DKOa�
� P � �

� $Q F	 ;<� \ 	 " ‚DKOa� P � �
� $�U

� �
� ~ � � � �

� Q Ÿ�
� ~ � ��

1. (5.19) 

+$� �($�"!  �  – (#��&  ��"-:�.  ���&�7�� ; �DKOa�
�  – '�"�#&  "##&$�(�� , +$� � -�6 

 �!��7�  $���  ��(��-�  7�%�'#+# /-("7�#(�%�  !&�$�  ��  �  *#!%�$(�1  ���&�7�. ; 

‚DKOa�  – '�"�#&  "##&$�(�� , +$� 7�%�'#.  /-("7�#(�%  *&�(�����  ��"-:�.  

+%#8�%2(). ��(��-�  !&�$�  �  *#!%�$(�1  ���&�7�.  $%6 '!�1   �!��7 ; F�  �  F	  – 

(�#�&�7���%2()�  $�.!�'���%2()�   �!%� , "#�#&)�  "#(�&#%�&-4�  "#+(���'(#�  �  

!#7��%2(#�  *#'�$�(��   �!��7  !##�'��!�'�((# ; ;<�\ �  �  ;<�\ 	  – &�'(#��&(#  

&�!*&�$�%�(()�  ��<$-  0 �  1 !%- �.()�   �!%� ; ô  – '�!  $%6 �(�&7��   �!��7 . 
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5.5.  ���
�(�(��  *���	�4�((�3�  
�%���  �,��	�(�.  ��3��(��  

5.5.1.  ����
��
�  ���	��
  �	�����  �	�	���  ��
��  ��  ������  

�%6 *&���&�  ')$�%�(�6  "%�!!#'  �#$�%�.  *#&#')1  !���.  8)%# ')8&�(#  

&�!*&�$�%�(��  *#& *# &�0��&��  *# &�0-%2�����  &�-�(#.  *#&#���&��  [69] "�"  #$�(  

�0  *�&����&#'  ��"�1  ��"&#�#$�%�. . ��(().  *�&����&  6'%6��!6  1�&�"��&�!��"#.  

#89���  *-!�#�(#+#  *&#!�&�(!�'� , *&�1#$6:�+#!6  (�  *&#'#$6:��  7�*# "�  *#& �  

"�*�%%6&#', +$� ��(���%2()�  6'%6��!6  (�"#�#&#�  0(� �(��  &�$�-!�  "�*�%%6&�. 

@�#�-  ��(���%2(#�-  0(� �(�4  &�$�-!�  �  *&�*�!)'���!6  #7�(�(().  #89�� . 

�!�+#  8)%# �!*#%20#'�(#  43 &�0-%2����  *#&#���&� �!"�1  �!!%�$#'�(�.  "�&(�  

(�/��(#!(#+#  *%�!��  #$(#+# �0  ��!�#&#<$�(�.  ��*�$(#.  ��8�&�  [55]. 

�#%%�"�#&���  $�((#+#  *%�!��  6'%64�!6  *�! �(�"�  � , '  ��(2;�.  !��*�(� , 

�%�'&#%��) . �&�$(66  *&#(�7���#!�2  – 18 �� , !&�$(66  *#&�!�#!�2  – 17.5 %. 

�(�%�0  ���&�7)  !��<(#!��  !'60�.  *#$#8�6  !  - ��#�  ���&�"�  (5.9) *&�  

0�$�((#.  ��"!���%2(#.  #;�8"�  *#$#8�6  *#"�0)'��� ,  �#  *&�  �0��(�(��  

'�%� �()  - #:i  "#%� �!�'#  &�+�#(#'  ("%�!!#' ) ��(6��!6 . �  !'60�  !  ?���  8)%�  

*#!�&#�()  +&�/�"�  "#%� �!�'�  &�+�#(#' , '  "#�#&)1  8#%�� $'-1 , �&�1  �  ;�!��  

&�!*&�$�%�(�. , #�  '�%� �()  - #:i  (��!-(#"  5.6). �)8#&  0(� �(�6  $�((#+#  

*�&����&�  #8-!%#'%�( (�+%6$(#!�24  �  8#%2;�.  !����!�� �!"#.  #8#!(#'�((#!�24  

*#%- ���)1  '  $�%2(�.;��  &�0-%2���#'  – *&�  - #:i � úU#  (�8%4$���!6  ')$�%�(��  

$'-1  "%�!!#'  !  $#!���# (#  8#%2;��  "#%� �!�'#�  ��"&#�#$�%�.  [55]. 

 

 
��!-(#"  5.6 - ��'�!��#!�2  "#%� �!�'�  &�+�#(#'  #�  '�%� �()  - #:i  
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�%6 - #:i � úU#  8)%� &�!! ���(�  8�(�&(�6  ���&�7�  !��<(#!��  $%6 !'60�.  

*#$#8�6 . 	8&�07)  �0  ��%# �!%�(()1  ')$�%6��)1  "%�!!#'  8)%�  &�!*&�$�%�()  

��<$-  $'-�6  8	 %2;���  "%�!!���  !  - ��#�  (����(2;�.  #;�8"�  *#$#8�6  $%6 

��%# �!%�(()1  "%�!!#'  !  $'-�6  ')8&�(()��  0� #!(#'-  "%�!!��� . ��(().  

&�0-%2���  *&�$!��'%6��  $�%��  ��!-(#"  5.7. 

 

 
��!-(#"  5.7 - ��(�&(�6  ���&�7�  !��<(#!��  $%6 !'60�.  *#$#8�6  ��"&#�#$�%�.  *# 

&�!*&�$�%�(�6�  *#& *# &�0��&��  
 

3#!%� ')$�%�(�6  "%�!!#'  8)%�  &�!! ���()  #!&�$(�(()�  &�!*&�$�%�(�6  *#& 

*# &�0��&�� . ��<�  ��!-(#"  5.8 *#"�0)'���  *#%- �(()�  #!&�$(�(()�  

&�!*&�$�%�(�6  $%6 "%�!!#' , �  
�8%�7�  5.3 -"�0)'���  !&�$(��  /�%2�&�7�#((# -

��"#!�()�  1�&�"��&�!��"�  �  %��#%#+� �!"#�  #*�!�(��  #8&�07#' "�&(�  '  "%�!!�1 . 

��#��  #������2 ,  �#  #8&�07) "�&(�  �%�!!�  1 #8%�$�4�  '  !&�$(��  ��(2;�.  

*#&�!�#!�24  �  *&#(�7���#!�24   ��  #8&�07) �%�!!�  2. @�# #896!(6��!6  

!��:�(���  &�!*&�$�%�(�.  *#& *# &�0��&��  �%�!!�  2 '  !�#&#(-  8#%2;�1  0(� �(�.  

&�$�-!#' . 

 


�8%�7�  5.3 - 5�&�"��&�!��"�  #8&�07#' �  !##�'��!�'-4:�1  ��  $�!"&��()1  ��"&#�#$�%�.  '  
')$�%�(()1  "%�!!�1  

��0'�(��  
"%�!!�  

�#%-'#  
#8&�07#' 

�&�$(66  
*#&�!�#!�2 ,  

% 

�&�$(66  
*&#(�7���#!�2 , 

��  
���#%#+�6  

�%�!!  1 19 12.4 1.0 
3�! �(�"  ��%"#0�&(�!�).  +%�(�!�). , 
*�! �(�"  �%�'&���!�).  

�%�!!  2 24 16.8 54.5 
3�! �(�"  ��%"#0�&(�!�). , !&�$(� -
��%"#0�&(�!�). , #$(#&#$().  
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��!-(#"  5.8 - 	!&�$(�(()�  &�!*&�$�%�(�6  $%6 �%�!!�  1 �  �%�!!�  2 

 

5.5.2.  �	������
�  �����	�  �  �,.,+  
  �������
�  ���
	�	�  ���  �
����
�	�  

����	�	���
  �	�
�
	�  �����  

�%6 (�+%6$(#+# *&���&�  [177, 180] *�&�(#!�  ')$�%�(()1  "%�!!#'  �#$�%�.  

*#&#')1  !���.  (�  &�+�#()  (�"#�#&#.  ��"&#�#$�%�  (+�#%#+� �!"�6  �#$�%2) 

&�!!���&�'���#+#  *%�!��  8)% ')8&�(  *�&����&  !��#*&#�0'#%2(#.  *#%6&�0�7��  

[42] – G3� (#&� , (#&��&#'�(().  (�  �(��&'�%  �0��(�(�6  #�  0.55 $# 1.0 $. �$ . 


�1(� �!"�  *�&�(#!  #0(� ���  !'60)'�(��  "�<$#+# �(��&'�%�  ��
��  "�<$#+# 

&�0&�0� *# !"'�<�(��  ��"&#�#$�%�  !  0�$�(()�  *�&����&#�  G3� (#&�  !  

')$�%�(()��  "%�!!���  �#$�%�.  *#&#')1  !���. . ��%��  !  *#�#:24  �(��&*#%67��  

&�+�#()  �#<(#  &�!*&#!�&�(��2  (�  '!4  ��"&#�#$�%2 . 

�%6 "&�'#.  3�  0#(�  *�&�!� �(�.  &�!*&�$�%�(�.  $%6 "%�!!#' , 

&�!! ��)'����6  *# /#&�-%�  (5.13), !#!��'�%�  32%, *&�  ?�#�  $%6 �%�!!�  1 ((�0"��  

0(� �(�6  ��� ) 1�&�"��&()  0(� �(�6  G3� (#&�  #�  0.0 $# 0.6 $. �$ ., �  $%6 �%�!!�  2 

(')!#"��  0(� �(�6  ��� ) – #�  0.6 $# 1.0 $. �$ .,  �#  *&�$!��'%6��  ��!-(#"  5.9. 


�"��  #8&�0#�, �%�!!  1 '��!��  !  �(��&'�%#�  G3� (#&�  (0.0, 0.6) 0�$���  ��+�#(  1, �  

�%�!!  2 – ��+�#(  2. ��0� �!"�6  �(��&*&���7�6  *#%- �(()1  &�0-%2���#'  !#!�#��  '  

!%�$-4:�� : G3�  *&6�#  *&#*#&7�#(�%2(# 1�&�"��&�0-��  *#&�!�#!�2 , �  $%6 

�%�!!�  1 &�!*&�$�%�(�6  *#& *# &�0��&��  !��:�() , "�"  *#"�0)'���  ��!-(#"  5.8, '  
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!�#&#(-  ��(2;�1  &�$�-!#'  *# !&�'(�(�4  !  �%�!!#�  2,  �#  +#'#&��  "�"  &�0 # 

��(2;�1  0(� �(�61  *#&�!�#!��  �  1-$;�1  /�%2�&�7�#(()1  1�&�"��&�!��"�1 . 

 
��!-(#"  5.9 - 3�&�(�!�(��  ')$�%�(()1  "%�!!#'  (�  &�0&�0) *# !"'�<�(��  $�!"&��(#.  

��"&#�#$�%�  
 

�  $�((#�  &�0$�%� *&�$!��'%�(  *#$1#$ "  ')$�%�(�4  ��*#'  *#&#$ (�  #!(#'�  

�(�%�0�  �#$�%�.  *#&#')1  !���.  �  ')$�%�(�6  �1  "%�!!#'  !  *#!%�$-4:��  

�!!%�$#'�(���  '0���#!'60�.  "%�!!#'  !  ��
�� . ��(().  ���#$ , &��%�0#'�(().  '  

*&#+&���(#�  "#�*%�"!�  «PoroScale» (3&�%#<�(��  A), *#0'#%6�� ')$�%6�2  (�  

��!;��8�  (�/��+�0#(#!()1  *%�!�#'  &�+�#() , '  "#�#&)1  *&�#8%�$���  

#*&�$�%�(().  ��*  *#&#$, "#�#&#�-  1�&�"��&()  (�"#�#&)�  #!&�$(�(()�  

*�&����&)  *#&#!���')1  �#$�%�. . @�# $���  '#0�#<(#!�2  �!!%�$#'��2 , "  *&���&- , 

&�!*&�$�%�(��  /�%2�&�7�#(()1  *�&����&#'  (�  ��!;��8�  (�/��+�0#(#!()1  

*%�!�#'  !  - ��#�  ��"&#��!;��8()1  ?//�"�#'  �%� , "�"  '  7�%#�  &�!*&�$�%�()  

��"&#��!;��8()�  *�&����&)  $%6 (�/��+�0#(#!()1  *%�!�#' . 

5.6.  ��)%�����(��  *���	�4�((�3�  
�%���  )%�5�)%���)��2  3�(���1��  
���	�2  

*����,5  )�%�2 

5.6.1.  4���
�  �����������
�  ������
�	�  �	�����  �	�	���  ��
��  

�%6 !�#1�!�� �!"#+#  ���#$�  +�(�&�7��  (�#81#$��#  '(� �%�  *#%- ��2  

&�!*&�$�%�(�6  *�&����&#' . ��!-(#"  5.10 *&�$!��'%6��  *&���&  &�!*&�$�%�(�. . 
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��!-(#"  5.10 - ��!*&�$�%�(�6  *�&����&#'  �#$�%�  *#&#'#.  !���  #8&�07� *�! �(�"�  Berea 

 
�  "� �!�'�  #!(#')  $%6 *#%- �(�6  &�!*&�$�%�(�.  *�&����&#'  �!*#%20-��!6  �#$�%2 

*#&#'#.  !��� , �0'%� �((�6  �0  �0#8&�<�(�6  *#&#'#+# *&#!�&�(!�'�  $%6 *�! �(�"�  

Berea [126]. ��!-(#"  5.10 *#"�0)'���  &�!*&�$�%�(�6  *�&����&#'  $�((#.  �#$�%� , 

+$� $%6 &�!*&�$�%�(�.  '  !"#8"�1  -"�0�()  *�&����&)  < �  õ !##�'��!�'�((# , �#  

�!�2 , "  *&���&- , LogNormal(<, õ). �(�%�0  $�(()1  &�0-%2���#'  *#"�0)'��� ,  �#  $%6 

#*�!�(�6  &�!*&�$�%�(�.  *�&����&#'  �#$�%�.  *#&#')1  !���.  $#!���# (#  

(#&��%2(#+# �  %#+(#&��%2(#+# &�!*&�$�%�(�. . ��(()�  &�!*&�$�%�(�6  *#%- �()  

'  !���2�  [56]. 

5.6.2.  3��

�	���
�  ������	
���	�	  ��
	��  �
	���

����	�  �������

  �	�����  

�	�	���  ��
��  

�  $�((#�  &�0$�%� *&#'#$��!6  ��!��&#'�(��  &�0&�8#��((#+#  ���#$�  

!�#1�!�� �!"#.  +�(�&�7��  �#$�%�.  *#&#')1  !���.  [58]. �  "� �!�'�  #!(#')  $%6 

*#%- �(�6  &�!*&�$�%�(�.  *�&����&#'  �!*#%20-��!6  ;�&#"#  �0'�!�(�6  '  
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%���&��-&�  �#$�%2 *#&#'#.  !��� , #*�!�((�6  '  *&�$)$-:��  *-("�� . 
�8%�7�  5.4 

*&�$!��'%6��  &�!*&�$�%�(�6  *�&����&#'  -*#�6(-�#.  �#$�%� . 

 

�8%�7�  5.4 - 3�&����&)  *#&#!���'#.  �#$�%�  $%6 *�! �(�"�  Berea 

3�&����&)  �$ . �0� . ��!*&�$�%�(�6  

��!*&�$�%�(��  &�$�-!#'  "�*�%%6&#' - LogNormal(-12.1029, 0.7741) 

��!*&�$�%�(��  &�$�-!#'  *#& - LogNormal(-11.2473, 0.5882) 

��!*&�$�%�(��  $%�( "�*�%%6&#' - LogNormal(-10.9681, 0.9694) 

��!*&�$�%�(��  &�!!�#6(�.  ��<$-  7�(�&���  *#& - LogNormal(-9.0173, 0.6712) 

��!*&�$�%�(��  /�"�#&#'  /#&�)  *#& �  "�*�%%6&#' - Normal (0.0295, 0.0066) 

�&�$(��  "##&$�(�7�#((#�   �!%#  �� . 3.9135 

3#&�!�#!�2  � . �$ . 0.1956 

 
��!-(#"  5.11 *&�$!��'%6��  0(� �(�6  �8!#%4�(#.  *&#(�7���#!��  $%6 

&�0%� ()1  &��%�0�7�.  �#$�%�.  *#&#')1  !���.  !  /�"!�&#'�(()��  

&�!*&�$�%�(�6��  *�&����&#'  �  ��(64:��!6  "#%� �!�'#�  *#& '  "�<$#�  

(�*&�'%�(��  (*�&����&)  Øi 1Ø• 1Ø¤). �%6 &�! ���  '!�1  /�%2�&�7�#(()1  

1�&�"��&�!��" , *#"�0�(()1  (�<� , �!*#%20#'�%!6 �%+#&��� , "#�#&).  8)% 

&�0&�8#��(  '  $�!!�&��7�61  [210, 225] �  #*�!�(  '  
%�'�  4. 

 

 
��!-(#"  5.11 - �(� �(�6  �8!#%4�(#.  *&#(�7���#!��  $%6 !%- �.()1  &��%�0�7�.  �#$�%�.  

*#&#')1  !���.  '  0�'�!��#!��  #�  "#%� �!�'�  *#& 
 

��<�  (��!-(#"  5.12) *&�$!��'%�()  "&�')�  "�*�%%6&(#+# $�'%�(�6  (*&#7�!!  

*�&'� (#+#  $&�(�<� ) $%6 &�0%� ()1  &��%�0�7�.  �#$�%�.  *#&#')1  !���.  !  

/�"!�&#'�(()��  &�!*&�$�%�(�6��  *�&����&#'  �  ��(64:��!6  "#%� �!�'#�  *#& 

*# �&��  (�*&�'%�(�6� . 
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��!-(#"  5.12 - �(� �(�6  "�*�%%6&(#+# $�'%�(�6  $%6 !%- �.()1  &��%�0�7�.  �#$�%�.  *#&#')1  

!���.  !  "#%� �!�'#�  *#& 61616 (!%�'� ) �  16116116 (!*&�'� ) 
 

��!-(#"  5.13 *&�$!��'%6��  "&�')�  #�(#!���%2()1  /�0#')1  *&#(�7���#!��.  

(*&#7�!!  *�&'� (#+#  $&�(�<� ) $%6 &�0%� ()1  !�#1�!�� �!"�1  &��%�0�7�.  

�#$�%�.  *#&#')1  !���.  !  /�"!�&#'�(()��  &�!*&�$�%�(�6��  *�&����&#'  �  $%6 

$'-1  0�$�(()1  "#%� �!�'  *#&. 

 

 
��!-(#"  5.13 - �(� �(�6  #�(#!���%2()1  /�0#')1  *&#(�7���#!��.  $%6 !%- �.()1  &��%�0�7�.  

�#$�%�.  *#&#')1  !���. : 61616 (!%�'� ) �  16116116 (!*&�'� ) 
 
�  $�((#�  &�0$�%� *&�$!��'%�()  &�0-%2���)  ��!��&#'�(�6  ���#$�  

!�#1�!�� �!"#.  +�(�&�7��  �#$�%�.  *#&#')1  !���.  (�  #!(#'�  &�!*&�$�%�(�.  �1  

*�&����&#' . 
�!��&#'�(��  ���#$� , &��%�0#'�((#+#  '  *&#+&���(#�  "#�*%�"!�  

«PoroScale» [54] (3&�%#<�(��  A), *#"�0�%#,  �#  #�%� �6  /�%2�&�7�#(()1  

1�&�"��&�!��"  &�0%� ()1  &��%�0�7�.  �#$�%�.  *#&#')1  !���.  $%6 #$(�1  �  ��1  <�  

&�!*&�$�%�(�.  *�&����&#'  ("&#��  *�&����&� , #�'� �4:�+#  0� +�(�&�7�4  

!%- �.()1   �!�%  – *�&����&  «seed») !(�<�4�!6  !  -'�%� �(���  "#%� �!�'�  *#&. 

@�# #0(� ��� ,  �#  «&�08&#!» 0(� �(�.  &�! ��()1  /�%2�&�7�#(()1  1�&�"��&�!��"  

0�'�!��  #�  "#%� �!�'�  *#&, 0�"%�$)'���)1  $%6 !�#1�!�� �!"#.  +�(�&�7��  

�#$�%�. . 3&�  �!*#%20#'�(��  $�((#+#  �%+#&����  �#<(#  0�$�'��2  ��"!���%2(#�  

!&�$(�"'�$&��� �!"#�  #�"%#(�(��  �  #7�(�'��2  (-<().  &�0��&  &�! ��(#.  #8%�!�� , 



156�

(� �(�6  !  "#�#&#.  «&�08&#!» (�  8-$��  *&�');��2  0�$�((#�  0(� �(�� . 
�"<�  

*#%- ���)�  0(� �(�6  /�%2�&�7�#(()1  1�&�"��&�!��"  $%6 &�0%� ()1  &��%�0�7�.  

�#<(#  #!&�$(6�2  �  *#%- ��2  #$�(  (�8#&  /�%2�&�7�#(()1  1�&�"��&�!��"  $%6 

0(� �(�.  *�&����&#'  &�!*&�$�%�(�.  �#$�%�.  *#&#')1  !���. . 

��(().  ���#$  �#<��  8)�2  *&���(�(  $%6 &�;�(�6  &�0%� (#+# ��*�  0�$� , 

!'60�(()1  !  &�! ��#�  /�%2�&�7�#(()1  *�&����&#' , �  '  $�((#.  $�!!�&��7��  

(�#81#$��  $%6 &�;�(�6  #8&��()1  0�$�  *#!�&#�(�6  �#$�%�.  *#&#')1  !���.  �  

#7�("�  (��0'�!�()1  *�&����&#' , !'60�(()1  !  (��� , "�"   �!�2  *&�$%#<�((#+# 

*#$1#$� "  &���!;��8�&#'�(�4 . 
�"<�  *&�$%#<�(().  ���#$  �#<��  8)�2  

*&���(�(  $%6 *#!�&#�(�6  !�#1�!�� �!"�1  �#$�%�.  #8&�07#' "�&(�  (�  #!(#'�  

�(�%�0�  ')8#&"�  �#$�%�.  *#&#')1  !���. . �*#�6(-�)�  �#$�%�  �#+-�  8)�2  

*#%- �()  ���#$��� , #*�!�(()��  '  *&�$)$-:�.  
%�'�  4, 0� ! ��  #!&�$(�(�6  �1  

*�&����&#' . 3&� ��  �#$�%2 *#&#'#.  !���  $%6 #8&�07� "�&(�  �#<��  8)�2  !'�$�(�  

"  �#$�%�  !  ��(2;��  &�0��&#�  &�! ��(#.  #8%�!�� , $%6 "#�#&#.  /�%2�&�7�#(()�  

1�&�"��&�!��"�  8-$-�  #�%� ��2!6  (�0(� ���%2(# . 

5.7.  ���
�(�(��  *���	�4�((�3�  
�%���  ��7�(�.  �+��%(,5  -����  

5.7.1.  ,��	����  ������  ���  	���
�	�  �����
  

�%6 *&���(�(�6  *&�$%#<�((#+# ');�  ���#$�  &�;�(�6  #8&��()1  0�$� , 

&��%�0#'�((#+#  '  *&#+&���(#�  "#�*%�"!�  «PoroScale» (3&�%#<�(��  A), $%6 

�#$�%�.  *#&#')1  !���.  &�!!�#�&��  !%�$-4:-4  0�$� -  [61]: $%6 ')$�%�((#+#  

');�  ��+�#(�  1 ��"&#�#$�%�.  [55, 177, 180] (�.��  �#$�%2 *#&#'#.  !��� , "#�#&�6  

��"!���%2(#  8%�0"# *#'�#&6��  !&�$(��  0(� �(�6  *#&�!�#!��  �  *&#(�7���#!��  

(
�8%�7�  5.3) �  0(� �(�6  #!&�$(�((#.  "&�'#.  "�*�%%6&(#+# $�'%�(�6  (��!-(#"  

5.14). ,�%24  $�((#.  #8&��(#.  0�$� �  6'%6��!6  (�1#<$�(��  $�!"&��(#.  

��"&#�#$�%� , "#�#&�6  !##�'��!�'-��  #!&�$(�(()�  1�&�"��&�!��"��  ��!;��8�  

&�+�#(#'  *#&�!�#.  !&�$)  &�!!���&�'���#+#  *%�!�� . @�# *#0'#%6�� #7�(�'��2  

/�%2�&�7�#(()�  1�&�"��&�!��"�  ?��1  &�+�#(#'  !  - ��#�  &�0%� ()1  *&#7�!!#' , 

1�&�"��&()1  $%6 ��"&# - �  ��"&#��!;��8#' . 
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�  &�0&�8#��((#�  �  *&�$!��'%�((#�  ');�  ���#$�  &�;�(�6  #8&��()1  0�$�  

�!*#%20-��!6  &�0&�8#��(().  ���#$  !�#1�!�� �!"#.  +�(�&�7��  �#$�%�.  *#&#')1  

!���. , #*�!�(()�  ');�  ���#$  #*����0�7��  &#6  �!��7  �  &�0&�8#��(()�  

!*�7��%�!����  �0  ��*�&!"#+#  "#%%�$<� �#($#(�  �  -(�'�&!�����  5�&�#� -����  

���#$)  �#$�%�&#'�(�6  �(#+#/�0(#+#  �� �(�6  $%6 �#$�%�.  *#&#')1  !���. , 

"#�#&)�  #*�!�()  '  *&�$)$-:�.  
%�'�  4. 

��<�  
�8%�7�  5.5 *&�$!��'%6��  *�&����&)  $%6 �#$�%�&#'�(�6  *&#7�!!�  

$'-1/�0(#.  /�%2�&�7��  !  *#�#:24  !�#1�!�� �!"�1  �#$�%�.  *#&#')1  !���. . 

�)8#&  $�(()1  *�&����&#'  #8-!%#'%�( !*�7�/�"#.  *#%- �(�6  #!&�$(�(()1  

"&�')1  "�*�%%6&(#+# $�'%�(�6  – '  &�0-%2����  &�-�(#.  *#&#���&�� , +$� *�&)  

&�-��  (!�� �'�4:�6  /�0� ) ')��!(64�  &�-�2  '  <�$"#.  /�0�  ((�!�� �'�4:�6  

/�0� ). �!*#%20-��)�  (�<�  *�&����&)  *�&�'�$�()  "  !##�'��!�'-4:��  0(� �(�6�  

!�!���)  '#$� -(�/�2 -*#&#$� $%6 *#%- �(�6  &�0-%2���#'  !  *#�#:24  !��-%6�#&�  �  

(�+%6$(#+# *&�$!��'%�(�6  ?��1  &�0-%2���#'  &�! ��#' . 

 


�8%�7�  5.5 - 3�&����&)  $%6 �#$�%�&#'�(�6  $'-1/�0(#+#  �� �(�6  !  *#�#:24  �#$�%�.  *#&#')1  
!���.  

��0'�(��   �$�(�7)  
�0��&�(�6   

�(� �(��  

�#(��"�().  -+#% 
&�$  0 
3#'�&1(#!�(#�  (��6<�(��  ((�/�2 -'#$� ) �� /�  35 
3#&�!�#!�2  +%�()  % 0 
��� �'���#!�2  - Uniform Water Wet 

�*  /#&�)  !� �(�.  - Circle-Triangle-Square 
�%- �.()�  �&�-+#%2(�"�  (Arbitrary Triangles) - $�  
�#$�%2  0�*#%(�(�6  *#& (Pore Body Filling) - $�  
�%+#&���  0�*#%(�(�6  *#& - Blunt1 
Øi 1Ø• 1Ø¤ - 15x15x15 
�� �%2(�6  /�0�  - '#$�  
��"� �'����6  /�0�  - (�/�2  
���&�(��  (aging) - (��  

 

�(��&'�%)  0(� �(�.  1�&�"��&�!��"  &�!*&�$�%�(�.  *�&����&#'  

!�#1�!�� �!"�1  �#$�%�.  *#&#')1  !���. , "#�#&)�  �!*#%20#'�()  '  ���#$�  
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#*����0�7��  &#6  �!��7  $%6 *#�!"�  (��0'�!�()1  1�&�"��&�!��" , ')8&�()  �!1#$6  

�0  *#%- �(()1  &�!*&�$�%�(�.  $%6 #8&�07� *�! �(�"�  Berea (��!-(#"  5.10) [56] �  !  

- ��#�  &�0%� �6  *&#(�7���#!��  $�((#+#  #8&�07� �  ��+�#(�  1 (�  �&�  *#&6$"� . 

5.7.2.  ������
�
�  �
�������  �����
	�  

�  $�((#�  &�0$�%� *&�'�$�()  &�0-%2���)  &�;�(�6  #8&��(#.  0�$� �  

[52, 61, 176] $%6 ��+�#(�  1.  


�8%�7�  5.6 *&�$!��'%6��  !&�'(�(��  0�$�(()1  7�%�')1  0(� �(�.  �  

&�!! ���(()1  (�  #!(#'�  #*����%2(#.  �#$�%�  0(� �(�.  *#&�!�#!��  �  

*&#(�7���#!�� , �  ��!-(#"  5.14 *&�$!��'%6��  !&�'(�(��  7�%�'#.  /-("7��  �  

&�!! ���((#.  (�  #!(#'�  #*����%2(#.  �#$�%�  /-("7��  "�*�%%6&(#+# $�'%�(�6 . 

�(�%�0  &�0-%2���#'  *#0'#%6�� +#'#&��2  # 1#&#;��  !##�'��!�'��  &�! ��()1  �  

7�%�')1  *�&����&#'  '  �(��&'�%�  '#$#(�!):�((#!�� , !##�'��!�'-4:�.  

$'-1/�0(#.  /�%2�&�7�� . 

 

�8%�7�  5.6 - �&�'(�(��  7�%�')1  0(� �(�.  �  *#%- �(()1  '  &�0-%2����  &�;�(�6  #8&��(#.  
0�$� �  *�&����&#'  

3�&����&  ��+�#(  1  
(/�"�� �!"��  $�(()� ) 

��+�#(  1  
(&�! ��()�  $�(()� ) 

3#&�!�#!�2  12.5% 12.5% 

�8!#%4�(�6  *&#(�7���#!�2  1.0 ��  1.0 ��  

 

 
��!-(#"  5.14 - �&�'(�(��  0�$�((#.  "&�'#.  "�*�%%6&(#+# $�'%�(�6  �  *#%- �((#.  '  &�0-%2����  

&�;�(�6  #8&��(#.  0�$� �  $%6 ��+�#(�  1 
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��<�  ��!-(#"  5.15 *&�$!��'%6��  *#%- �(()�  '  &�0-%2����  &�;�(�6  

#8&��(#.  0�$� �  &�!*&�$�%�(�6  *�&����&#'  #*����%2(#.  !�#1�!�� �!"#.  �#$�%�  

*#&#'#.  !��� , �  ��"<�  *&�$!��'%�()  *�&����&)  ?��1  &�!*&�$�%�(�. . 

 

 
��!-(#"  5.15 - 3#%- �(()�  &�!*&�$�%�(�6  �  �1  *�&����&)  $%6 (�.$�((#.  '  &�0-%2����  &�;�(�6  

#8&��(#.  0�$� �  !�#1�!�� �!"#.  �#$�%�  *#&#'#.  !���  
 


,���,  �  3	���  

1. ��((�6  +%�'�  *#!'6:�(�  &���!;��8�&#'�(�4  $�!"&��()1  

��"&#�#$�%�.  *#&�!�#.  !&�$)  $# ��!;��8�  ��"&#�#$�%�.  

(�/��+�0#(#!()1  *%�!�#' : $�(  #80#& !-:�!�'-4:�1  *#$1#$#'  "  

&���!;��8�&#'�(�4  $�!"&��()1  �#$�%�.  ��"&#��!;��8� , #*�!�(  

&�0&�8#��(().  *#$1#$ "  &���!;��8�&#'�(�4  $�!"&��()1  �#$�%�.  

��"&#��!;��8�  $# ��"&#��!;��8�  �  *�&� �!%�()  !*#!#8)  

�!*#%20#'�(�6  (�*&�&)'()1  +&-**  !�����&�.  $%6 *&�$%�+���#+#  

*#$1#$� "  &���!;��8�&#'�(�4 . 
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2. ��0&�8#��(  ���#$  ')$�%�(�6  ��"&#��!;��8()1  &�+�#(#'  

1�&�"��&()1  $�!"&��()1  �#$�%�.  ��"&#��!;��8�  *#&�!�#.  !&�$) , 

!#!�#6:�.  �0  ')$�%�(�6  "%�!!#'  *#$#8()1  ��"&#�#$�%�.  �  

')$�%�(�6  &�+�#(#'  ��"&#�#$�%�  (�  #!(#'�  *#%- �(()1  "%�!!#'  

��"&#�#$�%�. . �  �!*#%20#'�(���  ���#$�  ')$�%�(�6  &�+�#(#'  

��"&#�#$�%�.  (�  #!(#'�  *#&#���&� �!"�1  ?"!*�&���(��%2()1  

$�(()1  8)%# ')$�%�(#  $'�  &�+�#(�  ��"&#�#$�%�  !  &�0%� ()��  ��� . 

3. ��0&�8#��(  ���#$  !�#1�!�� �!"#.  +�(�&�7��  �#$�%�.  *#&#')1  !���.  

(�  #!(#'�  &�!*&�$�%�(�.  �1  *�&����&#' . 3&#'�$�(#  ��!��&#'�(��  

���#$�  !�#1�!�� �!"#.  +�(�&�7��  �#$�%�.  *#&#')1  !���. , "#�#&#�  
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4. ��  #!(#'�  &�0&�8#��(()1  ���#$#'  !#0$�(  *&#+&���().  "#�*%�"!  
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��  – +�$&#$�(��� �!"�6  �#$�%2 


��  – +�#/�0� �!"��  �!!%�$#'�(�6  !"'�<�(  

���  – "&�'�6  "�*�%%6&(#+# $�'%�(�6  

	�3  – #�(#!���%2(�6  /�0#'�6  *&#(�7���#!�2  

3�  – *&#+&���().  "#�*%�"!  

3	  – *&#+&���(#�  #8�!*� �(��  

3�  – *#%6&�0�7�6 !��#*&#�0'#%2(�6  

��
��  – &�0-%2���)  �(��&*&���7��  +�#/�0� �!"�1  �!!%�$#'�(�.  !"'�<�(  

���  – !�!����  "#�*24��&(#.  ��������"�  

����  – !�!����  %�(�.()1  �%+�8&�� �!"�1  -&�'(�(�.  

���  – /�%2�&�7�#((# -��"#!�()�  !'#.!�'�  

@��  – ?%�"�&#((�6  ') �!%���%2(�6  ��;�(�  

GPU – Graphics Processing Unit 

LBE – Lattice Boltzmann Equations 

LBM – Lattice Boltzmann Methods 

PNM – Pore Network Model 

REV – Representative Elementary Volume 

VOF – Volume of Fluid 

WAG – Water-Alternating-Gas 
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��!-(#"  � .3 - 	"(#  *&#+&���)  +�(�&�7��  (!%�'� ) �  *&#+&���)  �$�*��7��  (!*&�'� ) $%6 �#$�%�.  

*#&#')1  !���.  
 

�(��&/�.!  *&#+&���)  ')$�%�(�6  "%�!!#'  �#$�%�.  *#&#')1  !���.  �  �1  

"#&&�%67�� !  ��
��  $%6 ')$�%�(�6  &�+�#(#'  �0#8&�<�(  (�  ��!-("�  � .4. ��((�6  

*&#+&����  #!(#')'���!6  (�  ���#$� , "#�#&).  #*�!�(  '  *�&�+&�/�  5.2. �(� �%�  '  

#"(�  !%�'�  (��!-(#"  � .4) ')8�&�4�!6  0�+&-<�(()�  !"'�<�() , #8&�07) "�&(� , 

*�&����&  �#$�%�.  *#&#')1  !���. , *�&����&  ��
�� . ��%��  '  #"(�  !*&�'�  

(��!-(#"  � .4) &�!! ��)'���!6  ���&�7�  !��<(#!��  $%6 !'60�.  *#$#8�6  �#$�%�. , 

')$�%64�!6  "%�!!)  �#$�%�.  �  &�+�#() . 

�(��&/�.!  *&#+&���)  +�(�&�7��   �!%�(()1  &�;�(�.  $�//�&�(7��%2()1  

-&�'(�(�.  !  *#�#:24  (�*&�&)'()1  +&-**  !�����&�.  �0#8&�<�(  (�  ��!-("�  � .5 

(�  *&���&�  -&�'(�(�6  ��*#*#&�� -��!�  (*-("�  3.3.3. $�((#.  $�!!�&��7�� ). ���#$ , 

*#!%-<�';�.  #!(#'#.  $%6 $�((#.  *&#+&���) , #*�!)'���!6  '  *�&�+&�/�  3.1. 

�)8#&  ��*�  -&�'(�(�. , *�&����&#'  &�! ��#'  (;�+� , +&�(�7)  �#$�%�  �  � .$.) �  
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+�(�&�&-��)1  &�;�(�.  *&#�!1#$��  '  #$(#�  �0  m-/�.%#' , "#�#&).  0�*-!"���!6  '  

���  Matlab, �  $�%��  *&#�!1#$��  &�! ��  �  '�0-�%�0�7�6  *#%- �(()1  &�;�(�. . 

 

 
��!-(#"  � .4 - �(��&/�.!  *&#+&���)  ')$�%�(�6  "%�!!#'  �#$�%�.  *#&#')1  !���.  �  "#&&�%67�� !  
��
��  (!%�'�  – #"(#  ')8#&�  �!1#$()1  $�(()1 , !*&�'�  – &�0-%2���)  &�8#�)  *&#+&���)  '  '�$�  

')$�%�(()1  "%�!!#' ) 
 

 
��!-(#"  � .5 - 3&#+&����  *#%- �(�6   �!%�(()1  &�;�(�.  !  *#�#:24  (�*&�&)'()1  +&-**  
!�����&�.  '  *&#7�!!�  &�;�(�6  �  #�#8&�<�(�6  &�0-%2���#'  $%6 -&�'(�(�6  ��*#*#&�� -��!�  
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�����=����  B. ���;�����  

 
��!-(#"  B.1 - �'�$���%2!�'#  # &�+�!�&�7��  *&#+&���)  $%6 @��  
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��!-(#"  B.2 - �"�  '(�$&�(�6  
�
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��!-(#"  B.3 - �*&�'"�  #8 �!*#%20#'�(��  
 


