SATBAYEV
UNIVERSITY ISSN 2959-2348 (Online)

ENGINEERING JOURNAL
of Satbayev University

Volume 145 (Issue 5)
October 2023




KA3AKCTAH PECIIYBJ/IMKACBI FblJIBIM ?K9HE *KOFAPbI BIJIIM MUHUCTPJIIT'T
MHWHUCTEPCTBO HAYKH U BBICHIEI'O ObPA30BAHHUA PECIIYB/IMKHU KA3AXCTAH
MINISTRY OF SCIENCE AND HIGHER EDUCATION OF THE REPUBLIC OF KAZAKHSTAN

coTBAEB [@] saTBavev
YHUBEPCUTETI UNIVERSITY

ENGINEERING JOURNAL
OF SATBAYEV UNIVERSITY

145 (5)

Satbayev University 2023



eISSN 2959-2348

EDITOR-IN-CHIEF

Alma Bekbotayeva, PhD, associate professor, Geology and Petroleum Engineering Institute of
Satbayev University, Kazakhstan

DEPUTY EDITOR-IN-CHIEF

Kanai Rysbekov, candidate of technical sciences, associate professor, Mining and Metallurgical
Institute of Satbayev University, Kazakhstan
Vasyl Lozinskyi, PhD, associate professor, National TU Dnipro Polytechnic, Ukraine

MANAGING EDITOR
Gulziya Burshukova, PhD, associate professor, Satbayev University, Kazakhstan
MEMBERS OF THE EDITORIAL BOARD

Ata AKkcil, PhD, professor, Suleyman Demirel University, Turkey

Adilkhan Baibatsha, doctor of geological and mineralogical sciences, professor, Geology and
Petroleum Engineering Institute of Satbayev University, Kazakhstan

Atac Bascetin, PhD, professor, istanbuil Technicai University, Turkey

Madina Barmenshinova, candidate of technical sciences, associate professor, Mining and
Metallurgical Institute of Satbayev University, Kazakhstan

Omirserik Baigenzhanov, PhD, associate professor, Mining and Metallurgical Institute of Satbayev
University, Kazakhstan

Tatiana Chepushtanova, PhD, associate professor, Mining and Metallurgical Institute of Satbayev
University, Kazakhstan

Agata Duczmal-Czernikiewicz, PhD, habilit.doctor, professor, Adam Mickiewicz University, Poland

Serik Moldabaev, doctor of technical sciences, professor, Mining and Metallurgical Institute of
Satbayev University, Kazakhstan

Brajendra Mishra, PhD, professor, Worcester Polvtechnic Institute, USA

Suping Peng, orofessor, academician, Chinese Mining University, China

Reimar Seltmann, PhD, professor, The Earth Sciences Department, Center for Russian and Central
Asian Mineral Research (CERCAMS), Great Britain

Atsushi Shibayama, PhD, professor, Akita University, Japan

0Olena Sdvyzhkova, doctor of technical sciences, professor, National TU Dnipro Polytechnic, Ukraine

Khalidilla Yusupov, doctor of technical sciences, professor, Mining and Metallurgical Institute of
Satbayev University, Kazakhstan


https://akitauinfo.akita-u.ac.jp/html/227_en.html
https://www.akita-u.ac.jp/eng/index.html
https://official.satbayev.university/en/teachers/bekbotayeva-alma-
https://official.satbayev.university/en/geology-oil-gas-business
https://official.satbayev.university/en/geology-oil-gas-business
https://official.satbayev.university/en/geology-oil-gas-business
https://official.satbayev.university/en/geology-oil-gas-business
https://official.satbayev.university/en/teachers/kanay-rysbekov
https://prr.nmu.org.ua/index.php/en/sp-2/dot/167-lozinskij-vasil-grigorovich
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://www.nmu.org.ua/en/
https://official.satbayev.university/en/teachers/burshukova-gulzia-adilbekovna
https://satbayev.university/en
https://w3.sdu.edu.tr/personel/00340/prof-dr-ata-utku-akcil
https://w3.sdu.edu.tr/
https://official.satbayev.university/en/teachers/baibatsha-adilkhan-
https://akademi.itu.edu.tr/abascetin/
https://akademi.itu.edu.tr/en/homepage
https://official.satbayev.university/en/teachers/barmenshinova-madina
https://official.satbayev.university/en/teachers/baigenzhenov-omirserik-sabyrzhanovich
https://official.satbayev.university/en/teachers/chepushtanova-tatyana
https://lbm.amu.edu.pl/prof-uam-dr-hab-inz-agata-duczmal-czernikiewicz
https://amu.edu.pl/
https://official.satbayev.university/en/teachers/moldabayev-serik
https://www.wpi.edu/people/faculty/bmishra
https://www.wpi.edu/
https://natural-gas.centre.uq.edu.au/profile/1129/suping-peng
https://english.cumtb.edu.cn/
https://www.nhm.ac.uk/our-science/departments-and-staff/staff-directory/reimar-seltmann.html
https://www.nhm.ac.uk/
https://www.nhm.ac.uk/
https://grf.nmu.org.ua/ua/dekanat/rada/Sdvigkova.php
https://www.nmu.org.ua/en/
https://official.satbayev.university/en/teachers/yussupov-khalidilla

eISSN 2959-2348
BAC FbUIBIMU PEJAKTOP

Anma Bek6oTaeBa, PhD, KaybiMaacTheipbliFaH npodeccop, Satbayev University ['eosiorus xoHe
MyHau-ra3s ici uHctuTyThl, Kazakcran

BAC FbVIBIMU PEJAKTOP/bIH OPbIHBACAPJIAPDBI

Kanaii PbIC6EKOB, T.F.K., KaybIMJacThipblIFaH npodeccop, Satbayev University Tay-keH-
MeTaJIyPrust MHCTUTYTHI, KazakcTaH

Bacusmit JlosuHckuii, PhD, kaybiMzaacThipbliFrad npodeccop, «/lHenp NoJUTeXHUKACh» YJATTBIK,
TeXHUKaJIbIK YHUBEPCUTETI, YKparnHa

KAYANTHI XATIIbI
I'ya3usa Bypmykosa, PhD, kaysiMacTeipbliras npodeccop, Satbayev University, Kasakctan
PEJAKLHAJIBIK AJIKA MYLIEJIEPI

Ata Akcil, PhD, npodeccop, Cyseiiman [lemupen YuurencuteTi, Typkus

dainxan baib6arma, r-m.f.J., npodeccop, Satbayev University ['eosiorus >xkoHe MyHaM-ra3s ici
MHCTUTYTH], Kasakcran

Atac Bascetin, PhD, npodeccop, blctambys TexHUKaNbIK yHUBepcUTeTi, Typkus

MajgyHa bapMeHIIMHOBA, T.f.K., KaybIMJAAacThIpbLIFaH npodeccop, Satbayev University Tay-ken-
MeTaJlJIyprust UHCTUTYTh!, Kasakcran

Owmipcepik BaiiremxkeHoB, PhD, kaysiMjacTeipblirad npodeccop, Satbayev University Tay-keH-
MeTaJlJIyprusi UHCTUTYTh|, KasakcTan

TarbaHa YenmymranoBa, PhD, kaybiMmaacTeipbliraH npodeccop, Satbayev University Tay-keH-
MeTaJUIyprus UHCTUTYThI, KasakcTan

Agata Duczmal-Czernikiewicz, PhD, xabunut.jokTop, npodeccop, Ajlam MunikeBu4 YHUBEPCUTETI,
[Tosbla

Lepik MoJsga6aes, T.F.J., npodeccop, Satbayev University Tay-keH-MeTaJIVPrusi WHCTHUTYTHI,
KaszakcTaH

Brajendra Mishra, PhD, npodeccop, Byctep nonutexuvukaabik MHCTUTYThI, AKIII

Suping Peng, npodeccop, akaJieMuK, KbITall Tay-KeH YyHUBepcuTeTi, KXP

Reimar Seltmann, PhD, nmpodeccop, /Kep Typasibl FbLIBIMJAP 06J1IMI, Peced koHe UpTa A3uA
MUHepasabl 3epTTeyiep opTaibiFbl (CERCAMS), ¥abi6puTaHus

Atsushi Shibayama, PhD, npodeccop, Akita University, }Kanonus

Onena CABWXKKOBA, T.F.J., Hpodeccop, «/HEmp TMOJUTEXHUKACBI» YJTTBIK TEeXHUKAJbIK,
VHHUBEDCUTET], YKpanHa

Xanmuaumiaa KOcynos, T.F.4., npodeccop, Satbayev University Tay-keH-MeTannyprusi UHCTUTYTHI,
KaszakcraH


https://akitauinfo.akita-u.ac.jp/html/227_en.html
https://www.akita-u.ac.jp/eng/index.html
https://official.satbayev.university/en/teachers/bekbotayeva-alma-
https://official.satbayev.university/en/geology-oil-gas-business
https://official.satbayev.university/en/geology-oil-gas-business
https://official.satbayev.university/en/geology-oil-gas-business
https://official.satbayev.university/en/geology-oil-gas-business
https://official.satbayev.university/en/teachers/kanay-rysbekov
https://prr.nmu.org.ua/index.php/en/sp-2/dot/167-lozinskij-vasil-grigorovich
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://www.nmu.org.ua/en/
https://www.nmu.org.ua/en/
https://official.satbayev.university/en/teachers/burshukova-gulzia-adilbekovna
https://satbayev.university/en
https://w3.sdu.edu.tr/personel/00340/prof-dr-ata-utku-akcil
https://w3.sdu.edu.tr/
https://official.satbayev.university/en/teachers/baibatsha-adilkhan-
https://akademi.itu.edu.tr/abascetin/
https://akademi.itu.edu.tr/en/homepage
https://official.satbayev.university/en/teachers/barmenshinova-madina
https://official.satbayev.university/en/teachers/baigenzhenov-omirserik-sabyrzhanovich
https://official.satbayev.university/en/teachers/chepushtanova-tatyana
https://lbm.amu.edu.pl/prof-uam-dr-hab-inz-agata-duczmal-czernikiewicz
https://amu.edu.pl/
https://official.satbayev.university/en/teachers/moldabayev-serik
https://www.wpi.edu/people/faculty/bmishra
https://www.wpi.edu/
https://natural-gas.centre.uq.edu.au/profile/1129/suping-peng
https://english.cumtb.edu.cn/
https://www.nhm.ac.uk/our-science/departments-and-staff/staff-directory/reimar-seltmann.html
https://www.nhm.ac.uk/
https://www.nhm.ac.uk/
https://grf.nmu.org.ua/ua/dekanat/rada/Sdvigkova.php
https://www.nmu.org.ua/en/
https://www.nmu.org.ua/en/
https://official.satbayev.university/en/teachers/yussupov-khalidilla

eISSN 2959-2348
IJIABHBIY HAYYHBIY PEJAKTOP

Anma Beko6otaeBa, PhD, accon.npodeccop, UHCTUTYT reoJsioruu u HedTerasoBoro jesa Satbayev
University, Kasaxctan

3AMECTHUTEJ/IN I'/IABHOI'O HAYYHOI'O PEJAKTOPA

Kanaii PsicGekoOB, K.T.H., accou.npodeccop, ['opHO-MeTa/ypruyeckuit HHCTUTYT Satbayev
University, Kazaxcran

Bacuauin Jlosunckmii, PhD, accoun.npodeccop, HaiuoHa/lbHBIH TeXHUYECKUHW YHUBEPCUTET
«/lHenpoBCcKas MOJIUTEXHUKA», YKparuHa

OTBETCTBEHHBIN CEKPETAPh
I'ynsusa Bypmykosa, PhD, accou.npodeccop, Satbayev University, Kasaxctan
YJIEHBI PEJAKIIMOHHOM KOJIJIETUU

Ata AKkgil, PhD, npodeccop, YuusepcuteT Cynelimana Jlemupeas, Typiius

ApnnbxaH Bai6aTma, A.r-M.H., npodeccop, UHCTUTYT reosiornu 1 HedQpTerasoBoro zesa Satbayev
University, KazaxcTan

Atac Bascetin, PhD, npodeccop, CTamMOy/IbCKUN TEXHUUECKUN VHUBEPCUTET, Typius

Maauna bBapMeHmIMHOBA, K.T.H., [0opHo-MeTa/iyprudyeckuil HHCTUTYT Satbayev University,
Kazaxctan

Omupcepuk BaiiremxeHos, PhD, accou.npodeccop, FopHO-MeTanaypruueckuii UHCTUTYT Satbayev
University, Kazaxctan

TaTbsiHa YenmymraHoBa, PhD, accon.npodeccop, ['opHo-MeTamtypruieckuii HHCTUTYT Satbayev
University, Kazaxctan

Agata Duczmal-Czernikiewicz, PhD, xabunut.nokTop, npodeccop, YHuBepcuTeT AJama
MunkeBuua, [losibia

Cepuk Mosiga6aes, A.T.H., npodeccop, ['opHO-MeTa/LTyprudeckuid MHCTUTYT Satbayev University,
Kaszaxctan

Brajendra Mishra, PhD, npodeccop, BycTtepckuii nonutexHuueckut UHCTUTYT, CIIA

Suping Peng, npodeccop, akasieMuk, Kutalickuii ropHONPOMBIILIEHHBINA YHHUBepcuTeT, KHP

Reimar Seltmann, PhD, npodeccop, OTaen Hayk o 3emMie, LleHTp Poccuiickux U CpeHea3uaTCKUx
MuHepanbHbIX MccenoBanuii (CERCAMS), Besvko6puTanus

Atsushi Shibayama, PhD, npodeccop, Akita University, Anonus

OsieHa CABMKKOBA, /.T.H., Tpodeccop, HanimoHaAbHbBIN TeXHUUYECKUN YHUBEPCUTET «/|HeNMpoBCcKas
MOJIMTEXHUKA», YKpanHa

Xanuguana KOcynos, A.T.H., npodeccop, [opHO-MeTaiyprudyeckuit ”HCTUTYT Satbayev University,
KasaxcTtan


https://akitauinfo.akita-u.ac.jp/html/227_en.html
https://www.akita-u.ac.jp/eng/index.html
https://official.satbayev.university/en/teachers/bekbotayeva-alma-
https://official.satbayev.university/en/geology-oil-gas-business
https://official.satbayev.university/en/geology-oil-gas-business
https://official.satbayev.university/en/geology-oil-gas-business
https://official.satbayev.university/en/geology-oil-gas-business
https://official.satbayev.university/en/teachers/kanay-rysbekov
https://prr.nmu.org.ua/index.php/en/sp-2/dot/167-lozinskij-vasil-grigorovich
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/mining-metallurgy
https://official.satbayev.university/en/teachers/burshukova-gulzia-adilbekovna
https://satbayev.university/en
https://www.nmu.org.ua/en/
https://www.nmu.org.ua/en/
https://w3.sdu.edu.tr/personel/00340/prof-dr-ata-utku-akcil
https://w3.sdu.edu.tr/
https://official.satbayev.university/en/teachers/baibatsha-adilkhan-
https://akademi.itu.edu.tr/abascetin/
https://akademi.itu.edu.tr/en/homepage
https://official.satbayev.university/en/teachers/barmenshinova-madina
https://official.satbayev.university/en/teachers/baigenzhenov-omirserik-sabyrzhanovich
https://official.satbayev.university/en/teachers/chepushtanova-tatyana
https://lbm.amu.edu.pl/prof-uam-dr-hab-inz-agata-duczmal-czernikiewicz
https://amu.edu.pl/
https://amu.edu.pl/
https://official.satbayev.university/en/teachers/moldabayev-serik
https://www.wpi.edu/people/faculty/bmishra
https://www.wpi.edu/
https://natural-gas.centre.uq.edu.au/profile/1129/suping-peng
https://english.cumtb.edu.cn/
https://www.nhm.ac.uk/our-science/departments-and-staff/staff-directory/reimar-seltmann.html
https://www.nhm.ac.uk/
https://www.nhm.ac.uk/
https://grf.nmu.org.ua/ua/dekanat/rada/Sdvigkova.php
https://www.nmu.org.ua/en/
https://www.nmu.org.ua/en/
https://official.satbayev.university/en/teachers/yussupov-khalidilla

Engineering Journal of Satbayev University

SATBAYEV
UNIVERSITY Volume 145 (2023), Issue 5, 5-10

https://doi.org/10.51301/ejsu.2023.i5.01

Study of the possibilities of obtaining a complex alloy using high-ash
coals by thermodynamic modeling using a computer program

B.S. Kelamanov, D.A. Yessengaliyev, O.R. Sariyev, A.M. Akuov
Aktobe regional university named after K. Zhubanov, 4xtobe, Kazakhstan
*Corresponding author: kelamanov-b@mail.ru

Abstract. The content of the leading elements in the technical composition of high-ash coals on the territory of Kazakhstan
makes it possible to obtain a complex alloy. In accordance with this, a comprehensive study of the possibilities of obtaining an
Aluminium-chromium-silicon alloy, which can be a complex deoxidizer and reducing agent, is among the topical issues. The
article presents the results of a study of the thermodynamic-diagram analysis of the Cr-Si-Al-C multicomponent system,
where, on the basis of thermodynamic data, the boundary ternary systems of the basic four-component Cr-Si-Al-C system are
constructed. As a result, the components of the condensed phases of a multicomponent system were determined. Descriptions
are given for each of the defined phases, with the help of which it is possible to create an accurate model of the general system
of compositions of chromium-containing melts with the calculation of their normative phase compositions. Triangles of the Cr-
Si-Al-C system have been established, modulating the compositions of the resulting compositions of metal products during the
smelting of the aluminosilicochrome alloy using high-ash coals. As a result of modeling, the main components of the phase of
three-component systems Al-Si-C, Al-Cr-Si, were revealed. VVolumes and color integrals indicating condensed and gaseous
phases are determined. The technology of obtaining silicon-aluminum alloys is based on the reduction of oxides from the ash

of high-ash coal with its own carbon in ore-thermal furnaces.

Keywords: high-ash coals, ferrosilicochromium, four-component system, thermodynamic-diagram, carbon, volume.

1. Introduction

Technologies for the production of complex alloys can be
distinguished by the following positive aspects:

1. In the smelting process, the complex use of substand-
ard, cheap and easily accessible raw materials is ensured with
the production of highly efficient complex alloys with a wide
range of content of the main deoxidizing and alloying ele-
ments. They are an alternative replacement for traditional
types of ferroalloys, such as ferrosilicochrome, ferrosilicon
and aluminum.

2. When using low-grade high-ash coals as a reducing
agent, the cost of alloys is noticeably reduced by excluding
the use of expensive coke from the technological chain and
subsequently predetermines a reduction in the cost of deoxi-
dized steel.

3. When using complex alloys in the production of stand-
ard ferroalloys, in particular refined ferrochrome grades, a
number of technological problems associated with the scat-
tering of slag into fine dust are solved.

4. When deoxidizing steel with complex alloys, there is
no need to use significant amounts of ferrosilicon, as well as
scarce and expensive ingot aluminum [1].

To obtain high-quality complex alloys, it is necessary to
conduct various studies. One of the research methods is
computer modeling.

Thermodynamic modeling is a kind of mathematical
modeling. Its main stages are

1. Creation of a thermodynamic model;

2. Development of a mathematical model,;

3. Algorithm development and software implementation;

4. Preparation of initial data;

5. Carrying out the calculation;

6. Analysis of the results of calculations.

In solving many scientific and technical problems, the is-
sues of studying high-temperature processes with physico-
chemical transformations play a significant role [2-4].

Experimental methods of studying processes of this kind
are usually expensive, and often not feasible at all.

Under these conditions, a computational experiment per-
formed using a computer acquires special importance, which
allows analyzing states and processes and drawing conclu-
sions about the behavior of the objects under study based on
model representations.

The main assumption in this case is the assumption of the
existence of a local equilibrium in the system, which makes
it possible to carry out calculations using the mathematical
apparatus of equilibrium thermodynamics.

The most common methods of equilibrium thermody-
namics are used in combination with the so-called ideal
model, according to which the behavior of the gas phase is
described by the equation of state of an ideal gas, and all
solutions are ideal.

The main advantages of the ideal model are its simplicity,
versatility and availability of information: if a chemically
reacting heterogeneous system is being investigated, then the
parameters of the model are actually only the thermodynamic
properties of individual substances. However, in a situation
where the forces of intermolecular interaction play an essen-
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tial role (dense gases, highly ionized plasma, concentrated
solutions of condensed substances), the ideal model becomes
unsuitable.

As an example, high-temperature processes, combustion
of fuel, energy materials in a closed volume, processes at the
detonation wave front, metallurgical, chemical-technological,
geochemical processes can be cited [5-8].

For a long period of time, fossil coal had no worthy com-
petitors among energy carriers and played a huge role in
global development as energy for fuel power plants, in the
metallurgical industry and in the household sector. There are
coal deposits in more than 70 countries, including Kazakh-
stan, which ranks among the top ten countries in coal produc-
tion, second only to China, the USA, India, Australia, Russia,
South Africa, and Ukraine. Reserves of both energy and
coking coal will be sufficient for hundreds of years, even
with an active increase in production.

In order to increase production efficiency, improve tech-
nology and improve technical and economic indicators in the
ferrous metallurgy, it is necessary to expand the production
and use of complex ferroalloys. In order to expand the range
of alloys currently used in the production of steel and ferroal-
loys, it is necessary to search for new high-quality types of
complex alloys. The most acceptable is the selection of com-
plex alloys characterized by an optimal chemical composi-
tion and a single-stage method of obtaining from high-ash
coals, which is the cheapest method for smelting similar
types of alloys [9,10].

2. Materials and methods

The main task of modeling thermodynamic equilibrium is
to determine the phase and chemical composition, as well as
the values of the thermodynamic parameters of the system
under study.

The object of thermodynamic analysis is a thermodynam-
ic system — a conditionally isolated material region whose
interaction with the environment is reduced to the exchange
of matter and energy.

As a rule, it is assumed that the influence of gravitational
and electromagnetic fields, as well as the action of surface
tension forces, can be neglected, and the only kind of work
that the system can perform is expansion work.

Thermodynamic equilibrium is the limiting state to which
a thermodynamic system isolated from external influences
tends, i.e., thermal, mechanical and chemical equilibrium is
established at each point of the system (temperature and
pressure equalize, and all kinds of chemical reactions pro-
ceed to the end) [11].

The main complexity of such an approach to thermody-
namic modeling consists in the labor intensity of creating
visual graphic images. The «Triangle» program allows you
to simplify the process of performing serial calculations and
building three-phase diagrams. As the three primary sub-
stances, there can be both individual chemical elements and
arbitrary compounds.

In the practice of a comprehensive theoretical study of
multicomponent systems, the method of thermodynamic
modeling is known, which much simplifies the study of the
features of Phase turns in multicomponent systems by divid-
ing them into thermodynamically resistant simple subsys-
tems by the size of the main system. A graphical method was
used to determine the phase composition of a metal system

based on Al-Cr-Si-C. During the calculation, a tetrahedron of
a multicomponent system was constructed and the compo-
nent phases were determined using coordinate lattices in this
tetrahedron [12].

3. Results and discussion

Aluminum-chromium-silicon alloy. The technology of
smelting this chromium—containing alloy is based on the
complex processing of poor chromium ores and the use of
high-ash coals instead of a relatively expensive reducing
agent - metallurgical coke. Experimental tests for the produc-
tion of alloys of this type using poor chrome ores of the
«Don deposit» and high-ash «Ekibastuz» coal have been
carried out repeatedly. The alloy was smelted in a continuous
slag-free way to obtain an alloy of silicon, aluminum and
chromium.

According to the Concept of development of the coal in-
dustry of the Republic of Kazakhstan until 2020, the total
geological reserves and projected coal resources are estimat-
ed at 150 billion tons. Off-balance sheet coal reserves by
basins and deposits, as of January 1, 2007, amount to 28.6
billion tons, including 3.2 billion tons of hard coal, 25.4
billion tons of brown coal [13].

The complex program «Triangle» makes it possible to
simplify the process of constructing three-phase diagrams. In
addition, to calculate the equilibrium phase composition, it
can be carried out in two modes. That is, firstly, for the iso-
thermal case, when the equilibrium of the system is given by
the values of temperature (T, K) and pressure (p, MPa). And
secondly, for the cases of changes in the adiabatic equilibri-
um (gorenje), expressed at each point of calculation by the
values of pressure (p, MPa) and enthalpy (enthalpy of for-
mation of the starting materials) (I, kJ/kg).

With the help of the «Triangle» program, Al-Si-C, Al-Cr-
Si the triple component system and the chemical compounds
included in them were studied at temperature intervals of
1673-1873K.

In Figure 1(a) Al-Si-C triple system forms 12 compounds at
a temperature of 1673K: 1)Si(c);SiC(c);Al(c); 2)Al(c); 3)C(c);
4)Si(c);SiC(c);  5)C(c);  SiC(c);Al4C3(c); 6)C(c);SiC(c);
7)C(c);Al4C3(c); 8)Al(c);Al4C3(c); 9)SiC(c);Al(c); Al4C3(c);
10)SiC(c);Al(c); 11)SiC(c);Al(c); 12)SiC(c). Al-Si-C 50% of
the triple system C(c);SiC(c); 30% of the triple system SiC(c),
the remaining 20% make up the remaining compounds of the
triple system.

In Figure 1(b) Al-Si-C triple system forms 12 compounds at
a temperature of 1873K: 1)Si(c);SiC(c);Al(c); 2)Al(c); 3)C(c);
$Si(c);SiC(c);  5)C(c);  SiC(c);Al4C3(c);  6)C(c);SiC(c);
7)C(c);Al4C3(c); 8)Al(c);Al4C3(c); 9)SiC(c);Al(c); Al4C3(c);
10)SiC(c);Al(c); 11)SiC(c);Al(c); 12)SiC(c). Al-Si-C 50% of
the triple system C(c);SiC(c); 30% of the triple system SiC(c),
the remaining 20% make up the remaining compounds of the
triple system.

In Figure 2(a) at a temperature of 1673K, the Al-Cr-Si
triple system shows that it forms 19 compounds: 1)Al(c);
2)Si(c); 3)Al(c);CrSi(c);Cr5Si3(c); 4)Al(c);CrSi(c); 5) Al(c);
CrSi(c);CrSi2(c);  6)Al(c);Cr(c);  7)Si(c);Al(c);CrSi2(c);
8)Si(c);Al(c); 9)Al(c);Cr(c);Cr3Si(c); 10)Cr(c); 11)Cr(c);
Cr3Si(c); 12)Cr3Si(c); Cr5Si3(c); 13)Al(c); Cr3Si(c);
Cr5Si3(c); 14)CrSi(c);Cr5Si3(c); 15)CrSi(c); 16)CrSi(c);
CrSi2(c); 17)Si(c);CrSi2(c); 18)Al(c);CrSi(c);Cr5Si3(c).
35% of this triple system AI-Cr-Si belongs to compounds
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such a CrSi(c);Cr5Si3(c); 20% is Si(c);CrSi2(c); 20% is
Si(c);Al(c); the remaining 25% is the remaining compounds.

System: |- Si-C;

T=1673K, p= 0.1MPa
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Si(c), SiC(c)
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Figure 1. Diagram of the phase composition of the triple
system AI-Si-C at temperatures: 1673K(a), 1873K(b)

In Figure 2(b) at a temperature of 1873K, the Al-Cr-Si
triple system shows that it forms 20 compounds: 1)Al(c);
2)Al(c);Cr3Si(c); 3)Al(c);CrSi(c);Cr5Si3(c); 4)Al(c);CrSi(c);
5)Al(c);CrSi(c);CrSi2(c);  6)Al(c);Cr(c);  7)Si(c);Al(c);

CrSi2(c); 8)Si(c);Al(c); 9)Al(c);Cr(c);Cr3Si(c); 10)Cr(c);
11)Cr(c);Cr3Si(c);  12)Cr3Si(c); Cr5Si3(c); 13)Al(c);
Cr3Si(c); Cr5Si3(c); 14)CrSi(c);Cr5Si3(c);  15)Al(c);

CrSi2(c); 16)CrSi(c);CrSi2(c); 17)Si(c);CrSi(c); 18)Al(c);
Cr5Si3(c); 19)Cr3Si(c); 20)CrSi(c);CrSi2(c). of this triple
system  Al-Cr-Si  belongs to compounds such a
CrSi(c);Cr5Si3(c); 20% is Si(c);CrSi2(c); 20% is Si(c);Al(c);
the remaining 25% is the remaining compounds.
Ferrosilicochrome with a silicon content of ~48% is ob-
tained by carbothermic method in ore-thermal furnaces with
a transformer with a capacity of 10-20 MWA by a continu-
ous process. The charge is loaded constantly, in small por-
tions on the surface of the grate in the zones adjacent to the
electrodes. According to the smelting process and depend-

ing on the grade of the alloy obtained, there are two meth-
ods for producing ferrosilicochrome: single-stage (slag) and
two-stage (slag-free). In the one-stage method, the charge
consists of chromium ore, quartzite and a carbon-containing
reducing agent (coke, semi-coke, briquetted peat, brown
coal, graphitization waste, etc.), and in the two-stage meth-
od - of quartzite, carbonaceous (transfer) ferrochrome and
carbon-containing reducing agent (coke, semi-coke, special
coke and coal) [11-13].

System: AI-Cr-5i; T=1673K; p=0.1MPa
18
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Figure 2. Diagram of the phase composition of the triple
system AI-Cr-Si at temperatures: 1673K(a), 1873K(b)

Currently, both methods are practiced. The indicators and
advantages of each of them are characterized to a large extent
by the degree of refinement of the technology and the con-
sumption of electricity. The economic efficiency of ferrosili-
cochrome production depends on the cost of charge materials
and on the content of target elements in the alloy: chromium
and silicon. The advantage of the single-stage method of
ferrosilicochrome production is the increased extraction of
chromium into the alloy, however, the total electricity con-
sumption for ferrosilicochrome smelting (48-50%) with the
two-stage method is lower (6700-7300 KW-h) than with the
single-stage (8200-8855 KW'-h).
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Table 1. Chemical composition of the starting materials

Chrome Ore, %

Cr,03 51.73
SiO, 7.76
CaO 0.53
MgO 17.75
Al,O3 8.32
Fetotal 9.42
S 0.012
Puncture loss 2.10
Al-Cr-Si, %
Cr 36.92
Si 25.11
Al 14.41
C 1.48
Fe rest

The composition of the briquetted charge is as follows:

- chrome ore (0-0.5 mm) - 69.1%;

- Aluminosilicochrome (0-0.5 mm) - 30.9%.

As a binder, liquid glass was used in an amount of 6-7%
of the dry weight of the charge. The density of liquid glass is
1.46-1.48g/cm?®, silicate modulus SiO»/Na;O = 2.64-2.84.
Before briquetting, the raw materials, first in a dry state, and
then with a binder in the specified ratio, were thoroughly

Table 2. Chemical composition of melting products

mixed and briquettes in the form of cylinders with a diameter
of 10 mm and a height of 10-15 mm were obtained. The
briquetted charge was dried in a laboratory muffle furnace at
a temperature of 200-250°C for a duration of 3 hours. The
chemical composition of the briquettes is given in Table 2.
Lime with a CaO content of >95% was used as a fluxing
material.

The resulting alloy in chemical composition met the re-
quirements of the standard. The results of the smelting are
shown in Table 2. As can be seen from the table, the slag
compositions were characterized by different basicity values.
The amount of reducing agent varied to find the optimal value.

In terms of carbon content, the resulting metal corre-
sponds to the grades of medium-carbon ferrochrome accord-
ing to GOST 4757-91. Table 2 shows that the use of a sili-
con-aluminum reducing agent - Alumosilicochrome in the
process of metallothermy of refined ferrochrome leads to the
formation of alumina-containing slags. The concentration of
alumina in them ranges from 15.07-30.55%, while according
to standard technology it is 5-7%. Consequently, there is a
significant change in the chemical composition of the slags.
In this regard, it became necessary to study the features of
the slags obtained by the new technology [9].

No Metal

B Cr Fe Si C Cr,03
1 66.88 29.05 1.22 1.96 5.26
2 68.08 27.82 0.66 2.33 6.31
3 63.24 33.47 0.42 0.77 5.43
4 68.72 26.79 0.39 3.24 5.67
5 67.22 28.29 1.05 1.18 511
6 67.28 28.31 1.02 131 2.17
7 66.38 30.58 1.03 1.13 4.25
8 67.48 29.81 1.06 1.25 5.07
9 67.26 28.34 0.20 3.20 5.68
10 68.87 26.01 0.78 2.94 6.26

Slag Ca0
CaO SIOZ MgO A|203 FeO SIOZ
31.87 23.43 13.59 30.55 0.55 1.36
33.69 24.23 11.43 27.29 0.62 1.38
33.52 23.44 13.65 18.98 0.71 1.43
31.88 20.50 13.22 14.90 1.08 1.55
37.59 24.06 13.07 18.07 1.12 1.56
32.62 20.46 10.07 21.07 0.82 1.59
39.98 24.53 13.03 17.17 0.93 1.63
39.75 23.66 14.11 16.09 1.04 1.68
34.54 21.69 14.26 15.07 1.23 1.73
41.43 23.18 11.16 15.32 2.05 1.79

4, Conclusions

A model of the Alumosilicochrome alloy was constructed
by computer modeling. The data obtained by calculation
showed the correctness of the molten metal-containing alloy.
All identified phases were obtained by thermodynamic model-
ing during the melting process. This shows the correctness of
the calculations.

In the course of the analysis of the results obtained, it was
found that the triple systems Al-Si-C, Al-Cr-Si, which are the
main components of the studied metallic system Al-Cr-Si-C,
undergo large-scale changes in the composition and number of
phases. Although the decline in quality and impoverishment of
ores and raw materials is a serious problem, it is known that
the demand and requirements for metallurgical charge materi-
als are growing. Therefore, the ways to fully study the materi-
als involved in metallurgical production and expand the possi-
bilities of obtaining the necessary alloys are relevant. The
results of the work presented in the article do not allow the
processes of melting the initial products without preliminary
research. The computer program used allows you to choose
the right charge materials to assess the composition and quality
of the products being smelted. The presented simulation re-
sults correctly and accurately reflect the phases that form the
basis of the Aluminium-chromium-silicon alloy when using
high-ash coals. the number and volumes of condensed phases

and the processes of obtaining alloys in accordance with state
standards are determined.
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Komnbrorepitik 0aFgapiaMa KeMeriMmeH TepMOIUHAMUKAJIBIK
MOJIeJIbAeY IAiCi aPKBLIBI 2KOFAPHI KYJAI KOMipJjepai KOJIaHBII
KellleHl KOPBITIAa aJIy MYMKIHJIIKTEPiH 3epTTey

b.C. Kenamanos, [I.A. Ecenranues, O.P. Capues, A.M. AxyoB
K. )Kybanos amuvinoaser Axkmebe eyipaik ynusepcumemi, Akmobe, Kazaxcman

*Koppecnonoenyus ywin asmop: kelamanov-b@mail.ru

AnpaTrna. KaszakcTaH TeppUTOPHACHIHIAAFBI JKOFaphl KYJNIi KOMIpJepIiH TEXHUKAIBIK KYPaMbBIHAAFbl KETEKII
3JIEMEHTTEPIIH MeJIIepi KemeHAi KOPBITHa alyFa MYMKIiHIIK Oepemi. OckiFaH colKec, KEMICH[I KhIIIKBUICHI3IaHIBIPFHIMI
JKOHE TOTBIKCHI3TaHABIPFBIIT Oojya amaTelH AXC KOPBITHACHIH Ay MYMKIHAIKTEPiH XKaH-KAKTHI 3epTTE€Y ©3€KTi MaceJelep
Karapeiaga. YcoiHsuiran Makamama Cr-Si-Al-C kxylieciHiH TepMOIMHAMHKAIBIK JHarpaMMaliapblH TaJldayIblH 3epTTey
HOTHOKEJNIEP] KEATIPUIreH, MYHa TEPMOAMHAMUKAIBIK MOJIMETTED HeTi3iHae Herisri TopT koMmmoHeHTTi Cr-Si-Al-C xyliecinig
[IeKapaNblK YINTIK JKyHerepi caimblHFaH. benrimi Oip ¢aszamapaslH OpKaiChICHl YIIIH CHIATTaManap OepilireH, OJapIbIH
KOMeriMeH XpoMm Oap OankbIMaiap KypamIapblHBIH JKajllbl >KYHECIHIH HaKTbl MOJENIH OJIapAblH HOPMAaTHBTIK (a3ajbIK
KypamapslH ecenteil oThIpsIN jxkacayra Oomampl. Cr-Si-Al-C skyiieciHiH yUIOYpBIITaApbl OPHATBULABL, OJap KYJi JKOFaphl
KOMIpJi KOJIJJaHa OTBIPBIN, ATOMHHUH CHIMKOXPOM KOPBITIACHIH OalKbITYy KE3iHJE alblHFaH MeTaul OyHbIMAAPbIHBIH
KYpamapeiH MoayJsiusiiansl. Mozgensaey notmkecinme Al-Si-C, Al-Cr-Si, yir KOMIOHEHTTI yilenepiHiy (a3aiapbiHbIH
HETi3ri KOMIIOHEHTTEPi aHbIKTanAbl. KOHJCHCAIMsUIAaHFAH XOHE ra3 Topi3ai (ha3aimapibl KOPCETETIH KeJieMep MEH TYC
MHTEerpajiapsl aHblKTananapl. KpeMHUI aqfOMMHHH KOPBITHANAPBIH OHAIPY TEXHOJIOTHSCHI JKOFaphl KyJI KOMIpiHIH KyJliHEH
OKCHATEPAl KeH TePMHAJIBIK IEIITEPAET] 63 KOMIPTEriMEH TOTHIKCHI3JaHABIPYFa HETI3/AETeH.

Hezizzi co30ep: dicozapbl Kynoi KOMIp, (eppocusukoxpom, mepm KOMHOHEHMMI JiCyiie, MepMOOUHAMUKATLIK Ouazpammd,
KeMIipmex, Keiem.

N3yuyeHue BO3MOKHOCTEH MOTyUYeHUS KOMILJIEKCHOTO CILJIaBA €
HCIMO0JIb30BAHMEM BbICOKO030JbHBIX yIJIeid METOI0M
TEPMOJUHAMHUYECKOTO MOIEJIMPOBAHUSA C MOMOIIbI0 KOMIIbIOTEPHOI
NPOrpamMmbl

b.C. Kenamanos, [{.A. Ecenranues, O.P. Capues, A.M. AxyoB
Axmiobunckuil pecuonanvhvlil ynueepcumem umenu K. JKybanosa, Akmobe, Kazaxcman
*Aemop onsn koppecnondenyuu: kelamanov-b@mail.ru

Annoranusi. ConepkaHHe BEIyIIMX JJIEMEHTOB B TEXHHYECKOM COCTaBE€ BBICOKO3OJIBHBIX YIVIEH Ha TEPPUTOPHU
Kazaxcrana 1mo3BojsieT HOJIyYUTh KOMIUIEKCHBIH CIUlaB. B COOTBETCTBUHM C 3THM, KOMIUIEKCHOE H3y4YE€HHE BO3MOXKHOCTEH
noyuyenns cruiaBa AXC, KOTOPBIH MOXXET ObITh KOMIUIEKCHBIM PAaCKUCIUTENIEM M BOCCTAHOBUTEJIEM, HAXOANUTCS B YHCIIE aK-
TyaJlbHBIX BOIPOCOB. B craTbe mpeacTaBieHbl pe3yibTaThl MCCIIEA0BAHUS aHAIN3a TEPMOAMHAMUYECKUX JHAarpaMM MHOTO-
KoMmroHeHTHO# cuctembl Cr-Si-Al-C, rie Ha 0CHOBE TepMOIHMHAMHYECKUX JAHHBIX [IOCTPOCHBI TPAHIYHBIC TPOMHBIE CHCTEMBI
6a30Boii geThIpexkommoneHTHOU cuctembl Cr-Si-Al-C. B pesysbrare OBUIH OMpENCNICHBl KOMIIOHEHTBI KOHIEHCHPOBAHHBIX
(a3 MHOTOKOMIIOHEHTHOH CHCTEMBI. J[aHBI OIMCAaHUS U KaXXIOH W3 ONpelelIeHHBIX (a3, C HOMOLIBI0 KOTOPBIX MOXKHO CO-
3[0aTh TOYHYIO MOJETb OOLIEH CHCTEMBI COCTABOB XPOMCOAEPIKAIIUX PACIUIABOB C PACUYETOM MX HOPMATHBHBIX (ha30BBIX CO-
craBoB. beun ycranoBnensl Tpeyronsaukn cuctembl Cr-Si-Al-C, Moaymupyomue cocTaBbl MONTy4aeMbIX KOMIO3HIMI MeTal-
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JMYECKUX W3JCIIHI NPH BhIMJIABKE AIFOMOCHIMKOXPOMOBOTO CILJIaBa C MCIOJIb30BAHUEM BBICOKO30JIbHBIX yrilel. B pesyibrare
MOJIEJIMPOBAHUS OBUIM BBISBICHBI OCHOBHBIE COCTABIAIOIIME (a3l TPEXKOMIOHEHTHHIX cucteM Al-Si-C, Al-Cr-Si.
OnpenenstoTcss 00bEMBI U IIBETOBBIC HHTETPAJIbI, YKA3bIBAIOIINE HA KOHJICHCUPOBAHHYIO M Ta3000pa3Hyro (a3bl. TexHoorus
MOJTyYCHHST KPEMHHUIATIOMHUHHUEBBIX CIUIABOB OCHOBAaHA HA BOCCTAHOBJICHHH OKCHJIOB M3 30JIBI BBICOKO30JIBHOTO YIS
COOCTBEHHBIM YIJIEPOJOM B PYJTHOTCPMUYCCKUX IEUaX.
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Abstract. The article presents the results of computer thermodynamic modeling and experiments on the production of fer-
roalloys of the production of ferroalloys from a mixture of tailings for sulfuric acid leaching of oxidized copper ores from the
Almaly, Ayak-Kodzhan, Aktogay, Kounrad, Shatyrkol deposits, containing (%): 65.2Si02; 14.2Al,03; 7.4Fe;0s; 2.4K50;
2.7Nax0; 6.6Ca0; 2.8MgO; 0.2CuO. The simulations were carried out using the HSC-6.0 software package based on the Gibbs
minimum energy principle, as well as the research planning method using a rotatable second-order plan (the Box-Hunter plan).
Experiments on melting a mixture of tailings were carried out on the Tamma furnace in isothermal mode. The influence of tem-
perature and the amount of carbon on the equilibrium degree of distribution of silicon, aluminum and the concentration of these
metals in the alloy was determined. Based on the results obtained, it was found that the equilibrium interaction of a mixture of
heap leaching tailings of copper ores with carbon and iron occurs with the formation of FeSi, FeSiz, FeSizss, FesSis, FeSizas,
FesSi, Si, SiO,, Al, SiC, CaSiOs, Al;SiOs, MgSiOs, K2SiOs, NazSiOs, Cu, CO. An increase in iron from 30 to 50% of the mass
of the mixture of leaching tailings and temperatures from 1600 to 2000°C increases the degree of extraction into the silicon alloy
to 83.2%, and reduces the concentration of silicon in it from 40-41.41% (at 1800°C) to 30-31%, aluminum at 2100°C from 8.3%
to 5.5%. Ferrosilicon of the FeSiss brand with the extraction of 74-81.9% Si from it is formed at 1780-1910°C, 30% iron and
34% carbon, and the FeSias brand with the extraction of 70-76% Si into it is formed in the temperature range of 1660-1730°C in
the presence of 43.5-50% iron. Determines the influence of temperature 1000-2100°C and iron. To achieve high (>80%) silicon
in the alloy, a temperature of at least 1800°C and an 80-minute duration of the process are required.

Keywords: oxidized copper ores, leaching tailings, thermodynamic modeling, rotatable planning, electrofusion, ferrosilicon.

1. Introduction agent (an aqueous solution of tricarbonate acid together with
citric acid) to obtain a solution of copper nitrate [9]. Current-
ly, the main method of heap leaching in copper oxidized and
mixed ores is sulfuric acid leaching [10-17, 2].

The processing of heap leaching solutions is currently
carried out using the so-called SX-EW technology, which
consists in the selective extraction of copper from the solu-
tion into an organic phase (extractant) during liquid extrac-
tion, followed by its electrolytic deposition from the re-
extract. The main advantages of this technological scheme
for processing solutions are: low investment and production
costs, high purity of the final metal — cathode copper (from
99.999 to 99.9995 copper). In recent years, about 16-19% of
cathode copper has been produced worldwide using heap
leaching -liquid extraction — electrolysis (SX-EW) technolo-
gy [18-21]. In Kazakhstan, which has large reserves of cop-
per [22], this method is used to extract copper from various
deposits [23]. Flotation and leaching of oxidized copper ores
have an obvious disadvantage - the formation of multi-
tonnage waste in the form of flotation tailings and sulfuric
acid leaching tailings, with which silicon, iron, aluminum is
lost. Therefore, the degree of integrated use of copper ore is
quite low.

In contrast to the known methods of processing such a
category of raw materials, which provide for the preferential

The main methods of processing oxidized and mixed
copper ores are flotation and leaching. It is shown that in
order to improve the flotation of this category of ores, they
must be pre-sulfidated using sulfur, hydrogen sulfide, sodium
sulfides of barium, aluminum, polysulfides and sodium thio-
sulfate, which make it possible to convert copper oxide min-
erals into floatable forms up to 95% copper [1]. Low rates of
flotation concentration of copper oxide ores are due to the
presence of oxide minerals in the ores.

Various reagents are used to leach oxidized ores: acids
(hydrochloric, sulfuric, nitric), alkalis, cyanide and ammonia
solutions [2].

It is shown that hydrochloric acid and its mixture with ni-
tric acid, because of the gold and silver used for leaching,
because of their high price, it is not economically feasible to
leach copper. In addition, hydrochloric acid belongs to ag-
gressive difficult-to-regenerate solvents [3, 4, 5]. Ammonia
leaching has no great prospects due to the toxicity of ammo-
nia [6]. Cyanide solutions [7], due to their high toxicity (0.3
mg/m?) and high NaCN consumption, also have no prospects
in the technology of extracting copper from ore. Recently,
there have been publications on the leaching of mixed ores
with a solution of ammonium sulfate [8] and an organic
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extraction of the main element, it is necessary to search for
innovative technologies that ensure the complex processing
of raw materials with the extraction of not only non-ferrous
metals from raw materials, but also non-metallic components
and iron [22].

The purpose of this work was to determine the conditions
for the formation of ferrosilicon from a mixture of sulfuric
acid leaching tailings of several oxidized copper ores of
Kazakhstan.

2. Materials and methods

Thermodynamic modeling was carried out using the HSC
— 6.0 software package based on the Gibbs minimum energy
principle [24]. On the basis of the algorithm developed at M.
Auezov SKU [25], we calculated the equilibrium degree of
the distribution of elements and the concentration of ele-
ments in the alloy. The method of thermodynamic modeling
was combined with rotatable planning of the second plan (the
Box - Hunter plan) with the derivation of regression equa-
tions, the construction of volumetric and planar images [26,
27, 28]. The action of silicon, aluminum and the concentra-
tion of metals in the alloy. This method, due to its high in-
formation capacity, was used by us in the processing of vari-
ous natural and man-made raw materials [29-31].

The studies were carried out with a mixture of heap
leaching of five Kazakhstan oxidized ores, the composition
of which is shown in Table 1.

Table 1. Chemical composition of leaching tailings of oxidized
copper ores of Kazakhstan

Ore deposit Content, %

tailings  Si0, AlLO; CaO MgO NaO K0 CuO Fe,0;
Ayak-Kodzhan | 63.0 136 32 4.8 37 16 03 9.8
Aktogay 700 160 55 10 33 36 01 25
Kounrad 719 129 38 30 29 27 01 5.6
Almaly 699 159 28 22 26 36 02 2.6
Shatyrkol 48.7 152 145 30 10 06 02 1638

The mixture of heap leaching tailings from five ores con-
tained in equal amounts, mass %: 65.2 SiO»; 14.2 Al,Os; 7.4
Fex03; 2.4 K20; 2.7 Nax0O; 6.6 CaO; 2.8 MgO; 0.2 CuO. In
modeling, of temperature (from 1000 to 2100°C), the amount
of iron (from 30 to 50% of the mass of heap leaching) on the
equilibrium degree of distribution of silicon, aluminum, the
concentration of elements in alloys at a pressure of 1 bar was
determined. The amount of carbon was constant and amount-
ed to 34% by weight of the heap leach. During melting, the
influence of temperature and time on the degree of silicon
extraction into the alloy was determined. The silicon content
in the alloy was determined by thermometric method [32].

When conducting research on the Tamman furnace, the
furnace was preheated to the required temperature. Tempera-
ture control was carried out with a BP-5/20 thermocouple.
The heating element was a graphite pipe (d=8cm, h=
70 cm, thickness =0.8). A graphite crucible (d=5cm,
h = 10 cm) with a charge was lowered into the furnace (on a
graphite stand) and kept in it for a certain time. Then it was
quickly hooked onto the cross beam of the crucible with a
steel hook and removed from the furnace. The crucible was
broken after cooling (Figure 1).
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Figure 1. Installation diagram with Tamman furnace: 1 -
transformer, 2 - graphite pipe heater, 3 - millivoltmeter, 4 - ther-
mocouple BP, 5 - upper and lower covers with water cooling, 6 -
isolation, 7 - casing, 8 - stopper, 9 - graphite crucible with charge,
10 - ammeter, 11 - voltmeter, 12 - exhaust hood, 13 - copper bus-
bar, 14 - the stand is made of refractory material, 15 - quartz tube

3. Results and discussion

It was found that the interaction in the systems, depend-
ing on the temperature and the amount of iron, occurs with
the formation of 17 substances: FeSi, FeSiy, FeSizss, FesSis,
FeSi2,43, F63Si, Si, SiOz, Al, SiC, C&SiOg, AleiOs, MgSi03,
K2SiOs, Na;SiOs, Cu, CO. The quantitative (kg) distribution
of SiO; reduction products and substances containing alumi-
num is shown in Figurel. Iron silicides (FeSi, FesSi) begin to
form at 1200°C, FesSis at Si at 1400°C, SiOg - at 1500°C,
SiC at 1600°C, Al - at 1700°C, and Alg — at 1900°C.

Figure 2 shows information about the equilibrium degree
of distribution of silicon aSi, aluminum aAl. Figure 2 shows
the distribution of silicon and aluminum in the system under
study, from which it follows that silicon in the system is in
the form of SiO,, FeSi, Si, CaSiOs, SiOg. Initially, CaSiOs,
is formed in the system, it can be seen that during the reduc-
tion, the main part of silicon passes into FeSi, Si and SiOg. It
can be seen that during the reduction, the main part of silicon
passes into FeSi, Si and SiOg. Moreover, with an increase in
the amount of iron, the degree of silicon transition in FeSi
and FesSi, increases, and in Si and SiOg — it decreases. Thus,
at 1800°C the asi(FeSi) increases from 50.3 to 70.2%, and in
Si it decreases from 23.0 to 11.1%. In the system under con-
sideration, Al>SiOs is formed already at 1000°C. Then silicon
is reduced from it at a temperature of >1200°C with the for-
mation of secondary Al,Qs, from which aluminum is formed.

As the temperature increases, the degree of transition of
silicon to CaSiO3 decreases. he degree of transition of silicon
to SiO, with increasing temperature, silicon extraction de-
creases from 70.90 to 1.01%.

The influence of temperature on the equilibrium degree
of distribution of elemental aluminum begins at 1700°C, with
an increase in temperature, the degree of aluminum extrac-
tion reaches 71.98%. Where the amount of iron is 50%, alu-
minum turns into elemental aluminum at 1800°C tempera-
ture, the degree of extraction is 2, 8.2%. The maximum de-
gree of extraction of aluminum in the elemental state is
67.32%, at 2100°C temperature.
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Figure 1. The effect of temperature and iron on the quantita-
tive (kg) of SiOz reduction products. Amount of iron: I - 30 %, 11 -
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Figure 3 shows information on the effect of temperature
and iron on asi(alloy) and aai(alloy), from which it follows
that an increase in the iron charge makes it possible to in-
crease the degree of silicon extraction into the alloy in the
temperature range 1600-2000°C to 81.5%, and aluminum at
2000°C - to 45.2% where the amount of iron is 50%. An
increase in the iron charge increases the degree of silicon
extraction into the alloy in the temperature range of 1600-
2000°C to 78%, and aluminum at 2000°C - to 30%, where the
amount of iron is 30%.
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Figure 3. Influence of temperature and iron on the equilibri-
um distribution of silicon (1) and aluminum (2): amount of iron 1
- 30%, IT - 50%

With an increase in the amount of iron from 30 to 50%,
the concentration of silicon in the alloy decreases at 1800-
1900°C from 40-41.4% to 30-31% and aluminum at 2000°C
from 5.8 to 3.1% (Figure 4).
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Bearing in mind the opposite nature of the effect of iron
on osi(alloy) and Csi(alloy), further studies were carried out
by the method of rotatable second-order planning followed
by geometric optimization. The planning matrix and research
results are shown in Table 2.

Using the data in Table 1, the regression equations were
established:

asi(alloy) =f (T, Fe) and CSi(alloy)=f(T, Fe)
asi(alloy) = - 692.47 + 0.764T + 1.318 - Fe - 5.78 - 100
4. Fe-T-1.89-10%T2-1.43-Fe? - 10*

Csi(alloy) = -182.6 + 0.276 T — 1.848 - Fe':-10*-FeT —
7.1 -10%-T2%+ 1.91 Fe?-10?

@)
@
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Table 2. Planning matrix and research results for obtaining

ores

ferroalloy from a mixture of leaching tailings of oxidized copper

© 0 N O g W N

PR e e
w N ko

Variables
Encoded Natural
Fe,
X1 X2 T, °C %
-1 -1 1658 | 33
+1 -1 1942 33
-1 +1 1658 @ 47
+1 +1 1942 | 47
1414 0 2000 @ 40
-1414 0 1600 @ 40
0 1414 1800 50
0 -1.414 1800 30
0 0 1800 & 40
0 0 1800 40
0 0 1800 40
0 0 1800 @ 40
0 0 1800 40

Osi
(alloy),
research.,
%
64.6
80.2
69.8
83.1
82.6
57.3
80.0
75.2
78.5
77.8
78.0
78.4
77.0

(al?giy) Csi
calculatée. r((az:elgl}?ﬁ,
% %
63.6 34.6
80.9 40.0
68.5 28.6
83.4 33.6
81.7 34.6
58.8 28.3
80.6 30.8
75.3 41.6
779 35.1
77.9 34.0
77.9 34.8
779 345
77.9 34.2

The obtained regression equations are adequate since the
calculated values of the Fisher criterion, respectively 6.49
and 3.119, are less than its tabular value — 6.59 [26]. Volu-
metric and planar images of changes in the degree of silicon

extraction into the alloy and the concentration of Si in it
(Figures 5,6).
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Figure 5. Volumetric (1) and planar (11) images of the effect
of temperature and iron on the degree of silicon extraction into

the alloy
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Figure 6. Volumetric (1) and planar (1) images of the influ-

ence of temperature and iron on the concentration of silicon in
the alloy

It can be seen that the degree of silicon extraction into the
alloy varies from 59.2 to 83.2%, and the silicon concentra-
tion varies from 25.6 to 42.4%. According to the silicon
content, the resulting ferroalloy has the grades FeSi» and
FeSi45 [33]

Figure 7 shows the combined information about the
change of asi(alloy) and Csi(alloy). It can be seen that medi-
um siliceous ferrosilicon is formed at a small (30-31.7%)
amount of iron at 1600-1730°C, and low siliceous - at 37-
55% Fe at a lower temperature. Table 2 shows the technolog-
ical parameters at the boundary points of Figure 7.
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Figure 7. Combined information on the effect of temperature
and iron on the technological parameters of obtaining ferroalloy
from a mixture of tailings. Amount of iron 1 - 30%, Il - 50%.
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Table 3. Technological parameters at the boundary points of
Figure 7

The -pOim o o Os; Csi ol |(|:AI
nFlgure T.°C Fe % (alloy), %  (alloy), %  (lloy), % (aoj;y)'
a 1600 370 583 30.0 - -
b 1600 500 636 25.6 - .
x 1660 500  70.0 28.0 - .
y 1720 500 750 20.7 <02 .
¢ 1730 500 752 30.0 <02 .
r 1725 483 750 30.0 <02 .
d 1780 435 700 30.0 29 .
t 2000 300 815 420 453 58
m 1925 317 806 410 26.5 21
n 2000 308 819 410 460 49
h 1930 300 803 424 23.2 26
f 1780 300 740 410 56 -

It follows from Figure 7 of Table 3 that the formation of
ferrosilicon of the FeSiss brand occurs in the fmnth region at
asi(alloy) from 74.0 to 81.9% in the temperature range of
1780-2000°C in the presence of 30-31.7% iron. In the abc
region, low siliceous ferrosilicon FeSiys is formed with a
silicon content of 25.6 to 30%. In this area there is a narrow
yer region, in which the asi(alloy) is quite high - 75-75.2. In
the xycrd plane, the asi(alloy) is somewhat smaller and is 70-
76%. The temperature in this area is 1660-1730°C, and the
amount of iron is 43.5-50%. Ferrosilicon of the FeSis brand
is also formed in the abcd plane. The temperature in this area
decreases to 1600°C, however, the osi(alloy) also decreases
to 58.3%.

To obtain Fe-Si-Al ligature containing 2.1-5.8% Al, 41.0-
42.4% Si a temperature of 1025-2000°C and the presence of
30.0-31.7% iron in the charge is required. It should be noted
that the concentration of copper in alloys is 0.17-0.29%.
According to this indicator, ferroalloy is similar to industrial
ones, in which the copper content is 0.14-0.36% [34].

Figure 8 shows the results of experiments on the effect of
temperature and time on the degree of silicon extraction into
the alloy. The research was carried out with a charge contain-
ing 35% coke and 30% steel chips by weight of the tailing
mixture (i.e. 60% tailing mixture of 21% coke and 19% steel
shavings).
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Figure 8. Influence of temperature (A) and time (B) on the
degree of silicon extraction into the alloy and mixtures of sulfuric
acid leaching tailings of oxidized copper ores: 1-according to the
experimental, 2- on thermodynamic modeling
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Figure 8 shows that in order to achieve a high Figure 8
shows that in order to achieve a high (>80%) silicon extrac-
tion into the alloy, a temperature of more than 1700°C and a
melting duration of at least 80 minutes are required.

A comparison of the results of thermodynamic modeling
with the results of experiments on melting a mixture of tail-
ings (Figure 8(I), Lines 1 and 2) shows that at a temperature
of more than 1630°C (when the rest of the silicon reduction
occurs), the degree of silicon extraction according to experi-
ments is higher than in thermodynamic modeling. (Moreo-
ver, this difference increases with increasing temperature).
This pattern is explained by the fact that during thermody-
namic modeling, part of Si is lost with gaseous SiO (Figure
2). During electric melting, gaseous SiO is also formed.
However, in the furnace, due to the presence of a solid
charge in the upper part of the crucible, SiOg is deposited in
the charge and does not go beyond the crucible, returning
with the charge to melting.

In thermodynamic modeling, the filter layer of the charge
is not considered. Therefore, the extraction of Si into the
alloy during melting is greater than during modeling.

4. Conclusions

Based on the results obtained on thermodynamic fore-
casting and experiments on the interaction of a mixture of
heap leaching tailings of copper ores with carbon and iron,
the following conclusions can be drawn:

1. In equilibrium conditions:

- interaction in the system occurs with the formation of
FESi, FeSiz, FeSi2_33, Fe5Si3, FESi2,43, FE3Si, Si, SiOz, A|, SiC,
CaSi03, A|28i05, MgSiO3, KzSiO3, Na28i03, CU, CO.

- an increase in iron from 30 to 50% of the mass of the
tailing mixture and a temperature from 1600 to 2000°C
makes it possible to increase the degree of extraction into the
silicon alloy to 81.5%, while the concentration of silicon in
the alloy decreases from 40-41.41% to 30-31%, and alumi-
num at 2000°C from 5.8% to 3.1%.

- ferrosilicon of the FeSiss brand with the extraction of
74-81.9% Si into it is formed at 1780-1910°C, 30% iron and
34% carbon.

- ferrosilicon of the brand FeSiys with the extraction of
70-76% from it is formed in the temperature range of 1660-
1730°C in the presence of 43.5-50% iron.

- Fe-Si-Al ligature containing 2.1-5.8% Al, 41-42.4% Si
is formed at 1925-2000°C in the presence of 30-31.7% iron.

2. To achieve the degree of silicon extraction into the al-
loy > 80% the melting of the tailing mixture should be car-
ried out for at least 80 minutes at a temperature of at least
1800°C.
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TOTBIKKAH MBIC KEeH/IEPiH IIaiiMaJIayblH KeK KOCIACHIHAH
(eppokopbITHIATIAPABI KOMIIBIOTEPJIK TEPMOAUHAMHUKAJIBIK MOJEIbACY
’KOHE IKCIEPUMEHTTIK OHAIPY

A M. Hypneucosa!”, B.M. Illesko?, JI.K. Aiitkynos?, A.A. Xonnacos®

M. Oyez06 amvindasvr Oymycmix Kazaxcman ynueepcumemi, Ilvivxenm, Kazaxcman
2Kasaxcman Pecnybnukacvinblly Munepanoblk wukizammul KeweHoi Kaiima enoey sconindeai ynmmulx opmanviavl, Anmamel, Kazaxcman
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AnpaTrna. Makanaga Anmansl, Asik-Koxkan, Akrorait, Konpippaa, LllaTeipken KeH OpBIHAAPBIHBIH TOTBIKKAH MBIC
KEHJIepiH KYKIPT KBIIIKBULIBI CUITUIEY KEKTEepiHIH KocmachlHaH (eppoKOphITHaNapAbl any OOWBIHIIA KOMITBIOTEPIIK
TEPMOTMHAMHUKAIIBIK MOJIEIBICY JKOHE IKCIEPUMEHTTEPIiH HoTmkenepi kenripinren (%): 65.2Si0;; 14.2Al,0s5; 7.4Fe;0s;
2.4K50; 2.7Na0; 6.6Ca0; 2.8MgO; 0.2CuO. Moxaenbaey ['mOOCTIH MHHUMAIIBI SHEPTETUKAJIBIK IPUHIIUIIIHE HETi3AeAreH
HSC-6.0 GarmapnamalibIK KeIICHIHEH, COHJAi-aK eKiHI peTTi alHaaMalbl kocmapabl (0okc-XaHTep >Kocmapbl) KoJjjaHa
OTBIPHIIT 3€PTTEY/Ii KOCHAPIAy 9ICiH KOJAaHa OTHIPHIN XKyprizinai. Temmeparypa MeH KeMipTeri MemepiHiH KpeMHHUHIIH,
ATIOMHUHUIIH Tere-TeHIIK JOpeKeciHe >KOHE OChl METalJapiblH KOPBITIAAAFbl KOHIEHTPAIMSIChIHA dCepl aHBIKTAIJIBL.
Kekcrep KocmaceiH OanmkpiTy OoifbiHIIa ToxipuOenep TamMma memriHAe H30TEPMUSUIBIK PEXAMAC KYPTi3iiami. AIBIHFaH
HOTHXKEJIEpre CYHeHe OTBIPHIN, MbIC KEHACPIH KOMIpPTEriMEH JKOHE TEMIpMEH YiMelli maimManay KeKTepiHiH KOCTIACBIHBIH TeTe-
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TEHJIIK speKeTTecyi FESi, FESiz, FeSi2,33, Fessig, FESi2,43, F63Si, Si, SiOz, Al, SiC, C&SiOs, AleiOs, MgSi03, KzSiOs, Nazsi03,
Cu, CO Ty3imyiMeH jXy3ere achIpbuiaabl. TemipfiH maimanay KeK KocmachlHBIH MaccachiHaH 30-man 50%-ra meiiin skoHe
temrnieparypanbi 1600-nen 2000°C-ka nmeiiiH yiiraiobl KPEMHHH KOPBITIIACHIHA OSKCTpakims JopexkeciH 83.2%-ra neifin
apTTHIPAJBl JKOHE OHAaFbl KpeMHMi KoHUeHTpanusichlH 40-41.41%-man (1800°C xesinme) 30-31%-ra neifiH, amoOMUHHNATL
2100°C xesinge 8.3%-nman 5.5%-ra neitin Toemenaereni. FeSis mapkanst dpeppocwinmiumii oran 74-81.9% Si ansiaeim, 1780-
1910°C, 30% Temip sxone 34% kemiprek, an FeSix mapkacel oran 70-76% Si amsibim, 1660-1730°C temmnepaTypaibik,
aiimakra 43.5-50% TtemipaiH KatbicybiMeH Ty3uieai. JKorapel (=80%) kpeMHwuiire *ery YuIiH KopbiTna kem gerenae 1800°C
TeMIlepaTypaHbl XKoHe MPoLecTiH 80 MUHYTTBIK Y3aKTBIFBIH KQXKET €Te/Il.

Hezizei co30ep: momuvlKKan Mulc KeHOepi, Wanmaiay KeKmepi, mepMOOUHAMUKANBIK MOOenbOey, AHAIMALbL HCOCHAPAAY,
anexmp OanKuimy, eppocunruyuil.

KomnbroTepHoe TepMoAUHAMUYECKOE MOAEJIMPOBAHUE U
IKCIEPUMEHTAJIbHOE NMoJIydeHHe (PepPoCIUIaBOB U3 CMeCH KEKOB
BbILEJTAYUBAHUS OKUCJIEHHBIX MEIHBIX PY/I

A.M. Hypniencosa®”, B.M. lllesko?, [I.K. Aiitkynos?, A.A. XKonnacos®
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AHHoTanusl. B cTathe mpuBOIUTCS pe3ysIbTaThl HCCIICAOBAHUI KOMITBIOTEPHOTO TEPMOIHHAMHYECKOTO MOJICITUPOBAHUS U
IKCIEPUMEHTOB M0 MOJYYeHHIO (EePPOCILIABOB U3 CMECH KEKOB CEPHOKHCIOTHOTO BhILIEIaYMBaHHS OKHCICHHBIX MEIHBIX Pyl
MecTopoxaennii Anmmaisi, Ask-Komkan, Akrorait, Koyupan, [llateipkois, comepxaireii (%): 65.2Si02; 14.2A1,03; 7.4Fe,0g;
2.4K50; 2.7Naz0; 6.6Ca0; 2.8MgO; 0.2CuO. MoaenupoBaHne MPOBOAMINCH ¢ UCIOJIB30BAHUEM IIPOIPAMMHOTO KOMILIEKCA
HSC-6.0, ocHOBaHHOrO Ha MPHUHIKIIE MUHUMYMa 3Heprun [ nb6ca,a Takke MeTo/1a INIAaHUPOBAHUS HCCIISIOBAHUI C HCIONB30-
BaHHEM POTOTA0EHLHOTO IaHa BTOPOro mopsika (wiaH bokca-Xanrepa). Onpeaessuioch BIUSHUE TEMIEPATYPhl U KOJIHYE-
CTBa yrJiepoJia Ha PABHOBECHYIO CTENEHb PACIpPEAEICHUs] KPEMHUS, aTIOMUHHS U KOHICHTPAIMIO 3TUX METAJUIOB B CIUIABE.
DKCIEePUMEHTBI IO TUIABKE CMECU KEKOB MPOBOIMIN HA ey TaMMa B H30TEPMHUUECKOM peskimMe. Ha OCHOBaHUH MOTYYEHHBIX
Pe3yJIbTaTOB YCTAHOBIICHO, YTO MO0 PABHOBECHOE B3aMMOJICHCTBHE CMECH KEKOB KYYHOT'O BBIIIETaYHMBAHUS MEIHBIX PYI C yI-
JIEPOZIOM U JKeJe30M TMPOUCXOAUT ¢ obpasoBanuem FeSi, FeSiy, FeSiyss, FesSis,FeSizas, FesSi, Si, SiOz Al SiC, CaSiOs,
Al,SiOs, MgSiOs, K,SiO3, Na;SiOs,Cu, CO. Veenuuenue xene3a ot 30 g0 50% OT Macchl CMECH KEKOB BBIIICIAUYHUBAHUS U
temrepaTypsl 0T 1600 1o 2000°C moBbIIIAET CTENEHBIO U3BJICUYEHHS B CIUIaB KpeMHuUs 10 83.2%, U yMeHbIIaeT KOHIICHTPa-
o kpemuust B HeM oT 40-41.41% (mpu 1800°C) no 30-31%, amomunus npu 2100°C ot 8.3% o 5.5%. deppocuumunmit
mapku FeSiss ¢ usBieuenunem B Hero 74-81.9% Si ob6pasyercs mpu 1780-1910°C, 30% xernesa u 34% yrimepona, a Mapku
FeSizs ¢ m3Bneuenuem B Hero 70-76% oGpasyercs B TemiepaTypHoii o6mactu 1660-1730°C B mpucyrctun 43.5-50% xernesa.
Hust noctrxkenust Boicokoro (>80%) kpemHust B ciiaB HeoOxonuma Temneparypa He menee 1800°C u 80-Ti MHUHYTHas po-
JIOJDKUTENILHOCTD TpOoIecca.

Knrwouesvie cnosa: oxucnennvie meonvle pyobl, KeKu GblUeaUUBAHUs, MEPMOOUHAMUYECKOE MOOeTUposanue, pomoma-
benbHoe nIaHUposanue, INeKMPOnIaAsKd, peppocuruyul.
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Production of gallium by electrolysis with the application
of non-stationary currents
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Abstract. Currently, the problem of sustainable increase in the production of gallium metal to ensure its use in high-tech
areas - power semiconductor electronics, energy-saving LEDs, etc. is very urgent. In world practice, electrolysis on a mercury
cathode or cementation with sodium amalgam was used to extract gallium from alkaline solutions. However, this technology is
not currently used due to the high toxicity of mercury. Cementation and electrocarburization on aluminum galley are widely
used for purified solutions. A promising method for obtaining gallium metal from alkaline solutions is electrolysis on a solid
rotating gallium cathode, the surface of which is constantly renewed with liquid gallium. To increase the efficiency of electrol-
ysis, studies of the process of gallium electroreduction with the application of non-stationary (pulsating and reversing) currents
were carried out. The use of non-stationary currents makes it possible to increase gallium extraction by 8.4-10.4% and reduce
electricity consumption by 62-68 kWh/kg Ga. The positive effect of the use of non-stationary currents can be explained by the
fact that periodic switching off the current or reversing the electrodes in the found optimal modes leads to a periodic change in
the surface tension of the gallium cathode, as a result of which the gallium surface and the adjacaent electrolyte layer pulsate,
the thickness of the diffusion layer decreases and conditions for the separation of adsorbed gas bubbles are improved. This
accelerates the diffusion of gallate ions from the bulk of the solution into the near-cathode layer. The use of non-stationary
currents makes it possible to dissolve the gallium oxide film on the cathode surface, i.e. depassurate the electrode surface.

Keywords: gallium, electrolyzer, cathode, passivation, stationary current, non-stationary current, extraction, power con-
sumption.

1. Beenenne W3Bnedenue Tamus DIEKTPOXUMHUYECKUMHU CHOCOOaMH
MIPOBOAATCST U3 IIETOYHBIX PAcTBOPOB ¢ conepxkanHueM 0.4-
170 r/om® Ga [15-17].

Hemocratkam aJieKTpojM3a HA PTYTHOM KaToJE CIEAYeT
OTHECTH TOKCHYHOCTh PTYTH M BO3MOXKHOCTh 3arps3HEHHS €10
ATIOMUHATHBIX PAaCTBOPOB; MAJYIO BEJIHMYHHY PACTBOPUMOCTU
rajuiis B pTYTH, 9YTO TpeOyeT YacTOro BhIBOJA aMajbraMbl Ha
nepepabOTKy Ui W3BJICUCHUS Tayuldsl U3 OOJNBIIOW MacChl
PTYTH. DTH e HEeJOCTAaTKH IPUCYIIH BAPHAHTY, B KOTOPOM
BMECTO JJICKTPOJIH3a C PTYTHBIM KAaTOJOM HCIIONB3YIOT Iie-
MEHTAIINIO TaJUTHs Ha amajibrame Hatpus [15].

Brierrenne rayumms U3 MIETOYHBIX PACTBOPOB IIEMEHTAITH-
el Ha rayuTaMme amOMHHUS OCYIIECTBILTIOT IyTEM IIepHOIIYe-
CKOT'O BBEJICHUSI METAUIMYECKOTO aJIOMUHHS B BUJIC TPaHYII
IpU TIEPEMEIIMBAHUU PAcTBOpPA B PEAKTOP IIEMEHTATOp, CO-
JiepKaluil 1eJ0YHOW pacTBOp M Ha JIHE - KUAKUM rajiuil.
ITon nmeiicTBUEM CUJIBI TSKECTU ATFOMUHHIA TPOXOIUT CTOJO
pacTBOpa, CIIOCOOCTBYIONIHIA CHATHIO C aIFOMHHUS OKCHIHOM
IUICHKH, YTO 00CCIIeUYnBACT CMAUYUBAHUE ATFOMHHUS [PU KOH-
TaKTe ero TPaHyJI C TaJUIMeM U 00pa30BaHHUEM TaJUIAMBL.

Crioco0 meMeHTaIy MPOCT B amllapaTypHOM ogopmIIe-
HHUH, OJTHAKO OH MIMEET PSJ HEIOCTATKOB, OCHOBHBIMHU M3 KO-
TOPBIX  SBIIIOTCS — [IIaMOOOpa30OBaHUC-IUCIICPTUPOBAHUC
JKUITKOW TaJUlaMbl M pacXof TPaHyJIUPOBAHHOTO ATFOMHUHUS.
Jis monrydeHnst 1 KT METaJUTMYeCKOTO TaJUTHS PacXo] TpaHy-
JIMPOBAHHOTO AMOMHUHHUS cocTaBisieT 20 kr. Beixon mumama
MOYKET COCTaBJIITh 1O | KT Ha KI' MOJYYCHHOTO METajLIHye-

B Hacrosmee Bpemsi pa3BHTHE MHOTHX Ba)KHEHIINX OT-
paciieil MPOMBIIUIEHHOCTH HEBO3MOXHO 0€3 MCIIONb30BaHU
MOJYIIPOBOAHUKOBBIX MAaT€puajaioB, OJHHMMHU H3 KOTOPBIX
SABJIAKOTCA COCAUHCHHUA TaJlJIus. Bnaro,uap;l YHUKAJIbHBIM
CBOWCTBAM TaJuIMs CIIPOC Ha HETO PacTeT M MpEeroiaraeTcs
JanpHelIee yBeIndeHne MOTPeOIeHHs ero B IIPOMBIIIICH-
HoctH [1].

Benymum nponsBomuteneM ramus sBisiercss Kuraid, na-
nee cnenytot I'epmanus, Kazaxcran, Ykpauna, FOxnas Kopes
n Poccus. ITo mporHozaM 3KCIepToB, CIIpoc Ha TaJuIWi Oyaer
pactu B npegenax 15% B rog no 2025 roga, U 3T0 yBeIUYEH-
HOe noTpebneHne noTpedyeT pocTa CyIIECTBYIOIIMX MOIIHO-
CTei, OCOOCHHO IO BTOPHYHON OYHCTKE, W BBOJA HOBBIX
MoOIITHOCTEH [2].

Caeimie 90% wmupoBoro Beimycka Ga obecrieumBaeTcs 3a
cuer nepepaboTKu OOKCHUTOB M YacTUYHO HedeauHoB [3-14].
Mupossie pecypcsl Ga He OIEHMBAIOTCS, TIOCKOJIBKY IUIS €To
TIPOM3BO/ICTBA UCTIONB3yeTcss MeHee 10% mepepabaThiBaeMBIX
OOKCUTOB, O00ECHEYEHHOCTh 3aracaMyd KOTOPBIX SIBIISIETCS
JIOTITOCPOYHOH.

B npoMeIlIeHHON MpakTHKE psia CTpaH rajliIui BbIAEIs-
IOT U3 aJIIOMUHATHBIX PAacTBOPOB Ipoluecca baiiepa snekTpo-
XMUMHYECKHMH CII0CO0aMH — DJIEKTPOJIM3a Ha PTYTHOM M Tall-
JIMEBOM KaTodaxX WM HEMCHTAllMKM Ha aMajlblaMM€ HaTpusd
WM TaJutame amroMuaus [15].

© 2023. S.V. Gladyshev, B.K. Kenzhaliyev, L.M. Imangaliyeva, A.K. Kasymzhanova, A.l. Manapova
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ckoro ramus. 11lmam He ABIAETCs TOBapHBIM MPOLYKTOM, €T0
PacTBOPSIIOT B LIEJIOYHOM PAaCTBOPE U BHOBb OTIPABIAIOT HA
LEMEHTALHIO.

Onextponu3 rajmms - Oe3peareHTHbIH criocob. [ponece
BOCCTAaHOBJIEHUS TajUIMs MPOBOAST HAa Pa3BUTON KaTOIHOU
MOBEPXHOCTH 3NEKTPOIU3Epa.

PazpaboTaHsbl 1Ba TUIIA DIIEKTPOIN3EPOB:

— BJIEKTPOJIU3EP C KUAKUM TaJUIMEBBIM KaTOAOM, KaTOA-
Has noBepxHocTh 0.2 M2, KOHCTpyKIHs annapaTa He M03BO-
JSIET UMETh OOJNBIIYI0O KaTOAHYIO TOBEPXHOCTH HM3-3a TPY.-
HOCTH CO31aHHA HEOOXOIMMBIX YCIOBHH IJIsI OOHOBJICHHSA
MOBEPXHOCTH JKUAKOTO TaIHs, a TakKe AUCHEpralyu rai-
1M TIpH NIepeMEIINBaHNY;

— 3JIEKTPOJIU3EP C TBEPAOM Bpalllarolieiics KaTOAHOU Io-
BepxHocThio (TBI'K) B Bune Gapabana unu auckoB. OOHOB-
JIeHHe KaTOAHOM MOBEPXHOCTH MPOMCXOIUT IPHU BpallleHHU
KaTo/a, YaCTUYHO [OIPY’KEHHOIO B XXUJAKUM raJlauil, KOTO-
pBIi HUUT B yriyOsieHre B AHUIIE BaHHHI [19].

DNeKTpOaU3epbl MOTYT PabOTaTh B MEPUOTUYCCKOM H
HETIPEPHIBHOM PEXHMMax IPH IPOTOKE pacTBOpaA.

[Ipn ucronp3oBaHMU criocoba IEMEHTALMM Ha Tajuiame
QIIOMHUHUS IJIsI M3BJICUYCHHUS OAHOW TOHHBI TaIHA PacXon
JOPOTOCTOSAIIET0 TPAaHYJIMPOBAHHOTO AFOMHUHHS BBICOKOH
yucToThl coctaBuT 40000 kr. Pacxon anekrposnepruu npu
anekrponmse cocraBiser 100-150 xkBru/kr rammms. CeGe-
CTOMMOCTh METAJUTMYECKOT0 TAJUIHSA TMOJy4YeHHOTO TpH HC-
MOJIF30BAHNHU D3JICKTPONIM3a 3HAUMTENBHO HIDKE, YeM Ipu
[[EMEHTAIHH.

i moBeImeHNA 3QQGEKTUBHOCTH 3IEKTPOJIN3a, CHIDKE-
HHUSL pacxoja 3JIEKTPOIHEPTHH, MPOBEACHBI HCCIECIOBAHUS
TpoIecca 3JIEKTPOBOCCTAHOBIICHHS! HMOHOB Tajuldsl U3 IIle-
JIOYHBIX pacTBOPOB An1ekTponn3oM Ha TBI'K ¢ Hanoxenuem
HeCcTallMOHAPHBIX (ITyJIbCUPYIOIINX H PEBEPCUBHBIX) TOKOB.

2. MeToabl 1 MATEPHAJIBI

DJeKTpoOCaXKICHNE TAIIIHS TPOBOIMIN B MJICKTPOIIH3EPE
(pucyHok 1) ¢ AHMCKOBOW Bpamaromieicss rajuIMPOBaHHOU
KaTOJHOH TOBEPXHOCTHIO [20].
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Pucynok 1. Inexkmponuzep ¢ 0uckoeoil epawjarowienica 2an-
JIUPOBAHHON KAMOOHOI nosepxnocmoio. 1 - Kopnyc snekmponu-
3epa; 2 — Kkpviwa; 3 - anod; 4 - KamoOHwlil MOKONPo6ood; 5 - Ka-
moouvlil 6an; 6 - Kamoouwlll OUCK; 7 - Kamepa O0na zperoujeil
scuoxkocmu; 8 - wkue; 9 - éan ona npueooa; 10 -necywan cmoii-
Ka; 11 - ceon ona zannusn; 12 - cecon ona zperoweni sncuoxocmu; 13
- ¢pmopnnacmosasn emynka; 14 - onopa ona wkuea; 15 - omeep-
cmue 0 3anuea pacmeopas; 16 - onuwe; 17 — exnaoviuuu
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TexHIYECKHE XapaKTePUCTHKH IEKTPOIA3Epa:

— pabounii 06bem Banus 3.0 v,

— MaTepHal BaHHbI OPICTEKIIO;

— nmuaMeTp karogHoro aucka 8.0 cm;

— KOJIMYECTBO JIUCKOB 7 IIT;

— IIOLIA b KATOIHOM TOBEPXHOCTH 6.3 1M

— peryaupyeMasi CKOpOCTbh BpallleHHsl KaTOIHBIX JIMCKOB
0-1.0 m/cex;

— perynupyemas norpebasemas cuia Toka 0-1000 A/m?;

— perynupyemasi TeMIiepaTrypa ImojaorpeBa dJIeKTPOJIuTa B
BaHHe asekTponusepa 50-70°C.

B KOMIUIEKT yCTaHOBKH RJIEKTPOJIA3EPa BXOIAT BBIIIPS-
mutens Mapka DM-130 mvZ (Alinko,), aBTOMaTHdeckwuii
CTa0MJIM3aTOP HANpPSDKEHHS OJXHO(A3HBIH, 3JEKTPOHHOTO
tuna, mapku ACH — 2000/1-C, ¢upmsr PECAHTA, Tupu-
cTopHsbIit mpeodpazerens 1T 2-34-50 u kOHTpoONHUpPYIOIIKE
HaIpsHKEHUE U CHITy TOKa IPHOOpBHI.

DJIeKTPOJIM3Eep COCTOUT M3 BaHHBI, C JBOMHBIMU CTEHKa-
MM, ¥ KPBIILIKHU BBITIOJIHEHHBIX U3 OPICTEKIIA.

OnexTpoim3ep CHAOXKEH BaJlOM, Ha KOTOPOM 3aKPETICHBI
KaToNBl, BBHINIONIHEHHBIC B BHC Kojen. KaTomaHble KOJbIla
3aKpeIUIeHBl Ha BaJly C IOMOIIBIO TUCKOB, BHIMIOJHEHHBIX U3
AIEKTPOU3OIIAIIMOHHOTO MaTepraia. KaToqHbIi TOKOIOIBOA
BEITIOJTHEH B BHUJE YTIyOJICHHS B IHUINE BaHHBI Ha BBICOTY
cedeHMsI Konbla. B yrayOneHwe A yMEHBIICHHS 3a70J1-
JKEHHOCTH KaTOJIHOTO MeTajljla yCTAaHOBIICHbI BKJIA IBIIIH.

BepTukanbHble aHOAHBIC IJIACTUHBI, AHOAHBIC LIHHBI,
BaJI C KaToJaMH M NPUBOJ BpAalICHUsS Baja 3aKpeIIeHbl K
KpBILIKE 3JIeKTposu3epa. Kpblika aeKkTpoin3epa sBiseTcs
CHEMHOM.

B xavecTBe kKaToa MCIIOIF30BaHbI AVCKH, BEITIOTHCHHBIC
m3 cramu Ctl mOKpEITEIE TayumueM. [lOBepXHOCTH KaTona
repe;]] TaJUTHPOBaHUEM IITH(OBAIH, TOJUPOBAIUA M 00€3KH-
puBanu B pactBope, r/mm> NaOH - 20; Na,CO; — 25;
NazSiOs; — 10. O6paboTKy pacTBOPOM MPOBOAMIN TIPH TEM-
neparype 70-90°C B teuenune 10-30 MHH /0 IMOJHOTO CMayu-
BaHMA BOJOH. PacTBOp 00€3KMpUBAHUS C IOBEPXHOCTH
9JIEKTPOJia CMBIBAJIM ropsiuell Bojoi. C LeNbI0 HCKITIOYEHUS
Ipolecca OKHUCIIEHHS BJIEKTPOJ| IOMEIald B BOJHBIA pac-
TBOp, coaepxkamuit 5% consiHol KucioTel. [loaroroBien-
HBIH BJIEKTPO]] MOKPHIBAJIM TaIMEM MYTEM MHOTOKPAaTHOTO
TIOTPYXXEHUSI AIIEKTPOJa B )KUAKUHN rajulnii, Ha IOBEPXHOCTh
KOTOporo HanuT npotpaBousslii pactBop (HCI 20%) ¢ Tem-
mepatypoit 70-80°C. IIpoaomKuTensHOCTh TaJUTHPOBaHUS 1-
2 muH. M30BITOK KHUIKOTO TaJUIHS CHUMAIU C IMOBEPXHOCTH
9JeKTpoAa (UIBTPOM, CMOYCHHBIM pPacTBOPOM COJITHOM
kucaotsl (HCI 5%).

Perynmupyemas cKopocTh BpalieHHS KaTOTHBIX AUCKOB
3JIEKTPOJIM3epa COCTABICT 10 1 M/c. YBeInUeHUe THHEHHOM
CKOPOCTH BpalICHUs MCKOB OKAa3bIBAET IOJIOKUTEIHHOE
BIIMSIHUE, KaK Ha cHiTHE NU((y3HOHHBIX OTpaHUYCHUI, TaK
U naccuBanuio katona. OJHAaKoO yBEJIMUEHHE CKOPOCTH Bpa-
ureHus Boie 1.86 M/C BBI3BIBACT JUCTIEPTHPOBAHUE HKUIKO-
TO TaJUIHsl, KOHTAKTHPYIOIIETO C BPAIIAIONINMCS KaTOIOM.
[pu muHeiHOW cKkopocTH Katoma 0.3 M/C TPOMCXOTUT
HAKOIUICHHE TOHKOTO CIIOSI OKCHIHOW TUICHKH TaJlIHS, KOTO-
past yaepKHBaeTCsl Ha MOBEPXHOCTH KaToJa B CTOPOHY Bpa-
menns. OKcuIHAs IJICHKA PAcIiollaracTcsi B BHIC CHMMET-
PUYHOTO CHUTMEHTa, HMMEET CEpOBATBIH IIBET W MPOYHYIO
CTPYKTYpPY, NOCKOJbKY INpU JIMHEHMHONH CKOPOCTH paBHOMH
0.6 M/c cumMmeTpuyHasl KpUBM3HA Kpasl IJICHKH HE Hapyla-
ercs. Ilpu nanpHeWIIEM yBEIMYEHUH CKOPOCTU BpalllEHUU
KaTo[a reOMETPHS TUICHKA M3MEHSI0Ch U mpu 1.86 m/c mpu-
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HUMaJjla BUJ U3JIOMaHHOM mpsiMoid nuHMU. Hanuuume Hako-
MUBIIETOCS CJIOS TUICHKH, CKOJB3AIMIETO HEMOCPEICTBEHHO
MO 3CPKaJbHON MOBEPXHOCTH CJIOS TaJUTUs KaToJia, CIOCO0-
CTBYET HamOoJiee MOJIHOMY MEXaHUYECKOMY CHSATHIO BHOBB
00pa30BaBIIErOCs OKCUIHOTO TACCHBHOIO CJIOS CO Bcei
MOBEPXHOCTU KaTOJIa, TO €CTh MPOUCXOJUT €€ AETMacCUBUPO-
BaHHUE.

Ilepen myckoM 3ieKTponu3epa yriryOJICHHUE KaTOIHOTO
TOKOIIOABOAA 3aIlOJHSIOT JKUAKHUM TajZIneEM. Y CTaHaBJIMBa-
FOT B DJICKTPOJM3EP KPHIMIKY C 3aKpPEIUICHHBIMHA Ha HEHl Ba-
JIOM, KaTOJaMH, aHOJHBIMHU IUIACTHHAMM, aHOAHBIMH IIIHHA-
MU ¥ TpuBoIoM. CBepXy B DJEKTPOIHU3Ep depe3 maTpyook
MOJArOT pabounii IMEKTPOTUT. BKIIIOYAIOT 3JEKTPOTIPHBO,
BpAlllalOIUK Ball, BKIIOYAIOT MOCTOSIHHBIM TOK W MPOBOJIST
anekTponu3. OnTuMainbHas TemrepaTypa 3JeKTPOJUTa J0-
CTUTAETCS PETYyIUPOBKON MOJayu OXJaXJarolledl BOABI B
pyOaiky smekTponusepa. [Iporecc MOKHO TPOBOINTH Kak B
HETPEPHIBHOM, TaK M B MCPUOJUYCCKOM DPEKHME IOJAYH
anekTponuTa. Hacrosimiyie uchbITaHus ObUTH MPOBENEHBI B
MIEPUOTUICCKOM PEIKUME.

DNEeKTPONHU3 TaJUIAs BEITH C WCIOJB30BAaHHEM CTaIlHoO-
HApHOTO W HECTAI[OHAPHOTO TOKOB B IMEPHUOTUYCCKOM pe-
JKUME MPU KaTOJHOM IUIOTHOCTU ToKa 50 MA/cMZ, crile ToKa
3.5 A, npu MPOJOIKUTETLHOCTH 8 YacoB.

ITocne snextponmsza ramuid u 1nwam (0e3 pacTBopa)
OCTaBJISLUTU HA CYTKH, a 3aTEM Pa30rPEBAIU IO TEMIIEPATYPHI
200-300°C w otmemsym rammid. [llmam BeDKMManu depes
KalpOHOBYIO0 TKaHb, CMOYEHHYIO IIEJIOYHBIM PAaCTBOPOM.
ConepkaHue Traulds B [UIAME MNPUHUMANIH JUI1 pacyera
paBHBIM 85%.

B pabote mcronp30BaH raJuIHACOISPIKAIIUN aTFOMUHAT-
Hb1i pacTBop, cocrasa r/am®: Ga 0.29; NaOos 207.5; NazOyy
198.0; A|203 73.5.

3. Pe3yabTaThl U 00Cy:K/IeHHE

IIpoBeneHbl WUCTIBITAHUS BJIMSHUS CTAIMOHAPHBIX W He-
CTAITMOHAPHBIX TOKOB Ha TEXHOJOTHYECKHE IT0Ka3aTeln
nporecca 3JIeKTponu3a ramwms [21-22].

DNEKTPONU3 TaJUTHS C HUCIOJIb30BAaHHEM CTAIl[HOHAPHBIX
TOKOB. BinsiHME KaTOMHOM IUIOTHOCTH TOKAa Ha JIICKTPOIIU3
raJuTHsl IPUBEICH Ha PUCYHKE 2.

W3 pucyHka 2, a cienyer, 4To MpH IJIOTHOCTH TOKAa Me-
Hee 30 MA/cM? rannuii U3BNEKaeTCs ¢ HU3KUMH TI0Ka3aTens-
MH, 9TO BBI3BAHO CMEIICHHEM ITOTCHIIMANa KaToJa B JJICK-
TPOMOJIOKHUTEIFHYIO CTOPOHY.

Ha pucynke 2, 60 moka3aHo, 4TO C MOBBIIICHHEM KaTOJ-
HO#M ToTHOCTH ToKa ¢ 30 10 90 MA/cM? U3BICUEHHE U ChEM
TaJTUST BO3PACTAIOT COOTBETCTBEHHO ¢ 46.7 no 70.7% wu co
115 go 280 r/m?.cyT, 3aTeM MOKa3aTeldd CTaOMIM3HPYIOTCH,
TaK KaK 3HAYMTEIBHO BO3pPACTACT KOHICHTPAIIMOHHAS OJIs-
pu3ansi. BeIXoJ rajuids mo TOKy M PacxoJ dJICKTPO3HEPTUH
YXyIIIAITCA B HHTEpBaie IUIOTHOCTeH Toka ot 30 1o
125 mA/em? cootserctBenHo ¢ 3.0 mo 1.07% u ¢ 85 mo
363xBT1.u/kr Ga, 4TO CBSI3aHO CO CHH)KEHHMEM JOJH TOKa,
WAYyIIei Ha BOCCTAHOBIICHHE TajulaT — HOHOB U3 MIEJTOYHBIX
pacTBopoB (5). B cBsI3W ¢ 3TUM ONTUMAaIBHOW TUIOTHOCTBIO
TOKa W3 MPUBEACHHBIX PE3yIBTATOB CleAyeT cuuTaTh 45-55
MA/cM?, TIpE KOTOpO#i 3a 3 Yaca JOCTUraeTcs M3BIEUEHHE
54.0-64.3%, cbem ramius 232-253 r/mM2.cyT, BBIXO 1O TOKY
2.2-2.5% w pacxoji TEXHOJOTHYeCKOW anekTposneprun 130-
160 kBr.u/kr Ga.
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Pucynok 2. Bnuanue KamooOHoU niA0OMHOCMU MOKA HA mex-
HO0ZUYeCKue noKa3amenu J1eKmMpoau3a 2aniua: a — usmMeHeHue
Konyenmpayuu z2annusa 3a 2 (kpueas 1) u 3 uaca (kpueaa 2)
Inexmponusa; 6 — nokazamenu npoyecca 3a 3 waca 31eKmpoJiu-
3a; 3 — uzeneuenue; 4 — cvem 2annus; 5 — pacxoo rneKmpoiInep-
2uu; 6 — 6bIx00 2annus no MoKy
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BnusiHue TeMmeparypsl pacTBOpa Ha 3JIEKTPOJIHM3 TauTUs
IpeJCTaBICH Ha PUCYHKE 3.
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Pucynox 3. Brusanue memnepamypusl pacmeopa Ha mexnono-
2uueckue noxazamenu ynekmponusa 2annus (Jx — 50 mA/cm?, la
— 18 mA/em?, [Ty — 2.48 A/omP): 1 — evixo0 zannusa no moky; 2 —
cvem 2annus; 3 — uzeneuenue; 4 — pacxoo neKmpoInepuu

W3 Xoma KpUBBIX PUCYHKA 3 CIIEAYET, YTO C TOBBIIICHHEM
TeMnepaTypsl pactBopa ¢ 33 1o 52°C Bce mokazaTelu mpouec-
ca yNydlIAloTCs: M3BJIEYEHME rajulis Bo3pacTaeT 3a 3 dvaca
anekrpommza ¢ 42.7 no 67.8%, cvem ramwms co 170 no
270 r/m?.cyT, BBIXOA 10 TOKY ¢ 1.70 10 2.68%, a pacxon >JeK-
TposHepruu cHinkaercs ¢ 230 go 124 kBt.w/kr Ga. O0bsicHe-
HHEM D5TOMY SIBISIETCS CHIDKEHHE BSI3KOCTH pacTBOpa, 4TO
TIOJIOKUTETBHO CKa3bIBAaeTCs Ha Iporieccax Anddy3un u nera-
3amuu 3nekTpormTa. OZHAKO C TOBBIIICHHEM TEMIIEPaTypHI
cBbimre 52°C moka3aTeny Mporecca CHIDKAIOTCS, 9YTO BBI3BAHO
TTOHIDKEHUEM TIePEHAIIPSDKEHUS U BRIICIICHUS BOAOPOIa W3
HCTIONIE3YEMBIX MIPOMBIIUICHHBIX PACTBOPOB.
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[IpuBeneHHBIC PE3yaBTATHI TOKA3BIBAIOT, YTO OMTHMAIb-
HOM TeMIIepaTypoii ayieKTposnTa spisieTcs 45-55°C.

Takum 00pa3oM, MPOBEACHHBIC Ta0OPATOPHBIC HUCCIIEIO-
BaHUs MO ONTHMHU3AI[UM TPOIECCa BOCCTAHOBJICHUS HOHOB
ramus anektponauszoM Ha TBIK, ¢ ucnons3oBanuem craiu-
OHApPHOTO TOKAa IIOKAa3aJid, YTO MPH KATOIHOH IUIOTHOCTHU
Toka 45-55 MA/cm?, Temneparype snektponuta 48-55°C wu
MPOJOJDKUTEIBHOCTH 3JIEKTPOJIN3a 3 Yaca CTEIICHb U3BJICUe-
HUS TAJUTHSL U3 pacTBOPOB fmocturaet 67.8%, creM rammms ¢ |
M? KaTo/HO} nosepxHocTH 270 T, BLIXOA 110 TOKY — 2.68%, a
pacxo TEXHOJIOTHYECKOH AIEKTPOIHEPTHH  COCTaBISAET
124 xBT.4/KT Taums. DIEKTPOJI3 TAUIHS ¢ HCIIOIb30BAaHUEM
HECTAIIMOHAPHBIX TOKOB. VccienoBaHbl pa3MUdHBIE PEKIMEI
MyJIbCUPOBaHUs (PUCYHOK 4a) M peBEpCHPOBaHUS (PUCYHOK
40) MOCTOSTHHOTO TOKA.
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Pucynox 4. Buosl necmayuonapusix mokog

W3ydenne BIUAHUS TPOTOIDKUTEIBHOCTH OTKIFOUCHHUS
TOKa (Torx) IPH HAJIOKEHUH MIPSAMOTO TOKA B TEUCHHE 6 MUH.
(Tnp) HA TEXHOJOTHYECKUE IOKA3aTENH 3JIEKTPOJIH3 TaJUTus
NIPUBECHBI HA PUCYHKE 5.
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Pucynok 5. Bruanue onumenshocmu omknloyenus moka Ha
mexHo02u1ecKue nokaamenu rnekmponusa 2ainua: 1 — coem
eannua; 2 — uzenevenue; 3 —6vixo0 winama; 4 — pacxoo nekmpo-
IHepzuu

W3 naHHBIX pUCYHKa CIEIyeT, YTO C YBEJIMYEHHEM MpO-
JOJDKUTEIFHOCTH OTKIIFOYEHHs ITyJIbCHpyoiero Toka 1o 0.3
CeKyHJ] IpH BBIOPAHHOM BPEMEHH MOAAYM IPSMOTO TOKa
W3BJICUYEHHE TAUIHA Bo3pacTtaeT ¢ 72.4% mo 79.3%, a pacxon
3NIeKTpodHeprun cHikaercss ¢ 424 no 363 kBr.u/kr Ga.
VYiydmieHne mTOKa3zaTeldeld JIEKTPOIn3a MOXHO OOBSICHUTH
aKTUBH3alMell nmoBepxHOcTH Karona. [Ipu o Oornee 0.3 ¢
U3BJICYCHUE U CHEM TaJlIvsl M3JaloT, a pacxo]| 3JIEKTPOIHEp-
TMU Y BBIXOJ| IIUIaMa BO3PAcTaloT, YTO, OYEBUIHO, CBSI3aHO C
YBEJIMUCHNEM BpPEMEHH PAaCTBOPEHHsI KaTOXHOro raumms. B
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STHX YCJIOBHSX, BEPOSTHO, MPOIECC MOHHU3AINH TaJUUs TIpe-
BAIMPYET HaJ TOJOXHUTEIHHBIM A(P(PEKTOM aKTHBU3AINN
KaTOJHOW TOBepXHOCTH. ONTHMANbHAS BETUUNHA Tor JICKUT B
unrepsaie 0.2+0.4. [Ipy npooHKUTEIBHOCTH AIIEKTPOIH3a 3
yaca M3BJIEYEHUE Tajuius Jocturaer 62.7%, mpu 3ToM OITH-
MaJlbHasl BEIMYUHA Torx Bapbupyercs B npezaenax 0.4+0.6 c. B
5THX YCJIOBMAX CheM ramius ¢ 1 M? KaToHOM HOBEPXHOCTH B
cyTku cocTaBiisul 210 T pu pacxo/ie TEXHOJIOTUYECKOM AJeK-
TpodHepruu 165 kBT.4 Ha | KT BOCCTAHOBIIEHHOTO TaJIITHSL.

TakuM 00pa3oM, ONTUMANBHBIN PEKUM OTKIIFOUEHUS TO-
Ka 3aBHCHT OT IUTUTEIFHOCTH 3JICKTPOJIH3a, T.€. OT KOHIICH-
TPaLNH TAJUTHSA B UCXOTHOM PacTBOpE.

W3ydenne BIUSHUS TPONODKUTEIFHOCTH HAJIOXKCHUS
IPSIMOTO TOKa (Tnp) TPH IMTOCTOSIHHOM Torx = 0.3 ¢ Ha 37eKTpo-
OCaXJICHUE TaJUTHS IPUBE/ICHBI HA PUCYHKE 6.
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Pucynox 6. Brusnue onumensHocmu ominioYeHus moka na
mexHon0cuYecKue noKazamenu IneKkmponusa 2anun: 1 —evixoo
winama (BILD); 2 — pacxoo snekmposnepzuu (W); 3 — coem zannus
(p); 4 — uzeneuenue zannus (€)

M3 xona KpUBBIX BUIHO, YTO ONTUMAJbHON BEIMUYMHON
Thp sABiIgeTcs 5-15 MUHYT, IpH KOTOPO#i 3a 8 YacoB AOCTHTa-
ercs uzBneuenue 80.8%, 00beM ramius 101 r/m.cyT; pacxon
anekTposHepruu 356 kBr.u/kr Ga u Berxox miama 165%.

[Ipu cHWXEHNU YacCTOTHI ITYJIbCHPOBAHUS TOKA, T.€. TPH
Tup> 15 MUHYT, 3P PEKTHBHOCTh HAIOKEHHS ITyIHCHPYIOIIC-
r0 TOKAa YMEHBIIIACTCS HM3-32 MAJOH YacTOTHI CHATHUS HAIps-
JKEHUSI, a IIPU Tnp < 5 MUHYT— BCJIEJICTBHE YaCTOTO OTKIIIOYE-
HUSI ¥ PACTBOPEHHS METAJUINYECKOTO Tajuusl. YiKe HPH Tnp
25 MHHYT W3BJICYCHUE TAJUIHSA U €r0 00BhEM MAaJaroT MPaKTH-
YECKH JI0 TI0Ka3aTeNiel AJICKTPOJIM3a TaJUTHs MPH HCIIOJIB30-
BaHUM CTAIIMOHAPHOTO TOKA.

DNEeKTPOIN3 TAJUTHS IPH HAIOKEHUH PEBEPCUBHOTO TOKA.
W3ydenne BIHSHUS AIUTEIHHOCTH PEBEPCHPOBAHUS TOKA
(Tosp) TIPH TTIOCTOSTHHOM Torc 1.5 MHHYT Ha 3JIEKTPOOCAKICHHE
TaJuTHs IPUBEICHBI Ha pUCYHKE 7.
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Pucynok 7. Bauanue onumenvHocmu peeepcuposanus moka
Ha mexHono0ZuYecKue nokazamenu jnekmponusza zanausa: 1 —
cvem 2annus; 2 — uzeneuenue; 3 —6vlxo00 winama; 4 — pacxoo
2N1eKmpoInepeuU



S. Gladyshev et al. (2023). Engineering Journal of Satbayev University, 145(5), 18-24

W3 nomy4eHHBIX JaHHBIX CIEAYET, YTO C YBEIMICHUEM JUIH-
TENBHOCTH PEBEPCHPOBAHUS TOKA M3BICUCHUE TaJUIUS BHA-
yaye Bo3pactaet ¢ 72.4% no 82.8%, a pacxon 3JIEeKTpodHEP-
ruu cHmkaerces ¢ 424 no 362 kBr.u/kr Ga, BciaeACTBUE aKTH-
BU3AIIMH ITIOBEPXHOCTH, BHI3BAHHON PE3KUMH U3MEHEHHSIMH B
JIBOMHOM 3JIEKTPUYECKOM CJIO€ Y KaToja. 3aTreM INpH Toop
Gosiee 0.15 cekyHI M3BJIEYEHHE U ChEM TaJUIHsl NAJaloT, a
pacxoj AIEKTPOIHEPIHU M BBIXOJ IIaMa BO3pAacTaroT, YTO
OOBSACHSETCS YBEIIMUCHHEM BPEMEHU PACTBOPEHHS METaIUIH-
YEeCKOT0 TaJuIisg Ipu oOpaTHOM moTeHnuane. OnTuMaibHas
BEJIMYMHA Tosp JI€kHT B nHTepBasie 0.10-0.17 c.

[Ipy mpomOMKNTETBHOCTH IIEKTPOIN3a 3a 3 Jaca CheM
rammus gocturaetT 217 r/MP.cyT, a pacxop 2NeKTPOIHEPTHU
cocraBimsieTr Bcero 163 kBr.u/kr Ga mpu  uW3BICUCHUH
65.5%.BnusHe COOTHOIICHNST aMIUIUTYL OOpaTHOTO M Tpsi-
MOT'0 TOKOB IIPH Tgp 1.5 MUHYT U Tosp 0.10 ¢ Ha 31exTpooca-
JKJICHHE TaJuInsl IPUBEICHBI Ha pUCYHKE 8.
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Pucynok 8. Biuanue coomnouwienusa amnaumyo o6pamnozo u
NPAMO20 MOKOG HA MEXHOI02UYecKUe NOKA3amenu INeKmpoiusa
eannua: 1 — cvem cannus; 2 — uzeneuenue; 3 —6vix00 waama; 4 —
Pacxoo neKmpoInepzun

W3 pucyHka BHIHO, YTO ONTHMAIBHOE COOTHOLICHUE
Joop:lnp. PaBHO 1.0-1.4, mpu KOTOpOH JOCTUraercs HU3BiIeUe-
e 79.3%, cveMm rawma 99 r/m%.cyT, a pacxop SIEKTPO-
SHEPrMM © BBIXOJ IUIaMa COCTaBJISIOT COOTBETCTBEHHO
380 kBt.u/kr Ga u 245%. Kuneruka mporecca BOOCTaHOB-
JICHWs. MOHOB TaJUTHS TTOKA3bIBACT, YTO 33 3 yaca 3JICKTPOIIU-
3a cheM rammms gocturaer 194 r/m2.cyT, a pacxos dIEKTPo-
JHepruu cocraiseT Bcero 188 kBT.u/kr Ga npu U3BICUCHUH
ramums 58.6%. TexXHHKO-?KOHOMHYECKHE TOKa3aTeNN SJIeK-
TPOJIU3a TAJUIHS [PU HCMOJBb30BAHMH CTAIIMOHAPHOTO M He-
CTAIHOHAPHOTO TOKOB MPHUBEICHbI B TabuuIe 1.

Tabnuua 1. Texnuxo — IKOHOMUUECKUE ROKA3AMENU ITEK-
mMponu3a 2annus NPU UCNOIL306AHUN CHIAUUOHAPHOZ0 U Hecma-
UUOHAPHO20 MOKOE

W

Ne | Xapakrepuctuka na &% gz), Br.% xBr.wkr BIII,
n/n TOKa I/M°.CyT Ga %
1 Craunonapubii |~ 3 48.3 160 1.54 228
TOK 8 724 90 0.86 424 484
Hynscupyromwmii | 3 64.2 213 2.04 155
2 TOK Tpp, = 5-15
MUHYT, 8 808 101 0.97 356 165
Tomer. = 0.2-04 c.
Pesepeubblii 3 655 217 209 163
TOK Typ = 1.5
3 MHHYT;
T, =0.10-0.17¢ | 8 828 103 1.0 362 262
Jogp: Jup- = 1.0.

TakuM 006pa3oM MpHU MPOAODKUTEITHHOCTH JIEKTPOIN3a 8
YacOB HCIOJB30BAHUEC HECTAIMOHAPHBIX TOKOB IO3BOJISCT
MMOBBICUTH U3BJeueHue ramums Ha 8.4-10.4%, a ckem — Ha 11-
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13 r/mM%.cyT, U CHUM3UTH PAcXOJ JJIEKTPOIHEPIUU 110 CPABHE-
HUIO C WCIIOJIb30BAaHHEM CTallMOHAPHOTO TOKa Ha 62-
68 kBr.u/kr Ga.

[NonoxuTenpHOE BIMAHNE IPUMEHEHHS HECTallMOHAPHBIX
TOKOB, MOXXHO OOBSICHUTH TEM, YTO MEPUOANYECKOE OTKITIO-
YeHHe TOKAa WM NEpeIUIIOCOBKA DJIEKTPOJOB B HaWIECHHBIX
HAMH ONTHMAIIBHBIX PEXKAMAX MPUBOIUT K MEPHOTHICCKOMY
HU3MEHEHHUIO TOBEPXHOCTHOTO HATSHKCHHUS TaJUTMPOBAHHOTO
KaTo/ia, B Pe3yJbTaTe KOTOPOTO MOBEPXHOCTh raJuInsl U NPH-
JEralolid K HEMy CJIOW 3JIEKTPOJINTA ITYJIbCUPYIOT, YMEHb-
maercst TodmuHa AU((GY3HOHHOTO CJIOSI M YJIy4IIAKTCS
YCIIOBHS Ul OTPBHIBAa aACOPOMPOBAHHBIX IMY3BIPEKOB Tasa.
3t0 yckopsieT audQy3uio raiar — HOHOB U3 o0beMa pac-
TBOpa B IPHKATOAHBIHA cioil. Mcnons30BaHue HecTallHOHAP-
HBIX TOKOB IO3BOJISIET PACTBOPHTH OKCHUAHYIO TaJUTHEBYIO
IUVICHKY Ha KaTOJIHOH MOBEPXHOCTH, TO €CTh JeNacCUpOBaTh
MOBEPXHOCTh ANEKTPO/JIA.

[pu HanoX)eHUn 0OPaTHOrO TOKA MPOMCXOJHUT PACTBOpE-
HHUEC MaJIbIX KOJIHWYECCTB HpI/IMCCCﬁ C Y4aCTKOB KaToJa, 4TO
YMEHBIIAET BBIICICHHE BOJOPOJa Ha 3THUX YdYacTKax, CIO-
COOCTBYET JIeNacCHBallUi M CHIDKEHHIO KOJIMUECTBA HABOO-
POKEHHOTO TAJTUEBOTO IIIaMa.

4. BeIBOABI

IIpoBefieHbI HCCIICAOBAHKS BIHSHHUS CTAlIMOHAPHBIX M
HECTAI[MOHAPHBIX TOKOB HA TEXHOJOTMYECKHE IMOKa3aTelln
npotecca 3JIeKTPOIIU3a rauTusl.

Pe3ynbraThl HWCCIENOBAaHUN SJIEKTPOJM3a Tajuldsl HA
TBI'K u3 ouMIilleHHBIX aIFOMHUHATHBIX PacTBOPOB Mpolecca
Baiiepa ¢ HalOXEHWEM MYJIBCUPYIOIIUX U PEBEPCUBHBIX
TOKOB, TIOKa3aJlo, YTO HCIOJIb30BaHHE HECTAI[HOHAPHBIX
TOKOB IO3BOJISICT 3HAYUTEIHHO WHTCHCU(PHUIIIPOBATH KATO-
HBIH TPOIECC BOCCTAHOBIJICHHSI TaljaT — HOHOB, MOBBICUTH
u3BneueHue rammus Ha 8.4-10.4% u CHHM3HTH pacxoj| dJeK-
TposHepruu Ha 62-68 kBr.4/kr Ga.

BaaroagapHoctb

PaGora Bemonnena npu noyiepxxke KH MOH PK no
porpaMMHO - [ejeBoMy ¢uHaHcupoBannio BRI18574006
«Pa3paboTka HMHHOBAIMOHHBIX OE30TXOAHBIX TEXHOJOTHH
nepepadOTKH MHHEPAIBHOTO U TEXHOT€HHOTO CHIPhS [[BETHOH
Metajutypruu KazaxcraHa v noJTy4eHUsI HOBBIX MaTepHasioB.
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CranuoHapJbIK eMec TOKTapabl KOJAAHY apKbLIbI TAJLIHI
IJIEKTPOJIH3IH a1y

C.B. T'nagpmmes, b.K. Kemxkanues, J.M. Umanramuesa”, A.K. KacsivxanoBa, A.. Manamosa

Satbayev University, Memanrypaus u ke 6aiiimy uncmumymsl, Anmamsl, Kasaxcman

*Koppecnondenyus ywin asmop: Leila.imangalieva@mail.ru

Anparna. Kazipri yakpeITTa sKOFapbl TEXHOJOTHSIIBIK callaiapa — )KapThiIai TKI3Till DIEKTPOHUKA, SHEPTUSHBI YHEM/IEH-
TiH KapbIK AMOATApPHI XKOHE T. 0. malganaHy sl KAMTaMachl3 €Ty YIIiH MeTaJul TaJUIinid eHAIPICiH TYpaKThl Kypy Moceleci eTe
©3eKTi OOJIBIT TAOBLIAAB. OIEMIIK TOXKIpHOeae CLITIN epiTiHAiNepIeH Tl ary YIIiH CHIHAII KaTOBIHA YJICKTPOIIN3 HEMece
HATPUIl aMabraMachIMEH IIEMEHTTEY KOJIIAHBUIIBI. AJaijia, Ka3ipri yakpITTa OYJI TEXHOJIOTHS CHIHAITHIH JKOFAphl YBITTBI-
JBIFBIHA OalIaHBICTBI KOJJAHBUIMAMIBL. AJIOMHUHHN TrajylaMIarbl I[EMEHTTCY JKOHE OJJIEKTPOIEMEHTTEY Ta3apThUIFaH
epITIHALIep YIIiH KeHiHeH KOAanbuiaabl. CUITUTIK epiTiHAUICpICH METAJLT TaJUIMi aJTyIbIH MePCIICKTUBANIBI 9/1iCi-0eTi CYHBIK
raJUTMAMEH YHEMi KaHAPTBUIBIN OTHIPATHIH KATTHl aifHaIMalibl TaJUTMPJICHTCH KaTONTAFhI 3JCKTPOJH3. DJEKTPOJIH3IH
THIMIUITIH apTTHIPY YLIIH CTAllMOHAPJIBIK eMec (ITyJIbCalMsIbIK JKOHE PEBEPCUBTI) TOKTApIbIH KadaTTacybIMEH TaUTHHIIH
9JIEKTPMEH TOTBIKCHI3/IaHy IMpOIEciHe 3epTTeyiep Kyprizinal. TypakTsl eMec TOKTapAbl NaifaiaHy Traiuid eHuipiciH 8.4-
10.4%-ra apTTHIpyFa JKOHE SJEKTP YHEPTHACHIH TYTHIHYIH 62-68 kBT/kr Ga-ra a3aiiTyra MyMKiHAIK Oepeni. CTanmoHapIIBIK
eMeC TOKTapHAbl KOJTaHYIBIH OH 9CEPiH TOKTHIH ME3TLI-ME3TiI oIlyi HeMece TaOBUIFaH OHTANIIBI PeKUMAEpIE dIEKTPOATap-
JIBIH KaiiTa KOCBUTYBI TaJUIMPIICHTEH KAaTOATHIH OCTTIK KEepiTyiHiH MEe3TiI-Me3Til e3repyiHe OKEeNill COKTBIPaIbl, HOTIKECIHAe
raumid 0eTi MEH OFaH iprejiec JIIEKTPOJUT KabaThl MynbcarusuiaHanbel, THGOQY3UIIBIK KaO0aTTIH KaJBIHIBIFRI TOMEHICHI
JKOHE afICOPOIMsUIaHFaH Ta3 KeNipIIKTepiHiH OeliHy jkaFmainapsl )kakcapaasl. byt ranmnat HoHAapBIHBIH epiTiHAlI KeJIeMiHeH
KaTOAThI KabaTka auddy3usaceid Tezaereni. CTalMOHAPIBIK eMec TOKTapbl KOJJaHy raJuliil OKCHUJIl [UICHKAChIH KaTo/1 OeTiH-
Jie epiTyre MyMKIHJIK Oepe/i, SFHU JIEKTPOATHIH OCTiH e accanusiaipl.

Hezizzi co30ep’ eannuil, s1ekmponusep, Kamoo, naccusayus, CMayuoHapivlK MoK, CMayuoOHapblK emec MoK, IKCMpaKyus,
INEKMP IHEPSUSICHIH MYTbIHY .

HOJIy‘IeHI/le raiuind 3JICKTPOJIHU30M C HAJIOKCHUEM HECTAIIUOHAPHBIX
TOKOB

C.B. I'nmagpimes, b.K. Kemxanues, JI.M. Umanranuesa”, A K. Kaceimkanosa, A.1. Mananosa
Satbayev University, Hucmumym memannypeuu u o6o2awenus, Aimamol, Kazaxcman
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AnHoranusa. B HacTodlmee BpEeMs BCCbMa aKTyajlbHa np06neMa YCTOﬁqHBOFO HapaliyuBaHusg IIPOU3BOACTBA
MCTAJUIMYCCKOIO Trajuiusa  AJisd obecrieyeHuss €ro HCIOJb30BAHMS B  BHEICOKOTEXHOJOTHYHBIX chepax — CujoBasa
MOJYTIPOBOAHUKOBAsS 3JICKTPOHUKA, 3Heproc6eperammne CBETOAUOABI U AP. B MPIpOBOﬁ MPAaKTUKE IJId U3BJICUCHUS raJljikus U3
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IIEJIOYHBIX PACTBOPOB NPHMEHSUICS JICKTPOJIM3 Ha PTYTHOM KaTole WM LEMEHTAlusd ¢ aMmanbraMoi Harpus. OIHaKo B
HACTOsILIee BPEeMs 3Ta TEXHOJIOTHS HE HCIIOJIB3YeTCs U3-3a BBICOKOM TOKCHYHOCTH PTYTH. LleMeHTalus n 31IeKTpOLeMeHTaLH
Ha aJTIOMHUHHEBOH rajulaMe MIMPOKO MPUMEHSIOTCS ISl OYMIICHHBIX PacTBOPOB. [lepcrieKTHBHBIM cITocOOOM MOJTydEeHUS! Me-
TAJUIMYECKOTO TaJUIHS M3 IIEJIOYHBIX PAaCTBOPOB SIBIISETCS 3JIEKTPOJIM3 Ha TBEPAOM BpAILAIONIEMCS! TJLITMPOBAHHOM KaToJIe,
MOBEPXHOCTh KOTOPOT'O MOCTOSIHHO OOHOBJISETCS JKUAKUAM TaiuiueM. [{yist noBeimenus 3 QekTHBHOCTH 3JIEKTpoIn3a NpoBee-
HBI UCCJIEZIOBaHMS MPOLIEcca MIEKTPOBOCCTAHOBIICHNUS TJUIHS C HAJIOKEHNEM HECTAI[OHAPHBIX (ITyJIbCUPYIOLIUX U PEBEPCHB-
HBIX) TOKOB. VcIionp30BaHNe HECTalMOHAPHBIX TOKOB ITO3BOJISET IMOBBICUTH M3BJIeueHHe rauus Ha 8.4-10.4% u cHU3NTH pac-
X0 3JeKTpodHeprun Ha 62-68 kBt.u/kr Ga. [lonoxuTenpHOE BIUSIHUE NPUMEHEHHS! HECTAIIHOHAPHBIX TOKOB, MOKHO OOBsIC-
HHUTb TEM, YTO IIEPHOANYECKOE OTKIIFOUSHHE TOKA WM NEPETUTIOCOBKA JIEKTPOIOB B HAMJICHHBIX ONTUMAJIBHBIX PEXXUMaX IPH-
BOJHUT K IIEPUOANYECKOMY HU3MEHEHHIO ITOBEPXHOCTHOTO HATSDKCHHUS TaJUIMPOBAHHOTO KaTola, B PE3yJbTaTe KOTOPOIro IO-
BEPXHOCTh TAJUIUS M NPUICTAIOINHA K HEMY CJIOH 3JIEKTPOJINTA MYJIbCHPYIOT, YMEHBIIACTCS TOMIHMHA TH(PHY3HOHHOTO CIIOS U
YITy4IIaloTCSl YCIOBHUS IS OTPhIBA aIcCOPONPOBAHHBIX ITy3BIPHKOB Ta3a. JTo yckopseT nuddy3uro rajuiaT — HOHOB U3 00beMa
pacTBOpa B IPHKATONHBIA cioi. Mcronb3oBaHHE HECTAIMOHAPHBIX TOKOB IO3BOJISIET PACTBOPUTH OKCHAHYIO TaJUIHEBYIO
IUICHKY Ha KaTOJHOW ITOBEPXHOCTH, T.€. ACHACCHPOBATh IIOBEPXHOCTH HJIEKTPOIA.

Kniouesvle cnosa: cannuil, snekmponusep, Kamoo, naccusayis, CMAyUOHAPHbILE MOK, HeCIMAYUOHAPHYIT MOK, U36/leueHle,
Pacxoo0 1eKkmpodHepeUlU.
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Abstract. The paper deals with analysis and findings of investigation of technogenic plumbum-zinc slag residuals that in-
volve a great deal of poisonous compounds such as cadmium, osmium, plumbum, zinc, hazardous origins of environmental
contamination. In connection with the outdoor storing of slags, an excess of the plumbum critical concentration was derived.
Technogenic slag residuals’ reclamation is crucial for minimizing the detrimental effect on health and safety, improving the
region’s ecological setting. At that, slags are high-value crude materials involving rare-earth and non-ferrous metal compunds.
The paper demonstrates the findings of laboratory tests of slags to specify the quantitative and qualitative composition of high-
value components in the plumbum residuals, the ability of their subsequent treatment and reclamation. The heavy slag fraction
material was investigated on JEOL IXA-8230 Electron Probe microanalyzer. The running slag sample’s X-ray diffraction
analysis was carried out on DRON-4 diffractometer with graphite monochromator, Cu radiation. Heavy fractions were separat-
ed from the samples, artifactural polished microsections (briquets) were made. The polished microsections were investigated in
index-matching fluids and under LEICA DM 2500P microscope. The findings identified that plumbum slags involve a consid-
erable body of non-ferrous metal compounds, which allow to make the reclamation of poisonous plumbum residuals functional

and cost-effective.

Keywords: plumbum-containing slags, heavy metal, high-value components, slag, reclamation.

1. Introduction

In metallurgy, the essential environmental conservation
area is to implement disposable technologies and crude mate-
rials’ multiple use technologies. This provides ore benefica-
tion, rational completeness of major and accompanying ele-
ments’ extraction, residuals’ reclamation without harming
the environment.

In 2011, due to various economic reasons, Shymkent
Plumbum Factory was decisively closed. Nevertheless, the
environmental situation of the city is as before negatively
exerted by collected slag residuals to the number of 2 million
tons kept in outdoor storings under the action of atmospheric
precipitates, aerial oxygen and sun rays [1]. The plumbum
factory slags are important crude materials containing vari-
ous non-ferrous metals, currently non-ferrous metals ob-
tained from secondary crude materials play an important role
in overall balance of non-ferrous metals’ production and
consumption in Kazakhstan: their share with regard to the
total non-ferrous metal production is about 25% [2]. For
instance, it is the authors’ opinion that plumbum has an ap-
preciated economic value, plumbum application area has
changed in recent years, now approximately 80% of world
usage is in the electric battery sector. Plumbum’s pliability,
density and anti-corrosion properties till now are aggressive-
ly applied in construction of reservoirs for caustic liquids’
storing and defense against radiation and X-rays. Plumbum is
applied when producing pigments, paints, other chemical

compounds [3]. Automobiles use plumbum-acid batteries.
The cause for common plumbum use in batteries in automo-
bile and industrial engineering is that plumbum can provide a
great deal of electricity needed to power a car starter in a
short period of time [4].

Besides, batteries are applied for providing the electrical
current, for driving such massive carriers as electric or diesel
submarines and locomotives, as a source for reserve energy in
plants involving critical functions such as telecommunication
and inpatient facilities. Plumbum has the highest use factor in
metal reworking. It is applied in IT sector as additive and
solder, in chemical industry as a component in paints and
reagents’ production [5]. By virtue of its unique physico-
chemical features, plumbum has identified a spot in different
engineering products’ manufacture, for instance in protective
roofs of structures and buildings. The metal’s high noncorrod-
ibility, strength, simplicity of operation are major benefits in
its application, as well as for application in medical goods to
protect against gamma rays, in spectrographic and X-ray
equipment production. Plumbum is a constituent of printing
alloys, anti-friction metals, yellow metals, bronzes [6].

One more non-ferrous metal offered for recovery when
treating plumbum residues is zinc. It is applied to galvanize
metal goods for giving them corrosion-inhibiting properties.
Thereby, the quest for it persists strong owing to the explo-
sion in the rust-inhibiting coatings’ production. Zinc is also
applied in typesetting materials, alloys (silver, nickel, brass)
production [7]. Zinc compounds are also applied when pro-
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ducing glaze, glass, rubber pigments for paints. Another
substantial range of use is for formulating corrective facial
pastes, pharmaceutical dosages [8].

Hereby, the most profit-proved and powerful way for cut-
ting down spoils’ detrimental effect on the city’s ecological
setting is their subsequent treatment. In fact, after non-
ferrous metals’ recovery, it is possible to apply slags when
producing constructional materials and cement, as plumbum
residuals consist of 75-85% of silicon, calcium and iron
oxides [9, 10].

2. Materials and methods

2.1. Experimental part

The research thing is plumbum-containing slag dumps
from the plumbum factory, that are inventoriable costs. For
identification of plumbum slags’ reclamation and treatment
ways to recover plumbum and zinc oxides, there are many
papers founded on the necessity for identification of non-
ferrous metals and other compounds’ quantitative content
and chemical composition [11]. The main research objective
is development of enabling technology to treat plumbum
residuals allowing to involve them in reclamation in the
capacity of recoverable resources. This in turn will enable
reasonably apply environmental assets and decrease the areas
with the residuals [12].

Tentative data on the plumbum residuals received in the
operating cycle demonstrated that the plumbum residuals are
metallurgical slags. The plumbum-containing slag particles
have the shape of irregular granules, the material density in
the granular material is 2 t/m3, the slope of repose is about
35°, the particle size essentially ranges from 2 to 6 mm, at
that they represent a little of particles with the size of around
10 mm. Table 1 represents dry plumbum residual compo-
nents [13].

Table 1. Dry plumbum-zinc residual components

Element Pb  Zn Cu Fe Si0, CaO K,0 S 0
Digital 5 35 981 097 2531 2462 1621 142 135 101
quantity 6

Notice: The digital quantity of the sample is the mean of a randomly
chosen sample

To identify the plumbum residuals’ chemical composi-
tion, the authors made chemical, thermal, X-ray phase and
spectral analyses in Almaty at Institute of Geological Scienc-
es named after K.I. Satpayev and at Institute of Metallurgy
and Ore Beneficiation of the National Academy of Sciences
of the Republic of Kazakhstan [14].

The material constitution was investigated on a black
granular slag material with the size of the particle from 2 to 6
mm. The sample was separated into heavy fractions from
which artifactural polished microsections (briquets) were
made. They were investigated using LEICA DM 2500P mi-
croscope. With it, the sample was investigated using the
microscope in index-matching fluids, whereby the sample
was chosen for subsequent investigations [15, 16].

The running slag sample’s X-ray diffraction analysis was
carried out on DRON-4 diffractometer with graphite mono-
chromator, Cu radiation. The diffraction patterns’ logging
characteristics: magnification: 2000 imp; 1=20mA; U=35kV;
response time: 2 s; shooting theta: 2; detector: 2 deg/min.

26

Semiquantitative analysis was made in terms of the powder
sample diffraction patterns applying artificial combinations
and similar masses’ method. The crystal line phases’ quanti-
tative relationships were identified. ASTM Powder diffrac-
tion file and clean diffraction patterns were applied to inter-
pret the diffraction patterns. The contents were figured out
for the main phases [17]. Table 2 represents probable impuri-
ties which characterization cannot be identical because of
low contents and availability of only 1-2 diffraction reflec-
tions or defective crystallization.

Table 2. The findings of the technological slag sample’s semi-
quantitative atomic emission spectral analysis

Elements Elements’ Elements Elements’
content, % content, %
Gold <0.0002 Silver 0.001
Silicon >>1.0 Magnesium >1.0
Aluminum >1.0 Calcium >1.0
Copper 0.3 Rhenium <0.0003
Nickel 0.0025 Chromium 0.015
Antimony <0.002 Cobalt 0.005
Arsenic <0.01 Molybdenum 0.01
Iron >>1.0 Strontium 0.1
Manganese 0.2 Tellurium <0.003
Titanium 0.3 Lanthanum 0.002
Zinc >1.0 Bismuth 0.0005
Potassium <1.0 Beryllium 0.0003
Natrium >1.0 Zircon 0.01
Tin 0.001 Ytterbium 0.0002
Barium 0.3 Yttrium 0.003
Scandium 0.0005 Antimony 0.07
Vanadium 0.007 Cerium 0.005
Wolfram 0.005 Gallium 0.002
Germanium 0.001 Thallium <0.0005
Cadmium <0.0005 Plumbum 0.1
Iridium <0.001 Niobium <0.001
Arsenic <0.01 Mercury <0,003
Platinum <0.001 Palladium <0.0002
Rhodium <0.0005 Ruthenium <0.001

3. Results and discussion

Pursuant to the X-ray diffraction analysis data from Table
2, the slag samples are posed by amorphous phases similar in
composition to natural origin crystalline phases, specifically
iron oxide, zinc oxide, wollastonite, and fayalite. In the im-
mersion preparation in incident light under the microscope,
all these phases are outwardly black and amorphous, but no
crystalline formations are evidenced [18]. Diffractogram in
Figure 1 exhibits mineral phases’ identification pursuant to
the X-ray diffraction analysis data.
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Figure 1. The slag sample diffractogram
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Table 3 represents the slag sample phase constitution and
interplane distances’ findings. All posed diffraction peaks
specified in Table 3 appertain only to the mentioned above
phases. The typical diffraction reflections are seen, making it
possible to determine the phases available.

Table 3. The slag sample phase constitution and interplane
distances

d, A | % Phase
247214 938 Iron Oxide, F_ayallt_e,_ Zinc Oxide,
Calcium Silicate
2.13854 100.0 Iron Oxide, Zinc Oxide

Table 4 represents the crystalline phases’ semiquantita-
tive X-ray phase analysis findings [19].

Table 4. The crystalline phases’ semiquantitative X-ray phase
analysis findings

Mineral phase Chemical formula Content, %

Iron oxide Feo.9420 415
Fayalite, syn Fey(SiOy) 35.4
Calcium silicate CaSiOs 17.2
Zinc oxide ZnO 6.0

When analyzing Table 3, it was found that the basis of
the slag sample is an amorphous substance with the stated
crystalline phases with applied reflections.

The investigation of the sample in the polished briquet in
the incident light, exhibited in Figure 1, identified that the
slag sample is composed of an amorphous matrix with multi-
ple heterogeneous copper mineral phase inclusions outwardly
resembling natural copper sulfide minerals, like native cop-
per and chalcopyrite, that are frequently round and isometric,
have typical of chalcopyrite light-yellow color [14, 19].

The heavy slag fraction material was investigated on
Electron Probe microanalyzer for determination of industrial-
ly valuable slag minerals. To that end, the polished briquet
surface was thoroughly scanned, this helped to find out in the
sample: copper mineral phases, associated artificial plum-
bum-zinc mineral formations, to investigate their composi-
tions. The investigations were pursued using modern JEOL
IXA-8230 Electron Probe microanalyzer.

The polished briquet plane’s electron probe scan was
made for investigation of the sample matrix and very small
inclusions’ composition (Figures 2, 3, 4).

Currently, existing methods of plumbum-containing
slags’ reclamation are economically unsound. One of the
essential practical values is to enhance and generate ad-
vanced competing technological processes and devices for
secondary and technogenic crude materials’ treatment.

Figure 2. Mineral matrix with copper mineral phases’ inclu-
sions
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Figure 3. Complex copper mineral phases’ electron-probe in-
clusions in the matrix

Figure 4. Matrix with complex plumbum-zinc-ferruginous-
copper mineral phase oxides inclusions

Comparing the European patent of Carlos Alvarez Carre-
no and other authors [20], who formulated a way for optional
and innocuous to the environment co-extraction of plumbum
and silver in the form of a concentrate from hydrometallurgi-
cal wastes, it was found that it comprises oxidating desalina-
tion hydrometallurgical wastes involving at any rate plum-
bum and silver with an oxidizer and a chloride solution to
guarantee plumbum and silver dissolution selectability by
changing them to the state of dissoluble chlorides; and realiz-
ing the reaction of an impregnated leach solution received by
the above oxidating desalination with a carbonate compound
as a settler for the co-deposition of plumbum and silver in the
form of a carbonate concentrate [21]. Further, the finished
concentrate is purified by contact with a solution of a car-
bonate compound involving 0.01-0.5% plumbum and silver
chlorides in the carbonate concentrate, calculated on a dry
weight. The technical result is synchronous plumbum and
silver release into a premium concentrate [22].

Based on the above, it can be concluded that pyrometal-
lurgical ways and technics for plumbum and its alloys pro-
duction from secondary crude materials and technogenic
wastes are essentially applied in world practice. This crude
material contains plumbum in the form of sulfidoids, sul-
fates, oxides and other compounds. Plumbum-containing
crude materials’ reclaiming into intended product is con-
cerned with considerable material expenses demanding the
disposal of poisonous plumbum compounds’ gas and dust
emissions into the atmosphere that leads to the necessity to
introduce enhanced ways for the disposal of complex crude
materials of plumbum production.



Z. Bagova et al. (2023). Engineering Journal of Satbayev University, 145(5), 25-30

4. Conclusions

The chemical, electron-probe, X-ray phase, spectral anal-
yses’ findings identified that the plumbum residuals have
considerably great number of non-ferrous metal compounds:
up to 1.25% of copper oxide, up to 17% ot zinc oxide, up to
2% of plumbum oxide of the total sample mass. The non-
ferrous metals’ qualitative composition and content in the
plumbum slags makes it possible to make the reclamation of
poisonous plumbum residuals functional and cost-effective.

The next advantageous components were detected in the
heavy slag sample fraction scanning on the electron probe
microanalyzer: copper in terms of sulfides, complex com-
pounds of copper, iron, zinc and plumbum oxides that are
met as inclusions in a complex composition amorphous host
matrix.

The trial test findings helped us to single out a technology
for plumbum and zinc oxides’ more complete and selective
recovery from the plumbum residuals. When applying the
selective way for recovering non-ferrous metals, it is antici-
pated that the environment’s ecological state will be im-
proved, the negative impact on the human health will be
decreased owing to the reclamation of poisonous plumbum
residuals. At that, a noticeable contribution will be made to
the development of the natural and secondary resources’
rational use system.

Thereby, the most powerful way for cutting down spoils’
detrimental effect on the city’s ecological setting is their
subsequent treatment with an eye to gain target products
popular on the market. After non-ferrous metals’ recovery, it
will be possible to apply slags when producing construction-
al materials and cement, when installing paving slabs.
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Kypambinaa KopracblH 0ap KOXKIAapabl 3epTTey KIHe 0J1apaAbl Kdjaere
JKapaTyablH KeJieneri

3.1. Barosa®”, I.3. Type6Gekosal, Javier Rodrigo-llarri?, A.C. Konecuuxos?!, P.A. Ko3bikeepa®
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AnaaTna. Makanaga KOpFachlH OHIIPICIHIH TEXHOTEHI KO KaJIBIKTApPbIH FRUIBIMU 3€PTTEy HOTIDKEJIEpPI MEH Talaaysbl
OepinreH. 3aybIT xaObUTFaHHAH JKOHE KOWBUIFAHHAH KEHIH KajFaH KaJJABIKTap KO TYpPiHAE TOMBIPAKTBHIH, KEp acThl
CYJapBIHBIH JKOHE ayaHBIH AKOJIOTHSUIBIK JIACTaHy Ke3i 0oJbi Tabbutaasl. KopracklH eHAIpICiHIH NUTAKTaphIHIA YKOJIOTHSUTBIK
JacTaHyJBIH KayinTi Ke3i OOJBIN TaObUIATHIH KOPFACHIH, MBIPHIII, OCMHN, KaAMHN CHUSKTHI KONTETEH YJIbI KOCBUIBICTAp Oap.
TexHOreHII KOX KaJABIKTapBIH Maigara achlpy alMaKTBIH SKOJIOTHSUIBIK JKaFlaifbIH JKaKcapTy JKOHE eMip TipIIiTiriHig
Kayilci3mirine Tepic ocepiH TOMEHIETY VIIiH YJIKeH MaHb3Fa ne. COHBIMEH KaTap, IIUTAKTap TYCTi OHE CHPEK Ke3[eceTiH
METaIIapIbIH KOCBUIBICTaphl 0ap KYHABI IIMKi3aT OoJbIn TaObuiajpl. Makajana KOPFachlH OHIIPICIHIH KaJIBIKTapbIHIAFbI
KYHJIbI KOMIIOHEHTTEP/IiH CanaiblK j)KoHE CaH/BIK KYpaMbIH aHBIKTay OOMBIHIIA KOXKIAPJbl 3€PTXaHANIBIK 3€PTTEy HOTHXKEIEpi
JKOHE OJIap/Ibl 9pi Kapail eHjey MeH Kojere kapary MyMmkinmiri kepceriaren. JEOL 1XA-8230 Electron Probe microanalyzer
MapKaJibl 3JIEKTPOH/BI—30HATHl MHKpPOAHAIHM3aTOpJa KOXKABIH ayblp (paKkUMsACHIHBIH MaTepuajblH 3epTTey KYprizuiui.
Kosk/bIH OpTala cblHaMachIHBIH PEHTIeHOAN(PPAKTOMETPHSUIIBIK Talaaybl cu-caynenenyi 6ap IPOH —4 nudpakromerpinze,
rpaduTTi MOHOXpOMaTOp/a opbiHAaNFaH. CelHaManap/an ayslp Qpakuusuiap OeiHiM, KbUITBIPATHUIFAH KacaH bl aHIITH(TED
(6puxerrep) xxacanasl. AHILTHGTep LEICA DM 2500p MapKachIHBIH MUKPOCKOTIFIMEH KOHE UMMEPCHSIIBIK CYHBIKTHIKTapMEH
3epTTenai. 3epTrey HOTHKenepi OOibIHIIa KOPFAachIH KOXKIApBIHAA TYCTI MeTaigap KOCBUIBICTAPBIHBIH JKETKITIKTI KOFaphI
MeJmIepi 6ap eKeHIIri aHbIKTamAbl: KoprachkiH okcuni 0.7%-Fa meiiiH ykoHe MBIPBIII OKCHIl KOKIBIH CaJMAaKTHIK MOJIICpPiHIH
8.5%-Ha neiiiH, Oy KOPFACHIH OHAIPICIHIH YIBI KAIIBIKTaPBIH KOJIETe KapaTy MpPOIECiH TeXHUKAIBIK KOHE YKOHOMHUKAIBIK
TYPFBIIaH OPBIHIIBI €TYTe MYMKIHIIIK Oepei.

Hezizzi co30ep: KypamviHOa KOp2acviH bap Koxcoap, ayvip Memal, KYHObl KOMINOHEHmmep, KOJiC, Kauma oHoey.

I/ICCJICIIOBaHI/IH CBHUHCHCOACPKAINUX IIJIAKOB U MEPIECKTUBDbI UX
YTHWIH3AUH
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3FO0acno-Kazaxcmanckuii 20cyoapemeennviii nedazo2udeckuti ynueepcument, Ilvivxenm, Kasaxcman
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AHHoOTanus. B craTtbe mpencTaBieHsl aHAIN3 U PE3YIbTaThl HAYYHBIX HCCIECIOBAHMH TEXHOTCHHBIX IUIAKOBBIX OTXOJOB
CBHMHIIOBOTO NPOM3BOACTBA. [locie 3aKphITHS W JIMKBUIAINHY 3aBOJA, OCTABIIHECS OTXOABI, B BHJE IITAKOB, SBISIOTCS HCTOY-
HHUKOM 3KOJIOTHYECKOTO 3arpsI3HEHUsSI TI0UBBI, TPYHTOBBIX BOA M Bo3ayxa. llImaku cBHHIIOBOTO IMPOU3BOJCTBA COAEPKAT OOIIb-
10€ KOJIMYECTBO TOKCHYHBIX COCIMHEHHNH, TAKMX KaK CBHHEII, IINHK, OCMHUH, KaJMHH, KOTOPBIE SIBISIFOTCSI OMACHBIMH MCTOY-
HUKaMHI 3KOJIOTHYECKOTO 3arpsA3HEHMS. Y THIIM3aLUs] TEXHOTCHHBIX MIJIAKOBBIX OTXOJ0B HMEET OOJIBIIOE 3HAUCHNE I CHIKE-
HUSI OTPULIATENILHOTO BIIMSHUS Ha 0€30MaCHOCTh KU3HEAEATEIHHOCTH U YIIYUIIEHUS SKOJIOIMYeCKOW 00CTaHOBKH pernoHa. B
TO K€ BpeMs LIIaKU SBJISIOTCA LIEHHBIM CHIPbEM, COAEPKaIMM COCTUHEHHUS I[BETHBIX U PEIKO3EMENbHBIX METaJIOB. B cTaTthe
MOKa3aHbl Pe3yJIbTAaThl Ja0OPaTOPHBIX UCCIIEIOBAHUN IIUIAKOB 110 ONPEETICHNUI0 KaYeCTBEHHOTO U KOJIMYECTBEHHOTO COCTaBa
LICHHBIX KOMIIOHEHTOB B OTX0J/laX CBHHIIOBOI'O MPOW3BOJCTBA M BO3MOXKHOCTH JaJbHEHIIEH MX MepepadOTKH U YTHIM3ALUH.
Bbuti npoBezieHs! MCCieI0BaHusl MaTepraa TSHKEIoH (pakiiy 1UIaka Ha JIEKTPOHHO-30HAOBOM MHUKPOaHAIN3aTOpe MapKu
JEOL 1XA-8230 Electron Probe microanalyzer. PenTreHomndpaktoMeTpuieckuii aHaau3 cpeaHeil npoOsl 1UIaka BHITIOJHEH
Ha nmudpakromerpe APOH-4 ¢ Cu —miryuenuneM, rpadutoBsiit MOHOXpoMaTop. V3 mpo0 ObUIH BEIIEIICHBI TsDKENbIE (DPaKINH U
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W3TOTOBJICHBI ITOJIMPOBAHHBIE NCKYCCTBEHHBIC aHIUTH(BI (OpUKETHI). AHIIIU(BI H3ydaTHCh o]l MUKpockorioM mapku LEICA
DM 2500P 1 B *MMEpCHOHHBIX KHUIKOCTAX. [10 pe3ynbTaTaM UCCIIeIOBAaHHIA BBISBICHO, YTO B CBUHIIOBBIX IIJIAKaX COACPIKUT-
Csl TOCTaTOYHO BHICOKOE KOJIMUYECTBO COCIMHEHUI IBETHBIX METAJIOB: okcuaa cBuHIa 10 0.7 % u okcuna uuHka ao 8.5 % or
BECOBOT'0 KOJMYECTBA IIIaKa, YTO MMO3BOJISCT CAEIATh MPOIECC YTHIN3AIMHA TOKCUYHBIX OTXOJIOB CBHHIIOBOTO MPOU3BOJICTBA
TEXHUYECKH U SKOHOMHUYCCKU I[eTIECOO0PA3HBIM.

Knrwouesvie cnosa: ceunyocooepoicawue wiiaku, madjceible MEMaivl, Yenuble KOMNOHEHMbl, WLIAK, nepepadbomKd.
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Selection of technological equipment for complex processing of dross
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Abstract. The article analyses methods of dross processing with obtaining marketable products. In recent years, along with
pyrometallurgical methods, hydrometallurgical methods are beginning to develop. The authors present a new waste-free tech-
nology for processing zinc-plating waste aimed at obtaining marketable products. In the work the technological scheme of
new, combined, waste-free technology of processing of zinc smelting waste with obtaining of marketable products is con-
structed. Technological calculations on dross processing for specific productivity of 100 tonnes per day are made, recommen-
dations on design of the enlarged installation and on operation of the technology are given. Technological calculations were
carried out using a specially developed program that considers the optimum parameters and modes of technology. This allows
the authors to obtain accurate data and estimates of the dross processing process and optimize the operation of the plant. The
use of the developed technology of complex dross processing will allow to stimulate the development of zinc production in the
republic due to involvement of dross in processing as an additional source of raw materials. Utilization of dross with obtaining
of marketable products with high added value will allow to release considerable areas of land occupied by it. Overall, the paper
emphasises the potential of the new technology to address the problems of dross processing, stimulate the growth of the zinc
industry and reduce the environmental impact of dross accumulation.

Keywords: dross, processing, technological calculations, technology, technological scheme, marketable products.

1. BBenenue THSI IIMHKOBOM OTpaciu 00JanaroT CyIIECTBEHHBIMH HEIO-
CTaTKaMH, HE MO3BOJIIOIIMMHU PEIINTh 3aJady YTHIM3ALNH
LHKCOJIEPKAINX OTXOAOB B YCIOBHAX MPEATIPUATHH, OCY-
IIECTBIIAIONINX TOpsAYee OLIMHKOBAHUE H3/AEITIHH.

Bropuunoe paduHupoBaHue LWHKA OOJBUIMHCTBO IPE/-
npusaTHil Poccun n naneHero 3apy0ekbst MPOBOAAT B paMKax
rexa (y4acTka), Iie OCYIIECTBISETCS Topsdee OIMHKOBAaHHE.
IIpun sTOoM Kakgoe NpPEANPHUSITHE HCIONB3YeT pPa3IUYHOe
obopynoBanue u TexHosoruto. «llo TpeGoBaHuio moTpedu-
Tens B IUHKE, NPEeJHa3HauYCHHOM AJIs IPOM3BOICTBA JINTEH-
HBIX W CBHHIIOBHCTHIX MEJHO-IMHKOBBIX CIUIABOB M I
TOpSYero UHKOBAHUS 3NN U 1oiry(habpHKaToB, Macco-
Basi AoJisd CBUHLA Aus Mapku L2 He nomkHa OBITh Oostee
1.2%, mnst mapku 113 He Gonee 2.3%, MaccoBasi JOJISI MEIIH -
He Oonee 0.08%».

W3 cnennanbHON IUTEpaTyphl U3BECTHO, YTO CBHHEI] 00-
TajgaeT OGosiee BBICOKOM IIOTHOCTBIO, YE€M IIMHK, U OCEHaeT
Ha JIHO BaHHbI IIMHKOBaHUs. bosiee Toro, CBMHEI BBOAUTCS B
BaHHY IIMHKOBAHUSI CIICIMANBHO JUIST JOCTM)KEHHS HECKOJNb-
KX menei. Bo-mepBeIx, 1t oOieryeHust ypnaneHus Tapr-
[IMHKA, KOTOPBI 00J1a1aeT 0oJiee BBICOKOH TIIOTHOCTHIO, YeM
LIUHK, HO MEHBIIEH, YeM CBHUHEL], 110 ATOI NPUUUHE OH OIIyC-
KaeTcsi B BaHHE Ha IpaHMIly pas3fela LUHK-cBUHeN. Bo-
BTOPBIX, €CITM MaTepUaIoM, U3 KOTOPOTO U3rOTOBJIEH KOPITyC
BaHHBI, SIBJIETCS CTaJb, CBUHEI] 3allUIIAeT AHUIIE BaHHBI U
CBapHBIE IIBBI OT pa3befaHus IUHKOM. B-TpeTbux, B BaHHAX
BEPTHKAJIHHOTO THIA CBHHIIOM 3aIOJHSIOT OOJBLIYIO €¢
4acTh, C IETbI0 YKOHOMHUH LIMHKA. B-4eTBEpTHIX, MCIIOIH30-
BaHWE YHMCTHIX MapoK IiHKa, Takux kak 1B, LIOA, 11O BuI-
3bIBa€T HEOOXOAMMOCTD JOOABICHHUS CBHHIA, A TAKXKE OJI0Ba

MupoBoe TPOM3BOJACTBO METAUIMYECKOTO IIMHKA B
MOCIIEIHEE NECATUIICTHE JEeMOHCTPUPYET HEOOJNBIIONW POCT.
CeromHs ero motpeOJieHHe NOCTHraeT 14 MHUJUTHOHOB TOHH
[1,2]. OcHOBHbIE HampaBieHUS HCIOJIH30BAHKUS IIMHKA
BKJIIOYAIOT IPOLECCH OLUMHKOBAHUS, MPOU3BOJCTBO IIMHKO-
BBIX CIUIABOB, JIATYHH W OpOH3BI, XHMHUKATOB, a TaKXe JPY-
THX MPOAYKTOB HA OCHOBE IIMHKA. B MUpOBOM mOTpebIeHHH
uuHKa, ¢ ponedt ~ 50%, OT Bcero MpoM3BOJUMOrO LIMHKA,
COCTaBIISIET TOpsiUee ONIMHKOBaHUE cTanu [3].

I[{MHKOBOE NOKpBHITHE MMEET XOpOILUMN BHEUIHWM BUA U
MO3BOJISIET YBEIMYUTH CPOK CITYXKOBI CTAIBHBIX U3JEIUN B 2-
3 pasa, HaAEXKHO 3amIUIIas WX OT aTMOc(epHOH, BOJHON u
JIPYrUX BUJIOB KOppo3wd. Ha mporiecc ropsdero OmMHKOBA-
HUSI CO CTOPOHBI MCCIIEOBAaTeNeil oOpamaeTcsi HeJ0CTaTOq-
HOC BHHMAaHHE, XOTS 3[€Ch HMCIOTCS OOJBINUE PE3CPBHI,
HoOcsmme TpoOieMHbId xapaktep. Cpein Ha3peBIIUX TPO-
OmeM cieayeT OTMETHUTh: HEOOXOIUMOCTh CTaOWIH3aIUU
KauyecTBa MOKPBITHS U MOBBINICHUE ((EKTUBHOCTH MPOH3-
BOJICTBa KakK 3a CUYET COBEPILIEHCTBOBAHUS CaMOT0 TEXHOJIO-
THYECKOI0 IMPOoliecca TOpsuero OUMHKOBAHUS, TaK U 3a CYET
YTHIM3aIUKA OOpa3yroIInuXcs B TPOIECCe OIMHKOBAaHHSA B
0ONBIINX KOJIMYECTBAX IEHHBIX MPOMBIIIICHHBIX OTXO/I0B
(m3rapu), KOTOpEIE TOCIIe IepepadOTKH CIeyeT BO3BPAIIaTh
B OCHOBHO€E IPOU3BOJACTBO.

AHanmm3 pe3ynbTaToOB M3BECTHBIX padoT mo mepepadoTKe
nuHkcoaepxamux orxoqos (LICO), mo3Boaun yCcTaHOBHTS,
YTO, CYIIECTBYIOUIHME B HACTOSIIEE BpEMs TEXHOJOTMH W
000pyJI0BaHUE, HE B MOJIHOW MEpE YUUTHIBAIOT CHCIH(UKY
OTXOJIOB TPOM3BOJICTBA TOpPSIUEro IMHKOBaHuA. llpemnpus-
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JUIA TIOBBIIIEHHSI CMAa4YMBAaEeMOCTH LMHKA M CHIDKEHHS €ro
BS3KOCTH [4], a TakkKe I yIydIIeHHs TOBAPHOTO BHJIA
MOKPBITHS, O0Opa30BaHHS «y30pOB» KpHcTaLtu3amuu [5].
ITo3ToMy, Kak HMPUHSATO HA MPAKTUKE, MOBBINICEHHOE COMEP-
JKaHHWE CBUHIIA ¥ MEIU HE SBJIACTCS MPEHSATCTBUEM IS UC-
MMOJIb30BAHMS IIMHKA BTOPUYHO B BAaHHEC LUHKOBAHUS, MPH
YTHIM3AIMA U3Tapy U3 KOTOPOil OH OBLIT BHIILIABIICH.

Xene3o HakarumBaeTcsl B paciulaBe LIMHKOBAJILHOM BaH-
HBI 32 CYET PACTBOPEHHS OLWHKOBHIBAEMBIX CTAJBHBIX JIETa-
Jell, 3IIEMEHTOB OCHAcTKM W Turied. Ero copepxanue B
pacIniaBe Imo Mepe KaMITaHUM BaHHBI IOCTOSTHHO HAapacTaeT u
BHOBH CHIDKAeTCSI B PE3yNbTaTe YHCTKU BaHHBI OT TapTIUH-
ka. Bo3aMoxHOE HE3HAUNTENBFHOE MPEBHIIICHUE COMIEPIKAHUS
JKeJie3a B IIMHKE, UCIIO0JIb3yEMOM BTOPHUYHO, 10 CPABHEHUIO C
MAapO4YHbIM HHWHKOM, SABJIACTCA CICACTBUEM BBICOKOI'O CO-
JACPIKaHUA KEJIC3a B pacIilylaBC BaHHBI B IEPHUO/J] CHATUA U3Tra-
pH, U3 KOTOPOH OH OBII BBIILUIABJICH M TO3TOMY HE MOMKET
6LITI) NPpEeIATCTBUEM U1 HMCIHOJIB30BAHUA TAKOI'o0 IHWHKA.
Kpowme Toro, xese30 U3 paciiaBa yaajsieTcst ¢ rapTIHHHKOM.

Oco0yr0 aKTyalbHOCTh JaHHAS MpoOJeMa MPenCTaBIseT
Ut npeanpustuil Kaszaxcrana, roe B CHIIy pa3BHTHS CTPOU-
TENEHOW WHIYCTPHH B PECIyOIIMKe pe3KO MOBBICHIICS CIIPOC
HA [IMPOKWHA aCCOPTUMEHT CTAlbHBIX W JPYTUX H3ACIHHA
(TpyOBI, MIBEIIICPHI, KBAAPATHI, MPOBOJIOKA U JIp.), TOTyUYCH-
HBIX TIOCJIC TOpPSYEro IIMHKOBaHWS. B HacTosimee BpeMs
rops4yee OLMHKOBAaHHE H3JENUIl HUCIONBb3YIOT B TOpPOJax
IemvkenT (TOO «Benyna crame», TOO «bBb AnbsaC» 1
np.), Ycre-Kamenoropck (TOO «CuHabrexmer», TOO
«Kasmer», TOO «KazmercepBucy). Psa npennpustuii Maso-
ro W cpeaHero OusHeca cocpenoToueHo B r. Kaparawja.
YBenuyeHne MOIIHOCTEH MPEANPUSTHHA TOPSYEro IMHKOBA-
HUS CTABHBIX M3JICIHHA MPUBEIO K TOMY, 9TO OOJbIIUEC 00B-
eMBl W3TapH, IOJIy4acMbIe IOCIC OIIMHKOBAHHS W3ICIU,
HAYaJl HAKAIUTMBATHCS U CKJIAUPOBATHCS, 3aHUMas OOJb-
mue TeppuTopun. JlanmpHeiInee HCIONb30BaAHUE W IIepepa-
00TKa M3rapu CAEPIKUBACTCS MOBBIIICHHBIM COJICPKAHHEM B
ueit Pb, Fe, Cu u mpyrux nmpumeceli, a Takke OTCYTCTBHEM
panroHaIHHOMN TEXHOJIOTHH ITepepabOTKH.

BripabatbiBaeMblid B pe3ynbTaTe yTHIN3AUN U3TapH ro-
pSYero MUHKOBAaHUS BTOPHYHBIA IUHK MPHUTOICH IS BO3-
BpaTa B 9TH BaHHHEI 0€3 JOMOJHHUTEILHOTO padMHUPOBAHUS.
Tem He MeHee, MpoIecc BTOPUYHOTO MCIIONB30BAaHMUS UHKA
HE MOXET MPOJ0JDKATHCS OCCKOHEUHO, W TpedyeT ompee-
JICHHOTO 3(P(QEKTUBHOTO PEIICHUS. JTO CBSI3aHO C TEM, YTO
BTOPUYHOC HCIIOJIb30BAHUC IMUHKA MPUBOAUT K HAKOIUICHUIO
METaJUIOB-TIPUMECEH, KOHIICHTPUPOBAHUE KOTOPHIX B IUHKE
OKa3bIBa€T CYILECTBEHHOE OTPUIATENILHOE BIUSIHUE HA 00-
IIMHA [IpOLECcC ropAdyero LHUHKOBaHMs. Jlo HAcTOALIETO Bpe-
MEHH JaHHBIA BOIPOC HE HAXOAUT CBOETO PEIICHUS.

Kak moxazanu pe3ynbTaThl XUMHYECKOTO aHalU3a Mpood
METAJUTMICCKON YacTH M3Trapy, OTOOPaHHBIX HA Pa3IHYHBIX
MPEIIPUATHIX MAJOTO M CpPeAHEro OmM3Heca peciryOJHKH,
OHH XapaKTEePHU3YITCS MPUMEPHO OJWHAKOBEIM COJCpKaHH-
€M METaJUIOB-TIPUMecel, KOTOpble BapbUPYIOT B INpejeiax,
%: 0.75-0.86 Pb, 0.18-0.27 Fe, 0.10-0.2 Cu, 0.004-0.006 Cd.
HesnauurtensHoe conepikaHue W Y3KHUH INpenes BapbUpOBa-
HUsI IpUMECel He OKa3blBaeT CYIICCTBEHHOI'O JABIICHUS Ha
JajbHeillliee ero BTOPUYHOE HCIOJb30BaHHE B Ipolecce
TOpAYCTO HNHUHKOBAHUA HBﬂCHHﬁ. HaI/I60nee BaXXHBIM TPEa-
CTaBISCTCS HAIMYHE OKCHIA [MHKA, KOTOPBIH MOKPHIBAET
MMOBEPXHOCTh MEIKUX KaIleJlb METaJUIMYECKOTO [WHKA TUICH-
KOM M TOPMO3HT HPOLECC UX KOATYJSLUH. DTO CYIIECTBEHHO
BIMSIET Ha 3((PEKTUBHOCTD MPOLECcca B LIEJIOM.
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OnuHaKoBBIA OOUTHIT BUA M3Tapu M BBIICICHHBIX U3 HEe
METaJUTMIECKOW W OKUCIIEHHOMW COCTABJIAIONICH C TPUOIA3H-
TEJILHO PABHBIMH COACPIKaHUSIMH METAIUIOB-TIPUMECEH B HUX
OOBSICHACTCSI OJJMHAKOBBIMU TEXHOJOTHSIMU U 00OpadaThiBa-
FOLIMMH U3JICNTUSMU, BBITYCKaeMBIMU B PECITyOJIMKE, KOTO-
phIe HAXOAAT OOJBIIOW CIPOC B CTPOUTEIBCTBE KIIIBIX JIO-
MOB U JIpyrux o0bekToB. K Hanbosee pacnpocTpaHSHHBIM H
XapaKTePHBIM CTPOUTEIBHBIM MaTepUaiaM, MOJYyYCHHBIM
TocJie TOPSIYero MWHKOBAHWSA, MOXKHO OTHECTH OIIMHKOBAH-
HBIE TPYOBI, IPOBOJIOKH, IIBeIIIepa u Ap. (Tabmmma 1).

Taonuuya 1. H30enus, noayuenHvle nocie 20pa4ez0 YUHKOA-
Hus

OO0muuit BUa U3aeIust

XapaKTepHCTHKa U3aCInus

Kpyr o1uHKOBaHHBIH.
I'OCT 3282.

Pazmep: 0.1-10 mm.
I'OCT 30136-95; 2590-88
Pazmep: 2.0-5.5 M 10 6 M.

[IpoBonoOKa OLMHKOBAHHASL.
T'OCT 3282
Pazmep ot 0.1 MM 10 10 MM

[IBenyiep OLIMHKOBAHHBII.
JICTY 4484-2005 (TOCT 8240-89)
Pazmep 1o 12.0m

Tonoca ONMHKOBaHHAS.
I'OCT 103-06
Pasmep ot 6M/3-5m 10 1.0-2.0m

YT0oJI0K OIMHKOBAaHHbIH.
T'OCT 8509-93 (ACTY 2251-93)
Pasmep ot 6.0 M 10 12.0 M

Tpyba OLMHKOBaHHAsL.
T'OCT 3262-78; 10704-91
Pasmep ot 6 M 10 9M;12M

W3zbickanue criocoba panyoHaIbHON TepepadOTKH M3ra-
PH, KOTOpPOE CETOJIHSI MOKET ObITh 3HAUYNUTEIbHBIM PE3EPBOM
JUISL TIPOM3BOJICTB 3aHMMAIOIUXCSI OLMHKOBAaHHEM W3/eNnil
MIPUBJIEKAaET BHUMaHME MHOTHX HccienoBarenedl. B memsax
CHIDKEHUs ce0eCTOMMOCTH MPOU3BOJCTBA B HACTOSIIEE BpE-
M Ha IPaKTHKE IIHPOKO HCIOJb3YIOTCS MHPOMETALTYpIu-
YEeCKHEe CIIOCOOBI IIepepaboTKH H3TapH € MOTYyICHUEM MeTall-
JIMYECKOro IMHKa [6-9].

Haubomee pacmpocTpaHeHHBIE CIIOCOOBI TepepadOTKH
HUHKCOACPKAIUX OTXOJ0B NMPEAYCMATPUBAIOT UX MMOMENIC-
HHE B IWIMHApHYEeCKHe OapabaHbl MM PETOPTHI Pa3IUIHBIX



G. Koishina et al. (2023). Engineering Journal of Satbayev University, 145(5), 31-38

KOHCTPYKLIMH, HarpeBacMble 1O TEMIIEPaTypHl, BBIIIE TEMIIE-
parypsl IJIaBieHUS LMHKA. bapa®aHbl 3aTeM BpaiaroT Uis
MHTCHCU(UKALUK OTACICHUs pPACIUIABJICHHOI'O IIMHKAa OT
nutama [1].

K Henmocratkam NaHHONW KOHCTPYKLUMHM OTHOCHUTCS HENO-
CTaTOYHas TepMeTH3alMsi BHYTpEHHero odbema OapabaHa,
00ycTIOBIICHHAS caMOW KOHCTPYKIIMEH 3arpy304HOTO M pas-
TPY304HOIO yCTpOWCTBa. B mepuoj OTKpBITUS Pa3rpy30uHO-
ro OTBepcTUsi uepe3 OapabaH OCYIIECTBISETCS CKBO3HOM
MIPOTOK aTMOC(EPHOTO BO3AyXa M3-3a PA3HOCTH TEMIIEPATYP
CO CTOPOHBI 3arPy3KH M BHITPY3KH. JTO NPUBOANUT K AKTHB-
HOMY OKHCJICHHUIO OCBOOOXIAIOIIETOCs METaNIMYeCKOro
I[UHKA U, CJIeI0BATEIbHO, K €ro IoTepe.

Bropoii cymecTBeHHBII HEOCTATOK MEYH - OTCYTCTBHUE
HETOCPEICTBEHHOr0 (IIPSIMOTr0) KOHTAKTa C CHIPbEM, 3arpy-
JKCHHBIM B 0apabaH, CTCHOK pa3orpeToil KaMephl CropaHus,
YTO TAaKKe SIBIAETCSA CIECICTBUEM NPHMEHEHHBIX KOHCTPYK-
LUH 3arpy304HOr0 U Pa3rpy304HOrO YCTPOMCTB U NPUYMHOU
HU3KO# 9()()EKTUBHOCTH UCTONB30BaHMS TEIJIOBOW SHEPTHU
C)KUTAEMOTO TOIUTHBA.

Kpowme Toro, yunteiBast 60ibIIyto Maccy O6apabaHa, edb
TpeOyeT OOJBbIIOro BPEMEHH pa30orpeBa, YTO HELEJIec000-
pa3HO NpH NPOBEJCHUH PA30BBIX IUIABOK, a YUUTHIBAs OOJIb-
IIMe pa3Mephl U CTAMOHAPHBIA XapakTep, TpedyeT OonpImx
iontazei u 06afaeT BBICOKOH CTOMMOCTBIO.

Hauboimee 3¢ (eKTUBHBIM SBISETCS CIIOCO0 TepepadOTKU
U3rapy, TAe ee pa3feisIioT Ha METAIMIECKYI0 1 HeMEeTaJlIu-
YECKYIO0 COCTABISIOMINE U KaXXIyI0 U3 HUX IepepadaThIBaroT
OTJENBHO. MEeTaINIecKyo 4acTh IUIaBIAT B WHAYKIIMOHHON
Heyu oA cioeM (irroca (XJIOPUCTOrO aMMOHUSI M IPEBECHO-
TO YIJIA), PACIUIaBICHHBIM IIMHK pPAa3lHUBAlOT B CIHUTKHA H
HAIpaBJISIOT Ha MPEIPHUATHS BTOPUYHOMN IIBETHOI MeTan-
Jypruu Juisl MIPOM3BOACTBA JIaTyHH. V3 MeTayuimueckoit va-
CTH THOJIY4YaroT METAIIMYECKUH IUHK CIEIYIOIIEro cOCTana,
%: 95.9 Zn; 1.54 Ph; 0.9 Fe; 0.4 Cu.

BprleneHHy10 OKCHIHYIO 9acTh M3rapH IOABEpraimoTr 00-
xury npu temneparype 800-900°C u momydaroT OKCHI LIUH-
Ka, KOTOPBII MCHOJIB3YyeTCs AJSI PUTOTOBICHH OCIHI MIIN
MOJKET IepepadaThiBaThCsl Ha IMHKOBOM 3aBOJIE Ha MeTall-
mmyeckuit nmuHK [10]. K HegocTatkaM MaHHOTO crocoba oT-
HOCSITCS: TPYAHOCTD IIOJTHOTO Pa3/ieNICHNs] METAJUTMIECKON U
HEMETaJUINYECKON — OKCHJIHOM ()pakiuy, Ha YTO YKa3bIBAIOT
caMy aBTOPBI; B METAUIMYECKUX KOPOJIbKax LMHKa BCeria
MIPUCYTCTBYIOT IPUMECH (OKCHA IIMHKA) B BUJE BKPAIUICHUH,
KOTOpBIEC BO3HUKAIOT NP 3aCTHIBAHMM U3Tapy IIMHKA 1 00pa-
30BaHUH KOPOJIBKOB.

K ocHOBHOMY HemocTaTKy cmnoco0a OTHOCHTCS IIOBBI-
LIEHHOE COJIep’KaHWe KOPOJIHKOB METAJUINYECKOTO IMHKA U
CBUHIIA B OKCHAHOM (HEMeTaNIMuecKol) dYacTu u3rapi,
HaJIMYUe KOTOPBIX CHJIHO CKAa3bIBAeTCSl HA KAauecTBE IOJY-
YaeMBIX TOBapHBIX MPOIYKTOB (LIHHKOBBIX OEINI).

Kak moka3piBaeT aHain3, M3BECTHBIE CIIOCOOBI HM3BIEYE-
HHUSI METaNIMYECKOTO IMHKA XapaKTepu3yrTcs OOJIbIINMU
9HEpro- M MaTepHAJIbHBIMH 3aTPaTaMH, CBA3aHHBIMH C HC-
MOJIB30BaHUEM JOPOTOCTOANIMX peareHToB. Ilpu »ToM He
o0ecrieunBaeTCad BBICOKOE W3BJICUCHHE IMHKA M KOMILIEKC-
HOCTH HCIIOJIBb30BAHUSI UCXOAHOTO CBIpbs (M3rapu). Bompocst
nepepaboTKN HEeMETAUIMYECKOM Y9acTH M3TrapH, MOJydaeMoi
MOCJIe U3BJICUCHNUS IMHKA, JI0 CUX MOP OCTAIOTCSI OTKPBITHIMH.

W3zBecten cnocod rnepepaboTKy H3rapy IMyTeM ee IUIaBKU
npu temreparype 420-460°C coBmecTHO ¢ (rocaMH W3
XJIOPUCTOTO HaTpus u xjopuctoro ammonus [1]. Cmocob
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BKJIIOYaeT 00pa3oBaHME CJIOS IUIAKa, IPEIOXPaHSIOMIEro
METaJlT OT OKHCJICHHUS B MpoIlecce TUIaBKH, KOTOPEIH 00pa3y-
eTCs B PE3yJIbTaTe XMMHYCCKOTO B3aUMOICHCTBHUS OKCHA
KA ¢ (orocamu. [Tpu B3ammonercTBuM ¢ GrrocaMu OKCH-
IHas IUICHKA, TOKPBIBAIOIIAs MOBEPXHOCTh METAJTHYECKUX
KOPOJIEKOB, pacTBOpsieTcs. B pesynbraTte obecneumBaercs
OBICTpOE OTCTaMBaHKE MeTaJlla 3a CUET CIUSHHUI MeTaJTHde-
CKUX KOPOJIBKOB M UX YKPYIHEHHS.

HenocTatkom crioco0a sSBIAIOTCS OOJNBIINE TOTEPH IHH-
Ka CO IUIAKOM, HU3KOE Ka4eCTBO IOIy4aeMOTr0 MeTaJlUIHde-
CKOTO IMHKA 3a CYET INPUCYTCTBHS B HEM CBUHIA U APYTHX
MIpUMeceii; MOBBILECHHBIA pacXxox (II0CcoB, KOTOPHIE HE pe-
TeHEPUPYIOTCS.

Nmeetcs 2PpPeKTUBHBIA METOI 00paObOTKH W3rapH, OCHO-
BaHHBIN Ha ee pa3lielieHN Ha METAUIMYECKYI0 1 HeMeTaJUlu-
YECKYIO0 COCTABJISIONINE, C TOCTCAYIOIIESH 00pab0oTKOM Kak a0
YaCTH OTHEIHFHO. METaUTIYEeCKyI0 YacTh MTOJBEPrafoT IUIABKE
B HUHIYKIMOHHOW IICYW, WCIIONB3Yys CICIHANBHBIN (IoC,
BKJTIOYAIOIHI XJIOPUCTHIM aMMOHHH U APEBECHBIN yroib. DTOT
MIPOIIECC TPUBOAUT K TTOJYICHHUIO IIMHKOBBIX CIUTKOB, KOTO-
pBIe 3aTeM HANpPaBILSIFOTCS HA TPEIIPHATHS BTOPHIHON IBET-
HOM METaJLTypruu JJIsl MPOU3BOJICTBA JAaTyHU. AHAIU3 MeTaj-
JMMYECKOW YacTH TIOKa3bIBaeT ciexyromuil cocra: 95.9%
nuHKa, 1.54% ceunna, 0.9% xenesa u 0.4% mean.

Hemertannuueckyro 4acTh U3rapH, COAEPIKAILYI0 OKCHIBI,
MOJIBEpraroT mporeccy obxkwra mpu Temreparype 800-
900°C, 4TO MO3BOJSIET MOIYYUTh OKCHUJ LUHKA. DTOT OKCHUJ
IIMHKA MOXET OBbITh MCIIOJIb30BaH /I MPOM3BOACTBA O
WM TIOABEPTHYT JOMOJIHUTENIBLHON nepepaboTke Ha IHHKO-
BOM 3aBOJIC C IIEITBIO IMTOTYYSHUS] METAIUTMIECKOTO IIMHKA.

Hecmotpst Ha 3¢ (eKTHBHOCTh JAHHOTO METOAa, CyIlie-
CTBYIOT OIIpe/ielIeHHbIE HEeJOCTAaTKH, BKJIIOYasl CIOKHOCTH B
ITOJTHOM pPa3/IeJICHHH METAJUIMYeCKOH M HeMeTaJTHYecKOu
(OKCHIIHO#) YacTell m3rapu, 4TO MOJYEPKUBAIOT CAMH aBTO-
pBl maHHON MeTonuku. Kpome Toro, B MeTalmIMYecKHX KO-
pOTBKaX IMHKA BCET/a MPUCYTCTBYIOT MPUMECH, TaKHE Kak
OKCHJ] IMHKA B BHUJIC BKIFOYCHUHN, KOTOPBIC 00pa3yIOTCs IpH
3aCTBHIBAHUY IIMHKOBOW U3rapu U GOPMUPOBAHNN KOPOJIHKOB.

OCHOBHBIM HEIOCTATKOM 3TOTO METOJA SIBISCTCS IMOBHI-
LIEHHOE COJIEP’KaHUE KOPOJIbKOB METaUNIMYECKOro LIMHKA U
CBUHIIA B HEMETAJUTHIECKON YacTH M3TrapH, YTO CYIIECTBEH-
HO BIMSIET HAa KAa4eCTBO KOHEYHBIX TOBAPHBIX IMPOAYKTOB,
TaKWX KaK IIUHKOBEIC Oena.

B nocnenane roasl pa3BUBAIOTCS M THAPOMETAITYpriude-
ckre crocober [11-15]. Omnako Bompockl TepepaboTKu
OKHCIIEHHOM COCTaBISIOMEN M3rapu A0 CHX IOP OCTAIOTCA
OTKPBITBIMHU.

Bonbmioit uaTepec i nepepaboTKU U3rapy MmpeIcTaBis-
€T HCIOJIb30BaHUE XJIOPUPOBAHMS METaIoB. Takue xapak-
TEPUCTHKH XJIOPHIOB METAJIIIOB KaK HU3Kas TeMIIepaTrypa ux
IUTaBIICHHUS, BBICOKAsl JIETy4eCTh M PAcCTBOPUMOCTH B BOJE
TO3BOJISIIOT BOCCTAHABJIMBATh LIEHHbIE METaUIbl U3 pas3ind-
HBIX OTXOAOB B Buie ux xjuopunoB [16,17]. Tlo ypoBHIO
CIIO)KHOCTH (POPMHUPOBAHUS XJIIOPUAOB METAIUIOB U PA3IIHINS
HUX CBOMCTB, METAJJIbI MOXKHO CEJEKTHBHO XJIOPHUPOBATH U
BO3TOHATH, KOHTPOJUPYS TEMIIEPATYPY PEAKLIMU U JaBIICHUE
MapoB MPOIYKTOB, YIACTBYIONTHNX B peakiwd [18,19,20].

Hens HacTosimield paboThl — BHIOOP TEXHOJIOTHYECKOTO
000pyJIOBaHUs Uil MEpepabOTKH H3rapu C MOJydeCHHEM
TOBApPHBIX TPOAYKTOB: YHCTOTO OKCHIA IIMHKA B BUAE IIO-
POIIKa ¥ METAJUIMIECKOTO IIMHKA Ka4eCTBa.
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2. MeTtojabl 1 MaTepHAJIbI

Pacuers! mpoBezneHbl s TepepabOTKH M3rapy MOIy4YCH-
Horo B AO «ApcenopMurran Temupray», cocTaB KOTOPOTO
npuBencH B Tabiuie 2. XUMHYCCKUN COCTaB UCXOIHOW HM3ra-
PH OIpeNersIoch 10 METOAMKY NPUBEAEHHOH B padore [21].

Tabnuuya 2. Xumuueckuii cocmae ucxoonoi uzzapu

Hauwmeno- CopepkaHue MeTauioB, Mac. %
partne Zn  Pb Fe Ni  cu cd o
MPOJyKTa que
W3rapb 787 034 054 03 0.06 0.002 & 20.058

TexHONOrHYecKre pacueThbl MPOBEJICHBI C HCIOJIb30BAHU-
eM CHelHaJbHO pPa3pabOTAHHON MPOTrpaMMbl aBTOPaMH
HacTosiIedl paboThl C Y4ETOM ONTHMAIIBHBIX MApaMeTPOB H
PEXUMOB TexHOJOTHH [22].

3. Pe3yabTaThl H 00Cy:KIeHUE

Bbinaya pexomeHmanuii o NMPOEKTUPOBAHUIO YKPYITHEH-
HOM YCTAQHOBKM JIOJDKHO 0a3MpoBaThCsl Ha JAHHBIX TEXHOJIO-
TMYECKHX IT1apaMeTPOB W KOJMYECTBEHHO-KAYECTBEHHBIX Xa-
PaKTepUCTHKAaX HMCXOAHBIX M IOJyYaeMbIX IMPOILYKTOB. [Ipm
9TOM OCHOBHOE BHHMMAaHHE aKLEHTHPYETCS Ha OCHOBHBIX y3-
JaX TEXHOJIOTWH, W BBIOOP 00OpYHOBaHMS, XapaKTCPHCTHKU
KOTOPBIX ONPEJEISIIOTCS IMyTeM TEXHOJOTHUECKUX PACIETOB C
Y4ETOM TIPOM3BOJMTENBHOCTH TepepadaThiBaeMOTrO CHIPbS,
00BEMOB BXOJIHBIX 1 BBIXOJHBIX MOTOKOB, IPON3BOACTBEHHBIX
YCIIOBHI M BO3MOXXHOCTEH MpeanpusITHii. DT0 obecrednBacT
6onee ToyHOE M 3(P(PHEKTUBHOE NMPOCKTHPOBAHUE YCTAHOBKH C
YYETOM BCeX HEOOXOUMBIX ITapaMeTPOB U TpeOOBaHUI.

OCHOBHBIMH y3JIaM¥ pa3pabOTaHHON TEXHOJIOTUH Tepepa-
OOTKM U3rapu SIBISIOTCS:

— y3€J1 HOArOTOBKYU LIHMXThI;

— y3€J1 pa3zesieHus MaTepuraa 1o KpyrmHocCTH;

— y3€J1 IIaBKU METAIUIMYECKOH (DpaKkLiK U3rapH;

— y3e1 00’KHIa OKHCIEHHON (ppaKiiy uirapu;

— y3€eI IblIe-, Ta3004YHCTKY;

y3€J TOTOBOH MPOJIYKIHH.

OyHIaMEHTaTbHOW OCHOBOU JIJIS Pa3paOOTKH Ka)XIOTO M3
TIEPEYHCIICHHBIX Y3JIOB SIBISICTCSI OCHOBHOE 00OpYIOBaHUE,
KOTOpOE COCTaBJIACT SIIPO M TpeOyeT AeTanbHOro oOOCHOBa-
HUS TS UX BeIOOpa.

VY3en MOAroTOBKM HIMXThI M pa3lelieHHs MaTepualia I1o
KPYITHOCTH IO ILIEJICBOMY HAa3HAYCHHIO MOXKHO OOBEAWHUTH
IyTeM BbIOOpa OJHOTO arperara, K IpuMepy, IIapoBOH Melb-
HUIIBI. DTO TO3BOJIUT YIPOCTHTH ammaparypHoe odopmMieHne
TEXHOJIOTUH 1 TPUIATh KOMIIAKTHOCTh TEXHOJIOTHU. B ro6om
cllydae BBIOOpPY TEXHOJIOTMYECKOTO O0OpYHOBAHMS JIOJKHEI
TMIPEIIIECTBOBATH TEXHOJIOTHUECKHE PACUETHI.

Pe3ynbraTel 0aNaHCOBBIX OIBITOB, M TEXHOJOIMYECKHE
pacueTbl MO pa3JenbHOH mnepepaboTKe MeTaUTMYecKOH W
OKHCIICHHOM COCTAaBIISIIOIIECH W3rapy MO3BOJIIOT CHOPMYIIHU-
POBaTh OCHOBHBIC MOAXO/BI M ITOJIOXKEHHUS MO BEIOOPY OCHOB-
HOTO 00OpymOBaHHA IJIsi WX IepepabOTKH. YUWTHIBAs, HYTO
OCHOBHBIM IIOKa3aTeNieM IIPH BBIOOpE 000pYyIOBaHUS OOBIYHO
MIPOBOJSIT MCXOAS W3 MPOW3BOAWTENHHOCTH IepepadaThiBac-
MOTO MaTepHala B OCHOBE JOJDKEH JIeXKaTb MPHHIMI ONTH-
MaJIbHOTO COOTHOILICHHS MaTepHalbHBIX MOTOKOB, IMOJydac-
MBIX B MpoIlecce mepepadboTku. Ito obecreunBaet 3G exTHB-
HOoe (pyHKIMOHMPOBaHHWE M MAaKCUMHU3ALUIO PECYPCOB B paM-
KaX JJAHHOI TEXHOJIOTHH MepepaboTKU H3rapy.
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B nporiecce pa3paboTKH TEXHOJIOTHH MepepadOTKU U3rapH
YCTaHOBJIEHO, YTO BBIXOJ METAJUIMYECKOM W OKHCIICHHOM
COCTABJISIFOLICH U3Trapy OT OOIIETo Beca U3rapy COCTaBIIeT 35
u 65%, COOTBETCTBEHHO. DTO CBUJETEILCTBYET O TOM, UTO
MIPOM3BOAUTEIFHOCT  O0OPYIOBAHHSA, HCHONB3YEMOTO IS
repepaboTKA  OKHCIICHHOW COCTABISIONICH JOJDKHO OBITH
HaMHOTO OoJbIe, YeM I mepepaboTKH METaLTHUYECKOH ee
cocTaBysTrone. JIaHHBIN aclIeKT UMEeT BaXKHOE 3HAYCHHUE TIPU
BBIOOPE OCHOBHOTO 000pYZOBaHMS AT YCTAHOBKH, TaK KaKk OH
HampsIMyI0 BIUsIeT Ha AP QekTHBHOCT U dddeKTrBHOE HC-
MOJTb30BaHKE pecypcoB. HeoOXoamMo ydYUTHIBaTH, YTO IIpU
nepepabOTKe OKHCICHHOH COCTABISIOMIEH MOTYyT HOTpebo-
BaThCsI TPOIIECCHI, TpeOyIoIIre OOIbIIMX 00BEMOB 00PaOOTKU
W BPEMEHH, YTOOBI OOCCICYUTh BBICOKYIO S(PPEKTHBHOCTH
W3BJICUCHUS] LICHHBIX KOMIIOHEHTOB. CJIEJIOBATENHHO, IIpa-
BWJIBHBIA BBIOOpP O0OpYNOBaHWS W ONTUMAIBHOE COOTHOIIE-
HHUE €ro MpOM3BOJHUTEIBHOCTH C COOTBETCTBYIOIIMMHU TEXHO-
JIOTMYECKUMHU pacyeTaMy SIBIISIOTCS KITIOYEBBIMH (haKTOpamu
B YCIICIIHOW peajM3alliy JaHHOH TEXHOJOTHH IepepaboTKH
H3rapu. JTO MO3BOJIUT HE TOJIFKO MAaKCHMU3MPOBAThH M3BIICUE-
HHUE IIEHHBIX KOMIIOHEHTOB W3 W3TapH, HO W CHI3HTH OIepa-
[MOHHBIE PacXOIbl U MOBBICUTH OOMIYI0 3(PEKTUBHOCTD TIPO-
mecca.

s BeIOOpa OCHOBHOTO OOOpYIOBaHWS VIS IIEpepadOTKH
W3rapy BaXKHBIM W TMPUHIUIHAIGHBIM TIPEICTABISICTCS yCTa-
HOBJICHHE OaylaHca MaTepHalbHBIX MOTOKOB. OOmias cxema
MaTepHanbHbIX NOTOKOB (Ha 100 T mcxomHoro Marepuana),
MOCTPOCHHAs Ha OCHOBAaHWH PE3yJIbTaTOB OAJIAHCOBBIX OIIBITOB
Y TEXHOJIOTUYECKUX pacyeToB [22], moka3aHa Ha pUCyHKe 1.

H3TAPb
100+
k.
Metannuueckan OxmcnenHas

4acTh 4acTb

35T 65T
0,7 v NHaCl 4,55 7 NH4Cl 1,95 7 CaCl2
- -l

‘ MNABKA

l

Bozromubl, PhCl:

1,17

(=]
S
S

l

[IETIT
3467

Bosroxwl, PbClz

3,67 67,971

Pucynok 1. Obugan cxema mamepuaibHvlX nOMOK08 npu ne-
pepabomke uszapu

C ydeTroM YCTaHOBJIGHHBIX MapaMeTPOB PEKOMEHAYeTCS
BBIOOD CJIEYIOIIEr0 CTaHIAPTHOTO OCHOBHOTO 000PYI0BaHHS
JUTSL TIepepabOTKH U3Trapy ¢ YACIbHOW MPOU3BOUTEIEHOCTHIO
100 1/4.

Jis M3MenpUeHNS ICXOMHOTO MaTepualia peKOMEHIYeTCs
HCIOJIb30BAaHUE IIAPOBOM MENBHULIBI C HEHTPAJILHON pa3rpys-
koit ©3200%x4500, 800 KBT, c¢ ymempHOH NPOU3BOIHUTEIH-
HOCTh 29-140 1/9. OOmMii BUI MENBHHUIBI TIPUBEICH HA pPHU-
CyHKe 2.
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Pucynox 2. lllapoeas menvnuya ona usmenbueHus

INomyueHHBIH NPOLYKT MOCIIE W3MENTBUYEHHS JOKEH OBbITh
TIOABEPTHYT I'POXOUYCHHUIO C LIENMBIO PA3ACICHUS] OKHCICHHOMN
YyacTU M3rapu OT METAUINYECKON 4vacTu. Pasnenenue okuc-
JIEHHOM 4acTW M3rapu OT METAIIMYECKON YacTU HNPOMCXOTUT
3a cYeT Pa3HOCTH YJENbHBIX BECOB YacTHL (KPyMHOCTH) [21].
Jlnis pasneneHus NpPOAYKTOB PEKOMEHIYETCS MCIOJIb30BAHUE
BUOpanuoHHoro rpoxora moaenu 3YK1860, obmuit i Ko-
TOPOro MOKa3aH Ha PUCYHKe 3.

Pucynox 3. Bubpayuonnuwtii zpoxom

OCHOBHBIE ~ XapaKTEPUCTHUKH
yIensHas — TPOU3BOIUTEINHEHOCTD
18.5 kB, o0uuii Bec — 7613 kr.

Jns 00kHTa OKMUCIICHHOW COCTABIISIONICH M3rapyd MOXKHO

[PYMEHUTH BPAIIAONIYIOCS TPYOUaTyro Iedb, CO CICAYIOLIU-
MH XapaKTepucTHUKamHu (Tabuna 3).

CTaHIAPTHOTO
32-350 1/4,

rpoxora:
MOIIIHOCTD

Taonuya 3. OcHosHble XapakmepucmuKku mpyouamoi nevu

Mopens @3.0*45
Juamerp (Mm) 3
Jlnuna (Mm) 45
ITpou3BogUTENEHOCTB (T/4) 12.8-14.5
Yuciio 060poToB (06/MHH) 0.5-2.47
JBuratens (kBt) 75
Bec (1) 210.94

OOmwmii BT IIeYH MMOKA3aH HA PUCYHKE 4.

[ony4eHHple B pe3ynpTaTe O0KUra BO3TOHBI MOCTYIAIOT
Ha JalbHEHINYI0 mepepabOTKy sl W3BJICUYCHUS I[BETHBIX
METaJUIOB.

[TnaBky MeTanIMYeckod 4acTu w3rapu Hambosee dPdek-
TUBHO TpoBoguTh B 3nekrponedax (Electric Arc Furnace),
00eCTIeUNBAOTIX HU3KYIO CTETICHB IBUICBEIHOCA U BBICOKYIO
aBTOMAaTH3aNuIio nporecca [23]. s peanu3anuy TEXHOIOTHH
BBIOpaHa AIIEKTPOIEYh, OCHOBHBIC XapaKTEPHUCTUKH KOTOPOM
TIpUBe/IeHEI B Ta0muIIe 4.

35

Pucynox 4. Bpawarowaaca mpyouamas neus

Tabnuya 4. OcHo6HblE XAPAKMEPUCMUKU ITIEKMPOneYU

Hanpsbkenue nuranus, V 380-3400
Bec, T 0.3-32
DHepromnorpedieHue, KBt 100-10000
MaxkcumanbsHas Temneparypa, °C 2300
Emkoctsb, T Ot 10 1o 100

OOl BT IIEYH MOKA3aH HA PUCYHKE 5.

Pucynok 5. Oowguii 6uo 31ekmpooyz060ii neuu

IlpoxykTamMu TUIaBKH SBISIOTCS METANIMYECKHH LHHK,
BO3TOHBI XJIOPHA CBHHIA U Ta3bl. BO3roHBI 1 rassl Mocryna-
10T Ha YHU(DUIUPOBAaHHBIE TOPH3OHTAIIBHBIE MIEKTPOGHIBTPEI
(YT'), rne NpoOMCXOANT UX pasleNeHue IyTeM YIIaBJIMBaHHS
BO3TOHOB. YCTaHOBKH OTHOCSTCS K TOPH30HTaJbHOMY BHIY
obopynoBanus. OYHCTKA 3JIEKTPOAOB MPOUCXOAUT CYXUM
MerofoM. [IpuMmeHstoT arperar mpu TeMmmeparypax rasa o
250 rpagycoB. YHu¢unmpoBanusle ropuzoHTtaigbHble (Y1)
arperatsl SIBJSIFOTCST HanOoJjiee BOCTPEOOBAHHBIMU B pPa3iiny-
HBIX oTpacysax. CTeneHb OYUCTKU Ta30B cocTaBisieT 99%.
Bo3roHsl xjopujia CBHHIA HANpaBISIOTCS Ha JAJIBHEHIIYIO
repepaboTKy, a ra3sl — Ha HeWTpamu3anuio. [ KoMIDIeKCHOM
nepepadoTKH M3rapH PEKOMEHIYIOTCS CIICIYIOIIHE ONTHMANb-
HbIEC TEXHOJIOTMYECKHE MTApaMeTpPhI IIPOLIECCOB, COCTABIISIOIINX
OCHOBY 00TIIelf TEXHOJIOTHH (TabmHIa 5).

Hcnoms3oBanue pa3paOOTaHHOM TEXHOJIOTHH KOMILICKC-
HOI1 epepaboTKN M3rapH MO3BOJIUT CTUMYJIMPOBATh Pa3BUTHE
IIMHKOBOTO MPOW3BO/ICTBA PECIYOJIMKH 32 CYET BOBJICUCHHS B
nepepaboTKy B KaueCTBe JAOMOJHUTEILHOTO UCTOUHHUKA ChIPbSI
v3rapy. YTuUiu3anus u3rapu C IMOJy4eHHEM TOBapHbBIX MpO-
JIYKTOB C BBICOKOW J00aBICHHON CTOMMOCTBIO OCBOOOIUT
3aHUMaeMble MU 0oJbIIue TeppuTopuu 3emid. Mcnosb3osa-
HHE JemieBbix xjopupyromux pearentoB (CaCly, NH4CI),
HCKJIIOYCHNE 00pa30BaHUs JOIOJIHUTEIBHBIX TBEPIBIX W/HIIH
KHIKUX OTXONOB, DAaCIIMPEHHE acCOPTHMEHTa TOBApHOI
MPOAYKIMN CHU3HUT M3IEPKKU MPOM3BOICTBA TOPSYETO OLUH-
KOBaHUS M3JCIHA. 3HAYUTENPHO YMEHBLIATHECS OOBEMBI
HAKOIUICHHOW M3TapH U COKPATATCS SHEPro- ¥ MaTepHANIbHBIC
3aTparthl, pacXoayeMble Ha €€ CKIaANpOBaHKUE U XpaHEHHUE.
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Tabnuya 5. Onmumansrsle mexnoaozuyecKue napamempol u
pexcumbl mexnonouu

Ne 3HaucHUs

TeXHOJIOTHUYECKHE NapaMeTPhl U PEXKHMBI
JlpoGieHne, H3MenbueHNE, CHTOBOI aHAIN3
1 - Meramutnyeckas Gppakius
- OkucreHHas ppakius

+10 memnr; -10 +18
Mmert; -18 +35 mer;

-35 memn

IInaBka MeTaTMYECKOH (ppaKIuu

2 " Temmeparypa, °C 450
- [IpoomKUTENBHOCTD, MHH 60
- Pacxoxg NH,Cl, % ot Beca HCXOAHOI HABECKK 2
OO6>XHUT OKHCIEHHOU (hpaknun 1000
- Temmeparypa, °C 60
- I[IpoomKUTEIBHOCTE, MHH

3 XJopupymromuii pearexr,
cmecs NH,4CI+CaCl, 7
- Pacxon NH4Cl, % oT Beca HCXOAHOM HABECKH
- Pacxog CaCly, % OT Beca HCXOHOM HAaBECKH 3

Pa3paboTraHHast TEXHOJIOTHS JIETKO WHTETPUPYETCS B Jiei-
CTBYIOIINE MPOU3BOACTBA TOPSIYEr0 OLMHKOBAHUS M3JEIHH U
MOXKET OBITh HCTIONB30BaHA ISl IEPEPadOTKN HAKOIUICHHBIX U
TeKymux 00BEMOB MOIydaeMoil m3rapu. Kpome Ttoro, maims-
Helilllee pacIIMpeHne TPAHUI] Pa3padOTAHHON TEXHOJIOTHH
JIeTIaeT ee MPUBICKATeIbHON M IS KOMIUIEKCHOH miepepaloT-
K{ OUHKCOIEPXKAIINX OTXOAOB. DTO OTKPHIBAET HOBBIC IEp-
CIIEKTHBBI B 00J1aCTH YCTOWYMBOTO HCIIONB30BAaHHS PECYPCOB
U coJeicTByeT Oosiee OTBETCTBEHHOMY MOJXOAY K oOparie-
HUIO C XUMHUYCCKMMH OTXOAaMU B PA3JINYHBIX HHIAYCTPUAIX.
Takum 00pazoM, pazpaboTaHHasi TEXHOJIOTUSI HE TOJBKO MO-
BbIIaeT 3((EKTUBHOCTh MPOU3BOACTBA M YMEHBIIAET Hera-
THBHOE BO3/ICHCTBHE HAa OKPY’KAIOLIYIO CPEy, HO TaKXKe CIIO-
COOCTBYET pa3BUTHIO 0OoJjiee YCTOHYMBBIX M OHKOJOTHIECKH
OTBETCTBCHHBIX INPOM3BOJCTBEHHBIX MPAKTHK, YTO BAXXKHO B
COBPEMEHHOM MHMpE, T/i¢ YCTOWYMBOCT M IKOJOTHUYECKAst
6e301MacHOCTh NMEIOT NPHOPUTETHOE 3HAYCHHE.

[o npenBapuTenbHBIM pacdeTaM sl yAEIbHOM MPONU3BO-
JuTenpHOCTH Tepepabotku marapu 100 T/cyTKH SKOHOMHYE-
ckuit 3ddext, ¢ yuetom cebecroumoctt 1 T Zn u 1 T ZnO,
cocraut: 112 000 $§ CILIA. IIpu 3TOM rooBOii SKOHOMHYE-
ckuit adext Oymet: 37.632.000 $ CIIIA. B pacuerax npuHs-
Ta cpelHeB3BelIeHHas nena Ha nuHk 2735 § CIHIA/T (LME), n
MHUHUMAaJbHAas IeHa okcuaa 1mmHka 15008  CIIA/T,
(https://russian.alibaba.com/product).

4. BLIBOABI

Ha ocHOBaHWM pe3yNbTaTOB MpEIBAPUTEIBHBIX OallaHCO-
BBIX OITBITOB IO IIABKE METAJUTMYECKOM COCTaBILIONICH U3ra-
Y 4 00XKHTra HEeMETaJUTMIECKON YaCTH COBMECTHO C XJIOPHAOM
KaJblUs W aMMOHHS MPOBEJICHBI TEXHOJOTHYCCKHE PACUCTHI
mo mepepabOTKe M3rapu ¢ YACTBHOW MPOU3BOIUTEIEHOCTHIO
100 1/u.

Brimanel pekoMeHIaIMy 0 MPOMBIIIIEHHOMY OCBOCHHUIO
TEXHOJIOTHH, OIIFICAaHbI OCHOBHBIC Y3JIbI U OJIOKH TEXHOJIOTHH.

Jis OlIeHKH MOJTy9YeHHBIX Pe3yNbTaTOB W BHIOOpPAa OCHOB-
HOTO 000pyIOBaHMS MPEIOKeHa 00IIas cxeMa rmepepadoTKh
H3rapyu C YCTAHOBJICHHEM MAaTEPHAIBHBIX MOTOKOB, KOTOPEIC
MOCJTY>KWJIM OCHOBOH JUIsi OKOHYATEJILHOTO BBEIOOpa 000pyHOo-
BaHUS.

[Nony4eHHbIe pe3yabTaThl MOTYT OBITh UCIIOB30BAHBI IS
pa3pabotku TexHonoruueckoro periamenta u TOO TexHOIO-
THH TIepepadOTKU U3rapH, MPUMEHHUTEIFHO K MaTepHaly pas-
JIMYHOTO COCTaBa M TPONU3BOIUTEIEHOCTH.
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(I)I/lHaHCl/IPOBaHI/le

HccnenoBanusi NpoBOJWINCH B paMKax I'PaHTOBOTO (H-
HaHcupoBaHusd Komurera Haykm MUHHCTEPCTBO HAayKn |
BhIcIIero oOpa3zoBanus Pecriyonmkn Kazaxcran na 2021-2023
ToAbl 10 TPHOPUTETHOMY HampaBiieHHIo «PannoHambHOE
WCTIONB30BaHNE BOIHBIX PECYPCOB, )KUBOTHOTO M PACTHTEIb-
HOTO MHpa, SKoJorums» mpoekra Ne AP09058297 «Pa3paboTka
HOBOHN 0€30TXOIHOI TEXHOJOTHH yTHIHM3AILMH OTXOJIOB TOps-
Yero OIMHKOBAHHS C KOMIUIEKCHBIM H3BJEYEHHEM IEHHBIX
KOMIIOHEHTOB.
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Kyitingini kemeHai KaiTa eHjaey YIIiH TEXHOJOTHSIIBIK
JKAOABIKTAPAbI TAHAAY

I''M. Koitmmna®”, E.B. Taxues!, A.A. Aprein’, A.B. Kannan?

1Sathayev University, Amvameor, Kazaxcman
2Arvak Tech Ltd, Pexosom, H3pauns

*Koppecnonoenyus ywin asmop: qulzik_84@mail.ru

Anpgarna. J)KympICTa TayapiiblK ©HIMICPAL ajla OTHIPHIN, KYHIHIUIEpAl KaiiTa eHuey aaicTepine Tanaay Kypriziini. COHFbI
KBULAAPHI MMPOMETAJUTYPTHSUIBIK 9/IiICTEPMEH KaTap TMAPOMETAILTYPIHsUIbIK SicTep A€ AaMu Oacrtajbl. ABTOpJIAp TayapiibK
OHIM aiyra OaFbITTNFaH MBIPBIIITAY KaJABIKTApBIH OHJCYAIH JKaHa KaJABIKCBI3 TEXHOJOTHACHIH YCbIHAAbL. JKywmbIcTa
TayapiblK ©HIMJIEpIi aja OTBHIPHIN, MBIPHINTAY KaJIBIKTaphl KYHIHOIHI Kaiita eHIey[iH >kaHa, apajac, KaJIbIKCHI3
TEXHOJIOTHACHIHBIH TEXHOJIOTHSIIBIK cXeMachl Kypbuiabl. Toymirine 100 ToHHAa MEHIIIKTI ©HIMIUTIKKEe KYHIHIIHI KaifTa eHICY
OOMBIHIIA TEXHOJOTUSUIBIK €CenTeyIiep >KYPri3iimi, ipieHnipiireH KOHABIPFBIHBI jk00anay XKoHE TEXHOJIOTHUSHBI MMaiaanaHy
0OIbIHIIA YCBIHBICTAD XKacalabl. TeXHOMOTHSAIBIK €CENTEYIIEp OHTAMIBI MapaMeTpiep MEH TEXHOIOTHS PEKUMIIEPIH €CKEPETiH
apHaiibl o3ipJeHreH OaFjapiaMa apKbUIbl XKYprizuiai. byn aBropmapra KyHiHAIHI ©HJEY NPOLECIHIH HAKTHI JEpeKTepi MEH
OarajaynapblH allyFa, COHJAH-aK KOHJIBIPFBI JKYMBICBIH OHTaWJIaHABIpyFa MYMKiHAIK Oepeni. KyHinnmini kemennl kaiira
OHJICY/IIH 93IpJICHreH TEXHOJOTHSCHIH NaiijianaHy, IIMKI3aTThIH KOCHIMIINA Ke3i peTiHae KyHiHAiHI Kailita eHjey eceOiHeH
peciiyOJIMKaHbIH MBIPBINI OHJIPICIH AaMBITY/Abl BIHTaJIAHBIPYFa MYMKIHAIK Oepezi. KyHbI )koFapsl TayapiblK OHIMIEpl almy
YILIH KYHiHZIIHI KaiiTa eHjey, oap )KUHAKTAJIBII XKaTKaH YJIKEH JKep ayMakrapblH OocaTajbl. XKanmbl, Makana KyHiHIiHI KaiiTa
OHJIey MAcelleNiepiH ey e, MBIPBIII OHEPKACiOIHIH OCyiH bIHTAlaHJbIpyla KOHEe KYHIHIIHIH >KUHAKTAybIHBIH KOpIIaFaH
OpTara ocepiH a3alTy OarbITHIH/IA XKAHA TEXHOJIOTUSHBIH MaHbI3IbUIBIFBIH KOPCETE.

Hezizzi ce30ep: Kyuinoi, Katima 6HOey, MeXHOIOSUANbIK ecenmeyiep, MexHON02Us, MEeXHOA0SUSANbIK CXeMd, Mayapiblk
eHimMOep.

Bb100p TeXHO0JI0THYEeCKOro 000PYyI0BAHMS HJISI KOMILJIEKCHOM
nepepadcoTKu U3rapu

I''M. Koitmmna®”, E.B. Taxues!, A.A. Apremn’, A.B. Kannan?

1Sathayev University, Azvamer, Kazaxcman
2Arvak Tech Ltd, Pexosom, H3pauns

*Aemop 0ns koppecnondenyuu: qulzik_84@mail.ru

AnHoTanus. B paGoTe npoBecH aHAIN3 Pa3IMYHBIX METOJIOB MEPepabOTKH M3TapH C MOJyYCHHEM TOBAPHBIX MPOIYKTOB.
B mocnennue rojbl, Hapsay C MHPOMETAJUTYPTHUECKHMH CIIOCOOAMH, HAYMHAIOT Pa3BUBATHCS M THIPOMETAJUTypPrUYECKHE
CHOCOObl. ABTOPBI MPEACTABISIIOT HOBYIO 0€30TXOHYIO TEXHOJIOTHIO MepepaboTKi OTXO0B IMHKOBAHMUS, HAMPABICHHYIO Ha
MOJTy9eHNEe TOBApHOH MPOAYKINH. B paboTe mocTpoeHa moapoOHas TEXHOIOTHIECKasi CXeMa HOBOW, KOMOWHUPOBAHHOM, 0e3-
OTXOMHOH TEXHOJOIMU TMEepepabOTKH OTXOJOB LMHKOBAaHMUS C MOJYYEHHEM TOBapHBIX MOPOAYKTOB. I[IpoBeieHbI
TEXHOJIOTHYECKHE PACUEThI 110 MepepaboTKe U3rapu Ha yIeIbHYI0 MPOU3BOAUTENLHOCTh 100 T/CyTKH, BBIIaHBI PEKOMEH AN
[0 MPOCKTHPOBAHHIO YKPYMHEHHON YCTAaHOBKM M IO OSKCIUTyaTallMd TEXHONOTHH. TEXHOJOrMYeCKHe pacdeThl ObLIN
MPOBE/ICHBI C UCIOJIb30BaHUEM CICHUANBLHO Pa3paO0TaHHOW MPOTPAaMMBI, KOTOpAas YYUTHIBACT ONTHUMAJIbHBIC MapaMeTphl U
PEKUMBI TEXHOJIOTHU. 3T0 IMO3BOJIACT aBTOPAM IMOJYYUTh TOYHBIC JAaHHBLIC U OLICHKHU MPOILICCCa nepepa60TKI/I u3rapu, a Takixe
ONTUMHU3UPOBATH PAbOTY YCTaHOBKH. Mcmop30BaHme pa3paOOTaHHONW TEXHOJIIOTHH KOMIUICKCHOM mepepaboTKu u3rapu mo3Bo-
JIUT CTUMYJIMPOBATh Pa3BUTHE IIMHKOBOIO NMPOU3BOCTBA PECIYyOINKH 3a CUET BOBJIECUEHUS B epepabOTKy M3rapH B KauecTBe
JOTOJIHUTCIIBHOTO HMCTOYHHKA ChIPbA. YTI/IHI/I3aLII/ISI nuzrapu € IMoJydYe€HUEM TOBAPHBLIX IMPOAYKTOB C BBICOKO I[O6aBJIeHHOI>i
CTOUMOCTBIO OCBO60[[I/IT 3aHUMAaCcMbIC UMHN 6OJ'II)IIII/Ie TCPPUTOPUHN 3EMIIU. B [CJIOM B CTaTh€ MOAUYECPKUBACTCA IMOTCHIIUATI HO-
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BOH TEXHOJIOTHH B PELICHHH IPoOiIeM mepepaboTKH H3rapH, CTUMYIMPOBAHMH POCTa IIMHKOBOH IPOMBIIIIIEHHOCTH U CHIKE-
HHU BO3JIEHCTBHUS HAKOIICHHS OKAJIMHBI HA OKPY)KAIOLIYIO Cpey.

Kniouesvle cnosa: uzeaps, nepepadbomra, mexHonro2uiecKie pacyemnl, MexHon02us, MmexHoN02UIecKds cxema, moeapHble
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Features of the geological structure of the Kogodai VMS deposit
in the Kurchum block

A.A. Bekbotayeva, S.B. Dyussetay”
Satbayev University, Almaty, Kazakhstan
*Corresponding author: saltanatdyussetay@gmail.com

Abstract. The article considers the geological structure of Kogodai copper massive sulfide deposit in the Kurchum block,
which is an integral part of the Irtysh shear zone. It is shown that the geological structure of the site involves feldspar quartz-
mica and amphibole-feldspar-mica crystalline schists, gneisses with frequent horizons of amphibolites. Mineralized zones
confined to the contact of amphibolite bodies with gneisses on terrigenous rocks are noted, granitoids in different phases of
intrusion including dikes and various granite and quartz porphyries are also considered. The spatial contiguity of geological
structures of different ages and compositions subject to intense metamorphic transformations is emphasized. This article pre-
sents the features of the copper massive sulfide deposit, the composition of the ores and the connection with the geological and

structural-tectonic factors that contributed to its formation.

Keywords: Kogodai, VMS deposit, Irtysh shear zone, highly metamorphosed rocks, Kurchum block, shales, structure.

1. BBenenune

BrisiBiieHHOE B cepellMHe MPOIUIOr0 CTOJIETHS MO «UyIl-
cKkuM» BbIpaboTkam Koromaiickoe MecTOpOXkICHAE HAXOTUTCS
B BBICOKOMeTaMOp(n30BaHHEIX Toponax Kypuaymckoro 0:o-
Ka, ABJIIOLIErocss cOCTaBHOW yacThio MpThimicko-dyroHckoi
30HbI bonbmioro Anras. OHO pUBJIEKaeT BHUMAHHUE UCCIIEN0-
BaTeJiel CBOMM HEOOBIYHBIM TOJIOKCHHEM, COCTABOM PYA H
BMEUIAIOIIUX NOPOJ, KOTOPbIE B 3HAYUTEIBHOM CTENEHU OT-
JIMYAIOTCS OT TPAIULMOHHBIX PYIHOAITANCKUX KOTYEJaHHO-
MOJINMETANIMYECKUX MECTOpPOXKIeHU. B cTpykTypHOM OT-
HOIIIEHUH yYacTOK MPHUYpPOUEH K HEHTPUKIMHATBHOMY 3aMbl-
kanuto Koromaiickod cuHkIMHAIM. MarmaTudeckue oopaszo-
BaHUS MPECTABIICHbI MEJIKHUMH COTJIACHBIMH TeJIaMH MacCHB-
HBIMH aM(pHOOIUTaMH U JaiikaMi TpaHO(UPOBBIX TUIATHOKIIA-
30B MOp(UPOB, pacTpOCTPaHEHHBIX MO BCEH TUIOMIATN MECTO-
poxaenus. PyaHele Tena CONPOBOXKIAIOTCS OKOJOPYAHO-
HM3MEHEHHBIMH [OPOJIAMH 3IHI0TOBOIO, TalIbK-XJIOPUTOBOTO,
AKTUHOJIMT-KBApLIEBOrO COCTaBA.

2. KpaTkasi XapaKTepHCTHKA re0JI0OTHIecKoro CTPOeHUs
u Metajuiorennu Kypuymckoro 6.;10xa

Kypuymckuit 6ok pacnonoxern B oceBor yactu U3C u
uMeeT (HopMy TpU3MBI UTMHONW 0KoJIo 100 KM W MIHMpUHON
25 KM, BBITSIHYTOH B CEBEpO-3alajHOM HaIpaBJICHHU BOJb
30HbI cMsTus (pucyHok 1). Ha ceBepo-3amaje oH orpaHuyu-
BaeTCs rpaHUTaMU KalOMHCKOro komruiekca (P1), a Ha toro-
BOCTOKE BBHIKIMHHBaeTcs. OmMCBIBaeMBI OJIOK crlaraercs
KOMIUIEKCOM BBICOKOMETaMOP(HU30BaHHBIX IOPOJ, Hpes-
CTaBJICHHBIX THelicamu U ampubomuTamMu, KOTopsle 00pasy-
10T BBIAEp)KaHHBIE HA OOJIBIIME PACCTOSHUSI 1O NPOCTUpA-
HUIO TOPU30HTHI MOITHOCTHIO OT 1 10 100 M.

['Heiicer mpencTaBieHB OMOTHUT — INIATHOKIIA30BBIMH, Tpa-
HaT — OMOTHUT — KOPAUEPHUT - TUIarHOKJIa30BBIMH, ouorwur -

© 2023. A.A. Bekbotaeva, S.B. Dyussetay

amM(uOOIOBBIMU U peXke MUPOKCEH — aM(UOOIOBBIMU pa3HO-
BUIHOCTSIMH. VIHOT]a Cpei HUX BCTPEUYArOTCSI IMH3BI MPaMo-
poB. AM(GUOOINTEI B TOJIIE 00pa3ylOT KOHTPACTHBIE CTPAaTH-
(bMIMPOBaHHBIE TOPHU3OHTHI, KOTOPBIC SBISIIOTCS XOPOLIMMHU
MapKHPYIOIMMH T'OPU30HTAMH, IO3BOJISIIONIMMH  BBISIBUTb
BHYTPEHHIOIO CTPYKTYpYy THeiicoamM(nOOINTOBOrO KOMILIEK-
ca. [lo creneHn HACHIIEHHOCTH aM(pUOOTUTAMK BCS TOJIIIIA
nozpaszaensercs Ha Tpu nadku [1]. HuwxHss nmauka MoIHO-
creio 10 2000 M mpezcTaBieHa pa3IMYHBIMH THEHCaMH C
OTZENBHBIMU TOPU30HTAMH aM(UOOINTOB, CpemHSS MOIIHO-
cThi0 0Kk0JI0 1800 M oOTiMuYaeTcs pe3KuM MpeodIagaHreM
MMUPOKCEH — aM(PHUOOIOBBIX THEWCOB M aM(QHOOIUTOB HaL
CIIIONUCTHIMU THEcCaMH, ¥ BEPXHSS MOIIHOCTBIO OKOJIO
1200 M mouTH HE COAEPKUT aM(pHOOIUTOB U CIIOXKEHA Tepe-
CIIAaMBaHUEM PA3JIMYHBIX CIIOJUCTHIX THEHCOB. AMGMHOOIUTEI
[0 CBOEMY COCTaBy OTBEYArOT TOJICUTOBBIM 0a3zanbTaM H IO
TIETPOXUMHYECKIM XapaKTEPUCTHKaM OTHOCSITCSI K HOpMab-
HOMY psAIy MOpOA HaTpHeBOil cepuu. I'Heiicsl comepxat 60-
65% SiO2 u chOpPMHUPOBAIHMCH TI0 TEPPUTECHHO —OCaJOYHBIM
OTJIIOKEHHUSAM B YCIOBHSX S3IMUIOT —aM(puOONINTOBON (arum.
Temneparypusle ycinoBus MeTamopu3Ma BYJIKaHOT€HHO —
TEpPUTeHHbIX O0pa30BaHMIl, PacCUMTAHHBIE IO TPaHATy U
ounotuty, oneHnBaroTcs B 510-660°C [2].

ITo nepudepun xomIuieke riaybokoMeTaMop(pr30BaHHBIX
Mopox  OKaWMIIsieTcsi  3€JICHBIMH  KBapll — CEpULINT —
XJIOPDUTOBBIMH CJIAaHIIAMHU CpPEAHETANe030iCKOT0 BO3pacTta
motHocThio 10 2000 M. TTopoasl MeTamop(dHU30BaHBI B OC-
HOBHOM B 3€JICHOCJTAHIIEBOM (halMu M CMSTBI B CKJIAJKH.
[lpuuem mnpocTHpaHWe CKIAIOK MEHSETCs OT CEBEpo —
3aMmagHoOTO [0 CYOIMMPOTHOTO, TMOBTOPSS KOHTYPHl OJOKa
BbIcOKOMeTamopdu3oBaHHbIX mopox [3]. CooTHomeHUs
MEXTy KOMIUIEKCOM ITyOOKOMETaMOp(HU30BaHHBIX MOPOA U
3€JIeHBIMH CJIaHI[AMU [OBCEMECTHO TEKTOHHUYECKHE, OJHAKO
MIETPOr€OXMMHUYECKHI COCTaB THEWCOB M CIAHIEB IPAKTHYE-
CKU UjeHTHYeH [4].
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Pucynok 1. I'eonozo-cmpykmypnas cxema Kypuymckozo o10-
Ka 2nybokomemamoppuszosannvix nopod. Cocmasiena ¢ ucnoib-
306anuem mamepuanoe [Xopeea, 1963; becnaee¢ u op., 1997;
Hlepoa u op., 1998]: 1 - omnosncenusn P-Qrv, nepacunenennvie; 2
- 0cadounbvie u 8YNIKAHOZEHHO-0cA00UHble omaoxcenusn Dx-Ci; 3 -
meppuzenno-ocadounvle omnoxcenus S:Di, 4 - zHeiico-
ampuoonIumoeslii KOMNIEKC, HEPACUICHEHHbLIL; 5 - 20pU30HMbL
ampubonumos; 6-epanumer Pr (kanbunckuit xomnaekc); 7 -
BYIKAHOZeHHbIl  Kancymunckuit — komniaekc Cs-Pi;, 8 -
cunmekmonuyeckue zpanumo-zueiicst; 9-11 - npuupmoiwckui
komnaekc Ds-Ci: 9 - cpanoduopumel, nnazuozpanumsl, 10 -
2abopouowt; 11 - ouabaswl; 12 -cepnenmunumol, MapaiuxXurcKuil
komnnekc; 13 - mekmonuveckue Hapywenusn; 14-17 -
MUHEPAIbHble MUNBL MECOPOXHCOeHUTl U pyOonpossnenuii: 14 -
Cu-konuedannwie, 15 - Cu-Zn-konueoannvie, 16 - 3010mopyonsie,
17-Cu-Ni mazmamuueckue; 18a,6 - pasmep obovexkma: 18 -
pyoonposenenus

B nenoM tepMoauHaMHUYeCcKUil 1uana3oH (GOpMUPOBaHUS
MeTamopduueckoro komiuiekca Kypuymckoro Omnoka u
HETIOCPEICTBEHHO MPWJIETAIOINX K HEMY HOPOJ OMpeess-
eTcs B mHTepBajie Temmeparyp 350-750°C u maBnenus 3-
6 xbap. OT™MeuaeTcs, YTO CTETIeHb MeTaMopdI3Ma HapacTaia
¢ IpUOIIKeHUEM K KPYITHBIM 30HaM cMATHS [S].

WnTpy3uBHbIE 00pa30BaHMs IPEICTABICHBI HECKOIBKHU-
MH BO3pacTHBIMH IpynnaMu nopon. Haubonee pannee mpo-
SIBJICHHE HMHTPY3MBHOI'O MarmMaTrui3ma HaOJIlofaeTcs B BHJE
JIalikoOOpa3HBIX TEJ U CHIJUIOB OCHOBHOTO U YJIBTPAOCHOBHO-
IO COCTaBa, KOTOPBIE TECHO aCCOLMHPYIOT C TOPU30HTAMU
amMuO0INTOB 1 00BbEJUHEHBI B MAapAJIMXMHCKHN KOMILIEKC.
III¥pokuM pa3BUTHEM B ONMCHIBAEMOM PAMOHE IOJIb3YKTCS
HMHTPY3UBBl [IpUMpPTHIIICKOTO TaOOpPOMIHOTO KOMILIEKCA
(Ds - Cip), KOTOpBIE TPEACTABIEHBI AOCTATOYHO KPYHMHBIM
BecOyruHCKMM MacCHBOM 3TMOJIMTOJIONIONUTOBOH (DOPMBI U
cepueli bosree Menkux Ten. K aToMy e KoMIuiekcey, ¢ onpe-
JIETICHHOH YCJIOBHOCTBIO, MOXET ObITh OTHeceH barmakOy-
JaKCKUH 1na0a30BBI MaccuB, KOTOPBIM CONOCTABISETCS C
obOpazoBanusiMu mepBoii (aser becoyruuckoro maccuBa. K
rpaHuTousiaM KyHyuickoro komruiekca (C: -sk) orHocutcs
psl MEJNKUX MacCHBOB M JIa€K IUIArMOTPAaHUTHOTO COCTAaBa.
Ot 00pa30BaHKs UMEIOT HHTPY3UBHbIE KOHTAKThI C MAacCH-
BaMH TIPHUPTHIIICKOIO KOMILIEKCa. [ 'paHUTBI KaJOWHCKOTO
kommuiekca (Pik) cmararoT mosic TpOTSHKEHHOCTBIO OoJee
750 kM u mmpuHOit 20-50 KM, KOTOpBIH NPOTATHBAETCS
Brosnb M3C. Cesepo-zanagHoe oxoHuyaHue Kypuymckoro
OnoKa  KOHTaKkTHpyeT  HemocpelncTBeHHO ¢ KanOa-
HapeiMckiM 0aTOJNMTOBBIM MacCHBOM, a HECKOJBKO He-
OOJIBIINX MHTPY3UBHBIX TEJ PacIoaratoTcs 1o nepudepun
aroro 6ioka [1].
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Bce wMecTropoxaeHHss U TPOSBIGHUS C  MEIHO-
KOJIYEaHHBIM OpYICHEHHEM JIOKAIN30BaHbl B OTHOCUTEIHHO
Y3KOH I0J10ce, OrpaHUuYMBAIOLIEH ¢ 10ro — 3anajga Pyanoan-
TalCKUW KOJUEIaHHBIN TOSIC, U OTBEYAIOUIEH B PETHOHAIb-
HOM tiaHe Mpteimickoit 3one Cmstusa. B ee mpenenax uz-
BECTHO /IBa PYAHBIX paifloHAa C MEIHOKOJNYEIAHHBIM Opy[e-
HenmneM — Kypuaym — Kanpmkupekuii n BaBumonckuit. Otn
paiioHBI pacronokeHsl B 360 KM IpyT OT apyra, KaXKIblid u3
HUX BKJIIOYAIOT MECTOPOXKICHHE M HECKOJIBKO IPOSIBICHUIN
MIPYU 3TOM BCE OHHU IPOCTPAHCTBEHHO aCCOLMHUPYIOT C BYNKa-
HUTaMHU OCHOBHOI'O COCTaBa, HUMCIOT 0)1HOTI/IHH]:II>1 MHHEC-
panbHBIA M XUMHUYECKUH COCTaB pPyJA, CXOIHBIM Xapakrep
OKOJIOPYZHBIX M3MEHEHUH, OJIMHAKOBYI0 MOP(OJIOTHIO py.-
HBIX TEJl, COOTBETCTBHE B CTENECHH METaMOpP(HU30BaHHOCTH
BMEIIAONINX TOpPoA W pyd. MemHo — KoTdeTaHHbIE MECTO-
POKIOCHUS W TPOSBICHUS WMEIOT LENbIA PN CIernudmde-
CKUX OCOOCHHOCTEH, IO KOTOPHIM MPHUHIMITAAIGHO OTIHYA-
FOTCS OT IPYTUX KOJMYEIAHHBIX MECTOPOXKICHHHA pPyIHOAT-
TaliCKOW IPOBHHIINHU U B TIEPBYIO OYepellb, II0 COCTABY Py H
ACCONUHMPYIOIIUM C HUMHU BYJKAaHOTCHHBIM IOpOJaM OCHOB-
HOTO cocTaBa. B mporecce ucciepoBaHHs STH U MHOTHE
JIpyrue OCOOCHHOCTH METHOKOMYETAaHHOTO OpYyICHEHHUS
OBUIH PACCMOTPEHBI C YIETOM BCErO KOMIUIEKCAa Ie0JIoTHye-
CKUX M CTPYKTYPHO-TEKTOHHYECKHX (PakTOpoB ero (Gpopmu-
pOBaHHA, a TAKKE B CBCTC MNAJICOTCOAMHAMHNYCCKUX PEKOH-
CTPYKLMHA 3TOro pernona. [locienHue mMoO3BOJSIIOT yCTaHO-
BUTbH CBS3b MEX/y BCEMH IPOILIECCAMH, TaK WIM MHa4ye Kaca-
IONIMMHCS HMCTOPUU CTaHOBJICHHS M DPa3BUTHA MEITHO —
KonmyenaHHoro opyaeHenus lOro — 3anagnoro Antas [8].

MeHo-KOIT4eJaHHBIE O0OBEKTHI Kypuywm -
Kanbmxxupckoro pyiHoro paiioHa mpocTpaHCTBEHHO MOKHO
O0OBEAMHHUTD B TPU TPYIIILI (PUCYHOK 2):

- Kapuurmnackas (mecropoxnaenue Kapuura u mposiBie-
Hus - CraccoBckoe, HOxnas AnTukimHane, [1lannsiOymaxk,
Bepukrac u ap.);

- banma-Kanpmxupckas (nmposinenuss Kok-Kapa-VY3ek,
V3yn-bynak, bepesa);

- Koropaiickas (mectopoxaeuue Koromaii, mposiBIeHUS
Jloromnoe, Tytok, @enoposckoe, Kanar).

&7 [l r2s5pomas npwprauckors kemnnexca (D3 - CT)
S Kpynisie Tena amcpuBoninTos

SN Mpansunsie pasnow VipTeiwckoi 3oHs! CMATHA

KoHTyp MHefico-aMprBonHTORora Komnnexca
~_ | Noysie CyGIMDOTHIE DaINoME
| Tpynna Cu-tonuanasix 6GLaKToR it 2 HoMED

£CTOPOXAEHUR W NPORBMEHN!
5 Cu-KonuenasHsie
9 Cu-Zn-vonueaaHLie
Au-rBapuessie
W AU-NHCTBUHATOBbIE
® Cu-Ni

Mectoporgerme
TMposianesue

Pucynok 2. Cnymnuxoswtii cnumok (Lanclsal image) Kypuym-
Kanvoorcupckozo pyonozo paiiona u nonoxycenue 0CHOGHbIX pyo-
HbIX Mmecmopodicoenuii u npoagrenui. Ha cnumxe nokasano:
epynnol Cu-konuedannvix 06vekmos (I — Kapuuzunckan; 2 —
bana — Kanvoucupcxkas; 3 — Koeooaiickas), unmpysuensie
Mmaccugvl  npuupmuiuickozo  komnaexca (Becoyeunckuii  u
Capvimay), zpanuunsie paznomvt U3C (Hpmuvruwckuit u Kanoa —
Hapvimckuii)
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Bce nposiBreHus JIOKAIW30BaHbI B IpEeiiaX BHICOKO Me-
TaMOp(H30BAHHBIX TOPOJ THEHCO - aMPUOOIUTOBOTO KOM-
IUIeKCa, MPH YeM JIJIsl BCeX HHUX XapaKTEPHBIM SIBJIACTCS pa3-
MEILIEHHUE B €r0 CpeAHeN Mauke, XapakTepu3youieics mupo-
KuM pa3BuTHeM amdudonutoB. Ilpm 3TOM MemHO —
KOJTYeTaHHOE OPYIEHEHHE TECHO acCOIMHUPYET C IOCIIeTHU-
MU, pa3Melasch B HEMOCPEACTBEHHON ONM30CTH OT amdu-
00HTOB, MM K€ B 30HAX WX KOHTAKTa C THeHcaMu.

3. Ocobennoctn reojiornyeckoro crpoenusi Koronaiicko-
ro MeIHO-KOJIYeJaHHOT0 MeCTOPOKACHHUS

Mectopoxxnenne Koromait Haxogutes B mpenenax Hp-
TBIIICKOH CTPYKTYPHO — (QOPMAITIOHHON 30HBI, XapaKTepH-
3YIOILEHCsl UPOKUM PAaCIpPOCTPAaHEHHEM MeTaMOpP()UUECKUX
(arwif, chopMUPOBAHHBIX, TIABHBEIM 00pa3oM, MO 0Cag0d-
HBIM MopojiaM. B Heil OoJibIioe pa3BUTHE MOIYYHIN TAKKE
WHTPY3UBHBIE MarMaTHYECKHE MOPOIBI Pa3sHOTO BO3pacTa.
Cpenu ocanodHO — MeTaMOP(PUUECKOTO KOMILIEKCA IOPOJ
30HBI BBIJICNICHBl HIDKECIICOYIOMINE CTpaTUrpaduyaeckie
nojpasesneHus [6].

Hwxanit maneo3oit — HrwxHUN 1eBoH (PZi-D1).

Mertamop(du3oBaHHbIE TEPBUYHO OCAJI0YHBIE 00pa3oBa-
HUS 3TOTO BO3pacTa pacwICHEHHI Ha TATH TOJIII;

1) Tomma «b» XapakTepu3yeTcsl MPUMEPHO OJWHAKOBBIM
conepkanreM aM(puboII — MIarnokia3 — KBapueBbIX CIAHIEB
W THEHCOB C ONHOW CTOPOHBI W OWOTHUT — IUIATHOKIIA3 —
KBapIIEBBIX CIAHIEB C Ipyroil. BHe 30HBI TIy00KOTO METa-
Mop(u3Ma B 3Ty TOJIIY BKIOYCHBI IIePECIaNBAIONINCCS
QIEeBPOJIMTHI, TJIMHUCTBIC CJIAHIBl M IIECYAHUKH, OOIIeH
MoIHOCcThI0 3000 M.

2) Tomma «c» TpeacTaBiIeHAa OHOTHT — IUTArHOKJIA3 —
KBapLEBBIMH CIIAHLIAMH C KOPAWUEPUTOM, aHAATY3UTOM,
TPaHATOM W PEAKUMHU TOPH30HTaMH aM(pUOOIUTOB M THEWH-
coB. Cpenu OTIOXKEHUI NPUCYTCTBYIOT INIMHUCTHIE CIAHLIBL,
CMEHSIONTNECS BBEPX IO pa3pe3y aleBPOIUTAMH U MeCUaHH-
kaMu. MoIHocTh pa3pesa Toamu coctasiseT 900 M.

3) Tomma «d» mmpoko pas3Buta. [lopoasl 3TO¥ TOIIIH
MIPEACTAaBICHbl C OJHOH CTOPOHBI (DMIUITMTH3MPOBAHHBIMHU
0CaJOYHBIMH OTJIOXEHUSAMHE; C IPYTOi — KpUCTAIUIMIECKUMHU
craHuaMu. XapakTepHOW 4epTOW JaHHOW TOJIM SIBISETCA
MIPUMEPHO OJMHAKOBOE COJEpkKaHue aM(pHOO0IICOIepIKAIIINX
ciaHIeB, aM(UOOIUTOB M OHMOTUTOBBIX KPUCTAIIIMYECKUX
cianueB. MomHocTs Toimu coctasisier 2160 m. OHa co-
TJIACHO MEPEKPBIBACTCS TOJIIIEH «e», TPaHUIla MEeXAY HHUMHU
MPOBOJUTCS TI0 PE3KOMY YBEJIMYCHHUIO B pa3pe3e OHOTHTCO-
JepAKALIIX KPUCTAUITMYECKUX CIIaHIIEB.

4) Tomma «e» claraet ceBepo — BOCTOYHYIO 4YacTh ILIO-
maau. CocTaB TOJNIIM XapaKTEPH3YeTCsl pe3KUM Mpeodiaia-
HHEM OWOTHT — IUIATHOKIIA3 — KBAPIEBBIX CIIAHIICB M pPa3-
JUYHBIX XJIOPUTOBBIX MHKPOKPHCTAIIMYECKUX CIJIAHIIEB.
YCTaHOBIIEHBI TOCTOSIHHBIC TIEPEXOIBl KPHCTAILTHYECKUX
CIIaHIIeB B TJIMHUCTHIE CIIAHIBI U AJE€BPOJIMTH C MECUaHHUKa-
mu. O61ast MomHoOCTh ToamM — 1100 M.

5) Tomma «f» pa3BuTa B CeBEepO — BOCTOUYHOH dYacTu
IUIOMAAN U XapaKTepU3yeTCsl YepeIOBAHHEM H3BECTKOBH-
CTBIX TICCYAHWKOB, aJEBPOJHTOB W TJIMHUCTBIX CIAHIIEB.
O6mas MomrHOCTh paspesa cocrasisieT 1200 M.

Kusemckuii apyc. Kvicmas-Kypuymckas ceuma (D2 gv
ks). OTi0xeHUsI KbICTAB-KyPYYMCKOH CBHUTBI OIPaHHYCHHO
pasBUTHI K IOoro-3zamagy oT y4acTtka. OHM TIpelCTaBICHBI
YIIUCTO-TIMHUCTHIMU ¥ TJIMHUCTBIMU CIIAHIIAMH M aJIeBPO-
JUTaMHU C PE3KO IOJYMHEHHBIMH INPOCIOSMH TECUAaHUKOB M
JMH3aMH W3BECTHAKOB. O0Ias MOITHOCTH 3THUX OTJIOKEHHH
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nocturaer 800 M. VX rpanmia ¢ oOpa3oBaHHAMH MeTaMmop-
(bugeckoi MOJOCHI MPOXOAUT MO pazoMmy. BospacT cBUTHI
OIIpEJICNICH 110 OOMITbHOM (ayHe.

Bepxnemenosvie-naneoyenosvie  omnoxcenus (Ka-P1).
OT1noxkeHus 3TOro BO3pPacTa BCTPEUYEHBl HA TOBEPXHOCTSIX
BBIPAaBHUBAHUS 110 I0’KHOMY cKJIoHY Hapeimckoro xpebra. K
HUM OTHECEHBI KPacHO-Oypble€ M MECTPOLBETHBIC IJIMHBI C
MIPUMECHI0 KPYITHOOOJIOMOYHOTO U IICAMMHUTOBOTO MaTepHa-
na. Moutaocts rimH konediercst 0.5-1.0 m. go 10-15 m.

Yemeepmuunas cucmema. YeTBEPTUUHBIE OTIOKEHHS
MIPECTaBIICHbI JACTIOBUAIBHBIMU U AJIIOBHAIBHBIMU IECKa-
MU, TaJCYHUKAMH U CYIJIMHKaMH{ B JIOJMHAX MEIKHX peUeK.
Hx morHoCcTh Kostebaercs ot 1,5 m. 1o 10 — 15 m.

CrpykrypHO yuyactok Koromaii pacmosaraercst B mpene-
Jax oro — BocTouHo# yactu OceBoi moa30HB!I MpThIIICKOM
CTPYKTYPHO — (DOPMAILMOHHON 30HBI, KOTOpAsl CIOKCHA BBI-
COKOMETaMOp(H30BaHHBIMH TIOPOJAMH, CMEHSIOMIUMHUCS K
CEeBEpPO — BOCTOKY  (MIJUIMTU3UPOBAHHBIMH  OCAJ0YHBIMH
OTJIOXKEHUSAMH  HIDKHETO  Iaje030s — HIDKHETO  JI€BOHA,
c(OPMHUPOBABIINMH HIDKHUH CTPYKTYPHBIH 3TaX 3TOH 30HBI.

B OceBoii moa3oHe pa3BUThl MHOTOYHCIICHHBIE JTHHEH-
Hble U OpaxudopMHbBIE CTPYKTYypBl BTOPOTO TOPSAKA, K KO-
TOPBIM Ha IUIOIIANM y4dacTka oTHocsitcsi Koronaiickast cuH-
KIIMHAJIb U JIOTOMMHCKAs aHTUKINHAIIB.

Koropnaiickast CHHKIMHANG TPOTATUBAETCS B Ipeaeax
KpucTaJTmaeckoi mosocsl Ha 30 kM mpu mwmpuHe 4xm. Tlo-
TpyXEHHE OCH CTPYKTYpPBI — CEBEpO — 3amajHoe, B OacceiiHe
pexu KunHCY OHa HCIBITHIBAET HEOJHOKPATHYIO YHIYJS-
ouio. YTJBl TOTPYKEHHsT COCTaBISAOT 5-20°. YCTaHOBUTH
WCTHHHBIE YTJIbI aJCHUSI KPbLIBEB CTPYKTYPBhI HEBO3MOKHO,
TaK KaK B YCJIOBHSIX BBICOKOH crerneHH Metamopdusma sie-
MEHTBI IEPBUYHON CIOMCTOCTH COBEPIICHHO HE COXPAHSIOT-
cs. 31ech MBI IMEeM JIeJI0 ¢ KPUCTAUIM3Al[IOHHOM ClIaHIle-
BaTOCTBIO, KOTOPasl B OJJHUX CIIydasX Pa3BHBACTCS IO CIIOU-
CTOCTH, HO OOJIbIIIEH YaCTBIO - 110 KIIMBaXy OCEBBIX MOBEPX-
HocTel. B anpe Korogaiickoll CTpyKTyphl aleHUE KpUCTaI-
JU3allMOHHOM ciaHueBatocTy nojoroe 10-40°, Ha KpBUIbSAX
oHa pe3ko Bo3pacraet no 70-80°. ITocienaee MOKHO 00BsIC-
HUTbH JIUIIb HEPAaBHOMEPHBIM Pa3BUTUEM KJIMBaXka B OCEBOM
YacTH CTPYKTYPHI X Ha €€ KPBUIbSIX.

JloTommMHCKass ~ AHTUKJIMHANGL  SIBISETCS  CEBEpO —
3amaJHbIM TPOJODKEHHEM CEBEpHOW BEeTBHM MapannxuH-
CKOM aHTHKJIMHAJIU U IPOCIEKUBACTCSA Ha PACCTOSIHHE OKOJIO
6 xm npu mmpure 1-1.5 kM. B cTpoeHUn CTpYKTYpHI IPUHU-
MalT y4acTHE€ KPHUCTAJUIMYECKHE CIaHIbl U aM(puOONUTHI.
O0a eé kpbUIa cpe3aHbl pa3IoOMaMH U OCJIOXKHEHBI MEJIKOH
W30KJIMHAJIBHONW CKJIax4artocTeio. IlorpyxkeHue ocu aHTH-
KIIMHAJIM 1OT0 — BOCTOYHOE B CEBEPO — 3aMaJHOM YacTH M
ceBepo — 3amajgHoe B oro — BocrouHo. K 3amany ot pyno-
nposiBiieHUs JIOTOIIHOE OCh CKIIJIKK TI0 CEBEPO-BOCTOYHBIM
pasiomam cmermraercs K 1ory. CTpyKTypa B LIEJIOM XapakTe-
pusyercss acUMMeTpH4HbIM Tpodwmiem. [lagenue roxHOTO
Kkpeiia gocturaer 50-60°, B To BpeMs KakK YIJIbl IaJeHUS
ceBepHOro Kpbuta He mpeBbimarT 20-40° (pucyHOK 3).

B mpenenax mojockl 0camoyHO — METaMOP(UUECKUX I0-
POA pa3BUTHI MarMaTUyeckue oO0pa3oBaHUs, FPYNIUPYIOIIHe-
Csl B CJIEJIYIOINE HHTPY3UBHBIC KOMIIEKCHI: IPUHUPTHIIICKHH,
Cpe/iHEe — BEepXHEKaMEHHOYTOJIbHBIN, BEPXHE — KAMEHHOYTOJIb-
HBI M KanOuHckuil. ITopoasl NPUUPTHIIICKOTO KOMILIEKCa
AMEIOT HamOoJbIliee pacrpocTpaHeHne B MpTHIICKON 30HE
cmsaTHsl. OH 00bEeAMHSIET TOBOJIBHO OOLIMPHYIO TPYIIY TOPO
oT mmaba3oB, Tab0Opo — amaba3oB 1m0 TpPaHUTOB. B cocraBe
9TOr0 KOMILIEKCA YCTaHOBJIEHO ueThIpe (a3bl.
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Pucynok 3. Texkmonuueckasn cxema paiiona padom

[epBas ¢asza mWMPOKO pa3BHTa Ha yyacTKe padOT U MO-
9TOMY JOJDKHA OBITH paccMoTpeHa Oonee neranpHo. OHa
npeAcTaBieHa auadazamu, aMaba3oBbIMKM mNOpdupHUTaMHy,
rab0Opo — 1uaba3aMu, CEpHEeHTHHUTaMU M aM(pHOOIUTaAMU.
Juaba3el M WX PasHOBUIHOCTH CIIAararoT OTAEJbHBIE He-
0OJIBIINE MACCUBBI, PE3KO BBITSHYTHIE B CEBEPO — 3aIIaHOM
HanpaBieHnu. OOBIYHO OHHM NPUYPOUYCHBI K Pa3IoOMaM CeBe-
PO — 3aIMagHOTO HANpaBICHUS M HMEIOT KpYyThle MNaJcHUS,
COTJIaCHBIE ¢ OOLINM TaJeHWeM 30HBL. BOKpyr amaba30BBIX
TNl OTKapTHPOBaHBI MHOTOYMCIICHHBIC MEJKHE NaiKH IHa-
0a30B (KWJIBI TIepBOTO ATama). KOHTaKTOBBIE MPOIIECCHI,
COINPOBOXKIAIOIINE BHEIPEHHE [1aba30B, BBIPA3HINCH B
amduboIM3aIKy, TIaBHBIM 00pa30M, H3BECTKOBUCTBIX aJICB-
POJIMTOB ¥ TMecuaHuKoB. HamOoubliieli MHTEHCUBHOCTH OHA
JOCTUTAET B Tpejiesiax KPUCTAUTMYECKOH MOJIOCHI, TAe Mopo-
Jbl TIpeBpallieHbl B aM(puOoIuThl. B BepTHKambHOM paspese
MOJIOCHI KPUCTAIMYCCKUX CIAHIIEB aM(PHUOOIUTHI pacipe/ie-
JIeHBl HEpaBHOMEpPHO. MaKkcuMasibHasl KOHIEHTpaus ampu-
00NHUTOB yCTaHABIHMBAeTCS B paspese mepBoi ("B") U TpeTh-
eit (""d") Tomm, cyOCcTpaT KOTOPBIX XapaKTEepH3yeTcs Mpeod-
JaJaHueM H3BECTKOBHCTBIX IIE€CYAHO — AJEBPOJIUTOBBIX OT-
noxeHnit. ®opma aM(pUOOTUTOBBIX TEN — ABOsIKAsL. B omHOM
Cilydae — 3TO COIVIaCHbIE CO CKJIAM4aTBIMH CTPYKTYpamH
TUIACTOBBIC TEJla MOIIHOCTHIO OT 1 M J0 HEPBBIX COTEH M
(macToBble TOPU3OHTHI aM(UOOIUTOB HYTEKO IOBTOPSIOT
3aMKOBYIO 4acTh CHHKIMHaIN). B apyrom cimydae amdubo-
JUTBL 00pa3ylOT pPE3KO BBITSAHYThIE B CEBEPO — 3aIraJHOM
HanpaBJICHUW KpyToNajaromnye Tena. Takod QopMoid,
HampuMep, o0JiagaeT TOpU3OHT aM(pHUOOIUTOB, MPOTITHUBA-
olMiica Ha ceBepo — 3aman oT ¢. Mapanuxa no p. Korogaii,
Il OH COWIEHSETCS C IUIACTOBBIMH TeJIlaMM, IpHOOpeTras
CJIOKHYIO KOMOMHHUPOBAHHYIO (hOPMY.

K nepBoii daze oTHOCATCS Takke aHATOMHUYECKHE I'PaHU-
Tl TpaBoOepexbs p. Kunncy. OcHoBaHMEM JuIsi 3TOrO MO-
CIIy)KHJIa TeCHasi IPOCTPAHCTBEHHAs CBs3b aM(pHOOINTOB U
TPAaHUTOUJIOB, & TaK)Ke HAIMYHE KCEHOJHMTOB TabOpOHIIOB C
peoMOphUUECKUME TPaHUTAMH B KOHTAaKTe B radbOpommax
BTOpo# (hazel. [TocenHee maeT BO3MOXKHOCTD MPEIIOIaraTh,
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YTO TPOLECCHI TUIABJICHNSI KPUCTAJUTHUECKHUX CIIAaHIEB UMEITN
MECTO /10 BHEIpeHHs Tab0pon 0B BTOPOH (a3bl.

Bropas ¢aza mpezncrasiena rabopo — aumadbazamu, rab0-
po, rabOpoamopuTamu, crararommMu YaHnuHCckui, Mapa-
TIXUHCKWHA 1 babaeBckuii MacCHBEI.

Tpetbs (aza BKIIOYACT CpeIHE3EPHUCTHIE OMOTHTOBBIE
TPaHMTHI, THOT/IA TOP(QHUPOBHUIHBIE, a TAK)KE TPaHOAUOPHTHI,
TUIarMOTPAHUTHI, KBAPLIEBBIE THOPHUTHI, TPAHO(DHUPHI.

XKunbHast cepusi TPUUPTHILICKOIO KOMIUIEKCA TPEJICTaB-
JeHa JjadikaMM 1uaba3oB, (EIb3UTOBUAHBIX KBapIEBHIX
nopdupoB 1 KBapleBbIX albOuTOGUpoB. [(nabassl B cocrase
ATOM TPYIIIBI UMEIOT MOJYMHEHHOE PaclipOCTPaHEHHUE.

KunbHast cepust  cpeJHE — BEpXHEKAMEHHOYTOJILHOTO
KOMIUTEKCa TIpEeJCTaBJICHa TPaHUT — MOPPHUPaMU U TPaHOIH-
oput — mophupamu.

WHTpy3un BepXHEKaMEHHOYTOJIBHOTO KOMIUIEKCA CJIO-
JKEHBI JIalKaMH IUIarHoTPaHuT — HOP(UPOB, TIIArHOKIA3NT —
nopQupoB, MecTaMH PHOIIVDKAIOIINXCS K JTaMIpodupam.

I'pannTonnsl KajaOMHCKOTO HMHTPY3WBHOTO KOMILIEKCA
OTpaHMYEHHO pa3BUTHI B 3amaiHoW 4Yactu miomaad. OHu
BKJIFOYAIOT CPEIHE3EPHHUCThIC, MECTAMHU CO CJIa00 BBIPaKEH-
HOW TOPGUPOBUTHOCTEIO OHOTHUTOBBIE W  MYCKOBHT —
OMOTHUTOBBIE TPAHNUTHI, COMPOBOKAAOINNECS JaHKaMH aIlIn-
TOB, AIUTUTOBHIHBIX MEIMAaTOUIHBIX TPAHUTOB U KBaPLEBBHI-
MU xuiamu [9].

[Tnomans MECTOPOXKICHHUS CIOXKEHa ABYMsI TOJIIAMU: a)

BerHeﬁ, BKJIIOYaBIIIECH MoJIeBOLINaT — KBapl —
MYCKOBHUTOBBIC n KBapI — MoJjieBoumnar — OHOTHTOBEIE
CJIaHObl € YaCTbIMHU TOPU3OHTAMH U IMPOCIOSAMHU TI0JIC-

BoOLINAT — aM(pHUOOJIOBBIX CIAHIEB; 0) HW)KHEH, INpecTaB-
JIGHHOW YacCTBIM Yepe0BaHHEM MOIIHBIX TOPHU30HTOB aMpu-
0OMMTOB ¢  TONYMHEHHBIM  KOJHMYECTBOM  KBapll —
TMTOJICBOIIIIAT — CIFOIVCTHIX B aM(pHOOIOBEIX CIAHIICB.

[IpucyTCTBYIOT MeNKHE COTJIACHBIE Tela Halelo aMQu-
0ONMUTH3NPOBAHHEIX TabOpPOMIOB (MAaCCHUBHBIX aM(puOOIH-
TOB) W JaliKW TPaHO(PHUPOBBIX IUIATHOKIA30BEIX MOPQHPOB,
pacrpocTpaHeHHbIe 10 BCEH IO y4acTKa M 4acTo 3a-
HHMAIOIIUE CEKyIee IOJIOKEHUE 110 OTHOIICHHIO K IUIMKa-
TUBHBIM CTPYKTYpaM.

30HBI MUHEpAITM3aIMK PHYPOUEHBI K COTJIACHBIM C TI0JIO-
CUATOCTHIO B aM(HOOJIUTaX 30HAM TOBBIIEHHOTO pacciaHIle-
BaHUS U K CPbIBaM [0 UX KOHTaKTaM. DTH Tela JIEHTooOpas-
HOI (OpMBI C YACTBIMH pa3iyBaMH OOPa3ylOT COIJIACHBIC C
NPOCTHPAHUEM CIIaHLIEB JIMH30BHUAHbBIC BBIXOBL. [lorpyxenue
UX COBMAgaeT ¢ MOTPY)KEHHeM cKiandateix (opMm. B 30He
THIEpreHe3a MUHEPaIM30BAHHBIC IOPOABI TMPEBPAIICHBl B
JIMMOHMT - KBapLEBbIC IIOPOIBI C MAalaXUTOM M OOJBLINM
KOJIMYECTBOM ITyCTOT OT BBILIETIAYHUBAHUS CYIb(HIOB.

4. BeIBOABI

1. OTtmedaeTcsi 30HaNBHBIN XapakTep MeTamopduszma
Kypuymckoro 6i0ka, mpu 3TOM H30Tpaabl MeTamop¢uzMa
UMEIOT ceKyImue COOTHOIICHUS c JUTOJIOTO-
cTpaturpaueCKUMU TPAaHUIIAMH, & UX SMUIEHTPHl TATO-
TEIOT K apearaM Marmatu3ma. HeoTheMIIEMBIM 3JIEMEHTOM,
MoT4epKuBaromuM cneunuky sBoionnn Kypuymckoro
6soka TIyOOKO MeTaMOp(H30BaHHBIX IOPOJI, SIBISIOTCA
MECTOPOXKJIEHUSI U MPOSABICHUS MOJE3HBIX HCKOIAEMBbIX,
BBISIBICHHBIE B €ro mpeaenax. MeaHO-KOJNYeNaHHBIE OpYy-
JICHEHUS! HCTIBITAIN MeTaMop(U3M 3nuI0T-aMPpOoO0IUTOBOM
¢ammu. B mporecce meTamopdu3zMa BMEMIAIONMAE TTOPOIBI
W pyIBl TIPETEpIeNd TEKTOHNYECKHEe W MHHEpaIbHBIC Ipe-
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o0pa3oBaHMs. YCTaHOBICHA MEPEKPUCTAINIM3ANNA PYA C
oOpa3oBaHuEM METaMOP(OTEHHBIX TEKCTYpP W CTPYKTYp, U
JacTUYHas pereHepanusi pyAHOTO BellecTBa C MEPEOTIO-
JKEHHEM €ro B 3aMKOBBIE€ YaCTH CKJIAJOK U TEKTOHUYECKU
ocia0bJIeHHBIX 30H.

2. B npeaenax MpThIIIckoi 30HBI CMSTHS U3BECTHO JBa
pYIHBIX palioHa ¢ MEAHOKOIYEIAHHBIM opyaeHeHueM Kyp-
gyMm — Kanemxupckuil 1 BaBunonckuil. OTH palfoHBI BKIIIO-
Yar0T MECTOPOXKACHUS U PYIOINPOSIBICHNUS, KOTOPhIE UMEIOT
OJHOTUIIHBIA MMHEPAIbHBII M XMMHUYECKUH COCTaB pYA,
CXOJHBIM XapaKTep OKOJIOPYAHBIX M3MEHEHHUH, OINHAKOBYIO
MOP(]OJIOTHIO PYIHBIX TEN, COOTBETCTBHE B CTEIIEHH METa-
MOP(HU30BAHHOCTH BMEMIAIOIMINX HOPOJ U PYL;

3. B reosoruueckoM OTHOIIEHHH YYaCTOK HAaXOAUTCS B
npenenax Kypuym — Kanbmxupckoro 6moka. B reonmoruue-
CKOM CTPOCHHH MECTOPOXKICHHS MPUHUMAIOT yJacTHe uepe-
JIYIOIIIHECS TTOJICBOIITAT — KBAPI[ — CIIOAUCTHIC U aM(puO0IT —
MIOJICBOIIMNAT — CJIIOJUCTBIE KPHCTAIIMYECKHE CIIAHIBI U
THEHCHI C YaCTBIMHU TOPU30HTaMH aM(UOONIUTOB MOIIHOCTBIO
ot mepBbIX MeTpoB 110 100 M. AM(QHOOIHUTEI YaCTO XIIOPUTH-
3UpPOBaHbl M JNHUAOTH3UPOBaHBL. (OCHOBHOH CTPYKTYpOit
paiiona ssnsiercss Koropaiickas cuHkiInHaib. MuHepanuso-
BaHHBIE 30HBI IPUYPOYEHBI K KOHTAKTy aM(pHOOIUTOBBIX TEJ
¢ THelicaM (110 TepPUTEHHBIM BBICOKOMETaMOP(H30BaHHBIM
noposam). 30HBI HMEIOT JIEHTOOOPA3HYIO, COTJIACHYIO C
BMEIIAIONINMHU TOpoaaMu Gopmy.
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Kypumim 0soreinaarsl Korogaii Mbic-KoI4eAaH bl KCHOPHBIHBIH,
reoJIOTUsJIbIK KYPbUILIMBIHBIH €peKmIeTiKTepi

A.A. Bek6oraesa, C.B. [lroceraii”
Satbayev University, Arvamoi, Kazaxcman
*Koppecnondenyus ywin asmop: saltanatdyussetay@gmail.com

Angarna. Maxkanaga EpricTiy bIFbICY aliMarbIHBIH Oeiri Ooibin TaObwiaThiH KypimiM OJIOTBIHAAFBl MBIC-KOJTYCIAHIbI
Koromali KCHOPHBIHBIH TEOJOTHSIIBIK KYPBUIBIMBI KapacThIPbUIFaH. AWMAKTBIH TEOJOTHSIIBIK KYPBUIBIMBIHA KPUCTAJJIBIK
TaKTaTaCTapJbIH CIIOJATBI-KBApI[ JAJNAIINATTAPhl MEH CIOAaNbl-aM(pHUOOI-TanaimnaTrapsl KoHe aMQpuOOIAbl THEWUCTep
KipeTiHi KepcerinreH. TeppHTeHIIK TayKBIHBICTAPBIHAAFEI aM(QHUOOIUTTEPAiH THEWCTEpMEH J>KaHACYBIMEH IIEKTENTeH
MUHepalJaHFaH aiMaKTap oHE HHTPY3HUSHBIH OpTYPIi (pa3amapelHIaFsl TPAaHUTOUATAP, COHBIH iIIiHIE qaiKamap MeH 9pTypii
TPaHUTTI KOHE KBapUTH MOPHUPHUTTEP KapacTHIphUIFaH. KapKbIHIB MeTaMOPQTHIK ©3repicTepre YIIbIparaH dpTYPIIi KaCTaFsl
JKOHE KYpam[Iarbl T'€OJIOTHSUIBIK KYPBUIBIMAAP/bIH KEHICTIKTIK cabaKTacThIFbl aTan OTUIreH. Makanana, MbIC KOMYeJaH/Ibl
KEHOPHBIHBIH, ePEKILeNIKTepi, KeH Kypambl jKOHE OHBIH Maifa OONybIHA BIKMAT €TKEH TeONIOTHSIBIK KOHE KYPBUIBIMJIBIK-
TEKTOHMKAaJIBIK (pakTopiapMeH OaiiylaHbIChl CHITATTAJIFaH.

Hezizei co30ep: Koeodail, mvic-konuedanovl KeHopolH, Epmic vigvlcy atimazel, Jico2apvl memamoppusmee Yublpazan
arcoinwvicmap, Kypuwim 6noeel, maxmamacmap, Kypolisimoap.

OCOo0eHHOCTH reoJIOrH4eCKOro CTPOEHUsI MeIHO-KOJIYeIaHHOT0
MmecTopoxaenus Koronaii B Kypuymckom 0j10ke

A.A. Bexboraesa, C.b. ltoceraii”
Satbayev University, Arvamoi, Kazaxcman
*Aemop onsn koppecnondenyuu: Saltanatdyussetay@gmail.com

AHHOTaIII/IH. B cratne PacCMOTPEHO I'€OJIOTHUICCKOC CTPOCHHUE MCIHO - KOJTYEAAHHOIO0O MCCTOPOKACHUA Koro,uai/i B Kyp-
YYMCKOM 6J'IOK€, SBJIAOIEMCS COCTaBHOM YaCTbhIO I/IpTLIHICKOﬁ 30HbI CMSTHS. HOKa3aH0, YTO B I'€OJIOTUYCCKOM CTPOCHUU
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yJacTKa NMPUHUMAIOT y4acTHe TOJIEBOIIINAT KBapIl - CIIOAUCTHIC M aM()UOOI — MOJIEBOIIIAT - CIFOIUCTBIC KPUCTAJUIMICCKHE
CJTaHIIBI, THEHCHI C YaCTBIMU TOPHU30HTAMH aM(prOonToB. OTMEUAIOTCSI MUHEPAIN30BaHHBIE 30HBI, IPUYPOUCHHBIE K KOHTAKTY
aM(pUOOTUTOBBIX TEN C THEWCAMH 10 TEPPUTCHHBIM MOPOJaM, TAKKE PACCMATPHUBAIOTCS TPAHUTOUIBI B Pa3IHUYHBIX (a3zax
WHTPY3UH BKIIOYas JalKd W Pa3HOOOpa3HbIe TPAHUTHBIC U KBapleBble mopdupsl. [loguepkuBaeTcss MPOCTPAHCTBEHHAS CO-
MPSDKEHHOCTD TCOJIOTMYECKUX CTPYKTYP Pa3HOTO BO3pAcTa U COCTaBa, IMOJIBEPIKEHHBIX HMHTCHCUBHBIM METAMOP(QHUYCCKIM Ipe-
oOpazoBaHusAM. [laHHas CTaThsl MPEACTABISET OCOOCHHOCTH MEJHO-KOJYEIaHHOI'O MECTOPOIK/IEHHS, COCTaB PyA U CBS3b C
Te0JIOTHYECKUMHU U CTPYKTYPHO-TEKTOHHYECKUMH (PaKTOPaMH, KOTOPbIE CIIOCOOCTBOBAIIH €ro (opMHpPOBaHHMIO.

Knrwouesvie cnosa: Kozooail, meono-xonueoannoe mecmopocoenue, Upmuluickas 30Ha CMSMUsl, 8blCOKOMEMamoppuso-
samnHbie nopoovl, Kypuymckuil 010K, clanysl, CMpyKmypbi.
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The influence of hydrological conditions on the formation of exploitable
reserves of underground water deposits in Northern Kazakhstan
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Abstract. Groundwater is an important source of water supply in the regions of Northern Kazakhstan. The formation
and management of exploitable groundwater reserves in a given region are closely related to hydrological conditions. This
article analyzes the influence of climatic factors, hydrogeological features and human activity on the formation of opera-
tional groundwater reserves in Northern Kazakhstan. The study is based on an analysis of the results of prospecting and
assessment work and data from the pilot operation of the Alekseevskoye groundwater deposit in the Akmola region of the

Republic of Kazakhstan.

Keywords: hydrogeology, groundwater, operational reserves, Kazakhstan, groundwater resources, water intake wells.

1. BBenenue

CoBpeMeHHOE 00ECICUeHHE YCTOMYMBOIO Pa3sBUTUSL 00-
IIECTBA 1 SKOHOMHKH TECHO CBS3aHO C d((EKTUBHBIM yIpPaB-
JIeHHEM BOJHBIMHU pecypcaMu. B 3TOM KOHTekcTe 0COOEHHO
BaXXHBIM ABJIACTCA HU3YUYCHHUC TUAPOJIOTHYCCKUX yCHOBI/Iﬁ u
(opMupoBaHNe SKCIUIyaTallMOHHBIX 3aMlacoB ITOA3EMHBIX
BO/I, BIMSIONNX HA YCTOWYNBOCTDH BOJOCHAOXKEHHS B PETHO-
Hax. OfHUM M3 NEPCIIEKTHBHBIX OOBEKTOB HCCIIEOBAHUS B
sToit obmactu sBisercs CeepHbii KaszaxcraH, xapakrepu-
3YIOIIMHCS YHUKAIbHBIM THUAPOJIOTHYECKUM pEXUMOM. B
paMKax JaHHOM HAay4HOW CTAaTbU aBTOPHI (POKYCHUPYIOT BHH-
MaHue Ha AJIEKCEEeBCKOM MECTOPOXKICHUM IO/I3EMHBIX BOJI,
MPEACTaBIAIONIEM CO00M 3HAUMMBIA OOBEKT AJIST WM3y4CHHS
BJMSHUS THUAPOJOTMYCCKUX YCIOBHUA Ha (OPMHPOBAHHE U
HKCIUTyaTalllI0 BOJHBIX PECYPCOB B JAHHOM PErvoHe. AHAIU3
ATOTO MECTOPOJK/ICHHSI HE TOJIKO PACKPOET YHHKAJIbHBIC
acmextsl ruaporeosnorun CeepHoro Kazaxcrana, HO Takxke
NPEIOCTaBUT IIEHHbIE NPAKTHYECKUE BBIBOJBI, CIIOCOOCTBY-
omye paspadoTke 3()(EKTHBHBIX CTpaTeruil ynpaBJICHHS
MOA3EMHBIMH BOJAMH B YCJIOBUSIX M3MEHSIOLIErocs Kiumara
Y TTOBBIIIEHHOM NOTPEONTEIILCKOI aKTHBHOCTH.

AKTYaJIbHOCTh WCCJIEJOBAaHHH OIpeaeNnseTcs HeoOXoau-
MOCTBIO COBEPIIEHCTBOBAHMSA METOJHWK MPOTHO3HBIX pacue-
TOB B CBSI3M C NOBBIIICHUEM JOJH HCIOJIb30BAHUS MOA3EM-
HBIX BOJ B XO3SINCTBEHHO-NIUTHEBOM M TEXHHIECKOM BOO-
cHaOxeHnu. ToJbKO HAa OCHOBE TEOPETHYECKH OOOCHOBAH-
HBIX TIpeJACTaBIeHU 00 ocoOeHHOCTAX  OallaHCOBO-
THIPOJMHAMHYECKAX TPOIECCOB (OPMHUPOBAHHS IKCILTya-
TAIlMOHHBIX 3aI1acOB B YCJIOBHSIX JWHAMUYHOTO M3MEHEHUS
THJPOJIOTMYECKUX XapPAKTEPUCTUK MOXHO COBEPILEHCTBO-
BaTh MPAKTHKY Pa3BEIKU U OLEHKH MECTOPOXKACHHH, B TOM
YHCIIEe U B aCTeKTe KOMIUICKCHOTO HCIOJIb30BaHUS PECYypCOB
MOA3EMHBIX Y TIOBEPXHOCTHBIX BOJI.

s Gonee riryObOKOro MOHWMAHUS BIMSHHS THIPOJIOTH-
YEeCKUX YCIOBHA Ha (OPMHUPOBAHHE OKCIUTyaTAI[HOHHBIX
3aracoB IMOA3EMHBIX BOJ Ha HpUMeEpe AJIEKCEeBCKOTO Me-

© 2023. Ye. Auelkhan, A.Kh. Zhusupov

cTopoXIeHns mnoa3eMHbIXx Bon B CeBepHoM Kasaxcrane
paccMaTpUBaIOTCS CICTYIONINE OCHOBHBIE THIIOTE3BI:

1. l'eonorndeckas CTpyKTypa U THAPOTSOIOTHIECKUE TIPO-
[ECCHI: MPEAIIONIaraeTcs, YTO Te0IOrmIecKas CTPYKTYpa perH-
OHA, TaKas KaK THUIBI TPYHTOB, IOPOIBI M CTPYKTYPHI BOJIO-
HOCHBIX TOPU30HTOB, OKa3bIBACT BJIMAHHUC Ha q)OpMI/IpOBaHI/Ie
U pacmpesielieHie Moa3eMHbIX BojA. ['HIoTe3a mpemnosaraer,
YTO IOHUMaHHUE ITHX T€0JIOTHUECKUX OCOOCHHOCTEH TTOMOKET
JIy4uaie O€HUTh O6’I)GMI)I 1 Ka4CCTBO IMOJA3EMHBIX BO/I.

2. MoaenupoBaHue THAPOJOTHYSCKUX MPOIECCOB: THIIO-
Te3a Mpeanojaract, 4To MPUMEHECHHE MAaTEMaTHYCCKHX MO-
JieNedl TUAPOJOTHICCKUX IIPOIIECCOB MOXKET IPEJOCTABUTH
WHCTPYMEHT IJIsl TMPOTHO3UPOBAHHS W3MCHEHHH B 3amacax
MOJ3EMHBIX BOJ B 3aBHUCHMOCTH OT Pa3IHYHBIX THAPOIOTH-
YECKHX CICHAapHeB. Mcrmonp30BaHHE TaKUX MOJEICH MOXKET
MOMOYb B pa3paboTke 3Q(QEeKTUBHBIX CTpaTErHidl YIpaBICHUS
BOJIHBIMHU PECYpPCaMHu.

IIpoBenenue uccienoBaHuil ¢ y4eTOM JaHHBIX THUIIOTE3
MO3BOJHT OoJiee TIyOOKO IMOHATH MEXAHHW3MBI B3aWMOJICH-
CTBHSI THIIPOJIOTHYECKHUX YCIOBHH M MOJ3EMHBIX BOJ, UTO, B
CBOIO OYepellb, MOXKET MPUBECTH K pa3paboTke Oojee TOd-
HBIX ¥ 9()()EKTUBHBIX METOJIOB YIPABJICHUS BOTHBIMHU PeCyp-
caMH B JJAHHOM PETHOHE.

2. MeToabl 1 MATEPHAJIBI

MeTtogonorus uccieioBaHMs HalpaBlieHa Ha CHUCTEMAaTH-
YECKOe U TIyOOKOE W3YYCHUE BIHSHUS THUIPOJIOTHYCCKUX
ycnoBuilt Ha ()OPMHPOBAHUE 3aMACOB IMOJ3EMHBIX BOJ, C OC-
HOBHBIM (DOKYCOM Ha AJICKCEEBCKOM MECTOPOXKICHUH B AK-
MOJIMHCKOM 00sacTH. JIJIs JOCTUKEHHUS ITOCTABICHHBIX LIEICH
HCTIONTF30BAJIACH CIEAYIOMIAsi METOTOJIOTHS:

I. COop maHHBIX: HAYATBHBIM ITAIIOM SBIIUICS KOMIDIEKC-
HBIH COOp MaHHBIX O KIMMATHYECKUX, THIPOJIOTHIECKUX
YCIOBHSX W TIOM3EMHBIX BOJAX B PETrHOHE. DTO BKIIOYAET B
ce0s aHaIu3 KIMMATHYECKUX JAHHBIX, T€0JOTMYECKUX U THI-
POTEOIOTHYECKUX KapT.
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II. TeonnbopMaIMOHHBIN aHAIM3: UCIOJIH30BAHUE T'EO-
MH()OPMAIMOHHBIX CUCTEM IS IPOCTPAHCTBEHHOTO aHAIN3a
1 BU3YyaJIM3alMH JIAHHBIX. DTO MO3BOJIUT BBISIBUTH MPOCTPAH-
CTBEHHbIE 3aKOHOMEPHOCTH pacIpezeeH s OA3EMHBIX BOJ
W WX 3aBHCUMOCTH OT TEOJIOTMYECKUX M KIMMAaTHYECKHX
(axTopoB.

[II. I'mpporeonoruyeckue HCCIENOBaHUS: MPOBEIAECHUE
KOMIUIEKCA THJIPOTEOJIOTUYECKUX HCCIICAOBAHU, BKIIOYaB-
mux OypoBBIE, TeO(PHU3MUECKUE, OMBITHO-(QHIbTPAIIMOHHEIE,
peXUMHBIE U JTabopaTOpHBIE PaOOTHI JJIS OMpEACICHUs Xa-
PaKTEpPUCTUK BOJOHOCHBIX TOPH30HTOB, IPOHHUIAEMOCTH
MOPOJ U APYTUX NapaMeTPoB, BIUAIOMINX HA (OPMUPOBAHHUE
3aI1acoB MOJ3€MHBIX BOJI.

IV. OueHka aHTPONOTeHHOTO BO3AEHUCTBUS: H3Y4YEHUE
BJIMAHUA OKCIUTyaTallud MCCTOPOXKIACHUA Ha THUAPOJUHAMU-
YECKYI0, THAPOXHUMHUYECKYIO H THIPOJIOTHYECKYI0 00CTaHOB-
Ky Ha IUIOLaAd MECTOPOXKACHUS.

V. ®opMupoBaHHE PEKOMEHIAIMNA: HA OCHOBE MOJIY4EH-
HBIX PE3yJbTaTOB pa3paboTKa pekoMeHmanuid s dhdhek-
THUBHOTO YINPABJICHUS IIOJ3€MHBIMA BOJAMHU B DETrHOHE,
BKJIIOYAsl TPEJIOKEHHUS II0 BOAOCOEpEeraromuM Mepam |
CTpaTerusiM yCTOHYNBOTO MCIOIb30BaHMUS BOJHBIX PECYPCOB.

OTa METOROJIOTHS MPEIOCTABIACT CUCTEMHBIN MOIXO0 K
W3Y4YCHHUIO BIMSHHS THIPOJOTHMYECKUX YCIOBUH Ha (OpMH-
POBaHKE 3aIacoB MOJ3EMHBIX BOJ, YTO ITO3BOJIUT MOJYYHTh
Oonee momHOE M TIyOOKOE MOHWMAaHHE THAPOJIOTMYECKHX
MPOIIECCOB B PACCMaTPUBAEMOM PETHOHE.

3. Pe3yabTaThl U 00Cy:KIeHHE

Hayunoe uccnemnoBanue, IpoBeIeHHOE B paMKax OMHCaH-
HOM METOOOJIOTUH, MPEAOCTABIIACT PAA KIIFOYEBBIX PE3YJIbTa-
TOB, KOTOPBIE MOTYT OBITh CYIIECTBEHHBIMH JUII TOHUMAHUS
BIIHSHUSI THIPOJIOTHYECKUX YCIOBUI Ha (OpMHUpOBaHHE IKC-
IUTyaTallMOHHBIX 3aMacoB MOJ3EMHBIX BOJ Ha mpuMepe AJek-
ceeBckoro Mectopoxkaenus B CeepHoM Kazaxcrane:

Y4acTok HaXOOUTCS B HUXKHEM TedeHuH p.YUarinuHku, B
npenenax ymcra N-42-XXII. Ha nanHOM ydyacTke CTOK B
peke perymupyeTcsi abCONIIOTHONH OTMETKOH BOJBI B 03€pe
Koma. Tlpu abGconoTHON OTMETKe 3epKaia BOIBI B 03€pe
323.0 M U3 HEro MPOUCXOIUT CTOK B PEUHYIO TOJHHY, a IpU
OoJiee HU3KOW OTMETKE — 03ep0 OECCTOYHOE, W I JAHHOTO
OTpe3Ka pPEYHOM [OJIMHBI XapaKTEepPeH 3aCTOWHBIA PEKUM
(uIbTpanuy, MO3TOMY KaK HOPOBBIE BOABI aJUTFOBHATBHBIX
OTJIOXKCHHUH, TaK M TPEUIMHHBIC BOJBI OPO]] CKAILHOTO (QyH-
JlaMeHTa c1ab0COJIOHOBATEHIC.

B reoTeKkTOHUYECKOM IUIaHE PaliOH MPEACTaBIIECT COO0M
COUJIeHEHHe  JBYX  CTPYKTYp  MEpBOro  MOpsJKa—
KokueraBckoro u IlaTckoro aHTUKIMHOPHUEB, Pa3/EIeHHBIX
Azatckum cunkiuHOpueM. I[lo xapakrepy CKIaa4aTOCTH H
BpEeMEHH 00pa30BaHUs BBIICISIOTCS TPH CTPYKTYPHBIX SPY-
ca. B paiioHe BBIIENAIOTCS pernoHaJbHBIC TITyOMHHBIC pas3-
nombl: YarnuHckui, AjekceeBCKHM, J(OHTynbaramckuil u
Oo6yxoBckuii. K y3my mepecedeHns mepBbIX IBYX M OTHOCHT-
Csl pacCMaTpHUBaEMOE MECTOPOXKACHUE (PHCYHOK 1).

B reomornyeckom cTpoeHHMH paiioHa MPUHUMAIOT y4a-
CTHE TOPOJBI MPOTEPO30HMCKOT0, KaMEHHOYTOJLHOTO, YeT-
BEPTUUYHOI'O BO3PACTOB U NAJIC030MCKUX UHTPY3UL.

Ilo rugporeosoruueckoMy pallOHUPOBAHUIO Y4YaCTOK
HAXOJMTCS B 30HE COWJIEHEHUs MBYX OacceitHoB: HuxHeBap-
toBcko-IlerponaBnoBckoro u Kokmeray-basnaynsckoro. Ha
YYaCTKE BBIICISAIOTCS CICAYIOIINE CTPAaTH(QUIIUPOBAHHBIC
BOJOHOCHBIE TOPU30HTHI U KOMIUIEKCHI.
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Pucynok 1. T'udpozeonozuueckasa kapma Anexkceeeckozo me-
cmopoxcoenus noozemuvlx 600. Mcmounuk: paspabomano ae-
mopom Ha 0cHOGe U3OAHHOU 2UOPO2e0N0UYECKOTl Kapmbl TUCIMA
N-42-XXI1 (asmop Cnupuoonos M.I., 1961-1971 22.).

Booonocuwii  cpeoneuemsepmuunbiii-cogpementviii  ai-
J08UAnbHbI 2opu3oum (aQ.iv) pacupoOCTPaHEH MO JOJIHHE
pexu Yarnmunaka. BoJoHOCHBIE OTIOXKEHHUS MPEICTABICHBI
Pa3HO3EPHUCTHIMU MTECKAMU, PEKE IPABUEM U TaJICYHUKAMU,
MEPECIIAauBAIOIIAMUCS C CYTTTUHKAMM, CYNECSIMUA U TIIMHAMH.
MolHOCTh TOPU30HTa U3MEHsETCs ¢ ceBepa Ha tor oT 4.0 1o
50.0 M. AmTrOBHANBHBIN TOPU3OHT C PA3MBIBOM JIOXKHTCS Ha
OTJIOXKEHHUS KOPHI BBIBETPUBAHUS, peke Ha IOPOJBI CKAIBHO-
ro ¢pynnamenra. Ilog3zemHble BOOsl Oe3HAMOpHBIE. YPOBHH
ycTaHaBIMBaroTCs Ha TiyomHax ot 0.5 no 16.15 m. Koadpou-
[IUCHTHI (PUIBTPAMN TIECKOB cocTaBisoT oT 30 10 85 m/cyT.
KoaddummeHTs BOIOOTIaYN MOPOI 3aBUCIT OT MEXaHHYE-
cKoro coctaBa u coctaBisiioT oT 0.4 1o 0.23. JleOuT usmeHs-
ercst ot 0.05 mo 4.2 yi/c Npu NOHMKEHUH YPOBHS, COOTBET-
ctBeHHo 0.22 u 0.4 M. BennunHa MuHEpamu3aluyd MOA3EM-
HBIX BOJl KoJiebnercss B IMUpOKuUX mpenenax ot 0.8 10
3.6 r/mve.

Boodonponuyaemviii  10KaATbHO-6000HOCHBIL — 20PUOHM
Me3030UCKOU Kopbl 8bleempusanus (eMZ) pa3BUT paKTHUe-
CKH TIOBCEMECTHO. MOIITHOCTh M3MEHSETCS OT KPaeBBIX Ha-
creit k meHTpanbHeIM OT 5.0 mo 35.0-40.0 m. ITo cocraBy
BOJOBMEIIAIOIINE  TOPOABI  TMPEICTABICHBI  JIPECBSHO-
TJIMHUCTBIMH, JAPECBSIHBIMH U APECBIHO-IIEOHUCTHIME 00pa-
30BaHUSIMHM MaTepUHCKUX nopoa. Hanbosee 0OBoHEHHBIMU
SIBJISIIOTCSL  APECBSHO—LIIEOHNUCTBIE PA3HOCTH, 3aJIerarolue
HEIMOCPE/ICTBEHHO Ha IOpOJax CKaIbHOrO (QyHIaMeHTa, W
NpaKTHYECKH 00pa3yloT eIUHbIH BOJOHOCHBIN KOMILUIEKC C
OOIIMM YPOBHEM M €IMHBIM XUMHUUYECKHM COCTABOM.

Boodonocnas sona omxpeimoii mpewunoeamocmu mema-
Mmopghuneckux npomeposotickux nopoo (PR) pacmpocTpaHeHa
Ha JTOBOJIFHO 3HAYHUTEIHHON TeppuTopuu. BomoBmemaromrie
TOPOABI TIPEICTABICHBl TPEIIMHOBATHIMH CIIAHIIAME Pa3JIHy-
HOTO COCTaBa, KBApIIUTAMH, IOJOMHTaMH, aMmpuOommTamu,
MpPaMOPH30BAHHBIMH H3BECTHSKAMH, KBApICBHIMH IECUAHU-
kaMu. BogooOunbpHOCTE TOpoj Kojebnercss B Tpeaenax OT
0.3n/c no 20.0 n/c. Haubonee BOZOOOMIBLHBIMH SIBIISIFOTCS
NOpOJbl B 30HAaX TEKTOHWYECKMX HapylleHud. BemuduHa
MUHepanu3anuu usMensercs ot 0.4 1o 3.5 r/mv®,
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IIuTanue TpeMHHBIX BOJ MPOTEPO3OUCKUX IMOPOJ OCY-
IIECTBIIIETCS KaK 3a cYeT aTMOC(EpHBIX OCAAKOB, TaK U 3a
CUET MEepeToKa M3 MEPEeKPHIBAIOUINX MEe30301-KaltHO30MCKIX
oOpasoBanuii. Pasrpy3ka NPOHCXOAUT B THIICOMETPHYCCKU
HIDKE PacIioio>KeHHbIE KOMILIEKCHI U B pyciio p. YariuHka.

Boodonocnas 30na omxpuimoii mpewunosamocmu naneo-
30UCKUX UHMPY3UGHLIX NOpoo (yPZ) pactipocTpaHeHa Ha OMMH-
CBIBAEMOM TEPPUTOPUH MPAKTUYECKH TOBCEMECTHO U BCKPHITA
psmoM CKBaKMH. BomoBmemraromme MmMOpoIbI MPEICTaBICHBI
TPEIIMHOBATHIMA TPAHUTAMH, TPAHOIHOPUTAMH, THOPUTAMHU.
Boxpr 6e3Hanopuble u crnaboHarnopHble. [yOnHa 3ameraHus
YPOBHS OTIpeneIsieTcsi TITyOuHOM TpemuHoBaTocTH. HesHaun-
TENBHBIA HATIOp CO3IAeTCs MO YeXJIOM TIIMHUCTBIX Pa3sHOCTEH
ME3030MCKHUX OTJIOKEHHH KOpbl BbIBeTpHBaHMs. JleOHUTHI
CKBa)XMH HMHTPY3MBHBIX 00pa30BaHHH M3MEHSIOTCS OT Jiecs-

TBIX noJieit 1o 15.0 n/c. Munepanmzanus usmensercs ot 0.2
10 21.0 r/nm®. Kpome Toro, oTMeuaeTcs yBeJndeHue MUHepa-
JM3alMU OT BOJOpaszzeNia K 00JacTh pasrpy3KH — JOJIMHE
p-Yarnmuaka. [luTaHue oCymecTBISETCS 3a CYET WHPWIBTPA-
UM aTMOC(EPHBIX OCAJKOB M IMEPETOKa M3 BbIMIEIEKAIINX
omioxkeHud. OOJacTpl0  pasrpy3KM  SBISETCS  JIOJMHA
p-Yarnuuku.

I'maporeosiornyeckue Uccae0BaHus B paMKaxX HACTOSIINX
paboT 3aKIOYaCh B MPOBEICHUHM KOMILIEKCA THAPOTe0o-
TMYECKHUX MCCIICI0OBAHMM, BKIFOUaBIINX OypOBbIe, reodusmde-
CKHE, OITBITHO-(HIIbTPALIUOHHBIE, PEKUMHBIC 1 JTA00OPATOPHbIE
paboThI IS OTIPE/ICIICHUS] XapaKTEPUCTHK BOJOHOCHBIX TOPH-
30HTOB, POHHUIAEMOCTH MOPOJ] U JAPYTUX MapaMeTPOB, BITHS-
oKX Ha GopMHUPOBaHME 3aMacoB MOJ3EMHBIX BOJ (PUCYHOK
2).
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Pucynox 2. Paspe3 no aunuu e0oozabopa. Hemounuk: paspadomano agmopom Ha 0CHoGe pe3yivbmamos padom Ha 0CHO8e U30AHHOT
2uopozeonozuueckoii kapmol nucma N-42-XX11 (aemop Cnupuoonos M.I., 1961-1971 zz.).

I'maporeonorndyeckoe o0CiIe0BaHUE OCYIIECTBILUIOCH B
paMKax CIenUaTn3UpOBAaHHBIX HCCIEIOBAaHMMN, B TIpOIecce
KOTOPBIX HM3YYalHCh KIIOYEBBIE YYACTKH PACIPOCTPAHCHHS
TTOJI3EMHBIX BOJI, BKITFOUAsl BBISBICHNE X CBSI3€il C TEKTOHH-
KOH, reomopdornorueii, runporpapueid, TUIIAaMH PACTUTEIb-
HOTO IIOKpOBa, OBUIM YTOYHEHBI MECTOIIOJIOKEHHS paHee
MPOOYPEHHBIX THIPOTEOJIOTHUECKHX CKBAXKHH U H3y4YCHO
CaHWUTAPHOE COCTOSIHHE y4acTKa pador.

Io pe3ynbTaTam 00cie10BaHUS OBUIA OKOHYATEIBHO BBI-
OpaHbI MecTa 3aJ0KEHHST CKBAYKHH.

BypoBbie paboThl Ha yyacTke paboOT NMPOBOJMINCH C Lie-
JBI0 M3YYEHHS I'€OJIOTHYECKOTO CTPOEHUS U THUAPOTeO0JIOrH-
YECKHX yCJIOBUH, OMPEeIICHIsI YCIOBHUH 3aJIeTaHusl, MOIIHO-
CTH 30HBI OTKPBITOW TPEIIWMHOBATOCTH, OIIEHKH CTETICHH
BOJOOOMIBFHOCTH M (PHIIBTPAIIIOHHBIX CBOWCTB BOJOBMEIIa-
FOIIIX TTOPO/I.

[To cBoeMy Ha3HAYCHUIO U KOHCTPYKIUU CKBa)KUHBI ITOJI-
pa3IensuIiCh Ha MMOWCKOBO-Pa3BeIOYHBIC, HAOIOJaTEIbHEIC
U pa3BeJOYHO-IKCIUTyaTallHOHHbIE.

Bcero Ha yuacTke mpoiineHo 14 ruaporeosornyeckux
CKBa)XXMH, B TOM YHCJI€ 7 MOHUCKOBO-Pa3BEJOYHBIX, 3 pa3Be-
JOYHO-3KCIUTYaTallMOHHBIX U 4 HaOMI0JaTeIbHBIX CKBAYKUH.
Bypenue Bcex CKBa)XHMH NMPOU3BOANIOCH CTAHKOM POTOPHOTO
tuna YPB-3A3 BpamarenbHO-MEXaHHYECKUM W ITHEBMO-
yJlapHBIM CIIOCOOaMHU.

B mpomecce OypeHus OCYyHIECTBIISUINCH BCIOMOTATEIb-
HBIE PabOTHI, B COCTaB KOTOPBIX BXOMAT: MOATOTOBKA CKBa-
KHUH K KapOTaxy, KpeIuieHHe 00CaIHBIMH TPyOamH, JeTIIH-
HU3AIMS CKBAXKUH.
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l'eodpusnueckne KapoTaKHBIE HCCICTOBAHHUA B CKBaXKH-
Hax MPOBOAWINCH JUISL JINTOJIOTHYECKOTO pacwICHEHHs pas-
pe30B, OIpEAEICHHs MOILIHOCTH IIACTOB, CTEIEHH TPELIH-
HOBATOCTU IOPOJ M YCTOHYMBOCTH CTBOJIA, BBIICJICHHUS BO-
JIOIIPUTOYHBIX MHTEPBAJIOB, OLIEHKH €CTECTBEHHOW paJiloak-
TUBHOCTH TTOPOJI.

I'MIC BemmonHEHBI BO BceX NPOOYPEHHBIX CKBa)KWHAX.
Kaporaxx mpoBonuics mo OKOHYaHUH OypeHHs B OTKPBITOM
CTBOJIE.

s pemeHns MOCTaBIICHHBIX 3a1ad HCIIOJIE30BAaHBI Me-
TOJBI OCHOBHOTO KOMIUIEKCa (TaMMa-KapoTak, dJIEKTPOKapo-
tax - KC, IIC, xaBepHOMeTpHsa) U pacxomomerpus. Mac-
rrab 3anuceit mo riryousne 1:200.

B cocraB onbITHO-QMIBTPAIMOHHBIX pabOT JUIsl peleHuUs
KOHKPETHBIX THJIPOTEOJIOTUYECKHX 3a/ad ObUTH BKIIOYEHBI
NPOOHBIE, ONBITHO-OIMHOYHBIE U ONBITHO-KYCTOBBIE OTKAYKH.

[TpoOHBIE OTKAYKH MPOBEICHBI BO BCEX CKBa)KMHAX, C Iie-
JIBIO TIPEBAPUTENILHON OIEHKH BOAOOOMIBHOCTH BOJOHOC-
HBIX TOPHU30HTOB W OIICHKW KAadecTBa BCKPHIBAEMBIX BOJI.
[IporomxuTeENsHOCTh OJHONW OTKAauKW cocTaBuia 21 wac, ¢
MOCTICTYFOITUM HaOIFOIeHHEM 32 BOCCTAHOBJICHHEM YPOBHS
7 yacos.

OMNBITHO-OJJMHOYHBIE OTKAuK{ TPOBEJICHHBI B 2 pa3Be1oy-
HO-3KCIUTyaTallMOHHBIX CKBaKMHAX C LEJIBI0 YCTAHOBJICHUS
3aBHCHUMOCTH JeOMTa CKBaXMH OT IIOHIKEHHS YPOBHSI H
OTIpE/ICICHNs] OCHOBHBIX THIPOTEOJIOTHUECKUX IapaMeTpoB
MPOJIYKTUBHOM Cpellbl B €CTECTBEHHBIX YCIOBHUSX (pHibTpa-
UM TIO/I3€MHBIX BOJ MPU MAKCHMAaJIbHOM TOYEYHOM BO3MY-
IICHUH.
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OMNBITHO-KYCTOBasi OTKayka IPOBEJCHa B pa3BelOYHO-
JKCIUTyaTalnoHHON ckBakuHe NeNe21015 ¢ menpio ycTaHOB-
JICHUSI 3aBHCUMOCTH JIcOUTa CKBAXKHH OT MMOHUKCHUS YPOBHS
W OIpENCIICHUs] OCHOBHBIX THIPOTCOJIOTUYECKUX IapaMeT-
POB MPOAYKTHBHOM CpeIbl B €CTECTBEHHBIX YCIOBUSIX (DIIIb-
TpPallMU TOA3EMHBIX BOJ TPH MAaKCHMAJILHOM TOYCYHOM
BO3MYyIICHUU. [IpM 3TOM BENHCh HAONIOACHUS BO BCEX
HAOJIOIATENFHBIX CKBOKUHAX, MPOOYPEHHBIX HA BOJOHOC-
HBIH TOPU30HT AJUTIOBUAJBHBIX OTIOKECHUH C LENBbIO OIpee-
neHusi GUIbTPALMOHHBIX MApaMEeTPOB U CTENCHHU ero B3au-
MOCBSI3M C HIKEJEKallell BOJOHOCHOW 30HOM TpEeLIMHOBA-
TOCTH HOPOJI CKaJIbHOTO (PYHIAMEHTA.

Bo Bcex Tumnax onbITHO-QUIBTPAIIMOHHBIX PA0OT 3aMephbl
ne0uTa TPOU3BOJMIINCH €XKEYacHO OOBEMHBIM METOJIOM,
(UKCHpOBaHUWEM CEKyHIOMEPOM BpPEMEHHM HAIOJHEHMs Ta-
PHPOBaHHO} eMKocTH 06beMoM 1 M3,

H3MmeHeHre ypOBHS B CKBOXKMHAX B MPOIECCE OTKAYKH U
BOCCTAHOBJICHHS (DPMKCHPOBAIUCH CIKEMHUHYTHO PETUCTPATO-
pamu ypoBHs Bojasl Solinst monens 3001 Levelogger Edge B
OJIOK-TIAMSTH YCTPOHCTBA (PUCYHOK 3).

WeSolinst —Levelogger

Maodel 3001

Pucynox 3. Pecucmpamop ypoens 600wt Solinst modens 3001
Levelogger Edge

JlaHHBIC OBITHBIX PadOT, B COBOKYIHOCTH C 00OOIICHH-
€M W aHaJIHM30M JPYTUX UCCIECIOBaHHMN, OBUIM TIOJO0XKEHBI B
OCHOBY OITPE/ICIICHHSI PACYCTHBIX TAPaMETPOB.

Onpenencare (UIBTPAIMOHHBIX MAPAMETPOB MPOU3BO-
UTACH TI0 TpaduKaM BPEMEHHOTO, ILUTOIIAJHOTO U KOMOH-
HUPOBaHHOTO MPOCIEKUBAHUS. Pe3ynbTaThl pacuyeToB CBe-
JICHBI B HIKECIIeIYIONTyro Tabmmy 1.

Tabnuya 1. Pesynomamul pacuemos 2udpozeonozuteckux na-
pamempos

OnpoOyeMslii TOPU30HT MpHoroc:oitHas Tomnma

Ne cx km Kip km o ki m  ay
21011 156 8.2 192 478 | 40.2 | 2251
21012 214 4.86 303 688 44 2544
21013 94 2.13 95 2.14 44 -
21014 264 4.63 376 659 57 -
21015 20 115 110 18 61 | 2400
21016 5 0.15 35 0.6 60 -
21019 351 135 795 185 43

Cpemneeno 4 5q 4 272 6 50 | 2400

Y4acTKy

I'maporeonorndyeckne HaOJMIONCHHS 32 PEKUMOM IOJI-
3eMHBIX BOJI IPOBOJMIINCH C LIEJIBIO YCTAHOBJICHUSI OCOOEH-
HOCTEH ()OPMHUPOBAHUS ECTECTBEHHOT'O PEXMUMA IMOJ3EMHBIX
BOJ MO CE30HAaM To/ia, OLEHKH BOCIOJHAEMOCTHU 3KCIIIyaTa-
IIMOHHBIX 3aMlacoB II0/3EMHBIX BOJ|, BIHMSHUS SKCILUTyaTallUH
AJIEKCEEeBCKOTO MECTOPOKACHUS Ha THIPOAWHAMHYECKYIO
00CTaHOBKY Ha IUIOMIATA MECTOPOKICHIIS.

PexnmMHBIe HaOMIOOCHHUS 32 YPOBHEM ITOJ3EMHBIX BOJ
MPOBOIMWINCE B nepuo] ¢ utoHsa 2022 roxaa no stHBapp 2023
roja, 3a ypOBHEM ITOBEPXHOCTHBIX BOJ peKkd YarimHka c
utoHA 10 HOsI0ph 2022 ronma (B 3UMHHI IEpPHOJA peKa Ipo-
Mep3aeT). CpenHsis 4YacTOTa 3aMepOB MO KaXKAOW TOUKe
HaOJIIOZIGHUs COCTaBMWIA 3 3amMepa B MECSII.
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Jlo Hauanma SKCIUTyaTanMM B paMKaxX HACTOSIIUX PadOT
Oblla TPOBE/IEHA ONBITHO-TIPOMBIIIJICHHAS OTKAaYKa Ha Me-
CTOpOXK/IeHHU U3 4-X B0J03a00pHBIX CKBaKMH NeNe21011 —
21014 ¢ 20 wuronst 2022 roma. JleOUThI CKBaXKHH C IOMOIIBIO
YaCTOTHBIX IpeoOpa3oBatesieil ObLIM OTPEryJUpOBaHbI Ha
BEJIMUMHY YTBEP>KIEHHBIX JKCILTyaTallMOHHBIX 3amacoB. Bee
BO/I03a00pHBIE CKBAXHHBI 00OpPYJOBAaHBI BOJOMEPHBIMHU
cyetunkamMu Mapku Endress+Hauser Promag W (Maxcu-
MallbHas BeIMUKMHA H3MepeHus pacxoaa = 180 m%/4ac).

ITo maHHBIM BOJOMEPHBIX CYETYMKOB C MOMEHTA OIIBITHO-
TPOMBITIVICHHOW OTKAYKH C IUIOIIAMd MecTopokneHus (20
utonst 2022 roma) mo 22 nexadbps 2022 roma u3 4-X Bojo3a-
6opabIX ckBaXUH NeNe21011 — 21014 cymmapHO OTKaueHO
504528,78 m3 Bogsi 32 119 cytok (20.07 —22.12.2022 ropg ¢
nepepsiBoM ¢ 26.08 mo 01.10.2022 rona — mopsIB Ha Tpacce
BOJIOBOJIA), MCXOJAs W3 O3TOT0 BEJIMYMHA CPEIHECYTOYHOTO
BOJOOTOOpa C  MeCTOpokaeHusi coctasisier 4239.75
M%/cyTkn (4to cocraBnseT 69% OT pacueTHON NMPOHU3BOMM-
TEJNLHOCTH BOJI03200pa).

S

Pucynok 4. @omozpaghua yuacmra 60003a00pHOIl CKEAHCUHDL
MNe21012

B mnporecce OmnbITHO-NPOMBIIIUIEHHON OTKAa4YKHd BEJINCh
pEeXMMHBIE HAOMIOAEHNS 32 YPOBHEM ITOJ3EMHBIX BOJ KaK IO
TUTOIIAAN MECTOPOXKACHMS, TaK M 3a €ro IMpe/esiaMy BbIIIEe U
HIDKE MO MOTOKy p.Yarnuuka. B cBA3u ¢ KOHCTPYKTUBHBIMHU
0COOEHHOCTSIMHU JKCILTYaTallMOHHBIX CKBa)KHH 3aMepbl B HUX
HE TPOM3BOJIMIINCH, HAOIIOCHHUS BEJIHCh MO § HaOJIIo1aTeNb-
HBIM CKBa)KMHaM, MPOWIEHHBIM Ha aJUTIOBHANIBHBIN BOJOHOC-
HBII TOPHU30HT B palfOHE SKCIUTYyaTAllMOHHBIX CKBaXXHH
NeNe21011 u 21012. Taxke B peKUMHYIO CETh BKJIHOUEHBI
Pa3BeNOYHO-IKCIDTyaTaIllMOHHBIE CKBaXHHBI NeNe21015 (c 4
APYCHBIMHA CKBXMHAMH Ha QJUIIOBHAIBHBIH BOJIOHOCHBIN
ropm3oHT) 21016, MOWCKOBO-pPa3BEAOUHBIC CKBAYKHHBI
NeNe21017, 21018, 21020, 21021. B xone pe:KUMHBIX HaOITIO-
JCHUM TAaKXKe BENMCH HAOMIOAEHMS 33 YPOBHEM ITOBEPXHOCT-
HBIX BOJ p.YariauHka 1o 6 ruaponoctaM (pUCyHOK 4).

PacnonoxeHnue pesxMMHON CETH OTOOPaKEHO HA PUCYHKE
5. Takxe Bce CKBa)XHMHBI PEKUMHON CETH M THAPOJIOTHYE-
CKH€ MOCThI BBIHECEHBI HAa KapTy (DaKTHYECKOTo MaTepuaa 1
THJPOTEOJIOTHYECKYIO KapTy yyacTka palor.

Huxe npuBoasTCa pe3yabTaThl HAOMIOJCHUN 32 YPOBHEM
MOJ3EMHBIX BOJ KaK B IIpeJieslax MECTOPOXKICHUS, TaK U 3a
€ro MpeeIaMH.

Ckeaorcuna 21011 pacnonoxxeHa Ha pacctosHuu 300 M oT
pycna pexu Yarnmuka. B mponecce nmpoBeneHNsT U3 CKBAXH-
Hbl Ne21011 ONBITHO-NPOMBIIITIEHHON OTKAYKK MPOAOIIKH-
TeNbHOCTHIO 37 cyTok (20.07-26.08.2022 1) B HaOMIOIATEIH-
HBIX ckBakuHaX NeNe3H m 4H pacIoNIOKEHHBIX Ha paccTos-
HUH 17.5 1 23.66 M COOTBETCTBEHHO BEJIMYMHA MMOHWKECHHUS
cocraBmwia 0.86 m u 0.51 M coorBercTBeHHO. [Ipm 3TOM B
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XOZI€ OTKauyK{ BUIHBI KOJEOAHUS YPOBHS IOA3EMHBIX BO[,
CBSI3aHHBIE BEPOSTHEE BCETO C IUTAHUEM AJUIIOBHATIBHBIX
OTJIOKCHHH 3a CHYET MHOHUIBTPALUH aTMOCHEPHBIX OCaIKOB.
ITocne oOCTaHOBKM OTKAaukd YpOBEHb IOA3EMHBIX BOJA B
HaOJIIOaTeNIbHBIX CKBAXMHAX BOCCTAHOBWIICS JIO ITI€PBOHA-
YajbHOTO ypoBHS K 16.09.2022 r (B TeueHun 15 cyTok).

IR

Pucynox 5. Pacnonosicenue ckeaj)cun u 2uopoiozuiecKux no-
Cmoe pexcumMHoll cemu Ha naouwjaou Anexceeeckozo MIIB.
Hcmounuk: paspabomano asmopom Ha OCHOGE pPe3YnbMamos
paoom

IIpu noBTopHOM 3amycke u3 ckBaxkuHbl Ne21011 omsbiT-
HO-TIPOMBIIIJIEHHON OTKAa4KH MPOJOJDKUTENBEHOCTBIO 82
cyrok (01.10-22.12.2022 r) B HaONMIOMATENBHBIX CKBaKHHAX
NeNe3H u 41 BenmmumHa MOHMKEHUS coctaBmia 1.9 m u 1.48
M COOTBETCTBCHHO. 31eCh HaOIIOMaeThCs YCTaHOBHBIIHICS
TEMII CHIDKEHHS YPOBHA 0€3 3HaUHTENbHBIX KOJeOaHHHA, 9To
CBSI3aHO C OTCYTCTBHEM HAaJH4IUS WHQUIBTPAHOHHOTO IIH-
TaHWsI BCICCTBHE HACTYTUICHHUS XOJIOA0B (PHCYHOK 6).
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Pucynox 6. I'paguk usmenenus ypoens noozemuvix 800 6
HAONIOamenvHbIX  APYCHLIX  CKeaxcunax  NeNel-4  go3ne
Ixcnyamayuonnoi cxkeaxcunvt Ne21011. Hemounuk: paspaéo-
MAaHO A6MOpomM HA OCHOGeE Pe3YbIMAmos papom

Ckeaxcuna 21012 pacnonoxkeHa Ha paccTosHUM 18 M oT
pycna pexu Yarnunka. B nponecce npoBeJeHUsI U3 CKBaXH-
HbI Ne21012 OmBITHO-TIPOMBINIJIEHHOW OTKAYKH TPOIOTKH-
teapHOCTRIO 37 (20.07-26.08.2022 T) B HaOMIOIATENBHBIX
ckBaxknHaXx NeNe3H W 4H pacIoONOKEHHBIX HA PaCCTOSHHUU
10.95 m u 15.66 M BenmuunHa moHMKEeHH cocTaBmia 0.14 M
u 0.17 M coorBercTBeHHO (pHCYHOK 7). ITocie OCTaHOBKH
OTKAa4KM YpPOBEHb MOJ3EMHBIX BOJA B HaOIIOJATENBHBIX
CKB&)KMHAX BOCCTAHOBWJICS JI0 MEPBOHAYAIBLHOTO YPOBHS K
02.09.2022 r (B TeueHuu 6 CyTOK).

IIpu noBTOopHOM 3amycke U3 ckBakuHbl Ne21012 omsbiT-
HO-TIPOMBIIIJICHHOM OTKaukKH MPOAOJKUTENBHOCTBIO 82
cyrok (01.10-22.12.2022 r) B HaOIrOAATENBFHBIX CKBaKHHAX
NeNe3n wm 4H BenmumHa TOHIKeHHA coctaBmwia 0.74 M o
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0.79 M cootBercTBeHHO. IIpn 3TOM OTMEYaeTCs 3HAYUTEIb-
HBIH CKauOK TEMITa CHIDKCHUS yPOBHS ¢ JeKaOps, 4To CBs3a-
HO C OTCYTCTBHEM IHTaHHUS MOJ3EMHBIX BOJI 33 CUET ITOBEPX-
HOCTHOTO CTOKa pekH YariamHka BCIEICTBHE €€ MpoMep3a-
HUSL.

Tarwke cienyeT OTMETUTh CTAOWIIM3AIMIO YPOBHS MOJ-
3eMHBIX BOJ] B Q/UIIOBHAJBHBIX OTJIOXKEHHUAX B Ipolecce
OTIBITHO-TIPOMBIIIJICHHON oTKauku B mepuox ¢ 20.07-
26.08.2022 r, a B HEKOTOpBIE€ JHH MOBBILIEHUE YPOBHS MO-
3eMHBIX BOJ 32 CUeT MH(WIBTPAILIMU aTMOC(EPHBIX OCAIKOB.

B nepuon oTCYTCTBHSI €CTECTBEHHBIX peCypcoB (MHHIb-
Tpaus aTMOC(EpHBIX OCAJIKOB, IOBEPXHOCTHBIX CTOK
p. YarnmHka) obecriedeHHe AKCIUTyaTalIOHHOTO — jaeduTa
CKBaXXMH OCYIIECTBIETCS 3a CUET CPabOTKH €CTECTBEHHBIX
3armacoB BOJIOHOCHOTO KoMIutekca. [Ipu 3aduKcupoBaHHOM B
XOZ€ OIBITHO-NPOMBIIIJICHHOH OTKAa4YKM TEMIIE CHIDKEHHS
MOHIKEHNE Ha KOHEYHBIH CpOK MexeHHero mnepuona (30
ampenst 2023 roma), uTo cocTaBnseT 211 cyTok ¢ maThl Hada-
na otkadk# (01 oxTsa6ps 2022 roma), BenMIUHA IPOTHOZHOTO
TIOHYDKEHUS] B aJUTIOBHAJIBHBIX OTJIOXKEHUSX B HaOIIIO#aTesb-
HOW CKBaXHMHE 4H NpPOOYpEeHHOW BO3Jie JKCIUTyaTallHOHHOMN
ckBaxxuHbl Ne21011 (camas ormaneHHas otT p.HariamHka 3Kc-
miyaraiuonHas ckBakuna, L = 300 M) cocTaBUT s CKBa-
xkuHa 4 = 1.87 M. A npu 4x roguusoM (1460 cyTok) mano-
BOJIHOM I1epuo/ie (10 aHaJOTuM C MECTOpoXkKIeHneM YariauH-
ckoe-Il) BenM4MHA TPOTHO3HOTO TOHWMKEHHS B AJUTIOBHAb-
HBIX OTJIOKCHHSAX COCTABUT 2.7 M (PUCYHOK 8), 9TO cOCTaBIIs-
et 50% ot cpenHelt 0OBOJHEHHOH MOIIIHOCTH aJUTIOBHATEHBIX
OTJIO’KEHUI paBHOU 5.46 M B npeienax MECTOPOKICHUSI.
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Pucynox 1. I'paguk uzmenenus ypoens noozemHuwix 800 6
HAONIOamenvHbIX  APYCHBLIX  CKeaycunax  NeNel-4  go3ne
IKcnayamayuonnou ckeaxcunvt Noe21012. Hcmounuk: paspabo-
mamno agmopom na 0cHoge pe3ynbmamos paoom
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Pucynox 8. I'pagux epemennozo npocnesxcueanus S — gt
nOHUdCeHUA YpPo6HA 6 HabdnoamenbHou ckeaycune Nedn
(21011). Hcemounux: paspabomano aemopom Ha OcHoGe pe3yib-
mamoe pabom

B mnpornecce ONBITHO-NPOMBIIUICHHOW OTKAa4KH B OJH-
KaWIIMX K MECTOPO’KICHHIO HAOJIOATENbHBIX CKBa)KHMHAX
NeNe21015 u 21016 pacnono)keHHBIX BBIIIE MO TEUCHHUIO OT
KpaiiHell 3kcIuTyaTaliuoHHOM ckBaxxuHbl Ne21013 Ha paccto-
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aann 2370 M 1 1000 M COOTBETCTBEHHO BIHMSHHE Ha €CTeE-
CTBEHHBIH PEXHMM IOJ3EMHBIX BOJA 3a IEPHUOJ] OTKAadKH HE
oOHapy>KeHO. AHaJOTMYHas CUTyauus 110 HaOIIONaTeNbHOM
ckBaxkuHe Ne21020 pacrnonoKeHHOH HIDKE MO TEUEHHI0 Ha
paccrostHun 1400 M OT SKCIUTyaTallMOHHOM CKBa)KUHBI
Ne21011. 3necs nuHaMUKa M3MEHEHUS YPOBHS IOA3EMHBIX
BOJI TOJIHOCTBIO HJAEHTHUYHA JMHAMHMKE B HaONIOJAaTEeNbHBIX
ckBaknHax NeNe21017, 21018, 21021 pacnonokeHHBIX B 3-6
KM OT MECTOPOXKICHUS W IIOJBEP)KCHA JIHIIb €CTECTBEHHBIM
(axropam. [Tanenne ypoBHs B ckBaknHe Ne21016 B mepuon ¢
CEHTSIOps 1O OKTSIOph MecAll BBI3BAHO INPOBEACHHEM B JaH-
HOM CKBa)KMHE JIUTEIbHOMN ONBITHO-OAMHOYHOM OTKAuKH.

Pexa Yacnuuka. VI3MeHEeHUE YPOBEHS IOBEPXHOCTHBIX
Boj p.YUarnuHka HaOMIOIEHUS 32 KOTOPBIM BEJUCH 10 6 THII-
poroctam (3 mocTa BhIIIIE MO0 TEYEHUIO OT MECTOPOXKIEHUS, 2
[0CTa Ha y4yacTKaX O3KCIUTyaTallMOHHBIX CKBaXKMH, 1 MOCT
HIDKE TI0 TEUYCHHIO OT MECTOPOXKJICHHS) TaKKe HIACHTHYHBI
(pucyHok 9). CHMXeHHEe YPOBHS TOBEPXHOCTHBIX BOJ| BCIEA-
CTBHE OTKAuK{ C IUIOHIaTu AJIEKCEEeBCKOI'O MECTOPOXKICHUS
He HaOuoaanoch. PekMM MOBEpXHOCTHBIX BOJ B Mpejenax
TUIOIIAZI MECTOPOXKICHUSI COIIOCTAaBHM C PEKHUMOM 32 €To
npenenamu (pucyHok 10).
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Pucynox 9. I'paguk usmenenus ypoens noozemmusix 600 6
HAONIOamenvHbIX CKAMCUHAX 3a npedenamu Anekceeeckozo
mecmopoxycoenusn. Hemounuk: pazpabomano asmopom Ha 0CHO-
6e pe3yibmamos pavom
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Pucynox 10. I'papux usmenenus ypoeHa NnO6ePXHOCIMHBIX
600 pexu Yaznunka Ha 6peMeHHBIX 2UOPOJIOZUYECKUX ROCHIAX
(I'lll — I'll6). Hcmounuk: pa3padbomano agmopom Ha O0CHoee
pesynvmanios pabom

TakuM 06pa3zom ucxos U3 aHam3a onbita 119-cyTouHoi
TPYIIIOBON OTKAaYKH C IUIOMAIH AJEKCEeBCKOTO MECTOPOXK-
JICHUS] COIVIACHO YTBEPKIEHHOW pacuyeTHOM cxeMe BOjo3a-
Oopa (JIMHEHHBINA psi U3 4-X KCIUTyaTallMOHHBIX CKBAXKWH)
MOJKHO CAEJATh CJIEAYIOIINE BBIBOMBI:

1. IIpm skcmyaranuy Bo103a00pOB C YTBEP)KIACHHOH Be-
JMYMHOW pacxojia 3a BeCh MEPUOJ| dKCIUTyaTaluu (akThuye-

CKas BeJIMYMHA TIOHIDKEHISI HE JOCTHTIIA IOIYCTHMYIO, UTO B
TOW WM WHON CTENCHH IMOITBEPKAAeM IPUHSITHIC IapaMeT-
PbI BOIOHOCHOTO TOPU30HTA U PACUETHYIO CXEMY;

2. BennuvHa MOHMKEHUsI YPOBHS MOI3EMHBIX BOJ B ajl-
JIIOBHAJIBHBIX OTJIOXKEHHUSAX B 3HAUUTENIHHOM CTEIIEHN 3aBUCUT
OT HAJIWYMS TMOBEPXHOCTHOTO CTOKa p.YarmmHka u aTMo-
chepHbIx 0caakoB. [Ipu 3TOM B MEpHOA OTCYTCTBHS CTOKA B
peke ¥ aTMOC(EPHBIX 0CATKOB TEMIIBI CHIKCHHS EMKOCTHBIX
3aMmacoB AJUTIOBHANBHBIX OTJIOXKCHWH 3HAYUTEIHHO BO3pac-
TaroT.

3. Okcruryatanusi AJIEKCEEBCKOIO MECTOPOXKIEHUS HE
OKa3bIBaeT CYIIECTBEHHOTO BIHMSHHUS HA PEKHUM ITOBEPXHOCT-
HOro cToka p.YUarnwHka, 9TO MOATBEPXKACHO NAHHBIMH pPe-
SKHUMHBIX HaOJIFOIEHNH.

OTU pe3ynabTaThl MPEJOCTABISAIOT I[EHHBIE HAy4YHBIE WU
MPAKTUYECKHUE BBIBOJBI, KOTOPbIE MOTYT OBITh HCITOJIb30Ba-
HBI KaK HaYYHBIM COOOIIECTBOM, TaK M OpraHaMH YIIpaBJie-
HUS 17151 pa3paboTku 6osiee 3pPEeKTUBHBIX CTPATETHUil yIIpaBs-
JIeHUsI TOA3eMHBIMH BoZlaMH B ycioBusax CesepHoro Kazax-
craHa.

4. BeIBOABI

Ha ocHoBe mpoBEeneHHOTO HMCCIEIOBAHUS BIUSHUS THI-
POJIOTHYECKHX YCJIOBHI HA ()OPMUPOBAHUE HKCILITYaTAL[HOH-
HBIX 3aIacOB MOA3EMHBIX BOJ Ha IpuUMepe AJIEKCEEBCKOTO
MectopoxaeHus B CesepHoM KazaxcraHe, MOXKHO caenatb
CIIEYIOIIHE KIFOUEBbIC BEIBOJBI:

1. TIpocTpaHCTBEHHBIE U KIUMATHYECKHE OCOOCHHOCTH:
THIPOJIOTHYECKHE YCIIOBHA B PErHMOHE OKAa3bIBAIOT 3HAYU-
TEJNIbHOE BIIMSIHME HA IMPOCTPAHCTBEHHOE DACIIpEleNIeHHE H
JVUHAMHKY TIOJ3eMHBIX BoA. Knmmarmdeckue (akTopsl, Ta-
KM€ KaK OCaJKU U TeMIepaTypa, UrparoT KIIOYEBYIO POJb B
(OpPMHPOBAHUH DKCIUTYaTALIMOHHBIX 3aI1aCOB.

2. Teomoruueckass CTpyKTypa U THIPOTr€0JIOTUYECKUE
MIPOLIECCHI: TEOJIOTHUEeCKasi CTPYKTypa AJEKCEeBCKOTO Me-
CTOPOJK/ICHHSI OKa3bIBAET CYIIECTBEHHOE BIMsHUE Ha (op-
MHUpPOBaHME U paclpesielleHue NoA3eMHbIX BoJ. BogoHOCHEIE
TOPH30HTHI, HX NMPOHUIAEMOCTb M XaPaKTEPUCTHKH SIBIISIOT-
Csl KITIOYEBBIMHU (DaKTOPaMHM B OTIPEJIEIICHNH 3aI1acOB BOIHBIX
pecypcoB.

3. BosgeiicTBHE aHTPONOTEHHBIX (DaKTOPOB: AHTPOIIO-
TEHHOE BO3JEHCTBUE, CBSA3AHHOE C M3MEHEHHMSMHU B HCIOJb-
30BaHUM 3€MJIM U JIPYTMMHU YEIOBEUYECKUMH JEATEIBHOCTS-
MU, MOKET OKa3bIBaTh OTPHIIATEIILHOE BO3/EHCTBHE HA TO-
3eMHble BoAbl. D deKTHBHOE ynpaBiieHHEe aHTPOIIOTEHHBIMHU
yrpo3amMu TpedyeT KOMIUIEKCHOTO MOAXOAa M Mep IO CHH-
JKEHUIO BO3ICICTBUS.

4. MareMaTHyeckoe MOJCTHPOBAHHE KaK HHCTPYMEHT
IMPOTHO3UPOBAHUA: MATEMATUYCCKOC MOACJIHMPOBAHUE THUI-
POJIOTHUECKUX MPOLIECCOB MPEJOCTABIIAET LIEHHBIH HHCTPY-
MEHT JUI IPOTHO3UPOBAHKS U3MEHEHUH B MOA3EMHBIX BOJAX
T10J] BO3JCHCTBHEM pa3IMUHBIX (pakTOpoB. DTH MOAENH MO-
T'yT OBITh MCIIOJIB30BaHBI Ul Pa3pabOTKH CLIEHAPHUEB U CTpa-
TEruil yImpaBIeHHs] BOJHBIMU PECYpCaMu.

5. PexoMeHaauuu A yCTOMYMBOTO YIPABJIECHUS BOJHBI-
MH pecypcaMH: Ha OCHOBE PE3YyJIbTAaTOB HMCCIEIOBAaHUS Pa3-
paboTaHBl KOHKPETHBIE PEKOMEHIAMH TI0 YCTOWYHBOMY
YIpaBJICHUIO MOJA3CMHBIMU BOJaMH B PETHUOHE. Bxmrouenne
BOJIOCOEPEraonux TeXHOJIOTHH, Mep 10 KOHTPOJIIO aHTPO-
MOTEHHOTO BO3JEWCTBUSA M aJaNTalud K M3MEHEHHMAM KIIH-
MaTa SIBJISIOTCSI BaKHBIMU KOMIIOHEHTaMM 3THX PEKOMEH[a-
nuil.



Ye. Auelkhan et al. (2023). Engineering Journal of Satbayev University, 145(5), 45-51

HccneoBanne MO3BOJIAET 3aKIIOUNTD, uTo dQdekTuBnoe  [4] Borevskij, B.V., Hordikajnen, N.A. & Jazvin, L.S. (1976).

yIIpaBlIeHHe Toa3eMHbIMU BogaMu B CeepHoM Kazaxcrame Razvedka i ocenka jeksplua_tacionnyh zapasov mestorozhdenij
TpeOyeT He TONBKO IOHUMAHHA I'HAPOIOTHYECKUX IIPOIEC- E/%dEZgl?\jnc);lgoVOd v treshhinno-karstovyh  plastah. - Moskva:

COB, HO W CHCTEMHOI'0 IIOAXOJa K YYETY TI'€OJIOTUYECKUX,

[5] Borevskij, B.V., Samsonov, B.G. & Jazvin, L.S. (1979). Metodi-
KIIMMAaTUYCCKUX W aHTPOMOIC€HHBIX (baKTOpOB. PeSyJ‘ILTaTLI

ka opredelenija parametrov vodonosnyh gorizontov po dannym

HCCIIEIOBAHMSI MOTYT OBITH HMCIIONB30BAHEI I pa3pabOTKH otkachek. Moskva: Nedra

CTPATeruil YCTOMYMBOrO UCIOJIB30BAHHS BOJHBIX PECYPCOB B [6] Gol'dberg, V.M. (1987). Vzaimosvjaz' zagrjaznenija podzemnyh
JaHHOM PETHOHE, CIOCOOCTBYsS HE TOJBKO COXPaHCHHIO vod i prirodnoj sredy. Gidrometizdat, Leningrad
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atacionnyh zapasov podzemnyh vod v treshhinovatyh i zakarsto-
vannyh porodah vostochnogo sklona Srednego Urala. Avtoref-
erat dissertacii, Moskva: VSEGINGEO
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