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PRODUCTIVITY AND ACCUMULATION OF HEAVY METALSIN
THE GRAIN OF VARIOUS GENOTYPES OF SPRING BARLEY UNDER
CONDITIONS OF SOIL CONTAMINATION WITH COPPER AND LEAD

Abstract. Environmental pollution, especially by chemical substances, is one of the most powerful factors in
disrupting components of the biosphere. Currently, the biosphere receives a lot of pollutants. Among them are
significant heavy metals. Among the chemical elements, heavy metals are the most toxic. The danger of increasing
the content of heavy metals in the soil and heavy metals in the atmosphere is associated with active absorption and
accumulation of plants, which not only negatively affect their active actions, but also threaten human and animal
health. The danger of metals is that they have a cumulative effect and retain these toxic properties for a long time. In
connection with the task of studying the gene pool of cultivated plants in the conditions of technogenic pollution, the
study of metal resistance of barley varieties was carried out in order to identify promising forms for growing in the
East Kazakhstan region, as well as breeding donors that collect the minimum amount of pollutants. The results
obtained allow us to suggest donors resistant to heavy metals that can be used in breeding and genetic research.
Barley is a concentrated product for animals, as the composition is rich in starch and protein. Barley seeds, along
with amino acids, protein, lysine and tryptophan, which cannot be replaced by another substance, are preserved better
than in other crops. Barley in Kazakhstan ranks second after wheat. The East Kazakhstan region is favorable and in
demand for growing barley. However, the damage to the vessels by heavy metal affected the commissioning of the
product. The most effective way out of this is to prevent the genetic and physiological effects of the genes of these
tolerant (hardy) species. Genotype identification is a new and unexplored area of invention for products that grow
against heavy metals in plants.

Keyword: heavy metal, barley grain, phytostabilization, genotype.

Introduction. Currently, the problem of soil contamination of industrial and agricultural territories
with heavy metals is relevant. Heavy metals occupy one of the leading places among all environmental
pollutants. Many representatives of this group of substances, such as lead, copper, zinc, and cadmium,
even in very small amounts, can cause immunological, oncological, and other types of diseases. As a
result of research conducted by scientists from different countries, it is proved that about 70% of heavy
metals enter the human body with food [1]. The maximum soil pollution is observed near industrial
centers, megacities, and major highways [2]. Anthropogenic activities pollute the environment with the
following types of heavy metals: mining and metallurgy-As, Cd, Pb and Hg; industry - As, Cd, Cr, Co,
Cu, Hg, Ni and Zn; atmospheric deposition - As, Cd, Cr, Cu, Pb, Hg and U; agriculture - As, Cd, Cu, Pb,
Se, U and Zn; and waste disposal - As, Cd, Cr, Cu, Pb, Hg , and Zn [3].

The main sources of anthropogenic input of heavy metals into the environment are metallurgical
enterprises, thermal power plants, quarries and mines for the extraction of polymetallic ores, transport,
chemical means of protecting crops from diseases and pests, burning oil and various wastes, etc. [4. 5].
The most powerful halos of heavy metals occur around ferrous and especially non-ferrous metallurgy
enterprises as a result of atmospheric emissions. The effect of pollutants extends for tens of kilometers
from the source of elements entering the atmosphere. The size of human anthropogenic activity can be
estimated from the following data: the contribution of technogenic lead is 94-97% (the rest is natural
sources), cadmium - 84-89%, copper - 56-87%, Nickel 66-75%, mercury — 58%. Most of the heavy metals
contained in industrial dust and gas emissions are usually more soluble than natural compounds [6].
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Soil cover is a mandatory component of any ecosystem that is actively exposed to negative factors
that disrupt its state [7]. Crop products grown in such areas accumulate heavy metals in concentrations
above the maximum permissible concentrations. Thus, the analysis of soil and plant samples taken from
the territories of key areas of the agricultural zone of Stavropol revealed the maximum value of Zn
contamination indicators and an increased copper content exceeding the MPC by 2-2. 5 times [8]. Zinc,
lead, and cadmium are relatively easily accessible to plants, so these elements have the highest risks of
accumulation in dangerous concentrations.

Knowledge of the biological characteristics of agricultural crops helps to solve the problem of rational
use of soils with different levels of heavy metal pollution. This should take into account: the culture,
variety, and parts of the plant used. Taking all this into account, on soils with a low level of pollution, it is
possible to obtain a fairly clean crop of grain crops without much risk. It is shown that there are significant
genotypic differences in the accumulation of cadmium in maize leaves and grains, which may be based on
genetic factors. Now, when contamination of cultivated soils has become relatively common and is likely
to continue, the identification and creation of varieties with the ability not to accumulate heavy metals for
polluted territories is almost the only real solution to emerging environmental problems. To do this, it is
necessary to study the plant gene pool and identify forms that accumulate the minimum amount of
ecotoxicants in the commercial part of the crop [9].

Objects and methods of research. The object of research in this work is the genotypes of spring
barley from the collection of the East Kazakhstan research Institute of agriculture. The experiment studied
varieties and genotypes of spring barley: Despina, L-202, genotype 488-A, genotype 120-A, L-201.

Growing plants in conditions of natural pollution. The plants were grown in the primary seed
nurseries of the research and testing site of the VKNIISKH, in the conditions of natural environmental
pollution, in the suburban area of Ust-Kamenogorsk, East Kazakhstan region, North-East direction, 3 km
from the city border. The area of the experimental plot is 5 m2 in three-fold repetition. Seeding is
mechanized, divided, the seeding rate is 5 - 6 million germinating grains per 1 ha. The width of the aisles
is 15 cm, the space between the rows is 50 cm.

The soil cover of the experimental site is represented by ordinary heavy loamy Chernozem, widely
distributed in the foothill-steppe zone. The soil of the experimental site has a neutral reaction (pH 7.0).
The average humus content in the arable horizon is 2.6 %. The soil is moderately provided with easily
digestible nitrogen (22.6-18.4 mg/kg of soil), highly provided with mobile potassium (390-400 mg/kg of
soil) and low provided with mobile phosphorus (16.3-18.5 mg/kg of soil).

Predecessor — black steam after winter plowing — 23-25 cm. When laying the experiments, soil
preparation, sowing and plant care were carried out according to the accepted technology of barley
cultivation in the foothill steppe zone of Eastern Kazakhstan. Early spring harrowing, cultivation, pre-
sowing cultivation. Care of plants (rolling, weeding by hand).

Determination of the content of heavy metals in the soil of the root zone and in grain. The
concentration of heavy metals (zinc and cadmium) was determined using an atomic absorption
spectrophotometer. The method of atomic absorption spectrophotometry (AAS) is based on the property
of atoms of chemical elements formed when solutions of used substances are sprayed in a "cold" flame
(acetylene-air, propane-air, etc.) to absorb light of a certain wavelength. The radiation intensity of low-
pressure gas-discharge lamps after the light passes through the flame of the combustible gas and its
absorption by the atoms of the element under study is recorded photoelectrically. Samples of grain and
soil of the root zone taken in the field of natural soil contamination with heavy metals were salted in a
muffle furnace. The exposed material was treated with nitric and hydrochloric acids and water was added.
The atomic absorption of experimental and control samples was measured using an atomic absorption
spectrophotometer.

Determination of the coefficient of biological accumulation of metals. One of the characteristics that
reflects the level of accumulation of heavy metals by crops is the coefficient of biological accumulation.
We calculated bioaccumulation (coefficient of biological accumulation) as the ratio of the average content
of heavy metals in plants to their average content in soils,

Ct

Kc=
Cav




Reports of the National Academy of sciences of the Republic of Kazakhstan

where KC is the coefficient of biological accumulation; CT is the metal content in the plant, mg/kg; SSR.
is the metal content in the soil cover, mg/kg [10].

Determination of plant survival. To determine the survival rate of plants, the number of spring
durum wheat plants per unit area that rose and remained before harvesting was calculated. The difference
between these indicators can be used to judge the survival rate of plants during the spring-summer
vegetation period.

Determination of vegetative indicators and productivity under conditions of natural pollution

Phenological observations, field and laboratory assessments, and records were carried out according
to generally accepted methods [11].

Observations were made for the following phases of development - seedlings, tillering, vegetation
renewal, exit into the tube, earing, flowering, ripeness.

Productive bushiness was determined in plants. Plants were dug out on each variant and the actual
number of stems per plant (total, including productive ones) is calculated. The arithmetic mean, obtained
by dividing the total number and number of productive stems by the number of plants, characterizes the
total or productive bushiness, respectively, depending on the variety.

Plant survival was determined. Plants were counted during the full germination phase and before
harvesting. The number of preserved plants (%) is calculated by the formula:

(Cx100)
B =

Ba

where: B — the number of plants preserved for harvesting, %; B, — the number of plants in the full
germination phase, PCs. per m*; C — the number of plants to harvest, PCs. per 1 m?.

The yield was determined by direct weight method. Grain moisture was determined by weight
method. Grain samples are taken from each plot in aluminum cups with a tight lid, weighed and dried at a
temperature of 100° — 105° C to a constant weight of about 4 - 6 hours, then calculate the formula:

X=B:H

where: X — grain moisture, % ; B — mass of evaporated water, g; H — raw weight, g.
The standard 14 % humidity is recalculated using the formula:

X = Yx(100-b) / 100-s,

where: X is the yield reduced to standard humidity; Y is the yield obtained; b is the yield humidity (%);
C is the standard humidity for this object.

When analyzing plants by elements of the structure of the grain crop yield, 10 plants were selected
from each plot of all repetitions of the experiment.

The results of research and their discussion. First of all, the content of the studied heavy metals in the
soil of the root zone of various genotypes of spring barley was studied, since East Kazakhstan is an
industrial center with a developed mining and non-ferrous metallurgy and the soil can be contaminated
with heavy metals.

Atmospheric technogenic load changes the soil profile and leads to the formation of contrasting
technogeochemical anomalies in the upper soil layer [12]. A polyelement technogeochemical anomaly of
heavy metals with one center and a large peripheral zone is formed around metallurgical enterprises,
which are characterized by a high content of heavy metals in the soil, and an unfavorable sanitary and
environmental situation.

Research results and discussion. The results of the study of the lead content in the soil of the root
zone of various genotypes of spring barley showed that in relation to the MPC of lead for soils, there is an
excess of one and a half to 1.9 times (figure 1).
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Lead contentin the soil of the rootzone
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Figure 1 - lead content in the soil of the root zone of various genotypes of spring barley in relation to the MPC

The ratio of the lead content in the soil of the root zone to the regional Clark was also determined.
Regional Clark took over the background content of element in soil and compared them with the obtained
value of the amount of metal in the soil in accordance with the view that the content of elements in the
topsoil should be compared with the background, under the background of the element content mean or
srednerynochnoj the content of chemical substances in the soil, not podvergalsya technogenic impact, or
"clarky" - the average content of chemical elements in the earth's crust [13].

Lead contentin the soil of the root zone
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Figure 2 — lead content in the soil of the root zone of various genotypes of spring barley in relation to the regional Clark

The content of copper in the soil of the root zone of various genotypes of spring barley was also
studied (figure 3,4).

50
40
3
2
1
0

Despina L-202 Genotype 120-A L-202
488-A

mg/kg

o o

=]

genotypes of spring barley

Figure 3 — Copper content in the soil of the root zone of various genotypes of spring barley in relation to the MPC
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The results of the study of the copper content showed that in relation to the MPC of copper in the soil,
there is an excess of 1.4 -3.0 times (figure 3).

The ratio of the copper content in the soil of the root zone to the regional Clark was also determined.
Studies have shown that in Relation to the regional Clark, the excess of copper content is observed only in
the soil of the root zone of the L-201 genotype, while in other variants, the excess of Clark is not
observed.

Copper content in the soil of the root zone

=11]
= 80
2{}
= 60

40

0

Despina L-202 Genotype 120-A L-201 Reg.Clark
488-A

genotypes of spring barley

Figure 4 — copper content in the soil of the root zone of various genotypes
of spring barley in relation to The regional Clark

Thus, the study of the content of copper and lead in the soil of the spring barley root habitat zone
showed an increased content of the studied elements, both in comparison with their MPC for the soil, and
lead in comparison with the regional Clark. Thus, all the studied genotypes are stressed by the increased
content of lead and copper in the soil. At the same time, the lead content makes a greater contribution to
stress, since in comparison with its natural content in the region, the excess is 2.4-3.0 times.

Similar data were obtained in other studies. M. V. Pasypanova found that the permissible level of Pb,
Cd, Cu and Zn was exceeded at the foundry dump near the metallurgical plant, which affected the state of
vegetation. In Chernozem soils and in wheat and potato plants in the zone of enterprises of the West
Siberian region, there is an annual accumulation of lead with an excess of MPC in soils by 2.0-5.4 times,
in plants by 1.5 - 2.8 times [14].

Determining the accumulation of the studied elements in seeds is the most important indicator
studied, since barley grain is used in the production of feed.

Our research has shown that lead ions accumulate in the seeds of all genotypes of spring barley and
their amount exceeds the MAC for grain by about 14 -25 times. According to the number of lead ions
accumulated in the seeds of plants of various genotypes of spring barley, they can be arranged in the
following order as they decrease: Despina > L-202 > genotype 120-A > L-201 > genotype 488-A.

The 488-A genotype accumulates lead ions less than other genotypes, the Despina variety
accumulates the most, while the other genotypes of spring barley show intermediate values of this element
content (figure 5).

The lead content in seeds of spring barley

o 15
=
& 10
0
Despina L-202 Genotype Genotype L-201 MPC
488-A 120-A

genotypes of spring barley

Figure 5 — Lead content in seeds of various genotypes of spring barley in relation to MPC.
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Determination of the biological accumulation coefficient showed that the 488-A genotype accumu-
lates the least lead, and the Despina spring barley variety accumulates the most.

Table 1 — CBA of lead of various genotypes of spring barley
in conditions of soil contamination with heavy metals

Lead Despina Genotype L-202 Genotype 488-A Genotype 120-A GenotypeL-201
CBA 0,24 0,18 0,15 0,19 0,16

By the number of copper ions accumulated in the seeds of plants of various genotypes of spring
barley, they can be arranged in the following order as they decrease: genotype 120-A > L-202 > Despina >
genotype 488-A > L-201. The smallest amount of copper in seeds contains genotypes L-201 and 488-A,
the largest — genotype 120-A.

Table 2 — CBA of copper of various genotypes of spring barley
in conditions of soil contamination with heavy metals

Copper Despina L-202 Genotype 488-A Genotype 120-A L-201
CBA 0,15 0,13 0,12 0,15 0,07

Determination of the coefficient of biological accumulation (table 2) showed that the L-201 genotype
accumulates the least copper, although the soil of the root zone of this genotype has the highest content of
this metal, compared to the soil of the root zone of other genotypes of spring barley. Most of all, the seeds
of the Despina spring barley variety accumulate copper.

When plants are grown on metal-contaminated soils, heavy metals negatively affect the photosyn-
thesis process. The interaction between toxic metals and the photosynthetic apparatus can lead to changes
in the functional activity of chloroplasts [15], and the interaction of metals with cytosolic enzymes and
organic substances.

In particular, copper (Cu), being a toxic heavy metal, in plants is a part of plastocyanin involved in
photosynthesis, and some other copper-containing proteins, and oxidative enzymes. However, even double
the optimal concentrations of copper can cause a negative effect. Thus, the adverse effect of copper with
its increased content was reflected in the form of a decrease in the accumulation of phytomass, tissue
hydration, absorption of ions of some other metals and their translocation through the plant, and the
content of chlorophyll in rapeseed [44]. Mechanisms of plant adaptation to the toxic effects of copper are
based on the functioning of low-molecular organic stress-protective compounds, protective macromo-
lecules and antioxidant systems, chelation, sequesterization and compartmentalization of heavy metals.
[45, 46].

Conclusions:

1. Under conditions of soil contamination with lead and copper ions in seeds of various genotypes of
spring barley, the lead content exceeds, and the copper content does not exceed the MPC for grain.

2. The L-201 genotype of spring barley can be recommended for use in breeding and genetic studies
as a donor of copper resistance.

3. The main role in the formation of yield under conditions of polymetallic soil contamination is
played not only by the mass of the main ear and side shoots, but also by sufficient plant survival during
the spring-summer vegetation period.

4. The L-201 Genotype can be recommended for cultivation in conditions of soil contamination with
copper ions, since it shows the lowest coefficient of biological accumulation of copper and is
characterized by high yield.
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P.A. AnbioaeBa, M.H. Kainmaxan,
3.A. UuenoBa, C./1. AtabaeBa, H.III. Axam6aeBa, H.M. AyTxaHoBa

On-Dapabu areigarsl Kazak yiTTeiK yHEBEpeuTeTi, AnMathl, KazakcTan

TOIBIPAKTBIH MbIC )KOHE KOPFACBIHMEH JIACTAHY KAFJIAWBIHIA
KA3JIBIK APITAHBIH TYPJII TEHOTUIITHAEI'T ACTBIKTA
AYBIP METAJIJAPABIH OHIMALIIITT MEH Y KUHAKTAJIYBI

Annoranusi. OpTaHbIH XUMIBUIBIK 3aTTapMEH JIACTaHYBl — OMocdepa KOMIOHEHTTEPl OY3BUIBICHIHBIH KYIITI
(hakTopiapsiHbIH Oipi. Ka3ipri yakpITTa Onocdepara KONTEreH JacTalThIH 3aTTap XKuHaTyaa. OnapabiH imIiHae ayblp
MeTaniap efdyip OpbIH ajambl. XMMHJIBIK DJIEMEHTTEp apachblHAa ayblp MeTalngap aca Yibl OOJBII CaHalalbl.
TonbipakTa ayblp MeTaJul oHe artMocdepaiarbl ayblp METAJUl MOJIIIEPIH KOFapbUIaTy Kaymi eCIMIIKTIH OenceH/i
OpeKeTiHe Tepic ocepiH TUTiI3yMeH Karap, agaM MeH >KaHyapjap IEHCAyJbIFbIHA KaTep TOHIIPETIH ©CIMIIKTepIiH
Oesncenai ciHipintyiHe, >KMHayblHa OailJlaHBICTBI OONBIN KeJeni. MeTannap KayinTuliriHe oJapiblH KyMYJSITHBTI
acepi 0ap koHE y3aK YaKbIT OOWBI COJ yJIbI KacHeTTepHi OOMbIHAA CaKTam Kalaybl jKaTaabl. TeXHOICHI JIACTaHy
KarIaibiHIa MOJICHU OCIMIKTEpAiH T'eHJIK KOpBIH 3epTTey MiHieriHe Oaitnanbictsl Lbirbic Kasakcran eHipinzme
ecipy YVIIIH TNepcreKTHBanbl (opMaiapibl, COHIAW-aK JaCTAMTBIH a3 CaHAbl 3aT JKUHAWTBIH CEJICKIHSIIBIK
JIOHOpJIAapAbl aHBIKTay MaKCaThIHAA JKa3[bIK apla COPTTapblHBIH METajFa Te3IMIUIIIH 3epTTey Heri3re allbIHbL.
AJTBIHFaH HOTWOKEINep achUITYKBIMJIBI XKOHE TeHETHKAIIBIK 3epTTEyNIepAe NailallaHbLTybl BIKTUMAJ ayblp MeTajliapra
TO3IMI TOHOpNApIbl YCHIHYFa MYMKIHIOIK Oepemi. Apma — jXaHyapiapfFa apHaJFaH KOHIICHTpPAaIMsUIAaHFaH ©HIM
OoxpIn caHanmagbl, cebebl KypaMbl KpaxMmaliFa jkoHe Oellokka Oail. ApmaHbIH I0HI aMHHKBIIIKBUIAPBIMEH KOca
Oernok, Oacka 3aTreH ajiMacThlpyFa OOJIMAWTBIH JIM3MH MeH TpunrtodaH, 0acka NakpULAapra KaparaHaa JKaKChl
caxkrairan. Apra Kazakcran OoiibIHIa ecipiiyi )karbiHaH Oupaiiiad keitin ekini opeiaaa typ. sreic Kazakcran
OHIpI apra JIoHIH ecipyre KOJalIbl )koHE CYpaHBICKa ne. AJaiiia TaMbIpJIaphl ayblp MeTaJIMEH 3aKbIMIaHFaH/IBIKTaH,
OHIMHIH KOJIJJaHBICKA €HyiHe acep THri3ai. bylaH MIBIFyIbIH THIMAL JKOJIJApbl TOJIEPAHTTHI (IIBIAAMIBUIBIK) TYPIi
aTajJFaH JIaKbll T'€HIH T€HETHKAIBIK J>KOHE (PU3MOJIOTMSUIBIK TYPFBIA CBIPTKBI 9CEpJEH cakram Kainy. ['eHOTHNTi
uaeHTH(UKALNSIIAY — OCIMIIKTEP/IIH ayblp MEeTaJapFa Kapchl 6CETiH, OHEPTaObICTHIH JKaHa, FhUIBIMU 3€PTTEIMEreH
OarpITHL

Tyiiin ce3mep: ayslp MeTai, apna J19Hi, GUTOTYPAKTBUIBIK, TEHOTHII.

P. A. AanioaeBa, M. H. Kaamaxamn,
3. A. UnenoBa, C. JI. Atadaesa, H. IIl. AxambaeBa, H. M. AyTxaHoBa

Kazaxckuil HaroHATBHBIN YHUBEPCUTET IMEHH aib-Dapadu

YPOXKAMHOCTD U AKKYMYJISIHUS TSKEJBIX METAJLJIOB
B 3EPHE PA3JIMYHBIX TEHOTHUIIOB APOBOI'O SYMEHS
B YCJIIOBUAX 3ATPAZHEHUSA ITIOYBBI MEJIBIO 1 CBUHIIOM

AHHOTanus1. 3arpsisHEHUE CpeJibl, 0COOCHHO XMMHUYECKHMH BEILIECTBAMH, SIBJISIETCS OJHUM U3 CaMbIX CHIIBHBIX
(hakTOpOB HAPYIICHUSI KOMIIOHEHTOB Orocdepsl. B HacTosmee BpeMs B Onochepy mOCTyImaeT MHOKECTBO 3arps3HU-
tened. CpeM HUX — 3HAYUTENIBHBIC TsDKENble MeTalulbl. Cpell XMMHUYECKUX 3JIEMEHTOB HamOoliee TOKCUYHBIMHU
SBJISIIOTCS TsDKEJbIe MeTauIbl. ONACHOCTh NOBBIMECHUS COAEPXKAHHS THKEIBIX METAUIOB B TOYBE M TSKEIBIX
METaJUIOB B aTMocdepe CBs3aHa C aKTHBHBIMU BCACHIBAHHMSIMHU M CKOIUICHHMEM PACTEHMH, KOTOpbIe HE TOJBKO
OTPHULATENBHO BIMAIOT Ha UX aKTHBHBIE NEHCTBHA, HO U YIPOXAIOT 3J0POBBIO YEIOBEKA M JKUBOTHBIX. ONAacHOCTb
METaJUIOB 3aK/II0YaeTcs B TOM, YTO OHM OOJamaloT KyMYJIATHBHBIM ACHCTBHEM M COXPAHSIOT TH TOKCHYHBIC
CBOICTBa B TEYEHHE JJIMTEILHOTO BpeMeHH. B cBsizu ¢ 3amavell u3yueHus reHo(OHIA KyJIbTYpHBIX PAacTeHHH B
YCIIOBUSIX TEXHOT'€HHOT'O 3arpsi3HEHHUsI OBUIO MCCIIEIOBaHNE METANIOCTOMKOCTH COPTOB SIUMEHS C LEJIbIO BBISIBIICHHS
MEepPCIEeKTUBHBIX (hOpM /Il BeIpaiuyBanus B BoctouHo-Ka3zaxcTaHCKOM pervoHe, a Takke CeNEKIIMOHHBIX JOHOPOB,
coOMparoIMX MHHUMAaJIbHOE KOJMYECTBO 3arps3HuTened. llomyueHHbIE pe3ysbTaThl IIO3BOJSIOT IPEUIOKHUTH
YCTOWYMBBIX K TSDKENBIM METaJlIaM JIOHOPOB, KOTOPBIE MOTYT OBITh MCIIOJBb30BaHbl B INIEMEHHBIX M '€HETHYECKUX
UCCIIEOBAaHMAX. S[UMEHb SIBJISETCS KOHIEHTPUPOBAHHBIM NPOJYKTOM JUIS JKMBOTHBIX, TaK Kak cocraB Oorar
KpaxMaioMm u 6enkoM. CeMeHa sSTAMEHSs, Hapsiy ¢ aMHHOKHCIIOTaMH, OeJIOK, TIN3KWH U TPUNTO(aH, KOTOPhIe HE MOTYT
OBITh 3aMEHEHBI IPYTMM BEIECTBOM, COXPAHEHHI JIydllle, YeM B JAPYTHX KyubTypax. Sumenp mo Ka3zaxcrany
3aHMMaeT BTOPOE MECTO IIOCie MIIeHMIBl. Bocroyno-Ka3axcTaHCKHil perroH GiiaronpusTreH W BOCTpeOOBaH IS
BBIpalyBaHHus sYMeHsA. OIHAKO IOpaKeHHE COCYHOB TSDKENbIM METAJUIOM IOBIMSUIO Ha BBOA NPOAYKLUHUH B
neiicteue. HanGonee 3(GEKTHBHBIMH ITyTAMH BBIXOAA W3 3TOTO SBISIOTCS NPEIOTBPAICHUE I'€HETHYECKOTO U
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(PU3MOIOTUUECKOTO BO3JECHUCTBHS T€HOB OTHX KYJbTYp TOJIEPAaHTHOrO (BBIHOCIMBOrO) BuAa. VpeHtnduxaums
TCHOTHUIIOB SIBJISIETCS. HOBBIM, HAayYyHO HEHM3yUEHHBIM HAalpaBJIeHUEM H300pETeHUH TaKuUX MHPOJIYKTOB, KOTOpBIE
pacTyT MPOTUB TSXKEJIBIX METAJIOB PACTEHHUH.

Ki1roueBble cj10Ba: TSHKEIBIA METAILI, 36pHO SIUMEHS, (PUTOCTAONIN3ALMS, TeHOTHII.
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