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Abstract. To meet global demand, pesticides play a very important
role in the control of pests that damage agricultural products. However,
overuse of pesticides threatens both ecosystems and human health. In
recent years, gas chromatography (GC), liquid chromatography (LC), gas
chromatography-mass spectrometry (GC-MS), liquid chromatography-
mass spectrometry (LC-MS), capillary chromatography (CCH), and
capillary electrophoresis (CE) have been used to determination of
pesticides. Although these methods have high specificity, selectivity and
sensitivity for detection of pesticides, they also have some shortcomings,
for example, expensive instrument, sample prepared process is complex
and time-consuming. Therefore, electrochemical sensors and biosensor
have become good analytical methods for the detection of pesticides due
to their many advantages such as simple manufacturing process of the
detection system, high sensitivity and selectivity. In this paper describes
the latest results used for in situ detection of pesticide residues in fruits
and vegetables obtained in the fields of cyclic voltammetry, square wave
voltammetry, differential pulse voltammetry and electrochemical
impedance spectroscopy. In addition, the development of
electrochemical methods and real-time smartphone monitoring
techniques and their integration with detection platforms are discussed.
For readers with a scientific and technological focus, this article will
provide additional valuable information for understanding the creation
of portable electrochemical devices, rapid detection of pesticides, the
role of electrochemical sensitive methods and contributing to their
further development.
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Introduction

Pesticides are synthetic or natural compounds or additives used to control, destroy,
regulate, prevent diseases, weeds, insects and pests that affect plant growth. These
compounds can often be categorized by their chemical structure, mode of action, hazard level,
route of application, and time of application (Figure 1). Crop yields have increased
significantly over the past decades due to the introduction of chemical pesticides. The global
demand for pesticides has increased dramatically and steadily since the mid-1940s, mainly
due to commercial farming [1, 2]. However, excessive and uncontrolled use of pesticides has
led to contamination of food and environment, agriculture and water resources. Pesticide
waste is becoming a serious public health problem due to penetration into food through fruits,
vegetables, processed foods, water, air and soil, and acute and chronic effects on human
health. Chemical pesticides can have cytotoxic, mutagenic and carcinogenic effects on human
health [3, 4].
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Figure 1. Schematic plan of pesticide determination
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Many papers discuss laboratory-scale pesticide detection methods for the effective
detection of adulterant residues and hazardous chemicals in food products. For example, Kim
et al. developed aptamer-based fluorescent methods for the detection of fipronil using
carboxyfluorescein-labeled aptamers [5]. The analysis showed that linear labeling of fipronil
in 25-300 ppb range with limit of detection (LOD) of 53.8 ppb (10-7) and a recovery rate of
94.7-114,4%. Yang et al. and many others wrote about methods of fluorescent sensor based
on cadmium telluride quantum dots (CdTe QDs) for detection of residues of pesticide
methidathion (CéH11N204PS) in Chinese cabbage with the limit of detection 0.027 ng/mL [6].

Capoferri A.D. et al. [7] illustrated similarity-based sensory approaches for screening
pesticide residues in food products. In particular, they focused on optical (surface plasmon
resonance, fluorescence, surface-enhanced Raman scattering and colorimetric) and
electrochemical (amperometric, voltmetric, impedance and potentiometric) aptasensors,
immunosensors and molecular polymer sensors. Tsagkaris A.S., Pulkrabova ]., Hajslova J. [8]
considered the achievements and new trends in optical methods for monitoring pesticide
residues in food products, Chen K. et al. summarized the advances in the field of
organophosphorus pesticides (OPs) and colorimetric and fluorescent sensors for the
detection of their substances in the nervous system. Patel H.,, Rawtani D., Agrawal Y.K. [9]
published articles on new trends in the development of chitosan-based sensor platforms for
organophosphorus pesticides using acetylcholinesterase (AchE), particularly detection
methods for various pesticides (colorimetric, potentiometric and amperometric), transducers
combined with chitosan and modifications of AchE and can be effectively used for the
detection of catalytic and biocatalytic organophosphate hydrolases using in situ detection
devices. For hydrolysis reactions, square wave voltammetry has additional selective
parameters compared to amperometric sensors for organophosphorus compounds at a given
potential. And Weston M., Geng S., Chandrawati R. [10] investigated the opportunities and
challenges of replacing nutrition sensors with more sophisticated models based on the latest
advances in modern electronic and optical nutrition sensors targeting pesticides, humdity,
gases, pathogens, temperature and pH. The development of electrochemical methods and the
integration of smartphone technologies with electrochemical sensor platforms for real-time
monitoring were also discussed.

Pérez-Fernandez B., Costa-Garcia A., Muniz A.E. [11] screen-printed discussed electrodes
(SPEs) as an analytical (bio)sensor for electrochemical detection of pesticide residues for food
traceability. Wang W. et al. [12] reviewed the advances in the development of electrochemical
biosensors for pesticide identification with emphasis on the use of nanomaterials and
molecular biology. H. [1] demonstrated the use of biomolecules, 3D printing and smartphone-
based electrochemical biosensors for the detection of organophosphorus compounds. All
these studies were conducted in laboratory conditions and are based on the development of
electrochemical sensors.

Literature review. Electrochemical analysis methods are relatively low-cost and simple
equipment and are versatile and powerful approaches that provide accuracy, high sensitivity
and selectivity. Electrochemical sensing is based on the measurement of electrical quantities
such as potential, current, or charge that result from the interaction between an electrode and
the substance being analyzed. Typically, an electrochemical cell consists of a counter electrode
(CE), a working electrode (WE) and a reference electrode (RE). In voltammetric methods, a
time-dependent variable voltage (for example, Ag/AgCl) is used on the reference electrode
(RE) and the current response between WE and CE is measured, where a redox reaction
occurs.
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Figure 2. Electrochemical detection methods [13]

Garcia-Miranda Ferrari A. et al. in this review explores and discusses the current advances
related to electrochemical methods, electrode materials and modifications that have the
potential to be the foundations of a new generation of portable electrochemical sensors
towards trace-level ion in situ heavy metal sensors. The three-electrode system, as shown in
Figure 2, can be placed in a single solution, which in turn allows the device to be automated
using a small amount of reagent mixtures and a small sample volume to be examined [13, 14].
Methods for electrochemical sensitivity determination are shown schematically in Figure 2,
comparing a laboratory scale electrochemical device with a portable electrochemical device,
screen printed electrode (SPE) and classical type electrode fabrication methods.

Screen printed electrode (SPE) is considered to be the first type of electrode that has
become a good alternative, overcoming the problems and limitations of traditional
electrochemical systems and electrodes. Screen printing electrodes are characterized by
single-use, simplicity, portability and fast operation. Due to its versatility and wide use, SPE is
widely used as a platform for electrochemical methods for real-time determination of food,
gases, pesticides, pharmaceutical additives, environmental contaminants and biomolecules. It
should be noted that electrodes fabricated by screen printing technology are generally
manufactured in a wide range because the manufacturing process is automated and
economically designed. Inkjet printing can be made of plastic or ceramic substrates and
different types of inks (usually graphite, carbon, gold and silver) are used for printing. In
recent years, the inks used to improve the chemical, electrochemical, analytical and
electroanalytical properties of sensors and biosensors based on the above method are
modified with various enzymes or nanomaterials Inkjet printing is created using computer
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software and grouting method which results in a negative image of the intended electrode
geometry [15-17]. Table 1 summarizes the comparative advantages and disadvantages of the
above types of electrodes [18].

Kaur et al. [1] demonstrated the use of biomolecules, three-dimensional (3D) printing and
smartphone-based electrochemical biosensors for the detection of organophosphorus
compounds.

Table 1. Overview of the advantages and disadvantages of electronic printing technology

[18]

Inkjet printing

Screen printing

3D printing

Advantages
- Cost-effective, simple and convenient
- No need to make a pattern or ink in
advance
- Less material required
- Forms thin layers <1 micron thick
- High quality, productivity and speed
of gel formation
- Ease of mass production
- Electronic control of ejection
rate and drop size
- Thin layers
-Possibility to produce different
electrodes with high reproducibility
- Process simplicity
- Portability, versatility, simplicity, low
cost, reliability and ease of operation
- Thick layers
- For small batch laboratory analysis

- Computer-aided design

- Cost-effective

- No need for external electrodes

- Can be miniaturized

- Enables the creation of complex
structures with precise dimensional
control

- Suitable for on-site analysis

- Easy installation or customization

- Electrodes can be printed without
substrate

- Light weight, high flexibility and
roughness

Disadvantages
- Highly viscous bio-inks cannot
be use
- Conductivity problems
- Poor mechanical strength
- Low structural reliability
- Clogging of nozzle
- Difficult to apply ink to the
substrate

- Difficult to use on a large scale

- Low quality

- Separate screen required for
each print template

- Use of templates, photomasks or
other physical props to facilitate
template use

- Low quality

- Limited quantity of
materials

- Application surface cannot be
accessible

- Difficulty in using materials
other than polymer matrices

- Difficulty in manufacturing
integrated electrodes

raw

Voltammetric detection method. The voltammetric detection method determines the
current in the potential difference used by analyzing. The characteristic advantages of
voltammetric sensors are high sensitivity to detect and measure several substances
simultaneously [19]. The basis of the voltammetric detection method is potential control.
There are various methods and forms of potential change such as line scan, polarography
(constant voltage), differential ladder, reverse pulse, normal pulse, differential pulse, etc.
Among them, cyclic voltammetry, square wave voltammetry, differential pulse voltammetry
and electrochemical impedance spectroscopy are the most commonly used methods for
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electrochemical detection of pesticide residues in food.

Cyclic voltammetry (CV) is an electroanalytical method that is mainly used to measure
electroactive redox forms by linearly varying the potential between the working electrode
and the reference electrode. In cyclic voltammetry, the peak current is directly proportional to
the concentration of the substance, and the position of the peak is mainly dependent on the
chemical and physical species involved in the redox reactions. When scanned, the chemical
species either gains an electron (reduction) or loses an electron (oxidation) depending on the
direction of change in potentia. The voltage is scanned between the working electrode and the
reference electrode, and the current is tested between the opposite electrode and the working
electrode. The resulting electrochemical analysis can be referred to as current-voltage
relationship or voltammetry method. For example, an increase in the concentration of certain
enzymes interacting at a given scan rate results in an increase in current compared to a non-
catalytic reaction. The cyclic voltammetry method can be used for local analysis of pesticide
residues [11, 12].

Bakytkarim Y. et al. [20] used the methods of cyclic voltammetry and differential pulse
voltammetry to study and compare the electrochemical behaviour of chlorogenic acid on
electrodes with different modifications. Figure 4A shows the CV plots of 20pumol dm-3
chlorogenic acid on bare GCE and Pt@r-GO@MWCNTs/GCE-containing in 0.1 M PBS buffer
solution at pH 6.0. As can be seen, when bare GCE was the working electrode, a pair of redox
peaks appeared around 0.21 V, which indicated that GCE had some catalytic effect on the
oxidation and reduction of chlorogenic acid. When the Pt@r-GO@MWCNTs nanocomposites
were modified onto GCE, we observed a large back current and the electrochemical signal of
chlorogenic acid was enhanced. As can be seen in Figure 4B, compared with bare GCE,
chlorogenic acid showed a very obvious oxidation peak on Pt@r-GO@MWCNTs/GCE, and the
current signal of the oxidation peak was amplified nearly 60 times. This is attributed to the
relatively large specific surface area, good electrical conductivity and catalytic properties of
the Pt@r-GO@MWCNTs nanocomposites. Therefore, Pt@r-GO@MWCNTs/GCE can be used
for the detection of chlorogenic acid.
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Figure 4. (A, B) Cyclic voltammograms of 20 pmol dm-3 chlorogenic acid in 0.1 M PBS (pH = 6.0)
buffer on bare GCE and Pt@r-GO@MWCNTs/GCE Differential pulse voltammograms [20]

Zhao et al. [21] developed a sensor based on the retardation of AchE enzyme activity. This
sensor often monitored the thiocholine oxidation current through a three-electrode
potentiostat with its structure. For pesticide analysis, AChE/MWNTSs-SnOz-chitosan/Au was
immersed in phosphate-buffered saline (pH 7.5) with different concentrations of pesticide
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solution for 10 min and then transferred to an electrochemical laboratory. The sensor
developed signal processing and detection modules to reduce system drift and interference as
it emitted low current signals. The value of the obtained detection threshold for chlorpyrifos
was 2 mg/l, which indicates the high stability and accuracy of the device. This system proved
its efficiency in the determination of pesticide residues in fruit and vegetable samples. To
validate the developed portable device, the current signal responses for chlorpyrifos were
compared with the electrochemical device at different concentrations. As a result, the authors
proposed a portable instrument developed for rapid monitoring of pesticide residues in fruits
and vegetables, which was economical and characterised by the possibility of use in the field
[21].

Differential pulse voltammetry (DPV) is a pulse method for reducing background charge
currents. It uses amplitude pulses of linear potential and the basis of this method is the value
of the basic potential, which is not a Faraday reaction in an electrochemical system. The basic
potential value is increased equally and in equal increments between pulses. In this case, the
current is measured before the pulse is transmitted and the difference between the pulses is
noted at the end of the pulse. Differential pulse voltammetry is also used for chemical
quantitative analysis as well as for studying the mechanism, thermodynamics and kinetics of
chemical reactions. This method as an analytical tool has several advantages over other
electrochemical methods. This method as an analytical tool has several advantages over other
electrochemical methods. It is a sensitive method that often allows direct analysis at the ppb
(10-7). When the voltage attenuation mode is used, ppt (10-8) can be measured. The sensitivity
of this method depends on differential analysis and relatively short pulse times. Differential
analysis allows the differentiation of background procedures, and the relatively short pulse
time amplifies the measured currents [2, 11, 12].

Electrochemical impedance spectroscopy (EIS) is an efficient detection method used to
study electrolyte/electrode surface modification and analyze the interactions between
bioreceptor and analyte on the electrode surface by observing the changes in the surface
resistance of the solution/electrode. In the past few years, the EIS method has been widely
used in the field of electrochemistry, especially for the classification of sensor systems. In
addition, EIS is also used as an analytical and quantitative determination method. The EIS
method can evaluate the intrinsic material properties that affect the resistance, conductivity
or capacitance of an electrochemical system. Thus, the EIS method is an effective tool for the
design and development of materials for sensors and biosensors [19].

As most sensing systems are inherently heterogeneous at the nanoscale, with their
variability in the interfacial region of the sensing electrodes I heterogeneity may not be
apparent using pulse voltammetric methods, square wave voltammetry or cyclic
voltammetry. The EIS method makes it easy to study this problem as well as see it through a
wide range of time scales. The sensors and biosensors underlying the EIS method have great
advantages over other modern signal transducers used to detect pesticide residues.

Square wave voltammetry (SWV) is the most sensitive method of differential and fast
pulse voltammetry with large amplitude. The detection limit values of real samples obtained
by square wave voltammetry can be relatively better than spectroscopic and chromatographic
methods. The values of the current potential peaks are usually well defined and present
symmetrical plots. This method is due to the fact that all currents are investigated only at the
end of a single half-period and to differences in the width and height of the potential pulse.
Square wave voltammetry is a sensitive electrochemical detection method used for
recognition on paper or integrated devices based on the signal-to-noise phenomenon. An
increase in the square root of the scan rate results in an increase in the signal-to-noise ratio.
This increase in signal is a function of the time between current measurement and pulse
transmission. The method-time is frequency-dependent; increasing the frequency results in a
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decrease in the time constant and an increase in the measured Faraday current, which in turn
makes it possible to quickly display specific pulses on the voltammetry. There will be fast
delivery of the obtained voltammetry results to the consumer via smartphone. Recent
advances in the creation of the material that will form the basis for sensors such as flexible,
portable and elastic electronic devices are gradually improving the quality of human life.

Today's wearable sensors can be attached directly to the user's body or to the surface of an
object to perform real-time laboratory and chemical analyses. Inspired by this approach, Zhao
et al. In situ developed a smart hand-worn plant sensor that enables fast, sensitive and non-
destructive detection of pesticide residues on plant surfaces [22]. A serpentine three-
electrode system was designed by laser-induced graphene technology. This handheld portable
electrochemical system can wirelessly deliver real-time info about pesticide residue to a
smartphone connected to the handheld workstation via Bluetooth. Pesticides were
determined between 0.6 V and + 0.4 V in a solution of different concentrations using SWV
analysis method at a frequency of 8 Hz with an equilibrium time of 30 seconds.

Spinach and apples were selected as specific samples for in situ methyl parathion analysis.
Using the developed approach, 100 uM of methyl parathion was detected in agricultural
samples. Figure 4 (a) shows a digital photograph of elongated and flexible
polydimethylsiloxane laser-induced graphene (PDMS LIG). SEM images of PDMS/LIG
electrodes 7 (b) and (c) are presented before and after modification with gold nanoparticles
(AuNPs). Inset (c) shows a magnified image of the SEM after modification with AuNPs. Figure
4 (d) and (g) compared to control experiments, p-nitrophenol peaks were observed in
samples coated with methyl parathion indicating the presence of pesticide residues at a
specific location. The smart wearable sensor device demonstrates advances and
transformative approaches to in situ pesticide residue analysis in agricultural products. The
system can be used on uneven surfaces that selectively recognise and capture pesticide
residues on crop surfaces [23].

The information of pesticide residues as shown in Figure 1 can be obtained via smartphone
at the same time. Compared to control experiments, peaks of p-nitrophenol were observed in
the samples coated with methyl parathion, indicating the presence of pesticide residues at a
specific location. A smart, lightweight, wearable sensor device demonstrates progress and
innovative approaches to in situ analysis of pesticide residues in agricultural foods. Such
devices can be used to selectively detect pesticide residues on the surface of plants located on
uneven surfaces.
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Figure 4. a - Digital photograph of the stretchable and flexible (PDMS-LIG) electrode, b, c - SEM
images of the electrode before and after modification with gold nanoparticles (PDMS-LIG)
(AuNPs), enlarged SEM image after modification c - AuNPs. d, g - flexible semi-rigid
apple/spinach electrolyte biosensor timely information on pesticide residues obtained by
smartphone adhered to the leaf surface. e, h - square wave voltammetry curves and
corresponding. f, i-base corrected square wave voltammetry curves [22]

Conclusion

This review article focuses on electrochemical methods for the investigation of pesticide
residues in fruits and vegetables based on cyclic voltammetry, square-wave voltammetry,
differential pulse voltammetry, potentiometry and electrochemical impedance spectroscopy.
It has been recorded that nano- and microelectrode array chips, paper sensors, paper strips
and electroanalytical devices have been developed for rapid and high-throughput multiplexed
investigation of complex matrices. Many attempts have been made to develop portable and
user-friendly printed electrode devices, cost-effective integrated microsensors, glove-attached
sensors, paper/strip/card-based electrochemical sensing platforms. Electroanalytical and
electrochemical processes have been significantly improved for in situ testing and detection of
pesticides in agricultural products.
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K.M. Acup6aenal, bl. bBakpiTkapimz, XK.C. MykaTaeBas,
E. Tiney6epai4, H.A. Hlaauns, JI.A. }KycynoBaé
12345A6all ambiHOarbl Kazak yimmbik nedazo2ukasvlk yHugepcumemi, Aamamsoi, Kazakcmau
6Kopkbim ama ambiHdaFbl Kbizvliopda yHugepcumemi, Kvi3bliopda, Kasakcma

JJIEeKTPOXUMHUSJIBIK, d4icTepAl KOJIJAHA OTHIPLII XKEeMicTep MeH KOKOHICTep KypaMbIHAarbl
NeCTULMJ KaJIAbIKTaPbIH )KbLJIJaM aHBIKTAYy

AnaaTna. osieM/liK CYpaHbICThI KAMTAcChI3 eTy YIUiH IeCTULUATED ayblIlapyallblIblK 6HIMepiHe
3UsH KeJTipeTiH 3UsHKeCTEpMEeH KypecyJe eTe MaHbI3/bl POJb aTKapajbl. Anailia neCTULUATEPA]
1maMajiaH ThIC KOJIJaHy 3KOXKyHesiep MeH ajaM JeHcayJblFblHa Kayin TeHJipyAe. COHFbI XKblIJaphbl
necTULMATepAi aHbIKTayAa a3 xpomatorpadusacel, cyiblK xpoMaTorpadus, raz xpoMaTorpadusacol-
Macca-ClleKTpoOMeTpus, CYUBIK, xpomartorpadusa-mMacc-cieKTpoOMeTpHus, KallUJLJIAPJIBIK,
xpoMaTorpadus xkoHe KalWJAAPJBIK 3/1eKTpodope3 KoJJaHbliajbl. By afictepaiy nectunugrepai
aHBIKTAy YIIiH epeKIlesiri, ceJIeKTUBTIJIIr oHe ce3iMTaJ/AbIFbl KOFapbl OOJIFAaHBIMEH, OJIap/blH
Kekbip KeMImisikTepi /e 6ap, MbIcasibl, KbIMOAT Kypasl, CbIHaMa JalbIHAAy MPOIeci Kyp/estisiri xkoHe
KOIl YaKbITTbl KaxeT eTeAi. Byn MakKasaja »xeMicTep MeH KoKeHicTepzeri HeCTULUATEPJIH
KaJIABIKTapblH OpHBIH/A aHbIKTayFa apHaJiFaH NOPTATHUBTI 3JIEKTPOXUMUSAJBIK CEHCOpJap Kacay
aJiicTepi, AFHU LUKJJIK BOJbTaMMeTpHs, KBaJpaT-TOJKbIHABIK BoJbTaMMeTpus, AuddepeHpanibl
UMIYJIbCTIK BOJIBTAMMETPUA >KoHe 3JIeKTPOXUMUAJIBIK UMIIEJaHC CIEeKTPOCKONUSACHIHbIH, COHFBI
XbUIJApAaFbl XKeTicTiKTepi Typasbl 6assHaaaFraH. COHbIMEH KaTap, KepCceTiJireH a/licTep/liiH, Herisri
MeXaHU3Mi MeH 3JIeKTPOXUMHUAJIBIK, Ce3TiITIr Typasibl TOJBIK aKapaT 6episireH. JJIeKTPOXUMHUSAIIBIK,
aJlicTep/iiH AaMybl KoHe CMAapTQPOH TEXHOJIOTUSICBIH HAaKThl YaKbIT peXXUMiHJe 6aKpliay, COHbIMEH
6ipre oJslapAbl aHbIKTay MaTdopMajapbIMeH HHTerpauusaaay TajlKblIaHaAbl. FbIIBIMU koHe
TeXHOJIOTUSJIBIK OGaFbITTaFbl OKbIpMaHJap YWIiH Oy/J Makaja, NOPTAaTHUBTI 3JIEKTPOXUMHUSJIBIK,
KYPBUIFBLJIApAbl  3Kacay/bl, MNeCTULUATePAl KbLIJAM aHbIKTAy/[bl, 3JIEKTPOXUMHUAJBIK Ce3rill
dJicTepiHiH peJIiH TYCiHY >XoHe 0JlapJblH 9pi Kapail JaMyblHa bIKNaJ €Ty VIIiH KOCbIMIIA KYH/bl
aKnapar 60J1a/ibl iereH OilaMbl3.
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Ty#iH ce3aep: mnecTUUU/ATEDp, D3JEKTPOXUMMSIBIK dJicTep, CeHcopJiap, HaHOOeJIIeKTep,
MoauUKaLus, cMapTHOH apKbLJIbl MOHUTOPUHT, 3JIEKTPOXUMHUSJIBIK, KYPbUIFbLIAP.

2K.M. Acup6aeBal, bl. bBaksiTkapumz, 3K.C. MykaTaeBas,
E. Tuney6epau, H.A. lllaguns, JI.A. ’Kycynosasé
12345Ka3zaxckull HaUUOHAaAbHbIl nedazozuveckull yHugepcumem umeHu Aéas, Aamameol, Kazaxcmax
6Kbi3bl10pdutckutll yHusepcumem umenu Kopkbim ama, Kvizvinopda, Kazaxcman

BrIcTpoe 06HapyKeHHe 0CTAaTKOB NeCTULHMAOB BO GPYKTaxX U OBOIIAX C IOMOIILIO
3JIEKTPOXUMUYECKHX METO/I0B

AHHOTanusA. /g y0BJIeTBOPEHUS MUPOBOTO CIpOca NeCTULHABI UTPAIOT OYeHb BAXKHYIO POJIb B
60opbbe C BpeAUTENSIMM, HAHOCAUIMMHU YIIepo CeJbCKOX03NUCTBEeHHOW mpoAykuuu. OHaKo
Ype3MepHOe UCI0JIb30BaHKe NEeCTUIM/IOB YTPOKaeT IKOCUCTEMAM U 3/10pOBbI0 JI0Jiel. B mocieqHue
rojibl /s onpejie/ieHUs NMeCcTULU/J0B HUCNOJb3ylTcs rasobasd xpomartorpadusa (I'X), »kujgkocTHas
xpomaTtorpadus (2KX), rasoBag xpomaTorpadusi-macc-cnektpometrpus (['X-MC), xkujgKocTHast
xpoMmaTtorpadus-macc-ciektpometpus  (PKX-MC), «kanuanaspHas  xpomartorpadus (KX) wu
KanmuJIIpHbIA 3JiekTpodope3 (K3). XoTa aTu MeToabl 06J1afal0T BBICOKOW CHELUPUIHOCTHIO,
CeJIEKTUBHOCTBI0O M 4YYBCTBUTEJBHOCTbIO JJs1 OOHApy>KeHUs IeCTULIUJO0B, OHM TaKXKe HUMeIoT
HEKOTOpble HEJOCTATKH, HAPUMEP, JOPOTOCTOAIIMN NMpU6GOD, CAOKHBIA U TPYAOEMKHUH Iporecc
HOArOTOBKU Mpo6. [lo3TOMy 3/IeKTpOXMMHYECKHE CEHCOPbl U GHOCEHCOPBbI CTaJKd XOPOLIMMHU
aHAJIUTUYECKUMU MeTOJaMM JJi1 OOHapy>KeHUs NeCTULHJ0B 6Jarofaps HMX MHOTOYHC/IEHHbIM
IperMMylecTBaM, TaKMM KaK IpPOCTOTAa MH3TOTOBJEHUS CHUCTEMBbl OOHapyXeHHs, BBbICOKas
YYBCTBUTEJBbHOCTb M CEJEKTHBHOCTb. B JlaHHOM cTaTbe OMNHCaHbl IOCJAeJHUE pe3yJbTaThl,
nojiydeHHble B 06GJACTH  LMKJIMYECKOM  BOJIbTaMIEPOMETPHUM,  KBaJpaTHO-BOJHOBOH
BOJIbTAMIIEPOMETPUH, avddepeHabHON MMITyJIbCHOU BOJIbTaMIIEPOMETPUHU U
3JIEKTPOXMMHUYECKOW HMMIeJaHCHOM CHEeKTPOCKONMH, HCNOoJb3yeMble AJd in situ o6GHapyXeHU:
OCTaTKOB MEeCTULUZOB B oBowax M ¢pykrax. Kpome Toro, o6CyxJar0Tcs BONPOCHl Pa3BUTUSA
3JIEKTPOXUMUYECKUX METO/I0B M TEXHOJIOTM MOHHUTOpPHUHIA C MOMOLIbI0 CMapTOHOB B peXHMe
peasbHOTO BpeMeHH, a TaKKe UX UHTerpaluiy c naarpopMaMu o6HapyxeHHs. YuTaTenaM ¢ Hay4yHO-
TeXHUYECKOW HAlpaBJIEHHOCTBIO 3TA CTaThs NPEAOCTABUT JOMOJHUTENbHYIO LIeHHYI0 HHOpMaLHIo
JUIs1 IOHUMaHUsl CO3/1aHUsl MOPTATHUBHBIX 3JIEKTPOXUMHUYECKUX YCTPOUCTB, ObICTPOro 06HAPYKEHHUS
NeCTULUAOB, POJM 3JeKTPOXUMHUYECKUX UYyBCTBUTEJbHBIX METOJOB M BHECEHHs BKJ3Ja B UX
JlaJIbHellIee pa3BUTHE.

KiloueBble c/10Ba: MeCTULUJbI, 3JEKTPOXHUMHUYECKHE MeTO/bl, CEHCOpPbl, HAHOYACTHIIbI,
MoAuHKaALMS, MOHUTOPHUHT C MOMOLIbI0 CMapTdOHA, 3JIEKTPOXUMUYECKHE YCTPONUCTBA.
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Introduction

When we began to write this review of nickel hydroxides, our goal was to identify the most
valuable aspects of these industrially important materials for the scientific community. At that
time, research was mainly concerned with water, hydroxyl and oxyhydroxyl concentrations in
nickel oxide thin and bulk films [1]. This led to concepts such as bound water, structural water,
compositional water, and adsorbed water, all of which are essential for understanding
corrosion and battery performance. However, advanced analytical techniques were not yet
available. Recent developments have significantly improved the understanding of these
materials. A simple online search using the keyword "nickel hydroxide" reveals thousands of
publications, highlighting their importance. This wealth of literature can be daunting, especially
for new students or researchers unfamiliar with the experimental methods in question [2, 3].

Materials and methods

Nickel hydroxides have a wide range of applications in chemistry, physics and engineering.
They have been used since the early 20th century as electrode materials in battery technologies.
They also play an essential role in the electrochemical processes of nickel and nickel-based
alloys or in surface layers formed during corrosion [4, 5]. Research in the late 20th century
focused mainly on these two areas. In the late 1960's, Bode et al. proposed a simple model to
explain the electrochemical oxidation of nickel hydroxides to nickel(IIl) oxyhydroxide and
subsequent reduction to nickel(II) hydroxide. This model includes two nickel hydroxide phases,
a- and 3-Ni(OH)z, and two oxidized phases, 3- and y-NiOOH. Although the complete mechanism
is more complex, this model and some modifications (such as the transition from y-NiOOH to
-Ni(OH)z still provide a useful framework for understanding the processes occurring in nickel
hydroxide battery electrodes[6, 7].

Nickel-based batteries, including nickel-cadmium (NiCd) and nickel-metal hydride (NiMH),
are widely used in modern technology [8, 9]. Recently, McBreen examined the importance of
nickel hydroxides in contemporary battery applications. However, the use of nickel hydroxides
has expanded beyond traditional battery and corrosion research into areas such as
photocatalysis, electrocatalysis, electrosynthesis, supercapacitors, electrochromic devices and
electrochemical sensors. Extensive research has deepened the understanding of these
materials beyond the basic two-phase model [10]. Innovations in nanotechnology have led to
the development of complex structures such as nanoflowers and nanoribbons, and hundreds of
synthesis methods are now available, including advanced techniques such as microwave-
assisted synthesis and stereochemistry.

This increasing complexity makes nickel hydroxides both fascinating and challenging.
Detailed understanding of structures and properties can be difficult, and choosing the right
synthesis method for particular chemical or physical attributes at an appropriate scale can be
overwhelming [11]. To help overcome these challenges, this review provides an overview of
nickel hydroxide materials and their modern applications, aimed at an interdisciplinary
audience that does not require specialized knowledge. It begins by discussing the different
nickel hydroxide structures and common structural disorders, followed by a categorization of
common synthesis methods with advice on their appropriate use. Finally, the physical
properties and analytical characterization of nickel hydroxides are evaluated [9, 12].

JL.H. I'ymunee amvindarsl Eypasus yimmuoik yHueepcumeminiy XABAPIIBICB] N23(148)/ 2024 25
Xumusi. eoepagust. Ikono02us cepusicwvl
ISSN: 2616-6771. eISSN: 2617-9962



M. Balan

Results and discussion

The structure of nickel hydroxides, especially nickel (II) hydroxide (Ni(OH),), has attracted
considerable interest due to its unique properties and applications in a variety of fields
including catalysis, energy storage, and environmental remediation. Nickel hydroxides can
exist in various polymorphic forms, primarily a-Ni(OH), and B-Ni(OH),, each with unique
structural characteristics and stability [13, 14].

B-Ni(OH), is isostructurally related to brucite (Mg(OH),) and occurs naturally as the mineral
theophrastite. This phase is characterized by trigonal symmetry, meaning that the a and b axes
are not orthogonal, forming an angle of 120°. The unit cell parameters for 3-Ni(OH), are
determined using X-ray and neutron diffraction. The B-phase structure consists of layers of
nickel hydroxide that are arranged in a specific manner, giving it unique properties [6, 7].

a-Ni(OH), x H,O0 is a polymorph consisting of layers of 3-Ni(OH), intercalated with water
molecules. The degree of hydration (x) can vary, typically ranging from 0.41 to 0.7. Although
the material is initially hydrated, water molecules are often omitted from the formula, resulting
in the designation a-Ni(OH),. The a-Phase is known for its structural disorganization, which
can affect its physical properties [15, 16].

-
I—-—h

B-Ni(OH). B-NiOOH

Figure 1. Structure of a- and - forms of nickel hydroxide [17]

These differences in the structures of the a- and B-forms of nickel hydroxide determine their
stability and characteristics, making them important for applications in various technologies
[18].

Both forms of nickel hydroxides, o-Ni(OH), and B-Ni(OH),, have unique structural
characteristics and behavior, making them important for various applications, especially in the
fields of energy storage and catalysts. Structural disorder in nickel hydroxides refers to the
various types of irregularities and variations in the crystal structure that can occur in the a and
B phases, and this disorder can significantly affect the properties and behavior of the material
[19].

The main aspects of structural disorder include the inclusion of foreign ions, variable
hydration, and crystal defects. The presence of impurities or foreign ions can disrupt the regular
arrangement of nickel and hydroxyl ions in the crystal lattice. The degree of hydration can vary,
leading to differences in the arrangement of water molecules within the structure, affecting the
stability and reactivity of the material. Crystalline defects, such as irregularities in the
crystalline layer stacking sequence, can lead to broadening of X-ray diffraction peaks and affect
the overall crystallinity of the material [20].
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X-ray diffraction (XRD) analyses showed that the presence of a structural disorder results in
peak widths, indicating inhomogeneities in the crystal structure. Neutron diffraction further
confirmed the presence of these crystal defects and revealed the arrangement and distribution
of atoms in the different phases (Figure 2). Different notations, such as a_am, a*, o', IS, and _bc,
are used to describe the disorder types in nickel hydroxides, which helps identify the parent
structure and the disorder types observed. For example, some samples identified as f_bc were
found to be B-Ni(OH), with a layer stacking disorder [20-22]. These designations help
researchers identify the parent structure and characteristic types of disorder that can affect the
physical and chemical properties of a material.

The designations have the following meaning: a_am indicates amorphous or partially
crystalline forms of a-Ni(OH),, a* may indicate specific variations in the structure of a-Ni(OH),
that may be related to changes in hydration or impurities, a' is often used to indicate
modifications of a-Ni(OH), with specific structural changes, IS can indicate intercalated
structures where ions or molecules are located between layers, and [3_bc indicates 3-Ni(OH),
with disorder in the stacking of the layers, which can affect its electrolytic properties.

For each of these designations, differences in the XRD spectra can be expected. For example,
samples identified as 3_bc may show broader peaks compared to well crystallised 3-Ni(OH),,
indicating the presence of structural disorder. Variations in the intensity and width of the peaks
can be observed in the spectra, which may be due to differences in crystal structure and the
presence of defects.

For a more detailed analysis, specific XRD spectra for the samples identified as a_am, a*, o',
IS and B_bc should be given. This will allow a visual comparison of their characteristics such as
peak positions, peak widths and intensities. For example, the spectrum of 3_bc may show peaks
that are wider and less intense compared to pure (3-Ni(OH),, indicating the presence of layer
stacking disorder.

Thus, a comparative analysis of XRD results for different labelling can provide valuable
information on the structural characteristics of nickel hydroxides and their potential
applications. For a deeper understanding, it is necessary to perform experimental studies and
compare the obtained data with the known characterisation of different forms of Ni(OH)s,.
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Figure 2. XRD pattern of the as-prepared Ni(OH). [23]
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The peaks in the XRD spectrum correspond to certain planes of the crystal lattice. For -
Ni(OH),, for example, one can expect peaks corresponding to planes (003), (006), (009) and
others, which indicate periodicity in the crystal structure. The width of the peaks may indicate
the presence of structural disorder. Wider peaks often indicate less crystal homogeneity and
more defects in the crystal lattice. This may be due to mechanical stresses, hydration or the
presence of impurities.

d(fgt}

intensity (arb. units)

: . l :
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Figure 3. X-ray diffraction patterns of Ni(OH): films on Ni substrates collected using a
Cu K, X-ray source [24]

The intensity of the peaks can vary depending on the degree of crystallinity and the presence
of different phases in the sample. For example, if both a- and -forms of Ni(OH), are present in
the sample, this can lead to variations in the intensity of certain peaks. For a more accurate
analysis, it is important to compare the peaks obtained with reference data for Ni(OH), to
determine which peaks correspond to specific planes and how they change depending on the
synthesis conditions.

The presence of structural disorder in nickel hydroxides can lead to significant changes in
the physical and chemical properties, including their electrochemical behavior, stability, and
reactivity. Understanding and controlling this disorder is key to optimizing the performance of
nickel hydroxides in applications such as batteries and catalysts. Overall, structural disorder is
an important factor in the study of nickel hydroxides, influencing their synthesis,
characterization, and applications in various fields.

These effects have important practical implications. For example, well-crystallized [3-
Ni(OH), exhibits lower electrochemical activity compared to disorganized [3-Ni(OH), materials.
However, the relationship between structural disorder and measured properties is not always
clear. Replacing nickel sites with cobalt improves the proton conductivity of §-Ni(OH),, but it is
unclear whether this is due to an increase in proton vacancies or to an increase in stacking
distortion, which also affects the electrochemical activity of nickel hydroxide electrodes [21,
25-27]. It is therefore important to identify all possible forms of the distortion.
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Stacking distortion in nickel hydroxides is a significant structural phenomenon that affects
the properties and performance of the material, especially in electrochemical applications such
as batteries and supercapacitors. Stacking implies the presence of disturbances in the
arrangement of crystalline layers, which can disrupt the ideal stacking sequence of hydroxide
layers in the crystal structure [21]. In nickel hydroxides, especially in the 3-phase, the structure
consists of stacked layers of Ni(OH), [28]. Ideally, these layers are arranged in a specific
sequence, but stacking distortion can introduce variations such as rotations or displacements
of the layers. For example, stacking can occur when a layer rotates around the c-axis or is
displaced in the ab-plane, resulting in a disordered arrangement. This disorder can be
characterized by different stacking motifs that can be visualized by X-ray diffraction (XRD),
showing peak broadening due to the loss of long-range order [20, 29].

The presence of stacking defects can significantly affect the physical and chemical properties
of nickel hydroxides. For example, they can alter the ionic conductivity and electrochemical
performance of the material by changing the pathways available for ion transport. In addition,
stacking disruptors can lead to changes in the vibrational modes of the material that can be
detected using spectroscopic techniques such as Raman and infrared spectroscopy. These
techniques often reveal additional O-H stretching modes associated with the disruptor,
providing insight into the structural changes occurring in the material [30, 31].

Stacking distortion can also affect the stability and reactivity of nickel hydroxides. The
presence of defects can improve the material's ability to accommodate foreign ions or facilitate
the hydration process, which can be beneficial in certain applications. However, excessive
stacking distortion can lead to decreased crystallinity and poor electrochemical performance
[26, 32, 33]. Overall, stacking distortion is an important aspect of the structural performance of
nickel hydroxides. Understanding this distortion is critical to optimizing the design and
functionality of nickel hydroxide-based materials, especially in energy storage and conversion
applications where structural integrity and electrochemical efficiency are of utmost importance
[34-36].

Hydration is a critical aspect that significantly affects the structural and electrochemical
properties of nickel hydroxides. Hydrated nickel hydroxides, especially 3-Ni(OH),, play
important roles in various applications, especially in energy storage systems such as batteries.
The hydrated form of nickel hydroxide can be represented as Ni(H,0)x,, where x typically
ranges from 0.1 to 0.4, indicating the presence of water molecules loosely bound to the nickel
cations [19].

The hydration process affects the interlayer spacing in the crystal structure of nickel
hydroxides. When water molecules are incorporated, the interlayer spacing can increase by
approximately 0.1 A. This widening is critical to the electrochemical activity of the material, as
it facilitates ion transport during redox reactions. However, the role of stacking disruptors in
these measurements is not fully understood, complicating the interpretation of hydration
effects [30, 33, 37, 38].

Thermogravimetric analysis (TGA) is a common method used to assess hydration levels in
nickel hydroxides [39]. This technique involves measuring the mass of a sample while gradually
increasing the temperature. For 3-Ni(OH),, TGA shows that surface water can be removed at
relatively low temperatures (around 80-90°C), while embedded water is completely removed
at higher temperatures (around 160°C). Water removal through thermal dehydration can result
in a 10-14% reduction in the charging capacity of nickel hydroxide battery electrodes,
highlighting the importance of hydration in maintaining the performance of these materials.

Thermogravimetric analysis (TGA) can show how the mass of a sample changes with heating.
For example, for a-Ni(OH),, one would expect to see a loss of water associated with dehydration
at around 100-200°C, which would be seen as a sharp decrease in mass. Upon further heating,
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e.g., to 300-400°C, the decomposition of nickel hydroxide to form nickel oxide (NiO) may be
observed, which would also be reflected in the TGA as an additional mass loss [40].

Nickel hydroxide (Ni(OH);) exists in two polymorphic forms: alpha (a) and beta (), each
with specific properties and reactivity. The alpha form of Ni(OH), is often used as the positive
electrode in nickel metal hydride (NiMH) and nickel-cadmium (NiCd) batteries due to its high
electrochemical activity resulting from its larger surface area and better conductivity compared
to the beta form. Also, a-Ni(OH), serves as a catalyst for the oxidation of organic compounds
and can be used in hydrogenation reactions, accelerating the processes due to its layered
structure. Another important application of nickel alpha hydroxide is in carbon dioxide
absorption, where reaction with CO, produces nickel carbonate, which finds application in
environmental carbon capture projects.

The beta form Ni(OH), is more stable in alkaline environments and is often used to produce
nickel oxide (NiO) when heated, which is then used in catalysis and as a pigment. Although o-
Ni(OH), is generally preferred in batteries, 3-Ni(OH), can also be used, especially in systems
with lower capacity requirements and reversible processes. The beta form demonstrates its
reactivity in acidic environments, where it reacts with acids to form nickel salts and water,
emphasising its flexibility in chemical processes when the pH changes.

Thus, a-Ni(OH), is more reactive and finds applications in batteries, catalysis and carbon
dioxide capture, while 3-Ni(OH), is more stable and is used in the production of nickel oxide
and other applications requiring reactions in acidic environments [16].

The presence of embedded water can also be detected using vibrational spectroscopic
techniques such as X-ray and infrared (IR) spectroscopy. These techniques allow the
identification of additional O—H vibrational modes associated with hydration, providing insight
into the structural changes that occur during hydration and dehydration [41]. Hydration is thus
a key characteristic of nickel hydroxides that affects their structural integrity, electrochemical
performance, and overall functionality in various applications, especially in energy storage
technologies. Understanding the hydration dynamics is critical to optimize the performance of
nickel hydroxide-based materials [42].

Infrared spectroscopy (IR) can be used to identify functional groups in a sample. For
example, in the IR spectrum for a-Ni(OH), one can expect to see characteristic absorption
bands in the 3200-3600 cm-* region, which is associated with O-H bond vibrations, as well as
bands in the 500-600 cm-* region corresponding to Ni-O vibrations. For B-Ni(OH),, similar
bands can be observed, but with differences in intensity and width, which may indicate
differences in crystal structure and degree of hydration [43].

Ion exchange and foreign ion incorporation are key processes that significantly affect the
structural, electrochemical, and functional properties of nickel hydroxides, especially in
applications such as batteries, supercapacitors, and catalysts [42]. These processes involve the
replacement of nickel ions in the hydroxide lattice by other cations or the introduction of anions
into the interlayer spaces, which results in a variety of structural modifications and increases
in material performance.

Ionic substitution involves the replacement of nickel ions (Ni**) in the nickel hydroxide
lattice by other cations such as cobalt (Co**), magnesium (Mg?*), calcium (Ca**), or aluminum
(AI**). This substitution can occur in varying proportions, resulting in materials with the
general formula Ni;_4M,(OH),, where M represents the replaced metal and x indicates the
degree of substitution. The introduction of foreign cations can lead to several beneficial effects
[21]. For example, replacing nickel with cobalt improves the electrochemical activity of nickel
hydroxides, probably due to increased proton conductivity or increased layer stacking
distortion, which facilitates ion transport.

Ion substitution effects are often associated with changes in the crystal structure and lattice
parameters. For example, the interplanar spacing (c-axis) can decrease with increasing cobalt
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content due to the smaller ionic radius of Co?* compared to Ni** [44]. This change can affect the
electrochemical properties of the material, such as charge capacity and cycle stability. In
addition, the presence of foreign cations can introduce new active sites for redox reactions,
which further improves the electrochemical performance of the material [13].

Insertion of foreign ions involves the introduction of anions or other ionic species into the
interlayer spaces of nickel hydroxides. This process can significantly change the structural and
functional characteristics of the material. Common anions that can be incorporated include
nitrate (NO57), sulfate (SO,%7), carbonate (CO3%*7), and various organic anions [11].
Incorporation of these anions can result in an increase in the interlayer distance, often referred
to as the "gallery height", which can facilitate ion transport and improve the electrochemical
performance of the material. For example, replacing hydroxide ions with sulfate ions can
significantly increase the interlayer distance, which improves ion access to active sites during
reactions.

The stability of the incorporated anions is influenced by their size and charge. Larger anions
tend to occupy the interlayer spaces more stably, leading to significant structural expansion.
For instance, the incorporation of adipate anions can result in an interlayer spacing increase of
up to 65% compared to the parent structure. This expansion can enhance the accessibility of
the hydroxide layers for ion exchange and improve the overall electrochemical activity [7].

Moreover, ionic substitution and foreign ion incorporation can also affect the thermal
stability and mechanical properties of nickel hydroxides. The presence of foreign ions can lead
to changes in the bonding characteristics within the lattice, potentially enhancing the material's
resistance to thermal degradation. In summary, ionic substitution and foreign ion incorporation
are essential processes that modify the structural and functional properties of nickel
hydroxides [16]. These modifications can lead to enhanced electrochemical performance,
improved stability, and greater versatility in applications. Understanding these processes is
crucial for the design and optimization of nickel hydroxide-based materials, particularly in the
context of energy storage and conversion technologies, where performance and efficiency are
paramount. By tailoring the ionic composition of nickel hydroxides, researchers can develop
advanced materials that meet the demands of modern energy applications [16].

Internal mechanical stress can arise from several factors. One significant cause is the
incorporation of large polyatomic anions, such as nitrate, into the lattice sites or intercalation
spaces of a-Ni(OH),, which is likely to induce mechanical stress. During the chemical aging
process from a- to 3-Ni(OH),, internal stress develops due to the changes in the unit cell c-
parameter (from 8.0 to 4.6 &), resulting in compressive and tensile forces along the c-direction
in the a- and 3-phases, respectively [6]. Mechanical stress has also been observed in dried nickel
hydroxide films, where the shifting of lattice vibrational modes indicates that water removal
alters the material's density and induces internal stresses. Furthermore, mechanical stress
occurs during the redox cycling of nickel hydroxide electrodes in batteries due to the density
differences between nickel hydroxide and nickel oxyhydroxide [21, 25-27].

a-Derivative structures of nickel hydroxide (a«-Ni(OH),) are modified versions of the original
a-phase. They are characterized by the incorporation of various guest species, such as
surfactants or anions, into the interlayer spaces of the nickel hydroxide lattice. While these
derivatives maintain the fundamental structure of a-Ni(OH),, they exhibit altered physical and
chemical properties as a result of the presence of these intercalated species [10].

One common type of a-derivative structure involves surfactant-intercalated o-Ni(OH),,
where surfactant molecules replace interlayer water. This modification results in a
hydrophobic interlayer space, which can influence the material's electrochemical behavior and
stability [45]. Surfactants such as cetyltrimethylammonium bromide and dodecyl sulfate have
been used to create these structures, enhancing their applicability in various fields, including
catalysis and energy storage [45-47].
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Another important aspect of a-derivative structures is their potential for enhanced
performance in electrochemical applications [48]. The incorporation of different anions or
surfactants can improve the conductivity and electrochemical activity of the material, making
them suitable for use in batteries, supercapacitors, and sensors[49, 50]. Moreover, the
structural diversity of a-derivative nickel hydroxides allows for the tuning of their properties,
such as morphology, porosity, and surface area, which are critical for optimizing their
performance in specific applications. Overall, a-derivative structures represent a significant
advancement in the study of nickel hydroxides, offering new avenues for research and
development in materials science and electrochemistry [34, 46, 51].

Exfoliated a-derivatives of nickel hydroxide (a-Ni(OH),) represent a unique class of
materials derived from the parent a-phase through the separation of its layered structure into
individual sheets. This process, known as exfoliation, significantly alters the properties of the
material, making it distinct from both a-Ni(OH), and 3-Ni(OH), [9, 52].

The exfoliation of a-Ni(OH), can be achieved through two primary methods. The first
involves intercalating surfactants into the interlayer space, rendering the material
organophilic. When an organic solvent is introduced, such as formamide or 1-butanol, the
surfactant-stabilized layers can be spontaneously exfoliated, resulting in a colloidal suspension
of individual nickel hydroxide sheets [18, 52, 53]. This method enhances the material's surface
area and reactivity, making it suitable for various applications, including catalysis and energy
storage. The second method utilizes amphoteric molecules, which possess both acidic and basic
functional groups. For example, p-aminobenzoic acid can be intercalated into the a-derivative
structure. When the pH of the solution is altered, the molecule transitions to a zwitterionic form,
leading to Coulombic repulsion between adjacent layers and driving the exfoliation process [7].

Exfoliated a-derivatives exhibit unique properties, such as increased electrical conductivity
and enhanced electrochemical performance, making them promising candidates for use in
batteries, supercapacitors, and other advanced materials applications. Their ability to maintain
structural integrity while providing high surface area and reactivity positions exfoliated a-
derivatives as valuable materials in the fields of nanotechnology and energy storage.

Conclusion

Nickel hydroxides, particularly in their a-derivative and exfoliated forms, represent a
significant area of research due to their versatile properties and wide-ranging applications. The
structural modifications achieved through intercalation and exfoliation not only enhance the
material's electrochemical performance but also expand its potential uses in energy storage,
catalysis, and advanced materials development. The ability to tailor the properties of these
derivatives by incorporating various guest species allows for the optimization of their
functionality in specific applications. As research continues to explore the synthesis and
characterization of nickel hydroxides and their derivatives, the insights gained will likely lead
to innovative solutions in technology and materials science. The ongoing advancements in
understanding the synthesis methods, structural characteristics, and properties of these
materials underscore their importance in addressing contemporary challenges in energy
efficiency and sustainable technologies. Overall, the study of nickel hydroxides, particularly the
a-derivatives and their exfoliated forms, holds great promise for future developments in
various scientific and industrial fields.
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M. basian
Byxapecm mexHUKa/1blK yHUBEpCUMEMIHIH XUMUS JcaHe mamepuaamaHy kagedpacsl, Byxapecm,
PymbiHus

Hukenb ruApOKCUAIHAETI XKETiCTIKTep: KYpPbLJIBIMAAD »K9HE 3aMaHayHU KoJ1aH6aap (moJuy)

Anpgarna. Bys mosty MakKaJsiacblHZIa COHFBI GipHellle OHXXbUIABIKTAa HUKEJIb TUAPOKCU/II OOUBIHIIA
JKYPTi3iJireH 3epTTeyJepre IOy Kacaiaabl, 0y uU3UKaJa Aa, XUMUAAA a MaHbI3Abl HHXXEHEPJIIK
KoJI/JaHbasibl, acipece GaTapesisiap/la MaHbI3/bl MaTepuad. On eki Gesrisi monauMopdTap/blH, o-
Ni(OH). xanHe B-Ni(OH). KypbLIBIMAApbIH cUllaTTayAaH 6OacTanajbl. Makasaja COHbIMEH KaTap
HUKeJIb THAPOKCUAIH/IE XK1 Ke3/IeCeTiH rupaTalius, KabaTTacy aKayJapbl, MEXaHUKaJ/IbIK KepHeyJiep
’KOHEe HOHJBIK KOCHaJapAblH KOCBLIYbl CHAKTBI JpTYpJi Oy3bLIysap 3epTTesefli. balsaHbICThI
MaTepua/Zap, COHbIH, illiHJe MHTePKaJUpJIEHTEH O-TYbIHAbLIApPbl MeH HeTi3ri HUKeJb Ty3Japhbl Ja
TaJKbIaHaAbl. oy HUKeJb TUAPOKCUAIH CUHTE3JEy/iH XUMHUAJIBIK K9HE 3JIeKTPOXUMUSJIBIK
TYH/ZbIPY, 30J1b-T€JIb CHHTE3i, XUMHUAJBIK, KapTalo, THAPOTEPMUSJIBIK )KoHE COJIBOTEPMUAJBIK, CUHTE3,
3JIEKTPOXUMHUSAJIBIK TOTBIFY, MUKPOTOJIKbIH KOMEriMeH CHUHTe3/ley 9He COHOXUMHUSJBIK 3JicTep
CUSKTBI OipHelle djicTepiH >XMHaKTaiAbl. COHbIH[A HUKeJNb TUAPOKCHJIHIH 6esrini ¢usrkKaibiK
KacheTTepi - MAarHUTTIK, JAIpUIJIK, ONTHUKAJIBIK, 3JIEKTPJIK X9HE MeXaHUKaJIbIK - 3epTTeJeJi.
KopbITBIHABI 66J1iM 0ChI MaTepHaIJapAbIH 2JIeYeTTi KYH/Ibl KACHEeTTePiHiH KbICKallla Ma3MYHBIH KoHe
HUKeJIb TUAPOKCU/I HerisiHaeri 6erici3 yarinepai aHbIKTay K9He CUNIaTTay 9/iCTepiH YChIHA/IBL.

Ty#iH ce3jep: HUKeJNb TUAPOKCU/I, aKKyMYJSTOPJbIK TEXHOJOTUsIApP, 3JeKTpOKaTalus,
doToKaTasn3, HAHOKYPBLIBIMJIAP, CYINEPKOHJAEHCATOpJap, 3JIEKTPOXUMHSJIBIK  JaTUYUKTED,
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KYPBbUIBIMBIK 6Y3bLTyJIap, CHHTE3 9AicTepi, MUKPOTOJKbIH/bBI CHHTE3, COHOXUMHUS, 3JIEKTPOXPOM/IBIK,
KYpBbLIFbLIAP.

M. Basian
Kagbedpa xumuu u mamepuasosederus,, TexnHuueckuti yHueepcumem Byxapecma, Byxapecm, PymbiHusi

JocTkeHUs B 06/1aCTH THAPOKCHA HUKEJIS: CTPYKTYPbl 1 COBpEMEHHbIE TPUMEHEHHU S
(0630p)

AHHOTauusa: B 3Toil 0630pHON cTaThbe MNpejCTaBJieH 0630p HcCCAe[J0BaHUM, MPOBEJEHHbIX 3a
MocJe/JHUE HECKOJIBLKO IECATUIETUH M0 TUIPOKCU/TY HUKeJIS, BAXKHEHIIIeMy MaTepuasly Kak B puU3uKe,
TaKk U B XUMHU C 3aMETHbBIMH HWH)XEHEpPHBbIMH NPUJIOXKEHHUSIMH, 0COGEHHO B akKymyJssaTopax. OnHa
HAYHMHAETCs C ONMMCAHUSA CTPYKTYP ABYX M3BeCTHBIX mosiuMopdos, a-Ni(OH), u B-Ni(OH).. B cratbe
TaK)Xe PacCMaTPUBAIOTCH pasJIMuHble THUIbI Gecrnopsika, OObIYHO BCTpedaloniuecs B THAPOKCUJIE
HUKeJIsI, TAaKue KaK TrujpaTtanus, AedeKTbl YIAaKOBKH, MexXaHW4YeCKHe HaNpsKeHUs U BKJIOYeHHue
HMOHHBIX puMeced. Takke 06Cy>K/1al0TCs CBSI3aHHbIe MaTePHaJIbl, BKJIKOYasi HHTEPKaJIUPOBaHHbIE O-
MPOU3BO/IHbIE U OCHOBHbIE COJIM HUKeJA. [lanee B 0630pe 060611aI0TCI HECKOJIBKO METO/I0B CHHTEe3a
TUJIPOKCU/IA HUKEJISl, TAKUX KaK XMMHYECKOe U 3JIEKTPOXUMHUYECKOE OCAXKEHUE, 30/Ib-TeJIb CUHTES,
XUMHUYECKOEe CTapeHHe, TUAPOTEPMATbHBIA U COJbBOTEPMAJIbHBIA CHHTE3, 3JEKTPOXUMHYECKOE
OKHUCJIEHWE, CHHTe3 C MWCIOJIb30BAHMEM MHUKPOBOJH M COHOXMMHYECKHME MeToJbl. HakoHer,
paccMaTpUBAlOTCAd U3BEeCTHble (QU3UYECKHE CBOWCTBA THJPOKCHJA HHUKeJNs — MarHUTHbIE,
BUOpAllMOHHbIE, ONTHUYECKHE, 3JIEKTPUYECKHe U MeXaHUYecKue. B 3ak/IOUMTeNbHOM pa3zjesie
MpEe/ICTABJIEHO KPAaTKOe U3JI0’KeHHEe MOTEeHIMaJbHO LIEHHbIX CBONUCTB 3TUX MAaTEPUAJIOB U METO/IOB
HeHTUUKAMU U XapaKTEPUCTHUKH HEN3BECTHBIX 06Pa310B HA OCHOBE I'H/IPOKCH/A HUKEIS.

KniwouyeBble cioBa: T'wapokcuj HUKessd, AKKyMyJSTOpPHble TEXHOJIOTHUH, IJJIEKTPOKATAaJU3,
®orokaTanus, HaHocTpyKTyphbl, CynepKOHIeHCATOPbI, JJeKTPOXUMHUYECKHEe NaTYUKU, CTPYKTYpHbIN
6ecniopsi0K, MeTozbl cuHTe3a, CHHTE3 C MCII0JIb30BAHUEM MHUKPOBOJIHOBOTO U3/y4eHusi, COHOXUMHUS,
JJIeKTPOXPOMHbBIE YCTPOUCTBA.
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docdorunc xkoHe KapaTtay pocpopUuTiH MEXaHOXUMUSJIBIK, AKTUBTEY
ApKbL/Ibl TBIHAWUTKBIIITHIK, KACHETi 6ap 6HiM any
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Anaatna. Kapartay o6acceliHiHiH ¢ocdaT keH oOpbIHAAPBIH Y3aK
yakbIT maiijjanany P20s KypaMblHAaFbl 6all KeHJAepAiH KOpJapbIHbIH,
capkKblLiyblHa ajblnl Keafi. CoHAbIKTaH ¢ochopuTTepAiH KypaMbIH
peareHTTep KaTbICbIHJA OaWbITy OAICTEpPIH KOJIJAHBIN KaXeTTi
MaTepuasiap ajly e3eKTi MaceJsie 60JIbIN TaOblIa/ibl.

KymbicTeiH MakcaTbl - ¢ochorunc nedn Kapartay ocdopuri
KOCIAChIH KbILIKBIIABIK TY3 Heri3iHJe MeXxaHOXUMUAJIBIK aKTUBTEHIpY
KeMeriMeH ThIHAUTKBILITBIK KAaCHETi 6ap 6HIM aJy.

@®ocdaTr MmUKI3aTbIH MeXaHUKAJBbIK OeJIcCeHipin KaKeTTi eHiM
aNy/JiblH FbLJIBIMU >K9He NpPaKTUKaJbIK MaHbI3bl 30p. COHABIKTaH
docdorunc nen Kaparay dpochopuTi koHe KbIIIKbLIABIK Ty3 (Na2504)
KaTbICbIH/Jd MEXaHOXUMHSJIBIK aKTUBTEY apKblibl TBIHAWUTKBIIITHIK,
KacueTi 6ap eHiMJiep ajly Ke3iHJieri e3repy 3aH/bLJIbIKTapbIH 3€PTTEY/iH,
MaHBbI3bl 30p 63€KTi MaceJsie 60J1bIN TaObLIabI.

@®ocdorunc ned Kapartay pochoputi Kocnacel KbIIIKbIIJbIK Ty30€H
9pTYpJii Iapjap eJiieMJepiMeH xaHe LIap MeH KocnaHblH (pocdorurnc-
Kaparay bochopUTi-KbILKbII/IK, TY3) 10:1 MaccaJiblK,
KaTblHACTapblHJAA TYPJIeHAIpiaail.

Kbikbaabik Ty3 (NaHSO4) xone KapaTay ¢docdoputi KaTbicbiHAA
Moaudukanusianfad pochorunctiy pasanblK KypaMblH aHbIKTAY KOHE
aJiblHFaH 6HIMJI uJeHTUOUKaLUsIay VIiH (PU3UKA-XUMUSIBIK,
XUMUSAJIBIK, TajJay dAiCTepi, CKaHepJieylli 3JeKTPOHAbl MHKPOCKOI
(C3M), aneproaucnepcti ananus (3/1C) KosgaHbLI/bI.

@®ocdorunc-Kapatay Pochoputi-NaHSO4  (3:6:1)  xkyitecineH
MeXaHOXUMUSJIBIK aKTUBTeY (MXA) apKbl/ibl ajJiblHFaH ThIHAUTKBILITHIK

*aBTOp-KOPPECTOHAEHT
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ocgoeunc xncane Kapamay gpocipopumin MexaHOXUMUSLIbIK AKMUBMEY APKbLIbI MbIHAUMKbIWMbIK Kacuemi 6ap
6HIM aay

KacueTi 6ap eHIM ajayjaa mJaHeTap/bl guipMeHpae 20 MHUHYT 6HJAeEY
OHTaMJIbI Karjgak ekeHi aHBbIKTaAAbl: P205 wxamu=55%, P205 numkemx,
=44%, PZOSHI/IT.ep.,=82%.

PentrendasanblK Tajjay OOWBbIHIIA peakyusl 6HIiMi peTiHze
KpeMHUH AUOKCUJI, HAaTpUH-KaJbLUK TUApoKkcodpochaTThl KApOOHAT, eKi
MoOJIeKYJiaJibl Cybl 6ap KaabLuW rufipodpocdaTsl KoHe yII MOJIEKYJIAJIbI
Cybl 6ap HaTpUU-KaJbLUUHU CyJbdaThl XXoHE €Ki MoJieKyJiajbl Cybl Oap
kanbuui rugpodocdat (CaPO3(OH)-2H20) THIHAWTKBILIBI TY3ijareHi
KepcCeTilAl.

JHeprus-AUCIEePCUANBIK CIEKTPOCKONUAIBIK Talay HITHXKeCiHze
aneMeHTTik pocdopabiH Mesuepi 4,97%, oTTeridiH Meswepi 46,87%
eKeHi aHbIKTa/NAbl. FFHU, KOpllaFaH OpTaZa ajJblHFAaH 6HIM Oipuiama
e3repicTepre yublpan/ibl.

Tyuin ce3gep: dochorunc, ¢ochopuT, KbIKBUIABIK Ty3/Jap,
MeXaHOXUMUSJBIK 6HJleY, TBIHAWUTKDIL, IJIaHeTap bl JHipMeH.

Tycri: 30.04.2024. Makyaaauabl: 08.08.2024. OnnaiH Kosnketimzi: 30.09.2024

Kipicne

PecypcTapblH caHbl MeH 9pTypJijiri 6oibiHIIa Ka3zakcTaHHBIH, MUHEpaJbIK-UIHKi3aT
KelleHi aJjieMJieri »eTeKlli OpbIHAApAbIH OipiH anazbl xoHe KasakcTaH 3KOHOMMKAChIH
JlaMbITyFa MHBECTULMSJIAP TApTy/AblH MaHbI3/lbl OAFbITTAapbIHbIH Oipi 60JbIN Kajsa Gepefi.
Anavipa, manuzasnbl KazbasapAbl 6HAIPY XKoHe 0albITy KOpLIaFaH OpTaFa 3UsSH/Ibl TEXHOTEeH/IK
YKYKTeMeHi apTThIpaTblH KaJbIKTap/blH Y/JIKEeH KOJIeMiHiH nan/a 60/ybIMeH KaTap Kypeai,
OHBIH, ilIiHAE 0J1ap/ibl CAKTayFa O6JIiHTeH Kep yJacKeJiepi e 6ap. 9/1eTTe, 60C )KoHE ChIMbIM/IbI
KBIHBICTAp/AaH TYPaThIH OYJ KaJIAbIKTap XKOWbLJIMAaKUAb] )KoHe KYpbJIbIC MaTepHuaa[aphbl yLIiH
a3 MeuJlllep/ie FaHa KalTa eHJesneni. COHABIKTaH 0J1ap/bl TEXHOJIOTUSJIBIK XKOHE 3KOJIOTUAJIBIK,
TYPFbIJJaH 6HEPKACINTIK KalTa 6eJsiyre TapTy MaceJsieci MaHbI3/bl 63€KTi MiHAET 60JIbIN Kajia
6epei.

MyHpail KangblKTapAbl 6HJAEYAiH MepCleKTUBaJbl OaFbITTApPbIHbIH, 0Oipi oJiap/bl
MUKPOTBIHAUTKBILITAP OHJIPY YLIiH IIMKi3aT KOMIOHEHTI peTiHJe NaijajaHy O00JibII
TabbLIaJbI.

KemxbuIAbIK KapKbIHAbl NaWJaJiaHy >KaFJaWblHJA ayblILIapyallblIbIK >KepJepiHiH,
TOMbIpaFbl 96/leH CapKbLJIFaH dHe a30TThbIH, pocPop/bIH KoHe KaJTUNUAIH Herisri KOpeKTik
KOMIIOHEHTTepiH FaHa eMec, COHbIMEH KaTap MarHui, MapraHel, 60p, MbIpbIII K9He 6acKa Jia
MHUKpPO3JIEMEHTTePLI 6Tey apKbLIbl 6CIMAIKTepre KOJIKeTIMAI TypAe KOPeKTiK 3aTTapAbl
eHTi3y/l KoHe KOpEeKTIK peXuMJi OHTaWIaHAbIPYAbl KaxeT eTezi. Osiapabl TONbIpakka
KypAeJi HeMece MHUKPOTBIHAUTKBIIITAD TYPiHAE €Hridy apKblibl KOJ »KeTKisisnezi. Byu
»KaFJana KOPeKTiK 3aTTap/iblH, KeTiCIeyliJiriH eTel anaThlH, 6ipak Kep »KaMblJIFbICbIHbIH
alTapJiblKTal e3repyiHe 9KeJMeUTiH ThIHAUTKpIIITap KaxeT [1]. Bys canaga otangactapmeH
Oipre 1IeT esiiep/ie KOMTEreH FhIJIbIMU XKYMbICTAp XKYprisinyge [2-26].

Kapartay 6acceliHiHiH ¢pocdaT KeH OpbIHAAPBIH Y3aK YaKbIT naiaanany P20s KypaMbIHaFbI
6ail KeHJep/iH KOpJiapblHbIH, CapKblIyblHA asblll Keafi. PochopuTTepAiH Kypaesi KypaMbl
*oHe ¢ochaT MHUHepasJapbl MeH Heri3ri >KbIHBICTAPAbIH >KaKblH (QU3UKaA-XUMHUSJIbIK
KacueTTepi 6esirijii 6albITy 9/1iCTEPiH KOJJaHyFa >KoHe KaXKeTTi canaZarbl KOHLlEeHTPaTTapbl
ajiyFa MyMKiH/Jjik 6epmeiifii. Bys 3 ke3eringe gactypJii ¢ocdop ThIHAUTKbIIITAPbIHbIH,
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calacblHbIH TOMeH/eyiHe )XoHe Ka/lbIKTap/blH e19yip MeJlllepiHiH nanaa 601yblHA 9KeJei.

Byn ikaffaiijla peareHTcCi3 eHJAey ojicTepi, aTan aWTKaHAa, ¢ochaT MWHUKI3aTbIH
MeXaHUKaJbIK besiceHipy 6esriyi 6ip FhIIBIMU K9He MPAKTHUKAJbIK KbI3bIFYLIbIIBIKKA He
60s1a7bl. ByJ1 peTTe MexaHUKaJbIK-XUMHUSJIBIK 6HJEY/i iCKe acblpy/ibIH €Ki »KoJibl 6ap. bipiHuii
»KOJI HeMece KYpFakK 9/jic - Taburu pocopUTTep/iH peaKUsAChl3 MeXaHUKaJIbIK aKTUBTEHYI
(MXA), docdaTThl 3aTThIH TONBIPAK epiTiHAi/NepiHAe OHAW epUTIH eciMJiKTep CiHipeTiH
dopmasapra aybicysl [1; 22-24].

EkiH1i »)k0J1 HeMece ABIMKbLI 9/IiC — CYUBIK KYi/Jeri peareHT Kocnajapsl 6ap ¢ocdat KeHiH
MeXaHOXUMUSAIBIK 6HJey. COHbIMeH KaTap, KaTThl 3aTTapAblH MeXaHOXUMHUAJIBIK aKTUBTEHYI
oJIap/AblH, KYpbLJIbIMbIHbIH, 63repyiMeH, ¢a3asblK e3repicTepMeH XoHe KOMIIOHEHTTEep/iH,
MYMKiH 60J1aThIH XMMHUSJIBIK 63TepicTepiMeH 6ipre »KypeTiHAIKTeH, MYK eHIMJepiHae ciHiMAl
docdaT popMmasnapbiHbIH FaHa eMeC, COHbIMEH KaTap 6CiMIIIKTep/liH ecyiHe koHe MeTab0J113M
npolecTepiHe 9cep eTeTiH eCiMAiKTepre KOJI )KeTiM/i apTypJii MUKPO3JIEMEHTTEP/AIH Manza
60Js1ybIH 60/KayFa 6os1aab1 [19-21].

Ocpl aThLIFAaHJapFa 6adaaHbicThl, ¢ocdorunc mnedH Kaparay docdopuTi koHe
KbIIIKbLIABIK TY3 (NaSO4) KaThIChbIH/]a MEXaHOXUMHUSIJIbIK AKTHBTEY apKbLIbl THIHAUTKBILITHIK,
KacueTi 6ap eHiMJep any Ke3iHJeri e3repy 3aHJblIbIKTApbIH 3€pTTEY 63€KTi Macese 00JbIn
TabbLIabI.

KywmbicTbiH MakcaThl - Pochorunc nen Kapatay ¢pochoputi KocrnacblH KbILIKbLIBIK TY3
HeTi3iHJle MeXaHOXHMUSJIbIK aKTUBTEHAIPY KOeMeriMeH ThIHAWTKbILITBHIK KAacHeTi 6ap eHiM
asny.

Marepua/izap MeH 3jicTep

JKyMmbIcTbIH, 3epTTey HbicaHbl peTiHAe Tapas KasacbiHgarbel “Kazdocdat” KIIC-HaH
anblHFaH ¢ochorurnc, Kapatay docdopuTi koHe MoauduKaTOp peTiHAe aHa/NIM3 YUIiH Tasa
(a.y.T.) Mapkasbl HaTpuli rugpocyabdatsl (NaHSO04) naiijanaHbLIAbL.

®ocdorunc nen Kaparay ¢ochopuTiHiH XUMHUSAABIK KypaMbl MeH MUHEPAJIOTHUSJIBIK
KypaMmbl 1,2-KecTesiep/ie KeaTipiaji.

docdoruncre ycak kpuctangap TypiHge kem gereHae 80% rurnc (CaS04-2H20 Hemece
CaS04-0,5H20) >k9He OHbIH Naiijabl KOMIIOHEHTTepPi 60JIbIN TaObIIATHIH CyZa epuTiH pocdop
okcufiHiH (P20s) 1-2% 6ap.

Kecre 1. «Ka3zdocpat» KIIC-HaH a/IbIHBIN KOJIAAaHbLIFAH POCPOrunCTiH, XMMHUSIBIK, KypaMbl
(%)

XVMUSABIK, Ca0 MgO P,0s Al;03 Fe,03 Si0; H,0
KYpaMBbl
Meuepi, 29 40 5 2 1 3 20
Mmacc. %

EckepTy: iepekTep Heri3iHe KypacThlpbliFaH [1, 24]
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Kecre 2. Konganbuiran KapaTay ¢pocdopuTiHiH XUMUAIBIK »K9OHE MUHEPAJIOTUSAJIBIK, KYyPaMbl

(%)
Kapartay ¢pochopuTiHiH XUMHUSAJIBIK KypaMbl, %
P20s Ca0 MgO Fe;03 Al;03 F BLIFAJI
24,7 37,6 0,58 2,06 0,3 2,38 0,1
Pb Cd As K Na CO.
0,001 KOK, 0,0012 0,91 0,45 4,38

Kapartay ¢pochopuTiHiH MUHEpPATOTHUAJIBIK KypaMbl, %
12% xBapy, 77,3% ¢Topanaturt, 2% Ao0s10MuUT, 3%KaabuuT, 2% GUOTUT
EckepTy: iepekTep Heri3iH/e KypacThlpbliFaH [1, 24]

®ocdorunc, Kapatay ¢ocdoputi xkoHe HaTtpuih rugpocynabdpaTbiHblH, (NaHSO4)
MEXaHOXMMUSAJIBIK aKTUBTEHylI IJlaHeTapJ/ibl 1apJjbl  auipMeH SQM-1L  mapkaJsibl
KOH/IBIPFBICBIH/A KYprisinai. llap MaccacbiHbIH 6H/eJieTiH MaTepyall MaccacblHa KaTbIHACHI:
10:1. MuHyTbiHa ailHaAbIM caHbl: 380 aliH/MUH, LIap MaTepuasbl OOJIATTAaH »KacasFaH.
[lnaneTtapsibl mwapsabl guipMmeH SQM-1L Mapkasibl KOHABIPFBICBIHJA OipHelle HaHOMeTpre
JleiHri 6eJilieKTep MeJlIepi 6ap YHTaKTap/Abl ajyFa 60/1a/bl.

Kpimkpigblk Ty3 (NaHSO4) Kapatay ¢ocdoputi kKaTbickiHAa MojudUKalUsIaHFaH
docdorunctiy dpasanblK KypaMblH aHbIKTAY *KoHe aJIblHFaH 6HIM/Ii HaeHTUPuKaLusiay yIiliH
pentreHdasannlK Tanzay (PPA), ckaHepseywi 3jeKTpoHAbl MuKpockon (CIM),
sHeproaucnepcti Tangay (3/C) agicTepi KosgaHbLIABL XUMUSIBIK Tajagay afeoueTrte [21]
6eJirisii afiictieH ic >Ky3iHe acbIpbLI/bL.

Pentren-dasasnbik Tangay “MiniFlex 600” KkoHabIpFbICbIH/A X)Yyprizinai. CAM aaici AnoHus
eJliHje »kacasFad “Jeol JSM-6490 LA” mapkaJibl KOHABIPFBIChIHAA KYPTi3iajii.

HBTH)Ke.)Iep MEH TAaJKblJIdy

Bacranksb! xaih ¢pochorunc UK cnektpockonusicel Spectron-M80 koHgbipFbicbiHga KBr
TabsieTkacbiMeH 450-4000 cm! apanbiFbiHAa kacaaabl  (Cypetr 1).  Yarinepain
UJleHTUPUKALUSCHI 9/1e6UeTTep/eri JepeKTepMeH 3-KeCcTe/ie CalbICThIPbLI/bL.

50

e T T
P R e

Cyper 1. Bacranksl ¢ocPorumncrig UK cnekrpi
EckepTy: AepekTep HeriziH/e KypacTbIpblIFaH [27]

Kecre 3. Yuarineppain wuaeHTHdUKanuAchbl 3daedOueTTeperi AepekrepMmeH xoHe UK
CNIeKTPOCKONMSChIHAH MIbIKKAH (POCPOTUIICTiH, CaabICTBIPMaJIbl MOHAEPi
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Tep6enic xuinikrepi v, cMm'! Ky Thlay xKoJaKTapsl
91e6u MaHEep [27] Taxipubesik MoHJED
3415 3407,58 v(OH)(H:0)
1630 1621,76 v(POH)
1130-1190 1152,18 Vas(PO2)
700-900 798,54 y(POH)
510-670 672,57 0as(P0O4)
510-670 598,90 8as(PO4)

EckepTy: fiepekTep HerisiHAe KypacTbIpblIFaH [27]

Tapas kanaceingarbel “Kasdocdar” XKIIC-HaH anbiuFaH ¢ocdoruncre 3407,58 cwm-l
6os1aThIH TepbeJtic xUuiJliKTepi KypaMblH/a Cy/iblH 6ap ekeHiH kepceTeAi. 1621,76; 1152,18;
798,54; 672,57; 598,90 cml TepbGenic xkuinikrepi ¢ocdaT HOHAAPBIHBIH, Tepbesic
KUIJIIKTepiHe CorKec.

3epTTey 6apbicbiHgia dochorunc-Kaparay dochopuTi-KpimkbiablK Ty3 (NaHSO4) 3:6:1
KaTblHAcTa 60J1aThIH KOCIA YJITiCi eJIlIeHIN aJblH/bl. JluipMeHHiH 6apabaHbIHa Kocna yJrijiepi
MeH 60J1aT WapJap/blH, MaccalblK KaTblHacTaphbl, colkeciHile 1:10 6o/s1aTbiHJAN eJlieHin
caJIbIHABI (Mkocna=10 T, Muwap=100 r). Kocna yarinepi 10, 15, 20 MUHYT yaKbIT apajbIFblH/AA
MeXaHOXUMMUAJIBIK aKTUBTEY XKYPrisiiji.

MexaHOXHUMHUSJIbIK aKTUBTEY/leH KeHiH aJiblIHFaH yirisepre xuMusiablK (Cypet 2 Kecre 4)
TaJagay XKyprisiazi.

S0

g 82
. 78

70

60 ==
_— 39

50 49 51

K biagibipay, %

20
20 1.2;
10

0

Apanacy yaKsITsl, MUH

*P2035 Mannol P205 NUM.KbILLK, P205 unt.ep

Cyper 2. ®ocorunc:Kaparay pocpopurti:KpIIKbLIABIK TY3 (NaHSO4) 3:6:1 KaTbIHaACHI
»)KyHeciHiH b1AbIpay K03 dunueHTiHiH rpaduri (4-kecte)
EckepTy: lepekTep Heri3iH/ie KypacThIpbLIFaH (4-KecTe)

®ocdorunc-Kapatay ¢ocdoputi-kKpiikbagblk Ty3 (NaHSO04) 3:6:1 KaTbhIHAaCbIHAAFbI
THIHAUTKBIIITHIK KacUeTi 6ap ©HIM alyAblH KOJIaiJibl XKaFAanaapbl aHbIKTaAAbl (20 MUHYT).
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Kecte 4. ®ochorunc:Kaparay ¢ochopurti:KpiKsIabIK Ty3 (NaHSO4) 3:6:1 KaTbIHaACHI

»)kyheciHeH MXA apKbLibl aJIbIHFaH OHIMepiH XUMHUSJIBIK CUIIaTTaMaJIapbl

Kyite MaccaJsbiK, Apanacy P20s P20s P20s
YHECTepi YaKbIThI, scanms, Y0 JIMM.KBIIK,, % LHT.ep., %
MUH
®ocdorunc:Kaparay 3:6:1 10 18 18 49
$ocPOopUTI:KbIIKBLIIBIK, TY3 15 51 35 78
(NaHSO4) 20 55 44 82

EckepTy: iepekTep Heri3iH/ie KypacThIpbLIFaH [24]

®ochorunc-Kapartay pocdoputi-Kpikbiabik Ty3 (NaHSO4) 3:6:1 KaTbiHACKI XKYyileciH/eTi
P20s bigbipay meJiepi P20sxamu=55%, P20smm.xemk,=44%, P20suur.ep,=82% (20 muH.) (Cypet
2).

Kecre 5. MXA enjenren ¢pocorumnc-Kaparay pocpopuTi-KplmKbIABIK Ty3 (NaHS0,4) (3:6:1)
(20 muH) xkyieciniH UK cneKTpiHiH )KYTbLIY K0JIaKTaphl

Tep6eic xxuinikTepi v, cmt Ky ThLay KoJIaKTaphl
94e6u MaHep [27; 29] Taxipubesik MoHJED
3415 3507,07-3207,65 v(OH)(H20)
1630 1621,21 6(POH)
1130-1190 1161,22 us(Si0-0-Si)
1030-1090 1011,92 vs (PO2)
510-670 670,45 8as(PO4)
510-670 602,96 Oas(PO4)

EckepTy: fiepeKkTep HerisiHAe KypacTbIpbliFaH [27, 29]

Lob ok ke

Cypert 3. MXA eHjeireH pocorunc-Kaparay pocpopuTi-KpIKbLIABIK TY3 (NaHSO4) (3:6:1)
(20 muH) xkyiieciniy UK cnekrpi
EckepTy: AepekTep HeriziHze KypacTbIpblIFaH [27]
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UK cnekTpsiepiHeH Kocna KypaMbIHJAAFbl CyJblH MeJillepi 6actankel ¢pocoruncke (1-
CypeT) KapafFaHJa asalfaHblH 6alikayra 6osafgbl. Cy »koHe dQocdaT HOHAAPBIHbIH,
»KOJIaKTapblHAH 6acKa KpeMHUM HOHJApPbIHbIH os1aKTaphbl KepiHeni (Kecte 5, CypeT 3).

“MiniFlex 600" KoHABIPFbIChIHAA KypridiireH P®A-tangay HoTwKeci 60UbIHIIA
dochorunc:Kapatay docdopuTti:kbiikpLiablK, Ty3 (NaHSO04) 3:6:1 KaTbIHachl kyHeciHae
MeXaHOXUMUSAJIBIK akTUBTeyAeH KeliH SiO2 kpeMuui guokcuzai, NaosCa(P0O4)4,5(C0O3)1,5(0H)-
HaTpUi-KaabLui rugpokcopocdartel kapooHaT, CaP03(OH)-2H20 - exi MoJiekyJiabl Cybl 6ap
kaabuui rugpodocdatel, NazCas(S04)6-3H20 - ym Mosiekysanbl cybl 6ap HaTpUH-KaJbL WU
cysnbdaThl Ty3iseTiHi 6esriai 6osab1 4;5-cypeTTep [28].

15000 Meas. data:K+PH+NaHSO4_ 20min —
BG dataK+PH+NaHSO4_20min —_—
Calc. data l+PH+NaHS0O4_20min —

10000

Intensity (cps)

20 40 80 a0
Z-theta (deg)

Cypert 4. docdorunc: Kaparay pocdopuTi: KbIIKbLIABIK Ty3 (NaHSO4) (3:6:1) xkyiieciHiH,
MXA-aaH KeliHri peHTreHiK AU paKsaChl
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MieciHeH

1) xky

ik auppaknusacel (20 MmuH)

JlepeKTep Heri3iHje KypacThlpbLIFaH [28]

6

KBIIIKbLIABIK, Ty3 (NaHSO04) (3:

i
-AaH KediHri Ty3i/ireH eHiMepAiH peHTreHy,

Kaparay ¢ocdopur

Cyper 5. ®ocdorunc

oo

MXA

Eckepty
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OHIM KypaMblHJa KpeMHMH >xoHe ¢ocdopbl 6ap KaHa KOCBLIBICTApAbIH >XoHe eKi
MoJieKyJaJibl cybl 6ap Kaiabuui rugpodocdat (CaPO3(OH)-2H20) ThIHAWTKBILITHIK, KacHUeTi
6ap eHiM Ty3ineni.

@®ocdorunc nen Kaparay pochopuTiHiy KblIKbLIABIK Ty306eH (NaHSO4) 20 mMunyTTa
MEeXaHOXUMHUSJIBIK ~ AKTHUBTEJTeH  VJriciHe  3JIeKTPOH/AbI-MUKPOCKOMUSIJIBIK,  TaJlJay
»KaCaJIbIH/Ibl.

30kV X5,000 Spum

30kV X950 20pum
950 ece ysikelTiNreH 5000 ece ynkeitTinrexn

Cypet 6. MexaHoakTHuBTe IreH pocporunc-Kaparay pocpopurti-NaHSO. (3:6:1) xyiteciHin,
(20 MuH) TYCipisireH MUKpOCypeTTepi

JJIeKTPOH/Ibl MUKPOCKOMHUSJIBIK 3epTTeyJiep HaTHxKesepi apKplibl pocdorumnc-Kapartay
dochopuTi-NaHSO4 (3:6:1) KyHeciHiH mimiHi MeH i1IKi KypbIJIbICBIH alKbIH Kepyre 60J1a/ibl.
3epTTey HaTWXKeciHeH dpocdoruric neH KapaTay dochopuTi KbIIIKBLIABIK Ty34a 6ip-6ipiHae
epin, apTypJi milmiHAj ycak aK KBapl, 60/1aTbiHbl aHbIKTAJAbl, AFHU MXA HoTUKeCiH/ie OpbIH
aJIFaH KaTThl aszajblK NpolecTep ecebiHEH GacTamKbl Y/TIHIH KYPbLIBIM/BIK e3repicTepi
aHbIK 6anKanazpl. benmekrepaiy enmemaepi mamamen 0,5 MkM-zeH 10 MKM apaJibIFbIHAA
TapaJsfaH (Cyper 6).

®ocoorunc, Kapatay ¢ochopuTi MeH KbIIIKbLI TY3/|blH MEXaHOAKTUBTEJITEH 3epPTTE/NreH
yJ/ITiJiepi 3Hepro-AUCNepCTi CIEKTPOCKOMUAIBIK, Tallay HOTHXKeJiepi O0MbIHIIA 3JIEMEHTTIK
KypaMbl aHbiKTanAbl (Cypet 7, Kecte 6).

Counts

| | |
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

keV
Cypert 7. MexaHoakTuBTeJsireH pocporunc: Kaparay pocpopuTti: NaHSO, 3:6:1 xKyiieciHiH,
(20 muH) MXA-aaH KeiliH Ty3i/ieTiH 3/71eMeHT WbIHAaphl
EckepTy: AepekTep Heri3iHae KypacTbIpblIFaH [28]
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ocgoeunc xncane Kapamay gpocipopumin MexaHOXUMUSLIbIK AKMUBMEY APKbLIbI MbIHAUMKbIWMbIK Kacuemi 6ap
6HIM aay

Kecte 6. ®ocdorumnc, Kaparay ¢pochopuri x9He KbIWIKbHLI TY3/JbIH MeXaHOAKTHUBTEJIreH
Y/ITiCiHiH, 3Hepro-AuUcHepcTi CNeKTPOCKONUAJIBIK, Ta/lJay apKbUIbl aHBIKTA/IFAH 3JI€MEHTTIK

Kypambl

Ne JJieMeHTTep Meepi, %
1 C 9,86

2 0 46,87

3 Na 1,81

4 Al 0,99

5 Si 7,48

6 P 4,97

7 S 5,90

8 Ca 22,11

JHepro-JUCIepPCTi CHEeKTPOCKOMUSJIBIK TaslJay HOTHXKecCiHJe 3/7eMeHTTIK ¢ocdop/bly,
Meutiepi 4,97%, oTTekTiH MeJepi 46,87% ekeHZIri aHbIKTaNAbl. IFHU KOopluaraH opTaza
aJIbIHFaH 6HIM bOiplllaMa e3repicTepre yublpan/bl.

KopbITBIHABI

1. ®ochorunc-Kaparay pocdoputi-NaHSO4 (3:6:1) xyliecinen MXA apKpblibl ajJbIHFaH
TBIHANUTKBIIITHIK KacueTi 6ap eHIM any/a naHeTapsibl JuipMmenzie 20 MUHYT eHJ ey OHTAaN/Ibl
»KaFaau ekeHi aHbIKTaNAAbl: P205 xamu=55%, P205 mumxpimk, =44%), P20suur.ep,=82%.

2. ®ocdorunc-Kapatay pocdopuTti-NaHSO4 (3:6:1) »xyieci 20 MUHYTTBIK MXA-/aH KelliH
peHTreHdasasblK Tajjay OOWBIHIIA peaKlus 6HIMi peTiHJe KpeMHUN JUOKCUJi, HaTpUMU-
KaJbLUK TUJpoKkcopochaTThl KapOOHAT, €Ki MoJIeKyJiajbl Cybl 6ap KaabLui ruapodocdaTsl
»)K9HEe VI MOJIeKyJiaJibl Cybl 6ap HaTpUU-KaJAbLUHM cyabdaThbl TY3iMeTiHAIri aHbIKTaJBbI.
Tysinren eHiMHeH KypaMblHJA €Ki MoJieKyJadabl Cybl 6Gap Kaiabuuid rugpodocdart
(CaP0O3(0H)-2H20) ThIHAUTKbILIBI TY3i/reHi aHbIKTa/bl.

Anrpic auTy: as-Papabu aTeiHfarbl Kasak YJATTbIK YHUBepcUTeTI XaHbIHAaFbl GU3MKa
XUMUSJIBIK, TalAay 9JiCTepi OpTajbIFbIHAA TajJjay »KYpPrisyre MyMKiHILIIiK 6epreHi yIiH
aJIFbIC aUTAMBI3.

Myazaesiep KaKThIFBICHI XKOK.

ABTOpaapAbIH, KOCKaH yJjeci: banrbimeBa B./l. - FbUIBIMU KeTeKIli, FbIJIBIMU >KoHe
3KCNIEPUMEHTTIK TONTbIH HOTU)KeJsiepiH TasiKbliaabl. bopan6aeBa I'A. - i3genyui, XRF, IR,
TepMorpaBuMeTpusiiblK  Tangay SDN  Q-600, cnektpodotomerp  SF-56, BET,
paflMOMEeTpPHUAIBIK, aTOM/BbIK abcopOuua aJicTepiH KOJJAaHY apKblIbl MeXaHOXUMMUSAJIBIK
6encenipinren  ¢ochatrapiblH ~ GUIMKA-XUMHUSJIBIK  CUNATTaMajJapblH  3epTTeni.
BalimaxanoBa [.M. - i3zgeHyuwi, OelopraHuKa/blK MaTepUaaJapAbl CUHTE3/ey KOHE
MEXaHUKOXUMUSAJIBIK TEXHOJIOTHS Ca/laCbIHAAFbl FBUJIBIMU >KoHe MATeHTTIK ajebueTrTepre
Tasngay xyprisai. Epy6aii C. - i3fjeHy111i, 3KCIEpUMEHTTIK XXyMbICTap Kypri3zi. MaHnaTtbek A. -
i31leHy11i, 3JleMeHTTepre XUMUAJIBIK aHaiu3gep xacaabl. Coyip A.K, - i3geHy1ui, sneMeHTTEpre
XUMMUAIBIK aHa/IU3/ep Kaca/bl.
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IloslyyeHUe NpOAYKIUY C yAOGPUTEIBLHBIMYU CBOMCTBAMU MIyTEM MEeXaHOXUMHUYECKOMH
akTuBanuu ¢pocdoruica u Kaparayckoro ¢pocpopura

AHHOTauus. /lMTenbHOEe HcnoJib30BaHUe GOCHOPUTHBIX MECTOPOXKJIeHUHM OacceiiHa KapaTtay
IPUBEJIO K UCTOIEHHIO 3al1acoB 6oraThIX pyJ, cogepxaiiux P20s. [loaToMy nosiyyeHrue HE06X0JUMBbIX
MaTepuaJoB MeToJaMU oboraiieHuss coctaBa GpocHopUTOB B NMPUCYTCTBUM peareHTOB SBJISAETCHA
aAKTyaJIbHOU MPO6JIEMOH.

Llesib paboThI - MOJIyYeHHe MPOJYKTA C yA0OPUTENbHBIMUA CBOMCTBAMU NyTEM MEXaHOXUMHUYECKOH
aKTUBaIluu cMecu pocdorunca u dochoputa KapaTay Ha 0CHOBe KUCJION COJH.

[Tonyyenue TpebyemMoro npojykTa nyTeM MexXaHU4eckKoil akThBauuHU GocdHaTHOTO CbIpbsl UMeeT
0oJibllIOe HAay4yHOe W INpaKTUYeckoe 3HayeHHe. [03TOMy o4yeHb BaXKHO M3yYUTb 3aKOHOMEPHOCTH
VM3MeHeHUH NPY MOJyYeHUH TPOAYKTOB C yA06PHUTENbHBIMU CBOMCTBAMU NyTEM MeXaHOXUMUYECKOU
aKTHBAIMU B IpucyTcTBUHU dpocdorurnca u pochoputa Kaparay u kucsaoit conu (NazS04).

Cmecp ¢ocdorunca u docdopura Kaparay MoguPUIUPOBANIM KHCJOU COJIBIO C pPa3HBIMU
pa3MepaMM LIAPUKOB M MAcCOBBIM COOTHOIIeHMeM liapuka U cMmecu 10:1 (docdorunc-dpochopur
KapaTay-kucias coJib).
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Jns omnpeneneHuss ¢aszoBoro cocraBa MoaubuinMpoBaHHoro ¢ocdorunca B NPUCYTCTBUU
kuciaoTHoU cosim (NaHSO4) Kaparayckoro ¢docdopura U uaeHTUUKAIUK MOJYYEHHOTO MPOJAYKTa
WCIIOJIb30BaJIUCh METOJIbl peHTreHodasHoro aHaauza (PDPA), ckaHUpyOIIEro 3JIEKTPOHHOTO
Mukpockona (C3M), snueproaucnepcHoro aHanu3sa (3/1C).

YCcTaHOBJIEHO, YTO ONTHMAJIbHBIMUA YCAOBUSIMH [JS1 MOJYyYEHUS MPOJYKTA C YAOOPHUTENbHBIMU
CBOMCTBaMHU, MMOJIyY€eHHOT'0 MeXaHOXUMHUYeCKo# akTuBanuet (MXA) us cucrembl Pochorunc-Kaparay
®ocdoput-NaHSO4 (3:6:1), saBasieTcs 20-MUHYTHass 06paboTka Ha NIJaHeTapHOW MesibHUIE: P20s
06mee:55%, P205 sum.xcucn. :44%; PZOSuMT.paCT.,:82%-

PeHTreHodasHblil aHa/IM3 MOKa3asj, YTO B Ka4eCTBe MPOJAYyKTa PeaklUUH 0O6Pa30BaIUCh AUOKCUJ
KpeMHHs], THJpokcodochaTHbI KapOGOHAT HATPUA-KadbludA, ruApodochaTr Kajablud C
JIBYXMOJIEKYJISIPHOM BO/IOU U cyJib®aT HATPUs-KaJbI[Hs C TPEXMOJIEKYJISIPHON BOOM U rujipodocdart
kanbuus (CaP03(0OH)-2H20) ynobpeHue ¢ ABYXMOJIEKYISIPHOUM BOJON.

®ocdorunc-Kaparayckuit Pochoput - cuctema NaHSO4 (3:6:1) 3a cueT TBep10dpa3HBIX MPOIECCOB,
NpouCXoAsAInX B pesysbrare 20-MuHyTHOTO MXA, pe3ynbTaThl CKAaHUPYIOIIETO 3JIEKTPOHHO-
MUKPOCKOTIMYECKOTO aHaM3a SICHO TMOKa3bIBAlOT CTPYKTYpPHble HM3MEHEHWS MCXOJHOTO 06pasIa.
PasmMepsl yacTun BapbupytoTcsa oT 0,5 MKM /10 10 MKM.

B pe3yJsibTaTe 3HEProJUCIEPCHOTO CIEKTPOCKOIIMYECKOT0 aHA/IM3a YCTAHOBJIEHO, YTO COJlep)KaHue
asieMeHTapHoro ¢ocdopa cocrasisieT 4,97%, kucaopona-46,87%. To ecTb NpOAYKT, NOJAYYEHHBIN B
OKpYyKalolllel cpefie, TpeTeprneBaeT HEKOTOPbIE U3MEHEHUS.

KioueBble ciaoBa: docdorunc, GochopuT, KHUCJAOTHbIE COJIM, MeXaHOXUMHYECKas 06paboTKa,
yaobpeHHe, JIaHeTapHas MeJIbHULA.
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Production of products with fertilizing properties by mechanochemical activation of
phosphogypsum and Karatau phosphorite

Abstract. The long-term use of phosphorous deposits in the Karatau basin has led to depletion of
reserves of rich ores containing P;0s. Therefore, obtaining the necessary materials by methods of
enriching the composition of phosphorites in the presence of reagents is an urgent problem.

The aim of the work is to obtain a product with fertilizing properties by mechanochemical activation
of a mixture of phosphogypsum and phosphorite Karatau based on acid salt.

Obtaining the required product by mechanical activation of phosphate raw materials is of great
scientific and practical importance. Therefore, it is very important to study the patterns of changes in
the production of products with fertilizing properties by mechanochemical activation in the presence of
phosphogypsum and phosphorite Karatau and acid salt (NazS04).

A mixture of phosphogypsum and Karatau phosphorite was modified with acid salt with different
ball sizes and a 10:1 mass ratio of the ball and mixture (phosphogypsum-phosphorite Karatau-acid salt).

To determine the phase composition of modified phosphogypsum in the presence of an acid salt
(NaHSO4) of Karatau phosphorite and identify the resulting product, methods of X-ray phase analysis
(XRF), scanning electron microscope (SEM), and energy dispersive analysis (EMF) were used.

It was found that the optimal conditions for obtaining a product with fertilizing properties obtained
by mechanochemical activation (MHA) from the Phosphogypsum-Karatau Phosphorite-NaHSO, (3:6:1)
system are 20-minute processing in a planetary mill: P20stai=55%, P205 lem. acia=44%, P205 cite. so1,=82%.

X-ray phase analysis showed that silicon dioxide, sodium-calcium hydroxophosphate carbonate,
calcium hydrophosphate with bicolecular water and sodium-calcium sulfate with tricolecular water and
calcium hydrophosphate (CaP03(OH)-2H,0) fertilizer with bicolecular water were formed as the
reaction product.
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Phosphogypsum-Karatau Phosphorite - NaHSOs; system (3:6:1) due to solid-phase processes
occurring as a result of 20-minute MOSS, the results of scanning electron microscopic analysis clearly
show structural changes in the initial sample. The particle sizes range from 0.5 microns to 10 microns.

As a result of energy-dispersed spectroscopic analysis, it was found that the content of elemental
phosphorus is 4.97%, oxygen is 46.87%. That is, the product obtained in the environment undergoes
some changes.

Keywords: phosphogypsum, phosphorite, acid salts, mechanochemical treatment, fertilizer,
planetary mill
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Tlonumepaep meH 04apdbiH MOOUPUKAYUAAAPLIH KOAOAHY APKbLAbI MYMKbIP Mamepuaadapobly kacuemmepi
apmmblpy MexHO102UACH!

Kipicne

ByriHri TaHgaFrbl 9/1eM/JiK aKlapaTThIK areHTTePAiH MaJliMJeMeci 60MbIHIIIA OUTYMHBIH
asieMAik HapbiFbl 2023-2030 xxbpL1ap apaabiFbiH/a eceTiHi anbiKTasFaH (Kecrte 1, 2) [1-2].

Kecrte 1. Butym HapbIFbl, ailMaKTap 60¥bIHIIa, MIpA. AKI

KoHTHHEHT 2020 2027
CoustycTik AMepuKa 12 16
Eypomna 10 13
A3zusiabiK ThIHBIK MYXUT aliMaFbl 27 37
OHTyCTiK AMepHKa 2 5
Tasy lIbIFbIC 2k0He AQpHKa 3 5

Kecrte 2. KP 6MTyM HapbIFbl K6JIeMiHiH, JUHAMHKACHI

Kbt 2019 2020 2021 2022 2023
BepisireHi, MblH TOHHA 830 961 980 1200 1373

Kasipri yakbITTa aBTOMOOUIIB K01Aapbl KazakcTaH Pecny6iMKachl yuliH MaHbI3/1bl MOHTe
ve, e TKeHI 0J1ap K6JliK KO3FaJIbICbIHbIH, )KOFaphbl JIEHTeMiH KaMTaMachI3 eTe/i )KoHe eJl illiHae
Jle, XaJIbIKapaJiblK JeHrei/ e Ae 6ailylaHbICTbIH HeTi3ri 6ybIHbI 60J1bIN Tabbl1aibl. KazakcTaH/a
KbIJI CalbIH >KOJI XYPY KO3Fa/IbICBIHBIH, Ke0eliN, ayblp caJMaKTaFbl >XYK KOJIIKTepiHiH
apTyblHAaH X9He TeMIlepaTypaHbIH aybICbIMJbIK ©3epici HOTHXeJiepiHJe >KOJI CalacbIHbIH
TeMeH/eyiHe acep eTinyze. CoJ YIIiH e XKO0JI callacbliH KaKcapTyZa eJiMi3Zie KellTereH »KaHa
TeXHOJIOTUsIIap icke aceipblayza. CoHJall TexHoJsorusaap/AblH, 6ipi o1 - acdanbTbeTOH
»KaObIHAApbIHA MOJIMMepJIepJiep MeH OJiap/blH MOAUPUKALUMACBIH TYTKbIp MaTepua/iapFa
KOCY apKblIbl KacUeTTepiH, camacblH apTThipy OoJsibin Tabbliafbl. OcblLaaiia TYTKbIP
MaTepuaajap/bly,  JAedopMalMsa/bIK  KAacUeTTepiH apTThIpyFa, KJIUMATTBHIK JKoHE
TeMIepaTypaZarbl MayCbIM/bIK ©3repicTepre TYpaKThbl 60JIyFa, )KOJI TeceMepiHiH y3akK api
camajbl 0OJIyblH KaMTaMmacbl3 eTyre ©Oosiaapl. CoHZau-aK noJuMepJsephi  TYTKbIp
MaTepuasiapfa Kocy oJlapblH, GU3MKaJbIK KoHEe MeXaHUKaJIbIK, e3repicTepre yiiblpaTajbl.
3epTTeyJiep KepceTKeHJeH, moauMepJsepli MoAuduUKanusaay apKblibl KbICy 6epiKTiriH,
MKeM/JIJIIriH K9He Ccy 3po3uscblHA Te3iMJiJiriH apTTeipyFa 6oJsiagbl. AchanbTO6ETOH
»)KaObIHAAPbIHbIH, €pTe >KOUBbLIYbIHBIH, Heri3ri cebenTepi: camacbl XoHe 6i3iH 6HipJe
KOJIJAHbLIATbIH TYTKbIPp OUTYM/ibl MYHal >OJIbIHbIH, (pU3HWKA-MeXaHUKAbIK KacHeTTepi.
MyHnail eHzey 3aybiTTapbl (MO3) wmblFapaTblH TYTKbIp MaTepuaiAap, »O0J KaMbLJIFbICHI
)KYMBIC ICTEUTIH »XKarJaujap HOTWXeCiHJeri TeMIepaTypara CoWKeC eMeC, COHJBbIKTaH
OCbIHZAal OpraHUKaJbIK TYTKbIp 3aTTapAbl :Kacay KaXeTTLIri TyblHJAyZAa, COHBIH,
HOTHXKeCiHZe OyJl cyFa, asg3fa Te3iMAiMIKTI apTThipabl, acdaibTOETOH KaObIHAAPbIHbIH,
»KapblKKa Te3iMJijsiri MeH OepiKTIriH apTThIpyFa KeMekTeceZi. Ken »xafpaija TYTKbIP
MaTepuaJ peTiHJe OUTYM KoJIJaHbICKa eHefi [3].

Kasipri yakbITTa nojsuMepJsiep eHZAIpici eH KapKbIHAbI AAaMbII KeJie XaTKaH caJjiajapblH,
6ipi. 9nemge 2015 nmosuMepsiep eHaipici 250 MJIH. TOHHA KypaJbl KoHe »KblJ1 CalblH OpTa
ecenneH 5-6 % ecyne. OnapAblH JaMbIFaH eJijiep/ieri HaKThl TYTbIHYbI XblablHA 85-90 kr (1
aJlaMfa WaKKaH/a) KeTTi )KoHe YJIFAalObIH YKaJFacTbipyAa. MyH/1all KbI3bIFYILIbIIbIK IOJUMED
eHAipylIiJiepi, eH aJAbIMeH, aJly MyMKIiH/ZiriMeH 6alJlaHbICTBI OJIapJblH, HETi3iHJe apTypJi
TeXHUKAJbIK KyHJbl MaTepuajgap. bipereil ¢usuKa-XxUMUSIBIK, KYPbIJIbIM/bIK K9He
nosuMepJii Matepuangap (IIM) TexHOJIOTUSIBIK KaCUeTTePi KeH XaJlbIK lapyallblIbIFbIHbIH,
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MeJVIIMHAHBIH XoHe T. 0. TypJi casajapblHZa KOJAAaHy. Op TYpJi NoJuMepJii OyHWbIMZAap
OH/ipIiCiHIH ecyiHe 6alJIaHBICTBI KOJIAAHY, OCbl TYPZi OZlaH 9pi KO MaceJseci eTKip 6oJsa
TycyZe KaagblKrap. [lalganaHyZaH LIbIKKAH MOJMMepJi MaTepUaajap 9JeTTe KepJeyre
ylbIpaun/ibl, 6ipak ic »)ky3iH/e blAblpaMaii/ibl, KOplllaFaH opTaFa YJIKeH 3UsH KeJTipei. Kasipri
Ke3eHJle NepCHeKTUBTI OaFbITTapAblH Oipi KailTa eHJe/NreH KajaAblKTapAbl MOJUMepJIepAi
naiifjanady 6oJibll TabbLiaAbl. OnapAbl MyHal »oJ OUTyMJapblHA MOJAUGQUKALHUAJIBIK
KoCrnaJsiap peTiHJe 9He OyJ1 MOJUMepJIi-OUTyMAbl TYTKbIp Koclajap eHJAipiciHae KoJjaHy
eTe TuiMAi. OcbLialia 6i3 KaagblKTapAbl KaWTa 6HJeYy apKblIbl TUIM/i )KETiCTIKTepre XeTy
’KOJIBIH alla ajaMbi3 [4, 9, 11].

AchanbTbeTOoH )abblHJAPbIHbIH epTe XKONbLIYAbIH HETi3ri cebenTepi: canackl koHe 6i3/jiH
eHip/le KOJIAAHbLIAThIH TYTKbIP OUTYM/Jbl MYHall KOJIbIHbIH, (PU3UKa-MeXaHUKAJbIK
KacueTTepi. MyHail eHpey 3aybITTapbl (MO3) wbIFapaTblH TYTKbIp MaTepUaljap, >KOJ
Y)KaMbLJIFBICBl KYMBIC ICTEWTIH >XafJaW/ap HOTHKeCiHJeri TeMIlepaTypara COUKeC eMec,
COH/ZBIKTAaH OCbIH/J Al OPraHUKaJIbIK TYTKbIP 3aTTapbl 2Kacay KaKeTTIJIirl TybIHJay/1a, COHbIH
HOTWXKeCiHJe OyJl cyFa Te3iMainikTi, asd3fa Tes3iMAinikTi apTThipazbl, achaibTOEETOH
»KaObIHAAPbIHbIH, KapbIKKa TO3IMAiJIiri MeH OepIKTIriH apTThIpyFa KOMeKTeCe/.

Exinmi petTtik mosunponuaenai (II1) maiganany 6uTyM MoaudHUKATOPbI MOJUMEPJIi-
OUTYyM/bl 6GalJAHBICTBIPFBIIITHI aJyFa MYMKiHJAIK Oepeai, oy oAeTTeri OUTYMMeH
CaJIbICTBIPFaH/A XKYMBIC icTey 6apbICbIHJAaFbl TeMIlepaTypaJiap ayblCbIMbIHA bIHFAUJIbI XKOHE
cepnimainik Kacuettepre ue. [lonunponusen (I1I1) eTe KypAesi MoJieKyJlanbIK KypblJIbIMMEH
CUNATTaNajbl, OWTKEHI IMOJIMIPONMWJEH MOHOMEPJiH XUMHUAJNBIK KypaMbl, oOpTalla
MOJIEKYJIaJIbIK, Maccachl XK9HE OFaH MOJIEKYJIaJIbIK Tapaiybl OYHipJik TonTap/blH KEHiCTIKTiK
OpHaJIacybl KYpblIBIMFa YJIKEH 9cep eTeTiH Heri3ri Tizoek. PU3nKa-XUMMHUSJIBIK KacUeTTepiHe
6ainanbicThl Il kenTereH casnanapja KoJiJaHblia 6actagbl. Anaiiga, 6ip Mmesringe [II1
KaJIbIKTapblH >KMHAKTAy >XoHe oJlapZbl KoJere »apaTy mnpobseMacbl TyblHAauAbl. 11
eH/JIey/1iH apTypJi aficTepi 6ap. KaliTanama [I1 6yiibiMaapFa e3/jiriHeH KailTa eHie1yi MyMKiH
HeMece aHa WKKi3aTKa KOCbIMILA peTiHAe KoJAJAaHblIabl.

[TosiunponuiexH nosauosepuHaep KJacblHa  »KaTazbl KoHe CUHTETUKAJIBIK,
TEPMOIJIAaCTUKAJIBbIK MOJSAPJbl €Mec MNoJrMep 060Jibll TabbLIaAbl. Byan mosuvnponuieHfi
noJuMepJey apKblibl aJblHFAaH akK TYCTI KaTTbl ©HepKacinTik 3aT. I[lonumepJsey
MeTa//IOPraHUuKaJbIK, KaTajJu3aTopJjiapJa TeMeH »KoHe opTalla KbICbIMJA JKy3ere
acelpbuiaZibl.  [lomunponuieH  TypaKTaHJbIpbLIFaH, OoOsiJiFaH HeMece  OosiJIMaFaH.
[TosiMnponuJieH o1 KaWTalaHbLIAThIH Uiy XK9He COKKbLJIapFa »KOFapFbl TO3IMAI/IIK KepceTKill
kepceTeTiH IMacTuk. OJ COHJaM-aK ToO3yFa TO3IMJJNIKIEeH »XoHe KeH TeMIepaTypa
JINana30HbIH/A KAKChl 3JIEKTP OKlIayJay KacueTTepiMeH epekuieseHezi. Oy 6ap KbLITHIP
YK9HE 2KaKChbl MOJIZipJIiK, XMMUAJBIK TO3IM/I )KoHe KOpllaraH opTara acep eTKeH/e KapblJbIIl
KeTneni. [losunponuieH KenTereH 6HEPKICINTIK MOJIMMepPJIepPMEH CaJbICThIpFaH/a KypAeJi
MOJIeKYJIaJIbIK, KYpbIJIbIMFa He, BUTKEHI opTallla MOJIeKYJIaJIbIK, Maccachl >KoHe MOJIEKYJIaJIbIK-
MaccajblK, Tapajybl 6ap MOHOMeP/JiH XUMUSAJIBIK KypaMblHAaH 0acKa, OHbIH KYpblJIbIMbIHA
OyHipJiik TonTap/blH KeHICTIKTIK Ti30eK OpHajacybl CaJbICTbIpMaJibl TYp/Ee acep eTeni.
TexHUKaNbIK TYpFbIJaH a/iFaH/ad, W30TAKTUKAJIbIK IOJUIIPOINUJIEH €H MaHbI3Abl XKoHe
nepcreKTUBa/bl 60JblI TabbLIaAbI [5-7, 12, 15].

OHepkacinTik mosuMepsepliH, MOAUPUKALMACH KeH MOoJUMepJi MaTepuaajapAbl any
YIIiH KOJIJaHbLIA/lbl, KaKCapThlJIFAH KacueTTepi 6ap. A3 MeJilliep/e €Hri3y KeH, TapaJjbl
nosiMuMepJi Kocnasap. bys xkarana KocrnaaapAblH KypblIbIMbl MEH KaCUeTTepiHe KelleH/i
acepi balikasabl noauMepJsep. MoaudukaTopbl eHri3y »Ky3ere acblpbliybl MYMKiH CUHTE3
npoueciHae e, MoJuMepJiepZli eHAey KesiHzae Je. MoaudukaTopJsapAblH a3 MeJllepiH
eHTri3reH Kkesjae (U3UKa-MeXaHUKaJbIK KacueTTepi »KakKcapaJbl MaTepuasJiblH OepiKTiri
apTajibl, IJIaCTMacCaHblH MaiJasiaHy camacbkl apTazbl OyibiMaap. CoHbIMEH KaTap,
MoubUKaLMS apKbLIbl TYTKbIPJIbIKTbI TOMEH/IETY KoHE TYpPaKTaH/bIPy OYUbIMAApAbl
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KaJ/IbIIITAY CaTbICBIH/JA MaTepUaaJapAblH, 6HIMAIIITIH )KaKcapTaabl, OHIMAIIKTI apTThIpaZbl
»K9He TO3y/ibl a3auTazpbl [8].

3epTTeyAiH MaKcaTbl OTaH/bIK LIWKI3aTThl MaWJajaHa OTBIPbIN, MOJUMEpJEpAi KoHe
oslapAblH ~ MoAudUKAIMANApblH  MaljasiaHa  OTBIPBIN, TYTKbIp MaTepuadap/blH,
cuIlaTTaMaJapblH }KaKcapTy 60JibIN TaObLIAbI.

Marepua/izap MeH 3jicTep

3epTTey HbICAaHbl: MaKaJjaja MoAudUKaTOp peTiHAe MoauMep - MoJUbUKalUsAIaHFAH
TYTKbIp MaTepHaJl, OUTYM — TYTKbIp KOMIIOHEHT KapacThIPbLI/BbL.

3epTTey 6apbICbiH/A TYTKbIp MaTepUas peTiHJe OUTyM/ibl a/1/iblK. BUTyM-MyHalAbl aliaay
NpoLeCiH/e aJIbIHFaH TYTKbIp, Kapa *oHe »Ka0bICKAK, 3aT. by/1 KypbLIbICTa, €H, alJbIMEH 01
»)KaObIHbI MEH LIATbIP aOblHbl YIIIH KeHiHEH KOJIJAHbLIATblH OpPraHUKaJbIK MaTepHall.
BuTtyM xkabblHAap/IbIH Cy 6TKi30eUTiHAIr MeH 6epiKTiriH KaMTamachI3 eTe/ji, COHbIMEH KaTap
achasnbT yuiiH >KesJqiM KOMIIOHEHTI peTiHZe KbI3MeT eTeli. BUTym - kemipcyTekTep MeH
OJIap/bIH a30TThbl, OTTEKTI, KYKIPTTI k9He KypaMblHJA MeTaJlI TYbIH/bLIAPbIHbIH, KOCIAChI
O0JIBINl TAaOBLIATBIH KAaTThl HeMece LIaublp TOpi3Ai eHiM. BUTYyM eTe KypZesi XWMHUSAJBIK
Kypamra ue. On CoH,o-naH C30Hg,-re aeliHri mekTi kKeMipcyTekTepaeH Typaabl (Kecte 3) [9-
10].

Ceri3 TypJi oTaH/bIK 6HIM (6UTYM) aJbIHBIN, OCblJIADMEH 3€PTTey *KYMbICTAPbIH >Kacal
casbIcThIpy *kyprizingi. MemCT 22545-90 60¥ibIHIIA )KOFaphl canajafbl MyHaH 0J1 OUTYMBbI
(M2>KB) 100/130 TaHpasbIHbIN ajblHAbL. KecTeme OUTYMHBIH 6acTanKbl KepceTKimTepi
kepceTiiireH. 3eptreyaepae 100/130 mapkasbl 6uTyMm Kosganbligbl: MXKB 1; MXKB 3; MXKB
4; M2KB 5; MXKB 6 (Kecre 3).

KecTte 3. BUTYMHBIH, 6acTanKbl KepceTKilTepi

KepceTkim / 6uTy™m MXB | MXB | MXb | MXKB | MXb | MXKb | M) KE6 | MXb

0 1 2 3 4 5 7
WHeHiH eHy 76,3 107,9 | 88,96 | 106,3 | 118,4 | 103,7 104,8 86,6
Tepengiri x 0,1
MM, 25°C

«CakuHa »kaHe J0I» 46,2 45,2 45,8 45,2 46,2 45,6 45,4 47
9/1ici 60HMbIHIIA
XYMcapTy
TeMnepartypachl, °C,
TOMEH eMec
CosnbLiy, 25°C 81,2 95,07 97,2 83 85,5 95,75 96,5 115,6
TeMIlepaTypa, TOMeH
emMec

Tepmonuiactuka petinge [1I1 HO30 Mapkasibl moJIMIIpONK/IeH KOJIAaHbLI/bL.
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Kecre 4. IloiunponuieHHiH cuaTraMmajaapbl

[1I1 [I1

HO030 H350
BasKkbIMaHbIH 6 TiMAIIIK KepceTkinri, r/10MuH 3,3 36,7
[lapTusa weringe eTIMAINIK KepCceTKilliHiH MaHJepiHiH Tapanybl, % apThIK, 4,6 8,4
eMec
Winy kesinperi cepnimainik moaysi, MIla, keM emec 1187 1083
Ymina 3aTTap/iblH MaccablK, yJieci, %, apThIK eMec 0,04 0,04
Co3sblay KesiHgeri eTimainik meri, MIla, kem eMec 33,0 30,4
OTiMAiJIK 11eri Ke3iHAeri caJbICTbIpMaJibl y3apTy,%, KeM eMec 11 10
Ty#ipikrep/iH MeJiiepi, MM 4,3 4,3
WicTiH KapKbIH/bLJIBIFbI, 6aJLJ, aPThIK eMeC 1 1

3epTTey OapbICbIHJA OTAaH/BIK 6HZIpyLIl KOMIAHUALAH TYWIpIIIKTep TYpiHJEe asbIHFaH
taza [l malgananbLigbl. Byn TanHgay mnosuMep MOAWQPUKATOPBIHBIH MilliHI MeH
TaOUFATBIHBIH, COHFbl OalJIaHbICTBIPFBIIITAPbIHBIH, KACUETTEPiIHE OH 9Cep €TTi. 910U 10y
MeH CbIHaKTap Heri3iHJe NoJUMepOuMTYyM/bl AaWbIHAAYy TEXHOJIOTHACHI xKacaiagbl [11, 12].
[TonrMepsii 6UTYM MexaHUKaIbIK apajacTbipFbiiineH 2000 aliH/MUH KblIAAMABIKIEH 2 CaFaT
6oibl JaWbiHfanaabl. 1-1,5 caraTt imiHzAe palblHAAAFaH Kocnasap HOTHXKe OepMepi,
NOJIMIIPOMNUJIEH TYHipUIiKTepi Kocnaja 6ipKeJsiKi epireH *ok, PP esnmemi 2-5 MM Tyipikrep
TYPiHA€e KOJIJaHbLIFaH, COHABIKTAH YaKbITTbl 2 caFaTKa JeWiH apTTbIpy TypaJsibl LIELIiM
KabbuigaHbl. ApajsacTelpy TeMmiepaTrypacbkl 165-175°C apasnbifblHZ@a cakTaaabl. Tasa
ouTymabl 165-175°C cyibIK Kyire aeuiH Kpi3ablpy Kepek. CoJaH KeHiH apaJjiaCThIPFbILITHI
KOCBII, Y3/1iKCi3 apasiacTbipa OThIPbIIN, 6ipTiHJAEeN NOJUNPONUIEH KOCbLIAbL. By TexHo0THs
KOCIaHbIH MapKacbl HeMece TYpi e3repreH af/jan/ia Ty3eTyAi KaxKeT eTe|.

WHeHiH eHy aici KbICBIMHBIH €HY TepeHJIriH eJilley apKblibl [IOJUMepJiep MeH pe3eHKe
CUSIKTbl MaTepHuaiAapAblH KYMCAKTbIFbl MEH CYHBIKTBIFbIH Oafasanabl. ASTM D5 xoHe
AASHTO T49 ctangapTTapsl eJjliey AdJ1Iri yuriH MaHbi3bl [13].

«CakuHa K9He J0Mm» dJici GUTYMHBIH, KYMCapTy TeMIepaTypacblH JONTbIH *XYKTeMeCi
acThIHAAFbl JedopMallMsaHbl eJilley apKblibl aHbIKTalbl. ASTM D36 >xoHe AASHTO t53
CTaHJapTTaphl OyJ npouecti petterai [14].

BUTYMHBIH, AyKTWJbJi 9/liCi OHBbIH HUKEMJiJiri MeH AepopMalUsICbIH CbIHFaHFa JeliH
CO3BUIYAbI 6JilIey apKblibl Oafrasanbl. baranay yumin ASTM d113 »xene AASHTO T51
CTaHJapTTapbl KoJJlaHbliaibl [15].

Ocpl kepceTisireH 3 afic 60MbIHIIA 0i3 TYTKbIp MaTepUAJbIMbI3/IbIH, KACHUETIH apTThIpy
6apbICbIHAA MOJMMeP MPOAUQUKALUACBIH KOCY apKbLIbl 3€pTTEY >KYMbIChbIH KacaJblK. EH
»KaKCbl aJ/IbIHFaH KOPCETKILITEpP TEXHOJIOTHUACBIH aHbIKTAY »KY3€ere acblpbLI/bl.

HaTwxkenepzi cTaTUCTUKaAJNBIK OHJEY 6OJIIIeHTeH NapaMeTpJepAiH OpKauChIChl VIUiH
opTalla MaH/EepAi, CTaHAAPTThl aybITKy/JapAbl )KoHe CEeHIM/iIK apa/jblKTapblH 6aFaJsay/bl
KaMTU/bl (eHy TepeHJiri, XyMcapTy TeMimepaTypachkl, co3buiy). [lapaniens esieysnep
JlepeKTep/iH A9UEKTIJIriH 6aFasiayFa )KoHe Ke3/IeMCOK KaTesiep/i a3auTyFa MYMKiH/iK 6epe/i.
JlepekTep/iH e3repriuITirin 6afajay yuliH CTaHAAPTThI aybITKyJ1ap, COHAAN-aK 3KCIIEPUMEHT
IapTTapblHbIH, 63TrepyiHeH TybIHAAFaH JKyWeJsik KaTesiktep ecentesneni. CeHiMAilik
apasbiKTaphbl (95%) nosuMnponuaeH KOHIEHTPALUSCBIHBIH NOJUMePJIi MoAUUKaLlUsIaHFaH
OUTYMHbBIH KacHUeTTepiHe acepi TypaJsibl CTaTUCTHUKAJbIK MaHbI3/bl KOPbITbIHAbLIAD YILiH
Heri3 60J1abl.
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HaTnxesiep MeH TaJIKblj1ay

Op6ip PP mapkace! yuiH maibI3/iblK, KaTblHAcChl 6ap apTypJii Kocnajap GMTYM Maccachbl
2,5%, 3%, 3,5%, 4% 6o¥libIHIIA JaHbIHAAIIbL.

HoTmxesnepai CTaTUCTUKANBIK OHJEY 6JIlleHreH MapaMeTpJepAiH, 9pKaWCbIChl YIIiH
opTalla MaHAep/i, CTaHapTThl aybITKYJIap/bl )KoHe CEHIMAJIK UHTepBalJapbiH 6aFaiayabl
KaMTblbl (eHy TepeHJiri, >KymMcapTy TeMIepaTypachl, co3blay). [lapaienb esieysep
JlepeKTepAiH KOHCUCTEHUSIChIH O6aFasiayFa XKoHe Ke3/leHCOK KaTesepi a3alTyFa MyMKiH/[iK
6epai. [lepekTep/iH 63reprilTirii 6afasay YIIiH CTaHAAPTTbl aybITKyJiap, COHAAW-aK
9KCIEepUMEHT IIapTTApbIHbIH, ©3repyiHeH TYbIHJAFaH >XKyHeJiK KaTeJIIKTep ecenTesesl.
CeHimginik apanblKTapel (95%) mosuMnponuyieH KOHLEHTPAUUACBIHBIH,  NOJHAMeEp-
MoAubUKalUsAIaHFaH OUTYM KacueTTepiHe ocepi Typasbl CTAaTUCTHUKAJbIK MaHBbI3/bI
KOPBITbIH/blJIapFa Heri3 60J1bl.

Kecrte 5. Butym MKB 100/130 xx9He III1 HO30 KocnacbiH 3epTTEy HITHKEAePpi

MXKB 100/130

100

97,5%

97%

96,5%

96%

I1I1 HO30

0

2,5%

3%

3,5%

4%

WHeHiH eHy

118,4

61,2

59,1

56,8

46,8%

Tepengiri x 0,1
MM, 25°C
«CakuHa xoHe
JoI» aJici
OGOMbIHIIA
KyMcapTy
TeMIlepaTypachl,
°C, ToMeH eMecC
Cosbuay, 25°C
TeMIlepaTypa,
TOMEH eMecC
[Tonumep 6UTYM
MapKachl

46,2 50 53,4 57 61,2

85,5 21,7 17,1 12,2 10,05

BMII-50/70 | BMII-50/70 | BMII-35/50

140
120 118 4
100

80

[¢]

60 6152

25

40

20

WHEHIH EHY TEPEHAITT 0,1 MM,

0 2,5% 3% 3,50%

[IIT HO30 KYPAMBI, %

4%

Cypert 1. III1 HO30 KypaMbIHa 6aiJIaHBICThI HHEHIH, €Hy TepeHAiri
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"CAKWHA KoHE /101" BOUbIHIIA
2KYMCAPTY TEMIIEPATYPACHI, °C, TOMEH

EMEC

70
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10

2,5% 3% 3,50% 4%
[TIT HO30 KYPAMBI, %

Cyper 2. I1I1 HO30 KypaMbiHa 6ail/IaHbICThI «CaKUHA K9He A0I» dici 60MbIHIIA XKyMcapy

90
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10

TeMnepaTypachl

2,5% 3% 3,50% 4%
[TIIT HO30 KYPAMBI, %

Cyper 3. Co3buiy Temnepatypacsi [II1 HO30 KkypambiHa 6aiijIaHBICTBI GUTYM MOJIUMeEpi

Temenge MeMCT caiikec moJIMMepOUTYM VIIiH CTaHAAPTTHI MaHAep 6episireH (Kecte 6).
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Kecre 6. [lo/iluMep6UTYM MapKaJjiapbl 60MbIHIIA CTAHAAPTTHI MIHAEDP

KepceTkimTep aTaybl [IMbB MapKacbIHbIH HOpMaChI CbIHaK a/liciHe
35/50 | 50/70 | 70/100 100/130 130/150 apHaJIFaH
I I1 I I1 HOPMAaTUBTIK

KY’KaTTbIH KOJbI

Herisri TasanTtap

1. UHeHiH eHy 35-50 | 51-70 | 71-100 101-130 131-150 | KPCT 1226
Tepeniri x 0,1 MeMCT 33136
MM, 25°C

2. «CaKMHa koHe 65 62 60 | 58 | 52 52 52 KP CT1227
JoI» 9ici 6oHbIHIIA MeMmCT33142
KYMCapTy

TeMIepatypachsl, °C,
TeMeH eMec

3. Cosblay, 25°C 15 20 25 | 28| 35 32 35 KP CT 1374
TeMIlepaTypa, TOMeH MemCT 33138
eMec

3epTTey apTypJii KOHIeHTpanusaapaa noaunponuieH (II1) KocyablH acepiH KepceTeTiH
nepekrtepai angbl (2,5%, 3%, 3,5%, 4%) MXKB 100/130 Mapka/jibl GUTYMHBIH MaljalaHy
KacveTTepiHe. MHeHiH eHy TepeHZIiri, »KyMcapTy TeMIepaTypachl >XoHe CO3bLIAYy CUAKTHI
Heri3ri napameTpJiep [1Il Ma3MyHbIHa 6alIaHBICTBI ©3Tep/i.

[lorunponujieH KypaMbIHbIH, YJIFAalObIMEH Tas3a OUTYyMJa HWHEHIH €eHYy TepeHJIriHiy
118,4x0,1 MM 4% IIIT ke3inge 46,8x0,1 MM JieliiH alTapabIKTall ToeMeH/leyi 6ailKana/bl. bya
MaTepyaJiblH KaTTbUIBIFbIHBIH, >KOFapblIayblH KepceTeZi, OyYJ OHBIH JKYKTeMere
TO3IM/iNIriHIH >KaKcapFaHbIH >KoHe WKeMJUIIKTiIH TeMmeHJeyiH pactaigabl (Cyper 4).
TemeHaeyiH *a/nbl TeHAeHIUSACH 6acka PP mapkanapsbiH 3epTTereH [9, 17] makasiasiap/a a
KOpCeTiJIreH.

ButyMapbl )xyMcapTy TeMnepaTypachkl Taza 6utyMm yiuiH 46,2°C-taH 61,2°C-ka apeiin 4%
KocbliFaH [Il-ge antapsbiKkTak apTtazbl. bys ecy OUTYMHBIH TEPMUSJIBIK TYPaKThIJIbIFbIHBIH,
»KaKcapFaHbIH KepceTe/i, 6y/1 OHbI XXOFaphbl TeMIepaTypa KaFJalblH/a KOJIJJaHyFa bIHFANJIbI
etefi (Cypet 5). Cost CHSIKTBI )XyMcapTy TeMIlepaTypachbIHbIH, XKOFapblaaybl 4% - aH acTaMm
Kocbipbl 11 ke3ge [9, 17].

BUTYMHBIH CO3bLIYybl, KepiCiHlle, NOJUNPONUIEHHIH MaKCUMaJAbl KOHLEHTPaLUACbIHAA
Tasa 6utymza 85,5 cM-zaen 10,05 cM-re feliH alTap/ablKTal TeMeHaenAi. Bys MmaTepuanabiy
MKeM/Ii/iriHiH TeMeHJeyiH KepceTe/i, OyJl OHbI KOFapbl AedopMalysibIK KablIeTTi KaxeT
eTeTiH aFAalapa KoaJaHyasl mekteyi MyMkin (Cypet 6).

AnpiaFaH nonuMepout Kocnasapsl I 2,5% xane 3% koHnentpauusceinga [IMbB -50/70,
an 3,5% xaHe 4% koHueHTpaunusceiHga [IMB-35/50 peTtinge xikrenai [16]. BpenaTiy 6y
e3repyi MOJIMIPONUJIEHHIH OWTYMHbIH 6HIMJiJiriHe aWTapJbIKTal acepiH pacTaufpbl, OyJ
OHBIH, KaCUeTTEpPiHIH KaKcapyblHa dKeJeai.

Hoatmxenepnai cratuctukasnslk eHzaey 7 Kecresne kenTipijirex.
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Kecre 7. HoTHxKeiep/i CTaTUCTUKAJIBIK, OHAELY

Ne [TapameTp Opraia MaH CtanZapTThl CeHiM apaJibIFbl
aybITKY (95%)

1 | WHeHiH eHy TepeHairi x 0,1 59,1 Oprama Opraiia

MM, 25°C apuPpMeTUKAJbIK | apruPMeTHUKAIBIK
MaHHiH 4% MoHHIH 6 %

2 «CakuHa xoHe JoI» 9ici 53,4 1°C 1°C
GOMBIHIIA XXYyMCAPTY
TeMneparypachl, °C, TeMeH
eMec

3 | Co3blay, 25°C Temmepatypa, 17,1 1cMm 2 cM
TOMEH eMeC

CTaTUCTUKAJBIK JepeKTepi eHAey HeridiHAe uHeHiH eHy TepeHairi 25°C (59,1 x 0,1 MmM)
opTalia MoHHeH 4% aybITKybl 6ap, aJ CEHIMAIIK apabiFbl 6% Kypaibl. "CakyiHa *oHe Jom"
aaiciMmeH xkyMcapTy TemnepaTtypachl (53,4°C) 1°C ceHiMi/TiK UHTEpBa/IbIMEH CTaHAAPTThI 1°C
aybITKyFa He, 6yJ1 HOTHXKeJep/liH »oFapbl KaluTasmaHyblH KepceTei. 25°C (17,1 cm) co3bLiy 1
CM aybITKybl 9He 2 CM CeHIMJAiJiK apaJiblFbl 6ap opTalla e3repriliTikTi kepceTefi. Bya
JlepeKTep 3epTTeJIeTiH MaTepyalAblH KaCUeTTepiHiH TYpaKThlIbIFbIH KepceTel.

HoaTuxkenep mnosaunponuneHfi OUTYyMFa KOCY OHbIH KacueTTepiH aWTapJbIKTau
©3repTeTiHiH, TEPMHUAJNBIK TYPAKTBUIBIKTBl KaKCapTaTbIHbIH >9He MaTepUaJl/blH
KaTTbLIBIFbIH apTThIPAaTbIHBIH KepceTeAi, Oy »KoFapbl TeMIepaTypa MeH KapKbIH/bI
Y)KYKTEMe KaFJalblHJla KOJIJaHy YIIiH NaWgaabl 60Jiybl MYMKiH. Asaifia, CO3bLIY[AbIH
TeMeH/leyi MyHJal MaTepuaaAapZbl KOFapbl UKEeMJIJNIKTI KaXeT eTeTiH CYbIK KJUMaTTa
KOJJaHyAbl LIeKTeyi MyMKiH. Ocbliaiima, OWTyMJafFbl MOJIMIIPONUJIEHHIH, OHTAWUJbI
KOHILIEHTPAaLUSACBIH TaHJAy HAKThl XXYMBbIC KaFJalapblHa K9He COHFbl OHIMIe KOMbLJIATbIH
TaJlanTapra 6anlaHbICThI.

KOpBITBIHABI

Kyprizinren 3eptrey nonaumepsi Kocnanapapbl, acipece Il KonaHy 6epiKTiK, bICThIKKA
Te3iMAiNiK koHe AedopManygra TO3IMIIIK CUAKTbI OUTYMHBIH, HeTri3ri cMmaTTaMasapbliH
auTapJIbIKTal KaKcapTaTblHbIH KepceTTi. KazaKcTaHAbIK LIMKI3aT Heri3iHJe NOJUMepJi-
MoaudUKalMsAJaHFaH OWUTYM 6HJIpiciHiH 93ipJieHreH TeXHOJIOTUSICbI MaTepHuasjblH,
nanjajaHy KacHeTTepiH »KaKcapTyAbl FaHa eMecC, COHbIMEH KaTap eHJipiCTiK mpouecTtepai
OHTaMJIaH/bIpa OTBIPHII, TAaCbIMaJI1ay XKOHE 3HEePrUsl TYThIHY WIbIFbIHAAPbIH a3aUTyFa bIKIIAJ
eTeni. OcblIalila, YChIHBIIFAH TEXHOJIOTHS YKOJI »KaObIHJApPbIHbIH, CallacblH >XK9He 6HipAeri
OHJAIpiC THIMAINIriH apTThIpy VIIiH MNepCneKTUBaJbl WIelliM O6OJbIl  TaObLIA/bI.
[TonunponueHHiH 6acka COpPTTapblH 3epTTey OaFbITbIH/A >XYMbIC >KaJFacajbl, COHbIMEH
KaTap KalTajsaMa noJiMuMepJiepAi nanaajsany KapacTblpblaa/ibl.

Anreic auTy: Bbyn 3eprreyai Kasakcran Pecny6sinmkackl FeuibIM 2koHe KOFapbl 6iiM
MUHUCTPJIITIHIH FbIIBIM KOMUTETI 6aFrAapJ/iaMaliblK-HbICaHA/Ibl Kap»KblJIAHABIPY LIeH0epiHje
KapxbliaHgbipaZbl (NeBR21882278 rpantel «Kasakctan Pecny6uinkacbl Kypbliablic, o0Ji-
KYPBIJIBIC CEKTOPBIHBIH, aKKpPeJUTTeJIIeH KbI3MEeTTEPiHIH TOJIBIK LUMKJIIH KepceTy OOMbIHILA
KYPBLIbIC-TEXHUKAJIbIK MH)KUHUPUHITIK OPTaJIbIK KYpy»).

Myaaesep KaKTBIFBICBI: Makasa aBTOpJiapbl OCbl  3epTTey/iH HaTHXKesepi MeH
KOPBITBIH/bLJIAPBIHA 9Cep eTeTiH MyAJe/iep KaKThIFBICHI )KOK eIl MaJIiMAeH .
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ABTOp/IapAbIH KOCKaH yJeci: A.b. Hyprabbli — 3epTTey KYpri3y Ke3iH/e KeMeK KepcCeTy,
MaKaJla MOTIiHIH a3y, 3epTTey HoTHxXeJsepiH TajkblLiay. A.F. CbI3[bIK - 3epTTey Xyprisy
Ke3iHJle KeMeK KepceTy, MaKaJla MOTIHIH a3y, 3epTTey HoaTWXeJsepiH Tankeuiay. K.
CeiliTeHOBa - 3epTTeY/iH HETi3ri MaKcaThl MeH OaFbIThIH d3ipJjey, peaKLUsijiay }KoHe TY3eTy.
P.M. /lrocoBa - 3epTTey Kyprisy, AepeKTepAi »KHUHAy oHe TaJjfay, 3epTTey HITHXKeJepiH
TasiKkbLiay. @. XoLHOY - 3epTTey HOTHXKeJEePiH TajKbliayFa KaTbicThl. A.E. /PxekcembaeBa -
Kap>XKblJIbIK KOJ1Ay /bl KAMTaMachl3 eTy.
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TexHoJIOrUA yay4YlIeHHe XapaKTePUCTUK BSHKYIIUX MAaTE€PHA/IOB C HCI0/Ib30BaHUEM
MOJIMMEPOB U UX MoAUPUKaALM I

AHHoOTanusa: B 3Toi cTaTbe paccMaTpUBaeTCsl HCHNOJIb30BaHUE MOJUMEPHOM [J06ABKH [iJis
yJIy4LIEHUS] XapaKTEPUCTUK 6uTyMa. [loiMMepbl UTPalOT peliaIlyo poJib B OBBILIEHUH TPOYHOCTH,
TEPMOCTOUKOCTU U XUMUYECKOHW CTOWKOCTU BSIBKMX OUTYMOB. llesibio ucc/ieOBaHUS SIBJISETCS
yaydllieHHe XapaKTepPUCTUK BSXKYU[MX MaTepuasJoB C HCIOJb30BaHWMEM IOJUMEPOB U HUX
Moudukanuii. Takxke B CTaThe MpeACTaB/JeHa NPUHIMIINAIBHO HOBasi TEXHOJIOTHSI MPOU3BO/CTBA
MOJIMMEPHO-MOAUPUIIMPOBAHHOIO OUTyMa W3 CbIpbsl Ka3aXCTAHCKUX HPOU3BOJAUTENENH OJHOTO
peruoHa M, Kak CJIeJiICTBUEe, OpraHu3anus MPOU3BOJCTBA B OJHOM pEervoHe, CIOCOGCTBYHOIAs
CHIDKEHHIO 3aTpaT Ha TPAHCIOPTUPOBKY CbIpbsi M T'OTOBOM MHPOAYKIMH, YTO, B CBOK OYepeb,
NPUBOJUT K CHIXKEHHIO 3HEPronoTpeb/ieHUsI U ONTUMU3ALMU 06IIeNPOU3BO/ICTBEHHbBIX NPOLECCOB.
Pe3ysbTaThl UCC/Ae[0BaHUS MOKA3bIBAIOT XOPOLIYI AWHAMHUKY MOBBILIEHUS] MPOU3BOJUTENbHOCTU
JIOPO’KHOTO GUTYMA C UCIIOJIb30BaHUEM TOJIUITPOTHJIEHA.

KiroueBble c/10Ba: TEXHOJIOT S, BA3KHE MAaTEPHaJIbI, TOJIUMEPHI, TOJUIPOTHJIEH, GUTYM.
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Technology to improve the characteristics of binders using polymers and their
modifications

Abstract. This article discusses the use of a polymer additive to improve the characteristics of
bitumen. Polymers play a crucial role in increasing the strength, heat resistance and chemical resistance
of viscous bitumen. The aim of the study is to improve the characteristics of binders using polymers and
their modifications. The article also presents a fundamentally new technology for the production of
polymer-modified bitumen from raw materials of Kazakhstani producers in one region and, as a result,
the organization of production in one region, which helps to reduce the cost of transporting raw
materials and finished products, which, in turn, leads to lower energy consumption and optimization of
general production processes. The results of the study show a good dynamics of increasing the
productivity of road bitumen using polypropylene.

Keywords: technology, viscous materials, polymers, polypropylene, bitumen.
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AHamm3 gemorpaduyecKol EMKOCTH TEPPUTOPUHU ropoaa AcTtaHa
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AHHoTauusa. OnpefeneHue feMorpaduyeckoid EMKOCTU B KPYNHBIX
ropojiax pecnyobJMKaHCKOr0 3HayeHUs] W  O0O6JIaCTHBIX IeHTpax
nprobpeTaeT BCE GOJIbIIYIO 3HAYMMOCTb B YCJAOBUSAX UHTEHCUBHOTO
poCTa ropo/iCKOTro HacesieHUs. B ycioBUsAX ypb6aHU3alMU U yBeJIUYEeHHUs
IJIOTHOCTH HACeJIeHWs], BONPOChl ONTHUMAJbHOTO pacnpejesaeHus
pecypcoB M BO3MOXHOCTeM i1  NpPOXKHMBAaHUA  CTAHOBATCS
nepBooYepeHbIMA  33JjadaMHd  TOpPOJICKOTO  IJIAaHUPOBAHUA U
ynpaBJieHUS.

B pamMkax HacTtosleld paboOThl NpoBeJeHa JeTajibHasg OIlleHKa
JfieMorpaduieckoi EMKOCTH ropo/ia ACTaHa, yYUThIBalOIas OKa3aTeau
Ha/IMYUs TEPPUTOPHUH, BOAHBIX U peKpealjMOHHbIX pPeCYypCcOB, KOTOpPbIe
WUTpalOT KJIIOYEBYH pOJb B 00eCne4eHUH YCTOMYMBOTO pPa3BUTHUA
rOpoOJICKUX MNpocTpaHCcTB. OmnpefesneHue aeMorpapuyeckod EMKOCTH
OCYLIeCTBJISIJIOCH Ha OCHOBe KOMILJIEKCHOTO aHajJu3a NPUPOJHBIX U
3KOHOMHYECKHMX  (QaKTOpOB, KOTOpble  MNPEACTaBJAKT  COOOH
dyHiaMeHTa/libHble YCJOBUSA [Ji1 obOecnedyeHUsl KU3HeJeATEeJSbHOCTHU
HacesJieHHS. BaXKHBIM aclieKTOM JaHHOTO MCCIeJOBAHUS CTalI0 U3yUYeHUe
rpaHul, JONYCTUMOUN aHTPONOTeHHOW HAarpy3Ky Ha TOPOJCKUE Pecypchl,
YTO [N03BOJIWJIO BBISIBUTDb NOTEHIHAJIbHbIE YTPO3bl U PUCKH, CBA3aHHbIE C
NpeBbllIEHUEM JOMYCTUMBbIX HOPM.

AHanv3 nokasbIBaeT, YTO B psJie Cay4yaeB AeMorpadpuieckass EMKOCTb
TEPPUTOPHUU YXKe LOCTUIJIA NMpeJie/IbHbIX 3HAa4YeHUU WM OJIM3Ka K UX
NpEBBIIEHUIO B OJIMKalllled MepcrneKkThBe. ITO TpebyeT MNPUHSTHUSA
CPOYHBIX Mep 0O ONTUMHU3ALMU MCIOJb30BaHUS PpPECYPCOB U
MUHUMU3ALUMU  HEraTUBHOTO  BO3JeWCTBUA  ypbOaHM3aLMKM  Ha
OKpy»Karlyto cpeny. B paboTe 0co60 nog4yépkuBaeTcss He0O6X0JUMOCTb
BHEeJIpEHUs] pecypcocOeperawiiux TeXHOJIOTUH, KOTOpble MO03BOJIAT
CHU3WUTb HAarpysKy Ha MNpPUPOJHBIE DPecypcChbl, a TaKKe pa3BUTUSA U
MOJIEpHU3alMU TOPOJCKOW UHQPPACTPYKTypbl JJsg obecrnedeHUs
KOM@OPTHOI'0 U yCTOMYMBOI0 MPOKMBAHUS FOPOKaH.

Takum o06pasoM, HccaeOoBaHHWE MOJATBEPXKAAeT HE0O0XO0JUMOCThb
KOMILJIEKCHOTO MO0/X0Ja K IJIAHUPOBAHUIO TOPOJCKOTO pPa3BUTHS, C
Y4ETOM TeKyIIUX U OyAylux AeMorpaduyecKUX M3MeHEeHUH, a TaKxke
BaXKHOCTb CTpaTeruyecKUX pelleHUl, HalpaBJIEHHbIX Ha COXpaHeHHEe
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BBeaeHue

[Ipu M3y4yeHHUU HaceJIeHHS C TOUKHU 3peHUs1 IKOHOMUYeCKOW reorpaduu ocoboe BHUMaHUE
yAeJisieTCsl ero pachnpejiejieHulo, MOCKOJbKY OHO WUIpaeT KJIKYEBYIO pOJib B NMOHUMaHUU
JIUHAMUKW Pa3BUTUSI PA3JIMYHBIX PErdoHOB. PacnpejesieHue HacesieHUSI TECHO CBS3aHO C
OPUPOJAHBIMU U IKOHOMUYECKUMU YCJOBHUSIMH KOHKPETHOW TEepPUTOPUH, KOTOPbIe MOTYT
BKJIIOYATh B Cebs JOCTYNMHOCTb HPUPOAHBIX PECcypcoB, KJUMATHYeCKHMe OCOOEHHOCTH,
KauyeCTBO MOYB, HAJIMYKUeE BOJAHbBIX HCTOYHHUKOB, a TaKXKe 9KOHOMHUYECKYI0 UHPPACTPYKTYpPy U
TPAHCIOPTHYIO AOCTYMHOCTh. ITU PAKTOPbI 0KAa3bIBAIOT CYIlleCTBEHHOE BJIMSHHE HAa YPOBEHb
KOHLIEHTpAllMU HaceJeHUs] B OMNpe/ieIEHHBIX pPeruoHax CTpaHbl, C03/aBas yCJAOBUSA AJs
dbopMupoBaHUs JeMorpadpuiecKkux LeHTPOB U nepudepuilHbIX 30H. Takoe pacnpeziesieHue
NPUBOJAUT K HEOOXOAHMMOCTU IMpPOBEAEHUs HaAy4YHbIX HCCJAeJ0BaHUM, HaIlpaBJIeHHbIX Ha
omnpejesieHUe MpeAeSbHOTO KOJUYEeCTBa JIIOJeH, KOTOpoe MOXeT NPOKHBATh HA JIAHHBIX
TeppUTOpPHUSAX Oe3 yliepba JJisl KauecTBa )KU3HU U YCTOMYUBOCTH OKpPYKaroliel cpeabl. ITOT
Ipoliecc U3BECTEH KaK OIlleHKa JieMorpadpuiyecko éMKOCTH TePPUTOPHH, U OH BKJIIOYAET B
ceb6s1 KOMIUIEKCHbIM aHalu3 pas/MyHbIXx (aKTOPOB, BJMUSAKIHUX HAa BO3MOXHOCTb
noAJepKaHUsl KU3HeJesITeJIbHOCTU HacesieHUs. B mponecce pacuérta gemorpaduyueckout
€MKOCTU CTpaHbl BaKHeHlllee 3HAaYeHUE HMEIT 3eMeJibHble, BOJAHble U peKpealMOHHbIEe
pecypchbl. 3eMesibHbIe PeCypchbl ONpeAessioT AOCTYIMHOCTb TEPPUTOPUHN [Js 3acesieHUs U
BeJleHU S CeJIbCKOX035IMCTBEHHOU eATeJIbHOCTH, B TO BpeMs KaK BO/JHblE PECYPChI SIBJSAIOTCS
OCHOBOM /111 06ecreyeHUs1 HaceJeHUsI MUTbeBOM BOJIOM, a TaKKe JIJIs1 CEeJIbCKOT'0 X031 CTBaA U
IPOMBILLJIEHHOCTU. PekpealMoHHble pecypcbl MrpalT BaXXHYH poOJib B NOAAEpPKaHUHU
3/10pOBbsl U 0JIarOMOJIy4YMUsl HaceJIeHMs], NMPeJOCTaBJisiss BO3MOXKHOCTU JJisl OTAbIXa U
BOCCTAHOBJIEHUSI CUJ. TakuM 06pa3oM, wucciefoBaHUe JeMorpapuyeckor EMKOCTH
TEPPUTOPUMU TO3BOJISIET OLEHUTb BO3MOXXHOCTU YCTOMYMBOTO pPa3BUTHUS PErHOHOB H
HaMEeTUTb CTpPaTeruyeckre HalpaBJeHUs /51 ONTUMaJbHOTO UCI0JIb30BaHUs NPUPOJHBIX U
3KOHOMMUYECKUX PECYpCOB, YTO B KOHEYHOM HTOTE CIOCOOCTBYeT COAIAHCUPOBAHHOMY U
rapMOHHWYHOMY Pa3BUTHIO BCEX CTpaHbl [1].

Cnoco6HOCTb TEPPUTOPUU PA3MECTUTh HaceJieHHe C Y4YETOM pas/M4yHbIX (GAKTOPOB
Ha3biBaeTcsd e€ Jgemorpaduyeckoil €EMKocTbio (TepMUH Obu1 BrnepBble BBenéH II. II.
CeMméHoBbIM-TsaHb-1llaHCKMM). 3JTa EMKOCTb ONpeJessieTci Ha OCHOBe JOCTYHNHOCTHU
3eMeJIbHbIX PecypcoB, BO/ibl, pab04YUX MECT, 30H OT/AbIXa U 6JIarONPUSTHBIX 3KOJOTHYECKUX
YCJIOBUM, KOTOpble NOAJEPKUBAIOTCA M YJAydIIAOTCA cO BpeMeHeM. KosiMuecTBeHHOe
3HayeHUe JeMorpadpuueckorl EMKOCTH MOXXeT HU3MEeHSTbCS C TedeHHeM BpeMeHH. [Ipoie
roBops, AemMorpaduyeckasi EMKOCTb OTPaXKaeT, KaKoe KOJIMYeCTBO JII0J el MOXKeT MPOXKHUBATh
Ha JIAHHOW TEPPUTOPHHU, COXpaHssl €€ TeKyllee COCTOSIHWE U MOTeHLHaN AJs 6yayllero
pasBuTu4 [2, 3].

B HekoTopbIX pailioHax JAeMorpaduyeckass EMKOCTb 3HAYUTEJNbHO IMpEBbILIIEHA, YTO
NPOSIBJISIETCS KaK B OTHOCUTEJbHOM IepeHace/JeHUH, TaKk U B abCOJIOTHOM H30OBITKE
HaceJIeHUS. DTO 0O3HAYAET, YTO KOJIMYECTBO JIIOZeH, MPOXKUBAIOIIMX HA IaHHBIX TEPPUTOPHUSX,
3HAYUTEJbHO TPEBOCXOJUT CIHOCOOHOCTh MECTHBIX pecypcoB U HHPPACTPYKTYpPhI
ob6ecrnieduBaTb KOMPOPTHbIE YCJI0BUS KU3HU. B pe3ysibTaTe, BbICOKAs MJIOTHOCTh HAceJeHHUSs
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IPUBOJUT K IEeJOMy psAy NpoO6JeM, KOTOpPble YCAO0XKHSIOT COLHaJIbHO-IKOHOMHYECKOE
pa3BuTHe pervoHa. HegocTaTok 3eMsM OrpaHUYMBAET BO3MOXKHOCTH JJII CTPOUTENbCTBA
HOBBIX YKHJIBIX U KOMMEPYECKUX 06'bEKTOB, UYTO B CBOIO 04epe/ b MPUBOAUT K POCTY CTOUMOCTH
HEJJBUKMMOCTU U CHIDKEHHUIO JIOCTYMHOCTH >KWJbs JAJI HaceseHHs. HexBaTka BOJHBIX
pecypcoB o60cTpsieT Npo6JieMbl BOJOCHAOXKEHUS, YTO 0COOEHHO KPUTUYHO B PETMOHAX C yKe
OTPpaHUYEHHBIMHM 3amacaMyd MNpecHOW BOAbL JepuuuT pabouynx MeCT BbI3bIBAET POCT
6e3paboTHUIbl, YTO YCYryOJisieT 3KOHOMUYECKYI0 HEeCTaOWJIbHOCTb M MOBbIIIAET yPOBEHb
O0efHOCTH cpeAyd HacesjeHUs. IJTH GAKTOpPbl CO3JAIOT OJIATONPUATHYIO TOYBY JJIs
BO3HUKHOBEHHSI PA3JIMYHBIX COLUAJbHBIX MpPOOJEM, TAaKHX KaK POCT MPECTYMHOCTH,
yXyJALIEHHEe 3/10pOBbsl HacesJeHHs H3-3a HeOJIaronpUsATHBIX YCIOBHM KHU3HHM, A TaKKe
YyCHUJIEeHHUE COLMJIbHOW HANpPSKEHHOCTU M KOHQJIMKTOB MEX/JAy Pa3/IMYHBIMH TPYIINaMH
HaceJleHUs1. B yc/loBUAX MepeHace/eHUs] TaKXe CTPaZaeT IKOJIOTHYeCKas O6GCTAHOBKA:
YXy[LIAaeTcsl KayecTBO BO3/yXa W BOJbI, YMEHBIIAITCSA 3eJ€HbIe 30HbI, YTO HETaTUBHO
CKa3bIBaeTCs Ha 001[eM YPOBHE )KU3HU U 3/J0POBbe HacesieHUsl. TAKMM 06pa30M, IpeBbIIIEHH e
JfieMorpadpuiecko EMKOCTU TEPPUTOPHUU BeJET K LIeMHOM peaklLUH, BJeKylled 3a co6oiu
HeraTUBHBIE MOC/IE/[CTBHS, KOTOPbIe MOTYT YyTPOXKaTh YCTOMYMBOMY Pa3BUTHIO peruoHa. /s
CMATYEHUS 3TUX MPOOIEM HEOOXOAUMO MPUHUMATh MepPbl 10 ONTUMHU3ALUH HCIO0Ib30BaAHUS
pecypcoB, yaydlleHHI0 HWHPPACTPYKTYpbl W INepepacnpe/ieieHHI0 HaceJeHUs C IeJIblo
CHM)KEHHUS Harpy3KH Ha HauboJiee epeHaceéHHbIe pAaHOHBI.

Bbicokasi TMJIOTHOCTb HaceJeHUs OTPUIATENbHO CKa3bIBaeTC HA 3KOJIOTHYECKOU
06CTaHOBKE TEPPUTOPUM H3-32 YCUJIEHHOrO AHTPONOreHHOTO0 BO3JelcTBUA. B Takux
YCJIOBUSAX YXYAIIAKOTCSI CAaHUTAPHO-TUTMEHUYECKHE YCIOBHS, YTO 3HAYUTENbHO MOBBIIIAET
PHCK pacmpocTpaHeHUs] WHQEKIUOHHBbIX 3abosieBaHUU. Kpome Toro, TeppuTopHaibHOE
pacnpeziesieHHe HaceJeHHs] NMOKa3bIBAET, KAK OHO pacmpezesiseTcs MeX/y TOPOACKHMH H
ceJIbCKUMU pailoHaMH [4, 5].

Jlemorpadudeckass EMKOCTb TEPPUTOPUU — ITO MpeJesibHOe KOJUYECTBO J0/el, KOTopoe
MOXKET IMPO’KUBATh HAa IaHHOU TEPPUTOPHHU NPU 33/IaHHBIX YCJIOBUAX 6€3 CHUKEHU S KayeCTBa
’KMU3HU M HEraTUBHOIO BJIUSIHUS Ha OKpyXamwllyto cpeay. s oueHkd Jemorpadpuveckoi
€MKOCTHU TOPOJCKUX TEPPUTOPUNA MOTYT NMPUMEHSATbCS pa3/iMuHble METO/bl, B 3aBUCUMOCTH
OT JOCTYNHBbIX JaHHbIX W LeJed HccaefoBaHUs. AHaiu3 JeMorpadpuyeckoll EMKOCTH
BBINOJIHSIET OOJIBLIYI0 U BaXKHYI0 POJib B IJIAHUPOBAHUU YCTOMUYUBOTO Pa3BUTUS FOPOJACKUX
TEPPUTOPUH U NIPeAYIIPEKAEHUS YpE3MEPHOT'0 AaHTPONOTEHHOTO BO3/J€eCTBHS HAa TOPOJCKYIO
3KocUcTeMy [4].

[opos, AcraHa, kak croauua Pecny6svku KasaxcraH, sB/ASOUIMNACA —T[VIaBHBIM
HOJIMTUYECKUM, 3KOHOMUYECKUM, KYJBTYPHBIM U HayYHbIM LIEHTPOM CTPaHbl, UCOBITbIBAET
3HAYUTEJbHBIH POCT YHUCJEHHOCTH HacesJeHUsi B TMoOcJeJHUe roAbl. B cBorwo ouepejb
yBeJIMYEHUEe HaceJeHUs NPUBOJUT K T[OBBIIIEHHOM Harpyske Ha BHYTPEHHIOIO
MHPPACTPYKTYpy U NPUPOAHBbIE Pecypcbl ropoja W NPUTopoJHON 30HbL. HccienoBaHus
JieMorpadpuiecko €MKOCTH Yp6aHU3UPOBAHHBIX IIEHTPOB KaK ropoJi ACTaHa, SIBJSIOTCS
HECOMHEHHO BaOXXHBIMU MPeANOChIIKAMU AJis1 3G eKTUBHOIrO IJIAaHUPOBAHUSA U 06ecriedeHust
YCTOWYHMBOTO Pa3BUTHS FOPOJCKON TEPPUTOPHUH.

MaTepHaJIbl 1 MeTOoAbl

O06'BbEKTOM HCC/IEJOBAHUS SIBJISIETCS TEPPUTOPUS ropoia ACTaHbI, MPeCTaBJSOAsA CO60H
CJIOXKHYI0 M MHOIOTPAHHYI0 INPHUPOJHO-TEXHOTEHHYI CHUCTeMy. JTOT COBPEMEHHbIH U
KPYIHbIN MeramnoJivc siBJsIeTCS HE TOJIbKO IEHTPOM COLIMaJbHO-3KOHOMHUYECKOW aKTUBHOCTH,
HO U CJIYKUT MPUMEPOM B3aUMOZIEMCTBUS 0011leCTBa U MPUPO/AbI B YpO6AaHU3UPOBAHHOM cpe/ie.
B Takux ropojiax, Kak AcTaHa, noj/iep>kaHre 3KOJIO0TUUYECKOro 6ajlaHCca SBJSETCS KJIHUYEBbIM
baKTOpPOM YCTOWYUBOI'0O PAa3BUTHUSA U 6JIAr0ONOTYYHs] MECTHOT'O HaceJIeHUSI.
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[IpupoHO-TeXHOTeHHass CUCTeMa ropoja AcTaHa BKJK4YaeT B cebf He TOJIbKO
MHPPACTPYKTYpy M 3[jJaHUs, HO U NPUPOAHble KOMIIOHEHTHI, TAKHe KaK BOJOEMbI, 3eJieHble
HacaXJeHUs U aTMocdepa U MHOro Apyroe. BsaumojeiicTBre BCeX 3TUX NPUPOJHBIX U He
IPUPOJHBIX KOMIIOHEHTOB OIpeZiesisieT 0011y YCTOMYUBOCTb 3KOCUCTEMbI, KOTOpasi 3aBUCUT
OT MHOTUX (paKTOpPOB, B TOM 4YMCJIe U OT 3KOJIoruyeckoro 6anaHca. Ilog skosoruyeckum
6a/laHCOM TOHHMMAeTCs COCTOSIHME, MPU KOTOPOM MCII0JIb30BaHME NPHUPOJHBIX PeCypcoB
rOpPOJICKUX TEPPUTOPUHN He NPUBOJUT K UX UCTOLIEHUIO U Jlerpajlaliii OKpyKarlieil cpe/bl.
JTO COCTOsIHMEe TMOJJlep>KUBaeTcsl 3a C4eT TIPaMOTHOIO VYIpaBJeHUs pecypcaMud H
MHUHHMMU3allM1d HETaTUBHOTO BO3/1€MCTBUS YeJI0BEYECKOU 1esITeIbHOCTH Ha 9KOCUCTEMBI.

OfHUM M3 KJHO4YeBbIX (PAKTOPOB YCTOMYMBOCTU NPUPOJHO-TEXHOTEHHOHN (TOpOJCKOM)
CUCTEMBI fIBJIsIeTCA leMorpadpuieckass eMKOCTb TEPPUTOPHHU. [JaHHBIN OKa3aTeslb OTpaXKaeT
MaKCHMaJIbHO€e KOJIMYEeCTBO JIIO/lel, KOTOpOe MOXKeT NPOKUBATh Ha IaHHOU TeppUTOpUM 6e3
YXYALIEHUs1 YCJIOBUM CYlLIeCTBOBAaHUS U 6e3 GO0JIbIIOT0 MCTOLEHUS NPUPOJHbBIX PECYPCOB.
Jlemorpaduyeckuii MNOTeHUMa/l Ha MOPSAMYyl 3aBUCUT OT CIOCOOHOCTH HaceseHUs
obecrnieuuBaTh cebs1 HEOOXOMMbIMHU CPeICTBAaMU CyleCTBOBaHHUSA, TAKMUMH KakK MHUILA, BOJA U
KWJIbe, HCIOJIb3ysl pecypcbl, HMewldecs B IMpejesax TOPOACKOW TEPPUTOPUHU.
Jlemorpaduyeckuil MNOTeHIMaJ TeppUTOPUM TropojAa AcCTaHbl HANpPSIMYH0 3aBUCUT OT
3pPeKTUBHOCTU NOTpe6JIeHUs] NPUPOAHBIX PECYPCOB KaK BHYTPEHHUX TaKU BHEIIHUX
(mpuropofiHbIx). ITO 0O3HAYaET, YTO YeM 3PpdeKTUBHEE UCIOJIb3YIOTCS JJaHHblIE PECYPChl, KaK
BO/I3, [104YBa U Jieca, TeM 6oJiblile JI0Aeld MOryT KOMGOPTHO NMPOKUBATh HA 3TON TEPPUTOPUH.
JddekTuBHOE ynpaB/ieHHe TaKMMU pecypcaMy MO3BOJIAET YBEJUYUTb JeMorpadpuyeckuit
HOTEeHIMaJ FOPO/a, YTO OYEHb BaXKHO B YCJIOBUSAX OBICTPOr0 pOCTa FOPOICKOT0 HAaceJeHHUs.

BaxxHbIM akTOpoM sBJsETCS, YTO JieMorpadpudeckass Hecyljass CIOCOOHOCTb SIBJSETCSA
OpsSAMbIM [IOPOTOM /IJIS1 ONIpe/ieJIEHUs 1[e1eCO0OPa3HOCTU UHTEHCHUPUKALIMU UCI0Ib30BaHUA
KaK 3eMeJibHblX, TaK U BOJHBIX, JIECHbIX PecypcoB ImpuJerarwuieil Tepputopuu. Eciau
JieMorpadpudeckass Hecylass CHOCOOHOCTb [JOCTUraeT oO6llero Imnpejesaa, He0O6XOJUMO
TIIAaTEeJbHO NPOAYMbIBAaTh MOCJAEJACTBUS JajbHeHIlero pacliMpeHuss U yBeJUYeHUs
MCII0JIb30BaHUs TMPUPOAHBIX pecypcoB. [IpeBblllleHHME 3TOro Mopora HeNocpeACTBEHHO
NPUBEAET K Jerpajlaliu 3KOCUCTEM ropojia, YXYALIeHUI0 KayecTBa KU3HU HacejieHUs U B
11eJIOM K MacIITa6HbIM 3K0JIOTHYECKUM KPU3HUCaM.

Takum o6pa3oM, HcciejoBaHHE TEPPUTOPUU TOPOJCKOM cpesbl ACTaHbl B KOHTEKCTe eé
JeMorpadpuveckol €EMKOCTH M YCTOWYUBOCTU NPUPOJHO-TEXHOTEHHOM 3KOCHUCTEMbI
npeJicTaBsieT cCO60M KJIIOUEBYIO 3a/1a4y [/l peCiy6/IMKY B 11eJ10M. OHO MO3BOJISIET HE TOJIbKO
OLIEHUTb TEKYIlyl0 CHUTYyalMl, HO M pa3pabaTbiBaTb CTpaTeruyd JJs obecrnedyeHus
KpPaTKOCPOYHOI'0O M JOJIFOCPOYHOr0 YCTOMYMBOIO pa3BUTHUS TOpOJia, YYUThIBAs, Kak
collMaJ/ibHble, TaK U 3KOJIOTUUECKHE acCleKThbl yesioBeyecTBa M cucTeMbl [3, 6]. MeTozbl
MCCIe/loBaHUsl BKJIOYAIOT aHA/NU3 CTaTUCTUYECKHUX JaHHbIX, KapTorpadupoBaHHE U pacyeT
JieMorpadpuvecKol eMKOCTH IO pas/iIMYHbIM NapaMeTpaM: HaJluuue TEepPUTOPHUH, BOJHbIE
pecypchbl, peKpealjiOHHbIE PeCypPChl U CeJIbCKOX035IMCTBEHHbIE 3eMJIH [7].

MeToAuKa pacyeTa COCTOUT B OINpeZieIeHUU U COMOCTAaBJEHUU MeX]Jy COG0M YacTHBIX
JeMorpadpuyecKMX EMKOCTEN paccMaTpyUBaeMoro paiosa [5, 8]:

JleMmorpaduyeckast eMKOCTb 10 HAJTUUUIO TEPPUTOPUHN

D, :T xlOOO) 1)
H
rae,
T - nyiowmab 3eMesib HaceJIeHHbIX IyHKTOB, T'a;
H - opveHTHpPOBOYHasA NOTpe6HOCTb B TeppuTopuu 1000 >kuTesiel, A1 MPOMBILIJIEHHbIX

parioHoB 20-30 ra, /15 ceJibCKOX039UCTBeHHbIX 30H 30-40 ra.

70 Ne3(148)/ 2024 JL.H. I'ymunes amoindarst Eypasus yammoik ynueepcumeminiy XAGAPIIBICH]
Xumusi. leoepagpusi. Ixon02usi cepusicol
ISSN: 2616-6771. eISSN: 2617-9962



AHanu3 demozpaguyeckoli Emkocmu meppumopuu 2opoda AcmaHa

Pe3y/ibTaThl M 06CyXKAEeHUE

CorsiacHO JAaHHBIM Bropo HanuoHa/nbHOM cTaTUCTUKU Pecny6sivku KasaxcraH muowmajb
ropoZia AcCTaHbl BKJK4Yasgs MHUKPOpPAWOHbI cocTaBjaseT 79 733 ra U COCTOMT M3 IIECTHU
aIMUHUCTPATUBHBIX MUKPOPAMOHOB: «AsiMaThI» - 8 518 ra; «balikoHbip» — 18 129 ra, «Ecin» -
20 022 ra, «<Hypa» - 19 336; «Capblapka» - 6 775 ra 1 caMblii HOBbIH paiioH «CapalLIbIK» — 6
953 ra [9] (PucyHok 1).

711008 72008 71°%00°8 7174008
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PucyHok 1. KapTa agsMUHHUCTpATUBHBIX pPalOHOB ropoja AcTaHa

s AcTaHbl, y4UTbIBasi CMellaHHbIM XapaKTep, UCI0Jb30Baiu 3HadyeHue H = 30 ra:

p, = 19733x1000 _ 5657767 (ven)
30

[Io cratuctuyeckuM U GOHIAOBBIM JaHHbIM, Ha 1 masa 2024 roma B ropoje AcraHa
3apeructpupoBaHo 1 458,1 Thic. 4esloOBEK, YTO COCTaBJISIET JiHIIb 55% OT yCTaHOBJIEHHOM
JeMorpadpuyeckoi EMKOCTH. JTO B CBOIO OYepe/lb MOKa3bIBaeT, UTO TEPPUTOPHUS ropoja
AcTaHa MOXXeT BMeCTHUTb 00Jiblilee KOJUYECTBO uUTeser. OHAKO TeKyllee pacipe/ie/ieHue
rOpo/ICKOTO HaceJieHUs M0 TEPPUTOPHUH MUKPOPAMOHOB ropo/ia siBjsieTcss HeaPpeKTHBHBIM:
82% xuTeJsiel CKOHIIEeHTPUPOBaHbl Ha 8% BceM oAU ropoa.

JleMorpaduyeckasi eMKOCTb 10 HAJIMYHIO TOBEPXHOCTHBIX BOJ,

BopocHabxeHue ropoza ActaHa OCylIeCTBJSETCA M3 ACTAaHMHCKOIO BOJOXpPaHUJMLIIA C
miomazabo 3epkana 5430 ra, 06béMoM Bogel 410,9 muH M3 M cpeaHel riy6uHON 7,2 M
(Pucynok 2). Iosie3aublii 066EM cocTaBaseT 375,4 MIH M3, HecpabaTbIBaeMblii «MEPTBBIN»
06 bEM BOJbl B BOJOXpaHUIMLLe cocTaBaseT 35,5 muH M>. Bogonorpe6ienue ropoga B 2020
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rogy u GpakTHUYECKUH BOfo03a6op cocTaBuau 89,944 mun m3/rog (nam 246,4 Teic. M3/cyT).
Bogosa6opsl u3 HC TeabmaHa coctaBuau 15,453 Teic. M3/rog (uam 42,34 Teic. M3/cyT), a
Apyrue BogoéMbl -— 1,11 M3 /¢ (mam 95,904 m3/cyT) [10].

T~———"" ¥
\

d BN Kapra BoaHbIX pecypcos ropoaa Actana

D paHnub ropona
BogHble 06BLeKTbI
B osepo

77} Bonoxparmniwe
D Beper pex

BZZ 3abonouenHble 3eMm

Pekn v kaHans!

PucyHok 2. KapTa BoAHBIX pecypcoB ropoja ActaHa

,Z[J]H pacqéTa €MKOCTHU TEPPUTOPHUHN II0 IMOBEPXHOCTHBIM BOAAM B KOHTEKCTE AcTaHbl,

ropojia C BBICOKMM YPOBHEM ypOaHU3ALMHU U 3HAYUTEJIbHBIM MOTPEOJIEHUEM BOJbI, MOXKHO
McnoJsib3oBaTh dpopmyay [10]:

_ 2(PxKx1000)
p )

D,

(2)
/e,

P — cymMMa pacxo/i0B BOJbl B BOAOTOKaX P BX0/ie B PauOH, M>/CyT.

p —HOPMaTUBHAasA BOA006€eCIIe4eHHOCTh, M3 /CyT Ha 1 ThIC. 3KUTeJIeH.

K —K03pdULIMEHT HAJTMUHOTO CTOKA.

Heob6xoauMble JaHHbIE /151 pacyeTa:

1) Bkuroyas Boz03a60pbl U3 AcTaHUHCKOro BogoxpaHuauiia, HC TenbmaHa, u gpyrue
BOJI0OEMbI CyMMa pacxo0B BOJbl B BOJOTOKAaX IPU BXO/e B paliOH:

P = 246,6 + 42,34 + 95,904 = 384,644m° / cym

2) HopmaTuBHasi BOJ006eCNe4Y€HHOCTb P - 3TO YCTAHOBJIEHHOE KOJIMYECTBO BOJbI,
Heo6XoAuMoe /i1 obecrieyeHUs] MOTPeOHOCTeN HacesleHHUs HA OMNpe/ieJIeHHOW TeppUTOpUH,
BbIpa)kaeMoe B KyOHUYeCKUX MeTpaxX B CYTKH Ha 1 ThICAYY >KUTeseld. ITO 3HAYEHHUE MOMKET
BapbupoBaThcsa oT 150 g0 250 MTPOB Ha YesOBeKa B JIeHb U 3aBUCUT OT psiZia GaKTOPOB,
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TaKUX KaK KJMMaT, ypOBeHb YpOaHMU3allMK, 3KOHOMHUYECKOe Pa3BUTHe U CTAaHJAPThI XKU3HU
[11].

11 pacyeTa eMKOCTH TeppPUTOPUHM IO NOBEPXHOCTHBIM BOJAM B KOHTEKCTe ACTaHBbI,
ropojia C BBICOKMM YpPOBHEM ypOaHM3al MU M 3HAYUTE/IbHBIM NOTpebeHHeM BOJbI, MOXXHO
MCIOJIb30BaTh 3HAYeHHeE 0KOJIO p =200m® / cym Ha 1000 yesoBexk.

3) KoadouuueHT HaJIMYHOTO cTOKAa K He sBJIeTCS MOCTOSTHHOW BEJMYUHOU U MOXET
BapbHUpPOBATbhCs B 3aBUCUMOCTM OT pa3/IMuHbIX QAaKTOPOB TaKHWX Kak: reorpapuyeckoe
NoJIOXKeHHU e, THUI BOAOCOOPA, CE30HHbIE U3MEHEHMUS], TUI MOYBbl U PAaCTUTENbHOCTU. K s
AcTaHbl, yUuTbIBask ero ypOaHW3MPOBAHHbBIN XapaKTep U KJUMaTUYeCKHE YCJI0BUS PaBEH =
0.5. Ucnios1b3y4 BhllIeNepeyrc/AeHHble 3HaYeHUS M0JyYaeM:

~384,6441° | cym x 0,5 x1000)

5 =961,610yen
200m° | cym

2

Takum o6pasomM, aemorpaduyeckas €MKOCTb IO MUKpOpaWOHaM TepPpPUTOPUH TOopoja
AcTaHa N0 TNOBEPXHOCTHBIM BOJAM COCTaBjdeT 961 TbIC. 4YeJlOBEK, 4YTO HABJAETCA
OrpaHHYMBaKOUIMM (GaKTOPOM B CpaBHEHHWM C TeKyLUM HacejeHueM. Kpome Toro, npu
€XeroJHoM yBeJMYEeHUU NOTpebJieHUs BOJbl, OCTPbIA JePUIUT NUTHEBOW BOJbI MOXET
HACTYyNUTb TP CyTOYHOM IIOTpe6JieHuH BoAbl B 06béme 1000 Thic. M. B pacuere He
UCII0JIb3YeTCsl leMorpadpuuecKyro eMKOCTb TePPUTOPUX AcCTaHbl N0 MOA3EMHBIM BOJaM, MO
IpUYMHE TOTO YTO U3 MOJ3EMHbIX BOJOUCTOYHUKOB (CKBaXXKMH) obecnieunBaeTcs Bcero 1,0 %
HacesieHUs TI. AcTaHa (PKMTeJIM KUJIOr0 MaccuBa MHTepHaLMOHA/NIbHBIN, U KUJIbIX MAacHBOB
MuuypuHo u HedpTsaHuKOB).

JleMmorpaduyeckass eMKOCTb TEPPUTOPHUH IO YCJIAOBUSIM OpPraHU3allu OT/bIXa y BoAbl [12].

Jsa roposa AcTaHa, KOTOPBIM XapaKTepU3yeTCHd pPe3KO-KOHTHHEHTAJbHbIM KJIMMaTOM
pacueT geMorpadrieckoil eMKOCTH 110 YCJIOBHUAM OPTaHM3aLUM OT/bIXa Y BOZbI TOKa3aJl, 4YTO
TeKyllhe BOJHble pecypcbl CIIOCOOHBI 00eCneYuTb OT/AbIX JJI OTPAaHWYEHHOro 4YHC/a
HaceJIeHUs.

[Ipumenss ¢opmyay [12]:

_ 2B xC %1000

3
0,5xM, (3)

3
rAce,
B — AJiMHA BOJIOTOKOB, IPUTOAHBIX JJIs1 KYIlaHUs, KM (BKJI04as peky Ecusb U ee IpUTOKHY,
ob6uieu AJMHOU 89.2 KM);
C — koadounuenT A crenHoi 304kl (0.3);

M, —koadpduuneHT A/ paiioHa ¢ pe3KO-KOHTHUHEHTAJIbHBIM KanMaTtoM (0.35),
MbI nosryyaeM: D, = 305,257 yesioBek

JTO o03Ha4aeT, 4YTO BOJHble pecypcbl ropoja AcTaHbl [03BOJIAIOT OPraHU30BaTh
IIOJTHOLEHHBIN OTAbIX AJd 6oJsiee yeM 300 ThIcAY KMTeJsed, YTO BAXXHO YYUTBHIBATh IpHU
IJIAHUPOBAaHUU MHPPACTPYKTYPhI U 30H OT/AbIxa ropoja [13].

JlemMorpadudeckas eMKOCTb 110 YCJIOBHUAM CO3/JaHUSA IPUTOPOLAHOM CeJIbCKOX031MCTBEHHON
6a3bl.

[lo pgaHHbIM ycraHoBJieHHBIM B 2023 ropy 'Y «/lemapraMeHT rocyAapCTBEHHOIO
CaHWTApHO-3NM/IEMHOJIOTMYECKOr0 HajA3opa ropoga Actanbl ¢ [Y  «/lemapTameHTa
apXUTEKTYypbl W TPaZJOCTPOUTENILCTBA Tropoja AcCTaHbl» TeppUTOpUA Tropoja AcTaHbI
no/ieJieHa Ha YeTblpe KpyIHble MaKpPO30HBI:

1. AAMUHHCTpATUBHO-XUJIasd (cesnTeOHasA 30Ha) — KUJIble IOCTPOUKHU

2. [IpombllIeHHas 30Ha (MPOU3BOACTBEHHAsA 30Ha) — POM. IJIOLAAKU
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3. 3emyu cenbx03 wucnosb3oBaHus MU 3emau PI'Il «Kacbul akimak» - 3eMJd IOJ,
MCIIOJIb30BaHHE

4. PesepBHble 3eMJid (MIpoYHUe, CIIENMAJIbHOIO Ha3HAYEHUS, AJIsT HYXK/J] 000POHbI, U HUHOTO
peXrMa MCI0JIb30BaHUs )

Bosbuiyto miaomaab Ha TEPPUTOPUM ropoJa ACTaHbl 3aHUMAKOT CeJbCKOX031MCTBEHHbIE
yroabs -46887,3 rektap 3emesb, uau 58,81% (PucyHok 3).

B naweA

B MHOTONETHNE HICAMNI EHUR
E nact fmuye

B ceHoroc

H Oroponb

NECHRE NNOWLA0N

B Opes eCHO-Ky CT IPHWKDE big HA CANTE e
mionota

B nog eogom

nog EdHaname

O nog Goporamm

H nog 2aCcT poimon

B HApy WeHHE & 38 M

HE Npoune JemMiK

PucyHok 3. CTpyKTypa pacnpejeeHus 3eMeJIb ropoja

[ pacyeta pgeMorpaduyuecKOd €MKOCTH IO YCJOBUSIM CO3JaHUsl MPUTOPOJHOMN
CeJIbCKOX035IMCTBEHHOM 0a3bl UCNOJIb3yeM dopmyay [14]:

D, =%, (4)

rae,
Tcx — IIomagb TEPPHUTOPHUHU PAHWOHAa, 6HaFOHpHﬂTHOﬁ AJ1d BeJeHUA CEJIbCKOTI'o XO3HI>1CTB3,

ra; q - K03pPUIMEHT, YYUTHIBAIOIIUNA HUCII0JIb30BaHHE CEJIbCKOX03MCTBEHHbIX 3aMacoB MO/
NpUropo/iHyto 6asy, B cpegHeM q = 0,25; S, — OpUeHTHPOBOYHbIN NTOKa3aTesb NOTPEOHOCTH

>KUTeJIel palloHa B 3eMJISIX MIPUTOPOJHOM CeJIbCKOX03IMCTBEHHOM 6a3bl, 0,5 ra/4el. [4].
Jl/ist AcTaHbI 3TOT NOKa3aTesb PaBEeH:

_ 46887,3% 0,25

D
N 05

= 23443,65(uen)

[lnomaneit celbCKOXO3SMCTBEHHBIX 3eMeJib B OO0lled CTPYKType MPUTOPOSHOU
TEPPUTOPUU HEOOXOAMMOM [IJI1 OpraHU3aLUU CeJbCKOXO3IMCTBEHHOM 6a3bl HEJL0CTATOYHa,
HO /[laHHBIM T[OKa3aTesJb KOMIIEHCHUPYeTCs, TMOTOMYy 4YTO AKMOJIMHCKasg 006J1acTb
CHelUaJM3UpPyeTCs Ha CeJbCKOX035IMCTBEHHOM NMPOAYKLUHY, U 3aHUMaeT Iepe/joBble MecTa B
pecny6JiKe 0 MPOXU3BO/ICTBY CEJIbCKOXO351ICTBEHHOU NPOAYKIHH.
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3ak/iloueHue

B naHHOe BpeMs B cocTaB ACTaHMHCKOHM arjioMepayyu (IpuUropojia) BXOAAT caM TOpO[,
AcTtaHa 4 46 Hace/leHHBIX IYHKTOB, U3 3-X palOHOB AKMOJIMHCKOU 06J1aCTH, BKJIIOUas TOPO/,
Kocuibl, rae npoxuBaet 6osiee 40% HaceseHus obsactu [15]. 3a nocieiHue 5 JieT HaceJeHUe
ropoJia ActaHbl BblpocJio Ha 46% (PucyHok 4, 5), u no nporsHosam 6yzet pactu. [1o poH0BbIM
M NPOTHO3HBIM JAaHHbIM, K 2035 rofy HaceseHue ropojia AcTaHbl COCTaBUT 2,3 MUJIJIMOHA
yeJsioBeK [9].

Exxe/lHEBHBIA NPUTOK JIIOJlel, UMUTPUPYIOILUX HU3 MPUTOPOAHBIX MOCEJKOB B CTOJIMLY,
npeBbiiaeT 200 ThICAY YeJIOBEK, B TOM 4HCJe OoJiee TPUALATU ThICAY aBTOMOOUIed. Tako
3HAYUTEJbHbIA TpapUK CO3JjaeT MHOKECTBO NpobJieM s ropoja ActaHsl [Ipexze Bcero,
yBEJIMYUBAETCS Harpyska Ha TPaHCHOPTHYIO CeTbh, YTO MPOBOLMpYyeT MNPOOGKH, 3aTOPhI U
3aMe/iJIeHue JiBUKeHUs1. B pe3ysibTaTe pacTeT NOTPe6HOCTh B paCIIMPEHUH U MOJIepHU3aL MU
Jl0por, 061eCTBEHHOI'0 TPAHCIIOPTA U NAaPKOBOYHbIX MECT.

Kpome Toro, Harpy3ka Ha cOlMa/ibHYI0 MHQPACTPYKTYPY - LIKOJIbI, 6OJbHUIbI, JeTCKHUE
caZibl U APYTHE YYpEeX/IeHHUs - 3HAUMTeJbHO BO3pacTaeT [0 Mepe pocTa CIpoca Ha UX YCJAYTH.
Kunbe Takke HaXOAUTCS NOJ, JaBJI€HUEM, TOCKOJIbKY MHOTHE MUTPAHThI OCTAIOTCS B rOPoOJie
Ha 6oJiee AJIMTE/NbHbIA CPOK, YTO NPUBOJAUT K HeXBaTKe >KUJIOW IJIOLAAU U MOBbILIEHUIO
apeH/HbIX CTaBOK.

[ e e [ eI ngve naove [ nave  nwwve
I 1 ! i I i 1 i 1

Kapra NNOTHOCTU HaceneHua r.ActaHa
B pa3pe3e panoHoB 3a 2021 rog
o 5 10 20

Kapra NNOTHOCTU HaceneHua r.AcraHa
B pa3pe3e panoHoB 3a 2025 roa
] 5 10 20

BaikoHbIp

:::::::

T T
7eaes 7

MnoTHOCTL Hacenexus, yen./ra MnoTHoCTL Hacenexus, yen./ra
] 5950000 101
B 5.95-9.16 B 10.1- 1461
B o6-1324 Il 1461156
e - . Bl 3241965 . Il 1567-2525
Aannhle.c':z:'"i:n:;anhnou - 19,65 - 50,48 . nam..,.e:cr:‘::z::;:u:nanbnoﬁ - 2525 45,85

=======

T
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PucyHok 4. KapTa pacnpeje/jieHus: HaceJieHUs M0 TeEpPUTOPUM ropoja Actana 2021-2025

PacTeT ¥ noTpebsieHre KOMMYHAJIbHBIX YCIYT, TAKUX KAaK 3JIEKTPUYECTBO, BOJIOCHAOXKEeHH e
U oTOIJIeHHE. Bce 3TO B COBOKYNHOCTH CTAaBUT Mepe]i TOPOJICKUMH BJIACTSIMU HOBBIE 33/]a4H,
Tpebywliue pa3paboTKH KOMILIEKCHBbIX CcTpaTerdil ajssi 3pQPeKTHBHOro ynpaBJieHUs
HarpyskamMu Ha UHPPACTPYKTYpPY U YJIydllleHUs YCIOBUN XKU3HU B CTOJIULIE.

KoHueHTpalusi o006Ilero pecypcHOro TMOTeHIMasa, BKJOYasg MPOU3BO/ICTBEHHbIE
MOIIIHOCTH, TaKXe pabouyl CHJy, TaKXKe TPAHCIOPTHbIe CUCTEMbl W Jpyrue BUJBI
MHPPACTPYKTYPbl, HA OTHOCUTEJNbHO HEGOJIBIIOW TEPPUTOPHUHU CTOJHLIbI HEU3OEKHO
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IPUBEJET K YCKOPEHHOMY HCIIOJIb30BaHHUI0 NPUPOJHBIX PECYPCOB rOopoja U MPUTOPOJHOMN
TeppuTopuu. [l0CKOJNIBKY KpyIHble MPOMBIIIJIEHHbIE MPEANPUATHS, TPYJLOBble PECYPChl U
JIOTUCTUYECKHE CETH COCPeAOTOYEeHbl HAa OTPAaHUYEHHOW TEPPUTOPHUHM NPHUTOpPOJa, TEMIIb
Jl00bIYY, NTepepaboTKU U NOTpebJsieHWs TaKUX PecypcoB, Kak BOJd, MUHepaJsbl, IHEPTUSA U
3eMJisd, 6yAYT PacTH €XKEero Ho.

Tako¥ mpouecc KOOPAUHAIBHO YBEJUYUBAET JaBJeHHE HA MPUPOJHbIE T€03KOCUCTEMBI,
YTO B CBOIO 0Y€PE/Ib BBI3bIBAET AErPaalihio MOYBbl, OTHOCUTEJNbHOE 3arpsi3HEHHE BOJ0EMOB
U OoJibllloe 3arpsi3HeHHe aTMOoCdephl, a TAKXKe yMEeHbIIeHHEe eCTEeCTBEHHBIX MPUPOSHBIX
IJIo@dAed U yTpaTy OHMOJIOTMYeCKOro pa3Hoobpasus B npuropoge. Hanpumep, 6oJblioe
noTpe6/ieHre BOAHBIX PECYPCOB /IS HY»K/i IPOMBILIJIEHHOCTH U HaceJleHUsI MPUBOJUT K UX
neduuTy, 0cobeHHO Ha ¢$OHe pocTa 4YHUCJAEHHOCTU HaceJieHUsl. 3eMeJibHble PeCcypChbl
OKa3bIBAIOTCS M0/] yTPO30H Upe3MEPHOU 3KCIIYaTAL[MH, YTO MAaryoHO BJIMUSET Ha MJIOJ0POAHeE
Y IPUBOJIUT K Pa3pylIeHHUIO OYB.

[ToaToMy BO3HHMKaeT yrpo3a MOMEHTJbHOIO HCTOLIEHHUS HPUPOAHBIX PECYpPCOB, YTO
HEraTUBHO TOBJIMSET B CBOI O4Yepelb HAa YCTOMYMBOCTb IKOCHCTEM U IKOHOMHYECKYIO
CTaGUJIbHOCTD BCEro pervoHa. /[ npeioTBpallleH!sI TAKUX M0CJIeICTBUH pa3pabaThIBAIOTCS
CTpaTeruyd pPalMOHAJBHOTO  HMCHOJb30BaHUS TNPUPOJAHBIX PECYPCOB, BHEJPSIOTCS
9KOJIOTUYECKH 6e30TacHble TEXHOJIOTMH U MePeXobl K YCTOMYMBBIM MOJENSIM Pa3BUTHS
0611eCTBa, YTOOBI 06€CIEYUTH COXPAaHEHHE TPUPOHBIX PECYPCOB AJI5I CJIEIYIOILero MoKOIeHs.

[IpoBeieHHBIH HAaMU aHaIM3 MOKAa3bIBAET, YTO JAeMorpaduyeckass EMKOCTb TEPPUTOPHUHU
ropojia ACcTaHbl 110 psi/ly IOKa3aTeJiel MpeBbIlleHa, U OYET ellé MPEBBIIATHCS B OJIHKAKWILIIEM
oyayuieM. OTHOCHUTEJNbHOE 3KOJIOTUYEeCKOE PaBHOBECHE MOXET ObIThb JOCTUTHYTO TPH
yBeJIMYeHUU YMCJIEHHOCTH HaceJleHUs TOJbKO MPHU YCJIOBUHU BHEAPEHHUS MeEP MO CHUKEHHIO
aHTPOTIOTEHHOTO BO3JEWUCTBUS, TAKUX KaK pecypcocbeperamijue TEeXHOJIOTHH, Pa3BUTHE
OYUCTHBIX COOPYKEHUH U YBeJIMY€EHNE 3eJIEHBIX 30H.

duHaHcupoBaHue: /laHHOe Kccle0BaHUe ObLIO IPOBEIeHO B paMKaxX HAy4YHOTro MpoeKTa
(rpanT NeAP19676580) u npodruHaHcupoBaHo KomuTeTOM HaykKu MUHUCTEPCTBA HAYKU U
BbICIIEro o6pasoBaHus Pecny6sinku KazaxcraH.

KoH}IUKT MHTEepecoB: OTCYTCTBYET.

Bkiiag, aBTOpoOB: KoHUenTya/lu3alusd, aHaJUM3 U HalnucaHue Tecta - bepaenoB KT,
Kakum>kaHoB E.C.; c6op agaHHbIX ¥ Banuaanus — bepaenos JK.I'., Kakum»kanoB E.C., KypmaHoB
H.b.; noaroroBka opuruHasibHoro npoekra — bepaenon K.I'., KypmanoB H.b.; koppekTHpoBKa
U yTBepXJeHHe OKOHYaTeJbHOT0 BapuaHTa CTaTbU AJd nyosukauud - bepaeHoB XK.I.,
KakumxkaHoB E.C. Bce aBTOpbI paccMOTpesd M COTrJIACUMJIUCh C OMyOJMKOBAaHHOW BepcHen
PYKOIIKCH.
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K.I'.Bepaenon?, E.C.KokiMmxkanoB?, H.b.KypmaHoB3
123/1.H. l'ymusee amvindarsl Eypasus yammeulk yHugepcumemi, Acmata, Kazakcmau

AcTtaHa KaJiacbl ayMaFbIHbIH, AeMOTpaUsIbIK 9JIEYETiH TaaAay

Anpaatnma. PecnyGiukanblK MaHbpI3bl 06ap ipi Kasanap MeH OOGJbIC OpPTaJbIKTapPbIHBIH
JeMorpadUsIbIK dJieyeTiH aHbIKTAy Kajla XaJKbIHbIH KAPKbIHAbI 6Cyi KaFJalblHJa 63eKTi 6oJsa
Tycyze. YpOaHHU3alMs )KoHe XaJlbIK ThIFbI3/IbIFbIHBIH apTYhI JKaFAalblH/a pecypcTap MeH eMip cypy
MYMKIiH/IKTEpiH OHTaMIbI 661y Kaia KYPbLIbIChl MEH 6AaCKAPY/IblH 6aCThl MaceJleciHE alHAMabI.

Ocpl xKyMbIC MIeHOepiH/e KalaHblH TYPAKThI JaMybIH KAMTaMachI3 eTy/ie eyl peJ aTKapaThIH
ayMaKTBhIK, CY »K9He peKpeanusa/blK pecypCcTapMeH KaMTaMachl3 €Ty KepCeTKILITEPiH eCKepe OThIPHIII,
AcTaHa KaslacblHbIH, JleMoTrpadusJIbIK 9JIeyeTiH erKel-Terkeii 6arasay *)yprisiaji. Jlemorpadusibik
9JIeyeTTi aHbIKTAy XaJIbIKTbIH 6Mip CYPYiH KAMTaMachl3 eTY/IiH Heri3ri mapTTapblH 6i1AipeTiH TabUFu-
3KOHOMHUKAJIBIK, (akTop/iap/bl KelleHJi Tajfay Heri3iHJle »y3ere acblpblijbl. Bys 3epTTeyaiH
MaHbI3/Jbl acClleKTici Kaja pecypcTapblHa pyKCaT eTiJireH aHTPOIOreHJiK >KYKTeMeHiH IleKTepiH
3epaesiey 60/4bl, Oy pYKcaT eTUITeH HOpMaJiapZaH achlll KETyre GailJIaHbICTHI BIKTUMaJ KayinTep
MeH TayeKe/JepAi aHbIKTayFa MYMKiH/AIK 6ep/i.

Tanpay kepceTkeHel, GipKaTap »karjaljap/a ayMaKThlH JeMOrpadUsbIK ChIAbIMABLIBIFBI €H
»KOFapbl MOH/lepTe *KeTTi HeMece KaKblH apajia oJ1ap/iaH achkll TyceAi. Bys pecypcrap/ibl naiiaaHyAbl
OHTal/IaHAbIPY KoHe YpOaHU3aLUAHBIH KOplLIaFaH OpTaFa Tepic acepiH 6apblHIIA a3alTy 60MbIHILIA
HIYFbLI LIapajapAbl Tajan eTreri. XKymbicTa TabUFU pecypcTapFa KYKTeMeHi a3alTaTblH pecypc
YHEMJeNTiH TEeXHOJIOTUSIIApAbl €HTi3y, COHJAM-aK a3aMaTTap/blH >KaWJbl K9He TYpPaKTbl eMipiH
KaMTaMachlI3 eTy YIiH KajaJblK MHQPAKYPbLIbIM/IbI IaMbITY KoHE XKaHFBIPTY KAXKeTTiri aTamn eTiireH.

OcpuLnaiiiia, 3epTTey afFbIMJaFbl JXK9He OoJiallaKTarbl JeMorpadusi/blK e3repicrepli eckepe
OTBIPBIIN, KaJla KYPbUIBICHIH OCNapJiayFa KellleH/ i TACIIAIH KaXeTTiniriH, con/iaii-aK, 3K0JIOTUABIK,
Tene-TeHJIKTI caKTayFa )XoHe KaJslaJblK arJioMepalusiaapAblH TYPaKThl 6CyiH KAMTaMachl3 eTyTe
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GaFbITTa/IFaH CTPATETUSJIBIK LIelliMAepAiH, MaHbI3/bLIbIFbIH PaCTal/IbI.
Ty#iH ce3aep: Kaja xKyiheci, 9KOJOTUSJIBIK KyaT, eMorpadusiblK MYMKiH/IK, ACTaHa KaJlachl.

Zh.G.Berdenov}, E.S.Kakimzhanov?, N.B.Kurmanov3
123L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Analysis of demographic capacity of the territory of the city of Astana

Abstract. The determination of demographic capacity in large cities of republican significance and
regional centers is becoming increasingly relevant as the urban population continues to grow. The rapid
pace of urbanization and the resulting increase in population density have made it essential to
understand and manage the carrying capacity of urban environments effectively.

In this paper, a comprehensive assessment of the demographic capacity of the city of Astana is
conducted, focusing on critical factors such as the availability of territory, water, and recreational
resources. These elements are vital for ensuring the sustainable development of the city and
maintaining the quality of life for its inhabitants. The determination of demographic capacity involves a
detailed analysis of natural and economic opportunities, which are crucial for the long-term survival
and well-being of the population. By evaluating these factors, the study aims to identify the limits to
which the city's resources can support its growing population without compromising future
sustainability.

The analysis reveals that in certain areas, the demographic capacity of the territory has already
reached or is on the verge of exceeding its limits. This poses significant challenges for urban planning
and resource management, as exceeding these limits could lead to adverse effects on the environment
and the overall livability of the city. The findings of this study highlight the urgency of addressing these
issues by adopting proactive measures.

This paper underscores the importance of compensating for anthropogenic pressures-those
pressures exerted by human activity-through the implementation of resource-saving technologies and
the enhancement of urban infrastructure. By incorporating innovative technologies that reduce
resource consumption and by improving infrastructure, cities like Astana can better manage their
demographic growth while minimizing environmental impact.

In conclusion, the study emphasizes the need for a holistic approach to urban development planning
that considers current and projected demographic trends. Strategic decisions aimed at balancing
population growth with resource availability and environmental sustainability are essential for the
future of rapidly growing urban centers. The insights gained from this assessment of Astana's
demographic capacity could serve as a model for other cities facing similar challenges.

Keywords: urban system, ecological capacity, demographic capacity, Astana city.
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Bocnpou3BoACTBO Hace/leHUsl KaK MOKa3aTe/lb KayeCcTBa »KU3HMU (Ha
npuMmepe bosbmon KaBka3ckol MNpoBUHLMHM A3epOoarKaHCKOU
Pecny6,11KH)
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AHHoTanmsa. /[leMorpapryeckue IMOKa3aTeJM 3aHMMAKOT BakKHOe
MeCTO B CHUCTeMe IIoKasaTeJsed, OIpeJesAIIIUX KadyeCcTBO >KU3HMU.
Bomnpocs! yay4yuieHus gemorpadpuyeckrx nokasaresieil KauecTBa XKHU3HU
HaceJeHUs OCOOEHHO aKTya/IbHbl JJAd pervoHa bosbwmoro Kaskasa,
Urpawollero  BaXXKHYK0 poJib B COLUAJbHO-5KOHOMHUYECKOM U
reonoJIMTUYECKOM pa3BUTHUU  Asepbaii/pkaHckoW Pecnybsiuku U
06.J1a/1a10111eT0 BBICOKUM JieMorpaduieckKUM U TPYLOBbI M IOTEHLUAJIOM.
OCHOBHOUM 1LleJIbI0 HAy4YHO-HUCCJIE[0BaTeJbCKOU paboThl, HMeEWIen
paKTH4YecKoe 3HauYeHHe,  fABJAETCH u3ydyeHue TeHJeHLIUN
AeMorpaduyeckux npoueccoB B pervoHe bBosbmoro KaBkasza M ux
BJIMSIHUS Ha KayeCTBO KM3HU HaceseHUs. Ha ocHOBe cTaTHUCTHUYeECKUX
MaTepuaJoB M3y4yeHbl JeMorpadpuyeckue MOKa3aTesJu HaceseHus,
NPOXUBAIOLET0 B perdoHe, HCCAeL0BAaHO COBPEMEHHOE COCTOsSHHUE
COBpPEMEHHBIX JieMorpadHuuecKrx NpoLeccoB U TO, KAK OHU BJIHAIOT Ha
KadecTBO  »M3HM. [lo  pesysabratamM  HUcClIe0OBaHUA  pOJIb
feMmorpadpuyeckux GakKTOpoB B KauyecTBe IKHU3HU  HaceJIeHUs],
NpOXUBAKLIEr0 B perdoHe, B IOCJeJHHE TOAbl 3HAYUTEJbHA.
BbISICHUJI0CB, YTO pOXKJaeMOCTb U eCTECTBEHHbIN IPUPOCT B perMoHe 3a
aHaJM3UpyeMbl Nepuos CHU3WIUCh. CMEepTHOCTb yBeJWYUJACh 3a
nocjefHue 2 roza.

KinrwueBsle caoBa: geMorpaduyeckue NpoLecchl, Ka4eCTBO KU3HH,
pOXAaeMoCTb, CMepTHOCTb, MJIaJleHYecKasd CMepTb, €CTeCTBEHHBIU
IPUPOCT.
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Bocnpouseodcmeo HacesieHusl KaK nokazamesb Kayecmaa sxcusHu (Ha npumepe boavwoli Kaskasckoli npoguHyuu
Azep6atidxcanckoli Pecnybauku)

BBeaenue

Ob6ecneyeHre KadeCcTBa >XU3HMW HacCeJeHUS ABJAETCAd OJHUM W3 OCHOBHBIX YCJIOBUU
9KOHOMHKHM CTpaHbl WU NPHUOPUTETHOM 3ajayed B pelIeHMM 334a4 ee COLMaIbHO-
9KOHOMUYECKOT0 pa3BUTHUA. [Ipy U3yyeHHMM KayecTBa >KU3HM aHa/JM3bl NPOBOAATCA IO
MHOIMM HalpaBJjieHUsIM. X MOXXHO YCJIOBHO pa3/ieJIMTb Ha SKOHOMHUYECKHe, COLHaJIbHBbIE,
AeMorpadudeckue U Jjpyrue rpyinosble nokasaTesau. JleMmorpadpudeckre aceKkTbl KayecTBa
)KMU3HM BKJIIOYAIOT YWCJIEHHOCTb HaceJleHUs, eCTeCTBEHHbIM MPUPOCT, POXKAAEeMOCTh,
CMEpPTHOCTb, CTapeHHe HacesJeHHUs, MOJOBO3PACTHYK CTPYKTYpPYy M JApyrue IoKasaTeJIH.
Ob6ecneyeHrve KadecTBa KU3HU TpeOyeT MNpPABUJIBHOM OpraHU3alUMd MeAULMHCKUX U
obpa3oBaTesIbHBIX YCaYT B cTpaHe [1]. Jljisg Toro 4To6bl onpeAenuThb CIPOC U PeAJI0KeHHEe Ha
3TU YCJIyrd, B NepBYH ovyepeib HeOOXOAMMO HU3YYHUTh JeMorpapuyeckue IOKasaTesau
HaceseHUA. TaKUM 06pa3oM, OBICTPBIN POCT UJIM YCTOMYMBAsA YOblJIb HAaceJleHUs1 HeraTUBHO
BJIMSIET HAa yCTOMYMBOE pa3BUTHeE. B HacTos1ee BpeMs HabJ/1101aeMblil B MUpe ObICTPBIA pOCT
HaceJleHUA IPUBOJAUT K Pe3KOMY YBeJIMYEHHIO UCII0/JIb30BAHUs OKPYXKaIoller cpefbl U pOCTYy
NOTPeO6HOCTH, HEOOXOJUMOM [ KU3HeJeATeJbHOCTU HacesJeHUsA. JTO BJMAET Ha POCT
6eHOCTH, SKOHOMHUYECKOHN OTCTaJIOCTH U T.A. B TO >xe BpeMs yOblIb HacesJeHUs B Pa3BUTHIX
CTpaHax U YCKOpPeHHe IPOLLeCCOB CTAapeHUs B MUpe NPUBOJAAT K COKpALEHHUIO TPYZAOBBIX
pecypcoB M YHCJEHHOCTH OyAyUIMX MOKOJIEHWH, UTPAKLUX BaXXHYH0 POJIb B YCTOUYMBOM
pasBUTHH [2].

[lokazaTesn poxAaeMOCTH U CMEPTHOCTHU SIBJIAIOTCA OJHUM U3 OCHOBHBIX IIOKa3aTeJel
OLleHKH JeMorpaduyecKol CHUTyalldM W OIpeJesieHUs] KayecTBa JKM3HU HacCeJIeHUS.
KoadduruueHTsl poxJaeMOCTM U CMEPTHOCTH OKasblBAIOT CylLeCTBEHHOe BJIMSIHME Ha
M3MeHeHHe YHCJIEHHOCTH HaceJeHUsl U OIpefessloT COCTOSHUE ero 3/0pOBbs. YPOBEHb
CMEPTHOCTHU TaKXe 3aBHUCHUT OT GaKTOPOB YPOBHS COLMAJbHO-IKOHOMHUYECKOT0 Pa3sBUTHSA
CTpaHbl U ee PerMOHOB, IPOXXUBAHWSA HaceJeHUs B rOpoJax M ceJsaX, NOBbIIIEHUS YPOBHS
)KU3HM HacesieHUs [3, 4]. YpoBeHb CMepTHOCTHM 3aBHUCUT OT BO3pacTa, pasJIMYHbIX
3a60J1eBaHUH U YCI0BUH OKpY»karollei cpesibl. [I0CKOIbKY 9K0JIOTMYEeCKHe YCI0BUS B TOPOJax
6oJiee HaNpsX)KeHHble, YeM B CeJIbCKOW MeCTHOCTH, YPOBEHb CMEPTHOCTH B rOpO/iax BhIlllE, a
CMEpPTHOCTb CPe/ii MY>KYHMH 3HAYMTEJIbHO BbIle, YeM CPeJiU )KEeHIIUH. ITO CBA3aHO C TeM, YTO
MY>KYMHBI PabOTAIOT B TSXKeJbIX YCAOBUAX TPyZa IO CPAaBHEHMIO C XKEHILMHAMH, a TaKxKe C
O60JIbLIMM KOJIMYECTBOM CJiydyaeB 3abojieBaHUMW. B 1esioM poXkgaeMoCTb U CMePTHOCTh
HaceJleHUS HANpPSAMYIO ONpeJesAT Ka4eCTBO XKU3HHW HaceJleHUA B 3aBUCUMOCTHU OT MecCTa
NpOXKUBaHUSA HacesJeHUs (B ropoJiax MM ceJax), yCJI0OBUU TPy/a, YPOBHS NpesoCTaB/IsieMblX
COLIMAJIbHO-KYJIbTYPHBIX YCJAYT, MEAULUHCKOTO 06CIy>KUBaHUS.

B Hacrosuee BpeMms 6oJsibllioe BHUMaHMe yjiessdeTcd NpobjeMe KadyecTBa >KU3HU U
YCTOMYHUBOI'O0 Pa3BUTHUS PeTUOHOB CcTpaHbl. OlHON M3 BaXKHBIX 3a/jay ABJISETCS NOBBILIEHUE
KauecTBa XM3HU B OTJeJIbHbIX pervoHax Asepb6ai/pkaHCKOM Pecny6G/iuMku, B TOM 4uCIe
yJydlieHue 6J1arococTossHUA HacesieHUs [5, 6]. Pa3BuTHe KayecTBa >XKU3HU HacesJeHUS B
pernoHe bBosbmoro KaBkaza Bcerza OblIO B ILleHTpe BHHMMaHMUS ToOCyJapcTBa. XOTs
AeMorpadudeckre npob6seMbl HaceJleHUsl perdoHa M3y4a/UCh BBIJAOLMMUCA YYEHBIMU U
ucciaeoBaTesIsIMU, KauyeCTBO »KU3HU IJIyOOKO He HU3ydyasoch. [laHHasA HccClefoBaTesbCKas
paboTa OpHeHTHpPOBaHAa Ha KayeCTBO >KU3HU HacesJleHUs peruoHa, ero JeMmorpaduyeckoe
M3y4yeHHe U aHaJIU3.

JL.H. I'ymunee amvindarsl Eypasus yimmuoik yHueepcumeminiy XABAPIIBICB] N23(148)/ 2024 81
Xumusi. eoepagust. Ikono02us cepusicwvl
ISSN: 2616-6771. eISSN: 2617-9962



T.M. I'yceiinosa

MaTepl/IaJIbI H MEeTOo/bI

B uccienoBaTenbckol paboTe OBIJIM UCHOJIb30BaHbl pabO0ThI 3apy0OeKHbIX YUEHbIX, TAKUX
kak B.M. XKepebun u A.H. PomanoB (2002), koTopble NpOBOAUIN HCCJIE[0BAHUS B 3TOU
o6s1acTH, 4TOObI NPUMEHUTh UHPOPMaLMIO K perdoHy. Tak Kak, B CBoux paboTax OHU GoJiee
TOYHO U IIUPOKO OOBSICHUJIU MOHSITHE «KauyecTBO >ku3HU». C.A. BacHeB (2001) nmpu orjeHke
NOHATHUS KaueCcTBa J>KU3HU HCMHO0Jb30Ba/l KOMILJIEKCHBIE COLMAJIbHO-3KOHOMUYECKHE
NOKasaTeJd, TaKue KaK YpOBEHb 3/l0pOBbS M 00pa3oBaHUSA HacesJeHUd, CpeaHAs
NPOJIO/DKUTENBHOCTh  KM3HH, poxgaemMoctb. K. Kuncesna (2000) wuccaemoBan
JfieMorpaduyeckre XxapaKTepUCTUKU HaceJlIeHHUs], Takue Kak noJ-Bo3pact, Ckupbek (2004) ux
BO3pacTHbIe T'pyIIbl, TpyAoBbie pecypchl, M.II. CanumoB (2004) pa3BuTHe Yea0BEYE€CKOr0O
NOTEHIMaJIa 0 Ka4eCTBY XXU3HU, MeJUKO-3KO0JIOTUYeCKasl XapaKTepUCTUKA, XapaKTEPUCTUKHU
MaTepHaIbHOTr0 6J1aronoJy4rs U 3aHTOCTH, TapaMeTpbl 30HbI 6€30NaCHOCTH.

Azepb6aiipkaHckue ydyeHble A. AnueB (2000), H. TaceimoB (2000), III.M. Mypaznos (2004),
Y.B. I'yaues (2011), P.C. A6aynnaesa (2014), M.X. PuzaeBa (2014) usydaiu ypoBeHb KU3HU
HaceJeHU1 W TIYTU €ro yJydlleHus, OLeHeHa B3aWMOCBA3b MeXJAy MpoLeccaMu
JfieMmorpadu4eckoro pa3BUTHUA 17} COLIMa/IbHO-3KOHOMUYECKHUMU NIOKa3aTeJIMH,
XapaKTepPHU3YIIIMMU YPOBeHb KU3HU HaceseHus. 3.H. Imunos (2005), 3.T. Umpanu (2007),
H.A. MMamaeB (2010), H.X. Airo60B (2010), 3.C. baganos (2016), P.H. Kapumos (2015), X.M.
TaxupoBa (2016) u Ap. ydyeHble M3y4alud H3MeHeHUSl AeMorpadryuecKux IOKasaTeseil
HaceJleHUs1 B pe3yJbTaTe COLMAJbHO-NOJUTUYECKUX U 3JKOHOMMUYECKHUX MPOLECCOB,
NPOUCXOJALIMX B OTZAeJbHbIX 3KOHOMHUYECKHUX paloHax Asepbai/PkaHa, UX NPUYMHBI U
nociaeactBus [7]. XoTa B HampaB/JeHUU JeMorpaduyecKoro pa3BUTHUS HaceJeHUsl B
OT/Zle/IbHbIX perdoHax IpOBeJeH psAJ HccaeloBaHUM, PopMHpoBaHME KadyecTBa >KU3HU
HacesieHUs1 JieMorpadudeckd He ulydyeHo. OJHM K3 HaA3BaHHbBIX BbIllle HCCAeA0BaTesEN
NpOaHa/JIM3UPOBaJMU yJydllleHWe KadecTBa KU3HU HaceJeHUS peruoHa, Jpyrue
IpOaHaJIM3UPOBAJIM €ro ¢ TOUKU 3peHus JeMorpadpuieckux ucciaeoBaHui. B cBsi3u ¢ aTuUM
JfieMorpaduyeckoe Hccae/jloBaHHE KayecTBa »KM3HU HacesieHus Bosbuioro KaBkaza MoxkHO
CUUTaATh NepBbIM HccaefoBaHUeM. C(CTaTUCTHUYecKad 0as3a, MCIOJb30BaHHAasA B XoJe
MCCJeIOBaHMs, BKJIlOYaJla MaTepuasibl mnepenuced HacejaeHuss 1999 u 2009 ropos,
ctaTucTUdeckue nokasaTteau 2000-2021 roaos.

Bca uHbopManus, ucnosb3yeMass B CTaTbe, B3siTa U3 OQHUIMAJbHBIX HCTOYHHUKOB,
ONyOJIMKOBaHHBIX B MocjaeAHUe rojbl. McciegoBaTesbckasi paboTa paspabaThiBajlach Ha
OCHOBE MaTeMaTUKO-CTaTUCTUYECKOro, KapTorpadpuyeckoro, CpaBHUTEJbHOTO aHa/W3a,
CUCTEMHO-CTPYKTYPHBIX U JIp. METO/0B.

Pe3ysibTaThl U 06CYKAEeHUE

Uccnenyembiii peruoH bosbiioro KaBkasa nuMeeT BbIroZJHOe 3KOHOMHUKO-reorpadpuyeckoe
N0JIOXKEHME Ha ceBepe, ceBepo-3anajZie U CeBepo-BOCTOKe A3epbalkaHCKOW PecmyOsuku.
JddeKTUBHO UCNOJb3ys NPUPOAHBIH, AeMorpapUuecKUil U 3KOHOMUYECKHUH NOTEeHIHas
Bosibmoro KaBkasa, MOXKHO JAOOMTBHCA yCTOMYMBOTO pa3BUTHSA, BBICOKOTO YPOBHS >KU3HU U
KayecTBa HacesieHUA [8, 9]. [Ipu M3yyeHHUH KadyecTBa >KM3HU HaceJIeHUs 00JIaCTH OCHOBHbIE
fieMorpaduyeckre TMpOLECChl, TaKWe KaK YHUCJIEHHOCTb HacesJeHUs, pPOX/AAeMOCTh,
CMEPTHOCTb, €CTeCTBEHHbIN NPUPOCT, AeMorpaduruyeckass Harpy3Ka, oJioBO3pacTHOM COCTaB
HaceJIeHUSs], UX U3MEHEeHHUs 110 roJiaM, IPUYUHbI K3MEHEHU U U 0X)KU/JaeMbIX pe3y/IbTaTOB.

[lnomanb Bosabmoro Kaskasa cocrtaBiadger 25,7 TbIc. KMZ, 4TO cocTaBiaseT 29,6%
TeppUTOPHUM cTpaHbl [lo JaHHbIM 2022 1., HacesieHue bosboro KaBkasa cocraBisiet 4404,5
TBIC. YeJIOBEK, 4YTO cocTaBseT 43,4% Hacesienus crpansl [10]. B coctaB bosibmoro KaBkasa
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BXoAAT AmnuepoH-Xbi3biHCKUM, Illeku-3aratanbckuid, [I'yb6a-Xaumasckuit u HaropHo-
[llupBaHCKUM 3KOHOMHUYECKHE PAWOHBI.

['opoackoe HaceseHue peruoHa bosbmioro Kaskasza cocrassier 3307,7 ThIC. YeslOBeK,
cesbckoe — 1096,8 Thic. yesoBek (PucyHok 1). YaenbHbIH BeC TOPOACKOTO U CeJIbCKOro
HaceJieHUA B cTpaHe cocTaBJiseT 61,6% u 22,9% cooTBETCTBEHHO.

N ["0po/ICKOE HACETICHUE Cenbckoe HaceneHne ==®=HacescHue B 11e70M

2500 ¢ 2303,1 - 2500

2000 - 2000

1500 - 1500

1000 - 1000
632,9 561.8

500 '457,4 3268 L 500

175.5 184,837 e 21s
0 . - . - . — 0

NS < <

PucyHok 1. Y4 C/I€HHOCTB T'OPOACKOro U CeJIbCKOro HaceJIeHUA o
3KOHOMHWYECKHUM paiioHaM (2022 r., ThIC. YeJ1.)
[IpuMeyaHue: cOCTaBJI€HO HAa OCHOBAHUHU JJaHHBIX [10]

B ropope baky cocpenorodyeno 69,6% ropozckoro HacesieHUsl permoHa bosibioro Kaskasa,
B AnuiepoH-XbI3bIHCKOM 3KOHOMUYECKOM pailoHe - 16,1%. [locko/ibKy 3KOHOMHKA APYTrUx
9KOHOMHYECKUX PAaNOHOB, XapaKTepPU3YIOLUXCA HU3KUM YPOBHEeM ypOaHU3aLlMM, OCHOBAaHa
Ha CeJIbCKOM XO035MCTBe, HaceJleHHWe B OCHOBHOM COCpPelOTOYEHO B CeJbCKOM MEeCTHOCTH.
41,7% cenbckoro HaceseHUs1 06J1acTu npokuBaeT B llleku-3araTtane, 34,4% B ['yoe-Xaumase,
19,6% B HaropHno-IlllupBane u 4,3% B AnmepoH-XbI3bl.

AHa/nv3 oKas3bIBaeT, YTO HaceJleHWe pacnpe/iesieHo 110 CTpaHe U perMoHy HepaBHOMEPHO.
CokpalleH1e HepaBeHCTBa B YPOBHe JieMorpadpuyecKoro pa3BuTHUsl perMOHOB U obecrieyeHUe
UX YCTOMYUBOIO pa3BUTHUA ABJIAETCA BaXXHOM 3aZadyei. Mexay ropogoMm baky u gpyrumu
9KOHOMHWYECKUMHU PaOHAMU peClyO/JIMKHA Ha IPOTSKEeHUH MHOTUX JIeT HaOJII0Jal0TCs pe3KUe
pasjMyMag B YpPOBHE COLMa/JbHO-35KOHOMHUYECKOTO Ppa3BUTUA U CHOPMUPOBAHHOCTH
feMmorpadpuyeckoro mnoTeHuMasa. KoHIeHTpaunus 37ech NPOMBILIJIEHHOCTH U cdepbl
00C/Iy>KMBaHUS BbI3BaJla MUIPALMI0 HaceJleHUS U3 CeJbCKOM MeCTHOCTH B ropog. s
NOBbILLIEHNSA KauyeCTBa KM3HU B PerMOHax, B IepBYI0 04epe/ib, HE0OX04UMO JTUKBUIUPOBATh
HepaBeHCTBO HaceJsieHus. /lJig npefoTBpalleHUs OTTOKA HacesleHUs B baky u pyrue roposa
BXHO OTKDPBITb HOBble paboyue MecTa B OOJIACTHBIX LIEHTPAX, MOCEJKax MU CeJIbCKOU
MECTHOCTH, 00eCNeYruTb BbICOKOE COLIMAJbHO-KYJbTYpPHOE U OBbITOBOE O0OCIy:KMBaHUE
HaceJIeHUsl M COXpaHeHHe JeMorpadHuieckoro noTeHnyana Ha Mectax. C 3Tol TOUKH 3peHus
0c060ro BHUMaHUs 3acayXuBaeT GOopMUPOBaHME XO3MCTBEHHBIX 0O'bEKTOB, CO3/laHHBIX B
pervoHe B mocjefHue rofpl. Takue 3KOHOMHUYECKHE IIard HamlpaB/ieHbl Ha MNOBBIIIEHHE
0/1arocOCTOAAHMS HaceJleHMs B OyZaylueM, obecrne4eHWe [AOCTYNIHOCTH NpHU peasvd3alyu
NpOM3BOAMMON UMHU NpPOAYKLMU. Bce 3Tu Meprwl npuBefyT K JemMorpadpu4yeckoMy pocTy B
006J1aCTH, 0COOEHHO B CeJILCKUX MTOCeJIeHUAX.
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[Ipu 06Cy>K/1leHUU B3aMMOCBSI3U COLIMaJIbHO-3KOHOMUYECKOT0 POCTa U JieMorpadpuiecKoro
pa3BUTHUA OoJiblilee BHUMaHUe yAeseTcs PO/ TEMIIOB IPUPOCTA HAaceJleHUS U BO3PacTHOMN
CTPYKTyphbl HaceseHus [8]. TakuM o6pa3oM, B CTaTbe MPOAHAJM3UPOBAHBI €CTECTBEHHbIN
IPUPOCT, POXKAAEMOCTb, CMEPTHOCTb COCTaB JeMorpadudeckux GpakTOpOB, BIAUSIOLHUX Ha
dbopMHpoBaHUe KayeCcTBa }KM3HU HaCeJIEHUSI.

EcrecTBeHHbIN NpUpoCT: OAHUM M3 BaXKHBIX [OKasaTesed KadyecTBa »KU3HU HaceseHUS
peruoHa fBJSETCA  eCTEeCTBEHHbIM NPUPOCT, KOTOpPbIM ABJAETCA IOKasaTeJseM
3KOHOMHYECKOTO 6J1aronoJiy4yvsi, KayecTBa MeJULIMHCKOTO OOCAyKHWBaHUS, YKpelJeHUs U
OXpaHbl 3/I0POBbsl MaTePU U pebeHKa, 3JJ0pOBOro o6pasa KM3HU U 0011asA 3PPEeKTUBHOCTD
JieMorpaduveckux nokasartesen. EcTecTBeHHbIM NPUPOCT SABJISIETCA OCHOBHBIM HCTOYHUKOM
npupocTa HaceseHHUs. [I[py BbICOKON YMCIEHHOCTU HaceJeHHUs U J0JIU MOJIOJEXU BbICOKU U
abCco/IIOTHbIEe TOKa3aTeJd ecTecTBeHHoro mnpupocrta [9]. Ha ecTecTBeHHBIH NpPUPOCT
HaceJIeHUs1 BJIMSET COOTHOIIEHHWE TOPOJCKOTO M CeJbCKOrO HaceJieHWUs, YPOBEHb XU3HU
HaceJIeHUs], U3MEHEHMUsI TIOKa3aTesel pOXK/1aeMOCTU U CMEPTHOCTH, [10JIOBO3PACTHOM COCTAB.

TenpeHuuu gemorpaduyeckoro pasBUTHUs PeclnyOJMKU CKA3blBAlOTCA WM HA HaceJeHUH
Bosbmoro KaBkasza. /leMorpadpuyeckuid aHa/iM3 eCTECTBEHHOrO MPUPOCTAa OXBaTbIBAeT
nepuojs; ¢ 2000 mo 2021 roa. B Teyenue nepBoit nATuiaeTku (2000-2005 rr.) B paiioHe
Bosibiioro KaBkasa Ha6J1t04a/1Cs1 pOCT POK/AAa€MOCTH, CMEPTHOCTH U €CTECTBEHHOTO MPUPOCTA
HacesieHUsl. B mocsegyroue nepuoAbl UMed MeCTO pa3Hble TeHJeHUUU. B ciepyrouryro
nAaTuaeTKy, T.e. B 2005-2010 rr., mokasaTesd POXK/JAaeMOCTU U e€CTeCTBEHHOro NMpPUpOCTa
IpPO/I0/KA/IA YBEJIUYNBATBCS, HO CMEPTHOCTb CHUXKaJlach. BbICOKMI ecTeCTBEHHbIN NPUPOCT
HacesJeHUsT B 00JaCTH Obl1 pe3yJbTaTOM yBEeJWYEHHUS POXJAEMOCTU U CHUKEHUS
cMepTHOCTU. CHUXKEHHeE TToOKa3aTesiell CMEPTHOCTU NpoaosKanoch o 2019 roaa. [locie 2010
roja HabJII0[aeTCsl NOCTENeHHOEe CHUXKEHUe MoKa3aTesel POXJAAaeMOCTU U eCTeCTBEHHOIr0
npupocTa. B ToM roay poxzaaemocts Ha 1000 yesioBeK B pervoHe cocraBJisia 17,9 yenoBeka,
a ecTeCcTBEHHbIM mnpupocTt - 11,7 yesoBeka. ITO ObLIO HUXKE CpPeJHEr0 IMoOKa3aTeJss MO0
pecny6uuke (18,5 u 12,5 yesnoBek cooTBeTcTBEHHO). B 2015-2019 rogax Ha6J/110ja/10Ch pe3Koe
CHI)KEHMe MoKa3saTesied poXJaeMOCTH U eCTeCTBEHHOrO NMPUPOCTA, MPU 3TOM 3HAYUMOIO
M3MeHEeHHUs] CMEPTHOCTU He NPOU30ILIO.

B nociegHue rofbl NpUYMHOM CHUXKEHUS MOKa3aTeJliel POXAAaeMOCTH U eCTEeCTBEHHOIO
IpUpOCTa ABJSAETCA OTXO0J, CeMeW OT NPUHLMIA MHOTOJETHOCTH. BOJIbIIMHCTBO ceMei
JIOBOJILCTBYIOTCSI OJJHUM WJIU [JByMs JAeTbMHU. Kpome TOro, oHOoil U3 OCHOBHBIX NMPUYUH
yMeHblIeHUs eCTECTBEHHOI'0 IPUPOCTA ABJISAETCS NpeJoYTeHUEe XKeHUMH paboThl B CBA3U C
conMa/bHbIMU oTpebHOoCTAMU. [locae 2019 roga npoA0/1KUI0Ch CHUXKEHUE POXK/IAEMOCTU U
eCTeCTBEHHOIr'0 IpUpPOCTa NPU pe3KOM pocTe cMepTHOCTHU. EcTecTBeHHBbIN npupocT Ha 1000
yesioBeK B parioHe bosibimoro KaBkasa cHu3uJica 3a nocyaegHue ABa roga Ha 40% c 9 go 3,6,
poxJaeMocTb cHU3uJIach Ha 23,6% c 14,8 no 11,3. CMmepTHOCTB yBesainuuaachk Ha 32,8% c 5,8
no7,7.

[IpyyrHa pe3koro U3MeHeHUs OKa3aTeJsiel 3a ocjeHUe JiBa rojia CBsi3aHa C YCI0BUSMU
NaH/JeMUH, CJIOKUBIIMMUCS KaK B Hallled CTpaHe, TaK U Bo BceM Mupe. HaunHas ¢ nocinefHUX
MecaneB 2019 roga nanzemusa COVID-19, pacnpocTpaHuBIIascda MO0 BCeMy MHUPY, OKa3aJa
cepbe3HOe BJIMSIHWE HA BCe pEeruoHbl Hallled CTpaHbl, a Takxe Ha bosbwon KaBkas.
O6bsiB/IeHME KapaHTHHA B TyCTOHAceJeHHbIX palloHaxX CcTpaHbl, GOpMHUpPOBAHHE 0CO6GOrO
KapaHTUHHOTO peXHUMa OTPa3uJIMCh Ha JeMorpadpuuecKuX U KauyeCTBEHHBIX MOKa3aTessx
»KM3HU HaceJleHUd 3a nocjeaHue 2 roaa. 3agpUKCUPOBaH Pe3KUN POCT YUC/Ia CMepPTel cpeau
YA3BUMBIX JIIOJIEM Y NOXKUJIBIX JI0JAed. B 3TOT nepuon yBeJIMUMIOCh KOJIMYECTBO CMepPTeEH, a
3ampeT Ha OpraHMU3alvi0 CBaJeOHBbIX L[epEMOHHM MoMellas CO3JaHHWI0 HOBbIX ceMel. JTO
CEpbe3HO CKa3aJioCh HAa Pe3KOM CHUKEHHU 4YHCJia HOBOPOX/IEHHBIX, T. €. HA €CTECTBEHHOM
IpUPOCTE.
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Ta6avna 1. Iloka3aTtenu PpoXKAAEMOCTH, CMEPTHOCTU M €CTECTBEHHOro MNpHpoCTa mo
3KOHOMMYeCcKHM paiioHaM (Ha 1000 yen.)

Azep6.Pecn.

2000 2005 2010 2015 2021
JKOHOMHUYECKUE
pafiornet £ s |2 5 | B 3 s |2 g
Q ﬁ Q Q ﬁ Q Q ﬁ 5 Q ﬁ Q Q ﬁ 5
S) 3 o) IS ) o) <) ) 5] IS 5 5] IS 5 5]
= o Qu = o = = o = = o = = =} =
: | E | £ |8 E | Z |8 |E | |8 | |E |8 |E |E
s | E|E | |E e |f | g E g |
o = 5 o = 5 o = 5 =} = 5 =} = 5
a &) m a &) m a &) m a &) m a S 23]
Baky 11,6 5,8 5,8 14,9 6,5 8,4 17,3 5,7 11,6 15,4 5,6 9,8 9,9 8,9 1,0
13,6 51 8,5 14,2 6,1 8,1 13,9 4,9 9,0 15,5 4,8 10,7 9,2 7,5 1,7
AnmepoH-XbI3bl
16,0 6,7 9,3 15,8 6,9 8,9 17,3 7,0 10,3 16,9 6,3 10,6 11,4 7.7 3,7
[llexu-3araTtasna
17,2 7,2 10,0 19,7 7,2 12,5 19,9 6,9 13,0 19,1 6,3 12,8 12,6 7,3 53
I'y6a-Xauma3s
19,4 7,0 12,4 21,7 6,9 14,8 21,0 6,6 14,4 20,0 6,0 14,0 13,4 7,2 6,2
Haropho-Illupsan
. 15,6 6,4 9,2 17,3 6,7 10,6 | 17,9 6,2 11,7 | 174 5,8 11,6 | 11,3 7,7 3,6
Bosibuioit KaBkas
14,7 59 8,8 16,9 6,2 10,7 | 18,5 6,0 12,5 | 17,4 57 11,7 | 11,2 7,7 3,5

[IpumeuaHue: /leMorpaduueckre nokasatenu AsepbaiimkaHa, baky, ICK 2005; Azep6aiikaHckue
peruonsl, 2022 [11, 12]

CpaBHeHHe 3KOHOMMYECKUX parioHOB bosbuioro KaBkasa nmokasbiBaeT, YTO B NEPHUOJ C
2000 mo 2019 ropbl HaAOJOAATCA He3HAYUTEJbHblEe YBEJHWYEHHUS] W yMEHbIlIEHUs
noKasaTeJiel POXKJaeMOCTH, CMEPTHOCTH U eCTeCTBEHHOro npupocTta. OjHaKo B MOCAeAHUE
JiBa rojia MpOM30LLJIO CYyLleCTBEHHOe M3MEeHEeHHe 3THUX IoKasaTesJed MO0 3KOHOMHUYECKUM
pailioHaM B CUJIy YKa3aHHbIX Bbllle Npu4uH. Kak BugHo u3 Tabsunbl 1, caMble BbICOKUE
IOKa3aTeJM eCTeCTBEHHOr0 NPUPOCTA HacesJeHUs B aHaJU3UpPyeMble MEPUOJbl ObLIU B
Haropno-IllupBanckom, ['y6a-Xaumazckom u llleku-3aratajibCKOM 3KOHOMHUYECKUX PallOHaX,
a caMble HU3KHeE B ropoie baky u AnuiepoH-XbI3bIHCKOM 3KOHOMHUY€ECKOM paloHe.

[Io ganHbIM Ha 2021 roj camasi BbICOKasl POXAAEMOCTb U €CTECTBEHHBbIM NPHUPOCT B
obsiacTy HabsroaeTca B HaropHo-IllnpBaHCKOM 5KOHOMUYECKOM palioOHe, ¥ POXKJaeMOCThb Ha
1000 gyesnoBek coctaBiseT 13,4 yesioBeKa, eCTeCTBEHHbINM NPUPOCT - 6,2 yesoBeka. B Illeku-
3aratasie poxgaemMocTb Ha 1000 4YesioBek HaceseHusa coctaBuyaa 11,4 4esoBeka,
eCcTeCTBEHHbI mnpupocT - 3,7 d4esoBeka, B [yb6e-Xaumaze - 12,6 u 5,3 d4esoBeka
COOTBETCTBEHHO. JTH LUQPbI BbIlLIe CPeJHUX NTOKa3aTesJeld POXK/AAeMOCTH U eCTECTBEHHOI0
npupocta no ob6saacty (11,3 u 3,6 yesioBeKa COOTBETCTBEHHO) U CpeJHEro nokasarTesis Mo
pecny6uuke (11,2 u 3,5 yenoBeka cOOTBETCTBEHHO). HauMeHbIINI ecTeCTBEHHBIN NPUPOCT
HabOJsioaeTcs B ropoze baky, 1,0 yesnoBeka Ha 1000 4yesioBek, U 1,7 4yesioBeKa B AGIIEpOH-
XbI3bIHCKOM 3KOHOMHUYECKOM pakoHe. JTO HUXKe CpeJJHEro mnokasaTesisd MO 006JlaCTU U
pecny6uuke (PucyHok 2).
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PucyHok 2. [lokasaTesim HaceJieHUs, PO:KAAEeMOCTH, CMEPTHOCTH, eCTECTBEHHOI'0 IPUPOCTa B
peruoHe Boabmoro KaBkasa, 2021 r. [10]
[IpuMeyaHMe: COCTaB/JI€HO HA OCHOBaHUH AaHHbIX [10]

[Ipy4rHOM HHU3KOr0 eCTeCTBEHHOro NpUpocTa B ropoge baky u AnmepoH-XbI3UHCKOM
9KOHOMHUYECKOM paloOHe fBJSeTCs OYpHBIA pOCT mpoluecca ypb6aHHU3alUM, MUrpaLus U3
PErrMoHOB C LieJIbI0 TPYAO0YCTPOMCTBA, TEHAEHLUA HaceJIeHUs C BbICOKUM YPOBHEM >KU3HU K
MaJIOJIeTHOCTH, pOCT 3arpsA3HeHUsaA U OosesHed W T.A. [13]. Ha ocHoBaHMM aHa/u3a
roKa3aTeJsied CMepTHOCTM B 3KOHOMMYECKUX palOHaX, BXOJAALIMX B cOCTaB bBosibuioro
KaBka3a, MOXHO cJesaTb BBIBOJ, YTO YMCJO YyMEpIIMX pPe3KO YBeJUYUBAeTCA IIpH
O/ZIHOBPEMEHHOM CHU>KEHUH abCOI0THOIO YKCJIa pOXKAeHUN cpeiu HacesieHUsA. ObpalaeT Ha
ce6s1 BHUMaHHe POCT YHCJIa U YPOBHA CMEPTHOCTHU B OCHOBHBIX ['OPO/iaX PeruoHa, 0COOEHHO B
CTOJIULIE U APYTHUX 6JIM3JIeXKalluxX palioHax. B yacTHOCTH, TOT $aKT, UTO 60JIe3HH, CBA3aHHbIE
C OKpY»Kalolllel Cpesol, UMEelT UIMPOKUU apeas B 3TOU 30HE U OMOJIOXKEHUE 3TOU 60Jie3HU
CHW)KaeT ypoBeHb JieMorpadHuuecKux rnokasaresel. 37ieCb OCHOBHOM NPUYMHON MOBBIILIEHUS
CYUTAeTCH 3arpsi3HeHUe BblOpacblBaeMbIMU B aTMocdepy ra3aMu, Harpy3KkHu B TPAHCIOPTe U
NOBCEIHEBHBIX IMepeBMKEHUAX, HelpepbiBHAsA U JJUTe/bHas pabora. Camasd BbICOKas
CMEPTHOCTb cOoCTaBUJIa B ropozie baky, 8,9 yenoBeka Ha 1000 yesioBeK. ITOT MOKa3aTeJ b Ha
15,6% BhlIlIE, YeM B cpeiHeM 1O cTpaHe. [lokazaTesd CMePTHOCTH B PYTUX 3KOHOMUYECKUX
palioHax ObLJIM HUXKe, 4eM B CpeJiHeM 110 00JIaCTH U CTpaHe, K0J1e6JAch B npeaenax 7,2-7,7.

CMepTHOCTb fIBJAETCA OJHUM H3 OCHOBHBIX IIOKa3aTeJeH, ONnpeJesArIlUX KadecTBO
»)KMU3HU HaceJIeHUsl. YPOBEHb CMEPTHOCTHU OKa3blBaeT CyIlleCTBeHHOe BJIWSHHWE Ha U3MEHeHue
YU CJIEHHOCTH HaceJIeHUd U olpeJiesIsieT COCTOsIHUe ero 30poBbd [14, 15]. Ha ocHoBe aHanu3a
noKa3aTeJsiel CMepTHOCTM B 3KOHOMMYECKUX pervoHax, BXOJALIMX B peruoH boJsbuioro
KaBka3a, MOXHO c/ieJs1aTh BbIBO/JI, YTO POCT YMCJIAa U YPOBHS CMEPTHOCTH B OCHOBHBIX TOpoJiax
pernoHa, 0CO6eHHO B CTOJIMIE U APYIUX NMPUJIEramllux palhoHax, NIpUBJeKaeT BHUMaHue. B
YaCTHOCTH, TOT GaKT, YTO OHKOJIOTUYECKH e 3a00/1eBaHUS UMEIOT IIMPOKUU apeaJsl B 3TOU 30He
Y OMOJIOXKEHHE ITOr0 3a60JIeBaHUsI CHUXKAeT YPOBeHb ieMorpaduyecKux nokasaresen. 3a1ecb
OCHOBHOM IPHUYMHOM pOCTAa CMEPTHOCTH CYMUTAKOT BbIOPOCHI 3arpA3HAKLIMX Ta30B B
atMocdepy, cTpecchl Ha TPaHCOOPTE U B MOBCEAHEBHOU JeATeJbHOCTH, HENPEPBbIBHYIO U
JJINTeIbHYI0 pa6oTy. CaMbli BBICOKMH YPOBEHb CMEPTHOCTH 6Obl1J1 B ropojie baky - 8,9 yesioBek
Ha 1000 yesoBek. ITOT MokasaTesb Ha 15,6% Bhllle cpeHEpecnyOJIMKAaHCKOTO NTOKa3aTesl.
B pyrux sKOHOMUYECKUX perMOHax oKa3aTesb CMEPTHOCTH KoJsiebasics oT 7,2 10 7,7 v 6bLa
HIXKe CpeJHepecnybJIMKaHCKOro IokasaTesd. YMCIeHHOCTb HaceJleHWS IO BO3PACTHBIM
rpymnnaM cepbe3Ho MeHseTcs. [Ipy aHanM3e okasaTesiell CMEPTHOCTH 110 BO3PACTHBIM
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rpynnaM 3aMeTHO, YTO YpPOBEHb MJIAJIEHYECKOM CMEepPTHOCTU BBICOK. MiaseHueckas
CMEPTHOCTb 3aBUCUT OT YPOBHA MEJULUHCKOrO OOC/IY>XUBaHUA MaTeped U JeTeH, HX
NUTAHUSL, a TaKXe OT MPOXOXJEHUs >KeHUMHAaMU MeJUIMHCKHX OCMOTPOB BO BpeMs
6epeMeHHOCTU. OCHOBHAsA NpPHUYMHA JI€TCKOM CMePTHOCTH - MOCJepoJ0Bble 3ab0JieBaHUS,
BPOX/JIEHHble aHOMaJuY, 3a060JieBaHUS OpPraHOB JAbixaHusd. [Ipy M3y4eHUH NoKa3aTesel
CMEPTHOCTU OObIYHO U3y4yaeTCs MJaJiIeHuYecKas CMepTHOCTb B Bo3pacTe Ao 1 roja.
CMepTHOCTb cpeAiy JeTel, pOAUBILIUXCSA }KUBBIMU /10 T'0/1a, 3aBUCUT OT TaKUX GAKTOPOB, KaK
ypPOBEHb MeJUIMHCKOW MOMOIIIY, OKa3bIBaeMOK MaTepsiM, 6epeMeHHbIM KeHIIMHAM U JeTsIM,
CeThb YYpexXJeHUU 3paBOOXpaHeHUSs], YIaJIeHHOCTb WUJIM HEJLOCTYNHOCTb OKa3blBaeMbIX MU
yCJIyT HaceJieHu1o [7].

B nepBbiii 10-1eTHUN mNepuoj aHaiu3a JeMorpapUyecKHX IOKasaTesied HaceJleHUSs
MJIaZleHYecKasi CMEPTHOCTb B Bo3pacTe o 1 roza yBeauyuaach Ha 66,1% c 623 go 1035
yeJsioBeK B parioHe bosbioro KaBkasza. B 2000 r. B o6s1actu Ha 1000 poxkaeHHU NpUX0ogUa0Ch
15,5 ciayyaeB cmepTu (Puc. 3). 3To Bhllle, UeM B cpeHeM 1o cTpaHe. B 2010 roay HabuitoaeTcs
HeboJiblllasi pa3HULA MeXAy I[OoKa3aTeJsIMU peclnyOoJMKA UM pervoHa. MiajeH4yeckas
CMepTHOCTb CHU3WJIACh B nocjaeaywuye nepuobl. Tak, B 2021 roay B peruoHe bosblioro
KaBkasa 3adukcupoBaHa cMmepTb 398 w™uajeHneB. ITo coctaBasgeT 47,4% yMmepuiux
MJIaZileHIleB B LieJoM Mo pecny6sauke (840 yesoBek). Ha kaxayio 1000 poxaeHuiH
npuxouaoch 10 cMepTell B perMoHe, YTO BCE Ke BbIIlIE, YeM B CpeJiHEM N0 cTpaHe (PucyHok
3).

155 ¢
7

20

2000 2010 2021
B bomemioif KaBkaz M Asepbaiimxan Pecr.

PucyHnok 3. CpaBHeHHe MJIa/ileHYeCKO CMepTHOCTHU B perruoHe bosbimoro KaBkasa co
crpaHoii (Ha 1000 :XKMBOPOXKAECHUI)
[IpyMeyaHHe: COCTAaBJIEHO HAa OCHOBAHUM AaHHbIX [11, 12]

B Teuenune 2000-2010 rosoB abco/it0THAs U OTHOCUTEJIbHASA MJlafileHYecKasi CMEPTHOCTD
yBeJIMYuIach B ropojie baky u AniepoH-XbI3bIHCKOM 3KOHOMUYECKOM palioHe, a B JPyTrUx
9KOHOMHYECKUX pahOHaX CHU3UJIACh. [I[pyyrMHaA BBICOKOW MJIaZleHYeCKOM CMEPTHOCTH B
ropojiax 3akJl4aeTcsl B TOM, UTO HaceJeHHE HE MOXET M0JIb30BaTbCS MeEUIUHCKUMU
ycJayramMd Ha JOJDKHOM ypoBHe. B mociegywimue rozasl, To ectb B 2010-2021 ropax,
MJIaZleHYecKasd CMepTHOCTb yBeanuuaack B HaropHo-lllupBaHCKOM 5KOHOMUYECKOM paroHe,
B TO BpeMsl KaK B JIPyTUX 9KOHOMUYECKUX palloHaX HabJ/104a/10Ch ee CHMKeHUe (PUcyHOK 4).
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PucyHok 4. [lokasaTe/ MjIaZleH4eCKOi CMePTHOCTH IKOHOMUYEeCKHMX paiiloHOB BoJibiuoro
KaBka3a (na 1000 >xuBopoxJeH.pe6eHka) [11,12].
[IpuMedaHue: cOCTaBJI€HO HAa OCHOBAHWHU JJaHHBIX [11,12]

JlaHHas cuTyalusi CBs3aHa C HU3KUM YPOBHEM OKa3aHUS MeJUIMHCKUX YCIYT HaceJeHUI0.
Oco6eHHO 3TO NPOABAAETCA B CEJIbCKOM MeCTHOCTU. Heo6X0AMMO NPUHATL Cepbe3Hble Mephl
M0 YJYy4YIIEHUI0 MEJUIMHCKOT0 00CAYyKHUBAaHUS U COOTBETCTBEHHO CHUKEHUIO MJIaIeHUeCKON
CMEepPTHOCTH.

llesibto peanu3anuu geMorpadpruiecKor NOJUTUKU ABJISIETCS 06ecredyeHre poXKaeMOCTH U
€CTeCTBEHHOI0 MPHUPOCTA, XOTS Obl MHUHHMMaJbHOTO MPUPOCTA HACEJIeHUS], CHUXKeHUEe
CMEepPTHOCTH, B TOM 4YHCJe MJAJEeHYEeCKOM, OXpaHa 3/0pOBbs, yBeJUYeHUe CpeJHeHn
NPO/JIO/KUTENBHOCTU KU3HU U YPOBHS XU3HM, peryjupoBaTb Murpayuio [16]. CHmxeHue
POXKJAEMOCTH MOXKET NPUBECTHU K YMEHbIIEHHWI0 KOJHWYEeCTBa JeTel B ceMbsX. [IpuumHOn
3TOTO SIBJISIETCS YMEeHblIeHHe OPaKoB U pe3Koe CHUXKeHUe GepTUIbHOr0 BO3pacTa KEeHLHH.
BaxkHbIMU fleMorpadUiyecKMMHU Npo6ieMaMU IBASIIOTCS TaKXKe BbICOKAasi CMEPTHOCTb MY>KUYUH
10 CPaBHEHUIO C XKEHUIMHAaMH, a TaKXe HapylleHUe TeHJIePHOr0 COCTaBa POXKJALUXCS
Jeteil. Bce aTo femorpadpudeckue GpakToOphl, BAUSAIOLIME HA KAYeCTBO }KU3HU HaceJIeHUs.

[ocypapcTBeHHass MoJWMTHKA B 06Js1acTM  JAeMorpaduMu U paccejieHUs] HaceJieHUs
onpepensieTca KoHuennue aemMorpadryueckoro pa3BuTHs AlepbaipkaHCcKol Pecny6unKu.
llenpto rocyfapCTBEHHOW MOJMTUKU B 3TOW 00J1aCTH fIBJISIETCSl YCTpaHEHHWE HeraTUBHbIX
TeHJeHUUNH B JeMorpaduyeckux IMpoleccax, obecrnedyeHUe pOCTa HaceJieHHs, KOHTPOJIb
pOXKJAEMOCTH M eCTeCTBEHHOTO pOCTa, CHUXKEHUe CMepTHOCTH, yBeJU4YeHue CpeaHeHn
MNPO/IO/KUTENBbHOCTU KU3HU U T. [,

3aK/iloueHue

[lo pesysbTaTaM uccaef0BaHUsA, TPOBeJleHHOTO B pernoHe bosbmoro Kaskasa, baky u
AnmiepoH-XbI3bIHCKUM 3KOHOMMYECKUM palOH HMMEIT BBICOKHH YpOBEHb YypOaHU3alUH,
II03TOMY TaM COCpeloTOYeHa 60JIblIad 4acTh HaceJeHUs. B Apyrux sKOHOMUYeCKUX palloOHax
paccesieHde OOJIbIIEH YAaCTH HaceJleHUs B JEepeBHAX U HU3KUHW YpOBeHb ypOaHH3aL WU
00yC/I0BU/IM yBeJIMYeHUe YUCJIEHHOCTH HaceJleHUS 3a C4YeT eCTeCTBEHHOro npupocra. B
nocje/Hee BpeMs eCTeCTBEHHbIN IPUPOCT YMEHbIIUJICA C yMEeHbLIEHHUeM YUCJIa pOXKAeHUN. B
o6sactu B 2010-2021 rojax nmpou30LLJIO pe3KOe CHUXKeHHe MOoKa3aTesiell pPoXAaeMOCTH U
ectecTBeHHOro npupocrta. B2019-2021 rogax KoJ1M4eCTBO JieTaJIbHbIX KCX0/ 0B YBEJIUYUJIOCH.

3a2000-2010 roambl B 06J1aCcTH HAGJIIOAAJICSA POCT POKAAE€MOCTH U €CTECTBEHHOI'0 IPUPOCTA
(14,7% wu 27,2% CcOOTBETCTBEHHO), a CMEPTHOCTb CHU3MWJach Ha 3,1%. B 2010-2021 rogax
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HabJ/1I01a/10Ch TIOCTeNeHHOoe cHKeHue. B 2021 roay mo cpaBHEHHUIO € NPeAbIAYLIMM TO0M
pOXKJaeMOCTb YMeHbIIuaach Ha 16,3%, ecTecTBeHHbIM NpUpoCT yMeHbluiaca Ha 40,9%, a
CMEPTHOCTb yBeJIMYUJIach Ha 4,1%. CMepTHOCTb CpeJiu )KUBOPOK/JEHHbIX JIeTeN B BO3pacCTe J10
OJZIHOTO rojia B 06J1acTy cHU3uIach Ha 23,9% B 2000-2010 rr. v Ha 15,3% B 2010-2021 rr.

[IpousBoACTBEHHAass M cColiMajibHAsA UHPPACTPYKTypa [AOKHBI CO3JaBAaThCid C YYETOM
TeKylel aeMorpadpuyieckou cuTyauu. PaciuiupeHye Nnporu3BOACTBEHHOrO Mpolecca B chepe
IPOMBIIIJIEHHOCTA U CEJbCKOTO XO03SMCTBAa, pa3BUTHUE 3/]paBOOXpPaHEHHs] U 0Opa30BaHUS
MOTYT MOJIOKUTEJNbHO CKa3aTbCsl Ha IMOKasaTessX eCTeCTBEHHOr0 NPUPOCTA peruoHa M
KayecTBe XU3HU HacesieHUs. J|Jisl MOBBbIIIEHUs] KayecTBa XU3HU B peruoHax, B MEPBYIO
odyepe/ib, HEOOXOAUMO JIMKBUAUPOBATb HEPABEHCTBO HacesieHus. /il mpenoTBpalleHUs
OTTOKa HacesleHUs B baky U ipyrue ropo/ia BaXKHO B Oyy1ieM OTKPbITh HOBbIE pabo4yre MecTa
B PallOHHBIX LIEHTPAX, MOCEJNKaX U CEJbCKOM MECTHOCTH, 00eCNeYuTh BbICOKOE COLIMaIbHO-
KyJbTYpHOe U  ObITOBOE OOCIY)KMBaHHe  HaceJieHUs, OOeCclHedyuTb COXpPaHEeHUe
JfieMorpaduyeckoro noTeHlasa Ha MecTax.

B messix oxpaHbl 3[0pOBbsi HaceJeHUS U YBeJHWYEHUs] CpeJHell MPOAOKUTENbHOCTU
*KU3HU BaXXHO IPOBOAWTDb €XeroJHble U IepUoAUYeCKHe MeJULIMHCKUE OCMOTPbI HaceJIeHHs,
YKpPEeIITh MaTepuaJbHO-TEXHUYECKYI0 06a3y yupexkJeHUU 3/]paBOOXpaHeHMUs], pa3BUBATh
CaHATOPHO-NMPOPUIAKTUYECKYIO CETb, MOBBINIAThL Ba)XHbIM BONPOCOM SIBJISIETCS YPOBEHb
MeJIMIIMHCKOW MOMOIIY, OKa3bIBAEMOW HAaCeJEeHHUIO.

B nessix oxpaHbl 370pOBbsl HaceJeHUS U YBeJWYEHUs] CpeJHell MpPOAO0KUTENIbHOCTU
)KU3HM Ba)XHbIM BOINPOCOM [IOJDKHO CTAaThb €XXEroJiHble M NepUuoAuYecKhe MeJUlMHCKHE
OCMOTpPbI HaceJieHUs, VyKpeIlJleHWe MaTepUuaJbHO-TeXHUYEeCKOW 06a3bl yupexJeHUui
3/lpaBOOXpaHEHHUs], Pa3BUTHE CAHATOPHO-NPOPUIAKTUYECKON CeTH, MOBBbIIIEHUE YPOBHS
MeAUIIMHCKON MOMOIIU HaceJeHU0. [[OMHUMO TOro, YTO OHU SIBJASIOTCS BaXKHBIMU GaKTOpaMHU
JieMorpaduyeckoro pa3BUTHS, OHU 0Ka3bIBAIOT CEPbEe3HOE BJIMSIHUE Ha yJydllleHUe KauyecTBa
)KU3HU HacesieHUs. [loaToMy Mepbl B 3TOM HaNpaBJEHUU [OOJDKHBI OCYIIECTBJSTHCS
IIOCTOSIHHO.

duHaHCHMpOBaHHUeE: HeT.
KoHQIMKT nHTEepecoB: HET KOHPJIMKTA UHTEPECOB.
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XanbIKThIH KO6EKi eMip canacbIHbIH KepceTKilli peTiHge (93ip6aii>kaH Pecniy6/1MKaChIHbIH,
YiakeH KaBka3 npOBHUHLIUACHI MbICA/IBIHAA)

Angarna. /lemorpadusbIK KOPCETKILITEDP 6Mip calachlH aHBIKTANUTBIH KOPCETKIIITEp KyHeciHzae
MaHbI3Ibl OPBbIH anajibl. XaJbIKTbIH, 6Mip CYpy camacblHbIH, JeMOorpadUsiablK KepCeTKillTepiH
YKaKcapTy MaceJsiesepi acipece 93ipb6aiiaH Pecny6aMKachIHbIH, 9J1eyMETTiK-9KOHOMUKAJIBIK, KoHe
reocasici JJaMybIH/la MaHbI3/bl POJI aTKAPAThIH KIHE KOFAPhI JeMorpadusiyIbIK XKoHe eHOeK aJieyeTi
6ap YsikeH KaBkas aliMarbl yiIiH 63eKTi. [I[pakTUKaIbIK MaHbI3bI 6ap FBLJIBIMU-3€PTTEY KYMBICBIHBIH
Heri3ri mMakcaTbl-YJjikeH KaBkas ailMarbIHAaFbl JeMorpadusiablK NpOlecTep/iH, TeH/eHUUsIapbiH
J)KOHe OJIapAblH, XaJbIKTbIH ©Mip Cypy camacblHa 9cepiH 3epTTey. CTaTUCTUKaJBIK MaTepuaagap
HeriziHAe alMaKTa TypaTblH XaJIbIKTbIH JeMorpadUs/IblK KepceTKilTepi 3epTTesi, Kazipri
JeMorpadusblK IpouecTep/iH OyriHri »kargadbl K9HEe OJIap/iblH 6Mip camacblHa Kajadh acep
eTeTiHAiri 3epTTenzi. 3epTTey HaTHKesepi GoMbIHIIA AeMorpadusiiblK GakTopJap/AblH alMaKTa
TYpaThIH XaJbIKTBIH 6Mip Cypy calacbIH/aFbl PeJli COHFbI }KblJIAApPbl alTapabIKTal 60461 TanganFaH
Ke3eHJie aliMaKTa Tyy Ko3dpouuueHTi MeH TabUFu eciM TeMeHereHi aHbIKTaa bl. COHFbI 2 KbLIJa
OJIIM-XKITIM apTTHI.

TyiiiH ce3aep: fJeMorpadusbIK IpolecTep, 6Mip canacel, Tyy, 6J1iM, HopecTe eJiMi, TaGUFU 6Cy.

T.M. Huseynova
Ministry of Science and Education of the Republic of Azerbaijan, Institute of Geography named after H.A.
Aliyev, Baku, Azerbaijan

Population reproduction as an indicator of quality of life (on the example of the Greater
Caucasus province of the Republic of Azerbaijan)

Abstract. Demographic indicators have an important place in the system of indicators determining
the quality of life. The issues of improving the demographic indicators of the quality of life of the
population are especially important for the Greater Caucasus province, which plays an important role
in the socio-economic and geopolitical development of the Republic of Azerbaijan and has a high
demographic and labour potential. The main purpose of the research work, which is of practical
importance, is to study the trends in demographic processes in the Greater Caucasus province and their
impact on the quality of life of the population. On the basis of statistical materials, the demographic
indicators of the population living in the region were studied, the current state of modern demographic
processes and how they affect the quality of life were researched. According to the results of the
research, the role of demographic factors in the quality of life of the population living in the region has
been significantin recent years. [t revealed that the natality and natural increase in the region decreased
over the analyzed period. The mortality rate has increased over the past 2 years.
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Abstract. The purpose of the article is to consider in detail the system
of hydronyms found in Saryarka. The article describes in detail the
meaning of hydronyms, which provide rich information about natural
conditions and landscape features. Research materials and methods of
hydronymic names were considered. The scientists who studied the
system of hydronyms of Saryarka and their respective contributions to the
field were duly acknowledged. The study of the names of water bodies of
Saryarka is an urgent task that requires in-depth study. It is possible to
obtain a variety of geographical data regarding the formation of
hydronyms, including their location and nomination. In this article, we
determined the origin of toponymic names, which received the
hydronymic name Saryarka, and divided them into groups. The
classification of the system of potamonyms describing natural conditions
and landscape features was presented in the form of a table. In the course
of the study of this work, the physical and geographical features of water
bodies were identified: properties, quality, color, flow, location, channel,
origin, Coast, shape, depth, as well as their role in economic management
(anthropogenic activity). In Saryarka, hydronyms formed on the basis of
the names of plants and animals, the names of man, tribes and descendants
are widespread. In the course of the study, a system of hydronymic names
and terms was grouped, and a map of Saryarka microhydronyms was
compiled based on specific data. About 3,000 names of Saryarka water
bodies were grouped (based on a top map on a scale of 1: 500,000), and
their etymology was determined.

Keywords: system of hydronyms, natural environment,
microhydronyms, research methods, potamonyms, natural water bodies,
artificial water bodies.
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Introduction

Toponymy is a scientific discipline that studies geographical names, their origin,
development, current state, semantic meaning, spelling and pronunciation. Toponyms are
geographical names or names of places especially those associated with topographical features
[1]. The geographical terminology present in place names can be detected, concretely, in the
generic part of toponyms because, although the toponym is a lexical unit, it can assume several
forms depending on the number of its elements [2].

Saryarka, Arka is a plateau region covering the entire central part of Kazakhstan. Saryarka is
a folk name. Since ancient times, the local population has called this area of the steppe
"Saryarka", "Arka". The name Saryarka means "a large, vast hill with burnt-out, and yellowed
vegetation, a flat plateau, a ridge of numerous hills". It is located between the North Kazakh Plain
in the north, Betpakdala and Lake Balkhash in the south. In the west it rests on the Torgai
plateau. In the east, the border reaches the foothills of Tarbagatai, capturing the northeastern
outskirts of Lake Balkhash, then along the Zaisan basin reaches the Kalba ridge. Saryarka is
located between 54°-46° s.w. and 66°-80° v.d., in accordance with the above, in plan it has the
shape of an irregular trapezoid, more elongated in the eastern part. The length from west to
eastis 1200 km. The width in the west is 900 km, in the east 400 km. The area is about 1 million
km2. Administratively, it completely covers the territories of Karaganda, Ulytau, Akmola
regions, a significant part of the Abai region, partly Pavlodar, Kostanay, North Kazakhstan, and
Zhambyl regions [3].

Scientists around the world express scientifically based opinions about geographical names.
Geographical names of each country convey the history, national values and linguistic culture
of this country. Geographical names, toponyms or geographical names in the sense of proper
names of geographical objects, when the latter are understood as objects essentially tied to
space [4].

The geographical names hold a priceless heritage for a nation and must therefore be
protected and divulged because they reveal patterns of occupation, identity and language
diversity. The study of geographical names and their attributes contributes to the quality of
cartographical information [5]. Place names (known as toponyms) are an indispensable
component of our communication about geographic features or regions, both natural and man-
made [6].

Unified classification of the geographical names is still no established. Names can be
classified by different attributes, but most often by: the type of the geographical object (river,
settlement, etc.); language; history; structure (simple, derivatives, complex and composite) and
coverage of the territory [7].

If hydrology studies the water shell of the Earth - the hydrosphere, its properties, ongoing
processes, and the relationship with other shells, then the names of these hydrological objects
are occupied by one of the major branches of toponymy - hydronyms. Hydronymy in
translation from Greek means "hydro" - water, "onym" — name, that is, it studies the names of
water bodies, rivers and lakes, springs, wells, etc., and the ways of their education. Toponymy
is closely related to other sciences of geography. Firstly, any geographical name is given to a
specific object in space. Secondly, the natural conditions of this area are closely related to water
resources, the nature of the settlement area, and types of farming [8].

The first human settlements were in the area of water sources, which is proved by modern
historical and archaeological materials. Therefore, it can be assumed that the very first
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geographical names and terms in the history of mankind were associated with water bodies.
Hydrographic terms mainly served as the basis for the names of water bodies (hydronyms).
Terms in the composition of hydronyms make it possible to determine the type of water bodies,
the nature of water processes, and other features. Among the hydronyms, there are also those
consisting entirely of the term [8]. When defining the etymological direction of hydronyms and
settlement names of an identical form, the size of the body of water is also considered an
important factor in scholarly studies [9].

Materials and methods

According to the definition of N.V. Podolskaya (1988), hydronyms, in turn, are divided into
gelonyms (names of swamps, any wetlands), limnonyms (names of lakes, ponds), potamonyms
(names of rivers), pelagonyms (names of seas and their parts). Hydronyms have their own
characteristics that are not characteristic of other geographical objects: 1) hydronyms are more
ancient in comparison with other names; 2) the number of names of water bodies increases
over time, this can be explained by the appearance of artificial water sources; 3) hydronyms
are characterized by the phenomenon of synonymy, that is, the same object can be designated
by different names, this may be due to the duration of historical periods or the fact that different
peoples name large water bodies in their own way [10].

The analysis of the system of hydronyms on the territory of Kazakhstan in the linguistic
aspect was carried out in the studies of V.N. Popova (1966), T. Zhanuzakov (1989), G.B. Madieva
(1990). In the research works of the famous scientist V.N. Popova, who made a huge
contribution to the study of the hydronyms of the Pavlodar region, the analysis of the
hydronyms of the Pavlodar region in the linguistic aspect was carried out, the prerequisites for
historical, geographical, ecological study were identified. She classified the names of rivers into
5 groups, lakes into 6 groups, springs, wells (microhydronyms) formed using indicator terms
[11]. In general, the presence of 42 terms in the names of rivers, 33 names of lakes, 23 names
of wells, 13 springs of folk, and local geographical terms can be proof of the close relationship
of Kazakhs with the water element, their very detailed classification. These indicator terms can
be further classified in the semantic aspect [8].

The problem of identifying indicator terms in the composition of hydronyms by the nature
of hydrological objects is a very difficult problem in geographical toponymy. Since the definition
of the semantic load of the terms given by us in the summary table in relation to specific objects,
the registration of "displacements” of the term associated with landscape changes in certain
regions of Central Kazakhstan, the collection of the database of information necessary for this
requires a separate study. At the same time, it can be said that Kazakhstan has not yet conducted
studies of the local dialect and landscape conditions in their interrelation.

In the course of studying the patterns of occurrence of geographical names, toponymic
research methods were used. The origin of a toponym is carried out in connection with specific
historical, geographical and linguistic patterns. One of the most basic methods of toponymic
research is the geographical method. Using this method, the external and internal signs of
natural components in the name of the object and the involvement of folk terms and concepts
actively involved in the formation of hydronyms were determined.

Historical and comparative method. This method allowed us to determine the historical
period that influenced the formation of hydronyms, its evolution, transformation, and social
environment. For history, the names carry a rich legacy. The linguistic method. One of the most
important methods in toponymic research. This method uses toponymic background,
stratigraphy and formants. The scientific foundations of the correct spelling of toponyms were
investigated. During the analysis using the linguistic method, various dictionaries, reference
books on toponymy and terminology, the works of famous linguists and linguists were used.
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The statistical method. Determines the quantitative ratio of the linguistic structure, semantic
meaning, and grammatical forms of geographical names. Using the statistical method, a
comparative analysis of the percentage of toponyms in the territory by origin and geographical
features was carried out. Based on this method, it became possible to determine the
quantitative characteristics of toponyms and compile maps, tables, and diagrams based on
them.

The etymological method. One of the most ancient and important methods of determining the
formation and occurrence, their semantic meaning. The main "key" of many geographical
names are folk geographical terms. There were many difficulties and obstacles in determining
the etymology of toponyms, for this we used historical and comparative studies and
geographical information.

The cartographic method. This method has found application in displaying models of the
distribution of geographical names, the areas of distribution of hydronyms, and the semantic
change in national geographic terminology. The map is a specific source of geographical
nomenclature, therefore, the use of maps in determining the patterns of distribution of
toponymic phenomena is very important. Today, the use of GIS achievements in the processing
of toponymic maps is considered relevant. With the help of the ArcGIS program, a map of
Saryarka microhydronyms was compiled.

Each geographical name must find its place on the geographical map, in official documents.
This requires a cohesive activity on toponymic research and restoration. Many research
methods are used in modern toponymic research. These methods, echoing each other, provide
great opportunities for the development of toponymic research in conjunction with other
branches of science.

Results and discussion

The Kazakh people in the management of nomadic animal husbandry was based on the
features of rivers, lakes, springs, wells: on the features of their location, relief, natural water
sources; the need and scarcity of water caused the perfect classification of hydrographic
terminology [8]. In our research, the physical and geographical features of water bodies were
determined: properties, quality, color, flow, location, channel, source, shores, shape, depth, as
well as their role in farming (anthropogenic activity). Hydronyms formed on the basis of the
names of plants and animals, the name of a person, tribes, and general are widespread in
Saryarka. Specific sources of information prove the important role of hydrographic objects in
the traditional economy of the Kazakhs. A complete analysis of the names of rivers, lakes,
springs, wells, etc., that make up the hydrochemical system was carried out (Figure 1, Table 1).
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Table 1. Indicator terms as part of hydronyms

Hydronyms

Indicator terms

River names
(potamonyms)

ajryk (watershed), aksu (white water), agyn (streamflow), ashysu (bitter
water), bakanas (dry arm of the river), espe su (ground water), irek
(twisty), zhajma (shallow, flat), zhajylma (floodplain), zharma (ditch),
kemer (the shore washed away by water), koby (hollow, beam), karasu
(black water), kujgan (delta), mukyr (little river), nura (nura), ozek
(hollow, beam), ozen (river), sala (river arm), saga (the mouth of the
river), saj (ravine, hollow, beam), sokyr (crying), tushysu (fresh water),
tujyk (non - flowing), tentek (stormy, overflowing), sarkyrama
(waterfall), sholak (short)

Lake names
(limnonyms)

ashy (salty), balkash, batpak (swampy), bidajyk (wheatgrass), bylkyldak
(shaky ground), zhalanash (bare lake), zhalpak, zhaltyr (flat, smooth,
even), kak (puddle), kajyr (stranded), kamys (reed), kopa (dense high
thickets of reeds and cattails), mi (mud, quagmire, swamp), oj
(depression, hollow, hollow, lowland), sor (salt marshes), tomar (a small
pond overgrown with hummocks, a hummock swamp), tuz (salt), shukyr
(depression, depression, hollow), shyganak (bay), teniz (sea), tatyr (salt
marsh)

Microhydronyms

Indicator terms

Natural

arasan (mineral waters), bulak (spring), bastau (source), koz, kajnar
(source), zhylga (stream), zhyra (ravine), tamshy (a drop), tuma,
(source), ujirim (the whirlpool), shumek (crane)

Artificial

apan (abandoned well), kauga (bucket), kudyk (well), shynyrau (a very
deep, bottomless pit), espe (water is taken by digging a well), shunkyr
(pit), kup (water that collects at the bottom of the hollow)

Water objects
symbolizing
anthropogenic activity

aryk (ditch), boget (dam), bogen (reservoir), suat (watering hole), togan
(pond), ses (hpp), kanal (channel), kemezhaj (port), su kojmasy (water
reservoir)

Hydrographic
metaphars

auyz (mouth), ayak (legs), bas (head), erin (lips), koltyk (armpits), koz
(eyes), kindik (navel), kulak (ears), kolka (aorta), moinak, tamak (throat)

Note: compiled based on the data [12]
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Akdalasor, Aksor, Akshasor, Alkasor? Altajsor, Atansor3, Ahmenzhansor, Ashysor,
Balakeskensor, Balyksor, Bozshasor?, Borajsor, Borlysor, Zhaksybajsor, Zhambajsor, Zharsor?,
Zhartysor, Itbajsor, Kepkensor, Kijksor, Kishkenesor?, Kokbajsor, Koksor, Kaksor, Karabajsor,
Karasor’, Kopasor, Kudyktysor, Kyzylsor®, Majlysor, Majsor, Mezgilsor?, Milysor, Myrzakolsor,
Ojnaksor?, Orazsor, Ortasor, Otebajsor, Sandykbajsor, Sasyksor? Sor¢, Sornoe, Suatbarsor,
Tamsor, Tansor, Terektisor, Uzynsor3, Ulkensor, Ushsor, Sholaksor, Shopsor, Shubarsor (Akmola
region), Akdalasor, Aksortopyrak, Alkasor, Ashysor, Azhibeksor, Balabajsor, Bekejsor, Beltebissor,
Dogalankarasor, Ekisor, Zhalpaksor, Koshkimbajsor, Karasor3, Katasor, Kotansor?, Kutansor,
Kultansor, Meshkejsor, Okonsorken, Sopaksor, Sor?, Sorala, Sorbak, Sorbulak? Sorga, Sorgan,
Sorzhal, Sorkol, Sorkudyk, Sorman, Sortumsyk, Tattisor, Ulkensor (Karaganda, Ulytau regions),
Aksor, Alasor?, Zhaltyrsor, Zharsor?, Kalpesor, Kishkenesor, Karasor, Kondysor, Kossor, Sor,
Takybajsor, Tokybajsor, Tuzsor, Uzynsor?, Ulkensor, (Kostanay region), Akatansor, Akmalajsor,
Aksor?, Aktujesor, Ayakmalajsor, Ayaksor, Balakeskensor, Bassor, Bayansor, Bessor, Bizhansor,
Bozshasor?, Borlysor?, Byrkittisor, Dogabassor, Dongeleksor3, Zhaganarsor, Zhalpaksor,
Zhankozhasor, Zhapalsor, Zharsor, Zhyngyldysor, Koksor, Karaadyrsor, Karasor®, Kurmanbajsor,
Kutansor, Kutayaksor?, Kyzylsor?, Majsor?, Mustafasor, Obaly Bekeleksor, Ojnaksor?, Ortasor,
Sadyksor, Sarysor, Sasyksor, Sor?, Sulysor?, Takyrsor, Tobesor, Toresor3, Tuzdysor, Tumatsor,
Uzynsor3, Ujsinsor, Shandyksor, Sholsor? (Pavlodar region), Karasor, Sozyksor, Sor?, Ulkensor
(Abai region) [12].

The role of potamonyms in the definition of surface waters. Materials of scientific works
and topographic maps, encyclopedias, materials of organized expeditions on the names of
Saryarka rivers, published in different periods of time, provide justification for obtaining
historical and geographical information from the names of rivers and lakes, sources, springs,
springs, and other water bodies of the region [13].
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The category of ancient potamonyms (names of rivers) on the territory of the Arka includes
Ertis, Yesil, Nura, Torgai, Kengir, Tokyrauyn, Bakanas, Kusak, etc. In the past, compared to the
current period, Saryarka was rich in full-flowing rivers, picturesque nature, and a favorable
climate. In the conditions of a warming climate, mammals lived here: forest elephants, rhinos,
bison, wild horses, hipparions, deer, moose. These animals were mainly found on the plains, in
the steppe. In the early Quaternary period, Kazakhstan's landscapes in the river valleys
underwent significant changes, geographical zonal landscapes were formed. For example, in
modern Central Kazakhstan, on the slopes of Shyngystau, in the Pavlodar Ertis region,
archaeologists found skeletons of the above-mentioned animals [14].

During the climatic optimum of the Holocene, in the sub-boreal period, Aeolian processes
actively took place, forming specific forms of relief. This gave rise to deflation processes that
have survived to the present day, as a result of which sand-top mounds, hills, and loose sandy
deposits were formed. Conditions for the growth of pine trees were born in sandy soils [15].

During this period, the humidification of the climate increased, the permafrost areas began
to decrease. Conditions for seasonal development of plants and animals were formed in the
small-scale lands of Central Kazakhstan. Due to the retreat of the glacier and the change of
climate to a drier (arid) type, the rivers began to become shallow. Many rivers have
transformed into a chain of lakes [13].

Along with them, in Central Kazakhstan, surface waters that filled closed depressions on the
earth's surface formed large and small lakes, from which several rivers that dry up in summer
flow [16]. In the daytime, the valleys of the Nura, Sherubai-Nura, Atasu, Taldy-Nura rivers, the
rivers of the Balkhash depression, Yesil, Ertis, Torgai, Sileti, Shiderti, Tokyrauyn, and their
tributaries were inhabited in these regions. Rivers with a length of more than 1000 km in this
area are represented by the Yertis and Yesil rivers. And the rivers with a length of 500 to 1000
km include Torgai, Sarysu, Nura, Ulyzhylanshyk, Shiderti, etc. Also, there are many rivers from
100 to 500 km long. For example, such rivers as Koktal, Kargaly, Kauylzhar, Taldyk, Saryozen,
Sarytorgay, Kon, etc. [13].

The main hydronyms of Sary-Arka, i.e., the NE territory of the present Kazakhstan, refer to
the principal rivers and their major tributaries. The best example of this is Irtysh- the largest
river of Kazakhstan and the area of Sary-Arka [17]. The main rivers of Saryarka are Yesil, Nura,
Sarysu, Sileti, Shiderti, Tokyrauyn, etc. (Table 2). Many of them feed on spring meltwater,
overflow in spring. In the summer months, drying out, they form intermittent old trees. In order
to supply water to Central Kazakhstan, the Ertis-Karaganda canal was built.
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Table 2. Main rivers of Saryarka

. Length of the Pool area, Long-term average
Name of the pool Name of the river riger, km thousand km? ﬂogv rate, m3/ se{(g:
Yesil 1400 (2450) 113 (155) 65,3
Tobol- Yesil, Ertis river Terisakkan 334 195 89
Ertis 1700 (4248) 210 (1592) 880,0
Shar 259 2,1 4,8
Shidert 502 15,9 1,8
Ertis basin e 407 185 7,0
Tunduk 318 10,1 2,14
Shagan 295 25,4 1,02
Nura 978 55,1 17,7
Nura-Teniz (drainless) Kulanotpes 364 13,9 5,9
Ayagoz 492 15,7 8,7
Ba“;ha?hl' Alakol =5 rauyn 298 21,1 1,98
(drainless) Bakanas 240 251 3,3
Turgay 827 157 8,5
Sarysu 959 76,6 3,1
AEEIF':%’] rlggg’ a Kengir 295 18,4 4,32
Uly-Zhylanshyk 422 26,0 3,52
Kalmakkyrgan 325 10,1 1,18

Note: compiled based on the data [13]

One of the main rivers of Yesil - is the left tributary of the Yertis River, which belongs to the
Ob system. It flows through the territory of Akmola, North Kazakhstan regions, and Tyumen,
Omsk regions of the Russian Federation. It originates at the foot of Mount Niyaz (from a height
of 560 m) in Saryarka, flows into the Yertis River from the left bank. The length is 2450 km (the
length of the river in Kazakhstan is 1400 km). The catchment area is 177 thousand km?Z.

As G. Konkashbayev wrote about the longest Saryarka River - the Yesil River: the waters of
the river flow, twisting like a rope. In the ancient monument of the Turks "Kultegin" there is the
name of the river Iashyl uguz. Yechim kagan birle ilgeru - Iashyl uguz Shantun yazykka tegi
suledimiz. Kurygaru - Temir kapygka tegi suledimiz. Translated: we set off with Brother Kagan
to the Zhasyl River, to the Shantun Plain. Back to the Iron Gate (Temir kakpa). Here yashyl is a
phonetic variant of the word zhasyl, meaning green, uguz - was used instead of the word "river".
Then the name lashyl uguz means "green river". According to A. Abdrakhmanov's classification,
the name of the Yesil River as yashyl > yasyl>yesil>yesil>yesil has changed over time. The
formation of names in this way, denoting colors, and changes in the pronunciation of sounds in
life are often found.

There is a legend in the writings of Asan Kaiga that the original name of the Yesil River
sounded like "Esir". It was created on the basis of folk etymology. It is known that the Yesil River
meanders (yesilip agyp), following the Ertis River, flows into it. Also, Ertis, following the Ob
River, pulls the waters of the Yesil River with it. Taking into account this circumstance (the
tortuous flow of water), we consider G. Konkashbayev's statement about the appropriate name
of Esil (Esil) to be true. In our understanding, there was a name given in the meaning of "a large
full-flowing river on the flat territory of a vast steppe" [18].

Nura is a river flowing through the territory of the Karaganda and Akmola regions. The
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length is 978 km, the catchment area is 60.8 thousand km?2. Nura, starting as a spring from the
western slopes of Mount Kyzyltas, flows into Lake Teniz. Scientists E. Murzaev and G.
Konkashbayev consider the meaning of the word Nura as "ravine, beam". According to E.
Murzaev, Nura is a Mongolian word meaning ravine. Nura // zhyra (ravine) - speaks about the
commonality of the Mongolian-Turkic languages. G. Konkashbayev explains the meaning as
"Nura is a narrow channel, a log stretching on an inclined surface". In fact, the locality in
question is located on the slope of a high ridge, a hollow. Since the riverbed of the considered
hydronym (Nur) is wide, the current is calm, in many places the river spreading out, becomes
like a lake. The appearance of river water became the basis of the hydronym as a hydrothermal
in the Mongolian language. The river has about 200 small tributaries (Akbastau, Altynsu,
Baigozha, Esen, Uzynbulak, Kulanotpes, Matak, Aschysu, Ulken Kulandy, Kokpekti and the
largest of them Sherubai Nura (268 km), Samarkand and Sherubainur reservoirs were built
along these rivers, the Korgalzhyn State Reserve is located at the mouth. And indeed, gully-
girder sections are widespread in this area.

Sarysu is a river in the valley of Lake Telikol. It flows through the territory of Karaganda and
Kyzylorda regions. The Sarysu River begins with the confluence of the Zhaksy Sarysu River,
which originates at the foot of Mount Bugyly, and the Zhaman Sarysu River, flowing from the
Baynazar and Zhaksy Tagyly mountains, flows into the Telikol in the Syrdarya valley. Length -
800 km. The catchment area is 81.6-99.1 thousand kmZ. In dry years, before reaching the
Telikol-Ashykol depression, it is lost in the sands.

Tokyrauyn is a river belonging to the basin of Northern Balkhash. The length is 298 km. The
catchment area is 21100 km?2. It begins 10 km north of Mount Karashoky, at 28 km, before
reaching Balkhash, it is lost in the sands. Major tributaries are Zhalanash, Karamende, Kosabai,
Karatal, Zhinishke. The width of the olina in some places (in the upper reaches) is 10 km, in
narrowed sections - 75 m. The width of the floodplain is 1.0-1.2 km. The riverbed is narrow, in
some places 50 m. It feeds on atmospheric precipitation [7, p. 395]. We assume that it is
appropriate to interpret the name Tokyrauyn as "a shallow river with stagnant water that has
seeped and is lost in thick layers of loose sediments"”. Due to the decrease in rivers and streams
flowing into it, groundwater, and the widespread use of water in the economy, the Tokyrauyn
River is being shallowed.

Kusak is the name of a river in the Karaganda region. The length is 184 km, the catchment
area is 10,800 km, flows into the Tokyrauyn River. The valley is wide, the riverbed is steep. It
belongs to the category of rivers that fill with water in spring and dry up in summer. In our
opinion, the meaning of the name Snapper corresponds to the concept of a dry, dry hollow,
beam [13].

The total number and characteristics of the Saryarka rivers can be seen in the works of N.S.
Kalachev, L.D. Lavrentieva (1965). In this directory, 73 rivers with a length of 90 to 500 km are
recorded. Basically, the names of the rivers of Saryarka are given in their native language with
native meanings understandable to ordinary people. For example, Aschysu - in the meaning of
brackish, bitter water, Olenti - the valley is full of pastures with abundant weinik grass. Here is
a ti suffix that conveys the meaning of abundance, multitude, used since ancient times.
Terisakkan - flowing in the opposite direction, different from the usual, Sarysu - large, abundant
water, Zhinishke - the value is associated with the small size of the river, Taldy - an abundance
of willow trees, Kulanotpes - a deep lake with steep steep banks, Zharly - (river) in high cliffs on
the coast, Kargaly - a river in the valley of which crows live in large numbers, etc.

Some names of rivers are characteristic of the Ancient Turkic language layer, for example,
Ertis, Yesil, Bakanas, Kon, Tokyrauyn, Kurmanaka, Kusak, Kunak, Kengir; another group - for
example, Bayyr, Karakol, Nura, Kalkutan (Koluton), Mukyr, Sarlyk, Sileti, Shagan, etc. The names
that came from the Mongolian (Kalmyk) language include, for example, Bayyr (Turak (parking)
- Bayr), Mukyr (short river), Sarlyk (Sarlag - a kind of cow), Shagan (white). Sometimes the
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names of these rivers, have changed their meaning, become incomprehensible in today's
interpretation [13].

Kalgutan (Koluton) is a right tributary of the Yesil River. The length is 223 km. The catchment
area is 17400 km?2. It originates in the area of the village of Novorybinka, Akkol district. G.
Konkashbayev wrote: "Kalguts - taken from the Mongolian language in the meaning of "halga"
(gate) and characterizes the relief of the valley of the river crossing the mountains" (Zhanuzak,
2010: 216). It seems that the exact name originated from the name of the bird "kalyn kutan,
kalkutan" (coluton). Having undergone a distortion in Russian, the pronunciation has changed
to Coluton.

The lands of Central Kazakhstan in various historical periods were inhabited by multilingual
tribes and clans with their own faiths, which were in socio-political, economic relations with
each other. This circumstance naturally left its mark in the names of rivers and lakes. A large
number of rivers and springs, whose names were taken from the vocabulary of our native
language, indicates that the tribes that formed the current population have long lived here in
large numbers.

The definition of the ancient meaning of the names of rivers, in addition to scientific value, is
useful for expanding the horizons of the mass segments of the population. For example, the
Kengir River is one of the largest rivers in the Karaganda region. She has such sleeves as
Karakengir, Sarykengir. These names are formed from the ethnonyms of the Altai, ancient
Turkic periods. Linguists associate it with the Kangar tribes who previously lived in the vicinity
of Zhezkazgan, later the name seems to have changed and in our language, it began to sound
like Kengir.

The river flowing through the territory of Korgalzhyn district of Akmola region and Nurinsky
district of Karaganda region is called Kulanotpes. It begins in the form of a spring at the
northeastern foot of the Aimysyk and Aigyrzhal mountains, flows into Lake Teniz. The length is
364 km [19]. The riverbed is wide, the banks are steep. Since ancient times there has been a
legend about the origin of the name of the Kulanotpes river. Desht-i-Kipchak-Jochi Khan, who
conquered the steppes, went hunting, where his kulan injured his leg. A distraught lame kulan
kills Jochi. The news of Jochi's death is brought by zhyrshy Ketbuga. Katulla Khan, pouring lead
into the hole of the dombra, ordered to dig a deep long pit in that place, drove all the pendants
to the last remaining Kazakhs into this pit, and ordered them all to be killed. This dug hole filled
with water became known as "Kulanotpes".

Siletiis ariver in the Yertis River basin. Length - 407 km. The length within the Akmola region
is 302 km (upper and middle reaches). The catchment area is 18.5 thousand km?, the annual
flow volume is 184 million m3. It originates from the confluence of streams 19 km east of the
village of Elizavetinka 19 km, 47 km north of Astana. It flows through the territory of
Shchuchinsky, Tselinograd, Yerementau districts. The main tributaries are: Koyandy, Akzhar,
Akmyrza, Aschylyairyk, Kedey, Sholakkarasu, Kiikbai, Shili, etc. Above the village of Sileti, the
Siletinsky reservoir was built to regulate the river flow. The name "Sileti" in the Ancient Turkic
language was used in the meaning of "stone". The reason for this was the stone structure of a
deep gorge at the source of the river. The name of the river, reservoir, and village of Sileti was
formed on the basis of a hydronym.

Among the potamonyms in the ancient Turkic language, you can consider the names of the
rivers Shiderti, Olenti. The second-longest river after the Yertis River, the Shiderti river
originates in the small hills of Saryarka (Karaganda region), flowing through the territory of
Pavlodar region for 399 km, flows into Lake Shyganak.

In V. Radlov's dictionary, suder//seder//shider means "veil, shadow". The ancient suffix -ti
is added to the adjective derived from it, it acquires the meaning "covered, shady, grassy, reed".
According to the local population, the "river with three sources" is named Shiderti by similarity
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to the Shider. In general, the Shiderty River has four sources originating from the mountains
Narbay, Kushoky, Zhaman, Zhaksy Niyaz.

G. Konkashbayev interprets the name in accordance with the peculiarities of the flow of the
river, similar to the shider. The length of the Olenti River is 273 km, it begins in the Akmola
region, flows along the border of the Karaganda region, flows into Lake Auliekol on the territory
of the region. Olenty - of course, indicates the abundant growth of veynik. This is very favorable
for cows. Therefore, the Kazakhs have a proverb: "olendi zherde semiredi” (where the weinik
grows, the ox gets better).

In fact, in the floodplains of the Shiderty and Olenty rivers, plants necessary for cattle grazing
grow abundantly. Due to the peculiarities of the relief, the landscape, they are ravine-like and
low-lying. It can be concluded that the ancient place names Shiderti, Olenti, were formed on the
basis of the names of vegetation. Having arisen in the ancient Turkic language, acquiring various
meanings to this day, they carry geoecological information about orographic and hydrographic
objects [20].

The informative function of geographical names about the location plays an important role.
Obviously, any hydronym has its own peculiarities and patterns of formation. By studying the
interpretation of the names of rivers, you can get valuable historical information about the past
life of peoples, their resettlement, relationships with other peoples, as well as numerous
information about a certain area by toponyms that arose on the basis of the names of animals
and plants (Table 3).

Table 3. System of potamonyms characterizing natural conditions and landscape features

Classification of

. Grouping of types of river names
river names ping of typ

1 2
Names associated Koyandy (an area teeming with hares), Kulanotpes (kulan can't pass), Sonaly
with the animal (teeming with horseflies), Kokbie (blue mare), Torbie (bay mare), Koyandysaj
world (ravines where there are many hares), Kiiksaj (ravines where there are many

hares), Sarybie, (yellow mare), Majbalyk (fat fish), Kargaly (crows), Kuzendi,
(ferrets), Teke (goat), Zhylandy (many snakes), Kulebaj-Baskyzhylanshyk
(kulebai - the main snake), Shogyrly zhylanshyk (cluster of snakes), Ulken
Zhylanshyk (large snakes), Orzhylansaj (snake valley), Uly Zhylanshyk
(poisonous snake), Kumaj (type of hunting dog), Aktajlak (white camel),
Bozingen, Bozingen (white camel), Karsakpaj (korsak), Karshygaly (hawk),
Balapan (chicken), Torgaj (sparrow), Karatorgaj (black sparrow), Sarytorgaj
(yellow sparrow).

Names associated Talkara (black willow), Zhalgyzagashtaldyk (lonely willow wood),
with the plant Taldymanak (willow), Sholaktaldyk (short willow), Taldyespesaj (willow gusty
world ravine), Talsaj (willow valley), Shilisaj (valley of chiy), Akshi (white chiy), Shili
(a lot of chiy grows), Zhamanshili (bad chiy), Tasshi (stone chiy), Zhaksyshili
(good chiy), Kiyakty, (sedge grows a lot), Kiyaktysaj (Osaka valley), Zhusalysaj
(wormwood valley), Zhusaly (wormwood), Arshaly (juniper), Kajyndy (birch),
Zhamankajyndy (bad birch), Zhaksykajyndy (good birch), Bidajyk
(wheatgrass), Kokpekti (plants growing in places with a lot of water),
Karagansaj (valley karagannik), Zhyngyldyozek (grebenshchik)
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1

2

Names related to
color

Saryozen / Sarytorgaj (Sarytorgai (yellow river/yellow sparrow), Koksaj (blue
valley), Sarybulak (yellow spring), Sarysu (yellow water), Karaespe (black well
with shallow water), Karakengir (black kangir), Sarykengir (yellow kangir),
Karasu (black water), Koktas (blue stone), Koksala (blue tributary), Karamys
(black copper), Akshi (white chiy), Alabas (spotted head), Bajkonyr (rich
brown), Bozingen (White camel)

Names associated
with cosmonyms

Teriskej (Northern), Ajbas (moon head), Ajgene (Moon), Aj (moon), Ajkyz
(moon girl), Ajbaldyrgan (young moon), Ajtau (moon mountain), Tundik
(firmament)

Names designated
depending on the
specifics of the
geographical
location, shape, size
of the river

Zhalauly (flag), Bas Zhalauly (main flag), Orta Zhalauly (middle flag), Auyzsaj
(entrance to the valley), Bassaj (main valley), Sholaksandyk (short chest),
Ylken Karazhylga (big black stream), Sholakkudyk (shallow well), Zhinishke
(thin), Mukyr (short river)

Names related to
the physico-
chemical properties
of water and the
flow of the river

Ashyozen (salty river), Ashytasty (salty stone), Ashysaj (salty valley),
Ashybutak (salty branch), Ashysaj (salty), Ashyly (salty water), Ashylyajryk
(salty watershed), Ashysu (bitter water), Ashyshiozek (valley where salty chiy
grows), Tentek-Karasu (stormy black water), Sarkyrama (waterfall), Saga
(mouth), Terisakkan (negative flow)

Names of rivers
depending on the
number

Ushkarasu (three black waters), Birajyryk (one watershed), Birinshisu (the
first water), Tortinshi bastau (the fourth source), Zhalgyzagashtaldyk (a lonely
tree willow), Zhetikyz (seven girls), Kyryksaj (forty valleys), Koptamsaj
(abundant valley), Kyrykkudyk (forty wells), Kosbulak (double source),
Ekibulak (two sources), Zhalgyzkoz (single eye), Zhalgyzkudyk (single well),
Birsauyt (one armor)

Human life,
historical events
and names
associated with the
names of tribes

Balta (axe), Ajnabulak (mirror spring), Dulygaly (helmet), Dulygaly-
Zhylanshyk (Snake helmet), Kylysh (sword), Saba (kumys fermentation tank),
Kajrakty (whetstone), Ozenkajrakty (the river where the whetstone meets),
Kobekol (chain mail), Najzakamyr (spear + dough), Narolgen (the land where
the camel died), Katynkazgan (the land dug up by a woman), Karynsaldy (kutyr
oil), Atasu (age water), Adaj (the name of the genus), Kalmakkyrgan (the land
where the Kalmyks were killed), Kypshak (the name of the genus), Kerej (the
name genus), Kyzaj (genus name), Kyrgyzdyn Karasuy (Kyrgyz black water)

Note: compiled based on the data [20]

As aresult of our research, 1058 names of large, medium, and small rivers in the territory of

Saryarka were grouped according to topocards of M: 1 500 000 scales. The characteristic of the
origin and etymology of the names of large rivers is given. Despite the changes in natural
conditions, which are reflected in the hydronymic terms, potamonymic names and terms in the
composition of toponyms contain complete information about the landscape features of
Saryarka.

The phenomenon of the confluence of rivers is likely during the spring flood. Under such
conditions, rivers converge with each other, overflowing their banks during high water,
breakthrough into neighboring rivers. Subsequently, one river may turn into a tributary of
another river. The main reason for such phenomena is tectonic movements and the overflow of
the channel with alluvial material. The phenomenon of a sharp confluence of rivers is observed
in the lower reaches of the Nura River in Central Kazakhstan. 20 km south of Astana, the Nura
River changes the direction of flow from meridional to latitudinal. In summer, during flooding
in the northern side of this turn, the waters of the Nura River divide into several branches and

104 Ne23(148)/ 2024 JL.H. 'ymunes amuviHdarsl Eypasusi yrimmotk yHueepcumeminiy XABAPIIBICBI
Xumusi. eoepagust. Iko102ust cepusicyl

ISSN: 2616-6771. eISSN: 2617-9962



Hydrographic names and terms of Saryarka

flow into the Yesil River. This situation persists during the period of the river's fall when the
river shallows.

According to the concept of scientists (Z.A. Svarichevskaya, 1956), in the Upper Quaternary
period, the tributary of the Yesil River, the Nura River carried its waters from south to north.
Due to the deflection of the Teniz depression, the Nura River turned its course to the west,
began to flow in the direction of the Teniz- Korgalzhyn lake system, so the lower part of the
Nura River is part of it, formed later [21].

The economic importance of the valleys is very important. Floodplains of such rivers of
Kazakhstan as Ertis, Yesil, Tobol, Zhaiyk, Syrdaria are widely used as fertile hayfields, and
terraces are being developed for sowing crops. Settlements are mainly settled in river valleys.

Buried valleys are ancient river forms, usually they are covered with loose quaternary
sediments. Buried valleys are often found in the steppes of Saryarka in Central Kazakhstan. The
valleys of the Tokyrauyn, Kusak, Shar, etc. rivers belong to the buried valleys. At one time, the
territories of buried rivers, compared to today's scale, covered large areas with a full-flowing
river network. Later, due to changes in physical and geographical conditions, the waters of the
river became shallow, the volumes of alluvial pumps began to decrease and the territories of
the valleys began to shrink. The current volumes of some valleys of Central Kazakhstan occupy
a tenth of the territory of ancient valleys [21].

The importance of buried valleys in the national economy is also great. They are deposits of
various placers, groundwater and building materials. For example, the water supply of the city
of Balkhash is completely carried out at the expense of the underground waters of the
Tokyrauyn River, which have seeped into the sandy layers.

Features of the location of local natural and artificial water sources. Microtoponymy (gr.
micro - "small") - names of small physical and geographical objects, rivers and lakes, lakes,
springs and sources, wells and streams, dens and gullies, small ridges and mounds, hills,
wintering grounds and letovok. In the works of V.V. Radlov, many definitions of
microhydronyms are given, similarities of common names of peoples speaking Turkic
languages are investigated. The Turkic-Mongolian tribes engaged in nomadic cattle breeding
revered water sources, attaching special importance to them. V.A. Kazakevich points out that
the Mongolian and Turkic peoples, engaged in nomadic animal husbandry, often used the terms
"bulak” (spring), "kudyk"” (well) [20].

The main factor in the management of nomadic animal husbandry is the provision of
pastures with groundwater. Therefore, when small rivers dry up in the summer months,
springs and wells become the only sources of water. Toponyms formed with the participation
of the terms bulak (spring), kaina (source) are defined on the territory of Saryarka. Places of
access to the surface of groundwater are called springs. Spring is a small water source that
starts at the source, the keys. Springs are areas of drainage (drainage) in the areas where the
hydrographic network intersects with aquifers.

The outputs of groundwater to the surface may be different. Therefore, springs are classified
in different ways. Basically, springs by the nature of the output are tuma (springs) and kaynar
(keys). Tuma are formed as a result of non-pressurized access to the surface of groundwater
(in cases of river valleys, gullies, ravines). In the south-western regions of Kazakhstan, tuma
means a spring with a non-pressure current. Ayainar is formed as a result of pressure water
coming to the earth's surface from pressure (artesian) reservoir horizons or crystalline rocks.
On the territory of Saryarka, there are also toponyms associated with the terminals of Jainar
and tuma. For example: Kaynar (village?, river), Kaynarly? (lake, tract), Kyzylkoinar (village),
Baytuma (village) (Akmola region); Ayakkainar (spring), Zhilandikainar (spring), Kaynar3
(spring, wintering, river), Koshkoinar (well), Kumkainar (well), Kyzylkoinar (well), Tamkoinar
(grave), Tumatay? (wintering, river) (Karaganda, Ulytau regions); Kainar (river?), Kyzylkoinar
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(spring), Tumatsor (salt lake) (Pavlodar region); Kainar (village), Tumaozek (river), Baizantuma
(spring?), Takyrtuma? (spring, tract) (Abai region), etc.

The term kudyk (well) is actively involved in the formation of toponyms of Saryarka. The
word kudyk means "a pit specially dug in the vertical direction for water use". It refers to the
main features of the Kazakh steppe. Since there is very little fresh water, wells were highly
valued, and they were given separate names. These names gave information not only about the
presence of a well but also about who dug it, about water quality, volumes, etc. Geographical
objects have been identified on the territory of Saryarka, the names of which were formed on
the basis of the term kudyk.

In the Kazakh language, in addition to the term kudyk, similar terms were also used for
special features, such as apan (old well), kauga (full-flowing well). Apan means dug earth, pit.
Apan is the name of an old, ruined, wide, but not very deep well. The word kauga means "a
bucket made of animal skins or other material designed to draw water from a well". In
toponymy, so-called "natural objects, the external forms of which are similar to the kau". These
terms are often found in geographical names on the territory of Saryarka. For example,
Kaugakol (lake) (Akmola region); Akshaadyr-Besapan (mountain), Apan (well), Apankudyk
(well), Zhambasapan (well), Saryapan* (spring, river, railway st, mountain), Saryapankum
(sands) (Karaganda, Ulytau regions); Beskauga (well, wintering), Mynkauga (well), Saryapan?
(bitter-salty lake, dry well), Saryapanozek (river), Beskauga? (village, tract) (Pavlodar region);
Saryapan? (village, tract) (Abai region), etc.

As a result of the studies of toponyms associated with the terms kudyk, bulak, on the basis
of specific historical sources, the characteristics and features of water bodies were given, their
importance for nomads was proved.

Conclusion

The use of water sources in the names of rivers is well traced in the system of agriculture.
The peculiarities of a particular locality affect the names of rivers and, in general, toponymy,
reflecting their nature. You can find many aspects of the study of hydronymic terms. A deep
study of the semantic structure of concepts makes it easier for researchers to study scientific
knowledge of language, everyday life, history, geography and other areas of people's life.

The study of the names of water bodies of Saryarka is an urgent task that requires in-depth
study. You can get various geographical information about the formation of hydronyms, their
location, and nomination. The hydronymy of Saryarka is characterized by a complex structure
and spatial distribution. The terms that make up the hydronyms are directly related to local
physical and geographical features: the nature of the relief, the composition and structure of
rocks, climate and hydrological conditions, the most important elements of the organic world
for the economy.

In our research, about 3,000 names of water bodies of Saryarka were grouped (based on a
1:500,000 scale topocard), their etymology was determined. Quantitative and qualitative
characteristics are also given. The actual data indicate that the geographical names of Saryarka
had various physical and geographical features and were formed by deep historical periods.

Acknowledgement: This work was carried out within the framework of the project of the
Science Committee of the Ministry of Science and Higher Education of the Republic of
Kazakhstan (Grant No. AP19575017).

Conflict of interest: There are no conflicts of interest. All the authors reviewed and
approved the final version of the manuscript.

The contribution of the authors: A.Ye. Yeginbayeva and K.T. Saparov developed the main
concept of the study. A.Ye. Yeginbayeva and A.G. Abdullina designed the methodological

106 Ne23(148)/ 2024 JL.H. 'ymunes amuviHdarsl Eypasusi yrimmotk yHueepcumeminiy XABAPIIBICBI
Xumusi. eoepagust. Iko102ust cepusicyl
ISSN: 2616-6771. eISSN: 2617-9962



Hydrographic names and terms of Saryarka

approach for the research. A.Ye. Yeginbayeva and A.G. Abdullina verified and confirmed the
accuracy of the data and results. A.Ye. Yeginbayeva and N.Zh. Zhensikbayeva conducted the
primary stages of the research. K.T. Saparov and E. Atasoy drafted and prepared the initial
manuscript. E. Atasoy and Ye.K. Keikin were responsible for translating the article into English
and editing the review.

References

1. Daniel N., Matyas G. Citizen science characterization of meanings of toponyms of Kenya: a shared
heritage // GeoJournal. - 2023. - N2 88. - P. 767-788. https://doi.org/10.1007 /s10708-022-10640-5

2. Ordinas G.A. Ordinas RX. Geography and Onomastics: Geographical Terminology in the
Oronymy of the Balearic Islands // Questions of onomastics. - 2023. - T. 20. - N2 2. - P. 103-118.
https://doi.org/10.15826/vopr_onom.2023.20.2.017

3. Erun6aena A.E. (2019). Capriapka TonoHuMuKachkl. Asmatbl: CCK. - 224 6.

4. Jordan P. Adequate Minority Place-Name Representation on Topographic Maps // KN J. Cartogr.
Geogr. Inf. - 2023. - Ne 73. - P. 289-299. https://doi.org/10.1007 /s42489-023-00150-w

5. Moreira G.R. State of the art of the Brazilian geographical names database. - 2009.
https://icaci.org/files/documents/ICC_proceedings/ICC2009 /html/nonref/12_4.pdf

6. Perdana A.P., Ostermann F.O. A Citizen Science Approach for Collecting Toponyms // ISPRS Int.
J. Geo-Inf. - 2018. - Ne 7. - 222 p. https://doi.org/10.3390/ijgi7060222

7. Kastreva P., Drenovski I, Penev P. The toponyms in the Bulgarian Cartography // 6th
International Conference on Cartography and GIS. - 2016. - 624 p. https://cartography-
gis.com/docsbca/iccgis2016/ICCGIS2016-64.pdf

8. Kammynaunora K./JI. (2011). TomoHUMHKA: OKYJIbIK. AsMaThl: Jlayip. - 336 6.

9. Kovacs E. The Relationship between Early Hydronyms and Settlement Names. - Debrecen,
Hungary, 2019. - P. 65-74. https://mnynk.unideb.hu/publikaciok/0U15_kovacse.pdf

10. TMopmonnckas H.B. CioBapb pycckoil oHOMacTUYECKON TEPMUHOJIOTUH. - MockBa: Hayka, 1988. -
192 c.

11. Ionosa B.H. CTpykTypHO-ceMaHTH4YecKasl NpUpoAa TonoHUMOB KasaxcTaHa: fuc. A-pa Guiol.
Hayk: 10.02.20. - AnmaTsl: Kasak yHuBepcureTi, 1997. - 271 c.

12. AxmetoB K., bBalitenueBa . Xepinniy aTbl - EjgiMHIH XaTbl: 3HUIUKJIONEAUSJIBIK
aHbIKTaMaJIbIK, - AMaThl: ApyaHa, 2006. - 808 6.

13. bBeticeHoBa A.C. KazakcTaHHbIH GU3UKaIBIK reorpadusicel. — AsiMarsl, 2014. - 540 6.

14. CanapoBK.T., Erun6aeBa A.E. TomoHMMUKa peruoHa - Kak 0CHOBa BOCCTaHOBJIEHHUS U Pa3BUTHUSA
nanmadToB [laBaogapckoro [IpuupThimusd. - AiMaTsl: IBepo, 2017. - 154 c.

15. Saparov K., Belgibaev M., Mazbaev 0., Asubaev B., Atasoy E. Origin and Preservation of Irtysh
Relic Pine Forest of Kazakhstan // Balkan Ecology. - Russia.: Typographer.imperat, 2014. - Ne17(2). -
P.153-159.

16. Yeginbayeva A.Ye., Saparov K. Atasoy E. Etymological Features of Irtysh River in Pavlodar
Region, Kazakhstan // Balkan Ecology. - 2016. - Ne19(1). - P.91-95.

17. Yeginbayeva A.Ye., Saparov K., Chlachula J. Toponymy of the ancient Sary-Arka (North-Eastern
Kazakhstan) // Quaestiones geographicae. - 2018. - Ne37 (3). - P. 35-52
https://doi.org/10.2478/quageo-2018-0024

18. XKanysak T. Tapuxu »kep-Cy aTTapbIHbIH TYOTOPKIHI. - AnMaThl: «Co3aUK-ca0Bapb», 2010.

19. ErunbaeBa A.E., CamapoB K.T., CaHcbizb6aeBa A.b. TonmoHUMHYecKHH NOAXOJ HaAy4YHbIX
vccleloBaHUM JIaHAAadTOB, CB3aHHBIX C KUBOTHBIM MUpOM. European Journal of Economics and
Management Sciences. - Bena, 2015. - C. 25-31.

20. Camapog K.T. [1aBsiogap 06JIbICBIHBIH, TOTIOHUMUKAJBIK KeHicTiri. [laBiaogap: NPF «kECO», 2007.
- 308 6.

21. Kycaunos C.A. XXannbl reomopdosiorusi: OKyJbIK, - Anmatsl: [ayip, 2012. - 368 6.

JLH. I'ymunes amuviHdarsl Eypasusi yrimmoik yHueepcumeminiy XABAPIIBICBI N23(148)/ 2024 107
Xumusi. eoepagust. Ikono02us cepusicwvl
ISSN: 2616-6771. eISSN: 2617-9962


https://doi.org/10.1007/s10708-022-10640-5
https://doi.org/10.15826/vopr_onom.2023.20.2.017
https://doi.org/10.1007/s42489-023-00150-w
https://icaci.org/files/documents/ICC_proceedings/ICC2009/html/nonref/12_4.pdf
https://doi.org/10.3390/ijgi7060222
https://cartography-gis.com/docsbca/iccgis2016/ICCGIS2016-64.pdf
https://cartography-gis.com/docsbca/iccgis2016/ICCGIS2016-64.pdf
https://mnynk.unideb.hu/publikaciok/OU15_kovacse.pdf
https://doi.org/10.2478/quageo-2018-0024

A.Ye. Yeginbayeva, K.T. Saparov, A.G. Abdullina, N.Zh. Zhensikbayeva, E. Atasoy, Ye.K. Keikin

A.E. Erun6aeBal, K.T. Canapog?, A.I'. A6ay/11uHa3,
H.2K. ’KeHcuk6aeBa4, E. Atacoii’, E.K. Kelikuné
126/ H. T'ymunes amwuindarst Eypasus yammeotk yHusepcumemi, Acmaua, Kazakcmau
3K.)Kybanoe amviHdarbl AKmebe eHipaik yHusepcumemi, Akmebe, Kazakcmax
4C.AmaHdco108 amuiHdarsl LUlbiFbic KazakcmaH yHusepcumemi, OckemeH, KasakcmaH
sYaydaz ynueepcumemi, Bypca, Typkus

CapblapKaHbIH THAPOrpadUsJIbIK aTayIapbl MEH TEPMUHAEPI

Anparna. MakasianblH, MakKcaThl — Capblapkajia Ke3/leCEeTiH TUJPOHUMJED KYHUeCiH KaH-)KaKThl
Kapacteipy. Makasiaga Tabufu Kaffaiap MeH JaHAmadT epekuesikTepi Typasbl 6ail akmapat
O6epeTiH THAPOHUMAEPAiIH MaFbIHAChl erKeW-Terkeli cunatrtasraH. [MAPOHUMAIK aTayaapzbliH
3epTTey MaTepuajjapbl MeH dficTepi KapacThipblLiibl. CapblapKaHblH, THAPOHUMJEpP KyHeciH
3epTTereH fajbIM/Ap X9He oJlapJblH eHbOekTepi Typasibl alThLIAbl. CapblapKa cy 06beKTijepiHiH
aray/JapblH aWKbIHAAY TepeH 3epTTeyli KaKeT eTeTiH ©3eKTi MiHJgeT O6oJbll Ta6bLIA/bI.
T'uApOHUMAEPAIH KAIbIITACYbI, 0JIapAblH OPHAIACybl, HOMHUHALMSACHI TYpaJbl 9PTYpJii reorpadusiibIK,
aKmnapat ajyfra 6oJsazpl. Ockl Makanazia CapblapKaHblH THAPOHUM/IIK aTayFa ve 60JIFaH TOMOHUMJIK
aTayJlapAblH UIBIFY TeriH aHbIKTaM, oJap/ibl TonTapfa 6eJsaik. Taburu xarfaap MeH JaHAmadT
epeKIIeNIiKTEPIH CUNATTAUTBHIH MOTAMOHUMJED KYHeciHiH kiaaccuduKaluscbl KecTe TypiHze
YChIHBLIABL. OChbl KYMBICTbl 3epTTey OapbIChIHJA Cy 00'beKTisepiHiH (U3UKaNbIK-TeorpadusIbIK,
epeKIIesiKTepi aHbIKTaNAbl: KAaCUETTepi, camackl, TYCi, aFbIMbI, OpHaJiacybl, apHAacChl, LIbIFy Teri,
»KaFaJiaybl, MilliHi, TepeHAiri, CoHal-aK 0JIapAblH IIapyallblIbIK Xyprisyaeri peJi (aHTpomoreH/ ik
KpI3MeT). CapblapkaZa eciMZiKTep MeH »KaHyapJap/blH aTay/apbl, aJlaMHbIH, TalNaJapAblH >KoHe
ypHakKTap/AblH aTay/apbl HeTi3iH/e Ka/lbINTaCKaH FUAPOHUM/EP KeH TapaJifaH. 3epTTey 6apbICbIH/A
TUAPOHUM/IK aTay/jap MeH TepPMHUHJEp >Kyieci TONTAaCThIPbLIAbI, HAaKThl JepeKTep HeridiHzae
CapblapKa MUKPOTHIPOHUM/IEPiHIH KapTachl »acaj/bl. CapblapKa cy 06bekTiiepiniH 3000-Fa *KybIK,
artaybl TonTtacteipbliabl (1: 500 000 macirTabTaFel TOMOKApTaA HeTi3iH/e), 0JlapAblH, 3THMOJIOTHUSIChI
aHBIKTaJ/Ibl.

Ty#iH ce3jep: TUAPOHUM KyHeci, TabuFu OpTa, MUKPOTHUAPOHUMJEP, 3€PTTey dAaicTepi,
MOTaMOHUM/ED, TAOUFU Cy 00'bEKTiJIepi, )KacaH bl Cy 06’ beKTiJepi.

A.E.Erunn6aenal, K.T. Canapog?, A.I'. AGay11uHa3,
H.)K. ’)KeHcuko6aeBa4, E. Aracoii5, E.K. KeiikuHé
1z26Egpa3ulickull HayuoHa/abHblll yHugepcumem umeru JI1.H. 'ymunesa, Acmana, Kazaxcmau
3Akmio6uHcKull pe2uoHabHbIL yHUsepcumem umeHu K. JKybanosa, Akmobe, Kazaxcmax
4BocmoyHo-Kazaxcmauckuil yHugepcumem umenu C. AmaHsiconosa, Yemo-Kamenozopck, Kasaxcman
SYHueepcumem Yaydae, Bypca, Typyus

I'naporpadudeckrie Ha3BaHMS U TepMHUHBI CapblapKu

AHHOTanus. llesb cTaTbU - BCECTOPOHHEE PACCMOTPEHHE CUCTEMBI THAPOHUMOB, BCTPEYaIOLIUXCSA
B Capblapke. B cTaTbe nOJpPOGHO ONMUCHIBAeTCHd 3HAUYeHHWE THUAPOHHUMOB, JAKOIIUX GOTaTyio
MHpOopManMo 0 NPUPOJAHBIX YCJOBUSAX U OCOOEHHOCTAX JaHAmadTa. PaccMoTpeHbl MaTepuasbl U
MeTO/bl UCCJIelOBAHUS THJPOHMMHUYECKUX Ha3BaHUM. BblIM 0OTMeuYeHbl yueHble, U3ydaBLIMEe CUCTEMY
ruZpoHUMOB Capblapky, U UX Tpy/bl. U3yuyeHune HazBaHUM BoZoeMoB CapblapKa sIB/Is€TCA aKTya/IbHOU
3aZlauel, TpebywoUed TJIy6oKOro H3yyeHUss. MOXKHO MOJYYUTb pas3JU4yHyl reorpadpuieckyio
vHpopManuio o GopMHUpPOBAHUHM THAPOHUMOB, UX PACIOJIOKEHUH, HOMUHALUU. B 3TOH cTaThe Mbl
ONpesie/IUIN TMPOUCXOXKAEHHe TONOHUMHUYECKMX HMeH Capblapky, MNOJYYUMBLUIMX THJPOHHMMHOE
Ha3BaHUe, U pa3zie/IWIN UX Ha rpymnmnbl. Kiaccudukanus cucTeMbl HOTAMOHMMOB, XapaKTePHU3YIOLUX
NPUPOJIHbIE YCJOBUS U OCOGEHHOCTH JaHAwadTa, NpejcTaBleHAa B BuJe Tabuuubl. B xopne
UCC/lelOBaHUSA JAaHHOW paboThl ObLIM BbISABJIEHbI QU3UKO-reorpapuyeckhe 0CO6eHHOCTH BOJHBIX
00bEKTOB: CBOMCTBA, KauyecTBO, L|BET, TeYeHHe, MECTONOJIOKeHHe, PyCJo, IPOUCXOXKAeHUe, Geper,
dopmMa, riy6MHa, a TaKXKe UX POJIb B X03IMCTBEHHOM BeJleHUH (QaHTpONOreHHas JesiTeJbHOCTb). B
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Capblapke pacnpocTpaHeHbl THAPOHUMbI, 060pa30BaHHbIe HA OCHOBE HAa3BaHUM PacTeHUN U ) KUBOTHBIX,
Ha3BaHUU JIIOJle, MmJeMeH W poJioB. B xozme wuccienoBaHusi Oblaa CrpynnupoBaHa CHUCTeMa
TUJIPOHUMHUYECKHUX Ha3BaHUM W TEPMUHOB, COCTaBJIeHAa KapTa MUKpPOrHJApoHUMOB Capblapka Ha
O0CHOBe QaKTHUYEeCKHX JaHHBIX. b0 crpynnupoBaHo okoJio 3000 HAaMMeHOBAaHUN BOJHBIX 0G'HEKTOB
Capelapku (Ha ocHOBe TomokapT MaciuTa6a 1: 500 000), onpe/iesieHa KX 3TUMOJIOTHS.

Kniwo4yeBble cjoBa: cucreMa THAPOHHMMOB, MNPUPOAHAs Cpe/lda, MHUKPOTHAPOHHUMBI, METO/bI
HccJieIoBaHUS, TOTAMOHUMBI, IPUPOIHBIE BOJHbIE 06'EKThI, UCKYCCTBEHHbIE BOJIHbIE 0O HEKTHI.
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AHHOTaLMA B JIAHHOU MCCJIe0BaTeNbCKOM pa6oTe
NpOaHAJIM3UPOBAHbI laHHbIE CIyTHUKOBOU aJbTUMETPHUU JJis CEBEPO-
BOCTOYHOM U cpeaHelr yactu Kacnuiickoro mops 3a nepuof ¢ 1993 no
2023 rog. [lpoBesieHa BepudUuKaLus JaHHbIX aJlIbTUMETPOB C JAHHBIMU
MOPCKHUX TMJpOMETEe0pOJIOTMYeCKHUX IOCTOB Ha3eMHbIX HAbJII0eHUH 3a
ypOBHEM Mops Ha AByX nyHKTax: M Ilemnou u MI'Il ®opr-llleByeHko.
PesysbTaThl MOKa3aly, 4YTO aJbTUMETpUYECKHEe [aHHble UMEeKT
BBICOKYIO KOppessliMi0 C Ha3eMHbIMU HabuwaeHusmu (0,89-0,94).
CpeaHsig abcoJIOTCA OLIMOKA cocTaBiseT oT 17 pgo 23 cM, 3HadyeHUs
VHJeKca corsiacud npesbiaoT 0,7. OneHKa NpUMEHUMOCTH JAHHBIX 110
CTaTUCTUYECKHMM KpUTEpPUAM II0Ka3aja HaJMyhe He3HAYUTeJbHbIX
OTKJIOHEHUWH. AJbTUMeTpUYecKHe JaHHble HauboJsiee TOYHbBI JJid
MOHUTOPHHIA YPOBHS BOJbI C ampess MO OKTAOpPb M MOTYyT OBITb
VCIIOJIb30BaHBI JIJI1 HAOJ/II0/leHHUS 32 YPOBHEM MOPS B OTKPBITBIX YaCTAX
Kacnuiickoro mops.
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BBeaeHue

Kacnuiickoe Mope, ¢ mI0aAbI 0KoJ1o 386,4 ThIC. KM%, 06beMOM BOAbI 78,5 ThIC. KM> U
MaKCHMaJbHOU ry6uHo# 1025 M, pacnosioxkeHo Ha rpaHuUlle ABYX YacTel MaTepuka EBpasuu
Ha 472 07" canr. u 542 03’ B.4. [IpoTsKEHHOCTb 6eperoBo¥l JIMHUM cocTaBisieT 5970 KM.
OCHOBHBIMHU oOporpapuyecKUMU eJUWHULLAMH N06epexbsl SBJASAITCA: Ha CceBepe -
[Ipukacnuiickass HU3MEHHOCTb, Ha 3anaze — ropel BocroyHoro [lpeakaBkasbsa v bosbmoro
KaBkasa c y3koi npubpexHOM HU3MEeHHOCThIo [1].

Bacceitn Kacnuiickoro Mmops, ABJAA0OLUMKACA KPYITHEWIIUM 3aMKHYThIM BOJIHBIM 00'bEKTOM B
MUpe, oxBaTbiBaeT TeppuTopuu Kaszaxcrana, TypkMmeHucTaHa, Mpana, Asepb6aigxaHa U
Poccuu. O06/1afjaeT 3HAayWTeJbHbIMHM NPUPOJHBIMU pecypcaMd M HMeeT BaXKHOe
9KOHOMMYECKOE U IKOJIOTMYeCKOe 3HaUYeHHe /1Sl IpUbpexHbIX cTpaH. Ha akBaTopuu Kacnus
BeAyTCcs paboTbl MO pa3BeJjke MeCTOPOXJeHUW HedTH M rasa, pa3sBUTHI0 MOPCKOIO
TPAHCNOPTA, TYPU3Ma, U JPyTUX OTpaACJIEN.

Kosnebanuss ypoBHs BozAbl B KacnuilckoM Mope sIB/sieTCS BaXXHEHIIMM IOKa3aTesleM
COCTOSIHUS BOJ0€MA, CAY>KallMM 3HAaYMMbIM MHJWKATOPOM KJUMaTU4YeCKUX WU3MEHEHUU U
AHTPOIOTeHHOT0 BO3/leHCTBUA.

B paccmaTpuBaeMoil Ka3axcTaHCKOM d4acTtu Kacmuiickoro Mops Ha6J/0JeHus 3a
TMIpOMeTeOpOJIOTUYECKUMHU [TapaMeTpaMy, B TOM YU CJIe 32 YPOBHEM MOp#, TpoBoAAaTcsA Ha 10
MOPCKHUX CTaHIHMSX U MOCTaX, PacloJioKeHHbIX Ha NPUOPEKHON TeppUTOpUU: UTrOIKUHCKas
6aHka, ’Kanbai, [letuHoi, Kysianel octpos, @opT-llleBuenko, Caypa, AkTay, [lecuanbiii, Kypsoik,
®eTturcoBo [2]. Tak, kak npubpexHble HAOJIIOJEHUS He MOJHOCTbI OTpa)KaeT YPOBEHHBIU
pexxuMm Kacnuiickoro Mops, cyuiecTByeT HeOOXOAMMOCTb NpPOBeJEHUs HaOJIJeHUN Ha
OTKPBITOU 4aCTH MOPS, YTO CTAJI0 BO3MOXXHO C Pa3BUTHEM CIyTHUKOBBIX U3MEHEHUH, B TOM
4yHCse aJlbTUMEeTPHUH.

B MexxiyHapoJHOH NTpaKTHKe aJIbTUMETPHUs IPUMeEHAeTCH [IJI1 MOHUTOPUHTa KaK MUPOBBIX
OKeaHoB, TaK W BHYTpPeHHUX BoJoeMoB [3, 4]. CnyTHUKOBble MHUCCHUH, TaKHe KakK
Topex/Poseidon, Jason-1, 2, 3, 1 Sentinel-3, ucnosib3yoTcs /15 MO0Jy4eHUs JAaHHbIX O BbICOTE
MOpPCKOW [OBEPXHOCTHU. IJTHU JaHHble HWIPalOT KJWYEBYID pOJib B KJIMMaTHYECKUX
UCCJIe[JOBAaHUSAX, @ TaKXKe B MOJIeJIMPOBAaHUM LUMPKYJIALNUMU OKEaHOB M U3MEHEHUSAX YPOBHA
BoAbl [5]. Hanmpumep, B pamMkax MHUcCCUHM Jason-3 coOpaHHble JaHHble 00 ypOBHe MoOps
peryJispHO UCHOJIb3YIOTCA JJS1 OTCAEXHBAHUSA TJ100aJbHBIX KJIMMAaTHYECKHWX U3MEHEHUH,
NPOrHO3UPOBAHMWA LUKJIOHOB W M3y4YeHUs BJMUAHUSA OKeaHUWYeCKHUX TedyeHWH Ha
KJIMMaTUYeCKHWe CUCTeMBbl. JTU COYTHUKU 00ecrneuyuBalOT MOBTOPSAIOLIMecs U3MepeHHs Ha
KOHKpPETHBIX OpOMTaX, YTO MO3BOJIET MOJy4aTb TOUYHble BpeMeHHble Ps/Zibl JAHHbIX [Jif
JIID60OM TOUYKM Ha MOBEPXHOCTU OKeaHa [6].

B KaszaxcTraHe paHHble COYTHUKOB aJIbTUMETPOB HCHOJIb3YIOTCH [Jisl U3y4YeHUs1 YPOBHA
BO/Ibl U XapaKTepUCTUK BeTPOBLIX BoJIH B KacniuiickoM mope [4, 7, 8], a Takke CKOPOCTHU BeTpa
Haj akBaTtopuei mops [8]. Tak, faHHbIe ckopocTH BeTpa Ha BbicoTe 10 M co cnyTHHKOB Cryosat
2, Sentinel 3, Jason 3 uMelOT y10BJIETBOPUTEJIbHYIO CBSI3b C JaHHBIMU peaHasu3a ERAS [8.]
JUIs1 KazaxcTaHCKou 4yactu Kacnuiickoro mops. /laHHble BOJIHEHMM cO cliyTHUKa Sentinel-3
MMeeT JJ0CTaTOYHO BbICOKYIO KOPPeJISILIMIO0 C CMO/JIeJIMPOBaHHBbIMU 3HAaYeHUSAMHU [7].

CTOUT OTMETUTh, YTO B NOCJEJHUE MAEeCATUJIETUS CIYTHUKOBas aJbTHUMETpHUS CTaja
KJII0UeBbIM MHCTPYMEHTOM JJisi MOHUTOPUHIA YPOBHSI MOPSs, MO3BOJISASl MOJy4YaTb TOYHbIE
JlaHHble Ha OOJIbIIMX TEPPUTOPHUSAX, BKJOYasd TPYAHOAOCTYIHble pailoHbl. llenb naHHOU
paboThl - OLeHUTh U3MeHeHus ypoBHSA Kacnuiickoro Mops 3a nepuog ¢ 1993 o 2023 rog Ha
OCHOBE [JIaHHBIX CIYTHUKOBOW aJbTHMETPUUM U HUX BepudPUKalys C Ha3eMHbIMU
HaOJII0/IeHUSIMU B CEBEPO-BOCTOYHOM U cpefiHel yacTax Kacnuiickoro mops.
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MaTepuaJjibl M METOBI

B HacTosilee BpeMs HapsAy C TPaJAULHMOHHBIMU MeTOJAMU HaOJ/IIOJleHUS YyPOBHSA MOps
CYLECTBYIOT MeTO/ bl CIYTHUKOBOTO onpeJeseHus TUJPOMETEOPOJIOTUYECKUX
XapaKTEePUCTHUK, OJHUM U3 KOTOPBIX SIBJSAETCS CIyTHUKOBAsA albTUMETPHUSI.

COyTHUKOBBIM paJiMOBBICOTOMEp, WJIMU aJbTUMETP - 3TO NpUOOp, HenpepbIBHO
pPerucTpUpyoILUi cpelHUEe BbICOThI IOBEPXHOCTU HENOCPEACTBEHHO MO/, COYTHUKOM, KOr/Ja
OH TIepeceKaeT IMOBEPXHOCTb 3eMJHU. IJTOT METOJ, OIpeJieiIeHUsl BBICOTbl MOPCKOU
IOBEPXHOCTHM OCHOBAaH Ha MW3MEpPEeHUM pacCTOSAHUS MeXJy CIOYTHUKOM H MOPCKOH
NOBEPXHOCTbIO. 3MepeHHe pacCTOSAHUN OCHOBAaHO Ha M3MEpPEeHUU BpeMeHU, He0OX0JUMOTr0
JI1S1 IPOXOXKAEHUS paZli0JIOKaLlMOHHOT0 CUTHAJIA OT CIYTHUKA 10 BOJHOW MOBEPXHOCTH U Jl0
BOJIHOM NMOBEPXHOCTHU M 06paTHO, C psAA0OM NONPABOK, 00YCJ0BJIEHHBIX paclIpoCTpaHEeHUEM
curHasia B atMmocdepe U BJIUSIHUEM reoPpu3rMyeCcKUX sIBJEHUN Ha BOJHYIO NOBEPXHOCTb IO
OoTpaxkéHHOMY curHasuy [10].

C 1973 roza no Hacroslee BpeMd nopsajKa 16 CliyTHUKOB BeJId U3MepeHUs 0CpeSCTBOM
pafiroJ0KaMOHHOHN anbTuMeTpuit (Tabauna 1) [11].

Taﬁjmua 1. XapaKTepI/ICTI/IKI/I CIIYTHUKOBBIX AJIbBTUMETPUIECCKHUX MMCCHI

CnyTHUK Opranu3zanus [lepron HabIOJeHU I Boicota | IloBTOpPS
Haj €MOCTb,
ypOBHE JIeHb
M Mop4,
KM
Skylab NASA Maii 1973 - dpeBpanb 1974 435
GEOS-3 NASA Anpxib 1975 - urosb 1979 845
SeaSat [12] NASA Wrosb - oKTs16pb 1978 800 17
Geosat [13] US Navy OkTs16pb 1985 - auBapb 1990 800 17
ERS-1 ESA Wrwonab 1991 - mapT 2000 785 35
Topex/Poseid NASA/CNES CeHTsA6pb 1992 - okTA6pH 2005 | 1336 10
on
ERS-2 ESA Anpesib 1995 - urosb 2011 785 35
GFO US Navy/NOAA @eBpasib 1998 - okTa6ps 2008 | 800 17
Jason-1 CNES/NASA Jeka6pp 2001 - uroHp 2013 1336 10
Envisat ESA MapT 2002 - anpesnpb 2012 800 35
Jason-2 CNES/NASA/Eumetsat Hionb 2008 - H.B. 1336 10
/NOAA
CryoSat-2 ESA Anpenb 2010 - H.B. 720 369
[14]
HY-2 [15] China Asryct 2011 - H.B. 971 14, 168
Saral[16] ISRO/CNES @eBpasb 2013 - H.B. 800 35
Jason-3 [17] CNES/NASA/Eumetsat/N | AuBapb 2016 - H.B. 1336 10
0AA
Sentinel-3A ESA ®eBpasb 2016 - H.B. 814 27
[18]

[IpuMeyaHue: COCTaBIE€HO HA OCHOBAaHUU JlaHHbIX [11]

Kaxx/1b1i CyTHUK BBIBOAWTCS HAa ONIpe/ieJIEHHYI0 TOBTOPSIOLLY0CS OpOUTY, IOITOMY Uepes
omnpeze/ieHHOE KOJIMYeCTBO IHEN CHOBA NpoJieTaeT HaJ, OJHOM U TOU e TOUKOH (C TOUHOCThIO
o 1 kM) Ha noBepxHOCTU 3eMJsd. TakuM 06pa3oM, BpeMeHHble Psi/ibl U3MEHEHUNW BBICOTDI
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IIOBEPXHOCTHU MOTYT OBbITh NOCTPOEHBI /11 KOHKPETHOI'O0 MeCTOI0JI0XKEeHUS B/I0JIb Ha3eMHOU
TPaeKTOPHHU CIIlyTHUKA B TeYeHHE BCEro Cpoka paboThl cnyTHUKaA [19, 20].

JlanHble 06 ypoBHe Kacnuiickoro Mops, NOJy4YeHHble [OCPeJCTBOM aJbTHMETPOB
Ipe/CTaBJeHbl Ha Pa3/IMYHbIX CAUTaX U NOPTaJaX, TAKUX Kak «CrucTteMa XpaHeHHUs CEHCOPHBIX
JlaHHbIX» [21], «ba3a AaHHBIX THAPOJOTUYECKMX BPEMEHHbBIX PAJLOB BHYTPEHHUX BOA» [22],
['106a1bHBIA MOHUTOPUHT BogoxpaHuau U o3ep (G-REALM) [23], Hydroweb [24], RADS [25]
U pyTHe.

B naHHO# paboTe A1 aHa/sM3a U3MeHeHUs YpoBHA Kacnuiickoro Mops, B TOM 4ucJie JJisd
CpaBHeHUsI C JaHHbIMU MoHUTOpuHra PI'Tl «Kasruapomer» [2] uchnoJsib30BaHbl JaHHblE
aJIbTUMETPOB, NoJy4eHHble Ha nopTase «CructeMa XpaHeHUs] CEHCOPHBIX JJaHHbIX» [21].

[lopTan npefocTaBsiseT AaHHble CPeJHUX, MAaKCUMaJbHbIX U MUHUMa/IbHBIX YPOBHEN Ha
KPYIHbIX BOJHbIX 00'beKTax MHUpa, B TOM 4ucie Jsa Kacnuiickoro Mopss B 8 myHKTax Ha
OTKPBITOM aKBaTOPUH 3a epuoj ¢ anpesis 1993 roga no 2023 roga [21]. [l Ka3axcTaHCKOM
yactyu Kacnuickoro Mops npeJcraBJieHbl JaHHble CIIyTHUKOB aJIbTUMETPOB [/l 2 IyHKTOB,
pacrnoJioKeHHbIX B ero ceBepo-BoCTOYHOM 4acTu (PucyHok 1). /lnisg cpaBHeHUs] BbIOpaHbI
Mopckue ruaposiorudeckue noctbl: M Ilemuoit u MI'TI ®opt-llleBueHko. PaccTosiHue ot
ctranyuu M llemnow o Ilynkra Ne3 cocraBasier 97 kM, pacctossHue oT ctaHuuu MI'TT ®@opT-
[lleByeHko po Ilynkra Ne7 cocraBiisieT 62 KM.

PucyHok 1. PacnoJio>keHue NyHKTOB HaGJII0eHUA 3a ypoBHeM Kacnuiickoro mopst

AHanu3 JaHHBIX IOKa3aJ, YTo 3a nepuo/, c anpess 1993 r. no centsa6pp 2023 roza B NyHKTe
Ne3, pacnoJsio’keHHOM B palloOHe MOPCKOW cTaHIuu [lemHo#, 6b10 3adukcupoBaHo 1705
M3MepeHUN ypoBHS Mops, U3 KoTopbix 73% (1252) npuxoasaTca Ha TeWIbld Mepuoj roja
(anpesnb-okTs6pb) (PrucyHoK 2), Korja ceBepo-BOCTOYHAs YaCTh MOPS OJHOCTBIO CBOOOAHA
OTO JIbJA.

B nynkTe N°7, Haxogs1eMcs1 okosio @opT-llleBueHko, 3a paccMaTprUBaeMbli [ePUOJ, ObLIO
npoBesieHO 1786 nuamepenuil. U3 Hux 68 % (1216 usmepeHuil) NnpuxoAATCS TaKKe Ha allpesib—
OKTS06pb.
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PucyHok 2. KosinuecTBO M3MepeHU yPOBHS MOPSA aIbTUMETPaMH
Bepudukauus [aHHBIX COYTHUKOBBIX aJbTHMETPOB OCHOBAaHAa Ha  pacyérax
CTaTUCTUYECKUX NoKa3aTeseld 3PpPeKTUBHOCTH, TAKUX KaK:
1) koaddunreHT Koppeasuuu [26] :
2(xi—%) (¥i—¥)
Ty = 1
Vo JEEEDHEGND (1)
2) ko3dpouLMeHT JeTepMUHALMH [27]:
[Z0i—0) i-)]?
R? = - - 2
2(x—X)2E(yi—y)? (2)
3) cpenHss abcosoTHas omu6bKa [28]:
1
MAE = Z¥lx; — yil (3)
4) cpenHekBaJpaTUdecKas oniMoka [28]:
1
RMSE = [353,0x; — o) @
5) kpuTepui onieHKH apPekTuBHOCTH Hama-Catkiaudda [29] (Nash-Sutcliffe):
¥ e—yi)?
NSE =1 - —— 5
¥ (xi—%)2 (5)
6) wuHgekc corsaacus [30]:
N(xi—y)?
d=1—-—"—"—"—""—— 6
Y (i—®)+(x;—x)? (6)
JLH. I'ymunes amvindarsl Eypasust yimmuik yHueepcumeminiy XABAPIIBICHI N23(148)/ 2024 115

Xumusi. [eozpagusi. Ikoa02us1 cepusicol
ISSN: 2616-6771. elSSN: 2617-9962



H.H. )Xarnaposa, /1.b. Bazap6ati

rAe; X; — 3HayeHUe (PaKTUYeCKOM IepeMeHHOW, X - cpeJiHee 3HayeHHe HJIM HOpMa
baKTHYeCcKOW NepeMeHHOM, y; ~3Ha4eHHe CpPaBHUBAaeMOU [lepeMeHHOH, y — Cpe/iHee 3HaYeHu e
WJIM HOpMa CPaBHUBAaeMOM NlepeMeHHOH;

PesyabTaThl M 06CyKAeHNE

Bepugukayus daHHbIX

B pe3ysabTaTe BepuduKaLUKM JAaHHBIX aJbTUMETPOB C JaHHBIMM Ha3eMHbIX HAOJIIOIEHUH,
pacmoJioKeHHbIX HauboJiee 6JIU3KO APYT K APYTY, U IPOBEJeHHOM Ha OCHOBE CTaTUCTHUYECKUX
KpPUTEPHEB, yCTAaHOBJIEHO, YTO 3a epuo/ ¢ 1993 no 2023 rogbl K03GPUIMEHT AeTEPMUHALUHU
coctaBasier 0,89 gna nynkta Ne7 u 0,79 pnsa nyHkrta Ne3. PesysbTaTbl Bepudukauuu
aJIbTUMETPUYECKUX JAaHHbBIX Npe/cTaByeHbl B Tabuule 2.

Ta6auna 2. Pe3y/ibTaThl BepupuUKanuu JAHHBIX

Bavxaliui NyHKT Kpurepny
MYyHKT | KOOPJAWHATHI
HabJII0/leH U r Rz | MAE | RMSE | NSE | d
Ne3 52.43,46.21 [TemHoOM 0.89 | 0.79 | 0.23 0.30 0.76 | 0.69
Ne7 51.01, 44.66 @opr-llleByeHKO 094 | 089 | 0.17 0.22 0.85 | 0.75

3HaueHus Ko3adpodunreHTa Koppeasaiuu, paBubie 0,89 ansa nyHkra Ne3 u 0,94 g nyHKTa
Ne7, cBu1eTe/IbCTBYIOT O 3HAYUTEIbHOW MOJIOXKUTEIbHOW CBA3U MEX/y aJIbTUMEeTPUYeCKUMU
JlaHHBIMU ¥ TPaJULMOHHBIMU HAOJII0JIeHUSMY 33 YPOBHEM BOJbI.

AHasiv3 BHyTPUT0/J0BbIX KOPPEISAUOHHbIX CBsA3el B nyHKTe N23 3a nepuog ¢ 1993 no 2023
roj, mokasaJj, 4YTO JJid BCeX MecsleB, 3a HUCKJIWYeHUWEM dHBaps, HabJI0JaeTcd BbICOKasd
koppessanua (ot 0,85 gna gexkabps go 0,96 gaa aBrycrta). fSIHBapb JeMOHCTPUPYET
Ha¥MMeHbIIY0 KOppesauoHHYy1o cB3b (r = 0,66) (PucyHok 3). B cBoto o4yepeb, B myHKTe N27
BHYTPUI0/J0Bble KOppeJIILIMOHHBIE CBSI3Y 3a TOT K€ IIepuo/, MoKa3a/iy, YTO BCe MecsALbl roza
MMEIT BBICOKYI0 Koppessuuio, Bapbupywouywcsa ot 0,85 (mekabpp) mo 0,99 (ampesb)
(Pucynok 3).
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PucyHok 3. 'padpuk BHYTPpUroJ0BbIX KOppe/AMOHHbIX CBA3el 3a 1993-2023 rr.
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AHanu3 ypoBHA MOpA 0 JaHHBIM CIYTHUKOB aJbTHMETPOB IOKa3aJ, YTO Ha NyHKTe N3
MHOTOJIETHUE CpeJlHHe MeCAYHble 3Ha4eHUs YPOBHA MOPS OTJIMYAJIMCh OT JJAHHBIX HAa3eMHBbIX
HabJIIOleHUM Ha BeJMYHHY OT 4 cM g0 21 cM. HauMeHblLIyI0 KOppessiUi0 C Ha3eMHbIMHU
JAQHHBIMM [IeMOHCTPUPYIOT MaKCHMMaJIbHble M MMHMMaJIbHble 3HA4YeHUS YPOBHA MOpH:
K03$PULMEHT KOppeasAlMU JAJs MaKCUMaslbHbIX 3HayeHUU cocraBasger 0,68, a jusa
MUHUMaIbHBIX — 0,71. PasHuna MexJy 3Ha4YeHHSMHU YPOBHSA MOpPS, NOJYYEHHBIMU IO
CIIyTHUKOBBIM U Ha3eMHbIM JaHHBIM, BapbupoBasack oT 4 cM 0 30 cM [yi1 MaKCUMaJIbHbIX
3Ha4yeHUH U OT 3 cM /10 42 cM AJ11 MUHUMaJIbHBbIX.

Ha nynkte N7 pasHuna Mex/Jy MHOTOJIETHUMHM CPeJHHUMU MeCAYHbIMU 3HAYEHUAMU
YPOBHSI MOpsl cOCTaBUJsa OT 4 cM o 15 cM, a KoapduueHT Koppensanuu 6u1 paBeH 0,95.
MHorosieTHMe MaKCUMaJibHble MeCYHble 3HAauyeHUd [ NyHKTa N7 HMMEIT BBICOKYIO
Koppeasuio ¢ pakTuyeckuMu JaHHbIMU (0,95), B To BpeMs KaKk MUHHUMaJibHble 3HaYeHUs
JIEMOHCTPUPYIOT HU3KY10 Koppessuuio (0,34). 3To MoXKeT ObITh CBI3aHO C pa3HUIed YpOBHEH,
KOTOpasi BapbUpoOBaJsiach OT 5 10 23 CM /i1 MaKCMMaJIbHbIX 3Ha4eHUH U oT 3 70 54 cM A4
MHWHUMaJIbHbIX 3Ha4YEeHUH.

3HavyeHus cpefHel abcontoTHOM ommbku (MAE), paBuble 0,23 g nynkra Ne3 u 0,17 ansa
nyHkta NO7, mokasblBalOT, 4YTO B CpeJjHEM JiaHHble aJbTUMETPOB OTKJOHAKTCA OT
HaburojaeMbix 3HadyeHU Ha 0,23 c¢cM U 0,17 cM COOTBETCTBEHHO. JTO CBU/IETEJbCTBYET O
BbICOKOUW TOUHOCTH JIaHHBIX U HE3HAUYUTENbHbIX OTKJIOHeHUsX.RMSE, paBHas 0,30 (asa Ne3)
u 0,22 (pna Ne7), yka3plBaeT Ha HaJIMYUe OTJeJbHbIX BBIOPOCOB MM OIUO0K. OHAKO 3TH
OIIMOKHU He OKa3bIBAIOT CYLeCTBEHHOTO BJIUSAHHUSA Ha 0OIY0 TOYHOCTh JAHHbIX.

Nupekc Hama-Catknaudoda (NSE) cocraBaser 0,76 ans nynkra Ne3 u 0,85 nsa nynkra Ne7,
YTO YKa3blBaeT Ha TO, YTO JAHHblEe a/IbTUMETPOB O4Y€Hb XOPOILIO BOCIPOU3BOAAT 3HAYEHUA
YPOBHSA BOJBI.

WUupekc corsacus, paBHbl 0,69 s nyHkTa Ne3 u 0,75 gnsa nyHkTa Ne7, oTpakaeT
XOpOIUYIO CTeNeHb COOTBETCTBUSA MeX/y aJlbTUMeTPUYeCKUMHU JaHHbIMUA Y Ha0J/I10jaeMbIMU
3HaYEeHUSAMMU.

Bepudukauus mnokasasza, 4TO YPOBHH MOps MO JAaHHBIM aJbTUMETPOB HAXOJATCS B
JIONYCTUMBIX TpeJesax MOTPENIHOCTH U MOTYT OBbITb MUCIOJIb30BaHbl B UCC/A€J0BaHUAX
OTKPBITOM aKBaTOpPUW MoOps, BKJ/OYasd aHald3 JWHAMHUKU H3MEHeHHS YPOBHS MopH,
IPOrHO3UPOBAHHUE U Apyrue paboThl, IpoBogUMble Ha Kacnuiickom Mope.

AHanu3 daHHbIX

3a nepuoj ¢ 1993 no 2023 rox ypoBeHb Kacnuiickoro Mopsi B ceBep0o-BOCTOYHOM YaCTH
JIEMOHCTPUPYET YCTOMUYMBYIO TEHAEHUMIO K MOHWXKeHUI0 HauuHas ¢ 2005 roga (PucyHok 4).
MakcuMyM ypoBHs Mops 6bl1 3adpukcupoBaH B 1995 roay (B nynkrte Ne3 - 26,55 m BC, B
nyHkTe N°7 - 26,62 M bC), a MunumyM - B 2023 roay (B nyHkTe Ne3 - 28,72 m BC, B nyHkTe N27
- 28,71 m BC).
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PucyHok 4. luHaMuKa YPOBHS MOPA N0 AAHHBIM aJIbTUMepoB 3a 1993-2023 rr.

Ha nyHkTe N°3 cpesHue MecsiuHble 3HaYeHUs] YPOBHS Mopsi KoJsebanuch oT -26,97 m BC
(auBapsp) 1o -27,47 m BC (Hos16pb). Ha nyHkTe N27 cpefjHie MecsiyHble 3HaYeHUs yPOBHS MOPs
6bIM 0KO0JI0 OTMeTKH - 27,40 M BC ¢ kosiebanusimu ot -27,25m BC (utoHb) g0 -27,52 m BC
(Hos16pB) (PucyHoK 5).
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PucyHok 5. I'paduk xoaa cpegHeMecAYHOT0 YPOBHA Mopsi 3a 1993-2023 rr.

AnbTUMeTpUUECKHE JJaHHble HauboJiee TOYHbI /IJI1 MOHUTOPUHTA YPOBHS BO/Ibl B TEIJIbIN
nepuoj roja (anpeab-oKTsA6phb), KOTAa Ha CEBEPO-BOCTOKE MOPSI OTCYTCTBYET JieJ. B 3uMHuUiA
nepuosi B ceBepHbIXx 4YacTsax Kacnuiickoro mopsi dopmupyeTrcss JeAsHOW IOKPOB, YTO
3aTpy/AHSIET TOYHOCTb aJIbTUMETPUUECKUX U3MepeHHUit [31].

3aKk/IloueHue

B pmaHHOM uccienoBaHUM 00paboTaHbl JaHHblE YPOBHSI BOJbI MO JAHHBIM CIIYTHUKOB
asbTUMeTpoB 3a nepuof ¢ 1993 no 2023 rop, onybsukKoBaHHble Ha noprase «Cucrema
XpaHEeHUs] CEHCOPHBIX JAaHHbIX». B kKayecTBe 00beKTa HCC/le0OBaHUS BbIOpaHa CeBepo-
BOCTOYHas 4yacTb Kacnurckoro Mmops.

Pe3ysibTaThl MccnefoBaHUS NOATBEPAUJINA BBICOKYIO KOPPEJSLUI0 JaHHBIX CIYTHUKOBO
aJIbTUMETPOB C JAaHHbIMHU Ha3eMHBIX THAPOMETEOPOJIOTUYeCKUX NOCTOB. KoadpounueHt
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KOppeJdanuu JJsd paccMaTpuBaeMblx NyHKTOB Ne3 wu Ne7 cocraBuan 0,89 u 0,94
COOTBETCTBEHHO, YTO CBU/ETEJbCTBYET O 3HAYUTEJNbHOU MOJIOXKUTEJNbHOU CBSI3U MEXAY
NaHHbIMU. CpenHsasa abcostoTHas omnbka (MAE) v cpenHekBaapaTruueckas omnboka (RMSE)
TaKXXe MOJITBEPAUJMN BbICOKYI0 TOUYHOCTb JaHHbIX. Takke, 3TH MOKa3aTeJU yKa3blBalOT Ha
He3HAuuTeJibHble OTKJOHEHHUS] [AaHHbIX aJbTUMETPHUU OT HA3EMHbIX HAOJIOJEHUN, 4YTO
M03BOJISIeT UCM0JIb30BAaTh UX /JI1 MOHUTOPUHTIA ypoBHS Mops B Kacnuiickom mMope.

AnbTUMeTpUYecKHe JaHHble HauboJiee TOYHbI /11 MOHUTOPHUHIA YPOBHS BOJbI B TEIJIbIH
nepuo/i rozia (anpesib-oKTsA0pPb), KOr/la CEBEPO-BOCTOK MOPSI CBOOO/JIEH OT Jib/ia.

YpoBeHb MOpsi B ceBepo-BOCTOUYHOM yacTu Kacnuiickoro mops cHmxasicsa ¢ 2005 roaa.
CpeaHeMecsiyHble 3HAaUYEHUSI yPOBHS MOPS B 3TOM YacTH KoJiebstoTcs oT -26,97 m BC o -27,47
M BC.

3TH BBIBOJIbl TOKAa3bIBAIOT, YTO aJbTUMETpPUYECKHE JlaHHble SBJSIOTCHI IeHHbIM
WHCTPYMEHTOM /JJisi MOHUTOPUHrA YPOBHSA BOJbl B KacmuiickoM Mope, 0COGEHHO B TeX
006J1aCcTSAX, TJle OTCYTCTBYIOT Ha3eMHble HabJ oAeHUs. OHM MOTYT MCIOJIb30BaTbCA [Jif
JIOTIOJTHEHUS CYILECTBYIOUIUX JAHHBIX, YTO YJAYYIIUT MOHUMAHHUE JUHAMUKU YPOBHS MOPS B
peruoHe U TMO3BOJUT OoJjiee 3PPEeKTUBHO MNPOTHO3UPOBATh H3MEHEHHs, CBSI3aHHbIE C
KJAMMaTUYECKHMH U aHTPOTIOTEHHBIMHU GaKTOPaAMH.

duHaHCUpPOBAHUE: OTCYTCTBYET.

KoH}IUKT MHTEepecoB: OTCYyTCTBYET.

Bksag aBTOpoB: C60p, aHa/IM3 U UHTepIipeTanus pe3yabTaToB paboTsl: H.H. XKarnaposa,
JLb. bazap6aii. HamucaHue TeKkcTa W/WUJIM KPUTHYECKUH nepecMoTp copepxaHus: H.H.
KarmapoBa. YTBepxJeHUe OKOHYATeJbHOrO BapWaHTAa CTaTbM Aad nyosukauuu: H.H.
’Karnapoga, JI.b. bazap6a#.
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H.H. ’Karnmapogal, J1.b. Bazap6aiiz
12PMK “Kazezudpomem”, Acmana, Kazakcmat,

Kacnuii TeHi3iHiH Ka3aKcTaH/bIK 6GeJIiri yIliH TeHi3 JeHreliHiH aIbTUMETPUSLIBIK,
JAepeKTepiHe 101y

Anpgarna. byn 3eprrey xkymbicbiHAa 1993-2023 xbuipap apanbiFblHAaFbl Kacnuil TeHi3iHIiH
COJITYCTIK-LUBIFbIC 3k9He opTa 6eJIiKTepi YIIiH CIYTHUKTIK aJITUMeTpUs AepekTepi TaagaHAbl. 0.1 yiuiH
eki nyHkTTe: [lemHed xoHe @opT-llleBYeHKO TEHI3 T'UAPOMETEOPOJIOTUSIBIK 6GeKeTTepiHiH
JepeKTepiMeH OCbl AJITUMETPJIIK CIYTHUK MaJliMeTepiMeH CaJIbICThIpa OTBIPLIN, TEKCEPY Kyprisiiji.
HaTmxenep kepceTKeH/ieH, aIbTUMETPUSIJIBIK, JEPEKTED KEPTiliKTi 6aKpliay JAepeKTepiMeH }OFaphl
koppessanusra ue (0,89-0,94), oprama abcosoTTi Kate 17 cM-zeH 23 cM-Te feliH, al KeJiciM uHaeKci
0,7-pen »ofapbl. CTaTUCTUKAJIBIK KpUTepuiljiep GOMbIHIIA JepeKTepJi KoJiaHy Gafacbl a3faraH
aybITKyJ1ap 6ap eKeHiH KepCeTTi. AIbTUMETPHUSJIBIK JIepeKTepP Cy AeHTreliH cayip/ieH Ka3aHFa AeniHri
apajbIKTa 6aKbLIAy YIIIH eH J9J1 *KoHe oJiapabl Kacnuil TeHi3iHiH ambIK 6eJikTepiH/e Cy JAeHreliH
GakKblyay YIIiH MaijasaHnyFa 601a/(bl.

Tyiiin cespep: Kacnuil TeHi3i, COYTHUKTIK aJbTUMeTpUs, Cy [JAeHreli, albTHUMETPUSIBIK,
JlepekTep/i Tekcepy, Koppeasnus K03 PruuneHTi

N.N. Zhagparova?, L.B. Bazarbay?
12RSE “Kazhydromet”, Astana, Kazakhstan

Overview of altimetric sea level data for the Kazakh part of the Caspian Sea

Abstract. This research paper analyzes satellite altimetry data for the northeastern and middle parts
of the Caspian Sea for the period from 1993 to 2023. The verification of altimeter data from the data of
marine hydrometeorological stations of nasal observations of the permanent sea at two points was
carried out: M Peshnoy and MHP Fort Shevchenko. The results showed that the altimetric data have a
high correlation with ground observations (0.89-0.94), with a mean absolute error ranging from 17 cm
to 23 cm, and a consistency index above 0.7. The assessment of data applicability according to statistical
criteria showed that there are minor deviations. Altimetric data are most accurate for monitoring water
levels from April to October and can be used for monitoring sea levels in the open parts of the Caspian
Sea.

Keywords: Caspian Sea, satellite altimetry, water level, verification of altimetric data, correlation
coefficient.
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AHa/IM3 JUHAMUKHU NPOAYKTUBHOCTH CTENHOM 30HbI
MapTyKCKOro paioHa AKTIOOMHCKOM 00J1aCTH
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AHHOTauMA. /laHHOe uccleJj0BaHUe 3aK/IKYaeTcd B NPUMEHEHHUHU
TUJPOTEPMUYECKUX nokasareJiel JJIs1 OLIeHKH xapakTepa
NPOAYKLMOHHO-AeCTPYKLIMOHHOIO  Ipolecca B  CUCTeMe  I04YBa-
pacTuTe/bHOCTb. BrepBble B MapTykckoM paloHe AKTIOOMHCKON
obJsiacTu JlaHa OLleHKa MHTEHCUBHOCTHU NpPOAYKLIMOHHO-
JleCTPYKLIMOHHOTO Ipolecca NPy NOMOIIY 0aJaHCOBBIX YPAaBHEHUH IIO
MeToauke A.A. TutasaHoBoll. OOBbEeKTOM HCCAeJOBAaHUA SABJSAETCS
pacTUTeJIbHBIA MNOKPOB CYXUMX CTemed MapTykckoro pauloHa
AxkTioOMHCKOM  obsactu. [lpegMeToM  HccaeOBaHUA  ABJAETCA
BbISIBJIEHME BJIUMAHUSA KJIMMaTUYeCKHUX U MUKPOKJIUMATHYeCKUX YCIOBUMN
Ha JAWMHAMUKY NPOAYKTUBHOCTH U HWHTEHCUBHOCTb NPOAYKLHOHHO —
JleCTPYKIIMOHHOTO IpoLecca OCHOBHBIX acconuauui. IlpuMeHeHue
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AHasnuz duHamuku hpodykmusHocmu cmenHoll 30Hbl Mapmykckozo pationa Akmio6uHcKol obaacmu

BBeaeHue

K HacTtosmeMy BpeMeHHM HaKOIlJIeH OOUIMPHBIA MaTepuaJ MO HPOAYKTUBHOCTU
pacTUTEeNbHBIX COOOIECTB. ITU HCCAeA0BaHUA, HadaTble eunle B 30-x rogax XX Beka,
NIOCTeNeHHO pUobpeTasu Bce 60Jiee OCae0BaTebHbIN U LieJleHallpaBJeHHbIM XapakTep. B
NepBbIY epuo/J, pa3BUTHUSA TAKUX pabOT U3y4yaauCh IPeMMYyIeCTBEHHO 3anacbl GUTOMACChI B
Ha/I3€MHOM YaCTH PaCTUTENBHOCTH, OTCYTCTBOBAJIM HA0/II0J€eHUA 33 JUHAMUKON HaKOIJIEHUS
pacTUTEJIbHOIO BellecTBA He TOJbKO BO BHYTPUBEreTAallMOHHOM, HO MU BO MHOTOJIETHEM
paspese, a U3y4eHHe JUHAMHUKHU PaA3JIO)KEeHUA OBbLIO HA4YaTO CNyCTA JBa AecATuaeTvd. Jlo
CerofiHsAIIHEro JHA MaTepuajbl 10 HAKOIJIEHWI0 U pPA3JIOKEHHI0 IOA3eMHOM MacChl
eCTeCTBEHHOM PaCcTUTEJIbHOCTU OCTAlTCA J0OBOJIbHO PeJKUM fIBJIeHHEM B JiMTepaType IO
6MOreoLeHO0JIOTUH U TPOAYKTUBHOCTH [1-4].

M3ydyeHNs KOMIIJIEKCHBIX CTeNlel Hayasloch elllé 3a/10/1ro0 /10 IJ106aJbHOr0 BMellaTe bCTBa
U TexXHOreHe3a 4eJ/ioBe4YeCcTBa BO MHOTHME OCHOBHBIe NMPOLECCH], IPOUCXOAALME B IPUPOJE,
Hapyias eé 3aKOHbI U HEOOpaTUMO U3MeHss eé [5, 6].

UccnenoBaHue pacTUTeNIbHOCTU KOMILJIEKCHBIX cTeneld B. U. UBaHoBbIM [7-9] B Hauase 20
BeKa HOCUT NpPaKTUYeCKUH XxapaKTep, Tak Kak He00X0 UMbl ObLIY JaHHbIE O COCTOSIHUHY NIOYB
W PaCTUTEJBHOCTH.

PacTuTe/bHOCTb, KaK IOKasaTesb YCJOBUU Cpe/ibl, CTAHOBUTCA OOBEKTOM H3y4YeHUS
MHorux Akajgemuu Hayk. [louBoBes H.A. /lumo u 6otanuk b.A. Kensiep B 1907 roay usaanu
COBMECTHYI0 paboTy «B 06J1acTU moaynycTblHU». PaboTa mokasblBaeT CBSI3b PACTUTEIbHbIX
COOOLECTB C KOHKPETHBIMH YCJOBUAMHM MecToobuTaHusa. B pabore «MHAMKaTOpHBIE
CBOMCTBA PacTUTEJbHbIX COOOLIECTB» JAIOTCS JAaHHbIEe O KaueCTBe IOYBEHHOI0 MOKpoBa. 3a
nepBble TpU AecATuaeTus 20 Beka pacTUTeJIbHble UHAUKATOPbl UCII0J1b30BaJIMCh MHOTUMHU
MCcleloBaTe/ISIMU IPU U3yYeHUH [T0YB CeJIbCKOX03MCTBeHHbIX yroaui [10-13].

[IpoAYKTUBHOCTD pa3/IMYHBIX PACTUTEJbHBIX CO00LIecTB N0 NpupoAHbIM 30HaM CCCP u
BCEl CyllM 3€eMHOTo luapa uccienoBaHa B psge pabor H.U. basuneBuu. Tpyabl PoguHa,
BasuneBuya, Peme3oBa, Po3oBa paroT HauboJiee TMOJIHble CBeJeHUS 10 JAUHAMHUKe
OpraHUYecKOro BelleCcTBa Ha/iI3eMHOW U Noi3eMHOM puToMacchl [14].

HakomnsieHWI0 OpraHU4ecKoro BellecTBA KaK HaJ3eMHOW, TaK U INOA3eMHOM YacCTH
pacTUTebHBIX COOOILEeCTB NOCBSAILEHbl perMoHa/bHble UccaefoBaHus H.W. basuneBuy u A.A.
TuT/ASHOBOM, KOTOpble B METOJUYECKOM OTHOIUEHHUM HABJAKTCA 3TaJ0HOM. [logpo6HO
uccjeloBaHa NOACTUJIKA, dUTOMAcca AJs1 CTETHOW pPacTUTeJbHOCTH B paboTax CeMeHOBa-
Tanb-llanckoro (1965, 1966, 1977). luHaMuKa NPOAYKTUBHOCTU CTEMHBIX PUTOLLEHO30B
Kazaxcrana 6b1a usydeHa T.K.TopgeeBoi (1976). H0. MupomHudyenko (1966) BbIBOAUT
3aKOHOMEPHOCTH pPaCHpoCTpaHeHUs] HaJA3eMHOM M MOJ3eMHOM (QUTOMAcChl CTeNHbIX
¢uTtoneno3oB Kasaxcrana. B pa6orte T.K. ['opgeeBoit u P.B. CyxoBepko (1966) onucaHbI
HEKOTOpble MeTOJbl M3y4yeHUsl MPOAYKTUBHOCTU KOBBIJIbHO-3JIAKOBBIX COOGLIECTB
Ka3axCTaHCKUX cTeneit [15, 16].

KosinuecTBeHHass XapaKTepUCTHKA NMOJ3€MHON U Ha/I3eMHOW PUTOMACCH PACTUTEJbHbBIX
COOOIeCTB CyOTPONMYECKON 30HBI JlaHa B paboTe asepbal/pKaHCKUX HcCefoBaTesel.
[IpolyKTUBHOCTb  KOPHEBBIX  CUCTeM  pacTuTesbHOocTH  KocTraHaiickoii  o6JiacTu
xapakTepusyer M.E. fkoBneBa [17-25]. HW3yyeHHeM MNPOAYKTUBHOCTH pPaACTUTEJNbHbBIX
coobuectB LlenTpanbHoro KasaxcraHa, KapakymoB, KbI3blJIKyMOB, MyCTBIHHBIX CTeled U
ceBepHbIX MycTbIHb MoHroibcko HapoaHo# Pecniy6/1MKy 3aHUMaIMCh MHOTHE TFO/ibl yYeHble
6otanudeckoro uHctutyra AH CCCP (Poaun, Mupomnudenko, 1977, ToppaeeB, 1976,
Torzaes).
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JK.I'. BepdeHos, XK. U. Hukapoea, I'.E. Mendwi6aesa, A.T. Bekemoea, I.0. ddinbekmezi

MaTepl/IaJIbI H MEeTOo/AbI

M3yyeHre COBpEMEHHOr0 COCTOSHMS W NPOLYKTUBHOCTH CTENHOr0 KOMILJIeKca
IpPOBOJUJIOCH MO MNpOrpaMMe U MeTOJUKe, MPUHATOW MexAyHapoAHOW OHOJOTHYECKOU
nporpaMmmoi. Mcnosib3oBasiich MeTO/bl, ONTMCAaHHbIE B MOHOTpadusax [26-28]. MeToguueckue
OCHOBBl TaKUX HCCAELOBaHWM ObLIM pa3paboTaHbl IMOJ pPYKOBOACTBOM U IIpH
HeIocpeACTBEHHOM y4acTUU BeAylux crnequannctoB - B.H. CykaueBa, 10.B. Paynkuepa, A.A.
MousyaHnoBa, H.B. [lpiiuca, B.T. Kapnosa, 10.A. lleabHukepa, C.B. 3ouHa, T.A. PaboTHoBa, H.H.
Basunesuy, JI.U. Poguna, H.T. HeyaeBoii, A.A. TUTJISHOBOM.

Bbi60op y4acTKOB ObLI MNPOWU3BEJEH HAa OCHOBAaHMU 00pabOTKU MaTepUasioB U aHaIM3a
MHOTOYHMC/JIEHHBbIX JIMTEPATyPHbIX JAHHBbIX. BblJIO yCTaHOBJIEHO, YTO BbIOpaHHbIE YYaCTKU
SIBJISIIOTCS] TUIIMYHBIMU /151 CTEITHOT0 KOMILJIEKCA U3y4aeMOoro pervoHa [7].

OT60p npob pacTeHU JJis 1abOPATOPHBIX AHAJIM30B U YYET NPOAYKTHUBHOCTH acCOLaLUM
npoBoAuKch B TeueHue 2023 1 2024 rr. B MapTyKCKOM paiioHe B epHO/, C Masi 110 CEHTSOpb
Ha MOCTOSIHHBIX y4acTKax. B accouuanusax yKochl cpe3ajuch B MSATH KPAaTHOW NOBTOPHOCTH C
momaaku 20x20 cm yepes kaxable 20 - 25 aHel. B acconpanusx B onpeie/IEHHbINA CPOK M0 5
IJIOLIA/I0K B TEUEHU U BEreTallMOHHOTO CE30HA, IMHENHBIM MapUIPYTOM C MUHTEPBAJIOM MEXAY
HUMU 2 — 3 M Ha YPOBHE MOYBbI, YYUThIBAJIACh MO CTHUJIKA.

YkocHass ¢uTOMacca accouuanuid JAenusaach Ha JiBe 4acTd. [lepBasi 4yacTb YKOCOB
pasbupasiach Mo BH/aM C MOCJAeAYIOUMM B3BelIMBaHUEM, a BTOpas B3BeLIMBaIach LIEJTUKOM
6e3 BHU/I0BOT0 aHaJIM3a [iJis onpe/iesieHUsl NIPOAYKTUBHOCTH acCOLMALUH B I|€JI0M.

[ omnpejesieHUs1 MPOAYKTUBHOCTU (GUTOMACChl accolMaldii B 1|eJIOM YYHUTBIBAJIUCh
MEpPTBblE OCTATKH, BETOLIb, MOJACTU/IKA. 3eJiéHass Macca W BETOIlb Cpe3ajkChb Ha YPOBHE
MIOYBBI, 3aTEM C IJIOLAJIKU cobUpasiach MOACTHJIKA, Cpe3aJsach 3ej1€Has Macca U 0T6Hpasiach
BETOIIb (MOXeJTeBIlas, OTMepIlas 4acTb pacTeHUl). 2KuBble OTPOCTKHU, BCTpeyaloluecs B
NO/ACTUJIKE, YYUTbIBaJIUCh B ¢utomacce. Ha rayoune go 30 cm 6ypom HekpacoBa (mo
ropusoHTaau 0-10, 10-20, 20-30 cM) oTb6Upasiack Moi3eMHas 4acThb accouuanyu. Ha ykocHoi
miomaake 0,04 kB. M 6ypuJu B TPEX MOBTOPHOCTSAX A0 ryoruHbl 30 cM. KopHu npoMbIBaivch
yepes cuTo AuameTpoM 0,25 MM, 3aTeM NOMeUAJUCh B LUIUHADP 00bEMOM 500 M1, T/ie )KUBbIe
KOPHU OTJe/ISIJINCh OT MEPTBBIX NYTEM OCE/IaHUS )KUBBIX KOPHEHN HA IHO LIMJIMH/APA.

[oau4yHBIA TpPUPOCT HaJ3eMHOM ¢GUTOMAcChl MU KOPHEN BbIUMC/ASETCS MNPA MOMOILU
6a/laHCOBbIX ypaBHeHUUM [29] mo JAaHHBIM O JAWMHAMHUKe 3amaca (UTOMAacChl, BETOLLY,
O/ CTUJIKH, >KUBBIX U MEPTBBIX KOpHEeN. OJTHOBPEMEHHO C Olpe/ie/IeHHEeM 3amaca B JHU Y4éTa
BeJMCb MHUKPOKJIMMaTHUYeCKUe HabOJIloJleHuss Ha BceXx 3JIeMeHTaX OuoreoleHosa
(Mukpopesibeda), TakKe BeJUCh HAOGJIOJEHUS 32 TEMIIEPATYPOXd U BJIAXKHOCTbIO BO3/yxa B
TPaBOCTOE U Ha BbIcOTe 1,5 M c moMouibIo acnupalndoHHoro ncuxpometpa [30].

BecoBble mnokasaTe/qd MO HAJA3€EMHOM, MoJ3eMHONW ¢uUTOMAacce, BETOLIM, MNOJACTUIKE
0/ BEPTaJIUCh CTATUCTUYECKON 06paboTke. OIMbKa KOJIMYeCTBEHHBIX JaHHBIX Ha/JI3€MHbIX U
N0/ 3eMHBIX MaCC J0J>KHA COCTaBJIATh He 60siee 3%. OpraHuyeckoe BelecTBO ONpeAeisijioch
no Tropuny (I'OCT 26213-91), pH - BogHOM BBITSI’KKU — 10 Muxasincy. KaTHOHHO-aHUOHHBIN
COCTaB BOJIHOM BBITSDKKU onpegesics no 'OCTam 26425-85, 26426-85, 26428-85, 26951-86
[31].

B reomMopdosiornueckoM OTHOLIEHUH TeppUTOpUsi MapTyKCKOro palioHa pacrnoJsiaraeTcsi B
npepesiax Myro»xapckux rop, npeJCcTaBJ/sI0IIUX COO0U 10KHbIEe OTPOTH Y pabCKOro XpeobTa.

[Io ycTpoUCTBY MOBEPXHOCTH TEPPUTOPHUSA UCCAELOBAaHUSA OTHOCUTCA K BypTHHCKOMY
COMOYHO-PaBHUHHOMY paloHy € a6CcoII0THBIMU 0TMeTKaMu BbIcOT 200-390 meTpoB (PucyHok
1).
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PucyHok 1. KapTa TeppuTopum ucciesoBaHUs

XapakTepHOW 0COGEHHOCTbIO peJsibeda ONMMUCHIBAEMOTO XO3SHCTBa B L€JIOM, SBJISETCS
6oJsiblasi U3pPe3aHHOCTb BCeHd TEPPUTOPHUM MHOTOYMUCAEHHBIMM OBparaMy, OajkaMU H
peyHbIMU JoMHaMU. Haiyvuyre 60JbIIOro KoJMYecTBa NOCJAeJHUX JesaeT pesbed CUIBHO
pacy/JeHEéHHbIM, I@OYBbBl - KOMIUIEKCHBIMH, a TEPPUTOPHUI - CPABHUTEJIbHO
TPYAHOIPOXOAUMOM.

YCJI0BHO TEepPUTOPHIO 3€MJIENI0Ib30BAHMA MOXKHO pa3/ie/IuTh Ha 4 4acTu:

1. CeBepHas

2. llenTpasbHas

3. lOro-3anagHas

4. lOro-BocTo4yHas

CeBepHasa 4acTb (ceBepHee p. Kaparauka - BTopas) mnpejcTaBjseT COO0HW XOJMUCTO-
BOJIHUCTYIO0 PaBHUHY C OOLIMM I0XKHBIM CKJIOHOM. Ha BOCTOKe OHa HECKOJIbKO BbIPDOBHEHA;
3/leCb pacMoJIOKeHbl MaxOTHble MacCUBBI. l|eJI0CTHOCTb 3TOM 4YacTU HapyllaeTcs TyCTOM
OBPa’XHO-0aJI0YHOM CEThIO.

LleHTpaJsibHad 4acTh pocTUupaeTcd oT p. Kaparadka - 2-as Ha ceBepe fo p. Kaparauka -1-
adg, Ypra-bypta Ha 1wre wu 1wro-sanage. IllpejcraBnsger co60M NIaTOOOpPA3HYIO
C/1a00BOJIHUCTYI0 PAaBHUHY C MOJIOTUMH CeBEpPHBIMU M CeBepo-3alaJHbIMU CKJIOHAMY,
KPYTBIMU KOPOTKHMMH I0KHBIMHM M I0ro0-3alalHbIMU CKJIOHaMH. 3/iecb HauboJjiee SIpKO
Bblpa)keH MHUKpopesbed. lOro-samajgHasg 4YacTb HOCUT I10JIOT0-BOJIHUCTO-PAaBHUHHBIN
XapakTep pesbeda C 0OLUM CEBEpPO-BOCTOYHBIM BOCTOYHBIM YKJOHOM. Ha rore 3Toil yactu
CUJIBHO Pa3BUTA OBPAXKHO-0a/I04YHAsSA CETh.

IOro-socToyHass yacTb (l0KHee LeHTpPaJbHOM d4YacTh J0 p. bypTa) mnpepcrasiser
BOJIHUCTYI0 pPaBHUHY C peAKO BCTpPeYaWIIUMUCA XOJMaMH, C KpYTbIMU CKJIOHAMHY,
MOBEPXHOCTb KOTOPBIX YCbIlIaHA ILeOeHKOW M O0O0JIOMKaMM KOpeHHbIX Iopoj. bepera
MHOT0YHMCJIEHHBIX OBPAaroB U 0aJIOK KpyThle, 0OpPBIBUCTBIE, YACTO C 0OHAXKEHUSAMU KOPEHHbBIX
HOPO.

Pe3ysibTaThl U 06CyKAEHHUE

Pesnbed npuHUMaeT aKTHMBHOe y4yacTHe B IOYBOOOpa3oBaTe/JbHOM IpoOliecce, OKa3blBas
BJIUSIHUE Ha OT/esibHble QpakTophl. Tak, pesbed ABJIsAeTCA pacnpesenTesNeM TelJa U BJIary B
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nouBe. Ha 10’KHBIX CKJIOHAX CXO/i CHEra OTMe4aeTcCsl paHblile, 6bIcTpee co3peBaeT ypoxkail. Ha
CEeBEPHBIX CKJIOHAX CHeTroTasiHUe MPOJI0JIXKAETCS HEeCKOJIbKO JI0JIbllle, HO MPU 3TOM MOYBa
OoJsipllle BOUTBIBAaeT TaJoW BoJAbl. KpyThble CK/JIOHBI OBICTpee OCBOOOXAAKTCA OT TaJIOU
JIOKZIEeBOYM BOJIbI, U TIOYBA He yCleBaeT €€ BIUThIBaTh. KpoMe TOro, 3/1eCh MOYBbI B 60JIbIIEN
CTeIeHU MOABEP>XKEHBI BOAHON U BETPOBOU 3PO3UH.

Ha 3aMKHYTbIX NOHMXKEHUSIX B IepuoJ; OYPHOrO CHEroTasHUs 4YacTO OTMevyaeTcs
nepeyBJIa)KHEHUE, YTO UHOT/IAa TPUBOJUT K BBIMOKAHHUIO NOCEBOB. Tasible U J0K/IeBbI€ BOJIbI
YaCTUYHO BbIMbIBAIOT BelLeCTBA HA MOHMKEHHbIE YYaCTKHU.

TakuM o6pasoM, pesbed omnpezessseT 0OAHOPOAHOCTb MU KOMIJIEKCHOCTb MOYBEHHOTO
MOKPOBA, MPUTOJHOCTb MTOYB MO/, MALIHI, CPOKU NMPOBEIEHUS CeJIbCKOX035IMCTBEHHBIX PaboT
B 3aBMCHMOCTH OT CIIEJIOCTH MOYB

PacTuTe/bHOCTb, B OCHOBHOM, INpeJCTaB/eHa 3aCyXOYCTOMYMBBIMU BUAAMHU. JIpeBecHast
pacTUTENbHOCTh MpeJACcTaBJeHa HeOGOJIbIIMMU POILMIAMM U3 OCHHbI; 6epé3bl U KJIEHA
TAaTapCKOTO M MOJIe3alUTHBIMU JIECOHACAXKAEHUSIMH N0 TpaHUILIAM ToJied CeBOOGOPOTOB,
KOTOPBIe COCTOSIT U3 BSI3a MEJIKOJIUCTHOT'O KJI€HA TaTapCKOTO U aKallUH KEJITOM.

TpaBsiHMCTasA paCTUTENBHOCTb HAXOJUTCS B TECHOW B3aMMOCBSI3U C I0OYBEHHBIM IOKPOBOM.
HaubGosiee pa3HooOGpasHa paCTUTENbHOCTh JIYTOBBIX M JIYTOBAaTO-4€PHO3EMHBIX IOYB,
pacroJioKeHHbIX He6OJIbIIIMM YYaCTKaMH B IOHMXKEHHbBIX MECTaX 10 6eperam pedyek U pyubeB
U B JPYTUX MOHMKEHHBbIX MecTax. PacTUTeNbHOCTh NMpejAcTaBJeHa Pa3HOTPAaBHO-3/J1aKOBOU
accouuanuen: pasHoTpaBbe - Veronica (BepoHuka), Achillea (ThicsuenuCTHUK - OeJibli),
Galium (mogMapeHHUK), LjaBeJib, IOJJOPOKHUK, CIUpesi, 30HTUYHbIE, MaJIbBa, KPOBOXJIeOKA U
T.A. - 40 - 50%; 371aku - Stipa (koBbLIBb), Festuca (TUn4ak, MAT/IMK), exxa cbopHasi, KocTep
6e3ocTblii - 50 - 60%.

Ha 30Ha/IbHBIX MOYBaX pacnpoCTpaHeHa Pa3HOTPABHO-MOJILIHHO3/IaKOBasi acCOLMaLiMS,
KOTopasi Ipe/icTaB/IeHa Ce[yI0IMMHU BUJAMU: PAa3HOTPABbE — [10/[0POKHUK, ThICSUYEIMCTHUK,
BEPOHMKA, N0JIbIHb 6€eJ1asi, aBCTPUICKas; 3J1aKU — KOBbLIb, TUITYAK, MATJIUK. 50% Tepputopuu
3aHATO nacrouuamu, 45% namnHu U 5% ceHokocsl (PucyHok 2).

HCIIOAB3OBAHUE 3EMEALHOTO ®OHAA MAPTYKCKOI'O PAMOHA
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PucyHok 2. Hcnoib3o0BaHMe 3eMeIbHOT0 poH A
[IpruMedaHue: 110 faHHBIM GOHAOBBIX MaTepHaioB U KapTa-cxeM Kas['nnposem no AKTIOGMHCKOHN
o6sactu 3a 2023 .
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YBJIa)KHEHM e NIPU3EMHBIX CJI0eB aTMOChephI CBsi3aHa C pa3BUTHEM TpaBoCcTOs. CocTossHUE
pacTUTEJbHOCTU B 3HAYUTEJBHOM Mepe olpefensdeTcd KIMMAaTUYeCKMMU YCJIOBUAMH,
KOTOpBbIe BO3/leCTBYET Ha Cpe/ly 0O0MTaHUsl, 0COOEHHO HAa MUKPOKJ/IMMAT.

Ha yBia)kHeHMe NpPU3EMHOro C/0d BO3JyxXa OOJblIOe BJMAHHWE OKa3blBaeT Ha/M4He
MEepTBBIX OCTAaTKOB, TaK KaK OHM CHWXXAIOT HarpeB BepXHUX TOPU30HTOB IOYBBHI,
NpensaTCTBYIOT UCHApEHHUI0 BO/bl IOYBOM, UYTO CKa3blBAaeTCs Ha BOJHOM peXHUMe pas3IuyHbIX
acconyanui. B Tabsmuax 1,2 M nokasaHa CBs3b BJIQKHOCTH M TeMIlepaTypbl BO3JAyxa C
BJIQXKHOCTbIO U TeMIlepaTypol mnouBbl. [loBbllleHMe TeMIlepaTypbl BO3/yxa CIHOCOOGCTBYeT
NOBBbILIEHNIO TeMIlepaTyphl B IoYBe. BrinasieHue 0caIkOB yBeJIMUMBAET BJIAXKHOCTb BO3/yXa
B TPABOCTOE U NOHUKaeT TeMIIepaTypy B IPU3€MHOM CJI0€ U B BEpXHUX F'OPHU30HTAX [10YBHI.

Ta6auna 1. Biaxuocts (W, %) u Temneparypa Bo3sayxa (t, °C) B pa3HOTpPaBHO-3/IaKOBOH
acconuanuu 3a 2023 roj, (B6.113u n. Kaparoraii)

Jlata 2023 ron
HabJ0eHus Ha noBepxHOCTH NIOYBBI Ha BbicoTe 150 cM
W ,% t,°C W ,% t, °C

15.05 65 32 75 31
18.06 60 30 58 27
04.07 63 36 85 37
22.08 70 26 75 28
19.09 75 16 80 18

MakcrMmanbHad TeMIlepaTypa Ha IOBEPXHOCTH IOYBBI B TPABOCTOE TUITYaKOBO-KOBBIJIbHOU
accouManuu cocTaBuia B uwJe +36°C, a MUHHMMaJibHas B ceHTs6pe +16°C (Tabauna 1). Kak
y»Ke 0TMeYaJsoCh, IOBEPXHOCTD MOYBHI 3al[UIeHa CJI0EM MOICTUIKHU TOJIUHOU 10 3 CM.

Ta6auna 2. BaaxHocts (W, %) u Temneparypa Bo3ayxa (t, °C) B THIYaKOBO-KOBbLIbHOM
accounmanuu 3a 2023 roj, (B6/11M3u ¢. MapTyK)

JlaTa 2023 rog
HabJII0AeHUSA Ha noBepxHOCTH 1OYBEI Ha BbicoTe 150 cM
W,% t,°C W,% t, °C

26.05 69 31 67 35
20.06 66 34 60 38
04.07 78 41 80 35
22.08 73 27 86 30
19.09 77 17 83 19

MakcrMasibHas TeMIepaTypa Ha IOBEPXHOCTH MIOYBBI B TPABOCTOE TUTYAaKOBO-KOBbIJIbHON
accolyalyu cocTaBuia B uwJie + 41°C, a MUHMMa/IbHast B ceHTs16pe + 17° (Tabsauua 2). Kak
y’Ke 0TMevaJioCh, IOBEPXHOCTb MOYBHI 3al1lleHa C10eM MO CTUIKH TOJIMHOMN 10 3 CM.

CTenHasi 3/1aKkoBasl PaCTUTEJbHOCTb BCTpPEYaeTCs OTAEJbHBIMHM MacCUBaMH Ha BceH
TEPPUTOPUM palioOHA M NpeJjCTaB/IeT XOpOollMe BhblNaca /JJjs KPYMHOrO poOraToro CKOTa,
Jlollazied; /i BblMaca OBell 3TU NacTOMIA Masio MCMHOJb3YIOTCH, TaK KaK CeMeHa KOBbLIA
BbI3bIBAIOT GOJIbLIME NOTEPU MIEPCTH M MOBPEXKAAT KOXHBIM MOKpoB. YacTUYHO 3TH
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MacCHMBBl HCIIOJIb3YIOTCA KaK KOoCMMble yrogui. Ha moyBax cymnecyaHOro MexaHHU4YeCKOro
cocTaBa Ipeo6./1alaloT TUITYaKOBO-KOBbIJIbHAsA aCCOLMALIUA C MPUMECHIO M0JIBIHM IeCYaHOU U
0esi0M, MOJIOYHAsd, THICAYEJMCTHHUKA MU KUTHAKA. MHorga fosid TuU4Yaka U KUTHAKA B
TpaBoCTOe Ipeo6JiafaeT, TOrJa TaKdhe yrojbs MCHOJB3YHTCA JJi Bblaca OBell, HO B
OCHOBHOM — 3TO CEHOKOCHBI€ YTO/IbSl.

Posib pacTuTeIbHOrO NMOKpPOBa B X0/ NOYBOOOPA30BaTeJbHOIO NpoOLiecca 0YeHb BeJIMKa.
HecMoTps Ha TO, YTO B YCJOBUAX CYXOr0 KJIMMaTa BereTaTUBHas Macca pacTUTEJNbHOCTH
He3Ha4yMTeJIbHasA, OHAa eXeroJHO IOMNOJIHAeT 3anacbkl OPraHUYecKoro BellleCcTBa B IOYBE U
cHabxaeT ee rymycoM. Kpome TOro, 3HayeHue pacCTUTEJBHOCTH 3aKJIO4YaeTcad B TOM, YTO
eCTECTBEHHBI TPABOCTOW CO3/laeT OUOJIOTUYECKHUN KPYrOBOPOT BCeX MNHUTATEJbHBIX HU
30HAJIbHBIX BELLEeCTB.

PaccMoTpuM pasHOTpaBHO-3/1aK0BYI0 accouuanuio (Stipa capillata+Medicago falcata) Ha
JIyTOBO-KaIITAaHOBOM MOYBE 3alaiuH C JAOMNOJHUTEJbHBIM 1I0BEPXHOCTHBIM yBJIaXKHEeHHeM. B
TpPaBOCTOEe KpOMe JOMUHAHTOB O06UIbHBI: Stipa capillata, S. lessingiana, Festuca valesiaca, a
Takke Medicago falcata u ap. /laHHas Mo4yBeHHasi Pa3HOBU/IHOCTb 3aHUMAaeT HeOOJIbLIYI0
IJI01La/lb, HO MMeeT IIHPOKOe pacpoCcTpaHeHre Ha TEPPUTOPUHU 06CIel0BaHHUS.

JlyroBo-KalITaHOBbIE IOYBbI PACHOJIOKEHbl B CEBEPHOM 4YacTH paliOHa B OCHOBHOM
HeOO0JIbIIMMHU YYacTKaMHU cpeJiu namHu. opMupyeTcs JJaHHble TOYBEHHbIEe pa3HOBUHOCTH B
MOHWKEHHBIX 3JleMeHTaxX peJsibeda, MO JHUILAM 0ajioOK, TeppacaM peK, MeXCONOYHBIM
NOHMW)XEeHUAM U CTeNIHbIM 3ana/IMHKaM. B 0CHOBHOM xapaKTepHu3yeMble I0YBbI PACIOJI0XKEHBI
CpeAu pacnaxaHHbIX TEMHO-KAIUTAaHOBBIX KapOOHATHO C€/J1abOCOJIOHIEBAThIX IOYB.
Bo3HHMKHOBEHNE 3TUX IOYB CBA3aHO C U30BITOYHBIM 1I0BEPXHOCTHBIM YBJIaXKHEHUEM CYET BO/,
CTeKalLIMX C BbILIE JIeXKalUX NOBEPXHOCTEN. 3a CYET CTOKA BO/J, C IOBBIIIEHHBIX 3JIEMEHTOB
pesbeda pa3BuBaeTcs 6oJsiee 6oraTas pacCTUTEJbHOCTb

JluHaMuKa 3anacoB GpUTOMAcCChl U3y4aJUCh B TeYyeHUEe BereTaTUBHOro nepuozaa 2023 u
2024 rr. (MapTykckuid paioH, c. Kapartoraii), 2023 u 2024 rr. (MapTykckuii paiioH, c. MapTyk).
BocnpousBoACTBO ~ OpraHM4yeckoro  BellecTBa  OHOLlEHO3aMM  eCTb  IOKa3aTeJb
9KOJIOTUYECKOTO €ro COCTOSHHUSA U YCTOMYMBOCTU K HeO6JIaromnoJiydHbIM YCJAOBUSAM Cpejibl.
MeToauKa TaKHUX HCCIeJOBaHUM omvcaHa B paborax H.U.basuneBuy u A.A. TUT/ISHOBOW.
[logzemuasa ¢utomacca omnpepensnacs B cjioe 0 - 30 cM, T.K. OCHOBHAas aKTHUBHas H
IpPOJIyKTUBHAs1 Macca KOpHEN cocpeloToYeHa UMEHHO B 3TOM cJioe [32].

[lokasaTesn AMHAMUKK 3anacoB GUTOMACCHl ONpeAessUCh N0 OTAeJbHbIM 6JI0OKaM, a
uMeHHO: ®- 3esieHas Macca, B- BeTous, [1I- noacTtuika, R -2kuBble KOpHH, V- MepTBble KOPHU
(Tabauna 3,4).

duToMacca obliee KOJUYECTBO }KMBOI'0 OPraHMYEeCKOr0 BellleCTBA paCTeHUH (KaK BbICIINX,
TaK U HU3ILIMX), HaKOIJIEHHble K JJAHHOMY MOMEHTY B NOJ3eMHOM M HaJ3eMHOU cdepe
duTOLEHO3a CylIH (YIaCTKH Jleca, iyra) Uiv BOJAHOTO POCTPaHCTBa.

MepTBoe oOpraHuyeckoe BelleCTBO - KOJMYECTBO OPraHUYeCcKOro BellecTBa,
coZlepKalllerocss B OTMEpUIMX 4YacTAX pacTeHWM, a TakKKe B HAKONMBLIMXCA Ha IO4YBe
NpOoAYyKTax onaja (JiecHasi NOACTUJIKA, CTeTHOW BOWJIOK).

BeTous - cTapas, noxesaTeBllas, NPOLIJIOTOJHAA TpaBa, HECKOILIeHHas1, 0OTMepllas 4acThb
pacTeHuM.

[TogcTrika — HallOYBEHHBIX NTOKPOB M3 pasJarapllero JHUCTOBOrO ONaja, MeJKUX BETOK,
OCTaTKOB KPYIHBIX CYYbeB U CTBOJIOB, OTMePIINX KOPHEN U pacTEHUN HallOUBEHHOI'O IpyCOB
B JecaX. MecToO O0OOMTaHUS MHOTMX JIeCHbIX 0eCHO3BOHOYHBIX. TOJIMHA NOACTHJIKH
COCTaBJISIET B cpefilHEM OT 5 10 20 cMm.

Onaz — COBOKYIIHOCTb OPTaHUYEeCKUX KOMIIOHEHTOB, 3aK/IIDYEHHBIX B OTMUPAIOLHX YaCTAX
Ha/|3eMHOM (JINCThs, BETKH, UTJIbl) U [10J3eMHON (0OTMeplIas Y4aCTb KOPHEN) paCTUTEJbHOCTH
Ha eJMHULY IIoaau (06bIYHO B LiIeHTHEpax Ha rektap) [33].
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YBesueHMe OHOJIOTMYECKOM NPOAYKTUBHOCTH 3KOCUCTEM M OCOGEHHO BTOPUYHOM
NPOAYKTUBHOCTH SIBJISIETCH OJHOM M3 OCHOBHBIX 33/la4, CTOALMX Ilepe]] YyeJ10Be4eCTBOM.
OpraHvyeckoe BeLIECTBO, CO3/aBaeMoe MPOAYILEHTaMU B Ipouecce GOTOCHHTE3A WU

XeMOCUHTe3a, Ha3bIBaeTCsl IEPBUYHOM NPOAYKLMEN 3KOCUCTEM (CO0OIeCTBa).

KosmyecTBO opraHM4eckoro BelecTBa, HAKOMJIEHHOTO reTepoTpOHBIMU OpraHU3MaMH,

Ha3bIBaeTCH BTOPUYHOU NPOAYKIIMEN.

Ta6suna 3. /luHaMUKa NpOAYKTUBHOCTH Stipa capillata+ Medicago falcata ( /ra) 3a 2023 u

2024 roga (c. Kaparoraii)

Mecaupt | @ B m | R | WV R+V | (B+I+V)/(R+®)
2023 rop,
Maii 60,49 56,27 108,48 | 5,15 55 10,65 2,59
UioHb 56,79 18,71 65,4 3,8 5,2 9,00 1,5
Wb 33,92 10,3 40,05 9,39 4,21 13,6 1,26
ABryct - - - - - - -
CeHTA6DPB 14,27 123,99 | 142,83 | 2,00 561 7,61 16,7
Cpennee 3a
BereTaTUBHBIH 41,37 52,32 89,19 | 5,085 513 10,215 5,512
nepuoz,
2024 rop,
Maii 12,55 23,38 35,93 3,11 4,13 7,24 4,05
1700020 11,79 21,96 33,75 2,42 5,23 7,65 3,98
Wronb 30,14 18,97 49,11 2,98 5,76 8,74 2,32
ABryct 21,95 15,06 37,01 1,36 4,29 5,65 2,42
CeHTAODPD 17,33 37,05 54,38 1,37 5,32 6,69 517
OxTsA6pb 15,12 41,33 56,45 1,01 5,29 6,3 6,4
Cpennee 3a
BETeTaTMBHBIA | 1815 | 26,29 | 44,44 | 2,04 5 7,045 4,05
nepuoz,

W3 ByX uccaelyeMbIX JIeT aKTUBHbIN pocT 3esieHoH ¢puToMaccel (P) oTMeueH B Mae U HioJ1e
- 60,49 u/ra u 30,14 u/ra, Tak KaKk UMEHHO C 3TUM BpeMeHeM CBsi3aHbl $a3bl IBETEHUS U
IJIOJIOHOIIEHUS] JOMUHUPYIOLUIUX BUJ OB U Pa3BUTHUs pa3HoTpaBbs (Tabuauus 1, 2 B 2023 1.
TeMIlepaTypa Bo3ayxa coctabJisia 30 rpaZycosB, a BJIQXXHOCTb Bo3/yxa paBHa 78%, a B 2024 r.
TemnepaTypa Bo3ayxa - 40 rpajycoB, a BJQXKHOCTb Bo3ayxa paBHa 85%). 3aTeM 3eseHast
Macca NOCTEeNeHHO yMeHbLIaeTCs, B CBSI3U C U3MEeHEHUEeM KJIMMaTH4YeCKHUX YCJI0BUH (C
yBeJIMYeHUEM TeMIepaTyphbl). Takke MmoyBa B 3TO BpeMsl CUJIbHO HUCCYLIAETCs, MOYTHU BCe
3JIaKU HaxoJsATCs B mepuoje Nnokos. B ceHTsa6pe oHa coctaBuaa 2023 rog - 14,27 u/ra, B
ceHTsA6pb 2024 rog - 17,33 1/ra.

Berouwb (B) B JaHHOM acconjpaliy HaKamJMBaeTCs M0 Mepe OTMHUPaHUs GUTOMACCHI WU
OTZeJIbHbIX OpPraHoB, TaK KaK HeOJaronpusTHble MOrOoJHble YCJIOBUSA CIOCOOCTBYIOT
OBICTPOMY OTMUPAHUIO 3eJIeHOW pUTOMACCHI U Ilepexo/ia ee B BETOIIb. MakcMMaJibHbIHM 3amnac
BETOILU OTMeueH B oceHHUM nepuoj (123,99 u/ra u 41,33 1/ra). 3TO CBSI3aHO C MOBbILIEHUEM
TeMIepaTyphbl BO3yXa.

Hakonnenune nopctunku B 2024 rox B cpaBHeHuU ¢ 2023 rofoM He3HAyUTeJIbHOe, Ha
Mecslbl IPUXOAUTCS PABHOMEPHOE KoJIM4ecTBO. MakcMMasibHOe KosindecTBO nojctuku (I1)
OTMeuYeHO B ceHTsA6pe — 142,83 11/ra u B okTsA6pe — 56,45 11/ra.
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MakcuManbHbIH 3amac )KUBbIX KopHel (R) HaMmu oTMeueH B utoJe - 9,39 1/ra (2023 roa) u
B Mae - 3,11 u/ra (2024 roj), MUHUMaJIbHBIN 3a01ac B CeHTsA6pe 6b11 paBeH 2 11/ra (2023 roa)
U B okTs16pe — 1,01 1/ra (2024 rox). TakuM o6pa3oM, 3amnac *KUBbIX KOpHEH HE3HAYUTEJTbHO
yBeJIMYMBAETCS B IEpPUOJ, BpEMEHHOr0 BOAHOro Aeduiyra. 3amac MepTBbIXx KopHel (V)
BecHoU (Mai) 2023 rox - 5,5 11/ra, 2024 rox - 4,13 11/ra, U B OCEHHUM NEPUOJ, CAMBIX BBICOKUU
2023 roa - 5,61 u/ra, 2024 rog - 5,32 u/ra.

[lokasaTesib OTHOLIEHUS 3amaca MepTBOro opraHuudeckoro BemectBa (B+I1+V/R+®) 3a
ucciesyeMble Tofbl O0Jiblle eJUHHULb], T.e. KOJMYeCTBO MEPTBLIX OPraHOB B acCOLMALUU
OoJiblIe KUBBIX, YTO TOBOPUT 00 3KCTpPEMa/IbHBIX YCJOBHUAX CYLeCTBOBAHUSA aACCOLIMALUH.
JKOJIOTUYECKUM T[0KasaTesb yKa3blBaeT Ha YCTOMYUBOCTb - aJanTaldild  3TOro
pacTUTeJbHOTO coobiiecTBa K 3acyxe. OTCyTcTBMe yCBosieMOW BOJAblI B IIOYBEHHBIX
rOpPU30HTaX, BBICOKAas TeMIlepaTypa — BCe 3TO yrHeTaeT POCT KOpPHEH, HO BCe e HUX
KOJINYeCTBO 6oJibllle 3eJleHOW GUTOMACChl, YTO ellle FOBOPUT O NMPUCIOCOOJEHUH CTENMHbIX
accolMalyi K He6J1aronpUATHBIM YCI0BUSM.

TunyakoBo-koBblIbHaA accouunanus (Festuca valesiaca+Stipa capillata) npouspacraet Ha
NI0YBAX, KOTOpble [OBOJIbHO IIMPOKO pacNpoCTPpaHeHbl Ha TEPPUTOPUU paHoOHA H
npeJcTaB/eHbl, KaK OJHOPOJAHBIMM MacCMBaMH, TaK U B BHUJle KOMIIOHEHTOB pa3/IMYHbIX
KOMILJIEKCOB.

TéMHO-KalITaHOBble MOYBbl CHOPMHUPOBAIUCH B YCJAOBUAX CJ]1ab0 BOJHUCTOTO U
MOJIOTOBOJIHUCTOTO peJsibeda MO0J; TUMYAKOBO-KOBbLIBHOW (C NpPHUMECbI0 pPa3HOTPaBb:)
pPacTUTEJIbHOCThIO. XapaKTepPHOM 4epTOU TEMHO-KAIUTAHOBBIX [10YB AABJIAETCA OTHOCUTEJIBHO
He BbICOKOEe CoJiepKaHHe rymyca.

Ta6svna 4. luHaMuKa IpOAYKTUBHOCTU acconuanym Festuca valesiaca+Stipa capillata (i /ra)
3a 2023 u 2024 rr (c. MapTyK)

Mecauw | @ | B | m | R | V R+V | (B+I+V/R+®)
2023 ron
Mait 52,4 20,66 137,81 2,15 4,43 6,58 2,98
HioHb 41,86 11,27 36,17 7,2 2,5 9,7 0,018
Hionb 15,58 23,9 4,89 3,21 2,13 5,34 3,56
ABrycT - - - - - - -
CeHTAGPD 5,6 36,8 154,41 2,18 3,8 5,98 25,056
CpenHee 3a
BereTaTUBHbIN 28,86 23,16 92,32 3,7 3,215 6,9 7,9
nepuoz,
2024 ron
Mait 7,58 4,5 12,08 1,34 2,05 3,39 2,09
HioHb 6,49 2,66 9,15 0,94 2,67 3,61 1,95
Hionb 15,54 4,63 10,91 2,31 1,23 3,54 0,99
ABrycr 13,35 1,69 11,66 1,97 1,86 3,83 0,99
CeHTAGPD 14,75 2,81 11,94 2,71 3,11 5,82 1,02
OxTAGpE 919 | 302 | 1221 | 1,96 | 479 | 675 18
CpenHee 3a
BereTaTUBHBIN 11,15 3,22 11,33 1,87 2,62 4,49 1,47
nepuo/
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U3 aByx uccienyembix jieT (Tabuauia 4) akTUBHBIN pocT 3esieHoU puTomacchl (P) oTMedeH
B B Mae - 52,4 1/ra u uwJje - 15,54 11/ra, Tak Kak UMEHHO C 3TUM BpeMeHeM CBsi3aHbl $a3bl
[|BETEHHS Y NJIOJJOHOIIEHUS JOMUHUPYIOLUIMX BUJ0OB U Pa3BUTHS pa3HOTpPaBbs (Tabsuua 2, 3,
TeMIlepaTypa BO3/lyXa COCTaBJisjia 28 rpajyca, a BJAKHOCTbh Bo3AyxXa paBHa 75% (2023 u
2024 rr.)). 3aTeM 3eJjieHasd Macca MOCTENEHHO YMEHbIIAeTCs, B CBSI3M C U3MEHEHUEM
KJIMMaTHU4YECKUX YCI0BUH (C yMeHbIIEHUEM TeMIlepaTyphl). Takxke nouBa B 3TO BpeMsl CUJIbHO
MCCyIlaeTcs, IOYTH BCe 3JIaKU HaXOATCA B Iepuo/Jie Nokod. B ceHTsa6pe oHa coctaBuia 2023
roa - 5,6 /ra, B okTsA6pe 2024 rox - 9,9 1 /ra.

BeTouib (B) B JaHHOM accolMaliMy HaKaIJIMBAEeTCs 10 Mepe OTMUpPaHus GUTOMACChl WU
OT/le/IbHbIX OpPraHOB, TaK KaK He6JlaronpusTHble MOroJHble YCJOBUSI CHOCOGCTBYIOT
OBICTPOMY OTMHUpPAHHUIO 3eJIeHOM PUTOMAacChl U Nepexojia ee B BeTOlIb. AKTHBHBIA pPOCT
oTMeyeH B Mae 20,66 1/ra (2023 r.) u B utoHe - 4,63 1/ra (2024 r.), 3aTeM JIeTHUH criaf U
BHOBb KOJIMYECTBO BETOLIU Bo3pacTaeT B ceHTs16pe — 36,8 11/ra (2023 r.) u B okTsA6pe - 3,02
n/ra (2024 r.).

[Iuk HaKOMJIEHUs] MOACTUJIKH MPUXOJUTCS Ha OCeHHUM mepuo/, (ceHTs6pb 154,41 1/ra -
2023 r. v okTA6pb12,21 11/ra - 2024 r.). ITO CBA3aHO C ONAJOM BETOLIH, UYTO B CBOIO 0Yepe/ib
006yC/I0BJIEHO OKOHYAaHMEM BereTaliid HEKOTOPBIX BU/I0B, C/Iararoliux acCoLUaluIo.

MakcuMaibHbIH 3anac )KUBbIX KOpHel (R) HaMu oTMedeH B uioHe — 7,2 11/ra (2023 roa) u B
utosie — 2,31 u/ra (2024 roa), MUHMMaJIbHBIN 3amac B ceHTs16pe 6bl1 paBeH 2,18 11/ra (2023
roa) v B utoHe - 0,94 1/ra (2024 rox). Takum o6pa3oM, 3anac >KUBbIX KOpPHEH HE3HAYUTEJbHO
yBEeJIMYMBAETCS B IEPUOJ, BDEMEHHOTO BoAHOrO0 AedunuTa. 3anac MepTBbIX KopHel (V) B Mae
caMbl¥ BbicOKUH (2023 1.) - 4,43 11/Ta, B oKTs160pe 2024 rox - 4,79 11/ra. YMeHbllleHHUEe MEPTBbIX
KOpHeH CBfI3aHO C »KU3HeJesATeJbHOCTbI0O MUKPOOPraHW3MOB, YYaCTBYKOLIUX B Pa3J/I0KeHUH
onaja. MUHUMa/IbHOE KOJIMYeCTBO OTMe4eHO B utoJie (2023 r.) - 2,13 u/rau 1,1 11/ra (2024 r.).

[lokasaTesib OTHOLIIEHUSI 3amaca MepTBOro opraHuyeckoro BeiiectBa (B+I1+V/R+®) 3a
uccieayeMmble rofbl 6oJiblile eJUHUIbI, T.€. KOJIMYECTBO MEPTBBIX OPraHOB B acCOLUALIUU
OOJIbIlIE >KUBBIX, UTO TOBOPUT 00 3KCTPEMa/bHbIX YCJIOBHSAX CYlLleCTBOBAaHUS aCCOLUALUU.
JKOJIOTUYECKMHU TO0Ka3aTeJb yKas3blBaeT Ha YCTOMYMBOCTb — aJlanTallMi0 3TOro
pacTuTesbHOr0 coobiiecTBa K 3acyxe. OTCyTCTBHME YCBOSeMOW BOJibl B MOYBEHHBIX
rOpYM30HTAX, BBICOKAsg TeMIlepaTypa - BCe 3TO yrHeTaeT POCT KOpPHEH, HO Bce Xe HX
KOJIMYECTBO 60Jiblle 3ejleHOM UTOMACChHI, UTO ellje TOBOPUT O MPUCIOCOOJEHUU CTENHbIX
accouManui K He6J1aronpusTHbIM YCJIOBHUSIM.

Hamu 6bLIM paccydTaHbl: MPUPOCT KUBOI'O OPraHUYECKOTO BellecTBa B HaJ3€eMHOU U
noa3emHoil cpepax (®p, Rp), npuxoj HaA3eMHOW MOpPTMAcCChl B pe3yJibTaTe OTMHUPAHUSA
Ha/I3eMHbIX OPraHOB U llepexo/ia ux B BeTollb (Bp), o6pa3oBanue nojctuiku (I1p) us Betowu
Y OTMHUpPaHUe M0/I3eMHbIX OpraHoB- KopHel (Vp), yobljib NOACTUIKH NPU €€ MUHepaIU3al U
(Mp) u passioxkeHHe NOJ3eMHBIX MEPTBbIX pACTUTENbHBIX OCTaTKOB (Wp).

AHanu3  3KCIEpUMEHTAJbHOTO  MaTepuasja [OKa3blBaeT, 4YTO HWHTEHCUBHOCTb
NPOJYKIMOHHO-IECTPYKIIMOHHOIO Mpollecca B XOJle BereTalyuu MOXET YBeJUYMBaThCH,
YMEHbUIAThCSl, 0CTaBaTbCsl MOCTOSHHOWU (Ta6suubl 5, 6). OCHOBHBIMH XapaKTepUCTUKAMHU
NPOAYKLMOHHOTO Mpoliecca B PacTUTENbHOM COOOLIECTBE SIBJSETCS BeJWYHWHA T'OJAUYHOIO
npupocta HazazemHod Pp u noj3eMHod Rp durtomacchl. OT 3TUX BeJHMYUH 3aBUCUT
KOJIMYECTBO M HHTEHCUBHOCTb O0O0Opa30BaHUs M pPaA3JIOKEHHUS MepPTBBIX pPaCTUTEJbHbIX
OCTaTKOB, KOJIMYECTBO U COCTOSIHHWE TYMyca B NOYBE.

PasHoTpaBHO-3/1ak0Bas accouuanus (Stipa capillata+ Medicago falcata) xapakTepusyeTtcs
JIyTOBO-CTEMHBIM TUIIOM PUTMUKHU 06pa30BaHUs NPOAYKIUHU U NMATHIO IEPHUOJjaMH Pa3BUTHS:
paHHEeBeCEeHHUM, BECEHHe-JIETHUM, JIETHUM, JIETHE-OCEHHUM, OCEHHUM. PUTMHKa npoleccoB
OTMHUpAHUS U PA3JI0KEHUS CBSI3aHA U C PUTMOM Pa3BUTHS BU/IOB, CJIaralolliuX acCOLUALMI0 U
C MOTOHBIMH YCJIOBUSIMH.
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B paHHeBeceHHMU Mepuo/, (ampesb-niepBas JeKaja Mas) HAMH OTMEYEHO OTCYTCTBUE
0O6pa3oBaHUS MPOAYKIUU, IHEPTeTUYECKOEe pa3/ioKeHUe MOACTUJIKU U Mepexo/ BeTOUIH B
NoACTUNKY. B Mae mpub6aBka puToMaccel paBHa HyJto. JleTHee oO6pa3oBaHUe MPOAYKLUU
TaK»Xe paBHO HyJ1t0. U3 Tabin1bl 5 BUUM, YTO MaKCUMaJIbHbIM IPUPOCT GUTOMACCHl OTMEY€EeH
B ceHTs16pe - 196,82 1/ra (2023 r.) u 43,98 i/ra (2024 r.). HapacTaHue BeTOLIX NOCTENEHHO
yBEeJIMUMBAETCS U B OCEHHUM nepuo/; coctaBiseT 216,47 1i/ra (20236 r.) u 39,36 u/ra (2024
r.). [Iponecc pa3ioxkeHus MOJICTU/IKU B TEYEHHUE rOJia UJeT HEPABHOMEPHO.

Ta6aupa 5. /luHaMMKa NPOJAYKLUMOHHO-JECTPYKIIMOHHOro mpouecca Stipa capillata+
Medicago falcata (1/ra) 3a 2023 u 2024 roaa (n. Kaparorai)

Mecsupt | ® | Bp [ mp [ Mp | Rp | Vp [ Wwp
2023 ron

Maii-uoHb 0 3,7 41,26 84,34 0 10,7 11

HioHb-UI0/b 0 22,87 31,28 56,63 5,59 0 0,99
Hronb-ceHTAGPD 196,82 216,47 108,78 0 0 9,82 8,42
CpefiHue 3a 65,61 81,013 58,44 46,99 1,863 6,84 6,80
BereTaTHBHbIN
nepuo/
2024 rop,

Maii-HioHb 0 0,76 2,18 4,36 0 0,69 1,79
HroHb-UI0/b 18,35 0 2,99 18,35 1,09 0,53 0
Wiosb-aBryct 0 8,19 12,1 24,2 3,09 1,47 0

ABrycT-CeHTAODPb
43,98 39,36 17,37 0 1,04 1,03 0
CpenHee 3a
BereTaTiBHbIM 15,58 12,08 8,66 11,73 1,31 0,93 0,45
nepuo/

Ananu3z Tabauupl 5 mokasas, 4TO HauboJibllee KOJUYECTBO MNpUpocTa (UTOMACChI
NPUXOAUTCS Ha oceHHUM nepuoz. B 2023 roay coctaBaset 196,62 11/rau, B 2024 roay — 43,98
11/ra. B BeceHHe-/ieTHUH U JieTHUM nepuoabl 2023 1 2024 rr. npupocT ¢uTOMACChl paBeH
HYJIIO.

HapacTtanue BeTouy HauboJibliee KOJIMYECTBO OTMEYEHO B OCEHHUM EPUO/J, U COCTABJISAET
B 2023 rony 216,47 u/ra, a B 2024 roay - 39,36 1 /ra.

MakcuManbHOE KOJIMYEeCTBO MOACTUJIKU HabJ0jaeTcsl B OCeHHUM nepuoj B 2023 roay u
coctaBsseT 108,78 i/ra, a B 2024 roay - 17,37 i/ra. MUHUMa/IbHOE KOJIMYECTBO MOACTUIKHU
npuxoautcd B 2023 r. Ha JIeTHUM TepUoJ U cocTaBiiseT - 31,28, B 2024 r. Ha BeCEHHUU NTEPUO/
- 2,18 i/ra.

PaznoxxeHue NMOACTUJIKK MPOCAEKHWBAETCA B 000MX rojgax. MakcMuMyM NpUXOAUTCA Ha
BeceHHee-JieTHUU nepuop B 2023 1. - 84,34 1 /ra, B 2024r. Ha iIeTHUM niepuof - 24,2 1i/ra. B
OCEHHHUX NepUo/Jiax B 000UX roZiax MpoLecc MMHepaJu3aluy IpeKpalaeTcs U paBeH HYJIIO.

TunyakoBo-koBblIIbHAA accoyuanusa (Festuca valesiaca+Stipa capillata) xapakTepusyercsa
JIyTOBO-CTENMHbIM THUIOM 00pa30BaHUs MPOAYKLUMU HU 5 TMepuojaMu pa3BUTHUA:
paHHeBeCeHHUH, BeCeHHe-JIeTHUH, JIETHUH, JIeTHe-OCEHHUU U OCeHHUM. PUTMUKa nponeccoB
OTMHUpAHUS W Pa3JIOKEHUs CBfI3aHAa C PUTMOM pPa3BUTUS BHU/OB, CJararmlUX JJaHHYIO
accoLMaLMIO U C TOTOAHBIMHU YCTOBUSMU.
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B paHHeBeceHHUMHM IepHOJ HaMM OTMEYEHO OTCYTCTBHE 0Opa3oBaHUA NpPOAYKLMH,
3HepreTUYecKoe pasJjiodKeHHe MOACTUJIKU W Iepexo] BeTolu B moAcTuiky (2023 r.). U3
Tabsunpbl 6 BUAUM, YTO MaKCUMasbHbI MPUPOCT GUTOMACCHl OTMEYEH JIMILIb B HIOJe-
ceHTs16pe 116,44 i/ra (2023 r.) u B utoHe-utose — 12,78 11/ra (2024 1.).

HapacTaHue BeTO1IM IOCTENIEHHO yBEJIMYUBAETCA U B OCEHHUU NepUoJ cocTaBiseT 126,42
i/ra (2023r.), a B utoHe-utosie 2024r. oTMe4YeHO MaKCUMYM HapacTaHus BeTowu-3,73 1/ra.

[Ipouecc pasiyioxkeHUs NOACTUJIKUA B TedeHUU 2023 u 2024 r.r. ugeT HepaBHOMEPHO.
Makcumywm IIp oTmMeueH B utoJe-ceHTs6pe — 113,52 1i/ra (2023r.) u utosie-aBrycre - 5,13 11/ra
(2024r.).

PassioxkeHue noACTUJIKU Mp uzieT HauboJsiee MHTEHCUBHO B Mae-uioHe 121,57 11/ra (2023r.)
u 5,86 n/ra (2024r.), 3aTeM mnpoliecc NOCTeNEHHO YMeHbIIAeTCs, U B OCEHHUU nepuos Mp
paBHAETCA HYJIIO.

XapakTep HapacTaHUsl NOJ3€MHbIX OPraHOB TaK e, KaK W HaJ]3€MHbIX 3aBUCUT OT
HNOTroJHbIX YCA0BUM. /locTaTOYHOE KOJIMYECTBO BJIard B MOYBE CIIOCOOCTBOBAJIO YCUJIEHHOMY
06pa3oBaHUI0 KOPHe. MaKCUMYM NPUPOCTA XXKUBbIX KOpHEH Hab/1t0jaeTcs B Mae-HoHe - 5,05
i/ra (2023 r.) u B aBrycre-centsiope - 1,99 i/ra (2024 r).

MakcuMasibHOe 3HaueHHe IPUPOCT MEPTBbIX KOPHEN OTMeUYeHO B JIeTHUM nepuo/ 4,63 1j/ra
(2023 r.) u B aBrycre-ceHts6pe - 1,25 i/ra (2024 r.).

B netHuii nepuoj 2023 r. oTMeueHa HauboJiee UHTEHCMBHAs MUHepaIr3alUs MepPTBbIX
kopHei 5,00 1/ra, B ceHTsA6pe MUHepasiu3anusi paBHa 0, BcieCTBUE UCCYLIEHUs MOYBHI. B
2024 r. uHTeHCUBHAs MUHepa/Ju3alys OTMeYeHa B CeHTsA6pe-okTsaA6pe — 1,68 11/ra.

Ta6avpa 6. /luHaMUKa NPOAYKIHUOHHO-AECTPYKIUOHHOro mponecca acconuanuu Festuca
valesiaca+Stipa capillata (u/ra) 3a 2023 u 2024 roaa (c. MapTyk)

Mecsiup! | o | Bp | mp | Mp | Rp | Vp | Wp
2023 ron
Maii-uroHb 0 10,54 19,93 121,57 5,05 0 1,93
WioHB-UI0JIb 0 26,28 13,65 8,93 0 4,63 5,00
Urosib-ceHTAOPD 116,44 126,42 113,52 0 2,7 1,67 0
CpenHue 3a 38,813 54,413 49,033 43,5 2,583 2,1 2,13
BereTaTUBHbBIN NEPUOJ,
2024 rop
Maii-ntoHb 0 1,09 2,93 5,86 0 0,4 1,02
HIoHB-HI0JIb 12,78 3,73 1,76 0 1,37 0 1,44
Ur0s1b-aBrycT 0 2,19 5,13 4,38 0 0,34 0,97
ABTyCT-CEHTAOPD 2,8 1,4 0,28 0 1,99 1,25 0
CeHTAOPB-OKTSIOPD 6,04 0,48 0,27 0 0 0,75 1,68

CpepHee 3a

BETETATUBHBIM MIEPUOA | 4 394 1,778 2,074 2,048 0672 | 0548 | 1,022

AHanu3  3KCHEepUMEHTAJIbHOIO  MaTepuaja  IOKa3blBaeT, UYTO HHTEHCUBHOCTb
IPOAYKIIMOHHO-IECTPYKLIMOHHOTO MpoIiecca B X0/ie BereTallud MOXKeT BO3pacTaTh, yObIBAaTh
M OCTaBaTbhCs MOCTOSAHHOW. OCHOBHBIMM XapaKTepUCTHMKAaMM NMPOAYKLMOHHOrO Ipolecca B
pacTUTEbHOM COOOIECTBE SIBJSIETCS BeJUYMHA TOJUYHOTO MpUpocTa Hag3eMHou (Pp) u
noasemHod (Rp) utomacc. OT 3TuX BeJUYUH 3aBUCUT KOJMYECTBO U HUHTEHCUBHOCTb
06pa3oBaHUs MEPTBBIX pPaCTUTeJIbHBIX ocTaTKOB (Bp, Ip, Vp).
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Acconmanuto Stipa capillata+ Medicago falcata MoXxHO oOTMeTUThb, KakK BecbMa
NpUCIOCO6JeHHOE COOOIIECTBO K YCA0BUSAM JJAaHHOT0 GUOTEeO0leHO3a.

3aK/iloueHue

B pesysbTaTe HccAefOBaHUM, NPOBEJEHHBbIX CYyXUX CcTensx MapTykckoro pakoHa
AKTIOOMHCKOM 06J1aCTM Mbl yOEJWJHUCh B TOM, YTO HU3y4yaeMble acCOLiMalldM SIBJSAITCSA
3TaJIOHOM 6M0pa3Ho06pasus. 3HaYUTENbHYI0 POJib B QOPMUPOBAHUM MUKPOKJIUMATa UT'PaeT
CTemHasl TMOJCTWJIKA, TaK KAaK OHA OKa3bIBaeT 3aMeTHOe BJIUSIHME Ha TeMIlepaTypy, Ha
BJIQXKHOCTb BEPXHMUX CJIOEB NMOYBbL. B Haubosiee 6/1arONpUSTHBIX YCAOBUSAX C 3TOM TOYKHU
3peHus HaXoJsTCs pa3HOTPaBHO-3J/1akoBble acconuanuu (Stipa capillata+Medicago falcata).
BoisiBsieHa BbICOKas NPOJAYKTUBHOCTb B accouuauusx Stipa capillata+Medicago falcata, u
HU3Kas - B acconanuu Festuca valesiaca+Stipa capillata.

UccnenoBanus, MOKa3bIBAlOT Hepa3pbIBHYIO CBSI3b HPOAYKLIMOHHOTO U
MIOYBOOOPA30BaTEJIbHOTO MPOIeCCOB. M3ydyeHHe UX BO B3aHMOCBSI3M Ha OCHOBE CHUCTEMHOIO
aHa/M3a MO03BOJISIET YCTAHOBUTb 3aKOHOMEPHOCTH M B HAKOIJIEHUUM OPraHUYeCKOro
BellecTBa. [liofopo/iie MOYB HEPA3pbIBHO CBSI3aHO C MPOAYKTHUBHOCTBIO PACTUTEJNbHbBIX
coobuiecTB. [lokasaTesb OTHOIIEHMUs 3amaca MepTBOTO OpPraHMYecKoro BellecTBa 3a
uccaelyeMble To/bl 60Jibllle eJUHULLb], T.e. KOJIMYeCTBO MEPTBbIX OPraHOB B acCOLMallUU
00JIbIIIE YXUBBIX, UTO FTOBOPUT 06 IKCTPEMAJIbHbBIX YCIOBUSAX CYLeCTBOBAHHUS aCCOLMALIUH.

duHaHCcUpoBaHHUe: /laHHOe uccC/le[joBaHMEe ObLIO TMPOBENEHO B paMKaxX peaju3aldu
HAY4YHOTO MPOEKTa [0 TpaHTOBOMY GUHaHCUpOBaHUI0 KoMuTeTa Hayku MUHUCTEPCTBA HAYKU
U BbIcliero o6pasoBanus Pecny6sivku Kazaxcran (MPH Ne AP19575017).

KoHQIMKT HHTEpecoB: OTCYyTCTBYET.

Bkyiag, aBTOpoB: KoHuenTya/au3aluys, aHaJld3 W HamnucaHhe TecTta - bepaeHoB KT,
MukapoBa K.U., MenaribaeBa I'.E., BekeToBa A.T.; c6op JlaHHBIX U Baauanus - bepaeHos XK.I'.,
MukapoBa XK.HU., Menapi6aeBa I'.E., beketoBa A.T.; noAroToBKa OpUrMHAJbHOTO MPOEKTA —
BepaenoB K.I', HMukapoBa .M., MeHabibaeBa [.E.; KOppeKTUpPOBKA M yTBepKIeHUE
OKOHYaTeJIbHOTO BapuaHTa CTaTbH i nyoavukauuu - bepaenoB K.I'., Oainbexreri I'.9. Bece
aBTOPbI PACCMOTPEJIH U COTJIACUIUCH C ONyOJMKOBAHHOM BepCcHel PyKOIHCH.
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AKT66e 06/bIcbl MOPTOK ayJaHbIHaFbI Ja/aJIbIK aliMaKThIH OHIMIi/TiK JUHAMHUKaCBIH
Tajaaay

Anpatna. bysn 3epTTey TombIpak-eciMJliK »KyWeciHferi eHAipic-)KOWBLIY NpOLEeCiHiH CHUMAThIH
GaFaJiay YLIiH THAPOTEPMHUSIIBIK KOPCETKIIITEPAi KOAaHYAbl KAMTH/Ibl. AKTe6e 06JIbICbIHBIH MapTeK
aypaHblHAA anFau peT A.A.TUT/ITHOBaHBIH 9/jicTeMeci 60¥bIHIIA 6AJIAHCTBIK, TeHJeyaep/i nai/jasaHa
OTBIPHII, OH/IIPY-KOI0 MPOLECIHIH, KAPKbIHABLIBIFBIH 6aFasiay Kyprisinji. 3epTTey o6 bekTici AKTO6E
006/1bIcbl MapTeK ayAaHbIHbIH KYPFaK JlajajapblHbIH 6CiMAiK 2KaMbLIFbICHI 60JIbIN TA0bLIA/bL. 3EePTTEY
M9HI KJIMMAaTThIK K9HEe MUKPOKJIMMATTHIK, *KaFAalapAblH, 6HIM/IJIIK AUHAMHUKACbIHA »K9HE HerisTi
OipJiecTikTep/IiH OHIPiCTIK-KHUpay NponeciHiH KAPKbIHIbLIbIFbIHA 3CEPiH aHBIKTAY 6O0JIbII TaObLIA/ b
BuoeHiMAiNIKTI MUHUMa/bl OaFasiay VIIiH TeHAeyJaep/i maijjanaHy eciMAiK-ToNnbIpak Kykeci yiriH
TikeJsiel eJiieyre 60JIMalThIH OipKaTap AUHAMUKAJbIK alHbIMaJblIap/ibl eCENTEyTre MYMKiH/IIK 6ep/i.
OciMIiKTep KaybIMAACTBIFbIHAAFBI OH/1iPiC-*KONBIJTy TPOIECiH eKTEeNTiH Heri3ri pakTopaapabiH, 6ipi
0JIapAbIH Cy-TeMIIepaTypaJIblK }KaFjailJlapbl eKeHi aHbIKTaJ/bl.

TyiiH ce3aep: eHIMALIIT, AUHAMUKACHI, 6CIM/TIK 2KaMbLJIFBICHI, 6CIMAIKTED 6ipJecTiri.

Zh.G. Berdenov}, Zh.l. Inkarova?, G.E. Mendybaevas3,
A.T. Beketova?, G.A. Adilbektegi®
1245, N. Gumilyov Eurasian National University, Astana, Kazakhstan.
3Al-Farabi Kazakh National University, Almaty, Kazakhstan

Analysis of productivity dynamics of the steppe zone of Martuk district of Aktobe region

Abstract. This study consists of the application of hydrothermal indicators to assess the nature of
the production-destruction process in the soil-vegetation system. For the first time in the Martuk district
of the Aktobe region, the intensity of the production-destruction process was assessed using balance
equations according to the method of A. A. Titlyanova. The object of the study is the vegetation cover of
dry steppes of Martuk district of Aktobe region. The subject of the study is the identification of the
influence of climatic and microclimatic conditions on the dynamics of productivity and intensity of the
productivity-destructive process of the main associations. The application of minimum bioproductivity
estimation equations made it possible to calculate a number of dynamic variables for the plant-soil
system that are not directly measurable. It has been established that one of the main factors limiting the
production and destructive process in plant communities is their water and temperature regime.

Keywords: productivity, dynamics, vegetation cover, vegetation association.
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Abstract. In the modern world, pollution of industrial wastewater by
oil and petroleum products is one of the most acute environmental
problems. These pollutants have a significant negative impact on
ecosystems and water quality. In this regard, there is a need to develop
effective and environmentally safe methods of wastewater treatment.
The aim of the study is to develop and evaluate the efficiency of using
carbonate sludge as an adsorbent for removing oil and petroleum
products from wastewater. The scientific and practical significance of the
work lies in the proposal of an environmentally friendly treatment
method that can not only improve the quality of wastewater, but also
ensure the disposal of industrial waste. The use of carbonate sludge, a
by-product of industry, makes the method cost-effective and reduces the
environmental burden.

The main results of the study showed that carbonate sludge has a
high sorption capacity for petroleum products. The adsorption isotherm
belongs to type I according to the Brunauer, Deming, Deming and Teller
classification, which indicates the presence of monolayer adsorption on
the sludge surface. It was found that the sludge is able to remove up to
95% of pollutants from wastewater. The value of the study lies in
demonstrating that carbonate sludge is an effective and affordable
material for solving environmental problems associated with water
pollution by petroleum products. This research contributes to the
development of industrial waste recycling technologies by offering a new
application for carbonate sludge. The practical significance of this work
lies in the possibility of introducing this method at industrial enterprises
for wastewater treatment, which can lead to a reduction in waste
disposal costs and an improvement in the environmental situation. The
results of the study can be useful for enterprises of the petrochemical
industry and wastewater treatment plants.
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Introduction

Despite the fact that there are many reserves on the Earth's surface, most of the water
reserves on Earth (approximately 0.03%) are water resources that are available for human
activities. The growth of the world's population and industry generates an ever-increasing
demand for water in proportion to the available sources, which remain unchanged. Thus, it is
necessary to minimize its consumption, as well as return some of it to the environment with a
minimal load of pollution due to the limited self-cleaning capacity, this shows the importance
of the wastewater (WW) treatment process [1].

Industrial wastewater treatment from oil and petroleum products is one of the key
environmental challenges facing industrial enterprises. Oil products entering aquatic
ecosystems have a negative impact on living organisms, disrupt the processes of natural self-
purification of water and lead to a significant decrease in water quality. One of the promising
methods for solving this problem is the use of carbonate sludge for wastewater treatment.

There are various methods of wastewater treatment from oil pollution, among which
physical and chemical methods (flotation, adsorption, coagulation, etc.), biological methods
and membrane filtration methods are widely used. The use of carbonate sludge as an
adsorbent is an effective method for removing oil and petroleum products, due to its high
porosity and sorption properties.

Carbonate sludge formed as a result of water treatment at chemical industry enterprises
has a high sorption activity due to the presence of hydrated oxides of calcium, magnesium and
other minerals in its composition. These compounds form active centres on the surface of
sludge particles that interact effectively with hydrocarbon molecules. The adsorption of
petroleum products on the sludge surface occurs due to hydrophobic interactions, which
contributes to wastewater treatment.

In practice, the use of carbonate sludge for wastewater treatment demonstrates high
efficiency. Experimental studies have shown that carbonate sludge can remove up to 95% of
petroleum products from wastewater, which makes it a promising material for use in
industrial facilities. In particular, the introduction of this technology at a number of
enterprises has significantly reduced the emissions of pollutants into the environment [2-5].

The aim of the study is to develop an effective method for cleaning industrial wastewater
from oil and petroleum products using carbonate sludge, as well as to study its sorption
properties in order to improve the environmental safety of industrial enterprises.

The relevance of the study is due to the serious environmental problem of water resources
pollution by oil and petroleum products, which leads to ecosystem disruption and
deterioration of water quality. Industrial enterprises, such as petrochemical plants and oil
processing plants, generate significant volumes of wastewater containing petroleum products.
In this regard, there is a need to develop effective and cost-effective methods for treating such
waters. One of these methods is the use of carbonate sludge, which is industrial waste and has
a high sorption capacity. Its use will not only improve the quality of wastewater treatment,
but also solve the problem of industrial waste disposal, which makes the study particularly
relevant in the context of the transition to sustainable technologies.

The object of the study is industrial wastewater contaminated with oil and petroleum
products, as well as carbonate sludge used as a sorbent for cleaning these waters. Special
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attention is paid to the study of the sorption characteristics of sludge and its ability to
effectively remove hydrocarbons from the aquatic environment.

Materials and methods

1.1. Materials

1.1.1. Model solutions of oil-contaminated wastewater. A model solution with an
Alibekmola oil field concentration of 10 mg /dm3 is dissolved in distilled water in one step.
Concentrations of oil and oil products in water were determined using the methods of
Government Standards: GOST 31862-2012 and GOST R 51794-2001.

1.1.2. Carbonate sludge. Sludge of Chemical water treatment (CWT) is a waste that is
formed at the water treatment plant of thermal power plants, at the stage of preliminary
treatment of natural water. The dried sludge is a fine powder from light yellow to brown in
colour [6-7]. In the course of the study, a fraction with a particle size of 0.05-0.09 mm was
used.

1.2. Methods

1.2.1. Determination of oil and petroleum products in water by infrared spectrometry and
according to GOST 31862-2012. Water is collected in glass or metal containers that exclude
contact with organic solvents and other pollutants. For analysis, carbon tetrachloride is used
as a solvent. Hydrocarbon compounds are extracted from the water sample. The resulting
extract is examined on an infrared spectrometer. The concentration of petroleum products is
determined by the absorption of infrared radiation in the range of 2930 cm! and 2960 cm-1,
characteristic of C-H bonds of hydrocarbons. The method allows detecting petroleum
products in concentrations from 0.05 to 10 mg/1.

1.2.2. Determination of oil and petroleum products in water by gravimetric method
according to GOST R 51794-2001. Water samples are taken in the same way, without
contamination by organic substances. A solvent (hexane or chloroform) is used to extract
hydrocarbons from an aqueous sample. The resulting extract is evaporated to a dry residue,
and then the residue is weighed to an accuracy of 0.1 mg. This residue is petroleum products.
The method allows the determination of petroleum products in concentrations from 0.5 to
500 mg / L

1.2.3. Determination of the adsorption of oil and petroleum products by carbonate sludge.
Adsorption of oil and oil products by sorbents is carried out under static conditions. The
adsorption capacity of the material is studied at 293 K by the constant concentration and
variable weighting method. For the experiment, take 7 conical flasks with a volume of 10 cm3
of a model phenol solution at pH = 6.5-8.5 with a different sample of sorption material: 0.01 g;
0.05g;,0.1g 05g; 1g; 1.5g; 2 g The solutions are mixed for 24 hours. Next, the sorption
material is filtered with a paper filter from the model solution, and the content of oil and
petroleum products in the filtrate is determined [6].

Adsorption value:

A — (COT'_CO) . V, (1)

m
where A is the amount of phenol adsorption, mg/g; V - volume of the model solution, dm3;
m is the mass of the sorbent in the volume of the model solution, g; Cor, Co - initial and

equilibrium concentrations of oil and petroleum products in the model solution, mg/dm3. To
determine the adsorption value of the material, an adsorption isotherm is constructed.
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Results and Discussion

Modified carbonate sludge of Aktobe CHP JSC is used as a sorption material for the
application of technologies for cleaning industrial WW of industrial enterprises by adsorption.
X-ray qualitative and phase analysis of the sludge on P8 ADVANCE diffractometer Bruker
showed the composition of the carbonate sludge, which is presented in Table 1.

Table 1. Chemical composition of carbonate sludgeof Aktobe CHP JSC

Substance Calcite Brucite Portlandite Quartz Limonite Other
CaCOs Mg(OH); Ca(OH): Si0; Fe(OH); substances
Mass
fraction, % 75 4 0.5 0.1 6 14

The composition of the CWT sludge of Aktobe CHP JSC also contains organic substances up
to 9%. For their determination, the method of chromatographic analysis on a chromato-mass
spectrometer (Thermo Fisher Sci.Co, USA). The analysis shows the presence of functional
groups of organic substances in the sludge, including carboxylic, nitro -, aromatic compounds,
alcohol and alkyl groups. The presence of these groups in the sludge composition
characterizes the high hydrophilic capacity of the material. To study the properties of
carbonate sludge asan adsorption material, its technological characteristics of CVP carbonate
sludge were studied, which are presented in Table 2.

Table 2. Technological characteristics of carbonate sludge of Aktobe CHP JSC

Parameter Value

Bulk density pn, kg/ m3 510
Humidity, % 3.3
Water capacity, % 62
Granulometric composition, %

1.4 mm 32

1.4-1.0 mm 7

0.5-1.0 mm 8.1

0.09-0.5 mm 57.2

0.09 mm 7.4
Ash content, % 84
pH 7.3
Organic substances, % 8.4
Total pore volume,cm3/ g 0.255

Carbonate sludge, having a high ash content, porosity and fine structure, shows good
prospects as an adsorbent for wastewater treatment from petroleum products. The neutral
pH value and high water capacity add additional value to the sludge for its industrial
applications [7].

An experiment to study the process of adsorption of oil and petroleum products by
carbonate sludge is carried out in a static mode. To obtain experimental data, 7 conical flasks
were taken with a model solution of oil and petroleum products (concentration 10 mg/dm3)
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with a different weight of carbonate sludge, g: 0,01; 0,05; 0,1; 0,5; 1; 1,5; 2. Based on the
results obtained, an adsorption is other is constructed (Figure 1).
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£ 25 -
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Figure 1. Isotherm of oil and oil products adsorption by carbonate sludge

The adsorption isotherm belongs to type I according to the Brunauer, Deming, Deming and
Teller classification (BDDT), a similar type of isotherm characterizes adsorption on
microporous materials characterizes the physical adsorption of gases or liquids on porous
solids with a microporous structure. This isotherm is a classic one for adsorbents with limited
pore capacity, such as activated carbon or carbonate materials.

For carbonate sludge, if its adsorption isotherm is of type I, this means that when it comes
into contact with oil or petroleum products, adsorption occurs within one layer until all
available pores are saturated. This also indicates that the sludge has a limited pore volume,
which affects its sorption capacity. Thus, the Type I isotherm according to the BDT
classification indicates that carbonate sludge is able to effectively adsorb petroleum products,
but the sorption volume will be limited by the pore structure and the capacity of active
centres on its surface.

Conclusion

The study confirmed that carbonate sludge is an effective sorbent for wastewater
treatment from oil and petroleum products. Due to its physical and chemical characteristics,
such as high ash content (84%) and a significant pore volume (0.255 cm3/g), the sludge is
able to adsorb a significant amount of hydrocarbons from the aquatic environment.

The adsorption of petroleum products on carbonate sludge occurs due to physical
adsorption, which is confirmed by the type I isotherm form according to the Brunauer,
Deming, Deming and Teller classification (BDDT). Adsorption is limited by the presence of
micropores and active centres on the sludge surface, which makes it promising for water
treatment with low and medium concentrations of pollutants.

The use of carbonate sludge, which is a by-product of industrial production, allows not only
to effectively clean wastewater from petroleum products, but also to solve the problem of
waste disposal. This makes the process both environmentally friendly and cost-effective,
reducing the cost of producing new sorbents and reducing environmental pollution.
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The use of carbonate sludge in real industrial facilities has demonstrated high efficiency of
wastewater treatment, removing up to 95% of petroleum products. This allows us to
recommend it for wide application in water treatment systems at oil refining enterprises and
other industries related to petroleum products.

In the course of the work, it was found that further improvement of the method using
carbonate sludge is possible by optimizing the adsorption parameters, such as sludge dosage,
temperature and pressure conditions. It also requires research on the durability and
regeneration of the sorbent for reuse, which will make the cleaning process even more
efficient and cost-effective.

Thus, carbonate sludge has a significant potential as a sorbent for wastewater treatment
from petroleum products and can make a significant contribution to solving environmental
problems related to water pollution.
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OHepKacinTiK aFbIHABI CyJIapAbl MyHall MeH MYHAall OHIiMJepiHeH Kap6OHATThI IIJIAaMMeEH
TasapTy

Anpgarna. Kazsipri asiem/ie eHepkacinTik aFbIH/bI CyJap/iblH MYHalMeH oHe MyHal eHiMaepiMeH
JIaCTaHybl 3KOJIOTUAJBIK MpobJseManapAblH 6ipi 6osbin TabbLiafbl. Bya JacTayiubl 3aTTap
3KOKyHeJsiep MeH Cy peCypCTapbIHbIH canacblHa aWTapJibIKTal Tepic acep etei. OcblFaH 6alIaHbBICThI
aFblHABl CyJap/Abl Ta3apTyAblH THIMJI XoHe 3KOJIOTHAJBIK Ta3a JAiCTepiH »Kacay KaKeTTiIiri
TYbIHJAW/Ibl. 3epTTeyAiH MaKCaTbl-Kapb6OHATThI IIJIAMAbI aFbIH/JbI CyJapJaH MyHall MeH MyHa#
eHIM/JIepiH KeTipy YIIiH aJcopOGeHT peTiHAe mNaljanaHy TUiMJiniriH a3ipJsey »xoHe 6arajay.
JKYMBICTBIH, FBUIBIMY K9HE MPAaKTUKAJbIK MaHbI3/|bIJIbIFbl aFbIH/bl CyJIap/blH CamacblH »XaKCapThIl
KaHa KOoMMal, COHbIMEH KaTap 6HJAIPICTIK KaJAbIKTapAbl *KOIOAbl KAMTaMachl3 €TETIH 9KOJIOTUSJIBIK
Tasa TasapTy d/iCiH YCbIHY 60JbIN TabbLIaJbl. OHEPKACINTIH XaHaMa 6HiMi 60JIbIN TabbLIATHIH
KapboHATThl 1LJIaM/ibl NMalAaNaHy 9/icTi YHEM/I eTeJi KoHe 3KOJIOTHUSJIBIK XYKTeMeHi a3alTa/ibl.
3epTTeyAiH Heri3ri HoTHKesiepi KapOOHATTHI IIJIAMHBIH MYHal eHiMzepiHe >KoFapbl COPOLMSIBIK
KabiseTi 6ap ekeHiH kepceTTi. Afcopbiusa usotepmackl bpyHayap, [lemunr, [leMuHr xaHe Tesnep
kJaccudUuKaluuschl O6oibiHIIA | TUMKe XKaTajibl, OYJ LLJIaM OGeTiHAe MOHOKAOGATThl a/[COPOLUSIHBIH
6osyblH KepceTefi. lllnaM aFbIHABI CyJapJaH JacTaHyablH, 95% - Ha JeliH KeTipyre KabineTTi
eKeH/iri aHbIKTanAbl. 3epTTey/iH KYHAbUIbIFbI KapOOHATThl IIJIaM CyAblH MYHal eHiMJepiMeH
JIaCTaHyblHa O6aM/IaHBICThl 3KOJIOTHSJIBIK MaceJesep/i ILielly YIIiH THIMAI *XKoHe KOJ/DKETIMAIl
MaTepuas eKeHiH KepceTy 60JbIN TabbliaJbl. By 3epTTey KapOOHATTHI LIJIaMFa KaHa KOJIJJaHy/bl
YCbIHA OTBIPBIN, OHEPKICINTIK KaJAbIKTapAbl KalTa eHJey TeXHOJIOTUSAJApblH JaMbITyFa bIKIaJ
eTeni. ’KyMBICTBIH NpaKTUKaJbIK MaHbI3JbLIbIFbl aFbIH/Jbl CyJapAbl Ta3apTy YIIiH 6HePKICIMTik
KaCiMopbIH/Aap/a OChl 9iCTi eHrizy MyMKiH/iri 60/1bI1 Tabbl1a/bl, 6YJ KaJAbIKTap/Abl K9/ere xKapaTy
UIBIFBIHJAPbIHBIH, TOMEHJIEYiHe >XoHe IJKOJOTHUSJBbIK KaFAAWAbIH KaKcapyblHA oKeJlyi MYMKiH.
3epTTey HoTHKeJsiepi MYHaH-XMMHSI OHEPKOCiOGI KocimOpbIHAApPbl MEH aFbIH/bl CyJapAbl Ta3apTy
KOH/bIPFbLIAPbI YLIIH Nani1aabl 601ybl MYMKiH.

Ty¥iH ce3aep: ajcopbis, aFbIH/AbBI CyJap, aicOp6eHTTep, KapOOHATThI HIJaM, CyAbl Ta3apTy,
MyHal K9He MYHall eHiM/epi.
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O4MCTKa NPOMBIILJIEHHBIX CTOYHBIX BOJ, OT He(pTHU U HePTeNnpoJyKTOB Kap6GOHATHBIM LLJIAMOM

AHHOTanusa. B coBpeMeHHOM MHUpe 3arpsi3HeHHE NPOMBIIIJIEHHBIX CTOYHBIX BOJ He(pTbIO M
HedTeNnpoAyKTaMH SBJSETCA OJHOHW U3 HauboJiee OCTPhIX 3KOJOTHUYECKUX MNpo6JeM. ITU
3arps3HUTENU OKa3bIBAlOT 3HAYUTEJbHOE HeraTHBHOE BO3/IeMCTBHE HA IKOCUCTEMBI U KadyecTBO
BOJIHBIX pecypcoB. B cBsi3n ¢ 3THM BO3HHUKAET HEOOGXOAUMOCTb pPa3paboTKU 3PPEeKTHUBHBIX U
3KOJIOTUYECKH 0e30MacHbIX MeTOJO0B OYMCTKH CTOYHBIX BOJ. llesbio wucciefoBaHUs SIBJISETCS
pa3paboTkKa U oleHKa 3pPEKTUBHOCTU UCNOJb30BAaHUS KapbGOHATHOrO IJIaMa KaK aJicopbeHTa AJ1
yaajeHuss HepTH U HedTeNmpoJAyKTOB M3 CTOYHBIX BOJI. HaydyHas MU mpakTudeckasd 3HAYUMOCTh
paboThl 3aKJ/O4YaeTcsl B MPEAJOKEHHUHW 3KOJIOTHYecKH 06e30MacHOTO MEeTO0Ja OYUCTKH, KOTOPbIX
MOXET He TOJIbKO YJIYYIIUTh KA4eCTBO CTOYHBIX BOJI, HO U 06€CTIeYUTh YTUIN3ALUI0 TPOMbBIIIIEHHBIX
oTx0/10B. Mcnosib30BaHHWe KapOOHATHOTO IJIaMa, TOG0YHOTr0 MPOJAYKTAa MPOMBIILJIEHHOCTH, JleJIaeT
MeTO/J, 5KOHOMUYECKH BbITOJHBIM U CHMKAET 3KOJIOTUYECKYIO HATPY3KY.

OcHOBHBIE Pe3yJbTAaThl UCCAEOBAHUS MOKa3aly, YTO KapOOHATHBIM IJIaM 06J1alaeT BBICOKOU
COpOIMOHHON CMOCOGHOCTHID K HedTenpoaykTaMm. M3oTepMa ajicopbuuyd oTHOCUTCA K | Tuny mo

148 Ne23(148)/ 2024 JL.H. 'ymunes amuviHdarsl Eypasusi yrimmotk yHueepcumeminiy XABAPIIBICBI
Xumusi. eoepagust. Iko102ust cepusicyl
ISSN: 2616-6771. eISSN: 2617-9962



Industrial wastewater treatment from oil and petroleum products with carbonate sludge

kjaaccubukanuu bpynayspa, Jemunra, [emunra u Tesiepa, 4YTO CBU/ETENbCTBYET O HATHUYUU
MOHOCJIOMHOM aJIcOp6IIMY Ha MOBEPXHOCTH LJIaMa. BblJI0 yCTaHOBJIEHO, UTO LIJIaM CIIOCOOEH YAaSATh
110 95% 3arpsi3HeHUN U3 CTOYHBIX BO/I. [leHHOCTB McCe/J0BaHMS 3aK/II0YAETCS B IeMOHCTPAIMHU TOTO,
YTO KapOGOHATHBIK NIIaM ABJAseTCd 3QQPEKTUBHBIM U JOCTYIHBIM MaTepuasioM [iJis pelleHus
3KOJIOTUYECKUX MPO6JIeM, CBA3aHHBIX C 3arps3HeHHMeM BoJ HedTempoAyKTaMH. ITO HCCIAe0BaHHE
BHOCUT BKJI3J| B Pa3BUTHE TEXHOJOTMW BTOPUYHOTO HCIOJIb30BAHHUS MPOMBIIIJIEHHBIX OTXO/OB,
npejiarasi HOBoe MpUMeHeHUe /i1 Kap6oHaTHOTro IyiaMa. [I[pakTuyeckoe 3HaUYeHUe paboThl

3aKJ/II0YaeTCsl B BO3MOXXHOCTH BHeJIpeHUsl JJAHHOI'0 MeTO/la Ha MPOMBILIEHHBIX NPeANPUATHAX 1A
OYHUCTKHU CTOYHBIX BOJ, YTO MOXET NPUBECTH K CHWXKEHHIO 3aTpaT Ha YTUJIM3ALUI0 OTXOAOB U
YJyUYLIEHUI0 3KOJIOTUYEeCKOM 06CTaHOBKH. Pe3ysbTaThl McC/lIe0BaHUS MOTYT ObITh MOJIE3HBI IS
npeAnpUATUN HePTEXUMUUECKON OTPACIU U OYUCTHBIX COOPY>KEHUH.

KiioueBsble cj10Ba: aficop61iusi, CTOYHbIE BOAbI, a/ICOPOEHTHI, KAPOOHATHBIN 11J1aM, 0YMCTKA BOJ,
HedTb U HeQTENMPOAYKTHI.
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AHHOTanMa. B [gaHHOM cTaTbe WUcCCIefyeTCd BO3MOXXHOCTh
NpYMeHeHUs1 ToKasaTess QIAYKTYUpylleld acUMMMETPUH JIMCTOBOM
IJIACTUHKU Oepe3bl moBucaou (Betula pendula Roth.) ans oueHku
COCTOSIHUAA TOPOJACKOU cpenbl. IlpejyiaraeMbli MeTOJ, OCHOBaH Ha
BbISIBJIEHUU OTKJIOHEHHWM OT OWJaTepaJbHOM CUMMETPHUU B Pa3BUTHUU
JIUCTbEB, BOSHUKAIOIIUX M0/, BO3/]eiICTBUEM aHTPONOreHHbIX PaKTOPOB.
ABToOp paccMaTpuBaeT QAYKTYUPYIOLIYI0 aCUMMETPHUIO KaK UHJUKATOP
CTPECCOBOTO  COCTOSIHMS  pacTeHWM, BBI3BAHHOTO 3arpsi3HeHHeM
OKpyKallllel  cpeAbl, MW aHAJUM3UPYIOT ee NOTeHIual [
OMOMH/AUKALIMU YPOBHSA aHTPONOTeHHOW Harpy3KHy B ropo/iax.

HecMoTpss Ha HUM3KUK ypOBEHb 3arpsi3HEHUsI BO3/lyXa MO JaHHBIM
CTAllMOHApHbIX HAOJIIOJJEHUH, aBTOpPbl HCCJAEAYIOT BO3MOXHOCTb
NpUMeHeHUsA OoJiee YyBCTBUTEJbHOIO MeETOJA OLeHKH - aHaJu3a
bayktyupyromen acummetrpuu (PA) NMCTOBOM MJIACTUHKU Oepe3bl
noBucyaoi (Betula pendula Roth.) kak HWHJMKaTOpa aHTPOMNOTeHHOMU
HarpyskKH.

B pab6oTe omnucaHbl oco6eHHOCTU mnposiBieHus PA y pacTeHuUy,
000CHOBaH BbIOOpP Oepe3bl TMOBUCJIOM Kak OWOWHAMKATOpPA MU
npejicTaBjieHa MeTOoJAuKa oleHKU PA JIMCTOBBIX MJIACTHHOK MO MATH
MoppoMeTpuuecKkuM NpusHakaM. [ ucciejoBaHHUS ObLIU BbIOpaHbI
yeTblpe NYHKTa HabOJ/ofeHUs B 4epTe ropoga Kokueray c pasHou
CTeNEeHbI0 aHTPOMOTEHHOW HAarpy3KHU U KOHTPOJIbHAsA TOUKA 32 TOPOJ,0OM.
[losiyueHHbIe faHHbBIE TO3BOJIAT OLLEHUTD BJAWSHHUE FOPOJCKOM Cpesibl Ha
ypoBeHb DA sucTbeB Oepe3bl U cAesiaTb BbIBOABI O COCTOSTHUM
aTMocepHOro Bo3/lyxa B UCCeAyeMbIX pallOHax ropo/ja.

KirueBble cj10Ba: OWOMHJMKALUS, AaCMMMeTpUA JIMCTOBOU
IJIACTUHKY, HWHJEKC 3arpsi3HeHuss aTMochepbl, UHTerpaJbHbIN
NoKa3aTeJb CTAOUJIbHOCTH.
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OyeHKa yposHsl A3pomexHo2eHHO20 3a2psi3HeHUs1 ammocgepbl 2. Kokwemay

BBeaeHue

3arpsisHeHMe aTMocdepbl fABJAETCA CJe[CTBUEM BO3JEHWCTBUSA eCTeCTBEHHBIX W
aHTPOIIOreHHBbIX MCTOYHUKOB. B JIl000M KOHKpPeTHOM MecTe 3arps3HeHue BO3JyXa
IPOUCXOJUT He TOJIbKO U3 MECTHBIX UCTOYHUKOB, HO U U3 UCTOYHUKOB, KOTOPbIE BJIUAIOT Ha
KayeCcTBO BO3/lyXa B peTMOHAJIbHOM U Jiaxke rJ106aibHOM MaciuTabe [1]. OCHOBHOUM NpUYMHON
BO3HUMKHOBEHMs NpPOO6JIEM C Ka4eCTBOM BO3JyXa ABJISAETCA POCT TOPOACKOr0 HaceseHMUH,
IIOCKOJIbKY JIIOJY MOCTOSIHHO Nepee3alT U3 CeJbCKOM MeCTHOCTHU B ropoja. B ropoackux
paloHax 3arpsisHeHHe aTMocdephl Bblllle M3-3a COYETAaHUS MHOTHMX 3JIEMEHTOB, TaKMX Kak
NPOMBILJIEHHAA [leTeJbHOCTb, MNpeANpUATUA 10 NPOU3BOACTBY 3HEPrMM U OBITOBOE
OTOIlJIEHHE, BBIXJIONHbIE Ia3bl aBTOMOOUIIEN U T.A. [2]. OHM 3aMeTHBI 10 TOKCUKOJIOTUYECKHUM
3¢ dpekTaM, BOSHMKAIOLUIMMU B pe3yJbTaTe AJUTEJTbHOI0 BO3JeCTBUSA IPU BAbIXaHuUH [3].

KayecTBo aTmocdepHOro Bo3Ayxa omnpejesiseT YpOBeHb 3[0pPOBbs HaCeJeHUA U
cocTosiHUe 6uoreoneHo30B [4]. OCHOBHBIMM HMCTOYHUKAMHM BbIOPOCOB 3arps3HSOLUX
BellleCTB Ha TeppuTopuu TI. KokKlleTay ABJAKTCA aBTOTPAHCIOPT W NpPeANpPUATHUSA
TensosHepreTuku. 3a 2023 roj no JaHHBIM CTAallMOHAPHOM ceTH HabJtoeHul KasruapomeTt
(Tabauua 1) atMocdepHbI Bo3ayx roposa Kokiletay xapakTepusyeTcsl HU3KMM YpPOBHEM
3arpsa3Henusi. U3A cocraBua 2,5. CU paBen 2,8 u HII =14,6%. Bo3ayx ropoaa 6oJsiee Bcero
3arpsisHeH B3BelllEHHbIM BellleCTBaMHU [5].

Ta6auna 1. XapakTepucTHKa 3arpsi3HeHus atmocdepHoro Bo3ayxa ropoaa Kokmeray

CpenHss KOHIeHTpanus | MakcumasibHas pa3oBast Yuciio ciyyaen
(gcc) KOHIIeHTPAIHS (Zu.p.) npeBbinenus [JK
[Ipumecs KpaTtHocTh KpaTtHoCTb
Mmr/m3 npeBbIIIEHUS Mmr/m3 NpeBbIIIEHUS S[IZIK | >50IK | >1011JIK
NAKc.. Ky p.
B3BelueHHbIE
BelllecTBa 0,1516 1,0108 1,4 2,8 81
Bspewientble 0,1156 1,927 0,497 1,657 344
yactuubl PM-10
Jlmokcus cepbl 0,030 0,593 0,297 0,594
Okcuj yriepoja 0,389 0,130 13,717 2,743 61
JluokcuJ1 asoTa 0,019 0,476 0,350 1,751 604
Oxcup a3oTa 0,023 0,387 0,849 2,123 131

[IpuMeyaHue: cOCTaBJIE€HO HAa OCHOBAHUHU JJAaHHBIX [5]

B mesom mo ropoay cpefHeMecsYHble KOHLEHTpPALlMU B3BelleHHbIX 4acTtuly, PM-10
coctaBusa 1,9 II[Kcc, ocTa/NbHBIX 3arpsA3HAKIUX BelecTB He npesbiwanu [IAK. Yuciao
cay4daeB npeBblilieHus 6osee 1 [IJK Habaroaanock no guokcuay asora — 604, B3BelIEeHHbIM
yactunaMm PM-10 - 344, B3BeuleHHBbIM BellecTBaM - 81, okcuay yriepoga - 61, mo okcuny
asoTta - 131 cayyaes [5].

Jlng  WHTerpaJbHOM  XapaKTEepUCTHUKM KayeCTBa OKpyXawlled cpefbl  MOXKHO
OCHOBBIBAaTbCSI Ha OILleHKe COCTOSIHUS >KUBBIX OPraHU3MOB [0 HUX YCJAOBUSM pPa3BUTHS,
KOTOpbIe XapaKTepusyTcd YyPOBHEM bayKTyupytouei acMMMeTpUHU (PA)
MOpQOJIOTUUECKUX CTPYKTYP [6].

OAyKTyUpYOILIYI0 aCHMMETPUIO B )KUBOW MPHUPOJE MOXKHO pacCMaTPUBATh KaK IIMPOKO
pacnpocTpaHeHHoOe siBjieHHe. UM oxBayeHbl PAaKTUYECKU BCe OUIaTepasibHble CTPYKTYPbl ¥
CaMbIX pa3HbIX KUBbIX cyliecTB [7]. OHaKO, HEBO3MOXKHO MPOBECTH aHAJU3 U3BECTHBIX
NPU3HAKOB BCEX OWJIaTepaJibHO - CHMMETPUYHBIX CTPYKTYpP OpPTraHHU3MOB, HO y JIMCThEB
JIpEBECHBIX pacTeHUH, QAYKTYUpylOLlasi aCUMMEeTPUSI MOXKEeT YCIEUIHO PErduCcTPUPOBATHCS
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[8]. Hapsaay c aTuMm, faHHOe siIBJieHUe HA0JI101a/10Ch U NIPU UHBIX TUIIAaX aCHMMETPHUH, B 3TOM
clydae OHa MpeACTaBJsAeT COO0M OTKJIOHEHUS HE OT CTPOTOM CUMMETPUH, a OT OINpeJeJIeHHO
0003HAaYEeHHOU Cpe/iHEN CHMMETPHUHU.

fAByeHNEe CHMMeTpPUU B IPUPO/IE, KAK BUJ, COTJIACOBAHHOCTU OT/EJIbHBIX YaCTEH, KOTOPbIX
00beUHSAET UX B e€JHHOe lieJioe - OJAHO H3 HauboJjiee OOIIMX SABJIEHUH, CBOHCTBEHHOE
HEXXMBOM W (KMBOW MaTepud Ha pasHbIX YPOBHAX opraHusauuu. OuykTyupyroouas
acCUMMETpPHS ONMUCbIBAET AWaNa3oH CAy4alHbIX OTKJIOHEHHWH OT abCOJIIOTHOM CHUMMETPUH,
BO3HUKAIOIIUX BXOJle OHTOreHe3a U He MMEILUX CaMOCTOSITeJIbHOIO aJalTUBHOIO
3HavyeHus [9].

Uccneposanusd B.I1. UBanoB, 10.B. UBaHOBa, C.W1. MapueHnko, Bs1.B. Ky3HenoBa nokaselBawT,
YTO NpPUMEHEHHEe MHTEerpajbHOTO UHAeKca QuaykTyupywileid acummetrpun (PA),
pPacCYUTAHHOTO AJis Tpyniibl MOPPOMETPUYECKUX MPU3HAKOB, MOTEHLMAJBbHO MO3BOJISET
BbIsIBUTb PA sMcTa, 0OHApYy»KeHHEe KOTOPOM HEBO3MOXXHO NPU U3YYEHHUU eJUHCTBEHHOIO
npusHaka [10].

MaTepl/IaJIbI A MEeTOo/bl

O6beKTOM HcCCIeOBaHUA fABJdAeTCA BO3AyllIHasA cpena ropoaa Koxkwertay. /s
onpefie/leHUs1 COCTOSIHUS aTMOCPepHOro BO3JyXa ropojia OblL1 HCHOJb30BaH MaCCUBHbBIN
OMOMHAMKALMOHHBIA MeTOJ, OLleHKH KadecTBa cpeAbl. B TO BpeMsa Kak, HpeAMeTOM
UccleloBaHUA sABJsAeTcd QJIYKTyUpylollasg acMMMeTpUs JIMCTOBOM IJIaCTHHBI OGepessl
noBucyao (Betula pendula Roth.). JJaHHBIA BUJ, XOPOIIO TNpeACTaBJEeH B JIECHOW H
JIECOCTENHOW 30HaX, [JOCTAaTOYHO ULIMPOKO M YCIEIHO TMpPUMeHseTcd B KadecTBe
OMOMHJMKATOpa OKpYXKawlleh cpejbl, OTpaxas [OBOJBHO OOIIMPHBIA CHEKTP BHEIIHMUX
BO3JIeHCTBU M.

[l uccnefoBaHUM ObLI MPOBEJlEH OTOOP TpeX MYyHKTOB HAOJ/IOJEHUNW HAa TEepPUTOPUU
ropo/ia, KOTopble PacrnoJioKeHbl Ha LleHTPaJibHble ajjed ropoja (MyHKT HabaogeHusa Nel),
O’KMBJIEHHOUM Jopore mo yJ. AyesbbekoBa (MyHKT HaOJoJeHUss N22) U ropoAcKoM mapke
(nyHKT HabuofeHuss Ne3). B kauecTBe KOHTpPOJS ObLI B3AT JIECHOM MacCUMB B 3alaZHOM
HanpasJsieHuHU oT r.KokiieTtay Ha yJasieHuu 25kM oT ropoja Kokuietay (myHKT HabJ101eHUS
Ne4),

[IlyHkT HabawogeHuss Nel - lleHTpasibHas ajuiesi, pacnoJiaraeTcs mo yJauie CaTmnaera,
SIBJISIETCS MECTOM OT/iblXa U OOJIbILIOr0 CKOIJIEHUS XUTeJslel ropoja. Baosb annen umeerca
60JIbIlIOE KOJIMYECTBO MHOI'0JIETHUX 3eJIeHbIX HacaXJieHUH B BuJe Oepes, 16JI0Hb U eJeil.
Jlopora BZOJIb ajlleM BbLIOXKeHAa OpycyaTKOM, U B JIeTHee BpeMs MOXHO HabJioAaThb 3a
pOCTOM 3eJieHbIX Ia30HOB. /lyinHa asien coctaBiseT okoso 230 M, muMpuHa 8-10 M. Brosb
aJyled, Ha pacCTOAHUMU 4-8 M pacnoJIoKeHbl XKUJble W AJAMUHUCTPAaTUBHbIE 3/aHMA.
JlopoxkHble nyTH pacnoJjaratoTcs B 13-14 M ¢ kax0ro kpas ajaned. Mecto 6b110 BbIOPAHO 1O
INpUYMHe coeJUHEeHHS B cebe Ha JJaHHOM y4aCTKe >KUJIOTO KOMIIJIEKCA, 3eJIeHbIX N0CaZ0K U
HaXOoJALEeMCA Ha CpeJiHEM PACCTOSHUHU TPAHCIOPTHBIX JAOPOT.

[IlyHkT HabuarogeHus Ne2 - Jlopora, pacnoJio’keHHasi BJOJIb YJuIbl AyesbbekoBa, Ha
y4acTKe OT mepecedyeHHUs yJaulbl ['oppkoro fo mnepecedyeHus yaunbl CartnaeBa. [laHHBIM
Yy4aCTOK XapaKTepHU3yeTCd HWHTEHCUBHBIM [IBH)KEHHEM, BbICOKOM 3arpy>KeHHOCTBIO YJIMIY
aBTOTPAHCNOPTOM. Biosb yiuIbl UMEKTCH JABYCTOPOHHME MHOTO3TaXKHble NMOCTPOMKH, a
TaKKe 3eJIeHble HacaXK/JeHus TomoJisA, 6epes3bl, Kaparay.

[IlyHkT Habawoaenus Ne3 - [opoAckod MapK pacloJioKEH Ha y4yaCcTKe 3aHMMaKIuu
miowaab S=5 ra, MexJAy HNapajesbHO pacloJIO)KeHHbIMU yiauunamMu Ab6asg u Ayaszosa.
OTsiv4aeTca OT TOPOACKUX PAalOHOB TeM, YTO OTJAAJIeH OT >XWJIOM 3aCTPOWKH M CpejHe
OTJaJleH OT JOPOXHBIX NMyTed ropofa. JlocTyn aBTOTpaHCIOPTa Ha TepPpPUTOPHUS MapKa
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orpaHuyeH. MMeeT BBICOKYI0 IJIOTHOCTb DPACHOJIOKEHUS 3eJIeHbIX HacaXKJeHWH, B BUJE
MHOTOJIETHUK JlepeBbeB U TPaB.

[IlyHkT HabaoaeHus Ne4 - Jlec BAanu ot ropoja. PacmosioxkeH BHe TeppUTOPUM TOPOJa,
JlaJiee 3anaZlHOM ero, BA0Jb Tpacchl Ha I. Koctanai. [liowaab ieca npuMepHo paBHa S=24 ra.
JlaHHasi TeppyUTOPUSL UCIOJb30BaHA B paboTe B KayeCTBe KOHTPOJbHOW TOYKHU. [lopoxkHas
CeTb pacnoJiaraeTcs Ha yjajieHuu 15 kM oT Jieca.

CorslacHO MeTOZMKe, IPOBOAMINCh U3MePEHHS N0 IATHU NapaMeTpaM:

1 - mupuHa JIeBOW M MpPaBOW NOJIOBUHOK JKCTA. /Il U3MepeHHUs JIMCT CKJIaJbIBAIOT
[0II0JIaM, COBMelllasl BEpPXYIIKYy C OCHOBAaHMEM JIUCTOBOM IJIACTUHKHU. 3aTeM HU3MepseTcs
paccTosiHUe OT IPaHUILbI [eHTPaJIbHOM XXUJIKU 10 Kpas JIMCTa.

2 - pacCTosiHHE OT OCHOBAHHUSA [0 KOHILA KUJKHA BTOPOro MOPs/iKa, BTOPOM OT OCHOBAHMUS
JIUCTA.

3 - paccTossHME MeX/ly OCHOBAaHUSIMU IIePBOM U BTOPOU XXUJIOK BTOPOTr'0 NOPAJKA.

4 — paccTosiHHE MeX/y KOHLIAMHU [IEPBOU U BTOPOU KUJIOK BTOPOTO MOPAJKA.

5 - yroa MexAay TrJIaBHOM >XUJIKOM U BTOPOH, OT OCHOBAaHHUS JIMCTA, KUJIKOW BTOPOro
nopsi/iKa.

Ha kJitoueBbIX NPOOHBIX MJIOLIAJSAX OTOUPATUCh JUCThs B KoiMyecTBe 10 LITYK ¢ KaX0r0
MO/IeJIbHOTO JlepeBa C HUKHEW 4acTU KPOHbI, Ha BbicoTe 160-180 cM OT NOBEPXHOCTU 3€MJIH.
KosinuecTBO MofesbHBIX AepeBbeB cocTaBisysio 10 mTyk. B mesom ¢ kaxaod mpo6GHOU
mIoaau 66110 B3T0 100 WITYK JIUCTHEB.

CteneHb HapylleHUsT MOPGOJOTUYECKOTO CTPOEHUS JIMUCThEB Oepe3bl MOBUCIOW U
OTKJIOHEHHSI ero OT HOpPMbl OLIEHHWBa/IM MO NATHGa/IbHOM mikase B.M. 3axapoBa, E.IO.
KpbicaHnoBa (1996r.) [11], B Mogudukanuu A.W. 'puropsesa u 10.A. Kypuso (2013r.) [12].

Pe3sysibTaThl M 06CYKAEeHNE
B pe3sysbTaTe ObLIO BBbISIBJIEHO, UTO MOKasaTeqb A JMCTOBOM MJIACTUHKU Oepesbl
MOBHCJI0M Ha TeppuTopuU r. KokileTay Bblllle HOPMbI Ha OKHUBJIEHHOH Jopore Mo yJuIe

Ayenb6eKoBa, B OCTa/IbHbIX TOUKAX B MpeJiesiax HopMbl (Tabsuna 2).

Ta6auuna 2. [loka3zaTesib @A TUCTOBOI IVIACTUHKY Gepe3bl IOBUC/ION

Ne | [lyHKT oTGOpa [TokazaTenb A basnn YpoBeHb 3arpsi3HeH U

n/n

1 lleHTpasibHasa ajies 0,049 1 YcJ10BHO HOpMaJIbHOE

2 yJ1. Ayesb6ekoBa 0,063 3 CpeaHuil ypoBeHb OTKJIOHEHUH
OT HOPMBI

3 ['opojckoil mapk 0,037 1 YcJ10BHO HOpMaJIbHOE

4 Jlec (KOHTpOJIb) 0,032 1 YcJ10BHO HOpMaJIbHOE

HpHMeanHe: COCTAaBJIEHO Ha OCHOBAHHWH JAHHBIX aBTOpa

AHanu3 PpayKTyupyroled aciMMeTpUU JUcTheB Betula pendula Roth. kak Mapkep ypoBHSA
aHTPOINOTeHHOM Harpy3kH B I. KokiueTray

3ak/Il04eHue
Pe3sysbTaTbl HcCCAeAO0BaHUS TMOKa3aJu 4YeTKYI KOpPpPeJslHUI0 MeXAYy YypPOBHEM

baykryupytoueit acummetpuu (PA) TUCTOBBIX IACTUHOK Betula pendula Roth. u cTeneHbio
AHTPOINOTeHHOM Harpy3KH B pa3/IMYHbIX paloHax I. KokiueTay.
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MakcuMasnibHble 3Ha4YeHUs IMokasartensd @PA ObUIM 3aperMCTPUPOBAHbI Ha MNPOOHOU
mwiomwaau N°2, xapaKTepU3ylllelcsd HWHTEHCUBHBIM J[BHXKEHHWEM aBTOTPAHCHOPTA. IJTO
CBU/ZETEJIbCTBYET O BBIPA>KEHHOM HeraTMBHOM BO3/€MCTBUU BbIOPOCOB aBTOTPAHCIOPTA HA
MopdoreHes pacTeHUH, IPUBOJSIILEM K HApYLUIEHUAM O6UIaTepaJbHONM CUMMETPUH JIMCThHEB.

MunumasnbHble 3HauyeHuss PA, npubamKeHHble K (QOHOBBIM, 3aPpUKCUpPOBaHbI Ha
KOHTPOJIbHOW NpoOHOM 1uomanayd N°4, pacno/so)keHHOM BHe 30HbI aAKTHUBHOIO
AHTPOIIOreHHOI'0 BO3JeHCTBUA. JlaHHBIM pe3yJbTaT MNOATBEPXKJAeT YYBCTBUTEJIbHOCTb
BbIODAaHHOTO OMOMHAMKALMOHHOTO MeTO/Aa U BO3MOXHOCTb €ro NMpUMeHeHHUs [/ OLEeHKHU
COCTOAAHUS yPOAHU3HUPOBAHHBIX TEPPUTOPHUM.

Ananus @A nucTbeB, COOpaHHbIX HA NMPOOHBIX MuomaAax Ne1 (memexoaHass 30Ha) u Ne3
(ropoackod mapk), NPOJAeMOHCTPUPOBaJ INPOMEXYTOYHble 3HAyeHUs IoKasaTess, 4TO
yKa3blBaeT Ha 0OoJiee OJIarONPUSAATHYID 9KOJOTHYECKYI0 OOCTAaHOBKY B padoOHax C
OrpaHUYEHHBIM JABWKEHHWEM aBTOTPAHCIIOPTA U Pa3BUTOU CUCTEMOMW O3eJIeHEeHH .

TakuM o06pa3oM, MOJIyYeHHble JaHHble MOATBEPXKAAIT HEOAHOPOJHOCTb YPOBHA
a’pOTEeXHOTEHHOro 3arpsi3HeHUss Ha TeppuTopuu Tr. KokiueTtay. HUcnosib3oBaHue
OMOMH/JMKALlUOHHOTO MeTo/a C aHaJu30M QJIYKTYHUpylolLled acMMMeTpUHU JIUCTbeB Betula
pendula Roth. npogeMoHcTpUpoBaio cBOO 3PEKTUBHOCTb AJI1 OLEHKU WU MOHUTOPHHTrA
COCTOSIHUSI TOPOJ,CKOU Cpeibl.

duHaHCUPOBaHME: HET.
KoHQIMKT nHTEpecoB: HEeT KOHPJIMKTA UHTEPECOB.
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KekmeTay Kasiacbl aTMOCdepachIHbIH, a3POTEXHOTEH/iK JIaCTaHy AeHreiliH 6aranay

Anaarna. By MakanaZia KasajiblK OpPTaHBIH >Kal-KyHiH Oafasjiay YIUiH KaWblH, >KalblpaFbIHbIH,
TepbesMesi aCUMMETPUSICBIHBIH, UHAUKATOPbIH KOJIIaHy MYMKiHAiri 3eptresneni (Betula pendula
Roth.) ¥cbiHbLIFaH 9/lic aHTpoNoOreH ik GaKTopJaap/blH acepiHeH Makaa 60JaThIH XKaNblpaKTap/blH
JlaMybIHJAFbl €Ki KaKTbl CUMMETpHUsA/laH aybITKyJap/ibl aHbIKTayFa HerizfeareH. ABTop e3repMeJi
acCUMMeTPHUSHbl KOplllaFaH OPTaHblH JIaCTaHYblHAH TYbIHAAFaH OCIMJIKTepAiH CTPecCTiK KyHiHiH
KepceTKilli peTiHJe KapacTblpaJbl XoHe OHbIH KaJjajap/laFbl aHTPONOTEHAIK XYKTeMe JeHreuiH
OUOUH/IUKALUsIAY dJ1eYeTiH TaaJalbl.

CranuoHapJbIK 6aKblIayaap/blH JepeKTepi O0MbIHIIA ayaHbIH JIACTaHy JleHrerliHiH ToMeH/irine
KapaMacTaH, aBTOpJiap uIyJi KaWblH JKanbIpaFblHbIH, (Betula pendula Roth) Tep6enmeni
acuMMeTpusichbiH (fa) aHTpomoreHAik »KYKTeMeHiH HWHAUKATOpPbl peTiHAe 6aFasjay-Taajay/blH
HEFYPJIbIM ce3iMTasl 9/IiCiH KoJ1JaHy MYMKIH/ITiH 3epTTen/i.

XKywmeicta ecimaiktepgeri ®A KepiHiCiHIH epeKIeiKTepi CUIIAaTTa/JIFaH, OUOUHUKATOP PeTiHAe
iyys1i KaWBIHABI TaHJAAyFa Heri3/iesreH oHe 6ec MOPPOMETPUSIBIK Oesrijep GOUbIHIIA KaNbIPaK,
TaKTaJapblHbIH ¢a Oafasay oJiicTeMeci YCbIHBUIFAaH. 3epTTey VIUIH 8p TypJi Japexeneri
aHTPOMOTEHIK )KyKTeMeci 6ap KekilleTay KasacbIHbIH lLIeTiH/e TOPT 6aKblIay MYHKTI )KoHe KaslaJlaH
ThIC GaKplay MYHKTI TaHZaJja[bl. AJIbIHFAH HOTHXKeJiep KAWbIH KanblpaKTapblHblH, ®A geHreiiine
KaJlaJIbIK, OpTaHbIH dCepiH GaFajiayFa KoHe KaJIaHblH 3epTTeJIeTiH ayaHapblHAAFbl aTMOChepabIk,
ayaHbIH Kal-KyHi Typasibl KOPbITBIH/bI )KacayFa MYMKiH/IiK 6epefi.

TyitiH ce3aep: GUOUH/UKALMS, KANbIPAK, TaKTACbIHbIH, aCUMMETPUSIChI, aTMOChEpaHbIH, JIACTaHy
WHJIEKCI, TYPaKThIJIBIKTBIH UHTETrpalJbl KOPCETKILI.

AL Grigoriev
Omsk State Pedagogical University, Omsk, Russia

Assessment of the level of aerotechnogenic atmospheric pollution in Kokshetau

Abstract: This article examines the possibility of using the indicator of fluctuating asymmetry of
the leaf blade of the hanging birch (Betula pendula Roth.) to assess the state of the urban environment.
The proposed method is based on the identification of deviations from bilateral symmetry in leaf
development that occur under the influence of anthropogenic factors. The author considers fluctuating
asymmetry as an indicator of the stress state of plants caused by environmental pollution, and
analyzes its potential for bioindication of the level of anthropogenic load in cities.

Despite the low level of air pollution according to stationary observations, the authors explore the
possibility of using a more sensitive assessment method - analysis of the fluctuating asymmetry (FA)
of the leaf blade of the hanging birch (Betula pendula Roth.) as an indicator of anthropogenic load.

The paper describes the features of FA manifestation in plants, justifies the choice of hanging birch
as a bioindicator, and presents a methodology for evaluating FA of leaf blades according to five
morphometric characteristics. Four observation points within the city of Kokshetau with varying
degrees of anthropogenic load and a control point outside the city were selected for the study. The
data obtained will allow us to assess the impact of the urban environment on the FA level of birch
leaves and draw conclusions about the state of atmospheric air in the studied areas of the city.
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Keywords: bioindication, leaf plate asymmetry, atmospheric pollution index, integral stability
indicator.
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Agaartna. TonblpakK 3pO3UACHl KepAiH eHIMAUIIriHIH TeMeHJeyiHe
>)KoHe TeJIIMHEH ThbIC KeNTereH 3apJalnkKa oKesy apKblibl TOMNbIPAKTbIH
KbI3MeTiHe efpyip Kayin TeHfipeni. Cy, »Kes 3pO3UACHI, TONbIPAKTHI
eHJley MeH 6HIiMJi >KMHay O6apbICbIHAA TOMbIpAaKKa TOHETIH KayilTilik
JleHreli »koHe aTa/iFaH GU3UKAJIbIK TYPFbIJIaH 9PTYPJi yaepicTepiH, 6ip
Me3TijiZie OpbIH ajJybl OalKa/iFaH alMaKTapFa cajilapbl ecejJieHe TYCei.
MakaJiaHbIH, MaKcaThbl - KazakcTaH Pecny6/11kachl
TEePPUTOPHUACBIHAAFBl 3PO3UAJBIK YAepicTepAiH Tapasly auMaKTapblH,
06J1bICTap 6OMBIHIIA TOMBIPAKTBIH, Cy K9HE KeJl 3P03UsIChbIHA YIIbIpaFaH
ayMaKTapblH CUMOATTay, 3JIEKTPOH/Jbl KapTorpadus KypaajapbiH
NauJajJaHblll TaKbIPBINTHIK KapTajap[bl KypacTbIpy, Tajljay >Kacay.
3epTTeysiep HOTHWXKeCiHAe eJsliMi3 OOHMbBIHIIA ayblIlIapyallblIbIFbI
aJIKanTapblHAH LIAaWbLIFAaH TONBIPAKTBIH €H Kemn KeJsieMi TypkicTaH
ob6sbicbiHA (933,7 MbIH ra. HeMece OHIpAiH aybl1 IapyallblIbIFbI
»KepJiepiHiH, KaJmbl ayZaHblHAH yJieci 18,9%) Tuecini ekeHAiri
aHBIKTa/N/bl, MYHaH 06JIeK ericTiKTepJAeH IaWblJIFaH TONbIPAKTHIH
ayZilaHbl 60HMbIHIIA — AKMOJ1a 06J1bIckl (351,3 MBIH ra. HeMece eriCTiKTiH
KaJlbl ayfAaHblHaH vyiaeci 28,8%) kem 6acrtan Typ. Kasakcran
Pecny6/iMKacbIHAAFbI KeJ 3PO3HUsSAChIHA YUIbIpaFaH TOMBIPAKTBIH Kep
KesieMi GoMbIHIIA ATbipay o06Jibickl (3 133,9 MbIH ra. HeMece aybLl
lIapyallblIbIFbl KepJiepiHiH »kajnbl ayaaHblHaH 13%), ericTikTiH
JebssAnyagaHFaH  JKepJiepiHiH ~ aygaHbl  GoMbiHIIa  [laBsogap
06/1bIChIHBIH, (334,3 MbIH ra. HEMece eriCTiKTiH, »aJilbl ayAaHblHaH 74%)
yJsieci 6acbiM. Pecny6siMka OOWBIHILA KeJ 3pO3UsAChbIHA VIlIbIpaFaH
eTiCTIKTiH, »aJmbl ayJadbl 451,8 MbIH ra. eKeH/iriH eckepcek, [laBiogap
0OJIBICBIHJA TipKeJIreH 1laMa TOMNbIPAaKTaHYLIbl FajJbIMJAap/blH KiTi
Ha3zap ayZaphblll, 3p0o3udgFa KapcChl Liapajap MeH TaciiepAi KOJI4aHybIH
TaJam eTe/l.

TyHiH ce3gep: 3KOJIOTUSJIbIK MOHUTOPUHT, TONbIPAKTbIH, a3ybl, CY
3PO3USACHI, KeJl 3PO3USACHL.
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Kasakcman PecnybaukacblHOGFbl 3p03usiiblK ydepicmep

Kipicne

Taburu kyijeri Tomblpak aybll LIApyallbLIbIFbI MEH 3KOXKYHesepAiH e3 AeHreuiHpe
TipWiJiK eTin, afaM3aTKa camnaJjbl KbI3MeT KepcCeTyiHiH Heri3i. TonbIpaKTbIH, CanacbIHbIH
e3repyi H9TUXKeCiHJe a3bIK-TYJIKIEH XoHe CyMeH KaMTaMachI3 eTy, KeMipTeri TeHrepiMmi,
O6uoMeJUIUHABIK KOpJapAbl 0eJiil ajaTbhlH Herisri MUKpPoOOTbl TeHODOHJ[ KoHe T.O.
MaHbI3/Ibl 3KOXKYHEJIiK KbI3MEeTTeP/i KepceTyre Tikeseun acep eteni. 2KepJiH a3ybl — 6esrijai
6ip dakTopAbIH acepiHeH Gesrisi 6ip KyOBLJIBICTBIH CaJAapbl PeTiHAe TONbIPAK KAaCUETIHIH,
dU3MKaNbIK KypaMbl KaFblHaH Jja, XUMUSJBIK KypaMbl *KaFblHaH Ja TOMEHJEeNTiH kyui [1].
Kepani makpanaHyfarbel e3repicTep TONBIPAK, 3PO3UACBIH eAdyip KeJesJeTyre KabileTTi
>)KOHe TONbIpaK 6HIMiIHEeH acblll TYCeTiH 3p03Us, Caublll KeJreHJe, ayblIllapyallblIbIK
dJIeyeTiHiH TOMeH/leyiHe oKeJieTiHi OypbIHHAH 6eriji 604kl [2]. Macesen, 1930 xbl1gapbl
CostycTik AMepuKazZa OpbIH ajifaH OpacaH KYLUTI WIAHAbI Jaybll ca/ilapblHAaH alkMaKTa
ericTikTiH enayip OeJiiriHe 3ajas KeJTipijin, enfjiH 9/ieyMeTTiK-9KOHOMUKAJIBIK, KaFAanbl
aybIp kafjaifa TycTi. COHbIMEH KaTap MYHJal ajanaT MacliTabTaFbl KyM MeH LIaH apajac
*)esiep KplTalblH OpTa/bIFbIHAAFbl XyaHX3 koHe fAHL3bI 63eH/epi ajlanTapblHAAFbI JIECCTI
TONBIPAKThl alMaKTap/a, AQpuKaHbiH coaTycTiringeri Caxapa meJiiHze ui 60J1bI1 TYpajabl.
Kanner oneMzae TombIpaK 3pO3UACHIH 3epTTeyre apHaJfaH YJITTBHIK JeHrenzeri
6arapJ/samanap ete az, osap AKI kopsiapabl YATTBIK TyreH/ey xoHe KbiTall TonbIpak xKoHe
Cy KopJlapblH 3epTTey YJATTBIK 6argapsaMacbl [3]. Tomnblpak  KyHapJibLJIbIFbI
aybLIIIapyallblIbIFbIH KYPri3y 6apbICbIHAAFb] Naii/ja/laHblIaTbIH UPPUTALIUSJIBIK, 9/1iCTEpPTE,
TONIPAK TYpiHEe, KOPEKTIK 3aTTap MEH OPTraHUKaJIbIK 3aTTap/iblH MeJillepiHe 6GallJlaHbICThI
YKOHE 9/1eTTe 3PO3USJIBIK YAepicTepAiH epllyi 6apbICbIH/A XKe/jesl TOMeH e /.

Cy apo3usicel 6YKiJ a/ieM/ie TONbIPAKThIH a3ybIHbIH XKeTeKIi xkahaH/|bIK, cebenTepiHiH, 6ipi
6oJiblll TabbLIaJbl OHE OJ KOplLIaFaH OpTaFa, aybla IIapyallblIbIFbl MEH a3bIK-TYJiK
Kayimnciszirine kesieTiH Heri3ri KaTepJiepZiH 6ipi peTiHZe KapacTbipbLiaabl. COHbIMEH KaTap,
KOINTereH COHFbI 3epTTeyJiep O60ibIHIIA XKep OeTiH/eri TonblpaKKa, CyFa XKoHe 3K0oXylesepre
3p03us Kayli aJlaHAayLblIbIK TyFbI3a/ibl [4]. COHABIKTaH TONbIPAK KOPFay/ bl KAXKET eTeTiH
HIeKTeyJi TabOWUFU  pecypc peTiHJAe KapacTbipbuiaZbl. TombIpaK  3pPO3HUSCHIHBIH,
Kb @M/ bIFbIHA >KaybIH-UIALIbIHHBIH, KAapKbIH/bLJIbIFbI, TONbIPAKTBIH, Calackl, }ep Oejepi,
OCIM/IiK KaMBbLJIFbICHI, MOPPOJIOTUSACH], APEHAK/BIK, XKeJliJep/iH epeKIleiKTepi KoHe *KepAi
nauaJaHyILIbIHbIH KbI3METI, COHZAM-aK aZjlaM 9peKeTi CUAKTbI aHbIMaJIblJIap 9cep eTe/l.

KahaugblK yakbIT JeHrediHJe KJMMAT 3p03Usl MeH TONbIpaK MacCacblHbIH, KeMyi
MeXaHU3M/lepiHe, Cy aupbIKTapbl MeH aFblH KyHeJiepiH KypblIbIM/IayFa MaHbI3/lbl peTTeyill
peTiHze oacep eteni. CoOHbIMEH KaTap Kasipri kKeszjeri KenTereH TONBbIPAK 3PO3UACHIHA
KaTbICThI »KalChI3bIKTap KahaHAbIK e3repicTepAiH canzapblHaH Kylledezi. byn Typfbiaa
II6JIEUTTEHY KJUMATTBIH, ©3repyiHiH 1KoHe IKbLIJaM 6ecCil XKaTKaH aHTpPOIOTeHJiK
KbICBIMHBIH, HOTHKeci 60Jiybl MYMKiH, OJIap/iblH €Keyi Je TONbIpaKThlH y3aK Mep3imzai
eMipiieHAiriH 6y3azabl. XKahan/iblK TeMnepaTypa MeH »aybIH-1IAIIbIH CUATbIHbIH, KYObIJIYyhbI
TONBIPAKTBIH, bIChIpall 60JyblHA 9PTYPJi KOJIJAapMeEH, COHbIH, illiH/€e >KaybIH-IIAIIBIHHbIH,
3po3UsIbIK KabineTiHiH e3repyimeH ocep etTeai [5]. TomnbIpak 2po3usCbIHA >KaybIH-
IIALIbIHHbIH, KAPKbIHABLJIBIFBI MEH CaHbl, TONBIPAKTBIH, CaJbICThIPMaJbl bUIFaJ/blIbIFbl MEH
eciMJIiKTepZiiH JaMyblHa TeMIlepaTypaHblH, dcep eTyi CUAKTbl OipkaTap <¢akTopJ/apra
6al/IaHbICThI KJIMMATThIH 63Trepyi Tepic acep eTe/li Aen KyTiayae.

CoHbIMEH KaTap TOMNbIPAKThIH, a3yblHA acep eTeTiH ¢aKTopJapAblH KeMiHje 6ipeyi
aHTPONOTeH/iK dcepJiH cajJapblHAaH KYLIeHNreH >Kaffaljia 3pO3UAJBIK YZAepicTepAiH,
KeHICTIK IeH yakKbITTafbl eJilleMi Je, KeJsieMi e apTybl MyMKiH. MacesieH, EyponaJsibig
Opakrarbl wiamaMeHd 110 MUJIJIMOH TeKTap ericTik »epAiH 43 MUJIJIMOH TeKTaphbl 6ip apo3us
yAepiciHe, 15,6 MUJIJIMOH TeKTaphbl eKi yaepiciHe xoHe 0,81 MUJIJIMOH TeKTaphbl YilI HeMece
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ofaH na kemnm yJepicke OeuiMm. lllamamen 3,2 MWJIJIMOH TeKTap ericTiK ajkKanTtap cy
TAaCKbIHBIHBIH, KYPFaKLIbIJIBIKTBIH, CY )K9HE KeJl 3PO3UAChIHbIH, KYLUIEKiHiH BIKTUMaJ e3apa
opekeTTecyiHe 6eiiM 60JibIN TabbLIaAbI [1].

CoHbIMEH KaTap Cy >X9He >eJl 3pO3UsChIHBbIH CajilapblHaH TOIMbIPAK OeJIlleKTepiH/e
copb61MsIaHFaH JlacTayllbl 3aTTap/blH, JaTepaibl MUTPALMSChl HOTUXKECIH/e TOMbIPAKThIH,
eKiHII peTTik JilacTaHybl X)ypeai. Jedbsasauus yaepici 6apbicbiHAA KOTEPiJilN, KOLIKeH IIaH,
aZlaMHbIH, TBIHBIC aJly XKOJIAApblHA OTeTiHAIri Ha3ap ayZapazbl. TolblpaKTafbl YJIb
KoHe/HeMece paJJMOAKTUBTI 3JIeMEHTTep MeJillepi aMaJaH ThIC TesdiMJepJieH >XeJMeH
KOTeplJireH WIaH 9pTYpJi KALIbIKTBIKKA KOIIy apKblLIbl TONBIPAKTBbIH OacTanKbl JIaCTaHy
TeJliM/lepiHEH eJl9yip aJibiC OpHaJlacKaH aWMakKTap/bl JacTtayFa ceben 6osanbl [6]. [Jan
OCbLJIall Cy 3pO3UsACHI YepicTepiHiH AaMybl JlacTaHFAH TONbIPAK OeJIIeKTepiHiH KellyiHe
»K9He oJiap/blH, QJIIOBUANbI KeJlijiep/iiH, (aHFapJap/blH Ty0i, TAOUFU XK9HE aHTPOIOTreH/i
CyKoMMaJiap) apTypJii KypaM 6eJiikTepiH/e KOHYbIHA KoHe KUHAKTaJlyblHA aJibll Kesaexi [7].
CoHJABIKTAaH TONBIPAKTHIH JIAaCTAHYbIHBIH, 60JKaM/ibl Tepic acepiH Tanjay 6apbICblH/A 63€H
ajlanTapbl iiHAe AAMUTBIH Cy 9He eJl 3P03UACHl YAepicTepiHiH JacTaHFaH TONbIpak
OeJIlIeKTepiH Kelllipy MYMKIHZITIH /e eCKepreH »KeH.

Makasiala cy KoHe >KeJl 3PO3UACBIHBIH eJiMi3/jiH 9pTypJi alMaKTapblHJa Ke3Jecy
KapKbIH/bLIBIFbIH 0afajay >oHe Tasjay KeaTipijireH. Bysn 6ipiHuii ke3ekTe JajasbIk
3epTTey >KYMBICTApbIH JXYPri3y KaKeT 06JIbICTap/ibl aHbIKTayFa cebem 60Jbl, SFHY,
TONIPAK 3PO3USCHI YepicTepi HOTUKECIH/e eTiHAiIepAiH TapaayblHbIH 60/KaM/ibl Tepic
dCepiH KoHe KypFakK calJlap MeH ©3€eH aHFapJapblH/a XKoHe oJIapFa »KalrcapJiac aiMaKTapa
TONBIPAK 3PO3UACBIHBIH, KOFapbl JeHredi KajblTacy TeJiMJepiH HaKTbLIayFa CenTiriH
TUTI3/]i.

MaTepuasigap MeH 3jicrep

Makananbl  faublHZAy  OapbICbIHAA  KeJeci  3epTTey  dJicTepi  KOJAAHBLIJBIL:
pPeTPOCHEeKTUBTI  Tajijay, CaJbICThIpMaJbl TajlAay, KYHesJiK-KYpPbLIbIMABIK  ToCiJ,
TUIOJIOTUSAJIBIK, TOCLI, YKCACTBIK 9/iCi, TeoaKnapaTThIK >XyWeJsepZi NaWJajaHblll YJrijiey
aaici. TakbIpBINTHIK KapTasapAabl JadbiHAay 6apbicbiHAa ArcGIS Pro, QGIS reoaknapaTThIk
Kyhe GafjapJiaMalblK eHiMepi KolAaHbLIAbl. TaKbIPBINTHIK KapTaJap/blH Heri3i peTiHze
Open Street Map [7] reokopwiHaH Kasakcran Pecny6/iMKacbiHbIH KeJieCi BEKTOPJIBIK
KabaTTaphl KYKTeJsin ajblHAbL, oJsap: KasakcTtaH PecnyG/iMKacblHBIH, MeMJIEKETTIK >KoHE
OKIMILiJIIK-ayMaKTbIK  OipJIIKTEpiHiH,  lLIeKapaJaphbl, 06JIbIC  OpTaJIbIKTaphl MeH
pecny6/MKalbIK, MaHbI3[aFbl, aCTAHAHbIH, OpHaJacy HYKTeJiepi, rugporpadusblK TopJiap.
KasakctaHn Pecny6/iMKachlHBIH TONBIPAK KapTacblH [JaWblHAAy OapbIChbIHAA TOMbBIPAK,
TYpPJIEPIH KiKTey-TaKCOHOMUSIJIBIK Jopexkere Heri3 peTiHge YusecrtipinreH JyHuexysijik
TonblpaK 6a3acel [8] pgepekTepi KosgaHbuibl. Kasakctan PecnyO6/vKacblHBIH 6©3€H
ajJlanTapbl lleKapajapblH Oesrisiey 6apbIiCblHJA eJiMi3fie OeKiTiIreH CyllapyaulblibIFbl
aJlanTaphl lieKapaJapbl KOJAaHbLIAB [9].

HBTH)Ke.)Iep MEH TAaJKblJIdy

Kasakctan Pecnyb6yiMkacbiH/ia Cy >K9He >XeJl 3PO3USCBIHBIH, JaMybl eHiHJeri Kasipri
TYCiHIKTeD.

Kazipri Taya ajieM/iik TonbIpaK KOpbIHbIH, 1.9 Mupa rektapsl (= 65%) asyra 6eitim [10].
OublH,  iwiHAe 85%  TomblpaK  3pO3USACBIHBIH,  cajjapbl  OoJiblll  TabObLIA/bI.
Aybuliapyalibl/IbIFbl  aJIKATapbl MEH OJIapZlaH ThIC >KepJepAiH TONbIpaK, 3p03USICBIMEH
6alIaHbICThl 9KOHOMUKAJIBIK, LIBIFbIHAAPHI KblibiHA aMmaMeH 400 mapa. AKI gonnapeiHa
TeH, [1], KP enuricine ocbl mibIFbIHHBIH, 0.2% Kesegi (Kecte 1).
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Kecte 1. TonbIpak 3p03UACHIHBIH, KapKblj1aid 6ajlaMaAaFbl LIbIFbIHAPhI

MewMsiekeTTep I birbiH, Mapa. AKII gos1apsel /3KblIbIHA
KasakcraH 0,8 [5]
Peceil 9,7 [11]
Kanajza 3,0 [12]
AKII 44,0 [13]
ayieMzie 400,0 [1]

KP Aybuimapyambliblfbl  MUHMCTpJIri XKep pecypcrapbiH 6ackapy KomuTeTiHiH
MaJliMeTTepi OOMBIHILIA eliMi3/IiH TepPUTOPUSCHIHAAFBI TONbIPAKThIH, 75 Maibi3/laH acTaMbl
asyra OeliM, coHbiMeH 6ipre 30.5 MJIH. reKTapZaH acTaM »XepJe 3pO3UsJBIK yZAepicTep
6alikasagbl. EniMisaiy ayblamapyallblibIFbIHAA Kb CalblH opTaiua ecenned 1.2-1.6 T/ra
rymyc xkofanazpl [14]. CanbicTeipMasbl TypAe Peceiifie TonbIpakTblH LIalbLIybl ecebiHeH
erictiktep optama ecenneH 0.5-0.7 T/ra rymyc xofantazawel [11]. Auta ketepJiri P®
ayblIIIapyallbLIbIFbl aJKANTapbl TONLIPAFbIHbIH 17.7% cy 3p03UsAChIHA LIAJAbIKKAH, OHBIH
iminge erictikrepae 12%.

Enimiszieri TonblpakK 3pO3UACBIHBIH, KapKbIHABLIBIFbI >KOFapbl OOJIYBIHBIH, bIKTUMaJl
cebenTepiHiH 6ipi — 3po3usaFa Kapchl LIapajap/blH KYWeci3 KyprisinyiHje, SFHUA ericTiKTi
Jpo3usAfa Kapcbl YWBIMJACTBIPY, OpMaH-MeJHOpaLHUAIbIK, arpoTeXHUKAJbIK J>KoHe
TUAPOTEXHUKAJIBIK ToCuiLep Kbl iWiHAe Y34IKCi3 Kyprisijin OTbIpYyAblH, OpHbIHA
MayCbIMJBIK CHUIIAT aayjAa. ATan aWTKaHZA TyMU/ATIK K/AAMAaT >KafFJaWblHJAAFbl ericTik
aJIKanTapbl OpHaJIaCKaH EHICTIKTepZe Kap TOKTATy >XYMBICTApblH »KYpridy, ajJ apuATi
KJIMMaT akMaKTapblHJa — UPpPUTaLUsJIbIK XXapMaJslapAbl, CyOypy HayasapblH aplibln-Ta3ajnay
KoHe T.0. ATasfaH Lapajap JAep Ke3iHJe aTKapbLIbIll OTbIpFaH >KaFjanJa blIFaa/bl
aMMaKTapZia KbIC Me3riJiHAe TYCKeH Kap »KaMbUIFbIChl HBIFBI3JIAJIbIN, KOKTeMJe aya
palibIHbIH, KYPT KbLJIbIHYbl OapbIChbIHAA Kap epy/iH KapKbIHJbLIBIFbl 0OasyJjian, YaKbIThbl
efdyip cosbpuiafbl. HoTHkKeciHZe TONbIpaK »KaMbLJIFbICEl epireH Kap CybIMeH KaHBIFBIII,
bLIFA/IJbl OOMbIHA XKUHAM/IbI 2K9HE 3p03Usl 6a3UCi — e3eHAeP/liH CY AeHreli anaTThIK MeXXere
JlediH KeTepinMel/i, SFHU €HICTIKTeH TeMeH/le OpHaJlacKaH eJifii MeKeHJep/i cy bacy Kayi
6aceHaen1i. MacesieH, 6UBLI esliMi3/liH 6aTbIC 6HIpJIEPiH/JE OPbIH aJIFaH TaOUFAT anaTbIHbIH,
Heri3ri ceb6e6iHiH 6ipi - PeceliaiH OpbiHOOp 6HipiHJle 3po3usfa Kapchl LiapaJjap/blH,
»KeTKiJiKCi3Airi 60Jbin oThIp [15].

2022  XKbUIABIH  KOPBITBIHABICBI ~ OOWbIHIIA KP-HBIH cy 3po3uscbiHa 6eliMm
aybLIlIAPyallblIbIFbl aJKAaNTapbIHbIH ayZaHbl IaMaMeH 5 MJIH. Ta, OHbIH, 1.2 MJIH. TeKTap/ilaH
actaMbl - eHJAeJseTiH >xepJsaep. KP okiMmuiijik-ayMaKTbIK OipJiikTepi MeH eJliMi3AiH
dusukanbiK-reorpapusaIblK, KaFAalIapblHa YKcac IIeT eJjfep OOWbIHIIA TOMBIPAK,
IIaKWbLIYbIHBIH €H, YJIKeH aiMaKTaphbl 2 Kecteze 6episreH.
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Kecte 2. KP xkx9He 6acka Aa GipkaTap eJsigepAeri TONbIPaKThIH Cy 3P03UACHhIHA YIIbIpaFaH
aybU1 MIapyambl/IbIFbI A/IKANTAPbIHBIH, ayAaHbI [16]

KP akiMurisik [[lafibl/IFaH TONBIPAKThIH, ayAaHbl EricTikTeri wialbl/IFaH TOMbIPAKTHIH,
ayMaKTaphbl )KoHe »KOHEe 0J1ap/iblH, ayblJ lIAPyalll bLJIbIFbI ayaHbl XKoHe 0JIapAblH, €TiCTIKTIiH
©3re MeMJIEKETTEpP JKepJiepiHiH jKaJilbl ay/laHbIHAH yJeci »KaJ/INbl ayJlaHblHaH yJieci
MbIH ra. % MbIH, ra. %
TypkicTan 933,7 18,9 232,3 19
MaHfbicTay 800,0 16,1 - -
AnmMatsl 612,7 12,4 26,2 2,1
AxMoJsia 562,0 11,4 351,3 28,8
AxTebe 473,1 9,6 34,2 2,8
baTtwic KazakcTan 274,5 5,5 72,6 6,0
lIsireic KazakcTan 232,9 4,7 177,7 14,6
KP KasraH eHipsiepi 1061,4 21,4 325,7 26,7
KP 6o0¥ibIHIIA 4950,3 100 1220,0 100
OapJIbIFBI
Peceii 36 500,0 [11] - 24700,0 [11] -
AKIII 17 806,2 [10] - 19 031,0 [13] -
Kanana - - 6 000,0 [9] -
KbiTai 129 320,0 [3] - - -

[llaiibliFaH TomblpaKThbiH kKen 6euiiri (3888.9 MbiH.ra HeMece WIAWbLIFAH TONBIPAKTHIH
»KaJllbl ayAaHbIHbIH 78.6%) enimi3fiH GipHelle eHipiHAe opHasackaH (7 o6ubic). 10 06Jbic
neH 3 pecnyOJMKaJblK MaHbI3[bl KaJaZlaH Kypa/faH KaJfaH ayMaKTa IIaWblJIFaH TONBIPAK
caHaTblHA aybLILIapyallblIbIFbI XKepJiepiHiH 21.4% >xaTazap! (Kecte 2). AybliapyallblbIFbl
aJIKaTapblHAaH LIAaWbLIFaH TOMNBIPAKThIH eH Kol keJsieMi TypkicTaH oO6JsbICbIHA THecii
eKeH/Jirl aHbIKTaAAbl, MYHJa 933,7 MbIH ra. xKep Cy 3po3HUsCblHA ylUIblpaFaH, OyJ eHip/iH,
ayblJl LIapyallblIbIFbl KepJiepiHiH »ka/mbl ayjaHblHaH yJjeci 18,9%. Hazap ayaapapJ/ibifbl,
eriCTiK aJIKanTapbIHAAFbI lIAWBIJIFAH TONBIPAKTBIH K61 06JIiri esiMi3/iiH opTaablK — AKMoJia
06J1bIchl, MYHJA 351,3 MbIH reKTap/ia cy 3p03usiCbl 6ap HEMecCe eriCTiKTiH, aJllbl ayJaHblHAaH
yJ1eci 28,8% »xoHe wbirbic — lIbiFpic KazakcTaH 06J1bIchl, 6y xxepze 177,7 MbIH rektapza cy
3pO3USAChl TapajifaH HeMece EeriCTiKTiH »Ka/lbl ayAaHblHAaH yJeci 14,6%, OGeJsikTepiHje
opHasiacKaH. KP opTypsai eHipsiepiHgeri cy 3po3UACBIHbIH Ka3ipri KapKbIHbIH CaH/BIK
6afrasiay TombIpak 3po3UsIChIHBIH aMbeb6an TeHAeyiH (USLE) naiijanaHy HerisiHje ajblHFaH
[17]. ep OegnepiHiH cunmaTTamasapbl, TONBIPAKTBbIH  IIAWBLIFBIIITHIFbl  K9HE
aybpLIIAPyallblIbIFbl AKbLJIAAPbIHbIH, KUBIHTbIFbIHA OaW/IaHBICThI ILAIOJIbIH €eCeNTeJreH
IIaMachl KeH KeJieM/Jle e3repeji, AFHU a3blK ayMaKTa 1.5-3 T/ra MeJiiepiH/ie *koHe TayJibl
eHipae >50 T/rekTapfa Aeiin KyobLiazas! [18].

KasakctaH PecnybsimkacbiHAa TONBIPAKTHIH, KeJl 3p03usAchkl 25.5 MJIH. ra aymMaKTa epouai
[5]. JdonpblK yaepicTep KeH KyMAbl aliMaKTap/a >XeJesJeTiJireH KapKblHMeH JaMUJbl:
Kbi3bL1opga o6sbicbiHfaFbl Apan MaHbl Kapakymgapbsl MeH Kpi3blikyMm, TypkicTaH >xoHe
’Kamb6b11 ob6sbicTapbiHAaFbl MOWBIHKYM >koHe beTmnakgana, AKTebe 006JbICbIHAAFbl YJIKEH
»koHe Kimi Bopceik, XeTicy xoHe AnMaThbl obsbicTapbiHAaFbl Capblecik-ATbipaykyM (Kecte
3), COHbIMEH KaTap MeXaHUKaJbIK KypaMbl >KEHiJ >KoHe 9KTacThbl TONbIpAaKTap TapaJ/ifaH
[TaBs10gap o6/bICEIHAA OaliKaiabl [14].
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Kecre 3. KP-aaFbl »keJs1 3p0o3UsiCbIHA YIIbIPaFaH TONbIPAKTHIH, Kep KoJieMi [16]

KP akiMuinik JebasuusianFad xkepJyep/iH ayJaHbl JebnsauusianfaH xxepaepAiH
aliMaKTaphbl >KoHE OJIapZblH ayblJ LIApyallblIbIFbl | ayZaHbI XKoHe 0JIap/blIH, eriCTIKTIH
»KepJiepiHiH aJinbl ayJaHblHAaH yJeci »KaJINbl ayJaHbIHaH yJeci
MbIH ra. % MBbIH, ra. %
ATtbipay 31339 13 - -
TypkicTan 31129 12,9 0,2 0
Kerticy 29019 12 22,0 4,9
Ke13bl1opza 2 846,7 11,8 - -
KamobLa 2414,0 10 1,6 0,4
AKTe0e 2101,1 8,7 - -
AnMaThl 2 050,5 8,5 18,0 4
[TaBsofap 1296,3 53 334,3 74
KP kasiraH eHipJiepi 4310,8 17,8 75,7 16,8
KP 6oiibIHIIA 24 168,1 100 451,8 100

Enimiszieri »kes1 3po3usicblHa YIIbIpaFaH TOMNBIPAKTBIH Kep KeJieMi OolblHIIA ATbIpay
06/1bICbI AOMUHAHTTHI - 3 133,9 MbIH ra. HeMece ayblJ LIapyallbLIbIFbI KepJsepiHiy 13%
nednsanuananran (Kecre 3). EricTik ankanTapaafbl gedssanus yaepici HerisineH [laBioaap
o6sibIcbIH/Ia OakiKanaabl (334 300 ra), KazakcraH Pecny6/ivkachl ericTik ajKanTapblH/AAFbI
»KeJl 3pOo3UusCblHA O6eliM TONbIpaKTbhIH OapJiblK, ayAaHblHaH 74% 6eJiiri ocblHAA TipKeJreH.
Pecny6/irika 6oMbIHIIA Aed s LUsAIaHFaH eTiCTiKTIiH *)aJnbl aygaHbl 451,8 MbIH ra. eKeH/IiriH
eckepcek, [laBsoap 06JbICbIH/IA TipKeJreH MeJillep TOMbIpaKTaHYIIbl FaJbIMAAP/bIH, XKiTi
Hasap ayZapblll, 3p0o3udaFa KapChl Lapajap MeH TaCilAepAl KOJIJaHybIH Talall eTekl.

Kannsl, xxesn 3po3usACbIHbIH, Tapaay 6engeyi, KP YaTTeiKk ATiacbiHbliH [19] nepekTepine
comkec, Kacnui TeHisiHeH basKaul KeJsiiHe JleHiH Heri3iHeH Cyp TOINbIpAKTap *XoHe TaKbIpJap
MeH KyMmjap ayMmarbiHAa TapasfraH (Cyper 1), an cy aposusicel EpTic e3eHiHiH anabbiHAa
O6apbIHIIA alKbIH OiiHeA].
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Cypert 1. KazakcraH Pecny6/1MKacbhbIHbIH, TONBIPAK KapTachkl [8], Cy »K9He KeJ1 IP03UACHIHBIH,

TapaJly ayMarbl
EckepTy: [19] fnepekTepiHiH HerisiHe KypacTbIpbLIFaH
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KP YaTTeiK AT/achl AepeKTepiHiH HerisiHzae KypacToeipblirad Kasakctan Pecny6inkachl
TEPPUTOPHUSACHIHJA Cy >KoHe >XeJl 3pO3UsCBIHBIH Tapajy KapTacblH (Cyper 1) enimisgin
9KIMUILJIIK-ayMaKThIK OipsikTepi 6esiHiciHe Kapaii capasan kepfik (CypeT 2).
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CypeT 2. KazakcraH Pecny6/iMKachIHBIH, 00/1bICTApPbl GOUBIHIIIA CY YKIHE XKeJl
3PO3UACBHIHBIH, TapaJdy ayMaFbl
EckepTy: [19] nepekTepiHiH HerisiHae KypacThIPbLIFaH

KP ¥aTThiK ATiacel JepekTepiHe coiikec (CypeT 2), esniMi3aiH WBIFbIC, OHTYCTIK-IIbIFbIC
»)KoHe OopTaJsbIFblHJA OopHasacKaH A6al, Uleirbic Kasakcran, Anmatsl, XKeTicy, [laBnoaap,
KapafaH/ibl 06/1bICTapbl TONBIPAKTHIH, IIAWbLIY YAepiciHe 6eiiM, OpTaiblK, OHTYCTIiK-LIbIFbIC,
OHTYCTiK, OHTYCTiK-6aTbhIC alMaKTapAblH YJbiTay, Kaparanael, AniMatsl, XKeTicy, 2Kam6bL,
Typkicran, Kpisbiopaa, Aktebe, bateic KazakcraH, ATbipay, MaHFbICTay 00JIBICTApPBI KeJl
JpO3UAChIHA yUIbIpaFaH, OpPTa/JbIKTa OpHaJacKaH AKMoJia OOJIBICBIHZA CYy »K9He 3KeJsl
3pOo3UsIChI bipAen TapasiFaH XepJiep Ke3Jecesi.

JebnsanuanslK yaepictep/i 3epTTey 6aFbIThbIHAA KapUsiJlaHFaH MaKaJajap/bl capanTay
OapbICbIHAA eJiMi3ZiiH 3po3UATaHy, TONbIPAKTaHy cajacbl MaMaH/JapbIHbIH dJIEMJIK
TpeHATepre COMKeC KaHalla dJic-ToaciifepAl manganaHy KeJieMi a3/iblK eTeTiH/Iri, eHipJik
»KOFapbl OKy OpbIHJApblHAaH MYHJAH 3epTTey/epAiH TilTi »KYpPri3iIMeUTiHAIrT aHbIKTaI/bI.
Pac, e3eH asabbIHZarbl TOMBIPAKTBIH IIAWbLIY KeJIEMIH KaMepasJblK >KafFjaijia ecenrey
YKYMbICTapbIH/ZA e/19yip asifa 6acyuiblablK 6ap, weTenfik USLE, RUSLE, MUSLE, WEPP, SWAT
’KoHe T.0. y/rijiepiH maujajiaHbll, GipliaMa FbIIbIMHU-3€pPTTEYJEP KYPTri3iiireH. /lereHMeH,
>KeJl 3pO3UACBbIHAH TOMNBIPAKThIH ypJjeHyiH yarineyae ge WEQ, RWEQ, GIS-RWEQ, WEPS,
WEELS koHe T.0 MaTeMaTHUKaJIbIK, TeH/Jey/epiHiH apyuATI ailMaKTapZa OpHaJacKaH ejjiepae
FaJIbIMIAPMEH eIKeU-TerKeuai KoJJaHbLIFAaHABIFbIH, Kipic JepeKTepiHiH KaJuOpJieHi,
IIbIHJA/IFAHABIFbIH ecKepreH >eH. COHFbI XbLIJapbl IWIbIKKAH YJITiJlep reoaKnapaTThIK
»KyHlesiepMeH Oipirin, »kepZi KalUbIKTbIKTaH 30H/bLIAY JepeKTepiH, paJapJ/iblK, JUAAPJIbIK,
MYJIBTUCIIEKTPAJIZIbl TEXHOJIOTUSAIAPAbl KOJAAaHyFa OeUiMereH XxoHe MallWHaJbIK OKbITY
apKpLIbl aBTOMATThI TYPZe 3epTTey 0ObEKTIHIH KacHeTTepi MeH KYHiH 6aFasayFa MYMKIiH/ZiK
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oepeni. CoHbIMEH KaTap, COHFbl OH blLJ KeJieMiHJe 3K30TeH/i yaepicTepli 3epaesey
OoibIHIIA OesiceHAi TypAe KOJIAAHbUIbIN JKYPreH YIIKbIIIChI3 YIUIy anmnapaTrTapbl -
KBa/JIpOKOIITepJiep/ie Hasap ayfapyfa TypapJblK. Kes 3p0o3UACHl CalbICThIpMaJbl TYpPAe
KbICKA YaKbIT apaJbIFbIHJA AYyJeN KYLINEeH COFbII, TOMbIPAKThIH 6eTKi KyHapJibl KabaTbIH
YIIBIPBIN KeTeTiH yJepic eKeHJAIriH eckepcek, Kenll »KafFjaija »ep cepikTepiHiH OepeTiH
CypeTTepi KaXKeTTiairiMi3fji To/NbIK KaHaFaTTaH/bIpa ajJMai »aTaJbl, OHbIH OipHelle ce6ebi
Jle 6ap. bipiHwizgen, xep cepiri 6esrisi 6ip TeppUTOPHUSIHBI CYpeTKe 6ip Tycipin KeTKeHHEeHeH
KeliH, KeJsiecl KaWTasaMa cypeT KeMiHZe 16 KyHHeH KeMiH Tycipiseni, eKiHLIiJeH, xep
cepiKTepiHiH Heri3ri cypeTke TycCipy alkMaFbl — YJIKeH Kajajap MeH MeramnoJIuCTep, aTaJfaH
alMaKTap/blH KepiHicTepi COHFBI YJTifieri KaMepa OpHATbIJIFAH »Kep cepiKTepiHeH TycipiJce,
1aJiFai/ia OpHaJIaCKaH ericTiKTep MeH LIaH/ bl AayblJ alMaKTaphl, KeOiHe ecKi cypeTTepMeH
Kasbill Kosiabl (Cyper 3). KbicKa yaKbITTa ©3Tepil OTbIpaTbIH yAepicTepAi (IaHmbl
JlayblIIbIH, TONIPAKKA dcepi, 6CIM/IIKTIH, BereTayUsi/iblK, Ke3eH 6apbIChbIHAAFbl JUHAMUKACHI
»K9He T.0.) 3epTTey/ie KBaJAPOKONTEP TaNThIpMac KypaJi 60JIbII TabblIabl

laTacuekz 6.

Cyper 3. Kpi3bL10pAa 061bICHIHAAFBI KYPIlUTiK asKanTapsl (16.06.2019 kyHi Tycipiiren) men
Kpi3b10pga KastaceiHbiH, (19.04.2023 kyHi Tycipiaren) Google Earth niatrgopmaceinaH 6ip
Me3rijije XKyYKTeJIill aJIbIHFaH 6eliHenepi
Eckepty: [20] AepeKTepiHiH HeTi3iHJe KypacTblIpblIFaH

’Ken 3po3usAChIHBIH KAapKbIHJABLIBIFBIH 3epTTeyAiH Tikesed MYMKiHAIri 6GoJsiMaFaH
»KaFJaiJia WaHAbl Jayblajap MeH aTMochepaHblH IaHAaHYbl KaWJibl JepeKTep KepceTKill
6oJs1aZibl, os1ap OOWMBIHINA eJiMi3/liH TeppUTOPHUACBIHBIH, Kol 06eJiiri eciMiK aMbIJIFbICHI
TapaJiFaH COJITYCTiKTeri 06J/bICTapFa JAeMiH »a3Fbl Me3riJijie XKOFaphl Japexe/ie laHAaHFaH
aliMaKTap KaTapblHa Kipe/i.

KazakcmaH Pecny6aukaculHblH 63eH a1anmapblHOaFsl 3po3usiablk ydepicmep

Kep ycTi cynapbl e3eH apHacbhlHAa KeJill TYCeTiH KYpPJbIKTbIH, 6eJiiri e3eH ajabbl Jen
aTasiaZibl XKoHe Ke3-KeJIl'eH 3PO03UAJBIK KaJIbINThIH 631HiH Cy »KHWHAy aJlaHbl HeMece Xep YCTI
CyJIapblHBIH aFbIH anabbl 60s1a4bl [21]. EHAI MbIHA Macesiere »keKkeJsiel TOKTa/laWbIK: T'YMUATI
KJIMMaT >KaFJalblHJaFbl KYPJBIKTBIH YJKeH KeHICTiriH/e Herisi Tabufy, reoxymenik 6ipJiik
60J1bIN TaObLIATBIH ©3€H aJanTaphl eH XaKChl, 9pi K0JIalJibl OllepalUsablK-ayMaKThIK O0ipJik
OOJIBIN caHasa[bl. O3eH aJsiabbl Giperel TaOWUFU-ayMaKThIK KellleH peTiH/e, illiHAe KaTThbl
>)KOHE CYHWBbIK 3aTTapAblH >KUHAKTaIybl, TPaHCPOpPMALUSACHl >KOHE KO3Fajlybl >KYPETIH,
oporpadUs/IbIK CyalpblIKTapbl TypiH/Jle TaOUFH llieKapaJsapbl 6ap, TEPPUTOPUSAHBI GapbIHLIA
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OO0BEKTUBTI TYp/ie CUNATTAUTBIH KeHICTIKTiK OipJiik 60sibin TabbLiagbl [22]. XofFapbiga
aUTBLIIFaH OMJIApAbI capaliad KeJsle TOIbIPAK 3PO3USACH] Y ePiCiHiH Heri3ri yul Ke3eHi - LIak0
(cy aposusicbl) HeMece ypJey (Kes 3pO3UsCHI) — KeTKi3y (TpaHCHOPT) — >KUHAKTay
(akkymyssinus) ¢GU3UKaAbIK KYObLJIBICBI KYPJBIKTBbIH >Xep Oefepi eH OWiK HYKTeCiHeH
TeMeHre Kapal 6Oesriji 6ip asanTbly, illiHje *ypeai. ©3eH apHachl 3po3us 6a3uci peTiHje
IIaKWbLJIFAH HEMece YKeJIMeH YpJIeHIN YUIbIN KeJIreH TOChIHAbLIapAbl KabbL1Aan aaajbl.

Jdpo3us yAepiciHiH GapbIChbIHAA aJJIIOBHAJ/bl TONbIPAK >K9HE CTPATO3EMAAP/bIH JaMy
TeJliMzepi, AFHUM KyYpFaK aHfap/jap Ty0i, e3eHJep MeH WIaFblH CyaFbIHAAPbIHBIH
»KalblIMaJlapbl, COHbIMEH KaTap CyKOMMaJapZblH JKafaJblK OeJsiieyi TOCBIH/JbLJIAp/bIH
»KMHaJ/ly opHbl 6osiafibl. KasakcTan Pecny6yiMKachl KJAMMATThIK *KaFAAWbIH €CKepe OThIPHIII,
KeNnTereH e3eHJep MeH KeHbip cykoWMasiap »KbLIJbIH Oerisii 6ip ke3eHiHJe >KapThlaaM
HeMece TOJIbIK KYpFall KaJlaZibl, HOTHXKECIH/le 63eH apHaCbIHbIH, KYpFaFaH 0eJiirinjeri TynTik
IIeTriH/iNep >KeJl 3PO3UACBIHBIH, 9CepiMeH alHaJjiaFra Tapajiajbl. bys yzaepic cy xoHe e
3pO03HSCHIHBIH eKeyi KaTap 6aliKasaTblH alMaKTapAa )Kypeai.

Kannbl, eniMi3fiiH CONTYCTIK KapTBICBIHAAFbl ©3€H aJlalTapblHAa TYMUATI KJIUMaT
dcepiHeH TONBIPAKTbIH, WAWbLIybl 6GacklM yAepic OGOJIbII  ecenTesice, OHTYCTIK
Y)KapTbICBIHAAFbl >Ka3blK alMaKTap/a TONbIPAKThIH JAedasAlusackl KeHiHeH TapaJiFaH.
JlereHMeH, TaOUFaTTblH, KYpAeJi 3aHAbUIbIKTapblHA CdMKec, KeWbip alMakTapja
TONBIPAKThIH LIAWbLIybl [Ja, YpJieHyi Je KaTap KypeAi. MyHaH G6eJiek aJiaM 9peKeTi
cajapblHaH OyYpbIH 3po3usi OailKajiMaFaH allMaKTapJa KaTapblHaH ¢Jil0BUA/I/Jbl KOHE
AebaAnUANbIK a3y JaMbll KaTaJbl. OHbIH, YCTiHe LIapyalllblIbIK 9pPEKeTTiH HOTHXKeCiHJe
YBITTBI ayblp MeTasZiap MeH pPaJJMOHYKJUATEp KopllaFaH opTafa (ayaFa, TONbIPAKKa, CY
Ke3/iepiHe) wIbIFapbLIaAbl. Mbican peTiHAe, eniMi3fiiH moJMMeTaNJ eHEePKacibi JaMblFaH
IIBIFbICBIH/A OpHasacKkaH EpTic e3eHiHiH cy anabbiH anyfa 6osaZbl. MyH/ia aHTPONOreHAiK
dCepAiH KenTereH TypJiepiMeH 6al/IaHbICThI TONbIPAK, JIACTAHYbIHbIH, *KOFapbl JAeHTeli MeH
TONBIPAKTBIH, CY 3PO3USACBIHbIH, )KOFapbl KapKbIHbI KaTap ep6y/e. EpTic e3eHi »kalbliMachl
MeH TYNTIK WeriHjisiepiHiH 6ipHelle TejaimMJepze JaCTaHybl Typasibl AepeKTep JacTaHFaH
TOCBIHABLIAPABIH, Cy KMHAy asiabblHAH 63€H ajlabblHa TYCETiHJAIriH kepceTefi. EpTic e3eHi
»KalblJIMaCbIHBIH, JIACTaHy JdpeKeCiH aHbIKTay YIIiH Ty6ereii AaaiblK 3epTTeyep KaXKeT.
CoHbIMEH KaTap TONBIPAKTbIH Cy 3pO3UsChIH 0Oarajiay »KeHiHJeri Kojija 6ap JAepeKTep
Heri3iHeH  3pO3UAJBIK  YJrijaep (spo3voOHHBIE  MOZEJM)  apKbLIbl  ecenTeJsin
aHBIKTAJIFAaH/JbIFbIH €CKepreH »XeH. JPO3UAJBIK YJriJepAl KOJIAAHBIN aJIblHFaH 3p0o3ud
KapKbIHbIHbIH ~ KOIDKBUIJABIK OpTalla JepeKTepiH HaKTblIayFa apHaJfaH oaJicTep
YKUBIHTBIFbIH NaW/JaJIaHblll, JajlajblK 3epTTeyJep/i xKYprizy KaxeTTiri anblK. OHBIH, YCTiHe
EpTic e3eHi anabbiHbIH [1aBiogap 06/bIChIH/AA OpHAIAcKaH 6eJliriHje, KoJijia 6ap JepeKTepre
COMKeC, eJl 3pOo3UsChl yaepici 6esceHai TypAe kypin xkatbip (Kecte 3), 6ya TypakThbl cy
aFblHJApblHA >KeJIMEH bIFbIN KeJIeTiH TOMbIpaK OeJillleKTepiHiH efayip MeJiliepi Typasbl
6o/mkayra MyMKiHAik 6epeai (CypeT 4).
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3PO3UACHIHBIH, TapaJdy ayMaFbl
EckepTy: [19] nepekTepiHiH HerisiHae KypacThIPbLIFaH
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BesiceHzi 3epTTeysiepZieH ThIC KajJaTblH eJsiMi3fjiH Tafbl 6ip e3eHi - UlygblH TynTik
HIeriH/iiepiHiH Tabufyd paJUOHYKJIUATEPMEH KOFapbl JeHreije JacTtaHybl [23] e3eH
»KaWblJIMaCblHAAFbl, dcipece  aybLlllapyallblJbIFbl  OaFbITBbIHJA  NakAaJaHbLIATBIH
TeJiMAepAeri a/UIlOBUANbIK TONbIPAKTApAblH JIaCTaHy [JeHreliH Ke3eK KyTTipMeu
3eptTeyai KaxeT etefi (Cyper 3). ATasFaH e3eH ajabblHAAaFbl, COHbIMeH KaTap Ceipgapus
MeH lyie GaccelHiHAeri JlacTaHy Heri3iHeH ypaH eHJAIpici KeEH OpPHBbI KaJAbIKKOMMaCbIHbIH,
IIaUbLIybl HOTHXKECIMeH oHe AsiMaTbl MeH LIbIMKeHT Kasiasapbl ayMafbl TOIbIPAFbIHbIH,
©Te KOFapbl TEXHOTEH/iK JacTaHybiMeH OalyaHbICThl. Kosiza 6ap allblK AepeKKesaepre
coMiKec, eJiMi3ZiiH 6acKka ©3eH aJlanTapblHJAaFbl JiacTayllbl 3aTTap/blH JaTepaszbl
MUTpalMsacbiHA 3PO3USIIBIK, YepicTep/iH acepi ToMeH, AereHMeH KalblK 63€Hi a/1abbIHbIH,
Ka3aKCTaHAbIK OeJiirinfe ekiHli peTTiK paAWMOaKTHUBTI JIACTAHY[AbIH, >KepTiJiKTi
TeJiMAepiHiH KaJbIITacybl MYMKIHZITIH JAe eckepreH »xeH. Kaimnbl, TyTacTad aJIiFaH/a,
KasakcTtan Pecny6/MKacbhlHbIH, €H aJiIbIMEH, TOMNBIPAKTbIH, JacTaHy JAeHreHli >»XoFapbl
OpbIHJApbl Oap 6HipJepiH/E, KeJl )KoHe CY 3PO3USChIHbIH, KAPKbIHABIIBIFbl TYypaJsibl TOJIBIK
aKIapar XeTKIiJIiKci3.

KopBITBIHABI

Kasakctan Pecny6avkacel TombIpak »KaMbLIFbICBIHBIH, KyHapJibl 0OeTKi KabaTbIHJa
aHTPOMOTEeHJIK ocCepAiH caJJapblHAH Cy »>KoHe »KeJl 3pO3HUsAChl YyAepici OaMKasaazbl.
TonbipakThlH WWAWbLIYbl €JiMi3/jiH, LIBIFbIC O6JIiriHJe XeJie/l KapKblHMEH JaMblll KaTca,
30JIABIK, YA€epicTep OHTYCTIK-UIBIFbICTAH OHTYCTIK apKblJbl OHTYCTIK-0AaTbICKA Kapau e
3po3uschl 6eseyiH Kypan oTbIp. Cy 3p0o3HUsChl YAepiCiHiH Tapasybl )XoHe HaKThbl Ke3eHJeri
KapKbIH/IbLJIBIFBI XOHIHJETl JlepeKTep KeH, TaHbIMaJ 3MIUPUKAJBIK YATIepAi naujaiaHy
apKblJIbl eCeNTe/ilreH HOTHXeJsepre cydeHefi. bys ecenTeysiep/iiH HaKTBIJIBIFbIH aHbIKTAY
YLIiH TayeJici3 AasablK 9/jicTepre Heri3/ieJireH TONbIPAaKThIH LIAaNbLIYybIH CAaHABIK OaFajayfa
apHasfaH 3eptTTeysep KaxeT. Ocbl TypFblJa TabWUFKM OpTaHbIH, TpaHchopMalUsACbIH
O6aFajlayFa €H KOJIalWJbl 9Jlic peTiHJe TabWFaT NaWAaJaHyAblH ©3€H aJalThIK
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TYXKbIpbIMJIAMAaCblHA COMKeC - ILIAFbIH 63€eHJep aJabblH olepalUAbIK-ayMaKThIK OipJiik
TYPFbICbIHAH KapacTbIpy YCbIHBLIAABI.

Ken »3po3uAcblH caHABIK Oafasiay OarbITbIHJAFbl 3epTTeyJsep eJiMi3fiH OHTYCTIK-
IIBIFBICBIHJA OpHAJACKaH KypFfakK KJIUMATTbl >K9HEe TOMNbIPAK JaCTaHYbIHbIH, >KOFaphbl
JleHrenieri eHipJsiepiHe ©3eKTiJiri alKblH, cebebi JiacTaHFaH OeJIlIeKTepAiH KeJMeH
TapaJybl a/jlaM JleHcay bIFbIHA TiKeJiel acep eTe/l.

Cy spo3susicel yAepici ey 3pO3USICBIHBIH YJeci alKblH OOJIFAaH afFAalJa JacTaHFaH
TONBIpAK 6eJieKTepl TapaJybIHbIH XKoHe KeJIMEH YpJIeHIN KOIIKeH eHIMAep/AiH KUHAKTATy
alMarbIH/JAFbl yaKbITIIA »9He TYPaKTbl aFblHJApPMEH TacbIMaJlaHFaH ULIeriHAilepaiy
KauTaTy3iJiTeH TeJsiMJepiHiH eKiHU peTTiK »KOofapbl JAacTaHy OLIaFbl TY3iJyiHiH Heri3ri
MeXaHU3Mi 60J1bII TaOblIabI.

Kapxkbuianabipy: byn 3eptreyai Kazakcran Pecniybsivkachl FblibIM »koHe KoFaphbl 6i/1iM
MUHUCTPJITiHIH FBIIBIM KOMUTETI KapKblIaHABIPAbI (TpaHT NeBR21882415).

Myaaenep KaKThIFBIChI: ABTOpJIap MyZ/JeJiep KaKThIFbICbIHBIH, )KOKTBIFbIH pacTan/bl.

ABTOpaapAbIH, KOCKaH yJeci: CuxaHoBa H.C. MakasiaHbIH 6acblIbIMFa apHaJ/IFaH COHFbI
HycKacblH 6ekiTTi; llIbiHOepreHoB E.A. »KyMbIC TYKbIpbIMJaMacblHa eJieyJsi yJaec KOChlI,
3epTTey HOTWKeJIepiH KUHaM, Taajaamn, TyciHgipai; AngambeprenoBa [.T. maTiHAi ka3yFa
yJlec KOCBIII, OHbIH, Ma3MYHbIHA CbIHU K63KapaclleH Taaay )Kypriszi.
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Jdpo3uoHHbIe npouecchl B Pecny6inke Kazaxcran

AHHOTanusA. Jpo3Us NMOYBbI NMPEJICTABJSET CEPhe3HYI0 Yrpo3y JJis KU3HeAeATeJbHOCTH MOYBbI,
BbI3bIBas CHMKEHUE MPOJYKTUBHOCTH 3€eMJIM U MHOTOTPaHHbIE NOC/IE/[CTBUSA 3a NpejiesiaMu noJis. B
cJilydae BOJHOM, BETPOBOHW 3P03UHM, BO3/e/IbIBAaHUSA MOYBbI U CO0pPa MPOJAYKIUH, YPOBEHb OMACHOCTH
JUIs TIOYBbI U TIOCJEJICTBUA [IJII PETCHOHOB, TZie HAGJIOAAITCI OJHOBPEMEHHOE BO3HHUKHOBEHUE
yKa3aHHbIX pU3NYECKH PA3JIUYHBIX MPOLIECCOB, MHOTOKPATHO BO3pacTaroT. llesib cTaTbu — onucaHue
pacrnpocTpaHeHHs 3PO3WOHHBIX IPOIECCOB Ha TeppuTopuu Pecnybsnky KaszaxcraH, mpoBJeHUs
BOJHOW M BETPOBOW 3PO3WH IMOYB IO 06JIACTSM, COCTaBJIeHWE, aHAJW3 TeMaTUYeCKHX KapT C
WCIIOJIb30BAHUEM CPEJICTB  3JIEKTPOHHOW kKapTtorpadpuu. Ilo pesyiabTaTaMm UcCC/lejOBaHUN
HauOOJIBIINNA 06'bEM CMbIBA TMIOYB C CEJIbCKOX03MUCTBEHHbBIX YTOAUN MPUXOAUTCA HA TypKeCTaHCKYIO
o6s1actb (933,7 ThIC. Ta. WU JI0JIS OT OOIIeH MJIOIMAZX CeJbCKOX03MCTBEHHBIX 3eMesb — 18,9%),
KpOMe TOTO, 0 IVIOIAAX CMBITHIX IIOYB Ha NalllHe JUAUPYeT AKMOJIMHCKasA 06J1acThb (351,3 Thic. ra.
WM 710/ OT ob1el muomaau namHu — 28,8%). [lo miomasu 3eMesb, MOABEPKEHHBIX BETPOBOM
3po3uu B Pecnybsinke KazaxcraH, foMuHupyeT ATbipayckas o6sacTb (3 133,9 Toic. ra. uau 13% ot
0011el MJIOMIAIN CeTbCKOX03MCTBEHHBIX 3€MeJIb), 0 IJIOMAAN AedJIHPOBAHHBIX 3eMeJib Ha MalllHe
[laByiogapckas o6Jsacte (334,3 ThIC. ra. Wik 74% oT 06IIel MJIOUAAW TAlIHH). YUYUTHIBAsA OOIIYIO
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mwiomaap mnameH - 451,8 Teic. ra, MOJBEPKEHHbIX BETPOBOHW 3PO3UM MO0 pecnyOJIHKe,
KOJIMYeCTBEHHbIE JlaHHbIe, 3adUKcHUpoBaHHble B [laBjiojapckod 06J1acTH, TPEOYIOT JeTaJbHOIO
BHHUMaHUSA TOYBOBE/IOB Y MPUHATUSA TPOTUBO3PO3UOHHBIX MepP U METO/IOB.

KiioyeBble c10Ba: 3K0JI0rMYeCKHM MOHUTOPHUHT, Jlerpajanys MO4YBbl, BOJHAsA 3p03Hs, BETPOBas
3po3us

N.S. Sihanova?, Y.A. Shynbergenov?, G.T. Aldambergenova3
123Korkyt Ata Kyzylorda University, Kyzylorda, Kazakhstan

Erosion Processes in the Republic of Kazakhstan

Abstract. Soil erosion represents a serious threat to soil activity, causing a decrease in land
productivity and multifaceted consequences outside the site. In the case of water, wind erosion, soil
cultivation and harvesting, the level of danger to the soil and the consequences for regions where the
simultaneous occurrence of these physically different processes are observed increase significantly.
The purpose of the article is to describe the spread of erosion processes in the territory of the Republic
of Kazakhstan, the suppression of water and wind erosion of soils by regions, compilation and analysis
of thematic maps using electronic cartography. According to the research results, the largest volume of
soil loss from agricultural lands falls on the Turkestan region (933.7 thousand hectares or a share of
the total area of agricultural land — 18.9%), in addition, the Akmola region leads in terms of the area of
loss soils on arable land (351.3 thousand hectares or a share of the total area of arable land - 28.8%).
In terms of the area of land subject to wind erosion in the Republic of Kazakhstan, the Atyrau region
dominates (3,133.9 thousand hectares or 13% of the total area of agricultural land), in terms of the
area of deflated lands on arable land, the Pavlodar region (334.3 thousand hectares or 74% of the total
area of arable land). Considering the total area of arable land - 451.8 thousand hectares. exposed to
wind erosion in the republic, the number recorded in the Pavlodar region requires close attention of
soil scientists and the adoption of anti-erosion measures and methods.
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