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 INFORMATION ABOUT THE PAPER IN ENGLISH 

MODERN TECHNOLOGICAL SCHEMES OF DIMENSION HIGH-STRENGTH STONE MINING 
Pershin Gennadiy Daltonovich – D.Sc. (Eng.), Professor, Nosov Magnitogorsk State Technical University, Mag-

nitogorsk, Russia. E-mail: pshenichnaya_e@mail.ru. 
Karaulov Nikolay Gennadievich – Ph.D. (Eng.), Associate Professor, Nosov Magnitogorsk State Technical Uni-

versity, Magnitogorsk, Russia. E-mail: n_karaulov@mail.ru.  
Ulyakov Maxim Sergeevich – Ph.D. (Eng.), Assistant Professor, Nosov Magnitogorsk State Technical University, 

Magnitogorsk, Russia. E-mail: maxim-atlet@yandex.ru. 
 

Abstract. This paper analyzes technological schemes of 
mining blocks of granite dimension stone in Finland, Italy, 
Portugal, Spain, and Russia. It contains an idea of increas-
ing the yield of commercial blocks from rock mass by min-
imizing processing loss of block products in deposits with a 
complicated bedding of natural joints limited by systems of 
steeply and flat dipping fissures. The authors developed 
methods to calculate reasonable process parameters of 
combined preparation for dimension high-strength stone 
mining in deposits with a complicated mining and geologi-
cal bedding of minerals, using a high-stepped two-stage 
scheme of mass mining, when at the first stage blocks were 
cut with a diamond wire saw, and at the second stage blocks 
tilted on an operating platform were cut into commercial 
blocks with tophammer drilling rigs. 

Keywords: Diamond wire saw, performance, blocks of 
granite dimension stone, primary block, secondary block, 
damping filling, horizontal cut, block parameters, bench 
height, block fissuring.  
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Abstract. This paper contains studies of the hard-
cleaning coal structure. The presence of such heterofunc-
tional sorption centers as hydroxyl, carbonyl and carboxyl 
groups was found. The authors found a correlation between 
the natural floatability of coals and the quantity of oxygen-
containing groups, heat of wetting, electrokinetic potential. 
Studies of the sorption activity of hard-cleaning coals 
showed that adsorption centers of nucleophilic water mole-
cules were electrophilic areas of the coal surface resulted 
from a displacement of the electron density to oxygen-
containing groups. Quantum chemical calculations con-
firmed the presence of a large number of electrophilic ad-
sorption centers which caused the hydrophilicity of the coal 

surface. It was determined that flotation agents used to ex-
tract  the  coal  organic  matter  had  to  be  agents  showing  a  
harder nucleophilic nature than water molecules and having 
the ability to substitute them in flotation. 

Keywords: Heterofunctional sorption centers, natu-
ral floatability, electrophilic and nucleophilic adsorp-
tion centers, coal organic matter, quantum chemical 
calculations. 
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Abstract. This article intends to show efficiency of re-
search using computer technologies and chemical pro-
grams. The flotation activity of flotation reagents of a new 
class was studied.  Molecular modelling of the modified 
reagents was performed applying computer parametres. 
Flotation tests were carried out on calcite, barite, celestine, 
fluorite and quartz. The reagents under study were tested at 
flotation of various fluorite ores. To optimize the flotation 
of the fluorite ores, combinations of reagents were used. 
The tests showed that a combination of reagents at such 
flotation of fluorite ores would contribute to production of a 
fluorite concentrate with the CaF2 mass fraction of 96.3 %, 
at extraction - CaF2 of 85.4 %. 

Keywords: Minerals of alkaline-earth elements, collect-
ing agents, flotation, atomic charges, activity of the collect-
ing agent, molecular modelling. 
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,  

, -
-

, -
-

.  
 
 

-
-
 

.  

 
 (NaCl) – 10% 

 
 NaCl [6, 7]. -

 
 0,6 ,  15  

 20 -
.  

.  
 . 1. 

 1  
, % 

Cu S Fe 
0,8 1,0 5,04 

3,91 2,95 4,69 
4,73 2,97 5,46 
5,38 4,87 7,82 
 

 
, -

 40 .  
 

,  
.  

 370  500° .  
 

-
. 
 

-
  . 

-
 

 [8, 9]. -
  S,%; -

 t ., ° ,  d, 
,  V, ,  

 

 
.  

 
 

-
.  

, -
,  

 
.  

-
-
 

NaCl  . 1.  
 . 1,  

 
 ( . 1, ),  

.  
 

-
-

,  –  
 [10, 11]: 

,ln1
E
RA

Tm  
 Tm– , ;  –  

, ; R – ;  – 
.  

 . 1,  
-
 

. -
. 

 t  = 370°  6,56  9,12 -
 220  400° . -

  = (320–220)/(9,12–6,56)=39,062°  = 
=0,6510°/ . Tm = 425°  = 698 . 

 t  = 400°  5,26  8,23 -
 240  380° . -

  = (380–240)/(8,23–5,26)= 47,138°  = 
=0,7856°/ . Tm = 490°  = 763 . 

 t  = 440°  4,4  8,15 -
 280  460° .  

  = (460–280)/(8,15–4,4) = 48,0° = 
=0,8°/ . Tm = 515°  = 788 . 

 t  = 460°  3,45  5,56 -
 300  440° . -

  = (440–300)/(5,56–3,45) = 66,35°  = 
=1,1058°/ . Tm = 550°  = 823 . 

 t  = 500°  4,06  5,16 -
 340  460° . -

  = (460–340)/(5,16–4,06) = 109,091°  = 
=1,8182°/ . Tm = 600°  = 873 . 
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               t,°C                               t,°C                
  

 

 

 
                                                          ,                                                            ,  
               t,°C                               t,°C                

 

 

 

 
                                                          ,                                                            ,  

. 1.  
: 

 –  t = 400°C, V=0,048 , d=8   
 – S=1,0,%;  –  S=3,0,%; – S=2,97 %;  –  S=4,87 %);  –  

 V=0,048 , d = 8 ; (  –  370° ;  – 400° ; – 440° ;  
 –460° ;  –500° );  –  t=400°C, V=0,048 ; (  – 0,016 ,   – 0,032 , 

 – 0,048 ,  – 0,064 ,  – 0,0796 );  – ; (  4 ;  – 6 
;  – 8,5 ;  –11 ).  –  

 
28,316 . -

-
 
 

. 
-
-
-

 . 2.  
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,  
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.  
 

-
 

-
,  

 
 

. 
-
 

-
 R  [9, 

12, 13] tR . 2). 

 

 

. 2.  
 

:  – ;  –  
;  – ;  –  

  

  tmax, °C 

tmax, °C tmax, °C 

tmax, °C 
S,% t , °C 

d,  V,  
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 2  
 

  
 R  tR 

 R  tR>2 

22,409346,25max St  0,9932 103,30>2 

172,36272,1max tt  0,9818 47,11>2 

56,5363634,5max dt  0,9986 490,80>2 

97,49152,124max Vt  0,0634 0<2 
 

 
-

 ( . . 2) 
-

 [8, 9] -
-

 482,7° . -
  

6
max

.

4, 293 10 (25,346 409, 22)
(1, 272 36,172)( 5,3634 536, 56).

St
t d

 

-
 R=0,9691  

tR=52,76 2,  
 

. 
 

-
 

. 3). -
 
 

700°  [1–3].  [2], -
-
-

, -
. 

,  
 700°  

[2]  
. -

 
 

 8%  900–1000° . 

 3 
  

.  tmax > 650°  

t , °C d,   S,% 
1 2 3 4 5 6 8 10 12 

360 

 405,4 429 452,7 476,3 500 523,6 570,9 618,2 665,5 
6 397 420,1 443,3 466,4 489,6 512,7 559 605,3 651,6 
8 388,5 411,2 433,8 456,5 479,1 501,8 547,1 592,4 637,8 
10 380,1 402,2 424,4 446,6 468,7 490,9 535,2 579,6 623,9 
12 371,6 393,3 415 436,7 458,3 480 523,4 566,7 610,1 
14 363,2 384,4 405,5 426,7 447,9 469,1 511,5 553,8 596,2 

380 

4 429,8 454,9 480 505,1 530,1 555,2 605,3 655,5 705,6 
6 420,9 445,4 470 494,5 519,1 543,6 592,7 641,8 690,9 
8 411,9 436 460 484 508,1 532,1 580,1 628,2 676,2 
10 403 426,5 450 473,5 497 520,5 567,5 614,5 661,5 
12 394 417 440 463 486 509 554,9 600,9 646,8 
14 385,1 407,6 430 452,5 474,9 497,4 542,3 587,2 632,2 

400 

4 454,3 480,8 507,3 533,8 560,3 586,8 639,8 692,8 745,8 
6 444,8 470,8 496,7 522,7 548,6 574,6 626,5 678,3 730,2 
8 435,4 460,8 486,2 511,6 537 562,3 613,1 663,9 714,7 
10 425,9 450,8 475,6 500,4 525,3 550,1 599,8 649,5 699,2 
12 416,5 440,7 465 489,3 513,6 537,9 586,5 635,1 683,6 
14 407 430,7 454,5 478,2 502 525,7 573,2 620,6 668,1 

420 

4 478,8 506,7 534,6 562,5 590,4 618,4 674,2 730,1 785,9 
6 468,8 496,1 523,5 550,8 578,2 605,5 660,2 714,9 769,5 
8 458,8 485,6 512,3 539,1 565,9 592,6 646,1 699,7 753,2 
10 448,8 475 501,2 527,4 553,6 579,7 632,1 684,5 736,8 
12 438,9 464,5 490,1 515,7 541,3 566,9 618,1 669,3 720,4 
14 428,9 453,9 478,9 504 529 554 604 654 704,1 

440 

4 503,2 532,6 561,9 591,3 620,6 650 708,7 767,4 826,1 
6 492,7 521,5 550,2 578,9 607,7 636,4 693,9 751,4 808,8 
8 482,2 510,4 538,5 566,6 594,8 622,9 679,1 735,4 791,6 
10 471,8 499,3 526,8 554,3 581,8 609,3 664,4 719,4 774,4 
12 461,3 488,2 515,1 542 568,9 595,8 649,6 703,4 757,2 
14 450,8 477,1 503,4 529,7 556 582,3 634,9 687,5 740 
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. 3 
t , °C d,   S,% 

1 2 3 4 5 6 8 10 12 

460 

4 527,7 558,4 589,2 620 650,8 681,5 743,1 804,6 866,2 
6 516,7 546,8 576,9 607,1 637,2 667,3 727,6 787,9 848,2 
8 505,7 535,2 564,7 594,2 623,7 653,2 712,1 771,1 830,1 
10 494,7 523,5 552,4 581,3 610,1 639 696,7 754,4 812,1 
12 483,7 511,9 540,1 568,3 596,6 624,8 681,2 737,6 794 
14 472,7 500,3 527,9 555,4 583 610,6 665,7 720,9 776 

500 

4 576,6 610,2 643,8 677,5 711,1 744,7 812 879,2 946,5 
6 564,6 597,5 630,4 663,3 696,3 729,2 795,1 860,9 926,8 
8 552,6 584,8 617 649,2 681,5 713,7 778,1 842,6 907,1 
10 540,5 572,1 603,6 635,1 666,7 698,2 761,2 824,3 887,3 
12 528,5 559,4 590,2 621 651,8 682,7 744,3 806 867,6 
14 516,5 546,7 576,8 606,9 637 667,2 727,4 787,7 847,9 

520 

4 601 636,1 671,1 706,2 741,2 776,3 846,4 916,5 986,6 
6 588,5 622,8 657,2 691,5 725,8 760,1 828,8 897,4 966,1 
8 576 609,6 643,2 676,8 710,4 744 811,1 878,3 945,5 
10 563,5 596,3 629,2 662,1 694,9 727,8 793,5 859,3 925 
12 551 583,1 615,2 647,4 679,5 711,6 775,9 840,2 904,4 
14 538,4 569,8 601,2 632,7 664,1 695,5 758,3 821,1 883,9 

540 

4 625,5 662 698,4 734,9 771,4 807,9 880,8 953,8 1027 
6 612,4 648,2 683,9 719,6 755,3 791,1 862,5 933,9 1005 
8 599,4 634,4 669,3 704,3 739,3 774,2 844,2 914,1 984 
10 586,4 620,6 654,8 689 723,2 757,4 825,8 894,2 962,6 
12 573,4 606,8 640,3 673,7 707,1 740,6 807,5 874,3 941,2 
14 560,3 593 625,7 658,4 691,1 723,8 789,1 854,5 919,8 
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DEPENDENCE OF SPONTANEOUS ACHIEVEMENT OF MAXIMUM CHLORIDIZING ROASTING 
TEMPERATURE OF ROUGH COPPER SULPHIDE CONCENTRATE 

Karimova Lyutsiya Monirovna  Ph.D. (Chemistry), LLP Innovatsiya, Karaganda, Kazakhstan. E-mail: lut-
sia.08@mail.ru. 

Kairalapov Yerlan Tokpaevich  Ph.D. (Eng.), Senior Researcher, LLP Innovatsiya, Karaganda, Kazakhstan. E-
mail: kairalapov.e@mail.ru. 

 

Abstract. The authors conducted multifactorial experi-
ments on oxidizing and chloridizing roasting of pelletized 
rough copper sulphide concentrates in order to identify the 
influence of air temperature and rate of filtration through a 
sample, the size of pellets, the sulphur content and pellet 
moisture on maximum roasting temperature. The mathe-
matical models were developed to determine optimal areas 
of roasting and calculate the apparent activation energy by 
applying the Kissinger method. 

Keywords: Pellets, oxidizing and chloridizing roasting, 
shaft furnace, multifactor model, graph, diffusion mode. 
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IDENTIFICATION OF AN EFFICIENT SEQUENCE OF CHARGING COMPONENTS OF RAW 
MATERIALS INTO THE HOPPER OF THE BELL-LESS CHARGING DEVICE OF A CHUTE TYPE BY 
PHYSICAL MODELING 

Sibagatullin Salavat Kamillovich – D.Sc. (Eng.), Professor, Nosov Magnitogorsk State Technical University, 
Magnitogorsk, Russia. Phone: +7 (3519) 29 84 30. E-mail: 10skt@mail.ru. 

Kharchenko Alexander Sergeevich – Ph.D. (Eng), Associate Professor, Nosov Magnitogorsk State Technical 
University, Magnitogorsk, Russia. Phone: +7 (3519) 29 84 30. E-mail: as.mgtu@mail.ru. 

 

Abstract. Operating modes of the single-skip loading of 
raw material components into the charge hopper of the blast 
furnace at OJSC MMK were studied on a physical model of 
the bell-less charging device of a chute type. The authors 
examined the effect of changes in the sequence of a set of 
materials into the hopper on the uniformity of their loading 
in a throat area at a content of 30% of pellets in the iron ore 
part of the charge. It was found that in the current circum-
stances the most efficient sequence of materials charged 
into the hopper was the following: on the bottom 17% of 
sinter from its consumption, then pellets, coke nuts, ore and 
the remaining amount of sinter. 

Keywords: Blast furnace, bell-less charging device of a 
chute type, charge, circumferential distribution, sinter, pel-
lets, ore, coke nut. 
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Abstract. This paper focuses on coke quenching meth-
ods, applied plants, and describes their features and limita-
tions. It contains performance assessment criteria of 
quenching and analyzes coke manufacturing techniques, 
revealing advanced technologies in terms of economic and 
environmental feasibility. 
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Abstract. The paper deals with the calculation of the 
temperature fields in the casting - mold for different found-
ry technologies. It is shown that the thermal conditions of 
the formation of castings in chill casting and sand mold 
casting have a significant impact on their mechanical, spe-
cial and performance characteristics.  

Keywords: Casting, alloy, casting mold, temperature, 
thermal capacity, thermal conductivity. 
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Abstract. This article presents analytical dependences 
of calculations of power conditions of continuous extrusion 
by the conform process and analyzes the influence of the 
design parameters of the tool and deformation process con-
ditions on power parameters of the conform process. For 
the first time the article considers parameters of a defor-
mation zone and rheology of deformed steel to determine 
the pressing force. By applying the calculated dependences, 
the authors developed an algorithm to calculate changes in 
power conditions of continuous extrusion by the conform 
process, which was implemented in Microsoft Exel, deter-
mining power conditions during extrusion for discrete input 
of source data. A practical appliction of the solution in prac-
tice requires no special training of technical personnel, 
makes it possible to analyze the influence of main process 
parameters on changes in power conditions of continuous 
extrusion by the conform process to develop an optimal 
production technology for steel sections or create a PCS. 

Keywords: Continuous extrusion by the conform pro-
cess, analysis of power conditions of deformation. 
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Abstract. The paper discusses the design and calcula-
tion of a reducing zone of tube stock from an aluminum 
alloy during cold tube rolling. Minimum and maximum 
lengths of the reducing zone were calculated to select its 
optimal length.  
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Abstract. This paper describes methods to optimize a 

drawing tool ensuring minimum stress during drawing. 
Industrial experiments of drawing aluminum wire with the 
optimal drawing tool geometry showed efficiency of such 
optimization. Drawing stresses of tools with an optimal 

geometry and non-optimal one were compared. The authors 
showed how back force influenced values of optimal angles 
of drawing tools. 

Keywords: Drawing, drawing tool, optimization, opti-
mal die angle, back force 
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Abstract. This paper determines rational roll pass de-
sign principles for producing different types of formed sec-
tions. Such principles contribute to the adjustment of an 
initial design by increasing efficiency of its use and a for-
mal characterization of a search for an improved technical 
solution. This method can be used for automated scientifi-
cally-based calculations of the roll pass design. 

Keywords: Principles for the development of the roll 
pass design, formed sections, corrugated sections, high 
stiffness sections. 
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Abstra t. This paper presents an analytical evaluation 
of the degree of shear strain during stamping of blanks. 
Maximum values of the degree of shear strain were estab-
lished in the horizontally stamped thin wall and sidewalls of 
the forging, which resulted in micro-discontinuities in the 
form of laminations in the granulated material and adverse-
ly affected mechanical properties of products. It is recom-
mended to use extruded rectangular cross-sectional profiles 
as a blank for stamping. Such blanks, having a reduced lev-
el of anisotropy of strength properties, provides for a guar-
anteed compliance of mechanical properties of forgings 
with technical requirements. 

Keywords: Granulated materials, forgings, quality, me-
chanical properties, structure, technology. 
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Abstract. This paper presents the mathematical 
model identification of the sublimation of volatiles 
from four basic types of carbon-base materials in qua-
si-static conditions of calcination. Appropriate coeffi-
cients and activation energies of volatile yield func-
tions were determined. Possible forecasting of extrac-
tion of volatiles in industrial furnaces was shown. 

Keywords: Carbon-base materials, calcination, quasi-
static mode, volatiles, pyrolysis, mathematical model, acti-
vation energy, identification, accumulated and differential 
distribution functions. 
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Abstract. This article proposes using a simulating mod-
el to determine the operating parameters of the ball mill. A 
prototype model was a laboratory-scale plant. The authors 
presented results for cascade, waterfall operating modes, 
and the critical speed of the ball mill which were effects of 
physical simulation and simulation modeling. The findings 
justified a deviation of the modeling data, which proved 
that the developed simulating model was appropriate. 

Keywords: Laboratory-scale plant, modeling, simulat-
ing model, ball mill operating modes, modes of motion, 
cascade, waterfall. 
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Abstract. The influence of high-temperature thermome-
chanical treatment (HTTT) on mechanical properties of 
high-chromium steels 20Cr13 and 02Cr13Ni4Mo was stud-
ied. In case of HTTT deformation was performed by rolling 
with a reduction of 30% at 1000-900°C, followed by cooling 
in oil. It was found that HTTT with high tempering provided 
a slight increase in yield strength and strength of both steels 
with some decrease in their ductility. The effect of thermo-
mechanical hardening increased when the rolling tempera-
ture decreased. Influence of HTTT on toughness of the steels 
was different. HTTT didn’t have a positive effect on tough-
ness of steel 02Cr13Ni4Mo. High-tempered 02Cr13Ni4Mo 
had viscous transcrystalline fracture. The growth of tough-
ness of steel 20Cr13 was observed, which was associated 
with the suppression of intercrystalline cracks under dynam-
ic loading. It was shown that by replacing intercrystalline 
fracture with transcrystalline fracture, HTTT effectively 
hindered development of reversible temper brittleness. 

Keywords: High-temperature thermomechanical treat-

ment, high-chromium steels, toughness, mechanical proper-
ties, ductility, reversible temper brittleness. 
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Abstract. This paper focuses on maintenance of four-
high rolling stands, gives data on maintenance of such facil-
ities at OJSC MMK, describes the technique for finding the 
effect of various lubricants on the rolling bearing life, con-
tains calculations to select an optimum viscosity grade of a 
lubricant to increase the life of the bearing units of facilities 
under study in certain work conditions.  

Keywords: Bearing supports of mill stands, rolling 
bearing life, maintenance of bearing supports. 
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Abstract. This paper contains a theoretical rationale for 
feasibility of, and need for replacement of an existing con-
ventional method of distribution of fuel consumption in 
zones of continuous reheating furnaces for a universal fuel-
efficient method ensuring a guaranteed optimal automatic 
control of heating metal in compliance with all technologi-
cal and design constraints, when manufacturing hot-rolled 
wide sheet products, to reduce the unit cost of fuel. 

Keywords: Optimal fuel-efficient heating, temperature, 
fuel distribution, continuously cast billets, heating zones, 
temperature trajectory, length of the furnace area. 
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Abstract. The article deals with an expert evalua-
tion method applied for development of a strategy and 
tactics of environmental measures carried out by large 
industrial enterprises, in particular iron and steel 
works. Having taken the method of environmental 
measures implementation as a basic one for scientific 
forecasting of development of regional ecological and 
economic systems (REES) and sorted out estimates on 
the basis of actual data about performance of industri-
al enterprises, the authors state a method to determine 
priorities of environmental measures for efficient and 
sustainable development of a particular iron and steel 
enterprise, that is the Open Joint Stock Company 
Magnitogorsk Iron and Steel Works. 

Keywords: Environmental measures, expert evaluation, 
concordance coefficient, criterion of optimality, signifi-

cance level, pollutant emissions, water resources, industrial 
wastes, slag processing. 
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Abstract. The paper concentrates on the trend in 
indexes of the publication activity of the university 
academic staff for three years of operation of the rating 
system. The results are presented with changes in the 

structure of indexes, particularly, the reduction of their 
quantity and separation of the funding of projects into 
publication of papers in journals, which are indexed in 
the Russian and foreign scientometric systems. The 
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results are evaluated in terms of large units of the uni-
versity, such as institutes and faculties, every depart-
ment and person. The paper shows the invariance of the 
final index of the publication activity in the general rating 
of the research teams and individual researchers who are 
involved in active scientific work. It is proved that by sim-
plifying the system of indicators, the number of employees, 
who are capable to reach the established parameters, grows 
(up to 91%). The strengths and weaknesses of the existing 
evaluation system in every period of its operation are identi-
fied. It is proposed to correct a graphical schedule for re-
cording and monitoring of the publication activity of the 
academic staff to take measures contributing to efficient 
management of the publication activity and achievement 
of a specified level of indexes. The results obtained 
demonstrate the need for development and improvement 
of the system of the publication activity of the universi-
ty academic staff. 

Keywords: Publication activity, evaluation of the teach-
ing activity, Hirsch index, projects of the publication activi-
ty, trend in indexes. 
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