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experimentally selected. The soil types that were used in the second experiment were determined empirically.
Our research has shown that soils that have been used in a hydroponic system can replace traditional soil in
the extreme conditions of space. Then, in the second stage, the effectiveness of the selected soils was compared
by growing certain plants in hydrogel, perlite and in a mixture of the two soils.

Keywords: microgreens, growing microgreens, perlite, hydrogel, hydroponic system.
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Abstract

The electrolyzer, at its core, involves applying an electric current through an aqueous solution containing ionic
forms of metals. This intricate process orchestrates the oxidation of metal atoms at the anode and the concurrent
reduction of identical metal atoms at the cathode. This controlled electrochemical interplay leads to the
disintegration of solution components into their elemental constituents. The potential applications of metal
production in aqueous solutions using electrolyzers extend to the realms of manufacturing metal materials,
batteries, solar cells, and other technologies. Electrolyzers are a promising field of research for metal
production in aqueous solutions, offering the efficient utilization of renewable energy sources and a reduced
environmental footprint. This comprehensive article delves into the array of existing electrolyzer technologies
designed to produce metals within a solution and its pivotal role within the contemporary landscape of metal
material fabrication. This article provides an overview of the current state and future prospects of lead
electrorefining in China, focusing on diaphragm and bipolar membrane technologies. Theoretical modeling,
process simulation, and economic analysis Statistical analysis, cost-benefit analysis Investigated the research
progress and application potential of electrolysis technology, including energy efficiency and environmental
impact. Moreover, research endeavors pivot towards the development of efficient, eco-friendly electrolysis
systems leveraging renewable energy resources like solar or wind power. The potential applications of metal
production using electrolysis extend to the realms of manufacturing metal materials, batteries, solar cells, and
other technologies. This research sheds light on the potential of BPMs for a more sustainable future.
Keywords: electrolysis; electrochemistry; chemical production; hydrometallurgy; ecology.

Introduction

The quest for more efficient methodologies in metal production has been a central focus for engineers
and scientists in recent years. One of the promising methods that have garnered attention is the
utilization of electrolyzers for synthesizing metals within aqueous solutions. This process relies on
the fundamental principle of electrochemical water decomposition, aiming to separate diverse
metallic elements.

The electrolyzer, at its core, involves applying an electric current through an aqueous solution
containing ionic forms of metals. This intricate process orchestrates the oxidation of metal atoms at
the anode and the concurrent reduction of identical metal atoms at the cathode. This controlled
electrochemical interplay leads to the disintegration of solution components into their elemental
constituents.
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Initially confined to the realms of chemistry and alkali production, this technology has evolved to
gain prominence as a viable avenue for the production of various metals, including esteemed elements
such as gold, silver, and platinum. Moreover, electrolyzers functioning within agueous environments
champion environmental sustainability and energy efficiency, further augmenting their significance
within the domain of metal fabrication.

This comprehensive article delves into the array of existing electrolyzer technologies designed for
metal production within aqueous solutions. The discourse encompasses an analysis of the operational
principles, merits, drawbacks, and prospective trajectories of this method. By engaging with this
material, readers will attain a holistic comprehension of the electrolyzers potential in producing
metals within aqueous solutions and its pivotal role within the contemporary landscape of metal
material fabrication.

A Concise Survey of Key Approaches to Attain Metals from Aqueous Solutions

Recent years have witnessed a burgeoning emphasis on the exploration of efficacious pathways for
metal extraction from aqueous solutions. Among these, the electrolyzer emerges as a preeminent and
ecologically sound approach. The electrolyzer functions as a transformative device converting
chemical energy into electrical energy through electrolytic reactions. In the pursuit of extracting
metals within aqueous mediums, the principal process centers on electrolysis. Numerous electrolysis
methods are employed for metal production within aqueous solutions. Foremost among them is the
anodic deposition technique. Herein, metal ions are conveyed towards the anode and subsequently
deposited onto its surface.

Another prevalent technique in metal extraction is the cathode deposition method, wherein the
transference of metal ions occurs toward the cathode, facilitating their deposition and transformation
into metallic form. Further worth acknowledging is the galvanic decomposition method, a process
orchestrating the simultaneous deposition of two distinct metals onto separate electrodes. Each of
these methodologies possesses its own set of advantages and drawbacks, dictating the methodological
choice based on the desired characteristics of the resultant metal.

Grasping the Essence of Electrolysis

The foundational grasp of electrolysis serves as a pivotal gateway to comprehending the operational
paradigm underlying the electrolyzer’s role in metal production within aqueous solutions. Electrolysis
stands as a process wherein the passage of an electric current induces the chemical disintegration of
substances into positively charged ions (cations) and negatively charged ions. In the context of
aqueous solutions, this process yields positive metal ions and negative hydroxide ions.

For the execution of electrolysis within an aqueous milieu, a specialized apparatus is indispensable -
an electrolyzer. Comprising two electrodes, the anode and cathode submerged within the solution,
the former serves as the positive pole while the latter functions as the negative pole. Upon application
of a consistent voltage across these electrodes, the anode undergoes oxidation, leading to the
migration of positively charged cation ions through the solution towards the cathode.

At the cathode, the inverse reaction transpires - positive ions metamorphose into deposited metal
upon the cathode's surface, culminating in the extraction of metals from aqueous solutions through
the process of electrolysis.

Environmental Implications and Future Trajectories of Electrolyzers

The current phase of electrolyzer advancement for metal production in aqueous solutions spotlights
its environmental repercussions. This spotlight isn't solely a product of burgeoning metal production
rates but also a response to heightened societal environmental consciousness.

One of the primary challenges confronting electrolyzers pertains to the generation of slag waste laden
with heavy metals and hazardous substances, adversely affecting soil and water resources. To mitigate
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this issue, ongoing research focuses on novel anode coating materials and refining slag purification
systems.

Another crucial facet involves the energy consumption inherent in electrolyzer operations. Traditional
methodologies incur substantial electrical energy expenses, resulting in elevated operational costs
and detrimental environmental effects. Consequently, research endeavors pivot towards the
development of efficient, eco-friendly electrolysis systems leveraging renewable energy sources like
solar or wind power.

Main body
Taxonomy of Electrolyzers and Foundational Operating Principles

The systematic categorization of electrolyzers and their core operational principles constitute pivotal
elements in crafting efficient aqueous solution metal production systems. Diverse types of
electrolyzers abound, encompassing portable, submersible, and centrifuge variants:

» Portable electrolyzers, engineered for use in confined volumes, offer ease of mobility owing to their
compact design. Their intrinsic attribute of facilitating precise control over the electrolysis process
enables the extraction of metals with elevated purity levels.

» Submersible Electrolyzers, expansive vessels teeming with metal solutions, operate by conducting
a current through the solution, inducing metal separation at the electrode. Renowned for their
heightened performance, these electrolyzers find extensive application across diverse industrial
sectors.

 Centrifuge Electrolyzers, on the other hand, play a pivotal role in purifying metal powders by
leveraging centrifugal separation forces to isolate pure metal from impurities.

Fundamental Electrolyzer Operations: Conducting Current Through Metal Solutions

At the crux of electrolyzer functionality lays the fundamental principle of channeling an electric
current through a solution housing the target metal, leading to the desired metal's extraction at the
electrode.

Global Deployment and Technology Landscape of Electrolyzers

The widespread application of electrolyzers for metal production in aqueous solutions extends across
leading nations worldwide. The USA, China and Germany stand at the forefront, employing state-of-
the-art electrolyzers known for their exceptional productivity and process efficiency.

Moreover, these global leaders actively invest in advancing electrolyzer technologies, with a
particular focus on enhancing efficiency. Recent endeavors delve into the utilization of nanomaterial
as anode materials, presenting the potential to escalate reaction rates and curtail energy consumption.

Electrolyzers, ubiquitous in their application across nations, share common traits—comprising a
cathode and an anode delineated by a diaphragm or membrane. A paramount component within these
systems is a direct current source pivotal for sustaining the electrolysis process.

Distinct Electrolyzer Approaches in Leading Nations

In the United States, a prevalence of electrolyzers grounded in solid oxides is noted, boasting elevated
efficiency and longevity. In contrast, China spearheads the development of electrolyzers founded on
polymer membranes, aiming to curtail equipment costs while simultaneously amplifying
productivity.

Diaphragm cells are commonly used in USA. A diaphragm cell consists of two compartments
separated by a porous membrane. Lead chloride solution is circulated through the anode
compartment, while electrolyte flows through the cathode compartment. At the electrodes, the
following reactions take place:

At anode: PbCl. — Pb + 2Cl™ (Cl gas is released)
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Ar cathode: 2H* + 2e- — H: (H gas is released)
Overall reaction: PbCl. + H. — Pb + 2HCI [Ciro E. et al, 2021].

So, let's look at the technical component of electrolyzer in United States of America. Technical
Specifications and Performance Metrics:

1. Typical current density for diaphragm cells used in lead production ranges from 150 to 300 A/m?
[Mondal A. et al., 2022].

2. Cell voltage typically falls between 2.1 and 2.4 V (ILA, 2022).

3. Energy consumption as for manganese, per ton of lead produced is around 2,500 kWh/t Pb
[Tsurtaumia G. et al., 2019].

Diaphragm cells have been criticized for their chlorine gas emissions and wastewater generation.
Research is ongoing into cleaner technologies, such as bipolar membranes, which can potentially
reduce these environmental impacts. The capital cost of diaphragm cells is relatively low compared
to newer technologies. However, their higher energy consumption can lead to increased operating
costs. The US Department of Energy supports research and development of advanced electrolysis
technologies for metals production, including lead. This could lead to the adoption of cleaner and
more efficient electrolyzers in the future.

In China, the adoption of bipolar membrane (BPM) technology for lead production is increasing due
to government initiatives and subsidies. Compared to diaphragm cells, BPMs offer energy savings of
up to 20%, reducing operating costs and emissions. BPMs are more environmentally friendly as they
reduce chlorine gas emissions and wastewater generation. Additionally, BPMs can potentially
produce lead with higher purity, making them suitable for specific applications like electronics and
batteries [Li W. et al., 2022]. This shift towards BPM technology signifies China's advancement in
the chloro-alkali industry and highlights a move towards more efficient and sustainable lead
production methods. Also to obtain a BPM that can support currents in a technologically relevant
range (>100 mA cm-2) [Blommaert M.A. et al., 2021].

These are the primary choice for lead production in Germany, similar to the US and China. Their
well-established technology, simple design, and cost-effectiveness make them attractive options.
[ELIA, 2023; BGR, 2022].

Two compartments separated by a porous diaphragm membrane. Lead chloride solution circulates
through the anode compartment, while electrolyte flows through the cathode compartment.

At the electrodes, these reactions occur:

Anode: PbCl. — Pb + 2CI" (chlorine gas evolution)
Cathode: 2H* + 2e- — H2 (hydrogen gas evolution)
Overall: PbCl: + H, — Pb + 2HCI

Technical Specifications are the quite same as electrolyzer in United States of America. Bingjie Jin
mentioned that suitable parameters of the electrorefining process for production of quite pure lead
from MSA medium in this study have a acceptable range as follows: current density varies at 150 -
250 Amper per square metre, electrode spacing is around 3.0 - 6.0 cm, electrorefining temperature
approximately 293.5 - 313.5 K degrees which is 19,85-39.85 C degrees, lead concentration 60 - 150
g/L and a free-MSA concentration of 100 g/L. The specific energy consumption was less than 110
kW.h/t-Pb, and the cathodic current efficiency was greater than 99%. The cathodic lead has a lead
concentration higher than 99.99%” [Jin B. et al., 2016].

So in order to get acquainted with the methods of using electrolyzers, | suggest considering the
following table 1. Undertaking a comprehensive assessment of the advantages and disadvantages
inherent in electrolyzers for metals production in aqueous solutions assumes paramount significance.
This scrutiny is instrumental in gauging the efficacy and economic viability of this technology for
practical implementation.
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Table 1
Usage by countries
Country Dominant Advantages Challenges and Future
Electrolyzer
Type

USA Diaphragm - Simple and mature * Higher energy consumption leads to increased
cells technology. operating costs.

- Well-established e Environmental concerns: chlorine gas
operation procedures. emissions and wastewater generation.

- Relatively low capital

cost.

China Diaphragm - Diaphragm cells: « Higher upfront cost: While long-term savings
cells & Bipolar | Similar to USA, are promising, BPMs have higher initial
membranes affordable and simple. investment compared to diaphragm cells.
(BPMs) - BPMs: Energy » Technological maturity: Research and

efficiency (upto 20% | development efforts continue to optimize BPM

savings), cleaner performance and address operational

production, and higher | challenges.

lead purity. « Market penetration: Despite rapid adoption,
BPMs haven't fully replaced diaphragm cells
yet, requiring further efforts to encourage
widespread use.

Germany | Diaphragm - Well-established  Higher upfront cost compared to diaphragm
cells technology, simple cells.

design, and cost- » Technological development in progress to
effective. optimize performance and address operational
challenges.

Critical Evaluation of Electrolyzer Merits and Demerits

A pivotal advantage lies in the potential utilization of renewable energy sources, such as solar or
wind, within electrolyzer processes, fostering environmental sustainability by diminishing
greenhouse gas emissions and mitigating reliance on oil or gas.

Furthermore, electrolyzers operating within aqueous solutions exhibit heightened metal purity,
circumventing contamination linked to slag formation or oxidation processes. This, in turn, augments
product quality stability.

Conversely, challenges encompass the upfront expenditures associated with initial equipment
acquisition and system maintenance. Rigorous control and upkeep of optimal conditions are
imperative for ensuring peak efficiency, with potential hindrances posed by the need for a consistent
power supply, potentially restricting widespread technology adoption.

Literature review

The literature review focuses on various aspects of lead production, recycling, and electrolysis
processes as discussed in recent publications and reports.

The International Lead Association provides insights into the lead production process, highlighting
the importance of understanding the various stages involved in lead production [ILA, 2022]. The
report from the China Nonferrous Metals Industry Association discusses the development of the lead
industry, shedding light on the current status and future prospects within the Chinese market
[CNMIA, 2023]. The European Lead Industry Report by ELA offers valuable information on the lead
industry in Europe, potentially covering market trends, challenges, and opportunities within the
region [ELIA, 2023].

20



Eurasian Scientific and Methodological Journal “East-West” (2025) Me 1(1) March

The Bundesanstalt fiir Geowissenschaften und Rohstoffe provides insights into lead-related data
and information, focusing on the lead industry's status and trends in Germany [BGR, 2022].

Research articles by E.Ciro and A.Mondal explore novel processes for lead battery recycling and
electrorefining from exhausted lead-acid batteries, showcasing advancements in sustainable lead
production methods [Ciro E., 2021; Mondal A., 2022].

Hydro-Electrometallurgical Technology present a novel hydro-electrometallurgical technology for
simultaneous production of manganese metal, electrolytic manganese dioxide, and manganese sulfate
monohydrate, demonstrating innovative approaches in metal production [Tsurtsumia G. et al., 2019].

Bingjie Jin and David B. Dreisinger discuss a green electrorefining process for producing pure lead
from methanesulfonic acid medium, emphasizing environmentally friendly methods in metal refining
[Jin B. et al., 2016].

Marijn A. Blommaert et al. investigate bipolar membrane applications within advanced
electrochemical energy systems, emphasizing the advantages and challenges associated with this
technology [Blommaert M.A. et al., 2021].

Wei Li delve into low-temperature water electrolysis processes, highlighting fundamental principles,
progress, and new strategies in sustainable energy conversion through water electrolysis [Li W. et al.,
2022].

This literature review encapsulates recent developments and research findings in the field of lead
production, recycling, and electrolysis processes from various perspectives across different regions
and scientific studies.

Methodology and methods

The methodology used for this literature review involved a structured approach to gather and analyze
information on lead production, recycling, and electrolysis processes. Here's a simplified breakdown
of the steps followed:

1. Finding Relevant Sources. We searched academic databases and websites for recent (2019-2023)
articles and reports on lead industry developments.

2. Choosing What to Include. We selected sources that offered insights into lead production,
recycling, and new technologies in the industry.

3. Collecting Information. Key details were extracted from these sources, focusing on advancements
in lead processes and sustainability.

4. Analyzing the Data. We looked for common themes and trends in the information to understand
the current state of lead production methods.

5. Organizing the Information. The data was grouped based on different aspects like recycling
methods, electrolysis techniques, and environmental impacts.

6. Bringing it All Together. The findings were combined to create a clear overview of the latest
developments in the global lead industry.

7. Reviewing for Accuracy. We double-checked the methodology and information to ensure it
accurately reflects the current state of lead production practices.

This straightforward methodology helped create a comprehensive literature review on lead
production, making complex information more accessible and understandable.

Results

By the results of our research, electrolysis shines as a transformative force in metal production. It
unlocks diverse metal extraction (gold, silver, platinum) in water, while boasting potential for
enhanced energy efficiency and reduced environmental impact compared to traditional methods. This
power lies in harnessing electricity to deconstruct substances and precisely extract/deposit metals.
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We explored various methods like anodic/cathode deposition and galvanic decomposition, revealing
their unique suitability for different metals.

We acknowledge environmental concerns with electrolyzers, like slag waste and energy
consumption. Our research identifies promising areas for optimization through advancements in
materials, waste purification, and renewable energy integration. To solidify these findings, we
recognize the need for robust data on each method's performance, waste composition, and energy
consumption.

Discussion

By the fruit of our research, we can summarize a transformative vision for metal production, centered
around the potent force of electrolysis. This clean technology, fueled by electricity, dismantles the
limitations of traditional methods, paving the way for a future where metal extraction embraces both
efficiency and environmental responsibility.

Our discussions delved into the heart of electrolysis, revealing its ability to unlock diverse metals like
gold, silver, and platinum from the embrace of aqueous solutions. The process employs various
methods, such as anodic and cathode deposition, each wielding its own precision to cater to the unique
properties of different metals. While this clean power holds immense promise, we acknowledged the
lingering challenges of waste generation and energy consumption. Our discourse, however, ignited a
path forward, highlighting promising avenues for optimization through advancements in materials,
waste treatment, and the integration of renewable energy sources.

To fully grasp the potential of this revolution, we explored the tapestry of electrolyzer types - portable,
submersible, and centrifuge, each possessing unique strengths for tailored applications. We
emphasized the paramount importance of understanding the flow of electricity through the solution,
for it is the lifeblood of efficient production. Our gaze then shifted to the global landscape, where the
United States, China, and Germany stand as trailblazers in this new age of metal production.
Diaphragm cells currently reign supreme in lead electrorefining, but the winds of change are blowing.
Bipolar membranes (BPMs) are rapidly gaining traction, championed by research like Wei Li which
illuminate their potential for cleaner, more efficient lead production with reduced emissions and
potentially higher purity [Li W. et al., 2022]. This shift towards sustainability is further exemplified
by China's growing embrace of BPMs alongside diaphragm cells, as documented by the China
Nonferrous Metals Industry Association [CNMIA, 2023].

Conclusion

In conclusion, electrolyzers stand as a promising realm of research for metal production in aqueous
solutions, offering the efficient utilization of renewable energy sources and a reduced environmental
footprint. Continued research and development are imperative to enhance the technology's efficiency,
economic viability, and industrial applicability. It remains crucial to delve deeper into optimizing
electrolyzer operating conditions, catalyst selection, and the development of novel materials for
anodes and cathodes.

The potential applications of metal production in aqueous solutions using electrolyzers extend to the
realms of manufacturing metal materials, batteries, solar cells, and other technologies. This paves the
way for sustainable industrial development and a diminished reliance on finite natural resources such
as oil.

In essence, electrolyzers for metal production in aqueous solutions chart a promising trajectory within
the ecological domain, with recent endeavors focusing on advancing technologies and ensuring a
harmonious balance between efficiency and environmental impact.
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CyJibl epTiHAl MeTaJT TY31APbIHBIH 3JICKTPOXUMHSIIBIK OHAIpici

* 4. A. Kanagpun, *K.B.Manawesa
'Haszapbaes 3uamxepnix Mexmeb, xumus-6uonozus 6azoimui (Anmamot, Kazaxcman)

Anoamna

DNeKTpoNH3ep KYMBICHIHBIH HETi31H/Ie MeTaJIapAblH HOH/IBIK HBICAHAAPHI 0ap Cy epiTiHAICI apKBUIBI AJIEKTP
TOTBIH OTKi3y aTbIp. byl Kypleni npoiiecc aHOATaFbl METAJT aTOMIAPBIHBIH TOTHIFYbIHA JKOHE KaTOJTaFbl
COJI METaJUI aTOMJIAPBIHBIH Oip ME3rijjie KalmblHa KellyiHe okenesi. byl OakblIaHaThIH AIEKTPOXUMHUSIIBIK
e3apa iC-KMMBUI epiTiHAI KOMIIOHEHTTEPIHIH OJIapJIbIH KapamaibiM KypaybIlITapblHA BIIbIpAybIHA OKEJeIl.
OJeKTponH3epiepaiH KOMeTiMeH Cy epiTiHAUIepiHAe MeTajaap amylblH oJIEyeTTI MYMKIHAIKTEpI MeTall
MaTepHaIapbIHbIH, aKKyMYJISITOpIapAbH, KyH OartapesuiapblHbIH OHJIpiCiHe jKoHe 0acka TeXHOJOTUsUIapra
KOJIJaHbUIaAbl. DIEKTPONIN3epiep KaHAPThUIATBIH YHEPrUsl Ko3JepiH THIMIII Maiaaiany bl )KoHe KOopLIaraH
opTara acepAi a3alTybl YChIHA OTBIPHIN, Cy epITIHAUIEpiHAe MeTalap aly YIIiH NEepCIeKTUBANbI 3epTTey
camacel Oonbim TaObUIaAbl. bynm Makanajma epiTiHZie MeTaljap aiyFa apHalFaH dJIeKTPOIH3epIlepiiH
KOITEereH KoJijia 0ap TeXHOJIOTUsIaphl )KOHE OJIap/IbIH METAJIJI OHIIPICIHIH Ka3ipri 3aMaHFbl JJaHI1a( ThIHIaFbl
HeTi3ri peni Kapananel. Makanasa MeMOpaHaJbIK JKoHEe OMITOJNSPIIBIK TEXHOJOTHsIapra 6aca Hazap aynapa
oTeIpbi, KeITalilaFel KOPFACBIHABI  JJIEKTPOpaQUHIAAY/IBIH  aFbIMIAFbl  Kail-Kydi MeH Oomamak
MEepCHeKTHBAIapblHA IOy YCHIHBUIFAH. TEOpUSUIBIK MOJEINbJCY, MpoIecTepAl HMHUTAIMSIIAY JKOHE
SKOHOMHKAJIBIK Taiay CTaTUCTHKAJIBIK Talaay, WBIFBIHAAP MEH MaijaHbl Tangay DHEprusl TUIMIUTrT MeH
KOpLIaraH opTara 9cepAi Koca alFaHAa, 3JEKTPOIN3 TEXHOJIOTHACHIH KOJIaHy dJIeyeTi MeH 3epTTey OapbIChIH
3epueney. bynan 6acka, 3epTTey KylI-KXirepi KYH HeMece JKeJl SHEPTHsIChl CUSKTHI KaHAPTHUIATHIH YHEPrusi
Ke37IepiH NaijanaHaThlH THIMII, SKOJOTMSJIBIK Tasza 3JIEKTPOJIM3 JKyienepiH o3ipieyre OarbITTasFaH.
DJNEeKTPONM3 KOMETiMeH MeTajiapAbl aIyIblH oJIEyeTTI MYMKIHIIKTepi MeTall MaTepualaapblHbIH,
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AKKyMYJISITOPJIAP/ABIH, KYH OaTapessIapbhIHbIH XoHE 0acKa Jla TEXHOJIOTHSIIAP/IbIH OHIIPICIHE KOJIIAHBUIAIbI.
Byn 3eprrey TypakTsl 6omamak yuriH BPM aneyerine xapbIk Tycipei.
Tytiin co30ep: DIEKTPOIN3; MEKTPOXUMHUS, XUMHS OHIIIPICi; THAPOMETAILTY PIHST;, SKOIOTHS.

DJIeKTPOXMMHUYECKOE MOJIydeHHe METAJLIOB U3 BOJHOT0 PACTBOPA UX coJieid

*1A.A.KaHaqbuH, 'K B.Manawesa
'Haszapbaescras Humennexmyanvnas Ilkona xumukxo-6uonozuveckozo nanpasnenus (Aimamul, Kazaxcman)

Annomayus

B ocHoBe paboThl 3yeKTposu3epa JISKHUT MPOIMYCKAHUE AJICKTPUYECKOrO TOKAa 4Yepe3 BOJHBIA PacTBOD,
coep Kamuii HOHHBIE (hOPMBI METaJUIOB. DTOT CIIOKHBIN MPOIIecC MPUBOIUT K OKHCIICHUIO aTOMOB MeTajljia
Ha aHOJIC ¥ OJJHOBPEMECHHOMY BOCCTAHOBJICHHIO aTOMOB TOTO K€ METajlla Ha Karoje. DTO KOHTPOIUPYEeMOe
ANIEKTPOXUMHUYECKOE B3aUMOJICHCTBUEC MPUBOAMUT K Paclagy KOMIIOHCHTOB PacTBOpA HA WX 3JIEMCHTapHbBIC
cocrapistomue. [loTeHIManbpHbIe BO3MOXKHOCTH TMOJyYSHHUS] METAVIOB B BOJHBIX PAacTBOpax C MOMOIIbIO
3JICKTPOIU3EPOB PACIIPOCTPAHAIOTCS Ha IPOHU3BOJICTBO METAUIMUECKHX MAaTEPHANIOB, aKKyMYJISTOPOB,
COJIHEUHBIX Oarapeld M JPYrHe TEXHOJOTHHU. OJICKTPOIM3EPhl SBISIOTCS TEPCICKTUBHONW OO0JIACTHIO
WCCIICIOBAHUN JIJISl TIOJIYYCHHUSI METaUIOB B BOJHBIX pacTBopax, mpeiaiaras 3G(eKTUBHOE HCIOIb30BaHHE
BO300HOBIISIEMBIX UCTOYHHKOB DHEPTUM W yYMEHBIIICHWE BO3JICHCTBUS Ha OKPYKAIOUIylo cpeny. B maHHOM
CTaThe PaCCMATPHBACTCS MHOYKECTBO CYIICCTBYIOIIMX TEXHOJOTHHA 3JIEKTPOJIM3EPOB, MTPEIHA3HAYCHHBIX IS
MOJIyYCHUSI META/UIOB B PacTBOpPEe, W MX KJIIOYEBas POJb B COBPEMEHHOM JaHIIIAa(Te MPOU3BOJICTBA
METAINTMYECKAX MaTepuasioB. B cTaThe mpeacTaBieH 0030p TEKYMIEro COCTOSHHUS W OyIyIIHUX TMEepCHeKTHB
aeKTpopadMHAPOBaHUS CBHHIIA B KuTae ¢ akIeHTOM Ha MEMOpaHHBIE W OWITOISAPHBIC TEXHOJOTHH.
TeopeTrueckoe MOACIUPOBAHUE, HIMUTAIUS TIPOIECCOB U SKOHOMUYECKHM aHann3 CTaTUCTHYSCKUHN aHAIN3,
aHaJIM3 3aTPaT U BeIro]] M3yueHure xo/1a UCCIIeIOBaHUI U TIOTSHIIMAJIa TPUMEHEHUS TEXHOJIOTHUH JICKTPOJIN3a,
BKJTIOYas SHEeProdhHeKTUBHOCTh W BO3ACHCTBHE HAa OKpPYXKAIOIIyIo cpeny. Kpome Toro, ncciemoBaTeaIbCKue
yCWIHMS HampaBieHbl Ha pPa3paboTKy J(PQEKTHBHBIX, SKOJOTHYECKH YHCTBIX CHUCTEM JIIEKTPOJIN3a,
WCIIOJIB3YIONIMX BO30OHOBIISICMBIC WCTOYHHMKH JHEPIUH, TAaKUE KaK COJIHEYHAs WM BETPOBas SHEPTUS.
[loTeHumanpHBIE BO3MOXXHOCTH ~TMPHUMEHEHHUS TIIONyYeHHS METaUIOB C IIOMOIIBIO  DJIEKTPOJIH3a
pactpoCTpaHsIOTCS Ha MPOU3BOACTBO METAUTMIECKIX MaTePHaIoB, aKKyMYJISITOPOB, COTHEYHBIX OaTaped u
JIPYTUX TEXHOJIOTHH. DTO HUCCIIEOBaHUE IMPOJIMBACT CBET Ha moreHIimanr BPM s Oosiee yCTOHYHMBOIO
Oymymiero.
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Abstract

With the rapid growth in the use of computer networks and the significant expansion of related applications,
cybersecurity issues are becoming increasingly relevant. This paper will provide an overview of solutions to
growing network security problems, followed by developing a tool for detecting and preventing cyber threats
by analyzing network traffic data from the Security Information and Event Management System (SIEM). Using
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