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Abstract. The optimal porosity of carbide frame is 44 ... 52 %. The author 
explored the kinetics of the process of impregnating of the green car-
bide frame of titanium carbide by steel 18Cr10NiTi and experimen-
tally found dependence of the rate of impregnation of the distance of 
1  cm from the contact surface of the steel with carbide frame. The 
dependence of the impregnation time from the pressing height was 
found. The regularities of distribution of grains of titanium carbide 
in pressing height after impregnation was determined and its depen-
dence on recrystallization of carbide grains through the liquid phase 
was described. 

Keywords: kinetics, carbide frame, impregnation, steel, porosity, grain 
size.
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���������. =$�(�&��; $�')->,#,; $#���,# !��(!"! �#�$*H���*, #%�!-D,�!"! '#�#�# �$!��!�,�, �!�FF�J���,# '#�#�# �$!��!�,� �$!(!-!�� �! 
�.�. =�$-��) � �$�&-!H���;A �$�,�$��( &-* !J���� �FF��,�(�!�,� F!$+!�'+�����* �$� (!-!����� �$)"-!"! ��-!��!"! �$!F�-*. =$� 
!�,�+#->�!: (�-����� )"-# (!-!����*, �!"&# +���+#->�!� !��(!� �#�$*H����, �#%-D&#D,�* +#���+#->�;� '�#����* �!�#'#,�-�: '#�#�# 
�$!��!�,� � �$�&-!H���;A �$�,�$��( �FF��,�(�!�,� F!$+!�'+�����*. 

����	�� !�	�: (!-!�����, �$!(!-!�#, !��(!� �#�$*H����, �!*�!� (!-!��, )"!- (!-!����* !�,�+#->�;:, '#�#� �$!��!�,�, ��!�!+�* ���$"��.

=$� �$!�'(!&�,(� �$!(!-!�� +#-!"! ������* �$�-
+��*D, ����!->�! (!-!��->�;A ��$�&�-!(, �,! ,$�%)-
�, (;�!��A '#,$#, �-��,$!���$"��. ���$"�* $#�A!&)�,-
�* �� ,!->�! �# F!$+!�'+������ ��A!&�!: '#"!,!(�� 
(!-!��->�!"! �$!�'(!&�,(# – �#,#��� &! "!,!(!"! $#'-

+�$# �$!(!-!��, �! � �$�!&!-���� ��-; �!�,#�,�!"! 
,$���* ( $#%!��+ �#�#-� (!-!��, �# !�)E��,(-���� 
�&(�"# +�,#--# �# (A!&� � (;A!&� !�#"# �-#�,�����!: 
&�F!$+#J�� � )$#(�!(���(#��� ��-; �$!,�(!�#,*H�-
��* [1 – 5].
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�# (;A!&� (!-!�� �!-�!� !��(!� �#�$*H���� !�$�-
&�-*�,�* �!�,#(-*DE�+� [1, 3, 5]

              (1)

"&� �Z1 , �Z2 – �$�$!�, !��(!"! �#�$*H���* ( $#%!��+ 
�!�)�� � �#-�%$)DE�+ �!*��� (!-!�� �!!,(�,�,(���!; 
�Zq , �Cd – �!�,#(-*DE�� !, &�:�,(�* �#�$*H���* �$!-
,�(!�#,*H���* � !, &!�!-��,�->�!"! �&(�"# +�,#--# 
�# (A!&� � (;A!&� �' $#%!��"! �!�)�#. 

�#(���+!�,> �$�&�-# ,��)���,� +�,#--# �Sk !, �!�F-
F�J���,# (;,*H�� � !�$�&�-*,�* �#� [4, 5]

             (2)

"&� �S0 , �Sk – �$�&�- ,��)���,� +�,#--# �# (A!&� � (;A!-
&� $#%!��"! �!�)�# (!-!��; k – �!�FF�J���, )�$!���-

��*;  – �!�FF�J���, (;,*H��; r0 , r k – $#&�)� 

'#"!,!(�� &! � �!�-� &�F!$+#J��. �+��$�����#* F!$-
+)-# (2) �#�%!-�� �!&A!&�, &-* !���#��* �'+�����* 
�$!��!�,� A!-!&�!,*�),!: )"-�$!&��,!: �$!(!-!�� �' 
�#,��,�$!(#��!: '#"!,!(�� [4, 5].

�#���, !��!(�!: �!�,#(-*DE�: �!-�!"! !��(!"! 
�#�$*H���* – �$�$!�,# !��(!"! �#�$*H���* ( $#%!��+ 
�!�)�� (!-!�� (;�!-�*-� �! )$#(����D [5]

           (3)

"&� f – �!�FF�J���, ,$���*; � – )"!- �#�-!�# !%$#')D-
E�: $#%!��"! �!�)�# � !�� (!-!����*. �!$+)-# (3) 
�$� $#���,� �#�$*H���* �Z1 )��,;(#�, ��,����(�!�,> 
&�F!$+#J�!��!"! )�$!�����* � ���$�$;(�!� �'+���-
��� �$�&�-# ,��)���,� (&!-> &-��; !�#"# &�F!$+#J�� 
�!"-#��! '#(���+!�,� (2) � �' ��� (;,��#�, (�$� k  =  0) 
F!$+)-# ��%�-*

"&�  – �$�&��: �$�&�- ,��)���,� +�,#--# 

( !�#"� &�F!$+#J��.
�!�,#(-*DE)D �!-�!"! �#�$*H���* �Cd $#����,;-

(#-� �! F!$+)-�

         (4)

=$� (;�!-����� $#���,!( !��!(�!: �!�,#(-*DE�: 
�Z1 �!-�!"! �#�$*H���* (!-!����* �! F!$+)-� (3) J�-
-��!!%$#'�! �$�+��*,> �!(!� )$#(����� [6] 

               (5)

"&� �q0 – �#�$*H���� �$!,�(!�#,*H���*.

=�$�& (A!&!+ �#-�%$)DE�"! �!*��# !��(!� �#�$*-
H���� $#(�! �Zk = �Z1 + �Zq + �Cd  .

=$�$!�, !��(!"! �#�$*H���* ( �!*��� &-��!: L 
!�$�&�-�-� �! F!$+)-� [7] 

     (6)

�!$+)-# (6) )��,;(#�, �#�$*H���!� �!�,!*��� +�-
,#--# �# (A!&� �!*��#. 

=�$(!� �-#"#�+!� ( )$#(����� (3) !�$�&�-*�, �$�-
$!�, !��(!"! �#�$*H���*, �&)E�"! �# �-#�,�����!� 
F!$+!�'+������ '#"!,!(�� � )��,!+ &�F!$+#J�!��!"! 
)�$!�����* +�,#--#:

         (7)

�,�!��,�->�;: �$�$!�, !��(!"! �#�$*H���* �# 
!�)E��,(-���� �'+�����* F!$+; �$!(!-!��!: '#"!-
,!(�� $#(��

                (8)

�#'!(�+ !,�!����� � �!�#'#,�-�+ �-� �$�,�$��+ 
�FF��,�(�!�,� F!$+!�'+�����* � �!�FF�J���,!+ 
�!-�'�!"! &�:�,(�* (G=�) �#�$*H���: (!-!����* �$� 
F!$+!�'+������ '#"!,!(�� ( �$!A!&� (!-!����*. � $#-
%!,� [8] �$�&-!H��! ���!->'!(#,> (�-����) !,�!����* 
�!�FF�J���,# F#�,�����!: (;,*H�� � �!�FF�J���,# 
+#���+#->�! (!'+!H�!: (;,*H�� (� / �max) &-* !�$�&�-
-���* G=� �$!J���# (!-!����* '# �$!A!& (!-!����*. 
�  )$#(����� (8) G=� !J���(#�,�* !,�!�����+ «�!-�'-
�!"!» �$�$#E���* !��(!"! �#�$*H���* �Z0 (7) � �!-�!-
"! �#�$*H���* �Z (1) �# (;A!&� (!-!��. 

�;�!-��� $#���, #%�!-D,�!"! '#�#�# �$!��!�,� Zap 
� �!�FF�J���,# '#�#�# �$!��!�,� � �! �.�. =�$-��) [2] 
�! '�#����*+ �$�&�-# ,��)���,� �Sk � !��(!"! �#�$*H�-
��* �Z �# (;A!&� (!-!�� � �!!,(�,�,()DE�+ )$#(����-
*+:

=$��*,!, �,! �#�#->�;: �$�&�- ,��)���,� '#"!,!(-
�� �S0  =  1000  �=#, �!�FF�J���, )�$!�����* k  =  0,25 � 
1,25. ��#+�,$ �#-�%$)DE�"! �!*��# 2  ++, &-��# �!*�-
�# 0 � 1  ++. �# $��.  1 �$�(�&��; '#(���+!�,� �!-�!"! 
!��(!"! �#�$*H���* �Z , #%�!-D,�!"! '#�#�# �$!��!�,� 
Zap, �!�FF�J���,# '#�#�# �$!��!�,� � � �$�,�$�* �F-
F��,�(�!�,� F!$+!�'+�����* � !, )"-# � �$� �!�F-
F�J���,� (;,*H�� 1,15, # �# $��.  2 �$� �!�FF�J���,� 
(;,*H�� 1,35. G!�FF�J���, ,$���* 0,05 � 0,15, �#�$*-
H���� �$!,�(!�#,*H���* 0 � 250 �=#. 

G$�(;� &-* !��(!"! �#�$*H���* �+�D, !%-#�,> 
+���+#->�;A '�#����:, # &-* �!�#'#,�-�: '#�#�# 



26

�� � � � � � � � 	 � 
 � � �  � � � 	 � � � � � � � � � �.  � � � � � � � �� � � � � � � �.  2015. �� � 58.  � 1

�$!��!� ,� � �FF��,�(�!�,� F!$+!�'+�����* – +#���-
+#->�;A '�#����:. �%-#�,� ���,$�+#->�;A '�#����: 
���-�&)� +;A �!�#'#,�-�: �$!J���# (!-!����* �+�-
E#D, �* ( �,!$!�) )(�-�����* )"-# � �$� �!(;����� 
�!�FF�J���,!( (;,*H�� � ,$���* � )+��>����� �#�-
$*H���* �$!,�(!�#,*H���* (�+.  $��.  1,  2). � +��>-
��: �,����� (-�*�, �# (�-����) !�,�+#->�!"! )"-# 
(!-!����* �!�FF�J���, )�$!�����*. ��!%���!�,> 
�,!"! (-�* ��* �!�#'#�# ( $#%!,� [9]. �#��,!*��� +�H-
&) �#$#+� �$�(;A 1 � 3, 2 � 4 A#$#�,�$�')�, �,����> 
�'+�����* �#$#+�,$# !, )(�-�����* �!�FF�J���,# 
,$���* !, 0,05 &! 0,15 �$� �!�FF�J���,� )�$!�����* 
0,25 �$� !,�),�, (�� � �#-���� �#-�%$)DE�"! �!*��# 
�!!,(�,�, (���!. �+ +��>�� (�-����# )"-# �, ,�+ ( 
%!->��: �,����� �'+��*�,�* (�-����# �#$#+�,$!( 
!, �'+�����* �!�FF�J���,# ,$���*. �!�, �,����� &�-
F!$+#J�� (;';(#�, )(�-������ !��(!"! �#�$*H���* 
� �$�,�$�* � �$� ���H���� �!�#'#,�-�: '#�#�# �$!�-
�!�,�. =!(;����� �!�FF�J���,# ,$���* (;';(#�, 
)(�-������ �#�$*H���* �Z � )+��>����� '�#����: 
Zap, � � �. =$!,�(!�#,*H���� )+��>�#�, �$�,�$�: � � 

'#�#� �$!��!�,� � �!(;�#�, !��(!� �#�$*H����, !�!-
%���! �$� +��>��A '�#����*A �!�FF�J���,!( ,$���* 
� (;,*H��. � $!� ,!+ �!�FF�J���,# )�$!�����* !, 
0,25 &! 1,25 '�#��,�->�! �!(;��-!�> !��(!� �#�$*-
H����, !�!%���! �$� �#-���� �!*��#. �,! �!�#';(#�, 
�$#(����� $#��!-!H���* �$�(;A 3 � 5 �$� !,�),�,(�� 
�!*��# � 4 � 6 �$� �#-���� �!*��# � �!�FF�J���,� 
,$���* 0,15. ���-���� &�F!$+#J�!��!"! )�$!�����* 
�!�,� �� (;'(#-! �'+�����* �$�,�$�* � �$� !,�),�,-
(�� �!*��# � �$!,�(!�#,*H���*, �!�,!+) �$�(;� 3 � 5 
�!�,� �-�-��> �$� �!�FF�J���,� (;,*H�� 1,15 � 1,35 
($��.  1,  �; 2,  �). �&�#�! �$� &�:�, (�� �$!,�(!�#,*-
H���* � !,�),�,(�� �!*��# (�-����# � ����!->�! �!-
(;��-#�> �$� )(�-������ �!�FF� J��� ,# )�$!�����* 
($��.  1,  �;  2,  �). =$� �#-���� �!*��# $!�, �!�FF�J�-
��,# k (;'(#- ���H���� �$�,�$�* � �$� !,�),�,(�� � 
&�:�,(�� �$!,�(!�#,*H���*, �,! �!�#';(#D, �$�(;� 
4 � 6 ($��. 1, �, �; 2, �, �). 

�#(���+!�,� &-* #%�!-D,�!"! '#�#�# �$!��!�,� � 
�!�FF�J���,# '#�#�# �$!��!�,� �$� ���!,!$;A �!��-
,#��*A '�#����: �#$#+�,$!( &�F!$+#J�� &#D, ��!&-

���. 1. �#(���+!�,� �!-�!"! !��(!"! �#�$*H���* �Z , #%�!-D,�!"! '#�#�# �$!��!�,� Zap, �!�FF�J���,# '#�#�# �$!��!�,� � � �$�,�$�* 
�FF��,�(�!�,� F!$+!�'+�����* � !, )"-# � �$� �!�FF�J���,� (;,*H�� 1,15: 

�, �, , � � �q = 0; �, �, �, � � �q = 250 �=#; 1, 2 � f = 0,05; 3 � 6 � f = 0,15; 1 � 4 � k = 0,25; 5, 6 � k = 1,25; 1, 3, 5 � L = 0; 2, 4, 6 � L = 1,0 ++ 

Fig. 1. The dependences of the total axial stress �Z , absolute safety margin Zap, safety factor � and � ef� ciency criterion of forming from the angle � 
with reduction ratio 1.15:

�, �, , � – �q = 0; �, �, �, � – �q = 250 MPa; 1, 2 – f = 0.05; 3 – 6 – f = 0.15; 1 – 4 – k = 0.25; 5, 6 – k = 1.25; 1, 3, 5 – L = 0; 2, 4, 6 – L = 1.0 mm
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�!'�#��;� (;(!&;. �#�$�+�$, �$� �  =  15° � !,�),�,-
(�� �$!,�(!�#,*H���* �$�(#* 5 (f  =  0,15;  L =  0;  k  =  0) 
(;�� �$�(!: 1 (f  =  0,05; L = 0; k = 1,25) �# "$#F��#A 
&-* '#(���+!�,�: Zap !, �, # �# "$#F��#A � !, � (;�� 
�$�(#* 1 ($��.  1,  �,  ;  2,  �,  ). �#��+ !%$#'!+, �$�,�$�� 
Zap � � &#D, $#'�)D !J���) )$!(�* '#�#�# �$!��!�,� 
�$� '#&#��;A '�#����*A �,����� &�F!$+#J��. =$� �!-
�FF�J���,#A (;,*H�� 1,35 � ,$���* 0,15 #%�!-D,�;: 
'#�#� �$!��!�,� Zap  <  0, # �!�FF�J���, '#�#�# �$!��!-
�,� �  <  1, ��-� )"!- �  <  3° ($��.  2,  �  –  �, �$�(;� 3  –  6). 
�  �,!+ �-)�#� �#$)�#�,�* )�,!:��(!�,> �$!J���# (!-!-
����* �! �$����� �!(;����!: �#�,!,; !%$;(!( ,*�)-
E�"! �!�J# �$!(!-!�� [2 – 5]. �#��,!*��� ( (�$,��#->-
�!+ �#�$#(-���� +�H&) �#$#+� �$�(;A 1  �  2; 3 � 4; 5 
� 6 A#$#�,�$�')�, �,����> (-�*��* �!*��# �# (�-����) 
���-�&)�+!"! �!�#'#,�-* &�F!$+#J�� �$!(!-!��. 

�# $��.  3 �!�#'#�! (-�*��� �#-�%$)DE�"! �!*��# 
&�#+�,$!+ 2  ++ � &-��!: 1  ++ �# �$�$!�, ( ��+ !��-
(!"! �#�$*H���* �Z2 �$� �!�FF�J���,� (;,*H�� 1,15 � 
1,35. G$�(;� &-* �$�$!�,# �#�$*H���* ( �!*��� �+�D, 
+#���+)+ �$� !�,�+#->�!: (�-����� )"-# (!-!����*. 

��-����# �$�$!�,# �#�$*H���* �Z2 %!->�� �$� �!�F-
F�J���,� )�$!�����* 1,25 � �!�FF�J���,� (;,*H�� 
1,15 ($��.  3,  �, �). =$!,�(!�#,*H���� �)E��,(���! ���-
'�-! �$�$!�, �#�$*H���* ( �!*���. 

�#�$*H���� �Z2 �$� �!�FF�J���,� ,$���* 0,15 
(�$�(#*  2) %!->��, ��+ �$� f  =  0,05 (�$�(#*  1) (! (��+ 
��,�$(#-� �'+�����* )"-# � ($��.  3,  �,  �), ��-� �!�FF�-
J���, (;,*H�� 1,15. �&�#�! �$� �  =  1,35 ($��.  3,  �,  �) � 
+#-;A '�#����*A )"-# � �$�$!�, �#�$*H���* ( �!*��� 
%!->�� �$� f  =  0,05. �!-�� (;�!��� $#���,�;� '�#����* 
�$�$!�,# !��(!"! �#�$*H���* ( �!*��� �$� +��>��+ 
�!�FF�J���,� ,$���* ��(!'+!H�; �$� ���!->'!(#��� 
)$#(����: [10], �� )��,;(#DE�A, ( !,-���� !, )$#(��-
��* (6), �#�$*H���!� �!�,!*��� �$!(!-!�� �# (;A!&� 
$#%!��"! �!�)�# (!-!��:

           (9)

            (10)

���. 2. �#(���+!�,� �!-�!"! !��(!"! �#�$*H���* �Z , #%�!-D,�!"! '#�#�# �$!��!�,� Zap, �!�FF�J���,# '#�#�# �$!��!�,� � � �$�,�$�* 
�FF��,�(�!�,� F!$+!�'+�����* � !, )"-# � �$� �!�FF�J���,� (;,*H�� 1,35:

�, �, , � � �q = 0; �, �, �, � � �q = 250 �=#; 1, 2 � f = 0,05; 3 � 6 � f = 0,15; 1 � 4 � k = 0,25; 5, 6 � k = 1,25; 1, 3, 5 � L = 0; 2, 4, 6 � L = 1,0 ++

Fig. 2. The dependences of the total axial stress �Z , absolute safety margin Zap, safety factor � and � ef� ciency criterion of forming from the angle � 
with reduction ratio 1.35:

�, �, , � – �q = 0; �, �, �, � – �q = 250 MPa; 1, 2 – f = 0.05; 3 – 6 – f = 0.15; 1 – 4 – k = 0.25; 5, 6 – k = 1.25; 1, 3, 5 – L = 0; 2, 4, 6 – L = 1.0 mm
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�' )$#(����: (9) � (10) �-�&)�, ,!->�! ���$�$;(�!� 
)(�-������ �$�$!�,# !��(!"! �#�$*H���* ( �!*��� � 
�!(;�����+ �!�FF�J���,# ,$���*.

�!�)�,�+, �,! '#,$#,; ���$"�� �# �!(;����� �$!�-
�!�,�;A �(!:�,( �$!(!-!�� *(-*D,�* !,$�J#,�->�!: 
(�-����!:. �,! +!H�! �$��*,>, �#�$�+�$, �$� (!-!-
����� �$!(!-!�� �� �# "!,!(;: $#'+�$, ,. �. �# �$!+�-
H),!��!+ ��$�&�-� �$!(!-!�� � J�->D )+��>����* �� 
�!��$���!"! ������*. �!"&# ( )$#(����� (7) '#&#&�+ 
+#-)D (�-����) �!�FF�J���,# )�$!�����*, �#�$�+�$, 
0,0001 (�$� �)-�(!: (�-����� �!�FF�J���,# )�$!���-
��* �#$)�#�,�* )�-!(�� &-* �$!(�&���* (;���-�,�->-
�!"! �$!J���# �# �!+�>D,�$#A, ,#� �#� �$!��A!&�, &�-
-���� �)-* �# �)->). �# $��.  4 �$�&�,#(-��; '�#����* 
�$�,�$�* �FF��,�(�!�,� F!$+!�'+�����* �* !, )"-# � 
�$� �!(!+ ��!�!%� $#���,# �$�$!�,# !��(!"! �#�$*H�-
��* �Z0 .

�$#(����� �!!,(�,�,()DE�A '#(���+!�,�: $��.  4 � 
$��.  1,  �,  �;  2,  �,  � �!�#';(#�, +��>��� '�#����� �$�-
,�$�* �*, ��+ #�#-!"���!"! �$�,�$�* �, �!,!$;:, ( !,-�-
��� !, ��$(!"!, �$���+#�, «�!-�'�;+�» '#,$#,; ���$-
"�� �# �!(;����� �$!��!�,� �$!(!-!��. ��$# (���, (! 
�*  <  � %!-�� (;$#H��! �$� �!�FF�J���,� )�$!�����* 
1,25 (�$�(;� 5 � 6). 

=$!(�&��# !J���# A#$#�,�$# (-�*��* &-��; �#-�%-
$)DE�"! �!*��# &�#+�,$!+ 2,0  ++ �# '�#����* �$�&-
-!H���;A �$�,�$��( � � �*. �-* �,!"! $#����,#�# 

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

�� = �(L) – �(L = 0);  ��* = �*(L) – �*(L = 0).

�#'�!�,� �� � ��* ( '#(���+!�,� !, )"-# � �!�#'#�; 
�# $��.  5 �$� !,�),�,(�� �$!,�(!�#,*H���* � �#�$*H�-
��� �$!,�(!�#,*H���* 250 �=#. 

�,$�J#,�->�!� (-�*��� �!*��# �# �$�,�$�: �FF��-
,�(�!�,� F!$+!�'+�����* (;�� �$� !�,�+#->�!: (�-
-����� )"-# (!-!����*. =$� �,!+ (�-����# �$�,�$�* � 
���'�-#�> ( ����!->�! %!->��: +�$�, ��+ �$�,�$�* �*. 
���H���� �$�,�$��( %!-�� '#+�,�! �$� �!�FF�J���,� 
)�$!�����* 1,25 (�$�(#* 3 (;�� �$�(!: 2). ��#����* �� 
+��>�� �$� �!�FF�J���,� (;,*H�� 1,35 ($��.  5,  �,  �), 
��+ �$� �  =  1,15  ($��.  5,  �, �). =$!,�(!�#,*H���� ���-
'�-! ��"#,�(�!� &�:�,(�� �!*��# �# �FF��,�(�!�,> 
F!$+!�'+�����*, �,! �!�#';(#�, �#$�!� �$#(����� �!-
!,(�,�,()DE�A '#(���+!�,�: � � �, � � �,  � � �# $��. 5.

���. 3. =$�$!�, !��(!"! �#�$*H���* ( �#-�%$)DE�+ 
�!*��� ( '#(���+!�,� !, )"-# � �$� �!�FF�J���,� (;,*H�� 

1,15 (�, �) � 1,35 (�, �):
�, � � �q = 0; �, � � �q = 250 �=#; 1 � f = 0,05; k = 0,25; 2 � f = 0,15;

k = 0,25; 3 � f = 0,15; k = 1,25

Fig. 3. Increase in the sizing of the axial stress depending 
on the girdle from the angle � with drawing ratio 1.15 (�, �) 

and 1.35 (�, �): 
a, � – �q = 0; �, � – �q = 250 MPa; 1 – f = 0.05; k = 0.25; 2 – f = 0.15; 

k = 0.25; 3 – f = 0.15; k = 1.25

���. 4. �#(���+!�,> �$�,�$�* �FF��,�(�!�,� F!$+!�'+�����* �* 
!, )"-# � �$� �!�FF�J���,� (;,*H�� 1,15 (�, �) � 1,35 (�, �):

�, � � �q = 0; �, � � �q = 250 �=#; 1, 2 – f = 0,05; 3 – 6 – f = 0,15;
1 – 4 – k = 0,25; 5, 6 – k = 1,25; 1, 3, 5 – L = 0; 2, 4, 6 – L = 1,0 ++

Fig. 4. Dependence of the ef� ciency criterion �* of forming from the 
angle � with reduction ratio 1.15 (�, �) and 1.35 (�, �):

a, � – �q = 0; �, � – �q = 250 MPa; 1, 2 – f = 0.05; 3 – 6 – f = 0.15; 
1 – 4 – k = 0.25; 5, 6 – k = 1.25; 1, 3, 5 – L = 0; 2, 4, 6 – L = 1.0 mm
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��	�"�. =$� $#���,� �$�,�$�* � &-* !J���� �F-
F��,�(�!�,� F!$+!�'+�����* ���$"�*, '#,$#����#* 
�# F!$+!�'+������ '#"!,!(�� � �!(;����� �$!��!�,-
�;A �(!:�,( !%$#%#,;(#�+!"! +#,�$�#-#, �$��*,# �#� 
�!-�'�#*, # '#,$#,; ���$"�� �# �$�!&!-���� ��- �!�-
,#�,�!"! ,$���* � �$!,�(!�#,*H���*, �# �&(�"!()D &�-
F!$+#J�D ( !�#"� &�F!$+#J�� � �# �"! "$#��J#A – &!-
�!-��,�->�;+� � %���!-�'�;+�. �,!$!: #�#-!"���;: 
�$�,�$�: �* � %���!-�'�;+ '#,$#,#+ ���$"�� !,�!��, 
,#�H� $#%!,) ��-; (!-!����*, �&)E)D �# �!(;����� 
�$!��!�,� �$!(!-!��. �,!, �$�,�$�: +��>�� �. �%# 
�$�,�$�* � � �* )(�-���(#D,�* � $!�,!+ �!�FF�J���,# 
(;,*H�� � ���H����+ �!�FF�J���,# ,$���*, &-��; �#-
-�%$)DE�"! �!*��# � �#�$*H���* �$!,�(!�#,*H���*. 
�-�*��� �!�FF�J���,# )�$!�����* �# �$�,�$�� �F-

F��,�(�!�,� F!$+!�'+�����* +���� '�#��+!, ��+ �!-
�FF�J���,!( (;,*H�� � ,$���*. �$#F��� '#(���+!�,� 
!��(!"! �#�$*H���*, #%�!-D,�!"! '#�#�# �$!��!�,�, 
�!�FF�J���,# '#�#�# �$!��!�,� � �$�,�$��( �FF��-
,�(�!�,� F!$+!�'+�����* !, (�-����; )"-# � �!�#'#-
-� )(�-������ !�,�+#->�!"! )"-# (!-!����* � �!(;��-
���+ �!�FF�J���,!( (;,*H�� � ,$���* � ���H����+ 
�#�$*H���* �$!,�(!�#,*H���* (!-!����*.

=$� !�,�+#->�!+ '�#����� )"-# (!-!����* � &!�,�-
"#D,�* +#���+#->�;� '�#����* �$�,�$��( �FF��,�(�!-
�,� F!$+!�'+�����* � � �*, #%�!-D,�!"! '#�#�# �$!�-
�!�,� Zap � �!�FF�J���,# '#�#�# �$!��!�,� �, # ,#�H� 
+#���+#->�!� ���H���� �$�,�$��( � � �* �$� )(�-���-
��� &-��; �#-�%$)DE�"! �!*��# (!-!��. G$�,�$�: � 
%!-�� �$��+-�+ �$� !J���� �FF��,�(�!�,� F!$+!�'-
+�����* �$� (!-!����� �$!(!-!�� �# "!,!(;: $#'+�$ 
� �!$+�$!(#��;+� �$!��!�,�;+� �(!:�,(#+�, # �$�-
,�$�: �* �$� #�#-!"���!: !J���� �$� &�F!$+�$!(#��� 
,!->�! � J�->D )+��>����* �!��$���!"! ������* �$!-
(!-!��. =$� �!�,$!���� +#$�$),!( (!-!����* ��$�-
&�->�!: � "!,!(!: �$!(!-!�� � J�->D ���H���* '#,$#, 
(�����: ���$"�� �# �� �-#�,�����!� F!$+!�'+������ 
�-�&)�, $��!+��&!(#,> �!�#'#,�-� � � �*.
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���. 5. �-�*��� �#-�%$)DE�"! �!*��# �# (�-����) ���H���* 
�$�,�$�* �FF��,�(�!�,� F!$+!�'+�����* � �$� �!�FF�J���,� 

(;,*H�� 1,15 (�, �) � 1,35 (� � �) ( '#(���+!�,� !, )"-# �:
�, �,  � �q = 0; �, �, � � �q = 250 �=#; 1 � f = 0,05; k = 0,25;

2 � f = 0,15; k = 0,25; 3 � f = 0,15; k = 1,25

Fig. 5. The effect of the girdle on reduction magnitude of sizing criterion 
� of ef� ciency of forming with drawing ratio 1.15 (�, �) and 1.35 (� � �) 

in dependence from the angle �:
�, �,  – �q = 0; �, �, � – �q = 250 MPa; 1 – f = 0.05; k = 0.25;

2 – f = 0.15; k = 0.25; 3 – f = 0.15; k = 1.25
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MARGIN AND EFFICIENCY OF FORMING OF WIRE DEPENDING ON THE ANGLE OF DRAWING

Gur’yanov G.N., Cand. Sci. (Eng.), assist. Professor 
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Zhelezkov O.S., Dr. Sci. (Eng.), Professor of the Chair 
“Strength of materials”
Platov S.I., Dr. Sci. (Eng.), Professor, Head of the Chair 
“Machinery and metal forming technology”
Terent’ev D.V., Cand. Sci. (Eng.), Assist. Professor of the 
Chair “Machinery and metal forming technology”

Magnitogorsk State Technical University named after G.I. Nosov 
(38, Lenina ave., Magnitogorsk, 455000, Russia)

Abstract. Results of calculation of the axial stress, the absolute margin 
of safety, safety I.L. Perlin factor for wire were determined and the 
authors proposed criteria for evaluating the effectiveness of forming 
at drawing round solid pro� le. At the optimum value of the angle of 
drawing, when the axial stress is minimal, can be observed maximum 
values of the safety factor and the proposed performance criteria of 
forming. 

Keywords: drawing, wire, axial stress, die parallel, optimum corner of 
drawing, economy of energy, margin.
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