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ABSTRACT

Hydrometallurgy plays a critical role in the metallurgical industry by providing an efficient method
for extracting metals from ores and secondary materials using aqueous solutions. This approach is
particularly advantageous for processing low-grade and complex ores, as well as secondary
resources that cannot be effectively processed by traditional pyrometallurgical methods. The
objective of this study is to develop specialized software to automate and optimize the calculations
necessary for metal extraction in hydrometallurgical processes. The software integrates a
complete computational framework for automating the various stages of the hydrometallurgical
process, including ore composition initialization, total element mass calculations, and the
determination of metal concentrations in both metal products (matte) and by-products (slag). The
methodology involves the design and implementation of a web-based application using Django for
the user interface and MySQL for robust data storage. The computational module, written in
Python, automates the mathematical operations required to simulate complex chemical reactions
and metal extraction processes. This module supports real-time processing and ensures accurate
calculations for each stage of metal extraction, including leaching, extraction, re-extraction,
sorption, and electrolysis. The software also features detailed tables and dynamic graphs that
allow users to analyze the distribution of valuable metals and assess the influence of key
operational parameters on extraction efficiency. The results show that the developed software
successfully manages large datasets, enhances the precision of hydrometallurgical calculations,
and minimizes the risk of human error. The implementation of the software leads to significant
improvements in the economic efficiency of production by optimizing metal recovery rates and
reducing operational costs. Additionally, it supports comprehensive process control by providing
actionable insights into each stage of extraction, thus improving the quality of the final metal
product. Overall, the software represents a significant technological advancement in the field,
offering a scalable solution for industries aiming to streamline hydrometallurgical processes.
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Hydrometallurgy

Introduction

is

a

vital

the extraction of metals such as copper, gold, and
rare earth elements due to its ability to process low-
field in the grade and complex ores, as well as secondary

metallurgical industry, providing efficient extraction  resources that cannot be effectively processed using
of metals from ores and secondary materials using  traditional pyrometallurgical methods [[1], [2], [3]].
aqueous solutions. This method plays a key role in ~ For example, in studies on the hydrometallurgical
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treatment of industrial waste from copper
production at a copper smelter in Kazakhstan, the
process of copper leaching from man-made mineral
formations was investigated. Analysis showed that
the copper content in the raw material was 0.481%,
present in various mineral forms, including sulfates
and sulfides [4]. The use of gravity concentration and
flotation  methods allowed for obtaining
concentrates with copper contents of 9.35% and
46%, respectively, and sulfuric acid leaching in a
mixing mode enabled copper extraction from the
enriched raw material [5].

Research and development trends in
hydrometallurgy have evolved significantly over the
past several decades. Modern hydrometallurgy has
been developing for more than 100 years, with a
continuous accumulation of related articles. A
bibliometric analysis of articles in
"Hydrometallurgy", the most authoritative journal in
this field, highlights several key trends from 1975 to
2019 [6]. For instance, in [7] an innovative
hydrometallurgical process for  selectively
recovering base and precious metals from waste-
printed circuit boards, showcasing the potential of
hydrometallurgy was demonstrated. And as one of
the principles of circular hydrometallurgy, which
emphasizes designing energy-efficient and resource-
efficient flowsheets that consume minimal reagents
and produce minimal waste, the implementation of
real-time analysis and digital process control is
important [8].

Precise calculations in hydrometallurgy are
crucial for optimizing the metal extraction process,
contributing to reduced production costs, increased
product yield, and minimized environmental impact.
In industrial production conditions, errors in
calculations can lead to significant financial losses
and technological problems. Traditional calculation
methods, based on manual data entry and basic
tools like spreadsheets, are prone to human error
and do not provide the necessary accuracy and
promptness.

Hydrometallurgical processes include several
key stages where accurate metal extraction
calculations are important [9]. The first stage
involves calculating the extraction of metal from the
initial ore, where the solid material transitions into a
liguid. This method is used to determine the
efficiency of metal leaching from the ore using
various agents and leaching conditions [10]. The
second stage involves calculating metal extraction
from the solution during the extraction and re-

extraction processes, where the metal is transferred
from the productive solution to the rich electrolyte,
which is especially important in copper production.
The third stage involves calculating metal extraction
in the sorption and desorption processes, where
metals are extracted from solutions onto solid
sorbents and then desorbed for further use. The
fourth stage involves calculating the extraction of
the obtained metal on the cathode from the rich
solution, which is important in electrolytic processes
where metals are deposited on cathodes from rich
electrolytes. Finally, the fifth stage includes a
combined extraction scheme that covers several
stages of the technological process, allowing for a
comprehensive assessment of metal extraction
efficiency from ore to the final product [11].

One of the central goals of hydrometallurgical
process design is to determine what resources are
required to produce the desired annual amount of
product [12]. Flowsheet simulation is widely used in
metallurgical design to provide data for equipment
sizing, process strategies, and cost estimates.
Simulations are crucial for predicting plant water
balance and reagent usage during various study
stages [13]. Many other works on the automation
and simulation of hydrometallurgical processes have
been conducted, mainly aimed at the development,
optimization, and practical application of
technologies for efficient metal extraction [[14],
[15], [16], [17], [18], [19]]. For example, in [14], two
processes for a small gold mining enterprise were
modeled using PRO/II and Python, allowing for the
analysis of the impact of uncertainties on extraction
indicators and economic metrics. In [[15], [16]], a
modular stationary simulator, PRISMA, was
developed for modeling and  simulating
hydrometallurgical processes using object-oriented
programming technology. In [17], the role of
simulation software in the design and operation of
metallurgical plants, considering mineral processing
and hydrometallurgical installations for concentrate
and pure metal production, is discussed. The use of
JKSimMet software for the size-based design of
mineral processing units and METSIM and IDEAS for
developing energy and mass balances is highlighted.
Modern technologies and software significantly
simplify and speed up the calculation process,
minimizing human errors and ensuring high accuracy
and reproducibility of results. Also, recent research
highlights the growing adoption of soft computing
techniques, such as artificial neural networks and
fuzzy algorithms, which are increasingly used to
optimize and control complex, non-linear mineral
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INPUT DATA

ORE

ion
| Ore mass |

A list of dictionaries is provided as input, where each
dictionary represents data for one day of copper extraction
observations. Each dictionary contains keys corresponding
to various indicators at different stages of copper extraction.

| Copper content in ore |

| Initialization of copper mass in ore

1) EXTRACTION 3) RE-EXTRACTION

OUTPUT DATA

FINAL COPPER BALANCE (%)

Explanation
| Remaining in ore ‘

| In raffinate | In electrolyte |

The output provides the results of the extraction indicators'
dynamics for each stage of metal extraction for each day of

CnCu(p.s-s) Cneygernr
Concentration of copper in the productive solution Concentration of copper in the rich electrolyte on
on the n-th day of extraction the n-th day
Vi p.s.s -
i i Vigergr
Volume of productive solution on the n-th day
Volume of rich electrolyte on the n-th day

CnCu(raf)
‘Concentration of copper in the raffinate on the n-th
day of extraction

4) ELECTROLYSIS 2) ORGANIC
Cieyiels Vn(org)
§ . ,( u(el-OD Volume of organic solution on the n-th day
Concentration of copper in the depleted /
electrolyte on the n-th day
Vileron

Volume of depleted electrolyte on the n-th day

. It also the final copper balance.
In organic
‘ phase | On cathodes
1) EXTRACTION 2) ORGANIC
EcuEx
Percentage of copper extraction during extraction .
Ceugorg 0

Copper content in the depleted (organic phase)

C Cu(org) R
Copper content in the rich organic phase

4) ELECTROLYSIS ‘

mlicy-cathod

Theoretical mass of ¢

(growth) copper on the Ealhcdes

3) RE-EXTRACTION

Meyiotal
Total mass of copper accumulated on the Ecy (el-t). from org.

cathodes P of copper extraction in the electrolyte

E from the rich organic phase
“through

Through extraction of copper from ore to cathode o
metal P‘('u (3a-1), from p.s-s
Percentage of copper extraction from the

Ecy productive solution into the electrolyte

Total copper extraction

S

< oemysaL )
T
N

Django web-application

A

COMPUTATIONAL MODULE

New job initialization. Entering of "copper extraction process” input parameters for every day

v View(Controller) '
Ore

Ore | Ore parameters initialization
CopperExtractionData < L

CopperExtractionResult

‘Interface‘ | ORM Django ‘

CopperTotalBalance

| Calculate "copper extraction process™ output parameters for every day

l

| Calculate total balance of copper

Figure 1 — General architecture of the system

processing stages, offering advanced alternatives to
traditional methods [20].

To address the challenges of automating metal
extraction calculations in  hydrometallurgical
processes, specialized software has been developed.
This tool is a web application that automates the
calculations of the full combined scheme of the
hydrometallurgical metal extraction process,
providing accuracy and ease of use.

The use of the developed software offers several
advantages. Firstly, it increases the accuracy and
reliabilitv of calculations, eliminating human errors
and enhancing precision through automation.
Secondly, it significantly reduces the time required
to perform calculations, allowing for faster
production processes. Thirdly, the intuitive interface
makes the software accessible to both researchers
and production specialists. Thus, the development
and implementation of software for automating
hydrometallurgical calculations represent a

significant step forward in optimizing metal

extraction processes.

Experimental part

This experimental part describes the methods
and computational processes used to model and
calculate  hydrometallurgical metal recovery
processes. The focus is on the calculations and
application of software that automates these
processes

1. Architecture

The architecture of our system, shown in Figure
1, is designed to optimize the copper extraction
process and includes a MySQL database, a Django
web application, and a computational module. Input
data is entered through the Django web application
and stored in the MySQL database.

The computational module receives the input
data, processes it using calculation algorithms, and
stores the output data in the database.
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Explore Metals

Select Metal

Metal from Excel v

Select Metal

New metals

Add Metal

Name: Ore mass: Metal content: Submit Metal

Add Metal Extraction Data

Day: C cu prod: V prod:
C cu raf: C cu electrolyte V electrolyte
rich: rich:
V organic: C cu electrolyte V electrolyte
depleted: depleted:
Meta: e v

Submit Metal Extraction Data

Figure 2 - Explore Metals

Metal Extraction Calculate

Metal from Excel v

Figure 3 - Metal calculations

in_raf percent i ganics_percent _remain_percent

Job2Task 7843 033 24.92 66.42 0.15 8.19

Organic re-

Extraction Copper concentration in Copper concentration in extraction Electrolyte re- Copper Total mass of Through copper Total final
efficiency lean organics rich organics efficiency extraction efficiency gain accumulated copper recovery recovery

2 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 4.33
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 5.27
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o000 5.85
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.74
6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.33
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.67
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.90
9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.67
10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.33
1 80.00 0.60 9.60 93.75 75.00 0.00 0.00 0.00 10.00
12 81.25 0.24 5.73 95.90 87.03 0.00 0.00 0.00 10.77
13 80.00 0.25 5.85 95.71 79.77 0.00 0.00 0.00 16.95
14 83.81 0.20 7.20 97.18 84.39 0.00 0.00 0.00 2249

Figure 5 - Table of extraction rate dynamics

81 ——



Complex Use of Mineral Resources. 2025; 335(4):78-88

ISSN-L 2616-6445, ISSN 2224-5243

The system uses Python and Django for the web
application, employing Django's ORM for database
interaction and MySQL for data storage. The
computational module, also written in Python,
ensures reliable and efficient data processing.

2. Data

Various methods are necessary for the

successful calculation and analysis of metal
extraction in hydrometallurgical processes. Here are
the main ones:

1. Calculation of metal extraction from the
original ore (solid = liquid):

This method is used to determine the amount of
metal that can be extracted from the ore through
leaching. The process starts with crushing the ore
and immersing it in a solution that dissolves the
metal. This method is important for assessing the
economic feasibility of mining, as it allows
understanding how much metal can be obtained
from a specific volume of ore. It is used at various
scales, from laboratory tests to industrial processes.

2. Calculation of metal extraction from the
solution in the process of extraction/re-extraction
(liquid - liquid):

The extraction process involves transferring the
metal from the productive solution to the organic
phase and then to the electrolyte. This method is
used for the purification and concentration of
metals, such as copper, before the electrolysis stage.
The organic phase absorbs the metal from the
aqueous solution, reducing its concentration, and
then the metal is transferred to another solution for
further processing.

3. Calculation of metal extraction from the

solution in the process of sorption (liquid - solid)
and desorption (solid = liquid):

Metals from solutions are adsorbed on solid
sorbents, such as activated carbon. After the sorbent
is saturated with metal, desorption is performed,
where the metal is returned to the solution for
further processing.

This method is often used for precious metals,
such as gold, due to its high efficiency and cost-
effectiveness.

4. Calculation of metal deposition on the
cathode from the rich solution:

At this stage, the metal, which has been
concentrated in the electrolyte, is deposited on the
cathodes during the electrolysis process. This
method allows obtaining pure metal of high purity.
The concentration of the metal in the solution must
be maintained at a certain level to prevent
crystallization and ensure optimal conditions for
metal deposition.

5. Combined or complete extraction scheme
(through extraction - from ore to cathode metal):

This method involves the sequential application
of all the above processes for maximum metal
extraction from the ore to the production of finished
cathode metal. Using this scheme allows for
achieving high efficiency and minimizing metal
losses at each stage. The combined approach
ensures the integration of various technological
processes, leading to the optimization of the entire
production cycle, cost reduction, and improvement
in the quality of the final product.

In our work, we use the fifth method because it
provides the maximum efficiency and completeness
of metal extraction from the ore. This allows for
minimizing losses and increasing the economic
profitability of the process, ensuring full control at

each stage of processing.

2.1. Input Data

The system receives a list of dictionaries as
input, where each dictionary represents the data of

one day's observation of the copper extraction
process. Each  dictionary  contains  keys
corresponding to various indicators at different
stages of copper extraction. The input includes
values such as:

For the Ore (Leaching) Stage:

e Name
e Ore mass
e Metal content — Concentration of the

desired metal in the ore

®  Chcupss) — Copper concentration in the
productive solution on the n-th day of
leaching

o Cncurafl — Copper concentration in the

raffinate on the n-th day of leaching
®  Vppss — Volume of productive solution on
the n-th day

For the Extraction and Re-Extraction Stages:

®  Vhorg) — Volume of organic phase on the n-th
day

e  Chcueryr — Copper concentration in the rich
electrolyte on the n-th day

®  Vye-)r — Volume of rich electrolyte on the n-
th day

For the Electrolysis Stage:

®  CncueryD — Copper concentration in the
depleted electrolyte on the n-th day

®  VneryD — Volume of depleted electrolyte on
the n-th day
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2.2.0utput Data

The output provides the dynamics of indicators
for each stage of extraction for each observation
day. Additionally, the overall copper balance is
calculated (Remaining in the ore, in the raffinate, in
the organic phase, in the electrolyte and on the
cathodes). With the start of each stage, new
indicators for calculation are added (formulas for
their calculation also change with the onset of a new
stage, as explained in more detail in section 3):

For the Ore (Leaching) Stage:

e  E(cy— Total copper extraction

For the Extraction and Re-Extraction Stages:

o Ecuexy — Copper extraction percentage
during extraction

CcuorgD — Copper content in the depleted
(organic phase)

Ccuiorg)R — Copper content in the rich (organic
phase)

hd ECu(eI-t), from org - Copper extraction
percentage into the electrolyte from rich
organic

®  Ecuely), from pss — Copper extraction
percentage from the productive solution
into the electrolyte

For the Electrolysis Stage:

®  Mu.cu - cathode — Theoretical mass of copper
deposited (growth) on the cathodes

®  Mcu-total — TOtal accumulated copper mass
on the cathodes

®  Einrough — Through copper extraction from
ore to cathode metal

3. Computational Module

This module connects the input and output data
by using the input data to perform mathematical
operations and outputs the results of these
operations as output data. The module's logic is
entirely implemented in Python.

Since the days for the initiation of stages can be
chosen independently, for the sake of simplicity, we
used pre-selected intervals. This standardizes the
process, making it more predictable and
manageable. The extraction stage begins on the
12th day, and electrolysis starts on the 19th day. The
entire process lasts a total of 30 days.

3.1. Stages and Formulas

As the formulas change with each new stage, it
is better to explain them separately and show their
changes.

Days 1-10: Leaching
Initially, the mass of the desired metal in the ore
is calculated:

Mcuinit = (Ore Mass * Metal Content) / 100 (1)

Next, using the obtained mass, the total copper
extraction (Ec) is calculated over the next 10 days:

Ecu = (Ceu X Vp.ss) / Mcuinit 100 % (2)

Days 11-18: Extraction and Re-Extraction

Elcy (elt), from p.s-s (COpper extraction percentage
from the productive solution into the electrolyte),
Elcy (elt), from org (COpper extraction percentage into
the electrolyte from the rich organic phase), Cey(org)D
(Copper content in the depleted organic phase),
Ccuiorg)R (Copper content in the rich organic phase),
Ecuexe (Copper extraction percentage during
extraction), and the formula for Ec, are updated.

Ecutxe = (CnCu(p.s—s) - CnCu(raf)) / (CnCu(p.s—s)) x 100% (3)

Elcu(elt), fromp. s-s = (CLley(er-t) X V1iekty — COcufel-t) X (4)
VO(e|.t)) / (ClcU(p,s.s) X le.s—s) x 100%

ElCu (el-t), from org. = (C1Cu(el—t) X Vl(el-t) - COCu(eI-t) X (5)
Vo(el—t)) / (C1Cu (org. R) X Vlorg.R) x 100%

ClCu(org) D= ((C1Cu(p.s—s) X le.s-s - C]-Cu raf X Vlraf) (6)
— (Clcy(eryy X V1eryy — COcy(el-ty X VO(e-y)) / Vorg
+ COCu(org) D

C]-Cu(org) R= ((C1Cu(p.s—s) X le.s—s - C]-Cu raf X Vlraf) (7)
/Vlopr + COCu(org) D

Ecu= (C1Cu(p.s—s) X le.s—s — COcyraf X VOrat + COCu(el- (8)
1 X VOiel) / Mcu.init X 100%

e 1 -indicators for the current day

e 0 -indicators for the previous day

e R-rich or saturated solution (electrolyte,
organic phase)

e D - depleted, poor solution (electrolyte,
organic phase)

Days 19-30: Electrolysis

m1+Cu-cathode (Theoretical mass of copper
deposited (growth) on the cathodes), mCu - total
(Total accumulated copper mass on the cathodes),
Eskv. (Through copper extraction from ore to
cathode metal). During electrolysis, the formulas for
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CCu(org)O, ECu(el-t), from org, ECu(el-t), from p.r-ra,
and ECu are updated.

M1icu-cathode = (C]-Cu(el—t)R X Vl(el-t)R — (9)
C]-Cu(el-t)D X Vl(e|.t)D)

Mh(Cu-total) = Mi+Cu-cathode + M2+Cu-cathode (10)
+.... ¥+ Mnicu-cathode
En(through) = Mp(cu-total) / Mcu.init X 100 % (11)
Clcyorg D= ((Clcu(p_s—s) X V1ps-sa— Cleuraf
% V1rar) = (Cleu(elt) X V1ert) — COcuert) X VO (12)
1)) = MO:cu-cathode) / V1org + COcuforg) D
ElCu (el-t), from org. = (C]-Cu(el—t) X Vl(el-t) - (13)
COCu(eI-t) X VO(e|.t) + m0+Cu-cathode) / (C]-CU (org. R)
x Vlorgs) X 100 %
Elcy (el-t), from p.s-s = (C]-Cu(el—t) X Vl(el-t) - (14)
COCu(eI-t) X VO(e|.t) + m0+Cu-cathode) / (C1Cu(p.s-s) X
le_s-s) X 100 %
Ecu = (C]-Cu(p.s-s) X le.s-s — COcuy raf X VOrar + (15)

COcu(ett) X VO(el-t) *MOcu-totar) / Mcu.init X 100%

Result: Copper Balance

The copper balance represents the percentage
distribution of copper across various components of
the technological process after completing all
processing and extraction stages. It shows how much
copper remains in each of the following categories:

1. Residual in the ore: Copper remaining in the
original ore after extraction.

2. In raffinate: Copper remaining in the solution
used for washing and purification.

3. In the electrolyte: Copper is present in the
electrolyte after electrolysis.

4. In the organic phase: Copper is present in the
organic phases (e.g., in extractants).

5. On the cathodes: Copper deposited on the
cathodes during electrolysis.

This balance helps assess the efficiency of the
copper extraction and processing processes and
identify losses at various stages of the technological
process.

Residual in the ore:

16
CUQre = 100% - CUraf_ CUQl-t - CUQrg - ( )
Cucathode
Residual in the raffinate:
Curaf= (CCu(raf) X V(p.s-s)) / Mcu.init X 100% (17)

Residual in the electrolyte:

Cuel-t= (CCu(eI-t)O X V(el»t)o) / Mcu.init X (18)
100%
Residual in the organic:
Cuorg = (Ceu(org)O X Viorg) / Meuinit X (19)
100%
Residual on the cathode:
CUcathode = Mcu-total / Mcu.init X 100% (20)

Results and Discussion

As a result of the conducted research, a
specialized website was created to simplify the
process of monitoring parameters during metal
extraction.

Main functions of the website:

e Adding input data via the interface

e Calculating the dynamics of

parameters

e Displaying the calculation results in a table

Initially, the user is greeted with the "Explore
Metals" page (Figure 2), where they can either select
existing data or add their own metal and all input
data (section 2.1).

Next, the user should navigate to the "Metal
Calculations" page (Figure 3), where they need to
confirm the start of the calculation process.

Finally, the user can go to the "Metal Results"
section to view the results (Figures 4-5).

As shown in Figure 5, a table displays the daily
dynamics of the extraction indicators. This table
allows the user to track the progress of the process.

output

Conclusions

This research and the development of
specialized software for hydrometallurgical copper
extraction processes have vyielded significant
technological advancements. By leveraging a
Django-based architecture with MySQL as the data
storage backbone, the software ensures consistent
and accurate data  processing, enabling
comprehensive monitoring and management of the
extraction process. The inclusion of various stages,
from leaching to electrolysis, in a single combined
extraction method, has proven highly effective for
optimizing metal recovery and minimizing
operational inefficiencies.

The software's design allows users to input data
seamlessly, calculate complex parameter dynamics
in real time, and view detailed results through clear

—— §4 ——
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tables and graphs. This not only aids in tracking
process parameters but also empowers users to
perform deep analysis of each stage’s efficiency,
making the decision-making process more data-
driven and precise. The system, thus, significantly
enhances the overall productivity and profitability of
the copper extraction process, improving the quality
of the final product while reducing both time and
costs.

Despite these successes, there is substantial
room for future improvements. One promising
direction is integrating artificial intelligence and
machine learning algorithms into the software. This
would enable predictive modeling, allowing the
system to forecast outcomes under different
conditions and optimize processes accordingly. Such
capabilities could enhance the software’s
adaptability, especially when dealing with variable
ore compositions and changing operational
parameters.

Moreover, expanding the software to support
multi-metal extraction processes and handle more
complex ores will increase its applicability in diverse
industrial settings. Future enhancements could also

focus on improving the user interface and ensuring
the scalability of the system to meet the demands of
larger operations. Integration with cloud-based
infrastructure for real-time global access and further
automating the monitoring of environmental impact
during the extraction process would also be valuable
additions to the software's roadmap.
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TmapomeTannyprua MeTannyprua eHepKacibiHae cynbl epiTiHAinepAi naiganaHa oTbipbin,
KeHAepAeH KaHe KalTanama matepuangapaaH Metangapabl anyablH TMiMA] saiciH KamTamacs!3
eTy apKblibl MaHbI3gbl pen aTtkapagbl. byn Tocin acipece TemeH CypbinTbl oHe KypAeni
KeHaepai, CoOHAan-aK ASCTYPAi NMPOMETANNYPIUANbIK dAICTEPMEH TUIMAI eHAeyre KeamenTiH
KaliTanama pecypcrapabl eHAey YWiH Tuimai. byn 3epTreyaiH, makcaTbl rMAPOMETANNYPrUANbIK
npouecTepae mMeTanabl any yLWiH KaXKeTTi ecenteynepai aBTOMaTTaHAbIPY KaHe OHTalNaHAbIpy
yWiH apHaibl baFpapnamansik KamTamacbi3 eTygi »kacay 6onbin Tabbliagbl. barpapnamansik
KamTamacbi3 eTy rMApoOMeTanNlypruanbiK MPOLECTiH SpPTYpAi KeseHAepiH aBTomaTTaHAbIpyFa
apHanfaH TO/bIK ecenTey »KyheciH BipikTipeai, OHbIH, iWiHAE PYAa KYPamblH MHWULMANAM3aLMANAY,
3/1EMEHTTEPAiH, Xannbl maccacblH ecenTtey, MeTain eHimaepiHaeri (LWTenHAeri) KaHe XaHama
eHimaepaeri (Wwnak) meTangapAplH, KOHLEHTPAUMACBIH aHbIKTay. daicTeme naniaanaHyLubl
nHTepodelici ywiH Django KaHe ceHimai AepeKkTepdi caktay ywiH MySQL apKbiibl Beb-
HerisgenreH KongaHbaHbl kobanay meH eHrisyai Kamtuabl. Python TiniHae KasbinFaH ecentey
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MOZYANI KypAaeni XMMUANbIK peakumanap meH meTangapAbl any npouectepiH moaenbaey YwiH
KaXKeTTi MaTemaTuKanblK onepauuanapabl aBTomaTTaHAblpadbl. Byn moaynb HaKTbl yakbIT
pexumiHae eHaeyai KoNaanabl KaHe CinTiney, sKCTPaKLMA, KalTa IKCTpaKuua, copbumsa aHe
3/IeKTPONM3A] KOca anfaHga, MeTangapl anyablH, apbip KeseHi YWiH Adn ecenteynepai
KamTamacbl3 eTeai. baraapnamanbik ¥KacakTamaza COHbIMEH KaTap naiganaHywblinapfa 6afanbl
MeTangapAblH, TapanyblH Tangayfa »KoHe Herisri onepauuasnblK nNapameTpaepaiH, eHaipy
TUimginiriHe acepiH Gafanayfa MyMKIHAIK 6epeTiH enken-Terkeinni kectenep MeH AMHaMUKanbIK
rpaduKkTep 6ap. HaTuenep asipneHreH 6aFaapaamanbiK KacakTama YIKeH AepeKTep UbIHbIH
CaTTi 6acKapaTbiHbIH, FMAPOMETANNYPIUANLIK ecenTeynepaiH A/N4INH apTTbipaTbiHbIH KaHe
afaMm KaTeniriHii KayniH 6apbiHLWa a3aiTaTbiHbIH KepceTesi. bafaapnamanbik KAMTamachi3 eTyai
€Hri3y MeTann any KepceTKiTepiH OHTaWNaHAbIpy KaHe naiganaHy LWbIFbIHAAPbIH a3anTy
APKbI/Ibl BHAIPICTIH, IKOHOMUKANbIK TUIMAINIFIH alTapAbIKTal »KaKcapTyFa aKkenepi. byFaH Koca,
O 3KCTPaKLMAHbIH apbip KeseHiHe acep eTeTiH TYCiHiKTep 6epy apKpbiabl NPOLECTi KeleHai
6aKblnayabl Konganapbl, ocbliaiwa COHFbl METaNN eHIMiHIH canacblH KakcapTagbl. TyTactai
anfaHpa,  GaFpapnamanblk  KamTamacbi3s  eTy  TMAPOMETANNYpPrusanbliK  npouecTepsi
OHTalnaHAblpyFa 6afblTTanfaH cananap YWiH aykpimapl LWewim ycblHATbiH Byn canagarbl
MaHbI34bl TEXHONOTUANBIK Mporpecc 60nbin Tabblnagp.

TyliiH ce30ep: rMapOMETanNyprus, ecenteynepai aBTomaTTaHAbIpy, MeTann any, maTemaTuKanbik,
mMoZaenbaey.
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AHHOTALMUA

TMApOMETanNyprua  UrpaeT K/YEBYHO pPOAb B  METa//IypPruyeckoi  MpPOMbILIEHHOCTH,
npeaocTasann 3GGEKTUBHbIA METOZ, U3BEYEHNA METANN0B U3 PYL U BTOPUYHbBIX MaTEPUANOB C
MCNONb30BaHMEM BOAHbIX PACTBOPOB. JTOT Moaxosd OCobeHHO nosfe3eH Ana nepepaboTKu
HW3KOCOPTHBIX M C/IOMHBIX PYA, @ TaKKe BTOPWYHbLIX PECcypCcoB, KOTOpble He MOryT 6biTb
abdekTMBHO 06paboTaHbl TPAAULMOHHBIMM NUPOMETANNYPIUYECKUMM  MeTogamu. Llenbio
JaHHOrO  WCCedoBaHWA  ABnfeTcAa  paspaboTka  CneuuanusMpoBaHHOTO  NPOrpaMMHOro
obecnedyeHns ans aBToMaTM3auMM M ONTUMM3ALMM PACYETOB, HEOBXOAUMBIX AN U3BAEYEHUA
MeTaNNoB B MMAPOMETANNYPrUYeckmx npoteccax. NMporpammHoe obecneyeHne BKAOYAET B ceba
NOMHYIO  BbIYUCAWUTENbHYIO  CTPYKTYpY  AAA  aBTOMATM3aLMM  Pas/vyHbIX  3Tanos
rMAPOMETaNYPrMYECKOro NpoLecca, TakMX Kak MHWLMANM3auma coctaBa pya, pacdetbl obuiei
MacCbl 3/1IEMEHTOB U OnpeAeneHne KOHUEHTPaUuii MeTanioB B NPOAYKTax (WTeiH) n NoboYHbIX
npoayktax (wnak). Metogonorua BkatoyaeT paspaboTky 1 BHeapeHUe Be6-npunoxeHus Ha base
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Django ana wuHTepdeiica nonbsosatens M MySQL Ana HAZEKHOTO XPaHEHWA AaHHbIX.
BbIUMCAUTENbHBIA MOAY/b, HanWCcaHHbIN Ha A3blke Python, aBTomaTtusuMpyeT matemaTudyeckue
onepauuu, Heobxoaymble ANA MOLENMPOBAHUA CAOKHBIX XMMUUYECKMX PEeaKumii M npoueccos
M3B/JIEYEHMA METa/IoB. ITOT MOAY/Ib NOAAEPKMBAET 06paboTKy AAHHLIX B PEXMME PeasbHOro
BpeMeHU 1 06ecreynBaeT TOUHbIE PACYEeTbl HA KaXAOM 3Tane U3B/eYeHWs METassoB, BKOYan
BbllENaYMBaHNE, SKCTPAKLUMIO, PE3KCTpaKkumio, copbumio M 3nekTponus. [porpammuoe
obecrneyeHune TakKe BK/IOYAET NogpobHble Tabauupl M AMHaMmuueckue rpaduku, No3sonaowme
NoNb30BaTENIAM aHANM3MPOBATb PACMpPefeNeHne LEeHHbIX METassioB WM OLEeHMBaTb BAWAHUE
K/IOYEBbIX  OMepauuoHHbIX NapameTpoB Ha 3bGEKTUBHOCTb  M3BreYeHusA. PesynbTatsl
MOKa3sblBalOT, 4YTO pa3paboTaHHOe nporpammHoe obecneyeHne YCMEeWHOo ChpaBaseTcs C
06paboTkol 60bLIMX 06BEMOB AaHHbIX, MOBbILWAET TOYHOCTb MMAPOMETANNYPIUYECKUX PACHETOB
Y MUHUMU3UPYET PUCK Ye0BEYECKMX OWMBOK. BHeapeHue 3Toro MO NpuBOAMT K 3HAUUTENIbHOMY
Y/IyYLIEHUIO SKOHOMMUYECKOMN 3GPEKTUBHOCTM NMPOMU3BOACTBA 33 CYET ONTUMM3ALLMM NOKasaTenein
M3B/IEUEHUS METa/NIOB W CHUMKEHWUS DKCMIyaTaLMOHHbIX PacxogoB. Kpome Toro, oHO
NoAAEePKMBAET KOMIMJIEKCHOE YNPaB/ieHWe NPOLECcCOM, NPeA0CTaBAAsA NPAKTUYECKME faHHble ANs
Ka)[oro sTana WM3B/leYeHUs, YTO y/ydLaeT KadeCcTBO KOHEUYHOr0 METa/IMYecKoro Npoaykra. B
Lesom, nporpaMmmHoe obecneveHne npeacTaBnseT coboi 3HAUMTENIbHOE TEXHONOrMYECKoe
[OCTUKEHME B AaHHOW 06nactv, npeanaras macwTtabupyemoe pelieHue AnA NpeanpusaTuii,
CTPEMALLMXCA ONTUMM3UPOBATL M’MAPOMETAIIYPruYeckme NPoLEecchl U NoBbICUTb 3bdEKTUBHOCTL
U3BAEYEHUNA METANNNIOB.

Knioyeeble cn06a: rMApoOMeTanyprus, aBTOMaTU3aLMA PacyeToB, W3BJEYEHUE MEeTas/oB,
MaTeMaTUyecKoe MoAennpoBaHue.
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