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Abstract. Germanium (Ge) is a rare trace element belonging to the group of materials that are critical for the development
of high-tech industries, including semiconductor manufacturing, optoelectronics, space technologies, infrared optics, and de-
fense systems. This review examines global models of germanium production, including traditional extraction from zinc con-
centrates and the development of the coal-based route in China; it analyzes the geochemistry of germanium accumulation in
promising coal basins of Kazakhstan and assesses the prospects for establishing high-purity germanium production in Kazakh-
stan based on coal feedstock and technogenic products of its processing in the power and metallurgical industries. The prereg-
uisites are shown for forming a new model of germanium production in Kazakhstan, based on a combination of two sources -
zinc metallurgy and germanium-bearing coals — as well as the considerable potential of brown-coal (lignite) basins, including
the Turgai and Zhilanshik basins. A technological model is proposed for obtaining germanium concentrates from coal feed-
stock, producing germanium dioxide (GeO2), and producing high-purity metallic germanium. This approach is proposed as a

basis for developing an export-oriented critical materials industry.
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1. Introduction

Germanium (Ge) is a rare trace element that plays a key
role in the production of microchips, optoelectronic devices,
space technologies, and defense-related products. Growing
demand for germanium is driven by the rapid development of
digital infrastructure and critical technologies associated with
artificial intelligence, large-scale data centers, and next-
generation telecommunications networks.

In recent years, the strategic importance of germanium has
increased significantly in the context of national technological
and economic security. This is particularly relevant given the
high geographical concentration of global germanium produc-
tion, a substantial share of which is accounted for by China.
The European Union, the United States, Japan, South Korea,
and several other industrialized economies have therefore
included germanium in their lists of critical raw materials or
minerals essential to economic and national security.

Against the backdrop of the ongoing transformation of
global critical-material supply chains, interest in Kazakhstan
as a potential source of germanium is increasing. Unlike
most countries, Kazakhstan potentially possesses two inde-
pendent sources of germanium — zinc metallurgy and germa-
nium-bearing coals. This combination creates favorable con-
ditions for establishing a stable domestic raw-material base
and developing an integrated production chain for high-
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purity metallic germanium, which is in demand on interna-
tional markets. The extraction of germanium from zinc con-
centrates and products generated during their metallurgical
processing is consistent with the most widely used industrial
practices for germanium recovery worldwide. At the same
time, germanium-bearing coals, coal combustion ash from
thermal power plants, and industrial waste generated by the
energy and metallurgical sectors represent promising alterna-
tive sources of this critical element.

The aim of this study is to assess Kazakhstan’s resource
potential for germanium production from germanium-bearing
coals and industrial waste generated during their utilization in
the energy and metallurgical sectors; to analyze existing and
prospective technological routes for germanium extraction
from various types of feedstock; and to develop conceptual
approaches to establishing an export-oriented industry for the
production of high-purity metallic germanium in Kazakhstan.

The scientific novelty of the study lies in the comprehen-
sive assessment of Kazakhstan’s germanium-bearing coals
and associated industrial waste as an alternative raw-material
base for high-purity germanium production, as well as in
substantiating a dual-source model for the development of a
national germanium industry based on the integration of the
conventional zinc-based feedstock source with the prospec-
tive coal-based source.

Engineering Journal of Satbayev University. elSSN 2959-2348. Published by Satbayev University
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.



mailto:kuanganov@gmail.com
http://creativecommons.org/licenses/by/4.0/
mailto:kuanganov@gmail.com

F. Kuanganov et al. (2026). Engineering Journal of Satbayev University, 148(4), 17-23

2. International experience and the structure of the global
germanium market

2.1. Development of the global germanium industry

Historically, centers of germanium production formed in
countries with a developed non-ferrous metallurgy sector. The
first industrial technologies for extracting germanium were
developed in Europe in the first half of the 20th century, pri-
marily in Belgium and Germany, which had a strong base for
processing polymetallic and zinc ores. The concentration of
germanium in sulfide zinc ores was the reason that zinc metal-
lurgy became the foundation of the global germanium industry.

For many years, the unique germanium-copper-lead-zinc
deposits of Tsumeb and Kipushi in Africa provided the basis
for germanium production. The technological scheme for
extracting germanium from zinc concentrates, adopted at the
plant in Balen (Belgium), is still used today in practically
every country. The ore is beneficiated on-site by flotation, as
a result of which germanium passes into copper-lead and
copper concentrates. Special flotation and magnetic separa-
tion are then used to obtain the main germanium concentrate,
containing up to 1% Ge. During roasting of zinc concentrates
and zinc leaching, most of the germanium remains in the
solid residue, which is subjected to fuming. Sulfuric-acid
leaching of fuming sublimates, precipitation, repeated roast-
ing, leaching, and hydrolysis yield GeO; [1]. The main cen-
ters of germanium production worldwide and their principal
feedstock sources are summarized in Table 1.

Table 1. Main centers of germanium production in the world

Country | Role in global production Main feedstock sources
Zinc concentrates, germanium-
China Largest global producer and bearing coals, coal ash, techno-

processor genic feedstock

Zinc feedstock, coal feedstock,

Russia Historical producer
secondary resources
Producer and consumer of Zinc metallurgy, secondary
USA . X .
high-purity germanium feedstock
Canada Producer of germanium as a Zinc concentrates
by-product
. One of the historical refin- | Metallurgical residues, secondary
Belgium -
ing centers feedstock
G Historical center of pro- | Secondary feedstock, metallurgi-
ermany . :
cessing technologies cal products
Finland Production from non- Zinc feedstock

ferrous metallurgy products

Modern industrial germanium production is characterized
by a high degree of concentration and a limited number of
producers. Unlike most industrial metals, germanium is not
mined as an independent mineral resource but is extracted
mainly as a by-product in the processing of other feedstocks
— primarily zinc concentrates (60-70%), coal feedstock (20-
30%), as well as through secondary processing of scrap and
metallurgical waste.

In the United States, germanium production has histori-
cally been based on the processing of zinc feedstock and
secondary resources. Despite considerable scientific interest
in extracting germanium from coal and ash-and-slag waste,
these directions have not achieved industrial development
comparable to that in China. The American model is more
closely associated with the processing of metallurgical waste
and secondary metal recovery. Canada, Belgium, Germany,
and Finland retain their significance as technological centers
for germanium production, using feedstock mainly associat-
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ed with non-ferrous metallurgy. Their experience demon-
strates a high level of technological maturity in processes for
extracting germanium from zinc concentrates and metallurgi-
cal by-products [1].

China occupies a special place in the global system. Ac-
cording to data from the U.S. Geological Survey (USGS),
China is the leading producer of germanium and holds a
dominant position in the global supply chain, including ex-
traction and refining operations. A substantial share of pro-
duction is provided not only by zinc concentrates but also by
the use of germanium-bearing coals, thermal power plant
ash, and products of coal and energy industry processing.
Through this, China has formed a unique industrial model
combining the metallurgical and energy circuits of germani-
um extraction [2]. China has become the only country in the
world able to scale up industrial germanium production from
coal to a global level. The associated waste products — coal
ash, gas-cleaning system dust, and other technogenic prod-
ucts in which germanium concentrates after the energy use of
coal are regarded as a key link in the beneficiation stage of
refined-germanium production technology.

Thus, the modern global germanium production system
has formed around two main models. The first is the tradi-
tional metallurgical model, based on extracting germanium
from zinc concentrates, characteristic of Europe, the USA,
and Canada. The second is the combined resource model,
uniting metallurgical and coal feedstock, which has achieved
its fullest development in China. This is an extremely im-
portant precedent for Kazakhstan, which possesses signifi-
cant coal reserves and a large energy sector.

2.2. China’s experience in producing germanium from
coal feedstock

The prerequisite for the large-scale development of this
direction was the presence, in a number of regions of China,
of coal deposits with anomalously high germanium content.
The best-known germanium-bearing coals are located in the
provinces of Inner Mongolia, Yunnan, Guizhou, and a num-
ber of other coal-mining regions of the country. In certain
seams, the germanium content in coal significantly exceeds
average global values, which created the prerequisites for
industrial development of this resource. The main germani-
um-bearing coal deposits of China and their characteristic
germanium contents are summarized in Table 2.

Table 2. Main germanium-bearing coal deposits of China [3-4]

Deposit / Region Coal tvpe Ge con- | Max. Ge content (g/t) /
basin (province) P tent, g/t features
Up to 2500-3000 in
. I individual seams.
Lincang Yunnan Lignite 850 Largest deposit in the
world.
- Individual samples
Xilin Gol ' INNer '\ jonite  _137.244  contain 820-1530.
(Wulantuga) Mongolia L
Second in importance.
Local anomalies up to
Mentou Yunnan Lignite  ~100-120 400-600 in organic-rich
interlayers.
Local nest-like en-
Xuanwei Yunnan | Bituminous o o richments. Above the
/ lignite national average
(2.8 glt).
Low in the bulk mass
Fushun  Liaoning  Lignite ~ ~15-3p Duteffectively concen-

trated in the collected
fly ash.
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For industrial extraction of the metal in China, a thresh-
old content of 100 g/t is considered the minimum. Germani-
um in coal is concentrated mainly in the organic matter (80-
90%), in the form of humates and germanium-organic com-
plexes. Mineral forms (silicates and sulfides) of germanium
compounds in coal do not exceed 20-25%.

During coal combustion, most of the germanium oxidiz-
es and volatilizes — GeO at a temperature of 700°C, GeO; at
t > 1000°C — concentrating in fly ash and dust products of
gas cleaning, with the germanium concentration increasing
10-15 times compared with the coal. This effect has made it
possible to regard ash-and-slag waste not as a by-product of
power generation, but as technogenic feedstock for obtain-
ing rare metals.

This allows the use of germanium-bearing coal in the en-
ergy sector to be regarded as a necessary technological stage
in the beneficiation of feedstock for germanium production.

The technological scheme for producing germanium from
coal feedstock in China generally includes several sequential
stages: coal mining and preparation, its use for energy gener-
ation, collection of ash and dust, hydrometallurgical leaching
of germanium, production of a germanium dioxide (GeOy)
concentrate, and then production of high-purity metallic
germanium. At the final stages, deep purification and refin-
ing of the metal are applied [4].

It should be noted that an analogous technological
scheme is also possible in non-ferrous and ferrous metallurgy
during converter blowing of copper matte melts or germani-
um-containing pig iron, the air or oxygen flow entrains vola-
tile vapors of GeO monoxide and GeS sulfide, which con-
dense as aerosol particles, forming converter dust enriched in
GeO, GeOg, and GeS. This is followed by the collection and
processing of converter dust according to the technological
scheme described above [5-7].

China is also developing technology for extracting ger-
manium from coal without combustion, using coal-chemistry
methods. The high concentration of germanium in the organ-
ic matter of coal makes it possible to obtain not only germa-
nium but also humic and fulvic acids - valuable feedstock for
fertilizer production and soil reclamation. The alkali extrac-
tion-acid precipitation-chlorination and subsequent distilla-
tion method is regarded as a promising environmentally
friendly approach to producing germanium from coal [8].

The Chinese model is based on the integration of the
coal-mining, energy, and metallurgical industries. Within this
system, coal is used for its main purpose - generating heat
and electricity, as well as producing coke for metallurgical
needs. The ash, sludge, and dust generated in the process are
regarded as an additional source of valuable components.
This achieves a dual economic effect: the main energy and
metallurgical production processes are combined with the
extraction of strategic metals.

Chinese experience is particularly significant from the
standpoint of forming a comprehensive state policy in the
field of critical materials. The development of germanium
production was carried out not as a separate metallurgical
project, but as an element of the national strategy for ensur-
ing the country’s technological independence in microelec-
tronics, photonics, and high-tech engineering. As a result,
China has formed a complete production cycle from raw
material to high-value-added products becoming the largest
participant in the global germanium market.
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For Kazakhstan, China’s experience is of particular inter-
est. First, both countries possess substantial coal reserves and
a developed coal-fired power industry. Second, Kazakhstan
has accumulated significant volumes of ash-and-slag waste
potentially containing germanium and other rare elements.
Third, the existing energy infrastructure creates prerequisites
for forming a similar resource model combining energy pro-
duction with the extraction of strategic metals.

Thus, China’s experience demonstrates the fundamental
possibility of creating an independent model for developing a
germanium industry, based on the use of national advantages
in coal mining and the energy sector.

2.3. Prospects for germanium production from coal in
Kazakhstan

Kazakhstan possesses one of the largest coal bases in
Central Asia, represented by deposits of various geological-
industrial types and characterized by substantial reserves and
significant resource potential. Traditionally, the country’s
coal resources have been regarded as a source of energy
feedstock. At the same time, the modern concept of integrat-
ed use of mineral resources assumes a transition from a sin-
gle-component model of resource development to the extrac-
tion of associated valuable components, including rare and
trace elements.

As a rule, trace elements are associated with the organic
matter of coal (in a sorbed state, in the form of salts of
organic acids or complex compounds), and less often with
mineral components (their own minerals). Germanium,
tungsten, beryllium, vanadium, and lithium are always
associated with the organic part of coal, while lead, zinc,
and scandium are associated with the mineral part. The
organic part, acting as a reducing agent and sorbent (humic
and fulvic acids), ensures the accumulation (sorption) of
trace elements during coal formation from surrounding
hydrothermal and aqueous solutions [9].

From a geochemical standpoint, brown coals (lignites)
with a high organic-matter content and the presence of chem-
ically active functional groups are the most promising for
germanium accumulation. That is, elevated concentrations of
germanium, lithium, and other rare metals are characteristic
specifically of brown coals [10].

At the same time, bituminous (hard) coals generally do
not exhibit high contents of rare elements. As the degree of
coal metamorphism increases, the structure of organic matter
changes, its sorption capacity decreases, and, as a rule, the
concentration of a number of rare elements decreases as well.

Table 3 summarizes the coal deposits of Kazakhstan that
are currently under development or prepared for industrial
development. As shown in Table 3, these coals contain a
broad range of rare elements and non-ferrous metals, typical-
ly at concentrations of up to 0.1-0.2%.

Analysis of the data presented shows that the highest po-
tential for forming a coal-based source of germanium is as-
sociated primarily with the brown-coal (lignite) basins of
Kazakhstan — the Turgai and Zhilanshik basins. For individ-
ual deposits in these basins, elevated concentrations of ger-
manium, lithium, titanium, tungsten, rare-earth elements, and
other strategically important components have been estab-
lished. In terms of germanium content, some of these depos-
its are comparable to the well-known germanium-coal depos-
its of China (Table 2) and Russia.
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Table 3. Coal deposits of Kazakhstan [11-19]

Basin / deposit Formation (svita) Reserves  Coal type Ge content, Germanlur_n reserve e?“"?ate /
glt geochemical specialization
Developed
Tentek Fm. n/d Y, Sc, Ge, Hg
Dolinskaya Fm. 20-40 REE, Mo, Ge, Hg
Nadkaragandinskaya Fm. n/d REE, Mo, Hg
Karaganda Karagandinskaya Fm. 43.1bnt Bituminous n/d REE, Mo, Hg
Ashlyarikskaya Fm. n/d Sc, Hg
Dubovskaya Fm. n/d Ga, REE, Sc, Be
Mikhailovskaya Fm. n/d REE, Sc
Ekibastuz Nadkaragandlnska_ya, Karagandin- 9.7bnt Bituminous Absent REE, Al, Ti, Zr, Sc, Ba, Hg
skaya, Ashlyarikskaya Fms.
. R REE, U, Y, Sc, Nd, Gd, Ti, Li, Be,
Shubarkol deposit - 2.3bnt Bituminous 7 Cu, U, Zn. Ni. Co, Ga. W
. Lignite /
Alakol deposit - 47mnt oY 10-30 Ge-80t, Sc—180t, REE
Bituminous
Prepared for industrial development
Turgai basin. Deposits: Kushmurun, Duzbay Karagan. Kushmurun
Eginsai, Priozernoye, Cherni- Y, gan, ! 61.9bnt  Lignite 500-10000 Ti (1.5-1.7%), Ge, REE, Li, Ag
Chernigov Fms.
govskoye, Orlovskoye, Kyzyltal
Zhilanshik Chiliktin Fm. 145bnt  Lignite 100-1000 Ge, Re, REE, Au, Mo

At the same time, the degree of study of the Turgai
brown-coal basin in terms of germanium distribution, its
forms of occurrence, and the possibility of industrial extrac-
tion remains insufficient. Industrial development requires
additional geochemical studies, including determination of
the spatial distribution of germanium, its mineral forms of
occurrence, and the technological properties of the coal feed-
stock [1].

At the current stage, individual bituminous-coal deposits
already under development - Dolinskoye, Shubarkol, Alakol
— are of interest for germanium extraction as a by-product of
energy use. The coal from these deposits is currently used
both for power generation and for producing coke for metal-
lurgical needs.

During coal combustion, germanium is redistributed
among the combustion products, with the element’s concen-
tration in fly ash, dust, and fine fractions increasing 10-15
times compared with the original coal — up to 70-100 g/t.
This creates prerequisites for forming a technogenic source
of germanium based on coal-fired power facilities.

Technogenic waste from metallurgical enterprises, in
which germanium can concentrate during the processing of the
corresponding feedstock, is also of interest. During converter
blowing of copper matte melts or germanium-containing pig
iron, volatile vapors of GeO monoxide and GeS sulfide con-
dense as aerosol particles. The high concentration of GeO,
GeO,, and GeS makes it possible to regard converter dust as
valuable feedstock for obtaining germanium.

In this connection, technogenic waste from the Karmet
and Kazakhmys enterprises can potentially be considered as
sources of germanium, provided that specialized processing
technologies are developed. The collection of fly-ash dust is
particularly significant when processing germanium-
ferruginous ores, such as those at the Western Karazhal and
Taldysay deposits in the Atasu ore district. A Ge content in
the ore of 8-27 g/t makes it possible to obtain high germani-
um concentrations in the collected fly ash.

Thus, the prospects for germanium production from Ka-
zakhstan’s coal feedstock are associated not only with the
development of promising coal deposits, but also with the
formation of a comprehensive technological system, includ-
ing the mining and processing of germanium-bearing coals
from operating deposits, the use of dust and ash-and-slag
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waste from the energy sector, and the involvement of metal-
lurgical technogenic resources.

Creating such a coal-based germanium production circuit
will make it possible to form an additional raw-material base
for producing high-purity metallic germanium and to ensure
the development of a new direction in the field of critical
materials in Kazakhstan.

3. Concept of the technological chain for germanium
production from coal feedstock in Kazakhstan

3.1. Key stages of the proposed technological chain

Unlike the traditional production of germanium from zinc
concentrates, the coal-based direction is based on the use of
technogenic waste generated during the thermal processing
of coal. A key element of the model is the transfer of ash-
and-slag waste and fly-ash dust from the category of indus-
trial waste to the category of secondary mineral feedstock. A
potential technological chain for germanium production from
Kazakhstan’s coal feedstock can be represented as follows.

The proposed technological chain begins with the identi-
fication and development of a germanium-bearing coal de-
posit, followed by coal mining and preparation. The prepared
coal is then used for energy generation or metallurgical pur-
poses, resulting in the formation of ash, fly-ash dust, and
other processing products in which germanium can become
concentrated. These germanium-enriched materials are sub-
sequently subjected to hydrometallurgical extraction and
purification to produce a germanium dioxide (GeO2) concen-
trate. At the final stage, the obtained GeO; is reduced and
refined to produce high-purity metallic germanium.

At the first stage, a geochemical assessment of the coal
feedstock is important, along with identification of areas with
elevated concentrations of germanium and other rare ele-
ments. For Kazakhstan, this stage is particularly important,
since a number of promising brown-coal sites — primarily in
the Turgai and Zhilanshik basins — require further study in
terms of germanium distribution, forms of occurrence, and
industrial recoverability.

The next important stage is the organization of separate
collection of coal-processing products. Chinese practice
shows that the efficiency of germanium extraction increases
substantially when separate streams of ash, fly-ash dust, and
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other fine-dispersed products where rare elements concen-
trate are separated. In this connection, modernization of gas-
cleaning systems and accounting for ash-and-slag materials
is one of the key conditions for creating a coal-based germa-
nium production circuit.

At the metallurgical processing stage, known hydrometal-
lurgical methods of germanium extraction can be used, in-
cluding leaching, solution purification, obtaining a GeO:
concentrate, and subsequent reduction to high-purity metallic
germanium. The choice of a specific technological scheme
should be determined by the composition of the initial feed-
stock and associated components.

A distinctive feature of Kazakhstan is the possibility of
forming an integrated processing model in which germanium
can be extracted together with other valuable components of
the coal feedstock — lithium, scandium, rhenium, and other
rare-earth and rare elements.

Thus, the prospective model for germanium production
from Kazakhstan’s coal feedstock should be regarded not as
a separate metallurgical process, but as an element of a com-
prehensive system for using coal resources. Its implementa-
tion will make it possible to transform coal deposits and
accumulated technogenic waste into a source of strategic
materials for high-tech industries.

3.2. Main directions of further research and technological
challenges

One of the key aspects of further research is a detailed
geochemical characterization of Kazakhstan’s coal basins in
order to identify zones of elevated germanium concentration.
Systematic studies are needed to determine the Ge content in
coals of various stages of metamorphism, as well as to estab-
lish its relationship with the organic and mineral components
of the coal matter.

A second important direction is the study of germanium
distribution during the thermal processing of coal. Particu-
lar attention should be paid to the distribution of the ele-
ment among fly ash, slag, and gas emissions, as well as to
the mechanisms of its concentration in fine-dispersed frac-
tions. This data is key to developing effective industrial
extraction schemes.

A third direction is the development and adaptation of
hydrometallurgical technologies for extracting germanium
from ash, fly-ash dust, and other technogenic products. In
particular, optimization is required of leaching processes,
solution purification, selective extraction, and production of
germanium dioxide (GeO,), as well as subsequent reduction
to high-purity metallic form.

Special attention should be given to creating an experi-
mental and pilot-industrial base for testing germanium ex-
traction technologies under Kazakhstan’s conditions. Such
facilities will make it possible to assess the technological and
economic efficiency of processing specific types of coal and
technogenic feedstock, as well as to determine optimal pa-
rameters for industrial implementation.

Among the systemic challenges is also the need to form a
regulatory and institutional framework for the transition from
treating ash-and-slag waste as industrial waste to regarding it
as secondary mineral feedstock. This implies changes in
approaches to accounting, storage, and processing of techno-
genic materials.

Finally, an important direction is the development of a
comprehensive economic model for germanium production,
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considering the multicomponent nature of the feedstock, the
high degree of product processing, and dependence on world
prices for critical metals. Such a model should serve as a
basis for investment decision-making and for shaping state
policy in the field of critical materials.

Thus, further development of this direction requires the
synergy of geological, technological, economic, and institu-
tional research aimed at forming a new high-tech germanium
production industry in Kazakhstan.

4, Conclusions

The review confirms that Kazakhstan has substantial po-
tential to develop a national germanium industry based on
two complementary raw-material sources: the traditional
zinc-metallurgical route and the emerging coal-based route.
The greatest prospects for the latter are associated with the
Turgai and Zhilanshik lignite basins, as well as several oper-
ating bituminous-coal deposits, including Dolinskoye, Shu-
barkol, and Alakol. In addition, metallurgical and energy-
sector waste generated by major industrial enterprises may
represent an important secondary source of germanium.
Together, these resources create the basis for establishing an
integrated and potentially export-oriented production chain
for high-purity metallic germanium.

The practical implementation of this potential requires a
coordinated program of geological, technological, and institu-
tional development. Priority should be given to detailed geo-
chemical characterization of germanium-bearing coals, as-
sessment of germanium distribution in ash, fly ash, and metal-
lurgical dust, and adaptation of effective hydrometallurgical
recovery technologies to Kazakhstan’s feedstock characteris-
tics. Equally important is the development of pilot-scale pro-
cessing facilities and a regulatory framework that recognizes
ash-and-slag materials and other technogenic products as
secondary mineral resources. Such measures would enable
Kazakhstan to diversify its critical-materials base, increase
the added value of domestic mineral resources, and strengthen
its position in the global germanium supply chain.
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Ka3akcTran keMipiHeH repMaHuil OHAIPY: PeCYPCTHIK dJIeyeTl,
TeXHOJOTMSJIBIK HICHIiMAeP KIHe Keseuleri

®.11I. Kyanranos'?", JI.E. ®umep!

Memannypaus sicane xen 6ativiny uncmumymst, Aimamot, Kazaxcmarn

2¢Acmanay xarvikapaibix elibimu keweni, Acmana, Kazaxeman
*Koppecnondenyus ywin asmop: kuanganov@gmail.com

Anparma. ['epmanuii (Ge) — sxapThUIail ©TKI3MIIITEp OHIIPICIH, ONTOAEKTPOHUKAHBI, FAPBILITHIK TEXHOIOTUSIIAPIbI, UH-
(paKbI3bUT ONTHKAHBI YKOHE KOPFAHBIC JKYHENIepiH Koca aJFaH/a, KOFaphl TEXHOJOTHSUIBIK calaiapibl AaMBITY YIIiH aca
MaHBI3/[bl MaTepHAIAP TOOBIHA XKATaThIH CUPEK MIAMIBIPaHb! dyeMeHT. OChl HIoNTy1a TePMaHui OHAIPYAIH JIEMIIK MOJIEIb-
Jiepi, COHBIH IIIiHJE MBIPBIII KOHIEHTpAaTTapblHaH JIocTYpii Typae Oeinm anmy »oHe Kpitaiiga kemip HerisiHieri OarbITTHIH
JaMybl KapacThIpbliraH; KazakcTaHHBIH NEpCIeKTUBAIIBI KoMip OaccelHaepinie repMaHniiliH )KUHAKTay TeOXUMUSCHI Tall-
JTaHBIM, KOMip IINKi3aThl MEH OHBI SHEPTeTHKA JKOHE METAJUTypTHs OHEPKICiOiHIe OHACY HOTIKECIHE TY3UIETIH TEXHOTEHAIK
eHimep HeriziHne KazakcTanma »orapbl Ta3anbIKTaFsl TepMaHUl OHIIPICIH KYpY MepCIeKTUBAIAphl OarananraH. Kasakcranma
repMaHui OHAIPYIIH €Ki Ke3li — MBIPHIII METAJUTYPTHACH MEH TepPMaHHUIlIl KeMipiep/i - YIITaCThIpyFa HETi3/eNreH jKaHa
MOJIETIiH KaJbITITACTRIPY/IBIH aJIFBIIAPTTAPhI, COHNaN-aK Topraii skoHe JKbIIaHIIbIK OacceHIepiH Koca ajFaH/a, KOHBIP KeMip
(yiurHUT) GacceHHAEPiHIH eneymi oneyeTi kepceTinreH. Kemip mmKi3aTblHaH TepMaHWH KOHIIEHTPATTApBIH aily, TepPMaHUHA
nrokcuiH (GeO:2) eHIipy KoHE JKOFaphl Ta3albIKTaFbl METAJUI TepMaHni aly >KOHIH/IeT] TEXHOJIOTHSIIBIK MO/IENb YChIHBUIFaH.
Byt Tacin skcnopTka OaraapiaHFaH KPUTHKAIBIK MAaTepHAIIIAP WHIYCTPHUSCHIH IaMBITY YILIIH HETi3 PETiHAE YChIHBUIAIbL.

Hezizzi co30ep: cepmanuil, komip, Kasaxkcman, KpumuKaivlk Mamepuaioap, Molpblid MEmMauLypeusicol, 2UOPOMEmMAaiTypeus,
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IpousBoncTeo repmanus u3 yriei Kazaxcrana: pecypcHslii
MOTEHIHAJ, TEXHOJOTHYEeCKHE PelleHNs U NEePCIeKTUBBI
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Aunnoramusi. lepmannit (Ge) — penkuil paccestHHbIN IIEMEHT, OTHOCSIIUICS K TPYIITIe MaTepHAIOB, KPUTHIECKHA BAKHBIX
JUISL Pa3BUTHS BBICOKOTEXHOJIOTHYHBIX OTPACIICH MPOMBIIUIEHHOCTH, BKJIFOYAsl MPOMU3BOJACTBO IHOIYNIPOBOAHUKOB, ONTOIJIEK-
TPOHHKY, KOCMHUYECKHE TEXHOIOTHH, NH(PPAKPACHYIO ONTHUKY X 00OPOHHBIE CHCTEMBI. B TaHHOM 0030pe pacCMOTPEHBI MUPO-
BBIC MOJIENIM MIPOM3BOJICTBA TEPMAHUs, BKIIOYAs TPAJUINOHHOE U3BJICUCHIE U3 IIMHKOBBIX KOHIIEHTPATOB M PA3BUTHE YTOJIb-
HOT'O HaIlpaBJICHUS B KI/ITae; IpoaHaJIM3UpOBaHa I'COXUMUA HAKOIIJICHHUA T€pMaHUA B NEPCHIECKTUBHBIX YT'OJBHBIX 6acce171Hax
KazaxcTtana u OLICHCHBI NEPCIICKTUBLI CO3JaHUA B Kazaxcrane IIPpOU3BOACTBA T€PMaHUA BBICOKOH YHCTOTHI HA OCHOBE yrojb-
HOTO CBHIPbSl U TEXHOTEHHBIX NMPOIYKTOB €ro NepepadoTKU B 3HEPTeTUIECKON U METaJLTyprUuecKoi npomselnuieHHOCTH. IToka-
3aHbI MPEANOCHUIKU 11 (opMmupoBanus B KazaxcraHe HOBOW MOJEIM MPOU3BOJICTBA T'EPMAaHUs, OCHOBAHHON Ha COYCTAHUHU
JIByX MCTOYHHKOB — IIMHKOBOW METAJUTypI'MH U T€pPMaHHCHOCHBIX yTJeH, a TakKe 3HAUUTEIbHBIM MOTEHIMaI OypOyrobHBIX
(urHuTOBBIX) OaccelHOB, Bkmodas Typraiickuil u Xeimanmmxkckuit 6acceitnsl. [lpemioskeHa TexHOIOrHUecKas MOJENb MO-
JTy9eHHs TepPMaHMEBBIX KOHIIEHTPATOB M3 YTOJBHOTO CHIPhs, Mpou3BozAcTBa Auokcuaa repmanns (GeOz) M BBICOKOUHCTOTO
METUTMIECKOTO repMaHus. JJaHHBIA ITOIXO0/ MpEeasaracTcsl B Ka4eCTBE OCHOBBI JJISI Pa3BUTHS 3KCIOPTHO-OPHEHTHPOBAHHON
OTpPACII KPUTHIECKUX MaTCPHAIOB.

Knrwouesvie cnosa: cepmanuil, yeons, Kasaxcman, kpumuueckue mamepuanbl, YuHKOBAs MEMAIYpUusl, 2UOPOMEMALLypIus.,
301a yHoca.
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