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���!�"#$%&'() "*+(-"*./"0) $"(1��&(2�2 (!�"( �(3*(.* 
&2�-%�*4&'-%-
(39600, �������, ���!��"#$, #%. &��'*!�+/��;, 20)

������	��. &��</=�'%��> ��?#%@=�=> �//%�<*'���; /'���� '?�>'*! A%�/=�� �? ��//*��*-A�#B���*+ /=�%� / ���*=*�>!� %�/=*'>!� !�=�%%�-
!�. &��'�<��* *C*/�*'���� '>C����>D !�=�%%*' � �D /'*+/='. &*��?��> ��?#%@=�=> A�*/=��%� A*%#"���>D �*!A*?�E�+. ���> ���*!��-
<�E�� <%; �/A*%@?*'���; A*%#"���>D �*!A*?�E�+ ' ��"�/='� C�*��F%�!��=*' � '>C*�� A���!�=�*' A�*E�//� �D A*%#"���;. 

�������� �����: /'���� '?�>'*!, ��//*��*-A�#B����; /=�%@, �%G!���+, !�<@, =�=��, A%�/=���, %�/=, C�*��B�%�=.

��*��B�%�=>, �?$*=*'%���>� A* �%�//# ?�H�=�*+ 
/=�#�=#�> C�*��*<�B<> 3 � '>I� (A* �%�//�J���E�� 
$*/#<��/='���*$* /=��<��=� ���� � 50744-95. ��*��-
*<�B<�. �%�//�J���E�; � *CH�� =�D��"�/��� =��C*-
'���;), <*%B�> �!�=@ ?�H�=�>� /=�#�=#�> "�/=* !�-
=�%%�"�/��� �%� �*!C����*'���>� (�? !�=�%%�"�/��D, 
����!�"�/��D �%� �*!A*?�E�*��>D F%�!��=*').

� !�=�%%�"�/�*+ C�*�� *=�*/;=/; '>/*�*A�*"�>� 
=�=��*'>� � �%G!����'>� /A%�'> � /*C/='���* C�*��-
'�; /=�%@ [1]. &*/%�<�;; �/A*%@?#�=/; ���C*%�� I��*-
�*, "=* *C#/%*'%��* �� ' A*/%�<�GG *"���<@ J��=*�*! 
/=*�!*/=� (%�/=*'*+ A�*��= �? C�*��'*+ /=�%� <�I�'-
%� ���%*$�"�*$* A�*��=� �? =�=��*'>D /A%�'*' ' 25  ��?, 
� A�*��=� �? '>/*�*A�*"�>D �%G!����'>D /A%�'*' ' 
5  ��? [2]).

��//!*=��! */*C���*/=� A�*=�'*A#%@�*+ C�*��'*+ 
/=�%� (A* �%�//�J���E�� [3], �� ��/�;/@ A�*=�'*/��-
�;<�*+ /=�%@�*+ C�*��), A��"�! ' �/A��=� �%�//� ?�-
H�=�*+ /=�#�=#�> ��"���; / =��=@�$*.

��*��'�; /=�%@ *C�/A�"�'��= ?�H�=# <* A;=*$* �%�/-
/� '�%G"�=�%@�* A* �%�//�J���E�� ����  �50744-95 
A�� =*%H��� A%�/=��> <* 6,5  !! (=*%H��> C*%@I� 
6,5  !! ��A��!���!> �?-?� *$����"���; A* !�//�). 

��*��'�; /=�%@ *=�*/�=/; � /��<��%�$��*'���*+ 
/��<��#$%��*<�/=*+ /=�%� !��=��/�=�*$* �%�//� [1]. 
��B�>! !*!��=*! ;'%;�=/; =*, "=* '>/*��; A�*"�*/=@ 
F=�D /=�%�+ <*/=�$��=/; ?���%�*+ �� !��=��/�= � A*-
/%�<#GH�! ��?��! *=A#/�*!.

�? */�*'�>D /���+�>D A�*=�'*A#%@�>D C�*��-
'>D /=�%�+ ��?*'�! /=�%@ 44 (45���K�, '>A%�'�� 
F%��=�* <#$*'>! �%� F%��=�*I%��*'>! A���A%�'*!), 
44�, 96, �&�-43 (45�����, '>A%�'�� F%��=�*<#$*-
'>! A���A%�'*!), L-85, K-110. � ��C*=� [1] ���C*%�� 
A*%�* A��'�<��> �*!���%@�>� /�/=�!> %�$��*'���;, 

/A*/*C> A*%#"���; � !�D���"�/��� /'*+/='� ���*=*-
�>D C�*��'>D /=�%�+ �*//�+/�*$* � ?�A�<�*$* (�
�, 
���!���;, K���E�;) A�*�?'*</='�.

��� #��?>'��=/; ' ��C*=� [1], A�*"�*/=@ F=�D C�*-
��'>D /=�%�+ /*/=�'%;�= 1750  –  2300  �&�, ='��<*/=@ 
50  –  58  HRC, *=�*/�=�%@�*� #<%������ 8  –  12  %. 

��D���"�/��� /'*+/='� *<�*+ �? ���C*%�� FJJ��-
=�'�>D A�*=�'*A#%@�>D /=�%�+ �&�-43 (45�����) 
' <�=�%;D =*%H��*+ 4,5  !!: P'  =  1700  –  1950  �&�, 
Ss  =  10  –  13  %, ='��<*/=@ 48  –  52  �R� [4].

�=!�=�! =��B�, "=* /=�%@ 44, A��!��;'I�;/; ' 
*/�*'�*! <%; /��</=' ��<�'�<#�%@�*$* C�*���*'���; 
� ?��%�<�>D <�=�%�+ C�*��=�D����, ' ��?#%@=�=� �� #/*-
'��I��/='*'���;, *C�/A�"�'I�$* '*?!*B�*/=@ �� /'�-
��'���;, A��!��;�=/; =��B� <%; �?$*=*'%���; A�*=�'*-
/���;<�*+ %�/=*'*+ C�*�� [3].

&�*"�*/=@ C�*��'>D /=�%�+, ' /��'����� /* /��<-
��%�$��*'���>!� �*�/=�#�E�*��>!� /=�%;!�, *A��<�-
%;�=/;, $%�'�>! *C��?*!, /*<��B����! ' ��D #$%��*<�.

� ��C*=� [4] #��?>'��=/;, "=* A��!��;�!�; ='��-
<*/=@ A�*=�'*A#%@�*+ C�*��'*+ /=�%� %�B�= ' <��A�-
?*�� 430  –  550  �� �%� 44  –  52  HRC. &��'>I���� '��D-
��+ $����E> <��A�?*�� ='��<*/=� ' C�*��'>D /=�%;D 
A��'�<�= � D�#A�*!# ��?�#I���G A�� *C/=��%�: ��/�*-
%# (/�'*?�>! A�*=;B���>! =��H���!) �%� *=�*%# (*=-
<�%���G */�*%�*' C�*�� / =>%@�*+ /=*�*�>).

&�*=�'*A#%@��; /=�%@��; C�*�; '>A#/���=/; A* 
/A�E��%@�>! =�D��"�/��! #/%*'�;! ' =*%H���D *= 
2,2  !! $*�;"�+ A�*��=�*+ [4]. ���C#�!>� /'*+/='� <*-
/=�$�G=/; ?� /"�= =��!�"�/�*+ *C��C*=��, '�%G"�G-
H�+ ?���%�# � ��?��+ *=A#/�.

�%�<#�= *=!�=�=@, "=* *C?*� %�=���=#��>D �/=*"-
���*' A* =�!� � ��/#�/*' /�=� ��=����= �� A����/ 
��J*�!�E�� * �*����=�*! !�=����%� – /=�%� <%; �?$*-
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=*'%���; /=�%@�>D C�*��A���%�+ ��� 14.05 =*%H��*+ 
3,8  (4,3)  !!, A��!��;'I�D/; ' /*'�=/��D C�*��B�%�=�D 
/���� 6�5.

�<��! �? '*?!*B�>D A#=�+ A*'>I���; A#%�/=*+-
�*/=� ;'%;�=/; /*?<���� C�!�=�%%�"�/�*+ C�*�� / 
'��I��! /%*�! '>/*�*+ ='��<*/=� (55  –  60  HRC) � 
';?��! =>%@�>! /%*�! [1]. &*%#"�=@ =��#G C�!�=�%-
%�"�/�#G C�*�G !*B�* /'���*+ '?�>'*!, A���=�*+ 
A�*��=�*+ � <�#$�!� /A*/*C�!�.

�/D*<; �? '>I��?%*B���*$*, A��</=�'%;�=/; ��E�*-
��%@�>! A�*'�/=� �//%�<*'���; A*%#"���; C�!�=�%%�-
"�/�*+ C�*�� �? �*�/=�#�E�*��*+ '>/*�*#$%��*<�/=*+ 
/=�%� A*/%� =��!**C��C*=��, A%����*'���*+ '?�>'*! 
';?��! !�=����%*!, =���!, ��A��!��, ��� !�<@ �%� 
�%G!���+.

L�%@ ��C*=> – F�/A���!��=�%@�*� *C*/�*'���� '*?-
!*B�*/=� ��"�/='���*$* A%����*'���; '?�>'*! '>/*-
�*#$%��*<�/=*+ �*�/=�#�E�*��*+ /=�%� (�� A��!��� 
/=�%� 65�) ���*=*�>!� !�=�%%�!� � /A%�'�!� / E�%@G 
��/I�����; �*!���%�=#�> �*!A*?�E�+ C�!�=�%%�"�/-
�*+ C�*�� (�� */�*'� *C>"�>D, �� /A�E��%@�>D /=�%�+ 
' ��"�/='� /%*; '>/*�*+ ='��<*/=� � ���*=*�>D E'�=-
�>D !�=�%%*' � /A%�'*' ' ��"�/='� ';?�*$* /%*;).

�>%* A��<%*B��* �/A*%@?*'�=@ ' ��"�/='� !�=����-
%� /%*; '>/*�*+ ='��<*/=� /=�%@ 65�. �� A��<A��; =�;D 
$.  ���!��"#$� <%; A�*�?'*</='� #A�#$�D F%�!��=*' 
�/A*%@?#G=/; $*�;"���=��>� A*%*/> �? /=�%� 65� A* 
����  14959-79. &�*��= �? ��//*��*-A�#B���*+ #$%�-
�*<�/=*+ � %�$��*'���*+ /=�%�. ��D��"�/��� #/%*'�;. 

�*�=�!��= $*�;"���=��*$* A*%*/*'*$* A�*��=� �? 
F=*+ /=�%� � A��<�%@�>� *=�%*����; A* ��?!���! /**=-
'�=/='#�= =��C*'���;! ����  103-76 (��  �U�  3900-82). 
&*%*/� /=�%@��; $*�;"���=���;. �*�=�!��=.

�=�%@ 65�, ��<*�*$�; � <*/=�=*"�* =�D�*%*$�"��;, 
A��!��;�=/; <%; A�*�?'*</='� A�#B��, ��//*� � <�#-
$�D <�=�%�+, � �*=*�>! A��<V;'%;G=/; =��C*'���; A*-
'>I���*+ �?�*/*/=*+�*/=�, � ��C*=�GH�D C�? #<��-
�>D ��$�#?*�. �%�$*<��; '>/*�*!# !*<#%G #A�#$*/=� 
F=� /=�%@ A��!��;�=/; <%; �?$*=*'%���; B�/=��D (/�%*-
'>D) #A�#$�D F%�!��=*', ' =*! "�/%� � /�%*'>D #A�#-
$�D F%�!��=*' A��C*�*' [5].

�%�<#�= *=!�=�=@, "=* <%; �?$*=*'%���; /��<�"��-
�*' A#%@ / A*'>I���*+ A�*����GH�+ /A*/*C�*/=@G 
(A#%� / =��!�"�/�� #A�*"����>! /��<�"���*!) A��!�-
�;�=/; C%�?��; A* /*/=�'# � /'*+/='�! /=�%@ 70� [4].

��//*��*-A�#B���>� /=�%� / A*'>I���>! /*<��-
B����! #$%��*<� (0,5  –  0,7  %) <%; A*%#"���; '>/*��D 
A��<�%*' #A�#$*/=�, '>�*/%�'*/=� � ��%��/�E�*�-
�*+ /=*+�*/=� A*<'��$�G=/; ?���%�� � *=A#/�# A�� 
420  –  520  °�. &�� F=*! *C��?#�=/; =�**/=�=, *=%�"�G-
H�+/; /=�C�%@�*+ <�/%*��E�*��*+ /=�#�=#�*+. 

�'��<*/=@ /=�%@�>D A%�/=�� �? /=�%� 65� ��?!���-
!� 350×45×6  !! ' *=*BB���*! /*/=*;��� /*/=�'%;%� 
28  –  30  HRC, ' ?���%���*! /*/=*;��� – 50  –  55  HRC.

� ��"�/='� A%����*'�� �/A*%@?*'�%�/@ /%�<#GH�� 
!�=�%%>:

– �%G!���+ ��0, A%�/=��> ��?!��*! 350×135×6  !!, 
*=*BB���>� (='��<*/=@ 28  –  30 HRC);

– /=�%@ 3, A%�/=��> ��?!��*! 350×45×2 !!;
– /=�%@ 3, A%�/=��> ��?!��*! 350×45×1 !!;
– !�<@ �1, A%�/=��> ��?!��*! 350×135×1,5 !!;
– =�=�� ��22, A%�/=��> ��?!��*! 234×135×3 !!.
�=!�"��=/; [2], "=* <%; C�*��A%�/=�� ��I%� A��!�-

����� =�=��*'>� <'#DJ�?�>� X  +  Z-/A%�'>, =���� ��� 
��14 (A�*=�'**/�*%*"��; C�*�;), ��23 (A�*=�'*A#%@-
��; C�*�;) � <�#$��, �!�GH�� D*�*I�� /*"�=���� !�-
D���"�/��D � =�D�*%*$�"�/��D /'*+/=' [6]. 

�%; A%����*'���; '?�>'*! ��*CD*<�!> %�/=> �? 
=�=��*'>D /A%�'*'.

� <���*! /%#"�� C>% A��!���� <�J*�!��#�!>+ =�-
=��*'>+ /A%�' ��20 – A/�'<*-X-/A%�' (A* �%�//�J���-
E�� [7], D�!�"�/��+ /*/=�' – A* ����  19807-91. ��=�� 
� /A%�'> =�=��*'>� <�J*�!��#�!>�. �����, !�D���-
"�/��� /'*+/='� – A* ����  22178-76. ��/=> �? =�=��� 
� =�=��*'>D /A%�'*'. ��D��"�/��� #/%*'�;). &��!�-
�;%�/@ %�/=> ' *=*BB���*! � A��'%��*! /*/=*;���, / 
*C>"�*+ *=<�%�*+ A*'��D�*/=�.

�>C*� <���*+ !���� =�=��*'*$* /A%�'� */�*'>'��=/; 
�� =*!, "=* C%�?��� A* /*/=�'# � A* /'*+/='�! /A%�'> �!�-
G= /%�<#GH�� *$����"���;: /A%�' ��14, '>A#/���!>+ ' 
'�<� %�/=*', A��!��;%/; <%; A�*=�'* */�*%*"�*+ C�*��, 
"=* /#B��= <��A�?*� �$* �/A*%@?*'���;; /A%�' ��23 – 
<%; A�*=�'*A#%@�*+ C�*�� ' */�*'�*! ' '�<� A*�*'*� � 
I=�!A*'*�; =* B� A��!������ � <%; /A%�'� ��22, * �*=*-
�*! ��= /'�<���+, A��!��;%/; %� *� <%; C�*��F%�!��=*'.

� /��'����� /* /A%�'*! ��23, A��<�% A�*"�*/=� 
/A%�'� ��20 *=%�"��=/; ��?��"�=�%@�*, � *=�*/�=�%@-
�*� #<%������ �� *=%�"��=/; [6].

�=!�=�! =��B�, "=* A�� /*�<������ =�=��� /* /=�-
%@G A��<A*%�$��=/; ��%�"�� =*��*$* %�/=� '���<�; 
!�B<# ��!� [8].

�/A*%@?*'�%�/@ $*�;"���=��>� %�/=> �? /=�%� ��=3/A 
A* !�B$*/#<��/='���*!# /=��<��=# ����  19903-74. 
&�*��= %�/=*'*+ $*�;"���=��>+. �*�=�!��=. 

��!�"�/��+ /*/=�' /=�%� /**='�=/='#�= =��C*'�-
��;! !�B$*/#<��/='���*$* /=��<��=� ����  380-2005. 
�=�%@ #$%��*<�/=�; *C>��*'���*$* ��"�/='�. �����.

&��!��;%�/@ %�/=> �%G!���; (!�B$*/#<��/='��-
�>+ /=��<��= ����  21631-76. ��/=> �? �%G!���; � 
�%G!����'>D /A%�'*'. ��D��"�/��� #/%*'�;) !���� 
��0 (D�!�"�/��+ /*/=�' – A* !�B$*/#<��/='���*!# 
/=��<��=# ����  4784-97. �%G!���+ � /A%�'> �%G!�-
���'>� <�J*�!��#�!>�. �����) =*%H��*+ 6 !!. 

�/A*%@?*'�%�/@ %�/=> !�<� (!�B$*/#<��/='���>+ 
/=��<��= ���� 495-92. ��/=> � A*%*/> !�<�>�. ��D-
��"�/��� #/%*'�;) !���� �1 (D�!�"�/��+ /*/=�' – A* 
!�B$*/#<��/='���*!# /=��<��=# ���� 859-2001. ��<@. 
�����) =*%H��*+ 1,5 !!. 

�%; A*%#"���; =��C#�!>D /�*�*/=�+ <�=*��E�� 
'?�>'"�=*$* '�H�/='� A�� /'���� '?�>'*! I��*�* �/-
A*%@?#�!>+ �!!*��= �  6T� (�%� �$* ���%*$) ��*CD*-
<�!* /!�I�'�=@ / ����=�>!� ��A*%��=�%;!�, =���!� 
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 � � � 	 � � � � � � � � � �.  
� � � � � � � �� � � � � � � �.  2015. �� � 58.  � 1

��� �!!��"��; /�%�=��, �'��E�'>+ A�/*�, A*'������; 
/*%@, =�%@�.

� ��"�/='� '?�>'"�=*$* '�H�/='� <%; A%����*'���; 
'?�>'*! A��!��;%�/@ !�*$*���=�* A*��?�'I�; /'*G 
FJJ��=�'�*/=@ /'�B�A��$*=*'%����; /!�/@ �!!*��=� 
�  6T� (����  21984-76. ��H�/='� '?�>'"�=>� A�*-
!>I%���>�. �!!*��= �  6T� � �!!*��% '*<*#/=*+-
"�'>�. ��D��"�/��� #/%*'�;) / �!!��"�*+ /�%�=�*+ 
(���� 2-85. ��%�=�� �!!��"��;. ��D��"�/��� #/%*'�;) 
' /**=�*I���� 1:1.

&*/%� #/=��*'�� �� !�=�%%�"�/�*� */�*'���; (A%�-
=#) /*C����*+ �*!A*?�E�� / *C�/A�"����! =��C#�!>D 
?�?*�*' !�B<# /%*;!�, �� '��D��! %�/=� �*!A*?�E�� 
#/=���'%�'�%� �*�=�+��� A*< ?��;< '?�>'"�=*$* '�-
H�/='�, '>/*=� C*�=*' �*=*�*$* C>%� ��'�� =��C#�!*+ 
=*%H��� /%*; ?��;<�.

��D�*%*$�; A*<$*=*'�� � ��/"�= ��B�!*' /'���� 
'?�>'*! A����!�%�/@ ' /**='�=/='�� / ���*!��<�E�;-
!� ��C*=> [9].

�'���*+ '?�>'*! A*%#"��> /%�<#GH�� �*!A*?�E�� 
(��/.  1):

– /=�%@ 65� *=*BB����;, 2 A%�/=��> + A%�/=��� 
!�<@ �1 =*%H��*+ 1,5 !!. &%�/=��> /=�%� 65� /'���-
%�/@ / !�<@G;

– /=�%@ 65� *=*BB����;, 3 A%�/=��> + A%�/=��� 
�%G!���+ ��0 =*%H��*+ 6 !!. �/� =�� A%�/=��> /=�-
%� 65� /'���%�/@ / �%G!����!;

– A*%#"����; ' A��<><#H�! A#��=� �*!A*?�E�; 
/'���'�%�/@ /* /=*�*�> �%G!���; / A%�/=��*+ /=�%� 3. 
�/� =�� A%�/=��> /'���%�/@ A* =*%H���, A��"�! *=*�-
'�%* *<�# =��D/%*+�#G A%�/=��#;

– /=�%@ 65� ?���%����;, 3 A%�/=��> + A%�/=��� �%G-
!���+ ��0 =*%H��*+ 6 !! + A%�/=��� /=�%� 3 (/* /=*-
�*�> �%G!���;). �/� A%�/=��> /'���%�/@ A* =*%H���;

– "�=>��D/%*+�>+ «/F�<'�"» =�=�� + �%G!���+ + 
+  =�=�� + =�=��. �/� A%�/=��> ��<�B�* /'���%�/@ A* 
=*%H���.

��D�*%*$�"�/��+ A���<�% A*%#"���>D /'���*+ 
'?�>'*! ?�$*=*'*� C�*��A%�/=�� <%; A*%#"���; *�*�-
"�=�%@�*+ J*�!> � =*%H��> A��<A*%�$��= �D $*�;"#G 
A�*��=�#. �����; =�D�*%*$�; A*��?�%� /'*G FJJ��=�'-
�*/=@ [10] � 'A*%�� A���!%�!� <%; *C��C*=�� ?�$*=*'*� 
C�*��A%�/=��. 

��D�*%*$�; $*�;"�+ A�*��=�� C�!�=�%%*' �!��= 
/'*� */*C���*/=�, *=%�"�GH�� �� *= A�*��=�� !*�*-
!�=�%%*'. � "�/=�*/=�, ��/"�= *CB�=�+ A* A�*D*<�! 
=��C#�= #"�=� *=%�"�; /'*+/=' /*/=�'%;GH�D �*!A*?�-
E�G /%*�'. �=!�=�!, "=* �'=*��!� ��?��C*=��� � A�*-
D*<�= �A�*C�E�G !�=*<��� ��/"�=� ��B�!� *CB�=�+ 
A�� $*�;"�+ A���=�*+ A�*��=�� C�!�=�%%� «#$%��*<�/-
=�; /=�%@  + ���B�'�GH�; /=�%@», A*?'*%;GH�; A* �/-
D*<�>! <���>! (�/D*<�>� =*%H��� A���=� � =*%H��� 
A%����#GH�$* /%*; ' ��!, =*%H��� $*=*'*$* %�/=� � 
A%����#GH�$* /%*; ' ��!) ��?��"�=@ ��*CD*<�!*� �*-

��/. 1. �*!A*?�E��, A*%#"���>� /'���*+ '?�>'*!:

 – A%�/=��> /=�%� 65�, A%����*'���>� %�/=*'*+ !�<@G; � – A%�/=��> /=�%� 65�, A%����*'���>� %�/=*'>! �%G!����!; � – %�/= �%G!�-

��;, A%����*'���*$* =�=��*! ('�< / *<�*+ /=*�*�>); � – %�/= �%G!���;, A%����*'���*$* =�=��*! ('�< / <�#$*+ /=*�*�>)

Fig. 1. The compositions obtained by explosion welding:
a – plate of 65G steel clad with sheet copper; � – plate  of 65G steel clad with sheet aluminum; � – aluminum sheet, clad with titanium (view from 

one side); � – aluminum sheet clad with titanium (view from the other side)
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�� T � � � � � � � �  
 � � � � � � � �� � � � � � � �

%�"�/='* A�*D*<*' � *CB�=�; A* A�*D*<�!. ���%�? $�*-
!�=��"�/��D A���!�=�*' $*�;"�+ A�*��=��, ��� A*��?�-
�* ' ��C*=� [11], FJJ��=�'�* A�*'*<�=@ (A�� ''�<���� 
<*A*%��=�%@�>D #/%*'�+ � <%; /%#"�; A�*��=�� C�!�-
=�%%�"�/��D �*!A*?�E�+) / A*!*H@G /�/=�!> =��D-
!���*$* ='��<*=�%@�*$* � A*'��D�*/=�*$* A���!�=-
��"�/�*$* A�*��=��*'���; Autodesk Inventor.

��?#%@=�=> A�*/=��%� A*%#"���>D /'���*+ '?�>'*! 
�*!A*?�E�+ /%�<#GH�� (��/. 2):

– �*!A*?�E�; /=�%@ 65� (?���%�� + *=A#/�, ='�� <*/=@ 
50  HRC) + �%G!���+ ��0 + /=�%@ 3. &�*�?'�<��* <'� 
'>/=��%�: / ��//=*;��; 50 ! '>/=��% A#%�+ ��%�C�� 
5,45  !! � / ��//=*;��; 25 ! '>/=��% A#%�+ ��%�C�� 
7,62  !! /* /=�%@�>! =��!*#A�*"����>! /��<�"���*!. 
�C� A#%� #';?%� ' =�%� A%�/=��>;

– �*!A*?�E�; =�=�� ��20 + �%G!���+ ��0 + =�=�� 
��20 + =�=�� ��20. &�*�?'�<��* =�� '>/=��%�: / ��/-
/=*;��; 50 ! '>/=��% A#%�+ ��%�C�� 5,45 !!, / ��//=*;-
��; 25 ! '>/=��% A#%�+ ��%�C�� 5,45 !! � / ��//=*;-
��; 25 ! '>/=��% A#%�+ ��%�C�� 7,62 !! /* /=�%@�>! 
=��!*#A�*"����>! /��<�"���*!. �/� =�� A#%� #';?%� 
' =�%� A%�/=��>.

����! *C��?*!, �*!A*?�E�; /* /=�%@G 65�, A%���-
�*'���*+ !�<@G, ?�'�<*!* ��FJJ��=�'�� ' ��"�/='� 
C�*��F%�!��=� '>/*��D �%�//*' ?�H�=> ('>I� '=*�*-
$*), � �*!A*?�E�� �? ?���%���*+ � *=A#H���*+ /=�%� 

65�, A%����*'���*+ �%G!����! � /=�%@G 3, 'A*%�� 
A���!%�!> <%; F=�D E�%�+. ���B� A���!%�!> �*!-
A*?�E�� �? �%G!���;, A%����*'���*$* =�=��*!, �* 
/<��B�'�G H�! J��=*�*! ;'%;�=/; '>/*��; (' /��'��-
��� / <�#$�!� A��!��;�!>!� !�=�%%�!�) /=*�!*/=@ 
%�/=*'*$* =�=���. 


�����. &%�/=��> �? /=�%� 65� ��� ' *=*BB���*!, 
=�� � ' ?���%���*! /*/=*;��� ��"�/='���* A%����#G=-
/; '?�>'*! ��� !�<@G, =�� � �%G!����!, A��"�! ��?-
!��> A*%#"���>D �*!A*?�E�+ A*?'*%;G= �/A*%@?*'�=@ 
�D ' ��"�/='� C�*��F%�!��=*'.

� ��"�/='� '?�>'"�=*$* '�H�/='� <%; A%����*'�-
��; '?�>'*! FJJ��=�'�* A��!������ /!�/� �!!*��=� 
�  6T� / �!!��"�*+ /�%�=�*+ ' /**=�*I���� 1:1.

�'��<*/=@ A* �*�'�%%# A*'��D�*/=�*$* /%*; !�-
=�%%*' A*/%� A%����*'���; '?�>'*! #'�%�"�%�/@ ?��-
"�=�%@�*: =��, !�<@ /=�%� ='��B� ' 10  –  30  ��?, /=�%@ 
65� C�? ?���%�� � *=A#/�� – ' 2,0  –  2,5  ��?�, /=�%@ 65� 
A*/%� ?���%�� � *=A#/�� – ' 1,5  –  1,6 ��?�, /=�%@ 3 – ' 
2,0  –  2,7  ��?�.

 �%; /*?<���; A�*=�'*A#%@�>D ?�H�=�>D F%�!��-
=*' C�*��*<�B<> (�%�// ?�H�=�*+ /=�#�=#�> C�*-
��*<�B<> <* I�/=*$* '�%G"�=�%@�*) FJJ��=�'�* 
�/A*%@?*'���� A*%#"���>D /'���*+ '?�>'*! "�=>��D-
/%*+�*+ �*!A*?�E�� �? A%�/=�� =�=��� � �%G!���; 
(*$����"���� A* /=*�!*/=� =�=���), =��D/%*+�*+ �*!-

��/. 2. �*!A*?�E��, A*%#"���>� /'���*+ '?�>'*!, A*/%� A�*/=��%�:

 – A%�/=��> /=�%� 65�, A%����*'���>� %�/=*'>! �%G!����! � /=�%@G 3; � – %�/= �%G!���;, A%����*'���*$* =�=��*!

Fig. 2. The compositions obtained by explosion welding, after perforating:
a – plate of 65G steel clad with sheet aluminum and steel 3; � – aluminum sheet clad with titanium
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A*?�E�� �? ='��<*$* /=�%@�*$* /%*; (/=�%@ 65� A*/%� 
?���%�� � *=A#/��) � ';?�*$* /%*; �%G!���;, #/�%��-
�*$* /%*�! /=�%� 3.
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DEVELOPMENT OF ELEMENTS OF PERSONAL PROTECTION EQUIPMENT
OF NEW GENERATION ON THE BASIS OF LAYERED METAL COMPOSITION
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Abstract. The article presents the results of investigation of the explosion 
welding of strips of spring steel with some sheet metals. The selection 
of metals and their properties are grounded. The results of the shoot-
ing of the compositions are presented. Recommendations for use of 
the compositions as armor elements and of selection of parameters of 
process for their production are given. 

Keywords: welding explosion, spring carbon steel, aluminum, copper, tita-
nium, strip, sheet, armour body.
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