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ABSTRACT 
The cost of cement strongly depends on the energy consumption during the processes of dry 
grinding of raw materials and clinker in the cement industry. Rational filling of the mill aims 
reducing this consumption. Mills usually work to prevent overcrowding and the need for extended 
unloading times. Model Predictive Control as a modern method of managing cement mills is 
considered in the work. Results of control of mills with classic PI controllers compared to MPC are 
shown. Some industrial control systems based on MPC technology are reviewed. 

: , , ,

.

,
. , -

, .
 –  3% 

.
 100 / , . .  50 /

.
.1.

. ,
. ,

. ,
.

:
-  - ,

 600  2500 kW;                                                                                           
-  - 60  120 / ;
- ;
-  ( );

:
-

;
- ;
- ,

;
- ,

,
, ,

,
;

23



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

- ,
;

- ;
- .

.1

 - 
 [1],  [2]  [3] 

 ( ) [4], [5]. 
, . .

[16].
,

.

, H -
 ( dvanced

Process Control ).  
 o ,

 : 
- ;
- ;
-

  [11]  [12]; 
- ,

;
-

[7], [8],24 .
[17],[22]  [23]. ,

,
.

, :

24



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

- ;
- , . . ;
- .

,
, .

 1976  4-
IFAC ,  [7] . 

.
 80-90 .
[14]:

- - ;
- - ;

n
k:

jkCxjky
npjjkBujkAxjkx

1
,1,1

                                                                               (1) 

:

]1,0[
)(

)(

1)1(1

1)1(1

0,
1

11''''min, 54321

npj
jujuju

jujuju

jxjxjx

jxjxjx

uxg
jBujAxjx

npxPnpxuPuuPuxPxxPxuxJ
u

                                       (2) 

:
np - ;
nu - ;
x - npn ;

0x - ;
u - nun ;

xx , - ;
uu , - .

]5,1[, iPi - ;
, :

PxuxJ
u

'min,                                                                                                      (3) 

.

.
/

:

25



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

TuSxuxJ
u

''maxmin,                                                                                   (4) 

. 2 
:

se
ss

sW 5
2 18

1
                                                                                             (5) 

. 3,  1s 

11125
1

2 ss
sWr                                                                                              (6) 

5.2u . .3.
:

1101
1

2 ss
sWr                                                                                               (7) 

, -
( .4).

.

0 5 10 15 20 25 30 35 40 45 50
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Time(sec)

y

Step Response

.2

0 5 10 15 20 25 30 35 40 45 50
0

0.2

0.4

0.6

0.8

1

Time(sec)

r,y

0 5 10 15 20 25 30 35 40 45 50
0

0.5

1

1.5

2

Time(sec)

u

.3

26



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

0 5 10 15 20 25 30 35 40 45 50
0

0.2

0.4

0.6

0.8

1

Time(sec)

r,y

0 5 10 15 20 25 30 35 40 45 50
0

0.5

1

1.5

2

Time(sec)

u

.4

A
se

ss
sW 5

2 18
1

,                                                                                                                       (8) 

.5, ,
.6.

, ,
 –

, ,

0 5 10 15 20 25 30 35 40 45 50
-10

-5

0

5

10

15

20

Time(sec)

y

Step Response

.5

0 5 10 15 20 25 30 35 40 45 50
0

0.5

1

1.5

Time(sec)

r,y

0 5 10 15 20 25 30 35 40 45 50
0

0.5

1

1.5

2

Time(sec)

u

.6

27



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

( .1).  [1]: 

11,
10,

9,1
,

,

uydzz
dzvyyT

dzvyyT

r

rrr

fff

:

fy - ;

ry -  ( );

z

- ;

dz, - ;
- ;

d - .
.  [2] 

)(;0max, 2
2

1 zKzdKdz                                                                                                 (12) 

 [3] 

zdz 3,                                                                                                                             (13)

z .

dzKz 4exp .                                                                                                                      (14) 

10 .
,

.

nm

nm

vdzK
vdzdvz

,
,,,                                                                                                                   (15) 

,
.

 ( .3, .4) 
, , ,  ( ).

 58  78 ,  120  140 / ,
 1  1,33. 

( .7). , , ,

28



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

5 10 15 20 25
50

100

150

5 10 15 20 25
300

400

500

5 10 15 20 25
50

100

5 10 15 20 25
0

100

200

5 10 15 20 25
100

150

5 10 15 20 25
200

400

600

5 10 15 20 25
50

100

5 10 15 20 25
100

150

200

.7 .8
 - 

 ( .8) 

 ( .9).
 200 / ,

80 /

0 0.5 1 1.5 2 2.5 3 3.5
50

100

150

0 0.5 1 1.5 2 2.5 3 3.5
300

400

500

0 0.5 1 1.5 2 2.5 3 3.5
50

100

0 0.5 1 1.5 2 2.5 3 3.5
0

100

200

0 0.5 1 1.5 2 2.5 3 3.5
50

100

150

0 0.5 1 1.5 2 2.5 3 3.5
300

400

500

0 0.5 1 1.5 2 2.5 3 3.5
50

100

0 0.5 1 1.5 2 2.5 3 3.5
0

100

200

.9 .10

 ( .10) 

0 2 4 6 8 10 12
100

120

140

0 2 4 6 8 10 12
400

450

500

0 2 4 6 8 10 12
40

60

80

0 2 4 6 8 10 12
0

100

200

.11
 ( . 11) 

29



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

.
 - ,

.

,  " - " .
.11

15% ,  . 

.
.

fy
Pmin           (16) 

,

P
dt
dE

        (17) 

,,,,, lzyyuF
dt
dE

rf                                                                                                                     (18) 

:
E - 

 - 
l -

 (9), (10)  11 
:

frfu
ylzyyuF ,,,,,min                                                                                                                  (19) 

.  , 
 [10]. 

 ( )
( dvanced Process Control (APC))  Asea Brown Boveri 

 ABB Expert Optimizer.
 – 

, , .
 , 

.

30



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

:
1. ;
2. ,

.
3.

 [15], 
.

Emerson
 DeltaV Predict  DeltaV PredictPro. DeltaV Predict 

 DeltaV 
. ,

,
.

, :
-DeltaV Predict- , , ;
-DeltaV PredictPro -40 .

ANDRITZ
, . .

. , ,
. BrainWave e 

.
. BrainWave SAG Mill 

,
, .

. ,
.

Honeywell

 Profit® . e  - Profit Loop  Profit® Controller. 
Profit Loop ,

, .
. Profit® Controller 

 (Honeywell’s Robust Multivariable Predictive Control 
Technology (RMPCT) ,

, .

1. F.Jadot, G.Bastin, V. Wertz, L.Magni, “Preventing cement mills by robust state feedback”, in 
Proc. Contr. 97, Sydney,Australia, Oct. 97, pp 248-251

2. F. Grognard, F. Jadot, L. Magni, G. Bastin, R. Sepulchre, and V.Wertz, Robust Stabilization of a 
Nonlinear Cement Mill Model, IEEE TRANSACTIONS ON AUTOMATIC CONTROL, VOL. 
46, NO. 4, APRIL 2001, pp. 618-623                                                                                 

3. Mehmet Önder Efe and Okyay Kaynak2, MULTIVARIABLE NONLINEAR MODEL 
REFERENCE CONTROL OF CEMENT MILLS, 15 Triennial World Congress, Barcelona, 
Spain

4. L. Magni, G. De Nicolao, R. Scattolini, Output feedback and tracking of nonlinear systems with 
model predictive control, Automatica 37 (2001), pp.1601-1607

31



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

5. Lalo Magni, Georges Bastin, and Vincent Wertz, Multivariable Nonlinear Predictive Control of 
Cement Mills, IEEE TRANSACTIONS ON CONTROL SYSTEMS TECHNOLOGY, VOL. 7, 
NO. 4, JULY 1999, pp.502-508

6. Mehmet Onder Efe, Multivariable nonlinear model reference control of cement mills, 
Transactions of the Institute of Measurement and Control 25,5 (2003) pp. 373–385 

7. Richalet J, Rault A, Testud JL, Papon J (1978) Model Predictive Heuristic Control: 
1. Applications to industrial processes. Automatica, Vol. 14, N°5:413–428 
8. Jacques Richalet, Donal O’Donovan, Predictive Functional Control, 2009 
9. Boulvin M.,Renotle C.,Wouver A.W., Remy M.,Tarasievwicz S., MODELING, SIMULATION 

AND EVALUATION OF CONTROL LOOPS FOR A CEMENT GRINDING PROCESS, 
European Jornal of Control (1999), 10-18 

10. tmaka A.,Konoglu M.,Reducing energy consumption of a raw mill in cement industry, 
Energy,42 (2012), 261-269 

11. Liuping Wang, Model Predictive Control System Design and Implementation Using Matlab 
Matlab

12. Camacho .F.,,Bordons A.B.,Model Predictive Control,1995, Springer
13. Lecture_notes_Report//present_cement_mill_08.pdf  
14. Ton J.J., van den Boom, Model Predictive Control, TU Delft,2013 
15. Bemporad A,  M. Morari: “Control of systems integrating logic, dynamics, and constraints”; 

Automatica; Special issue on hybrid systems, Vol. 35, n.3, p.407-427, 1999 
16. Sbarbaro D., Villar R., Advanced Control nd Supervision of of Mineral Processing 

Plants,Springer,2010
17. Qin S.J.,Bagdwell T.A.,A surwey of industrial model predictive control technology,Control 

Engineering Practice, Volume 11, Issue 7,Juliy 2013, Pages 733-764 
18. Dewei Li,  Shu Lin,Model Predictive Control-Status and Challenges,  Acta Automatica Sinica, 

Vol. 39, No. 3 March, 2013 
19. Holkar K.S.,Haghmare L.M.,An Overview of Model Predictive Control, International Journal of 

Control and Automation, Vol. 3 No. 4, Decembe 2010 
20. Schenzer Max,Ay M., Bergs T.,Abel Dirk, Review on model predictive control: an engineering 

perspective, The International Journal of Advanced Manufactoring Technology (2021) 
117:1327-1349

21. Morant F., Albertos P.,Model Reference Control of a Cement Mill, Digital Computer 
Application to Process Control, Vienna  

22. Model Predictive Control-Status and Challenges, Xi Yu-Geng, Li De-Wei, LIN Shu, Acta 
Automatic Sinica, Vol.39, No3 March, 2013 

23. Max Schwenzer, Muzafer Ay, Thomas Bergs, Dirk Abel, Review on model predictive 
control:an engineerinb perspektive,The International Journal of Advanced Manufacturing 
Technology(2021) 117-:1327-1349

24. Martin Klauko, Michal Kvasnica,.MPC-Based Reference Governors,Springer,2019.

32



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

CORRELATION METHOD FOR INVESTIGATION  

OF DYNAMIC CHARACTERISTICS OF ORE MILLS 

Traycho Penzov1, Plamen Petrov2

1TRAPEN Co., trapen@abv.bg, 
2Dundee precious metals, plamen.petrov@dundeeprecious.com

ABSTRACT 
The main considerations in the choice of the sampling step, the length of the records and the 
filtering of the low-frequency components when planning the statistical investigation of the 
automation objects are given in the paper. The developed correlation identification method by the 
example  of a semi-autogenous ore mill is illustrated. 
Key words: correlation function, filtration, approximation, object parameters 

INTRODUCTION

In the ore - dressing industry in our country the wet grinding of the ore in mill aggregates, operating 
in a closed cycle with a classifier or hydrocyclones, predominates. For the construction of optimal 
systems for automatic control of the grinding process, it is important to study the type of 
interrelations between the input and output variables and to give quantitative estimates for the 
characteristics of the object. The study of the ore grinding process by removing transition 
characteristics leads to disruption of the normal operation of the mill unit, which causes disruption 
in the next flotation process. Therefore, in such a case, statistical methods for determining the 
dynamic characteristics of the mills may be used. The conduct of the experiment, the volume of 
experimental data and the methods of their processing depend on the characteristics of the random 
processes[1, 2]. 

PLANNING STATISTICAL IDENTIFICATION OF AUTOMATION OBJECTS

In order to have the necessary statistical characteristics, it is necessary to properly plan the 
experiment to obtain the initial realization. In this case, this means correctly choosing the length Tp 
and the sampling step to of the realization. One of the possible ways to estimate Tp and to is to use 
the dependence [3]:

          (1) 

where:
( ) - relative error in determining the ordinates of the correlation function, which is the ratio of the 

dispertions of these ordinates to their mean values 
C and p are functions of Tp given in Fig.1 

- coefficient of inclination of the exponent of Rx( ).
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. 1 

The value of  can be obtained directly from the realization of  the process, using the formula: 

n  = 1
0

1,5 2 = 0,39
                                                    (2) 

where:
n0 - the average intersections from the realization of the mathematical expectation per unit time 
The study of the statistical properties of the mills shows that during the experiment the non-
stationarity of the site can be neglected. Realization with a duration of  4-5 hours, which can be 
obtained in normal production conditions is sufficient in terms of statistical representativeness. The 
accuracy of determining the parameters of the model is strongly affected by the error of calculation 
of auto- and cross-correlation functions and therefore it is necessary to pre-filtering  the low-
frequency components of  the  realizations by filter with a transmission function: 

                                                     ( 3)

Good results are obtained at  = 3-5 min and sampling step t0 = 2 min. 
After pre-filtering the records of the input and output parameters, they can be used to determine the 
autocorrelation and cross-correlation functions. 

STATISTIC IDENTIFICATION OF A SEMI-AUTOGENOUS MILL

The grinding of the ore in the concentration plant of Dundee Precious Metals - Chelopech is carried 
out in a semi-autogenous mill operating in a closed cycle with  hydrocyclones. Figure 2 shows the 
autocorrelation functions of the intermediate control values: W - weight of the ore in the mill; L1 – 
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mill load,  measured by a distance  SRIP sensor; L2 - mill load, measured by a direct SDIP sensor 
and the output control value  - the fineness of grinding  of the ready pulp. They are calculated from 
experimental data obtained under normal production conditions with manual control of the grinding 
process. The above considerations for the choice of the lengths of the realizations and the step of 
discretization of the controlled parameters when conducting the statistical identification of the 
automation objects  are observed.  

.2

Simple approximate expressions for estimating the parameters of the object can be obtained by 
ignoring the periodic component of the autocorrelation function, ie. to present it with the 
expression:

                                                         (4) 

where:

1
  T

=
  -  slope coefficient of the exponent 

Then for Rxy( ) the next expressions are obtained [4]: 

R  (x
x e- T

K0
2 T

T  - T0          for  > 0                                     (5) 
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  for  > 0       (6) 

Based on the dependences (5) and (6), we have developed a correlation method for the 
identification of the mill unit. The statistical approximation of  the transition functions of the 
individual channels of the mill unit by a first-order link with a delay is completely satisfactory, as 
the observed nonlinearity and nonstationarity of the object are averaged over the time of recording 
the realizations of the random process. The sequence of actions according to the developed 
algorithm is illustrated below by the example of the uncontrolled channel L1, the cross-
correlation function of which is given in Fig.3. 

.3

1. Filtering X and Y records and calculate RX( ) and RXY( )

2. Approximation of  RX( ) by the dependence (4) and calculation 
n 116 1

  0,4.60   24   0,67
  0,67;   1,49= T== == =0

3. Determination by [RXY( )] max   M = 0.48; time delay 0 = 14 

4. Determination of the correlation coefficient at the point of intersection of RXY( ) with the 
ordinate axis   rxy = 0,38 

5. Calculation P = x y rxy = 2.8 x 1.27 x 0.38 = 1.35 
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6. Calculation time constant T0

7. Calculation transmission coefficient K0

         
K  = = 0,16

1,27.0,38
2,8

=0
ry

x

xy

Table 1 shows the parameters of the studied uncontrolled channels (correlation coefficients rxy, time 
delays 0, time constants T0 and transmission coefficients K0), determined by the above algorithm. 

Table 1

Channel Correlation 
coefficient

Transmission 
coefficient

0

Time delay 
0[min] 

Time constant 
T0[min] 

 - L1 0,38 0,16 14,0 40,4 
 - L2 0,41 0,15 13,2 35,2 
 - W 0,48 0,27 18,5 44,3 

The results of the identification of the mill unit according to the proposed algorithm are used in the 
choice of the most efficient control actions and variant of the information - control structure  of the
ore grinding process automatic system. 

CONCLUSION

From the conducted research and the obtained results the following  recommendations can given 
when performing statistical identification of the mill aggregates: 
1. When it is necessary to determine the parameters of an uncontrolled channel, it is recommended 
to use the correlation method of identification according to the developed algorithm 
2. When calculating the correlation functions from the experimental records of random processes, it 
is necessary to pre-filter the low-frequency spectral components by filter with a transmission 
function (3) and a time constant of  3 - 5 min 
3. The length of the experimental records for calculating the correlation functions may not exceed       
5 hours with a sampling step of 2 min 
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Dundee precious metals, email: plamen.petrov@dundeeprecious.com

ABSTRACT 
The report examines the vibration signal from a direct sensor mounted on the gearbox housing of 
the drive motor of the semi-autogenous mill. Active experiments were conducted to determine the 
parameters of the control object on this channel, as well as the optimal settings of the digital filter 
the microprocessor module processing the signal from the sensor. 
Keywords: vibration factor, direct sensor, algorithm, approximation 
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Dundee precious metals, plamen.petrov@dundeeprecious.com 

ABSTRACT 
The obtained parameters of the mill as an object for automation are used in choosing the type of 
regulator and the law of regulation. The sequence of determining the parameters of the controller 
according to the algorithm developed for this purpose is traced. The information-control structure 
of the system for loading the semi-autogenous ore mill has been selected and the settings of the 
regulators of the newly built control loops, have been given. 
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ECOLOGICAL MONITORING OF CONTAMINATED SOILS AS A RESULT OF 

ANTHROPOGENIC ACTIVITY. INDICATORS OF ONGOING PROCESSES, CHANGES 

IN CHEMICAL COMPOSITION AND DEPLETION OF NUTRIENTS IN SOILS 

Ivaylo Nikolov 
email: ivaylonikolov23@gmail.com 

ABSTRACT 
As a result of the anthropogenic impact on soil cover worldwide, significant changes in the natural 
soil process occur and new soils and substrates are formed. Anthropogenization of soils is a recent 
process in which a specific soil group called anthropogenic soils is formed under the dominant 
influence of the anthropogenic factor.  The process is manifested by a significant change of natural 
soils and the formation of new soils and substrates. The main sources of impact on soils are mineral 
extraction (mining, coal industry, sand, gravel, etc.), the chemical and metallurgical industries, 
improper use of chemical plant protection products, irrigation with contaminated water, transport 
and other activities.
Keywords: environmental monitor, mineral extraction, reclamation. 
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Globally, the development of the industry is accompanied by an increase in global concern about 
the environment, climate change, energy security and increasing resource scarcity. 
The concept of sustainable development includes the concept of sustainable production, which is 
only possible if environmental measures are taken and implemented. 
In the process of construction in cities, we cannot avoid mining activities. Especially our economy, 
with its prosperous and strong growth in recent years of opening and reformation, and with this the 
growing need for resources. Although globally, mining is considered an important economic 
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activity, it has a negative impact on the environment, significantly deteriorating the ecological and 
aesthetic values of the landscape and not only. Soil and vegetation quality is directly affected by 
outdoor and indoor mineral extraction activities.  Indicators of the ongoing degradation processes in 
the soil are changes in mechanical composition, structure, sorption capacity, pH, content of water-
soluble salts, heavy metals and toxic elements and content of organic substance and nutrients. 
Also, the indicators for the ongoing processes are the presence of various diagnostic indicators for: 

- Embankments, formed from geological substrates (trays from underground mining of 
minerals and embankments from open yield); 

- Embankments of industrial waste (generated from waste products from the energy and ore 
processing industry, chemical production, etc.). 

- Diagnostic indicators – embankments of geological substrates: 
- an anthropogenic profile composed of geological materials of very high power, 

undifferentiated or differentiated at the top profile (Fig. 55); 
- large skeletal and small water retention capacity (Fig. 56); 
- intensive erosion processes in unrectitivated embankments (Fig. 57); 
- absence or minimal organic matter content, 
- low content of digestible nutrients; 
- possibility of salting; 
- active acidity – ranging from highly acidic (pH 3,6 – 4,1) – Fig. 58 to slightly 

alkaline (pH 7,6 – 8,1); 
- active oxidation processes and contamination with heavy meta li andtoxic elements – 

Cu, Pb, Zn, Cd, As, Mn (Fig. 57); 
- contamination with natural radionuclides (238U; 226Ra; 232Th and 40K).

Fig. 55. "Maxim taban", Pernik coal basin - 
embankment from underground coal mining with 
initial soil process under the influence of grass 
vegetation (photo by R. Petrova) 

Fig. 56. "Maxim taban", Pernik coal basin - 
embankment from underground coal mining – 
surface without vegetation (photo by R. Petrova) 

Fig. 57. Erosion processes at the tabs of Radka 
mine, Panagyurishte copper mines (photo by R. 
Petrova)

Fig. 58. Oxidation processes at the industrial site 
of Radka mine, Panagyurishte copper mines 
(photo by. R. Petrova)
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Diagnostic indicators - Embankments of industrial waste:  
- anthropogenic profile composed of very high power homogeneous material, of varied 

composition and properties on a case-by-case basis (Fig. 59 and Fig. 60); 

Only these embankments of industrial waste, which are subject to biological reclamation – tailing 
dams  and, in rare cases,  slag dumps - are attached to this type of technogenic soil. 

Fig. 59. Embankment, formed from waste from 
coal enrichment – "Briquette Factory" – Pernik 
(photo by  R. Petrova) 

Fig. 60. Tail, deposited in the processing of 
copper ore – "Tailing dam Medet" – 
Pirdop (photo by R. Petrova) 

Changes in the chemical composition of anthropogenic soils are associated with depletion of the 
organic substance and nutrients, the reaction of the soil solution and the course of oxidation 
processes, migration of heavy metals. 
In soils in natural environments, biomass production is in balance with nutrient reserves. The total 
reserves of organic carbon for the territory of the country are estimated at about 1.3 Gt. The 
reduction of soil organic matter in arable land, compared to celery lands, is between 10-40% , but in 
individual cases it can reach more. 
One of the main factors for reducing the organic substance is soil erosion, with the manifestation of 
which occurs the removal of the surface rich in organic substance humus-accumulative horizon, 
disruption of the balance of nutrients and generally depletion of the soil. 
Even more worrying is the state of soils in areas with mineral extraction, where mining work is 
associated with mechanical disruption of soil genetic horizons, the result of the seizure of the humus 
horizon and the associated qualitative and quantitative losses (Petrova, 1985), the seizure of fertile 
soil horizons and their application with sterile or toxic geological layers. 
The seizure of humus soil in the development of deposits is associated with quantitative and 
qualitative losses of organic matter, which depend most on the level of mining equipment used in 
reclamation works, on the power of the soil layer, its even pressure and its agrochemical properties. 
Losses of humus soil are conditioned by: 

- discrepancy between the mining mechanisation used and the power of the humus-
accumulative horizon. As a result, losses are obtained from incomplete seizure or 
deterioration of the qualities of the seized humus soil as a result of its application with earth 
masses from the subhumus (B) horizon. The depletion of the humus soil is characteristic of 
all three stages – seizure, storage and utilization; 

- partial seizure of the soil layer – leaving of bran; 
- depletion with prolonged storage of humus soil (over 3 years) as a result of the development 

of erosion processes; 
- application of humus soil to aligned but not stabilized embankments in which the drying 

process has not been completed; 
- application of humus soil to toxic substrates; 
- depletion when mixing humus soil with earth masses. 
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With the feeding of humus soil at landfills during mining works affects not only the physical but 
also the biological and chemical properties of the soil.  At a depth of about 1 m in the humus depot, 
the number of anaerobic bacteria is increasing and aerobic bacteria are decreasing. Within the 
humus depot, due to poor aeration, nitrification is suppressed, resulting in ammonia accumulation in 
anaerobic areas.  but usually at higher levels than normal and nitrification restarts at higher than 
normal levels. If there are high levels of ammonia in the reclamated soil, the amount of nitrates 
generated is probably much greater than normal. Therefore, there is a high potential for loss of N in 
the environment by leaching and/or denitrification. 
Utilization of humus soil in the reclamation stage of disturbed terrains is also associated with losses 
of organic matter. Losses are related to the accumulation of humus soil on: 

- geological substrates with high water permeability (stone or coarse mechanical 
composition), resulting in rapid losses of the fine-sized fraction and nutrients together 
with infiltrating atmospheric waters;

- unstable technically recultivated terrains;
- erosionally hazardous terrains (with a slope above 3o) without anti-erosion events.

By degree of reservity with mineral chemical elements depending on the soil-forming scale, 
anthropogenic soils are divided into very weak and poorly stocked, medium stocked, well stocked 
and very well stocked

Conclusion

The result of mineral extraction is that some of the soils in Bulgaria are anthropogenized - degraded 
and contaminated with heavy metals, persistent organic pollutants, petroleum products, 
radionuclides, etc., with pollution, acidification, salinization and other degradation processes. The 
reclamation of disturbed land in mining regions is an important factor in their adaptation to climate 
change, air pollution control and sustainable development. As a country that has ratified UNFPA, 
Bulgaria faces the challenge of  tackling a number of problems, including the underestimation of the 
need to combat desertification and its consequences.  In addition to the naturally driven deepening 
of land resource degradation processes (erosion, pollution of water resources, climatic features, 
including recent trends of periodic drought events), significant socio-economic problems are also 
identified. We can propose a strategy for sustainable development of systematic design – landscape 
for ecosystem, economy and culture. Thus, the restoration of nature and the change of landscape 
can become beneficial for the ecosystem, the local economy, the improvement of people's living 
standards and the preservation of the culture of mining heritage. 
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ABSTRACT 
The electron beam welding, surface modification and lithography (EBWSML) are modern highly 
efficient and precise methods for improving the quality of the surface layers, surface strengthening, 
alloying and joining of metal elements. In the present article, optimization approaches for working 
with EBWSML, various methods for its implementation and applications are considered. Based on 
conducted experiments, an analysis has been performed in accordance to Taguchi's design of 
experiment (DOE) method. The model was evaluated for dependence of the studied 0.2% plastic 
deformation on the parameters of the electron beam modification process, namely the power of the 
electron beam and the irradiation time. 
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 1. 

 –  [s]  B –  [kW] 0,2% 
[R0.2]

1 1 0,6 264 
2 1 0,75 254 
3 1 0,9 256 
4 6 0,6 264 
5 6 0,75 262 
6 6 0,9 230 
7 12 0,6 1 
8 12 0,75 1 
9 12 0,9 246 
10 15 0,6 266 
11 15 0,75 243 
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12 15 0,9 204 
13 90 0,6 260 
14 90 0,75 187 
15 90 0,9 1 
16 120 0,6 224 
17 120 0,75 187 
18 120 0,9 1 

/
 – 

 2. 
 2. /

/
A B A B 

1 48.23 40.11 258.00 213.17 
2 48.01 39.17 252.00 189.00 
3 15.94 31.57 82.67 156.33 
4 47.47  237.67  
5 31.25  149.33  
6 30.81  137.33  

Delta 32.29 8.54 175.33 56.83 
Rank 1 2 1 2 

. 4 /  (a)  (b) 
.

. 4. /  (a)  (b) 

 (DOE – design of experiment) 
 A (1)  B (2): 

(1)   A = 68.1 - 0.147 R0.2
(2)   B = 0.8010 - 0.000274 R0.2
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 4 

 4. 

. SE . T- P-  VIF
 68.1 22.9 2.97 0.009  

R0.2 -0.147 0.108 -1.36 0.191 1.00

 0.8010 0.0621 12.90 0.000  

R0.2 -0.000274 0.000293 -0.94 0.363 1.00

 5 
.

 5.

 DF Adj SS Adj MS F-Value P-Value
 1 4058 4058 1.86 0.191

R0.2 1 4058 4058 1.86 0.191
 16 34892 2181   

 11 25330 2303 1.20 0.446
5 9562 1912   

 17 38950    
 1 0.01401 0.01401 0.88 0.363

R0.2 1 0.01401 0.01401 0.88 0.363
 16 0.25599 0.01600   

 11 0.19412 0.01765 1.43 0.366
5 0.06187 0.01238   

17 0.27000    

, .

,
.

,
:

.

 316L  0,5 mm 
 (  1)  (  2). 

 0,2% 
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ABSTRACT 
Intelligent systems (IS) and technologies have been developed for the production and storage of 
electricity from renewable energy sources with accumulator batteries with pulsed current with PC 
control. Innovative products and processes are protected by patents, utility models, know-how and 
are energy and ecologically efficient with high added value. 
Key words: intelligent pulsed current systems, pulsed current electro-technologies, computer 
control, recycling of precious metals. 
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ABSTRACT 
An analysis of the architecture and functionality of an energy management system was made. 
Measurements were made with modern network analyzers at 35 points of the 110KV, 20KV,6 KV 
and 0.4KV electrical networks. In order to determine the indicators of the quality of electrical 
energy, the electrical quantities specified in the standards were recorded and averaged at time 
intervals, allowing to determine all the indicators of the quality of electrical energy. To analyze the 
nature of the load on the 110KV side, the load schedules for the current and for the active and 
reactive electricity for working days and holidays for Tr. . 1 and Tr . 2 are shaded. The power 
factor values averaged over a 15-minute interval,which are necessary for the analysis of the 
distribution of reactive loads in electrical networks, have been determined. Load schedules were 
recorded, power quality indicators and power factor values for each section were determined. 
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FINITE ELEMENT ANALYSIS OF HIGH-FREQUENCY TRANSFORMER  

Nikolai Iliev 
Technical University of Gabrovo, Gabrovo, Bulgaria, niliev@tugab.bg 

ABSTRACT 
The article discusses the modeling and analysis of the magnetic field of a high-frequency 
transformer with the Finite Element Method (FEM), designed for the needs of power electronics. 
Based on the results of the analysis, the losses in the ferrite core and the losses in the windings 
are calculated. 

INTRODUCTION

The desire of design engineers to increase the density and efficiency of electricity conversion has 
led to the use of high-frequency (HF). It allows to effectively reduce the size of transformers and 
inductors (called magnetic components) by increasing the converted electricity.  

However, the use of high-frequency magnetic components is associated with an increase in eddy 
current losses in their ferromagnetic cores, as well as losses in their windings due to the skin effect 
and the proximity effect.  

The calculation of these two types of electricity losses in the design of magnetic components in 
modern power supply and converter devices of power electronics by analytical formulas is 
approximate and inaccurate. Accurate calculation in design can only be done using an appropriate 
numerical method, such as the Finite Element Method (FEM). The FEM simulations allow the 
designers to place the virtually designed magnetic components in working conditions (power supply 
and set the environmental parameters) and on the basis of the obtained results to draw conclusions 
about their operability, i.e., to simulate a physical experiment.  

In the present work, the magnetic field of a high-frequency(HF) transformer designed for power 
supply devices of power electronics is modeled and analyzed. The free FEMM software [1] is used 
for simulation purposes.  

TRANSFORMER MODELLING 

The object of modeling is a high-frequency transformer, shown in Fig.1 with a rated frequency 
of 60 kHz. The primary and secondary windings are wound from Litz wire[2] to reduce losses. The 
primary winding has 22 turns, each of which consists of 2 wires in parallel Litz wire type AWG 12, 
consisting of 420 strands with a cross-section of 0.107 mm. The secondary winding has 2 turns, 
each of which consists of 3 wires in parallel Litz wire type AWG 30, 2790 strands with a cross-
section of 0.0799 mm. The primary winding is supplied with a voltage of 670 V, 60 kHz. The core 
is ferrite type E [3] with a rectangular cross-section of the central core. The CAD model of the 
transformer is shown in Fig.1:  

FIGURE.1. HF transformer 
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The quasi-stationary magnetic field of the transformer excited by the alternating currents in its 
two windings is modeled. The modeled transformer has two planes of symmetry, the traces of 
which are very visible on the upper plane of the model of Fig 1. This allows solving the problem of 
analysis of a plane-parallel field in the two-dimensional case, in the area shown in Fig. 6. 

Modeling Equations 

As is known from the theory of the electromagnetic field, the relationship between the current 
density and the electric field strength in a conductive medium is: 

J E  (1) 
According to Maxwell's second equation: 

BE
t

 (2) 

By substituting in it the magnetic flux density, expressed by the magnetic vector potential
B A  can be obtained:

E A  (3) 

In the case of 2-D problems, (3) can be integrated to yield: 

E A V  (4) 

and the constitutive relationship, (1) employed to yield: 

( )J E A V A V  (5) 

Substituting into (6) yields the partial differential equation (7): 

21 J  (6) 

21
sJ V  (7) 

Written in the Cartesian coordinate system and for the phasors, it has the form: 
. .

. .1 1m m
m sm

x y

A A j A J V
x x y y

 (8) 

where
.

mA is the complex amplitude of the magnetic vector potential A ;
.

smJ - is the complex amplitude of the z- component of the source current density vector 
.

sm zJ J ;
- conductivity; 
 - the angular rate of sinusoidally varying quantities; 

V - additional gradient of electric potential; 
,x y - the magnetic permeability of the medium along the x and y axes. 

The FEMM software solves equation (8) in the area shown in Fig. 6 under the corresponding 
boundary conditions. 
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Modeling of Materials 

One method to radically reduce losses in the windings of high-frequency magnetic components 
is to use a multicore copper conductor called Litz wire. It consists of a large number of thin copper 
wires(strands), insulated and twisted relative to each other. The modeling of the Litz wire in the 
simulations of high-frequency transformers and inductors with FEM is one of the important 
challenges for software engineers and specialists. 

To this end, the FEMM software uses a special approach to modeling the Litz wire using 
complex magnetic permeability [4]. The advantage of this method is that it is not necessary to 
model all the strands of the Litz wire but to define a complex permeability for the whole area of the 
winding. To activate it, it is necessary for the field "Special Attributes: Lamination & Wire type" 
(Fig. 2) only to enter: the type of wire - Litz wire, Number of strands (number of strands), and 
Strand dia, mm (diameter of the strand). This way of modeling is very convenient for simulations 
when the wire contains many, hundreds, or thousands of strands because they do not have to be 
drawn in the model separately and the problem is solved in a short time. This, along with the fact 
that the software is free, is another major advantage of simulating FEMM transformers and 
inductors with Litz-wire coils over expensive commercial software. However, it should be noted 
that the results of the calculation of the AC resistance to the skin effect and the proximity effect, 
which are obtained on the basis of the method of complex magnetic permeability are not very 
accurate - it is within acceptable engineering accuracy, which is quite sufficient for designers to get 
an idea of the magnitude of losses in copper due to the increase in resistance from high frequency. 

The model of the Litz wire for the primary winding is shown in Fig. 2. For the material of the 
secondary winding, the model is created in a similar way, changing only the number of strands and 
their diameter. 

FIGURE. 2. Model of the primary winding material Litz 25 AWG.

To reduce losses in the ferromagnetic core of the transformer, ferrite of material type R [3] is 
used. The FEMM software makes it possible to solve the nonlinear problem taking into account the 
strong nonlinearity in the magnetic properties of the ferrite core. For this specific material, the 
manufacturer does not give directly the initial magnetization curve, but the curve of permeability 
versus flux density shown in Fig. 3. 
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FIGURE. 3. The permeability versus flux density for the core material.

However, the software requires that the initial magnetization curve be entered into it. Therefore, 
with the help of MS Excel, it is easily transformed into ( )B f H , given the relationship between the 
permeability, the intensity of the magnetic field, and flux density below: 

0

BH
r

 (9) 

The resulting curve after processing and entering into the software is shown in Fig. 4. 

FIGURE. 4. Initial magnetization curve for the core material.

Boundary Conditions 

The problem is solved under Dirichlet boundary conditions, ie. zero value of the magnetic vector 
potential. They are set from the menu Properties, Boundary (Fig. 5). To set the boundary conditions 
correctly, the model is surrounded by a rectangular area in which Air material is set. The boundary 
conditions are set on the sides of the rectangle surrounding the model, as shown in Fig. 6. 

FIGURE. 5. Boundary conditions. 
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FIGURE. 6. Meshed FEA model.

MESHING AND SOLVING OF THE MODEL 
Model Meshing 

The model of Fig. 6 is automatically meshed by the software of 80160 triangular finite elements 
and 40200 nodes. If the mesh density does not match the desired one, it can be changed by selecting 
the block labels of the objects and by changing the size of the finite elements accordingly, defined 
in the properties of each object in the model area. 

Solving the Model 

At the start of the analysis, the FEMM software solves equation (8) in the area of Fig. 6. Solving 
the task is relatively fast, depending on the resources of the computer used. As a rule, FEMM does 
not require significant computing resources - RAM and disk space. 

RESULTS AND POSTPROCESING 

The solution results in the distribution of the flux density in the region shown in Fig.7. 

FIGURE. 7. Flux density distribution.

Fig. 7 clearly shows the lines with the same magnetic vector potential, which are also lines of 
magnetic flux. In order to calculate the total losses in the ferrite core, integration by its volume is 
used (marked in green in Fig. 8). These losses include hysteresis losses, eddy currents, and 
additional losses. 
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FIGURE. 9. Calculation of C losses.

TABLE 1. Transformer losses 

Losses type Watts 
1 Core losses 9.16 
2 AC losses in Primary  19.8 
3 AC losses in Secondary  17.82 

If “circuit” properties are used to specify the excitation of transformer, a number of useful 
properties relative to the circuit are automatically available. To view the circuit results select 
View/Circuit Props off of the postprocessor main menu. A dialog, as pictured in Fig.9 will appear. 
There is a drop list on the dialog, from which the user selects the circuit for which results are 
desired.

The window that opens is shown in Fig. 10, provides very important information for each of the 
transformer windings, which includes: total current, voltage drop, flux linkage, self-inductance 
(flux/current), AC resistance (voltage/current), real power, reactive power, apparent power. 

FIGURE. 10. „Circuit properties” for the primary and secondary 

CONCLUSIONS 

The numerical model for magnetic field analysis of modern high-frequency transformers 
developed in the present work can be successfully applied in the design of this type of magnetic 
device by engineers.

The FEMM software used is a powerful software product and at the same time very easy to use, 
which makes it an excellent starting point for an introduction to the use of FEA systems in 
electromagnetism and for studying the finite element method by students.  

The simulation of a physical experiment saves significant time and money for the development 
of technical documentation, the production of a prototype in metal, and its experimental study to 
determine whether the requirements of the terms of reference are met. 
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Opportunities for the production of heat and electricity from natural gas are discussed. Preliminary 
techno-economic calculations have been made on the efficiency for heat and power generation

,
, ,

.  40% 
 60% .

.

.

. .
,

[1,2,3].
.

,
,  ( ) [4].

 ( ).

. .1
.

:

;
 -  3,5%; 

 -  85%; 
;

,
;

 - 
;

 -  800-1500 EURO/kW, -
- .

87



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

.1.
.

 [1]. 
)  -  – 

.  (50  60 
z)  1500 (1000) min-1.

- .
 10-15% ,

. .
 8-18% -

 50% - .
 kW  3140 kW. 

200-400 mm . . (0,02÷0,04 at)  200 mm Hg  (0,27 t). 
,

. .
,  50Hz 

 60Hz,  320V  1500V, - .
W  3000 W (3 W) 

 0,8. 
)  -  – 

 ( - ) .

, .
- ,  –  393kW 

 19625 kW -  –  3000 (6000)  40000 min-1.. -

 – ,
.

- .
 ( )

 430-500˚ .
.

, ,
.

88



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

89

 – 

.

,
.  –  ( )

 ( ) . ,
.

, ,
 [5]. . 

, . ,
, .

.
- ,

. . . 2 
 [7]. 

.2.

.3 [7].

. 3. 

– , ,
, .



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

, . ,
, .

, - .
, -

, - .
,

.

 ( ).
, ,

[6].
 1 MWh 

.  1kWh 
:

1.
 1 MWh  100 m3 .

a  2500 .  1000 m3 :
- 1kWh  0,25 . ;
- 1MWh   -  250 . .
2.

 1 MWh  100 m3 .
 6000 .  1000 m3 :

- 1kWh  0,60 . ;
- 1MWh  -  600 . .

 800-1500 EURO/kW. 
 1 MWh  699 .

,

 – .
, , ,

,
.

1. . , . , . , . .
.  XIV 

 –  „ ,  – 
”,  2008, . 231-237. 

2. ., .
, 2020, . 1-11.  ISBN 2738-7011 

3. Boyadjiev M.M., Analysis of the hydrogen concentration on networks for gas supply, Sofia 2020 
ISBN 2682-9525 

4. . .,  ,  2007 .
5. .,  – 

. ,  2002, 2-3, . 3-7. 

90



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

6. , , ,  “ . . ”, 2007 
7. https://www.energy-review.bg/bg/gorivni-kletki/2/267/
8. DIR 2012/27/EU -  2012/27/  25 

 2012 .

91



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

A. Remes1 2

2.

92



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

J. Newcomb1 2

93



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

.
.

Email: p.penkov@ellatzite-med.com 
m.nedkov@ellatzite-med.com 

- ,

.
-

 „ “  2015 .
 Dispatch®. 

 ProVision®.  „
, , ”.

,
,

. .
.

2022 .
.

ABSTRACT 
The main mission of the company Ellatzite-med AD is efficient and sustainable mining, processing 
and enrichment of minerals in strict compliance with the regulatory requirements for healthy and 
safe working conditions and environmental protection. In order to achieve more efficient 
management of mining equipment and refinement of production processes in the “Ellatzite” mine, 
in 2015 was installed and integrated a system for automated management of mining production 
processes “Dispatch”. The quest for continuous improvement in efficiency led to the addition of the 
ProVision® precision navigation and positioning system. Both systems are a product  of “Modular 
Mining Systems Inc”. 
Working with both of the systems began to receive more and more data, the processing of which 
with only standard tabular reports became inefficient and difficult to verview.. Especially for 
tracking production processes. This created the need to enable a new kind of reporting and data 
analysis. In 2022 started, the development and introduction of a system for graphical visualization 
and analysis of the data, collected during the production process. 

- -
.  1978 . ,

, .
 2015 

.  Dispatch®, 
„ , .”.

 ProVision®.  –  , 

94



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

, ,
, ., -

.
-

 – 
-

. ,  2 
500 000 000 000 000 000 ( ) ,  „

,  20 .“.

, . . “big data“. 
, , ,

 ( ), .
,

.
 - ,
. ,

- .

, , ,
. ,

Dispatch®  ProVision® 
 – , ,

. ., .
 –  1 . ,

, ,
.

,
, .

,
. ,

- .
-

 „ “ – .1 ,
.

. 1 

95



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

,  – 
,

,
.

, ,
.

 – .2,
 – . 3. 

. 2 

. 3 

96



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

.
, , -

,
 – , ,

. , .

. 4  - 

. 5

,

97



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

.
, :

,

 – . 4. ,
.

, ,
, ,

 – . 5. 
, , ,

, .
.

,
,

, .

. 6

98



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

,
,

 – . 6. 
,

.

,
.

, ,
,

.
,

 „ “ - .

 Dispatch®  Provision® 
,

. ,
, . .

, ,

.

-
.

,
- .

 - ,  Dispatch®  Provision® ,
,

- - -
.

,
- ,

.

 Dispatch®  Provision® - Modular Mining Systems, inc., USA 
, .

99



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

 – 

.
Email: m.nedkov@ellatzite-med.com 

 Industry 4.0. 
.

, ,
, ,

.
- ,

, ,
, .

, ,
, ,

, . ,
, .

,
, .

-  „ “
, .

 „ “ -
.

,
,  „ - “ ,

, ,
,

, .
,  2020 ,

,  AutoCad 
– , -

.
.

,
- ,

, .

„ - “ .
, ,

.
.

100



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

 VPN ,
.

. 1.  ACMO Mobile 

, , , ,

, .
. ,

, .

, ,
.

,  SMART 
, ,

, . ,
 AutoCad 

 JSON, -
.

,
.
,

,  JSON .
,

, .

101



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

 2. . 3 

 Google maps, 
.

, .
, ,

.
,

.
.

,  CAD 
, .

, ,
.

,
 ON/OFF .

 GPS 
,

. ,
,  GPS, 

, .

, ,
.

 Dispatch

 Dispatch, ,
. ,

102



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

, , ,
.  5 .

 Dispatch 
,  – , ,

. .
, ,

.

,
, .

, ,
.

. 4,5,6  Dispatch® 

ProVision, .
, ,

, ,
, .

,

.
,

, ,
,

. ,
.

103



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

. 7,8,9  ProVision® 

 2019/2020 . „ - “

„ “.  Web 
. ,

,
, -

, . ,
, ,

, . ,
.

,
, .

.10

104



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

 – 

 “ ”
,

.
 Dispatch  ProVision 

,
/  „ “ .

.
, .

,

.

SOS

-
 SOS,  3 

,
, .

SOS .
 SOS .

. 11,12  SOS 

 PULSE SCADA , -
web ,

. .

105



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

. - ?
- ,
. ,

. ,
.

.
,  „ “

.
.

 Android 7.0, iOS 10 - .
 Google Play 

store  App Store.

, , , ,

. ,
. -

, . , -
,

, , -
.

106



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

 „ - ”

. , n.blagov@ellatzite-med.com 

„ - “
. . ,

22 km  2 km , .
 „ “

.
,

 „ “.

. -
.

-
.

ABSTRACT 
The purpose of initial crushing department of “Ellatzite-Med” is to crush mined copper-bearing 
ore to a specified size before it is transported and fed to the secondary crushing department. 
To facilitate and optimize the process, a process automation and control system is introduced. More 
reliable and safer work of the personnel in the department is ensured through the implementation of 
sensors and systems. The result of the automation of the process is the achievement of better 
accountability and optimization of energy consumption for the processing of a ton of ore. 

 „ - “ ,
 – -1 ( -1)

-3 ( -3). -3,  2008 ,
,

,  570 .
, ,

.
,

, .
,

,
, .

 – 
, -1 ,

,
, -3.

, .
 1, 

107



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

 „ - “ ,
, .

. 1.  „ ”

,  „Westermo”, 
 IP31. ,

,  „Aldermin-pico”, ,
. ,  IP20. 

,  SCADA   Simatic WinCC,  7.5. 
-3

.
.

-  „ RUPP“.
, ,

.  “ALLIS“, ,
, ,

. ,

.  „ RUPP“ -3,
 “ALLIS“ -2

.  1996 
 “ASR”,  „Metso”. 

108



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

,
,  S7-300. 

,
.

. 1.  „ ”

10%  150mm. -
 – „VisioRock™ Compact system”  „Metso”, 

 2.  1 

.

.
 “KRUPP”  S7-

300,
.

, .
-3 .

.
 – Profibus DP,  – 

.
-3 :

-  S7-300; 
- DI( );
- DO( );
- AI( );
- AO( );
- CP – ;

109



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

- IM( )  CPU 
;

- OLM( ) .
-1 .

, :
, , 1, 2,

1, 1, 2, 2,
 1  2. 

 SIMATIC S7 ,
 – .

,
,

PROFIBUS DP, 
 SIMOCODE. 

.
 PROFIBUS DP. 

. ,
,

,
.

, -
, .

,
. , ,

.

.
.

.
 –  TBM 230,  “Scantrech”. 

-  „ -2”, 
.

 – , ,
,

.
. :

- ;
- ;
- ;
-  600 mm. 

:
- ;
-

;
- - ;
- .

110



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

, ,
.

, - .
,

, , , .

,
:

- , :  - 
, ( ) ;

- ;
-  – ;
- ;
- .

:
-

;
- ;
- ;
- ;
- ;
- ;
- , ;
- ;
-

;
- - ;
- .

111



BULCAMC`22 
27 – 28  October 2022 

 

Proceedings of National scientific and technical conference 
with international participation “AUTOMATION  IN  MINING  INDUSTRY  AND  METALLURGY” 

 

 

-  „ . . ” . , 1700
E-mail: romeo.alexandrov@abv.bg

.

.
: , ,

.

RELIABILITY OF MINE HOISTS WITH MAINTENANCE REPORTING 

Romeo Alexandrov
University of Mining and Geology „St. Iv. Rilski” Sofia, 1700

E-mail: romeo.alexandrov@abv.bg

ABSTRACT
A mathematical model of a mine hoisting system is presented, taking into account the technical 
maintenance of the system. The resulting model provides an opportunity to investigate and solve 
tasks for determining the conditions of safe operation of the mine hoisting equipment.
Keywords: mining hoists, maintenance, reliability and operational safety. 
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