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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.
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Abstract. Froth flotation remains one of the primary methods for mineral
resource beneficiation. Despite its widespread use, the process’s overall efficiency
depends heavily on accurate and timely control of its parameters, highlighting
the need for improved automation technologies. Applied methods: This paper
reviews current approaches to flotation process automation, focusing on smart
technologies, real-time sensors, and predictive control systems. Particular attention
is given to methods for pulp level regulation, airflow adjustment, reagent dosing,
and pH monitoring. Additionally, the implementation of machine vision systems
is considered as a complementary tool for flotation diagnostics and control. Main
hypotheses and conclusions: The analysis of existing research underscores the

109



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

limitations of traditional control strategies and supports the shift toward hybrid,
adaptive, and model-free techniques. These emerging approaches provide greater
flexibility and responsiveness to process fluctuations. The integration of advanced
sensor technologies, visual data processing, and predictive modeling can notably
enhance the stability of flotation operations and improve mineral recovery efficiency.
Practical significance: The findings of this work offer a scientific foundation for
developing innovative automation solutions tailored to flotation processes. These
solutions are aimed at optimizing operational performance, reducing manual
intervention, and lowering energy and reagent consumption. As such, the adoption
of intelligent control systems presents a promising path toward more sustainable
and cost-effective mineral processing in modern industry.

Key words: flotation, process control, flotation automation, intelligent control,
flotation optimization
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Annoramusa. KeOik droranusacel MHUHEpamabl pecypcrapibl OalbITyabIH
Heri3ri oficTepiHiH Oipi Oombim Kama Oepenmi. KeH TapanraHbiHa KapamacTaH,
OyJ1 mporecTiH Kaiumbl THIMAUIITT KeOiHece OHBIH MapaMeTpiiepiH OacKapyablH
JIOIIITT MEH YaKThIIBIFbIHA OaiIaHbICThI, OYJT aBTOMATTAH/IBIPY TEXHOJIOTHSIAPbIH
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KETUIIPY KOKETTUTITIH KepceTemi. KommaHbuaTeiH 9IicTep: MaKaiaga aKbUIIbI
TEXHOJIOTHSJIApFa, HAKTHl YaKbBITTAaFbl CEHCOpJIapFa »oHEe OoJpKaMIbl Oackapy
Ky#enepine 6aca Ha3ap ayapa OTBIPHII, (DIIOTAIHS TPOIIECIH ABTOMATTAaHIBIPY ABIH
3aMaHayW Taciuiepi KapacTelpbuiansl. Llemmono3a neHreiiin perrey, aya Oepy,
peareHTTepAi Meuiepiey koHe pH MOHMTOPHMHII SmicTepiHe epekiie Hazap
aynapsutagsl. Conmaii-ak, (aoTanus npoueciH uarHocTHKanay MeH OacKapyIblH
KOCBHIMIIIA KYPaJIbl PETiH/Ie MAITMHAIBIK KOPY KYHEeJIepiH eHTi3y KapacThIPbUIaIb.
Heri3ri rumoresanap MeH KOPBITBIHIBUIAP: KOJIAHBICTAFBl 3€PTTEYJICPAl Taliay
JQCTYPIIi PETTeY CTpaTerusulapbIHBIH IIEKTEYJIepiH aHBIKTAHIbl XKoHE THOPHITI,
OeifiMIeNTIII J)KoHE MOJIbCI3 DacKapy o/icTepiHe KOITy KaKETTLUIIrH pacTaibl.
By sxaHa Tocinep xorapbl MKEMJIUTIK TIeH MPOIECcC MapaMeTpIIepiHiH aybITKYbIHA
TO3IMIUTIKTI KaMTaMacki3 eTelli. JKeTuaipiareH CeHCOPIBIK TEeXHOJIOTHSIIAP/IbIH,
BU3yalJbl aHAJMTHKAHBIH JKOHE OOJDKaMAbl MOJAECNBICYIIH HWHTETPAHSCH
(IIOTANMSUTBIK OTIepAHSIIAPIBIH TYPAKTBUIBIFbIH )KOHE MUHEPAJIIbI DKCTPAKIIHSHBIH
TUIMJIUTITIH enoyip apTTeipa anaipl. [IpakTUKajdblK MaHBI3IBUIBIFEL: aJbIHFaH
HOTWKeNIep  (JIOTAlMSHBI  aBTOMATTAHIBIPY CalachIHAAFbl  MHHOBALMSUIBIK
menriMaep Al 93ipiey YIIiH FBUIBIMH HETi3 jkacaiapl. byn mremrimuaep eHmipic
TUIMJIUTITIH  apTTBIpYFa, KOJIMEH apanacy KaXeTTUIriH a3ailTyFa, COH[aii-
aK DHEpPrHs WIBIFBIHBI MEH pEareHTTep/iH IIBIFBIHBIH a3aiiTyra OaFbITTaJFaH.
3epTTey MepcreKTHBANIAPBl: OCHI calalarbl O/1aH 9pi FRUIBIMH d3ipyiemMenep e3iH-
031 TY3eTy alTOPUTMIEPIH JKETUIIPYTre *KOHE MOJENbISP/Ii OHJIAWH pEKUMiHIE
OKBITyFa OaFbITTaTybl MYMKiH. MyJIBTHCEHCOPIIBIK ACPEKTEP/Ii HHTEPIIpETALsIIaY
KOHE IKYHeNepiH opTypil eHIey KaraainapblHa OeWiMIenyiH apTThIpy
CaJaChIHJAFBl 3EpPTTEYJIEP €PEKIIe KBI3BIFYIIBUIBIK TYABIpaasl. MyHBIH 09pi
MHHEPAIIbI MHKI3aTThl OANBITYIBIH HHTEIUICKTYaJbl, aBTOHOM/IBI JKOHE THIMJII
TEXHOJIOTHSIIAPBIH KAIBIITACTBIPYFa BIKIAT €TEIl.

Tyiiin ce3nep: dmorarus, mporecTi 6ackapy, GIOTaIMSIHBI aBTOMATTaHABIPY,
MHTEIUIEKTYaI bl OacKapy, (pIoTanusHbl OHTaWIAHIBIPY
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AnHoramus. [lenHas d¢uotanus ocTaércs OAHMM U3 OCHOBHBIX METOJIOB
o0oraIieHuss MUHEPAJIbHBIX pecypcoB. HecMOTps Ha IIMPOKOE pacipoCTpaHeHHE,
obmmas 3¢HeKTUBHOCTD JTAHHOTO TIPOIECCa B 3HAYUTEIIEHON CTETICHH 3aBHUCUT OT
TOYHOCTH Y CBOEBPEMEHHOCTH YIIPABIICHUS €r0 apaMeTpaMu, 4TO MOAYEPKIUBAET
HE00XOMMOCTh COBEPIICHCTBOBAHUS TEXHOJIOT UM aBTOMaTH3aIy. [ [puMeHsiembie
MeTOoJIbl. B cTaThe paccMaTpHBarOTCS COBPEMEHHBIC MOAXOJbI K aBTOMATU3AIUN
nporeccadIoTaluy CaKIIEHTOM HA YMHBIE TEXHOJIOT U1, CEHCOPBI pealIbHOTO BPEeMEHHU
M CUCTEMbI MPEIUKTUBHOrO yrpasicHus. Oco00oe BHUMaHHE YIEICHO METOAaM
pPETYNHPOBaHUS YPOBHSA MYJBIBI, IMOAAa4YM BO3AyXa, JO3MPOBAHHUSA PEAreHTOB H
monuTtopuHra pH. Takxke paccMaTpuBaeTcs BHEAPEHUE CUCTEM MAIlIMTHHOT O 3PEHUS
KaK JIOTIOJIHUTEIBHOTO HHCTPYMEHTA JUArHOCTUKH | yIIPABICHUS (IIOTAIIHOHHBIM
mporieccoM. OCHOBHBIE THIIOTE3bI M BBIBOABL. AHAINW3  CYIICCTBYIOIIMX
HCCIIE0BAHUN BBISIBIISIET OTPAaHUYEHHUS TPAJULMOHHBIX CTPATETUH PEryIMPOBaHUS
MU TOATBEPXKJAeT HEOOXOMUMOCTh IepexoJa K THOPUIHBIM, aJalTUBHBIM U
0e3MOJIeIbHBIM METOAaM YIpaBIIeHUS. DT HOBBIE IOAXOIBI O00ECIIEUNBAIOT
0oJ1ee BRICOKYIO THOKOCTh M YCTOMYMBOCTH K KOJIeOaHUSM TIapaMeTpOB TpoIiecca.
WuTerpanus mepenoBhIX CEHCOPHBIX TEXHOJIOTHUH, BU3yaJbHOW aHAIUTUKUA W
MPETUKTUBHOTO MOJISIIMPOBAHUS CIIOCOOHA 3HAYUTEIHHO MOBBICUTh CTA0MILHOCTh
¢roTaMOHHBIX ~ omepauuii W A(PQPEKTHBHOCTh  M3BJICYCHUS MHHEPAJIOB.
[IpakTrueckas 3Ha4UMOCTh. [1oTy4eHHbIE pe3yJIbTaThl CO3/1al0T HAYYHYI0 OCHOBY
IUTS pa3paO0TKY MHHOBAITMOHHBIX PEIICHUH B 00JIACTH aBTOMATH3AITHH (DIIOTAITHH.
OTu pelieHrs HalpaBJIeHbl Ha MOBBIIICHHE MPOU3BOJACTBEHHON () (EKTUBHOCTH,
CHIDKEHHE HEOOXOJMMOCTH PYYHOTO BMEIIATENIbCTBA, & TaKKE COKpallleHue
JHEpro3arpar u pacxoja pearcHTOB. [lepcriekTHBBI UccienoBanuil. [lanpHelimme
Hay4yHble pa3pabOTKU B JaHHOW OOJIACTM MOTYT OBITh HampaBlCHBl Ha
COBEPIIICHCTBOBAHKE aJITOPUTMOB CAMOKOPPEKIIUH 1 00yUCHHE MOIEIICH B peKuMe
oraiiH. OCcoOBI MHTEPEC MPEACTABIIIOT UCCIIE0OBAHMS B 00JIaCTH HHTESPIIPETAIINH
MYJIETUCEHCOPHBIX JTAHHBIX W TIOBBIIICHUS aJaITHBHOCTH CHUCTEM K Pa3IHYHBIM
ycnoBusM nepepabotku. Be€ 3o Oyzer ciocobcTBoBaTh hopMUpOBaHHIO Oosee
VHTEIUICKTYaIbHBIX, ABTOHOMHBIX ¥ J(PQPEKTUBHBIX TEXHOJOTUH OOOTaIIeHUs
MHHCPAJIBHOI'O ChIPbA.

KiwoueBble ciaoBa: ¢uiotanusi, ynpaBieHHE IPOILECCOM, aBTOMATH3AIINS
(bmoTanuu, HHTEIUIEKTYATbHOE yIIPaBIICHNE, ONITUMH3AITUS (I0TAIINN
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Introduction

Froth flotation is one of the most widely used beneficiation methods in the mining
industry. However, many years of experience in research and process development
show that flotation is still not fully understood and is relatively imperfect. Thus,
significant economic benefits can be achieved by optimizing a number of current
processes (McKee, 1991). Based on this, the flotation process control strategy is
formed as a multidimensional and interrelated hierarchy (Jovanovic, et al., 2015).

Effective process management begins with the right tools - these are the devices
that form the basis of the entire process management. Also, effective selection of
devices is possible only with a deep knowledge of their operation and the application
of the required device in the context of a given process.

Flotation control is focused on maintaining key parameters and setpoints. Key
parameters include pulp level, air flow, and reagent injection rate. This is typically
achieved using standard PID control (Albertus, et al., 2025). Similarly, standard
control was used for individual cells, but modern control strategies are now often
applied to entire flotation cells.

To optimize the flotation process, the problems of stabilizing the control of process
parameters in the event of deviations caused by changes in the input raw materials,
as well as maintaining the established values of key performance indicators, which
include: the content of the target component and its degree of extraction, are studied.
Considering economic parameters such as reagent price and product market value,
flotation optimization is a key tool to improve performance and reduce costs. The
main objective of these methods is to increase the overall economic profit, which is
usually achieved by increasing recovery and improving concentrate quality. Thus,
the complex elements of the flotation process are controlled by selecting the correct
setpoints, which ensures stability and predictability of the process regime. These
conditions serve as the foundation for successful parameter adjustment and stable
production results.

Materials and methods

Flotation is a separation process involving three phases simultaneously: solid,
liquid and gaseous, which are represented by fine particles in multi-component ore
smaller than 0.1 mm (usually smaller than 0.074 mm), water and air bubbles. The
flotation results are significantly affected by the characteristics of the interacting
phases and the physicochemical reactions occurring at the boundaries of their
separation. The key factor is the different ability of mineral particles to absorb
water. The natural wettability of minerals can be both hydrophobic and hydrophilic.
However, flotation capacity can be adjusted by introducing flotation reagents into
the pulp. These reagents are chemical compounds that specifically affect the pulp
and minerals. To carry out flotation, an aerated pulp is used, to which heteropolar
substances are added, stabilizing air bubbles and promoting the formation of stable
foam that retains minerals. All the above stages are carried out in flotation cells
(main and cleaning) according to a developed scheme, which is schematically
presented in the section surrounded by a dotted line in Figure 1 (Gaete-Garreton,
2015).

113



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

flotation cycle

Ore rough flotation
y
ball mill i
recleaning control flotation
¥
tails
Cyclone concentrate  y____ 1

Figure 1 - Schematic representation of the flotation process

The complexity of the flotation process used in beneficiation is highlighted by
assessments that highlight the need for accurate and reliable measurement of a
number of key parameters (Azizi, et al., 2020). In addition, efforts to control the
interactions between parameters become even more challenging. For example, an
increase in air flow rate can cause an increase in bubble size, which in turn will
affect their rise rate, adhesion rate, gas retention time, froth depth, etc. (Hell, et al.,
2024).

In addition, any change in one of the chambers (e.g., in the cleaning circuit)
affects the pulp composition and the flow rate of each stream leaving this chamber.
This change also affects all subsequent stages of the process and even earlier stages
such as re-flotation. For example, when processing sulphide copper and zinc ores,
an increase in the pulp level in the finishing chamber causes the extraction of not
only a greater amount of target minerals into concentrate, but also gangue along with
water. An increased material content in the concentrate during re-cleaning leads to
an increase in the pulp flow rate entering the rougher flotation stage, which reduces
the residence time in the flotation cells. These changes occurring at the cleaning
stage affect the final results: the extraction of valuable components increases, but
its content in the final concentrate decreases (Meng, et al., 2016).

It is important to consider that the interaction of changes in more than one
variable over a short period of time can result in long-term disruption to the flotation
system. Therefore, Table 1 summarizes the variables and their complex, nonlinear
relationships.
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Table 1. Key variables of the flotation process

Category Process variables Control factors
Pulp density Regulation of solid and liquid feed, pulp
dilution control
Pulp solids content Regulation of solid and liquid feed, pulp
dilution control
Pulp flow rate (retention Regulation of pulp feed rate, change of
time) flotation cell volume
) Pulp level in flotation cells Regulation of pulp release from the cell,
Physical control of liquid supply
Air consumption in flotation Regulating air supply by compressor, setting
cells up air distributors
Foam properties (flow rate, bubble |Regulation of foaming agent supply, pulp level
size, stability) control, air flow control
Particle size and shape, degree of | Preliminary processing of ore (crushing,
mineral disclosure grinding), regulation of the grinding process
Consumption of washing water (in | Regulation of water supply to the column,
column flotation machines) control of the height of the foam layer
Chemicals | pH of pulp Adding pH regulators (acid or alkali), water

quality control
Oxidation-reduction potential (Eh) | Addition of oxidizing or reducing agents,

of pulp control of electrochemical processes

Electrical conductivity of Control of ionic composition of water, addition
pulp of reagents

Type and dosage of flotation Automated reagent dosing systems, manual
reagents (frothing agents, dosage adjustment, selection of the optimal

collectors, depressors, activators) | reagent type depending on the ore composition
and the required results

To achieve effective control of the flotation process, it is not always necessary
to measure and control every variable simultaneously. However, the impact of each
variable on the flotation process must be considered, since even small deviations
can have a cumulative effect.

Results. In this context, the flotation plant configuration is of particular
importance, as it directly affects the control capabilities and accuracy. In particular,
the presence of recirculation flows can significantly complicate the control of,
for example, the pulp level, especially if uncontrolled accumulation or release of
material occurs (Michaux, et al., 2020). In addition, different sections of the plant
require the use of different control strategies. Thus, at the roughing and scavenging
stages, where the priority is to maximize the recovery of valuable components,
modes with a low froth depth and high air flow are usually used (Zhao, et al., 2025).
At the same time, at the finishing stages, the purpose of which is to improve the
quality of the concentrate, modes with a greater froth depth and reduced air flow
are preferable.

However, even under optimal operating conditions, process stability largely
depends on the ability of the system to respond in a timely manner to external
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and internal disturbances. Therefore, to effectively control flotation, it is important
to understand the characteristics, frequency, and intensity of input disturbances.
Provided that the control systems in the grinding circuit operate reliably (Mathe, et
al., 2021), changes in feed rate, pulp density, and particle size should be small. At
the same time, the flotation circuit must compensate for changes in ore mineralogy
and floatability. Data on input disturbances, current operating conditions and
product quality are critical for operational and strategic decision making. However,
despite the availability of instrumentation to measure important parameters such
as ore composition, flow rate and less specific ore properties (e.g. pulp level,
density, pH), important properties such as recovery rate, surface chemistry, bubble
size distribution, bubble loading remain difficult to measure and directly impact
recovery efficiency (Heng, et al., 2024).

In response to these challenges, modern flotation control methods increasingly
use intelligent technologies. Current control systems for mechanical flotation cells
are improved by the introduction of intelligent model-predictive control algorithms
that complement the classic PID controllers that remain the basis for maintaining
key parameters at the level of individual sections and devices. To apply this
method in practice, a reliable hardware base is required: air flow sensors, ultrasonic
level meters and digitally controlled actuators that ensure long-term stability and
flexibility of the entire flotation complex (Jovanovi¢, et al., 2015). The development
of measurement technologies is of particular importance as flotation cells grow.
Figure 2 shows a pH monitoring system implemented in a flotation cell (Barry, et
al., 2016).

feed rate specified ratio value set pH value

flotation machine feed ;":(E:”_

Y

tails
flotation cell —>

table of notations

pH measurement

RC ratio control
concentrate

WT weight measurement

QX flow control valve

Figure 2. pH control in the flotation circuit
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Modern approaches to increasing the volume of flotation cells combine kinetic
models and empirical methods, however, froth transport in large cells remains
an important unsolved problem that requires a combination of design solutions
and froth dynamics models (Mesa, et al., 2019). Flotation cell control focuses on
maintaining a constant pulp level and maximizing the recovery of valuable minerals
in the concentrate, while separating gangue into tailings, which allows for effective
control of key parameters and optimization of mineral separation (le Roux, et al.,
2019).

Atthe same time, the focus is on air flow control and foam dynamics management.
A multi-parameter sensor with a Double-Path algorithm has been studied, which
provides accurate monitoring of motion in real time and can be used to analyze
hydrodynamic processes in industrial flotation cells (Mazzoli, et al., 2025). It
has been proven that reducing the air feed rate contributes to more stable foam
formation and improves the mechanism of retention of large particles in the pulp,
which allows to increase the efficiency of copper beneficiation in flotation machines
(Gacitua, et al., 2023). Modern submersible sensors for industrial flotation cells
provide accurate and continuous measurements of key pulp parameters, such as gas
content and density, which significantly increases the efficiency of process control
and optimization (Maldonado, et al., 2024).

Modern approaches to pulp composition analysis also contribute to optimized
control. A new generation of in-line sensors for industrial flotation devices offers
accurate and continuous measurements of key pulp properties such as gas contentand
density, significantly improving process control and optimization capabilities. Thus,
real-time elemental analysis using in-line XRF analyzers like FLORIDA enables
rapid and cost-effective copper content monitoring. Automation of reagent dosing
is especially important in conditions of unstable feedstock. Given the continuous
changes in ore properties such as particle size, flow rate, and concentration, the
dosing system must be adjusted in real time to stabilize the process and improve
flotation efficiency (Kejonen, et al., 2018).

Thus, automation of reagent management focuses on creating stable conditions
for flotation and maximizing recovery, while reducing human influence and system
response to process disturbances. Monitoring electrochemical parameters such as
Eh, pH, and conductivity remains an equally important element in the automatic
control system. Measuring electrochemical potential (Eh) and pH is one of the key
technologies that helps to better understand and control the oxidation and reduction
processes that affect the recovery of metals such as copper and lead in the flotation
circuit (Gaosong yi, 2023). Case studies have shown that optimizing electrochemical
potential improves flotation efficiency, but different types of electrodes such as
platinum, mineral, and ion-selective provide diverse information, requiring an
integrated approach to real-time analysis and reagent dosing (Heng, et al., 2023).
Combining predictive models, such as slurry pH correction, can take into account
the effects of ore composition and dynamic processes in bauxite flotation, ensuring
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accurate and timely monitoring. The use of autoregressive algorithms and expert
correction ensures the stability of the control system and forms the basis for the
implementation of predictive systems in flotation plants (Lu, et al., 2023).

Discussion

The conducted analysis of modern methods for control and management of the
flotation process, focuses on the main aspects of these parameters. The relevance of
the topic of this study in the study of this area by students and scientists will help
and expand their perception from a new point of view.

Conclusions

Modern approaches to flotation control include the integration of advanced
technologies such as multi-parameter and submersible sensors, automated reagent
dosing systems, electrochemical parameter monitoring systems and real-time
elemental analysis. This allows for more efficient process control, adaptation to
changes in raw materials and optimum recovery of valuable components, leading
to increased productivity and reduced costs in the mining industry. In the future,
we can expect further development of intelligent control systems capable of self-
learning and adapting to even more complex conditions.
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