
 
 

1 (49)  2015 . 
 

, -
,  

 ( ) . -
 «Ulrich’s Periodicals Directory».  

. 

 2003  
 

: 
.  –  « », 
., . . 

:  
.  – .  

», . ; 
.  – . , .  
, . ; 
.  –  
 « », ., . ; 

.  – .   
; , . ; 

.  –  
, , ; 

.  –   
, , ; 

.  – ; 
 

. , ; 
.  – ., . ,   

 
,   

, ; 
.  – , . , ., 

  
, ; 

. .  – ,   
  

,   
, , ; 

.  – , -
. , 

. 
 

: 
.   –  

 
 « », ., . .   

. : 
.  –  

», ., . . 
. : 

.  –  
 « », ., 

. . 
: 

.  – ., . .  
 « »; 

.  – ., . .  
 « ». 

: . . 
: . . 
: . .  

©  « », 2015 
 48603  « »,  1. 

 
 « » :  

 html: <a href=http://www.akc.ru/itm/vestnik-magnitogorskogo-gosudarstvennogo-tehnicheskogo-universiteta-im-gi-nosova/> 
 77-59632  10.10.2014 . 

, . 
 – . . .  

(455000, ., . , . , . 38). 
16+, 436-  29.12.10. 

: 
455000, . , . , 38 

.: (3519) 22-14-93.  (3519) 23-57-60 
URL: http://www.vestnik.magtu.ru 
E-mail: rio_mgtu@mail.ru; vestnik@magtu.ru 

  
. , 455000, . , . , 38. 

. . ,  
455000, . , . , 38. 

 25.03.2015.  188.  500 . . 



 

      

 
of         

 

 

  

 

  
 

No. 1 (49) March 2015 
 

The journal is included in a List of Russian peer-reviewed scientific journals where key scientific results of dissertations for degrees of a 
doctor and a candidate of sciences should be published, and incorporated into databases of the Russian Science Citation Index (RSCI) 
and the All-Russian Institute of Scientific and Technical Information. Information about the journal is annually published in Ulrich’s 
Periodicals Directory, an international system providing information about periodical and serial publications. Online versions of the 
journal can be found in the Scientific Electronic Library collection on the Internet. 

PUBLISHED SINCE MARCH, 2003 
Editorial Board Members 
Chairman: 

V.M. Kolokoltsev – D. Sc., Prof., Rector  
of Nosov Magnitogorsk State Technical University. 

Honorary Board Members: 
A.V. Dub – D.Sc., General Director of OJSC 
Research and Production Association Central 
Research Institute for Engineering Technology  
(NPO TsNIITMASh). 
D.R. Kaplunov – D.Sc., Prof., Corresponding 
Member of the Russian Academy of Sciences. 
Research Institute of Comprehensive Exploitation  
of Mineral Resources. 
V.F. Rashnikov – D.Sc., Prof., Chairman of the OJSC 
MMK Board of Directors. 
V.M. Schastlivtsev – D. Sc., Chief of the Laboratory, 
Institute of Metal Physics, Ural Division of the  
Russian Academy of Sciences, Academician  
of the Russian Academy of Sciences. 
M. Pietrzyk – Prof., Akademia Gorniczo-Hutnicza, 
Krakow, Poland. 
K. Mori – Prof., Toyohashi University of Technology, 
Japan. 
I. Gorlach – Ph.D., Head of Mechatronics Department, 
Nelson Mandela Metropolitan University, South Africa. 
H. Dyja – D.Sc., Prof., Director of the Institute  
of Metal Forming and Engineering Security, 
Czestochowa University of Technology, Poland. 
A.B. Nayzabekov – D.Sc., Prof., Member  
of the Academy of Sciences, Rector of Rudny  
Industrial Institute, Republic of Kazakhstan. 

R.O. Dusane – Prof., Head of Metallurgical  
Engineering & Materials Science Department, 
Institute of Technology Bombay, India. 
M. Dabalà – Prof., Department of Industrial 
Engineering, University of Padova, Italy. 

Editor-in-Chief: 
M.V. Chukin – D.Sc., Prof., First Vice-Rector- Vice-
Rector for Science and Innovation,  
Nosov Magnitogorsk State  
Technical University. 
First Deputy Editor-in-Chief: 
G.S. Gun – D. Sc., Prof., Adviser to the Rector, 
Nosov Magnitogorsk State Technical University. 

Deputy Editor-in-Chief:  
A.G. Korchunov – D.Sc., Prof.,  
Vice-Rector for International Affairs,  
Nosov Magnitogorsk State  
Technical University.  

Executive Editors: 
M.A. Polyakova – Ph.D., Assoc. Prof.,  
Nosov Magnitogorsk State 
Technical University. 
M.V. Shubina – Ph.D., Assoc. Prof., 
Nosov Magnitogorsk State Technical 
University. 

Editor: N.V. Kutekina. 
Technical Editor: K.V. Gavruseva. 
Translated into English: O.E. Sukhikh 

© Federal State Budgetary Institution of Higher Professional Education  
Nosov Magnitogorsk State Technical University, 2015 

Registration certificate PI # FS 77-59632 dated October 10, 2014 is issued by the Federal Service for Supervision of Communications,  
Information Technology, and Mass Media. 
Founder – Nosov Magnitogorsk State Technical University 
(38, pr. Lenina, Magnitogorsk 455000, Chelyabinsk Region) 
16+ in accordance with Federal Law #436-FZ dated 29.12.10  
Editorial office: 
38, pr. Lenina, city of Magnitogorsk 455000, Russia  
Tel.: +7 (3519) 221 493. Fax: +7 (3519) 235 760 
URL: http://www.vestnik.magtu.ru 
E-mail: rio_mgtu@mail.ru; vestnik@magtu.ru 

Prepared for the publication by the NMSTU publishing center,   
38, pr. Lenina, city of Magnitogorsk 455000, Russia 
Printed by the NMSTU printing section, 
38, pr. Lenina, city of Magnitogorsk 455000, Russia. 
Publication date: 25.03.2015. Order 188. Circulation: 500. Open price. 



 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 3

                                   CONTENTS 

 ..................................... 5 
., .  

 
 ........................................... 5 

., ., . 
 

 « »  
 ...................................... 9 

., .  
   

   
» .................................. 16 

.  
 CORS  

 
 ....................................................... 22 

., ., . 
  

  
 ................................. 26 

,  ...... 32 
., ., ., 
., .  

 
 

 ...................................... 32 
 ....................................... 36 

., . 
 

 .................. 36 
., ., .  

 
  

 20   
 ........... 43 

., ., .,  
.  

 ....................... 52 
., ., ., 

.  
 XSTRESS  

   ................. 55 
 

 ............................................................................ 60 
., .  
 (111)    Ni20-XMnX .......... 60 
., ., ., 

., . 
  

 
,  

 ............................... 65 

Mining ....................................................................................... 5 
Teziev T.M., Dzhioeva A.K. The optimal block  
length when developing compound  
nar-row pitching veins ........................................................ 5 
Vasilets V.N., Lapaev V.N., Pikalov V.A. 
Problems of increasing the volume and efficiency  
of production in the zarechny open-pit mine in terms  
of open-underground mining .............................................. 9 
Ziyangirov A.R., Gabdrakhimov M.S.  
Methods used to determine and control  
measurement of oper-ating parameters  
«formation-borehole-equipment» ..................................... 16 
Panzhin A.A. Study of CORS geodynamic  
movements to substantiate control methods  
of the displacement process in deposits  
of the Ural region .............................................................. 22 
Klochkovskiy S.P., Smirnov A.N., Savchenko I.A. 
Development of physico-chemical bases   
of an overall use of high-magnesia  
siderites ............................................................................. 26 

Metallurgy of Ferrous, Non-Ferrous and Rare Metals ....... 32 
Smirnov L. ., Shulmin D.S., Smirnov A.L.,  
Deryabin Yu. ., Dovgolyuk L.V. Ladle 
dephosphorization of low-carbon steel semi-product 
during  the processing of iron containing vanadium by 
a fluxless monoprocess ..................................................... 32 

Metal Forming ........................................................................ 36 
Konstantinov D.Vy., Korchunov A.G. 
Multi-scale computer simulation  
of metal forming processes ............................................... 36 
Ishimov A.S., Baryshnikov M.P., Chukin M.V.  
On the selection of a mathematical function  
of the equation  of state for a description  
of rheological properties  of steel 20  
during hot plastic deformation .......................................... 43 
Nekit V.A., Platov S.I., Kurbakov I.A.,  
Golev A.D. Experimental study of forward   
and backward slip during sheet rolling ............................. 52 
Karmanov V.V., Trofimov V.N., Nurtdinov A.S., 
Zvonov S.N.  Experience in application  
of the XSTRESS robot system to measure  
technological residual stresses  ....................................... 55 

Materials Science and Metal heat  
Treatment ............................................................................... 60 

Viatkin G.P., Morozov S.I. Reconstruction  
of Ni (111) surface of Ni20-XMnX alloys ........................ 60 
Koptseva N.V., Golubchik E.M., Efimova Yu.Yu., 
Chukin D.M., Dabala M.  
Electron microprobe analysis  
of nonmetallic inclusions in high-strength  
invar alloys obtained using various  
embodiments of deoxidization .......................................... 65 



 

————————————————————————————————————    . . . . 2015. 1 4

,    
 ..................................................... 70 

., ., . 
  

   
S-  ........................................ 70 

 ............... 76 
., .  

  
 

 ............ 76 
  

 .................................... 82 
., .,  

., .  
   

 
 « »   

 .................... 82 
,    

 .................................... 90 
., ., . 

 
 

 « » ..................... 90 
., ., . 

 
   

 ............................................. 95 
 .............. 101 

., .  
 

 ................................... 101 
  

 ............................................. 105 
., .  

 
,  

 .......................... 105 
,  

 ............................................... 111 
., .  

  
   

 .................................... 111 
,  ............... 128 

.  
  

 .................................. 128 
 ......................................................... 132 

 

Standardization, Certifiation  
and Quality Management ...................................................... 70 

Rubin G.Sh., Polyakova M.A., Gun G.S.  
Modeling of the technological  
transformation based  on S-shape curves  
of development ................................................................. 70 

Simulation of Metallurgical Processes .................................. 76 
Yachikov I.M., Portnova I.V. Behavior  
of a magnetic field in a bath  
of a dc arc furnace with different designs  
of a supply rail to a bottom electrode ................................ 76 

Reliability and Service Life  
of Metallurgical Equipment .................................................. 82 

Burnashev R.E., Ryabchikov M.Yu.,  
Grebennikova V.V., Ryabchikova E.S.  
The study of probable approaches  
to controlling  the centrifugal-type crushers 
manufactured by Ural-omega CJSC  
factoring in the product quality ......................................... 82 

Power Engineering in Metallurgy, Energy Saving  
and Electrical Complexes ...................................................... 90 

Bushuev A.N., Kartavtsev S.V., Kulagin A.Yu. 
Technical evalution of independent power supply   
of electric furnace steelmaking implemented  
at OJSC Ural Steel ............................................................ 90 
Khokhlov Yu.I., Safonov V.I., Lonzinger P.V.  
Output and power performance   
of compensated rectifiers  
with vector control ............................................................ 95 

Heat Power Engineering in the Metallurgical Industry .... 101 
Vidin Yu.V., Kazakov R.V. Calculation of temperature 
changes of a radial rib in case of radiant  
heat removing from its surface ....................................... 101 

Construction Materials  
and Construction Technologies ........................................... 105 

Kornilov S.N., Abdukamilov Sh.Sh.The results  
of an experimental study of the strength  
charac-teristics of barchan sands   
that form the railway subgrade ....................................... 105 

Management, Automation and Informational 
Technologies in Metallurgy ................................................. 111 

Safonov D.S., Logunova O.S.  
Automation of the design of secondary  
cooling sections  of the continious  
casting machine .............................................................. 111 

Economics, Management and a Market of Products......... 128 
Alferov  A.V.  
The impact of tax factors on a valuation   
of metallurgical enterprises ............................................. 128 

Information about authors .................................................. 132 
 

 



 … ., . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 5

         

 622.34 

 
 

., . 

, . ,  

.  
. 
-

. 
: , . 

 

 
 

-
. -

-
 

-
. 

-
, -

-
,  

. 
 
 

.  
 

.  
-

, , -
 

.  
. 

 
, -

 
.  

.  
-
 

 40–60 . 
 

-

 
. 

 
 

. -
 
 

,  
, . 

 
: 

, , ,  
, , -

. 
 

-
, . 

 
 

.  
 
 

. -
. -

-
-

 ( -
,  

-
 1 3 ),  

, ,  ( -
, -

, -
, -

).  
 [1–3, 6]. 



 

————————————————————————————————————    . . . . 2015. 1 6

 
 [1–6]  

, , -
 

 1 , -
 1000 . 

 
 

 1 , 
 1  

-
 

. 
, -

-
 1  

 
,  1  

( . 1, . 1). 

 
 

. 1.  
  

: 1 –  
 1 ; 2 –  

 1  

 1 
  

,  
 

 
,  

 
 1 , ./  

  
 1 , ./  

0,8 
0,9 
1,0 
1,1 
1,2 
1,3 
1,4 

0,229 
0,225 
0,223 
0,218 
0,216 
0,210 
0,208 

0,200 
0,206 
0,212 
0,217 
0,224 
0,228 
0,233 

 
-
 

 1  [5],  
-

 1 , 
 

 [6], , 
-

. 
 

, -
 
 

 [1,6], -
-
 

,  
.  

-
 
 

 [1]. 
: 

1.  
: 

 1 ,
1

minll
n

 (1) 

 Lmin – ,  
, ; n  – , -

. 
2.  

, 
-

:  

 1 1 2 2 3 3  ;  ; .L L l L L l L L l  (2) 

3. -
-

 -
 ,  

, -
 

L1  L n, L2  L1, L3  L2 . 
,  

-
 1, -

 2,  
 

 3 -
: 



 … ., . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 7

 

1
 *

2
 *

3
 *

;
L m * * 

;
L *m * * * 

,
L *m * * * 

R

H R

H R

 (3) 

 , ,  –  1 -
, -

, 
.; L  – , ;  – -

, 3;   –  
, ; R  – -

 ( -
);  – , ; m  – 

, . 
, -

 
4, 5, -

7, 
, ./ : 

 
4 5

3

6 7
3

* 0,005* *; ;
2 *

2* * 0,0025* *; ,
*

L L

L L
 (4) 

 –  1 
;  – , 

./ ;  – -
 1 .;  – -

 1 , ; 3 –
. 

4.  1  
-
-
 

-
-

 [7]. 
-
 

 0,4  ( . 2). -
-
-

 = 30  3%  
m  = 0,4 .  . 2. 

 
 

. 2.  



 

————————————————————————————————————    . . . . 2015. 1 8

 2 
 1   

 

 
, 

 

 1 , % 

 
 

 
 

2= 2Z 3= 1,19h 
20 
40 
60 
80 

100 

290 
250 
145 
98 
95 

35 
75 

125 
165 
250 

20 
42 
75 

105 
140 

 

: 
)  

 0,4  
 3%  

 62–68 ; 
)  

; 
)  

-
; 

) -
. 

 . 3 -
 0,4 . 

-
 

-
. 

 
1. -

,  
 (  30  

80–100 ). 
2. -

 
-

,  
.  

-
,  

, . 
3.  

-
-
-

, -
. 

4. -
. -

 
 1  

,  1 . 
5.  

. 
6.  

 0,4  
 3%  62–68 . 

7.  
 

,  
 

-
 

. 

 

1. ., ., -
. -

 
 // -

. 1967. . 3–8. 
2. . -

. , 1993. 120 . 
3. .  

: 
. . … . . . ., 

1969. 18 . 
4. ., . //  

. 1974.  4. . 33–35. 
5. ., ., -

.  
-

 // -
-

 «  
 

 
. 3.  1  

: 1 – , 
1; 2 –   

2=2z; 2=1,19Z 



 … ., . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 9

 XXI . ». «  
– 2009» 3-7  2009 ., . , 2009.  

. 77–78. 
6. ., . -

 // 

: . 
. . . , 2002. . 101–102. 

7. . -
: 

. … . . . , 2000. 160 . 
 INFORMATION ABOUT THE PAPER IN ENGLISH 

THE OPTIMAL BLOCK LENGTH WHEN DEVELOPING  
COMPOUND NAR-ROW PITCHING VEINS 

Teziev Taimuraz Muratovich – Ph.D. (Eng.), Associate Professor, North Caucasian Institute of Mining and Met-
allurgy (State Technological University), Vladikavkaz, Russia. E-mail: tt ziev@yandex.ru. 

Dzhioeva Ada Konstantinovna – Ph.D. (Eng.), Associate Professor, North Caucasian Institute of Mining and 
Metallurgy (State Technological University), Vladikavkaz, Russia. E-mail: adadak@mail.ru. 

 
Abstract. This paper sets influence of block length on 

technical and economic performance in systems with ore 
shrinkage depending on specific mining and geological 
conditions. It states the methodology for establishing the 
optimal block length when developing compound narrow 
pitching veins. 

Keywords: development of ore deposits, optimal 
block length. 
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PROBLEMS OF INCREASING THE VOLUME AND EFFICIENCY OF PRODUC-TION  
IN THE ZARECHNY OPEN-PIT MINE IN TERMS OF OPEN-UNDERGROUND MINING 

Vasilets Vladimir Nikolaevich – Chief Engineer, Open Pit Mine Administration, OJSC SUEK-Kuzbass, 
Kiselevsk, Russia. Phone: +7 (38464) 26420. E-mail: VasilezVN@suek.ru. 

Lapaev Vasily Nikolaevich – Ph.D. (Eng.), Technical Consultant, STC-Geotechnology LLC, Chelyabinsk, Russia. 
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Pikalov Vyacheslav Anatolievich – D.Sc. (Eng.), Head of the Department, STC-Geotechnology LLC, Chelya-
binsk, Russia. E-mail: pikalov@ustup.ru. 
 

Abstract. This article analyzes options of mining op-
erations in the Zarechny open-pit mine of OJSC SUEK-
Kuzbass. A feature of the open-pit mine is lack of free 
areas and open and underground combined mining. An 
efficient and reasonable option of development of mining 
operations is determined. 

Keywords: open-pit mine, efficiency, mining and ge-
ometry analysis, open-underground combined mining. 
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METHODS USED TO DETERMINE AND CONTROL MEASUREMENT  
OF OPER-ATING PARAMETERS "FORMATION-BOREHOLE-EQUIPMENT" 

Ziyangirov Artur Ramilevich – Postgraduate Student, Ufa State Petroleum Technological University, Rus-
sia. E-mail: ZiyangirovAR@gmail.com. 

Gabdrakhimov Mavlitzyan Sagityanovich – D.Sc. (Eng.), Professor Ufa State Petroleum Technological Univer-
sity, a branch in the city of Oktyabrsky, Russia. 

 

Abstract. The described method allows us to deter-
mine the values of the unknown parameters that character-
ize the work of the "formation-borehole-equipment", only 
in case of measured values of the liquid rate during well 
operation in different modes with unknown . This is 
particularly important in establishing technological modes 
of wells, whose drilling is recently stopped, and especially 
of controlled directional wells, where the values of the 
required parameters cannot be determined by direct meas-
urement, and the determination of their values by dynamic 
levels is associated with low accuracy due to phase redis-
tribution of a gas-liquid mixture in the wellbore. 

In these cases, to determine required operating pa-
rameters of the system, lines of pressure increment are 
drawn by the above procedure on any paper, and then, by 
moving it along the nomogram until it coincides with one 
of the curves, the values of the required parameters are 
determined. 

Applying the above procedure, by one or several val-
ues of one of measured parameters characterizing the 
operation of an individual unit, the nomogram also allows 
us to determine values of other parameters required to 
establish the optimal operation mode of the system "for-
mation-borehole-equipment" as a whole, for example, the 
equipment at a rate of flow, etc. 

These values of liquid lifting speed in a column of 
the well, given in the nomogram, allow us to determine 
time required to: 

– get pressure increment sufficient to determine other 
parameters with accuracy satisfying solutions of tasks; 

– restore full pressure in the well to formation pressure.  

Parameters characterizing the operation of the well 
and found by such procedure contribute to determination 
of relevant operation parameters of the formation, and 
vice versa, which facilitates the task of establishing not 
only the operation mode of an oil-bearing formation as a 
whole, but also parameters of individual streaks, making 
up the oil-bearing formation.  

Keywords: options, methods, nomogram, factor, for-
mula, pressure, rate, equipment. 
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STUDY OF CORS GEODYNAMIC MOVEMENTS TO SUBSTANTIATE CONTROL METHODS  
OF THE DISPLACEMENT PROCESS IN DEPOSITS OF THE URAL REGION 
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Abstract. This paper gives a solution to the problem 

of choosing survey marks to control the displacement 
process, which can be considered relatively free from the 
influence of natural and man-made deformation processes 
accompanying the development of deep deposits of the 
Urals. For the purposes of a practical use survey marks of 
monitoring stations may be bound to the IGS network 
using CORS (Continuously Operating Reference Sta-
tions), which ccontinuously accumulate data. 

Keywords: process of displacement, modern geody-
namics, deformation processes, ore deposits, survey 
mark, GPS, CORS. 
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Abstract. This article contains results of research 
which may be used as a basis for modernization of a cur-
rently applied technology or development of a basic tech-
nology for integrated processing of high-magnesia sider-
ites, which satisfies current environmental requirements. 
It is fount that the application of the developed principles 
for processing of siderite ores of the Bakal deposit allows 
us to produce both an iron ore concentrate with the con-
tent of iron up to 60% (in comparison with 50-52% of 
iron using the applied technology) and magnesia with the 
content of magnesium oxide higher than 98%. 

Keywords: siderite ore, magnesium oxide, roasting, 
leaching, carbonic acid, magnesioferrite, magnesiowust-
ite, X-ray structure analysis. 
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Abstract. The study of the secondary dephosphorization 
processes of low-carbon steel semi-product was made. The 
treatment of metal by slag-forming mixture CaO-FeO-CaF2 
was carried out when tapping in the ladle. The possibility of 
obtaining a dephosphorization degree of about 50-60% at 
the initial phosphorus content in metal of 0.050-0.060% and 
a mixture flow of 3% by weight of metal was found. The 
optimum composition of dephosphorization slag was estab-
lished: CaO / FeO = 3.5-4.0, (CaO)  70-75%, (FeO)  20%. 
The paper contains information about the perspectives of 
powder dephosphorization mixture blowing to increase a 
degree of metal dephosphorization up to 80-90% and 
achieve [P]final  0.005%. 

Keywords: fluxless monoprocess, ladle dephospho-
rization, solid slag mixture. 
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Abstract. This article presents an overview of the 
main research directions in the field of computer simula-
tion of the metal microstructure composition during pro-
cessing. Main advantages and disadvantages of modern 
methods have been identified, their applications in vari-
ous fields of metal forming were reviewed, the key de-
velopment directions and problems were designated. A 
metal structure reconstruction method was proposed. 
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Abstract. The hot deformation behavior of steel 20 
was investigated by conducting the isothermal uniaxial 
compression test using physical modeling complex Glee-
ble 3500 within a temperature range of 1000–1200°  and 
a  strain  rate  range  of  0.1–1  s–1. The experimental yield 
curves shows critical points and sections, corresponding 
to main stages of a hot deformation process such as dy-
namic hardening, dynamic recovery, and dynamic recris-
tallization. A comparative analysis of mathematical func-
tions allowing us to describe rheological properties of 
steel 20 was conducted. The activation energy (Q) and 
the Zener-Hollomon parameter (Z) values were deter-
mined. The state equations of steel 20 were defined. 

Keywords: dynamic recrystallization, Gleeble 3500, 
hot deformation, rheological properties, Zener-Hollomon 
parameter, deformation stress. 

References 

1. Mirzadeh Hamed, Najafizadeh Abbas, Moazeny Mohammad. 
Flow curve analysis of 17-4PH stainless steel under hot compres-
sion test. The minerals, metals & materials society and ASM in-
ternational. 2009, vol. 40A, pp. 2950-2985. 

2. Sajadifar S.V., Ketabchi M., Bemanizadeh B. Dynamic recrystalli-
zation behavior and hot deformation characteristics in 4340 steel. 
Metallurgist. 2012, vol. 56, pp. 310-320. 

3. Wang Jin, Chen Jun, Zhao Zhen, Ruan Xue-Yu. Hot deformation 
behavior and flow stress model of F40MNV steel. J. Cent. South 
univ. Technol. 2007, pp. 19-23. 

4. Momeni A. and Dehghani K. Prediction of dynamic recrystallization 
kinetics and grain size for 410 mar- tensitic stainless steel during hot 
deformation. Met. Mater. Int. 2010, vol. 16, no. 5, pp. 843-849. 

5. Zakhani Bahmanmir, Taghisalehi Mohammad, Hoddam Shahink, 
Seyedein Seyedhosein, Reza Aboutalebi Mohammad. Investiga-
tion of dynamic and static recrystallization behavior during ther-
momechanical processing in an API-X70 micro alloyed steel. 
Journal of Materials Engineering and Performance. 2009, vol. 
18(8), pp. 1029-1034. 

6. Liao Shu-Lun, Zhang Li-Wen, Yue Chong-Xiang, Pei Ji-Bin, 
Gao Hui-Ju. Hot deformation behaviors and flow stress model 
OFGCrl5 bearing steel. J. Cent. Southuniv. Technol. 2008, 
no. 15, pp. 575-580. 

7. Marchattiwar A., Sarkar A., Chakravartty J.K., and Kashyap B.P. 
Dynamic recrystallization during hot deformation of 304 austenitic 
stainless steel. Journal of Materials Engineering and 
Performance. 2013, vol. 22(8), pp. 2168-2175. 

8. Chen Jun, Ren Fa-Cai. Modeling flow stress of 70Cr3MO 
steel used for back-up roll during hot deformation considering 
strain compensation. Journal of Iron and Steel Research. 
2013, no. 20 (11), pp. 118-124. 

9. De-Ningzou, Kun Wu, Ying Han, Wei Zhang, Bao Cheng, Guan-

Jun Qiao. Deformation characteristic and prediction of flow stress 
for as-cast 21Cr economical duplex stainless steel under hot 
compression. Materials and design. 2013, vol. 51, pp. 975-982. 

10. Fei Yin, Lin Hua, Huajie Mao, Xinghui Han. Constitutive modeling 
for flow behavior of GCrl5 steel under hot compression experi-
ments. Materials and Design. 2013, vol. 43, pp. 393-101. 

11. Yanhui Liu, Zekun Yao, Yongquanning, Yang Nan, Hongzhenguo, 
Chun Qin, Zhifeng Shi. The flow behavior and constitutive equa-
tion in isothermal compression of FGh4096-Gh4133B dual alloy. 
Materials and Design. 2014, vol. 63, pp. 829-837. 

12. Chinghao Liao, Homgyu Wu, Chengtao Wu, Fengjun Zhu, 
Shyong Lee. Hot deformation behavior and flow stress modeling 
of annealed AZ61 Mg alloys. Progress in Natural Science: Mate-
rials International. 2014, vol. 24, pp. 253-265. 

13. Hamed Mirzadeh, Jose Maria Cabrera, and Abbas Najafizadeh. 
Modeling and prediction of hot deformation flow curves. The Min-
erals, Metals & Materials Society and ASM International. 2012, 
vol. 43a, pp. 108-122. 

14. A. Momeni, K. Dehghani, M. Heidari, and M. Vaseghi. Modeling the 
flow curve of AISI 410 martensitic stainless steel. Journal of Materials 
Engineering and Performance. 2012, vol. 21(11), pp. 2238-2242. 

15. Eli Salpuchi-Cabrera, Jean-Dominique Guerin, Mirentxudu-bar, 
Mariana H. Staia, Jacky Lesage, Didier Chicot. Constitutive de-
scription for the design of hot-working operations of a 20MnCr5 
steel grade. Materials and design. 2014, vol. 62, pp. 255-264. 

16. Tao Yan, Enlin Yu, Yuqian Zhao. Constitutive modeling for flow 
stress of 55SiMnMo bainite steel at hot-working conditions. Mate-
rials and design. 2013, vol. 50, pp. 574-580. 

17. Akhmedyanov A.M., Rushchits S.V., Smirnov M.A. Physical and 
numerical modeling of hot deformation behavior of 20Kh13 steel. 
Vestnik Yuzhno-Uralskogo Gosudarstvennogo Universiteta, seri-
ya “Metallurgiya” [Bulletin of the Ural State University. Series 
“Metallurgy”], 2013, issue 13, no.2, pp. 116-124. 

18. Ishimov A.S., Zherebtsov M.S., Chukin D.M. Modelirovanie 
protsessov s bolshimi stepenyami nakoplennoy deformatsii na is-
sledovatelskom komplekse Gleeble 3500 [Modelling of high strain 
processes using Gleeble 3500 system]. Aktualnie problemi sov-
remennoy nauki, tekhniki i obrazovaniya: materiali 71 mezhre-
gionalnoi nauchno-tekhnicheskoy konferentsii [Current problems 
of modern science, machines and education: proceedings of the 
71st scientific and technical conference, edited by V.M. Ko-
lokoltsev], Magnitogorsk, 2013, vol. 1, pp. 251-254. 

19. Baryshnikov M.P., Chukin M.V., Boiko A.B. Analiz programmnykh 
kompleksov dlya rascheta napryazhenno-deformirovannogo sos-
toyaniya kompozitsionnykh materialov v protsessakh obrabotki 
davleniem [Analysis of software complexes for calculation of a 
stress-strain state of composite materials during deformation pro-
cesses]. Vestnik Magnitogorskogo Gosudarstvennogo Tekhnich-
eskogo Universiteta im. G.I. Nosova [Vestnik of Nosov Magnito-
gorsk State Technical University], 2012, no. 4, pp. 72-74. 

20. Chukin M.V. Proizvodstvo vysokoprochnoy stalnoy armatury dlya 
zhelezobetonnykh shpal novogo pokoleniya [Production of high-
strength steel reinforcement for a new generation of concrete 



 

————————————————————————————————————    . . . . 2015. 1 52 

sleepers]. Moscow: Metallurgizdat, 2014, 276 p. 
21. Kolokoltsev V.M. Magnitogorskiy gosudarstvenny tekhnicheskiy 

universitet im. G.I. Nosova. Istoriya. Razvitie. [Nosov Magnito-
gorsk State Technical University. History. Development]. Vestnik 
Magnitogorskogo Gosudarstvennogo Tekhnicheskogo Universi-
teta im. G.I. Nosova [Vestnik of Nosov Magnitogorsk State Tech-
nical University], 2014, no.1. pp. 5-6. 

22. Chukin M.V., Kolokoltsev V.M., Gun G.S., Salganik V.M., Platov S.I. 
Nauchnaya deyatelnost GOU VPO «MGTU» v usloviyakh razvitiya 
nanotekhnologiy [Scientific activity of NMSTU in terms of nanotech-
nology development]. Vestnik Magnitogorskogo Gosudarstvennogo 
Tekhnicheskogo Universiteta im. G.I. Nosova [Vestnik of Nosov Mag-
nitogorsk State Technical University], 2009, no.2, pp. 55-59. 

23. Kolokoltsev V.M. Pyat let ot attestatsii do attestatsii [Five years 
from a certification to a certification]. Vestnik Magnitogorskogo 
Gosudarstvennogo Tekhnicheskogo Universiteta im. G.I. Nosova 
[Vestnik of Nosov Magnitogorsk State Technical University], 
2008, no.1, pp. 5-11. 

24. Gun G.S. Innovatsionnye metody i resheniya v protsessakh 
obrabotki materialov [Innovative methods and solutions in materi-
als processing]. Vestnik Magnitogorskogo Gosudarstvennogo 
Tekhnicheskogo Universiteta im. G.I. Nosova [Vestnik of Nosov 
Magnitogorsk State Technical University], 2014, no.4, pp. 99-113. 

25. Chukin M.V., Korchunov A.G., Gun G.S., Polyakova M.A., 
Koptseva N.V. Nanodimentional structural part formation in high 
carbon steel by thermal and deformation processing. Vestnik 

Magnitogorskogo Gosudarstvennogo Tekhnicheskogo Universi-
teta im. G.I. Nosova [Vestnik of Nosov Magnitogorsk State Tech-
nical University], 2013, no.5, pp. 33-35. 

26. Gun G.S., Mezin I.Yu., Korchunov A.G., Chukin M.V., Gun I.G., 
Rubin G.Sh. Nauchno-pedagogicheskaya shkola magnitogor-
skogo gosudarstvennogo tekhnicheskogo universiteta po uprav-
leniyu kachestvom produktsii i proizvodstvennykh protsessov 
[Scientific and pedagogical school of NMSTU on quality man-
agement of products and processes]. Kachestvo v obrabotke ma-
terialov [Quality in metal treatment], 2014, no.1, pp. 5-9. 

27. Chukin M.V., Gun G.S., Baryshnikov M.P., Valiev R.Z., Raab G.I. 
Osobennosti reologicheskikh svoystv konstruktsionnykh nanos-
taley [Features of rheological properties of structural nanosteels]. 
Vestnik Magnitogorskogo Gosudarstvennogo Tekhnicheskogo 
Universiteta im. G.I. Nosova [Vestnik of Nosov Magnitogorsk 
State Technical University], 2008, no.1, pp. 24-27. 

28. Gun G.S., Chukin M.V., Emaleeva D.G., Koptseva N.V., 
Efimova Yu.Yu., Baryshnikov M.P. Issledovanie formirovaniya 
submikrokristallicheskoy struktury poverkhnostnogo sloya stalnoy 
provoloki s tselyu povysheniya urovnya ee mekhanicheskikh 
svoystv [Study of the formation of a submicrocrystalline structure of 
a steel wire surface layer in order to improve its mechanical proper-
ties]. Vestnik Magnitogorskogo Gosudarstvennogo Tekhnicheskogo 
Universiteta im. G.I. Nosova [Vestnik of Nosov Magnitogorsk State 
Technical University], 2007, no.4. pp. 89-93.  

 

 

 621.744  

  
 

., ., ., . 

. . ,  

. .  
,  

 ( ) .  
 - .  

 
. -

. 
: , , , .  

 

 
 
 

-
 [1,2]. -

, -
 « ».  

, -
, -

,  
. , -

, -
 

 [3–5]. 

 
-

, -
-

. ,  
c . -

-
-

. -
-

, -
 

.  
 



 ., ., ., . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 53

.  -
 

-
.  1  

 2,  
.  

-
, -

 – 
. 

 2 
1 

Ln 

 
 

 
: 1 – ;  

2-  
 
 

-
: 

–  

no
ot

b

vw ,
v   (1) 

 vno – ;  
vb – ; 

–   

n
on

b

v ,
v   (2) 

 vn – . 
-

 

n

no

v .
v   (3) 

, -
 

ot onw w .  (4) 

 
,  

 c  
 

b 1n

n 1b

L L s ,
L s L  (5) 

 s – ; Ln –  
; Lb – ; L1n – -

; L1b –  
. 

-
 

: 

b
om

n

L s ;
L  (6) 

1n
on

1b

L s .
L   (7) 

 
-

 150 , -
:  – -

,  – .  
 

. -
-
. 
 

 (5)  
 .  

 

 
 

 
H 

 
 

 
h 

 
-
 

% 

 
 

 

-
 

 
B 

-
 
 

D 

-
 

 
 

 
 
-

 
Ln 

 
 
 

Lb 

 
-

 
 

L1n 

 
-

 
 

L1b 

 
-

 
s 

-
 
-
 

on 

-
 
-

 
ot 

5,75 3,8 33,9 0,161 21,25 150 1,51 44,25 59,5 41,75 42 1,16 1,68 1,416 
5,0 3,25 35 0,153 21,5 150 1,54 47,55 55,25 40,75 42 –0,64 1,12 1,384 



 

————————————————————————————————————    . . . . 2015. 1 54 

 
 

-
-

. 

  
-
-

.  
-
-

, . -
 

. -
-
-
-

. -
: -

, , -
.  

 

1. :  / ., ., 
. . .: , 1982. 335 . 

2. . . .: , 1988. 240 . 
3. .  

 // -
: . / 

. . . : . 
. . . . , 2009. . 101–104. 

4. ., .  
 

 // -
: . .  / . 

. , 2009. . 55–58. 
5. . -

 //  
.  

. . / . . : -
. . . . . , 2012. . 137–138. 

 

 INFORMATION ABOUT THE PAPER IN ENGLISH 

EXPERIMENTAL STUDY OF FORWARD  
AND BACKWARD SLIP DURING SHEET ROLLING 

Nekit Vladimir Afanasievich – Ph.D (Eng.), Associate Professor, Nosov Magnitogorsk State Technical Universi-
ty, Russia. Phone: +7 (3519) 29 84 36. E-mail: Vladbmir@Nekit.info 

Platov Sergey Iosifovich – D.Sc. (Eng.), Professor, Head of the Department Machines and Metal Forming Tech-
nologies, Nosov Magnitogorsk State Technical University, Russia. Phone: +7 (3519) 29 84 92. E-mail: psipsi@mail.ru 

Kurbakov Ivan Andreevich – Student, Nosov Magnitogorsk State Technical University, Russia.  
Golev Aleksey Dmitrievich – Student, Nosov Magnitogorsk State Technical University, Russia.  
 

Abstract. This article presents a new method of study 
of sheet rolling kinematic parameters. The novelty of the 
method is simultaneous measurement of forward and 
backward slip, which allows us to determine slipping of 
sheets against rolls. To characterize forward and backward 
slip, relative values, forward and backward slip rates, were 
used. The paper gives results of experimental determina-
tion of forward and backward slip, when rolling lead sheets 
at a laboratory rolling mill. Values of sheet slipping against 
rolls at applied rolling modes are determined.  

Keywords: rolling, forward slip, backward slip, slipping. 
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Abstract. The article describes the experience in appli-

cation of the robot system to measure technological residual 
stresses. The substantiation of the stress measurement meth-
od by X-ray diffractometry is shown. A description of the 
robot system is given. A description and results of measure-
ment of flat and round samples, complex parts are given. 
Conclusions about the superiority of the robot systems used 
for the residual stresses control are made.  

Keywords: residual stresses, robot system, measure-
ment, X-ray diffractometry. 
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Abstract. The paper is dedicated to the computer 
simulation of a surface of Ni-based alloys by first-
principles methods. The models of the surface of Ni(111) 
alloys were found, their physical properties (relaxation, 
surface energy, work function) were calculated. The in-
fluence of manganese atom positions on these character-
istics was researched. 
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face, nickel, manganese, segregation, relaxation. 

References 
1. Novikova A.A., Kiseleva T.Yu., Tarasov B.P., Muradyan V.E. 

Issledovanie mikrostruktury uglerodnogo nanomateriala, polu-
chennogo na zhelezo-nikelevom katalizatore [Research of a mi-
crostructure of carbon nanomaterial produced on the iron-nickel 
catalyst]. Poverhnost’. Rentgenovskie, sinkhrotronnye i nei-
tronnye issledovaniya [Surface. X-ray, synchrotron and neutron 
research], 2004, no. 3, pp. 70-73. 

2. Mutigullin I.V., Bazhanov D.I.., Ilyushin A.S. Vliyanie stepeni pokrytiya 
uglerodom na vozmozhnost formirovaniya tverdogo rastvora 
vnedreniya v podpoverkhnostnom sloe zheleza (001) i (111) [Effect of 
a degree of a carbon coating on formation of an interstitial solution in a 
subsurface layer of iron (001) and (111)]. Fizika tverdogo tela [Solid 
state physics], 2011, vol. 53, iss. 3, pp. 558-563. 

3. Jonathan E. Mueller, Adri C.T. van Duin, and William A. Goddard III. 
Structures, Energetics and Reaction Barriers for CHx Bound to the 
Nickel (111) Surface. J. Phys. Chem. C. 2009, vol. 113, no. 47, 
pp. 20290-20306. 

4. Kresse G., Furthmüller J. Efficient iterative schemes for ab ini-
tio total-energy calculations using a plane-wave basis set. Phys. 
Rev. B 54, 11169 (1996). 

5. Kresse G., Joubert D. From ultrasoft pseudopotentials to the projector 
augmented-wave method. Phys. Rev. B 59, 1758 (1999). 

6. Momma K., Izumi F. VESTA 3 for three-dimensional visualization 
of crystal, volumetric and morphology data. J. Appl. Crystal-
logr., 44, 1272-1276 (2011). 

 



 … ., ., . . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 65

 669.018.58.017 

  
 

,  
 

.1, .1, .1, .1, .2 

1 . ,  
2 . ,  

.  
 ( ) -

, . -
. 

: , , , -
. 

 

 
 

, -
-
-

,  
,  
, . 

 
 

, -
. -

 
-

 ( ). -
-
-

. 
 

,  
 [1].  

, 
-

, -
,  [2].  

-
-

, -
 

.  
-

.  
 

-
-

 [1–4]. -
-

 
 

 [5, 6]. 
 

-
-

,  
. 

 
 

 .  
 

 Fe-Ni- -C, Fe-Ni-V-C, Fe-
Ni-V-Mo-C 

 
 

 
 

, % 
Fe Ni Co V C Mo 

-4484 30   30,5 5,0 – 0,6 – 

17219 32  32,1 4,5 1,2 0,5 – 

31536 32  33,2 – – 0,60 3,40 

31538 34  34,7 – 1,0 0,40 2,30 
 

-
. -

, -
-
-

, -
: 

1) 0,1% Al, 0,2% Si  0,1% Mn; 
2) 0,2% Mn  0,5% Ti; 
3) 0,2% Si, 0,2% Mn  0,2% SiCa; 
4) 0,1%Al, 0,2%Si, 0,1%Mn  0,35%NiMg 

(0,15%Mg); 
5) 0,15% Mn , 0,35% NiMg (0,15% Mg), 0,1% 



 

————————————————————————————————————    . . . . 2015. 1 66 

Si , 0,1% SiCa, 0,06% Al  0,07÷0,1% Ti . 
 

,  
 

Meiji Techno -
 ( )  JSM 6490 LV.  

, -
-

,  
 ( )  

 – -
 INCA Energy. 

 
 
 

 ( . 1).  
, ,  

 ( ) ,  
 Fe, Ni,  C,  

 –  30  32 , -
 –  32  

34  V –  32  34  
( . 2). -

,  
. -

 Fe-Ni- -
 [7]. 

,  
,  

,  
, -

-
, , 

. 
, , -

 . 3, ,  
 Mn  S ( . 3, ). ,  

, -
,  

,  
 ( ., 

, . 1). 

     
 

  

. 1. :  
 –  (30 );  –  (32 ) 

     
 

  

. 2.  34  ( )  
,  ( ) 



 … ., ., . . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 67

     
 

  
. 3.  32  ( ),  

 2,  ( ),  

 
 

 
 

. 4.  34 , 
 4,  Fe, Ni, , , , Al  Si 

, -
 0,1–0,2% Mn 0,1% Al (  

1),  0,2% Si, 0,2% Mn  
0,2% SiCa (  3)  
0,1% Al, 0,2% Si, 0,1% Mn  0,35% NiMg (0,15% 
Mg) (  4), -

. 
,  

-
,  

,  Si  Al ( -
)  

, Fe, Ni, , V, , Ti n ( . 4). 
,  

-
-

, -
 1  20 . -

-

 30 , -
 

 ( . 5). 
-
-
 

 1, 3  4. 
,  5 

(0,15% Mn , 0,35% NiMg (0,15% Mg), 0,1% Si , 
0,1% SiCa, 0,06% Al  0,07–0,1% Ti ), -

-
, ,  

,  Ti, Mg, Al  O ( . 6).  
 

 – . -
, ,  

, -
 1,5 . 



 

————————————————————————————————————    . . . . 2015. 1 68 

 
 

  
 

. 5.  30 , 
 3 ( ), , Fe, , Ni  Si ( ) 

    
 

  

. 6.  32  ( ),  
 2,  ( ),  

,  2  5, 
-

i,  
 ( ., , . 6), -

i  
 3%. , i,  

,  
, , -

 17–
35%  V  

. , ,  
-
 

 [8], , 
 

 [9].  

-
 

, . 

 
, -

 
  

, -
-
 
 

 (  5): 0,15% Mn , 0,35% 
NiMg (0,15% Mg), 0,1% Si , 0,1% SiCa, 0,06% Al 

 0,07–0,1% Ti . 



 … ., ., . . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 69

-
-

,  
 ( -

 02.G25.31.0040) -
-

 11.1525.2014. 

 

1. . . .: , 1975. 504 . 
2. . . 

.: , 1956. 152 . 
3. Steelmaking Data Sourcebook. N.Y. Tokyo: Gordon & Breach 

Science Publ. 1988. 325 p. 
4. :  / . . -

. .: , 1983. 438 . 

5. -
-

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

-
. . . 2013.  3 (43). . 62–66. 

6.   
 

 / ., ., ., 
., ., ., . // 

-
. . . 2014.  1 (45). . 43–47. 

7. . -
. .: , 1986. 97 . 

8. . : . . .: , 
1970. 304 .  

9. -
-

 / ., ., ., ., 
. // . 2014.  4. . 97–101. 

 

 INFORMATION ABOUT THE PAPER IN ENGLISH 

ELECTRON MICROPROBE ANALYSIS OF NONMETALLIC INCLUSIONS IN HIGH-STRENGTH 
INVAR ALLOYS OBTAINED USING VARIOUS EMBODIMENTS OF DEOXIDIZATION 

Koptseva Natalia Vasilyevna – D.Sc. (Eng.), Professor, Nosov Magnitogorsk State Technical University, Russia. 
Efimova Yuliya Yuryevna – Ph.D. (Eng.), Associate Pofessor, Nosov Magnitogorsk State Technical University, Russia. 
Chukin Dmitriy Mikhailovich – Postgraduate Student, Nosov Magnitogorsk State Technical University, Russia. 
Golubchik Eduard Mikhailovich – Ph.D. (Eng.), Associate Pofessor, Nosov Magnitogorsk State Technical Uni-

versity, Russia. E-mail: golub66@mail.ru. 
Dabala Manuele – Professor at the Department of Industrial Engineering of Padova University, Italy. 
 

Abstract. The results of the microstructure examina-
tion by light and scanning electron microscopy (SEM) 
and electron microprobe analysis of nonmetallic inclu-
sions in high-strength invar alloys, deoxidized on various 
embodiments, are presented. The most suitable chemical 
composition of deoxidizing mixture is proposed. 

Keywords: invar alloys, deoxidization, nonmetallic 
inclusions, electron microprobe analysis. 
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Abstract. This paper gives a mathematical model to deter-
mine the magnetic fields near conductors to the bottom electrode 
of a DC arc furnace (DCAF) in the form of a helical line, a pla-
nar or spatial spiral of Archimedes. A computer simulation is 
used to analyze magnetic fields in a DCAF bath. Recommenda-
tions for the design parameters of the supply rail are given. 
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Abstract. The paper analyses the prospects for the fur-
ther operation control improvement in the centrifugal-type 
crushers manufactured by Ural-Omega CJSC in order to 
maximize their performance in maintaining the required 
quality of the product obtained at given engineering limita-
tions of motor load. The use of a double-circuit dispensing 
control system for crushable materials to ensure their rea-
sonable dispersal speed in the grinding chamber is suggest-
ed. The task of the system is the ability to control a crushing 
process under acting disturbances in the properties of raw 
materials, such as strength and moisture content, with opera-
tional control of product grade estimation on the proportion 
and flakiness of the various fractions.  

Keywords: quality control, centrifugal crusher, grind-
ing of metallic and non-metallic materials, dispensing 
control optimization. 
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Abstract. Main equipment of an independent system 
of the electric steelmaking division of the works on the 
basis of a combined cycle with metallic charge (scrap) 
preheating  by  the  exhaust  gases  of  the  gas  turbine  is  se-

lected. According to an average flow chart of parallel 
operation of two electric arc furnaces at the works, we 
analyzed the operation of the recovery boiler at a variable 
temperature and a variable composition of recyclable gas-
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es entering the boiler after the heating chamber with cold 
metallic charge. Based on the analysis of the recovery 
boiler the overall efficiency of an independent power sup-
ply system is defined. 

Keywords: electric arc furnace, recovery boiler, com-
bined-cycle plant, power supply diagram, electric furnace 
steelmaking. 
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Abstract. Dependences describing biphase compen-
sated rectifiers' output and power performance were ob-
tained in the cases of two different circuitries. The cir-
cuitries are a circuit with connection of a control link to 
DC buses of a diode rectifier and a circuit with its con-
nection  to  a  power  system by  means  of  an  active  PWM 
converter. The features arising in these cases were exam-
ined. Reactive power of a supply network significantly 
depends on a type of a rectifier circuit.  A conclusion 
about the suitability of the first circuitry only in the case 
of the compensated rectifier was made.  

Keywords: Compensated rectifier, vector control, 
output performance, power performance, rectified voltage 
slide control. 
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CALCULATION OF TEMPERATURE CHANGES OF A RADIAL RIB 
IN CASE OF RADIANT HEAT REMOVING FROM ITS SURFACE 

Vidin Yury Vladimirovich – Ph.D. (Eng.), Professor, Siberian Federal University, Russia. 
Kazakov Roman Vladimirovich – Ph.D. (Eng.), Associate Professor, Siberian Federal University, Russia. E-mail: 

roman.kazakov@list.ru 
 

Abstract: An approximate analytical calculation of 
temperature changes in the radial rib in case of radiant heat 
transfer on its surface is prepared. The proposed method is 
based on higher and lower estimate of the required temper-
ature field. The authors use an integral linearizing trans-
formation which contributes to a significant decrease in the 
effect of a linear component in the original differential 
equation. It is rather easy to evaluate maximum and mini-
mum temperature along the rib radius using the resulted 
analytical expressions. The calculations use modified Bes-
sel functions, whose numeric values are tabulated in detail. 
According to the calculations, a difference in limit tempera-
ture values is minor even at increased values of the Stark 
radiation number. A temperature arithmetic mean of limit 
temperatures is rather close to a real one.   

Keywords: temperature field, radiant heat transfer, 
radial ribbed surface, analytical method, modified Bessel 
functions. 
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Abstract. This paper presents the results of laboratory 
research of changes in the strength characteristics of bar-
chan sands under the action of vibrodynamic load. Quan-
titative values of the specific cohesion and the angle of 
internal friction of barchan sands under static and vibro-
dynamic loads are given. Dependencies to determine the 
strength characteristics of barchan sands considering vi-
brodynamic load in calculations of the railway subgrade 
strength are proposed. 

Keywords: barchan sands, cohesion, angle of internal 
friction, vibrodynamic load, subgrade, method of condi-
tional sudden destruction, triaxial stressed state, laborato-
ry research. 
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Abstract. The paper is devoted to the results of the 
scientific research around development of the system 
for computer-aided design of secondary cooling sec-
tions of the continuous casting machine. Results of the 
theoretical analysis showed the existence of sophisti-
cated mathematical models for describing heat state of 
bodies which are not fully employed for solving design 

tasks in metallurgy. The mathematical model of the 
slab heat state and formalized description of two re-
quirements to temperature profile across the slab sur-
face form the basis of the developed system. The au-
thors propose the optimization problem formulation for 
the search of set of variable-length vectors with coor-
dinates that define nozzle positions in each nozzle row. 
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Solving the optimization problem involves iterative 
search of the optimal solution by solving heat equation 
with different input conditions. The paper shows the 
structure of the computer-aided design system for cal-
culating optimal nozzle layout in the secondary cooling 
sections and describes three main scenarios of interac-
tion between user and system. Analysis of the particu-
lar nozzle layout obtained with help of the system is 
provided. The results show that this layout provides 
even heat removal across the slab surface. Search of 
the optimal placement of nozzles in one nozzle row 
require around 300 iterations of calculations. Calcula-
tion of the whole layout takes about 2 hours. 

Keywords: computer-aided design, continuous cast-
ing machine, desing of secondary cooling sections, opti-
mal nozzle layout. 
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 INFORMATION ABOUT THE PAPER IN ENGLISH 

THE IMPACT OF TAX FACTORS ON A VALUATION  
OF METALLURGICAL ENTERPRISES 

Alferov  Anna Viktorovna – Postgraduate Student, Russian State Social University, Moscow, Russia. 
 

Abstract. The article explains the meaning of, and 
guidelines for tax accounting factors in the valuation of 
metallurgical enterprises. A scheme of a tax and evalua-
tion audit was developed and tested. Its place at working 
stages of an appraiser was determined. This paper con-
tains a mechanism of adjustment of the final value of 
metallurgical enterprises, taking into account factors re-
lated to maintenance of the register of shareholders. The 
term "tax inventory in the assessment" is introduced. The 
article also describes the results of the tax inventory: de-
termination of property of the metallurgical complex and 
related tax risks, opportunities for the implementation of 
these or other tax schemes, which are used by an ap-
praised metallurgical enterprise. 

Keywords: business valuation, tax aspects of valua-
tion, investment value, tax audit, tax inventory, tax base, 
tax factors, value adjustment, normalization of tax report-
ing, ownership structure of the business. 
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