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Abstract. Modern industry, using land resources suitable for the needs of
agriculture and recreation, leads to land number reduction and soil cover degradation.
For instance, the growing volumes of metal ores open-pit mining by enterprises of
the Kostanay region leads to an increase in the waste rock dumps formation, leading
to a violation of the surrounding natural ecosystem, its significant transformation.
The object of this study is natural and man-made ecosystems in the territory
where large mining enterprises of the Kostanay region are located and operate, the
subject of study is plant communities in this territory. As part of our field research
on the Sokolovsko-Sarbai Mining and Processing Production Association JSC
and Kachary Ruda JSC dump sites, more than 60 geobotanical descriptions were
compiled. At various points, plant communities were found at different succession
stages: pioneer groupings, group thicket community, complex groupings. Vegetation
growth conditions depend on form, topography, filling methods, physicochemical
characteristics, affecting life of organisms and self-overgrowth potential suitability,
biogeocinoses restoration. Natural conditions, rate of self-overgrowth, diversity of
types of man-made landscapes consideration will make it possible to select the
optimal methods and techniques for disturbed areas reclamation. All countries
with large mining industries by now recognized the importance of environment
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protection, passed laws regulating mining and metallurgical industries with regard
to pollution. This step made it possible to solve environmental problems at a new,
higher quality legal level.

Keywords: succession, iron ore deposit dump, plant overgrowth, technogenic
landscape, technogenic ecotopes, pioneer group, group thicket community, complex
phytocenosis
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TaOBIIaIbI, a1 3ePTTEY HBICAHACKHI OCHI ayMaKTaFbl OCIMIIIKTEP HBIIIAHbI 00 kL. bi3
XKYPpri3reH nananbslk 3eprreyiep menoepinne "Coxonos-Capplibaii Tay-KeH OalbITY
enpipictik Oipnectiri" AK men "Kamap pyna" AK yiinaginepinge 60-taH actam
reo00TaHNKAIIBIK CHIIaTTaMa kacalibl. Op TYPIi HYKTeJIep/e CyKIe CCHSTHBIH OPTY Pl
Ke3eHACPiH/Ie OCIMIIIKTEp HBITIaHBI TAOBUIIEI: [IHOHEP TONTAaPhI, TONMTHIK-KOTIAIBIK
KayBIM/IACTBIKTAp JKOHE KYpJENi TONTACTHIpY. OCIMIIKTEPIiH ecy >Karmaimapsl
(dopmaceiHa, penbediHe, ceOiny oficTepiHe, (U3UKANBIK JKOHE XUMISUIBIK
cUmaTTaMayiapblHa OaiaHbICThl, Oy Tipi OpraHU3MIEPAIH TIPLIUTIK OpeKeTiHe
JKapaMIbUTBIFbIHA JKOHE O3JIrHEH 6Cy oJIeyeTiHe, OMOreOnnHO3AapIbl KaJlbIHA
KenTipyre ocep eremi. Tabwru Karmainmapisl, e3iH-631 ©cipy >KbUIIaMIIBIFBIH,
TEXHOTCHAIK JaHAma(TTapaAbIH adyaH TYPJIUITiH eCKepy OY3BUIFaH ayMaKTapIIbl
KaJITIIHA KeNTIPY/AiH OHTAMIIBI 9/1icTepi MEH 9MIiCTEPiH TaHJayFa MyMKIHIIK Oepeti.
Ipi Tay-keH eHepkaciOi Oap GapIbIK enaep OChl yaKbITKa ACHiH KopIaraH OpTaHbl
KOpFaylIbIH MaHbI3IbIIBIFBIH MOWBIHA/IBI KOHE JIACTAHYFa KATBICTHI Tay-KEH KOHE
METaJLTypIrusi OHEPKaCiOiH PeTTEHTIH 3aHAap KaObUIIaabl. Byt Kagam 3KoIoTUsIIbIK
MoceTenepl )KaHa JKoHe canaibl KYKBIKTHIK JCHTEH e enTyre MyMKIHIIK Oep/Ii.

Tyiiin ce3aep: cykueccus, TeMip pyaa YHIHIICI, ©3iTHHEH ©CY, TEXHOTEH/IIK
nmaHAmadT, TEXHOTeHAIK »JKoTonmTap, I[lMoHep TomTapel, TOMTHIK-KOMAIBIK
KaybIMIACTBIKTap, KypAeni (PUTOLICHO3
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COKpAIIICHHIO UX KOJIMYECTBA U JIeTpaiallii MOYBEHHOTO MTOKpoBa. Tak, Hampumep,
HapacTaronfe 00beMbl OTKPHITON AOOBIYH METAJUIMYECKUX Py MPEenNpUITUIMA
Kocranaiickoii 001acTi BeJeT K yBEJIMUYESHUIO 00pa30BaHMUs OTBAJIOB MYCTHIX MOPOJ,
YTO MPUBOANT K HAPYIIEHUIO COCTOSHUS OKPYKAIOIIEH €CTECTBEHHON HKOCHCTEMBI
U ee cyniecTBeHHOH Tpancdopmannu. OOBEKTOM JaHHOTO UCCIICJOBAHUS SBIISIFOTCS
€CTECTBEHHBIE U TEXHOT€HHBIE SKOCUCTEMEI Ha TEPPUTOPHH, TII€ PACTIONOKEHBI U
JEHCTBYIOT KpyITHBIC TOPHOAOORIBarOIIHE peAnpuaTus Kocranackoit 061acTu, B
TO BpeMs KakK MPEeAMETOM H3YUEHHsI CTaIN PacTUTENbHBIE COO0IIecTBa Ha JaHHON
TeppuTOpHH. B paMKax MpOBENEHHBIX HAMH IOJIEBBIX FICCIENOBAHUNA Ha OTBaJlaX
AO  «Coxkosnocko-Cap0alickoe  TOpHO-00O0TaTUTENILHOE  MPOU3BOJCTBEHHOE
oopenuaenne» u AO «Kaugapsl pynay» Ob110 cocTaBieHo 6oiee 60 reo60TaHIIECKAX
onucannii. Ha pa3iuyHbIX TOukax OBLTH OOHAPYKEHBI pacTUTEIbHBIC CO00IIecTBa
Ha pa3HBIX 3Tanax CyKIECCHU: MHMOHEPHBIE IPYNIUPOBKH, IPYIIIOBO-3apOCIEBBIE
COO0O0IIECTBa U CIOKHASA TPYIITUPOBKA. YCIOBHS MPOU3PACTAHUS PACTUTEIHHOCTH
3aBUCAT OT (opMbI, penbeda, CHOCOOOB OTCHIMKU, (PHUIMKO-XUMHUYECKUX
XapaKTepUCTHK, YTO BIHMSET Ha MPUTOJHOCTH UIS JKU3HEIESATENFHOCTH JKHUBBIX
OpPTaHM3MOB U TIOTCHIMAJa CaMo3apacTaHusi, BOCCTAHOBICHHS OHMOTE€OLMHO30B.
Y4er ecTecTBEeHHBIX YCIIOBHM, CKOPOCTH CaMO3apacTaHHs, pa3HOOOpas3us BUIOB
TEXHOTE€HHBIX JIAHAMA(TOB MTO3BOJIUT OA0OPATh ONTHMAaJIbHBIE METOIBI M TEXHUKH
PEKyIbTUBAllMM HApPYUIEHHBIX TeppuTOopuil. Bce cTpaHbl, nMmeroniye KpymHYyO
TOPHOMOOBIBAIOIIYIO TMPOMBIIIUIEHHOCTh, K HACTOANIEMY BpEMEHH MpH3HAIN
BaXHOCTh 3aIlIUTHl OKPY)KAIOIIEH Cpenbl, U MPUHSIIM 3aKOHBI, PEryaupyrolye
TOPHOMOOBIBAIOIIYI0 M METALIYPTUYECKYI0 MPOMBIIUIEHHOCTh B OTHOIICHUU
3arpsi3sHEHHs. JTOT IIar MO3BOJIMI PEIIaTh SKOJIOTHYECKHE MPOoOIeMbl Ha HOBOM,
OoJiee KaueCTBEHHOM IOPUANYECKOM YPOBHE.

KuaioueBble cJjioBa: CyKieccus, J>KEIEe30pPYIHBIA OTBajl, camMo3apacTaHHe,
TEXHOTCHHBIH JaHAmadT, TEXHOTCHHBIE O3KOTOIBI, MUOHEPHBIC TPYMITUPOBKH,
TPyTIIOBO-3apOCIIEBbIE COOOIECTBA, CIOKHBIN (PUTOIICHO3

Introduction

Preservationofbiodiversity and environmental protection are extremely important
strategic directions for the development of New Kazakhstan. During the years of
independence, a number of normative acts in the field of environmental protection
and rational nature management were adopted: “The Concept of Ecological Safety
of the Republic of Kazakhstan” (1996), “On Environmental Protection” (1997),
“On Specially Protected Territories” (1997), “National strategic action plan for the
conservation of biodiversity” (2010), “Concept for the conservation and sustainable
use of biological diversity of the Republic of Kazakhstan until 2030 (2015),
“Environmental Code of the Republic of Kazakhstan” (2021).

The Convention on Biological Diversity (1994) was also ratified.

Conservation of the biodiversity of animal and plant species, communities
and ecosystems is an integral part of the Concept of Humanity's Transition to the
Principles of Sustainable Development. Within the framework of this problem, it is
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recognized that the protection of life on Earth is not a narrow task of certain groups
and circles, it is the task of all mankind and, at the same time, a condition for its
survival on the planet.

To implement the Concept and achieve its goals, an Action Plan for 2016—
2020, 2021-2025 has been developed. and 20262030, which is adjusted as
the environmental and socio-economic situation in the republic changes, new
more promising technologies and methods of work appear, additional funding
opportunities for the proposed projects (Concept, 2015).

And one of the tasks of the National project “Zhasyl Kazakhstan” is the “Green”
economy and environmental protection” (2021). In all of the above documents,
special attention, along with general issues of ecology and nature management, is
paid to the state of anthropogenically disturbed territories of Kazakhstan.

Let us note the fact that modern industry, using land resources suitable for
agriculture and recreation, helps to reduce their number and degradation of the soil
cover.

For example, the growing volumes of open-pit mining of metal ores by enterprises
of the Kostanay region leads to an increase in the formation of waste rock dumps,
which leads to a violation of the state of the surrounding natural ecosystem and its
significant transformation.

According to the “Sixth National Report of the Republic of Kazakhstan on
Biological Diversity” (2018), Kostanay region ranks third in terms of the largest
number of disturbed lands (or so-called man-made landscapes) in the Republic of
Kazakhstan (Sixth National Report, 2018).

Itis undeniable that dump-quarry landscapes are a vivid example of a technogenic
landscape (Manakov, 2012).

It should be noted that a feature of the technogenic landscape formed as a result
of active human production activity is the complete change or destruction of all the
constituent parts of the natural landscape: its geological basis, relief, soil cover,
vegetation cover, fauna, hydrological and geochemical regime (Sultangazina et al.,
2022).

Research materials and methods

The object of this study is natural and man-made ecosystems (landscapes,
soils and soils, vegetation) in the territory where large mining enterprises of the
Kostanay region are located and operate, while plant communities in this territory
have become the subject of study.

The research methodology was based on the works of such scientists as
Kupriyanov A.N. (2010, 2017), Manakov Yu.A. (2011, 2017), Konysbayeva D.T.
(2003), Androkhanov V.A. (2000), Dolgopolova N.V. (2020), Sdnchez L.E. (2014),
Jancura P. (2003), Schaller F. (2000), Kuter N. (2013), etc.

In accordance with the goal, objectives, general logic and procedure of research,
it is advisable to use the following system of methods, which includes general
scientific methods such as analysis, synthesis, generalization, induction, deduction,
classification, literature review and special methods, among which it is necessary
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to highlight collection of plants, herbarization, geobotanical description, parcel
method, route-expedition method, soil sampling, general agrochemical analysis of
soils, comparative analysis.

The route-expeditionary reconnaissance research method was used to study the
flora of technogenic ecotopes. Trial plots of 100 m? in size were laid for the study.
A total of 63 geobotanical descriptions were compiled.

Results

Let's consider a number of facts within the scope of the ongoing research, in
relation to our localization:

1) on the territory of the Kostanay region there are two large enterprises for
the extraction of iron ore: Sokolovsko-Sarbai Mining and Processing Production
Association JSC and Kachary Ruda JSC;

2) these enterprises together produce more than 40 million tons of iron ore per
year;

3) the development of ore deposits is carried out at the Sokolovsky, Sarbaisky,
and Kacharsky open pits, while deep rocks are taken to dumps, on parts of which
vegetation is restored naturally, without human intervention (SSGPO).

The study of the patterns of formation of vegetation cover in the territory of these
dumps, the analysis of soil changes closely related to it in dump-quarry landscapes
are necessary to understand the degree of influence of anthropogenic activity on the
natural environment, and will also allow us to study the initial stages of restoration
of various components of the technogenic landscape in a deeply disturbed area.

As part of our field research on the dumps of SSGPO JSC and Kachary Ruda
JSC, more than 60 geobotanical descriptions were compiled.

Atvarious points, plant communities were found at different stages of succession:

1) pioneer groups. Settlement of plants occurs in the initial phase of reductive
succession on a primary exposed substrate, for example, on fresh river sediments,
in areas freed from a glacier or flooded with cooled lava flows, etc. This process
can be observed most clearly and on a large scale on the surface of overburden
rock dumps during the development of mineral deposits. The low projective cover
is characteristic - 10-15%. Plants are placed singly and scattered. The participation
of zonal flora species is insignificant. These communities V. V. Alekhin proposed to
call pioneer communities (Manakov et al., 2011):

CP-1 - CP-5. Age 2 years, ferruginous limestones. N 53.03741° W63.03858°

CP-43 - CP-47. Age 5 years, almost unsalted dump. N 53.39785° W62.83218°

CP-48 - CP-52. Age 5 years, almost unsalted dump (Fig.1). N 53.39189°
W62.84621°
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Fig. 1. Dump 5 years old, “Kachary Ruda” JSC, May 19, 2022

2) group thicket community. At this stage, the vegetation cover is not yet
completely closed, but there is already a mutual influence of plants. The projective
cover usually exceeds 15%. There is a dominance of species with a wide ecological
amplitude (Manakov et al., 2011):

CP-6 - CP-10. Age 17-20 years, sandy loamy embryozem with limestones.
N52.97550° W63.17100°

CP-11 - CP-15. Age 5-7 years, limestone (Fig. 2). N53.03741° W63.03858°

CP-27 - CP-32. 2008-2010, heavily saline sandy loam and light loam, finely
hummocky surface. N53.00684° W63.08175°

CP-33 — CP-37. Salted sandy loam, light loam. N53.41052° W62.89147°

CP-38 — CP-42. Salted sandy loam, light loam. N53.40953° W62.88783°

Fig. 2. Blade 5-7 years old, SSGPO JSC, May 18, 2022

3) complex grouping. Signs of this stage: variable species composition, the
community is not closed, the species in the community are not distributed diffusely,
tiers are outlined, the mutual influence of plants is even more noticeable. The final
stage of a closed phytocenosis is characterized by an extremely difficult penetration
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of new species into it. The projective cover is more than 30 % (Manakov et al.,
2011):

CP-53 - CP-57. 1986, sparse birch forest, highly saline soil, saline (salt march)
conditions, loose sandstone (Fig. 3). N53.39877° W62.87352°

CP-58 — CP-63. 2008, sparse birch forest, loose sandstone. N53.41433°
W62.85255°

Fig. 3. Dump in 1986, sparse birch forest, highly saline soil, Kachary Ruda JSC, May 19, 2022

CP-16 — CP-20. Age about 40 years, sandy loamy embryozem with limestones,
natural aspen-birch plantations (Fig.4). A shallow sod steppe is being formed.
N52.97571° W63.17021°

CP-21 — CP-26. Age about 40 years, rocky limestones, sandstones. Birch-aspen
forest, fullness 05, 8B2As. N53.03007° W63.04792°

Fig. 4. Dump 40 years old, birch-aspen forest, SSGPO JSC, May 18, 2022

5) control. As a control, a site was chosen in the vicinity of the village of Kachar,
near the dumps, represented by a meadow community with bald patches of solonetz
on the outskirts of birch natural plantations:

CP-64-68 — slightly saline meadow (Fig. 5). N53.32635° W62.83448°
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Fig. 5. Salt meadow, Kachary village, May 19, 2022

Discussion

It is noteworthy that the consequences of the anthropogenic load (including the
formation of man-made landscapes as a result of quarrying) on the environment
have been considered by scientists from various countries over a long period of
time.

In the course of a number of studies local hydrological conditions, air pollution
with gases and dust, pollution of water, flora and fauna with toxic substances. These
researchers also note that the agricultural industry also suffered significant losses.
For example, significant areas were taken out of circulation for many years, and
the productivity of adjacent lands decreased due to drought and various pollutants
(Konysbayeva, 2003; Makhnev et al., 2010; Manakov et al. 2011; Kuprijanov et
al., 2021).

It should be noted that the territories considered in the course of this study
are characterized by low biological productivity and specific biophysical and
biochemical properties.

So, for example, the movement of rocks during the extraction of minerals
(ferrous and non-ferrous metals, coal, asbestos, etc.) in a quarry way leads to the
fact that biologically sterile deep rocks appear on the surface.

In addition, there is a pronounced violation of biogeochemical cycles, including
the formation of vegetation cover, as a result of which dangerous phenomena arise:
dust emissions, water and wind erosion, subsidence and landslides.

Undoubtedly, some territories are capable of self-restoration through natural
overgrowth.

When considering natural overgrowing, the speed of this process, the
composition of phytocenoses and the consequences for the environment require a
thorough study.

Let us dwell on a number of basic provisions that require consideration:

1) it has been established that the substrates formed during quarrying do not
correspond to zonal and introsanal soils, which naturally should lead to the formation
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of new plant communities, the emergence of new species uncharacteristic for these
territories;

2) new ecological niches are formed under special ecological conditions;

3) conditions uncharacteristic for the steppe zone (including relief changes) lead
to the elision of individual plant species, as well as to ecesis by migrant species
(Manakov et al., 2011).

It should also be noted that the study of the natural overgrowth of technogenic
landscapes is an intermediate stage in the search for ways to restore biogenocenoses.

A fairly common method of ecological rehabilitation of technogenic geosystems
is the allocation of part of the recultivated lands for self-overgrowing after the
implementation of the technical stage of reclamation.

This method is fully justified in the case of exposure of technogenic substrates
with favorable edaphic properties.

However, often, due to difficulties of a technical or economic nature, dumps
of rocks of a very variegated lithological composition, including those with rather
unfavorable edaphic and soil-forming properties, are assigned for self-overgrowing
(Goleusov, 2004).

In any case, in all newly formed ecotopes of technogenic landscapes, the
processes of natural reproduction of geosystem components are “switched on” -
renaturation processes. The most important of them is the reproduction of soils
(Goleusov, 2004).

Note that the existence of technogenic landscapes depends on technological and
natural landscape-forming factors (Manakov et al. 2011).

Technological factors affect the landscape at the stage of machine formation
of a microrelief with the suppression of natural factors by working equipment
(Manakov, 2012).

Natural factors come into play at the post-technogenic stage, during which the
self-development of the technogenic landscape begins, which is characterized by a
high successional dynamics of natural complexes (Manakov, 2012).

The transformation of this landscape is determined by natural conditions, such as
climate, properties of soils and rocks, neighboring phytocenoses, and technogenic
conditions, among which are the method and system of mining (Manakov et al.
2011).

The overgrowth of overburden dumps is described according to the theory
of succession. The formation of vegetation cover on disturbed lands proceeds
according to the type of syngenesis (Conradin et al., 2010; Manakov, 2012; Raevel
et al., 2012; Chang et al., 2019).

Many specialists like Kupriyanov A.N., Manakov Yu.A., Tashev A.N.,
Menshchikov S.L. of industrial botany used the scheme of L.G. Shennikov (1964).
He identifies three main stages:

1) a pioneer group in which there are no significant relationships between plants;

2) a group-thicket community, where more definite relationships between plants
appear, but the nature of the distribution of communities is fragmentary;
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3) a diffuse community, where the relationship between plants becomes mixed,
and the patterns of distribution of individual species correspond to the level of
competition that occurs between the elements of the community (Manakov et al.,
2011).

Successions that begin with the appearance of plants in an open area devoid
of vegetation and fertile soil are called primary succession. Primary succession
consists of two stages: the formation of a phytocenosis, the replacement of one
formed phytocenosis with another (Manakov et al., 2011).

Studies of the 1970s of the last century showed that in the conditions of the dry
steppe zone of the Kostanay region, self-overgrowing of dumps of open pit mines
is extremely slow. So, by the beginning of the second decade after the end of the
dumping of soils, sparse and unproductive groups are formed on the dumps, which,
according to phytocenotic indicators, correspond to the initial stages of syngenetic
successions. They believe that the biological reclamation of dumps is the only real
opportunity to return the lost fertility and economic value to the lands occupied by
dumps in a relatively short time (Terekhova et al., 1974).

These conclusions were confirmed in the course of furtherresearch (Konysbayeva,
2003).

However, it should be noted that over the past years, the floristic composition
of dumps has changed dramatically, mounds of new deep rocks with different
agrochemical properties have formed, new technological solutions and opportunities
have appeared, and global and local climate changes have occurred.

Thus, according to a study by scientists from the Energy Research Center of
the Norwegian Institute of Foreign Affairs (NUPI) and the Oslo-based Center for
International Climate Research CICERO, the increase in temperatures in Central
Asia is ahead of the global average, which leads to an accelerated aggravation
of various problems, including melting glaciers, destabilization river runoff and
increased aridity. In turn, such environmental changes can have profound social and
economic consequences: undermine agricultural production, generate destabilizing
migration from rural areas to urban centers, and exacerbate interstate competition
for dwindling resources (Tairov et al., 2020).

Every 10 years between 1983 and 2019 the average annual temperature on
the territory of Kazakhstan increased by 0.26 ° C, which in a sharply continental
climate leads to meteorological and hydrological drought, including in the steppe
zone of the northern part of the country. In Kazakhstan, the days of atmospheric
droughts for the period 1930-1965 were 55 days, and in recent years their duration
has reached 89 or more days. Drought has an extremely negative effect on the
processes of natural overgrowing of disturbed lands, the surface of which is devoid
of a fertile layer and is subject to wind erosion, which complicates the rooting and
development of plant communities (Lipiec et al., 2013; Zhang et al., 2018; Tairov
et al., 2020; Karatayev et al., 2021; KazhydroMet).

In this regard, the study of the patterns of natural overgrowth of dumps of mining
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enterprises will allow us to establish the speed and degree of their overgrowth in the
conditions of the Kostanay region.

Conclusion

As a result of the study, a number of important conclusions can be drawn.

The conditions for the growth of vegetation depend on the form, topography,
methods of filling, physicochemical characteristics, which affect the suitability for
the life of living organisms and the potential for self-overgrowth, restoration of
biogeocinoses.

The demand for the study of climatic features is determined by the need to take
into account the importance of fluctuations in the average daily air temperature
during the growing season; precipitation distribution, because a feature of rock
dumps composed of stony substrates is that their surface is characterized by failure
water permeability. Also, the lack of litter and vegetation cover leads to rapid
evaporation of moisture from the surface. "Ivanov's moisture coefficient" in the
conditions of technogenic landscapes, including dumps, shifts to a more arid zone,
this feature must be taken into account when working in the subarid zone of the
Kostanay region. Insufficient moisture supply hinders the normal growth of plants,
limits the production of organic matter and the decomposition of its dead part,
which leads to a decrease in the intensity and capacity of the biogeochemical cycle
(Konysbaeva, 2003; Manakov, 2012; Kuprijanov, 2021).

Taking into account natural conditions, the rate of self-overgrowth, and the
diversity of types of man-made landscapes will make it possible to select the
optimal methods and techniques for reclamation of disturbed areas.

All countries with large mining industries have by now recognized the
importance of protecting the environment, and have passed laws regulating mining
and metallurgical industries with regard to pollution. This step made it possible to
solve environmental problems at a new, higher quality legal level (Makhnev et al.,
2010; Konysbaeva, 2003).

Restoration of contaminated lands requires the development of new methods
of partial and complete biological reclamation. Significant progress in this area
has been achieved in the United Kingdom of Great Britain and Northern Ireland,
Australia, Bulgaria, Germany, Hungary, Poland, and the USA. It is noteworthy that
independent developments by specialists from different countries lead to the same
results (Makhnev et al., 2010; Konysbaeva, 2003).

In the future, it is planned to continue work on the dumps, compiling geobotanical
descriptions on the same coordinates to compare the results, herbarization of
previously unidentified species. Further, after analyzing the patterns of formation of
the vegetation cover of dumps at different stages of syngenesis, recommendations
will be drawn up for the restoration of biodiversity by effective scientifically based
methods for the mining enterprises of the Kostanay region, on the territory of which
the research was carried out.
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