N E W S of the Academy of Sciences of the Republic of Kazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 1, Number 433 (2019), 80 — 89 https://doi.org/10.32014/2019.2518-170X.10

UDC 547.992.2

0. K. Beysenbayev', S. I. Umirzakov’, A. S. Tleuov', B. M. Smaylov',
A. B. Issa', Kh. Dzhamantikov’, B. S. Zakirov’

"M. Auezov South Kazakhstan state university, Shymkent, Kazakhstan,
“Institute of General and Inorganic Chemistry, Tashkent, Uzbekistan,
°I. Zhahaev Kazakh Research Institute of Rice, Kyzylorda, Kazakhstan.
E-mail: oral-kb@mail.ru, pniiaesx@mail.ru, Tleuov(@mail.ru, baha_uppr@mail.ru,
isa.aziza@mail.ru, kz_ris@mail.ru, ionxanruz@mail.ru

OBTAINING AND RESEARCH OF PHYSICAL AND
CHEMICAL PROPERTIES OF CHELATED POLYMER-CONTAINING
MICROFERTILIZERS ON THE BASIS OF TECHNOGENIC WASTE
FOR RICE SEED BIOFORTIFICATION

Abstract. The way of obtaining the chelated polymer-containing microfertilizers on the basis of technogenic
waste is developed. The optimum conditions of their obtaining with the use of water-soluble polyelectrolytes are
established. Element composition of the cottrell dust and brown coal was studied by mean of scanning electron
microscope ISM-6490-LV (JEOL, Japan). The mechanism of formation of chelated polymer-containing microfer-
tilizers by elemental analysis and electron microscopy was studied. It was found that mainly in microfertilizers,
structure formation occurs in the form of an amorphous structure with a small inclusion of metals. The characteristics
of microelements and their physiological significance before and after biofortification in the cultivation of rice grain
have also been studied. At the same time it is established that the resulting microfertilizer, along with potassium and
sodium humates, also contains Ba, Fe, Mn, Ti and Mg. These trace elements are involved in the formation of the
crop and determine its qualitative and quantitative components, i.¢., are rich in trace elements that activate the action
of enzymes, hormones and vitamins.

The received microfertilizers are characterized by the high content of humic substances which participate in
structurization of the soil layer which is around the biofortified of seeds, accumulation of nutritious elements and
minerals in a form, available to plants, promote regulation of geochemical streams of metals in water and soil eco-
systems. In the end, all this provides a living organism with mineral substances and vitamins, which affects the
protective functions of a living organism, to a large extent, activates its immune properties.

Keywords: chelate polymer-containing microfertilizers, technogenic waste, cottrell dust, humic acid, esterified
derivatives of the hydrolyzed polyacrylonitrile.

Introduction. In accordance with the norms, which developed by the Kazakh Academy of Nutrition,
the annual demand of the Republic of Kazakhstan for rice is 132.6 thousand tons per year (8.5 kg/year for
1 person). The statistics for 2008-2013 shows growth tendency in consumption of rice, and the percentage
ratio of production of the peeled rice annually decreases in the ratio with the imported volumes. Therefore,
in the near future not only remain, but the deficiency of this major food product even more will amplify
[1-4]. It is also necessary to note that the satisfaction of the growing need of the population of the globe
for food is the main problem of the present. This problem gains more and more acuity in developing
countries where the increase in population advances a production gain. Due to small opportunities of
expansion of acreage of crops now by further increase in agricultural production his comprehensive
intensification is only. Today search of new nontoxical and highly effective mineral fertilizers and the
chelate of microfertilizers which can be used successfully at cultivation of agricultural raw materials and
also for the solution of narrower, but very important problem - receiving materials with the increased
contents the essential of minerals is extremely relevant.
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Along with this, some plants show the increased need for certain minerals, and microfertilizers
provide a balanced set of minerals for requirements of various cultures [1, 2].

Nutrition of modern man is characterized by an increased content of cereals, potatoes, confectionery,
and insufficient intake of milk, meat, fish, fresh vegetables, fruits. This indicates an insufficient supply of
the body with vitamins and minerals. Mineral compounds affect the protective functions of a living
organism, largely providing its immune properties. Microelements, primarily activate the action of enzy-
mes, hormones, vitamins and thus participate in all types of metabolism [5-7].

From positions of the classical theories stated by Frenkel Ya.l. and Landau L.D, [8, 9] the absence of
anions in solution have to change qualitatively mobility of cations and it is essential to change processes
of formation of interfaces of a liquid and firm phase in respect of essential decrease in coefficient of a
superficial tension that in turn will create thicker adsorptive layer of the dissolved connections on an
interface (the surface of the parenchymal tissues of the leaf plate, the meristem membrane, the seed coat,
etc.). In this regard, use of the amphoteric polyelectrolytes with complex-forming groups i.e. hydrolyzed
and the modified polyacrylonitriles promote the formation of stable helated complex compounds with
metal 1ons [10].

The presence of water-soluble polyelectrolytes in the system leads to the formation of thick films at
the interface, causing an increase in the chemical potential gradient, which in turn forms directed flows
into plant tissues and then through the membranes of the plasmolemma into the cytoplasm.

Methods. The way of obtaining the chelated polymer-containing microfertilizers of the Helafos
series [11, 12] on the basis of technogenic waste is developed for the cardinal solution of the above-stated
tasks: cottrell dust and brown coal of the Lenger field.

Element composition of the cottrell dust and brown coal was studied by mean of scanning electron
microscope ISM-6490-LV (JEOL, Japan).

Chemical composition was calculated on the basis of elemental composition which was obtained
from the spectra of scanning electron microscopy.

Results. The chemical composition of the cottrell dust is shown in table 1.

Table 1 — Chemical composition of cottrell dust

Composition, % Specific
. face
The substances which are . Na,O SuLaee;
a part of cottrel dust sqmig | Cal' | MgO Si0, | ALOs F K,0 Fe,04 b sq.m/g
Rich slime 37,5 8.0 3.0 26,0 10,1 2,1 10 1,52 98,22

Element and mineralogical composition of withdrawal of brown coal of the Lenger field are given in
figure 1, in table 2.

Cnektp 1
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Figure 1 — Elemental composition and microstructure of a sample of brown coal of the Lenger field
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Table 2 — Element and mineralogical structure of a sample of brown coal of the Lenger field

Element Weight, % Oxides Elemental composition, converted to oxides, %
(@) 55,17
Na 023 Na,O 0,31
Mg 0,36 MgO 0,59
Al 10,60 AlLOy 20,03
Si 21,11 SiO, 45,15
S 334 SO; 8.35
1,31 X,0 1,58
Ca 1,85 CaO 2,59
Ti 0,67 TiO, 1,12
Fe 5,39 Fe, 0 741

From the figure 1 and from table 2 it is visible what in element structure of a sample of brown coal of
the Lenger field contains in %: Al - 10,6, Si - 21,11, Fe - 5,39, Mg - 0,36, Ti - 0,67, etc. Such maintenance
of elements as a part of brown coal is enough for his use as initial raw materials for receiving humic acids
and on their basis of microfertilizers. Receiving humates is carried out from dumps of brown coal of the
Lenger field by oxidation by 1% KOH or NaOH solution (environment 12,0 pn) [13, 14]. The oxidation of
brown coal is carried out at a reaction mixture temperature of 80 °C for 2 hours, the weight ratio of alkali
to crushed coal being 0.125 + 0.150: 1. To produce humic acid, humates were precipitated with a 5%
solution of hydrochloric acid, then filtered in a nutch filter (the pH of the filtrate was 0.85).

As a part of the emitted humic acid, besides organic compounds, contain as well mineral substances.
For definition of an inorganic component the received humic acid was exposed to calcination at 500 °C.
The element and mineralogical structure of the received cindery rest was analyzed on a raster electronic
microscope. Results of researches are given in table 3 and in figure 2.

Table 3 — Mineralogical composition of a sample of solution of the evaporated humic acid

Element Weight, % Elemental composition, converted to oxides, % Weight, %

0] 23,68 - -
Na 1,06 Na,O 1,43
Al 2,70 Al,O4 5.1

Si 1,28 Si0, 2,74

S 1,51 SO, 3,77

Cl 34,52 - -

K 34,97 K,0 42,14
Fe 028 Fe,04 0,40

Cnextp 1
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Figure 2 — FElemental composition and microstructure of a sample of the evaporated humic acid
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From figure 2, it is visible that the investigated ashes have difficult and crystal mineral structure.
Colourless detrital and fragmental crystals of a thombic and cubic gabitus are characteristic of potassium
and sodium chlorites. The intermediate fine-grained structure with some isometricity of tabletless color-
less crystals is characteristic of aluminosilicate potassium compounds. Fine granular clusters of crystals
characterize the presence of insignificant inclusions of aluminum silicates in the microstructure of the test
sample, and dark, fossil, diffuse structures are characteristic of insignificant inclusions of iron silicates.
Availability of sulfur up to 1.2% is obligatory for all humic acids that is confirmed in this case. The lack
of phosphorus which content usually reaches 0,5%, is explained by the fact that initial raw materials for
receiving humic acids were coal mining waste. Rather large amount of potassium and chlorine is
explained by the fact that when leaching initial raw materials potassium hydroxide was used, and the
humates received at the same time were acidified by hydrochloric acid.

To increase in content of the general phosphates and enrichment of finished product minerals are
added to initial raw materials 1% of boric acid, 1% of sulfate of copper, 1% of sulfate of iron, 0,5% of
sulfate of manganese, 1% of ammonium molybdate. Process is carried out in the temperature-controlled
reactor from stainless steel with the mixer and a shirt at a temperature of 60 °C within 60 minutes. The
received mix is filtered in the Nutsche filter and for receiving the chelating microfertilizers it is used a
liquid component. Then add 0.2% of esterified derivatives of the hydrolyzed polyacrylonitrile (EPPAN) to
the received solution of 25 cm’® (pH = 4.16).

To increase the content of total phosphates and to enrich the finished product with microelements, 1%
of boric acid, 1% of copper sulfate, 1% of ferrous sulfate, 0.5% of manganese sulfate, 1% of ammonium
molybdate are added to the feed. The process is carried out in a thermostated stainless steel reactor with a
stirrer and jacket at a temperature of 60°C for 60 minutes. The resulting mixture is filtered in a nutch filter
and a liquid component is used to prepare the chelating microfertilizers. Then 0.2% of the ethylenated
derivatives of hydrolyzed polyacrylonitrile (EPPAN) are added to the resulting 25 cm’ solution
(pH=4.16).

The chemism of process of decomposition of cottrel dust in acidic environment of water humic acid
can be described by the following equation:

Cas(PO,)sF + 8 humic acid + 4H,O = H;PO, + 4Ca(humate), + Ca(H,PO,), + HF

Use of humic acid for decomposition of mix of cottrel dust and also EPPAN will allow to exclude
sulfuric acid from process and to reach contents of assimilable phosphates in a finished liquid product to
10%, in a firm product up to 12,5%. Element and mineralogical compositions of chelate polymer-
containing microfertilizers are presented in table 4.

Table 4 — Elemental and mineralogical composition of a sample of chelate polymer-containing microfertilizer

Element Weight, % Oxides Weight, %
C 28,75 - -
0] 36,64 - -

F 1,89 - -
Na 1,23 Na,O 1,66
Mg 0,74 MgO 1,22
Al 0,76 ALO; 1,44

Si 3,58 Si0, 7,66

P 13,34 P,0s 30,56

S 0,22 SO, -
Cl 8,65 - 10,42

K 3,40 K0 4,76
Ca 0,11 CaO 0,14
Mn 0,42 MnO 0,60
Fe 0,28 Fe,O; 0,35
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From table 4 it is visible that the developed polymer-containing chelate microfertilizer also has in
structure minerals and minerals necessary for the normal growth and development of plant (K,O — 4.76%,
P,Os5 — 30.56%). The element composition and a microstructure of a sample of chelated polymer-
containing microfertilizer are presented in figure 3.

il 1 2 3 4 5
Monsas wkana 7241 wan. Kypcop: 0.000 k3B

TpoHHoe w3oEpamenne 1
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Figure 3 — Element composition and microstructure of a sample of chelated polymer-containing microfertilizer

Results of microscopic pictures (figure 3) reflect the results received when carrying out the element
analysis. At the same time presence of the hydrolyzed polyacrylonitrile provides formation of granular
crystal structure the chelated of microfertilizers.

Rice seed biofortification process before crops on fields of LLP "I Zhahaev Kazakh Research
Institute of Rice" is carried out and also process of influence of chelated microfertilizer throughout a stage
of growth of a plant and its blossoming (rice) on the subsequent productivity of culture has been inves-
tigated. For biofortification of seed of rice connections complex the chelated polymer-containing of
microfertilizers are chosen.

The following operational stage the chelated polymer-containing of microfertilizers is spraying of
plants during growth and blossoming. Results of field tests on identification of efficiency complex the
chelated polymer-containing of microfertilizers received on the basis of phosphoric slime, cottrell dust
have been received. Results of field tests have shown that the productivity of seed of rice increases by
3 times, 1.¢. from 25 to 75 grain/vessel.

The element composition and the microscopic picture of samples of rice before introduction of
microfertilizers are given in figure 4 and in table 5.

In table 6 and also in figures 4 there are presented element composition of grains before crops of rice
after biofortification with application the chelate of microfertilizers. From figure 4 it is visible that after
biofortification of seed rice is dispersed and as a result becomes more small granular with increase in an
amorphous part.

Cnektp 1

NonHaa wkana 7241 wan, Kypcop: 0,000 k3B

1 FNEETHOHHOE n200pDeeHne 1

Figure 4 — Element composition and microstructure of grains before crops of rice after biofortification
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Table 5 — Element composition of a sample of rice before biofortification

Element Weight, % Oxides Weight, %
0] 51,81
Na 0,62 Na,O 0,83
Mg 1,56 MgO 2,59
Si 32,19 Si0, 68.85
P 6,00 P,0s 13,75
S 0,44 SO, 0,48
K 6,18 K0 7.45
Ca 1,18 CaO 1,65
Table 6 — Element composition of grain before crops of rice after biofortification
Element Weight, % Oxides Weight, %
0] 46,79
Na 0,22 Na,O 0,29
Mg 4,16 MgO 6.9
Al 3,31 AlLO5 6,25
Si 11,57 Si0, 24,75
5,96 P,0s 13,65
S 0,29 SO, 0,72
K 1,84 K,0 2,22
Ca 19,30 CaO 27,00
Ti 0,47 TiO, 0,78
Mn 0,24 MnO 0,31
Fe 5,69 Fe,0; 8,14
Ba 0,14 BaO 0,16

The element and mineralogical composition and also rice seed sample microstructure after harvesting
with use of the chelated polymer-containing microfertilizer is presented in table 7 and in figure 5. From
figure 5 it is visible that the rice seed sample microstructure after harvesting is condensed and as a result
of which gets a crystal form with reduction of an amorphous part. It is explained by the fact that probably
the large role is played by presence at composition of seed of rice of various minerals: Na — 0.40, Mg —
1.76, A1-0.14, Si—31.80,P-5.29,S-0.84, K- 6.77, Ca— 0.93, Mn - 0.17, Fe — 0.09.

Table 7 — Elemental and mineralogical composition of rice grain after harvest
with the use of chelated polymer-containing microfertilizer

Element Weight, % Oxides Weight, %
0] 51,80 - -
Na 0,40 Na,O 0,54
Mg 1,76 MgO 2,92
Al 0,14 AlLO5 0,26
Si 31,80 Si0, 68,02
P 5,29 P,0s 12,12
S 0,84 SO, 2,1
K 6,77 K,0 8,16
Ca 0,93 CaO 1,3
Mn 0,17 MnO 022
Fe 0,09 Fe,O; 0,13
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Figure 5 — Element composition and microstructure of sample of rice grain
after harvest with the use of chelated polymer-containing microfertilizer

Besides the presence of humic acid and polyelectrolytes leads to the formation of crystal structure of
more condensed type and confirms the previous microstructures (figures 3, 4). Thus, colourless detrital
and fragmental crystals of a rhombic and cubic gabitus are formed, are characteristic of chlorites of
potassium and sodium. The intermediate fine-grained structure with isometricity of tabletless colorless
crystals is characteristic of aluminosilicate potassium compounds. Small granular clusters of crystals
characterize the presence of insignificant inclusions of aluminum silicates in the microstructure of the test
sample, and dark, fossil, diffuse structures are characteristic of insignificant inclusions of iron silicates.

Element composition of rice seed before biofortification (figure 4, table 5) following (%): Na — 0.62,
Mg - 1.56,S81-32.19,P-6.0,K-6.18, Ca—1.18.

Mineralogical composition of seed of rice after biofortification (figure 5, table 6) the following: Na —
46,79, Mg — 4,16, A1 - 3,31, Si— 11,57, P -5,96, S — 0,29, K — 1,84, Ca — 19,30, Ti — 0,47, Mn — 0,24,
Fe — 5,69, Ba — 0,14. From figure 6, table 7 it is visible that the maintenance of elements of seed of rice
after assembly of a harvest with use of changes a little Na — 0.40, Mg — 1.76, Al — 0.14, Si — 31.80,
P-529,S-0.84, K-6.77,Ca-0,93, Mn-0.17, Fe — 0.09.

It is visible that the developed microfertilizer contains humates of potassium and sodium with
additive Fe, Mn, Si, Mg, K, Sa, Al, P. These minerals participate in formation of a harvest and define its
qualitative and quantitative components that are rich with the minerals intensifying effect of enzymes,
hormones and vitamins. Finally, all this provides with mineral substances and vitamins a live organism
that influences his protective functions and substantially makes active its immune properties.

Data of vegetative experiment on rice of a grade of Marzhane on production crops and the experi-
mental site of LLP "I.Zhahacv Kazakh Research Institute of Rice" are presented in table 8. At the same
time the productivity of rice increases within 65-74 g/a vessel.

Table 8 — Data of vegetative experiment on rice of a grade of Marzhane

Options Productivity (g/vessel) on repetitions S-sum M-average D from
# : M
experience I I 111 v harvests harvest helofos-1
1 Without fertilizers 33 31 20 20 104 26 - -
2 N-Na 54 53 50 43 200 50 - -
3 NP-Na, Pc- background 63 65 55 50 240 60 _ 3
4 Biofortified seeds
of Chelafos-1 (100 ml) 76 76 74 70 296 74 74 14
5 Biofortified seeds
of Chelafos -2 (500 ml) 76 74 70 72 292 73 73 13
The sum of harvests on
repetitions 307 299 269 269 1132 56,6 Mr1~57
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On the basis of the above, the developed technology of receiving the chelated polymer-containing
microfertilizer can be recommended at cultivation of grain crops, in particular, of rice.

Discussion. The way of receiving the chelated polymer-containing microfertilizer on the basis of
technogenic waste - cottrell dust, brown coal of the Lenger field is developed and optimum conditions of
their receiving with use of water-soluble polyelectrolytes are established.

Rice seed biofortification by chelated polymer-containing microfertilizer before crops on the
experimental site of LLP "I.Zhahaev Kazakh Research Institute of Rice" is carried out.

The mechanism of formation of chelated polymer-containing microfertilizers by elemental analysis
and electron microscopy was studied. It was found that mainly in the presence of chelated polymer-
containing microfertilizers, structure formation occurs in the form of an amorphous structure with a partial
appearance of sections of the crystallization structure. The characteristic of minerals and their physio-
logical value before biofortified at rice seed cultivation is studied.

The received microfertilizers are characterized by the high content of humic substances which
participate in structurization of the soil layer around the biofortified of seeds, accumulation of nutritious
elements and minerals in a form, available to plants, promote regulation of geochemical streams of metals
in water and soil ecosystems.

Influence of the microfertilizers developed the chelated polymer-containing on growth and produc-
tivity of a stalk of rice is investigated.

At the same time it is shown that increase in productivity of rice within 65-74 g/vessel demonstrates
that in the initial stage the main role is played by oxides of manganese and magnesium as a part of che-
lated polymer-containing microfertilizers that provides high viability and germination of seeds due to rice
seed biofortification. Contents as a part of microfertilizers of iron regulate breath of plants, cellular
exchange, photosynthesis and resistance to chlorosis when spraying pesticides.

Thus, on the basis of the above, it can be concluded that the chelated polymer-containing micro-
fertilizer actively participates in biochemical processes, i.e. activates enzymes, exhibits photosynthetic
activity, participates in the biosynthesis of chlorophyll, affects carbohydrate and nitrogen metabolism,
increases resistance to diseases, accelerates the growth and development of plants. All these processes
ultimately contribute to higher yields and, especially, the quality of the rice grain.

The developed microfertilizer containing humates of potassium and sodium with additive Fe, Mn, Si,
Mg, K, Sa, Al, P in a chelated form of the improved structure has shown excellent operational properties,
and it can be recommended to application at cultivation of rice in the southern regions.

Acknowledgements. The work was financially supported by the Ministry of Education and Science
of the Republic of Kazakhstan.

0. K. Beiicen6aes ', C. K. Yvup3akor’, A. C. Taeyos ', . M. Cmaiijios ',
A. B. Mca', X, Jzkamanrnkos>, B. C. 3aknpos?

'M. Bye30B athiHAars OHTyCTiK KasakcTan MeMiekerTik yauBepeuTteri, [lbmvkenT, Kasakcran,
*YKamms! sxoHe BeHOPTraHUKATBIK XHMHS HHCTHTY THI, TAIKEHT, ©30€KCTaH,
°U. Kaxaesa atemaarst Kazak Kypim I1Iapy aumsuises! FeLTBIME-3¢pTTeY HHCTHTYTHI, Kbrsbimopaa, Kasakcran

KYPILI BHO®OPTH®HKALMACBIHA TEXHOTEHII KAJIBIKTAPJAH AJIBIHATHIH
XEJIATTBI HOJIUMEPKYPAMIAC MAKPOTEIHAMTKBIIII TAPABIH,
®U3NKA-XAUMUSILIK KACUETTEPIH 3EPTTEY

AnnoTtamust. TeXHOTEHAI KANIBIKTAp HETI3IHAE XEIATThl MOIMMEPKYPAMAAC MUKPOTHIHANTKBIIITAPBI ATy IbIH
TEXHOJOTHSUIBIK S/IiC1 931pPJICHICH JKOHE CYJIbl MOMHUAICKTPOIUTTEP Al Al aIaHy apKbLIbl ATy AbIH OHTAMIIBI XKaFaii-
Japbl OPHATHUFAH. bacTankel MHKi3aT OO TAOBUIATHIH KOHBIP KOMIpP MECH KOTPEJIbl MIAHHBIH JIEMEHTTIK KypaM-
Japer ISM-6490-LV (JEOL, KamoHust) CepusuIbl 31CKTPOHABI MEKPOCKOIT KOMETIMEH aHbIKTanFaH. COHBIMEH Karap
3MEKTPOHAB MUKPOCKOTIHSUIBIK JKOHE HJICMEHTTIK TaiAdy SMICIMECH XENATThl MOJIUMEPKYPAMIAC MHKPOTHIHANTKBIII-
Tapabl Kypaiay MEXaHW3Mi MEHICPII.

MUKpOTHIHAHTKBIINTAPABIH KYPBUIBIMBIHAA aMOp(Thl KyHae OosaThH OipmaMa MeTammapasl itecyi sKypeadi.
Conpaif-ak KypimTi ecipy Ke3iHAe MaiJaJaHbUIATBIH MHKPOTHIHAHTKBIITAPIBIH KACHETTEPI MEH (DH3HOIOTHAIBIK
MoHIEP] OnodopTHHUKATUIFa ACHIH KOHEC KCHIHTI KAFIAWIAPH KAPACTHUIFAH. AJBIHFAH MUKPOTHIHANTKBIITAPIBIH
KypaMbIHIAa HATPHH OHE KM ryMaTeIMeH Koca Ba, Fe, Mn, Ti, Mg cuakTsI 3meMeHTTep kKezaeceni. byn mukpo-
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3MEMEHTTEP OCIMIKTIH 6CIIl, OHyiHE JKOHE CAHABIK KYPAMBIMECH OHIMIINITIH AHBIKTANIBL, SFHU Oal MHKPOTHIHAMT-
KpImTap (pepMEHTTEDP, TAPMOHAAP KIHE JIPYMCHACPAI OCICCHACHAIPYTE SPCKETTCHIIPE L.

ATBIHFAH MHUKPOTBIHAMTKBIITAD KYPAMBIHAAFHI SKOFAPBI MOIIUEpAE OOJIATHIH I'YMHH KBIIIKBLIIAPHI TOIBIPAK
Ka0aTbHaarsl Ono(OpPTHOHUKANMATAHFAH JOHACPIIH KYPBUIBIMABIK TY3UTYiHC KAThICAObl 1A, >KHHAKTAFAH 3JIC-
MEHTTEP MCH MHKPO3JIECMEHTTEP 6CIMIIKTEPre KOJAHIbl KYHIE OOIIBII, CYIIBI KOHE TOTBIPAKTHI SKOKYHeAeTi MeTal-
JAPIBIH TCOXMMISUIBIK aFBIHBIH PETTEYTE KaThICcaabl. KopsiTa KenareHae OapibiFbl 6CIMIIKTI MHHEPAIIBI 3aTTAPMCH
JOPYMCHIOCPMCH TOJBIKTBIPBIL, Tipi ©CIMIIKTIH KOPFAHBIC KBI3MCTIH JKAFIAH JKAacam, OHBIH HMMYHIBIK KAaCHCTIH
Ocrrim Oip mopekeac OCICCHAIPyTe ocep CTeai.

Tyiiin ce3aep: XeaaTThl MOJIUMEPKYPAMAAC MHKPOTHIHAWTKBIII, TEXHOTCHL KATABIKTAP, KOTPEIbl IIaH, Ty-
MHH KbIIIKBLTBI, IIOJMAKPIIIOHHTPHIIIH STEPU(HIIMPICHI €H THAPOIN3IL TY bIH/IBL

0. K. Beiicen6aes ', C. HI. Yvup3akos >, A. C. Taeyos ', 5. M. Cwmaiiios *,
A. B. Hca', X. Txamantukos’, B. C. 3akupos’

"HOsxH0-Ka3axcTaHCKuit rocy JapCTBEHHBIH yHIBEpCHTET HM. M. Ay33oBa, IlIsnkent, Kasaxcran,
*Uucturyt O6mei 1 Heoprammueckoit xumun AH PY3, V36ekucTan,
3KasHUU pucosoacTtea uMm. M. XKaxaesa, Ker3butopaa, Kazaxcran

MNOJYYEHHME U HCCJEAOBAHUE ®U3UKO-XUMHYECKHUX CBOI/‘ICTB
XEJATHBIX NOJIMMEPCOJEP/KAIIINX MUKPOYJIOBPEHUU
HA OCHOBE TEXHOI'EHHBIX OTXOA0B JJIsd BUO®OPTHOPUKAIINH 3EPHA PUCA

Annoramus. Pa3padotad crnoco0 MOMyYCHHUS XCIATHBIX IOTHMCPCOACPKAIMNX MHUKPOYIOOPCHHHA HA OCHOBC
TEXHOTCHHBIX OTXOJ0B M YCTAHOBICHBI ONTHMAJNBHBIC YCIOBHSA HX MOJYUYCHHA C HCHOJNB30BAHHEM BOJOPACTBO-
PHUMBIX TOJH3JICKTPOIUTOB. DICMECHTHBIH COCTAB KOTTPEIBHOM MBLTH M OyPOTO YT 0TX04a ObLIT H3YUCH PACTPOBBIM
3JCKTPOHHBIM MHKpOCcKoTioM [ISM-6490-LV (JEOL, Snoxus).

Hzyuen mexanm3M 00pa3oBaHMS XEJATHBIX MOIMMEPCOACP)KAIINX MHKPOYIOOPCHHI METOJOM 3JIEMEHTHOTO
AHAJIA3A U HICKTPOHHOH MHKPOCKOTIHH. [IpH 3TOM YCTAHOBICHO, YTO B OCHOBHOM B MHKPOYJOOPESHHAX MPOUCXOIUT
CTPYKTYPOOOPA30BaHNC B BHAC aMOP(HOH CTPYKTYPHI C HCOOIBIIAM BKIFOUCHHCM MCTAILIOB. TaioKe M3YUCHA Xa-
PAKTEPHUCTHKA MHUKPO3JIEMECHTOB M HX (DH3HOJOTHYECKOE 3HAYCHWE 0 WM mMocie OMO(pOpTH(HMKAIMH IIPH BHIPAIIH-
BaHWH 3€¢pHA puca. [Ipu 3TOM YCTAHOBICHO, YTO MOJIY4YECHHOEC MHUKPOYJOOPCHHE, CONEPKUT HAPAMY C TyMaTaMH Ka-
s u Hatpus Takke Ba, Fe, Mn, Ti, Mg, OTH MHKPO3ICMCHTHI YIACTBYIOT B (JOPMHPOBAHHH YPOXKAS U OMPCIACIIIOT
€r0 KaUeCTBCHHBIC H KOJTHYCCTBCHHBIC COCTABIIOIIME, T.¢ OOTaThl MUKPOIICMCHTAMH, AKTHBH3HPYIOIMMH JCHCT-
BUC (PEPMECHTOB, TAPMOHOB U BUTAMHUHOB.

[NonyuceHHBIC MHKPOYIOOPSHHA XAPAKTCPH3YIOTCS BBICOKHM COJCP/KAHHEM TYMHHOBBIX BCIIECCTB, KOTOPBIC
VYACTBYHOT B CTPYKTYPOOOPA30BAHHH MOYBCHHOTO CJIOS HAXOAAIICTOCA BOKPYT OHO(OPTH(HIMPOBAHHBIX CCMSH,
HAKOIUICHUH MUTATEIBHBIX 3JIEMCHTOB H MHKPOJIEMEHTOB B IOCTYITHOM 11 pacTeHUH (opme, CIIOCOOCTBYIOT pery-
JHPOBAHHIO TCOXHMHYCCKHX MOTOKOB METAJUIOB B BOJHBIX U MOYBCHHBIX SKOCHCTEMAX. B KOHEYHOM HTOTE BCE 3TO
00CCIICUNBACT )KUBOU OPraHW3M MUHCPATbHBIMU BEHICCTBAMH M BUTAMHHAMHE, YTO BIMSCT HA 3aLIUTHBIC (DYHKIHA
’KHBOTO OPTaHA3MA, B SHAYUTCIBHON CTCHICHH AKTHBH3HPYET €r0 HMMYHHBIC CBOHCTBA.

KioueBnie c/ioBa: XenmaTHBIC IOJUMEPCOACPKAIINEG MHKPOYAOOPSHMUS, TEXHOTCHHbBIC OTXOMBI, KOTPEIbHASI
TBUTh, TYMHHOBAS KHCIIOTA, STCPADHITHPOBAHHBIC MPOH3BOIHBIC THAPOTH30BAHHOTO MOTHAKPHIOHATPHIIA.
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