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. 1, . 2, . 3

1,2,3  « -
. . », . , 

THE DEVELOPMENT OF MULTIPARAMETER LOW-
FREQUENCY PERTURBATION MODEL IN EAF

E.S. Ryabchikova1, M.Y. Ryabchikov2, B.N. Parsunkin3

1,2,3Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia
1mika.Elena@mail.ru

-180 
« », 

, -
.

: , , -
, ARIMA

The multidimensional perturbation model for EAF-180 "MMK" OJSC
that establishes the connection between perturbations in phase with secon-
dary voltage, current lead inductive resistance and the phase electrode
movement has been developed.

Keywords: EAF, perturbation multidimensional model, autoregressive
moving average model, ARIMA
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 1, 2  C

 L=1 -
 nT = 8,  nR = 0, -

 I = 67  5 .
,  L = 5  L

= 25  9-
 (1÷0.01  )  

. -
 16- .

 1 – 

dxA dxB dxC dUA dUB dUC dLA dLB dLC

dxA 1,00 0,54 0,33 0,55 0,27 0,41 0,17 0,03 -0,02
dxB 0,54 1,00 0,46 0,53 0,55 0,31 0,03 0,15 0,05
dxC 0,33 0,46 1,00 0,27 0,52 0,58 0,02 0,06 0,19
dUA 0,55 0,53 0,27 1,00 0,71 0,66 0,10 0,09 0,06
dUB 0,27 0,55 0,52 0,71 1,00 0,74 0,04 0,08 0,13
dUC 0,41 0,31 0,58 0,66 0,74 1,00 0,14 0,07 0,15
dLA 0,17 0,03 0,02 0,10 0,04 0,14 1,00 0,53 0,63
dLB 0,03 0,15 0,06 0,09 0,08 0,07 0,53 1,00 0,59
dLC -0,02 0,05 0,19 0,06 0,13 0,15 0,63 0,59 1,00

 2 –  –  (5)
dxA dxB dxC dUA dUB dUC dLA dLB dLC

dxA 1 0 0 0 0 0 0 0 0
dxB 0,54 0,84 0 0 0 0 0 0 0
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dxA dxB dxC dUA dUB dUC dLA dLB dLC

dxC 0,33 0,33 0,89 0 0 0 0 0 0
dUA 0,55 0,28 0 0,79 0 0 0 0 0
dUB 0,27 0,48 0,31 0,54 0,56 0 0 0 0
dUC 0,41 0,11 0,46 0,51 0,28 0,51 0 0 0
dLA 0,17 -0,07 -0,01 0,03 0,02 0,12 0,97 0 0
dLB 0,03 0,16 0 0,03 -0,03 0,06 0,55 0,82 0
dLC -0,02 0,07 0,19 0,06 0,01 0,06 0,65 0,27 0,68
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THREE-LAYERED PERCEPTRON THAT IS ABLE TO LEARN
V.D. Dmitrienko1, A.Y. Zakovorotnyi2, V.A. Brechko3

1,2,3 National Technical University "KhPI", Kharkov, Ukrainian
2 arcade@i.ua

, -
. 

-
.

: , , 
, .
Neural network architecture and algorithms of a three-layered percep-

tron that is able to learn without loss of previously stored information were
first proposed. The new neural network can become an alternative to dis-
crete networks of adaptive resonance theory.

Keywords: perceptron that is able to learn, neural network, the net-
work of adaptive resonance theory.
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1,2,3  «
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MODELING OF THE PROFILING CRATE’S DEFORMATION
ZONE ON ISF5 ROLLER MILL, OJSC “MMK-METIZ”

E.E. Bodrov1, I.R. Safin2, S.I. Lukjanov3

1,2,3Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia
fortheartist@mail.ru

-
-
-

. -
. 

 MATLAB.
: , ,

, , , , -
.

In this article the necessity of constructing mathematical models of the
deformation roller mill stand used for production of reinforcing bars for
concrete reinforcement was found. A mathematical model of the deforma-
tion roller stand was developed. According to the model a block diagram of
the model was made up in the MATLAB.

Keywords: rebar, mathematical model, roller cage, fittings, the depth
of cuts, the electric drive, the unwind unit.

-
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 ( )  « ». -
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 5 (-0,02…+0,05)  80 (
 0,79-0,80%)  200 , -

 9,98 (+0,10 – 0)  80  ( -
 80 – 82%)  65 ,  -
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, .

: -
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 669.184, 681.518.5

. 1, . 2

1,2  «
. », . , .

ON THE ISSUE OF EMISSION AND EJECTION SIMULATION
FROM AN OXYGEN FURNACE

M.Y. Ryabchikov1, T.G. Suhonosova2

1,2Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia
2tgobuhova@gmail.com

-

-
. 

.
: , , ,

, .
The reasons for slag-metal emulsion and metal emission and ejection

from an oxygen furnace to create an automated emission warning system
based on indirect process variable measurements are analyzed. A mathe-
matical model for furnace bath level with allowance for the slag viscosity
has been  suggested.

Keywords: mathematical model, oxygen furnace, emissions, viscosity
slag.
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 [1] , 

 Fr:

0

2

gH
WFr  , (1)

 H0 – , ; W  – , .

,  .  
.  -

 Fr  dH/H0
.1, ). -

 1,5<Fr1/3<2,5.

.1. 
 [1]:   – 

,  – 

 Fr 
. .1  

 (Fr1/3<0,8) 
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, .

 Fr1/3=0,8. 
 (0,8<Fr1/3<1,5).

 Fr1/3=0,8 
, , 

.
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. ,  [5] 
.   [5, 6] 

,  
, -

.
 [6] ,  

.  -
. 

. -
.

,
. 

 (2)  (3):

.279.791.115593,42
2

TT      (2)

 CaO, SiO, FeO. 
-

:

.65,1005,0
359,0275,0

262,08,1803,179,22

2

2

22

SiOFeOCaO
SiOFeOFeOCaO

SiOCaOFeOSiOCaO
(3)

 [6]  ,  
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AVERAGING LEVEL OF THE ORE MATERIAL MIXTURE FOR
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The statistical data processing on the chemical composition monitor-
ing of ore material mixture for subsequent sintering has been carried out in
the paper. It is shown that in despite of the effective average of the mixture
chemical composition, it should be taken into account the mixing nonuni-
formity in perturbation model creating.

Keywords: sinter quality management; sinter mechanical strength;
sinter recoverability; perturbation model; average chemical composition
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In article is considered problems of the mastering and introduction in

scholastic process modern information technologies modeling in process of
the training within the framework of concept of the development of the de-
sign formation, happen to the recommendations on mastering technology
computer modeling.

Keywords: information technologies, technologies of computer mod-
eling, three-dimensional modeling, training, design formation, design activ-
ity student, pedagogical concept of the development of the design formation.
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High competition makes company executives to admit  significant role
of information technology in the organization of staff  performance and
human resources management. The successful development of the business
is largely dependent upon these terms.

Keywords: a unified information space, PDM-system, human re-
sources management, information technology.
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In this article the functionalabilities of software, which was developed
specially for longitudinal crack early detection system archives analysis,
are described. Further tasks requiring the use of the developed software to
be solved for improving the system and reducing the quantity of defected
slabs were formulated and presented in this article.

Keywords: continuous caster, mold, crack, statistical processing
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The article is dedicated to expert system for decision making in

process of control engineering. This expert system is based on the genetic
algorithms theory.

Keywords: automatic control systems; control engineering; genetic al-
gorithms; expert system; decision making.
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The article describes the structure of the developed decision support

system for the automation of machining process optimization aviation
equipment. The main functional blocks of the DSS and their purpose. The
substantiation of the applied mathematical models and methods.
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To remain competitive in a globalized market, enterprises need to re-
duce costs and to shorten the production time. In achieving this goal the
cost optimization costs in estimating the valuation of the project at all stag-
es of production plays an important role.

Keywords: value analysis, costs, a unified information space, PDM-
system, paperless issuing of engineering and design documents.
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The paper presents the results of the implementation of the automatic
diagnosis of longitudinal cracks in the ingot in the crystallizer
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DEVELOPMENT OF ALGORITHMS  FOR  TROUBLESHOOTING
MECHATRONIC COMPLEXES AGGREGATES OF

METALLURGICAL PLANTS
Abaimov M.Y.

«Elektroremont», Magnitogorsk, Russia.
mikhailabaimov@yandex.ru

-
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: , , , -

, , .
In the article bring principle construction algoritm for diagnostics

mechatronics system on example mechanism centering strips on welding
picling line.

Keywords: mechatronics, troubleshooting, algorithm, program, strip
welding, centering.
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THE DEVELOPMENT OF NEW METHOD OF COIL ANNEALING
IN BELL-TYPE FURNACE TO DEBUG "BREAK" ON THE STRIP

SURFACE
V.M. Salganik1,  P.P. Poletskov2, E.Y. Mukhina3

1,2,3Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia
3mukhinaeu@mail.ru
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, .
A technology of cold rolled coil thermal processing, which allows to

improve the surface quality of finished products has been developed at
"MMK" OJSC.

Keywords: thermal processing, defect "break", the internal stresses,
hydrogen protective atmosphere furnace.
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CLASSIFICATION METHOD OF SULFUR PRINT IMAGE BASED
ON CHARACTERISTICS OF HISTOGRAM

I.A. Posokhov1, O.S. Logunova2

1,2Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia
1posohof@gmail.com, 2logunova66@mail.ru
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: , , .
Enumerated the features of image samples used in assessing the quali-

ty of semi-finished and finished products in the metallurgical indus-
try.Hypothesized the possibility of dividing the image into three classes.
Introduced the image classification method based on the histogram. Method
has been tested in the computational experiment. Images 7.Tables 2.Refs.
11.

Keywords: image, histogram, decision-making.
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ANALYSIS OF THE DEFECTIVE PRODUCTS OCCURRENCE

REASONS AT THE CONTINUOUS HOT-DIP GALVANIZING UNIT
I.G. Samarina

Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia
ig_samarina@inbox.ru

-
, , 

 « ».
: , 

, , , 
Zinc-coated rolled sheet received on the unit of continuous hot galva-

nizing is in great demand. One of the major objects during the galvaniza-
tion process is to provide technologically preset heating modes infringe-
ment which can lead to defects of a strip.

Keywords: Strand type furnace, bright annealing, model, hot dip gal-
vanizing, product quality analysis
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THE WAY TO DETERMINE THE ANGULAR POSITION ROTOR

OF SYNCHRONUS MOTOR WITH HIGH-FREQUENCY
INJECTION

K.V. Litsin
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia

k.litsin@rambler.ru
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In this paper, the mechanism of the high-frequency signal injection
was viewed, which allows you to determine the angular position of the rotor
synchronous motor at zero and low speed. Presented the necessary projec-
tion of the current and voltage that occur during the injection of the signal
voltage and current. The possible axis, which will take place during injec-
tion. These axes will facilitate the mechanism for calculating the values
needed to further determine the angular position sensorless rotor synchron-
ous motor.

Keywords: high-frequency injection, angular position of rotor, sensor-
less control of electric drive.
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PWM BOOST RECTIFIER AS OBJECT OF CONTROLLING
. Radionov1, A.S. Maklakov2, A.V. Belyi3

1,2South Ural State University (National Research), Chelyabinsk, Russia
3Magnitogorsk State Technical University named after G.I. Nosov,

Magnitogorsk, Russia
1radionovaa@rambler.ru, 2maklakovsasha@yandex.ru,

3huhicheta1@mail.ru
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The article presents mathematical description of PWM boost rectifier
as an object of controlling. Active rectifieris a nonlinear objectand synthesis
of automatic control system should be carried out on the basis of linearized
models has been determined. To synthesize an adequate control system for
all modes of active rectifier can use non-linear regulators, taking into ac-
count, inter alia, all the nonlinearity in the object of controlling.

Keywords: PWM boost rectifier, mathematical description, object of
controlling, automatic control system
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converter, back-to-backconverter gridconverter. 

 IGBT
(insulatedgatebipolartransistor)  IEGT (injectionenhancedgatetransistor)

,  IGCT
(integratedgate-commutatedthyristor)  MOSFET
(metal-oxide-semiconductorfieldeffecttransistor) [5-7].
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ENERGY-EFFICIENT THERMAL CONDITIONS CONTROL
UNDER CONTINUOUS FURNACES VARYING CAPACITY
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The heat specific amount reducing during continuously cast billets

heating in reheat furnaces before rolling is of current interest in the tem-
perature conditions automatic control according to the metal surface tem-
perature.

Keywords: surface temperature, heating ambient temperature, furnaces
performance, fuel rate, operational efficiency.
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The theoretical studies of the energy efficient metal heating best per-
formance before the rolling define the general optimal control strategy.
This strategy practical implementation for   real conditions enables to esti-
mate the application possibility of power-saving conditions and their real
effectiveness.

Energy efficient heating conditions were analysed on the laboratory
bench in workpiece heating. The data on the adaptation model of heating to
the real conditions are presented in the paper. Several energy-saving condi-
tions of heating options with allowance for the existing restrictions have
been implemented; the effectiveness of these conditions has been defined.

Keywords: optimal control system, heating the metal, energy-saving
heating modes, automatic control system
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The use of innovative brushless DC motor with a disk rotor in the
gearless elevator mechanisms is proposed. The resulting mathematical
model allows the study of dynamic modes of operation of the electric eleva-
tor (EP). Functional diagram of the EP brushless DC is shown. Given the
speed and current waveforms which were obtained using the mathematical
model and by experiment

Keywords: passenger elevator, gearless machine, operated electric,
bezkollektorny DC motor with disc rotor windings 12 sections, the bipolar
pulse-width modulation, mathematical modeling, experiment on the operat-
ing facility
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The article is dedicated to synthesis of machining process control law

on the base of fuzzy dynamic programming method.
Keywords: machining process control; fuzzy sets; fuzzy logic; optimal

control; dynamic programming.

-
, -

.  ,  
, -

-
. -

, , -
. -

.
][kt k -

, 
. -

, -
-

, , 
, -

, 
. , 

, -

mailto:kats_ugatu:@mail.ru


154

.  
,   

 ( ) . 
, 

.
-

 [1, 2]. 
 ( ) [3]. )(, xxA A

, x -
X -

 ( ) )(xA . )(xA -
X  [0,1]

]1,0[:)( XxA .

.
.

],0[ Ii .  

},...,,...,{ 21 nl SSSSS . 
. -

},...,,...,{ 21 mj uuuuu . 
-

, 

),()...,()...,(),(),(
......][

21

21

iuiuiuiuiu
uuuuku

mCjCCCC

mj ,

Ii ,...,2,1 .

)]1[],1[(][ iuiSFiS .

I

),()...,()...,(),(),(
......][

21

21

ISISISISIS
SSSSIS

nGlGGGG

nl .



155

-
][iu , -
, 

) .
, -

-
. -

, 
(1), 

 (2).

iiSuFiu
iiSuFiu

iS
lmGmC

lGC

uulG
m ),1,,(,1,min

,...,),1,,(,1,min
max)1,( 11

,...1

 (1)

ikSuFiu
ikSuFiu

iu
lmGmC

lGC

),1,,(,1,min
,...,),1,,(,1,min

suparg]1[ 11  (2)

: 1k  – , 2k  – -
.

 – 
k

]}[],[],[],[],[],[{][ 043210 kuktktktktktku ,
][0 ku – .

 – -

]}[],[],[],[],[],[{][ 43210 kkdkdkdkdkdkS .

-
, , -

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

]1[3d , ]1[4d .
. 1.



156

 1 – 
][0 kd ][1 kd ][2 kd ][3 kd ][4 kd ][k

][0 kt ]1[4 kd ][0 kd ][1 kd ][2 kd ][3 kd ][k

][1 kt ][k ]1[4 kd ][0 kd ][1 kd ][2 kd ][k

][2 kt ][k ][k ]1[4 kd ][0 kd ][1 kd ][k

][3 kt ][k ][k ][k ]1[4 kd ][0 kd ][k

][4 kt ][k ][k ][k ][k ]1[4 kd ][k

:

17,06,05,04,000),,(
]3[]2[]2[]2[]2[]2[]2[],[ 401234

kiS
ddddddkiS

G

:

])[(])[(])[(])[(])[( 43210 ktktktktkt PPPPP . (3)

-

03,08,011),,(
][][][][][],[

:1 43210

kriu
ktktktktktkriu

k
C

3,05,09,011),,(
][][][][][],[

:2 43210

kriu
ktktktktktkriu

k
C

.

2k .  ( ) 
 (1), (2).



157

1119,07,06,00),1,(
]3[]2[]2[]2[]2[]2[]2[],1[ 401234

kiS
ddddddkiS

G

,

i  – -
.

]3[]2[]2[]2[]2[]2[]2[],1[
]3[]2[]2[]2[]2[]2[]2[],1[

0012220

401234

utttttukiu
ddddddkiS

    (4)

111119,00),2,(
]3[]2[]2[]2[]2[]2[]2[],2[ 401234

kiS
ddddddkiS

G

]2[
]2[
]2[

]2[
]2[

]2[
]2[
]2[

]2[],2[

]2[]2[]2[]2[]2[]2[],2[

0
1

0

1

0
1

2

1
0

01234

t
t
t

t
t

t
t
t

ukiu

dddddkiS

-
 (3) 

]2[]2[]2[]2[]2[]2[],2[
]2[]2[]2[]2[]2[]2[],2[

011120

01234

tttttukiu
dddddkiS

    (5)

, 
. 3i

, 1k .

1111110),3,(
]2[]1[][]1[]1[]1[]1[],3[ 401234

kiS
ddkddddkiS

G

 (3), 

]1[]1[]1[]1[]1[]1[],3[
]1[]1[]1[]1[]1[]1[],3[

011110

01234

tttttukiu
dddddkiS

       (6)

]1[
]1[
]1[

]1[
]1[

]1[
]1[

]1[
]1[

]1[],3[

]1[]1[]1[]1[]1[]1[],3[

0
1

0

1

0

1

0

1

0
0

01234

t
t

t
t
t

t
t

t
t

ukiu

dddddkiS



158

-
, ]1[3d . 

(6) ]1[1t . 
 1 

]1[1d .  (6) ]1[1t
]2[4d . . 

 (5). ]2[2t .
 1, ]2[1d .   (4)

]2[1t ]3[4d .

, -
.

1. , ., , ., , . -
. – : ,

2006. – 72 .
2. , ., , ., , . -

: . – : -
, 1990. –184 .

3. , 
:  /     .   .  . – .:    

. . , 2002. – 744 .



159

 662.869

. 1, . 2

1,2  «
. . », . , 

COKE CONSUMPTION MINIMIZATION BY MEANS OF
NATURAL GAS CONSUMPTION CONTROLLING
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This article anatural gas consumption controlling optimization scheme
to the blast furnace is described. Coke consumption minimization is an op-
timization aim. It is contained the transients calculations at optimization
different steps.

Keywords: blast furnace , natural gas consumption , coke consump-
tion, controlling optimization.
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AUTOMATIC CONTROL OPTIMIZATION FOR ORE

MATERIALS GRINDING PROCESS
O.V. Pykhova

Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia
olgapihova1@gmail.com
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The extreme static characteristics presented in the process of ore mate-
rials grinding requires the use of a retrieval system and crusher maintenance
at peak performance granting the uncontrollable outward perturbations. The
uncontrolled perturbations on the grinding process, as well as the impact of
the previous grinding stages need to complicate the optimization retrieval
system in order to ensure the control process sustainability.

The structure of a double-loop control system for the grinding process
optimization continuously searching for the grinding process performance
peak value and contributing to the rise in the total production and economic
indicators for concentrating mill overall performance is introduced in this
paper.

Keywords: automatic control, retrieval system optimization, ore materi-
als grinding, fuzzy logic, automatic optimization system
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THE CONTROL SYSTEM OF ELECTRIC COLLECTING ROLLER
TABLE OF HOT ROLLING BROAD-STRIP MILL

N.V. Shvidchenko1, S.I. Lukyanov2

1,2Nosov Magnitogorsk State Technical University, Magnitogorsk,Russia
shvinikolaj@yandex.ru
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The current control method of electric collecting roller table of hot
rolling broad-strip mill provides the required voltage in the strip due to the
difference between the strip speed and the roller speed. This leads to the
increased wear of roll barrels and great replacement costs. The authors
suggest the calculation method for the required torque electric collecting
roller table with the technological features of the rolling cycles of hot strips.
The article contains the control method for electric collecting roller table in
order to reduce the wear of barrels rolls. The functional diagram for con-
trolling the electric collecting roller table, which implements the proposed
control method, is also developed.

Key words: electric collecting roller table, wear of roll barrels, calcu-
lating load torque of electric drive, control system, functional diagram.
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THE OBJECTIVE RESEARCH OF THE OPTIMAL CONTROL
FOR MULTISTAGE CRUSHING

V.L. Evstigneev1, V.V. Grebennikova2, R.Je. Burnashev3

1,2,3Nosov Magnitogorsk State Technical University, Magnitogorsk,Russia
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; ; 

The approaches to multistage crushing control have been studied in
this paper. The mathematical model of multistage crushing has been deter-
mined and the ways to improve performance have been suggested.

Keywords: ore material crushing, control optimization, performance,
grain-size composition
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STRIP GAGE BUMP CONTROL

BEHIND THE FIRST COLD ROLLING MILL STAND
V.M. Moskvin
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The possibility of complete static compensation of external bump in

combined mill stand thickness controlling, connected with the periodic gage
interference caused by the backup roll eccentricity in hot rolling mills is
shown in the paper. The dynamic compensation complexity is illustrated, for
one cannot completely compensate the strip thickness gage lag and hydrau-
lic pressure device.

Keywords: thickness control in stand hot rolling; perturbation com-
pensation
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CENTRIFUGAL CRUSHER CC-0.36 OPERATION HANDLING IN
ORDER TO PROVIDE TARGET VALUE FOR MATERIAL

FORTRESS FACTOR IN ACCORDANCE WITH
PROTODJAKONOV METHOD

R.Je.Burnashev1, M.Y. Ryabchikov2, V.V. Grebennikova3

1,2,3Nosov Magnitogorsk State Technical University, Magnitogorsk,Russia
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The statistical data obtained in "Ural-Omega" CJSC laboratory have
permitted to reveal the statistical dependence between the fortress factor in
accordance with  Protodjakonov method and the reduction range  for labo-
ratory crusher CC 0.36, that  allows to determine the required number of
crushing material cycles.

Keywords: crushing, centrifugal crusher, fortress determination in ac-
cordance with  Protodjakonov method
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