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OPTIMIZATION OF THE TECHNOLOGICAL MODE OF PROCESSING OF
KARATAU PHOSPHORITES ON CYCLIC TECHNOLOGY BY METHOD OF
MATHEMATICAL PLANNING OF AN EXPERIMENT
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In the article the results of studies of decomposition process of Karatau phosphorites by
phosphoric acid are presented. Mathematical processing of the results of an experiment was carried out.
Kinetic characteristics of the chemical reaction are determined, which can be used to evaluate
technological parameters and select optimal conditions of phosphorite decomposition. The process of
decomposition of phosphorites of different structure was optimized by the method of mathematical
planning of the experiment. The obtained dependencies can be used for determination of decomposition
parameters under production conditions in order to achieve the maximum process indicators.
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B cmamve npeocmasnenst pe3yiomamst uccileoo8anuii npoyecca paszioxcenus gocgopumos
Kapamay pocpopnoii kuciomoii. Ilposedena mamemamuueckas obpabomka pe3yiomamos IKCnepu-
menma. Onpedelienpl KuHemudeckue XapaKkmepucmuKky npomeKaemoll XumMuieckoli peakyuu, Komo-
pble MO2ym Dblmb UCROTBL30BAR L 015 OYECHKU MEXHON02UYECKUX noKazameieil U 6plo0pa onmumaio-
HbIX ycnosuii paziodxcenus gocghopumos. Ilposedena onmumuszayus npoyecca pazioxceHus gocgo-
PUMO8 PA3TUYHO20 COCMABA MEMOOOM MAMEMAMUYECKO20 RIAHUPOBAHUSL IKChepumenma. [lonyuen-
Hble 3a6UCUMOCHIU MOZYm Oblmb UCNOIb306AHbL Ol ONpedelieHUs NAPAMempos PAa3loNHceHUsl 6
RPOU3BOOCHBEHHBIX YCI0BUSX C UeIbI0 OOCMUNCEHUS MAKCUMATbHbIX ROKA3ameineil npoyecca.
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Maxanaoa Kapamay hocoppummepin pochop Kpiuikpiivivmen viovipamy npouecin zepmmey
Hamucenepi KeamipinzeH. IKCREpUMERM HIMUNCETEPIH MAMEMAMUKATIBIK, oHoey Hcypeizindi. Texno-
JAO2USABIK KopcemKiwimepoi bazanay »ycone hochopummepoi viovipamy onmumaiobl wiapmmapsii
manoay yuwin KoioanvliamolH XUMUATbIK PEAKYUSHbIH, KUHEMUKATbIK CURAMMAMAIaApsl AHbIKMAT -
O0bl. IKCnepumMenmmi MamemMamuKaivik Heocnapiay adicimen Kypamol apmypii ocopummepoi
bIOBIPAMY RPOUECIH ORMUMATLOAY HCPP2i3indi. AnviHzan mayendilikmep npouecmin, MAKCUMAI0bl
Kepcemkiuimepine ydcemyi MaKcamosiHoa oHOIpicmik wapmmapod viovipamy napamempiiepin anbix-

may yutin Koaoanoliysl MyMKiH.

Herisri ce3nep: docharrap, xuMHANBIK 6HIeYy, MOHOKanbuHiidocdar, dochop KpILIKLLIBI,
epiMeiiTiH KANIBIK, bIABIPAY AIPEKEC], bIABIPAY KbLIAAMABIFbIL

Introduction

One of the urgent problems of development
of the mineral fertilizers industry is providing it
with the source of raw materials connected with
involvement in processing of new types of
phosphatic raw materials. Characteristic of
natural phosphates of many fields is a low content
in them P,Os and rather high concentration of
impurity which considerably complicate proces-
sing of phosphorites. Kazakhstan occupies one of
the leading places in the world in size of explored
reserves of natural phosphates [1].

Phosphoritic ores of Karatau fields basin
are subdivided into three main industrial types:
rich, ordinary and poor. The rich phosphoritic ores
are developed in superficial zones of a number of
fields (Zhanatas, Kokdzhon, etc.), on average
contain 28-30% P,0s; 7-10% Si0,, 4-8% CO», 47%
Ca0,102,5-3,5%MgO0, 1-1,5% Fe,03, to 1% AlOs;
they are suitable for direct processing by acid
methods. Ordinary phosphoritic ores contain 21-
25% P»0s. Poor phosphoritic ores are presented by
siliccous and phosphatic breeds with the
maintenance of 18-21% P20s, 25-30% S10,, 5-7%
CO,, 2-2,5% Fex03, 1-2% AlLQOs, siliceous and slate
ores contain 16-20% P05 and 30-40% Si0- [2].

Generalizing the said above, it is possible
to allocate the next moments:

- Karatau phosphorites belong to
refractory ores, generally carbonate or siliceous
[2]. Their enrichment is directed to increase in
maintenance of the main component - P,Os and
the maximum decrease in impurity, first of all
carbonates of calcium and magnesium. A variety
of the chemical composition and mineralogo-
petrographic  characteristics  of  Karatau
phosphorites doesn't represent an opportunity to
recommend for industrial realization any one
rather universal and effective method of their
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enrichment [3];

- At the process of ore enrichment a
large amount of waste is formed [1];

- Processing of the low-quality
phosphatic Karatau raw materials to extraction
phosphoric acid is characterized by obtaining less
concentrated acid (20-22% of P»0Os) and a low exit
of P,Os in the final product (92-93%) [4].

Thus, now, the problem of rational, fuller
use of raw material resources of Karatau is
particularly acute very much: extraction of P-Os
from the ores to a useful product makes 76,2% [1],
1.e. a quarter of the phosphorus-containing raw
materials extracted from the deposit is excluded
from the final product, is lost forever.

Works dealing with the development of
technology to produce concentrated fertilizers
using phosphates of new deposits are very urgent,
the problem of using low-quality phosphorites
being the most interesting. One of the most
important aims of the problem being discovered is
the search for ways for direct processing of low-
quality and non-standard raw materials into high-
quality products. The works dealing with studying
speeds and mechanisms of decomposition of
natural phosphates in pulps which do not thicken
may be referred to as the most important in this
respect. They helped to offer a set of new so to say
cyclic ways to produce mineral fertilizers.

These circumstances have induced us to
study a possibility of application of the recircu-
lation phosphorus-acid method for processing into
monocalciumphosphate and extraction
phosphoric acid the Karatau basin off-balance
phosphorites [6-7].

Research objects and methods

As an object of the researches 3 samples of
phosphates of various ficlds of the Karatau basin
have been taken. The chemical composition of the
studied samples is given in table 1.
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Table 1 — The chemical composition of the studied samples of Karatau phosphorites in mass. %

Samples of initial Maintenance of the main components
phosphates P>0s CaO MgO Fe 03 AlO3 CO; F ir.

1. Carbonate ore of Zhanatas
field 21,03 | 36,03 2.4 2,99 1,02 8,78 1,93 19,86
2. Siliceous and slate ore of
Koksu field 1537 | 23,52 0,99 2,79 1,91 1,08 | 2,08 49,15
3. Phosphatic and siliceous
ore of Koksu field 22,58 | 35,82 0,79 2,79 2,03 395 | 2,79 26,2

The previous researches of the authors on
studying of the regularities of decomposition of
low-quality phosphatic raw materials of Chilisay
and Karatau fields in process with recirculation of
phosphoric acid have shown that an optimum
norm of the phosphoric acid with the
concentration 36-42% of P,Os fluctuates within
500-600% from stoichiometric necessary on
formation of monocalciumphosphate [7-8]. This
has given to the authors the base for carrying out
experiments for the purpose of detection of the
kinetic regularities of decomposition of Karatau
phosphorites of various structure and quality
phosphoric acid of concentration of 36% P.Os
(50% of HsP0O,) and norm of 550%.

Experimental kinetic data have been
obtained in the periodic mode at the temperatures
7522°C and 95+2°C by the technique described
when studying kinetics of decomposition of
Chilisay phosphorites by large excess of
phosphoric acid [8].

For the description of the kinetics of
decomposition Chepelevetsky and Drozdov's
equations |9 are used:

At mathematical processing of the results
of experiments methods of approximation of the
results of experiments with use of polynoms 2-4
degrees, and also the equations of indicative, loga-
rithmic and exponential regressions have been
tested. Mathematical processing of the results is
made by means of specially developed complex

of the programs in the Mathcad-2001 system [10].

Studying kinetics of decomposition of all
specified phosphorites phosphoric acid of one
concentration (50% Hs;PQ4) and at one norm (550%)
isn't enough from the point of view of determination
of'the optimum parameters of the process taking into
account specific features of raw materials therefore
further research of influence of various factors on
the process of phosphoric acid decomposition of
low-quality Karatau phosphorites by method of
planning of an experiment for the purpose of
optimization of a cyclic technology of their
processing was required.

The purpose of the given resecarch was
definition of optimum conditions of carrying out
reaction of decomposition of the studied
phosphorites phosphoric acid and creation of the
generalized model considering the main indicators
of the process. Researches are conducted with an
application of the second order orthogonal plan
method of planning of experiment with a star
shoulder oo = £1,72 allowing to define simultancous
influence of various factors on the process of
decomposition of phosphatic raw materials.

Results and Discussions

Kinetics of the process of decomposition of
the phosphorites phosphoric acid and mathema-
tical processing of the experimental data

Results of the experiments are presented in
table 2.

Table 2 — Results of the experiments on study of the rate of decomposition of the phosphorites

1 sample 2 sample 3 sample

t,°C Tdecoms Decomposi t,°C | Tdecom, Decomposi t,°C Tiecoms Decomposi

min tion degree o min tion degree o min tion degree o
75 1 0,2115 75 1 0,3000 75 1 0,2275
75 2 0,3632 75 2 0,5500 75 2 0,4034
75 3 0,5328 75 3 0,8250 75 3 0,5517
75 4 0,6450 75 4 not defined 75 4 not defined
75 5 0,8600 75 5 0,9300 75 5 0,9300
75 10 0,8691 75 10 0,9660 75 10 0,9700
75 20 0,9125 75 20 0,9790 75 20 0,9800
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75 30 0,9210 75 30 0,9899 75 30 0,9900
75 40 0,9420 75 40 0,9940 75 40 0,9915
75 50 0,9530 75 50 0,9955 75 50 0,9910
95 1 0,2270 95 1 0,3520 95 1 0,2400
95 2 0,3905 95 2 0,6000 95 2 0,4355
95 3 0,5642 95 3 0,8825 95 3 0,5800
95 4 0,6700 95 4 not defined 95 4 not defined
95 5 0,9000 95 5 0,9695 95 5 0,9500
95 10 0,9075 95 10 0,3755 95 10 0,9800
95 20 0,9200 95 20 0,9800 95 20 0,9860
95 30 0,9300 95 30 0,9840 95 30 0,9900
95 40 0,9480 95 40 0,9897 95 40 0,9937
95 50 0,9600 95 50 0,9955 95 50 0,9950

Figure 1 - Dependence of degree of decomposition (o) on time (t) at N (H3zPOs) - 550%, C (H3POs) - 50% for the sample 1
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Figure 2 — Dependence of degree of decomposition (o) on time (t) at N (HzPO,) — 550%, C (HsPO4) — 50% for the
sample 2
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Follows from the fig. 1 (Results of
experiments for a sample 1) two stages of the
process of decomposition of phosphorites are
allocated (1 — actually a decomposition stage, 2 -
a further decomposition stage). Distinction in a

2

time of course of each stage of decomposition is
rather big (3-7 min. — 1 stage; 50-55 min. — the
2nd stage). For the samples 2 and 3 (fig. 2-3), in
general, the nature of dependence of degree of
decomposition on time is similar.
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T, minutes

Continuous line and symbol X (experiment) — at a temperature 95°C,
dashed line and symbol + (experiment) — at a temperature 75°C
Figure 3 — Dependence of degree of decomposition (o) on time (t) at N (HsPO4) — 550%, C (HsPO4) — 50% for the

sample 3

Application of methods of a7
approximation mathematical expression has had
an opportunity of obtaining reliable of'7) values in
any intermediate points of time of the studied
range. Besides, it has given the chance to obtain
an analytical expression of rate of reaction V(7).

The best indicators of adequacy of
mathematical modeling and reflection of a quan-
titative nature of kinetic regularities are obtained
when using exponential regression of a look:

a,=a-exp(b-t)+c (1)

Continuous and dashed curves in fig. 1 are
results of approximation of experimental data for
a sample 1 for all range of time expressions at a
temperature 75°C:

a,=—0.9633 -exp(—0.323 -7) + 0.9202(2)
and at a temperature 95°C:
a,=—0.9783 - exp(—0.3475 - 7) + 0.9895 (3)

Cocfficients of Pearson correlation for
expressions (2) and (3) are respectively equal
0.9902 and 0.9845 that speaks about high
precision of approximation.

Predicted rate of reaction when using
dependence (1) is defined as its derivative:
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ﬁ=a-b-exp(b-z')+c 4)
dt

In spite of the fact that the correlation
coefficient at approximation is high, o value at
time T = 5 minutes (it is led round by a circle) as
if drops out of dependence. The similar picture is
observed also in experiments with other samples.
It means that, since timepoint of 4 - 7 min., there is
a quick transition from the first stage to the second.
Therefore the most real results of reflection of a
qualitative picture of kinetics of the process can be
obtained by separate consideration of the first stage,
1.¢. actually decomposition stages.

In work [11] it is also shown that at
dissolution of phosphates in phosphoric acid a
uniform hypothesis (uniform on a surface and by
the characteristic size) of the nature of a process
of dissolution of a conditionally spherical particle
at degree of dissolution a higher than 92% isn't
confirmed. Considering these circumstances for
determination of kinetic parameters the experi-
mental data corresponding to the first stage of
decomposition are used.

The carried-out mathematical processing of
the results of the experiment has allowed to calculate
a reaction order, a constant of the rate of reaction and
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an apparent energy of activation of the process of
decomposition for all three samples of phosphorites.

The values of constants a, b, ¢ and kinetic
parameters of the process are given in table 3.

Table 3 — Results of mathematical processing of experimental data

& Coefficients of Apparent
. o ion (1 Correlation Reaction Constant of
S o equation (1) : ; energy
Z, g coefficient order reaction rate B
2 Q n K i
= . kJ/mol
g g a b c
n =
1 75 -1,3630 | -0,1607 | 1,3646 0,9993 0,5887 0,2060 7.1948
95 -1.2337 | -0.1974 | 1.2344 0.9994 0.6757 0.2283
2 75 -5.7332 | -0.0513 | 5.7362 0.9996 0.1054 0.2882 9.,5162
95 -2.8349 | -0.1221 | 2.8406 0.9990 0.2131 0.3301
3 75 -1.1405 | -0.2195 | 1.1411 0.9999 0.8017 0.2436 6,2200
95 -1.1137 | -0.2464 | 1.1130 0.9999 0.8270 0.2663

The found values of activation energy
correspond to the process going mainly in the
internal diffusive area that confirms the mechanism
of decomposition of phosphorites with phosphoric
acid stated above.

Intensification of the process of decom-
position at a circulating way of obtaining a mono-
calciumphosphate from Karatau phosphorites.

When developing the phosphoric-acid
cyclic method of processing the Karatau
phosphorites of various structure and quality it is
revealed that in some cases carrying out the
process is complicated considerably by the low
speed of a filtration of the insoluble rest [5-6; §].

In actual practice decomposition of
phosphorites is made phosphoric acid which,
depending on a way of its producing and
concentration, contains a quantity of sulfuric acid.
Interaction of natural phosphate with free sulfuric
acid leads, on the one hand, to increase in
reactionary activity of a liquid phase of a pulp,
with another — crystallization and sedimentation
of calcium sulfate on the surfaces of grains of

natural phosphate can exert the braking impact on
decomposition process [8].

As target output variables (exits — vector ¥)
for each of'the three studied samples of phosphorites
are chosen:

Y — rate of decomposition [-];

Y - speed of filtration of the insoluble rest
(i.r.) on a dry deposit [keg/m*h];

Y5 — yield of the monocalciumphosphate [g
from 50 g of phosphate material].

Input parameters (factors - vector X) were:

Xi — temperature of decomposition [°C];

X5 — time of decomposition [min];

X3 — concentration of phosphoric acid [%
P20s];

X4 —norm of phosphoric acid [%] N;

Xs - content of sulfuric acid in phosphoric
acid [%].

Significant coefficients b of the mathe-
matical model which is adequately describing
process of decomposition of phosphorites, having

a regression equation appearance have been
defined:

+b12‘X1'X2 +b13'X1'X3 +b14‘X1‘X4 +b15‘X1'X5+
+b23’X2'X3 +b24'X2‘X4 +b25'X2‘X5 +b34'X3'X4+ (5)

+b35‘X3'X5 +b45'X4'X5 ++b11'X12+b22'X22+b33‘X§+

+byy e X +bss X3

Where Y - calculated value of exit.
In general view coefficients (I - ] ) of the

equations were required:

Y, =f(X,B) (6)
Where 1 — number of a sample of phosphorite;

j — number of an exit of Y (for the Y2
researches weren't conducted);
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required B - vector of the coefficients of
regression equation.

Table 4 — Areas of the independent variables research

The ranges of change of the factors chosen
on the basis of the analysis of the studied system
are presented in table 4.

Factors X1 X2 X3 X4 X5

LOW LEVEL (-1) 80 15 38 450 1,05
High level (+1) 95 45 42 550 3,95
Zero level (0) 87.5 30 40 500 2.5

Variability interval (AX) 7,5 15 2 50 1,45
Arm +o 100,39 55,78 43,44 585,94 4,99
Arm —o 74,61 4,22 36,56 414,06 0,01

The program for the personal computer on
the basis of the Ms Excel system — 2000, used in
the Windows-2000 system environment is
developed for automation of processing of the
results. It has allowed to obtain almost instantly
during dialogue all necessary results of
calculations and to provide search of the optimum
modes of carrying out reaction of phosphorites
decomposition.

Exception of the described results is
experience for Y (the second sample - siliceous
and slate ore of Koksu field, 15,37% P.0s) since

YA=b0+b3‘X3 +b4‘X4 +b5'X5+b34'X3'X4 +b35'X3'X5+

the obtained mathematical model in this case was
inadequate. After the additional analysis it is
found out, for this case factors X; (t°,C) and X (x,
minutes) have no significant effect on Y»; (yield
of the monocalciumphosphate). Therefore for this
sample the complete factorial experiment (CFE)
2° (8 experiences) for the purpose of definition of
dependence of Yason (Xs; X4 Xs) has been made.

The CFE mathematical model is used in the
regression equation form:

(M

tbhys Xy Xs+b3y50 X3 Xy X5

at ranges of change of the factors presented in table 6.

Table 6 —Areas of the independent variables research at CFE for definition of dependence of Y23 on Xo; Xu; Xs

IFactors X3 X4 Xs
ILOW LEVEL (1) 38 450 1,05
High level (+1) 42 550 3,95
Zero level (0) 40 500 2.5
[Variability interval (AX) 2 50 1,45
The expected values Y and ranges concentration of phosphoric acid and amount of
L)_imax...iminj for the optimum modes are a sulfuric acid in mix.

priori known. The developed programs of
processing and research of the results of the
experiment allow count very quickly parameters

of mathematical model (5) and an exit Y .

The analysis of the results of mathematical
modeling has shown that change of a temperature
of decomposition and norm of H;PO. in the
studied ranges practically don't influence degree
of decomposition, process of decomposition
comes to an end in 30-40 min., depending on
quality of raw materials. Degree of decomposition
of phosphorites decreases a little with increase in
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However even the insignificant content of
sulfuric acid (from 0,2 to 0,5%) increases the
speed of a filtration of the i.r. by 3-3,5 times (from
55 to 160 kg/m*h on a dry deposit at
decomposition of the 1st sample, from 89 to 250
kg/m*h on a dry deposit at decomposition of the
3rd sample), without having significant effect on
degree of decomposition of phosphorites. Further
increase in content of sulfuric acid in phosphoric
acid leads to decrease in degree of decomposition
by 3-6%, depending on concentration of
phosphoric acid, and also to sharp reduction of the
yield of the monocalciumphosphate. Use for
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decomposition of less concentrated phosphoric

Thus, the following optimum modes have

acid leads to some reduction of the yield of the been defined:
monocalciumphosphate as well.
factors Xu Xo X3 X4 X5
samples t,°C i
P ’ ¢ mm CH3PO4 Yo NH3PO4 Yo Csto4 Yo
1 95 40 41 550 0,25
2 90 30 40 550 0.3
3 95 40 39 500 0,7

At the same time it is possible to carry out
process of decomposition with rather high degree
(0,95-1,00) when the yield of the
monocalciumphosphate is equivalent on the
maintenance of P»Os to amount of the entered
phosphatic raw materials. However even though
the speed of a filtration of the i.r. increases a little,
but is insufficient for the technological purposes.

Conclusions

The process of decomposition of the poor
phosphate raw materials of three fields of Karatau
basin with a large excess of phosphoric acid
concentration of 40% P-»0Os was studied.

New data on kinetics of decomposition of
poor Karatau phosphatic raw materials of three
fields 5,5-multiple excess of 40% P,0s
concentration phosphoric acid are obtained. It is
established that the main opening of ores happens
the first 5 minutes of decomposition to the
maximum speed, in the next 30-40 minutes there
is futher decomposition of the raw materials to
achievement of almost 100% degree of
decomposition. Lower degree of decomposition
of carbonate phosphorite (0,96) is connected with
the increased maintenance of MgO in this ore.

It is established that in the range of
temperatures  348-368K  temperature have no
significant effect on a degree of decomposition,
especially at the 2nd stage of the process. Almost full
decomposition of ores is provided with high activity
of hydrogen ions in a liquid phase of suspension, and
also lack of again formed firm phase.

Mathematical processing of the results of
the made experiment is carried out, the regression
equations which are adequately describing
dependences of speed and degree of
decomposition on process parameters, and also
kinetic characteristics of a chemical reaction
behavior which can be used for assessment of
technological indicators and the choice of
optimum conditions of decomposition of poor
Karatau phosphorites are obtained. Optimization
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of the process of decomposition of phosphorites
of various structure is performed by method of
mathematical planning of an experiment.

The obtained dependences can be used for
the determination of the parameters of
decomposition under production conditions for
the purpose of achievement of the maximum
indicators of the process.
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MOIUPUKAIINA KYKYPY3HOI'O KPAXMAJIA 1 U3YUEHHUE ET'O ®HU3UKO-
XUMHUUYECKHUX CBOICTB

AL 3AHHVIIIHHA,'2.11. KVPFAIIER!

(AnMaTHHCKHIT TEXHOI0THYeCKHil yHIBepcuTeT, Avatel, Kazaxcran)
E-mail: zash1953(@mail.tu

Ilenvto dannoii pabomwl s611emcst ROOZOMOBKA U UCCTIEO08ANUE KAPOOKCUMEMUIUPOBAHHO20
Kykypy3nozo kpaxmaia (KMKK) 011 nomeHyuaibHo20 npumMeHeHus 8 Kauecmae 0ypoebix paAcmeopoes.
Kykypyszustii kpaxman moouguyuposaiu monoxiopayemamom nampus. Cmpykmypa KyKypy3nozo
kpaxmana u KMKK 6vi1a ycmanosiena ¢ nomouivio AMP u HK-cnekmpockonuu. Cmenenov kapook-
CUMEMUIUPOBANLUSL KYKYPY3HO20 Kpaxmaia, onpedeientas ¢ nomouibio AMP-cnekmpockonuu, 6wiia
pasna 80%. Mopdghonozuueckue ceoiicmeaa kykypy3nozo kpaxmaia u KMKK boiau uzyyenst ckanupyio-
weti dnexkmponnoii mukpocxkonueii (COM). Onpeodenenvt cmpykmypHo-mexanudeckue, Guiompa-
HUOHHbBlE U KOPKOOOGpA3ylowiUe CeOliCcmea Oyposslx PACMBOPO8 U NOKA3AMELU NOMEPU HCUOKOCHU
KMKK. IIposedentvie ucciedosanus ROKA3aAdu, 4mo RPeOSIOMCEHHbld HO8blil cocmas Oyposozo
pacmeopa npeeocxooum no Kavecmey Oyposoii pacmeop HA OCHOBE HEMOOUPUUUPOBAHHO20 KYK)-
Py3HO20 Kpaxmaina.

KnroueBble ¢j10BAa: KYKYpPy3HBIH Kpaxmaja, Moan(HKanus, KapO0OKCHMETHJIHPOBAHHBIM
KYKYPY3HbId KPaxmaJ, CTeNeHb 3aMeIeHHs, CPeTHEBSI3KOCTHASI MOJIEKYJISIPHASI MACCA, BSI3KOCTh,
peoJiorusi, 0ypoBbI€ PACTBOPBI.

YKYTEPI KPAXMAJIBIHBIH MOV ®UKALIMSICHI Y)KOHE OHBIH ®U3NKO-
XUMUSIBIK KACUETI

AL 3AHHVIIIHHA?, 2.11. KVPFAIIEB!

(*A/IMATBI TEXHOIOTHSLIBIK YHHBEpPCHTETi, Aivathl, Kazakcran)
E-mail: zash1953(@mail.tu

By sccymbicmotyy makcamol kapbokcumemunoenzen ncyzepi kpaxmaivin (KMZKK) any, cunam-
may xcone Oya yaziiepoi cy Hecizinoeci bypzviiay epimindinepinde Koadany Mymiinoizin Oazanay
bo1btn mabdwsinaost. Kyeepi Kpaxmanvin Hampuii Monoxiaopayemamoimen Moouduxayusiaoot. JKyzepi
kpaxmanvt men KMZKK kppoiivicot AMP ycone HK-cnekmpockonus kemeziven anpikmaioot. AMP-
CREKMPOCKONUSICHL KOMe2iMeH AHLIKMANZAN HCy2epi KPaAXmaiblH bl KapOoOKcUMemUuioeny 0apexceci
80% men oOonowvl. Kyeepi xpaxmanvt men KMIKK mopdhonozusnvik xacuemmepi crxanupieyuii
31ekmpoHobiK mMukpockon (CIM) apxwiiel 3epmmendi. Bypzoinay epiminoinepiniy KypolibiMObIK —
MEXAHUKATBIK, PUIbmpayusaivik dcate kaoam my3y kacuemmepi, KMZKK dpunempayus kepcemxiuii
maobwinobl. Kypeizinzen zepmmeyiep oypzoliay epiminOiciHin YColHbLIZAR HCAHA KYPaMbl MOOUPuyup-
JIeH2eH HCyzepi KpaxmaibiHvly He2izinoe bypeviiay epimindicineHn acvln mycemiHnin Kopcemmi.

Herisri ceszaep: kyrepi kpaxmanbl, Mmogugukanus, KapOOKCHMETH/IAEHIeH Kyrepi Kpax-

MaJibl, OpbIHOACY [Adperxeci, OPTATYTKBIPJBIK MOJEKYJANbIK Macca, TYTKbIPJBIK, pPeoJorus,
OyprbLiay epiTiHaIEpi.
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