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����7"' !�1  !$�)0'�'1 9/�.! +7!�'�)0�1( +��)!6",��+2, � . +7!�!�+!7
�/" "�'�"2 :"'" !#+�' + �&3!2 ��'��",/+ + "�"%!��"�'+  �$ �8!�+4 ',! 61(
� !6 $� 46�7+ ,$ 1,��'1( ,!3!�',  �$)+��"2 :" 71 �!�!�+4. ?/�.! +7!�'�)0�"
."6',! 56!�� 9::!/'+,�"�'0 �","#" �."�"%� :" 7+ ",��+4 �!"6�" "6�"#" .")4
��. 45!�+2 �� ,��' !��!2 .",! (�"�'+ $� 46�1( .")"�'!2 ." 6)+�! -+)+�6 +�!-
�/"#" $� 46� . + ��# �5!�++ ',! 61( � !6 ,$ 1,"7. ��'��",)!�", �'"  �$�"# �6+-

!�'�"! .")! ��. 45!�+2 ." /")"�/! $� 46� ( ��'4#+,�&3+! ��. 45!�+4
. !"%)�6�&' ��6 �5+7�&3+7+)  !�)+$�!'�4 .�'!7  �$7!3!�+4 ,��' + -+)+�6 +-

�!�/+( .")"�'!2 $� 46", �  �$)+��"2 :" 7"2 .".! !��"#" �!�!�+4. � .")+#"��1(
��)",+4( �� 7"6!)4( +$ ".'+�!�/+ �/'+,�1( 7�'! +�)", +��)!6",�� (� �/'! +(
 �$ �8!�+4 $� 46�7+ ,$ 1,��'1( ,!3!�',  �$)+��"2 :" 71 .".! !��"#" �!�!�+4. 

� ",!6!� � �,�+'!)0�12 ���)+$ "�"%!��"�'!2  �$ �8!�+4 ',! 61( � !6 $� 46�7+
,$ 1,��'1( ,!3!�',  �$)+��"2 :" 71. 

	$%&��'� ($!��: ,$ 1,��'"! ,!3!�',", ,$ 1,�"! ��# �5!�+!, ',! 6�4 � !-

6�, $� 461 ,$ 1,��'1( ,!3!�',  �$)+��"2 :" 71, ,$ 1,�"!  �$ �8!�+!. 
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�7. �/�6!7�/� �. ��$� 4��
,�). ��$� 4��, 2, 7. ���. ".!' ",�0/, 49010, �/ �*��. 
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�"$#)4��'"  !$�)0'�'+ !/�.! +7!�'�)0�+( 6"�)�65!�0, ,+/"���+( $� 6"."-

7"#"& 8,+6/���"* :"'" !;�' �&�"* ��'��",/+ � "�"%)+,"�'�  �2��,���4 ',! -

6+( �! !6",+3 $� 46�7+ ,+%�(",+(  !�",+�  �$�"* :" 7+ .! !'+��. 

�/�.! +7!�'�)0�" .�6',! 65!�� !:!/'+,���'0 �","#" �."�"%� :" 7�,���4 �!-

"6�" �6�"#" .")4 ��. �5!�0 �� ,��' �8��2 .",! (�� $� 46�+( ." "5�+� ." 6"-

,5+�� -+)��6 +��"#" $� 46� . + ��,��'�5!��� ',! 6+( �! !6",+3 ,+%�("7. 

��'��",)!�", 3"  �$�"# �6�!�'�! .")! ��. �5!�0 ." /")"�-� $� 46� ( "$'4#�&-

�+ ��. �5!��4 .! !,�5�&'0 ��6 �'+�/�&�+7+)  !�)�$�;'0�4 8)4("7  "$7�3!�-

�4 , �! !6+�� -+)��6 +��+( ." "5�+� $� 46�,  �$�"* :" 7+ .! !'+��. �
.")�#"��+( �7",�( �� 7"6!)4( $ ".'+��" �/'+,�+( 7�'! ��)�, 6"�)�65!�" (� �/-

'! *(  �2��,���4 $� 46�7+ ,+%�(",+(  !�",+�  �$�"* :" 7+ .! !'+��. � ",!-

6!�" ." �,�4)0�+2 ���)�$ "�"%)+,"�'!2  �2��,���4 ',! 6+( �! !6",+3
$� 46�7+ ,+%�(",+(  !�",+�  �$�"* :" 7+. 

	$%&!�, ($!��: ,+%�(",�  !�",+��, ,+%�(",! ��,��'�5!��4, ',! 6! �! !6"-

,+3!, $� 46+ ,+%�(",+(  !�",+�  �$�"* :" 7+, ,+%�(",!  �2��,���4. 
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�
���������� �����=. �!#�)+ ",��+! ,!)+�+�1 �6!)0�"2 9�! #++
,$ 1,� . +  �$ �8!�++ #" �1( ." "6 ,"$7"5�"  �$)+��17+ .�'47+. � ���'�"-

�'+, 9'" 6"�'+#�!'�4 $� ��!' +$7!�!�+4 .)"3�6+ �!."� !6�',!��"#" /"�'�/'�
�/,�5+��"#" $� 46� ,$ 1,��'1( ,!3!�', (��) �  �$ �8�!7"2 ." "6"2 +)+ �"$-
6��+4 ��)",+2, "%!�.!�+,�&3+( ��+5!�+! 6+��7+�!�/"#" ,"$6!2�',+4 ,$ 1,�
�� .",! (�"�'0 $� 46�"2 .")"�'+ [1–3]. 

�)4 9::!/'+,�"#" �. �,)!�+4 6!2�',+!7 ,$ 1,� �!"%("6+7" ��+'1,�'0, �'"
. !6!) . "��"�'+ #" �1( ." "6 ��  ��'45!�+! + �6,+# . +7! �" , 10  �$ 7!�0-

8! . !6!)� . "��"�'+ #" �1( ." "6 �� �5�'+!. � ."�/")0/� 9�! #"!7/"�'0  �$-
 �8!�+4 ',! 61( � !6 . "." -+"��)0�� /,�6 �'� +( . !6!)� . "��"�'+ . +
/"�/ !'�"7 ,+6! ��# �5!�+4, '" 9�! #"!7/"�'0  �$ �8!�+4 ',! 61( � !6  ��'4-

#+,�&3+7+ �+)�7+ , 100  �$ 7!�08! 9�! #"!7/"�'+  �$ �8!�+4 . + 6!2�',++
�5+7�&3+( ��. 45!�+2. � + ,$ 1,! -+)+�6 +�!�/+( $� 46", �,!)+�!�+!  ")+
 ��'4#+,�&3+( ��. 45!�+2 ,  �$ �8!�++ ',! 6"2 � !61 7"5!' 6"�'+#�'0�4
. + :" 7+ ",��++ �6)+�!��1( $� 46", .! !7!��"2 :" 71 ." +( 6)+�!, � . +
+�.")0$",��++ $� 46",  �$)+��"2 :" 71 .".! !��"#" �!�!�+4. 

��3!�',�!' -!)12  46 �."�"%", :" 7+ ",��+4 �6)+�!��1( $� 46",  �$)+�-

�"2 /"�:+#� �-++ /�/ ." 6+�! !#", '�/ + , .".! !��"7 �!�!�++ [4]: 

– 9'" �"$6��+! , . "%� !��1( -+)+�6 +�!�/+( .")"�'4(  ��8+ !��1( ����-

'/", 6+�7!' "7, %")08+7 6+�7!' � .! ,+��"2 .")"�'+ [5, 6]; 

– $� 461 .! !7!��"#" �!�!�+4 7"5�" :" 7+ ",�'0 . +  �$7!3!�++ �� ,
.")+9'+)!�",1( "%")"�/�( .! !7!��"#" �!�!�+4 [7]; 

– $� 461 .! !7!��"#" �!�!�+4 7"#�' %1'0 �"$6��1 . + :" 7+ ",��++ ,��'-
 + $� 46�"2 .")"�'+ �.)"8�"2 /")"�/+ �� .! !7!��"#" �!�!�+4 , :" 7! /"��-

�� +)+ �'�.!���'" �7!�08�&3!#"�4 6+�7!' � $� 46� / ��'0& �/,�5+�1. 

�"$6�,�'0 $� 461 .! !7!��"#" �!�!�+4 7"5�" '�/5! .�'!7  �$7!3!�+4 ,��' +
$� 46�1( .")"�'!2 .")1( :+#� +$ +�! '�1( 7�'! +�)", � -!)0& .! ! ��. !6!-
)!�+4 ��. �,)!�+4 6!2�',+4 ,$ 1,� [8]. 

�'�&6� �)!6�!', �'" ��+5!�+! +�'!��+,�"�'+ 6+��7+�!�/"#" ,"$6!2�',+4
,$ 1,� �� �'!�/+ �/,�5+� 6"�'+#�!'�4 $� ��!' �7!�08!�+4 .)"3�6+ �!."� !6�'-
,!��"#" /"�'�/'�, '.!. �"$6��+4 +�! '�"#" $�$" � 7!56� $� 46"7 �� + .",! (�"-

�'0& $� 46�"2 .")"�'+ .�'!7 +�.")0$",��+4 �/,�5+��"#" $� 46� �'�.!���'"2
:" 71, $� 46", �� .! !7!��"#" �!�!�+4 ." ,1�"'! + $� 46", ��,  �$7!3!��1(
, -+)+�6 +�!�/+( $� 46�1( .")"�'4(  �$)+��"2 :" 71 .".! !��"#" �!�!�+4.  

�!)0  �%"'1 – 9/�.! +7!�'�)0�1! +��)!6",��+4 , )�%" �'" �1( ��)",+4(
,)+4�+4  �$)+��"2 :" 71 .".! !��"#" �!�!�+4 $� 46", �� (� �/'! + 9::!/'+,-

�"�'0 ,$ 1,�"#"  �$ �8!�+4 ',! 61( � !6. 

������� � ��<������= �����������	. �)4 +$��!�+4 "�"%!��"�-
'!2 7!(��+$7� ,$ 1,�"#"  �$ �8!�+4 #" �"#" 7���+,� $� 46�7+ ��  �$)+��1(
/"��' �/-+2 � +$7!�4&3!2�4 :" 7"2 .".! !��"#" �!�!�+4, � '�/5!  +$��!�+4
. "-!��� ,"$�+/�",!�+4,  ��. "�' ��!�+4 ,")� ��. 45!�+2 + (� �/'! � ' !3+-

�""% �$",��+4, ,�5�" $��'0 /��!�',!���& /� '+�� . "-!���  �$ �8!�+4 � !61. 

����1! " (� �/'! !  �$ �8!�+4 ',! 6"2 � !61 �� ,")�","2 �'�6++ 6!2�',+4
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,$ 1,� 7"5�" .")��+'0 . + . ",!6!�++ 9/�.! +7!�'�)0�1( +��)!6",��+2 �� ".-

'+�!�/+ �/'+,�1( 7�'! +�)�( – )+�'","7 " #��+�!�/"7 �'!/)! (.")+7!'+)7!'�/-

 +)�'!) �" �'�%+)0�17+ . "��"�'�17+, 7!(��+�!�/+7+ + ".'+�!�/+7+
/"��'��'�7+. �)4 +$#"'",)!�+4 7"6!)!2 . +7!�4)"�0 )+�'","! " #��+�!�/"! �'!-
/)" ."�'"4��"2 '")3+�1 0,015 + 0,035 7. � ."7"30& )!�'"��"2 +)+ 6+�/","2
.+)1 , )�%" �'" ++ ,1 !$�)+ 7"6!)+  �$7! "7 0,2×0,2 + 0,15×0,2 7.  

!'"6+/"2 . !6��7�' +,�)"�0 ' + �! ++ 9/�.! +7!�'�)0�1( +��)!6",��+2 �
 �$)+��17+ :" 7�7+ $� 46�1( .")"�'!2: -+)+�6 +�!�/"2, /,�6 �'�"2 + ' !�#"-

)0�"2. �6�� ���'0 9/�.! +7!�'", . ","6+)��0 �� 7"6!)4(  �$7! "7 0,2×0,2 7 +
'")3+�"2 0,015 7, � 6 �#�4 – �� 7"6!)4(  �$7! "7 0,15×0,2 7 + '")3+�"2 0,035 7.  

�� ."6#"'",)!��1( 7"6!)4( :)"7��'! "7 6)4 �6"%�',� +$��!�+4 + "-!�/+ (�-
 �/'! �  �$,+'+4 ' !3+�, :" 71 +  �$7! ", $"�1 .! !+$7!)0�!�+4 . ","6+)+�0
"�!,1! )+�++, , 7!�'�( .! !�!�!�+4 /"'" 1(, , -!�' ! 7"6!)+ ( �$7! "7 0,2×0,2 7
+ '")3+�"2 0,015 7) �,! )"7 6+�7!' "7 4,5-5,0 77 :" 7+ ",�)��0 -+)+�6 +�!�-
/�4 ,$ 1,��4 .")"�'0 �� ,�& '")3+�� 7"6!)+, � , 6 �#+( 7"6!)4( ( �$7! "7
0,15×0,2 7 + '")3+�"2 0,035 7) , -!�' ! '" -!,"2 ���'+ �$/"2 # ��+ 7"6!)+ – ."-

)"�'+ 6+�7!' "7 5–6 77 6)+�"2 110 77. <�'!7 )"%$+/"7 +)+ ��6:+)!7 -+)+�6 +-

�!�/"2 .")"�'+ . +6�,�)��0 /,�6 �'��4 + ' !�#")0��4 :" 7� �  !% "7 4–5 77. �
."6#"'",)!��1! ,$ 1,�1! .")"�'+  �$7!3�)+ ,1�"/"% +$��'�"! ,$ 1,��'"! ,!-
3!�'," 7���"2 150 7# � +�+-+�'" "7. @" 7+ ",��+! �6)+�!��1( $� 46", �""',!'-
�',�&3!#" . ":+)4 .".! !��"#" �!�!�+4 � ."�'"4��"2 7���"2 �� . ","6+)"�0 ,
+$#"'",)!��1( %�7�5�1( . ":+)4(. <�'!7 ."6#"'",)!��1! $� 461 � +�+-+�'" "7
��'���,)+,�)+�0 , -+)+�6 +�!�/�& .")"�'0 , 7"6!)+, ��'0! /"'" "2 #! 7!'+$+ "-

,�)"�0 $�%"2/"2. ��+-++ ",��+! $� 46� "��3!�',)4)"�0 �+( "7",17 7"�'+/"7
9)!/' +�!�/+7  �$ 46"7 ,1�"/"2 7"3�"�'+. � + . ",!6!�++ 9/�.! +7!�'�)0�1(
,$ 1,", �� 7"6!)4( +$ " #��+�!�/"#" �'!/)� �"%)&6�)"�0 ."�'"4��'," .)"3�6+
.".! !��"#" �!�!�+4 $� 46�, !#" 7����,  ��.")"5!�+4 '"�/+ +�+-++ ",��+4 + '+.�
. +7!�4!7"#" ��. ��$7! 7"6!)+ ,1% �� +�("64 +$  �$7! � .")4 $ !�+4 /�7! 1
�@�–2. ���",�1! ' !%",��+4 / 7"6!)+ � !61 – ,"$7"5�"�'0  !#+�' �-++ + ."-

�)!6�&3!! +$��!�+! . "-!��� ' !3+�""% �$",��+4 + �6,+5!�+4 ," , !7!�+, � '�-
/5! "'��'�',+! "'/")0�1( 4,)!�+2 ." /"�'� � 7"6!)+ . + ,$ 1,! $� 46� ��. 

��!8�+2 ,+6 /"��' �/-+2 $� 46", . +,!6!� ��  +�. 1.  

?/�.! +7!�'�)0�1! +��)!6",��+4 . ","6+)+�0 , )�%" �'" �1( ��)",+4(
+�.1'�'!)0�"#" .")+#"�� �"��6� �',!��"#" ��<� «��-+"��)0�12 #" �12 ��+-

,! �+'!'» (/� 0!  «�1%�)0�/+2», #. ��!. ".!' ",�/) � +�.")0$",��+!7 7!'"6�
�/" "�'�"2 :"'" !#+�' �-++ . "-!��� , �"�!'��++ � .")4 +$�-+"��"-

".'+�!�/+7 7!'"6"7 +��)!6",��+4 ��. 45!�+2 ,  !5+7! )�.1 , !7!�+. �� �/-

'!  �$ �8!�+4 7"6!)+  !#+�' + ",�)+ � +�.")0$",��+!7 �.!-+�)0�"#" �'!�6�, 
/"'" 12 �"�'"+' +$: :"'" !#+�' + �&3!2 ��'��",/+ �@�–2, +7.�)0��"2 )�-

7.1 ��C–300, �+�'!71 )+�$, :"/��+ �&3+( �,!'","2 ."'"/, .�)0'� �. �,)!-
�+4, ,$ 1,�"2 /�7! 1, %�'� !+ ��/".+'!)0�1( /"�6!���'" ", + 9)!/' "��"#"
. +%" � 6)4 �+�( "�+$�-++ ,$ 1,� $� 46� �� , 7"6!)+ �" ,�.18/"2 +7.�)0�-

�"2 )�7.1. 
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�� �/'!  �$ �8!�+4 +�.1'1,�!71( 7"6!)!2 :+/�+ ",�)+ �� :"'".)!�/�
��,�',+'!)0�"�'0& 400–800 !6. 

�+���"/ 1 – 
"��' �/-++ �/,�-

5+��1( $� 46", ��  �$)+��"2
:" 71: 

�) �!�!�+! $� 46�; 
%) ,�!8�+2 ,+6

�"#)���" 7!'"6+/! 9/�.! +7!�'�)0�1( +��)!6",��+2 . !6��7�' +,�)"�0
��'��",)!�+! .� �7!' ", �>!7/+. ��/, 6".��'+7"! �7!3!�+! +$"% �5!�+4 ��
:"'".)!�/!  ����+'1,�)+ ." :" 7�)!

N7,0

1=∆ , 

#6!  N –  �$ !8�&3�4 �."�"%�"�'0 .)!�/+, )+�/7+�. 

�/" "�'0 �7!3!�+4 +$"% �5!�+4 �� :"'".)!�/! ". !6!)4)+ �"#)���" � �,-

�!�+&
υβυ =�� , 

#6! F – �/" "�'0  �$,+'+4 ,$ 1,�; 
      � – 7��8'�% �>!7/+ (.".! !��"! �,!)+�!�+!). 
�'�&6� , !74 9/�."�+ ",��+4 "6�"#" /�6 � 7"5�" ��2'+ +$ ,1 �5!�+4

,
7,0

1

⋅υβ
=

υ

∆
=

N
t

��

��

� ���'"'� �>!7/+ ." :" 7�)!

Nυβ=ν 7,0 . 

�)!6�!'  �$)+��'0 , !74 9/�."�+ ",��+4 "6�"#" /�6 � t�� + .! +"6 �7!�1
�"�!6�+( /�6 ", 
. � �/'+�!�/+ , !74 t�� ,�!#6� %�6!' 7!�08! .! +"6� 
, , �,4-

$+ � �!7 �)!6�!' ,,!�'+ ."�4'+! �/,�5�"�'+, ". !6!)4!7"! ." � �,�!�+&

9/t



=µ . 

�)!6",�'!)0�", :" 7�)� 6)4 ". !6!)!�+4 ���'"'1 �>!7/+ . +7!' ,+6

.
7,01

N
t��

υβ
µ

=
µ

=ν

��+'�4, �'" /" , !7!�+ "/"����+4 �>!7/+ +$"% �5!�+! $�.")�+' ,!�0 /�6 , 

,1 �$+7 7��8'�% �>!7/+ �! !$
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,
max

2

L

f

D

b �==β

#6! b2–  �$7! /a6 �; 
      Dmax – 7�/�+7�)0�12 "%>!/' �>!7/+; 

      f� – :"/���"!  ���'"4�+! /�7! 1; 

      L –  ���'"4�+! 6" "%>!/'� �>!7/+. 

� +�+7�4 �%�")&'��& "8+%/� +$7! !�+4 �� .)!�/!  �,�"2 ,!)+�+�!
�=1/N, ". !6!)4!7"2 :"'"# �:+�!�/+7  �$ !8!�+!7 /�7! 1, ,1 �$+7 � !6�&&

"'�"�+'!)0��& "8+%/� +$7! !�+4 '�/

,%
200

%100
2/ 22 Nbb

�� =
∆

=δ . 

��+'1,�4 G+ H�� , :" 7�)! 6)4 ". !6!)!�+4 ���'"'1 �>!7/+, .")��+7

.
2007,0

max ��D δ

υ
⋅

µ
=ν

��26!7 .")�"! , !74  !#+�' �-++ t. + "%3!! �+�)" /�6 ", �, +�("64 +$ �/"-

 "�'+  ��. "�' ��!�+4 . "-!��� F + ���'"'1 �>!7/+ I. �")�"! , !74  !#+�' �-

-++

��

�

D
t

υ
=

2
; 

"%3!! �+�)" /�6 ",
��

�

t

t
�

µ
=

����!'1 ." . +,!6!��17 :" 7�)�7 6�&' �)!6�&3+! $���!�+4 .� �7!' ",
�>!7/+: 6)4 ,")�","#" . "-!��� (. + F= 2800 7/�, D = 0,15 7, � = 1,2; H� = 2 %), 

� =1·10
6 /�6 /�, t� =2,7·10

-5 �, � = 27 /�6 ",; 6)4 . "-!��� ' !3+�""% �$",��+4
(. + F = 840 7/�) � = 3,3·10

5 /�6 /�, t� = 9·10
-5 �, � = 30 /�6 ",. � . "-!��! 9/�.!-

 +7!�'", %1)" ��'��",)!�", �'" ".'+7�)0�1! .� �7!' 1 �/" "�'+ /+�"�>!7/+
6)4 ���)+$� . "-!���  �$ �8!�+4 � !61, , !7!�+ ����)� ,1)!'� $�%"2/+, (� �/-

'! � ' !3+�""% �$",��+4 � !61 "' ,$ 1,� $� 46� �� �"�'�,+)+ �""',!'�',!��"  

� =15000 /�6 /� + � =25000 /�6 /�. 

�"6 1, + �+�( "�+$�-+4 . "-!���  !#+�' �-++ ,$ 1,� $� 46� �� ,  �$ �-

8�!7"2 � !6! "��3!�',)4)�4 .�'!7 ,/)&�!�+4 , �(!7�  �%"'1 �'!�6� �.!-+�)0-

�"#" 9)!/' "��"#" . +%" � 6)4 �+�( "�+$�-++  �%"'1 /�7! 1 + +7.�)0��"2
)�7.1, 6" ,1("6� !! ��  !5+7 � $�6! 5/"2 ." , !7!�+ ."6 1,� +�+-+�'" �. 

�' �/'� ��4 �(!7� �+�'!71 . !6�'�,)!�� ��  +�. 2.  

� +�-+.  �%"'1 �(!71 �)!6�&3+2. �' ,1�"/",")0'�"#" +�'"��+/� .+'��+4 2

$� 45�!'�4 7�#�$+� /"�6!���'" ", 6 6" ��. 45!�+4 3 /�. � 7"7!�' ."6��+ ."-

65+#�&3!#" +7.�)0�� "' #!�! �'" � � .�)0'� �. �,)!�+4 1 /�7! 1 �@�–2
. "+�("6+'  �$ 46 /"�6!���'" ", 6 �� +7.�)0���& #�$"��.")�!���& )�7.� 5

��C-300 � ."�)!6�&3+7 $�.��/"7 . +%" � �+�( "�+$�-++ + $�6! 5/+ 3 /�'�-
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8/"2 4, , /"'" "2 ��,"6+'�4 ?�� "' +7.�)0��, . "'!/�&3!#" �! !$ !! /"�'� 
�� +7.�)0���& )�7.�. �! !$ , !74 $�6! 5/+, ��'��",)!��"! �� .�)0'! . +%" �
3, . "+�("6+' +�+-++ ",��+! $� 46� �� , 7"6!)+ +�+-+�'" "7 7. 

�+���"/ 2 – �)"/ - �(!7� ."6 1,� + �+�( "�+$�-++ . "-!���  �$ �8!�+4
',! 61( � !6 ,$ 1,"7 � !! :"'" !#+�' �-+!2: 

1 – .�)0' �. �,)!�+4 /�7! 1 �@�–2; 2 – +�'"��+/ ,1�"/"#" ��. 45!�+4; 

 3 – . +%" �+�( "�+$�-++ + $�6! 5/+ ."6 1,� 9)!/' "6!'"��'" ",; 

4 – /�'�8/� $�.��/� . +%" � �+�( "�+$�-++; 5 – +7.�)0���4 )�7.� ��C–300; 

 6 – 7�#�$+� /"�6!���'" ",; 7 – +�+-+�'" 

�"  !$�)0'�'�7 /+�"�>!7/+ . "-!���  �$ �8!�+4 7"6!)!2 '"�!��17+ +
�.)"8�17+ �6)+�!��17+ $� 46�7+ ��  �$)+��"2 :" 71 .".! !��"#" �!�!�+4
+$#"'",)!�1 /+�"# �771, /"'" 1! . !6�'�,)!�1 ��  +�. 3 +  +�. 5, � ��  +�. 4 +
 +�. 6 – ,�!8�+2 ,+6  �$ �8!��1( 7"6!)!2 $� 46�7+  �$)+��"2 :" 71. 

�) 
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%) 

�+���"/ 3 – 
+�"# �77� . "-!���  �$ �8!�+4 7"6!)!2 �"� !6"'"�!��17  

$� 46"7 ��: �) /,�6 �'�"2 :" 71 .".! !��"#" �!�!�+4; 

%) ' !�#")0�"2 :" 71 .".! !��"#" �!�!�+4

                              �)                                       %)                                       ,) 

�+���"/ 4 – @"'" .)"�/"2 7"6!)+,  �$ �8!��"2 �"� !6"'"�!��17 $� 46"7 ��: 

�) -+)+�6 +�!�/"2 :" 71 �!�!�+4;  

%) /,�6 �'�"2 :" 71 �!�!�+4; ,) ' !�#")0�"2 :" 71 �!�!�+4


�/ ,+6�" +$  +���/", /+�"# �77 ( +�. 3; 4,�–,) ,$ 1,� �"� !6"'"�!��"#" $� 46�
 �$)+��"2 :" 71 6)4 ,�!( �! +2 9/�.! +7!�'",, �� .! ,1( /�6 �(  !#+�' �-++
. "-!���, , 6+�.�$"�! 0–18 7/� ."�)! 6!'"��-++ $� 46�,  ��. "�' ��4&3+2�4 ,.!-
 !6+ : "�' 6!'"��-+"��"2 ,")�1 + /"�:+#� �-+4 !#" (� �/'! �� /�/ 6)4 -+)+�6-

 +�!�/"2 :" 71 $� 46�, '�/ + 6)4 /,�6 �'�"2 + ' !�#")0�"2 :" 7 $� 46�. � ���+��4
� 23–28 7/�, �6� �1! ,")�1, "' �5�4�0 "' �'!�/+ $� 46�"2 .")"�'+ + ,"$6!2�',�4 ��
 �$ �8�!7�& � !6�, �"$6�&' ,")�1 ��. 45!�+2, /"'" 1! 6)4 $� 46� / �#)"2 :" -

71 .".! !��"#" �!�!�+4  �,�"7! �"  ��. !6!)4&'�4 ." .",! (�"�'+ �'!�"/ $� 46-

�"2 .")"�'+, � , $� 46�( ' !�#")0�"2 + /,�6 �'�"2 :" 71 �!�!�+4 7�/�+7�)0�1!
$���!�+4 ��. 45!�+2 /"�-!�' + �&'�4 , �#)�( /"�'� � $� 46�, �."�"%�',�4  �$,+-

'+& �+�'!7 ' !3+� , 7"6!)+. �)!6�&3+7 9'�."7, /" , !7!�+ 30–40 7/�, ,")�1 ��-
. 45!�+2 :" 7+ �&' �!'0 ' !3+�,  �$,+,�&3+(�4 .! .!�6+/�)4 �" # ��47 $� 46-

�"2 .")"�'+. 
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��)0�!28+! /�6 1 /+�"# �771 ,$ 1,� �"� !6"'"�!��1( $� 46",  �$)+��"2
:" 71 .".! !��"#" �!�!�+4 ."/�$1,�&' ,1 �,�+,��+! : "�'� ,")�1 ��. 45!-

�+2 + ' !3+�""% �$",��+!7 (� �/'! �17 6)4 $� 46", / �#)"#" �!�!�+4. 

����7"' +7 (� �/'!  �$ �8!�+4 7"6!)!2 �"� !6"'"�!��17+ $� 46�7+  �$-
)+��"2 :" 71, /"'" 1! . !6�'�,)!�1 ��  +�. 4,�–,. �$ /"'" "#" ,+6�", �'" ,"/-

 �# $� 46�"2 .")"�'+ ��%)&6�!'�4 �! �,�"7! �"!  ��. !6!)!�+!  �$)+��1(
,+6", 6!:" 7�-+2. �( (� �/'! $�,+�+' "' :" 71 .".! !��"#" �!�!�+4 $� 46�. 
��$ �8!�+! . !6�'�,)!�" $"�"2 .! !+$7!)0�!�+4, � '�/5! #��'"2 �!'0& / +,"-

)+�!2�1(  �6+�)0�1( ' !3+�. 

����7"' +7 6!2�',+! $� 46�, +7!&3!#" / �#)�& :" 7� .".! !��"#" �!�!�+4
( +�. 4,�). �)+5�44 / $� 46� $"�� (� �/'! +$�!'�4 ,!�07� %")08+7+ ." "%>!7�
6!:" 7�-+47+, �'" ,1 �5!�" , "% �$",��++ $���+'!)0�"2 ."  �$7! �7 $"�1
.! !+$7!)0�!�+4. � '" 5! , !74 ��%)&6�!'�4  �$,!',)!���4 �!'0  �6+�)0�1(
' !3+�,  ��. "�' ��4&3+(�4 6" # ��+- 7"6!)+. ���",�1! ' !3+�1  ��. "�'-
 ��4&'�4  �,�"7! �" "' $� 46� ," ,�! �'" "�1. 

��/+7 "% �$"7, 6!2�',+! $� 46", / �#)"#" .".! !��"#" �!�!�+4 "%��)",)+-

,�!'  �,�"7! �"!  ��. !6!)!�+! ��. 45!�+2 ,  �$ �8�!7"2 ,$ 1,"7 � !6!. 

�6��/" . + ,$ 1,��++ , $�5�'"2 � !6!  �,�"7! �"  ��. !6!)!��1! ��. 45!�+4
�! "%!�.!�+,�&' 5!)�!7"#" /��!�',� 6 "%)!�+4 #" �1( ." "6, ,1$1,�&' "% �-

$",��+! $�/")", , '1)�  �$ �8�!7"#" 7���+,�. � + �)!6�&3+( ,$ 1,�( 6���"!
"%�'"4'!)0�'," "�)"5�4!' ��)",+4 ,$ 1,��+4, �'" . +,"6+' / �,!)+�!�+& ,1-

("6� �!#�%� +'�1( : �/-+2. 

� + ,$ 1,��++ $� 46�, +7!&3!#" ' !�#")0�"! �!�!�+! ( +�.4,%), /� '+��  �-

$ �8!�+4 7"6!)+ �!�/")0/" +��4, �!7 . + 6!2�',++ �.)"8�"#" -+)+�6 +�!�/"-

#" $� 46�. �-!�+,�4  !$�)0'�'1  �$ �8!�+4 7"6!)+ 7"5�" ,16!)+'0 �)!6�&3+!
(� �/'! �1! "�"%!��"�'+  �%"'1 '�/"2 :" 71 $� 46�. � 6���"7 �)���! (� �/-

'!  ��. !6!)!�+4 ' !3+� +7!!' �!'/" ,1 �5!���& ��+77!' +&. � ,! 8+��(
' !�#")0�+/� /"�-!�' + �&'�4 7�/�+7�)0�1! ��. 45!�+4, /"'" 1! �."�"%�'-
,�&' :" 7+ ",��+& %")!! #��'"2 �!'+ ' !3+� , 9'+( $"��(. ���)+$ 7�/�+7�)0-

�"2 6)+�1 ' !3+� ."/�$�), �'" ,!/'" 7�/�+7�)0�"2 .)"'�"�'+ ."'"/� 9�! #++
$� 46� '�/"2 /"��' �/-++ ��. �,)!� .! .!�6+/�)4 �" # ��47 ' !�#")0�"2 . +-

$71, �"$6�,�4 +�'!��+,��& �!'0 ' !3+� ,"/ �# $� 46�"2 .")"�'+ �  �6+��"7
(5–10) R$ (R$ –  �6+�� $� 46�). �:" 7+ ",�,8!!�4  �$�"# �6+!�'�"! .")! ��-
. 45!�+2 �"$6�!' , 7"6!)+  �$,!',)!���& �!'0 ' !3+�, " +!�'+ ",���1( .! -

.!�6+/�)4 �" # ��47 $� 46�"2 .")"�'+ , :" 7! ' !�#")0�"2 . +$71.  

��  +�.4,, . !6�'�,)!�� /� '+��  �$ �8!�+4 .)"�/"2 7"6!)+ $� 46"7, +7!-

&3�& /,�6 �'��& :" 7� .".! !��"#" �!�!�+4. 
�/ + 6)4 ' !�#")0�"2 . +$71, 

 �6+�)0�1! ' !3+�1, "% �$",�,8+!�4 . + ,$ 1,!, (� �/'! +$�&'�4 �!'/" ,1-

 �5!��"2 ��. �,)!��"�'0&. ��+%")08�4 +( 6)+�� � 7�/�+7�)0�17  ��/ 1'+!7
6" # ��+- 7"6!)+ ��%)&6�!'�4 , 7!�'�( 7�/�+7�)0�"2 /"�-!�' �-++ ��. 45!-

�+2 – , �#)�( /,�6 �'�. ���",��4 �!'0 ' !3+� :" 7+ �!'�4 '�/5! .! .!�6+/�-

)4 �" %"/","2 .",! (�"�'+ $� 46�"2 .")"�'+ , ,+6! /,�6 �'�"2 . +$71. � +
9'"7 $"�� .)��'+�!�/+( 6!:" 7�-+2 �!$���+'!)0�� +  �,�� 2–3 R$, � $"�� .! !-
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+$7!)0�!�+4 �"�'�,)4!' 3–5 R$. ���)+$+ �4 /"�:+#� �-+& $"�1  �$ �8!�+4 $�-

 46� � /,�6 �'�17 �!�!�+!7, 7"5�" "'7!'+'0 !! �",.�6!�+! ." :" 7! � $"�"2
 �$ �8!�+4 "' ,$ 1,� -+)+�6 +�!�/"#" $� 46�. 

���)+$ /+�"# �77 ,$ 1,", �.)"8�"#" �6)+�!��"#" $� 46�  �$)+��"2 :" 71
( +�. 5, �,%), ."/�$1,�!', �'" : "�'  �$ �8!�+4 � !61 . +�+7�!' ",�)0��& :"-

 7� ,����)!  �$,+'+4 . "-!��� (8–40 7/�) 6)4 $� 46", /�/ ' !�#")0�"2, '�/ +
6)4 /,�6 �'�"2 :" 71 �!�!�+4 � ."�)!6�&3+7 :" 7+ ",��+!7 , 6"��"2 ���'+
8.� � 4,�" ,1 �5!��1( ' !3+� , #)�%+�� 7"6!)+.  

�) 

%) 

�+���"/ 5 – 
+�"# �77� . "-!���  �$ �8!�+4 7"6!)!2 �6)+�!��17+ $� 46�7+ ��: 

�) /,�6 �'�"2 :" 71 .".! !��"#" �!�!�+4; 

�) ' !�#")0�"2 :" 71 .".! !��"#" �!�!�+4

�!�/")0/" +��4 /� '+�� . "-!���  �$ �8!�+4 � !61 ��%)&6�)��0 . + ,$ 1-

,! $� 46� /,�6 �'�"2 :" 71 �!�!�+4 ( +�. 5,�). ��$,+'+! .")"�'+  �$ �8!�+4
. +"% !'�!' # �8!,+6��& :" 7� (50–100 7/�) ,1'4��'�& ,6")0 "�+ $� 46�, /�/
, #)�%+�� 7"6!)+, '�/ + / ��'0& ,$ 1,�"2 .")"�'+. �",! 8!��" +��4 /� '+��
 �$ �8!�+4 7"6!)+ ��%)&6�!'�4 �� $�,! 8�&3!7 9'�.!  �$,+'+4 . "-!���
(100–120 7/�). ��/, : "�'  �$,+'+4 ' !3+� "' ,$ 1,� $� 46� �� /,�6 �'�"2 :"-

 71 �!�!�+4, 6,+5!'�4 ,6")0 "�+ $� 46� %!$ ��3!�',!��"#" �,!)+�!�+4 $"�1  �-
$ �8!�+4, � "' ,$ 1,� ' !�#")0�"2 :" 71 $� 46� . +"% !'�!' / �#)�& :" 7� �
�,!)+�!�+!7  �6+��� $"�1  �$ �8!�+4 ,  �6+�)0�"7 ��. �,)!�++.  
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���)+$ (� �/'! �  �$ �8!�+4 7"6!)!2 ( +�. 6,�–,) ."/�$�), �'" . + -+)+�6-
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The results of experimental researches, executedby the speed fotoregistriruyuschey 
setting and features of destruction of tense environments the charges of explosive of 
different froms cross-section. Experimentally confirmed the effectiveness of the pro-
posed designs chargers voids along the length of the well through the creation of dif-
ferent intensity stress on the inner surface of the destruction of its solid media 
explosion. Found that by varying the amplitude of the load carried in the borehole lo-
cation within the cavities of explosives of varying cross-sectional shapes. In terms of 
range, models of transparent materials compared the nature of their destruction of ex-
plosive charges with different cross-sectional shapes. The features of the destruction of 
solid media explosive charges of various shapes. 
	eywords:explosive, blastedloading, solidmedium, hollowsphere, forms cross-

section of charge, blastedbreaking. 
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