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Abstract. The article presents the organization, methods and results of field studies of the water-physical
properties of rocks of top sediments in the foundations of infiltration basins, as well as an assessment of their in-
fluence on clogging processes. Studies were conducted on a physical model of the mini-pool with water infra-
structure and captained structures on the real object and the real conditions of Southeast Kazakhstan. At the same
time, the natural conditions of water seepage to the full saturation of the tested power of the rocks of cover sediments
were simulated taking into account the spreading of the infiltration flow at the close occurrence of the groundwater
level. The obtained full-scale characteristics can be recommended and accepted as the calculated indicators both at
the stage of feasibility study and detailed design of the WIP systems without additional labor-intensive and costly
survey and research works.
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In the study of the processes of artificial replenishment of groundwater (hereinafter IVZPV), a
detailed description of the water-physical, hydrodynamic and filtration properties of cover sediments and
upper layers of water-bearing rocks of the aquifer plays a very important and decisive role, especially in
the design of open infiltration facilities.

On the territory of South-East Kazakhstan for replenishing the groundwater reserves of the aquifer
first from the surface of the earth with low thickness of covering low-permeable sediments, infiltration
structures of open-type artificial replenishment systems are most effective [1]. In our case, it may be the
most expedient if there is a large regulating capacity in the aquifer.

Performance prediction of such pools may be provided by analogy with the structures of the existing
systems of artificial recharge or calculations.

The first method requires the use of long-term data on the operated installation, similar to the factors
affecting the value of the performance of the pool with the newly designed. This way can be the most
rational only when the newly designed installation is located in the area of the operating system or the
extension of the already operated system is projected [2].

In the conditions of South-East Kazakhstan, where there are no built and operated systems of the
ERW, the only and acceptable can be the use of the calculation method, for which it is necessary to have
data on the composition and permeability of the soils of the base of infiltration basins and the specified
mode of their operation [3].

For this purpose, a mini - basin system was constructed with the infrastructure of water intakes and
captive structures, imitating the IVZPV system that is optimal for this region in miniature. It carried out a
full range of field work in engineering geology and soil mechanics with the drilling of holes and the
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sampling of rocks of the acration zone, as well as hydrological and laboratory studies of surface water as a
source of replenishment of operational reserves.

In this work, the following main and defining criteria were used:

- the presence of a potential consumer of accumulated water in the areas of IVPP. Such a consumer
is rural settlements with the number from 500 and taking into account the prospect of growth up to
2000 inhabitants. These are primarily those in which residents use either imported water or existing
surface sources for drinking water supply do not meet sanitary and epidemiological requirements;

- the presence of water-bearing layers (horizons) with sufficient potential for making the appropriate
volume of accumulated groundwater reserves, the required quality and quantity;

- the possibility of using the selected section of the IPPW as a model for the dissemination of the data
to similar areas for further implementation and use of research results;

- the possibility of organizing experimental work on the site;

- cost and other technical and economic indicators.

As a result, as the most acceptable alternative object of scientific research processes USPV elected
land located on the territory adjacent to the village Ishitobi, a potential consumer of water due to ground-
water artificial replenishment of their stocks[4].

The location of the research site on the territory of the Republic of Kazakhstan in Almaty region is
shown in figure 1.
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Figure 1 — Scheme of location and general view of made bore pits
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Organization of the research area. For the study of water-physical, hydrodynamic and filtration
properties along the perimeter in the corners of the conditional envelope of the projected infiltration basin,
4 holes were drilled.

The studies were carried out separately for each opened genetic layer of alluvial-proluvial cover
sediments and the upper section of water-bearing rocks of the aquifer.

In the center of the experimental site was passed and equipped with a pit, simulating on a reduced
scale projected infiltration pool of daily regulation with the following parameters: Depth - 4,0 m with
natural slopes and the size of the top - 2x5 m.

Methods of conducting experimental studies. Studies of the lithological composition and charac-
teristics of the water-physical properties of rocks of top sediments in the grounds of infiltration basins, as
well as the assessment of their influence on clogging processes are an integral part of both the feasibility
study and the detailed design of the IVZPV systems [5].

Volumetric weight, natural moisture (weight), maximum molecular moisture capacity and other wa-
ter-physical and filtration propertics of rocks were determined using the Litvinov field laboratory (PPL-9).

To determine the granulometric composition of fine gravelly and grainy sandy soils, as well as
coarse-grained part of silty - clay soils, the sieve method was used [6] - one of the main in the practice of
soil research, which occupies an intermediate position between direct and indirect methods and is widely
used in practice independently or in combination with other methods. To separate the soil into fractions by
the sieve method without washing with water, sieves with holes with a diameter of 10; 5; 2; 1; 0.5 mm;
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with washing with water - sieve with hole size 10; 5; 2; 1; 0.5; 0.25; 0.1 mm. Sieve method with water
washing was used to determine the granulometric composition of fine and silty Sands.

To determine the content in the soil of particles with a diameter less than 0.1 mm, an arcometric
method was used, based on the sequential determination of the density of the soil suspension at certain
intervals using a hydrometer. The results of the determinations were calculated diameter and number of
particles to be determined.

To determine the granulometric composition of clay soils, a pipetting method was used in combina-
tion with a sieve. This method is based on the separation of soil particles by the speed of their fall in calm
water. At certain time intervals, samples were taken from a suspension of soil from different depths with a
pipette, which were then dried and weighed.

For sands with the inclusion of pebbles, experimental filling was carried out according to the method
of A K Boldyrev. The Boldyrev method is based on the assumption that the pressure gradient in the con-
ditions of the described solution of the problem is close to one (J=1). It should be noted that the results of
experiments to determine the filtration coefficient by this method are, as a rule, approximate, depending
on the size of the hole section and the duration of the experiment.

The filtration coefficient was determined using the method of pumping water from wells in the
experimental area, for which we used the wells of the regime network of RSU Zonal Hydrogeological
Reclamation Center of the Ministry of Agriculture of the Republic of Kazakhstan [7]. - Ne Ne 153,261 as
central and Ne Ne 127, 129, 152, 10 (figure 2) as observation wells. The latter were needed to observe
changes in the water level at some distance from the Central production during pumping.

Figure 2 — Pictures of central and observation wells No. 261, 10

If the pump capacity (or, what is the same, q flow rate) is constant, then the degree of water level
decrease in generation at a constant aquifer power and all other equal conditions depends on the value of
the rock filtration coefficient [8].

The smaller the coefficient k, the greater the reduction can be achieved with a certain pump capacity.
This dependence is quite natural.

Consequently, it is possible to determine the water permeability of the rock by determining its filtra-
tion coefficient k by experimentally determining the dependence of the decrease s of water in the hydro-
geological development on a particular flow rate q during pumping (figure 3).

To carry out studies to determine the permeability and volume humidity of cover deposits filling each
of the passed pits with water from the river Karatal was carried out from a 2m’ volumetric tank equipped
with a float system and a flow meter, and constantly replenished with a car-water carrier with a tank
capacity of § m’.

To obtain a reliable characteristic of water-physical, water-chemical, hydrodynamic and filtration
properties of rocks in the acration zone, studies were carried out separately for each genetic horizon of the
cover deposits at full capacity. At the same time, all existing methods, devices and equipment were pre-
viously analyzed, used for these purposes [8, 12].

To create a model of the process of water infiltration from the pool in the zone of incomplete
saturation, field studies were conducted by filling the prepared physical model with water-mini-pool with
an initial water column of 200 cm and its subsequent operation [9].
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Figure 3 — Filtration coefficient calculation model in the field when dewatering well

Observations were carried out for 78 hours with the following intervals of water flow measurements
and the value of water column decrease in the pool per unit of time: during the first 6 hours - after 1 hour,
later during the day after 2 hours - and then until the end of the experiment - every 4 hours. At the same
time, interval sampling of a water-saturated soil with undisturbed structure was carried out to determine
the bulk moisture.

Sampling for the measurement of volumetric humidity was made by layers located at depths: 10, 20,
60, 75 1 90 cm from the bottom of the infiltration mini-pool. Moisture samples were taken immediately
after the opening of the next layer to avoid loss of moisture[10].

As a result, to obtain the necessary parameters characterizing these properties when conducting
research, a unified approach was chosen, in which a metal frame with a height of 20 cm of rectangular
shape with dimensions that follow the dimensions of the slopes of the pit, which was crushed to a depth of
5 cm, was used as a buzzer. In this case, the natural conditions of water infiltration were simulated until
complete saturation of the tested thickness of the sedimentary rocks took into account all factors, such as
the spreading of the infiltration flow, trapped air, water temperature, close groundwater level, etc. [11, 13].

Field studies of the processes of soaking the base of the mini pool were carried out by measuring the
magnitude of the dirt capacity or turbidity of the river water pumped into the infiltration mini-pool.
Studies of clogging were carried out simultaneously with the implementation of the experience in studying
the permeability, i.e. within 78 hours. A device was used - Turb 355 T/IR Mutnomer, as well as a photo-
metric method of comparing samples of the test water with standard suspensions.

Measuring the turbidity of the river water and the estimation of errors of measurements were
performed with the use of latest edition RD 52.08.104-2002 "water Turbidity. Methods of measurement ",
developed by the State Institution" State Hydrological Institute "Roshydromet, authors: D.A. Konovalov,
N.N. Bobrovitskaya, K.M. Zubkova, L.G. Tkacheva, M.E. Vychezhzhanina. Certified by GU GGI,
certificate No. 03-2000 of 11/15/2000.

The portable turbometer works in a wide range from 0 to 1000 FTU (NTU), for greater accuracy, the
measuring range is divided into two sub-ranges: from 0 to 50 NTU with a resolution of 0.01 FTU and
from 50 to 1000 FTU with a resolution of 1 FTU.

Conversion to mg/l depends on the material and varies greatly, from 1 NTU = 0.13 mg/liter (silica in
the form of diatomite) to 1 mg/l (kaolin) [11].

In this regard, the performed calibration of the instrument recommends the use of Russian GOST
3351-74, which establishes the ratio of 1 EM / liter = 0.58 mg / liter for kaolin.

It should be noted that the Mutnomer Turb 350 IR WTW with kaolin suspension and calibration was
used for the first time as a scientific experiment to quickly obtain instantaneous turbidity values.

Results of experimental studies. In order to verify the obtained results on the permeability of those
rocks, the coefficients of which were determined according to the data of loading, calculations were car-
ried out using empirical formula of Hazen. From which it follows that the greatest difference between the
calculated filtration coefficients, determined as a result of the pilot filling, in sandy, well filtering rocks
reaches -20.7% and the smallest in sandy beds -1.8%.
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The coefficient of water loss (in fractions of a unit) was calculated by the formula P.A. Belinsky
according to the values of the filtration coefficient, determined according to the data of pilot fillings.

The coefficient of water loss (in fractions of a unit) was calculated by the formula P.A. Belinsky
according to the values of the filtration coefficient, determined according to the data of pilot fillings.

Table 1
Rock names Water loss coefficient (in fractions of a unit)
Pebble gravel with sandy aggregate 0.171
Medium-grained sand 0.097
Fine-grained sand 0.072
Sandy bean 0.068
Loam 0.078
Loam heavy 0.067
Loam light 0.081

From the lithological composition of rocks depends not only the value of the coefficient of water
yield, but also the height of the capillary rise.

Table 2
Rock names Capillary lift height
Fine-grained sand 0,15-0,25
Clay sand 1.0
Sandy bean 1,05-1,60
Heavy loam 1,35-2,50
Loam light 2,50-3,35

The granulometric composition of the rocks, depending on their genetic connection, is given in the
table below the corresponding percentage of fractions.

Table 3 — Grain composition of rocks of covering quaternary deposits

Lithological composition Granulometric composition (%) of fractions
of rocks 7,0-50 | 5,020 | 2,0-1,0 1,0-0,5 0,5-0,05 | 0,05-0,005 | Less than 0.005
Gravel sand - 152 21.7 - 34.4 14.8 14.8
Coarse sand 9.5 53 21.1 1.7 29.9 1.6 0.8
Medium-grained sand - 43.0 43.0 0.1 5.6 4.9 34
Fine-grained sand - - - - 97.1 0.8 2.1
Sandy loam - - - - 451 336 21.6
Sandy loam - - - - 6.1 512 427
Clay loam - - - - 43.6 36.3 20.1

The results of experimental studies to determine the permeability and volume moisture of top
sediments with a brief explanation and conclusions are presented in figures 4-7.

Figure 4 shows the constructed diagram of the dynamics of changes in the flow rate of the filtered
water to the zone of incomplete saturation and depth of wetting for different stages of saturation of the
upper lithological layer of cover sandy loams in pit A-1. The research interval is 100-140 cm. The expe-
riment lasted 26 hours under the given volume of water 1,147 m’ the magnitude of the drenching 400 mm.
Sustained water flow came after 20 hours from the start of the experiment; relatively stable infiltration
after 6 hours. Soil density-1.32 g/cm’, the initial volume humidity-36.7 % of the field capacity and volume
or 0.22; at full saturation-73.1% or 0.44 at full capacity. The porosity is 0.6. The difference is due to the
presence of trapped air in the pores of the soil [12].
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Figure 4 — Changes in filtrated water rate to the zone of subsaturation and depth of wetting for different saturation stages
of cover sandy loams. Bore pit A-1 characterizing the upper lithological layer in the section of the subsaturation zone
at the pilot site of AGWSP. The weighted average filtration coefticient was 0.3 m/day

The following lithological layer of sediments of the unsaturated zone at the experimental site USPV,
rescarch has been carried out in pit B-2, is light loam, grey, medium density summation (figure 5).
Research interval-140-200 cm. The experiment lasted 60 hours under the given volume of water 1,240 m’
the magnitude of the drenching 600 mm. Sustained flow of water came after 40 hours from the start of the
experiment; relatively stable infiltration after 16 hours. The density of the soil is 1.29 g/em’, the initial
volume humidity of sandy loams is 32.5% of the ficld capacity and volume, or 0.23; at full saturation,
80.87% or 0.57 at full water capacity. The sediment porosity is 0.7 [14].
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Figure 5 — Changes in filtrated water rate to the zone of subsaturation and depth of wetting
for different saturation stages of loam soil. Bore pit B-2 characterizing the second lithological layer
in the section of the subsaturation zone at the pilot site of AGWSP
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Figure 6 shows the dynamics of changes in the flow rate of filtered water to the zone of incomplete
saturation and depth of wetting for various stages of sandy loam saturation in the B-3 hole, characteri-
zing the third lithological layer in the section of the incomplete saturation zone in the experimental sec-
tion of the IVZPV. In the B-3 pit, studies were conducted on water-physical and filtration propertics
f surface sediments represented by light gray, fine sand, mica sandy loam in the range of 230-300 cm.
The experience lasted for 85 hours under the given volume of water 1,384 m’ the magnitude of the
drenching 700 mm.
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Figure 6 — Changes in filtrated water rate to the zone of subsaturation and depth of wetting
for different saturation stages of sandy loam. The bore pit V3 characterizing the third lithological layer
in the section of the subsaturation zone at the pilot site of AGWSP

A steady transition from full saturation to infiltration occurred after 75 hours from the start of
the experiment; relatively stable infiltration after 8 hours. The density of the soil is 1.39 g/cm’, the initial
volume humidity is 36.7% of the field capacity and volume, or 0.22; at full saturation - 91.38% or 0.55,
the porosity of the soil is equal to 0.60. The weighted average filtration coefficient was 0.56 m/day.

The fourth lithological layer in the section of the incomplete saturation zone in the experimental area
of the IVZPV, represented by fine-grained gray sand, mica was tested in the G-4 pit in the interval of
310-420 cm (figure 7), from the mark of 390 cm aquifer. The duration of the experiment was 95 hours
with a supplied volume of water of 0.971 m’. Sustained flow of water came after 82 hours from the start of
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Figure 7 — Changes in filtrated water rate to the zone of subsaturation and depth of wetting for different saturation stages
of finely grained loamy sand. The bore pit G-4 characterizing the fourth lithological layer
in the section of the subsaturation zone at the pilot site of AGWSP
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the experiment; relatively stable infiltration after 8 hours. The density of the soil is 1.34 g/cm’, the initial
volume humidity is 56.7% of the field capacity and volume, or 0.31; at full saturation, 52.1% or 0.53. The
porosity is 0.55. The weighted average estimated filtration coefficient was 2.8 m/day at the beginning of
the research and 3.4 m/day with full saturation.

To assess the dynamics of the infiltration process through the zone of incomplete saturation to
groundwater levels at the experimental site, the following parameters were obtained:

- the initial profile of volumetric humidity (before the pool is flooded);

- the value of the height of the water column in the pool above its bottom and its change in time;

- the value of the total volume of water applied for infiltration and the time of infiltration (from be-
ginning to completion);

- the depth of soaking at the end of the experience;

- profile of volume humidity at the end of the experiment and intermediate time profile of volume
humidity.

The resulting material is the constructed profiles and chronoisoplets of one-dimensional volumetric
moisture of the cover soils underlying the aquifer of modern and Upper Quaternary alluvial-proluvial
undifferentiated sediments with natural composition in conditions of insufficient and complete saturation

in the mini-pool in the experimental experimental section of the IVRIZV deposits presented in the figure
below.
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Figure 8 — Profiles and chronoisopleths of one-dimension volume humidity of cover grounds underlying the water bed
of modern and upper quarternary alluvial-proluvial poorly defined formations in the context of natural stratification under
conditions of insufficient and full saturation in the mini basin at the experimental area of AGWSP - Chronoisopleths
of volume humidity,numbers — observation interval in hours . - loam soil - sandy loam - fine sand with sandy loams lenses — loam

-
~ Chronoisoplets of volume humidity, numbers - the period of observations in hours

// - loam // - sandy loam

To confirm the normal functioning of the applied device Motomura Turb 350 IR, WIW and the
suspension of kaolin and performed calibration,was carried out additional measurements of optical density
of the suspension on a spectrophotometer and the concentration of kaolin in 0,5; 1,0; 1,5; 2,0; 3,0; 4,0;

5,0 mg/l. In each standard solution, the analytical signal was measured by a spectrophotometer at a
wavelength of 530 nm, which was used in this type of analysis.

q - fine-grained sand with loam lenses | © ™.~ ] - clay
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Next, measurements were made in the analyzed solution, which should know the concentration of the
substance to be determined. Having obtained the value of the analytical signal, with the help of a calib-
ration graph, a concentration was found that corresponds to this signal. According to the results of measu-
rements of the optical density of standard working suspensions, a calibration graph of the dependence of
the optical density on turbidity was constructed.

As is clearly seen in the figure, the calibration graph is expressed as a straight line coming from al-
most zero, which gives us grounds for asserting that the results of measurements of the turbidity of river
water are quite reliable, verified by modern spectrophotometry methods and comparable to traditional
gravitational weights with high correlation coefficient.

Table 4 — Results of river water turbidity determination
at the site of field studies of AGWSP

Period and duration research Water volume The value Height of the
] per unit of time of the water layer water column Turbidity,
Research ) Research The duration on saturation of the | in the unit of time, | in the mini-pool, | mg/dm?
date interval, hour | of research, hour studied layer, m® mm mm
10.08 1 1 0.440 110 2000 35
1 2 0.42 105 1890 36
1 3 0.38 96 1785 37
1 4 0.36 90 1689 38
1 5 0.35 87 1602 37
1 6 0.32 80 1522 36
6 0.183 568 1522 37
2 8 0.60 150 1372 35
2 10 0.576 144 1228 35
2 12 0.560 140 1088 35
2 14 0.544 136 952 35
2 16 0.512 128 824 35
2 18 0.480 120 704 34
2 20 0.40 100 604 34
2 22 0.32 80 524 34
2 24 0.24 60 464 34
11.08 2 26 0.192 48 416 34
2 28 0.144 36 380 32
2 30 0.128 32 348 31
30 4.696 1174 348 30
4 34 0216 54 294 29
4 38 0216 54 240 27
4 42 0208 52 188 26
4 46 0208 52 136 25
12.08 4 50 0.200 50 86 25
4 54 0.200 50 36 24
54 1.248 312 36 24
4 58 0.1936 484 -12.4 24
4 62 0.1936 484 - 23
4 64 0.1936 484 - 22
4 68 0.192 48.0 - 21
4 72 0.192 48.0 - 22
4 76 0.192 48.0 - 21
78 1.1568 2000 0 22
78 7284 2000 0 29
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Conclusion. In order to obtain the necessary parameters characterizing these properties, a unified
approach was chosen in the course of research, in which the natural conditions of water seepage were
simulated to the full saturation of the tested power of the rocks of cover sediments, taking into account the
spreading of the infiltration flow at the close occurrence of the groundwater level.

The studies were carried out separately for each opened genetic layer of alluvial-proluvial cover
sediments and the upper section of water-bearing rocks of the aquifer.

The specific characteristics obtained are: volumetric weight, natural humidity, the level of molecular
moisture capacity and other water-physical and filtration properties of rocks in real conditions of artificial
supplementary feeding of groundwater for drinking water supply of the population of the settlement.

The site of experimental studies is composed of heterogeneous in the area of distribution and litho-
logical composition, low-power weakly and waterproof cover deposits, the average density of addition.

Surface water river. Karatal are characterized by a low content of suspended mechanical particles:
from 12-15 to 25-30 mg/l in the mid-summer and autumn-winter periods, except for periods of flood
runoff, when their turbidity reaches up to 120-150 mg/1.

In the process of conducting pilot studies in the infiltration mini-basin, as the water level in it decrea-
sed, natural clarification of water occurred and its turbidity decreased to the minimum values: 20-23 mg/1.

The thickness of the formed clay film at the bottom of the mini pool was only 0.09 mm with a vo-
lume of filtered water through a mesh of 7.284 m’ and so small that it could be concluded that there is no
danger to the colmatage of pores of aquiferous rocks of fine-grained sands.

In general, the experimental studies carried out at the Karatal experimental site allowed to evaluate
the infiltration processes from the infiltration mini-basin, study the process of clogging and silting of
infiltration structures, characterize the water-physical, hydrodynamic and filtration properties of the main
lithological differences of the sediments at the site of the proposed construction of the artificial reple-
nishment of the underground waters [15].

A. K. Hcmaryaosa, B. M. Mupaac

'V. M. AxmeacadyuH aThIHIAFBI THAPOTEOIOTHS HKOHE TEOIKONIOTHS HHCTHTY TI, AmMatsl, KasakcTan,
“IIIBIFBIC 3ePTTEY HKOHE JAMBITY OPTATBIFBI, APHETs YHHBEPCHTETI, ApHes, M3panis

KEP ACThI CYJIAPBIHBIH PE3EPBYAPJIAPBIH CYPETTEPMEH AJIMACTBIPYFA
BAUJAHBICTBI KYHAEJIKTI PETTEYIIH BACTAMAJAPBIH/IbI THOUJIBTPATIUA
KIOHE KOJBbMOTAINIUA NPONECTEPIHIH THAPOANHAMMUKACHI 3EPTTEJ I

Annoramus., Makanana WHOUIBTPAUUATEIK OaCCCHHACPAIH HETI3IHACT] KOFAPFBI IOTIHALICPAIH Cy-(pu3uKa-
JBIK KACHCTCPIHIH JANANBIK 3CPTTCYICPIH YBIMMOACTBIPY, SICTCPI MCH HOTIDKCICPL, COHTAH-aK OJIApABIH OiTeiy
MPOLECTEPIHE oCCPiH Oaranay KapacTHIPBLIFAH. 3CPTTCY ISP INBIHAWBI 00BeKTINE skoHE OHTYCTiK-LIBIFRIC Ka3aKcTaH-
HBIH HAKTHI >KAFAAHBIHIA CY KaOBUITAHTBHIH HH(PPAKYPHUIBIMBI MCH TYTKBIP KYPBLUIBIMIAPHI Oap MArbiH OaCCEHHHIH
(u3ukaneIK Mozem OoHbmHIIA Kyprizixai. COHBIMEH KaTap XKEp acThl CYJAPHIHBIH JCHICHIHE MKAKbIH OOJFaH Ke3e
HH()HUIBTPAI aFBIHBIH TAPATY bl ECKEPE OTHIPHII, AINBLIATHIH NIOTiHALICPIIH *KbIHBICTAPHIHBIH CHIHAIFAH KAJbIH-
JIBIFBIH TOJTBIFBIMCH KAHBIKKAHFA ICHIH CYAbIH HH(DUIbTPALMACHIHBIH TAOMFH XKAFIAHIapsl MOJCTIBACHI.

Tyiiin cesmep: >kep acThl CYTAPHIH YKACAHIBI TONTHIPY, HHPHUIBTPAIN OacceiHi, (H3UKAIBIK MOJEHTb, TECIK,
KOJICMIIK BLTFATABLIBIK, MAKCHMAIIBI MOJICKY TATBIK BUTFAIIBLIBIK KaOiIeTi, COPFEL, OiTey.

A. /K. Hcmaryaosa, B. M. Mupaac

1I/IHCTHTyT THIPOTCOJIOTHH | TCOIKOIOTHH mM. Y. M. Axmencaduna, Amvarsr, Kazaxcran,
“BOCTOUHBIH LEHTP HCCICIOBAHMI H Pa3paboTok YHUBEpCHTET ApHens, Apuens, U3pamms

HCCJEAOBAHUS T'HIPOJAHAMHAKH MMPOIECCOB HHOWJILTPATINH U KOJILMATAIIUHA
B BACCEHHAX CYTOYHOT'O PET'YJIHPOBAHUS ITPM HCKYCCTBEHHOM BOCHOJTHEHUH
3AIIACOB ITOA3EMHBIX BO/JI

AnnoTtanus. B craTbe MpUBOIATCS OPraHU3ALMNS, METOIMKA M PE3YIbTATHI IIPOBEICHHBIX HATYPHBIX HCCIIEI0-
BaHWH BOAHO-(DH3HMHUECKUX CBOWCTB IMOPOJ MOKPOBHBIX OTJIOKCHUH B OCHOBAHMIX HH(HIBTPAIHOHHBIX OACCEHHOB, a
TaKXe OLCHKA MX BJIMSIHUS HA IPOLIECCHI KOMbMaTanuy. Kccne10BaHus MPOBOAMINCH HA (PH3HICCKON MOJCITH MHHH-
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OaccetiHa ¢ HH(PACTPYKTYPOH BOI03A00PHBIX M KANTAKHBIX COOPYKCHUH HA PCaTbHOM OOBEKTC W IS PCATBHBIX
yenoeu#t FOro-Bocrounoro Kazaxcrana. Ilpu 310M OBIIM CMOAETIHMPOBAHBI €CTECTBCHHBIC YCIOBHS ITPOCAYMBAHI
BOABI J0 ITIOJHOTO HACBIIICHHSI HCIIBITHIBACMOH MOITHOCTH NOPOA MOKPOBHBIX OTJIO;KCHHH C YUCTOM PACTCKAHUA
HH(QHUIBTPAOHHOTO TOTOKA IPH OJM3KOM 3aJICTAaHWH YPOBHS TPYHTOBBIX BOA. II0IyueHHBIC HATYpPHBIC XapakTe-
PHUCTHKH MOTYT OBITH PEKOMCHOOBAHBI U NPHHATBEI B KAYCCTBE PACUCTHBIX MOKA3ATCICH KAaK HAa CTaauHu TCXHUKO-
SKOHOMHYCCKOTO OOOCHOBAHHA, TaK W padoucro mpoekrupoBanus cucreM MB3I1B 0e3 mpoBEICHUS TOTOTHHTCIIb-
HBIX TPYJOSMKHX H 3aTPATHBIX U3BICKATSIBCKHX H HCCICA0BATSIBCKUX PAdoT.

KaroueBnie ¢10BA: HCKYCCTBCHHOC BOCIOJNHCHHE 3aIAcOB MOA3CMHBIX BOJA, HH()HIBTPALMOHHBIN OacceiH,
(usmiaeckag Moaemb, mypd, 0OBCMHAA BIAKHOCTH, MAKCHMATLHAS MOJICKYIPHAS BJIATOCMKOCTB, OTKAYKA, KOJb-
MAaTalus.
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