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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asusn axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAP Cepusicbly 2bliviMu dcypranvinvily Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRAHUusACul Jcyprandvl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwiioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei men canacwin Ycvinaovl. KP ¥YFA Xabapnapeo.
Teonocus scone mexuuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyl 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2eon02usi JHeaHe MexXHUKAIbIK
EbLIBIMOAP OOULIHUWA KOHMEHMKe a0anoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY N0 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue20 coobuecmsa.
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Abstract. This article discusses complex studies of determining the natural
resource potential of the lake geosystem of the Akmola region. Today, one of
the most pressing issues is to increase the pace of economic development of the
country, increase the use of natural resources, protection, and further improvement
of lake geosystems in the region. In solving these problems, the natural resource
potential of the lake geosystem in the territory under consideration was determined,
comprehensive geoecological assessments were carried out, and lake geosystem
indices were calculated. The studies used conventional hydrological, geographical,
ecological and new methods of GIS technologies for lake geosystems. Lakes provide
a special environment for the life of organisms called hydrobionts, which actively
contribute to the functioning and evolutionary development of hydroecosystems.
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As a result of the study, maps of the lake geosystem were compiled. Mapping
was carried out using GIS technology data, where the role of lakes is becoming
increasingly important, since they remain necessary for preserving freshwater
resources, despite ongoing anthropogenic pressure. The integrity of the lake basin
is considered as the main part of the lake geosystem, uniting natural water and
territorial systems, interconnected by economic and management activities, which
are aimed at geoecological assessment of the potential of natural resources.

Key words: Lake geosystem, natural resource potential, surface water resources,
hydrological assessment, economic significance
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AnHoTanus. byn Makanaga AKMOa OONBICHIHBIH KOJI TeOXKYHECiHIH TaOuFu
PECYpPCTHIK dJICyeTiH aHbIKTAy OOWBIHINA KEHICHl 3epTTEyNiep KapacThIPBbUIFaH.
Byran neftin AxMorna OOJNBICHIHAAFBI KOJJIEP TeOKYHECiHIH TaOUFU PECYPCTHIK
QJIeyeTi TOJBIK FHUIBIMH TYPFBIIAH 3EpTTEIMEreH. [eoxyiienep FBUIBIMU cala
peTiHfie TaOWFM PEeCypCTaplblH ONICYeTiH AaHBIKTAyla MAaHBI3Ibl JKYMBICTAP/IBI
arkapazpl. [ eorpadusuibK KeHICTIKTIK 3epTTeyNepIe TeOKYHEeIiK ToCire YMThLTY
reorpadusi FHUIBIMBIHBIH TapuXblHAa eprene maiina Oomnmel. Kasipri yakeitta
reoxyienep reorpadust FEUTBIMBIHIAFBI MaHbI3bI OAFBIT PETIH/C ©31H TAHBITTHI.
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JlerenMeH, TeoXKYHEMiK TOCUII JaMBITY asiChIH/A FBUIBIM €HJII FaHa KapKbIH aJIbIIl
keseni. byrinri Tagma enimMiziH SKOHOMHUKAIBIK JaMy KapKbIHBIH apTThIPY, TAOUFU
pecypcTapabl naiganaHyasl apTThIpY, KOpFay, eHIpAeri KeJJepAiH Ieoxyiecin
OJIaH Opi XKETUIIIPY ©3eKTi Macemnenep iy 0ipi 6o Tabbutaasl. OCkl MiHACTTEPIL
LIenrye KapacThIPBUIBIT OTBIPFaH ayMakKTarbl KeJl TeOXYHeciHiH TaOuru
PECYPCTHIK 9JIeyeTi aHBIKTAJBII, KeIIEH Ti Te0IKOIOTHSITBIK Oaraaynap Kypri3iiin,
KeJI TeOKYHEeCiHIH MHIEKCTEepl ecenTenai. 3epTreyaepae Kol reoyhenepi yiin
KaJmbl KaOblIIaHFaH THAPOJIOTHSUIBIK, Te0orpausUIbIK, SKOIOTHSUIBIK, xoHe [AXK
TEXHOJIOTUSJIAPBIHBIH JKaHa dJIiCTepi KOJIAHBUIIbI, OUTKEHI TYIIBI Cy 00BEKTiIEpi,
ocipece Keijiep MEH ©3CHJIEp aybl3 CYAbIH HETI3Ti Ke3i peTiH/Ie OpeKeT eTeTiH
ajzaM ewmipi YIIiH MaHbBI3ABI (akTtopiapablH Oipi Oombim Tabbutansl. Kemmep
THJIPOIKOKYHENIEPIiH KYMBIC iCTEyiHE >KOHE DIBOJIOIMUIBIK JaMyblHA OCJICEeHI
TYpJe BIKIAJ €TeTiH Cy OpPTaHU3MJepi JeN arajaThlH OpraHU3MAEP/AiH TipIIiIiri
YILiH epeKIile OPTaHbl KAMTaMAachl3 eTe/li. 3epTTey HOTHKECIHAE KoJ Te0XKYHeCiHIH
Kapranapbl Kypactblpeiinel. Kapramay [AX TexHONOTMSCBHIHBIH JAepeKTepiH
naianaHa OTBIPBIN XKYPTi3iiji, MYHIA KOIJASPAiH Poii TYpPaKThl aHTPOIIOTCH/IIK
KbICBIMFa KapamacTaH TYIIbl Cy PECypCTapblH CakTay YIIiH MaHBI3AbI OOJBII
kama Oepemi. Kenm OacceiHiHIH TYTacTBIFBI TaOWFU PECYPCTApABIH JEyeTiH
TEOdKOJIOTHSAJIBIK Oaranayfa OaFbpITTaJFaH MIAPYallbUIbIK JKOHE MIapyallbUIbIK
KBI3METIMEH 63apa 0aillaHbICTHI TAOWFH CY JKOHE ayMaKThIK JKyHenepi OipikTipeTin
KeJI TeOKYHEeCiHIH Heri3ri 0eliri peTiH/ie KapacThIpbIIabl.

Tyiin ce3mep: KeNmiK Teoxyile, TAOMFU PECYPCTHIK AJIEYeT, XKep YCTi cy
pecypcTaphbl, THAPOIOTUSUIIBIK Oarasay, SKOHOMHUKAJIBIK MaHbBI3AbUIBIK
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AunHoTauusi. B manHoOl cTaThe MpenCcTaBICHBI KOMIUICKCHBIC HUCCIEIOBAHUSA
OTIPEICICHUS PUPOTHO-PECYPCHOTO MOTEHITATA T€OCUCTEMBI 03Ep AKMOIUHCKOM
oOactu. Panee npupoHO-peCypCHBIH MOTEHITHAI TEOCHCTEMBI 03Ep AKMOIUHCKOM
00JIacTH HayYHO He OBUTTIOTHOCTRIO M3yUeH. [ eocrcTeMa, Kak HayYHOE HAallpaBJICHHE,
BBITIOJTHSIET BAXKHYIO Pa0OTy IO ONPEACICHUIO MTOTSHIIMATA IPUPOTHBIX PECYPCOB.
CrpemiieHHE K TEOCUCTEMHOMY TIOAXOAY B TeorpauuecKux MpoCTPaHCTBEHHBIX
WCCJICJIOBAaHUSX BO3HUKIO B IMPOIUIOM B HCTOPHH Teorpa)uueckoil HayKH.
['eocucrema B HacTosIIIIEE BpeMs 3apEKOMEH;10BaJIa ce0sl Kak BAYKHOE HATIPABJICHUC B
reorpaguieckoii Hayke. OJTHAKO B paMKax pa3BUTHUs I'€0CUCTEMHOTO MTOJIX0/Ia HayKa
TOJILKO HaOMpaeT 000poThl. Ha ceromusiHuii IeHb OJTHUM U3 HAU0O0JIee aKTyaIbHBIX
BOIIPOCOB ABJISIETCA YBEJIWYEHHUE TEMIIOB IKOHOMHYECKOTO pa3BUTHS CTPAHBI,
paclIMpeHue MCIOJIb30BAaHUsI NMPUPOAHBIX PECYPCOB, UX OXpaHa W JajbHEWIIee
COBEpIIICHCTBOBAHUE T€OCHCTEM 03Ep Ha TEPPUTOpUU oOnacTu. B pereHun 3tux
3aJlau OBUIM OMPENEICHBI MPUPOIHO-PECYPCHBIM MOTEHIIUAT T'€OCUCTEMBI 03Ep
Ha paccMaTpuBaeMOM TEPPUTOPUH, NMPOBEAEHBI KOMIUIEKCHBIE T€03KOIOTNYECKUE
OLIEHKH, PaCCUYMTaHbl MHIEKChI TEOCUCTEMBI 03€pP. B Hcciie1oBaHUsIX TPUMEHSUINCH
OOIICTIPUHSITBIE THUIPOJIIOTUYCCKUE, reorpauyecKkue, 3KOJIOTUYSCKUE U HOBBIC
metonsl ['MC-texHonoruit amst 03€pHBIX TCOCHUCTEM, TaK KaK IMPECHOBOJHBIC
BOJIOEMBI, OCOOCHHO 03€pa M PEKH, SIBIIIIOTCS OJHUM M3 BAXHEUIIHNX (PaKTOPOB
JUISl J)KM3HU 4YEJIOBEKA, BBICTYIAass B KaY€CTBE OCHOBHBIX MCTOYHUKOB MUTHEBOU
BoJbl. O3épa 00ecreunBaoT 0COOYIO Cpey AJIs )KU3HH OPraHH3MOB, Ha3bIBAEMbIX
TUIPOOMOHTAMH, KOTOPbIE AaKTHBHO CIOCOOCTBYIOT (DYHKIIMOHUPOBAHHUIO U
SBOJIIOLIMOHHOMY pa3BUTHIO THUIPOIKOCUCTEM. B pesynbrare wuccinegoBaHus
COCTaBJCHBl KapThl TreocucTeMbl 038p. KapTupoBaHue oCyIIECTBISIOCH C
noMotpto AaHHbIX [ WMC-TexHoOrmid, T7Ie poib 03&p CTAaHOBUTCSA BCE Oosee
Ba)KHOM, TIOCKOJIBKY OHU OCTalOTCsS HEOOXOJMMBIMH JUIsl COXPAHEHHUS PEeCypcoB
MPECHOM BOJIBI, HECMOTPs Ha NPOAOJIKAIOIIEECS AHTPOIOIEHHOE JaBJIEHUE.
LlenocTHOCTB 03EPHON KOTIOBMHBI pacCCMaTpUBAETCs KaK OCHOBHAs 4acTh 03EPHONU
IEOCUCTEMBI, OOBEJAMHSIONIAS ECTCCTBCHHBIC BOJHBIC M TEPPUTOPHAILHBIC
CHUCTEMBI, B3aMMOCBSI3aHHbIE XO3SIIICTBEHHOW U YIIPABIECHYECKOW AEATEIbHOCTBIO,
HAIPaBJICHHOW HAa I€03KOJIOTMUECKYIO OLIEHKY MOTEHIMaNa IPUPOAHBIX PECYPCOB.

KuioueBble cioBa: 03épHasi TeOCUCTEMA, MPUPOAHO-PECYPCHBIN MOTECHIIUA,
IOBEPXHOCTHBIE BOJHBIE PECYPCHI, THAPOJIOrHYECKas OLIEHKA, DKOHOMHUYECKas
3HAYHUMOCTb.
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Introduction. The study of lake geosystems is of great importance in the context
of sustainable natural resource management, ecological stability, and regional
economic development. In Kazakhstan, where surface water resources amount
to 100.5 km? annually - only 56.5 km® of which is generated within the country
- lakes serve as essential reservoirs that support biodiversity, freshwater supply,
and various economic activities. Given the growing challenges posed by climate
change and increasing human activity, the need for a comprehensive assessment of
lake ecosystems has become more pressing than ever.

The Akmola region, home to approximately 954 lakes with a total drainage
area of 327,768.63 km?, presents a diverse and complex hydrological landscape.
These lakes vary in origin, mineralization levels, and ecological significance, with
major systems such as the Tengiz-Korgalzhyn geosystem playing a critical role in
global bird migration patterns, while the Borovoe and Ereymentau lakes serve as
vital freshwater reserves. Despite their importance, many of these lakes remain
insufficiently studied, particularly in terms of their morphometric characteristics,
resource potential, and role in regional development.

This research aims to analyze the natural resource potential of the lake geosystem
in the Akmola region by assessing its physical and geographical features, structural
characteristics, and hydrological dynamics. By applying the methodology developed
by the Belarusian State University, as well as utilizing GIS technologies such as
ArcGIS 10.8.1 for spatial analysis (Vlasov et al., 2012; Yakushko, 1981), this study
seeks to provide a detailed classification of lakes based on their size, mineralization
levels, and ecological functions.

The results will contribute to the scientific understanding of Kazakhstan’s
lake geosystems and serve as a foundation for future environmental management
strategies, ensuring the effective use and conservation of these valuable natural
resources.

Materials and methods of research. The concept of geosystems was introduced
to science in 1963 by Academician V.B. Sochava (Sochava, 1963). In the early
stages, this term was used exclusively to refer to natural territorial complexes, but
nowadays it encompasses natural-social systems. According to V.B. Sochava's
definition, a geosystem consists of natural geographical units that range from the
general geographical shell to the smallest facies. Significant contributions to the
development of the geosystem concept were made by researchers such (Solntsev,
1981; Sochava, 1978; Korytny, 1992; Rumney, 1970), whose works further
expanded the concept. In Kazakhstan, the study of geosystems, particularly as a
prominent scientific discipline, was shaped by Professor (Dzhanaleeva, 2008), who
founded the local school of thought on this topic.

The unique characteristics of a geosystem include its integrity, self-management
capacity, stability over time, and its genesis and dynamics. Among these components,
the most distinguishing feature is integrity. The components of a geosystem are
interconnected by the circulation of energy and matter. Energy transfer occurs
through transformations from one element to another. The structure of a geosystem
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can be understood in both horizontal and vertical orientations. The horizontal
structure follows a specific spatial organization, while the vertical structure is
defined by its stratified nature. Geosystems, like landscapes, consist of five natural
components: the earth's crust, atmospheric air, water, plant life, and animal life.
These components interact and create entirely new forms, such as natural territorial
complexes, which possess unique properties such as the emergence of living
organisms and the formation of soil. All natural components are closely tied to the
flows of matter and energy. Natural territorial complexes are categorized into two
broad groups based on their properties and size: physical-geographical regions and
landscapes.

From the perspective of limnology, the study of lakes is characterized by
complex hydrological and hydroecological ecosystems. Therefore, the full range
of hydrological research methods is applied to their study. The term "limnology"
derives from the Greek words lake and study, referring to the science of lakes,
rivers, freshwater bodies, and the physical, chemical, and biological aspects of
water composition. Freshwater bodies, particularly lakes and rivers, are one of the
most critical factors for human life, serving as primary sources of drinking water.

Geographically, lakes play a central role in the regulation of water flows. The
integrated impact of lakes on runoff is particularly significant, as they act as natural
regulators of the flow. In rare cases, evaporation from the surface of a lake can lead
to a reduction in annual runoff. Lakes also regulate chemical flows, retain a portion
of the runoff, and positively influence the microclimate of the surrounding areas.
Thus, lakes represent substantial recreational resources. Furthermore, lakes receive
large amounts of both autochthonous and allochthonous materials, which transform
into specialized formations known as "lower sediments" through the process of
sedimentogenesis. Lakes provide a specific environment for the life of organisms
called hydrobionts, which actively contribute to the functioning and evolutionary
development of hydroecosystems. The role of lakes has become increasingly
important, as they remain essential for the preservation of freshwater resources
despite the ongoing anthropogenic pressures. Lakes are often the core of specially
protected natural areas, including national parks, nature reserves, and various levels
of conservation areas.

Results

Natural resource potential is the total of natural resources that are available for
use in current economic activities, in accordance with the principles of maintaining
ecological sustainability and efficient use of the environment (Kabdrakhmanova, et
al., 2019; Salikhov, et al., 2025). The integrity of the lake basin is considered as the
main part of the lake geosystem, which unites natural water and territorial systems
interconnected through economic and management activities. The natural resource
potential of these geosystems consists of the natural resources of the developed
lakes and the surrounding areas in the long term. For geoecological assessment
of the natural resource potential of lake geosystems, it is recommended to use
administrative-territorial units. To assess the value of each resource indicator, an
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index value of the resource is calculated relative to the average value for the region
(it is suggested to consider administrative areas, physiogeographical and landscape
provinces, and large river basins).

The geoecological assessment of the natural-resource potential of the lake
geosystem of Akmola region is based on the use of lake resources in the region's
economic activities and the determination of the relationship between the resources
of the lakes and the surrounding areas. For the assessment, the main types of
resources that fully characterize the natural-resource potential of the lake geosystem
are selected (Annual Bulletin..., 2023; National Atlas of Kazakhstan, 2004; State
Climate Cadastre, 2025). The proposed structure of the indicators is shown in Table 1.

Territorial resources describe the size and structure of the lake geosystem. The
area of lakes, as well as the land area near the lake, are considered as components
of this resource.

Table 1. Indicators of Geoecological Assessment of Natural Resources of the Lake Ecosystem

Resources Index
Territorial Resources Lakes area (ha)
Land area (ha)
Water Resources Water volume in lakes (million m?)
Groundwater

River discharge volume (million liters)

Mineral Resources Gold balance reserve (thousand tons)
Iron-manganese balance reserve (thousand tons)
Diamond balance reserve (thousand tons)
Biological Resources Seasonal biomass of phytoplankton (mg/dm?)

Seasonal biomass of zooplankton (mg/dm?)
Fish productivity (kg/ha)

The area of lakes defines the water collection potential of lake ecosystems and
outlines the possibilities for water management, biodiversity conservation, and
recreational purposes. The land area, in turn, defines the ecological condition of
the lands around the lake, as well as the interaction between natural and economic
entities in these areas.

The index (I;) of the i-resource of the lake geosystem within the administrative
district boundaries is calculated using the following formula (1.1):

Xi
[ =— (1.1)
Xn

I; — esource type index,
Xi — indicator representing the volume of the i-resource in the region,
Xy — average volume of the i-resource in the region.

The average volume of the i-resource (Xn) in the region can be calculated using
the formula (1.2):
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n
x, = 2= M (12)
n

Xy — average volume of the i-resource in the region,

X;— indicator representing the volume of the i-resource in the region,

n — number of districts within the geosystem.

The index (I;) describing the resource volume of the i-resource in the lake
geosystem is calculated using the following formula (1.3):

I =X [ (1.3)

I, — index of the resource type volume,

I; — index of the i-resource volume,

n —number of resource indicators.

For example, the index of the lakes area (ha) resource of the lake geosystem in
the Akmola region can be calculated as follows:

327768,63
n= " 5n

20 = 16388,43

Thus, the indexes of each resource type are calculated for all districts. The results
of calculating the index for the lakes area (ha) resource of the lake geosystem in the
Akmola region are shown in the table and figures below (Table 2, Figures 1).

Table 2. Resource Index of Lakes Area (ha) in the Akmola Region Lake Geosystem

Ne Name of the district Lake area in the district, | Lake Area Resource
ha, X1akearea Index, ha, I lakearea
1 |Kosshe 0.00 0.00
2 | Esil 8,20 0,001
3 | Zhaksy 7,20 0,001
4 | Zharkaiyn 76,50 0,005
5 | Zerendi 160,40 0,01
6 | Egindykol 174,80 0,011
7 | Ereymentau 261,20 0,016
8 | Kokshetau 1486,90 0,091
9 | Sandyktau 1544,70 0,094
10 | Stepnogorsk 2425,83 0,148
11 | Bulandy 4299,40 0,262
12 | Shortandy 4562,50 0,278
13 | Atbasar 8106,70 0,495
14 | Astrakhan 9310,60 0,568
15 | Arshaly 15677,9 0,957
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16 | Burabay 17837,10 1,088
17 | Akkol 17870,30 1,09
18 | Tselinograd 20660,70 1,261
19 | Birjan Sal 22292,60 1,36
20 | Korgalzhyn 201005,10 12,265

Total area of all lakes in the Lake Ecosystem 327768,63

of the Akmola Region

Average regional size of lake resource 16388,43

reserves, Xy,

Index reflecting the total lake area resource 20,00

reserve (ha), llakearea
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Figure 1. Map of the resource index of the lake district area (ha) related to the territorial
resources of the Lake Ecosystem of the Akmola Region

The calculation of the land area resource index (ha), related to the territorial
resources of the lake ecosystem of the Akmola region, is carried out as follows:

Xplana _ 931473,89
Xn  729965,59

The results of the calculation of the land area resource index (ha), related to the
territorial resources of the lake ecosystem of the Akmola region, are presented in
the map (Figures 2).

Water resources are one of the main components of the lake geosystem and

Ipntana = =1,276
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consist of the volume of water, groundwater volume, and river runoff. The volume
of water in lakes determines the water supply level in the region, the ecological
state of water bodies, and their potential for use in economic activities.

The level of groundwater affects the water balance in lakes, allowing local
residents to access clean water. The volume of river runoff helps maintain a stable
water level in lakes and supports the management of water resources.
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Figure 2. Map of the resource index of the land area (ha) belonging to the territorial resources of
the lake geosystem of Akmola region

The calculation of the resource index for the volume of water in lakes (million
m?), related to the water resources of the lake geosystem of Akmola region, is as
follows (1.4):

Xey,

(1.4)
Xn

ICV. =

The results of the calculation of the water resources index (million m?®) in lakes
belonging to the water resources of the lake geosystem of Akmola region are
shown in the picture below (Figure 3).
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Figure 3. Water Volume Resource Index in Lakes Relating to the Water Resources of the Lake
Ecosystem of the Akmola Region (million m?)

Balance reserves of groundwater related to the water resources of the lake
ecosystems of the Akmola region (thousand m?/day), the resource index calculation
will look like this (1.5):

xAKM.reg.
XKz
a

Cgroundwater = " (1.5)

Icgroundwater - Balance reserves of groundwater related to the resources of
the lake ecosystem (thousand m?/day),
XAKM.reg. - Size of groundwater balance reserves in the Akmola region,

XKz - Volume of groundwater balance reserves in Kazakhstan,
a - Number of regions in the republic,
n - Total number of districts in the Akmola region.

The values of groundwater balance reserves related to the water resources of the
lake ecosystems of the Akmola region are presented in Table 3.

Table 3. Balance reserves of groundwater related to the water resources of the lake ecosystems of
the Akmola region (thousand m?/day)

Indicator Mark Value
Groundwater balance reserves in Akmola region XAKM.re g. 349,88
Groundwater balance reserves in Kazakhstan XKz 43383,5
Number of regions in Kazakhstan a 20.00
Total number of districts in Akmola region n 20.00
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349,88

ICgroundwater = + = 0,008

- Note: This value is the same average index for all regions.
Balance reserves of groundwater related to the water resources of the lake
ecosystems of the Akmola region (m*/day), the index reflecting the overall

resource reserve (Ivgmundwater) is equal to 0.008.

= 0,008

Vgroundwater

Calculation of the resource index for the river runoff volume (million liters)
related to the water resources of the lake ecosystems of the Akmola region:

.  Xerrw. [ 2200 _ (2200, 028 _ .
rres T 156164/ _<7808,2)/ ~ 20

20
- Note: This value is the same average index for all districts in the lake ecosystem.
The volume of river runoff related to the water resources of the lake
ecosystems of the Akmola region (million liters), the index reflecting the overall
resource reserve (I, ) is equal to 0.28.

Iy, = 0,014

Mineral resources are an important part of the economic potential of the region.
These resources include gold, iron-manganese reserves, and diamonds. The results
of the calculation of the resource index of the balance fund (thousand tons) of gold
related to the mineral resources of the lake ecosystems of the Akmola region are
presented in the table below (Table 4).

Calculation of the resource index for the balance reserves of iron and manganese
(thousand tons) related to the mineral resources of the lake ecosystems of the
Akmola region:

XFe,Mn 37,2
I = ZFeMn _ =1,017
FeMn = 36,561

The results of the calculation of the resource index for the balance reserves of
iron and manganese (thousand tons), related to the mineral resources of the Tengiz-
Korgalzhyn Lake Ecosystem, are presented in the table below (Table 4).

Biological resources characterize the ecological and biological potential of the
lake ecosystems. These include the biomass of phytoplankton and zooplankton, as
well as fish productivity.
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Seasonal biomass of phytoplankton reflects the main biological characteristics
of the lake and influences the ecological state of the ecosystem.

Zooplankton, in turn, serves as food for fish, helping to maintain the biological
productivity of the lake.

Fish productivity characterizes the economic value of the lake ecosystem,
allows for the development of fisheries, and provides food for the local population.

Calculation of the resource index for the seasonal biomass (mg/dm?®) of
phytoplankton in the plant world, related to the biological resources of the lake
ecosystems of the Akmola region:

}, _ Xphytoplankton _ 3,1
phytoplankton X, 11517

= 0,003

Table 4. Resource index of the balance reserves of iron-manganese (thousand tons) related to the
mineral resources of the lake ecosystems of the Akmola region

Ne Balance Reserves of Iron- | Resource Index of Iron-
Name of the district Manganese (thousand | Manganese Reserves,
tons), Xpe, Mn [Fe,Mn

1 Esil, Tasoba 7,82 0,214

2 Zerenda, Kumdykol 10,2 0,279

3 Birjan Sal, Athanasor 37,2 1,017

4 Zhaksy, Aybas 676 18,49

Total balance reserves of iron and manganese 731,22

in all districts of the Lake Ecosystem of the
Akmola region

Average regional size of iron-manganese 36,561

reserves.., Xy
The index reflecting the overall reserve of 20,01
iron-manganese resource reserves (thousand
tons) related to the mineral resources of the
Lake Ecosystem of the Akmola region: I (Fe,

Mn)’ VFG,MT!

The results of the calculation of the resource index for the seasonal biomass (mg/
dm?®) of phytoplankton in the plant world, related to the biological resources of the
lake ecosystems of the Akmola region, are presented in the table below (Table 5).

Table 5. Resource index of the seasonal biomass (mg/dm?) of phytoplankton in the plant world,
related to the biological resources of the lake ecosystems of the Akmola region

Ne Name of the district Area of Lakes Resource Index
in District (ha), | of Lakes (ha),
Xphyto Iphyto
Korgalzhyn 3,1 5,1
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Zerendi 9,663 16,105

Total seasonal biomass of phytoplankton in all districts of 12,763
the Lake Ecosystem of the Akmola region

Average regional seasonal biomass of phytoplankton.., E 0.0

The index reflecting the overall reserve of the seasonal 21,205
biomass resource (mg/dm?) of phytoplankton, related to the
biological resources of the lake ecosystems of the Akmola

region,l’vhvtonlankton

Calculation of the resource index for the seasonal biomass of zooplankton (mg/
dm?) in the animal world, related to the biological resources of the lake ecosystems
of the Akmola region:

Xzooplankton
Xn
The results of calculating the resource index of the seasonal biomass of
zooplankton (mg/dm?) as part of the animal world belonging to the biological
resources of the Akmola region's lake geosystem are shown in the table below
(Table 6).

zooplankton =

Table 6. Resource index of the seasonal biomass of zooplankton (mg/dm?) in the animal world,
related to the biological resources of the lake ecosystems of the Akmola region
Ne Name of the district Area of Lakes | Resource Index
in District (ha), |of Lakes (ha),

lxvhvto |Ivhvto

Korgalzhyn 0,04 6,25
Zerendi 0,089 13,90
The seasonal biomass of zooplankton in all districts of the 0,129

Akmola Lake Ecosystem

The average regional seasonal biomass of zooplankton. Xy 0,006

The index reflecting the overall reserve of the seasonal 20,15
biomass (mg/dm?) of zooplankton, related to the biological

resources of the Akmola Lake Ecosystem, [ 30C

The calculation of the productivity index (kg/ha) of fish resources in the animal
world, related to the biological resources of the lake ecosystems of the Akmola

region, will look as follows:
Xfish.

Ifish, =

n

Integral Index of the Natural Resource Potential of the Lake Ecosystem (I is
calculated using the formula (1.6):

L=YY L (1.6)
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[, — the integral index of the natural resource potential of the lake ecosystem,

Iy, — the resource size index,
n — the number of resource indicators.
The integral index of the natural resource potential of the Akmola Lake

Ecosystem (I) is 90.4.

I, = 20,0+ 20,01+ 20,01 + 20,0 + 20,26 + 20,01 + 21,20 +
+ 20,15 + 18,82 = 180,4¢€

Integral Index of the Natural Resource Potential of the District in the Lake
Ecosystem ([,.) is calculated using the formula (1.7) (13):

I =Yizq i (1.7)

I, — the integral index of the natural resource potential of the district,

[, — the resource type index,

n — the number of resource indicators.

The results of the calculations for the integral index of the natural resource
potential of all districts ([;) in the Akmola Lake Ecosystem are presented in the
table below (Table 7).

Table 7. Integral Index of the Natural Resource Potential of All Districts in the Akmola Lake
Ecosystem, QIr)

] = n ] ) o g

51z (3 |E |5 g

o 3 | ] 2 » |, 8z

g £ 2 |2 |5 |£ |g |E |8 |58

g % 2 |3 E g |2 |3¢

£ |z = |2 s |8 |2 |E |8 |Z2

E 2 S s |2 z - s |2 =

= 8 = g |2 |8 | 5 | |22

9] 0 g g S = 1) = | S5

= g e o o 3 g N 0 ©

Name of the = = 2 2 g 2 % g S 8
district | ~ = |z B 2 o xl82 |2 = 8 |§ |&=
£ £ g 5 = |22|g&|® |2 £ |8 |E2

3 5 |2 s : |SEl2z|s B |2 |2 |EE
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liakearea. | Inland [CV. ICgroundwater. ICT‘.T.U. IAu IFe,Mn Ia Iphyto IZOO IfiSh IT
Kosshe 0.0 |0,004| 0.0 0,008 0,014 | - - - - - 0.0 | 0,026
Kokshetau 0,091 | 0,036 | 0,087 0,008 0,014 | - - - - - 10,009 | 0,245
Zhaksy 0,001 | 1,322 0,04 0,008 0,014 | - - - - - 10,223 | 1,608
Sandyktau 0,094 | 0,854 | 0,049 0,008 0,014 | - - - - - 10,844 | 1,863
Stepnogorsk | 0,148 | 0,227 | 0,078 0,008 0,014 | 1,77 - - - - 10,005| 2,25
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Shortandy 0,278 0,631 | 0,31 0,008 0,014 | - - - - - 11,082 2,323
Astrakhan 0,568 [ 0,995 0,271 0,008 0,014 | - - - - - 10,605 | 2,461
Bulandy 0,262 | 0,688 | 0,132 0,008 0,014 | - - - - - 1,36 | 2,464
Jar-qaiyn 0,005 | 1,66 | 0,217 0,008 0,014 | - - 10,279 - - 10,527 2,71

Agindy-Kul | 0,011 | 0,74 | 0,863 0,008 0,014 | - - - - - 11,324 296

Atbasar 0,495 | 1,461 | 0,294 0,008 0,014 | - - - - - 0,79 | 3,062
Arshaly 0,957 10,806 | 0,53 0,008 0,014 | - - - - - | 1,917 | 4,232
Ereymen 0,016 | 2,44 | 0,793 0,008 0,014 | - - 10214 - - 11,503 | 4,988
Mountain

Borovoye 1,088 (0,819 | 1,86 0,008 0,014 | - - - - - | 1,748 | 5,537
Birzhan-sal 1,36 | 1,502 | 0,874 0,008 0,014 | - - 1,017 - - | 1,137 | 5,912
Tselino grad | 1,261 | 1,087 | 0,843 0,008 0,014 3,8 - - - - 1,917 | 893

Akkol 1,09 | 1,276 | 0,395 0,008 0,014 | 5,06 - - - - | 1,183 | 9,026
Esil 0,001 | 1,082 | 0,026 0,008 0,014| - - 18,49 - - 10,267 | 19,888
Korgal-zhyn | 12,265 | 1,263 | 11,698 0,008 0,014 | - - - 5,1 16,251,917 | 38,515
Zerendi 0,01 | 1,106 | 0,641 0,008 0,01419,37 (20,26 | - 16,105 | 13,9 1,642 | 63,056

The analysis shows that the Korgalzhyn and Zerenda districts are the richest
in natural and biological resources. They are distinguished by large areas of land,
water reserves, phytoplankton and zooplankton biomass, and fish productivity.
Although other districts have fewer natural resources and water, each district has
its unique characteristics.

Discussion. According to our research, the structural features of geosystems
are determined by their origin, mineralization level, area and volume of water
space, depth and ecological significance. The structural features of lakes, first of
all, depend on their location and water balance. The Tengiz-Korgalzhyn geosystem,
as the largest, is distinguished by highly mineralized salt lakes and is a habitat
for birds of global importance. On the other hand, the Burabay and Ereimentau
lakes are the most ecologically stable and have important hydrological significance
as fresh water reserves. The geosystems of the northern plain, the central region
and the Ishim depression are represented by plain water bodies, most of which are
distinguished by an average level of mineralization and biological diversity.

In limnology, the focus is on studying natural processes in terrestrial water
bodies. The spatial characteristics of lake geosystems are described by lakes and
their surrounding areas (watershed, administrative districts). Lake geosystems
within the boundaries of administrative districts were studied by scientists (Vlasov
et al., 2012; Grishchenkova, 2012). In this regard, the area of lake geosystems is
traditionally defined by the "lake-catchment" system, and this approach is adopted
for studying the lakes of the Akmola region (Filonets, et al., 1974).

Conclusions

Based on the research conducted in this work, the following conclusions were
drawn:

- The physical-geographical characteristics of the lake geosystem of Akmola
region were identified and analyzed. This made it possible to determine the
reserves of natural resource types within the districts, the laws of their territorial
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differentiation, and the share of lake resources in the structure of natural resource
potential.

- The morphometric features of the lake geosystem of Akmola region were
identified and analyzed. Lakes were classified using a ranking method based on
several parameters. The genesis of lake basins in the Akmola region was studied,
and their origin was investigated. According to statistical analysis, the area of
lakes in the region ranges from 0.002 km? to 1198 km?. Most lakes (approximately
55.41%) have an area of less than 1 km?, while lakes between 1.0 km? and 10.0 km?
account for 38.04% of the total lake area. Lakes with an area of 10.1 to 60.0 km?
constitute 6.39%.

- The natural resource potential of the lake geosystem was analyzed using the
methodology for determining the natural resource potential of lake geosystems
proposed by B.P. Vlasov, head of the Faculty of Geography at Belarusian State
University.

- Using ArcGIS 10.8.1 software, physical, administrative, and geological maps
of Akmola region at a scale of 1:2,000,000 were created, and maps for each index
were developed to determine the natural resource potential of the lake geosystem.

The conclusions obtained from the research results can serve as the basis for
developing programs for nature management and the effective use of the region's
natural resources.
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