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Abstract 
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The energy consumption of concentrating 
factory technological complexes is largely 
determined by the quality of ore technological 
varieties which come for processing. To reduce  
negative impact of the input ore characteristics 
changes on the energy consumption of the 
concentrating factory technological complexes and 

at the same time to maximize the productivity on 
concentrate of specified quality is possible only 
while the presence and use of operational 
information about the main characteristics of raw 
materials and beneficiation products within 
automation systems.  
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The complex geological conditions of 
domestic mining and processing plants, which are 
characterized by a variety of mineral ore varieties 
and significant scale of mineral content in it, attach 
the particular importance for the stabilization 
problem of qualitative parameters of the ore which 
is coming to beneficiation input. 

Along with the content of useful 
component in the processed ore on the efficiency 
of its beneficiation processes the nature of useful 
component mineral grains inclusions affects 
significantly [1-4]. The ore grinding fineness for 
the best disclosure of the useful component 
depends on the nature of the inclusions [3]: the 
thinner the inclusions, the thinner must be the 
grinding. Thus, for each ore technological variety 
during its grinding-classification for full useful 
component disclosure a certain particle size 
distribution should be formed and should be 
maintained in all process equipment operating 
modes [1, 4]. 

In this regard, the task of the ore varieties 
operational definition in the ore preparation 
process streams and use of the obtained data in the 
process control of automated systems to maintain 
optimum particle size distribution of the processed 
iron ore is becoming urgent 

The control processes modern multi-level 
structure in terms of mining and processing 
enterprises while implementing the above 
principles of energyefficient control should be 
considered. 

Typical elements of this structure are as 
follows. At the production control level there 
operate the systems of: strategic production 
planning, cost and quality monitoring, equipment 
performance, energy consumption, operational 
planning, production, statistical data processing 
and analysis, optimization of production indicators 
[5, 6].  

At the process control level there are 
subsystems of the receiving hoppers optimal 
loading control, ore lines optimal control, iron ore 
characteristics operational control in the process 
streams. At each control interval (a work shift, a 
day) during the current optimization period 
(several days, a week) from the upper level control 
system into the production indicators optimization 
system (PIO) comes the task: [βl,βh] — is the 
limiting values of iron content in the concentrate; 
[Ωl,Ωh] —is the concentrate volume limits in the 
stock.  

The PIO system determines the optimal 
processing amount of each i-th ore technological 

variety { }TtNi rti  1,1|*
,

* === ψψ  on the 
basis of information about the technological 
process parameters provided by the systems listed 
above, and set intervals of concentrate quantity and 
quality. Thus, it is possible to determine the 
optimal mass fraction of each i-th variety for each 
t-th technological control interval 
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where ( )ti
*ξ  — is the optimal mass fraction of i-th 

technological variety in ore for t-th control 

interval; ( )ti
*ψ  — is the optimal weight of each 

technological variety for t-th v; rN  — is the 
number of technological varieties; Т — the number 
of intervals in the control period. 

Provision of the optimal weight ratio of 
technological varieties in the ore, which is coming 
into the technological lines of the ore-dressing 
factory within each optimization interval, is 
complicated by the presence of technological, 
organizational and random disturbances, which can 
lead to undesirable deviations of the ore stream 
characteristics from the setpoints. 

The stabilization of iron ore raw materials 
characteristics is advisable to carry out in the 
receiving hoppers loading control process of the 
ore-dressing factory production lines.  

Under the energy efficiency terms of iron 
ore processing control while loading of the ore-
dressing factory receiving hoppers in the each 
control cycle it is necessary to provide the lowest 
average deviation of all ore technological varieties 
mass fraction in each i-th hopper [5] 
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where p — is the number of hopper for loading 
selected on the k-th control cycle; N — is the 

number of hoppers; ji,ξ , 
*
, jiξ  — is the current and 

optimal specific gravity of the j-th ore 
technological variety in the the i-th hopper 
respectively; К — is the number of cycles in the 
control interval.  

In addition to the criterion (2), in the 
loading process control automation of the 
beneficiation line receiving hoppers it is necessary 
to consider claims arising from the technological 
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features of the loading process and aims, which are 
discussed in detail in [5, 7].  

Along with information about the 
characteristics of the ore, which is incoming from 
the receiving hoppers for the control formation of 
the ore-dressing plant technological units section, 
it is also necessary the operational information 
about the processed materials characteristics at the 
different stages: the mineral content in the pulp 
solid phase, the particle content of the particulate 
material size control. 

The methods for iron ore raw materials 
characteristics operational control at various stages 
of its processing using modern methods are well 
studied in [8-20]. It is advisable further to explore 
the possibility of using such methods in the 
problems solution for obtaining timely information 
about the characteristics of the processed materials 
at various stages of beneficiation. 

References 
1. Morkun V. S., Potapov V. N., Morkun N. 

V., Podgorodetskiy N. S. Ultrazvukovoy 
control kharakteristik izmelchennykh 
materialov i adaptivnoye upravleniye 
protsessami izmelcheniya-klassifikatsii rud 
na yego baze. [Ultrasonic control of 
crashed materials characteristics during 
computer process control  of beneficiating 
production]. Krivoy Rog, 1998. 

2. Kozin V. Issledovaniye rud na 
obogatimost [Investigation of ores for 
dressability]. Ekaterinburg, UGGU, 2008. 

3. Mladetskiy I., Kolesnik M. (2007). 
Sootnosheniya mezhdu krupnost'yu 
vkrapleniya tsennogo komponenta i 
neobkhodimoy krupnost'yu pomola rudy 
[Balance between speckles size of valuable 
component and necessary grinding 
coarseness of the ore]. Scientific works of 
DonNTU, mining electrical engineering 
No15 (131), p.104-108. 

4. Sokolova V. Zakonomirnosti rozkrittya 
gematitovikh kvartsitiv Krivbasu ta 
pidvishchennya selektivnosti ikh 
flotatsiynogo zbagachennya [Peculiarities 
of discovery of hematite quartzrock of 
Kryvyi Rih basin and selectivity 
improvingof their flotation concentration]. 
PhD diss., Krivoy Rog, 2003 

5. Tron V. Power efficient automatized 
control of ore-dressing process using 
thermographic recognition of ore’s types. 
PhD diss., Krivoy Rog, 2003 

6. Xiaoling Huang, Yangang Chu, Yi Hu, 
Tianyou Chai.  Production Process 

Management System for Production 
Indices Optimization of Mineral 
Processing. IFAC. Research Center of 
Automation, Northeastern University, 
Shenyang, P.R.China 110004. 2005. 

7. Konstantinov G. Razrabotka sistemy 
upravleniya kachestvom zhelezorudnogo 
syr'ya pri pererabotke [Development of 
quality management system in the 
processing of iron ore]. PhD diss., Krivoy 
Rog, 2000, 180 p.  

8. Kupіn A. Uzgodzhene іntelektualne 
keruvannya stadіyami tehnologіchnogo 
processes zbagachennya magnetite 
kvartsitіv in minds neviznachenostі. 
[Coordinated intelligent management of 
technological process stages of magnetite 
quartzrock refinement in conditions of 
uncertanty] ScD diss., Krivoy Rog, 2009, 
463 p. 

9. Porkuian O. Keruvannya neliniynimi 
dinamichnimi obektami zbagachuvalnikh 
virobnitstv na osnovi gibridnikh modeley 
Gamershteyna [Control of nonlinear 
dynamic objects of concentrating 
productions on the base of Gamershteyn’s   
hybrid models]. ScD diss., Krivoy Rog, 
2009 

9. Byzov V., Azaryan A. (2000).  Quality 
control of mineral raw materials. 
Proceedings, Kachestvo mineralnogo 
syrya, p. 8-22. 

10. Morkun V. S., Morkun N. V., Pikilnyak 
A.V. (2014) Simulation of high-energy 
ultrasound propagation in heterogeneous 
medium using k-space method, 
Metallurgical and Mining Industry, No3, 
p.p. 23-27. 

11. Morkun V. S., Morkun N. V, Pikilnyak 
A.V. (2014). Iron ore flotation process 
control and optimization using high-energy 
ultrasound, Metallurgical and Mining 
Industry, No2. p.p. 36-42. 

12. Goncharov S. Simulation and optimization 
of separation processes of mineral 
processing on basis of the dynamic effects 
of high-energy ultrasound, PhD diss., 
Krivoy Rog, 2014 

13. Vorobyev V. Vorobyev V. (2000). 
Primeneniye gamma-gamma metoda dlya 
ekspress-oprobovaniya rud [Application of 
gamma-gamma method for express ore 
sampling]. Proceedings, Kachestvo 
mineral'nogo syr'ya, p. 44-47. 

6 © Metallurgical and Mining Industry, 2014, No. 6 



    AAuuttoommaattiizzaattiioonn  

14. Azaryan A., Lisovoy G., Miroshnik D. 
(2012). Nepreryvnyy kontrol 
tekhnologicheskikh potokov na 
konveyyere [Continuous control of process 
flows in the pipeline]. Proceedings 
Kachestvo mineralnogo syrya, p. 221-228. 

15. Zubkevich V.(2012).  Kontrol' 
veshchestvennogo sostava zhelezorudnogo 
syr'ya [Control of material composition of 
iron ore raw materials]. Proceedings 
Kachestvo mineral'nogo syr'ya, p. 154-168 

16. Azaryan A., Azaryan V., Lisovoy G. 
(2012). Sostoyaniye problemy kontrolya 
kachestva pri dobyche i pererabotke 
zhelezorudnogo syrya [Problem state of 
quality control during extraction and 

processing of iron ore raw materials]. 
Girnichiy visnik. No 95, p. 132-136. 

17. Bastan P., Kostina N. Smeshivaniye 
isortirovka rud [Ore mixing and 
separation]. Мoscow, Nedra, 1990. 

18. Morkun V.S., Morkun N.V., Pikilnyak 
A.V. (2014). The gas bubble size 
distribution control formation in the 
flotation process, Metallurgical and 
Mining Industry, No4, p.p. 42-45. 

19. Morkun V., Morkun N., Pikilnyak A. The 
study of volume ultrasonic waves 
propagation in the gas-containing iron ore 
pulp, Ultrasonics, No 56C, (2015), p.p. 
340-343.  

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

© Metallurgical and Mining Industry, 2014, No. 6 7 


