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1 	������� ������ �!"#�"��� � $%�&!�%'"(&)&��+ �� ���
(634021, ������, �����, !". ��#$%��&%���', 2/4)

2 �%-�"�%'.�/0 ���'&)"(%�&'.���0 �"$���0 �"'��&4��#&���0 ���(&!���&�
(634034, ������, �����, !". �%*�*#, 30)

3 �"$���0 5"��)%!��(&��/0 %!4��&���!�"-��!"��&'.�/0 ���(&!���&�
(634003, ������, �����, !+. ��+�*#�, 2)

�

������. -"%$�7#;+%*< "%=>+?7#7< ���+%$�;#*�� ���"��7">�7>"< � �%@#*�&%���@ �;�'�7; A���*%"7*<@ �!+#;�; *# ��*�;% 7�7#*#, B�"-
��*�� � *��A�� ; >+?7"#�%+��=%"*��7�� ���7��*��. �+?7"#�%+��=%"*��7�% ���7��*�% !�+>&#+� ���A�*�"�;#**<� �%7�$�� �*7%*��;*�' 
!+#�7�&%���' $%D�"�#B��, ��7�"<' ;�+E&#+ �*�F�B��+�;�% abc-!"%���;#*�% !"� =#$#**�� 7%�!%"#7>"*�� "%G��%, �*�F�@�$�;>E !"�-
�#7�> ; ">&?%;<@ ;#+�#@ !"� ���*#7*�' 7%�!%"#7>"% � *�=��7%�!%"#7>"*<' $�"%�"��7#++�=#B��**<' �7G�F. �7G�F !�;<H#+ !+#�7�&-
*��7? �!+#;�; ; >+?7"#�%+��=%"*��7�� ���7��*�� A%= �=�%*%*�� "#=�%"# =%"*#. � "%=>+?7#7% $;>@I7#!*�' �*7%*��;*�' !+#�7�&%���' 
$%D�"�#B�� � �7G�F# ; �!+#;#@ �D�"��"�;#*# >+?7"#�%+��=%"*��7#� �7">�7>"# �� �"%$*�� "#=�%"�� I+%�%*7�; =%"%**�'-�>A=%"%**�' 
�7">�7>"< 0,16  –  0,25  ���, ��7�"#� �A%�!%&�;#+# =*#&�7%+?*�% !�;<H%*�% >"�;*� �%@#*�&%���@ �;�'�7; (!"%$%+ !"�&*��7�, !"%$%+ 7%�>-
&%�7� � ���"�7;%"$��7?) �!+#;�; !� �"#;*%*�E � �@ ��@�$*<� �">!*�=%"*��7<� �+� �%+���"��7#++�&%���� ���7��*�%�. � 7� G% ;"%�� 
D�"��"�;#*�% >+?7"#�%+��=%"*��7�F� ���7��*�� ; �!+#;#@ *% !"�;�$�7 � �=�%*%*�E ��$>+� >!">F��7� !"� =*#&�7%+?*�� >;%+�&%*�� 
!"%$%+�; !"�&*��7� � !+#�7�&*��7�. 

�������� !����: A���*%"7*<% �!+#;< 7�7#*# � B�"��*��, >+?7"#�%+��=%"*��7�% ���7��*�%, �*7%*��;*#� !+#�7�&%��#� $%D�"�#B��, ���"�-
�7">�7>"#, �%@#*�&%���% �;�'�7;#.

�"%A�;#*���, ��7�"<% !"%$J�;+�%7 ��;"%�%**#� 
�%$�B�*# � �#7%"�#+#� $+� ��!+#*7#7�;, A�+%% ;�%-
F� ���7;%7�7;>E7 7�7#* � *%��7�"<% 7�7#*�;<% �!+#-
;< [1  –  4]. ��*�;*<� $��7��*�7;�� I7�@ �#7%"�#+�; 
�;+�E7�� �@ ;<���#� ��""�=��**#� �7�'���7?, A��-
�*%"7*��7?, �+#A#� 7����&*��7?, *�=��% ��IDD�B�%*7< 
7%"��&%���F� +�*%'*�F� "#�H�"%*�� � 7%!+�!"�;�$*�-
�7�, *%�#F*�7*��7?, *%A�+?H#� !+�7*��7? [5]. �+%$>-
%7 �7�%7�7?, &7� #*#+�F�&*<�� �;�'�7;#�� �A+#$#E7 
� $">F�% ;%*7�+?*<% �%7#++<, *#!"��%", B�"��*�', 
*��A�', 7#*7#+, F#D*�' [2  –  4]. 
�"��� ��!�+?=>E7�� 
7�7#*�;<% �"%$*%!"�&*<% �!+#;< (*#!"��%", ��6), 
��7�"<% ��%E7 *%�A@�$��<' >"�;%*? �%@#*�&%���@ 
�;�'�7;. �$*#�� !"%$!�&7�7%+?*%% !"��%*%*�% �!+#-
;�;, *% ��$%"G#K�@ 7����&*<@ +%F�">EK�@ I+%�%*-

7�; (#+E��*��, ;#*#$��, ��+�A$%*# � $".) [2]. � I7�� 
#�!%�7% !%"�!%�7�;*<�� $+� !"��%*%*�� �;+�E7�� 
A���*%"7*<% �%7#++< (7�7#*, B�"��*�', *��A�' � �@ 
�!+#;<), ��7�"<% �A+#$#E7 >*��#+?*<� ���!+%���� 
D�=���-�%@#*�&%���@ � A��+�F�&%���@ �;�'�7; [1,  2]. 

�"���% !"��%*%*�% &��7<@ �%7#++�; �$%"G�;#%7�� 
�@ *%;<������ !"�&*��7*<�� �;�'�7;#��. ��;%'H�% 
"#="#A�7�� !"%$J�;+�E7 ;<����% 7"%A�;#*�� *% 7�+?�� 
� $#+?*%'H%�> >;%+�&%*�E !"�&*��7*<@ �;�'�7;, *� 
� � �*�G%*�E ��$>+� >!">F��7�. ��%*?H%*�% "#=+�-
&�� ; ��$>+�@ >!">F��7� �#7%"�#+# � 7�#*%' !�=;�+�%7 
��>K%�7;�7? "#;*��%"*�% "#�!"%$%+%*�% $%D�"�#B�' 
� *#!"�G%*�' !"� �@ ��;�%�7*�' "#A�7% � ���+E&�7? 
;�=��G*��7? "#=">H%*�� ; �%�7#@ ��!"�G%*��. 

��$>+? >!">F��7� > A�+?H�*�7;# 7�7#*�;<@ �!+#-
;�; *#@�$�7�� ; !"%$%+#@ 100  –  120  �-# [3,  4]. -%"�-
!%� 7�;*<� *#!"#;+%*�%� ; �A+#�7� �%$�B�*���F� �#-
7%"�#+�;%$%*�� �;+�%7�� ��=$#*�% A����;�%�7��<@ 
7�7#*�;<@ �!+#;�; � *�=��� ��$>+%� >!">F��7�, *#-
!"��%", ���7%� Ti – Nb �+� Ti – Nb – Zr [2,  3]. �#�, +%-
F�"�;#*�% 7�7#*# *��A�%� �+� B�"��*�%� !�=;�+�%7 
>�%*?H�7? ��$>+? >!">F��7� $� 55  –  80  �-# [3,  4]. -"� 
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* �#A�7# ;<!�+*%*# !"� &#�7�&*�' D�*#*��;�' !�$$%"G�% !"�-
F"#��< D>*$#�%*7#+?*<@ ���+%$�;#*�' -"%=�$�>�# ���, -"�-
F"#��< D>*$#�%*7#+?*<@ ���+%$�;#*�' �� ��� *# 2013 – 2016 FF. 
(!"�%�7 III.23.2.2).

�;7�"< ;<"#G#E7 A+#F�$#"*��7? !"�D%���"> Zhu Q.F. � ;%$>-
K%�> 7%@*�+�F> -.�. �;#"��*> =# ��$%'�7;�% ; "#A�7% � !���K? ; 
;<!�+*%*�� "�$# I��!%"��%*7�;.
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��� � � � � � � � � � � � � � � � � � � � � � � �� � � � �

I7�� *�=��' ��$>+? >!">F��7� �!+#;# $�+G%* ��&%7#7?-
�� � ;<������ !"%$%+#�� 7%�>&%�7� � !"�&*��7� �#7%-
"�#+#.

�!%B�#+?*<% $%D�"�#B��**<% �A"#A�7��, � ��7�-
"<� �7*���7�� �%7�$< �*7%*��;*�' !+#�7�&%���' $%-
D�"�#B�� (�-�), 7#��% �#� "#;*��#*#+?*�% >F+�;�% 
!"%���;#*�% � %F� "#=+�&*<% ��$�D��#B��, �">&%-
*�% !�$ ;<����� $#;+%*�%�, ;�%�7�"�**�� ��;�# �+� 
�bc-!"%� ��;#*�%, I��7">=�� � 7.$. [6  –  11], !�=;�+�-
E7 !�+>&#7? =#F�7�;�� � �=$%+�� ; *#*��7">�7>"*�� 
� >+?7"# �%+��=%"*��7�� (���) ���7��*��@ �� =*#-
&�7%+?*� A�+%% ;<������ =*#&%*���� �%@#*�&%���@ 
�;�'�7; !� �"#;*%*�E � �">!*�=%"*��7<� ���7��*�%�. 
�+?7"#�%+��=%"*��7#� �+� *#*�"#=�%"*#� �7">�7>"# 
��F>7 �#"$�*#+?*� !�;<��7? �%@#*�&%���% �;�'�7;# 
(!"%$%+< 7%�>&%�7� � !"�&*��7�, ��!"�7�;+%*�% >�7#-
+��7*��> "#=">H%*�E, �=*����7�'���7?, B��+�&%��>E 
$�+F�;%&*��7? � $".) �%7#++�&%���@ �#7%"�#+�;. �#� 
!"#;�+�, ��� �/�+� *#*��7">�7>"*�F� ���7��*�� ; 
�%7#++#@ � �!+#;#@ >$#%7�� $��7�F*>7? 7�+?�� =# �&%7 
!��+%$�;#7%+?*�F� !"��%*%*�� $;>@ �+� A�+%% "#=+�&-
*<@ �%7�$�; �*7%*��;*�' !+#�7�&%���' $%D�"�#B��, 
*#!"��%", abc-!"%���;#*�� �+� "#;*��#*#+?*�F� >F+�-
;�F� !"%���;#*�� � !��+%$>EK%' !"��#7��' [6  –  13]. 

P%+? *#�7��K%' "#A�7< – ���+%$�;#*�% ;+��*�� 
���A�*�"�;#**�' �*7%*��;*�' !+#�7�&%���' $%D�"-
�#B�� *# I;�+EB�E ���"��7">�7>"<, �%@#*�&%���@ 
�;�'�7; �!+#;�; *# ��*�;% 7�7#*# � B�"��*��.

� �#&%�7;% �#7%"�#+# ���+%$�;#*�� A<+� ;<A"#*< 
�+%$>EK�% �!+#;<: 7�7#* �#"�� ��1-0; B�"��*�', +%-
F�"�;#**<' *��A�%� (1  %  Nb (!�  �#��%) (�!+#; U110)) 
� �!+#; ���7%�< Ti  –  40  %  Nb (!�  �#��%). ��@�$*�% 
���7��*�% ; 7�7#*% !�+>&#+� �7G�F�� ; #"F�*% !"� 
7%�!%"#7>"% 800  °� ; 7%&%*�% 1  &. � "%=>+?7#7% �7G�F# 
!�+>&%*� �">!*�=%"*��7�% ���7��*�% � "#;*���*<�� 
=%"*#��, �"%$*�' "#=�%" ��7�"<@ 25  ��� ("��.  1,  �). 
�A"#=B< B�"��*�� !�$;%"F#+� �7G�F> !"� 7%�!%"#7>"% 
580  °� ; 7%&%*�% 3  & ; ;#�>>�%. -��+% �7G�F# ���"�-
�7">�7>"# B�"��*�� ���7��+# �= "#;*���*<@ �#7"�&-
*<@ =%"%* V-Zr � &#�7�B *��A��, "#�!�+�G%**<@ !� 

F"#*�B#� � ; 7%+% �#7"�&*<@ =%"%*. �"%$*�' "#=�%" 
=%"%* B�"��*�� ���7#;�+ 2,8  ���, # &#�7�B *��A��  – 
0,4  ��� ("��.  1,  �). �7�%7��, &7� ��@�$*�% ���7��*�% 
B�"��*�� � >�#=#**<� "#=�%"�� =%"%* �+%$>%7 �7*%�7� 
� �%+��=%"*��7��> ���7��*�E ; ���7;%7�7;�� � �#�-
H7#A*�' �+#���D��#B�%', !"�;%$%**�' ; "#A�7%  [14]. 
�# ���"�$�D"#�B��**<@ �#"7�*#@ �A"#=B�; B�"��*�� 
; ��@�$*�� ���7��*�� �$%*7�D�B�">E7�� "%D+%��< 
�7 *��A��, V-Zr � W-Zr. �#F�7�;�� �!+#;# Ti  –  40  %  Nb 
;  +�7�� ���7��*�� �7G�F#+� !"� 7%�!%"#7>"% 1100  °� 
;  7%&%*�% 1  & ; #"F�*% � !��+%$>EK%' =#�#+��' ; ;�$>. 
�  ��@�$*�� ���7��*�� �+�7�� ��%+ �&%��7�-$%*$"�7-
*>E �7">�7>"> � !"%�A+#$#*�%� 7;%"$�F� "#�7;�"# *��-
A�� *# ��*�;% W-Ti. -��+% =#�#+�� ; �#7"�&*<@ =%"*#@ 
7;%"$�F� "#�7;�"# �A*#">G%*< �F�+?&#7<% ;�+E&%*��, 
@#"#�7%"*<% $+� �#"7%*��7*�' �%7#�7#A�+?*�' VX-D#-
=<  [15] ("��.  1,  
).

�+?7"#�%+��=%"*��7>E �7">�7>"> ; ���+%$>%�<@ 
�!+#;#@ !�+>&#+� ���A�*�"�;#**<� �%7�$�� �*7%*-
��;*�' !+#�7�&%���' $%D�"�#B��, ��7�"<' ;�+E&#+ 
�bc-!"%���;#*�% ; ��&%7#*�� � �*�F�@�$�;�' !"��#7-
��' ; ">&?%;<@ ;#+�#@  [11]. �# !%";�� I7#!% $%D�"-
�#B�E =#F�7�;�� !"�;�$�+� *# F�$"#;+�&%���� !"%�-
�% �� ���"��7?E 10–3  –  10–1  �–1. -��+% �#G$�F� B��+# 
!"%���;#*�� =#F�7�;�> !�;�"#&�;#+� *# 90° � =#7%� 
!�$;%"F#+� �+%$>EK%�> B��+>. -"� !%"%@�$% �7 �$*�-
F� B��+# !"%���;#*�� � �+%$>EK%�> 7%�!%"#7>"> !"� 
!"%���;#*�� =#F�7�;�� !�*�G#+� �7>!%*&#7� ; �*7%"-
;#+% 500  –  400  °�. �#G$<' B��+ !"� =#$#**�' 7%�!%-
"#7>"% ;�+E&#+ ��#$�> *# 40  –  50  %. �7�%7��, &7� $+� 
A�+%% IDD%�7�;*�F� �=�%+?&%*�� =%"*# �A"#=B< �!+#;# 
Ti – Nb *# !%";<@ $;>@ B��+#@ $%D�"��"�;#+� ; !"%��-
D�"�%, # *# !��+%$>EK�@ �%�� B��+#@ !"��%*�+� �;�-
A�$*�% !"%���;#*�%.

�# ;7�"�� I7#!% =#F�7�;�� $%D�"��"�;#+� !"�-
�#7��' ; ">&?%;<@ ;#+�#@ !"� ���*#7*�' 7%�!%"#7>-
"%. -"��#7�# ; ">&?%;<@ ;#+�#@ �;+�%7�� *%�A@�$�-
�<� >�+�;�%�, 7#� �#� �A%�!%&�;#%7 D�"��"�;#*�% 
�$*�"�$*�' �7">�7>"< !� ;�%�> �AJ%�> =#F�7�;�� � 
$�!�+*�7%+?*<� �=�%+?&%*�%� =%"*#. �%+�&�*# *#-

���. 1. �;%7+�!�+?*<% I+%�7"�**�-���"����!�&%���% �=�A"#G%*�� ���"�-�7">�7>"< � ���7;%7�7;>EK��� ���"�$�D"#�B��**<�� �#"7�*#�� 
(�, �) � �!7�&%���% �=�A"#G%*�% (
) 7�7#*# ��1-0 (�), �!+#;# B�"��*�� U110 (�) � �!+#;# Ti – 40 % Nb (
) ; �">!*�=%"*��7�� ���7��*��

 
Fig. 1. Bright-\ eld electron-microscope images of microstructure with the corresponding microdifraction patterns (�, �) and optical image (
) of 

titanium V�1-0 (�), zirconium alloys E110 (�) and Ti – 40 % Nb (
) alloy in a large-grained condition
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��!+%**�' $%D�"�#B�� !"� !"��#7�% ���7#;�+# 75  %. 
��7�;<% =#F�7�;�� ; D�"�% !">7��; $+� �*�7�� ;*>-
7"%**�@ *#!"�G%*�' � >;%+�&%*�� !+#�7�&*��7� !�$-
;%"F#+� �7G�F> ; �"%$% #"F�*# !"� 7%�!%"#7>"% 300 
�+� 350  °�. 

���"��7">�7>"> �A"#=B�; ���+%$�;#+� �%7�$�� 
!"��;%&�;#EK%' I+%�7"�**�' ���"����!�� (I+%�7"�*-
*<' ���"����! JEM-2100 ; P�- «�������» �q-� 
��  ���). �"%$*�' "#=�%" I+%�%*7�; �7">�7>"< (=%-
"%*, �>A=%"%*, D"#F�%*7�;) "#��&�7<;#+� �%7�$�� 
�%�> K%'  [16]. �+� ���"��7">�7>"*<@ ���+%$�;#*�' � 
�=�%"%*�' ���"�7;%"$��7� !��+% abc-!"%���;#*�� � 
!"��#7�� F�7�;�+� �A"#=B< �= !"�$�+?*�F� �%&%*�� =#-
F�7�;��. �%@#*�&%���% ��!<7#*�� *# "#�7�G%*�% A<+� 
;<!�+*%*< *# ��!<7#7%+?*�' �#H�*% «�*�7"�*». 

� "%=>+?7#7% $;>@I7#!*�' �-� � *�=��7%�!%"#7>"-
*�F� �7G�F# ; 7�7#*% D�"��">%7�� =%"%**�-�>A=%"%**#� 
�7">�7>"# �� �"%$*�� "#=�%"�� �7">�7>"*<@ I+%�%*7�; 
0,16  ��� ("��.  2,  �), &7� ���7;%7�7;>%7 ��� ���7��*�E. 
-"� �-� ; B�"��*�� (�!+#; U110) 7#�G% D�"��">%7�� 
��� ���7��*�% ("��.  2,  �). �"%$*�' "#=�%" I+%�%*7�; 
�7">�7>"< $%D�"��"�;#**�F� B�"��*��, !�$;%"F*>-
7�F� abc-!"%���;#*�E � !"��#7�%, ���7#;�+ 0,2  ���. 
�#  �;%7+�!�+?*<@ �=�A"#G%*��@ ���"��7">�7>"< ;�$-
*< &#�7�B< *��A��. �# ���"�$�D"#�B��**<@ �#"7�-
*#@ ;<�;+%*< F">!!< "%D+%���; �7 ��*�;*�' D#=< V-Zr 
� D#=< W-Nb. �"%$*�' "#=�%" &#�7�B *��A�� >�%*?H#-
%7�� $� 0,12  ��� !� �"#;*%*�E � ��@�$*<� ���7��*�%�, 
F$% �"%$*�' "#=�%" &#�7�B 0,4  ���. U7� ��G%7 �;�$%-
7%+?�7;�;#7? � &#�7�&*�� "#�7;�"%*�� &#�7�B *��A�� 
!"� �*7%*��;*�' !+#�7�&%���' $%D�"�#B�� � �A"#=�-
;#*�%� 7;%"$�F� "#�7;�"#.

� �!+#;% Ti  –  40  %  Nb (!� �#��%) !"� �-� D�"��-
">%7�� =%"%**�-�>A=%"%**#� �7">�7>"# ("��.  2,  
). �# 
���"�$�D"#�B��**�' �#"7�*% �$%*7�D�B�"�;#*< 
"%D+%��< ;<����' �*7%*��;*��7� �7 7;%"$�F� "#�7;�"# 
*��A�� *# ��*�;% W-Ti � "%D+%��< *�=��' �*7%*��;*��-
7� �7 7;%"$�F� "#�7;�"# *��A�� *# ��*�;% V-Ti. �%7#-
�7#A�+?*>E �#"7%*��7*>E D#=> 7;%"$�F� "#�7;�"# 

VX-Ti *% �$%*7�D�B�"�;#+�. �&%;�$*�, &7� !"� �-� 
!"���@�$�7 "#�!#$ �#"7%*��7*�' D#=< ; �7#A�+?*>E 
W-D#=> 7;%"$�F� "#�7;�"# *��A�� � V-D#=> 7�7#*# !� 
�@%�% VX  v  W  +  V [13]. �"%$*�' "#=�%" I+%�%*7�; �7">�-
7>"< �!+#;# Ti – Nb !��+% �-� ���7#;�+ 0,25  ���, &7� 
7#�G% ���7;%7�7;>%7 ��� ���7��*�E [14]. 

�"�;<% 7%&%*�� 7�7#*# ; ��� � �">!*�=%"*��7�� 
���7��*��@ !"�;%$%*< *# "��.  3,  �. �+?7"#�%+��=%"*��-
7�% ���7��*�% ; 7�7#*% �A%�!%&�;#%7 !+#�7�&*��7? $� 
8  %, !"%$%+< 7%�>&%�7� {0,2 � !"�&*��7� {; ���7#;+�E7 
960 � 1160  �-# ���7;%7�7;%**� ("��.  3,  �, �"�;#�  1), 
{0,2 � {; ��@�$*�F� 7�7#*# – 270 � 400  �-# ("��.  3,  �, 
�"�;#�  2). �#!"�G%*�% 7%&%*�� B�"��*�� ; ��� ���-
7�� *�� ("��.  3,  �, �"�;#�  3) 7#�G% =*#&�7%+?*� ;<H% !� 
�"#;*%*�E � *#!"�G%*�%� 7%&%*�� B�"��*�� ; ��@�$-
*�� ���7��*�� ("��.  3,  �, �"�;#�  4). -"%$%+< 7%�>&%�7� 
� !"�&*��7� – 490 � 860  �-# ���7;%7�7;%**�. -"%-
$%+?*#� !+#�7�&*��7? ��� B�"��*�� ���7#;�+# 7  %. 
�%@#*�&%���% @#"#�7%"��7��� �!+#;# Ti – Nb ; ��� 
���7��*�� ��#=#+��? �+%$>EK�%: !"%$%+< 7%�>&%�7� 
� !"�&*��7� – 920 � 1040  �-#; !"%$%+?*#� !+#�7�&-
*��7?  – 4  % ("��.  3,  �, �"�;#�  5). �+� !�+>&%*�� A�+%% 
;<����F� >"�;*� !+#�7�&*��7� 7"%A>%7�� >;%+�&%*�% 
$+�7%+?*��7� $�"%�"��7#++�=#B��**�F� �7G�F# !��+% 
$%D�"�#B��**�' �A"#A�7��. 

� 7#A+�B% !"�;%$%*< =*#&%*�� �%@#*�&%���@ 
�;�'�7; =#F�7�;�� ���+%$>%�<@ �#7%"�#+�; ; >+?7"#-
�%+��=%"*��7�� � �">!*�=%"*��7�� ���7��*��@ � H�-
"��� !"��%*�%��F� ; �#&%�7;% ��*�;< �!+#;# ��6. 
�%#+�=#B�� �*7%*��;*�' !+#�7�&%���' $%D�"�#B�� 
���A�*�"�;#**<� �%7�$�� �b
-!"%���;#*�� � !��+%-
$>EK��� !"��#7��' � $�"%�"��7#++�=#B��**<� �7-
G�F�� !�=;�+�%7 !�+>&#7? ���+%$>%�<% �!+#;< ; ��� 
���7��*�� � ;<������ �%@#*�&%����� �;�'�7;#��, 
��!��7#;��<�� �� �;�'�7;#�� �"%$*%+%F�"�;#**<@ 
7�7#*�;<@ �!+#;�; (�#� ��6). �+%$>%7 �7�%7�7?, &7� 
�!+#; Ti  –  40  %  Nb (!� �#��%) ��%%7 *�=��' ��$>+? 
>!">F�� 7� – 55  �-#  [3]. U7# ;%+�&�*# ; $;# "#=# *�G%, 
&%� $+� A���*%"7*<@ �%7#++�; (7�7#*#, B�"��*��, F#D-

���. 2. �;%7+�!�+?*<% I+%�7"�**�-���"����!�&%���% �=�A"#G%*�� ���"��7">�7>"< � ���7;%7�7;>EK��� ���"�$�D"#�B��**<�� �#"7�*#-
�� 7�7#*# ��1-0 (�), �!+#;# B�"��*�� U110 (�) � �!+#;# Ti – 40 % Nb (
) ; >+?7"#�%+��=%"*��7�� ���7��*��

Fig. 2. Bright-\ eld electron-microscope images of microstructure with the corresponding microdifraction patterns (�, �) and optical image (
) 
of titanium V�1-0 (�), zirconium alloys E110 (�) and Ti – 40 % Nb (
) alloy in a ultra\ ne-grained condition
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��� � � � � � � � � � � � � � � � � � � � � � � �� � � � �

*��, 7#*7#+#) � �!+#;�; *# ��*�;% 7�7#*# � B�"��*��. 
�%�A @�$��<% !"�&*��7*<% �;�'�7;# $��7�F#E7�� =# 
�&%7 ��=$#*�� ��� ���7��*�� �%7�$#�� �-�. -"� I7�� 
��$>+? >!">F��7� !�;<H#%7�� *%=*#&�7%+?*�.

����"�. ���A�*�"�;#**<' $;>@I7#!*<' �%7�$ 
�*7%*��;*�' !+#�7�&%���' $%D�"�#B��, ;�+E&#E-
K�' abc-!"%���;#*�% � �*�F�@�$�;>E !"��#7�>, !�-
=;�+�%7 !�+>&#7? =#F�7�;�� �!+#;�; 7�7#*# � B�"-
��*�� ��1-0, U110, Ti  –  40  %  Nb (!� �#��%) ; ��� 
���7��*�� �� �"%$*�� "#=�%"�� I+%�%*7�; �7">�7>-
"< 0,16, 0,20 � 0,25  ��� ���7;%7�7;%**�. �+?7"#�%+-
��=%"*��7�% ���7�� *�% �A%�!%&�;#%7 =*#&�7%+?*�% 
!�;<H%*�% �%@#*�&%���@ �;�'�7; !� �"#;*%*�E � 
��@�$*<� �">!*�=%"*��7<� �+� �%+���"��7#++�&%�-
��� ���7��*�%�. 
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�&4%��#&���& 4%!%��&!������ ���'&)�&$/4 $%�&!�%'"( ( �!���"�&!����"$ (#��'��&'.)
� �'.�!%$&'�"�&!����"$ (��%$&�%�&'.) �"��"+��+4

�#7%"�#+ {0,2 , �-# {; , �-# �, % H�  , �-# �, �-#

��1-0

��-6 1010 1100 6 3500 88 – 116

U110

Ti – 40 % Nb 

���. 3. ��#F"#��< "#�7�G%*�� 7�7#*# ��1-0 (�) ; �">!*�=%"*��7�� (1) � >+?7"#�%+��=%"*��7�� (2) ���7��*��, �!+#;# U110 ; �%+��=%"*�-
�7�� (3) � >+?7"#�%+��=%"*��7�� (4) ���7��*�� � �!+#;# Ti – 40 % Nb ; >+?7"#�%+��=%"*��7�� ���7��*�� (5) (�)

���. 3. Diagrams of V�1-0 titanium stretching (�) in a large-grained (1) and ultra\ ne-grained (2) condition, E110 alloy in a \ ne-grained (3) and 
ultra\ ne-grained (4) conditions and Ti – 40 % Nb alloy in ultra\ ne-grained condition (5) (�)
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Abstract. The paper presents the results of a research of microstructure and 
mechanical properties of bioinert alloys based on titanium, zirconium 
and niobium in ultra\ ne-grained condition. Ultra\ ne-grained condi-
tion was received by a combined method of severe plastic deformation, 
which included high-cycle abc-pressing at a given temperature regime, 
a multi-pass rolling in shaped rolls at room temperature and low tem-
perature prerecrystallization annealing. The annealing increased the 
plasticity of alloys in ultra\ ne-grained condition without changing the 
grain size. In the two-stage severe plastic deformation and annealing 
the ultra\ ne-grained structure was formed in the alloys. The average 
element size of the grain-subgrain structure was 0.16  –  0.25  �m, which 
provided a signi\ cant improvement in mechanical properties (ultimate 
strength, yield strength and microhardness) of the alloys compared to 
their original hard-grained or \ ne-crystalline conditions. At the same 
time, the formation of ultra\ ne-grained conditions in alloys did not 
lead to any change in the elastic modulus with a signi\ cant increase in 
their strength and plasticity. 

Keywords: bioinert alloys based on titanium and zirconium, ultra\ ne-
grained condition, severe plastic deformation, microstructure, me-
chanical properties.
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