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STUDYING OF THE CLIMATIC FACTORS THAT INFLUENCE
ON THE GROWTH OF THE SAXAULIN
THE SOUTHERN REGION

This article considers the technology of reproduction by monitoring the phytocenotic features, bio-
morphological and eco-biological conditions of saxaul in the southern region of Kazakhstan. As an en-
vironmental issue, the state of saxaul production in the southern regions of Kazakhstan is still not up to
date. This is due to the lack of scientifically based agro technology for growing saxaul crops in the wild,
the lack of forest seed base and special seeders for sowing saxaul seeds. Therefore, it is necessary to
evaluate the existing cultivation technologies and reconsider the idea of saxaul as a plant that can grow
in any forest conditions. The research was carried out in the laboratory conditions of the Department
of Ecology and Chemistry of the Faculty of Natural Sciences. Geobotanical methods and agrotechnical
research methods were used as scientific methods: control of seed planting material of black saxaul.For
comparison with wild saxaul species, the expeditionary method, latent, virginal and generative develop-
ment methods, control methods, and phenological research methods were used. Studies have shown
that saxaul seeds can be grown in artificial and field conditions. As a result of the study, it can be pre-
dicted that the southern region has the opportunity to increase the number and scale of saxaul species.
This fact provides a favorable ecological solution to the environment, that is, the problem of desertifica-
tion and sand control. The seeds of the black saxaul were planted in laboratory conditions before the
seedlings were ready to be transplanted into the natural area.

Key words: saxaul, desertification, salt marsh, ecological degradation, geobotanical methods, seed
planting material, graysoil.
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OHTYCTIK OHIpAEri cekceyiAAiH ecyiHe
KAMMATTbIK (DaKTOpPAApAbIH, 3CepiH 3epTTey

byA Makanapa KasakcCTaHHbIH OHTYCTIK aiMarblHAQ CEKCEYIAAIH, (PUTOLEHOTUKAADBIK, epeKLLeAik-
TepiH, 6MOMOPOAOTUSIAbIK, >KBHE 3DKOAOTUSIAbIK-OMOAOTUSIABIK, >KaFAarAapbiH  6GakbiAay apKblAbl
OAapPAbIH Ke0elo TEXHOAOIMSCHI KapacTbipbiAFaH. DKOAOTMSIAbIK, NpobAema peTiHae KasakcTaHHbIH,
OHTYCTIK ©HipAEPIHAE CEKCeYIA OHAIPICIHIH >kan-Kyhi Al KyHre AeniH e3ekTi emec. bya TaburatTa
Cekceyin AAKBIAAAPBIH OCIPYAiIH FbIAbIMW HEri3AEAreH arpoTexXHMKACbIHbIH, 60AMayblHA, CeKceyia
TYKbIMAQPbIH cefyre apHaAFaH opMaH TyKbIMbl 6a3acbl MEH apHarbl cenkiTepAiH 60AMaybiHa GaiAa-
HbICTbl. COHABIKTaH KOAAQ 6ap 6Cipy TEXHOAOTMSAAAPbIH GaFaAay )KoHe Ke3-KeAreH OpMaH >KarFAabiHAA
ecyre KabiAeTTi 6CIMAIK PEeTIHAE CeKCeyiA TypaAbl MAESHbI KarTa Kapay Kaker.

3epTTeyAep 3KoAOrMs Kadpeapacbl MEH XWMMMS >KapaTbIAbICTAHY FbIAbIMAAPbLI (DAKYAbTETIHIH,
3epTXaHaAbIK, >arAamblIHAQ >KYPri3iaai. FbiabiMM BaicTep peTiHAe reobOTaHMKAAbIK, SAICTEp MeH
arpoTeXHUKaAbIK 3epTTey AICTEPI KOAAAHDBIAADI: Kapa CeKCeYiAAiH TYKbIMABIK OTbIPFbI3y MaTepPUaAbIH
Gakpiray. CekceyiraiH >kabaiibl 6CETIH TYPAEPIMEH CAAbICTbIPY YLLiH KCMEAULMSIABIK, BAIC, XKaCbIPbIH,
BUPrMHUAbAI >K8HE TeHepaTUBTI AaMy oAicTepi, GakblAay 8AiCTeEpi, 3epTTeyAiH (PEHOAOTMUSIAbIK,
BAICTEPI KOAAQHBIAABI. 3epTTeyAep CeKCeYiA TYKbIMbIH >KacaHAbl >XOHE AdAa XarAamblHAQ ecipyre
GOAATbIHABIFbIH KOpceTTi. LLlaFbiH 3epTTey HOTUXKECIHAE OHTYCTIK BHIPAE CEeKCeYiA TYPAEPiHiH CaHbl
MeH ayKbIMbIH YAFAMTY MYMKiHAIr 6ap aen 6oaxkayra 6oAaabl. ByA akT kopluaraH opTara, SFHM
LUOAENTTEHY >KOHE KYMMEH Kypecy npoOAemarapbiHa KOAAMAbl SKOAOTMSALIK LeliM Gepeai. Kapa
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CeKCeyiA TyKbIMAApbl TabuFM ayKbiMFa KOLLIpyre AambiH KOLIETTep OCipiAreHre AeniH 3epTxXaHaAbkK,
>KarAanAQ OTbIPFbI3bIAADI.

TyHiH ce3aep: Cekceyin, LLOAENTTEHY, COPTaH, TOrMbIpak, 3KOAOTMSAbIK TO3Yy, reo60TaHMKaAbIK,
BAICTep, TYKBIMABIK, OTbIPFbI3Yy MaTepraAbl, CYp TOMbIPaK..
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N3yueHne BAMSIHUS KAMMATHUYeCKUX pakTopoB
Ha npoM3pacTaHue CaKkCayAOB B HO)KHOM peroHe

B AaHHOM CTaTbe pacCMOTpPeHa TEXHOAOTMsI BOCTMPOM3BOACTBA MyTem HabAOAEHMs  3a
(PUTOLLEHOTUUECKMMIN  OCOBEHHOCTSAMM,  BUOMOPCOAOTMYECKMMIM M IKOAOTO-BHMOAOTMYECKMMM
YCAOBUSIMM CaKkcayAa B 1OXKHOM pervoHe Kasaxcrana. Kak skoaoruyeckas npobaema, cOCTosiHMe
NMPOM3BOACTBA CaKCayAa B I0XKHbIX pervoHax KasaxcraHa AO CMX MOp He akTyaAbHO. ITO CBSI3aHO C
OTCYTCTBMEM HAay4YHO O6OCHOBAHHOM arpOTEXHMKM BbIpaLLMBaHUS MOCEBOB CaKCayAd B AMKOW MPUPOAE,
OTCYTCTBMEM AECOCEMEHHOM 0asbl M CrELMaAbHbIX CEIAOK AASI MOCEBA CEMSIH cakcayAa. [loaTomy
HEOOXOAMMO OLIEHUTb CYLLECTBYIOLLME TEXHOAOTUM BO3SAEAbIBAHWS M MEPEeCMOTPETb MPEACTaBAEHME
0 CaKcayAe Kak O pacTeHuM, CrnocoGHOM npomspactatb B AlOObIX AECHbIX YCAOBUSIX. MccaepoBaHus
NMPOBOAMAMCL B AABOPATOPHbBIX YCAOBUSIX KaheApbl SKOAOTMU M XUMUKM (PaKyAbTETA eCTECTBEHHbIX
Hayk. B kauecTBe HayuHbIX METOAOB MCMOAb30BAaAMCh re06OTaHUUYECKME METOABI M arpOTEXHUYECKME
METOAbl MCCAEAOBAHWIA: KOHTPOAb CEMEHHOrO MOCAAOUYHOIO MaTepuasa UYepHOro cakcayAaa. Aas
CPaBHEHMsI C AMKOPACTYLLVMM BUAAMM CaKCayAQ UCMOAb30BAAMCH IKCMEANLIMOHHDIN METOA, AQTEHTHbIN,
BUPIUMHUABHbIA W FEHEPATMBHbIA METOAbI PA3BUTHS, METOAbI KOHTPOASI, (DEHOAOTUUECKME METOAbI
MCCAEAOBaHMS. MCCAEAOBAHMS MOKA3aAM, YTO CEMEHA CaKCayAa MOXHO BblpalLMBaTh B MCCKYCTBEHHbIX
M MOAEBbIX YCAOBMSIX. B pe3yAbTaTe HEG0ABLLLOrO MCCAEAOBAHUSI MOXKHO MPOrHO3MPOBATh, UTO, OXKHbII
PErvoH MMeeT BO3MOXHOCTb YBEAMUUTL KOAMUECTBO M MacluTab CakcayAbHbIX BUAOB. ITOT hakT Aaet
6AAronpUsSTHOE 3KOAOTMUYECKOE PEeLLEHME OKPY>KatoLen CPeAbl, TO eCTb, MPOBAEMbI OMyCTbIHMBAHMS
1 6opb6bl ¢ neckom. CemeHa 4YepHOro cakcayAa OblAM BbiCaXKeHbl B AAGOPATOPHbIX YCAOBMSX AO

NMPON3POCTaHNA paCCaA rOTOBbIX K Mnepecaske B eCTeCTBEeHHbIN apeaa.

KAroueBble caoBa: CaKCayA,

onycCtblHMBaHNe,

COAOHYaK, 3KOAOrm4yeckad Aerpasaumng,

reo60TaHMYeCcK1e METOAbI, CEMEHHOM MOCAAOUHbIN MaTepuan, CePO3eM.

Introduction

The climate of the southern region determines
the high values of the influx of solar radiation on
its territory. The main component of the radiation
balance is the total solar radiation. As we move
from north to south, there is a significant increase
in the arrival of total solar radiation. The region
receives the greatest amount of solar energy dur-
ing the period July-September. For the most part,
the maximum solar solstice occurs in the month of
the summer solstice — July. This season is charac-
terized by small gradients of radiation fluxes and
the predominance of relatively thin clouds of the
upper and middle tiers. The total radiation, falling
on the earth’s surface, is partially absorbed, and
the rest, reflected, returns to the atmosphere. The
reflection coefficient depends mainly on the nature
of the underlying surface. In winter, in the pres-
ence of snow, it reaches 70-80%, in summer it is
significantly reduced to 20-30%. The main features

of atmospheric circulation are formed under the in-
fluence of the general planetary circulation, local
radiation conditions, and the characteristics of the
underlying surface. A very significant influence on
the circulation processes of the atmosphere is ex-
erted by the structure of its surface. Mountain rang-
es in the south, southeast have a certain impact on
air currents on a global scale, being a natural bar-
rier to the passage of cold air masses to the south.
The influence of the mountains in the south and
southeast on atmospheric fronts is obvious. Thus,
fronts approaching from the north slow down their
movement or become stationary. Annual rainfall
varies from 230 to 340mm. The maximum also
falls on the warm half of the year, when 65-80% of
the annual precipitation falls. Average annual tem-
peratures are positive (1°C). In general, the climate
of the region is characterized by long hot summers,
cold winters for these latitudes, large annual and
daily temperature amplitudes, high air dryness, and
low cloudiness.
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For the warm half of the year, due to intense
heat exchange between the underlying surface and
the atmosphere, an intensive process of transfor-
mational drying and heating of the incoming air
masses is characteristic, leading to the formation of
continental local tropical air. The daily course of the
wind is typically continental: calm prevails in the
evening and at night, during the day the wind in-
tensifies, reaching a maximum in the afternoon. The
coldest month of the year is January with an aver-
age temperature of -5, -15°C. At the same time, even
in the coldest months of winter, rare warming tem-
peratures are possible, reaching 15-25°C on some
days. The share of precipitation of the cold period
is 30-54% of the annual amount. Dust storms are
usually observed during the passage of cold fronts.
The periods of greatest heat are associated with the
development of thermal depression. A characteristic
feature of the warm half-year is the high frequency
of atmospheric droughts, against the background
of moderately dry and dry wind-dry weather. The
dry nature of the weather is determined not only by
high temperatures, but also by low relative humid-
ity, combined with a small amount of precipitation.

Winter is characterized by great instability and
variability of the weather, especially in the southern
part of the zone, where there are frequent changes of
positive and negative temperatures. Summer is long,
hot and dry, the weather is stable, it is dry and dusty,
cloudless and has large daily amplitudes of air and
soil temperature.

One of the biggest problems in the world today
are the global warming, expansion of the ozone hole,
the melting of the Arctic Ocean, the attraction of Aral
water, the flight of its salt residues, and the ecology
are the main problems of the global population. At
the same time, it has a huge impact on the flora and
fauna, climate, and environment of the biosphere.
In order to preserve biodiversity, international envi-
ronmental organizations are doing many work and
preventive measures. In particular, the focus is on
the technology of increasing forest areas, develop-
ing acreage in sandy, desert and semi-desert zones.
In the desert region, efforts are being made to solve
the problem by providing measures to preserve the
biodiversity of the plant system. At the same time,
work is underway to plant saxaul, which is resistant
to hot climates, has the ability to protect against dust
storms and preserve soil fertility. Not only our coun-
try, but also all over the world, including Central
Africa, the United Arab Emirates, Mongolia, China,
India, and Central Asia work is underway to create
saxaul forests. In the desert and semi — desert region,

the main thing is vegetation and saxaul trees. It ac-
counts for more than half of the total forest fund. In
order to solve this problem in the country, on behalf
of the Department of Ecology, geology and natural
resources, it was discussed at a methodological sci-
entific conference and proposed to plant seedlings.
The efficiency of acclimatization of this plant is a
protection of the desert zone and has the ability to
hold firmly, without scattering sand (Samakova,
2004:203; Melokhova, 2007:124; Lawyer, 2005:25;
Toktasynov, 2018:115; Thevs, 2013:22).

Saxsaul is one of the important tree for the wil-
derness and desert region. The peculiarity of this
plant is that it is very suitable for the ecological res-
toration and melioration of the desert. Since ancient
times, people have used the trunks of saxaul to build
settlements. People living in remote settlements use
its ramification in everyday life, its energy value
is close to the calorific value of coal, that is, it is
characterized by thermal heat. Currently, in China
this wood is categorized as small firewood. How-
ever, due to its biological features, several problems
have been identified in its propagation and propaga-
tion: slow development rate, low level of artificial
straight lines (<10%), and planting seedlings in non-
irrigated conditions. Studies have shown that in a
dry climate, sandy and stormy areas, in addition to
nibbling by small jaguars, physiological stress (t>
80C) is caused by the burning of young shoots in
contact with the ground (Wuherer, 2012:18; Yes-
simbek, 2022:486; Sukachev, 1972:28,50; Baeshov,
2000:15).

Accordingly, this stress factor is ignored by for-
est protection organizations. Today, as a result of
research in many ecological, desert and desert re-
gions, a new floor cultivation technology is emerg-
ing. However, these technologies can be applied in
regions with relatively high water levels, desert and
desert areas, sandy hills and saline soils. As a result,
it was proved that the annual growth of the plant and
its growth in saline desert soil could be effectively
improved. These technologies have been tested in
the desert regions of Xinjiang, Mongolia, as well as
in the provinces of Shanghai and Gansu of China
(Azenov, 2009:8; Dedkov, 1978:177).

The plane tree is a shrub plant that grows
in the desert. There are many types of saxaul;
three of its types are widespread in our country:
white(Haloxylon persicum), black saxaul (Haloxy-
lonaphyllum) and zaysansaxaul (Haloxylon ammo-
dendron). White plane tree grows in desert areas, on
the sands, its height reaches 1.5-2.5 m, sometimes
there are also large species of shrubs up to 5 m. Its
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leaves are like scales, green, and the branches are
used for food. This species is mainly food for cam-
els, they feed on saxaulbushes at a height of 3 m and
receive a fodder mass of up to 12 kg. In addition,
sheep can eat dry leaves and bushes that have fallen
to the ground. Saxaul has a high nutritional value,
100 kg of dry wood contains 4 kg of easily digest-
ible protein and 52.0 food units.

Black saxaul is a large shrub plant, reaching a
height of up to 7 m, with a strongly spreading trunk
and branches. This species can form half-arid for-
ests and spread by seed, and is common in the des-
ert region of Central Asia. It grows well in sandy
and clayey areas with high filterability, especially
at a depth of 5-30 m. Occurs in areas of low energy
shrubs, barren and barren areas. It is distinguished by
high fodder productivity, increases the productivity
of the pasture-forage mass of the adjacent territory
in the form of pasture protection strips. Unlike white
camels of this species, camels eat quickly and have
a high forage mass (Rakhimova, 2022:287; Mathur,
2022:32; Liu, 2022:285; Shamsutdinov, 2021:19).

Zaysan ammodendron — grows in sandy and
saline soil and has a branched trunk. Its branches
are entwined with thin long green twigs that replace
leaves, the lower part can decrease to small sizes.
The flowers are small, inconspicuous, located on the
neck of these scales, consisting of five pistils, five
pistils and one pistil with 2-5 stigmas. The ovary
contains one ovule, which develops into a seed with
a spirally twisted fetus. Its wood is very hard, but
brittle, not suitable for handicrafts, but excellent
firewood is obtained from it. This type of sycamore
grows very slowly, and regeneration after cutting
takes a long time. There are other forms of saxaul
marriage in Afghanistan, Iran, North Africa and
Spain, but they are much less common.

The purpose of scientific work — in the course
of achieving the goal, the timing of the growth of
wormwood in the spring months was initially con-
trolled according to the general control and count-
ing method. The study of biomorphological features
of seeds in the latent, virginal, generative and en-
dogenous periods was carried out. First, the growth
process of seedlings was measured by observing
15-45 rooted trees. Tree measurements were calcu-
lated based on their development and maturity in the
phenological phase. The fodder mass of the saxaul
product was cut agro technically and harvested.

The area of forests in the country is 30 million
hectares, which 13 million hectares are considered
forest. The main vegetation of this region is sax-
aul forests. Of the species found in our country,

the white-black type occupies about 7 million. The
sandy zone includes 165 million hectares of the ter-
ritory of Kazakhstan with a total area of 287 million
hectares. In the southern region of Kazakhstan, a
large area of Almaty, Zhambyl, Turkestan, Kyzy-
lorda, Aktobe and Mangistau regions is a desert re-
gion, and the inhabitants of this region suffer from
climatic conditions. Due to the migration of sand,
the sand that has moved covers the villages (Zhao,
2021:2; Singer-Avitz, 2021:105; Li, 2021:72).

Despite restrictions and bans in place since 2004,
the threat to saxaul remains. In addition, in order not
to restore extinct species in the future, the most radi-
cal measures should be taken today. It grows mainly
in vast desert regions from the Mediterranean to
Central Asia, on sand dunes, salt marshes and rocky
deserts of the Gobi. In the world, 11 types of saxaul
have been identified intercourse. In China, only two
species, Haloxylon ammodendron and H. rersicum,
are distributed over an area of about 120,000 km?.

If we talk about special measures, then the re-
sponsibility for the sale of hemp trees should be
transferred from the administrative level to criminal
responsibility. If the desire for relic wood is taken
at 250 MCI instead of 25 MCI, and with a few hun-
dred extra hours of restoration work, cutting work
and use should decrease. The proceeds can be used
to buy seedlings and plant them in the place of the
destroyed trees. It should be noted that work is in
full swing to create a saxaul grove at the bottom of
the dried-up Aral Lake. The plan for the next ten
years is to plant about eight million seedlings in
the salt desert, and by 2030 it is planned to plant
500,000 hectares of forest. In order to turn our city
into a green city, we plan to plant and replant trees,
as well as develop and harvest them in a short time.
Because it is well known that saxaul is known as
the fortress of the sandy desert. Its tree itself grows
on average up to 12-15 meters in height. It comes
from the greek word “galaxilon”, which means “salt
tree”. This is because it protects the desert from sand
and sandstorms.

The most effective climatic zones for the devel-
opment of forests in the country are the southern
region, such regions as Zhambyl, Almaty and Ky-
zylorda. It is necessary to select a product for sow-
ing and sowing seeds, adjust the sanitary function
without viruses, termites and pests (Shamsutdinov,
2020:3).

Let us focus on the general characteristic of this
plant (Ubaydullayev, 2020:4): the roots are widely
spread and develop well. Secondary roots penetrate
deeply into the soil and spread for 10-15 meters.
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The stems and leaf branches are single-branched,
the base is flattened, and in the last years of life, it
becomes brittle. The size of the stem is small and
heavy, in this case it will sink in water. The flowers
are two-lobed, small, and scaly. The leaves are di-
vided into male and female. The male has six petals,
the female has five petals. It grows and matures in
the second and third months of spring and continues
to bloom until mid-autumn (Burnside, 2020:1178).

The most effective climatic zones for forest de-
velopment in the country are the southern region,
such areas as Zhambyl, Almaty and Kyzylorda. It is
necessary to select a product for sowing and sowing
seeds, adjust the sanitary function without viruses,
termites and pests (Batsaikhan, 2020:13).

According to the Decree of the Government of
Kazakhstan dated April 29, 1999 “On the protection
of saxaul forests”, a great contribution was made to
the development of saxaul forests. This decree pro-
hibits poaching and the private use of wormwood;
this document ordered large-scale work in the south-
ern and southeastern regions (Purayil, 2020:5).

The life span of saxaul forests may end much
earlier than expected, and then the semi-deserts,
which occupy 36 percent of the entire territory of
the Republic of Kazakhstan, risk turning 64 percent
of the region into lifeless sands and salt marshes.

The saxaul species H. Persicum is widely distrib-
uted mainly in the provinces of Northern Xinjiang,
Inner Mongolia, Gansu and Shanghai. The distribu-
tion area in Xinjiang is 73.1% of the entire country
and about 14.1% in Inner Mongolia. The distribu-
tion area in the provinces of Qinghai and Gansu is
relatively small, with about 7.9% and 4.9% of the
species distributed. Because the tree is resistant to
drought, heat, soil salinity and wind resistance, this
tree has a special place in Chinese desert forestry.
Plane tree planting contributes to the conservation
of biodiversity in the desert plains, provides suit-
able habitat for about 200 species of desert animals,
plays an important role in sand movement and sand
consolidation, slows down desertification, maintains
regional ecological balance, and plays an important
role. Indispensable role in the development of the
national economy and its environmental safety.

For sustainable and rational use of forests, it
is necessary to know the biological, physical and
geographical features of forest communities. When
classifying forests, all regularities and patterns of
forest development, biological features of the for-
est area, climatic and soil conditions, etc. should be
taken into account. According to V.N. Sukachev
(Bao, 2020:3) for a more complete account of the

characteristics of the forest, it is necessary to use the
methods of forest inventory and forest typology, and
at a different level of forestry development, a certain
is needed approach to typology.

Unites all classifications of saxaul forests and
distinguishes three main categories: 1) ecotopic,
where the focus is on environmental factors (ecoto-
pe), which in turn are divided into microclimatic and
soil; 2) biocenoses, phytocenoses and zoocenoses;
3) an ecosystem that combines the foundations of
the two previous classifications. Therefore, phytoce-
nosis is a representative of all ecosystem properties
of the forest.

The geobotanical concept of phytocenosis and
the geobotanical approach to the classification of
forests take into account such factors as a complete
account of the species composition of the commu-
nity involved in the exchange of matter and energy,
which is an indicator of environmental conditions;
establish a sinusoidal community structure; taking
into account environmental factors, mechanisms of
interaction of phytocenosis components. The plant
association, which is the main taxonomic unit in
phytocenology, is a floristic, ecological and phyto-
cenological concept. The species Desertiarborosa
saxaul belongs to the eucerophilic desert plants.

In the desert regions of southern Kazakhstan,
about 40,000 hectares of black oak forests are grown
annually. The main way to create forest plantations
is to sow seeds. This method has a number of ad-
vantages, but also has many disadvantages. The
productivity of the fields is not constant; the level
of their localization depends on the weather and
climatic conditions of each year. The level of land
reclamation is often very low, resulting in the de-
struction of thousands of hectares of fields every
year. White saxaul grows in the northern part of the
desert, on hilly and ridged sands. In the Bakanas,
plain, white saxaul grows on the tops of hills and
ridges. The white saxaul formation consists of 10
communities that differ in their growth characteris-
tics (Elmefregy, 2020:2782). The tops of the hills
and ridges are characterized by shrub communities,
and on the slopes of the hills, in depressions between
coals and between ridges, herbaceous communities
grow. Communities recommend the use of grass
as a pasture in spring and autumn/winter. A mixed
formation of saxaul grows in low sandy depressions
and ridges of the Bakanas Triangle. On low sandy
ridges (no more than 2-2.5 m), mixed alder forests
are mainly common. The ridges consist of pulver-
ized fine-grained gray mica sands, and sagebrush
grows in dense silty sands underlain by clay soils.
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The formation is characterized by a low degree of
flight closure — 0.2-0.3 m, height — 1-2 m, as well as
low productivity.

According to known information, the most com-
mon formation on the territory of Ile-Balkhash is
black saxaul in the low-wave plain; in fact, black
saxaul dominates in most of the entire massif. It is
on this territory that forests cross the desert from
southwest to northeast in the central part and reach
the Karatal River. With the formation of groundwa-
ter, black saxaul spreads from 5 to 10 m in the lower
parts of the area. The most common associations
of this formation are black saxaul and keirey black
saxaul type. Each of these communities accounts for
30% of the total area and there is a high level of
preservation of the top of 0.5-0.7 cm. The height of
the trees is up to 7 m, the circle of the level of return
is up to 1 m, the upper part of the plant is up to 0.5-
0.8 cm On clay soils grows rare and rarely growing,
and on sandy soils black saxaul dominates. There-
fore, the smallest in terms of productivity and area
is occupied by lichen black saxaul, and these belong
to this dying saxaul (Lindqvist, 1958:14).

The purpose of this scientific work aimed at
solving such relevant issues is to identify and in-
crease the types of fertile grass in the desert and des-
erts in the southern region in order to determine the
biological and environmental nature of the Saxsaul
family, biodegradable and environmental, personal
significance, in pastures in the southern region. The
goal was to control the phytocynotic significance of
the saxaul using phytocenological significance, the
use of phytomelization and the natural state of this
environment, the need for the environment.

Materials and methods

Selection research methods were used as the
main research methods. Works on the selection
inventory of saxaul forests, on the transfer of forest
seed production to a breeding basis. B. Lindqvist
in Sweden introduced the concepts of “plus”,
“normal” and “minus” planting; “plus”, “normal”
and “minus” tree and developed a methodology for
their allocation [27]. These definitions are accepted
in the international practice of forest breeding. The
research was carried out in the laboratory conditions
of the Department of Ecology and Chemistry of the
Faculty of Natural Sciences. Geobotanical methods
and agrotechnical research methods were used as
scientific methods: control of seed planting material
of black saxaul. Geobotanical methods were used
as a scientific method: monitoring of phytocene

tics in the culture of saxaul types and phytocene
(determination of natural conditions of saxaul), the
phytoeneticques in the culture of saxaul inaccordance
with the climatic conditions in the southern region.
Methods of agro-technical research: to determine the
stages of growth and sowing of saxaul seeds, sowing
and processing of seeds. Biomorphological types of
saxaul family were considered a method of latent,
virginally and generative development. Research
methods were used through optimal processing and
depth of optimal processing and control of sowing
in the development of saxaul development, plant
measurement, and perfection in the phenological
phase time.

Black saxaul forests for thirsty regions of
Kazakhstan are a regional plant. We also consider
desertested forest formations as a pasture eco-
system, as saxaul is more productive than other
desert plants, only 85 tons/hectares in wooden
reserves, as well as 2.5-7.5 kilometers/ hectares.
In our understanding, the size of the ecosystem
complies with a geobotanic understanding of the
size of the plants as a taxonomic unit.

Saxaul forests of the South Balkhash region
were studied using the two landfills and landscape-
environmental profiles in the area of the Sary-
Ishik-Atyrau region. This is a black landscape
plant that makes saxaul trees for the desert, but
not exceeding 0.4-0.5, it is often light forests
with a clear long linear structure. Dominant black
saxaul — Haloxylon Aphyllum height of 2 — 5 m,
but large dimensions can reach 50-60 cm of 8§ — 10
m and the thickness of the trunk. Saxaul performs
asymilian and photosynthesis. Black saxaul in the
classification of the form of life form of the Rounder
— a phanerophyte; Serbryakova in the classification
of bio morphs — Vertical geooxil, Bushkov B.A. —
semi-shrub was divided into haloxerophilic. The
black saxaul bond is a geliophite and reflected in
lower-step plants and herpetobic animals, regardless
of the transparency of the crown. The crown of
saxaul generative tendents absorbs and reflects up to
30-50% of solar radiation flows, so the temperature
of the open space is different, but also preserves the
temperature of saxaul atmospheric moisture and
accordingly. The number of parcels is not the same.
Another difference in black saxaul is that seasonal
branches are observed in the soil horizons, which
leads to the appearance of the surface solidarity of
the soil horizons, due to the large number of ashes
of the plant. All of these features, we see the role
of an environmentally friendly cenosis, such as
other Saxsaul resorts. A number of associations,
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their floristic, represents black saxaul formation
and ecobiomorphcomposition also studied, with a
volume of 0.25-0.5 hectares (fig.1).

Saxaul trees give seeds as they dry, which will
allow the drought to plant more in Saudi Arabia.
For centuries, millions of these trees have provided
people with fuel and have been a mound of mounds,
food and recreation in the heat of the Arabian
fathers” Bedouin’s desert. Saxaul roots are caught
sandy and keep sandy storms.

Results and discussion

As a result of scientific research, the variety
of the soil layer of the soil layer of the arid area,
chemical and biomechanical composition of the
diversity (tab.l).Interestingly, in different parts
of the plant, different amounts of heavy metals
can accumulate, which can be an environmental
indicator of the environment.In this regard, this
report identifies practical data on physiologically
active substances in different parts of some wild
plants collected in environmentally safe areas and
in environmentally unfavorable areas and a number
of metals. The territories of 90-100 km from the city

90-100 km were considered environmentally safe,
and areas located within the city (20-30 km from the
city) were considered unsafe (fig.2). The objects of
study were chamomile and its various parts, comfrey
root, gorse root, common yarrow.

In Table 1, it is observed that the increase
in extractive substances increases increased by
increased by increased by increased by the increase
in extracts when switching to solvents and the
maximum amount of extractive substances is
obtained with water. Separate experiments showed
that the explored vegetable raw materials could
separate annins, sugar, inulin, C and B vitamins,
water-soluble dyes, amino acids. It is noted that the
amount of extractive substances in plants growing
with diethyl esters, ethylacetat, isopropanol and
water extractive substances in the areas where there
is growing in adverse areas of the region. However,
it should be noted that these differences are small,
but they are exceeding the systematic error and not
more than 5-6% of the determined value.Thus, the
most environmentally friendly conditions for the
growth of the above plants lead to an increase in the
amount of physiologically active substances that are
used in all solvents we use.
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Table 1 — Granulometric and micro-aggregate composition of gray soil

Fraction size, mm; their size, relative to dry soil %

Templates Horizons, cm
? 3-1 1-0,25 0,25-0,05 | 0,05-0,01 |0,01-0,001 ?

0-5 1,5 2,1 0,9 20,1 32,0 6,4 13,6

T-1 5-20 2,0 6,3 1,0 23,8 30,0 5,7 12,0
20-30 2,3 4,8 2,1 29,6 35,2 6,1 12,4

30-40 2,8 2,1 1,8 37,2 34,1 7,6 11,2

40-50 33 3,7 1,3 28,9 29,8 6,6 10,8

0-5 5,0 32 5,0 33,4 28,1 10,6 14,3

T_» 5-20 5,6 2,6 2,9 40,6 26,9 9,1 17,2
20-30 1,8 1,7 33 30,0 21,4 7,8 17,4

30-40 1,7 1,0 1,7 22,5 21,2 7,5 17,5

40-50 2,0 2,0 1,2 18,7 20,5 4.4 20,2

0-5 5,7 7,2 0,4 25,4 24,0 8,5 16,3

5-20 8,5 6,6 0,3 22,2 23,6 8,2 20,3

T_3 20-30 7,6 5,1 0,3 15,6 20,7 7,3 52
30-40 6,4 4,7 0,2 17,8 15,4 5,4 4,9

40-50 4,2 4,0 0,2 25,8 12,1 33 3,8

Figure 2 — Saxaul of the southern region
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Analyzing table 2, the associations of black
saxaul forests can be grouped according to the
prevailing existence of sub-life forms: shrub — glued

Table 2 — The associations of black saxaul forests

and molded black saxaul forests; semi-bushy —
white soil wormwood and billing black saxaul; grass
— ephemeral and juicy saline black saxaul.

Ne A group according to the prevailing existence of life forms

1 shrub — glued black saxaul In winter, the saxaul traps snow and this helps to feed groundwater, especially
forests in the case of low-snow winters. This tree gives life to other grasses and shrubs,

2 molded providing shade and soil moisture.

3 white semi-bushy | they play a soil-protective, sand-protecting role and are used only for spring and

4 black saxaul forests autumn pastures

5 ephemeral Camels, sheep, and goats feed on young and very nutritious shoots. The saxaul is a
grass p g young ry

6 | saline black saxaul water scout, as it always appears where groundwater is close to the surface.

The variety and relatively large number of
cenopophulations included in the associated
associations are determined by the development of
mills of ephemeras, a short development cycle in
spring. Ephemeras and ephemerids in high rating
and ephemerids form sinuses under saxaul cover
(salt plots). In case of overhead salts, salts are rinsed
from upper horizons and the location of ephemeras
in the ephemeral-black saxaul association remains
normal. The saxaul crown dominates the most
productive in terms of wood resources and industry
— saline-saxaul association, one-year salary, in
unresolved land, and ephemeras. The semi-bushy
forests can be considered the rarest and the rarity
characterized by a relief and low projection cover
in semi-shrub and low projection covers, but their
frequency is very high in their consideration. The
forms of life, ecobiomorphs cover all the range from
different and monocarps to the bushes. Not much
stable species are used for the relevant associations;
they are not used for classification and enrichment
of environmental conditions in the landscape.

Conclusion
It was determined that the semen of the saxaul

growing in many regions of the country can cultivate.
Knowing the state of the seeds of Uzbekistan and

Kazakhstan, it is appropriate to organize basic
arrangements equipped with specialized equipment
and specialists with experience in the cultivation of
landscaping materials. These seeds can be created
based on self-sufficiency. Knowing the main fetus,
knowing the need for annual seedlings, and in the
spring it provides standard planting material. This
will be much easier and more effective than the
creation of small nurseries of each farm and without
professional education.

Seeds should be collected from high-yielding
plantations that grow from plus trees or soil and
climatic conditions in areas related to areas of forest
melioration.

Forestry activities provide for forest vaccinations
in the first two sites, forming a dense edges and radial
routes on the side of pollution for ventilation for well
ventilation. Planted: karagash, poplar, willow, ash,
maple, hood, currants, hoses, saxaul, intermediate,
etc. Plant schemes are recommended for forest
inventory for certain cultivation conditions.

Saxaul localization of desert and desert areas
affects the environmental condition of the region and
increases biodiversity of living organisms. Great to
use nutrient grass in the Southern region in desert
and deserts, gives it a positive impact on the climate,
soil conditions, environmental development, allows
you to protect against sandy and stormy.
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HISTORICAL-GEOGRAPHICAL ASPECTS OF SUSTAINABLE
DEVELOPMENT OF SMALL TOWNS
(on the example of small towns in Zhambyl region)

The problems of sustainable development of small towns were analyzed from the perspective of
historical-geographical factors in this article. During the analysis, we were convinced that monopro-
file towns, which are part of the group of small towns, have become the “center” of problems in the
world and the country. Theoretical and conceptual analysis of the concepts, names, opinions and
conclusions of scientists developed in relation to these cities associated with global industrialization
was carried out. The main mechanisms of rehabilitation and support of labor resources in monoprofile
towns in a crisis situation were determined on the basis of the experience of the USA, Canada, Aus-
tralia, Japan, Germany and other countries. And in the conditions of our country, we considered on
the example of small towns in Zhambyl region. According to it, the historical aspects of specialization
of small towns were given importance, classification of common issues limiting sustainable develop-
ment was compiled. Demographic problems in towns were analyzed, and the place at the strategic
stage of the development of innovative city was determined on the basis of historical data and theo-
retical conclusions. According to the concept of sustainable development, the main areas of urban
environment development were selected, and their social, economic and environmental effects were
emphasized. In general, the results of the study in the article will complement research in the field of
urban geography.

Key words: the problem of small and monotowns, town-building enterprises, social modernization,
economic diversification, sustainable development.
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LLIaFbIH KaAaAapAbIH, TYPAKTbhl AAMYbIHbIH, TApUXU-TeorpaddUsIAbIK, acrekTiAepi
(OKamObIA 00ABICBIHBIH, LLAFbIH KAAAAAPbl MbICAAbIHAQ)

ByA MakaAaAa WaFbIiH KAaAAAApPAbIH TYPAKTbl AAMYy MOCEAEAEpi TapuXM-reorpadmsiAbIK, (hakTopAap
TYPFbICbIHAH TaAA@HAbl. Taapay 6apbiCbiHAQ, LWaFblH KaAaAap TOObIHA >KaTaTblH MOHOOEMiHA]
KAAaAap, DAEMAE XXBHe eAIMi3Ae MaCeAenep «OpPTaAblIFblHA» alHaAFaHbIHA KO3 XKETKi3AIK. OAeMAIK
MHAYCTPUSIAQHABIPYMEH BaiAaHbICTbl OYA KaAaAapFa KaTbICTbl KAAbINTACKAH TYCiHIKTepre, aTayAapra,
FaAbIMAQPABIH, MIKIPAEPI MeH TY>XKbIPbIMAAPbIHA TEOPUSAbIK-TY)XKbIPbIMAAMAABIK, TaAAQY >KaCaAAbl.
AKLLI, KaHaaa, Ayctpaaus, XXanoHus, [epmaHust xxaHe T.6. eAAepAiH Taxipmubeci HeriziHAe, AaFAapbIC
>KarAarblIHAAFbl MOHOOEMIHAI KaranapAa eHbek pecypcTapbiH OHAATYAbIH XKOHE KOAAAYAbIH Herisri
TeTIKTepi aHbIKTaAAbl. AA, EAIMI3 >KaFAarbiHAQ JKaMObIA OOABICBIHBIH, LWaFblH KaAaAapbl MbICAAbIHAA
KapacTbipAblk. OA 6GOMblHWA, WaFblH KAaAaAapAbIH MaMaHAAHYbIHbIH TapuXM acrekTiAepiHe MeH
6epiAin, TypakTbl AaMybliH LIEKTEATIH OPTaK, MOCEAEAEPAIH KAACCUMPUKAUMSCHI >KAaCaAAbl. Tapuxu
AEPEKTED MEH TEOPUSAbIK, TYXbIPbIMAAP HETi3iHAE, KaAaAapAaFbl AeMOrpadmsIAbIK, MaCeAeAep
TaAA@HbIMN, MHHOBALUMSAbBIK, KaAa AaMYbIHbIH CTPATErUsIAbIK, KE3eHIHAEr OpHbl aHbIKTaAAbl. TypakThbl
AaMy TY>KbIpbIMAAMAaChl GOMbIHLLA, KAAAAbIK, OPTaHbl AAMbITYAbBIH, HEri3ri CaAaAapbl TAHAAAbIM, OAAPAbIH
BAEYMETTIK, DKOHOMMKAAbIK, XKBHE SKOAOIMSIABIK CcepAepite MaH 6epirAi. )KaAnbl, MakaraAarbl 3epTTey
HOTUXKEAEPi KaAaAap reorpacusicbl 6arbiTbIHAFbI 38PTTEYAEPAI TOABIKTbIPATbIH GOAAAbI.

TyiiH ce3Aep: WarblH >kKoHE MOHOKAAAAAP MBCEAEC, KaAa Kypaylibl K&CiMopbIHAAP, dAEYMETTIK
>KaHFbIPTY, SKOHOMMKaHbI 8pTapanTaHAbIPy, TYPaKTbl AaMmy.

14 © 2023 Al-Farabi Kazakh National University
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Uctopuko-reorpachmueckme acnekrbl yCTOMUYMBOrO Pa3BUTHUSI MOHOTOPOAOB
(Ha npumepe MOHOTOpoA0B XKaMObIACKOH 06AACTH)

B AaHHOW cTaTbe ObIAM MPOAHAAM3MPOBAHbI MPOBGAEMbI YCTOMUYMBOrO Pa3BUTHS MaAbIX FOPOAOB
C TOYKM 3peHusi UCTOpuKO-reorpacmyeckmx (akTopoB. B xoae aHaamM3za Mbl YOEAMAMCb, 4TO
MOHOMPOMUAbHbIE FOPOAQ, OTHOCILIMECS K FPYMIE MAAbIX FOPOAOB, CTAAM «LIEHTPOM» MPOBAEM B MUpe
u cTpaHe. [MpoBeAeH TeOPETUKO-KOHLIENTYaAbHbIM aHAAM3 CAOXKMBLUMXCS MPEACTABAEHWI, Ha3BaHWIA,
MHEHMI 1 BbIBOAOB YUEHbIX OTHOCUTEABHO 3TUX FOPOAOB, CBSI3aHHbIX C MUPOBOW MHAYCTPUAAM3aLMEN.
Ha ocHose onbita ctpan: CLLA, KaHaabl, ABCTpaAnu, SAnoHun, FepmaHnm n Ap. GbIAM ONPEeAEAEHbI
OCHOBHbIE MeXaHU3Mbl peabuAMTalMU U MOAAEPXKKM TPYAOBbIX PECYpCOB B MOHOMPOUAbHbIX
ropoAax B YCAOBMSIX KpM3Mca. A B YCAOBMSX Hallei CTpaHbl Mbl PaCCMaTPMBaAM Ha MpPUMEpe MaAbiX
ropoaoB XXambbiackonm obaactu. Mo Hemy 6biaa paspaboTaHa KAaccuukaums o6WmMx npobaem,
OrpaHMuMBalOLLIMX YCTOMUYMBOE pasBMUTME, C YMOPOM Ha MCTOpPUYECKMe acrekTbl CreumaAmsaumnm
MaAbIX ropoAoOB. Ha OCHOBe MCTOPUYECKMX AAHHBIX M TEOPETUUYECKMX BbIBOAOB MPOAHAAM3MPOBaHbI
Aemorpaduryeckre npobAemMbl FOPOAOB U ONPEAEAEHO MECTO MHHOBALIMOHHOIO FOPOACKOIO Pa3BUTUS
Ha cTpaTernuyeckom atane. COraacHO KOHUENuuM yCTOMYMBOrO pa3Butusi, GbiAM BbiGpaHbl OCHOBHbIE
006AACTN PA3BUTHS TOPOACKOW CPEAbI, YAEASIS 0CO60E BHUMAHME MX COLMAABHOMY, 3KOHOMMUYECKOMY
M 3KOAOTMYECKOMY BAMSIHMIO. B LEAOM pe3yAbTaTbl MCCAEAOBaHWS B CTaTbe OYAyT AOMOAHSITH

NCCAEAOBaAHUA MO reorpa(bmm ropoAOB.
KAroueBble cAoBa:

ﬂpO6/\eMbl MaAbIX 1M  MOHOIopoAOB,

rpasoo6pasyiolme npeAnpusaTus,

COuMaAbHas MOAEPHM3aLnA, AVIBepCl/ICbl/IKaLI,MSI 3KOHOMUKMH, YCTOﬁHMBOE pa3BuUTHE.

Introduction

The problem of small towns development is
distinguished by its relevance in the history of the
geography of cities. This is especially related to
monotowns, which the economy is based on the
dominant development of one industry, belonging
to the group of small towns. In these cities, people’s
livelihood, social-economic development depended
on the activities of the city-building enterprise (Nur-
lanova, 2012: 156), (Kaimuldinova, 2015: 456).

Such small towns are called “monotowns”
(The program for the development of monotowns
for 2012-2020. URL: http://adilet.zan.kz/kaz/docs/
P1200000683) in the country and in the vast majority
of CIS countries, they are widely recognized as “one
industry town” or “single-industry town” (Elizabeth,
2021) in the world experience. And accumulated
problems in small towns of the countries was the
basis for forming the names “boomtowns” (Carson,
2013: 31), “resource towns” (Stelter, 2000),
“company towns " (Julie, 2006) in the USA, Canada,
Australia, Germany and other countries. That is,
although the names are different, the formation of
these cities corresponds to the industrial period,
and the city’s activity (specialization) was closely
connected with the development of resources.

The difference  between these towns
(monotowns) in comparison with other towns with
other multifunctional economy depends more on

changes in the external environment, changes in
government goals, the state of economic sectors,
conjuncture in the foreign market, the volatility of
demand for goods, monitoring of payment terms,
etc. For example, a long period of economic decline
served as the basis for some monospecialized towns
to become “abandoned” or “ghost” town. Such
small settlements can be found in all countries of
the world. In international practice, these towns are
known as “ghost towns” (https://en.wikipedia.org/
wiki/List of ghost towns by country). In history,
such a state of cities, in addition to an economic
recession, was influenced by natural and man-made
disasters, genocide and political factors.

Development issues of small towns take an
important place in world practice, research of
scientists and scientific-research organizations. The
regularities of the geography of the city are explained
from a special point of view in the scientific works
of the well-known American scientist Edward
Glazer. In his monograph, which quickly spread to
many countries of the world, he described cities as
an environment that makes humanity happy (Glazer,
2015: 394).

Glazer discovered the phenomenon of the
“resource curse” in relation to small towns
with heterogeneous economy. According to
the explanation of the scientist, the successful
development of only one industry hinders the
diversification of industry, which can be called the
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“curse of resources”. Such “cursed” cities include
Detroit, which was called the “automobile capital of
the United States” at the time and Pittsburgh, a coal
city (Glazer, 2009). In the USA, the problem of small
towns (company towns) has existed for 130 years.
The problem of small towns based on the activities
of monopolistic companies became acute in the 70s
of the previous century. Areas that experienced a
sudden decline in industrial production were named
the “Rust Belt” in the United States. Measures were
taken from economic restructuring to reduction of
cities during the reconstruction of small towns in
this country (Shlomo, 2010).

The problems of small towns have become
known in the Canadian experience as ‘“resource
cities” or “new cities”. These settlements differed
from other cities in that they were small and isolated.
Dependence on the same branch of industry often
leads to instability in the development of the city’s
economy, and this instability persists. For example,
the Great Depression that began in the United States
in 1929 affected small Canadian towns for 10 years.
This economic “chronic disease”, which lasted until
1939 caused a 40% drop in GDP (Kenneth, 1991:
634). Canadian scientists have been conducting
research in this field since the 1970s. The new
community, economic diversification, development
of the service industry and cluster development
policies are considered effective in the development
of small cities. Even in this country, program for
the development of villages and small towns has
been accepted (David, 2005: 88). The structure of
the economic development of small communities
in Canada and the theoretical views of scientists are
systematized in this program.

The experience of Germany in the reconstruction
of mono-industrial towns is of considerable interest
in history. It should be noted that Germany has
organizational efforts in the development and
analysis of comprehensive programs for the
modernization of monoprofile towns, and also deals
with large consulting firms with a reputation in
government bodies and financial centers.

One such major entity is Albert Speer & Partner
GmbH. One of these projects is an analysis of the
development processes of resource-industrial cities
in the Ruhr valley of the famous coal region of
Germany, aimed at “green” development (Biilow,
2013: 19). The company’s projects were carried out
together with German scientists geographers and
mainly focused on the works of landscape planning
(Bystrova, 2014: 9).

As a comprehensive solution to the problem

of mono towns in the UK in order to ensure new
homes, increase labor mobility of the population,
attention is paid to the formation and activation of
transport infrastructure connecting jobs in cities
and surrounding areas, the gradual long-term
modernization of city-forming enterprises, the
stimulation of the creators of new types of economic
services, etc.

As a comprehensive solution to the problem of
mono towns in Great Britain in order to ensure new
houses, increase labor mobility of the population,
attention is paid to the formation and activation of
transport infrastructure connecting with workplaces
in cities and surrounding areas, the gradual long-
term modernization of city-building enterprises,
encouraging creators of new types of economic
services, etc. (Lyubovny, 2009: 100).

Japan is characterized by a high level of
social responsibility and cooperation between city-
building enterprises and municipal authorities. The
solution to the problem of mono towns in the crisis
situation in Australia is based on the diversification
of the city’s economy and the deployment of labor
in other territories.

In the Czech Republic, in solving the problem of
diversification, priority is given to the effective use
of the tourist potential and the competitive renewal
of the city-building enterprise. In Poland, the policy
of developing small towns is aimed at increasing
public literacy and developing human capital. In
this regard, projects on development of transport
infrastructure, alternative sources of energy,
development of information society, improvement
of environment and education were implemented.
In general, most countries of the European Union
solved the problem of monoprofile small towns in
crisis situations by restructuring “old” enterprises
and forming a new development model (Beysenova,
2016: 10).

The objectives of sustainable development
of cities are defined within the framework of the
Sustainable Development Goal 11 called “Make
cities and human settlements inclusive, safe, resilient
and sustainable”.

Researches on sustainable development of cities
have been been conducted in various directions in
recent years. Issues of socio-spatial inequality in
cities, social inequality in ensuring urban stability
(Cody, 2018: 26), (Sara, 2019: 793), management
of sustainable development of cities, analysis of the
main development problems (Serge, 2017: 107),
(Stina, 2019: 217), (Ramin, 2009: 5), adaptation
of sustainable development goals to individual city
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conditions (Sandra, 2019: 4), issues of urbanization
in environmentally vulnerable areas (Stephen, 2022:
460), study of the practice of deindustrialization of
cities (Seth, 2020: 283) are important within the
framework of our research topic. In this regard,
analyzing the foreign experiences of sustainable
development of small cities, in the condition of the
regions of the country, starting from the history of
the formation of cities, consideration of the current
situation is the basis for assessing the possibilities
of their post-industrial sustainable development.
Because the development of the city is the basis for
the development of the country. We will consider
this on the example of small towns of the Zhambyl
region.

Materials and methods

The initial research materials are based on
theoretical and conceptual works of foreign and
domestic scientists and research organisations
dealing with the problem of sustainable development
of small towns. The analysis of established ideas
and concepts, strategic documents and programmes
concerning small towns with a unified economy was
carried out. When analysing the data related to the
history, population of small towns in the Zhambyl
region, historical data, statistical data since 1970
were used. The official information provided by the
A.G. Vishnevsky Institute of Demography (IDEM),
National Statistical Office of the Agency for
Strategic Planning and Reforms of the Republic of
Kazakhstan and the Department of Statistics of the
Zhambyl Oblast were summarised and systematised.
When analysing the prospects for sustainable
innovative development of cities, we were guided
by the conclusions of experts, the classification of
famous urban scientists. In addition, on the basis
of the common methods of geography, a review of
theoretical works, a comparative analysis of foreign
and domestic experience, processing of spatial
data of the studied settlements, classification of
information on settlements, assessment of dynamic
changes, system analysis of results were carried out.

Results and discussion

Cities are an important part of the entire
territorial system of the society, the basis of the
country and national economy. At present, cities
around the world are being characterized as
drivers of sustainable economic growth. Science

and education, financial exchanges, innovative
achievements, competitive human resources are
concentrated in cities (Aliaskarov, 2017: 243).
However, it is known that there are periods when
the “playground” for cities changes radically. This
is especially typical for cities with a single-industry
(mono-profile) economy, which are part of the group
of small towns.

The country’s inclination to the market economy
at the end of the 20th century, the influence of the
global financial and economic crisis that began in the
2008’s, served as the basis for widespread recognition
of the concept of “monotown” which belongs to the
category of small towns in Kazakhstan. Fluctuations
in the cost of oil on the world market, decrease in
demand for non-ferrous metals — put on the agenda
a “new” issue for Kazakhstan, which the economy
depends on the export of mineral resources. This
is the problem of the development of small and
monotowns. The economy of these cities, built on
the basis of production and processing of natural
resources in our country, went into sharp decline
due to various factors (decrease in demand for
natural resources, financial and economic, etc.). As
a result, the vast majority of about 60 small towns in
the country have become depressed regions. Among
them there are towns of Zhambyl region (Zhanatas
and Karatau — mono cities; Shu — a small city).
Due to political and economic factors, common
problems characteristic of cities have accumulated.
This hindered the sustainable development of towns
(Table 1).

The most actual common problem of small towns
of Zhambyl region is related to the demographic
situation. Well-known urban scientist G.P. Lappo
mentions 3 factors that improve the demographic
situation of the city’s population: a) natural
population growth; b) mechanical growth (due to
migration); c¢) joining suburban rural settlements
to the territory of the city (Lappo, 1997: 479). But
judging by the dynamics of the population, start-
ing from the period of the historical formation of
cities until now, we do not observe natural growth.
For Zhanatas and Karatau, we see a positive indica-
tor of natural growth before 1989, and the period
of the “great decline” from 1989 to 2009, when the
population decreased by almost 2 times. In recent
decades, we have seen the stabilization of the situ-
ation according to the strategic decisions accepted
by the state (The program for the development of
monotowns for 2012-2020. URL: http://adilet.zan.
kz/kaz/docs/P1200000683) (Figure 1).
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Table 1 — Classification of common problems limiting sustainable development of small towns in Zhamby] region

The name of Tlme of Field of .
establishment S Common problems specific to towns
the town specialization
of the town
Mining Social issues:
Zhanatas town | 25 June, 1969 industry apd - population rr}lgraﬂon from small towns to large settlements; nggatlve bala'nce
manufacturing | of demographic growth; unemployment of the economically active population;
industry low quality of human resources; level of deterioration of social infrastructures,
Karatau town 1963 ete. L
Economic issues:

Shu town 1960 - low level of economic diversification; low infrastructure provision (roads,
communication networks, energy supply, heat supply, etc.); technological
backwardness of city-building enterprises, etc.

Ecological problems:
- anthropogenic erosion of terrain of the earth, degradation of landscapes;
non-timely cleaning of household waste; the size of waste storage facilities of
manufacturing enterprises; the emission of pollutants by many small boilers
working on solid fuel; non-compliance of residual dumps with environmental
standards, etc.
60 000
50 000
40 000
T 5
30 000 E:E &:E
20 000 o =
s 5
10 000 g: :‘g::
1999 2009 2019
Zhanatas| 11 480 30 097 25927 20 731 22534
Karatau | 38 442 32 608 28 281 26 639 30304
Shu 37 926 36 811 34 999 36 531 36 941

5 Zhanatas FKaratau =&Shu

Figure 1 — Change in the population of small towns in Zhamby]l region (1970-2022)
(Demoscope Weekly 1970, 1979, 1989, 1999), (Smailova, 2011: 94),
(Statistical collection Taraz. URL: https://www.stat.gov.kz/)

This reveals that the specialization of the town
of Shu was more “resistant” to external factors
(reduced demand for raw materials, political-
economic) than the previous two and specialized in
modern innovative direction. In general, population
can influence technological innovations in cities and
improve the economic development of cities (Alonso,
2018: 5), (Castells, 2014: 345), (Bettencourt, 2011:
52), (Zheng, 2020: 465). However, excessive
population growth can lead to environmental
pollution, excessive consumption of resources,
traffic congestion (Fan, 2019: 150), (Salomons,
2012: 7), (Wen, Y. 2020), etc. aggravation of social
situation.
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World-class urban scientists, while discussing
the future of the city, attach high importance to
innovation. Even the concept of “innovative city”
has been formed in the geography of cities. Peter
Hall introduced this concept: “this is a city of a new
social form, socially and economically changed due
to innovations, resulting from the integration of
many innovations. The development of these cities
depends on the role of science and technology,
including the dominance of independent innovations
and the priority of innovative culture, that is, a city
based on the systematic development of technology,
education, people’s intelligence and culture”-
summarizes his thought (Peter, 1998: 22).
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Peter Hall’s opinion is confirmed by Chinese
urban scientist Ch. Fang. It summarizes the
innovative formation and development of cities
into 4 stages: 1) the initial stage, during which
the driving force of city development depends
on natural resources; 2) middle period, where
the development of the city depends on capital
activity; 3) the later period, innovations will
have leading importance in the development of
the city. 4) the last stage, human intelligence and
mental ability create dominance (Fang, 2014:
1098) (Figure 2).

The mentioned 4 stages of urbanization in
Fang’s works can be evaluated as gradual or

A

strategic development achievements. That is,
with the onset of the next stage, the driving force
for the development of society also changes. At
the same time, if we look at the system presented
by Fang, from the Kazakhstani point of view, it
can be understood that the current situation of
monotowns in Kazakhstan, including Zhanatas and
Karatau, passes between the resource and capital
management. The inclusion of these towns in the
program “Development of Monotowns 2020 and
the allocation of large amounts of money from the
state seem to indicate that the period of resource
leadership is “weakening” and “stepping” into the
period of capital leadership.

The last stage
of urbanization

Subsequent period

of urbanization El s S

oriented city

Innovation-
oriented city

Driving
force
Average period
of urbanization
Common N
sense Initial phase
e of urbanization
Innovation I
— Resource-
tal oriented
Capita clty
Resource
(=)

First period Second period

Fourth period

Third period

Figure 2 — Strategic stages of innovative city development

Therefore, speaking about the future development
of towns and regions, it is necessary to pay special
attention to the concept of Sustainable Development
(http://sirse.info/wp-content/uploads/2016/02/
indicators_for sustainable cities IR12 en.pdf).
Sustainable development of regions, including towns,
depends on social, economic and environmental
factors (Figure 3). If the harmonious development
of the 3 spheres (society, economy, environment)
forming the basis of the city ensures the stability of
the city, the achievements of mental potential will
become the basis of innovative development.

The following can be mentioned as the effects
of the interdependence of above mentioned main
principles in the urban environment:

- social influence, the development of human
capital — serves as the main driving force of social

innovation. That is an improvement in the quality
of education, health care, the formation of highly
qualified labour force, a developed political and
institutional environment will be the basis for the
development of social society.

- economic impact, cities move to science-
intensive effective economic specialization and geo-
economic competition for the international division
of labor increases. This circumstance will serve as
the basis for the growth of competition in the global
creativity indexof cities.

— environmental impact, a modern innovative
city, first of all, should become a “green” city. That
is, it must meet environmental requirements, become
a comfortable environment for living without waste,
in accordance with ecological requirements. This
will ensure the viability of the city.
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A Just

Economic
development

World

Social
advancement

Environmental
responsibility

Figure 3 — Basic principles of sustainable development
of the urban environment

Conclusion

The following conclusions can be drawn
from the results of scientific analysis regarding
the sustainable development of small and
monotowns:

— The economic success of Zhanatas and
Karatau is mainly based on the existence of
abundant reserves of raw materials in the territory,
its production and processing. Efficient use of
natural resource potential is characterized only in
the direction of raw material production.

At the moment, this process continues. For
instance, the activities of city-forming enterprises
in Karatau and Zhanatas (Kazphosphate LLP,
EuroChem company, Talas Investment Company,
etc.) are still based on a single specialization, that is,
the mining industry. As a result, the environmental
situation in these territories is aggravated. Over
time, there is an increase in the area of terricons,
anthropogenic changes in the terrain, the spread of
water from open mines into the urban areas without
treatment, and gross violations of environmental
standards by companies.

This one-sided specialization is described as a
limiting factor for the development of other areas.
That is why it is necessary to get rid of dependence
on raw materials and consider ways of effective use
of natural resources. For example, the natural state
of the territory where the cities are located allows
the development of alternative energy sources. In
addition to meeting the city’s energy demand, this
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situation provides opportunities for efficient use of
“future” energy.

In addition, for the ecological improvement of
cities, it is necessary to create a natural and ecological
frame consisting of basic and indirect elements.
These solutions not only create a microclimate
for local residents of the city, but also perform the
function of sanitary protection. And, the spatial
advantages of the town of Shu must be effectively
used for export-import exchanges between macro-
regions;

- Special attention should be paid to the best
experiences of foreign countries, including the
experience of Germany. Today, Germany is the
only country that develops monoprofile towns as
a center for innovative products. It becomes an
example for the world by creating a multifunctional
economy from a monofunctional economy. Here,
diversification of the economy, the development
of entrepreneurship, the formation of a favorable
investment climate, the creation of a society based
on science were considered as a solution to the
monotown issue (Gurkov, 2016a). Of course,
mutual relations between the authorities of the local
municipality and business representatives can also
be mentioned here. That is, quick and convenient
solutions, local preferential taxes, minimums in the
bureaucracy, support by the leadership for scientific
developments were described as the “secret” of
successful achievements. Chemical-pharmaceutical
products (Leverkusen), production of wind
generators  (Magdeburg), software (Waldorf),
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production of ordinary and premium class cars
(Wolfsburg, Ingolstadt, Emden, Riisselsheim),
chemical technologies (Ludwigshafen), tailoring of
branded clothes (Metzingen), meeting the needs of
the global media industry (Gitersloh) — paved the
way for the global success of small towns in Germany
(Gurkov, 2016b). These achievements reveal
that the concept of “monotown” is “obsolete” in
Germany. That is, when considering the sustainable
development of cities with a single economy, it is
necessary to take as a basis the best models in world
practice.

- as known from history, instability in the
world market, relapse of the crisis situation — this
requires the creation of scenarios of post-industrial
development for cities. It should be based on the
principles of sustainable development. First, to

ensure economic growth while maintaining the
environmental equilibrium; second, the balance of
the economic and social spheres taken in the human
dimension; third, to ensure the harmony of the urban
community and future generations, not only in the
present situation, but also taking into account the
future.
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THE MAIN DEMOGRAPHIC PROBLEMS
OF CITIES IN THE LOWER REACHES
OF THE KURA RIVER IN AZERBAIJAN

Geo-demographic conditions and regulation of the development of an urban settlement in the lower
reaches of the Kura River is a certain part of the sustainable socio-economic policy pursued in the Repu-
blic of Azerbaijan. There was a need to study the demographic conditions of cities for a more efficient
territorial organization of production and population in the region. The article analyzes the formation
and development of an urban settlement in the lower reaches of the Kura River, the dynamics of the level
of urbanization in administrative districts. The creation and development of industrial zones in the lower
reaches of the Kura River, the opening of new work places created conditions for the concentration of
the population in cities along with regional centers, which in turn gave impetus to the development of
cities. It was determined that more than 38% of the population, most of the industrial and socio- eco-
nomic potential of the region are concentrated in 7 cities (Mingachevir, Yevlakh, Zardab, Sabirabad,
Salyan, Shirvan, Neftchala). In 2021, the share of industry in the total volume of production in the main
areas in the region increased to 25%. In the course of the research, the variability of the dynamics of the
population of the cities for 1989-2021 was studied. As a result of the research, it was determined that
the factor that played the most important role in the growth of the urban population in the cities of the
region was natural growth. Thus, it was determined that 81.5% of the increase in the urban population of
the region in the years under study was due to natural growth, and the rest — due to giving the settlement
status to villages. The largest natural growth was noted in the cities of Sabirabad (165.12%) and Zardab
(153.84%), where the main occupation is agriculture, and the smallest natural growth was in Mingache-
vir, the largest industrial city of the region (129.52%). As a result, appropriate recommendations were
given to resolve the problems of the demographic development of cities located in the lower reaches of
the Kura River.

Key words: population, urbanization, industry, natural growth, settling, employment.
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9A3ipbaikaHaarbl Kypa e3eHiHiH, TOMEHri arbICbIHAAFbI
KaAaAapAbIH, HeTi3ri AemorpadmsAbiK, MaceAeAepi

[eopaemMorpacusabik, >kaFaariAapAbl pettey >kaHe Kypa e3eHiHiH TeMeHri aFbiCblHAQ KAAAAbIK,
eAAl MeKeHAl AambiTy OsipbarkaH PecrniybamKacbiHAQ >KYPri3iAin >kaTKaH TypakTbl 9AEYMETTiK-
3KOHOMMKAAbIK, CasicaTTblH, 6eAriAi 6ip 6eAiri 60AbIN TabbiAaAbl. OHIpAEri OHAIPIC NEH XaAblK, CaHbIH
TUIMAIPEK ayMaK TbIK, YABIMAQCTbIPY YLUiH KaAaAapAblIH AeMOTPadUSAbIK, )KaF AaiblH 3epTTey KaXKeTTiAiri
TYbIHAQABI. Makanaaa Kypa e3eHiHiH TeMeHri aFbICbIHAAFbl KAAAAbIK, €AAI MEKEHHIH KaAbINTACybl MeH
AaMybl, SKIMLIIAIK ayAaHAApAarbl ypbaHM3aumst AEHremiHiH AMHaMMKachbl TaAAaHaabl. Kypa eseHiH
TOMEHTI aFbICbIHAQ MHAYCTPMAAADI aliMaKTapAblH, KYPbIAYbl MEH AaMybl, KaHA >KYMbIC OPbIHAAPbIHbIH
allIbIAYbI XaAbIKTbIH 0OAbIC OPTaAbIKTapbIMEH KaTap KaAaAapFa LUOFbIPAAHYbIHA >KaFAai TYFbI3Abl, OYA
03 Ke3eriHAe KaraAapAbiH AamybiHa cepriH 6epai. O6AbIC XaAKbiHbIH, 38%-AaH acTambl, OHAIPICTIK
JKOHE DAEYMETTIK-DKOHOMMKAABIK, dAeYeTiHiH 6acbiM BeAiri 7 Karaaa (MuHravesmp, EBaax, 3apaab,
Cabupabaa, Caasan, LUvpeaH, HedTuyara) wwoFbipA@HFaHAbIFbI aHbIKTaAAbl. 2021 >KblAbl 0BAbICTa
Herisri OarbiTTap OOMbIHLIA GHAIPICTIH >KaAMbl KOAEMIHAeri eHepkacin yAaeci 25 naibi3fa AeniH
ocTi. 3eptTrey 1989-2021 XblApapAAFbl KAAQ XaAKbIHbIH, AMHAMMKACbIHbIH, ©3repMEAIAITiH 3epTTeAl.
3epTTey HOTUXKECIHAE 3epTTEAETIH KAaAaAapAaFbl KaAa XaAKbIHbIH ©CYyiHE €H MaHbI3Abl POA aTKApFaH
dakTop TabuFn 6CIM eKeHi aHbIKTaAAbl. MBCeAEeH, 3epTTeAin OTbipFaH >XblIAAAPAAFbl OOAbICTaFbl KaAa
XaAKbIHbIH ©CIMiHIH 81,5 naibi3bl TabMFK 6CiM ecebiHeH, KaAFaHbl aybiapapFa ayblA MapTebeciH 6epy
ecebiHeH ekeHi aHbIKTaAAbI. EH Ker Taburn ecim Herisri kacibi aybiA WapyaulblAblFbl GOAbIN TabbIAATbIH
Cabupabaa (165,12%) xeHe 3apaab (153,84%) KararapblHAQ, aA eH a3 TabuFn eciM OBAbICTbIH, ipi
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OHepKacinTik KaAacbl Munravesmpae (129,52%) 6aiikasabl. KopbiTbiHAbICbIHAQ Kypa e3eHiHiH
TOMEHTI aFbiCblHAQ OPHAAACKaH KaAaAapAblH AEMOrpaUsIAbIK AaMy MOCEAEAepiH wewy 6GonbiHWa
TUICTI yCbIHbICTap GEPIAAI.

Ty¥in ce3aep: xaAblk, ypbaHM3aLms, OHepKacin, TabuFn 6CiM, KOHbIC ayAapy, XKYMbICMEH KaMTy.
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OcHoBHble Aemorpaduyeckue npodAembl FOpoAOB
B HM30BbsAX pekn Kypa B AzepbaiiaikaHe

PeryanpoBaHue reoaemorpamyeckmx YCAOBUIA WM pasBUTME TOPOACKOIO TMOCEAEHUS B
HM30BbaX pekn Kypbl SBASETCS ONpeAeAeHHOM YacTblo YCTOMYMBOM COLMAAbHO-3KOHOMMYECKOM
MOAMTUKN, MPOBOAMMOI B A3sepbaraykaHckon Pecrybamke. BosHMkAa HEOOXOAMMOCTb M3yueHUs
AEMOrparyecknx yCAOBUIM TOPOAOB AAs Boaee 3(PEeKTUBHOM TEePPUTOPUAABHOM OpraHmM3aLmm
NMPOM3BOACTBA M HaCeAEHMs B pernoHe. B ctatbe aHaAM3MPYIOTCS CTaHOBAEHME 1 Pa3BUTHE FOPOACKOIO
NMoCeAeHM s B HM30BbSX pekr Kypbl, AMHaMMKa YPOBHS ypbaHM3aUumm B aAMMHUCTPATMBHBIX paroHax.
Co3paHMe M pasBMTUE MPOMbILIAEHHbIX 30H B HM30BbsSX Kypbl, OTKPbITME HOBbIX PAbOYMX MECT
CO3AAAM YCAOBUSI AASI KOHLIEHTPaLMM HAaCEAEHWUS B TOPOAAX HapsiAy C PAOHHbIMWM LEHTPaMu, YTo B
CBOIO OYEPEAb AAAO TOAUOK PasBUTHIO ropoaoB. OnpeaeaeHo, uto 6oaee 38 % HaceaeHns, GOAbLLAs
YaCTb MPOMBILAEHHOTO M COLMAAbHO-3KOHOMMYECKOrO MOTeHLMaAra O0OAACTM COCPEAOTOYEHbI B
7 ropoaax (MuHrsuesmp, EBaax, 3apaab, Cabupabaa, CaabaH, LLupsaH, Hedptuana). B 2021 roay
AOAS TPOMBbILLIAEHHOCTN B 06LLeM 06bemMe MPOM3BOACTBA MO OCHOBHbIM HArpaBAEHMSM B PermoHe
yBeAMuMAacb A0 25%. B xoae uccaepoBaHUS M3y4danacb M3MEHUMBOCTb AMHAMMKM UYMCAEHHOCTM
HaceAeHus ropoaoB 3a 1989-2021 roabl. B pesyabTate mccaepoBaHMsl ObIAO OMPEAEAEHO, UTO
(hakTOpPOM, CbIrpaBLUIMM BaXKHEWLLYID POAb B POCTE FOPOACKOrO HAaCEAEHUs B M3yYaeMblX rOpoAax,
ObIA €CTECTBEHHbIN MPUPOCT. Taknm 06pasom, ObIAO onpeaeAeHo, YTo 81,5 % npupocTa ropoACKOro
HaceAeHMs 06AaCTM B M3yYaemble FOAbl MPOM3OLLAO 3a CYET eCTECTBEHHOrO MPUPOCTA, a OCTaAbHas
YacTb — 3a CYeT MPUAAHMA MOCEAOYHOrO CTatyca ceAam. HambOoAbLUMIA eCTeCTBEHHbIM MPUpPOCT
oTmeueH B ropoaax Cabupabaa (165,12 %) n 3apaab (153,84 %), rAe OCHOBHbIM 3aHSTUEM SIBASIETCS
CEeAbCKOEe XO3§MCTBO, @ HAMMEHbLUWIA eCTeCTBEHHbI MPUPOCT — B MMUHIr94YeBMpe, KpyrHeniem
MPOMBILIAEHHOM ropoAe o6AacTu (129,52 %). B utore 6biAn AaHbl COOTBETCTBYIOLLME PEKOMEHAALIMN
Mo YPEeryAMpoBaHmio MpobaemM AemMorpadmueckoro pasBMTUS TOPOAOB, PACMOAOXKEHHbBIX B HM30BbSIX
pekun Kypa.

KaroueBble cAoBa:
pacceAeHue, 3aHSTOCTb.

HacCeAeHune, yp6aHV|3auml, MPOMbILLIAEHHOCTDb, eCTeCTBEHHbIN npupocT,

Introduction

The strengthening of integration trends be-
tween countries, the expansion of globalization
processes, the strengthening of the role of social
and environmental factors in economic develop-
ment, the implementation of state policy in the
field of demography require the solution of new
tasks that have no analogues in the international
community and in the regions. The twentieth cen-
tury was marked by the growth of the world’s
population, the dynamics of socio-economic indi-
cators, climate change, a decrease in biodiversity
and a violation of the ecological system in the his-
tory of mankind. The history of the development of
society has proved that the processes taking place
in the economy and society are inextricably linked
with environmental and socio-demographic prob-
lems. It is the definition of these relations and the
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creation of a socio-economic concept on their basis
that is currently one of the most urgent problems.
In this direction, scientists from different countries
conducted multidisciplinary research (Brennan
et all., 2005; Leetmaa et all., 2015; Nagiev and
Efendiev, 2016; Meili and Mayer, 2017; Andersen
and Nergaard, 2018; Yelin and Pashin, 2019; Si-
magin et all., 2019; Ocejo et all., 2020; Semeko,
2021; Grossmann & Mallach, 2021; Wagner and
Growe, 2021).

Quantitative and qualitative indicators related
to the population and its structure are the main ele-
ments of national power, and, of course, issues such
as protecting the gene pool of the Azerbaijani peo-
ple, migration and demography are very important
from the point of view of national security. In this
regard, the development of the social sphere and hu-
man capital is one of the main priorities of the “Con-
cept of Sustainable Development” (Demographic
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development concept of the Republic of Azerbaijan,
1999: 2-3).

As a result of the socio-economic reforms suc-
cessfully implemented in the Republic of Azerbai-
jan over the past 20 years, especially over the past
10 years, the demographic situation and average
annual population growth in the country have im-
proved, life expectancy has been extended and a
positive migration balance has been achieved. In
recent years, the population of Azerbaijan has in-
creased rapidly and has exceeded 10 million people.
In the past period, the growth rate of the rural popu-
lation was higher than that of the urban population
(Population of Azerbaijan, 2017:47-51).

Socio-economic reforms carried out in the Re-
public of Azerbaijan since 2003, sustainable mac-
roeconomic stability, strengthening the system of
social protection of the population, reducing pov-
erty and improving the living standards of the pop-
ulation also had a positive impact on demographic
development. During this period, as a result of the
measures taken to improve the health of the popu-
lation, there was a decrease in mortality, especially
infant mortality, an increase in life expectancy, a
decrease in the migration flow from the country,
and there is a gradual transition to a positive bal-
ance of migration.

Demographic policy as part of the general social
policy is currently of particular importance in the
Republic of Azerbaijan. In this regard, in order to
achieve the development of demographic processes
in accordance with the socio-economic strategy of
the country and improve the demographic situation,
in 1999 the “Concept of the demographic develop-
ment of the Republic of Azerbaijan” was adopted,
on the basis of this, by the Decree of the President
of the Republic of Azerbaijan dated November 11,
2004, “ State Program in the field of demography
and development of population resettlement” was
approved (Demographic development concept of
the Republic of Azerbaijan, 1999:3).

Although Mingachevir, Shirvan, Yevlakh and
other cities of the region played a progressive role
in the development of the country’s economy,
their positions in the development of urbanization
were weak. For this reason, the region lagged far
behind the national level in the development of
natural growth in the period 1999-2022. To solve
the problems that arise in the demographic devel-
opment of urban areas, it is very necessary to con-
duct scientific analyzes and, based on their results,
analyzes at the state level (Regions of Azerbaijan,
2018:521-527).

Materials and methods

The cities of Mingachevir, Yevlakh, Zardab,
Sabirabad, Salyan, Shirvan and Neftchala located in
the lower reaches of the Kura River in Azerbaijan,
were taken as the object of the study, indicators of
the demographic and socio-economic situation of
these cities for 1989-2022 were collected and ana-
lyzed (Demographic indicators of Azerbaijan, 2018:
325-337; Population of Azerbaijan, 2017: 45-68;
Regions of Azerbaijan, 2018:53; Statistical indica-
tors of the regions, 2021:3-7).

The theoretical basis of the study is the meth-
odological approaches used in scientific research
by Hajizade (1965), Mekhraliyev (1988:128-131),
Efendiyev (2015:93), Mamedov and Eyyubov
(2016:382-387) and others working in the field of
demographic research and economic geography. In
the analysis of urban settling, historical, cartograph-
ic, mathematical-statistical, systematic analysis,
comparison and other research methods were used.

Results and discussion

The emergence of cities and the expansion of
their territory, the gradual increase in their popu-
lation, the integration of rural settlements into the
urban environment, the increasing role of cities in
society, the formation of an urban settlement envi-
ronment with its own way of life, the population of
plants and animals suitable for the urban environ-
ment, the transformation of natural landscapes into
cultural in conditions of ecological stress and the
decline of nature comes from the content of urban-
ization.

The creation of cities located in the lower reach-
es of the Kura River, the development of urban-
ization and bringing to a modern state have come
a long historical way. The modern structure of the
economy in the regions of Azerbaijan, the creation
of new settlements and the formation of a network
of cities on their basis began in the 30s of the 20th
century. In the process of industrialization, from this
time on, along with large cities, cities located in the
lower reaches of the Kura River and some indus-
trial centers were created. The transformation of the
cities of Mingachevir, Shirvan, Yevlakh and dozens
of small settlements into cities created conditions
for the creation and development of industrial areas
in the regions and the concentration of the popula-
tion in these settlements. These centers contributed
to the gathering of the rural population in the cities
along with the district centers, the urban population
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increased rapidly. The development of these cities
is based on the use of natural economic, social, sci-
entific and technical opportunities. To increase the
population in these cities, it is important to organize
socio-cultural services, provide jobs, and use the
recreational potential (Badalov, 2018: 214-217).

The dynamics of urban development and the
size of the urban population have changed signifi-
cantly over the years of independence. Population
growth is the result of quantitative and qualitative
changes in the population under the influence of so-
cial, economic and biological processes. An analy-
sis of the dynamics of the urban population shows
that their number in cities is constantly increasing.
Despite this, some cities are sparsely populated. Due
to a weak economic and social base, they cannot ful-
ly support the demographic potential on the ground.
For a long time, the rural population in Azerbaijan
was the main source of population growth in the
country. The population rapidly increased due to
the predominance of a large rural population and the
high demand for labor for agricultural work (Emi-
nov, 2005:137).

An analysis of the research data shows that as
a result of the high natural increase that took place
in the 60-70s of the twentieth century, conditions
were created both for the rapid growth of the share
of the urban population and for the formation of ur-
banization centers with an advantageous geographi-
cal position. For example, cities located in the lower
reaches of the Kur River are formed on the basis of
demographic, geopolitical and natural potential.

The main goal in urban planning is the adapta-
tion of people to the urban environment by taking
into account its geographical features. Of great im-
portance is the improvement of the lifestyle of the
population, which is a geographical feature of ur-
banization, the use of an appropriate economic and
geographical position in intra-city passenger traffic,
and free behavior in natural conditions. Effective,
purposeful use of natural conditions, especially land
plots, when placing residential apartments, public
buildings, industrial enterprises and consumer ser-
vices in urban planning projects, in the development
of cities, gives the environment sustainability, beau-
ty and a unique look. The development of the cities
of Mingachevir and Shirvan, located in the lower
reaches of the Kura River, is associated with the
creation in the post-war period of hydro and thermal
power plants, the oil industry and, on their basis, in-
dustries of national importance.
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The cities located below the Kura River, which
are part of the Aran economic and geographical re-
gion, have developed industrial regions. The main
part of the industrial potential is concentrated in the
cities of Shirvan, Salyan and Neftchala, located in
the east, and Mingachevir and Yevlakh in the north-
west. Oil and gas extraction, electric power indus-
try, chemistry, production of building materials are
developed and specialized industries in this region.
Oil and gas are produced around the city of Shirvan,
in the Salyan and Neftchala regions. State District
Power Station operates in the cities of Mingache-
vir and Shirvan, and a Hydroelectric Power Station
operates in Mingachevir. Mingachevir is an impor-
tant energy base of the country. This economic re-
gion provides 60% of the electricity produced in the
country (Efendiyev and Demirgayayev, 1995:93-
97).

Chemical industry enterprises operate in the cit-
ies of Mingachevir, Salyan and Neftchala. There is
a plastics plant in Salyan, and an iodine-bromine
plant in Neftchala. The primary processing of cot-
ton grown in the economic region is carried out at
ginneries. This area provides the bulk of light in-
dustry products. In addition, there are enterprises
for the production of cotton fabrics (Mingachevir),
primary processing of wool (Yevlakh), carpet weav-
ing (Hajigabul). However, serious problems arose in
their activities. Therefore, the role of light industry
is still low, it is important to restore its former role.
Although the food industry has a sufficient raw ma-
terial base, they are little used, and the network of
processing industries is weak. There are many op-
portunities for creating enterprises in the field of
fruit and vegetable and fish canning, processing of
meat, milk and other livestock products. Agricul-
ture in the studied areas is based only on irrigation.
Cotton growing, dry subtropical fruit growing, and
horticulture are specialized branches of agriculture.
Cereals, grapes, potatoes, sugar beets, sunflowers,
fodder crops are also planted (Efendiyev and Gas-
imova, 2013: 116-121). There are enough natural
opportunities for the development of animal hus-
bandry, with the help of which cattle and sheep are
kept.

The Mingachevir agglomeration includes Min-
gachevir, the city of Yevlakh, the village of Khal-
dan along the left and right banks of the Kur River.
The Mingachevir agglomeration, covering an area
of 1370 km?, is home to 106 000 people, with 761
people per 1 km? (Table 1).
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Table 1 — Change in demographic indicators of cities in the lower reaches of the Kura River, for the period 1989-2022 (Population
of Azerbaijan, 2017; Demographic indicators of Azerbaijan, 2018)

No | Names of cities | Area, thous. Population, thousand people Population density in | Growth during

sq.km 1989 1999 2009 2022 2022 (1 sq. km, people) 1989-2022,%
1 Mingashevir 0,14 82,3 94,0 96,3 106,6 761 129.5
2 Yevlakh 1,47 92,1 108,2 117,8 131,0 89 142,24
3 Zardab 0,86 39.0 46,1 52,9 60,0 70 153,84
4 Sabirabad 1,47 110,1 139,9 151,7 181,8 124 165,12
5 Shirvan 0,07 59,8 65,5 77,1 88,2 1260 147,49
6 Neftchala 1,45 60,1 71,5 79,5 89,6 62 149,08
7 Salyan 1,60 93,2 112,0 121,9 141,6 89 151,93

According to the statistics of 2022, the
population of the city of Mingachevir was 100.6
thousand people, which is 1% of the country’s
population. Compared with the all-Union census of
1989, the population of Mingachevir increased by
21 thousand people. The average population density
of the city of Mingachevir is 719 people per 1 km?,
which is 7 times higher than the average population
density in the republic (104 people per 1 km?).
Although Mingachevir, Shirvan, Yevlakh and other
cities of the region play a progressive role in the
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development of the country’s economy, their role
in the development of urbanization was weak. For
this reason, during 1999-2017. this region lagged
behind the national level (Eminov 2005). During
2004-2013 the balance of migration in these cities
as a whole is negative.

Dynamics of population growth in cities located
in the lower reaches of the Kura River, for the period
1989-2022 presented on the graph (Figure) (Popula-
tion of Azerbaijan, 2017; Demographic indicators of
Azerbaijan, 2018).
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Figure — Dynamics of population growth in cities located in the lower reaches
of the Kur River, for the period 1989-2022
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As can be seen from the diagram, there is a
gradual increase in the number and density of the
population of the studied cities. Over the past 13
years, the largest natural increase occurred in the
cities of Sabirabad and Salyan, and over 33 years,
the largest population growth occurred in the cities
of Sabirabad (165.12%) and Zardab (153.84%). It
should be noted that since the number of industrial
enterprises in these cities is small, the population is
mainly engaged in agriculture.

The main goal of the state policy in the field
of demography is to ensure the quantitative and
qualitative growth of the population in accordance with
the long-term development strategy of the country by
eliminating negative trends in demographic processes
(Badalov, 2017:34-39). One of the most important
factors influencing the growth and decline of the
country’s population and changes in its structure is
the health of people and their mortality (Badalov,
2019:41-48). The process of population reproduction
is characterized by the excess of the number of
births over the number of deaths by 2.5-3 times. The
dynamics of the population determines its difference
in natural growth, fertility and mortality.

The table below shows the change in 6-year
(2015-2021) demographic indicators of cities
located below the Kura River. It can be noted that
as a result of the research, we see a decrease in the
natural growth of cities located in the lower reaches
of the Kura River in the period 2015-2021. So, in
2021, a sharp decline in natural population growth
is observed in the cities of Mingachevir (-8.5%) and
Neftchala (-7.3%), this is significantly lower than
the national average (12.8% per 1,000 people).

The 2019 global pandemic also affected the
population growth dynamics of cities in the lower
reaches of the Kura River. During the Covid-19
pandemic, a significant economic effect was expressed
in the morbidity and mortality of people (especially
the working-age population), a decrease in the birth
rate and, as a result, natural population growth, speed,
life expectancy and other demographic parameters
(Efendiyev and Demirgayayev, 1995:118).

The pandemic has had an extremely negative
impact on the region’s economy, including a decline
in population. Statistical indicators that the number
of deaths in 2019-2020 higher than in 2015 are
reflected in the Table 2. If the natural increase in the
city of Mingachevir in 2015 was 992 people, then
in 2021 this figure was 126 people. We see that not
only in the city of Mingachevir, but also in all cities
located below the Kura River, the natural increase
in 2021 is low.
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One of the most important factors influencing
natural population growth is marriages and divorce
rates. As can be seen from Table 2, except for
the city of Salyan, in all other 6 cities, a decrease
in marriage rate and an increase in the number of
divorces were recorded. If we look at the number
of children who died before the age of 1, we can
see that the number of child deaths has increased
in Mingachevir, the main industrial city among the
cities below the Kura River.

As you know, improving the socio-economic
indicators of the regions leads to an improvement in
the demographic situation. In this regard, the table
reflecting the employment rates of the population
of the cities of the lower reaches of the Kura
River is of great importance. As can be seen from
Table 3, over the past 7 years, the work carried
out to improve the employment situation of the
population living in these cities is not satisfactory,
since the number of new jobs opened in all cities
has sharply decreased. The worst situation is in
the cities of Yevlakh and Sabirabad, the situation
is relatively satisfactory in the cities of Shirvan
and Mingachevir. The process of industrialization
is most noticeable in the cities of Mingachevir,
Shirvan and Yevlakh (Table 3).

The number of operating industrial enterprises in
the city of Mingachevir in 2015 was 45, and in 2021
this figure decreased to 36. If we consider income
from industrial products, the total value of production
in 2015 was 266,653.8 manats (156,855.18 USD),
and in 2021 — 359 348.8 manats (211,381.65 USD).
In the field of agriculture for 6 years of 2015, the
area of grain and leguminous plantations decreased
by 72 hectares, the area of vineyards and melon
crops increased. The economically active population
in 2015 amounted to 57.7 thousand people, and in
2021 it increased to 61.2 thousand people. Ifin 2015
the number of new jobs in Mingachevir was 996,
then in 2021 it decreased to 283.

There is an increase in the number of operating
industrial enterprises in the city of Yevlakh (+9). In
the field of agriculture in the territory of the city of
Yevlakh, 10,190 hectares of grain and leguminous
crops were sown in 2015, in 2021 — 12,131 hect-
ares, an increase in sown areas is observed (table 4).
The development of cotton growing influenced the
growth dynamics in the Yevlakh region, in 2015 958
hectares of cotton were sown, and in 2021 this figure
was 2328 hectares, which affected the employment
of the population. The number of employed people
in 2015 amounted to 60.6 thousand people, in 2021
— 64.6 thousand people.
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Table 3 — Employment rates of the population of the cities of the lower reaches of the Kura River (Statistical indicators of the

regions, 2021)

No Citics Number of newly opened jobs Number of i;‘pi‘;it:;:‘gl enterprises
2015 2022 2015 2022
1 Mingachevir 996 283 45 36
2 Yevlakh 1110 70 15 24
3 Zardab 435 31 5 7
4 Sabirabad 1133 29 10 16
5 Salyan 579 69 27 21
6 Shirvan 1115 437 37 30
7 Neftchala 1179 201 15 16

According to the number of industrial enterpris-
es operating in the city of Zardab (7), it can be said
that the population of this city is mainly employed
in agricultural fields. In 2015, 153 hectares of cotton
were sown in the nearby areas of the city of Zard-
ab, and in 2021 this figure was 3,070 hectares. The
number of employed people increased from 27.5
thousand people in 2015 to 29.3 thousand people in
2021. The number of new jobs opened was 435 in
2015 and decreased to 31 in 2021.

The number of industrial enterprises operating
in the city of Sabirabad increased slightly by 6 units
and became 16 in 2021. In 2015, in the field of ag-
riculture, we see that agricultural activity in the sur-
rounding areas of the city of Sabirabad is predomi-
nant, and the areas of arable land and perennial crops
are expanding. The number of people employed in
the labor market in 2015 amounted to 76.5 thousand
people, in 2021 — 82.2 thousand people. The number
of new open jobs was 1133 in 2015, and in 2021 this
result has dropped sharply to 29.

We see that the number of industrial enterprises
operating in the city of Salyan has decreased by 6
units. It is noted that cotton fields among agricul-
tural crops have expanded dramatically (from 406
hectares to 6134 hectares), the number of new jobs
was 579 in 2015, but in 2021 this figure decreased
to 69. The number of people employed in the labor
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market in 2015 was 62,000 people, and in 2021 —
66,300 people, it is clear that this population is em-
ployed in agriculture. The number of new jobs was
27 in 2015 and 21 in 2021.

In 2015, the number of industrial enterprises
operating in the city of Shirvan was 37, and in 2021
it decreased to 30. In general, it can be seen that the
city of Shirvan differs from other cities located in
the lower reaches of the Kura River in that its pop-
ulation works more in industrial enterprises than
in agriculture, livestock breeding is also devel-
oped here. If in 2015 the number of new jobs was
115, then in 2021 this figure was 437. The number
of people employed in the labor market in 2015
amounted to 42.2 thousand people, in 2021 — 44.4
thousand people.

In 2015, 15 enterprises operated in the city of
Neftchala, and in 6 years only 1 new enterprise was
opened. The population of this city works mainly in
agricultural sectors, the cotton growing industry is
developing, the area of which increased from 221
ha to 6949 ha. In 2015, 42,000 people worked in the
labor market, in 2021 — 44,600 people. If in 2015
the number of new jobs was 1179, then in 2021 it
dropped sharply to 201. At the same time, we note
that Mingachevir and Shirvan are the most urbanized
cities among the cities of the lower reaches of the
Kura River.
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Conclusion

The dynamics of the demographic situation of
the 7 most populated cities (Mingachevir, Yevlakh,
Zardab, Sabirabad, Salyan, Shirvan, Neftchala)
located in the lower reaches of the Kura River has
been studied. The database for analysis was taken
from the 1989-2021 census data and statistical
demographic indicators by years.

It was determined that, compared with previous
years, there was an increase in the area, population
and density of administrative-territorial units of
cities located in the lower reaches of the Kura River.
The most natural increase was observed in the cities
of Sabirabad (165.12%) and Zardab (153.84%). The
fact that the natural increase in the population of these
cities is higher than in other cities can be explained

by the fact that they are mainly engaged in various
branches of agriculture (grain growing, horticulture,
viticulture, cotton growing). Thus, a relatively low
natural increase is observed in cities, the population
of which is mainly employed in industrial sectors.
(for example, Mingachevir (129.52%).

We believe that in order to regulate the problems
of demographic development in the cities in the
lower reaches of the Kura River, it is necessary
to carry out continuous measures in the areas of
employment, social protection, medicine and other
areas, open new industrial parks in the cities of
Mingachevir and Shirvan, expand urban areas in
accordance with the new urban infrastructure, create
new industrial areas in Yevlakh, Zardab, Sabirabad,
Salyan, Neftchala, develop tourism, agriculture,
country farms, processing industry.
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SOIL FERTILITY ASSESSMENT OF AGRICULTURAL LAND
IN THE ALMATY REGION USING GIS TECHNOLOGIES

Being a strategically important and irreplaceable economic resource, today, agricultural land is the
main source of raw materials for the agro-industrial complex. These features impose certain obligations
on the state and land users to preserve the basic value of this category of land — its fertility. Taking into
account the fact that Almaty region occupies an important place in the agricultural sector of the country,
the effective use of agricultural land in providing food to the population of the territory remains an urgent
problem.

Reducing the utilization of agricultural land may lead to the creation of negative processes and will
contribute to the decrease of fertility in the future, excluding farmland from intensive farm turnover. In
the article, there are assessed the state of soils of agricultural land in the Almaty region based on the
global system of digital mapping of soils using GIS technology, and the issues of improving the rational
use of agricultural land in the region are considered. Specifically, maps of the degree of soil density, the
content of organic carbon in the soil, the acidity, and characteristics of the distribution of chernozem
in this area were developed using GIS technologies and based on data from a digital relief model, as a
result of which the lands of the district of the region are classified into three groups and the dynamics of
the specific gravity of the lands are presented.

Key words: soil fertility, GIS, Almaty region, agricultural land, soil assessment.
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F'AXK TexHOAOTMSIAApPBIH NaliAaAaHA OTbIPbIN, AAMAaTbl 0GAbLICBIHAAFBI
ayblIA LLAPYALLbIAbIFbI AAKANTAPbIHbIH, TONbIPAK, KYHAPAbIAbIFbIH 6aFaray

CTpaTerusiAbiK, MaHbI3Abl >K8HE TanTblpMAaC 3KOHOMMKAAbIK, pecypc 60Aa OTbIpbIn, OyriHAe ayblA
LIApPYaLLbIAbIFbl AAKAMNTaPbl arpOOHEPKACINTIK KELeH YILiH WWKi3aTTbliH HEeri3ri Kesi 60AbIN TabblAaAbI.
ByA epeklieAikTep MEMAEKET MeH XKep nanAaAaHyLLblAapFa XXEPAIH OCbl CAHATbIHbIH HETi3ri KYHABIAbIFbI
— OHbIH, KYHAPAbIAbIFbIH CakTay 6oWbIHILA GEATiAl Bip MiHAETTEMEAEP XKYKTEMAl. AAMaTbl OOABICBIHbIH
eAIMI3AH ayblA LIAPYaLLbIAbIFbI CAAACBIHAAFbI MAHbI3AbI OPbIH aAATbIHBIH eCKepCeK, ayMakTaFbl XaAbIKTbl
a3blK-TYAIKMEH KamTamacbl3 eTyAe ayblA LlapyaulblAbIFbl MaKCaTbIHAAFbl XKEPAEPiHiH, KYHAPAbIFbIH
cakTan TMIMAI ManAaAaHy apkallaHAa ©3eKTi MoceAe DOAbIN Kaa bGepmexk.

AybIALIAPYALIbIAbIK, XXEPAEPiH NarnAaAaHyAbl a3aniTy Tepic npouectepre akeAyi MyMKiH »aHe 6o-
AQLLIAKTa KYHAPABIABIKTbIH, TOMEHAEYIHE, aybIALIapYaLUbIAbIK, XXEPAEPiH KapKbIHAbI aybIALLAPYaLLbIABIK,
aHaAbIMbIHAH LIbIFapyfa bIKMaA eTeai. Makaaaaa [AXK TexXHOAOrMsSCbiH MaiAdAaHa OTbIPbIM,
TOMbIPAKTbl UMMPABIK, KapTara TYCipyAiH >kahaHABIK >Kyieci HerisiHae AAMaTbl OBAbICbIHbIH, aybIA
LIapyaLlbIAbIFbl  AAKAMNTapbl TOMbIPaFbiHbIH, >Kan-KyiiHe Oara 6GepiAAi, COHAaM-ak, eHipAeri ayblA
LUapyaLlbIAbIFbl AAKAMTapbIH YTbIMABI MalAAAaHYAbI XKaKCcapTy MaceAeAepi KapaAAbl. ATan anTKaHAQ,
TOMbIPaK, ThIFbI3AbIFBIHbIH ABPEXECi, TOMbIPaKTaFbl OPraHMKAAbIK, KOMiPTEKTIH MOALLEPI, KbILLKBIAABIFbI
>K&He OCbl ayMaKTaFbl Kapa TOMbIPAKTbiH TapaAy cunaTTamasapbl kaptasapbl [AXK TeXHOAOMMSIAAPbIH
KOAAQHA OTbIPbIN X8He UMpPAbIK, peAabed MOAEAIHIH AepeKTepi Heri3iHAe 83ipAeHAI, HaTUXKeCIHAE
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OueHKa MAOAOPOAMS MOUB CeAbCKOXO03SIMCTBEHHbIX YTOAUIA
B AAMATHMHCKOM 00AacTH C ucrnoab3oBaHuem NMC texHoaorumi

SBASGCH CTpaTermyecky BaXKHbIM WM HE3aMEHMMbIM  3KOHOMMYECKMM PeCcypCoM, CeroAHs
CEeAbCKOXO35IMCTBEHHbIE YrOAbS SIBASIOTCS OCHOBHbIM MCTOUYHWMKOM CbIpbS AASI arPOMPOMBILLAEHHOTO
KOMMAeKca. ITM 0COBEHHOCTM HaAaraloT ornpeaseAeHHble 0053aTeAbCTBa HA FOCYAApCTBO W
3eMAEMNOAb30BaTeAel MO COXPAHEHNIO OCHOBHOW LIEHHOCTM 3TOM KAaTeropmm 3eMeAb — ee MAOAOPOAMS.
YuunTbiBasi, 4YTo AAMATHHCKas 06AACTb 3aHMMAET BaXKHOE MECTO B C(pepe CEAbCKOro X039MCTBA CTPaHbl,
coxpaHeHue napheKkTMBHOE NCMOAb30BAHME MAOAOPOAMS 3EMEAb CEAbCKOXO39MCTBEHHOr O Ha3HAYEHMS
B 06ecrneyeHrm npoAOBOAbCTBMEM HACEAEHMS HA TEPPUTOPHIM BCEMAQ OCTAETCS aKTyaAbHbIM BOMPOCOM.

CokpalleHne NCMOAb30BAHNS CEAbCKOXO3SMCTBEHHbIX YTOAMI MOXKET NPUBECTU K BO3HWMKHOBEHMIO
HeraTVBHbIX MPOLECCOB M BYAET CMoCOOGCTBOBATb CHUMKEHMIO MAOAOPOAMS B BYAYLLEM, UCKAIOUEHMIO
CEAbXO3YrOAMIA M3 MHTEHCMBHOIO CEAbCKOXO35MCTBEHHOrO 060poTa. B cTaThe AaHa oLieHKa COCTOSHUS
MOYB CEAbCKOXO3SIMCTBEHHbBIX YroAM AAMATMHCKOM 00OAACTM Ha OCHOBe rAOOAABHOM CUCTEMbI
LMpPOBOro KapTorpampoBaHMs NoYvs ¢ McrnoAb3oBaHuem MC TexHoAOrMM, a TakKe pacCMOTPEHbI
BOMPOCHI YAYULLIEHMS PaLMOHAABHOIO MCMOAb30BAHUSI CEAbCKOXO3SMCTBEHHbIX YrOAMI B PErvoHe.
B uacTHOCTM, KapTbl CTeneHM MAOTHOCTM MOYBbI, COAEP’KAHMS OPraHMYecKkoro yraepoaa B MOYBE,
KMCAOTHOCTM M XapakTepUCTHK PacrpeAeAeHUsl YepHO3eMa Ha AQHHOM TeppPUTOPMM BbiAn paspaboTaHbi
c ncnoAb3oBaHmem 'MC TeXHOAOrMIM M Ha OCHOBE AaHHBIX LIMPOBOM MOAEAU peAbedda, B pe3yAbTaTe,
KOTOPOro 3emMAM paiioHa 06AACTM KAACCMULMPOBAHbI HA TPU TPYyMMbl M MPEACTaBAEHA AMHAMMKA

YAEAbHOIO BeCa 3eMeAb.

KaroueBble caoBa: rnaopopoame mnousbl, [TMC, AAMaTMHCKas 06AACTb, CEAbCKOXO3SIMCTBEHHbIE

YrOAbSl, OLeHKa MOoYBbl.

Introduction

Agriculture is one of the main sectors of the
economy of Kazakhstan, providing food and
economic security as well as the labor potential of
the country, particularly in rural areas and has his-
torically been the backbone of Kazakhstan’s econo-
my (Tokbergenova, Kiyassova, and Kairova 2018).
According to official data from the National Bank
of the Republic of Kazakhstan, in January 2019, the
gross output of agricultural products increased by
3.5% and amounted to 3.6 trillion tenge, of which
the production of livestock products increased by
2.8% (National Bank of the Republic of Kazakhstan
2019).

During the period of agricultural enterprise re-
form from 1991 to 2005, the area of agricultural land
in the country decreased by 136.2 million hectares.
However, from 2005 to 2015, the area of agricultur-
al land increased annually by 18.6 million hectares.
The most valuable land for agricultural purposes
(97.4% of arable land) is agricultural land, which
includes 91.1% of irrigated land, 56.2% of peren-
nials, 51.7% of fallow land, and 42.4% of hayfields,
of which 33.6% is land that has been improved and
52.0% estuary irrigation (Tokbergenova, Kiyasso-
va, and Kairova 2018).

However, despite the positive dynamics of gross
agricultural output, the volume of production, in
general, lags behind the growth rate of consump-
tion and income, maintaining labor productivity
and product competitiveness at a low level does
not allow for increased production, which leads to
a high share of imports in domestic consumption.
Moreover, with the accession of Kazakhstan to the
World Trade Organisation, the conditions for rising
competition in international markets have enhanced.

Digital innovations fundamentally shift this out-
dated sector, as seen by the observations of develop-
ing countries such as the USA, Canada and Australia.
Diverse data sources, such as modern geoinforma-
tion systems and the Internet of Things, contribute
to a high produce without soil degradation and with
efficient use of resources. Today, industrial Internet
elements allow farmers to create automated farms
with remote control. While maintaining quality, a
well-developed logistics system and e-Commerce
will enable even small farms to reduce the cost of
delivering agricultural products to the final consum-
er. This is an essential factor in preserving and ex-
panding the production of environmentally friendly
products, both from the perspective of safeguarding
the nation’s health and of realizing its export poten-
tial (The state program “Digital Kazakhstan™).
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Today, the share of agricultural producers of the
Republic of Kazakhstan using digital technologies
in agriculture is insignificant, which limits the re-
duction in productivity and costs. In addition, ag-
ricultural land is not used for its intended purpose
or is used inefficiently, and this is hampered by the
low density of a large territory, the population and
the lack of the necessary infrastructure for monitor-
ing the condition and use of land, analysis and fore-
casting in the short and long term. For this reason,
the economic assessment of agricultural land is rel-
evant. The use of modern information approaches
in the land assessment will improve the quality of
work and is a powerful tool for decision-making and
management of government decisions. The results
of the joint use of GIS technologies and economic
assessment methods will help to obtain timely and
accurate information about changes in agricultural
production, and changes in the level of land fertility
by type and degree of degradation.

Special mention should be made of the FAO
framework guidelines on agricultural land use, agro-
ecological zoning and land assessment, as well as
the long-term work on the creation and development
of an international database and GIS. In the context
of the accelerated growth of informatization and
globalization of agricultural production, the global
trend towards increasing economic unification, tech-
nological unification and functional refinement of
information and analytical support for agroecologi-
cal assessment of lands at various territorial levels
is reflected. Spatio-temporal change in land use and
quality has contributed to the development of the
concept of agroecological land assessment: its algo-
rithms, regulatory framework and assessment tech-
nology are constantly being improved, as its tasks
and capabilities are specified from the local to the
regional, district and economic levels (Kiryushina
V.I. and Ivanov A.L. 2005). Land assessment stud-
ies require a large amount of spatial data easily and
efficiently processed by geographic information sys-
tems (GIS). Therefore, many researchers use GIS to
assess land as a process that allows combining many
attributes and different criteria involved in decision-
making (Davidson, Theocharopoulos, and Bloksma
1994; Malczewski 2006). Land assessment can be
considered as a multi-element decision analysis
(MCDA) process (Joerin etc. 2001) which together
with GIS can become a powerful approach to land
assessment (Aldababseh, etc. 2018).

Local, regional, national, and worldwide uses
of GIS technologies for agriculture have increased
significantly during the past three decades. Typical-
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ly, these applications entail the use of GIS in con-
junction with partner technologies like as remote
sensing, GPS, and data analytics to get an in-depth
understanding of a certain farm or region and to pro-
vide intervention or corrective actions for crops and/
or soils (Ghosh, Kumpatla 2022).

GIS methods play an indispensable role in spa-
tial analysis, and multi-criteria decision analysis
(MCDA) provides a rich set of tools for structuring
decision-making problems as well as evaluating and
prioritizing alternative solutions (Davidson, Theo-
charopoulos, and Bloksma 1994).

Over the past decade, the agrarian sector of the
economy in the Almaty region has been reformed
based on a developed legislative framework that
encourages the growth of market relations by in-
corporating international experience. Consequent-
ly, a land market was established, crop production
expanded, and the number of livestock in animal
husbandry grew. The examination of the state of
the agricultural industry revealed, however, that the
extremely low level of introduction into production
of modern technologies for processing agricultural
products and scientifically proven agricultural tech-
nologies is the primary reason for this industry’s
low profitability. Obviously, this decreases the com-
petitiveness of domestic products on domestic and
international markets.

Against the backdrop of the region’s major
achievements, the problem of contradictions be-
tween the actual agricultural production sector and
scientific research is currently manifesting itself.
The yearly fluctuation of the agricultural products
market and the increasing demands for its competi-
tiveness necessitate the introduction of new research
into the agricultural science of the region’s agricul-
tural production.

Materials and methods

The work of prominent domestic such as
Tazabekov T., Gnezdilov L., and Lyubchak M., and
international researchers in the field of qualitative
and economic evaluation of land serves as the
conceptual and methodological foundation for
this study. In the process of determining the level
and trends of agricultural land use, improving and
assessing their quality, the following methods were
used: empirical methods (observation, comparison),
as well as economic and statistical methods
(statistical grouping, tabular and graphical methods)
and cartographic methods using the ArcGIS PRO
2.4 software.
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ArcGIS is a collection of software products used
to develop a geographic information system. It is
utilized for the creation, management, integration,
analysis, visualization, and presentation of spatial
data. ArcGIS software products enable the use of
GIS in all areas where functionality and business
logic are required, including desktop, server, client,
web-based, and mobile applications.

When evaluating the agricultural lands of the
Almaty region and mapping all the data about the
region, it will be very beneficial to use the desktop
GIS included in the ArcGIS PRO 2.4 software
package. This is due to the fact that ArcGIS PRO
is an application comprised of ArcView, ArcEditor,
and Arclnfo that provides a group of programs with
suitable functions, general operating principles, and
a unified interface, as well as functions that allow to
work several times faster and more efficiently than
the ArcMap application.

The information basis of the study is reports and
consolidated reports of the Ministry of Agriculture
of the Republic of Kazakhstan, recommendations
of research organizations, and statistics of the
Department of Land Relations of the Almaty region.

Almaty region is in the southeast of the Republic
of Kazakhstan. In the East, the region borders
the People’s Republic of China, and in the South
with the Republic of Kyrgyzstan (Chui and Issyk-
Kul regions). The region has a rather complex
geographical characteristic and a very diverse terrain.
According to official data from the Department of
land relations, as of the first quarter of 2020, the
region’s land resources amounted to 22 million 357
thousand hectares, 8 million 632 thousand hectares
of agricultural land, including arable land — 1 million
056 thousand hectares, irrigated arable land — 480
thousand hectares, perennial plantations —29 thousand
hectares, deposits — 120 thousand hectares, hayfields
— 458 thousand hectares, pastures — 13 million 744
thousand hectares, gardens and homesteads — 5356
hectares (Website of Akimat of Almaty region n.d.).

Results and Discussion

The qualitative state of soils in large areas in the
Republic is complicated by the presence of signs
that negatively affect their fertility. According to the
Republic of Kazakhstan’s 2020 annual consolidated
analytical report on the state and use of lands, to
take into account the quality of agricultural land, the
following reclamation groups have been adopted,
uniting soils with the general orientation and nature
of reclamation measures:

I — uncomplicated by negative signs; II- highly
rubbled; III- salted; IV — saline; V— washed away;
VI — deflated; VII — subject to water and wind
erosion together; VIII — waterlogged; IX — swampy;
X — others (Bimendina G.A. et al. n.d.).

Agricultural lands of the Almaty region are
classified in the second category according to the
state of soil quality. The gravel group includes areas
with weak soil, undeveloped, thickets of rocks, and
others. The total area of the Republic is 43.1 million
hectares or 20.0% of agricultural land, in the Almaty
region — 2.7 million hectares.

Let’s evaluate the current state of the soil in
the Almaty region based on the database of soil
networks obtained as a result of joint work of the
Food and agriculture organization of the United
Nations and the Kazakh Research Institute of soil
science and Agrochemistry.

The Soil network (Soil Grids) is a global digital
soil mapping system that uses modern machine
learning methods to map the spatial distribution of
soil properties across the globe. Soil grid forecasting
models are constructed from the database of the
world soil information service and several ecological
covariates under the control of more than 230,000
soil profiles (Pikovskaya O. 2017).

The level of soil density in the region. The soil
density is the most important characteristic that
reflects the conditions under which plants grow and
develop. All soil regimes depend on soil density: air
exchange, water permeability, water capacity, heat
capacity, microbiological, and redox processes. In
addition, it affects the technological properties, and
quality of soil treatment, which affects the volume
and quality of products.

The main causes of soil compaction are:

- high degree of plowing;

- application of intensive tillage;

- failure to observe crop rotation during crop
rotation;

- Insufficient amount of organic fertilizers
applied to the soil (Pikovskaya O. 2017).

A map of the degree of soil compaction in the
region is shown in Figure 1.

As can be seen from the map, even at depths of
2 m and 0.05 m, the soil density in the mountainous
and foothill areas of the region is significantly
lower than in the plains. The territories with the
highest degree of soil compaction include the
lands of the northern part of Raiymbek, Uyghur,
Zhambyl, Sarkand, Koksu, and Karatal districts.
The soil density of these territories is approximately
1.8 g/cm’.
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Figure 1 — The density map of the soils of the Almaty region (at a depth of 0.05 m and 2 m)

During soil compaction, the following occurs:

- increasing the actual weight of the soil;

- reduction of General and especially non-
capillary porosity;

- slows down the growth of the root system-
reduces the total mass of roots and prevents root
penetration into the soil and subsoil;

- reducing the supply of moisture to plants;

- deterioration of the physical properties of
water: water capacity, level of irrigation water
absorption, reduced water permeability;

- deterioration of aeration and biological
processes;

- increase in surface flows and thin ground
runoff;

- deterioration of soil nutrition;

- processes such as reduced productivity and
quality of agricultural products (Pikovskaya, 2017).
High-density soils include loamy, swampy soils.
In addition, this type of soil is poorly permeable to
water and does not form a well-developed capillary
system, resulting in plant roots having difficulty
obtaining the moisture necessary for their life.
However, when collecting water, loamy soils do not
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direct it to the lower layers but accumulate in the
breeding zone of plants, which leads to disruption
and destruction of the root system. The weight of
clay in the soil of the region (Fig. 2) is from 15 to
39% of the global soil network (Boekel 1963).

It is known that depending on the mechanical
components of the soil are divided into clay, sand-
clay and sand. The mass fraction of sand in the soil
of the region ranges from 29 to 70 percent. In the
above figure, clay soils are distributed mainly in the
South-Western, Central and North-Western regions
of the region, soils with a 50-70% share of sand
are distributed on the lands of Balkhash, Zhamby],
Kerbulak, Enbekshikazakh, Rayimbek districts
(Fig. 3).

Organic carbon in soil (carbon in soil organic
matter) is critical for soil health, fertility, and
ecosystem maintenance, including food production,
which places great importance on its conservation
and restoration for sustainable development.

High-carbon soils are highly productive and
allow the filtering and purifying of water. Poor
land-use results in increased soil density, as well as
loss of organic matter in the soil/loss of carbon and
greenhouse gas emissions (FAO 2020).
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Figure 3 — Mass fraction of sand in the soil of the region, %
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Below is a map of organic carbon in the region’s
soil (Fig. 4). As indicated above, the amount of
compacted soil is small in mountainous and foothill
areas, where, on the contrary, the organic carbon
content is high in river and mountain soils.

Today, the main indicator of effective use of
arable land is closely related to the annual yield
of crops grown in the regions. Crops grown in the

by et i YR

region are distributed unevenly, that is, not all 17
districts have the same types of crops, which, in turn,
depends on the natural and climatic characteristics
of the region, as well as on the physical and
chemical properties of the soil. Among the chemical
properties of the soil acidity plays a significant role.
For example, let’s talk about the features of sugar
beet sowing.
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Figure 4 — Map of organic carbon content in the soil, ha/ton

Nowadays, more than 440 thousand tons of
products are sold in the Almaty region alone.
However, according to official data, currently,
products collected from all over the country can
not meet even half of the total demand. This factor
forces buyers to buy raw materials from abroad,
which puts us at the top of the world’s list of major
importers of sugar beet. The list of requirements for
sugar beet indicates that the soil acidity should be 6-7
(Velyamov et al. 2020). In addition, even though the
crop is resistant to salty soil, it grows well on weak,
drainage, aerated ground soils with a large mass of
nutrients, — representatives of Kazakhstan industrial
chemistry and a company specializing in the sale of
products for the agricultural sector note. Therefore,
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for the yield to be high, it is necessary to pay special
attention to the acidity of the soil (Fig. 5).

If the pH value is less than 6, it will be acidic
soil and in alkaline soils — the pH will be more than
7.0. As noted above, the most effective indicator
for sugar beet is the middle of these two values.
A significant deviation in both directions leads
to a decrease in productivity, mainly to the death
of plants. Acidic soil contributes to rotting and
damage to the core and nutrition disorders. Alkaline
soil disrupts the absorption of many minerals and
reduces the formation of chlorophyll. Plants form
weak roots, and leaves often turn yellowish (Dedov
A.V., Nesmeyanova M.A., and Khryukin N.N.
2018).



A.A.Tokbergenova et al.

Soil pH water
(pH*10)
~ Value
L

Ly Kalizeva DM,

e R A .-.56
o w m 161 210

Figure 5 — Map of soil acidity

In the Almaty region, there are a few districts
that grow beets Eskeldi, Koksu, Karatal, Aksu, and
Sarkand. In this regard, it should be noted that in
this map of soil acidity indicators of land in this
area are ambiguous. So, in the map given above, the
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Districts of Almaty region

soil acidity of the Koksu district at a depth of 2 m is
7.6, and in the Aksu, Sarkand and Karatal districts,
a significant area shows an acidity of 7.6 to 8.7. It
can be noted, that the Eskeldi district has an inherent
acidity of 5.6-6.4 indicators.
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Figure 6 — The level of salinity of soils in the districts of the Almaty region, %
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In the statistical data provided by the Department
of land relations of the Almaty region, the level of
soil salinity by the district is different for each district
(Fig. 6). In particular, the level of salinity (0.1%)
is observed in the lowest areas in the farmlands of
Aksu, Ile, Zhambyl, Kerbulak, Koksu and Sarkand
districts, the highest in Kapchagai (1.1%), Uigyr —
about 0.8%, Panfilov — 0.6% and Balkash district
(0.5%) (Report of the mayor of Almaty region for
2019, 2020).

Special attention should be paid to calcium as
an element that affects the ratio of H+ and OH-ions,
which regulates the acidity of the total soil solution-
pH. One aspect of the ecological relationship
between soil and plants depends on the amount of

calcium in it. In addition, the role of calcium in
the formation of the earth’s crust and the life of
biological organisms allows us to consider it one
of the most important elements in nature. Humus
compounds enriched with calcium ions have a
black color, which well withstands the sun’s rays,
which contributes to increasing the heat capacity of
the soil and also favorably affects the growth and
distribution of heat-loving plants in them (Rahman
et al. 2018). In the Almaty region, the area of calcian
chernozems is not very large. As the area of these
soils, we can distinguish the lands of the Raiymbek
district, the riverbanks of the Balkhash district and a
significant part of the lands of the Kerbulak, Aksu,
and Alakol districts (Fig. 7).
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Figure 7 — Map of the area of calcium chernozems in the region

Based on the conducted research, the agricultural
lands of the districts were classified and considered
into 3 groups depending on the level of soil quality
degradation:

- complicated — 40-60 %;

- satisfactorily — 20-40 %;

- sustainable — 0-20%.

The main indicators of the state of land resources
and priority areas of land degradation in the districts
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of the Almaty region are shown in table 1 and figure
8. As a result of this classification, Aksu, Balkhash,
Kerbulak, Koksu, Eskeldi, Zhambyl, Sarkand, Ile and
Talgar districts were classified as group [ (complicated).

As can be seen from the above graph, about 50%
of the farmland of each district that is part of group 1
is more susceptible to severe degradation. The main
areas of land quality degradation are shown in table
1 below.
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Figure 8 — The specific weight of the state of land resources by districts, % (group I)

Table 1 — Indicators of the state of regional district’s land resources, the group I

Name of district

The main directions of agricultural land quality deterioration

Aksu the degradation of grasslands, soil erosion (wind, water)
Balkhash pasture degradation, soil erosion, weeding of saxaul forests.
Eskeldi soil erosion, pasture degradation, felling of trees

Zhambyl pasture degradation, soil degradation, soil erosion
Kerbulak pasture degradation, soil erosion

Koksu pasture degradation, soil degradation, soil erosion

Sarkand pasture degradation, soil erosion

Talgar soil erosion, pasture degradation

Tle soil erosion, pasture degradation

The second group (satisfactorily) includes

Alakol, Karasay,

Enbekshikazak and Karatal

districts. The main areas of deterioration of
agricultural land and the share of the total land
situation are shown in table 2 and figure 9 below.

The third group (with the sustainable state
of land resources) includes relatively Panfilov,
Raiymbek (Kegen), and Uyghur districts of the
region located in mountainous areas (table 3,
Fig. 10).
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Table 2 — Indicators of the state of regional district’s land resources, group II

Name of district The main directions of agricultural land quality deterioration
Alakol soil erosion, pasture degradation
Enbekshikazak pasture degradation, felling of trees
Karasay soil erosion, pasture degradation, felling of trees
Karatal soil erosion, pasture degradation, felling of trees
100%
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70%
60%
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10%
0%
Alakol district Enbekshikazak district Karasay district Karatal district
mcomplicated M satisfactorily sustainable
Figure 9 — Specific weight of the state of land resources by districts, group II, %
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Figure 10 — Specific weight of the state of land resources by districts, group III, %
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Table 3 — Indicators of the state of regional district’s land resources, group I1I

Name of district The main directions of agricultural land quality deterioration
Panfilov pasture degradation, soil degradation soil erosion

Raiymbek pasture degradation, soil erosion

Uigyr soil erosion

According to research, the fertility of arable land
is reduced because farmers in the districts of the
Almaty region do not pay attention to the importance
of'increasing soil fertility. Land degradation damages
the agriculture of the districts. The damage caused
by the withdrawal of arable land from agricultural
turnover is reflected in 3 directions.

— Damage to agriculture: the quality of crops
is deteriorating; there Will be additional costs as-
sociated with the development of new land due to
missed production. As a result, the area of arable
land will be reduced, and the tendency of soil to the
environmental crisis will increase.

— Environmental and economic damage to the
social environment — as a result of land degradation,
the local natural balance is disrupted, the number
and type of diseases in the population increases,
and life expectancy decreases (Molzhigitova D.K.
2014).

— Environmental and economic damage-addi-
tional costs to increase the fertility of low-yielding
land.
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In the Almaty region, the soil of land withdrawn
from agricultural turnover is classified into 4 main
groups: grey; light brown; black; red-brown. There
are 4 reasons for the withdrawal of arable land from
agricultural turnover:

- unused vacant land;

- land allocated for other industries;

- contaminated land;

- various eroded lands.

According to the official data of 2019, the area
of land that was withdrawn from circulation in the
region was 120,552 ha, for some districts it looks
as follows (Fig. 11): Aksu — 16820 ha; Alakol —
3345 ha; Eskeldi — 2652 ha; Zhambyl — 9496 ha;
Kerbulak — 11848 ha; Koksu — 11991 ha; Karasay
— 7242 ha; Karatal — 1403 ha; Panfilov — 1348 ha;
Raiymbek — 13301 ha; Kegen — 1566 ha; Sarkand
— 6515 ha; Talgar — 1142 ha; Uigyr — 1063 ha; Ile
— 12447 ha; cities of Kapchagay — 18306 ha and
Tekeli — 89 ha (‘The Report of the Akim of Almaty
Region to the Population on February 19, 2020’
n.d.).
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Figure 11 — The area of land withdrawn from circulation in districts, ha
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Today, the introduction of land is one of
the priorities and strategic tasks of agricultural
production in the region. In turn, untimely and
incorrect land development is one of the factors that
lead to deterioration of the quality of agricultural
land in General, a sharp decrease in soil fertility.
The prevention of such cases is, of course, part of
the functions of special state bodies. The state, as
the owner, independently exercises state control
and protection of land use. State control is a
previously structured and well-developed institution
for regulating land relations. At the same time,
state control, being an integral activity of the state
administration, is aimed at achieving the goals of
management, and solving the tasks facing the state
(Saimova S.A. 2020).

At present, state control over land is the most
effective measure. However, in some parts of
the country, the requirements for the correct and
efficient use of land specified in the law are now
completely ignored. This, in turn, leads to the
opinion that state control is not carried out to a
significant extent, while it is not carried out in all
conditions of land use and the controlling authorities
do not fully cover the totality of land relations. At
the same time, it can be assumed that a system of
public land control was introduced to achieve high
results in the effective use and protection of land,
as well as to prevent and mitigate legally harmful
effects of land. Public control is characterized
by the prevention of violations in the sphere of
executive power through the use of measures of
public influence. Public control, like state control,
is based on a legal basis. The advantage of this
proposal is that the State responds quickly, which
in turn guarantees minimal damage to land users
(Saimova S.A. 2020).

The high percentage of unused land, the
negative dynamics of the main acreage of crops, and
the growth of shrubs and ponds on the land indicate
the need for measures to improve the quality of land
resources and involve highly productive agricultural
land in the turnover. When solving problems of land
use in agricultural production, it is necessary to
take into account natural and climatic, soil, spatial
conditions and economic feasibility, labor resources
and other factors (lovlev, Goldina, and Zorkov,
2020).

The introduction of unused land plots into
agricultural circulation will increase the area of
agricultural land. An increase in the area of the
developed land will increase crop productivity,
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which has a positive impact on the provision of food
to the population. The introduction of large areas
of land into agricultural circulation will not only
ensure employment of the population of the region
but also increase investment interest in the region
and contribute to increasing the incomes of the
population. Thus, the full use of arable land will have
a positive impact not only in the field of agriculture
but also in other sectors of the national economy
(Zhelyaskov A., Denisova N., and Seturidze D.
2014).

Conclusion

Today, the main condition for the sustainable
development of the agro-industrial complex is the
preservation, cultivation and effective use of land.
Therefore, improving soil fertility of agricultural
land, without loss and effective use of land, is a
prerequisite for management decisions. Geographic
information systems, as the basis for combining
various data and information based on a spatial
component, are the main element for making
administrative decisions. Effective management of
infrastructure, natural resources, the environment
and territories, as shown by world experience,
is based only on the ability to integrate GIS. In
general, the introduction of GIS in the practice of
assessing agricultural land, and soil fertility will
increase the quality of storage of information on the
state of soil fertility and accessibility to consumers,
the use of which will improve the validity of
management decisions both in a particular farm
and by representatives of executive authorities at
all levels. It is necessary to intensify research in the
following main areas:

- development of theoretical foundations
and methodologies for enhancing soil fertility in
intensive agricultural systems;

- improvement and implementation of integrated
methodologies for grouping agricultural soils;

- implementation of innovative remote sensing
and GIS technologies in agriculture;

- development of effective methods for
desalinization of saline soils and restoration of
their eroded, highly compacted, degraded, and
technologically contaminated soils;

- the development of new systems for the use
of mineral fertilizers on a variety of crops, taking
into consideration the use of new forms of organic
fertilizers, organomineral compositions, and local
mineral raw materials;
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- to enrich the soil with organic matter,
preserve and increase its fertility, it is necessary
to apply recommended agricultural techniques and,
annually for three to four years, apply high rates
of organic fertilizers in the range of 20 to 40 tons
per hectare, along with reduced rates of mineral
fertilizers;

- in order to monitor the state of soil fertility, it
is necessary to monitor plowed lands based on their
humus and fundamental nutrient composition.

Along with the indication of traditional rules,
it is necessary to take into account the totality
of controlled agrochemical, agrophysical, and

biological indicators of soil fertility for a more
comprehensive assessment and expansion, as well
as the need to improve the efficiency of the use of
fertilizers and other elements in agricultural systems;
the development of rational (scientific) methods of
soil fertility evaluation.

Acknowledgments

This research was funded by the Science
Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (grant
NeBR18574227).

References

Aldababseh, Amal, Marouane Temimi, Praveen Maghelal, Oliver Branch, and Volker Wulfmeyer. 2018. ‘Multi-Criteria
Evaluation of Irrigated Agriculture Suitability to Achieve Food Security in an Arid Environment’. Sustainability (Switzerland) 10

(3). https://doi.org/10.3390/su10030803.

Bimendina G.A., Baymaganbetov B.U., Uzbaev M.B., Mendybaev M. Zh, and Aidarbekov T.N. n.d. ‘Summary Analytical
Report of the Ministry of Agriculture of Kazakhstan on the State and Use of Land in the Republic of Kazakhstan for 2019°. 2020.

Accessed 8 September 2022.

Boekel, P. 1963. ‘The Effect of Organic Matter on the Structure of Clay Soils.” Netherlands Journal of Agricultural Science 11

(4). https://doi.org/10.18174/njas.v11i4.17541.

Davidson, D. A., S. P. Theocharopoulos, and R. J. Bloksma. 1994. ‘A Land Evaluation Project in Greece Using GIS and
Based on Boolean and Fuzzy Set Methodologies’. International Journal of Geographical Information Systems 8 (4). https://doi.

org/10.1080/02693799408902007.

Dedov A.V., Nesmeyanova M.A., and Khryukin N.N. 2018. ‘Soil Fertility and Productivity of Short-Term Crop Rotations
with Sugar Beet’. Bulletin of the Kursk State Agricultural Academy, no. 9. https://cyberleninka.ru/article/n/plodorodie-pochvy-i-
produktivnost-korotkorotatsionnyh-sevooborotov-s-saharnoy-svekloy.

FAO. 2020. ‘Key Messages | Global Symposium on Soil Organic Carbon’. 2020. https://www.fao.org/about/meetings/soil-

organic-carbon-symposium/key-messages/ru/.

Iovlev, G A, I I Goldina, and V S Zorkov. n.d. ‘Unused Agricultural Land in Russia-the Significance and Impact on the
Economy of Agricultural Production’. Accessed 8 September 2022. https://doi.org/10.1051/e3sconf/202022203014.

Joerin, Florent, Marius Thériault, Andre Musy, Marius Thé Riault, and André Musy. 2001. ‘International Journal of
Geographical Information Science Using GIS and Outranking Multicriteria Analysis for Land-Use Suitability Assessment Using
GIS and Outranking Multicriteria Analysis for Land-Use Suitability Assessment’. Int. j. Geographical Information Science 15 (2).

Kiryushina V.I. and Ivanov A.L. 2005. Methodological Guide on Agroecological Assessment of Lands, Design of Adaptive
Landscape Systems of Agriculture and Agrotechnologies. Edited by Kiryushina V.I. and Ivanov A.L. Moscow.

Malczewski, Jacek. 2006. ‘GIS-Based Multicriteria Decision Analysis: A Survey of the Literature’. International Journal of
Geographical Information Science 20 (7). https://doi.org/10.1080/13658810600661508.

Molzhigitova Dinara Kumarbekovna. 2014. ‘Research and Improvement of Land Resource Use Efficiency Taking into Account

the Territorial Features of the Almaty Region’.

National Bank of the Republic of Kazakhstan. 2019. ‘National Bank of the Republic of Kazakhstan’. 2019. https://www.

nationalbank.kz/kz?furl=cursFull&switch=eng.

Pikovskaya O. 2017. “Soil Density in Various Systems of Its Processing’. Proposition — The Main Magazine on Agribusiness
Issues. 2017. https://propozitsiya.com/ru/plotnost-pochvy-pri-razlichnyh-sistemah-ee-obrabotki.

Rahman, Md Atikur, Sang Hoon Lee, Hee Chung Ji, Ahmad Humayan Kabir, Chris Stephen Jones, and Ki Won Lee. 2018.
‘Importance of Mineral Nutrition for Mitigating Aluminum Toxicity in Plants on Acidic Soils: Current Status and Opportunities’.
International Journal of Molecular Sciences 19 (10). https://doi.org/10.3390/ijms19103073.

Saimova S.A. 2020. ‘So That I Change the Land Legislation of Kazakhstan, Why and What Will It Give the Country?’ 2020.

https://online.zakon.kz/Document/?doc_id=31534346.

47



Soil fertility assessment of agricultural land in the Almaty region using GIS technologies

‘The Report of the Akim of Almaty Region to the Population on February 19, 2020°. n.d. Accessed 8 September 2022. https://
dknews.kz/ru/v-strane/57704-tezisy-otchetnogo-doklada-akima-almatinskoy-oblasti.

The state program ‘Digital Kazakhstan’. n.d. ‘The State Program “Digital Kazakhstan™’. Accessed 8 September 2022. https://
digitalkz.kz/o-programme/.

Tokbergenova, Aigul, Lazzat Kiyassova, and Shnar Kairova. 2018. ‘Sustainable Development Agriculture in the Republic of
Kazakhstan’. Polish Journal of Environmental Studies 27 (5). https://doi.org/10.15244/pjoes/78617.

Velyamov, Masimzhan, Lyudmila Kurasova, Shukhrat Velyamov, Rosa Bek, and Nargiza Sadykova. 2020. ‘Isolation and
Study of Microorganisms of Seeds of Zoned Varieties of Sugar Beet in the Republic of Kazakhstan’. Bulletin of the South Ural
State University. Series: Food and Biotechnology. 2020. https://cyberleninka.ru/article/n/vydelenie-i-izuchenie-mikroorganizmov-
semyan-rayonirovannyh-sortov-saharnoy-svekly-v-respublike-kazahstan/viewer.

Website of Akimat of Almaty region. n.d. “Website of Akimat of Almaty Region’. Accessed 8 September 2022. https://www.
gov.kz/memleket/entities/zhetysu?lang=ru.

Zhelyaskov A., Denisova N., and Seturidze D. 2014. ‘Economic Feasibility of Involving Unused Agricultural Land in
Turnover’. Rossiyskoe Predprinimatelstvo,no. 15 (261): 85-94. https://cyberleninka.ru/article/n/ekonomicheskaya-tselesoobraznost-
vovlecheniya-v-oborot-neispolzuemyh-selskohozyaystvennyh-ugodiy.

48



2-0011M
T'EOJE3USI
ZKIOHE KAPTOI'PA®OUS

Section 2
GEODESY
AND CARTOGRAPHY

Paznen 2
T'EOQJIE3US
N KAPTOI'PADOUS



ISSN 1563-0234, eISSN 2663-0397 Xabapuibl. ['eorpadus cepuscel. Ne2 (69) 2023 https://bulletin-geography.kaznu.kz

MPHTU 36.23.27 https://doi.org/10.26577/JGEM.2023.v69.i2.05

il

1@ ©
9
T B
lu: * u:
JLA. IIponnnaZ G , A.K. Car6eprenona* G
'Ka3axckuii arpoTeXHUIeCKHi uccenoBarenbekuit yuusepcuteT nmenu C. Celidyminna,
Kazaxcran, . Acrana
2OMCcKHit TOCYIapCTBEHHBIHN arpapHsiil yauBepeuteT uM. [1.A. Cronbimuna, Poccust, . OMck
SKaparanauHCKHUi TexHH4Iecknit yauBepceutet nmenn A. CarunoBa, Kazaxcraw, . Kaparanma

*e-mail: a.satbergenova@gmail.com

K.A. AnnpicnaeBa , H.A. TIlapxomenko?

ONTMMMN3AUUNA METOAOB TEOAE3BNYECKOTO OBECITEMEHUA
CTPOUTEABCTBA ABTOMOBUAbHbIX AOPOT
B YCAOBUSAX CEBEPHOTO KA3AXCTAHA

B craTbe MCCAEAOBAH METOA M3MEPEHUS POBHOCTM MOKPbITUIA aBTOMOOMAbHbBIX AOPOT, KOTOPbIN
OCHOBbBIBAETCS HA OLlEHKe MPOAOABHOIO MMKPOMPOMUAS MOKPbITUS, TO €CTb MAaCCMBA BEPTUKAAbHbIX
OTKAOHEHWI OT FOPU3OHTAAbHOWM MOBEPXHOCTU MOKPbITUS. B OTAMuUME OT MpeAbIAYLUMX METOAOB,
KOTOpbIE M3MEPSIAM CPEAHEe 3HauyeHWe MOMepevyHOro HepaBHOMEPHOrO MPOMUAS MOKPbLITUS, 3TOT
METOA MO3BOASIET MOAYUUTb GOAEE AETAAbHYIO MH(DOPMALMIO O NMOBEPXHOCTU AOPOTU.

AAS M3MEpPEeHMS MPOAOABHOTO  MMKPOMPOMWAS  MOKPbITUS  MCMOAb3YeTCS  CreLMaAbHoe
060pyAOBaHMEe, KOTOPOE MOXET (PUKCMPOBATb BEPTMKAAbHbIE OTKAOHEHMWSI MOKPbITUS C BbICOKOWM
TOYHOCTbIO U paspeLleHremM. PaccTosHme mexay rKCMpyeMbiMU OpAMHATaMM MOXKET BbiTb BbIGpPaHO
B 3aBUCMMOCTU OT TpebyemMoi TOUHOCTU U3MEPEHUS U OCOBEHHOCTEN MOKPbITUS AOPOTU.

[MOAYyUeHHbI MaCCMB OPAMHAT MOXKHO aHAAM3UPOBATb C MOMOLLBIO PAa3AMUHbBIX METOAOB 06paboTKM
AQHHbIX, HaNpMMep, AAS ONPEAEAEHNS CTENEHN POBHOCTM MOKPbLITUS, BbISBAEHMS MPUUYMH HEPOBHOCTEN
M MAAHMPOBaHUS PabOT MO WX yCTpaHeHuio. Takol MOAXOA MO3BOASIET GOAEE TOUHO OMPEAEAUTb
KQ4yeCTBO MOKPbITUS U MPUHUMATb MEPbI MO €r0 YAYULLIEHMIO.

MeToa u3MepeHus POBHOCTM MOKPbITUIA  aBTOMOOMAbHbIX aAopor CeBepHoro KasaxcraHa,
pe3yAbTaTbl KOTOPOrO MPEACTaBAEHbl B CTATbe, MPUHUMMMAABHO OTAMYAETCH OT MPEALLECTBYIOLLMX
Npe>kAe BCEro Tem, UYTO B €ro OCHOBY MOAOXEH HOBbIA MOAXOA, KOTOPbIA 3aKAIOUYAETCH B TOM, UTO
pPe3yAbTATOM M3MEPEHMUS IBASETCH MPOAOAbHBIN MUKPONPOMUAD B BUAE MAaCCMBa OPAMHAT (QMMOAUTYA).

Pabota COAEP>XMT OnMucaHue MEeTOAQ M ero MpPeuMyLLeCcTBa Nepes MpeAbIAYLIMMU METOAAMM
M3MEPEHNS POBHOCTM TMOKPbITUS, @ TaKXe aHaAM3 pe3yAbTaTOB M BO3MOXKHbBIX MPaKTU4eCKMX
NPUMEHEHNN.

Takunm 06pasom, AaHHas paboTa MMeeT GOAbLIOE 3HAaUEHWE AAS TPAHCTIOPTHOM MHPPACTPYKTYPbI 1
MO>KET ObITb MCMOAb30BaHa AAS MOBbILLEHMS 6@30MacCHOCTU 1 KOMPOPTHOCTM ABUXKEHMS HA AOPOTax.

KAtoueBble cAOBa: aBTOAOPOra, M3MePEHNS POBHOCTM MOKPbITUS aBTOAOPOrM, METOA aMMAUTYA,.
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'Seifullin S. Kazakh Agrotechnical Research University, Kazakhstan, Astana
2 P.A. Stolypin Omsk State Agrarian University, Russia, Omsk
3Saginov Karaganda Technical University, Kazakhstan, Karaganda
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Optimization of methods of geodetic support for the construction
of highways in the conditions of Northern Kazakhstan

The article investigates a method for measuring the evenness of road pavements, which is based on
an assessment of the longitudinal microprofile of the pavement, that is, an array of vertical deviations
from the horizontal surface of the pavement. Unlike previous methods, which measured the average
value of the transverse uneven pavement profile, this method allows you to get more detailed informa-
tion about the road surface.

To measure the longitudinal microprofile of the coating, special equipment is used that can record
the vertical deviations of the coating with high accuracy and resolution. The distance between the fixed
ordinates can be selected depending on the required measurement accuracy and the characteristics of
the road surface.
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The resulting array of ordinates can be analyzed using various data processing methods, for example,
to determine the degree of evenness of the coating, identify the causes of irregularities and plan work to
eliminate them. This approach allows you to more accurately determine the quality of the coating and
take measures to improve it.

The method of measuring the evenness of road surfaces in Northern Kazakhstan, the results of which
are presented in the article, is fundamentally different from the previous ones, primarily in that it is based
on a new approach, which lies in the fact that the result of the measurement is a longitudinal microprofile
in the form of an array of ordinates (amplitudes).

The work contains a description of the method and its advantages over previous methods for measur-
ing the evenness of the coating, as well as an analysis of the results and possible practical applications.

Thus, this work is of great importance for the transport infrastructure and can be used to improve the
safety and comfort of traffic on the roads.

Key words: road, road surface evenness measurements, amplitude method.
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CoaTtycTik Ka3sakcTaH xaFAaibIHAQ XOA CaAy YLUiH
reoAe3MsIAbIK, KAMTaMacbI3 €TYAjH, dAICTepiH OHTalHAQHABIPY

Makaraaa >kabblHHbIH OOMAbIK, MUKPOMPOMUAIH, SFHM XKaObIHHBIH KOAAEHEH GETIHEH TiK aybITKyAap
MaccuBiH OararayFa HEri3AEAreH >KOA TOCEMAEPIHIH, TEriCTiriH eAlley aaici 3eptreaeai. KeaaeHeH
Teric emec >kabbiH NPOMUAIHIH OpTalla MOHIH OALIEATIH aAAbIHFbl SAICTEPAEH albIPMALLbIAbIFbI, OYA
BAIC XKOA TOCEMI TypaAbl TOAbIFbIPAK, aknapaT aAyFa MyMKIHAIK Gepeai.

KanTtamaHbiH, 6GOMAbIK, MMKPOMPOMUAIH ©ALIey YILiH >KaOblHHbIH TiK aybITKYAApPbIH >KOFapbl
ASAAIKIEH >KOHE PYKCATIEH >Ka3a aAaTblH apHaiibl )KabAbIK, KOAAAHbIAAAbI. BekiTiAreH opavHaTaAapAbIH
apacblHAAFbl KALLLIKTbIKTbI TaAamn €TIAETIH OALLIEM ABAAITHE >KOHEe YKOA TOCEMiHIH cumaTTaMmaAapbiHa
6aiAaHbICTbl TaHAAyFa OOAAADI.

AAbIHFAH OpAMHATa MAaCCUBIH SPTYPAI AEPEKTEPAI BHAEY BAICTEPIH KOAAAHY apKbIAbl TaAAayFa
60AaAbI, MbICaAbl, Xa0ObIHHbIH, OipkeAKi BGOAY AdpekeciH aHbikTay, Oy3yLIbIAbIKTAapAbIH cebenTepiH
aHbIKTay >XOHe OAapAbl >KOK OOWbIHILA XYMbICTapAbl >KOCrMapAay. ByA TeciA >kabbiHHbIH canacbiH
ASAIPEK aHbIKTayFa >KOHE OHbl XKaKCapTy LapaAapbiH KabbiAAdyFa MYMKIHAIK Gepeai.

HaTumxenepi makarasa keaTipiareH CoatycTik KasakcTaHaaFbl )KOA >KaMbIAFbIAAQPbIHbIH, TEFICTIrH
OAlLIEY SAiCi OypblHFbIAAPAAH TYOEremnAi epekilleAeHeAl, €H aAAbIMEeH OHbIH >KaHa Ke3Kapacka
HErisAEAreHAINIMEH epekLleAeHeAl, OA HOTMXKEHI aHbIKTayAa >KaTblp. OALIEYAiH OpAMHaTaAap
(amMnAMTY AQAap) MaccmBi TypiHAEri BOMABIK MUKPOMPOMMAb GOAbIN TabblAAAbI.

KyMbICTa ©AICTIH cMmaTTamachbl >KOHe OHbIH >KabblHHbIH OIPKEAKIAIMIH ©ALIEYAIH aAAbIHFbI
dAICTepiHe KapaFaHAa apTbIKWbIAbIKTapbl, COHAAM-aK, HOTUXKEAEPAT TAAAQY >KOHE MYMKIiH MPaKTUKAABIK,
KOAAaHY 6ap.

Ocblraniua, 6YA XKYMbIC KOAIK MHPaKYPbIAbIMbI YILIH YAKEH MaHpl3fa Me >KOHEe >KOAAAPAAFbl
KO3FaAbIC KaYiMCi3Airi MeH XaMAbIAbIFbIH apTTbIPY YLUiH NanAdaA@HbIAYbl MYMKIH.

Ty#in ce3aep: >KOA, XKOA BETiHIH TEericTiriH eAlley, aMNAMTYAAABIK, SAIC.

BBeaenne

Jnst obecriedeHns: reoAe3MYECKOTO COMPOBOXK-
JCHUsI TIPOCKTUPOBAHMS, CTPOUTENBCTBA U Jallb-
Helmrero HaOMIONEHUS 3a OCaJKaMH B Hpolecce
OKCILTyaTaluu aBTOMOOMJIBHBIX J0por CymeCTBYET
MHOXCCTBO IIOAXOJ0B B UCIIOJIb30BaAHUU PEKOMCH-
OyeMBIX TEXHOJOTUH U COBPEMEHHBIX NPHOOPOB.
Bompoc BpIOOpa ompenensercss HEOOXOIUMOCTBIO
co0r01aTh TPEOYEMYHO TOYHOCTb.

CTpOUTENBCTBO CIIOKHBIX aBTOMAarkuCTPaIbHBIX
pa3Bs30K M oOecrieueHns] KadecTBa Ha COBPEMEH-
HOM OTal€ HMX Pa3sBUTUA ABJIACTCA HaubOolee

AKTYaJIbHBIM IMPOLCCCOM B IMPAKTUKEC HWHIKCHCPHO-
T€OAC3NYCCKUX pa60T, IIOCTOSAHHO Tpe6YIOH_II/IM
Ka4YCeCTBCHHOI'0 pCIICHHA 3aaad, CBA3AHHBIX C
KOHTPOJIEM I'€OMETPUYCCKUX MAPAMETPOB CIIOXKHBIX
HWHXXCHCPHBIX COOPY)KCHI/Iﬁ JIMHEHHOTO THIIA, KO-
TOPBIMH U ABJIAIOTCA ABTOMOOUJILHBIE KOMILIEKCHI.

MartepuaJjibl 4 METOABI HCCICAOBAHUS
B Texkymuii MOMEHT BpEMEHU B apceHale
reofIe3NYECKUX  TEXHOJOTMM  CONMpPOBOXKACHUS

CTPOUTEIBCTBA UMEETCSI MHOXKECTBO COBPEMEHHBIX
TEXHOJIOTHH, OCHOBAHHBIX Ha UU(POBU3ALMU H
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HMCKYCCTBEHHOM HWHTEIUIGKTE TaK WM WHA4e
WHTETPUPOBAHHBIX C JaHHBIMH JHCTAaHIIMOHHOTO
30HAMPOBAaHMA. BaXHBIM 3TarmoM HYXHO CUHTATh
mporecc 0O0pabOTKKU M TMONYYeHHUE KaueCTBEHHOM
nHGOPMAIUH ISl TOJIE30BATENIS, BBITIOIHSIIOIIETO
TpeOOBaHMsI ~ MHCTPYKTHBHOH  JOKyMEHTAIlWH.
AKTyaJIbHBIM TPEHJOM MOXXHO CUUTATh HCIIOJHH-
TENbHBIE CHEMKU C HCIOJIb30BAaHUEM Te0e3nyec-
KOTro Kjlacca MOOWJIBHBIX CHCTEM BO3JIYIIHOTO H
Ha3eMHOTO Ja3epHOT0 CKaHHWPOBAHUS, IMO3BOJIAIO-
I¥e MmoiyyaTh JeTanbHbie 3D Momenu 0OBEKTOB ¢
reorpa)u4eckoil MPUBS3KOH, BBITOJIHSIOMNX pa-
CYeT TPAaeKTOPUHU IBMKEHHUSI CUCTEMBI B PEaJbHOM
BpemMeHH. CKaHUpOBaHHE aBTOMOOWIIBHBIX JOPOT
MOXET OBITh HCIIONIL30BAHO Ha JFOOOM JIEeHCT-
BYIOIIEM  JKM3HEHHOM  LHWKIE  TpacCchl  OT
Tormorpauyeckux ChEeMOK, CO3JaHUs NpoQHIcH
MPHU U3BICKaHMSIX, BEIHOCA B HATYPY, PEMOHTA, 0
co3nanusi MUGPOBEIX WH(MOPMAITMOHHBIX MOJENeH
JIOPOKHOTO TIOKPBITHS, aHAIN3a U KOPPEKTUPOBKU
YKJIOHOB M CO3/IaHUS TaCIIOPTa aBTOAOPOTH.

B yueOHoi1 nmureparype, nzganaoi go 2016 r.
(Komrormmua, 2014:496; Macmos, 2013:598), ykassl-
BaeTCs YTO MPU CTPOUTEIBLCTBE aBTOMOOMIILHBIX JI0-
por MpOJIO’KEHHE HHUBEIHPHBIX XOA0B OCYIIECTB-
JIATh TEXHUYECKUX HUBEIUpPOBaHUEM. B HacTosmee
BpEMsI IIPU CTPOUTENBCTBE aBTOMOOMIIBHBIX JOPOT
HIMPOKO MPUMEHSIOTCS JICKTPOHHBIE TaXEOMETPhI
1 U POBBIC HUBEIUPHI, OTIBIT UX UCIIOIB30BAHUS U
WCCIICIOBAaHUS TIPEICTaBlIeHB B paborax (Zou,
2017:254; Nestorovic, 2014:32; Shults, 2016:359;
Takalo, 2006:5).

[Iporecc onTHMU3anMK CYHIECTBYIOMIMX TIOA-
XOJIOB B HUCIIOJIb30BAHUU PEKOMEHIYEMBIX TEXHO-
JIOTUI U COBPEMEHHBIX MPUOOPOB MPH MPOSKTUPO-
BaHWU U CTPOUTEIHCTBE HAXOAHT CBOE MECTO BO
BHeApeHun BIM-TexHosoruii Ha BeCh KU3HEHHBII
UK 00BEKTa, HAYMHAS C MpoIlecca MHKEHEPHBIX
W3BICKAHUM.

Ucnonb3oBanue BIM-texHomoruil npemycmar-
pHBaeT pelieHue 3aJaud HHTETPallui Pe3yIbTaToB
WH)XCHEPHBIX W3BICKaHWH B cpefy MH()OPMAIUOH-
HOTO MOJIETMPOBAHUS, KOTOpas IMperyCMaTpUBAeT
He TOJIFKO HAaKOIUIEHHE, HO ¥ 00pabOTKy OTpOMHOTO
MaccuBa HH()OpMAIUH.

JleiicTByIOIME M CYIIECTBYIOIIUE HOPMATHB-
HBIE IOKYMEHTHI 110 T€0Je3NIEeCKOMY COIIPOBOKIE-
HUIO CTPOUTENBCTBA C UCTIOJIL30BaHUEM H(PPOBBIX
MH(POPMAIIMOHHBIX TEXHOJOTHIA yKa3bIBAIOT HA HC-
MOJIb30BaHNE METO/HK, COAEPIKALINXCS B PYKOBOJ-
CTBaxX IO JKCILUTyaTalli COBPEMEHHOTO T'eOfIe3H-
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YeCKMX MPUOOPOB U OOOPYIOBaHUS, HO B HUX HE
yKa3aHbl TpeOOBaHHA K OOECHEeYeHUI0 TOYHOCTH
HHXEHEPHO-TOoTorpadmaeckux padboT, HampaBIICH-
HBIX HEMOCPEJACTBEHHO Ha MPOCKTHUPOBAHUE,
PEKOHCTPYKIIHIO U CTPOUTEITHCTBO aBTOMOOHIIHLHBIX
nopor (ITaaTtyco, 2019:5).

be3 Hafe)KHBIX, TOYHBIX U ONEPATUBHBIX H3ME-
peHUIl M Ka4yeCTBEHHONW HAay4yHO OOOCHOBaHHOW WX
00pabOTKN HEBO3MOXKHBI HUCCIIEOBaHUS B 001acTh
reoIe3nYECKOT0 00ECTIeYeHNsI CTPOUTEIIbCTBA.

OnTuMu3anus 3aKioyaeTcss B 000CHOBAHHOM
BEIOOpE METOJOB M TEXHOJOTHH T'e0Je3NIeCKOr0
COTIPOBOXKICHUS TPOEKTUPOBAHNUS M CTPOUTEIHCTBA
ABTOMOOMJIBHON JTOPOTH INPHUMEHUTENBHO K KOH-
KpeTHBIM  (pu3uKO-TeorpadUueckuM  YCIOBHSAM
MectHOCTH. OOOCHOBAaHHE BBHIOOpA OMHpAETCS Ha
BBINIOJTHEHHE HEOOXOAUMON TOYHOCTHU MPOBEACHUS
reoie3nYecKux padboT, YTO BOSMOXKHO C IpPHMEHE-
HUEM WH(GOPMAIIMOHHOTO MOJEIUPOBAHUS TIpU
UCI0JIb30BaHUU BIM-TeXHOJIOTHI B CTPOUTENBCTBE
aBTOMOOMIBHBIX opor. OTHOH U3 3a1a4 KOTOPOTro
MIPOEKTUPYETCS] BBHITIOHEHUE aHaln3a U ONTHUMHU-
3aiM TOCJIEeNOBAaTEIFHOCTH BBIMTOMHEHHS pabdoT,
MIPOBEPKH BBHITTOJIHUMOCTH TEXHOJIOTHUSCKIX PeIlie-
HUll ¢ o0ecreueHeM KavyecTBa; KOHTPOJIS BBITION-
HEHHBIX (DU3MYECKHNX OOBEMOB CTPOUTEIHHBIX pa-
00T ¢ BO3MOXXHOCTBIO BHU3yaJIM3allMH BBIMIOJTHEHUS
MPOCKTHBIX PEHICHUH; YTO CIIOCOOCTBYET TaKXKe
ONTUMHU3AIMN YUCIIEHHOCTH TIepPCOHANa Ha CTPOH-
TenpHON momanke. Co3gaHre W WCIOJIB30BaHHE
BIM — Monenu criocoOCTBYET MPOBEICHHUIO T'e0/Ie-
3WYECKOTO KOHTPOJIS HA BCEX ATAIAaX CTPOUTEIHHBIX
pabor, a Takxke odecIedynBaeT MPOBEICHUE MOHUTO-
PUHTOBBIX paboOT MO OXpaHe TPY/a, BHITOJIHCHUS
9KOJIOTHUECKMX TPeOOBaHUH W MPOMBILIJICHHON
0e30MacHOCTH Ha BCEX Y4YacTKaX CTPOUTEIhCTBA.
(Von Olshausen, 2021: 179)

Ha kagectBO yknanku acganbToOETOHHOTO T0-
KPBITUSL JOPOT aKTHBHO BIIMSAIOT MPOMEKYTOUYHBIC
3Tarbl BCETO TEXHOJIOTHYECKOTO MPOIecca.

KauecTBo Oyaymielt MarucTpany, B He MEHbIIEH
CTETIeHU 3aBHCHT OT COOJIFOJICHUS NPaBHJI Ha dTare
VKIAJIKA U yKaThIBaHHUA acdanbTa, 4eM OT BBIOOpa
CMECH M IPUTOTOBIIEHUS €€ B TOYHOM COOTBETCTBUHU
c uHcTpykuueii. Ecnu TexHonorueii npenedpeds, TO
nmopora He mpociyxut ponro. (Ralbovsky, 2020:
11787)

[Ipu skcmmyaranuu aBTOMOOMJIBHBIX JIOPOT, a
TaKKe MpU Pa3pabOTKE HOBBIX MMPOSKTOB M MPOEK-
TOB PEKOHCTPYKIIMU aBTOMOOMIBHBIX JJOPOT, HEOO-
XOJIUMO BBISBIISITh YIACTKH, HE COOTBETCTBYIOIINE
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TpeOoBaHUAM oOecrieueHus] 0e301MacHOCTH JIBUKe-
HUS, W TpeAyCMaTpuBaTh MEPONPUATHS MO €e
nosblienuto (Illakuesa, 2015:215).

OpmHAM U3 BaXXHEWIINX TPaHCHOPTHO-IKCILTya-
TAIMOHHBIX TTOKa3aTeneld aBTOMOOWIBHBIX JOPOT
SIBIISIETCSI POBHOCTD JIOPO’KHOT'O TIOKPBITHSI.

B Hacrosiee Bpems B cTpaHax — wieHax Tamo-
JKEHHOTO COI03a Hauboyiee MIMPOKO TNPUMEHSOT
METOJIBI KOHTPOJISI POBHOCTH TOKPBITHH aBTOMO-
OWJBHBIX JOPOT, OCHOBaHHBIE Ha CJIEIYIOLINX
MOIX01axX:

1-1 moaXxoJ — U3MepeHrne peuKon JIMHON TpHU
MeTpa ¢ KIMHOBBIM NPOMEPHHUKOM, MpPEAyCMaTpH-
BalOlllee H3MEPEHHE BEJIIMYMHBI IPOCBETA MOJ
pemrKoi;

2-ii IoaX0 — U3MEpPEeHNEe HUBEIHPOM U HUBE-
JUPHON pENKOH, MpeayCMaTpUBAIOLIEE BBIYUCIIC-
HUE MOJIYJNs Pa3sHOCTH BEPTUKAIBHBIX OTMETOK
(opmuHaT) MoBepxHOCTH ¢ TmaroM 5, 10 u 20 wm;
(ucnonp3yeTcsl B HAIIMX MCCIIEOBAHMSIX);

3-ii moaxox — M3MEPEHUE ¢ MPUMEHEHHEM aBTO-
MoOmIbHOH yeranoBku [IKPC-2 nmn npyrumu npu-
0opamu, TOKa3aHWsS KOTOPBIX MPUBEIEHBI K TOKa-
3anuaM [1IKPC, npenycMmaTpuBatoliee onpeaencHue
WHTEHCUBHOCTH (YPOBHS) BEPTHKAJIBHBIX KoyeOa-
HUI MPUIIETHOTO NPUOOopa OTHOCUTEIBHO TOJApEC-
COPEHHOT0 Ky30Ba, BBIpayKaeMoe B BUJIC CyMMapHO-
ro TIepeMeIleHus] HEeMOoIPeCCOPEHHON MacChl OTHO-
CUTENIbHO TMOJIpecCOpeHHor Ha 1 KM jJoporu
(cM/kM).

[IpononbHasi POBHOCTH JTOPOKHOTO MOKPBITHS
SBIISIETCSl OJHUM U3 BAXHEHIINX TapaMeTpOB,
KOTOpbIC BIHUSIOT Ha KOM(OPT M 0e30MacHOCTb
JIBUKCHUS Ha aBTOMOOWIBHOM fopore. OHa xapak-
TEPU3YETCS HEPOBHOCTSIMH IMOKPBITHS B MPOJOIh-
HOM HAmpaBJICHHW W W3MEPSAETCS BEITMINHON
MOTIEPEYHOT0 HAKJIOHA JOPOTH Ha OMNpeAeIeHHOM
y4acTKe.

Jlns u3mMepeHus npo0JIbHOM POBHOCTH JTIOPOXK-
HOTO TIOKPBITHS Hauboliee TOYHBIM METOJIOM
SIBIISIETCS. METOJl aMIUIMTYJ, KOTOPbIii OCHOBaH Ha
WCTIONB30BAaHUH  CIIEIIUAGHBIX ~ WU3MEPHUTEIHHBIX
npubopoB — mnpodumromerpos. IIpodunomerpsr
MO3BOJISIIOT U3MEPSATH BEICOTY MPO(UIS AOPOKHOTO
MOKPBITUS U ONPEIEISITh aMIUTUTYAy HEPOBHOCTEH
B ITPOJOJIHHOM HaIpaBJICHHU.

OpnHako, U1t 0oJiee MPOCTHIX CIYy4YaeB MOXKHO
WCIIONB30BaTh U JIPYTHE METOIBI U3MEPEHUsS IPO-
JIOTBHOW POBHOCTH JOPOKHOTO ITOKPBITHS, TaKHe
KaK CpEelICTBA TEOMETPUYECKOTO HUBEINPOBAHHMSI.
OTH MeTOAbl OCHOBaHBI Ha HCIIOJIb30BaHHUHU CIIe-
IUATBHOTO 000pYyMOBaHMS, KOTOPOE TO3BOJSET

OMpeNeNiATh YPOBCHb JIOPOTH B  MPOJOJIHLHOM
HalpaBJICHUH.

Taxum 06pa3zoM, AJist osiee TOUHOTO U3MEPEHHS
MPOJOJLHONH POBHOCTH JIOPOXKHOTO  MOKPBITUS
HanOosee H((PEKTUBHO HMCHOIB30BATh  METO]
aMIUTUTY/I C IMOMOIIBI0 MPO(UIOMETPOB, HO s
MPOCTHIX CITy4aeB MOKHO IPUMEHSTH U OoJiee mpoc-
ThIE METO/IbI, TAKHE KaK CPEJICTBA TEOMETPUIECKOTO
HuBenupoBanws (Pycsesa, 2016:56).

Meton u3MepeHus POBHOCTH  NOKPBITHI
ABTOMOOMJIBHBIX JIOPOI, PE3YJIbTaTbl KOTOPOIO
IOpEACTaBIE€Hbl B CTarbe, IMPUHLUIHNAIBHO

OTJIMYAETCSl OT MPEAIIECTBYIOIIUX IPEXIEe BCEro
TEM, UYTO B €r0 OCHOBY IOJIOKEH HOBBIM MOJXO],
KOTOPBIM 3aKJII0YaeTCsl B TOM, YTO Pe3yJIbTaTOM
W3MEpEeHHs SIBJISETCS MPOAOJIBHBIA MUKPOIIPODHUITH
B BHJIe MaccuBa opauHatr (ammuutyx). [Ipu sTom
paccTosiHuEe MeXIy (UKCHPYEMBIMH OpIUHATaAMU
MOJET COCTaBJIATh HECKOJBKO CAHTUMETPOB, a
TOYHOCTb MX HM3MEPEHUs — JI0JU MWIIMMETPOB B
3aBUCUMOCTH OT OCOOEHHOCTEH NPUMEHSEMOIo
000pyTOBaHUS.

Ilo BbICcOTaMm, MOJNIy4eHHBIM M3 pE3yJIbTATOB
UCIIOJTHUTEIBHBIX CHEMOK NPOTSKEHHOCTBIO TATH
KAJIOMETPOB, IOCIE PEKOHCTPYKLIUH aBTOMOOMWIIb-
HOM 10pOTH pecyOINKaHCKOro 3HaYeHus " AcTaHa-
IleTrponaBnoBck" TpaH3uTHOrO Kopuzaopa "bopo-
Boe-Kokueray-IlerponaBnoBck-rpanuna PO", BbI-
MIOJIHEH aHAJIN3 POBHOCTH JIOPOKHOT'O MIOKPHITUS HA
OCHOBE pe3yJbTaTOB BEPTHUKAIBHBIX OTMETOK IIO
MHUKpONpO(HII0 JeBOH, MpaBoil KpPOMKaM U OCH
HOKpBITHS. M3MepeHus NpoBOAMINCEH IOCIEN0BA-
TEJILHO C YCTAaHOBKOM PENKHU HAa BCE METKHU.

Pacuer ompeneneHus TOYHOCTH BBICOTHOTO
MIOJIOKEHUS] MOKPBITUS BBIIIOJHEH IO Pa3HOCTAM
BEPTUKAIBHBIX OTMETOK Ha IPSIMOJIMHEHHBIX
ydacTkax ¢ marom 20 METpoB M Ha XapaKTEpHBIX
TOYKaX IMOKPHITHS aBTOMOOWIBHOW noporu. [lms
BBITIOJTHEHUST ~MaTeMaTHdecKod o00paboTKw, B
KOJIMYECTBEHHOM OTHOIIEHUH IO KaXKIOW IoJoce,
ObUIO0 moNydeHo 269 onpeneneHUil pa3HOCTEH
BEPTUKAIBHBIX ~ OTMETOK, II0  KOTOPhIM B
cootBerctBum ¢ ['OCT 33101-2014] BBIYHCIICHEI
MOZYJIH pasHocTeH, ornpeaensieMble KaK
OTKJIOHEHHE OPIUHATHl MUKPOIPOQHIS OT NPSMON
JIMHUY CcOTIacHO (hopMyIsl 1:

6hi — hi—l;hi+1 _ hi (1)

rnae hi, hij, hi+;, OpAMHATA TOYKA MAcCHBa, OpIUHA-
ThI IOCJIEAYIONIEH W MPEABIYIINX TOYeK MacCUBa.
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Jis MaremaThueckoi 0OpabOTKH, pPa3HOCTH
HCIOJIBh30BAIMCH 0€3 MOJYJIS ¥ U3 HUX ObLIH cop-
MHUPOBaHbl TPU BapUAIMOHHBIX Psiia OTKIOHCHUU
MO JICBOM, MpPaBON KPOMKAM W OCH TMOBEPXHOCTH
JIOPOTH, Pa3HOCTh OPIWHAT BHYTPH HHTEPBAJIOB
ompenensiack mo Gopmyne Crepmkecca:

h_ R | (2)
1+332igN

rae R — pa3HOCTh OPJMHAT MEXKIY MaKCUMAaJbHBIM
1 MHHHUMAJIBHBIM 3HA4YCHUAMU, N — xomndecTBO
OpAMHAT.

KonnyectBo WHTEpBalOB B KaXIOM Py,
COCTABJICHHOM TIO JIEBOH (IpaBoif) KpOMKaM M OCH
OTIPENIeNISIOCh KaK OTHOIIECHHE Pa3HOCTH OpJIUHAT
MEXJy MaKCUMaJIbHBIM W MHHHMAaJbHBIM 3Haye-
HUSIMH K pa3HOCTh OpJMHAT BHYTPH HHTEPBAJIOB.

,Z[J'ISI BCEX TpEX pPAAOB 3HAYCHUA IIOJTYUYCHBI
MPaKTUYECKU OJAMHAKOBBIC /=4 MM, B KaXKIIOM PSAY
MOJTyYHIIOCh OJIMHAKOBOE KOJIMYECTBO WHTEPBAIOB
paBHOe 9, S3TO TO3BOJSET CHaEIaTh BBIBOA O
HECUMMCTPUYIHOCTHU pacrpeaeiacHusd opaAnuHaT
OTHOCHUTEIFHO HYJIEBOTO 3HAYCHHSI.

XapakTepuCTUKOM  KOJMYECTBA  MOSBICHUM
OopAvHAT B HHTCPBAJIC CIYXXHUT YaCTOTHOCTbD,
omnpeacideMas KakKk OTHOIICHUC 4YucCiia OpAUHAT B
WHTepBaie (4actota) 0003HAYNM ero OyKBOHU 7, K
00bEMy Bcero psizma obo3HaunmMm ero 3a N=269,
BBIYMCIIMM YacTOTYy 10 hopmyJie 3:

VVZ-=I’11'/N. (3)

BrImonHuB npenBapuTeNbHOE paclpelesieHue
OTKJIOHEHHH OpJAWHAT 10 WHTepBajaM, HalOiromaeM
YTO MX 4YacToTa BHYTPH pSIOB TPaKTHUECKU
OJIMHAKOBa, IO3TOMY PACCMOTPUM CTaTHCTUYECKYIO
00paboTKy Ha IpUMepe psAlla OTKIIOHESHUH OpINHAT,
BBITIOJIHEHHOTO IO JieBoM KkpoMmke. Cremyer
OTMETUTb, 4YTO OpAMHATBl DPABHBIE HYJIECBOMY
3HAYeHHIO TONy4deHbl B o0beme 150 mryk m3 269
IITYK BCEro psna, 3TO TOBOPHUT O TOM, 4YTO
MOBEPXHOCTh HCCIIEAYEMOr0 MOKPBITHS JTOBOJBHO
poBHas. CieyeT OTMETHUTh, 4YTO BOCBMON HHTEpBAa
oT -20 MM 70 -16 MM He COIEPXHT HU OJHOTO
OTKJIOHEHMS OpJAMHAT, a AEBATHII MHTEepBai oT 12
MM J0 16 MM COIEpKHUT Takke OAHO OTKJIOHEHHE
OpAMHAT, TO3TOMY Ul AajbHeimeill oOpaboTku
nenecooOpa3Hee BMECTO JIEBSITH HWHTEPBAJIOB,
00paboTaTh TOJBKO CEMb, YBEJIMYMB KOJIUYECTBO
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OTKJIOHEHHH OpAMHAT (4acToTy) B
MOJIOKHUTEIEHOM UHTEPBAJIE.

KonmdecTBo HHTEpBANIOB, X TpaHUIILI (a U b) 1
COOTBETCTBYIOIIME WM YaCTOTHI, NPUBEACHBI B
tabauue 1, ¥ COCTaBIAIOT CTATUCTUYECKOE pacIpe-
nenenue, YacTtoToil WHTEpBalla XapaKTephu3yeTcs
CyMMa 4YacTOT OTKJIOHGHWI OpJIMHAT, MMOMABIINX B
MHTEpBaJl, MPH ITOM CyMMa BCEX YacTOT pPaBHa
KOJIMYECTBY 3HAUCHUN pacCMaTpUBAEMOro psija.

XapakTepUCTUKON CTaTUCTUYECKOM OIICHKH,
aBsieTcsl MaTemarndeckoe oxunanue (MO), mpu
JAaHHOM BHUJE OLEHKH 3Ta BEJIWYMHA 3aMEHSETCS
CPEeTHUM apu(PMETHIECKUM XHAue€HUEM X, BOKPYT
KOTOpPOTO CKOHIICHTPHPOBAHBI OTKJIOHEHHS Op.IH-
HAT OTMETOK, IS JalbHEHIIEeH MaTeMaTHYeCKOM
00paboTKu OyJeM UCIONb30BaTh CePEeNUHBI HHTEP-
BaJIOB, KOTOpBIE OOO3HAYUM X1,X2, X3... , Xn.
KonnuecTBeHHOE BRIpaXXEHUE CPEIHETO apHUPMUTH-
YECKOTO 3HAa4YeHHWs OTKIIOHEHHS OpIMHAT BBIpa-
)aeTcst hopmyToi (4):

KpaliHeM

X=11 4)

Benuuuna cpemHero apuMeTHUEeCKOro 3Have-
HUS TO3BOJISICT OMNPEJCIUTh 3HAUYCHUE CpeaHel
KBaJ[paTHUECKON ONIMOKU M3MEPEHUs] OpAWHAT OT-
METOK, B TEOPHH BEPOSITHOCTEH €€ 3HaueHUe Mpuo-
JIMDKACTCS K 3HAYCHHIO CTaHAapTa (G), 3HAUCHHE
KOTOPOH MOKHO BBIUHCITUTH IO hopmyie (5):

®)

Jns nanpHeimed cratucTudeckoil oopaboTku
BBIUMCJIMM 3HauyeHue M XapakTepu3ylollee BelH-
YUHY CpeaHel KBaIpaTHUeCKOW OMIMOKY CPETHETO
apu(METHIECKOro 3HAYCHHUS UCCIIElyeMOTo psijia U

BCJIMYUHY HaJIEKHOCTU OLIEHKU M1, 110 (opMyiam

(6):

M= ; (6)

rac:
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Paccmotpennas mo ¢opmynam (3)—(6) oreHka
TOYHOCTH SIBJIICTCSI TOYEYHOW M XapaKTepH3yeTCs
OJTHUM YHCIJIOM, PACUETHI 10 YKa3aHHBIM (hopMyiaMm
npuBeAeHsl noj Tadn.l (cmeBa). Mbl ke B cBOEM
UCCIIEZIOBAaHUY PACCMATPUBAEM BapPHUAIIMOHHBIHN DS
OTKJIOHEHUW OpAMHAT OTPAaHUYEHHBIM MaKCUMallb-
HBIM U MHHUMAaJbHBIM HX 3HaYeHHeM. B sToM
cilyyae pazyMHee ObIJI0 Obl IPUMEHUTH HHTEPBAIIb-
HBIE OLICHKH, ONpelelsieMble IBYMs XapaKTepHc-
TUKaMH TOYHOCTH M HAJIC)KHOCTH OICHOK.

BonpmmHCTBO reome3nveckux padoT OLEeHU-
BaKOTCs J0BEpUTENbHON BeposTHocThio P = (0,95
U YpPOBHEM 3HAYMMOCTH (TOYHOCTBIO OLICHKH)
q= 0,05 . CocraBum «oBepUTEIBHBII HHTEPBAI

Ul MaTemMatudeckoro oxkumanus (MO) u craH-
nmapta (6), C y9eTOM TOBEPUTEIIBHON BEPOSITHOCTH U
TOYHOCTH OIIEHKH, JOBEPUTEIbHbIC WHTEPBAJIBI U
TOUYEYHas OIIEHKA MPHUBEIeHBI 10/ Tadimueit 1. [lns
MaTtematudeckoro oxxunanus MO u ctaniapta O B
mpenenax HCCIeNyeMOoro psja JIOBEpUTEIbHBIC
WHTEPBaJIbl ONPENEIIIOTCS HEPAaBeHCTBAMMU:

XxX—t-M<MO<Xx+t-M,
m(]—g)<0'<m(1+g), (7)

A€ ! — HOPMUPYEMBIM MHOKHUTENb, 3aBUCALLIANA OT
JIOBEPUTEJILHON BEpPOSITHOCTH p U KOJIMYECTBA
OTKJIOHGHHWU opauHaT N; g — KodhdUIHEHT C

2
InpuUMeHeHueM pacmpeznenenus )~ (xpurepust K.

[Mupcona), 3aBucsmuil oT 00bBEMa HCCIETYEMOTO
psiaa OTKIIOHEHUH OpIMHAT U BEPOSITHOCTH, MOXKET
ObIThb ompezneneH u3 BolpaxeHus. llokaszarenn
OTpPEAENAIOTCS W3  TaONWI,  MO3BOJISIOLINX
OIIeHMBATh CTaTUCTUYECKHE Psifibl. JloBepuTenbHbIe
WHTEPBaJIbI IPUBECHBI 1o/ Tabi. 1 (crpasa).

[IpuBeneHHbBIE HEPABEHCTBA AJISI IOCTPOCHMS
JIOBEpUTENLHBIX HHTEPBAJIOB, IPUMEHUMBI ITPH KO-
JMYECTBE OTKJIOHEHUH OpAMHAT OOJblIe MATHIC-
catu onpeaeneHuid. Ilpu  BBINIOJIHEHUH UCCIe-
JIOBaHMA MCTIONB3YETCS OTPAaHIMYEHHOE KOJIMYECTBO
OTIpeENeHHH, MO3TOMY Ul MOCTPOEHUS JOBEPH-
TEJIbHBIX HHTEPBAJIOB IPUMEHSETCS paclpeiesieHIe
Crbro/ieHTa.

J1d HarIsTHOTO MPEICTaBIEHUS UCCIIEAYEMOT0
psAAa OTKJIOHEHUM OpAMHAT, TNPHUBEAEM KpUBBIC
MPaKTHYECKOro (CTposlIascs Mo yactoctsiMm W; u
COOTBETCTBYIOLIUM UM CepeHaM HHTEPBAJIOB X;) U
TEOPETHYECKOTO (CTPOSIILAsCS cepeArHaM HHTEPBa-

JIOB X; ¥ 3HAUYCHHSIM BeposTHOCTEi I (Xl- ) UM COOT-

BETCTBYIOIIINM) UX paclpeieNieHHH, pICyHOK 1.

-16

8 12

—— [paKTyeckan Kpueas

---B--- TeopeTuyeckan Kpueas

Pucynok 1 — Teopernueckasi ¥ IpakTHYECKask KPUBBIC paCTIpEIeNICHNs] OTKIIOHEHUH OpANHAT
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Hccnenysa psn OTKIOHEHHWH OpAMHAT, MPHUMEM
HYJIEBYIO THIIOTE3Y O HOPMAJILHOM paclpeieseHuu
OTKJIOHEHHH OpAMHAT, NPU 3TOM BEPOSITHOCTU

P (x ; ) (hopMyITBI
Jlamnaca, Bce HEOOXOJMMBIEC PacyeThl IPUBEACHBI B
Tabmn.1:

OMPEACIAIOTCA COorjiaCHoO

1

V2m

rie t:(a—)_c) m wunu IZ(b—)_C) M 3aBHCUT

OT T'paHUI] UHTEPBAJIOB OTKIOHEHUI OPAMHAT a U D.

(2
D(t) = fe?™/2dr,  @®
0

Tabamnma 1 — Cratucrudeckas 00paboTKa pacrpeneneHus OTKIOHSHUH OpANHAT TOBEPXHOCTH aBTOMOOWIIBHON T0OpOTH

I O o el P e e Py Bl s e
a b i ) . MM MM MM MM 2 2
Wi Xi MM m m
16 | -12 4 0,015 14 | 56 | -13.87 | -55.49 | 769,91 | -3,37 | -2,52 |-0,4997|-0,4941]0,0056
-12 -8 11 0,041 -10 -110| -9,87 |-108,61 | 1072,37 | -2,52 | -1,67 |-0,4941|-0,4552]|0,0389
-8 -4 29 0,108 -6 -174| -587 |-170,33 | 1000,48 | -1,67 | -0,82 |-0,4552{-0,2939|0,1613
-4 0 91 0,338 -2 -182| -1,87 |-170,50 | 319,45 | -0,82 | 0,03 |-0,2939|0,0120|0,3059
0 4 90 0,335 2 180 | 2,13 191,38 | 406,94 0,03 | 0,88 |0,0120(0,3106|0,2986
4 8 33 0,123 6 198 6,13 | 202,17 | 1238,58 | 0,88 | 1,73 |0,3106]0,4582]0,1476
8 12 11 0,041 10 110 | 10,13 111,39 | 1127,98 | 1,73 | 2,58 ]0,45820,4951(0,0369
Cymma 269 1,0 -34 5935,70 0,9948

Jlosepumenvruiii unmepsan ons " MO"

X=-34/269 =-0,1 um )?—tq M <MO <)_c+tq M, 20e tq(N:269;P=0,95):1,96
M=47/~N269=0,3 um —0,1—1,96-1,0<MO<—-0,1+1,96-0,3=—0,7 um<a <0,5mum

m=+/5935,7/269 =4,7 mm

JloBeputenpHbIi HHTEpBAN 11 "o "' :

m, =4,7/,/2-(269—]) =0,2 mm

m-(1-g)<o<m-(1+g) e0eg(N=269,P=095)=0,089
4,7-(1-0,089)<0<4,7-(1+0,089) = 4,3 Mmm< o <5,1 mm

OTeyecTBEHHBIMH 1 3apyOeKHBIMU HCCIIEA0BA-
TEJIIMU HEOIHOKPATHO JIOKa3bIBAJIOCH, YTO MOJ00-
HbI€ OTKJIOHEHHSI OPAMHAT IOIy4YEeHHBIE B IIpoIiecce
CTPOUTEIHCTBA COOpPYKEHUHI MO TYNHSIOTCS
HOPMaJIbHOMY 3aKOHY HX paclpelesieHHs U HOCAT
3aKOHOMEPHBIN XapakTep, TMIIOTE3y O NOJYNHEHUU
HCCIIETyEMOT0 Psiia HOpMalIbHOMY 3aKOHY BO3MOXK-
HO TIPOBEPHUTH HCHONB3YS KPUTEPHH CXOOUMOCTU
INupcona ( y*xu-kBajpar). Crnenyer OTMETUTH TOT

(haxT, YTO MPETOKEHHBIA KPUTEPHA OTINYAIOIIEH-
Cs BBICOKOM YyBCTBUTEIBHOCTBIO K THIIOTE3€ O
HOPMaJIbHOM pPAaclpeneIeHud OTKIOHEHUH OpIu-
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HAT, BBIYMCICHUS NPUBENCHBI B Tabmuie 2, Ko-
HedHasi GopMyIia ONpeesIeHHs] CXOOUMOCTH UMEET
By (9), BEIYHCICHUS CBA3aHHBIE C MPUMEHEHHEM
kputepus [lupcona nprBeaeHs! B Ta0M.2:

2

2 K
X navn :Zi(ni _NP('xi)) /NP(xi)’ ©)

=
ITI€ 7 — YacTOTHI, NP(X[) —  TEOPETHYECKHUE
YacTOThl, K — YHCJIO HMHTEPBAJIOB OTKJIOHEHHI

OpAWHAT, P(xi) — BCPOATHOCTL IIOIIAJaHUA X; B

HWHTCPBAJ OTKJIOHCHHI OopAuHaT.
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Tabauua 2 — Beruucienue kputepus IIupcoHa ¥ IS OLUEHKM

HOPMAJIbHBIM paclpeelIeHUeM

CXOIUMOCTH HCCIIEAyEeMOro psifa OTKIOHEHHH OpIUHAT C

) )72
I/IzTepBaJ‘IH, II\J/IM Yacrora ; Bepc;{(;l;ocn, Teop;]’;‘;):jTOTa n- NP(x) [n NP ()] [n,N]j)I;x(;zH
-16 -12 4 0,0056 1,506 2,494 6,218 4,13
-12 -8 11 0,0389 10,464 0,536 0,287 0,03
-8 -4 29 0,1613 43,390 -14,390 207,063 4,77
-4 0 91 0,3059 82,287 8,713 75,915 0,92
0 4 90 0,2986 80,323 9,677 93,637 1,17
4 8 33 0,1476 39,704 -6,704 44,949 1,13
8 12 11 0,0369 9,926 1,074 1,153 0,12
Cymma 269 e = 12,26
Ipu cemu HHTEpBANax YMCIO CTENEHEN CBOOONBI k = 3. 42 (0,05:4)=9,5
Taxum obpaszom, 72,26>9,5 . Hynesas rumoresa oTBepraercs.

W3 pe3ynpTaToB NpoBEpKH NOAUYUHEHUS, UCCIIe-
OyeMBbIX JaHHBIX HYJIEBOW TMIIOTE3€ BHIHO BO3HH-
KaIOUIMX CITy4alHBIX OIMIMOKaX B MU3MEPEHUSIX, OHU
MOJPa3AeIII0TCS Ha OIINOKH IIEPBOTO YPOBHS, €CIN
TUIIOTE3a MPaBA0NO00Ha U BTOPOTO YPOBHS, €CIH
OHa HempaBAonoJoOHa. /Iy yCTpaHEHUsS B OIIBIT-
HBIX JAHHBIX OIIMOOK IEPBOrO pojaa BeIOMpaeTcs
CYIIIECTBEHHO MaJIId YPOBEHb 3HAYNMOCTH, B 3TOM
cilly4ae OHIMOKM TepBOTO YpPOBHS BO3MOXKHBI B
npenenax 5% wu3 100% omnpeneneHuil, u mpe-
JeTIbHYIO BeJUUUHY 2m 110 a0COMIOTHON BEIMYMHE
OyAyT TpeBBIIATH 3HAYCHUSI C BEPOSTHOCTBIO P=
0,05. B uccredyemom psady omrioHeHull opouHam,
npu  0003HAYEHHBIX — YCNOGUSAX,  BBIYMCICHHBIN
nokaszarenb kputepus Ilupcona K., oxazancs
0oJIbIIIe KPUTHYECKOTO OIPECIICHHOTO 10 YPOBHIO

3HAYMMOCTH /’L’ja@z > /,{pr’ AL paccMaTpuBac-

MOTO psiJia TaHHBIC TTOKA3aTEeIN COCTABISIIOT 12,26 >

9,5 KpuTHUYeCcKOe 3HauCHHE IOKa3aTessi KpUTepus
K. TlupcoHa ompeneneHo M3 CTaTUCTHUECKUX Ta-
OnuLL, IO MPUHATOMY YPOBHIO 3HaUMMOCTH ¢=0,05
U YHCIy CTeleHed cBoOoabl paBHOMY 4 (KoiM-
YECTBO MHTEPBAJIOB 0€3 00543aTeHHBIX TapaMeTPOB
HOPMAJIBHOTO PaCIpe/IeNeHus1), IOATOMY JUIsS Aajb-
HeHIel MpOBEpKH CTaTUCTHYECKOTO pacrpenene-
HUS HAMH TIPUMEHNM Kputepuil Scrpemckoro b.C.,
BBIUMCIIEHUS 10 3TOMY KPHUTEPHUIO TPUBEICHHI B
Ta071.3, KOTOPBIH SBJISIETCSI MEHEE YyBCTBUTEIBHBIM
K MpOBEpsieMOIl THIOTE3e O HOPMAaJIbHOM pac-
MIpeIeIEHUH OTKIIOHEHUH OpJIMHAT, U OIIpeIeNseTCs
¢dopmynoii (10):

J=0-k/\2k + 40, (10)

rae k — KOJIMYECTBO HMHTEPBAIOB OIpEleIICHUN
OpAMHAT.

Ta6auna 3 — Berancnenne kputepust b.C. SIcTpeMcKoro it OLEHKH CXOAUMOCTH HCCIIEIYyEeMOro psaa OTKIOHEHWH OpAWHAT C

HOPMAJIbHBIM pacrpe/ICIICHUEM

HurepBainsl, MM Yacrora | Beposrnocts | Teoper.uactora ni— [ni— 1- NP(x)[1-

a b ni P(xi) NP(x;) NP(x) | NP(x)]? | P(xi) Pi)] Q
-16 -12 4 0,0056 1,506 2,494 6,218 0,994 1,498 4,15
-12 -8 11 0,0389 10,464 0,536 0,287 0,961 10,057 0,03

-8 -4 29 0,1613 43,390 -14,390 | 207,063 | 0,839 36,391 5,69

-4 0 91 0,3059 82,287 8,713 75,915 | 0,694 57,115 1,33

0 4 90 0,2986 80,323 9,677 93,637 | 0,701 56,339 1,66

4 8 33 0,1476 39,704 -6,704 | 44,949 | 0,852 33,844 1,33

8 12 11 0,0369 9,926 1,074 1,153 0,963 9,560 0,12

Cymma 269 0=1431
. 7 oens T O-5) _
pu cemu uHTepBanax S = 7, ©=0,6,J =—=—2_=],63

J(2s - 40)

Taxk kak /,63< 3, TO HyJeBasl TMIIOTe3a MOATBEPIKIACTCSI.
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Kosppumuent, ® = 0,6 npu k<20,a Benmmunna
QO ompenensercs u3 GOPMYIIHL:

[, - NP(x; )]2

NPl - PG| .

0=

Brruncnenwsi, BeIToHEHHBIE 110 (popmynaMm (9-
10) mpencraBneHsl B Tabiumie 3, HUKE IMPUBEICHO
CpaBHEHUE HYJIEBOW THUIIOTE30 O HOPMaJIbHOM
pacmpeneneHu, OHa MpUHUMAaeTcs npu J<3, mus
paccMmaTtpuBaeMoro psga /,63<3, rumore3a o
MOYMHEHUN pPsifa HOPMAJIHLHOMY pacIpeIeiIcHIs
noareepxaaetcs kpurepueM b.C. Sctpemckoro.

Pe3yabTathl U 00cyx1eHne

B pesynprare aHanmza, MO BBIIOJIHEHHBIM
WCCIIEJIOBAHUSM C TIPUMEHEHHEM CTaTHCTUYECKOTO
aHaJIM3a OIpeIeNIeHNs] OpINHAT OTKIIOHEHU BepTH-
KaJbHBIX OTMETOK IOBEPXHOCTH aBTOMOOWMIBLHOU
JIOPOTH, YCTaHOBJEHO, YTO OTKJIOHEHHS OpAWHAT
HOCSIT 3aKOHOMEpHBI XapakTep pachpeieseHus,
MOJTBEP)KIEHA CTaTHCTUYECKass OJHOPOAHOCTH C
npuMeHeHneM kputepueB cornacus K. [Tupcona n
Bb.C. SlctpeMcKkoro, BBIYMCIICHBI CTATUCTUICCKUE
XapaKTePUCTUKH TOYHOCTU BBHIMIOJIHEHHUS H3Me-
pEeHMIA.

Ilo pe3ynpTataM m3MepeHUil POBHOCTH TOKPHI-
THS aBTOAOPOTH METOJOM aMIUTUTY[, CPEICTBAMHU
TEOMETPHYECKOTO HHMBEIUPOBAHUS ObLIA BBITION-
HEHa OIEHKa WX TOYHOCTH, BBIYHCICHA CpEIHSS
KBaJIpaTuyecKas OrPeIIHOCTh, KOTOPasi IO3BOJISIET
CenaTh cIeyIoe BbIBOABI:

OTIpeZieTIEHNE POBHOCTH OPOKHOTO HMOKPBITUS
CpPEICTBAMH TE€OMETPHUYECKOTO HUBEIHPOBAHUS
SIBJIIETCS] KOPPEKTHBIM METO/IOM;

MOKPBITHE JIOPOTH Ha MCCIELYEMOM Y4YacTKe
HAXOJWTCS B YJIOBIETBOPUTEIIEHOM COCTOSTHHH.

Kpome Toro, BbIMONHEHA CHICTEMaTH3AIHs CY-
IIECTBYIOIIETO YPOBHS MPAaKTHYECKOTO IpPUMEHe-
HUS TEOPHH BEPOSITHOCTHOTO METOAa HCCIe0-
BaHWH B OOJACTH TEOAE3MUYECKOT0 OOeCIeYeHUS
POBHOCTH JJOPOKHOTO MOKpbITHA. Hapsiay co Bcemu
MPHUBEJICHHBIMU B CTaThe COBPEMEHHBIMU TEXHOJIO-
THYECKUMU CPEJCTBAMH, UCIIONB3YEMBIMHU ISl OTI-
peneseHsi pOBHOCTH, CaMbIM ONTHUMAaJIbHBIM SIB-
JsieTCsl METOJl aMIUIMTYJl, OH JloKa3aTenbHo obec-
neuynBaeT TpeboBanus ykazanueie B [[TOCT 33101-
2014], Tak Kak TOYHOCTL SBIIIETCS OJHHUM W3
MoKasaresei KauecTBa JII000ro CTPOUTEbCTBA.
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3aKiIroueHne

ABTOMOOMJIbHAS JOpOTa OTHOCHUTHCA K CIOXK-
HBIM TEXHMUYECKHMM OOBEKTaM, XapaKTepHu3yeTcs
0COOCHHOM HMCTOpPHEN CBOETO Pa3BUTHS M CHIHLHON
TEXHOJIOTUYECKOM HACJIEACTBEHHOCTHIO. YTOOBI
YIIy4YIINTh €€ COCTOSIHME B HallIel cTpaHe, He00XO-
JUMO ONHPAThCA HAa COBPEMEHHBIE METOJBI CTPOU-
TENbCTBA JOPOT M YYWUTHIBATH CYIIECTBYIOLIHE
TEXHOJIOTUM HAIIUX PETrHOHOB U TEPPUTOPHI.
Tonbko mpM TakoM MOAXO0XE, aBTOMOOMIIBHBIE
JIOpOTH OYIyT YAOBIETBOPSITH BCEM BO3PACTAIOIIIM
MOTPEOHOCTSM OOLIECTBA, BHIACPKUBATH ITOCTOSH-
HO YBEJIMYMBAIOIIUNCSA POCT aBTOTPAHCHIOPTHBIX
CPEICTB, HAPACTAIONIYI0 HHTEHCUBHOCTD JBH)KCHUS
1 BO3pAaCTaIOIUe HATPy3KH.

Hcxons 3 onucanus B cTaTbe, MOKHO CAENATh
CJIEIYIOIIUE BBIBOJBIL:

Mertoa u3mepeHns: pPOBHOCTH ITOKPBITUI aBTOMO-
OWIBHBIX JOPOT, OCHOBAaHHBIN Ha OLEHKE MPOAOIb-
HOTO MHKPONPO(UIS TOKPHITUS, I03BOJAET IIO-
Ty49uTh OOJiee NMETanbHYI0 HH()OPMAIIO O TOBEpX-
HOCTH JOPOTH U 00JIee TOUHO OIpeIeNUTh CTENEHb ee
POBHOCTH, YEM MPEIBIIYIIIE METOABI U3MEPEHUSL.

Jns u3MepeHus: MpOoAONbHOTO MHUKPONPOGMIIsL
MOKPBITUSL UCIIONIB3YETCSl CHelUalbHOe 000pyIo-
BaHHE, KOTOPOE MOXET (PUKCHUPOBATh BEPTHUKAIb-
HbIE OTKJIOHEHUS TIOKPBITUS ¢ BBICOKOH TOYHOCTBIO
1 pa3perieHnem.

[lonmy4yeHHBIE MacCHB OpOMHAT MOXET OBITh
AQHAJIM3MPOBAH C IMOMOILIBI0 PA3IUYHBIX METOAOB
00paboOTKM JaHHBIX, YTO ITO3BOJISET OMPEICITUTH
CTETIeHb POBHOCTH TOKPBITHUS, BBIIBUTH MPUYUHBI
HEPOBHOCTEH M CIUIAaHUPOBAaTh paboOTBHl MO HX
YCTPaHEHHIO.

Mertoa u3mepeHns: pOBHOCTH MTOKPBITUI aBTOMO-
OWIBHBIX JIOPOT, ONMCAHHBIA B CTaThe, UMEET BBICO-
KYyI0 LIEHHOCTb /U1 TPAHCIIOPTHOW MH(PACTPYKTyphI
¥ MOXKET OBITh MCIOJB30BaH /IS TPOESK-TUPOBAHUS U
CTPOUTENBCTBA HOBBIX JIOPOT, PEKOHCTPYKLHUH MU
MOJIEpHU3ALMN CYIIECTBYIOIINX JIOPO>KHBIX
IIOKPBITUH, KOHTPOJI KauecTBa JOPOXKHBIX padoT u
00CITy>KMBaHHUS JOPOKHON HH(PACTPyKTYPBL.

B nenom, meron n3MepeHHus pOBHOCTH MOKPBI-
THI aBTOMOOWJIBHBIX IOPOT, OCHOBAaHHBIH Ha OLICH-
K€ IPOJI0JIBHOTO MUKPOIPO(UISI HOKPBITHSL, MOXKET
OBITh TMOJIE3HBIM MHCTPYMEHTOM JUIsl TOBBIIICHUS
Oe3onmacHOCTH YW KOM(OPTHOCTH [BMXKEHHUS Ha
JOpOrax, 4ro SBJSIETCS OCOOCHHO BaXKHBIM [UIS
obecrieuenust 3QekTUBHOrO (PYHKIUOHUPOBAHUS
TPAHCIIOPTHON CUCTEMBI.
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GEOINFORMATION MODELING OF THE ESIL RIVER
FLOOD ZONE BASED ON REMOTE SENSING DATA

The article presents the technique for geoinformation modeling of a site of a river valley with an
insufficient amount of hydrological data. The technique will make it possible to carry out a forecast of
hydrological phenomena in order to prevent the flooding of adjacent territories by flood waters. The
study is based on the use of Earth remote sensing (RS) data and the use of geoinformation technologies
(GIS). The sequence of the work is briefly described. The study was carried out on the example of a site
of the valley of the Yesil (Ishim) river, located near Petropavlovsk (North Kazakhstan region, Republic
of Kazakhstan). On the basis of remote sensing data and GIS technologies, a digital relief model of the
studied section of the river valley was developed. The initial data were SRTM (Shuttle Radar Topography
Mission) images. The modeling of the scenario of possible flooding of adjacent territories by flood waters
has been carried out. Modeling and mapping of flooding carried out for the flood peak. Modeling and
construction of a flood map were carried out for the flood peak. An approach is proposed that makes
it possible to perform a more accurate assessment of the boundaries of flooding without the procedure
for calculating the hydrological characteristics of the river during the flood period and the absence of
hydrometric observation data. Recommendations are given for the prevention of flood events, measures
to protect adjacent lands from possible flooding. The obtained cartographic materials can be useful for
planning and carrying out measures to prevent emergency situations related to floods on the river, re-
duce the risk of flooding of adjacent areas, and territorial design.

Key words: mapping, modeling, GIS, remote sensing data, digital terrain model, river valley, flood-
ing.
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KalbIKTbIKTaH 30HATAy AepeKkTepi HerisiHAe EciA e3eHiHiH,
cy 6acy alimafblH reoaknapaTTbik, MOAEAbAEY

Makanapa TMAPOAOTMSIABIK, MOAIMETTED >KETKIAIKCI3 6OAFaH Ke3ae ©3eH aHFapbl yuackeciH
reoaknapaTTblK YATiAey 9AICTEMECi KeATIpIAreH. DAicTemMe ipreaec aymMakTapAbl TacKblH CyAapMeH
cy 6acyAblH aAAbIH aAy MaKCaTbiHAQ TMAPOAOTUSIABIK, KYObIABICTApPAbIH GOAXKAMbIH XY3ere acblpyfa
MYMKiHAIK Gepeai. 3eptrey XKepai KawblKTbikTaH 30HATAYy (OKK3) AepekTepiH KoApaHyFa >KeHe
leoaknapatTblk, TexHoAOrMsgAapAbl (TAXK) naraasaHyFa HerispaeAreH. >KacaAraH >KYMbICTbIH, PETTIAIr
Kbickawa 6asHaasraH. 3eptrey [leTponaBa KaAacbl MaHbiHAAFbl (CoATycTik KasakcraH 06AbICHI,
KasakcraH Pecriy6ankachi) Ecia e3eHi aHFapbl yuackeciHib MblcaabiHAQ XKy prisiaai. )KK3 maTtepuassapsbi
MeH [AXK-TexHoAOrMsiAap Heri3iHAe ©3eH aHFapblHblH, 3ePTTEAETIH Yy4yackecCiHiH >kep 6eaAepiHiH
CaHAbIK, YATIiCi 83ipAeHAi. bactankpl aepektep petiHae SRTM (Shuttle Radar Topography Mission)
cypeTtTepi aAblHAbL. [preaec aymakTapAbl TaCKbIH CyAapMeH Cy 6acy MyMKIHAITIHIH CLEeHapUitiH YAriAey
OpbIHAAAABI. XKoFapbl AeHrei ke3iHAEri Cy TaCKblHbl KAPTACbIH YATIAeY YKaHe KypacTbipy >Kyprisiaai. Cy
TACKbIHbl KE3EHIHAET ©3eHHIH MTMAPOAOTMAABIK, CUNaTTaMaAapbiH ecenTey npoLeAypachiH XacamacTaH
SKOHE TMAPOMETPUSAbIK 6akblAaayAap AepekTepiHiH GoAMayblHa KapamactaH Cy 6acy LekapaAapbiH
AdAIpeK bGaFarayra MYMKIHAIK 6epeTiH TaciA yCbiHbIAAbL. Cy TacKblHbl KYObIAbICTAPbIHbIH, AAAbIH aAy
6OMbIHLLA YCbIHBICTAP, ipreAec ainMakTapAbl bIKTUMAA Cy TaCKbIHbIHAH KOPFay LIAapaAapbl YCbIHbIAABI.
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leomHpopMaLLMOHHOE MOAEAMPOBAHKME 30HDbI 3aTOMACHUS
pekn EcuAb Ha OCHOBe AQHHbBIX AUCTAHLMOHHOIO 30HAMPOBAHUS

B cratbe npunBeaeHa MeToamKa reoMHMOPMALIMOHHOIO MOAEAMPOBAHUS YHACTKA PEUHOM AOAMHDI
npy HEAOCTATOYHOM KOAMYECTBE TMAPOAOIMYECKMX AAHHbIX. MEeTOAMKA MO3BOAMT OCYLLECTBUTb
MPOrHO3 F’MAPOAOTMYECKNX IBAEHUI C LIEABIO MPEAYNPEXAEHMS 3aTONAEHNS MPUAETAIOLLMX TEPPUTOPUIA
NMaBOAKOBbIMW BOAamu. MccaeaoBaHve 6a3upyetcss Ha MNPUMEHEHUM AQHHbIX  AMCTaHLUMOHHOMO
30HAMpOBaHUS 3emAan (A33) M MCNOAb30BaHMM reomHpopMaLMoHHbIX TexHorormin (TMC). Kpatko
M3AOXKEHA MOCAEAOBATEAbHOCTb MPOBEAEHHON paboTbl. MccaepoBaHME  OCYLLECTBASIAOCH — Ha
npuvmMepe ydactka AOAMHbI p. Ecuab (Mwmm), pacroaoskeHHoro B6Am3u r. MNeTtponasaoscka (Cesepo-
KasaxcraHckas obaactb, Pecnybamka KasaxcraH). Ha ocHoBe matepuanoB A33 n [MC-texHoAOMMIA
pa3paboTaHa LM poBas MOAEAb PpeAbedda MCCAEAYEMOTO YUacTKa AOAMHbI peku. MICXOAHBIMM AQHHBIMM
nocAyxuam ciumkn SRTM (Shuttle Radar Topography Mission). BbinoAHeHO MOAeAMpPOBaHUe CLeHapust
BO3MO>XKHOIO 3aTOMAEHMS MPUAEraloWmMX TEPPUTOPUI MABOAKOBbIMW BOAAMU. MoaeAnpoBaHue M
NMOCTPOEHME KAPTbl 3aTOMAEHNS MPOBEAEHbI AAS MKWKA MaBOAKA. [TpeAAOXKEeH MOAXOA, MO3BOASIOLLMIA
BbIMOAHUTH GOAEE TOUHYIO OLIEHKY IpaHuL, 3aTonAeHust 6e3 npoLeAypbl PacueToB MMAPOAOTMYECKMX
XapaKTepUCTMK PEKM B NMABOAKOBbIN MEPHUOA M OTCYTCTBUM AQHHBIX TMAPOMETPUUECKMX HABAIOAEHMI.
AaHbl peKoOMeHAALMM MO MPeAYNPeXKAEHUIO MABOAKOBbLIX SBAEHWI, Mepbl 3alMTbl MPUAEraloLLMX
3eMEeAb OT BO3MOXHOTO TMOATOMAEHUS. [1oAyYeHHble KapTorpauyeckme marepuasbl MOryT ObiTb
MOAE3Hbl AASl MAQHMPOBAHMS W MPOBEAEHMS MEPOMPUSATUIA MO MPEAYNPEXAEHUIO YUpe3BbIYaMHbIX
CUTYaLMI, CBS3aHHbIX C MABOAKOBbIMU IBAEHUSIMU HA PEKE, CHU)KEHMIO PUCKA 3aTONAEHMS MPUAETAIOLLMX

Y4aCTKOB, TEPPUTOPUAABHOIO MPOEKTUPOBAHMS.
KAoueBble cAoBa:

KapTorpagupoBaHMe, MOAEAMPOBAHUE,

MMC, aaHHble AMCTAHUMOHHOIO

30HAMPOBaHUS, UMPOBas MOAEAb peabeda, AOAMHA PeKkU, 3aTOMAEHMe.

Introduction

The Yesil (Ishim) River is the main water artery
of the North Kazakhstan Region and a basic source
of water resources for household needs, industrial
production, agriculture, tourism and recreation. Its
source is located in the Niyaz mountains, in the up-
per part the river flows through a narrow valley in the
northwestern and western direction, below the city
of Nur-Sultan, the valley expands to the southwest,
further to the north (in front of town Derzhavinsk)
and northeast (Petropavlovsk). The Yesil River is
fed by snow. Its freezing begins in the beginner of
November, opening of the river is in April and May.
The maximum level of water rise during the spring
flood occurs in May and June. During this period the
river overflows up to 15 km in its low part. Average
consumption near Petropavlovsk in 1975-2019 is
60.0 m?%/s, the largest one is 2420 m?3/s in 2017. The
main tributaries are Koluton, Zhabay, Akkanburluk

(right). About 80% of its annual runoff is formed
in the spring due to snowmelt. The Vyacheslavs-
koye and Sergeevskoye reservoirs are located on
the river. (Geografija Severo-Kazahstanskoj oblasti,
2016:35-38; URL1:2022)

Intensive melting of the snow cover in spring
often causes floods on the river, flooding the territo-
ries adjacent to the valley. Flooding processes in the
form of floods cause significant social and economic
damage. During such emergencies, damage and de-
struction of residential and industrial buildings and
constructions, infrastructure facilities, flooding of
agricultural land, leading to the death of crops take
place. So, there is a threat to domestic animals, and
most importantly, the health and life of the popula-
tion living near the river.

According to the Department of Emergency
Situations for North Kazakhstan Region (URL
3:2022), the area subject to flood events in the re-
gion is 43,991.95 ha (2020). To prevent emergen-
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cies there is a system of gauging stations designed
to monitor the hydrological, hydrochemical char-
acteristics and parameters of the river. Due to the
specifics of the device and the nature of the relief in
the flat areas, the density of observations of the pa-
rameters of rivers is much less than in mountainous
areas. In total, within the North Kazakhstan region
on the river Yesil operates 19 gauging stations, 5 of
which were opened in 2020 to improve the quality
of forecasting.

However, for a more detailed study, assessment
and accurate forecasting of flood events, their num-
ber is insufficient. The available materials do not al-
low to accurately and quickly determining the areas
of possible flooding. This makes it difficult to timely
carry out the relevant work to prevent floods, and
reduces their effectiveness.

The relevance of the study is connected with a
significant economic development and population of
the river Yesil valley and adjacent territories. There
are many settlements here, including regional center
— town Petropavlovsk, agricultural land, important
engineering and construction facilities, elements of
road transport infrastructure.

Nowadays, the development of GIS technolo-
gies, the use of digital elevation models (DEMs)

has made it possible to significantly simplify and
automate the process of determining zones of
flooding by flood waters, modeling and forecast-
ing flood phenomena on rivers. DEMs are very
important for solving a wide range of geographic
and cartographic problems. One of the most ur-
gent among them is the problem of determining
the zones of possible flooding of territories during
flood events on rivers. The advantages of creating
DEM based on remote sensing data are the effi-
ciency of obtaining up-to-date data, automation of
their processing, and a fairly high accuracy of the
resulting models.

In the process of modeling flood zones based on
RS data, no procedure for special calculations of the
hydrological characteristics of the river during the
flood period is required. The special significance of
the use of RS for modeling and forecasting zones
of inundation by flood waters is noted for territories
with a rare network of gauging stations, in the ab-
sence of operational data from hydrometric obser-
vations.

The purpose of the research was to determine
the areas of flooding by waters of the river. Yesil
through modeling based on RS data in a GIS envi-
ronment.
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Figure 1 — Floodplain of the Yesil river (Petropavlovsk)
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The purpose of the study was to test the
methodology for modeling areas flooded by flood
waters based on remote sensing data in a GIS
environment. The study was carried out on the
example of the site of the valley of the Yesil river
near the city of Petropavlovsk, subject to periodic
seasonal flooding by flood waters. The study area is
located within the coordinates 54°52°-54°55" N.L.
and 69°6°-69°8" E (fig.1).

Materials and methods

The methodological base of research is founded
on the publications of a theoretical and practical
nature on geoinformation mapping. Particular
attention is paid to the study of the experience and
results of research on mapping and geoinformation
modeling of the relief and its parameters for solving
practical problems. Among them there are works of
the authors of the CIS on the basics of cartography
(Berlyant, 2002; Salishchev, 1976), geoinformation
systems and methods of spatial analysis (Pyankov,
2017),modeling of flood zones (Mushtaykin, 2021:1-
11), methods for calculating the highest water levels
of rivers (Orlyankin, 2017:98-101), geoinformation
modeling of floods (Novakovsky, 2013:35-39). The
experience of foreign authors in GIS and automated
mapping (Dueker K., 1987:384-390), the basics
of hydrological modeling (Spence C., Dalton A.,
Kite G., 1995: 62-66), the experience of preventing
flooding of the Seine (Paris) (URL4:2018), etc.

During the research literary authors used
stock and archival data, materials of hydrological
observations of the Branch of RS Kazhydromet in
the North Kazakhstan region, topographic maps
(URL 4: 2022), schemes of territorial (agricultural)
land management, materials obtained in the process
of field and cameral work performed in the period
2019-2020, surveys zones of periodic flooding on
the ground, a sociological survey of residents of
settlements located in the valley of the river Yesil,
in its lower flow.

When modeling flood events (or floods) and the
high water caused by them, not only hydrological
characteristics, information about the levels of
water rise, but also accurate data on the terrain are
required. Publicly available data from Earth remote
sensing (ERS) — SRTM (Shuttle Radar Topography
Mission, 2000), which are available in the public
domain, were used as initial data for a detailed study
and mapping of the relief of the study territory. The
SRTM data are radar topographic surveys with a
resolution of about 90 meters (3 arcseconds) (URL

5: 2022). To carry out cartographic work, section
N50 was selected, covering the floodplain of the
river Yesil.

It should also be noted that A.K. Korveul’s,
I. Ewiak’s (Karwel A.K., Ewiak 1., 2008: 169-
172) studies revealed that SRTM is suitable for
creating contour lines on topographic maps at a
scale of 1:50,000 and smaller, as it has an error
of 2.9 m for flat terrain and 5.4 m for hilly. This
limits the scope of the study and determines the
need for mapping and modeling in the specified
interval in order to avoid errors and distortions.
The solution to this problem can be the testing and
improvement of remote methods and materials
(radar, satellite observations). The use of images for
different dates makes it possible to more accurately
assess and determine the area of potential flooding.
More detailed data can be obtained on the basis of
aerial photography from unmanned aerial vehicles
(UAVs).

The methods used in the study: comparative
geographic, cartographic, modeling, observation,
field methods, GIS technologies.

Terrain mapping and modeling was performed
using ArcGIS 10.1 software (ESRI Inc.). This
software product is characterized by a wide range of
tools and modules, the functionality of which allows
you to perform various operations, not only for
mapping, developing various maps, spatial analysis,
but also modeling processes and phenomena, and
performing forecasting (URL 6: 2022).

A detailed study was carried out on the example
of two key areas located in the lower flow of the
river Yesil. These areas belong to the zone of
periodic flooding. The key section 1 is the suburban
settlement of Zarechny, the key section 2 is Podgora,
one of the districts of the town of Petropavlovsk. The
area of key plots was 105 ha and 52 ha, respectively.
The study area is characterized by a slight difference
in the heights of the surface of the territory and the
water’s edge. The floodplain section in this part of the
valley has homogeneous morphometric conditions.
According to topographic maps (URL 4:2022), the
surface height in key areas is 100 m. The height of
the water’s edge (average level) near Petropavlovsk
is 333 m.). For comparison, the lowest water level of
the river Yesil is 304 m, recorded in November. The
rate of water level rise per day at the Petropavlovsk
Reservoir in recent years has been 5 cm, the rise of
water since the beginning of the flood is 25 cm (as
0f 06/05/2020).

The study included a number of stages, solving
the following tasks: collection and generalization of
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analytical data on the hydrological regime, spring
floods, flood events on the river Yesil, creation of
a digital elevation model based on SRTM data,
creation of a predictive model of flooding near the
city of Petropavlovsk.

At the initial stage, in order to compile the
initial characteristics of the territory, a conjugated
analysis of the natural components of the valley of
the river Yesil was carried out and special attention
is paid to hydrological characteristics. Flood
phenomena on the river Yesil with a significant rise
in the water level are recorded annually. However,
the coordinated actions of all structural divisions
contribute to the timely prevention of especially
dangerous (emergency) situations.
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The main stage of the work consisted in
bringing the materials of RS data into the required
cartographic projection, and their interpretation.
The interpretation of the images was carried out
manually using the structural geomorphological
method (SGM). Based on the SRTM materials,
an orthophotomap, terrain elevation matrices
were obtained. On their basis, a digital elevation
model (DEM), a relief map and a 3D model of
the study area were developed. The reliability of
the obtained DEM was improved by adjusting
and enhancing it with the “Fill” tool. The initial
data on the relief of the floodplain are plotted by
isohypses in vector form, the horizontal spacing
is 5 m (Fig. 2).
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Figure 2 — Digital model of the relief of the river Yesil floodplain near Petropavlovsk

One of the areas of application of modern
means of GIS technologies, materials of RS, which
are of great practical importance, is their use in
the construction and processing of DEM and
geoinformation modeling of flood zones during
flood events. The main way to determine flood
zones during floods and high water in GIS is the
construction of inclined surfaces. These surfaces
allow to determine the most closely the water mirror
or the degree of a possible rise in the water level.
Next, the lines of intersection of these surfaces
with a digital terrain model are determined, which
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make it possible to identify and outline the flood
zones (Agnes Cabal, Marc Erlich, 1992: 395-406;
Xiaoliu Y., Michel C., 2000; Kulp S. A., Strauss
B. H., 2018: 231-239; Shakeel Mahmood, Atta-
ur Rahman, Rajib Shaw, 2019: 573; Shokoufeh
Khojeh, Behzad Ataie-Ashtiani, Seiyed Mossa
Hosseini, 2022: 2673-2693). To solve this
problem, we used the approach proposed in the
following works Identification of the contours of
the flood zones was carried out using the tools of
the ArcScene software shell by overlaying a water
layer on the relief map.
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Using the GIS functionality in ArcScene, based
on the slope map, a three-dimensional model of
flooding of key areas was obtained, which was
visualized and presented in the form of animation
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(Fig. 3). Modeling and construction of a flood
map were carried out for the flood peak, when the
greatest negative impact of flood waters on adjacent
territories is manifested.
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Figure 3 — Scenario of possible flooding in ArcScene

During the approbation of the modeling
methodology, scenarios making it possible to
determine the flood zones at the maximum level
of water rise in the river Yesil were considered.
According to the Department of Emergency
Situations of the North Kazakhstan region, the
maximum rise in the water level in the river Yesil
at a gauging station near the city of Petropavlovsk
in 2019 was 94.0 m (URL 2: 2022). The boundary
of the zone obtained during the construction of the
model allows to determine partially or completely
flooded areas, settlements, roads, bridges and other
infrastructure. By modeling the scenario of the
consequences of flooding, it is possible to assess
the possible extent of flooding, determine and take
timely measures to prevent an emergency before
they occur.

The degree of compliance of the flood zone
modeling results obtained using GIS and RS was
checked by comparing the flood boundary recorded
on the date of the flood in 2019. In addition, a

comparison was made with the flood boundary
obtained by interpolating heights based on the
values of water lines increased by the height of its
rise during the flood. By comparing the territories
that were flooded by flood waters in 2019, an error
in modeling the flood zone in the eastern part of the
settlement Zarechny was revealed. On the height
map built on the basis of SRTM, this section is
above 100 m, however, according to the Department
of Emergency Situations of the North Kazakhstan
region, it is subject to almost annual flooding by
flood waters.

The development of the final map of the study
area included the creation of layers of physical and
geographical objects (the Yesil River, its tributaries,
oxbow lakes, natural vegetation), layers of economic
development of buildings (residential and industrial
buildings, roads, fields, hayfields and pastures). The
latest in mapping was the creation of a database,
which included a list of characteristics of objects
and phenomena.

65



Geoinformation modeling of the Esil river flood zone based on remote sensing data

Results and discussion

As a result of the research, the digital relief
model and the three-dimensional model of the
flooding of the valley of the Yesil river on the
example of key areas were compiled. According
to the compiled relief models, it can be seen that,
under the condition of a maximum rise in the water
level in the Yesil river, a significant area of the
territory is subject to flooding. A significant part of
the settlements Zarechny and the Podgora became
completely flooded. More than 140 residential and
industrial facilities, infrastructures, roads turned
out to be under water. Omsk highway, road number
P-49, 4 km long). Agricultural land, garden (country
cottage) plots can be seriously affected. The area of
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potential flooding was more than 620 ha (Fig. 4).
Extensive areas of flooding are noted in the south
and west of the considered territory. The floodplain
zone, the left bank of the river is subject to the
greatest flooding by the Yesil river.

Figure 4 shows a map of the model of the
flood zone of the site of the valley of the Yesil
river, adjacent to the city of Petropavlovsk, during
the period of maximum increase in water level.
According to the official website of the Department
of Emergency Situations of the North Kazakhstan
region, in 2019 the peak of the water level in the
river was on May 8 and amounted to 94.0 m relative
to the zero of the gauging station. The left bank of the
river Yesil to the south of the settlement Zarechny
and Podgora area was flooded.
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Figure 4 — Map of the relief and flood zone of the valley of the river Yesil

Thus, on the obtained model of flooding, it can
be seen that the probable damage from the flooding
of adjacent territories by the spring flood waters
of the Yesil River is very significant, which will
determine the need for operational monitoring and
forecasting of hazardous hydrological phenomena.

The GIS package also gives the possibility to
simulate the consequences of the emergency situation
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caused by a possible dam or dike break, to calculate
the area of catastrophic flooding of the surrounding
area. In addition, the statistical characteristics
(minimum, average, maximum depth, water
volume) of the flood zone can be calculated. Using
the GIS-based forecasting function, it is possible to
make short-term and long-term forecasting of flood
events in the floodplain and channel system in space
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and time. However, calculations of this level of
complexity require a series of additional field studies
with special equipment, as well as observation over
a specific period of time. The obtained data will then
allow to correctly compose a GIS flood model. In
this article, a GIS modeling method was proposed
with insufficient hydrological data.

In areas of possible flooding, the obtained
cartographic materials can be useful in assessing
the potential risk of emergency, developing the
most rational hydraulic engineering methods for
protecting this territory and adjacent areas, and will
allow timely measures to be taken to help reduce
material and social damage from flooding.

Along with this, the developed cartographic
materials can serve as a basis for compiling maps
of the manifestation of water erosion processes,
waterlogging on agricultural land located in the
valley, modeling and forecasting possible damage.
This will make it possible to solve the strategic tasks
of the economic development of the valley of the
river Yesil and adjacent territories, to choose the
best methods of agricultural production in terms of
erosion resistance, to optimize the land management
scheme. Such maps and models have a great practical
importance for the implementation of design and
construction work. The created models, in turn, can
serve as the necessary basis for constructing more
complex maps, in particular, for the development
of synthetic integrated maps for the protection
of the study area from hazardous processes,
schemes for optimizing nature management and
reducing environmental tension. On their basis,
priorities and optimal options for economic activity
and environmental protection measures can be
determined.

The use of RS materials, in particular SRTM,
in determining flood zones on rivers, certainly has
advantages over existing traditional forecasting
methods (water balance, physical and statistical
methods, statistical, mathematical models that
describe the formation of runoff processes using
differential, integral, and other equations and etc.).
However, some disadvantages should be noted
when modeling a surface based on height matrix
SRTM (URL 7: 2022, Kim D. E., Liong S. Y.,
Gourbesville P., Andres L., Liu J., 2020: 1-14). First
of all, it is connected with the nature and features
of the relief of the study territory. The region
has a flat relief, with insignificant amplitudes of
heights, and a weak dissection of the surface. In
the conditions of a flat relief, the construction of
its detailed model is difficult, because the height

amplitude is insignificant. The presence of woody
vegetation and forest areas reduces the accuracy
of surface modeling. To eliminate possible errors
in the construction of height matrix and models,
a necessary condition is to conduct a detailed
analysis of large-scale (topographic) maps, data
on the morphometric structure of the floodplain,
field studies with clarification of the morphometric
features of the relief on the ground. In this work,
modeling of flood zones using GIS was performed
without determining and modeling the movement of
a flood wave. Carrying out the flood wave modelling
contributes to obtaining more accurate results. Also,
it is necessary to take into account the difference in
the water level along the study area compared to the
amount of water rise during the flooding of adjacent
territories. Such work should be based on a detailed
study and mapping of the river valley in cooperation
with the hydrological service.

As recommendations for the prevention of flood
events and the adverse consequences associated with
them, the following measures can be considered for
implementation.

Improving the accuracy of observations of
the flow and level of water on the river and the
operational provision of hydrometeorological
information. Particular attention should be paid to
determining the height and amount of water reserves
in the snow cover, because flood events are directly
reflected in the intensity of spring snowmelt. No
less important is the study of the water absorption
capacity of the basin, monitoring the state of the soil,
the composition of the underlying rocks. Improving
the technical equipment of gauging stations, the
observation network (for example, the installation
of remote instruments for assessing water reserves
in the snow cover).

Conclusion

Based on the study, it can be concluded that GIS
technologies are important and effective tool for
solving the problems of determining the quantitative
indicators of the territory relief, which must be taken
into account when developing potential flood zones.

Earth remote sensing materials serve as a
valuable source of data for creating accurate
digital elevation models (DEMs). However, in the
conditions of a flat plain relief, their use for the
construction of DEMs and models should be based
on taking into account possible systematic and
random errors. The elimination of the errors can be
carried out by introducing appropriate corrections
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based on the alignment of DEMs with contour lines
and elevations of geodetic network control points
according to topographic maps obtained in the
course of field research, ground topographic and
geodetic measurements.

In general, SRTM data are suitable for
topography analysis and use in modeling flood
zones, taking into account possible systematic and
random errors. Modeling on the basis of SRTM
data of flood zones can be considered as one of the
approaches to model representation and forecasting
of flood zones to prevent negative and emergency
situations caused by floods, a sharp rise in water
levels. Positive effect from the application of this
approach can be achieved through the use of remote
sensing data in conjunction with other methods and
approaches.

In the course of the study, on the example
of a section of the valley of the Yesil river, a
technique for creating models of flood zones
using GIS technologies based on remote sensing
data was tested under the conditions of a lack
or absence of hydrological and hydrometric
observations.

The obtained materials can be useful to the
governing bodies, the Ministry of Emergency
Situations of the North Kazakhstan region for
solving practical problems, and also involved in the
development of an integrated GIS of the basin of the
Yesil river.

For the study area, in the future, it is important
to conduct studies aimed at a more detailed study of
the washout and erosion hazard indicators of soils
and underlying soils.
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ASSESSMENT OF BIOCLIMATIC CONDITIONS
OF WEST KAZAKHSTAN

This article provides an assessment of the bioclimatic conditions of the warm and cold periods for
2010-2020 for the territory of West Kazakhstan on the basis of a comprehensive accounting of meteoro-
logical parameters. For this assessment, four bioclimatic indices were calculated, such as effective tem-
perature, equivalent-effective temperature, normal equivalent-effective temperature, the Bodman sever-
ity index, on the basis of which the level of comfortness of climatic conditions for the population living
in the studied territory was evaluated. The calculations used the initial data of daily temperature, relative
humidity and wind speed for the main five stations in West Kazakhstan. The importance of this work is
to determine the dependence of human health on climatic factors and to study with the help of the found
bioclimatic indicators how favorable the climatic conditions of the territory of West Kazakhstan are for
human life and recreation. The analysis of the obtained results revealed that in the cold half of the year
a moderately severe type of weather conditions prevails, and in the warm period of the year the climate
of the studied territory is considered comfortably warm. In general, the climate of West Kazakhstan can
be considered comfortable for living, health and work of the population in this region.

Key words: biometeorology, climate, bioclimatic indices, effective temperature, equivalent effective
temperature, Bodman index.
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batbic Ka3akcTaHHbIH, GMOKAMMATTBIK, XKaFAaiAapbIH 6aFaray

ByA Makarasa METEOPOAOTUSIABIK MapaMeTPAEPAI KelleHAT ecernke aAy HerisiHae baTbic KasakcraH
aymarbl yiiH 2010-2020 >KbIAAAPAAFbI XKbIAbI XKOHE CYbIK, KE3EHAEPAIH, OMOKAMMATThIK, XaFAalAapbiHa
Gara Gepireai. Ocbl GaFrarayAbl XKYPrisy YiliH TOPT BMOKAMMATTBIK, MHAEKCTEP €CEMTEAAl, MbICaAbI
TUIMAI TemnepaTypa, 5KBUBAAEHTTI TUIMAI TemrnepaTypa, KaAbINTbl SKBMBAAEHTTI TUIMAI Temnepartypa,
boAMaH MHAEKCI X8He COAapAblH Heri3iHAe 3epTTeAeTiH ayMakTa XaAblKTblH ©Mip Cypyi YLiH
KAMMATTbIK, >KaFAQMAAPAbIH, >KaMAbIAbIK, AeHreri aHblkTaAAbl. Ecentey kesiHae batbic KasakcraHAarbl
Heri3ri 6ec CTaHuMs YWiH TOYAIKTIK TemriepaTypaHblH, ayaHblH CAAbICTBIPMAAbI bIAFAAAIABIFbIHbBIH
SKOHE JKEA XKbIAAAMAbBIFbIHBIH 6acTarnkbl AepekTepi nanAaAaHbIAAbl. BYA SKYMbBICTbIH, MaHbI3ABIAbIFbI
aAAM AEHCAYAbIFbIHbIH KAMMATTbIK, (DAaKTOPAAPFa TOYEAAIAITIH aHbIKTAy >koHe TabblAFaH GUOKAMMATTBIK,
KepceTKilTepAiH kemeriMeH baTbic KaszakcTaH ayMaFbIHbIH KAMMATTbIK, XKaF AaiAapbl aAaMHBbIH, TbIHbIC-
TIPLIAIri MEH ThIHbIFYbI YLLIH KQHLAABIKThl KOAQMAbI eKeHiH 3epTTey 60AbIN TabbiAaabl. HaTuxkeAepain
TaAAQybl KOPCETKEHAEHM, CYbIK XaPTbIKbIAAbIKTA aya-paibiHblH OpTalla KataA Typi 6ackiM GOAAAbI,
aA KbIAbl ME3riAAe 3epTTEAETiH ayMaKTblH KAMMATbl >KblAbl 6GOAbIN caHaraAbl. >Kaanbl, batbic
Ka3akCTaHHbIH, KAMMATbIH OCbl OHIPAE XaAbIKTbIH, TYPYbl, AEHCAYAbIFbl >K8HE XYMbICbI YLiH KOAANAbI
Aen caHayra 6oAaAbl.

Tynin ce3aep: GVMOMETEOPOAOTUS, KAMMAT, OMOKAMMATTbIK MHAEKCTEp, TWUIMAI Temrepartypa,
6aramanbl TMIMAT TemniepaTtypa, boamaH nHAeKci.
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OueHka 6MOKAMMaTHUeCKuX YcAoBHi 3anaaHoro KasaxcraHa

B AaHHOW cTaTbe Ha OCHOBE KOMMAEKCHOIO y4yeTa METEOPOAOTrMUYECKMX MapameTpoB NMPUBOAUTCS
oLeHKa OMOKAMMATMUYECKMX YCAOBMIA TEMAOTO M XOAOAHOrO neproAoB 3a 2010-2020 roabl AAs
TeppuTopmn 3anasHoro KasaxcraHa. AAS NPOBEAEHMS AQHHOWM OLEHKM OblAM paccuMTaHbl YeTbipe
OMOKAMMATUYECKMX MHAEKCa, TakMe Kak 3peKkTMBHas Temriepatypa, 3KBMBAAETHO-3(heKTHBHas
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TemnepaTypa, HOpMaAbHasi 3KBMBAAETHO-3(P(heKTMBHAs TeMrepaTtypa, MHAEKC CypoBoCcTM boamaHa, Ha
OCHOBE KOTOPbIX ObIA BbISIBAEH YPOBEHb KOMMOPTHOCTU KAMMATUUYECKMX YCAOBMIA AAS MPOXKMBAHUS
HaceAeHUs Ha n3ydaemoit Tepputopum. [Npu pacueTtax ObIAM MCMIOAb30BAHbI UCXOAHbIE AAHHbIE CYyTOUYHOW
TemMnepaTypbl, OTHOCUTEABHOM BAQXXHOCTU BO3AYXA M CKOPOCTU BeTpa AAS MSTU OCHOBHBIX CTAHLMIA B
3anaaHom KasaxcraHe. BaxxHOCTb AQHHOM PaboTbl 3aKAIOUAETCS B ONPEAEAEHUN 3aBUCUMOCTU 3A0POBbS
YeAOBEeKa OT KAMMaTMUECKMX PakTOPOB M B MICCAEAOBAHUM C MOMOLLbIO HAMAEHHbIX GUOKAMMATUYECKMX
rokasaTeAen HaCKOAbKO BAAronpusTHbI KAMMATUUYeCKMe YCAOBUS Tepputopmmn 3anaaHoro KasaxcraHa
AAS KM3HEAESTEABHOCTM M OTAbIXa YeAoBeKa. AHAAM3 MOAYYEHHbIX Pe3yAbTAaTOB BbISIBUA, UTO B
XOAOAHOE MOAYroAMe MPeobAaAAET YMEPEHHO CYpPOBbIM TWUM MOTOAHBIX YCAOBMIA, @ B TEMAbIA NEPUOA
roAa KAMMaT MCCAEAYEMON TePPUTOPUMN CUMTaeTCsl KOM(POPTHO TeMAbIM. B LileAoM, kanmaT 3anapHoro
KazaxctaHa MOXKHO cuMTaTbh KOMGOPTHBIM AAS TIPOXKMBAHMSI, 3A0POBbS U PabOTbl HACEAEHUS B 3TOM

pernoHe.

KAtoueBble cAOBa: OGMOMETEOPOAOTMS, KAMMAT, OMOKAMMATUYECKME WHAEKCbI, 3heKTUBHAS
TemnepaTypa, 3KBMBAaAEHTHO-3(pheKTMBHas TemnepaTypa, MHAekC boamaHa.

Introduction

For a successful assessment of the comfort of the
climate of a certain territory, it is necessary to
implement a  complex  biometeorological
characteristic, which, firstly, characterizes the
features of the natural environment, and secondly, it
can be useful for taking preventive measures for
some diseases. The assessment of the bioclimatic
conditions of the territory should be carried out
using various bioclimatic indices, which are based
on various meteorological elements (Yakovenko,
2001). So, there are temperature-humidity and
temperature-humidity-wind bioclimatic indices.

Research in the field of studying the impact of
climate on human health is currently extensive.
Many Russsian and foreign scientists assessed
bioclimatic indices for different territories. For
example, a bioclimatic assessment was carried out
for the territory of the Udmurt Republic
(Perevedentsev, 2016), Krasnodar Territory
(Kuzyakina and Gura, 2020) and other regions of
Russia (Sinitsyn, 2013) using standard indices such
as effective temperature, Bodman's index,
pathogenicity index, etc. For the territory of the
Middle Ob region (Bikmukhametova, 2019), the
overall impact of meteorological indicators was
assessed using the Total Pathogenicity Index using
the Boksha and Bogutsky method, which showed
that severe weather conditions occur for most time
of the year in the studied territory. In addition to that,
this study used the Osokin, Bodman methods and
calculated the Wind-Cold Index to assess the
severity of the climatic conditions during winter.
Isaeva (2008) used the same indexes and added
Khairullin and Adamenko methods for the
bioclimatic assessment of the severity of the winter
in Kazan. A similar methodology was used for an

assessment of biometeorological characteristic of
the southeastern part of Kazakhstan (Beku, 2013;
Nyssanbayeva, 2019). In addition to these
bioclimatic indices, additional ones, such as Mean
Radiant Temperature, were used to assess the
thermal comfort of a person outdoors in sunny
weather (Kantor and Unger, 2011). Also, several
works are devoted to investigation of diseases
associated with extreme weather events (Orimoloye,
2018; Ketterer, 2014; Matzarakis, 2011). For
example, Orimoloye et al. (2018) considered
diseases (skin cancer, heart disease, heat stroke,
diarrhea, etc.) associated with elevated temperatures
and radiation in African countries and highlights the
importance of taking preventive measures in public
health programs. Belkin et al (2015) considered
possible health risks in the Antarctic (polar) region
to prevent frostbite using the Wind Chill Index
(WCI) and the Bioclimatic Climate Severity Index
(BISCR). Recently, studies of the impact of climate
change on human health are also gaining popularity
(Orimoloye, 2019; Szwed, 2010).

Many studies have been devoted to the issues of
assessing the impact of the modern climate on
various spheres of human life, including tourism,
recreation and sports. For example, Pestereva et al.
(2018) analyzed the bioclimatic resources of the
Russian Far East in the context of modern climate
change to enhance health tourism due to the rapid
pace of its development in Russia. Stefanovich
(2019) analyzed the comfort of recreational
conditions in the Crimean region. In their study, they
use the calculation of the partial oxygen density
according to the method of Ovcharova, which is
actively used in the preparation of medical forecasts.

Pavel Ichim and Lucian Sficd (Ichim 2020)
conducted a study to determine the conditions of
human bioclimatic stress in the area of the city of
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Yash in Romania using the Thermohygrometric
Index (THI) as well as the Relative Deformation
Index (RSI), the analysis of which showed that in
general, rural areas are more comfortable for living
in summer, while comfortable conditions are
observed inside the city in winter.

Also, in connection with the outbreak of the
global COVID-19 pandemic, some scientists have
tried to find a connection between climatic
conditions and the spread of this virus. For example,
Werner P. et al. (2021) in their article investigated
the influence of climate and bioclimate on cases of
COVID-19 in Poland. They hypothesized that as the
air temperature drops, the number of cases of
COVID-19 increases (Werner, 2021).

This study provides an assessment of
bioclimatic conditions for the area of West
Kazakhstan using the most frequently used indices
in practice, which are the most effective and
informative: Effective Temperature, Equivalent-
Effective  Temperature, Normal Equivalent-
Effective Temperature and Bodman’s Severity
Index. Meteorological data from five stations Aktau,
Aktobe, Emba, Uralsk, Atyrau (Figure 1) were used
in this study. When calculating the indices, we used
the data of the average values of air temperature,
relative humidity and wind speed for the period from

West part of Kazakhstan

50 °ID'E 55"'0'5

2010 to 2020 for the considered stations in West
Kazakhstan. This work can be used in the field of
public health and recreation.

Materials and methods

Currently, several dozen complex
biometeorological indicators have been developed
that are used to solve various problems. Bioclimatic
indicators are calculated for warm and cold periods
(Rusanov, 1981:70).

Radiation Equivalent Effective Temperature
(REET) proposed by G. Sheleikhovsky is used to
assess recreational and climatic resources for the
warm period (Khairullina, 2005:231). REET is an
indicator of a person's thermal sensation under the
influence of the complex effects of several factors
such as air temperature and relative humidity, wind
speed and solar radiation.

For the purpose of an analytical assessment of
the heat sensations of a dressed person (summer
clothes of the same type), I. Butyeva proposed a
Normal Equivalent-Effective Temperature (NEET),
taking into account the influence of temperature, air
humidity and wind speed. The NEET is recognized
as comfortable in the temperature range from +17 to
+22 °C (Khairullina, 2005:231).

60°|O'E /

West Kazakhstan

50°0'N

45°0'N

Mangystau

Aktobe

[ ek
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Figure 1 — West part of Kazakhstan including West Kazakhstan,
Aktobe, Atyrau and Mangystau regions
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The Biologically Active Temperature (BAT)
that was proposed by G. Tsitsenko makes it possible
to determine the complex effect of temperature, air
humidity, wind speed, total solar radiation, long-
wave radiation of the underlying surface on a
human. The BAT comfort zone is within the
temperature range from +10 to +20 °C (Khairullina,
2005: 231; Shtal, 1981:18).

Methods for assessing the severity of the
weather also exist for bioclimatic assessment of the
cold period. The severity of weather can be
estimated by the values of low air temperature and
wind speed, which affect the cooling of unprotected
parts of body and respiratory organs. In other words,
it can be considered not as an objective property of
the weather, but as its influence on the cooling of a
person, as a result of which the stay in the open air
is limited and there is a need for clothing. To assess
the severity of the weather the Bodman method is
most often used (Kolokotroni, 2003: 26; Vitchenko,
2007:102).

Effective Temperature (ET) is one of the main
biometeorological indices characterizing the effect
of a complex of meteorological elements (air
temperature and humidity) on a person through a
single indicator, the so-called effective air
temperature. The body's resistance to the

environment depends on the physical characteristics
of a person. Index ET combines the physiological
and physical factors of the body, clothing and
meteorological environmental factors. ET is
designed for an “average” person, that is, an adult of
average height and weight, dressed according to
weather conditions and walking in shade
(Khairullina, 2005: 231).

ET is directly proportional to air temperature
and relative humidity. ET was calculated using
Equation 1 that was also used in other similar studies
(Perevedentsev, 2016: 533):

f
ET=t—-04-(t —10)-(1 — 170) (1
where, t — dry air temperature (°C); f — relative
humidity (%).

The calculation of ET can be used to assess
thermal loads in different seasons and
environmental comfortness and can also be used for
climate treatment. Using the calculated values, it is
possible to determine the thermal state at
meteorological stations. Table 1 shows the comfort
level scale based on ET values for warm (from April
to September) and cold (from October to March)
seasons.

Table 1 — Scale of effective air temperature during warm and cold periods

Warm period Cold period
Comfort level ET values °C Comfort level ET values °C
"very hot" >30 "very cool" -6-12
"hot" 24-30 "moderately cold" -12-18
"comfortably warm" 18-24 "cold" -18-24
"comfortable" 12-18 "very cold" -24-30
"cool" 6-12 "frostbite threat" >-30
"moderately cool" -6-+6

Equivalent Effective Temperature (EET)
takes into account the complex effect of
temperature, air humidity and wind speed on a
person. EET is a combination of meteorological
values that produces the same thermal effect as

EET =37 37—t

stationary air at 100% relative humidity and a
certain temperature, and evaluates the heat
sensation of a person naked to the waist. EET
calculations are made according to the formula
of A. Missenard (Beku, 2013: 68):

0.68-0.0014 +1/(1.76+1.4""

)—0.29r (1- £/100), (2
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where ¢ — air temperature (°C); v — wind speed (m/s);
f—relative humidity (%).

The bioclimatic index EET can be used to
characterize the comfortness of both warm and

factors in which a person naked to the waist
experiences subjectively good heat sensation and
maintains a normal body temperature. Unlike
ET, this index takes into account wind speed, in

cold periods of the year (Table 2). EET is addition to relative humidity and air
determined by a combination of meteorological temperature.
Table 2 — Equivalent — effective air temperature scale
. EET for humans, °C
Heat sensation category
unclothed clothed
Comfortable 20-30 16,7-20,6
Cooling zone 6-12 less 16,7
Overheating zone higher 21,7 higher 20,6

In addition to the EET index, the Normal
Equivalent-Effective Temperature (NEET) was
calculated using formula of Butyeva (3) to assess the
heat perception of a dressed person (Sinitsyn, 2013:
281):

NEET =0.8-EET +7°C 3)

In NEET index the fact that at an air temperature
below -7 °C any wind has a cooling factor was taken
into account. The NEET indicator is used to assess the
heat perception of a dressed person, and, accordingly,
is a more informative indicator of the comfort of the
climate than EET (Sinitsyn, 2013: 281).

Table 3 — Bodman Severity Index scale

For the bioclimatic assessment of the cold
period, the Bodman Index can be used to evaluate
the severity of the weather in points (Khairullin,
1997: 132). The index can be calculated using
equation 4:

S=0-004-)1 +027-v), 4

where S — severity index (points); ¢ — air temperature
(°C); v — wind speed (m/s).

Table 3 provides a scale for the level of
comfortness according to the Bodman’s Index

Comfort level Value S
"warm winter” S<1
"mild winter” 1-2
"moderately severe" 2-3
"severe" 34
"very severe" 5-6
"extremely harsh" >6

In addition to the Bodman Index, the
Adamenko-Khairulin  "Reduced  Temperature"
Index was calculated (Tkachuk, 2012: 12;
Abdirazak, 2016: 85). This index takes into account
human heat losses depending on the combination of
actual air temperatures and wind speeds, compared
to heat losses with the same air temperature, but in
calm wind conditions. The index is also used in
assessing the severity and continentality of the
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climate. The index is considered to be more
objective in assessment of the discomfort of the cold
period compared to the Bodman Weather Severity
Index since takes into account the warming effect of
radiation. The Index of "Reduced Temperature" is
calculated by the formula:

treg = t— 1.8V, (5)
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where t.s. — reduced temperature; ¢ — actual
temperature; ¥ — wind speed.

Results and discussion

The Effective Temperature Index characterizes
the heat perception of an undressed human body.
The same heat perception can be experienced with a
wide variety of combinations of meteorological
elements. Figure 2 shows a graph of annual
distribution of the average effective air temperature
for studied stations in West Kazakhstan for the
period of 2010 — 2020.

The values of the ET depend more on air
temperature than on humidity, and repeat the spatial
distribution of temperature, slightly increasing from
north to south. The difference between the northern

ET, °C 30,0 -
25,0 A
20,0 -
15,0 A

10,0 -

(Uralsk, Aktobe, Emba) and southern (Atyrau,
Aktau) stations can be from 2.5 g0 10 °C. As a result
of calculations, it was found that in the territory of
West Kazakhstan during the year, the ET value
ranges from 1.0 to -11.3 °C in winter and 21.4 to
23.9 °C during summer, which corresponds to the
level of comfortness from "very cool" to "hot".

During the transitional seasons of the year, the
Effective Temperature Index varies from -1.8 to
18.9 °C. Thus, conditions in early spring and late
autumn are characterized as “moderately cool”,
while conditions in late spring and early autumn are
characterized as “comfortable”. Thus, the climate
from the first half of April to October, when the
average monthly values of the ET are above 12.0 °©
C, can be called comfortable for the population of
West Kazakhstan.

Aktau Aktobe

Emba

Ural'sk Atyrau

Figure 2 — Annual variation of the average effective temperature
for considered stations in West Kazakhstan

Figure 3 shows the histogram of the average
annual ET value for the stations in the region under
study.

It was found that in the territory of West
Kazakhstan during the year the value of ET
ranges from 5.9 to 12.2 °C. Based on the graph
shown in Figure 3, it can be seen that the highest
average annual effective air temperature was
noted at Aktau station (12.2 °C), and the lowest
— at Aktobe station (5.9 °C) during the period
from 2010 to 2020.

Figure 4 shows the dynamics of the average
monthly January and July Effective Temperature
over the last decade (2010-2020).

Based on Figure 4, there is a pronounced
positive trend of the ET in January at all the stations
studied. However, in July, there is a downward trend
in the values of the ET for the same period under
consideration. Over the past decade, the minimum
values of the average monthly ET for January were
observed in 2010 and the maximum average July ET
values were observed in 2010, 2011 and 2018.
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ET, °C
14,0 -
12,0
10,0 |
8,0 -
6,0 -
4,0 -
2,0 -

0,0 I I I I I

Aktau Aktobe

Emba

Ural'sk Atyrau

Stations

Figure 3 — Average annual values of ET for considered stations in West Kazakhstan
for the period 2010-2020.
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Figure 4 — Changes in the average January and Average July effective temperature (ET)
for considered stations in West Kazakhstan (2010-2020)

The next index, which was calculated in the
course of this work, is the EET indicator, which
characterizes the heat perception of the human body
in the dressed form. Figure 5 shows the graph of the
annual variation of the average equivalent-effective
air temperature for the studied stations for the period
0f2010 — 2020.

According to the Missenard method, the average
monthly values of human thermal sensitivity range
from “comfortably warm” in summer to dangerous
“frostbite threat” in winter months. In winter, the
average EET values vary from -29.3 °C (Emba) to -
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10.2 °C (Aktau). In summer, the spatial variability
of the EET is two times lower: the minimum values
are typical for the northern stations (Uralsk, Emba,
Aktobe) from +15.6 to +18.4 °C ("comfortable"
conditions), the maximum values were observed in
Aktau and Atyrau (+18.5 to 21.1 °C) ("comfortably
warm" conditions). The spatial distribution of the
index within the region repeats the distribution of
the temperature and the ET index.

Figure 6 shows the graph of changes in the
average monthly EET for January and July for the
period 2010-2020.
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Figure 5 — Annual variation of the average equivalent-effective air temperature
for considered stations in West Kazakhstan

EET,°C  January
0,0 T T T T T T T T T T 1

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

-5,0 -
-10,0 -|
-15,0 |
-20,0 -|
-25,0 |
-30,0 |

-35,0 -

-40,0 -

——Aktau ——Aktobe Emba

Ural'sk ——Atyrau

EET,°C  July
25,0

23,0

21,0
19,0 -
17,0 -

15,0 4

13,0 T T T T T T T T T T

o - o~ o0 < wn -] ~ ] a o
- - - - - - - - - - o
(=] (=] o =] o o o (=] o o o
~N ~N ~N ~ ~N ~N ~ ~N ~N ~N ~
———Aktau ——Aktobe Emba Ural'sk ——Atyrau

Figure 6 — Changes in the average January and average July equivalent-effective temperature (EET)
for considered stations in West Kazakhstan (2010-2020)

From the Figure 6, it follows that in January, at
all the stations under study, as it was with the case of
ET, there is a positive trend in EET values. In July,
almost all stations have a negative trend of EET
values, with the exception of Emba station. The time
course of the average January and average July EET
values is analogous to the time course of the ET.

Figure 7 shows the annual distribution of the
average normal equivalent-effective air temperature
for the stations under consideration for the period
2010-2020.

It should be noted that the values of the NEET
significantly exceed the corresponding values of the
EET for the same annual course. The cold period of

the year (October-April) is characterized by
negative NEET values. Thus, in winter, according to
the NEET value, Aktobe, Emba, Uralsk, Atyrau are
in the zone of “very cold” discomfort, while Aktau
is in the zone of “moderate cold”. In December,
January and February, the NEET values could reach
-28.3, -33.1, -33.1 °C, respectively, which has
negative consequences for the well-being and health
of people. In the first half of spring and in the second
half of autumn, West Kazakhstan is in the zone of
“very cool” and “moderately cold”, only Aktau is
characterized by relatively “warm” NEET values
(1.4 °C and 3.6° C, respectively) and is in
"moderately cool" zone. May and September are
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characterized as “cool” in terms of the NEET value = “comfortably warm”. Consequently, the climatic
(from 5.7 to 12.8 ° C). In all summer months, conditions in the summer are favorable for a person's
according to the NEET indicator, the climate of the  stay in the open air and should not cause unfavorable
region under consideration can be characterized as  heat sensations.
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Figure 7 — Annual variation of the average normal equivalent-effective temperature
for considered stations in West Kazakhstan

Figure 8 shows the time series of the average  similar to the results of studies conducted in other
monthly Normal Equivalent-Effective Temperature  regions (Perevedentsev, 2016; Nysanbayeva, 2019).
(NEET) for January and July for 2010-2020. Table 4 shows the average values of the Bodman

Recently, there has been an increase in the trend ~ Severity Index, calculated for the cold season
of the NEET values for January, while in July there = months from 2010 to 2020 for stations in West
is no pronounced change in the trend. This resultis  Kazakhstan.
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Figure 8 — Changes in the average January and average July normal equivalent-effective
temperature (NEET) for considered stations in West Kazakhstan (2010-2020)

80



S.T. Akhmetova, M.O. Tursumbayeva

Table 4 — Average values of the Bodman Index for considered stations in West Kazakhstan from 2010 to 2020

Stations January February March October November December
Aktau 2,1 2,0 1,6 0,9 1,5 1,9
Aktobe 2,6 2,4 2,0 1,2 1,7 2,9
Emba 33 32 2,5 1,5 2,1 2,8
Uralsk 2,6 2,6 2,0 1,2 1,8 2,2
Atyrau 3,0 2,9 23 1,4 2,2 2,7

Average 2,7 2,6 2,1 1,2 1,8 2,5

Most of West Kazakhstan during the winter
period is characterized as moderately severe by
the Bodman Index (S = 1.9-3.0). During the study
period, among all stations, Emba stands out with
its highest values of the S index, for example, the
average monthly value of S was 3.2 and 3.3 in
January and February could be associated with
significant wind speeds at low temperature
values.

From the table 4, it follows that the Bodman
Index in the territory of West Kazakhstan varies
from 0.9 to 3.3 points with the lowest values in
Aktau and Emba for the entire cold period of the

year. The winter months are characterized by the
highest values of the severity index. For example,
the average value of the Bodman Index for West
Kazakhstan is 2.4, 2.7, 2.5 for December, January
and February, respectively, while in October and
November these values were 1.3 and 2.0. Thus, the
bioclimatic conditions of the cold half of the year in
this territory are characterized as low and
moderately severe.

Table 5 shows the average values of the
Reduced Temperature, calculated for the cold
season months from 2010 to 2020 for considered
stations in West Kazakhstan.

Table 5 — Average values of the Reduced Temperature considered stations in West Kazakhstan from 2010 to 2020

Station Months
January February March October November December
Aktau -3,6 -3,1 2,6 9,9 2,5 -1,7
Aktobe -16,0 -15,1 -7,0 3,2 -5,0 -11,8
Emba -15.4 -16,1 71,3 3,3 -5,9 -13,6
Uralsk -14,2 -13,6 -6,3 3,7 -3,9 -10,0
Atyrau -10,5 -9,8 -1,7 6,0 -2,2 -7,6
Average -11,9 -11,5 -3,9 52 -2,9 -8,9
According to the values of the Reduced Conclusion

Temperature, there were no severely uncomfortable
conditions in the West Kazakhstan region. The
lowest values of the Reduced Temperature of
Khairullin-Adamenko were observed in January
(from -3.6 to -16 °C) at all stations, except for Emba,
where the minimum is in February (-16.1 °C).
Among all considered stations, the minimum values
were observed at Aktobe and Emba stations during
the cold season. In January and February in Uralsk,
Emba and Aktobe the given temperatures were
considered to be relatively favorable. At other
stations in the remaining months, the index indicates
the favorable climate of the region.

Active synoptic activity during the cold half of
the year in West Kazakhstan can form
uncomfortable conditions, which were confirmed by
the results of this work based on values of ET, EET,
NEET, Bodman's Index, Reduced Temperature.

ET, EET and NEET indices show that during the
cold half of the year (October-April), the northern
part of the West Kazakhstan is in the "very cold”
zone, while the southern part (Aktau) is in the
"moderate cold" zone. Very low values of these
indices in the northern part of West Kazakhstan can
lead to negative consequences for the well-being
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and health of people. In the first half of spring and
in the second half of autumn, West Kazakhstan is in
the zone of "very cool" and "moderately cold", only
Aktau is characterized by "warmer" values of ET,
EET and NEET. May and September are
characterized as "cool" months. In all summer
months, according to the indicators of ET, EET and
NEET, the climate of the studied region can be
described as "comfortably warm". Therefore, the
climatic conditions in the summer are favorable for
a person's stay in the open air and should not cause
unfavorable heat sensations.

According to the calculated values of the
Bodman Severity Index for the cold period of time
(October-March), it was found that the Bodman
Index in the territory of West Kazakhstan varies

from 0.9 points to 3.3 points. In general, the
bioclimatic conditions of the cold half of the year in
the study area are characterized as low and
moderately severe.

Based on the obtained results, the climate of
West Kazakhstan from the first half of April to
October, when the average monthly values of ET
are above 12 °C, can be called comfortable for
the population of this region. Bioclimatic
conditions of West Kazakhstan vary significantly
from season to season and knowledge of climatic
features makes it possible to choose the optimal
conditions for people to live in a particular zone.
The values of the Reduced Temperature indicate
favorable climatic conditions in the West
Kazakhstan region.
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OCOBEHHOCTU AEAOOBPA3OBAHUS HA O3EPE BAAKALL
B OSKCTPEMAABHO XOAOAHDIE
N DKCTPEMAAbHO TEMNAbIE MECALLbI

B cTatbe paccMaTpmBaloTCsl MPOLECChl AeAO0OPA30BaHMs Ha 03. baAkall B 3KCTPEMaAbHO XOAOA-
Hble 1 3KCTPEMAAbHO TernAble Mecsubl. bbiaa BblIBAEHA TECHas CBSA3b MEXAY CPEAHEMECSUYHOM Tem-
nepaTypoi Bo3ayxa HOSIGPS M CPOKaMU MOSIBAEHWS MEPBOrO AbA@ M YCTAHOBAEHWS AEAOCTaBa. AAS
HOSI6PS ObIA paccuMTaH KpUTEpMiA aHOMaAbHOCTHM barpoBa-TokapeBa M ONpeAeAeHbl 3KCTPeMaAbHbIe
roabl ¢ 2000 no 2022 rr. bblAv paccunTaHbl CpeAHME AaTbl XapaKTEPHbIX AEAOBbBIX SIBAEHWI 3a MEPUOA
1971-2018 rr. bbiAn npoaHaAM3MpoBaHbl 0COBEHHOCTU AeA00OPA30BaHMSI B OCEHHE3MMHMIA MEPUOA B
3TU roAbl. PaccuntaHbl uncaa AHen € onpeAeAeHHbIMW Pa3HOBUAHOCTSIMU AEAOBBIX SIBAEHUI U MpeA-
CTaBAEHb! B BUAE IMCTOrpamm. bbiAM NpoaHaAm3npoBaHbl pa3AmMyHbIE BUABI U (DOPMbI AEASHBLIX 0Opa-
30BaHui (3abeperu, caao, HECTIAOLLIHOM AeAOCTaB, TOPOCHI, AEAOCTaB C TOPOCaMM, NMOABUXKKA AbAQ) B
3KCTPEMAABHO XOAOAHBIE M 3KCTPEMAABHO TeMAble MECSLbI AO CPOKA YCTAHOBAEHMS CMAOLLHOIO A€AO-
cTaBa. bblIAM NOCTpPOeHbI KapTbl C pacnpeAeAeHUEM TOALLMHbBI AbAd. BbIAO HallAEHO OTKAOHEHME (KOAM-
4YeCTBO AHEN) CPOKOB MOSIBAEHMS NEPBOro AbAQ U YCTAHOBAEHMS A€AOCTaBa OT CPEAHMX B SKCTPEMaAb-
HO XOAOAHbBIE M SKCTPEMAABHO TEMAbIE TOAbI.

MCTOUHMKOM pe3yAbTaTa aHaAM3a SIBAIAUCH AQHHbIE M3 TMAPOAOTMYECKMX €XKErOAHMKOB, AQHHbIE
CpPEeAHEMECSUHON TEMMEPATYPbl BO3AYXA, @ TAaKKE AAHHbIE peaHaAM3a KAMMATUYecKon 0asbl AaHHbIX
CDS COPERNICUS EBponeiickoro LeHTpa.

KatoueBble cAoBa: AeAO0OPA30BaAHME, TOALLMHA AbAQ, AEAOCTAB, 3a6eperu, SKCTPEMAABHO XOAOA-
HbI MecsiL, 3KCTPEMAAbHO TEMAbIA MecsLL.
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2Al-Farabi Kazakh National University, Kazakhstan, Almaty
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Features of ice formation on Lake Balkash
in extremely cold and extremely warm months

In this paper we are considering the processes of ice formation on Balkash Lake during extremely
cold and extremely warm months. A significant correlation found between the average monthly air
temperature of November, the dates of the first ice formation and the dates of continuous ice cover
formation. The Bagrov-Tokarev anomaly criterion for November was calculated and the extreme years
since the earlier 2000s were determined. The most common dates of inherent ice phenomena for the
period 1971-2018 were calculated. The features of ice formation during the autumn-winter season for
these years were analyzed. The number of days with certain types of ice phenomena are calculated and
presented in the form of histograms. It was analyzed the various types and forms of ice formations for
extremely cold and extremely warm months before the date of complete ice cover formation. The maps
of ice thickness distribution were compiled. The deviation of the dates of the first ice formation and dates
of continuous ice cover formation (in days) from the mean value extremely cold and extremely warm
years was found.

The data source were hydrological guides, monthly average air temperature data, and data reanalysis
using the CDS COPERNICUS climate database of the European Center.

Key words: ice formation, freeze-up, ice thickness, ice cover, extremely cold month, extremely
warm month.
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DKCTPEMAAADI CYbIK, XKOHE SKCTPEMaAAbI XKbIAbl alAapAA
baAkallu KeAiHAE MY3AbIH, KAABINTACY epeKLueAikTepi

ByA Makanapa baakall KeAiHiH 3KCTpeMaAAbl CybIK, X&He 3KCTPeMaAAbl >KbIAbl aliAaApa MY3AbIH,
KaAbINTacy MaceAeAepi KapacTbipblAaAbl. KapallaHblH opTala anAblK, aya TemrepaTypacbl MeH
AAFALLIKbl MY3AbIH MarMaa GOAYbl KOHE My3 >KAMbIAFbICbIHbIH, OpHAYbl Mep3iMAEpi apacbiHAQ Tbifbi3
GaiAaHbIC aHbIKTaAAbl. Kapatia arbl yuwid barpoe-Tokapes aHOMaAMs eAlieMi ecenteaai xeoHe 2000
KbIAAAPAAH 6GacTan 3KCTPEMaAAbl XKbIAAAD aHbIKTaAAbl. My3 KyObIAbICTapbiHbIH OpTalla KyHAepi
1971-2018 >blAAap apaAbliFbiHAQ ecenTeAAl. OcCbl XblApapAaFbl KY3Ti-KbICKbl Ke3eHAeri My3AblH
naaa GOAY epekleAikTepi TaAAaHAbl. My3 KyObliAbICTapbiHbIH, GeAriAi 6ip TypAepi 6ap KYHAEP CaHbl
ecenTeAAl XXeHe rmcTorpaMmma TypiHAE YCbiHbIAFaH. My3 KaAbINTaCybIHbIH 8P TypAepi MeH chopMana-
pbl (QAFaLLKbl MY3 TYPAEPIi, TOAbIK, MYy3 >XaMbIAFbICbl, MY3AbIH KO3FaAbICbl) SKCTPEMAAAbI CYbIK, KaHe
SKCTPEMAAADI >KbIAbl aiAapAa MY3 >KaMbIAFbICbI OpPHAY Mep3iMi AeMiH TaAAaHybl ©6Te MaHbI3Abl. My3
KAABIHABIFbIHBIH KOA aKBTApPOMSICbl BOMHbILLA TapaAy KapTaAapbl CaAbiHAbL. AAFALLKbI My3AblH ManAa
BGOAY KOHE MY3 >KAMbIAFbICbIH OPHAYbl 3KCTPEMAAAbI CYbIK, )KOHE 3KCTPEMAAAbI >KbIAbl XKbIAAAPAAFbI

opTalla Mep3iMAEPAEH aybITKybl (KYHAEP CaHbl) TaObIAAbI.
AepekTep Ke3i TMAPOAOTUSABIK, XXbIAHAMAAAPAAH aAbIHFAH aKapaT, ayaHblH, OpTalla alAbIK, TeM-
neparypacol, Eyponaabik, optaabikTbiH, CDS COPERNICUS kAMMaTTbIK, 6a3acbiHaH aAblHFaH peaHaAm3

aKnaparbl OOAAbI.

TyiiiH ce3Aep: My3 KaAbINTacCybl, My3 KAAbIHABIFbI, MY3 >KaMbIAFbICbI, SKCTPEMAAAbI CYbIK, aliAapbl,

3KCTPpeMaAAbl XXbIAbl aVIAapbl .

BBenenue

Ozepo bankarn — 310 BofoeM ¢ €XerofHbIM Jie-
JI000pa30BaHUEM B TCUCHHE I'0Jia C OTPHUIIATEIIHHBI-
MU CYTOYHBIMH TEMIIepaTypamMu BO3AyXa. 3anaaHas
Y BOCTOYHAsI 4aCTh 03€pa, COSAMHCHHAs ITPOJIHUBOM
Y3bIHapai, pazaudHa M0 XUMHUYECKHM XapaKTepH-
cTUKaM. MuHepanu3auusi BOJbl B 3alaJHOW 4acTH
cocraBwia 1,70 r/n, a Bocrounoi yactu — 4,91 r/n
(Ckomersic, 1995). Ilpouecc nemnoobpazoBaHusi B
BOCTOYHOM 4acTH 3aMeJICH U33a MOBBIIIEHHON MU-
Hepanmzanuu (Pecypcrl moBepxHOCTHBIX BoA, 1970).
Ozepo bankamr siBiseTcs KpyIHBIM PETHOHAIBEHBIM
BOJIOEMOM, KOTOPOMY IOCBSIIIIEHO OIPOMHOE KOJIH-
gecTBO pabot (beitnmmucon, 1989, YepeanmdeHko,
2009, IIuBapesa, 2009, MBkuna, 2015, TypcyHos,
2015, Bunecos, 2017, benney6aes, 2019).

O3epHbIil e UMEeT OYeHb BaXKHOE 3HAUCHUE B
(M3UYECKUX, XUMUIECKUX U OMOIOTHIECKUX TIPO-
neccax. Hanuuue u oTCyTCTBHE JISIOBOTO IIOKPOBA
BaXHO IS TpaHCTIOPTa (MCTOJIH30BAHKE JIEIOBOTO
MOKPOBa B Ka4eCTBE JOPOT U TEperpaB, Ce30HHOE
CyIIOXOJICTBO B Oe3nenocTtaBHbIN mepuoy) (Bonsal
et al., 2007). IIpu pa3pyuieHnn Je10BOro NOKPOBA,
BBI3BAHHOI'O BO3JIECTBHEM BETpa WJIK TEUEHUH, MO-
TYT CO3JaBaThCsl YCIOBUS JiJIsi 00pa30oBaHMs OIlac-
HBIX JICIOBBIX SBJICHHUHA. [lpeiid b1a, HaBabl JIba,
TOPOCHI MOT'YT OKa3aTb Pa3pyLUUTEIbHBIE BO3JEH-

CTBHSA Ha Oepera, THAPOTEXHUYECKUE COOPYKECHUS U
uHdpactpykrypy (boroponckuii, 1971). Posb neno-
BOTO MOKPOBa UMEET OOJIbIIOE 3HAUCHHE B 3UMHEM
pPEeKMME BOJIOEMA, TAaK KaK Yepe3 CJIOH JIbJja U CHera
Ha HEM MPOUCXOJUT TEIUIOOOMEH MEXIY BOJOW U
BozayxoM (Onposa,1979). UccnenoBanue mporec-
COB B3aUMOJICHCTBHSI 0O3EPHOTO JIbIa ¥ KIIUMAaTa He-
00X0IMMO ISl KIIMMaTHYECKOT0 MOJCIIUPOBAHUS U
nporuo3a norojiel (Brown et al., 2010, Eerola et al.,
2010). Cpoku MosIBJICHUSI IEPBOTO JIbJIA, YCTAHOB-
JICHUS! JIEJIOCTaBa, BCKPBITHS U Pa3pylICHHS JIEJI0-
CTaBa SIBJISIIOTCS. XOPOLIMMHU MHAMKATOPaMU H3Me-
Henus kimmara (Magnuson et al., 2000, Duguay et
al., 2006, Assel et al., 2003, Latifovich et al., 2006).
[TockonbKy O3epHBIE U pEUHBIC JIbJBI, SIBISIFOTCS
4acThlo Kpuoc(epbl, MX XapaKTEPUCTHKH TaKKe
MOJIBEPIKEHBI TPaHCPOPMAIMH B pe3yJbTaTe KIIU-
MaTH4YecKux n3MeHeHui. Ha o3epax u pekax ceBep-
HOTO TOJYIIAPHs COKPAIACTCS JICAOBBIH TEPHOJI,
HaOJI0AI0TCSI CABUIH AAT Havaja JeJOCTaBa B CTO-
poHy OoJjiee MO3HUX U JIaT pa3pylICHHUs JIeJJOCTaBa
B ctopony Oonee pannux (IPCC. Climate change
2013, Magnuson et al., 2000, Newton et al., 2021).
HecmoTpst Ha 0oOLIyI0 TEHACHUHMIO U3MEHEHUS Xa-
pPaKTepHBIX JIAT JICJAOBBIX SIBICHUH 03. bamkain
(benneybaes, 2021), uMeeT CMBICI pPaCCMOTPETh
OTJICTIbHBIC YKCTPEMAIIbHBIE TOJIbI OCCHHE3NMHET'0
nepuoga. Heo6xoaumo BBISIBUTH HACKOJIBKO U B Ka-
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KYIO0 CTOPOHY OTKJIOHSFOTCS HAThI MOSBJICHUSA JIbJa
" Ha4daJia JIegocraBa OT CpEAHUX OaT Ha 03. bankam.

MaTepnaﬂu U METOAbI

B nanno#i paboTe MCIONB30BANHMCh JaHHBIE O
JIENOBBIX SIBICHUAX C THIPOJIOTHYECKUX TOCTOB,
CpelHeMecsuHas TeMIIepaTypa Bo3yxa ¢ MeTeopo-
JIOTHYECKUX CTaHIMH U JaHHBIC peaHaln3a Mo TOoJ-
muHe pna ERAS-Land data (ERAS5-Land hourly
data from 1950 to present (copernicus.eu)). K nan-

a)

74 7 76 77 78 79

Sayak

46

4

74 75 76 7 78 9

HBIM O JIEJIOBBIX SIBIEHUAX OTHOCSTCSI CPOKH IOSIB-
JICHWs TIEPBOTO JIbJa W yCTAHOBIJIEHHUS JIEOCTaBA.
3a nary mosiBICHUS MEPBBIX JIEISHBIX 00pa3oBaHUN
MpHUHATA JaTa 00pa30BaHNs YCTOHYHMBBIX 3a0€peros,
IUIaBy4ero JpAa, UIYyTH WU JIEJ0CTaBa. 3a Hadajo
JIe/locTaBa MPUHSATA J1aTa MOABIECHUS YCTOMYUBOTO
HEMOJBUKHOT'O JIEJITHOTO MOKPOBA MPOIOJIKUTEb-
HOCTBIO He MeHee 20 CyTOK.

Ha pucynke 1 n300paxxeHbl pacronioxKeHus Me-
Teoponorndeckux craHimii (MC) u rumponormye-
ckux moctos (I'TI).

Pucynok 1 — PacnionoxxeHue a) METEOPOIOTUYECKUX CTAaHIIUI U
0) THIPOIOTHYECKUX ITOCTOB HCCIEAYEMOT0 00BEKTa.

Pe3yabTarsl U 00cyxaeHUE

XonoaHbIM nepuoj Ha 03. bankaii mo JaHHBIM
5-Tu MeTeopoJiorudeckux cranimii (Ayn4, bamkani,
Kyiiran, Capsimaran, Cask) IIUTCS C HOSOpS 110
Mapt (puc. 2).

W3 pucynka 2 BUIHO, UTO pacrpeiesieHne Cpe/-
HEH MHOTOJICTHEH TeMIepaTypbl BO3/yXa Ha BCeEX
METEOPOJIOTHIECKHUX CTAHIUAX aHAIIOTUIHO.

TemmepaTypa Bo3ayxa SBIS€TCS OTHUM U3
TJIaBHBIX (paKTOPOB Jienoo0pazoBanus. Ha mosieie-
HUE JIeASHBIX 00pa30BaHUI W yCTAHOBIICHHUE JIEI0-
CTaBa 3HAYUTEIBHOE BIMSHUE OKA3bIBAET TEMIIepa-
Typa BO3ayXxa B HOSOpe.

Ha pucynkax 3 u 4 npuBeneHbl 3aBUCUMOCTH
cpeHeld MeCsYHOM TemmepaTypbl BO3llyxa B HOS-
Ope u CpoKaMu TOSBIICHHSI MIEPBOTO JIbJIA, & TAKKE
CpPOKaMH yCTaHOBIICHHS JIETOCTABA.

35 1
25 ¢
<
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°
m
g
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a
g —A
§ 5 L 12
-15 - MECSII]
Aybur-4 bankam Kyiiran Capblmaran Casx

Pucynok 2 — I'ogoBoii X0 cpeqHel MecS4HOM MHOTOJIETHEH TemIiepaTypbl Bo3ayxa 3a 1971-2020 rr.
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Pucynok 3 — Jluarpammbl paccessHUSI MEXKIY CpeHEH MECSUHOM TeMIepaTypoil Bo3ayxa
W JTaTaMU TOSIBJICHUSI JICJSIHBIX 00pa3oBaHuii Ha mocTax bamkam u Capeiiniaran
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PucyHnok 4 — JluarpaMMbl paccestHUS MEXy CpelHel MecsluHOH TeMIepaTypoil Bo3ayxa
U JJaTaMU Hadasa JiefocTaBa Ha noctax bankam n Capeimaran

ITo manHBIM pucyHKOB 3 1 4 BHUIHO, YTO CBS3b
MEXIY TEMIepaTypoll W CPOKaMH JICHOBBIX SIBJIE-
HUI IpsiMasi, TECHOTA KOPPEJISILUOHHON CBSI3U BbI-
cokas 0,7-0,8 moxst BKjaza TpeHIa B OOMIYIO JHC-
TIepPCHI0 TIpreMIieMa Jutst peBbimaromumx S50 %.

ITo xputeputo anomanbHocTu barposaTo-
kapeBa (barpos, 1966) ObLT BBIMOJHEH pacydeT
KCTpeMabHO X0J0AHBIX (DX) U 3KCTpEeMaIbHO
ternsix (O7T) mer ans HosaOps 3a mepuoa 2000-
2020 rr.

Kr =i [0 ) - 2 () | o

rae AT, — aHoManus napameTpa B TOUKE i;

0, — cpeliHee KBaJPaTHYECKOE OTKIOHEHHE Be-
JIMYUHBI;

N — konmuecTBO TouekK, mpu T>0;

M — xonmmyecTBO Touek, npu T<O0.

Hns manaexkca anomansHocty barpoaTokapesa
YCTaHOBJICHBI IOPOToBbie 3HaueHus: npu K > 1,15
AHOMAJIBHOCTh MOJS 3HauuTenbHa, pu K < 0,75
OTMEYaeTcs HE3HAYWTEeNbHAs aHOMalus W IpHU

0,75 <K < 1,15 anomanusi UMeeT CPEIHIOI0 HHTCH-
CHUBHOCTb.

B Tabnune 1 mpuBeneH 3KCTpeMalbHO XOJO-
HBIC M SKCTPEMaJIbHO TEIUIbIC TOJBI ATl HOSAOpS 3a
nepuon 2000-2020 rr.

B tabnuue 2 npuBeaeHsl cpeHEMECSYHAs TEM-
nepaTypa Bo3/lyXa U ero aHOMaJIHsl.

AnHanu3 Tabaunbl 2 MOKa3bIBAaET, YTO B IKCTPE-
MaJIbHO XOJIOJIHBIE TOABI aHOMaJWs BapbHpPYyeT B
npenenax munyc 3,9 — munyc 3,4 °C, a B 3KkcTpe-
MaJbHO TEIUIbIC TOBI B mpenenax 2,7-3,5 °C.

B Ttabnuue 3 mpuBeneHBl CpeAHUE 3HAYCHHUS
CPOKOB TIOSIBJICHHS TIE€PBOTO JIbJJa U CPOKOB YCTa-
HOBJICHHS JICOCTABA.

B cootBercTBHM ¢ TaOimiei 3 BHIHO, YTO IIO
JaHHBIM YETHIPEX T'MAPOJIOTHYECKUX TIOCTOB CPEA-
HUI CPOK MOSBIICHUS IIEPBOTO JIb/Ia TPUXOTUTCS Ha
BTOPYIO TOJIOBUHY HOsIOpsi. CpeaHuii cpok ycra-
HOBJICHUS JIeJIOCTaBa MO JaHHBIM INMOCTOB bankarr
n Cappliaral NpUXOJUTCsl Ha KOHEIl HOsI0ps, a Ha
noctax MeIHapan U Anrassl Ha Ha4aio JeKaops.

B Tabmuue 4 mpexacraBieHbBl CPOKU IOSIBIIC-

HUS TICPBOTO JIbJIa M YCTAaHOBJICHUS JIENOCTaBa B
2000 rony.
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Ta6mamua 1 — DKCTpeManbHO XOJIOAHBIC ¥ AKCTPEMATBHO TEILIbIe TO/bI JUTs HOsiOpst 3a iepron 2000-2020 rr.

£), ¢ oOT
TOJIbI 3HAa4YEeHHUE NHJIEKCA TOJIbI 3HAa4YEeHUE NHJIEKCA
2000 -2,74 2002 1,69
2016 -2,03 2006 1,35
2018 -1,76
2020 -1,43

Taomuua 2 — CpenHsist MecsyHas TeMIieparypa Bo3ayXa U aHoMajlus oTHocuTelabHO nepuona 1981-2020 rr. B HosOpe 2000, 2002,

2006, 2016, 2018, 2020 rr.

T'onsr Aybui-4 bankam Kyiiran Capsbliaran Cask
T AT T AT T AT T AT T AT
2000 -4,5 -3.8 -6 -4,2 -4,2 -3,9 -5,4 -4,4 -5,5 -4,3
2002 2,8 3,5 1,0 2,8 3.2 3,5 2,0 3,0 2,0 32
2006 2 2,7 1,0 2,8 2,4 2,7 2,2 32 1,8 3,0
2016 -4,2 -3.,5 -5,1 -3,3 -39 -3,6 -4,4 -3.4 -5,1 -3,9
2018 -4,6 -3,9 -4,8 -3,0 -2,9 -2,6 -3,7 -2,7 -5,4 -4,2
2020 -4,0 -3,3 -4,7 -2.9 -3,5 -3,2 -3,8 -2,8 -3,6 -2,4
Tabamua 3 — CpeHUEe CPOKHU TOSIBJICHUS TIEPBOTO JIbJa U CPEJHUE CPOKU YCTAHOBIICHHUS JIe0CTaBa
banxam Capsbliaran MplHapan Anrassl
Cpennwnii cpok | Cpennnii cpok | Cpennnii cpok | Cpenanit cpok | Cpeanmii cpok | Cpegrnii cpok | Cpemuit cpok | Cpenanuit cpox
TIOSIBIICHNS] | yCTAHOBJICHMS | TOSBICHMS | YCTAQHOBJIICHUS | MOSBICHUS | yCTAHOBJICHHSA | TOSBICHUS | yCTAaHOBIICHUS
MEepBOTO JIbAa | JIEeAOoCTaBa | MEPBOTO JIbAA | JIeIOCTaBa | MEPBOTO JIbAA | JIEJOCTaBa | MEPBOTO JIBAA | JIEAOCTaBa
21 HOsIOPS 30 HOsIOpst 17 Hos10ps 27 nosiopst 17 Hos1Opst 2 nexabpst 26 HOSIOPst 4 nexaOps
Ta6auua 4 — Cpoku NOSIBICHHUS IEPBOTO JIbJIa U CPOKH ycTaHOBeHUs Jienocrasa B 2000 rony
banxam Capsbliaran Mp1Hapan Anrassl
Cpok Cpok Cpok Cpok Cpok Cpok Cpok Cpok
TIOSIBIICHNST | YCTAHOBIICHUS | TIOABIEHHS | yCTAHOBICHHMS | TIOSIBICHHUS | yCTAHOBJICHMS | MOSIBICHUS | yCTAHOBIICHUS
MEPBOTO JIbAA | JIE[0CTaBa | MEPBOTO JbJa | JI€AOCTaBa | MEPBOTO IbJa | JIEJOCTaBa | MEPBOTO JIbAA | JIEIOCTaBa
7 HOSIOpst 12 HOsODA - - 6 HOSIOpsT 9 HOSIOpst 15 HOSIOpst 23 Hos10pst
[To mamHBIM TaOMUIBI 4 B DKCTPEMATBHO XO- JlaHHbIe  WHCTPYMEHTAJIBHBIX  HAOTIOMEHUH

noaubii Hosi0pb 2000 roga nepsbie JesHbIe 00pa-
30BaHMs MOSBWINCH Ha 11-14 mHeW paHbINe cpeln-
HEU NaThl, a JenocTaB ycTaHoBuica Ha 11-23 mus
paHbIIe.

Camble paHHUE CPOKH MOSBIICHHUS IEPBOTO JIbJA
T10 TaHHBIM MMPUOPEKHBIX THIPOIOTHIECKUX TIOCTOB
(bankam, Capelaran) Obl10 0TMEUeHO 6-7 HOSIOpS,
a ycTaHOBJICHHE JleocTaBa 9 u 12 HOAOpsI.
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MIPOBOJIATCS HA OJIHOM TOYKE U MOTYT OBITh HE pe-
npe3eHTaTuBHEI st Beero ozepa (IPCC. Climate
change 2007), (Howell et al. 2009). IToaTomy BO3-
HUKaeT HEOOXOAWMOCTh HCIOIB30BAHMS JTaHBIX U3
JIPYTHX UCTOYHUKOB

Ha pucynke 5 mnpuBeneHbl 3HAYEHUS TOJIIIIU-
HBI JIbJIa TI0 aKBaTOpUHU o3epa bankamr 3a 6-7 HOsI-
Ops 2000 r. o JaHHBIM peaHaIH3a.
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Lake ice total depth, cm
< >
0,0 1,7 3.3 5,0 6,7 83 10,0 11,7 13,3 150

06.11.2000

Lake ice total depth, cm

<[ >
0,0 22 44 67 89 11,1 133 156 17.8 20,0

07.11.2000

Pucynok 5 — PacnpenenieHue TommuHbI b2 Ha o3epe bankamr 6-7 HosOpst 2000 T.

AHanmu3 pUCyHKa 5 MOKAa3bIBa€T, YTO 6-7 HOSI-
Opsi, IO JaHHBIM peaHalin3a JieJo00pa3oBaHue OT-
MeuaeTcsl B MPUOPEXKHON U y3KOH yacTu o3epa, Ha
MEJIKOBOJIbE, a TAaKKe B ycTbe pexku Mnu. Makcu-
MaJibHas TOJIIIMHA JIbaa gqocturaia 8-11 cM.

Ha pucynke 6 mpexacraBieHa KapTa TOJIIWHBI
JIbAa MO JAHHBIM peaHaln3a Ha o3epe bankamr B
cpoku, koraa 9 u 12 HosOpst Ha MocTax yCTaHOBWII-
Cs1 JIENOCTAaB.

W3 pucyHka 6 BUIHO, 4TO B 3TH CPOKH MTOYTH BCE
03€pO0 MOKPHITO JICTOBBIM MTOKPOBOM. 3HAYCHHIE MaK-
CUMAJILHOM TOJILUHEI JIbaa Jocturaio 17-22 cm.

JlenooOpa3oBaHue Ha BOJOEME HAYMHACTCS C
TIOSIBJICHUS 320€PETOB, PeKe — calla Wi IIyTH, a B
NPUOPEKHBIX MEJIKOBOJHBIX paiioHaX, 3allHICH-
HBIX OT BETPa, — CIUIOIIHON JIeITHOW KOPKH.

Ha pucynke 7 npeacraBiieHbl THCTOIPaMMbI KOJIU-
YyecTBa AHEH ¢ BUIamMu JienoBbIX sBiieHui B 2000 romy.

Lake ice total depth, cm
<[ ] g
0,0 33 6,7 10,0 133 16,7 20,0 233 26,7 300

09.11.2000

Lake ice total depth, cm

>
17,8 222 26,7 31,1 35,6 40,0

<
0,0 44 89 133

12.11.2000

Pucynoxk 6 — Pactipenenenue ToinmuHb! 1612 Ha o3epe bankam 9 n 12 nos6pst 2000 1.

B coorBeTrcTBHM C PpUCYHKOM 7 BHJHO, YTO Ha
nocty bankam 7 HOsOpst iepBBIM JieAssHBIM 00pa-
30BaHHUEM OBLJI HECIIOIIHOM JIEIOCTAB, YTO SIBJISET-
CA CJICACTBUEM NMOHMWIKCHUA CYTOYHOI'0O MaKCUMyMa
TeMIlepaTyphl Bo3ayxa Ha 6,6 °C 1 cMeHOM ero 3Ha-
Ka C MOJIOKUTEJIBHOTO Ha OTPHIIATENIbHBIN. 3adepe-
i HaOIOJAIIMNCh HA BCEX IOCTaxX OT 3 o 8 JHEH.
[lepen ycTraHOBIEHHEM CIUIOIIHOTO JIEAOBOIO IIO-

KpoBa, Ha mocrtax bamkamr (6 mHei) m MprHapan
(15 nueit) nabnromancss HECIJIOMIHOW JIEIOCTaB.
CIut01HOH J1eJ0CTaB Ha 3THX HOCTaX yCTaHOBUIICS
18 1 24 Hos0ps. Ha mocty Anrassl 23 Hosi0ps ycTa-
HOBMJICS JIEAOCTaB C TOPOCAMHU.

B tabnuie 5 npencTaBieHbl CPOKH TOSBICHHS
[IEPBOTO JIbJIa U YCTaHOBJIEHUA JenoctaBa B 2016

romy.
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&

KOJI-BO JIHEH
S — WAL

0)

KOJI-BO jHeii

e
1)

o

KOJI-BO JIHEH

ESE

)

7 HOsIOPst
HECIUIOIHON
nefiocTaB

8-11 HosiOpsi  12-17 HostOpst 18 HOSAODPS-...
3abepern  HECIUIOIIHOH  CILIOIHOM
Tesi0cTaB IeflocTaB
BHJIBI JICJIOBBIX ABICHHUI

6-8 HOsIOpst
3abepern

9-23 HosOpst
HECIUIONTHOM
Jienocras
BHJIBI JICJIOBBIX ABICHHUI

=)

24 HOsOp-...
CILTOHOH
IesiocTaB

15-22 Hosbps 3abepern 23 HOAOPS-... NenocTaB ¢

TOpOCaMH
BHJIbI JICJIOBBIX SIBJICHHI

Pucynoxk 7 — Bunsl nenoBbix seiaeHuid B 2000 roxy Ha rugposioruyeckux nocrax bankanr (a), Meinapai 6), Anrassl (B)

Tabauna S — Cpoku MosiBICHNUS TIEPBOTO JIBJA U YCTAHOBIECHUS JieffocTas B 2016 romxy

banxam Capslmmaran Mpeinapan Adnrassl
Cpox Cpok Cpox Cpox Cpox Cpox Cpox Cpox
NOSIBJICHUSI | YCTQHOBJICHUSI | TIOSIBJIGHHSI | yCTAHOBJICHHMS | IIOSIBJICHWS | YCTAHOBJICHMS | MOSBIICHUSI | YCTAHOBIICHUS
[IepBOrO JIbAA | JIEJOCTaBa | MEPBOTO JbJa | JIeOCTaBa | IEPBOrO Jibja | JIEJOCTaBa | MEpPBOTO JIbAA | JIe[OCTaBa
17 HOs10ps 20 HOSIOpA 15 HOs10ps 17 Hos10ps 17 HOs10ps 20 HOSIODA - -

W3 Tabnuiel 5 BUAHO, UTO HEPBBIE JICASHbIE 00-
pa3oBaHUs HAOIIOAAIHCH C cepeanHbl HOsIOps (15-
17 Hos16ps1) 1 yepe3 2-3 AHS yCTaHOBMIICS JIEAOCTAB.
[lepBbie neasiHbIe 00pa3oBaHUs HAOIIOAANHCH HA

2-4 nHsA paHblle, a IEAOCTaB ycTaHOBMICA Ha 10-12
JIHEW paHbllle CPEIHUX JaT.

Ha pucynke 8 m300pakeHbl KapTbl TOJLIMHBI
nbaa Ha o3epe bankam 17-20 Hos6pst 2000 r.

Lake ice total depth, cm

Lake ice total depth, cm
< P | g { »
00 22 44 67 89 111 133 156 178 20,0 00 28 56 83 111 139 16,7 194 222 250
17.11.2016 18.11.2016

Lake ice total depth, cm

Lake ice total depth, cm
< T —

N
33 67 100 133 167 200 233 267 300 00 39

>
78 117 156 194 233 272 311 350

19.11.2016 20.11.2016
Pucynox 8 — Pacnipenenienne TonmuHs! 1612 Ha o3epe bankamr 17-20 rostdps 2000 1.
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W3 pucynka 8, OCHOBaHHOTO Ha JIaHHBIX peaHa-
JM3a OTMEYaeTcsl WHTEHCHBHOE JIeI000pa3oBaHMe
¢ 17 mo 20 nos6ps 2016 r. Jleasiusie oOpazoBaHus
17-18 HOSOps MPUCYTCTBYIOT Ha OOJBIICH YaCTH
03epa U B ycThe peku Min, olHaKo 3aMETHBI TaKkKe
OTKPBITHIE YYacCTKH BOJbI. MakcuManbHas TOJIIIH-

w
w

o
S}

KOJI-BO JIHEH
KOJI-BO JIHE

=Y

18-19 HostGpst 20 HostGpst 21 HostGpst 22-23 HOAOPs24 HOAOPA-...
3abepern HECIUIOMIHOM JIeJIOCTaB  JIENOCTaB,  JIENOCTAB
Jie/l0cTaB TIO/IBHKKA 0
nbzia

BU/IbI JIC/IOBBIX SBJICHHH

15-16 Hosbps 3a6epern 17 HOAGPs-... e0CTaB
BU/IbI JIC/IOBBIX SBJICHHH

Ha Jpfa coctaBuia 13-17 cM. [loutn Becs akBaTopus
o3epa 19-20 HOsOps MOKPHITA JIETOBBIM MTOKPOBOM,
MaKCUMasbHas TOJIIKUHA JbAa cocTaBuia 20-23 cM.

Ha pucynke 9 m300pakeHBI THCTOTPAMMBI KO-
JMYecTBa JHEH C BUJAMM JIEOBBIX SIBJIEHHH B

Hostope 2016 1.

17-19 HostOpst
3abepern

B)

KOJI-BO JIHei

20 HOsIOpst
HECILIOIHO

nesocTan
BUIbI JIC/IOBBIX SABJICHHIT

21 HosIOps-. ..
JeslocTaB

Pucynoxk 9 — Buns! nenobix siBinennit B 2016 roxy Ha rugposnorudeckux nocrax bankami(a), Capeimarasn (6) u Meinapait (B)

Kak BugHo u3 pucyHka 9, B Hos0pe HaOmoqa-
JUCh 3a0eperu (2-3 aHs), HECTUTONTHOM JISTOCTAaB U
MOJBIKKA Jiba. CIUIOIIHON JIeI0CTaB yCTaHOBUIICS
panbIe Ha mocty Capsimarad (17 HosOps), a Ha TI0-
ctax Anrasel U bankam 21 u 24 Hos0ps.

B Tabnutie 6 mpencTaBiaeHBI CPOKH TOSBICHUS
JeITHBIX 00pa30BaHUM M yCTaHOBIICHUS JIEAOCTaBa
B 2002 romy.

[lepBrie nensueie obpaszoBanus B 2002 roay
HaOmomanuch 18 HOsAOps Ha mocTty MeiHapan. Ha
nocrax bankam u Anrasel nepoo0Opa3oBaHue Ha-

yanock 2 jaeka0ps. OTKIOHEHUE CPOKOB IEPBBIX
nenasHeIX obpaszoBanuii 2002 roma oT CpeaHUX B
CTOPOHY 0O0Jiee IMO3HEr0 TOSIBICHHSI COCTaBUIIO
Ha mocty MerHapan — 1 nenp, a Ha mocTax bamkam
u Anrasel 11 u 7 paeit coorBercTBeHHO. CpoKHU
yCTaHOBJICHHs JefocTaBa (3-4 mexaOps) OTKIIOHS-
FOTCSI OT CPEJHUX JaT B CTOPOHY OoJiee MO3HUX
Ha 1-3 mus.

Ha pucynke 10 uzo0pakeHbl KapThl pacmpee-
JIeHWsI TOJIIMHEI JIbJIa Ha o3epe bamkar mo JaHHeIM
peaHanusa.

Tadmuua 6 — Cpoku 1osBJICHUS [IEPBOTO JIbAa U ycTaHOBIEHH jtegocTasa B 2002 roxy

Bankam Capslmara Mp1Hapan Anrasbl
Cpok Cpok Cpok Cpok Cpok Cpok Cpok Cpok
MOSIBJICHUST | YCTAHOBIICHUSI | TIOSIBJICHHSI | YCTAHOBIICHUS | TIOSIBJICHHS | yCTAHOBJICHUS | TIOSIBICHHS | yCTAHOBJICHHS
MepBOro JIbAa | JIe[0CTaBa | MEPBOTO JbJa | JIeJ0CTaBa | MEPBOTO JbJa | JIe0CTaBa | MEPBOTO JbJa | JIeI0CTaBa
2 nexadps 3 nexabps - - 18 HOsIOpst 3 nexadps 2 nexabpst 4 nexabps

U3 pucynka 10 Ha kaprax 3a 12 nexadps 2002 r.
ne1000pa3oBaHie OTMEYACTCS B IPUOPEKHOMN U y3-
KO 4acTH 03epa, Ha MEJIKOBOJbE U B JIEJIbTE PEKU
WNnu. 3ameTHBI NPOCTpPAaHCTBA B OTKPBITON YacTH
o3epa, CBOOOJIHBIC OTO JibJa. MakcuMalbHasi TOJ-
uHa Jpaa — 14 cm. bosbiiast yacte o3epa mokpbITa
npaoM 3-4 nexalpsi, MakcUMaibHas ToimmuHa 19-
22 cM.

Ha pucynke 11 n306paxeHsl THCTOTpaMMBI KO-
JMYECTBA JHEH C pa3IMIHBIMU BUJAMH JICIOBBIX SIB-
nenuit B 2002 .

B cootBerctBuu ¢ pucynkom 11 Ha mocry bai-
kam B 2002 r. nenocTaB yCTaHOBWICS Ha BTOPOMU
JIeHb TIOCIIe MepBOro Jenoodpas3oBanus. Ha mocty
MpliHapai nessiHble 00pa30BaHMs MOSIBUIINCH PaHb-
me (18 HosOps) OTHOCUTENHHO APYTHX IMOCTOB, a
JenocTaB ycraHoBuics 3 nexaodps. Jlegoctas ¢ To-
pocamu ObUT yCTaHOBJIEH 5 Jekadpsi Ha TOCTy AJ-
rassl.

B rtabnume 7 mpencTaBleHBI CPOKH MOSBIIC-
HUS TIEPBOTO JbAa M YCTAHOBJICHHS JIEIOCTaBa B
2006 r.
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Lake ice total depth, cm Lake ice total depth, cm
<[ > < >
00 28 56 83 11,1 139 16.7 194 222 250 00 28 56 83 111 139 16,7 194 222 250
01.12.2002 02.12.2002

Lake ice total depth, cm Lake ice total depth, cm
< » <[ >
00 28 56 83 11,1 139 16,7 194 222 250 00 44 89 133 178 222 26,7 31,1 356 40,0
03.12.2002 04.12.2002

Pucynok 10 — Pacripenenenue ToNIMHE 1bAa Ha o3epe bankam 14 nexadpst 2002 .

a) 6)

3

14

12

10

8

| (]
4 0

2

0

2-3 nexabpst
3abeperu

KOJI-BO JIHEH

)

KOJI-BO JIHEH

KOJI-BO JIHEH

0 s

2 nexabps 3abepern 3 nekabps-... negocTaB
BHIbI JIE/IOBBIX SBICHHH

4 nexabps
HECTUIOWHO
JejiocTaB
BU/IbI JIE/IOBBIX SABIEHHI

5 nexaGpsi-...
TesiocTaB ¢
‘TOpocamMu

18 HosGpsi-2 nexaGpst 3abepern 3 gekabps-... nenocTas
BH/IbI JIEJIOBBIX SBIEHHI

Pucynok 11 — Bugp! nenoeix sienenuii B 2002 1. Ha nocrax bankam (a), Meraapan (6), Anrassl (B)

Ta6auua 7 — Cpoku TOSIBIICHHUS TIEPBOTO JIbJ[A U YCTaHOBJIEeHUS Jenoctas B 2006 romy

Bankam Capplmaran Mpinapain Anrassl
Cpox Cpok Cpok Cpox Cpok Cpox Cpok Cpox
TOSIBJICHUSI | yCTAHOBJICHUS | TIOSIBICHUSI | YCTAQHOBJICHUSI | IIOSBJICHHS | yCTAHOBJICHMS | IOSIBJICHUS | YCTAaHOBJICHUS
NIepBOTo JIbAA | JIeJOCTaBa | IEPBOTO JIbJa | JIeJOCTaBa | MEPBOTO JbJa | JIeA0oCTaBa | MEPBOTO JIbAA | JIeIOCTaBa
25 HosiOpst 1 nexabpst 23 Hos10pst 1 nexabps 23 Hos0Opst 2 nexalpst 4 nexaOpst 7 nexabpst
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Ilo mannaeM Tabauikl 7 B 2006 r. Ha mocTax ba-
kai, Capslmarad 1 MberHapa jgenoo0pa3oBaHue Ha-
yasnoch 23-25 Hos0psi, egoctaB ycraHoBuics 12 nie-
kabpst. Ha mocty Anrassl mepBoe jenoo0pa3oBaHue
HaOJIrOANOCh TO03ke — 4 nekalps, JeIocTaB ObLI

Lake ice total depth, cm

>
00 20 40 60 80 10,0 120 140 16,0 18.0

24 nos6pst 2006

ycTaHoBJieH 7 nexaOpsi. CpOKH MEPBBIX JICASTHBIX 00-
pa30BaHuil U yCTAHOBJIEHUSI JIEI0CTaBa OTKJIOHSIIIChH
B CTOpOHY OoJiee mo3aHux Ha 48 nueit u 14 musl.

Ha pucynke 12 n300paxeHbl KapThl TOJIIWHBI
Jb/1a TIO JAaHHBIM peaHain3a.

Lake ice total depth, cm

»>
00 28 56 83 1L1 139 16,7 194 222 250

25 Hostopst 2006

Lake ice total depth, cm

<
00 44 89 133

>
17.8 222 26,7 311 356 40,0

1 nexabps 2006

Lake ice total depth, cm

<[
00 44 89 133

>
17,8 222 26,7 31,1 356 400

12 nexabpst 2006

Pucynox 12 — Pacnipesenenue TOMMMHEI JibAa Ha o3epe bankamr 24-25 Hos0ps u 12 nexadps 2006 .

W3 pucynka 12 BugHo, uyto 24-25 HOAODS
2006 r. nemoobpa3zoBaHue OTMEYAETCS B MPUOPEK-
HOHl yacTu o3epa U B ycThe peku Mnu. B oTkpeITOI
4acTu 03epa BoJia CBOOO/IHA OTO JibJla. MakcuMalib-
Has TonluHa Jpaa coctasisier 10-14 cM. bonpmas
4acTh 03epa MOKPBITA JIbJAOM 12 JeKkadps, MaKCcH-
MaJibHas TOJIIMHA cocTaBuia 22-27 cm.

3akaoueHue

B xope BBITIOIHEHHS pabOTHI OBLTH PacCMOTpe-
HbI 0COOCHHOCTH Jie/j000pa3oBanus 03. bankanr B
IKCTPEMAIILHO XOJIOJHbBIC U SKCTPEMAIBHO TEILIbIC
MECSIbI.

ITo pe3ynbTaram uccie10BaHUN MOXKHO ClIeTIaTh
CJICIYFOIIINE BHIBOJIBI:

- TemmepaTypa Bo3ayxa HOSOPS SIBIISIETCS OIpe-
JeNsIomed Uid Havyana Jiefoo0pa3oBaHUsl Ha O3.
bankam. KoadurmmenTsl KOppensimuy COCTaBHIN
0,7-0,8;

- Ilo kpurepuro aHomanbHocTu barposaToka-
peBa it HOSOpST OBbLIM BBISBICHBI KCTPEMAIBHO
xonmoaubie (2000, 2016) u 3KCTpeMaIbHO TEIUTBIC
(2002, 2006) rozsr;

- B skerpemaibHo x010Hb1# 2000 1. cpokH 11o-
SABJICHUSA TICPBBIX JICAAHBIX O6pa30BaHHI71 OTKJIOHA-
snuck Ha 11-14 nHell B CTOPOHY paHHUX, JIEAOCTaB
ycraHoBwiIcs Ha 11-23 nHel paHblie cpeHel AaThl;

- B skcrpemaiibHO x01101HBIH 2016 T. CpoKH 110-
SIBIICHHS TICPBBIX JICJSTHBIX 00pa30BaHUN M CPOK Jie-
JI0CTaBa OTKJIOHSUTHCH B CTOPOHY 0oJiee paHHUX Ha
24 nusg u 10-12 gueit;
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- B sxcrpemansno terisii 2002 r. nepBoe Jieno-
obpazoBanne HaOMOMamoCh Ha 1-11 mHEH mo3gHee
CpenHel NaThl, a JeA0CTaB YCTaHOBWICS Ha 13 maHs
MO3XKeE;

- B oakcrpemansro Ttemnsiii 2006 T. cpoku
MEPBBIX JICAIHBIX O0pa30BaHU  OTKJIOHSIIUCH
B CTOpoHYy Oonee mo3aHux Ha 48 paHEH, Jeno-

ctaB ObUT yCcTaHOBJICH Ha 14 NHS TO3KEe CpeiHe
JIaThI.

Takum o0Opazom, BMecTe ¢ o0mIel TeHaeHnuen
CIBUTOB JaT JIeA000pa30BaHMsI B CTOPOHY OoJjiee
MO3/IHUX, TIPUCYTCTBYIOT OTACIbHBIC CIyYan C dKC-
TpeMaJIbHBIMUA MECSIAMH, 3HAYCHHSI KOTOPBIX HE
CXOJATCS C OOIIMMU TPEHIAMH.
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NATURAL AND ANTHROPOGENIC FACTORS IN THE FORMATION
OF THE FLOW OF PLAIN RIVERS OF KAZAKHSTAN
IN THE CONDITIONS OF NON-STATIONARY CLIMATE

The change in the flow of plain rivers in Kazakhstan in recent decades is done due to the influence
of both climatic factors and anthropogenic impacts. Revealing their role is extremely important for un-
derstanding the genesis of hydrological changes that have already occurred and possible in the future,
as well as for taking measures to reduce their undesirable consequences. The complexity of solving this
problem lies in the fact that climatic and anthropogenic changes in river runoff are closely interrelated
and often interact on the runoff not directly, but indirectly. The intensity of anthropogenic impact, the
variability of climate characteristics determine changes in the hydrological regime of water bodies. Cli-
matic variability leads to an increase in the likelihood of adverse hydrometeorological phenomena, and
human economic activity in the watershed and in the riverbed leads to a quantitative and qualitative
change in the main characteristics of the hydrological regime, degradation of river ecosystems. The
changes in the annual runoff of plain rivers are estimated based on the method based on the restoration
of the natural runoff of the last decades, during which significant anthropogenic changes took place. It is
shown that climatic and anthropogenic factors act on the runoff both unidirectionally, increasing or de-
creasing it, and in opposite directions. At the same time, the influence of anthropogenic factors, mainly
reservoirs and water consumption, is commensurate with the influence of climatic factors, and in many
cases exceeds it.

Key words: river runoff, base period, long-term runoff fluctuations, anthropogenic factors, climatic
factors.
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O3repmeni KAMMar xarfaanbiHAA KasakcTaH e3eHAepi aFbIHABICbIH
KAAbINTACTbIPYLLIbI TAOUFU XKOHE aHTPOMNOreHAIK chakTopaap

KasakCTaHHbIH >Ka3bIKTblK, ©63€HAEPi aFbIHAbICbIHbIH COHFbl >XXbIAAAPAAFbl ©3repici KAMMATTBIK,
JKOHE aHTPOroreHAiK akTopAapMeH arkpiHAaAaabl. Kasipri xxeHe 6oaawakTa 6ankaAybl MyMKiH
FMAPOAOIMSIAbIK, ©3repicTepaiH cebebiH TYCiHy >X8He OCbl ©3repiCTepAiH 8CepiHEeH TybIHAAMTbIH
KOAQMCbI3 3apAanTapAbl XeHiAAeTY OoiblHILA WapaAap KabbIAAQY YILIH OAapAbIH POAIH alKbiHAAY
eTe MaHpI3Abl. O3eH aFblHAbICbIHbIH KAMMATTbIK, >X8HE aHTPOMOreHAIK ©3repici e3apa TbIFbI3
6GafAaHbICTbl BOAFAHABIKTAH >XOHE KOer >arFAalAa ©3eH arblHAbICbIHA TiKeAell emMec >kaHama acep
eTEeTIHAIKTEH KOWMbIAFAH MIHAETTepAI ey oTe kypaeAi. Cy HblICaHAQPbIHbIH, TMAPOAOTMSAABIK,
PEe>XMMIHIH ©e3repici aFblHAbIFbl 8Cep eTeTiH aHTPOMNoreHAik (akTopAapAblH, KAPKbIHABIAbIFbI >KoHe
KAMMaTTbIK, ~CMMaTTaMaAapAblH  KyObIAMaAbIAbIFbIMEH — aliKblHAAAAAbl.  KAMMaTTbiH — ©3repriwTiri
KOAQMCbI3 MMAPOMETEOPOAOTUSIABIK, KYObIAbICTAPAbIH KalTaAaHy >KMIAIFIH apTTbhipaAbl, aA Cy >KMHay
aAanTapbl MEH 63eH apHaAapPbIHAQ XXYPri3iAeTiH aAaMHbIH, LWapyallblAbIK, iC-OpeKeTi ©3eHAEPAIH Heri3ri
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TMAPOAOTMSABIK CMMATTaMaAaPbIHbIH CAHADIK XKOHE CarnaAblk, ©3repiciHe, ©3eH 3K0XXYyMecCiHiH 6y3bIAyblHa
AAbIM KeAeAi. 3epTTey TakblpblObIHbIH ©3EKTIAIr 63€HAEPAEH aAbIHATbIH CYy KOAEMIHIH apTybiHa, CYAbl
TYTbIHY KOAEMIHIH, YAFAIObIHA >KOHE KAMMATTbIH KOAAMCbI3 e3repicTepiHe 6ariAaHbICTbl Cy pecypcTapbl
>KeTicneyLiAiriMeH aHblkTaAaAbl. Ka3bIKTblK, ©3€HAEPAIH >KbIAABIK, aFbIHABICbIHbIH, ©3repici COHFbl
OHXKbIAABIKTAP ilIHAE aMTapAbIKTai aHTPOMOreHAIK ©3repicke ylublparaH TabuFn aFbIHAbIHbI KAATMbIHA
KEATIpY 8AiCi apKbiAbl 6aranaHaabl. ByA MakcaTTa Cy pexxmmi CaAbICTbIPMaAbl a3 e3repicke yuibiparaH
63eHAEepPAIH  (KQpacTbIPbIAbIN OTbIpFAaH 63EHAEPAIH CaAaAapbl MeH >KOFapfbl afbICbl) aFbIHABICHI
JKOHIHAETI AepekTep naiAaAaHbIAAbl. KaAnbiHA KEATIpIAreH aFbIHAbI AepeKTepi OCbl Ke3eH, apaAblFblIHAQ
AHTPOINOreHAIK e3repicke yllblparaH aFbIHAbI AepeKTepPiMEH YKaHe OFaH AeMiHI aHTPOMOreHAIK aCepAl
eckepmeyre 6oAaTbIH HETi3ri Ke3eH aFbIHAbICBIMEH CaAbICTbIPbIAAbL. KAMMATTbIK, )XKOHEe aHTPOMOreHAIK
hakTopAap ©3eH arblHAbICbIH 6ip 6aFblTTa yAFalTaTbiHbl HEMECE a3amTaTbiHbl, COHAAM-aK, Kapama-
Kapcbl 6arbiTTa acep eteTiHi kepceTiareH. OHbIH YCTiHE aHTPOMOreHAIK (hakTOpAapAbIH HerisiHeH
GereHAEp MeH Cy TYTbIHYAbIH afblHAbIFA TUIi3€TiH bIKMaAbl KAMMATTbIK, (DAKTOPAAPAbIH, bIKNaAbIMEH
LLIAMAAAC >KeHe Ker XarAalnAa OAAH acbin TYCEAI.

Ty#iH ce3aep: 63eH arblHAbICbI, HETi3ri Ke3€eH, aFbIHAbIHbIH KOMKbIAABIK, TEPOEAICI, aHTPOMOreHA K
hakTOpAap, KAMMATTbIK, (hakTOpAap.
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MpupoaHbie M aHTponoreHHble hakTopbl B DOPMHUPOBAHMM CTOKA
paBHMHHbIX pek Ka3axcTaHa B yCAOBMSIX HECTALLMOHAPHOCTH KAMMATA

M3meHeHWe CToKa paBHMHHbIX pek KasaxcTaHa B MOCAEAHME AECATUAETHS 0OYCAOBAEHO BAMSIHUEM,
KaK KAMMATMUYeCKMX PakTOpPOB, TaK M aHTPOMOreHHbIX BO3AENCTBUIA. BbISIBUTb MX POAb Upe3BblUYaHO
BAXKHO AASl MOHMMAHMS FEHE3MCa Y>Ke MPOM3OLLEALLMX M BO3MOXKHbBIX B OYAYLLEM TMAPOAOrMYECKMX
M3MEHEHMI, a TaKXKe AAS MPUHATUS MeP MO CHUXKEHUIO UX HEXXeAATEAbHbIX MOCAEACTBUIA. CAOXKHOCTb
peLleH1s 3TOM 3aAaUM 3aKAIOYAETCS B TOM, YTO KAMMATUYECKME U aHTPOMOreHHble M3MEHEHUSI PEYHOTO
CTOKA TECHO B3aMMOCBS3aHbl M YaCTO B3aMMOAEMCTBYIOT Ha CTOK HE HEMOCPEeACTBEHHO, @ KOCBEHHO.
MHTEHCMBHOCTb aHTPOMOreHHOI 0 BO3AEMCTBMS, BApUabEAbHOCTb XapaKTEPUCTUK KAMMATA OMPEAEASIIOT
U3MEHEHMS TUAPOAOTMUYECKOTO PEXMMA BOAHBIX 06bEKTOB. KAMMaTnyeckasl M3MEHUYMBOCTb MPUBOAUT
K YBEAMUYEHMIO BEPOSTHOCTU HEGAQrONPUSTHBLIX TMAPOMETEOPOAOIMUYECKMX IBAEHMI, @ XO3SMCTBEHHas!
AESTEeAbHOCTb YeAOBEKA Ha BOAOCOOPE U B PYCAE PEKM MPUBOAUT K KOAUUYECTBEHHOMY M KQUECTBEHHOMY
M3MEHEHMIO OCHOBHbIX XapaKTEPUCTUK MTMAPOAOTMYECKOrO PEXNMA, AErPaAaLn PeUHbIX SKOCUCTEM.
AKTYaAbHOCTb TeMbl MCCAEAOBAHUI OMPEAEASEeTCS HapacTaloWMM AePUUMTOM BOAHBIX PecypcoB
B CBSI3U C YBEAMYEHMEM M3bATHS 0ObEMOB BOAbI U3 PEK, YBEAMUEHMEM OOBHEMOB BOAOMOTPEOAEHUS
M HeBAAronpuaTHbIMA  KAMMATUUYECKMMM TeHAeHUMSAMM. OueHeHbl M3MEHEHMs TOAOBOro CTOKa
PaBHUHHbBIX PeK Ha OCHOBE METOAQ, OCHOBAHHOIO Ha BOCCTAaHOBAEHUM €CTECTBEHHOIO CTOKA MOCAEAHMX
AECITUAETUIA, B TeUYeHWe KOTOPbIX MPOUCXOAMAU €ro CyLLeCTBEHHble aHTPOMOreHHble W3MEHeHMs.
AAS 3TUX LieAeit MICMOAb30BaHbl A@HHble O CTOKe pek (MPUTOKOB pacCMaTPMBAEMbIX PEK M UX BEPXHUX
yacrten), BOAHbIA PEXMM KOTOPbIX OTHOCMTEAbHO CAABO M3MEHEH aHTPOMOreHHbIM BO3AEMCTBMEM.
AaHHble 0 BOCCTQHOBAEHHOM PEYHOM CTOKE CPaBHMBAAUCh C aHTPOMOreHHO-M3MEHEHHbIM CTOKOM 3a
3TOT MEepUoA U 3a MPEALLECTBYIOWMIA eMy 6a30Bblil MEPUOA, KOFAA aHTPOMOreHHbIM BO3AEMCTBMEM
MO>KHO npeHebpeyb. [MokasaHo, YTO KAMMATUYECKME M aHTPOMOreHHble (pakTopbl AEMCTBYIOT Ha CTOK
KaK OAHOHArNpaBAEHHO, YBEAMUMBAS MAWM YMEHbLLAs ero, Tak M B MPOTUBOMOAOXHbIX HarpaBAEHUSIX.
[pu 3TOM BAMSIHME QHTPOMOreHHbIX (DaKTOPOB, FAABHbIM 06Pa30M BOAOXPaHMAMLL U BOAONOTPEOAEHUS,
COU3MEPUMO C BAMSIHWMEM KAMMATMYeCKMX (PaKTOPOB, @ BO MHOIMX CAyYasiX MPEBOCXOAMUT ero.

KAtoueBble cAOBa: peyHOi CTOK, 6a30BblIi1 NEPUOA, MHOTOAETHME KoAeBaHMs CTOKA, aHTPOMOreHHble
haKkTOpbl, KAMMaTUYECKMe PaKTOpbl.

Introduction flow. In the basins of lowland rivers in Kazakhstan,
over the past few decades there has been a marked

Significant changes in climatic conditions and  warming of the climate, which is accompanied by
the rapid transformation of the economic complex in  an expand in air temperature and, to a lesser degree,
recent decades have led to negative changes inriver  in atmospheric moisture. These changes are char-
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acterized by considerable spatial heterogeneity and
lead to multidirectional changes in flow. They are
superimposed on changes caused by a wide range of
anthropogenic influences, both in river channels and
in their watersheds. At the same time, the ratio of the
contribution of natural-climatic and anthropogenic
factors in the occurring and scenario changes in the
flow remains insufficiently studied, despite the stud-
ies conducted by scientists-hydrologists.

The territory of Kazakhstan is characterized by
uneven distribution of water resources in space and
time, the possibility of using water resources has
reached such a size that the flow deficit has become
a limiting factor for socio-economic growth of the
area. At present, major water problems are clearly
observed in the river basins, which in a few years
may become a factor hindering the socio-economic
development of the region. Therefore, it is necessary
to take urgent measures taking into account long-
term nature of water projects development and im-
plementation.

The flow of the lowland rivers of Kazakhstan is
characterized by long-term changes that are caused
by natural-climatic and anthropogenic factors. A
large number of scientific studies have been devoted
to the dynamics of long-term changes in river flow
and the role of individual factors of such changes
(Galperin et al., 2012; Shiklomanov, 2008; Ko-
ronkevich et al., 2003; Shiklomanov, 1989; Shik-
lomanov, 1979). While identifying separately the
contribution of climatic and anthropogenic factors
to these changes remains one of the urgent prob-
lems. First of all, the issue is the difficulty of sep-
arating their influence on river flow, since natural
and anthropogenic factors act simultaneously and
are closely interrelated. Various studies and assess-
ments of the contribution of factors are often timed
to different time periods and there remain periods
not covered by scientific research (Dostay et al.,
2012; Abishev et al., 2016; Georgiadi et al., 2014;
Georgiadi et al., 2009; Koronkevich, 1990).

The list of anthropogenic factors taken into
account significantly differs, and indirect anthro-
pogenic influences on runoff are rarely taken into
account. Different methods are used in studies to
identify the hydrological role of climatic and an-
thropogenic factors and to assess the ratio of these
factors in hydrological changes (Alimkulov et al.,
2018; Koronkevich etal., 2015; Andreyanov, 1959;
Kuzin, 1970; Alimkulov et al., 2021; Georgiadi et
al., 2012; Georgiadi et al., 2014; Moldakhmetov et
al., 2014; Moldakhmetov et al., 2020; Georgiadi et
al., 2017).
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According to Sustainable Development Goal
6, “Ensure availability and sustainable use of wa-
ter resources and sanitation for all,” by 2030 it is
necessary to significantly improve the efficiency of
water use in all sectors of the economy (ensuring
sustainable freshwater abstraction and supply to
address scarcity) and ensure integrated water re-
sources management at all levels. Under the Goal
13 “Take urgent action to combat climate change
and its effects” requires the inclusion of responses to
climate change in policies, strategies and planning
at the national level and the adoption of meaningful
measures to mitigate the effects of climate change
(World Sustainable Development Report, 2020).

In the late XX and early XXI centuries, the ac-
complished fact of global warming was acknowl-
edged (Galperin et al., 2012; Shiklomanov, 2008;
Koronkevich et al., 2003; Shiklomanov, 1989;
Modern global changes in the natural environment,
2006; Georgievsky, 1996), but the debate about the
causes of contemporary climate change remains in-
complete. Many scientists acknowledge the fact of
anthropogenic climate change due to carbon dioxide
accumulation in the atmosphere, while others firm-
ly believe that the energy power of the processes
taking place in the natural cycle is some orders of
magnitude higher than the technogenic energy capa-
bilities. Rhythms of space, natural rhythmicity and
its phases have a significant influence on many pro-
cesses occurring on the Earth, including long-term
fluctuations of river runoff, which is an integral in-
dicator of climate change (Ineson et al., 2015; Gray
et al., 2010).

The problem of global climate change and its
forecast is now given great attention in the world;
this problem is reflected, in particular, in the fol-
lowing scientific works (Makhmudova et al., 2021;
Frolova et al., 2013; Meleshko, 2008). According to
scientific research given in (Meleshko, 2008) it fol-
lows that at least since the beginning of XX century
the global problem has been growing — according to
smoothed values by 0.75 °C. After a temporary cool-
ing from the mid-1940s to the mid-1960s, there was
already a continuous rise in temperature, but, it is
very indicative, an exceptionally powerful warming
since the mid-1970s. This phenomenon was noted
much earlier — so, O.A. Drozdov (Drozdov, 1992)
pointed out that a new warming in the world be-
gan in 1973 and, on this basis, doubt was expressed
about the possibility of predicting future water re-
sources on the basis of long series of observations.
According to V.P. Meleshko’s research (Meleshko,
2008) the probability of warming since the mid-20th
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century is related to the concentration of greenhouse
gases more than 90 %, it follows that warming will
continue (Makhmudova et al., 2021).

As for anthropogenic changes in runoff of the
last modern period, they are quite reasonably dis-
turbing for humanity. These changes really exist,
but their values are not comparable with natural
cyclical climate changes of different nature. The
danger of anthropogenic changes lies in their irre-
versibility. Besides, a combination of accumulating
anthropogenic and cyclic natural climate changes is
dangerous because there are periods of years when
anthropogenic and natural changes are directed in
the same direction and can manifest with threaten-
ing rapidity, so minimizing the anthropogenic com-
ponent is a safety net for mankind.

For a reliable integrated assessment of water re-
sources and water availability in the basin or region
for the present and future, in addition to data on fluc-
tuations in river flow, it is necessary to quantify its
changes under the influence of climatic and anthro-
pogenic factors.

According to the research of the following au-
thors (Alimkulov et al., 2018) since the one thousand
nine hundred seventy, the relevance of dependable
assessment of water resources and their projected
changes below the influence of economic action has
increased even more in connection with the genuine
problem of changes in global and regional climat-
ic characteristics. These changes are already taking
space in the plain rivers of Kazakhstan and can lead
to large-scale transformations of the hydrological
cycle, changes in water resources and their use, dis-
tribution in time and space, extreme characteristics
of river flow and their variability.

Scientific studies (Meleshko, 2008) contain the
following statement, in the distribution of water re-
sources in the future: in areas of excessive moisture
water resources will increase, and in areas where
water availability is now insufficient, its further re-
duction is foreseen. Apparently, such feature of wa-
ter resources dynamics is typical for Kazakhstan as
well. Indeed, in the inland areas of middle latitudes,
increasing temperature causes an increase in evap-
oration, reducing the period of snow accumulation
(Makhmudova et al., 2021; Moldakhmetov et al.,
2013), which has a negative impact on river runoff.

Anthropogenic changes in climatic characteris-
tics are so significant that they have led to significant
violations of the hydrological cycle, the quantity of
water resources, their distribution over time and
territory, the extreme characteristics of river flow
and their variability, which cannot be ignored when

developing long-term integrated use plans when de-
signing long-term water management measures (Al-
imkulov et al., 2018).

Most of the researches devoted to the study of
water resources of Kazakhstan and the regularities
of their spatial and temporal changes operate with
the values of annual runoff and inter-annual variabil-
ity (Shults, 1965; Sosedov, 1984; Boldyrev, 1965;
Galperin, 1970; Dostaev, 1990). Far fewer works
study the maximum and minimum flow, intra-annu-
al regime and other hydrological issues of narrow
focus (Boldyrev, 1965; Galperin, 1970; Dostaev,
1990). Meanwhile, the annual values of river runoff
consist of water volumes of individual genetically
based phases of its formation, during which, in fact,
significant responses to climatic and anthropogenic
changes are observed.

The first major works that carried out compre-
hensive hydrological studies, including the water
regime and intra-annual flow distribution of rivers
in Kazakhstan, were the series of monographs “Sur-
face Water Resources of the USSR”, published in
1950-1970. Peculiarities of the regularities of flow
formation, distribution, and water regime of indi-
vidual regions of Kazakhstan were considered in the
works of Soviet scientists (Kuzin, 1953; Berkaliev,
1959). The early works of Kazakh scientists such
as V.M. Boldyrev, R.I. Galperin, S.K. Davletgaliev,
A.A. Tursunov, J.D. Dostay, and others also belong
to this group (Boldyrev et al., 1994; Galperin, 1992).
It should be noted that in all works of this period,
hydrological assessments were carried out from the
position of climate stationarity and flow formation
processes.

In scientific researches of foreign authors
(Hughes et al., 2000; Technical report, 2010; Peka-
rova et al., 2008; Piniewski et al., 2011), methods
and principles of trends accounting, water resourc-
es assessment, water regime changes are given.
These works are aimed at studying water regime
and management developed by methodologies fi-
nanced by water departments of countries and UN-
ESCO. In recent years, it is possible to note studies
of the impact of climate change on river flow in the
works of scientists of the Institute of Water Prob-
lems of the Russian Academy of Sciences A. Geor-
giadi, N. Koronkevich, 1. Milyukova, A. Kislov,
O. Anisimov, E. Barabanova, etc. (Report on re-
search, 2012) on the rivers of the Arctic basin and
the Russian plain.

Therefore, the relevance of the topic is deter-
mined by the growing scarcity of water resources
due to increased withdrawal of water from rivers,
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unfavourable climatic trends, and increase in water
consumption.

The main goal — study of long-term trends in
flow changes in the plain river basins under climate
variability and anthropogenic load for effective de-
cision-making on water resources management,
sustainable development of the region and food se-
curity.

Materials and methods

When performing various methods and tech-
niques were used for research work, such as: ana-
lytical generalization of known scientific and scien-
tific-technical results; content — analysis; methods
of system analysis; statistical methods (analysis of
linear trends in multi-year runoff fluctuations; com-
parison of annual and seasonal runoff values for
multi-year periods with the same meteorological
characteristics, but with different levels of econom-
ic activity development; methods of hydrological
analogy; numerous correlations between runoff and
meteorological characteristics; analysis of runoff
dependencies in catchment areas where it is formed
and used for economic needs; territorial multiple de-
pendencies of river runoff on physical-geographical,
meteorological and anthropogenic factors); quanti-
tative methods; methods of probability theory and
mathematical statistics.

To solve these problems, studies have been con-
ducted based on methods common in hydrology,
considering the spatial patterns of changes in riv-
er flow, such as a comprehensive physical and ge-
ographical analysis, taking into account factors of
formation and flow changes, as well as climate mod-
ify and anthropogenic influence will be performed.

Hydrological calculations were performed in
accordance with the regulatory document SP 33-
101-2003 and Methodical Recommendations (Code
of Rules, 2004; Rozhdestvensky et al., 2009; Rozh-
destvensky et al., 2007; Rozhdestvensky et al., 2010;
Standard of the organization, 2017).

The data of RSE (Republican State Enterprise)
“Kazhydromet” were used as source materials for
the implementation of research works — data from
observations on the hydrological and meteorologi-
cal network of plain rivers of Kazakhstan (average
monthly, annual, seasonal flow of the rivers in ques-
tion, monitoring of meteorological data) for the en-
tire period of instrumental observation.

The research concept is based on an independ-
ent approach, in which the integral assessment of the
influence of the flow factors under consideration is
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based on the reconstruction of the conditional-natu-
ral annual flow. Using regression relations of annual
and seasonal flow of large rivers and their tributaries
(river indicators) located in the area of flow forma-
tion of the main river under conditions of relatively
low anthropogenic impact, and comparison of the
restored flow with the actual flow (Georgiadi et
al., 2013; Georgiadi et al., 2019). The developed
approach gives an opportunity to reveal long-term
integral changes of river runoff — assessment of riv-
er runoff changes caused by natural-climatic fac-
tors (according to relations between runoff of the
main-river and river indicators).

For each river in the study basins, the boundaries
of base periods, average values of annual and
seasonal runoff and their difference are calculated
for these periods (the difference will show the
total changes in the runoff, which occurred under
the influence of both anthropogenic impacts and
climatic factors).

To determine the contribution of anthropogenic
and climatic factors in the total change of annual
and seasonal runoff, the method based on the
reconstruction of natural runoff of the studied
rivers was applied. The method is founded on
regression relations between runoff of large rivers
and their tributaries. For this method, assessment
of the contribution of anthropogenic impacts and
climatic changes in the total runoff changes is based
on comparing the runoff for the baseline period,
which was relatively weakly affected by economic
activities, with the actual and restored (conditionally
natural) runoff for the period of significant
anthropogenic impact (Georgiadi et al., 2019).

Studies of long-term flow changes are based
on the concept of long-term phases of increased or
decreased water availability and the influence of
anthropogenic factors on them (based on which the
contribution of natural-climatic and anthropogenic
factors to the observed changes in annual and
seasonal flow is estimated) (Georgiadi et al., 2020).

Methodological methods, based mainly on the
use of network observations, provide only an integral
assessment of the impact of a set of anthropogenic
factors in the basin, but do not allow to identify
the role of each factor individually and thus do not
always provide the possibility of scientifically based
forecasts of the river regime in the future, taking into
account economic development plans. Therefore,
for watersheds with intensive use of water resources,
assessment of flow changes should be made in
parallel by two mutually independent methods,
namely by restoring the conditionally natural
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annual runoff using regression relationships and by
analyzing long-term water discharge fluctuations
in gauging stations (with regard for meteorological
factors fluctuations). When calculating for the future,
it is important to assess runoff changes under the
influence of economic activity not only for average
water availability, but also for exceptionally low-
water and high-water years. In general, the above
methods together serve as a methodological basis
for achieving the goals of the scientific researches
and the chosen scientific approach.

Results and discussion

Choosing a billing period in a changing climate
for such a large and complex orographically territory
as lowland Kazakhstan is very difficult. Firstly,
it’s challenging to expect complete consistency of
fluctuations in the hydro-climatic characteristics
in all basins. Secondly, river flow is affected by
economic activity, but it’s not the same in different
parts of the territory and varies significantly over
time. Further, it’s quite obvious that the common
hydroclimatic patterns should be better manifested
in large basins. In nearly all large and medium rivers
of flat Kazakhstan, the climatic flow is strongly

Table 1 — Low-water and high-water periods on plain rivers

distorted, in particular, by reservoirs (Makhmudova
et al., 2021). When analyzing, one should keep in
mind the features of runoff time series in a significant
part of Kazakhstan: exceptional, unparalleled, low
water in the 1930s, and very high runoff in the
1940s (Galperin et al., 2003). Difference integral
curves are widely used to identify the phases of
increased and decreased water content of rivers, the
moments of change of these phases. But, it should
be borne in mind that they illustrate the course of
the accumulated anomaly only relative to the sample
mean. An analysis of the river runoff dynamics in
the region under consideration shows that runoff
fluctuations occur cyclically (Table 1), which has
been repeatedly noted by most researchers (Galperin
et al., 2003; Makhmudova et al., 2021). An analysis
of the data for all hydrological series of the territory
under consideration reveals one common feature
of the long-term course — the increase in runoff
values since the mid-1970s regardless of whether
this period belongs to the low-water or high-water
phase. The moment of transition to the high-water
phase corresponds to the data on the long-term
variation of global meteorological characteristics
(Shiklomanov, 2008; Modern global changes in the
natural environment, 2006).

Low water periods High water periods Average

Average Average Cycle consumption

Period, years | Cycle, yy. | consumption for | Period,yy. | Cycle,yy. |consumption for| duration | for the period,
the period, m*/s the period, m*/s m’/s

Tobyl — Kostanay
1931-1939 9 5.85 1940-1943 4 36.4 13 15.2
1944-1945 2 7.46 1946-1953 259 10 22.2
1954-1956 3 6.93 1957-1964 8 15.5 11 13.1
1965-1969 5 2.09 1970-1973 3 17.6 9 8.46
1974-1984 11 1.94 1985-1986 2 11.1 13 3.35
1987-1989 3 4.57 1990-1994 5 23.4 8 16.3
1995-1996 2 4.23 1997-2005 9 16.1 11 14.0
2006-2011 6 5.58 2012-2019 8 7.26 14 6.54
Yesil — Petropavlovsk

1933-1939 7 13.9 1940-1949 10 111 17 70.7
1950-1953 4 18.7 1954-1964 11 66.8 15 54.0
1965-1969 5 22.8 1970-1974 5 67.2 10 45.0
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Table continuation

Low water periods High water periods Average
Average Average Cycle consumption
Period, years | Cycle, yy. | consumption for | Period,yy. | Cyecle,yy. |consumption for | duration | for the period,

the period, m%/s the period, m%/s m/s
1975-1982 8 26.5 1983-1997 15 81.9 23 62.7
1998-2001 4 15.5 2002-2007 6 69.6 10 48.0
2008-2013 6 19.5 2014-2019 6 112 12 65.7

Nura — Romanovka
1933-1937 7 6.11 1940-1943 4 19.7 11 11.1
1944-1947 4 14.1 1948-1950 3 38.1 7 24.4
1951-1953 3 8.58 1954-1955 2 24.5 5 15.0
1956-1957 2 6.74 1958-1962 5 30.4 7 23.6
1963-1970 8 8.80 1971-1973 3 28.3 11 14.1
1974-1977 4 13.5 1978-1979 2 22.6 6 16.6
1980-1982 3 13.2 1983-1993 11 342 14 29.7
1994-2001 8 13.6 2002-2004 3 29.1 11 17.8
2005-2014 10 11.4 2015-2019 5 65.7 15 30.0
Sarysu — Ne189

1932-1939 8 0.64 1940-1945 6 3.77 14 1.98
1946-1947 2 0.28 1948-1949 2 8.18 4 4.23
1950-1953 4 0.69 1954-1955 2 8.91 6 343
1956-1957 2 0.31 1958-1960 3 5.90 5 3.66
1961-1963 3 0.52 1964-1966 3 3.36 6 1.94
1967-1968 2 0.14 1969-1973 5 4.61 7 3.33
1974-1975 2 0.47 1976-1977 2 3.30 4 1.89
1978-1979 2 1.29 1980-1992 13 3.82 15 3.48
1993-2001 9 1.84 2002-2006 5 2.91 14 2.22
2007-2014 8 0.78 2015-2019 5 12.0 13 5.10

At the hydrological post Tobyl — Kostanay city
over the period of instrumental observations, two
complete cycles were identified (1940-1989 and
1990-2019 yy.). High-water phases lasting from 2 to
9 years are replaced by low-water phases lasting from
2 to 11 years, the duration of cycles is from 8 to 14
years. The lowest average annual water discharges in
Kostanay were observed in 1979 (0.93 m?/s) and in
1977 (1.02 m?/s). The highest average annual water
discharges were observed in 1942 (64.5 m¥/s), in
1947 (63.0 m%/s), and in 1941 (58.2 m®/s).
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In the closing section at the hydrological
post of the river Yesil — Petropavlovsk over the
period of instrumental observations revealed two
complete cycles (1940-1982 and 1983-2013 yy.).
High-water phases lasting 5-15 years are replaced
by low-water phases lasting from 4 to 8§ years, the
duration of cycles is from 10 to 23 years. The lowest
average annual water discharges in Petropavlovsk
were observed in 1968 (1.38 m?/s) and in 1977
(7.26 m3/s). The highest average annual water
discharges were observed in 1948 (227 m’/s), in
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1941 (175 m3/s), in 2007 (139 m?/s) and in 1990
(127 m¥/s).

In the closing section at the hydrological post
of the river Nura — Romanovka over the period of
instrumental observations revealed two complete
cycles (1940-1982 and 1983-2014 yy.). High-water
phases lasting 2-11 years are replaced by low-water
phases lasting from 2 to 10 years, the duration of
cycles is from 5 to 15 years. The lowest average
annual water consumption in the village Romanovka
were observed in 1939 (1.44 m¥s) and in 1936
(1.52 m?/s). The highest average annual water
discharges were observed in 1993 (63.6 m*/s), 1990
(62.4 m’/s), 1949 (54.6 m?/s), and 1948 (51.6 m?/s).

At the hydrological post Sarysu — Ne 189
over the period of instrumental observations, two
complete cycles were revealed (1940-1979 and
1980-2014 yy.). High-water phases lasting from
2 to 13 years are replaced by low-water phases
lasting from 2 to 9 years, the duration of cycles is
from 4 to 15 years. The lowest average annual water
discharges were observed in 1937 (0.010 m?/s) and
in 1947 (0.092 m¥/s). The highest average annual
water discharges were observed in 2015 (29.3 m¥/s),
in 2017 (15.4 m*/s), and in 1949 (11.9 m¥/s).

Atmospheric circulation processes have a
decisive influence on the distribution of the cyclic

phases of climate elements and the hydrological
regime over the territory. In addition, the conditions
of the underlying surface also play a significant role
in this distribution, particularly in relation to the
cyclic phases of precipitation and river runoff. The
revealed runoff cyclicity can be associated both with
the regulating capacity of watersheds and with other
factors (peculiarities of atmospheric circulation,
etc.). A reflection of climatic variability can also
be a modify in runoff variation over time. Water
cycles are understood as a series of adjacent runoff
years, including one low-water and one high-water
grouping of years of the same order of duration.
Changes in water content in these periods are due
to the predominance of certain types of atmospheric
circulations.

The concept of the study makes it possible to
identify long-term integral changes in river runoff
— an assessment of the modify in river runoff due
to natural and climatic factors (by relationships
between the flow of the main river and the flow of
indicator-rivers). At the same time, as it can be seen,
the boundaries of the periods differ on the rivers
(Table 2) under consideration, which is explained by
the time of the onset of a significant anthropogenic
impact (Galperin et al., 2012; Makhmudova et al.,
2021; Meshyk et al., 2022; Georgiadi et al., 2020).

Table 2 — Change in the volume of annual runoff under the total impact influence of climatic and anthropogenic factors, relative to

the base period

Base period Period of s1g.m.ﬁcant Flow change
anthropogenic impact
River — point f
runoff volume, runoff volume, | average for the year total,
years i 3 years i 3 i 3
million m million m million m? % million m

Tobyl — Kostanay 1931-1963 523 1964-2019 293 -230 -44.0 -12880
Yesil — Astana 1933-1970 183 1971-2019 129 -54.0 -29.5 -2646
Yesil — Kamennyi Karier | 1933-1970 1302 1971-2019 1211 -91.0 -6.99 -4459
Yesil — Petropavlovsk 1932-1970 1772 1971-2019 1930 158 8.92 7742
Nura — Balykty 1935-1973 189 1974-2019 325 136 72.0 6256
Nura — Romanovka 1933-1973 529 1974-2019 636 107 20.2 4922
Sarysu — Ne189 1932-1965 84.7 1966-2019 80.7 -4.00 -4.72 =216

Changes in the annual runoff on the rivers that is
under consideration (Table 2) had a multidirectional
character — the total runoff on the Tobyl River during
the period of significant anthropogenic impact
decreased, and on the Nura River it increased due

to the transfer of runoff from the Ertis — Karaganda
canal. At the same time, the runoff of Tobyl near
the city of Kostanay changed most noticeably
in 1964-2019 decreased in comparison with the
base period by more than 12800 million m® (over
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200 million m?/year), on the river Yesil in the
alignment of Astana for the period from 1971-2019
the decrease in annual runoff amounted to more
than 2600 million m* (about 50 million m?/year),
on the river Sarysu decline in annual runoff over
the period from 1966-2019 amounted to more than
200 million m* (5 million m?/year), which had a
very negative impact on the water management and
hydro ecological situation in the basins.

When restoring the conditionally natural runoff,
it’s taken into account: long-term data relating to
the period before the onset of a noticeable impact of
anthropogenic factors; the second part consists of a
long-termseries, theannual runoffinwhichischanged

to varying degrees as a result of the anthropogenic
factors impact (Georgiadi et al., 2019). The annual
runoff was restored by two methods. One of them
proceeds from regression relationships between
the runoff of the main river and the runoff of rivers
that are indicators of climatic conditions (tributaries
and upper parts of the main river), characterized
by relatively feeble anthropogenic disturbances of
the water regime. One of the first to use it was [.A.
Shiklomanov (Shiklomanov, 1989; Shiklomanov,
1979). In the Table 3 shows the results of assessing
the contribution of climatic and anthropogenic
factors to these changes, calculated using the
restoring conditionally natural flow method.

Table 3 — Changes in annual runoff over the period of significant anthropogenic impact, calculated by the restoring its conditionally

natural values method, million m?

Anthropogenic changes Climate change
River — point
total for the period average for the year total for the period average for the year

Tobyl — Kostanay — 10416 - 186 —2464 —44
Yesil — Petropavlovsk —13328 -272 21070 430
Nura — Balykty 3404 74.0 2852 62.0
Nura — Romanovka — 5566 -121 10488 228
Sarysu — Ne189 — 1528 -28.3 1312 243

As follows from Table 3, anthropogenic and
climatic changes in the annual runoff on the riv-
er Tobyl were unidirectional — downward, and
the share of anthropogenic changes is more than
80 %, respectively, the share of climate change is
20 %. On the rivers Yesil, Nura, Sarysu, the effect
of anthropogenic and climatic factors was multi-
directional with the predominant influence of an-
thropogenic factors. On the river Nura, the share
of anthropogenic changes in the upper reaches is
more than 54 %, respectively, the share of climate
changes is 46 %, in the lower reaches 87 and 13 %,
respectively.

Conclusion

The conducted scientific research is devoted to
the complex problem of assessing the role of natu-
ral and anthropogenic factors in the formation of the
flow of plain rivers. The main emphasis in solving
these studies was placed on the problems of non-sta-
tionary climate and the uncertainty of hydrological
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phenomena. The results of scientific research have
shown that there is every reason to believe that a
certain phase of climate and runoff, which charac-
terizes the current period, began in the 60-70s. XX
century, the intensification of economic activity in
Kazakhstan also occurred during this period. From
the 70s in the XX century, a new phase began in
the changes in the water resources of vast territo-
ries, with some slowing down of the process or even
grouping of years of the opposite sign of the anoma-
ly from the end of the 90s do not give grounds to be-
lieve that this phase has ended and been replaced by
a new one, these are just random groupings against
the backdrop of an established trend. The modern
period in the long-term course of the water content
of the rivers of the territory under consideration can
be considered the period from the mid-70s to the last
century. For the rivers of the river basin Tobyl is
characterized by runoff cyclicity from 8 to 14 years,
for the river Yesil is characterized by a cyclic flow
with a period of 10-23 years, for the basin of the riv-
er Nura from 5 to 15 years and for the rivers of the
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river basin Sarysu is characterized by runoff cycles
from 4 to 15 years.

The obtained estimates of changes in the volume
of annual runoff under the influence of the climatic
and anthropogenic factors total impact of relative to
the base period showed the following:

— Tobyl — the decrease in runoff is more than
40 %;

— Yesil in the alignment of Astana, the decrease
leaves 30 %, further downstream in the alignment
with Kamennyi Karier — 7 %;

— Nura — increase in runoff due to the transfer of
runoft from the Ertis — Karaganda canal;

— Sarysu — the decrease in runoff is 5 %.

An assessment of the anthropogenic and climat-
ic factors contribution to changes in annual runoff
observed river basins: Tobyl, Yesil, Nura, Sarysu,
showed the following picture — the share of an-

thropogenic and climatic factors in the decrease in
annual runoff when using the method of restoring
conditionally natural runoff is estimated on the river
Tobyl in 80 % and 20 %; on the river Yesil 70 % and
30 %; on the river Nura 87 % and 13 % respectively.

The practical significance of the research results
lies in the following: the identified long-term and
seasonal patterns of the main hydrological character-
istics of the plain rivers of Kazakhstan will make it
possible to plan and adjust economic activities in the
watersheds of the rivers under consideration in con-
ditions of climate variability. The results obtained
are necessary as recommendations on the current
volumes of rational water use and water consump-
tion in the context of climate change and the impact
of human economic activity, in order to change the
irrigated areas and plans for the development of the
agro-industrial complex.
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OLUEHKA PAAMALUMOHHO-9KOAOTUYECKOTO COCTOAHUSA
NMOA3EMHbIX BOA HA TEPPUTOPUM BbIBLUETO UCIIBITATEABHOIO
MOAUTOHA A3TMP B 3ATTAAHOM KA3AXCTAHE

[MoAMIoH A3rup SIBASETCS OAHUM M3 PaAMALMOHHO OMnacHbIX 0ObekToB KasaxcraHa. Ha noamrone
B MCCAEAOBATEAbCKMX LIEASIX AAS OTPABOTKM TEXHOAOTMM CO3AAHMS MOA 3EMAEN MOAOCTEN PA3AMUYHOTO
Ha3HauyeHMsl B MaCCUMBE KaMEHHOM COAM BbIAO OCYLLIECTBAEHO 17 MOA3EMHBIX SIAEPHbIX B3pbiBoB ([151B)
B neproa 1966-1979 rr. B pesyAbTaTe nNpoBeAEHHbIX paboT GbIAO CO3AAHO 9 MOA3EMHBIX MOAOCTEN
PasAMYHOro 06bemMa 1 Ha PasAMYHON FAYBUHE.

B cTaTbe npeACTaBA€Hbl pe3yAbTaTbl M3YUYEHUS MUKPOIAEMEHTHOMO U  PAAMOHYKAMAHOIO
COCTaBa MO3EMHbIX BOA MOAMIOHA «A3rMp», C YYETOM HOBbIX AAHHbIX, MOAYYEHHbIX MOCAE OypeHus
HOBbIX HabAlAATEAbHbIX CKBaXkKMH B 2021 roay. [MokasaHo, YTO 3HAYEHUSI YAEAbHbIX aKTUBHOCTEN
WCKYCCTBEHHBIX PAAMOHYKAMAOB B BOAE MCCAEAYEMbIX CKBAaXKMH U KOAOALIEB HAXOAMTCS Ha (pOHOBOM
YPOBHE 1 COMOCTaBMMO C MHOTOAETHUMM AQHHBIMU PAAMO3KOAOTMYECKOrO MOHUTOPUHIA HA NMOAUIOHE,
YTO CBMAETEAbCTBYET 06 OTCYTCTBMM MPOLECCOB MUrPALIMM PAAMOHYKAMAOB M3 MOA3EMHbIX SAEPHbIX
MOAOCTEN B HacTosilee Bpemsi. AOKaAbMbIM COOPHUKOM MOA3EMHBIX BOA MOAMIOHA SIBASIETCSI MyAbAQ
«Y>KyHTaTOp», PACMOAOAOXKEHHAS MEXAY COASHbIMM KynoAamu 3anaAHbii M BocTouHbii A3rmp.
[NoA3eMHble BOAbI MOAMIOHA TaK>Ke 3aAeraloT OTAEAbHbIMU PA3PO3HEHHBIMU AMH3aMM.

lNpeAcTaBAeHa OLEHKA TOKCMYHOCTM BOA M3 HaOBAIOAATEAbHbIX CKBaXXMH M KOAOALIEB MO
COAEPXKAHMIO B BOAE TSXKEAbIX METAAAOB C MCMOAb30BaHMEM MHAEKCA 3arps3HeHust TS>KeAbIMU
meTanramu (HPI). AoMMHMpOBaHME XMMMUUYECKMX SAEMEHTOB B MOA3EMHbIX BOAAX YCTAHOBAEHO B
nopsake Fe >Mn > Ni> Cr>Co>Mo > Cu>Zn. [NoATBEP)KAEHDBI BbIBOABI O HEMPUIOAHOCTU 3TUX BOA
AAS ICMIOAB30BaHMS B MUTbEBbIX LieAdX. 3HadyeHue nHaekca HPI Ao 72,6 pa3 npeBblllaeT KpUTHUYECKoe
3HAYEHME AAS TMUTBEBbIX BOA, YTO OOYCAOBAEHO TMAPOrEOAOrMYECKMMM YCAOBMSIMM 3aAeraHms
MOA3EMHbIX BOA.,

MccaepoBaHme npoBeaeHo Ha 6asze LleHTpa KOMMAEKCHbIX 3KOAOIMMYECKMX MCCAeAoBaHui PITI
MHCTUTYT siaepHOM pU3KHKK.

KAtoueBble cAOBa: noaA3emHble BOAbI, MOA3EMHbIE SAEPHbIE MOAOCTU, PAAMOHYKAMADI, TSXKeAble
MEeTaAAbl, MHAEKC 3arpsi3HEHUS TAXKEAbIMU METAaAAAMM, MUCTIbITATEAbHbIA MOAUIOH A3rup.

D.S. Akhmetzhanova'?", M.A. Severinenko'?, V.N. Gluchshenko’,
D.A. Baiseitov?, V.A. Makarova', U.P. Koztaeva'
"The Institute of Nuclear Physics, Kazakhstan, Almaty

2 Al-Farabi Kazakh National University, Kazakhstan, Almaty
*e-mail: akhmetzhanoova@mail.ru

Assessment of the radiation-ecological state of groundwater on the territory
of the former Azgir test site in Western Kazakhstan

The Azgir test site is one of the radiation hazardous facilities in Kazakhstan. At the test site, for
research purposes, 17 underground nuclear explosions were carried out in the period 1966-1979 to
develop the technology of creating cavities for various purposes underground in the rock salt massif. As
a result of the work carried out, 9 underground cavities of different volumes and at different depths were
created.

The article presents the results of studying the trace element and radionuclide composition of the
ground water of the Azgir test site, taking into account new data obtained after drilling new observation
wells in 2021. It is shown that the values of specific activities of artificial radionuclides in the water of
the bore holes and wells under study are at the background level and are comparable with long-term
data of radioecological monitoring at the test site, which indicates the absence of migration processes of
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radionuclides from underground nuclear cavities at the present time. The local collection of underground
water of the test site is the “Uzhuntator” mulda, located between the salt domes of the Western and
Eastern Azgir. The underground water of the test site also lie in separate disparate lenses.

An assessment of the toxicity of waters from observation the bore holes and wells by the content
of heavy metals in water using the heavy metal pollution index (HPI) is presented. The dominance of
chemical elements in groundwater is established in the order Fe >Mn>Ni>Cr>Co>Mo>Cu>Zn.
The conclusions about the unsuitability of these water for drinking purposes have been confirmed. The
value of the HPI index is up to 72.6 times higher than the critical value for drinking water, which is due
to the hydrogeological conditions of groundwater occurrence.

The study was conducted on the basis of the Center of Complex Environmental Research of the RSE
Institute of Nuclear Physics.

Key words: groundwater, underground nuclear cavities, radionuclides, heavy metals, heavy metal
pollution index, Azgir test site.
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bartbic KasakcTtaHAafbl 6ypbIHFbI A3FbIp CbIHAK MOAMIOHbI ayMaFbIHAAFbI
)KepacTbl CyAapPbIHbIH, PAAMALIMSAALIK-DKOAOTUSIABIK, XKal-KYHiH 6aFaray

A3FbIp MOAMIOHbI KasakCTaHHbIH PaAMaUMSAbIK, KayinTi HbiCAaHAAPbIHbIH, Gipi GOAbIM TabblAAAbI.
1966-1979 XbIAAAP apaAbIFbIHAQ MOAMIOHAQ 3ePTTeY MakKCaTblHAQ >Kep aCTbIHAQ 8PTYPAI MakcaTTarbl
KYybICTap »acay TEXHOAOTUSICbIH MbICbIKTAY YLiH 17 >KepacTbl SAPOABIK, XKapblAbicTapbl (KAXK) xxy3ere
aCbIPbIAAbI.

Makaraaa 20271 >KbiAbl >KaHa 6akblAdy YHFbIMaAapblH OypFbiAaFaHHaH KeliH aAblHFAH >KaHa
AEPEKTEPAI eckepe OTbIPbIN, «A3Fblp» MOAMIOHBIHbIH, YKEP acTbl CyAapbIHbIH MUKPO3AEMEHTTIK >KeHe
PAAMOHYKAMATIK KYpambiH 3epTTey HoTHxXeAepi 6epiareH. 3epTTeAeTiH YHFbIMaAap MEH KYAbIKTapAbIH
CYbIHAQFbI KaCaHAbl PAAMOHYKAMATEPAIH, YAECTIK OGEACEHAIAITIHIH MaHI (DOHABIK, AEHrenAe >KeHe
NMOAUTIOHAQFbl PAAMO3KOAOTUSIABIK, MOHUTOPUHITIH KO XbIAABIK, AEPEKTEPIMEH CaAbICTbIPMaAbl TYPAE
KepceTiAreH, 6YA Kasipri yakbITTa )KepacTbl IAPOAbIK, KybICTapbIHAH PAAMOHYKAMATEPAIH MUTPALMSIABIK,
NPOLECTEPiHIH XXOKTbIFbIH KepceTeAi. [MOAMIOHHbIH >Xep acTbl CyAapblHbIH, OKllay >WHarbl batbic
soHe LLIbiFbic A3FbIp Ty3 KyMOe3Aepi apacbiHAQ OPHAAACKAH «Y>KYHTAToOp» OMbICbl 6OAbIN TabbIAAADI.
[TOAMIOHHBIH, >Kep acTbl CyAapbl Aa 6OAEK-O6AEK AMH3aAap TYPIHAE OpHaAAACKaH.

Ayblp MeTaAA@pMeH AacTaHy MWHAekciH (HPI) naiaasaHa oTbipbin, Cyaafbl ayblp MeTaA-
AAPAbBIH  Kypambl OoMbliHILIA  6aKplAdy  YHFbIMAAapbl MeH KYAbIKTapAQH aAblHFaH CyAapAblH
YbITTbIAbIFbIH 6aFaAay YCbiHbIAFaH. JKep acTbl CyAapblHAAFbl XMMMSIAbIK, SAEMEHTTEPAIH YCTEMAIri
Fe>Mn>Ni>Cr>Co>Mo > Cu>Zn tepTibiHAe OpHaTbIAFaH. HaTukeciHae 6YA CyAapAbIH aybl3 Cybl
MakcaTblHAQ NaiAAQHYFa XKapaMCbI3AbIFbI TYPaAbl Ty XKblpbIMAAp pacTaaAbl. HPI HAeKcCiHiH MeHi aybI3
CY YLUiH CbIHW MOHHEH 72,6 ecere AeiliH acbin TyceAi, OYA >Kep acTbl CyAapblHbIH, TMAPOrE€OAOTUSIAIK,
>KaFAanAapbiHa 6GaNAAHBICTDI.

3epTTey «AApPOAbIK, husmka MHCTUTYTbl» PMK KelueHAI 3KOAOrMSABIK, 3epTTeyAep OPTaAbIFbIHbIH,
6a3acbiHAQ XKYPri3iAAi.

Ty#iH ce3aep: >kepacTbl CyAapbl, >KePACTbl SAPOAbIK, KYbICTapbl, PAAMOHYKAMATED, ayblp METAAAD,
aybIp MeTaAAAPMEH AaCTaHy MHAEKCI, A3FbIp CbIHAK, MOAMIOHBI.

BBenenue

B 1965-1987rr. Ha TeppuropuH peciyOnuKu
Kazaxcrtan Obuto mpoBeneHo 39 MUPHBIX TOI3EM-
HBIX SIIGPHBIX B3PBIBOB JUIS HY)KJ HapOJIHOTO XO-
3iCTBA, U3 HUX 17 ObLIN BBHITOJIHEHBI HA ITOJIUTOHE
«Asrup», pacnoioxkeHHoM B KypMaHrasmHckoM
patione ATwIpayckoil obmactu B 3amamHom Kazax-
ctane. C 1964 r. Ha monurone ObUIN pa3BepHYTHI pa-
OOTBI TIO OTIBITHO-TIPOMBIIIIIICHHBIM UCCIIEIOBAHUSIM
JUTsL OTPAaOOTKH TEXHOJOTHU CO3AaHUS C TIOMOIIBIO

KaMmy(JIETHBIX SACPHBIX B3PHIBOB B MacCHBax Ka-
MEHHOH COJHM TOJ3EMHBIX IOJIOCTEH, MpeaHa3Ha-
YEHHBIX B Ka4€CTBE XPAHWIUIL OOJBIIOTO 00beMa.
Paborel mpoBojuiuch Ha 10 TEXHOIOTHMYECKUX
miomankax Al-AS, A7-All, va rmyOune ot 165 1m0
1500 M (pucynok 1) (I'mymenko, 2020 6:21).
MecTo npoBe/ieHHsI TOJI3EMHBIX SJIEPHBIX B3PbI-
BOB BBIOMPAJIOCH TIIATENBHO. [10IMIOH pacioiokeH
Ha COJISTHO-KYIIOJIbHOM NOJHATUU bomnbiiol Asrup,
Ha 3amagHoi mepudepun Ilpuxacnumiickoil coe-
HOCHOH TIPOBUHIINH, PACTIONIOKEHHON K CEBEpy OT
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OHCHKa PaaalluOHHO-3KOJIOTUYECKOTO COCTOSTHUA MOA3EMHBIX BOJ Ha TEPPUTOPHUH ...

Kacnniickoro mopst. ColsiHOKyHNOJIbHOE MOJHSTHE
Bonpmoit Asrup npencraBisieT co00# Ba KPYITHBIX
COJISTHBIX KymoJia — 3anaiHblid 1 BocTounslit A3rup,
TeOJIOTHYECKH pa3fefieHHBIX KOMITIEHCAITMOHHOM
MyJIBJIOH Y>KyHTaTop. MectaMu Ha 3TOH TEppUTO-
PHUH COJISTHOM KYTION BBIXOJWT Ha THEBHYIO TIOBEPX-
HOCTB, MPEJICTABIISIsI COO0H cMeCh MecYaHHbIX MTOYB
¢ mpeobnaganneM conr. TeXHOIOTHs TpPOBEACHUS
SIIEPHBIX B3pBIBOB IpeaycMaTpuBasa MOJHOE HC-
KITFOYEHHE TOTaaHusI TPOTYKTOB SIAEPHOTO B3PhI-
Ba Ha JIHEBHYIO TIOBEPXHOCTb M B T€OJIOTHUYECKHE
CTpYKTYpHI. llpn mpoBeaeHnn mog3eMHOTO AepHO-
'O B3pbIBa B IIIyOWHE MaccuBa KaMEHHOMU COJIH, TPU
BO3/ICHICTBHH BBICOKHX TEMITEpaTyp, KAMEHHAs COJIb
pacriaBisuIach, pacTeKanach MO CTEHKaM MOJIOCTH
Y 3acThIBalia B BHJE MPOYHOTO CTEKIO00pa3zHOTO
Oapbepa, MPEMSTCTBYIOIIETO BBIXOAY NPOIYKTOB
AaepHOTo B3phiBa. OHAKO TIPH TIPOBEICHUH B3PhI-
BOB TPOU3O0MIEN Psii HEUTATHBIX cuTyauui. Ilpu
MIPOBEJICHUH B3phIBA Ha TUTOmaAKe A-9 mpousomen
HEeNpeJHaMEpEeHHBIH MpoBajl TPYHTa JIUAMETPOM
600 M n TiyOmHON 35 M., KOTOPBIN BITOCIEACTBUN
CTaJI 3aIlOJIHATRLCS TAJION M JOKJIEBOH BOJIOW. B Ha-
cTosmiee Bpems IIomanka A-9 mpeacraBiseT co-
00l MCKycCTBEHHOE «03epo» 00bemMoM okoso 20
ThIC. KyO.M.. [IaTh TonocTeit (A1-AS5) mocne B3pbI-
Ba 3aIIOJHHIINCH BOJOH, ABe monoctu A7 u A10 3a-
TIOJTHIJIUCH BOION wacTuyHO. PacTBOpuBIIas B cede
COJIb, BOJA BHYTPH IOJIOCTU NPEACTABISET COOOH
BBICOKOCOJIEHBIN pajiMoakTUBHBIN paccod. [Tonoctu
A8 u All cyxue. boeBble CKBa)XHHBI TIOCJIE 3aKOH-
CepBHUPOBaHbI OeTOHHOM MPoOKoii. [locie 3akprrThs
MIOJIUTOH MOJIyYMJI CTaTyC paJuallMOHHO-OMIaCHOTO
00BEKTa W CTall SIBIATHCA OOBEKTOM PaIHOIKOIIO-
CHYECKHX HccaenoBanuil. Ocoboe 3HaueHUe B 3THUX
WCCIIEIOBAHMAX 3aHWMaeT H3Y4YEHHE BO3MOXKHBIX
MPOLIECCOB MUTPALUHN PAAUOHYKIINIOB U3 MOA3EM-
HBIX SJIEPHBIX IIOJIOCTEH.

[Ton3emHBIN siAepHBIN B3PBIB SABISAETCS OJTHUM
W3 CaMbIX CHJIBHBIX TEXHOTEHHBIX BO3JEHCTBHMA
Ha Te0JIOTHYECKYI0 Cpejy, MPHUBEIINI K H3Me-
HEHHIO CTPOCHHS OOJBIINX 00HEMOB TOI3EMHBIX
cucteM. Bokpyr momoctu B3pbiBa (HOPMHPYIOT-
Cs 30HBI MEXAaHWYECKOTO pPa3pyIIeHHs, KOTOpHIE
B cllydae M3MEHEHHUS! reopu3nyecKoil cuUTyauuu
MOTYT SIBIATHCS KaHaJlaMH TOCTYIUICHHS pPaguo-
aKTUBHBIX pPAaccoJIOB U3 BOJOHANOJIHEHHBIX IIO-
JIOCTEH B BBINIENEKANINEe BOJOHOCHBIE TOPHU30H-
Thl U JTHEBHYIO NTOBEPXHOCTh. | TaBHBIMM MyTSAMHU
BO3MOYKHOW MUTPAlMH PaTUOHYKINUIOB W3 TOJ-
3EMHBIX MOJOCTEH SIBJISIIOTCA «IOJOCTh B3PbIBA
— BMEIIAIoIasi Te0JIOTHYecKas cpefa — JHEBHAS
MMOBEPXHOCTBH» U «II0JIOCTH B3PbIBa — BMEIIAOIAs
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reoJIOrn4eckast cpejia — o I3eMHbIE BOJbI». ToJb-
KO 3Hasi COBPEMEHHOE COCTOSHHE ITHUX TI'EOTeX-
HOTEHHBIX CHCTEM MOXHO CTPOUTH MPOTHO3BI H
MpeAnpUHUMATh HEOOXOIUMBIE MEPHI TI0 CHIKE-
HUIO 3KOJIOTHYECKUX PUCKOB, CBSA3aHHBIX C 3TUMH
OTIAaCHBIMU 00BEKTaMH.

C 1991 rona Ha TEppUTOPUH MOJTUTOHA U TIPUJIE-
ratouieit Tepputopun PITI «HCTHTYTOM siAEpHOM
(GU3UKU» MPOBEACH PsiJi MacIITaOHBIX KOMILIEKC-
HBIX PaIUAIMOHHO-IKOJOTHYECKUX HCCIIEA0BaHU,
MIPOBEJIEHBI PEKYJIbTUBALMOHHBIE MEPONIPUATHS TIO
00HapyKEHHI0, MIBATHIO W 3aXOPOHEHHIO pajua-
[IMOHHO-3arpsI3HEHHOT0 TPYHTA M TEXHOJIOTMYECKO-
r0 METaJuIoJIoMa, OCTABIIMXCS TOCIE MPOBEIACHUS
B3PBIBHBIX U ONBITHBIX padoT. Tepputopuu TexHO-
JIOTHYECKHX TUIOIIAIOK TTOJMTOHA OTOPOXKEHBI IS
WCKJIIOUEHNsI NPOHUKHOBEHHSI CKOTa U MECTHOIO
HaCeJIeHUs], PacCTaBIICHBI MPEAYPEXKAAIONINE 3HA-
KM paJuallMOHHON omacHOCTH. Jl7s oXpaHbl Tex-
HOJIOTHYECKUX OOBEKTOB MOJNTOHA, ONIEPATUBHOTO
KOHTPOJISI paJuallMOHHOW OOCTaHOBKH (J03UMeE-
TpHsi), HEMIOCPEICTBEHHO Ha MecTe AelcTByeT A3z-
rUpcKas Hay4HO-TIPOM3BOJCTBEHHAs OSKCIEAUIINA
PI'TI «MucTuTyT iAepHON przukm». s KOHTpoIs
paZAnalMOHHO-9KOJIOTHYECKOW CHUTyallUd Ha II0-
JTUTOHe W mpuieraromei teppuropuu ¢ 2001 roma
(YHKUMOHUPYET CHCTEMa KOMILJIEKCHOTO pPaafo-
9KOJIOTHYECKOTO0 MOHHWTOPHHTA, IpelycMaTpHhBa-
ollasi ABa YPOBHA: KOHTPOJb TEKYLIEH pajrodKo-
JIOTUYECKON CHUTyallid Ha TOJUTOHE W KOHTPOJIb
BO3MO’KHBIX MTPOIIECCOB MUTPAIH PaAHOHYKINI0B
Y3 MOA3EMHBIX fAJIEPHBIX MosiocTel. [ KoHTpons
MOJI3EMHBIX BOJ| Ha IOJIMTOHE MMEETCs MapK Ha-
OmromarenbHBIX MyHKTOB. [{o 2021 roma oHa BKITIO-
yana 10 HaOMOAAaTENbHBIX CKBAXHH M 5 KOJOJALEB
(cxBaxkmuer: C-2001, C-2002, C-2003, C-2004,
C-2005, C-2006, C-1064, C-1081, C-1084, C-2;
komoamel: Asrup 1, Asrup 2, Asrup 4, XKaprsik,
Bynak). HabnromaTenbHble CKBa)KHHBI paccpero-
TOYEHBI B MECTaX T'€0JIOTHYECKOTO PACIOIOKEHUS
COJISIHBIX KyToJs10B 3anagHslii 1 Boctounslil Asrup,
B OuIKaMIIMX K pacTOI0KEHHIO MTOA3EMHBIX MOJIO-
cTeil Toukax. Bxoadume B cucteMy MOHMTOpPHHIA
KOJIOAIBI NCTOPUYECKH OB OpTraHM30BAHBI MECT-
HBIM HACEJICHUEM B HACEJIEHHBIX MYHKTaX U MECTa
BOJIOTIOs CKOTa 1 T.4. B 2021 myis ycoBemeHncTBoBa-
HUSl CUCTEMBI MOHHUTOPHUHTA MOJ3EMHBIX BOJ MapK
HaOII0JaTeTFHBIX CKBAXKHIH OBLT PACIITUPEH MIECTHIO
HOBBIMHM HaOJIOAATEIbHBIMU CKBaXMHAMHM, pac-
MOJIO’)KEHHBIMU B 30HE PACHpPOCTPAHEHHS MYJIbJIBI
«Yxynrarop» (C-2007, C-2008, C-2009, C-2010,
C-2011, C-2012). Ilpu BeIOOpE MecTa pa3MelIeHHS
HOBBIX CKBaXXMH NPUHMMAJIOCh BO BHUMaHHE UTO
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MyJipAa YKyHTaTop, PACIOI0KEHHAs MEXY COJSI-
HBIMH KyTIOJIaMu 3anauelii 1 Bocrounsrii Asrup. B
TU/IPOTEOJIOTHYECKOM OTHOIIEHUH, MYJIbJa MOXKET
MIPEJICTABIIATH JOKAJIBHBIA OacceiH M UrpaTh poiib
cOOpHUKA MEPEBUTAIOIIMXCS BOJ U COACPIKAIINX-
cs B HUX TpuUMeced (M MpH HapYIICHUH TOJIOCTEN

0O0EBBIX CKBOKWH — BO3MOXHO DPaJIMOHYKIIHJIOB).
I'myOmHa HaOMIOMATETHPHBIX CKBAKHH M KOJIOIIICB
coctaBisger g0 20 M., 32 UCKIIOUYEHHEM HaOII0a-
tenpHOM ckBakuHBI C-1081 (40 m.). Cxema pacmo-
JIO’KEHUST HAOII0MATEILHBIX CKBAXKUH HA IMOJIMTOHA
«A3rup» npeaCcTaBiicHa Ha PUCYHKE 1.
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Pucynoxk 1 — Cxema pacnonoxeHus HaOMIOIaTeIbHBIX CKBAKUH U KOJIOALIEB CUCTEMBI KOMITJIEKCHOTO
Pazno3KOJIOTHYECKOTO MOHUTOPHHTA MOJIUIOHA «A3THP» U MPUIIETAIOIIUX TEPPUTOPUI

B npexncraBieHHON cTaThe MOKa3aHbl PE3YJib-
TaThl WUCCJIEIOBAaHUS IOA3EMHBIX BOJI OBIBIIETO
HUCIIBITATCIIBHOTO ITOJIUTOHA «ASFI/Ip» C Y4€TOM HO-
BBIX JIAHHBIX, TIOJYYEHHBIX IOCJIe OYPEHUSI HOBBIX
HaOJIOMAaTeNbHBIX CKBaXWH. Llempro 3TUX paboT
SIBJISVIOCH M3YyYE€HUE MOA3EMHBIX BOJ MEPBOrO BO-
JIOHOCHOT'O TOPU30HTA HAa TEPPUTOPUHU TOJIUTOHA,
HCCIIEAOBAHUE UX PAAUOHYKIHUIHOIO, DIEMEHTHO-
T'0 cocTaBa /I yriayOlIeH!s 3HAHUH O THIPOTE0II0-
THYECKHUX YCJIOBHUAX NOJIUIOHA, YTOUYHEHUS THAPO-
T'€OJIOTHYCCKUX yCJ]OBI/Iﬁ IMOJIMI'OHAa 1 OTCYTCTBUA
WA HAJIWYMS €JUHOIO0 BOJOHOCHOTIO T'OPHU30OHTA,
CBSI3BIBAIOIIETO MEXAY COOON IMOA3EMHBIE TOJIO-
CTU U HANPABJICHUS BO3MOKHOU MUTPALIUK PAJIUO-
HYKJIUIOB.

MarepuaJibl 1 MeTOAbI

ColsHOKYNOJbHAsl TEKTOHMKA M HOBEHIIME
BOCXOOAINE ABUXKCHHA CO34a]1U CIIOKHEHIIINE TH-
JPOTEOJIOTUYECKHE YCIOBUS Ui (POPMHPOBAHHS
XUMHUYCCKOI'0 COCTaBa BCPXHUX BOJOHOCHBIX TI'O-
pu3oHTOB. B mpenenax miomaau McciaeqoBaHUN
U NPUIETAIINUX K HEH PallOHOB pacIpOCTPAHEHbI
[IOA3EMHBIE BOJBI OT COJIEHBIX BOJ J0 PACCOJIOB, KaK
1o IJIolIaAu, TaKk U B pa3pese. Ha omnucwiBaecMoi
IJIOMIAIM HanOoJIee TIOJTHO HCCIIeIOBaHbI BOBI YeT-
BEPTUYHBIX OTJIOKEHUH, INTyOUHA 3aeranusi rpyH-
TOBBIX BOJ B JUTFOBUAJIbHBIX OTJIOKEHUSAX 3aBUCUT
OT penbeda MONMEHHOU Teppachl U YPOBHSI TOBEPX-
HOCTHBIX BOJl B BojoeMax M usmensiercs ot 0,5 no
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6,8 M. Cxema pacrpocTpaHEHHUs! BOJJOHOCHBIX TOPH-
30HTOB TTOJINTOHA, COCTaBJICHHAs HA OCHOBE apXHB-
HBIX MaTepHaJOB MpeACTaBlIcHa HA PUCYHKE 2.

B crparurpadudeckoil mocneaoBaTeIbHOCTH
THIPOTeOJIOrHYeCKUEe MOAPA3CNICHHS] PACIIONONKE-
HBI ciexyromuM oOpasoM (MscHukoB, 1996a:56;
MsicaukoB, 19966:23; Msicaukos, 1997:102)

* BOJIOHOCHBIH TOPH30OHT COBPEMEHHBIX D0JI0-
BbIX ominoxeHuit (vQIV) pacmpoctpanen B Buje
MSITCH HE3aKPEIUICHHBIX TIeCYaHbIX MacCUBOB. [10;1-
3eMHBIC BOJbI IPUYPOUYCHBI K XOPOIIO OTBESTHHBIM
MecKaM KBapIeBbIM, MEITKO3epHUCTHIM. B crity cBo-
ero Heriryookoro 3aneranus (ot 0,2 10 4,2 M) nuTa-
HUE MOJI3EMHBIX BOJ| MOJYYalOT 3a cueT aTMochep-
HBIX OC3JKOB M BeCEHHEro cHerotasusi. OObIYHO
9TO TUTABAIOIIME JIMH3BI MIPECHBIX U CIIa00COICHBIX
Boj ¢ MuHepanu3anuei ot 0,3-3,2 r/n. XuMudeckuii
COCTaB BOJIbI MEHSIETCSI OT THIPOKAPOOHATHBIX JIO
XJIOPUIHO-CYNb(aTHBIX U MarHUEBO-HATPHEBBIX.

* BOJIOHOCHBII TOPU3OHT COBPEMEHHBIX 03€pHO-
copoBeIx oTnoxxkeHui (1QIV) nmpuypodeH K JoKab-

HBIM TIOHMKEHHSIM, MHOT/JA BBITSHYTBIM B pa3jiny-
HBIX HAINpaBJICHUSAX BIUIOTH JO KOJBIEBBIX (OPM.
VYiKyHTAaTOp — KpyIHas COJOHYAKOBas MyJbJa
mIomaapo 68 kM’ BoJoBMEIIAIOMINMH TOPOIAMU
SIBIIIIOTCS WJIBI, WIIOBAThIE CYNECH W TMECKH, Hachl-
IICHHBIE XJIOPUCTHIMU MIIN CEPHOKHCIBIMU COJISIMH.
[Topoap! obnanaroT kodddumenToM QuIbTpaUN
ot 0,2 m/cyT 1o 0,8 M/cyT. Bosbl OTHOCSTCS K TpyTI-
ne paccoyioB ¢ MUHepanuzauued ot 50 r/n go 120
r/n. Ilo XUMHUYECKOMy COCTaBY BOJBI XJOPHIIHBIC
HaTpueBO-Maruuenbie. O0mas kecTKocTh oT 260,6
Mmr/akB 10 730,0 mr/>kB. [IpucyrcTByer 6pom, #ox,
0op B OosbIMX KonmuvecTBax. [Iutanne rpyHTOBBIX
BOJ MJET 3a CYET CHETOTAasHHWA W WHQWIBTPAINH
JIOKIIEBBIX BOJI;

* BOJIOHOCHBIM TOPH30HT BEPXHEUETBEPTHIHBIX
xBasbiHCKUX  oTnokeHuit (QIIThv). IlomzemHbie
BOJIBI XBAJIBIHO-XA3apPCKUX OTJIOKEHUH Pa3BUTHI
MTOBCEMECTHO M OTCYTCTBYIOT TOJIKO B paiioHE co-
JISHOKYIOJIbHBIX NMOAHATHA bankynyk u boabsmioin
A3rup, T7ie 3TH OTJIO0KEHHS HE MOIYYHIIN Pa3BUTHS.

A-2 3%
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B ocHoBe ucciaenoBaHus O3EMHBIX BOJ ITOJIHU-
T'OHA, NPE/ICTABICHHBIX B HACTOAIIEH CTaThe, JIeXKaT
JlaHHBIE O pe3yJbTaTax MOHUTOpUHTra 3a 2021 rox.
AHAJIMTUYECKHE HCIBITAHUS OTOOPAaHHBIX TMPOO
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[IPOBOJIMINCH B AKKPEAUTOBAHHOM Ha COOTBETCTBUE
I'OCT ISO/IEC 17025-2019 LleHTpe KOMILIEKCHBIX
skonoruueckux wuccienoBanuii PI'TI «MucTtutyT
saepHor Qu3ukm». V3yueH paguoHYKIHIHBIA CO-
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CTaB BOJBI 10 pUCYTCTBHIO pupoanbiX (*H, #?Th,
22Ra, “K) u texHorenusix (*’Cs, *Sr, 2*24Pu) pa-
JUOHYKJIMJIOB U CyMMapHO# anbda- u OeTa-aKTHB-
HOCTH, a TaKKe 2JIEMEHTHBIH COCTAB Ha COZIEpKAHNE
Na, Mg, K, Ca, V, Cu, Se, As, U, Hg, Cd, Ni, Pb,
Al, Co, Cr, Mn, Fe, Ba, Zn, Sr, Li, Mo, Be, a Takxe
u obwmeit munepamuzauuu (xnopua (Cl) u cynasdar
(SO,*) nonos). IIpu naGopaTopHbIX aHaNTH3aX MPOO
BOJIBl HCIOJB30BAINCH METOJBI HWHCTPYMEHTANb-
HOM CIEKTPOMETPHUH, PATUOXMMUUYECKHNA aHAINU3
U MacC-CIEKTPOMETPUH C WHAYKTHBHO CBS3aHHON
TIa3MOM.

WnTepnperupoBanne  pe3ynpTatoB  Jabopa-
TOPHBIX AHAJIM30B MPOBOAMIOCH C NPUMEHECHHEM
KOMIIBIOTEPHBIX TEXHOJIOTHH, BKitovas ['eorpadu-
YECKyI0 MHPOPMAIMOHHYIO CUCTeMY (JJIsl TIOCTpO-
€HHS TeMaTHUYECKHX KapT), IpOrpaMM Uil aHaJIn3a
JAHHBIX METOJaMH MaTeMaTHYECKOW CTATHCTHKH.
[IpumeHeHue METOI0B MaTeMaTHYECKOH CTaTUCTH-
KM 00YCIIOBJICHO TeM (paKTOM, YTO PE3YyIbTAThI MH-
KpO- U MaKpO3JIeMEHTHOTO aHaJIN3a KaKJIOH MPOObI
BOJIBI TIPEICTABJICHBI 27 dJIeMeHTaMu (TIEpeMCHHBI-
MH) M IPOBEJICHNUE KOMITJICKCHOTO aHaJIN3a IaHHbIX,
BH3yaJlM3allid U OCMBICIIEHUSI PE3yIbTaTOB BPYU-
HYI0 HEBO3MOXHO. Ha mepBoM sTame ObUT BBINOIN-
HEH aHaJN3 JaHHBIX C MIOMOIIBI0 METOA TIIaBHBIX
komnoneHT (PCA ananus). LlensimMu Takoro ananmsa
SBIISIIOTCS COKpAIIEHUE YMCIa TIEPEMEHHBIX U OTIpe-
JIeNIcHHE CTPYKTYpBl B3aUMOCBSI3CH MEXIy Tmepe-
MEHHBIMH, T.€. UX Kiaccuukaus (DIeKTPOHHBINA
yueOHuK 1o cratuctuke, 2022). Takas npouenypa
MOMOTJIa OTCeATh (DaKTOPHI, BIMSHUE KOTOPHIX Ha
JanpHeWIIMK aHaj M3 JaHHBIX He3HaunTenbHO. Ha
CIIEyIOIIEM JTare BBIMIOJHEHa paboTa MO pasfe-
JICHUIO BCEH COBOKYIHOCTH AAaHHBIX Ha TPYIIIBL,
MCTIOJIB3YSI HEKOTOPYIO MEPY CXOJCTBA MEXIY 00b-
ektamu. PemieHue 3ToM 3ajaud MPOBENEHO C HC-
MOJTb30BAaHUEM KJIACTEPHOTO aHain3a (3TO METo.X
KJIacCU(UKAIMOHHOTO aHajHu3a, KOTOPBIM MpeaHa-
3Ha4YeH IS pa3OMeHus] MHOXECTBA HCCIIETyEeMbIX
00BEKTOB (00Pa3LIOB) U MPU3HAKOB HA OJHOPOIHBIC
TPYNIBl, WIN KiIacTepsl) (MeToapl CTaTHCTHIECKO-
ro anamusa JaHHbIX, 2022). B 1aHHOM HcciaenoBa-
HUU KJIACTEPHBIA aHAIN3 TPOBEJEH IO COBOKYII-
HOCTH COJIep)KaHUsl KOMIIOHEHTOB B IIPOOE BOIBI
13 pa3HBIX (CYMIECTBYIONINX W HOBBIX) CKBAXUH U
KOJIOALIEB.

J1OTIOJTHUTENBHO K MCCIIEIOBAHUIO, CBSI3AHHOMY
C MaTeMaTH4eCKOW 00pabOTKON NaHHBIX O XUMH-
YECKOMY COCTaBy BOJ[ CYIIECTBYIOUIMX W HOBBIX
HaOIIOATENBHBIX CKBaKMH, IPOBEACHA OIICHKA
CTEIEHN TOKCHYHOCTH BOJI IT0 KOMIUIEKCHOMY ITPH-
CYTCTBHIO B HEH TSKENbIX METayUIoB. [y oueHKn

CTEIIEHH TOKCHYHOCTH BOJBI B 3apyOeKHOW JUTE-
paType IIUPOKO MCIIONB3YIOTCS TaKUEe HHIEKCHI KaK
HPI (uHpexkc 3arps3HEHHOCTH TSDKEIBIMU METal-
namu), WQI (unanexc kauectBa Bojsl) (Abdullah,
2013:63), EWQI (3HTpONUMitHBIA WHICKC KayecTBa
Boabl), ImpWQI (wHAekc yiydmieHUs KadecTBa
BOJIbI) U Jip. OO1I1ei LesIbI0 PACYETOB STHX HHIECKCOB
ABIIsETCS Kiaccuukanyst mpod BOIBI IO CTENEHH
OTHOILIEHUSI KOMITJIEKCHOTO COJIEpXKaHHUs XMUMHYe-
CKHX 3JIEMEHTOB B BOJIE K CTAaHAAPTY BO3ACHCTBUS
win Oe30IacHBIX MPEJCNIOB 3arps3HSAIOLINX Be-
IIECTB, KOTOPBIE YCTAaHABINBAIOTCSA HAI[MOHAIbHBI-
mu cragnapramu (Canurapusie npasuia, 2015). B
HACTOSAIIEM UCCIieIOBaHUH TpuMeHsics Munekc 3a-
rpsi3HEHHOCTH TshkenbiMu Metamamu (HPI), npex-
CTaBJIIONINH CO00# OTHO YHCIIO, KOTOpoe 000011~
eT ol11ee Ka4eCTBO BOJIBI B ONIPECICHHOM MECTE U
B OIpENIeJICHHOEe BpeMsI Ha OCHOBE KOHIICHTPAIHH
OTJICNIBHBIX XUMUYeCKuX 31eMeHToB (Singh et al.,
2015:1920). HPI ocHoBaH Ha CcpeaHEB3BEIIEHHOM
apu(MEeTHYeCKOM 3HAUYECHUHM KadecTBa, KOTOPOE
MIPUCBAaMBAET PEUTHHT WM BECOBYIO eanHUITY (Wi)
UL KaKAOoro Tspkenoro meraimna (Jareda et al.,
2016: 80) u paccunThIBaeTCS 1O PopMyIIe:

n
_ Zi=1 QiWi
HPI = "W, (1)
rae W — ylenbHbIN BeC/BECOBast Harpy3Ka, KOTOPBIH
00paTHO MPOIOPIIMOHATICH PEKOMEHIyEMOMY CTaH-
nmaprty (Si) (PykoBomcteo BO3, 2022:329). cooTBeT-
cTByMoIero napamerpa (Martha et al., 2021).

1

W; = < ()
l

rae Qi — 310 cyOuHIeKe i-ro napaMmerpa, a Vi — u3-

MepeHHas KOHIICHTPAIHSI i-T0 ITapaMeTpa B MKT/JL.

Vi
Qi =< 100 (€)
Si

Ha ocnose pacuera nnaexca HPI npousBoaut-
cs1 knaccugukanus Boasl HPI ot Ghaderpoori et al.,
2018: 685

- < 100 HM3KHUH pUCK

- 100 moporoBsIii puck

->100 BOZBI ¢ BEICOKUM PHUCKOM.

Kak mpaBwmiio, kputHueckoe 3HaUYeHHE WHAEKCA
3arpsisHeHus TskensiMu Metaimamu HPI npunuma-
ercs paBHbIM 100 (Singh et al., 2015: 1920).

B pacuer unnexca HPI u3 Bcelt coBokynHoCTH
JAHHBIX 00 DJIEMEHTHOM COCTaBE€ MOA3EMHBIX BOJI
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13 HaOMIOATEIbHBIX CKBAXXHH U KOJOJIIICB BEIOpa-
HbI DJIEMEHTBI, OTHOCSIIIUECS K KaTErOPHH «TsKe-
neie Metamaely: Fe, Mn, Ni, Cr, Co, Mo, Cu, Zn.

O030p UTEpPaTypBI

Ha ocHoBanuu apxuBHbIX OTuerax BHUIIU-
npomrexHosiorust (MsicHukoB, 1996a:56; MsicHu-
koB, 19960:23; Mscuukos, 1997:102; Xotabaes,
2006:60; UYepemanon., 2003-2006:22; duawuuH,
1982:37; Hunmumuwn, 1983:133), UucTuTyTa TeO-
dbmuaeckux uccnenopanmii (Tyneymes, 2010: 19)
tpexsetHero oryera PI'TI Unctutyt sinepHoit ¢u-
3uku (I'mymenxo, 2011: 8.) 06 uccnegoBaHUM KO-
JIOTUYECKOTO COCTOSIHMA IMOJ3EMHBIX BOJ B apease
nonurona, otueta PI'TI UAD (I'mymenko,2021:42),
B KOTOPOM COOpaHBl CBEACHHUS O pe3ynbTarax Oy-
peHMs HOBBIX HaOMOaaTenbHbIX cKkBaXxuH (C-2007-
2012), aBTOpamMH MpOaHAJIM3UPOBAaHBl JAaHHBIC U
TIOJTyYEHBI CBE/ICHUS O THAPOTEOIOTHIECKHUX YCIIO-
BUSIX MOJIUTOHA «A3THPY.

O coBpeMEeHHBIX pe3yibTaTax pagn03KOJIOTH-
YECKOT0 MOHUTOPHHTA OBIBIIETO HCIBITATEIBHO-
ro TOJUTOHA «A3THp», MaTepuaibl MyOIUKYIOTCS
aBTopamu u3 HMucturyTa sigepuoii ¢pusuku (Imy-
menko, 2019:174; I'mymenxo, 2021:38; ['mymien-
ko0, 2020a:21; I'mymenko, 20206:13). Kak cienyet
13 BBIIIEYKAa3aHHBIX UCTOYHUKOB, TEKyIIas paiu-
AIMOHHO-IKOJIOTHYECKasl CUTyallsl Ha TOJUTOHE
crabunbHa. JlemMoHCTpupyeTcss Bbicokas 3¢¢ek-
THUBHOCTHU MPOBEJECHHBIX Ha MOJUTOHE JI€3aKTHBA-
LIMOHHBIX MEPONPUATHNA U PEe3yIbTATHBHOCTH CY-
LIECTBYIOIIEH cucTeMbl MOHUTOpHUHTA. [Ipu sTOM
MIPUBJIEKAETCs BHUMaHHE K TOMY, YTO, HECMOTPA
Ha OTCYTCTBHE TE€XHOI'€HHOTO 3arpsI3HEHUs JTHEB-
HOHM TOBEPXHOCTH W TIOJ3E€MHBIX BOJ IOJINTOHA,
MOHHMTOPUHT U MCCJIECIOBaHMS Ha MOJUTOHE HEOO-
XOJIMMO TIPOAOJIKATD.

SIBnsiAch yd4acTHUKaMHU MCCICIOBaHUM Ha IO-
JIUTOHE «A3THPY», aBTOPHI HACTOSIIIICH CTAThU MIPE-
CTaBJISIFOT PE3yJIbTAaThl COOCTBEHHBIX pa0OT, IPOBE-
neHusix B 2021 romy.

Pe3y.l'll)TaT]>I 41 oﬁcyﬁcz]elme

Paouonyxnuonuiii cocmag noozemHuix 600

ITo pe3ynbraTaM raMMa-CeKTPOMETPUIECKOTO
Y PJIMOXUMHUECKOT0 aHaT3a IPOO BOJIBI U3 HOBBIX
CKBaXWH (Tabnuia 1) BUIHO, YTO 3HAYCHUS yICITb-
HBIX aKTHBHOCTEH OOJIBIINHCTBA N3YYEHHBIX TEXHO-
TCHHBIX PAJUOHYKIHIOB HAXOIATCS 3HAUYUTEIHHO
HWJKE YCTaHOBIIEHHOTO HOpMaTuBa st Kazaxcrana
— ypoBenb BmemarenscTBa (YB) (I'mruennueckue
HOpMaTHBHI, 2022), 9TO CBHIETENLCTBYET 00 OTCYT-
CTBHM paJMAllMOHHOTO 3arpsi3HEHUS] MOJ3EMHBIX
BOJI. MakcuMallbHOE 3HAYEHUE YACIbHON aKTUBHO-
ctu Cs-137 me npesbrmiaet 0,38 bx/m, Pu-239+240
— 7,7 mbx/n, H-3 — 8,5 bx/n, uTo MHOTOKpaTHO
HIDKE HOPMHUPYEMBIX MOKazaTenei. Omcymcmeue
mpumusl, Kak 00H020 U3 Haubolee MUepayuoHHO-
axmugnvlx paouonykiudos (Kryazhych, 2017:62),
00pasyIoUuUxXcst npu s10ePHOM 83pblee U HAXOOSAUJUX-
€A 8 NOO3EMHOU NOJIOCIMU, MAKJIce NOKA3vleaem 0o
OMCYmMCcmeun npoYecco8 Muepayui.

CymmapHas anbda- u 6eTa-aKTUBHOCTD BOJbI B
OTJIENBHBIX MPOOAaX HEMHOTO MPEBBIIIAET HOPMATUB
«omyctuMblil ypoBerb» (YY) (O0 yTBepxkaeHun
TUTHCHUYECKUX HOPMATHBOB..., 2022), 410 00Yy-
CJIOBJICHO NIPUCYTCTBHEM B HUX MPUPOAHBIX pagno-
HYKIAI0B ypaHoBoro psaa (Ra-226 u Th-232) uto
xapakTepHo i 3anagHoro Kasaxcrana. IloBbl-
IICHHbIE 3HaYeHUs yAenbHoi akTuBHOCTH Th-232 B
BOJIC HOBBIX CKBa)KHH, CKOpEE BCET0, 00YCIIOBICHO
MPUPOHBIMHU T€OJIOTMISCKUMU MTPOIIECCAMH BBIIIC-
JIAYUBaHMS U3 TOPHBIX IOPOJ, M 3TO Tpolecc OyAeT
W3y4YeH B XOJI¢ IaTbHEHIIIEro MOHUTOPHHTA.

Tadmuua 1 — Cpennue 3Ha4eHus (3a BecHy U oceHb 2021) yaenpHOM aKTHBHOCTH €CTECTBEHHBIX H TEXHOTCHHBIX PaJHOHYKIHIOB B

mpo6ax BOIBI CYIIECTBYIOIINX U HOBBIX CKBAKUH

CkBaku- Pu-

Rl A BN sl [ O PR R
C-2001 11,5 0,28 0,42 0,18 31,70 0,36 8,5 0,42 0,15
C-2002 12,5 0,30 0,41 7,68 18,55 0,32 6,0 0,14 0,10
C-2003 12,5 0,29 0,42 7,60 18,35 0,37 6,5 0,07 0,15
C-2004 12,0 0,29 0,40 0,16 20,40 0,38 7,5 0,14 0,15
C-2005 12,5 0,29 0,42 0,17 23,70 0,37 6,0 0,12 0,35
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TIpooonacenue mabauyvl

CkBaxu- Pu-

I | | et || | |
C-2006 12,5 0,37 0,40 0,19 20,45 0,37 7,0 0,30 0,25
C-1084 12,0 0,40 0,43 0,17 42,15 0,38 7,0 0,12 0,20
C-1081 11,5 0,37 0,42 0,31 24,30 0,33 6,0 0,06 1,10
C-1064 11,0 0,47 0,41 0,19 51,05 0,34 6,5 0,40 0,50
Cks. C-2 12,5 0,27 0,46 0,21 19,55 0,35 8,5 0,24 0,10
k.JKapThix 12,5 0,33 0,44 0,20 52,55 0,38 8,5 0,33 0,15
k.bymax 12,5 0,59 0,43 0,19 17,00 0,36 7,0 0,27 0,10
K.Azrup-1 12,5 0,27 0,42 0,21 17,15 0,35 6,5 0,13 0,25
K.A3zrup-2 12,5 0,44 0,42 0,21 28,20 0,37 8,5 0,40 0,40
K.Asrup-4 12,0 0,28 0,42 0,27 17,75 0,33 8,0 0,29 0,10
C-2007 13,0 1,73 0,44 0,16 16,3 0,34 6,0 0,02 0,10
C-2008 12,0 0,93 0,42 0,18 17,0 0,36 6,0 0,02 0,10
C-2009 12,0 1,47 0,45 0,21 36,2 0,35 6,0 0,24 0,10
C-2010 11,0 0,89 0,41 0,14 64,0 0,35 8,0 1,0 0,20
C-2011 12,0 1,63 0,64 0,21 30,5 0,35 6,0 0,58 0,20
C-2012 12,0 1,27 0,43 0,17 17,3 0,34 6,0 0,64 0,10
VB - 0,6 0,49 1100 4900 11 7600 0,20 0,10

Maxpo-u mukposnemenmuulll cocmas u oowas
MUHepaIu3ayus NOO3eMHbIX 800

Jis OolleHKHW pe3yNbTaToB JIA0OPATOPHBIX HC-
CJICIOBAHMI ITOJI3EMHBIX BOJI TIPOBE/ICH aHAJIN3 Ma-
KpO-, MEKPO3JIEMEHTHOTO COCTaBa M OOIIeH MUHE-
paJii3anuy MOJ3EMHBIX BOJ] BCeX (CYIIECTBYHOIIUX
1 HOBBIX) HaOIIOAATEIBHBIX CKBAKHH M KOJIOIIICB.
CornacHo OJHOU W3 IeJiel MCCIICIOBaHUS, aHAIu3
JAHHBIX TIPOBEJICH JUIS TIOMBITKH YCTaHOBIICHHS
CBSI3M MEXJIy XUMHUYECKUM COCTABOM BOJIBI MCCJIC-
JIyeMbIX CKBKWH W yYTOYHEHHUS THIPOTeOIOTHYe-
cKoil 00cTaHOBKM Ha monurone. Ilo pesynbraram
aHaim3a riaBHbeIX KoMioHeHT (PCA ananms) (pucy-
HOK 3) MOJy4eHO, YTO BEC NMEePEeMEHHBIX (3HaYeHUN
KOHIICHTPAIIMH XHUMHUYECKUX JIIEMEHTOB) H3MEHS-
torest ot 0,99 mo 0,58. [ns mocnemyromeir obpa-
0oTkH ObLTa 0TOOpaHa COBOKYITHOCTh TE€X JIaHHBIX,
KOTOpPBIC MPEACTABJISIOT HAUOOIBIIUN CTATUCTUYC-
CKHMI MHTEpEC, a UMEHHO 12 mepeMeHHBIX ¢ BECOM
osm3kuMm k 0,9 — 3T0 koHIeHTpalust anuoHa Cl-, 00-
asi MUHEepaIn3anus U MUKpodsieMeHToB Na, Mg,
Li, Cu, Co, K, Ca, Fe, Ba, Sr.

BrusiBiieHHas mepBast ri1aBHass KOMIIOHEHTA OITH-
ceiBaeT 68% maHHbIX, BTOpas — 23% (pucyHOK 4).
Taxum 006pa3oM, epBbIe IBE ITIaBHbIE KOMIIOHEHTbI
onucheIBarOT 91% maHHBIX, TO €CTh I aHamm3a 12
MIEPEMEHHBIX (JIEMEHTOB) Aajie€ MOYKHO HCIIOIb30-
BaTh TOJIKO JBE IEPEMEHHBIC (ABE IJIABHBIE KOM-
ITOHEHTHI).

[Ipn nposeneHnn QaxkTopHOro aHaiau3a Mpood
BOJIbI M3 HAOJIIOJATENbHBIX CKBaKMH M KOJOALEB
ObUIN paccUUTaHbI 1BE TI1aBHbIe KOMITOHEHTHI (F1 u
F2), xotopsie onuceBatoT 91% nanubix. Pesynbra-
Thl PACUETOB BU3yaJM3HPOBAHBI B BHIE TOYCUHOI'O
rpaduka Excel (pucynox 5).

Ha nonmyuenHoM rpaduke MOXKHO BBIACIHUTD Ye-
TBIPE TPYMIIbl, 00BETUHSIOUINE CKBAXKHHBI 10 XUMH-
yeckoMy cocrtaBy. IlepBas: ckBaxuna C-1064; BTo-
pas: ckBaxunsl C-2007, C-2008, C-1084, C-2006,
C-2, C-2005, C-2004, C-2003, C-2002 u x0JIOIIIEI
bynak, Kapteik, Nel u No4; TpeTbsi: CKBaKUHBI
C-2010, C-2009, C-2012, C-2011, C-1081; uerBep-
Tas: ckBaxkuHa C-1064.
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[ Workhook2 Variable importance (cen mukpaan Hoswle crazkuksl _1)
=L Multivariate Statistical Pros Number of components is 4
=L PCA Results Variable Variable number Power | Importance
|| Variable importanc [Cl- 22/ 0,990084 1
Na 27 0,986594 2
MitHepaniaau 23 0985540 3
Mg 26 0,980574 4
Li 17| 0974615 5
Cu 3 0972135 6
Co 8 0958338 7
K 25 0,944189 §
Ca 240927764 9
Ba 13 0.877933 10
Sr 16 0.874465 "
Fe 11 0,862659 12
Cr 9/ 0842100 13
As 18 0.8393M 14
Mo 20 0,834994 18
Ut 14 0821539 16
Mn 10/ 0,806279 17
504 2- 21 0,769612 18
Mi 2 0,743793 19
In 4 0596016 20
Al 7 0,580286] 21
« v o
fam ] 3 I E| Variable importance (Accn Makpoan Hosble ckeakimsl 1) |

Pucynok 3 — Onenka Ba)XHOCTH ITepeMeHHBIX 110 faHHbM PCA anamusa.

' e st o o e

Comp. R7X R7?¥(Cu... Eigenva.. Q7 Limit Q%Cum... Signific...  herations
1 0678 0,678 8,140 0,653 0,129 0,553 5 h

2 0,225 0,907 2748 0439 0,139 0,749 5 4

3 0,036 0,944 0436 0,100 0,150 0,676 5 1

4 0,028 0,972 0,335 0,057 0,163 0,694 LUMNKMNO... 2

£ Add next | [ Remove last J [ Remove al |

Quick | Quality | Plots | Advanced | MD |

[¥] Sort variables by importance

Control charts

Techat | [B]  Conmolimt: 9200 [H%
B sPE@ochat | [H] [ Wamingimt: 9500 [2] %

([ Gode gonertor =

Pucynok 4 — Madopmanust o NIaBHBIX KOMIIOHEHTAX, OIMHMCHIBAIOMINX
BCIO COBOKYITHOCTb JIaHHBIX
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2
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C-2002 7?‘- Col C-2010
° ¢ N
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°
C-2003 - g.By1ak
-1
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3 1
©— C-1064
-4

PucyHnok 5 — Pe3ynprarsl MHOTOMEPHOTO (DaKTOPHOTO aHAIN3a [0 JAHHBIM JIEMEHTHOTO COCTaBa
BOJHBIX P00 U3 CYIIECTBYIOIINX U HOBBIX HAOIIOAATENbHBIX CKBAYKHH

Pe3ynpTaThl KIIacCTEpPHOTO aHaIM3a, MPOBEJICH-
HOTO JUIs NPOBEPKH pPEe3ylbTaTOB pacyeTa B BHUJE
JIPEBOBUIHON AMAarpaMMBbl TPEACTaBICHb Ha pH-
CyHKe 6.

Ha mnosnydyenHolf auarpamMme MOKHO BBbIJE-
JIUTh HECKOJIBKO KJIACTEPOB — MEPBBI — CKBAXKU-
Ha C-1064, Bropoii — ckBaxxuusl C-2007, C-2008,
C-1084, C-2006, C-2, C-2005, C-2004, C-2003,
C-2002 u xomosust bynaxk, XKapteik, Nel u Ned, tpe-
Tui Kkiactep — ckBaxxuuel C-2010, C-2009, C-2012,
C-2011, C-1081, gerBeptsiii — ckBaxknna C-2001.
IIpu sToMm, Boga u3 ckBaxkunsl C-1064 mo mMukpo-
9JIEMEHTHOMY COCTaBy OoOJiee BCETO OTIMYACTCS
OT BCEX OCTAJIBHBIX CKBaXXMH M KOJOAILEB. A BOAA
ckBaxuabl C-2001 mHeOompmne pa3mudus ¢ BOIOM

13 CKB@KWH, OTHECEHHBIX K TPEThEMY KIIacTepy.
Takxum 00pa3oM, MOKHO IPEAIIOJIOKUTh, YTO Kax-
JIbI M3 BBIACJICHHBIX KJIACTEPOB XapaKTePU3yeTCs
o0IMM HaOOPOM TPU3HAKOB U MOTYT HMETh OO0IIIHe
4yepThl (HAIpUMEpP, OTHOCUTBCS K €IMHOMY BOJIO-
HOCHOMY TOPHU30HTY).

B pesysbrare KiiacTepHOro u (pakTOpHOTO aHa-
JIM3a MOKa3aH XOPOIIO CXOUMbIN Pe3yIbTar: M0 COo-
BOKYITHOCTH MaKpO-, MUKPO3JIEMEHTHOT'O COCTaBa U
o011ei MUHEpaIH3aIiK BBIICISIOTCS YEThIPE TPYyII-
I1bI CKBAXKHH, OITMCAHHBIX BbIIiIe. [TyTeM HajaoKeHHs
KapThl PACIIONIOKEHUS MOA3EMHBIX BOJOHOCHBIX TO-
PHU30HTOB, PACIIOJIOKEHHUS HAOJIOATeIbHBIX CKBa-
JKUH ¥ Pe3yJIbTaTOB BHIIICIPHUBEIEHHOTO aHAIN3A,
MIOCTPOEHA KapTa, MpeACTaBICHHAs Ha PUCYHKE 7.
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Tree Diagram for 21 Cases
Complete Linkage
Euclidean distances
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PucyHok 6 — Pe3yabTaThl MHOTOMEPHOTO KJIACTEPHOTO aHAIH3a
T10 TAaHHBIM 3JIEMEHTHOTO COCTaBa BOIHBIX ITPOO M3 CYIIECTBYIOMNX H HOBBIX HAOMIOMATEIbHBIX CKBAXKUH

C-2006

)Kapx;nt

Mapousoruncel

XBanbiHCkie OTNCKEHHS
3onosbie ocaaku

r—— FOPUIOHT o

—T— BoZOHOCHSIN TOPUIOHT X23aPCKIX OTNOXEHMIT
MocTbl MOHHTOPUHTA —T— BaKuHCK1e M Xa3apeKue OTIIONEHR
//\ ® Hab. ckeaxmHbl \ | Br 3onossix ocagkos
-—-__’_—‘—_u—._w/u H  Kenopus! HanopHble 50451 FYBOKUX FOPUIORTOR
©®  HaG. creaiukbl (2021 1) BI™ XBanNbIHCKNX OTNOKEH U
e s Ry R * Boesle craaxitkbl BK HEOreHOBbIX OTNOHEHUA
~

Pl(leHOK 7 - KapTa PacioI0KEHN BOJOHOCHBIX KOMIJICKCOB 1 Ha6HIOHaTeJII>HI>IX
CKBa)KHMH M KOJIOJIIIEB IOJIMTOHA «AS3T) up»
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Takum 00pa3oM, UCXOAS U3 CTATHCTUYECKOTO
aHajgm3a Mo MakKpo-, MUKPORJIEMEHTHOMY COCTaBY
U o0IIel MUHEpaIH3aluy MOJ3EMHBIX BOJ[ CYIIE-
CTBYIOITUX M HOBBIX CKBAKHH, a TAKXKE aHATM3a UX
COBMECTHOTO pacroiokeHHs (PUCYHOK 7) CIeayer:

- CxBaxkmaa C-1064 1 C-2001 umeroT Hanbo1h-
IME OTIUYUS MaKpO-, MUKPODJIEMEHTHOTO COCTaBa
1 001Ieit MUHEpaIN3aIiH OT BCEX CKBAKHUH U MEXK-
Ity 000, HeCMOTPs Ha MX OJM3KOE PaCIOIOKEHHUE
Ipyr K apyry u kK kojommam Asrup (Nel m Ne2),
bynax u Xapteik. [logzemMubie BOIBI 37€Ch MOTYT
OBITH TIPEACTABJICHBI B BHIIEC OTACITHHBIX METKUX
Pa3pO3HCHHBIX JUH3.

- CxBaxkuna C-2006 nMeeT HanOOIBIIYIO y/IaIeH-
HOCTb OT BCEX UMCIOIIUXCS CKBXKHUH, OJJTHAKO UMEECT
MMOJI3EMHBIC BOJBI, CXOkue 1o coctaBy ¢ C-2007,
C-2008, C-1084, C-2, C-2005, C-2004, C-2003,
C-2002. BeposiTHee Bcero, MOA3EMHBIC BOABI ITHUX
CKBa)XMH UMEIOT O0IIME TIPU3HAKH, 00YCIIOBICHHBIC
MIPUPOTHBIMUA (DAKTOPAMU HATAYHS T€OJIOTUICCKUX
COJISIHBIX CTPYKTYP, HO SIBIISIFOTCS IIPEICTABUTEISIMU
€IITHOTO BOJIOHOCHOTO TOPU30HTA.

- CxBaxxunsl C-2010, C-2009, C-2012, C-2011,
C-1081, BO3MOXKHO pAacCIIONIOXKEHBI B 30HE STUHOTO
BOJOHOCHOTO ropu3onTa. [loaTBepikmaercs mpen-
MTOJIOKEHHUE O TOM, YTO MYJIblIa Y KYHTATOp, PacIio-
JIOKEHHAsI MEXIY COJSHBIMU KYIOJIAMHU SIBIISICTCS
JIOKaJTBHBIM COOPHUKOM ITOJ3EMHBIX BOJ XBaJIbIH-
CKHX OTJIOKCHUM.

Oxwupgaercs, 910 Oojee MmoApoOHass KapTUHA O
pactpoCTpaHeHUH MTOI3EMHBIX BOJI ITOJIUTOHA OYy/IEeT
MTOJTyYCHA TIOCIIC CO3/IaHUS HOBBIX CKBKHH B 2022
rony, a TakXke B XOJi¢ IIPOBEJICHUS MOHUTOPUHTA B
MTOCJICTYFOIIINE TOJIEI.

OLeHKa TOKCUYHOCTH BOJT

Ha pucynke 8 nmpeacraBieHsl cpeJHIE KOHIICH-
TpalMyd BOCBMHU TSDKEJIBIX METAIIOB JUIS KaXKJIOTO
HWCTOYHHUKA BOJIbl B BECEHHUM U OCEHHMU MEepHOJIbI
2021 roma, U COOTBETCTBYIOIIME TUTHECHUYECKUE
cTaHAapThl KauecTBa Boj Pecmybnmukm Kaszaxcran
crangapramu (Canurapusie npasuia, 2015).

W3 pe3ynapTaToB CIEAyeT, U4TO MO COMEPIKAHHIO
Ni B mpobax Bojsl Juiib B ckBaknHe C-1081 3a-
¢ukcupoBana koHreHTpanus (153 MKr/m) mpeBbI-
maronias MakKCUMaJabHO JOMYCTUMBIN Mpeaen, Ko-
TOPBIH cocTaBisieT no ctauaapty BO3 — 70 Mxr/m,
no crannapry PK — 100 mxr/n. CpenHee 3HaueHHE
cocraBmiio 18,2 mMkr/i.

ITo conepxaunuto Cu, Zn, Co, Cr u Mo Bce no-
Jy9deHHBIC KOHIICHTpAITUH HAaXONIATCS B TIpeenax
JIOTTYCTUMOM HOPMBI JUIsl K&XKIOTO U3 3aIBICHHOTO
aneMeHToB. TakuM 00pa3oM, MaKCUMaIbLHOE 3HAUC-
Hue Cu coctaBuiio 66,1 MKI/II B BECCHHHU MEPHOI,

57,5 Mkr/n B oceHnu#t nepuoj B ckBaxune C-1064
(ITIK mo crangapty BO3 — 2000 mxr/m, PK — 1000
MKr/in). Cpenusist KoHLeHTpanus paBHa 10,5 MKr/m.
Conmepkanne 7Zn HaxOOUTCS B HE3HAYNTENBHBIX
Npesienax, MaKCUMallbHasi KOHIIEHTPALKs KOTOPOTo
paBHa 128 u 71 MKT/n1 B BeCEHHUH W OCCHHHM TIe-
pHOABI COOTBETCTBEHHO (Kojoaen Asrup-4). [lpu
aToM HOpMa mist Zn coctaBiusier 3000 MKr/m mo
crangapry BO3 u 5000 mxr/n mo crangapty PK.
Cpennsist KoHIeHTpamws — 17 MK/

Cpennue 3nauenus aias Co u Mo cocTaBisitoT
3,3 u 4,3 MKI/JI COOTBETCTBEHHO. MaKCHMaJbHbIE
3nauenust Co 3adukcupoBansl B ckBaxune C-1064,
KoTopeie coctaBmin 24,1 Mkr/n (Becha) m 16,1
MKT/1 (oceHb). Ho mpeBbImaromye J0myCTUMYIO
HopMmy B 100 MKT/i KOHIIEHTpauu HE 3aUKCHPO-
BaHbl. AHAJIOTUYHAS CUTyallUd M MO COAEPKAHUIO
Mo B mpobax Boabl, T/i¢ (haKTHUECKHE 3HAYCHUS
OBUIM 3HAYUTEIBHO HUXKE IOYCTUMON HOPMBI.

Wnas kapTHHA CKIIaJBIBAETCS MO COAEPIKAHUIO
Mn u Fe B uccienoBanHbix npobax Bojbl. B ciaydae
¢ Mn, Tonpko 5 u3 30 mccieqoBaHHBIX IPOO COOT-
BercTBoBanu cTannapram BO3 (80 mxr/m) u PK (100
MKr/7). [Ipu aTOM cpennee 3HaueHre Mn cOCTaBHIIO
1256 MKr/m, uto B 12 pa3 mpeBbIILIaeT JOMYCTUMYIO
HOopMy. Takue ke pe3yabTaThl Mo cojepkanuio Fe B
BOJIE, TJIe MAaKCUMaJIbHO 3a()MKCUPOBAaHHAS KOHIICH-
Tpanus MpeBbIIIaeT JOMYCTUMYIO HOpMY B 696 pas,
a cpeiHee 3HaueHue B 79 pas.

Ha ocHOBe TOJy4YeHHBIX CpEeTHUX 3HAYCHHH
KOHIEHTpAIUH, C YYETOM HOPMAaTHBOB JUIS MUThE-
BBIX Bon Kazaxcrama Obutn paccumtanbl HPI mis
Ka)KJIOr0 CE30Ha U B LIEJNOM JUId KaXI0i TOYKH OT-
6opa ipo6 (Tabnwmma 2).

Kak mokazaHo B Tabimie 2, BBICOKHE 3Haue-
Hua HPI, npeBslmaromue KpUTHYECKOE 3HAUEHUE
nHJAEKca 3arpsi3HeHus paBHbIM 100, Habmoxamuch
B pslie CKBaXHWH B TEUEHHE BCeX CE30HOB. Hms-
KM ypOBEHb 3arpsA3HEHHOCTH TSKEIBIMH MeTal-
mamu 3adUKCUpOBaHBl B MecTtax orOopa C-2002,
C-2003, C-2004, C-2005, C-2006, C-2, x.J)KapTsIK,
k.Asrup-4. B ckBaxune C-2001 HPI cocraBun B
cpeaHeM 954, uyto B ~9,5 pa3 MpeBBIIAET OPOTO-
Boe 3uHadernue. HPI B ckBaxkunax C-1084 u C-1081
coctaBuiu B cpeaHeM 333 u 617 cOOTBETCTBEHHO.
MaxkcumanbHO — 3aUKCHPOBAHHOE  CPETHET0JI0-
Boe 3Hauenue HPI cocraBnser 7260 B ckBaxKuHE
C-1064. B xonommax bymak, Asrup-1 u Asrup-2
HMHJEKC 3arpsI3HEHHOCTH TAKEJIBIMU METaJJIaMH CO-
craBmio 214, 275 u 110 coorBercTBeHHO. TO ecTh
9TH UCTOYHUKH NMOA3EMHBIX BOJ MTPE/ICTABIIAIOT BbI-
COKHH ypOBEHb PHCKa TOKCHYHOCTH BO/T JIJISl TUThE-
BOT'O HCIIOJIb30BaHUSI.
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Taoauua 2 — HPI noa3eMHBIX BOJ HAOIIOJATEBHBIX CKBAKHUH
U KOJIOZLIEB 3a BeceHHe-oceHHui nepuoa 2021 roxna

CKBa)KMHA/KOJIO/IE1] HPI
C-2001 954
C-2002 29
C-2003 70
C-2004 38
C-2005 37
C-2006 73
C-1084 333
C-1081 617
C-1064 7260

C-2 24
Kapreix 42
Bynak 214
Aszrup-1 275
Asrup-2 110
Asrup-4 17
C-2007 796
C-2008 665
C-2009 4462
C-2010 2690
C-2011 6153
C-2012 2776

Takxum 00pazom, MOKa3aHo U eIlie pa3 MOATBEPK-
JICHO, YTO PsiJi IPOO IPYHTOBBIX BOJ, OTOOPAHHBIX
UX CKBAXKUH U KOJOJLUEB MOJUTOHA «A3THUP» COACP-
JKaT KPUTUUYECKUE ISl 3/I0POBbsI UEIOBEKA KOHIIEH-
Tpauuu TsDKENbIX METauloB. BbICcOKHE KOHLEHTpa-
LUU TSHKEJBIX METAIIJIOB CBSI3aHbI C F€0JIOTHYECKUM
YCJIOBHSIMH pailoHa, KOHTAKTa MOA3EMHBIX BOJI C CO-
JISHBIMU T'€0JIOTUYECKUMU CTPYKTYypaMHu.

3akjaouenune

B pesynbpTaTe mccnenoBaHus MOI3EMHBIX BOJ,
MIPOBEJICHHOTO Ha IMOJIMTOHE «A3THUP» C TpUMEHe-
HUEM HOBBIX JIAHHBIX, TIOJYUYCHHBIX I1OCIIE OypEeHUs
B 2021 r. mecTy HOBBIX HAOIIONATEIBHBIX CKBAYKIH
MMOKAa3aHo, YTO MO3EMHbBIE BOJIBI IIOJUTOHA, HA TITy-
oune 20 M, HE UMEIOT MPU3HAKOB PAJUOAKTHBHOTO
3arpsi3HeHUs. Y ebHasi aKTUBHOCTh TEXHOTCHHBIX
PalMOHYKIUIOB B TOA3EMHBIX BOJAaX W3 HOBBIX
HAOMIOAATENBHBIX CKBAXKHUH 3HAYUTEIILHO HIKE

TUTUEHUYECKUX HOPMATHUBOB pecryOnmku Kazax-
CTaH ¥ COIMOCTAaBUMO C YJIEIbHBIMH aKTHBHOCTSIMHU
PaIUOHYKIUIOB B BOJAE CYIICCTBYIOIIUX CKBAKUH:
Cs-137 (0,32-0,38 bx/m), Sr-90 (16,3-64,0 bx/m),
Pu-239+240 (0,14 — 7,68 mbx/n). He 3adukcupona-
HO 3HAYMMOH yIeTbHON aKTHBHOCTH HanboJiee Mu-
rpalMOHHO-aKTUBHOTO paguonykinga H-3 (60-8,5
bx/m) B mpobax moa3eMHOM BOJBI U3 CKBAXKHUH.

Bon0OHOCHBI TOPH30HT MOJIMTOHA HA TIyOWHE
20 M. TIpeacTaBICH B BUIE OTACIBHBIX JIMH3, a TaK-
YK€ UMEETCs JIOKAIIbHBIN 0ACCEHH, PacIoN0KEeHHBIH
Ha MECTE MYJIBIBI «YXKXYHTATOp». DTO ONpEeAeIseT
OCHOBHOM BO3MOJKHBIN MyTh MUTPALMU PATUOHY-
KJIMJIOB M3 MOJ3€MHBIX SJIEPHBIX ToJiocTel. Pacmo-
Jarasicb MEX1y ABYMs T'€0JOTHYECKUMU COJITHBIMU
KYTIOJIaMH, IMEHHO MYJTbJIa MOXKET SIBJISITHCST COOP-
HUKOM II0JI3EMHBIX BOJI Ha 3TOW TiyOuHe. B Touku
3pEHUS PATUOIKOJIOTHICCKON OE301MacHOCTH, ke
B CIlyyae MOSIBJICHHSI MPOIIECCOB MUTPALIMH PATHO-
AKTUBHOCTU W3 TOJ3EMHBIX TOJIOCTEH, 3arpsS3HCH-
HBIC TIOJ[3€MHBIC BOJIBI OYJyT HAIIPaBJICHBI B 3TOT
JIOKaNTbHBIA OacceiH, rjie, BeposiTHee Bcero OymyT
3aaepxuBaThes. CleyeT OTMETUTh, UYTO aBTOPBI
OKHIIAIOT TIOyYeHUsST 0ojee MoapoOHON KapTUHBI
0 PAcIpOCTPAHEHUHU MOA3EMHBIX BOJ] ITOJIUTOHA TO-
CJIe 3aBEpIIICHUSI BTOPOTO dTara OypeHHsI CKBaXKUH,
HaMeYeHHBIX Ha KoHell 2022 roja, a TakKe B XOJe
MIPOBEICHISI MOHUTOPUHTA B MOCIICIYIOTHE TOBI.
HecmoTpst Ha TO, 4TO HCCleOBAaHUEM MOKA3aHO
OTCYTCTBHE MHUTPAITUU PATUOHYKIUIOB U3 ITOA3EM-
HBIX MOJOCTEH B HACTOSIICE BPEMSl, CYIIECTBYIOT
ITOCTOSTHHBIE OTIACEHHsI TOTO, YTO B Ciydae reodu-
3UYECKUX H3MECHECHHM TI'€OJIOTUYECKUX CTPYKTYp
MOXET OBITH CIPOBOITMPOBAHO TIOCTEIIEHHOE pa3-
pYLICHHE CTEHOK IMOJIOCTH M BBIXOJA PaJUOaKTHUB-
HOCTH Yepe3 30HBI IOCTB3PBIBHON TPEITHHOBATOCTH
B MOJ3E€MHBIC BOJOHOCHBIC TOPU30HTHI U JTHEBHYIO
MTOBEPXHOCTh. TOJBKO peryispHbIe HAOTIOICHUS
MO3BOJISIFOT OTCIICKUBATH TEKYIIYIO PaIl0IKOIOTU-
YECKYIO CHTYAITHIO IIJIS CBOEBPEMEHHOTO PEearupo-
BaHHJ Ja)Ke Ha caMble MaJICHIIINE N3MCHEHHS.

Pacuer mHAekca TOKCHYHOCTH BOI C TIpUME-
HenueM uHAekca HPI, ocHoBanHOT0O Ha 3HAYCHUU
CpelHEeW KOHIICHTPAITUU Psia TSHKETBIX METAIIOB
(Ni, Cu, Zn, Co, Cr, Mo, Fe, Mn), nemoHTpHpyer
BBICOKHIH PUCK TOKCHYECKOTo Bo3zaeicTBus. Tomy-
YEHHBIN (DAKT TOJATBEPKAACT MPEABIIYIINE 3aKITFO-
yerns (I'mymenko, 2019:174, I'mymenko, 2020:13)
0 HENPUTOJHOCTH MOJ3EMHBIX BOJ MOJIUTOHA JJIs
MMUTHEBBIX IeJei. DTO CBSI3aHO C TIe€0JOrHYECKOM
CTPYKTYpOH paiioHa.
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