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

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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ANALYSIS AND PROSPECTIVE UTILIZATION
OF TECHNOGENIC SLAG WASTE FROM A LEAD PLANT

Abstract. The article presents the analysis and results of the study of technogenic slag waste of lead-zinc
production. Slags of lead-zinc production contain a large number of toxic compounds: lead, zinc, osmium, cadmium,
which are dangerous sources of environmental pollution. Due to the open storage of slags, it was found that the
maximum permissible concentrations of lead were exceeded. Utilization of man-made slag waste is of great
importance for reducing the negative impact on the safety of life and improving the environmental situation in the
region. At the same time, slags are valuable raw materials containing compounds of non-ferrous and rare-earth
metals.

The article shows the results of laboratory studies of slags to determine the qualitative and quantitative
composition of valuable components in the waste of lead production and the possibility of their further processing
and disposal. Studies of the material of the heavy slag fraction were carried out on an electron probe microanalyzer
of the JEOL IXA-8230 Electron Probe microanalyzer brand. X-ray diffractometric analysis of the average slag
sample was performed on a DRON-4 diffractometer with Cu radiation, graphite monochromator. Samples were
selected heavy fraction and manufactured artificial polished sections (briquettes). The sections were studied under
the microscope of the brand LEICA DM 2500P and immersion in liquids.

According to the results of research, it was found that lead slags contain a sufficiently high amount of non-
ferrous metal compounds: lead oxide up to 0.7 % and zinc oxide up to 8.5 % of the weight amount of slag, which
makes the process of recycling toxic waste from lead production technically and economically feasible.

Keywords: waste, lead-zinc waste, secondary raw materials, non-ferrous metals, valuable components, waste
processing, waste disposal, low-waste and non-waste technologies.

Introduction. An important area of environmental protection in metallurgy is the introduction of
waste-free technologies and technologies for the integrated use of raw materials. This ensures the
enrichment of ores, the rational completeness of the extraction of the main and related elements, and the
disposal of production waste without harming the environment.

Due to various economic reasons, the Shymkent lead Plant was finally shut down in 2011. But
nevertheless, the environmental situation of the city is still negatively affected by the accumulated waste
in the form of slags in the amount of approximately 2 million tons, which is stored in open storage under
the influence of sunlight, air oxygen and atmospheric precipitation [1-4]. Lead plant slags are an important
raw material containing various non-ferrous metals, and currently non-ferrous metals obtained from
secondary raw materials play an important role in the overall balance of production and consumption of
non-ferrous metals in the Republic of Kazakhstan: their share in relation to the total production of non-
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ferrous metals is about 25%. For example, according to the authors [5-8], lead has a high economic value
and the scope of use of lead has changed in recent years, and now approximately 80% of global
consumption is accounted for by the sector of production of electric batteries. The pliability, density and
anti-corrosion properties of lead are still actively used in the construction of tanks for storing caustic
liquids and as protection against X-rays and radiation. Lead is used in the manufacture of paints and
pigments and other chemical compounds. Lead-acid batteries are used in cars. The reason for the
widespread use of lead in batteries in automotive and industrial engineering is that lead is able to provide a
large amount of electricity for a short period of time, which is necessary to power the vehicle's starter
motor [9-11].

Batteries are also used to provide current, to drive heavier vehicles such as diesel or electric
locomotives and submarines, and as a source of spare energy in installations with critical functions such as
telecommunications facilities and hospitals. Lead has the highest utilization rate in secondary processing
of all metals. Lead is used in the chemical industry, as a component in the production of reagents and
paints, as well as in the IT sector, where the metal is used as solders and additives. Due to its unique
physical and chemical properties, lead has found a place in the production of various engineering
products, such as protective coatings for buildings and structures. High corrosion resistance of the metal,
durability and ease of use are the main advantages when using it), as well as for use in medical devices for
protection against gamma radiation, in the production of X-ray and spectrographic equipment. Lead is a
part of bronzes, brasses, babbits, and typographic alloys [12-14].

Another non-ferrous metal proposed for extraction in the process of recycling lead production slags is
zinc. Zinc is used for galvanizing metal products, in order to give them anti-corrosion properties, and in
this regard, the demand for zinc remains high, due to the rapid growth in the production of anti-corrosion
coatings. Zinc is also used in the production of alloys (brass, nickel silver), printing materials. Zinc
compounds are also used in the production of pigments for paints, the production of rubber, glass and
glaze. Another important field of application is in the composition of neutralizing cosmetic pastes and
pharmaceutical preparations [15].

Thus, the most economical and effective method to reduce the negative impact of dumps on the
ecological situation of the city is its further processing. Even after the extraction of non-ferrous metals,
slags can be used in the production of cement and building materials, since slags of lead production
contain up to 75-85% iron, calcium, and silicon oxides [16].

Problem statement. The research object is lead-containing slag dumps from the lead plant, which are
production costs. To determine the methods of disposal and processing of lead slags for extraction of zinc
oxide, lead oxide, there is a number of scientific works based on the need to determine the chemical
composition and quantitative content of non-ferrous metals and other compounds. The main goal of the
research is to create a highly efficient technology for processing the lead production slags, which allows to
involve the lead production slag wastes in processing as secondary resources. This, in turn, will allow to
rationally use natural resources and reduce the area occupied by the wastes.

Preliminary data on the lead production slag obtained in the production cycle showed that the lead
production wastes are smelter slags. The particles of lead-containing slags are in the form of irregular
granules, the material density in the loose body is 2 t/m’, the angle of repose is approximately 35°, the
particle size mainly ranges from 2-6 mm, and there is a small number of particles of about 10 mm. The
lead production dry slag components are shown in table 1.

Table 1 - Components of slag of lead-zinc production in a dry state

Element | 5 Zn | cCu Fe Si0, ca0 | K0 | s 0 Other | Total
Nlug:l’lrlfa 238 | 981 | 097 2531 24.62 16.21 1.42 1.35 10.16 7.32 100

Note: The numerical value of a sample is the average of a randomly selected sample
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To determine the chemical composition of the lead production slags, we performed spectral, X-ray
phase, thermal and chemical analyses. The studies were carried out at Institute of Metallurgy and Ore
Beneficiation of the National Academy of Sciences of the Republic of Kazakhstan, Almaty, and at
K.I. Satpayev Institute of Geological Sciences.

The study of the material composition was carried out on bulk slag material, externally black, with the
particle size of 2 to 6 mm. A heavy fraction was isolated from the sample, according to which artificial
polished sections (briquettes) were made. The polished sections were examined under LEICA DM 2500P
microscope. Along with this, the sample was studied under a microscope in immersion liquids, and as a
result, samples were selected for further research.

X-ray diffractometric analysis of the slag samples was carried out on DRON-4 diffractometer with
Cu-radiation, graphite monochromator. Conditions for recording diffraction patterns: U=35kV; [=20mA;
scale: 2000 imp; time constant 2s; shooting theta — 2 theta; detector 2 deg/min. Semiquantitative analysis
was carried out on the basis of diffraction patterns of the powder sample using the method of equal
weights and artificial mixtures. The quantitative ratios of the crystalline phases were determined. The
diffraction patterns were interpreted using ASTM Powder diffraction file and diffraction patterns of
minerals free of impurities. The contents were calculated for the main phases. Possible impurities, the
identification of which cannot be unambiguous due to low contents and the presence of only
1-2 diffraction reflections or poor crystallization, are indicated in table 2.

Table 2 — The results of the semiquantitative atomic emission spectral analysis of the slag’s technological sample

Elements Content of elements, % Elements Content of elements, %

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
Sodium >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 Lead 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

As follows from the data of X-ray diffractometric analysis presented in table 2, the slag samples are
represented by amorphous phases of composition close to crystalline phases of natural origin, namely
fayalite, wollastonite, zinc oxide and iron oxide. In an immersion preparation in transmitted light under a
microscope, all these phases are externally black and amorphous, however no crystalline formations are
observed [17]. The identification of mineral phases according to the data of X-ray diffractometric analysis
is shown in the diffractogram in figure 1.

—— )4 ——
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Figure 1 - Diffractogram of the slag sample
The results of interplanar distances and phase composition of the slag sample are presented in table 3.

Table 3 — The interplanar distances and phase composition of the slag sample

Slag sample
d, A 1% Phase
247214 93.8 Iron Oxide, Fayalite, Zinc Oxide, Calcium Silicate
2.13854 100.0 Iron Oxide, Zinc Oxide

All presented diffraction peaks shown in table 3 belong only to the above phases. The characteristic
diffraction reflections are noted, which allow to identify the phases present.
The results of the semiquantitative X-ray phase analysis of the crystalline phases are shown in table 4.

Table 4 — The results of the semiquantitative X-ray phase analysis of the crystalline phases

Mineral phase Chemical formula Content, %
Iron Oxide Feg 04,0 41.5
Fayalite, syn Fe, (Si0,4) 354
Calcium Silicate CaSiO; 17.2
Zinc Oxide Zn0O 6.0

The analysis of table 3 shows that the slag sample is based on an amorphous substance with the listed
crystalline phases with superimposed reflections.

When examining the sample in the polished briquette in the reflected light, shown in figure 1, it was
revealed that the slag sample consists of an amorphous matrix with numerous inclusions of heterogeneous
copper mineral phases, which externally resemble natural copper sulfide minerals such as chalcopyrite and
even native copper. They often have a rounded isometric outline and a light yellow color, typical of
chalcopyrite.

In order to identify industrially valuable slag minerals, studies of the material of the heavy slag
fraction were carried out on an electron probe microanalyzer. To do this, the surface of the polished
briquette was carefully scanned, which allowed us to detect copper mineral phases in the sample, as well
as the accompanying artificial lead-zinc mineral formations and study their composition. The research was
carried out on a modern electronic microanalyzer brand JEOL IXA-8230 Electron Probe microanalyzer.

In order to study the composition of the sample matrix and very small inclusions, an electron probe
scan of the plane of the polished briquette was performed (figure 2, 3, 4).
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Figure 2 - Mineral matrix with inclusions of copper mineral phases
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Figure 3 - Electron-probe inclusions of complex copper mineral phases in the matrix

— lpm  JEOL 7/23/2020
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Figure 4 - Matrix with inclusions of oxides of complex lead-zinc-ferruginous-copper mineral phases

Conclusion. The results of spectral, X-ray phase, electron-probe and chemical analyses showed that
the slag of lead production has a sufficiently high number of non-ferrous metal compounds: the content of
lead oxide up to 2 %, zinc oxide up to 17 % and copper oxide up to 1.25 % of the total weight of the
sample. The qualitative composition and content of non-ferrous metals of lead slags makes it possible to
make the process of disposal of toxic waste of lead production technically and economically feasible.

By scanning the heavy fraction of the slag sample on an electron probe microanalyzer, the following
useful components were identified: copper in the form of sulfides, complex compounds of lead, zinc, iron
and copper oxides, which are found as inclusions in an amorphous host matrix of complex composition.

The results of preliminary tests allow us to choose a technology for more complete and selective
extraction of lead and zinc oxides from the slag waste of lead production. When using a selective method
for extracting non-ferrous metals, it is expected to improve the ecological state of the environment and
reduce the negative impact on human health due to the disposal of toxic slags from lead production. At the
same time, a significant contribution is made to the development of the system of rational use of natural
and secondary resources.

— 06 ——
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AbGaii areiHaarsl Kazak ¥JITTHIK MeIaroruKaliblK yHUBEpCHUTETI, Anmartel, Kazaxcraw;
*TIpodreccop, PhD, MHkeHeptik ruaponorus saHe KOpIIaran opta (aKyIbTeTi,
Banencus [TonnTexHuKanblk yHUBepcuTeTI, Banencus, Mcnanus

KOPFACBIH 3AYBITBIHBIH TEXHOI'EHI KOX KAJIIBIKTAPBIH TAJIJAY
7KOHE KEJIEHIEKTE KO/IET'E )KAPATY

AHHOTanus. Makanaga KOPFAaChbIH-MBIPBIII OHIIPICIHIH TEXHOTC€HAlI KOX KaJIABIKTAPBIH 3E€PTTEY HOTHXKEIepi MeH
Tangaysl OepinreH. KoprachlH-MBIPBIII OHIIPICIHIH NITaKTapbIHAA KONTEreH yJbl KOChUIBICTap 0ap: KOPFAachIH, MBIPHIII,
OCMUH, KaJIMUii, OJIap SKOJIOTHSUIBIK JIACTAaHYAbIH KayinTi Ke3i 0obin Tadbutaabsl. Koxaapiel aliblK caKkTayFra 0aiiaHbICThI
KOPFACHIHHBIH LIEKTI PYKCAaT eTUIreH KOHIEHTPALMSCHIHBIH Aachlll KeTyi aHBIKTANAbl. TeXHOTeHII KOX KalIbIKTapbIH
naiiara acplpy aiMaKThIH SKOJOTHSJIBIK JKaFIalblH JKAaKcapTy JKOHE eMIp TIpLIUIriHIH Kayinci3airine Tepic ocepiH
TOMEHJETy YLIH YIKeH MaHbi3¥a ue. COHBIMEH KaTap, NIIaKTap TYCTI JKOHE CHPEK Ke3[EeCeTiH MeTalaap/blH
KOCBUIBICTaphl 0ap KYH/BI IIMKi3aT OOJIBIN TaObLIa kL.

Makanaga KOpFachlH OHIIPICIHIH KalJbIKTAPBIHAAFBl KYHAbI KOMIIOHEHTTEPIIH CamalblK KOHE CaHIBIK KYpaMbIH
aHBIKTAay OOMBIHIIA KOXKIAAPIB! 3€PTXAHAIBIK 3€PTTEY HOTIKEIEpl JKOHE OJapIbl opi Kapail eHaey MeH Kolere xapary
myMKinairi kepcerinred. JEOL IXA-8230 Electron Probe microanalyzer mapkaibl 31€KTPOHAbI 30HATHI MUKPOAHAIU-
3aTOpAa KOXIBIH ayblp (PaKuMACHIHBIH MaTepHANbIHA 3epTTey OKyprisinmi. KokaplH oprama chlHaMachIHBIH
PEHTreHOMU(PPAKTOMETPUSNBIK Taliaybl cu-cayinenenyi 6ap JPOH —4 nudpaxromerpinae, rpagurri MOHOXpoMaTopia
opeiHaanrad. CeiHamManapan ayelp (paximsiap OesiHin, KbUITHIPATBUIFAH JKacaH bl aHILTU(TEp (OpUKETTEp) Kacal bl
Annumudrep LEICA DM 2500p MapKachbIHbIH MUKPOCKOIBIMEH KOHE UMMEPCUSIBIK CYHBIKTBIKTAPMEH 3€PTTENII.

3eprrey HOoTHXKeNepi OOWBIHIIA KOPFACHIH KOXKAAPBIHAA TYCTI METalJap KOCHUIBICTAPBIHBIH JKOFaphl MeJjmepi 0ap
€KEH/IIrl aHbIKTaJbl: KoprachiH okcuni 0,7%-Fa NeiiH oHE MBIPBIIL OKCHII KOXKABIH CaJIMaKThIK MeepiHiH 8,5%-Ha
JIeiiH, OYJl KOpPFAachlH OHIPICIHIH YJbl KaJJIBIKTAPbIH KOJEre jKapaTy MpOLECIH TEXHHKAIBIK JKOHE JKOHOMMKAJIBIK
TYPFBLAAH OPBIHJIBL €TYI'e MYMKIHIIK Oepeni.

Tyiiin ce3mep: KaIgbIKTap, KOPFACBIH-MBIPBIII KaJJIBIKTaphl, KalTajdama IIHMKi3aT, TYCTI MeTangap, Oarajbl
KOMIIOHEHTTEp, KaIIbIKTapAbl KaiiTa eHaey, KaJABIKTapIbl KoJere jkapaTy, a3 KaJJbIKThl JKOHE KAalJbIKCBI3 TEXHO-
JIOTHsUIAp.

1 2 3 4 . . 5
3. BaroBa , K. Kanracos’, I'. 3axueBna’, b. Canapranmuesa”, Javier Rodrigo-Ilarri

'PhD 110 6e30MaCHOCTH KH3HEIEATENPHOCTH H 3AIHTE OKPYIKAIOMIEH CPE/Ib,
IOxHo0-Ka3zaxcranckuil yuuBepcuter umMeHu M.Aya3osa, IlleimkenT, Kazaxcran;

* PhD 110 6e30MacHOCTH KH3HEESATETBHOCTH | 3aIlMTe OKPYIKAKOIIEH CPe/Ibl, TOCTIOKTOPAHT,
Kazaxckuii HallMOHANbHBII [earoru4ecKuil yHuBepcuTeT uMenu Aodas, Anmarsl, Kazaxcran,
3 TIpodeccop, PhD, dhakynbTeT HHKCHEPHO! MHIPOJIOTHH U OKPYXKAIOLICH CPe/Ibl,
Ionurexunyeckuit ynusepcureT Banencuu, Banencus, Mcnanus

AHAJIN3 U IEPCIIEKTHUBBI YTHJIN3AIIMUA TEXHOT'EHHbBIX
HIJTAKOBBIX OTXOJ0B CBUHIIOBOI'O MTPOU3BOJICTBA

AHHoTanus. B cTaThe IpeACTAaBIECHBI AHAIU3 M PE3YJbTAThl HCCIENOBAHMS TEXHOICHHBIX HITAKOBBIX OTXOJOB
CBHHIIOBO-IIMHKOBEIX Tpon3BOACTB. IlImaku CBHHIIOBO-IMHKOBBIX MPOU3BOJCTB COJEp)KAT OOMIBIIOE KOIHIECTBO
TOKCUYHBIX COEIUHEHUN: CBUHEL, IIMHK, OCMU, KaJMUi, KOTOPbIE ABJIAIOTCA ONACHBIMU UCTOYHHUKAMU 5KOJOTHUECKOrO
3arps3HeHHs. [13-3a OTKPBITOTO XpaHEHNs NITaKOB OBIIO BBISIBIECHO TMPEBBIICHUE MPEIeTbHO JOMYCTUMBIX KOHIIGHTPAITHIA
CBUHIA. YTUIU3aLUs TEXHOI€HHBIX LUIAKOBBIX OTXOAOB UMeEET OOJbLIOE 3HAUEHME Ul CHIXKEHHS OTPULATEIBHOrO
BIUSIHUSL HA OE30MacHOCTh JKH3HEICATETBHOCTH M YTydIIEHHs JKOJIOTHYeCKOH OOCTaHOBKHM pernoHa. B To ke Bpems
LIJTAKU SBIISIFOTCS. LEHHBIM CBIPbEM, COIEPIKAIIUM COEAUHEHHS [IBETHBIX U PEAKO3€-MEIbHBIX METAILIOB.

B craThe mOKa3zaHBI Pe3yNbTAaTHl JAOOPATOPHBIX HCCIEAOBAHHWN IIUIAKOB IO OIpPEIENCHHI0 KaueCTBEHHOTO H
KOJIMYECTBEHHOI'O COCTaBa 1IEHHBIX KOMIOHEHTOB B OTXO/aX CBUHIIOBOTO NPOM3BOACTBA U BO3MOXKHOCTHU JajbHeHen ux
nepepabOTKH M yTHIH3AIUX. BeIM IpoBeleHsl MCCIEeNOBaHMS MaTepHana TsKeNod (pakiuy IUTaka Ha IEKTPOHHO-
30H70BOM MuKpoaHanuzarope Mapku JEOL IXA-8230 Electron Probe microanalyzer. Pentrenoau-¢pakroMeTpudecKuii
aHanu3 cpesiHeil mpoOkl nulaka BeimoiHEeH Ha nudpakromerpe JJPOH-4 ¢ Cu-uznydyeHuem, rpaduTOBbIE MOHOXPOMATOP.
W3 npo6 ObLIM BbIAENIEHBI TsXKeNble (pPakUuM U U3TOTOBJIECHBI IOJUPOBAHHBIE UCKYCCTBEHHBIE aHUIIU(BI (OPUKETHI).
Anummudsr u3ydanuck noa MukpockornoM Mapku LEICA DM 2500P u B UMMep-CHOHHBIX KHKOCTSIX.

ITo pe3ynbTaTam HcCiIeIOBaHUN BBISBICHO, YTO B CBUHIIOBBIX LIJAKAX COJACPIKUTCS JOCTATOYHO BBICOKOE KOJIHYECTBO
COeIMHEHHH [IBETHBIX METAJUIOB: oKcujaa cBuHIa 10 0,7 % u okcuja HuHKa 10 8,5 % 0T BECOBOIO KOJIMYECTBA LIIAKA, YTO




News of the Academy of sciences of the Republic of Kazakhstan

IMO3BOJISACT CACIATh MPOUCCC YyTUIN3alUH TOKCUYHBIX OTXOAO0B CBHUHIIOBOT'O HNPOU3BOACTBA TCXHUYCCKH M DKOHOMHYCCKHU
HGHSCOO6pa3HLIM.

KiroueBble cjaoBa: TECXHOTCHHBIC OTXOJbI, CBHUHIOBO-IIMHKOBOC IIPOU3BOACTBO, BTOPHUYHOC CBIPHE, HIBETHLIC
METaJUIbl, YTUIU3alud OTXO40B IMPONU3BOACTBA, MAJIOOTXOJHBIC 1 6630TXO,HHLI€ TEXHOJIOTUH.
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