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KaszakcmaH Pecrniybnukacbl ¥nmmbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibIMOap Cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze kKabbindaHraHblH xabapnaldbl. byn uHdekcmerny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MeKemesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHadbl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMOap 6olbiHWa KoHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, 4ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu U mexHu4eCcKux
Hayk» bbln npuHsam O uHOekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Usesecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpuUpyem Hawy nNpueepXeHHOCMb K Haubosee akmyarbHOMY U 8/1USIMEIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam O5isi Hawezo coobujecmea.
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RECEIVING AND RESEARCH OF THE MECHANISM
OF CAPSULATION OF SUPERPHOSPHATE AND DOUBLE
SUPERPHOSPHATE FOR GIVING OF STRENGTH PROPERTIES

Abstract. In this article process of receiving and a research of the mechanism of capsulation of superphosphate
and double superphosphate is considered. Influence of water-soluble polymers depending on concentration and
temperature on process of capsulation and granulation of fertilizers, and also on strength characteristics is investi-
gated. It is found out that, the mechanism of process of capsulation of fertilizers consists of several stages: poly-
electrolyte adsorption, aggregation of particles of fertilizer, structurization with formation of large units and
formations of the thin gel encapsulating layer. At the same time it is shown that carrying out process of capsulation
of fertilizers polyelectrolytes leads to receiving the qualitative prolonged fertilizers and improvement of amelioration
due to aggregation of soils, agronomical properties saline and damp terrestrial soils.

Keywords: fertilizer, superphosphate, double superphosphate, capsulation process, structurization, polyelectro-
lytes, statistical durability, fluidized layer, phosphoric slime.

Introduction. Now before the chemical industry, the problem of utilization of large-capacity produc-
tion wastes of phosphorus — phosphoric slime is particularly acute. Large volumes of this industrial waste
not only considerably worsen an ecological situation in regions of Kazakhstan, but also occupy significant
floor spaces. In this regard for the cardinal solution of the specified problems, ways of processing of pho-
sphoric slimes, for the purpose of receiving polymer containing complex fertilizers are developed.

It is known that water-soluble polymers (polyelectrolytes) have unique complex properties depending
on concentration in system, at low concentration have structure-forming effect, and in more concentrated
solutions the pronounced stabilizing effect [1].

Besides, thanks to successful combination of physical and chemical properties of high-molecular
connections and surfactants are widely used in various fields of the industry as regulators of stability of
disperse systems, stabilizers, structurants, deemulgator, thickeners, frothers, flotoreagent, etc.

Now these polyelectrolytes are widely used in the process of capsulation of various materials (pesti-
cides, fertilizers, medicines, etc.) for protection against the environment, for giving of the strength and
prolonged properties.

Slime has smaller density, than pure phosphorus which is 1200 kg/m®. At his warming up to the
temperature of 333-353K there is a division of phases. As pure phosphorus has density of 1720 kg/m®, it
remains in the lower part, and slime — easier gathers above. Slime has low density because of existence of
inclusions of water. By production of yellow phosphorus the spherical, shapeless granules less than
20 microns in size similar to sand which it is accepted to call "granulated" can be formed. Such slime is
usually formed in sewage or at a slime warming up. The maintenance of a water phase in such slimes
reaches 50%.

Under the action of dilute HNO; or K>Cr,O7 + H>O, the slime is destroyed with the isolation of pure
yellow phosphorus and an insoluble precipitate. Part of the phosphorus is oxidized to H3;POs.
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Methods. The chemical analysis of phosphoric slime is presented in table 1.

Table 1 — The chemical analysis of the phosphoric slime (calcinated at temperature 1273 K)

Composition ,% Specific | Loss on
. ) . Na,O surface, | ignition,
Composition of slime | P20s CaO MgO SiO2 |ALO;| F K0 Fe203 2 m?/g o,
Rich slime 18,5 1,34 3,92 57,4 10,1 | 2,1 | 2,72 1,52 | 97,6 - 7,82
Theore-tical 10,0-29,8 | 0,7-7,8 | 5,9-5,1 - - 123423390 - >100 | 12,4-33,0

Phosphoric slime is formed as a result of the silicon fluoride hydrolysis which always is contained in
small amounts in oven gases. Then fine surface-active silicon dioxide adsorbs phosphorus. At formation of
slime along with phosphorus there is probably also an adsorption silicon dioxide of a part of water. The
amount of the slime which is turning out on this or that mechanism depends on the content of fine disperse
dust in oven gases and extent of sublimation of compounds of fluorine from phosphorite in the course of
melting in the electric furnace. It is established that the probability of formation of slime on the first way
makes 90-95%, on the second (through SiF4) — 5-10%.

Results. Phosphoric slime is cheap raw materials, however at his use as fertilizer is ineffective that is
connected mainly with small contents the assimilable forms of phosphoric anhydride (figure 1, table 2).
Results of researches have shown that the content of phosphoric anhydride in phosphoric slime has made

Crep 1 S i e L e SR CreTp 1

ST10nHaA Wkana 5482 wan, Kypcop: 0,000

1mm ﬂEKpUHHUE nsuﬁpaxeum1
Figure 1 — Mineralogical composition and microstructure of phosphoric slime

Table 2 — Mineralogical structure of a sample of phosphoric slime

Element Weight, % Chemical composition of oxides, % %
F 3.74 - -
Na 0.77 NaO 1,04
Mg 1.86 MgO 3,08
Al 0.97 AlLOs 1,83
Si 17.58 SiO2 37,60

7.02 P20:s 16,08
S 0.87 - -
Cl 0.13 - -
K 4.16 K20 5,01
Ca 8.86 CaO 12,4
Ti 0.02 TiO2 0,033
Mn 0.24 MnO 0,31
Fe 0.52 Fe203 0,67
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18,5%. Nevertheless on sour soils fine phosphoric slime of some fields is successfully applied as slowly
operating fertilizer. From phosphoric slime of such fields it is possible to receive a number of qualitative
fertilizers: superphosphate, double superphosphate, ammophos, monoammonium phosphate.

In this regard the mechanism of decomposition of phosphoric slime by sulfuric acid or phosphoric
acid in the presence of water-soluble polyelectrolytes is considered, and also for establishment of structure
complex the polymer-containing fertilizers - superphosphate and double superphosphate and interaction of
the components which are contained in them researches by the x-ray power dispersive INCAEnergy
(OxfordINSTRUMENTS) microanalyzer ISM-6490LV(IED) established on a raster electronic microscope
are conducted. Shooting at the SEM was carried out at an increase of 1000 and 10,000 times (figure 1, 2,
table 2, 4).

The way of receiving complex the polymer-containing fertilizers of superphosphate and double
superphosphate by method of decomposition of phosphoric slime sulfuric or phosphoric acid in the
presence of polyelectrolytes [2, 3] is developed.

From stainless steel with a mixer and a shirt load a certain amount of phosphoric slime, sulfuric or
phosphoric acids into the reactor. Process of decomposition of phosphoric slime is carried out at 60 °C at
continuous hashing within 60 minutes. At the same time there is a decomposition of phosphoric slime to
formation of a monokaltsiyfosfat and sulfate of calcium according to the total equation:

2Ca5(PO4)3F + 7H,SO4 + 3H,0 = 3Ca(H2P04)2'H20 + 7CaS0O4 + 2HF

For improvement of qualitative characteristics and giving of strength properties are added esterifies
derivatives of the hydrolyzed polyacrylonitrile (EPPAN) or polyacrylamide (EPPAA), i.e. water-soluble
polyelectrolytes to complex fertilizers. Increase in strength characteristics and prolongation is explained
by capsulation complex fertilizer of water-soluble polyelectrolytes.

15 minutes before the end of thermostating, 0.2-0.4 ml of EPPAN and EPPAA are added to the
mixture. The resulting pastes were granulated and dried for 120 minutes at temperature of 100°C.

The resulting complex polymer-containing fertilizer - superphosphate has the following composition,
presented in table 3.

Table 3 — The content of phosphorus pentoxide in the final product

Name Thermostating, | H20, | BPIIJ, | P20s P20s P20s N | Weight of finished
t°C ml ml total | assimilable | water-soluble product, g
100 g of slime thermo-
stated within 1 hour 60 70 0,2 13,12 12,75 9,12 2,0 70

In the figure 2 and the microscopic picture and mineralogical structure of samples complex the
polymer-containing fertilizer of superphosphate are presented in table 4. From the obtained data it is
visible that samples have generally amorphous structure with small inclusion of metals.

. T .
2 3 4 5 B 7 g
InekTROHHOE MaofpareHie 1 MonHaa wkana 5355 wean. Kypcog: 0.000 k3B

GO0MEM

Figure 2 — Mineralogical composition and microstructure of sample of the polymer-containing fertilizer of superphosphate
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Table 4 — Mineralogical structure of a sample of the polymer-containing fertilizer of superphosphate

Element Weight, % Chemical composition of oxides %
o 44.86 - -
F 6.55 - -

Na 0.62 NaxO 0,84
Mg 1.79 MgO 2,97
Al 1.11 AlOs 2,1
Si 20.42 SiO2 43,68
P 6.46 P20Os 14,8
S 4.24 SOs 10,6
K 4.05 K20 4,88
Ca 9.02 CaO 12,62
Mn 0.25 MnO 0,32
Fe 0.61 Fe203 0,87

From figure 2 and table 4 are shows that the obtained complex polymer-containing fertilizer - super-
phosphate incorporates all trace elements - Mg, Al, Si, K, Ca, Mn, Fe, and phosphorus for normal growth
and crop yield.

Method for the preparation of a complex polymer-containing organomineral fertilizer, double super-
phosphate [3] was developed, which is carried out as follows, in 100 g of sifted finely dispersed phospho-
rus slurry 70 ml of evaporated 43.37% H3POj are added.

The process of decomposition of phosphoric acid by phosphoric acid proceeds according to the
following basic reactions:

Cas(PO4)3F + 7H3PO4 + 5SH,0 = 5Ca(H,POs),-H,O + HF,
CaMg(CO3)2 + 4H;P0O4 = Ca(H2PO4)2'H20 + Mg(HzPO4)2'H20 + 2C02,
R»03; + 2H3P0O4 + H,O = 2[RPO4-2H0].

The resulting mixture is incubated at 60°C for 60 minutes, 0.2 ml of hydrolysed polyelectrolyte
derivatives based on PAN are added to the end of the thermostatting [3]. This produces a thick mass which
is granulated and the finished granules are dried for 120 minutes at temperature of 100°C.

In the process of obtaining double superphosphate on the basis of phosphorus slime, two main stages
can be distinguished. In the first stage, with continuous mixing of phosphorus slime and phosphoric acid,
the reaction proceeds in mobile suspension, the liquid phase of which contains phosphoric acid, mono-
calcium phosphate, and other soluble reaction products.

In the second stage, the decomposition of phosphate is accompanied by the crystallization of mono-
calcium phosphate, as a result of which the compositions of the liquid and solid phases of the reaction
mass gradually change. The isolation of crystals deposited in part on the phosphate grains makes it
difficult for H' ions to access them, and the decomposition process slows down sharply. When the liquid
phase of the suspension becomes saturated with both monocalcium phosphate and dicalcium phosphate,
the decomposition reaction ceases.

The rate of dissolution of phosphates in unsaturated solutions of solutions containing phosphoric acid
is limited by the diffusion of the least mobile calcium ion from the disintegrating surface of the phosphate
grain into the liquid phase. The quality of double superphosphate is estimated by the content of the
assimilable P205 in it, which is present in the form of various compounds: H3;PO., Ca(H2POs),,
Mg(H2PO4),, CaHPO4, MgHPQ4, iron and aluminum phosphates.

The resulting polymer-containing double superphosphate fertilizer is a light gray granule that is very
soluble in water, 3-5 mm in diameter, with high strength characteristics, which is necessary for the
operation.

In the figure 3 and the microscopic picture and the element analysis of double superphosphate are
presented in table 5. It can be seen that samples have, generally amorphous structure with small inclusion
of metals. In the figure 5 presence of elementary phosphorus is shown. In terms of phosphoric anhydride
the maintenance of P,Os is generally 24.08%.
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Figure 3 — Microscopic snapshot and elemental analysis
of the complex polymer-containing organomineral fertilizer — double superphosphate (based on phosphate flour)

Table 5 — Elemental analysis of the complex polymer-containing organomineral fertilizer — double superphosphate
(based on phosphate flour)

Element Weight, % Chemical composition of oxides %

(¢} 53.67 - -

F 2.05 - -
Na 0.68 Na.0 0,92
Mg 0.33 MgO 0,55
Al 1.67 AlLO3 3,16

Si 7.79 Si02 16,66

P 10.51 P20s 24,08

S 5.26 SOs 13,15

0.51 K20 0,61
Ca 15.86 CaO 22,19
Fe 1.69 Fe203 2,42

It can be seen from figure 3 and table 5 that the obtained complex polymer fertilizer - double super-
phosphate has in its composition all trace elements - Mg, Al, Si, K, Ca, Fe and phosphorus for normal
growth and increase of crop yields.

This increases water retention in soil aggregates due to the structure-forming properties of the
polymer, which positively affects crop yields.

Double superphosphate has the same agrochemical efficiency, as well as simple superphosphate at
introduction of equal quantities of assimilable P,Os. His main advantage consists in rather smaller quantity
of ballast. It reduces costs of transportation and storage of nutrient (P,Os), reduces a container expense,
reduces costs of entering of fertilizer into the soil. Therefore use of double superphosphate is economically
more effective, than simple superphosphate of the received product which is well influencing strength
characteristics.

The processes underlying the action of modified polyelectrolyte derivatives based on PAN, PAA as
structurants are in many respects similar to those occurring when they are used as a soil-forming agent for
soil and soil aggregates [4, 5]. The shape of the molecules of polyelectrolytes in solution is determined by
the ionic strength and pH of the solution. The polyelectrolytes of amphoteric character containing
ionogenic - carboxyl, amide, imidny and radio groups [4] are effective. Obviously, for an effective action
of an ionogenic polymer on the structure of fertilizer granules, some optimal content of charged groups in
the molecule is necessary.
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Addition of polyelectrolyte to mineral fertilizers contributes to the formation of the structure in the
system and the formation of the polymer-fertilizer complex, to the retention of the assimilable P,Os in the
fertilizer composition, and subsequently, when used, leads to the aggregation of soil aggregates, these
aggregates retain moisture, which has a beneficial effect on the preservation of soil moisture for a long
time. Thus, these polyelectrolytes contribute to improvement of melioration due to aggregation of soils,
but also agronomic properties of solonchakous and damp soils.

Application by production of superphosphate and double superphosphate of the modified derivative
polyelectrolytes on a basis the PAN, PAA promotes not only improvement of operational properties of
mineral fertilizers, but also increase in productivity of crops.

The relative maintenance of water-soluble P,Os is influenced significantly by presence of the
modified derivative polyelectrolytes on a basis the PAN, PAA, fiber waste Nitron which considerably
improve this indicator, thereby increasing enrichment of the soil useful elements.

Capsulation of the received superphosphate is carried out in two ways:

The first is method of soaking, the received complex polymer-containing fertilizer 0.2% solution of
polyelectrolyte and further drying at 105°C and granulation. As polyelectrolyte esterified derivatives of the
hydrolyzed polyacrylonitrile are used.

The second is a capsulation method, at the same time capsulation and drying of complex polymer-
containing fertilizer it is carried out by a dusting method polyelectrolyte in a fluidized layer. Capsulation
is carried out by a dusting method fertilizer polyelectrolyte in the mounted multisection device in fluidized
layer.

Results of a research of the influence of the drying temperature on durability of granules complex the
polymer-containing fertilizers in the process of capsulation by EPPAN polyelectrolyte are presented in
table 6.

Table 6 — Influence of temperature on durability of granules

Temperature,’C
Capsulation mode
25 | 50 | 75 | 100
Before capsulation
Static durability of granules, kg ‘ 0 | 0 ‘ 1,0 ‘ 1,87
Capsulation with 0.25% solution of EPPAN
Static durability of granules, kg ‘ 2,75 | 1,87 ‘ 15,8 ‘ 2,86
Capsulation with 0.5% solution of EPPAN
Static durability of granules, kg ‘ 2,98 | 7,10 ‘ 18,27 ‘ 2,10
Capsulation with 1.0% solution of EPPAN
Static durability of granules, kg ‘ 8,50 | 4,75 ‘ 13,78 ‘ 3,78

As can be seen from the table the statistical durability of the granules of fertilizers which aren't
encapsulated by polyelectrolyte (before capsulation) is in limits of 0—1.87 kg, and at capsulation durability
of granules increases up to 18.27 kg. Statistical durability of granules depends not only on concentration
of polyelectrolyte, but also on capsulation process temperature. The optimal condition for the process of
mineral fertilizer encapsulation corresponds to the content of a 0.25-0.5% solution of EPPAN at a
temperature of 75°C, as evidenced by micrographs (figure 4-7).

To establish the mechanism of the encapsulation process, the microstructure of fertilizers —
superphosphate and double superphosphate (figures 4-7) in the process of drying and granulation
depending on the concentration of EPPAN was studied (0,25, 0,50, 0,75, 1,0%) at temperature of 75°C.

In figure 4a the microstructure of the encapsulated and granulated double superphosphate at 75°C in
the presence of 0.25% of water solution of the hydrolyzed polyacrylonitrile is presented. At this
concentration there is the structure formation of a system - double superphosphate, i.e. it turns into fine-
grained amorphous structure. The microstructure of cut of the capsule is presented in figure 4b from which
it is visible that concentration of polyelectrolyte is insufficient for formation of protective layer of the
capsule. But at the same time the static durability of granules increases from 1.0 to 15.8 kg.
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Figure 4 — Microstructure (a) and a cut of sample (b) of the encapsulated and granulated double superphosphate at 75°C
in the presence of 0.25% of water solution of the hydrolyzed polyacrylonitrile

In figure 5a the microstructure of the encapsulated and granulated double superphosphate at 75°C in
the presence of 0.5% water solution of the hydrolyzed polyacrylonitrile is presented. Increase in
concentration of polyelectrolyte in a system leads to change of structure of fertilizer, i.e. in structure of
fertilizers needle and uneven rhombic forms appear. Besides, in structure light barrel-shaped forms on
properties characteristic of aluminosilicates are found. It demonstrates that emergence of these fragments
in structure of fertilizer, probably, is connected with aggregation of particles of fertilizers and further
forming of the large interconnected units due to adsorptive properties and functional groups of the
polyelectrolytes responsible for strength properties of structure of all system. With increasing concen-
tration the polymolecular sorption occurs, accompanied by hydrophilization of the particle surface [7, 8].
According to some scientists at such concentration the secondary adsorptive layer in which molecules are
guided a hydrophilic part outside that promotes coagulative coupling of particles [5] is formed. Perhaps
also are forming of superficial connection or fertilizers of a polymeric complex.

All this, probably, leads to formation of amorphous structure with the advent of crystal.

In figure 5b the cut of the top part of the encapsulated granule from which it is visible that poly-
electrolyte not only has the binding and structuring properties of an internal part of structure of a granule,
but also the encapsulating action of the top layer is presented. At the same time accumulation of binding
components in the top part of granules (figure 5b), probably, increase in concentration of structural
polyelectrolyte is observed that leads to primary education of a thin film on a surface of granules and
provides increase in durability up to 18.27 kg.

At concentration of 0.75% of polyelectrolyte (figure 6a) insignificant reduction of quantity of needle
and uneven rhombic forms is observed. Increase in concentration of polyelectrolyte in a system leads
to further increase in binding components in the top part of granules (figure 6b) and there is a spatial and

L
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Figure 5 — Microstructure (a) and a cut of sample (b) of the encapsulated and granulated double superphosphate at 75°C
in the presence of 0.5% water solution of the hydrolyzed polyacrylonitrile
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Figure 6 — Microstructure (a) and a cut of sample (b) of the encapsulated and granulated double superphosphate at 75°C
in the presence of 0.75% water solution of the hydrolyzed polyacrylonitrile

mesh structure consisting of small flocculants and separate particles with adsorbed on them molecules of
polyelectrolyte connected among themselves by rather strong filamentary bridges from molecular chains
of polyelectrolyte [7, 8] (figures 2, 3, 8).

Thus, increase in concentration of structural polyelectrolyte leads to formation of gel structure (in the
form of the encapsulating layer) in the top part of granules and to formation of thin films that provides
strength properties to granules.

In process of capsulation 1% water solution of polyelectrolyte (figure 7a) also observes reduction of
quantities of needle and uneven rhombic forms. More structured part is observed on a surface of granules
(figure 7b) and at the same time are formed the encapsulating polyelectrolyte layer due to interaction of
the active centers of mineral fertilizers and active functional groups of polyelectrolyte with formation of
thin films.

. B Py
. &
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Figure 7 — Microstructure (a) and cut of a sample (b) of the encapsulated and granulated double superphosphate at 75°C
in the presence of 1% water solution of the hydrolyzed polyacrylonitrile

Thus, the mechanism of capsulation of double superphosphate polyelectrolyte consists in aggregation
of small particles as a result of which there is a formation of the units leading to structuring in the form of
amorphous and crystal structures with formation of the encapsulating layer on surface of granules.

For reliability of the received results on the mechanism of capsulation and for comparative analysis
are given below (figure 8, 9) a microstructure of a sample of complex polymer containing fertilizer —
superphosphate on the basis of the phosphoric slime encapsulated 0.5% EPPAN solution at 75°C.

The figures show that the complex polymer — containing fertilizer-superphosphate also strengthens
the structure of the complex fertilizer. Apparently, the aggregation of small particles occurs, as a result of
which the formation in the form of aggregates occurs due to the interaction of functional groups with the
active centers of mineral fertilizer. In addition, on the surface of the particles of complex fertilizers, they
form a thin film (figures 8, 9).
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Figure 8 — Microstructure of sample of complex polymer containing fertilizer of the superphosphate which
is dried up at 75 °C (a) - superficial, (b) - a reverse side
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Figure 9 — Microstructure of sample of complex polymer containig fertilizer of the superphosphate which
is dried up at 75 °C (a) -a cut 1, (b) - a cut 2

Conclusions. Methods of receiving the polymer-containing complex mineral fertilizers — superphos-
phate and double superphosphate are developed. Influence of water-soluble polymers depending on
concentration and temperature on process of capsulation and granulation of fertilizers is investigated. It
has been established that the mechanism of process of capsulation of fertilizers consists of several stages:
polyelectrolyte adsorption, aggregation of particles of fertilizers, structurization with formation of large
units and formation of the thin gel encapsulating layer. It has been established that the process of
encapsulating mineral fertilizers with polyelectrolyte EPPAN leads to complex properties such as an
increase in strength characteristics (18 kg) and elongation, as well as improvement of reclamation through
aggregation of soils and soil aggregates.

0. K. Beiicen6aes!, Y. K. Axmenos?, A. B. Uca', b. M. Cmaiinos!, M. M. Ecupkenosa’, K. K. AproikoBa!

M. Oyeso0B aremgarsl OHTYCTiK KasakcTan MeMiekeTTik yruBepeuteTi, LsvkenT, KazakcTan,
2O36ekcran PecryOmukacer FA sxanmbl sxoHe GeiOpraHMKaIbIK XMMHS HHCTHTYTHL, TamkenT, O36eKkcTan

BEPIK KACUETTEPAI BEPY YIIIH CYIIEP®OCDATTHI )KOHE
KOC CYIIEPOOCO®ATTHI KAIICYJIAJIAY MEXAHU3MIH 3EPTTEY KOHE AJlY

AnHotanusa. Makanana cynepdocdarTsl xoHE KOc cyrepdocdarTsl Karcylanay MeXaHU3MiH 3epTTey JKOHE
aiy mporeci KapacTeipbuiaabl. KoHIIEHTpausicel MeH TeMiieparypacbia Oainanbictbl CEIT-niH ThIHAWTKBIIITap a6l
KaIcyJanay >KoHe TYHIPIIIKTEY MpoLeciHe, COHnmai-ak OepiKTiK cumarramaiapra ocepi 3epTrenmi. ThIHANTKBIII-
TapIsl Karcylanay MPOIECiHiH MEeXaHW3Mi OipHeIle caThliaH TYPaIbl: MOMUAIICKTPOIUTTI aacopOIisIiay, THIHANT-
KBIII OOIMIIEKTEPiH arperarray, ipi arperarrapabl KYpyMeH KYPBUIBIM TY3Y JKOHE KYKa T'ellb TOpi3aAi KancynaaaHnFaH
KabaTThIH maiima Oomybl. Bynm perre, THIHAMTKBIITAPIB! MOIUAICKTPOIUTTEPMEH KalCyjanay MPOLECiH KYpTizy
camainbl y3apTbUIFaH THIHANTKBIIITAPALl ajyFa >KOHE TOMNBIPAKTHl arperarray ece0iHeH MeNnOpalUsIIbIKThI
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KaKCapTyFa, COPTaH JKOHE IIHKI TOIBIPAKTHI TOIBIPAKTHIH arpOHOMUSUIBIK KACHETTEPiHE 9KeI COKTBIPATHIHBI KOpCe-
TiJTeH.

Tyiiin ce3mep: ThiHAlTKbINI, cynepdocdar, koc cynepdocdar, kamncynanay mporeci, KYpbUlbIM TY3Y, MOJIH-
AIIEKTPOJIUTTEDP, CTATUCTUKAJIBIK OSPIKTUIIK, JKaJIFaH KYHIipiiareH kadat, hochopibl Huiam.

0. K. Beiicen6aes', Y. K. Axmenos?, A. B. Hca', b. M. Cmaiinos', M. M. Ecupkenosa’, 7K. K. ApreikoBa’

"TOxn0-KazaxcTanckuii rocyIapCTBEHHBIN YHEBEPCHTET MM. M. AyaszoBa, IllsMkent, Kazaxcram,
2MuctutyT 06meii u neopranndeckoil xumun AH PVY3, Tamkent, Y36ekuctan

IHOJYYEHME U NCCIIEJOBAHUE MEXAHU3MA KAIICYJIMPOBAHUSA CYIIEPO@OCDATA
U IBOMHOI'O CYNEP®OC®ATA JJISI NPUJTAHUSA TPOYHOCTHBIX CBOKICTB

AHHoTanus. B cratee paccMaTpuBaeTcs MpoLEcC MOJIYYCHHUS] M UCCIICAOBAHHS MEXaHH3Ma KallCyJTHpPOBAHUS
cynepdocdara u nBoiiHoro cynepdocdara. Mccnenorano Bnusaue BPII B 3aBUCHMOCTH OT KOHIGHTPALMU U TEMIIe-
paTyphl Ha poLecce KarCyIMPOBaHUs U TPAHYJILUH yIOOpEHHH, a Tak)Ke Ha IPOYHOCTHBIC XapaKTepUCTUKH. Brsic-
HEHO, YTO MEXaHH3M IIpOLIecca KarCyIMPOBaHUs yIOOPEHHI COCTOUT M3 HECKOIBKUX CTaJHi: aIcOpOLUH HOJIUIIICK-
TPOJINTA, arPETUPOBAHUS YACTHUI] YIOOPEHHUS, CTPYKTYPOOOpa3oBaHusI C 00pa30BaHMEM KPYIHBIX arperaTtoB M o0pa-
30BaHMA TOHKOTO TelieoOpa3HOro Karcyiupyomero cios. [Ipu 3ToM nokasaHo, 4To NpOBeleHHE Npolecca Karcy-
JMPOBaHUS YAOOPEHUI MONUIIEKTPOIUTAMH IIPUBOJUT K MOTYyYEHUIO KaUeCTBEHHBIX MPOJOHIMPOBAHHBIX ynoOpe-
HUU U YJIyYIICHUIO MEJIUOPATUBHOCTU 3a CUET arperupoBaHUs I0YB, arPOHOMHUYECKUX CBOMCTB COJIOHYAKOBBIX U
CBIPO3C€MHBLIX TTOYB.

KuaroueBnie ciioBa: ynobpenue, cynepdocdar, qoriHol cynepdocdar, nporecc KancyJIupoBaHus, CTPYKTY-
pooOpazoBaHKe, MOIUINEKTPOIUTHI, CTATUCTHYECKAS TIPOYHOCTD, IICEBI00KIKEHHBIN €0, (HOCHOPHBII IUTaM.
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