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 !" 669.295 

 .!. "#$#%&,  .'. ()*+),,-., !./. 0#1-23& 

 !"#$#%# &'()*+, "-+'.&*/"#$0!("#$ ,+#/**(- 123, 4. 56/ 

0/4"567!87 96: 09' ;<7 =8(9;6/>05;6? 

6/6905<5@5 ;8(9<9 TI-6AL-4V 

7'$-+8+!9 '+:%*;#/#9 $"&9#/!$< &'$ #+,&+'/#%'/. 650 800 != $ &'$ ">('("#?. 8+6(',/-

@$$ 1·10
-4
 2·10

-1
 "

-1 
!/ (8!(("!(+ '/"#?A+!$+ ()'/:@(- $: #$#/!(-(4( "&*/-/ Ti-6Al-4V, -9'+:/!!9. 

-8(*; $ &(&+'+> !/&'/-*+!$? &'(>/#>$ *$"#/. B9?-*+!/ !$:>(#+,&+'/#%'!/? "-+'.&*/"#$0!("#; 

$""*+8(-/!!9. *$"#(- #$#/!(-(4( "&*/-/ Ti-6Al-4V. 7(>/:/!(, 0#( ,/>"$,/*;!%C &*/"#$0!("#; 

*$"#9 &'(?-$*$ &'$ #+,&+'/#%'/. 750 $ 800 !=. B 8(&%"#$,9. &'+8+*/. '/:)'("/ D>"&+'$,+!#/ 

*$"#9 ?-*?C#"? $:(#'(&!9,$ - &'(8(*;!(, $ &(&+'+0!(, !/&'/-*+!$?. (#!("$#+*;!( !/&'?A+!$? 

#+0+!$? $ &*/"#$0!("#$ - $""*+8(-/!!(, #+,&+'/#%'!(-">('("#!(, 8$/&/:(!+. 

 

",AB%&C% D,3&#: !$:>(#+,&+'/#%'!/? "-+'.&*/"#$0!("#;, #$#/!(-9< "&*/- Ti-6Al-4V, 

'/"#?A+!$+. 

 

#$%&'()* [1–3], +(* ,-*./01&))/& (2(3)*%/& 12'(/ (2,3 456 

(3)31*6 Ti-6Al-4V) 02-*7* ,-2.&)89( ,-2 2$6*(*%1&)22 -3$12+)/: 

2$;&12< .&(*;*. '%&-:,13'(2+&'7*< ;&=*-.3>22. ?(*( ',13% 02-*7* 

2''1&;*%3) ,-2 -3$12+)/: (&.,&-3(@-)*-'7*-*'()/: @'1*%28:. A) 

,-*8%18&( '%&-:,13'(2+&'72& '%*<'(%3 ,-2 (&.,&-3(@-3: 850 950!B 2 

,-2 '7*-*'(8: ;&=*-.3>22 1·10
-4
 1·10

-2
'

-1
 [4]. A;)37* %/'*738 (&.,&-

-3(@-3 '%&-:,13'(2+&'7*< ;&=*-.3>22 (-&C@&( 2',*1D$*%3)28 ;*-*6*-

'(*8E&< F3-*,-*+)*< *')3'(72 2, 7-*.& (*6*, ,-2%*;2( 7 63$*)3'/-

E&)29 ,*%&-:)*'()*6* '1*8 2$;&128. 4 ,*'1&;)2& 6*;/ AGA 4BHIA 

)3+31* %/,@'73(D 12'(/ 2$ ',13%3 Ti-6Al-4V ' @1@+0&))/.2 '%&-:-

,13'(2+&'72.2 '%*<'(%3.2 [5]. A;)37* ;3))/: ,* :3-37(&-2'(273. 

'%&-:,13'(2+)*'(2 J(2: 12'(*% % 12(&-3(@-& )&;*'(3(*+)*. 

K&1D -3C*(/ – %/8%1&)2& )2$7*(&.,&-3(@-)*< '%&-:,13'(2+)*-

'(2 (2(3)*%/: 12'(*% (*1E2)*< 1 2 1,5 .. 2$ ',13%3 Ti-6Al-4V 

% @'1*%28: *;)**')*6* -3'(8F&)28. 

ACL&7(*. 2''1&;*%3)28 8%1812'D (2(3)*%/& 12'(/ 2$ ',13%3  

Ti-6Al-4V (*1E2)*< 1 2 1,5 .. ' @1@+0&))/.2 '%&-:,13'(2+&'72.2 

'%*<'(%3.2 ,-*2$%*;'(%3 AGA 4BHIA. M2.2+&'72< '*'(3% 2 .&:3-

)2+&'72& '%*<'(%3 12'(3 (*1E2)*< 1 .. ,-2%&;&)/ '**(%&('(%&))* 

% (3C1. 1, 2. 
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53C12>3 1 

M2.2+&'72< '*'(3%, % 

 Al V Fe C O N H Y I-2.&'2 Ti 

4&-: 

N2$ 

6,09 

6,08 

4,27 

4,26 

0,25 

0,21 

0,005

0,005

0,146

0,138

0,003

0,006

0,0006

0,0008

<0,001

<0,001

0,081 

0,081 
A')*%3 

 

53C12>3 2 

H&:3)2+&'72& '%*<'(%3 

N3,-3%1&)2& 

%/-&$72 *C-3$>3 

 '1*%)/< ,-&;&1 

(&7@+&'(2 0,20%, 

HI3 

I-&;&1 ,-*+)*'(2, 

HI3 

A()*'2(&1D)*& 

@;12)&)2&, % 

I-*;*1D)*& 1044 1105 9,1 

I*,&-&+)*& 1064 1122 9,9 

 

N3 -2'. 1 ,-&;'(3%1&)3 =*(*6-3=28 (*)7*< '(-@7(@-/ ',13%3  

Ti-6Al-4V (*1E2)*< 1 .., ';&13))38 % ,-*'%&+2%39E&. J1&7(-*))*. 

.27-*'7*,& JEM – 2000 EX. B-&;)2< -3$.&- $&-&) '*'(3%18&( 1,1 .7.. 

4 ,-*>&''& -3C*(/ ,-*%*;212'D 

J7',&-2.&)(/ )3 -3'(8F&)2&. #$ 12'-

(*%*6* .3(&-2313 (*1E2)*< 1,0 2 

1,5 .. 2$6*(3%12%312'D ,1*'72& *C-

-3$>/ ' ,-*;*1D)/. 2 ,*,&-&+)/. 

)3,-3%1&)2&. ,-*73(72 12'(*%*6* .3-

(&-2313. O2-2)3 -3C*+&< +3'(2 *C-

-3$>3 5 .., ;12)3 -3C*+&< +3'(2 

20 ... H&:3)2+&'72& 2',/(3)28 )3 

-3'(8F&)2& ,-*%*;212'D )3 .302)& 

INSTRON 1185 ,-2 (&.,&-3(@-3: 650, 

700, 750 2 800 !B 2 ,-2 '7*-*'(8: ;&-

=*-.2-*%3)28 0,5, 5 2 50 ../.2). 

4'&6* C/1* 2',/(3)* 48 *C-3$>*%. 

I* -&$@1D(3(3. 2',/(3)2< C/13 

*,-&;&1&)3 ,13'(2+)*'(D *C-3$>*% ,* 

=*-.@1& 

 

 

P = ((lk – l0) / l0) 100 %, 

 
Q2'. 1. 5*)738 '(-@7(@-3 12'(3 2$ 

',13%3 Ti-6Al-4V (*1E2)*< 1 .. 

% ,-*'%&+2%39E&. J1&7(-*))*. 

.27-*'7*,& 



 

 72

6;& l0 = 20 .. – )3+31D)38 ;12)3 -3C*+&< +3'(2 *C-3$>3, lk – 7*)&+)38 

;12)3 -3C*+&< +3'(2 *C-3$>3. 

 

 

Q2'. 2. B-3%)2(&1D)/< %2; 2':*;)*6* 2 2',/(3))/: *C-3$>*% 

#'(2))/& )3,-8F&)28 (&+&)28 *,-&;&1812 ,* =*-.@1& 

R = P / F, 

6;& P – '*,-*(2%1&)2& ;&=*-.3>22, N, F – (&7@E38 ,1*E3;D ,*,&-&+-

)*6* '&+&)28 *C-3$>3, 7*(*-@9 *,-&;&1812 2$ @'1*%28 ,*'(*8)'(%3 

*CL&.3 -3C*+&< +3'(2 *C-3$>3. 

A;)*< 2$ *')*%)/: :3-37(&-2'(27 '%&-:,13'(2+)*'(2 8%18&('8 

7*J==2>2&)( '7*-*'()*< +@%'(%2(&1D)*'(2 .3(&-2313 m [6]. "*J==2-

>2&)( m *,-&;&1812 .&(*;*. '(@,&)+3(*6* ,&-&719+&)28 '7*-*'(&< 

;&=*-.2-*%3)28 % )3+31& 2',/(3)28 73F;*6* *C-3$>3 ,* =*-.@1& 
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m = ln(P2/P1) / ln(V2/V1), 

6;& V1 2 V2 – '7*-*'(2 ;&=*-.2-*%3)28 ;* 2 ,*'1& ,&-&719+&)28; P1 2 

P2 – '**(%&('(%@9E2& 2. @'2128 ;&=*-.2-*%3)28. 

42; 2':*;)*6* 2 2',/(3))/: *C-3$>*% ,-&;'(3%1&)/ )3 -2'. 2. 

N3 -2'. 3–6 ,-&;'(3%1&)/ -&$@1D(3(/ .&:3)2+&'72: 2',/(3)2<, 

2119'(-2-@9E2& %128)2& (&.,&-3(@-/ 2 '7*-*'(2 ;&=*-.2-*%3)28 )3 

,-*8%1&)2& ,13'(2+)*'(2 2 '%&-:,13'(2+)*'(2 12'(*%*6* .3(&-2313. 

 

Q2'. 3. 4128)2& '7*-*'(2 ;&=*-.2-*%3)28 )3 ,13'(2+)*'(D  

*C-3$>*%, %/-&$3))/: %;*1D (,-*;.) 2 ,*,&-&7 (,*,&-.)  

,-*73(72 2$ 12'(3 (*1E2)*< 1 .. ',13%3 Ti-6Al-4V 

 

Q2'. 4. 4128)2& '7*-*'(2 ;&=*-.2-*%3)28 )3 ,13'(2+)*'(D  

*C-3$>*%, %/-&$3))/: %;*1D (,-*;.) 2 ,*,&-&7 (,*,&-.)  

,-*73(72 2$ 12'(3 (*1E2)*< 1,5 .. ',13%3 Ti-6Al-4V 



 

 74

 

 

Q2'. 5. 4128)2& (&.,&-3(@-/ )3 ,13'(2+)*'(D *C-3$>*%,  

%/-&$3))/: %;*1D (,-*;.) 2 ,*,&-&7 (,*,&-.) ,-*73(72 2$ 12'(3  

(*1E2)*< 1 .. ',13%3 Ti-6Al-4V 

 

 

Q2'. 6. 4128)2& (&.,&-3(@-/ )3 ,13'(2+)*'(D *C-3$>*%,  

%/-&$3))/: %;*1D (,-*;.) 2 ,*,&-&7 (,*,&-.) ,-*73(72 2$ 12'(3  

(*1E2)*< 1,5 .. ',13%3 Ti6Al4V 
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"37 ,*73$312 -&$@1D(3(/ .&:3)2+&'72: 2',/(3)2< ('.. -2'. 2 6), 

,13'(2+)*'(D 12'(3 (*1E2)*< 1.. %/0& ,13'(2+)*'(2 12'(3 (*1E2-

)*< 1,5 .., ,-2+&. )3,-3%1&)2& %/-&$72 *C-3$>*% )& *73$/%3&( '@E&-

'(%&))*6* %128)28 )3 *()*'2(&1D)*& @;12)&)2&. I13'(2+)*'(D 12'(3 

(*1E2)*< 1,5 .. @%&12+2%3&('8 ' ,*%/0&)2&. (&.,&-3(@-/ 2 

' @.&)D0&)2&. '7*-*'(2 ;&=*-.2-*%3)28 %* %'&. ;23,3$*)& 2''1&;*-

%3))/: (&.,&-3(@- 2 '7*-*'(&< ;&=*-.2-*%3)28. 537*< F& :3-37(&- 

2$.&)&)28 ,13'(2+)*'(2 2.&&( 12'( (*1E2)*< 1.. ,-2 2',/(3)28: 

,-2 (&.,&-3(@-3: 650  2 700 !B. I-2 (&.,&-3(@-3: F& 750 2 800 !B 

,13'(2+)*'(D ;*'(263&( .37'2.@.3 ,-2 '7*-*'(2 ;&=*-.2-*%3)28 

5 ../.2). !31D)&<0&& @.&)D0&)2& '7*-*'(2 ;* 0,5 ../.2) ,-2%*;2( 

7 ')2F&)29 ,13'(2+)*'(2. ?(*, ,* %'&< %2;2.*'(2, '%8$3)* 

' %128)2&. -*'(3 $&-&) 2 63$*)3'/E&)2&. ',13%3. 

 

Q2'. 7. 4128)2& '7*-*'(2 ;&=*-.3>22 2 (&.,&-3(@-/ )3 )3,-8F&)2&  

(&+&)28 *C-3$>*%, %/-&$3))/: %;*1D (,-*;.) 2 ,*,&-&7 (,*,&-.)  

,-*73(72 2$ 12'(3 (*1E2)*< 1.. ',13%3 Ti-6Al-4V 

N3 -2'. 7 2 8 ,-&;'(3%1&)/ $3%2'2.*'(2 )3,-8F&)28 (&+&)28 2 

7*J==2>2&)(3 '7*-*'()*< +@%'(%2(&1D)*'(2 m 12'(*%*6* .3(&-2313 

(*1E2)*< 1 .. *( '7*-*'(2 ;&=*-.3>22. N3,-8F&)2& (&+&)28 ',13%3 

,*%/03&('8 ' @.&)D0&)2&. (&.,&-3(@-/ 2 ' @%&12+&)2&. '7*-*'(2 

;&=*-.3>22. 42;)*, +(* %128)2& )3,-3%1&)28 %/-&$72 *C-3$>*% )3 

)3,-8F&)2& (&+&)28 12'(3 )&$)3+2(&1D)*& 2 )3:*;2('8 % -3.73: -3$-

C-*'3 J7',&-2.&)(31D)/: ;3))/:. ?(* '%2;&(&1D'(%@&( *C 2$*(-*,)*-
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'(2 )3,-8F&)28 (&+&)28 % ,1*'7*'(2 12'(3, +(* %&'D.3 C136*,-28()* 

;18 '%&-:,13'(2+&'7*< =*-.*%72. 

 

Q2'. 8. 4128)2& '7*-*'(2 ;&=*-.3>22 2 (&.,&-3(@-/  

)3 7*J==2>2&)( '7*-*'()*< +@%'(%2(&1D)*'(2 m  

12'(3 (*1E2)*< 1 .. 

B+2(3&('8, +(* .3(&-231 ,-*8%18&( '%&-:,13'(2+&'72& '%*<'(%3, 

&'12 m > 0,3 [6]. !18 (&.,&-3(@-/ 650 !B J(* @'1*%2& %/,*1)8&('8 ,-2 

'7*-*'(8: ;&=*-.3>22 S < 2·10
–3

 '
-1

, ;18 700 !B – S < 1·10
–2

 '
–1

. I-2 

(&.,&-3(@-3: 750 !B 2 800 !B .3(&-231 ,-*8%18&( %/'*7*'7*-*'()@9 

'%&-:,13'(2+)*'(D (-2'. 8). 

 

Q2'. 9. 4128)2& '7*-*'(2 ;&=*-.3>22 2 (&.,&-3(@-/ )3 )3,-8F&)2&  

(&+&)28 *C-3$>*%, %/-&$3))/: %;*1D (,-*;.) 2 ,*,&-&7 (,*,&-.)  

,-*73(72 2$ 12'(3 (*1E2)*< 1,5 .. ',13%3 Ti-6Al-4V 

m
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Q2'. 10. 4128)2& '7*-*'(2 ;&=*-.3>22 2 (&.,&-3(@-/ )3 7*J==2>2&)(  

'7*-*'()*< +@%'(%2(&1D)*'(2 m 12'(3 (*1E2)*< 1,5 .. 

 

M3-37(&- $3%2'2.*'(&< )3,-8F&)28 (&+&)28 2 7*J==2>2&)(3 m 

*( '7*-*'(2 ;&=*-.3>22 ;18 12'(3 (*1E2)*< 1,5 .. 3)31*62+&) ,*%&-

;&)29 .3(&-2313 12'(3 (*1E2)*< 1 ... A;)37* )3,-8F&)2& (&+&)28 

.&(3113 12'(3 (*1E2)*< 1,5 .. %/0&, +&. @ 12'(3 (*1E2)*< 1 .., 

3 7*J==2>2&)( m )2F&. 4128)2& *-2&)(3>22 *C-3$>*% *()*'2(&1D)* 

,-*73(72 )3 )3,-8F&)2& (&+&)28 2 ,13'(2+)*'(D (37F& )& *C)3-@F&)*. 

N3,-8F&)2& (&+&)28 *C-3$>*%, %/-&$3))/: %;*1D ,-*73(72 12'(3 (*1-

E2)*< 1,5 .. % ,-&;&13: -3$C-*'3 J7',&-2.&)(3, (37*& F&, 737 2 ;18 

*C-3$>*%, %/-&$3))/: ,*,&-&7 ,-*73(72. T2'( (*1E2)*< 1,5 .. )3+2-

)3&( ,-*8%18(D '%&-:,13'(2+&'72& '%*<'(%3 (*1D7* ' (&.,&-3(@-/ 

700 !B ,-2 '7*-*'(2 ;&=*-.3>22 S < 2·10
–3

 '
–1

. 

4 -&$@1D(3(& %/,*1)&))/: -3C*( @'(3)*%1&)*: 

1. H37'2.31D)@9 ,13'(2+)*'(D *C-3$>/ ,-*8%212 ,-2 (&.,&-3-

(@-3: 750 2 800 !B. 

2. !18 12'(3 (*1E2)*< 1 .. ,13'(2+)*'(D -3'(&( ' @.&)D0&)2&. 

'7*-*'(2 ;&=*-.3>22 ,-2 (&.,&-3(@-3: 650 2 700 !B, 3 ,-2 (&.,&-3-

(@-3: 700 2 750 !B ,13'(2+)*'(D 2.&&( .37'2.@. ,-2 '7*-*'(2 ;&-

=*-.2-*%3)28 5 ../.2); ;18 12'(3 (*1E2)*< 1,5 .. ,13'(2+)*'(D 

-3'(&( ' @.&)D0&)2&. '7*-*'(2 ;&=*-.3>22 ,-2 %'&: 2',/(3))/: 

(&.,&-3(@-3:. 

m
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3. 4 ,-&;&13: -3$C-*'3 J7',&-2.&)(3 12'(/ 8%189('8 2$*(-*,-

)/.2 % ,1*'7*'(2 12'(3 *()*'2(&1D)* )3,-8F&)28 (&+&)28 2 ,13'(2+-

)*'(2 % 2''1&;*%3))*. (&.,&-3(@-)*-'7*-*'()*. ;23,3$*)&. 

4. 4 2''1&;*%3))/: 12'(3: %/8%1&)3 )2$7*(&.,&-3(@-)38 '%&-:-

,13'(2+)*'(D ,-2 '1&;@9E2: (&.,&-3(@-)*-'7*-*'()/: @'1*%28:: 

!18 12'(3 (*1E2)*< 1..: 

(&.,&-3(@-3 650–700 !B, '7*-*'(D ;&=*-.3>22 S < 2·10
–3

 '
–1

; 

(&.,&-3(@-3 700–750 !B, '7*-*'(D ;&=*-.3>22 S < 1·10
–2

 '
–1

; 

(&.,&-3(@-3 750–800 !B, '7*-*'(D ;&=*-.3>22 5·10
–4

 '
–1

 < S <  

< 1·10
–1

 '
–1

. 

!18 12'(3 (*1E2)*< 1,5..: 

(&.,&-3(@-3 700–750 !B, '7*-*'(D ;&=*-.3>22 S < 2·10
-3

 '
-1

; 

(&.,&-3(@-3 750–800 !B, '7*-*'(D ;&=*-.3>22 S < 1·10
-2

 '
-1

. 
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