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 5,50  4,86  (  22 %).  
 AISI-1070  Deform-3d.  

 – ,  - 50 .  -  9453-75. -
 – 2 .  - 0,05. 

.  
 

 
 R  (1) 

  - ;  - ; R –  (  
 2,59 ). 

 . 1.  
 

 1 
 

 

  
 

  
  

,  

-
, 

 

-
, 

 

  
  

, 
 

 
, % 

1-  2 10 1,047 0,0027 0 
2-  2 921 96,447 0,2499 12,5 
3-  2 1843 192,998 0,4999 25 
4-  2 3686 385,997 0,9997 50 
5-  2 7372 771,993 1,9995 100 

 
 

 1 1 . 
 . 2. 

      ,           
10 . -

 12,5 % , -
 1 . -

 2,6 . -
 (5- ) . 

, ,  
. ,  

-
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, -
, -
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,  
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-

, ,  
-

. 
 

.  
 52544-2006.  

 52544-2006  EN 1992-1-1  . 1 [7]. 
 1  

 
 52544-2006  EN 1992-1-1 

 
 

 
 

EN 1992-1-1  52544-2006 

 

4,0; 4,5; 5,0; 5,5; 6,0; 6,5; 7,0; 
7,5; 8,0; 8,5; 9,0; 9,5; 10,0; 
11,0; 12,0; 14,0; 16,0; 20,0; 
25,0; 28,0; 32,0; 40,0; 50,0 

4,0; 5,0; 6,0; 8,0; 10,0; 12,0; 
14,0; 16,0; 18,0; 20,0; 22,0; 
25,0; 28,0; 32,0; 36,0; 40,0 

 , 2,  
 

400; 500; 600 500 

-
-

 Agt, %,  

 2,5; 
 5,0; 
 7,5 

 –, 
 2,5 

-
 fR,  

 (  
) 

0,035-0,056 0,035-0,056 

 , 
2,  

–  600, 
 550 

,   1,05; 
 1,08; 

 1,15; < 1,35 

 1,08, 
 1,05 

 

-
 18 . 

, 
 52544-2006  EN 1992-1-1  . 2  3, -

. 
, -

 
 380-2005. 

 52544-2006  EN 1992-1-1 -
: 

 

1556
CuNiVMoCrMn

, 

 
. 
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 2 

 EN 1992-1-1  
) 

 
 C1) S P N2) Cu  

1) 
. . . . . . 

 
 0,22 0,050 0,050 0,012 0,80 0,50 

 
 0,24 0,055 0,055 0,014 0,85 0,52 

1)  0,03 % -
 0,02 % . 

2) , -
. 

 

 3 
  

 52544-2006 
 

  
 

, %,   
 C Si Mn P S N Cu 

-
 

 
0,22 0,90 1,60 0,050 0,050 0,012 0,50 0,50 

 
 0,24 0,95 1,70 0,055 0,055 0,013 0,55 0,52 

 
1. , , -

. 
2.  32 -

 0,26 %  0,53 % (  – ,  
0,27  0,57 %). 
 
 

 EN1992-1-1  52544-
2006. ,  
EN1992-1-1 Eurocode2  EN 10080-2009 , -

, : « », « »  « »  
, . -

 Eurocode2  . 
-

. -
, -

 [8]. 
 52544-2006  EN1992-1-1 -

.  52544-2006  
 (  

)  90 %. ,  EN1992-1-1 [9] -
-
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 -  
 95 %;    

 
90%; . 

 
 - -

.   
   .             -

-
, , -

 ( , -
, .) [10]. -

, , -
, . -

. 
 

, ,  
, -

.  
-
, 
-

, .  
, -

 (  «Stretching»). 
 

 
 
1. .  // -
. 2005. . 2-5, 
2. .  

 // . 2009.  1. . 10-12. 
3. , . -

 18  // . 2012.  3. . 14-23. 
4. .  

 // . 2001.  
3. . 2-3. 

5.  / . , . , . , .  // 
. 2013.  5. . 7-13. 

6. ., . -
 // -

. . . 2013.  4. . 65-69. 
7. ., . -

 // -
, :  71- .- . . -

: . , . . . , 2013. . 1. . 273-276. 
8. ., ., . -

 // . 2004.  5. . 18-23. 
9. . . 

.  : , 2011. 216 . 
10. ., ., . . .  

500  // -
 « ». 2013.  8. . 48-59. 
 



 48

 
 539.42 

 
 09   

 
 

., ., ., . 
 «   

», . ,  
 

-
. -

, , , 
 

 09 . -
 -70  + 425 ° . 

 - -
, , ., -

, , -
 [1-7]. 

-
, . 

 
,  

,  
 [8]. -

-
. -

 (  1  – )  
. 

-
, -

. 
 

: 
-   -

, ; 
- ,  

; 
- ; 
- . 

-
, , -

, -
, -

 [9, 10]. -
. 

-
-

 09 .  
 



 49

                      (  
02G25.31.0016)  218. 

 
 

 
 

 
 09  

 ( . 1). 

 
 

. 1.  ( )  ( ) 
 

 Matec 40HV -
 4  SEE04Z4L50S AH725. 

-
  Xstress 3000 G3 

(STRESSTECH, ) ,  
3 .  – -

.  
:   - ; 

 - . 
 . 1 , -

.   
 1 

 
 

  
 Cr K-  

, 0  2,2897 
 2 ,  134÷138 
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-
. 

,  
, : 

1.  n, . 
2.  V ,  . 
3.  d, . 
4.  SZ, . 
5.  - Z, . 
6. . 

 - rV ,  30/n  - 
, ; 2/dr  - , . 

, , -
. 

, :  V -
,  1  SZ   - Z. 

-
 [11-16]. 

 

ji
jiij

i
ii axxaxaay 321123

3

1
0 ,     (1) 

  – ; i  j – ; 0a , 
ai, aij  123 - , . 

 ( ,  
 ± 1) 

8

8

1
0

k
k

a ;   
8

8

1k
kik

i

x
a ;  

8

8

1k
kjkik

ij

xx
a ;  

8

8

1
321

123
k

kkkk xxx
a , 

 k – ; k  -  k ; 

ikx  -  i  k . 
, -

. : 1 - V, 2 - SZ, 3 - Z. 
   

 (+1  -1)  . 2. 
 2  

  
) 

 
  

 V,  SZ ,  Z,  

1 80 (+1) 0,08 (+1) 0,3 (+1) 
2 50 (-1) 0,08 (+1) 0,3 (+1) 
3 80 (+1) 0,04 (-1) 0,3 (+1) 
4 50 (-1) 0,04 (-1) 0,3 (+1) 
5 80 (+1) 0,08 (+1) 0,1 (-1) 
6 50 (-1) 0,08 (+1) 0,1 (-1) 
7 80 (+1) 0,04 (-1) 0,1 (-1) 
8 50 (-1) 0,04 (-1) 0,1 (-1) 
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 . 3,  
 – . 

 3  
 

 
  

 
 

 1  2  3  ,  
1 7 +1 +1 +1 197,7 
2 8 -1 +1 +1 193,9 
3 2 +1 -1 +1 220,8 
4 3 -1 -1 +1 208,5 
5 6 +1 +1 -1 271,6 
6 5 -1 +1 -1 252,4 
7 1 -1 -1 -1 258,1 
8 4 -1 -1 -1 250,5 

 
 

0a , aij, 123   
 

...95.77175,4455,133625,81075,360 21321  
 

3213231 45,5870,5908,35... .     (2) 
 

 
 

   -
.  .  2 -

 (2), -
 Z. 

 

         
 

                                                                        
 

. 2.  V   SZ:  
 - Z = 0,2 ;  - Z  = 0,1  
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 , : 

-  - ; 
-  ( ); 
-  0,04  0,06  0,1  0,2  

; 
- , : -

 Z = 0,1  -
300 . 

 
 

 
, -

-
-4. , -

 
 -193,3  -848,6 . 

 
: 

1.  
. 

2.   -
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REPORTS 
 
UDK 621.77 
Lezhnev S.N.; Volokitina I.E., Kurapov G.G.; Knapinski M.Ya. Study of the cryogenic 

cooling effect on the copper microstructural evolution during equal channel angular extru-
sion. 

This article describes the study of the cryogenic cooling effect on the copper microstructural 
evolution during equal channel angular extrusion. A scientific hypothesis was that the structure re-
finement occurs due to the physical and mechanical processes which take place in the material. 
Therefore, the work is associated with a deeper understanding of theoretical concepts and practical 
aspects of the SPD (severe plastic deformation) methods with structure formation and with the op-
portunity to expand significantly the scope of industrial metals due to the creation of advanced pro-
cesses to obtain the subultra-fine grain semi-fabricated products and products with a qualitatively 
new level of physical and mechanical properties. 

The data for investigation was the M1 commercial copper of square section 15 15 70 mm 
that was subjected to the equal channel angular extrusion in a conventional echelon matrix, with 
angle of the channel junction of 125° and in an echelon matrix with the same angle of the channel 
junction but with an intermediate and a quenching chamber equipped with a system for circulating 
nitrogen, which are located after the output matrix channel. The investigation has revealed that the 
microstructure of copper after extrusion in the proposed equal-channel echelon matrix design that 
provides cryogenic cooling of the workpiece, is more fine-grained, and higher values of microhard-
ness of copper alloy are provided. It has been established that the main process of the structure re-
finement, regardless of the mechanism of yield ability (ductility), occurs at the time of yielding of 
metal, and subsequently there is fixation of the formed structure. 

Fig. 4. Table 1. Bibliograf. 3 names. 
Keywords: icrostructure, ECA-pressing, copper, cryogenic cooling, microhardness. 
 
UDK 621:771.23–022.532:621.785 
Salganik V.M., Poletskov P.P., Berezhnaya G.A., Gushina M.S. Alekseev D.Iu. 

Improving of the technology controlled rolling alloy steels. 
In this article was made the analysis of ability to reducing the time for interphase cooling. 

This study was conducted with a help of physical modeling in a Research and Production Complex 
LLC “Termodeform-MGTU”. As a result the time for cooling the strip was reduced from 20 to 16.5 
minutes with a increase in productivity of 10 tons per hour. 

Fig. 2. Table 3. Bibliograf. 6 names. 
Keywords: controlled rolling, interphase cooling, low alloy steel, thermomechanical manufac-

turing, accelerated cooling. 
 
UDK 669.018.58.017 
Barishnikov M.P., Golubchik E.M.,  Koptseva N.V., Efimova Ju.Ju., Kuznetsova A.S., 

Gitman M.B. Study on properties of high-strength invar alloys new generation 
At the present time to develop a new generation of technology proliferation of materials on 

the basis of special alloys with special physical-mechanical properties. An example of such alloys 
are alloys of invarnye possessing minimum value of temperature coefficient of thermal expansion 
combined with high strength characteristics. Scientists Nosov Magnitogorsk Sate Technical Univer-
sity in cooperation with leading experts of PJSC "Motovilikhinskiye zavody" (Perm) is mastering 
small-scale industrial production of new high-strength alloys invarnogo all-in-one class in Fe-Ni-C 
basis. Presents the results of a comprehensive study of the impact of technological impact modes of 
different physical nature in shaping operational properties of invarnyh alloys Fe-Ni-C, optionally 
doped Co, V, MO, using the methods of scanning electron microscopy  and mikrorentgenospek-
tral nogo analysis, as well as modern research equipment. 

Fig. 3. Table 1. Bibliograf. 7 names. 
Key words: high strength Invar alloys; quenching; annealing; structure; hardness; coefficient 

of linear thermal expansion. 
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UDK 621.011.015 
Zaydes S.A. State of surface plastic deformation technology in Russia. 
A review of scientific schools and scientific directions which develop and improve the finish-

ing and strengthening treatment processes is given. 
The scientists  achievements in the field of development of the strain hardening, forming, re-

covery processes and other technologies based on the small plastic deformation are shown. 
Keywords: surface plastic deformation, finishing and hardening treatment, investigations, 

achievements 
 
UDK 620.173.25 
Zhelezkov O.S., Malakanov S.A., Shiryev O.P. Experimentally determined the depend-

ence of the deformation resistance in cold-formed steel 12 18 10  from the temperature of 
the intermediate annealing. 

Experimentally determined the dependence of the deformation resistance in cold-formed steel 
12 18 10  from the temperature of the intermediate annealing. 

Fig. 1. Table 1. Bibliograf. 5 names. 
Keywords: Corrosion-resistant steels and alloys, cold deformation, deformation resistance, 

annealing, annealing temperature, stress deformation. 
 
UDK 621.771.25 
Shubin I.G., Shubina N.I. About the long products quality formation based on the tem-

perature condition modeling in the flow section mill. 
Rolling temperature is the most important technical characteristic of the rolling mill that 

largely determines conditions for sustainable production process and the quality of the finished 
product. A mathematical model was developed, it takes into account equipment specificity, its tech-
nical characteristics and metal strain process characteristics. The adequacy of the model is con-
firmed by comparison with the industrial data. 

Fig.3. Bibliograf . 7 names 
Key words: quality, rod, mathematical model, temperature, rolling mill. 
 
UDK 004.42:669 
Valko D.V. The Development and Using of Educational Software in the Context of the 

New Standards of Professional Education in the Specialty "Metal Forming" 
The criteria and requirements for software solutions in the field of education technology of 

metal forming processes, the analysis of the most suitable software products, including computer-
aided design and modeling, their advantages and disadvantages. A software product for modeling 
manufacturing processes of metal forming for a part of the calculation in the calibration system dur-
ing the rolling. 

Fig. 4. Table 1. Bibliograf. 10 names. 
Keywords: technological processes, metal forming, modeling, programming calculations, sec-

ondary vocational education. 
 
UDK 621.778 
Kharitonov V.A., Usanov M.Yu. Implementation of torsional strain in wire production 

with ultrafine-grained structure.  
The process of wire drawing in the monolithic dies has been well studied theoretically and en-

sured infrastructure.  In order to intensify this process, it is necessary to look for new ways. Howev-
er, the ways must be such as to make minimal changes in the valid drawing equipment. The paper 
discusses various ways. It has been shown that it is necessary to develop ways based on torsion. 
One of the most promising methods is a radial-displacement broach. 

Fig. 1. Table 2. Bibliograf. 19 names. 
Keywords: wire, rotating die, drawing, torsion, modeling, radial-displacement broach. 
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UDK 621.778.08 
Kharitonov V.A., Petrov I.M. Development direction of domestic production of coin re-

inforcing steel. 
The article considers the current status and development direction of manufacturing processes 

coin low carbon reinforcing steel. Also there is given the set of requirements for reinforcement, cor-
responding to modern world requirements. 

Table 3. Bibliograf. 10 names. 
Keywords: reinforcing steel, plasticity, toughness, adhesion to concrete, weldability, stand-

ards. 
 
UDK 539.42 
Trofimov V.N., Karmanov V.V., Panin Y.V., Bacheva A.V. Influence of mechanical 

treatment of steel 09G2S on the formation residual stresses. 
The article presents the research results of influence of machining conditions on the formation 

of residual technological stresses in the surface layers of samples of low carbon structural steel 
09G2S. 

Fig. 2. Table 3. Bibliograf. 16 names. 
Key words: residual technological stresses, x-ray diffraction method, the machining, low car-

bon steel. 
 
UDK 621.771 
Pivovarova K.G. Metal surface roughness formation at sizing in monolith die. 
Mathematical model of microrelief at sizing is carried out which allows to estimate high pa-

rameter Ra value depending on initial workpiece roughness, deformation degree, type of surface 
preparation to deformation, mechanical properties and steel strengthening mechanism. Subject to 
type of surface preparation microlug deformation stress at sizing solid round profile is determined 
by joint calculation differential equations of balance and ductility condition. This model allows to 
estimate these factors quantitave influence the sized metal workpiece surface roughness. 

Fig. 4. Bibliograf. 4 names. 
Key words: sized metal workpiece, surface microrelief, surface roughness parameters, plastic 

deformation    
 
UDK 621.778 
Bakhmatov Yu.F. Influence of technological parameters on the dieless wire drawing 

process effectiveness. 
Operation of ultrasound power devices deals with resonance modes. They depend on the de-

gree of equipment elements loading. The analysis of probable resources effecting on the necessary 
modes is carried out. The decision which provides system selfadjustment is proposed. 

Fig. 4. Bibliograf. 6 names 
Key words: wire drawing, ultrasound, resonance, modulus of elasticity defect, wave guide 
 
UDK 621.774:061.6 
Pyshmintsev I.Yu. RosNITI – 55 years. To new advances. 
The review of the basic stages of institute formation and development for 55 years activity is 

presented. Cardinal constituents of institute scientific and technical potential are described: intellec-
tual capital, modern scientific and technical basics, cooperation links and information area which 
allow to solve urgent problems for country pipe industry as strategic as scientific and manufactur-
ing.  

Fig. 1. 
Key words: RosNITI, pipe industry, scientific and research activity, scientific and technical 

potential, innovative developments, scientific and technical cooperation, technical reglament 
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