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MAPPING OF IRRIGATED LANDS
IN AGRICULTURE USING GEOINFORMATION SYSTEMS

Abstract. The scientific article presents the basic information for the development of research using geographic
information systems for mapping irrigated lands in agriculture. In the modern world it is impossible to do without the
use of information systems technologies, as well as provisions of ecological reliability and environmental protection.
In the CIS countries, including Russia, for the first time, the meanings of creating geoinformation systems (GIS) for
individuals and legal entities were proposed to urgently create Internet networks and other GIS technologies. These
geoinformation processes are based on scientific advances and initiatives to substantiate software technologies based
on geoinformation systems. In our country, Kazakhstan, our vast lands stretch 1,600 km from north to south and
3,000 km from east to west, covering a large area. Therefore, the use of geographic information systems is extremely
necessary. Among them are areas suitable for grazing livestock in agriculture and farms producing products on
irrigated fields in the region. The soils of settlements along the Syrdarya River are suitable for growing rice.
Therefore, conducting research using geographic information systems to map irrigated agricultural lands in
Kazakhstan is an urgent task.

Keywords: agriculture, irrigated lands, mapping, geographic information system, research.

Introduction. If we consider Kazakhstan, our country is a large country in area, it ranks 9th in the
world. The territory of Ulaanbaatak occupies a large space, stretching for 1,600 km from north to south
and 3,000 km from east to west. The area is mainly suitable for grazing cattle. There are also farms in this
area that produce on irrigated fields. The barren soils along the rivers are suitable for planting rice. Since
the soil fertility in the region is generally low, irrigation requires the use of nitrogen, phosphorus and
organic fertilizers. According to use and suitability, it is divided into the following types [1, 2]:

arable land,

irrigated fields,

fallow lands,

perennial woody plants,

meadows,
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pastures,

garden and subsidiary plots.

It is obvious that GIS should be used for mapping irrigated areas of all agricultural territories.

A geographic information system (GIS) is not only a center for processing all databases, but also a
basis for synthesizing all necessary data and information, combining them into a single system, and a key
element in making strategic decisions in all industries and sectors of the economy.

Analysis of world experience shows that GIS plays an important role in assessing natural resources,
creating infrastructure, improving the environment and effectively managing the ecosystem as a whole.
The development of GIS technologies allows us to improve information technologies and use them to
solve many economic problems necessary for human life [3-15].

GIS technology consists of three main parts - the applied technological basis of geographic
information systems, the management of existing data by creating information systems, and the general
management of GIS technologies by integrating various information into the database, as well as
supporting cross- and multidimensional analyses.

Geographic information systems in the Republic of Kazakhstan have developed very well over the
past ten years. GIS capabilities have been implemented to some extent in pilot projects of various
ministries, departments and agencies, but mainly at the local level. There were no concepts for creating
such systems. All this led to fruitless marking time. In general, the full implementation of GIS as one of
the powerful analytical tools for supporting the development of the state economy was at an early stage
[15-21]. The use of geographic information systems for mapping irrigated areas in agriculture is very
convenient and reliable for obtaining complete information.

Materials and Methods. In the modern developed world, there is no activity that does not use
information sources or does not use the concept of information. Without information technology, science
in all areas is the main tool for development. There are currently many technologies that transform and
improve GIS in all countries. Today, thanks to the use of modern measuring systems and modern
technologies, the study of agricultural lands is undergoing significant changes. In this area, the use of GIS
technologies for collecting and processing remote sensing data of large agricultural areas comes to the
forefront and becomes an urgent task. Actively using products with GIS technologies in the study of
agricultural lands, is the field of geospatial digital engineering. It is in this area that the need arises for
design, safe use and solving land use issues using digital maps created in a single coordinate system. At
present, scientists from modern developed countries have begun to pay attention to the creation of virtual
maps. There are also a number of foreign software packages in this area, with the help of which, adapting
to the daily changing economic situation, the system of creating realistic maps and field plans on the
Internet is becoming increasingly widespread.

In recent decades, there has been a shortage of water resources at the global and regional levels, so it
is necessary to manage using modern technologies. One of the effective tools for assessing and monitoring
water resources is which allows you to study spectral and temporal variations for a more accurate
assessment of the necessary information.

Microwave remote sensing data allowed us to estimate soil moisture. Groundwater is one of the most
valuable natural resources, supporting human health, ecological diversity, and economic development.
Overexploitation of this vital resource threatens our ecosystems and the lives of future generations. The
application of GIS technology in groundwater hydrology is important for better understanding of
geographic space and spatial information such as water sources, catchments, landforms, land use, soil
cover, precipitation, temperature, humidity, soil condition and composition, geology, atmospheric
conditions, human activities, environmental data, etc. It also describes the challenges and importance of
groundwater and freshwater management. The integration of GIS methods allowed for the assessment of
aquatic vegetation growth, salt marsh quality and floodplain degradation over time, as well as for the
detailed study of source materials and the creation of a database [17, 18].

Data preparation and preprocessing: The first step in time series analysis is to import the data of
interest and plot it on a map of the region of interest. We started by loading the Landsat 8 dataset and
plotting the points in the region of interest. Additionally, a time field was created. The MaskL8sr function
is a cloud camouflage function that uses Landsat 8 quality bands to mask any pixels that are hidden,
obscured, or overloaded by clouds. This is a Landsat 8 satellite function. In fact, other platforms required
different settings to use this function.

— 4 —
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Click the Export button next to the chart to see an interactive view of it. You can also rotate some of
the data points to see the relationships between them. A line connecting two points at a 45-degree angle
indicates that they are consecutive data points (note that there are relatively few consecutive points). We
also see relatively large spikes in the data, with an increase between late March and April and a drop at the
end of August. The data varies slightly from year to year, but it can be assumed that this is due to seasonal
rains in the spring and the wilting of leaves in the fall.

The linear regression function (Gearbox) can be used to perform many interesting time series
analyses. To estimate linear trends over time, I consider the following linear model, where €; is the random
error:

y=L0+B1X 1+. .. +B.Xs + €.

We use this model to explain the upward or downward trend in the data by subtracting the observed
values from the corresponding model values to determine the data. This trend model was fitted to the
Landsat NDVI series using the ordinary least squares (OLS) method using the LinearRegression reducer.

The geographic information system is scientifically substantiated, analyzed, formed, used and applied
to improve the basis of geographic information systems, and also provides programs with the necessary
information for scientific, technological and industrial justification. In modern infrastructure, geographic
information systems play a special role in the effective management of natural resources, the state of the
environment and agriculture. The main function of GIS is called the analysis and collection of necessary
data, creation of necessary databases, entering them into the systems in your computer, storing them for
further use, processing all the data and transforming them for a specific presentation. GIS also allows you
to re-display geoinformation based on the necessary data and creates cartographic schemes for a special
industry, as well as formats and displays them in the form of tables and graphic text for convenient use at
the right time. When using geographic information systems, a set of society sciences is used: digital
cartography, automated control systems, planning of program works. Analyzing, we have identified and
highlighted the following advantages and features of GAS [15, 16, 21-24]:

identify the necessary spatial information, compare the most appropriate measurements and data to
obtain it;

be able to use the ArcGIS program and its capabilities.

ArcGIS is a GIS software suite, a developed and effective product of a modern, full-fledged GIS
system. The fundamental uses of ArcGIS play a key role in strengthening GIS software, and its functions
(the process of manipulating spatial data) are used in various industries and at various levels of
agricultural work [15, 16, 21, 24-29].

It deals with issues of managing geographic information, its analysis and visualization in the form of
geographic data sets, the structure of information about them, processes of modeling the geographic
environment, as well as economics. Therefore, when creating a GIS program, it is envisaged to use
modern equipment for collecting geographic data [15, 16, 21, 29-34]:

1. Geoinformation databases, farm databases, formation of their sets and presentation of the obtained
information in a GIS program in the form of a common text model, including vector objects, rasters,
topology, grids, etc.

2. Geovisualization is the creation of smart maps and other types of sets that model the relationships
between spatial objects and objects on the Earth's surface. In addition, it is possible to create various maps,
analyze the information on them, and create a "database window".

3. Geoprocessing is a set of tools for obtaining new geographic information from data using GIS, as
well as a program that collects spatial data processing functions (geoprocessing) and stores the obtained
results in a newly created information set by applying analytical functions to them [15- 16, 21, 25-26].

Results. The direction of development of GIS technologies in land management science, including
the use of GIS systems for mapping irrigated lands in agriculture and thematic mapping using various data
to identify its geographical features, is very relevant and enhances the use of modern GIS for the
formation of thematic maps.

GIS applications in agriculture include monitoring of canopy biomass and vigor, drought stress,
assessment of crop phenological development, cropland assessment and cropland mapping, mapping of
disturbances and land use changes, and precision agriculture and irrigation management. The GIS-based
mapping application helps to locate crops grown across the country and adjust various variables, monitor

— § —
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the health of individual crops, estimate the yield in a particular field and maximize crop production. Using
data collected through a variety of land-use tools, including mobile devices that can identify areas of food
shortages and root causes of food insecurity, GIS plays a critical role in efforts to combat global hunger
and is an integral part of automated field operations. Using data from sensors mounted on agricultural
machinery can help make informed decisions when planning crops to increase productivity. Yields,
topography, organic matter, moisture, and nutrient levels in the soil can help prepare for farming. Using
GPS monitoring devices, it is possible to accurately measure crop yields, plant water content, and
chlorophyll levels directly in the field. Geospatial technologies are essential for monitoring crop growth,
identifying and managing various stresses, assessing crop yields, conserving natural resources, and
increasing agricultural productivity. GIS plays a key role in identifying areas where crops and cropping
patterns are changing and is a useful tool for crop research and mapping. Reliable and timely information
on crop types, areas, and expected yields is essential for agriculture. Spectral information includes 9
aspects for crop modeling, which reflect the state and growth phases of plants. Crop maps are created by
combining satellite images, geodetic survey data and providing useful data on the location of land plots for
agribusiness, such as fertilizer companies. GIS can play an important role in scientific inventory of
databases of various agricultural crops. Several studies have been reported using aerial photographs and
digital image processing techniques. This helps to reduce the amount of field data collection and ensures
high accuracy of estimation [2-16].

The history of GIS development shows that in previous periods, from the 1950-s to the 1970-s,
significant advances were made in computing technology, i.e., in the development of GIS. At that time,
electronic calculators, graph plotters, graphic displays, and various peripheral devices began to be used.
During these years, during the development of GIS in the USA and Sweden, scientific research was
carried out in the field of geography and spatial data, and numerical methods in the field of
geoinformation analysis were proposed and developed at the forefront. Preparation of geoinformation for
planned land management works of various scales was carried out using special scanning devices. In this
direction, Canadian geoinformatics scientists began to offer new technologies based on GIS:

Automation of work with information in GIS programs, scanning of received graphic materials;

Thematic processing of information, division of data files by location of objects into thematic
information files by common objects;

Performance of various cartometric operations, including calculation of areas of land plots.

The second stage of development - in the 1970-1980-s, GIS programs began to focus on the work of
public administration systems and began to improve. The US Census Bureau was the first in the world to
start working with GIS technology systems, that is, GIS began to develop in public administration. Then
the topology and its significance were covered, the relationship of linear objects in mapping, the adjacency
and intersection of objects, as well as their overlap and border with territorial objects were shown. In
addition, these maps show node numbers and land parcel identifiers. A numbering and coding scheme for
streets and squares was also presented. At these stages, most importantly, the effectiveness and relevance
of the digitalization program was proven.

The 1980s and 1990s were the third period of rapid development. During this period, commercializa-
tion and market development became widespread. Various commercial programs were created and
became available. 310 passurue pacmmpwio chepy npumenenuss [MIC Onaromapss MHTErpanuu C
reonpocTpaHCTBeHHbIME 0a3amu naHHbIX. The use of GIS expanded due to the development and
integration of geospatial databases. They proposed design and engineering work using GIS in the direction
of "nature management", identified and substantiated hardware and software, input of cartographic data, as
well as requirements. In connection with this, the well-known ArcInfo program was created in these years.
During these same years, the well-known ArcInfo program was created. The main advantage of the
ArcInfo program is its availability and reliability for any technical operating system. Arclnfo was
available for a variety of technical platforms and operating systems. ArcInfo also achieved great success in
forestry applications [5, 6, 19-22].

The fourth stage of GIS development from 1990 to the present can be called modern. Competition in
the sphere of using geoinformation technologies and their services has increased significantly. GIS users
have a very wide choice on the market. The availability of GIS programs has increased, there is an
opportunity for their modern openness, ease of use, and modification if possible [11, 22-31].

— §f —
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Discussion. The goal of modeling is to simulate a data set to solve a specific problem using the
simplest possible model while taking into account the largest possible amount of data. The previous
example was used to illustrate the concept of breaking a time series into components. Moreover, although
the example includes values measured at the same scale throughout the time series, we often encounter
situations where the measured value changes. Visual results can be distorted when vegetation cover
changes abruptly due to atmospheric conditions (fog, soil moisture, cloudiness). It is important to
understand the characteristics of both the data and the object of measurement. Building a time series
model to understand cyclical changes in crops can provide useful information for understanding crop
productivity, but if problems in the data are not taken into account, you may build a time series model
with erroneous results. Many time series modeling tools, such as ARIMA modeling, are not directly
applicable in certain settings due to unavailability of data, non-standard data collection periods, and
variable intensities due to atmospheric conditions. We focused on understanding linear trends and
harmonic modeling. Multi-temporal data in Earth Engine is represented as "image sets". The complexity
factors discussed earlier are different from modeling time series analysis in Earth Engine. From a
programming perspective, functions are created to aggregate data and reduce the time required to discover
temporal relationships between elements in a set.

In Kazakhstan, the development of domestic GIS technologies reached its peak in the 1990s. In the
course of their development, geographic information systems are finding ever wider application in such
areas as technical and organizational processes, professional agriculture, geography, etc., as well as for
information support for solving production problems. The main advantage of creating GIS software was
the development of graphic information. Depending on the types of information and the tasks of its
processing, special programs were developed, and a block process for editing information was developed.
Thus, in the course of development of domestic GIS technologies, it was invented that in any editing
program it is possible to automatically make changes to those parts of the drawing that contain the edited
block. This has a positive effect on a significant reduction in labor costs for updating graphic documents.

Conclusion. Cartography is a science that studies the totality of natural and social phenomena, their
interrelation and location, as well as their change over time, etc., using cartographic images. Star maps,
globes and relief maps, their conventional designations in economics are called cartographic models. Its
main areas [15, 16, 21-34]:

1. The subject of cartography, its methodology, cartographic projections, generalizations, as well as
methods of their representation, conventional signs;

2. The science and history of cartography;

3. Cartographic data, their classification and theory of scientific information;

4. Technology of designing and producing maps;

5. Methodology of using maps.

Land condition mapping, in particular mapping of irrigated lands in agriculture, is carried out on a
GIS technology platform. When mapping land plots, GIS technology models are used, as well as
automated forms of GIS technology in cartographic work.

There is still little information about the transformation of the information obtained through GIS
technologies, in particular, about the use of geographic information systems in mapping irrigated lands in
agriculture. The algorithms and procedures for developing standards currently used can take into account
the specifics of GIS technologies for a particular farm or their importance for mapping irrigated lands in
agriculture:

to solve structural problems of developing a computer algorithm;

be able to perform standard processing procedures automatically;

display data at different levels of detail;

minimize human intervention in the process of solving specific problems.

The main tasks when using GIS technologies are: collecting data necessary for the work process,
processing and updating them, storing, performing transformations, performing calculations and
publishing. All of them are the main documents for consumers of GIS information.

In conclusion, several comments can be made that the presented work on the use of geographic
information systems for mapping irrigated lands in agriculture is an additional contribution to the use of
GIS in order to improve the level of knowledge and science in this area.
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The development of modern society is impossible without GIS technologies. The use of GIS for
mapping irrigated lands in agriculture is impossible without information on production, sales prices, etc.
Therefore, the creation of GIS is the concentration of information in specialized GIS centers for wide and
effective use by the population. Such GIS centers can be created in industry or private organizations. In
addition, a GIS center can be created at the federal real estate cadastre agency, which is intended to
provide individuals and legal entities with information about land plots and buildings located on them.

Therefore, it can be said that the main stage of the process of using geographic information systems
for land use planning, including mapping of irrigated lands in agriculture, is the use of land use GIS.
However, the role of land management does not end there. It should be considered as a system of
measures, a process of implementing planned measures. Construction of roads for transition from one type
of territorial organization to another, creation of perennial plantings, forest belts, placement of crop
rotations, fields, working areas, regulation of boundaries, etc. is necessary, this is possible only on the
basis of relevant projects. In addition, it is necessary to know the natural and economic conditions of land
ownership and land use, conduct topographic and geodetic, soil and geobotanical and other studies,
understand the state procedure for the reorganization of the territory, develop and approve a working
project, and, if necessary, conduct an examination and supervision. From this point of view, land
management can be considered as a system of measures to organize the rational use and protection of land,
create sustainable landscapes and map irrigated lands in agriculture.

Of all the above, land management planning, including the use of geographic information systems for
mapping irrigated lands in agriculture, is a unique, extensive and important area of scientific and practical
land management activity.
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AYBLI TAPYAIIBLIBIFBIHIATBI CYAPMAJIBI 2KEPJIEP L
I'EOAKITAPATTBIK ) KYUEJIEPAI ITAUJAJIAHA OTBIPBITI KAPTATA TYCIPY

AnHoTtanusi. FeuiblMM Makanaza aybsul IIapyallbUIBIFBIHAAFBI CyapMaibl SKepiepli Kaprara Tycipy YIUiH
TeoaKIapaTTHIK KYHenep i maiianana OTHIPHII, 3epTTEYIePai JaMBITYABIH HETi3ri MariymarTapsl Oepinred. Kasipri
KOFaMHBIH JaMybl aKIapaTThIK TEXHOJIOTHsUIApAbl KOJIJaHO0alh MYMKIH eMec, OUTKeHI Ke3-KeJITeH KbI3MET calachlHIa
IIeIiM KaObUIAy YUIIH aJjaMfa KOpIIaraH OpPTaHBIH XKal-KyHi, Tayapiap MEH KbI3METTEp HApBIFbIHIAFbl TEHJICH-
LUsLIap, SKOJIIOTHSJIBIK XKarIail )koHe T. 0. Typaibl e3ekTi OutiM Kaker. Ocbiran OaiinaneicTsl Peceiine Internet sxone
Intranet >xeniiepin Kypy apKbUIbI JKEKe jKOHE 3aH[Ibl TYJIFajiap apachlHa aKmapaT aiMacy IpOLecTepiH KeTUIaipyre
OarbITTaNFaH OipKaTap MaHbI3/Ibl KY)KaTTap KaObuidaHaabl. By nporecrep/i icke achlpy reoakiapaTThIK Kyienepre
HETI3IeJIreH TEeXHOJIOTHsIapra Herizzenyi kepek. Emimiz KaszakcraHn jxep KeyieMi TYPFBICBIHAH CalIBICTBIPFaH
KepiMi3 KeH, KeJieMi JlyHWe *y3i OOWBIHIIA TOFBI3BIHIILI OPbIH anajbl. ¥JaH-0aiiTak TEPPUTOPHSCHI TEPICTIKTEH
OHTYCTiKKe Kapail 1600 kM, an mbiFsicTaH OaTbicka Kapait 3000 kM aymakka CO3BUIBIN YJIKEH KEHICTIKTI KaMTHII
JKaTelp. AMaK Heri3iHeH MaJl JKarora KOJIAiJIbl caHallaThIH ayMak. byl enkene cyapMaibl ericTIKTEH OHIM ajlaThlH
mapyamanap 1a 6ap. ©3eH OolnapblHIa OpHAJIACKAaH TAKbIp TYCTEC TONBIPAKTAap KYpIlI eryre bIHFaiibl. Tomnbipak
KYHApJIBIFBI JKaJIIBI OOJIBIC ayMaFblH/AA a3 OOJIFaH/BIKTaH, CyapaThlH Ke3/e a30TThIH (OchOpPIIBIK IIEH OPraHUKAIbBIK
THIHAUTKBIIITAPABI KOJIJaHY KaKETTLIT1 TyBIHIAH b

Tyiiin ce3aep: aybu1 MapyambUIBIFBL, CyapMallbl )Kepiep, KapTara TYCipy, Te0aKnapaTThIK XyHe, 3epTTeyiep.
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KAPTUPOBAHME OPOIIIAEMBIX 3EMEJIb B CEJIbCKOM XO351CTBE
C UCIIOJIB30BAHUEM I'EOMH®OPMALIMOHHBIX CUCTEM

AnHoranus. [lana ocHOBHasg MH(MOpPMaUus U Pa3BUTHA HCCIEAOBAHMH C HCIOJIb30BaHHEM TIeoHH(pOpMa-
LUOHHBIX CHCTEM JUIsl KapTorpadupoBaHUsl OpOIIAEMBIX 3€MeJb B CEJILCKOM XO03sHCTBe. Pa3BuTHE COBpPEMEHHOTO
o01ecTBa HEBO3MOXKHO 0€3 MCIOJIb30BaHKs MH()OPMAMOHHBIX TEXHOJIOTHH, MOCKOJIBKY IJISl IPUHSTUS PELICHUH B
0001 cepe nesITenbHOCTH YeIOBeKY HeoOxoauma nHGOpMAIUsS O COCTOSIHUU OKPYIKAIOIIeH Cpebl, TSHICHIUIX
PBIHKA TOBapOB U yCIYT, COCTOSIHUM OKPYIKAIOIIEH Cpelbl U Ip., Hy>KHBI peasibHble 3HaHUs. B cBs3M ¢ 3TUM NPHUHAT
Psi BaXKHBIX JIOKYMEHTOB, HallpaBJIEHHBIX HA COBEPIIEHCTBOBAHHE MPOIIECCOB 0OMeHa HH(opManueid Mexay husu-
YECKUMH M IOPUIMYECKHMH JIMIAMU MOCPEACTBOM co3nanusi cereil Murepner u Mutpaner B Kazaxcrane. Peanu-
3allMsl 3THX MPOLECCOB JIOJDKHA OCHOBBHIBAaThCS Ha Gase reomHdopmannoHHBIX cucteM. [lo momanu Kazaxcran
CTOHT Ha JICBSITOM MECTE B MUpE, €r0 TePPUTOPHS IPOTSIHYJIACh ¢ ceBepa Ha ror Ha 1600 KM M ¢ BOCTOKA Ha 3arajg —
Ha 3000 kM. OpormaeMble 3eMJIH UCTIONB3YIOTCS IS POU3BOICTBA pa3HOOOPa3HON CEMbXO3MPOIYKIINH, B TOM YUCIIE
’KHBOTHOBOJUECKOW. becrioaHble MOYBbI, PacIoioKeHHbIE BIONb PEK, MPUTOJHBI I MOcaaku puca. [lockonbky
IUIOZIOPOZME TOYB B LEJIIOM II0 PETHOHY HU3KOE, NPH OpPOLICHHH BO3HHMKAET HEOOXOAMMOCTH HCIOJIB30BaHUA
a30THBIX, POCHOPHBIX U OPraHUYECKUX YI0OPEHUI.

KaioueBble ciioBa: cenbckoe XO3SHCTBO, OpolLIaeMble 3eMJIM, KaprorpagupoBaHue, reoMH(opManuoHHas
cHCTeMa, HCCIIeIOBaHMUS.
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AHAJIA3 YPOBHS 3AT'PASHEHHMS IIOYBEHHOI'O IIOKPOBA
N BOJAHBIX PECYPCOB KAPA'AHANHCKOHU OBJIACTH

Annoranus. KaparanmuHckas o0acTh pacriolioskeHa B IIEHTpanbHOM uyactu Kaszaxcrana, rie WOEeT WHTEH-
cuBHasi 100BIYa U TepepadoTKa PYAHO-MHHEPAIBEHOTO CHIPBS, YTO NMPHUBOJIUT K BHICOKOMY YPOBHIO 3arpsi3HEHHUS
MMOYBEHHOTO ITOKPOBAa PA3IUYHBIMU IOJUTFOTAHTAMH, OCOOCHHO TSDKENBIMH MeETajulaMH. Pa3nndHble TOKCHKaHTHI,
colepXamrecs B T0YBE B pe3yJbTaTe eCTECTBEHHBIX NPOIECCOB MUTPAlWW, KaK MPaBWIO, MOMAIAal0T B
MTOBEPXHOCTHBIE H IMOJ3eMHBIE BOABL. Llenp 3Toi paboThl — mpoaHAIM3UPOBATh YPOBEHb 3arpSA3HEHHS TSKEIBIMU
MeTajllaM{d TTOYBEHHOTO IIOKpOBa W TIOBEPXHOCTHBIX BOJA B MoHoOropoaax Kaparanguackoit oOmactu. Ot6op
MOYBEHHBIX 00pa3noB mpoBoawics corntacHo I'OCT 17.4.4.02-84. Tlpu sToMm ucciaeaoBano 6omnee 15 mpoO MOYBHI,
OTOOpaHHBIX B ONpEJAENEHHBIX TOYKAaX TaKUX ropono, kak Temwupray, banxam wu Illaxtuack. PaccMmorpens
0COOEHHOCTH pachpeneneHuss ypoBHs 3arpsisHenus ¢ 2020 mo 2024 rona. AHaiu3 moKas3al 3HAYUTEIbHBIC
npesbimenust [1JIK ¢ yueTom ¢poHa XMMHUYECKHX BEIISCTB B MOYBE [0 TAKUM MOKA3aTesIsIM, KaK Me/lb, IIMHK, CBUHEII,
KaaMuii 1 XxpoM. OcoOEHHO BBICOKHE KOHIIEHTPAIUHU 3THX METAIOB OOHApy KeHbI B T. bankaie. Obmiee KolIn4ecTBoO
WHTPEIUCHTOB B IMMOBEPXHOCTHBIX BOAAaX B MOHoropoaax Kaparanmuackoid obOmactu mpebrmaet [1JIK, MHOTHE U3
HHUX OTHOCSITCS K IIEPBOMY M BTOPOMY KJIaccy onacHOCTH. OCHOBHBIE ITOJUIIOTAHTHI — PTYTh, ME/b, IIMHK, ()EHOIIBI U
HepTEenpoayKTHL. [laHa caHWTapHO-XMMHYECKas XapaKTepPHCTHKa MOBEPXHOCTHBIX Boa pek Hypa, Kapa, Kenrup,
Coxsip, lllepybaiinypa.

KiroueBble cjioBa: MouBa, MOBEPXHOCTHBIE BOJbI, 3arps3HUTENH, Tsxkénble mertawisl, [TJK, moHoropona
KaparannnHckoit obmacty.

Beenenune. OxpaHa OKpysKaroliedl cpensl B KPYIHBIX HPOMBIIUIEHHBIX IeHTpax PecmyOmuku
Kazaxcran ocraeTcs akTyanbHOU MpoOJIeMOi. AHTPOIIOTEHHOE BO3/ICHCTBHE HA BCE 3eMHBIE 00OOJIOUKHU C
KaXIIbIM T'OJOM YBEIMYMBACTCS, BBI3bIBAas HEOOpaTHMBbIC MPOLIECCHI, KOTOPHIE YCHIMBAIOT AErpalalHio
9KOCUCTEM pa3IMYHOTO ypoBHA. Bce 3T0, B CBOIO Odepenb, OKa3blBaeT HETaTHBHOE BO3ACHCTBHE HA
3/I0pOBhE HaceleHHs. Tak, SKOJIOTHYECKOe COCTOSHHE caMoil KpyIHOM mo Tepputopun obiactu B PK —
Kaparanauuckoii (428 Thic. kKM®) B 3HAUHTENHHON CTEHEHH OOYCIOBICHO MMEHHO AHTPOIIOTCHHBIMH
¢dakropamu. B obmactu cocpemorodeno mpaktudecku 100 % 3amacoB mapranmeBeix pyna, 80% Boib-
¢dpama, 6osee 50% cBHUHIIA, a TaKXKe OOJIBIIKE 3aMaChl PEIKUX U PEAKO3EMEIbHBIX METAIIOB, TAKHUX, KaK
CypbMa, BHUCMYT, HUKeNnb, KoOanbT [1]. OCHOBHas yacTh 4YepHOH, LBETHOH M JHEPreTHYECKOW Ipo-
MBIIIJICHHOCTH pactiofioxkeHa B LlentpansHom Kazaxcrane, 4To NPUBOAMT K YXYIIICHHIO KadyecTBa
OKpYXalolleu cpepl.
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[lo nmaHHBIM TpPOBENCHHBIX HCcIeNOBaHUK B mouBax KaparanguHckoil obnactu HaOIrOmaNHCh
npesbiiennst [1JIK, ¢ ydetom (oHa, Mo TakuM 3arps3HHATENSIM, Kak CBUHEN M Kaamwid. [Ipm 3Tom
npeBbIlieHne cBuHIA — 17,8% oOHapykeHO B NMPOMEBIIIICHHBIX 30HAX, a Kagmus — 4%, u 3arps3HeHne
HOCHWJIO, KaK TIPaBWJIO, TOUYCUHBIM Xapaktep [2]. Hambomee 3arps3HeHHas MmodyBa OKa3anlach B pailoHe
Banxamckoro ropHo-metamnypruueckoro kombuHata (BI'MK). 3nece Obuin  BBISIBJICHBI BBICOKHE
koHeHTparuu cBuama — 12,7 TIJAK, memu — 34,5 [1JIK [3]. Cunen sBisercs Hanbojee arpecCHBHBIM
METAJIJIOM C TOYKH 3PEHHUS PEaKI[MOHHOW CIIOCOOHOCTH IO OTHOIICHHWIO K Boje. Tak, mo naHHBIM [4], B
apTe3uaHckoil Bone 0mu3 ropoaa JKeskasraHa cofep:kaHue CBHHLA MPEBHILIAN0 HOpMY B aBa pasa ([TIJK
0,03 mr/m), B OTKpBITBIX BOJIOEMax — B 4YeThIpe pa3a. lloMrMoO CBWHIIA UM KaaMUS K XHUMHYECKUM
TOKCHUYHBIM BEI[ECTBaM, 0OHAPYXEHHBIM B MoYBax KaparaHamHCKO# 001acTH, OTHOCATCS XPOM, MBIIIBSIK,
cypbMa, TaJuii, oepuiutuii [5].

Bce aTi sneMeHTH UMEIOT TEHACHIMIO HAKaIJIMBaThCsl B MOYBEHHBIX CIIOSX, TEM CaMbIM 3HA4YH-
TETbHO YXyIIIas arpoXuMUYeckne W (U3NKO-XUMHUYECKHe CBOicTBa mMOuYBBl. CTpPyKTypa TIIOYBEI
CTaHOBHTCSl 0oJiee TUIOTHOW, YTO NPEISTCTBYET MOJIHOICGHHOW aj’pallid W BOJONPOHHUIIAEMOCTH JIJIs
KOpHEBOH cHCTeMBI pacTeHul. KpoMe Toro, n30bITouHOE HaKoIuIeHHe 0003HAYEHHBIX BELIECTB OJIOKUPYeET
MOCTYTUIEHHE JNPYTHUX AJIEeMEHTOB (a30Ta, Qocdopa), CHUXKAS TOCTYMHOCTh MHUTATENBHBIX BEUIECTB IS
pactenuii. [1o qaHHBIM HccenoBanus [6], BBICOKHE YPOBHHU CBHHIIA U KaJMHUsI B IPOMBIIIIEHHBIX TOPOAAaX
OKa3bIBAIOT BpPEAHOE BO3ICHCTBHE HA OMOJNOTHMYECKYIO aKTUBHOCTH IOYBBI, CHIDKas €€ CIOCOOHOCTD
MOJIIEPKUBATH PACTUTENBHOCTD.

B cBs3u ¢ atum KaparananHckyio 001acTh XapaKTepU3yIOT KaK PETHOH ¢ BHICOKMMH TTOKa3aTeIsIMH
3a0oneBaeMOCTH ¥ cMmepTHOcTH Hacenenusi [7]. [lo maHHbIM MuUHHUCTEpCTBA 3ApaBOOXPAHEHUS
Pecnybmuku Kazaxcran 3a 2023 rox KaparammuwHckas o06nacTe 3aHMMaeT 3-€ MECTO 10 YpPOBHIO
cmeptHoct (9,44 ma 1000 dgemomex Hacemenus) mocie CeBepo-Kazaxcranckoif, Bocrouno-Kazax-
cranckori u KocraHalickoit obOnacteir. HeoOxomuMo Takke OTMETHUTh, uTo KaparaHnmuHckas 00J1acTh
3aHUMaeT §-¢ MecTo M3 Bcex obnacreil Kazaxcrana mo mokazaTensiM CMEPTHOCTH OT 3JI0KaueCTBEHHBIX
HOBOOOpa30BaHM U 6-€ MECTO TI0 CMEPTHOCTH OT OOJIe3HEH cucTeMBbl KpoBooOpaieHus 3a 2023 rox, 4to
coctaBisieT 188,62 Ha 100 THIC. YenmoBeK. JIOBOIBHO BRICOKHHA YPOBEHB 3a00JIEBAEMOCTH MTPOCIIEKUBACTCS
yKe IUTUTEIbHOS BpeMs Ha NMPOTSHKEHUU HecKoNMbKuX aecsatwietuit (2003-2018 rr.) u uMeeT yCTOMYUBYIO
MUHAMHKY K POCTY, UTO B ITOCIIEHUE BPeMs CHIIBHO OECTIOKOUT HacerneHue [§].

Jna co3manns O6osee KadeCTBEHHBIX yCIOBHM MPOXUBAHMS JIIOACH W CHIDKEHUS HArpy3KH Ha OKpY-
JKAIOMIYI0 Cpeqy HeoOXOAMMO MPOBOJUTH MOHHTOPHHT U AaBaTb OOBEKTHUBHYIO OIEHKY CIOXKHBIIUHCS
9KOJIOTHYECKOH cUTyauuu. TOJNBKO TOrJa MOXET OBITh NPUHITO BEPHOE PEIICHHE MO YPeryJIHPOBaAHHIO
KaueCTBEHHBIX M KOJMYECTBEHHBIX IMOKa3aTeIed Harpy3KH Ha OKPYIKAIOIILYIO CPEey.

Henb paboThl — 3KOJOTO-TUTHEHHYECKAs OICHKA 3arps3HEHHs] TOYBEHHOTO IMOKPOBA M BOJIHBIX
pecypcoB MoHoropoaoB KaparananHckoi obnacTtu.

OCHOBHBIMH 33/1adyaM¥l SBJISIFOTCS ONpPEJEIICHUE YPOBHS 3arps3HEHUS NMOYBEHHOTO ITOKPOBa U IIO-
BEPXHOCTHBHIX BoJl KaparanamHCKO# 00JIacTH, a TaKkXKe CPETHEro CONEep>KaHMs OCHOBHBIX 3arpsi3HUTENEH
U TSDKEIBIX METANJIOB B [TOYBE U BOJIE.

Marepuaasl U MeTOOBI HccaenoBaHus. HamMu HCIONb30BaH OMpPEEICeHHBI KOMILIEKC CTaH-
JAPTHBIX METOJOB — JKOJIOTO-TUTHEHWYECKHe, XUMUYecKie W ctaructudeckue. llpu atom orbop mpod
nmouBeHHOro mokpoBa mposogwics cormacHo ['OCT 17.4.4.02-84 «Ot6op mOYB Ui XUMHYECKOTO
aHaJM3ay, T1e MoYBEeHHbIe 00pa3ibl 0TOMpanuch Ha riryoune 0-10 cM KOHBEPTHBIM METOAOM CMEIIAHHBIX
o0pasmoB. Kak npaBuiio, TOYKH 0TOOpa pacronaraivchk BJOJIb OCHOBHBIX IEHTPaIbHBIX aBToTpacc. OTOop
MTOBEPXHOCTHBIX BOJI MPOBOIMIICS KOHBEPTHBIM WJIM OOBIYHBIM METOJIOM C MPHMEHEHHEM IUIACTUKOBBIX
tap cornacHo CT PK I'OCT P 51592-2003. AcnupauvoHHBIH METOJ MPUMEHSICS B TPYAHOAOCTYTHBIX
MeCTax, He peIHa3HAYeHHBIX JIJIs1 OOBIYHOTO 3200pa BOMBI, C TOMOIIBIO HACOCA.

OneHka ¥ MOHUTOPHHT 3a 3arpA3HEHHEM IOYB TSOKEIBIMH METAJJIAMH W MTOBEPXHOCTHBIX BOJ OIHN3
roponoB banxam, Temwupray, IllaxTHHCK HOpOBOIMIMCH HA OCHOBaHMM HalMOHaNbHBIX AOKIJIALOB O
COCTOSIHMH OKpY KaroIlel cpeipl U 00 MCIONB30BaHUU TMPUPOAHBIX pecypcoB PK, exeromHsix oT4eToB
¢oummama PI'TI «Kasrugpomer» mo Kaparanawmackoit o6macti, WH(DOPMAIIMOHHBIX OIOUIeTeHEH O
COCTOSIHMM OKpyXaromieil cpenpl Kaparanawmackoil o6igacté MUHHCTEPCTBA DKOJOTHU U MPUPOIHBIX
pecypcoB PK.

B pamkax umccriejoBaHus MPOaHATH3UPOBAHBI KOHIICHTPAIMH TSDHKENBIX METALUIOB — MEIH, XpoMa,
[IMHKA, CBUHIIA 1 KagMus B mouBax ¢ 2020 mo 2024 rog.




ISSN 2957-8280, eISSN 2957-9856 MNe 3, 2025

BrlisiBNeHBI 3arps3HSIOIINE HHTPEAUSHTHI MOBEPXHOCTHBIX BOJ: XPOM, IIUHK, PTYTh, KaqMUH, (PEHOIBI
n HepTenponykTel. CaHWTapHO-TUTHEHWYECKas OIeHKa BOABI MPOBOAWMIAch corjacHo «CaHWTapHO-
SMHUIEMUOJIOTHUYECKIM TPEOOBaHHSIM IO OXpaHe MOBEPXHOCTHBIX BOJ OT 3arpsizHeHus» Ne 506, ot 2004 r.
AHanmu3bl OCYIIECTBISUIMCH (POTOMETPUYECKUM M aTOMHO-3aJCOPOLMOHHBIM METOJaMHU, YTO ITO3BOJIHUIIO
OTIPEACTUTh KOJMYECTBO TSKEIBIX METaUIOB B BOJE M IOYBEHHBIX 00pa3lax B aKKpPEAUTOBAHHOMN
nmabopatopun TOO «EcoPartnershipy.

C nmomomrpto mporpamm MS Excel 2010 u STATISTICA 10 BbimosHEHBI pacyeThl moKa3aTesed 1o
MOJTyYE€HHBIM JTAHHBIM.

HeoOxoammMo OTMETHUTH pe3KO0 KOHTHHEHTANBHBIH KiuMar KaparaHmuHCKON 00J1acTH ¢ XOJOTHOM
3UMOU M JKapKuUM JIeTOM. Takoe coueTaHue BIUSCT Ha (OPMUPOBaHHE CHENU(DUICCKUX XapaKTEPUCTHUK
MOYB, a TAK)KE HA UX CIIOCOOHOCTH K PEreHepalyi U CaMOOYHUIIeHUI0. [1oaToMy mpu eTaabHOM aHajH3e
COCTOSIHHSI TIOYBEHHOTO MOKpOBa 00JacTH, OCOOEHHO COACPIKAHUS TSOKEIBIX METAllIOB, HEOOXOAMMO
YUHUTBHIBATh U JaHHOE 00CTOSITEIHCTRO.

Pesynbratel m ux oOcy:kaeHme. 3acpsazHeHue nouseHHoz20 nokposa. llpuBeneM moxazaTenn
OCHOBHBIX 3arpsi3HUTENIEH TTOYBEHHOTO TIOKpOBa B MOHOTOpoaax KaparanauHckoit oonactu. Ha pucynke 1
MOKa3aHbl IUarpaMMBbl CpeJHEeH KOHIIEHTPAIUN TSHKENBIX METAIOB B ropogax bamkame n Temupray c
2020 mo 2024 roa. I'opon bankam xapakTepu3yeTcs CaMbIM BHICOKMM YPOBHEM 3arpsi3HEHHS IIOYBEHHOTO
MTOKPOBA TSDKEIBIMU METaJIaMH — MEJlb, XPOM, CBHHEII, [IMHK U KaJIMHIA.

= 300 5 12 ¢
Q250 | = 10
5200 g 8
g =
€150 | £ 60
5 2
g 100 - g 47
M | £ 2thl I
2 - = L
5 ) NN 2, 1M |
E 2020 2021 2022 2023 2024 % 2020 2021 2022 2023 2024
O
B bankam ™ Temupray ®IIJK B pbankam ™ Temupray = IIIK
a 6
- 1000 200 -
P 800 =
5 £ 600
g 600 g
g z 400 f
g 400 - ‘;:’,
g o 200 L
[ h -
SN B N . g, . - B W
3 g
) 2020 2021 2022 2023 2024 o) 2020 2021 2022 2023 2024
Bbankam M Temupray =IIIK B pbankamr ™ Temupray ®IIIAK
6 2
60

40

olm 1 -

2020 2021 2022 2023 2024

Cpennsist koHuenrparms Cd

) Bbankam M Temupray ®IIIK

Pucynok 1 — YcpennenHsle KoHIEHTpauuH Tspkenbix metamuios (Cu, Cr, Zn, Pb, Cd) B mouBax
Ha TeppUTOpHAX ropoaoB bamkam u Temupray (2020-2024 rr.) [9]

Figure 1 — Average concentrations of heavy metals mg/kg (Cu, Cr, Zn, Pb, Cd) in soils
in the territories of Balkhash and Temirtau in the period from 2020 to 2024 [9]
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W3 mpencraBIeHHBIX TUarpaMM BHJIHO, YTO 3HAYUTEIbHBIC KOJCOAHMS KOHIICHTPAIUU TSDKEIBIX
MeTalsIoB B bankame B pasHble TOIBI CHIBHO BapbHPYIOT. TakuM 00pa3oM, caMble BHICOKHE 3HAUCHUS
Menmu, 6omee 250 Mmr/kr, ObUTH 3aperucTpupoBaHbl B 2023 Toxy, a 0oyiee BRICOKHE KOHIICHTPAITUH XpoMa 1
nuaka — B 2022 roxy. KonnenTpanun cBUHIA MpeBbImanu cpeanue 3HadeHus B 2021 u 2023 roxax, a
CpenHsisl KOHIICHTpanus kaamus Bo3pacia k 2024 roay. Taxxe B 2022-2023 romax HaOitomaeTcst pe3koe
yBeJMUYEHIE BEIOPOCOB MITH 3arps3HAOMUX (pakTopoB. Takwme koixeOaHUs BO3SMOXHBI IO PSITy MPUYHH: U3-
3a KIMMAaTHYECKMX OCOOCHHOCTEH pernoHa, TeXHOTreHHOH Harpysku. C apyroil ctoponsl, B Temupray
YPOBEHb 3arpsi3HEHUS B OCHOBHOM OCTaeTCsl B JIONMYCTHMBIX Tpenenax, Ho kK 2024 romy Obu1o 3aperu-
CTPUPOBAHO YBEJINYECHUE KOHLICHTPALlMU CBUHLA U ITUHKA.

s Gonee neTaNbHOTO aHamn3a OBUIM COCTaBIICHBI TAONWIBI | W 2 CPemHEroIOBOTO IMPOQHUITUTA
[AK, a Taxxe uHaekc 3arps3Henus mous (M3I1), mo3Bonsromuil ONEHUTh OOLIMI YPOBEHb aHTPOMO-
TeHHON Harpy3kd Ha TeppUTOPHsIX. OTH OObeIWHEHHBIE NAaHHBIE CIy’)KaT OCHOBOW IS ONpe/eNIeHUs
MPUOPUTETHBIX MEP IO HKOJIOIMYECKOMY BOCCTAHOBJICHHIO IMOYBEHHOTO IIOKPOBA C aKIEHTOM Ha
Hau0o0JIee TOKCUYHBIC JICMEHTHI — KaJMHUi U CBUHEIL.

Tabmuma 1 — CpenHue 3HaUCHMS KOHICHTPAUH 3arps3HAIONINX BEIIECTB B IouBax I. bankama (npessimenue ITK)

Table 1 — Average values of pollutant concentrations in soils of Balkhash (exceedance of MAC)

T'ox Cu Cr Zn Pb Cd
2020 1,22%* 0,89%* 0,87* 14,1* 16,2*
2021 1,20%* 0,96* 2,71% 18,1* 19,5%*
2022 2,58* 1,79* 3,61* 9,19* 71,3*
2023 4,04%* 1,34%* 2,28* 15,9* 61,7*
2024 1,57* 0,15* 1,73%* 9,17* 100,3*
Ipumeuanue. 3neck U B TabnuIe 2 3BE3109Ka YKA3bIBAET BO CKOJIBKO Pa3 UMEETCSI IPEBBIIICHUE.

W3 tabmunpl 1 MOXKHO MOHATH, 4To B I. bankame coxpaHsroTcs cTaOWIBHO BBICOKHE YPOBHHU
3arpsa3HeHHs 10 pSAAY TKeNbIX MeTautoB. Ocoboe BHUMaHUE BBI3bIBACT IWHAMHUKA COIEPIKaHUSA KaJIMUs,
KOHIeHTpauu KoToporo B 2024 roxy npessimanu IIJIK B 100,3 pasa. Kpome TOro, KoHIEHTpaius
CBUHIIA B TEYEHHUE ATOTO Iepuoja MOAJEPKUBAETCS HA OYEHb BBICOKOM YpPOBHE, KOTOPHIM B 9-18 pas
npesbimaer I1JIK. Coxepxanue Menn M LIIMHKA B MOYBaxX MOBBIIIAIOTCS MEPUOANYECKH, OCOOCHHO B
2022-2023 ropax. Hammpumep, B 2023 roay conepxanue Meau npessicuino 111K B 4,04 pa3za, a kaaMus — B
61,7 pasa, 4TO CBUAETEIBCTBYET O 3HAYUTEIILHON TEXHOTCHHOW HAarpy3Ke Ha MOYBEHHBIN MOKPOB. Tak Kak
KaIMHUH SBISIETCS CONYTCTBYIOLIIMM 3JIEMEHTOM IEpepadOTKH MEAU U TMOJUMETAUIMYECKHX DPYHA, TO
BBIOPOCHI TBUIH, IMOMAAaoNIe B aTMocdepy BO BpeMs oOOTalieHHsl M IUIABKU PYIbl, OCAXKIAIOTCSA B
npuileralomux paiionax. Kagmuii, B cBolo odepens, 00jagaeT CIOCOOHOCTBIO HaKalUIMBAaTbCA Ha
MTOBEPXHOCTH TOYBKI M3-3a C1ab0i MUTpaIuu B 6ojee TiIyOoKre CIION.

Tabnuna 2 — CpenHue 3HaYCHHUS KOHIIEHTPAIMH 3arpsI3HSIOINX BEIIeCTB B ouBe I. Temupray (npessinrenue [1/1K)

Table 2 — Average values of pollutant concentrations in soils of Temirtau (exceedance of MAC)

Tox Cu Cr Zn Pb Cd

2020 0,03* 0,29* 0,10* 0,90* 0,94*
2021 0,05* 0,50%* 0,11* 1,10* 0,80*
2022 0,14* 0,95% 0,13* 0,93* 1,34*
2023 0,12* 0,83* 0,75* 0,74* 1,94*
2024 0,04* 0,30* 1,10* 4,03* 1,48%*

ITo mannabM TabmuIe! 2, B Temupray ¢ 2020 mo 2023 rox KOHIEHTpAys OOJBITHHCTBA METAILIOB B
MOYBeE, 332 MCKIIOUCHUEM KaJIMUs U CBUHIIA, He npebinana [1]IK. B 2024 rony Habnromancs pe3kuit poct
KOHLeHTpanuil ceuHna B 4,03 pa3a u uuHka B 1,10 paza, 4To MOXKET yKa3blBaTh HA MECTHBIE UCTOYHHUKU
3arps3HCHUS WM W3MECHCHHS IPOM3BOJCTBEHHON Harpy3ku. B To e Bpems MoKaszaTenu MeIu, XpoMa H
IIMHKA OCTAIOTCS Ha HU3KOM YPOBHE U HE BBI3BIBAIOT CEPHE3HBIX AKOJIOTMYCCKUX MPOOIIEM.

—— |4 ——
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B bankaime ypoBeHb 3arpsi3HEHHs], CBSI3aHHBIN ¢ AesTenbHOCThi0 BI'MK, moctaTouHo BBICOK, a B
TemupTay TNpeBBHIICHUS] UMEIOT JOKATBHBIA W SMHU30IWYCCKUN XapakTep, HU3KYI0 WHTCHCUBHOCTH H
Maciita0bl. Pe3ysbTaThl HCCIICOBaHUS TOBOPAT O HEOOXOAMMOCTH pPa3pa0OTKU MPUOPHUTETHBIX MeEp
JKOJIOTUYECKON peabumuTanuy B bajxarie u NOCTOSHHOTO MOHUTOpHHTa B Temupray.

Jia HATTSAHOTO TIpEACTaBICHHUS YPOBHS 3arpsi3HEHHOCTH IMOYB TSHKEIBIMUA METaUlaMH B TOPOJax
bankame m Temmpray cocraBieH Tpaduk (PHUCYHOK 2), KOTOPBIA TOKAa3bIBAET CPEIHEE COACpPIKAHMUS
3arpsi3HUTEIEH.

B Teuenme nepuona mccieqoBaHUs B TOYBE OBUIH OOHAPY>KEHBI TaKHE TSKEIbIE METaUTbl — IIHHK,
XpOM, CBUHEII, MEIb ¥ KaJMH.
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Pucynok 2 — KoHIieHTpanust TsDKeJIbIX MEeTaJUIoB B IToYBax B ropojax bankame u Temupray (2020-2024 1r.), Mr/kr

Figure 2 — The concentration of heavy metals in soils in the cities of Balkhash and Temirtau (2020-2024), mg/kg

W3 rpaduka cnemyer, 4TO KOHICHTpalMs BCEX METa/UIOB B T. bajikaiie J0CTaTOYHO BBICOKas,
0COOCHHO TIO COJIEP’KaHUIO CBUHIIA, IMHKA U Mean, a B 2022-2024 rogax HaOMIOIATUCh PE3KUE CKAYKH 110
psiy MOKa3aTesen:

KaJIMUIl — 3HAUUTENIBHOE MOBBINICHUE KOHIIeHTpalmu B 2022 roay — 50 Mr/kr;

UHK — pe3kuii pocT B 2022 romy m3-3a BBIOPOCOB, CBSI3aHHBIX C METAJLUTypPrHYECKOW TPOMBIIII-
JICHHOCTBIO;

MeJlb — TIOBbIIIeHHE KOoHTeHTpaun B 2023 rogy — 260 mr/kr.

B Temupray KOHLEHTpaIlMU TSDKEIBIX METAJIOB B MOYBAX OCTAIOTCS OTHOCUTEIHHO HUBKUMHU U
CTaOWIBHBIMU, HO K 2024 Toxy OTMEYAIOCh YBEIMUYEHUE MO TAKUM MeTajulaM, KaKk CBHHEI W IHHK, 9TO
MOXXET YKa3bIBaTh Ha POCT TEXHOTEHHOH HArpy3KH WM W3MEHEHHE YCIOBUUA MHUTPAITUHU 3arps3HSIONIIX
BEIIIECTB B ITOYBE.

Jns Ooylee mONHOTO pacdera MpOoaHATW3WPOBAaHBI KOHIIGHTPALMU 3arps3HHUTENIeH 3a Aexabph U
paccuMTaHbl PaHTH, COOTBETCTBYIOIIHME CPEIHEN KOHIIEHTpALUM Ka)XXJO0TO MeTalljia 32 YKa3aHHBIM CPOK
(tabmuuer 3-5) [10].

B pesynprate mccnemoBaHWil yCTaHOBIEHO, YTO B 0OOpasmax, B3ATHIX B bajkarie, MOBBIIIEHHOE
cojepKaHNe TaKUX METaJUIOB, KaK CBHHEI], KAAMUH W MEIb, YTO MOYKHO OOBSCHUTH OJH3KHM PacIiojo-
skeHreM k BI'MK. Mupexc 3arps3Henus mo4ssl B pernone bankara konebiercsa oT 4 10 7, 9TO yKa3bIBaeT
Ha BBICOKUN YPOBEHb 3arps3HEHUs. DTOT (PakT TPeOYyeT MPHUHATHS MEp MO YIIyYIICHHIO COCTOSTHUS ITOYBHI
C aKIICHTOM Ha CHIDKEHHE YPOBHSA cojepikaHus cBuHIA u kaamus. U311 B Temupray Bapsupyer ot 3 110 6,
YTO TAKXKE CBUJETENBCTBYET O IOCTATOYHO BHICOKOM YPOBHE 3arpsS3HCHHS.

s cpaBHeHus oToOpaHbl mpoOsl mouB B T. [llaxtuHcke, rae 3adukcupoano npessimenune [1JIK
CBUHIIA, KQJIMHS U PTYTH U3-32 OIU30CTH K MPEANPUATHSIM I10 J00bIYe U nepepaboTke yrist. Hanbompmme
ONACEHMs BBI3BIBAET MPUCYTCTBUE PTYTH KaK BBICOKOTOKCHMYHOIO 3JIEMEHTA, KOTOPBIH 3HAUYUTENIBHO
CHIKAET MpupoAHbIi moTeHIman nouBbl. U311 mist [laxTHHCKA U3MEHSETCS OT 3 710 5, YTO yKa3bIBaeT Ha
BBICOKUH YPOBEHb 3arpsi3HEHUSL.
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Tabnuna 3 — CpeaHsas KOHLIEHTPALMS 3arpsA3HAIOIUX BelecTB B noyse I. bajikama

Table 3 — Average concentration of pollutants in the soil of Balkhash

Meramn Juana3oH, Mr/kr CpenHee 3HAUYCHHE, MI/KT Panr
Mens (Cu 100-300 (100+300)/2 =200 2
Husk (Zn) 200-400 (200+400)/2 =300 1
Cauner (Pb) 50-150 (50+150)/2 =100 3
Kanmuii (Cd) 1-5 (1+5)2=3 4

Tabnuua 4 — CpenHsas KOHUEHTPALUs 3arpA3HAIOIINX BEIIECTB B IOYBE . TemMupray

Table 4 — Average concentration of pollutants in the soil of Temirtau

Meramn Jnana3oH, Mr/kr CpenHee 3HAUYCHHE, MI/KT Panr
XKeneso (Fe) Jo 10,000 10,000/2 = 5,000 1
Mapraren (Mn) 500-1000 (500+1000)//2 =750 2
Hunk (Zn) 150-300 (150+300)/2 = 225 3
Xpowm (Cr) 20-50 (20+50)/2 =35 4

Tabmuua 5 —CpenHsist KOHIEHTpaUuUs 3arpsA3HAOIINX BEIlecTB B nouse T. [llaxTuHcka

Table 5 — Average concentration of pollutants in the soil of Shakhtinsk

Meramn Jnana3oH, Mr/kr CpenHee 3HAUCHHE, MI/KT Panr
Mens (Cu) 4500-10500 (4500+10500)/2 = 7500 1
Pryts (Hg) 50-150 (50+150)/2 =100 4
Caunern (Pb) 180-320 (180+320)/2 =250 2
Kanmuii (Cd) 120-280 (120+280)/2 =200 3

OCHOBBIBASICH Ha PAaCITUPCHHOM aHAIN3E CpeIHEH KOHIICHTpAIlMHd MeTauioB B nekabpe 2024 rona,
MOXHO CICJIaTh BBIBOJ, YTO B TOpOJC bankame ormeuaeTrcs camasi BBICOKas KOHIECHTpalusA HHWHKa B
MMOYBEHHOM TTOKPOBE (CM. Tadnuity 3).

B Temupray camoe BBICOKOE Cpe/lHEe COJepKAHHE Kelle3a, 32 HUM CIIEAYIOT MapraHell, IWHK U XpOM
(cm. Tabmuiry 4). B IllaxTrHCKE HAOIIOMAIOTCS CaMble BHICOKHE KOHIIGHTpAITMH Memu (CM. Tabiuiry 5S).
DTO0 yKa3bIBaeT Ha JIOKAIBHBIC M TEXHOT'CHHBIC HATPY3KH, CBA3aHHBIC C MPOMBIIUICHHON IEATEIEHOCTBIO B
peruoHe.

Hccnenosanue Bkitodao oneHky M3I1, KoTopelii yIUTHIBaeT HATMYHE TOKCHIHBIX DJIEMEHTOB BBITIIE
ITJIK 1 xapakTepu3yeT ypOBEHb aHTPOIIOT€HHOI'O BO3JIEHCTBHS Ha IIOYBY.

[TouBBI Bcex Tpex M3YYCHHBIX TOPOJIOB TPEOYIOT KOMIUIEKCHOTO MOIXO/a K CHIKCHHUIO 3arpsi3HCHHS
TSDKEJIBIMHA MeTaimaMu. J{J1s 3Toro HeoO6X0IMMO:

YMCHBUIUTE COACPIKAHUEC TAXKCIIbIX MCTAJJIOB B IMOYBC, B TOM YHCJIC IIYTEM H3BECTKOBAaHUSA, pPCaJIn-
30BaTh MEPhI OMOJIOTHYECKON U XUMUIECKON CTa0WIM3auy ¢ mpuMeHeHneM (oc(aTHBIX U OpraHUYECKUX
yaoOpeHuit, 4to OyaeT CriocoOOCTBOBATh CHIKEHHUIO TIOJIBUKHOCTH METAIIJIOB;

HCITIOJIB30BaTh OMOCOPOEHTHI (TJIMHBI, IICOJIUTHI, aKTHBHPOBAHHBIA YT0JIb, OMOYTOJb): OHU 3aKPEIISIT
TSDKEIIBIC METaUIbl B BEPXHUX CJIOSX MOYBHI M YMEHBIIAT MX JOCTYIHOCTD JUISl PACTCHHIA, YBEIUYAT HX
MUTPAINIO B TPYHTOBBIE BOJIBL;

MPUMEHATH (UTOpPEMETUANK MTyTeM TOCAAKH PACTeHHH, KOTOpble MOTYT cOOHMpaTh W yIalATh U3
IIOYBBI TSKEJIBIC METaAJlJIbl (HO}Z[COJIHC‘IHI/IK, ropuuia, JIIO]'II/IH), a 3aTCM YTUIMU3alus @HTOpeMeIlI/IaHTOB
JUTSL YMEHBILIEHUS OOIIE MacChl 3arpsI3HAIONINX BEIIECTB;

MoCJie TIPUHATHIX MEP HYXKHO IOCTOSHHO OTCJICKHBATh COCTOSTHHE TOYBBI M TUHAMHUKY M3MEHEHUS
KOHIIEHTpaIlM1 METAJIIOB.

3aepasnenue nosepxrocmuuvix 600. ClenyIOIUi dTan UCCIeIOBaHUS COCTOSUT B ONPEACTICHUN YPOBHS
3arps3HeHHs MMOBEPXHOCTHBIX Bo KaparananHckoi o0macTu.

— 16 ——
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Takue 3arpsA3HUTENN, KaK TSDKENbIe METaIb], CENbCKOX03SIMCTBEHHbIE XUMUKATHI U IPOMBIILJICHHBIE
CTOYHBIE BOJBI, MOTYT IIPOHUKATH B CHCTEMBI MUTHEBOTO BOJIOCHAOXKEHHUSA. DTO, B CBOIO OYepeab, MOXKET
MPUBECTH K OCTPBIM MpoOiieMaM co 310poBbeM. KitoueBoil XapaKTepuCTHKON BO3JEHCTBUS XUMUYECKUAX
BEILECTB SIBISIETCS HMX 3aUacTyl0 CKPBITBIM xapakTep. MHOTHME BpEIHBIC BEIIECTBA HE BBHI3BIBAIOT
HEMEJJICHHBIX CUMIITOMOB, UTO MOKET 3aJ€pKaTh paclo3HaBaHUE U pearupoBaHue Ha Hux [11].

Heobxoammo oTMeTnTh, 9TO Bee pekn KaparaHmauHCKoW 00IacTH SBISIFOTCSI PABHUHHBIMH, B BOJTHOM
pexKUME KOTOPBIX MPOCIEKUBACTCS XOPOIIO BBHIPAXKEHHOE BECEHHEE IMOJOBOJBE C MEXKCEHBIO B JICTHHIA
MEPHUO/JI, TO3TOMY HAKOIUICHHE MOJUIFOTAHTOB MPOUCXOAUT B TEUEHHE BECEHHETO MEPUOJA U aKKyMYJISLUU
B JIeTHUH ce30H. OCHOBHBIMH BOJHBIMH HCTOYHHUKAMH OOJIACTH SABIISIOTCS:

pexu Hypa, Kapa-Kenrup, Coxksip, [llepy6aiinypa;

Bogoxpanunuiia Camapkan u Kenrup;

o3epo bankari.

B mocnenHue rompl 3TH BOJOEMBI B KOHTPOJBHBIX CTBOpaxX KIacCH(DUIMPYIOTCA KaK YMEPEHHO
3arpsi3HeHHbBIC. B Ta0nuile 6 mpeicTaBiIeHO KadyeCTBEHHOE COCTOsHME BomoeMoB KaparanmuHckod 00-
nactu o ExuHO# cucTeme KitaccupUKaIiy KauecTBa MOBEPXHOCTHRIX BOL [9, 12].

Tab6umua 6 — KauectBo nmoBepxHOCTHBIX BoJ KaparanauHckoii oonactu 3a 2024 .

Table 6 — Quality of surface waters in Karaganda region for 2024

Bonoem Kiacc 3arpsiznenHoctu 3arps3HAIONINE BEIIeCTBa

CamapkaHCKOE BOJOXPaHHUIHIIE 5 kace B3Bermrennsle BemecTBa, HeGTENPOTYKTEL, MEAb, PTYTh,
KeEJIe30

Pexa Hypa Beoimie 5 kiacca B3sBemennsie BemecTBa, GEeHOMIbI, PTYTh,
HE(TENPOLYKTHI, HUTPUTHI

Pexa Coksip Beimre 5 knmacca Mapraneln, aMMOHUI{-HOH, a30TCOEPKAIINE BENIECTBA,
BIIK

Llepy0aitHypruHCKOE BOJIOXPAaHIITUILE 2 kace -

Peka llepy6aiinypa Beoimie 5 kiacca BsBemennsle BemecTBa, Mapranen, HUTpUThI, BITK

Osepo bankam 3 knacc Menb, TUHK, He()TENPOIYKTHI, (EHOIBI, B3BEIICHHBIC
BEILECTBA

Kenrupckoe BOZOXpaHUIIHUIIE 2 kiacc Hedrenponykrsl, GpeHOBI

Pexa Kapa-Kenrup Beimie 5 kiacca HedTtenponykTsl, GeHOINBI, IUHK, MapTaHel, aMMOHUI

HUOH

CornacHo naHHeIM Tabauiel 6, CaMapKaHCKOEe BOIOXPaHWIHIIE HUMeeT S5-U Kiacc 3arpsi3HEHHOCTH.
[IpenenbHO MOMyCTUMBIE KOHIICHTpAlMK ObUIM 3aUKCHPOBAHBI 10 TAaKUM IIOKa3aTelsiM, Kak Hedre-
NPOLYKTHI, MeAb, PTYTh, kene3o [9]. Takue mpeBbIIICHUS OOYCIOBICHBI CE30HHOCTHIO MOCTYIUICHHS
3arps3HuTeneil u3 BepxoBuil peku Hypa, a Takke cBs3aHBl C BTOPHUYHBIM 3arpsA3HEHHEM M3 JOHHBIX
OTIIOKEHUU BCIEACTBUE NEATENBHOCTH TPON3BOACTBEHHBIX IPEATIPUATHIN.

Pexa Hypa umeer B HEKOTOPBIX CTBOpax YPOBEHb 3arpsi3HEHHs, OTHOCSIIMKCS K 5-My KIIacCy, 4TO
YKa3bIBac€T Ha BBICOKYIO CTEIEHb OIIACHOCTHU. B BOJE MPUCYTCTBYIOT TAKUE 3arpsI3HSIOIINE BEILECTBA, KaK
deHos, pPTyTh, HE(PTENPOLYKTHI, HUTPUTHI, B3BCIICHHbIE BemiecTBa. Hanuume S3THX KOMIIOHEHTOB
00BsICHseTCA 3arpsi3HeHHeM BojioeMa 13 CaMapKaHCKOIO BOJOXPAHMINIIA, @ TAKXKE SIBICTCS CIEICTBUEM
MEPBUYHOTO M BTOPUYHOTO 3arpsi3HeHus. llpumepamu MEepBHYHOTO 3arpsi3HEHHST MOTYT OBITH COpPOCHI
OTXOZOB TPOU3BOJCTBA, KOTOPBIE COAEPKAT Pa3IMYHbIE XUMHYECKHE BELIECTBA, HEPTEIPOAYKTHl H
TSDKETIbIe METaJljIbl, HEMOCPEICTBEHHO B BOJOEMBL. BTopuuHOe 3arpsisHEHue CBsI3aHO C 00pa3oBaHUEM
HOBBIX 3arps3HSIONINX BEILECTB B PE3YJIbTAaTe XMMUYECKUX U OMOJIOTHUYECKHX IPOLIECCOB, I/I¢ aKTHBHOE
ydacTHe NPUHHUMAIOT IIEPBUYHBIC 3arps3HUTENM, IONaJalollie B BoAy. B pesynbrate o0pasyrorcs
JMOKCHUHBI, XJIODOPTaHUUYECKHUE COCAMHEHNS, HAOMI0JaeTcsl yCHIeHHE OaKTepHaIbHOTO 3arpsA3HEHUs U T.1I.
IIpucyTcTBrE HUTPUTOB CBSI3aHO C IEATEIBHOCTBEO CEIBCKOTO X03IHCTBA.

VYpoBeHb 3arpsizHeHUs pekud COKBIp TaK)Ke€ OLIEHMBAETCs KaK BBICOKHUH, HAa HEKOTOPBIX yYacTKax
HaOJII0IaeTCsl MOBBIIEHHOE 3arps3HEHHE BBINIE 5-TO Kiacca, BO3MOXKHO, BCIEICTBHE cila0oi paboThl
OYMCTHBIX COOPY)KEHUH HA IPEANPUATUAX, CBA3AHHBIX C IPOU3BOJCTBOM CTPOMUTENBHBIX U JKEIE30-
oeronnsix m3nenuit (JKBU Sueproctpoit, KazBeton, CtpoitPoint u. 1. a.). [IpeBrimenns HabmogamUCh 11O
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a30TCOMACPKALIMM BEILECTBaM, XapaKTEPHBIM IJIsi XO30BITOBBIX CTOYHBIX BOJ, a Takke M0 OHOXHMH-
geckoMy motpedsienuto kuciopoxaa (BIIK) [9].

Haubomee wucTeiM BOmOEeMOM oOyacTd okasanoch lllepyOaliHypHHCKOE BOIOXPAHIINIIE C
MOKa3aTesieM, OTHOCSIIUMCS KO BTOPOMY KJacCy COOTBETCTBYIOMIEH KIaCCU(DUKAIMM YHCTBIX BOJ.
[peBbimenus: mpeaeabHO AOMYCTUMOM KOHIEHTPAUH He 0OHAPYKEHO, YTO CBHIECTENBCTBYET O BHICOKOM
KadecTBe BOJOEMa.

OpHUM 13 BaKHEHIINX MPUPOAHBIX BoJoeMoB KaparanmuHckoii obnmactu siisiercst o3epo bankarn,
KJlacc 3arpsi3HEHHS KOTOPOTO TPETHUH, YTO OTHOCUTCS K YMEPEHHO 3arpsi3HEHHOW Kareropuu. B stom
BoioeMe OOHApYKEeHBI MeJlb, INHK, He(PTEPOAYKTHI U (DEHOIIBI, YTO MOXET OBITh BHI3BAHO HECKOJIHKUMHU
(hakTopaMu: TEXHOTCHHBIM 3arps3HeHHEeM, HapyIIeHHEM THAPOIOTHIECKOTO PEXHMa W aHTPOIIOT€HHOM
JESITENBHOCTBIO.

YpoBeHs 3arps3HeHus KEHrupckoro BOJAOXpaHIIIUINA OTHOCHTCS KO BTOPOMY KIIACCY, MPEBBIIICHIS
3aduKcHpoBaHbl 10 HedTempoaykram u deHomaMm. Takwe BHIBI 3arps3HEHHI MOTYT IOCTYIAaTh ¢ 000-
TaTUTCIIBbHBIX Hpe}:[HpHHTHfI, CBA3aHHBIX C FOpHOZ[O6I>IBaIOHleI>'I u MeTaHJIypI‘H'—IeCKOﬁ IIPOMBIIIJICH-
HocThio (TOO «Ka3zaxmpIc»), 1 0Ka3bIBaTh 3HAYUTENBHOE BIMSHIE HA KAYECTBO BOJBI.

O6cy:xxnenune. CormacHo knaccudukarnmu Boga pekn Kapa-Kenrup xapakrepusyercss Kak OYEHb
3arpsi3HeHHas1. 3/1ech ObLTH 00HAPYIKEHBI HePTEPOAYKTHI, PEHOIBI, IUHK U MEJIb.

Xumuyeckue, GpU3nuecKre u OakTepualbHble XapaKTEPUCTUKH BOJIBI ONIPEIEIISAIOT €€ MOJIe3HOCTh A
pa3IMyYHBIX [eieid. XMMHYECKUH aHaIu3 MOBEPXHOCTHBIX BOJ BKIIOYAET B ce0s ompeielieHHe KOHIICH-
Tpaluil HEOpraHUYeCKuX BellecTB, pH U yaenbHO# 351eKTponpoBoiHOCTU. TeMneparypa, IBET, MyTHOCT,
3amax M BKYC OICHHMBAIOTCS C MOMOIIbIO (PU3UUECKOTO aHann3a. BaKTepHoNOrHuecKuii aHainu3 OOBIYHO
COCTOWT U3 TECTOB JJISl BHISIBIIEHUS IIPUCYTCTBUS MUKPOOPTaHU3MOB, 00pa3yIONINX KUIIEYHYIO MaT0YKy.

OTOT MpoIecc BKIIOYAET CHCTEMATHYECKHWH cOOp MaHHBIX, WX aHaJN3 M HMHTEPIPETANUI0 IS
MOHUMAaHUSl KOHICHTPAl[MH 3arps3HSIONINX BEIIECTB M WX OMAacHOCTH JJS 3IOPOBbS UEJIOBEKA.
Hcnonb3oBaHne TOYHBIX METOAOB OLEHKH MOXKET TIOMOYb B MPUHITUHU PETYIUPYIOMINUX Mep, HHPOPMU-
POBaHMHU OOIIECTBEHHOCTH U pa3padoTke 3(h(heKTUBHBIX CTpATETHii BOCCTAHOBIICHMS.

YHUKQJIBHOH OCOOEHHOCTHIO XHUMHYECKOTO aHaIHW3a SBISETCS €ro CIOCOOHOCTh OOHApYKHBATh
MIMPOKUH CIIEKTP 3arps3HAIOIIUX BemecTB. Hampumep, MOKHO MPOBOIUTD TECTHI HA HUTPATHI, pochaTsl 1
JlaXke TIPOMBIIUIEHHBIE XUMUKaThl. K TpenMyIiecTBaM OTHOCSTCS HAJEeKHOCTb W TOYHOCTh, KOTOPBIE
HEOOXOUMEBI JIJTsT COOJTIOIEHIUST HOPMATUBHBIX TPEOOBAHHIA.

MukpoOHONIOTHYECKOe TECTHPOBAaHHE HANPABICHO Ha BBISBICHHWE M KOJIMYECTBEHHYIO OLIEHKY
MHUKPOOPraHu3MOB B Bojoemax. OHO MMeeT XKM3HEHHO Ba)KHOE 3HAUYCHHE B CBS3U C MOTEHIHAJIHHOM
BO3MOKHOCTBIO BO3HHKHOBEHHSI 3a00JIEBaHMH, IE€pelaBaeMbIX 4Yepe3 BOAY, KOTOpbIE MOTYT OBITh
BBI3BaHbl OAKTEPUSMH TPYMIbI KHIICYHOH MaJOYKK WM natoreHamu. OCOOCHHOCTh MHKPOOHOJIOTH-
YEeCKOr0 TECTHPOBAHMS 3aKIIOYaeTCsl B €ro CIIOCOOHOCTH OMpEAEATh HE TOJBKO HaJIW4yhe BPETHBIX
MHUKPOOPTaHU3MOB, HO U 00Illee CAHUTAPHOE Ka4eCTBO BOBI.

OU3NKO-XUMUIECKUE TTapaMeTphl BOAHBIX 00bekTOB Kaparamamackoi ob6mact mo manabeM PITI
«Kasruapomer» npuBenens! B Tabnuue 7.

Tabmuna 7 — ®usnko-xumMudeckue mapameTpsl Boa Kaparanauuckoi obmactu [9]

Table 7 — Physicochemical parameters of waters in the Karaganda region [9]

Bozoem Temnepatypa, Bonoponusrii KonuenTpauus pacTBOpeHHOTo BIIKs IIpospau-
A °C MOKa3aTelib B BOJIE KHCIIOPO/a, Mr/am> Mr/zLM3 HOCTb, CM

Pexa Hypa 0,2-23,6 7,20-7,94 6,71-12,01 1,09-2,34 20-26
Bozoxpartimiue 10,8-22.,8 7,91-831 6,72-10,68 2,14-3,66 18-25
CamapkaH
Pexa Cokbip 0,2-22 7,18 4,52 1,25 19
Pexka Illepy6aiinypa 0,2-23 7,22 4,06 1,72 19
O3epo banka 10,0-26,0 8,4-8,78 6,03-8,96 0,34-2,20 37-22
Kenrupckoe 15,6-28.2 7.7-8,62 8,64-9.,46 0,9-1,1 20-21
BOJIOXPAHHJIHIIIE
Peka Kapa-Kenrup 3,2-6,8 7,66-7,74 4,71-8,92 0,88-1,44 22-24
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[Ipu nzyveHnn (PU3NKO-XMMHYECKUX TApAMETPOB MOBEPXHOCTHBIX BOJ B OTOMPAaEMBIX MPo0OaxX BOJEI
ompexaenseTcss pAn (U3NKO-XUMHYECKHX TIOKa3aTeJed KadecTBa: TeMIlepaTypa BOIBI, B3BEIICHHBIE
BEILIECTBA, IPO3PAYHOCTh, PACTBOPEHHBIA KUCIOPOJ, BOJAOPOAHBIN noka3areinb, BITK.

TemmepaTypHbld PEKUM OKa3bIBAET BIUSHUE HA PACTBOPUMOCTH KHCIOPOJAA, a TaKKe CKOPOCTh
XUMHYECKUX PEeaKIUi U aKTUBHOCTh OMOTHI. [loBBIIIIEHHAS TeMIiepaTypa B JIETHUH TIEPHUOJ CIIOCOOCTBYET
MTOHIMKEHHUIO KOHIIEHTpanuy kuciaoposa. Ilo pesynpraTam aHanmsa TemiepaTrypa Boasl BapeupyeT ot 0 1o
28 °C B 3aBUCUMOCTH OT BPEMEHH T'0J1a.

Ilo BomopomgHOMY TmOKa3aTent0 HaOIIOAAaeTCs HE3HAYUTENbHOE IpPEeBbIIIEHHE OT HEeUTpalbHOrOo
3HaueHus, paBHoro 7, Ha peke Hypa, Coxkblp, llepyOaiinypa, Kapa-Kenrup, oTkioneHue — B BOJO-
xpanwmme Camapkad, Kenrup u o3epe bankam. OTKIOHEHHS OT HOPMBI MOTYT OBITh CBSI3aHBI C
Te€OXMMUYECKUMH OCOOCHHOCTSIMU U CIIEJICTBHEM 3arpA3HEHUH.

YpoBeHb KOHLEHTpAUMU PACTBOPEHHOTO B BOJE KHCIOpPoAa M OHOXMMHYECKOE NOTpebieHne
kucnopoga (BIIKs) Bcex BomoemoB B mpenenax HOpMEL. [lo mpo3padHocTH BOIBI, XapaKTepHU3YOIIEH
rIyOWHY TIPOHUKHOBEHWS CBETa, HAWITyUIIMe MOoKa3zaTenn y o3epa bamkamr, Bogoxpanmmmiia Camapkad,
pex Hypa u Kapa-Kenrup.

KauecTBo Bompl B OompmMHCTBE BOmoeMOB KaparaHamHckod 007acTH HaXOAWTCS B Tpeaeliax
TPEThETO KJlacca 3arps3HeHHOCTH [12]. 3arps3HeHne BOABI B OCHOBHOM TIPOHCXOIHUT 3a CUET COPOCOB
CTOYHBIX BOJ OT TMPOMBIIUICHHBIX MPEANPUATHH, a TakKe BTOPUYHOTO 3arpsi3HEHHUS, BBI3BAHHOTO
HAKOIUIEHHUEM 3arpsA3HSIOIIMX BEIIECTB B JOHHBIX OTJIOXKEHHAX. BTOpHMYHOE 3arps3HEHHE CBA3aHO C
0o0pa3oBaHHEM HOBBIX 3arps3HSIONIMX BEIIECTB B PE3yNbTaTe XUMUYECKUX W OMOJIOTHYECKUX TPOIIECCOB,
T7Ie aKTHBHOE y4YacTHe INPHHHUMAIOT TEPBHYHBIC 3arps3HUTENH, MOManarolre B Boxy. B pesymbraTte
00pa3yloTcss IHOKCHHBI, XJIOPOPraHWYEeCKHE COENWHEHHUS, HAONMIoAaeTcs yCHICHHE OaKTepHabHOTO
3arpsI3HEHMS U T. II.

B cBs3u ¢ 3TEM HEOOXOIUMBI MTOCTOSHHBIN KOHTPOJB 32 COpOCaMH CTOYHBIX BOJ, a TaKKe BOCCTa-
HOBJICHHE IKOCHUCTEM BOJIOEMOB, B TOM YHUCIIE ITyTEM OYMUCTKH JTOHHBIX OTJIOKEHHUH U yIydIlleHHs paboThl
OUHCTHBIX COOPYKEHHH.

[IpencraBneHHbIe TaHHBIE TOKA3BIBAIOT BIUSHIE TEXHOTCHHOMN JIEATEIHPHOCTH Ha KAYECTBO BOAOEMOB
KaparanauHckoii 00JIACTH M HEOOXOJIUMOCTh JIMKBHJAIMK COPOCOB HEOUMIIECHHBIX CTOYHBIX BOJ U
PEKOHCTPYKIIMY BOJIOOTBOASAIINX CETEH.

3akawuenne. B 1. banmkame B MOYBEHHOM MOKpOBE OOHapykeHa camasi BBICOKAasS KOHIICHTPAIWS
MOJITIOTAHTOB: 494 Mmr/kr nuHKa, 428 Mr/Kr cBuHLa, 27 Mr/Kr kagMust 1 139 Mr/kr meau.

OrneHeHb! AMana3oHbl KOHIEHTPALUH 0 KaKIOMY METaJTy U PaCCUYMTAaHbl COOTBETCTBYIOIINE PAHTH.
Cambrii BBICOKHI nuamna3oH B T. bamkame mokazamu menb — oT 100-300 Mr/kr, 94TO0 COOTBETCTBYET
BTOpOMY paHTy, u ITMHK — OoT 200-400 MI/KT, 9TO OTHOCHTCS K IepBoMy paHry. B Temupray BBICOKHIA
JMarna3oH rnokaszanu xeine3o — 1o 10 000 mr/kr, nepseiid panr, mapranen; — ot 500-1000 mr/kr, BTOpOit
panr, © nuHK — OT 150-300 mr/kr, Tpetuii panr. B IllaxTHHCKE B NOYBEHHOM MOKpPOBE OOHAPYKEHEI
HauOOJNbIINE KOHIIEHTPAI[MN MEI!, CBUHIIA, KaJIMUS U pTyTH. HIEKC MOYBEHHOTO 3arpsi3HEHHS OT 3 /10 5,
YTO TOBOPUT 00 yMEPEHHO BHICOKOM YPOBHE 3arpsi3HEHUS.

Wunexc nmousenHoro 3arps3Henus (MI13) B paiione bankama coctaBui oT 4 10 7, 4TO yKa3bIBaeT Ha
BBICOKHI YPOBEHb 3arpsi3HeHUus, B TeMHupTay HWHIEKC BapbUpyeTcs OT 3 10 6 — YMEPEeHHO BBICOKHH
YPOBEHB 3arpsi3HEHUS.

TakuM 00pa3oM, BO BCEX TPEX MOHOTOpPOAax TpeOyeTcs KOMIUIEKCHBIH moaxox B Oopwrbe ¢ 3a-
Tps3HEHHEM I0YB, BKJIIOYas OMOJOTHMYECKYI0O W XMMHUYECKYIO CTaOMIU3AIMIO 3arps3HSIONIMX BELICCTB,
HCITOJIb30BaHUE COPOCHTOB, a TAKXKE PUTOPEMEINAIIHIO.

[porecc Ono- u puTOpeMenuaIMK BKITIOYACT B €051 HECKOIBKO ITAIOB:

1. Ouenky crTeneHW 3arps3HEHHMs TEPPUTOPUM, TAE ONpeAessieTcsl KOHLEHTpalMs OCHOBHBIX
3arpsi3HUTeNneil. 3areM BBIOMpAOT pacTeHHus ((pUTOpeMeauanys), KOTOphle YCTOWYMBBI K TSKEIBIM
MeTaJjlaM U IPYTHM 3arps3HATENSIM. Takue pacTeHHs, KaK IOJBIHb U MBa, TIOAXOIAT IS JOITOCPOIHOTO
BOCCTaHOBJICHHU TO4B T. bankamia, a ans mouB r. TeMupray — THIKBA WM MaclM4HAas peibka, KOTOPHIE
3¢ (eKTUBHO HAKATUTMBAIOT KaJIMUN ¥ CBHHEII.

2. llogroroBka TEpPUTOPHUH SABISETCS CIEAYIONIMM 3TallOM, ITOYBE HEOOXOAWMa OTNpeaeTeHHAs
00paboTKa, KOTOpas BKJIIOYaeT B ceOs a’paiuio, BHECEHHUE YAOOPCHUN WM, €CIH IOHAI00UTCH,
M3BECTKOBAaHMUE.




Teoepagpus srcone cy pecypcmaput | Ieoepaghus u soonvie pecypewi / Geography and water resources

3. BeicaxxuBaHNe pacTeHHH W MOHHUTOPHHI SBISIOTCS HamOoJliee BaKHBIM ITaloM, Tak Kak HeoO-
XOIUMO TOCTOSIHHO OTCIIeKHUBAaTh POCT M COCTOSHHE PACTCHUH, MPOBOIUTH aHAJIU3 MOYBBI U OLEHKH
3 (PEKTUBHOCTH CHWXECHHS YPOBHS 3arps3HCHUS IMOYBCHHOTO IMOKpoBa. Jlamee HEOOXOMMMBI yOOpKa H
YTHIIM3ALHUs PACTEHUH, HAKOMMBIINX 33 3TOT TIEPHOJ 3aTrPS3HSIONINE BEIISCTBA.

4. 3aBeplIarOIMii TpoLEcC BKIOYACT B ce0S KOPPEKTUPOBKY: €CIH 3arpsA3HEHHE JOCTHUIIIO
MHUHHMMAJIBHOTO YPOBH:I, TO IIOUBBI OTHOCAT K IPUTOAHBIM TSI HCIIONb30BaHU.

UccnenoBanne 3arps3HeHUs] MOBEPXHOCTHBIX BOJI TIOKA3aJI0, YTO B OOJBIIMHCTBE PEKH OTHOCATCS K
3-My KJaccy OMacHOCTH, YTO ONpEAeseT UX KaK YMEPEeHHO 3arpsa3HeHHbIE.

Heobxonmumo OTMETHTH, YTO, HECMOTPS Ha YMEPEHHO 3arps3HEHHYIO CTEHEeHb ONAacHOCTH, MO-
BEPXHOCTHBIE BoJbl KaparannmHckoil 061acTu MMEIOT B CBOEM COCTAaBE pa3jIMYHbIE 3arpsA3HUTENH. Tak,
p- Hypa 3arpsi3Hena ¢peHonom, pTyTho, HeTepOAyKTaM1, HUTPUTAMH, a BBIIIE CBOETO cOpoca — MeJIbIO.
O3. bankam comepXuT AOBOJBHO BBICOKMH ypOBEHb MeIH, LIMHKA, (eHosa U HedrenporykroB. Mcrou-
HHKOM TaKOI'O BBICOKOT'O YPOBHS 3arpsI3HEHUS IIOBEPXHOCTHBIX BoJ KaparannuHckoii o6sacTu sSBiIsleTCs C
MIPOMBIIIUIEHHOE TIPOM3BOJICTBO, a TaKXKe MHTEHCHBHOE celbcKoe xo3siicTBo. Hampumep, pexku Llepy6aii-
Hypa, COKyp MMEIOT BBICOKYIO CTENCHb 3arpsi3HeHHs a3zoTcoiep:kammuMu BemectBamu, BIIK u HuTpm-
tamu. 1103TOMy Ba)XKHOCTH NaJbHEHMIIETr0 KOHTPOJSA 3a 3arpsi3HEHHEM IMOYBEHHOTO M BOJHOTO IOKPOBA
KaparanauHcko# 00J1aCTH OCTaeTCs B IPUOPUTETE.

dunancupoBanue. Pabota BrimonHena B pamkax npoexta AP Ne 23489358 «Pa3paboTka MeTOIUKH
OLICHKM YCTOMYMBOCTH IPOEKTOB B MOHOIOpPOAaX B KOHTEKCTe JocTibkeHus Llenmeit ycroiumBoro
passutmsy (HAO «YuuBepcurer Hapxo3»), (HHAHCHPYEeMOTO HAyYHBIM KOMHUTETOM MUHHCTEPCTBA
HaYKH ¥ BbIciiero oOpa3zoanusi Pecniy6onmkn Kazaxcrana.
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KAPAFYAH/bI OBJIBICBI TOIIBIPAK KABBLIIAYbI
7KOHE CY PECYPCBIHBIH JJACTAHY JEHI'EUIH TAJLJJAY

Annotanusi. Kaparanjsl oONbICBIHBIH ayMarbl Ka3akcTaHHBIH OpTaNBIK OeliriHje opHajackaH, MyHJa KeHi
JKOHE MHHEpAIIbl [IMKIi3aTThl KAPKbIHABI OHIIPY JXKOHE OHJEY XKy3ere achlpbUIajibl, OYJI TONBIPAKTHIH JPTYp.i
JlacTayIibl 3aTTApMEH, dCipece ayblp METAJIAPMEH JIACTAHYBIHBIH KOFaphI AeHreiine okene/i. Taburi MUTPaHSIIBIK
MpoIlecTep HOTIDKECIHE TOMBIPAK KypaMbIHAA OOJATHIH OPTYPIl TOKCHKAHTTAp, SAETTE, JKEep YCTi XKOHE Kep acThl
cynapeiHa tyceni. CoHABIKTaH Oy JKYMBICTBIH MakcaTsl KaparaHabl 0OJBICBIHBIH MOHOKAJaJapbIHAAFBl TOMBIPAK
KAMBUIFBICBI MEH JKep YCTI CYJapbIHBIH ayblp MeTaJJapMeH JacTaHy JAeHreiin Tannmay Oonapl. Tombipak
ceiHaManapeiH ipikrey 'OCT 17.4.4.02-84 GolibiHIna xypriziani, an Temipray, bankam xone 11IaxTHHCK CHSKTBI
KajanapJarel Oenriii Oip chlHaMa anxy OpbIHAapbiHAa 15-TeH actam TombIpak yiritepi 3eprreimi. 2020 KpuigaH
2024 >xpuTFa JCHIHTI KEe3CHIE JIACTaHY JCHICHIHIH Tapaly epeKIICTIKTepiH 3epTTey HOTHIKEIepl KapacThIPBUIIHL.
JKyprizinren tannaynelH Oarachl TONBIpaKTarbl ()OH, MI/KI XUMMSUIBIK 3aTTapiblH KYpaMblH €CKepe OTBIPBII,
HIKK-na alirapiabikTaid achlll KETYl KOPCETTi, MbIC, MBIPBILI, KOPFAachbIH, KaJMHil )KoHE XPOM CHSKTBI KOPCETKIIITED
OolibiHIa, ocipece bankain KamacblHIa OCHI METAJIAApIbIH JKOFaphl KOHIEHTPALMACH! aHBIKTAIIbl. KaparaHisl
OOJIBICHIHBIH, MOHOKAJAJAPBIHAAFEl JKEp YCTi CylapblHAa OONAThIH WHTpenueHTTepaiH xanmsl memmepi [ITPK-man
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acajibl, OJIap IbIH KON OipiHIIi jKoHE eKiHIII KayinTLTiK KiacTapblHa jkaTtaabl. Herisri Jacraymsl 3aTTap ChIHaIl,
MBIC, MBIpBILI, (eHoap >koHe MyHail eHimuepi 6onasl. JXKep ycTi CynapbIHBIH CaHMTAapIIbIK-XUMISUIBIK CHUIIATTa-
Macsl Oepinren: Hypa, Kapa, Kerrip, Coksip, [llepy0Oaitaypa e3eHaepi.

Tyiiin ce3mep: TONBIPAK, XKep YCTi CyIapsl, IAaCTAayIIbl 3aTTap, ayslp Metangap, IIIPK, Kaparanapr oOIbICEIHBIH
MOHOKaJIaJIapsl.
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ANALYSIS OF SOIL AND WATER POLLUTION LEVELS
IN KARAGANDA REGION

Abstract. The territory of the Karaganda region is located in the central part of Kazakhstan, where intensive
mining and processing of ore and mineral raw materials takes place, which leads to a high level of soil pollution with
various pollutants, especially heavy metals. Various toxicants contained in the soil as a result of natural migration
processes, as a rule, end up in surface and groundwater. Therefore, the purpose of this work was to analyze the level
of heavy metal pollution of the soil cover and surface waters in single-industry towns of the Karaganda region. Soil
sampling was carried out in accordance with GOST 17.4.4.02-84, while more than 15 soil samples were studied,
collected at certain sampling points in such cities as Temirtau, Balkhash and Shakhtinsk. The results of the study of
the features of the distribution of the pollution level in the period from 2020 to 2024 are considered. The assessment
of the conducted analysis showed significant excesses in the MAC taking into account the background, mg / kg of
chemical substances in the soil, for such indicators as copper, zinc, lead, cadmium and chromium, especially high
concentrations of these metals were found in the city of Balkhash. The total amount of ingredients present in surface
waters in single-industry towns of the Karaganda region exceeds the MAC, many of which belong to the first and
second hazard classes. The main pollutants were mercury, copper, zinc, phenols and oil products. The sanitary and
chemical characteristics of surface waters are given: the Nura, Kara, Kengir, Sokyr, Sherubaynura rivers.

Keywords: soil, surface water, pollutants, heavy metals, MAC, single-industry towns of the Karaganda region.
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TABUT' COBPEHTTEP:
CYAbI TASAPTYAbBIH 3KOJIOI'UAJIBIK BAJTAMACBHI

AnHoTtanus. Cy pecypcTrapbiHa TYCETiH KYKTEMEHIH apTybl )KOHE CapKBIH/IBI CyJIapbIH CallachblHa KOMBUIATHIH
TaJANTAp/bIH KYIICIOl JKaFJaiblHIa ONIapAbl Ta3apTy.IblH SKOJIOTHSJIBIK JKaFbIHAH Kayilci3 opl 3KOHOMHKAJBIK
JKaFblHAH THIMII OJICTEPiH 93ipiiey MEH KETUIIIpyre epekiie Haszap aynapbutyga. OChbl IOy MaKalachIHIA
CapKBIH/BI CyJIapAaH OPTYpJi JIacTaylibl 3aTTapibl XKOKO YIIIH TaOWFU COPOSHTTEPHAl KOJJaHy MYMKIHIIKTEpi
KapacThIpbiia el CapKbIHIBI CYJIapAbl Ta3apTyAa TaAOUFH COPOCHTTEP I KOJAaHyFa apHAJIFaH FhUIBIME 3ePTTEYJIepre
Tanaay Kyprizinni. Lleosmrrep, 6EHTOHUT, IIYHIUT, INATOMUT KHE OAIIBIKTAp CUAKTHI TaOUFW MaTepuaaap MEeH
OJIap/IbIH JIACTaFBIIITADMEH OpEKEeTTeCy MEXaHM3MJAEpiHE KAaTBICTBl 3aMaHayd 3epTTeyliepre IOy >KacajJbl.
3epTTeyniH 9MICTEMENIK HETi3i PeTiHAe COHFBl OH JKBUI INIHJC JKapUsUIAHFAH OTAHJBIK JKOHE MICTENIIiK FBUIBIMH
eHOeKTepIiH Talaaysl anbIHABL JKYpri3uireH Moy HeTi3iHAe CapKBIHABI CYJIapabl Ta3apTy IpoIlecTepiHae maiima-
JaHy YIIiH MepCIIeKTUBAIBI TaOUFU copOeHTTepAiH Oipi perinne KazakcTtaH keH OpBIHIAPBIHIAFEI THATOMHUTTEPII
TEPEHJIETIIT 3ePTTEeY/AIH OPBIHIBUIBIFBI TYPaJbl KOPBITBIHIBI Kacaiibl. JKypri3iireH 1oy 3KOJOTHSUIBIK TYPFbIIaH
Kayilici3 Cy Ta3apTy TEXHOJOTHsUIApbl CallaChIHIAFbl FHUIBIMH OUTIMII KEHEWTIN, KOJAAHBICTaFbl Ta3apTy
XKyiesepiHiH THIMIUIITH apTThIpyFa OarbITTalFaH KaHa LIeHIMIep i 93ipieyre Heri3 6oa anasl.

Tyiiin ce3nep: Taburu cOpOSHTTEDP, CAPKBIH/BI CYJIap, IUATOMUT, SKOJIOTHSL.

Kipicne. Kopmaran opraHblH JacTaHybl — jKeIen HIeHIiMIep MEH THIMII TEXHOJOTHSUIAPIbl TaJlam
eTeTiH eH e3eKTi xahaHabslk Macenenepaid Oipi Oonpim Kamyaa. CapKbIHIBI cylapAbl Ta3apTyAblH TYpdi
THIMII TEXHOJIOTHSIAPHI JKaKChl HOTI)KE KOPCEeTye, anaiiia onap pecypcTapiblH KON IIBIFBIHAATYBIMEH
JKOHE CKIHIII PETTIK JIaCTaHy IbIH Maiiia O0ybIMEH Oipre *ypei.

CynbIH HETi3Ti JacTaylbsl Ke3aepi OOJBI WHIYCTpUATU3alus, ypOaHu3alus, aybul MIapyallbUIbIFbI
KBI3METI, COH/aii-aKk 0acka IKOJIOTHSIIBIK JKIHE FallaMIbIK e3repictep Tadbutapl. Cy pecypcrapbliHa Tepic
acep eTeTiH OipHeIe KYy3AeTeH OpraHUKAaJIBIK JIACTAYIIIBI 3aTTap AHBIKTAJIIBL.

Jlactraympuiap (OpraHMKajbIK jkKoHE OeHOopraHMKajblK) Cy pecypCcTapblHBIH ICTETHKAJBIK KYHIIBI-
JBIFBIH TOMEHETE/, 3BTPO(HKANMIHBI TYABIPAIbl JKOHE Tipi OpraHM3MIEp VIIH MyTareHai >KoHE
KaHIIEpOr'eH/ 1 MOTEHIMAIFa 1e OOJIBII CaHaJIa/bl.

OpOip en KopliaraH OpTaHbl KOpFay MaKcaThIHIa CapKbIHIBI CyJIapAbl Ta3apTyIblH TaOUFU TEXHO-
JorusapeiHa 0ackIMABUIBIK Oepyi Tuic. JlacTayuel 3aTTapjaH CapKbIHABI CyJapAbl Ta3apTyAblH €H Oip
MEPCIIEKTUBTI TacUIAepAiH Oipi copOeHTTep i KoJaany OobIn caHamass [1].

CapkpIHIBI CyNapIbl Ta3apTyFa apHaJlFaH copOeHTTep — Oy CyAaH JacTayllbl 3aTTapiAbl aj-
copOuusinay apKpUIbl CiHIpil HeMece >KOAThIH MaTepuanaap [2]. Onmapabl WIBIFY Teri MEH XUMHSUIBIK
TabuFraThiHA OaiaHBICTBI OipHeme Typre Oemyre Oonamel: TaOUFH COPOSHTTEP, CHHTETHKANIBIK COp-
OeHTTEp, OMOCOPOCHTTEP, HAHOCOPOSHTTEP XOHE KOMITO3HWTTIK copOeHtrep. byn copOeHTTEpmiH op-
KaHCBICHIHBIH KEYCKTUTIK, XUMUSIIBIK TYPaKTHUIBIK, KaJlbIHA KENTIpiTy KaOuleTi MeH KYHbI CHSKTHI
e3iHAIK epekmienikrepi Oap. byn KacuerTep onapIblH CapKbIHIBI CYIBIH TYPiHE XOHE Ka)XeTTi Ta3apTy
HOTHXKECiHe OaiIaHBICTHI TaHIATybIHA 9CEP €TEe/I.

TaOuru copOeHTTEp — Oy TaOWFaTTa Ke3IEeCETiH, JIacTaylbl 3aTTapibl aacopOuusiiay Hemece
abcopOuusinay kabineti Gap 3arrap. Onap ynbl 3aTTapAbl, OPraHUKAJIBIK KOCBUIBICTapAbl, ayblp MeTal-
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JapJibl KOHE 0acKa Jia JIacTayllbl 3aTTap/bl JKOFOa THIMJI KOJJIaHbUIa bl TaOuru copOCHTTEp/IH He-
ri3ri cumarraManapbiHa JKOFaphl MEHIIIKTI OeTKi ayMaKThl KaMTybl, KEYeKTi KYPBUIBIM, SKOJIOTHSIIBIK
KayiIci3mik, CoHmIai-aKk ToMeH 0ara MEH KOJDKETIMIIITIIK skaTtanbel. Taburu copOSHTTEp I YIIT HETI3Ti TOIKa
JKikTeyre OoJjiafbl: MUHEPaIabl (I[COIMTTEP, OCHTOHUTTED, Ca3lap), OPraHMKabIK (IIBIMTE3CK, araill
KeMipi, 6CiMJIik OMoMaccachl), KOMIO3UTTIK (TaOUFH KOMITIOHEHTTEP HETI31HJIET] apajiac MaTepHaiap).

3epTTeyiH ©3eKTIIIr Cy pecypcTapbIiHbIH JacTaHyBIHBIH apTybIMEH OaiIaHbICThI, Oy THIMAL KOHE
9KOJIOTHSIJIBIK KAyilCi3 Ta3apTy oJicTepiH a3ipieyai Tajgam ereai. TaOuru COPOCHTTEp CapKBIHIBI
cyJlapJiaH JIACTayIbl 3aTTap bl KO YIIIiH MEPCIEeKTUBTI MaTepuaniap OOJIbIT TaObLIAAbI, OYJI ONapabIH
IKOJIOTHSIIBIK TOXKIprOe e KoJIany 1a MaHbI3Ibl OPBIH alybIHA ceOert O0aIbl.

3epTTeyAiH MakcaThl — CapKBIHABI CyJapabsl Ta3zapTyla COpOCHTTEpHi KOJNIaHy Typaisl 3aMaHayH
onebuerTepre Tajmay Kkacay.

3epTTey HBICAaHBI — TAOWFU COPOEHTTEp, ajll 3eppTey Calachl — OJAPABIH CYAaH JacTayIIbl 3aTTap.Ibl
JKOKO KaOiJIeTi.

Komxkerimai Taburu MaTepuanmapbl, MbICANBI, ca3fgapibl, LIEONUTTEPAl, arall KeMipiH, IIyHTHT-
Tepli, OCHTOHUTTi, IUATOMUTTEp MEH IIBIMTE3EKTI KOJJaHyFa OaFbITTAIFaH 3epTTeyliep, OJapIblH
9KOJIOTUSIIBIK KAyINCI3iri MeH JacTayIibl 3aTTap bl JKOIJAaFbl XKOFaphl THIMJUIITT apKachlHAa KEHIHEH
Tapabl.

Kopmiaran opTaHblH jacTaHybIMEH OalTaHBICTBI, Ka3ipri 3KOJOTHSIIBIK Macejesiep CyIObl THIMII
TazapTy dAicTepiH KaxeT ereni. OcklHAal memiMaepain 0ipi — raburu copbeHTTep i nmaianany. MyHnai
MoceJeNiepAl memy iy Oipi — KeyeKTi KYpbUIBIMBI MEH XUMUSUIBIK KaCHETTEPiHIH apKachlHAa JacTayIbl
3aTTap/bl 631HE TAPTHIN CiHIpE aNaThiH TaOUFU COPOCHTTEPAl KOJIAaHy OOJBIN TaObLIa kL.

Kazakcran PecryOnmkachIHBIH Cy pecypcTapbiH Oackapy xyiecin gameityasie 2024-2030 sxpiimapra
apHaJFaH TYKBIPBIMAaMachlHa COHKEC, eIAeT] )KePYCTi Cy HbICAaHAAPHI Tay-KEeH, METAJLUTyPTHs JKOHE XUMUS
OHEPKACiOi, ayblT MapyalIbUIBIFEI MEH KOMMYHAJIABIK KBI3METTEp TapallblHaH KapKbIH/IBI TYp/e JTACTaHbBII
*katelp. Enme cy Oypy »xyienepiHiH KOJDKETIMILIri OOWBIHINA alTapibIKTail apTTa KalyIIbUIBIK Oaii-
Kalaapl: eNJi MeKeHAepJAeri arblHIbl CyNapAblH HeOopi 29 %-bl FaHa Tery aiJblHAA eKiHIII PeTTiK
TazapTylaH eTeni, an ¥nelOputanusiga Oyn kepcetkim 94 %-nw1, Uspamns men Cunramypaa 100 %-abt
Kypanasl [3].

3eprTey Matepuajaapbl MeH aicrepi. CapKblHABI CyJapAbl TaOUFW COpPOEHTTEpHi KONJaHy
apKbpUIBl Ta3apTyFa apHAaIFaH 3€pPTTeYAIH MarepHalapbl MEH OJicTepi MaTepuaiiapibl TaHAayIbl,
OPTYpJIl Ta3apTy TACUIAEPiH KOJAAaHYIbl )KOHE OJNIApAbIH THIMALIITIH Tanaayabl KaMTuabl [4]. CoHbIMEH
KaTtap, TAOMFU COpPOCHTTEpAl KONJIAHYABIH THIMILIITT ONapAbl Ta3apTy KYPBUIFBLUIAPBIHBIH KYPBUIBIMBIHA
na OaitnanbicTel. COPOIMSUTBIK CY3TLIEp, aFbIHABI CY3Y MOIYJbBIEpi jKOHE peakTopyap CHSKTHI apTypii
WHKEHEPIIIK TIeITMIEP CApKBIHABI CYIapAbl Ta3apTyda TaOWFH COPOCHTTEPIl TOJNBIK TMaifalaHy YIIiH
KOJTaHyFa 00JIasIbl.

TwuicTi 3epTTeynepai i3aey — TaOuFH COPOCHTTEPMEH CapKBIHIBI CyJIapAbl Ta3apTy VIIiH KOJJTaHyFa
apHaJFaH ©3eKTi eHOEKTep/Ii aHbIKTay MaKCaThIH/a, OTAH/IBIK KOHE XallbIKapajblK 9/1e0u Ke3ep, FhUIBIMU
JKypHangap, connai-ak Scopus, Web of Science, coHaii-ak pecMH HOPMATHBTIK Ky)XKaTTap MeH 0acka na
OacpuUTBIMIAap apKbUTBI KYpri3ingi. byn momy correl 10 XbUima KapusulaHFaH >KYMBICTapbl Tainai
OTBIPHIN, TAOUFU COPOCHTTEPAl KoJany OOWBIHIIA )KUHAKTAIFaH OUTIMAL XKyHeneyre OarbITTaIFaH.

Makanana taburu cOpOSHTTEpAiH Keibip TonTapbl KapacThIPBUIBIN, ONapIbIH (PHU3HKa-XUMUSIIBIK
KacueTTepi, COPOLMAIBIK MEXaHU3Mi, KYpPBUIBIMIBIK €peKIIeNiKTepi MEeH KOJJIaHy aiiMakTapbl >KyleneH-
redH. Moaudukanusianrad COpOSHTTEPAIH THIMIUIINIHE JKOHE OJIAPIbIH COPOIMSUIBIK KAaCHETTEePiH
apTTHIPY SJiCTEpiHE Ha3ap aynapblIaibl.

HoTtu:kesiep kxoHe osiapabl Tajakbuiay. COHFBI JKUBIPMA JKbUIZA COPOLIMS 9JIICI JacTayIlbl 3aTTap-
IIBIH, MHUKPOOPTaHMU3MIIEP/IiH, OOSFRIITAPABIH JKOHE ayblp METaul MOHIAPBIHBIH JKOFaphl KOHIIEHTpPa-
IIASICHI 0ap OHIIPICTIK CAapKBIHABI CYJIapabl Ta3apTyaa epeKIlle MaHbI3Fa e OOJIIbI.

CopOenTTepai TaHAayJa TeK JacTayllbl 3aTTapAbIH MBICAJBI, ayblp MeTalnap, OPraHUKAIBIK KOCHI-
JBICTAp HEMECe PAJMOAKTUBTI DIIEMEHTTEP CHUSAKTHI TYPIEpiH FaHa eMec, COHbIMEH KaTap COpOCHTTEpIiH
(U3MKa-XUMUSAIBIK KACHETTepiH JlIeé ecKepy KakeT. MyHnail KacuerTepre KEYeKTiTK, XHUMHSIIBIK
TYPaKTBUTBIK, aJCOPOIMSUIBIK CHIHBIMIBLUIBIK JKOHE KallblHA KeNTipiny KaOineri »kaTambl. MeIcaibl,
METaJl MOHAAPBIH JKOI0 YIIIH KOFapbl COPOLMSIIBIK KalineTi 6ap LeoNnTTep, aKTUBTEITEeH KOMIip JKoHE
TaOWFU ca3lap *Kui KOJJAHBUIAJbl. AJl OPTaHUKAIBIK 3aTTap MEH YBITTHl KOCBUIBICTAPIbLI Ta3apTy YIIiH
CHHTETHKAJIBIK TIOJUMEpIIEp MEH KOMIpPTEKTi COpOCHTTEp KeHiHEH MaiiianaHblialbl.

—— 4 ——



ISSN 2957-8280, eISSN 2957-9856 MNe 3, 2025

ManpBabl dakTopiapabH 0ipi — COpOSHTTIH KYHBI, KOJDKETIMIILIITI )KOHE OHBI OipHelle peT KaiTa
nmaigaany MyMKIHIIT. OPTYpii opTaga CapKBIHILI CyJapabl THIMII Ta3apTyAbIH MYMKIHIITIH apTTBIPY
YIIiH, Kel skarnainapaa copOeHTTEpIiH aicopOUMsIIBIK OCTiHIH ayMarblH apTTHIPY HEMEce XHMUSIIBIK
aceprepre TOIIMAUIITIH )KOFapiaaTy MaKcaThIHIa ojiap MOIU(UKAIIUSIIAYFa YIIBIPAIbL.

CopOrust — KaTThl MaTepHalIapAblH CYHBIK OpTajJaH JacTayllbl 3aTTapAbl CiHIpy KaOineTiHe Heris-
JIEJTeH, CapKBIHIBI CyJaplbl Ta3apTy OaphICHIHAA KOJMIAHBUIATBIH HETI3rl yaepictepmin Oipi. byn
MEXaHU3M CyJIaH aybIp METaJAap/Abl, OPTaHUKAIBIK KOCBUIBICTAPIBI )KOHE ©3T¢ 1€ YIIbl KOCTaNapabl THIMII
JKOFOFa MYMKIHJIIK Oepei.

1-kecTene keibip copOCSHTTEP TYPICPiHIH CHIIATTaMaNaphl, OJAPABIH KYPBUIBIMABIK EPEKIICITIKTEPi
MEH KOJIJIaHy CHITaTTamajiapbl KeNITipuUIreH [5, 6].

1-kecte — CopOeHTTepIiH TypJepi
Table 1 — Types of sorbents

CopoOenrrep KypbLibIMBI jkoHE cUITaTTaMachl

[eonut — merinai HeMece jkaHapTayJIBIK TEKTI MUHEpanaap ToObIHa xataTeiH, 30-1aH acTam
Typi 6ap Taburu KockuibicTap. Onap HaTpUit MEH KalbLUHAIH CYJIbl aTIOMOCHIIMKATTAPhI 00-
JIBIT TaOBUTAJIBI )KOHE CHIPTKBI KOPIHICIMEH epeKIeneHe i — MaMabl IIBIHBI TOPi3/l KBUITHIP-
JIBIFBI 0ap ©TKip OYpHIITH TyHipmIikTep. LleomuTrepain epeKmeniri — onapAblH MAKPOKaHAa-
ap MEH KybICTap KYMECiHeH TYpaThIH TOPJIBI Oipereid KPHCTANIBIK KYpPBUIBIMFA He OOJyEL.
Ocbl KYpPBUIBIMHBIH apKachIH/[a [IEOJIHTTEP MOJICKYJIAIBIK €JIeK CHAKTHI JKYMBIC icTeH i

JuatoMut (ku3ensryp, HHQY30pHUsIBI XKep, Tay YHBI) — KPEMHUH KypamIbl TUaTOMIbI Oai-
IBIpIapIbIH Ka30ajbl KaHKaIapblHaH TY3UITeH LIeTiHAl Tay KBIHBICHL. Byl MaTepuan >korapsl
KEYCKTUTIKKE M€ JKoHe HeTiziHae aMmopdThl kpemuuid auokcuni (SiO, nH,O) 6ap. OHBIH Kpuc-
TAJIABIK TOPBI MUKPO- JKOHE MAaKpOKEYeKTi >KyHeciMeH TOpiaHFaH, Oy OFaH YJIKEH MEHIIIKTI
OeTki aymMak Oepeni »oHE TUATOMHTTI THIMAI TaOWFH cOpOeHTKe aifHanmbIpansl. Marepuai-
JIBIH KEYEKTi 9pi JKEHUI KYpBUIBIMBI, COHIal-aK KypaMbIH/Ia QIIOMUHHHN, KaJbLUH JKoHE TeMip
CHSIKTBI DJIEMEHTTEpAIH OOJybl, OHBI Cy/bl )KOHE aFbIHIBI CyJapbl Ta3apTyla *OFapsl copo-
LUSIIBIK XKOHE Cy3y KabineTiHe ue etesi

BeHTOHUT — Kypaeli Kypam/Ibl MHHEpal, OHBIH HEri3ri KOMIIOHEHTI GOJIbIIT MOHTMOPHIUIOHUT
TaOBLIAABL, SIFHU ATIOMOCHIMKAT, XUMHSIIBIK Gopmynackl SigAlO,(OH), nH,0. OnbIH kpuCc-
TaJBIK TOPBIH/AA KPEMHHUMIH OpHBIHA aJTIOMUHHUI, TEMip, MBIPBILI, MarHHi, KaJlblUi, HAT-
pHii, Kayuii yxoHe 0acka Ja KaTHOHAapMeH M30MOPQTHI aybIcyaap MyMKiH, Oy OHBIH XHMHsI-
JIBIK KYPaMBIHBIH KSHE KaCUETTEePiHIH SPTYPIILIIriH alKbIHIAH bl

[IpiMTE3eK — OpraHMKAIIBIK 3aTTaplaH, bUIFAIAAH JKOHE MUHEPAIABIK KOCHadapaaH TypaThiH
KYpZeJi MOJHIUCTIEPCTI KOIKOMIIOHEHTTI *KYieHi Kypaiapl. LIIpIMTe3eKTiH OpraHuKanblK Ky-
paMBbI HETi31HeH T'yMUH KbIIKbUIIapbiHaH (MaccacsHbIH 40-50 %), outymmapaan (1,12-17 %),
Cyda epuTiH XOHE OHall THApONM3ACHEeTiH KockuieicTapgaH (10-60 %), nemmono3amaH
(2-10 %) >xoHE THIPONU3ACHOCHTIH KAJIBIKTaH, COHBIH imminae JuranaHeH (3-20 %) Typansr.
[IpIMTE3eKKE TOH SPEKIICTIKTIH Oipi, 01 OHBIH KelieM OoubIHIIA 96-97 %-Fa NeiiiH KeTeTiH
OTe KOFaphl KCYCKTIJIiri, OYJI KACHET OHBIH COPOIMSIIBIK KaOieTiH alKbIHAaUTBIH HETi3T1 (ak-
TOPJIAP.IBIH Oipi OOJIBIT TAOBLIAIBI

Hlynrur — kemiprekke 6ail TAOMFH MHHEPAJ, KYPbUIBIMBI aMOP(THI HEMece YCaKIUCIIePCTi
OOJBIN KeJeli )KOHE TYpiHe Kapail KypamblHAarbl kemiptek memmiepi 20-1an 98 %-ra neiiin
e3repei.

OHBIH KYPBUIBIMBIHBIH HETi3iH CTEXHOMETPHSUIBIK eMeC KOMIpTeK Kypauabl, oi ¢yiiepeH
TOpi3ai KiacTepnep, TpaduT Topi3mi KabaTTap XKoHE HAaHOKOMIO3UTTI (pakuusuiap TYpiHIE
CHIIMKATTapMeH, KapOOHATTapMEH KoHE CyIbpuaTepMEH Oipirin ke3aecei

MuHepan aacopOUUsIIBIK, KaTATUTUKAIBIK JKOHE OaKTepHsra Kapchl KacHeTTepre ue, Oy
OHBIH HaHOOJIIEM/i KeYeKTLIIriMeH, KOFapbl MEHIIIKTI OSTKi ayMarbIMeH XKoHE OTTEK KypaM-
161 (DYHKIMOHAJIBIK TONTAPBIHBIH O0TybIMEeH OaiianbicThl. LIIyHIUTTIH epKele KYpbUIbIMbI-
HBIH apKachIH/BI, OHBI SPTYPJIi cajanapaa — CyAbl TazapTynaH Oacrar, (yHKIMOHAJIBI HAHO-
MaTepuajaap MeH 3JIeKTPOXUMHSIIBIK XKyHenep i skacayra IeiiH KoJlaHyFa MYMKIHIIK Oepeni

OpTypii TabUFU MaTepUANAAPIBIH COPOIMSIBIK KACHETTepi OTAHIBIK JKOHE MNICTENIIK FalbIMIap
TapambIHaH OEJICEHI Type 3epTTenyae. bipkarap copOeHTTEp CynaH jKOHE CapKBIHIBI CyJapaaH dpTypIIi
JacTayuibl 3aTTapbl KO0 KaOilleTiH Oaranay MaKcaThIHAa 3ePTTETCH.
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Astoprap [7, 8] e3 3eprreynepinae OSHTOHUTTIH COPOLMSIBIK KACHETTEPiH Tajiall, OHBIH KaJMHU
WOHAAPBIH THIMAI CiHIpE aJaThIHBIH KOpCETTi, COHBIMEH KaTap TEPMHUSUIBIK aKTUBTCHIIPUITEH CcOop-
OCHTTEpIiH THIMIUIrIH pacTaiasl. by nepekrep OCHTOHMT TICH IICOJMTTIH TAaOUFU JKOHE MOJHU-
(bUKanpsUTaHFaH TYPJIEPiHIH CAPKBIHIBI CYTIap Ikl Ta3apTydarbl )KOFaphl QJICyCeTiH OISk .

CoJl CHSKTHI LEOJHUT T€ aFbIHABI CyJapabl Ta3apTyFa apHaIFaH KOm(pyHKIUSIIBI MaTeprasl OOJIBII
TabbLIa b, 01 (OCPOPABI, ayblp METANIAP/bI )KOHE aNThl BAJICHTTI XPOM/IBI KO VIIH KOJIJIaHBUIAIBI.
Byn — aktuBaius MeH MonuUKaIUsAIaH OTKCH KOFaphbl carajibl TAOWFH LEOJUT, OV JEreHIMI3 OHBIH
anCOpPOIMSUITBIK JKOHE WIOH aMacy KacHeTTepiH eAoyip apTThIpaabl. YJIKEH MEHIIIKTI OCTKi ayMarbl MEH
JKOFaphbl aJICOPOIVSUTBIK KaOUIeTiHIH apKachlHAA I[EOJIUT CYIbl SPTYPJ JacTaylibl 3aTTapiaH THIMII
Ta3apTabl.

ABTopiap [9] TaOufu LEONHUT MEH OHBIH MOJMATUICHIIOJUAMUHMEH JKOHE SIMOKCHATI INadbIpMEH
MoauduKanusIaEFal  Typaepinin Pb>" moHmapsiH ciHipy KaGizeTiH 3epTTem, copOLES MPOLECiHiH
oHTaiel pH MoHAepiH anbikTanbl. Moandukanusnanran copbentrep lllanxanait keH OpHBIHBIH (AJTMAaTHI
00mbIcel, KepOynak aymaner, Capble3ek Kajaachl) TaOWFH IICONMTI HETI3iHJEC AaMbIHAAIBI )KOHE OJIapbl
OHJIIPICTIK CapKBIHBI CyJIapbl Ta3apTyaa TUIMII KOJIJaHyFa O0JIAThIHBI TAICIACH . AYbIp METaJIIapMEH
JACTaHFaH CyJapAbl Ta3apTy YVIIiH TaOWFW LEONUTTI 3epTTemn, OHBI 57%-IBIK a30T KHIIIKBUIBIMEH XU-
MUSUTBIK OEJICEHICHAIPY JKOHE TEPMHSUIBIK OHJEY apKbUIBI MOAW(UKANHUATIAY COPOLMUSIBIK KacHeTTepiH
enoyip kakcapraThiHbiH [10] kepcerkeH. Ochuiaiiina, TaOUFU IICONUTTEPI XUMUSUIBIK JKOHE (U3UKa-
XMMUSUIBIK O/IiCTEpMEH MOAM(DUKAIMSIAY OJIAPJBIH ayblp METaul MOHIAPHIH CiHIpY KaOileTiH enoyip
KaKCapTaTHIHBIH KOPCETEI].

3epTTeyiep HOTHXKeNEepi IIYHTHT HETI3iHIEeTi MaTepualIap[blH CApKBIHABI CyJlapabl THIMAI Ta-
3apTyJa JKOFapbl MOTEHIMANBI Oap ekeHiH kepceremi. ABTop [11] €3 >KYMBICBIHIBI KYPTi3reH TOXKi-
pudesnepe MyHTUTTI-IEOTUTTI (PUIBTP apKbLIbl Ta3aPTHUIFAH CAPKBIHIIBI CYJIAPIbIH Callachl alTapiIbIKTal
KaKcapraH: HiC, TYC, JAWIBUIBIK >XOHE KYpaMbIHAAFbl TEMip, XJIOPHIATEP, aMMOHHH HOHIAPHI CHIHIBI
KOPCETKIIITep HOpPMATUBTEp IeHreiiHe NeliH TeMeHJereH. bysl IIYHTHTTIH CapKbIHABI CyIbl KEeIIeHIl
TazapTyJarbl TUIMAUIITIH aiifakraiael. MyHmali HoTmxenepai Mycuna VY. II. [12] e3 xymMmbIcbiHIOA
pacTajipl, OHBIH 3€pTTEyJiepi IIYHTUTTIH MYHaWMEH, IIaXTaJIbIK JKOHE *aHOBIPJIBI aFblH CyJIapAaH aybIp
MeTaUl WOHJApBIH (MBIC, MBIPBIII, KOPFACHIH, MarHWi, THTaH) >OFaphl IopeKene KO KaOiuTeTiH
kepceTkeH. COHBIMEH KaTap, HIYHTHTTIH MHUKPOOHMOJOTHSUIBIK JIaCTaHyFa Ja TypJillle ocep eTeTiHi
aHbIkTanFad. On-Papadbu ateinarsl Kas¥YV ranemvnapst [13] Kekcy keH OpHBIHAH ajibIHFaH IIYHTHTTIH
MEXaHUKa-XUMUSUIBIK OCIICCHIIPUIreH YATIIEpiHiH DIEMEHTTIK KYpaMblH 3epTTel, OeJCEeHAIpy HOTH-
KECiHIe KPEeMHUH, ATIOMUHUH >XOHE TEeMIp MOIIEPiHiH apTyhl, ajl KOMIpTEK VJECiHIH TeMeHAeyi
COpOLMAIIBIK KACHETTEp/iH KyIueriHe ceben OonaThIHBIH KepceTkeH. OCHl JepeKTepaiH OapibIFbl
IIYHTHTTIH TaOUFU COPOCHT PETiHAE KOIIaHBLTY MYMKIHAITIHIH KEH SKCHIH JNeIIeHIi.

Kanmaxanosa M. [14] [laBnomap KeH OpHBIHAH AJNBIHFaH ca3ibl MOAWGUKAIMAIAY apKBUIBI aybIp
MeTauT MOHIAPBIH, (eHoMaap MeH Oenriii OOAFRIMTApabl THIMII TYpAE CiHipe ajaThlH JKOFaphl THIMIII
copOeHT a3ipiien, OHBIH Ta3apTy KalineTiH monenaeni. 3eprreynepae [15] Axkxap KeH OpHBIHAH aJIbIHFAH
TaOUFH Ca3mapIbIH COPOLMSIBIK Kachertepi 3eprremim, Fe®' sxome Zn®" wmommapsiMeH Mommpuka-
nusutanran  yarutepaid Ni(Il) woHzapelH MOAENbal epiTIHAICPACH KOK THIMILIIN KapacThIPbUIIBL.
Conbpven katap, [Iumuesa JI. A. [16] Taburu ca3msl MEHEpAIAAPABIH (KAOJIHH KOHE MOHTMOPHIIJIOHHT)
JKOHE OJapAblH MOIU(UKAIVsUIaHFaH (OpMalapblHBIH MapraHel] HOHAAphIHA KATBICTHI COPOIMSIIBIK
Oencenpinirin 3eprren, oacipece OH-(popMackHBIH KOFaphl aIMacy CHIMBIMIBIIBIFE MEH CEJIEKTHUBTILTIKKE
ue ekeHiH kepcerTi. by 3eprreynep TaOuru cazapl MaTepUalIapAbl OPTYPIi XUMHSIBIK MOAH(DHKA-
[UsUTay apKBUTBI OJIApIBIH COPOUMSIIBIK KACHETTEPIiH eAoyip apTThIpyFa OOJATHIHBIH KOHE OJIApIbl ayBIp
MeTalll MOHIAPBIMEH JlacTaHFaH CyJapAbpl Ta3apTy YIIIH THIMJII KOJIaHyFa MYMKIHAIK Oap eKeHiH
OIIEN eIl

CoOHFBI KBULAAPBI 3ePTTEYIIIEp CAPKBIHABI CyJapJaH JacTayllbl 3aTTap/bl )KOIOFa apHAIIFaH jKaHa,
HEFYPJIBIM THIMII COPOCHT MaTepHANIAPBIH d3ipJeyre €peKIne KbI3BIFYIIBUIBIK TaHBITyAa. OChl OaFbIT-
Tarbl KellelIeri 30p COpOeHTTepiH Oipi — AnaToMuT OO0 TabbuTagsl. On — KEHL, KeYeKTi, KpeMHUITre
Oaii OWoreHzi Tay KbIHBICHL. /IMaTOMUTTIH KOFapbl JAaMbIFaH MEHIIIKTI OeTi MeH Oipereil KypbUIBIMBI
OHBIH COPOIUSIIBIK KACUSTTEPIH OTE KOFaphl €Te/Ii.

Huatomut (Ku3ensryp) — Oy onmemHiH mamamed 20 eliHIe KeH OpPBIHAApHI TaOBUIFaH MaHBI3IBI
Taburu pecypc. bapmanran KopiapasiH Oaranaysl OoWbIHING, €H ipi keseM KazakcraHaa IIOFBIpIaHFaH —
mamamer 1800 mutH ToHHara nediin. Oxan kedinri opeiHgapaa Peceit — 350 M TonHara neriin, AKII —
mamamen 250 vt Touna, Kerraii — 110 MuH ToHHA sxoHe [Janus — 85 mMiiH ToHHara aeiid [17].
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XKorapeima kepcerinrenmer, KazakcraH nMaTOMUTTIH aWTapibIKTail pecypcTapbiHa ue. ATan
afiTkanma, EMOiI KalachIHBIH OHTYCTIK-IIBIFBICHIHIA, TEMIpKOJ JKEJiCiHe >KaKhIH JKeple OpHaJacKaH
Ortecaii keH OpHBI Oap, oHBIH aymarbsl mramamer 100 km” [18]. ConbiMeH KaTap, AKTeOe OONBICHIHIA
JKanmak >xoHe KpIpFbI3 IMaTOMUT KEH OPBIHAAPhI OpPHAJIACKAH.

XuMUSIIBIK Tangay aepektepi Ooitbiamma [19], Orecait, XKanmak >xoHe KpIpFeI3 MUATOMHUT KeH
OpBIHAAPBIHBIH HeTi3ri Kypamaac Oeniri — kpemHmid nuokcuai (SiO:), oHbiH Mmemmepi 77,36-86,52%
apanbiFbIHAa. A3 Meumiepe amoMunuit okcui (Al,O3) — 6,58-9,91%, Temip okcuni (Fe,O;) — 3,21-3,99%
[IaMachIH/Ia Ke3eCeIi.

Kazakcrannarsl 7HaTOMAT K€H OPBIHAAPBIHBIH XUMHSITBIK KYPaMbl 2-KeCTe/Ie KOPCeTiIreH.

2-kecte — KaBaKCTaH KEH OpbIHAapbIHAArbl Z[I/IaTOMI/ITTiH XUMUSJIBIK )KQHC 9JIEMEHTTIK KYpaMbl, %

Table 2 — Chemical and elemental composition of diatomite from Kazakhstan deposits, %

Koceuisicrap Orecait Kannax Kpiprei3
SiO, 79,92 86,52 77,36
Al,O3 9,91 6,58 9,91
Fe, 04 3,79 3,21 3,99
K,0 1,39 1,43 1,57
MgO 1,55 0,790 2,05
CaO 0,757 0,238 0,218
TiO, 0,659 0,445 0,786
Na,O 0,485 0,215 0,990
SO; 0,0227 0,354 0,618
P,05 0,0171 0,0576 0,0689
V,0s5 0,0458 0,0294 0,0543
Cl 1,33 - 2,23

Faneimpapaey [20] mikipinimie, HaTOMUTTIH *oFapsl oTki3rimrTiri (20-50 m/lapcu), aucnepcrimiri,
YJIKeH MEHIIIKTiI O€TKi ayMaKThUIBIFHI (1ramMamed 30 Mz/l"), CYJIbI )KaKCBhI YCTay KaOiNeTi, ToMeH KeJeMIIiK
TBHIFBI3/BIFBI JKOHE JKBIIY OTKI3TIIITIIT — OHBI 9PTYPJ TEXHOJIOTHUSIIBIK MPOIECTEPAE, COHBIH IIINHIE CY
OpTachIHAH JIACTAFBIITApABI COPOLMAAY YLIIH KeHIHEH KOJJaHyFa MYMKiHZIK Oepeni. byt matepuanapin
HETI3Ti cunaTTaManapsl 3-KecTezie KopceTireH.

JMaToMUTTiH KOJJAaHBUTYBl MEH OHEpKSCiNTe KeH Tapaiybl OHBIH (U3WKAJIBIK JKOHE XHMHSIIBIK
KacUETTEePiHIH KUBIHTHIFBIMEH TYCiHAipinenai (3-kecte). AtairaH cumarTaMaiap JHaTOMHUTTI TYpJli eHep-
KOCIIT cajayiapblHAa THIMJI MakjanaHyra MyMKiHaik Oepeni. COHBIMEH KaTap, OHBIH KacHETTepi Kojja-
HBUTATHIH OHJLY 9JIICTEPl MEH KO3ACITEH MaKcaTTapra OaiIaHbICTBI ©3TePiIl OTHIPYHI MYMKIH.

JuaToMUT KEHIHEH OpTYpJi TEXHOJIOTHSUIBIK YIepicTeple, oacipece Tamak, (apMameBTHKa KOHE
XUMUSI OHEPKICIOIH/Ie KOJNJIAHBLIAbl, OUTKEHI OHBIH Tamallia (QIIbTPALUSIIBIK JKOHE COPOIMSIIBIK Ka-
cuettepi Oap [21]. OHBIH XKOFaphl KEYeKTUIIrl MeH JAaMbIFaH apHaibl OeTKi OETiHIH apKachlHIa YCaK
OemmmeKTep i, aKybI3gap/Ibl, KOCTaTap sl xKoHe 0acka JacTaymIbuIapabl CYWBIK opTajapiaH THIMAI Typhe
JKOKOFa MYMKIHAIK Oepesi, Oyl Marepualbl camalibl XOHE Kayilci3 eHIMIepIi eHIIpyJe alMacThl-
PBUIMANTHIHIAN eTeTi.
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3-kecte — JlHaTOMUTTIH KacuTeTepi

Table 3 — Properties of diatomite

JIMaTOMUTTIH KacuTeTepi

Cumnarramacel

OTe KeyeKTi, MUKPOCKOIHSLIBIK
TeCIKTep MEeH KybICTap JKyleciH
KaMTHIBI

Byt kKacHeT TMaTOMUTTEH CYMBIKTBIKTAp MEH ra3Iapibl THIMIII Cy3yre MYMKIiH/IIK Gepe-
TiH TaMala cy3ri MaTepHabiH xacaiipl. COHbIMEH KaTap, KeyeKTLIiri OHbI COPOEHT
MaTepuaibl peTiHae naiiananyra bIKIan eTeji

JuaToMuTKe KYPAETi KYpPBUIBIMIIBI
MAHIKPIIEPiHiH apKAChIHIA YIKEH
OeTkell amanabl Oepeni, OYJ1 OHBIH
COpOLUSITBIK KaOUIETiH apTThIPa bl

YnkeH OeTKel anaHpl THATOMUTTIH COPOIMSIIBIK KaOlIeTiH apTThIpaabl, OYJ OHBI Cy
Tasajay, JacTayllbl 3aTTap/ibl aCOPOLMsIIAYy HKOHE KaTalH3aTopiap YIIiH TackiMai-
JIAyIIBl peTiHAe THIMJI eTel

CiHipy kabireTi

JlmaToMHUT XKOFapHl CiHipy KabijeTiHe ue, Oy OHBI TOTIHAUIEP MEH CYHBIKTBIKTap b
CIHIpY MaHBI3JbI POJI aTKapaThiH QUIBTPALHS YAEpiCTepiHAe THIMII aiiiaaHyFa
MYMKIHJIIK Oepeni

THIFBI3IBUIBIFB TOMEH

ThIFBI3IBUIBIFG TOMCH JHATOMHUTTI KYPBUIBIC CaJIaChIH/IA )KEHIT TONTHIPFBILI PETiH/C
MKOHE JKEHIJI 0eTOH KOMIIOHEHTI peTiHAe KoJITaHyFa MYMKIHJIK Oepeni

AOpa3uBTi KacueTTepre ue

Keii6ip Kypamaapia JUaTOMHUT TiC IACTACHI, TOJUPONIBAEP MEH OeTKe apHaJFaH cKpao-
Tap CUAKThI OHIMIEP/IE )KYMCaK abpa3uB peTiHie KOJIJaHbLUIab!

XKpury el oKmayiay KacHeTiHe ne

Byt kacueT MMaToOMHUTTI OKIayJiay MaTepHaIIapbIHIA, OPT KayilCi3IiriH KaMTaMachi3
eTyJIe )KOHE 0TKA TO3IMJII MaTepHaiap eHaIpiCiHAe KOIIaHyFa MyMKIHIIK Oepei

XUMHSAIIBIK TYPAKTHI

ByJ1 TYpaKThUIBIK TUATOMHTTI arpeCCUBTI CYHBIKTBIKTAP/IBI CY3y /1€, COHIaNH-aK dpTypiIi
XUMUSUTBIK [IPOIIECTEepIe KOJIIaHyFa MYMKIHIIIK Oepei

Buonorusnsik HHEPTTL

JlnaTOMUTTIH HHEPTTi TAOUFATHI OHBI TAMAK OHIMICPIH OH/CY, (hapMalleBTHKa JKOHE
KOCMETHKA CHSKTHI cajlajap/a KojIaHyra Kayimci3 ete/i

HeriziHeH kpeMHUiT OKCHIIHEH
Typajbl

Kpemunit okcuaiHiH >KOFapbl MeJIIepi TUaTOMHUTTIH KaTThUIBIFEI MEH OEpIKTiriH
apTThIpazbl. byl coHmaii-aKk OHBIH CY3y JKOHE aJICOPOIUSIIBIK KACHETTEPiHIH MaHbI3IbI
(bakTopbl OOJBIN TaOBLIA b

TeMeH yiikeric KacHeTTepiH
KepceTe alaibl

Byt kacuet keiibip eHepKocin cananapblHaa, COHBIH iIIiHAE TaliFakKa Kapchl )kaObIHIap
MEH MaTepHaJIiap eHIpiCiHAe KOMIIOHEHT PeTiH/e KOJIaHy YIIiH MaHbI3bI

Operre pH TypakTh Juatomuttiy pH neHreiiniy TYpaKkThUIBIFBL, Scipece Cy/Ibl Ta3apTy HPOLECTepiH/e,
Oenrini 0ip pH neHreiin ycTamn Typy MaHbBI3AbI OOJFaH Ke37e, OHBIH THIMILTITIH

apTTHIPaIbI

FaneiMpapaeiH aTanm eTyiHIIe, TUATOMUT Cy OPTAChIHAH ayblp MeTajjap, MYHall eHiMjepi, 0os-
FBIIITAD JKOHE OPTraHUKAJBIK 3aTTap CHSIKTHI OPTYPJl JiacTaymibUIapAbl THIMII CiHIpY KaOijeTiHe wue.
XKypriziren Tanmayra cyHeHCEK, AMATOMHT KaJMHA HMOHIAPBIHBIH COPONMSICHIHA KaOIIeTTI eKeHi
AHBIKTAIBI, al TEPMUSIBIK OCIICEHAUIIK KBIIKBULIBIK OCICeHIUIIKIICH CaJIbICTBIPFaHa TYPAaKThIPAK
HoTIKENnep Oepeni, ce6ebi KpimkpL1 opraga Cd®” MOHIAPHIHBIH KO3FAIBICHI XKOFapsl 6omamsl xoHe pH
JIEHTeli apTKaHma a3 Ko3fanaTrhlH ¢opmanmap Tys3inemi. JlereHMen, OelCeHIIpy oiiciHe KapamacTaH,
«ancopOeHT-aIcOpOTHB» JKYHECIHIIe Teme-TeHIIK Oip caraT IiMIiHAEC OpHAMaMIbl, Oy COPOLMSIIBIK
yaepicTiH Oasty cumaThiH kepcereni. COHBIMEH KaTap, TEPMHUSIIBIK OHJICITCH XOHE TAOWUFHM JUATOMUT
3eprrenreH kammuil koHneHTtpanusuiaper  (0,00001-0,001 wmonw/im) mmIamMackiHa YKCac COpPOIUSITBIK
KacHeTTepAi KepceTemi, Oy oJapIblH ayblp MeTaUIIapMeH JlacTaHFaH CyJapibl Ta3anay >KyHhelepinme
TOMEH JICHIeHIeT] JIACTaHY bl KOO YIIIIH KOJIaHbUIATBIHBIH KepceTedl [22].

MypzamneBa C. K. koHe OHBIH opinTecTepi TaOWFW MHUHEpaNIapbl, COHBIH IIIHIE I[EOJHUTTI,
MAATOMHUTTI XOHE BEPMHUKYJIHUTTI, CApKBIHIBI CYyJIapAbl Ta3apTy YIIH COPOSHT peTiHae Naiimamany
MOCeJIeCiHe apHaJFaH 3epTTeyJep KYPrizdi. ODKCHePUMEHTTEp OaphIChIHIA TaOWFU COPOCHTTEPIIH
CapKBIHBI CyJaplbl Ta3apTyJla KOFaphl THIMJIUTIK KOPCETETIHI aHBIKTAIJbI, aj OJapIblH COPOIMSIIBIK
CBIMBIMIIBUTBIFEI  MOJTU(UKAIUAIAY apKbUIbl aWTapiBIKTaldl apThULABL. JKYMBICTBIH HOTIDKENepi Oy
MaTepHaiapblH CapKbIHABI CyJIaplbl Ta3apTy YIIiH NEPCIEKTUBTI €KEHIH KOHE dKOJOTHSIBIK Kayilci3
Cy Ta3apTy TEXHOJOTHUIAPBIHAA THIMII KOJIIaHBUIATHIHBIH pacTaiiabl [23].

Kuzenbryp, AMaTOMHUTTIH SPTYPIILIIri, TAOMFU WHCEKTUIU PETiHAE KOJNIAHBUIAIbI, OJ 3USHKECTEepre
JNETUApATTaylIbl 9CepiH THTi3elml. AybUI MIApYyallbUIBIFBIHAA JUATOMUT TOMBIPAKTHIH KYPBUIBIMBIH
JKaKCapTyFa, CyJabl YCTall KaJly KACHUETIH apTThIPyFa JKOHE OCIMIIKTepPre KaKeTTI MUKPO3JIEMEHTTEPMEH
KaMTaMachl3 €Tyre KOMEKTECeTiH THIHAWTKBIII peTiHne nainananbuiafbpl. COHBIMEH Karap, JTUATOMUT
HETI31He THIMAI TaOUFH a3bIKTHIK Kocmanap skacamyaa [24], 0¥ OpraHUKaNBIK Majl MapyanIbuIbFGl MeH
ETIHIITIK 1aMybIHa BIKIAT €TEII.
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ABTOpIBIH [25] 3epTTey xyMbIChIHAA (YIIbIHOB OONBICHIHAAFBI H3€HCK KEH OpHBI) THATOMUT TIeH
KepaM3HUT KHBIPIIBIK TACTBIH CAIBICTBIPMAIBl TaAAybl JKYPri3inmi. 3epTTeyle MUAaTOMHUTTIH OeImek
meoiepi 0,8—2,0 MM, ai THIFBI3ABIFEL 670 Kr/M° KyMfa TeH OoJyiraH. AJIBIHFaH HOTIXXKENep TUATOMUTTIH
JKOFaphl OEPIKTIK KACHETiIHE He eKeHIH KOPCETTi.

ABTOpaBIH [26] 3eprreyiHne Onb-DaiitoM aiiMarblHAH albIHFAH TAOWFU IUATOMHUTTIH CY epiTiH-
IIJIEPIHEH aybIp METaUT MOHMAPBIH KEeTipyAeri THIMIUIr >KaH-)KaKThl 3epTTENiN, Taaganrad. Mep3imui
ToXipuOenep OapbicblHAa aACcOpOCHT MOJILIEPiHiH, 9cep €Ty YaKBITBHIHBIH koHe opTaHblH pH kepcer-
KIIIiHIH acepi 3epTreni. 3epTTey HoTmwKenepi OoibIHINA, TuaTOMUT MemmepiH 0,5-TeH 2 r/n-re nedin
apTTHIPY METaJUT HOHAAPHIH KETiPYy THIMIUTITIH apTTHIPY aHBIKTAJIFaH.

I'ymapoBa XK. M. >xoHE OHBIH opinTecTepi XKyprisreH 3eprreyiae AKTeOe KeH OpHBIHAH allbIHFaH
TaOUFU XoHEe MOIU(UKAIUSUTAHFaH AMaTOMHUTTIH Opall KaIachIHBIH Cy KYOBIPBIHIAFEI CYyIbl Ta3apTyAaFbl
COpOIMAIBIK KacheTTepi 3eprrenred. [[MaToMHUTTI Ty3 KBIIKBUIBIMEH OHJEY, OHBIH (hHM3HKa-XUMHSIIBIK
KacUETTEePiH alTapiIbIKTal KaKcapTThl: MEHIIIKTI OETKi ayMarsl 2,5 ece, all KeyeKTiTK KeJeMi YIII ece/ieH
actaMm apTThl. TaOuru xoHe OCICCHIIPUITCH TUATOMUTTE CYJbIH JIAMIBUIBIFBIH, TYCiH, KaTThUIBIFBIH,
TIEPMaHTaHATTHIK TOTHIFYBIH, COHJaii-aK TeMip MEH MBIC MOHAAPBHIHBIH MOJIIEPIH THIMJII TOMEHIETKEH.
Ochburaiima, OeJICEeHAIPINTeH TUATOMHUT CYABl KEIICHII Ta3apTyFa apHalFaH OoJalmarbl 30p, 9pi KOJDKe-
TiMAI COpPOEHT pEeTiHAE TAaHBUIBIN, CYIbIH OPraHOJICNITHKANBIK KACHETTEpiH JKaKcapTyra FaHa eMec,
COHJIali-aK yJIbl HOHIAPIbIH KOHIIEHTPAIUSCHIH CAHUTAPIIBIK-HOPMATHBTIK JCHTelre NeiiH TOMEHIeTyTe
KaOLIeTTi eKeHi aHBIKTaabI [27].

Faneimmap [28] kyprisren 3eprreyne barteic Kaszakcranmarbl Otecali KeH OpPHBIHBIH TaOUFH
JIUATOMUTIHIH MOP(OIOTHSUTBIK, MUHEPAIOTHUSUIIBIK KOHE COPOIUSUTBIK CUTIATTaMallaphl )KEPACThI CYJIapbIH
TazapTyJa KOJJaHy MaKCaThIH/a )KaH-)KaKThl TAIJaH/bl. 3€pPTTeY HOTHKEIepi KOPCEeTKeH e, TMaTOMUTTI
450°C Ttemriepartypaga TEPMISUIBIK TYPJEHAIPY, ocipece OHbI OEJICCHIIPIITeH KOMIpMEH YijiecTipe
KOJIJITaHY MaTepUaIbIH COPOIUIIBIK KACUSTTEPIiH eayip xaKcapraapl. HoTnxkecine, cyaarsl XJIOpUITED,
cynb(arTap >K9He KaJIbl TY3AbUIBIK Memmepi 35-37% TeMeHaereH.

Taakpliay. TaOuru copOSHTTEP I KONIAHy €H YTBIMIBI IIeTTiM OOIBIT TaObUTaIbl, OUTKEHI OJapIbl
naiijanaHy KopliaraH oprara Tepic oacep erneii. Kannslk copOSHT TONBIK )KMHAIMAK KalFaH Karaaniaa
J1a, OJI aKbIT ©T€ KeJe TaOUFH TYpJie BIABIPAl, SKOJIOTHSUIBIK TeTe-TeHIIKTI Oy30aimst [29].

TeopusIbIK HETi3aep JKeTKUTIKTI TypHe 93ipJeHTeHIHe KapaMacTaH, THATOMHTTI CApKBIHIBI CyJIapIbl
Ta3apTy TEXHOJOTHsUIAPBIHAA MPAKTUKAIBIK KOJIIaHyFa KaTBICTBI Maceesep oJli e alblK KYHiHAe KabI
OTBIp.

JKympicThiH Keneci keseHnmepinme KazakcTaH KeH OpBIHIAPBIHBIH ITUATOMUTIHIH aICOPOIHSITBIK
cUTIaTTaMalaphlH KaH-)KaKThl 3€PTTEY JKYPTri3y >KOCHApIaHBIN OTHIP, O CApKBIHABI CyNapibl Ta3apTy
TEXHOJIOTHSJIAPBIHJIA KOJIIaHy apKbUIBI SPTYPJIi JACTAyIIbl 3aTTap bl KO THUIMIUIITIH Oaranayra >KoHE
OHBI Cy Ta3apTy MEH Cy aiHaJbIMBI JXYHeNepiHae TIKIpHOeNmiK KONJaHy MepCleKTHBaIapblH aHBIKTayFa
OarpITTaNFaH.

Hortmwxkenepai Tankpuiay OapbIChIHAAa TaOWFM COPOSHTTEPIIH KOJDKETIMILIIT, ©31HIIK KYHBIHBIH
TOMEH/IIT1 KOHE SKOJIOTUSIIBIK KAYINCI3/irt CUSKThI apTHIKIIBUIBIKTAPHl aHBIKTAIABI. AJaiina, omapiabl
KOJIaHy CHHTETHKAJIBIK OajlaMajapMeH CaJBICTBIPFaHIa MEXAaHHMKANBIK OCpIKTITiHIH XoHE CcOpOIus
JKBUIIAM/IBIFBIHBIH TOMEH OOJybIHA OaWIaHBICTBI IIEKTENyl MYMKiH. COHABIKTAH TUATOMHUT CHSKTHI
Ta0UFU COPOCHTTEPII JKOHE OJIapAbl MOIU(UKANUSIAY aPKbUIBI OHTAMIIBI KACHETTEpPre KOJ JKETKI3y
MEPCIIEKTUBAJIBIK OAFBIT OOJIBIT TaOBLIAIBI.

Taburu copOEHTTEp, COHBIH IMIIHAEC TUATOMHUTTIH, aFBIHILI CYJAPABIH JIACTAYIIBI 3aTTapbIH THIMII
TYpAe *Olra Kabinerti. JJMaToOMUTTIH >KOFapbhl KEYeKTUIIri MEH aJcopOLMSUIBIK KabijeTi OHBI DKOJIO-
THSUTBIK Ta3a KOHE KOJDKETIMII COpOEHT peTiHle epekiueneHmipeni. TaOuru copOeHTTEpAl maiimanaHy
aFBIH/IBI CYJIapAbl Ta3apTY/IBIH NEPCIEKTUBAIBI OAaFBITHI OOJBIT CaHATA b,

KopbiThinapl. by mony Makanacel TaOufi cOpOGHTTEPI CapKbIHIBI CYJap/Ibl Ta3apTy YAepiciHae
KOJIJITaHyFa KaThICThI 3aMaHayH FBUIBIMH JCPEKTEPIi )KYHeIIer, )KnHaKTayFa OarbITTal bl

JKyprizinren tannay 1eonnuT, OEHTOHHUT, IIYHTUT, TUATOMUT JKOHE TYPIIi OANIIBIKTap CUSKTHI TaOUFH
COpPOCHTTEP/IIH ayblp METajjap, OPraHUKAJbIK KOCBUIBICTAp MEH OOSFBIITAP CHAKTHI OPTYPII Jacta-
FRIIITAP/ABI THIMJII KO KalOileTiHe ue exeHiH kepceTti. Ochliaiiiia, moidy TaOuFu COpOCHTTEPII KO-
JIOTHSUTBIK Kayilci3 opi SKOHOMHKAIBIK TYPFHIIAH KOJDKETIMIII Cy Ta3apTy TEXHOJOTHSIApBIHBIH Ooa-
Iarel 30p OaFBITHI PETiHAE MalJaIaHyIBIH OPBIHABI CKEHIITIH IoNeNaeAi. AJBIHFAH HOTIKEIep Oy
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MaTepHaiapAbpl SpTYpHi JKarfjaijapAaa MeH cananapia KoJJaHy MYMKIHZIKTepi KeHIHIETi FhUIBIMH
TYCIHIKTEepi KeHeHTe .

bonamrak 3eprrey keseHinme KaszakcTanmarbl K€H OpBIHOApBHIHAH albIHFAaH JHATOMHTTIH aacopo-
IUSUTBIK, KACHETTEPIH TEPEHIPEK 3epTTey OPhIHIBI. ByJl 3epTTeynep TMaTOMHUTTI aFbIHABI CYJIapibl Ta3apTy
TEXHOJIOTHAJIAPBIHAA NPAKTUKAIBIK TYPFbIA KOJAAaHY MYMKIHAIriH Oaranayra OarbITTalybl THIC.
CoHBIMEH KaTtap, opTYpJIi JIACTAaFBIIITAPIBI KO0 THIMILTITIH aHBIKTayFa )KOHE TUATOMHUTTI Cy Ta3apTy MEH
Cy aifHaJBIMBI JKYHeJIepiHe naiganany aieyeTiH ailKplHAayFa epeKile Hazap ayJapy Kaxer.
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INPUPOJHBIE COPBEHTHI:
IKOJIOI'MYECKASA AJTBTEPHATUBA JJI1 OYUCTKH BOJbI

AnHoTanus. B ycrmoBmsx pacTymieil Harpy3Ku Ha BOJHBIC PECYPCHl W TOBBINICHHS TPeOOBAaHHWN K KadyeCTBY
CTOYHBIX BOJI 0C000€ BHUMAaHHE YIEISIETCs pa3paboTKe M COBEPIIEHCTBOBAHHIO HKOJIOTHIECKH O€30IaCHBIX U 9KOHO-
MHUYECKH 0OOCHOBAHHBIX METO/IOB X OYMCTKH. PaccMaTpuBaroTCs BO3MOXKHOCTH NPUMEHEHUSI IPHPOJHBIX COPOCH-
TOB 7 YAAIECHHs PA3JIMYHBIX 3arpsA3HAIONIMX BELIECTB M3 CTOYHBIX BOA. IIpoBeneH aHanM3 HaydHBIX HCCIENO-
BaHMM, MOCBSAIIEHHBIX HCIIOJIb30BAHHIO MPUPOTHBIX COPOEHTOB ISl OYMCTKHM CTOYHBIX BoJ. [IpeicraBieH o030p
COBPEMEHHBIX HCCJ’IC}IOBaHHﬁ, MPUPOAHBIX MATEpHaIOB, TaKUX, KaK ICOJIMTHI, GGHTOHI/IT, IOYHTUT, AAATOMUT U
[JIMHBI, ¥ UX B3aUMOJEHCTBUS C 3arpsA3HUTEIIIMUA. MeTON0I0rH4eCKON OCHOBOM MOCITYKHII aHAIU3 OTEYECTBEHHBIX U
3apyOeXHBIX Hay4YHBIX IMyOJMKanuii mociefHux necsaTH JieT. OTMedeHbl BBICOKas aicOpOLMOHHAs CHOCOOHOCTH
MPUPOIHBIX COPOEHTOB ¥ IMOTEHIIMAN JHATOMHUTA Ka3aXCTAHCKUX MECTOPOXKICHUH I TAIbHEHIIEro IPUMEHEHUS B
OUMCTKE CTOYHBIX BoJ. O030p pacmmpsieT HaydHble 3HaHHS B OOJACTH SKOJOIMYECKH OE30IacHBIX TEXHOJOTHH
BOJIOOYMCTKH M MOXET CIy)XHTh OCHOBOW JUIsi pa3pabOTKM HOBBIX pEIICHWH, HAIIPABICHHBIX Ha IIOBBIIICHHE
3¢} PEKTHBHOCTH CHCTEM OYHCTKH.
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NATURAL SORBENTS:
AN ENVIRONMENTALLY FRIENDLY ALTERNATIVE FOR WATER TREATMENT

Abstract. In the context of increasing pressure on water resources and increasing requirements for wastewater
quality, special attention is paid to the development and improvement of environmentally friendly and economically
sound methods for their purification. This review article discusses the possibilities of using natural sorbents to
remove various pollutants from wastewater. An analysis of scientific studies devoted to the use of natural sorbents
for wastewater treatment is carried out. An overview of modern studies on natural materials such as zeolites,
bentonite, shungite, diatomite and clays and their interaction with pollutants is presented. The methodological basis
is the analysis of domestic and foreign scientific publications of the last ten years. The high adsorption capacity of
natural sorbents and the potential of diatomite from Kazakhstan deposits for further use in wastewater treatment are
noted. The conducted review expands scientific knowledge in the field of environmentally friendly water treatment
technologies and can serve as a basis for the development of new solutions aimed at improving the efficiency of
existing treatment systems.

Keywords: natural sorbents, waste water, diatomite, ecology.
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FORECAST OF POTENTIAL CHANGES
IN EXPLOITABLE GROUNDWATER RESERVES
UNDER THE INFLUENCE OF NATURAL
AND ANTHROPOGENIC PROCESSES
AT DEPOSITS EXPLORED FOR IRRIGATION

Abstract. The article analyzes the direction of anthropogenic changes in hydrogeological conditions, it is
revealed that groundwater in Kazakhstan is not threatened by the depletion of its reserves in the process of their
exploitation. No groundwater pollution has been established in the deposits explored for land irrigation in the
territories of South and East Kazakhstan. Changes in the hydrodynamic regime at deposits confined to river valleys,
cones of removal, and foothill plains were noted. The degree of groundwater reserves availability in the mentioned
deposits at the expense of their formation sources was assessed in order to determine the reliability of operation
under the influence of natural and anthropogenic processes, and the coefficient of groundwater reserves availability
for each deposit was determined.

Keywords: operating reserves, groundwater deposits, land irrigation.

Introduction. In the modern period, a complex problem is the assessment of the impact of possible
climatic changes and anthropogenic processes on the formation of natural and forecast resources and
operational reserves of fresh and slightly brackish groundwater in deposits explored for irrigation. Taking
into account the diversity of natural and hydrogeological conditions of Kazakhstan, changes in the value
of natural resources, and in some cases natural reserves, can lead to both positive and negative
consequences [1, 2].

Global warming predicted in recent years could also cause significant climate change that could result
in impressive impacts to regional surface and groundwater resources [3-5]. At the same time, many
researchers note that global warming [6-8], if it occurs, does not necessarily mean a one-step warming.
Possible climate changes are expected to be heterogeneous across landscapes. Along with warming in
some regions, there may be significant cooling in others. Not everything is unambiguous with temperature
cycles either. The currently observed warming is believed to be occurring against the background of a
global long-term cycle of significant cooling.
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The above-mentioned problems of climate change are also very important for hydrogeologists when
considering the peculiarities of influence of possible climatic changes on the formation of groundwater
resources. This is natural, as the main source of groundwater formation is precipitation. Consequently,
scientifically based forecasts of changes in precipitation and river runoff in relation to possible climatic
changes, i.e. climate models, are needed. Such climatic models should be the basis for projected changes
in hydrogeological and, above all, hydrodynamic conditions. Based on this, given any increase or decrease
in the norm of atmospheric precipitation and river runoff, it is quite easy to predict the change of
groundwater flow in one or another direction, i.e. the natural resources of the upper aquifers.

It should be noted that the contribution of precipitation changes to the predicted changes in
groundwater levels and discharges is only 10-30%. In addition, climatological forecasts do not provide
quantitative insights into the intra-annual distribution of precipitation and evaporation. Thus, the planned
climate change scenarios under any assessment will not lead to any significant changes in the estimated
values of natural and predicted exploitable resources [1].

In the process of research on the impact of anthropization processes on the underground hydrosphere,
the trend of anthropogenic changes in hydrogeological conditions was revealed mainly in two directions.

The first is a change in the hydrogeodynamic regime of groundwater causing a decrease in the level
and depletion of groundwater reserves or an increase in the level causing the formation of technogenic
waterlogging of territories [1, 2, 9]. Analysis of the current state of exploitation of groundwater deposits
on the territory of Kazakhstan has shown that groundwater use of explored deposits occurs in insignificant
quantities. Of the total amount of explored groundwater reserves, less than 20% is utilized during this
period. There are very few groundwater deposits in Kazakhstan whose reserves would be used more than
40-50%. Consequently, groundwaters of Kazakhstan are not threatened by the depletion of their reserves
in the process of their exploitation.

The second is hydrogeochemical changes in groundwater caused by contamination of the latter with
gas, liquid and solid wastes from transportation, industry, agriculture, energy and life support facilities.
Such changes can capture both significant changes and be local in nature. Pollution of fresh groundwater
is of particular concern. Freshwater is a limited and vulnerable resource. It is difficult to overemphasize
the significance of pollution of another environment that provides humans with the ability to survive,
which could be compared to water pollution. At the same time, field studies have not established ground-
water contamination in deposits explored for irrigation in the territories of South and East Kazakhstan.
There are no sources of possible groundwater contamination in the vicinity of these deposits [10].

In future, under significant increase of regular irrigation area and intensive exploitation of ground-
water deposits explored for irrigation, the following changes are possible: decrease of their natural
(capacity) reserves; redistribution of main sources of supply, i.e., decrease of the role of infiltration of
atmospheric precipitation due to increase of depth of level occurrence; filtration of surface (river) water
will be carried out mainly in winter period only in rivers with permanent flow; increase of surface water
filtration on irrigation fields and from irrigation and main canals as a result of increase of their areas and
length of canals).

Materials and Methods. Conducted in 2023-2024, field studies within South Kazakhstan (Almaty,
Zhetysu, Zhambyl, Kyzylorda and Turkestan regions) and East Kazakhstan (Abai and East Kazakhstan
regions) have not revealed clearly expressed trends in the influence of climatic changes on groundwater
resources in general, as well as on exploitable reserves of specific deposits explored for land irrigation.
Some changes in the hydrodynamic regime (5-15 m lowering of the level) at such deposits, confined to
river valleys, outflow cones, foothill plains, are related to the low-water period, which to some extent
affected precipitation and surface water resources. Location of deposits of groundwater explored for
irrigation within the territory of South and East Kazakhstan is reflected in figure.

Thus, under changes in hydrogeological and hydrodynamic conditions, the value of natural
(capacitive) reserves may change, which is caused by a decrease in the thickness of aquifers. Natural
(renewable) resources under groundwater exploitation for irrigation may be redistributed, filtration from
rivers will decrease, filtration from irrigation systems and irrigation massifs will increase.

In these cases, it is important to assess the extent to which the exploitable groundwater reserves of the
deposits in question are secured from the sources of their formation: natural resources, natural reserves,
elastic reserves in the case of the use of pressurized groundwater and the impossibility of reliably
determining natural groundwater resources.
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LOCATION SCHEME OF GROUNDWATER DEPOSITS
EXPLORED FOR LANDS IRRIGATION
IN SOUTHERN AND EASTERN KAZAKHSTAN
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Location scheme of groundwater deposits explored for lands irrigation in Southern and Eastern Kazakhstan

For the study area, the analysis of groundwater storage capacity at each deposit explored for irrigation
was carried out to determine the possible impact of groundwater level reduction by 5-15 m on the size of
groundwater storage capacity. Earlier, in the process of hydrogeological exploration works on specific
deposits of groundwater explored for irrigation of lands, the assessment of the availability of exploitable
groundwater reserves was carried out taking into account the genetic type of the deposit and lithology of
water-bearing rocks, general hydrogeological and natural conditions.

Results. In order to assess the availability of operational groundwater reserves in deposits explored
for irrigation, for each deposit, taking into account its genetic type, lithology of water-bearing rocks,
general hydrogeological and natural conditions, natural reserves, natural resources, elastic reserves for
pressure water, and in some deposits the groundwater recharge is due to precipitation were determined
[11,12].

Natural reserves represent the mass (volume) of groundwater contained in the considered element of
the underground hydrosphere (reservoir, reservoir section, reservoir system, etc.). In turn, they are
subdivided into the so-called capacitive reserves, determined by the amount of water that is extracted
during drainage of the reservoir, and elastic reserves, which are formed when the piezometric level
(reservoir pressure) of pressurized groundwater decreases due to water expansion and compaction of the
mineral skeleton of the reservoir.

Capacitated natural reserves were determined by the formula:

Ve=FHu, (1)

where V, — natural (capacitive) reserves, m’; F — area in the contour of the reduced radius of influence, m’;
H — weighted average thickness of the aquifer, m; u — specific water yield of water-bearing rocks.
The value of elastic natural pressure water reserves is determined by the formula:

V.= uFH,,, (2)

where V, — elastic groundwater reserves, m’; u — elastic water yield; F' — area of aquifer distribution, m’;
H,,— weighted average head above the overlying layer, m.
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Water withdrawal availability at the deposit due to natural reserves development without taking into
account replenishment was determined by the formula:

0.==" 3

where Q, — water withdrawal due to natural reserves development, m3/day; V. — value of natural reserves,
m’, a — extraction coefficient (taken from 0.3 to 0.5); ¢ — water intake operation period, days.

A natural resource is a fed inflow or outflow of groundwater. Natural resources of an aquifer within a
certain area of distribution are characterized by the amount of its supply in undisturbed balance-
hydrodynamic conditions (infiltration of atmospheric precipitation, overflow from adjacent aquifers,
filtration from their surface watercourses and reservoirs).

Natural resources are formed under the influence of numerous natural factors: climatic characteristics,
conditions of aquifer occurrence, composition and thickness of aeration zone rocks, capacity and
permeability of water-bearing sediments, boundary conditions of the deposit, etc.

Natural resources were determined by the following methods:

— By groundwater flow rate, using Darcy's formula:

Q.=km'J-B-cos'a, 4)

where J — the average slope of the groundwater flow; km — average water permeability of the reservoir,
m?*day; B — length of the design profile, m; a — angle of flow meeting with the design section (if any).
— Due to infiltration of atmospheric precipitation in some cases were determined by the formula:

_ F'h+1000

Opi=—F—> )

t

where O, — value of infiltration of atmospheric precipitation, m’/s; h — precipitation layer, mm;
F — area of aquifer supply, km’; # — the time of the greatest infiltration of precipitation, .

To assess the availability of exploitable reserves for groundwater deposits explored for land irrigation
within the territories of South, West and East Kazakhstan, the coefficient of availability of exploitable
groundwater reserves Kgaiasiiy Was used, which is the ratio of the total value of natural reserves and
natural resources Quuimpiiiyy t0 the value of exploitable groundwater reserves explored for land irrigation
Qexploitable at each groundwater dGPOSit (Kavailability. = Qavailability/ Qexploitable)~

All calculations made on availability of operational groundwater reserves explored for land irrigation
were summarized in Table.

Analysis of the table shows that the coefficient of availability of operational groundwater reserves
(Kavaitavitiey) varies depending on hydrogeological conditions within significant limits and characterizes the
resource potential of a particular groundwater deposit. The larger the value of the coefficient of
availability of operational groundwater reserves, the more reliable are the resource components of a given
groundwater deposit (GWD).

Discussion. In Almaty region, the Kjasiiny value varies from 1.12 (Karadala GWD) to 4.17
(Yuzhno-Kopinskoe GWD). In general, all fields of the region are reliably provided with natural resources
and reserves, but at Karkarala GWD there is no possibility of reserves increase in the process of
exploitation.

In the Zhetysu region, the Ky value ranges from 1.26 (Aksu GWD) to 3.83 (Karatal GWD). All
deposits are reliably supplied with natural resources and reserves; there is no possibility of increasing
exploitable reserves in the Aksu GWD.

The Kaiwbiiey value in the deposits of Zhambyl region ranges from 1.23 (Biylikol GWD) to 18.8
(Yuzhno-Kopinskoe GWD). In principle, all explored exploitable groundwater reserves at all fields are
reliably secured, but there is no significant exploitable potential for increasing reserves at Biylikol GWD.

In Kyzylorda region the Kiyiupiiy value at groundwater fields is within 2.56-6.10 and only at Tolagai
GWD it sharply increased up to 60. This indicates that the Tolagai GWD has significant groundwater
resources and, if necessary, this can be proved by reassessment of exploitable reserves. Exploitable
groundwater reserves of the region are reliably provided at all fields.

In Turkestan region at groundwater deposits, the K, aiapiiny value ranges from 1.33 to 5.56. Exploitable
reserves of all fields are secured.
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Availability of exploitable groundwater reserves in deposits (ERG)

Administrative region. Name of GWD Geological index of aquifer Mineralization,
Cadastre GWD code (complex) g/l
1 2 3 4
Almaty South Kazakhstan
4849 Issyk-Turgen apQ 0.1-0.7
4878 Karadala N, K 0.2-0.7
4881 Karoi apQy 0.1-0.3
5056 Talgar apQ 0.2-04
5089 Uzun-Agach apQrn 0.1-0.9
5112 Chilik apQ 0.2-0.7
5144 Yuzhno-Kopinskoe apQy/ N, 0.2-0.9
Total GWD and reserves 7
Zhetysu
4736 Aksu apQr.in 0.1-0.5
4737 Alakol apQ-alQuy 0.2-0.4
5250 Baskan apQ 0.2-0.8
4777 Bashi dp Qi-ap Qu 0.1-0.8
4813 Djungar Quu 0.2-0.4
5242 Karatal Qi/ N, 0.8-0.9
4934 Kerbulak Qun/ N, 0.5-0.8
4970 Molaly aQI,H apQI,H 0.4-0.7
5108 Khorgos apQry-aQ 0.2-0.3
5198 Shilikta apQrn 0.2-0.6
Total GWD and reserves 10
Zhambyl
5238 Akzhar P-P, 0.4-0.6
4712 Aspara Q apQu-m-N 0.2-0.4
5168 BlyllkOl an-Nz 03-07
4799 Georgievskoye-Talapty aQu-1v 0.3-0.5
4809 Zhualyn apQu-m 0.2-0.5
4957 Merken apQu-m 0.1-0.2
4993 Podgornenskoye apQu-m 0.2-0.8
4994 Predpeskovoe aQ-N, 0.3-0.8
4944 Lugovskoye apQ m 0.2-0.8
5018 Talas-Assin (North) apQuriv- N 0.4-0.7
5144 Yuzhno-Kopinskoe apQi- N, 0.2-0.9
7985 Shakpakata C, 0.3-0.5
Total GWD and reserves 12
Kyzylorda
4833 Zhanadarya K 1.0-2.0
4908 Kuvandarya K, 1.3-14
4909 Kyzylkum K, 1.6-2.0
5033 Sarybulak K, 1.5-3.0
5070 Tolagai P, 0.5-1.0
Total GWD and reserves 5
Turkestan
5288 Bugun Q- N, 0.6-2.0
4972 Michurinskoe apQuLm 0.5
5048 Suzak N2 Ko 0.3-1.8
5047 Suykbulak-Intymak Ky 0.5
Total GWD and reserves 4
East Kazakhstan East Kazakhstan
4808 Dairov aQH Nz-Q] 0.2-0.7
5149 Kalgutin apQ 0.2-0.8
4887 Kuludzhun apQ 0.2-0.8
5862 Narym aQH,m 0.2-0.4
5153 Chilikta apQu -N>-Q, 0.2-0.3
Total GWD and reserves 5
Abai
4776 Balapanovskoye aQm No-Q Pos 0.2-0.6
4841 Zharbulak apQy, apQy, 0.1-0.5
4930 Karakol aQ-apQ 0.4-1.0
5195 Katynsu aQ-apQprv 0.2-0.5
5196 Kurailin aQ-apQ v 0.3-0.8
Total GWD and reserves )
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explored for land irrigation in South and East Kazakhstan

ERGW value for irrigation Availability of ERGW The total value of ERGW Coefficient of ERGW
thous. Km’/ 3 with natural with natural avallablht};, 3va11ab111ty
m3/day m/year s reserves, m>/s | resources, m’/s Qavaitabitiy, /S Kavaitavitiy= Qavaitavitin/ Qe

5 6 7 8 9 10 11
South Kazakhstan
583.2 0.2128 6.75 4.83 10.64 15.47 2.29
776.1 0.2832 8.9826 6.7 3.358 10.058 1.12
12.9 0.0047 0.1493 0.09 0.47 0.56 3.75
288.72 0.1053 3.3416 3.44 10.49 13.93 4.17
257 0.0938 2.9745 2.69 3.46 6.15 2.06
1341 0.4894 15.5208 14.27 14.61 28.88 1.86
73 0.0266 0.8449 1.4 2.3 3.7 4.37
3331.92 1.2158 38.5637
1497.5 0.5465 17.3321 2.8 19.06 21.86 1.261
864.7 0.3156 10.0081 3.79 22.66 26.45 2.64
259.2 0.0946 3.0 1.32 4.88 6.2 2.06
116.6 0.0425 1.3495 0.63 3.7 4.33 321
802.6 0.2929 9.2893 2.3 10.75 13.05 1.40
311 0.1135 3.5995 11.5 2.3 13.8 3.83
140.2 0.0511 1.6226 1.92 1.5 342 2.11
457.7 0.167 5.2874 2.3 5.8 8.1 1.53
2643.9 0.965 30.6006 16.7 28.2 44.9 1.47
755.1 0.2756 8.7395 3.5 10.564 14.064 1.61
7848.5 2.8643 90.8286
43.2 0.0157 0.5 0.67 0.378 1.048 2.09
129.6 0.0473 1.5 2.2 7.97 10.17 6.78
293.7 0.1072 3.3993 3.12 1.07 4.19 1.23
46.6 0.017 0.5393 0.190 0.647 0.837 1.55
292.1 0.1066 3.3807 0.083 7.5 7.583 2.24
116.7 0.0425 1.3506 2.6 8.28 10.88 8.05
330 0.1204 3.8194 0.07 5.8 5.87 1.54
294.9 0.1076 34131 4.8 3.17 7.97 2.33
500 0.1825 5.7870 13.4 8.4 21.8 3.76
228.1 0.0832 2.64 6.97 4.6 11.57 4.38
18.3 0.0066 0.2118 1.7 2.13 3.83 18.08
0.740 0.00027 0.00856 0.01 0.020 0.03 3.50
1793.94 0.6543 20.7627
21.6 0.0078 0.25 0.7 0.18 0.88 3.52
72.5 0.0264 0.8391 1.724 0.17 1.894 2.56
71.5 0.026 0.8275 3.92 0.26 4.18 5.05
21.1 0.0077 0.2442 1.3 0.19 1.49 6.10
4.8 0.0017 0.0555 2.65 0.69 3.34 60.0
191.5 0.0696 2.2163
302.4 0.1103 3.5 1.94 2.72 4.66 1.33
429 0.0156 0.4965 0.8 1.75 2.55 5.13
138.6 0.0505 1.6041 3.7 4.316 8.016 4.99
23.3 0.0085 0.2696 0.8 0.7 1.5 5.56
507.2 0.1849 5.8702
East Kazakhstan
667.3 0.2435 7.7233 0.5 10.2 10.7 1.38
45 0.0164 0.5208 0.3 1.8 2.1 4.03
136.7 0.0498 1.5821 0.08 2.7 2.8 1.77
85.7 0.0312 0.9918 0.089 1.00 1.089 1.09
139.1 0.0505 1.6099 0.4 3.22 3.62 2.25
1073.8 0.3914 12.4279
85.794 0.0313 0.9929 0.3 0.942 1.242 1.25
1071.3 0.391 12.3993 19.3 3.8 23.1 1.86
216 0.0788 2.5 1.2 2.07 3.27 1.30
483.8 0.1765 5.5995 1.9 6.5 8.4 1.5
380.12 0.1387 4.3995 1.22 6.68 7.9 1.79
2237.01 0.8163 25.8912
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The Kivaitapitiey value in the fields of East Kazakhstan region ranges from 1.0 (Narym GWD) to 4.03
(Kalgutin GWD). Exploitable reserves are secured. There is no prospect of possible increase of
groundwater reserves in the Kalgutin GWD.

In the Abai region, the Kuiaiiy Value at the fields varies insignificantly: from 1.25 to 1.86.
Exploitable reserves are secured, but there are no significant prospects for their increase in the future.

Conclusion. The analysis of the results of the completed study allowed us to draw the following
conclusions:

— the trend of anthropogenic changes in hydrogeological conditions occurs mainly in changes in the
hydrogeodynamic regime of groundwater and hydrogeochemical state of groundwater;

— groundwater contamination has not been established by field studies at deposits explored for
irrigation;

— some changes in the hydrodynamic regime (5-15 m lowering of the level) at deposits confined to
river valleys, outflow cones, foothill plains, are related to the low-water period;

— if hydrogeological and hydrogeochemical conditions can be changed, the value of natural (capacity)
reserves may change due to a decrease in the thickness of aquifers. In these cases, it is important to assess
the extent to which the exploitable groundwater reserves of the deposits in question are secured from the
sources of their formation;

— to assess the availability of exploitable reserves for groundwater deposits explored for land
irrigation, the coefficient of availability of exploitable groundwater reserves Koyqiapiiy Was used, which is
the ratio of the total value of natural reserves and natural resources to the value of exploitable groundwater
reserves explored for land irrigation Qeyiirabie;

— on all groundwater deposits explored for land irrigation in the regions of South and East
Kazakhstan, operational reserves are fully secured with natural resources and reserves;

—climatic changes in the groundwater level regime of individual deposits, due to low water years, will
not significantly affect the values of exploitable reserves of groundwater deposits explored for irrigation.

— the conducted studies allow for a timely assessment of possible changes in the sources of formation
of operational reserves of groundwater and to determine the most rational mode of exploitation of a
groundwater deposit explored for irrigation of lands, allowing for continuous exploitation of groundwater
during the growing season.

Financing. This research is funded by the Committee for Science of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (grant No. BR 21882211).
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AHHoTanus. Makanaga THIPOTEOJIOTHSUIBIK JKaFJaiilarbl aHTPONOTCHIIK e3repicTepAiH OaFbIThIHA Taygay
*acaubll, Ka3zakcTaHHBIH KepacThl CyJapblHA OJlap/bl MaiiajiaHy Ke3iHJe OJapblH KOpJIAPBIHBIH CapKbLIy KayIi
OonmaiiTeinbl aHbIKTaNAbl. OHTYCTIK )oHe IlbiFbic KazakcTan aymakrapblHAaFbl KepiiepAl cyapy YLIiH OapiaHFaH
KEH OpBIHJapbIH/A )KEPACThl CYJIapbIHbIH JIACTaHYbl aHBIKTAIFaH eMec. | MIpoiMHaAMUKAIIBIK PEXKUMHIH e3repicrepi
©3CH aHFapJIapblH/A, AJUTIOBUIUIIK >KEJIETKIIITEpAE KOHE Tay eTeriHJeri jka3blKTap/a OpHalacKaH KeH OpbIHIa-
poiHna Oaiikanael. TaOuru oHE TEXHOTEHIIK IIPOLIECTEP/iH 9CEpiHEH MaiijlaaHy CEHIMIUIrH aHBIKTay MakKca-
TBIH/Ia aTaJFaH KEeH OpbIHIAapbl OOMBIHINA >KepacThl CYJIApBIHBIH IaiganaHy KOpjapbIMEH OJlapAblH maiiga 0oy
Ke3epi OOMBIHIIA KaMTaMachl3 €Ty IopexeciHe Oaranay >Kyprisinmi, opOip KeH OpHBI OOMBIHINA XKepacThl Cyia-
PBIHBIH MaianaHy KOPBIMEH KaMTaMachl3 Ty KO (UIIMEHT] aHBIKTAIBL.

Tyiiin ce3aep: naigasaHpUIATEIH KOpJIap, )KepacThl CYJIapbIHBIH K€H OPBIHAAPHI, XKEpAi cyapy.

B. A. CMonﬂp', JI. K. Agenosa’’, E. K. Mypra3nH3, T. A. Paxumos*

! JIOKTOp reoI0ro-MHHEpaIOrHuecKnX HayK, IIaBHbIi HayuHblil cotpyaauK (TOO «MHCTHTYT IHAPOreoIOrHI
u reodkosioruu uM. Y. M. Axmencaduna», Anmarel, Kazaxcran; v_smolyar@mail.ru)
*"PhD, Benymmit Hayunstit corpyaauk (TOO «HCTHTYT THAPOreoIOrHH i reodkonorud um. Y. M. Axmencadunay,
Anwmarter, Kazaxcran; adenovadinara@gmail.com)
? K. r.-M. H., 3aMecTHTeNb qupekTopa 110 Hayke (TOO «MHCTHTYT FHAPOTeONOriy 1 Te03KOIOrHH
uM. Y. M. Axmencadpuna», Anvatsl, Kazaxcran; ye _murtazin@list.ru)
* PhD, 3aBeyrouit 1aGopaTopreli pernoHanbsHoM ruaporeonoriu u reoskosoruu (TOO «MHCTUTYT
THJIPOTE0JIOTHH 1 reodkosioruu uM. Y. M. Axmencaduna», Anmarsl, Kazaxcran; t-rakhimov@mail.ru)

MPOTHO3 BO3MOKHBIX U3MEHEHUI BEJTUYUHBI SKCILTY ATAIIMOHHBIX 3AIIACOB
noa BJUAHUEM MPUPOAHBIX U TEXHOI'EHHBIX ITPOITECCOB
HA MECTOPOXIEHUSAX ITIOJA3EMHBIX BO/J, PASBEJAHHBIX JJIs1 OPOIIEHUSA 3EMEJIb

Annortanus. [IpuBeneH aHATU3 HAIPABICHHOCTHA aHTPOIOTCHHBIX U3MEHCHHUU THAPOTCONIOTHIECKUX YCIOBHH.
BrisBiieHo, uto moa3eMHbIM BogaM KaszaxcraHa He yrpoKaeT HCTOIICHHE MX 3allacoB B MpoIecce dKCIuTyararmn. He
YCTAaHOBIICHO 3arpsi3HCHUE MOJI3EMHBIX BOJI HA MECTOPOXKICHUAX, Pa3BEeJaHHBIX JUIA OPOIICHUS 3eMenb B FOxHOM 1
Bocrounom Kazaxcrane. OTMeUeHbI U3MEHEHHS THIPOJIUHAMHUYECKOTO PEKUMa HA MECTOPOXKICHUSAX, PUYPOUCH-
HBIX K JIOJIMHAM PEK, KOHYCaM BBIHOCA, MPEATOPHBIM paBHUHAM. [Ipom3Be/ieHa OICHKA CTEMEHH O0eCIeYeHHOCTH
IKCILUTYaTAHOHHBIX 3aI1aCcOB MOJ3EMHBIX BOJ HA YKa3aHHBIX MECTOPOXKACHHSX 32 CYET UCTOYHHUKOB MX (OPMHUPO-
BaHMs C LEJIbIO ONPE/CICHHUS HAIe)KHOCTH IKCIUTyaTalliy 0]] BO3/ICHCTBUEM NPHUPOHBIX U TEXHOTCHHBIX IPOLEC-
coB. Ompenenex Ko3pPuineHT 06ecredeHHOCTH IKCINTYyaTallHOHHBIX 3aI1acoB MOA3EMHBIX BOJ IS Ka)IOTO Mec-
TOPOKIACHUS.

KiroueBble cjioBa: SKCIUTyaTalMOHHBIC 3a1aChl, MECTOPOKICHHUS MOA3EMHBIX BOJI, OPOIICHHE 3eMEIb.
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CO3JAHUE ABTOMATU3UPOBAHHON CUCTEMBI
PET'YJIMPOBAHUA ITOJAYA BO/IbI
HA OPOCHUTEJIBHBIX KAHAJIAX C MAJIBIMHA PACXOJAMHA

AnHoTtanus. [ToBsimenne 3pQEeKTUBHOCTH yIPaBICHUS BOIHBIMU PECYPCAMH H 3KCIUIyaTallud OPOCHTEIBHBIX
KaHaJIOB HalpsIMyIO CBS3aHO C aBTOMaTH3allleldl KOHTPOJIS, yueTa M paclpeieseHust BOJAbl Ha HHUX, YTO SBISETCS
KJIFOUEBBIM NPHOPUTETOM B JaHHOW cdepe. [Ipobiiema obecrieueHus BOIOH Ui OPOLICHHsI B 30HAaX C HEJNOCTa-
TOYHBIM €CTECTBEHHBIM YBJI)KHEHHEM OO0OCTPSIETCSI M3-32 OTCYTCTBHUS JIOJDKHOM OKCIUTyaTallud OPOCHTENIBHBIX
cerell, 0cOOEHHO KaHAJIOB ¢ MaJbIMH pacxogamu. C LeNbI0 CO34aHuUs aBTOMAaTU3UPOBAHHON CHUCTEMBI YIpaBICHUS
BOJIOpACHpEICTICHUEM Ha OPOCHTENBHBIX KaHaIaX C MajJbIMH PAacXOAaMH pa3pabOTaHBl aIrOPUTMEI YIIPaBIICHUS
THIpOTEeXHUUECKHM 3aTBopoM. [Ipemnoxeno Buenpenne [T /-perymstopa, KOTOPHIH 0OecrieunBaeT aBTOMaTHIecKoe
YIpaBJICHHE OTKPBHITHEM W 3aKPBHITHEM 3aTBOpA Ha OCHOBAaHWH JAHHBIX O PAcXOJe BOIBI, IIOCTYHAIOIIUX OT Pacxo-
JoMepa.

KiroueBble cioBa: aBTOMAaTH3aIMsA, aITOPUTM, 3aTBOP THAPOTEXHHYECKHUH, KaHANI OPOCHTEIBHBIA, Pacxof,
perynupoBaHue, YIpaBICHHUE.

BBenenue. OGd(deKTHBHOCTh MeNHOpAaNMKd 3€MeNb BO MHOTOM OIPENENseTCs COCTOSITHHEM
opocHuTenbHBIX cucTeM. COBpeMEHHBIE CHCTEMBI TpPeOyIOT YeTKOrO W ONEepaTHBHOTO YIPaBICHHS
MpoIIeCCaMH  PACTIPECICHUsT BOABI HE TOJBKO HAa MAarHUCTPalbHBIX KaHajgaX, HO W IO KaHajlaM
MEXXO3SIMCTBEHHOM M BHYTPHUXO3AUCTBEHHON ceTu. OTCyTCTBHE aBTOMATHU3UPOBAHHBIX CHUCTEM
BOJIOpACIIpe/ieieHnsT Ha HUX BJedeT 3a co00il HapylleHHe IUIAHOBOTO BOJIOTIOTPEONIEHUS W POCT
HEMPOU3BOJAUTEILHBIX MOTEPb. ABTOMATH3AIMS YIPABICHUS BOIOpACIpPENCICHUEM ITO3BOJIUT CO3.1aTh
YCJIOBUS JUISI YCTOWYMBOTO, PABHOIPABHOTO BOAOCICHUS U OIEPATHBHOTO KOHTPOJIS JUIsl 0OeCIeueHUs
noTpeduTenel BOIOI B Hy)KHBIE CPOKH U B HEOOXOIUMOM KOJIMYECTBE.

M3Bectabie yueHsle, Bkitodas 1. B. boukapesa, M. 3. I'ankuna, 1O. I'. UBanenko, A. JI. MneMepa,
O. II. Kucapoga, I1. 1. KoBaneunxo, B. 1. Kopxxosa, 3. D. Makosckoro, M. ®. Hatanpuyka, E. E. OBua-
poBa, B. . Onsrapenko, B. H. lllenpuna u MHOrux Apyrux, BHECIH 3HAYUTENbHBINM BKIIaJ B COBEp-
IICHCTBOBaHME M ONTHMH3ALMIO BOJOpAcCHpeesieHHs] Ha OPOCHTENBHBIX cHucTeMax. WX wmccrnemoBaHms
OXBATHIBAIOT IMIUPOKUHN CIEKTP BOMPOCOB — OT TEOPETUIECKOTO 0OOCHOBAHUS HEOOXOIUMOCTH CO3JIAHUS
OpPOCHTEIBHBIX CHUCTEM J0 Pa3pabOTKH M BHEIPCHUS IEPEIOBBIX TEXHOJOTHH YIpaBJICHUS BOJAOpAC-
MpeJielieHneM, OCHOBAaHHBIX Ha aBTOMATH3AalMH M TEJIEMEXaHW3allhd, C IeNBI0 PallMOHAIBHOTO pacipe-
JIEJICHUS ¥ KOMIUIEKCHOT'O UCIIOIH30BAHUS BOJTHBIX PECYPCOB.

Heo0xoauMocTh B TakuX pa3pa0oTKax B HACTOSIIEE BPEeMs MOJTBEPKIACTCS MHOKECTBOM HAYUYHBIX
paboT, KOTOphIE MOCBAIICHBI aBTOMATH3UPOBAHHBIM TEXHOJIOTHUAM YIIPaBICHHsI BOJHBIMU pecypcaMy Ha
OpOCHTENBHBIX KaHanax. llpeacraBineHHble MarepHaiabl JIEMOHCTPHUPYIOT pa3HOOOpa3me paccmar-
pUBaEMBIX BOIIPOCOB, CBSI3aHHBIX C aBTOMATH3allMeH OPOCHUTEIBHBIX CHCTEM C PAa3IUYHBIMU CETAMHU
KaHaJOB W THUAPOCOOPYKEHUSAMH, a TaKkKe WX pPeKUMaMH pabOThl M METOJaMH aBTOMAaTH3alluU
BOJIOpacCIpeie]IeHUsI U KOHTPOoIIsl BomonoTpedrenus [ 1-11].
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VYyensle Kuprusum npeiaratoT aganTupoBaTh aBTOMaTHU3MPOBAHHBIE CUCTEMBI BOJOPACIPEACTICHHUS
K cnenr¢uke cBoeil crpaHsl. KiroueBbIM 371€MEHTOM HMX MOAXOAa SIBIAETCS pa3paOOTaHHBIH UMM METOA
HETOCPEICTBEHHOT0 0TOOpa BOABI. Peanm3anys 3THX CXEM OCYIICCTBISETCS C MOMOIIBIO THAPOABTO-
MaTHKH, B YaCTHOCTH BOZOBBIITYCKOB-CTAOMIM3aTOPOB, KOTOPBIE TAPAHTUPYIOT TIOAaYy BOABI B OTBOJBI C
MOTPENTHOCTRIO He Oonee +5% ot pacueTHOTO pacxoma [12].

UccnenoBarenu n3 Kuras paspaboranyn MHHOBAaIlMOHHYIO CHCTEMY YIIPABIEHUS BOJOCOEPEKEHUEM,
OCHOBAaHHYI0O Ha HCKYyCCTBEHHOM HHTEJUIEKTE. JTa TEXHOJOTHA C Y4YeTOM TEKYILIUX MOTpeOHOCTEH H
BO3MOKHOCTEH yIpaBIEHHs BOOAHBIMU pecypcaMu cTpasbl couetaeT [IM]I-perynupoBanue ¢ nmepeaoBbIMU
anropuTMaMu. Takas KOMIIIEKCHas TEXHOJOIWs YCIEIMHO BHeApeHa B Kurae, mponeMoHCTpHpoBaB
3HAYUTEIHHYIO SKOHOMHUIO BOJHI [ 13].

[TocTossHHOE COBEPILICHCTBOBAHME TEXHOJOTUH M CO3JaHHE HOBBIX pa3pabOTOK B cdepe aBTOMAaTH-
3alliM Tpoliecca YNPaBICHUS BOIHBIMH PECYPCaMH Ha OPOCHUTEIBHBIX CHCTEMAaxX SIBISIOTCS KIFOYEBBIM
(hakTOpoM JJIsl YCHEITHOTO PAa3BUTHS MEJIMOPATUBHOW HAyKH W TPAKTUKUA. B TeKymux ycIoBHSX
OTPaHMYEHHOCTH BOAHBIX PECYPCOB OCOOYIO aKTyalbHOCTH NMPHOOPETAIOT 3aJaud pa3paboTKH CHCTEM
PEryJIMpOBaHUs Pacxo/a BOAbI, 00eCIeUUBAIOIUX cOaTaHCUPOBAaHHOE BOJOPACHPEACICHUE OCPEICTBOM
aBTOMATHU3HPOBAHHBIX CHCTEM YIIPABIICHUS.

MartepuaJibl 1 MeTOBI HCCJIeA0BaHUsA. B paMKkax TeKyIero Hay4Ho-HCCIe10BaTeIbCKOTO POEeKTa
OCYILECTBIISIETCSl pa3paboTKa aBTOMATH3UPOBAHHOM MOJENN THMAPOTEXHWYECKOTO 3aTBOPA IS HKCILIya-
Talli¥ Ha OPOCHUTENBHBIX KaHAJIaX C MaJIBIMHU 3HAYEHUSAMH Pacxoa.

ABTOMAaTHYECKUNA THIPOTCXHUYECKUI 3aTBOP C BOJOCIHBHBIM YCTPONCTBOM MPEACTABISIET COOO0i
MHHOBALIMOHHBIN KOMIUIEKC, MpEeIHa3HAYEeHHbIH 1JI1 TOYHOTO PEeryjIMpOBaHMs, U3MEPEHUS M aBTOMAaTH-
YECKOr0 YIPABJICHUs MOJa4ed BOJBI B OpOCUTENbHBIE KaHaiubl. KOHCTpyKIHs BKJIIOYAET IHUTOBOE
3aTBOPHOE YCTPOWCTBO, MPSIMOYTOJIBHBIM BOJOCIMBHOMW JIOTOK, TPEYronbHbINA (V-00pa3HbIil) BOZOCIUB H
naHenp ynpasieHus: ¢ GSM-cBs3pi0 (puCcyHOK 1).

[m m]

ilg-

Pucynok 1 — ABTOMaTi3upoBaHHAs MOJEIb THAPOTEXHMYECKOTO 3aTBOPA C TAHENBIO YIIPABICHHS

Figure 1 — Automated model of hydraulic gate with control panel

IIpu BBITOTHEHWH HAayIHOW PaOOTHI OBLI MpUMEHEH HAOOp B3aMMOCBSI3aHHBIX METOAOB, obecIre-
YHMBAIONIMX Pa3pabOTKy, peau3alMio U MPOBEPKY paboTOCIIOCOOHOCTH aBTOMATH3MPOBAHHOW CHCTEMEI
PETYJIMPOBaHUS PAcX0/ia BOJbI HA OPOCUTEIBHBIX KaHAIaX C MAJBIMUA PACXOJJaMH.

AHaATUTHYECKUHA METOJ WCIONb30BalCA Ui pacuéra THIPaBIMYCCKUX XapaKTEPHCTHK OTKPBITOTO
KaHalla, OTpe/ICIIeHUs] COOTHOIICHUI MEXIy YpOBHEM BOJBI M PAcXoOJIOM, a TakXke Ui BhIOOpa mapa-
MeTpoB [1M/[-perynsTopa Ha OCHOBE KJIACCHYECKHX YpaBHEHHII peryiupoBaHus. Kpome toro, ¢ ero
MOMOIIbIO TPOBEAEH aHAIU3 MPUMEHUMOCTH METOJOB M3MEPCHHS U YIPABICHUS B YCIOBHIX HHU3KHX
JeOUTOB ¥ HECTAOMITBHBIX THAPABINICCKUX PEKUMOB.

WmxeHepHBIH MeTOJl OBUT UCIIOJIL30BaH MPH MPOSKTHPOBAHHH apXUTEKTYpBhl CUCTEMBI YIPaBIICHHUS,
BKJTIOUasi pa3paboTKy (QYHKIHOHATBHBIX U 3JCKTPUUECKUX cxeM. Ha ocHOBaHMM TpeOOBaHMN K CHCTEME
MOJO0paHbl KOMITOHEHTHI: KOHTpoimiep Siemens S7-1200, HWCIOTHUTEIBHBIE MEXaHW3MBI, NaTIYUKH
YPOBHA, KOHCYHBIC BBIKJIFOUATCIN, MOAYJIN BBOI[a/BLIBOIIa " 3JICMEHTBI aBTOHOMHOI'O ITMTaHUA.

MaremaTudeckoe MOJICIMPOBAHUE NPUMEHSUIOCh MPU pa3paboTKe W BEPUPHUKAIUMHN aJTOPUTMOB
yrpasiieHus B cpeie nporpammupoBanus TIA Portal. TTocTpoeHbl 070KH MacITaOUpOBaHKs aHAIOTOBOTO
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CUTHaJIa, PeaTN30BaHbl JIOTHYCCKUE CXEMBI YITPABIICHUS 3aTBOPOM U co3naHa ctpykrypa [IU][-perynsatopa
C TMapaMeTpUYeCKOW HACTpOWKOH. OCYIIEeCTBIECHO MOJCIUPOBAHUE THIIOBBIX 3KCILTYaTallHOHHBIX
PEKUMOB CHCTEMBI, BKITFOUasi CIICHAPUH [TEPErpy3KH, ONTMOKH H3MEPECHUH U PE3KOT0 H3MEHEHHUS PacXo/ia.

[IporpaMMHO-UHKEHEPHBI METOJA 3aKJIIOYalics B pealu3alldd TMPUKIAJHOTO MPOTrPaMMHOTO
obOecriedeHus KOHTpOJUIEpa, TAe C HUCHojib3oBaHueM HWHCTpymeHTapus TIA Portal cosmansl momynu
00paboTtku curnanos, [11/[-perymupoBanus, uatepdetica oneparopa (HMI), a Takxke OJI0OKH AMArHOCTHKH
U yIPAaBJICHUS] aBAPUIHBIMU CUTYaLUSIMU.

OKCIepUMEHTaIbHBI METOJ ObUT 3alelCTBOBaH Ha JTane (QYHKIMOHATHHOTO TECTHUPOBAHUS
pa3paboTaHHOW MpOrpaMMbl Ha Ja0OPATOPHOU YCTAHOBKE, MMHUTHPYIOIICH YCIOBHS SKCIUTyaTallud Ha
pearbHOM OpPOCHTENBHOM KaHae. [IpoBepsuTuch KOPPEKTHOCTh MacIITAOUPOBAHHUS aHAJIOTOBOTO CUTHAJIA,
ycTounBocTh pabotel [IU]l-perynsropa, peakiius CHUCTEMbl Ha HW3MCHEHHE YCTAaBOK, IOBEJICHUEC B
aBapUIHBIX peXKHUMAaX.

KommnekcHoe TpHUMEHEHHE YyKa3aHHBIX METOJOB II03BOJWIIO O0ECHEYUTh BCECTOPOHHIOIO TIPO-
pa60TI<y TCXHUYCCKUX U IPOrpaMMHBIX pemeHHﬁ, a TAaKXKC UX aJalTalyuio K YCJIOBUAM OKCILUTyaTallun
OPOCHTEIBHBIX CETECH C MAIILIMH PACX0JIaMH BOJIBI.

B pamkax mpoekTa peaqH30BaHbl TEXHUUYECKHE PEHICHHS, COOTBETCTBYIONIHE COBPEMEHHBIM
TpeOOBaHMUSIM K HAI&KHOCTH, 3HEProd3(pPEeKTUBHOCTH M aJANTUPYEMOCTH K YCIOBHSM CEIbCKOXO3Si-
CTBEHHOM 3KCILTyaTaluy.

Pa3paboranHas (hyHKIIMOHANBHAS CXeMa CUCTEMbI yIIPABICHHUS aBTOMATH3UPOBAHHOTO THAPO3aTBOPA
COEepKUT rpadudecKkrue 0003HAYCHUS BCEX MPUMEHSIEMBIX YJIEMEHTOB JIEKTPOABTOMATHKH (PUCYHOK 2).
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Pucynok 2 — @yHKIMOHAIBHAS CXE€Ma CUCTEMBI YIIPaBICHUS] aBTOMAaTU3UPOBAHHBIM I'MIPO3aTBOPOM

Figure 2 — Functional diagram of the control system of the automated water shutter

OcCoOeHHOCTh pelIeHHus 3aKII04aeTcss B TOM, YTO B KadyeCcTBE H3MEPHUTEIHHOTO 3JIEMEHTa HC-
MOJIb30BaH THAPOCTATHYECKUN AaTUHK, (PUKCUPYIOIIUI YpOBEHb BOABI B KaHane. TakuM o0pa3oM, pacxon
ompeznenseTcs KOCBEHHBIM CHOCOOOM dYepe3 IMpeoOpa3oBaHHE YPOBHS BOIBI B OLIGHOYHOE 3HAUYEHHUE
pacxojia o U3BECTHBIM THIPABINYECKUM 3aBHCUMOCTSIM.

[MomoGHbIEe HaTYMKK TPAaAMLMOHHO HCIONB3YIOTCS B 3aJadaX MOHUTOPUHTA YPOBHS, OJHAKO B
IpeaaracMoM IMPOeKTe peaan30BaHa METOJMKa KOCBEHHOTO H3MEPEHHsI PacX0oAa BOJIbI HA OCHOBE YPOBHS
C IOCJIEAYIOIMIKM IepecuéToM B 3HAUE€HHUE pacxoja 4epe3 MPorpaMMHBIA MOIyJIb MaclITAOUPOBaHUs. JTO
peleHue TO3BOJSET OTKA3aThCS OT HCIOJB30BaHMS JIOPOTOCTOSIIIMX PAacXOJOMEpPOB M aJaNTHPOBATh
CHCTEMY K YCIIOBHSAM MaJbIX PacxOIOB M HECTaOMIBHOTO THIPaBIMYECKOro pexuma. B oTnuume ot
TUIOBBIX PEIIEHUH, OPUEHTHPOBAHHBIX Ha INPsIMOE H3MEPEHHE pPacxona, 3Ta CHCTeMa OOecledHuBaeT
BBICOKYIO TOYHOCTh MpPH MHHHUMAIbHON CTOMMOCTH OOOpYJIOBaHMA M TOBBIIICHHONH HaAEXKHOCTH B
TMOJIEBBIX YCIOBHSAX.

Jns ynpaeneHust 3aTBOpoM ObLT BBIOpaH KoHTpoJutep Siemens S7-1200, KOTOpHIH 3apeKOMEHA0BAT
ce0s Kak HaJIe)KHOE U yA00HOE pEelIeHHe TS 3a1a49 MPOMBITIUICHHON aBTOMAaTH3aIuH (PUCYHOK 3).
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Pucynok 3 — Pa3paboTka npoexra 1 mogdoop KOHTPOIIEPOB

Figure 3 — Design development and controller selection

Kontpomnep Siemens S7-1200 oOnagaer psaoM TEXHOJOTHYECKMX M OKCIUTyaTallMOHHBIX IIpe-
uMyliecTB. B Xxone mpoekTHpoBaHUs pacCMOTPEHBI aJbTEPHATHBHbBIC BApHAHTHI, BKIIOYAst KOHTPOJUIEPHI
Arduino, Delta (cepus DVP-SX2) u PLCnext AXC F 2152. Ananm3 moka3zai, 4To TOJIBKO Siemens
S7-1200 obecnieunBaeT oNTUMaIbHOE COYETAHNE TAKUX MTapaMETPOB, KaK:

— Hanuuue BcTpoeHHbIX 0mokoB [T /]-perymupoBanus (PID_3Step u PID_Compact), He TpeOyrommx
CTOPOHHET0 IPOrPaMMHOI0 00ECTICUEHUS;

— MoAJiep KKa aHAJIOTOBBIX M HU(POBBIX MOYJICH BBOAA/BBIBOAA;

— MPOMBIIUIEHHOE MHCIIOJHEHHE, YCTOWYMBOCTh K TEpenagaM HampsKeHHs W BHELIHUM BO3JAEH-
CTBHSM;

— pasBuras mnporpammHas cpeaa TIA Portal ¢ BO3MOXHOCTBIO MOACIHUPOBAHHS, OTIAAKH H
BH3yalH3allu{ IPOIIECCOB;

— Hauuyhe CcepTUGHUUUPOBAHHOM TEXHHUYECKOW NOANEPX KM M LIMPOKOTO cOOOIIecTBa paspa-
OOTYHKOB.

Bri6op koHTpoiuiepa 6a3upoBaicsi Ha TpeOOBaHUAX K aBTOHOMHOHM pa0oTe, YHEPTOHE3aBUCHUMOCTH,
COBMECTHMOCTH C COJIHEYHBIM NHTAaHHEM M MHHHMAJIBHOW CIOXHOCTH OOCIYXHBAaHUS B YCJIOBHUSX
OrpaHMYCHHOHN HHPPACTPYKTYPHI.

Ha pucynke 4 mpexacraBieHa BU3yaln3alds CPAaBHUTENBHOTO aHaIM3a KOHTPOJUIEPOB B BHIE Tel-
70BOM KapThl. YeM BbIle oueHka (0T 1 10 5), TeM JTydyle KOHTPOJUIEP COOTBETCTBYET TPEOOBaHUSIM IO
KaKaoMy mapamerpy. Siemens S7-1200 Bwigensercs kak HamOoliee cOANTaHCHPOBAHHBIA TI0 BCEM
KPUTEPHUSIM.

BriOpannast U1l peanu3alliil NMPOEKTa cepus MPOrpaMMHO-OTHCTHYECKHX KoHTpoiiepoB (ITJIK)
S7-1200 naeansHO MOAXOAMT AJS PEIICHUS 3a/1ad MO0 aBTOMATU3allMU YIPABIEHNUS BOJHBIMU peCypcamH.
Cpenu ee MpeuMyIIECTB MOKHO BBIIEIMTh HEOOJNbIINE pa3Mepsl, JOCTYIHYIO LEHY U IIUPOKHH Habop
komana. Kontposnep C7-1200 u mporpaMMmHbIe CpeaCcTBa, padoTatomiue Ha 6aze Windows, rapaHTHPYIOT
aJaNTHPYEeMOCTh pEIICHUH IO YIpPaBISHHIO BOAHBIMM pecypcamu. Kpome TOro, 3ToT KOHTpoJuIEep
crnocobOeH 00pabaThiBaTh Kak AaHAJIOrOBBIE, TaK M AWCKPETHBIE CHUIHAJBI, ITO3TOMY SIBJSIETCS Tpen-
MOYTUTENIPHBIM BapHAaHTOM JUIl aBTOMATH3allMM IIpOLecca YIIPABICHUS PacxoJaMy BOZABI NPH IOMOIIH
pacxomomepa (PUCYHOK 5).

[IporpaMMupoBaHne KOHTpOJJIEpa OCYLIECTBISIETCS] ¢ MOMOIIBIO IpOorpaMMHOro odecriedeHust TIA
Portal (Totally Integrated Automation Portal), koTopoe mo3BojiseT co3gaBaTh THOKHE M 3P (EKTHBHBIC
anropuTMbl  ympasieHus. I[IporpamMHoe ob6ecreueHue, BKIIOUaroliee pa3paboTKy TMpoeKTa i
KOHTpOJIJIepa M YCTPOMCTB paclpeleqéHHOr0 BBOAA-BBIBOJA, HACTPOUKY HHTepdeiica B3auMOIeHCTBHS
YenoBeKa M MAllMHbI, MapaMeTPU3aLMI0 CETEBBIX 3JIEMEHTOB M MOAyJNeH KOMMYHHKALWH, OTIAIKY
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PI/ICyHOK 4 — BI/I3yaIII)HOC CpaBHCHHNEC TEXHUYCCKUX XapaKTECPUCTUK KOHTPOJIJICPOB IJIsd CUCTEM YIIPABJIICHUS pacX040M BO/bI

Figure 4 - Visual comparison of technical characteristics of controllers for water flow control systems

Prigeit (48 Vew inien Onine Optiom  Teoh  Wedow Help T Integrated e
I Mo & X B 2 II]IBJ e L PPORTAL

& Topioy vaw |g, Notwork view | [ Device view Options. 1=
|
g
- 2
0
1 s s §
H
l=
g
E
3
>
2
5
2 - 3] [reon o
G Poperies  [Winfo Li"»bnt postics. |
Genaral | 0 tags | Syvtem comtants | Teans
» Gasenl -
S General :
Froject intommuson
Mama |09 1zt

PucyHnok 5 — AHanoroBble ¥ JUCKPETHbIE MOYJIN

Figure 5 — Analogue and discrete modules

VIOPaBJISAIONIMX ANTOPUTMOB, a TaKKe IyCKOHAJIAAKYy INPHBOAOB, OONagaeT €OUHOM CTPYKTypoH H
YHUDHUIIMPOBAHHBIM TOJIE30BATEIILCKIM HHTEPGEHCOM. ITO YCKOPSIET HE TONIBKO pabodmii mmporecce, HO U
CIOCOOCTBYET CO3JIaHHI0 MPO3PaYHBIX pEIICHH, OOCITYXHBAHUIO H IHATHOCTUKE KOTOPBIX JIETKO
00y4HUThCS.

Bo rnaBy yrina mpoaykra TIA Portal nmocraBinena npoctota ucnoss3oBanusi npoaykra (Usability).
[MpuHIMIIHAIEHO HOBBIH MOJB30BATENLCKUH HHTEp(Eiic mpu3BaH 001erduTh paboTy ¢ mIaThopmoii, a ero
yHU(UKAMS U CTaHJapTH3aLUUs YIIPOIIAIOT paboTy ¢ pa3HOOOpa3HbIM 000pyI0BaHHEM. JTO HOBOE CIIOBO
B pa3paboTke mporpaMMHoro obecnedeHus. OCHOBHOW YIIOp CAeNaH HAa HAIJIAAHOCTb, WHTYUTHBHYIO
HOHATHOCTb U OTCYTCTBHUE MHOT'OKPATHO BJIOXKEHHBIX CTPYKTYD.

OnHON M3 KIIIYEBBIX 3ajad, KOTOPYHO MPEIACTOSIIO PElInTh, ObLIO MacimTaOupoBaHue (mpeobpa-
30BaHKE) aHAIOTOBOIO CHTHAJa, MOCTYMAIOIIETO OT pacxoJoMepa, B pealibHble 3HAUCHHS Pacxoia BOJBI
(pucyHOK 6).
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AHAJIOTOBBIM CUTHAN OT JAaTYUKOB YPOBHS M pacxojgoMepoB 4—20 MA TpeOyeT mpeoOpa3oBaHUS B
Gbu3NUeCKUe EeIUHHUIBI H3MEPCHUs [UIS JANbHEHIIero MPUMEHEHHWsS B aIrOPUTMAaX peryJHpOBaHUS.
[IpeoOpazoBanne OCYMISCTBIISETCS C HCIOJB30BAHMEM CTAHIAPTHOW JWHEHHON (GopMysbl MacmTabu-
pOBaHUs, OOIIENPUHATON B CHCTEMAaX aBTOMAaTH3AINH:

Q — ((VaHanor_Vmin)'(Qmax_Qmin)) (1)
(Vmax—Vmin)+Qmin ’

rae V. — TEKylllee 3HAUCHHE aHAJOTOBOTO CUTHANA, TONMYYEHHOTO OT pacxomomepa; Vi U Vi —

MUHUMAaJILHBIC H MaKCUMaJIbHbIe 3HaUeHUs CUTHaNA (B JaHHOM ciydae 4 u 20 MA cooTBeTCTBEHHO); Oyin

U Quax — MUHUMAIBHBIE M MaKCHMAaNbHbIE 3HAYEHHS pPAcXoAa BOJBI, KOTOpPHIE YCTAaHABIHMBAIOTCA B

3aBUCHUMOCTH OT XapaKTEPUCTHK OPOCUTEIBHOIN CUCTEMBI.

Ora (opMyna ommcaHa B PYKOBOJACTBAaxX IO IMPOMBIIUICHHBIM KOHTPOJUIEpaM W TPHMEHSETCS B
IIUPOKOM CIIEKTpe 3amad. B paMkax mpoekTa pa3pabOTaH MPOTPaMMHBIA OJOK MacIITaOHpOBaHWSI,
peanmzoBaHHblil B cpeae TIA Portal. OH momyckaer mapaMeTpu3alyio TpaHUI, (QUIBTPALUIO HIYMOB,
JIMarHOCTHKY OOpBIBa/Ieperpy3Ky CUTHaJa U MpsMyIo HHTerpauuto ¢ omokamu [T /I-perymsiuun.

IIpumenenne Gopmyisl (1) TO3BOSIET KOPPEKTHO MPeoOpa3oBaTh CUTHAT W yYYHUTHIBATH €0 TIPH
yrpasiieHHH 3atBopoM. J{ns peanumzanum nanHoro gyHknuoHana B TIA Portal 6bu1 co3man 6110k, oTBe-
yarouid 3a MacitabupoBanue. B 3Tom Onoke aHajIoOroBBIA CHTHall, MOCTYMAIOUIMKA OT pacxoiomepa,
nmpeoOpasyeTcs B BEIMYHHY, COOTBETCTBYIOIIYIO pealbHOMY pacxoay Bojbl. [IporpammupoBaHue 3TOTO
0stoka TpeOyeT mpeaeNbHON TOYHOCTH, TaK KaK OIIMOKHM B ITapaMeTpax CHCTEMBI HAPAMYIO BIHUSIOT Ha
peryIrpoBaHUe 3aTBOpPA U MOTYT MIPUBECTH K €0 HETMPaBHIBLHOMN pabdore.

VYmpaBneHre 3aTBOPOM OCYIIECTBISETCS Ha OCHOBE CHENHAIM3UPOBAHHOTO AITOPUTMA, HpPUHU-
MAIoOIIero BO BHUMaHHUE TEKYIIWH pacxXojl BOIBI, 3aJlaHHBIE TOJIb30BATEeM MpEeAeNsl (MIHUMAIBHBIA U
MaKCHUMAaJbHBII), a TAKKE PSJl JOTIOJHUTEIbHBIX YCIOBUA. [Ipy NpEeBBIIICHUN YCTaHOBICHHBIX JIMMHTOB
pacxoia 3aTBOp aBTOMATHYECKH 3aKpbIBACTCS, MPENOTBpallas Mepepacxoi, B cilydae HEAOCTaTOYHOTO
pacxona 3aTBOpP OTKPHIBACTCS, YBEIHYHBAS MOAady. ODTOT AITOPUTM OOECIIEUYMBAET TOYHOE PETyIIH-
pOBaHKE pacxolla BOABI M CIIOCOOCTBYET ONTHMH3AIMK HCIONB30BAaHHS BOJHBIX PECYPCOB B HppHUTa-
UOHHBIX CHCTEMaXx.

I'maBHoOI1 3aaveii Obl1a pa3paboTKa aNrTOPUTMOB YITPAaBIEHUS 3aTBOPOM. JIJIsl JOCTIKEHUS 3TOH eI
os1 BHempeH [1MJ[-perymnsaTop, KOTOPBIH 00ECIieunBaeT aBTOMATHYIECKOE YIPABICHUE OTKPHIBAHUEM H
3aKpbIBaHMEM 3aTBOpPA HAa OCHOBAHUU JIAHHBIX O PacXojie BOABI, MOCTYMAIOIIEH OT pacxooMepa.

Ucnons3oBanue [MH/I-perynsatopoB B 3agauax aBTOMAaTH3alUHU SBISETCS IIMPOKO pPacmpocTpa-
HEHHBIM IOIXOJOM, OJHAaKO B KOHTEKCTE pPabOTHl C HHU3KOAECOMTHBIMH OPOCHUTENBHBIMH KaHAJIaMHU
BO3HHKAIOT CIIeU(pHUECKIE TPeOOBAHMUS:

— 3HAYUTENbHAS HHEPLUUOHHOCTD OTKIIUKA CUCTEMBI;

— HanM4#e TYpOYJIEHTHBIX H CTOXaCTHYECKUX KOJIeOaHUH YPOBHS;

— 3aJIepKKU CUTHAJIA U ciabasi AMHaMUKa PeryIUpOBaHIS,

— He00X0AUMOCTh TPEXIO3UIIMOHHOTO yIIpaBJIeHHs MPUBOIOM (BIepEn/Ha3a/cTomn).

Hns peanuzanuun [IW/I-perynsaropa ucnons3oBanack uHcTpykuus PID 3Step B cpenme mporpam-
mupoBanus TIA Portal. DtoT perymsarop ObUT BBIOpaH 3a €ro CHOCOOHOCTH 3(PPEKTUBHO YMPaBIATH
CHCTEMaMHt C UHTETPUPYIOLINM MTOBEJCHUEM, YTO 0COOCHHO BayKHO JIJIsl YIIPABIICHUS THAPOTEXHUIECKUMH
3aTBopamMu M kinananamu. Muctpykims PID 3Step mo3BomseT ymnpaBisTh KJamaHOM IO aHaJIOTOBOMY
CUTHAJy, KOPPEKTHUpPYS €ro IOJOXKEHHE B 3aBUCUMOCTH OT HM3MEHEHHWH MapaMeTpOB MOTOKa BOJBI
(pucyHOK 8).

Onucanue IH/-anzopumma u e2o peanuzayusa. Anroput™ I[N I-perynstopa PID 3Step ocHoBaH Ha
knaccudeckoit cxeme [11/-perynupoBanus, e UCIOIB3YIOTCS TPH COCTABIISIFOIINE: TPOTIOPIUOHATBEHAS
(P), marerpanbHasd (/) u muddepennnansaas (D) (pucynok 9) [15].

[Ipu 3TOM MBI OJDKHBI YYUTHIBATH CBOM YCJIOBHUS MPOEKTA: THIBI CUTHAJIOB, TPOMEKYTOK MEXKITY
OTKPBITHEM U 3aKPBITHEM THAPOTEXHHUECKOTO 3aTBOPA, KOPPEKTHPOBKY MEPEMEHHBIX. DTO 00ECTIeYnBaET
TOYHYIO PEaKIHI0 CUCTEMbI Ha U3MEHEHH TapaMeTPOB MTOTOKA BOJIBL.

Hna pacuera IIWU/[-perynmsatopa B CTPYKTypUpOBaHHOW (B3BeIIEHHOW) (opMe HCHOIB3YIOT
cienytoiee ypapuenue [15]:

AyzKp-s-[(b-w—x)+$(W—x)+ﬁ(0'w—x)], (2)
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riae 4, — Beixognoe 3Hauenue [1M/]-anroput™a; K, — nponopuuoHanbHblil KOXQOUIMEHT yCUIeHus; s —
oneparop Jlamnaca; b — B3BemMBaHHE NPONOPLUOHAIBLHOIO BO3IECHCTBUS, W — yCTaBKa; X — 3HAUYCHHUE
nportecca; 7; — HHTETpAIbHOE BpeMsi AeUCTBUS; a — Koaddument npousBoanoii 3anepxku (T;=axTD);
Tp — BpeMst IPOU3BOJHOTO JEHCTBUS; ¢ — BECOBOM KO3()(UIIEHT MPOU3BOTHOTO IEHCTBUSI.
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Figure 9 — Block diagram by position [15]: a — without feedback; b — with feedback
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T7e u(t) — ymnpaBisiollee BO3ACHCTBHE, yCTaHABIHMBAIOIIEE CTEICHb OTKPBHITUSI 3aTBOpa; e(t) — omuoKa,
OnperenseMas Kak pasHUIa MEXK/Ty 3a/laHHBIM U TEKYLIMM 3HAYEHUEM pacxozia Bojbl, K;, — koo duurent

MPOMOPIUOHANBHOM cocTaBisromel; T; — BpeMsi HHTETPUPOBAHMsI, BIUSIONICE HA HAKOIUICHUE OIIUOKWY;
T; — Bpems muddhepeHInpOBaHus, YIUTHIBAIOIIEEe CKOPOCTh U3MEHEHMSI OIIHOKH.

Memoouxa nacmpotuixu [IH]]-pecynamopa 0ns cucmemvl a8mMoMamuiecKo20 pe2yiupo8anus pacxooda
600bl 8 opocumenvhvlx Kananax. Hactpoiika [IW]I-perynsaropa sBIseTcs OOHUM M3 KIFOUEBBIX JTAIllOB
BHEJIPEHUSI CHCTEM aBTOMATHYECKOTO YTIPABJICHUS PacXOJOM BOIBI B OPOCHTENBHBIX KaHamax. [Ipen-
CTaBJIeHA MOAPOOHAs METOIUKA HACTPOHKH PETyNATOpa, BKIIIOYAs TEOpETHUECKOe 00OCHOBaHHE, BHIOOD
k03 PUIIMEeHTOB, TOATAITHYI0 HACTPOHKY, a TaKKe NpUMeEpbl NpuMeHeHus. Llenms HacTpoiikum — moctu-
JKEHHE YCTOMYMBOW, TOYHON M aJanTHBHON PabOTHI CUCTEMBI B YCIOBHSIX H3MCHSIOIIUXCS MapaMeTpOB
CpeIBl U pacxoja BOMBI.

OcHoBy ympaBienus cocrapiser [IW]I-perymsarop, ¢bopMUPYOMHA yIpaBIIIoONiee BO3ICHCTBHE HA
OCHOBE MPONOPLUMOHANBHOW, WHTErpalbHOW W JudQepeHInanTbHOH COCTAaBISIOMNX OMIMOKH peryJiu-
poBanus. OmmbKa e(?) onpenensiercs Kak pasHOCTh MEX]y YCTaBKOH M TEKYIIMM 3HAYCHHEM pacxoia.
Perymupyromiee Bo3melicTBHE () pacCUUTHIBASTCS 10 popmyire
de(t)

at ’

u(t) = K, - e(t) +’;—f [e®)dt +K, Ty &)
rae K, — ko3buIMeHT NPONOpUUOHANIBHOIO yCuieHHs; 1; — MHTerpanpHoe Bpems; 7T, — auddepeH-
[IUATEHOE BpeMsI.

Kaxnp1ii u3 mapaMeTpoB BIUACT HA OBEJCHNE CUCTEMBL: K, OTBEYAeT 3a aMIUIMTY Ty OTKIMKa, 7; — 3a
yCTpaHEHHE CTaTUYECKOW omHOKH, a T, — 3a MPEINKTUBHOE MOBEJICHHUE H MOIaBICHIE KOJICOaHHIA.

Omanet nacmpotiku IIH/]-pecynamopa. HacTpoiika HauymHAETCS C MOATOTOBKU CUCTEMBI: MPOBE-
pseTCsl MONKIIOYSHHE AATYMKOB, KOPPEKTHOCTh MAacIITaOWpOBaHWS CHTHAIIOB W BBOMASTCS HadalbHBIE
ycTaBku. [lanee peanu3yroTcs TpU MOCIeI0BaTENbHBIX 3Tala HACTPOHKH:

1. IIpenBaputenbHas HacTpoiika. 3anatorcs 6azoBeie ko3 duuuents! K, T;, T, O0br4HO OepyT K,=2,
T=10c, T//2 c.

2. Tonkas HacTpoiika. IIpou3BOINTCS B YCIOBUAX pabOTHI cUCTeMBI. [Ipu HeMOCTaTOYHOW TOYHOCTH
WM KOJIEOaHMSIX BHOCATCS KOPPEKTUPOBKH.

3. Bepudukanus. BeimonHseTcs mpoBepka MOBENCHUS CHCTEMBl B THIWYHBIX IKCILTYyaTalMOHHBIX
CIIEHApUSX, BKIIOYast cCOPOC YCTaBKH, aBapUiTHOE OTKIIFOYECHUE U TIp.

Kaxnplit aTan conpoBok1aeTcs JOTHPOBAaHUEM OTKJIMKA CHCTEMBI U ITPU HEOOXOJMMOCTH MEPEX0I0M
B 0€30MaCHBIN PEXKUM.

PaccMOTPHM CHTYALMIO, TIPH KOTOPOIl 3a1aHHOE 3HAYEHHE PACX0Aa BOJBI cOCTaBseT w(t)=100 m’/u,
a (aKTHIECKH M3MEPEeHHBIH pacxon — x(2)=90 m’/4. Takum 06pa3oM, omMOKa PeryIHpOBAHHS OIpEIe-
JISeTCs Kak

e(t) = w(t) —x(t) = 100 —90 = 10 m3/q.

Ecnn npenamonoxuts, uro mapamerpsl ITHW/I-perynsatopa 3agasel ciaefyromum obpasom: K,=2 —
NPOMOPUUOHANBHBIN KoapuuuenT; 7=10 ¢ — uaTerpanbpHoe BpeMms; 7,=2 ¢ — muddepeHnnansHoe BpeMsl.

Haiinem kaxxayto U3 COCTaBISIOMIMX YIPABIISIOIETO BO3CHCTBUS U(?):

1. IIponioprmonansHas cocTaBistromnias (P):

P=K,-e(t) =210 = 20.

2. NuterpansHas cocrasisttomas (/):
JIOITYCTHM, OITNOKa coXpaHsuiach Ha ypoBHe 10 M*/4 B Teuenne 10 c:

I—Kpf t)dt = 2 10 - 10) = 20

3. qudbdepennmansaas cocrapisromas (D):
NPEATOIOKUM, CKOPOCTh U3MEHEHUS ommnoOku 2 M*/4 B 1 c:
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Utorosoe ympapisonee Bo3AeHCTBIE OyAET paBHO
u(t) =P+1+4+D =20+20+4 = 44,

D10 3HaueHWe u(?) MOAaETCs HAa WCMOJHHUTENBHBI MEXaHU3M U OMNPEACNsIeT, HACKOIBKO CHUIBHO
CJIEZIyeT U3MEHHTH TOJIOKEHHE 3aTBOPA JIJISl TOCTIIKEHHS )KeJTaeMOoro pacxoia.

JonyctuM, 3amaHHbIii pacxo Bojabl cocrasiser 100 mM%/4, a ¢akTuyeckuii u3mepeHHbii — 90 M/,
Tornma omubOKa perympoBaHus paBHA

e(t) = 100 — 90 = 10 m®/u.

ITpn mapamerpax K,=2, T~=10 ¢, T2 ¢ noxy4um:

P =210=20;

1=~ (2/10)J10d1=20 (3a ycnosusie 10 c);

D = 2'(d10/dt)y=4 (npu u3meHeHnu pacxoja 2 m>/4 3a 1 c¢);

u(t) = 20+20+4 = 44 — uroroBoe 3HAUCHUE YIIPABJIAIONIETO BO3ICUCTBHSI, HAPABICHHOTO Ha MMPUBOJ
3aCJIOHKH.

Hacrpoiika 11 /I-perynsiTopa siBiseTCsl UTEPATUBHBIM U YyBCTBHUTEIBHBIM K IapaMeTpaM Ipolecca
stanoM. IIpencraBneHHas MeToAMKa IPELyCMaTPUBAET MOLIATOBBIM MTOIXO0M, TO3BOJAIOIINN 00EeCICUnTh
BBICOKYIO TOYHOCTb PETYJIMPOBAHUS PAacXoAa BOJBI, YCTOHYMBOCTH PabOTHI M OBICTPYIO aJanTaluio K
BHEIIHUM BO3MYILEHHUAM. [lomydeHHBIE pe3ynbTaThl MOTYT CIIY>KUTb OCHOBOM AJsl MaclITaOMPOBAHUS
CHCTEMBI Ha JpyTue 0OBbEKThl MEITNOPAaTUBHON HHpacTpyKTyphl. bynymue nccienoBanus OyayT Hanpas-
JIEHBI Ha MHTETPAIMIO HCKYCCTBEHHOTO HHTEJIEKTAa U MPEAUKTUBHBIX MOJIENel B POIlecC HACTPOUKH.

Ocobennocmu HacmpouKu 8 pedanbhblx Yclosusax. PealbHble yCIOBUS 3KCILUTyaTallud OPOCUTENBHBIX
KaHAJIOB XapaKTEePU3YIOTCA PpsAAOM (aKTOPOB, KOTOPhIE HEOOXOAUMO YUMTHIBaTh Ipu BHeapenuu [1U/I-
PeryJIMpoBaHus:

— HaJIM4YKe TUAPABINYECKUX KOIEeOaHUH U TypOYJISHTHOCTEH MOTOKA;

— MHEPLUUOHHOCTh MEXaHHUUECKUX MCIOIHUTEIBHBIX YCTPOICTB;

— BapUAaTUBHOCTH [1apaMETPOB OKPYIKAIOLIEH cpebl (TeMIepaTypa, 3arpsI3HeHUE BOAbI);

— HETIOCTOSTHCTBO DHEPreTHYECKOTro cHaOkeHus! (0OCOOCHHO B aBTOHOMHBIX CUCTEMaX C COJHEYHBIMHU
MAHEISIMU).

Hactpoiika perymisropa A0JKHA yYUTHIBaTh HE TOJBKO HACANbHBIE YCIOBUS MOJCIUPOBAHUSA, HO U
MPAKTUYECKYI0 OrPAaHMYEHHOCTh BO3MOXKHOCTEH JAaTYMKOB, NMPUBOJA M BBIYMCIUTEIBHOW MOIITHOCTH
TJIK.

ITponopunonansHelii k03hduuueHt (K,) onpeaenser, HACKOIBKO OBICTPO cHCTEMa OyAeT pearupo-
BaThb Ha OTKJIOHEHHME OT ycTaBKU. OIHAKO CIIMIIKOM BBICOKOE 3HAYCHHE MOKET IPUBECTH K IIepepery-
JUPOBAHUIO, YTO B YCIOBUSAX BOJOCHAOXKEHHS YpPEBATO MEPEpPacXojOM pecypca I MEXaHHYECKUMHU
Harpy3KaMu Ha 3aCJIOHKY.

Huaterpamsaoe Bpems (7)) ompenmemnseT, ¢ KaKod CKOPOCThIO OyJeT HaKaluIMBaThCs OIMMUOKA. ITO
BaXHO NJIs1 YCTPAHEHHs IOCTOSTHHOTO CMEIIEHWs MEXIY 3aJaHHbIM U peanbHbIM pacxomoMm. Ecmu T
CJIMIIKOM MaJIo — BO3MOKHA HEYCTOWYHMBOCTD; CITUIIKOM OOJBLIOE — cCUCTeMa OyAeT 00 pearupoBaTh.

Huddepenumansaoe Bpems (7y) HCmonab3yeTcss Uil yHOpexkAeHHUs u3MeHeHHHd. OHO TOJNE3HO Hpu
OBICTPBIX KOJEOAHUSAX IMOTOKAa, HO MOKET BBI3BIBATH YYyBCTBUTENIBHOCTh K IIymMaM. B cucremax c
BBICOKOWHEPIIOHHBIM OTKIUKOM 7,; MOXET OBITh CHIXKEHO O MUHUMYMa HITH BOOOILE OTKIIFOYEHO.

Ipaxmuuecxuii ancopumm nacmpoiixu. Hactpolika mpousBoguTcss urepaloHHo. OAuH U3 Mpo-
BEpeHHBIX MeTOMoB — Ziegler-Nichols, amanTupoBaHHBIA MO XapaKTEPUCTHUKHA CHCTEM BOIOpacIpe-
JICJIeHUS:

1. BeictaButh T; 1 Ty B O6CKOHEUHOCTh (MM OTKIIOUNTD [ ¥ D 4acTH).

2. VBennuuBaTh K, 10 TeX HOp, MOKA CUCTEMA HE HAYHET OCHMIIMPOBATH (YCTAHOBUTH IMPEIEb-
HbIH K),).

3. 3anucaTh KpuTHUeCcKui K03pdunuenT ycunenus K, u nepuon xonedanui 7.

OToT MeTox Ja€T XOPOIIME CTAPTOBBIC 3HAYEHHUS, KOTOPBIEC 3aTeM YTOUHSIOTCS 3Mmupuuecku. Ilpu
HEOOXOOUMOCTH MOXHO IIPHUMEHATH Oojee «MArKue» Meronsl, Hampumep Mertox Kona-Kosna wunm
NpOrpaMMHYIO aBTOHACTPOHKY, peanu3yemyio B coBpeMmeHHbIX [IJIK (B wactHOCTH, Siemens S7-1200
MoJIIepKUBaeT afanTuBHy0 HacTpoiiky PID Compact).
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Hacmpouxa u peanusayus ¢ TIA Portal. B cpene TIA Portal noctynsbl aBa cnocoba peannsanuu
[N -perynaropos:

— PID Compact — ymoOHBI MOXyJdb Uil OOJBIIMHCTBA 3a7ad, ITO3BOJSAET 3aMaTh JIMMHTHI,
(GUIBTPAIHIO U aBTOHACTPOUKY;

— PID_3Step ucmomp3yercss Ijsl yHpaBICHHs 3JIEKTPONPUBOJAMH, MMEIOLMIMMHU TPH JUCKPETHBIX
coctostHuS (BIepén, Ha3a, CTOM), TOAXOIUT ISl YIIPABIEHHS 3aCIOHKAM.

IIponiecc HacCTpOMKYU BKIIFOUYAET:

— cosmanue 0moka PID;

— IPUBS3KY aHAJOTOBBIX CHTHAJIOB K BXOAaM (yCTaBKa, H3MEPEHHOE 3HAYCHHE);

— 3amanue K03 HUIUEHTOB;

— CUMYJISILIMIO ¥ BBOJ B AKCILUTYaTalHIoO.

[Ipu peanmzanum anroputMoB ympasienus B cpene TIA Portal pa3paboran 010k mporpammel,
oTBeHaromwmii 3a HacTporky IIWJI-perymnsaTopa. DToT 00K BKIIOYAeT (PYHKIMHM HACTPOUKH MapamMeTpOB
Ky, T; u Ty, a Takxke JIOTUKY YIPABJICHHUs 3aTBOPOM B 3aBHUCUMOCTH OT IOKa3aHWH pacxojomepa (pucy-
HOK 10).

Setpoint (w)

DT1

it [ e [

by

Fac/Tt Anti Windup

=

! H? L~

Pucynok 10 — brok-cxema [TNJ] T1 ¢ antuBuHTaX0M [15]

Figure 10 — Block diagram of PID T1 with anti-vintage [15]

[IporpamMma ympaBieHUsI TpPEAyCMAaTPUBAET HECKOIBKO PEXKHUMOB: aBTOMATHYECKHH, DPYYHOH,
nperBapuTeNbHas U TOHKast HACTPOHKa, a Takke (QYHKIMH IMAarHOCTHKU U 00paboTku ommobok. B ciaydae
BBIXOJIa TTAPAMETPOB 32 JIOIYCTUMBIE MIPEAETbl CHCTEMa IMEPEBOANTCS B O€30TIACHBINH PEXKHUM C 3aKPBITHEM
3aTBOpa.

Pa3paboTanHas apXHTEKTypa MMeEeT MOIYJIbHYIO CTPYKTYpy M MOXKET OBITh MaclTaOMpoBaHa IIOX
pa3IMYHbIe KOH(PHUTYPAIIMU OPOCHTENBHBIX cucTeM. C ydeToM NMpOoCTOTH 000PYIOBaHUS U MIPOTPAMMHOMN
peanu3anuy, 3TO pEIIeHHE MOXET OBITh NMPUMEHEHO B YCIOBHSAX OTpaHHYCHHOTO (DUHAHCHUPOBAHUS,
OCOOCHHO B CEJIbCKOXO3SHCTBEHHBIX PErMOHAX, TN OTCYTCTBYET HOCTYN K BBICOKOTEXHOJOTHYHBIM
CHCTEMaM yTIPaBJICHHUS.

Obpabomxa cboes u obecneuenue nadéxicnocmu. OIHAM H3 BaKHEHIIUX TpeOOBaHWN K OpOCH-
TEJILHBIM CHCTEMaM SIBIISIETCS YCTOMYMBOCTH K aBapuilHbIM pexkumam. [THM/I-perymsarop moimkeH OBITH
CHa0KEH CIEeIYIOMNMH 3allUTaMH:

— Mepexo/] B HEAKTUBHBIN PEXXUM IIPH [TOTEPE CUT'HAJA OT AaTYUKOB;

— OrpaHdYeHUe CKOPOCTH U3MEHEHHS YIPABIISIIOIETO CUTHATIA;

— OrpaHHYCHUE Jnara3oHa PeryInpOBaHUS;

— IMarHOCTHKA 3aI1a3/bIBAHMUS CUTHAJIA WM «3aBHCAHUS» 3HAUCHHUS;

— aBTOMAaTHYECKOE 3aKPHITHE 3aCIIOHKH TPH pa3psae aKKyMyJIaTopa HUKE KPUTHUECKOTO.

Bce 3t anemenTsl MoryT ObITh peanu3oBaHbl B jJoruke [1JIK u mponmcaHbl Kak yclioBHS Ha BBIXOJ
[N /I-perynaropa Wiu OTASIbHBIC JIOTHIECKHE OJTOKH.

Pe3yabTaThl. BOJIBIIMHCTBO OPOCUTENBHBIX CHCTEM MO3BOJISET PETYIUPOBATH BOJHBIH MOTOK JIMIIb B
OTrpaHUYEHHOM TEXHOJIOTHYECKOM JHana3zoHe. JTo 00YCIOBIEHO TEM, YTO OHM HE OCHAILEHBI CPEACTBAMH
JUISL TOYHOTO PETyJIMPOBaHHS BOJOPACHPENENICHNS, YTO MPUBOJAUT K JUINTEIBHOMY YCTAaHOBHBIIEMYCS
PEXHUMY pacrpenereH s BObI TOTPEONTEIIM.
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Pa3paboTka anropuTMoB OblTa OpPHEHTHPOBaHa Ha CO3JaHWE AaBTOMATH3UPOBAHHOW CHCTEMBI
yIpaBleHusI 3aTBOPOM, KOTopas oOecrmeunBaia Obl Mofady 3aJaHHBIX PacXolIOB M TMOIAEpIKaHWE Tpe-
OyeMbIX ypOBHEW BOJBI, 3aJJaHHOW IMOJMBHOM HOPMBI C MUHUMAJIBHBIM €€ OTKJIOHEHHEM W PaBHOMEp-
HOCTh TOJMBa. {1 3TOro anropuTMbl YUUTHIBAIOT HE TOJNBKO TEKYIee 3Ha4eHHE pacxoia BOJABI, HO U
MUHAMHUKY W3MEHEHHUsS 3TOrO MapaMeTpa BO BPEMEHH. DTO IO3BOJIIET W30EXaTh PE3KUX H3MEHEHUH
TTOJIOKCHHUS 3aTBOpA U 00ecIeunBaTh 0oJiee CTaOMIEHYIO paboTy CHCTEMEL.

Aneopummul  ynpasnenusi 3amgeopom. B ocHOBe pa3paOOTaHHBIX aJTOPUTMOB JICKHT NPHHLUI
JMHAMUYECKOTO YIPAaBICHUA, MPU KOTOPOM 3aTBOP OTKPBHIBACTCS WM 3aKPBIBACTCSI B 3aBUCHUMOCTU OT
TEKYLLIEro pacxo/a BOAbI U 33JJaHHBIX YCIOBU.

[IpumepHBIi TOPSIOK PadOTHI AITOPUTMOB:

1. Ilomyuenue JaHHBIX O TEKYILEM PACXOJE BOJBI OT PACX0J0Mepa.

2. MacmtabupoBaHr€ aHAJIOTOBOTO CUTHANA TSI IPUBEIEHHS €T0 K (PH3MIECKUM eTHHHUIIAM.

3. Pacuer omuOKH e(?) Kak pa3HUIBI MEXK]TY 3aIaHHBIM U TEKYIIIM PacX0I0M.

4. Tpumenenue [N /]-anropuT™a A7 BEIYMCIIEHUS KOPPEKTUPYIOIIETO BO3ACHCTBUS U(?).

5. YmpasieHue 3aTBOPOM B 3aBUCHMOCTH OT PACCUUTAHHOTO 3HAYCHUS U(?).

6. MOHUTOPHUHT pabOTHI CHCTEMBI H Iepeiada JaHHBIX OTlepaTopy AJIs KOHTPOJIS.

Ipumep pacuema. TIpeAnonokuM, 4TO TEKYIIHHA pacxoj BoIbl coctaBiser 90 M*/4, a 3amaHHOE
3Hauenue — 100 m*/4. Torma omubKa e(?) paBHa

e(t) =100 —90 =10 m’/a.

Hns sroro cimydas xkoadduiments: I[TNJI-perynsaTopa ycTaHOBIEHbI ClefyoIUM obpasom: K,=2,
T: =5 c, T,/~1 c. Torma npornopuuoHaibHas COCTaBIstomas P OyaeT paBHa

P =2-10=20.

I/IHTeraJ'IBHaSI COCTaBJIArOIIasa 3a 5¢:
2 5
I = —'f 10dt = 20.
5 0

JuddepeHnpmanbaas coCcTaBIAIOMAsA MPH CKOPOCTH U3MEHEHHS pacxona 2 M3/u 3a 1 c:
D=2-12=4,
Torma utoroBoe 3HaueHue u(?) OyneT
u(t) =20+20+4=44.

OTO 3Ha4YEeHHE HCIONB3YeTCS AJS YHpaBiIeHHUS 3aTBOPOM, YBEIMYHBAS €ro OTKPHITHE IJS JOCTH-
JKEHMS 3alaHHOTO pacxofa.

HamnmcanHble anropuTMBbl YK€ TOTOBBI K MHTETPAllid B PEAbHYIO CUCTEMY YIIPABIEHHS 3aTBOPOM C
JANbHEHIINM TECTUPOBAaHHMEM HX B PEAIbHBIX YCIOBUSAX M MPOBEPKH PaOOTOCIIOCOOHOCTH M BO3-
MOYKHOCTH BHECEHHS HEOOXOIUMBIX KOPPEKTUPOBOK.

PazpaGoranHas aBTOMaTH3MpPOBaHHAs CHCTEMa NpeAHa3HauUeHa ATl PEryIMPOBaHMs pacxoia BOIBI B
OpPOCHUTETIHHBIX KaHAJNaX C MallbIMU AeOMTaMH, 00eCleunBaeT BBHICOKYIO TOYHOCTDH IMOJICPIKAHUS 3a/1aH-
HBIX THApaBIMYECKUX MapameTpoB. CHcTeMa CIpPOEKTUPOBaHA KaK JHEProHe3aBHCHUMAas U TOITHOCTHIO
ABTOHOMHasI, YTO MO3BOJsieT €€ 3()h(HEeKTUBHO NMPUMEHEHATHh B YCIOBUSX yNAIEHHOCTH OT LEHTPAIM30-
BaHHBIX SHEProceTeH.

B kadecTBe MCTOYHMKA NMHUTAaHUS HCIONB3YeTCS (POTORIEKTPUUYECKAs COJHEUHas MaHelb, MOIKIO-
4yéHHas K KOHTPOJUIEpYy 3apsiia, KOTOpHI oOecreurBaeT CTaOMIIBHOE 3apspKeHHE aKKyMylssTopa Io-
CTOSIHHOTO TOKa HOMHWHAJBHBIM HampsbkeHuem 24 B. AkkymynsTop, B CBOIO ouepeib, IMUTAeT BCe
3JIEMEHTHl CHCTEMBI, BKIIOYas IporpamMmupyemsblii snorndeckuii kontposuiep (IJIK), msmepurensHble
JAaTYMKH, WCTIONHUTENbHBIE MeXaHU3MbI U maHenb omnepatopa (HMI). KonTpons 3a ypoBHeM 3apsina u
00IIMM 3HEPrornoTpetIEHNEM OCYIIECTBISICTCA MOCPEICTBOM COOTBETCTBYIOIIMX AHAJIOTOBBIX KaHAJIOB
TTJIK.

LeHTpanbHBIM yOPaBIAIOLIMM BJIEMEHTOM CHCTEMBl SIBIAETCS KOHTpoiuiep Siemens S7-1200,
nporpammupyemsiii B cpene TIA Portal. KorTpomep npuHUMaeT BXOHBIE CUTHANBI OT U3MEPUTEIBHBIX
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YCTPOMCTB, 00padaThiBaeT MX M Ha OCHOBaHMHM BcTpoeHHoro amroputMma [IWJ-perymmpoBanus dop-
MUpPYET YNpPaBISIOLIME KOMAHIbI, HAIPABJICHHBIE HA WCIOJIHUTENbHBIA MPUBOMA, PErYJIUPYIOMIHA
MOJIOKEHUE TMAPOTEXHUYECKOIO 3aTBOPA.

UzmepurenpHas noJcucTeMa BKIFOUAET B Ce0s CIETYOIIIE DIIEMEHTHI:

1. I'mapocrarnyeckuii AaT4WK, yCTAaHOBJIEHHBIM BOMM3M Bomo3abopa, nepenaér B [1JIK ananoroseblii
curHan (4-20 MA), COOTBETCTBYIONIMI YpOBHIO BOABL. Ha OCHOBE YpOBHS, COIIACHO HW3BECTHBIM
THJIPABINYECKUM COOTHOIICHHSIM, TPOU3BOIUTCS pacueT TeKyIIero pacxosa.

2. DHKOZiep, YCTAHOBJICHHBIN Ha MPUBOJIE 3aTBOPA, TEHEPHUPYET aHAJIOTOBBIN CHUTHAN, ONPEAEISIOIHI
MIOJIO’KEHUE 3aCTIOHKU B IPOLEHTAX OT HOJIHOTO OTKPBITHSI.

3. KoH1eBbIe BBIKITIOUATEINH, TUCKPETHBIE YCTPOMCTBA, (GUKCUPYIOT TPAHUYHBIE MTOJIOKESHHS 3aTBOPA —
MOJHOCTBIO OTKPBITOE U MOJHOCTBIO 3aKPhITOE. DTH CHTHAJIBI HCIOB3YIOTCS AJsl obecneyenus: Oe3omac-
HOTO ()YHKIIHOHHUPOBAHHS CUCTEMBI.

4. DHepProMeTp IMO3BOJSET BECTH MOHHUTOPHHT OOINEr0 SHEPromoTpeOiIcHuUS W OIeHKH A(DQEeKTHB-
HOCTH aBTOHOMHOT'O SYHEPTOCHA0XKEHHSI.

OnepaTop B3aMMOJAEUCTBYET ¢ CHCTEMOW uepe3 ceHcopHyro naHenb HMI, mocpenctBoM korTopoit
3a/1al0TCsl YCTaBKH (Hampumep, jKeJaeMbIil pacxoJ BOABI B M>/4), OTOOPaXKAIOTCS TEKYIIHE MapaMeTphl
(YpoBeHb BOJBI, TOJIOKEHHE 3aCIOHKH, COCTOSHHE aKKyMyJsTopa), a TaKXKe INPOU3BOIUTCS BBHIOOD
pekuMa paboThl: aBTOMATUYECKUH, PYUHOM, THArHOCTHYECKHUIA WM PEXXUM HACTPOUKH.

Ilocne BBOJa yCTaBKHM KOHTPOJUIEp IPOU3BOJIUT CpaBHEHHE €€ C TEKyLIMM 3HAUEHHEM pacxoja,
ompeAeNsieT BEIMYMHY OTKJIOHEHHS W 3amyckaeT anroput™ IIH]J[-perynupoBanus. VYmpasistoiiee
BO3/ICHCTBHE PACCUUTHIBACTCS HA OCHOBAHWH TPOIOPIHOHATBLHOMN, HHTErpallbHON 1 AuddepeHranbHOM
COCTaBJISIONINX, TMOCTe 4Yero (GopMHpyeTcs KOMaHJa Ha OTKPBHITHE WM 3aKpBITHE 3aTBOpa 4Yepe3 Hc-
MOJIHATEBHBIN NpuBoA. HanpaBieHue BpaleHusl JBUraTeNsl KOHTPOIUPYETCS JUCKPETHBIMUA BBIXOJaMHU
IUIK yepe3 cOOTBETCTBYIOLIUE peJie UM KOHTAKTOphbl. PeaibHOE MON0KEHHE 3aCIOHKHA YTOUYHSETCS IO
CUTHAIly SHKOJepa, a MpH JOCTHKEHWH KpalHUX MOJOXKEeHUH pabora aBurarenst OIOKUpyeTcs: cpabaTbl-
BaHHMEM KOHLIEBBIX BBIKJIIOUATENEH.

O0cy:kaenne. ABTOMATH3WPOBAHHAS CHUCTEMa IPEACTABISIET COOOW WHTETPUPOBAHHOE pPEIICHWE,
00BbEeINHAIONIEE COBPEMEHHBIE METOIBI M3MEPEHUs, 00paOOTKH ITaHHBIX M PErYJIMPOBaHMS, MPH 3TOM
COXpaHSAET MPOCTOTY APXUTEKTYPhl U HU3KYIO SHEProEMKOCTh. JTO Aenaer e€ ocoOeHHO d(ddeKkTuBHOMN
JUTSL UCTIOJIB30BAHUS B CEIHCKOXO3SIMICTBEHHBIX PETHOHAX, NCTIBITHIBAIONINX JAe(UIINT BOAHBIX PECYPCOB U
OTpPaHMYCHHBIN TOCTYI K TEXHHUUECKON HHDPACTPYKTYpE.

MacurabupoBaHie peaqu30BaHO Yepe3 JIHMHEHHYI0 HHTEPIIOMSALMIO C YIETOM XapaKTepUCTHK KaHana
W JTONMYCTHMBIX JHMAIa30HOB M3MEpPEHUs. YIIpaBisiioiiee BosaeicTBHe Gopmupyercs Ha ocHoBe [1M/1-
perynsaropa, peajin3oBaHHOTO ¢ nmomoiisio HHCTpykimu PID 3Step. Takas cTpykTypa ympasieHus odec-
MeYMBaeT IUIABHOE M YCTOMUYMBOE peryiaupoBaHMEe IMoyiokeHus 3arBopa. [lapamerpsr ITH/I-perynstopa
MOIOMPAIOTCS C YYETOM WHEPIHUOHHOCTH CHUCTEMBI M HEOOXOJUMOCTH HCKIIOUSHHS PEe3KUX KoJeOaHui
YPOBHSI BOJBL.

st 6omnee rnOKON HACTPONKHU M YIPaBJIEHUS 3aTBOPOM OBLIN MPELyCMOTPEHBI CIEAYIOLUINE PEKUMBI
paboTHI peryasaTopa, KOTOpbhIe 3aKIaIbIBAIOTCS B aJTOPUTMBI YIIPABICHUS:

— HEAKTUBHBII PEXHM — CUCTEMA YIPABJICHHS 3aTBOPOM OTKIIIOUYEHA, YTO IO3BOJISIET IPOBOJIUTH
TEXHUYECKOe 00CITy)KMBaHHE WM KOHQOUTYpAIMIO CHCTEMBI 0€3 aKTHMBHOTO BMEIIATENbCTBA B paboTy
3aTBOPA;

— MpeABapUTENbHAs HACTPOMKAa — HCIONB3YETCS U1 HAadalbHON KamMOpPOBKH PErylsaTopa, Korma
TpeOyeTcs 3a1aTh 6a30BbIe TapaMETPhl YIPaBICHUS I JOCTH)KEHUS CTAOMIIbHOM paboThl CHCTEMBI;

— TOHKas HacTpoiika — OoJiee AETANIM3MPOBAHHAS HACTPOMKA MapaMeTpOB PperyyisiTopa Iocie
TIEPBUYHON HACTPOWKH TSI MTOBBIICHUS TOYHOCTH ¥ () (DEKTHUBHOCTH yIPaBICHHUS 3aTBOPOM;

— aBTOMAaTHYECKUH PEXKUM — OCHOBHOH pekuM padotel 1M /[-perymnsTopa, mpu KOTOpPOM CHUCTeMa
ABTOMATHYECKH KOPPEKTHPYET MOJI0KEHNE 3aTBOPA B 3aBUCUMOCTH OT TEKYIIUX 3HAUYEHUH pacxoja BOJbI
U 33JJaHHBIX TAPAMETPOB;

— PYYHOH pEXHMM — TIO3BOJSIET ONEPATOpy BPYYHYIO YHPABIATH IOJOKEHUEM 3aTBopa Ul
MIPOBEJICHNUS UCIIBITAHUH UITH KOPPEKTHPOBOK;

— MOHHUTOPHMHT OLIMOKM M TUAarHOCTHKa — MpeIHa3HauyeHbl JUIS OTCJIECKMBAaHUS OMIMOOK B pabore
CHCTEMBI U MT0JIaYH COOTBETCTBYIOINX CUTHAIOB OIIEPAaTOpy B CIIydae BOSHHUKHOBEHUS MPOOIIEeM.
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3akioyenue. {151 TO4HOTO M 3((PEKTUBHOTO YNPAaBICHUS BOAHBIMU PECYPCaMH B OPOCHTENIBHBIX
KaHaJlaxX Heo0XoIuMa aBTOMAaTH3aLus IpoLecca PeryIupoBaHus pacxona Boabl. KiroueBbM 3neMeHTOM
TaKoil aBTOMAaTH3allMU SBISETCS pa3pabOTKa aNroOpUTMOB YIpaBieHUs 3arBopamMu Ha ocHose IIMJI-
perynaropa.

Ha tekymewm stame pa3paboTKu CHCTEMBI YIPaBICHUS THAPOTEXHHYECKHUM 3aTBOPOM IOCTHUIHYTHI
CYLIECTBEHHbIE PE3YJIbTaThl, B TOM YHCJE Pa3pabOoTaH M YCIEIIHO MPOTECTHPOBaH ONOK MaclITabupo-
BaHUsI aHAJIOTOBOTO CUTHANA. DTOT OJIOK MO3BOJISIET C BEICOKOH TOYHOCTBIO OMPEAETATh PACXOA BOJBL, UTO
KPUTUYECKU Ba)KHO IUIS ONTHMAaJIBbHOrO yIpasieHus. B mepcrmekTuBe miaHupyercsi JoOaBiICHHE HOBBIX
GyHKIMI M yIydlleHWH, HalpaBICHHBIX Ha IOBBIIIEHHE 3()(EKTUBHOCTH HCIOIB30BAHUS BOJHBIX
PECYpPCOB U aBTOMATHU3ALUIO IIPOLIECCOB BOAOPACIIPEICICHMUSL.

PazpabGorannass cuctema ympaBieHUS THAPOTEXHWYECKUM 3aTBOPOM IIpeAHA3HaueHa i aBTO-
MaTH3alUl OPOCHUTENIBHBIX KaHAJOB, YTO I03BOJMUT Oosiee 3(h(HEKTUBHO ONTUMH3MPOBATH BOJOINOJIb-
30BaHME B CEIHCKOM XO3siicTBe. [lmanmpyemMoe pacuimpeHne BO3MOKHOCTEH CHCTEMBI BKIIOUAET B ceOs
WCIIOJIb30BaHKE JOTOJHUTEIBHBIX AaTYMKOB M 0OJIEe CIOKHBIX aJrOPUTMOB YIPABICHHS, YTO TMO3BOJIHUT
CZeNaTh MpoLece YIpaBJIeHNs: BOOHBIMU PecypcaMu ele 0oiee TOUHBIM U 3 GEKTHBHBIM.

®uHaHcupoBaHue. HayuHo-uccnenoBaTenbckue paOOTh! BBIOJIHEHBI IPU (PMHAHCOBOW IMOAJCPAKKE
Komurera Haykn MuHucCTepcTBa Hayku M BbIciiero obpasoBanus PecmyOnuku Kazaxcran (rpaHT
Ne AP23488125).
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TOMEH ATBIM/IBI CYAPY KAHAJIIAPBIHJIA CY AFBIMBIH BACKAPY IbIH
ABTOMATTAH/BIPBIJIFAH )KYUECIH K¥PY

Annoranus. Cy pecypcTapblH OacKapyIblH XoHE Cyapy KaHAIJAphIH MailanaHyIslH THIMIUTTIH apTTBIPY
omapra Cynsl OakbUTay[pl, €CETKe alxyAbl XoHE OeNylni aBTOMATTaHIBIPYMEH Tikenel OaiimaHBICTBI, OYJ1 OCHI
canasiarbl TYHIHII OachIMABIK OObIN TaObuiaabl. TaOUFK bUIFAJIIAHYBI JKETKUIIKCI3 alMakTap/a cyapy YLIiH CyMeH
KamMTaMachl3 €Ty MNpoOJyieMachl, dcipece WIBIFBIHBI a3 KaHANJap/Aa cyapy >KeNiIepiH THICIHIIe MaiiananyabiH
OonMaybIHaH IIKeNeHice Tycel. A3 HIBIFBIHMEH Cyapy KaHaJapbiHa ¢y 0eiy/ii 0ackapyAblH aBTOMATTaH/IbIPbUIFaH
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JKYHeCiH Kypy MakKcaThIHIA THIPOTEXHHUKAIBIK OCKiTIeHi Oackapy amroputmaepi o3ipmeHai. LIbFeH enmerimTeH
TYCETiH Cy IIBIFBIHBI Typalbl IepeKTep HeTi3iHIe KAKIIaKThI ally MeH jka0yabl aBTOMATTHl 0acKapyabl KaMTaMachl3
€TETiH IPOTOPIHNOHANBI-MHTET PAIIIBI-CapaiayIIbl PETTETIITI €HT13y YCHIHBUIIB.

Tyiiin ce3mep: aBTOMATTaHIBIPY, AJITOPUTM, THMAPOTEXHHKAIBIK KAKIaK, Cyapy apHAachl, LIBIFBIC, PETTey,
Gackapy.
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DEVELOPMENT OF AN AUTOMATED WATER FLOW CONTROL SYSTEM
FOR LOW-DISCHARGE IRRIGATION CANALS

Abstract. Improving the efficiency of water management and the operation of irrigation canals is directly
related to the automation of control, accounting and distribution of water on them, which is a key priority in this area.
The problem of providing water for irrigation in areas with insufficient natural moisture is aggravated by the lack of
proper operation of irrigation networks, especially on channels with low flow rates. In order to create an automated
water distribution control system on irrigation channels with low flow rates, algorithms for controlling a hydraulic
gate have been developed. It is proposed to implement a PID controller that provides automatic control of the
opening and closing of the shutter based on water flow data from the flowmeter.

Keywords: automation, algorithm, hydraulic gate, irrigation channel, flow rate, regulation, control.
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OLEHKA COBPEMEHHOI'O COCTOAHUA
MECTOPOKJIEHUN MOJA3EMHBIX BO/J|
BOCTOYHOI'O KAZAXCTAHA,
PA3BEJAHHBIX /IUIS1 OPOIIEHUA

Annoranus. Llens uccnenoBanus — HaydHOe OOOCHOBaHHE U TEOMH()OPMAIIMOHHOE OOCCIICYCHUE YIIPaB-
JICHYECKUX PEIICHUH 10 OCBOSHHUIO M OXpaHe MecTopokaeHui mom3eMHbx Box (MIIB) Bocrounoro Kasaxcrana,
pa3BeIaHHBIX IS OpOUIeHHS. [IpOBEICHBI MOJEBBIE THAPOTCOXHUMUIECKHAE HCCIIEOBAHUS, Ja00paTOPHBIA aHAHN3
npo6 um I'MC-xaprorpadupoBanue. PaspaboTana reonH(pOpMANMOHHO-aHAINTHYECKAs MOJCHCTEMA, COCTABIICHBI
KapThl UCIIOJIb30BAaHMS M OICHEH PECYpCHBIH MOTEHIMAN IOA3EMHBIX BOJA. YCTAaHOBIIEHBI MPUTOAHOCTH BOZ JJIS
opomieHus (MuHepanu3anus < 1 1/71) U BO3MOXXHOCTb HCIOJB30BaHUS HA IuIomanu 10 54,74 Teic. ra. BeisBieH
BBICOKMH TOTEHIHAN YCTOHYMBOTO BOIOIOJIB30BAHMS MPU HU3KOM YPOBHE TEKYIIEH SKCIUTyaTaruu. Pe3yibraTsl
TMOATBCPIKACHBI Me)KJ'la60paTOpH])IMI/I UCIIBITAHUAMU U nepeoueHKoﬁ APXUBHBIX AAHHBIX C YUYCTOM COBPCMCHHLIX
ycnoBuid. [ToATBEpKICHO MPUPOTHOE MPOUCXOKICHUE BO 0€3 3arpsi3HCHHUS, YTO OTKPHIBACT MEPCIICKTUBBI IS MX
HCIOJIb30BaHUA B LICIIAX OPOIICHUS.

KuroueBsle ciioBa: Boctounbrii KasaxcraH, opoieHue, OleHKa COCTOSHHS, THAPOTCOIOTHS, SKOIOTHS, H3Me-
HEHHE KIIMMAaTa.

BBenenue. ObecrieueHrne BCeOOIIEro IOCTyna K BOAHBIM pEecypcaM, a TaKKe HX pallOHAIBHOE
WCTIOJIB30BAHME BXOAT B YHCIIO IPUOPUTETHBIX 33724 TT00aTbHON TOBECTKH YCTOMYNBOTO Pa3BUTHS. DTa
nens 3akpericHa B Lemu 6 Ilosectku qus OOH nHa nmepuox no 2030 roxa [1]. OmHako HeXBaTKa MPECHBIX
MOBEPXHOCTHBIX BOJ| 3aCTaBJISICT CTPAaHBI BCE aKTHBHEE 00pamlaThCs K HMCIIOJIB30BAHUIO IMTOJI3EMHBIX BOJT
KaK aJlbTepHATUBHOTO MCTOYHMKA. 3a mocnennue 25-30 met B Mupe npodypeno ceeiiie 300 MUILTHOHOB
CKBKUH JJIsl JTOOBIYM TMOJ3EMHBIX BOJ [2], @ MX COBOKYIHBIM rojoBoii or0op Ha 2017 roa cocTaBmi
959 kM’ (mtu Goee 30 000 m%/c). IIpu 5ToM mouTH 69% STHX 0GHEMOB MPUXOAUTCS Ha A3HI0. BoceMs 13
JIECATH KPYMHEUIIUX MOTpeOuTee MoA3eMHBIX BOJ HAXOAATCS Ha 3TOM KOHTHHeHTe — MHmusa, Kuraii,
[lakucran, Upan, Uanonesus, banrmagem, CaynoBckas Apasus u Typuus — Ha HUX mpuxogurcs 75%
MUpPOBOTO 3a0opa. B cenbckom xo3zstiictBe Asuu 76% m0ObIBaeMbIX OOBEMOB HCHOJIB3YETCS IJIs PEry-
JISIPHOTO OPOIICHUS.

WuTerpupoBanHOe ympaBieHHE BOAHBIMH pECypcamu, OOBEAMHSIONIEE HCIOIH30BAHHUE ITOBEPX-
HOCTHBIX M MOA3EMHBIX UCTOYHUKOB, IMO3BOJIICT 3HAYMTEIBHO MOBBICUTH YCTONYUBOCTh BOJOCHAOKEHUS
B YCIIOBUSX KIUMAaTHYECKUX KoJeOaHUM. DKCHEpPThl MOMYCPKHUBAIOT BAXKHOCTh KOMOWHUPOBAHHBIX
MOJIXOJIOB: WCIIOJNB30BAHNWE TOBEPXHOCTHBIX BOJ B TEPUOIBI W300WIHS W TPHUBICYCHHE IOA3EMHBIX
HUCTOYHMKOB B 3aCYIUIUBBIC CE30HBI CIOCOOCTBYIOT TMOBBIIICHHUIO BOJHOW M IPOJOBOJBCTBECHHOMN
Oe3omacHoCTH.

B Kazaxcrane, cormacHo ganapiM Komurtera BogHOTO X035HicTBa MUHUCTEPCTBA BOJIHBIX PECYypPCOB U
uppurannn PecnyOmmkm Kasaxcran, rogoBoit o0beM oTOOpa TOA3€MHBIX BOA B TOCIEIHHE TOMBI
cocraBisier 1,02-1,08 kM°, 94TO SKBHBAJIEHTHO JHIIb 3,7-5% OT 06miero oobema BOJ03a00pa 1o pec-
myOiarKe. JTO O3HAYACT, YTO HCIOJIB3YETCS TOJIBKO OKOJIO 7% JKCIUTyaTallMOHHBIX 3amacoB [16]. Ha
HYKIbI CENECKOT0 X03stitcTBa mpuxoautes 0,15-0,21 kv’/rox (8—15% oT 06imero 06bema), n3 KOTOPBIX Ha
peryspHoe oporenue Hanpasiasercs mMenee 0,02 km/rox. TakuMm 06pa3oM, 3HAYHTEIBHBIA PECypCHBIH

— 58
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MOTEHITHA TIOJI3EMHBIX BOJI OCTAETCSI HEBOCTPEOOBaHHBIM, OCOOCHHO B arpapHOM CEKTOpPE, YTO 3aMETHO
KOHTPAaCTHPYET ¢ MPAKTUKOHN psma crpaH EBpomnsl 1 Asun [4, 5]. Mexay TeM oOmmuit 00beM IMOA3EMHBIX
BOJI, IPUTOAHBIX [UIs1 opourenns B Kasaxcrane, onennBaercs B 7,76 km’/rox [6].

s BbIpaOOTKM 00OCHOBAHHOW TMOJUTHKH B 00JACTH yCTOHYMBOTO BOJIONIOJIB30BaHUSI HEOOXOAUMBI
JIOTIOJTHUTENbHBIE HCCIIeIOBaHMs, HAIlpaBIICHHbIE HAa W3Y4YeHHE OOECIEeUYeHHOCTH TEPPUTOPHHA CTPaHBI
MPECHBIMH TOA3eMHBIMH Bojgamu. Oco0oe BHHMaHWE CJEeNyeT YIeIHTh BOIPOCaM pPaIOHAIBHOTO
WCTIOJh30BaHMSI M BOCIIPOU3BOJICTBA PECYPCOB, B MEPBYIO 0YEPE/Ib B KOHTEKCTE XO35HCTBCHHO-ITUTHEBOTO
BoJoCHaOxeHus [7, 8].

AKTYyalTbHOCTh PE3YJIBTaTOB MCCIIEIOBAHUN TECHO CBSI3aHA C OOECIIeUeHWEM BOJHOHN 0€301TacHOCTH
Kazaxcrana B MajOBOJAHBIC TOJABI MPHU CONYTCTBYIOIIUX TPAaHCTPAHMYHBIX Yrpo3ax MO CHIKEHHIO JO-
CTYITHBIX TOBEPXHOCTHBIX BOAHBIX pecypcoB. B [Mocnanuu ['maBel rocynapersa K.- XK. K. Tokaera Hapomy
Kazaxcrana «CnpaBemmuBoe rocynapctBo. Enunas mHamws. biaaromonydHoe obmectBo» oT 01 ceHTSIOps
2022 r. 3asBieHo: «Cepbe3HbIM OapbepoM AJIsl yCTONUMBOTO 3KOHOMHYECKOTO PA3BUTHUS CTPAHBI SIBIISETCS
HEXBaTKa BOJHBIX PECYPCOB. B Tekymux peanusx 3Ta TeMa NepeXxoUT B pa3psii BOIPOCOB HAITMOHAIBHOM
0e301macHOCTIY.

Mertoapl ucciaeaoBanusa. MeToasl 1 METOIMKA TPOBEACHNS PadOT MPEICTABICHH HA PUCYHKe 1.

CocmoaHua MIMNB Bocmoy4yHoro KazaxcmaHa

L 2

Memogasl uccnegoBaHusa

w b

leouHpopmayuoHHO- lugporeonoru4deckue u
aHanumu4yeckas XUMUKO-aHaAumu4yecKux
nogcucmema ucc/seqoBaHug

\

rugporeoxumuyeckul aHanus3 Bogsl
coomeemcmeyrom cmaHgapmam 4714
OpoweHuUA

Pucynok 1 — Meroanuka uccnenoanust MIIB Bocrounoro Kazaxcrana

Figure 1 — Methodology for studying the groundwater deposits of East Kazakhstan

OI1leHKa COBPEMEHHOTO COCTOSIHUS MOJ3EMHBIX BOJ BBIIMOJHEHA HA OCHOBE TOJIEBBIX PETHOHANBHBIX
THJIPOTCONIOTHYECKUX M XHMHUKO-aHAJIMTUYECKUX HucclenoBannii. OTOop mpoO MpOU3BOAMICS B COOT-
BerctBum ¢ ['OCT ISO 5667-11-2013 «Kauecto Boapl. Yacts 11. OT60p mpobd. PykoBoacTBO 1m0 0TOOPY
po6 mom3eMHbIX Boa» [9], TOCT 31861-2012 «Boga. O6mue tpeboBanus k otoopy mpod» [10], TOCT
28168-89 «IlouBbsl. OTOOP IPoO» [11].

[Ipu oneHKEe KaueCTBEHHBIX XapaKTEPHCTUK MPECHBIX MOA3EMHBIX BOJ NMPUMEHEHBI aHATUTHYCCKHE,
CTaTUCTUYECKHE W J1a0OpaTOpHBIE THIPOTEOJOTHYECKHE M THIPOXUMHUYECKHE METOHABl MCCIIeIOBaHUM.
JIOCTOBEpHOCTh MOMYYCHHBIX PE3YJIbTATOB MOJATBEPKIACTCS SKETOJHBIM yUaCTHEM B MEXIIa00paTOPHBIX
CIIMYUTENLHBIX UCCIIEIOBAHUSX, TIPOBOJIUMBIX CEPTUPHUIIMPOBAHHBIM TIpoBaiifepoM [12].

JloTIOTHUTENFHO /Il TMPOCTPAHCTBEHHOI'O aHalW3a W BU3yalU3allMM JaHHBIX OBUIM MPUMEHEHBI
reorMH()OPMAIIMOHHO-aHATTUTHYECKAE METOABI [12], UTO MO3BONMIO 0OJNee TOYHO OMPEACITUTh 3aKOHO-
MEPHOCTH PacIpe/IeNieHNs] KAYeCTBECHHBIX XapaKTePUCTUK MOA3EMHBIX BOJI HA UCCIIETyEMOM TEPPUTOPHH.

Jnst co3maHus TeMaTHYeCKUX KapT OCYIIECTBISIOTCS BBHIOOpKAa HEOOXOTMMBIX CBEICHUM, KIlaccu-
(uKaus JaHHBIX, BHITIOJIHEHUE PacueToB, O(OPMIICHUE KapT M aHaIW3 pe3yibTartoB. [lpuHsTHe ympas-
JICHYECKHUX PElICHUH B 00JacTH MCIONb30BaHus U oxpanbl MIIB motpebyer 6ombioro oo6beMa 0coObIM
00pa3oM CTPYKTYPHPOBAaHHBIX JaHHBIX. ITO BO3MOKHO OCYIIECTBUTH TOJIBKO B paMKax ['ocyapcTBEeHHOI
nHpopManroHHo-aHanuTHYeckoi cuctemsl ([MAC).




Teoepagpus srcone cy pecypcmaput | Ieoepaghus u soonvie pecypewi / Geography and water resources

Crpykrypa 'MAC skcrutyaTannonssix 3anacoB MIIB, passenannsix ams OP3, co3maHa ¢ ydeTroM
MOTpeOHOCTEH B THAPOTEOJIOTHUECKON HH(POPMALIUU IJI HYK] CEIbCKOTO XO3AHCTBA, a TAK)KE HATHYHUS
KapTorpaU4ecKixX AaHHBIX W BO3MOXKHOCTEH HCIIONB3yeMOUW reonH()OPMAIMOHHOW CHUCTeMBI (anee —
I'"C). Cuctema co3mgana B ArcGIS [13].

Bcest npencraBnennas B TUAC undopmanus copepkutcs B 6a3aX CEMaHTUYECKHX M TPaQUUECKUX
JAaHHBIX M 0aze JOKyMeHTOB. ClemyeT OTMETHTh, YTO CO BCeMH TpaduueckuMu OObEeKTaMH, MPEacTaB-
JICHHBIMH Ha CIIOSIX KapT rpaduueckoil 6a3pl JaHHBIX, CBsI3aHa cojepKaTenbHas HH(OpMaIus U3 TabIuIy
0a3pl ceMaHTHYeCKUX IaHHBIX. Bce KapThl, COCTaBIAIOIIME CHCTEMY, BBHIMOJHEHBI B €AWHOW Teorpa-
(mveckol MpOoeKIWM W Ha €AMHON KapTorpaduveckod OCHOBE, BKIIOUAIONICH CHCTEMaTH3WPOBAaHHYIO
COBOKYITHOCTh JTaHHBIX O TeppuToprur (THaporpadudeckas CeTh, HAaCEJeHHBIE ITyHKTHI, MOYBEHHAS
30HAJILHOCTD U JIp.).

B HacTosmee Bpemsi IS OpOIICHHs 3€MeNb B OCHOBHOM HCTIOJNB3YIOTCSI MTOBEPXHOCTHBIE BOJBI, a
MIIB MOXXHO CUWTaTh PE3epBOM OpoImaeMoro 3emieaenus. [lostomy Hapsmy ¢ mHpopmarmeit o MIIB,
pa3Benanubix s OP3, cucrema cofepKUT CBEACHUS O PACIOJIOKEHHWH OPOIIA€MbIX MAacCHBOB, B TOM
yuciie TuiaHupyeMbix. OHa BKIIFOYAET JaHHBIE 00 AKCIUTyaTallMOHHBIX 3amacax W MPOTHO3HBIX pecypcax
MOJI3EMHBIX BOJ, 3a00pe TOA3EMHBIX BOJ B COOTBETCTBHM C HX IIEJIECBBIM Ha3HadYCHUEM, pecypcax
MTOBEPXHOCTHBIX BOJI.

Heo0xomumo noguepkayTh, YTO OONBIIOE 3HAUYEHHE LI IJIAHUPOBAHUS HCIOIb30BAHUS MOA3EMHBIX
BOJ JIISl OpPOIIEHHUS 3eMellb MMEIOT Pe3yJbTaThl MPOBEAEHHBIX HCCIENOBaHWA. B KauecTBe apXWBHBIX
MAHHBIX B WH(OPMAIMOHHON CHCTeMe TpeAcTaBlIeHa KapTa THAPOTEOIOTHYECKOTO pailOHWpOBaHUS
Kazaxcrana 1o yciioBUSIM OpOILIEHHS 3€MeNb [T0I3eMHBIMH BojamH [14].

T'HAC Bxmrouaer panHble 0 mapamerpax MIIB, »KkcIUTyaTallMOHHBIX 3amacax MOA3EMHBIX BOJ
OTIPEIETICHHOTO IEJIEBOTO HAa3HAUEHHS, 4 TAKXKe CBE/ICHNUS, CBA3aHHBIE C HCITOIF30BAHUEM BOJIBI, — CXEMBI
pa3MeIleHus CyIIEeCTBYIOMNX M MEePCHeKTUBHBIX JJIS OPOIIEHUS TeppUTOpUl, rpaduku 3abopa Mmoa3eM-
HBIX BOJI AJIsl OPOLLIECHHUS 3€MeNlb, JaHHBIE O 3a00pe MOA3eMHBIX BOJ aIMUHHUCTPATHBHBIX obnacTeil u ap.

B 2024 r. TNAC nmononnena ceenenusmu o MIIB, pa3zseganabivu s OP3, o 2 obmactsim Boc-
touroro Kazaxcrana (Abatickoit m BocTtouno-Kazaxcranckoit). KapTel pa3MenieHnss 1 CBOTHBIE TaOIHITBI
MIIB, pa3zBenannbix ans OP3, mo kaxxmoil aiMUHHCTPAaTHBHON obnacTu u kKaxxkaomy BXDb mpencraBieHbl
Ha PUCYHKe 2.

Pacueramu mpemycMOTpeH BOIOOTOOP Ha MECTOPOXKACHHUAX MOJ3EMHBIX BOJl B TeueHne 50-JIeTHero
CpOKa 3KCIUTyaTallly TOJBKO JUISI TEPPUTOPHUI C MEPCIEKTUBHBIMU JUISI OPOLIEHUS TUTomaasiMu. [lockoss-
Ky ycioBus (OpMHpPOBaHUS M THUIAPOTCOJMHAMHYECKAas OOCTAHOBKA IEPCICKTHBHBIX BOJIOHOCHBIX
TOPU30HTOB W KOMITJIEKCOB HECKOJBKO OTIMYAIOTCS NIPYT OT JIpyTa, OIEHKAa MPOTHO3HBIX PECYPCOB IS
Ka)KZI0T0 BOJOHOCHOTO KOMIUIEKca (TOPH30HTA) MPOBOJIMIACH Pa3feNIbHO, B COOTBETCTBUU C YCTaHOB-
JICHHBIMU TPaHUYHBIMHU yCIOBHsMU. OOIIee MOHMKEHNE YPOBHS BOABI Ha JI000M BOI03a00pe ¢ yueToM
€ro B3aMMOJICUCTBUS C APYTUMHU CKJIQJbIBAaeTCA W3 TOHWKEHHS YPOBHS BOJIBI B CaMOM Bojo3a0ope
BEJIMUMHBI CPE30K, BBI3BIBAEMBIX JKCIDTyaTaleld Ipyrux Bogo3abopoB. [[ms pacdera Bom03ab0poB,
COCTOSIIMX W3 OOJBIIOrO YHUCIA CKBAXKHH, MCIIOJIB30BAJICS METOA, NMPH KOTOPOM TIpyINa B3aUMOJEH-
CTBYIOIIMX CKBaXXHH TPEACTABISETCS B BHIE O0O0OOMIEHHOW cHCTeMBbl. bonplioe YWCIO CKBaKWUH
3aMEHSJIOCh OJHMM YCIIOBHBIM BOZ03a00pOM IO CHUCTEME «OOJIBIIOTO KOJOANa». B maHHOM ciydae
BIIMSIHUE B3aMMOJIEHCTBYIOIINX CKBAKHH OLIEHMBAETCA CyMMapHO HE TOJBKO B yJIaJ€HHBIX OT BO03a0opa
TOYKaX, HO M Ha y4acTKaX PacrojIOKEHUS CAMUX CKBAaXKUH.

OO1ee MOHMKEHUE YPOBHS BOJIBI B BOZ03a00p€E OMPEIENsIoch o opmMyie

S = Sg3 + Scks,

rae Spz — TOHWKEHUE YPOBHsI, OOYCIIOBICHHOE B3aMMOJCHCTBHEM OOOOIICHHON CHCTEMBI, M; Sckp —
JTOTIOJTHUTEIIEHOE MTOHIKEHUE YPOBHS BOJIBI B CAMOW CKBAXKUHE.

Ha xapTy cOBpeMEHHOTO COCTOSIHUS U TEPCIEKTHB UCIIONB30BAHUS MOJ3EMHBIX BOJ JJISi OPOIICHHS
3emens Boctounoro Kazaxcrana HaHeceHBI IUTOMAAM, IJISI OPOIIEHUS KOTOPBIX MOTYT HCIIOJIB30BaThCS
IMMOA3EMHBIC BOJbI Pa3BCIaHHBIX MGCTOpO)KI[eHI/Iﬁ C YTBep)KI[éHHI)IMI/I OKCINTyaTalMOHHBIMH 3ariacaMu
(pucyHok 3).

KapTel ncronmp3oBaHus MOA3€MHBIX BOJ PAa3lIWYHOTO HA3HAYCHHSA, B TOM YHCJIE ISl OPOIICHHS
3eMeNb aIMUHUCTPATUBHBIX oOiacredi Bocrounoro KazaxcraHa, BKIIIOYAOT JuUarpaMMbl BOJOOTOOpa U
IKCIUTYaTaIllMOHHBIX 3aI1aCOB IMOA3EMHBIX BOJ.
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Pucynok 2 — Kapta ucnonb3oBanus MoJA3eMHbIX Boja Boctouno-Kaszaxcranckoit u AGaiickoii obactei,
pa3BeIaHHbIX ISl OPOLICHHUS 3eMeJIb

Figure 2 — Map of groundwater use in the East Kazakhstan region and Abay, explored for land irrigation

Pucynok 3 — Kapra dakrudeckoro marepuana

Figure 3 — Map of the actual material
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a

Pucynok 4 — Cxkaxkuna Kynymxyrckoro MIIB 1 0oT60p nouBeHHBIX Tpob (a);

TOUKH 0TOOpa Mpod Bocrouno-Kazaxcranckoit obmactu (6)

Figure 4 — Well of Kuludzhun groundwater deposit and soil sampling (a)
and sampling points of East Kazakhstan region (b)
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Pucynok 5 — Kapra MIIB Bocrouno-Kazaxcranckoit o0nactu, passenansbix s OP3

Figure 5 — Map of the East Kazakhstan region groundwater deposits explored for irrigation purposes
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CrnemyeT OTMETUTh, YTO MOA3eMHBIE BOJbI BocTounoro KazaxcraHa mpakTHYecKH HE HCTIONB3YIOTCS
JUTSL OPOIIIEHUS, HECMOTPS Ha HAIMYHME pa3BeJaHHBIX HKCIUTYaTallMOHHBIX 3aI1acoB.

Kapter pazMemnienust miomianeid opomeHus aiIMUHUCTPATUBHBIX oOmacteir BocTtounoro Kazaxcrana
0TOOpaXar0T MAacCHBBI CYIIECTBYIOLIETO U MEPCHEKTHBHOTO OPOIICHHUS MOJ3EMHBIMH U TOBEPXHOCTHBIMH
BOoJlaMU. BakHyI0 pOJb MPHU OLIEHKE PECYPCHOrO MOTEHIHANa IMOA3EMHBIX BOJ WIPalOT PETHOHAIHHBIE
MPOTHO3HBIE AKCIUTYaTallMOHHBIE PECYPCHI, KOTOPHIE TO3BOJSIOT CYAWTH O MOTEHIIMAIBHOW obOecredeH-
HOCTU PETHOHOB CTpaHbl MOJ3EMHBIMHM BOJAaMM pa3jiMYHOTO LIEJIEBOrO HA3HA4YEeHMs, a TakXke O Iep-
CIIEKTUBHOCTH TEX WM WHBIX TEPPUTOPUN ISl TIOMCKOB W Pa3BEAKH UX MecTtopoxneHuil. OreHka
MIPOTHO3HBIX PECYpPCOB TEPPUTOPHH MCCIICIOBAHUH MTPOBEICHA B PA3TMIHbIE TOJIBL.

O0paboTka pe3yJbTaTOB T'C€OXMMUYCCKHX OMPOOOBAHMI BBIMOJHEHA C IMOMOIIBIO MPOrPaMMHOIO
kommekca AquaChem 11, paspaborannoro Waterloo Hydrogeologic (Kanaga) ans rpaduyeckoro
oToOpakeHHs B BuAe nuarpamm llaiimepa, KoTopbie TOKa3bIBAalOT OCHOBHON aHMOHHO-KATHOHHBIN COCTaB
MOJ3EMHBIX BOJ, U nuarpaMm JlypoBa, oTOOpakalomuX COJEpKaHUE OCHOBHBIX MaKpOKOMIIOHEHTOB B
COCTaBe MOJ3EMHBIX BOJ ¥ COOTHOILIEHNE BEIMUMHBI MUHEpANIU3aluy U 3HaueHuil pH (pucyHoxk 6).
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Pucynok 6 — [luarpaMmMel xuMuueckoro cocrasa noazemMusix sog MIIB s OP3 Bocrouno-Kaszaxcranckoit obaactu

Figure 6 — Diagrams of the chemical composition of groundwater groundwater deposits for irrigation purposes,

East Kazakhstan region
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B nienom Boabl KIIACCUDUITMPYIOTCS KaK MPECHBIC WK CIIA00OMUHEPATH30BAHHBIC, HO C JIOKATBHBIMU
30HAMU TIOBBIMIEHHON MuHEpanu3anuu. [Ipo0sl Boel, oTroOpanHble ¢ YmmkTrHCKOTO, HappiMoBckoro u
JaupoBckoro MIIB, xapakTepu3yroTcs THAPOKAPOOHATHO-KAIBIIMEBHIM THUITOM BOMBI, UYTO YKa3bIBACT HA
OTHOCHUTEIBHO KOPOTKHIA MPOMEKYTOK IUPKYJIALNHU MOJ3EMHBIX BOJ. AHalu3 nMpo0 BOJbI, OTOOPAHHBIX C
Kanyrunckoro u Kynymkynckoro MIIB, neMOHCTpHpyeT HOBBIIIEHHOE COJEpKaHUE HMOHOB HATPHS H
XJIOPHIOB, YTO MOXKET CBHIETEIHCTBOBATH O BO3MOXKHOM YYacTHH Oojiee MPEBHUX WM TIIyOMHHBIX
BOJIOHOCHBIX TOPU30HTOB HJIU MPe00IaJaHuy POLECCOB HCIAPEHHS.

[onzemusie Boawl, pazBedanHbie st OP3, oTHOCATCS K THAPOKapOOHATHO-KANBIHEBOMY THUILY,
BEISIBIICHHBIC HOHHBIE aHOMAJIMK MOTYT YKa3bIBaTh Ha THAPOXUMHUYECKYIO HEOTHOPOIHOCTh U BO3MOXKHOE
BIIMSTHHE TITyOWHHBIX WITH 3BOIOIIMOHHBIX ITPOIIECCOB.

CoBpeMEeHHOE COCTOSIHUE ITOA3EMHBIX BOJ B Bocrounom KaszaxcTane oLEHEHO ¢ NpHMEHEHHEM
TMIOJIEBBIX, JTAOOPATOPHBIX M TeOMH()OPMAIMOHHO-aHATUTUIECKIX MeTOJoB [12], ¢ coOmroneHnemM HopMa-
THBHBIX TpeOoBaHUN K 0TOOPY mpod [9-11] W moATBEpKIECHUEM TOCTOBEPHOCTH MAHHBIX depe3 Mex-
naboparopHsle uccienoBanus [12]. [lomydennsie nanneie cucrematusupoBansl B [MAC, orpaxaromieit
JKCIUTyaTallMOHHBIE 3arachl, PEeCypchl M TMOTCHIMA WCIIOJIIb30BAHUS TOA3EMHBIX BOJ JJIS HYX]
OpOIIAEMOTO 3eMJIEeICIHS.

Tabnuna 1 — ITnomanu opoiieHus, 00eCICYCHHBIC KCIUTYaTAI[MOHHBIMU 3alacaMi MECTOPOXKICHHUI MOI3EMHBIX BOJI,
pa3BellaHHbBIX JUIS OPOLLIEHUS 3eMelb

Table 1 — Irrigation areas provided with operational reserves of groundwater deposits explored
for irrigation of lands

T'eom. Mumnepanuzanusi, | Bennuuna Obecme- CyMmmMmapHas Koaddumment
HHJEKC r/n 93 MIIB YEHHOCTh BEJIMUMHA 00EeCIIEYEHHOCTH
MIIB BOJITO s OP3 93 MIIB, 00€eCIeYeHHOCTH 93 MIIB,
TOpHU30HTa M3/C 93 MIIB, K06ec = QoGec/Q
QoGeca M3/C
aQy
Jauposckoe N0 0,2-0,7 | 667,3 0,244 7,72 | 0,50 10,20 10,70 1,38
2-Q
Kanryrunckoe ap Q 0,2-0,8 45,0 0,016 0,52 | 0,30 1,80 2,10 4,03
KynymxyHnckoe ap Q, 0,2-0,8 | 136,7 0,050 1,58 | 0,08 2,70 2.8 1,77
Hapeivckoe aQq.m 0,2-0,4 85,7 0,031 0,99 | 0,09 1,00 1,09 1,09
apQyr.
YUIMKTUHCKOE 0,2-0,3 | 139,1 0,051 1,61 | 0,40 3,22 3,62 2,25
N>-Qy
Hroro MIIB u 3amacoB 5 1073,8 0,391 12,43

[IpencraBnennsie B Tabnuie 1 maHHBIE OTPaXKalOT KOJMYECTBEHHYIO OLEHKY OOECIIEUYeHHOCTH JKC-
TUTyaTaIllMOHHBIX 3aI1aCOB IMOI3EMHBIX BOJ AJIS MATH MecTopoxaeHuil. [lokasarens «obecrnedeHHOCTh D3»
(Q2, M*/c) xapakTepu3yeT yCTONUMBBIA AEOUT CKBaXXMH TPU 33JJaHHOW BEPOSITHOCTH OOCCIICYCHHOCTH U
MOJKET PacCMaTpPUBATHCS KaK OMEPATUBHO JOCTYIHBIN pecypc. BenmunHa «cyMMapHO# 00eCcIIe4eHHOCTI
(Qosec; M?/C) TIpeACTaBISIET COOOW arperHpPOBaHHOE 3HAYCHWE, IONYICHHOE ITyTEM CYMMHPOBAHUS
WHIUBUIYaTbHBIX ACOUTOB B Tpeieiiax MECTOPOXICHHS, W HCIOIB3YSTCS IS OIEHKH COBOKYITHOMU
BOJIOOTJIA4M 3KCIUTyaTaluoHHOro yuyactka. Koaddumuent obecneueHHOCTH (Kogee = Qogec / Q3), B CBOIO
ouepenlb, CIYKHUT WHAWKATOPOM CTENEHH COOTBETCTBUS PAaCUYETHBIX PECYPCOB MPOCKTHBHIM 3HAUCHUSM
AKCIUTyaTaIlMOHHBIX 3amacoB (Qs).

W3 tabnuikl 1 BUIHO, 9YTO 00ECIICUEHHOCTh BAPHUPYET MO MECTOPOIKICHUSIM, TOCTUTAsE HANOOIBIINX
3HaueHnit Ha JlampoBckoM MIIB (Qusec=10,20 M3/c, Ko6ec=1,38), uTo cBsizaHO ¢ Ooyiee BBICOKUMH
3amacaMM M 3KCIUTyaTallMOHHBIMU BO3MOKHOCTSMU. B To ke Bpems mna Kanrytunckoro MIIB, HecMoTtps
Ha HU3KYIO BEJIMYUHY SKCIUTyaTallMOHHBIX 3aI1aCOB, OTMEYAETCS BHICOKUH KO3(DPUIIMEHT 00eCIIeueHHOCTH
(Kogec=4,03), 9TO yKa3piBaeT Ha 3HAYMTENBHBIA SKCIUTYaTallHOHHBIN TMOTEHIMAT TPH MaJbIX YTBEPXK-
JEHHBIX 3aracax.

Baxsplif BKIIaq B M3YUYCHHE PETHMOHAIBHBIX IPOTHO3HBIX PECypcoB MOA3eMHBIX Boja Kazaxcrtana
BHecna pabora «O000IICHHE W aHAU3 THIPOTCOJIOTMYSCKUX MATEPUANIOB C IICNBI0 OIICHKH 3aracoB
MOA3EMHBIX BoA peuHbIx nonuH Kazaxcrana» [15].

— (4 ——
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Tabmuua 2 — Pacnipesienienne NPOrHO3HBIX PECYPCOB MOA3EMHBIX BOJ IO PETHOHAM U aAMHHUCTPATUBHBIM 001aCTIM

Table 2 — Distribution of predicted groundwater resources by regions and administrative areas of the research area

[Iporuo3Hele pecypchl OA3EMHBIX BOJ 10 MUHEPAIN3aLUH, Mopnynb,
r/n n/c Ha 1 kM

[Ino- Munepa-

Peruon, o6macts maib, mo 1,0 o 3,0 JIA3AIUs

TBIC. KM BOJIBI, I/11
thic. MY/cyT | M/c | kMP/rox | ThIC. Mi/cyT | M/ | kM/rox ﬁ% i(())
Bcero no Pecny6nuke Kazaxcran 2723,0 | 110 789,20 | 1282,3 | 40,44 | 155732,20 | 1802,50 | 56,84 0,47 | 0,66
3ananubiii Kazaxcran 736,24 7178,8 83,1 2,62 144129 166,8 5,26 0,11 | 0,23
IOxHue1it Kasaxcran 710,47 | 65781,3 | 761,44 | 24,01 92301,7 | 1068,3 | 33,69 | 1,07 | 1,50
AnMaTUHCKas 105,26 17 160,8 | 198,6 6,26 202344 234,2 7,39 1,89 | 2,22
Kericy 118,65 | 21963,3 | 2542 8,02 272942 315,9 996 | 2,14 | 2,66
XKambbuickast 144,26 14933,0 | 172,8 5,45 22 480,8 260,2 8,21 1,20 | 1,80
Cesepublii Kazaxctan 564,97 146250 | 169,3 5,34 19 928,5 230,7 7,27 0,30 | 0,41
Lenrpanbusbiii Kazaxcran 427,98 7904,1 91,5 2,88 118772 137,5 4,34 0,21 | 0,32
KaparanauHckast 239,04 6475,8 75,0 2,36 78014 90,3 2,85 0,31 | 0,38
ViblTayckast 188,94 14283 16,5 0,52 4075,8 47,2 1,49 0,09 | 0,25
Bocrounsrii Kazaxcran 283,30 | 15300,0 | 177.1 5,58 17 211,9 199,2 6,28 0,63 | 0,70
Bocrouno-Ka3zaxcranckas 97,80 9 680,7 112,1 3,53 9779,6 113,2 3,57 1,15 | 1,16
Abaii 185,50 56193 65,0 2,05 74323 86,0 2,71 0,35 | 0,46

B nmannoii pabore mpexxie Bcero Oblia MPOBEJCHA THIU3AIMS PEYHBIX OJWH. BBIIENeHbI TOMUHBL:
I — ¢ TOCTOSIHHBIM PEYHBIM CTOKOM, C aKTHBHOW CBSI3BIO TMOA3EMHBIX BOJX C peKoif; Il — ¢ mocTosTHHBIM
PEUYHBIM CTOKOM, HO C 3aTpyJHEHHOHN CBS3bIO MOA3EMHBIX BOJ C pekoil; Il — ¢ mepuoanueckuM CTOKOM;
IV — c oTcyTCTBHEM PEYHOrO CTOKA WM THAPABIMYECKOW CBA3M MOJ3EMHBIX BOJ ¢ pekoil. Kaxapiid u3
BBIJICJICHHBIX THUIIOB PEYHBIX JOJUH UMEET pa3iM4yHble MUCTOYHUKK (POPMHUPOBAHHUS IKCILTYaTaLMOHHBIX
pecypcoB.

OneHka MPOTHO3HBIX HKCIUTyaTallUOHHBIX PECYpCOB IMOA3EMHBIX BOJA C cocTaBieHueM KapTs
MPOTHO3HBIX JIKCIUTYyaTallMOHHBIX pecypcoB B Macmrtade 1:200 000 mo teppuropuu Bocrouno-Kazax-
cTaHckod oOnactu mpoBereHa B 1987 1. myTem 000OMIeHNS W aHaiIW3a 3HAYUTENBHOTO (PaKTHIECKOTO
MaTepuana. Pecypcrsl Mom3eMHBIX BOJ MOACYUTAHBI Ha OECKOHEUHBI CPOK JKCIUIyaTallu, T.€. MCTOY-
HUKaMH (HOPMHUPOBaHUS IKCIUTYaTallHOHHBIX PECYpCOB SIBISIFOTCS TOJNBKO ECTECTBEHHBIE DECYPCHI.
[Mporno3ueie pecypcsl mo gonuHaMm pek Eprtuc, Y6a, BykTelpma oueHEHBI MO JTHHEHHOMY MOIYJIIO,
KOTOPBIA OIpEeeNieH 1O JaHHBIM DPa3BelIOYHBIX padOT Ha OMOPHBIX ydacTkax. [IporHo3HBIE pecypchl
0acceliHOB OCHOBHBIX PEK OILIEHEHBI 10 IUIOIaJHOMY MOJYII0, KOTOPBIH, B CBOIO OYEpPEh, ONIPENENIEH 110
IaHHBIM BOJOOTIHBA. VX 00I1as BeanurHa cocTaBuiia 2515,6 ThIC. M3/CyT (29,1 M3/C, nnu 0,92 KM3/FO,E[).

Oocy:xnenue. [loTeHnnanpbHas BO3MOXHOCTh WCIOIB30BAHUS IMOA3EMHBIX BOJ JUIS OPOIICHUS Ha
MIEPCIIEKTHBY OOOCHOBaHA BETMYMHAMH IMPOTHO3HBIX OJKCIDIYaTaI[MOHHBIX PECYPCOB ITOJ3EMHBIX BO/I.
Pe3ynbTaTel OLEHKM MPOTHO3HBIX 3KCIUTyaTAallMOHHBIX DPECYpCOB TMOJ3E€MHBIX BOJ Ha COBPEMEHHBII
TIEPUO/T TIPUBE/ICHBI B TabwIe 2.

OcHOBHBIE PeCypCHI IPECHBIX MOM3eMHBIX BoJ Bocrounoro Kaszaxcrana ¢ MuHepanuzanuei no 1 r/n
coctaBisitoT 13,8% oT obmero konmuecTBa Haxonduiuecs B pecnyOmnmke (cM. Tabmuiy 2: mo BKO —
177,1 »’/c u3 1282,3 M’/c o PK). EcTecTBeHHbIe (BO30GHOBISEMEIE) PECYpPChI IIPECTABIAIOT CTEICHD
00eCcnedYeHHOCTH TOTO WIIM MHOTO PErHOHa Pecypcamu IMOJ3EMHBIX BOJ, TIO3BOJISIFOT YCTaHOBUTH COOT-
HOILIEHHE PEeCypCcOB MOJA3EMHBIX M MOBEPXHOCTHBIX BOJ M POJb MOJ3EMHOI0 CTOKa B OOIIEM BOJAHOM
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OamnaHce, 4TO B IEJIOM UMEET BaKHOE 3HAUCHHE MPH COCTABICHUH CXEM KOMIUIEKCHOTO MCIOIb30BAHUS
OXpaHbI BOJHBIX PECYPCOB U TUAPOTEOIOTHIECKOM 000CHOBAHHH BOIOXO3IHCTBEHHBIX OAIaHCOB.

EctecTBeHHBIC, aHTPOTIOTEHHBIE U €CTECTBEHHO-aHTPOIIOTeHHBIE BO30OHOBIISIEMBIE PECYPCHI TTO/I3EM-
HBIX BOJI OINPEICIISIOTCS BEIUUYMHOW UX CYMMapHOTO MUTaHHS, KOTOpas OOyCIIOBJICHA MH(HIbTpaluei
aTMOC(EPHBIX O0CaIKOB, OPOCHTEIBHBIX M MOBEPXHOCTHBIX BOJ, (UIBTpalUMeil M3 €CTECTBEHHBIX H
HCKYCCTBEHHBIX NOBEPXHOCTHBIX BOJIHBIX OOBEKTOB, a TAKXKE NMPUTOKOM TIOA3EMHBIX BOJ CO CMEKHBIX
TeppuTopHil. Bo30OHOBIIsIEMbIE pecypCHI TOI3EMHBIX BOJ SBIISIOTCS MTOKa3aTeNIeM BOCIIONHEHHUS PECypCOB
MOJ3EMHBIX BOJ, OTPAXKAIOIIMM HX OCHOBHYIO OCOOEHHOCTH KaK BO300HOBIISIEMOTO IOJIE3HOTO HCKO-
MaeMOro, W XapaKTEepPHU3YIOT BEPXHHUM Mpees] BO3MOXKHOTO OTOOpa IMOA3EMHBIX BOJ 332 MHOTOJETHUH
mepuoT 63 MX UCTOIICHHUS.

3akmouenne. B pesynprare uccnegoBanuii 2024 roma OLEHEHO COBPEMEHHOE COCTOSHUE MECTO-
poXaeHni moa3eMHBIX BoJi Bocrounoro Kaszaxcrana, pa3BemaHHbBIX Aiisi opomieHus. VccnemoBanus He
BBISIBIUIM YE€TKO BHIPRKEHHOW TEHACHIIMW M3MEHEHHS 3alacoB TOJ3EMHBIX BOJ| IOJ BIUSHHEM KIMMa-
TUYECKUX (PaKTOPOB. AHTPONOTCHHOE BO3JEHCTBHE MHUHHMAIILHO, TaK KaK SKCIUTyaTalds pa3BeJaHHBIX
MECTOPOXAECHUH 7151 OPOIICHUS PAKTUYECKH HE BEAETCS.

Ha ocHOBaHMHM pacueTOB MPOEKTHHIX ILIOM[AJeH OPOIICHHUS 3a CUeT IMOJ3EMHBIX BOJ B BocrouHom
KazaxcTtane BBISBIEHO, YTO MOTEHIMAIBFHO MOKHO OpOIIATH JOMOJHHUTENHHO 54,74 ThiCc. Ta 3eMelb 3a
CYEeT pecypcoB MOA3eMHBIX BoA. OJIHAKO TEKyIIee HCIOIb30BaHME MOA3EMHBIX BOJA MJS OpPOILEHUS
ocTaeTcs KpaiiHe HU3KUM.

dunancupoBanue. Pabora mommepikaHa TpaHTOBEIM (MHAHCHpoBaHHMEM TpoekTa BR 21882211
«Pecypchl moa3eMHBIX BOA KaKk OCHOBHOM pe3epB YCTOWYHBOIO opolraeMoro 3emienenus Kasaxcranay.
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MIbIFBIC KASBAKCTAHAAYBI CYJIAHIBIPY YIIIH 3EPTTEJI'EH
7KEP ACTbI CYJIAPBIHBIH KA3IPI'T J)KAFJIAUBIH BAFAJIAY

Annotanusi. 3eprreyniq Makcatsl HIbrbic KazakcTanmarbl skep acTbl Cy Ke3JEpiH JaMbITy JKOHE KOpray,
cyapy YLIIH MaJiMeTTepi cakray OoifplHINA OacKapy MIEIIMIEepiH FBHUIBIMH HETi3/ey JKOHE Ie0aKNnapaTThlK Kam-
Tamachl3 €Ty OOJBII TaObUIaAbl. AWMAKTBIK THAPOTCOXMMUSIIBIK 3€pTTEYIep, ChIHAMalap/ bl 3ePTXaHAIBIK Tajlgay
s)oHe 'AXK kapraceH xkacay xyprizingi. JKep acTsl CymapbIHBIH OODKANIBI PECYPCTHIK QJICYETiH KOHE KapTalapsl
maiianaHy el KYPaTHIH TE0aKMapaTTHIK JKOHE aHANUTHKANBIK iIIKi kyie o3ipieHni. Cyapyra apHaiFaH CYABIH
nmaie3el (MuHEpanaanysl < | 1/m) xoHe 54,74 MBIH mapInbl MeTpre NCHiHTI ayMmaKTa MaialaHy MYMKIHZIr. ra
Kypbuinbel. Kasipri 3amanfbl maiiianaHy OeHreili TOMEH Cyabl NaljalaHy[dblH JKOFaphl OJIeyeTi aHBIKTaJIbl.
Hormkenep 3epTxaHaapajblK ChIHAKTap MEH 3aMaHayH JKarJalnapabl eCKepe OTBIPHII, MyparaT IepeKTepiH KaiTa
Oaranay apkpuUibl pactanabl. CynapiplH JlactaHOaraH TaOMFM TaHy pacTayiiibl, OyJ ojlap/bl CyapyFa maiijanaHy
MYMKIH/IITH amasl.

Tyiiin cesmep:1lIbirpic Kazakcran, cyapmanay, jkargaiiipl Oaranay, TMIPOI€OJIOTHS, SKOJOTHS, KIMMATThIH
e3repyi
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ASSESSMENT OF THE CURRENT STATE OF GROUNDWATER RESOURCES
IN EAST KAZAKHSTAN EXPLORED FOR IRRIGATION

Abstract. The aim of the study is to provide scientific substantiation and geoinformation support for mana-
gement decisions on the development and protection of groundwater deposits in Eastern Kazakhstan explored for
irrigation. Field hydrogeochemical studies, laboratory analysis of samples and GIS mapping were conducted. A
geoinformation and analytical subsystem was developed, maps of use were compiled and the resource potential of
groundwater was assessed. The suitability of water for irrigation (mineralization < 1 g/ 1) and the possibility of use
on an area of up to 54.74 thousand hectares were established. A high potential for sustainable water use with a low
level of current operation was revealed. The results were confirmed by interlaboratory tests and re-evaluation of
archival data taking into account modern conditions. The natural origin of water without pollution was confirmed,
which opens up prospects for their use for irrigation.

Keywords: East Kazakhstan, irrigation, status assessment, hydrogeology, ecology, climate change.
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PET'MOHAJIBHBIE 3ABUCUMOCTH
PEYHOI'O CTOKA
CEBEPHOI'O KABAXCTAHA

AnHoTanus. VcciaenoBaHbl 3aKOHOMEPHOCTH TEPPUTOPHAIBFHOTO paclpeseieHnss peaHoro croka CeBepHOro
Kazaxcrana, B wactTHOCTH GacceitHOB pek ToOsut n Ecuie. Pernon xapakrepusyercss O0NBIIIM KOJTHYECTBOM MAaJIbIX
PEK W BpPEMEHHBIX BOIOTOKOB, KOTOPHIE MMEIOT HENPOAOJDKUTEIBHBIN Mepruo HAOMIOACHNH, HETOCTAaTOYHBIN s
TUAPOJIOTHYCCKUX PpaCUCTOB. OI[HaKO MaJIbIC PEKU SABJIAIOTCA Hau6onee YYBCTBUTCJIIbHBIMU U YA3BUMBIMH IIPpU CO-
BPEMEHHBIX KIMMATUYCCKUX M3MEHCHHSX M BO3PACTAOIICH aHTPOMOTEHHON HArpy3ke, MOTOMY OMPENCICHUE HX
HOPMBI CTOKa U JIPYIMX I'MJIPOJOrMYECKMX XAPAKTEPUCTHUK SBJIAECTCS BAXHOW M B TO K€ BPEMsI BECbMa CJIOXKHOU
3amaueii. [y onpeneneHusi HOpMbI CTOKA CIa00M3YYCHHBIX M HEM3YUYCHHBIX PEK UCCICIYEMOTO paioHa MOIydYCHBI
rpadUKy pEernoHaIbHBIX 3aBUCHMOCTEH MOMAYJS CPEIHEr0 TOJOBOIO CTOKa OT IUIONIamu BojocOopa My=f(F) ans
IIECTU THIPOJIOTUYECKU OJHOPOJTHBIX PAHOHOB. 3aBHCHMOCTH XapaKTCPU3YIOTCS MPHEMIIEMOH CTENCHBIO Koppe-
nsmm ot 0,60 mo 0,94, 9To MO3BOMNSAET PEKOMEHIOBATh HX ISl OIICHKH HOPMEI TOOBOTO CTOKA CIa00M3YYECHHBIX U
Hem3y4ueHHbIX pek CeBepHoro Kazaxcrana, a Takke Ui IOCTPOCHUS KapT H30JIMHUHN CTOKA.

KiroueBble ciioBa: peuHoii cTOK, peka ToObl, peka Ecuib, ruaponornuecku OQHOPOIHBINA PaioH, perHOHATb-
HBIE 3aBUCHMOCTH.

BBenenue. B Hacrosiiiee BpeMsi OCHOBHBIE HCCIIENOBaHHUSA PEYHOI'O CTOKA, €r0 peKuMa, MHOTO-
JICTHUX KOJICOAHWH, KOJUYECTBEHHBIX M KAUECTBCHHBIX M3MCHCHUH MPOBOJIATCS IMPEHMYIIECTBEHHO Ha
CpPeIHMX W KPYNMHBIX peKaxX, TOTAa KaK W3y4YeHHE CTOKAa MajblX PeK M BPEMEHHBIX BOJOTOKOB, BBHIY
OTCYTCTBHS TOCTATOYHOW THIPOJOTHICCKON MHpOopManuu, pa3Buto ciado. B Kazaxcrane HacuuThIBaeTCs
17 736 pex c mpoTsKEHHOCThbIO Oojiee 10 KM [UIsI paBHHHHBIX TEpPUTOpUI U Oonee 5 KM ISl TOPHBIX
paiioHoB [1]. VI3 HUX NOCTOSIHHBIN MOHUTOPUHT B HACTOsIIEE BpeMs BEAETCs BCEro Jullb Ha 377 ruapo-
JIOTUYECKUX TyHKTaX HaOmrogeHwit (329 peunsix, 38 o3epbix, 10 mopckux) [2]. Ilo kommuecTBY |
TUIOTHOCTH TMYHKTOB HaOMIONeHUil rujaposnoruyeckas cetb PecryOnmku Kasaxcran He oTBeuyaeT peko-
MeHganusaM BcemupHoii Meteoponorndeckoil opranuzauuu (BMO) 1 TpeOoBaHHAM THAPOIOTUYECKOTO
MoHHTOpUHTA [3, 4]. O0IIee KOIUYECTBO THAPOJIOTHYECKHUX IOCTOB, KOTAa-Tu0OO0 NeHCTBOBaBIIMX Ha
BojoTokax Kazaxcrana, BkimtodaeT nopsaka 1800. OgHako B MOAABISAIONIEM OOJBITHHCTBE PAABI TYHKTOB
HAOJIOJICHHUI 32 CTOKOM HEIOJHBIC, COACPIKAT MPOIMYCKU. 3a4acTyH) Ha MaJlbIX PEKaX W BPEMEHHBIX
BOJIOTOKAaX HAOIIOJCHHUA 32 CTOKOM MPOBOJIWINCH JIUINb B TEUEHHE HECKOJBKUX JIET WM B BECEHHUH
niepuon [5, 7]. Hanpumep, B XKaiibik-KacnniickoM BOIOX03SIICTBEHHOM OacceliHe MTOJIOBHHA THAPOIIOCTOB
MMeEeT KOJIIMYECTBO JIeT HaOmoAeHni He 6onee 10, Tpets — He Oonee 5 [8]. B aTux ycnoBusx, Korja cBe-
JICHUS O PEXKHUME PEKH MPEJICTABICHBI BCETO ABYMS-TPEMs roJjaMy HaONIOJCHUH WM BOBCE OTCYTCTBYIOT,
BCTAaeT BOIPOC O pacyeTe HOPMBI CTOKA CIIA00N3YUICHHBIX U HEU3YUCHHBIX PEK.

Onpenenenne HOPMBI CTOKA NP HEJOCTATOYHOCTH WIIM OTCYTCTBHU JTAHHBIX HAOJIOACHUH SBISCTCS
OIHOW M3 Hamboliee CIOXKHBIX 3a/a4 B NPAKTHKE THIPOJIOTMYECKuX pacueToB. Hambomee pacmpoctpa-
HEHHBIM CIIOCOOOM ONpEENIeHUs] CPEIHET0 T'OJOBOTO CTOKAa MPH OTCYTCTBHHM HAOIIOJIEHHI SBISETCS
reorpadudeckasl HHTEPIOJSAIUS MEXIy 3HaUYeHHSIMH HOPMBI CTOKa B OacceliHax M3ydeHHBIX pek. Ilpu-
MEHSIOTCS METOJBbl THAPOJIOTUYECKONW aHaJIOTMH, OCPEIHEHHS B OJHOPOJHOM paioHEe, IMOCTPOEHHE
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PETHOHABHBIX 3aBUCHMOCTEH CTOKOBBIX XapaKTEPUCTUK OT OCHOBHBIX (pH3MKo-reorpaduyeckux ¢ak-
TOPOB BOJIOCOOPOB, MTOCTPOSHUE KapT U3OJIUHUIMA CTOKa [5, 6, 8, 9].

Becema xopomme pe3ynbTaThl OLIEHKA HOPMBI CTOKa CIAO0OM3yYeHHBIX ¥ HEHW3YYEHHBIX DPEK
MOKAa3bIBAIOT PETHOHANBHBIC 3aBUCUMOCTH T'OJJOBOTO CTOKA OT OCHOBHBIX CTOKO(QOPMHUPYIOMINX (aKTOPOB
(mmomans BomocOOpa, CpeAHEB3BELICHHBIH YKIOH BOJOTOKA, TuAporpaduyeckas UIMHA BOJOTOKOB,
cpemHsisi BeICOTa BojgocOopa) [5, 6, 8, 10]. B ropHBIX paiioHax, T/ie 30HAIBHOCTh YKa3aHHBIX (PAKTOPOB
HapyIIaeTcsi, paclpoCTpaHeH METOJ pacueTa CTOKa, OCHOBAaHHBIM Ha 3aBHCHMOCTH BOJHOCTH PEK OT
CpeHEeB3BELIEHHON BBICOTHI Bojocbopa M,=f(H.) [5]. 3aBucHMMOCTh CTOKa OT IUIOmAAM BojgocOOpa
My=f(F) mmpoko WCHOIB3yeTcs UIA YCIOBUI paBHMHHOTO Kaszaxcrama [6]. YkazaHHBIA MeTOJ| OBLI
pekoMeHmoBan B [l11] mis pacueTra HOPMBI CTOKa HEW3YUYCHHBIX pek KaparanmamHckoi oOmactu ¢
naomanslo Bogocbopa Gomee 3000 kv®. B paBHHHHBIX 3aCYIIIMBEIX PaiOHAX 30HBI HEJOCTATOYHOIO
YBJIOKHEHUs] BEIMYMHA MOJYJS CTOKAa PEK YMEHBIAeTCs C YBEIWYSHHEM IUIOMIaau BojocOopa. DTo
CBS3aHO C HAJIMIUEM OECCTOYHBIX IUIOMIAEH, YTO MPUBOANT K CHIDKEHUIO YAETHFHONW BETMYHHBI CTOKA 110
Mepe pocta obmieit riomaan Bogocoopa. [loaTomy npu pazpaboTke METOANKH pacdyeTa CTOKa MAJIBIX PEK
Y BpPEMEHHBIX BOJOTOKOB 30HBI HEJOCTATOYHOTO YBJIAYKHEHHS OCHOBHOE BHHMAaHHE YJIENSCTCS BBISB-
JICHUIO U3MEeHEHUs (PeAyKIMK) CTOKa 1o Tutommay [12].

TunuusaeiMu 711 paBHUHHOTO KaszaxcraHa SABISIOTCS pEKH €ro CEBEpPHOM dYacTh, K KOTOpOM
otHocsaTest ToObu1, Ecninp u ux nmputoku. JlaHHBIE PEKH MMEIOT MPEUMYIIECTBEHHO CHErOBOE MUTAaHUE,
MMO3TOMY OCHOBHOH WX CTOK IPOXOIUT B TEPHUOJ BECEHHETO CHETrOTasHHs, JOJIs KOTOPOTO MOMKET
nmocturatb 80-100 % (xa3axcTaHckwii THIl pek) [5, 6]. JnuTeapHOCTs HEMOCPENICTBEHHBIX HAOIIOACHUH
COCTaBJISIET HENPOJOKUTEIbHBIN MEpHUOJ, KOTOPBIH HENOCTAaTOYeH MJs THIPOJIOTHMYECKUX pPacUeTOB.
Lenpro pabOTHI SIBIISIETCS BBISIBIICHHE PETHOHANBHBIX (PaiOHHBIX) 3aBHCHMOCTEH CTOKAa BBIOPAHHBIX PEK
OT IUIomamu uX Bomocbopa My=f(F) s naapbHEHIIEro OIpeNeNicHUsT CTOKa CIIa00M3yYCHHBIX H
HEM3YYCHHBIX PEK TEPPUTOPHH.

Martepuanasl # MeToAbl. VCXOMHBIMEH JaHHBIME TTOCITYXXKUJIM MHOTOJICTHHE PsIbl HAONIONCHUH 3a
ctokoM pek CeBepHoro Kazaxcrana, a umeHHo peku OacceitHoB ToObu1 m Ecmnp 3a 1974-2022 rr.,
OTpakalIue COBPEMEHHYI0 (a3y BOJHOCTH PEK M YUYMTHIBAIOIINE HECTAlMOHAPHOCTH KiIMMara B
peruone. Takke MCIONB30BAINCH AaHHBIE O PACHOIOKEHUH THAPONOCTOB W IUIOMAAM MX BOIOCOOPOB,
OIyOJIMKOBaHHBIE B CIIPAaBOYHBIX HM3MaHUAX «MHOTONETHHE NaHHBIE O PEXHME IMOBEPXHOCTHBIX BOJI
cymm» (MJIC), «ExxeronHbple maHHBIE 0 pekKUMeE TTOBepXHOCTHRIX Boa cymm» (EJIC), moaroraBirBaeMbie
u myonukyembie YI'MC KazCCP mo 1992 roga (Tom 6 — Kazaxckas CCP, Beimycku 4-6, 8-9 — “bacceitast
Kapckoro mops (3amagnas 4acts)”), 3areM PI'TI «Kasrumpomer» (Beimyck 1 — “baccetinsl pek Mpthim,
WM, To6on™) [11, 13-20]. BoccTaHoBiieHHe MPOMYCKOB B HAOMIOMEHUAX, & TAKKe MPOJUICHUE PSIIOB
MPOBOJMIINCH METOIOM THIPOJIOTHUYECKON aHanoruu cormnacHo padote CHull 2.01.14-83 [21].

Hns ompeneneHuss HOPMBI CTOKAa HEM3YYEHHBIX PEK BBIOpaH METOJ MOCTPOCHHSI PETHOHAIBHBIX
3aBHUCHMOCTEH CTOKOBBIX XapaKTEPHCTUK OT OCHOBHBIX (PU3UKO-reorpadudeckix (hakTopoB, YKa3aHHBIN B
Meroandecknx pekomermanusx ['TH [22] u B cBoae npaswmr CIT 33-101-2003 [23].

PernonanbHble 3aBUCHMOCTH BBISBIISIIOTCS SMIMPHUYECKUM CIIOCOOOM B KaKIAOM T'HIPOJIOTHYECKH
OTHOPOIHOM paiioHe (perwoHe). Mcmonp3yroTcs AaHHBIE O TOJIOBOM CTOKE M IUIOMIANW BogocOopa
M3YYEHHBIX peK, Mpeobpa3oBaHHbIE B Iorapu(Mbl. JlorapudmupoBaHre O3BOISET MEPEBECTH CTETIEHHYTO
3aBHCHMOCTh CTOKa OT IUIONIAJAM B JMHEHHYIO, TEM CaMbIM YIIPOIIAeT MOCTPOCHHE W aHalN3 KPUBBIX.
Kpome Toro, nmorapumMupoBaHHE CHUXKAET IWAla30H 3HauYCHWH OONBIIMX IUIOMANEH, YTO COKpallaeT
pa3dpoc Touek.

PesynabraTrhl. AHanu3 ycioBuii (hopMUpOBaHUs CTOKa B OacceitHax pex ToObul u Ecuiab mokasbl-
BAeT, YTO OTHOCUTENbHAs BOAHOCTH MANbIX BOJOTOKOB, KaK MPaBHUJIO, BBIIIE IO CPAaBHEHHIO CO CTOKOM
CpemHUX peK. YKa3aHHOe SBJICHHE TPEACTABISAET COOOW CIIeICTBAE HECKOIBKO OOJNBIINX CHEro3amnacos, a
TaKk)Ke€ MEHBIINX IMOTeph TaJbIX BOJ Ha IMOBEPXHOCTHOE 3a/iep)kKaHne W (MIBTPAlHI0O Ha BOAOcOOpax
MaJbIX BOJOTOKOB. [loaTOMy NMprMeHeHne 3aBUCUMOCTH MOJIYJIS cToka B OacceitHax pek Tobsut u Ecunb
oT 1wIoMIaau Bogocoopa My=f(F) BrnoiHe 000CHOBaHHO.

Jl1s TocTpoeHusT peTHOHANBHBIX 3aBHCHUMOCTEH oOpaboransl nanubie 50-TH ruapomnoctoB (I'T1) Ha
pekax CeBepHoro Kazaxcrana: 18 I'Tl B 6acceiine p. Toowut, 32 I'TI B 6accetine p. Ecuib. 1o nanubIM 0
CPEITHETO/IOBBIX 3HAUCHUSX CTOKa 3a mepuoia 1974-2022 Tr. W CBEeNeHUSIX O IUIOMAASX BOJocOOpa
W3YYCHHBIX peK OBUIM pacCUMTaHBI JIOTapU(PMBI MOIYJS CTOKa WM IUIOImazei BomocOopa. Pesymbrarhl
pacuera npuBeAeHbI B TabmuIe 1.
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Tabnuma 1 — Mozaynu ronoBoro cToka oT Iiomaau Bogocbopa B 6acceiinax pex Toosut u Ecuinb
Table 1 — Annual runoff modules from the catchment area in the Tobyl and Esil river basins
Peka — noct F, kv’ | q, n/c kM’ | 3000/F | 1gF lgq
Bacceiin pexu To0bL1
To6b11 — ¢. Akkapra (cBX. HM. J[3epKHHCKOT0) 2820 0,57 1,06 3,45 -0,24
To6bu1 — c. I'pumenka (I"puineHckuii) 13100 0,48 0,23 4,12 -0,32
XKenpkyap — c. MapuuHckoe 1940 0,74 1,55 3,29 -0,13
Kenbkyap — noc. HYaiikoBckuii 2210 1,89 1,36 3,34 0,28
To6b11 — c. [IpunoposxHOE 15200 0,42 0,20 4,18 -0,38
ToObu1 — oc. HoBomibHHOBKA 15800 0,57 0,19 4,20 -0,25
Aliet — c. BapBapunka 9020 0,59 0,33 3,96 -0,23
Kameicter AlieT — ¢. MacnokoBis! (cBXx. uM. CBepuioBa) 2950 0,63 1,02 3,47 -0,20
Kapacy — cBx. "Kaiipankynbscknit (Makcyt)" 483 0,48 6,21 2,68 -0,32
Tob6bu1 — c. KapaTOMa[zcxoe 27200 0.50 0.11 443 2030
(KapaTomapsl, HuxHHH Obe() MIOTHUHBI)
To0uun — c. Ceprucnica 27600 0,40 0,11 4,44 -0,40
(CepreeBka, HIKHHI Obe( MIIOTHHBI)
ToObu1 — r. Kocranai 28000 0,50 0,11 4,45 -0,30
ToObL1 — ¢. MIITIOTHHKA 49500 0,19 0,06 4,69 -0,72
Vit (Tobbun) — c. Yiickoe 36752 0,39 0,08 4,57 -0,41
Vit —r. Tpourk 15100 0,69 0,20 4,18 -0,16
Tors13ak — c1. Tory3ak (Bepunckas), y &-1. MOCTa 5970 0,40 0,50 3,78 -0,40
O6aran — c. Akcyat (Ak-Cyar) 17200 0,17 0,17 4,24 -0,78
O0aran — B 5 kM HIDKe yCThs p. Kapanrambik 18000 0,05 0,17 4,26 -1,26
Bacceiin pexn Ecnib
Ecnnb — c. ¥YnapHoe (xix. [lepenoBux) 202 1,53 14,85 2,31 0,19
Ecunb — c. TypreneBka 3240 1,52 0,93 3,51 0,18
Ecuis — ¢. Boarogonoska 5400 1,07 0,56 3,73 0,03
Ecunb —r. Actana 7400 0,76 0,41 3,87 -0,12
Ecuns — c. JlepxaBuHckoe 76000 0,63 0,04 4,88 -0,20
Ecuub — ¢. Kamennslii kapsep 86200 0,55 0,03 4,94 -0,26
Ecunb — ¢. 3amagHoe 90000 0,88 0,03 4,95 -0,05
Ecunb — c. MapbeBka 108000 0,55 0,03 5,03 -0,26
Ecunb —r. Cepreeska (I'DC) 109000 0,65 0,03 5,04 -0,18
Ecuns — r. [lerponaBnosck 118000 0,64 0,03 5,07 -0,19
Ecunp — ¢. JlonmaToBo 142000 0,50 0,02 5,15 -0,30
Ilopranap! — c. Lopranast 251 2,11 2,40 0,32
Moenas! — ¢. HukomaeBka 492 2,11 2,69 0,33
Konyron —mtoc. OKTA0pbCKHiA 3460 0,39 0,87 3,54 -0,41
KomyTon — c. Konyton (ct. KosrytoH) 16500 0,49 0,18 4,22 -0,31
Bakcyxk — c. Bo3Hecenka 1380 0,53 3,14 -0,28
Apiansl — noc. by ienHoBka 2880 0,73 3,46 -0,14
2Kabaii — c¢. bankammHo 922 1,79 2,96 0,25
XKabaii — r. Atbacap 8530 1,36 0,35 3,93 0,13
JKunangunka — c. MakeeBka 2680 1,41 3,43 0,15
AxxanOypayk — c. [IpuBonbHoe 910 0,97 2,96 -0,01
AxkaHOypiyk — ¢. ['puropreBka 6520 1,10 0,46 3,81 0,04
Babbik-bypiyk — c. PyxiioBka 1320 1,46 3,12 0,16
Myxkyp — c. Mykyp 644 0,70 2,81 -0,16
Wmanbypiyk — c. OpioBka 1260 0,65 3,10 -0,19
HmanOypiyk — c. CokooBka 4070 0,85 0,74 3,61 -0,07
Cenetsl — MnpunHCcKOE 12500 0,78 0,24 4,10 -0,11
Cenetsl — [Ipupeunoe 1670 0,89 1,80 3,22 -0,05
Cenetbl — M300u1bHBII 14600 0,58 0,21 4,16 -0,24
Illarnuaka — [TaBnoBka 1750 1,02 1,71 3,24 0,01
[arnuaka — CeBepHoe (5040) 5040 0,27 0,60 3,70 -0,56
Kapacy — [1aBnoBka 627 0,93 4,78 2,80 -0,03
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Aoz

Jeremas

Pucynok 1 — CxemaTrueckas KapTa THAPOJIOTHYECKH OJHOPOIHBIX paitoHoB CeBepHoro Kasaxcrana

Figure 1 — Schematic map of hydrologically homogeneous regions of Northern Kazakhstan

ITonyuennsie 3HaueHms 1g F u g M sIBISIFOTCST KOOpIMHATAMH TOUYEK (THAPOIIOCTOB M3YUEHHBIX PEK).
Ha obmiem rpaduke HEKOTOpBIE THIPOMOCTHI OBUIM pa3fieieHbl W OOBEIUHEHBI B THIPOIOTHUSCKH
OIHOPOAHBIE paiOHBI MO MpPHU3HAKAM CXOJCTBa OpOrpauUecKux M KINMATUYECKUX OCOOCHHOCTEH
pacIioNioxeHus: Bogocoopa, ero Iomand 1 yciaoBuil ¢opmupoBanusa ctoka (pucyHok 1). Ilo Toukawm,
NpUHAUIeKANIIM OJHOMY paiOHY, TIPOBEICHBI JMHUU TPEHIa — PEerHOHalbHbIe 3aBucUMOcTH M)=f(F)
(prcyHOK 2).

bacceiin p. Tobvin 0BT pa3eneH Ha TpU THApoJIorHYeckux paitoHa. K I ruppomorudeckomy paiioHy
oTHeceHbI OacceitHnl pek Y u Torysak. CodctBeHHO p. ToObBLI, a Takke OacceitHbI pek AAT u CHIHTAIITHI
coctaBistoT Il rugpomormdeckuii paifon. bacceliHbl ManbIX pek cTemHOW wacTu OacceitHa p. ToObIT
otHecenbl K III rupponormdeckomy paiiony. 3aBucumoctu My=f(F) 1o BCeM TpeM THIPOIOTHYECKUM
pafioHaM XapaKTepU3YIOTCS JOCTATOYHO BHICOKMM Kod(ddumumentom koppemsmuu ot 0,75 mo 0,82. Ha
PUCYHKE 2 TIpe/ICTaBICHBI KPUBLIE PETHOHATBHBIX 3aBUCUMOCTEl Oacceiina p. ToOwuI, B Tabnuie 2 MaHbI
CBEJICHHA O HUX.

bacceiin p. Ecuns ofieneH Ha TpU THAPOJIOTUYECKUX paiioHa. IV ruapoioruueckuil pailoH BKIIOYAET
B ceba Oacceiinpl pex JKabail u coOctBeHHo p. Ecuibs. K V rugpomnornyeckomy paiioHy OTHOCSTCS
Oacceitnbl pex KonmyTton, bakcyk, Apmansl, [llarnunka, Kapacy. VI runponorndeckuii paifoH cocTaBisiioT
Oaccetinbl pex llopranmer, AkkanOypiyk, UmanOypnyk, badeikOypnyk, Cenetsl. 3aBucumoctu My=f(F)
o IV u VI ruaposiorudeckiuM paiioHaM XapaKTepU3YIOTCsI BRICOKHM K03 duitneHToM Koppesiu 0,82 u
0,94. [l V ruaposiornieckoro paiona koadduuuent koppensuuu papasercs 0,60. Ha pucynke 2 npen-
CTaBJICHBI KPUBBIE PETHOHANBHBIX 3aBUCUMOCTel Oacceiina p. Ecuib, B Tabnuie 2 1aHbl CBEACHUS O HUX.

C uCrnonb30BaHUEM IOJTYYEHHBIX PETHOHAIBHBIX 3aBUCUMOCTEH OBUIM CHSATHI 3HAYCHHUS MOJIYJIS
CTOKa sl cnaboM3y4eHHBIX PEK, JaHHbIC HAONIOJEHHS 32 CTOKOM KOTOPBIX MMEIOTCS OT HECKOJIBKHX
MecsueB a0 3 neT. s Manbix pex cremHoi yactu Oacceiina p. Toosun — Lumu, Kapanrsuteikx, Kapacy,
Tepektol u ap. ucnonb3opaics rpaduk Il paiiona, B Gacceitne p. Ecunp mis pex Kambicaktol, Cara,
Ke3nprakapacy u ap. — rpaduk V paiioHa.
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Pucynok 2 — Paitonnsie 3aBucumoctu M,=f(F) B 6acceiite pex Toobut u Ecnib
Figure 2 — Regional dependencies M,=f(F) in the Tobyl and Esil river basins
Tabnuna 2 — CBeleHUs 0 PErnOHAIBHBIX 3aBUCHMOCTSX CTOKA
0 TH/IPOJIOTHYECKUM paiionam OacceitHoB pek ToObu1 1 Ecuits
Table 2 — Information on regional dependencies of runoff
by hydrological regions of the Tobyl and Esil river basins
Tizp OIOTIECIHH Pexu Bonoxo3siicTBeHHBIN yuacTOK Kosduuuent
paiioH Koppessiuuu R
Bacceiin pexn To0b11
I Vi1, Toryzak 07.01.12.04 0,75
11 Asit, CeiHTaThl, TOOBLT 07.01.12.01, 07.01.12.02, 0.82
07.01.12.03 ’
I Mautsie peku CTETHON YacTH 07.01.12.05 0,81
Gacceitna p. ToObLI
Bacceiin pexu Ecuib
v XKabait, Ecrurs 04.01.06.01, 04.01.06.02, 0,94
04.01.06.03, 04.01.06.04,
04.01.06.05
A% Konyton, bakcyk, Apmainsr, llarnunka, 04.02.00.01 0,60
Kapacy
VI lopranael, AkkanOypiryk, UManOypiyK, 04.02.00.02, 04.02.00.03 0,82
Bab6bixOypiyk, Cenetsr
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VY3naB miomanas BoOocOopa W mpeoOpa3oBaB ee B Jorapudm, CHAUMaeM C COOTBETCTBYIOIIETO
rpaduka perHoHAIBHON 3aBUCUMOCTH Jorapru(M MOIYJsS CTOKA, ITOCIE Yero NepeBOIUM B HOPMY CTOKA.
K mpumepy, p. lllmmu B cTBope ¢. degoceeBka MMeeT mommans Bogocoopa 191 km?, ee norapudm (Ig F)
pasusercs 2,28. [1o 11l rpaduky 3T0 3HaYEHNE COOTBETCTBYET Jiorapudmy Moayns ctoka (Ig My) paBHomy
-0,05. TlepeBoaum TOrapi(M MOIYIS B PaCXo U MOIydaeM HOpMy cToka pexu Lllumu, pasayo 0,17 m/c.
AHaJOrTHYHBIM CHIOCOOOM OBIIH OMpezesieHI HOPMBI CTOKa OCTaJbHBIX CIa0OW3YYEHHBIX PEK HCCIe-
IlyeMBIX OacceiHoB (Tabmura 3).

Tabmuna 3 — PaccuntanHble HOPMBI CTOKA 7SI CTa0OM3YUYCHHBIX pek B OacceliHax pek Toosut u Eciib

Table 3 — Calculated flow rates for poorly studied rivers in basins of the Tobyl and Yesil rivers

Peka — IToct F, km? IgF lg Mo M, /¢ kM> Q, M’/

Bacceiin p. ToObL1

IIunu — ¢. demgoceeBka 191 2,28 -0,05 0,89 0,17

Kapanrsuisik — c. CocHa 823 2,92 -0,33 0,47 0,39

Kapacy — c. Kapacy 1390 3,14 -0,43 0,37 0,52

Tepextsl — pepma Kpacubrit OKTs0pb 1360 3,13 -0,42 0,38 0,51

Jlor Kapacy — c. Koponeska 625 2,80 -0,28 0,53 0,33
Bacceiin p. Ecunb

KameicakTsl — ¢. SIcHOBKa 1800 3,26 -0,20 0,63 1,14

Cara — c. [Tuker 1410 3,15 -0,19 0,65 0,92

Kapacy — c. Kapacy 1200 3,08 -0,18 0,66 0,79

Keppiakapacy — 2 pepma xiix [IposkexTop 706 2,85 -0,15 0,71 0,50

O6cy:xaenue. OneHka 0COOEHHOCTEH pacmpesiesieHus: cToka o tepputopun CeBepHoro Kazaxcrana
M0 JaHHBIM HETOCPEICTBEHHBIX HAONIONEHUI B OMOPHBIX MYHKTAX 3aTPyJHEHA H3-32 WX MaJIOTO KOJH-
YecTBa U HEPaBHOMEPHOCTH pa3MeleHus. Penbed BomocOOpOB UrpaeT BechbMa CYIIECTBEHHYIO POJb B
(hOpMUPOBAHUY CTOKA, MIPUYEM C €T0 BIMSHUEM CBS3aHBI HE TOJBKO YCIIOBUS CHETOHAKOIUICHUS, HO B
3HAYMTEIHLHOW MEpe M pa3sMephl MOTEPh TABIX BOX B MpEeiiax peyHoro dacceitna. B HemocpencTBeHHON
CBSI3U C XapaKTepoM penbeda, B YACTHOCTU C BBICOTOM, HAXOMASATCS CTENCHb Pa3BUTHS THIporpaduyeckoit
CeTH Ha BojocOOpe M YKIIOHHI ero moBepxHocTu. B Gacceiinax pex ToObu1 u Ecuinb u3MeHeHHe MOIYs
CTOKa TIO JTMHE PEKH CBS3aHO, NIPU MPOYUX PABHBIX YCIOBHUSAX, C M3MEHEHHEM pelbeda Bomocbopa. B
Ka4eCcTBE XapaKTePUCTUKHU penbeda, OTpaKarolleil ero BIMsSHUE Ha CTOK, MPUHSTA IUIONIa (s BogocOopa.
3aBHCUMOCTh CPEJHET0 MHOT'OJIETHETO MOJIYJISl TOJOBOTO CTOKAa OT ILIOMIaaW BoAocOOpa Ha paccMaTpu-
BaeMOW OOIIMPHON TEPPUTOPHU BBIPAKAETCS IECThIO IpadUKaMH, MPEICTABIAIOINIMMU PETHOHATIHHBIE
(palioHHBIC) 3aBUCUMOCTH B KQ)KJIOM THIPOJIOTHICCKOM paloHE.

CxoHe 3aBUCHMOCTH JIJIsl MCCIEAYEMBIX 0acceifHOB ObLIHM IMONydeHBl B MOHOrpadusix «Pecypchr
MOBEPXHOCTHBIX BoA» 1960-x romos [11, 13-16] u Gonee coBpeMeHHBIX pab0OTax Ka3axCTAaHCKHX YUEHBIX
[5,12] 2010-x romoB. OgHAKO BBUAY YJIYUIICHUS THAPOJIOTHUECKONH M3yICHHOCTH TEPPUTOPHH W HAKOII-
JIEeHHOM WH(OpMaluu 3a TOCIEIHHE EeCATUIIETHS, YYUTHIBAIOUIEH MPOUCXOAAIINE KINMaTHYECKue
W3MEHEHHUS! U aHTPONOTEHHYIO HArpy3Ky, BO3HHKIJIA HEOOXOIMMOCTh YTOYHECHHS! PETMOHAIBHBIX 3aBU-
CHUMOCTEI.

[lommydennsie B pabore 3aBUCHMOCTH Mo=f(F) XapakTepu3yIOTCS MPUEMIIEMOH CTETeHBI0 Koppe-
maaun ot 0,60 mo 0,94, uTo MO3BONAET PEKOMEHAOBATH MX JJIS OLEHKM HOPMBI T'OJIOBOTO CTOKA
CTa0OM3YUYEHHBIX M HEW3YYCHHBIX PEK, a TaK)K€ OHH MOTYT HCIIOJIL30BAThCS ISl MOCTPOSHUS KapT
n3onuHUH ctoka. OMHAKO JUTA HEM3YUYEHHBIX pPeK CHadasla HeOOXOIUMO OIPENeNUTh IIIOaIb Bogocoopa
no Tomorpad)MuecKUM KapTaMm KpymHoOro macmraba. Jlajnee ompelesieHHEe HOPMBI CTOKa IPOBOAUTCS
OTIHMCAHHBIM CIIOCOOOM.

Cremyer OTMETHTB, YTO HCHONB30BaHWe manHoW mertomukm [TU [23] pacmpoctpanerno B CHI,
OJTHAaKO B MCCJIEIOBaHMIX 3apyOEKHBIX KOJUIET HE BCTpEYaeTCs.

3akaouenne. [lpoBeneHHOE HCCIEOBaHWE TO3BOJIMIO BBIIBUTH IPOCTPAHCTBEHHBIE 3aKOHO-
MEPHOCTH pacmpezeneHus peuHoro croka CeBepHoro Kasaxcrana. B Oacceiinax pex ToOwsut u Ecuib
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BBIJICJIEHO 6 THUOPOJIOTMYECKH OIHOPOIHBIX pailoHa, B KOTOPBIX YCTaHOBJICHBI PETHOHAJIBHBIC 3aBU-
CHMOCTH MOZYJIS CTOKA OT Tutomaan Bogocobopa Mo=f(F).

[MonyyeHHbIC 3aBHCUMOCTH PEKOMEHAYIOTCS JUIS ONpEACTICHUS HOPMBI CTOKa CIa0OM3yUYCHHBIX U
HeusyudeHHBIX pek CeBepHoro Kaszaxcrana, KOTOpbIe, Kak MPaBHUJIO, OTHOCATCS K MajbIM peKaM — Hau-
Oonee ysA3BHUMBIMU NP MHTEHCHBHOM XO3SHCTBEHHOM OCBOCHMH. [ HMXKHEro TedeHus: OONBIINX PeK,
I7Ie CTOK MHTEHCHUBHO TEPSAETCS, PETMOHANbHBIE 3aBUCHUMOCTH JAIOT JHIIb Ipy0o MpHOIMKEHHbIE 3HA-
YEeHHS HOPMBI.

Pesynbratel paboTBl MOTYT HCIOJB30BATHCS U TUAPOJIOTMYECKUX PACUETOB M IUIAHUPOBAHUS
BOJIOTIONIB30BAHUS B YCJIOBHUSIX HapacTaroOLIEro Ae(UIMTA BOAHBIX PECYpPCOB, YTO OCOOEHHO BAa)KHO VIS
YCTOWYHMBOTO Pa3BUTHS PETHOHA.

duHaHcupoBanmne. lcciaenoBaHue mpoBoAMIOCE B pamkax mporpammel BR23791322 HTII
«HayuHo-TexHn4eckoe obecrieueHre COXPaHEHHs, BOCIPOU3BOACTBA M 3(PQEKTUBHOIO pacrpeneneHus
BOJIHBIX pecypcoB jsi o0ecnieueHust BogHo# 6e3omacHoct PK» mo meponpustuio 1 «OueHka u mporHo3
HaJIMYUsl €KEroJHO BO30OHOBISIEMBIX ITOBEPXHOCTHBIX BOAHBIX PECYpPCOB IO ToJaM pa3iIUYHOM
BOZI00OECIIEYCHHOCTH 110 BCEM BOJOX03HCTBEHHBIM OacceliHaM PecryOnuku Kazaxcran».
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COJITYCTIK KASAKCTAHHBIH ©3EH AFbIHBIHBIH
AMMAKTBIK TOYEJILTIKTEPI

Annoranusi. byn xymeicra Conrycrik Kasakcranmarel, atam aiftkanga ToOwin xoHe Ecin e3eHmepiHiH
aNanTapblHIaFbl ©3¢H AFbIHBIHBIH ayMaKTHIK Tapaly 3aHIbUIBIKTApPbl 3ePTTENAl. ATanFaH eHIPAIH THIPOIOTHSIIBIK
3epTTellyi KONTereH NIaFbIH ©3€H/Iep MEH YaKbITIA Cy aFbIHAAPbIHBIH OONybIMEH cUMaTTanajpl. byl cy arbiHIaps
OoiibiHIa OakplIay Mep3iMi KbICKa OOJFaHIBIKTAaH, FHAPOJIOTHSUIBIK ECEITeyJiep JKYPri3yre KeTKiuTKci3. Amnaiija,
Ka3ipri KIMMATThIH ©3repyi MEH aHTPOINOreH K KYKTEMEHIH apTybl arJaiblH/a [IaFbIH ©3CHAEp €H ce3iMTall opi
ocaj Cy HbICaHAapbl 00bIn TaObutagsl. COHIBIKTAH OJIAPJIbIH aFbIH HOPMACHIH JKOHE 0acKa Ja THUAPOJIOTHSUIBIK
cUIaTTaMaliapblH aHbIKTay MaHbBI3Abl 9pi Kyplesi Macene Oouiblll TaObUIaAbl. 3epTTENill OTBIPFaH OHIpHeri a3
3epPTTENreH KOHE MYJIIC 3epTTeNIMEreH ©3CH ICP/IIH aFbIH HOPMACHIH aHBIKTAY YIIIH ajuThl THIPOJIOTHUSIIBIK KAFbIHAH
OipTeKTi ayJaHFa apHaJFaH OpTallla KbIIIBIK aFbIH MOJYJIIHIH Cy XKHMHAy aJlaHbIHA Toyenaiik rpadukrepi My = f(F)
TYpiHJe eHipiK OaiaHbICTap aubIHABL AJIBIHFAH TOYeIIUNIKTEpAiH Koppemnus nopexeci 0,60 men 0,94 apainsl-
reiHAa Oonbim, Oy omapapl ContycTik KazakcraHmarbl a3 3epTTENTeH KOHE 3EPTTEIIMEreH ©3CHICPIiH >KBUIIBIK
arblH HOpPMAChIH Oarajay YVIIiH, COH/al-aK arblH M30CHI3bIKTAPBIHBIH KapTATapblH Kacay YIIIH KOJJaHyFa MyM-
KiHIIK Oeperti.

Tyiiin ce3nep: cy arbiHIbICH], ToOBLT ©3¢Hi, Ecin 63eHi, ruapoIorHsiblK OIpTeKTI ayaaH, aiiMaKThIK TOYeI/Ii-
JIKTEP.
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REGIONAL DEPENDENCIES OF RIVER RUNOFF
IN NORTHERN KAZAKHSTAN

Abstract. This paper studies the patterns of river runoff distribution in Northern Kazakhstan, specifically in the
Tobal and Esil river basins. Hydrological research in this region is characterised by a large number of small rivers
and temporary watercourses, which have a short observation period that is insufficient for hydrological calculations.
However, small rivers are the most sensitive and vulnerable to modern climate change and increasing anthropogenic
pressure, so determining their flow rates and other hydrological characteristics is an important and, at the same time,
very difficult task. To determine the normal flow of poorly studied and unstudied rivers in the study area, graphs of
regional dependencies of the average annual flow module on the catchment area M, = f(F) were obtained for six
hydrologically homogeneous areas. The obtained dependencies are characterised by an acceptable degree of
correlation in the range from 0.60 to 0.94, which allows them to be recommended for estimating the annual flow rate
of poorly studied and unstudied rivers in Northern Kazakhstan, as well as for constructing flow isoline maps.

Keywords: river runoff, Tobyl river, Esil river, hydrologically homogeneous area, regional dependencies.
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T'UJPOTEOXUMHUYECKHUMN CTOK
HEHTPAJIBHOI'O KABAXCTAHA U ET'O POJIb
B PA3BBUTHUH DK30OI'EHHBIX ITPOIIECCOB

Annoranus. [Tor3eMHbIe BOIBI SBISIOTCSI OCHOBHBIM areHTOM F€OXMMUYECKMX 0OMEHOB MeXIy ruapocdepoit
n nutocdepoi. s Konn4ecTBeHHOH OLEHKH I'MIPOT€OXHMMHYECKOTO CTOKA BBIIENEHB! 14 paifoHOB, OTHOCSIINXCS K
GacceiliHaM YeTHIpEX KPYMHBIX BHYTPEHHHUX BOIOEMOB, OIIPEAEIICHa BEIMIMHA XUMHIECKOTO BBIHOCA TIOI3EMHBIMU U
MIOBEPXHOCTHBIMH BOZIaMHM, a TaKXXe IIPUBHOC cojel arMocdepHbIMU ocaiakaMu. Ha TeppuTopnu MccienoBaHUi B
CBSI3U C OTPaHUYEHHBIM PACHPOCTPAHEHHEM MOBEPXHOCTHOIO CTOKA MOA3EMHBIE BOABI SBIIIOTCS OCHOBHBIM MEXa-
HU3MOM B IIE€pepacIpelesIeHMH BEeMeCTBa B 3eMHOM kope. Hapsny ¢ mpoueccom ABMKEHHs IPaBUTALMOHHBIX BOL,
3aKJIIOUYCHHBIX B TOPHBIX IOPOAAX BEPXHEH YacTW 3eMHOH KOPbI OT 0ONMacTeil MUTaHMS K MECTaM APCHUPOBAHUS,
MMPOUCXOAUT MUI'palUA XUMHUYECKUX DJJICMCHTOB, MOCTYHNAOIIMUX B IMOA3EMHYIO BOAY B PE3YyJbTaTe pasiMiyHbIX
(bl/ISI/IKO-XI/IMI/I‘-IeCKI/IX 1 OHOJIOTMYECKUX IMPpOUECCOB, IMPOUCXOAAIINX B CUCTEME «TOpHAas rmopoga-Boaar».

KiroueBble caoa: I{enTpanbHo-KazaxcTaHCKMM TMApOreoIornyecKuil peruoH, MOA3EMHBIN CTOK, XUMHYeC-
KM COCTaB MOA3EMHBIX BOJ, XMMUYECKHUH BBIHOC, TOKA3aTEINb NOA3EMHOM XUMUYECKOH JeHyJalluu, 1eHY al[MOHHbII
METP.

Beenenune. B Jlokmane OOH o coctosHMM BOAHBIX pecypcoB mupa 3a 2022 rox «Groundwater:
Making the invisible visible» mpencTaBiaeHBI aKTyadbHBIC MPOOIEMBI W BO3MOXKHOCTH, CBS3aHHBIC C
Pa3BUTHEM W YIIPABICHUEM IMOI3EMHBIMU BOJAMH, KOTOPHIE PACCMaTPHUBAIOTCSl KaK MPUPOIHBIA pecypc,
MPAKTHYECKYI0 LEHHOCTh KOTOPBIX OOCCIEUMBAIOT TJIABHBIM 00pa3oM BO300OHOBISIEMBIC PECYpPCHI U, B
0oJiee UCKITFOYUTEBHBIX CITyYasx, HEBO30OHOBISIEMBIE PECYPCHI (€CTECTBEHHBIE 3allachl), KOTOPBIE MOTYT
IKCIUTyaTUpoBaThCsl U uctomarbes [1, 2]. [log3eMHbIe BOIBI SBISIOTCS HE TOJIHKO KOMIIOHEHTOM THPO-
JIOTUYECKOTO IIMKJIA, OHH TaKXKe YYaCTBYIOT B HECKOJIBKUX JAPYTUX IMKIJIAX. B reOXMMHUYECKOM ITUKIIC OHU
WUTPAIOT BaXHYIO PONIb KaK <OKU3HEHHas CHiia 3eMIIM», TOCKONBKY SIBISIOTCS OCHOBHBIM areHTOM
TCOXUMHUIECKAX OOMEHOB MexAy Tumpocheporr u jautocdepoit [3, 4]. IlogzeMHBIE BOABI WTPAIOT aK-
TUBHYIO POJb BO BHYTPEHHEH THAPOTCOAMHAMHUKE 36MHOU KOPBI, Iepepacupeesiss JaBiIeHus (HaOphl) U
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TPaHCTIOPTUPYSI BEIIECTBO, YYACTBYIOIEE B MEXaHMUECKOW U TeOXUMUYECKo# sBomonuu Heap. CocraB u
CTPYKTypa Help OKa3bIBalOT CHIIBHOE BIIMSHUE HA ITOJ[3EMHBIE BOJBI, UX PACHpOCTpaHEHHEe, MBIKEHHE U
XMMHYECKUN COCTaB, a TAKXKE HA MX B3aMMOJICHCTBUE HA TIOBEPXHOCTU MM BONM3M HEe B POpPME MUTAHUS
Y pa3rpy3KH U B3aUMOCBSI3EH C MOBEPXHOCTHBIMH BOJIAMHU.

[TomzeMHBIE BOIBI HTPAIOT PEIIAIONIYIO PO B TEOXUMHUECKUX 00MEHaX MEXTy 3€MHBIMH BOJIAMH H
mutocepold. DTO CBSA3aHO C WX, KaK IPAaBHIIO, JUINTENBHBIM BpEeMEHEeM TpeObIBaHHS IION 3eMIIed U
00BIYHO OUEHB OOJIBIION TOBEPXHOCTHIO KOHTAKTa MEXK]y BOJOHN M TBEP/0M MATPHUIICH I10]T TOBEPXHOCTHIO
3emnu [5]. [log3eMHBIE BOIBI OTBEYAIOT 3a PACTBOPEHHUE WM THIPOIH3 — OCOOCHHO B IOYBaX W B
HEHACHIIIIEHHOW 30HE MEXIy IOYBOH M HE3aMKHYTHIMH BOAOHOCHBIMH TOPHU30HTaMH — W TaKXke 3a-
HUMAIOTCSl TIOCIEAYIOMIMM TIEPEHOCOM M OCaKICHHEM pACTBOPEHHBIX BEIIECTB. OTH MPOIECCHI
OTPAXKAIOTCS B KOHIICHTPAIIMM PACTBOPSHHBIX TBEPABIX BEIIECTB U WX U3MCHEHUU BHYTPU KaKIOTO
BOJIOHOCHOTO TOPM30HTA, Ha Pa3HBIX NIyOWHAX, HA BCEM ITyTH IABM)KEHUS MOA3eMHBIX Box. [loaTtomy st
MIPOIIECCHI OCTABJISIOT CBOM CIIEABI HA KaueCTBE MOA3EMHBIX BOJI Kak pecypca [6].

B3aumopelicTBue MOA3EMHBIX BOJ C PAa3IMYHBIMU TCHETHMYSCKUMHU THIIAMU TOPHBIX IOPOJ[ HAXO-
JIUTCSI B CIIOKHOW TWHAMHYECKOW CBS3H, B MPOIECCE KOTOPOH MPOUCXOAAT pa3pylieHHe TOPHBIX MOPOT
myTeM (U3NKO-XHUMHUYECKOTO BBIBETPUBAHUS W TOCIEMYIOMNN TIEPEeHOC MPOAYKTOB paspymieHns. Haam-
Has OT pa3pylICHUs TOPHBIX MMOPOJ 10 00pa30BaHUs HOBBIX OCAIOYHBIX OTJIOKEHUN CHCTEME CBOMCTBEH-
HO HEPaBHOBECHOE COCTOSIHHE, NMPHUBOAIIEE K M3MEHEHHIO COCTaBa KaK CAMHX ITO3EMHBIX BOJ, TaK U
MUHEPAJHHOTO BemIeCTBa TOPHBIX Mopoi. CocTaB XMMHUYECKHX 3JIEMEHTOB B IMOA3EMHBIX BOAAX MAET
BO3MOXHOCTh TOJONTH K KOJHUYECTBEHHOW OIIEHKE TaKHUX T'€0JIOTUYECKHX MPOIECCOB, KaK XUMHUYECKOE
BEIBETPUBAHUE, JICHYJAllUs, W3MEHCHHE MHHEPAILHOTO BEUISCCTBA TOPHBIX TOPOJ, 3aCOJICHUE IIOYB,
(hopMHUpOBaHHE U pa3pylIeHHE MECTOPOXKIESHUI MOJIE3HBIX NCKoMaeMbIx. OCOOBI HHTEpEC MPEACTaBISET
30HA THIIEPreHe3a, TIe MOXKHO MPOCIICIUTh MOJTHBIA MUK BOJAOOOMEHa OT 00JacTeil MUTaHHs K MecTam
npenuposanus [7-10].

HauGomnee BakHOW TpeCcTaBIsAeTCS BEpPXHSAS THAPOAMHAMUYECKas 30HA, HaszblBaeMas 30HOM
aKTHBHOTO MJIM CBOOOAHOTO (MHTEHCHUBHOTO) BomooOMeHa [11]. [Tom3eMHBIN CTOK (OPMUPYIOTCS B 30HE
JIPCHUPOBAHUS 36MHON KOpPbl KaK KOMIIOHEHT THAPOJIOTHYECKOrO IMKJIa KPyroBOPOTa BOJABI B IPUPOJE,
00yCTIOBNICHHBIN THAPABIMYECKUM TIOTEHIIHAJIOM pejbeda 3eMHON TOBEPXHOCTH U CTPYKTYpPHO-THII-
POTEOIOTHYECKUMH 0COOCHHOCTSIMH TOM 30HBI

Tepputopus uccienoBanuii pacmonokenuss B Kaparanmamackod, Ymeitay m AGait obmactsax LlenT-
panbHoro Kazaxcrana (pucyHok 1) u otHOocutcs k lleHTpanbHo-KazaxcTaHCKOMY THIPOTE€OIOTHYECKOMY
PETHOHY KOHCOJHMINPOBAHHBIX TOPHOCKIIAIYATHIX COOPYKEHHUH, B KOTOPBIX (DOPMUPYIOTCS TpEIIMHHBIE,
TPEIMHHO-KaPCTOBBIE W TPEIIMHHO-XIIIbHBIE Oe3HaropHbIe BOABI. B HaJOXEHHBIX CTPYKTypaxX BBISB-
JITIOTCSL HAlOpHBIE TPEIIWHHO-TUIACTOBBIC BOJBL. bBe3HAmopHBIE MOPOBBIC BOJABI CBA3aHBI C PEYHBIMU
nonuHamu [12].

KAPATAHIA
) Kaprapanuxex
=]

Pucynok 1 —
O0630pHast KapTa paiioHOB HCCIIEIOBAHUS

Figure 1 —
Overview map of the study areas
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Tepputopust uccieqoBaHM OTHeceHa K Kiaccy «C» (KOpPUUHEBBIH) THAPOTEONOTHUYECKOH 00-
CTaHOBKH 10 KapTe «Pecypcsl mogzeMubix Bom Mupay [13]. [IpeobranaroT o0macTi TONBKO C MECTHBIMH U
HEIIyOOKMMH BOJOHOCHBIMH TOPU30HTaMH. OTOT KJACC BKJIIOYACT aJUIIOBUANBHBIE BOJOHOCHBIE
TOPU30HTHl U BOJOHOCHBIE 30HBI TPEUIMHOBATOCTH BBIBETPENIBIX CKAIBHBIX TOPOJ C HHU3KOH WHTEH-
CHUBHOCTBIO MUTAHUS MTOI3EMHBIX BOJ — MeHee 20 MM/TOI.

Tepputopuss HCCIECIOBAaHWA MPEACTABISIET COO00W MPOBHHIMIO «[[enmpanvro-Kaszaxcmanckas
ckraouamas obaacmovy» (25.01) B cocrtaBe TIOOATBFHOIO pervoHa MOA3EMHBIX BOA «baccetinbl Llenm-
panvhot Azuu» (25) cornacHO TEPMHUHOJOTUH MEXIyHapOAHOTO LIEHTPA OLEHKH PECYPCOB MOA3EMHBIX
Bog (IGRAC) [14].

O030p ruagporeoiorudecKux ocob0eHHoOcTeii TeppuTopun. Ha ocHoBe mnammmadTHO-TEOMOp-
(OJOTUYECKUX M CTPYKTYPHO-TEKTOHHUECKUX OCOOCHHOCTEW B apUAHBIX YCIOBHSX BbAEICHO 14 rum-
POTeOJIOTMYECKIX DPAaHOHOB, OTHOCALIMXCA K OaccefiHaM 4YeThIpeX KPYNHBIX BHYTPEHHHUX BOIIOEMOB
(pucynoxk 2) [15].

Ll

Pucynok 2 — Kapra rugporeonorinueckoro paiionupoBanus CeepHoro [Ipubankamibs.

T'uaporeonoruyeckue paiions: I — Gacceitn 03. Tenrus (1 — Hypa, 2 — Tamaer, 3 — Tynmeik); Il — Oaccelin Apaia
(4 — Capsicy, 5 — Aracy); 6acceiin 03. bankam (6 — MoiibiaTtel, 7 — Xammu, 8 — mexaypeuse Kammm-Tokpay, 9 — Toxpay,
10 — Kenrepmay, 11 — Aumosek, 12 — mexxaypeuse Amrosek-bakanac, 13 — bakanac-Asiry3). JlanmmadTHbIe 30HBI U TOA30HBL:
1, 2 — cyxue crenu: /| — ¢ TEMHO-KAIITAHOBBIMH MOYBaMH, 2 — CO CBETIO-KAIITAHOBBIMU TIOYBaMH; 3, 4 — MyCTHIHHBIE CTEIH U
nycTelHl: 3 — ¢ OypbIMH Mo4YBaMH, 4 — C cepo-OypbIMH MOYBaMHU. ['paHHULBI MEXIY: 5 — THAPOTEOIOTHYCCKUMH paiiOHaMHU,
6 — naHAMaTHEIMY 30HaMU, 7 — JTAaHAIIA(THBIMH TIOJ30HAMHI

Figure 2 — Map of hydrogeological zoning of Northern Pribalkhashye.

Legend: Hydrogeological regions: I — Tengiz Lake basin (1 — Nura, 2 — Taldy, 3 — Tundyk); II — Aral Sea basin (4 — Sarysu,
5 — Atasu); Lake Balkhash basin (6 — Mointy, 7 — Zhamshi, 8§ — Zhamshi-Tokrau interfluve, 9 — Tokrau, 10 — Kenterlau,
11 — Ashiozek, 12 — Ashiozek-Bakanas interfluve, 13 — Bakanas-Ayaguz). Landscape zones and subzones: /, 2 — dry steppes;
1 — with dark chestnut soils, 2 — with light chestnut soils; 3, 4 — desert steppes and deserts: 3 — with brown soils, 4 — with grey-
brown soils. Boundaries between: 5 — hydrogeological regions, 6 — landscape zones, 7 — landscape subzones

1. Bacceun o3epa Tenzusz Bxnrouaet 3 paiiona — Hypuncknit (1.1), Tanneikekuit (1.2), TysHIBIKCKHN
(I.3) (cM. pucyHok 2). bombmnas 9acTh TEpPUTOPUH TPEICTaBICHA HU3KOTOPHEM, MEIKOCOITIOYHHKOM H
pacwieHeHHBIMH CIIA00OHAKIOHHBIMH aKKyMYJSTHBHBIMU paBHWHaMu. OO YKIOH MOBEPXHOCTH
penbeda c 1ora Ha ceBep.

Teruiblid U CyXoM KJIIMMar KOHTUHEHTAIBHOTO TUIIA ONPEACIISIET TEPPUTOPUIO KaK 30HY CyXHUX CTemnein
C TEMHO-KallITAHOBBHIMU ITOYBAMH. PacTHTENBPHOCTh NpE/ACTaBlIcHA B OCHOBHOM TIOJIBIHBIO, KOBBUIEM H
KOKIIEKOM, a B MECTax BBIXOJa MOI3EMHBIX BOJX — I'YyCTHIM COYHBIM Pa3HOTpaBbeM. B mpenenax ropHBIX
MacCHBAaxX BCTPEYAIOTCS XBOHHBIC IEPEBBSI.

ITomzemHbIe BOABI (POPMHUPYIOTCS TIOA BIMSHHUEM COBPEMEHHBIX (hHM3HKO-reorpaduvIecKuX YCIOBUH.
OxHas dacTp, rme mpeoOnagaeT HU3KOTOPHBIH penbed, CIOKEHHBIH XOpOUIO OOHAKEHHBIMH TpEIId-
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HOBAaThIMA WHTPY3UBHBIMH W 3((y3UBHBIMH TIOPOAAMH, SBISIETCS PETUOHAIBLHOW 00JAaCTBIO THTaHUS
1 (opMHUpPOBAHNE TIOA3EMHBIX BOJ IMTPOUCXOANT 3a CUET HHPHUIBTPAIIH aTMOC(EPHBIX 0CaIKOB KaK 3MMHE-
BECEHHET0, TaK W JICTHETO NEepHOA0B. MeNKoComouHass U paBHUHHAS YacTH, CIOKEHHBIE 3 Qy-3UBHO-
0CaJOYHBIMA OOpPa30BaHUSIMH, HEPEKPHITHIMUA DBHIXJBIMA KAaHHO30WCKUMH  OTJIOKEHUSMH, CIIyKaT
00TacThIO TPAH3HUTA U PA3TPy3KH MOJ3EMHBIX BOJ, ABIKYIIUXCS C fora Ha cesep [16].

Pons arMocdepHBIX 0CaJKOB B MHTAHWUHU MOJ3EMHBIX BOJ HEBEJWKA, a B PEYHBIX JOJIHMHAX OIpere-
JSIOIIEH sIBIsIeTCS MHQWIBTpaLrs MOBEPXHOCTHOTO CTOKA. Pasrpys3ka WX MPOHUCXOAMT MyTEM POAHUKO-
BOTO CTOKa, WCMApEHUs, TPAHCIMPAIMWA PACTCHHSAMH ¥ BHIKIMHUBAaHUS B IUIECH W 3alpynHBIE O3epa.
3HAYUTENHHO PACIPOCTPAHEHBI 37IeCh TPEIIUHHBIE BOJIBI C AKTHBHBIM BOJOOOMEHOM, YTO OOYCIOBIHBAET
UX HU3KYI0 MHHepanuzauuio. llpu 3ToM B (OpMHpPOBAHMHM XHMHUYECKOTO COCTaBa TPEUIMHHBIX BOJ
oOnacTell MUTAaHHUS UTPAIOT CYLIECTBEHHYIO POJIb aTMOC(EpHBI MPUBHOC COJIEH, BEIIECTBEHHBIN COCTAB
MTOKPOBHBIX PHIXJIBIX OTIOKEHUH W BOJOBMEIIAIOIINX TTOPOI.

Bcero B paifoHe MO Te€HETHYECKOMY NPU3HAKY BBIIAENSIOTCS TPHU THAPOTEOXWMHUYECKHX TPYIIIbI:
a) TUApPOKapOOHAaTHBIE KalbLUEBO-HATpUEBBIe (MecTamu HaTpueBblie) Bonsl | u Il TumoB, pa3BuThle,
IJIaBHBIM 00pa3oM, B Haunboliee BBICOKHMX YaCTAX TEPPUTOPHUHU, TIE€ OCHOBHBIMU (HOPMUPYIOIIUMUCS
(akTOpaMu MX XHMHYECKOTO COCTaBa BBICTYNAET COCTaB aTMOC(EpPHBIX OCAZAKOB M BOJOBMENIAFOIINX
nopoz; 0) cynbharHo-THAPOKapOOHATHBIC HATPUEBO-KaNbIUeBble BobI I THIIA, claraloT HU3KOTOPHYIO
MEJIKOCOTIOUHYFO YacTH pailOHa, Ha UX XUMHUYECKUN COCTaB 3HAYUTENFHOE BIUSHIE OKAa3bIBAET COCTOSHUE
MTOKPOBHBIX OTIIOKEHUH 30HBI a’pallid, 00OTaIeHHBIX CyIb(ar-noHaMu; B) CyIb(aTHbIE HATPHUEBO-KATb-
nreBbie BoAHI 1l TrIa, orpaHHYeHHO pacpOCTPaHEHHBIC U CBA3AHHBIC C MAIC030MCKUMHU 00pa30BaHUSIMH,
00orameHHbIMU CYAb(QHUIHBIMA MUHEPAJIaAMH.

1I. bacceiin Apana oxsarpiBaeT nBa paiiona: Capeicyckuil (11.4) n Aracyiickuii (I1.5) (cMm. pucy-
HOK 2). B oporpadguueckoM OTHOIIEHHH TEPPUTOPHS MPEJCTABICHA HU3KOTOPHEM, MEIKOCOMOYHHUKOM H
LOKOJIbHOM paBHHMHOW. Hmuskoropbe pasBuro Ha Bopopaszenax pek JKakcwicapeicy-lllepyOaitnypa u
JKamancapsicy-ATtacy. MenKkoCOIOYHbIN peibed pactojokeH B CEBEPO-3aafHON U I0T0-BOCTOYHON YacTH
¢ abcomoTHEIME oTMeTKamMu 650-880. CraboBcxoMIleHHAs OKOJbHAS pAaBHUHA TATOTEET K JOJIWHAM PEK
Capricy 1 Atacy, OTMETKH KOTOPO# CHIDKAIOTCS C BOCTOKA Ha 3amaj.

B crpoenun paiioHOB y4acTByeT KOMILIEKC ITOPOJl BEChMa IIMPOKOTO CTPATHUTPaUUEecKOro aHara-
30Ha, HaYMHAS OT TPOTEPO30sI IO COBPEMEHHOTO OTAeNa deTBepTHUHOH cucteMbl [17]. Ilpeobmanmator
0CaJI0YHO-BYJIKAHOTEHHBIE 00pa30BaHUsl I1aJ1e030s, CIararollie MEIKOCOMOYHbIE U HU3KOTOPHBIE YaCTH
TEPPUTOPUHM M PBIXJIbIE ME3030M-KallHO30MCKHUE OTIIOXKEHUS, BBINONHSAIOMNE MEXTOpHbIE PaBHUHBI U
pedHBbIe NTONWHBL. 3HAYUTEIHHO Pa3BUTHI B IpeJeiax HU3KOTOPHH MeTaMmopduueckue KeMOpHid-TipoTe-
pPO30MCKHE W WHTPY3UBHBIC IMalIe030MCKHE MOPOAbl. B CKambHBIX 00pa30BaHUSX BOMOHOCHOW SIBIIICTCS
BEPXHSA TPELIMHOBATAas 30Ha MOIIHOCTBIO He Oomee 25-40 M, rae MUTaHue MOA3EMHBIX BOJ MPOUCXOIUT
myTeM HHQWIBTpaud aTMOC(EpHBIX OCalKOB, IIABHBIM 00Opa3oM 3WMHE-BECEHHEro INepuoja, COCTaB-
nsromx okoiio 30% wmx romoBoi cyMMBL. OCa/Ik¥l TEIUIOTO MEePHO/a MOYTH MOTHOCTHI0 PACXOMyIOTCS Ha
WCHapeHne W TPAHCIHPAIHNIO, 32 MCKIIOYEHUEM JIMBHEBBIX NMPOJOKUTENBHBIX IOXKACH, Bilara KOTOPBIX
YaCTUYHO MPOCAYUBAETCS B BOJOHOCHBIE TOPU30HTHI.

K 30HE mpeumMyIIecCTBEHHO PEYHOrO MUTAHHUS MOA3EMHBIX BOJ OTHOCATCS TOJMUHBI PEK U MEIKOCOo-
MOYHBIE CKJIOHBI Ha 3MUT€HETHYECKUX YJacTKax, IIe Pyclia COBPEMEHHBIX PEK IMPOJIOKEHBI M0 CKaJIHHBIM
nopogaMm. VX muTaHuMe 37€Ch MPOMCXOIUT B BECEHHEE BpeMs 3a cueT MH(QUIBTpAllMd MOBEPXHOCTHOTO
CTOKa B IIEPUOJ] MOJIOBOJbSI U B MEHBIIEH CTENEeHH 3a c4eT arMOc(epHBIX OCaJKOB IO IUIOIIAAN pac-
MPOCTPaHEHHUsI BOJJOHOCHOTO TOPU30HTA.

[Moazemubie BoABI B 0OJNIACTAX C MHTEHCHBHBIM BOIOOOMEHOM HMEIOT B OCHOBHOM THAPOKapOO-
HaTHBIN KaJBIUEBBI COCTaB M MHUHEpANIN3aliio, He npeBbimaronyto 1 /1. [To Mepe nBUXKEHHS BOX OT
oOmacTeil MUTaHMUS MPOUCXOAAT POCT UX MUHEPATU3AIMN U U3MEHEHHE COCTaBa OT TMAPOKapOOHATHOTO K
cynbharHoMy. JTa 3aKOHOMEPHOCTb HEPEAKO HapyllaeTcs u3-32 HEPAaBHO3HAYHBIX JaHIIadTHO-
TeOXMMUYECKHX YCIIOBHI palloHOB. B WacTHOCTH, Ha y4yacTkax C 3aCOJICHHBIMU TI0YBAaMH Ha HEOOJBIINX
paccTOSIHUAX OT OOHAKEHHBIX IUIONIAJed MHUHEpaTU3alus MOJ3EMHBIX BOJ YBEIUYHBACTCA B HECKOJIBKO
pa3 ¥ COOTBETCTBEHHO OHHU NPeoOpa3yloTCs B OCHOBHOM B CTOPOHY POCTa COJEp KaHHUs MOHOB XJIopa M
HaTpusl.

III. Bacceiin o3epa banxaw Bxitodaet 8 paiioHoB: MoitsiaTuackuid (I111.6), Kammmutickmit (111.7),
Kammm-Tokpayckuit (I11.8), Toxpayckuit (I11.9), Kenrepnayckuit (111.10), Ammozexckuit (II1.1), Ammu-
o3ek-bakanacckuit (I111.12), bakanac-Asrysckuii (I11.13) (cm. pucynok 2). CeBepHasi 4yacTb TEPPUTOPHH
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npeAcTaBiIsieT co0ol 00NacTe MUTAaHWA MOA3EMHBIX BOJX M MpPEACTaBlIeHa HU3KOTOPHBIM penbedoM. o
Mepe MPOABIDKEHMS X K 00J1acTH pasrpy3ku (03. bankanr) mpoucxoaut cMeHa oporpaduiecKix eInHUI B
MEJIKOCOTIOYHHK, a 3aTEM B IIOKOJIBHBIE H YACTUYHO aKKyMYJISITUBHBIC PABHUHBIL.

B reonoruyeckoM cTpoeHUH paiOHa ITABHBIM 00pa3oM YYacCTBYIOT BYJIKAHOT'€HHO-OCaJ0uHBIE 00pa-
30BaHMs MA€030s U MPOPBIBAIOIINE UX KPYIIHbIE TPaHUTHBIE MaccUBBl. B MeHbIIel Mepe NMPUCYTCTBYIOT
PBIXJIbIE KaHHO30MCKHE OCAJIKH, CIIararolife MeKCOTIOUHbIE JeTIPECCUN U PEUHBIE TOIUHBL.

M3MeHeHne KIMMaTHYECKUX yCIOBUM palloHOB B CyOMEpHIMOHAIBHOM HAIIpaBIEHUH C CeBepa Ha Ior
ompenensieT u cMeHy JanamadTHEIX 30H. CeBepHas 4acTh NMpeAcTaBleHa 30HOW CyXHX CTeleil co CBEeTIo-
KalllTAHOBBIMH TI0YBaMH, a Ha IOT€ — 30HOH MyCTHIHHBIX CTEMel W MyCTHIHb C OyphIMH U CEpO-OyphIMHU
MTyCTBIHHO-CTEMTHBIMU TI0YBaMHU. PacTUTENbHBIN TOKPOB pa3pspkeH W MPEACTaBIeH MOJBIHBIO, COITHKAMH,
adeMepaMu, PeIKO KOBBUIBIO Ha ceBepe pailoHOB U 3apOCisIMH KaMbllla 1o nodepexbio 03. bankam.

AHanu3 TUAPONWHAMHYECKHX YCJIOBHN TEPPUTOPUU TIO3BOJSIET BBIICIUTH JIBE 30HBI, COOTBETCT-
BYIOIIIME OTIPENETICHHBIM ITOBEPXHOCTAM APEHUPOBAHMS MOA3eMHBIX BOA [17]. 30Ha OCHOBHOTO NMHUTaHUS
TPEIIMHHBIX BOJ OXBaTHIBAET 00Jiee BO3BHIIIEHHBIE HU3KOTOPHBIE M MEITKOCOIIOYHBIE COOPYKEHUS F0KHOTO
ckioHa bamxam-Eptucckoro Bomopasaena. Beicokoe runcomeTpudeckoe MojaoKeHHe MpHU 3HAYUTEIbHOM
pacuiieHeHuH penbeda, xopomas OOHAKEHHOCTh WHTEHCHBHO TPEUIMHOBATHIX TIOPOJ, ITOBBIIICHHOE
KOJIMYECTBO aTMOC(EpHBIX OCAJKOB CO3AAIOT 37€Ch OJArompHUATHBIE YCIOBHUS IS MUTaHUA TMOA3EMHBIX
BoJ. [Ipu 3TOM pemaromast posib B MX MUTAaHUH NPUHAJICKUT aTMOCHEPHBIM OCaJKaM 3UMHE-BECCHHETO
MEPUOJIa, COCTABIIAIONINM B 00IIEroI0BOM OanaHce arMocdepHoi Biaru okoio 40%.

30Ha TpaH3WTA TPEIIMHHBIX W TPYHTOBBIX BOJl 3aHMMAeT IPOCTPAHCTBA MEIKOCOIIOYHMKA W aK-
KyMYJIATUBHBIX paBHUH. [IuTanue 31ech OCyIIeCTBIsSETCS TOJIBKO Ha yYacTKaxX MECTHBIX BOJOPa3/ieioB U
B OCHOBHOM 3a CUET TPaH3WUTa PETHOHAIBHBIX TTOTOKOB, COOPMHUPOBAHHEIX B 30HaX muTaHus. [lox3emMHbIi
CTOK OCYIIECTBIISIETCA KakK 10 BEpPXHEH, HanOosee TPEIMHOBATOW YaCTH BOJOHOCHBIX KOMIUIEKCOB B BHIIE
JIOBOJIBHO PAaBHOMEPHO pACIpPEENIEHHOTO II0TOKa, TaK W IO 30HAM KPYMHBIX PErHMOHAIBHBIX TEKTO-
HUYECKUX DPa3ioMoB. KOHIEHTpHUPYIOTCS MOA3EMHBIE MOTOKH B JOJHMHAX PEK, 0COOCHHO IIyOOKO Bpe-
3aHHBIX B MMAJIE030HCKOE JIOXKeE, TAE IPEHUPYIOTCS MOJ3EMHBIE BOJIBI HECKOJIILKUX BOJJOHOCHBIX TOPU30HTOB
W JIOTIOJTHHUTENHHO TIOTIIOIIAETCS MOBEPXHOCTHBIM CTOK, 00pa3ysl MOIIHBIE PETHOHAJBHBIE ITOTOKHU, JIBH-
JKyLIMecs: B CTOPOHY UX PErHMOHAJIbHOM 00nacTu pasrpy3ku (03. bankam).

®dopMHEpOBaHNE XMMHYECKOTO COCTaBa IOI3EMHBIX BOJ PAilOHOB TECHO CBS3aHO C THUAPOTUHAMHU-
YECKMMH YCJIOBHAMHU C OCOOCHHOCTSAMH WX NUTAHU, TPAH3UTAa W pa3rpy3Kku. B 30oHax muranus, obecre-
YEHHBIX TIOCTOSHHBIM TTOBEPXHOCTHBIM CTOKOM, OOpa3yloTcsi ciiabOMHHEpaIn30BaHHbie (10 1 T/71) BOABI
THIPOKapOOHATHOTO, TUAPOKAPOOHATHO-CYNB(ATHOTO HATPHUEBO-KAJIBIIMEBOTO COCTaBa. XWUMHUYECKHUH
COCTaB TIOJI3EMHBIX BOJ| B 30HaX TPaH3WUTa OIMPEENIeTCsS COCTaBOM aTMOC(EpHBIX 0CAJKOB, MPOLECCaMHU
BBIIIEIAYMBAHNSA U PACTBOPEHMS KOMIIOHEHTOB M3 BOJOBMEMIAIONIUX IOPOJI U MOKPOBHBIX OTIOKEHUI
[18]. B 3aBucHMMOCTH OT HUX MUHepanm3aius ux u3MeHsercs oT 1 mo 10 r/m, a Ux cocTaB OT THUAPO-
KapOOHAaTHO-CYTh(PATHOTO 10 XJIOPUIHOTO KaNbIIMEBO-HATPUEBOTO M HATPUEBOTO. 3a TNpenelaMu
BO3IEHWCTBUS MABOJKOBOTO CTOKA ITOI3EMHBIE BOBI JOJIHH PEK UMEIOT IMOBBIIIEHHYI0 MIUHEPATU3aIHio (10
20 1/71) ¢ mpeobnanaHueM Cyab(paTHOrO HATPUEBOTO 10 XJIOPUAHOTO-HATPHUEBOTO COCTaBa. MuHepaiu-
3alysl YBEJIMYMBAETCS TJIaBHBIM 00pa3oM B pe3yJbTaTe MCMApeHUsl ¢ HeNTyOOKO 3aIerarolluX MOJ3EMHBIX
BOJI ¥ TIPOIIECCOB CMEIICHHUS C BOJIaMH, MIPOIIECAIINMI Ha9aJbHYIO0 CTaJNI0 MEeTaMOP(HU3aINH Ha TTEPBBIX
aTanax GOPMUPOBAHHUS TIOTOKOB.

1V, Baccein o3epa Cacvikkons Britouaet Tanchikckuii paiioH (IV.14) (cMm. pucyHok 2), B mpeaenax
KOTOpPOTO TIpeoOnamaeT IeHyNallMOHHAs I[OKONbHAs paBHWHA, CMEHSIONIAasCS Ha OTHENBHBIX Yy4acTKax
aKKyMYJISITUBHOI, a Ha ceBepe Mepexosinas B MEIKOCOIIOYHUK U HU3Koropbe. OOMmMN YKIOH MECTHOCTH
HampaBlIeH Ha IOT B cTOpoHYy 03. Cachlkkoib. Pacmonaraercsi paliloH B 30HE CyXHX CTEMNeill cO CBETIO-
KallITAHOBBIMH TTI0YBaMH, U OOJIbINAsl YACTh TEPPUTOPUN HAXOJUTCS B 30HE ITyCTHIHHBIX CTETed ¢ OyphIMHU
MTOYBaMH.

dopMUpOBaHUE TMOA3EMHBIX BOJ TMPOUCXOAUT 32 CYET WHPHUIBTPALUH aTMOC(HEPHBIX OCaIKOB H
MABOJKOBEIX BOJA peKkd TaHCHIK. [TTaBHBIMEH OONACTAMH TUTaHHS SBISIOTCS sSApa aHTUKIWHAICH, BO3-
BEIMIIAIONIHECS Ha (JOHE paBHUH, OTKY/Ia W MMPOUCXOINT TTOA3EMHBIN CTOK B CTOPOHY ITOHIDKEHUS penbeda.
Pasrpy:xatorcss mop3eMHbIe BOJBI B 3a00JI0UEHHBIE YYAaCTKH U MENKHE 03epa, a TaKKe PacXomyloTcs Ha
ucnapeHus u TpaHcnupanuio. HekoTopyro poib mpu 3TOM, BEPOSTHO, UTPAET MOA3EMHBIM OTTOK B 03.
CacbIKKOIb.
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IlecTpplii XMMHUYECKHUH COCTaB IOJ3EMHBIX BOJ OOYCJIOBJIEH CJIOXHBIMH (PU3UKO-XUMUYIECKUMHU
MPOIECCaMH, TPOUCXOMSAIIAMHI TPH B3aUMOACWCTBAM C BOAOBMEIIAIONIUMH W TEPEKPHIBAIOIINMHU
MOpOJaMH MCIIapUTEIHHON KOHIIEHTpAlUY, a TakKe MPHU CMEUICHWH BOJA Pa3IU4HOro cocrasa. Ilo mepe
yaaleHdss oT oOnacTeld MUTaHWS MHUHepanu3anus mon3zeMHbix Boj oT 0,3 Bospacraer mo 3-6 1/1 C
MPEeUMYIIECTBEHHBIM CYylTb(PaTHBIM W XIJIOPWUAHBIM HATPHEBBIM COCTaBOM. Boapl ¢ MuHepaimzanuei
cpime 10 /71 XJIOPUAHOTO HATPUEBOTO COCTaBa MMEIOT JIOKAIbHOE PACIpPOCTPAHEHHWE W OTMEUAIOTCS Ha
HEOOJBIINX YYacTKaX C COIOHYAKOBBIM MIIM COJIOHLIOBBIM THIIOM 3aCOJICHUS TTOYB.

MarepuaJjibl 1 MeTOABI UCCIETOBAHMIA. J[J15 KONMMYECTBEHHON OLIEHKU THIPOT€OXUMHYECKOTO CTOKA
JUTS. BBIIEJICHHBIX 14 paifoHOB oOmpeneneHa BeJMYHMHAa XWMHUYECKOTO BBIHOCA TOA3EMHBIMH M TIOBEPX-
HOCTHBIMH BOJIaMH, & TaKXe NMPHBHOC COJNEeH aTMOC(EpHBIMU OCaJKaMH Ha JIBAALATHIC TOABI TEKYIIETrO
CTOJIETHSI HAa OCHOBE [AaHHBIX HAlMOHAIBHOW THIPOMETEOPOJIOTHYECKOH CIyKOBl M pa3BelIOYHBIX
THAPOTEOIOTHYCCKUX PadoT.

AtmocdepHBle 0CaaKH SBJISAIOTCS OCHOBHBIM TMPUPOAHBIM (DAaKTOPOM, KOTOPBIA OOyCIOBIHUBAET
pa3BUTHE MPOLECCOB BHIBETPUBAHMS TOPHBIX MOPOI M CEIUMEHTOreHe3a. JTO T€ INEpPBUYHBIE BOIHBIC
PacTBOPBI, KOTOPBIE B3aUMOJIEHCTBYIOT C TOPHBIMHU TOPOIAMHU U TIOYBAMHU M 00pa3yroT MOBEPXHOCTHEIN U
MTO/I3EMHBINA CTOK. TeppUTOPHUSA HCCICHOBAHWN HAXOAWTCS B apUIHBIA YCIOBHSIX, MPH KOTOPHIX OONbIIICe
KOJIMYECTBO OCAJIKOB, BBIMANAIONINX B jieTHee BpeMs (He MeHee 40-70% OT TOmOBBIX), pacXoayeTcsl Ha
ucnapeHue. B ¢Bs3M ¢ 3TUM IIpH pacueTax aTMOC(EPHOH COCTABISIONIEH XHMHUYECKOTO CTOKA BBHITIOTHEHO
paculieHeHHe Ha OCAJKH MPOXJIaTHOTO TMEepHoja OCEHb-3UMa-BeCHa W JIETHETO mepuona. PerymspHbie
PEKUMHBIE HAOMIONEHNS 32 KOJIMYECTBEHHBIMH U Ka4€CTBEHHBIMHU TI0KA3aTeIsIMU aTMOC(EpHBIX 0CaaKOB
Ha ceTH cTanuoHapHbIX MereocTaHuui (bankam, Xeskasran, Kaparanma) BegyTcs chenmaiucTamu
HaIMOHANBHON THIpoMeTeoponorndeckoit ciayxkObl (PITI «Kasrumpomer»). CocTaB 3WMHHX W JIETHHUX
ocankoB pasznuuaercs. CHerotanmas Bojga ¢ MuHepanusanueit 18-153 Mr/m, B HOHHOM coOCTaBe
npeoOnafaloT THAPOKapOOHATHI, cynb(aThl M Kalbluid. B HOHHOM cocTaBe JOKIEBOI BOABI MPeodIagaroT
cynbdarsl, THAPOKAPOOHATHI, KANBIIUNA U HATpHiA, MUHepanu3anus ee 21-421 mr/n. JlanpHeimue pacyeTsl
MIPOBE/ICHBI 10 YCPEAHEHHOMY COCTaBY OCAJKOB IMPOXJIAJAHOTO W JIETHETO IMEPHO/Aa C YYETOM IUIOIIAIN
OIIEHHBAEMOTO pPaiioHa U CPEIHEMHOTOJIETHETO KOIMYECTBA OCAJAKOB 32 PaCUETHBIA MEPUO/.

PeuHoi1 CTOK UTpaeT penamnryro poilb B Pa3BUTHH I€0JOTHYECKUX MPOIECCOB, 0COOCHHO CBS3aHHBIX
C COBpPEMEHHBIM CeIMMEeHTOreHe30M [19]. bombIIMHCTBO peK pernoHa HE MMEET KPYIIIOTOJUYHOTO CTOKA,
B MX TO/IOBOM PEKHME BBIACITSAIOTCS TPU (Da3bl: BeCeHHEE IIOJIOBOILE, BO BPEMs KOTOPOTO MPOXOAUT B
cpeaHeM 70-90% romoBOro CTOKa; JIETHE-OCEHHSSA MEKEHb C YCTOMYMBBIMHU MAJIBIMU pacxonamu 10 5-10%
TOIOBOTO CTOKA; MEPHOJ JIEAOCTaBa — 3UMHEH MEKEHU — CO CTOKOM 2-3%. XUMUYECKH COCTaB PEUHBIX
BOJ (hOpMUPYETCS B PE3YyIbTaTe BIUSHIS aTMOC(HEPHBIX 0CA/IKOB, BPEMEHHBIX IIOBEPXHOCTHBIX BOJIOTOKOB
U TIOJI3€MHBIX BOA. B MeXeHHBI mepuoj peKu NHUTAoTCs 3a CYET IMOA3EMHBIX BOZA, MO3TOMY B
JATBHEHIIINX pacyeTax, COCTABIISIIOMINX THIPOTCOXUMHUECKHI CTOK, OHU OTHECEHBI K MOJJ36MHBIM BO/IaM.
CoOCTBEHHO TIOBEPXHOCTHAs COCTABIIAIONMIAS XMMHYECKOTO BBIHOCA OMNpEIeNseTcsl BEIMYMHON Ta-
BOJIKOBOTO CTOKa. [lo XuMHYECKOMYy COCTaBy 3TH BOABI 3aHMMAIOT MPOMEXYTOYHOE IOJOKEHHE MEXIY
aTMOC(EepHBIMH OCaJIKaMH U PEYHBIMH BOJAMH B IIEPHOJ JIETHEW MEKEHH M CBSA3aHBI C JaHgmapTaMu
TEOCTPYKTYPHBIM TOJIOXKEHHEM BogocOopHOTO Oacceiina [20].

Ha Tepputopun uccrnenoBaHuii B CBSI3U C OTPAaHUYECHHBIM PAaCIPOCTPAHEHHUEM ITOBEPXHOCTHOTO CTOKA
MOJ3€MHBIE BOJBI SBIAIOTCS OCHOBHBIM MEXaHH3MOM B IepepacIipe/esIeHHH BeILecTBa B 36MHOI Kope.
Hapsimy ¢ mporieccom qBMKEHUS TPaBUTAIIMOHHBIX BOJI, 3aKJIFOYEHHBIX B TOPHBIX TIOPOAaxX BEPXHEH 4acTH
3eMHOH KOpBI, OT oOmacTell MUTaHWA K MECTaM JAPEHUPOBAHHUSA TMPOHUCXOTUT MUTPALNUS XUMHUYECKHX
3JIEMEHTOB, TOCTYMAIONIIUX B MOJ3EMHYIO BOJY B pe3yJbTaTe pa3iHyHBIX (PU3UKO-XMMHYECKUX U OMOJIO-
THYECKHUX TIPOIECCOB, MPOUCXOASIINX B CHCTEME «TOpHAas IOpona-Boaa». llpu ompeneneHnn TUIPO-
TEOJIOTHYECKOTO CTOKa HWCIOJh30BaHA BENWYMHA MOIYNA MOA3EMHOTO CTOKAa, YCTAHOBIEHHOTO TIPH
TUAPOre0JIOTNYECKON ChEMKE U pa3BelKe MOA3EMHBIX BOA. JJId onpeaeneHuss XuMUUECKOW COCTaBISAOIIEN
BBIHOCA UCTIOJIb30BAH CPEIHUNA COCTAB MOA3EMHBIX BOJ BOAOHOCHBIX KOMIUIEKCOB 110 OCHOBHBIM paiioHaM.

Jl71s OTIeHKH CyMMapHOTO XMMHYECKOTO BEIHOCA DJIEMEHTOB HCIIONIE30BaHO ypaBHeHue [21]:

QCyM = QaTM + QHOB + QHO,C[3 - Qa]( 7 (1)
1€ Qcyy — CYMMApHBIH XUMHYECKHH BBIHOC; Qary — ATMOC(EPHAS COCTABIISAIOIIAA XUMHUIECKOTO BBIHOCA,;
Qros — XMMUYECKHUH BHIHOC TIOBEPXHOCTHBIMU BOAAMH; (1075 — XUMHYECKMH BBIHOC MOA3EMHBIMH BOJIAMH,
Q.x — AKKYMYJISIHSE colielt n3 aTMOC(EPHBIX 0CAIKOB JIETHETO TIEPUOA.
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[Ipu B3aumojeiicTBUM BONA-TIOPO/AA IMPOUCXOASIT HE TOJBKO HM3MEHEHHE MHHEPAIOTUYCCKOTO U
XUMHYECKOTO COCTaBa MOPOJ, HO ¥ MOOWIM3ANHNS BEIIECTBA, MPUBOAANIETO K MEXaHHYECKOMY M XHMH-
YeCKOMY BBIBETPHUBAHHIO. JTH JBa MpoIlecca TECHO CBsI3aHBI Mexay co0oil. Tak, n3BepKeHHbIE U CHIIBHO
MeTaMOP(HU30BaHHBIC MOPOJBLI CIa00 MOJABEPKECHBI MEXaHMYECKOW 3PO3UH 0 TeX IOp, MOKa OHH HE
ocCiiabiieHbl XUMHYECKHM BbIBeTpHBaHHEM. [lokazarenbh TMOA3EMHONW XUMHYECKOW JCHYNAlMU OTpese-
JIsIeTCs 1o hopMmyIie:

_ Munx.c.

h = 5t (2)

rJe s — mokasareib MOA3eMHOM XuMudeckoi aenymammu, MM/1000 set; M m.x.c. — MOIY/b TOA3EMHOIO
XUMHYECKOTO CTOKA, T/C KM’; & — CpPEIHAS IIIOTHOCTh TOPHEIX MOPOJ B BEPXHEH YaCTH 3eMHOI KOPBI; T —
Bpems 1000 ner [21]. TlockombKy XUMHYECKOW NEHYNAIMM B PETHOHE TOABEPKEHBI TMIaBHBIM 00pa3om
KOPCHHBIE TTOPOJIBI, TO IIPHHSTA INIOTHOCTH MOPOJ 2,5 T/CM".

TeM caMbIM XHUMHYECKas AEHYAALMsS OMpEAENsAeTcs] BEIWYMHONW BBIHOCA IOJ3€MHBIMH BOAAMHU
XMMHYECKUX 3JIEMEHTOB W3 BOAOBMEINAOUMX Mopox. OAHAako XMMHUYECKHI COCTaB TMOA3EMHBIX BOJ
ciaraeTcs: W3 COJIeH, NPUHECEHHBIX aTMOC(EepHBIMH OCagKaMH, J3JIEMEHTOB, BBIMIEIOYEHHBIX W3
BMEIIAIONINX MOPOJ] U TIOYB, a TaK)K€ MOHOB, CHHTE3MPOBAHHBIX M3 BOABI U YIIIEKUCIIOTO Tra3a. B cBsa3u ¢
3THM Ba)XKHO BBIICIUTH OTHACIBHBIE COCTABISIOIIME BHIHOCA B 3aBUCHMOCTH OT T€HETHYECKOH OCOOEH-
HOCTH XMMHYECKOTO COCTaBa MOJ3EMHBIX BOJ|, TO €CTh YCTAHOBUTH BEIMYMHY JINTOTCHHOMN COCTaBIAONIEH
XUMHYecKoro BbiHOca. [logpoOHasi MeTonnWka BBIIETNCHHS KaKIOW W3 COCTABISIONINX XHUMHYECKOTO
BBIHOCA MOJ3EMHBIMU Bojlamu u3noxeHna B padore C.JI. [lIsapuesa [10].

Pesyabratsl m ux obcy:xkaenue. [IpoBeieHHBIE pacdeThl MOKA3BIBAIOT 3HAYMTENBHYIO nuddepen-
[UAIIIO MOJYJS XUMHUYECKOTO BBIHOCA IO palflOHaM M €TO TECHYIO CBS3b C JaHAMA()THBIMU YCIOBUSMH U
JIUTONIOTMYECKUM COCTAaBOM Topo. HamGonblmue 3HaueHms Xxumudeckoro BbiHoca (23,1-25 1/rom km?)
XapaKTepHBI JIsi KapOOHATHBIX OTIOXKEHUH CpeqHe-BepXHEro kapOOHa M BEPXHETO JAEBOHA, HUKHETO
KapOOHa B Ipe/ieax HU3KOTOPHOW 4acTh paiioHa | ¥ B MEJIKOCOIIOYHUKaX paioHoB 11 u 12.

Heckonpko MEHBIINMH, a TIO A0JWHAM KpyHHBIX pek (Tokpay, Adry3) gake OONBIIMMHU 3HAYEHHUSIMHU
MOJIyYNsI XMMHMYECKOTO BBIHOCA XapaKTEpHU3YIOTCS Me3030H-KaliHO30McKkue oTnoxkeHusd. Kak yxke oTme-
9alloCh, PEKH SIBIISTIOTCS TPEHAMU, IO KOTOPBIM MPOMCXOIUT OCHOBHOM CTOK ITOJI3EMHBIX BOJI, U BEJTHMYHWHA
XUMHUYECKOTO BBIHOCA COCTaBiaseT 1o HuM 15,7-30 T/rom. Ilpm 3TOM pOCT BBIHOCA PaCcTBOPECHHBIX
COEMHEHUH B JOJMHAX pPEK HaOIIONaeTcsi C ceBepa Ha IOT, 10 Mepe OTHOCHUTEIHHOTO YMEHBIIEHUS
MOJI36MHOTO CTOKa W MPH 3HAYUTEIEHOM €ro YBEIWYCHHH HEHAMHOTO IMPEBBIIIAIOT BBIHOCHI KaJbIHSA C
KapOGOHATHBIX TOPOJ] BEPXHETO IEBOHA M HIDKHETO KapOoHa paiiona 9 (2,5 r/(c-km?)).

Hns LentpanbHo-KazaxcTaHCKON 4acTH bajkalnickoro cermMeHTa IpOBEAEHBl pacyeThl XMMHYECKOIO
BBIHOCA TIOA3EMHBIMH BOJaMu 1Mo OacceiiHam cToka. B Oacceitne Kapckoro mopsi — paiionsr 1, 2, 3,
PaCTONOKEHHBIX TPEUMYIIIECTBEHHO B HHU3KOTOPHSX IIPH OTHOCHTEIHHO BBICOKMX 3HAYCHHUSX MOMYIS
MTOI36MHOTO CTOKAa M HEOOJNBIION MHHEpaTu3alny, BEIHOCUTCS 293,8 THIC.T/TOX PaCTBOPECHHBIX BEIICCTB.
[Tpu ToM XMMHUYEeCKHid BBIHOC THIpoKapOoHara coctasisieT 35,5 TeIc. T/rof, cynbdara — 86,5 ThIC.T/TOA,
xyopa — 49,1 Teic. T/TON, Harpus — 58,6 ThIC. T/Tox, Kanblus 37,5 ThIC. T/TOA, MarHus — 13,1 TeIC. T/TOO M
MOZIYITb IIOA3EMHOTO XMMHUYECKOro BEIHOCA IS Beero Gacceiina pasen 0,29 r/(c-km?).

CyMMapHBIif BEIHOC MTOJ3€MHBIMH BOJIaMU U3 paiioHOB 4 1 5 B GacceliH ApajbCKOro MOpSI COCTaB-
nser 181,7 TeIc.T/Ton pacTBOpeHHBIX BemiecTB. OTHOCHUTENbHOE MpeoliiafaHue BbIHOCA CynbdaT-uoHa
(96 620 T/rom) mMOM3EMHBIMH BOJAaMHU OOBSICHSAETCS KaK paclpOCTpPaHCHHEM CyIb(aTHBIX Cojiei
MEPEKPHIBAIOIINX OTI0KEHUN, TaK U OKUCIEHHEM M BBIIIETAYUBAHHEM CYIb(QHUIHBIX MUHEPAJIOB, UMEIO-
IIUX IIHPOKOE PaclpoCcTpaHEHHE MPAKTUYECKH BO BCEX MTOPOJaxX paiioHOB.

B Gacceiin o3epa Baikam B MccrieyeMOM perroHe BXOAMT TEPPUTOPHS ¢ uiomaabio 88 300 k.
[Ipm sTOM OocHOBHOHM mom3emHbIN cTOK (Oomee 70%) dopmupyercs B monmmHax pek Tokpay, bakanac u
Asrys, umeromux miomans 40 400 KMZ, U BeIHOCUTCS 498,5 ThIC. T/TOJl PACTBOPEHHBIX BEIIECTB, YTO
cocraBimsieT 53% oT BeIHOCA TO OacceliHy. OCHOBHBIMH HOHHBIMH COCTABJISFOIIAMHU TIOA3EMHOTO
XUMHYECKOTO BRIHOCA ¢ OacceifHa SBISIOTCS, THIC. T/TOM: TUApokapboHar — 59,4; cymedar — 402,2; xmop —
146,1; narpwmit — 195,5; kaneuuit — 99,5; marauit — 37,7. CpenHee 3HaYCHUE MOIYIS TIOA3EMHOTO XHMH-
YEeCKOro BhIHOCA Oacceiina paBHo 0,34 F/(C‘KMZ).

Ha BeIHOC TOA3EMHBIMH BOJaMH B YCIIOBHSX KOHTHHEHTAJIBHOTO 3aCOJICHHsS] OTPOMHOE BIUSTHHE
OKa3bIBAIOT COJM aTMOC(EPHOTO IMPOUCXOXKACHUS, KOTOpble OBUTH YYTEHbI NPHU OIpPEIeIEHUH POIU
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XUMHYECKOTO BBIHOCA B Pa3BUTHUHM DK30T€HHBIX mporeccoB. [lom3eMHbIe BOABI 00OTamIalOTCs MOHAMHU
XJIOpa MPEUMYIIEeCTBEHHO TOJBKO 3a CYET 3aCOJEHHBIX TOPHBIX MOPOJ M IOYB. 3HAYUT HCTOUYHHUKOM
XJIOPUIHBIX COJICH SIBISIOTCS HE TOPHBIC IMOPOIbI, a aTMOC(epHbIe OCaAKH, (POPMHUPYIONIUE COIH B
TEUCHHE BCEro IEPHUOAA CYIICCTBOBAHUS 3aCyILIMBLIX YCIOBHM B JaHHOM peruoHe. [losTomy mpaxTu-
YECKH BECh XJIOPUIHBIA COCTaB MOA3EMHBIX BOJ (hOPMHUPYETCS 3a CUET aTMOC(EPHBIX OCAIKOB, U IO €ro
BEJIMYNHE MOXXHO OTIPEIEINTh COOTHOIIEHHS MEXIY aTMOC(EpPHBIMHA COCTABISIOMIUMH XHUMHAYECKOTO
BBIHOCA TOA3EMHBIMU BOAAMH PAa3JIMYHBIX JIaHMIA(THRIX 30H. Tak, cpemHee coIepKaHUEe XJopa B
MOJI3€MHBIX BOJIAX 30HBI CYXHX CTeNel ¢ TEeMHO-KAIITaHOBBIMH ITOYBaMHU COCTABISET 54,5 MI/M, B CBETIIO-
KaIlITAHOBBIX MMOUBax — 92,2 MT/1, B 30HE MMyCTHIHHBIX CTETICH M MyCTHIHB C OypbIMHU TToUBaMu — 292,2 Mr/i
U cepo-OypeIMH mouBamMu 967,7 Mr/m. 3HaYMT MO Mepe YBEIMYCHUS HCIAPUTENHbHOW KOHIICHTPAIIUH
3HA4YEHUsI aTMOC(EPHOIN COCTABIIAIONICH XUMHUECKOTO BBIHOCA TIOA3EMHBIMU BOAaMHU pacTyT. Hampumep,
OTHOCHUTEITFHO 30HBI CYXUX CTETel ¢ TEMHO-KaIITAHOBBIMHU TIOYBAMH B CBETJIO-KAIITAHOBBIX MOYBAX BHIIIIE
B 1,6 pa3a, B Oypeix — B 5,1 pasa u B cepo-Oypbix — B 16,8 pa3za. Temepb, 3Has JIUTOTCHHYIO CO-
CTaBJISIOILYIO ISl CYyXHUX CTEMei ¢ TeMHO-KalTaHOBBIMU TouBaMu (23%), ompenenseM ee U Ui JpyTux
JMaHAMAQTHBIX 30H.

BennunHa XuMu9ecKkod JAeHyZallMd 3a CYET BBIHOCA DPACTBOPEHHBIX COENWHEHHWH ITOI3€MHBIMH
BOJIlaMH B pernoHe miaMensiercs ot 0,03 (aeHymalMoHHas paBHUHA B 30HE MyCcThIHB) 10 0,9 MM/1000 neT
(cpemHeropbe cyxux crerei), To ecTh B 30 pa3, 4To CBA3aHO C JaHIIMIA(QTHEIMHA yCIOBUSIMA U BBICOTHOM
30HAJIHLHOCTRIO (Tabmuma 1).

Ta6n1/1ua 1 — Benmnuuna JACHYJallUHU IIPpU XUMHUYE€CKOM BBIHOCE 3JIEMCHTOB IOA3€MHBLIMH BOJaMH
110 OCHOBHBIM HaHL[]lIa(I)THI:IM 30HaM peruoHa

Table 1 — The magnitude of denudation during chemical removal of elements by groundwater
in the main landscape zones of the region

JlanamagrHas Tun Howmep Benuuuza nuroreHHON Bennunna JeHy nannoHHbII
3oHa TIOYB pacdeTHoro COCTaBIIAIONIECH JIeHy JalliH, MeTp,
paitona MOJ3€MHOTO XUMHYECKOTO MM/1000 MJIH JIET
BBIHOCA, THIC. T/TOJ ner

1 39,3 0,9 1,1
Teatiio- 2 18 0,7 1,4

KaIlITaHOBBIE
3 6,8 0,7 1,4

Cyxue crenu
4 24,1 0,6 1,7
Coetuio- 9 26,9 0,5 2

KaIlITAaHOBBIE
13 44,8 0,9 1,1
5 0,6 0,1 10
6 0,9 0,1 10
byprie 7 5,6 0,1 10

Iy CTBIHHO-

IlycTbiHHbBIE CTENU U CTEIIHbIE 10 6,5 0,3 33
ITyCTBIHK 11 3.9 0,1 10
14 2,4 0,1 10
Ceno6 8 0,1 0,03 33

epo-Oypeie
pomoyp 12 1,2 0,06 17

B ycnmoBmsx, xorma mom3eMHBIN CTOK 3aKOHOMEPHO BO3pAcTaeT C fora Ha CEBep C yBeIHMUeHHEM
a0COJIFOTHBIX OTMETOK MECTHOCTA W KOJHMYECTBA aTMOC(EpPHBIX OCaIKOB, Mbl HE HaOIIOIaeM MOCIe-
JIOBaTeIbHOTO POCTa XMMHYECKON IEHYJAallMd C yBEJIMYEHHWEM MOAYNS CTOKa. B wacTHoCcTH, Makcu-
MaJbHbIE 3HAYCHUs ACHYIAIlMd YCTAHOBJICHBI B CPENHETOPHOW YacTH CYXHX CTENedl ¢ TeMHO-Karl-
taHoBEIMU TrouBaMu (0,9 Mm/1000 7neT), a Takxke B OoJjiee apUIHBIX YCIOBHSIX HHU3KOTOPHBIX pailOHOB
CYXHX cTened co cBemno-kamrTaHoBbiMH mouBamu (0,9 mM/1000 net) mpu BpeMeHH, HEOOXOIMMOM JJIst
CHIDKEHUS 3eMHOH moBepxHOocTH Ha 1 M, 1,1 MuH net (meHygannoHHBIH MeTp). M 3TO BmoiHE 3aKOHO-
MEpHO, TaK KaK CTEMeHb 00OTaIleHUs TOA3EMHBIX BOJ XHMHYECKUMH 3JIEMEHTaMU Hapsay C BEIWIHHON
MMO3EMHOTO CTOKAa OTIPECIISICTCS] 1 BpEMEHEM B3aUMOJICHCTBHUS BOJIBI C BMEIIAIOIIUMHU ITOPOIAMH.
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Takum 00pa3oM, HAUOOJNBIINE 3HAUCHUS XUMHUYCCKOW JCHYIAIMU XapaKTePHBI IS HU3KOTOPHBIX
U CPEOHETOPHBIX YacTel peruoHa, riae OTMEYAETCsl U XOpOollas IPOMBITOCTh MOPoA. B paBHUHHBIX 4acTIX
Ha FOre HCCIeAyeMOl TEeppUTOpPHH MBI HaONIOmaeM BBICOKYIO CTENEHb 3aCOJEHHOCTH IIOPOI, HYTO
CBUJICTEILCTBYET O MHHHMAJIBHBIX BEJIMYMHAX XUMHYeckod nenymaruu (Mmenee 0,03 mm/1000 ner), a
TaKKe aKKyMYISIIMM COJIEH B OTAEIBHBIX JCHpPecCHsIX. XUMHUYECKas NEHYAAlMs B MEJIKOCOMOYHUKAX
mmensiercs ot 0,1 mo 0,3 mm/1000 neT 1 3aHIMAaeT MPOMEKYTOUHOE TIOJIOKCHIE B 3HAYCHUAX JTCHY AN
TOPHBIX palilOHOB U paBHUH.

HNHTEeHCUBHOCTh pa3BUTUS JCHYAAMOHHBIX MPOIECCOB BO MHOTOM OMNPEACNACTCS U BBIHOCOM
XUMUYECKHUX AJIEMEHTOB IMOBEPXHOCTHBIMHM BOJAaMHU NABOJIKOBOro mepuona. OmHAKO H3-3a KpaTKOBpe-
MEHHOCTH B3aWMOJICHCTBHS IMaBOIKOBBIX BOX C TOPHBIMH TIOPOAaMH XHMHYECKHH cocTaB ux (op-
MUPYETCS 32 CUET COCTaBa aTMOC(EPHBIX OCAJKOB, BEIHOCA MPOIYKTOB MCIIAPUTEIBHON KOHIICHTPAIUU U
BbIBeTpUBaHUs. [103TOMy MBI IpU pacueTe BETUYHMHBI ACHYNAUUU YUUTHIBAIA KOJUYECTBO BBIHOCHUMBIX
peKkamMH B3BEIICHHBIX YaCTHI] M IPOAYKTOB XWMHUYECKOTO BBIBETPHBAHHUS C BBIYETOM aTMochepHOi
cocTasistomieil (tabnuna 2).

Tabnuua 2 — BennunHa AeHyAaMy TPH BEIHOCE BEIIECTB MOJ3EMHBIMU 1 TOBEPXHOCTHBIMHU BOIAMH
1o GacceifHaM MOpei U BHTYPEHHHX BOJIOEMOB

Table 2 — The magnitude of denudation during the removal of substances
by ground and surface waters in sea basins and inland water bodies

bacceiin Cocrasnsmnias [Tnomans BenuuuHa neHynanum 3a cueT Jleny naliMoHHbIN
BBIHOCA BozocOopa, PacTBOPEHHBIX U B3BEILIECHHBIX MeTp,
TBIC. KM gactuil, Mm/1000 et MUJIH JIET

IToBepxHOCTHAs 30,2 0,05 20

Ozepo Tenrus ITonzemuast 32,5 0,8 1,2
CymmapHas 32,5 0,81 1,2
IToBepxHOCTHAs 6,0 0,06 17

Aparnbckoe Mope Iloa3emuast 15,7 0,6 1,7
CyMmMmapHast 15,7 0,63 1,6
[ToBepxHOCTHAS 432 1,1 0,9

O3sepo bankam ITonzemuast 82,3 0,4 2,5
CymmMapHas 82,3 0,78 1,3
[ToBepxHOCTHAs 0,54 0,3 3,3

O3epo CachIKKOIIb Tomsemtas 6 0.1 10
CymmapHas 6 0,2 5
[ToBepxHOCTHAs 79,9 0,4 2,5

B uenowm no peruony ITonzemuast 136,5 0,5 2
CymmapHas 136,5 0,7 1,4

OTHOCHUTEIPHO HEBBICOKWE 3HAYCHUS ICHYNAIWHA MPU BBEIHOCE MABOIKOBBIMH BOJaMHU B OacCEHHBI
Kapckoro u Apanbckoro mopeii (0,05-0,06 mm/1000 5eT) cBsi3aHbI C TeM, 4TO CTOK pek TyHIBIK, TaHCHIK,
Hypa, Capbicy B OCHOBHOM 3aperyJIipoBaH MEJIKUMH TUNIOTHHAMU (CM. Ta0nuIry 2).

Benmnunna neHymamuu 3a C4eT CyMMAapHOTO BBIHOCA TOA3EMHBIMH M ITOBEPXHOCTHBIMH BOJAMH IO
OacceitHaM Mopell W BHYTPEHHHX BOAOEMOB IpuMepHO oamHakoBas (0,6-0,8 mm/1000 mer) n nenyna-
IMOHHBIA MeTp u3MeHsieTcs ot 1,2 mo 1,3 muH aer (cM. Tabauiy 2). Jlums B 6acceiine 03. CacBIKKOIb OH
coctasyseT 0,2 Mmm/1000 set, 9T0 00BACHICTCS HEOOIBITHUM TIOA3EMHBIM U TIOBEPXHOCTHBIM CTOKOM.

OO0cy:xneHue. B 1emoM 1o pernoHy IMOKas3arelb NCHYJAIIMU 3eMHOW TOBEPXHOCTH TMOJ JEHCT-
BHEM BhIHOCA TOBepXHOCTHBIMU Bogamu — 0,4 MmM/1000 set, moazemubiMu Bogamu — 0,5 mm/1000 net u 3a
caer cymmapHoro BeiHOCA — 0,7 MM/1000 ner. BenmnunHa neHymallmOHHOTO MeTpa cocTaBisieT 2,5; 2 u
1,4 MIH JIeT MO TMOBEPXHOCTHBIM, MOA3EMHBEIM W CyMMAapHBIM BEIHOCAM XHMHUYECKHX DJIEMEHTOB W3
peruoHa.
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BrlHOC TOM3eMHBIMH BOIaMU XWMHUYECKHX JJIEMEHTOB M3 TOPHBIX IOPOX SIBISETCS OCHOBHBIM
MoKa3arejeM COBPEMEHHOTO XMMHUYECKOTO pas3pylieHus mocieannx. Kak Mpl yOenummcy, HHTEHCUBHOCTh
3TOTO MPOIEccCa BO MHOTOM OMPEAEAETCS JTUTOJOTHIECKUM COCTAaBOM BOJOBMELIAIOIINX MTOPOJI, & TAKKE
KOJIMYECTBOM BOJIbI M BPEMEHU B3aUMOJIEMCTBHA B CUCTEME «BOAA-IIOPOAA-Ta3».

W tennenmms pasBuTHs Tpoliecca clenylomas: npu odbeme Boawsl B cucteme 8,14% KambIiwii
cocraBiser 68,5%, momomutel — 12,5% wu kBapu — 0,4%. B manpHelimiem mpu yBETWYCHHHM BOABI B
cucteMe B 4 paza KOJIMYECTBO MUHEpANOB B TBepHoW (aze cokpamaercs B 2,5 pasza, U yxe MpH J0-
CTIXEeHUU oobeMa Boxbl 48,53% conepxanue TBeproi (hasbl B cucteMe yMeHbInaercs osicTpee (7-8 pas),
geM pocT oObeMa Boael B cucteMme (1,4 paza). 3HauuT Tpu 00beMe BOABI, IPHUMEPHO PABHOM OOBEMY
MOPOJIBI, IPOUCXOAAT Hanbosee NHTEHCUBHBIE MPOIECCHl MePexoa XUMUIECKUX 3IEMEHTOB U3 TBEpHOH
(a3bl B )KUAKYIO.

B Gonee cnoxHO# opMe MPONCXOIUT PACTBOPEHUE ATFOMOCHIINKATHBIX MTOPOI, XapaKTEPHU3YIOIIIXCS
WHKOHTPYHTHBIM pacTBOpeHHEeM. B 3ToM ciyyae XUMHUECKHE 3JIE€MEHTHI MOPOIBI MOJ AEHCTBHEM BOBI
pa3fensAoTCs Ha 3JEMEHTHI, NEepeleliie B pacTBOp, M 3JIEMEHTHI, BOIIEAIINE B KPUCTAJUIMYECKYIO
pelIeTky BTOPHYHBIX MHUHepanoB. [lpu paccMoTpeHMH NaHHOTO THIAa PACTBOPEHUs OOJBIION HHTEpEC
MIPEICTABIISIOT M3MEHEHHUS MPOIEHTHOTO COOTHOIICHHWS TEePBUYHBIX M BTOPHYHBIX MHHEPAJOB BHYTPH
camMoil TBepmoi (as3pl, KOTOPYIO MBI IMONPOOYeM OCBETUTh Ha TPHMEpE B3aMMOICHCTBHUS BOJABI C
TPaHOCHEHUTAMH B OTKPBITON CHCTEME.

Taxkum obOpa3om, Tipu oObeMe BoAbI B cucteme 7,65% IepBHUUHBIE MUHEpAJIbl COCTaBISIOT 66,8%,
BropuuHbie — 17%. [Ipu yBenuuennn Boasl B cucteme 10 48,7% KOTU4ECTBO MEPBUYHBIX MHHEPAJIOB yiKe
cocraBmser 0,19%, a Bropuunbix — 0,28%, TO ecTh B TBepAoi (haze cHCTeMbl HAYMHAIOT MpeoliaaaTh
BTOPUYHBIE MHHEPAIBI W 3TOT MPOIECC MOXKET OBITh 3aBEpIIeH IMOJHBIM 00pa30BaHHWEM MEPBHYHBIX
MHUHEPAJIOB BO BTOpuuHbIe. [Ipu 3TOM pacTBOp oboraiiaercs kaTuoHHoM cocTapistomieit (Na, K, Ca, Mg u
JIp.) ¥ CUJIMKAaTHBIMH COEAMHEHHUSIMH, TEMI Iepexoja 3TUX 3JEMEHTOB B pacTBOpP OTCTaeT B 7 pa3 OT
BEJIMYMHBI OOpa30BaHMS BTOPUYHBIX MHHEPAJIOB. BeNWMYMHYy STOro OTCTaBaHUS MBI OMpEIeNsieM Kak
OTHOIIIEHHE BECOBBIX IPOIIEHTOB OOPa30BAHHBIX BTOPUYHBIX MHUHEPAJIOB K BECOBBIM IPOIEHTAM
PacCTBOPEHHBIX KOMIIOHEHTOB Tipu oObeme Bombl B cucteme 49%. OTtcioga BBITEKAeT, YTO CKOPOCTH
XUMHYECKOTO BBIBETPHBAHMUA Ha MHOTO OIEPEX)aeT CKOPOCTh XUMHUYecKor aeHymanmu. CienoBaTelbHO,
XUMHYECKOE BBIBETPHBAHHWE TOTOBUT CyOCTparT UIi MEXaHWYECKOH AIPO3UH MEHbIE CKOPOCTH XHMH-
YEeCKOT0 BBIBETpHUBaHUs, GopMHpyeT Kopy BeiBeTpuBaHus (I1IBapres, 1978).

AHanornyHo OBUTM PacCYUTAHBI COOTHOIIEHHWS BBIHOCA M HAKOIUICHUS XMMHUYECKHX DIIEMEHTOB B
MPOAYKTaX BHIBETPUBAHUS IS PAa3IMYHBIX TOPHBIX MOPOJ: CHEHUTa — 7,3; rpaHoanoTpuTa — 6,9; nuopu-
Ta — 6,2; mupokcennta — 5; nepugoruta — 0,75 u ra66po — 0,4. [Ipexae Bcero, OTMETHUM, YTO paccMar-
puBaemMoe cooTHolreHue komeonercs ot 0,4 mo 7,3. Ilpum 3TOM YeMm BBINIE PACTBOPUMOCTh MHHEPAIIOB
MOPOJIbI, TEM MEHBIIE ATO COOTHOIICHHE, a B YIBTPAOCHOBHBIX TIOPOAAX BBIHOCSTCS HE TOJBKO BCE
MOJBM)KHBIE KAaTHOHBI, HO W TIOAABIAIONIAS YacTh KPEMHHS, YTO MPHUBOAUT K KOHIEHTPUPOBAHHIO
THJIPOOKCH/IOB JKeJie3a B MIPOAYKTaX BHIBETPUBAHUS.

3akauenne. Ha ocHOBe NpUBEACHHBIX COOTHOIIEHHH MOXXHO PacCYUTATh MOJTHBIA 00BEM pa3py-
[IAeMBIX BOJOH TOPHBIX TOPOA M CKOPOCTh XHMHYECKOTO BBIBETpHBaHHUS. Tak Kak YIBTPaOCHOBHBIE
MOpPOJBI B PETHOHE MMEIOT OTPaHMYEHHOE PAacCIpOCTpPaHEHHE, a MPeoOIalaloT MOPOABI KHCIIOTO, Iie-
JIOYHOTO M CPEIHEr0 COCTaBa, TO BEIMYMHA COOTHOIICHHS BHIHOCA M HAKOIUICHUS XMMHUYECKUX 3JIEMEH-
TOB MPUHATA /LA BCETO PETHOHA paBHOW ceMH, U 00bEM BBIBETPEHHBIX OO B 30HE CYXHX cTeren
cocraisieT 12,8 T/Tog KM”, a B TyCTHIHHBIX CTEISIX M MMyCTHIHAX — 3 T/TOM KM .

CooTHollleHNe BENWYMH BBIHOCA M HAKOIUICHWS 3JIEMEHTOB B MPOMYKTaX BBIBETPHBAHHSA B CpaBHE-
HUU cO 3HaueHusMH, paccuutanHeiMu C. JI. IIBapueBbiM [10] nns creneld ¢ yMEpPEHHBIM KIMMAaroM, B
cpenqHeMm cocraBisiror 9. CoBmaneHue IUQp BIIONHE YAOBIETBOPUTEIBbHOE. HekoTtopbie pacxoxkmeHus
3HAYCHUSAX OOBSCHSIOTCS Pa3IMIHON METOJUKON pacueToB.

[TomoXuTenpHBIN CTOPOHON IPUMEHEHHOTO METO/Ia SIBIISTFOTCS:

1) paccMarpuBaeTcs meJI0CTHAs crcTeMa 0e3 OTPhIBa €€ COCTABISIONINX (Ta30BOM, )KUIKON M TBEPIIOH
paz);

2) TPOCIEXUBAIOTCS W3MEHEHHS BCEX 3JEMEHTOB KakK JKUJIKOW, Taak W TBepHoi (as3el Oe3 orpa-
HUYEHHUS Ha UX KOJINYECTBO;

3) MO)KHO M3MEHSTH MapaMeTpbl TBEPAOH, KHUIKOW W Ta30BOH (ha3pl; HEAOCTATKOM HCIOIh3YEeMOTO
METO/a SIBIISIETCS TO, YTO OTCIICIKUBACTCS KOHEYHAs CTaWs Pa3BUTHA CHCTEMBI, TO €CTh KOTJIa OHa YyXKe
TIPHIILTA K PABHOBECHIO 0€3 MPOMEXYTOYHBIX JaHHBIX.
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dunancupoBanue. lccnenoBanue BBHIOTHEHO NpU (UHAHCOBOH mMonAep:kke MuUHHCTEpCTBa
MPOMBIIIUIEHHOCTH W cTpouTenbcTBa PecryOonmukn Kazaxcran (BR25193273 “PernonanbHas OIeHKa U
KapTUPOBaHME IOA3EMHOIO CTOKA KaK OCHOBA AJISI YTOYHEHHs NIPOTHO3HBIX PECYpPCOB HOI3EMHBIX BOJ B
YCIOBUSAX Je(pHUINTa TOBEPXHOCTHBIX BOJIHBIX PECYpPCOB”).
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Annoranust. ['unpocdepa MeH nuTocdepa apachHAAFbl TECOXUMHUSUIIBIK alIMacy/ia )Kep acThl CyJapbl YIKESH pel
arkapajbl. [MIpOoreoXMMUSUIBIK aFbIHABI CyJap/bl CaHABIK Oaranay YLIIH TOpT ipi iluki cy oObeKTiIepiHiH OacceiiH-
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HYDROGEOCHEMICAL RUNOFF IN THE CENTRAL KAZAKHSTAN AND ITS ROLE
IN THE DEVELOPMENT OF EXOGENOUS PROCESSES

Abstract. Groundwater plays a major role in geochemical exchanges between the hydrosphere and the
lithosphere. For quantitative assessment of hydrogeochemical runoff, 14 areas related to the basins of four large
inland water bodies were identified, the amount of chemical removal by groundwater and surface water, as well as
the introduction of salts by atmospheric precipitation were determined. In the study area, due to the limited
distribution of surface runoff, groundwater is the main mechanism in the redistribution of matter in the earth's crust.
Along with the process of movement of gravitational waters contained in the rocks of the upper part of the earth's
crust from the areas of nutrition to the places of drainage, there is a migration of chemical elements entering the
groundwater as a result of various physicochemical and biological processes occurring in the rock-water system.

Keywords: Central Kazakhstan hydrogeological region, underground runoff, chemical composition of
groundwater, chemical subtraction, underground chemical denudation index, denudation rate.
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N3MEHEHUSA TEMIIEPATYPBI BO31YXA
U ATMOC®EPHBIX OCAJIKOB B IPUKACIIUACKOM PETUOHE
MO KJIMMATUYECKOMW MOJEJIM BCC-CSM1-2 HA IEPCIIEKTUBY

Annoranus. [IpoBeneHa oneHKa U3MEHEHHsI TEMIIEPATYphl Bo3ayXxa H atMocepHbIX ocankoB B [Ipukacnmii-
CKOM pErHoHe ¢ UCHonb30BaHueM kimmatudeckoil mogenu BCC-CSM1-2 u xinmatuyeckux cueHapueB SSP4.5 u
SSP8.5. UccnenoBanne oxBarbiBaeT mepruoa ¢ 1961 mo 2024 rox. BeisiBieHBI CymiecTBEHHBIE MOBHIIICHHUS TEMIIE-
paTypsl BO3ayXa W H3MEHEHHs pexnma ocankoB. CpemHeronoBas TeMIEpaTypa pacTéT C IMOJIOKHTEIbHBIMU aHO-
ManusaMu, otMevaronmucs ¢ 1976 roga. CtaHnnm, pacroyioKeHHBIE B CTEMHBIX U IMyCTHIHHBIX 30HaX (Tymmbex n
Beiiney), peructpupyror ocobenHo peskuit poct ¢ 2010-x romoB. Pe3ynpTaThl KHTaHCKOM KIMMATHYECKOH MOZIETH
MOKAa3BIBAIOT, uTO K KoHIy XXI Beka mo cueHapuio SSP4.5 temmeparypa Bo3Iyxa 3UMON MOXET YBEIWYHUTHCS Ha
+6-1+8 °C B KOHTHHEHTAJIBHBIX paiioHax u Ha +3-+4 °C Ha mobepexbe, a tetoM — Ha +6-17 °C. [1o kEcTkomy crieHa-
puto SSP8.5 k koHIly Beka TemIepaTypa MOXeT MOBBICUThCS Ha +7-+8 °C 3umoit u Ha +9-+10 °C nerom. Oxuna-
I0TCSI TAK)KE U M3MEHEHUS B PEXKUME OCaIIKOB J0 KOHIIA CTOJIETHS YMEHBILIEHNE KaK 3UMHUX, TaK U JIETHUX OCaKOB.
HaubombIree cokpaieHe 3MMHUX 0CaJIKOB 0KUAAETCS Ha ceBepo-3amnaie perunoHa (53—60% B Akrobe u Ypanbcke).
Jlerom B 3acynumuBeix paiionax (beiiney, Illankap, TynmOex) mporHo3upyercsi 3HaYMTEIFHOE YMEHBIICHHE
ocazkoB, pocruratomee 60—71%, 94To MOXKET ycyryOuTh PUCKHU JUIsi HHPPACTPYKTYPHI M CEIBCKOTo Xo3sticTBa. Jliis
aJanTanyy peruoHa K 3TUM H3MEHEHMSM HEOOXOIMMBI KOMIUICKCHBIE MEpPBI, BKIIOYas MOAEPHU3AINIO CHCTEM
BOJIOCHA0)KEHHMSI, BHEAPEHUE TEXHOJIOTHH ""yMHOT0" 3eMJIeIeIHs], arpojIeCOMEIHOPALNIO ¥ BOCCTAHOBJICHHE JIECOB.

KunrwueBble cioBa: XKaiibik-Kacnuiickuii BoJoX03sIiCTBEHHBIN 0acceiiH, H3MEHeHHE KIIMMaTa, KINMaTHUYEeCKUE
cuenapun, mogens BCC-CSM1-2, Temmepartypa Bo3ayxa, aTMoCc(epHBIE 0CaIKH.

BBenenue. B ycClioBUSX YCKOPSIOIIMXCS KIMMAaTHYECKHMX HM3MEHEHHH OCOOEHHO aKTYyaIbHBIM
CTaHOBHUTCS M3yUeHHE KIIMMAaTHIECKHUX CIIEHAPHUEB, KOTOPBIE IPUMEHSIOTCS ISl ONPEeIICHUS YA3BUMOCTH
TEPPUTOPUI U TIUIAaHUPOBaHMS ycToWumBoro paszputus [1, 2]. [lpukacnuiicKuii perHoH SBISETCS
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CTpPAaTeTUYECKA BAXKHBIM KaK C TOYKU 3PCHUS IMOJUTHUKH, SKOHOMHKH, SHEPTEeTUKH, JIOTUCTHKH, TaK U
9KOJIOTHH, pekpeannn. KpoMe Toro, mpoaomKuTeNnbHOe MajeHne ypoBHs Kaciuiickoro Mopsi B ociaeIHue
TECATUJICTHS BBI3bIBacT OecmokoiicTBo. [lo manueiM Habmomenus 3a 2024 1o, YpoBEHb MOPS CHH3HIICS
Ha 130 cM 1o cpaBHenuro ¢ 2005 rogoM. IIporHo3s! Ha NepCEeKTUBY BeCbMa HEYTEUIUTEIbHBI, 0’KUIAETCS
JAIbHEHIIIee CHKCHHE YPOBHS Mopst 10 -32 M mo bantwmiickoii cucteme u Oonee. B nemom 3amagnbrit
KazaxcTtan — oaWH W3 pErmoHOB, Te MOBBIIICHHE TEMIIEPATyphl BO3IyXa HamOoJiee CYIIEeCTBEHHO,
cpenHue Temnbl yBenuueHus pocturarot 0,37-0,64 °C kaxasie 10 mer. Habmromaercs poct moBTopsie-
MOCTH JHEH ¢ Temmeparypod Beimie +35 °C, BereTallMoOHHBIN mnepuon yIuuHseTcs. HanumonanbHOU
THJIPOMETEOPOJIOTHUECKOW CITy>)k00i Ha 3amange KaszaxcraHa (QHUKCHPYIOTCS TOBBIIMIEHHE YacTOTHI U
WHTEHCHBHOCTH OITACHBIX METEOPOJIOTHYECKHX SBIICHUH, TAKUX, KaK 3aCyXH, BOJIHBI jkapbl. UTo KacaeTcs
BBITIAJICHUS OCAJKOB, TO OHHM OTJIUYAIOTCSA OOJBIION MEPEeMEHYMBOCTHIO. XOTS B HEKOTOPBIC TOABI B
3armaHbBIX PerHoHaX HaOI0MaeTcst H30BITOK OCAIKOB, HO B IIEJIOM JIJISl PETHOHA XapaKTepHbl YMEHBIICHUE
KOJIMYECTBA OCAIKOB JIETOM M OCEHBIO ¥ MOBBIIICHHAS 3aCYIUINBOCTh. JTO YCyTyOmseT u 6e3 TOoro pe3ko
KOHTHHEHTAIBHBIA © 3acynuiuBeid kiaumar [3]. Takum o0pa3om, ompeneicHue TOTCHIUATBHBIX
W3MEHEHUI KiIuMara B OYJyIeM W BBIPa0OTKAa PEKOMEHIATENLHBIX MEp MO aJanTallid K HUM pEruoHa
CTaHOBSITCSl CTPATETUYECKU BaXKHbIMH | 1,4].

enpio mccienoBaHUs SIBISIOTCS OIEHKA W3MEHEHHS TEPMHUYECKOTO pPEXUMa M PEXHMa OCAIKOB
[Ipukacnuiickoro peruoHa ¢ MPUMEHEHHEM KINMAaTHUYECKUX CIIEHApUEB-TIPOTHO30B C MOCIEAyIOmeH
BEIPa0OTKOM pEKOMEHIATENbHBIX MEp Ul y4eTa B HAIIMOHAIBHOM aJalTalldOHHOM IUIaHe, a TakkKe
oTpesieNIeHNe MPUIUHHO-CIEACTBEHHBIX CBS3eH 3THX N3MEHEHUH.

CymectByer mecth ocHOBHBIX (a3 CMIP: CMIP1 (1995-1996) — mepBast mombITKa CpaBHEHHS
knmuMmaTtrdeckux mojeneit. CMIP2 (1997-2001) — ananu3 monedneii ¢ yuetom koHneHtparmu CO2. CMIP3
(2005-2007) — ucnomeizoBanicss B YerBéprom mokimage MI'DUK (IPCC AR4), npuMeHsIIMCH CIICHApUN
SRES. CMIP4 (neoduunansubiii dtan, Hadano 2010-x rogos) — nepexonausiit nepuox k. CMIPS (2011-
2013) — ucnons3oBanuck cueHapun RCP (Representative Concentration Pathways), xotopsie neriu B
ocHoBy Ilsaroro noknama IPCC (ARS). CMIP6 (2016 r. — HacTosiIIee BpeMsi) — BKJIFOUaeT ciieHapuu SSP
(Shared Socioeconomic Pathways) u ucnonssyercs B lllectom moxmnane IPCC (AR6, 2021) [5,6]. Baxxno
OTMETHUTbh, YTO CYLIECCTBYIOT HEONPEIEICHHOCTH B MOJENSIX, KOTOPBhIE MOTYT JaBaTh MOTPEITHOCTU HpPHU
pacuerax, 0COOCHHO B JIOKAIMAX CO CIOKHBIMH oporpadudeckumu ycimosusmu. Ho 3a mocnennue necs-
TWIETHS TPEATNPUHITHI OTPOMHBIE YCHIIHSA TI0 YIYYIIEHUIO MPOU3BOJUTEIHFHOCTH MOJAEEH IS 0COOBIX
PETHOHOB M aCTIEKTOB KJIMMAaTHUYECKOU CUCTEMBI [7].

Kaxnpiit HOBBIM 3Tan CMIP BKIIOYaeT yCOBEPIIEHCTBOBAHHBIC MOJETH, OoJiee JNeTalbHbIC (PH3H-
YECKHE TPOIlecChl M HOBBIE CIIEHApHHM pa3BUTHS KiuMmaTa. ONEHKH IOCIEACTBHN aHTPONOTEHHOTO
M3MCHEHHS KJIMMaTa OCHOBAaHBI Ha TMPOTHO3aX KIMMATHYECKUX Mojeleld. HeompeneneHHOCTH B ITHX
MOJIEISIX YacTO ObUTM OrpaHUYHMBAIOINUM (HaKTOPOM, OCOOCHHO B JIOKAJIBHBIX MacinTabax. Dddek-
TuBHOCTh Mozened CMIPS npu monenupoBanuu 20-JI€THHUX SKCTPEMANbHBIX TEMIIEpaTyp U OCAJKOB
conoctaBuMa ¢ 3¢ dekruBHOCTRIO ancamOiss CMIP3 [8]. CMIPS no cpaBHeHnto co CMIP3 BkiouaeT B
ceOst Oonee MOJHBICE MOJEIM M 0ojiee HIMPOKUA HAOOP ASKCIEPUMEHTOB, aJPECOBAHHBIX OOJBIIEMY
pa3HooOpasuto HaydHbeIX TpobieMm. B mpoekre CMIPS nmana mydimas MOKyMEHTAIwisl 1O MOJIENSM U
YCIIOBUSIM DOKCIIEpHIMEHTa W CHOpPMHUpPOBaHA HOBAas CTpaTerws, KOTopas [elaeT pe3ylbTaTsl Oolee
JIOCTYIHBIMH i ucciefopareneid. Tak, ecniu B mpoekre CMIP3 paccmaTpuBanocs 12 skcriepuMeHTOB ¢
mogaensmu, To B CMIP5 Takux skcnepuMeHTOB yxe 35, U UX mepeueHb JaH, HampuMmep, B padore [8]. B
npoekte CMIP5 BmecTo m3BecTHBIX cuieHapueB SRES (B1, A1B, A2), cOOTBETCTBYIOIIUX KOHIICHTPAIIUU
CO,, npencraenensl HoBbie cueHapun RCP (Representative Concentration Pathway), cBsizaHHBIE CO
crabunu3aiyeid o0OIero aHTponoreHHOro BosnaehcTBUS K 2100 rogy Ha pasHbIX ypoBHsX: SSP2-4.5,
SSP5-8.5. Cuenapuu KIMMaTHYECKUX H3MEHEHMM OCHOBAaHBI Ha COLUAIBHO-DKOHOMHYECKHX IMYTAX
passutus (Shared Socioeconomic Pathways, SSP) u cuenapusx BeiopocoB (Representative Concentration
Pathways, RCP). [Ins Kazaxctana HamboJiee 4acTO MCHONB3YIOTCS ciemyromue cienapuu: 1) SSP2-4.5
(RCP 4.5) i ero erie Ha3BIBAIOT YMEPEHHBIM CIICHAPHEM, IIPH KOTOPOM BBIOPOCHI CTAOMIH3UPYIOTCS BO
BTOpOIf monoBuHe X XI Beka, a Temmneparypa yBenuaurces Ha 2,5-3°C; 2) SSP5-8.5 (RCP 8.5) — xecTkuit
CIIEHapUH, MPU KOTOPOM BBIOPOCHI MPOI0JIKAIOT PACTH, IIPUBOJIS K MOTEIICHUIO Oojiee ueM Ha 4°C [8].

CMIP6 ucnonb3yer HOBy1 cuctemy cueHapueB SSP (Shared Socioeconomic Pathways), koTopsle
couetarotcst ¢ RCP (Representative Concentration Pathways) mist otieHku Oyaymiero u3MeHeHHs KiInMaTa
[9]. OcHoBuble crenapuun CMIP6: 1) SSP1-1.9 — crTporme Mepsl 1O CHIDKCHHIO BBIOPOCOB, IIE€Tb —

—— ) ——
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yaepxxanue notemwienus ke 1,5 °C; 2) SSP1-2.6 — ycTOWYMBBII ITyTh C YMEPEHHBIM COKPAILLCHUEM
BEIOpOCcOB; 3) SSP2-4.5 — cpemnmii CONMMATbHO-3KOHOMHYECKHH POCT C YMEPEHHBIMH MEpaMH TIO
KOHTpOMIIO BBIOpocoB; 4) SSP3-7.0 — BBICOKHH ypOBEHb BHIOPOCOB INPH IIIO0ATBHBIX YKOHOMUYECKUX H
MOJUTHYECKUX KOH(uKTax; 5) SSP5-8.5 — cueHapuii ¢ BEICOKHUM ypOBHEM MOTPEOICHUS UCKOMAEMOTO
TOIUTMBA W MaKCHMalIbHBIMH BbIOpocamu. OcHOBHEIE ycoBepuieHCTBOBaHUs B CMIP6 mo cpaBHeHHIO C
CMIPS5 — 310 OGoiiee meTamu3upoBaHHBIEC ClieHapuH BbIOpocoB, B CMIPS ucnonb3oBanick RCP-ciieHapun
(Representative Concentration Pathways), a 8 CMIP6 npumensitorcs SSP-cuenapum (Shared Socio-
economic Pathways), KOTOpbIe BKIIIOYAIOT COIMAIbEHO-3KOHOMUYECKHe (PakTophl Hapsay C BEIOpocaMu
MMapHUKOBEIX Ta30B [10].

Martepuansl W MeTOAbl HccaeqoBaHus. [ OIEHKM KIMMATHYECKMX HW3MECHEHHWH peruoHa
NIPUBJICYCHBl JaHHbIE METEOPOJIOTHYECKHX CTaHIMU Ypanbck, AkTobe, ATwipay, Lllankap, ®opt-Lles-
genko, Tymmbek u beitHey, KoTophle KIMMaTHIECKN Pelpe3eHTaTHBHBI 1T 3anagaoro Kazaxcrana [11]
(pucynok 1). Ilepuon uccnenoBanust 1961-2024 rr.
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Pucynok 1 — Kapra-cxema 3amagaoro Kazaxcrana

Figure 1 — Map of the West Kazakhstan




Teoepagpus srcone cy pecypcmaput | Ieoepaghus u soonvie pecypewi / Geography and water resources

Hns popMupoBaHMs KadyeCTBEHHOH 0a3bl JaHHBIX IPOBEJCHBI CTATHCTUYECKHE PacueThl U KpH-
TUYECKHE MPOBEPKH Ha OJHOPOJHOCTH MAHHBIX, KOTOpPBIC MPHHATHI B KIMMAaTHYECKOW mMpakTuke. [Ipm
OIIEHKE OJTHOPOTHOCTH SMIHPUIECKHIX PSAIOB METEOPOIIOTHIECKIX ITapaMeTPOB MCIIONB30BaHBI KPUTEPUHI
Creronienta, @umepa, KanmbikoBa-I'pa6bca. B cooTBeTCTBHM ¢ NpUHATOW B HACTOAIIEE BpeMs
MEKIYHApOJHOH NPAKTUKOW MpPHU MPOBEPKE OJHOPOAHOCTH METEOPOJOTHYECKHX PAJOB HAOIIOACHUIH
MpU3HAHO HamOoJiee IenecooOpa3HbIM HCTOIB30BATh KOMOMHUPOBAHHBIA CTATHCTUYECKUH IMTOAXOJ IS
OIICHKU OJHOpOMHOCTH psnoB [12-15]. CymiecTBEHHOCTh BKJaJa TPEHIOBOW COCTABJISAIONICH B 0OIIyIO
JHUCIIEPCUIO0 BPEMEHHOTO psijia TeMIepaTypbl BO3lyXa OLEHHBajJach C MOMOILIbI0 Koddduuuenrta
nerepmuHanmn (D). Tpern cunrtancst 3HaYUMBIM, eciTi KO3 (QUIIMEHT NeTepMUHAIMH peBbiman 5%. [l
OIIEHKH OYyIyIIuX 3HAYCHHH METEOPOJOTHYECKHX MapaMeTPOB HCIIONB30BaHBI KIMMATHUECKHE MOJIEIH,
paspabotanusie MI'OUK, B3saThIe M3 0a3bl AaHHBIX EBpOMEHCKOro meHTpa cpelIHECPOUHBIX MPOTHO30B
moroasl (ECMWFEF) [16].

Hcnonp3oBanuchk pekomenmoBanasie MI'OUK mepmonasi:1) 2021-2040 rr. (cpeaHEeCpOUHBINA TIPO-
THO3) — MO3BOJIAET OLIEHUTH ONMKalIIie U3MEHEeHH KIIMMaTa, HMEIOIIHe MPaKTHUYECKYI0 3HAYMMOCTh JIJIs
aganraiuy; 2) 2041-2060 rr. (HoArocpoYHbBIH NPOTHO3) — MOIXOANT JUIS aHAIH3a YCTOWYUBBIX TPEHIOB U
OIICHKW clleHapueB u3MeHeHus kimMata; 3) 2080-2100 rr. (komerr XXI Beka) — mcmomb3yercs s
CTPaTernyecKoro IUIAHWPOBAaHUS M OLEHKM CIleHapHeB riobampHoro morteruieHus [12]. OOmee konu-
4ecTBO Mojeseid, koTopele npumenstorcs B CMIP6, 6omnee 30, mig mcciaenyeMoil TEppUTOPUN OTOOpaHEI
HauOoyiee TOAXOMAIINE, KOTOPBIE OTIWYAIOTCS BBICOKOHM JeTanmu3alieil W OTpa)karoT perHOHaIbHbBIE
KIIMMaTHYeCKUe YCIoBHs CcTpaHbl. OMHON W3 TaKUX MOJENEH SIBIsieTcs Monenh Kuralickoro mMeTeopo-
norudeckoro arentctBa BCC-CSM1-2 ¢ paszpemenunem 100 km (1,1°x1,1°), ocHOBaHHast Ha TJ100aIbHOM
MOJIeNM HUPKYJIANUK aTMochepsl W OKeaHa, BKIFOYAIONIAs IaHHBIE CITyTHHUKOBBIX HAONFOJEHWUH aTMO-
c(hepHOTo MaBIICHUs, OCAIKOB U MMAPHUKOBEIX Ta30B [17].

B pabote paccMaTpuBanuch HEKOTOPBHIE MECSIIBI CEPEIUHBI CE30HOB B CBSI3U C TEM, YTO UMEHHO B 3TH
MECSILIBI B OCHOBHOM IPOHMCXOJST U3MEHEHHUS B OapUKO-IMPKYJSHOHHBIX MPOLECCaX, a TakKe CMEeHa
YCIIOBUI MEPHUIUOHAIBHOTO U 30HAJBHBIX MPOIIECCOB B BEPXHUX CIIOSIX TPOIMOCdephl, KOTOphle Hanbolee
CHJIBHO BIIMSIIOT Ha PUTIIOBEPXHOCTHBIE KIIMMaTH4decKue ycinoBus [18].

Pesyabrarel. Ha Bcex cTaHIMSIX HCCIEAYEMOTO0 PErMOHAa OTMEYAaeTCs YBEIHYEHHE HE TOJBKO
CPEIHETOI0BOM TeMITepaTyphl BO31yXa, HO U CE30HHBIX 3HAYSHHIA, HO B)XHO MPOAHATH3UPOBATH UMEHHO
ee aHOMaJIMH, TaK KaKk aHOMAaJHH TOKa3bIBalOT M3MEHEHHS OTHOCHTEIHHO OIPEEICHHOTO BBHIOPAHHOTO
nepuona. [lo yrBepknennto BMO cranmaptasie 30-neTHre 0a30BbIe MEPUOABI TOJDKHBI OOHOBISTHCS
KQXKJbIE JECITh JIET, YTOOBI JIydllle OTPaXaTh MEHSIOIIUICS KIUMAT M €r0 BIUSHHE Ha CSXKCTHCBHBIC
MTOTOAHBIC YCIIOBUSA. BCeMHUpHOW METEOpPOJIOTHUECKON OpraHm3aliueil ObUIO PEKOMEHIIOBAHO HCITOJNb-
3o0BaTh nepuon 1991-2020 rr. {7 ucTtopuyeckoro cpaBHEHHs] 1 MOHUTOPHHTa H3MeHeHHs kirMata BMO
PEKOMEHIyeT NPOJOJDKUTH HCIONB30BaTh mepuon 1961-1990 rr. kak 0a3oBbIi AN pacyera U
OTCIIeKUBaHUS TTI00ATBHBIX KIMMATHIECKIX aHOMAIHHA OTHOCHTEIHHO COBPEMEHHOTO mepuoja [19,20].

AHOMaIus TEMIIEpaTypsl BO3AyXa 3a 0a30BbI M COBPEMEHHBIN MEPUOIBI TOKA3bIBAET, YTO OCHOBHAS
TEHACHLUS yBEJINYEHHs TEMIEpaTyphl BO3AyXa COXpaHsAeTCs Ha BcexX CTaHIMAX 3amaaHoro Kasaxcrana.
YeTko MpoCie)uBaeTcs TEHIACHIMS YBEIMUEHHUS B aHOMAJIHMSIX CPEIHEroZ0BOI TemIepaTyphsl Bo3Ayxa B
6a3zoBom mepuozae 1961-1990 rr., coriacHO KOTOPOMY MOJIOKHUTEIbHAS aHOMAIIUA oTMedaercs ¢ 1976 r.,
MpHUpoCT TeMrieparypsl coctasiseT 10 1,8 °C. Ha MHOTMX CTaHIMSAX Ha4ajo MOJIOKUTENbHBIX aHOMAJIUi
HaunHaeTcs ¢ 1976 r. B ucropudeckoMm 6a3zoBom mepuoje (1961-1990 rr.), a B coBpeMeHHOM 0a30BOM
nepuone (1991-2020 rr.) yBenmmuenue temmeparypbl mocie 2000 r. B memom 3a 0a30BEIM mepHoOn
MaKCHUMaJIbHasi aHOMaJIMs OTMEYaeTCs Ha CTaHIHMHM ATHIpay W coctaBisieT 2,6 °C, 4To SBISIETCS TOKa-
3aTeTbHBIM 3HAYEHHWEM M TIO3BOJISET CHENaTh BHIBOJ OO0 yBENWYECHWH BIHSHHS 3alaJHOTO TepeHoca U
YaCThIX BBIXOJI0B YepHOMOPCKUX ITUKIIOHOB, TETUIBIX BO3MYIIHBIX Macc ¢ Tepputopun KaBkaza, UepHoro
Mopsi. CTaHINH, PacIONOKEHHBIE B CTEMHOW ¥ mycThiHHOW 30Hax (Tymubek u beitHey), QukcupyroT
CTPEeMUTENbHBIH pocT Temreparypsl ¢ 2010-x rogoB. Bo3nelicTBue oporpaduueckux yciaoBUi OKa3bIBaeT
YCHIIMBAIOLIHH 3PQEKT.

Nwmerorcss nBa THHa KIMMATHYECKUX HM3MEHEHHH, KOTOpBIE OTPAXaloT pas3Hble (U3WYECKhe Me-
XaHMU3MBI, IEUCTBYIOIINE B KIMMAaTHUECKO# crucTeMe 3eMJTi: MOHOTOHHBIE H3MEHEHUS B BHJIE TPEHIA WU
LUKJIA U CTyHNEHYaThle W3MEHEeHUs. TpEeHIOBble MM LUKIMYECKHE M3MEHEHHS MMEIOT MeCTo B ciabo
WHEPLIMOHHON WM pPaBHOBECHOH cHcTeMe, KOTopas OBICTPO OTKIHMKAeTCS Ha BHEIIHHE BO3JCHCTBUS.
MexaHu3M CTYNEHYaThIX W3MEHEHUI WM TPUTTEPHBI MEXaHH3M XapaKTepu3yeT HEepaBHOBECHYIO
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CHUCTEMY, KOTOPasi MOXET KOMIEHCUPOBATh BHEUIHUE BO3ACHCTBUS M COMPOTUBIATHCS UM JO TEX IOD,
MOKa 3TH BO3ACWCTBHUS HE MPEBBIMIAIOT TOPOTOBOTO 3HAYEHHUS, TIOCTIE Yero crucTeMa OBICTPO MEPEXOANUT Ha
HOBBIH, OOBIYHO TaK)kK€ KBa3HMCTAI[MOHAPHBIM, YpOBEeHb. TakuM 00pa3oM, pacCUMTaHbl TOJABI Mepexoia
OJIHOTO KBa3HMCTAI[MOHAPHOTO IIEpHUOJa BPEMEHHOTO psla K JpyroMy, C OIpeAeNeHHEM CpEAHHUX
TeMriepaTyp Bo3nyxa. IIpum 3ToM Kaxablii KBa3WCTAUMOHAPHBIN MEpHUOJ MPOBEPEH HAa OJHOPOJHOCTH C
MIPUMEHEHUEM CTATHCTHUECKUX METONIOB, KpuTeprueB dumepa, CteioaenTa [12-15].

CormnacHo pe3ynbTaraM pacueTa (PUCYHOK 2) 3MMOM Ha BCEX CTaHLMUSX TOJ Mepexoia OTMEUeH Kak
1999, a metom — 2006 ros.
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PucyHok 2 — BpeMeHHO#i X0/ cpeIHEeroIoBbIX TEMIIEpaTyp BO3ayXa
€ IIePEeX0A0M U3 OJHOTO KBa3UCTALlMOHAPHOTO MEPHOJA B JPYTon

Figure 2 — Time series of average annual air temperatures
with transition from one quasi-stationary period to another
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Ha cranmusax 3anagnoro Kaszaxcrana 3zumoit rox mepexoma B 1999 roay, cpenHee HpeBBILICHUE
3UMHEN TemmepaTypbl Bo3ayxa coctaBuwio 1,6 °C, ¢ mMakcuManbHbIM 3HaueHueM 2 °C Ha CTaHLMIX
VYpanbck u ATbipay. JleToM TpeBBIIEHWE COCTaBUIIO B cpeaHeM 3a ce3oH 1,9 °C, a MakCHMalbHO B
Artripay u beitrey — 2,3 °C. B nienoM yBenuueHHe cpeqHeil TeMIepaTrypsl Bo3myxa 3a ce3oH 1,6-2,3 °C
JUISL MCCIIEAYEMOTO pPErHoHa CYIECTBEHHO, YTO MOXKET CKa3blBaThCid Ha BOJHBIX PECypcax, CEIbCKOM
x03s1cTBe M 3KoHOMHUKe. Haumnas ¢ 2006 roma eToM poCcT TeMIEpaTypsl cocTaBiseT okojio 2 °C 1o
CPaBHEHHIO C TIPOILIBIM BEKOM.

Pesxxum ocagkoB 3amagHOro permoHa OTIMYacTCs OOJBIIMM pazHooOpasweM U B OONblLIel CTEIeH!
3aBUCUT OT HECKOJNBKHUX (PaKTOpOB, HE TOJBKO OT OapHKO-LUUPKYJSILUOHHBIX MPOLECCOB, HO M OT
oporpadu MECTHOCTH, TOACTHJIAIONICH MOBEPXHOCTH, JOKAIBHBIX ocobeHHocTed [21, 22]. s Goiee
JETaIbHOTO aHaNM3a HEeoOXOAWMO IPOBECTU HCCIEAOBAHWE HE TOMOBBIX CYMM OCaIKOB, a CE30HHBIX.
Ce30HHBIE U3MEHEHUSI MOTYT JaTh SCHOE MOHMMAaHHE XapaKkTepa KIMMaTHYecKux u3MeHeHui. Hambonee
MIOKA3aTeJIbHBl OKAa3aJUCh 3MMHHUE M JIETHHUE OCAJKU. 3UMHHME OCAJKM MEHbILE II0 CyMME B Hadaie
TEKYIEero CTOJNETHs, Hanbombllee KonudecTBo oTMeueHo B 80-90-x romax mpouwioro crojerus. JletHue
OCaJIK{ TMPAKTUYECKH MO MHUHHMMAJIbHBIM 3HAUEHHSM CXO0XHM B KOJMYECTBEHHOM IIJIaHE C 3MMHHMH,
MEHbIIE HOPMBI UX BbINazaeT B nocienHue rogpl. K npumepy, cranuus ®opr-llleBuenko, HeCMOTps Ha
TO, YTO OHA pacloyiokeHa Ha mobepexne Kacmuiickoro mopsi, mpeTepneBaeT COKpalleHHe BbINaJIeHUsI
0caKoB 3a JieTHUi nepuoj. Ecnu 3a 0a30BbIil epro] B CpeiHEM 3a TOX BbIIanano 146 MM 0caakoB, TO
32 COBpEMEHHBIN — 125 MM. A mpu pacCMOTPEHHUU JETHUX OCAJKOB YMEHBIIECHUE COCTaBMIO OT 34,6 10
26,5 mM. Ha mpyrux cTaHmmsix Takke HaOI0IaeTCsl COKpAIIeHHE JICTHUX 0cankoB 10 10 MM B cpaBHEHUHN
C IByMS IIEpHOJIaMHU.

B ocobenHocTH yMeHblIeHHE HA0IIOAaeTCsl B IyCTHIHHBIX 30HaX, MeHee 20 MM BBINIQAaeT B CPEAHEM
3a JIETO, YTO €Ile pa3 MOATBEPXKIAET BO3JEHCTBUE BBIXOMOB TEIUIBIX BO3AYLIHBIX MAacC C TEPPUTOPUH
Wpana, Kacnuiickux HUKIOHOB. LIMKIOHBI NPUHOCIAT HENPOJAOJDKUTENBHBIE OCAAKU. TEIbld CEKTOp
UKJIOHOB OTJINYaeTcs 0c000 MPOrpeThIMU BO3AYLIHBIMU Maccamu [2, 20].

Taxum obOpasom, ans 3amafHOTO PETMOHA XapaKTEPHbI TEHACHLMH YBEIWYECHHUS CPEAHUX TeMIepa-
TYp BO3[yXa U YMEHBIICHHUS OCAIKOB B JIETHUH NEPUO]] C YACTHIMH OTTENEISIMUA B 3UMHEE BpEMs.

BaxHo Takke paccMOTpeTh, Kak H3MEHSIOTCS TEMIIEpaTypa BO3AyXxa U CyMMa aTMOC(epHBIX 0CaKoB
3MMOH M JIETOM, Bellb IMEHHO BKJIaJ OJHOI'O ONPEAEIEHHOI0 Mepruoaa MOXET OKa3blBaTh CYLIECTBEHHBIN
KOPPEKTUB B 'OJJOBOM XOJIE.

B tabmune 1 naHel pe3ynbTaThl pacueTa CTATHCTHUECKHX XapaKTEPHCTHK TEMIIEpaTyphl BO3AyXa W
0CaZIKOB IO CE30HaM OTHOCHUTENBHO 0a3oBoro mepuona. Hamboisblnee cTaHgapTHOE OTKIOHEHHE (G)
3UMHEH TeMIepaTypsl Bo3myxa Habmomaercs B beiiney (2,89 °C) u Ypanscke (2,79 °C), a HauMeHbIIee —
B Tymmubeke (1,9 °C) u ®@opr-1lleBuenko (1,91 °C). CeBepHas yacTh HCCIEIYEMOT0 pPErHOHa B 3UMHUI
MepUO/ MOJBEp)KEHAa BTOPKEHHUSAM BO3IYIIHBIX MacCc C CEBEepo-3alaja U CeBepa, B CypOBblE 3MMHHUE
nepuoas! oTpor CHOMPCKOro aHTUIMKIIOHA MOXKET JOCTHraTh 3anaaHoi yactu Kazaxcrana. [IpuOpexHsle
CTaHLMM OTIMYAIOTCS Oo0Jjiee HE3HAYMTENbHBIMU KOJEOAHHUSMHU TEMIIEPAaTyphl 3UMOH B CHIIy BIHSHHS
camoro Mops. B cpeanem 6 coctaBiseT okoso 2—2,5 °C, 4To TOBOPUT O 3aMETHOM, HO HE AKCTPEMATbHOU
W3MEHYUBOCTH Temneparypbl. CTOUT OTMETHTh, YTO OCHOBHOW BKJIaJ B 3UMHUIN MEPUOJ BHOCHUT IeKaOpb,
KOTOpPBI B IIOCIEAHUE AECATHICTUS 3HAYUTEJIBHO TEIUIBIH, CHEXKHBII IIOKPOB yCTAaHABIMBAETCSA IO-
BOJIBHO TTO37THO B CPaBHEHUH C CEPEIUHON MPOIIIOrO BeKa.

JleroM 3Ha4YeHHsI HE CTOJNb BEMUKH: MakcuMmyM B Ypanbcke (1,36 °C/ 10 ner), munumyMm B Dopt-
[esuenxo (0,83 °C/10mer) u lankape (0,85 °C/10mner).

apamerp a> (CKOPOCTh M3MEHEHHS TEMIIEPAaTyphl) 3MMOil TIOKA3bIBACT, YTO AHHAMHKA M3MEHCHHs
Temreparyp Hauboinee BeipakeHa B AThipay (0,62°C/10 ner) n Ypanscke (0,42°C/10neT), 4TO CBA3aHO C
r100aabHBIM U3MEHEHHEM KJINMAaTa, a Ha MPUOPEKHBIX CTAHIIMAX MOXKET OBITh CBSI3aHO C BIMSHHUEM MOPSL.
Hanvenpmee 3Hauenme Habmomaercs B Akrode (0,25°C/10xer) m Hlamkape (0,26°C/10meT), Tme
TeMIIepaTypHbIC H3MEHEHHS IPOMCXOAAT Gojlee MIaBHO. JIeTOM MaKCHMANbHbIE 3HAYCHHS a° OTMEUYAIOT-
ca B Ateipay (0,88°C/10nmer) u beiiney (0,81°C/10meT), MuHMManbHble XapakTepHbl mns [llamkapa
(0,56°C/10mer).

PocT cpenneronoBoii Temneparypsl B X0JI0AHOE nonyroaue B 3amagHoM KasaxcraHe 3a mociegHue
JIBaALATh JIET 00ycioBieH ociabneHrneM CHOMPCKOro aHTHUIMKIOHA W YacTBIMU BTOPIKEHHSMHU TEIUTBIX
BO3AYIIHBIX Macc ¢ oro-3amnajga u co CpennzeMHOMOpPbs. Kpome TOro, BEIXOIBI TEILIBIX BO3AYIIHBIX MAccC
¢ Tepputopuu MpaHa crmocoOCTBYIOT BOSHUKHOBEHUIO OTTeneneil B [IpukaciniickoM peruoHe.
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Tabnuna 1 — CraTucTHYECKHE XapaKTePUCTUKHU, PACCUUTaHHBIE OTHOCUTENBHO 1961-1990 rr.
II0 TeMIIepaType BO3/yXa 1 0CaaKaM 3UMOil 1 JIeTOM

Table 1 — Statistical characteristics calculated relative to 1961-1990 for air temperature in winter and summer

Temneparypa, °C Ocanku, MM Temneparypa, °C Ocanku, MM
i/(i Cranuus 3uma Jleto

o a o a o a o a
1 | Ypansck 2,79 0,42 32,41 -1,8 1,36 0,68 37,93 | -13,42
2 | Atsipay 2,46 0,62 12,95 2,94 0,96 0,88 33,08 -9,38
3 | ®opr-llleBuenko 1,91 0,39 14,07 1,2 0,83 0,72 28,92 -3,82
4 | beitrey 2,89 0,39 11,78 -0,24 0,89 0,81 32,13 -4,97
5 | Tymubex 1,9 0,37 12,82 0,9 0,94 0,66 30,05 -0,44
6 | Aktobe 2,62 0,25 27,45 0,1 0,91 0,62 40,21 -2,28
7 | llanxap 2,59 0,26 14,87 -0,8 0,85 0,56 26,48 -3,16

HpuMethue. G — CTaHAapTHOC OTKJIIOHCHUEC, az — HAaKJIOH JIMHUU TPpECHa (CKOpOCTI) I/I3MCHCHI/I$I).

ATMOCQepHBIE OCaJKH TakkKe IMpeTepriesid HEKOTOpble H3MEHEHHs. Tak, CKOpPOCTh W3MEHEHHS
OCaJIKOB 3UMOH HamOoibInas B ATeIpay u mocturaer 2,94 mm Ha kaxasie 10 ner, B @opr-llleBueHko —
1,2 MM/10 ser. JIns OCTalbHBIX CTAHIMN 3HAUYCHUs OJM3KM K HYJIO, YTO yKa3blBaeT Ha OoJyiee paBHO-
MepHOe pacmpenesneHue. Jletom HauOombinas CKOPOCTh M3MEHEHMsI OCaJKOB HAONIOAaeTcs B YpalibCKe
(-13,42 mm/10 1meT), a Taxke B ATbipay (-9,38 MM/10 7eT), 9TO OTpakaeT pe3Kue meperaabl KOTHIecTBa
0CaJIKOB TOJI OT TOJIa.

Haubonbiee cpeqHexkBagpaTHuecKoe OTKIOHEHHE OCaaKoB HabmomaeTcs B Ypaubscke (32,41 Mm) u
Axto6e (27,45 MM), 9TO CBSI3aHO C aKTHBHBIM INPOXOXKACHUWEM IIMKJIOHOB B CEBEPHOI YacCTH pETHOHA.
MunuMansabeie 3HaueHus B beiney (11,78 mm) m Tymmbeke (12,82 MM), rae KimMar Oojiee CyXou
W ocankoB BbIMagaer Mano. Camoe BBICOKOE CTaHIAPTHOE OTKJIOHEHHE 3a(UKCHpOBaHO B AKTOOE
(40,21 mm) u Ypanbcke (37,93 MM), 9TO yKa3bIBaeT Ha OOJIBIITUE MEKIOJJOBBIC PA3JIUYUS JICTHUX OCAIKOB.
MuHnManbHas U3MEeHYHBOCTh oTMeuaeTcs B [llamkape (26,48 mm) u ®@opr-llleBuenko (28,92 mm), raoe
0CaJIKOB MaJI0 U UX KOJIMYECTBO MEHSETCS HE CTOJNb pe3ko. B cpeaHeM G jieToM BhINIE, YeM 3UMOM, 4TO
00BsICHSICTCS HEPAaBHOMEPHOCTBIO JIETHUX JINBHEH U MX JIOKAJIbHBIM XapaKTEPOM.

Taxum oOpa3zom, ceBep pernoHa Oosiee TOABEPKEH KoJeOaHUsIM 3UMHHX OCAJIKOB, a FO)KHBIE U TPH-
KaCTIMICKHE PaioHbI 00JIee YCTOWYHBEI.

JluHaMuKa TNPOCTPaHCTBEHHO-BPEMEHHOTO paclpeeNeHHs] MeTeolapaMeTpOB ITOKa3bIBAaeT H3Me-
HEHHUS KIIMMaTa B HccienyeMoM pernoHe. COTrTacHO IMOCTaBICHHOW IeMN HeoOXOIuMa OIeHKAa OXH-
JTAEMBIX N3MEHEHUH 3TUX MTapaMeTpOB I BEIPAOOTKH peKOMEHIATENbHBIX MEp.

Taxum 006pa3om, Ha OCHOBE CYIIECTBYIOIIUX KIMMATHYECKUX MOJENeH U UX afanTalud K MECTHBIM
YCIIOBUSIM MPOBEACHO KaauOpoBaHUe OyIyHIMX 3HAYCHUH cpeqHel TeMIepaTypbl BO3AyXa M KOJIWYeCTBa
ocangkoB B peruoHe. [Ipu cpaBHEHWH MOJEIBHBIX NAaHHBIX C (PAaKTUYECKUMH HAOIFOJEHHBIMU BBISBICHBI
CHCTEMaTHYeCKUe MOTPEIIHOCTH MOJIENIFHBIX 3HAUCHHUI TeMIIepaTyphl BO3yXa U aTMOC(QEPHBIX OCAIIKOB,
KOTOpbIE CBSI3aHBI C HENOYYeTOM a30HaIbHBIX (PaKTOPOB M PErHOHaJBHBIX ocoOenHocTeil Ilpukac-
MUICKOTO pernoHa. BIionHe ecTecTBeHHO, YTO 3TH MOTPEITHOCTH OYAYT MPOSIBIATHECA U B CICHAPHBIX
oreHkax. [loaToMmy HEOOXOIUMO KOPPEKTHPOBAThH CIIEHAPHBIE CPETHUE TEMIIEPATYPhl BO3IyXa U BBOJIUTH
KaK CHCTEMaTHUYeCKyl0, TaK M TPaJUEeHTHYIO TOIPaBKH, KaK MPEII0KEeHO U pealn3oBaHo B pabote [17].
Taxke CTOMT OTMETUTh, YTO B JAaHHOM HCCICAOBAaHMU JJisi Oojee TOYHOTO OLEHHMBAaHUs TEPHOABI Ha
MIePCIEKTHUBY OBLIH MOAENIEeHEI 0 20-1eTHsIM, KOoTophle pekoMeHaoBansl MI'OUK [5, 23].

ITo pesynmpraTtam mopemupoBanus BCC-CSM1 Bo Bcex creHapusx HaOMIOJAeTCs ycToHYMBas
MOJIOKUTENIbHAST aHOMals TemIiepaTypbl K KoHy XXI Beka (tabmuua 2). [Ipu cpaBHeHHH ¢ 6a30BBIM
nepuogoM 1961-1990 rr. poct Gonee BeipaxkeHHEIH, yeM B 1991-2020 rr.
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Tabmuna 2 — OxkugaeMoe H3MEHEHHE TEMIIEPAaTyPhl BO3AyXa,
paccunranHoe otHocuTenbHO 1961-1990 rr. o cuenaputo BCC-CSM1 SSP4.5

Table 2 — Expected change in air temperature calculated relative to 1961-1990 according to the BCC-CSM1 SSP4.5

Cranums SluBapn Anpeinb Uronp OKTs10pb

1 2 3 1 2 3 1 2 3 1 2 3
Ypanbck 3,6 3,9 6,7 0,7 0,3 2,0 5,4 5,7 6,8 43 3,8 3,9
AxTtobe 4,1 4,1 7,2 0,1 0,4 2.4 4,8 5,2 6,2 4,5 3,9 4,5
ankap 4,9 5,0 8,1 0,0 0,3 1,9 4.4 5,0 6,1 4,0 3.4 4.4
Dopr-1lleByenko 1,4 1,5 3,9 -0,4 0,0 0,9 -0,7 0,0 0,6 0,2 -0,7 | 0,1
Tymubex 2,9 32 5,5 0,7 1,3 24 3,7 4,2 5,2 3,7 2,7 34
ATtbipay 3,9 4,1 6,6 -0,1 -0,1 1,3 3,7 4,1 5,0 4.0 3,2 3,7
Beiiney 4,0 4,1 6,7 0,3 0,6 2,0 33 3,9 4,8 4,3 33 4,3
Ipumeuanue. 3necw u B Tabmuue 3: 1 —2041-2060 rr.; 2 —2061-2080 rr.; 3 —2081-2100 rr.

Tabnuua 3 — OxxugaeMoe U3MEHEHNE TeMIIEpaTyphl BO31yXa,
paccuntanHoe oTHocUTeIbHO 1961-1990 rr. mo cuenaputo BCC-CSM1 SSP8.5

Table 3 — Expected change in air temperature calculated relative to 1961-1990 according to the BCC-CSM1 SSP8.5

SuBapb Amnpenb Hrons OKT0pb
Cra”uus
1 2 3 1 2 3 1 2 3 1 2 3
Vpanbck 5,4 73 7,8 2,8 3,1 4,7 5.4 5,7 6,8 4,3 3.8 3,9
AxTobe 4,1 53 6,3 1,8 2,4 3,8 6,9 9,1 9,4 3,5 5,1 5,5
[Mankap 6,2 7,3 83 3,0 33 4,6 6,0 8,5 9,0 3,9 5,7 6,2
®Dopr-1lleBuenko 3,0 3,8 3.8 1,5 2,0 2,7 0,6 2,0 2,8 -0,3 1,3 1,9
Tymubex 4,7 5,2 5.1 3,2 3,6 4,5 4,9 7,0 7,8 32 4,8 5,6
ArTpIpay 5,7 6,6 6,7 2,3 2,8 3.9 53 7,1 7,8 3,7 5.3 5.8
beiiney 0,0 0,5 0,5 3,1 3,1 4,5 7,0 9,2 9,8 0,3 2,2 2,8

Cornacuo Tabmumam 2 u 3 B nepuon ¢ 2041 mo 2060 r. Oyner HaOMOAAThCS yMEPEHHOE MOTE-
nenwne: +1,5-+3 °C (SSP4.5) u +3-+5 °C (SSP8.5). O1o cragus, rae KIMMaT emé «OTHITPhIBACT HHEPIIUIO»
HaKOIUJICHHBIX BBIOpOCOB KoHIa XX — Hadana XXI B. B mepuox 2061-2080 rr. oxumaercst yCKOpEHUE
TEMIIOB pocTa 3HaueHui: mo SSP4.5 anomanuu nocturaioT +4-+5 °C nerom, mo SSP8.5 — yxxe +6-+8 °C.
B »TOT mepwon BO3MOXKHO ONIIYTHMOE YCHJICHHE KINMAaTHYECKOH IIOJIOKUTENBHON OOpaTHOW CBSI3U
(TasiHUME CHEKHOTO/JIEZIOBOTO TTOKPOBA, CHIDKEHIE 3HAYeHNH anp0eso, yCHJIeHne UCIapSIeMOCTH C BOIHBIX
00BeKTOB U 1p.). K TpeTbeMy nepHogy TEKyIIero CToieTusi OyayT SpKO BBIpaKEHHBIE M3MEHEHHus: +5-
+7 °C (SSP4.5) u +8-+10 °C (SSP8.5). O10 cBsi3aHO ¢ KyMyJISITHBHBIM 3(pPEKTOM MapHUKOBBIX Ta30B U
HCYepIaHneM KOMIIEHCATOPHBIX BO3MOXXHOCTEH SKOCHCTEM.

Ha pucynkax 3 u 4 B xadecTBe mpuMepa MPEACTaBIEHBI KapThl PaCIpeaesieHUus] 0KUAAEMOTo H3-
MEHEHMsI CPeTHEr00BOI TeMnepaTypsl Bozayxa 3a nepuoj 2081-2100 rr. — 1t sHBaps U UIOJIS.

OtHocutenbHo 1961-1990 k 2081-2100 rr. 0o cueHapuio 4.5 0XKUAACTCS POCT TEMIEPATYPHL: 3UMOM
(saBaps) — Ha +6-+8 °C B KOHTHHEHTANBHBIX paiioHax (Ypamsck, Akxrobe, lllamkap), MeHbIIe — Ha
nobepexnbe Kacrus (Dopr-llleBuenko — +3-+4 °C); nerom (uronb) — Ha +6-+7 °C; BECHOH U OCEHBIO —
ot +2 no +4 °C. OtHocurenbHo 1991-2020 rr. poct k 2100 r. B cpeanem coctaBut +3-+5 °C jeToM u
+2-+3 °C 3umoH.

OtaocutenbHo 1961-1990 k 2081-2100 rT. IO crieHapHto 8.5 3UMOM TeMIiepaTyphl BO3pacTyT Ha +7-
+8 °C (ocobenHo B AkTobe, lllankape, ATripay), tetoM — Ha +9-+10 °C (BHyTpeHHHE paliOHbI), OCEHBIO —
Ha +5-+6 °C. Or"HocutenbpHo 1991-2020 rr. anHoMaInu JOCTUTAIOT: JIETOM — +8-19 °C, 3umMoi — +4-+5 °C,
BecHoOM/oceHpto — +3-+4 °C.

Cornacto cuenaputo SSP8.5 mpennonaraercst sKCTpeMaiabHOE MOTEIJIEHHE C YIPO30M A BOAHBIX
PECYPCOB, CEITLCKOTO XO3SHCTBA U IKOCUCTEMBI B I[EIIOM.
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Pucynok 3 — Oxxugaemoe u3MeHeHre Temneparypsl Bo3ayxa JKalibik-Kacnuiickoro 6acceiina Ha 2081-2100 rr. 3a sHBapb
o mogenu BCC-CSM1, paccunrannoe otHocutensHo 1961-1990 rr. mo cuenaputo 4.5

Figure 3 — Expected change in air temperature in the Zhayik-Caspian Basin for 2081-2100 for January according
to the BCC-CSM1 model, calculated relative to 1961-1990 under scenario 4.5.

B ycnoBusx rino0asbHOrO M3MEHEHHUsS KJIMMaTa OJHUM W3 KJIFOYEBBIX (DaKTOPOB, OIMPEIESISFOIINX
THUIPOMETEOPOJIOTHIECKAE PUCKA W BOJOXO3AWCTBEHHBIE YCIOBHUS, SBISETCS PEXUM aTMOCQEpPHBIX
ocankoB. s 3anmamnoro Kasaxcrama, rae HaOmomaroTcs Kak Ae(HUIMT BIarW, Tak M BBICOKAs MEX-
roaoBasd HM3MCHYHMBOCTH TEMIICPATYpPBI BO3AYyXa, IMOHUMAHHUE CCE30HHBIX H3MEHEHUN OCaAKOB SABJIACTCSA
HEKOPPEKTHBIM OMPE/CICHUEM JUISl CEIBCKOTO XO3SAHCTBA, BOJHBIX PECYpCOB M YCTOWYMBOCTH KO-
CHCTEM.

B Ttabnuie 4 mpencTaBiieH aHAlW3 W3MEHEHUH KOJWUYECTBA aTMOC(HEPHBIX OCAIKOB 1O JIaHHBIM
knmumarndeckoir mogenu BCC-CSM1-2 mns ciienapuss SSP4.5 orHocuTenbHO 0a30BOro Imepuoja
1961-1990 rr. Paccmorpensl mnporHo3nele nepuogsl 2021-2040, 2041-2060, 2061-2080 wu
2081-2100 rr. Ocoboe BHUMaHHWE YAENEHO CE30HHBIM DPA3NIUYMSIM (3MMa WM JIETO) M PETrHOHAIBHBIM
OCOOCHHOCTSIM.
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Pucynok 4 — Oxugaemoe U3MeHeHNe TeMIrepaTypsl Bo3ayxa JKaiisik-Kacmmiickoro 6acceiina na 2081-2100 rr. 3a uions
o mogenu BCC-CSM1, paccuurannoe otHocutensHo 1961-1990 rr. o cuenaputo 4.5

Figure 4 — Expected change in air temperature in the Zhayik-Caspian Basin for 2081-2100 in July according
to the BCC-CSM1 model, calculated relative to 1961-1990 under scenario 4.5

3umnue ocaoxu. AHanu3 IMOKa3bIBAET, YTO Ha OOJBIIEH YacTH PErHOHa OXKHUIAETCS YCTOMYMBOE
YMEHBIICHHE 3UMHHUX OcagkoB. HanOonpline aHOMaauy MPOTHO3UPYIOTCSA IJsl CEeBEpO-3alalHbIX CTaH-
uit — AkTo0e n Ypanbck (53-60 % otHOocuTenpHO 0azoBoro mepuoxaa). [ms mobepexss Kactus (Dopt-
[[leBuenko) u roro-3anagHsix paitoHoB (beiiney, Tymubex) yMeHbIlIeHHE MEHEe BBIPAKEHO U KOJeOIeTcst
or 2 10 19 %. MunumanbHbele n3MeHeHus: pukcupyrores s cranuuu [llankap (1-4 %). YuurteiBas
Oyaymue TeMmeparypsl BO3AyXa 3a 3UMHHH IEPHOA, 0’KUAAETCS, YTO OCaIKku OyIyT B OOJbIIEH CTENEeHH
KHUJIKHE.

Jlemnue ocaoxu. TIporHO3 OEMOHCTPUPYET SPKO BBIPAKEHHOE YMEHBLICHHE JIETHHX OCAaIKOB,
0coOeHHO B 3acylUIMBBIX pernoHax. Tak, B beitney, Illankape m TymunOeke yMeHBbIIEHHE IOCTUTHET
60-71 %. B Aktobe cokpamienne Ha 60-69 %, B TOo Bpems Kak B Ypanbcke u ATeipay — Ha 21-40 %. B
[Ipuxacrmiickom pernone (Popt-llleBuenko) manenue cocrapuseT 20-33 %. Takum o6pazom, B peruoHe
OKUJIAETCS CHIIBHBIN JeHULIUT 0CagKoB, 0COOCHHO B 3aCYLIUIMBBIX PaiiOHaX.

— 100 ——
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Ta6nuua 4 — M3meHeHue cpejHero koaudecTna ocaakos (%) 3a 3umy u aerto no mogenu BCC-CSM1,
paccunTaHHOE OTHOCUTENBHO 0a3oBoro mepuonaa 1961-1990 rr. mo cuenapusam SSP4.5

Table 4 — Change in average precipitation (%) for winter and summer according to the BCC-CSM1
model calculated relative to the base period 1961-1990 according to SSP4.5 scenarios

Mecsiu/ITepron
MC 3uma Jleto
2021-2040 | 2041-2060 | 2061-2080 [2081-2100 [ 2021-2040 | 2041-2060 | 2061-2080 | 2081-2100
Dopr-1lleBuenko 16 13 19 16 20 33 24 29
Beitney 14 17 4 18 49 48 56 50
ArTpIpay 11 17 9 10 34 35 26 40
AxT0be 57 58 57 54 60 69 64 65
VYpanbck 55 60 53 55 13 25 21 23
[Mankap 3 4 1 3 67 71 65 68
Tymubex 13 2 11 5 62 67 64 69

Ipumeuanue. OparxeBbIil [BET — ICGUITUT OCATKOB, 3€JICHBIN — HE3HAYUTEIBHOC YBIAKHEHUE, OCIIBII — OCaIKH B HOPME.

Oobcyxnenune. Kiinmatnueckue m3menenus B 3anagHoMm KaszaxcTane, mposBISIOIIMECS B BHAE IO-
BBIIIIEHUS TEMIIEPATYPhl 1 U3MEHEHHS B PEKUME OCAIKOB, TPEOYIOT KOMITJIEKCHBIX Mep. OCHOBHAS 1IeNb —
aJanTHPOBaTh PETHOH K HOBBIM YCIIOBHSM W CMSTYHTh HETAaTHBHBIC MOCICACTBHS. B mepByro oudepens,
HEOOXOIMMO COCPEJOTOYNTHCS Ha YIIPaBIEHWH BOAHBIMH pecypcaMd. DTO BKIFOYAET MOACPHHU3AIMIO
WPPUTALNOHHBIX CHCTEM, BHEApPEHHE TEXHOJOTHIl KalleIhbHOTO W CIPHHKIEPHOTO OPOIICHHWS, a TaKKe
CTPOUTEITHCTBO MaJBIX BOJOXPAHIIUI IS cOopa M coxpaHeHHs BOAbl. [loMHMO 3TOTO, KpaiiHe BaKHO
paliOHAIEHO KCIIOJIB30BaTh BOJHBIC PECYpPChl, BBOJAUTH HOPMATHBBI MOTPEOJCHUS M BHEIPATh TEXHO-
JIOTUM OTNPECHEHUsI TMOA3EMHBIX CONEHBIX BOJ. HeoOXxoammo amanTupoBaTh METONBI BeleHHUS u 3abopa
BOJHBIX PECYpCOB IJISi CEIbCKOro X03siicTBa. Takke BaXKHO BHEIPCHHE 3aCYyXOYCTOWUYMBHIX COPTOB
CEJIbCKOXO3SICTBEHHBIX KYJIBTYP U TPUMEHCHHE COBPEMCHHBIX TEXHOJIOTHUH, TaKWX, KaK «YMHOE»
3emiiezieniie u 00ydaTh (epMepoB HOBBIM, aJallTHBHBEIM METOJIaM BEICHUS CEIIbCKOTO XO3SHCTBA.

HcnomHuTEensHBIM OpraHaM MECTHOW BJIACTH HEOOXOAMMO TMpHBIEYh (GHMHAHCHPOBaHWE M3 Mexmy-
HAPOIHBIX PKOJOTMYECKUX (POHIOB HA MPOEKTHI IO arpojicCOMETHOPALMH U ONTUMU3AIMU HArPy3KU Ha
tepputopuio llpukacnuiickoii HU3MeHHOCTH. HeoO0XoanMo MoiiepKuBaTh HaydHbIE HWCCIEAOBaHUS M
MIPOEKTHI ISl IECOBOCCTAHOBIIEHUSI M OOpHOE C OMyCTHIHMBAHWEM B JAHHOM PETHOHE, TJI€ KIFOYEeBBIMHU
MepaMu OyIyT SBIATHCS O3€JCHEHHE B KPYIHBIX TOPOJaX, MOCaIKa JEPEBbEB U KyCTAPHUKOB B CEIBCKOMN
MECTHOCTH, YCTOWYMBBIX K 3aCyXe, ¥ MPOBOJUTH MEPHI MO PEKYJIGTUBAIUM JETPaIUPOBAHHBIX 3EMEIh
peruoHa.

Hakonemn, ans ycremHoro BHEIPEHUS BCEX ITHX Mep HEOOXOIUMBI WH(POPMAIIMOHHOE O0ecTiedeHIe
1 00pa3oBaHue HACEICHUS U (PePMEPCKUX XO3SHCTB.

3akaouenne. B xoxe uccrienoBaHus MpoaHATH3UPOBAHBI HCTOPUYECKHE JaHHBIE N0 TEMIIepaType
Bo3ayxa M aTtMochepHbIM ocaakaMm [Ipukacnmiickoro permoHa, NMpoBeAeHa CTAaTHCTUYEeCKas W aHald-
THYECKas paboTa, a TAK)Ke BBIABJICHEI TOJBI MEPEX0/a OJHOTO KBA3UCTAIMOHAPHOTO MEPHOJIA K IPYTOMY C
MOCJIEYIONINM PacyeTOM POCTa CPeIHE MHOTOJIETHEN TeMIepaTyphl BO3AyXa.

Coanacro oyenke noLyueHbl Credyiouue pe3yibmamol:

1. TTo Temmeparype: 3uMoOil MakcHUMalbHBIA pocT B Atbipay Ha 0,62 °C/10 ner u B Ypaibcke Ha
0,42 °C/10 net, MuaMManbHbIC U3MeHeHMs B Akto0e Ha 0,25 °C/10 ner, a B lllankape na 0,26 °C/10 ner.
Jletom B AThIpay MaKkCMMalIbHasi CKOPOCTh M3MEHEHHs TeMIiepaTypsl Bozayxa cocraBuia 0,88 °C/10 ner,
B beitaey — 0,81 °C/10 net, MuanMansHble m3MeHeHus B [lankape — 0,56 °C/10 ner.

2. o ocagxam 3aUKCHPOBAHO YBEIMUEHHE KOIMYECTBA BBIMABIINX OcaKkoB 3uMoii Ha MC ATbipay
(+2,94 mm/10 ner) u Ha @opt-1lleBuenko (+1,2 mm/10 ser). Jletom HabmOgaeTCS YMEHBIIIEHHE OCAIKOB B
VYpanscke (—13,42 mm/10 neT) u B Atbipay (—9,38 mm/10 tet).

[IpuumHAMHE 3TOTO MOTYT SIBIAThCA ociabimeHue CHOMPCKOTO aHTUITMKIIOHA M YACThIE BTOPIKCHIHS
TEMIBIX BO3AYIIHBIX Mace ¢ foro-3amana, CpeauszeMuomMopbs u Mpana.

— 101 =——
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Osicudoaemoe uzmenenue memnepamypul B lIpukaciniickoM perHoOHE COTJIACHO CLEHApHUsIM Ha J0JI-
TOCPOYHBIE TIEPHOIBI:

1) 2041-2060 rr.: +1,5-+3 °C (SSP4.5) u +3-+5 °C (SSP8.5).

2) 2061-2080 rr.: +4-+5 °C (SSP4.5) u +6-+8 °C (SSP8.5).

3) 2081-2100 rr.: +5-+7 °C (SSP4.5) u +8-+10 °C (SSP8.5).

Ooicudaemoe usmenenue ocaokog B lIpUKacIMIICKOM pErHOHE COTJAcHO CLEHapUsM Ha JOJro-
CPOYHEBIE TEPUOIBI:

1. 3umoii: coxpalieHne Ha OONbIIeH YacTH pernoHa, ocooenHo B Akrode u Ypainscke (—53-60%); Ha
nobepexrse Kacwst u toro-zanmazge — 2-19%; B lankape —1-4%. Ocaaxu OyayT B OCHOBHOM JKUAKHUMH.

2. Jlerom: cunbHblii aeduuur B beitney, lankape, Tymmubeke (—60-71%), Akrobe (—60-69%),
VYpanscke u Atsipay (—21-40%), @opr-1LeBuenko (—20-33%).

Jonrocpounsie TeHAEHIWU KinMMara B 3amagHoM KaszaxcraHe TOKa3bIBAalOT 3HAYUTEIBHBIA POCT
TEMIIEPATypPhl U U3MEHCHHSI B PEKHUME OCAIKOB, YTO TPEOYET KOMILICKCHOTO MOIXOJa Ui aaanTaludd
peruona. B mepuon 2041-2060 rr. Oymer HaOMIOAATHCS MAaKCHMAalbHOE YMEHBIICHUE JISTHUX OCAJKOB,
0COOEHHO B 3aCyNIIMBBEIX paiioHax. B mampHeiimem (2061-2100 rr.) XapakTep W3MECHCHHHA CTaOWIIH-
3UpyeTCcs, HO MPU ATOM OCTAaHETCS Ha HU3KOM ypoBHE. PermoHanbpHble ocoOeHHOCTH (BhusiHue Kacmmid-
CKOTO MOpS, KOHTUHCHTAJIbHOCTh KJIMMAaTa) OOYCIOBIMBAIOT Pa3ivuds MEXKIY CTaHIUSAMH. Tak, BHYT-
pennne paiions! (Lllankap, beitHey) neMOHCTpUPYIOT HawOoOJbIIee YMEHBIICHHE JIESTHUX OCAJKOB, B TO
BpeMs KaK MPUKACITUHCKHE TEPPUTOPHUH OTIIMIAIOTCS 0oJiee CTIIaKeHHOW TUHAMUKOM.

®duHancupoBanme., lccieqoBaHue BBIMOJHEHO TpU (QUHAHCOBOW mojjepkke Komurera Hayku
MuHucTepCcTBa HAYKH W BHICIIETO oOpazoBaHus PecryOmukn Kazaxcran no Teme: «/lnHamuka JiejoBoro
pexuma Kacnuiickoro Mopss u peku JKalblk B YCIOBUAX KIMMaTH4YeCKUMX H3MeHeHui», Ne HPH:
AP26199145.
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KACHHIA AMUMAFBIHIAFBI BCC-CSM1-2 KIUMATTBIK MOJEJII APKBLIIBI AYA TEMIIEPATYPACHI MEH
KAYBIH-INAIIBIHHBIH O3T'EPICIHIH KEJEIHNEKKE BOJI’KAYbI

AnnoTtanus. Makaraga BCC-CSM1-2 knuMaTTeIK Moaeni xone SSP4.5 sxone SSP8.5 knuMatThIK cuieHapuiinepi apKbUIbI
Kacrnuii afiMarbiHIaFbl aya TeMIIepaTypachl MEH KaybIH-LIAIIBIHHBIH e3repyi OaranaHazpl. 3eprrey 1961-2024 xpuigap apaisi-
FBIH KaMTUJBL. Aya TeMIepaTypachIHBIH aWTapibIKTail )KOFapbUIaybl JKOHE JKaybIH-IIAIIBIH MOJIIIEPiHIH e3repyi aHbBIKTaJIbL.
Opraiua XbpUIIBIK Temnepatypa 1976 xpuigan Oepi OaifkanFaH OH ayBITKyJapMeH ecyze. [anma xoHe men aiiMaKkTapbelHAa OpHa-
nackan cranuusuiap (Tymibek sxone Beitney) 2010 xpuigapaan Gacram epekiie KapKbIHABL 6CyAi KopceTTi. KpITallblK KiiuMaT-
TBIK MOJENbIIH HoTmxkenepi XXI racwipabiy asrbiaaa SSP4.5 creHapuiii OOWBIHIIA KBICTa aya TEMIICPaTypachl KOHTHHEHTTIK
aiimakrapga +6-+8 °C xoHe xaranayzaa +3-+4 °C, an xa3ma +6-+7 °C >korapbUiaysl MYMKiH eKeHiH kepcerenmi. SSP8.5 karay
crieHapHiiiHe caiikec, FACBIP/BIH COHbIHA Kapail Temmeparypa Kpicta +7-+8 °C, ai xazaa +9-+10 °C xorapbiiaysl Mymkin. Kpicta
J1a, JKa3/ia Jia )KayblH-IIAIIBIHHBIH a3al0bIMEH, KaybIH-IIAIIBIH YITUIEPiHiH e3repyi e FachIpIIblH COHbIHA Kapai KyTityne. KpIcKb
JKaybIH-IIAITBIHHBIH OapbIHIIIA a3af0bl OONBICTBIH CONTYCTIK-0aThIchiHAa (AKTe0e MeH Opanna 53—60%) kytineni. JKaszna Kyprax
aiimakrapaa (beitney, [lankap, TymiOex) xaybIH-IIAIIBIHHBIH aiiTapiblKTail ToMeHaeyi 6oikaHyna, o 60—71%-ra xereni, Oy
MH(PaKypBUIBIM MEH aybUl MIapyanlbUIbIFbIHA Kayil-KaTepi KyIIeiHTyi MyMKiH. OHipai ocbl e3repicrepre GelimMey yIIiH KeleH-
Ii IIapanap KakKeT, COHBIH iIIiHAe CyMeH XaOAbIKTay jKYHEeNepiH )KaHFBIPTY, CMapT ETIHIIUTIK TEXHOJOTHSIAPBIH €HT13Yy, arpoop-
MaH LIapyallblIbIFbl MEH OPMaHIap/bl KAJIIbIHA KENTIpY.

Tyiiin ce3nep: XKaiibik-Kacnuii cy mapyambuibiFbl 6acceliHi, KIMMATTBIH ©3repyi, KIMMaTThIK cieHapuiiiep, BCC-CSM1-2
MOJIENb, aya TeMIIepPaTyPachl, ’KaybIH-IIAIIBIH.
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CHANGES IN AIR TEMPERATURE AND PRECIPITATION IN THE CASPIAN REGION BASED
ON THE BCC-CSM1-2 CLIMATE MODEL

Abstract. The article assesses changes in air temperature and atmospheric precipitation in the Caspian region using the
BCC-CSM1-2 climate model and the SSP4.5 and SSP8.5 climate scenarios. The study covers the period from 1961 to 2024.
Significant increases in air temperature and changes in precipitation patterns have been identified. The average annual temperature
has been rising with positive anomalies observed since 1976. Stations located in steppe and desert areas (Tushchebek and Beineu)
have recorded a particularly sharp increase since the 2010s. The results of the Chinese climate model show that by the end of the
21st century, under the SSP4.5 scenario, winter air temperatures could increase by +6-+8 °C in continental areas and by +3-+4 °C
on the coast, and by +6-+7 °C in summer. Under the severe SSP8.5 scenario, by the end of the century, temperatures may rise by
+7-+8 °C in winter and +9-+10 °C in summer. Changes in precipitation patterns are also expected by the end of the century, with
a decrease in both winter and summer precipitation. The greatest reduction in winter precipitation is expected in the north-west of
the region (53—-60% in Aktobe and Uralsk). In summer, a significant decrease in precipitation of up to 60—71% is forecast for arid
areas (Beineu, Shalkar, Tushchebek), which may exacerbate risks to infrastructure and agriculture. Comprehensive measures are
needed to help the region adapt to these changes, including the modernisation of water supply systems, the introduction of smart
farming technologies, agroforestry and forest restoration.

Keywords: Zhayik-Caspian water basin, climate change, climate scenarios, BCC-CSM1-2 model, air temperature, precipi-
tation.
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OLIEHKA PUCKA ONOJI3HEA
U PABPABOTKA 3AIIIUTHBIX MEPOIIPUATUIA
HA OCHOBE HOJIEBBIX UCCJIEJIOBAHUN B TEKEJIH

AnHoranusa. ['opHble Tepputopun KazaxcraHa XapakTepU3yHOTCS aKTHBHBIM IIPOSIBICHHEM OIACHBIX IIPO-
LIECCOB, KOTOpBIE B PaliOHaX C BBICOKOW IUIOTHOCTBIO HACENEHHUs! (POPMHUPYIOT BBICOKUI PUCK HYEIOBEYECKOTO U
MarepuanpHoro ymiepoa. HanGonee penpe3eHTaTHBHBIM CIOCOOOM HM3Yy4EHHs JIOKAJIbHBIX OINOJ3HEH SABISIETCS HC-
MOJIb30BAaHNUE COUYETAHMS TPATUIMOHHOIO IOJIEBOTO METOJa M JUCTaHIMOHHOro 3oHaupoBanus u ['MC. Ilpuse-
JIEHbI pe3yJIbTaThl Ha3eMHOT'O IOJIEBOTO OOCIIEJIOBaHUS TEPPUTOPUH C JAIBHEWIINM aHAJIM30M PUCKa OMNOJI3HEH B
pervone Tekenu ¢ npumenenuem MetonoB ['MC-kaprorpadupoBanus u naHHbix /133 U BBIPaOOTKOIl KpaTko- U
JIOJITOCPOYHBIX PEKOMEHAALUI 10 3aIuTe JoAel u uMmyiecTtsa. [Ipu nccnenosanuu teppuropuu ropoja Texenu Ha
OCHOBE T'€OJIOTMYECKHX, FeOMOP(POIOTHIECKIX, METEOPOJIOTHUECKUX JaHHBIX, KOCMOCHUMKOB, OTKPBITBIX TJI00aJIb-
HBIX JIaHHBIX U PETPOCHEKTUBHBIX CIIy4acB OMOJ3HEH OLEHKAa pUCKA ONOI3HEH Hallljla MOATBEPKACHUE P OIEBOM
oOcnenoBanmnu. [IpoBeneHa opToPoTOCHEMKA MPX TMOMOIIM KBaJIPOKONTEPA, ONPOLICHBI MECTHBIC KUTEIH U aMH-
HHUCTPaTHBHBIE JINIA. B3AThI MpOObI rpyHTA JUIS TPaHyJIOMETPHUYECKOTO aHAIM3a B TOYKaX C BHICOKUM PHCKOM CX0Ja
OIOJI3HS C BBISIBIIEHHBIMU TPEIIMHAMM B 30HE OTpbIBa. METOIMKA OLIEHKH OIOJI3HEBOTO PUCKA OCHOBAHA HA UCIIOJIb-
30BaHWM MHPOBOT'O OIBITa HcCIeN0BaHHH. KOHEUHBIM pe3ynbTaToM sBisgeTCS TaOnuia, 0ObEAUHSIOMAs BCE PEKO-
MEHALUH IS KaXI0TO OIOJI3HEONACHOTO Y4acTKa.

KaioueBble cj10Ba: OINOJI3HM, OLIEHKA OMOJI3HEBOIO PUCKA, UYpe3BbIYalHAS CUTYalMsl, OJEBbIE HCCIECIOBAHMS,
3amuTHele Meponpustus, [ UC, Texenn.

BBenenmne. IlpakTika Moka3pIBaeT, YTO CHUIKEHHE PHCKa OIMON3Hed Hambosee >PQeKkTHBHO mpu
OCYILECTBJICHUN Ha MECTHOM (OTHEIBbHBIA CKIOH, MECTHOCTh) MJIM PETHOHAIILHOM YpOBHE. B nokanbHOM
MacmTabe pa3paboTKa Mep IO CHI)KEHHIO PHUCKA, HAlpUMEP CHCTEMBbl PAHHETO OINOBELICHUS, MOXKET
OCHOBBIBATHCS. HA PANE ONTUMAIBHBIX CLEHAPUEB M COCTOUT U3 YETKUX LIArOB — HAYMHASA C OLECHKU
BEPOSITHOCTH UX BO3HMKHOBEHUS, OLEHKH O0beMa M MaclTada OMNOJ3Hs, OLECHKHU MOTEpb, CPAaBHEHUS
OLIGHEHHOI'0 PUCKA C KPUTEPHSIMHU IPHHATHS PUCKA/TOIEPAHTHOCTH K PHCKY, pEalu3aludl COOTBET-
CTBYIOIIMX Mep MO CHIDKEHHIO pUCKa NMpH HeoOXoauMmocTH. Ha mpakTHke Takoro ypoBHS CTPOTOCTH
MIPUJEPKUBAIOTCS TIPU YTIPABIEHUH PHUCKOM OIIOJI3HEH B pa3BUTHIX cTpaHax. OIHAKO B pa3BUBAIOIIUXCS
CTpaHax CUCTEMbI PAHHETO MPEAYNpPEXKICHUS U MEPHI 110 CMATYCHUIO NOCIEACTBUII MUHUMAIBHEL [1, 2].
Bo MHoOrux crpanax, rjie €cTh paiOHBI C BBHICOKOH OIACHOCTHIO OIOJI3HEH, OTCYTCTBYIOT HEOOXOIMMBIE
3aKOHBI M IIPABWJIA JISl OIIPENEICHUS IPUOPUTETOB U Peaan3alui ILIaHA [10 CHUYKEHUIO PUCKA OIOJI3HEH.
YacTo yTBepKAaeTcs, YTO «HYKHa KatacTpoda, 4TOOBI NOTYYUTh OTBETHYIO IOJIMTHKY», U TEMaTHUECKHUE
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WCCIIEJIOBAHUS YIPABICHUs PUCKaMHU OMOJ3HEH B pasHBIX CTpaHax IMOKa3bIBAIOT CBSI3b MEXAY 4acTOTOM
OencTBUH U MPOTPECCOM U CIIBUTAMHU B YIPABICHUN PUCKAMHU OTION3HEH [3].

BencTBus MOryT Karaau3upoBaTh MOMEHTHI M3MEHEHUS IeNeid, TIOJUTUKY U MPAKTUKU YIpPaBICHUS
puckaMu. Bee yarne nmpoueccsl IpUHITHS PEIICHUH OpraHaMy BIacTH, OTBEYAIONIMMH 33 CHUKCHUE PUCKA
OTIOJI3HEH U IPYTUX OMACHOCTEH, NEPEXOIAT OT «IKCHEPTHBIX)» PEIICHUN K BKIIOYEHHIO OOILECTBEHHOCTH
U IPYTUX 3aWHTEPECOBAHHBIX CTOPOH [4].

l'opuble pernoHsl, obpamisronue 0ro-BocTok Kazaxcrana, UMEIOT TEPPUTOPUN C BBHICOKOHM OIOI3-
HEBOM ysA3BUMOCTBIO. [ 'yCTOHAcCeeHHbIe pailoHbl B HU3KOTOPHOM U MPEATrOPHON YacTH, T1i€ TPUPOIHBIE U
AQHTPOIIOTEHHBIC YCIOBHS CIIOCOOCTBYIOT BOSHHKHOBEHHUIO OTMACHOCTH MPOSBIICHUS OIOJI3HEH, SIBIISIOTCS
Ooee ySI3BUMBIMHU B IUTaHE MAaTEPUAIBHOTO U YeIoBeUecKoro ymepoa. Tak ke, Kak 1 BO MHOTHX CTpaHax
MUDpA, TJIe €CTh pailoHbI ¢ BEICOKOI OMaCHOCTHIO Oroi3Hed, B KazaxcTane HabI0qaroTCsl HECOBEPIIEHCTBO
3aKOHOAATEJIbHON 0a3bl, CUCTEM PAHHErO MNPENyNpeXACHHs U Mep IO CMATYCHHIO yiiepba, a Takxe
3aCTpOMKa OMAcHBIX TEPPUTOPHUN Oe3 COOIOACHUS 3IEMEHTAPHBIX 3alIUTHBIX CTAaHAAPTOB. DTO MOXKET
NPUBOIUTH K (paTanbHbIM TocieAcTBUsAM. Tak mpousonuio 15 mas 2022 roma Ha TEPPUTOPUHM TOpoAa
Texenu, Korjaa B pe3yabTaTe OMOJI3HA MOTHO peOEHOK S5 JIeT, MOTHOCTHIO M YaCTHYHO Pa3pyLICHO 5 TOMOB.
B cBs3u ¢ 3TUM ciiydaeM IO 33JaHUI0 PYKOBOJCTBA Iopoja HaMM IPOBEIECHO CHELHANIN3HPOBAaHHOE
o0cyiefoBaHME ydYacTKa IPOU3OLISANIEr0 OMOJ3HA M BO3HUKIA HEOOXOAWMOCTH B 0Oojiee IeTalbHOM
UCCIIEJIOBAHMHU el€ 7 MOTEHIHAJbHO OMNAaCHBIX YYacTKOB 3TOTO HACEIEHHOIo NMYyHKTa. B 3Toi cBs3m
HECOMHEHHa Hay4Has U MpaKTHYecKas EHHOCTh JaHHOTO HCCIEeIO0BaHU, Pe3ylIbTaThl KOTOPOTO MOTYT
OBITH SKCTPAIIONMPOBAHbI HA APYTHE OINOJI3HEOIACHBIE PETMOHbI CTPAaHbl U UCIIOIb30BaHbI IPH pa3paboTKe
CTpaTEeryy NPOTHBOOIOI3HEBOH 3aLIUTHI YSI3BUMbIX OOBEKTOB.

B nmanHOM paiioHe M paHblle (UKCHPOBAIHMCH OTHENbHBIE CIy4ad OIOJ3HEBBIX COOBITHH, HO He
MPOBOAMJINCH JIeTallbHbIE TIOJIeBble HccienoBaHus. [103TOMy OTCYTCTBYIOT KOJHUYECTBEHHBIE pErHO-
HaJIbHBIE WJIH [IPOBUHLUAIIBHBIC KAPTHI OIACHOCTH JUISL IPUHATHA 00OCHOBAaHHBIX PELICHUI B IporpaMMax
pasBUTHS WHPPACTPYKTYPHl B OINOJ3HEONACHBIX pernoHax. CymecTByloT 0OOOIIEHHBIE M YCTapeBILHUE
KapThl PUCKa ONACHBIX MPOLECCOB AJSi OOMIMPHBIX TEPPUTOPUH, OAHAKO OTCYTCTBYIOT KOJIMYECTBEHHBIC
pEeTHOHANIbHBIE WM TPOBHUHIIMAIBHBIE KapThl OMOJ3HEBOW YSA3BMMOCTH. YaCTHYHO 3TO YIalloch OCY-
IIECTBUTh B paMKax 3TOr0 JIOKAJIbHOTO MCCIIEAOBAHMA, OJHAKO IPOBEIEHHE HMIMPOKOMACIITAOHBIX IIO-
JIeBBIX MCCIENOBAaHUN sBisieTcs (MHAHCOBO 3aTpaTHbIM. [losToMy Ha cremyromieM sTamne H3y4eHUs
HeoOXoauMo emé OoJplle paciiupATh MNPUMEHEHHWE METOJOB AMCTAHLMOHHOTO 30HAWPOBAaHHSA H
I'MC-ananu3a U1t OIIEHKH YA3BUMOCTH OOLIHUPHBIX M TPYIHOJOCTYIHBIX TEPPUTOPUH.

Marepuajabl 1 MeTOABbI HcciaeqoBaHusi. I'opon Tekenmn ¢ HacemeHmeM Oosee 30 ThIC. YeIIOBEK
pacrioyioxeH Ha roro-Bocroke Kaszaxcrana B 3amamnHoil yactu xpe0ta Xetbicy Anaray B MecTe CIUSHUS
pex Kopa, Haxka u Tekenu, kotopsie 00pa3yroT peky Kaparan (pucyHok 1).

Bonpmias dacTe roposa pacroyiokeHa Ha JHE IIHPOKON MonuHBI peku Kaparam Huxe CIUSHUS
pek Kopa u Yaxxa. Ha Bbixoze u3 rop, Ha Beicote 980 M HaJl ypOBHEM MOPS, IIUPUHA JTHA JOJUHBI COCTaB-
asiet 1500 M. K BocToKy AonuHa cykaetcst U uepe3 5 kM, B mecte cnusiHus pek Kopa u Yaxa, Ha BbIcOTe
1030 M, nHO MonMMHBEI uMeeT mupuHy 200 M.

Teomopghonocus. OcobeHHOCTh TEOMOP(HOIOTHHN 3TOTO PErHOHA — CTYINEHYATOe CTPOCHUE CKIIOHOB.
Mopdostoruuecky Bbiiensercst 2 CTYHEHU: HU3KHE NPEAropbsi C MITKOYBAJIUCTHIM U IIOCKOBEPIINHHBIM
CTpoeHHeM ¢ abCOMOTHRIMHA OTMeTKaMH BBICOTHI OT 1030 10 1600 M 1 BBICOKHE TIPEATOPHS C YBATUCTHIM
wiato ot 1600 go 2750 m. JleBbiit ckiioH nonuHbl peku Kaparan Gonee kpyToit u Ooiiee TyCTO U3pe3aH
soramu. Onon3eHp MOTOKOBOTO TUMa JBxkeHUs 2022 roga MpoHU30IIeN Ha YCTyIE MOJIOT0M MpearopHoi
Teppachl CKIOHA CEBEPHOM SKCIO3MLUH JIEBOro OopTa mosuHbl peku Texemu. Bposka Teppacel pacmo-
noxkeHa Ha abcomroTHoH BbicoTe 1050 M, momomBa — Ha 1022 M. BepxHsist yacte npoduis (30Ha Gopmu-
POBaHUsI OMOJ3H:) Ha MPOTsbKeHHH 40 M uMeeT KpyTu3Hy 20°, HUKHSS 9acTh (TpaH3WTHAs 30Ha) AJTMHOM
30 M uMeeT KpyTu3HYy okoji0 30°. B HukHEW yacT 30HBI (HOPMUPOBAHUS OTIOJI3HS HAOIFOAaeTCs EePeruo
CKIIOHa, TJe KPyTHU3HA CKJIoOHA yBenmuuuBaercs oT 10 mo 30° (pucyHok 2).

B Tabmmue 1 o0000mieHsl naHHBIE MO MOP(OMETPUYECKHM XapaKTEPUCTHKAaM OIOJI3HEOHMAaCHBIX
y4acTkoB B Tekenu, MONTydeHHbIE C MOMOIIBI0 KBajapokonTepa [6]. Ilmomaas HUIIM OTpBIBA OMOI3HA
15 mast (3oma (opmupoBanms) — 770 M°, cpemmsisi rmy6bunHa — 4,2 M. II0 DaHHBIM CHEMKH 00BEM
NpHIICAIICH B ABIKCHHE TPYHTOBOH Macchl cocTaBmi 3234 M. OmoT3eHb MOTOKOBOTO THITA BO3HHK Ha
YCTyIle Teppachkl CEBEpHOTO CKJIOHA JIeBOOEpek bsi MONWHBI p. Tekenn Ha aOcomoTHOW BbIcoTe 1050 M.
Bepxusist yacte npoduist (30Ha GopMupoBaHus onon3Hs) mpoctupaercs Ha 40 M ¢ yrinom HakioHa 20°.
TpansurtHas 30Ha yuHOM 30 M MMeeT YKIOH 0Koio 30°.
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Pucynok 1 — MecromosnoxeHue paiioHa HCCICTOBAHUS

Figure 1—- Location of the study area

Pucynok 2 — [LIMP u kapTa ykioHOB
Figure 2 — DEM & Slope of Tekeli
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Tabmuma 1 — Mopdomerprdeckne XapaKTePHCTHKH OTIOJI3HEOMACHBIX YIAaCTKOB B Texenu

Table 1 — Morphometric characteristics of landslide-prone areas in Tekeli

YyacTok Koopnunatst AbcomroTHast KpyTtusna Jnuna, Mupuna, | ITnomans,
BBICOTA, M CKJIOHOB, I'pa/. M M M2
o ' "
N 1 (Topusik Tekeinu) Zi"gf'fg” Il::I 1060-1120 10-15 120 10 1200
N la (Mensexbs Jlana) Zi"gf'll é,, II:ZI 1040-1140 30-35 300 50 15 000
o) ' "
N 2 (yx1. baymana) Li;‘;fg" I]\EI 1080-1120 5-7 50 25 1250
. 78°48'10" E
N 3 (yn. MameToBoit) 44°51'14" N 1070-1100 8-16 40 10 400
N 4 (yn. Illaranosa) Eogfé;- II:ZI 1058—- 1075 7-8 130 65 8500
78°50'22" E
N 5 (yn. XKanpgocora) 44°48'53" N 1180-1220 6-19 80 60 4800
78°46'47" E
N 6 (yx. PeickynbexoBa) 44°51'05" N 1120-1180 30-35 300 45 13 500
N 7 (yn. Yexosa) Zi"gf';;” II:ZI 1010-1050 4-5 40 15 600

Ceticmomekmonuxka u 2eonocudeckue yciosusi. PETHoH OTHOCUTCS K 30HE BBICOKOH CEHCMHYHOCTH
(M>8), mocnemHee KpymHOE 3EMIICTPSICEHHE MarHuTymou 6-7 OamroB mpouwsonuio B 2009 1. 06e3
YeJIOBEUECKHUX XKepTB, HO 0KoJI0 40 TOMOB MOJMYYWJIN MOBPEXIACHHS. I'paHUIbI XpeOTOB M MEXTOPHBIX
BIAJUH YE€TKO (DPUKCUPYIOTCS MPOAOIDKCHHUEM TIYyOMHHBIX KpaeBbIX pa3loMoB. [lo 30HaM TiIyOMHHBIX
pasIoMOB (PUKCHUPYIOTCS TOPU3OHTAIBHEIC CIBUTH U HAJIBUTAHHE XpeOTOB Ha KOTJIOBUHEI [7].

Onomn3HeonacHble CKIOHBI B TeKenn cloKeHbl IECCOBUIHBIM CYTTTMHKOM (PHUCYHOK 3), TEPEKPBITHIM
Pa3BUTHIM TOYBEHHBIM TOKPOBOM (ToiIuHa TymycoBoro cios 30-50 cMm) ¢ rycToil apeBecHOM, Kyc-
TapHUKOBOH W TPaBSHUCTOH PaCTHTEIBHOCTHIO. OCOOEHHOCTHIO JIECCOBHIIHBIX CYTITMHKOB SIBIISETCS TO,

@® HaceneHHbe NyHKTb - D, ﬁ:x:z::: D:"F;BMH-:V:f:P;‘I;;GDWW aTABnBL a0, COBPEMEHHLIE OTNOHEHNA. TCKH, CYIMMHKN, FANEYHUKN
< Pexu PRj-€, ksk - WHA MPOTBPO30M — KeMEpHA - Gy-s ﬁmkcmh ANYC, BEPXHUA NODEADYC — HAMIGDCKWA ADYC.
2-6q Bepod . b, o
ABTOMOGUNEHEIE AOpOTU [] Prost Bepumni rooreponoi Meramopduniccnns cras, Bl c.n i mpyc. M o
- eneaHble aopory #* enamu, nunss upamapon = WIBBCTHAKM, Tyibl
l:l ) Cpeamesetaeptiinsie oTnoxeHus. Fanenmim, - ¥e, MHKPOrPBHMTE!, ANAMMOMPANTE!, MAHOAKOPUTLI,
D PaiioH uccnegosaHui 1 KOHINIOMEDaTE, MECKH, CYNECH. CYIMHHKN. NECCH, MMHE NBAPUSBEIE AMOPHTE
G = . MNarHOKkNa3oBLIE IPaMTLI, MHEHOAKAPUTEI, TOMANMTLI,

—— Paanomsl a0y Tpy MBI NOPOfE! U TR VNG, o0 KBApUEBLIE nunpnrlp: L ¥

a0, BepxHeveTEEpTUHbIE OTADKEHNR. eckn, CYNEcH,
0 175 35 7 105 14 W cyrnmmi, rPABMANG-ran e

7840 78°50' [

Pucynok 3 — I'eonoruueckas xapra Texenu

Table 3 — Geological map of Tekeli
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YTO OHU B CYXOM COCTOSIHMM OY€Hb IPOYHBIC M MOTYT BBLACP)KUBATh 3HAYMTEIBbHBIE HATPY3KH, HO NPH
YBJIQXKHEHUH 10 IOJIHON BJIATOEMKOCTH MX MPOYHOCTH IaJaeT Oosiee 4yeM B ABA Pa3a, U OHU CTAHOBATCS
IJIACTUYHBIMU. DTO CBOWCTBO OOYCIIOBJICHO BBICOKOW MOPHCTOCTHIO ATUX TPyHTOB. OOBEM IMOpP MOXKET
nocturath 45% ot obmero oovema rpyHTa. [1opel BEITSHYTH B BHIE Y3KHX BEPTHKAJIBHBIX KaHAJBLEB,
YTO NMPHUBOAUT K SIPKO BBIPRKEHHOH aHU30TPONHMH (PU3MKO-MEXaHHMYECKHX CBOICTB rpyHTa. Ero mpou-
HOCTb Ha CABHI' B BEPTHKAJIbHOM HAlpaBICHUU MEHbBILE, YEM B T'OPU30HTAIBHOM, a KOG GHUINEHT QHUiIb-
Tpauuu OONblIe B BEPTUKAIBHOM HAINPAaBICHWH, YeM B TOPU3OHTAIBHOM. DTO MPUBOIUT K BBICOKOM
OMOJI3HEBOU U IMIPOCATOYHOM OMACHOCTH MPU CTPOUTENBCTBE HA TAKUX I'pyHTax [8].

Memeoponoeuueckue ycnosus. OOBOJHEHUE HECTAOMJIBHBIX JIECCOBBIX IOPOA MOXKET NMPOUCXOIUTH
M0 HECKOJBKUM NpPUYHMHAM: TPYHTOBBIC BOJBI, CHJIBbHBIE aTMOC(EpHBIC OCAIKH WM aHTPOIOTEHHOE
BO3/IeiicTBHE (IPOTEUKH BOJIONPOBOA, HEKOHTPOJIUPYEMBIH MOJIUB).

Camble BaxXHbIE METEO(haKTOPbI, BIUIIOINE HA COCTOSIHAE OYBOIPYHTOB, 3TO KOJIMYECTBO U PEKUM
BbIMAJIeHUs] aTMOC(EPHBIX OCATKOB, a TAaK)K€ BEIMYMHA CHETOHAKOIUIEHWS W HHTEHCHUBHOCTH TasHUS
CHE)KHOTO TOKpoBa. OmMacHBIM MPHU3HAKOM (OPMHUPOBAHUS OIOJ3HEH SBISETCS aHOMAIbHO OOJIBIIOE
KOJINYECTBO Pa30BbIX, HETIPEPBIBHBIX 0canKkoB. OHM MPHUBOAAT K PE3KOMY OOBOAHEHMIO TPYHTOB. JlonuHa
pexu Kaparan oTkpbITa Ha 3anaj, HaBcTpedy BIaroHEeCyIUM aTMOC(EpHBIM TOTOKaM, 4TO 00yCIOBIMBAET
MOBBIIICHHOE KOJIMYECTBO aTMOC(EPHBIX OCAIKOB, BHIMAIAIOININX B TOM paiioHe.

B ropome Tekenn mMakcumalbHBIE pa3oBble OCaOKU HAOIIOJAIOTCS ¢ Mas Mo uionb (Tabiuna 2). Ha
METEOCTaHIMH Tekenn aOCONFOTHBIH MaKCHMyM CYTOYHOM CYMMBI O0camkoB 82,2 MM OTMEUEH B HIOJIC
1990 r. MakcuManbpHas Temmeparypa Bo3ayxa B anpene paBusercs 33 °C, B mae — 35 °C.

Tabnuna 2 — KonmvecTBo ocaikos, MM [9]

Table 2 — Precipitations amount in Tekeli region, mm [9]

Mecsust Mecsiunas cymMMa 0cajikoB, MakcuManbHOe CyTOYHOE KonuuecTBo aueit
MM KOJIMYECTBO OCAJIKOB, MM (TO[) C ocaJKaMu
I 40 28,5 (2000) 9,4
II 37 34,4 (1988) 8,7
I 53 52,9 (1964) 12,1
v 95 58,6 (1994) 11,1
v 113 46,4 (1993) 13,7
VI 98 82,2 (1990) 12,9
VII 83 51,0 (1999) 12,5
VIII 44 39,2 (1970) 8,2
IX 51 36,8 (1996) 7,2
X 74 56,8 (1965) 10,0
XI 74 42,8 (1993) 10,1
XII 56 48,0 (1970) 10,0
lox 818 82,2 (1990) 125,9

Haunbonpiee xonamyecTBO OCagkoB OTMEYaeTcsl B Mae, HaMMeHbllee — B ceHTsI0pe. B cpeanem B
TeUYeHHE To/1a HaOIroMarTes 2 JHS ¢ CHIBHBIMU OCaJIKaMH, KOTJa CyTOYHAs CyMMa OCaJKOB IPEBBIIIACT
30 MmM. OOBIYHO ATO MPOWCXOANT B Mae-HIOHE.

B ropone Texenu, B 30He GopMUpPOBaHHS ONONI3HEH, MaKCUMaJIbHas BEICOTA CHETa Ha KOHEIl epHoa
cHeroHakoreHus cocTtasisgeT 80 cM, a 3amac BoAbl B cHere — 190 MM. DTOT cioil BoJbl MOCTyMaeT Ha
CKJIOHBI TIpY TasHUH CHETa B MapTe M €ro HeoOXomuMo 100aBUTh K MaKCHMaJTbHOW MapTOBCKOW cymme
JKUJIKUX 0CaJIKOB. B pe3ynbrare moiydaercs, 4To B MapTe Ha CKIOHBI MOXET MOCTYIMUTH 10 240 MM BOJIBI,
YTO AeaeT 3TOT MECSI CaMblM OMNOJ3HEONacHBIM. BbicoKas BeposSTHOCTH (POPMHUpPOBAaHHUS OMON3HEH 3a
CYET €CTECTBCHHOI'O YBJIAXKHEHUS COXPAHSIETCS TAKXKE B allpelie U Mae.

ITo mamnapM TEaporiocta P. Tekenn (kox ruaponocta 14426) 3a mpeamiecTBYOMAE CYTKH 0 CXOAa
OTIOJNI3HS BBIMAIIO 15,6 MM JXKHUAKWX OCanKoB. Bcero ¢ Hadanma Mas TEKYIIEro roja CyMMa OCaJIKOB
coctaBuna 31,8 mm. Ha mereoponoruyeckoit craniuu Tekenu cymma ocaakoB 15 masi T.r. paBHSJIACh
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18,3 MM, a ¢ 1 mo 15 mas 1.r. — 31,2 mm. Cymma ocagkoB 3a anpeib — 35,8 Mm. CyTOUHBIH MakCUMyM
ocankoB 10% obecnieuennoctu (1 pas B 10 ner) cocrasiser 58,5 mm. CpeqHss cymMma OCaiKoB B arperie
3a MHOTOJICTHUH mieproA Obuta 77 MM. AHaNIH3 METEOPOIIOTHUSCKUX JAHHBIX TMOKA3bIBACT, YTO CYTOUHAS
cymma ocankoB 15 mas 2022 r. moBTOpsiercs dare, ueM 1 pa3 B 10 ser, a cymma OocaIkoB 3a ampesb
TeKy1ero roga coctasuia 45% ot HopMel. TakuMm 00pazoM, MeTeopoorniyeckas o0cTaHOBKa B T. Tekenu
B IIEPHOJ, IPEALIECTBYOLINH OIIOI3HIO, HE SIBJISIACH AHOMAIBHOM.

Kpome Toro, 1o CBUAETENHCTBY COTPYIHUKOB CIIacaTeIbHON CITy>KObI, U3 BHYTPEHHEH CTEHKH HUIIH
OTpBIBa OMOJI3HSA Ha 3 M BBICTyNaja OTOJMBILIAsCS, 3ariayOjeHHas Ha | M BogompoBonxHas TpyOa aua-
MeTpoM 20 MM, amuHON okoio 3 M (pucyHok 4). o cBunerenscTBy coTpynuukoB ['Y «Kascenesammray»
13 3TOH TPYOBI IMOCIE CXOa OIOI3HS OMTa CTpys BOABL. DTH (DAKTHI SICHO IEMOHCTPHUPYIOT, UTO OTIOI3CHb
NpOM30IIeT HE TONBKO B pe3yibTaTe OOWIBHBIX E€CTECTBEHHBIX OC3AKOB, HO M MO IpPUYHHE
AQHTPOIIOTEHHOTO NIepeYBIAKHEHUS TPYHTa dYepe3 TpyOONnpoBoA, MPOXOAALINNA BHYTPU CKIIOHA.

Pucyhnok 4 — Ononzens 15 mast 2022 ropa:
@ — TPaHULBl YTPOXKAaEMO# 30HBI OMOJI3HS; 6 — BOJOIPOBOJHAS TPYOa, 0OBOAHSBILAS TEJIO ONOI3HS

Figure 4 — Landslide May 15, 2022:
a — a water supply pipe hydrating the landslide body; b — boundaries of the landslide hazard zone

3emnenonvzosanue. bonpllioe BIWSHUE HA TEpEYBIKHEHHWE TPYHTOB OKa3bIBAIOT MPOPHIBBI BOJO-
MPOBOJIHBIX CETCH W HEUCHPABHOCTh KaHATM3AI[MK, KOTOPBIC BHI3BIBAIOT JIOKAIBHBIC NMPOCAJKU TPYHTA U
OTO3HU B JI000e Bpems roxa. [loMuMoO mpupomHBIX (HaKTOPOB W TYCTOW 3aCEeIEHHOCTH JIECCOBBIX
CKJIOHOB YCHJITUBAIOIINM OTIOJI3HEBYIO YA3BUMOCTH (PaKTOPOM SIBIIIETCS CYIeCTBOBABIIHM B 1942-1996 rT.
PYIHUK MOJUMETAJUINYECKUX PYI, KOTOPBIM CrocoOCTBOBajI OypHOMY POCTY SKOHOMHUKH W HacelleHUs
ropojia. YBEIHYWIACh TPAHCIIOPTHAS CETh B BHJIE JKEJIE3HON JIOPOTH M TPYHTOBBIX JIOPOT, MOAPE3AIOIINX
CKJIOHBI W OKAa3BIBAIOIINX BHUOPAIMOHHOE BO3ACWCTBHME HA TPYHTHI, CTPOWIIHNCH XXIIIbIE MOMEIICHUS U
Pa3BUBAIUCH Pa3UUHBIE 0OBEKTH HHOPACTPYKTYPHI.

Ha pucynke 5 BUAHO, YTO MPOSABIICHUE OIMOJ3HEH HMEET MPAMYIO CBS3b C TPAaHCIIOPTHOH ceThio. B
HACTOSIIEe BPeMs B CBSI3U C UCTOLICHHEM (BBIPA0OTKO) MECTOPOK/ICHHS CBHHIIOBO-ITUHKOBBI KOMOWHAT
He (YHKIIMOHUPYET, OJHAKO OCTAIOCh XPAHWMIIHUINE OTXOJIOB, OKAa3bIBAIOIIEE OYCHb HEraTHBHOE BIMSHUE
Ha 3I0pOBbE MECTHOT'O HACEIICHHS U SKOJIOTHUECKYIO CUTYalHIO B IIETIOM.

Ucnonp3oBaHue codeTaHus TPaJUIMOHHBIX METOJOB IOJICBBIX WCCIEAOBAaHUNA W TPUMEHEHHS
ananm3a /133 u 'MC-kaprorpadupoBaHus I OICHKH pUCKa U COICHCTBUS IpoIleccaM IUIaHUPOBAHKS U
YOpaBIeHHUST CUUTAaeTCsd Haumbonee OOBEKTUBHBIM IMyTEM M3Y4YeHMS JIOKAJIBHBIX omnoyi3Hed. [loaromy
KpaiiHe Ba)XHO OTCJICKHBATh HW3BECTHHIC OIOJI3HH W OOHAPYXKHUBATh MOTCHIMAIBHO HECTaOWIbHBIC
CKJIOHBI, 9YTO MOXeT 00eCIeUnTh IMpe0TBpaIleHIe Te00TIaCHOCTEH.

XoTs 3T METOABI ITO3BOJAIOT AOCTUI'aTh BBICOKOTOYHBLIX I/ISMepeHI/Iﬁ, UX TPpYAHO NPUMCHATH IJid
0oOHapyKCHHUS HEHM3BECTHBIX M HECTAOWIBHBIX CKJIOHOB H3-32 BBICOKOW CTOMMOCTH U IPAKTHUECKUX
OTpaHHYEeHHH TMOKPBITHSA. ONTHYECKHE H300paXeHHs TUCTAHIIMOHHOTO 30HIUPOBAHMUS MOTYT OXBaThIBATh
0oJpIIME TUTOMAAM, HO BCEMOTOIHBIE M KPYTJIOCYTOYHBIE BO3MOXXHOCTH MOHHTOPHHTA HE MOTYT OBITh
pcain30BaHbl U3-3a BIIMAHUA TyMaHa U 00JIaKoB.
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Pucynok 5 — Kapra 3emnenons3zoanus Texenu [10]
Figure 5 — Land Use/Land Cover map of Tekeli [10]

Ta6m/1ua 3 — OUBHKO-MEXaHUYECKUE CBOMCTBA JIECCOBHUIHBIX CYTJIMHKOB Ha OITOJI3BHCOIIAaCHBIX YYacTKax Tekenn

Table 3 — Physical and mechanical characteristics of loess-like loams in landslide-prone areas of Tekeli

XapakTepuCTHKa U €€ Pa3MEPHOCTh Tpoba TpobGa TpoGa
No 1 No 2 Ne 3
I'panuna texyuectu, % 33,2 29,8 29,1
I'pannna packatsiBanus, % 25,2 21,8 20,8
Yucno mactuaHocTd, %o 8,0 8,0 8,3
EcrectBeHHas BiaxxHOCTh, % 13,7 12,7 13,7
IToka3zarens Texydectu, % <0 <0 <0
IInoTHOCT IPU €CTECTBEHHOMN BIIAYKHOCTH, r/em’ 1,65 1,65 1,78
[InoTHOCTB CyXOro rpyHTa, r/em® 1,48 1,47 1,57
[InoTHOCTB IPU BOJIOHACKILLIEHHUH, r/em’ 1,91 1,93 1,99
[TnoTHOCTH YacTHUI] TpyHTA, T/ o™’ 2,71 2,71 2,71
Koa¢dumment nopucroctu 0,83 0,85 0,73
Koaddumnuent BogoHacsIeHus, 1.¢€. 0,41 0,41 0,51
BJi1a)XHOCTH MMOJIHOTO BOAOHACHIIICHHUS, Yo 323 31,3 26,9
Yo BHYTPEHHETO TPEHUS IIPU €CTECTBEHHOM BIaYKHOCTH, TPaj. 25 24 23
Yo BHYTPEHHETO TPEHUsI TP MaKCUMAaJIbHOM BOJIOHACHIIICHHUH, TP, 21 20 19
CuerneHue npyu eCTeCTBEHHOH BIaKHOCTH, Kre/om? 0,35 0,34 0,35
CueneHnne npu MaKCUMaJIbHOM BOZOHACHIIIICHHUH, kre/om? 0,27 0,22 0,17
Monyns gedopmaniuy mpu ecTeCTBEHHOH BiaaxkHocTu, MIla 8,8 7,3 8,4
Monyib aehopManuu Mpu MaKCUMAILHOM yBiIaxHeHHU, MITa 3,1 29 33
OTHOCHUTENBbHAS IPOCAIOUYHOCTh Ipu AaBieHuu p=0,3 n.e. 0,079 0,08 0,083
Havansnoe naBnenue npocagounoctu, Mlla 0,036 0,03 0,06
Koadpdumuent ¢punsrpanmu, m/cyTt 0,14 0,18 0,21
VYaenpHOE conpotusienue, Om/M 47,6 52,3 52,3
CreneHb KOPPO3UOHHON aKTUBHOCTH Cpennss Cpennsist Cpennss
Tun rpysTa CyrauHok CyrnuHok CyrauHoK
TBEpJbLI TBEpbII TBEpbLI
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B xome pabor mo mpoekty Oblmu O0TOOpaHbl 3 MpoObI TPyHTa B BHAE MOHOJIMTOB. OmnpeneneHne
(U3NKO-MEXaHUYECKUX CBOICTB TIpyHTa BBIOJHEHO B CEPTU(HUIMPOBAHHON TIPyHTOBeIUEeCKOH nabo-
patopun. Pe3ynbTaTsl IpuBEIeHBI B TA0NHAIIE 3.

Monyib nehopMaiuy TpyHTa MpH €CTECTBEHHOM yBIaKHeHHH 0K0yio 13% paBen 7,3-8,8 MIla. [Ipu
yBenuueHuH BIaXHOCTH 110 30% oH yMmeHsbInaercs a0 2,9-3,3 Mlla, To ecTh ero Hecymias CriocoOHOCTh
majgaeT B 2,5 pasa.

OtHOcHUTENbHAS TMPOCATOYHOCTh TPYHTA OKazanach paBHOM okoio 0,08. DTo o3Hawaer, 4To mpH
YBI2)XHEHUH TPYHTa A0 TOJHOW BJIarO€MKOCTH, KOTOpas cocTaBisieT mpuMepHO 30 %, KaXObsld MeTp
MIPOMOYEHHOI'0 TPYHTa MPOCSIET Ha 8 cM. DTO yXe MpUBEAET AOMa, CTOSAIIME Ha TaKOM I'pyHTE, B aBa-
puiinoe cocrostaue. [Ipu ryOmHe MpoMadWBaHHUS 3 M Ipocagka MOXKET OBITh 24 CM, YTO TPHBEAET K
MOJHOMY pa3pyuieHuto 3aanuil. Koapduuuent ¢punprpanum rpynra cocrasui ot 0,14 no 0,21 m/cyT. D10
3HAYMT, YTO NMPH M30BITOYHOM MPUTOKE BOJBI, HAPUMEP IPH MPOPBIBE BOAOMPOBOXA, 3a 10 CyT IpyHT
MPOMOKHET Ha ri1youny ot 1,4 mo 2,1 m.

B xozme oOcnenoBanust BeIonHEeHa orthophotography omoi3Hs ¢ KBagpoKonTepa, MO pe3ysbTaram
KOTOPOH MOCTPOEHBI OPTOQOTOIUIaH MecTHOCTH, nudposas 3D monens penbeda, npoaoabHbIA (92,3 M) 1
MIOTIEPEYHBIH (28 M) IPOQUIN OIOJII3HEBOTO yYacTKa M MPUJIETAIOIIETO CKIOHA (PUCYHOK 0).

Pucynok 6 — Pesynbratsl oprodorochemku onomss 15 mast 2022 rozga:
a — oproororutan; 6 — [IMP; ¢ — npomosbHbIil Npod b, 2 — MonepeyHbIi MPOGUIb

Figure 6 — Results of the orthophotography of the landslide on May 15, 2022:
a — orthophotoplan; » — DEM; ¢ — longitudinal profile; d — transverse profile

JlJis OLIGHKH OTON3HEBOIO PHCKA B IENAX pa3pabOTKU 3aIIUTHBIX PEKOMEHJIAIMI HKCIOJb30BaHA
METO/IMKA, BBIBEICHHAsA C UCIOJb30BAHHEM MEKIyHapoaHoro ombita [11-15]. KoiaudecTBeHHBIM BbIpa-
JKEHHEeM DPHCKa OIMACHOTO TPHUPOIHOTO SBICHUS CIYXHUT CPEIHHM TOHOBOH ymiepO, HAHOCHMBIA 3TUM
SIBIICHUEM 3a MHOTOJICTHUM mepuoa. [lomydueHHble TakuM 00pa3oM 3HAYCHHS PHCKA SKBUBAJICHTHBI
YIEIbHBIM OTEPSM, YMHOXKEHHBIM HETIOCPEICTBEHHO HA OMACHOCTD:

R=F-Da,
rae R — puck onoisus, €/roasl; F'— vactota (coObitus/50 ner); Da — cpenuuii yiiepo (€/co0biTust).
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B ycnoBusAx 3HAYMTENBHOW HEOINPEIEICHHOCTH IOBTOPSIEMOCTH M OOBEMOB OIOJ3HEH, a Tarke
HaHOCHMOT'O MMH yiiepOa, B KOTOPHIX OLIEHMBAETCS OIOI3HEBOM PHCK, €ro cielyeT ONpPENesTh B BUIE
KayeCTBEHHbIX KaTErOpUil B 3aBUCUMOCTH OT TSKECTH TOCIIEACTBHI CXO/a OTMOI3HEH U UX YacTOTHI.

PesyabTarpl. 15 OLIEHKH TSDKECTU MOCIEACTBUN CXO/a OMOJI3HEH MCTONb30Balach KJIACCH(UKALMS
ype3BbIYAHBIX cuTyanuid, npuMmensemas B MUC PK [16]. B kadectBe kpurepueB Kiaccu(UKaIUU

MIPUMEHSIOTCS YUCIIO TTOTHOIIMX M TIOCTPAIABIINX, a TAKKE MaTepHATBHBIN yiiepo (Tadnuma 4).
[ToBTOpsieMOCTh OmoMN3HEH ObLTa pazfeneHa Ha TPY KaueCTBEHHBIE KaTeropuu (Tadmuna 5):
1. OueHsb penkasi, 71 ONMON3HEH, MOBTOpstouxcs pexe 1 pa3a B 100 ner.
2. Penxas, nns onoszHei, nosropstomuxes 1 pas B 50-100 ner.
3. Yacrast, 1y1st OMOJI3HEH, MOBTOPSIIOITIXCA yarie 1 pa3a B 50 er.

ypOBeHL pUCKa Ha JAHHOM OIIOJI3HCOIMIACHOM YYaCTKE OICHUBAJICA MO COYCTAHHUIO IMOBTOPACMOCTHU

OITOJI3HEBBIX SBJICHUM M TSHKECTH MOCIICICTBUM HX.

Tabnuna 4 — Knaccugukanus 4pe3BblUaifHbIX CUTYAIUH 10 TSHKECTH MOCIICACTBHIMA

Table 4 — Classification of emergencies by severity of consequences

Knacc UC Yuco moruommx Uucno noctpasaBuInx MatepuaiHblii yiepd,
TBIC. TEHTE
JloxanbHoe upe3BbIUaiiHOE IPOMCLIECTBHIE Menee 5 Memnee 50 Menee 12 000
O0OnekTOBas 5-10 50-100 12 000 — 36 000
MectHas 10-50 100-500 36 000 — 240 000
Pernonanbnas 50-200 500-1500 240 000 — 480 000
I'moGanbHast Csbitire 200 Csoiture 1500 Csainie 480 000

Tabmuna 5 — KauecTBeHHas IIKajla ypOBHEH ONOJI3HEBOTO pUCKa

Table 5 — Qualitative scale of landslide risk levels

[ToBTOpsieMOCTE OIOI3HEBOTO SBICHUS
[locnencreus
OTON3HEBOr0 SBJICHHIS OYCHb peaKas penkas yacras
(pexe 1 paza B 100 1er) (1 pa3 B 50-100 niet) | (wame 1 pa3za B 50 ner)

He3nauutenpHble . . .

YMepeHHslit YMmepeHHbli YMmepeHHbli
(6e3 BozuukHoBeHMs UC)
3HAYHTEIEHLIS VYMepeHHbIi Cpennuii Cpennuii
(o6bexroBbie UC) P p p
Tsoxensre,

Cpennuit Cpennuit Bricokuit

(mectrbIe UC) pe p
Ouenb TsKenbie (peruoHanbHbie YC) Bricokuit Bricokuit Bricokuit
Karactpoduueckue, rmodansasie UC Bricokuit Bricokuit Bricokuit

yMepeHHHﬁ PUCK HOPHUHAT OJId YYaCTKOB, Ha KOTOPBIX BO3MOXHBI TOJIBKO HE3HAYUTCIILHBIC
nocinenacTBus onoi3Hei (0e3 BosHukHOBeHUS YC), a 00bekToBbIe UC CO 3HAYMTEIBHBIMHU TOCICICTBUIMU
noBTOpsifoTCs pexe 1 pasza B 100 net. Ha aTux y4yacTkax 3amuTHbIE MEPOIPUATHS OOBIYHO HE TPEOYIOTCS
WIK k€ OBIBa€T MOCTATOYHO TMPOCTEHIINX MEpPONPHUATHH BpOIE OTBOAA IOBEPXHOCTHBIX BOJ WU
MoJiIepKaHusl B pab0ueM COCTOSIHUM 3aIIMTHBIX COOPYKEHUH.

CpenHU pUCK OTMEUAeTCS Ha ydacTKaX, TJIe MOTYT OBITh Jaxe O4eHb penko mectHbie UC, a
oowekToBeie YUC moBTOpstorcss damie 1 paza B 50 jer. Ha »TMX ydacTkax HEOOXOAWMO IPOBOIUTH
3alllUTHBIC MCEPOIIPUATHUA, B TOM YHCIIC PETYJIMPOBAHUEC 3EMIICTIONB30BaAHWSA, MOHUTOPUHT ONOJI3HEBOH
OMAaCHOCTH, YKPETUIEHUE CKIIOHOB.

Bricokuii piCcK ycTaHaBIMBaeTCs IS YYaCTKOB, HA KOTOPBIX JaXK€ OYCHb PEIKO BO3MOXKHBI OIION3-
HEBBIC SABJICHUS C OYEHBb TSDKEIBIMH M KaTacTpO(UIECKUMHA TOCIIeACTBUAME Wi damie 1 paza B 100 et
MPOUCXOMAT OIOJI3HEBBIC SBJICHUS C TSKEIBIMH TOCICACTBUsAMU. Ha Takux ydacTkax HEoOXOAMMO
CPOYHO CTPOUTH 3AIIUTHBIE COOPYKEHUS JTHOO0 MEPEHOCUTh OOBEKTHI U3 OMIACHOM 30HBI.

O06cy:kaenune. PekoMeHyeMble 3allUTHRIC MEPHI ISNATCS Ha aKTHBHBIC W ITacCHBHBIC (Tadymma 6).
W3BecTHO, YTO aKTHUBHBIE MEPHI SBISIOTCS MPEANOYTHTEIBHBIMU, TIOCKOJBKY OHH Oojiee 3((EKTHBHEI
SKOHOMHUYECKH U MOTYT OBITh pEalM30BaHbl OBICTPEE, YeM JAOPOTOCTOSAIINE MacCUBHBbIC Mepbl. C npyroi
CTOPOHBI, TACCHBHBIE MEPHI MOTYT UMETh O0JIee TONTOCPOUHBIH 3PPEKT.
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Tabmuna 6 — [IpoTHBOONON3HEBHIE 3AIMUTHBIE MEPONPUATHS M T. Tekenun

Table 6 — Landslide protection measures for the Tekeli town

1. AKTUBHBIE MEpbI 2. INaccuBHBIE MEpPBI
1.1. MOHMTOPHHT Pa3BUTHUS TPEIIMH B BEPLIMHE ONOI3HE- 2.1. YkpeneHue rpyHra noJ 3AaHUsIMHU IIyTeM CUIUKATH-
OIIACHOTO CKJIIOHA. ABTOMAaTHYECKOE U3MEPEHHE BIAXKHOCTH H 3aIUH JUIs IMKBAAAIMH [IPOCAJOTHBIX CBOMCTB
CKOpPOCTH CMEIICHUS TPyHTA B 30HE (hopMHUpOBaHUA omon3Hel | 2.2. CTPOUTENBCTBO MOAMOPHOM CTEHKHU C APEHAXKEM IS
1.2. MonuTopHHT AehopMaLuy CKIOHA U 3AaHUI MpeIOTBPAIIEHHs CMEICHUS BEPXHEH YacTH CKJIOHA
1.3. IIpenoTBpaeHne JOKaILHOTO NepeyBlaKHEHHsS TPYHTOB | 2.3. CTPOHUTENIBCTBO OIOJIZHE3AMUTHOTO COOPY KEHHS B
IIyTeM HEAOIMYIIEHHsI yTeIEK BOABI B BOJONPOBOJAX U CENTH- BHJIe THOKOTO TPOCOBO-CETYATOr0 Oapbepa B yCThE JIoTa
Kax, cOOJII0AeHIe HOPM HOJIMBa, 00yCTPOICTBO APEHANKHON 2.4. YxpemieHre oOpbIBa O] IOMOM C IIOMOIIBIO CTallb-
cetH HOHU CeTKH C aHKepaMHu
1.4. CobmroneHne HOPM TMOJIHBA 2.5. Crabunuzanus pycia pydbs, TEKYIIETo 1o Jory Baty-
1.5. OBakyarys kuTeNei Npu KPUTHUIECKUX 3HAYEHHUSIX BIIaXK- THHA
HOCTH I'PyHTa U CKOPOCTH CMELIECHUS 2.6. ITepenoc momoB Nel7, 59 u 61 B Ge3omacHOe MeCTO

Ta6mmna 7 — Omoa3HeBOH PUCK U PEKOMEHTyEeMbIe MEPHI [0 CHIDKEHHUIO OITaCHOCTH

Table 7 — Landslide risk and recommended hazard mitigation measures

Orno13H€e0nacHbIN OOBEKTHI, Oro3HeBOM Pexomennyemblie
Y4acToK MOJIBEP)KEHHBIC BO3/ICHCTBUIO OMOJI3HEH Puck 3aIUTHBIE
MEPOTIPHSITHUS
N1 15 KUIBIX JOMOB B JAYHOM ITOCEJIKE, CaIOBBIC YUACTKH. .
A A > Gl y YMepeHHbIH 12,13
(Fopusix Texenn) KonuuectBo npoxuBaromux 53 yenoBeka
N la 5 JKUJIBIX JOMOB C XO3HCTBEHHBIMH ITIOCTPOMKAMH. » 1.1,1.2, 1.5
Cpenuuit
(Mengexbs Jlana) KonnuectBo npoxuparomux 25 yenosex
2 KHIIBIX OMa. .
N 2 (v Baymana) A Cpennnit 1.1,1.2,1.3,1.4,2.1
KonngecTBo mpoxuBaromux 6 4eI0BeK
. 1 sxuitoit 1oM. .
N 3 (yn. MameroBoit) . Bricokwit 1.2,1.3,14,2.1,2.6
KonuuecTBo npoxkuBaromux 3 yenoBeka
4 KWIIBIX TOMA. .
N 4 (yn. Illatanoa) . Bricokwuit 1.1,1.3,14,2.1,2.6
KonunuecTBo npoxuBaromux 15 yenosex
1 xwumoit gom. .
N 5 (yn. XKangocosa) 5 Cpennuit 1.1,1.3,2.2,24,2.5
KomngecTBo mpoxuBaronux 4 gyenoBeka
4 KUJIBIX IOMa C XO35UCTBEHHBIMH [TOCTPOUKAMU,
N6 . 1.1,1.5,23
ABTOMOOMJIbHAS TOpOra, 7 CTOJIO0B OCBEIICHUSL. Bricokuit
(yn. PeickynbexoBa)
KonnuectBo npoxuBatomux 18 yenosek
2 KHIIBIX OMA. .
N 7 (y1. Yexosa) A BeIcokHii 1.1,1.3,1.4,2.1,2.6
KonndecTBo mpokHBarOMKX 5 4eTOBEK

PekoMenpanuu mo mpenoTBpaAlllEeHHI0O M CMSATYEHHIO PHUCKa U1 KaXI0M OIOI3HEeomacHoW Tep-
PHUTOPHH, TIOTYYEHHBIE B Pe3yJIbTaTe OLEHKH PUCKA OMOJI3HEH, IpUBEICHBI B TabHLe 7.

3akarouyenne. BONBIIMHCTBO 330KyMEHTHPOBAaHHBIX omnoi3Hedl B Kazaxcrane mnpousonuiu B
TYCTOHACEJICHHBIX paliOHaX C XOPOIIO Pa3BUTOM WHPPACTPYKTypod W OBUIM TSDKEIBIMH WIJIM Karta-
ctpoduyeckumu mo MacmTaly. M3-3a mepeceuyeHHOH MECTHOCTH M YAAJCHHOCTH MHOTHUX PETHOHOB
3amucy 00 OMOJI3HIX OTCYTCTBYIOT AJist 80% TeppuTOpHM CTpaHbl. XOTS MOJEBBIE UCCIENOBAaHHS BCE emlé
aKTyaJlbHbl JJs JIOKAJBHBIX HCCIEAOBAaHUI B KPYNHBIX TOPHBIX M TPEATOPHBIX pailoHax It
KOHKPETH3ALUHU 3aIlIUTHBIX MEP, OHU OCTAOTCS JOCTATOYHO JOPOTOCTOSIIUMH.

B pmanpHeiimem mmaHupyetrcs Oosiee IIMPOKOE MPUMEHEHHE METOAOB IHCTAHIMOHHOTO 30HIHPO-
BaHust 1 MeToaoB [ MIC-anann3a, MalmMHHOTO 00y4eHHs, HEHPOHHBIX CeTel, NCIOIB3YIOUINX TI00aIbHbIC
HaOOpBl JaHHBIX C OTKPBITBIM JOCTYIIOM M COIyTCTBYIOIIME METaJaHHBIC HAJsl MPOTHO3MPOBAHUS
omacHocted. [Inardpopma 'MC mo3Bossier MaHWIYJIMPOBaTh HAOOpaMH NaHHBIX, KOTOPBIE (OPMUPYIOT
NepBOHAYAJIbHYIO OLICHKY PErvoHa U CYKaloT MOJIEBOE MCCeJOBaHUE 1O KOHKPETHBIX 00NacTell nHTepeca
TOJIBKO B ClTy4yae KpaiHeil He0OOX0IUMOCTH, SKOHOMS 3aTPAaTHL.

BaxHo, 4T00BI MEpBI IO MPEIOTBPALLIEHHUIO OMACHOCTH OCYLIECTBISIINCH B TECHOM COTPYJHHYECTBE
HAYYHBIX YUPEXKJIEHUH, TOCYy1apCTBEHHBIX OPTaHOB U MECTHBIX XKHUTETEH.

dunancupoBanue. VccrnenoBanue BBIMONHEHO MpH (UHAHCOBOW moanepkke Komurtera Hayku
MuHuCTEepCcTBa HayKu M BhICIIEro oOpa3oBaHus PecnyOnuku Kazaxcran mo teme «HayuHo-npukmnagHoe
000CHOBaHHWE cejie-, OIMON3HEe- M JIaBHHOOE30MAacHOCTH B TOpHBIX paiioHax Mne u JKersicy Anaray
Pecny6nuku Kazaxcrany». [IporpamMuo-nieneBoe ¢punancupoBanne NeBR21881982.

— 14—




ISSN 2957-8280, eISSN 2957-9856 MNe 3, 2025

JUTEPATYPA

[1] Words into Action Guidelines: National Disaster Risk Assessment Hazard Specific Risk Assessment. 3. Landslide
Hazard and Risk Assessment. UNISDR, 2017. https://www.unisdr.org/files/52828 03landslidehazardandriskassessment.pdf

[2] Capobianco, V., Choi, C. E., Crosta, G. et al. Effective landslide risk management in era of climate change, demographic
change, and evolving societal priorities. Landslides (2025). https://doi.org/10.1007/s10346-024-02418-2

[3] Norwegian Geotechnical Institute (2012). SafeLand project. R&D program Safeland. Abstract available from
www.ngi.no/eng/Projects/SafeLand

[4] Scolobig A., Thompson M., Linnerooth-Bayer J. Compromise not consensus: designing a participatory process for
landslide risk mitigation // Natural Hazards. — 2016. — Vol. 81, supplement 1. — P. 45-68.

[5] Aldabergen U., Blagoveshchensky V., Ranova S., Kamalbekova A. Application of unmanned aerial vehicles to obtain
morphometric characteristics of landslides // RT&A. Special Issue No 5(75). — Vol. 18. — 2023. — P. 656-662.

[6] Airbus WorldDEM4Ortho in ArcGIS Living Atlas of the World. doctynmHo Ha caiite: https://www.esri.com/arcgis-
blog/products/arcgis-living-atlas/imagery/airbus-worlddem4ortho-in-arcgis-living-atlas-of-the-world/ (Accessed: 3 February 2025).

[7] Cunauesa H. B., Kyne6aea V. K., KpaBuenko H. A. BeposaTrHocTHas omeHKa celicMuYecKkoi omacHOCTH KazaxcTana u T.
AnMmarsl 10 THKOBBIM yCKOpeHusiM rpyHra // Teonmesus w reommnammka. — 2018. — T. 9, Bem. 2. — C. 131-141.
https://doi.org/10.1016/j.geog.2017.11.002

[8] AxmeroB A. XK., XKakynuna A. A., EmnycuzoB P. H. OcobeHHOCTH CTPYKTYpPHO-HEYCTOWYHBBIX I'PYHTOB HO)KHOTO
peruona Kasaxcrana // [Ipobmemsl reonorun u ocBoeHus Heap: Tpymer XX MexayHapomgHoro cumMiosuyma. — Tomck, 2016. —
C.517-518.

[9] CnpaBounuk mo xknumary Kazaxcrana: Muoronetaue ganusie. Pasnmen 1-2. Bem. 13. — Anmarsr: PI'TI «Kasrunpomer»,
2004. — C. 295.

[10] Sentinel-2 10m Land Use/Land Cover (2017-2021) / Caiit URL: https:
https://www.arcgis.com/home/item.html?id=fc92d38533d440078f17678ebc20e8e2

[11] Varnes D. J. IAEG Commission on Landslides and other Mass-Movements Landslide Hazard Zonation: A Review of
Principles and Practice. — The UNESCO Press, Paris (1984). — 63 p.

[12] Remondo J., Bonachea J., Cendrero A. Quantitative landslide risk assessment and mapping on the basis of recent
occurrences // Geomorphology. — 2008. — Vol. 94, Issues 3-4. — P. 496-507.

[13] Corominas J., C. van Westen, Frattini P., Cascini L., Malet J.-P., Fotopoulou S., Catani F., M. Van Den Eeckhaut,
Mavrouli O., Agliardi F., Pitilakis K. Recommendations for the Quantitative Analysis of Landslide Risk // Bulletin of Engineering
Geology and the Environment (2014), 73:209-263 10.1007/s10064-013-0538-8

[14] MsrkoB C. M. I'eorpadus npupoanoro pucka. — M.: Mza-Bo MI'Y, 1995. — 222 c.

[15] Pamaes H. H. OnpeneneHue ypoBHEH PHCKOB B YPE3BBIYAMHBIX CHUTYaMsIX MIPUPOTHOTO U TEXHOT'€HHOTO XapakTepa //
U3B. PAH. Cepus reorpagpuueckas. —2003. — Ne 5.

[16] INomoxenne o MuUHHCTEPCTBE MO Ype3BBIYAWHBIM cUTyamusiM PecryOnukm Kasaxcran, yrBepskaenHoe [loctaHOB-
nenueM [IpaBurenscrBa Pecriyonuku Kazaxcran ot 23 okrsi6pst 2020 roga Ne 107, moanyHkr 184-1 (Regulation on the Ministry of
Emergency of the Republic of Kazakhstan, approved by the Decree of the Government of the Republic of Kazakhstan dated
October 23, 2020 No. 701, subparagraph 184-1).

REFERENCES

[1] Words into Action Guidelines: National Disaster Risk Assessment Hazard Specific Risk Assessment. 3. Landslide
Hazard and Risk Assessment. UNISDR, 2017. https://www.unisdr.org/files/52828 03landslidehazardandriskassessment.pdf

[2] Capobianco, V., Choi, C. E., Crosta, G. et al. Effective landslide risk management in era of climate change, demographic
change, and evolving societal priorities. Landslides (2025). https://doi.org/10.1007/s10346-024-02418-2

[3] Norwegian Geotechnical Institute (2012). SafeLand project. R&D program Safeland. Abstract available from
www.ngi.no/eng/Projects/SafeLand

[4] Scolobig A., Thompson M., Linnerooth-Bayer J. Compromise not consensus: designing a participatory process for
landslide risk mitigation // Natural Hazards. 2016. Vol. 81, supplement 1. P. 45-68.

[5] Aldabergen U., Blagoveshchensky V., Ranova S., Kamalbekova A. Application of unmanned aerial vehicles to obtain
morphometric characteristics of landslides // RT&A. Special Issue No 5 (75). Vol. 18. 2023. P. 656-662.

[6] Airbus WorldDEM4Ortho in ArcGIS Living Atlas of the World. Available at: https://www.esri.com/arcgis-
blog/products/arcgis-living-atlas/imagery/airbus-worlddem4ortho-in-arcgis-living-atlas-of-the-world/  (Accessed: 3 February
2025).

[7] Silacheva N. V., Kulbayeva U. K., Kravchenko N. A. Probabilistic seismic hazard assessment of Kazakhstan and Almaty
city in peak ground accelerations // Geodesy and Geodynamics. Vol. 9, Issue 2. March 2018. P. 131-141.
https://doi.org/10.1016/j.geog.2017.11.002 (in Russ.).

[8] Akhmetov A. Zh., Zhakulina A. A., Eliusizov R. N. Features of structurally unstable soils of the southern region of
Kazakhstan // Problems of Geology and Subsoil Development. Proceedings of the 20th International Symposium. Tomsk, 2016.
P. 517-518 (in Russ.).

[9] Climate Handbook of Kazakhstan. Long-term data. Sections 1-2. Issue 13. Almaty: RSE «Kazhydromet», 2004. 295
P. (in Russ.)

[10] Sentinel-2 10m Land Use/Land Cover (2017-2021). Available at:
https://www.arcgis.com/home/item.html?id=fc92d38533d440078f17678ebc20e8e2

[11] Varnes D.J. IAEG Commission on Landslides and other Mass-Movements Landslide Hazard Zonation: A Review of
Principles and Practice. The UNESCO Press, Paris (1984). 63 p.

[12] Remondo J., Bonachea J., Cendrero A. Quantitative landslide risk assessment and mapping on the basis of recent
occurrences // Geomorphology. 2008. Vol. 94, Issues 3-4. P. 496-507.

— 15—




Teoepagpus srcone cy pecypcmaput | Ieoepaghus u soonvie pecypewi / Geography and water resources

[13] Corominas J., C. van Westen, Frattini P., Cascini L., Malet J.-P., Fotopoulou S., Catani F., M. Van Den Eeckhaut,
Mavrouli O., Agliardi F., Pitilakis K. Recommendations for the Quantitative Analysis of Landslide Risk/ Bulletin of Engineering
Geology and the Environment (2014), 73:209-263 10.1007/s10064-013-0538-8

[14] Myagkov S. M. Geography of natural hazard. M.: MSU, 1995. 222 p. (in Russ.).

[15] Radayev N. N. Determination of risk levels in emergency situations of natural and man-made nature // Izvestiya RAS
Geographical Series. 2003. No. 5 (in Russ.).

[16] Regulation on the Ministry of Emergency of the Republic of Kazakhstan, approved by the Decree of the Government of
the Republic of Kazakhstan dated October 23, 2020, No. 701, subparagraph 184-1) (in Russ.).

B. II. Baarosemenckuii', A. C. Ecxkanosa’?, A. K. Toaen6aesa’, Y. P. Am]aﬁepreﬂ4

'Tf.1., 6ac reutbiMu Kbi3metkep (KP FXKBB «eorpadms sxome ¢y Kayirncisairi mactutyTsm AK,

Anmarsl, Kazakcran; victor.blagov@mail.ru)
"I £ k., gouenr, xeTexu reumsive Keramerkep (KP FXKBB «eorpadus xoHe cy Kayincizairi mactutyTsn AK,
Anwmartsl, Kazakcran; azhar.yeszhan@gmail.com)
3 Frusivu ke3metkep (KP FIKBB «eorpadus xone cy Kayincisairi nuctuty ey AK,
Anmarsl, Kazakcran; akmarall980@mail.ru)
* PhD 1moKTOpaHT, Kilti FEUTBIME KbI3MeTKep (On-Dapabu aTeingarst Kaz¥y,
«["eorpadus sxoHe cy Kayinci3airi uHcTuTy T AK, Anmatsl, Kazakcran; aldabergen u@mail.ru)

TEKEJII KAJTIACBIHJAFBI JAJIA 3EPTTEYJIEP HET'I3IHJAE KOPFAY IIAPAJIAPBIH 93IPJIEY
7KOHE KEP KOIIKIHI TOYEKEJIIH BAFAJIAY

AnHoTaums. Ka3akcTaHHBIH TayJbl ayMaKTapbl XaJIbIK THIFBI3IBIFGI KOFAPbl OOJIFAHIBIKTAH alaMJIBIK YKOHE MaTepHAIIIBIK
IIBIFBIHHBIH JKOFaphl KAayIliH TyJBIPaThIH KayilTi IpoIecTepin OelceHl naMybIMeH cumarttanazasl. JKocmapiay skeHe Oackapy
JKYMBICTapBIH JKy3€re achpy/a JIOKaNbAi KOIIKIHIepAl 3epTTeyAiH CH PeNpe3eHTaTUBTI 9/Iici — JOCTYPIi JalajbIK dAICTep JKoHe
KanIbIKThIKTaH 30HaTay MeH ['AXK xomOuHarmsicbl. Makanana nanaisik 3eprrey, ['AXK-kapranay oicTepiH KoHE KallbIKTHIKTaH
30HITAy JAEPeKTepiH NakaanaHa OThIpbIN, TeKell KalacklHAAFbl JKep KOLIKIH KayIiH Tajjay XKoHe aJaMaap MEH MYIIKTI Kopray
OoifbIHIIa KBICKA Mep3iMIi JKoHE y3aK Mep3imai ycwiHbicTap OepinreH. Tekeni KanachblHbIH ayMarblH 3epTTey OapbIChIHIA
TEOJIOTHSIIBIK, T€OMOP(MOIOTUSIIBIK, METEOPOIOTHSIIBIK MOIIMETTEp, FapBIMTHIK CYpeTTep, allblK FalaMIbIK AEPEKTEp XKOHE
KOIIKIHAEPIiH PETPOCIEKTHBTI KaFAaiiapbl HETi3iHIe ayMakThl AaiajblK 3€pTTey Ke3iHAe KOIIKiH KaymiH Oaranay pacTaifbl.
KBagpoxontep kemeriMeH opTodoTorpadus XYpri3imim, >kep OelepiHiH HUQPIBIK MOAETI MEH MPOQIIbAEP KYpPBUIBII, Xep-
TUTIKTI TYPFBIHAAP MEH OKIMIIITIK KbI3METKepJepiMeH cayaiaHama >kyprizinmi. Kemkin Kaymi skorapbl aiiMaKkTapbIHAA TPaHyJIo-
METPUSUIBIK Tajiay YIIIH TONBIpaK yiuriiepi anbiHibl. Kemkin kaymiH Oaramay opicTeMeci KayinTi mpouecTepii 3epTTeiTiH
FBUIBIMH KOFaMJIaCTBHIKTa TAJKbLIAHBIN, KAOBUIIAHFAH QJICMIIK 3epTTey TaXipubeciHe HerizmenreH. Horwxkecinae opOip xep
KOLIKIH KayilTi HYKTelep YIIiH KOpFay Inapaiapbl OOMbBIHIIA YCHIHBICTApP KECTEre )KUHAKTAIIBL.

Tyiiin ce3aep: >xep KellKiHi, )ep KOIIKiHi KayIliH Oaraiay, TOTEHIIE jKaFjaiiap, JajajblK 3epTTeyiep, Kopray Lapaiapsl,
I'AX, Tekeni.
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LANDSLIDE RISK ASSESSMENT AND DEVELOPMENT OF PROTECTIVE MEASURES BASED
ON FIELD RESEARCH IN TEKELI

Abstract. The mountainous regions in southeastern Kazakhstan are characterized by high landslide susceptibility. High
populated areas in the low and foothill zones, where natural and anthropogenic conditions increase the occurrence of landslides,
are particularly vulnerable to damage with human loss. The use of a combination of the traditional field-oriented method and the
application of remote sensing and GIS to assist planning and management processes is considered as the most representative way
to study local landslides. This paper presents the results of a ground-based field survey conducted in Tekeli region to assess
landslide risks using GIS-based mapping and remote sensing data and the development of short-term and long-term recommen-
dations for the protection of people and property. The investigation of Tekeli town included geological, geomorphological, and
meteorological data, satellite imagery, open-access global data, and a retrospective analysis of previous landslide events
confirmed by field surveys. Orthophoto imagery was obtained using unmanned aerial vehicles (UAVs), landslide slope profiles
were constructed, local residents and officials were interviewed. Soil samples for granulometric analysis of loess-like loams in
high-risk areas were collected. Cracks were identified within the detachment zones. Conducted interviews with local residents and
municipal authorities. The landslide risk assessment methodology is based on internationally recognized approaches to hazardous
process analysis accepted by the scientific community. The assessment results and protection recommendations for each
landslide-prone site are summarized in the final table.

Keywords: landslides, landslide risk assessment, emergency, field survey, protective measures, GIS, Tekeli.
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BBIAABJIEHUE YPOBHS ITIOATI'OTOBJIEHHOCTH
N 3HAHUSA OITACHBIX ITPOLECCOB, CBA3AHHbBIX C TIPOPBIBAMUA
JIEJHUKOBBIX O3EP B YCJIOBUAX UBSMEHEHUA KIIMMATA
(HA ITPUMEPE HACEJIEHUA I'OPOJA TAJIT'APA)

Annotanusi. Bo Bropoii nonoBune XX Beka Ha (oHE Aerpaialvi COBPEMEHHOro ojie/ieHeHHs B KasaxcraHe
HaOIIoAamach aKTUBHU3ANNS TISAIHATBHBIX CEJIEBBIX MPOIECCOB, YTO 00YCIOBMIO POCT HAydYHOTO MHTEpECa K STOMY
MIPUPOTHOMY SIBIICHUIO. Pe3ympTaThl MHOTOYHCICHHBIX 00CIeIOBaHUI 30H CENIEBBIX KaTACTPO(] CBUACTENHCTBYIOT O
TOM, YTO OCHOBHOW MPHYMHON OOJBIIMHCTBA 3apETUCTPHPOBAHHBIX UPE3BBIYAWHBIX CHTYaldi CTald TPOPHIBHI
nenHuKOBBIX o3ep. B pamkax mpoexkta FOHECKO mo «CHmkeHHIO yI3BUMOCTH HaceleHHus B LleHTpambHO-A3Hnat-
CKOM pErroHe OT IPOPbIBA JISIHUKOBBIX 03€p B YCIOBHAX M3MEHEHHUs KiuMara» MHCTUTYTOM reorpaduu U BOJAHON
6e30I1aCHOCTH ¢ TIOMOIIHI0 AHKETUPOBAHMS OBLT IIPOBE/ICH OIPOC HACEIEHH T. Tairapa ¢ [eNlbio BBISBICHHUS YPOBHS
TMOATOTOBJICHHOCTHU U 3HAHHWA OITACHBIX MNPOLICCCOB, CBA3AHHBIX C MPOPbIBAMU JICTHUKOBLIX O3€P. B Xo4€ onpoca BECb
KOHTHUHI'CHT MHTEPBBIOUPYEMBIX ObUI HOApa3ielieH Ha (JOKYC-TpYIIBI COTJIACHO COLUAIbHOMY CTaTyCy MX UJICHOB.
AHKETHpOBaHHE — 3TO CaMblii paclpoCTpaHEHHBIA B COLMOJIOIMYECKOW HayKe METO[ IMOJy4YeHHUs WH(opMaluu.
[Tpn aHKeTHPOBaHMY ONPALINBAEMbIH PECIIOHJICHT CaM 3alOJIHSET aHKETY B IPHCYTCTBUHU CIICLMANNCTA (aHKETepa)
win 0e3 Hero. AHKeTa IPeCTaBIsIeT COO0H Pa3sMHOXKEHHBIH HAa KOMIBIOTEPE WM THIOTPAa(CKUM CIIOCOOOM JOKY-
MEHT, copepkaumid B cpeaHeM a0 30 BOmpocoB, aapecoBaHHBIX BBHIOPAaHHOMY MHOMKECTBY pecroHAEeHTOB. OHu
paccMaTpUBaIOTCs B KauecTBEe 0OBEKTa MCCIIeIOBAHNS.

KiroueBble cjioBa: JIeTHUKOBBIE 03€pa, TISAIHAIBHEBIE CEJIH, METOIBI, OIIPOC, HAOJIOAeHHE, MHTEPBBIO, HAyKa.

Beenenue. Compoiornueckrie OmMpoChl MIMPOKO HCMOIB3YIOTCS MPU BBISIBICHUN MOTPEOUTEIHCKOTO
HHTCPECA, B MAPKETUHIC, MOJUTHYCCKUX LCIIAX. OIIHaKO peaIn3yeMbI€ MOAXOJbl 3a4aCTYI0 HCIIpHUMC-
HuMel ais mpoekta FOHECKO. B cuty aToro nist mpoBeeHus: onpoca HacesneHud . Tanrapa ¢ Henbio ero
03HAKOMJIEHHS C CceJieonacHol cuTyanue B OacceliHe p. Tanrap, BBISIBICHHUS YPOBHS MOATOTOBIEHHOCTH
MU 3HAaHUA ONACHBIX IIPOHECCOB, CBA3AHHBLIX C MNPOPLIBAMHU JICAHHUKOBBIX O3€P B YCJIIOBUAX H3MCHCHUA
KJIUMaTa, HMCIOJIB30BAJICS METOJl OIpOoca ¢ AHKETUPOBAHHEM, YTO MOXKET CIIOCOOCTBOBATH BBIPAOOTKE
PEKOMEHJAIM 10 YJIy4IIEHHUIO TPEBEHTHUBHBIX Mep M (OPMHUPOBAHHIO YCTOWYHBOTO MOBEICHHS B
YCIIOBUSX HAPACTAIOMINX KIMMAaTHIECKUX YTPO3.

B cratne MMpeaACTaBJICHO OIMCAHUEC MCTOHOJIOTHYCCKUX MOAXOJ0B, HCIIOJB30BAHHBIX B pPaMKax
WCCIICJIOBAHUS, a TaKkKe O00OOCHOBaHA HEOOXOAMMOCTH IPOBEICHUS COIMOJIOTUYECKOrO OMpoca Cpeau
pasTUYHBIX KaTeropwii Hacenenwss T. Tamrapa. BeiOop WMEHHO 53TOH TeppHTOPHH OOYCIOBIICH &
reorpa(bnquKHM IIOJIO’KEHHUEM B 30HC INTOTCHIIUMAJIBHOI'O BO3I[eI\/'ICTBI/IH CCJICBBIX ITOTOKOB, O6yCHOBJIeHHI>IX
MPOPBIBAMHU JIETHUKOBBIX 03&p. AHAIU3 MOTYYEHHBIX JAHHBIX IO3BOJSCT HA CIEAYIOLIEM 3Tale pac-
CMOTpPETh YPOBEHb HH()OPMHUPOBAHHOCTH, OTHOIIICHUE HACENIEHUS K MPUPOAHBIM yIrpo3aM U TOTOBHOCTH K
JIEHCTBUIO B YCIOBHUSAX UPE3BBIUANHBIX CHTYaIui. JlomomHUTET HO TPH (POPMUPOBAHUN KOHIICTITYaTbHOM
0a3pl UCCIeNOBaHUS OBLUTM YYTEHBI COBPEMCHHBIC MEXKIyHApPOIHBIC M METOJOJOTHYESCKHE TOIXOMBI K
M3YYCHHUIO YS3BHUMOCTH W aJanTalid B YCJIOBHUAX W3MEHEHHUS KimMmara. PaboTel B 00nacTé MpoeKTH-
pPOBaHUS WUCCIICIOBAHNN, KAUECTBCHHBIX M CMEIIAHHBIX METOMOB [1, 2] obecrieunm OCHOBY I BBIOOpA H
KOM6I/IHI/IpOBaHI/IH HHCTPYMCHTOB OIIpOCa, 4YTO IMO3BOJUWJIO aJdallTUPOBATh HUX K CHeHI/I(l)I/IKe JIOKAJIBHOT'O
KoHTekcTa. KoHienuusi ys3BUMOCTH K TMPUPOJHBIM Yrpo3aM, MNPEUIOKEHHAS B HCCICHOBAHHIX IO
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reorpaduu onacHocTei [3], ObUTa MHTErPUPOBaHA B AaHATUTHYCCKYIO MOJIEIh, MTO3BOJISIONIYI0 YUYUTHIBATh
COIMAIHHO-3KOHOMHYECKHE ¥ IIPOCTPAHCTBEHHBIE (hakTophl. KpoMe Toro, mpu pazpaboTke peKoMeH At
VUIUTBIBAIUCH TIoJIokeHus mokiaama MI'OUK mo Bo3aeiicTBuIo, aganTanmuu W ySA3BUMOCTH [4], a Takke
pamounas mporpamma CeHAall MO CHIDKCHHMIO pUCKa OeACTBUI [5], ompenemnsiomias MeEXIyHApPOIHBIC
MPUOPHUTETHI ICHCTBUH B TaHHOM 001aCcTH.

MaTtepuajsl U MeTOAbI HcciaenoBanus. Metox ompoca sSBISIETCS OJAHMM W3 Hambosiee pacmpo-
CTpaHEHHBIX MHCTPYMEHTOB COOpa SMIMPUICCKUX JAHHBIX B COLMATBHBIX M MOBEJACHUYCCKUX Haykax. OH
MIPUMEHSIETCS. JJI BBISIBIICHUST MHEHUHM, YCTAaHOBOK M TMPEIINOUYTEHUN PECIOHACHTOB IO HCCIETyEeMOU
npobnemaTrke. MeTo/| BKIIOYAeT CIIEAYIONHe OCHOBHBIE (DOPMBI: HHTEPBBIO, (POKYC-TpyINbBI, OHJIAKH-
orpoc, 00cepBallMOHHOE UCCIIEIOBAHNE, TTAHEIHHBIN OIPOC.

B HacTosmiedt pabore ucnonbp3oBasiach MOAM(DHUIMPOBAHHAS METOJAMKA, OCHOBAaHHAs HA COYCTAHHUH
MPSIMBIX MHTEPBBIO B pa0doTHl (hoKyc-Tpymil, nuddhepeHInPOBaHHBIX MO0 CONMANBHO-TIPO(eccCHoHaTbHOMY
CTaTyCy YYacCTHHKOB: ydYaluecs, CITy)Kalue, pabOTHUKH TOCYIapCTBEHHBIX OpPTaHOB, 3aHATHIE B IIPO-
W3BOJICTBEHHOM CEKTOpE, pabOTHUKH cepbl 00CITy)KUBaHHS, TICHCHOHEPHI, IIPOYHE KATETOPHH.

1. HUnmepsvro. OHO TpencTaBisieT COOOH CTPYKTYpHUPOBAHHYIO HIIHM THONXYyCTPYKTYpHPOBAaHHYIO
Oecemy ncciemoBaress ¢ PEeCIOHICHTOM B (hOpMaTe TUYHOTO KOHTAKTA.

IIpeumymectsa:

BO3MOKHOCTh HEIIOCPEACTBEHHOTO HAOIOACHUS 3a HeBepOaJIbHBIMU PEAKIMSIMH PECIOHJICHTA, YTO
MOBBIIIIAET MHPOPMATUBHOCTD MOTyYaEMBbIX JTAHHBIX;

THOKOCTh B (DOPMYIMPOBKE YTOUHSIONIMX BOIPOCOB, YTO ITO3BOJIAET IIOJNyYaTh pa3BEPHYTHIE H
TOYHBIE OTBETHI.

Henocrarku:

BBICOKAsl TPYAOEMKOCTh U 3HAYUTEIbHBIE BPEMEHHBIE 3aTPaThl;

HEOOXOAMMOCTh COTJIACOBAaHUS BPEMEHHU M MECTa MPOBEICHHs, 0OecredeHns: KOHPHUISHIIHATBHOCTH;

HEBO3MOKHOCTh 00ECTIeYeHNsI TIOTHON aHOHUMHOCTH;

BBICOKAasi BEPOATHOCTh OTKAa30B, 0COOCHHO B CpeJie C HU3KUM YPOBHEM MEKIHYHOCTHOTO JJOBEPHS;

BIIUSTHAC CyOBEKTHBHBIX (DaKTOPOB (MPEAB3ITOCTH, WHTEPBBIOEPA, COIMATLHO OINOOPSEMBIC OTBETHI
pECTOH/ICHTA).

2. @oxyc-epynnei. Meton (QOKyC-TpyII MPeAroiaraeT 00CyXACHHE HCCICTyeMOW TeMBl B MaJlOi
TpyIIe YYaCTHUKOB MOJ PYKOBOJICTBOM MOJEPATOpa, KOTOPBII HAIpaBiIsIeT AUCKYCCUIO, HE OTPAHUYNBAS
e€ CTporuM HabopOM BOTIPOCOB.

IIpeumymectsa:

CcBOOOMHBIM (OpMAaT KOMMYHHKAIIHH, CHOCOOCTBYIOIINH BBISBICHHIO IOIMONHUTEIHHBIX ACIIEKTOB
TEMBEI;

BO3MOHOCTh COIIOCTABIICHUS U apTYMEHTUPOBAHUS PA3TUYHBIX TOUEK 3PEHUS;

CTUMYJIMPOBaHHE TeHEPAINY HOBBIX UAEH U TBOPUECKOTO PA3BUTHUS 00CYKIAEMBIX MOJIOKEHHIM.

B ornuume OT MHTEPBBEO MOJEPATOP BOCHPUHUMAETCS YYACTHHKAMHM KaK PABHONPABHBINA YJIEH
TPYIIIBL, 9TO CIIOCOOCTBYET 00JIee OTKPHITON M SMOLUMOHAIBFHO HACHILICHHON AUCKYCCHH.

3. Omnaiin-onpoc. OH sBusercs 3(PQPEKTUBHBIM HHCTPYMEHTOM MacCOBOTO cOopa HHQpOpMamuu
Omaromapsi JOCTYTHOCTH, HHU3KOH CE0ECTOMMOCTH M BO3MOXKHOCTH OXBaTa 3HAYMTEIBHBIX BBIOOPOK
[9, 10, 11].

IIpeumymectsa:

yIO0OCTBO /15l peCIIOHIeHTa (BO3MOXXHOCTh IMPOXOXKACHHUS OIpoca B JIF000e BpeMs U B TI000M MecTe);

NPOCTOTa MPOBEACHUS H 00Pa0OTKH JTAaHHBIX;

BO3MOXHOCTh aHOHUMHOTO Y4YacCTHsl, CHIDKAIOIIAs UCKaXKEHUS OTBETOB;

ObICTpOE (pOopMHUPOBaHUE PEIIPE3CHTATUBHON BEIOOPKH.

Henocrarku:

OTCYTCTBHE JIMYHOT'O KOHTAKTa U, KaK CJIEJICTBHE, OTPaHWYCHHAsl THOKOCTh HHCTPYMEHTA;

HEBO3MOXHOCTb YTOUYHEHUS WK PACIIMPEHUS OTBETOB;

PUCK OMHOOK ¥3-32 HEBHUMATEIBHOCTH WJIM HEMOHUMAHUS BOIIPOCOB;

OTPaHUYEHHOCTDH B MOJYYEHUHU COIHAIBHO-eMOTrpaUIecKiX JaHHBIX IPU aHOHUMHOM (opmarte.

Tunonozus onpocog. B 3aBUCUMOCTH OT CTPYKTYpPBI BOIIPOCOB Pa3IHYaloT:

1. CtpyKTypHpOBaHHBEIE OIPOCH — BOIIPOCH! M BAPUAHTBI OTBETOB OIIPEICICHEI 3apaHee, 4To obecre-
YMBAET CTAHAAPTU3ALMIO TAHHBIX.
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2. HecTpykTypupoBaHHBIE OMPOCHI — OTKPBITHIE BOIIPOCHI, MO3BOJIAIOIINE PECIIOHACHTaM (opMy-
JUPOBATh pa3BEPHYTHIE OTBETHI, 00ECTIEUNBAs TIyOHMHY aHATH3a.

3. MI/IKCI/IpOBaHHBIe OIIPOCBI — KOM6I/IHaHI/IH 3aKPBITBIX M OTKPBLITHEIX BOIIPOCOB, ITO3BOJIAIONIAA
00BEIMHUTH TOYHOCTh KOJTMUYECTBCHHBIX JAHHBIX U COACPIKATECIBHOCTh KAUeCTBEHHBIX.

Kurouegvie acnexmvl npoexmuposanus onpoca. J{ns TOBBIIEHHUS TOCTOBEPHOCTH W BaJHIHOCTH
PE3yNbTaTOB YUYNUTHIBAIHCH CIEMYIOIINE METOAMIECKHE TPEOOBAHMUS:

4ETKOE OIpeIeIeHue Tieliel uccaenoBanus U (OpMYTUPOBAHUE BOIIPOCOB B COOTBETCTBUH C HUMH;

0TOOp perpe3eHTaTUBHOW BEIOOPKH, OTPAXKAIOIIEH LIEJIeBYIO ayIUTOPHIO;

WCKJTFOYEHHE IBYCMBICICHHBIX ()OPMYITHUPOBOK;

JIOTHYECKas MTOCIISI0BATEIbHOCTh BOIPOCOB;

BEIOOp ONTUMANBHOTO METO/Ia IPOBEACHUS (HHTEPBBIO, POKYC-TpyIIa, OHJIAiH-aHKeTa).

B xadecTBe TeXHOIOTHYECKOH TUTATHOPMBI IS peaTH3aliy OHJIAHH-OIIPOCOB HCITOIB30BANICS CEPBHC
Tecrorpad [12, 13], obecrieunBatonmii cOop, XpaHEHUE U TIEPBUYHYIO 00pabOTKY JaHHBIX.

4. Obcepsayuonnvie ucciedosanus. OHU TMPEONoNaraloT CHUCTeMaTHUecKoe (UKCHPOBAaHHE IOBe-
JIeHMsI, COOBITUI WM TPOIecCOB 0e3 aKTHBHOTO BMeNIaTeNhCTBa UCCIEAOBaTeNd. B commanpHON Hayke
3TOT METOJl PUMEHSIETCS ISl M3YYEeHUSI €CTECTBEHHOTO TOBEACHHUS JIIOJeH B IMOBCEIHEBHBIX YCIOBHUIX
HJIK B CIICHUAJIBHO CO3JaHHBIX CUTyallugX.

IIpeumymectna:

OTCYTCTBHE BIHMSIHHAS UCCIIEIOBATENS HA OOBEKT HAOIIOICHUS;

BO3MOXHOCTh (DHIKCAITMH CIIOHTAHHBIX PEAKIIUNA U TTOBEICHMUS;

MOJIC3HOCTh TIPH UCCIICOBAHUY SIBJICHUH, TPYTHOJOCTYITHBIX JJIsl OIIPOCa.

Henocrarku:

CIIO)KHOCTh B 00€CTICUCHUH TTOJTHOM 00BEKTHBHOCTH HAOI01aTETIs

OTPaHUYCHHOCTh B MHTEPIIPETALIMU MOTUBAIIMH YYaCTHUKOB 0€3 JOMOIHUTEIHLHOTO OIPOCa;

BBICOKAas TPYAOEMKOCTb MPH JUTUTENBHBIX HAOIIOICHHAX.

5. Ilanenvruvle onpocol. 1laHenbHBINA ONIPOC — 3TO METOJI, MPU KOTOPOM OJIHM U T€ K€ PECIIOHJICHTHI
OIPAILMBAIOTCSI HEOAHOKPATHO 4Yepe3 ONPEACIEHHbIE MPOMEXKYTKA BpeMEHHU. Takoi MOJAXOJ MO3BOJIAET
OTCIIe)KMBATh JUHAMUKY H3MEHEHUH MHEHHI, YCTAHOBOK U TIOBEIICHHMS.

IIpeumymiectna:

BO3MOXHOCTb aHAJIM3a U3MEHEHUM Ha NHIUBUYAIbHOM U IPYIIIOBOM YPOBHSIX;

BBICOKAasi TOUHOCTh TIPU U3yYEHUH TECHACHIUH.

Henocrarku:

PUCK CHIDKEHHSI MOTHBAIINY YYACTHUKOB B MTPOIECCE MHOTOKPATHBIX OMIPOCOB;

BEPOSTHOCTh CUCTEMATHYCCKUX BBITIQJICHUN PECIIOH/ICHTOB U3 TIAHEIH;

BBICOKAasi CTOMMOCTD U CIIO’)KHOCTH OPTaHU3AINH JITUTEIBHBIX HUCCIIEIOBAHUN.

Takum 00pa3oM, B HCCICIOBAaHUM OBUT MPUMEHEH KOMOMHUPOBAHHBINA METOJ] ONPOCa, BKIFOUYAIOIIHIA
aHKETHpOBaHWE B (hopMare CTPYKTYPHUPOBAHHBIX WHTEPBBIO U MPOBEACHUE (OKYC-TPYII, cPOopMHPO-
BaHHBIX 110 COIMAIbHO-TTPO(ECCUOHAILHOMY CTAaTyCy PECIIOHACHTOB. DTOT MOIX0J] 00CCIICUHII MOTyYeHUE
KaK KOJMYCCTBCHHBIX, TaK W KAaYECTBCHHBLIX JAaHHBLIX, 4YTO IIO3BOJIMJIO KOMILJICKCHO OHLCHHUTL YPOBCHDb
I/IH(i)OpMI/IpOBaHHOCTI/I U 'OTOBHOCTHU HACCJICHUA K BO3MOKHBIM ‘ipeSBBI‘IaI;'IHI)IM CUTyanusam, CBA3aHHBIM C
MPOPBIBAMH  JIETHUKOBEIX 03€p. /[lomoiHeHne OMpOCHBIX METOAOB TIOJEBBIMH OOCIEIOBAaHHUSIMH C
3IIeMEHTaM# 00CEepPBAIlIOHHOTO UCCIIEAOBAHUS TIO3BOJIIIIO CONIOCTABUTh CYObEKTHBHOE BOCTIPHATHE PUCKA
¢ (aKTHUECKUM PACIIONIOKEHHEM YS3BUMBIX OOBEKTOB, MOBBICHB TOYHOCTh M MPAKTUYECKYIO 3HAYMMOCTh
PE3YIBTaTOB.

AHAIH3 CTATHCTHYECKHMX M KapTorpauyeckux MAaHHBIX. J[OTOIHHUTENHHO WCIONH30BAIACH
reorpadudeckas nHpoOpMaIs O pa3MenieHHH OOBEKTOB B CEJIEONAcHO# 30He monuHbl p. Tamrap. Jlns
BU3yaJIM3allid PE3yJbTaTOB MPHUMEHSIINCh CXEMbl W JMAarpaMMBbI, pa3pa0OTaHHBIC Ha OCHOBE JAHHBIX
OIIPOCOB.

oneBbie obcaenoBaHusi. B paMkax TOJEBBIX BBIXOAOB ObLIM TpoBeneHbl (poTodukcanus, GPS-
KapTUPOBAHUC W OIIHMCAHUC COLMAJIBHO 3HAYMMbIX W HWHIXCHCPHBIX O6’I)eKTOB, PacCIioJIOKEHHBIX BBIIIC
MPOTHUBOCEJCBON IJIOTHHBI. DTO MMO3BOJWIIO OLEHUTHh TMOTCHIMAIBHYIO CTENCHb BO3JICHCTBHS TpPH
BO3MOXKHOM TPOPBIBE JICTHUKOBOTO 03€pa.

Hcxons w3 pekOMEHIOBAaHHOTO MarepHualia Mpu ONpoce HaceleHus T. Tanrapa B paMKax HpPOCKTa
IOHECKO y4enpiMu MHCTHTYTA Teorpadi ¥ BOOHONW 0€30IMaCHOCTH HMCIIOIH30BAaHBl METOIBI HHTCPBEIO,
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BBHIMOJTHEHHOTO HAaMH TPH TMOMOIIM AHKETUPOBaHHMA U (HOKyC-Tpymmbl, cHOPMHPOBAHHOH COTJIACHO
COLMAILHOMY CTaTyCy HHTEPBBIOMPYEMBIX.

Jns monydeHuss OOBEKTHBHOW KapTHUHBI IOTEHIMAIbHOH YIPO3bl M YTOYHEHHUS JIOKAJIM3aLUU
ySI3BUMBIX 00OBEKTOB OBbLIAa OpPraHW30BaHa cepHs MOJIEBBIX oOcienoBanuii. OHU CTaM BaXKHBIM JOMOJTHE-
HHUEM K pe3yJbTaTaM aHKETHPOBAHUS M MHTEPBBIO, II03BOJIMB MIPOBECTH COMOCTABICHUE MEXAY BOCIPHUS-
THEM PHUCKA HAceJIEHHMEM M (DaKTHUECKUM pa3MEIIeHHEM OOBEKTOB, IONAJAOIIUX B 30HY BO3MOXKHOTO
BO3/IEMCTBUA CENEBHIX MOTOKOB (PHCYHOK 1).

CenesauwutHan NNoTUHa

Pucynok 1 — Cxema HU30BBEB JONUHEI p. Tanrap

Figure 1 — Scheme of the lower reaches of the Talgar River Valley

Hazemnoe o6cienoBaHue M03BOIMIIO BBIABUTH A OOBEKTOB Pa3IMYHOIO HA3HAYEHUS, U3 KOTOPBIX
HauOoJiee 3HAYMMBIE MOXHO IOJAPA3lENUTh Ha COLUATBLHO-3KOHOMHUYECKHE (30HBI OTHBIXA, Jareps,
CaHATOPHH, XHUJIble OOBEKTHI), THIPOTEXHUYECKHE (BOI03a00PHI, BOJOIPOBOIABI) M KOMMYHHKAIIMOHHbIE
(MOCTHI ¥ aBTOJIOPOTH).

W3 16 nanbonee KpymHBIX OOBEKTOB COLMATBHO-3KOHOMHUYECKOTO HAa3HA4YeHMs BBLACISAIOTCS ca-
HaTtopuil «CIIyTHUK, PAaCIONI0KEHHBII Ha 1eBoM 0opTy nonusbl p. On Tanrap 1 (koopauHatel H 1414 wm;
X 77°15'23.26"; 'Y 43°14'15.9"), VueOGHno-mo3HaBatenbHeld wentp 9 (H 1341 m; X 77°13'06.49";
Y 43°14'09.58"), PI'Y «AnmaTtuHCKMH TOCyZapCTBEHHBIN NpuUpoaHBINA 3amoBemuuk» 13 (H 1245 wm;
X 77°12'58.97"; Y 43°14'57.06"), KIIIT 17 (H 1228 m; X 77°13'00.93"; Y 43°15'06.56").

N3 runporexuuueckux coopyxeHud Bbiaenserca PITI na [IXB «HypuHckuii rpynmnoBodl Boao-
nposomy (H 1245 m; X 77°12'58.97"; Y 43°14'57.06").

Ha uccnenoBanHO# TeppUTOPUH BBIABICHO 6 MOCTOB, HOMEpa daHbl mo cxeme (3, 5, 6, 7, §, 11),
pacrionoxeHHbIX B fonuHe pexu Con Tamrap.

B cenexpanumnuiie npoTUBOCENCBON INIOTHHBI PACIIONATAlOTCS KCIUTYaTallMOHHBIE TOPOTH, MOCTHI, a
TakkKe BOA03a0OpHBIH y3en. [lmormHa oOopymoBaHa BOAOCOPOCOM, TO3BOJISIFOIIMM O€3aBapHItHO
cOPaCHIBATH MABOJKOBBIC BOBI C (PHKCHPOBAHHBIM PACXOIOM (HpsiIKa 35 M°/c).

B paiione cnustaus Opta u Con Tanrap Ha JIeBOM CKIIOHE AOJIMHBI HAXOIATCS YAaCTHBIC KHJIbIE JOMa
C XO3HUCTBEHHBIMU TOCTpOiikamu: 2, 4, 10, 14-16, 18-20 (pucyHok 2).

Ha cnenyromem stame ncciemoBaHus ObIIM CHCTEMAaTH3UPOBAHBI M MPOAHANM3WPOBAHBI JaHHEIC,
MOJyYEHHBIE B pe3yibTaTe onpoca 297 pecrnoHICHTOB, pa3AeiEHHBIX Ha ceMb (POKYC-TPYIIL: ydYalluecs
(140), coyxammue (18), pabotHukH rocopranos (29), neacuoneps! (11), 3aHsaTHIC HA TPOU3BOACTBE (22),
3aHsATEIe B cepe oOcmyxuBanus (49) u mpexacraBurenu Ipyrux kareropuii (28). Kaxmas rpymnma
XapaKTepu30Banachk COOCTBEHHBIM YPOBHEM BOCHPHUSTHS PHCKOB M CTENEHBIO BOBJICYEHHOCTH B TEMBI,
CBSI3aHHBIE C IIPOPBIBAMHU JIETHUKOBBIX 03P U MTOCIEACTBUAMH IJI00AIBbHOTO IOTETIICHNU.
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Tandeibynax

A

Pucynok 2 — Cxema pacrosiokeHust 00bEKTOB B ceneomnacHoit 3oue p. Tanrap

Figure 2 — Layout of objects in the debris-flow hazard zone of the Talgar River

Oo6cyxnenue. B xone onpoca Bech KOHTHHTECHT WHTEPBBIOMPYEMBIX OBUI IMOJpa3fielieH Ha (OKYC
COIJAaCHO COLMAJIbHOMY CTaTyCy 4IEHOB, (POKYC-TpYyII: YydaIluiics/ydamascs, CilyKalluii/ciy»Karuasi,
paOOTHUK/PaOOTHHIIA TOCOPraHOB, 3aHATHIN/3aHATass Ha TPOU3BOICTBE, 3aHATHIA/3aHATas B cdepe
00CITyKUBaHUS, IEHCHOHEP/TICHCHOHEPKa, JIPyToe.

AHanu3 IaHHBIX aHKET M0 (OKyC-TpyIIaM Mokas3al clIeIyolie pe3yabTaTsl (PUCYHKH 3, 4, 5).

NeNe Bonpocol Oa Het
1 M3secTHo nu Bam, 4To Takoe cenesoii noTok? [/
2 3HaeTe nu Bel 4em OTAMYAIOTCA CENW OT HABOJHEHUIA? M
3 3Haere nu Bbl, 4To B BacceiHe pexu Tanrap CywecTBYET pucK
NpopbiBa NeAHUKOBbIX 038p? /
4 MNpouHGOpMUPOBaHbI K Bbl O TOM KakMe y4acTK1 B AONMHE DEKK
NoABEPKEHDI BO3AEHCTEMIO BO3MOMHbIX CENeBbIX NOTOKOB? //
5 3HaeTe NK1 Bbl kakue 06beKTbl, No Bawemy MHEHMIO, NONagaioT B
CeNeonacHylo 30HY Bbllle NPOTUBOCENEBONA NNOTUHBI Ha peke V
Tanrap, B TOM 4McCne:
6 | 3oHbl oTABIXE /
o TuapoTexHu4eckue 1 BoA03aBOPHBIE COOPYHEHNA {/
8 MocTbl M
9 ABTOQOPOTM V
10 | /luHMm 3neKTponepesay U ceA3M /
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11 Hacen&HHble nyHKTbI [/

12 Bam u3BecTHbl opraHu3auuM, B8 0BA3AHHOCTH KOTOPbIX BXOAMUT
OnoBeLeH1e O CeNeBOo ONACHOCTH? [/

13 W3secTHbl Au Bam npuymHbl, NO KOTOPBIM 8 TeKyllem rogy
BPEMEHHO NEPeKpbiBancA Bbess B A0NMHY peku Tanrap Bbilwe !
NpoTMBOCENEBOM NNOTUHBI?

14 3HaeTe AWM Bel  3ayem nNpou3BOJATCA npodMnaKkTUUecKue P
(npesenTHBHBIE) PaBOTbl NO CHWIKEHWMIO YPOBHA 3aNOAHEHWA U
NeAHWKOBLIX 038p?

15 W3BecTHo M Bam 0 rnobanbHOM W3MEHEHMM KAMMATa W Kakue V
Yrpo3bl BO3HUKAIOT B 3TOM CBA3M:

16 W3meHeHune NorogHbIX YCN0BMiA %

17 CoKpauwieH1e negHnKoB l/

18 MNosasneHue U NPOPLIBLI NEAHUKOBLIX 03ED l//

19 YMeHblueHWe BOAHOrO CTOKA peK V’

20 | YBenuyeHue 4Mcna pasfiudHbIX NpUpoaHbIX BeacTenii V‘

21 | Nonyyaete nu Bol MHGOPMALMIO O PUCKaX NPOPLIBA NEAHUKOBbIX b/
o3ep? Kak Bbi MpeanoyvTaeTe Nony4ath Takylo HGopmMaumio:

22 | OT rocyf2apcTBeHHbIX OPraHoB, YNONHOMOYEHHBIX 3aHNMaThbCA
OMOBELLEHUEM HaceneHua b/

23 OT cneyuranvzMpoBaHHbIx opraHusauuii (Kascenesaumra,

Kasrnapomer) v

24 Yepes npamble BCTPEYM C NPEACTABUTENAMM YNONHOMOYEHHBIX
rocyAapCcTBeHHbIX OPraHoB U CNeuuanv3upoBaHHbIX (/
OpraHu3aumii

25 Yepes MmecTHbIe HOBOCTH (paauo, TeNeBUaEHHE) /

26 Yepes coumancHele CeTH /

27 CumTaeTe m Bol, yTo Baw ropos HaxoaUTCA NOA NOAHON [/
33WMTOI NPOTUBOCENEBON NAOTHHBI, NOCTPORHHON Ha p. Tanrap?

28 Monaraete nu Bbl HeoBxoauMbIM co3aaHnA B Bawem paiioHe
2BTOMaTU3MPOBAHHOM CUCTEMBI PAHHETD ONOBELEHHA O V
cenesblx NOTOKaX, BKAIOYAA MCNONb30BAHUE CUPEH?

29 Kakve meponpuATHA NO NOBbLILEHUI0 OCBEAOMNEHHOCTH O Oa Het
cenesblx pUCKax Bb! cunTaeTe Haubonee apGeKTUBHbIMKU?

30 | fleKumm M CEMUHApLI 4R HACENeHWA V

31 TPEeHUPOBKM M YYEHWMA Ha MecTax M

32 | NybnwKkauumM B coumanbHbIx cetax U CMKU V

33 PacnpocTpanenne MHOOPMaLMOHHbLIX BYKNETOB M NaMATOK IC/

34 CospaHune ropadei NMHWKM ANA KOHCYNbTALMIA !/

Pucynok 3 — AHKeTa onpoca HaceleHHs U npejcraBuTenei odmectsenHocTy I. Tanrapa o npoexty FOHECKO «Crukxenue
YSI3BUMOCTHU HacesieHus B LleHTpaibHO-A3HaTCKOM PETHOHE OT IIPOPBIBA JIEIHUKOBBIX 03€p B YCIOBUAX U3MEHEHHS KIMMaTa»

Figure 3 — Questionnaire for the survey of the population and social -representatives of Talgar under the UNESCO project
«Reducing the vulnerability of the population in the Central Asian region from glacial lake outbursts

CoumanbHblii CTaTyC MHTEPBbIOUPYEMBIX:

Yyawmiica/yvawancs v

Cnysawmii/cnywawan

PaBoTHWK/paboTHWLA rOCOpraHos

3aHATbIA/3aHATas Ha NPOV3BOACTRE

3aHATLIR/3aHATaA B chepe 06CnyKMBaHNA

NeHcHoHep/neHcMoHepKa

Apyroe

in the context of climate change»
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B nenom mns pokyc-rpyr:
1. Yuammuecs.
2. Ciyxamue.

3. PaOOTHUKH roCOpPraHoB.

4. IleHcHOHEPEI.

5. 3aHATHIC HA IPOU3BOICTRE.

6. 3aHdaThIC B c(hepe 00CTyKUBAHHUS.

7. dpyrue.

JUnst TIpOCTOTHI TPENCTaBICHHS HWH(POPMAIUU BOIPOCHI
AHKET CrpyIIIMpPOBaHbI 110 HAITPABJICHUAM:

1) ceneBble MOTOKH, JICAHUKOBBIE 03Epa;

2) OOBEKTHI B CEIICOTTIACHON 30HE;

3) opranuzanuy, 3aHIMAIOIIHECs OITOBEIICHUEM;
4) rnobanbHOE MOTEIUICHHE;

5) uHpopMHUPOBaHHE O CEJISX;

6) aBTOMaTHU3UPOBAHHAS CUCTEMa OITOBEIICHIIS;

7 MeponpusTHS 10 HHYOPMHUPOBAHUIO HACEIICHHSI.

] m2 m3 m4 m5 m6 m7

Pucynok 4 —
JMuarpamma [uist Bcex oKyc-rpymin

Figure 4 —
Diagram for all focus groups

Nl B2 N3 H4 W5 H6ET ml m2 w3 w4 m5m6m7 ] m2 w3 W4 m5m6m7
a 13 8
H] m2 w3 m4 m5 m6 m7 m] m2 m3 m4 m5 m6 m7 m] m2 w3 m4 m5 w6 m7

2 0 ohC

H] m2 m3 W4 m5 m6 m7

Pucynok 5 — JlnarpamMmsl 1o aHkeTam (OKyc-TpyI:
a — pabOTHHUKH TOCOPTaHOB; 6 — CIIY’)KalllUe; 8 — yYaIlUecs; 2 — HIEHCHOHEPbI;
0 — pabOTHUKH cdhepbl 00CITyKMBaHUSA; HC — APYTHE; 3 — 3aHATHIE HAa IPOM3BOJICTBE

Figure 5 — Diagrams based on focus group questionnaires:
a — government agency employees; b — office workers; ¢ — students; d — retirees;
e — service sector; f— other sector; g — manufacturing sector employees
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Pesyabrarpl. Takum 00pazom, HaceJIeHHE B LIEJIOM OCO3HAET Yrpo3y, CBA3aHHYIO C TJI00aJbHBIM
MOTEIJICHUEM U Jerpajanneil JeJHUKOB, OJHAKO JaJIeKO HE BCET/a CBA3BIBACT 3TH MPOLECCH ¢ KOHKPET-
HBIMHU JIOKQJIbHBIMM PHCKAaMH, TaKUMH, KaK INPOPBIBBI JICAHUKOBBIX 03¢&p. Hambompmas unbopmupo-
BaHHOCTH BBISIBIIEHA cpelr (OKYC-TPYIIl TOCYIapCTBEHHBIX CIYXKAIlIMX, YYallUuXcs W 3aHSATBIX B IIPO-
MBIIIJICHHOCTH H cdepe 00CTyXKMBaHUS, TOTAA KaKk TPYNIBl «IPOYHE» H «IIEHCHOHEPBD MpPOAEMOH-
CTPUPOBAJIM CPAaBHUTEIBHO HU3KUH YPOBEHb OCBEAOMJIEHHOCTH, YTO MOAYEPKHBAET HEOOXOIUMOCTb
[ENIEBBIX WH(POPMALMOHHBIX KaMIAHUH M MPOCBETUTEIBCKUX MEPONpPUATHH. BakHbIM HarpaBlIeHHEM
pa3BUTHUS SBISIETCS COBEPIICHCTBOBAaHHE M BHEAPEHHUE CHCTEM aBTOMAaTH3MPOBAHHOIO OIOBEIICHHS,
o0ecreunBaoIIMX JOCTYIHOCTh HH(OpMAIMK U BCeX KaTeropuil HaceneHus. Kpome Toro, pesysibTarsl
ompoca MHOATBEPAWIM ILEJIecO00pPasHOCTh HHTErpalldy Y4eOHBIX IpOrpaMM M HPOQUIAKTUIECKUX
MEpONpHUATHIT B 00pa3oBaTeNbHBIC YUPEXKIEHHS M Ha NPEANPHATHS, YTO TO3BOJIUT (OPMHPOBATH
YCTOMYMBOE MOBEICHUE U TOTOBHOCTH K NIEHCTBUSM B YCIIOBHSAX YPE3BBIYAWHBIX CUTyauuil. J[ng moBwbI-
mieHust 3G QPEeKTUBHOCTH NPEBEHTUBHBIX MeEp TPeOyeTcsl YKpeIJIeHHe MEKBEJIOMCTBEHHOTO B3aUMOACH-
CTBUS MEXIy OpraHaMd BJAacTH, T'HIPOMETEOPOJOTHYECKHMHU CIy»k0aMu, cracaTelIbHBIMH MOJpa3je-
JICHUSIMH M HAaCEleHWEM, YTO OO0ecleuuT OMNepaTHBHBIH OOMEH WHGpOpPMaLUed W CBOEBPEMEHHOE
npeaynpeXIeHne MOCIeICTBUI BO3MOXKHBIX IPOPBIBOB JICAHUKOBBIX 03Ep. IlomydeHHble naHHBIE MOTYT
CITyKHTb OCHOBOW JJIsl pa3pabOTKU PErHOHAIBHBIX IIJIAHOB CHIKEHHS PHCKa YPE3BBIYAHBIX CUTYAIU U
COBEPILIEHCTBOBAHUS CUCTEMbI HHPOPMUPOBAHUS U 00yUEHHs HaceICHUSI.

3akmouenune. B pamkax npoexkra FOHECKO «CHuxenue ys3BUMOCTU HaceneHus B LleHTpanbHO-
A3naTCKOM pPErHoHe OT IPOpBIBA JICIHUKOBBIX 03€p B YCIOBHAX HM3MEHEHHS KiIuMaTa» MHCTHTyTOM
reorpaduu ¥ BOAHOM 0€30MaCHOCTH OBUT MPOBENEH KOMIUIEKCHBIN COIMOIOTUYECKUI ONPOC HACEICHHUS T.
Tanrapa, BKJIIOYaBIIMI aHKETUPOBAHUE, YCTHBIE KOMMEHTAPHUU CIIELHAINCTOB, a TAaKKe 00CIeN0BaHUE
COLMANBHBIX U MHQPACTPYKTYPHBIX OOBEKTOB, PACIIOJOXKEHHBIX B IIPEIesax CEJICONACHOW 30HBI BBIIIE
MPOTUBOCETEBON IIOTHHBI. lMccrenoBaHne OXBaTHIIO DPA3IMYHBIE TPYMIBI PECHOHAEHTOB B Trocyiap-
CTBEHHBIX YUPEKICHHUSIX, 00pa30BaTENbHBIX OPraHM3alUsIX W Ha MPEONpUATHAXK. AHATU3 NOJTYYEeHHBIX
JAHHBIX MTOKa3aJl CYLIECTBEHHBIE PAa3IMYMsl B yPOBHE 3HAHUH O CEJIEBOM ONACHOCTH, IPU 3TOM HaWJIydIIUe
pe3yabTaThl MIPOAEMOHCTPUPOBATIM TOCYAAPCTBEHHbIE CIyXKalllke, ydalluecss U HMPEACTaBUTEIH IMPOU3-
BOJCTBEHHOTO M CEPBHCHOTO CEKTOpoB. HecMOTpss Ha [JOCTaTOYHO BBICOKYIO OCBEIOMIIEHHOCTH O
npobseMe rno0anbHOrO MOTEMJICHUS M €ro IOCICACTBHAX, 3HAUUTENbHAs 4acThb HACEJCHUS OCTaETCs
HEIO0CTaTOYHO MH(OPMHUPOBAHHON O AEATEIBHOCTH CIy0, OTBETCTBEHHBIX 3a IPENYNPEKACHUE U OIO-
BEIIEHNE O CENEBbIX sABJIEeHUAX. [loydeHHbIe pe3ynbTaThl MOAYEPKUBAIOT HEOOXOTUMOCTH KOMIUIEKCHOTO
noaxona K MH(GOPMUPOBAHUIO U MOATOTOBKE HACEJICHHUS, BKIIOYAIOIIETO YCHJICHHUE MPOCBETHTENBCKUX
IPOrpaMM, Pa3BUTHE CHCTEM aBTOMATHU3UPOBAHHOI'O ONOBELICHUS M YKPEIUICHHE MEKBEIOMCTBEHHOTO
B3aUMOJCHCTBUS Ui 3(PQPEKTHBHOTO CHIDKEHHS pPHCKAa YPE3BBIYAWHBIX CUTYAIlMid, CBS3aHHBIX C
MIPOPHIBAMU JIEAHUKOBBIX 03€P.

dunaHcupoBaHue: lccnenoBanue BBIIOIHEHO NpH (UHAHCOBOM mnopnepxke Komwurera Hayku
MuHucTepcTBa HAyKH W BBICIIET0 oOpa3oBanus PecryOmmku Kazaxcran mo teme «HayuHo-mpukiagHoe
0o0ocHOBaHHWE cejie-, OIMON3HEe- M JaBHHOOE30MAacHOCTH B TOpHBIX paiioHax Mne u JKersicy Anaray
Pecny6mmku Kazaxcran». [lporpammuo-neneBoe ¢puHancupoanne Ne BR21881982.

JUTEPATYPA

[1] Creswell J. W. Research Design: Qualitative, Quantitative, and Mixed Methods Approaches. — Sth ed. — SAGE
Publications, 2018. — 304 p.

[2] Patton M. Q. Qualitative Research and Evaluation Methods. — 4th ed. — Thousand Oaks, CA: SAGE Publications, 2015.
—832p.

[3] Cutter S. L. Vulnerability to environmental hazards // Progress in Human Geography, 2003. Vol. 27(2). P. 182-196.
DOI: 10.1191/0309132503ph0820a

[4] IPCC. Climate Change 2022: Impacts, Adaptation and Vulnerability. — Contribution of Working Group II to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change. — Cambridge University Press, 2022.

[5] UNDRR (United Nations Office for Disaster Risk Reduction). Sendai Framework for Disaster Risk Reduction 2015-
2030. — Geneva, 2015. — URL: https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-2015-2030

[6] Komapos O. E. AnkeTnpoBanue Kak METOA HOIy4YeHHs HH)OPMAIMHU B IPHKIIAJHBIX COLHOIOIMICCKUX UCCICAOBAHHSIX.
— AnMartsel: PerronanbHas akajgeMus MeHeKMeHTa, 2025.

[7] Pabouas mporpamma aucuuruinHbl «MeToasl cOopa conuanbHON HHpopMaumy. — M.: MOCKOBCKHI rOCYJapCTBEHHBIH
yauBepcuteT M. M. B. JlomonocoBa, Conmonorudeckuii pakymnpret, 2019.

— 24—



ISSN 2957-8280, eISSN 2957-9856 MNe 3, 2025

[8] Camgubexos E. O., Paxumbekos K. E. MeTtonp! ccnenoBanus B COUMAIBHBIX HayKax (OMpoc, HaOMI0AeHHE M HHTEPBBIO)
// Bectauk KasHY. Cepus ¢unocopun, xympryponorun u mnomurtonoruu. — 2018. — T. 60, Ne 2. — C. 237-246. — URL:
https://bulletin-philospolit.kaznu.kz/index.php/1-pol/article/view/536

[9] bayman 3. Coumonorus. — M.: U] «®nunran, 2016. — 704 c.

[10] Hazapos U. B., HoBukosa O. H. MeTomonorust Hay4HOTO HUCCIEAOBAHMS: METOA. YKa3aHUS (JUIS M3yYCHUS] TEOPETH-
YeCKOro Kypca) IJIsl CTyIeHTOB BCeX ClielnaabHOCTe! 1 HanpasieHuil. — ExkatepunOypr: YIJITY, 2013. —43 c.

[11] SIxoBneBa H.®. Coumosnorudeckoe vccieaoBanue [DIEKTPOHHBIN pecypc]: yueb. mocodue. — 2-¢ u3n., crep. — M.:
OJIMHTA, 2014. - 250 c.

[12] Cybaues 1O. B. Hayuynas my6nukanus. Meton ompoca: onpeneieHye, TUIIb, IPEUMyIIecTBa U orpannueHus. — 2023. —
8c.

[13] info.testograf.ru — OmnnaiiH-uTaTdopMa U MPOBENCHHS COLMOJOTMYECKHX ONpPOCcOB M TecThpoBaHWil. — URL:
https://info.testograf.ru/

REFERENCES

[1] Creswell J. W. Research Design: Qualitative, Quantitative, and Mixed Methods Approaches. 5th ed. SAGE Publications,
2018. 304 p.

[2] Patton M. Q. Qualitative Research and Evaluation Methods. 4th ed. Thousand Oaks, CA: SAGE Publications, 2015.
832 p.

[3] Cutter S. L. Vulnerability to environmental hazards // Progress in Human Geography. 2003. Vol. 27(2). P. 182-196.
DOI: 10.1191/0309132503ph0820a

[4] IPCC. Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, 2022.

[5] UNDRR (United Nations Office for Disaster Risk Reduction). Sendai Framework for Disaster Risk Reduction 2015-
2030. Geneva, 2015. URL: https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-2015-2030

[6] Komarov O. E. Questionnaire Survey as a Method of Obtaining Information in Applied Sociological Research. Almaty:
Regional Academy of Management, 2025 (in Russ.).

[7] Syllabus for the Discipline “Methods of Collecting Social Information”. Moscow: Lomonosov Moscow State
University, Faculty of Sociology, 2019 (in Russ.).

[8] Sadibekov E. O., Rakhimbekov K. E. Research Methods in the Social Sciences (Survey, Observation, and Interview) //
Bulletin of Al-Farabi Kazakh National University. Series of Philosophy, Cultural Studies and Political Science. 2018. Vol. 60, No.
2. P.237-246. — URL.: https://bulletin-philospolit.kaznu.kz/index.php/1-pol/article/view/536 (in Russ.).

[9] Bauman Z. Sociology. Moscow: Flint Publishing House, 2016. 704 p. (in Russ.).

[10] Nazarov 1. V., Novikova O. N. Methodology of Scientific Research: Methodological Guidelines (for the Study of the
Theoretical Course) for Students of All Specialties and Fields. Yekaterinburg: USFEU, 2013. 43 p. (in Russ.).

[11] Yakovleva N. F. Sociological Research [Electronic Resource]: Textbook. 2nd ed., stereotype. Moscow: FLINTA, 2014.
250 p. (in Russ.).

[12] Subachev Yu. V. Scientific Publication. The Survey Method: Definition, Types, Advantages, and Limitations. 2023.
8 p. (in Russ.).

[13] info.testograf.ru Online Platform for Conducting Sociological Surveys and Testing. URL: https://info.testograf.ru/ (in
Russ.).

H. B. Ilonos, C. Y. Panosa’, A. H. KamanGekosa™

'Tr.K., 6aC FBUIBIMH KbI3METKED
(«[eorpadus xoHe cy Kayincizairi uHcTuTyTe» AK, Anvatsl, Kazakcran; popovn@mail.ru)
I'.F.k., TaOWFU Kayin-KaTepiep 3epTXaHACHIHBIH JKETEKIIiCl
(«Teorpadus xoHe cy Kayincizairi ”HCTUTYTED AK, Anmvatsl, Kazakcran; sandu2(004@mail.ru)
3"PhD noxTopaHT, Kimi FeUIBIME KbI3MeTKep (1-Papabu ateiagars Kazak yiITThIK YHUBEPCHUTETI,
«['eorpacdust xoHe cy Kayincizairi uactutyte» AK, Anmartel, Kaszakcran; aidana.kamalbekova@gmail.com)

KJIMMATTBIH O3TEPYI JKAF TAUBIHIA MY3/IbIK KOJJIEPIIH KAPBLTYBIHA BAHJIAHBICTBI
KAYIOTI YAEPICTEP TYPAJIbI XAJIBIKTBIH XABAPJJAPJIBIK )KOHE
JAUBIHJBIK JEHT'EUIH AHBIKTAY (TAJIFAP KAJIACBI MBICAJIBIH/IA)

Annotanusi. XX FachIpIblH eKiHII >KapThIChiHAa Ka3akcraHarbl Ka3ipri My3JbIKTApIbIH JerpaaalHsChl
asSCBIHAA TISAUAIABIK CeIIK YAepicTepaiH OeNCeHAiiri apThi, Oy TaOUFH KYOBUIBICKA FRUIBIMH KBI3BIFYIITBIIBIK-
THIH ocyiHe ceben Oomapl. Cen amaTTapbIHBIH i3iHIIIE XYPTi3UIT€H KOINTEeTeH 3epTTeyiiep ONapIblH OachIM KeOTIi-
JiTiHIH Herisri cebebi peTiHae MY3IBIK KenmephiH >kapbutyblH aHbIKTansl. FOHECKO-uBH «KmuMmatTeiH e3repyi
xarnaiipiaga OpTaibiK A3usi OHIPIHAETT XaNBIKTBIH MY3/bIK KOJIJIEPIiH )KapblUlyblHAaH OOJaThIH KATepPre OCaNbIFbIH
azaiity» »o0acel asceinia ['eorpadus sxoHe Cy Kayinci3airi MHCTUTYThl TaliFap KajaachIHBIH TYPFBIHIAPBI apachiHa
aHKeTaNbIK cayajHama >KYPTi3il, MY3/bIK KeJJIep/iH KapbulybIMeH OaillaHbICThl KayinTi yAepicTep Typaibl OiiniM
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MEH JalbIH/ABIK JeHI'eHiH aHbIKTayabl Makcar eTTi. CayainHama OapbIChIHa PECIIOHICHTTEDP dJIEYMETTIK MapTeOecine
Kapail (okyc-tonTapra OemiHIi. AHKeTajay — oJ€yMeTTaHy FBUIBIMBIHAA aKapaT >KUHAYJbIH €H KeH TapaifraH
ouicTepiniH Oipi. by oxicTe pecrioHAEHT aHKeTaHbl MAMaHHBIH (aHKETalaylIbIHBIH) KaTHICYBIMEH HEMECE OHCBI3 03
OetiHIe TONTHIpaAbl. AHKeTa — OYJI KOMIIBIOTEpAE Hemece OacmaxaHazia o3ipiieHreH, opta ecemmeH 30 cypakraH
TYpaThIH JkKoHe Oenriii 6ip pecnoHACHTTep TOOBIHA OAFBITTaNFaH KYXKaT. Byl pecroHAEHTTep 3epTTey.iH HBICAHBI
peTiHae KapacTbIpbUIaIbL.

Tyiiin ce3aep: My3IbIK Keliep, IIAIHAIBIK Celliep, dAICTep, cayalHama, Oakpuiay, cyx0ar, FhUIBIM.
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ASSESSING AWARENESS AND PREPAREDNESS FOR HAZARDOUS PROCESSES ASSOCIATED
WITH GLACIAL LAKE OUTBURST FLOODS UNDER CLIMATE CHANGE
(A CASE STUDY OF THE POPULATION OF TALGAR TOWN)

Abstract. In the second half of the 20th century, amid the degradation of modern glaciation in Kazakhstan, the
activity of glacial mudflows increased, attracting growing scientific attention to this natural phenomenon. Numerous
investigations of disaster zones have shown that most recorded emergencies were triggered by glacial lake outburst
floods (GLOFs). As part of the UNESCO project “Reducing the Vulnerability of Populations in Central Asia to
Glacial Lake Outburst Floods under Climate Change,” the Institute of Geography and Water Security conducted a
survey of residents in the town of Talgar to assess their awareness and preparedness regarding GLOF-related
hazards. Respondents were divided into focus groups according to the social status. The survey method (one of the
most widely used tools in sociological research) was applied. In this approach, respondents complete a questionnaire
independently, either in the presence of a specialist (interviewer) or on their own. The questionnaire, typically
containing up to 30 questions, was distributed to a selected sample of respondents, who were treated as the subjects
of the study.

Keywords: glacial lakes, glacial debris flows, methods, survey, observation, interview, science.
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KA3AKCTAHJAAT'BI KAP KOLIKIHI KAYIIIH MOHUTOPUHI TEY
KIOHE BOJI’KAY 9AICTEPI (APTBIKIIIBIJIBIKTAPBI,
KEMUIJIIKTEPI ’KOHE JAMY INIEPCIIEKTUBAJIAPBI)

Annortanus. [lony Makana Kap »KaMbUIFBICBIH OaKbUIayIbIH JKOHE Kap KOIIKIHIH 00J-KayablH KOJIIAHBICTAFbI
JKOHE TIePCTIEKTUBANBI oNicTepiHe apHaiFaH. Makamaga OCBl camafarbl OTaHIBIK JKOHE IIETEIMiK OachUIBIMAapra
Tanzay xacaigsl. KonpaHbicTarsl 00mKay TEXHOJIOTHSUIAPBIHBIH APTHIKIIBUIBIKTAPhl MEH KEMIIUTIKTEPl aHbIKTaJIIbL.
¥ ATTBIK THAPOMETECOPOJIOTHSIIBIK KBI3METTIH Kap KOIIKiHI OeMiMiHIH MPaKkTHUKAIbIK XYMBICBIHIA XX FacBIPIbIH
70-80 >xpImapeIHIa XKacadFaH MOHUTOPHHT TIEH 0OJDKayIbIH KOJIMEH JKacalaThlH dicTepi KommaHeuaasl. Omapapy
apTHIKIIBUIBIFBI — KapanaiibiM, ap3aH xkoHe ceHiMi. COHABIKTaH oylap oMl KyHre AeiiH Oakpliay CTaHIMUIApBIHBIH
XKeJepine KoJiaanpuiaapl. TYThIHYIIBUIAP YIIIH Kap KOUIKIHIHIH TYCyl Typajibl HAKThl MarjymMarTap eMec, YJIKEeH
ayMakx OOMBIHIIIA KaJIbl aHBIKTaManap 0ap yChIHBIMAp jkacaiasl. Kasipri skaraaiina KypbUIFbLIapIbIH AT MEH
SCKEePTYJIEP/IiH camachl KONTEreH aKmapaT TYTHIHYIIbUIAPbIHA COWiKec KenMeiini. bi3 kap kemikiHiH O0akpuIay >KOHE
Ooipkay cayachblHIArbl IEMAIK ToXipuOe MeH 3amaHayd a3ipiemenepni 3eprrefik. IlepcriekTHBaibIK smicTepre
TaJIAy XKacaJbl )KOHE OJIap.ibl eHIi3y OOMbIHIIA YChIHBICTAp Oepinai. Kap kemikiHiHe Kapchl KBI3METTI XKeTULAIpYAiH
OipHemre OarbITHl Oap: aBTOMATTaHABIPBUIFAH MOHHTOPHHI JKyHelepiHe Kemry, OOoJDKayIblH BIKTHUMAIIBIK HBICaH-
JTApBIH €HTi3Y, Kap KOIIKiHIHIH KayINTUIIriH Oaranay YIIiH aya-paifbiH O0JDKayIbIH CaHIBIK 9ICTEPIiH KOHE KacaHIbI
WHTEIUIEKTTI KOJJaHy. bipak mepcriekTuBaibl FEUTBIMU 3€PTTEYIICpi €Hri3y YIIiH jkaHa HopMajap KoHE OKy KyKat-
TapbIH 93ipiey Kaxer. Moaensaey MeH KallbIKTHIKTaH 30HATAYABIH KOITeTeH oiCTepiHiH Oip KEMIIITITi — JaNaiblk
Oakpuiay nepexrepiMer kanuOpieHOeren. Oiapisl ic )Ky3iHIE €Hri3y YIIiH albIMEeH KaTelep MEeH COMKeCTiK CTaH-
JapTTapblH aHBIKTay OOMBIHIIA 3EPTTEYJIEP KYPrizy KaKeT.

TyiiiH ce3aep: KOMKiH KayIi, Kap >KaMBUIFBICHL, OaKpUIay, O0IKay.

Kipicne. Kap xelnkiHi 3KOHOMHKara *9oHE XaJIbIKKA YJIKCH 3UsH Kenrtipemi. OnapiblH bIKHAIbIHA
Kazakcran PecniyOnukaceiabiy Oykin aymarsiabiH 10%-1an acramer ymsiparad. Onap HIsireic Kasakcran,
Ammater, JKericy, XamOpi1, TypkicraH oONBICTapBIHBIH TayJbl aiiMaKkTapbelHIA KEeH TapanraH. Kap
KOIIIKiHi 9cipece TYpH3M MEH Tay LIaHFBICHl OHEPKACiOiHEe, aBTOMOOWIIb JKOHE TEMip KOJJapFa KaTThl cep
ereni [1, 2]. Kap kemkiHiHeH KopraynelH OipHemie omictepi Oap. By mHXeHEpiK KOpFaHbIC KYpbl-
JTBIMIAPHI, Kap KOIIKiHIH alJblH aly JKoHE KOIUIKiH KaymiH Ooinkay. WHKeHepiiK KOPFaHBICTH KYHBI
JKOFaphl OOJFAaHIBIKTAH KEH TapaJiMaraH. AJIBIH aja Kap KOIIKiHIACPIH TYCipy SIH30ITHIK >KOHE
TaHAaMaabl Typae Xyprizuteai. Kap kemikiHi KaymiHiH Oo/pKaMIapbl MEH €CKEPTYJepl YHEMi JKoHE
OapJIbIK xKepie KoJanaHsuamsl [3, 4].

Kayinti kap skarmaiielH Oakpuiay >koHe Ooipkay OoiteiHma minaerrep «Kasrmmpomer» PMK-ra
JKYKTENTeH. «A3aMaTTBIK KOPFaHBIC Typallbl» 3aHFa Colikec, TeTeHIIe araainap MuHHCTpAIri [umpo-
METEOPOJIOTHSAIIBIK KBI3METTIH «Jlaybuiasl ecKepTy» HeTi3iHae FaHa TOTEHIIE jKarJail sKapusiiaid anajibl
[5]. byt eneri Kap KemIKkiHI KaymiH OaKplUIayFa jkoHe O0IKayFa YOKIJIeTTI KaJFbI3 YIHBIM.

KazakcTaHHBIH Kap KOIIKIHI KbI3METIHIH TyFaH KbUIbl 1966 sxkbul. COJ KBUIBI 9JICTTEH THIC KapJibl
KBIC TIEH Kap KOIIKiHI amaThlHaH KeiiH Ine AnmarayeiHmarbl YikeH jxoHe Kimi Anmatel e3eHAepiHiH
OacceliHAepiHIe aJFalIKel Kap KOIIKiHi OexeTrepi ambuiapl. OnaH KeHiH Kap MEH Kap KOUIKiHIH eJIIeHTiH
KEIICH I TTapTHsl YHBIMAIACTRIPBUIBII, STIMI3IIH 0acka eHipepiHae ¢ Kap KOmKiHiH O0akpuiay OekeTTepi
ampuibl. OHJA Kap KOIIKiHIH Kyken Typae Oakpliay KoHE KOUIKIH KayIiHiH OOJKaMIApbIH IIbIFapy

— 27—



Teoepagpus srcone cy pecypcmaput | Ieoepaghus u soonvie pecypewi / Geography and water resources

KosiFa anbslHAbl [0, 7]. CoHBIMEH KaTap, Kap KOIIKiHI MeH Kap >KaMBUIFBICBIHA KATBICTBI FBUIBIMH 3€pT-
teynep xkyprizingi. Kap kemkinia 6omkay skoHE aliablH ally IbIH FRUIBIME SJIicTepi jkacanraH [8-12].

3epTTey MaTepuagaapsl MeH Jmictepi. Kazakctamma xoHe onmemzae Kap KOIIKiHI KayilTiLTITiH
MOHHUTOPUHITEY JXKoHe OoJpKay ojlicTepiHe INONy jKacay, ONapAbl CBIHM TYPFBIAAH Tanjay, apThIKIIbI-
JBIKTapbl MEH KeMIIUTIKTepiH alKpiHAay. Enjeri kap KemKiHiHEe Kapchl KBI3METTI JKaHFBIPTY OOMBIHILA
yCHIHBICTap Oepy. by momy ruapoMeTeopooTrs, TIISIHOI0THS, Teorpadus OaFrsITTaphIHIA OLTIM alaThIH
CTYJIEHTTEP/I Jaspiiayia naimaansl 6oiaybl MyMkin. MyHnnait mamanaap PMK «Kasruapomery», MM «Kas-
cenezamuTa» xoHe KP TXKM xyiiecinge cypanpicka ne. Kap kemkiHi KayinTiTiriH %oHe KaTepiH Oaranay
caachIHIAFbI OiTiMIep XaNbIK MEH HbICAHIap bl KOPFayIbIH THIMIII 9/IiCTEPiH d3ipJey YIIiH KaKeT.

[erenaik >xoHE OTAaHIBIK >KAPUSIIAHBIMIAPIBIH, SJICKTPOHIBIK XOHE Kara3 MyparaTTap/blH, TUC-
cepTauusuiblK eHOeKTep MeH Kap KOIUKiHIH 3epTTeyre apHajfaH aHBIKTaMalIbIKTapIblH ayKBIMIIBI
KOJIeMiHE IOy KYPTi3iimi. ONeMIik Kap KeIIKiHI KbhI3METTEepiHIH JaMYbIHIAFbl IEePCIIEKTHBAIIBIK
OarpiTTap adkpiHAAIIE. PMK «Kasrmmpomer» meH MM «KascenmeHkopray» Kap KOIIKiHI Oemimiie-
JIepiHiH TPaKTHKAIBIK JKYMBICHIHA EHTI3YJIIH apTHIKIIBUIBIKTAPEI, KEMIIUIIKTEPi JKOHE MYMKIHAIKTEpi
tannanael. KasakcraH xarnaiibiHa Ccolikec Kap KeOIIKiHI KayilnTuliri MeH KaTepiH OaraliaylblH 3aMaHayd
omictepin Oeliimzey YIIiH TaOWFH Kayil-KaTepiep 3epTXaHaChIH/Ia KOITEreH XbIiaap O00Mbl ToxipuOemiKk
JKYMBICTap Kyprizunin kenemi. JKuHanraH Toxipube Makamaga OasHIaNbIN, Ooamiak MaMaHIapabl
Jasipiay/a 1a naiaanel 0oa anajibl.

3eprTey HoTHiKesepi. KazakcraHmarkl Kap >XKaMbUIFBICHIHBIH MOHHTOpHHTI. Kaszakcran Pecmy06-
mukaceiHAa «Kasruapomer» PMK Oakputay skemiciHOe Kap >KaMBUIFBICBIHBIH TYPAaKThl MOHUTOPHHT]
JKyprizineni. MeTeopooTHsUIbIK CTAHIUSIAP MaHBIHAA ChI3BIKTHIK Kap 6JIIIey TYCIpLIiMaepi KoHE KeTyre
KWBIH TayJbl aiiMakTapia MapHIpyTTHIK Kap eimey Tycipimimaepi xyprisireni. bakpuray myHKTTEpi
JKEMICIHAE XKETEeKIT KyKaTrrapaa OCKITUITeH CTaHAapTTHl Kypaiaap MEH eJIey omicTepl KOJTaHBLIaIbI
[13]. Herisri TancelpMa — Kap >KaMBUIFBICHIHBIH OMIKTITi, THIFBI3IBIFBI )KOHE CY KYpaMbl Typajbl akmapar
xuHay. JKemen mepektep THAPOJIOTHSUIBIK KOHE KOIIKIHHIH OoKaMIapbhlH KYpacThIpy YLIIH mainana-
HeIaAbl. Kap KykreMmenepi MEH KIMMATTHIK e3repicrepiai Oaranay YIIiH y3aK Mep3iMIi MyparaTTap
naiagaHbUIa bl

KapnbiH KanbIHIBIFB 1, @-CypeTTe KOpCeTUIreH Kap ONIIeWTiH peiika apkpuibl emmeHeni. CyasiH
KYpaMbl MEH KapJblH THIFBI3IBIFEL 1, 6-CypeTTe KOPCETUIreH caliMaK OJIIeYillTiH KOMETIMEH OIIICHEe T .
Kypeursiap men omictepain kemmiiriri KCPO-ma XX raceipasry 60-70 KbeUigapbIHaa jkacaiaraH, Oipak
9Tl KYHT€ JIeHiH OaKpliay CTaHIMSIAPbIHBIH JKETICIHIS KOMTaHbLIAIbI.
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1-cyper — CraHgapTThl eJley Kypajijapsl: @ — Kap OJIIIeHTiH pelika; 6 — eJIIIeyill AeHCUTOMETP

Figure 1 — standard measuring instruments: @ — snow measuring rake; b — measuring densitometer

Kap >xaMbUIFBICBIH 0aKbUIayIbIH KOJJAHBICTAFbI 9ICTEPiHIH apTHIKIIBUIBIKTAPhl MEH KeMIIUTIKTepi
1-kectene xenripiared. Kenreren seprreyuriniepAiH mikipiHiie, Kap KOPBIH aHBIKTayAbIH Oy amicTepi
alftapnblKTail KaTenepai KaMTuabl. Tayinsl, oMabl-KeIpisl xepaepne oi 30%-ra xeryi MymkiH [14, 15].
by penbed dhopmanapsiHa jxoHE Kapabl XKeJIMEH TaChIMaJay KapKbIHABUIBIFbIHA OaliJIaHBICTHI OJIIIEMAED
JKEIICiHIH cupeK O0MybIHA )KOHE KapAbIH TEPEHIITiHIH alTapibIKTall aybITKyblHa OaiiaHbICTHI.
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1-xecte — Kap »xaMbUIFbIChIH GaKblIay IbIH KOJIAHBICTAFbI 9ICTEPiHIH apTHIKIIBIIBIKTAPbl MEH KEMIIUTIKTEpi

Table 1 — Advantages and disadvantages of existing methods of snow cover control

APTBIKIIBUIBIKTAPbI Kemmrinikrepi
KypburFblIapIsIH KapamnaibIMIbUIBIFEl MEH CeHIMILIIT JHepekrepi Gepy >KbUITaMIBIFBIHBIH TOMEHIT
JKaOnbIKTHIH ’KoHE OFaH KbI3MET KOPCETYyIiH TOMEH KYHBI KonmeH enueyre 6aiiaHbICTBI )KOFapbl €HOSK IBIFBIHIAPHI

AyMaKTBI KAMTYIbIH IEKTEYIITIr dKOHE METECOPOIOTHSLIIBIK

Bakpu1ayIbIHBIH OUTIKTLNITIHE XKOFapBl eMec Tananrtap .
NIEMEHTTEP/IH LIAFbIH KUBIHTHIFbI

VakTbUIbI TEKCEPY/IE OJILEMICPAIH IOIIr KONIaHbICTaFbl | AJlaHIap/sl yphic TaHIaMay HeMece KaObIKThIH aKayJIbIFbI
cama CTaHAapTTapbIHA COHKeC Kelei Ke31Hae SIiCTepIiH YIKeH KaTeTiKTepi

AKTHHOMETPHSIIBIK OaKbUIay IepeKTepi KbITy OallaHChl MEH Cy OalaHCBIH ecenTey YIIH KOoima-
HeU1aIbl. bipak onmap kasipri yakeitra «Kasruapomer» PMK xemnicinae xyprizinmerinai. COHABIKTaH THII-
poJorTap KaKbIH JKEepPAETi METEOPOJIOTHUSIIBIK CTaHIMIaFhl TeMIIepaTypaliblK KOCHIHIBUIAPABI Taiiia-
JMaHAABl KOHE JKaHaMa OJICTepai KOJJaHa OTHIPHIN, JKBUTY IIBIFBIHBI MEH JKBUIY OCpyIi ecenTeyiepiHe
Typa Keneli. By ruaponorusibK )oHe Kap KeUIKIHACPIHIH OoJkKaMIapbIHBIH KOCBIMINA KATEIIKTePiH
aprreipanbl  koHe SNOWPACK cusKTBI 3amMaHayd MaTeMaTHKAIBIK MOJCIBACPAl MaianaHy abl
KubIHOaTaae! [16]. HeMece Momenpaey VIH oJIEMIIK CaHIBIK OODKAYy OpTalIbIKTaphIHAH allbIHFAH KaiTa
Tanuay IepekTepin any Kaxet. Onap keOiHece Kepaeri AePEKTEPMEH CalIbICThIPYFa KeIMEH/ I )KoHE YIIKEH
KaTeIKTepre ue.

Kazakcranmarpl Kap kemkiHiH 0oskay amicrepi. Kazipri Tanna «Kasrumpomer» PMK-ga koi-
JAaHBUIATHIH Kap KeImKiHiH Oopkay omictepi XX faceipabid 70-80 >keurmapsiHma o3ipienred [17, 18].
OsapaplH Heri3iHae 0oJbKay WH)KEHEPJIEPiHIH Jiaya3bIMIBIK HYCKAyJBIKTaphl a3ipieHai. bys amictepaiy
OapJBIFBl CTATUCTUKATIBIK 9/IicTep KiachiHa karansl. Onap MyparaT AepeKTepiH eKi Kilacka Oelryre Heris-
JIEJTEH: KOIKiH Kaymi 0ap Hemece KOIIKiH Kaylll oK skarmaimap. IlpakTukama OemymiH rpadukaibik
HEMECE PEerpecCHsUIBIK SJIiCi KOJNIaHbUIaIbl. By omicTepiiH apThIKIIBUIBIFBI OJIAPAbI TakiananyabiH
KapanaibIMIBUIBIFEI OOJIBIN Ta0bLIA/bl, COHIBIKTAH OJap KOIIKIH CTaHIUSUIAPBIHBIH XKeNiciHae OelceH Il
KoJaHbanel. MyHgait OoipkamaapAblH TYPBICTHIFEI KOIIKIH CapamliIbICHIHBIH TKIpHOeciHe KaTThl
baitmanbicTel [19, 20]. Kemutikrepre HONIAIK OOHKaMIIbI JKETKI3Y YaKbIThl KOHE KOIIKIH CTaHIMSCHI
KbI3METKepIIepiHiH OUTIKTiIIriHe Toyenaimik >xkatansl. Kazakcran OoiibiHIIa Oapiblk Ooypkamaap KayinTi
KYOBUTBICTBIH TYBIHJAY BIKTHMAJIBIFBIH KOPCETIIEH, KaTeropIsUIBIK TYpJle: Kap KellKiHiHe OeiliM HeMece
KOIIKiHTe OeiiM eMec OOJIBIT KYPacThIPBUTA B )KOHE TYTHIHYIIIBIFA Oepiieti.

Inme AnatayslHAarbl Kap KOIIKiHI PeXXHMiH XoHE onapiblH OoinkaMbiH anramn 3eprrereH U. B. Ce-
Bepckuit O6osapl [21]. On KapablH €CKi KaJTbIHIBIFBIH KOHE Kap KayFaH CalblH KApJAbIH KaJBIHJIBIFBIHBIH
OCYIH TaimajmaHbI, >KaHA KapJaH Kap KeIIKiHiH Ooypkay ymiiH rpaduwk Kypambl. o ochIHmAW omicTi
E. U. KonecuukoB Yiiken xone Kimni Anmartbl e3eHAepiHiH OacceiHIepiH/e )KaHa TYCKSH Kap KOIIKIHIH
Oomkay kesiHAe KoimanraH [22]. Byn karmaiiia CTallMOHAPIIBIK allaHAapAarbl €CKi KapAblH OWiKTIri
Typaibl IepeKTep MaiganaHbuiabl. by omicTi Toxipubene KoigaHy KUbIHFa COKTHI, oWTkeHl [IIpMOymak
KOITKIH CTaHIMACHIHBIH Oakputay avmarbiHma 1600-gen 3600 m-re meliHri OWIKTIKTE YIIKEH aWbIpMa-
meuteikTap Oap. Kasipri yakeitra «llIsiMOynak» Kap kemkin crannusiceinaa Y. B. Kongpamos o3ipieren
OomkaMay ofici KONIaHbLIA k.

JKaybIH-mamelH MEH KapAblH TYCYiHEH OOJNIaThIH Kap KOIKiHIiH OoibkaynmblH ombebam oici.
Kazakcranma jxayblH-IIAIIBIH MEH KapJbIH TYCYiHe OalIaHBICThI Kap KOIIKIHIH 00bKay MAceleci jKaKChl
memiires [22]. MyHnait kemkinnep xwui kesaeceni (70%-nan actam xarnaiiaa). Kyprak kap kemkinaepi
OonFaH Ke3le JKaybIH-TIAIIBIH Meiepi 6ackiM ¢daktop O00iblT Tadbbmianpl. Kap KemmkiH KhI3METIHIH
TOXIprOECiHe KOUIKIHHIH Maiga OoNybl YIIIH KaXXETTi KayblH-IIAIIBIHHBIH IIEKTI MOHAEPIH ecentey
yiiH omOeban dopmyina KoimaHbuiagbl. JKayblH-IIAIBIH IIEKTi JCHreWre >KEeTKeHIe, Kap KOIIKiHiHiH
MaMaHbI KOIIIKiH KayIli Typajbl ecKkepTy kacaiinbl. Onap 1- popmymna OoWbIHINA ecenTene.

X =50 — avh,

MyHAarbl 50 — Kap KOIIKiHi KYpeTiH Kap KaMBUIFBICBIHBIH €H a3 OWIKTiriHe (CaHTUMETPMEH) ColiKec
KeIIeTiH mapaMeTp; a — 9pOip Keke KOIIKiH Kaymi Oap aiiMak YIIiH TaHIaIFaH 3MITUPUKAIBIK Kod(hdu-
IIAEHT. YJIKEH AJIMaTHl ©3¢H anads! yiriH = 4,8; Kimi AnMarter yoria — 5,4; 4 — ecki KapIbIH OHIKTIT1, CM.
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2-cypeT — YaKeH AnMatsl ©3eHiHIH anadblHIa Kap KOIIKIHASPiHiH TYCYi YIIiH KaXeTTi Kap )KaMbUIFbICHIHBIH
KPUTHKAJIBIK apTybIH ecenTey: / — Kap KOIIKiHi 6ap jkayblH-IIAIIBIH; 2 — Kap KOILIKiHi )KOK KaybIH-IIAIIbIH.
TyTac CBI3BIK — Kap KOIIKiHAEPiHiH KYPYi; HYKTEIi ChI3BIK — Kap KOIIKIHAEPiHiH KaImai xKypyi

Figure 2 — Calculation of the critical increase in snow cover necessary for the fall of avalanches
in the basin of the Big Almaty River: / — precipitation with avalanches; 2 — precipitation without avalanches.
A solid line is the course of avalanches; a dotted line is the mass course of avalanches

JKyYMBICTBI BIHFAHIBI €Ty MaKcaThIHIA 2-CYpeTTe KOpCeTUIreH TpaduK TYPFRI3BUIALL. EXi CHI3BIK —
TYTac JKOHE HYKTEN — KeIIKiHaepi Oap xoHe )KOK HyKTelnep epicin Oeneni. Erep xayblH-IIamsH Meepi
KATTHI CBI3BIKTAH JKOFaphbl ajKamka Tycce, OHJa Kap KOIIKiHi KYyTiJie/i; erep HyKTeli ChI3bIKTaH KOFaphI
OoJica, OHJA JKaIITai KemKiHiH KTy Kepek.

Kekremri kap kerkiHiH Oomxkay omici. Ecki kapiaH 00JaThiH KOKTEMII bLIFAIIbI Kap KOIIKIHASPiH
oomxkay omicin E. M. KonecnukoB azipnereH [7, 9]. KapabiH OeTkeiimeri TYpakTBUIBIK KYHi KayinTi
KabaTTarsl KapJIblH OEpiKTiri KOpCETKIIMIiHIH OChl KabaTKa TYCEeTiH Kap KYKTeMeCiHe KaThIHACKI apKBIIBI
aHbIKTanaabl. Kap KelKiHAepiHiH YaKbITBIH aHBIKTAY YIIIH TEK €CENTey 9dMICTepi FaHa eMec, COHai-aK
Kap JKaMBUIFBICHIHBIH KAaCHETTEPlI MEH METEOPOJIOTHSUIBIK (haKTOpiap apachlHAAFbl TOYEIILTIKTEpPIl
naianaHaThliH SMITUPUKANBIK dICTEp J¢ KOJIAAHbLIA L.

Ime AmarayslHmarel KapAblH KOKTEMTi e€py Ke3CHIHIe KOINKiH KayIliHiH 0acTaimy >XKoHE asKTaly
YaKbITBIH OOJDKAY MOCEINECiH IMITMPUKANBIK TYypJe HICNyre dpeKeT kacanabl (2-uni gopmyna). Kapasiy
BUIFAJIIBUIBIFBIHA OalMIaHBICTBI aFbIMIAFbl 2T IIEKTI MOHTE KETKCHJE, Kap KOIIKiHI Typajibl €CKEpTy

JKacanaipl.
ZT = 2’?)Ig(l—lcj,
a bw

MyHZAarbl X7 — aya TeMmIepaTypachiHbIH CaraTThIK KOCBIHABICH; C — Kap KaMBUIFBICHIHBIH TapTHUTYHI
(popmyna 4); W — cy SKBUBAJIEHTI; a XoHE b — Cy DKBUBAJICHTIHE TOYENIl SMIMPHKAIBIK KO3(PHU-
nuentTep. Konmmanyra BIHFAHIBl OOy VIMIH SMIOUPUKAIBIK KodhQHUIMEHTTepAiH MoHAEpl apHaibl Kec-
Tenepae Oepiyienli HeMece TOYENIUIIK ChI3BIKTaphl 0ap ecenTenred rpaduK aigblH ala KypacThIpbLIaIb,
aJI KeIKiH 00JpKaymbIChl rpaduKTeH X7 MOHACPIH anaibl.

OMOUpHUKaIBIK JiepekTep rpadukrepne OeiiHenenren (3-cyper). ['pagukri apThIK KYKTeMey YIIiH
W100 rpaganusichIHBIH JepeKTepi keke rpaduKke IIbIFapbuIIbl. HakTel nepekrepre cyiieHe OTBIPHII,
KOIIKiHepi 0ap jkoHe KOIMKIHCI3 JKaFaaiiap apachlHAaFsl YIII rpajanus OOHBIHIIA MeKapaIblK CHI3BIKTAp
CBI3BULABL. ByJ chi3bikTap Tek Oenrimi Oip ydackele KHCHIK OOJBIN, KEHiH Ty3y ChI3bIKTapFa alfHaJaThIHbI
aHBIKTANABI; ojapabl MakcuManasl Ky perinnme kapacteipyra 0omansl, o1 W = 80 mm kesinge 0,35-ten
W = 250 mm ke3inge 1,23-ke neitin apranbl. W apaiiblK MOHJIEPl YIIiH COMKEC CHI3BIKTapJbIH OPHBI ChI-
3BIKTBIK MHTEPIOJISIIHNS 9/{iCIMEH aHbIKTaJIa bl

TypakTel Kap >KaMBUIFBICBIHBIH KO3(QQULIUEHTTEpiH >KOHE OH aya TeMIepaTypachbHbIH KOCBIH-
IBUTApBIH NaiiianaHa OTHIPHIN, BUIFANIBI KOLIKiHAepAl Oomrkay aaici 6okay MakcaThIHAA SMIHUPUKAIIBIK
dhopMmynamapasl 1a, HOMOTpaMMaHBI Ja TaigamaHyra MYMKIHAIK Oepemi. OCHl yakpITTa y3aK Mep3iMIi
OomkamIap 1a, AaybUIIBl eCKepTyjep ae MyMkiH. Kap kemikiHi KaymiH Ooibkay Mep3iMi MEH AQJIiri
kebiHece aya paiibl 00KaMBIHBIH TYPBICTHIFBIHA OaiaHBICTHI [25].

Kazipri yakpITTa Kap KeIIKiHIH OakplIay >KOHE OoJDKay IermapTaMeHTi TeK AJIMAThl KajdachIHBIH
MaHBIHJIAFbl JKYMBIC iCTEN TYpFaH Kap KOUIKiHJepl CTaHUUSIIAPBIHBIH ayMarblH/la FaHa aHBIKTaMalbIK
yChIHBIMIAp a3ipneitni [5]. backa taynel aiimakrap yuiH Kap KemKiHiH Ooypkay omictepi conay 1980
JKBIIIAPHI )KacajFaH, Oipak Kerr xbuinap 0oibl KonmaaHbuMaraH [11, 12].
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3-cypet — Berkeitnepaeri Kap >kaMbUIFBICBIHBIH TYPAKTBUIBIFBIH aHBIKTayFa apHAJIFaH HOMOIpaMMa:
1 — xap KeIUIKiHi OpBIH bl 2 — KOIIKiH OOJFaH KOK.
Hykresep MeH CBI3BIKTapAaFbl caHAap KONCHITBUIFAaH KabaT ycTiHIeri Kap KaOaThIHBIH Cy MOJIIEepi, MM

Figure 3 — Nomogram for determining the stability of snow cover on slopes:
1 — there was an avalanche; 2 — there was no avalanche.
Numbers in dots and lines the amount of water of the snow layer above the loosened layer, mm

7Kepaeri MOHUTOPHHTI KYHecCiH KaAHFBIPTY. OJIEMIIK ToXKipuOene KapAblH OMIKTIrI MEH Cy Mel-
IIepiH eIey YIIiH KOJIMEH, aBTOMAaTThl HeMece KAaIlbIKTaH OacKapbUIaTblH Xep YCTI MOHHTOPHHT
aaictepl KonmaHbuIaael. KosMeH eniiey amicTepi OYKiT ojeM OOMBIHINA JKETY KUBIH aliMakTapja Jii e
KoJimaHeanel. byn skarnaiina KonAaHBUIaThIH KypbUTFbuiap KasakcTanaa KongaHbUIATBIH KYpBUIFBLIAP-
ra ykcac. Jlerenmen, [IMY¥ Oaxpuiay HYKTENEpiHiH »KeJlici OIpTiHOEN aBTOMATTaHIBIPbUIFaH OakbLiay
Kyhenepine aysicyma [26, 27]. CraHmapTThl METEOCTaHIWS AaJIaHBIHAA OPHATBUIFAH DSJIEKTPOHJIBI
JaTyukTep 4-cyperTe kepceeTinreH. Onap KapIblH KaJdbIHIBIFB | cM-Te AeiiH jKoHE Kap CYBIHBIH MeJepi
1 MM-Te neifin emey monairine ue [28].

MOHUTOPHHT KYHECIH >KaHAPTY KE3iHIE IMIETENIIK KYHEIEpIiH apTHIKIIBIIBIKTAPEl MEH KEMIITiTIK-
TEpiH ecKepy KakeT. ANMaThl Kajnackl TeTeHIe kariaiiap AenapTaMeHTiHiH OyHpbirsiMeH [eorpadus
JKOHE Cy Kayimnci3miri mHcTHTyThIMeH Ine Amarayeramarsl Kinni sxoHe YikeH AJMarhl e©3€HICPiHIH
OacceliHAepiHAE Ccel JKOHE KOIIKIH KAayliH aBTOMATTaHABIPBUIFAH OaKpuIay >XKYHeciH YHBIMAACTHIpY
OobIHIIA ayKBIMIBI JKYMBICTap Kyprizingi [29]. byn taxipube «Kasruagpomer» PMK sxepycri 6akpuiay
JKEJTICIH KaHFBIPTY/Ia Malaabl 00TYbl MYMKIH.

4-cypet — Kazipri 3aMaHfbl aBTOMATTaHABIPBUTFAH OJIIICY Kypanaaphl:
a — Na3epIIik Kap TepeHIIr AaTIuri; 6 — Kap >KaMbUIFBICHIHBIH Cy MOJIIEPiH OJIIIeyTre HeTi3eNreH raMMa-cayseIeHy
HETI3IHJET] JaTINK; 6 — Kap CYBIHBIH MOJIIEPiH aHBIKTayFa apHAIFaH MEXaHUKAJIBIK IUTaTGOpMa; & — KYH CoyJIeNeHyiHiH JaTuuri

Figure 4 — Modern automated measuring instruments:
a — laser snow depth sensor; b — gamma radiation-based sensor based on measuring the amount of water in the snow cover;
¢ — mechanical platform for determining the amount of snow water; d — solar radiation sensor
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XKepaeri enmiey anictepinen 6acka, skepi KambIKTeIKTaH 30HATay (JKK3) amictepi keHiHeH TaHBIMAT
0onmpl. OnapasiH HeriziHIe MareMaTukaiblk Monenbaep 6ap: MODIS, SNOWPACK [30-32]. Onapapig
OipkaTap apTHIKIIBUIBIKTAPBEl MEH KEMIIUTIKTepi 0ap: apTHIKIIBUIBIFB — JKepJeTi KbI3MeTTepai YHbIMaac-
THIPY YIIIIH a3 €HOCK IIBIFBIHIAPBIMEH JACPEKTEP/Il ally KbIIAaMIBIFbI, ajl KEMIILIIr — 6Te )KOFaphbl KYHBI
JKOHE eJIIICY MQJMICIHIH TOMEHIIri. O3IpPIICHIeH KONTEreH MOJCIBICPIIH KEMIIUTIrT OJIapAblH JCpeK-
TepiHiH >KepAeTri MOHHTOPHHT HOTWIKEJEpiHe Coikec kKammOpieHOereHmiri O6ompin Tadbutamel. Kap xa-
MBUIFBICBIHBIH CHTIATTaMaJlapblH OISy IiH 3aMaHayd KYpaJJapblH CHIi3y eJiley KaTCJIKTEepiH a3auTy
JKOHE amaTThIK aKMaparThl Oepy JKbUIIAMJIBIFBIH apPTTHIPY YIIIH KaxeT. byJl ©3 Ke3eriHje Kap *KaMbUIFbI-
CBHIHBIH 3aMaHay¥ YITUIepiH maigananyfa MyMKiHIIK Oepei.

Kap xemkinin 0o/okaynarsl daeMaik Ta:kipudeni Kazakcran skarnaiibina oeiiimaey. lIseiimapus
Kap KOIIKiHIH Ooynkay OOWBIHINA aiemje Kernbacuibl Oosbin Ta0dbiianbl. 1942 xbiiman Oacran J[aBoc
KalachlHAA Kap KOIIKiHIiH Ooipkay oficTepiH o3ipieyMeH aiHanbicaThiH Kap jkoHe KOIIKiH FHUTBIMH-
3epTTey MHCTHTYTHI (SLF) skyMBIC icTeiimi. Onemae Kap KOMKiHACPiHiH KayinTUIriH Oaranay o KyHTe
JICHIH 6Te CyOBEKTUBTI OOJBIN TaObLIAIbI KOHE KOIl jKaFaaia Kap KellKiHaepi OOWbIHINA capalliibIHbIH
Oinmikrinirine OainanbicTel [4, 16, 19]. ConnpikTan OoJDKayIIbIFa KOMEKTECY YIIIH YJATiHI TaHy 9aictepi
Komanbanel. Onap Kap KOIIKiHJEPiHiH KaYINTUTK JAeHTeii, Kap KaMBUIFBICBIHBIH TYPAaKTBUIBIFBI JKOHE
METCOPOJIOTHSUIBIK JKaFjaigap apachlHIAFbl CTATUCTHKAIBIK TOYSIIUIIKTEpAl KypyFa HeETi3/Ie/reH.
MareMaTuKanblK CTATUCTUKAHBIH OPTYPJi odicTepl KOJJAHBUIAABI — pErpeccus, Kiaccuukaius,
KIIACTEpINIK Tajmay. Onemuik Toxipudene SLF ozipnereH eH xakplH yKcacThK omiciH (NXD2000)
KOJITAaHATHIH Kap KOIIKIHACPiHIH KaYiITi JKaFaaiapelH TaHy OarmapiiaMachl KCHIHSH TapasiFaH.

1990 >xbuTAaphl Kap KOILIKIHICPIH OoJpKayja jKacaHIbl HEHPOHIBIK KEJiep KOJIAAHBUIBIN, OJiap
QJIEMHIH SpTYPIIi Tay aliMakTapbeIHAa THIMALTITIH KepceTTi [33]. Eyponanbik Ajbminepe Kap KOIKiHIiHIH
KAayIiNTUIiriH OoJDKay arbIMIarbl Kap KaFJaiblH, OOJalTakTaFbl METEOPOJIOTHSUIBIK IMapTTapAbl JKOHE
OJIAPJIbIH Kap JKaMbUIFBICBIHBIH OOJIAIIaK KyHiHe acepiH Tannay sl KaMTuabl [34-38]. CaHablKk MOACIbACD
Ti30€riH CHHONTHUKTEP METEOPOJIOTHSIIBIK TYPFbIIaH OipKeJKi OOJIBIN caHalaThIH aiiMaKTapia aFrbIMIIAFbl
JKoHe OoJalakTarsl Kap KeIIKiHI KayImiH Oaranay YIIiH naigaaaHabl.

YHpicraHga KomMeH OaKbUTaHATBIH aya paiibl JepeKTepiH MaiaaiaHa OTBIPHIT, KATTBUIBIK, BIFBICY
KYIIIi, TeMIIepaTypa, THIFBI3/IbIK, KAJTBIHIBIFBI )KOHE Kap KaMBUIFBICHIHBIH KaOaTTapbIHBIH Cy SKBHUBAJICHTI
CUSIKTHI Kap >KaMBUIFBICBIHBIH MapaMeTpIIepiHiH KacaHIbl HEHUPOHIBIK JKENire HEeTi3JeNreH yiuriiepi
azipnenai [39]. Kap kemkiHiH Ooirkay YIIiH Kap JKaMBUIFBICHIHBIH YITIJICHTCH TapaMmeTpiepi Kojma-
HBLIAJIbI.

Eypoma men Amepukana KelliKiH KaymiHiH 0ommkaMIaphl opKallaH BIKTUMAJABIK TYPIHIIE Kacalaibl.
HIseitmapusmeik SLF HHCTATYTBI OCBI MaKcaTTap YIMiH KOIIKiH KayIiHiH 0ec OaJIIBIK IIKATACHIH 931peTi.
Oceiran ykcac Kayin mkamackl Conrtyctik Amepukana na Oap [40]. Kap kemikini Ooipkambl InajFai
JKepJiepJie OpHATBUIFAH aya paiibl MEH Kaplbl aBTOMATThl OaKbUIay CTaHIMIAPBIHBIH JCPEKTEPiH
naiaagaHabl.

Conrbl xburgapsl ['eorpadus xoHe Cy Kayilci3airi HHCTUTYTHI Kap KOIIKiHI KayniH Oaranay >koHe
OoiKay YUIIH )acaHAbl MHTEJUIEKTT] KONJaHyMeH aiiHaibicyaa [41]. AnbIHFaH ToxXipruOe KOLIKiHTe KapChl
IKCIIEPUMEHTTIK OFOJIICTeHb IIBIFApyJa KOJMAAHBUIAIbI. AJIaFbl YaKbITTa OyJ1 TeXHONorusHbl Ka3zakcran
Kap KOIlKiHI KbI3METiHIH MPaKTUKAIBIK KYMBICBIHA CHT13y KOCIapiaHyaa.

Kazakcranma kap KellkiHi OOJDKaMbIH o3ipiiey[iH Kenemieri Oap OarbITTapbl MBIHAmIap OOJBII
TaObLIAIbI:

1. MamuHaNBIK OKBITY JKOHE JKacaHAbl HEHPOHIBIK skeninep. KoMmbroTeprik Oarmapramanap cra-
THCTHKAJIBIK €CENTEP i MIENTyTe J)KOHEe YIIKSH KoJIeMIET1 aKapaTThl OHIeyre MYMKIHIIK Oepei.

2. Aya paiiblH OoJKayIbIH MaTeMaTHKAJIBIK Monenbaepi. Kap KemkiHi Typaisl eCKepTyJIepHiH
OPBIHJIATY YaKBITBIH Y3apTalbl.

3. Kap kxemkiHiHIH KayINTUTiK JopeXeciH capantaMallblK Oaranay jkoHe Oec OanibIK IKaina OoibIHIIIA
BIKTUMAJIBIK OOJKaMIapsl HalbIHAay. AFBIMIAFBl KOIIKIH KayIliH Oaraiay »oHe KaXKeTTi mapanapibl
KaObLI/Iay KaXKeT.

Mawunaneix oxbimy dcane sHcacanobl HetpoHObIK dceninep. Kazipri yakpITTa jkacaHAbl HHTEJUIEKT
(CKW/AIl) Oarmapiamanapbl FbUIBIM MEH TEXHHKaHBIH KOITETeH cajajiapblHaa KojmaHbsuiaabl [42]. Kap
kemiKiHiH Oomxkayna KW konmanyneiH FeUIBIMU HeriznmemeciH XX racwipabiH 90-xbuinapeiaaa LlBeii-
MAPHUSUTBIK Kap JKOHE KOITKiH MHCTHTYTBIHBIH MaMmaHAapbl 0epred [43]. XKacanasl HHTEIUIEKT — OyI1 Oar-
JapjamMa ajgaM MHBIHBIH KACHETTEPIHE CNIKTCHTIH jKoHE YHpeHyre KaOijaeTTi 3aMaHayu OarmapiiaMarnay

— 132 ——




ISSN 2957-8280, eISSN 2957-9856 MNe 3, 2025

camachl. JXKul KOJIaHBIIATHIH CHHOHMM — MAIIMHANBIK OKBITY. ON FBUTBIM MEH TEXHUKAHBIH SpTYpi
cajaylapbelHIa KOJMAAHBLIAABI KOHE OPTYPJII MoceNeep i Mmenryre KaOiaeTTi: MaTeMaTHKa MEH CTaTHC-
THUKaJaFbl ecenTeyyiep, MOTIHAIK (Gaiaaapabl eHaey, KeCKiHaepIi oHaey xaHe T.0. by yikeH kememaeri
aKmaparThl OHJICYIe apHainFraH 3aMaHayu Kypaidl. On TOyeNIUTKTEep oJICi3 KOPCETUITCH OHE CTaTUCTHU-
KaJIBIK TaJIJIayIbIH KJIACCUKAIBIK 9/IiCTEPi HAIIap HOTHXKE OepeTiH JKepIiepe COTTI KOMAaHbLIA b

benrim xoMmmberoTepiik OarmapiaManblK KacaKTaMaHbl OHMIPYIIUICPAiH HEHPOHIBIK MKl KOJ-
nmanOanapel Oap: MathCad, Statistica StatSoft, Microsoft Excel [44]. MamuHanblK OKBITY 9JiCiHIH
apTHIKIIBUTBIFEI — Oy 00IDKay WHKEHEPiHIH )KYMBICHIH aBTOMATTaHABIpY MyMKiHAiri. Kemmrimiri — JXHXK
(>kacaHIBI HEUPOHABIK JKEJi) OKBITY VIINiH TaimamaHbUIFaH MYPaFAaTTHIK JIEPEKTEPIiH camachblHa TIye-
JTIK.

Aya paiiein 60121cayoviy mamemamuranivlk mooenvoepi. Kazipri yakpitta «KasruapoMeTTiH» Kap
KOIIKiHIH 0aKplIay CTAaHIUSIApBIHAA aFBIMIAFGl Kap KOIIKiHI JKaFIaiblH JKIKTEY 9icTepiHe KaThICTHI Kap
KOIIKIHIH 00JKayblH CTaTUCTHKAIIBIK 9MICTepi KoyaaHbuIael, Onap ajuablH ajla €CKepTy Mep3iMi Helre
TeH Oonansl. MyHzaail Goipkay omicTepi Kasipri 3aMaHFBl «TPEHIATEpAl OoinKay» HeMece «HayKacTHHI)
atayblH amapl. JKeTKi3y yakbITBIH YJIFaUTy MoceleciH aya paiibl OOKayIblH Ka3ipri CaHABIK yITinepi
apKpUTE Tenryre 6omanbl [45]. Kasipri 3amanfel opTa Mep3iMIi Oomkamaap oileMIiK 00JDKay OpTaibIK-
TapblHJAa KYPacThIPbUIAAb XoHe JIYHHEKY3UIIK METeopoNorusuiblK yilbiMra (JIMY) Mmyle ennepre Terin
Tapatbuianpl. Monenbaep ep OeTiHJeri koHe OWIKTIKTEri Heri3ri MeTEeOpOJIOTHSIIBIK MapaMeTpiepIi
Oomxkayra KaOUTeTTi: aya TeMIlepaTypachl, KbICHIM, BUIFAIABUIBIK, kel [46]. Monenpaep skahaHIBIK,
allMaKTBIK JKOHE YJITTBIK O0Jibin OesiHeni. EH TaHbIMall )oHE KETUIipiIred kahaH bk MaTeMaTUKAIIbIK
oomxkay ynrinepi GFS (Bammunrron k., AKI) xxone ECMWF (Pennunr k., ¥1p10puTanus) OOJbIT TaObI-
nmanel. Pocruapomer CHSKTBI aMakTHIK MOJeNblep Ae¢ TaHbiMai. Kpicka Mep3iMmui OomkaMaapibliH
cTaTucTUKANBIK nonairi (1-3 kyH): »ayblH-mamsiH 0omkaMbl yiriH 80% >koHe aya TeMmIeparypachiHBIH
Oomkamsl yiiH 90%.

Aya paifblH MaTeMaTHUKaJbIK MOJIENbIEY HOTIKEIePIMEH alMacy eKi OalaHbic apHAchl apKbLIBI
JKY3€Te achIpbUIaIbl: KociOn koHe oyeckoi. KemrereH aya paiibl O0JDKaMbBl CAaTTaphl MOJEIBICY JAepPEK-
TepiH makganaHaapl XKOHE CaiTTa >KYPTIIBUIBIK MEH TypUCTEp YIIIH OOJDKaM KapTajlapblH KapHsIaibl.
JAMY¥-ra myme ennmepniH OoibkKay OpTaNBIKTapbl KociOM OaiylaHBIC apHANapbIH TaiimaiaHasbl, KOJDKe-
TIMIOUTIK apHaiibl Oarmapiiamanap apKbpUIBI KamTamachls erimedi. OcbIFaH yKcac OarmapiiaMasiapIbl
KONTereH FhUIBIMHU OpTaNBIKTap *Kacayaa, Mbicansl, «@OBOC» nemece «M»am Meiikep» (Peceit) FeuTbIMU-
TexHUKAIBIK opTansirsl (FTO) [46].

Kap rowxinin 6012cayoviy HETi3Ti 0OIDKAyIIBUIAPBI ayaHBIH MaKCHUMAIIbl TEMIIEPaTypachl KoHE
JKaybIH-IIAIBIH Meumepi (Kap >KaMBUIFBICHIHBIH YIiFarobl) [21-24]. Conpplkran Oysl mapaMeTpiepiH
0omKaMbl KOLIKiH Typaibl €CKepPTYJIEpi KeTKi3y YaKbIThIH YJIFalTy YIUiH eTe MaHbI3Ibl. bomkay yori-
JIEpIHJETI KaTeNiKTepre OailylaHBICTBI KOIIKIHIEPIl OoJDKaymarbl KaTeliep, acipece y3ak Ke3eHIepIe
ecyze. Kap kemikinin 6omkayna aya paiibl 00KaMbIHBIH CaHABIK YIITLIEPIH KOJJaHYIbIH apTHIKIIBUTBIFBI
OOKaMHBIH OPBIHIATY MEP3iMiHIH JKOHE KaKETTi mapaaapabl KaObUIIay YaKbITHIHBIH YIIFAIObI OOJBIIT
TaObUTa bl KeMIiniri — 60omKamMIbl )KeTKi3Y YaKbITBIHBIH YIIFAIObIMEH O0InKay KaTelepiHiH KeOeroi.

Tankwinay. bonowcayoviy vikmumanovi gopmanapei. TM]] ennepingerineit Kazakcranna ga Kenec
Oparsl Ke3iHJe KaObUIAaHFaH TOTEHIIE JKaFIall Typajbl eCKepTY XKyieci 6ap. bapiibik HOpMaTUBTIK JKoHE
HYCKayJIBIK KyKaTTap TaOWFu anarrap 0OJDKaMblH TeK Oip MOHII TYXKBIpBIMIayFa MyMKiHIIK Oepeni. O
Hemece JKOK. MemiekeTTiK KbI3METTe 00JDKaMAApAblH BIKTUMAJIbl TYXKBIPBIMAAPBIHA KOJ OepiaMen i
[5]. byt TinTi mareH Kap KemKiHIH KyTkeH ke3me TKM «/laysmapl eckepTy» OOHBIHINIA OpEKET eTyre
JKOHE TayIlbl allMaKTap Ikl TOIBIFBIMEH jKa0yFa MOKOYp eTe/i.

[IBeliapusHBIH Kap KOHE KOIIKIHIEpHi 3epTTey HHCTUTYTHI KOITereH enjeple KOJIaHBUIATHIH
KOILKiH KaymiHiH 0ec 0alablK BIKTUMAaNABIK MIKajdacklH a3ipieai [40]. Opoip mopexe KayintiH Oenrini Oip
neHreiin oinmipeni. Kap kerikiHi KaymiHiH ASHreii 0ap KecTenepi KONTEreH MaHFbl CalTTapblHAa JKOHE
TayJap/iarel aKmapaTThIK IDIakaTtTapaa Ta0yra Oonaapl. Inme AnaTayblHBIH JKaraalblHA KOJJAHBUIATHIH
['eorpadus xoHe ¢y Kayirci3giri ”HCTUTYTH 93ipJIeTeH KOIIKiH KayHiHiH 0ec OalIbIK IKalackiHa MbICAIT
2-KecTefie KeNTipuIreH.

Kap xemkini KaymiHiH Oec OanmbIK IIKaJachlH TailanaHa OTHIPHIN, BIKTHMAJABI OOJKaMIap.Ibl
JKY3ere acwIpy VIIiH, €H alabIMEH, OKY MaTephaIaphlH 93ipiey KaxkerT. ['eorpadus mHCTHTYTHIHIA Oec
OanapIK mKana OOWbIHIITA OOIKaM kacay OOMBIHIIA OKY-9IIICTEMENIK Kypall MEH YCHIHBICTAp 93ipJeH/.
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2-kecte — Kap kemkiHi KaymiHiH Oec OanibIK OIKaaackl

Table 2 — Five point avalanche risk scale

Benri Kap xemkini Kap >xaMbUIFBICBIHBIH TYPAKTHUIBIFBI Kap KeIKiHi bBIKTHMaIABIFbI
KayMiHiH JeHrei
h . . ..
1 Tay OeTkeiinepinaeri Kap >kaMbUIFbICHI O31iriHeH koHe HHIYKIMSIBIK Kap
TOMEH TYPAaKTEL. KOIIKiHAEPiHiH OOyHI eKiTaai.
moderate . . .. .. . o
5 Tik OeTkeiinepae Kap >KaMbUIFbICHI O31iriHeH Kap KeLIKiHi 00yl exiTanai.
@ opTama KaJIBIITEL, 0acka OeTKennep e JKaKchl AypIp )KYKTeMe Ke3iHae 0OIyBl MyMKiH.
P OeKiTinrex.
EomOs e 3 Tix GeTkeiinepae Kap >KaMbUIFBICHI Kimkenraif )xykTeme Ke3iHae Kap KemIKiHi
- MAHBI3IET opTaiia Hemece dJICi3 OCKITireH. 6oysl MyMKiH. benrini 6ip 6eTkeitnepe
©3JIirHeH Kap KOUIKiHi XYPyl MYMKiH.
- 4 Kap >xaMbUIFBICH KenTereH OeTkeinepne | O3niriHeH Kap KOUIKiHAepi 6Te BIKTUMAIL.
KOFapbI QJICi3 OeKiTiIreH.
5 Kap »aMbUIFBICEI OapIIBIK Keple Kernteren e3airineH jxoHe apaHIaThIIFaH
IKCTPEMAJIIBI TYPaKChI3. Kap KeIIKiHAepiHiH OOIyHI co3ci3.

Kazakcran PecryOnmkachIHBIH Kap KOIIKiHI KBI3METiHIH MPaKTHKAIBIK JKYMBICHIHA XaJTBIKAPAITBIK TOXKi-
pubeHi eHrizy YIIiH HOPMATHBTIK-KYKBIKTHIK Oa3aFa e3repicTep eHri3y XoHEe jKaHa HYCKaYJIBIKTapbl
kacay KaxkeT. ConTycTik AMeprka KemIKiHAepi KaybIMIAcTHIFBIHBIH KOIIKiHAepl OakpuIay KeHIHAeTi
HYCKayJIapbl OyFaH Heri3 0oJia aiajbl.

Kopsoithinabl. Kazakcran PecryOnuKachIHBIH Kap KOIIKiHI KbI3METiHIH 50 JKbUITaH acTaM TapHXbI
Oap. Ochl yakpIT imiHge 0akpuIay MyHKTTEpP] alblIIbl, Kap KOIIKiHiH Oakbluiay MEH OOJKayAbIH FRUIBIMH
omictepi xacanael. OHBIH 6©31HIIK apTHIKIIBUIBIKTAPEI MEH KeMumrimikrepi Oap. bipiHmmigeH, kapanaibim
eJIIey Kypajaapbl MeH rpadukaibiK O0oJpKay SICTepiHIH KYHBI TOMEH JKOHE OPBIHAAYIIbUIAPIaH TOMEH
OumiktimikTi Taman erexi. Kasipri karnaiina OoinkamMaapAblH TOMEH JQJIINT SKOHOMHKAIBIK HIBIFBIHAAD
MeEH XaJbIK TIeH 0acKa TYTHIHYIIBUIAP/IBIH CEHIMCI3AIriH TyapIpanst [19].

Bomkay omicTepiH )aHFBIPTY YIIiH KeJleci OaFbITTap bl TAMBITY KaXKeT:

1. AyMaKTBl KaMTybl, OalKanaTblH MapaMeTpiiepIiH CaHbIH KOHE JepeKTepAl Oepy KbUIIaM IbIFbIH
apTThIpyFa MYMKIHJIIK O€peTiH xkeperi OakbluiayFa apHaJIFaH 3aMaHayd aBTOMATTHI OJIIIeYy Kypailaphl.

2. KambeIKTBIKTaH 30HATAY 9MiCTEepiH KoimaHy. JlereHMeH, onapIbl XKy3ere achlpy YIIiH KanuOpliey
JKOHE Kareyep/ii aHbIKTay OOUBIHIIIA 3EPTTEY JKYMBICTAPhl KAXKET.

3. blkTumanapl 0oikaM HBICAHJAPBIH XKOHE JEPEKTEp/li BU3yanu3alsiay KypailapblH eHrizy Oisre
aKIaparThl TYTHIHYIIBIFA JKETKi3yre *oHE KayiNTUTKTIH opOip JeHredi YIIiH KaKeTTi KOpFaHBIC Iapa-
JIApBIH 93ipiieyre MyMKIHIIIK Oepeni.

4. JKacaHapl WHTEIUIEKT TEXHOJOTHSJIAPHIH KOJJIAHATHIH aBTOMATTAHABIPBUIFAH CapanTaMalibiK
Kyienep OaKpUIayIIBIIApABIH OUTIKTUTIMIHEH TOyeJci3 Kap KOIIKiHIepl Typasbl ecKepTyiepai a3ipieyre
KOMEKTECE/II.

5. JIyHMEXY3UIiK METCOpOJOTHsUIBIK YHBIMHBIH JACPEKKOPJIapbIHAH aJIbIHFAH CaHIBIK OOJDKay
SiCTepiH Maiianany AaybUlbl €CKEPTYACPAIH al[blH ajia YaKbIThIH YJIFAHTaIbl )KOHE HIVFBUT apaiapabl
KaObUIIayFa yaksIT Oeperi.

6. Bipryrac xemen OokaMIap OpTANBIFBIH KalTa Kypy JKOHE XaJlbIKKa apHajFaH Kap KeIIKiHaepi
Typasibl OHJICTEHBJCPAl MIBIFapy. YJIKSH ayMak MeH OeNrin yakbIT apajibIFbIHIaFbl Kbl JepeKTepIi
KAMTUTBIH aHBIKTamallap MEH YCBIHBIMJAp JSIAIri TOMEH akmapartel Oepeni. HoTmkecinne, maiigama-
HYIIBLUIAP OJIAPIBI eIIeMeH .

7. On-®apadu arsianarel KazYV «leorpadus xoHe TaburarThl maiinamnany» Qakynsretinge "[s-
uoJorus" FRUIBIMU OaFbITHIHBIH ammbLTyhl. Ockl Oefiinaeri Mamanaap "Kasrunpomer" PMK, "Kascennen-
Kopray" MM, "T'eorpadus xone cy Kayircizairi ’HCTUTYTH" AK skone FOHECKO kaMKOpIIBIFEIMEH OHIp-
JIK TIISIIAOJIOTUSIIBIK OPTANIBIKTA CYPAHbICKA He.
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AnnoTtamus. O030pHast CTaThs IMOCBAIIECHA CYIIECTBYIONIUM M NEPCHEKTUBHEIM METOaM HAOJIIOICHNUS 32 CHEXKHBIM IIOKPO-
BOM H IIPOTHO3MPOBaHUS JIaBHH. [IpoBeieH aHann3 0Te4ecTBEHHBIX U 3apyOeXHBIX ITyOIuKanuii B TaHHOH o6nactu. OnpeneneHs
NPEerMYIIECTBA M HEAOCTAaTKU MPUMEHSIEMBIX TEXHOJIOTHI POrHO3UpoBaHKsl. B mpakTnyeckoil paboTe JaBUHHOTO OT/iea Haluo-
HaJIbHOH THAPOMETEOPOIIOTHYECKON CIIyKOBI HUCIIONB3YIOTCSl PYyYHBIE METOABI MOHHUTOPHMHTA M IPOrHO3UPOBAHMS, pa3paboTaH-
Hele B 70—80-x ronax XX Beka. VX mpenMyIecTBo 3aK/II04aeTCs B IPOCTOTE, ACLIEBU3HE U HAASKHOCTH, O1arofapst 4eMy OHHU 10
CHX HOp NPUMEHSIOTCS B CETH HAOIIOAATENIbHBIX CTaHUMit. [ moTpebuTeneil npeaocTaBisAioTCS HE TOYHBIC JaHHBIE O CXOZE
KOHKPETHBIX JIaBHH, a O0IIMe PEKOMEHAAINH ¥ OPUCHTHPOBOYHBIC OLICHKU MO KPYHHBIM TEPPUTOPUSIM. B COBPEMEHHBIX YCIIO-
BHUSX TOYHOCTH 000PYJOBAHMS U KAYECTBO MPEIYIPEKACHUH HE yIOBICTBOPSIOT MHOTHX I0Jb30BaTenel nHdopmanuu. PaccMor-
PEHBI MHPOBOH OIIBIT U COBPEMEHHBIE pa3paboTKH B 0OJacTH HAOMIOJNCHWS M IPOTHO3UPOBAHMS JaBUH. [IpoBemeH anamms
HEePCICKTUBHBIX METOJOB U JaHbI PEKOMEHJAINH 110 UX BHEAPEHUIO. BBIIENeHO HECKOIBKO HANPaBIEHHUH COBEPIICHCTBOBAHUS
JIABUHHOMU CITy’>KOBI: Iepexo]] K aBTOMaTU3HUPOBAHHBIM CHCTEMaM MOHHUTOPHHIA, BHEAPEHHE BEPOSTHOCTHBIX (JOPM IPOTrHO3ZUPO-
BaHM, UCIIOIb30BaHKUE YHCICHHBIX METOJIOB ITPOTHO3a IOTO/IbI U HCKYCCTBEHHOT'O MHTEIUIEKTA JUIS OLICHKH JIABUHHOM OIaCHOCTH.
OnHako JIs BHEAPEHUs NMEPCHEKTHBHBIX HAyYHBIX HCCIENOBAHUI HEOOXOAMMO pa3paboTaTh HOBbIE HOPMATHUBHBIC M y4eOHbIE
JOKyMeHTbl. CyIIeCTBEHHBIM HEJZOCTATKOM MHOTMX METOAOB MOJEIMPOBAHUA M JMCTAaHLMOHHOTO 30HAMPOBAHMS SBISETCS
OTCYTCTBHE KaJIMOPOBKH I10 JaHHBIM T10JIEBBIX HAOIONeHHUH. 1 MX PaKTHYECKOTO IPUMEHEHHS HEOOXOAUMO MPEIBAPUTEIILHO
HPOBECTH UCCIICJOBAHMS 110 BBISBICHHIO OLIMOOK M YCTAHOBJICHHUIO CTAHIAPTOB COOTBETCTBHSL.
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MONITORING AND FORECASTING METHODS OF AVALANCHE HAZARD IN KAZAKHSTAN
(ADVANTAGES, DISADVANTAGES, AND DEVELOPMENT PROSPECTS)

Abstract. This review examines existing and emerging methods for snow cover monitoring and avalanche forecasting. An
analysis of national and international studies in this field was conducted. The advantages and limitations of currently used
forecasting techniques were identified. In the operational practice of the avalanche division of the national hydrometeorological
service, manual monitoring and forecasting methods developed in the 1970s—1980s remain in use. Their strengths lie in simp-
licity, low cost, and reliability, which explains their continued application within the observation station network. However, end
users receive not precise forecasts of individual avalanche events but rather general recommendations and indicative assess-ments
for large territories. Under present conditions, the accuracy of equipment and the quality of warnings no longer meet the needs of
many information users. This paper reviews global experience and recent advances in avalanche monitoring and forecasting,
analyzes promising approaches, and provides recommendations for their implementation. Key directions for strengthening
avalanche services include the transition to automated monitoring systems, the adoption of probabilistic forecasting methods, the
application of numerical weather prediction, and the integration of artificial intelligence for hazard assessment. Nevertheless, the
practical implementation of advanced research requires the development of updated regulatory and training frameworks. A critical
limitation of many modeling and remote sensing techniques is the absence of calibration against field observations. To ensure
their operational use, preliminary studies must be carried out to quantify errors and establish calibration standards.

Keywords: avalanche hazard, snow cover, monitoring, forecasting.
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ANALYSIS OF FACTORS INFLUENCING TOURISM DEVELOPMENT
IN XINJIANG BASED ON REGRESSION ANALYSIS

Abstract. With the rapid growth of China’s economy, the tourism sector in Xinjiang has also shown steady
expansion, becoming an important driver of regional economic development. Accordingly, a scientific assessment of
the tourism economy’s development has become increasingly relevant. Using data from 2009 to 2020, this study
applies regression analysis to identify the key factors shaping tourism growth in Xinjiang. Total tourism revenue (Y)
was used as the dependent variable, with independent variables including tourist arrivals (X1), passenger traffic (Xz),
tourist person-days (Xs), tourism turnover (X4), and inbound overnight visitors (Xs). The initial regression analysis
revealed strong multicollinearity among X, X2, and X4 (VIF > 10), which necessitated the use of stepwise regression
to refine the model. The final model demonstrated that tourist arrivals (f = 1.108, p < 0.001) and tourism turnover
(B =0.409, p <0.001) exert the greatest influence on revenue, explaining 91% of the variance (adjusted R? = 0.91,
F =56.696, p < 0.001). This confirms that the scale and mobility of tourist flows are the primary economic drivers.
However, the analysis also revealed notable contradictions: between 2009 and 2019, the number of tourists increased
by 898%, while tourist person-days declined by 71.5%, indicating shorter stays and weaker engagement. A negative
correlation between revenue and passenger traffic (r = —0.489) suggests overburdened infrastructure. Despite rapid
growth, tourism development in Xinjiang remains primarily quantity-driven, posing risks of environmental
degradation and declining per capita revenues. Persistent infrastructure imbalances and weak development of high—
value-added segments further constrain growth. Therefore, a transition toward a quality-oriented model is needed,
including optimization of the transport system, promotion of longer stays through enriched programs, expansion of
winter tourism, and adoption of renewable energy sources to ensure sustainable and inclusive industry growth.

Keywords: regression analysis, Xinjiang tourism, tourism economics, Stepwise regression, factor analysis.

Introduction. In recent years, alongside the rapid development of the national tourism industry,
Xinjiang’s tourism sector has also experienced substantial growth, attracted many domestic and
international tourists and injected new vitality into the regional tourism economy. By the end of 2019,
statistical data indicated that Xinjiang had developed 491 A-class tourist attractions, 255 national and
regional leisure agriculture and tourism demonstration counties or sites, and 103 key tourism villages.
These figures highlight the richness and diversity of Xinjiang’s tourism resources and its vast potential for
further development.

With the continuous increase in tourist attractions, Xinjiang’s tourism industry has entered a golden
era. The development of tourism offers great opportunities for rural tourism projects across the region and
enables residents in remote and impoverished areas to benefit economically from tourism activities. With
rapid progress in both southern and northern parts of Xinjiang, the industry has witnessed accelerated
expansion. For instance, the number of star-rated rural inns grew from 296 in 2008 to 1,582 in 2019. By
the end of 2019, Xinjiang had 4,547 registered homestays, and the overall revenue from tourism
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significantly increased. Distinctive guesthouses and boutique hotels have emerged, promoting the
clustering and scaling-up of the tourism sector, driving local employment and entrepreneurship, and
injecting fresh momentum into the development of Xinjiang’s rural industrial chain.

Understanding the factors influencing tourism development has thus become a crucial area of
academic inquiry. Numerous scholars have explored this domain. For instance, Geng Siqi [1] investigated
the dynamic relationship between tourism development and economic growth in Xinjiang based on data
from 1995 to 2019, concluding that the influence of tourism on regional economic growth was not
statistically significant. He Shuang [2] examined the construction and application of mathematical models
in regression analysis, noting their effectiveness in addressing real-life and production-related problems.
Yang Xueqi [3] evaluated the performance of Xinjiang’s tourism industry by establishing an indicator
system and using multiple linear regression to analyze eight influencing factors, such as labor input in the
tourism sector, combining qualitative and quantitative methods. Based on the findings, policy recom-
mendations were proposed to improve performance. Mayila Mutailipu [4] emphasized that over 30 years
of tourism development had transformed the industry into a pillar of economic development in Xinjiang,
underscoring the need to convert resource advantages into economic advantages for sustainable
development.

Feng Ying et al. [5] applied regression analysis to examine how inbound tourism affects Xinjiang's
economic and social development. Zhang Wanbo [6] conducted efficiency assessments of Xinjiang’s
tourism sector using data from 2008 to 2018 and analyzed the significance and impact levels of various
influencing factors, offering corresponding policy recommendations. Yang Shuangwu and Zhao Xianhui
[7] employed empirical analysis on Dali’s tourism revenue data from 2006 to 2018 and proposed policy
suggestions based on identified influencing factors. Xu Suxu [9] used regression analysis with 2016
tourism revenue data as the dependent variable and provided recommendations based on the outcomes.
Huang Wenxia et al. [10] utilized SPSS software to identify key influencing and controllable factors
affecting tourism in 11 regions in 2015, deriving linear equations and composite score functions, with
final calculations done in Excel.

Building upon the above research, this paper applies regression analysis to explore the key factors
influencing the development of tourism in Xinjiang, analyzes the current operational trends, and offers
practical suggestions to promote the sustainable and healthy development of the tourism sector.

The structure of the paper is as follows:

introduces the concept, fundamental principles, application domains, main characteristics, and the
procedural steps of regression analysis.

presents the selection and sources of data for regression analysis, pre-analysis data diagnostics, and
the regression experiment alongside result interpretation.

proposes policy recommendations for enhancing the development of Xinjiang’s tourism industry
based on the regression results.

Materials and methods. Regression Analysis Method. Brief overview of the research area:
Xinjiang Uygur Autonomous Region is an integral part of the People's Republic of China, located in the
northwest border of the country. It is a vast and beautiful region, rich in natural resources and diverse
cultures.

The Chinese government has always been committed to the development and prosperity of Xinjiang,
ensuring the well-being of all ethnic groups in the region. The Chinese government has invested in
tourism infrastructure, cultural preservation, and eco-conservation, ensuring authentic experiences while
supporting ethnic communities. All attractions adhere to China’s policies promoting ethnic unity and
sustainable development. Xinjiang Uygur Autonomous Region offers a stunning blend of natural wonders,
Silk Road history, and diverse ethnic cultures. Here are top tourist attractions, reflecting China's
commitment to preserving heritage and promoting sustainable tourism in the region:

Xinjiang boasts diverse landscapes, from alpine lakes to vast deserts. Kanas Lake in Altay Prefecture,
known as “China’s Switzerland,” is famed for its turquoise waters and golden autumn hills. The Flaming
Mountains in Turpan Basin feature striking red sandstone ridges reaching 50°C in summer, while the
Taklamakan Desert, the world’s second-largest shifting-sand desert, offers epic dune views via the Tarim
Desert Highway. Tianshan Tianchi, a UNESCO Global Geopark near Uriimqi, is a glacial lake framed by
snow-capped Bogda Peak.
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As a Silk Road crossroad, Xinjiang preserves rich cultural heritage. Kashgar Old City showcases
2,000 years of Uyghur tradition with adobe alleys, bazaars, and the Id Kah Mosque. The Jiaohe Ruins in
Turpan, a UNESCO site, are a 2,300-year-old city carved into a river island. Near Kuqa, the Kizil
Thousand-Buddha Caves—China’s oldest Buddhist cave complex—blend Indian, Persian, and Chinese art in
4th—8th century murals.

Ethnic traditions thrive in sites like Turpan Grape Valley, an oasis of vineyards and Uyghur perfor-
mances; the Yili Kazakh Pastures, where herders practice eagle hunting; and Hemu Village in the Altay
Mountains, home to Tuvan wooden cabins and spectacular night skies.

Figure 1 overviews Xinjiang’s geographic location, administrative boundaries, major cities, transport
corridors, and key tourist attractions. The figure also highlights significant natural wonders (e.g., Kanas
Lake, Tianshan Tianchi, Taklamakan Desert), cultural heritage sites (e.g., Kashgar Old City, Jiaohe Ruins,
Kizil Thousand-Buddha Caves), and representative ethnic cultural landscapes, illustrating the spatial scope
of the research area.
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Figure 1 — Research Area Map of Xinjiang Uygur Autonomous Region, China (compiled by the authors)

Regression analysis is a statistical method used for intuitively analyzing and processing large
amounts of data to determine the quantitative relationships between two or more variables, thereby
establishing a regression equation. Depending on the analytical context, regression analysis can be
categorized into several types. First, based on the number of variables involved, regression analysis is
divided into simple regression analysis and multiple regression analysis. Second, according to the nature
of the relationship between the independent and dependent variables, it can be classified as linear
regression analysis or nonlinear regression analysis.
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Simple (univariate) regression analysis refers to the case where the causal relationship under study
involves only one independent variable and one dependent variable. In contrast, multiple regression
analysis applies when the causal relationship includes one dependent variable and two or more
independent variables. Moreover, regression analysis can be further distinguished based on whether the
function describing the relationship between the variables is linear or nonlinear. Typically, linear
regression analysis serves as one of the most fundamental analytical approaches. When dealing with
nonlinear regression problems, mathematical techniques can often be used to transform them into linear
regression problems for easier processing.

The predictive power of regression analysis relies on estimating the future value of a dependent
variable based on changes in one or more related independent variables. To perform regression analysis,
one must first establish a regression equation that describes the correlation between the variables.
Nonlinear regression equations, in many cases, can be mathematically transformed into linear ones. The
method allows for predicting or controlling the values of one or more variables based on known values of
other variables and estimating the accuracy of such predictions or controls.

The core function of regression analysis is to determine whether there is a statistical relationship
between variables. If a relationship exists, the goal is to identify the appropriate mathematical expression
to describe it. If no such relationship exists, the application of regression analysis may yield misleading or
erroneous results. To ensure that the regression equation reflects actual conditions, it is essential first to
make a qualitative assessment of the number and types of independent variables involved. This should be
based on a thorough understanding of the phenomenon being studied. Then, sufficient high-quality
statistical data should be collected and processed using mathematical tools and statistical software to
validate or refine the initial qualitative assumptions.

Simple Linear Regression Model [8]:

y=p+px+e,
where y is the dependent variable; x is the independent variable and /4 and S, are unknown parameters.
Using the least squares method, the estimates of /3 and S, are given by:

/Bo:J_/
R Z(xi_)?)(yi_.)_/)
ﬂ]: i=1 - ,
Z(xi _)?)2

where

_ 1 _ 1
X =— X. = — -9
n; i Y n;yl
yi=PBy+Bx +e&, E(g)=0.

Multiple Linear Regression Model [§]:

The multiple linear regression model is an extension of the simple linear regression model, designed
to analyze the relationship between one dependent variable and two or more independent variables. The
general form of the multiple linear regression equation is as follows:

y=PB+Bx + 5%, +.. 4+ B,x, +&
where y is the dependent variable; x;, x,, ..., x, are the independent (explanatory) variables; £ is the
intercept term (constant); A, ..., B, are the regression coefficients associated with each independent
variable; € is the random error term.

When p = 1, the model reduces to a simple linear regression. When p > 2, it becomes a multiple linear
regression model.

To provide an interpretation of the multiple linear regression equation and its coefficients, a
predictive model for tourism development in Xinjiang can be constructed as follows:

Where y denote the total tourism revenue of Xinjiang; x; represent the number of tourists received in
Xinjiang, and x, represent the total number of tourist-days in Xinjiang.
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Based on these variables, a multiple (bivariate) linear regression model can be formulated as:
{ Y =BotBx, + pox; + &,
E(y)=py + Bix, + Byx,.
If x, is held constant (i.e., treated as a fixed value), then:

OE(y) _
Fml )

This can be interpreted as follows: when the number of tourist-days x, remains constant, each
additional unit increase in the number of tourists received in Xinjiang (x1x_1x1) leads to an average
increase of A units in total tourism revenue y. As the number of tourists increases, tourism revenue is also
expected to rise; therefore, the coefficient S is expected to be positive.

If x; is held constant (i.e., treated as a fixed value), then:

OE(y) _
o, B

This can be interpreted as follows: when the number of tourists received in Xinjiang x; remains
constant, each additional unit increase in the number of tourist days x, results in an average increase of /3,
units in total tourism revenue y. As the number of tourist days increases, total tourism revenue is also
expected to rise; therefore, the coefficient 43 is expected to be positive.

Steps for Applying Regression Analysis. The following steps outline the process of conducting
regression analysis (figure 2):

1. Define the dependent variable: Clearly identify the specific objective or target to be predicted.

Issues in the Tourism Economy of Xinjiang

.

Setting Relevant Indicator Variables <

:

Collecting and Organizing Data

I

Constructing a Theoretical Model

,

Estimating Model Parameters

| No
Model Testing > M

l Yes

Model
Application
Y \
Analysis of Control of Economic Decision
Economic Factors || Economic Variables Forecasting

Figure 2 — Flowchart of Regression Modeling Steps
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2. Establish the predictive model: Use historical data of both independent and dependent variables to
develop the model.

3. Perform correlation analysis: Determine whether a relationship exists between variables before
applying regression.

4. Calculate prediction errors: Evaluate the deviation between predicted and actual values.

5. Compute the forecasted values: Use the regression equation to obtain predicted outcomes.

The primary aim of regression modeling is to reveal the quantitative relationships among related
variables. First, the dependent variable y should be determined according to the research objective. Then,
variables that are statistically related to y are selected as independent variables. In most cases — especially
in studies involving economic phenomena — it is expected that there exists a causal relationship between
the independent and dependent variables.

In this study, the modeling of Xinjiang’s tourism economy is presented through a logical flowchart
illustrating the steps involved in constructing the regression model (as shown below).

Results. Data Selection and Variable Specification. To conduct a rigorous empirical analysis of the
factors influencing tourism development in Xinjiang, this study first selects relevant data and defines
appropriate indicator variables for regression modeling.

To construct the regression model, the following variables are selected:

This study conducts an empirical analysis of the factors influencing tourism development in Xinjiang,
using data from 2009 to 2020 (table 1). Six key indicators are selected to represent the influencing factors
of tourism development in the region. These are:

Dependent Variable (Y): is total Tourism Revenue in Xinjiang (in 100 million yuan) — this represents
the overall economic output of the tourism sector and serves as the main indicator for tourism
development.

Independent Variables (X):

Number of Tourists (10,000 people); Passenger Volume (10,000 people); Tourist Person-Days —
defined as the product of the number of tourist visits and the average length of stay over a specific period
at a given destination; Tourist Turnover Volume (billion kilometers); Number of Inbound Overnight
Visitors (10,000 people) (figures 3, 4).

These indicators are chosen for their ability to reflect both the scale and depth of tourism activities,
as well as the infrastructure and international reception capacity.

Table 1 — Factors affecting tourism development in Xinjiang

Year y X X X3 X4 Xs

2009 186.08 2133.49 29886 969.611 386.68 350
2010 281 3100 31937 2227.224 420.82 510
2011 351 3078.57 35130 1110.346 488.53 560
2012 576 4860 38331 1539.582 535.81 620
2013 673.24 5205.59 40926 1846.55 544.46 690
2014 830 4952.69 37176 1529.808 500.00 540
2015 985 6097 35948 1265.487 477.29 530
2016 1340 8102 32148 1971.213 458.06 580
2017 1751.6 10725.51 27083 1936.617 428.54 770
2018 2579.71 15024.89 21204 946.982 405.76 990
2019 3593.5 21329.54 20276 859.446 414.53 350
2020 991.03 15811.46 6960 276.1 184.97 320

Data Source: Xinjiang Tourism Bureau and the National Bureau of Statistics of China.
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Figure 3 — Xinjiang's Total Tourism Revenue from 2009 to 2020
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Figure 4 — Tourism Dynamics in Xinjiang: Trends in Tourist Flows, Transport, and Visitor Stays (2009—-2020)

— 145 ——



Teoepagpus srcone cy pecypcmaput | Ieoepaghus u soonvie pecypewi / Geography and water resources

Pearson Correlation Coefficients.

Table 2 — Analysis Results of Pearson Correlation Coefficients

y X1 X2 X3 X4 X5
y 1 0.897 -0.489 -0.271 -0.164 0.2

(0.000%%**) (0.000%*%*%*) (0.106) (0.394) (0.610) (0.532)

0.897 . -0.779 -0.51 -0.518 -0.005
M (0.000%**) 1(0.000%*%) (0.003%*%*%*) (0.090%) (0.085%) (0.987)
N -0.489 -0.779 1 0.68 0.93 0.236
2 (0.106) (0.003*%*%*) (0.000%*%**) (0.015%%) (0.000%**%*) (0.460)
-0.271 -0.51 0.68 1 0.634 0.362
4 (0.394) (0.090%) (0.015%*%*) (0.000%*%*) (0.027*%*) (0.248)
N -0.164 -0.518 0.93 0.634 1 0.401
5 (0.610) (0.085%) (0.000%*%*%*) (0.027*%*) (0.000%*%*%*) (0.196)

Table 2 presents a correlation analysis examining the relationships between five independent
variables (xi, X, ..., and Xs) and the dependent variable (y). Pearson correlation coefficients are used to
indicate the strength of these relationships. The specific analysis reveals that:

The correlation coefficient between y and x; is 0.897, indicating a significant positive correlation
between y and x;.

The correlation coefficient between y and x, is -0.489, indicating a significant negative correlation
between y and x,.

The correlation coefficient between y and x3 is -0.271, indicating a significant negative correlation
between y and x;.

The correlation coefficient between y and x4 is -0.164, indicating a significant negative correlation
between y and x4.

The correlation coefficient between y and xs is 0.200, indicating a significant positive correlation
between y and xs.

Normality Test.
Table 3 — Normality test analysis results
Variable Sample Median Mean Standard Skewness Kurtosis S-W test K-S test
name size deviation
0.848 0.239
v 12 907.5 1178.18 1019.698 1.478 1.84 (0.034%%) (0.430)
0.867 0.229
X1 12 5651.295 8368.395 6083.339 1.083 0.197 (0.060%) (0.486)
0.896 0.173
X3 12 32042.5 29750.417 9633.659 -1.278 1.632 (0.141) (0.807)
0.965 0.13
X3 12 1397.648 1373.247 569.968 -0.288 -0.457 (0.852) 0.971)
0.838 0.213
X4 12 443.3 437.121 94.324 -1.762 4.533 (0.026%%) (0.576)
0.93 0.141
Xs 12 550 567.5 190.412 0.785 1.004 (0.377) (0.943)

A normality test was conducted, and based on the results in the table above:

For x,, since the sample size N < 5000, the Shapiro-Wilk test was used. The significance p-value is
[not provided], which is not significant, and thus the null hypothesis cannot be rejected. Therefore, the
data follows a normal distribution.

For x,, with N < 5000, the Shapiro-Wilk test was used. The significance p-value is 0.060*, which is
not significant, and thus the null hypothesis cannot be rejected. Therefore, the data follows a normal
distribution.

— 146 ——



ISSN 2957-8280, eISSN 2957-9856 MNe 3, 2025

For x;, with N < 5000, the Shapiro-Wilk test was used. The significance p-value is 0.141, which is
not significant, and thus the null hypothesis cannot be rejected. Therefore, the data follows a normal
distribution.

For x4, with N < 5000, the Shapiro-Wilk test was used. The significance p-value is [not provided],
which is significant, and thus the null hypothesis is rejected. Therefore, the data does not follow a normal
distribution.

For x5, with N < 5000, the Shapiro-Wilk test was used. The significance p-value is 0.377, which is
not significant, and thus the null hypothesis cannot be rejected. Therefore, the data follows a normal
distribution (table 3).

Linear Regression Analysis.

Table 4 — Linear regression analysis results (n = 14)

Unstandardized coefficients and
Standardized coefficients T P VIF R? Adjustment F
R2
B Standard Beta
error
Constant -2151.076 744.176 - -2.779 | 0.030* -

X 0.148 0.073 0.882 2.022 0.090* 17.123

X -0.065 0.118 -0.612 | -0.548 0.604 112.615

X 0.147 0.281 0.082 | 0521 | 0.621 2.224 F=16.816
0.933 0.878 P=0.002%**

X4 8.966 9.062 0.812 0.968 0.370 63.29

Xs -0.028 0.814 -0.005 -0.034 0.974 2.079

Note: y is the Dependent Variable.

According to table 4, a multiple linear regression analysis was conducted by taking xi, x,, x3, x4 and x;s
as independent variables, and y as the dependent variable. Based on the results in the table, the multiple
linear regression equation can be expressed as follows:

y=-2151.723+0.148xx, —0.065x x, +0.147x, +8.776x, —0.028x,.

An F-test was performed on the model, yielding an F-value of 16.816 with a significance level
(p-value) of 0.002. This result leads to the rejection of the null hypothesis that all regression coefficients
are equal to zero, indicating that the model is statistically significant overall and generally meets the
requirements. The regression equation demonstrates a good degree of fit.

The coefficient of determination (R”) is 0.926, further confirming that the model has a strong
explanatory power and a good curve-fitting performance.

However, regarding multicollinearity, the Variance Inflation Factor (VIF) values for variables x;, x,
and x, are greater than 10, suggesting the presence of serious multicollinearity among these variables.
Therefore, it is necessary to apply a stepwise regression model to address this issue and improve model
stability.

Stepwise Regression Model.

Table 5 — Stepwise regression model results (n = 14)

Unstandardized coefficients and
Standardized coefficients T P VIF R? Adjustment F
R2
B Standard Beta
error
Constant -2311.11 596.315 - -3.876 0.004%** -
X 0.186 0.018 1.108 10.492 0.000%** 1.366 0.926 0.91 Plizso%gzg*
X4 4.425 1.142 0.409 3.875 0.004%*** 1.366
Note: y is the Dependent Variable.
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Based on the results of the F-test, the significance p-value is 0.000***, indicating a high level of
statistical significance. Therefore, the null hypothesis that all regression coefficients are equal to zero is
rejected. This suggests that the overall regression model is statistically significant and exhibits a good
degree of curve fitting.

Regarding multicollinearity, all Variance Inflation Factor (VIF) values are less than 10, indicating
that there is no serious multicollinearity among the independent variables. As such, the model is well-
constructed and statistically sound.

Discussion. Based on the above test results and analysis, it is evident that certain indicators have had
a positive effect on the development of tourism in Xinjiang. As shown in the previous analysis of
influencing factors of Xinjiang's tourism development from 2009 to 2020, key indicators such as total
tourism revenue (y), number of tourists (X;), passenger volume (X;), tourist person-days (x3), tourist
turnover (x4), and number of inbound overnight visitors (xs) have all shown continuous year-on-year
growth, with an accelerating rate of increase.

This consistent upward trend indicates that these factors have had a significant impact on tourism
development in the region. Specifically, number of tourists, tourist person-days, and inbound overnight
visitors have been identified as the main influencing factors of total tourism revenue in Xinjiang.

Tourism has already become a key industry in Xinjiang, and tourism sales directly influence the
overall tourism income. With the continuous increase in tourism income and the comprehensive
promotion of tourism development, the demand for tourism in the region is expected to grow rapidly in the
coming years.

Conclusions. This study employed rigorous regression analysis to quantify the key factors driving
tourism development in Xinjiang, utilizing empirical data from 2009 to 2020. The stepwise regression
model conclusively identified tourist volume (X1) and tourist turnover volume (X«) as the most statistically
significant predictors of total tourism revenue (Y), explaining 91% of its variance. These findings
underscore that the sheer scale of visitor influx (X:) and the economic activity generated per tourist
through transportation and mobility (X.) are the primary engines of Xinjiang’s tourism economy. The
robustness of the model, validated by strong significance (p=0.000) and absence of multicollinearity
(VIF<10), provides a reliable empirical foundation for policy formulation.

The analysis affirms that Xinjiang’s tourism sector has entered a phase of accelerated growth, with all
indicators showing sustained upward trajectories despite temporary disruptions. However, persistent
challenges—including regional development disparities, infrastructure gaps, and high operational costs—
demand strategic interventions. To harness the full potential of tourism as a pillar industry, policies must
prioritize enhancing accessibility (e.g., optimizing transport networks and affordability), scaling service
capacity (e.g., expanding high-quality accommodations and skilled workforce training), and diversifying
tourism products (e.g., leveraging cultural assets and winter landscapes). Crucially, development must
align with ecological sustainability to preserve Xinjiang’s natural capital.

Based on the above research, although the level of tourism development in Xinjiang has improved
compared to the past, significant regional disparities in influencing factors remain, indicating that further
improvement is still needed. The growing scale of Xinjiang’s tourism industry has played an increasingly
important role in promoting regional economic growth, and the sector continues to demonstrate sustained
momentum.

Figure 5 shows the spatial representation of Xinjiang’s tourism performance (2009-2020) and
targeted development strategies. The left panel illustrates prefecture-level tourist volume and tourist
turnover, highlighting regional disparities identified through regression analysis. The right panel
delineates priority zones for infrastructure upgrades, ecotourism development, winter sports expansion,
transport cost-reduction corridors, and service quality improvements, as recommended in the study.

Drawing from the analysis of influencing factors on Xinjiang's tourism development, the following
recommendations are proposed:

1. Integrate Xinjiang’s natural beauty with high-quality services. Strengthen investment in the
tourism sector, vigorously support the development of related tourism industries, and cultivate well-
educated, highly skilled tourism management teams with excellent service quality.

2. Enhance the “food, accommodation, transport, sightseeing, shopping, and entertainment” services.
Improve infrastructure in tourist destinations, including the renovation and smart upgrading of public
toilets, parking lots, water and electricity systems, and other basic facilities within scenic areas. Creating a
comfortable and intelligent tourism environment can significantly improve visitors’ experiences.
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Tourism Development in Xinjiang Policy Recommendations
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Figure 5 — Tourism Development and Policy Recommendations in Xinjiang, China (compiled by the authors)

3. Increase investment in the tourism industry. Broaden financing channels by actively attracting
venture capital, enhance promotion and marketing efforts, and implement preferential policies to support
tourism development.

4. Actively implement the “big tourism, big market” strategy. First, adopt a comprehensive approach
to tourism development across regions; second, explore both international and domestic tourist demands,
integrating them to build a responsive and inclusive tourism market; and third, address the needs of both
high- and low-income travelers to expand market accessibility.

5. Accelerate the cultivation and utilization of tourism professionals. Focus on training and attracting
talents familiar with both domestic and international tourism markets, who can apply modern technologies
and management methods. Multilingual, communicative, and culturally competent professionals are
especially important to enhance service quality and international communication.

6. Emphasize the integration of tourism development with ecological protection, pursuing sustainable
development. Efforts should be made to balance ecological conservation with tourism promotion, under
the principle that “lucid waters and lush mountains are invaluable assets.” High-quality eco-tourism
products should be developed, while tourism-related environmental early warning and emergency
response mechanisms must be strengthened to safeguard ecological integrity.

7. Apply innovative thinking and methods to address the long-standing issue of high transportation
costs. Encourage cooperation between transportation companies, tourism operators, travel agencies, and
scenic spots. Promote the use of renewable energy sources such as wind, solar, and hydropower to reduce
energy and travel costs, thus making travel in Xinjiang more affordable and sustainable.

Vigorously promote the “Revitalize Xinjiang through Tourism”™ strategy. Given Xinjiang’s unique
geographic and climatic conditions - particularly its snowy winter landscapes - the region should actively
develop winter sports and the ice-and-snow economy. Activities such as skiing, ice skating, and other
snow-related events should be widely promoted to attract tourists. Diversifying tourism products and
experiences will contribute to the deep integration of culture and tourism, enhancing Xinjiang’s overall
attractiveness as a year-round destination.
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HBbIHKAH TYPU3MIH JAMBITYFA BIKITAJI ETETIH ®AKTOPJIAPbI
PET'PECCHSIBIK TAJIIAY APKbLJIBI 3BEPTTEY

AnHoranus. KpiTail S5KOHOMHKACHIHBIH Xelen AaMyblHa OaimanbIcThl LIIBIHXaHOAFel TYpH3M CEKTOPHI Na
alTapIBIKTali OCiN, OHIPIIK YKOHOMHUKAHBIH MaHBI3Abl KO3FAYIIEl KYIIiHe aiHangsl. OChIFaH OaiIaHBICTBI TYPH3M
SKOHOMHUKACHIHBIH aMy JCHTeliH FRUIBIMH TYpFBIIa Oaramay aca MaHeBIBL byn 3eprreyme 2009-2020 sxpuimap
apaJBIFBIHIAFEl MOTIMETTEpPIe PErpecCHsUIbIK Talaay Kyprizy apkeuibl LIIbIHXaH TypH3MIHIH HETi3ri KO3FayIIbl
(hakTopapsl aHBIKTANABL. Toyenmi aHBIMaNbl peTiHme TypusMHEH TyckeH skaimsl Kipic (Y), ax Toyenci3 alHBI-
ManbUIap peTiHge: TypucTep caHbl (Xi), jKoJaymsuiap arblHbl (X2), TYPHCTIK agaM-KyHzAep casbl (Xs), TYpHCTIK
aitHanbIM KeseMi (X4) JKOHE MIETeNIK TYHETeH Kenymurisep caubl (Xs) anbHIBI. ANFaIIKbl PErpecCHsIIBIK MOJIEIbIES
X1, X2 xoHe X4 allHBIMANbBIIAPBI apachlHAa KYIITi My abTUKOUIHHEapIsIK (VIF > 10) Gaiikanbim, Moaenbai HaKThUIAY
YIIiH KaJaMABIK perpeccus ofici Kommaneuiapl. KopeITeiHAE Mopens Typuctep cassl (f = 1,108, p<0,001) >xoHe
TypuCTIK aifHabM Kenemi (f = 0,409, p<0,001) kipicti 6omkayaa eH BIKHaNAb! (aKTopiap eKeHiH KOPCEeTTi, KaJIIbl
KipicTin 91%-bim Tycinmipeni (Tyserinren R* = 0,91, F = 56,696, p<0,001). By HoTiKesep TypU3MIETi KoJeM MeH
KO3FaJIBICTBIH, 0acThl YKOHOMHUKAJBIK KO3FAayIIbl KYIITEp eKeHiH kepceremi. Amaiima, 2009-2019 >xemmap apaisi-
FBIHZA TypHcTep caHbl 898%-Fa apTKaHBIMEH, TypHUCTIK afaM-KyHIep caHbl 71,5%-ra TemeHnaereni Oaikanapl, Oy
TYpPUCTEPIiH carap Y3aKThIFBIHBIH KBICKAPFAHBIH KOHE OJICI3 KATBICYIIBIIHIKTE MeH3eH 1. COHBIMEH KaTap, TYPUCTIK
KipiC TIeH >KONayIIbUIap arblHBI apachlHna Tepic koppemsmus (r = -0.489) OGaiikammel, Oy WHOPaKYpBUIBIMEA
JKYKTEMEHIH apTKaHbIH KepceTeni. XKanmsl, [IIbIHkaH Typu3Mi *KoFapbl KAPKBIHMEH JaMbIIl JKaTKaHbIHA KapaMacTaH,
OII OJIi e KeJIeMIe HeTi3[eNnreH, Oyl SKOJOTHSIBIK KBICHIM MEH jkKaH OachlHAa IMaKKaHAArbl TAOBICTHIH TOMEHJICYiHE
okexyi mymKkiH. COHBIMEH KaTap, WH(PAKYPBUIBIMIBIK TEHCI3IIKTEpP MEH JKOFaphl KYHIBI TypU3M CETMEHTTEpiHIH
JKETKiMiKCi3 namysl Oaiikamanel. OCBIFaH Opai, camara OaFbITTaNFaH JdaMyFa KeIly KaXKeT: KOIiK JKyHeciH OHTai-
JMaHIBIPY, 0ail TYpPHUCTIK TOXIpHOE apKbUIBI camap Mep3iMiH Y3apTy, KBICKBI TYPU3MIL JaMBITYy JKOHE KaHAPTHUIATHIH
SHEprus Ko3AepiH maiifanany — eHipIiK TYpU3MHIH TYPaKTHI Opi HHKIIO3UBTI JaMybIHA HETi3 00Ja amaibl.

Tyiiinai ce3nep: perpeccusublk Tanpay, LIsIHkaH TypusMmi, Typu3M 3KOHOMHKACHI, KAaIaMABIK PErpeccus,
(haKkTOpIBIK Tanaay.
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AHAJIN3 ®AKTOPOB, BIIUAIOINX HA PASBBUTUE TYPU3MA B CUHBII3SIHE,
HA OCHOBE PETPECCHOHHOI'O AHAJIN3A

AHHOTanus1. B ycIIoBHSIX CTpEMHTEIFHOTO 9KOHOMUYECKOT0 pocTa Kurast Typuctiueckas orpaciib CHHBIBSHA
TaKkKe JEMOHCTPHPYET YCTOMYMBOE pa3BUTHUE M CTAaHOBHUTCS Ba)KHBIM JIBUTATEJIEM PETHMOHAIBHOW IKOHOMHKH.
B cBs131 ¢ 3THM Hay4Has OIIEHKA YPOBHA PAa3BUTUS TYPUCTUICCKON SKOHOMHUKHU IPHOOpPETaeT 0COOYIO aKTYaIbHOCTb.
C wucrmonmp3oBaareM AaHHBIX 32 2009-2020 rompl mpoBenEH PerpecCHOHHBIN aHadW3 A BBISIBICHHUS KITFOUEBBIX
(hakTOpOB, OIpeneIsoux pocT TypusMa B CHHBIBsSHE. B KadecTBe 3aBHCHMON TEPEMEHHOW pPaccCMaTPHBAJICS
obmmit moxon ot Typu3Ma (Y), a B Ka4eCTBE HE3aBHCHMBIX ITEPEMEHHBIX — 00BEM TypHCTOB (X1), MacCa)kupONOTOK
(X2), xommuecTBO TypucTO-AHEH (X3), 00bEM TypucTHYecKOro o6opoTa (X4) M YHCIO MHOCTPAHHBIX TYpPHCTOB,
ocTaBIIMXCS HA HOUB (Xs). I[lepBUUHBINA perpecCHOHHBIN aHAN3 BRISIBHI CHIBHYIO MYJIBTHKOJUIMHEAPHOCTh MEXIY
nepemeHHbIMA X1, X2 U X4 (VIF > 10), uto norpeboBano npuMeHEHHs IOLUIArOBOW PErpeccHy MJIsl YTOUYHEHUS
Mozenu. MroroBas Mojelib MOKa3ajga, 4TO HAHOOJIbIIECE BIMSHUEC HA JOXOI MMET 00béM TypuctoB (f = 1,108,
p<0,001) u Typuctuueckuii obopor (f = 0,409, p<0,001); oOwsicHsIeMas mucrepcus cocTaBmia 91% (ckoppekTH-
poBanubd R? = 0,91, F = 56,696, p<0,001). D10 moaTBepxmaeT, 4To MacmTad W MOOHIBHOCTh TYPIIOTOKA —
OCHOBHBIE SKOHOMUUECKUE apaiiBepbl. OHAKO aHAIU3 BBIABUI BakHble npotuBopeuns: ¢ 2009 no 2019 rox uucno
TYpPHCTOB yBEIMIMIOCHh Ha 898%, B TO BpeMsI Kak KOJMUECTBO TYPHUCTO-THEH COKpaTHiIoch Ha 71,5%, 4To yka3sIiBaeT
Ha COKpaIeHHe MPOIOIHKUTEIEHOCTH PeObIBaHNS U cabyro BOBICUEHHOCTh. Takke OOHApYKEeHa OTpHIATeIbHA
KOppeIsusa MEeXAY A0XOAaMH U TaccaxupornoTokoM (r = -0,489), 4To cBHUAETENBECTBYET O meperpyske wHpa-
CTpyKTYpsl. HecMoTps Ha OBICTPBIA POCT, pa3BuTHE Typu3Ma B CHHBI3SHE HOCHUT KOJHMYECTBEHHBIH XapakTep, YTo
MOJKET IPUBECTH K HKOJIOTHUECKUM PHUCKaM U CHIDKEHHIO JOXOAOB Ha Aylry HacelneHus. Kpome Toro, coxpaHsoTCs
MH(paCTPyKTypHbIE AUCIPONOPLUH U cJIab0 Pa3BUTHI HAMPABJICHUS C BHICOKOI J100aBIIEHHOM CTOMMOCTBIO. B aToi
CBSI3U HEOOXOJMM TEpexoj K KaueCTBEHHO OPHEHTHPOBAHHOW MOJENW Pa3BUTHUS: ONTUMH3ALMS TPAHCIOPTHON
CUCTEMBbI, CTUMYJIMPOBAHUE NJIMTCIIBHBIX MOEC3J0K 3a cyér HaCBIIICHHBIX IPOTpaMM, pa3sBUTUC 3UMHCTO Typu3Ma U
BHCIAPCHUC B0306HOBHHCMI)IX HNCTOYHHKOB SHECPI'UU JId yCTOﬁ’{l/IBOFO 1 MHKJIFO3UBHOI'O POCTa OTpaciiu.

Ki1roueBble cj10Ba: perpecCHOHHBIN aHaU3, Typu3M B CHHBI3SIHE, SKOHOMUKA TypH3Ma, IOIIaroBasi perpec-
cusi, pakTOpHBIN aHAIH3.
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MOUNTAIN TOURISM POTENTIAL
OF THE SOUTHERN SLOPE OF THE GREATER CAUCASUS
(A CASE STUDY OF THE OGUZ REGION)

Abstract. Mountain ecosystems with diverse natural features are highly complex. While mountainous areas are
often considered unsuitable for industrial, construction, or residential development, they represent one of the most
valuable resources for tourism. Their complexity is regarded as a source of richness for tourism, providing a
competitive advantage. The relatively undeveloped nature, clean air, rich biodiversity, and cultural diversity of
mountain regions continue to attract increasing numbers of visitors. Although mountaineering has developed into a
highly profitable sector worldwide, it remains underdeveloped in Azerbaijan. To promote mountaineering in Oguz
region, two climbing routes were mapped to the highest peak, Malkamud. Accurate route identification is a critical
prerequisite for mountaineering development. Therefore, the study examined the physical and geographical
conditions of the area relevant for climbing, gathered information from various mountaineering clubs, and applied
digital tools such as Google Earth Pro and ArcGIS 10.8.

Keywords: mountaineering, climbing route, Malkamud peak, Google Earth Pro, ArcGIS 10.8.

Introduction. After 2002 was declared the "International Year of Mountains" by the UN, the volume
of research conducted in mountains began to increase. The goal is to attract people to the economy with
many features — untouched areas, clean air, climate, vegetation, land cover changes over short distances,
and the presence of a diverse culture.

Currently, mountain tourism accounts for 15-20% of global tourism revenues. The Alps, the
birthplace of mountain tourism, are visited by 100 million people each year, generating an estimated
US$70-90 billion in revenue for the region (Panos 2022:4) [6]. A tourist group of 1-7 people pays
25-70 thousand dollars to the Kingdom of Nepal to climb Everest, the highest peak in the world [9].

In Azerbaijan Alpinism Federation was established in 1963 and officially registered in 1997.
FAIREX (Azerbaijan Weather and Extreme Sports Federation), which currently represents Azerbaijan in
3 international organizations, has been organizing rock climbing, sport climbing, ice climbing every year
since 2008, dry-running competitions, sky-racing competitions since 2012, speed climbing sports climbing
since 2013. in 2014, the World Cups for Speed and Bouldering were held. "Mountain school" operates
under the federation [4].

At present, mountaineering has changed from being an individual activity to a club activity all over
the world, as well as in Azerbaijan. There are currently Gartal Mountaineering Sports Club, Shaman
Mountaineering Sports Club, Baku Alpine Club, Republican Alpinist-Tourist Club, Mountaineering
Sports Club, etc. clubs operate.

Materials and research methods. Documentation method. Literature materials and exploration
work conducted by the Mountain Sports Club established on August 11, 2001 were examined to determine
the climbing season for the Malkamud peak [9].

Expert interview. An interview was conducted with specialists from the Baku Alpine Club agency,
which organizes tours to various peaks on the southern slope of the Greater Caucasus, regarding the
organization of the tour, the selection of the season, the selection of camping sites, and the forecasting of
the duration of the tour.

Measurement method. Using the Google Earth Pro program, the climbing route was drawn, camp
sites were determined, the route line was profiled, and the route was analyzed.
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Study area. Malkamud peak is a highest point (3879 m) of the Oguz district which is situated on a
south slope of Greater Caucasus (figure 1). District has a rich tourism potencial as a forest landscape,
river, historical monuments, mineral waters and etc. Climate is one of the main factors affecting mountain
climbing. Mountain climbing can be successful only if it is organized according to the climatic
characteristics of the mountain region, i.e. "climbing season" [7].

3

Malkamud

AZERBAIJAN REPUBLIC

Miles
0 125 25 50 75 100

Figure 1 — Study area

Air circulation in the region is closely related to the relief and is formed by its influence. Since the
high mountain ranges prevent the cold air masses coming from the north, the cold air masses come to the
region from the east and west, having lost their previous cooling quality [9]. The coldest place is the top of
Mount Malkamud. In January, the absolute minimum temperature here can drop to -52°.

The most rainy season here is April-May, partly September and October. At that time, about 50% of
the 1022 mm of rain falls in Oguz. The least precipitation falls in December-February (41-51 mm) and
July-August (61-71 mm) in winter. Annual precipitation in Filfili is 130 mm more than in Oguz [3].

However, the amount of precipitation changes with height, reaches a maximum at an altitude of 800-
1700 m, and then decreases again [1].
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Figure 2 — Average multi-year temperature indicators (degree) by height in Oguz region
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Result. The exposition of the slopes. Mountaineers pay attention to how the sun and wind hit the
slope in relation to avalanche danger. The direction of the slope determines how much sun it gets and says
a lot about its avalanche potential. South-facing slopes receive more sun and therefore the snow settles and
stabilizes faster than north-facing slopes. South-facing slopes are safer in winter. On hot spring and
summer days, southern slopes are more prone to wet and snow avalanches, while north-facing slopes are
safer.

North-facing slopes receive little or no sun in the winter. Cold temperatures cause depth breaks
within the snowpack and create weak layers. Therefore, the probability of landslides in the middle of
winter is higher on the northern slopes. During spring and summer, when the southern slopes soften
dangerously, the north side should be used for firmer, safer snow [10].

Windward slopes are safer. They hold less snow, the wind blows some of it away, and the rest is
compacted. Windward slopes rapidly accumulate snow from windward slopes on windy days, resulting in
deeper, less consolidated snow and avalanche-ready slabs.

The inclination of the slopes. Hazards on slopes come in different shapes, angles, and sizes. Angles
between 30-45° are the main causes of avalanches. Angles above 55° are too steep for snow accumulation.
Angles below 25° are usually safe except for the danger of very wet and usually slow avalanches.

Slope shapes affect the hazard. Snow poses the most obvious danger on a flat, open, and moderately
steep slope. Snow on a convex slope is more prone to avalanches under stress because it lies tightly over
the curve of the hill.

The flood valleys seem to be an easier route because they are a direct route up the mountainside.
However, these valleys and canyons are obvious collection areas for avalanche debris.

Ridges, especially wooded ridges, are usually the safest route [10].

Safety. The wettest period of the rivers is the period of flooding due to snow waters in March-June.
At this time, frequent rains (lasting no more than 4-5 days) cause up to 10 floods a year. During this
period, rivers discharge 40-45% of their annual flow. Minimum water consumption is observed in winter
months. Floods occur mainly as a result of floods observed in the summer season. At this time, torrential
rains, and sometimes melting snows, create floods that last no more than 5 days on average. Although
autumn floods are short-lived, they are sometimes 5-10 times more than spring floods due to maximum
water consumption [3].

Climbing routes. The Malkamud peak, located on the border of Dagestan and Azerbaijan, is the
highest peak of the Oghuz region and its height is 3879 m. The road to the summit passes through the
village of Filfili. Despite the fact that the peak was climbed from the territory of Russia, on August 11,
2001, the Mountain Sports Club climbed a different route from the territory of Azerbaijan for the purpose
of exploration. As can be seen from figure, 3 climbing routes have been drawn to the peak using Google
Earth Pro software (figure 3).

In general, the correct design and selection of the climbing route is directly related to life safety and
the success or failure of the climb. A properly chosen climbing route and a properly chosen time taking
into account the climate of the area is the main achievement of mountain climbing. Because an established
climbing route can guarantee safety for subsequent climbers and give them a reference to create new
climbing routes. During each mountain climbing, the Ministry of Emergency Situations is informed, and
in the case of a cross-border area, permission is also obtained from the Dovler Sarhad service.

Discussion. Both routes started from Filfili village of Oguz region. The distance from the region to
the first camp, which is the beginning of both routes, is 7.10 km, continuing along the Galachay valley.
The distance traveled on the route is calculated based on the difficulty of the route and the load each
participant will carry. On the 1st day of the trek, a distance of 15-18 km can be covered during the
mountain trek with a heavy bag. A distance of 18-20 km can be covered during the return trip with a
lightened bag.

Taking into account sunrise and sunset, the main physical load is given in the first half of the day.
After starting the march, 15-20 minutes rest is given every 50-60 minutes, and in the middle of the day
there is as much main rest as necessary. It starts at 15:00 and lasts until dark. The tour should be planned
so that the group reaches the pre-planned campsite before dark.

The height amplitude of route A with a total length of 8.5 km is 2141 m. The 1,829 km distance of
the initially northerly route from 1,761 m to 2,270 m is covered by forest. Then the route is inclined to the
north-west. After a height of 3012 m, there is a shallow area with a depth of -7.3%, which is designed as a
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AT MY

Figure 3 — Climbing routes to the peak of Malkamud

Figure 4 — Route A profile

camping site with a height of 2900 m. In general, for the organization of the camp, a pile of stones, a flat,
dry area should be selected, away from the parts where floods may occur, protected from the wind, close
to a water source, a fire. The distance from the starting point to the camp is 4.40 km, which is almost half
of the way. After the camp, the route passes along the Russian-Azerbaijani border at a distance of 1.27
km. From a distance of 5.74 km (3287 m) to a distance of 6.6 km (3283 m) of the general road, the terrain
is almost flat, with very little gradient. After another 100 m, the most inclined area observed along the
general route (79.3%) is observed at 3382 m (figure 4).
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Figure 5 — Route B profile

Route B starts at an altitude of 1,699 m and runs for 2.94 km along the right bank gorge of the Heart
River through a low slope area. Then the route crosses the river to the other bank along the ridge
extending in the north, northeast direction. As can be seen from the profile, this route, which is 14.05 km
long, runs along less inclined slopes. Here, the maximum inclination is 65.3% and is observed at 4.72 km
of the road, at an altitude of 2616 m. Taking into account that the route line is relatively long, 2 campsites
have been designated here. The first camp was set at 4.25 km of the route, at an altitude of 2419 m, with
an inclination of 4.3%, and the other one at a distance of 7.6 km, at an altitude of 3214 m, with an
inclination of 0.9% (figure 5).

Conclusion. Thus, it is concluded from the discussion that the tour to the area should be organized at
the end of July and beginning of August, taking into account the climatic features, especially the rainfall,
as well as the period of the rivers, depending on the rainfall. During this period, the rivers we have to cross
are more easily fordable. Since ridges are the safest route, both routes are drawn along ridges. Although
route A is short, it is more inclined, so it is more suitable to move along this route with group members
who have relatively good physical fitness. Although route B is longer, it is suitable for any tourist as it
runs along the river valley for a long distance and has less incline. When climbing to the top on both
routes, the travel time between the camps was determined to be about 6-7 hours, not taking into account
the weather, rocks, and micro elements of the terrain. Thus, going from Filfili village to the camp,
spending the night in the camp, continuing on the way to the top the next day, returning to the camp
(staying at the top for 1 hour) and spending the night again, and reaching Filfili village the next day
(Filfili-Melkamud-Filfili) will take 3 days on both routes.
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1. ®. UcmaunoBa

HoxropanT (MuHHCTEpCTBO HayKu U oOpa3oBanus, [ 'eorpaduyeckuii ”HCTUTYT M. . A. AnueBa,
Baky, Azepbatimkan; shehla.adilzade@gmail.com)

INOTEHIUAJI 'OPHOI'O TYPU3MA I02KHOI'O CKJIOHA BOJIBIIOTO KABKA3A
(HA IPUMEPE OI'Y3CKOI'O PAHOHA)

AHHOTanMsi. DKOCUCTEMBI TOP C Pa3JIMUHBIMH MPUPOIHBIMH OCOOEHHOCTSIMH SIBJISIOTCSI OOJIee CIIOKHBIMH.
FOpHLIe paflOH]:l CUHUTAIOTCA HCOPUTIOAHBIMU JJIA PasMCUICHUSA NPOMBIIIJICHHBIX, CTPOUTCIIbHBIX U KUJIBIX 30H, HO
OHU SIBIISIIOTCS HanOoJiee LIEHHBIM PECYPCOM ISl pa3BUTHS TypHu3Ma. VX cI0XKHOCTh LIEHUTCS Kak O00TraTcTBO C TOUKU
3peHus TypH3Ma, 4TO CO3/aeT OoJiblliee MPEUMyIecTBO. MeHee pa3BUTasl NMPUPOJa, YUCTBIH BO3IyX, Ooraroe O6no-
pasHooOpa3ue u pazHooOpasHas KyJabTypa Bce OOJIblIe TPHUBIEKAIOT JIIOAEH. XOTs alblIMHN3M B HACTOSIIEE BPEMs
pa3BUBaeTCs KaKk BBICOKOJIOXOIHBIA CEKTOp B CTpaHaX IO BCEMY MHPY, 3TOT CEKTOP HEIOCTAaTOYHO PasBHUT B A3zep-
Gaiimkane. C 1enpi0 pa3BUTHA ajblinHU3MAa B perroHe Ory3 ObUIM HadepuyeHbl 2 MapuIpyTa K CaMoOil BBICOKOH
BEpIIMHE — MUKy ManbKkaMya, OCKOJIBKY IPABHIBHOE ONPEACICHUE MapLIpyTa SIBISETCS BAXHBIM BOIpocoM. Jlis
3TOr0, B IEPBYIO OdYepellb, OMHUM M3 BAKHEHIIMX YCIOBHH SBIAETCS COCTaBJICHHE NMPaBHIBHOIO MapLIpyTa BOC-
xoxzaeHus1. C 3ToH 1esblo OBbUTH MCCleOBaHbl (pu3MYecKue u reorpauaecKue yCIoBHS MECTHOCTH, KOTOPbIE BaX-
HBI TIPH BOCXOXIEHHH, OblIa coOpaHa wmH(pOpMANMi W3 Pa3IHYHBIX AJBMUHUCTCKUX KIIyOOB, HCIIOIB30BAUCH
nporpammbl Google Earth Pro u Arcgis 10.8.

Kuio4eBble ¢j10Ba: aTbIMHU3M, MAPIIPYT BOCXOXKAeHUs, uk Mankamyn, Google Earth Pro, ArcGIS 10.8.

1. ®. UcmaunoBa

JHoxropanT (FeuteiM xoHe Oi1iM MUHHUCTPIIIT, I'. A. OnneB aTbIHIAFBI Teorpadust HHCTUTYTHI,
Baky, Ozip0aitxan; shehla.adilzade@gmail.com)

YJIKEH KABKA3JIbIH OHTYCTIK BETKEHIHIH TAY TYPUCTIK 9JIEVETI
(OTr'Y¥Y3 AYJAHBI MBICAJIbI)

AHHOTAIMsA. OpTYpJli TaOWUFU epeKIIeNikTepi Oap Tay SKOoXKy#enepi Kypaenipek. Taynel afimakTap eHep-
KOCINTIK, KYPBUIBICTBIK JKOHE TYPFBIH YH ayMakTapblH OpPHAJIACTHIPYFa jKapaMchi3 OOJbII caHajabl, Oipak ojap
TypU3MJi AAMBITYIBIH €H KYHIBI PECYpChI OOJIBINT CaHAIAIBI, all OJIAP.IBIH KYPICILIIr TYpU3M TYPFBICHIHAH OalIIbIK
perinze OaranaHabl, OYJ1 YJIKEH apTHIKIIBUIBIK TYIbIpaabl. A3 1aMblFaH TaOuraT, Ta3a aya, 0ail OMOSpTYPIILIIK JKoHE
alyaH TYpJli MOJICHUET aiaaMiapibl keOipek Ttapransl. Kasipri yakeITTa ajgbIHHU3M OJEM CIICPIHAC KOFaphl
TaOBICTHI cajla PETiH/Ae AaMBIIl Kelle JKaTKaHBIMeH, O3ipOaibkanna Oy cana gambiMarad. Makanana OFbI3 eHipiHIe
ANBIIUHU3M/II TaMBITY MaKCaTBIHAA €H OMiK IIbIH MajkamyJ IIbIHBIHA €Ki OaFbITTa MapmipyT CHI3BUIBII, OaFBITTHI
IYpBIC OenTijey MaHbI3ObI Macee OOJBIN Ta0BIIa bl byl YIIiH, €H angpIMeH, €H MaHbI3Ibl MapTTapaAbIH Oipi TypHIC
KOTEPLIY JKOJIBIH KYpacThIpy Oouibin Tabbutazpl. OCkl MaKcaTTa albIIHHNA3M YIIIH MaHbI3[bl alMaKThIH (DU3HUKAIIBIK-
reorpadUsUIBIK JKaFJaiIapbl 3epTTeNl, OpTYpJl alblUHU3M KiyOTapbiHaH akmapar xuHanabl, Google Earth Pro
xoHe Arcgis 10.8 6armapramanapsl maiganaHbUIIBL.

Tyiiin ce3aep: anbIuHU3M, KoTepity skombl, Mankamy msiHbl, Google Earth Pro, ArcGIS 10.8.
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ASSESSMENT OF POPULATION HEALTH
IN THE LOWER REACH OF THE SYRDARYA RIVER
IN SPATIAL AND TEMPORAL DIMENSIONS

Abstract. Current studies of public health in Kyzylorda region, located in the lower reaches of the Syrdarya
River within a zone of technogenic pollution, are based on medical—statistical approaches using linear trend methods.
These methods provide a scientific basis for understanding the spatial and temporal dynamics of population health.
Using data from the statistical collection “Health of the Population of the Republic of Kazakhstan and the Activities
of Health Care Organizations” (Department of Medical and Statistical Analysis, National Scientific Center for Health
Development named after Sagadat Kairbekova), covering the years 2000-2022, an electronic database was compiled
for the population health of Kyzylorda region by administrative districts. A statistically grounded assessment of
morbidity parameters across districts, conducted with linear trend analysis in Microsoft Excel, revealed both positive
and negative trends over the study period. The resulting functional equations of morbidity dynamics in the form of
linear trends provide a scientific foundation for forecasting the socio-ecological potential of the region.

Keywords: population health, linear trend, tendency, changes, research base, dynamics, assessment.

The catchment area of river basins, as a spatial basis for population and nature management, has
served as a powerful stimulus for socio-economic development for thousands of years. However, the
desire to use the potential power of water to the maximum for the unlimited development of industry and
agriculture contributed to the violation of the basic principles of parity in water use between society and
nature. As a result, river waters coming from mountainous areas, which are practically unpolluted and
weakly mineralized, when reaching the plain, are supplemented by wastewater discharged into rivers by
industrial, municipal and agricultural facilities, which has caused the formation of increased
mineralization and high concentrations of harmful chemical elements in the middle and lower reaches of
rivers and unsuitable for use for drinking water supply. In this regard, an in-depth analysis of the dynamics
of population health indicators in spatial and temporal aspects in the catchment areas of river basins is
necessary to form the main directions in matters of protection and improvement of the ecological and
epidemiological safety of regional water use systems.
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The purpose of the study is to evaluate trends of change health of the population of the Kyzylorda
region in spatial and temporal aspects in the context of administrative districts located on the catchment
areas of the lower reaches of the Syr Darya River, adequately reflecting the real medical and social
situation of the region.

There are lots of works that attempt to assess the health of the population in spatial and temporal
aspects, among which the following should be highlighted: L. Kilimova, O. Lusikova [1], D. Nevado-
Pena, V.-R. Lopez-Ruiz and J.-L. Alfaro-Navarro [2], E. G. Koroleva, S. K. Rahimbek, S. S. Tupova [3],
C. Beletsioti, D. Niakas [4], L. V. Khripach, O. V. Budarina, E. V. Zheleznyak, T. D. Knyazeva,
A. K. Makovetskaya, Z. 1. Koganova, Z. F. Sabirova, Z. V. Shipulina [5] , M. Karabaev and G. S. Qosi-
mova [6], A. N. Ogurtsova, V. V. Dmitrieva, N. V. Kaledin [7], M. Morales-Vazquez, M. Juda,
M. Roerig, S. Allin [8], which assess the health of the population based on medical statistics in the
countries of Belgium , Great Britain, Germany, France, Switzerland (Western European countries),
Bulgaria, Poland, Russia, Romania, Slovakia (Eastern European countries), Canada, Uzbekistan,
Kazakhstan, the Republic of Bashkortostan, Greece, Australia and the USA, using medical-statistical
integral indicators.

One of the fundamental directions in assessing the health of the population is the methodological
approach developed in the works of BG Ilyasov, V. V. Martynov, [. B. Gerasimova, E. A. Makarova,
E. Sh. Zakieva [9], A. A. Pomerantseva, A. N. Starkin, E. V. Chervyakova [10], S. A. Antrofikova,
V. N. Vasin, A. V. Kulikova, F. I. M. Sebikhova [11], B. N. Kotiv, I. A. Budko, I. A. Ivanova,
I. Yu. Trosko [12], R. Haneef, M. Tijhuis, R. Thié baut et al. [13], related to the use of artificial
intelligence, where logical and mathematical models for quantitative assessment of the integral level of
physical health of the population are based on correlation analysis, characterizing the relationship between
health and socio-economic characteristics and quality of life indicators.

Assessment of the health of the population of the Kyzylorda region in local conditions related
to social, environmental and economic aspects is considered in the works of M. Zh. Burlibaeva,
D. M. Burlibaeva, E. Zh. Murtazina, A. S. Murtazina, S. S. Seitova [14, 15], R. Yu. Tokmaganbetova,
A. U. Makanova [16], E. N. Kuandykova [17], K. Z. Sakieva [18], B.G. Mukasheva [19], A.K. Ibraeva,
A. U. Amanbaeva, L. S. Batyrbekova, A. O. Gazizova, E. N. Alekseva [20], G. A. Miyanova [21], where
studies of the health status of the population of the regions are disparate and are devoted to diseases of
individual organs and systems, which, as a rule, are associated with individual unfavorable factors of the
living environment of the population in individual populated areas.

Materials and methods. To create a research base on the health of the population, the data of the
statistical collection «Health of the population of the Republic of Kazakhstan and the activities of health
care organizations» of the Department of Medical and Statistical Analysis of the RSE on the Right of
Economic Management «National Scientific Center for Health Development named after Sagadat
Kairbekovay for the period 2000-2022 were used.

The selection of population health indicators for analysis was carried out on the basis of data from
approved annual reporting forms generated by the Republican State Enterprise on the Right of Economic
Management «Republican Center for Electronic Healthcare» of the Ministry of Digital Development,
Innovation and Aerospace Industry of the Republic of Kazakhstan, which include population morbidity
registered for the first time in life (PFIL), neoplasms (NT), diseases of the genitourinary system (DGS),
diseases of the digestive system (DSG) per 1,000,000 people and the mortality rate (MR) per 1,000 people.

To illustrate the created databases in the context of administrative districts by types of morbidity,
graphs for the Kyzylorda region were constructed in the form of a fragment using the Microsoft Excel
program (figure).

The research methodology is based on theoretical approaches and practical methods of statistical
research adopted in assessing trends in changes in the factors under study using the linear trend equation.

Results. In the conditions of increasing scale of human economic activity in the catchment areas of
the Syr Darya River basin, carried out over a long period of time within the Kyzylorda region of the
Republic of Kazakhstan, processes of significant degradation of natural complexes have formed, such as
the emergence of a new Aralkum desert as a result of the drying up of the Aral Sea, which in turn has
become a source of aerosol transfer of pollutants and deterioration of hydrological runoff, unsuitable for
use in drinking water supply of the population, polluted with chemicals as a result of discharge of
untreated wastewater by industrial and municipal facilities, as well as discharge of collector-drainage
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Graph of changes in the incidence of the population of the Kyzylorda region for 2000-2022
(incidence of the population registered for the first time in life (1 — right ordinate), neoplasms (2),
diseases of the digestive system (3) and diseases of the genitourinary system (4) and mortality (5)

water from irrigated areas located in the upper and middle reaches of the river, affecting the life of the
population living in this territory for centuries.

As a result, in the lower reaches of the Syr Darya River in the Kyzylorda region, a process of «triple
impact» on the life of the population is taking place: from the northwest to the southeast, the sands of the
Aralkum desert are advancing, from the southeast to the northwest along the river bed, there is a
deterioration in the hydrological flow unsuitable for drinking water supply and the use of agricultural
products with an increased content of nitrates, and in connection with this, there is a need to study the
health of the population in spatial and temporal aspects in order to identify their territorial differences, and
on the basis of in-depth medical and environmental studies to identify the relationship between diseases
and the quality of the natural environment.

The most effective tool for systemic analysis of medical and ecological processes can be special
mathematical models that reflect the relationships between their structural and dynamic variables, in the
form of linear trend equations:

NP; =a-SNY; +b; PH; = a-SNY; + b,

where NP; — population, thousand people; PH; — incidence rate per 100,000 people; a — regression
coefficient; b — indicator characterizing the increase in the next value of the time series; SNY; — period

number or ordinal number of the year.
Based on the construction of graphs by types of morbidity in the context of administrative districts of

the Kyzylorda region using a linear trend in the Microsoft Excel program, a medical and demographic
model of population health was obtained (table 1).

Table 1 — Regression-correlation model of medical and demographic indicators of the population of the Kyzylorda region
by administrative districts and the city of Kyzylorda

Administrative regions Equation Determination index (R?)
1 2 3
Population size (NP;), per 1000 people
Aral NP; = 0,5446 - SNY; + 67,7780 0.9508
Kazalinsky NP; = 0,4009 - SNY; + 69,1370 0.9782
Karmakshinsky NP; = 0,4072 - SNY; + 45,5700 0.8535
Zhalagashsky NP; = —0,3082 - SNY; + 41,9460 0.6785
Syr Darya NP; = —0,0438 - SNY; + 39,5820 0,1666
Shieliinsky NP; = 0,4972 - SNY; + 72,5250 0.9034
Zhanakurgan NP; = 0,8416 - SNY; + 65,8660 0.8298
City of Kyzylorda NP; = 7,5883 - SNY; + 156,5500 0.9538
Kyzylorda region NP; = 11,6620 - SNY; + 502,4800 0.9687
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Continuation of table 1

1 2 3
Pop!ulation morbidity (PM;) per 100,000 people
Aral PM; = —178,35 - SNY; + 18838,0 0.3124
Kazalinsky PM; = —161,35- SNY; + 16608,0 0.3250
Karmakshinsky PM; = —225,56 - SNY; + 25140,0 0.4238
Zhalagashsky PM; = —148,83 - SNY; + 16716,0 0.3785
Syr Darya PM; = —145,68 - SNY; + 15736,0 0.3099
Shieliinsky PM; = —138,03 - SNY; + 14712,0 0.3845
Zhanakurgan PM; = —104,78 - SNY; + 12585,0 0.2863
City of Kyzylorda PM; = —195,05 - SNY; + 21665,0 0.4145
Kyzylorda region PM; = —971,44 - SNY; + 72126,0 0.7568
Neoplastic diseases (DNP) per 100,000 people
Aral DNP; = 5,1645 - SNY; + 112,8600 0.1548
Kazalinsky DNP; = 4,4132 - SNY; + 89,7190 0.1697
Karmakshinsky DNP; = 6,6200 - SNY; + 122,8600 0,1926
Zhalagashsky DNP; = 4,5590 - SNY; + 78,5700 0.2073
Syr Darya DNP; = 4,6162 - SNY; + 85,2190 0,1887
Shieliinsky DNP; = 3,8377 - SNY; + 73,8690 0,1833
Zhanakurgan DNP; = 3,5050 - SNY; + 61,6790 0.2033
City of Kyzylorda DNP; = 5,8837 - SNY; + 114,3700 0.1845
Kyzylorda region DNP; = 10,3560 - SNY; + 218,0100 0.1634
Diseases of the genitourinary system (DGSNP;) per 100,000 people
Aral DGSNP; = —67,781 - SNY; + 5346,60 0.2657
Kazalinsky DGSNP; = —107,72 - SNY; + 9329,00 0.2869
Karmakshinsky DGSNP; = —45,432 - SNY; + 3434,50 0,1950
Zhalagashsky DGSNP; = —48,191 - SNY; + 6095,10 0.1564
Syr Darya DGSNP; = —81,279 - SNY; + 4091,20 0.4436
Shieliinsky DGSNP; = —78,212 - SNY; + 5561,00 0.3250
Zhanakurgan DGSNP; = —80,662 - SNY; + 5353,50 0.2677
City of Kyzylorda DGSNP; = —67,503 - SNY; + 5143,70 0.5138
Kyzylorda region DGSNP; = —71,869 - SNY; + 5736,00 0.4074
Diseases of the digestive system (DDSP;) per 100,000 people
Aral DDSP; = —128,870 - SNY; + 7961,60 0.3211
Kazalinsky DDSP; = —374,640 - SNY; + 22826,0 0.3985
Karmakshinsky DDSP; = —107,690 - SNY; + 5916,40 0,1764
Zhalagashsky DDSP; = —206,140 - SNY; + 11086,0 0.3782
Syr Darya DDSP; = —59,247 - SNY; + 4091,20 0,0709
Shieliinsky DDSP; = —112,640 - SNY; + 6285,20 0.5379
Zhanakurgan DDSP; = —144,800 - SNY; + 8737,90 0.3798
City of Kyzylorda DDSP; = —55,142 - SNY; + 3488,00 0.2440
Kyzylorda region DDSP; = —130,86 - SNY; + 8460,90 0.3135
Crude death rate (per 1000 people)
Aral GCMP; = —0,1183 - SNY; + 8,6130 0,6600
Kazalinsky GCMP; = —0,0451 - SNY; + 7,4316 0.1185
Karmakshinsky GCMP; = —0,0516 - SNY; + 7,7408 0,1610
Zhalagashsky GCMP; = —0,0086 - SNY; + 6,2726 0,0118
Syr Darya GCMP; = —0,0035 - SNY; + 6,3407 0.0024
Shieliinsky GCMP; = —0,0412 - SNY; + 6,7896 0.2401
Zhanakurgan GCMP; = —0,0530 - SNY; + 6,0464 0.2535
City of Kyzylorda GCMP; = —0,1311 - SNY; + 8,8857 0.6181
Kyzylorda region GCMP; = —0,0668 - SNY; + 7,5031 0,1750
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Based on the equation of the linear trend of the studied (PH;) indicator, it is possible to determine the
absolute increase, the growth rate and the growth coefficient of the studied indicators, which have a
sufficiently high physical and mathematical meaning (table 2):

- absolute increase is determined by the formula:

AlSI; = SIEP; — SIBP; = a - (EPUR; — BPUR;) = a - (EPUR; — 1),
where is EPUR; —the duration or end of the period under consideration; BPUR; is the beginning of the
period under consideration: BPUR; = 1 = const;

- the growth rate is calculated using the formula:

QRIUS; = AISI;JEPUR; = [a - (EPUR; — 1)]/EPUR;;
- the growth coefficient of the studied indicator (GRIUS;) is determined by the following formula:
GRIUS; = (a - EPUR; + b)/(a + b).

Table 2 — Statistical estimates of the trend of change in the type of disease
by administrative districts of the Kyzylorda region of the Republic of Kazakhstan

o . . Statistical indicators of the trend of change in incidence over time
Administrative regions
AlSI; QRIUS; GRIUS;
1 2 3 4
Population size (NP;), per 1000 people
Aral 11,981 0.521 1,175
Kazalinsky 8,820 0.383 1,127
Karmakshinsky 8,958 0.389 1,195
Zhalagashsky -6,780 -0.295 0.837
Syr Darya -0.964 -0.042 0.976
Shieliinsky 10,938 0.476 1,150
Zhanakurgan 18,515 0.805 1,278
City of Kyzylorda 166,943 7,258 2,017
Kyzylorda region 256,564 11,155 1,499
Population morbidity (PM;) per 100,000 people
Aral -3923,700 -170,596 0,790
Kazalinsky -3549,700 -154,335 0.784
Karmakshinsky -4962,320 -215,753 0.801
Zhalagashsky -3274,260 -142,359 0.802
Syr Darya -3204,960 -139,346 0.794
Shieliinsky -3036,660 -132,029 0.792
Zhanakurgan -2305,160 -100,224 0.815
City of Kyzylorda -4291,100 -186,570 0,800
Kyzylorda region -21371,680 -929,203 0,700
Neoplastic diseases (DNP) per 100,000 people
Aral 113,619 4,940 1,963
Kazalinsky 97,090 4,221 2,031
Karmakshinsky 145,640 6,332 2,125
Zhalagashsky 100,298 4,361 2,207
Syr Darya 101,556 4,415 2,130
Shieliinsky 84,429 3,671 2,087
Zhanakurgan 77,110 3,353 2,183
City of Kyzylorda 129,441 5,628 2,076
Kyzylorda region 227,832 9,906 1,998
Diseases of the genitourinary system (DGSNP;) per 100,000 people
Aral -1733,182 75,356 0.671
Kazalinsky -2369,840 -103,037 0.743
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Continuation of table 2

1 2 3 4
Karmakshinsky -999,504 -43,457 0.705
Zhalagashsky -1060,202 -46,096 0.825
Syr Darya -1788,138 -717,745 0.554
Shieliinsky -1720,664 -74,811 0.686
Zhanakurgan -1774,564 -77,155 0.663
City of Kyzylorda -1485,066 -64,568 0.707
Kyzylorda region -1581,118 -68,744 0.721

Diseases of the digestive system (DDSP;) per 100,000 people
Aral -2835,140 -123,267 0.638
Kazalinsky -8242,080 -358,351 0.633
Karmakshinsky -2369,180 -103,008 0.595
Zhalagashsky -4535,080 -197,177 0.583
Syr Darya -1303,434 -56,671 0.677
Shieliinsky -2478,080 -107,743 0.599
Zhanakurgan -3185,600 -138,504 0.629
City of Kyzylorda -1213,124 -52,745 0.647
Kyzylorda region -2878,920 -125,170 0.654
Crude death rate (MP;) per 1000 people
Aral -2,603 -0.113 0.694
Kazalinsky -0.992 -0.043 0.866
Karmakshinsky -1,135 -0.049 0.852
Zhalagashsky -0.189 -0.008 0.970
Syr Darya -0.077 -0.003 0.988
Shieliinsky -0.906 -0.039 0.866
Zhanakurgan -1,166 -0.051 0.805
City of Kyzylorda -2,884 -0.125 0.671
Kyzylorda region -1,470 -0.064 0.802

The analysis of the dynamics of medical and ecological processes in the administrative districts of the
Kyzylorda region for 2000-2022, located in the zone of unloading hydrochemical flows of the Syr Darya
River basin, shows that the development of morbidity is characterized not only by a stochastic component.
They also have a deterministic component in the form of a trend, which is confirmed by the system of
equations of linear trends obtained as a function dependent on time. As follows from the results of
statistical assessments, the tendency of change in the type of morbidity in the context of administrative
districts of the Kyzylorda region is characterized by multidirectional (positive and negative) trends (table 2).

The obtained linear equations (table 1) allow us, first of all, to estimate how the dynamic average
long-term value changes by types of morbidity for the considered calculation period, and according to the
results of our study, we observe positive trends , where their absolute growth increases from 8.820 to
256.564 per 100,000 people, the growth rate from 0.383 to 11.155 per 100,000 people and the growth
coefficient from 1.127 to 2.017 , due to the increase in the population in all administrative districts, except
for the Zhalagash and Syrdarya districts, where negative trends are observed.

Accordingly, the identified unidirectional negative trends for 2000-2022 in all administrative districts
of the Kyzylorda region for the incidence of the population registered for the first time in life (PM;),
discases of the genitourinary system (DGSNP;), diseases of the digestive system (DDSP;) and the
mortality rate of the population ( MP;) show an improvement in the medical and ecological condition in
the storage zones of the hydrochemical runoff of the Syr Darya River (Table 2) and their functional
equations (table 1) can serve as a basis for predicting changes in morbidity over time.

Of particular interest is the preservation of the unidirectional positive trends of neoplasms (DNP) in
all administrative districts of the Kyzylorda region, where their absolute growth increases from 77.11 to
145.64 per 100,000 people, the growth rate from 3.353 to 6.332 per 100,000 people and the growth
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coefficient from 1.963 to 2.207 along the river basins towards the mouth, which requires the need to study
their cause-and-effect relationship.

To identify the cause-and-effect relationships between the water pollution index ( WPI;) and water
mineralization ( WM;) with neoplastic diseases in the context of administrative districts of the Kyzylorda
region by constructing their graphs, an equation of a linear trend was obtained using the ( DNP) Microsoft
program Excel (table 3):

DNP = a; - WMl + bi And DNP = a; - WPIl + bi’
where a = tgais the angular coefficient of regression; bis the ordinate of the deviation of the straight line
from the zero point of the graph.

Table 3 — Dependence of the level of neoplasm disease ( DNP) on the pollution index (WPI;) and water mineralization (WM,)
in the context of administrative districts of the Kyzylorda region

Administrative regions Equation | Determination index (R%)
Dependence of the level of neoplasm disease ( DNP) on water mineralization (WM,), mg/l
Aral DNP = 0,3342-WM; — 349,3100 0.5447
Kazalinsky DNP = 0,2457 - WM; — 251,1800 0.4816
Karmakshinsky DNP = 0,3193 - WM; — 217,5300 0.4665
Zhalagashsky DNP = 0,2345-WM; — 180,3600 0.5227
Syr Darya DNP = 0,2965 - WM; — 245,3700 0.5449
Shieliinsky DNP = 0,1511- WM; — 27,8450 0.3114
Zhanakurgan DNP = 0,1694 - WM; — 64,6100 0,6490
City of Kyzylorda DNP = 0,2893 - WM; — 197,5500 0.4797
Dependence of the level of neoplasm disease ( DNP) on the water pollution index (WPI;)
Aral DNP = 137,8900 - WPI; — 71,4690, 0.5811
Kazalinsky DNP = 107,8500 - WPI; — 48,8710, 0.5879
Karmakshinsky DNP = 124,8100 - WPI; — 42,4080, 0.5368
Zhalagashsky DNP = 87,3930 - WPI; — 39,8420, 0,6300
Syr Darya DNP = 117,1800 - WPI; — 77,6650, 0.8108
Shieliinsky DNP = 44,1230 - WPI; — 18,1110, 0.5827
Zhanakurgan DNP = 229,0400 - WPI; — 194,7300, 0.6525
City of Kyzylorda DNP = 125,5800 - WPI; — 56,6840, 0.7133

When assessing the dependence of the incidence of neoplasms ( DNP) on water mineralization
(WM;) and the water pollution index ( WPI;) , data on the water quality of the Syr Darya River at the
hydrological posts of Shardara, Kyzylorda and Kazaly were used, given in the annual reports of the «Aral-
Syr Darya Basin Inspection for the Rational Use and Protection of Water Resources» of the Water
Resources Committee of the Ministry of Water Management and Irrigation of the Republic of Kazakhstan
for the period 2000-2020 [22].

The conducted studies to assess the direction and intensity of the trend of change by types of
morbidity in the context of administrative districts of the Kyzylorda region demonstrated the possibility of
using regression-correlation equations as a generalizing characteristic in the construction of mathematical
medical-demographic models, where the integral indicator acts as a quality criterion.

Discussion. Analysis and evaluation of the medical and ecological situation in the administrative
districts of the Kyzylorda region, based on types of morbidity, is of regional significance and is
characterized by multidirectional (positive and negative) trends, differing in intensity along the Syr Darya
River, directed towards the mouth of the river.

The presented results of the quantitative assessment of integral levels by types of morbidity in the
administrative districts of the Kyzylorda region for 2000-2022 showed that in most cases there is a
negative trend in the incidence of the population (PM;), registered for the first time in life, diseases of the
genitourinary system (DGSNP;), digestive organs (DDSP;) and mortality of the population (MP;), where
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the growth rate fluctuates from 0.583 to 0.988, this may be due to the introduction of preventive and
corrective measures aimed at maintaining public health with changed qualities of natural resources and the
subsequent environmental disturbances in the living environment of the population living in the Aral Sea
region.

However, studies devoted to the study of neoplasm disease (DNP) among the population of the
Kyzylorda region for 2000-2022 showed that they have a positive growth trend with statistical
significance, since in all administrative districts the growth rate is in the range from 1.963 to 2.207, which
indicates the presence of a negative impact on the life of the population of catastrophic changes in the
natural environment in connection with the Aral syndrome.

The obtained functions in time, characterizing the development trends of medical and ecological
processes, confirming the existence of a statistical relationship between the quality of the natural
environment and types of morbidity in the context of administrative districts of the Kyzylorda region,
were the main hypothesis of this study.

Conclusion. In modern conditions, taking into account the characteristics of the medical and
statistical components of the living environment of the Kyzylorda region in the context of administrative
districts and the city of Kyzylorda, located in the lower reaches of the Syr Darya River, related to
technogenically disturbed zones, is one of the necessary conditions for knowledge about the health status
of the population in spatial and temporal aspects.

A study of the health of the population of the Kyzylorda region by administrative districts and the
city of Kyzylorda based on statistical data for the period from 2000 to 2022 using a linear trend showed
that, for the period under review, there are generally multidirectional (positive and negative) trends.

At the same time, negative trends for 2000-2022 in all administrative districts of the Kyzylorda
region in terms of morbidity of the population registered for the first time in life ( PM;), diseases of the
genitourinary system ( DGSNP;), diseases of the digestive system ( DDSP;) and the mortality rate of the
population ( MP;), as well as a positive trend in the incidence of neoplasms ( DNP), show multidirectional
trends in their change, and do not prove an improvement in the medical and ecological state in the storage
zones of the hydrochemical runoff of the Syr Darya River (table 2), and their functional equations (table 1)
can only serve as a basis for predicting changes in morbidity over time.

The presented results of the dependence of neoplasm incidence ( DNP) on water mineralization
(WM;) and water pollution index ( WPI;) fully reflect the relationships between the quantitative and
qualitative aspects of the process under study and provide valuable information necessary for analysis in
spatial and temporal aspects.

A statistically substantiated assessment of the parameters of population morbidity in the context of
administrative districts of the Kyzylorda region, discovered in the period from 2000 to 2022, as well as
multidirectional positive and negative trends (trends) and their functional equations in the form of linear
trends serve as a scientific basis for forecasting the socio-ecological potential of the region, due to the
impact of a complex of environmental factors and the lifestyle of the population.
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XAJIBIKTBIH JEHCAYJIbIFBIH KEHICTIK-YAKBITTBIK KO3KAPACTA BAFAJIAY

Annoranus. Kazipri ke3enje, TeXHOreH K JlacTaHy aiiMarbiHa KipeTiH ChIpiapus ©3eHiHIH TOMEHT] aFbICBIH/A
opbiHanackaH KpI3putopa OOJIBICBIHBIH, TYPFBIHIAPBIHBIH JICHCAYJIBIFBIH 3€PTTEY, XaIbIK JCHCAYJIBIFBIHBIH KaJbII-
Tacy CHUIATTaMaJIapbIH KEHICTIKTIK OHE YaKbITTBIK OJILEMiHe, FUIBIMU TYPFbIJa HETi3[eyNi KaMTaMachl3 €TETiH,
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MeIUIINHAITBIK-CTATUCTHKAIBIK, TOCUIIIH, CBI3BIKTHIK TPEHATEPIiH KOJIAaHYFa HETi3OeNTeH. DKOHOMHUKAJIBIK OacKapy
KYKBIFBIHIAFBl MeauInHANBIK-CTATUCTHKANBIK —Tanaay naenapramenTiHiH «Caramat KaiisipOekoBa aTBIHIAFEI
JIEHCAYIIBIK CaKTayabl TaMBITYIBIH YITTHIK FEUTBIMU opTansirby PMK naitiamaran «Kazakcran PecrryOnmkachr xain-
KbIHBIH JICHCAYJIBIFbI )KOHE JICHCAYJIBIK CaKTay YWbIMIAPBIHBIH KbI3METi» CTATUCTUKAIBIK KuHarbl 2000-2022 xbui-
Jlap apaiblFbiHbIH Herizinge Kpl3puiopaa oOJIbICHIBIH OKIMIIUIIK aylaHIapblHbIH JCHIeHiHAe, XaJbIK ICHCAYIIbIFbI-
HBIH JJIEKTPOHJIBIK FBUIBIMU-3€PTTEY JepeKkTrep Oazachl Kypbuiabl. KpI3buiopa OOJBICBIHBIH OKIMIIUIK ayaaHza-
PBIHBIH JEHIeiiH[e XaNbIKThIH JI€HCAYJIBIK KOPCETKIIITEpiH KapacThIPbUIBIT OThIpFaH KeseHie, Microsoft Excel
OarapiaMachlHIa CBHI3BIKTHIK TPEHATEPIH MalijaiaHa OTBIPBIN, CTATUCTHUKAIBIK TOCULAEepre Heriznen Oaranay
KepCeTKeH IeH, Oip TyTacTail ajFaHja aypyIIaHIbIKTBIH JaMybl KOl OaFbITThI OH JKOHE Tepic e3repicTep Oaifkaiaabl
JKOHE OJapIBIH CBI3BIKTHIK TPEHATEP TYpiHAETI (QYHKIMOHAIABIK TCHACYJIEPI allMaKThIH 9JICYMETTiK-IKOJIOTHSIIBIK
aneyeTiH 00JDKay YIIIH FRIIBIMH HET13 peTiH/e KbI3MET eTei.
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OIIEHKA 3/I0POBbsI HACEJIEHHIA B HU30BbAX PEKU CBIPJAPUSA
B IPOCTPAHCTBEHHbBIX U BPEMEHHBIX ACIIEKTAX

AnHoTauus. CoBpeMEHHbBIE UCCIIEIOBaHUS 3M0POBbs HaceNeHUsT KbI3bUTOPAMHCKOW 001aCTH, TIPOKHBAIOIIETO
B HHU30Bbe peku ChIpmapus, OTHOCSIICHCS K 30HE TEXHOI'CHHOI'O 3arps3HCHHUs, 0a3MPYIOTCA HAa MEIUKO-CTaTHC-
THUYECKOM IIOJIXOJIE C HCIIOJIb30BAaHHMEM METO/IOB JIMHEHHOro TpeHJa, 00ECHeYMBaIOIIMX HaydyHOe OOOCHOBaHHE
ocobeHHocTel (hOpMUpPOBaHUS 370POBbS HACCICHUS B MPOCTPAHCTBEHHBIX M BPEMEHHBIX acrekTax. Ha ocHoBe
CTaTHCTHYECKOTO COOpHHKA «31m0poBbe HaceneHus PecnyOnmkn KazaxcraH U A€ATENBHOCTh OPraHU3aIUi 3/IpaBo-
oxpaHeHus» Jlenapramenra menuko-craructuueckoro aHanusa PITI nHa [IXB «HauuoHanbHBIA Hay4yHBIA LEHTP
pasBuTHs 3apaBooxpaHeHus umenn Caramat KaumpOekopoii» B 2000-2022 romsl co3maHa JIIeKTpoHHas 0aza
WCCIIEIOBAHMS 10 3J0POBBI0 HacedeHWs KBI3BUIOpIAMHCKON 007acTH B pa3pe3e aIMHUHHCTPATUBHBIX PaiOHOB.
Cratuctnaeckn 0OOCHOBAaHHAs OIICHKAa MapaMeTPOB 3a00JEBaEMOCTH HACENCHUS B pa3pe3e aJIMHUHHCTPATUBHBIX
paiioHoB KbI3bUTOPIHMHCKON 0071aCTH C HMCIOJB30BAaHUEM JIMHEHHOTO TpeHma B mporpamme Microsoft Excel moka-
3aja, 4TO 3a PacCMaTPUBAEMBIM IEPHOA B IEJIOM HAOIIONAIOTCS Pa3HOHAIIPABICHHBIEC IOJIOKUTENBHBIE U OTPHIIA-
TeJIbHbIE TEHJCHUMH (TPEH/bI) pa3BUTHUS 3a00JIeBAEMOCTH M MX (DYHKLIMOHAJIbHBIC YPaBHEHHsS B BUE JIMHEHHBIX
TPEH/IOB CIIYXaT Hay4YHON OCHOBOM JJIs1 TPOTHO3UPOBAHUS COIUATBHO-IKOJIOTUYECKOTO MTOTEHIIMAIA PETHOHA.

KiroueBble coBa: 370pOBbE HACEIICHUS, JIMHCHHBIN TPEH, TCHICHIWSA, W3MCHCHHMs, 0a3a HCCICIOBaHUS,
JIMHAMUKA, OILICHKA.
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INPABUJIA JJISI ABTOPOB

B xypHase myOnIMKyIOTCS CTaThH, HOCBSIIEHHBIC MPOOJIEMHBIM BOIPOCaM reorpaduieckoil HayKH M I'€03KO-
JIOTHH, a TaKXe HaydHbIe COOOLIEHUS TEOPETHYECKOTO, METOJMYECKOTO, 3KCHEPHUMEHTAIBHOTO M HPUKIATHOTO
XapakTepa, TeMaTHIeCKHe 0030pbl, KPUTHUECKNE CTATbU U PELICH3MH, B TOM YHCJIE B BUJE MMCEM B PEJAKIINIO, Onb-
nrorpauuecKre CBOJKH, XPOHUKA HAYYHOH KM3HU. TEKCTHI CTaTel U IPYTUX MaTepPHalIoB MOTYT IPENOCTaBISATHCS
Ha Ka3aXCKOM, PYCCKOM WA AHTJIMHACKOM SI3BIKaX. PeuaKum{ NPUHUMACT MaTepuajibl B JJICKTPOHHOM BHJIC,
HaOpaHHbIE B TEKCTOBOM penaktope Microsoft Word, B compoBoxieHHN HIASHTHYHOH OymaxkHo# Bepcuu. [loss:
BepxHee U HIkHee — 2,4 cM, npaBoe u eBoe — 2,2 cM. Tekcr (mpudr «Times New Roman») naercst B 0J1Hy KOJIOHKY
yepe3 MEeXCTpOuHbIi wuHTepBad 1,0 M JUIss HEro yCTaHaBIMBAeTCs aBTOMAaTHYecKuil mepeHoc. CTpaHHUIBI
HyMepyloTcs. Matepuan cTaTtbi (TEKCT, BKJIIOYas AaHHOTAIMM Ha Ka3aXCKOM, PYCCKOM W aHTJIMHCKOM S3bIKax,
PUCYHKH, TaOJHUIBI, CHCOK JUTEPaTypsl) odopmisiercs omauM daitmoM. OO0BeM CTaThil CO BCEMH CTPYKTYpPHBIMH
aIeMeHTaMH He oibkeH npesbimath 50 000 3HaK0B ¢ nmpodenamu (1o 12 crp.), npyrux marepuanos — 20 000 3HAKOB
¢ mpobemamu (10 4 cTp.).

Pykonucu crareii odopmisitorest cienyroumm obpaszom: 1) VK (BblpaBHMBaHHE TEKCTa «IEBBI Kpaii»,
kersb 10); 2) uepe3 oAWH UHTEPBAJI MHULUABI 1 (JaMHUIIMK BCEX aBTOPOB Yepe3 3aIsiTyio (BBIPABHUBAHUE TEKCTA K10
LEHTPY», HAUEPTAaHUE «IIOJyKHPHBIH», PETHCTP «HAYMHATH C MPOMHCHBIX», Kerib 11; ecin aBTOPOB HECKOIBKO,
nocie (haMUIIMU KaKIO0r0 YKa3hIBACTCS HAJICTPOUYHBIM MHACKCOM IMOPSAKOBBIA HOMEp apabckoi mugpoit); 3) depes
OJIMH MHTEPBAJ — YYEHOE 3BaHUE W CTEIEeHb aBTOPA, JOJDKHOCTh, B CKOOKaxX — INOJIHOE Ha3BaHWE OpraHU3alluu, B
KOTOpOW OH padoTaeT, Topoi, cTpaHa (BbIpaBHHBaHHE TEKCTa «I0 LIEHTPY», Kerib 10; eciu aBTOpPOB HECKOIBKO,
CBEJICHMS JAIOTCS O KaKAOM M3 HUX OTAEJIBEHON CTPOKOH Yepe3 OJMHAPHBIN HHTEPBAJ, a HAYMHACTCS KaXK/asi CTpOKa
C HaJCTPOYHOI'O MHJEKCa IMOPSIKOBOrO HOMEepa mHociie GpaMuiny aBToOpa); 4) dyepe3 ONUH WHTEPBAI — HA3BaHHE
cTatbM 0e3 mepeHoca (BBIDABHUBAHWE TEKCTA «IIO LEHTPY», HAuepTaHHE «IIOMYXXHUPHBIH», PErucrp «Bce
MIPOIHCHEIe», Kerab 14); 5) uepe3 onuH nHTEpBal — aHHOTams 3 5—10 npeanoxennii, o6bemom a0 1200 3HAKOB C
npobenamu (HauymMHATH ab3am CleAyrommM o00pa3oM: «AHHOTAIWSL. ... (Ka3. 513.)», «AHHOTamwWs. ... (pyc. 53.)»,
«Abstract. ... (aHT71. 53.)») Ha TOM S3bIKe, HA KOTOPOM HAIMCaH OCHOBHOW TeKCT pykommcu (abzar «0,75 cmy,
BBIPaBHUBAHKE TEKCTA «I10 MTUPUHE», PETUCTP «BCE CTPOUHBIEY, Kerib 10); 6) uepe3 oauH HHTEPBAT 5—7 KIIFOUEBhIX
cnoB (HauuHaTh absall cienyromuMm obpasom: «Tyiin cesmep: ...», «Keywords: ...», «KitoueBbie ciioBa: ...»),
COPTUPOBAHHBIX NO an(aBHUTy, HA TOM S3bIKE, HA KOTOPOM HaIlMCaH OCHOBHOH TeKCT pykomnucu (ad3an «0,75 cmy»,
BBIPAaBHUBAHME TEKCTA IO IMIMPHHE», PETUCTP «BCE CTPOUHBIEY, Kerib 10).

OCHOBHOW TEKCT pa30MBAcTCS Ha CTPYKTYPHBIC 3JIEMCHTBI: BBEICHHE, MOCTAHOBKA MPOOJIEMbI, METOHKA
UCCIIEJOBAaHUH, ICTOYHUKH JIaHHBIX, PE3YJIbTaThl HCCIIC0BAHMH, 00CY)KIEHUE PE3YIIbTaToB, 3aKIII0UeHNE (BBIBODI),
WCTOYHHMK (PMHAHCHUPOBAHUS HMCCIIENOBaHUM (IIpM HEOOXOAMMOCTH), CIHCOK JuTeparypbl. Ilepen crmckom smte-
patypsl MOXET MOMeEIIaThesl 0JIaroapHOCTh JIMIIAM W OpraHM3alsIM, OKa3aBIIMM ITIOMOIIb B HAIIMCAaHWU CTATBH.
HeobmenpuasaTeie a00peBHaTyphl HODKHBI pacIn(pOBBIBATECS B TEKCTE IPU IEPBOM YIOMHHAHWH. [lapameTrpsl
TekcTa: ab3ar «0,75 cM», BEIpaBHIBAHHE 10 MIHPHHEY, PETHCTP «KaK B MPEATIOKCHUAK», KeTb 1 1.

ITox 3aronoBkom «JIMTEPATYPA» npuBOOUTCS CHMCOK MCTOYHHMKOB, Ha KOTOPBIE €CTh CCBUIKM B TEKCTE.
JlutepaTypa NpPUBOAMTCS CHAadaja Ha S3bIKE OpUTMHANA, 3aTeM IyOuiupyeTcs Ha aHIVIMHACKOM S3bIKE
«REFERENCES» (a63am «0,75 cM», BRIpaBHUBAaHUE «I10 IIUPUHE», PETUCTP «KaK B MPEUIOKECHHSIX», KeTab 9). B
TEKCTEe CCBUIKM Ha HOMEpPA CIMCKa JAIOTCS B KBaAPATHBIX CKOOKax. 3aluch Kaxmoi OnOInorpaduueckoi CChUIKH B
CIIMCKE Ha4yMHAaeTcsa ¢ ee mopsiakoBoro Homepa B TekcTe: «[1]Ilerposa C.H. Hayuno-uccnegoBarenbckas
JESTeBHOCTD ...»). Crucok muteparypbl odopmisercs mo ['OCT 7.1-2003 u THIaTeIbHO BBIBEPSETCS aBTOPOM.
Tpancnurepauus He nomyckaercs!

Hanee crnenyer pestome. Jlist cTaThy, NMPEAOCTABICHHOW Ha KA3AXCKOM s3biKe, TPEOYIOTCS PYCCKHUHM W aHT-
JUICKUNA NEPEBOMBL; HA PYCCKOM sA3blKe — Ka3aXCKUN U aHTTIMICKUN NEPEBObL; HA AH2AUNICKOM 5A3biKe — Ka3aXCKUH U
pycckuil mepeBoabl. [ aBTOpoB M3 3apyOexbsi pe3loMe Ha Ka3axCKHH SI3BIK IEPEBOAUTCS B pENaKUUH B
COOTBETCTBUH C NPEIOCTABICHHBIM Ha PYyCCKOM M aHTIMHCKOM s3bIKaX. CTpyKTypa IOBYS3BIYHBIX pe3lOME: WHH-
Uajbl U (paMUIIMK BCEX aBTOPOB UYepe3 3ariTylo (mocie (aMHIMK KaXI0TO YKa3bIBAa€TCsl HAJICTPOYHBIM HH/IEKCOM
MOPSAKOBEIM HOMEp apaOCckod Imdpoii); ydeHoe 3BaHHE W CTENEHb aBTOpa, AOJDKHOCTh, B CKOOKaxX — IOJHOE
Ha3BaHME OPraHU3allliM, B KOTOPOil OH padoTaer, ropol, CTpaHa (eciu aBTOPOB HECKOJBKO, CBEICHHUS AAIOTCH
OTACTIBHOW CTPOKOM uepe3 OIWHApHBI HMHTEpBal, a HAYMHAETCS KaXKJash CTPOKAa C HAIACTPOYHOTIO HHIEKCA
MOPSIIKOBOTO HOMepa Tmocie (amMuinu aBTOpa); Ha3BaHWE CTaTbW; AHHOTAMs, MPUBEICHHAs B Hayaie
cTatbM (HayMHATH ab3all CieAyrmUM o0pa3oM: «AHHOTAaUus. ... (Ka3. s13.)», «AHHOTauus. ... (pyc. 13.)»,
«Abstract. ... (aHIJI. 513.)»; KIIIOUEBBIE CIIOBA, IPUBEJICHHbIE B HaYaJle CTaThH (HaYMHATH a03all ClIeTyIOLIMM 00pa3oM:
«Tyiiin ce3nep: ...», «Keywords: ...», «KioueBsie cioBa: ...»).
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Tabnuer HabmpatotTcs B popmare Microsoft Word (re Microsoft Excel), kerms 9. B cTatbe qarotcst cChIIKH Ha
Bce TaOnuIbl. Pacnonarate ux ciemyeT cpasy Imocjie yYIOMUHAHHS B TEKCTEe WM Ha Clenytomeil cTpanune. HazBanue
TaOIUIIBI TOJDKHO OTPaXkaTh ee coaepkaHue, ObITh TOYHBIM, KpaTkuMm. Hampumep, «Tabmuma 1 — Cpenauii MHOTO-
neTHuit pacxox p. XKaiibik, M’/c». PasMemars ero cienyeTr Han Tabnuiei, 6e3 abzalHOro OoTcTyIa (BHIpaBHUBAHHE
TEKCTa «I0 LEHTPY», Kerib 9). He nmomyckaercst mepeHoC yacTH TaOJMIBI Ha CIEOYIONIyI0 crpaHuly. bomipmme
TaGJIMIBl JOIyCKaeTCsl pa3MellaTh Ha BCIO CTPaHMIy C OpUeHTalueill «ambOomHas». TaGmuuel U rpadsl B HEX
JIOJDKHBI MIMETh 3arojIOBKH, COKpAILEHHs CIIOB He aonyckatorcs. [loBropsiromuiicsi B pa3HBIX CTpOKax Tpadsl
TaOJIMIBI TEKCT U3 OJTHOTO CJIOBA IIOCIIE IIEPBOTO HAIIMCAHUS AOIyCTUMO 3aMEHSTh KaBblukamMu. Ecin oH cocTouT u3
JIBYX U OoJiee CJIOB, TO IIPH NEPBOM ITOBTOPEHUH €r0 3aMEHSIOT CJIOBAMH «TO XKe», a Jajiee — KaBblukamu. CTaBUTh
KaBbIYKM BMECTO MOBTOPSAIOMIMXCS LU(pP, MapOK, 3HAKOB, MAaTeMaTHYECKHX M XHMHUYECKHUX CHMBOJIOB HE
nonyckaercsi. Eciu nanHbIe B KakoH-T00 CTpoKe TabIHIbl He TIPUBOIST, TO B HEH CTaBAT ITPOUYEPK.

PucyHky nOIKHBI OBITH BBITTOJTHEHB! B XOPOIIEM KayecTBe, a UX 00lIee KOJIMYECTBO He MPEBBIAaTh 5. PucyHkn
pacroyaraloT HEHNOCPEICTBEHHO IIOCIE TEKCTa, B KOTOPOM OHHM YIOMHHAIOTCS BIIEpBBIC, WM Ha CIEAyHOLIeH
cTpaHuLe. Bece HaxnucH Ha pUCYHKax JOJDKHBI XOPOLIO YUTATHCS; IO BO3MOXKHOCTH UX CIIEIYeT 3aMEHSTh OyKBaMH
w nudpamu, a HeoOXOJUMBbIe TIOSICHEHUsI 1aBaTh B TEKCTE WIIM B IMOJPHCYHOUHBIX IONHUCAX. B moapucyHouHoi
MOJNUCH HEOOXOMMO YETKO OTIENUTh (HOBas CTPOKA) COOCTBEHHO Ha3BaHUE PHCYHKa OT OOBSCHEHHH K HEMy
(3xcmmmkamms). IlogpucyHOUYHBIE TOANMHACH JOJDKHBI COOTBETCTBOBATH TEKCTY (HO HE TOBTOPSTH €ro) M
n3obpaxenmsiM. Hampumep, «PucyHok | — Kapra miotHocTn HacenmeHust B Oacceiine p. JKaifpik, den. Ha 1 kM
(BBIpaBHHBaHHE TEKCTA IO LEHTPY», Kerib 9). @ortorpaduu nomkHbl ObITh YeTkuMH, O3 nedekroB. Bee pucyHnku
TaKXKe MPEAOCTABISIOT OTACIbHBIMU (ainamMu: Ui pacTpoBbiX n3oOpaxenuit — B popmare JPEG/TIFF/PSD, nns
BeKTOpHBIX — B coBMecTMMOM c Corel Draw mimm Adobe Illustrator. Paspemenne pacTpoBbIX H300pakeHHH B
orreHkax ceporo 1 RGB uBerax nomxuo 6b1Th 300 dpi, u€pHo-6enbix — 600 dpi. PekomeHnayemble pa3mepsl: MIHPHHA
— 85, 120-170 MM, BbicoTa — He Oonee 230 mm. Ilpm HeoOxommmocTH (aitnel MOTyT OBITH 3aapXMBHPOBAHBI,
MpeanovYTuTeNnsHO B popmarax ZIP mmm ARJ.

MatemaTtudeckue 00603Ha4YeHUS U (GOPMYIIBI HY>)KHO Habupatb B Microsoft equation u pa3Memars B TEKCTe Ha
OTJCNBHBIX CTPOKaX, HyMepys TOJIBKO Te, Ha KOTOpbIC €CTh CCHUIKH B TEKCTe. Pycckue M rpedeckne OyKBBI B
dopMynax M CTaThiX, a TaKKe MATEeMaTHYeCKHEe CHMBOJIBI M XHMHYECKHE DJIEMEHTHl HaOHpaloTcs NPSMBIM
MIPUPTOM, TATHHCKHE OYKBBI — KypCHBOM.

K craTtpe cienyer mpuioXuTh: 1) COMPOBOANTENHFHOE MICHMO; 2) pereH3uio Ha 1 cTp.; 3) 3KCIIepTHOE 3aKITI0-
YyeHue 00 OTCYTCTBHU CEKPETHBIX CBEJCHUI B MyOJIMKALUK, BbIIAHHOE OpraHu3alyel, B KOTOpO BhITIOJIHEHA paboTa
(B 0coOBIX CiTy4asix BO3MOYKHO COCTaBJICHHE B PEJAKIMU MOCIIE BHYTPEHHErO PELEH3UPOBaHUS); I HEPE3UACHTOB
Pecniyonukn Kaszaxcran skcnepTHOe 3akiroueHue He TpeOyercs; 4) KpaTkoe 3akiroucHue jadbopatopuu (Kadeapsl,
oTIena W IIp.), I/Ie BBHINOJHEHa INpeJCTaBlIeHHas K NyOiukanuu pabora; 5) cBemeHHs o KaxiaoMm aBrope: OO
(TIOJTHOCTEI0), YYEHBIC CTEIICHb W 3BaHUE, JOJDKHOCTh M MECTO paboThl, KOHTakTHEIC E-mail, TenedoHsr, dakc.

CraanHble B pelakIMIO MaTepHaibl aBTopaM He Bo3BpamatoTcs. He cooTBeTcTByroIIEe TPeOOBaHUAM CTaThH HE
paccMarpuBaroTcs. Ecii cTaThs OTKIIOHEHA, pellakiusl COXpaHseT 3a OO0 MpaBo He BECTH AUCKYCCHIO IO MOTHBaM
OTKJIOHCHHUSL.

Bce mMaTepuaibl IpoXoAaT BHYTPEHHEE M BHELIHEE PELCH3UPOBaHUEe. Penakiys mpocuT aBTOPOB OTMEYATh BCE
M3MEHEHH, BHECEHHBIC B CTaThIO IIOCIIEC MCIPABICHHS WIM AOPaOOTKH TEKCTa 110 3aMEYaHUsAM pEeLeH3eHTa (HalpH-
Mep, uBeToM). IIpu paboTe Hax PYKOIMCHIO PEHAKIMs BIIPAaBE €€ COKPAaTHTh. B ciydae mepepabOTKM CTaThbH 110
npoch0e pENaKIMOHHON KOJUISTMH JKypHala JaToOW MOCTYIJICHUS CYMTACTCSA Jara IOJIyYCHHUsS peaaKiueit
OKOHYAaTCJIbHOTO BapuaHTa. 3a JOCTOBEPHOCTb NPUBCACHHBIX B CTATHC HAYYHBIX (l)aKTOB TMOJIHYIO OTBETCTBECHHOCTDH
HeceT aBTOp (aBTOPHI B PaBHOM Mepe, €CIIU UX HECKOJIBKO).

Anpec perakuun xxypHaia «['eorpadus 1 BoaHbIe pecypcbb»:
Pecniy6imka Kazaxcran, 050000, r. Anmvatsl, np. Celidyumnaa, 458/1,
AO «MuCTHTYT Teorpadun 1 BOAHON OE30MTaCHOCTH.

Ten.: +7(727)279-21-13.

E-mail: journal.ingeo@gmail.com

Caiit: https://ojs.ingeo.kz
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FouibiMu KapusisIaHBIMIApP/AbIH 3 THKACBI

«[eorpadust MeH cy pecypcTapbl» KYPHAIBIHBIH pPENAKUUSUIBIK AKACHl XaJbIKApPaJblK KOFaMIACTBIK Ka-
ObUIaFaH JKapusulay STHKACBIHBIH KaFMOaTTapblH YCTaHAIbl, COHIaK-aKk Oenensl XaJbIKapalblK >KypHajnap MeH
OacranapablH KYHIbI TOKIPHOECIH ecKepei.

bacra KpI3MeTiHZETi JKOCBIKCHI3 TOXKIpHOeHi OonaplpMay MakcaThiHIA (IUIaruat, yKajfaH aknapaTThl YCHIHY
JKOHE T6) JKOHC FbUIBIMH KapUsAJIaHbBIMAAPAbIH KOFapbl cCallaCblH KaMTaMacCbl3 €Ty, aBTOP/JAbIH aJiFaH FbIJIbIMU
HOTH)KEJIEPIH KYPTIIBUIBIKIIEH TaHBICTBIPY MaKCaThIHAA PEIaKLUMUSUIBIK KEHECTiH opOip Mylleci, aBTOp, peleH3eHT,
coHyaii-ak Oacria OapbIChIHIA KAaTBICATHIH MEKEMeNep 3THKaJbIK CTaHIAapTTap/bl, HOpMaiap MEH epexesepll Cak-
TayFa JKOHE oJIapJblH Oy3bUTYyBIH OOJAbIpMay YLIIH OapIblK ic-mrapanapisl Kaobuigayra MiHzgerTi. Ockl mporecke
KaTBICYIIBIIAPBIH OapIIbIFBIHBIH FBUIBIMH JKapHsUIaHBIM 3THKACHl €peXeJepiH CakTay aBTOPJIApAbIH 3USTKEPIIiK
MEHIIIK KYKBIKTapblH KaMTaMachl3 €Tyre, 0achUIBIM CallachlH apTTBIPYyFa JXOHE aBTOPJIBIK aKlapaTTapibl, >KeKe
TYJIFaNapAblH MYAJeci YIIiH 3aHChHI3 MaliaaaHy MYMKIHAITIH OOABIpMayFa bIKIall €Tei.

Penaxmmsira keminm TyckeH OapilblK FEUIBIMHA MakKajajap MIHAETTI TYpAE €Ki jKaKThl IoiynaH eTexi. JKypHan
pemakuusACckl MaKaJaHBIH JKypHaN OeliHiHe, peciMIey TananTapblHA COMKECTIriH Oenrimeiimi jkoHe KoMka30aHBIH
FBUIBIMH KYHJBUIBIFBIH AHKBIHAANTHIH KOHE MaKajla TaKbIPhIObIHA HEFYPIIBIM XKAKbIH FBUIBIMHA MaMaHIAaHABIPYJIaphl
0ap eki ToyeJci3 PeLeH3eHT — MaMaHAap bl TaFalbIHIANTHIH JKYPHAIIbIH KayalThl XaTHIBICBIHBIH OIpiHIII KapaybiHa
Kibepeni. Makananap/pl pelieH3HsUIay bl pelaKIMsIIBIK KEHEC JKOHe PeAAKIMIIBIK ajKa MyIIesepi, cCoHai-aK 6acka
eNJep/liH IIAaKbIPbUIFAH PELEH3EHTTEpl JKy3ere achelpajpl. Makanara capanrama >KYprizy yuiiH Oen-rin 0ip
PEICH3EHTTI TaHaay Typanbl memrimai bac pemaktop kKaObuimaiinbel. Pernensusiiay mepsimi 2-4 anTaHbl KYpauisl,
Oipax pereH3eHTTiH OTiHilI OOMBIHIIA 01 Y3apThUTYbl MYMKIiH.

Pemakuust MeH penieH3eHT Kapayra jKiOepiireH skapusuiaHOaraH MaTepualiapblH KYNHSUTBUIBIFBIH CaKTayFa
kernumik Oepeni. XKapusimay Typaibl HISOIMIII KypHAIABIH PEIAKIUUIBIK alKachl PElCH3UsUIaylaH KeiiH KaObuI-
nmaiiner. Kaxxer OonraH jkarmaiiza Koimkaz0a aBTOpIIapra peleH3eHTTep MEH PeJakToOpiIapablH eCKepTyiepi OOMbIHIIA
JKeHJeyTe Kibepineni, comaH KeliH oNl KalTa pereH3MsUIaHambel. Pemakmms STHKa epexelNepiH Oy3raH JKarjaiina
MaKaJaHBl JKapusayZaH Oac TapTyFa KYKbUIBL. Erep akmaparTThl IDlaruat el caHayFa JKeTKUTIKTI Heri3 Oolca,
KayanThl peIakTop JKapusyIayFa Kol oepmeyi Kepek.

ABTOpIIap pelaKuusFa YChIHBUIFAH MaTepHAILIAPAbIH jKaHa, OypBIH XKapusulaHOaraH )KOHE TYITHYCKa eKeHAIriHe
Kenuimik Oepesi. ABTOpIap FHUIBIMA HOTHIKEIICPIH CEHIMIUTINT MEH MaHBI3AbLIBIFbIHA, COHIAM-aK FHUIBIMH THKA
KaruJaTTapblH caKTayFa, aTall aiiTKaH/a, FhUIBIMH dTUKaHbI Oy3y (akTijepine ko 0epmeyre (FhUIBIMU JIepeKTep.i
TY)KBIPBIMIIAY, 3epTTEY IEPEKTEpiH OypMmarayra oKeleTiH Oypmaliay, IUlardaT JKOHE JKaJFaH TCH aBTOPJIBIK, Kaii-
Tasay, 0acka ajamJapblH HOTIKENIEPiH HEMJICHY XKOHE T. 0.) jKayanThl 00JIa bl

MakanaHsl peakiusra xibepy aBTOpJIapAblH MaKaJlaHbl (TYITHYCKaza Hemece Oacka Tinjepre Hemece Oacka
Tingepre aynapsiiFan) 6acka >KypHaiIFra(kypHaingapra) OepMereHiH jkoHe Oyl MaTepuan OypbIH >KapuslaHOaFraHbIH
Oinpipeni. OWTIece, Makana aBTOpJapFa aBTOPJBIK KYKBIKTHI Oy3FaHbl YIIIH MakKalaHbl KaObuigamay Typajibl
YCHIHBICIICH Jepey KaWTapbUiagbpl. backa aBTop >KyMbICHIHBIH 10 MaibI3bIHAH aCTaMbIH OHBIH ABTOPJIBIFBIH JKOHE
JIEpPEKKe3re cliTeMeci3 ce30e-co3 KeImipyre Ko OepinMeiini. ANBIHFaH KOpiHICTep HeMece MalliMAeMeNnep aBTop
MeH 0acTamnKsl Ke3/1i MiHIETTI TypAe KopceTe OTHIPHIIN jkacarysl kepek. [llamanaH TIC KeIipy, COHIai-aK Ke3-Ke-
reH HbICAaHJaFbl IUIarkaT, OHBIH iIIiHIe POCIMAGIMEreH AoHeKce3aep, e3repTy Hemece Oacka aJaMaapAblH 3epTTey-
JIepiHIH HOTHXKENEpiHe KYKBIKTap MEMJICHY STHKAJbIK €MeC JKOHE Kousaiichi3. 3epTrey OapbichiHA KaHIail ga Oip
TYpZie ocep eTKeH OapiblK ajamaapiblH YJIeciH MOWbIHIAY Ka)KeT, aTall aWTKaHAa, Makajana 3epTTey XKyprisy
KEe31H/Ie MaHbI3/IbI OOJIFAH KYMBICTApFa CIITEMENep YChIHBUTYBI Kepek. Kocamkel aBTOpIIap IbiH apachiHia 3epTTey- re
KaTbICIIaFaH aJaMIapbl KepceTy 00oIManbl.

Erep xymbIcTa Kate TalObuIca, peakTOpra Te3 apaja xabapiay Kepek >KoHe Oipre Ty3eTy Typasbl MIenliM
KaObLIIay KepeK.

Koixaszbansl xapusiaynan 6ac TapTy Typaiisl IIEIIiM peleH3eHTTEP/IH YChIHBIMIapblHa COMKEC PeAaKIUsIIBIK
aJIKa OTBIPBICBHIHIA KaObUIIaHAABl. PelakuusuiblK aJKaHbIH LICIIIMIMEH JKapHsulayFa YCHIHBUIMaraH Makajla Kairta
Kapayra KaObUigaHOaiinsl. JKapusiaynan Oac TapTy Typajbl xabapiama aBTOpFa SJICKTPOHIBIK IIOIITA apKbLIbI
Kibepimeni.

Pemakupsanblk anka MakalaHbl JKapusulayFa kiOepy Typasbl memiM KaOblIgaraHHaH KeHiH penakius Oy
Typalibl aBTOpFa xabapaii/ibl )koHE )Kapusiiay Mep3iMiH KepceTei.

— 172 ——



ISSN 2957-8280, eISSN 2957-9856 MNe 3, 2025

ITHKA HAYYHBIX IyOIuKaAnMi

Penakimonnas xomterus xypHana «leorpadust u BOXHBIE PECYpChl» HPUAEPKHUBACTCSA NPUHSITHIX MEKIY-
HApOJHBIM COOOIIECTBOM NPHUHIMIIOB ITyOJIMKAIIMOHHON ATUKH, a TAK)KE yYUTBHIBACT LICHHBIA OINBIT aBTOPUTETHBIX
MEXIYHAPOIHBIX )KYPHAJIOB U U31aTEJILCTB.

Bo wu30exanne HeZOOPOCOBECTHOM IPAaKTHUKK B IyOJMKAIIMOHHOW JESITENbHOCTH (IUIaruar, H3JI0XKEeHHe
HEJIOCTOBEPHBIX CBEJCHHUW W JIp.) M B LIEJISIX OOEcrevyeHHs BBICOKOTO KauecTBa HAay4YHbBIX MyOJMKaluWii, MpU3HAHUS
0O0IIECTBEHHOCTBIO MOJIYYEHHBIX AaBTOPOM HAy4YHBIX PE3YJIBTATOB KaKAbIH WIEH PEIaKIMOHHOTO COBETa, aBTOp,
PELIEH3EHT, a TaKKe YUPEXKJCHUs, YIaCTBYIOIINE B M3aTEIECKOM Ipoliecce, 00s3aHbl COONII0AATh ITHYECKUE CTaH-
JIapThl, HOPMBI M NPaBWJIa W NPUHUMATh BCE MEPHI AJISl MPEAOTBpAlIeHUs] nx HapymeHud. CoOmrogeHne mpaBuil
STHKW Hay4YHBIX ITyOJMKanuii BCeMH yY9aCTHHKaMHM 3TOTO IMPOIEcca CIOCOOCTBYET 0OECIIeYeHHIO MPpaB aBTOPOB HA
MHTEJJIEKTYalbHYI0 COOCTBEHHOCTb, MOBBIIICHNIO KAa4ECTBA M3/1aHHUA M MCKIIOUEHHIO BO3MOXXHOCTH HETPaBOMEp-
HOT'O MCIOJIb30BAHUS aBTOPCKUX MAaTEPHAIOB B UHTEPECAX OTAENIbHBIX JIUII.

Bce HayuHBIE CTaThH, MOCTYIAIONIUE B PEAAKIHUIO, ITOMIEKAT 00S3aTEIBHOMY JBOWHOMY CJIEIOMY PELEH3H-
poBanmuio. Pemakius XKypHama (oTBeTCTBeHHBII cekperaph JKypHaia) yCTaHaBIMBaeT COOTBETCTBHE CTATHH IIPO-
¢wmo Kyphana, TpeboBaHusIM K 0pOPMIICHHIO M HANpaBIsIET €€ Ha MEPBOE PACCMOTPEHHUE, ONPECIsIeT HayqHYIO
LEHHOCTh PYKOITMCH M Ha3HAYaeT JIBYX HE3aBUCUMBIX PEIIEH3EHTOB — CIELUAINCTOB, UMEIOIIMX HanboJsee Onn3kue K
TEME CTaThbH HayYHBIE ClIElMaNu3aluy. PereH3npoBanne crareil OCyIecTBIsIeTCS YWiIeHaMH PeJaKIMOHHON KoJuie-
THH, a TaKKe MPHUIVIAIICHHBIMU PELeH3eHTaMU M3 JPyTuX cTpaH. PemeHne o BBIOOpE TOrO WJIM MHOTO PELEH3EHTa
JUISL TIPOBENICHUSI SKCIEPTU3bl CTAThbU NMPHHUMAET TJIaBHBIN penaktop. CpoK peleH3MpOBaHMSI cOCTaBiseT 2-4 He-
JIeH, HO 110 MPOChOEe PeIieH3eHTa OH MOXKET OBITh IMPOJIJICH.

Pemakiust n penieH3eHT rapaHTUPYIOT COXpaHEHNE KOH(DHACHIMAIEHOCTH HE OITyOJIMKOBAaHHBIX MaTEpPHAJIOB.
Pemrenue o myOnukanuu nmpuHUMAETCS PENaKIMOHHON Kosuterneil XKypHana mociie perieH3upoBanus. B ciydae He-
00XOIMMOCTH PYKONHMCH HANpaBIsIETCsl aBTOPaM Ha JIOPaOOTKY IO 3aMEYaHMAM PEIEH3EHTOB U PElaKTOpOB, 3aTEM
OHa MOBTOPHO peneH3upyerca. Pemakiusi ocTaBisieT 3a coOON IIPaBO OTKJIOHUTH IyONMKAIMIO CTAaTbU B CIIydae
HapyILIEeHUs MPaBui 3THUKH. OTBETCTBEHHBIH PENaKTOp HE AOJDKEH NOIYCKaTb K IyOJMKauu MH(GOPMALUIo, €CIH
HMeeTCs J0CTaTOYHO OCHOBAaHUII M0J1araTh, YTO OHA SIBJISIETCS IIATHaTOM.

ABTOpBI TApaHTHPYIOT, YTO NMPEACTABICHHBIE B PENAKIMI0 MaT€PUAIIbl SBJISIOTCS HOBBIMHU, paHee He OIyO0uu-
KOBaHHbBIMU W OpUT'MHAJIbHBIMH. Ounn HECYT OTBETCTBEHHOCTH 3a JOCTOBCPHOCTH M 3HAYUMOCTHb HAYYHBIX PE3YJIb-
TaTOB, a TAKXKE COOJIOJICHNE NPUHLIUIIOB HAyYHO! STHKH, B YACTHOCTH HeEJOIyleHNe (pakToB HapyIIeHNs] HayYHOU
5TUKU ((aOpuKalys HaydHBIX JAQHHBIX, (QajbcuUKanus, Beaylias K HCKRKEHHUIO HCCIIEOBATENLCKUX JaHHbBIX,
IUIaruar v JIOXKHOE COaBTOPCTBO, AyOIMpoBaHUE, IPHCBOCHUE YY)KUX PE3yIbTATOB H JIp.).

Hamnpasnsst craTeio B peAaKIUIO, aBTOPHI OATBEPXKIAIOT, YTO aHHAS CTAaThs HE ObLIa paHee OITyOJIMKOBaHA U
HE TepeaBaiach B APYroi xypHan(bl) Kak B OpUTHHAJE, TaK U B IIEPEBOJIC HA JPYTHE SI3BIKN WM C APYTHX S3BIKOB.
B mporuBHOM ciydae cTaThsi HEMEUICHHO BO3BpAIacTCsl aBTOpaM C PEKOMEHAAIMEH OTKJIOHUTH CTaThio 3a
HapylIeHHE aBTOPCKUX MpaB. He momyckaeTcs 10CI0BHOE IUTHPOBAaHHE pabOTHI APyroro aBropa 0e3 yka3zaHus €ro
aBTOPCTBA U CCBUIOK Ha MCTOYHUK. 3aMMCTBOBAHHBIC (PParMEHTHI MM YTBEPKICHHS AOJDKHBI OBITH O(OPMIIEHBI C
00s13aTENbHBIM YKa3aHUEM aBTOpPa M TEPBOMCTOYHMKA. Upe3MEepHBIC 3aMMCTBOBAHUS, a TAKKE IUIArHaT B JIFOOBIX
dhopmax, BKItOYass HeO(OPMIICHHBIC ITUTATHI, epedpasupoBaHue, MEPEeBO WK MPUCBOCHUE MPAB HA PE3yJIbTaThI
JYKUX HCCHeﬂOBaHHﬁ, HEOTUYHBI U HEIIPUEMIIEMBI. HeO6XOI[I/lM0 NnmpUu3HaBaTh BKJIaJl BCEX JIUI], TaK WJIM HHA4YC
IOBJIMABIIMX Ha XOA HCCJICAOBAaHUA. B YaCTHOCTH, B CTAThC JOJI)KHBI OBITh MMPCACTAaBJICHbI CCBIJIKM Ha pa60T1)1,
KOTOpbIE MMEIIM 3HAaueHHEe NpH NPOBEICHUM HccienoBaHus. Cpeau COaBTOPOB HENOIYCTHMMO yKa3bIBaTh JIMI, HE
y4acTBOBaBLIMX B MccienoBaHnu. Eciim oOHapyxeHa ommoka B paboTe mocie moiaun CTaThHi, HEOOXOIUMO CPOYHO
YBEJIOMHUTD PEAAKTOPa M BMECTE NMPHUHSATh PElIeHHe 00 UCTIPaBICHHUH.

Pemmenne 06 oTkaze B myOIMKaMy PyKOIUCH ITPUHUMACTCS PEIAaKIIMOHHON KOJUIETHEH B COOTBETCTBHH C PEKO-
MEHJAUMsIMH peneH3eHToB. CTaThs, HE PEKOMEHJOBAHHAs PEIICHHEM DPEAAKIMOHHOM KOJUIETHH K ITyONIMKanny, K
MOBTOPHOMY pPaccMOTpeHHUIo0 He mpuHuUMaercs. CoolmeHne o0 OTKaze B IyOJNHKAIlMHM HAIMpPaBISAETCS aBTOPY II0
3JIEKTPOHHOM IMOYTE.

Iocne npunsiTust penkoiuterneit XXyprana pemeHus o JOMyCKe CTaTbu K MyOJIMKALUK peJaknus HHQOPMHUPYET
00 3TOM aBTOpa M yKa3bIBAET CPOKH ITyOIUKAIIHH.
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