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Abstract : The article analyzes the physical and chemical foundations of the in-situ 
leaching process, data processing using approximate analytical solutions to predict the 
required parameters and verify the reliability of the developed process control model, 
and conduct a system analysis of the in-situ leaching process as an object of study. 
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Underground leaching is a physical and chemical process of extracting minerals 

(metals and their salts) by washing them out of the rock with various solvents injected 
into the deposit through wells . 

In-situ leaching is an alternative to open pit and underground mining methods. 
Compared to them, in-situ leaching does not require a large amount of excavation or 
direct contact of workers with rocks at their location. Effective even in poor deposits, 
as well as for deep-seated ores. 

The process starts with the drilling of wells, explosives or hydraulic fracturing 
may also be used to facilitate the penetration of the solution into the deposit. After that, 
a solvent ( leaching agent) is pumped into the well through a group of injection wells, 
where it combines with the ore . The mixture containing dissolved ore is then pumped 
through pumping wells to the surface, where it undergoes extraction . 

In-situ leaching by their structure are complex technical multi-connected 
systems covering several subsystems (reservoir-well - pumping stations - 
concentrations of reagents, etc.). All these subsystems are interconnected, and 
violation of the technological regime of at least one of the subsystems leads to a stop 
of the entire cycle of the system as a whole. Therefore, at present, much attention is 
paid to progressive methods for the development of multicomponent systems, one of 
which is the method of in-situ leaching (IL). The PV method is the most economical 
and harmless in comparison with other methods, and its use does not lead to 
environmental damage. 

The dissolution of a useful component in the bowels of the earth and the 
subsequent movement of the formed compounds occur mainly in accordance with the 
laws of hydrodynamics, the laws of mass transfer and chemical kinetics. The 
complexity of the process occurring in real underground conditions necessitates the 
development of mathematical models and software to study the entire cycle of the HP 
process in real conditions and make decisions in accordance with the control goal. The 
main purpose of creating a model is the characterization and prediction of some 
objects and technological processes. Models based on the mathematical interpretation 
of the problem help in finding the necessary information for making decisions using 
certain algorithms. A mathematical control model for decision-making in the analysis 
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of the technological process of HP is proposed in the following equation, which reflects 
the nature of the change in the filtration flow: 
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After solving problem (1) and determining the pressure H, the filtration rate is 

found according to the Darcy law: 
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In order to determine the concentration of a useful component in the reservoir, 
the equation of convective diffusion is considered: 
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The main task is to ensure appropriate actions through the control of the IW 
process and the choice of parameters that guarantee the implementation of the 
following main goals: minimizing the influx of the reagent through the ore-bearing 
boundaries of the formation; ensuring uniform hydrodynamic leaching; maximizing 
the concentration values of the useful component; optimal location of wells. 

These goals are realized by minimizing the objective function R by choosing the 
optimization criterion ( U ), i.e. problem solving 
                    

 
 
 

Here C ( X , U ) is the solution of problem (1)-(2) at the point ( x , y ) at a given 
time t , С b ( X , U ) is the required optimal value of the useful component,  is the given 

accuracy, U is a vector with components, is the acid concentration in the injected 

solution, q 0 , q k  – well flow rates, – filtration rate , etc. The following control criteria 
are introduced to solve this problem. 

Usually in control systems it is impossible to immediately influence the control 
object and its evaluation. They are evaluated some time after exposure. And be sure to 
include feedback and a process of correction. This can be depicted using the main 
control components (Fig. 1). 
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Fig. 1. Main control components 
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Here, as the initial data, information about various input parameters of the 

mathematical model for controlling the technological process of HP based on the 
decision is used. By solving the models listed above, we study the impact of parameters 
on the physical process and, as a result, we obtain a certain database of decision-
making to achieve the goal. The software created by us allows expanding and 
replenishing the above database. 

Usually, first, division into blocks of an arbitrary deposit, which is developed 
using the method, taking into account its known features, takes place, and a separate 
development is subsequently approved. 

Due to the complexity of the PV process, the selection of parameters does not 
occur simultaneously, but separately. Hydrodynamic parameters are selected using a 
hydrodynamic model for the IW process. As experimental values, dynamic quantities 
used in the previous development are used. After that, the kinetic parameters are 
chosen. In this case, the output parameters or the final goal is to maximize the 
concentration values of the production well. 
 

References. 
1. Ismanova K. D., Ibragimov D. Kh. System analysis to determine the parameters 

that improve the efficiency of underground leaching technological process 
control // Actual scientific research in the modern world. – 2016. – no. 11-1. - 
S. 61-64. 

2. Ismanova K.D., Ibragimov D.Kh. Analysis of geotechnological parameters 
affecting the change in concentration dynamics // Abduraxmanova I. Yu . 
Teacher academician lyceum at Tashkent Pediatric Medical Institute 
Uzbekistan, Tashkent city biology and global problems of the present. - 2018. - 
S. 969. 

3. Ismanova K. D., Dedakhanov A. O., Madaliev Kh. B. Physical and chemical 
bases of the underground leaching process // Economics and Society. – 2022. 
– no. 5-1(96). – S. 491-494.  

4. Erkaboev U.I, Rakhimov R.G., Sayidov N.A. Influence of pressure on Landau 
levels of electrons in the conductivity zone with the parabolic dispersion law // 
Euroasian Journal of Semiconductors Science and Engineering. 2020. Vol.2., 
Iss.1. 

5. Rakhimov R.G. Determination magnetic quantum effects in semiconductors at 
different temperatures // VII Международной научнопрактической 
конференции «Science and Education: problems and innovations». 2021. 
pp.12-16. 

6. Gulyamov G, Erkaboev U.I., Rakhimov R.G., Sayidov N.A., Mirzaev J.I. 
Influence of a strong magnetic field on Fermi energy oscillations in two-
dimensional semiconductor materials // Scientific Bulletin. Physical and 
Mathematical Research. 2021. Vol.3, Iss.1, pp.5-14 

7. Erkaboev U.I., Sayidov N.A., Rakhimov R.G., Negmatov U.M. Simulation of the 
temperature dependence of the quantum oscillations’ effects in 2D 
semiconductor materials // Euroasian Journal of Semiconductors Science and 
Engineering. 2021. Vol.3., Iss.1.  

8. Gulyamov G., Erkaboev U.I., Rakhimov R.G., Mirzaev J.I. On temperature 
dependence of longitudinal electrical conductivity oscillations in narrow-gap 

https://scholar.google.com/scholar?cluster=5032313180154727690&hl=en&oi=scholarr
https://scholar.google.com/scholar?cluster=5032313180154727690&hl=en&oi=scholarr
https://scholar.google.com/scholar?cluster=5032313180154727690&hl=en&oi=scholarr


Global Scientific Review 
A Peer Reviewed, Open Access, International Journal 

www.scienticreview.com 
Volume 13, March 2023 ISSN (E): 2795-4951 

 
74 

electronic semiconductors // Journal of Nano- and Electronic Physic. 2020. 
Vol.12, Iss.3, Article ID 03012. https://doi.org/10.1142/S0217979220500526 

9. Erkaboev U.I., Gulyamov G., Mirzaev J.I., Rakhimov R.G. Modeling on the 
temperature dependence of the magnetic susceptibility and electrical 
conductivity oscillations in narrow-gap semiconductors // International 
Journal of Modern Physics B. 2020. Vol.34, Iss.7, Article ID 2050052.  

10. Erkaboev U.I., R.G.Rakhimov. Modeling of Shubnikov-de Haas oscillations in 
narrow band gap semiconductors under the effect of temperature and 
microwave field // Scientific Bulletin of Namangan State University. 2020. 
Vol.2, Iss.11. pp.27-35 

11. Gulyamov G., Erkaboev U.I., Sayidov N.A., Rakhimov R.G. The influence of 
temperature on magnetic quantum effects in semiconductor structures // 
Journal of Applied Science and Engineering. 2020. Vol.23, Iss.3, pp. 453–460. 

12. Erkaboev U.I., Gulyamov G., Mirzaev J.I., Rakhimov R.G.,  Sayidov N.A. 
Calculation of the Fermi–Dirac Function Distribution in Two-Dimensional 
Semiconductor Materials at High Temperatures and Weak Magnetic Fields // 
Nano. 2021. Vol.16, Iss.9. Article ID 2150102. 

13. Erkaboev U.I., R.G.Rakhimov. Modeling the influence of temperature on 
electron landau levels in semiconductors // Scientific Bulletin of Namangan 
State University. 2020. Vol.2, Iss.12. pp.36-42 

14. Erkaboev U.I., Gulyamov G., Mirzaev J.I., Rakhimov R.G., Sayidov N.A. 
Calculation of the Fermi-Dirac Function Distribution in Two-Dimensional 
Semiconductor Materials at High Temperatures and Weak Magnetic Fields // 
Nano. 2021. Vol.16, Iss.9, Article ID 2150102.  

15. Erkaboev U.I., Rakhimov R.G., Sayidov N.A. Mathematical modeling 
determination coefficient of magneto-optical absorption in semiconductors in 
presence of external pressure and temperature // Modern Physics Letters 
B.2021. Vol.35, Iss.17, Article ID 2150293.  

16. Erkaboev U.I., Rakhimov R.G., Mirzaev J.I., Sayidov N.A. The influence of 
external factors on quantum magnetic effects in electronic semiconductor 
structures //  International Journal of Innovative Technology and Exploring 
Engineering. 2020. Vol.9, Iss.5, pp. 1557-1563.  

17. Erkaboev U.I., Rakhimov R.G., Sayidov N.A., Mirzaev J.I. Modeling the 
temperature dependence of the density oscillation of energy states in two-
dimensional electronic gases under the impact of a longitudinal and transversal 
quantum magnetic fields // Indian Journal of Physics. 2022. Vol.96, Iss.10, 
Article ID 02435. https://doi.org/10.1007/s12648-022-02435-8 

18. Erkaboev U.I., Negmatov U.M., Rakhimov R.G., Mirzaev J.I., Sayidov N.A. 
Influence of a quantizing magnetic field on the Fermi energy oscillations in two-
dimensional semiconductors // International Journal of Applied Science and 
Engineering. 2022. Vol.19, Iss.2, Article ID 2021123.  

19. Erkaboev U.I., Gulyamov G., Rakhimov R.G. A new method for determining the 
bandgap in semiconductors in presence of external action taking into account 
lattice vibrations // Indian Journal of Physics. 2022. Vol.96, Iss.8, pp. 2359-
2368. https://doi.org/10.1007/s12648-021-02180-4 

20. Erkaboev U.I.,  Rakhimov R.G., Azimova N.Y. Determination of oscillations of 
the density of energy states in nanoscale semiconductor materials at different 

https://doi.org/10.1142/S0217979220500526
https://www.scopus.com/authid/detail.uri?authorId=6602176343
https://www.scopus.com/authid/detail.uri?authorId=56465989500
https://www.scopus.com/authid/detail.uri?authorId=57219605720
https://www.scopus.com/authid/detail.uri?authorId=57215841856
https://www.worldscientific.com/worldscinet/ijmpb
https://www.worldscientific.com/worldscinet/ijmpb
file:///C:/Users/RUSTAM/Downloads/Telegram%20Desktop/Vol.9,%20Iss.5,%20pp.%201557-1563
https://www.scopus.com/authid/detail.uri?authorId=56465989500
https://www.scopus.com/authid/detail.uri?authorId=57215841856
https://www.scopus.com/authid/detail.uri?authorId=57219605720
https://www.scopus.com/authid/detail.uri?authorId=57215840258
https://doi.org/10.1007/s12648-022-02435-8
https://www.scopus.com/authid/detail.uri?authorId=56465989500
https://www.scopus.com/authid/detail.uri?authorId=57797621900
https://www.scopus.com/authid/detail.uri?authorId=57215841856
https://www.scopus.com/authid/detail.uri?authorId=57215840258
https://www.scopus.com/authid/detail.uri?authorId=57219605720
https://www.scopus.com/authid/detail.uri?authorId=56465989500
https://www.scopus.com/authid/detail.uri?authorId=6602176343
https://www.scopus.com/authid/detail.uri?authorId=57215841856
https://doi.org/10.1007/s12648-021-02180-4
https://www.scopus.com/authid/detail.uri?authorId=56465989500
https://www.scopus.com/authid/detail.uri?authorId=57215841856


Global Scientific Review 
A Peer Reviewed, Open Access, International Journal 

www.scienticreview.com 
Volume 13, March 2023 ISSN (E): 2795-4951 

 
75 

temperatures and quantizing magnetic fields // Global Scientific Review. 2023. 
Vol.12, pp. 33-49.   

21. Erkaboev U.I.,  Rakhimov R.G., Azimova N.Y. Influence of a quantizing 
magnetic field on the Fermi energy oscillations in twodimensional 
semiconductors // Neo Scientific Peer Reviewed Journal. 2023. Vol.7, pp. 35-
50.  

 

https://www.scopus.com/authid/detail.uri?authorId=56465989500
https://www.scopus.com/authid/detail.uri?authorId=57215841856

