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Influence of deformation of a bend and the subsequent heat treatment on character of change micromechanical 
properties of the magnesium-aluminum composite material 2-1- D1welded by explosion is investigated.  

Keywords: magnesium, aluminium, deformation, heat treatment, microhardness, intermetallic, diffusion. 

    -
    -

 ,    
 .    

      
 ( )   -

  ( ),  -
    . 

 Mg-Al    -
        

 ,  
     -

 , ,    
 ,  -

, ,    -
  . . [1–3].                 * 

     
     -

     -
  ( , , 

  . .)     
 ( ),     

    -
   .  

    

*      -
       -

  2014/16  1183    13-08-97025. 

       
  

    . 
    -

     -
      

     
2-1 – 1. 

  2-1– 1   
      -

,   -
  .    

 M 2-1–A 1   -
 60 × 5 × 10     

    (2,5 ). 
    ,  

       -
 1 .  - -
     

  ( )  -
       

      
Ø10  20     

 -10    
80 .     -

    -
   2-1,   –  1. 

  -  

 

 I



  
 

 

7

       
    

   ,  
    -3  

 0,2      -
,    , -

  .    
  –1.6.2.51/11– 3   

400 °     4 . -
   -
   «Olympus BX–61»  

  ×50  ×500.  -
   , -

  ,   
   -

 Versa 3D Dual Beam.  
 [4] ,     -

   -
  1     Ø20  

    -
     -

,     Ø10  

   16 %.  
    -

      
   2-1  

15–16 %.    
  ,  -

    -
 SIMULIA/Abaqus:   4,5   

     
11 %   ,   22 %   -

 ( . 1, )     
   1  Ø20 . 

   Ø10   
 27 %   , 9 %   
   4,5    -

 ( . 1, ).     
  2-1  Ø20   

 Ø10     -
 4,5      

 26–28 %   ,   9–10 %  
  ( . 1, , ). 

 
 

 
 

  
 

. 1.         : 
,  –     1  Ø20  Ø10 ; ,  –     2-1  Ø20  

 10   

 
 

     -
    -

     -
     ( . 2, , ).  

 



                                                                    
 

 

 

8

                    
                                                                                                                                             

 

. 2.    2-1– 1   : 
 –  ;  –   

 
   400 °   

   4    -
  ,   -

    -
,       

    ( . 3). 
    

    
    ,    

   . ,  
     -

,    - 
. ,   -

,   ,  
0,9–1,0       

  .   -
   30 ,   – 

100 . 
 

              
                                                                                                                                             

 
                                                   

. 3.   
2-1- 1  + + :  

,  –      1 
Ø20  Ø10 ;  –      2-
1  10  (×200) 



  
 

 

9

        
 

 

             
 

 

        
 

 

. 4.              : 
,  –    ,   ,   Ø20  10  ;  –    -

,   ,  Ø20 ; 1 –  ; 2, 3, 4 – 0,5 , 1,0 , 1,5      ; 5, 6, 

7 – 0,5 , 1,0 , 1,5       

 
 . 4   -

      
  400 °    4 . -
   , 
      -

      

 1  Ø20   -
 0,23 .   1,5    

  2-1  -
 0,34 ,  1 – 0,22 .   

  = 2 %    -
    0,30 ,  



                                                                    
 

 

 

10 

   –  0,19 .   -
  Ø10   -

  2-1 –   
 .   1,5    -

 2-1 –   
     0,2 ,  

 –   0,3   
    Ø20 . 

      -
 2-1  Ø10  -
    2-1 – -

  0,4 ,   1,5   
    1 – 0,15 ,  

2-1 – 0,35 . 
 ,   -

  1   -
 2-1 ,    -

      
     
  = 20 %.  -

     -
  . 

    -
    -

  400 °     
 ,   -

,   . 5.   -
   ( 1  2-1) -

     -
 Al(Mg) –  I  Mg(Al)  IV. 

    -
,   -Mg2Al3  60 .% 

Al (  II)   -Mg12Al17 c -
 Al  52  58 .% (  III) [5]. 

    
     Mg(Al) 

(  IV)    -
  .  

 ,   
    . 

 

 

. 5.      2-1– 1 
 

 
1.    -

    
     

-  . 
2.    

    400 °   -
 4    .   

  (  = 2 %)  -
    
  . 

3.      -
    

,     
Al(Mg)  Mg(Al)   (  

-Mg2Al3   -Mg12Al17).  -
 ,    

  . 

  
 
1. , . .   : -

 / . . , . . , . . . – 
. –  :  « », 2007. – 328 . 

2. , . .     -
    :  / . . , . . -
, . . . – . : , 2004. – 230 . 

3. , . .    : 
 / . . , . . , . . -

. – . – , 2001. – 242 . 
4. , . .     -

    -
,    / . . , 

. . , . . , . . , . . -
, . .  //   : 
. . . .  8 / . – , 2013 – 

(  «  ,     
 »). – . 35–40.  

5.     -
 : :  3 . . 1 /  . . . . -

. – . : , 1996. – 992 . 



  
 

 

11

 

 621.77.014: 519.876.5 
 

. . , . . , . . , . .  
 

     

    * 
 

    
 

e-mail: mv@vstu.ru 
 

      SIMULIA/Abaqus    
        45+12X18 10    –

– .  
 : , , , , c , , ,  -

 . 
 

Deformation and change of coating thickness by rolling rolled bimetallic wire from steel 45+12Cr18Ni10Ti by 
scheme squared–oval–round with simulation using the package SIMULIA/Abaqus was studied. 

Keywords: steel, rolled wire, rolling, cover, core, deformation, simulation, finite element method. 
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Structure and phase composition of diffusion zone, formed in the presence of a liquid phase at the boundary of 
an interlayer of copper-titanium composite produced by explosion welding was investigated.  

Keywords: phase composition, intermetallics, contact melting. 
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   W2,      ,    
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   500 °C            
      Fe2Al5,    . 

 :   ,  , , , -
 . 

The article presents the study on the effect of the energy of plastic deformation W2 as well as heat treatment on 
the microstructure, hardness and chemical composition of the bond of explosion welded steel/aluminum composite. 
The research revealed the formation of Fe2Al5 intermetallic layer in the areas of molten zones formed after explosion 
welding adjacent to steel boundary during the heat treatment at 500 °C which resulted in the growth of the micro-
hardness value of the molten zones. 

Keywords: laminated metal composites, explosion welding, intermetallics, heat treatment. 
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Work studies intensification of diffusion processes in Copper-Aluminum intermetallic composites, achieved by 
using high temperature heat treatment. It includes study of microstructure and micro hardness. 

Keywords: layered intermetallic Composite, copper, aluminum, heat treatment, microstructure, microhardness. 
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     Na2O 
(SiO2)n   Al2O3   1/4. -

    -
 -  -

   Olympus BX61. 
     

-3    
  0,5 . 

    

  ,  -
  570 °    3  ( . 1, , ) -

      -
     -

     . -
    . -

      10 , 
  4–8  ( . 2). 

  700 °  ( . 3)   -
   ( . 3, )  -

      
. 

. 1.      570 ° , 3 : 
1 –  ; 2 –  ;  – ×50;  – ×500 

. 2.         – 570 ° , 3  (1)    
 700 °   : 5  (2); 15  (3); 1  (4)  3  (5) 
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. 3.  Cu-Al     700 °C, 5 : 
 –   (×100);  –   (×500) 

   700 °  -
  5  180  ( . 4)   

    
,     

 ,    -
    4,5  ( . 2). 
    -

    ( . 1, )  
  ( . 4, ).   

     
( . 4, , ).   60     
       

      
( . 4, ).      -

,     ( . 4, ). 
    (5–15 )  

    
     -
      

    ( . 2),  -
     
.     -

   ,   -
  . 

     

                                                                                                      

. 4.  Cu-Al    570 °C, 3  + 700 °   : 5  ( ); 15  ( ); 1  ( ); 3  ( ),  
 1 –  ; 2 –  . ×50 
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. 5.  Cu-Al    570 °C (3 ) + 800 °   :  
 – 5 ;  – 10 ;  – 15 ;  – 20 . ×100 

   800 °     
5  ( . 5)    -

      -
  5–6 . 

 

   - -
   700 °   -

   570 °C (180 )  -
    -

     -
     -

 . 
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. – 2007. –  2. – . 37–42. 
2. Yu. P. Trykov, O. V. Slautin, V. N. Arisova, V. G. Shmor-

gun and I. A. Ponomareva. Effect of Technological Factors on 
the Diffusion Kinetics in the Copper – Aluminum Composite // 
Russian Journal of Non – Ferrous Metals. – 2008. – Vol. 49, 
No. 1, pp. 42–48. 
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       8+08 18 10  
   ANSYS Workbench   Explicit Dynamics. 

 : ,  , , ,   , 
.  

Results of simulation by rolling multilayerd composite steel80+12Cr18Ni10Ti using the ANSYS Workbench and 
Explicit Dynamics package SIMULIA/Abaqus are shown. 

Keywords: steel, rolling, simulation, finite element method, deformation.  
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  ,   -

     
     -

    .  
     -

    ,   
   -

     -
.      -
   ,  , 
   ,  

   -
 ,  -

  .   
  -

     -
   100 ,   

2  10 ,      
100  2500.    

 ,   -
     
    ,    

 ,   -
      -

  ,     
100  0,8 .   

    
     
   100–200  9, 10 .  

      
   . -

   ,   
     

    ,    
 ,   -

   11 .   
 ,   -

    -
      -

,    -
   .  

     -
 ( -,   .),   -
      -

,     -
    . -

    -
   -
     -
    .  

    -
    

    -
   -

  ,    -
 ,   -
    . 

 ,    -
,    -

 ,   -
 ,   100  
  08   8,  50 %   

      -
   8,     100 % 

      
   12 .    -

    [8]   ARB-
   09 2 . ,  , -

,       -
    (  2  4)  

  .   
   (  4  8)  -

  ,   4-  -
 (16 )  .  

   ,  -
      -

.     ARB 
  600 ° ,     

     
     

    -
 ,    -

     -
 1100 °      

. 
 ,    -

      
     

  ,  
     -
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    ( . 2). 
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 08 18 10+ 8.       

       
    -

   15 ,      
  -

      5°.  *   
   -

    ( -
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 ,  0,2,  ,  , % , % HB 

  8+08 18 10, 
   1000 º , 1-   150 560 960 7 44 110 

  8+08 18 10, 
   1000 º , 2-   180 880 1470 4 18 450 

8-   780 º ,   400 º  209 1230 1420 10 37 370–470 

08 18 10   1020–1100 º 196 205 510 40 70 170

    -
,       

    -
     -

     -
 .   ,  

  ,   
      

     
  ,   -

    -
  ,   . -

    -
      

    . 
     -

 . 5. 
     -

     
    

 ANSYS  LS-Dyna, ,  -
      -

 ,   
  [13,14].  -

    -
,     , 

     
   , -

    [15].   
     
    -

     
  .  

     
     -

    .  
  , -

     -
 ,    -

 ,  , 
     

    .  
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    -
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     -

     -
   ANSYS Workbench  
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      -
  .   

     
    

   .  
 ,   -

 -  -
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Methods of energy dispersive analysis in alteromonas adopted temperature carbon steel St3 identified the se-
quence of intermetallic phases in the direction from the basics to the surface. Defined mechanical properties alter-
omonas steel and character of destruction of the surface layer in the temperature range 600–1000 °C. 

Keywords: litrovaya, diffusion layer, mechanical properties, hardness, surface and the boundary, energy disper-
sive analysis, intermetallides phase, the cracks. 
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 ,   -
      

.     
   -

       
 . 

    -
     -
    3,   

     -
  . 

    

    3  -
    3×3  -

   , -
 49,5 %  . Al + 49,5 % . Al2O3 + 1 % 
. NH4Cl.   -
:   400 º    1,5 ; -
  900 º    5 ;  
  950 º    2 .  

    -
    -

 ,    -
 .    

     -
 3   600, 800  1000 º  

   -9-66, -
    -

       
  .  

     ±1 
 ±2 % .  

    -9-66 
  , -

     -
    -

      
  ,   

     
   . 

    
   

Olympus BX-66    ×50  ×500 
    -

 DP-12.    
      

   -
      -

 AnalySis GmbH.  -
   -3   

0,5  1,0 .   -
       

  EDS (  ) 
    

 Versa 3D DualBeam LowVac -
 FEI ( ). 

    

    
     

 3 ( . ).   , 
     

 600 º   22,2 %   
    3.   

    
      

  1000 º   -
     -

  ,  . 

       3   

 
 

 
 

  
, b,  

 
 , % 

 
 , % 

600  800  1000 600  800  1000  600  800  1000  

3 
  135,0 44,8 30,0 65,0 52,0 41,0 88,3 80,0 71,5 

  165,0 46,3 27,0 25,0 52,0 77,0 14,5 17,4 85,9 

.  : 0,15–0,17 % ; 0,105–0,113 % Si; 0,56–0,58 % Mn; 0,2 % Cr; 0,21–0,25 % Ni; 0,3–0,7 % Al; 
0,015–0,05 % Cu. 

   -
   

      -
      , 

   
      
      

 .   [1],  -

     
    

800–1500 ,     -
   .  

    -
    ,  -

      
3   600 º  ,  -



  32 

.    -
  1000 º    -

    -
,     .  

    3  -
, ,    -

       
    -

    -
  (   [4],  

    
      

    1000  
 b = 43 ,  = 79 %   = 98 %). 

. 1.    
     3 

     
    

 3 ( . 1) ,   
    , 

      -
.      -
    ,  

    -
      -

   , ,  -
  45+12 18 10     - 

,     -
  i  = 3,6 [5].  -

    
,    -

 .   
  (  3)    

      .  
   (Fe, 

Al, Si)     -
  . 2.   -

,    Al-Fe [6] 
      -

   [2]  -
   -
 .      

-   Fe (Al),    -
    12 % . 

Al,     900–950  – 
 27–29 % . Al.    -

       -
      

 Fe3Al    
 25 % .,      

     
  K1  K2  -

.  Fe3Al   K1  K2 -
     

   
 2 (FeAl).    -

 ,    
 50 %,   

FeAl,       K2 
   , -

    -
  –   

      
       -

 ,   
   [7]. 

                                                                                                    

. 2.     Al-Fe       3,  
   600  ( )  1000  ( ) 
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   -
      -

 ,    
      -

 ,   -
 .     
   , -

    ,  
 .    -

   :  -
 . .  [7],   -

   ,  
     -

    
 ,   

   ,  -
   ,   -

  . 
 . 1   [8],  

  Fe3Al  FeAl  -
     3,4–4,0 

 4,8–5,4  ,   
    

(   )   -
       

 .  -  -
    
  [8]:   600  -

 FeAl  0,4 , . . -
     10      

.    -
 ,    -
    -   

   . 
 . 3    -

   3   -
 .    . 3, 

   ,    600  -
  .   

     -

  ,  -
     

.    -
     

,  ,   
    -

     -
  ,  -

   45º    ( . 4). 
     

600       -
      

,      -
  [9].  

   3  
 1000     

( . 3, ).    -
  ,  -
      

    
.       

  ,    -
       

 (   -
,  ,  -

 ). 
    -

     , 
       
      -
 .     

1000     3 -
,      

 ( . 3, )  60 % (~0,48 % ),  
     – 42 % (~0,25 % ). 

 ,    
    600  -

  ( . 3, )  21 % (~0,17 % ), 
    -

   3. 

                                                                                                       
 

. 3.      3   600  ( )  1000  ( ) 
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. 4.       
3      600 º , ×400 

     
     
    -

    -
      

     
   . 

 

1.   
    -

    3  
      

   : -  -
 Fe (Al)  Fe3Al  FeAl.    

    -
  ,   -

     -
    . 

2.    -
    FeAl  -

        -
     -

 Fe3Al. 
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, 1965. – 491 .  
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1964. – 220 .  
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12 18 10  / . . , . . , . . , 
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. 

The phase composition of the diffusion zone, obtained on heating layered composites of Al-Ni temperature 
above the eutectic transformation, was researched. The mechanism and kinetics of the interaction of nickel with 
molten aluminum was revealed. 

Keywords: diffusion zone, nickel aluminides, contact melting, liquid-phase interaction. 

*         (   14-19-00418).
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 [1–3],    
   -

     -
     -

     -
 , . .   -

   [1, 2],    
    [3]. 

    -
    , 

     
 Al-Ni   -

 . 

    

    -
     -

,     
 2+  1 (4 + 4 ). -

    -
   -

 «Olympus BX61»   -
   DP-12   

×200.   -
    -3   

 0,2-1 .     

    -
     (  -
 + ).     

 -  -
    -

   Versa 3D. 

    

   
     

( )     (640 ° ) 
     (660 ° ) , 

      -
    , 

   ,  -
 .    

   9,7 ,   
 – 7,5  ( . 1).   -

    -
  ( . 2, ) « »   

Al ~39,8 . %  ~56,3 . %,    
  Al-Ni,  

   Ni2Al3  
 NiAl3.      -

      
 NiAl3 ( . 3, . 1). 

  

  

. 1.       640 ( , )  660  ( , )    1 ( , )  10  ( , ) 
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. 2. -      660 , 10  ( )   Ni  Al     ( ) 

 
    -

     
NiAl3     , -

     -
   . 

 NiAl3,     
 ,    

    -
,     

 .      
NiAl3    , 

, ,  , 
   -
  .    

   ,  -
   . 

 
 

. 3.      
     660 °    10  

 
    

 

 
 ( . 3) 

 Al  Ni 
 

. % . %  , % . % . %  , % 

1 58,11 75,12 5,11 41,89 24,88 2,86 NiAl3 

2 58,97 75,77 5,06 41,03 24,23 2,86 NiAl3 

3 100 100 0,69 – – – Al 

 
    

   -
 NiAl3   -
      

 ,    640 °  
    ( . 1, , ), 

    -
  . -

     -
     -

  NiAl3,  -

      -
     

    -
     

( . 1, , ).  
     

      
   NiAl3  -

    
    

 ( . 4).  
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. 4.      660   -
   NiAl3    

 
 

1.      -
    -

    2+ -
 1   

     
  NiAl3  -

    .   

     -
 ,     -

 NiAl3  Ni2Al3. 
2.     -

     
    

    NiAl3  -
  . 

  

1. , . .   -
     - -

    / . . -
 [  .] //    -
. – 2007. –  2. – C. 37–42. 
2. , . .   -
      

 - -   / . . -
 [  .] //  . – 2005. – 

 3. – C. 75–80. 
3. , . .   -

      / 
. .  [  .] //   -

. – 2008. – . 2. –  4. – . 153–157.  
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The kinetics of growth of the diffusion zone in the explosion welded joints of aluminum AD1 with nickel alloy 
NP2 and H20N80. Shown, that alloying of nickel chromium leads to an intensification of the processes of diffusion. 

Keywords: aluminum, nickel, diffusion zone, intermetallic compounds. 
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 -2    20 80 -
: )    -
   6   , 

    
    
    

 80–90 ; )   -
     -

 10 10 6 ; )    
       -

      0,5 
 5 ,      –   580 
 630 ; )   -

  ; )   
  «Olympus BX61»  

200-    . 
  -

    -3   
 50 . 

    (Ep) -
   [3]: 

2 1
p

1 2

[ln( ) ln( )]
,

1 1
R K K

E (1) 

  – ,   
     

, 2/ , 
2 2
2 1

2 1

;
h h

K                 (2) 

T1, T2 –  , ; R – -
  , /( · );  

h1  h2 –       
 1  2    

. 

    
 

 ,    -
    , -
      

     -
    . -

      
  1   2  -

 20 80    -
     580–630  

 ,      
     -

   ( . 1). 

  

  

. 1.     2 + 1( , )  20 80 + 1 ( , )  : 
,  – 600 , 5 ; ,  – 630 , 5  
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. 2.  « » (1, 2)  « » (3, 4) 
     1+ 2 (1, 3)  

1+ 20 80 

    -
    : « » – 

    « » –   
.   « » 
   20 80+ 1 -

 ,   2+ 1 ( . 2),  -
      .  

   -
  . 3,      ,  

     
    

       h2 = ( ).              (3) 

. 3.           1+ 2 ( )  1+ 20 80 ( ): 
1, 2, 3 –      580, 600  630   
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  , 
     -

      
 .     

    1+ 20 80 -
 166 / ,   1+ 2 – 183 
/ .  

  ,  ,  -
,      

    
,   Ni-Cr (  
)      
. 

   -
 [4]     -
    -

      -
       

  2   20 80  
  1   : 

1+ 2 
5

9 1,83 10
9,74 10 exp ,K

RT
   (4) 

1+ 20 80 
5

9 1,66 10
4,1 10 exp .K

RT
  (5) 
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The effect of high- pressure compaction and heat treatment on the electrical resistance of the composite materi-
als from mixtures of powders of titanium carbide, chromium carbide , tungsten boride , and nickel. Found that by 
changing the mode pressing and subsequent heat treatment can significantly alter the temperature dependence of the 
electrical resistance of the materials studied. 

Keywords: high-speed molding, composite materials, nickel, chromium carbide, titanium carbide, tungsten bori-
de, thermal treatment, electrical resistance. 
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 (Ni)   – 30–50   -
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    ( r3C2)  -
  20 % .     7–

15 ,   10,4–20,2 .  
    2  -

   (TiC)    25 % 
.     8–12 ,  
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  5–10 ,  -
 25–26 . 
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   V  = 500 /   
1,8, 6,1  5,5  ,   V  = 
= 550 /  – 2,1, 8,1  7  . 

    30 . 
     

      
 500, 600  700    1 ,  

    . 
    

  ,    [4]. 
    -

 250 .   -
    -

- .    -
    5-

50   7-40.   
   -

     Ro 
     Rt,    

 R= Rt – Ro,    -
 R/R    ( . 1–4). 

      
 1, 2    1, 3, 4,  

 2, 5, 6 –   3.  1, 3, 5   
 ,   V  = 500 / ; 2, 4, 6 – 

550 / . 

. 1.       

   -
   ,    ( . 1), 
,     1  -

      ( -
 1, 2),    2 –   

(  3, 4),     3 –  -
 (  5, 6),      1 

  2   V   500  550 /  
     -

 ,     3  -
    V  = 500 /   -

  150–250 .  
 ,   500 , -

    -
   ( . 2).   

 1,   V  = 500 / ,  
      -

  (  1).    -
,   V  = 550 /   

 110    
 ,     -

 –  .    2 (  
3, 4)      

    250 , 
  ,    

 ,  -
.  

   3,   V  = 500 /  
 150      

(  5),      
   .   , 

  V  = 550 / ,   -
     

 (  6). 
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. 2.        500  

   600   -
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The research results of molecular structure of polytetrafluoroethylene (PTFE)) subjected with explosive treat-
ment (ET) at loading of a flat shock wave were shown. Established that ET flat shock wave pressure 0,8–2,8 GPa in 
general does not change the molecular structure of PTFE. Pressure increasing of ET lead to increase of structural de-
fects, shortening of the main chain or branching of chain to form lateral –CF3-groups.  

Keywords: explosive treatment, polytetrafluoroethylene, molecular structure. 
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Research results of composite structure of UHMWPE- -sialon system are described. The influence of filler lev-
el, previous activation and heat treatment over explored material properties is analyzed. 

Keywords: activation, composite material, sialon, structure. 
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The paper investigated the influence of the method of obtaining and filler concentrations (up to 40 % bronze) on 
the electrical resistance of polyimide composites. It is established that the explosive pressing and subsequent sinter-
ing in a closed volume which leads to reduction of the electrical the studied composites in comparison with the static 
pressing. This is due to the intensification of the physicochemical interaction in the polymer-metal. 

Keywords: polyimide, powder bronze, composite materials, explosive pressing, electroresistance. 
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The effect of explosive pressing structural changes polyarylate DV and metal-filled (50-90 % vol.) composites. 
It was established that the blast processing polyarylate DV affects the crystallization process and the subsequent sin-
tering intensification as compared to static pressing. By X-ray diffraction studies evaluated changes in the fine struc-
ture of metals in the explosive compositions of metal- processing polyarylate DV. 

Keywords: polyarylate, copper, nickel, polymer composite materials, explosive compaction, X-ray analysis, 
crystallization, the degree of crystallinity, the mean interlayer distance, the physical broadening of the X-ray crystal 
lattice, plastic deformation, mosaic blocks. 

    
   -

,    ,  
   -

.   -
    -

   ( ) -
   ( ) [1, 2].  -

     [3] 
     

,     
  .        * 

      
    
    -

  –   [4, 5]    
     50  90 % . -

 Ni  Cu (    30 ). 
    -

    
 ,    

    
  ( )    -

.    -
      
 ( ),    -

      
      [6] -

*      -
   13-03-00344, 13-03-97044, 14-03-31315. 

   0,67  3,8    -
  0,67    -

 .    -
  ,    

   ( ).   -
   - -
    -

     -
      

     260  [3]. 
   -

     
      Ni  Cu -

   -
 ( ).   -

     
   ( )  

   ( ), -
      

 [7].    
      

   
       -

   -
  ( ),   -

     [8]: -
    -

  ( ) –   ( ) 
     

( , a/a),   -
.  



  55

    
    ,  

    -
:   9–10 %,   -

 4,983  ( . 1).  -
      

        
,   .  -

,     0,67  -
   ( ) 

    -
 :    

21–22 % ( . 1).    2,2–3,8  
    

  ,  -
   (32–40   -

    70 )  
 ,    

 .   
   , 
  , 

    .  
,    -

  ,  
    [9],  

   -
   1,08 / 3 [3].    
    -

      -
  2,2–3,8    -
  14–18 %,   

 4,861–5,215 ,    

   -
       

(0,67 ). 

 1 

     

    

 
 

,  , % C ,  

0,7 9–10 4,983

   

0,67 21–22 4,672 

2,2 17–18 4,861 

3,8 14–16 5,215 

    -
    ( . 1) ,    

    0,67  
     

 2 =26°     
  .     

3,8      
  2 =14°     
 .    , 

  ,  
   , -

    -
    . 

 ,     
     , 
    ,  -
    .  

. 1.      (1)     (2 – 0,67 ; 3 – 3,8 ) 

    -
       -

 Ni  Cu     
111  222.     

    Ni (50, 70  90 % .)  
 Cu (50, 60  70 % .)   . 2 
 3 .    

 ,    

    , 
  ,     

.    
Ni  Cu    [8], 

    . -
     
       

    . 



  

 

56 

 ,  ,  -
  :  -

,      -
  .   -
    Ni  ( . 2), 

     
  50  90 % .  
    

(  0,00198  0,00141)   111   
 (  0,00475  0,00773)   

222.  [8],      
      -

  ,      
 – ,    

 :   
 ( 2/ 1)  222   111  

  ( . 2) ,   
    50 % . Ni    
     -

  ,    -
    

.   70 % . Ni ( . 2, 
, )    

     
,     -

    [2], -
  .  

    -
  (90 % .)    

   , 
 -    

( . 2). 

       

  

  2 

      Ni 

 (% .) HKL ,  2/ 1 a/a,  II,  , Å 

50 %  +50 % Ni 
111 0,00198 

2,399 0,00100 210 787 
222 0,00475 

30 %  +70 % Ni 
111 0,00155 

2,916 0,00102 214 – 
222 0,00452 

10 % +90 % Ni 
111 0,00141 

5,482 0,00166 349 – 
222 0,00773 

   . 2,  -
  , , -

    50 

 70 % . Ni   (0,00100  0,00102 ). 
   -

    90 % .  

. 2.    
  Ni: 

 – 50 % .;  – 70 % .;  – 90 % . 



  

 

57

    - 
   5,482    

349  ( . 2),  , 
    Ni (400 ),  

    , -
   -

    .  
    50 % . Cu -

    
     (0,00306 ), 

     
    

.    60–70 % . 
Cu,     111  

,   ,   
 222   ,  

    -
    ( . 3).   

   
     -

 ,    -
   , -

  . -
   -

 (0,00149 )     70 
% . Cu ( . 3),   -

    -
    164 ,   

      -
   Cu (220 ),  

      
  . 

         

    

   3 

      Cu 

 (% .) HKL ,  2/ 1 a/a,  II,  , Å 

50 %  + 50 % u 
111 0,00306 

1,418 0,00095 105 509 
222 0,00434 

40 %  + 60 % u 
111 0,00211 

2,928 0,00102 112 – 
222 0,00448 

30 %  + 70 % u 
111 0,00153 

3,095 0,00149 164 – 
222 0,00653 

  -
 ,     
    Ni  -

      Cu. 
    -

  : Cu  -

. 3.   
  Cu:  

 – 50 % .;  – 60 % .;  – 70 % . 



  58 

     
   Ni    -

.  ,   -
     -

   ,   
  -

     -
 . 

1.     -
      

      
       

    
  14–22 %.   

    -
      0,67 . 

2.    
       -

    -
 ,     -

 (   70–90 % . Ni 
 60–70 % . Cu),   -

     -
   (50 % . Ni  Cu). 

  

1. -     -
  / . . , . . , . . -

, . .  //     -
. – 2006. –  5. – . 20–24. 

2. , . .   -
  :  / . . , . . -

, . .  ; . –  : . 
. - , 2007. – 240 . 
3.     -
   / . . , . . -

, . . , . .  //   : 
. . . .  9(96) / . – , 

2012. – (  «  ,   -
  » ; . 6). – C. 89–92. 

4. , . .   / . . -
, . . . – . : , , 2003. – 

208 . 
5. , . . -   / . . -

.  . : , 1967. – 234 . 
6.      -

  / . .  [  .] // -
. – 2001. –  1. – . 36–40. 

7. , . .   / . . -
, . . . – . : , 1972. – 98 . 

8. , . .   -
  / . . , . . , . . -

. – . 4- . – . : , 2002. – 360 . 
9.    

  / . .  [  .] //   -
  . – 2007. –  4. – . 52–56. 



   

    

 620.174.25 

. . , . . , . . , . .  

         

    - - * 

    
 

e-mail: sopromat@vstu.ru 

           -
   (   ) - -   5 . 

 :  ,  ,  ,  
- - . 

In this paper the influence of stress raiser on the resistance of the three-point bending and fracture of the pris-
matic specimens of titanium pseudo- -alloys type 5V are studied. 

Keywords: stress raiser, three-point bending, prismatic specimens, titanium pseudo- -alloy. 
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A procedure of damage evaluation of structural materials under cyclic creep in the low-cycle fatigue is offered. 
Calculation of damage is carried out using probabilistic approach. A method for the accounting of determined interac-
tions of local damages is developed. A comparison of calculated and experimental values showed satisfactory result. 

Keywords: cyclic damages, strain damages, Shannon entropy, conditional entropy. 
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The verification simulation of deformation and fracture of titanium-niobium-copper-steel with varying the rela-
tive thickness of the soft interlayers by the package SIMULIA / Abaqus was used. The relative thickness of the layer 
corresponding to the transfer of the destruction on niobium and steel was determined. 

Keywords: titanium, steel, copper, niobium, soft interlayer, deformation, fracture, simulation, finite element method. 

*   1963    -
      

   -
    

 ,  -
  ( )     

   , 
    -
  ,  , 
c , ,  -

    
 .   

 ,  
     -

 ,  
      

 :  -  
 (  )  -

  4-1 ( 1, 6 )–Nb–
u–12 18 10    -

    -
    
   1000 °     

     500–600 °  
   4-1– 

12 18 10  [1, 2].   
     

     -
     = /d,   – 

  , d –  
   [3]. . .  

     
     -

*      -
       

  2014/16  1183. 

,     -
  [4],     

    
    -

    -
   [2, 3]. 

     
   -

    -
    

    . 
    

    -
  4-1–  2–  

1–  12 18 10 ,    Nb, 
Ti   12 18 10    
(  1, 12  20 ),   u 

  1,5  0,1 ,   -
    Nb – 0,05 , u – 0,1  

0,2     -
  Cu   0,16    1,5 [5]. 

     -
     

   ,  
   -

   [6]  -
    u  Nb 

 Ti  .  u  Nb -
   1–1,5 ,   

     . 
     

     
     ( -

  910–940    80–85 %). 
   

    -



  69

     -
,     -

      
:   ,   .  

     
    

,   .  -

 4-1, 12 18 10 , Ml  2  
 2,3; 2,3; 0,82  0,95 ,  

      -
   3,1; 4,15; 1,0  1,6 , 

    600 °   -
   (   Nb). 

    4-1, 
12 18 10 , Ml  2    

   2,5; 2,75; 
1,0  1,50     – 3,10; 3,8; 1,15 

 1,50  ( . 1).     -
  600  800 °    

  3,0–2,7 , Nb –  1,2–1,1 , u – 
 0,9–0,85     Ti 

   .  

. 1.       (1)    
  : 2, 3, 4 –      1,5-    600  800 °  [5] 

  [5] ,   
  Nb  1   -
  Cu  -

    280   Cu = 0,5  
450   Cu = 0,067     

   Nb–Cu  Nb–Ti.  Cu = 
= 0,3 ( Cu = 1 )   -

 540     -
    -

    Nb.  
   [5]  

   Nb   <0,15,  
  =725     . 

   ,  Ti    
    -

  – 0,1  ( u = 0,03)  Nb – 0,5–1,0  
    

     -
      

  720 ,    
     

.    1500 -

    = 0,5; 0,067  0,03 -
,      

(  = 0,03)  97 %     
    750   -

      600 °    
1,5  ( . 2).  

. 2.      u 
       

(2, 4, 6)    600 °  (1, 3, 5); 1, 2 – u = 0,5; 3,4 – u = 
= 0,067; 5, 6 – u = 0,03 [5] 



  70 

   -
   Ø6  -

   4-1 – 
 2–  1–  12 18 10  -

     -
  Abaqus/Explicit  

 SIMULIA/Abaqus  Abaqus, 
Inc. (USA),    -

   -
   . 

     
.    

     -
   0,2  

     
  [6].   

    -
   .   

  -   
  0,04 ,   

     
 .   -

    
    -

    . 
  Cu   1,5 

( u = 0,25)  0,08  ( Cu=0,013). 
   -

    -
     -

    -
 Cu   Nb = 0,166 ( . 3, 5). 

  Cu  0,026   -
    1,  

-     -
   -

   2,    -
      
       
 .   -

 1 Cu  0,026   
     

( . 3,   5, ).   
    -

  Cu = 0,026 ( . 4, 5, )  -
       
 ,      

      -
       

      -
  (     -

 4-1). 

                          

. 3.        OT4-l–Nb– Cu–12X18H10T 
 Nb = 0,166     :  

 – Cu = 0,266;  – Cu = 0,166;  – Cu = 0,1;  – Cu = 0,066;  – Cu = 0,033;  – Cu = 0,026;  – Cu = 0,013 

                   

. 4.        OT4-l–Nb– Cu–12X18H10T 
 Cu= 0,0266     :  

 – Nb = 0,166;  – Nb = 0,1;  – Nb = 0,066;  – Nb = 0,033 



  71

  

  

. 5.      OT4-l–Nb–Cu– 12X18H10T     -
    : 

 – Nb = 0,166, Cu= 0,1 (1 –  = 400 , 2 –  = 450 , 3 –  = 490 , 4 –  = 510 );  – Nb = 0,166, Cu= 0,026 (1 –  = 410 ,  
2 –  = 500 , 3 –  = 580 , 4 –  = 630 , 5 –  = 660 );  – Nb = 0,166, Cu= 0,013 (1 –  = 540 , 2 –  = 630 , 3 –  = 680 , 

4 –  = 710 );  – Nb = 0,033, Cu= 0,026 (1 –  = 520 , 2 –  = 630 , 3 –  = 690 , 4 –  = 750 , 5 –  = 770 ) 

  

. 6.     OT4-l–Nb–Cu–12X18H10T     
  Nb = 0,166 ( );     Nb = 0,026 ( ) 

   -
  ( . 6, )   ( . 6, ) -

    , 
   . 

    

4-1–  2–  1–  12 18 10   
     

  ( . 2)  -
     -

 ( . 6)    . 



  

 

72 

1.    -
    

 4-1–  2–  1–  
12 18 10     

  1   0,016    
0,25  2   0,033    0,16  -

  SIMULIA/Abaqus. 
2.    

  4-1– 2– 1–12 18 10  
    -

     -
   12 18 10 . 

  

1. , . . - :    -
  / . . , . . , 

. .  //   : .  . . . 
 10(48) / . – , 2009. – . 11–15. 

2. , . .    -
 :  / . . , . . ,  

. .  ; . – , 2013. – 344 . 
3. , . .    /

. . , . . , . .  :  / 
. – , 2001. – 242 .  

4. , . .    -
      / . . -

 //  . – 1962. –  5. – . 35–46. 
5. , . .   

     -
  / . . , . . , 

. . , . . , . .  // -
   . – 2007. –  8. – C. 31–37. 
6. , . .   -

  (   ), -
  / . . , . . , . . -

 //  . – 1971. –  9. – . 19–21. 

 62-419.5:620.172.224:519.876.5 

. . , . . , . . , . . , . .  

    

 -  * 

    
 

e-mail: mv@vstu.ru 

      SIMULIA/Abaqus    
 -        .  

 : , , ,  , , , , 
  . 

Simulation of deformation and fracture of multilayer magnesium-aluminum composite with varying the relative 
thickness of the soft interlayers using the package SIMULIA / Abaqus was studied. 

Keywords: magnesium, aluminium, titanium, soft interlayer, deformation, fracture, simulation, finite element method. 
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This paper is concerned with the analysis of stress intensity factor of a orthotropic rectangular plate with non-
symmetric crack subject to tension. 

Keywords: mathematical simulation, elasticity, directed graph, crack, stress singularity, stress intensity factor. 
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The method that allows to calculate by the calculated way the endurance limit of the metal is described in the ar-
ticle. An experimental research that is established the physical and mechanical properties of the material and con-
firming the effectiveness of the proposed method was done. 

Keywords: limit of endurance, strength, external load, elastic-plastic contact, hardness. 
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Estimate of the shear load capacity of flat parts joint with close hardness was carried out considering joint con-

tact stiffness and quality of the contacting surfaces. The method and results of experimental research of the durabil-

ity of such joints were described. 
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Work is directed at strengthening the resilience the loss of stability steel rods used in constructions, on the basis 
of hardening in different ways. The method of strengthening the resilience the loss of stability was developed on the 
basis multiple mechanical-thermal treatment with the use of strain aging. Researched macro and micromechanism of 
deformation on the yield plateau before and after strain aging.  

Keywords: stability, critical stress, flexibility, physico-mechanical properties, structure, strengthening the resili-
ence of loss of stability, hardening, strain ageing.  
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This paper describes a method of nondestructive testing of parts of threaded connections, allowing to spend total 
control on the production of studs, bolts, etc. This method is based on the laws of elastic-plastic introduction of 
spherical indenter in the test details. 

Keywords: ultimate strength, fatigue strength, plastic hardness, elastic-plastic indenter introduction. 
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   HB      -

 T = HBt/HB293,   «t»  «293»     , . 
,          HB293. 

      HBt   .     -
  0,2 = f( )    77  T  293     -
       HB293   . 

 :   ,   ,  , 
 . 

The effect of low temperatures on structural steels hardness, HB, is investigated. It is suggested to to characterize the 
increase of HB at low temperatures by means of temperature coefficient of hardness T = HBt/HB293, where subscriptions 
«t» and «293» refer to low and room temperature, accordingly. Is found that the hardness increase at low temperatures is 
controlled by HB293. The general relationship for low temperature hardness values calculation is established. In combina-
tion with the earlier found linear correlation 0,2 = f( ) within the range of temperatures 77  T  293 K it makes it pos-
sible to estimate low-temperature mechanical properties in tension using HB293 hardness at the room temperature. 

Keywords: Brinell hardness, hardness temperature coefficient, yield stress, low temperatures. 



  94 

1.  

     
  .  

    -
     -

 -   . -
  .     

1937  [1].  ,   
HB      -

    [2]  -
 [3] . ,  -
   0,2   

  HB     
    -

    . 

2.  

   [4]  
     

     
,     

   , ,  -
  , 0,2,   
  77 300     -

   

        0,2 = 3,1647·HB – 157,08  .         (1) 

     
     

     -
     - 

  .   
     -

  [4]. 
    -
      
. ,   -
   -

, [5],    -
    

       
.    -

      
 [1, 6, 7],     

    T.  
,   17   

  (08 ,  20,  45, 3 , 
40 , 8, 30 , 18 3 , 12 18 10 , 
13 11 2 2 - , 17 , 17 1 - , 06 2 , 
10 , 10 2 , 10 2 - , 15 2 ), 

    ,  
     -
    HB293  -

 .  . 1  , 
   .  -

 ,   -
 HB   ,  

   T: 

  T = HBt/HB293,          (2) 

 HBt  HB293 –    
    . 

1

1,5

2

2,5

3

100 200 300 HB293

T

 
. 1.         

  HB293.   – T=77 ;   – T=173  

  T   

     -

  . 2.     

. 2    -

  

    T =A·TB.        (3) 

     

    77 T 293 K 

     

T=f(T, HB293).    -

 A(HB293)  B(HB293).  -

  . 3  4. 



  95

. 2.   T       

 .    –   HB293 

0

20

40

60

80

50 150 250 350 HB293

A

 

. 3.      (3) 

  HB293    

-0,8

-0,6

-0,4

-0,2

0

50 150 250 350 HB293

B

 

. 4.       (3) 

  HB293    

,   . 3  4, -

   (4)  (5) 

. 

   

    A=0,758exp(454,132/HB293),        (4) 

     B= – 64,87/(HB293 –10,76).         (5) 

 ,   

   HB(T). 

   -

 HBt      

 .   -

   HB293   -

    -

  T   (3),  -

 A  B    

 (4, 5).    

     (6). 

 HBt = T·HB293.     (6) 

     (1) -

     -

    .  

3.

    -

     -

    .  

    -

      

  .   

      

    -

   .   

    -

    

      

    77  293 .  

  

1. , . .     -
    / . . , . -

 // . . . – 1937. – 7. –  24. – 
. 2275–2286. 

2. , . .   
   / . . . – . : -
, 1979. – 191 . 

250 

150 

100 

350 

0,5

1 

1,

2 

2,5

3 

50 100 150 200 250 300 ,

T 



  

 

96 

3. , . .    -
  / . . . – . : -

, 1962. – 488 . 
4. Baron, . . The generalized diagram of fracture toughness

for pipeline steels / . . Baron // International Journal of Pres-
sure Vessels and Piping. – 2012. – Vol. 98, October. – . 26–29. 

5. , . .   -
   / . . , . . , 

. . . – . : , 1986. – 224 . 

6. , . .  

   10-6 – 102 / . . 1 / . . , 

. . , . .  // . . . – 1949. – 

19. –  3. – . 300–314. 

7. , . .  

   10-6–102 / . . 2 / . . , 

. .  // . . . – 1949. – 19. –  3. – 

. 315–326. 

 539.432+620 

. . , . .  

      

    77  293  

    
 

e-mail detmash@vstu.ru 

      KCV     -

  .    77–293     KCV = 

= f(KCV/HB).       .   

      . 

 :  ,   , -  . 

The accelerated method for pipeline steels impact strength KCV estimation in the brittle-ductile transition range 

is suggested. Within the temperature range of 77–293 K linear relationships KCV=f(KCV/HB) are established. The 

unified impact strength diagram for pipeline steels is developed. The method for Charpy impact strength, KCV, 

evaluation using the suggested unified diagram is described. 

Keywords: impact strength, Brinell hardness, brittle-ductile transition range. 
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Mn 1.60 1.55 1.39 1.31 0.59 1.20 1.50 

Si 0.33 0.33 0.51 0.51 0.22 0.26 0.25
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V 0.097 0.096 – – – – – 
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Mo – – – – – 0.30 –

Ni – – – – – 1.30 0.70
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Discussed the parameters of the process of hardening fraction: the treated surface coverage prints speed fractions 
and diameter for maximum effect by fatigue strength. Full use of the strength and ductility of the steel processed shot, 
achieved at the maximum uniform strain on the workpiece surface. Rational work-hardened layer depth and the system 
of residual stresses determine the required process conditions shot-peening - speed shot and its diameter . The results of 
calculation of rational values of the velocity and diameter of the fraction with cogwheels steel parts. 

Keywords: shot-peening, residual stresses, the depth of hardening, modes of shot-peening. 

*    
      -
    

    , -
    .  

     - 

*      
 14-08-00131/14      -

  2014/16 (   2986). 

 :  ,  , 

 ,   -

   , 

 . 

    -

,     -

    

      . 

    -



          

 

100 

     -

      -

  ( ) 

 [1, 2]. 

     

    -

 . ,   -

       0,9 

 ,   1,0,   -

   ,   

    

,    [3]. 

      

   -

  [4]. ,  

   , 

    -

  . 

 [1, 2, 3],   -

    -

  ,   -

  i   -

     -

   .    

     

   .   -

  ,  

   , -

   hs,   -

 [3].      hs 

    

    ( -

,     ). 

    -

       0,9, 

      

  .  

     

   

      

   (  

   )    

 . 

   -

      -

  [5] 

245
,       (1) 

  –    

 ,  [5, 6]. 

 [3],     

   y = 0,9…1,0 -

     -

 hs = 1,5d1.    -

    

i     -

  i,0    -

  d1 [7], . .  

D

d
2,0 1

0i,
,                (2) 

 D –   ( ). 
    [3] 

4

2

0
1

6
D2d ,    (3) 

  –   ; 0 –  -

; –  -

    

;  –   [3] 

 .   -

   -

    0 = 20…100 /  

 = 1,5.
  ,  -

     

    ( . . 

(1))     

  (  = 7800 / 3) 

1,5

16

0

1027,1
.      (4) 

    (4) -
      

    3000…6000  
  . 

 ,   -
     hs  

    -
 k      

4 2

s9

k1

h
105,0...6,0D ,     (5) 

  0,5   -
;  0,6 -   . 

 hs     -
     [3]  

4
2

2

0
s k1D82,1...54,1h     (6) 

(     
  , ó  –  -

 ). 
   k 

       
  [3]  

   

25,0
0

25,11210311k .     (7) 



  101

    (5,6)  

       

   hs = 0,2…1,0  

  . 1. 

 1 

          

     

  

   

 ,  

     

  0, /  –  

 (5) 

  

  

 k –  (7) 
   , / 2    HRC  

3000 244 – 77 0,59

4000 315 – 50 0,71

5000 384 44 36 0,80

6000 452 50 27 0,86

   D  ( )   

hs,  
    ,  

3000 4000 5000 6000

0,2 
0,40 

0,33 

0,57 

0,48 

0,77 

0,84 

1,00 

0,65 

0,4 
0,80 

0,67 

1,20 

0,95 

1,50 

1,30 

2,00 

1,70 

0,6 
1,20 

1,00 

1,70 

1,40 

2,30 

1,90 

3,00 

2,40 

0,8 
1,60 

1,30 

2,30 

1,90 

3,10 

2,60 
– 

1,0 
2,00 

1,70 

2,90 

2,40 

3,90 

3,20 
– 

.   –   D    ,   –   -
.  –   (5,6). 

 ,    
   -

  ,    
(4),     

  ,   -
     

(5)       
     -

  . 

    -

     -

   -

    [2, 3], 

,   d1  

   (3)    -

   , , 

0,9,    -

 T      : 

qd

m3

1

1
ln

qd

m4
2

1

2

1

;           (8) 

2

1

2

1 d

mS

1

1
ln

d

mS4 3
(9) 

 m –   , ; d1 – -

  , ; q–   

, / 2 
á ; S –    

  , 2. 

  -

      -

  (  25502)  -

     -

  .   

   . -

    L = 600  

    ,   

     -

  .    -

        

n1 = 60–70 -1.    

   = 0 9…1 0.  

    

      

    -

.    

     -

,    -



          

 

102 

     -

       

   . 

    -

    V (  -

   n  = 3200 -1)  

 .   -

   hs ,  -

     -

.     

    . 2. 

-  D     (5). 

,      -

      

( . -  D    40 ).  -

 N  D > D  ,   D = 

D .  D,    N 

     -

  D .  

   -

   -

   -

     

 . 

 2 

        D   

     

  
 

H ,  
 

  
 

s0,2,  

 
 2t, 

 

  
 
 

  
  -
 N, % 

-
  

, D  
  
 n, -1 

  
 D,  

40 2146 480 4,02 3200 1,25–1,6 1,05 525 1,46

40 2146 480 3,85 3200 1,6–2,0 1,35 325 1,46

65 3263 730 2,06 3200 0,8–1,0 0,45 321 1,00

30 2665 600 3,88 3200 1,6–1,8 0,94 450 1,66

  

1. , . .   -

   / . . , . . , 

. . . – . : , 1986. – 224 . 

2. . . 1400862 ,  24 39/00. 

    -

 / . . , . . , . . -

, . . . – . 07.06.88, .  21. 

3. , . .   

 / . . , . . , . . ,  

. . . – . : , 2008. – 230 . 

4. , . .   

    / . . -

 //  ,  10, 1951. – . 76–77. 

5. , . .   

   / . . . – . : -

, 1965. – 171 . 

6.  18835–73. .   -

 . – . 01.01.74. 

7. , . .   -

     -

-     / 

. .  //    . – 

1993. –  5. – . 11–20. 

8. , . .   

     -

 / . . , . . , . .  // 

   . – 2006. –  10. – 

. 45–52. 

 [620.17+620.18.6]:[66.018.2 + 66.018.4] 

. . , . .  

     , 

   

 « » 
 

e-mail:info@vniktinho.ru 

   ,     ,   
    ,      

     . 
 : ,    15 5 , ,  , -

. 

Influence of size of tension operating at various stages of creep, and also tension of tests on characteristics of 
creep, long–term strings and a microstructure of metal of pipes of oven coils of catalytic reforming units is investigated. 

Keywords: oil processing, 15Cr5Mo steel pipes, creep, long–term strings, microstructure. 
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. 7.     15 5   ( )   ( , )   550 ° , 1000:  
 – 230 .  , 163–170 ;  – 2500 , 156–163 ;  – 2500 , 20 ,  = 0,8 %, 166  

                                                                                                                                          

. 8.     12 2 1  ( )   ( , )   750 ° , 2000:  
 – 103 .  , 170–179 ;  – 8 , 137 ;  – 8 , 20 ,  = 3 %, 121  
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Investigated effect of prolonged heat treatment on the mechanical properties of the wire on the base layer of 
aluminum alloy 01417. It is shown that the low ductility of the wire due to the negative influence of diffusion pro-
cesses at the interface between layers, leading to the emergence of continuous intermetallic layers.  

Keywords: 01417 alloy, the wire, heat treatment, mechanical properties, electrical conductivity. 
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01417   (     -
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     -

   0,45–0,8  0,35–0,45 ,  -

   . 

   ( – -

  01417)      

     -

     0,45–0,7  0,5–

0,7 .    

     

     -

 ,     -

     -
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     (0,69–0,88 
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 . 

 ×500 
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  01417: 
 –  ;  –   220 , 500  ( Ag = 9,8 ) 
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    01417 

      -

 .   -

     -

   ( -

  )   -

      -

,   . 

  1 

     01417 

  

 

 , 

,  

  

, 200, % 

 

, , % 

, 

( · 2)/

(  ) 

 230 5–6 – 0,029–0,030

(  ) 

  276–286 1,5 86 0,0329 

 220 , 500  292–294 0,5 – 0,0324 

. 4.     
  01417     

    -  

     -

     

   ,  

    -

     .  

    - 

     

 ,  -  -

     -

   . , -

  ,   

  ,  -

    

    . 

  – – -

  01417  -

 ,   -

   ( ).   -

    

.   -

   ,    -

      -

  . 

 2 

   –   01417 

  

 

 ,  

,  

  

, 200, % 

  

, , % 

, 

( · 2)/

(  ) 

 270–280 7,4–8,5 – 0,030

 250 , 145 360 1,3–2,0 – 0,039

 250 , 500 365 7,1–7,6 – 0,043

 250 , 1000 380–385 6,6–8,9 – 0,044

(  ) 

 281 11–15 86 0,0303

 220 , 500 330-338 1,0 22 0,0386



  

 

113

  

. 5.      (    245 ):  
 –  ;  –   

 3 

   – –   01417 

  

 

 ,  

,  

  

, 200, 

  

, , % 

,  

( · 2)/

(  ) 

 290–310 9–10 – 0,028

 250 , 215 265–285 1,2–3,8 – 0,032

(  ) 

 252–256 4,7–6,8 85 0,029

 220 , 500 328 1 42 0,030

  

. 6.      (    260 ):  
 –  ;  –   

 

  -  -

      -

  01417   -

    

    , -

    -

 .    -

  ,  , 

    -

,    -

   -

       

    -
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The article shows the problem of knockout of investment casting; the additives, which improves knockout of 

forms are developed.  

Keywords: investment casting, ceramic, knockout, ethyl silicate, marshallit. 
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    -

 (     -
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 15x25    100 .  -

    

  32 (  2435-397-05763441–

2003),    . 1. 

 1 

   

 , . % 

 32 51 

  6-09-3513-86 40 

 8,5

   857–95 0,5 
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     2 . 

   

    

.   -

   -

    -

 – ,  -

 1    900 °C.  

    , 

  45  (   –4, 
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,   ,   

      -

  24  [3].   

. 

 2 

    

 
,    

 ,  1 2 3 

  1,6 1,5 1,7 1,6 

1 % [CuCl2] 1,0 0,9 0,8 0,9 

2 % [CuCl2] 0,7 0,8 0,8 0,8 

1 % [MgSO4] 1,1 1,1 1,2 1,1 

2 % [MgSO4] 1,1 0,9 1,0 1,0 

,   1   

 700 °C,    

.       

  : 

–  ;

–  1 % [CuCl2];

–  2 % [CuCl2];

–  1 % [MgSO4];

–  2 % [MgSO4].

     -

      -

    1     

 1140 °C,    

  ,     

    , 

    . 2.  

     1 . % 

CuCl2      

  1140 oC    , 

     MgSO4 -

     32 %. 

    -

     -

.  

     

   -

 «Versa 3D».  . 1  2  

   . 

      

 

. 1.  ( 350)  : 
 –  ;  – 1 . % CuCl2;  – 2 . % CuCl2 

  ,         -

      ( ). 
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. 2.  ( 350)  :  
 –1 . % MgSO4;  – 2 . % MgSO4  

 ,   «Versa 

3D»,   . 3, ,  

,    , -

    . ,  -

     -

    ,  

   (   1 .% 

MgSO4,  0,2 . % )  -

    (  -

  

1 . % CuCl2  0,47 . % ).  

  3 

   , % 

.  

 
  

 

1 % [CuCl2] 2 % [CuCl2] 1 % [MgSO4] 2 % [MgSO4] 

O 64,75 64,63 65,18 64,83 65,51

Mg 0 0 0 0,01 0,01

Al 0,48 0,44 0,61 0,52 0,44

Si 34,14 34,14 33,3 33,99 33,53

S 0 0 0 0,14 0,07

Cl 0 0 0 0 0

Fe 0,56 0,43 0,47 0,44 0,36

Cu 0,08 0,36 0,45 0,08 0,07

      

 (CuCl2)    

  ,  -

,    – 993 °C, -

    -

    

     

      

   . 
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The possibility of forming a stable and high quality root pass weld using a surface-inactive substances deposited 
on the reverse side of the joint is shown. The effect of various surface-inactive substances on the geometrical dimen-
sions of root reinforcement is investigated. 

Keywords: surface-inactive substance, root pass. 
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 –  ;  –   ZrO2 
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  ,  
     
    . -

    0,5  5,02 ,  
   4,7  10,7    -

  3,04  3,26  (  = ~ 0,22 ) ( . 2, ). 
    -

       -
 ,    0,46  

3,08 ,    5,18  12    
  3,26  3,78  (  = ~ 0,52 ) ( . 2, ). 
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The character of the hardening of the surface layers of thermo-and wear-resistant alloy clad modified ultrafine 
particles TiCN, in the thermopower with electromechanical effects. The dependence of the microhardness and the 
depth of the hardened layer of metal on the strength of the current flowing through it.  

Keywords: deposited alloy, modification, electromechanical hardening, sclerometry. 
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. 4.     H 0,49 
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  TiCN, , 

     
 ,    

15 15 4 3.  -
      

   30 %      
    - 

  ( . 4),    -
   150 .   -
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To the real article the results of mathematical design are driven by means of package of SolidWorks of the tem-
perature field in a steel cylindrical purveyance from steel of 18 10  at her heating in a chamber electric stove 
with the use of radiation, natural and force convection. The investigated  purveyance in a stove was situated apeak 
on  and above  of stove. Heating of standard was conducted in a stove without the use of ventilator, with 
one and by two ventilators. Efficiency technologies estimated on the time and also overfall of temperature expended 
on heating of purveyance on a section and height of purveyance. 

Keywords: design, temperature field, radiation, convection, overfall of temperature on a section and height of 
purveyance, time of heating of purveyance, electric chamber stove.  
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      -
     

,    -
      -

  . 1. 
   -

  ,    -
    . 2,  -

    . 
    500 °  

 ,     
      

 .  
   , -

     -
     

 :    -

   (190 ),   -
      

 ,    
 227,47 ° .     

    37,18,   
 – 51,02 ° ,     -

  . 
   ,   

    -
    -

       
 ,     

     250 ,   
     

    34,53 ° ,  
      3,63  -

 –  2,58 ° . 

. 2.    : 
1 –  ; 2 –   ; 3 –    

    -
      -

    .  
  ,  -

       

 225 ,      
      8,03 °    

  1,61 ° .    -
     -

   (52,8 ° ). 



          

 

126 

 

         

   500 °    1000 °  

 (  d = 18   h = 45 ) 

  

      

, 
 

      
   .  
    

- 
 ( ) 

 
( ) 

  
( - ) 

-
 ( ) ( ) 

 
( - ) 

-
 ( ) 

 
( ) 

 
( - ) 

, °  

0 20,05 20,05 0,00 20,05 20,05 0,00 20,05 20,05 0,00 

10 134,76 50,29 84,47 20,25 20,11 0,14 20,26 20,06 0,21 

30 321,99 140,05 181,95 89,37 58,47 30,90 69,17 50,75 18,42 

60 516,40 288,92 227,47 183,10 149,32 33,78 222,10 176,70 45,41 

90 675,40 457,76 217,64 317,39 282,86 34,53 367,61 314,82 52,80 

120 823,43 644,27 179,16 853,84 833,07 20,77 – – – 

180 973,71 923,38 50,33 – – – 910,04 882,15 27,90 

190 980,87 943,69 37,18 – – – – – – 

225 – – – – – – 980,83 972,80 8,03 

240 – – – 972,82 967,43 5,39 – – – 

250 – – – 981,04 977,41 3,63 – – – 

     
 

51,02 – – 2,58 – – 1,61 

   

   .       

, 
 

    , 3/  

13,5 33 46 

- 
 ( ) 

 
( ) 

  
( - ) 

-
 ( ) ( ) 

 
( - ) 

-
 ( ) 

 
( ) 

 
( - ) 

0 20,05 20,05 0,00 20,05 20,05 0,00 20,05 20,05 0,00 

10 20,56 20,13 0,43 20,56 20,13 0,43 20,56 20,13 0,43 

30 86,28 70,81 15,47 80,58 68,35 12,23 92,92 70,21 22,71 

60 195,56 175,28 20,29 195,86 173,02 22,85 – – – 

90 357,02 329,18 27,84 353,96 326,91 27,06 360,66 334,82 25,84 

120 – – – – – – – – – 

180 892,97 880,17 12,79 891,18 878,73 12,45 896,23 883,93 12,30 

190 – – – – – – – – – 

225 – – – – – – – – – 

230 – – – – – – 978,48 974,25 4,23 

235 980,90 976,30 4,60 979,47 978,17 1,30 – – – 

     
 

1,02 – – 2,40 – – 1,33 

     -
      -
      -

.      
      

   ,    –  -
    -

 .     -
      -
 .  , 
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This paper presents comparative results of computer modeling and real-cylindrical steel billet heating in an elec-
tric chamber furnace. Found that the variation of temperature of the heated section of the workpiece according to 
two variants does not differ and, therefore, computer simulation can be used to study the temperature field of the 
heated billets. 

Keywords: computer simulation, the heating of the metal, the temperature field in the workpiece, the electric furnace. 

    
     -

     
     -

 ,     -
 .   

   -
     -

.     -
   , -

      
   -

    
,    . 

      
   .  

     
,      

      
    . 

    -
     -

   0,08    
0,25    45     
  :  0,46 ,  

0,25    0,84 .   -
    . 1. 

   -
 ,  :  -

    -
      -

    MahtConnex. 
  ,   

   ,  
   . 1, -

   .  



          128 

. 1.       45: 
1 –  ; 2 –   ; 3 –    

. 2.      



  

 

129

. 3.       
     :  

1 –  ; 2 –  ; 3 – -
  

   
     -

     
 0,08    45   

740 ° .     . 2 
 3.  

     -
      

      -
    ,  -

    -
: 710,2  721,2; 2,9  1,15 ° .  -

     -
    

    , 
,     
     -

 .  

  

1. , . .   / . . -
, . . . – . 2- ,   . – . : 

, 1977. – 464 . 
2. , . .     /

. . . – « », 1973. – 192 . 
3. , . .    -

      : . ... 
. .  /  . . – , 1975. 
4. , . .   -
    .  .: 

   : . . . 
. / . . , . . . – , 1983. – 

102 . 

 669.046.557 

. . , . . , . .  

    110 13  

    
 

e-mail: mitlp@vstu.ru 

         
110 13     ,    -

        ,  -
 . ,         -

   ,   ,  , -
,     «  »  « », 

 :  ;   110 13 ;  ; -
  . 

The results of implementation of resource- and labor-intensive technology , which provides deep diffusion de-
oxidation by forming liquid and rolling foamed slag on the highly liquid metal mirror, to the process of melting 
high-manganese steel 110G13L are shown. It is shown that the application of new technology can reduce the length 
and complexity of melting reduction period, reduce the consumption of ferromanganese, fluorspar, electricity, mar-
riage castings for reasons «hot crack» and «junction». 

Keywords: high-manganese steel, smelting steel 110G13L; diffusion deoxidation, a highly foamed slag. 
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In this article expected the brunch of rise wear resistance detail «part of caterpillar» by surface alloying in 
mould. There is the composition of grades of carbon fabrics, macrostructure and microstructure of received compo-
site material and result of durability test.  

Keywords: carbon cloth, surface alloying, wear resistance. 
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A structurally-technological chart over, on the basis of that developed two variants of device, is brought: as -
 and sandy bar for manufacturing of standards of the porous founding from heavy fusible metals (and their al-

loys) by a free impregnation (under the action of gravity). In experiments as a pore-forming filler applied the gran-
ules of expanded polystyrene with I consolidate cabbage soup by a shell, hollow spherical shells and particles of 
common salt. As show snapshots of the got standards of the porous founding from the alloy of   4-1 and plum-
bum. Mold and bar confirmed the capacity. 

Keywords: structurally-technological chart, device as mold, device as a sandy bar, free impregnation, heavy eas-
ily fusible metals, porous zinc founding, porous leaden founding. 
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Analysis of the current recent environmental situation suggests the need reorientation raw steel industry , aided 

process sustainably reduce the stock of natural resources, increase their cost , energy tariffs and rail transportation , 

as well as a number of environmental problems inherent in the traditional production of metal . 

Oxide coal briquette, developed at the department «Materials technology» VSTU, represents a new feedstock 

material. The aim of research was to study the technological properties of briquette, which should ensure its trans-

portation , storage and loading into a metallurgical plant . 

Keywords: briquette, ore concentrate , slag , sludge, waste steel , carbon, reductant , liquid glass, recycling. 
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In work results of research of quality of metal of defective sites of large-size forgings like shaft of rotors of tur-
bogenerators are presented. It is established that the nature of the defects meeting since the first end of forgings, has 
crystallizational character. Education on borders of grains of layers of nonmetallic inclusions is the reason of for-
mation of hot intercrystalline cracks. Work of the content in sulfur and silicon metal has considerable impact on dis-
tribution of being formed nonmetallic inclusions. Assessment of hot plasticity of metal showed that decrease in plas-
ticity becomes more pronounced that is connected with the increased work of the contents [Si]x[S]. 

Keywords: ingot, forging, nonmetallic inclusions, plasticity of metal. 
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The paper presents results of a study of the structure and the Brinell hardness of samples from ingots of alumi-
num wrought alloys in the cast state and after homogenizing annealing. 

Keywords: wrought aluminum alloy, ingot, homogenizing annealing, hardness, microstructure. 
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    31  33 

  
  ,% 

Al Cu Mg Mn Si Fe Zn Ti

31 . 0,08 0,6 0,10 0,6 0,46 0,20 0,12 

31   .  0,10 0,4–0,9  0,10 0,3–0,7  0,50  0,20  0,15 

33 . 0,10 0,62 0,03 0,47 0,50 – – 

33   . 0,15–0,40 0,8–1,2  0,15 0,4–0,8  0,70  0,25  0,15 
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  20 %-    NaOH 
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  23855–79.   -

    -

 SNOL 2/1100   540–610  
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  -41   500. 

     

    

    

 ( . 1).  
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 – 31 (d = 177,3 );  – 33 (d = 202,8 ) 
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420   31, 402–436   33. 
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 [3], ,     -

    

   600–620 ,   

    

    . 

  



  147

                        

. 2.      31: 
 –  ;  –  580 ° , 4 ;  –  600 ° , 4 ,  1500 [3] 
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 Mg2Si   31  33 , 
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