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Abstract. It should be noted that avalanches of accumulated snow masses are
typically triggered by climatic factors, including abrupt weather changes (such as
variations in atmospheric pressure and air humidity), precipitation, and heavy snowfall.
The volume of snow in an avalanche can reach several million cubic meters. However,
even avalanches with a volume of about 5 m*® can be life-threatening. To reduce and
prevent these negative factors, it is necessary to predict and prevent the occurrence of
avalanches at an earlier stage. This task is solved by regular monitoring of snow and
weather conditions on the proposed area of mountain slopes.

In order to achieve this objective, a variety of methods and techniques based on
different physical and technical principles are currently used. One of the most promising
directions is the use of radio waves of ultra-high frequency (UHF) range.

The present study is devoted to the examination of the possibility of UHF methods
for the remote measurement of snow parameters.

Two experimental installations for measurement of various snow parameters in
the microwave radio wave range have been constructed for avalanche forecasting.
Predictors of avalanches are chosen based on physical considerations and methods
of mathematical statistics. The objective of our research is to create an installation to
study the characteristics of mountain snow in the avalanche-hazardous areas of the
Shimbulak ski resort. The main parameters of electric snow that influence the process
of transmission, propagation and reflection of radio waves are considered. As a result
of the changes, the dipole moment increases, which causes the separation band of the
alternating influence of water to expand and move to the low-frequency region. The
results of experimental studies of radio-wave attenuation in snow used to calculate
the absorption coefficient of microwave radiation in snow are presented. Dielectric
permeability and tangent of the angle of snow losses have been measured using the
waveguide method.

Keywords: snow,avalanche, distribution of radio waves, horn antenna, the waveguide
detector section, complex permittivity, electromagnetic radiations, absorption of radio
waves.

Received 20.11.2023 Revised 30.05.2024 Accepted 11.06.2024 Available online 30.06.2024

* the corresponding author


https://orcid.org/0009-0008-7283-2865
https://orcid.org/0000-0002-0839-429X
https://orcid.org/0009-0002-6447-7353
https://orcid.org/0009-0007-1413-0083
https://orcid.org/0009-0004-2136-8557
https://doi.org/10.32523/2616-7263-2024-147-2-137-153

K.B. Kadyrakunov, V.E. Nikulin, A.K. Nurmagambetova, A.E.Aizhanova, R.T. Nurgalieva

Introduction

In general, forecasting of avalanche hazard means detection of place and time of avalanches.
Long-term investigations and analyses of papers devoted to the identification of the main factors
leading to the formation of avalanches allowed us to identify the most significant predictors of
avalanches of different genetic types (Table 1) [1-5].

Tablel. A set of the most significant predictors of avalanches of different genetic types

Types of information Genesis of avalanches

(parameters) Fresh snow Snowdrift Thermal Sublimation
loosening loosening

Air temperature + + + -

Snow depth + (+) + (+)

Water equivalent of snow (+) - (+) (+)

Snow density (+) (+) (+) (+)

Snow humidity - - + -

Snow temperature - - + (+)

Snow humidity (+) - - -

Wind transfer - + - -

Duration of sunshine - - (+) -

Acoustic emission of snow + + (+) (+)

Wind speed (+) + - -

Avalanching time + + + (+)

Power of loose horizons (+) - - (+)

Crystal size - - +) (#)

Atmospheric pressure - + - -

+ the sign is informative
(+) the sign is conventionally informative
- the sign is uninformative

The table shows that snow thickness is one of the informative parameters. It is well identified
and can be used as a universal parameter for predicting avalanches in many mountainous
regions. However, we must bear in mind that each snow layer was formed in different periods
of time and varied under different weather conditions. It should be noted that the snow depth
as an indicator of avalanche hazard must be used in combination with other avalanche factors.

Some authors state that for the purposes of statistical analysis it is not necessary to form
large sets of data with signs for most avalanche situations [3-7]. Larger data arrays do not
usually give more timely and more accurate forecasts.
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Investigation of snow characteristics in the microwave range for avalanche forecasting

Predictors of avalanches are chosen based on physical considerations and methods of
mathematical statistics. Predictors for forecasting techniques mustbe chosen takinginto account
the area for which the forecast is made and the variability of values of predictors within the
area. The objective of our research is to create an installation for investigation of characteristics
of the mountain snow in the avalanche-hazardous areas of the Shimbulak ski resort.

Using radio waves in snow studies

Avalanche-forming factors are first determined when the thickness of the new snow on
the observation site of the avalanche station reaches 7-8 centimeters. Then calculations are
repeated periodically after a certain period of time. At a known rate of growth of the snow
depth, the time preceding the avalanche hazard is defined as the time needed for formation of
the critical snow thickness. It is very important to know the thickness of snow in the area of
avalanche nucleation. As it is dangerous to conduct direct observations of the snow cover in this
zone, its characteristics are determined on the basis of remote observations and measurements
on the experimental ground.

Because of the lack of equipment and techniques for obtaining reliable information on the
state and properties of snow in the avalanche nucleation areas, the methods of local forecasting
are still poorly developed, and the precision of existing methods used to determine strength
characteristics and indicators of the snow cover stability is low.

Therefore, it is very important to study electrical, radio wave, radiation, laser and acoustic
properties of snow, which have not been well studied yet [8-10].

[t is necessary to pay special attention to the radio wave method as the most convenient
method for remote measurements of snow parameters. Let us consider basic electrical
parameters of snow, which affect the process of transmission, absorption and reflection of radio
waves.

Dry snow, first of all, is characterized by small electric conductivity, at the density of
snow ranging from 100 to 500 kg/m?* and temperature from -2 to -16 °C, its specific electric
resistance p is quite high, ranging from 2.8*10° to 2.6¥10” Om*m, and it is close to the specific
resistance of artificial ice. On the contrary, damp snow has small electric resistance reaching
values of 100m*m. Dielectric permeability of the snow cover € depends on the frequency of
electromagnetic waves, their length and snow characteristics (temperature, density, structure,
humidity). Dielectric permeability of snow is lower than that of the ice (€01 =73... 95, e 0 | =3...
8) and increases with increase in its density and humidity [1,2].

Itis also known that fog, rain and snow considerably weaken radio signals with a wave length
less than 5cm. Noncontact radio wave methods enable scientists to control thickness, humidity,
viscosity, kinetics of hardening, geometrical sizes, composition of components, existence of
various defects and other snow parameters. Of special interest is absorption and dispersion of
radio waves in the microwave range caused by the broadband rotary relaxation of polar water
molecules in the microwave region. In this case the precision of measurements depends on the
wavelength: the precision increases as the wavelength decreases. The other obvious advantages
of microwave radio waves are:
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- Non-contact control, which means that the sensor is not loaded and does not disturb the
state of the surface of studied or controlled snow;

- Very low inertia of the reading system;

- Possibility of carrying out continuous measurements;

- Proportionality of the resulting signal to the measured value or its changes;

- Signals at the output of the system do not require additional conversion;

- Simplicity of system calibration and automation.

In most widely used methods of thickness measurements the signal is a function of two
variables: geometrical thickness and dielectric permeability of controlled snow. Therefore, the
precision of measurements depends on the uniformity of snow thickness.

We used the amplitude method based on the principle of attenuation of electromagnetic
waves passing through the material (the “transmission” method) applicable for measurements
in homogeneous isotropic media with constant scattering properties of the surface. When
analyzing the results of such measurements, it is necessary to know the value of the total
attenuation caused by the interaction with the medium. The wave energy will decrease due to
the action of the following factors [8-11]:

- absorption in the medium;

- scattering by microparticles;

- attenuation caused by nonideal transparency of the boundaries of the section;

- attenuation caused by nonideal orientation of transceiver antennas.

A specific feature of water structure is the existence of dipolar moments. Electromagnetic
waves can cause deformation of hydrogen bonds including changes in the O-H length or H-O-H
angles. As a result of such changes the dipolar moment increases, which causes broadening
and shifting to the low-frequency region of absorption bands in the oscillatory water spectra.
Intermolecular bonds are even less stable and easily collapse under the action of short-wave
electromagnetic waves. The hydrogen atom located between two atoms of oxygen can be in one
of two states - either near the first or near the second atom of oxygen, and one of these states
is stable. The energy of transition of the hydrogen atom from the stable state to the unstable
one corresponds to the quantum of energy in the microwave range [1,2]. The absorption of
radiation of the microwave range by water is caused by orientational polarization of molecules.
Intermolecular interaction and thermal motion of molecules act as counteracting effects.
Dielectric losses are caused by shifting of the polarization phase. The range of frequencies
10 GHz + 50 GHz is the range of dispersion of dielectric permeability of free water caused by
relaxation fluctuations of molecular dipoles of free water (macroscopic time of relaxation is
0.9, 10-11 c), which under the influence of a high-frequency alternating field do not have time
to reorient [12-14]. The percentage of absorption of microwave energy by water is 50% at
frequencies of 1 GHz, 90% at 10 GHz and 98% at 30 GHz.

The methodology

To study snow characteristics, we used the experimental setup, the block diagram of which
is shown in Figure 1. The experimental setup consists of a microwave transmitter and receiver

140 Ne22(147)/ 2024 JLH. ['ymunes amoindarel Eypaszus yammuoik yHueepcumeminiy XABAPILBICHI.
TexHUKAIbIK FbLALIMOAD JHCaHE MEXHOA02USIAAP CePUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



Investigation of snow characteristics in the microwave range for avalanche forecasting

adjusted to measure snow attenuation at a fixed frequency. At the outlet (in the vicinity of the
cutoff of the horn) the antenna gives a synphased plane field. Measurements are made by the
method of direct conversion - the readings of the oscilloscope screen. As a source of microwave
radiation, we used a special generator.
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Figure 1. A block diagram of the microwave experimental setup for measuring snow parameters
[15]

1 is amicrowave generator, 2 is amodulator, 3 is a power supply, 4 are decoupling attenuators,
5 are two microwave antennas, 6 is a measuring attenuator, 7 is a matched load, 8 is a microwave
detector, 9 is a narrow-band amplifier, 10 is a measuring instrument.

In our experiment the function of the microwave source was fulfilled by a special generator
calibrated in frequency, output power and pulse modulation parameters. We used measuring
UHF generator G4-126 in the centimeter range for 2-reflexing klystrons working in the frequency
range from 8.8 to 12 GHz (in the 2.5-3.8cm wavelength range). The device has a built-in resonant
frequency meter (frequency meter) measuring the frequency of the output signal with a precision
of 0.2%. The device has an attenuator to adjust the output power of the microwave radiation
in the range from +10 to -100 dB, or from 4 to 20 mW in absolute values. The H10 microwave
electromagnetic wave with vertical polarization passes through a rectangular waveguide flange
with internal dimension of the waveguide 23 ¢ 10 mm. The generator provides several types of
modulation. The power indicator is an independent unit and allows one to control the output
power of the generator. The built-in power indicator consists of a thermoelectric converter,
a dc amplifier and an indicator with a scale calibrated in dB. The modulator block provides
the operation of the generator in the amplitude, pulse modulation with a frequency of 1 kHz.
The pulse mode of the microwave generator is provided by the voltage modulator by sending
modulating voltage to the klystron reflector circuit. Insulating attenuators reduce the action of
the signal reflected from the measurement object on the generator. Figure 2 shows a pyramidal
horn antenna [16].
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i

L

Figure 2. A schematic representation of a pyramidal horn antenna, LE is the height of the antenna
aperture, LH is the width of the antenna aperture, E is the vector of the electric component of the
microwave showing the vertical plane of polarization [14].

The radiation pattern is shown in Figure 3.

Figure 3. Spatial directivity of the pyramidal horn antenna [17].
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Figure 4. Directivity pattern of the pyramidal horn antenna in the polar coordinate system [18].

Todetectandregister electromagneticwavesinthe microwave range, we used asemiconductor
crystal point diode, which was placed in a high-frequency holder in the waveguide section
of the detector (Figure 5). This section was connected to the microwave measuring circuit.
The microwave diode is used to convert an amplitude-modulated microwave into electrical
oscillations of low frequency. We observe and measure the low-frequency envelope of
amplitude-modulated signals on the oscilloscope. It is part of the microwave signal frequency
of demodulator used in devices measuring power, frequency and controlling signal waveform.
The waveguide detector section with the amplitude microwave detector consists of an element
providing connecting to the microwave path (a matching device), a diode, a low-pass filter (LPF)
and an output to the woofer.

The microwave signal received by the horn antenna passes through the waveguide in the
waveguide detector section.

The detector section is a waveguide segment 1 with a flange connecting the detector section
to the horn pyramidal antenna.

The microwave diode is mounted in the waveguide section 1 of size of 23 ¢« 10 mm (the cross-
section perpendicular to the waveguide axis) parallel to the narrow wall of the waveguide along
the electric field lines of the electromagnetic wave.
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Figure 5. A waveguide microwave detector section, where 1 is a waveguide segment,
2 is a cathode of the microwave diode, 3 is a bronze bushing, 4 is a dielectric sleeve, 5 is a rod,
6 is an output terminal signal, 7 is a coupling nut, 8 is a piston [8]

The cathode of the diode 2 is connected directly to the wide wall of the waveguide. The
bronze bushing 3 is coupled to the waveguide soldered to the wide wall of the waveguide. The
anode of the diode is isolated from the waveguide dielectric sleeve 4 and through the composite
rod 5 is connected to the output signal terminal 6. The dielectric sleeve, the rod and the diode
are fixed with the coupling nut 7. The detector is adjusted by moving the piston 8 at a distance
of the quarter-wave length from the diode to the piston, which serves as the rear wall, the
diode is aligned with the maximum electric field, i.e. it is in the antinode (maximum) of the

electromagnetic field, after which it is fixed.

The snow was poured into the rectangular container with dielectric walls placed in the space

between transmitting and receiving horn pyramidal microwave antennas (Figures 6 and 7).

“& )-“ 4’/

Figure 6. A photograph of the experimental setup for measuring microwave radiation without the

container (the microwave generator connected to the transmitting horn antenna (light green color)

and the receiving horn antenna (yellow))

144 N22(147)/ 2024 JL.H. l'ymunee amvindarul Eypasus yaimmoik yHugepcumeminiy XABAPILBICHI.
TexHUKA/IbIK FbLABIMOAD JHCIHE MEXHO102USAAP CePUSIChI
ISSN: 2616-7263. elSSN: 2663-1261



Investigation of snow characteristics in the microwave range for avalanche forecasting

Figure 7. An experimental setup for measuring transmitted microwave radiation in case of the
maximum filling of the container with snow (the snow layer thickness between the openings of horn
antennas is 53 cm)

To measure the dielectric permeability € and the tangent of the angle of snow losses tgd
we used the waveguide method based on direct observation of reflected and transmitted
waves (Figure 8), i.e. on the measurement of complex coefficient of reflection or passage of
waveguide section where the snow is placed. In the first case the € value can be determined by
the difference between phases of the wave reflected by a short-circuited wave guide with the
examined dielectric sample and the wave reflected by the same waveguide without a sample.
The error in determination of € and tg 6 was about 10-15% [19].

From methodological and technical points of view it is more reasonable not to measure
characteristics of the reflected wave but to monitor standing waves in the waveguide without
snow formed as a result of interference of the total reflected - E1 and incident running + E1
waves.

The comparison of standing waves in the waveguide without snow and after its placing into
the waveguide allows us to calculate snow parameters. The pattern of standing waves in the
waveguide was studied in the waveguide measuring line P2-28.
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Figure 8. An experimental setup for studying dielectric characteristics of snow using a waveguide
instrument line. In the left part of the figure, you can see the microwave generator connected to the
P1-28 measuring line by the flange connection, then follows the waveguide section with snow and
the short-circuited waveguide load with variable phase NKP-7; the oscilloscope is connected to the
detector section of the measuring line

The scheme ofthe setup for measuring electro-physical snow parameters using the waveguide
method is shown in Figure 9.

O
O

Figure 9. A scheme of the experimental setup for measuring dielectric permeability using snow
waveguide method with a short-circuited line: 1 is a microwave generator, 2 is a measuring line,
3 is a part of the waveguide, 4 is a measuring amplifier, 1 is the distance from the probe to the short
circuitor [14]
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Investigation of snow characteristics in the microwave range for avalanche forecasting

Measurements were made at a frequency of 10 GHz and a wavelength of 3.2 cm.

The perpendicular dimensions of the rectangular waveguide line were 1023 mm. The
radiation intensity was about 20-milliwatt, polarization was vertical. Before placing snow in
the setup, the waveguide was cooled to a temperature of -2° C. The snow tightly adjoined the
short-circuited end of the line.

The measurement process is shown in Figure 10.
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Figure 10. Interference patterns of the field in the waveguide without and with snow in the line [14]

The interference patterns show changes caused by the dielectric in the phase of the reflected
wave (the minimum shifts) and in the amplitude of the reflected wave (the coefficient of the
standing wave changes).

The dielectric permeability was calculated using the formula (1)

2
D,
e=| | +|—+ 1
Z Ap (1),
where ﬁ'Kp =2a=2-23=46 mm.
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To determine tg$ of the dielectric we used the following formula (2),

2

a2h a A
tgs=—0 =00 2,

ﬂzé‘ Age

Where a, is the attenuation due to dielectric losses, € is dielectric permittivity, and

h=2m/ g andﬂzzﬂ/ﬂo

Findings/Discussion

The snow density was measured directly by weighing snow in the container, we obtained
the mass of snow m=52 kg. The volume of the container was V=0.17 m3. The estimated snow
density was d=306 kg/m3. We measured the temperature of the snow, which was -1 °C. The
maximum thickness of snow was 53 cm. The transmitting and receiving antennas with their
aperture sides adjoined the walls of the container from the opposite sides, and their geometrical
axes coincided. Figure 11 shows the diagram of dependence of normalized signal amplitude on
the thickness of the snow layer.
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Figure1ll. Normalized amplitude of the microwave signal transmitted through the snow as a function
of the thickness of the snow layer (* are experimental points, the curve was calculated using MatLab
program)
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The density of the flux of the microwave radiation [ is proportional to the square of the electric
field amplitude. To calculate the coefficient of snow absorption we used Bouguer's formula (3)

Ix =loexp(-kx) (3)

where [ is the maximum intensity of microwave radiation measured in the empty container, Ix
is the intensity of microwave radiation measured for the snow thickness x, k is the absorption
coefficient of snow, x is the thickness of snow (I is proportional to the square of amplitude
in units of voltage). To calculate k we took numerical values from the graph plotted using
the experimental values. The calculations gave us the value of k=5.58. The calculations using
the results of the waveguide method gave the following values of the snow parameters at a
temperature of -1°C:

- Dielectric permeability £ =6.5,

- tangent of the angle of losses tg5 =14- 10_3.

Conclusions

The results of the experiments have shown the possibility of use of the microwave thickness
indicator operatingatafrequency of 10 GHz developed in ourlaboratory for snow measurements,
and the microwave waveguide installation will enable us to measure dielectric properties of
snow at the avalanche sites of ski resort Shymbulak.
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AHHOTanusa. CxoJ, CO CKJIOHA CKOMHUBIIENWCS CHEXHOM MacChl OObIYHO NMPOBOLUPYETCS KJUMa-
THYECKUMU NPUUUHAMU: PE3KOW CMEHOU MOro/ibl (B TOM YHCJIe epenajaMu aTMocHePHOro JaBAeHUs],
BJIQXKHOCTH BO3/yXa), AOX/AsIMH, OOUJIbHBIMU CHeronaJlaMu. 06'b€M cHera B JIABUHE MOXET JI0XOJUTh
Jl10 HECKOJIbKUX MUJIJIMOHOB KyOU4ecKHUX MeTpoB. OJJHAKO OMAaCHBIMU JJiSl KU3HU MOTYT ObIThb JAaKe
JIaBUHBI 06bEMOM OKoso 5 M3, [l19 yMeHbIIeHUsS M NpeJOoTBpallleHMs yKa3aHHbIX HeraTUBHBIX
bakToOpoB HEOGXOJUMO paHHee NPOTHO3UPOBAHUE U MpeAyNpex/ieHHWe BO3HUKHOBEHUS JIaBUH.
JdTa 33Zjaya peulaeTcs NpPoOBeJeHUEM IMOCTOSIHHOIO MOHHUTOPHUHIA COCTOSIHHUSI CHera M NHOroJbl Ha
npejnojiaraeMoM y4yacTKe FOPHbIX CKJIOHOB.
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Investigation of snow characteristics in the microwave range for avalanche forecasting

[ aToro B HacTosililee BpPeMsl HCINOJIb3YeTCs MHOMXECTBO Pa3J/IMYHbIX METON0B U CIOCOGOB,
OCHOBAHHBbIX Ha pa3HbIX (U3UYECKUX M TeXHUYeCKUX NpuHIunax. OJHUM H3 MepCleKTHBHBIX
HalpaBJIeHUH SABJISIETCA UCII0JIb30BaHHE PAZIMOBOJIH CBepXBbIicokodacToTHOTO (CBY) Amnama3oHa.

Pa6oTa nocssilijeHa uccjaejoBaHUI0 Bo3MOKHOCTH CBY MeTO/10B /151 AUCTAHIMOHHOTO U3MEPEHUS
napaMeTpOB CHera.

[locTpoeHbl ABe 3KCIEpUMEHTa/bHble YCTAaHOBKU [AJis1 U3MEpPeHUs pasjM4YHbIX IapaMeTpoOB
CHera B MHUKPOBOJIHOBOM /JHana3oHe paJiMOBOJIH, MpeJiHa3HAauYeHHble /[Jii NPOTHO3UPOBAaHUS
JaBuH. [lpejackasaTesnn JaBUH BbIOMPAIOTCS Ha OCHOBe (GU3UYECKHUX COOOpaXKEHUH U METO/I0B
MaTeMaTH4YeCKONW CTaTUCTUKU. Llesbl0 HalIMX MCCAeJ0BaHUN SBJISIETCS CO3/aHHE YCTaHOBKU
JJIsl WCCJIe[JOBaHUSI XapaKTEPUCTHK TOPHOrO CHera B JIABUHOOMNACHBIX paloHaX TOPHOJIBDKHOIO
kypopta llum6ynak. PaccMOTpeHbl OCHOBHbIE MNapaMeTpbl 3JEKTPUYECKOTO0 CHEra, BJIMUSAIOLIME
Ha Ipolliecc Iepejayd, paclpoCTpPaHEHUS] U OTpaKeHHUs pPaJyuoBOJIH. B pesysbTaTe H3MeHeHUH
JUIOJIbHBIA MOMEHT YBEJWYMBAETCS, YTO MNPUBOJAUT K PaCIIMPEHUIO0 pa3JeJIUTENbHON MOJ0ChI
3HaKOIepeMEeHHOro BO3/IeMCTBHS BOJbI U NepeMellleHUI0 B HU3KOYaCTOTHYI0 006J1acTb. Pe3yibTaThl
3KCNEpUMEHTA/IbHbIX UCCAeJ0BaHWM 3aTyxXaHUS PaJIMOBOJIH B CHETY HMCIOJIb30BaHbI JJs pacyeTa.
[IpencTtaBsieHbl K03 PUITMEHTHI OTJIOIIEHUS MUKPOBOJTHOBOTO U3JIy4eHUs CHEMOM. [[UajieKTprUyecKas
NPOHHUIIAEMOCTb U TAHTE€HC YTJla CHEro3aTpaT u3MepeHbl BOJIHOBOAHBIM METO/I0M.

KiiloueBble CJI0Ba: CHeT, JlaBUHA, paclpoCTpaHEHUE pPaJWOBOJIH, PYyHNOpHAash aHTEHHa, CeKLUs
BOJIHOBOJITHOT'O JIeTEeKTOpa, KOMILJIEKCHAas AW3JeKTpudyecKas NPOHHUIIAeMOCTb, 3JeKTPOMarHuTHOe
W3JIy4YeHUE, MOTJIOLEHUE PAJUOBOJIH.

K.B. KaapipakyHos, B.J.Hukyaus, A.K. Hypmaram6eToBa, A.E.Ai>kaHoBa, P.T. HypraiueBa
XasblKapaablk UHHCEHEPAIK-MEXHO.102UsAbIK YHUsepcumemi, Aamameul, Kazakcman

Kap kewikiHiH 60/nKay YIIiH MUKPOTOJIKBIH/BI JMaNa30HAaFbl KAp/AbIH CUIIATTaMa/IapblH
3epTTey

Anpgarna. XXvHanfaH Kap MaccacblHbIH, GeTKediHeH TyCy 9/ieTTe KJIMMATThIK cebenTepiaeH
TYbIHAAWBI: aya-pallblHbIH, KYPT e3repyi (coHblH illiHje aTMocdepasblK, KbICBIMHbBIH, 63repyi, aya
BUIFAJIABLIBIFDI), KaHObIP, MOJI Kap. Kap kelkiHiHJeri KapAblH KeJseMi OipHellle MUJIJIMOH TeKIle
MeTpre KeTyi MyMKiH. Ayiaiiia, TinTi 5 M3 KeJieMiHieri Kap KellKiHi ge eMipre Kayin TOHAIpyi bIKTUMaJI.
Ochl xaFbIMCBI3 GaKTOpJIap/bl a3alTYy KoHe O60JAbIpMay YIIiH KeIIKiHAep/AiH naii/ja 60JybIH al/IbIH-
aJsia 60/mKay JKoHe aJJIbIH-aly KaKeT. Bys1 MiHZeT Tay 6eTKeisiepiHiH 60JKaM/Ibl yuyacKeciHie Kap/blH
»Kal-KyWi MeH aya-palbIHBIH, TYpaKTbl MOHUTOPHHTIH KYpridy apKpLibl memineni.On ymin Kasipri
yaKbITTa 9pTypJli GU3MKA/BIK KoHE TeXHUKaJblK NPUHLUUNTEPre Heri3Jie/iTeH KONTereH apTypJi
dJicTep MeH Taciijep KojaJaHblaaabl. [lepcneKkTUBasbl 6aFbITTAPABIH, 6ipi yJIbTpa KOFaphbl XKUUIIKTI
(MUKPOTOJIKBIH/bI) MHANa30HAaFbl PaJiu0 TOJKBIHJAAPBIH NMakigaNaHy O6oJibin TabbLiagbl. KyMbic
Kap napaMeTpJepiH KalbIKTBIKTAH eJIlleyre apHa/fFaH MUKPOTOJKbIHAbBI dJiCTepAiH MYMKIHAITIH

3epTTeyre apHaJiraH. K,ap KOIIKiHiH 60]'[)Kay-Fa dpHaJIFaH pagru0 TOJKbIHAAPbIHBIH MUKPOTOJIKbIH/bI
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K.B. Kadyrakunov, V.E. Nikulin, A.K. Nurmagambetova, A.E.Aizhanova, R.T. Nurgalieva

JVala30HbIHAAFbI 9PTYPJIi Kap napaMeTpJiepiH eJiliey yIliH eKi 3KCIIepUMeHTTIK KOHbIPFbI CaJbIH/bI.
KapaaFbl MUKpPOTOJKBIHABI Cay/esieHY/iH YTy Ko3QOUIMeHTIH ecenTey YUIiH NailfjajiaHblIFaH
KapZarbl palMOTOJIKbIHAAP/AbIH 9JICIpEeYiH 3KCIIepUMEHTaJ /bl 3epTTeyJIepiH HOTUXKe1epi YChbIHBLJIFaH.
JuanekTpsiik eTiMAiNIri MEH Kap HIBIFBIHBI 6YPBILIBIHBIH TaHTeHCI TOJKbIH/AY d/liCiMEH 6JIIIIeHTeH.

TyiiH ce3gep: Kap, Kap KellKiHi, pajuo TOJKbIHAAPBIHBIH Tapasybl, PyHOpPJbIK aHTEHHACHI,
TOJIKBIHJBIK JeTEKTOP CEKLMACh], KelleHAl AU3JEKTPJIK OTIMAIIIK, 3JIEKTPOMAarHUTTIK CayJeseny,
PaZMOTOJNKbIHAAP/AbI XKYTY.
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