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MINING AND METALLURGICAL COMPLEX IN INDUSTRIAL
AND POSTINDUSTRIAL DEVELOPMENT OF SOCIETY

Abstract. Development of the human society is directly related to the use of natural materials. Depending on
the processing degree of the used material from mineral raw materials as the tools of labor, theStone, Bronze andIron
Ages are distinguished. Subsequently, in the period of industrial development of society, articles made of high-
quality metals and alloys were used as means of production, and in the period of post-industrial development, items
made of high-tech metals and alloys were used. By the name of these materials, new stages in the development of
civilization are called the “age” of high-quality metals and alloys and the “age” of high-tech metals and alloys,
respectively. The main characteristics of the stages of the human society development are given.

Keywords: Stone, Bronze andlron Ages,“age” of high-quality metals and alloys, “age” of high-tech metals and
alloys.

Major stages of society development

The thinkers of past eras had being determined the level of human society development by the type of
material, laying in the basis of the means of production. In this connection, still in the antic world the idea
of three ages arose: Stone Age, Bronze Age and Iron Age [1].

The Stone Age is the cultural and historical period in the mankind development, when the basic tools
of labor and weapon were made mainly of stone; wood and bone were also used. There was still no metal
treatment.

The Stone Age coincides with most of the era of the primitive communal system and covers the time,
beginning with the allocation of a man from the animal state (about 1 million 800 thousand years ago) and
ending with the era of the spreading of the first metals (about 8 thousand years ago in the ancient East and
about 6-7 thousand years ago in the Europe). The Stone Age is divided into ancient (Paleolithic) and new
(Neolithic) stone ages [2].

The Bronze Age is a historical and cultural period characterized by the spreading at the advanced
cultural centers of metallurgy of bronze and turning it into a leading material for the production of tools of
labor and weapons. Approximate chronological framework of the Bronze Age: the end of the 4th and the
beginning of the 1st millennium BC. The tribes inhabiting both Asia and Western Europe developed
within the framework of the primitive society [3].

The Iron Age is an epoch in the primitive and early class history of mankind, characterized by the
spread of metallurgy of iron and making tools of production from it. The period of the initial distribution
of the iron industry was experienced by all countries at different times. Usually only the cultures of
primitive tribes that inhabited outside the territories of ancient slave-owning civilizations that originated in
the era of the Neolithic and Bronze are referred to the Iron Age [1].

The Iron Age in comparison with the previous archaeological epochs (the Stone and Bronze Ages) is
very short. Its chronological boundaries: from 9th-7th centuries BC, when many primitive tribes of Europe
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and Asia had developed their own metallurgy of iron, and before the time of the emergence of the class
society and the state at these tribes [1].

The technical revolution, caused by the widespread use of iron and steel, greatly expanded power of
man over nature. By the beginning of our era, all the main types of handicraft and agricultural hand tools,
used in the Middle Ages and in new times, were made of iron and its derivatives. Development of the
productive forces associated with the spread of iron, led to the transformation of the whole social life.

Further development of civilization is associated with the mass use of a whole number of high-quality
metals for the creation of means of production-machines for various purposes. The process of formation of
the large-scale machine production in all sectors of the economy, especially in industry, created the
conditions for the production of a large range of previously unknown industrial products, the
transformation of an agrarian or agrarian-industrial country into an industrial-agrarian or industrial one [4-
6]. On the basis of heavy industry (mining, metallurgy, machine-tool construction, machine building), all
branches of the economy developed, including construction, energy, agrarian, light, foodindustries, etc.

This stage of the civilization development, which coincides with the wide use of various high-quality
metals and their derivatives can be called the Age of High-Quality Metals and Alloys by analogy with the
above periods of human society development (by the name of the base material used) [6]. It characterizes
the period of industrialization, which begins in the middle of the XVIII century and lasts until the middle
of the XX century. On the basis of complex mechanization, pipelining and automation of production
processes in the leading industries, the mass production of various products was mastered [6]. The main
characteristics of the stages of society development, compiled by us with taking into account the data [4-
9], are given in Table 1.

Within the framework of the Age of High-Quality Metals and Alloys, new industrial revolutions
unfolded. The first industrial revolution occurred when the mankind learned to use the energy of steam
and water to mechanize production[4-9]. At the end of the XVIII and the beginning of the XIX century,
the water and steam engines, internal combustion engines were widely applied in the advanced countries
of the world, the rail, sea, and motor transport developed [4-6]. Compared with the previous periods of
society development, the shape of civilization has changed radically.

The use of electrical energy with the appropriate technical support led to the second technological
breakthrough, the second industrial revolution. In the second half of XIX and at the beginning of the XX
century, due to the widespread use of high-quality metals and alloys, conveyor production was mastered,
mass production was adjusted. Aviation, telephone, telegraph communication were developing. Life has
become more comfortable and high quality.

From the middle of the XX century, a modern scientific and technological revolution began, which
had a strong influence on the further course of industrial development. The conditions appeared for the
transition to the use of high technology and the corresponding technical means. Usually to the high
technologies the most knowledge-intensive industries are referred. These are electronics, robotics, aircraft
construction, rocket engineering, space engineering, software, nanotechnologies, nuclear, solar and
hydrogen energy, biotechnology, genetic engineering and environmentally friendly technologies in all
sectors of the economy[10,11]. They have unrecognizably changed the culture and structure of production,
repeatedly raising the productivity of labor. These technologies are based on the use of various alloys of
ferrous, nonferrous, noble, rare, rare-earth metals (REM).

In accordance with [1-3] the considered stage in the civilization development by type of the applied
base material can be called an Age of High-Tech Metals and Alloys [6]. The beginning of this Age
coincides with the middle of the XX century, when humanity mastered atomic energy; the space
engineering and cybernetics were developing. In the leading industries and management, computers and
information technologies were widely applied, which have become the symbol of the scientific and
technological revolution. They changed fundamentally the position and role of the man in the process of
production management.

Within the framework of this Age a third industrial revolution took place. Integrated mechanization
and automation of production processes, intensive use of digital, information technologies in the
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management of these processes were being introduced. The role of fundamental science in transforming
the production base has sharply increased; the newest high-tech industries have been formed. Science has

become a real productive force.

Table 1- Main characteristics of the stages of the society development

Stage name Stage duration Production
o Weapon, tools of labor, stone products
Stone Age Start: 1 million 800 thousand years ago
g End: 8-6 thousand years ago
. th -
Start. ﬂslte e_nd Of. the # and beginning Weapon, toolsoflabor, bronzeproducts, extended
Bronze Age of the 1" millennium BC culte
End: 11-10 centuries BC agricuiture
fron Ace Staft: 6-7 caiitifics BE Weapon, irotnpfr(_)dgcti_, toglspﬂ_abor from iron and steel,
g End: 1-4 centuries of our era improvement of irrigation facilities

Energyofsteamandwater
Large-scale machine production based on high-quality
metals and alloys

Age _ of  High- Start: middle of the 18® century (I Industrial Revolution)

Quality Metals and End: middle of the 20% centu

Alloys ' el Flectric Energy
Conveyor production based on high-quality metals and
alloys
(1I Industrial Revolution)
High technologies (electronics, robotics, space technology,
nuclear power, information technologies, nanotechnology,
etc.), based on high-tech metals and alloys

Age of High-Tech | Start:middle of the 20® century (i Indusmal Revolieer),

hetls and llogs AAChOnE Present ie Integration of advanced technologies, fusion of physical,
digital, biological fields, artificial intelligence, big data
processing, based on high-tech metals and alloys
(IV Industrial Revolution or Industry 4.0)

As a result of self-development, self-improvement, at the beginning of the XXI century the third
industrial revolution smoothly passed into the fourth industrial revolution, which provides the deeper
quantitative and qualitative changes in the sphere of science and production. The Fourth Industrial
Revolution, or Industry 4.0, is characterized by integration of the advanced technologies and fusion of the
physical, digital and biological spheres. In addition, almost every physical object involved in the
production process is equipped with a lot of sensors, which will generate a huge flow of information every
second. Processing and analyzing large amounts of data (Big Data) is becoming one of the main elements
ensuring the operation of Industry 4.0 [7,9,10].

The place mining and metallurgy in development of civilizations

As seen, mankind in its development had experienced a Stone, Bronze and Iron Ages, is
experiencingthe Age of High-Quality Metals and Alloys, and has entered the Age of High-Tech Metals
and Alloys. At the same time, according to the historically established tradition, the brand of the society
was determined by the type of material obtained from mineral raw materials, which underwent various
degrees of processing and formed the basis of means of production. These materials are stone, bronze, iron,
high-quality metals (various grades of steel, aluminum, copper, etc.) and their alloys (a large variety),
high-tech metals (various for various industries) and their alloys (a large variety). The mining and
metallurgical complex served as the material and technical basis for the development of civilization. No
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branch of the economy, no production technology could and can do without the use of products of the
mining and metallurgical industry(MMC). This is an axiom.

Thus, MMC is a natural material and technical basis of scientific and technological progress and of
the society development as a whole, and scientific and technical progress, in turn, is a driver of innovation
in all sectors of the economy, including the mining and metallurgical industry. All high-tech, high
technologics in one way or another use the components consisting of the high-tech metals and alloys,
made from various combinations of many traditional metals and rare, rare-carth elements. Materials with
rare earth elements have excellent properties, the importance of which is recognized throughout the world
[8-14]. All innovative solutions in the field of space and rocket engineering, nuclear and hydrogen energy,
nanotechnologies, medicine, biotechnologies, communications, etc. are based on the use of high-tech
alloys with the desired characteristics. In the world of innovative and high technologies, the following
expensive REMs are widely used: indium, scandium, platinum, rhenium, palladium, osmium, lutetium,
zirconium, selenium, tellurium, cobalt, cadmium, etc. [10-15].

Most of them are contained in ores of ferrous, non-ferrous, noble metals, in uranium, in coal, in oil
and others. Removing them from basic raw materials to meet the needs of new technologies for high-tech
metals and alloys even more actualizes the problem of complex and full use of minerals. The effective
solution of this dual problem becomes the main priority of the mining and metallurgical industry. We
consider its solution on the example of mining and metallurgical enterprises in Kazakhstan.

Kazakhstan in the global production of rare and rare earth metals

In the present territory of Kazakhstan, in the Bronze Age copper was smelted, in the Iron Age iron
metallurgy was originated, and gold and silver were produced [1-3]. As the President of the Republic of
Kazakhstan, Nazarbayev N.A ., notes, «even in deep ancient times, on the lands of Kazakhstan, the centers
of mining and ore production and smelting of bronze, copper, iron, silver and goldappeared, and the
manufacture of sheet metal arose. Our ancestors constantly developed the production of new, more
durable metals, which opened them up the possibility to accelerate the technological process» [16].

The mining and metallurgical industry had developed rapidly during the Soviet era. The largest
enterprises of the ferrous metallurgy “Sokolovsky-Sarbay mining production association”, JSC
"Kazchrome", "Karaganda Metallurgical Plant", flagships of the non-ferrous metallurgy —Dzhezkazgan
and Balkhash mining and metallurgical plants, Ust-Kamenogorsk lead-zinc and titanium-
magnesiumplants, Zyryanovsk and Leninogorskmining and metallurgical plants, Achisaipolymetallicplant,
Chimkent lead plant, Pavlodar aluminum plant provided the country with the necessary volume and
required nomenclature of the ferrous, non-ferrous, noble and rare metals. The production and output of the
high-quality metals and alloys were mastered. Thus, the material and technical base for the creation of
large-scale machine and conveyor production was prepared, which determines the contribution of
Kazakhstan to the scientific and technological progress in the XX century.

In the middle of the XX century, as a result of the strong influence of the fundamental science on the
production of various new products, innovative industrics began to form. They were based on the use of
high-tech metals and alloys with the necessary physical-chemical and physical-technical properties.
Depending on the specific requirements, these structural materials were obtained from a given
combination of traditional and rare and rare-earth metals. As a rule, the latter throughout the world are
extracted from the composition of the core mineral raw materials. In this matter, Kazakhstan is no
exception.

The main feature of Kazakhstan's mineral deposits is their multicomponent nature. For example, the
deposits of non-ferrous metals contain up to 20 of the most important noble and rare metals (gold, silver,
bismuth, platinum, palladium, cobalt, selenium, tellurium, cadmium, rhenium, indium, osmium, tallium,
etc.). The Republic has successfully mastered the technologies of extracting many of them from copper,
lead, zinc and other concentrates, as well as from as well as uranium ore, coal and oil[17]. However, these
technologies require the fundamental improvement.

— |4 ——
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Currently, our republic is the largest producer of rhenium (second place), beryllium (second place),
titanium sponge (second place), tantalum, niobium, osmium, gallium, technical thallium, arsenic (third
place), uranium (first place), vanadium (fifth place), bismuth (sixth place), gold, silver (eighth place).

In spite of the achieved success, at the majority of the middle mining and metallurgical enterprises in
Kazakhstan, the precious useful components (platinum, gold, palladium, rhenium, osmium, thallium, and
others), accompanying profile metals, are often not extracted from the raw materials and go to the waste of
the processing and metallurgical production. At those enterprises where they are produced, their extraction
coefficient from ore raw materials is very low (about 0.4) [17]. Such a paradox is connected with the fact
that byapprovingthe reserves of deposits, the associated useful components are often not evaluated and are
not put on the balance. There are no requirements for the subsoil users to extract the useful components
found in the ores during the deposit exploitation.

At the same time, the advanced experience of the large enterprises of the MMC of Kazakhstan [17,18]
shows that due to the development and implementation of innovative technologies and technical means,
the current level of extraction of precious and rare metals can be raised by 2-2.5 times, and for profile
metals - by 1.5 times. In the adduced conditions [17], the total revenues from realization of the
concomitant noble and rare metals exceed incomes from the core metals (copper, molybdenum) by 9.33
times. The current amount of income from sales of Kazakhstan MMC productionwith the integrated use of
ores may be providedby their volume at least 8.0-10.0 times less than at present. In other words, the
existing resource potential of mineral deposits can be raised by an order of magnitude.

For large-scale implementation of measures to increase the complexability of the use of mineral raw
materials at the legislative, state level, it is necessary to resolve the issue of the need to extract all the
related, especially high-value, useful components from ore raw materials, the demand for which increases
many times due to the needs of the high technologies. This will ensure the production of rare and rare-
carth metals in the quantities sufficient for Kazakhstan to be able to occupy a worthy place in the global
market for rare-carth metals, a fundamental component of high technology.

Conclusions

1. The thinkers of past eras had being determined the level of human society development by the type
of material, laying in the basis of the means of production. In this connection, still in the antic world the
idea of three ages arose: Stone Age, Bronze Age and Iron Age.

2. Further development of civilization is associated with the mass use of a number of high-quality
metals for the creation of means of production-machines for various purposes. By analogy with the above
systematization of the human society development, it can be called an Age of High-Quality Metals and
Alloys.

3. From the middle of the XX century the conditions appeared for the transition to the use of high
technology and the corresponding technical means. These technologies are based on the use of various
alloys of nonferrous, noble, rare, rarc-carth metals. This stage in the civilization development can be
called an Age of High-Tech Metals and Alloys.

4. The mining and metallurgical complex, producing high-quality and high-tech metals, is a natural
material and technical basis of scientific and technological progress and of the society development as a
whole. In turn, scientific and technical progress is a driver of innovation in all sectors of the economy,
including the mining and metallurgical industry.

5.Traditional mineral deposits together with the technogencones are the main sources of industrial
production of noble, rare and rare earth metals.

6. Technical facilities and technologies, adapted to the natural and technological properties of mineral
raw, provide a high level of extraction of core, noble, rare and rare-earth metals. These results represent the
contribution of the MMC to the further development of scientific and technological progress.
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B.P.Pakbinesn
K H.Cot0acs areigarsl Kas3ak YITTHIK TCXHUKABIK 3¢pTTCY YHHBEPCHTETI, AnMatel, Kasakcran

KOFAMHBIH HHAY CTPHAJIBIK ’KOHE HOCTHHAYCTPHAJIBIK
JAMY KE3IHJEI'I TAY-KEH KEHIEHI

Annotanmusi. KoraMHBIH JaMybl TaOUFH 3aTTapAbl MalgananyMeH Tikenel OavnansicTel. [Inki 3aTTapabl eHaen
KOJIIAHYbIH JCHTCHIHE OAMIAHBICTBI aTaM 3aMaHHAH TAac,KOJA, TEMip FACBIPHI JETCH YFBIM KanblmTackaH. beprtin
KeJe KOFAMHBIH WHIYCTPHSUIBIK JaMy KE3iHAE HETI3ri KaOABIKTap INbFapyJa >KOFAPFBI CANalbl METALIIAPMEH
KOPBITHANIAPABI, I MOCTHHAYCTPISUIBIK 1AMy KE3IHIC KOFAPFbI TEXHOIOTHAFA Call METAUTIAPMEH KOPBITIATIAPIbI
mavganasraH. OcplFaH opail OypeIHHAH KAaJNbINITACKAH YFBIMAAPFA Call OCHI >KAHA KE3CHACP >KOFAPFBI Camaibl
METALUIIAPMEH KOPBITIIATIAPIBIH «FACBIPHD», KOFAPHI TEXHOIOTHIBIK METALTAAPMEH KOPBITIIANIAPABIH «FACBIPBI» LT
aTay YCHIHBLIFaH.

JKorapsl canambl ;koHE >KOFAPFbl TEXHOJUITHSUIBIK METALIIAPMEH KOPBITIANAPABI OHIIPETIH Tay-KEH KEIICHI
FBUIBIMH-TCXHHUKAJBIK IPOTPECCTIH, OJAH Op KOFAMAbl OPKCHACTYIHIH TAaOWFW HETi3l. AN FHUIBIMH TEXHHAIBIK
MPOTPECC OHTIPICTIH Op Cajachl, OHBIH IMINHAC TAy-KCH CANACBIHBIH TAMYBIHBIH CCOCTKEpi. ACBLT KOHC CHPCK
KE3JCCETIH METAJLIIAPABIH HETI3T1 K631 — KOl TaparaH maifamsl Ka30anap MCH KaTaJaH KypaiFaH KOCHIHIBLIAPIBIH
OpHBI. A1laM KOFaMBIHBIH HET13ir1 Ke3eHACPiHIH KACHETTEPl KEJATIPLIreH.

Tyiiin ce3aep. Tac, Koxa, TeMip FachIpIAphl, >KOFAPFHI Calaibl METAJULIAPMEH KOPBITHAIAPABIH «FACBIPBD?,
SKOFAPBI TEXHOJIOTHSUIBIK METAIIIIAPMEH KOPBITIIANAPIBIH «FACBIPBD).

B.P. Paknmen

Kazaxckuii HalMOHATBHBIN HCCIEA0BAaTEIbCKII TeXHIMeCKui yHuBepcuTeT mmeHn K.M.Carnaega,
Ammatsl, Kazaxctan

T'OPHO-METAJLTYPTHUECKHAA KOMILTEKC B HHIY CTPHAJIbHOM
U NNOCTHHAYCTPUAJIBHOM PA3BUTHH OBINECTBA

AnHotanua, Pa3BuTHC YCIOBEUCCKOTO OOIIECCTBA HEMOCPACCTBCHHO CBA3AHO C HCIOJB30BAHHCM TPHPOTHBIX
MaTepuanoB. B 3aBHCHMOCTH OT CTENMCHH OOpaOOTKH HCHOJB3YCMOTO MATCpHAa W3 MHHCPAIBHOTO CHIPhI B
KAUCCTBC OpPYAMSA TPyAQ Pa3IHYArOT KAMCHHBIH, OpPOH30BBIN, JKCJIC3HBIH BCKA. B mampHEHmICM B TCpPHOA
HHAYCTPHABGHOTO PA3BHUTHA OOIIECCTBA B KAUCCTBE CPCSACTB TPOH3BOACTBA HCHOIB30BAINCH IPSIMCTHI,
HM3TOTOBJICHHBIE W3 BBICOKOKAYECTBEHHBIX META/UIOB U CIUIABOB, 4 B MEPHOJ] MOCTUHAYCTPHAJILHOTO Pa3BUTHA-
MPEAMETHI, U3TOTOBICHHBIC U3 BBICOKOTEXHOJOTHUHBIX METAJLIOB U CIJIABOB.I10 HAMMEHOBAHMIO 3THX MATEPUAIOB
HOBBIC JTambl PA3BUTHA LUBHIN3ALUU HA3BaHbl COOTBETCTBEHHOYBEKOM» BBICOKOKAYCCTBCHHBIX METAUIOB H
CILIABOB H «BEKOM» BBICOKOTEXHOJIOTHUYCCKHUX METAJUIOB H CILIABOB.

T'opHO-MeTAMTyprudeCKuil KOMIUIEKC, MPOU3BOJAIINI BBICOKOKAYECTBEHHBIE M BBICOKOTEXHOJOTHYHBIC
MCTALTBL H CILIABBI, COCTABIACT CCTCCTBCHHYF) MATCPHATBHO-TCXHIUCCKYI0 043y HAYYHO-TCXHHYCCKOTO MpoTpecca
H Pa3BHTHSA OOIICCTB B IECI0M. B CBO¥O 0Uepep HAYTHO-TEXHUUCCKHH MPOTPECC ABILICTCA APAaHBCPOM HHHOBAITHIA BO
BCEX OTpacisX SKOHOMHKH, BKmo4asa [ MK. TpaguiMOHHbIE MECTOPOKICHHUS MOJIC3HBIX UCKOMAEMBIX COBMECTHO C
TCXHOTCHHBIMH SBJITFOTCS OCHOBHBIMH HMCTOYHHKAMH MPOMBIILICHHOTO MPOW3BOJACTBA OJIATOPOIHBIX, PEIAKHX H
PCAKO3EMEITBHBIX MCTAIIOB. [IpHBCICHBI OCHOBHBIC XAPAKTCPHUCTHKH 3TAMOB PA3BHTHA YCTIOBCUCCKOTO OOIICCTBRA.

KmoueBnie cJ10BA: KAMCHHBIH, OpOH30BBIH, JKCIC3HBIH BCKA, «BCK» BBICOKOKAYCCTBCHHBIX MCTAUIOB H
CILIABOB, «BEK» BBICOKOTEXHOJIOTHYCCKHX METAJUIOB H CILIABOB.
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