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� �'�''�  "$#)2��'" 1!'"6+/�  "$ �(��/� (,+)5",+( . "-!��, , K ��'","1�
1��+,� . + 1+'';,"1� '� /" "'/"�.",�)5�!�"1� .�6 +,���� �+�'!1+ -+)��6 +�-

�+( $� 26�,. �"$#)2��'" ,.)+, ��'! ,�)�, �.",�)5�!��2 '�  "$"�! !68!��2 $� 2-

6�, �� .� �1!' + �!0�1",+%�(",+( (,+)5.  

��'��(. *��(�: �!0�1",+%�(",� (,+)2, /" "'/"�.",�)5�!�! .�6 +,���2, 

1�'!1�'+��! 1"6!)&,���2. 
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.  �. �%�%?
���'+'�' #+6 "1!(��+/+ ��� �/ �+�3
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� �'�'5!  ���1"' !�� 1!'"6+/�  ���!'� ,")�",+( . "-!��", , # ��'","1
1���+,! . + 1#�",!��"1 + /" "'/"$�1!6)!��"1 ."6 3,��++ �+�'!13 -+)+�6-

 +�!�/+( $� 26",. ����1"' !�" ,)+2�+! +�'! ,�)", $�1!6)!�+2 +  ��� !6"'"�!-

�+2 $� 26", �� .� �1!' 3 �!0�1",$ 3,�3( ,")�.  

��'�%()% *��(�: �!0�1",$ 3,��2 ,")��, /" "'/"$�1!6)!��"! ,$ 3,��+!, 

1�'!1�'+�!�/"! 1"6!)+ ",��+!.  

�
���������� ������. � $,’2$/� $� $%�)57!��21 "%’;1�, . ",!6!��2 #� -

�+�+(  "%�' '� ��%)+8!��21 /� ’; �+( .")�, 6" "(" "��+( "%’;/'�, �� . �/'+-�
#"�' " ."�'�; .+'���2 . " �!0�1"%!$.!/� -+( "%’;/'�,. ��/� �+'��-�2 �'�,+'5
.! !6 ���/",-21+ "6�"����" 6,� . +" �'!'�� $�6��� – $�%!$.!�!��2 2/���"#" ."-

6 �%�!��2 #� �5/"* 1��+ '� �!0�1���"* %!$.!/+ "(" "��+( "%’;/'�, .�6 ��� . ",!-

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

1�&'5  26 �!6")�/�,. �/�.! +1!�'�)5�� 1!'"6+/+ $�' �'�� � !4!/'+,�� )+7! 6)2
/"�/ !'�+( �1",. ��0%�)57 ���'" $��'"�",�,���  "$ �(��/",� 1!'"6+/+ %�$�-

&'5�2 �� �'"��!�� 4" 1�)+ 
.�. ��6",�5/"#"  �$�+1+ /"!4�-�;�'�1+ �%"
. +,’2$/"& *( 6" .��." '�+( 4�$+/"-1!(�����+( /"��'��' K ��'�,. L! "6�+1
�!6")�/"1  "$ �(��/",+( 1!'"6+/ ; '!, :" -2 4" 1�)� %�$�;'5�2 �� . +�-+.�
#!"1!' +��"* '� !�! #!'+��"* ."6�%�"�'� � �. �,!6)+,� 6)2 ,+%�(� "6+�+��"#"
$"�! !68!�"#" $� 26�, :" . +$,"6+'5 6" �!6"�'",� �"* /�)5/���"* "-��/+ �!0�-

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

���'�7! $��'"�",�&'5 �+�'!1+ -+)��6 +��+( $� 26�,. �"$ �(��/",� 1!'"6+/+
6)2 1��",+( ,+%�(�, '�/"8 %�$�&'5�2 �� -�0 4" 1�)� � '"1� 1�&'5 '� 8 �!6")�-
/+. �"1� 6"�)�68!��2 .� �1!' �, �!0�1",+%�(",+( (,+)5, :" ,.)+,�&'5 �� �!0-

�1"�'�0/��'5 "(" "��+( "%’;/'�, .�6 ��� ,+%�(�, # �.+ -+)��6 +��+( $� 26�, $
, �(�,���21 �1", . ",!6!��2 ,+%�(",+(  "%�' '� 4�$+/"-1!(�����+( ,)��'+,"�-

'!0 K ��'�, ; �/'��)5�"& ���/"," - . �/'+��"& $�6��!&. 
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������� � ��=������� ����������. �  "%"'� . ",!6!�" �+�!)5�! 1"-

6!)&,���2 6�* ,+%�(� # �.+ $� 26�, -+)��6 +��"* �+1!' �* , #� �5/"1� 1��+,�. =�-
6��� ,+ �7�;'5�2 , 6,� !'�.+. �� .! 7"1� !'�.�  "$#)26�;'5�2 "�!�+1!' +��!
6!4" 1�,���2 �  �0��,���2 K ��'","#" 1��+,� .�6 6�;& ,+%�(� "6+�"��"#" $� 26�. 

�"/)�6�;'5�2, :" � K ��'","1� 1��+,�, ,6�)+�� ,�6 ,�)5�"* .",! (��  "$'�7",��+0

-+)��6 +��+0 $� 26 �� �!�/���!��"* 6",8+�+  �6���"1 0r , :" 6!'"��; 1+'';,". �
 !$�)5'�'� 1+'';,"#" ,.)+,� -5"#" '+�/� �� /"�'�/'�� # ��+-&  "$6�)� ". "6�/'+
6!'"��-�* – K ��'" , K ��'� ."7+ &;'5�2 �6� �� (,+)2, /"�'�/'�� # ��+-2  "$7+-

 &;'5�2, � 6" "�� $� 26�  �(�;'5�2 (,+)2  "$ �68!��2. � + -5"1� ." ,�5"1� "%’;1�

$� 26� ,�'��",)&;'5�2 "6��/"," ,+�"/+0 '+�/ nP , � :�)5���'5 . "6�/'�, 6!'"��-�*

(��) nρ 6" �,�&; ."��'/","* :�)5�"�'� ,+%�(","*  !�",+�+ (��). 

� "6�/'+ 6!'"��-�* '� K ��' ,+,��&'5�2 ,  �1/�( 1!(���/+ ��-�)5�"#" �! !-

6",+:�. M(  �( ".+��&'5�2 $�/"��1+ $%! !8!��2 �1.�)5��, 1��+ 0 ,��' �7�5"*
!�! #�*, 2/� 6)2 ,+.�6/� "�5","* �+1!' �* 1�&'5 ,+#)26 [1]: 

              
,

dt

du

rrz
rzrzrr ρ

ττσ
=+

∂

∂
+

∂

∂

         
dt

dz
u = ,                                      (1) 

                 
dt

dw

rrz
zzzzrz ρ

σσστ θθ =
−

+
∂

∂
+

∂

∂
 ,   

dt

dr
w = ,                    (2)  

                    
r

w

r

w

z

u

dt

dV

V
+

∂

∂
+

∂

∂
=

1
,                             (3) 

                 ,PS zzzz −=σ     ,PSrrrr −=σ    ;PS −= θθθθσ                                 (4) 

                         ( )zzrrP σσσ θθ ++=
3

1
;  

ρ

ρ0=V ,                                   (5) 

6! z, r – /"" 6+��'+; t – ���; zzrr σσσ θθ ,,  – �" 1�)5�! ��. �8!��2; zrτ  – 6"'+-

��! ��. �8!��2; θθSSS rrzz ,,  – /"1."�!�'+ 6!,��'" � '!�$" � ��. �8!�5; P  – �!-
 !6��0 #�6 "�'�'+��+0 '+�/; ρ  – :�)5���'5; wu,  – /"1."�!�'+ 7,+6/"�'�; V  – 

.+'"1+0 "%’;1. 

� +01�;'5�2, :"  "$7+ !��2 �� ,�6%�,�;'5�2 ." 6,"�)!���0 �$"!�' ".�, 
 �,�2��2 2/"* $�. "."�",��" , [2]: 

1++= γρρ BAP n ,                              (6) 

6! �, 
, n, γ  – /"��'��'+ 6)2 .!,�"* ��. 

�)2 K ��'�, $��'"�",�;'5�2 1"6!)5 ',! 6"#" ." +�'"#" %�#�'"/"1."�!�'�"#"
,’2$/".)��'+��"#" �! !6",+:� $ ."�'�0�+1 /"!4�-�;�'"1 ,’2$/"�'� [3–5],  �,�2��2
6+��1���"#" "%’;1�"#" ��,��'�8!��2 �  "$,��'�8!��2 2/"#" ,�'��",)&&'5 $,'2$"/
1�8 '+�/"1 P , "%’;1�"& 6!4" 1�-�;& ε '� *( ."(�6�+1+ $� ���"1: 

   ),(
),(

),( εψ
η

ελα
εφε P

P
PP 1−= �� .                                          (7) 

@��/-�*, :" ,("62'5 �  �,�2��2 (7)  �$�� 6)2 ��,��'�8!��2 �  "$,��'�8!��2 �
,+$����&'5�2 $#�6�" $ [3–5]. 
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�1","& .)��'+��"�'� K ��'� ; 1"6+4�/",��� �1",� 
�$!��-�"'/��� [6, 7].  

�"��'/",� �1",+ $�6��� ���'�.��: 

              nnPPwu ρρ ==== ,,, 00     . +   0rrlz << , ,                          (8) 

   0000 ρρ ==== ,,, PPwu     . +   0rrlz >> , .                         (9) 

� ��+��� �1",+ 1�&'5 ,+#)26: 

������������ PPuu ρρ ≠== ,,      . +  lz = ,                       (10) 

    ������������ PPww ρρ ≠== ,,     . +  0r r= .                    (11) 

��6!/�+ «��» � «��»  "$����&'5 . "6�/'+ 6!'"��-�* � K ��' ,�6.",�6�". 

�)2  "$,’2$�,���2 ."�'�,)!�"* $�6��� $��'"�",�,�,�2 1!'"6 /��-!,+(  �$�+-5
$ ,+/" +�'���21 /��-!,"- �$�!-!,"* �(!1+ '+.� «( !�'» [8–9]. 

�"$ �(��/+ . ","6+)+�5 6)2 ��#)+�/� � #)+�+. ��6��� $� 26� �'��",+,
1,00 =r �. � 2/"�'� �� %�, "% ��+0 )+'+0 ' "'+).  

�  !$�)5'�'� "%�+�)!�5 "' +1��� 1��+,+ 6��+( � ,+#)26� "��",�+( .� �1!'-
 �, ,+%�(",+( (,+)5 ('+�/, "%’;1�� 6!4" 1�-�2, ��. �8!��2, 7,+6/��'5, ���
. +("6� �1.�)5�� , '"�/�, ��� . +("6� 1�/�+1�)5�"#" $���!��2 �1.�)5��, ���
$�/���!��2 6�* �1.�)5�� , 6���0 '"�-�) , $�)!8�"�'� ,�6 ���� '� ,�6�"��"* ,�6�'���.  

��  +�. 1 , ��.�,)"#� +41����0 7/�)� . !6�'�,)!�� $�)!8�"�'� �" 1�)5�+(

rσ , "�5",+( zσ '� '��#!�-��)5�+( θσ ��. �8!�5 ,�6 ,�6�'��� .�6 ��� ,+%�(� -+-

)��6 +��"#" $� 26� , ��#)+�/� '� #)+��. =  +�. 1 1"8!1" �."�'! �#�'+, :" $��-

�!��2 1�/�+1�)5�+( ��. �8!�5 7,+67! �.�6�&'5 � ��#)+�/� , ." �,�2�� $
#)+�"&. ��/ 1�/�+1�)5�! �" 1�)5�! ��. �8!��2 6"�2#�; $���!��2 10

7 �� 20 

,�6�"��+(  �6����( , ��#)+�/� � �� 36,5 , #)+��. ��/"8 1"8�� ,�61�'+'+ %�)57�
 �$�+-& 1�8 $���!��21+ �" 1�)5�"#" '� '��#!�-��)5�"#" ��. �8!��2 , ��#)+�-

/�( ��8 , #)+��. 

                             �)                                                        %) 

�+���"/ 1 – =�)!8�"�'� ��. �8!�5 1 – rσ , 2 – θσ , 3 – zσ K ��'� ,�6 ,�6�"��"*
,�6�'��� .�6 ��� ,+%�(� -+)��6 +��"#" $� 26� , ��#)+�/� (�) '� #)+�� (%) 
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��  +�. 2 . +,!6!�� $�)!8�"�'� ���� . +("6� �1.�)5�� (2) '� ���� . +("6� 1�/-

�+1�)5�"#" $���!��2 �1.�)5�� (1) , .!,�� '"�/� �! !6",+:� ,�6 ,�6�'��� .�6 ���
,+%�(� -+)��6 +��"#" $� 26� , ��#)+�/� (�) '� #)+�� (�). = ���)�$�  +���/� �)�6�;, 
:" (,+)5",� . "-!�+ , #)+�� ,�6%�,�&'5�2 �� ." 26"/ 7,+67!, ��8 , ��#)+�/�.  

          

                             �)                                                               %) 

�+���"/ 2 –  =�)!8�"�'� ���� . +("6� �1.�)5�� (2) '� ���� . +("6�
1�/�+1�)5�"#" $���!��2 �1.�)5�� (1) , .!,�� '"�/� �! !6",+:� ,�6 ,�6�"��"*

,�6�'��� .�6 ��� ,+%�(� -+)��6 +��"#" $� 26� , ��#)+�/� (�) '� #)+�� (%) 

=�)!8�"�'� 1�/�+1�)5�+( 7,+6/"�'!0 Umax �! !6",+:� ,�6 ,�6�'��� .�6 ���
,+%�(� -+)��6 +��"#" $� 26� , #)+�� (1) '� ��#)+�/� (2) $"% �8!�� ��  +�. 3.  

�+���"/ 3 – =�)!8�"�'� 1�/�+1�)5�+( 7,+6/"�'!0 maxU �! !6",+:� ,�6 ,�6�"��"*
,�6�'��� .�6 ��� ,+%�(� -+)��6 +��"#" $� 26� , #)+�� (1)  '� ��#)+�/� (2) 

�� 6 �#"1� !'�.�  �7!��2 $�6��� . " (,+)5",� ,$�;1"6�& # �.+ -+)��6 +��+(
$� 26�, .�6 ��� ,+%�(� , K ��'","1� 1��+,� ,+/" +�'",�,�)+�5 $�)!8�"�'� .� �1!-
' �, ��� (��. �8!�5, 7,+6/"�'!0, ���� ."��'/�, 1�/�+1�)5�"#", ���� $�/���!��2
6�* �1.�)5�� , 6���0 '"�-� K ��'�) ,�6 ,�6�"��"* ,�6�'���, "' +1��� ,  !$�)5'�'� �+-

�!)5�"#"  �7!��2  ���7! � . !6�'�,)!�� � ,+#)26� 4��/-�"��)5�+( $�)!8�"�'!0. 
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��)�, "��",�&�+�5 �� . +�-+.� ��.! ."$+-�* ,+%�(",+( (,+)5 ,�6 "/ !1+(
$� 26�, . + # �.",+( ,+%�(�(, %�)+  "$ �(",��� .")2 ��. �8!�5 '� 7,+6/"�'!0. 
�"$ �(",�,�)+�5 ,� ���'+ 6)2 "6�"#", 6,"( '� ' 5"( -+)��6 +��+( $� 26�,  "$-
1�:!�+( �� ,�6�'��� 10 r0, 20 r0, 30 r0. � + -5"1� . +01�)"�5, :" 1��� 6,"( �
' 5"( $� 26�,  �,�2)��5 1��� "6+�"��"#" $� 26�. 

��  +�. 4 . !6�'�,)!�� �$"�!0�1+ 7,+6/"�'!0 xU  (1/�) (�) '� �$"%� + ��. �8!�5

xσ  (
��) (%) , 1"1!�' ���� 0050.=t "6�"#" $"�! !68!�"#" $� 26�, 6,"(, ' 5"(
$� 26�, $  �,�"& ��1� �"& 1��"& $ ,�6�'���& 1�8 $� 26�1+  �,�"& 020ra = . =
 +���/� ,+6�", :" , ."��'/",+0 1"1!�' ���� $�  �(��"/  "$"�! !68!��2 $� 26�, 
$1!�7�;'5�2 ."7+ !��2 (,+)� ." "�� x 6)2  "$"�! !68!�"#" $� 26� , ." �,�2�� $
,+%�("1 "6�"#" $"�! !68!�"#". �$"�!0�1+ 2,)2&'5�2 ,+'2#��'+1+ ." "�� y $�
$%�)57!��21 /�)5/"�'� $� 26�,.  

�+���"/ 4 –  �$"�!0�1+ 7,+6/"�'!0 xU  (1/�) '� '� �$"%� + ��. �8!�5 xσ  (
��)  

. + 0050.=t . + ,+%�(� "6�"#" $"�! !68!�"#" $� 26�, 6,"(, ' 5"( $� 26�,
$  �,�"& ��1� �"& 1��"& ( 020ra = ) 

�/:" ." �,�2'+ 1�/�+1�)5�� $���!��2 7,+6/"�'� ('�%). 1), :" 6"�2#�&'5�2 ,
6��+0 1"1!�' ����, '" ,+6�", :"  ��01!�7� 7,+6/��'5 ���'+�"/ 6"�2#�;'5�2 .�6
��� ,+%�(� "6�"#" $"�! !68!�"#" $� 26�. =  "$"�! !68!��21 $� 26� 1�/�+1�)5�!
$���!��2 7,+6/"�'� $%�)57�;'5�2 , 1,48  �$+ 6)2 6,"( $� 26�, '� 1,76  �$�, 6)2
' 5"( $� 26�,. ���)"#���� /� '+�� , (,+)5",�0 ,$�;1"6�* $� 26�, . "�)�68�;'5�2 �
6)2 ��. �8!�5. 
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��%)+-2 1 – 
�/�+1�)5�� $���!��2 7,+6/"�'!0 '� ��. �8!�5 6)2 $"�! !68!�"#"
'�  "$"�! !68!�"#" $� 26�


�)5/��'5
$� 26�,, 7'.

�.",�)5�!��2, 

1�
��6�'��5 1�8 $� 26�1+, 

 �6����, $� 26� (r0=0,1 1) xU , 1/� xσ , 
��

1 - - 37,65 15,04 

2 0 20 55,79 26,58 

3 0 20 66,33 35,02 

� 6��+0 1"1!�' ���� $%�)57!��2 1�/�+1�)5�+( $���!�5 ��. �8!�5, :" 6"-

�2#�&'5�2 .�6 ��� ,+%�(�, 6)2 6,"( $� 26�, , ." �,�2��� $ "6�+1 $"�! !68!�+1
�'��",+'5 1,77  �$�,, 6)2 ' 5"( $� 26�, – 2,33  �$+. ��/+0 '!" !'+��" ,�'��",)!-

�+0 !4!/' $%�)57!��2 $���!�5 1��","* 7,+6/"�'� $  "$"�! !68!��21 $� 26�,
.�6',! 68�;'5�2 !/�.! +1!�'�)5�+1+ 6��+1+ [10]. 

�)2 ,+$���!��2 ".'+1�)5�"#" ��'! ,�)� �.",�)5�!��2 %�)+ 6"�)�68!�� .")2
��. �8!�5 '� 7,+6/"�'!0 .�6 ��� ,+%�(� "6�"#" $"�! !68!�"#" $� 26�, 6,"( $�-
 26�,, :" .�6 +,�&'5�2 1+'';," '� 6,"( $� 26�,, :" .�6 +,�&'5�2 $ �.",�)5�!�-

�21 5 1� '� 20 1�, 2/� . !6�'�,)!�� ��  +�. 5, � '�/"8 $�)!8�"�'� 1�/�+1�)5�+(
��. �8!�5 '� 7,+6/"�'!0 ,�6 ����. 

�+���"/ 5 – �$"�!0�1+ 7,+6/"�'!0 xU  (1/�) '� '� �$"%� + ��. �8!�5 xσ  (
��) 

.�6 ��� ,+%�(� "6�"#" $"�! !68!�"#" $� 26� (�), 6,"( $� 26�,
%!$ �.",�)5�!��2 (�), 6,"( $� 26�, $ �.",�)5�!��21 5 1� (�), 

'� 6,"( $� 26�, $ �.",�)5�!��21 20 1� (�) 
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�")2 ��. �8!�5 '� 7,+6/"�'!0  "$ �(",�,�)+�5 6)2 ,�6�'��� 200 0r ,  �$-
�� 1"1!�'+ ����, 2/� ,�6.",�6�)+ 1"1!�'� . +("6� �1.�)5�� ,�6 "�'���5"#"
6!'"��& �"#" $� 26�. �)2 1+'';,"#" .�6 +,���2 "6�"#" $� 26� -!0 1"1!�'
���� �'��",+'5 t = 0,0677, 6,"( $� 26�, – t = 0,1202, 6,"( $� 26�, $ �.",�)5-

�!��21 20 1� t = 0,1352 �, 6)2 ���� �.",�)5�!��2 60 1� – t = 0,1752 �. = ���)�-
$� . +,!6!�+( 6��+(, �)�6�;, :" 1�/�+1�)5�� $���!��2 ��. �8!�5 '�
7,+6/"�'!0 �."�'! �#�&'5�2 .�6 ��� ,+%�(� 6,"( $� 26�, $ �.",�)5�!��21 5 

1�. �.�,,�6�"7!��2 $%�)57!��2 1�/�+1�)5�+( ��. �8!�5 ,�6.",�6�" �'��"-

,)2'5: 6)2 6,"( $� 26�, %!$ �.",�)5�!��2 – , 1,38  �$+, 6)2 6,"( $� 26�, $
�.",�)5�!��21 5 1� – 2,68  �$+, 6)2 6,"( $� 26�, $ �.",�)5�!��21 20 1� – 1,3 

 �$+. ��/+1 �+�"1, 1"8!1" �."�'! �#�'+, :" 6)2 /"8�+( /"�/ !'�+( �1",
,+%�(� ����;  �-�"��)5�+0 ��'! ,�) �.",�)5�!��2, 2/+0 �. +2; !4!/'+,�"1�
."6 �%�!��& #� �5/"* 1��+ '� "6�"����"1� $1!�7!��& �!0�1���"#" !4!/'�
,+%�(�.  

�/:" ." �,�2'+ 1�/�+1�)5�� $���!��2 7,+6/"�'� ('�%). 2), :"
6"�2#�&'5�2 , 6��+0 1"1!�' ����, '" ,+6�", :" ��01!�7� 7,+6/��'5 ���'+�"/
6"�2#�;'5�2 .�6 ��� ,+%�(� "6+�"��"#" $� 26�. =  "$"�! !68!��21 $� 26�
1�/�+1�)5�! $���!��2 7,+6/"�'� $%�)57�;'5�2 , 1,8  �$�, 6)2 6,"( $� 26�, $
,�6�'���& 10  �6����, $� 26�, 1�8 �+1+ '� , 1,48  �$+ 6)2 ,�6�'��� 20  �6����,
1�8 $� 26�1+ '� 1,15  �$�, 6)2 ,�6�'��� 30  �6����,. �6��/, 6)2 ,�6�'��!0 1�8
$� 26�1+, � %�)57! 30r0 $���!��2 1��","* 7,+6/"�'� .�6 ��� ,+%�(� 6,"(
$� 26�, ��%)+8�;'5�2 6" $���!��2 .�6 ��� ,+%�(� "6+�"��"#" $� 26�
!/,�,�)!�'�"* 1��+. 

� + $%�)57!��� ,�6�'��� 1�8 $� 26�1+ �."�'! �#�;'5�2 ,�6��'���'5
,$�;1"6�* 1�8 $� 26�1+ � ,+�+/�&'5 $"�+, , 2/+( #� �5/� 1��� $�)+7�;'5�2 �!
."6 �%�!�"&. ��/+1 �+�"1, 6)2 /"8�"#" K ��'","#" �! !6",+:� '� '+.� ��
�� ����&'5 ".'+1�)5�� ,�6�'��� 1�8 $� 26�1+, 2/� 6"$,")2&'5 ".'+1�)5�"
."6 �%�+'+ #� �5/� ." "6� '� $�+$+'+ �!0�1���+0 !4!/'. 

��%)+-2 2 – 
�/�+1�)5�� $���!��2 7,+6/"�'!0 '� ��. �8!�5


�)5/��'5
$� 26�,, 7'

��6�'��5 1�8 $� 26�1+,  

 �6����, $� 26� (r0=0,1 1) maxU , 1/� maxrσ , 
��

1 - 37,65 15,04 

2 10 69,45 29,13 

2 20 55,79 26,58 

2 30 43,43 23,28 

������
�. ��/+1 �+�"1  "$ "%)!�� 1�'!1�'+��� 1"6!)5, �)#" +'1 � . "-

# �1� 6)2 �+�!)5�"#"  "$,’2$/� $�6��� . " ,$�;1"6�& (,+)5 , K ��'","1� 1��+,�
.�6 ��� ,+%�(� "6�"#" � # �.+ -+)��6 +��+( $� 26�, �� $ , �(�,���21 (,+)5"-

,+( . "-!��, , ��, 6!'"��-�0�+( (� �/'! +�'+/ ��, 4�$+/"-1!(�����+( (� �/'!-
 +�'+/ K ��'","#" 1��+,� '� �1", .�6 +,���2. �"�)�68!�� $�/"�"1� �"�'� $1��+
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"��",�+( (,+)5",+( .� �1!' �, (��. �8!�5, 7,+6/"�'!0) , $�)!8�"�'� ,�6 ����
'� ,�6�"��"* ,�6�'��� .�6 ��� ,+%�(� # �.+ -+)��6 +��+( $� 26�, , K ��'","1�
1��+,� $�  �$�+( �1", .�6 +,���2 (%!$ �.",�)5�!��2, $ �.",�)5�!��21, $ , �(�-

,���21 /�)5/"�'� $� 26�, '� ,�6�'��� 1�8 �+1+). 

�.! 7! '!" !'+��" ,�'��",)!�", :" , %)+8��0 $"�� ,+%�(� ��01!�7� 7,+6-

/��'5 ���'+�"/ 6"�2#�;'5�2 .�6 ��� ,+%�(� $"�! !68!�"#" $� 26�. =  "$"�! !-

68!��21 $� 26� ($%�)57!��21 /�)5/"�'� $� 26�, . +  �,��0 ��1� ��0 1���) ,
%)+8��0 $"�� ,+%�(� $���!��2 ��. �8!��2 '� 7,+6/"�'� $1�:!��2 ���'+�"/  

K ��'� $%�)57�;'5�2. ��'��",)!�", :" , %)+8��0 � �! !6��0 $"�� 6�* ,+%�(� $%�-
)57!��2 ��'! ,�)� �.",�)5�!��2 . +$,"6+'5 6" $1!�7!��2  !$�)5'�&�+( �1.�-

)5��, ��. �8!�5 � 7,+6/"�'!0.  
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INTERACTION OF SEISMIC EXPLOSIVE WAVES WITH GROUND 

MASSIF AT AN INSTANTANEOUS AND KOROTKOZAMEDLENNOM 
EXPLOSING 

N.  Remez, V.  Vapnichna  
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S.  Kraichuk 
PSC «Experimental technology of explosive works» 
vul. Saliutna, 13, Kyiv, 03056, Ukraine. 
The paper presents a method of calculating the wave processes in ground massif at 

an instantaneous and short delayed explosion the cylindrical charge system. Influence 
of intervals of deceleration and dispersal of charges on the parameters of seismic 
explosive is considered. 

Key words: seismic explosive wave, short delayed explosion, mathematical 
simulation. 
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