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Euonymus semenovii Regel & Herder as an Important Element
of Relict Forests: A Summary of Research Experience

The article examines the scientific information available on Euonymus semenovii Regel & Herder, a relict
species of flora found in Central Asia and China. The article explores several aspects, including distribution,
morphological and ecological characteristics, phytocenotic features, introduction experiences, and conserva-
tion issues. Euonymus semenovii demonstrates wide plasticity and can thrive in moist habitats, withstand
some drought, and grow at various altitudes (1100-3200 m above sea level). These characteristics are reflect-
ed in the morphological features and coloration of its individual organs. The species is typically found in
small abundance in the understory of various types of mountain forests. The composition of plant communi-
ties involving E. semenovii varies across its range, ranging from apple forests (Malus sieversii M. Roem) to
spruce forests (Picea schrenkiana Fisch & C.A. Mey). Euonymus semenovii is considered a relict species in
relict plant communities, such as those with Celtis caucasica Willd and Atraphaxis muschketowii Krasn in
Kazakhstan. Euonymus semenovii also plays a significant role in landslide succession processes in the moun-
tain forests of the Northern Tien Shan, highlighting its environmental and anti-erosion importance for main-
taining the stability of mountain ecosystems. The article suggests practical uses and conservation strategies
for E. semenovii. It emphasizes the need for further in-depth research on the species to fully understand its
potential and the importance of systematic monitoring observations and the development of accelerated prop-
agation methods.

Keywords: Celastraceae, Euonymus semenovii Regel & Herder, distribution, morphology, phytocoenology,
economic importance, introduction, conservation.

Introduction

Euonymus semenovii Regel & Herder is a plant species belonging to the Celastraceae family, Euonymus
genus, section Pseudovyenomus, and series Semenovianae. It is found in Central Asia and adjacent areas of
China, specifically in four races from Western and Southwestern China, ranging from Gansu to Yunnan [1].

E. semenovii is considered as a relict of the Turgai forest flora and has a range that follows the
Dzhungarian-Pamir-Alai type [2-3]. It is classified as a summer-green shrub biotypically, and
ecomorphologically as a sciomesophyte, which means it prefers shade, making it part of the ecological-
cenotic group of forest species [4].

Although most literary sources classify E. semenovii as a deciduous shrub, its behavior varies in differ-
ent ecological conditions. For example, in the Transili Alatau, seedlings can retain green foliage throughout
the winter [5]. R.V. Kamelin classified it as an evergreen shrub but noted that the species freezes to the level
of the snow cover [6].

This species possesses several unique characteristics, including entomophily, ornithochory, resprouting,
irruptivity (formation of root suckers), and shade tolerance. It is adapted to a temperate climate characterized

Cepus «Bbronorusa. MeguumHa. Meorpacbms». 2025, 30, 1(117) 7
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by mesophytism, microthermism, and mesotrophism. As part of forest communities, it plays an important
role as an understory assectator [5].

Currently, information on E. semenovii is limited and fragmented. The aim of this article is to review
and summarize research experience by conducting a comprehensive analysis of the available data on this
species. This includes a comparative analysis of its morphological descriptions from floristic surveys of Cen-
tral Asian countries and China, characterizing the plant communities it participates in, examining its behav-
ior in cultivation (introduction), and considering possibilities for practical use and conservation proposals.

A comparative analysis of descriptions of E. semenovii from literary sources provides valuable infor-
mation for a more complete understanding of this species. This analysis allows for the identification of dif-
ferences and similarities in the morphological, anatomical, and phenological characteristics of E. semenovii
in different geographical regions within its natural range. Furthermore, comparing and analyzing these data
contributes to a better understanding of the plant's adaptation capabilities to various environmental condi-
tions, particularly when cultivated.

Characterizing plant communities involving E. semenovii is a key element in understanding the role of
the species and its significance in the functioning of natural ecosystems.

Knowledge of the species’ behavior in introduced conditions and its economic significance is funda-
mentally important for its practical use in forestry, landscape design, and urban greening in various regions,
as well as for conservation opportunities. Summarizing the available scientific materials as a whole will con-
tribute to a more effective and rational use of the resources of the studied species.

Experimental

The research methodology involved conducting a comprehensive analysis of information gathered from
various sources, including regional botanical surveys such as the Flora of the USSR [7], Flora of Kazakh-
stan [8], Kyrgyzstan [9], Uzbekistan [10], Tajikistan [11], China [12], including Xinjiang [13], as well as the
Plant Identifier of Central Asia [14]. Scientific journals, reference books, and internet resources were also
consulted. During the study, descriptions of E. semenovii were compared based on key characteristics such
as distribution, morphological features (habitat, leaf morphology, flower shape, fruit shape, and seed charac-
teristics), and phenology (flowering and fruiting periods). Additionally, an analysis was conducted on the
role of E. semenovii in various plant communities, its introduction experience, the economic significance of
the species, and its conservation status. Latin names of plants and geographical objects are presented as they
appear in the cited sources.

Results and Discussion

Distribution (Fig., a [15]). In Kazakhstan, where the northern boundary of the species’ range lies,
E. semenovii is frequently found in the mountains of the Dzhungarian Alatau and Tien Shan. Specifically, it
can be found in the headwaters and upper reaches of the Karatal River, Mount Arasan, Valley of the Usek
River, Transili Alatau, Kungei Alatau, Ketmentau, Terskei Alatau, Chu-lli Mountains (Khantau), Kyrgyz
Alatau, Karatau, and Western Tien Shan [8, 14—-16]. The most comprehensive information is available for the
Transili Alatau, where it is quite abundant in the central part but decreases significantly towards the east. In
the Dzhungarian Alatau, it occurs sporadically at the lower points of the southern slopes [17].
V.P. Goloskokov classified it as a rare species in the Dzhungarian Alatau, with its northeastern range limit
found here [3]. This indicates the broad ecological plasticity of the studied species and the favorable condi-
tions for its growth, particularly in the central part of the Transili Alatau. Similar sporadic distribution of the
studied species is also characteristic of the western boundary of its range, with isolated findings of E.
semenovii in the Kyrgyz Alatau and Karatau [18-19].

In Tajikistan, E. semenovii is found in two floristic regions. These regions include the Gissar-Darvaz
region, which encompasses the basins of the Varzob, Karatag, and Shirkent rivers. It can also be found along
the road to the Pashmikun tract, in the vicinity of the village of Ramit, on the left bank of the Shurab-Dara
river, and in the Pshegit tract. Additionally, it is found in the South Tajikistan region, particularly in the
Surkhob ridge and the vicinity of the village of Kosa-Tarosh [11].

In Kyrgyzstan, the distribution of E. semenovii is detailed in the summary provided by G.A. Lazkov and
B.A. Sultanova [20]. It covers the northern part of the Republic, the Issyk-Kul basin, Western Inner Tien
Shan, and the Periphery of the Fergana regions.

In Uzbekistan, E. semenovii can be found across all ranges of the Southwestern Tien Shan, including
the Chatkal, Kuramin, Ugam, Pskem, Koksu, Karzhantau, and Maidan-Tal [21].

8 BecTHuK KaparaHguHckoro yHuBepcuTeTa



Euonymus semenovii Regel & Herder...

In China, E. semenovii has adapted to various habitats, ranging from dry grasslands to forest steppes
and forests. It can be found over a significant range of altitudes, from 1000 to 3200 m. In China, it is distrib-
uted in 11 provinces: Gansu, Hebei, Henan, Ningxia, Qinghai, Shaanxi, Shanxi, Sichuan, Xinjiang, Tibet,
and Yunnan [12-13].

Morphological characteristics. E. semenovii is a branched shrub with olive-green shoots. The young
branches are rounded and four-angled. The leaves are opposite, dark green on top and lighter underneath.
They are glabrous on both sides and have a lanceolate, oblong-ovate, or sometimes ovate or elliptical shape.
The base is rounded-cuneate or rounded, and the edges are serrated or crenate-serrated. The inflorescences
are 3-7(15)-flowered and located in the lower part of the branches, in the axils of cup-shaped leaves. The
flowers are bisexual, measuring 6-8 mm in diameter. They are four-parted, with sepals that are 1 mm long
and oblong and green. The petals are 2-3 mm long and oblong-rounded. The stamens have sessile anthers.
The fruit is a four-lobed capsule that is leathery and dry. It is pear-shaped and measures 6-9 mm long, with
blunt lobes tapering to a short neck at the base. The seeds are oval and shiny, measuring 5-7 mm long. They
have an orange-red aril with a lateral opening.

The species has an extensive range, so depending on the region and the growth conditions, the morpho-
logical characteristics may vary. These differences most commonly involve the size of the plant itself and its
individual organs, as well as their coloration (Table).

Table
Differences in morphological characteristics of E. semenovii from several regions
Morphological Location
indicator Kazakhstan Tajikistan Kyrgyzstan Uzbekistan China
Plant height, m 1.0-2.0(3.0) 0.2-1.0 1.5(3.0) upto 1.0 2.0-3.0
Leaf blade (length x 156%05-2 | 79)x1-23) | 156x052 | 156x052 [355x1-1.52.5)
width), cm
Peduncle length, cm 1-3 4-5 0.8-2.5 - 1.8-2.5
Petal color dark purple with a _almost purple |dark purple with a| red Wlth a green- dark red
greenish edge |with a green edge| greenish edge ish edge

raspberry- brown or yellow-

Fruit color ripe pink colored when - green brown to red-
ripe, then brown brown

Seed color dark brown brown dark brown brown darkbblgt():\ll(vn or

In particular, the shortest plant height is recorded for specimens growing in Tajikistan and Uzbekistan,
where it does not exceed 1 meter. In contrast, in China, Kyrgyzstan, and Kazakhstan, it reaches up to
3 meters. The dimensions of the leaf blade also vary. In Kazakhstan, Uzbekistan, and Kyrgyzstan, it ranges
from 1.5-6 x 0.5-2 cm. In China, it measures 3.5-5 x 1-1.5(2.5) cm, and in Tajikistan, it is 7(9) x 1-2(3) cm.
Additionally there are differences in the characteristics of the leaves. In China, the leaves have a papery tex-
ture, while in Tajikistan, they have longer petioles measuring 2—8 cm. The petals, fruits, and seeds also
showcase variations. The petals can range from dark purple with a greenish edge to red. The fruits come in
different colors such as pink, brown, and green with various shades. The seeds vary in color from brown to
black. These differences are most likely explained by genetic variability, the influence of environmental
conditions (such as slope exposure, lighting, and moisture), and possibly adaptation to the composition of
pollinators. Figure, b-h, presents some variations in the morphological features of E. semenovii in different
phenological phases.

The anatomical structure of E. semenovii leaves has been studied by Tajik scientists [22-23] (Fig., i).
They discovered that E. semenovii leaves have distinct palisade parenchyma on the upper side of the leaf,
which are typically dorsiventral mesomorphic leaves or leaves with a combination of xeromorphic features.
E. semenovii has slightly recessed anisocytic stomata. It is characterized by thickened leaf blades (leaf blade
thickness 274.5+4.8 pm, mesophyll thickness 228.0+7.0 um), large-celled upper (cell height —
35.7£0.5 pm, cell width — 42.7+1.3 pm) and lower (cell height — 24.1+£0.5 pm, cell width — 30.5+1.8 pm)
epidermis, significant height and width of palisade parenchyma cells (number of cell layers — 2, long axis of
cells in the first layer — 56.6+2.5 um, short axis of cells in the first layer — 15.0+1.4 pm, long axis of cells
in the second layer — 56.1£1.5 um, short axis of cells in the second layer — 15.8+1.2 um), spongy paren-
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chyma (thickness — 115.0+4.5 pm, number of cell layers — 4-6), few large stomata (stomata on the lower
side of the leaf: length — 30.5+0.5 pm, width — 22.5+0.5 um, number per mm? — 98.6+8.0), and a small
volume of intercellular spaces. Therefore, the leaf anatomical structure of E. semenovii is characterized by a
predominance of features typically found in plants with xeromesomorphic structure. It appears that environ-
mental factors contribute to some degree of xeromorphism in mesomorphic leaves under normal condi-
tions [22-23].

The morphological and morphometrical characteristics of pollen grains of E. semenovii are as follows:
the pollen size, measured by polar axis x equatorial axis, ranges from 25-28 x 22-27 um, and the shape of
the pollen grains varies from prolate spheroidal to oblate spheroidal. The number of colpi observed on the
pollen grains is three. The endoapertures of the pollen grains are of the type Ora, characterized by an oval
shape with equatorial elongation, measuring approximately 4 um in diameter. The ornamentation of the pol-
len grains exhibits a reticulate and heterobronchate pattern, with lumina measuring between 0.2—-0.3 um and
the width of muri ranging from 0.5-1.5 um, with an average of 0.2 um. The exine thickness of the pollen
grains falls within the range of 2.0-3.8 um [24].

In the Central Asian region (Kazakhstan, Kyrgyzstan, Uzbekistan), the flowering period of the species
is limited to May-June, while in China, it can extend until July. Secondary flowering of E. semenovii occurs
in sparse spruce forests (Kazakhstan, Transili Alatau, 27.09.2016, Fig., f). This secondary flowering was
noted only once during the entire observation period. The fruiting periods of the species also vary: in most
countries, it occurs in August, but in Tajikistan and China, it can last until September or October. These vari-
ations are presumably also influenced by the aforementioned factors. There are cases of both abundant flow-
ering and its absence in individual years. For example, in the Transili Alatau (Kazakhstan), E. semenovii in
the spruce forest (Picea schrenkiana Fisch. & C.A. Mey.) with Malus sieversii M. Roem. and Crataegus
songarica K. Koch blooms and bears fruit abundantly for five out of the observed six years [25], while in the
Varzob River gorge (Tajikistan), the species under study was never observed to flower [26].

Ecological and phytocenotic characteristics. E. semenovii is a mountainous species that grows at alti-
tudes ranging from 1100 to 3200 m above sea level. It can be found on slopes with various exposures, but it
prefers northern and northwestern aspects. According to the ecological scales of L.G. Ramenskiy and
I.A. Tsatsenkin [27], it thrives in habitats with moisture conditions ranging from dry to moist, and the soil
can be non-saline to fertile. In terms of light conditions, it is considered a shade-tolerant species. However,
there is evidence that increased illumination due to windbreaks in the spruce forest has a beneficial effect on
the flowering and fruiting of E. semenovii individuals, as observed in the following year [28].

E. semenovii is found in the understory of various types of forests. In Kazakhstan, it is most commonly
found in the Northern Tien Shan, specifically in the Transili Alatau region. It can be found at altitudes be-
tween 1100 and 2600 m above sea level, as part of different forest and shrub communities. It is also present
in apple forests, ranging from 1350 m (Aksai Gorge) to 1720 m above sea level (Alma-Arasan Gorge). In
these apple forests, E. semenovii is abundant in half of the cases, and it is part of communities dominated by
Malus sieversii M. Roem., Rubus caesius L., Brachypodium sylvaticum (Huds.) P.Beauv., Dactylis
glomerata L., Geum urbanum L., Aegopodium alpestre Ledeb. [29-30]. It is also found in apricot-apple
(Armeniaca vulgaris Lam., Malus sieversii) and aspen-apple-hawthorn (Populus tremula L., Malus sieversii,
Crataegus songarica K. Koch) forests [31]. In the Malaya Almatinka River valley (1400-1500 m above sea
level), E. semenovii is a characteristic species of a unique community that includes Celtis caucasica
Willd [32]. However, in the eastern part of this region (Karakunuz locality), Winterholler B.A. [33] observed
only individual suppressed specimens in more arid habitats. This suggests that E. semenovii is capable of
adapting to harsh conditions and varying moisture levels. Interestingly, in the central part of the Transili
Alatau, E. semenovii is part of another rare plant community of Atraphaxis muschketowii Krasn. with single
trees of Armeniaca vulgaris [34].

E. semenovii has been recorded in the Dzhungarian Alatau Mountains [3, 35], although it is not found in
the apple forests of this region [36]. In the Kyrgyz Alatau, the species is mentioned as part of communities
with Abelia corymbosa Regel et Schmalh. on the northern and northwestern slopes of the Merke River at an
altitude of 1100-1200 m above sea level [37].

In the Tien Shan, E. semenovii is also widely distributed in spruce (Picea schrenkiana) forests. It is
considered a characteristic or reliable species of this formation [2, 4, 38]. According to B.A. Bykov [38], the
species can be found in the following types of spruce forests:

- Mixed forests: walnut (Piceetum juglandosum), apple (Piceetum malosum), aspen (Piceetum saxoso-
tremulosum), willow (Piceetum salicosum), rowan (Piceetum sorbosum);
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- Mossy forests: large-mossy (Piceetum rhytidiadelphosum) dominated by Rhytidiadelphus triqueter
(Hedw.) Warnst. in the moss cover; herb-mossy-bearberry (Piceetum arteto-muscosum); shield-fern
(Piceetum dryopteriosum), mixed-herb-mossy of the middle belt of forest (Piceetum mixto-muscosum
(subalpinum));

- Herbaceous forests: from the shrub-herbaceous group — honeysuckle (Piceetum loniceriosum), from

the mixed-herbaceous group — riverside herbaceous (Piceetum fontinoso-herbosum).
In all types of spruce forests, E. semenovii is classified as a characteristic species with low abundance.

Its abundance only reaches 30 % in one type of forest — large-mossy spruce forest. In other cases, the
species is noted to occur as individual specimens.
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Figure. Euonymus semenovii Regel & Herder: species distribution range (© T.G. Leonova, 1974 [15]) (a); in the
wild (Kazakhstan, Turgen River Gorge, left bank, 17.07.2023) (b); in the wild, plant height over 3 m (Kazakhstan,
Kotyrbulak Gorge, northwest slope, 18.07.2023) (c); in the wild, height up to 20 cm (herbarium, Kyrgyzstan, Alai
Range, Gulcha River basin, 15.08.1962) (d); shoot with flowers (Kazakhstan, Tian Shan, lle Alatau, 15.06.2009;
© Epiktetov V., 2009, https://www.plantarium.ru/page/image/id/32354.html) (e); secondary flowering (Kazakhstan,
Transili Alatau, Tauturgen Gorge, 27.09.2016, collected by A.A. lvashchenko) (f); shoot with fruits (Kazakhstan, lle
Alatau, © V.L. Kazenas, A.B. Zhdanko, photographs, 2012) (g); mature fruits with seeds (herbarium, Kyrgyzstan, Kir-
ghiz Alatau, right bank of the Kara-Balta River, northern slope, 11.09.1947) (h); leaf anatomy: cross-section (1) and
longitudinal sections through upper (2) and lower (3) epidermis, palisade (4) and spongy (5) leaf parenchyma
(©A.A. Ashurov, R.S. Khakimova [22-23]) (i)

The response of E. semenovii to processes that often occur in the mountains of the Northern Tien Shan,
such as landslides, is of interest. In the spruce forests of the region, one of the stages of landslide succession
in the lower half of the coniferous forest belt involves the encroachment of shrubs, including E. semenovii.
However, the change in species coverage in three successively changing types of spruce forests is minor —
from 1 % in large-mossy spruce forest (Piceetum rhytidiadelphosum) to 1.5 % in short-legged spruce forest
(Piceetum brachypodiosum) and further to 0.8 % in mixed-herbaceous spruce forest (Piceetum mixto-
herbosum) [38].

As a result of detailed studies on the structure of the North Tien Shan spruce forests, I.1. Roldugin iden-
tified the presence of E. semenovii in the lower belt of spruce forests in the following types:

- graminaceous-aspen-spruce community: This community is composed of 8 spruce trees, 2 aspen trees,
and occasionally birch, apple tree, and spindle-tree. The age of the spruce trees is 80-150 years, with a
bonitet rating of Ill. The shrub layer consists of 11-12 species, reaching a height of 1.5-2.5 m. The occur-
rence of E. semenovii, which is classified as an interlayer shrub — liana, is 75 %;

- brachypodium-aegopodium-spruce community: This community consists of 10 spruce trees. The age
of the spruce trees is 100-150 years, with a bonitet rating of 1l. The shrub layer consists of 10 species.
E. semenovii is poorly represented in this layer, with a height of up to 2.0 m (0.1 %) [4].

E. semenovii occurs less frequently and in insignificant abundance in the North Tien Shan in the subal-
pine belt. It is found in communities of Juniperus pseudosabina Fischer et Meyer and on scree slopes of the
upper belt [39].

In Tajikistan, E. semenovii grows in deciduous forests, often found in dense stands of walnut (Juglans
regia L.) or maple (Acer turkestanicum Pax). It also persists in thickets of Exochorda alberti Regel or Coto-
neaster suavis Pojark. and can be found in rosariums (Rosa divina Sumnev., Rosa ovczinnikovii Kochk.).
Sometimes, it occurs in thermophilic juniper groves (Juniperus seravschanica Kom.) at the boundary with
broad-leaved forests at elevations of 1400-2000 (2300) m [11]. In the Pamir-Alai, E. semenovii grows up to
1 m in height and forms part of the herbaceous vegetation layer along with Aegopodium tadshikorum
Schischk, Leonurus turkestanicus V.I. Krecz. & Kuprian., Cystopteris fragilis (L.) Bernh., Carex polyphylla
Kar. et Kir., and others [40]. In the Varzob River valley, E. semenovii is found in maple forests with Acer
turkestanicum Pax at elevations ranging from 1800 to 2300 m above sea level. The shrub can reach a height
of up to 50 cm and has well-developed root sprouts. Flowering is observed only in particularly favorable
years [41].

In Kyrgyzstan, E. semenovii is recorded with moderate frequency in the following types of forests: wal-
nut-fruit, riparian and floodplain, shrub thickets on mountain slopes, and rarely in coniferous forests [42]. In
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the Sary-Chelek Biosphere Reserve, the main communities involving E. semenovii are formations of decidu-
ous forests: Uzbek poplar (Populus usbekistanica Kom.), common pear (Pyrus communis L.), and dark co-
niferous forests: with Schrenk’s spruce (Picea schrenkiana) — associations of the walnut-spruce group (with
Juglans regia), the apple-spruce group (with Malus sieversii and Malus niedzwetzkyana Dieck.), walnut-fir
forests (Juglans regia, Abies semenovii B. Fedtsch.), and spruce-birch forests (Betula tianschanica, Picea
schrenkiana, Abies semenovii). Just like in spruce forests, E. semenovii is noted in the vegetation of the
petrophytic group of humid screes and rocky slopes: in the rose-hip-hackberry thickets of spirea (Rosa
kokanica, Rosa fedtschenkoana, Celtis caucasica, Spiraea hypericifolia), and the mixed spirea community
(Spiraea lasiocarpa, Spiraea pilosa). The altitude range of these formations is 1260-2200 m above sea level,
and the height of E. semenovii specimens varies from 0.3 to 3 m [43]. In the Chon-Kemin River basin,
E. semenovii is noted as a characteristic species of spruce forests [44], while in the Chatkal, Talas, Uzun-
Akhmat, and Susamyr Ranges, it is a co-edificator in the formation of Picea schrenkiana — Abies
semenovii [45]. Lavrenko E.M. and Sokolov S.Y. mention E. semenovii as an edificator of relict biocenoses,
along with Malus sieversii, Acer semenovii, Abelia corymbosa, and Aflatunia ulmifolia (Franch.)
Vassilcz. [46].

In Uzbekistan, E. semenovii is widely distributed in the mountain ranges of the Western Tien Shan. It
can be found forming small independent thickets or as part of the understory [47].

Furthermore, E. semenovii, along with Lonicera hispida Pall. ex Schult., Aflatunia ulmifolia, and
Prunus cerasifera Ehrh., grows in the well-developed understory of walnut-coniferous forests. These forests
are formed by Juglans regia L., Picea tianschanica Rupr., and Abies semenovii in the mountains of the
Western Tien Shan [48]. E. semenovii is also present in mixed maple-walnut (Juglans regia L. and Acer
turkestanicum Pax.) and apple-walnut (Juglans regia L. and Malus kirghisorum Al. Fed. & Fed.) forests with
a rich understory. This understory includes Prunus cerasifera Ehrh., Lonicera korolkowii Stapf, Lonicera
persica Jaub. & Spach, Lonicera karelinii Bunge, Crataegus turkestanica Pojark., Rhamnus cathartica L.,
and other species [49]. The walnut forests of the Fergana Range are home to two species of the Euonymus
genus: E. semenovii and E. koopmanii Lauche. [6].

Economic importance and introduction E. semenovii is a shrub that produces gutta-percha. However,
the gutta-percha content in its root bark is lower compared to other species [50]. The arils of E. semenovii
contain the carotenoid zeaxanthin [51]. According to Botanic Gardens Conservation International (BGCI),
E. semenovii grows in sixteen botanic gardens worldwide (https://plantsearch.bgci.org/taxon/31851). Be-
cause of its ornamental qualities, such as diverse leaf colors that range from dark green in summer to yellow-
orange in autumn and the bright purple-crimson color of ripe fruits, E. semenovii is highly valued for forest
park construction and urban landscaping. It is particularly recommended for use in the resort area of Lake
Issyk-Kul [40, 50, 52-53].

In cultivation, E. semenovii is known at the forest-steppe experimental station in the Lipetsk region
(Russia), where it sometimes experiences frost damage. In Leningrad, it freezes completely [50]. Live plants
of E. semenovii from the Transili Alatau (valley of the Malaya Almatinka River) were introduced in 1962 at
the Botanical Garden of the Academy of Sciences of Ukraine (Kyiv). These plants have shown resilience and
ornamental qualities in cultivation [54]. In Edinburgh Botanical Garden in England, E. semenovii grows well
and blooms, but does not bear fruit [55]. When introduced in Tashkent (Uzbekistan), it survived winter con-
ditions without damage [56].

There is detailed information available on the introduction of E. semenovii in Almaty (Kazakhstan). It
has been repeatedly introduced to the Main Botanical Garden in Almaty since 1957 with live plants from the
Transili Alatau. It begins vegetating at the end of March, blooms in May-early June, and bears fruit in Au-
gust. Its height ranges from 0.3-0.5 m. It reproduces vegetatively via root suckers. In cultivation, it is not sta-
ble, prefers shade, and is sensitive to soil moisture [57].

Seeds of E. semenovii collected in Kyrgyzstan in the Semyonov Gorge (northern shore of Lake Issyk-
Kul, at an altitude of 1880 m) on 04.10.1980 were sown in the arboretum of the V.N. Sukachev Institute of
Forest, Siberian Branch of the Russian Academy of Sciences (Krasnoyarsk, Akademgorodok). After
206 days of stratification, they were sown on 18.05.1981. A few seedlings appeared in June 1982. In October
1983, the seedlings were transplanted to the nursery [58], but later they froze [59].

In an initial trial in Moscow at the Main Botanical Garden of the USSR Academy of Sciences (now the
N.V. Tsitsin Main Botanical Garden of the Russian Academy of Sciences) [60], E. semenovii plants either
did not freeze at all or froze no more than 50 % of the length of one-year shoots, but did not bloom or bear
fruit. Further research showed that in Moscow conditions, E. semenovii at the age of 7 years reaches a height
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of 0.4 m, vegetates, has high winter hardiness (grade I), and is classified as a 2nd class promising plant —
“promising plants” [61].

The existing experience with introducing this species suggests that it is highly recommended to culti-
vate it extensively in botanical gardens and arboreta. This cultivation is important for studying adaptation
processes in various soil and climatic conditions, as well as for expanding the possibilities of practical use.

Conservation. The need for special protection of E. semenovii as a crucial element of various relict
communities has been emphasized by multiple authors [34, 46, 62-63], among others. In China, this species
is considered rare in Xinjiang [13].

In Kazakhstan, E. semenovii is protected within two state nature reserves — Almaty and Aksu-
Zhabagly, and three state national nature parks — Zhongar-Alatau, lle-Alatau, and Kolsay Kolderi [18, 35,
64-66].

In Kyrgyzstan, E. semenovii is protected in three state reserves — Sary-Chelek, Padysha-Ata, and
Issyk-Kul [43, 45, 67].

We Dbelieve it is necessary to include E. semenovii as a subject of monitoring research due to its status as
a rare species of relict plant communities.

Proposals for conservation. We believe that in vitro propagation is a crucial method for preserving the
gene pool of E. semenovii. Firstly, this method allows for the production of genetically identical copies of the
plant, which is essential in creating backup populations and preventing species extinction. Secondly, in vitro
propagation provides a fast and efficient means of reproducing plants, which is particularly relevant for re-
storing degraded or small populations in natural conditions. Thirdly, utilizing in vitro methods enables de-
tailed studies of the plant's physiology, anatomy, and genetics under controlled conditions, thereby contrib-
uting to a deeper understanding of the species’ biology. Developing effective in vitro propagation methods
for E. semenovii will ensure the long-term conservation of this species. It is worth noting that this propaga-
tion method is widely used for other species within the genus Euonymus L., highlighting its poten-
tial [68-80].

Conclusions

E. semenovii is a relic of the forest flora in the Turgai region and is found in Central Asian countries
(Kazakhstan, Tajikistan, Kyrgyzstan, Uzbekistan) and adjacent regions of China. The species has a wide eco-
logical range, thriving in moist habitats, tolerating some drought, and growing at various altitudes. These
ecological preferences are reflected in the morphological characteristics and coloration of its individual or-
gans. However, differences in the assessment of the species’ life form suggest that there is still a need for
further study of its morphological variability.

E. semenovii is a part of the undergrowth in mountain forests, but is not found in large numbers, which
makes it vulnerable to negative factors, particularly those caused by human activity. It plays a role in land-
slide successions in the Northern Tien Shan mountain forests, indicating its ability to regenerate and adapt to
environmental changes. This highlights the species’ importance in environmental protection and erosion con-
trol, which helps to maintain the stability of mountain ecosystems.

Despite being a decorative gutta-percha shrub with arils containing zeaxanthin carotenoid, little re-
search has been done on the chemical composition of E. semenovii. Currently, its use is mainly limited to
decorative purposes. Initial experiences have shown that the species is not stable in culture and may not sur-
vive in certain climatic conditions. Further research is needed to fully understand the potential and character-
istics of this species, as well as to determine its practical applications. To conserve the species, systematic
monitoring observations and the development of conservation proposals, including accelerated in vitro prop-
agation methods, are necessary.
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B.1YO. Kupumnos, T.H. Cruxapea, A.A. MBamieHko,
M. XK. laynenona, XK.C. JlykeHos

Euonymus semenovii Regel & Herder peaunkri opmangapabIiH MaHBI3AbI
3JIEMEHTI peTiHge: 3epTTey TIKipnodeciH KOPBITHIHABLIAY

Maxkanaga Opra Asus MeH Kpitait ¢dnopacsisbiy penukri Typi — Euonymus semenovii Regel & Herder
OoiibiHIIa Koga Gap FBUIBIMH MaTepHaIJapiblH Talgaybl KenTipinren. Tanmayzma ocsl TYpIIH Tapalysl,
MOP(OJIOTHSIIBIK, SKOJOTHSJIBIK JKOHE (DUTOIEHO3ABIK epeKIIeNiKTepi, JKepCiHIipy TaxkipuOeci, Kopray
Mocenenepl CHAKTHI KOPCETKIITep KapacThIpbUIFaH. Typ KeH HUITIITIFIMEH epeKIIeNeHei, BUIFaIabl
JKepiepi YHaTaapl, KYpFaK Ke3eHAepre ToTemn Oepe anasl xKoHe opTypii OuikTikTe (TeHi3 nerreiiner 1100-
3200 M apanbIFbIHIA) ©CEMl, OYIT KEeKe OpraHaapAbH MOP(OIOTHIIBIK epEeKIICTIKTepi MEH ONlapAbIH TYCiHIE
kepineni. Ocel Typ a3 MemIIepAeri Tay OpMaHAApBIHIAFBl OPTYpJi Typheri Oyramap KypaMbIHa Kipemi.
E. semenovii kaTeicaTblH 6CIMAIKTEp KayBIMIACTBIFBI TAPATYIBIH OPTYPIIi OeJiKTepiHae epeKIeneHe I, SFHH
anva aramrapeiHan Gacran (Malus sieversii M. Roem) wsipinara neitin (Picea schrenkiana Fisch &
C.A. Mey). PenukTi eciMaikTep KaybIMAACTBIFBIHAA PEIUKTI TYp peringe atan etinai (Kasakcranga — Celtis
caucasica Willd. xone Atraphaxis muschketowii Krasn). Contycrik TsHb-1llaHs Tayisl opMaHAapbIHIAFbI
KOIIKIH CYKIECCHSIApBIHbIH IPOLECTEPiHe KAThICAalbl, OYJ OHBIH TayJbl 3KOXKYHENEPIOiH TYPaKThUIBIFBIH
caKTay YIUiH KOpIIAFaH OpTaFa JKoHEe 9PO3HsFa KapChl MAaHBI3IbLIBIFBIH KopceTeai. E. Semenovii mpaktukaibsik
KOJIZIaHy JKOHE cakTay OOWBIHIIA YCHIHBICTap OepiareH. OHBIH 9NEYETiH TOJBIK TYCIHY YIIIH OCHI TYpAl TepeH
3epTTey KaKETTUIri, CoHnaif-aKk OakpUIaylapAbl >KyWemi Typhae Oakpuiay >KoHE THIMII KeOero ofmicTepiH
93ipJiey KayKeTTLIIr] aTal eTiIreH.

Kinm  ces0ep: Celastraceae, Euonymus semenovii Regel & Herder, Tapanys, Mopdonoruscsi,
(hUTOLICHOIOT HSICHI, MIAPYAIIBIIBIK MaHBI3bL, JKEPCIHAIPY, KOPFay.

B.1O. Kupumnos, T.H. Ctuxapena, A.A. MBarieHko,
M. XK. laynenona, K.C. JlykeHoB

Euonymus semenovii Regel & Herder kak Ba:kHblIii 2JieMeHT
PEeIMKTOBBIX JIECOB: 00001eHNE ONBITA UCCJIE0BAHMIA

B crarbe npuBe/ieH aHaIM3 MMEIOLIMXCSA HAYYHBIX MaTepranoB o Euonymus semenovii Regel & Herder —
penukToBOMY By (iopbl Cpenneit Asuu u Kutas. PaccMOTpeHsI ceayromime moKa3aTelin: pacnpocTpaHe-
HHE, MOP(OIOrHIECKHe, IKOIOTHIECKHE U (PUTOIEHOTHIECKHE OCOOEHHOCTH U XapaKTEePUCTHKH, OIBIT HH-
TPOIYKIHMH, TPOOIEMbI OXPAHbI JAHHOTO BHIA. BHJ IeMOHCTPHPYET IIHPOKYIO [UIACTHIHOCTD, MPEIIIOUNTAs
BJIAKHBIC MECTOOOHTAHUS, CIOCOOHOCTh MEPEHOCHTH 3aCyLUIMBbIE MIEPHOBI U MPOU3PACTATH Ha PA3HBIX BBI-
corax (B quanazone 1100-3200 m. Haj ypoBHEM MOpsI), UTO BBIpaKaeTcsi B MOP(HOIOTHYECKAX 0COOEHHOCTSIX
OTACJIBHBIX OPTraHOB U UX OKpacCKe. BXO}II/IT B COCTaB NOMJIECKA pa3/IMYHbIX THUIIOB I'OPHBIX JIECOB B He60.]'lb—
oM o6unuu. PacturenbHble coo0IecTBa ¢ yuactueM E. Semenovii B pasHsIx yacTsx apeaa OTIHYAI0TCT —
ot s6moHeBbIx (Malus sieversii M. Roem) o enoesix (Picea schrenkiana Fisch & C.A. Mey). Otmeuen kak
PEMKTOBLIM BUJI B PEIMKTOBBIX pacTUTENbHBIX coobmecTBax (B Kazaxcrane — c Celtis caucasica Willd u
Atraphaxis muschketowii Krasn). YuactByer B mporieccax Omoi3HEBBIX CYKIECCHI B TOPHBIX Jiecax CeBepHO-
ro Tsub-1Ians, 9T0 TOAYEPKUBAET €r0 BAXKHOE CPEIO3ANIMUTHOE U MPOTHBOIPO3UOHHOE 3HAYECHHE JIJISI COXPa-
HEHUsI YCTOWYMBOCTH TOPHBIX DKOCHCTEM. JIaHBI MPEUIOKEHUsI 110 MPAKTHYECKOMY HCIIOIB30BAHHUIO U CO-
xpanenuto E. semenovii. IloguepkuBaercss HEOOXOAUMOCTh YIIIyOICHHOTO HCCIIEAOBAHHS ITOTO BHAA VIS
MOJIHOTO MOHUMAHUS €r0 MOTEHIHAIA, a TAKKE CHCTEMATHIECKOr0 MOHHTOPHHTA HAOMIOAEHHH U pa3paboTKu
3(h(EKTUBHBIX METOIOB PA3MHOKEHHS.

Kniouesvie crosa: Celastraceae, Euonymus semenovii Regel & Herder, apeain, Mopdosorust, puToLeHonorus,
XO03SIMCTBEHHOC 3HAa4YCHHEC, HHTpO)lyKHHH, oxpaHa.
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Assessment of adaptive body reactions to the professional and
pedagogical activity in teachers of secondary schools

The intensity of teaching work consists of intellectual workload indicators, which includes heuristic (creative)
activity, processing, checking and monitoring the completion of tasks, working in conditions of time deficit
and emotional stress. All this determines the functional quality of the main job, the presence of conflict situa-
tions caused by professional activity, sensory loads and low motor activity. The purpose of the study is the
adaptive responsiveness to the professional and pedagogical activity in age dynamics among teachers of sec-
ondary schools. The objects of the study were female teachers of secondary schools of Karaganda city. The
assessment of the working capacity by Work Ability Index, personal anxiety, blood pressure, heart rate varia-
bility, calculation of body mass index, registration of the number of steps per day, and a sociological survey
were carried out. Statistical processing was carried out using the STATISTICA 10.0 software package. The
analysis of the results of the study showed that teachers’ fatigue increases in age dynamics due to the pres-
ence of stressful situations during their work. Fatigue is accompanied by a high level of personal anxiety,
physical inactivity and body mass index increase. Since the cardiovascular system, due to its
morphofunctional features, is one of the first to respond to stressful influences, signs of tension were noted in
it. Intensive work activity of teachers and the impact of various aspects of the work process (workloads, lack
of time, stress, physical inactivity, etc.) can lead to an increase in fatigue, body mass index, and stress on the
cardiovascular system in age dynamics.

Keywords: teachers of secondary schools, age dynamics, physical inactivity, tension, fatigue.

Introduction

The problem of fatigue among intellectual workers is one of the key problems in the field of occupa-
tional hygiene and physiology. It is closely related to the issues of adaptation, efficiency and restoration of
functional reserves of the body. Pedagogical activity belongs to the category of intellectual work character-
ized by irregular but significant psycho-emotional stress, the need to make atypical decisions, and the active
mobilization of psychological and energy resources. Work on the development of important qualities that
contribute to the improvement of adaptive abilities is usually not given due attention [1]. According to [2],
school teachers are included in the category of employees who are exposed not only to professional stress,
but also to unfavorable hygienic conditions in the school environment and the work process.

The assessment [3] of the physiological and hygienic aspects of teaching, conducted in university con-
ditions, allows considering the work of teachers as excessively stressful, corresponding to the third level of
nervous tension, with a high intellectual and sensory load.

Employees of educational institutions often face chronic fatigue, irritability, anxiety and depression, and
after work week they recover emotionally and psychologically much more slowly [4, 5]. C. Fiorilli et al. [6]
indicate that one of the main causes of teachers’ disability, retirement due to ill health and staff turnover is
stress.

The professional activity of teachers is accompanied by high workload, unfavorable working condi-
tions, lack of a rational work and rest regime, as well as an imbalance between labor costs and remuneration.
All of the above may reduce the labor productivity for some time and is most often due to internal resources
depletion, so as disruption of the body’s systems that ensure its functioning (psycho-physiological, regulato-
ry) [7]. Numerous psychological, medical, and sociological studies [8, 9] show that the professional group of
teachers is characterized by extremely low indicators of both physical and mental health. And these indica-
tors decrease as the length of service in an educational institution increases [10].

Consequently, the working capacity of teachers is determined by the presence of a certain condition or
set of conditions that affect the quality of professional tasks.

The purpose of the study is to assess the adaptive responsiveness to the professional and pedagogical
activity in age dynamics among teachers of secondary schools.
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Experimental

The study involved female teachers of secondary schools of Karaganda city aged 21 to 62 years (85
persons). All participants were divided into 3 age groups: group 1-23 women under 30 years old (average
age 25+0.85 years, experience 3.66+0.66 years), group 2—26 women from 30 to 45 years old (average age
37.38+0.89 years, experience 13.23+1.32 years), group 3—36 women over 45 years of age (average age
51.840.63 years, experience 26.76+1.14 years).

The working capacity assessment was carried out using the WAI (Work Ability Index) question-
naire [11]. The WAI result is calculated by summing up the points that ultimately determine the level of
working capacity: 44-49 points — very good working capacity; 37-43 points — good working capacity;
28-36 points — average (unsatisfactory) working capacity; 2-27 points — poor working capacity.

The Spielberger — Khanin test was used to determine the level of personal anxiety (PA): up to 30
points — low personal anxiety, 31-44 points — moderate personal anxiety, 45 or more — high personal
anxiety.

The state of the cardiovascular system was determined by blood pressure and pulse rate.

Blood pressure and heart rate were taken as the indices of the cardiovascular system functioning.

The heart rate was assessed by its variability (HRV) using the software and hardware complex Varikard
— 2.4 software and hardware complex using the statistical assessment method [12]. The symbols of HRV
indicators used in the work corresponded to international HRV assessment standards and indicative stand-
ards.

The number of steps was recorded using an OMRON pedometer (HJ-203-ED) (Japan). A questionnaire
to assess preventive and medical activity, as well as self-assessment of citizens’ health was the instrument of
the sociological survey [13]. It was also determined the body mass index (BMI) using the following formula:
BMI= Body weight (in kg)/ Height*Height (in meters).

The statistical analysis of the study results was implemented using the standard software package
STASTICA 10.0, which includes the calculation of the average value of a variable, its standard error and the
Student’s confidence criterion (t). Statistical processing of percentages included calculating the percentage of
persons meeting a certain standard relative to the total number in groups, as well as determining the percent-
age error. Shifts at p<0.05 were considered reliable.

Results and Discussion

The results of the study showed (Tab. 1) that in the course of work, the highest level of average WAI
values was observed in the first two age groups of secondary school teachers (under 30 and 3045 years old)
— 39+0.88 and 37.1+0.86 points, which, in accordance with the quantitative gradation, corresponded to the
level of “good working capacity” (3743 points) [14]. In age group 3 (over 45 years old), there was a signifi-
cantly reduced level of average WAI values to 36.5+0.88 points (p<0.05), which corresponded to the bound-
ary level between “good working capacity” and “unsatisfactory working capacity” (28-36 points).

Table 1
The age dynamics of individual indicators among teachers of secondary schools

Parameters under 30 years of age 30-45 years of age over 45 years old
WA, points 39+0,88 37,1 +£0,86 36,5+ 0,88*
Number of steps 6026,3 + 473,85 4393,2 + 165,82* 3392,5 +170,59*
BMI, conv. units 23,6+ 1,13 25,6 + 0,56 28 + 0,64
PA, conv. units 448 +£1,29 44,4+ 0,79 45,2+ 0,94
*Note — the difference with age group 1 is significant (p<0.05)

The analysis of the percentage ratio of working capacity levels revealed a dynamics in which there was
a gradual decrease in the percentage of teachers with high working capacity index in age group 1 from
73.1£0.017 % to 55.3=0.01 % in age group 3 (p<0.05). A corresponding increase in the percentage of teach-
ers with average working capacity index from 26.9+0.017 % in age group 1 up to 40.4 +0.01 % in age group
3 and the appearance of teachers with low working capacity index in age group 2 and 3 (5.6 = 0.004 % and
10.60.006 %, respectively) (Fig. 1).
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Figure 1. Percentage ratio of WAI working capacity levels among teachers

The results of a weekly calculation of the number of steps per day revealed that in age group 1 the aver-
age number of steps was 6026.3+473.85, in age group 2 — 4393.2+£165.82 (p<0.05), in age group 3 —

3392.5+170.59 (p<0.05).

Teachers of age groups 1 and 2 had an average BMI of 23.6+1.13 and 25.640.56, respectively, which
corresponded to the “Norm” criterion [15]. In age group 3, there was a significant increase in BMI to
28.0+0.64 (p<0.05), which corresponded to the “Excess” criterion. The percentage analysis showed that in
age group 1, BMI corresponded to the “Norm” criterion in 69.2+0.017 % persons, in age groups 2 and 3, the

sum of the “Excess” and “Obesity” criteria was 68.0 and 71.6 %, respectively (Fig. 2).
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Figure 2. Percentage ratio of BMI criteria in age dynamics among teachers of secondary schools

Table 2

Answers to the question “Do you feel stress while working?”

Answers under 30 years 30-45 years over 45 years
no 7,6 £0,01 % 18,3 +£0,007 % 33,9+ 0,008 %
rarely 42,3+0,019 % 26,5 0,009 % 30,1 + 0,008 %
often 38,4+ 0,018 % 34,6 + 0,009 % 26,4 + 0,008 %
constantly 11,5+ 0,012 % 12,2 + 0,006 % 5,6 £0,004 %

The analysis of the results of the questionnaire revealed the presence of stressful situations in the work
of teachers. To the question “Do you feel stress while working?” the sum of the answers “Constantly” and
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“Often” in age groups 1 and 2 corresponded to 50 and 46.93 %, respectively. In the age group 3, there was a
decrease in this indicator to 32.0 % (Tab. 2).

The average values of PA level in all age groups were on the borderline between moderate (3144
points) and high (45 points or more) (44.4 + 45.2). The analysis of the percentage ratio showed that a high
level of anxiety prevailed in age group 1 (57.6+0.019 %). In age groups 2 and 3, the average level of anxiety
prevailed (63.8+0.01 % and 52.84+0.009 %, respectively) (Fig. 3).
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Figure 3. The percentage ratio of PA levels in age dynamics among teachers of secondary schools

Regarding to the dynamics of the cardiovascular system, it can be noted that there was an increase in
systolic blood pressure (SBP) and diastolic blood pressure (DBP) from 105.71+2.87 (70+2.57) mmHg in age
group 1 up to 114.68+3.53 (80.31+3.42) mmHg in age group 2 (p<0.05) and further increase in age group 3
up to 122.03+2.96 (82.4+2.33) mmHg (p<0.05). The pulse rate in age groups 2 and 3 was relatively stable
(77.34 = 77.46 beats/min) (Fig. 4).
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Figure 4. Age-related dynamics of blood pressure and pulse rate in teachers of secondary schools

RMSSD decrease (the square root of the average value of the squares of the differences in the values of
consecutive pairs of R-R intervals) was registered in teachers at production activity in the age dynamics:
from 46.79+6.62 in age group 1 to 34.88+3.05 in age group 3, respectively (p<0.05) (Tab. 3).
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Table 3

Age-related dynamics of heart rate variability (HRV) in teachers of secondary schools

Parameters under 30 years 30-45 years over 45 years
RMSSD, msec 35,55+4,08 29,88+4,88 23,58+3,54*
Sl, conv. units 344,82+94,18 358,24+89,92 401,26+62,53
TP, msec® 2297,47+352,62 1559,06+349,82 1236,23+259,88*
LF/HF, conv. units 1,69+0,34 2,93+0,54* 3,89+0,81*
IC, conv. units 2,88+0,65 5,09+0,9* 6,48+1,14*
*Note — the difference with age group 1 is significant (p<0.5)

The total power (TP) of the spectrum in age dynamics significantly decreased from
2297.47+352.62 msec? in age group 1 to 1236.23+259.88 msec’ in age group 3 (p<0.05). The average values
of LF/HF and IC in age group 1 were 1.69+0.34 and 2.88+0.65, respectively, in age group 2 there was a sig-
nificant increase to 2.93+0.54 and 5.09+0.9 (p<0.05), in age group 3 — 3,89+0,81 and 6.48+1.14 (p<0.05)
(Tab. 3).

It was registered the PHF (spectrum power of the high-frequency component of variability as % of the
total oscillation power) decrease from 37.19+5.75 % in age group 1 to 26.21+4.03 % in age group 3
(p<0.05), the PLF (power of the low-frequency spectra) and PVLF (very low-frequency component of varia-
bility as % of the total power fluctuations) increase from 39.15+3.69 and 23.86+4.4 %, respectively, in age
group 1to 42.64+2.72 and 31.13+2.83 % in age group 3 (p<0.05) (Fig. 5).
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Figure 5. Dynamics of the power spectrum of the high-frequency variability component in %
of the total oscillation power of teachers of secondary schools of various age groups

Thus, the professional activity of teachers negatively affects the functional activity of their organs and
systems, especially the cardiovascular system, and introduces an imbalance in the activity of regulatory
mechanisms that carry out their interrelation. This can negatively affect the body’s resistance not only to ad-
verse factors of the educational process, but also to social and everyday ones, and may affect the working
capacity of teachers of secondary schools.

The work of teachers is characterized by versatility, a high level of responsibility, a significant load on
the visual analyzer (due to the need to monitor a variety of objects of attention and maintain a high level of
concentration), intense vocal load, prolonged stay in a stationary position, lack of physical activity, unbal-
anced daily routine, nutrition and rest, as well as other stressful factors, which can affect health and well-
being [7].

In addition to traditional objective research methods, subjective indicators are also used to assess the
functional state of intellectual workers. These studies include sociological surveys of employees assessing
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the nature of the work process, the level of fatigue, working hours, lifestyle and other aspects. One of these
subjective indicators is the WAL,

Analysis of the WAI questionnaires showed that teachers’ fatigue increases with age. As the results of
the study showed, teachers of secondary schools of various age groups showed significant changes in WAI
during their work. The highest level of average WAI values was observed in age groups 1 and 2 (under 30
years and 3045 years) and corresponded to the level of “good working capacity” [14]. In the age group 3
(over 45 years old) WAI corresponded to the boundary level between “good working capacity” and “unsatis-
factory working capacity”.

The analysis of the percentage ratio of working capacity levels showed a slightly different picture, a
gradual decrease in the age dynamics of the percentage of teachers with high working capacity and an in-
crease in the percentage with average working capacity and low working capacity.

According to the authors [16], decreased performance is characterized by mental states such as fatigue,
monotony and tension/stress. Monotony is often accompanied by inactivity. E.VV. Katamanova [2] notes inac-
tivity and often forced poses in the workplace of teachers. A sedentary lifestyle contributes to the develop-
ment of many pathological abnormalities in the state of health, which later lead to various chronic diseases.

According to the results of a weekly calculation of the steps number per day, it was found that teachers
of educational schools have low motor activity and tend to decrease with age. Physical inactivity is usually
accompanied by an increase in body weight [17]. This is due to the fact that restriction of physical activity
(hypokinesia) and insufficient amount of motor effort (inactivity) lead to disruption of many body functions,
including blood circulation, respiration, musculoskeletal system and digestion [18]. Studies [19] show that
the majority of intellectual workers have an increase in actual body weight compared to the ideal one, which
is largely due to insufficient physical activity and insufficient level of motor activity both in the workplace
and in everyday life.

Teachers of educational schools also showed an increase in body mass index in age dynamics. If in age
groups 1 and 2 BMI corresponded to the “Norm” criterion [15], then in age group 3 BMI corresponded to the
“Excess” criterion. The percentage analysis showed that the sum of the criteria “Excess” and “Obesity” in
age groups 2 and 3 significantly prevailed and amounted to 68.0 and 71.6 %, respectively.

The work of a teacher presupposes high standards of both professional skills and personal qualities of a
specialist. This profession is one of the most stressful among all social professions [20]. The professional
activity of a teacher is accompanied by numerous stressful factors that determine professional stress and neg-
atively affect the effectiveness of professional activities of teaching staff. The questionnaire survey showed
that almost half of the teachers of educational schools (46.93 =+ 50 %) experienced stress during work. It was
noted [21] that a violation of adaptive mechanisms and low stress tolerance with prolonged chronic influence
of stressful factors leads to a number of psychosomatic diseases.

Anxiety is particularly significant among the mental factors affecting the success of teaching activities.
Personal anxiety is understood as a relatively constant individual trait in which a person tends to perceive a
variety of situations as potentially threatening and respond to them with an appropriate level of anxiety. This
reactive disposition is activated when certain “threatening” stimuli are perceived, such as loss of prestige,
decrease in self-esteem, loss of self-esteem, and other aspects [22].

Anxiety is directly related to the risk of neurosis and is one of the factors that negatively affect the
body’s adaptive abilities in stressful situations [23].

The results of PA studying in a sample of teachers of educational schools show that in age group 1,
more than half of the surveyed teachers had a high level of anxiety (57.6+0.019 %). Therefore, it can be con-
cluded that the educational activities of teachers cause an increase in the level of anxiety and a decrease in
professional confidence. A number of works on pedagogy and psychology [24, 25] note that despite the fact
that young teachers after graduating from various pedagogical educational institutions, having good theoreti-
cal training, deep knowledge in the field of pedagogy, psychology and methods of teaching subjects, often do
not have sufficient skills in educational work conducting, as well as communicating with children and their
parents. This is reflected in the level of anxiety and is manifested by insecurity in the workplace. At the same
time, the adaptation process of a young teacher to industrial activity can last for several months or even
years [26].

This is confirmed by the results of an assessment of the level of anxiety among teachers of educational
schools, where an average level of anxiety was observed in age groups 2 and 3. This may indicate that anxie-
ty is more of a personal quality, rather than just a reaction to external stimuli. Consequently, teachers’ anxie-
ty level is determined by the process of adaptation to professional activity, and its manifestation is not ex-
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pressed as a tendency to negative reactions to various situations at work and at home that threaten their “I-
concept”, but more as part of their personal characteristics [26].

Due to its morphofunctional features, the cardiovascular system is one of the first to respond to stressful
influences. This system is also often subject to pathological changes caused by stress factors [27]. Teachers
of secondary schools showed signs of stress of the cardiovascular system in age dynamics, expressed in an
increase in the level of systolic and diastolic blood pressure. This is due to the fact that with age there is an
increase in physiological sensitivity to the effects of “workload” or the effects of “workload” accumulate
over many years [28].

People in professions with a high intensity of work experience deterioration in the functional capabili-
ties of the cardiovascular system and an increase in the prevalence of risk factors for cardiovascular diseases.
An analysis of the literature has demonstrated a tendency to increase the prevalence of overweight and obesi-
ty, which are key risk factors for diseases of the cardiovascular system, while reducing physical activity as-
sociated with professional activity [29].

One of the subtle psychophysiological indicators of human adaptation to environmental influences is
changes in vegetative balance, which can be identified through the analysis of indicators of the cardiovascu-
lar system, including special attention to heart rate variability (HRV). Currently, the analysis of heart rate
and its variability is one of the most frequently used methods in modern physiology. This method allows as-
sessing the state of the regulatory mechanisms of physiological functions, including the general activity of
regulatory systems, neurohumoral regulation of the heart and the relationship between the divisions of the
autonomic nervous system — sympathetic and parasympathetic [30].

Intensive work activities of teachers and the impact of various aspects of the work process can lead to
increased stress on the cardiovascular system [31-33]. The constant influence of these factors on the mecha-
nisms of regulation of the functioning of the cardiovascular system can lead to pathological changes. With
age, teachers of secondary schools have an imbalance in the work of the autonomic nervous system (ANS),
expressed in a decrease in the activity of the parasympathetic division (PD) and an increase in the activity of
the sympathetic division (SD) of the ANS, which is expressed by a decrease in sinus arrhythmia and an in-
crease in the activity of the sympathetic division of the ANS. This is reflected in the negative dynamics
(RMSSD). According to J. Sztajzel [34], RMSSD is one of the most frequently used indicators, and its appli-
cation is preferable due to its better statistical properties.

The most sensitive indicator of the overall activation of the sympathetic system of the body, which oc-
curs during emotional stress, is the index of tension of regulatory systems (stress index (SI). According to the
classification of O.Yu. Shiriaev and E.I. Ivleva, teachers of secondary schools [35] have Sl in a state that
meets the criterion of a supersympathicotonic state, which means that the body is in a stressful situation with
an overstrain of regulatory systems. However, it should be noted that SI has a number of disadvantages, in-
cluding abnormality (values can vary in an arbitrary range), the nonlinear nature of changes and hypersensi-
tivity. Therefore, we should not focus only on Sl values [36-37]. In this regard, we analyzed the results of the
spectral analysis of heart rate variability (HRV), which allowed assessing the activity of PD and SD of ANS,
not only absolute, but also relative — the percentage of activity of various departments, as well as the role of
humoral factors in the regulation of heart rhythm. According to [38], spectral analysis is highly accurate in
determining the contribution of the departments of the ANS to heart rate variability. The methods of statisti-
cal analysis of HRV do not allow to clearly distinguishing the degree of activity of each division of the ANS
on the heart rate, which makes it impossible to reliably assess the state of the departments of the ANS sepa-
rately. Spectral analysis, on the contrary, provides a similar opportunity. The high-frequency (HF) and low-
frequency (LF) spectra of the heart rate are, to a greater extent, respectively associated with the parasympa-
thetic regulation of heart rhythm and the state of sympatho-parasympathetic balance [39-41]. The other two
HRV spectra (VLF and ULF) are controlled by different levels of humoral regulation [12, 42, 43].

The spectral characteristics of the heart rate of secondary school teachers also indicate an increase in the
activity of SD with a decrease of the activity of PD. This is evidenced by a decrease in the age dynamics of
the total power spectrum (TP, ms?), which reflects the total activity of the vegetative effect on the heart rate.
At the same time, it should be taken into account the fact that an increase in the sympathetic effects of the
ANS leads to a decrease in the total power of the spectrum (TP).

According to the spectral analysis data, two important indices are calculated — the ratio of the average
values of the low-frequency and high-frequency HRV component (LF/HF) and the index of centralization
(1C), for which there was a positive dynamics in the age aspect among teachers of secondary schools. But it
should be borne in mind that the LF/HF ratio characterizes the overall sympathovagus balance, and its in-
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crease indicates the activation of the subcortical sympathetic nerve center, and IC as an indicator characteriz-
ing the level of centralization of heart rate control and a shift in activity towards the activity of the central
regulatory circuit and a decrease in the activity of the autonomous circuit [41].

The activity of SD ANS is also indicated by the analysis of the percentage ratio of the power of the
spectra of frequency characteristics of variability from the total oscillation power. Thus, in teachers of sec-
ondary school in the age dynamics, there is a change in the balance of the percentage ratio of individual
components of variability in % of the total oscillation power, which is characterized by a decrease in the
power of the high-frequency (PHF, %) and an increase in the power of the low-frequency (PLF, %) and very
low-frequency spectrum (PVLF, %), which indicates a high level of vasomotor activity center (PLF, %), SD
(PVLF, %) and low activity of PD ANS (PHF, %).

This conclusion is based on the fact that high-frequency oscillations (HF) are mainly associated with
respiratory movements and reflect vagal control of heart rhythm (activity of PD ANS). At the same time,
low-frequency oscillations (LF) have a mixed origin, and their power is mainly influenced by the dynamics
of the SD ANS tone and somewhat lower — PD. A number of authors [44, 45] note that very low frequen-
cies (VLF) reflect SD ANS activity and cerebral ergotropic activity on underlying structures. They also char-
acterize the influence of higher vegetative centers on the cardiovascular subcortical center and can serve as a
reliable marker for assessing the relationship between autonomous (segmental) levels of blood circulation
regulation and suprasegmental, including pituitary-hypothalamic and cortical levels [12]. The work activity
of teachers leads to changes in the spectrum of the structure (for example, an increase in the contribution of
VLF waves), which indicates a strain in the work of regulatory systems. This also indicates the transition of
the regulation of body functions from the reflex to the humoral-metabolic level. Although the latter is more
reliable, since it works slower and is not able to provide rapid mobilization under psycho-emotional stress.

Thus, high workloads, unfavorable working conditions, and the lack of rational work and rest regimes
turn the teacher’s work into a sub-extreme activity. It is obvious that the professional activity of a teacher can
temporarily reduce his working capacity due to the intense workload. Fatigue occurs as a result of depletion
of internal resources and an imbalance between different body systems (physiological, psychological and
regulatory). While maintaining the load, fatigue turns into a chronic form, leading to the formation of per-
sonality formations, such as increased anxiety, a tendency to depression, neurotic reactions and other mani-
festations.
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H.K. Cmarynos, A.O. Apeicranbaii, .M. Treikexxanosa, /[.B. Arees

Kaanel 0l1iM 0epy MeKTenTepi MyFajdiMAepiHiH KICIOM-eIaroruKaJIbIK
KbI3MeTiHe OPpraHu3MHiH OeiliMaesy peakuusiapbIiH Oarajay

IlemarorukanblkK >KYMBICTHIH KapKbIHABUIBIFBI SBPUCTUKANBIK (IIBFAPMAIIBUIBIK) OSNICEHIITIKTI, TarcepMa-
Jmapasl OHJEYNi, TEeKCepyHl JKoHE OpBIHTANYBIH OaKbUIay[bl, YaKbIT TaIlIIBUIBIFBI MEH 3MOLMOHAJBIK
KYH3eJliC >KaFIaifbIHAaFbl KYMBICTHl KAMTHTBIH MHTEJUIEKTYAJIBIK JKYKTEMEHIH KOPCETKIlTepiHeH Typaspl.
MyHbIH 00pi  HETi3r JKYMBICTHIH ~(DYHKIIMOHANJBIK CamachlH, KOCiOM OCICEHAUTIKTEH, CEHCOPIIBIK
KYKTEMeNepeH )XKOHE TOMEH KO3FalIbIC OCNICEHANITiHeH TYyBIHAAFaH >KamKallbl jKaraailapIslH OOIybIH
AHBIKTaWBI. 3epTTEYIiH MaKcaThl — JKaJIbl OLTiM OepeTiH MEKTeIl MyFaliMIepiHiH jKac THHAMUKACHIHIAFbI
KOCiOU-TIeJarOTUKAaNBIK 1C-OpeKeTKe OpraHU3MHIH OeHimueny peakuusuiapblH Oaranay. 3epTTey HBICaHBIHA
Kaparaagel KamachlHBIH JKanmbl OiTiM OepeTiH MeKTenTepiHiH oHen MyramiMaepi anbiHabel JKymbicka
KaOinerTimikTi Oaramay WAL, jxeke amaHIayIIbUIBIK, KaH KBICBIMBI, )KYPEK COFY KHIJITiHIH ©3TeprillTiri, 1e-
HE caJMarbIHBIH MHAEKCIH eCcelTey JKoHe TOYINIriHe Kajamaap CaHblH TipKey, COHMaii-aK aJeyMeTTiK caya-
Hama OoiibiHira xyprizinai. Cratuctukansik enaey STATISTICA 10.0 GarmapiamaiblK MakeTiH KOJAaHY
apKBUIBI JKY3€re€ achIPBUIABL. 3epTTey HOTIKENepi MyFaliMIepaiH JKYMBIC OapbIChIHAA KYH3eTiCTiK
JKarqainapaplH OonyblHa OaimaHBICTBI JKachbl YJIFaiiFaH caifblH HiapiiaraHblH Kepcerri. llapmray sxeke
Ma3achI3ABIKTHIH ~ JKOFaphl  AEHTeHiMeH, THINOAWHAMHUAMEH OKOHE JEHEe CalMarblHBIH HHJACKCIHIH
JKOFapbUIaybIMeH Oipre xypeni. JKypek-kaHTamblp Kyiieci o3iHiH MOp(hHOQYHKINOHAIIBIK epeKIIeTiKTepiHe
0alTaHBICTHI KYH3eIiCKe alFaliKbuIap e Oipi OOJNBIN jkayan OepeTiHIIKTEH, 07 KapOalacThIK Oenriepin
Kepcereni. MyFamiMaepIiH KapKeIHABI eHOCK KbI3METI XoHE €HOCK MPOIECIiHIH dpTYpIIi )KaKTapbIHBIH dcepi
(>kyKTeMe, yaKbITTBIH JKETICTIeYIIiNiri, Kyi3enic, TUIoAuHaMus JKoHe T.0.) MapIiuayabslH )KOoFapbuiaybIHa, J1e-
HE CaJIMarbIHbIH MH/ICKCIHE KaHE )Kac AMHAMHUKACBIH/A )KYPEK-TaMBIp JKYHeciHe )KYKTeMe SKesyi MyMKiH.

Kinm co30ep. xanmbl 611iM OepeTiH MEKTen MyFaliMaepi, )Kac IMHAMUKACHI, TUIIOMHAMHS, Kapbaac, map-
may.

H.K. Cmarynos, A.O. Apsictan6aii, .M. Trikexxanosa, /[.B. Arees

OueHka aganTalMOHHO-TIPUCIOCOOUTEIbHBIX PeAKIMd OPraHnu3Ma
Ha NPo¢eCCHOHATBHO-TIEIATOTNYECKYI0 AeATeJIbHOCTD
yuuTesie 001meo0pa3oBaTebHbIX IIKOJ

VIHTEHCUBHOCTh NENaroruueckoil paboThl CKIAABIBACTCS M3 IOKa3aTesell MHTENICKTYyaIbHOM HarpysKH,
BKJIFOYAIOILECH 3BPUCTHYECKYIO (TBOPUECKYIO) AEATEIBHOCTE, 00paboTKy, MPOBEPKY U KOHTPOJIb BHIIIOJTHEHUS
3a7aHuii, a Taxke paboTy B yCIOBUAX Ae(UIMTA BPEMEHH U 3MOIMOHAIBHOTO HanpshkeHus. Bee 3To ompene-
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nsteT QyHKIMOHAIBHOE KaueCTBO OCHOBHOW paboThl, HaMYKMe KOH(IMKTHBIX CUTYallHi, BBI3BAaHHBIX Hpodec-
CHOHAJIbHOM AEATENbHOCThIO, CEHCOPHBIMU Harpy3kaMH M HU3KOM JIBUraTeIbHON aKTUBHOCTBIO. Llenb uccie-
JIOBaHUsI — OILICHKA alalTALIMOHHBIX PeaKkluii oprann3mMa Ha MpohecCHOHATBHO-MIEJArOTHIECKYI0 JesTelb-
HOCTh B BO3PACTHOW JMHAMHKE y y4HTeNeil 00meoOpa3oBaTenbHBIX MKOJI. OOBEKTaMHU HCCICIOBAHHS BBI-
CTYIIJIHN YYUTENS-)KEHIIUHBI 001e00pa30BaTeIbHBIX K0T Topona Kaparanasl. OnieHka paboToCocoOHOCTH
npoBoamwiack 1o WAL, THIHOCTHON TPEBOKHOCTH, apTEPHATEHOMY JaBIICHUIO, BAPHAOCITHFHOCTH CEPIICIHOTO
pUTMa, pacyeT WHAEKCA MacChl TeJIa M PETHCTPAIMU KOJMYECTBA [IaroB B JICHb, & TAKKE COUOJIOTHYCCKOMY
ompocy. CratucTHyeckylo o00pabOTKy TPOBOAWINM C HCIOJB30BAaHHEM IPOTPAMMHOIO KOMILIEKCa
STATISTICA 10.0. Pe3ynbpraTsl uccleIOBaHUS MOKA3alIM, YTO YTOMIISIEMOCTh yUHMTENEH yBEIMYHBaeTCA B
BO3PACTHOM JHHAMHKE U3-32 HAJTMYHUS CTPECCOBBIX CUTYAIMH B Mpolecce UX paboThl. YTOMISEMOCTb COIPO-
BOJKIAeTCA BBICOKHM YPOBHEM JMYHOCTHOI TPEBOKHOCTH, TMIIOJMHAMUEH M YBETHYCHHEM HHACKCAa MacChl
Tena. [ToCKONBKY CeplieuHO-COCYHCTasi CUCTEMa, B CHIIy CBOMX MOP()O(PYHKIIMOHAIBHBIX OCOOCHHOCTEH,
OJTHA M3 TIEPBBIX PEarHpPyeT Ha CTPECCOBBIC BO3JICHCTBUS, B HE OTMEUAIOTCS MPU3HAKH HAMIPSIKCHUS. 3aKIT0-
yeHHe. VIHTCHCUBHAS TPYIOBas ICATCIBHOCTD MEArOrOB W BIUSHUAEC PA3IIMYHBIX CTOPOH TPYIOBOTO MPOIIEC-
ca (Harpy3Kku, HEXBaTKa BPEMEHHU, CTPECCHI, TUIIOAMHAMHS U JIp.) MOTYT IIPUBOJIUTH K IOBBIIICHHIO YTOMIIS €~
MOCTH, UHJICKCA MacChI TeJIa M Harpy3KH Ha CepJICTHO-COCYIUCTYIO CHCTEMY B BO3PACTHOI JTMHAMHUKE.

Knoueswvie cnosa: yuuTend 06LHCO6paSOBaTCHLHLIX IIKOJI, BO3pacTHasd JUHAMHUKa, TUIIOAWUHAMUSA, HAIIPSKCH-
HOCTb, YTOMJIAEMOCTb.
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Modes for chromatographic purification of immunoglobulin G (1gG)
from the serum of horses hyperimmunized with rabies antigen

Immunoglobulin G (1gG) plays a key role in the body’s immune response, its high specificity to antigens and
effectiveness in neutralizing pathogens make it a valuable tool in medical and scientific research. Horses are a
source of significant amounts of IgG, but their purification to a level suitable for clinical or scientific use re-
quires specialized methods. Development of chromatographic purification modes for immunoglobulin
G (1gG) from the serum of horses hyperimmunized with rabies antigen will allow standardizing the technolo-
gy in accordance with international quality and safety standards for the production and control of
immunobiological medicines, vaccines and diagnostic test systems. Development of step-by-step modes and
procedures for chromatographic purification of the serum of horses hyperimmunized with rabies antigen from
the CVS-11 strain, with an assessment of the efficiency of the purification technology, protein yield and puri-
ty. The study used serological methods for obtaining and preparing serum from hyperimmunized horses, as
well as biotechnological methods of gel filtration, ion exchange chromatography and subsequent electropho-
resis. The practical significance of the study may allow developing technologies for obtaining
immunobiological preparations based on immunoglobulins, and can be used in the fields of medicine, bio-
technology and scientific research that require the use of highly purified immunoglobulins. According to the
presented purification technology, immunoglobulins weighing 150 kDa were obtained, which under reducing
conditions are divided into 2 light chains (28 kDa) and 2 heavy chains (55 kDa).

Keywords: immunoglobulin, purification technology, chromatography, rabies, serum, rabies antigen,
hyperimmunization, antibodies.

Introduction

Rabies virus (RABV) belongs to phylogroup | of the genus Lyssavirus of the family Rhabdoviridae of
the order Mononegavirales [1]. It is a zoonotic virus that is almost ubiquitous worldwide in various reservoir
animals, including domestic and wild dogs and bats. Despite considerable efforts, most countries face serious
difficulties in controlling RABV [2, 3], and in fact the virus has only been eradicated in a few developed
countries by mass vaccination of wild and domestic dogs [4].

Today, about 3 billion people live at risk of contracting rabies from bites of infected animals, mainly in
Asia and Africa, where half of the victims are children under 15 years of age [5, 6]. Nevertheless, 19-50 mil-
lion people receive post-exposure prophylaxis (PEP) each year.

Following a bite from a potentially infected animal, immediate administration of three doses of vaccine
within the first week and one dose of rabies immunoglobulin (RIG) is recommended to kill the virus before it
enters the nervous system [7, 8].

After the onset of rabies symptoms, the mortality rate reaches almost 100 %. It has been reported that
about 59 000 people die from rabies each year worldwide, most of them in developing countries [9].

Although inactivated RABYV vaccines are safe, the immunogenicity of inactivated vaccines is relatively
lower than that of live attenuated vaccines [10, 11]. For post-exposure prophylaxis, four to five vaccinations
of inactivated vaccine are required to achieve sufficient protection, resulting in a relatively long period and
high immunization cost. Thus, there is still a need to improve the efficacy of other methods against rabies.

The rabies virus spreads within the wound itself before entering the motor nerve and infecting the cen-
tral nervous system [12]. Vaccine-induced active immunity develops approximately 7-10 days after the first
dose of vaccine; administration of antirabies immunoglobulin provides passive immunity to protect the pa-
tient during this hiatus. In cases with a detectable site of exposure, such as a bite, wound washing and infil-
tration with antirabic immunoglobulin are critical for local neutralization of the viral inoculum [13]. Cases of
fatal failure of PCP treatment often result from deviating from recommendations with inadequate or missed
wound infiltration with antirabic immunoglobulin [14, 15].
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Purification of equine IgG is challenging because the product must be thoroughly purified in large
enough quantities in an economical manner. Any clinically used antibody must be pure, as contaminating
serum proteins can cause various adverse reactions. Horse 1gG is widely used in developing countries where
the cost of the product can be a major limiting factor [16].

Classical protocols for the isolation and purification of IgG antibodies often did not result in a high de-
gree of purity. Currently, chromatographic methods are used to purify proteins to a high degree. The separa-
tion and extraction of proteins by chromatographic methods are influenced by factors such as buffer type and
pH, gradient length, mobile phase flow rate, ionic strength, and protein characterization. Selecting the ideal
conditions for protein purification involves controlling and varying these parameters.

In the present study, we evaluated the efficacy of anion-exchange and exclusion separation as a single-
step method or combined protocol for purification of antirabic IgG from equine serum. We also investigated
ammonium sulfate precipitation and n-hexane delipidation of serum prior to chromatographic separation
with respect to the final purity of polyclonal antibodies. Based on these results, we propose a strategy for
purification of polyclonal anti-rabies 1gG antibodies from horse serum by high-resolution ion-exchange
chromatography.

Studies of anti-rabies immunoglobulin (RIG) have revealed differences in antibody titers, with the neu-
tralization test in mice showing higher levels than the rapid fluorescence focus inhibition test [17]. This dis-
crepancy affects the efficacy of anti-rabies immunoglobulin in post-exposure treatment with rabies vaccine.
Studies in dogs have shown that the immunoglobulin response to rabies virus immunization is characterized
by an initial increase in IgM and a subsequent increase in 1gG [18]. In search of alternatives to human and
equine antirabic immunoglobulin, rabbit antirabic immunoglobulin was developed and found to be safe and
effective for post-exposure prophylaxis. Hyperimmunization has been identified as a method of inducing
desired antibody titers against rabies in potential plasma donors [19].

Antirabies immunoglobulin, especially human antirabies immunoglobulin (HRIG), has been shown to
be safe and effective in pediatric patients with suspected exposure to the virus [20]. However, there are sig-
nificant gaps in the market availability of rabies biologics including immunoglobulins in India, which may
hinder the prevention and elimination of rabies in humans [21]. The development of monoclonal antibodies
for rabies post-exposure prophylaxis is a promising area, with the first anti-rabies monoclonal antibody re-
cently receiving regulatory approval in India [22]. It is important to note that the diagnosis of rabies in pa-
tients who have recently received intravenous immunoglobulin (IVIG) may be difficult because these pa-
tients may have serum RLNA despite not having been vaccinated against rabies [23].

Experimental

The studies were performed in the laboratory “Virology” of Research and Production Enterprise “Anti-
gen” LLP in the period from July 2023 to March 2024.

Strain

Strain CVS-11 (Anses, France) is a fixed strain of rabies virus used in laboratory and production re-
search. It was isolated in 1931 from the brain of an infected dog in New York City. The CVS-11 strain is
adapted to growth in cell cultures and is widely used for rabies virus research and vaccine development.

Horses are producers

Producing horses were hyperimmunized with increasing doses of inactivated rabies virus CVS-11 strain
antigen, ranging from a concentration of 3.0-3.5 Ig TDC /cms,’, to a concentration of 6.0-6.5 Ig TDC /cms,’.

Assembly of hyperimmunized serum

Hyperimmunized serum was prepared in the conventional manner, clarified by centrifugation (1000 g,
15 min) and diluted 1:1 with sodium phosphate buffer at pH 7.2 before preparation. The presence of polyclo-
nal antibodies (pAb) against rabies virus was serologically confirmed by AGID radial immunodiffusion or
ELISA.

Ammonium sulfate precipitation

The precipitation was carried out at +4 °C. To 100 ml of serum, 50 ml of saturated ammonium sulfate
solution was added. The next day, this material was centrifuged (10,000 g for 20 minutes) and washed twice
with 50 % saturated ammonium sulfate solution. The precipitate was dissolved in distilled water. To remove
salts and low molecular weight compounds, serum was dialyzed against 0.05MNaP++0.015 M NaCl buffer
20 times the sample volume with agitation, at 4 °C in a Spectra Por dialysis bag (Spectrum Laboratories),
with a molecular weight capacity of 12-14 kDa. The precipitate solution was mixed with an equal volume of
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n-hexane and centrifuged (20000 g, 40 °C for 30 min) to remove lipids. The final solution was filtered
through a Millipore filter (0.22 um) and the clear supernatant was loaded onto the column.

Chromotographic procedures

Gel filtration was performed on XK 26/100 Sephacryl S-200 HR columns (GE Healthcare, Sweden).
The column was equilibrated with five volumes of 0.05 M Na-phosphate buffer + 0.015 M NaCl, adjusted to
pH 7.0. Samples were subjected to chromatography at flow rates of 0.8 mL/min. Molecular mass calibration
curves were constructed to determine the molecular mass of all sample components.

lon-exchange chromotography procedure

lon-exchange chromatography was performed on an XK 16*40 anion-exchange column, DEAE
Sephacel, (GE Healthcare, Sweden) with starting buffer A, 20 mMNaP+(pH 7.0) and elution buffer B, 1 M
NaCl. The gradient was generated for 20 minutes at a flow rate of 1.2 mL/min. Sample loading was 5 mL of
sample after injection using a 0.1-2.0 mL sample loop. The appearance of protein in the fractions was moni-
tored using a spectrophotometer by measuring the OD at 280 nm. 100 ul of each fraction was precipitated
with ethanol and analyzed by SDS-PAGE.

Electrophoresis

The purity of the different IgG preparations was verified by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) of recovered and unrecovered samples. The total concentration of polyacryla-
mide in the separating gel was 8 or 12 %. Coomassie brilliant blue R-250 was used to visualize protein
bands. Low molecular weight marker from Thermo scientific (Vilnius, Lithuania) was used as a standard.

Results and Discussion

Ammonium sulfate precipitation.

Equine hyperimmune serum against rabies was used as the study material. A preliminary experiment
was conducted to study the efficiency of IgG precipitation by different concentrations of ammonium sulfate,
ethanol and isopropanol (Fig. 1).

250
1 —.Z-— 3 4 5 tlS{)

(e B

Figure 1. Electrophoregram comparing the precipitation of 1gG from hyperimmune serum by different methods.
1 — Precipitate after precipitation with Ammonium Sulfate (40 % saturated), 2 — Precipitate after precipitation
with Ammonium Sulfate (50 % saturated), 3 — Precipitate after precipitation with Isopropanol (1:1),

4 — Precipitate after precipitation with 96 % Ethanol (2:1), 5 — Standard molecular weight marker.

The corresponding molecular mass of each band is indicated in kDa.

Analysis of the protein by SDS-PAGE under reducing conditions showed that the basis for separation is
preferential precipitation of IgG at high concentrations of ammonium sulfate. At lower salt concentrations in
this range, the precipitate consists mainly of IgG, but a significant amount of antibody still remains in solu-
tion and hence the recovery rate is very low. On the other hand, at higher salt concentrations the recovery of
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IgG is very high but also precipitates a significant amount of impurities, primarily serum albumin, which
results in very low purity and requires further purification [24] Also from the SDS-PAGE results it can be
analyzed that precipitation with isopropanol and 96 % ethanol can be used for the primary precipitation and
concentration of immunoglobulins.

Gel-filtration chromotography procedure

In the first stage of the experiments, horse serum containing IgG against rabies virus was loaded onto a
chromatograph column. Prior to chromatography, ammonium sulfate precipitation and n-hexane delipidation
were used as a general purification step.

Gel filtration chromatography on a 26/70 Sephacryl S-200 HR XC column was used to obtain high pu-
rity 1gG fractions. The column was loaded with 5 ml of post-dialysis serum and the best performance was
achieved at a flow rate of 0.8 ml/min. This step allowed the separation of immunoglobulin with a molecular
weight (MW) of 150,000 kDa from most of the albumin fraction and other serum proteins. The chromato-
gram plot of the primary purified 1gG fraction on the Sephacryl S-200 NR column is shown in Figure 2.

/N

Albumins and \

| other whey proteins \

Figure 2. Chromatogram of anti-rabies 1gG obtained on a 26/70 Sephacryl S-200 NR XC column

The first peak containing the target immunoglobulin fraction was analyzed by SDS-PAGE (Fig. 3).
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Figure 3. SDS-PAGE of immunoglobulins obtained by gel filtration chromatography.
1,2,3,4,6,7,8- immunoglobulin fractions obtained by gel filtration chromatography, 5- Standard molecular
weight marker. The corresponding molecular mass of each band is indicated in kDa.
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From the results of SDS-PAGE under reducing conditions, it can be seen that the chromatographic frac-
tion of the first peak contains not only IgG but also traces of other serum proteins. The target fractions con-
taining 1gG were further purified by ion exchange chromatography.

lon exchange chromatography procedure

The second step of purification of anti-rabies IgG consisted of anion-exchange chromatography on an
XK 16*40 column, DEAE Sephacel, GE Healthcare. This column was used for secondary purification of the
IgG peak obtained from the gel filtration column. The best results were obtained when protein elution was
performed with 20 mM sodium-phosphate buffer at pH starting at 8.5 and ending at 7.5, using a linear salt
gradient from 0 to 1 M NaCl concentration for 20 min at a flow rate of 1.2 mL/min. The resulting chromato-
gram was shown in Figure 4. The elution profile gave at least two major peaks. The first peak in the chroma-
togram is the fraction of positively charged IgG that did not bind to the positively charged sorbent. The se-
cond major peak is the remaining serum proteins firmly bound to the sorbent and then eluted at high salt
concentration. Thus, we were able to purify the anti-rabies 1gG from the remaining serum proteins. The puri-
ty verification of the obtained IgG is shown in Figure 5.

Figure 5. SDS-PAGE of immunoglobulins obtained by ion exchange chromatography.
1- Standard molecular mass marker. The corresponding molecular mass of each band is indicated in kDa.
2,3,4,6,-fractions of immunoglobulins obtained by ion exchange chromatography
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The purity of immunoglobulin purified on the ion exchanger can be seen by SDS-PAGE under reducing
conditions. IgG with a molecular mass of 150 kDa. Under reducing conditions, separated into 2 light chains
(28kDa) and 2 heavy chains (55kDa).

Conclusion

According to the results obtained, chromatographic purification is a modern and effective method for
obtaining highly purified anti-rabies immunoglobulins. According to the presented purification technology,
immunoglobulins with the mass of 150 kDa were obtained, which are separated into 2 light chains (28 kDa)
and 2 heavy chains (55 kDa) under reducing conditions. The development of domestic technology for purifi-
cation of immunoglobulins will make it possible to obtain not only antirabicimmunobiologic preparations,
but also preparations against other infectious diseases. The findings of the study emphasize the importance of
proper selection and optimization of 1gG purification methods to ensure high purity and product yield. These
results have practical implications for the production of 1gG-based drugs, which are widely used in medical
practice, including for the prevention and treatment of rabies as well as other infections. Further research in
this area may contribute to the improvement of production technologies and the quality of immunoglobulins.
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A.b. Hypmyxamberosa, )K.M. baranosa, I'.A. basuns, E.A. Kpeikbaes,
D.XK. buranosa, H.H. Axmercansikos, [I.C. Amankeni

PabukajbIK aHTUTEHMEeH TMNEePUMMYHAAIFAH JKbUIKbLIAPIBIH CAPbICYbIHAH
G (IgG) uMMYHOIJIO0Y TMHAI XpOMATOrPaUsJIBIK Ta3apTy pe:kumMaepi

G (IgG) uMMyHOTTIOOYITHH aF3aHbIH UMMYHIBIK PEAKIMSCHIH/A ICHIYIII PO aTKapabl, OHbIH AaHTUTCHEPTe
JKOFaphl EPEKINEINIri jKoHe MaToreHi OelTapanTaHIbIpyAaFbl THIMALTIT OHbI MEAMIMHANBIK YKOHE FhUTBIMU
3epTTeyiepae KyHIbl Kypaira aifHanaeipanbl. JKeuikel nponayuentrepi IgG exsyip MemmepiHiH ke3i 60BN
TaObUIaIbI, OipaK OJapabl KIIMHUKAJIBIK HEMece FRUTBIMH KOJIaHyFa yKapaMIsl JCHrelre NeiiH Ta3apTy YIIiH
apHaiibl 9icTep KakeT. PabHKaNbIK aHTUTCHMEH THIIEPUMMYHIAIFaH KbUIKbUIApAbiH capbicybiHan G (1gG)
MMMYHOTJIOOYIIMH XpOMAaTOTpaHsUIbIK Ta3apTy PeRKUMAEPIH 93ipiiey HMMYHOOUOJIOTHSIIBIK IIpenapaTTapIsl,
BaKI[MHATAP/IBI JKOHE JUATHOCTUKAIBIK TECT-KYHeNIepai oHIipy >koHe OakpUIay camachIMEeH KayilcCi3IiriHig
XaJBIKapalblK CTaHAApTTapblHA COMKEC TEeXHOJIOTHSHBI CTaHAapTTayFa MyMKinaik 6epemi. CVS-11 mramsl-
HaH paOWKanblK AaHTHIeH MEH THUIePUMMYHJIAIFAH  KbUIKBUIAPABIH CapBICYBIH XPOMAaTOTPagHsIIbIK
Ta3apTyIbIH Ke3eHIIK PeXXUMIepi MEH NpoleaypalapbiH a3ipiey, Ta3apTy TeXHOJOTHSICHIHBIH THIMALIIrIHE,
aKybI3[IbIH  IIBIFBIMIBUIBIFBIHA ~ JKOHE  Ta3alblK  JOpeKeciHe  Oaramay  Kyprisiimi.  3eprreyae
THIEPHIMMYHH3ANMSUIaHFaH JKBUIKBUIAP/IBIH CaphICYIAphIH aly MEH JaWbIHIAYABIH CEpOJIOTHSUIIBIK OmicTepi,
COHIali-aKk TeNbIi Cy3y, HOH aiMacy XxpomarorpaQuschl >KoHE OJaH KeiiHri snekTpodopesin
OMOTEXHOJOTHSIIBIK dAiCTepi KOMIAHBUIABL 3ePTTEYIiH MPAKTUKAIBIK MaHBI3IBUIBIFE IMMYHOTJIOOYIHHACP-
Te HEri3/IeNTeH UMMYHOOUOJIOTHSIIBIK MperapaTTapAbl aly TEXHOJIOTHSUIAPBIH JaMBITyFa MYMKIHIIK Oepeni
’KOHE JKOFapbl Ta3apThUIFAaH MMMYHOIIIOOYJIMHACP/I MaliAanaHy bl Taaar eTeTiH MEeAUIMHA, OMOTEXHOJIOTHs
JKOQHE FBUIBIMH 3€PTTEYJICPp cCaslajlapblHAa KOJAaHBUTYbI MYMKiH. ¥ ChIHBLIFaH Tas3apTy TEXHOJIOI'MsACBIHA
colikec canmarbl 150 x/la MMMyHOrIOOYNUHIED aJbIHABL, OJap KaJNblHA KEJTipy >KaraailblHAa 2 JKeHin
Tizoekke (28 k/la) xxoHe 2 aywIp Tizoekke (55 k/{a) Oemineni.

Kinm coe30ep: IMMyHOTIIOOYIINH, Ta3apTy TEXHOJOTHUSACHL, XpoMaTorpadus, KYTHIPY, Capbicy, paOUKaIIBIK aH-
THUT'eH, THIIEPIMMYHHU3aNNs, aHTHICHETep.

A.b. Hypmyxamberona, JK.M. baranosa, I'.A. basuasi, E.A. KprikOaes,
2.K. buranosa, H.H. Axmercaasikos, [I.C. Amankenai

Pexunmbl xpomaTorpaguyeckoii ounctkn ummyHoro00yanna G (IgG)

U3 CHIBOPOTKH JIOMIAeil THIIEPUMMYHU3HPOBAHHBIX PA0HYEeCKUM AaHTUT€HOM

Mmmynornobymua G (IgG) urpaer ximodeByio poib B IMMYHHOM OTBETe opraHu3Ma. Ero Beicokas creru-
(uIHOCTH K aHTHUTEHaM M () (HEKTUBHOCTh B HEHTPAIM3AI[MH ATOT€HOB JIENIAIOT €r0 IIEHHBIM HHCTPYMEHTOM
B MEAMIMHCKHAX U HayYHBIX HCCIIeOBaHMX. Jlomany IpOayeHTs! SBISIFOTCS HCTOYHUKOM 3HAUUTEIFHOTO
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konudecTsa IgG, HO X OYMCTKA A0 YPOBHS, MPUTOJHOTO AN KIMHHYECKOTO MM HAYYHOTO MCIOIb30BaHUs,
TpeOyeT CrenuaIn3upOBaHHBIX MeTOA0B. OTpaboTKa pEeKUMOB XpOMaTOrpaduyecKoil OUUCTKH HUMMYHOTLJIO-
Oymuaa G (IgG) U3 CHIBOPOTKH JoLIafel, THIEPUMMYHU3UPOBAHHBIX PAaOWYECKUM AHTHTCHOM, MO3BOJIUT
CTaHJIapTHU3UPOBATH TEXHOJOTHIO B COOTBETCTBUH C MEX/IyHApOJHBIMU CTAaHJapTaMU KadecTBa M OE30I1acHO-
CTH TIPOHM3BOJICTBA U KOHTPOJS MMMYHOOHOJIOTHMYECKHX IIPEerapaToB, BAKIMH M JUATHOCTHYECKUX TECT-
cucteM. [IpoBeneHa oTpaboTka MOATAITHBIX PEKUMOB U HMPOLENYP XPOMATOrpaIecKoil OYUCTKU CHIBOPOT-
KU JIomIaznel, TUIepiMMyHH3UPOBAHHBIX paOMdecKuM aHTUreHoM m3 mramma CVS-11, ¢ omenkoi s¢dex-
THUBHOCTH TEXHOJIOTUH OYUCTKH, BBIXOJa OEJIKa U CTETNeHb YHCTOTHL. B HccnenoBaHuN IPHUMEHSIINCH CEPOIIO-
THYECKHE METO/bI TIOyIEHHSI U TIOATOTOBKH CHIBOPOTOK THNIEPUMMYHH3UPOBAHHBIX JIOIIAJAEH, a TaKkxke O1o-
TEXHOJIOTUYECKHE METOJbI Tellb-(PpuiIbTpaliy, HOHOOOMEHHOH XpoMaTorpaguu U MOCIEAYIOUIEro 3IEKTPO-
¢opesa. [IpakTuyeckas 3HAYNMOCTb MCCIIEIOBAHUSA MOXKET IO3BOJIUTH Pa3BUTh TEXHOJOIMH MOJIYYCHHUS HM-
MYHOOHOJIOTHYIECKHX IPENapaToB Ha OCHOBE MMMYHOTIIOOYJIMHOB M MOKET OBITh IIPUMEHEHa B 00JIacTsIX Me-
JUIVHBI, OMOTEXHOJIOTHH M HAyYHBIX HNCCIENOBAHHUH, TPEOYIOINX HCIIOIb30BAHMS BHICOKOOUYHMIIEHHEIX UM-
MyHOTIIO0YTHHOB. COTIIACHO NMPEACTABICHHON TEXHOJIOTHH OYMCTKH, HOIydeHb HIMMYHOTIIOO yJIMHBI Maccoi
150 x/la, koTOpBIE B BOCCTaHABIMBAIOIINX YCIOBHAX pa3lelssioTcs Ha 2 yrerkue nenu (28 k/la) u Ha 2 TsDKe-
neie nenu (55x/1a).

Kniouesvie crosa: MMMyHOTIIOOYNUH, TEXHOJIOTUSI OYHUCTKHU, XpoMaTorpadus, OEmeHCTBO, CHIBOPOTKA, padu-
YECKUH aHTUT€H, THIIEPUMMYHHU3ALs, aHTUTENA.
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Study of intestinal microbial profiles of Kazakh horsebreed using NGS-sequencing

The aim of the study was to evaluate the intestinal microbiome of horses (taking into account their mainte-
nance, age, breed) by sequencing 16S rRNA amplicons. A total of 24 libraries were created from fecal sam-
ples of Kazakh breed horses from various regions of Kazakhstan. The alpha diversity (Chao 1 and ACE,
Shannon and Simpson indices) of the intestines of Kazakh-bred horses showed that a rich microbial diversity
was revealed in horses of the Mangystau, Pavlodar and Zhetysu regions, which were on natural pastures con-
tinuously. The species richness in horses of the Pavlodar and Zhetysu regions was 9.7, which was slightly
higher than in horses of the Mangystau region (9.0 p <0.01). Beta diversity was examined using Bray-Curtis
distances, and the relationships between 24 horse fecal samples from three different regions of Kazakhstan
formed distinct clusters based on their geographic origin. We identified the main intestinal microbiome of
horses from different regions of Kazakhstan, consisting of Lactobacillus, Micrococcales, Bacillales,
Bacteroidales, Clostridiales, Corynebacteriales, Burkholderiales. The study of the composition of the intesti-
nal microbiota of local breeds, such as the Kazakh horse breed, is necessary to preserve biodiversity and
choose ways to maintain and conduct productive horse breeding in agriculture.

Keywords: NGS-sequencing, 16S rRNA, Equus feruscaballus, Kazakh horses, Zhabe, Adai, gut microbiome,
biodiversity.

Introduction

Herd horse breeding is one of the most important branches of animal husbandry in the Republic of Ka-
zakhstan. A special feature of herd horse breeding is the year-round maintenance of horses in herds. Accord-
ingly, the content of herds in different periods of the year is determined by geographical and soil-climatic
conditions. In this regard, the organization of use of natural pastures in spring and summer, autumn and win-
ter varies significantly. The botanical composition of the plots used in a particular season of the year includes
various herbs that are eaten by horses at this time of year.

A valuable feature of herd horse breeding is that in such conditions, horses develop and consolidate
signs of a strong constitution, high reproduction rates, and immunity to many diseases, the ability to with-
stand periods of poor feeding and maintain good fatness [1].

The horse’s digestive system (Equus feruscaballus) has a number of features, a small stomach volume
and regular secretion of gastric juice, so wild horses graze continuously. The large intestine of horses con-
sists of three parts: the cecum, colon and rectum. The cecum in horses is considered an analog of ruminant
rumen, where up to 50 % of all fiber and up to 40 % of protein are digested with the participation of symbi-
otic microflora: bacteria, archaea, micromycetes, protozoa, and bacteriophages [2].

Questions of the existence of a close relationship between the state of health and productivity of various
living organisms (including farm animals) attract the attention of many researchers.

The intestinal microbiome of horses plays an important role in animal nutrition, allowing the horse to
digest cellulose, which is the main component of grass consumed [3]. In contrast to ruminants, in which mi-
crobial digestion of cellulose occurs in the pancreas (rumen), in horses, the cellulolytic microbial community
develops in the cecum and colon, which have a combined volume of ~100 liters with a food retention time of
approximately 4872 hours [4-6].

Representatives of resident bacteria, Firmicutes, Bacteroidetes, and Verrucomicrobia are among the
predominant types in the rectum of horses [7, 8].

A review of fecal microbiome microorganisms in horses older than 1 year showed a predominance of
taxa from the groups Bacteroidales, Treponema, Bacteroidetes, Fibrobacter, and Lachnospiraceae; the study
showed a significant correlation of microbial diversity in comparison with adults. As part of the contents of
the rectum, 25 phyla of microorganisms were found. The dominant phylum was Firmicutes (content ranged
from 32+1.9 to 40+3.8 %) and Bacteroidetes (from 34+2.1 to 40+4.7 %). Also, in a comparative aspect, sci-
entists have found that the fecal microbiomes of Przewalski’s horse, which is a representative of the wild

44 BecTHuk KaparaHgmMHCKoro yHmBepcuteTa


https://doi.org/10.31489/2025BMG1/44-52
mailto:dna_03@bk.ru

Study of intestinal microbial...

fauna of living horses, and domestic horses that were kept on natural pastures, contain the most diverse bac-
terial community compared to domestic horses [9].

Studies of scientists have identified significant changes in the composition of the microbiome, with
weight loss or gain, as well as changes in the diet of horses, while indicators of the diversity of the microbial
community were significantly higher in obese horses. The number of representatives of some taxa reached
significant values: Bacteroidales — up to 23.8+1.30 %, Lachnospiraceae — up to 14.7+2.80 %,
Ruminococcaceae — up to 10.2+3.30 %, Clostridiaceae — up to 6.6+0.60 %. This is an important observa-
tion, since the digestion of non-starchy feed polysaccharides in the gut is an exclusively microbiological pro-
cess [10, 11].

In this study, for the first time in Kazakhstan, the diversity of the composition of the equine gut
microbiome is shown using the 16S-metagenomics method. The composition of the microflora revealed a
significant species diversity of microorganisms associated with the processes of feed digestion, as well as a
number of microorganisms that contribute to the adaptation of horses to the pasture conditions of the corre-
sponding region.

The aim of the study was to evaluate the gut microbiome of horses (taking into account their mainte-
nance, age, and breed) using high-throughput sequencing.

Experimental

The study was conducted during the autumn-winter period of 2023 on Kazakh horses of the Zhabe and
Adai breeds, located in three different regions of Kazakhstan: the peasant farms “Agro-Dam” in the Pavlodar
region, “Kozhyr-Ata” in the Mangystau region, and “Akimbekov” in Zhetysu. The horses in this study were
between 5 and 10 years old and were kept on natural pastures with autumn grass in each of these regions.
They were clinically healthy and had not received antimicrobial treatment (antibiotics, anthelmintic, or non-
steroidal anti-inflammatory drugs) for the previous four months. Rectal (fecal) samples were collected from a
total of 32 horses, including Adai horses. All samples were immediately frozen in liquid nitrogen and then
transported to a laboratory where they were stored in a deep freezer at -20 degrees Celsius until DNA extrac-
tion could be performed.

Samples with a volume of 10-20 grams were taken manually from the rectums of adult Kazakh horses
in compliance with aseptic conditions. The samples were collected using sterile rubber gloves and transferred
into 5 cubic centimeter sterile containers.

Microbiome DNA was extracted using the PureLink Microbiome DNA Purification Kit (stool samples)
according to the manufacturer’s instructions (Invitrogen, Thermo Fisher). The DNA concentration and purity
were quantified with a Nanodrop 2000 ® (ThermoFisher Scientific, USA) and Qubit3.0 (Life Invitrogen,
USA), respectively. 2 % agarose gel electrophoresis was used to examined DNA quality.

Amplification hypervariable regions for NGS sequencing carried out on a DNA amplifier AmpliSense
(Thermo Fisher Scientific) using two 16S primer sets lon 16S Metagenomics Kit flanking region V2-4-8,
V3-6, 7-9 of the 16S rRNA gene. For each sample, two reaction mixtures were prepared, one for 1 primer set
and 2 for the second primer set, including a positive control with DNA E. coli and negative control. The PCR
mixture contained 15 pl of 2X Environmental Master Mix, 3 ul. 16 S Primer Set (10X), 5 ul DNA and
7 ul ddH20. The following amplification mode was used: 10 min at 95 °C (1 cycle); 30 sec at 95 °C, 30 sec
at 58 °C, 20 sec at 72 °C (25 cycles); 7 min at 72 °C (1 cycle). The resulting amplicons were transferred into
1.5 ml Eppendorf tubes LoBind and cleared AgencourtAMpure XP beads on a magnetic tripod DynaMag -96
Bottom Magnet, before use, brought to room temperature and resuspended according to the manufacturer’s
instructions. Then measured on Qubit (Invitrogen, USA) and amplicons from each sample were pooled
equivalently. Subsequently, after each stage of preparation for creating libraries, Agencourt was cleaned
AMpure XP beads on a magnetic stand.

To create fragment libraries, we used the lon kit Plus Fragment Library Kit and corresponding barcod-
ing of libraries using the lonCode TM set Barcode Adapters 1-96 Kit. Following the manufacturer’s instruc-
tions to obtain the recommended concentration of the resulting libraries of 10 pM, gPCR was carried out us-
ing the lon kit Library TagMan QuatitationAssay. The Ion ™ 530 chip was prepared using the Ion 510™ &
Ion 520™ & Jon 530™ Kit — Chef. Metagenomic sequencing was performed on the lonTorrent platform
S5, Thermo Fisher Scientific in the NAO Kazakh National Agrarian Research University (Almaty,
Kazakhstan).
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Sequence analysis

Removal of primers, quality control, denoising, splicing of double-terminal sequences, removal of chi-
mera and identification of amplicon sequence variants (ASVs) were performed using DADA. For taxonomic
classification, we selected the Greengenes database (version 13.8). ASVs that were identified in only a single
sample or classified as non-bacterial were discarded. The sequence of each horse was randomly selected to
achieve a uniform sequencing depth for fair comparison the maximum length of the obtained sequences was
300 bp. The obtained 300 bp. reads were processed using the bioinformatics platform Metagenomics 16S
w1l.1 Detects population diversity from a metagenomics sample from lon semiconductor reads from the lon
16S Metagenomics Kit. Released with: lon Reporter Software 5.2. Workflow Version: 1.1., Version: 5.20.
The taxonomic affiliation of microorganisms to the genus was determined using the program Sample Group:
Multi Research Category: 16S rRNA Profiling Reference: Curated MicroSEQ (R) 16S Reference Library
v2013.1. The results of the statistical analysis were considered significant at p < 0.05.

Results and Discussion

To analyze the sequence of 16S rRNA amplicons, 34,953. 557 readings were obtained at the paired
ends from 24 samples, ranging from 27,417 to 203,026. After removing dimers of adapters, low-quality and
polyclonal reads, 13,009. 688 sequence reads were saved for subsequent analysis.

The taxonomy rarefaction curve indicated that the sequencing depth used in this study was sufficient to
saturate species richness in all samples (Fig. 1).
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Figure 1. Rarefaction curves for all samples used in this study.
Each curve is color coded depending on the group it belongs to; Mangystau region (n = 6),
Pavlodar region (n = 7), Zhetysu region (n = 9).

Analysis of microbial diversity in horse intestines

The data showed that at the phylum level, the Mangystau region sample group on average consisted
mainly of Firmicutes (more than 70 %), followed by Bacteroidota (9 %) and Actinobacteria (18 %), the Pav-
lodar and Zhetysu region sample groups showed similar data, where Firmicutes (more than 50 %) and then
from Bacteroidota (more than 35 %) as shown in Figure 2.
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Figure 2. Relative abundance of microbiota phyla, divided into three groups by region, color coded.
Group 1 consisted of animals from the Mangystau region, group 2 — Pavlodar region, group 3 — Zhetysu region.

We identified a core microbiome consisting of the following 7 genera in the intestines of horses from
different regions of Kazakhstan. These were Lactobacillus, Micrococcales, Bacillales, Bacteroidales,
Clostridiales, Corynebacteriales, Burkholderiales (Fig. 3).
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Figure 3. Venn diagram of three groups illustrating the most common bacterial genera identified in fecal
intestinal samples of Kazakh horses from the Mangystau, Pavlodar and Zhetysu regions and scattered animals
(with relative abundances by group > 0.1 %). Seven genera of bacteria (Lactobacillus, Micrococcales, Bacillales,
Bacteroidales, Clostridiales, Corynebacteriales, Burkholderiales) at the intersection of all three groups have
been identified as the core microbiome

Alpha diversity

The assessment of the alpha diversity of the species index and uniformity were calculated for samples
from 3 different regions. Chaol and ACE indices were used to calculate species richness, and Shannon and
Simpson indices were used to calculate uniformity. All four indicators of alpha diversity showed that the in-
testinal microbiomes of horses from three different regions differed significantly in species richness and
alignment (p < 0.05) (Fig. 4). Despite the autumn herbage of the natural grasslands of various regions, a
sample of horse samples from the Zhetysu and Pavlodar regions showed a high index of species richness.
The species richness of horses of the Pavlodar and Zhetysu regions was 9.7, which was slightly higher than
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that of horses of the Mangystau region (9.0 p<0.01) (additional file table). Samples from the Mangystau re-
gion were high in species richness, given the harsh natural conditions, and samples from all three regions
were leaders in species evenness. Statistical analysis showed that horses from three regions had a rich and
diverse gut microbiota. It is interesting that the horses of the Mangystau region also had the rich species di-
versity, despite the sparse grass stand, in comparison with the other two regions, where the natural conditions
are more favorable and are characterized by fairly good pastures with high grass stand. This phenomenon
emphasizes the connection with the place of origin of horses.
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Figure 4. Graphs representing alpha diversity values of microbial communities obtained from intestinal
samples from healthy horses. The samples are grouped and color-coded according to their geographic origin
(i.e. Mangystau, Pavlodar and Zhetysu regions). The Chao 1 and ACE indices measure species richness and

the Shannon and Simpson indices measure evenness. ANOVA tests (Chao 1 and observed ASV)
and Kruskal-Wallis tests (Shannon and Simpson) were used for between-group comparisons

Beta diversity

We examined the relationship between 24 horse fecal samples from three different regions of Kazakh-
stan using Bray-Curtis distances. We used PCoA (principal coordinate analysis) to study the community
structure of the intestinal microbiota of Kazakh horses. The samples formed clear clusters based on their ge-
ographic origin (Fig. 5). Horses from the Pavlodar and Zhetysu regions formed close, overlapping, but sepa-
rate clusters, and samples from the Mangystau region group were clearly grouped from each other. In the
PCoAplot, the bacterial communities were grouped and separated from each other along the principal coor-
dinate axis 1 (PC1), and the cluster analysis was similar, explaining the greatest amount of variation
(24.9 %). Analysis of variance of beta diversity values showed that clear clustering was statistically signifi-
cant (p value <0.001), confirming the difference in the structure of the intestinal microbial community of
horses from the Pavlodar, Zhetysu and Mangystau regions. Comparisons of the results of studies of the intes-
tinal microbiota of horses with studies of scientists [12—-14] around the world show that the resident microbi-
al profile of horses is similar, but tends to be dependent on the type of maintenance, age and place of origin.
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Figure 5. Inter relationships of the intestinal microbiota of horses from three samples.

Maps representing beta diversity based on Bray-Curtis analysis. Graphs are generated based on the Bray-Curtis
distance. The samples are grouped and color-coded according to their geographic origin, with blue dots representing
the Zhetysu region group (Zh), red dots representing the Mangystau region group (Man), and green dots
representing the Pavlodar region group (Pavl)

Conclusion

Based on our research, the ecosystems of different regions in Kazakhstan influence the composition of
the microbial communities in horses. This study is the first to characterize the gut microbiota of the Kazakh
horse breed through the sequencing of 16S rRNA amplicons. We compared the microbial diversity in the
intestines of Kazakh horses and found that horses from the Mangystau, Pavlodar, and Zhetysu regions, which
are located on natural pastures, had a richer microbial diversity. Now, when considering the species at the
taxonomic level, the diversity of the Kazakh horse breed in different regions has been determined. This indi-
cates the unique characteristics of the breed. Studying the composition of the microbiota in local breeds, such
as the Kazakh horse, is essential for preserving biodiversity and promoting safe and sustainable horse breed-
ing practices in agriculture. The analysis of the gut microbiota from healthy Kazakh horses will help create
an information bulletin and contribute to further research on developing strategies to ensure the survival and
well-being of this local breed.
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III. KaceimbekoBa, B. Ctpoukos, []. KadsuibekoBa, A. Maxmytos, K. bumenosa

NGS-cekBeHUpJIey apKbLIbI Ka3aK TYKBIM/IbI KbLJIKbLIAPBIHBIH
ilmexk MUKpPOOTBIK NPopuJibIaepiH 3epTTey

3eprreynin  Makcatel 16S  pPHK ammimkoHZapelH —CeKBEHHpIEY apKbUIBl OKBUIKBUIAPJABIH  IIIEK
MHKPOOHOMACHIH (JKaHyapiapJbl YCTay TYpi, )KacblH, TYKBIMBIH €cKepe OTBIphIN) Oaranay. KasakcTaHHBIH
TYpii alMakTapblHaH Ka3aK TYKBIMIBI OKBUIKBUIAPABIH IIIEK HOXKICIHIH yirijaepiHeH OapibiFel 24
CEeKBEHHpJIIEyTe apHAJFaH KiTanmxaHaiaap Kypsuibl. Ka3ak sKbUIKBITapEIHBIH iIIEK MEKPOOHOMACHIHBIH Amb(ha
opryprnimiri (CHAO 1 sxonme ACE, IllenHoH >xoHe CHMICOH HHAEKCTEpi) TOYTiK OOWBI Taburu
JKaWbpuTBIMIapaa OosraH ManrsicTay, [laBmomap xoHe JKericy OOIBICTapBIHBIH JKBUIKBUIAPBIHA JKOFapHI
MHUKpPOOTHIK OPTYPJITIK aHBIKTadFaHbH KepceTTi. [laBmomap xoHe JKericy eHIipiHIETi JKBUIKBUIAPIBIH
MHKPOOTBIK TYpJiK KepceTkimi 9,7 kypazpl, 6y MaHFbicTay eHipiHIeri skpUIKbUIapra Kaparanga (9,0 p <
0,01) mamanbr xoFapbl Oomabl. bera oprypuiniri bpeii-Keptuc apakanibIKThIKTapbiH, Ka3zakcTaHHBIH YIII
TYpJIi aliMaFbIH/IaFb! )KBUIKBIIAPIBIH iIeK HOKICIHIH 24 yIrici apachiHIarbl OalaHbICTHI MaijanaHa OThIPHII
3epTTeNi, oJlapAblH TeorpadusIblK OpHajJacyblHa OalIaHBICTHI HAKTHI KJIACTEpJiep KaJIBIITACTHIPBULIBL
Lactobacillus, Micrococcales, Bacillales, Bacteroidales, Clostridiales, Corynebacteriales, Burkholderiales-
TeH TypaThiH Ka3akcTaHHBIH TYpIi ©HipiepiHIer KbUIKBUIAPIBIH HETI3T1 iIeK MHKPOOHOMACH! aHBIKTAJI/IBL.
KazakTbIH *KBUIKBI TYKBIMBI CHSIKTBI KEPTUTIKTI TYKBIMAAPABIH iMIeK MHKPOOMOTACHIHBIH KYPaMBIH 3€pPTTEY
OMOOPTYPIIMIKTI CaKTay >XOHE aybUI IIAPYalIbUIBIFBIHIA OHIMII JKBIIKGI IIapyallbUIBIFBIH yCTay >KOHE
XKYPri3y TaCiIAEpiH TaHAAy YIIiH KaXeT.

Kinm co30ep: NGS-cexksenupiey, 16S pPHK, Equus ferus caballus, kasak »xbuikpitapsl, XKaObl, Anai, imek
MHKPOOHOMBI, OHOIPTYPIILITIK.

III. KaceimbekoBa, B. Ctpoukos, /. KaGsui6exkoBa, A. Maxmytos, K. bumenosa

N3yyeHnune kMe4YHbIX MUKPOOHBIX poduIel Jomaaen
Ka3zaxckoit mopoast metoaoM NGS-cekBeHHPOBaHUS

Ienmpro nccnenoBaHus SABISIIACH OIIEHKa MHKPOOHOMa KHIISYHHKA JIOMIazei (C yIeTOM HX COIEpXkKAHUs, BO3-
pacTa, MopoAbl) ITyTeM CeKBeHHpoBaHMs aMIuMKoHOB 16S pPHK. Beero 6bu10 co3mano 24 oubmmortekn u3
00pa3noB (exanuii gomaneil Ka3axcKoi MOPoAbl U3 pa3Iu4HbIX pernoHoB Kazaxcrana. Anbga-pazHooOpasue
(Chao 1 u ACE, unnexce! [llennona u CHMIICOHa) KHMIIEYHHKA JIOMIA/ACH Ka3aXxCKOW MOPO/IbI MOKA3aJI0, YTO
6oraroe MUKpoOHOE pazHooOpa3ue ObUIO BRIABICHO Y Jomaneil Manructayckoii, [laBnonapckoii u XKetsicy-
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CKO# obnacTeif, KOTOpbIe KPYTJIOCYTOUYHO HaXOAMINCh HA €CTECTBEHHBIX MacTOHIax. BugoBoe GorarcTeo y
nomrazeii [TaBnonapckoro u XKerbicyckoro pernoHa coctaBwio 9,7, yTo ObUIO HE3HAYUTENBHO BBILIE, YEM Y
nomrageir Manrucrayckoro peruona (9,0 P <0,01). Bera-pa3snoo6pasue ucciaeqoBaiu, HCIOIb3Ys PACCTOSHUS
Bpes-Keprtuca; B3anmocBs3b Mexay 24 oOpasiamu ¢exanuii romazeii n3 Tpex pasHbeIX pernoHoB Kasaxcrana
copMupoBaia 4eTKHE KJIAcTePhl B 3aBUCUMOCTH OT MX reorpaduieckoro npoucxoxaeHus. Mul unentudu-
IIUPOBAJIM OCHOBHOH MMKPOOMOM KHIIEYHHKA JIONIaAeH pa3inyHbIX pernoHoB Kasaxcrana, cocrosmuil u3
Lactobacillus, Micrococcales, Bacillales, Bacteroidales, Clostridiales, Corynebacteriales, Burkholderiales.
N3ydeHue coctaBa MUKPOOUOTHI KMIIIEYHHKA MECTHBIX MOPOJ, TAKUX KaK Kazaxckas MOpoJa Jomajaei, Heoo-
XOJMMO JUISl COXpaHEHUsI OHOpa3HO00pas3ys U BEIOOpa CIIOCOOOB COIEPKAHUS U BEACHUS MPOIYKTHBHOTO KO-
HEBOJICTBA B CEILCKOM XO3SIHCTBE.

Knoueswie crosa: NGS-cexsennposanue, 16STRNA, Equusferuscaballus, kazaxckue nomaau, XKabe, Anai,
KAIICYHBI MEKPOOHOM, OHOpa3zHooOpasue.
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Zooplankton of Alakol lake (Southeastern Kazakhstan)
and its interannual variability

This work aims to analyze the interannual variability of zooplankton in Lake Alakol during different periods
of the hydrological cycle based on our own (2002, 2004-2007) and literature data. In zooplankton
composition, 132 taxa were recorded, from 15 to 64 taxa over the years. The average long-term abundance of
zooplankton was 172.5+58.2 thousand specimens/m®, with a biomass of 0.9+0.2 g/m®. In the long-term
aspect, zooplankton abundance changed 36 times and the biomass 10 times. A tendency has been revealed for
the quantitative variables of zooplankton to increase in high-water years (1954-1968, 19961997, 2005) and
to decrease during low-water periods (1983, 2000, 2002, 2004, 2006, 2007). During all research periods,
rotifers dominated, with a more minor role of crustaceans. The dominant species complex included rotifers
Brachinus plicatilis, Brachinus quadridentatus, Keratella quadrata, crustaceans Arctodiaptomus salinus,
Mesocyclops leuckarti. The relative stability of the composition of background species of planktonic
invertebrates for more than half a century is due to their broad ecological plasticity.

Keywords: planktonic invertebrates, dominant species, biomass, abundance, interannual variability,
hydrological regime.

Introduction

The Alakol-Sasykkol system includes four main lakes — Alakol, Sasykkol, Koshkarkol and
Zhalanashkol. Lakes differ significantly in their morphometric and hydrochemical characteristics. The larg-
est is the closed Alakol Lake, with water mineralization of 2.4-9.2 g/m® [1]. Lake Zhalanshkol is drainless
and characterized by increased water mineralization — 2.1-4.9 g/dm?®. The flowing lakes Sasykkol and
Koshkarkol are fresh, water mineralization is 0.2-0.7 g/dm®.

Hydrobiological studies of the lakes of the Alakol depression have been carried out for over 80
years [2-10]. It was shown that the zooplankton of all lakes of the system included euryhaline species of
crustaceans Diaphanosoma lacustris Korinek, Arctodiaptomus salinus (Daday), Mesocyclops leuckarti
(Claus) and Thermocyclops crassus (Fischer). Quantitative variables of zooplankton in spatial, seasonal and
interannual aspects varied widely. It has been established that the species composition and distribution of
zooplankton throughout the Alakol Lake are significantly influenced by the spatial heterogeneity of
hydrochemical conditions [11]. Mineralization and chemical composition of water, as crucial factors in spe-
cies’ existence [12], also determine the features of the interannual dynamics of biological communities [13,
14]. In arid conditions, the total content of dissolved salts depends on the hydrological regime of the water
body: the mineralization decreases in high-water years and increases in low-water years. The hydrological
regime directly or indirectly affects all intra-waterbody processes. In high-water years, the volume of surface
runoff and, as a rule, the amount of nutrients introduced into the lake increases [1]. Enriching water bodies
with nitrogen and phosphorus compounds in high-water years indirectly affects zooplankton by improving
the food supply (increasing the bacterioplankton and phytoplankton abundance). For the freshwater
Koshkarkol and Sasykkol Lakes, a positive relationship was identified between the interannual dynamics of
the abundance of planktonic invertebrates and the water level [15, 16]. There is no such information for Lake
Alakol that determines the relevance of this work. Its goal is to analyze the variability of zooplankton during
high-water and low-water periods of the hydrological cycle of Lake Alakol based on our own and literature
data.

Materials and methods

Brief Description of the Study Sites
The Alakol Lake is located at an altitude of 347 m above sea level. The water area is 2650 km?, with a
maximum depth of 54 m. The lake has an indented coastline with numerous bays and spits. The rivers
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Urdzhar, Khatynsu, Beskopa and Emel flow into the northern and northeastern parts of Alakol. They account
for 86 % of surface runoff [26]. Water from lakes Sasykkol and Koshkarkol flows into Alakol through ducts
in high-water years. Like other water bodies in Kazakhstan, the lake is characterized by cyclical fluctuations
in water level. One cycle lasts about 60 years, and the average annual water level value difference reaches
5.58 m [25]. Bottom sediments are represented by clay, sand and pebbles. In the coastal zone and bays, grey
and black silts are common, sometimes with remains of vegetation and the smell of hydrogen sulfide. The
northern, northeastern and southeastern coastal areas are overgrown with reeds and cattails. Water transpar-
ency varies within 1.0-2.5 m, with a maximum in the deep-water part of the water area. The maximum water
temperature reaches 23-24°C.

Data Collection And Analysis Methods

Studies of the zooplankton of the Alakol Lake were carried out in the Summers of 2002-2007. Zoo-
plankton samples were collected from a grid of pre-established hydrobiological stations covering desalinated
(zone of influence of the Urdzhar, Katynsu, Beskopa, Emel Rivers) and deep-sea mineralized water areas of
the Alakol Lake (Fig. 1). A total of 105 zooplankton samples were collected by pulling a small Judy net from
the bottom to the surface [17]. Samples were fixed with 40 % formaldehyde solution to a final concentration
of 4 %. Species of planktonic invertebrates were determined according to [18-22]. The organisms were cal-
culated under a microscope in a certain part of the sample, followed by viewing the entire remainder to iden-
tify large and rare individuals. The individual weight of individuals of each species of planktonic inverte-
brates was calculated based on equations of linear weight dependence [17, 23]. The abundance and biomass
of zooplankton were calculated per 1 m®.

Figure 1. Schematic map of zooplankton sampling stations in the Alakol Lake, 20022007

Published information was used [2-10, 24] to analyze the long-term variability of zooplankton. For a
correct comparison, we selected published data characterizing the quantitative variables of summer zoo-
plankton. All available data on zooplankton were correlated with hydrological cycles [25]: level rise —
1954-1968, 1996, 1997, 2005, drop in level — 1983, 2000-2004, 2006-2007. Statistical data analysis was
performed in Excel.
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Results

Species Composition of Zooplankton

During the research period (2002-2007), 132 species and subspecies were noted in the zooplankton of
Lake Alakol, of which 76 rotifers, 31 cladocerans and 25 copepods (Table 1). The genus Brachionus was the
richest in species (20). The genera Trichocerca, Asplanchna, and Lecane were represented by 5-9 species;
the genus Ceriodaphnia — 6, Thermocyclops — 5, Daphnia — 3 species. The composition of the background
species included rotifers Brachionus gaudridentatus, Keratella quadrata, Notholca acuminata, Testudinella
patina, Filinia longiseta longiseta, Hexhartra fennica, cladocerans Daphnia galeata, Alona rectangula,
Chydorus sphaericus, Moina brachiata, copepods Cyclops vicinus, Megacyclops viridis, Thermocyclops
crassus, Mesocyclops leuckarti, Arctodiaptomus salinus. From 8 to 12 species represented zooplankton in
deep-sea mineralized areas of the water area. An increase in the species richness of zooplankton (up to 16—
22) occurred in desalinated zones and thicket biotopes due to the appearance of planktonic invertebrates from
the genera Diaphanosoma, Ceriodaphnia, Thermocyclops, Daphnia in the composition of zooplankton [11].

Table 1
Species composition of zooplankton in the Alakol Lake, 2002-2007

Research period
2002 2004 2005 2006 2007

Taxon name

Rotifera
Notommatidae fam. gen.sp. + + + +
Notommata sp. + +
Monommata sp. +
Cephalodella sp. +
Eosphora sp. +
Paedotrochida fam. gen.sp. +
Trichocerca sp. +
Synchaeta sp. 1 + + +
Synchaeta sp. 2 + +
Polyarthra luminosa Kutikova
Polyarthra vulgaris Carlin +
Polyarthra sp. + + + +
Trichocerca longiseta (Schrank) +
Trichocerca pusilla (Lauterborn)
Trichocerca elongata (Gosse) +
Trichocerca rattus (Muller)
Trichocerca sp. +
Asplanchna sieboldi (Leydig) +
Asplanchna brightwelli Gosse + +
Asplanchna priodonta Gosse
Asplanchna girodi Guerne
Asplanchna herricki Guerne
Asplanchna silvestris Daday
Asplanchna sp. + +
Lecane (Monostyla) bulla (Gosse)

Lecane (Monostyla) bulla diabolica (Hauer)
Lecane (Monostyla) cornuta (Muller) +
Lecane (Monostyla) crenata (Harring) +
Lecane (Monostyla) quadridentata (Ehrenberg) +
Lecane (Monostyla) lamellata (Daday) + +
Lecane luna (Muller) + +
Lecane luna balatonica Varga +
Lecan elsa Hauer +
Proalidae fam. gen.sp. +
Epiphanes sp. +
Euchlanis phryne Myers +
Euchlanis deflexa Gosse + +

+

+
+
+

+|+[+]+

+
+
+

+
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Continuation of Table 1

Taxon name

Research period

2002

2004 2005 2006 2007

Euchlanis sp.

Trichotria truncata (Whitelegge)

Mytilyna mucronata spinigera (Ehrenberg)

Lopocharis rubens Wulfert

Brachionus gaudridentatus Hermann

Brachionus gaudridentatus zernovi Voronkov

+

Brachionus gaudridentatus hyphalmyros Tschugunoff

|+ |+ ]+ ]+

Brachionus gaudridentatus brevispinus Ehrenberg

+

Brachionus gaudridentatus ancylognathus Schmarda

Brachionus diversicornis diversicornis (Daday)

Brachionus plicatilis plicatilis Muller

Brachionus plicatilis longicornis Fadeev

Brachionus plicatilis asplanchnoides Charin

Brachionus plicatilis decemcornis Fadeev

Brachionus plicatilis rotundiformes Miiller

Brachionus calyciflorus calyciflorus Pallas

Brachionus calyciflorus amphiceros Ehrenberg

Brachionus calyciflorus anuraeformes Brehm

Brachionus calyciflorus dorsas Gosse

Brachionus variabilis Hempel

Brachionus nilsoni Ahlstrom

Brachionus urceus (Linnaeus)

Brachionus angularis angularis Gosse

Brachionus angularis bidens Plate

Platyias quadricornis (Ehrenberg)

Keratella quadrata quadrata (Muller)

Keratella cochlearis cochlearis (Gosse)

Keratella cochlearis robusta (Lauterborn)

Keratella irregularis (Lauterborn)

Notholca acuminata (Ehrenberg)

Testudinella patina (Hermann)

Testudinella truncata (Gosse)

Pompholyx sulcata Hudson

Pompholyx complanata Gosse

Filinia longiseta longiseta (Ehrenberg)

++ [+ +[+]+

Filinia longiseta limnetica (Zacharias)

Hexarthra oxyuris (Zernov)

+

Hexarthra fennica (Levaner)

Hexarthra mira Hudson

Cladocera

Sida cristallina (Muller)

Diaphanosoma lacustris Korinek

Diaphanosoma mongolianum Ueno

+

Diaphanosoma dubium Manuilova

Diaphanosoma macrophthalma Korov. et Mirabd.

Scapholeberis kingi Sars

Ceriodaphnia reticulata (Jurine)

+| 4|+ ]+

Ceriodaphnia quadrangula (Muller)

Ceriodaphnia setosa Matile

Ceriodaphnia laticaudata Muller

Ceriodaphnia dubia Richard

Ceriodaphnia pulchella Sars

+

Daphnia galeata Sars

Daphnia longispina Muller

Daphnia pulex Leydig

+

56

BecTHuk KaparaHgmMHCKoro yHmBepcuteTa



Zooplankton of Alakol lake...

Continuation of Table 1

Research period

Taxon name 2002 | 2004 | 2005 | 2006 | 2007
Simocephalus sp. +
Alona rectangula Sars + + + + +
Alona costata Sars +
Alona guttata Sars +
Macrothrix laticornis (Jurine) + +
Macrothrix hirsuticornis Norman et Brady +
Macrothrix daday Behning +
Pleuroxus aduncus (Jurine) + +
Graptoleberis testudinaria (Fischer) + +
Capmtocercus rectirostris Schoedler +
Chydorus sphaericus (Muller) + + + + +
Moina brachiata (Jurine) + + + +
Moina micrura Kurz + +
Bosmina longirostris (Muller) + + + + +
Leptodora kindtii (Focke) +
Polyphemus pediculus (Linne) +
Copepoda
Eucyclops serrulatus (Fischer) + + + +
Eucyclops macrurus (Sars) + +
Paracyclops fimbriatus (Fischer) +
Ectocyclops phaleratus (Koch) +
Macrocyclops albidus (Jurine) +
Cyclops vicinus Uljanin + + + + +
Megacyclops viridis (Jurine) + + + + +
Diacyclops bisetosus (Rehberg) + +
Acanthocyclops robustus Sars + +
Thermocyclops crassus (Fischer) + + + + +
Thermocyclops taihokuensis Harada + + +
Thermocyclops rylovi (Smirnov) + +
Thermocyclops fermifer Lindberg +
Thermocyclops sp. +
Microcyclops varicans (Sars) +
Microcyclops sp. + +
Mesocyclops leuckarti (Claus) + + + + +
Arctodiaptomus salinus (Daday) + + + + +
Nitokra typica Boeck + +
Schizopera paradoxa (Daday) + + +
Cletocamptus retrogressus Schmankewitsch +
Schizopera sp. +
Harpacticoida fam. gen.sp. + + + +
Ergasilidae fam. gen.sp. +
Total: 64 60 53 43 40

In the interannual aspect, the most significant number of species of planktonic invertebrates was record-
ed in 2002 and 2004, with a minimum value in 2007. In previous research periods, the number of species
recorded in zooplankton varied from 15 to 49 (Fig. 2). The leading role in the total species richness of zoo-

plankton belonged to rotifers.
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Figure 2. Long-term dynamics of zooplankton species richness in the Alakol Lake

Quantitative variables of zooplankton

The average long-term abundance of zooplankton was 172.5+58.2 thousand individuals/m®, biomass
0.9+0.2 g/m®. Over the years of research, zooplankton abundance has changed 36 times, and biomass has
changed 10 times (Table 2). There was a tendency towards a significant increase in the quantitative indica-
tors of zooplankton in high-water years and their decrease in low-water periods. The maximum abundance of
planktonic invertebrates was noted in 1996-1997 and 2005, with a less pronounced outbreak in 1954-1968.
For fresh Sasykkol and Koshkarkol Lakes [15, 16], the positive relationship between the zooplankton abun-
dance and water level can be explained mainly by improving trophic conditions in high-water years [1]. Un-
der conditions of high mineralization, interannual variability of zooplankton in Alakol Lake is caused not
only by an increase in the phyto and bacterioplankton abundance but also by a decrease in the total content of
dissolved salts in long-term years.

Table 2

Variability of zooplankton abundance and biomass in the Alakol Lake
(average values with standard error)

Periods * Hyd r?)lr?g;ce;al cycle Rotifera Cladocera Copepoda Total
abundance, thousand specimens/m®
1954, 1961, 1968 level rise 70.2425.8 26.5+14.3 39.4+10.8 136.1+29.9
1983 decrease in level 14.245.3 0.1+0.05 43.746.8 58.0+5.8
1996, 1997 level rise 456.4+152.1 74.2+4.8 43.2+17.2 576.31176.3
2000, 2002, 2004 decrease in level 43.2+17.7 4.0+0.8 13.2+2.6 64.5+22.2
2005 level rise 427.7+96.8 0,5+0.4 42.446.1 470.7+97.9
2006, 2007 decrease in level 21.145.6 2.3+0.8 9.7+3.7 33.147.1
average 127.1+49.6 17.8+7.4 26.4+5.1 172.5+58.2
biomass, g/m°
1954, 1961, 1968 level rise no data no data no data no data
1983 decrease in level 0.03+0.01 <0.001 1.3+0.5 1.4+0.3
1996, 1997 level rise 0.910.3 1.0+0.6 0.4+0.2 2.310.1
2000, 2002, 2004 decrease in level 0.1+0.05 0.06+0.02 0.08+0.02 0.3+0.01
2005 level rise 0.84+0.2 0.005+0.002 0.34+0.06 1.1+0.2
2006, 2007 decrease in level 0.1+0.02 0.03+0.01 0.1+0.06 0.3+0.05
average 0.310.1 0.240.1 0.4+0.1 0.9+0.2
*Note. According to [25].
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During all research periods, rotifers dominated in abundance, and copepods subdominated (Table 3). A
sharp increase in the role of copepods was noted in 1983 when the lake was heavily polluted with pesticides
against the background of a decrease in water level [27]. By biomass in 1983 and 2006, copepods dominated.
Cladocerans and rotifers dominated zooplankton in 1996-1997 and rotifers in 2005.

Table 3
Changes in the share of taxonomic groups in the quantitative variables
of zooplankton in Lake Alakol (average values with standard error)
Periods Hydro;)or?;;:sl cycle Rotifera Cladocera Copepoda
1954, 1961, 1968 level rise 49.249.2 17.0+5.9 33.9+12.5
1983 decrease in level 24.545.7 0.2+0.01 75.319.6
2.240.5 0.2+0.01 97.8+0.5
1996, 1997 level rise 78.5+2.4 13.9+3.4 7.3+0.8
40.4+14.7 41.9+24.6 17.7£9.8
2000, 2002, 2004 decrease in level 59.9+11.3 10.2+5.8 25.4+7.2
30.61£13.0 23.8+11.2 30.4+12.4
2005 level rise 77.1+16.0 0.1+0.09 22.7+16.1
71.9+14.0 0.4+0.08 27.4+£14.2
2006, 2007 decrease in level 62.946.9 6.6+1.7 29.948.1
50.9+10.4 10.6+3.8 37.2412.1
average 60.845.3 9.742.2 28.345.6
37.8+7.4 17.245.7 40.8+8.7
*Note. The numerator is the group’s share in the total abundance, the denominator is the group’s share in the total biomass of zoo-
plankton. With using data: [2-5, 10, 28]

For half a century, the composition of the dominant species retained significant similarities (Table 4).
The zooplankton of the deep-sea mineralized part of the water area was dominated by species of the genus
Brachionus, in some years Keratella quadrata, Hexarthra oxyuris, Hexarthra fennica and among crustaceans
— Arctodiaptomus salinus. In 1968, the diaptomus Eudiaptomus graciloides played a significant role in the
zooplankton of all lakes of the Alakol-Sasykol system [29]. In subsequent years, this species dropped out of
the community. In the desalinated areas, the biomass was dominated by the rotifer Asplanchna sp., crusta-
ceans Mesocyclops leuckarti, Ceriodaphnia reticulata, Diaphanosoma lacustris, Bosmina longirostris, Moi-
na mongolica.

Table 4
Composition of the dominant zooplankton species of Lake Alakol
Year, month Species hames Reference
1954, 08 Hexarthra oxyuris, Brachionus plicatilis, Notholca acuminata [2]
Arctodiaptomus salinus, Ceriodaphnia reticulata, Diaphanosoma lacustris,
1968, 07 Brachionus angularis, Brachionus calyciflorus, Keratella cochlearis, Asplanchna [10]
herricki, Eudiaptomus graciloides
Brachionus quadridentatus, Brachionus plicatilis, Hexarthra oxyuris, Keratella
1996, 07 : " . ; . [5]
quadrata, Asplanchna sp., Bosmina longirostris, Moina brachiata
1096, 06-07 Hexarthra fen_nlca, _Keratella quadrata, p. Brachionus, Moina mongolica, [6]
Bosmina longirostris
Brachionus quadridentatus, Brachionus plicatilis, Hexarthra oxyuris, Keratella
1997, 06-07 - . . [5]
quadrata, Mesocyclops leuckarti, Thermocyclops taihokuensis
Synchaeta stylata, Brachionus angularis, Asplanchna priodonta, Thermocyclops
2000, 06 . . - - . [6]
sp., Bosmina longirostris, Ceriodaphnia sp.
Brachionus quadridentatus, Brachionus plicatilis, Keratella quadrata, Filinia
2002, 06 longiseta, Asplanchna priodonta, Diaphanosoma lacustris, Ceriodaphnia authors’ data
reticulata, Mesocyclops leuckarti
2004, 06 Kerate!la cochlearis, Brachionus plicatilis longicornis, Arctodiaptomus salinus, the same
Daphnia galeata
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Continuation of Table 4

Year, month Species names Reference

Hexarthra fennica, Brachionus quadridentatus, Brachionus plicatilis longicornis,

2004, 09 . - . . . . «»
Ceriodaphnia reticulata, Mesocyclops leuckarti, Arctodiaptomus salinus

2005, 06 Hexarthra fennica, Hexarthra oxyuris, Asplanchna sp., Arctodiaptomus salinus «»

2005. 09 Brachionus plicatilis longicornis, Brachionus quadridentatus, Asplanchna “»

' sieboldi, Asplanchna sp., Mesocyclops leuckarti, Arctodiaptomus salinus

2006, 06 sB;ﬁlﬁE;onus quadridentatus, Brachionus plicatilis longicornis, Arctodiaptomus “»
Brachionus quadridentatus, Brachionus plicatilis longicornis, Asplanchna sp.,

2006, 08 . . «»
Arctodiaptomus salinus
Asplanchna sieboldi, Asplanchna priodonta, Keratella quadrata, Hexarthra

2007,05 . . . . «»
fennica, Mesocyclops leuckarti, Arctodiaptomus salinus
Brachionus quadridentatus, Brachionus plicatilis longicornis, Asplanchna sp.,

2007, 07 . . i . «»
Arctodiaptomus salinus, Diaphanosoma lacustris

Conclusion

In the absence of annual monitoring studies, we can only talk about the general trend of changes in the
zooplankton communities of Lake Alakol in a long-term aspect. Zooplankton Lake was characterized by a
rich species composition (132 taxa). The interannual dynamics of species richness (from 15 to 64) were pri-
marily associated with the coverage of various biotopes by research. The mineralized deep-sea parts of the
water area were inhabited by no more than 10-12 planktonic invertebrate species. Enrichment of communi-
ties with species occurred in desalinated and thicket biotopes. According to average values, lake zooplankton
reached high abundance with low biomass. This ratio of quantitative variables is due to the dominance of
small-sized rotifers with a more minor role of crustaceans. The dominant species complex included rotifers
Brachinus plicatilis, Brachionus quadridentatus, Keratella quadrata, crustaceans Arctodiaptomus salinus,
Mesocyclops leuckarti. The relative stability of the composition of background species of planktonic inverte-
brates for more than half a century is due to their broad ecological plasticity to changes in environmental
conditions, primarily variability of hydrochemical parameters. Eliminating Eudiaptomus graciloides from
zooplankton communities may be associated with increased anthropogenic pressure on all lakes in the sys-
tem. Increased zooplankton abundance in high-water years may be related to more favourable hydrochemical
and trophic conditions during rising water levels.
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E.I'. Kpyna, T.K. AmanrennueBa
AJ1akeJ1 KeJIiHiH 30II1aHKTOHbI (OHTYCcTiK-bIFbIC Ka3akceTan)
7K9HE OHBIH JKbLJI APAJIBIK O3TeprillTiri

JKyMBICTBIH MaKcaThl THAPOJIOTHSIIBIK UKIIAIH OPTYPIi Ke3eHAepiHAeri Aake KeiHiH 300IUIaHKTOHBIHBIH
JKBUT CaMbIHFBI @3reprimririn e3inmik (2002, 2004-2007 >ok.) oHe oneOM AepeKTep HeriziHae Tanaay.
300IIAHKTOH KypaMblHAa Skannbl 132 TakcoH, op buimapbl 15-TeH 64 TakcoHra OeliH TipKenreH.
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300MIaHKTOHHBIH OpTalia KeIDKbUIIBIK caHbl 172,5+58,2 MbIH nana/M®, 6Guomaccacst 0,9+0,2 r/m’ KYpaabl.
¥3ak Mep3imMai acleKTiie 300IUTaHKTOH caHbl 36 ecere, 6momaccacel 10 ecere esrepii. 300MIaHKTOHHBIH
CaHABIK KopceTKimTepi cybl Mo xbuinapsl (1954-1968, 1996-1997, 2005 sx.) kebeiiir, cybl a3 Ke3eHAepiHae
(1983, 2000, 2002, 2004, 2006, 2006 »*x.) a3ar0 TCHICHIUICH aHBIKTAIBL. backiM KOMIILIIri KOJOBpaTKaap
Gonmpl aj, WasHTOpi3Aiiep a3 Gosabl. JIOMHHAHTTBI TYpiiep KeILICHIHE KoJioBparkaiapaaH: Brachinus
plicatilis, Brachinus quadridentatus, Keratella quadrata, wasnmapizdinepoen Arctodiaptomus salinus,
Mesocyclops leuckarti kipai. ITaHKTOHOBI OMBIPTKACHI3AAPABIH (GOHIBIK TYPJEPi KYPaMBIHBIH KapThl
FachIpIaH acTaM YakKbIT OOMBI CAIBICTBIPMANIBI TYPAKTHI OOJIYBI OJNIAPIBIH KEH SKOJIOTHSUIBIK TO3IMALUIIriHe
(3BpHOMOHTH3M) OalIaHBICTHI.

Kinm ce3dep: NIaHKTOHIBI OMBIPTKACHI3NAp, JOMHHAHTTBI Typiep, Ouomacca, CaHbl, XbUI apalibIK
©3TePrillTiK, THAPOJIOTUSIIBIK PEKUM.

E.I'. Kpyna, T.)K. Amanreniuena

3o0m1aHKTOH 03epa AsakoJb (FOro-Bocrounbiii Kazaxcran)
H ero MeKrojioBasi "3MeHYHBOCTh

Ienpro HacTosIeH PaGOTHI SABISIETCS aHAIN3 MEXIOJ0BOH M3MEHUYMBOCTH 300IUIAHKTOHA 03epa AJIaKoIb B
pa3IMYHbIE TEPUOABI THAPOIOTHYECKOro HUKIAa Ha ocHOBe cobctBenHbix (2002, 2004—2007 rr.) u nurtepa-
TYpHBIX JaHHBIX. B cocTaBe 300IIaHKTOHA CYMMapHO 3aperucTpupoBaHo 132 TtakcoHa, oT 15 10 64 TakcoHOB
B OTHAeNbHBIE TOAbl. CpeIHEMHOTONICTHAS YUCICHHOCTh 300IUIAHKTOHA cocTaBmia 172,5+58,2 TeIc. aKk3/M°,
npu 6uomacce 0,9+0,2 r/M°. B MHOTOJIETHEM acIIeKTe, YNCICHHOCTh 300IUIAHKTOHA N3MEHsUIach B 36 pas, a
6uomacca — B 10 pa3. BrisgBieHa TeHACHINUS K YBEIMICHHIO KOJINYECTBEHHBIX MIOKa3aTelel 300IIIaHKTOHA B
MHOTOBOHbIE robl (1954-1968, 1996-1997, 2005 rr.) ¥ K X CHWKEHUIO B MajoBOjHbIe mepuoasl (1983,
2000, 2002, 2004, 2006, 2007 rr.). JJOMHHIPOBAIIN KOJOBPATKH, a POJb PaKOOOpa3HBIX ObLIa MEHee 3HAYH-
TeNbHOU. J[OMMHUPYIOIIMI KOMIUIEKC BHIOB BKJIFOUasl KojoBparok Brachionus plicatilis, Brachionus
quadridentatus, Keratella quadrata, pakoo6pasusix Arctodiaptomus salinus, Mesocyclops leuckarti. OtHocu-
TeJbHasi CTaOMIIBHOCTB COCTaBa ()OHOBBIX BHIOB IUIAHKTOHHBIX OECIIO3BOHOYHBIX Ha MPOTSKEHUH Goliee 1mo-
JIyBeKa 00YCIIOBJICHA UX HIMPOKOM IKOJIOTHYECKOM IIACTHYHOCTBIO (3BPHOUOHTHOCTHIO).

Kniouesvie cnosa: NIaHKTOHHBIE 6ECHO3BOH0‘IHBIC, JOMUHHPYIOIIAE BUIBI, 6H0Macca, YHUCJICHHOCTH, MCXKI O-
JlI0Bast UBMCHYNUBOCTD, FPIZ[pOJ'IOFH'-IeCKPIfI PEXKUM.
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Gene editing by CRISPR-Cas-biotechnological applications

The CRISPR-Cas system is a powerful genome editing tool that enables precise and targeted changes in DNA
nucleotide sequence and gene function. It has many applications in modern biotechnology, including correct-
ing genetic disorders, treating and preventing disease, as well as improving animal breeds and crop growth
and resistance. The proposed review observed how CRISPR-Cas technology has evolved from a natural anti-
viral defense mechanism in bacteria, to a cutting-edge genetic engineering technique. Initially, it was discov-
ered that bacteria use specialized RNA and Cas proteins as defense against viral attacks. It turned out that
components of the CRISPR system could be transferred into cells of other organisms to manipulate genes, a
process called “gene editing”. In genome editing, genetic instructions are altered, resulting in changes in the
activity of encoded proteins and cellular processes. By inserting cuts into the coding part of DNA and DNA
repair mechanisms, desired DNA fragments can be inserted for targeted changes. CRISPR technology can ef-
fectively correct human genetic defects. Examples include cystic fibrosis, sickle cell anemia, cataracts, etc.
These studies have paved the way for therapeutic applications in humans. CRISPR has been tested to treat
cancer and an inherited disease that causes blindness, prevent Lyme disease and the transmission of malaria
transmission from viral vectors to humans, as well as the method of ridding infected cells of human immuno-
deficiency virus was tested on animal models. The review provides the most significant examples of applica-
tion of CRISPR editing of target regions of genomes of various organisms as one of the key technologies of
biotechnology.

Keywords: CRISPR, Cas, genome editing, biotechnology.

One of the exciting discoveries in modern molecular biology — honored with the Nobel Prize in 2020
— is the CRISPR-Cas genome editing technology [1]. This technology allows the targeted addition, deletion,
or modification of DNA sequences and is actively used in genetics and medicine, offering advantages such
as rapidity, affordability, high accuracy, and less labor-intensive than other methods.

Originally, the term CRISPR-Cas referred to a natural mechanism for recognizing and destroying viral
nucleic acids that penetrate bacterial cells.

If the bacteria was able to survive after virus infection, fragments of the remaining viral DNA are in-
corporated into a special region of bacterial DNA, adding to the collection of viral fingerprints called
CRISPR [2]. Upon re-infection, the bacteria rapidly synthesize RNA that recognizes the DNA regions of the
attacking virus and forms a duplex structure. A special nuclease Cas, accompanying complementary RNA
destroys viral DNA, preventing the synthesis of new viral particles [3].

In 1987, a team of scientists at Osaka University studied the alkaline phosphatase gene, which is re-
sponsible for isoenzyme conversion of alkaline phosphatase (iap) in E. coli strain K-12 [4]. What was sur-
prising was the region that did not encode anything. Bacterial DNA is sparingly organized and usually con-
tains no extra sequences. This site contained unusual repetitive DNA sequences separated by blocks of about
30 nucleotides of different composition, called spacers. Later, similar regions of repeats and spacers would
be found in a large number of bacteria and archaebacteria and called CRISPR. The functions of these DNA
regions remained a mystery [5]. In 2000, Francisco Mojica’s group [6] showed that the spacer regions of the
DNA blocks matched the DNA sequences of bacteriophages and viruses. It turned out that viruses could not
destroy bacteria that contained such spacer blocks, and it was suggested that these sequences represented the
defense system of prokaryotes. Francisco Mojica was the first to suggest the acronym CRISPR. However,
the mechanism of this molecular genetic system remained unclear. Jansen et al. discovered [7] that next to
CRISPR sequences there are genes called cas (CRISPR-ASsociated), the function of which remained un-
clear. In 2005, genomic studies found matches between spacer DNA and many phage DNAs, meaning
CRISPR clusters play a role in adaptive immunity [8, 9]. Philip Horvath’s group [10] discovered in 2007
CRISPR loci in Streptococcus thermophilus cultures used for yogurt and cheese production. It turned out that
bacteria having specific viral sequences in their CRISPR sites were resistant to viruses. When such spacer
sites are removed from bacterial DNA, the bacteria become susceptible to the virus again. They also studied
cas genes and showed the key role of Cas protein in the cleavage of foreign DNA [11]. Cas protein genes are

Cepus «Bbronorusa. MeguumHa. Meorpacbms». 2025, 30, 1(117) 65


https://doi.org/10.31489/2025BMG1/65-73

S.K. Smailov, E.Zh. Gabdullina et al.

located in close proximity to the CRISPR site. These proteins possess endonuclease, exonuclease, helicase
structure and nucleic acid binding sites. They are able to unfold, unwind and cleave DNA [12, 13].

When CRISPR systems were discovered, they were thought to be a novel mechanism for error correc-
tion and DNA repair in thermophilic archaea and bacteria [14].

The role of Cas proteins as specific nucleases was shown in the work of Makarova et al. who performed
a comparative genomic analysis of Cas genes [15]. While some Cas proteins cleave DNA, others cleave
RNA. For example, Cas9 enzyme cleaves DNA, while Cas13 enzyme cleaves RNA [16]. A prerequisite for
CRISPR-Cas9 systems (the most widely used) are “protospacer adjacent motifs (PAMs)”. PAMs are short
sequences of 2-6 base pairs in the viral genome, next to protospacer DNA blocks targeted by Cas9 nucleas-
es. If Cas9 nucleases recognize the PAM site they cleave the DNA. Recognition of PAM sites by Cas9 nu-
cleases ensures that only foreign viral nucleic acids are cleaved [17] and prevents cutting of their own spac-
ers stored in the CRISPR array.

Classification of CRISPR-Cas systems was performed in Makarov et al. [18] CRISPR-Cas systems are
divided into two classes based on the differences of Cas nucleases and are categorized into six types. Class 1
CRISPR-Cas systems function with multi-Cas complexes including Cas3, Cas10 and DinG endonucleases,
constituting types 1, 3 and 4, respectively. CRISPR-Cas class 2 systems utilize a single Cas protein and one
Cas protein and include types 2, 5, and 4, which utilize Cas9, Cas12—-Cas14, and Cas13 nucleases. Type 1, 2,
and 5 systems primarily recognize DNA, type 3 recognizes both RNA and DNA, and type 4 is exclusively
involved in RNA regulation [19]. The type 2 system is the most studied and has the greatest potential for ge-
nome editing in eukaryotic organisms. The Cas9 endonuclease plays a central role in the type 2 CRISPR-Cas
system [20]. During viral infection, Cas9 nuclease is activated in the presence of two RNAs: a short RNA (cr
-RNA) transcribed from the CRISPR array and an additional non-coding RNA, trans-activating CRISPR
RNA (trans-activating CRISPR RNA, tracrRNA) complementary to CRISPR repeats [21]. Jinek et al. [22]
constructed a type 2 CRISPR-Cas system based on the Cas9 nuclease from Streptococcus pyogenes and
showed that cr RNA and tracr RNA can be spliced together to form a chimeric single-stranded guide RNA
(sg RNA).

Such chimeric RNA and Cas9 nuclease can be targeted to DNA from any organisms for precise editing.
The idea of adapting the bacterial CRISPR-Cas9 system to edit the genome of humans and other organisms
was first proposed by Jennifer Doudna and Emmanuelle Charpentier in 2012 [23], who were awarded the
Nobel Prize in 2020. They proposed to combine crRNA (containing the complementary sequence of target
DNA) and tracrRNA molecules to obtain achimeric guide RNA (sgRNA). The resulting sgRNA and the
Cas9 enzyme are introduced into the cell, and the cell’s genome DNA is scanned for PAM sequences and
sites complementary to the sgRNA, after which the DNA is cleaved at the target site. This pioneering work
has turned CRISPR-Cas9 into a powerful tool for genome editing.

The advantages of the CRISPR-Cas9 system are simple assembly of the system before use, high effi-
ciency and applicability for genome editing of a wide variety of organisms. To edit any DNA under study, an
sgRNA is created that carries a complementary sequence of 20 nucleotides to guide to the desired site. The
Cas9 nuclease cuts the DNA between the 17th and 18th nucleotide from the 5'-end of the spacer. It is possi-
ble to simultaneously edit several genes if different sgRNAs are used. The simplicity, speed and efficiency of
the CRISPR-Cas9 method compared to other genome editing methods have aroused great interest in the sci-
entific community [24]. The CRISPR-Cas9 system is capable of recognizing the desired site in the extended
genomic DNA in cells of organisms with high specificity, allowing the addition, deletion, modification and
even silencing of certain sites in the genome [25], which is of great importance for biotechnology and medi-
cine.

The CRISPR genome editing method can be successfully applied not only with the Cas9 enzyme, but
also with other enzymes such as the Cas13 enzyme discovered in 2016 [26]. The CRISPR-Cas9 technology
has advantages over other genome editing technologies such as ZFN and TALEN. The most important one is
that a small region of the RNA molecule, sgRNA, complementary to twenty nucleotides of the target DNA is
responsible for recognizing the target nucleotide sequence in it [27]. Cong et al. [28] were among the first to
successfully apply Cas9-based genome editing.

Applications of CRISPR technology

1. Medical research and therapy: studying the genetic basis of diseases and developing new gene thera-
pies, e.g., for the treatment of hereditary and cancer diseases.

2. Agriculture and food technology: creating crops and breeds with improved characteristics such as re-
sistance to pests and diseases, increased yield and productivity, and better adaptation to climate change.
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3. Diagnostics: developing new, more sensitive and accurate methods for diagnosing diseases, including
infectious diseases, as demonstrated during the COVID-19 pandemic.

Medical research and therapeutics

CRISPR-Cas technology has the potential to dramatically improve the situation with human monogenic
diseases, of which there are more than 10,000 [29, 30]. It has been shown that CRISPR can be used to effi-
ciently correct mutations in the gene that causes inherited heart disease in human embryos. The mutant gene
(MYBPC3) was replaced with a “corrected” copy of the gene without the mutation. As a result, up to 72 %
of embryos were spared from the harmful mutation [31]. In the case of the monogenic inherited disease sick-
le cell anemia, CRISPR-Cas9 technology is used to adjust the gene [32].

Cystic fibrosis (CF) is one of the most common genetic diseases caused by mutations in CF
transmembrane conductance regulator (CFTR). CRISPR-Cas9 technology has been used to correct mutations
in the CFTR gene, and encouraging results have been obtained [33].

In January 2024, the FDA approved CASGEVY therapy for genome editing with CRISPR-Cas9.

CASGEVY is a therapy used to treat people aged 12 years and older for the treatment of:

—sickle cell anemia;

— beta-thalassemia (B-thalassemia).

CASGEVY is based on using edited stem cells from a patient’s blood to increase fetal hemoglobin syn-
thesis and red blood cell activity. It helps patients with sickle cell anemia and beta-thalassemia [34, 35].

Hemophilia B (HB) is an inherited disease arising from a mutation in the factor IX (FIX) gene, which
leads to clotting disorders. Animal experiments, showed the possibility of treating hemophilia B by adding
regulatory genes to correct mutations in the FIX gene using CRISPR-Cas9 technology [36].

In addition to the treatment of monogenic diseases, CRISPR-Cas systems have been used to potentially
treat viral infections such as human immunodeficiency virus, hepatitis viruses, and oncogenic viruses, as
well as non-viral infectious diseases caused by bacteria, fungi, and parasites [37].

The ability of the CRISPR-Cas9 system to eliminate the integrated sSSDNA of hepatitis B virus and the
possibility of antitumor application of CRISPR-Cas9 by targeted mutation of the HBsAg gene leading to
suppression of tumor progression of hepatocellular carcinoma have been demonstrated [38, 39].

Human immunodeficiency virus (HIV) causes acquired immunodeficiency syndrome, which remains
one of the most serious health care problems worldwide [40]. According to [41] CRISPR-Cas9 method can
prevent the development of HIV-1 infection. Other studies have shown the use of CRISPR-Cas9 method for
the treatment of HIV infection [37, 42, 43].

Agriculture and food technology

The emergence of agriculture has been the basis for civilization. In human history, the availability and
accessibility of food has been critical and enormous efforts have been expended to obtain it. Today, due to
growth of global population, access to food is becoming more problematic [44]. New stress tolerant and effi-
cient crops are needed. This can be achieved by CRISPR-Cas9 technology [45, 46].

Plant-specific RNA polymerase Il promoters are used for the successful operation of Cas9 protein and
guide RNA (gRNA) in plant cells.

These promoters are called tU6 (Arabidopsis), TaU6 (wheat), OsU6 or OsU3 (rice).

There are several commercial vectors for the expression of these Cas9 or Cas9 and gRNA variants in
plants. Addgene, a global collection of plasmids provides over 30 “blank” gRNAs for binary vectors. These
gRNAs include a plant RNA polymerase Il promoter, gRNA as a vector where the desired gRNA can be
inserted [47].

Tomato cells are often used for CRISPR-Cas-mediated modifications. Leaf shape studies have shown
that genetic mutations created by CRISPR-Cas technology are inherited. The gene SIAGO7 (Argonaute?),
gives a flat appearance to tomato leaves, but deletion of this gene using CRISPR-Cas9 technology results in
needle or wire-shaped leaves [48]. Genome editing was carried out to create cocoa varieties that are resistant
to pests, higher yielding, drought tolerant, with improved flavor and seed quality. For this purpose, the
TcNPR3 gene was deleted using CRISPR-Cas9 technology [49].

Successful studies have been conducted on rice and wheat, important food sources. In the case of rice,
approximately 92 % of the studies are based on CRISPR-Cas9 technology.

Abscisic acid receptors affect rice yield [50]. CRISPR-Cas technology allowed simultaneous mutation
of genes encoding abscisic acid receptors (PYL1), PYL4 and PYLS6, resulting in a marked increase in growth
and yield in rice [51]. Mutations in wheat genes such as PDS, MLO and NAC2 have been investigated. Tar-
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geted mutations in MLO gene obtained using CRISPR-Cas9 technology resulted in plants resistant to yellow
rust disease [52, 53].

CRISPR-Cas9 technology can be used to accurately and efficiently reduce a-gliadin content to reduce
immunoreactivity of durum wheat products for consumers with gluten intolerance [54]. Direct gene editing
was shown [55] in cotton plants using CRISPR-Cas9. In a study [56], plants modified with CRISPR-Cas9
showed resistance to cucumber mosaic virus and papaya ringspot virus infection.

CRISPR-Cas can be used to produce efficient animal feed. Since 2017, 36 varieties of soybean and corn
have been approved and authorized for use as animal feed [57].

Harmful microorganisms can cause food poisoning and food spoilage, while beneficial microorganisms
help preserve food and promote a healthy digestive system [58]. In food biotechnology, CRISPR systems are
used in antiviral vaccination of bacterial cultures, genotyping, antibiotic resistance monitoring, and modifica-
tion of probiotic cultures [59, 60].

The CRISPR-Cas9 system was first applied by Danisco in 2008. The company used it to enhance the
immunity of bacterial cultures to viruses, and nowadays many food manufacturers use this technology to
produce cheese and yogurt. Probiotics are known as live microorganisms that benefit the host when con-
sumed in sufficient quantities [61]. The successful antiviral vaccination of Streptococcus thermophilus starter
culture used in fermentation of dairy products has promoted the use of CRISPR-Cas in the food indus-
try [62]. CRISPR-Cas system is applicable for pathogen control, food safety, and shelf life extension [63]. A
study [64] used CRISPR loci for genotyping to distinguish strains in products with mixed microbiota, espe-
cially those produced by fermentation. One early study was conducted on Lactobacillus buchneri, which
causes spoilage in pickled foods, especially cucumbers, by altering the flavor. After identifying the formation
and diversity of CRISPR-Cas systems in L. buchneri, the use of a 36-nucleotide CRISPR type 2-A locus for
identification yielded successful results [65]. CRISPR loci has been used for genotyping in Enterococcus
faecalis, which is used in fermentation of meat products, as well as in Lactobacillus gasseri and
Bifidobacterium, known as probiotics [66].

The CRISPR-Cas9 system of the second type was used on E. coli and Staphylococcus aureus bacteria to
test its antibacterial potential [67]. It was shown that the CRISPR-Cas system can be used to inhibit and kill
antibiotic-resistant bacteria. An effective method to remove carbapenem-resistant plasmids and restore sensi-
tivity in bacteria to antibiotics using the CRISPR-Cas system has been shown. CRISPR precisely targets and
destroys antibiotic-resistant bacteria, facilitating the identification of resistance mechanisms, which opens
new possibilities in diagnosis and therapy [68].

Genome editing techniques have been used in animal breeding to improve disease resistance, improve
product quality and efficiency, and produce drugs for biomedical purposes [44, 69].

In 2018, a successful editing of the MSTN KO gene in goats was carried out. Using CRISPR-Cas9, the
third exon of the gene was altered, resulting in a significant increase in average daily weight gain compared
to the control group. The offspring obtained from the edited animals retained the altered genotype and corre-
sponding phenotype, as well as high genetic stability and fertility [70]. Thus, the CRISPR-Cas9 system is a
tool for creating new lines and breeds of animals with economically useful traits.

In a study on the commercial production of human interferon in transgenic chickens [71], the CRISPR-
Cas9 system was used to insert the human interferon beta (hIFN-b) gene into the chicken ovalbumin gene,
resulting in the biologically active hIFN-b protein appearing as part of the egg white.

Using the CRISPR-Cas9 system, the myostatin protein gene was successfully blocked [72], resulting in
a significant increase in muscle mass in animals of the breed under study.

CRISPR-Cas9 technology is applicable together with breeding methods aimed at increasing animal
productivity [73, 74], and at increasing resistance to infectious or non-infectious diseases [75, 76], and also
helps to control the desired sex in farm animals [77].

In a study conducted on goats [78], it was shown that blocking the fibroblast growth factor 5 gene re-
sulted in an increase in fiber length in cashmere goats. Genetically edited animals with blocked FGF5 gene
were obtained [79].

Three economically important characteristics including fiber diameter and length showed that CRISPR-
Cas9-edited goats with blocked FGF5 gene have increased total productivity.

CRISPR-Cas9 technology [80] allowed activation of AANAT and ASMT genes responsible for mela-
tonin synthesis in sheep mammary gland epithelial cells. The melatonin content increased in the milk of ewes
with activated genes compared to the initial ones.
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Among recent advances, we should mention Genus, which used CRISPR technology to obtain a line of
pigs fully resistant to porcine reproductive and respiratory syndrome virus [81].

Diagnosis of infections

CRISPR-Cas systems are used in a variety of analytical methods for DNA detection [82, 83], including
SARS-CoV-2 [84], and the CRISPR-Cas13 system, which recognizes RNA, is used to diagnose infections
caused by RNA-containing viruses [85]. CRISPR-Cas-based diagnostic systems have several advantages:
high specificity, high sensitivity, simplicity and low cost. Diagnostics for the following pathogens have been
created: on the basis of Cas9 protein — Zika virus, on the basis of Casl12 protein — HIV-1, hepatitis B virus,
human papillomavirus, tuberculosis, SARS-CoV-2, on the basis of Casl3 — SARS-CoV-2 viruses, dengue
fever and Zika virus, the diagnostic procedure is 3-4 hours [86].

It is amazing that after the discovery of CRISPR technology, the cost of genetic engineering decreased
by 70-80 %. There is no doubt that CRISPR has great potential to change the diagnosis and therapy of hu-
man diseases, biotechnology of viruses, plants and animals, and biotechnology in general [37, 44].

In conclusion, despite significant public support for CRISPR-Cas technology, ethical and safety con-
cerns remain and it remains one of the most debated applications.
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CRISPR-Cas aaiciMeH eH1eJireH res/ii 0MOTEeXHOJIOTUAAA KOJIAAHY

CRISPR-Cas xyiteci — JJHK nykmeotunrep Tiz0eri MeH reH QyHKIUSUIAPBIH 0T KOHE MaKCaTThl ©3TepTyre
MYMKiH/IK OepeTiH KyaTThl TeHOMIbl eHIey Kypanbl. OHBIH Ka3ipri OMOTEXHOJOTHsIa KeNTereH
KoJIgaHOanapsl 6ap, COHBIH ILIIHAE T'€HETHKANBIK aKayaapIsl Ty3eTy, aypyJaplsl eMIey jKoHE alblH aiy,
JKaHyapJap/blH TYKbIMJAPBIH JKaKCapTy JXOHE aybUINIApYallblIbIK JaKbUIAAPABIH 6Cyl MEH Te3iMIiIIriH
aptTeipy. YcoHbpUrFaH monyaa CRISPR TexHOMOruschIHBIH OakTepHsuiapibl BHPYCKAKapChl KOPFayJIbIH
TaOMFU MEXaHM3MIHEH TCHETHKAIBIK WHKCHEPUSHBIH COHFBI ONiCiHE JeHiH Kamald JaMbIFaHbIH
KapacThIpbUIFaH. bacrankeia Gakrepusuiapisl BUPYCTHIK Ma0ybligapiaH KopraHy yiuiH apHaiiel PHK men
Cas akysi3mapsiH KosmaHaTeiHBI aHBIKTanael. CRISPR skyiieciHiH Kypamaac GeikTepiH reHuepi O6ackapy
YIIiH 6acka OopraHM3MAEpIiH >KacyllalapblHa TachkIMaigayFa OONaThIHBI Oenriii OOoNIb, sIFHE OYJI mporecce
«reHl Ty3eTy» Jen aTtanajabl. [eHOMIBI Ty3eTy Ke3iHJe IeHeTHKaIbIK HyCcKayJap e3repel, HOTHXKeCiHae
KOITaIFaH aKybI3Jap MEH jKacylIajblK mpoiectepAin Oencenainiri esrepeni. JJHK-HbiH koxaray Gesmirine
sxone JIHK-HBI KanmbiHa KelTipy MexaHH3MepiHe KeCIHIUIepAi eHIi3y apKbUIbl MAKCATThl ©3repicTep YIIiH
kaxerri JHK ¢parmentrepin enrizyre 6omnaapl. CRISPR TexHOJIOTHsICHI MyKOBHUCHUHI03, OPaK KacyIIabl
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AHeMUs, CyKapaHFbl CHSKTBI )KOHE T.0. aJaMHBIH T'CHETHKAJIBIK aKayJlapblH THIMAI Ty3ere anaipl. by
3epTTeyiep ajamaapra TepamneBTik kommaHyra jxon amtel. CRISPR karepmi icik meH TYKbIM KyanaiThiH
aypynapiasl eMJIeyre JKOHEe COKBIPJIBIKTBI TyIbIpaThiH, JlaliMa aypybIHBIH QJIbIH alyFa XOHE OE3reKTiH
BUPYCTHIK BEKTOpJIapJaH ajaMaapra OepiilyiHe ChIHAIIBL, COHBIMEH KaTap jKaHyapiap YAriUIepiHie afaMHBIH
UMMYH TalllIBUIBIFBI  BHUPYCBIHAH OKYKTBIPFAaH Kacymiamapibl koo  omici  ceHamael.  [lomynma
OMOTEXHOJIOTHUSHBIH HETI3Ti TeXHOJIOTHSUIAPBIHBIH Oipi peTiHAge opTYpil OpraHu3MIep Te€HOMIAPHIHBIH
MakcarTsl yaackenepine CRISPR exzeyai KonnaHyablH eH MaHbI3bI MBICATIApH! KENTipiIreH.

Kinm ce30ep: CRISPR, Cas, renHoMaap/ipl ©HACY, OHOTEXHOIOTHSI.

C.K. Cmawnnos, E. XK. I'a6nynmuna, XK. T. JlecoBa, 3.K. AcembaeBa

PenaktupoBanue renoB merogom CRISPR-Cas — npumeHeHue B 0MOTEXHOJIOTUH

Cucrema CRISPR-Cas — 3To MOIIHBIH HHCTPYMEHT JUTsl PEAaKTHPOBAHUSI TCHOMOB, TTO3BOJIIONIMI TOYHO H
HAaIIPaBJICHHO M3MEHATH TocienoBaTenbHOCTH HykiaeotunoB JJHK u ¢yrkiun renos. OH UMeeT MHOXECTBO
NPUMEHEHHH B COBPEMEHHOI OMOTEXHOJIOIMH, BKIIIOYAsl MCIPABJICHNE TeHETHYECKUX Ne(eKToB, JeueHrne u
npodmIakTUKy OOJEe3HEeH, a TakKe YIydllIeHHe ITOpOJ XXMBOTHBIX M YBEIHYCHHE POCTAa M yCTOHYMBOCTH
CENTbCKOXO03HCTBEHHBIX KyIbTYp. B mpemnaraeMmoM 0030pe paccMmatpuBaercs, kak TexHonorus CRISPR pas-
BUBAJACh OT IPHPOJHOTO MEXaHH3Ma IPOTHBOBUPYCHOH 3alUTHI OaKTEepHii, 10 HOBEHIIEro MeTo1a TeHeTH-
4yeckoil nmkeHepud. [lepBoHadabHO OBUTO BRIABICHO, YTO OaKTEpHH UCTIONB3YIOT crenuanbabie PHK u 6en-
ku Cas 71 3aIIMTHI OT BUPYCHBIX aTtak. OKa3anock, 4To KoMrmoHeHTs! cucteMbl CRISPR mMoxkHO mepenecTr B
KJIETKH JPYTHX OPraHH3MOB JUIS yIIPaBICHUS T€HaMH B IPOIECCE, Ha3bIBAEMOM «PEIaKTHPOBAHHEM T€HOBY.
IIpu penakTupoBaHUU reHOMA MIPOUCXOIUT U3MEHEHNE TeHETHUECKUX MHCTPYKIMH, B PE3yIbTaTe 4ero n3Me-
HSETCS aKTUBHOCTH KOJMPYEMBIX OEJIKOB U KJICTOYHBIX POLECcCOB. BeTaBisis pa3pessl B KOAUPYIONIYIO YacTh
JIHK u ucnonb3ys Mexanu3Mbl BoccTanoBneHus JJHK, MoxHO BcTaBisaTh xenaembie Gparmentsl JJTHK st
neseHanpasieHHbIX n3MeHeHni. Texnonorust CRISPR MoxkeT 3((eKTHBHO HCIPaBIATh TeHETHYECKHE Je-
(eKTHI YenoBeKa, TAKUMH KaK MyKOBHCIIH/03, CEPIIOBUAHO — KIIETOYHAs aHEMUsI, KaTapakra U Ap. DTH UC-
CJIeOBaHUS OTKPBUIM IyTh K TepareBTHYeCKOMY IpuMeHeHHIo Ha jironsix. CRISPR Ovut nmpotectipoBaH mis
JIeYEeHHs paka M HACIEACTBCHHBIX 3a00JI€BaHNI U BBI3BIBAIOIINX CIETIOTY, IpefoTBpanieHus oonesnn Jlaiima
U Iepeady MaISIpUN OT BUPYCHBIX HEPEHOCUHKOB K JIOAAM. Takke Ha )KUBOTHBIX MOJEISX OBLI IIPOBEPEH
crnoco0 wn30aBlIeHUS WHQHUIMPOBAHHBIX KJIETOK OT BHpyca HMMyHozeduimra dYenoBeka. B o03ope
NpUBOIATCA Hambojiee 3HAUMMBbIE TpUMephl NpuMeHeHHs penaktupoBaHus CRISPR memeBpix ydacTkoB
TeHOMOB Pa3JIMYHBIX OPTraHMU3MOB KaK OJHOI U3 KIIFOUEBBIX TEXHOJIOT Uil OMOTEXHOIOTHH.

Kniouesvie cnosa: CRISPR, Cas, peqakTupoBaHnue reHOMOB, OMOTEXHOJIOTHS.
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Description of the external morphological characters of the Turkestan gudgeon
Gobiolepidolaemus (Gobionidae) from the Yrgaity River (Shu River basin)

The article is devoted to the native fish species of Central Asia — the Turkestan gudgeon Gobiolepidolaemus
— an inhabitant of the water bodies of Southern Kazakhstan. According to some researchers, various popula-
tions of this species are still poorly studied and may represent separate forms. In Kazakhstan water bodies,
populations of the Talas, Shu, Sarysu and Karatau river systems were previously studied, but the available da-
ta on morphological variability are often incomplete. A more detailed study of individual populations is need-
ed, based on freshly collected material and more accurate methods. The aim of the article was to describe the
external morphological characteristics of the Turkestan gudgeon Gobiolepidolaemus (Gobionidae) from the
Yrgaity River (right tributary of the Shu River). External morphological characters were studied on 21 speci-
mens. A detailed description of the coloration, body proportions and fin shape, meristic characters (the num-
ber of scales and fin rays) is given, and for the first time for the Turkestan gudgeon, squamation on various
areas of the body are described in detail. Three types of breast squamation, a specific feature of the Turkestan
gudgeon, have been identified. A comparative analysis was carried out with literature data on Turkestan
gudgeon populations from various water bodies. Minor differences were revealed in the number of lateral line
scales and branched rays in the fins. Our data on breast squamation of the Turkestan gudgeon from the
Yrgaity River do not correspond to the results of a previous study of the population from this river.

Keywords: Turkestan gudgeon, Gobiolepidolaemus, Gobionidae, native species, morphology, squamation,
Yrgaity River, Shu River.

Introduction

Gudgeons of the genus Gobio are widespread in Europe, Transcaucasia, Central Asia, Siberia and the
Far East. Recently, they have been the object of considerable attention from researchers due to poorly stud-
ied species diversity and changing taxonomy. New species are still being described and their phylogenetic
relationships are being revealed [1-5].

Turkestan gudgeon Gobiolepidolaemus Kessler, 1872 is an indigenous species of Central Asia, also in-
habiting the water bodies of Southern Kazakhstan. This form was first described by Kessler in 1872 as
Gobiofluviatilis var. lepidolaemus from the Syrdarya river basin. Subsequently, the Turkestan gudgeon was
known for a long time as a subspecies of the common gudgeon Gobiogobio, widespread in water bodies of
Europe and Asia, from Portugal to the Amur basin and the rivers of the northwestern coast of the Sea of Ja-
pan [6-8]. Currently, Gobiogobiois considered not as one polymorphic species, but as a combination of sev-
eral morphologically similar species [3, 9-11]. As a result of the latest large-scale molecular genetic study of
the phylogenetic relationships of Gobiogobio sensulato, the species status of 11 forms of gudgeons was con-
firmed, and separate phylogenetic lineages of gudgeons corresponding to species rank were discovered [4].

Currently, the Turkestan gudgeon is also considered as an independent species [4, 12-13]. Mousavi-
Sabet et al. [14] redescribed G. nigrescens from the Haririver basin (territory of Afghanistan and Turkmeni-
stan), previously classified as a Turkestan gudgeon. The expected close affinity between G. nigrescens and
G. lepidolaemus from the border basin of the Aral Sea, as well as other neighboring forms of gudgeons, was
not confirmed as a result of molecular analyzes. Mousavi-Sabet et al. [14] also point out that freshwater fish-
es from the Aral Sea basin, as well as from other water bodies of Central Asia and Siberia, have not been
sufficiently studied, so it is possible that there is more than one species of gudgeons in these regions.

The morphological variability of the Turkestan gudgeon in the water bodies of Kazakhstan, in general,
has not been sufficiently studied. There are data on the populations of the Talas, Shu, Sarysu and Karatau
rivers [7, 15, 16], but there is a lack of detailed studies based on rich material from the various basins and
unified methods are needed to ensure comparable results.
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Our study aimed to describe the external morphological characters of the Turkestan gudgeon
Gobiolepidolaemus (Gobionidae) from the Yrgaity River (Shu River basin). The article is intended to sup-
plement the available data on the morphological variability of this species.

Material and methods

The fish were caught with net traps on July 20, 2018 in the Yrgaity River (right tributary of the Shu riv-
er) near the village Nogaybay (Zhambyl region). A large concentration of gudgeons was observed at the
catch site — more than 15 individuals swam into the net within half an hour. The fish were fixed in a 4 %
formaldehyde solution in horizontally placed plastic bottles, which caused their bodies and fins to straighten.

Plastic features were measured on 9 specimens (TL — 91-110 mm) using a digital caliper with an accu-
racy of 0.1 mm. All measurements were made in a straight line directly between two points. To focus on
poorly studied characters, we decided not to conduct a full analysis of plastic features and measured fish only
to determine body proportions. Meristic features and scale cover were studied on 21 specimens (TL 81—
113 mm). To increase the accuracy of the analysis of meristic characters and scale cover, fish were stained in
a KOH solution (0.3 %) with the addition of Alizarin Red. The fin rays and scale number were counted ac-
cording to Kottelatand Persat [3] and Kottelatand Freyhof [17]. We analyzed the number of branched rays in
the dorsal, anal, caudal, pectoral and pelvic fins, the number of lateral line scales, scale rows between dorsal-
fin origin and lateral line, scale rows between lateral line and pelvic-fin origin, circumpeduncular scales, as
well as the number of spots on the side of the body. Numerical data were processed in MS Excel 2016, the
minimum and maximum values of the characteristic (lim), the mean value (M), its error (m), standard devia-
tion (o), and coefficient of variation (CV) were obtained.

The squamation was analyzed on the following areas of the body:

A. Side of the body — from the operculum to the posterior edge of the anal fin base;

B. Caudal peduncle — from the posterior edge of the anal fin base to the caudal fin base;

C. Back — from the occiput to the anterior edge of the dorsal fin base;

D. Breast — from the isthmus to the posterior edge of the pectoral fin base;

E. Belly — from the posterior edge of the pectoral fin base to the anterior edge of the ventral fin base.

Results and discussion

Coloration.

The coloration of the Turkestan gudgeon is similar to that of other gudgeon species. Among the possi-
ble differences, we can note the less visible spots on the body sides, which are almost not visible in the ante-
rior part of the body (Fig. 1).

The body sides and caudal peduncle are variegated with faint horizontal dark stripes. The dorsal part of
the head and body is gray-brown or greenish-brown, and often very dark and even almost black. The sides of
the body are silvery-brown, the abdominal part is silvery.

The head has numerous irregularly shaped brown spots on the forehead, cheeks and opercula. A pro-
nounced dark stripe stretches from the eye to the snout. The iris of the eye has a dark border.

The fin rays colored with dark spots, which are well expressed on the dorsal and caudal fins, but less
pronounced on other fins (Fig. 2).

Figure 1. Live coloration of the Turkestan gudgeon from the Yrgaity River (Shu River basin)
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Body proportions and fin shape.

The maximum body depth is much greater than its width and the length of the caudal peduncle. The
length of the caudal peduncle is much greater than its width. The minimum body depth is greater than the
caudal peduncle width. The head length is on average equal to the maximum body depth and greater than the
caudal peduncle length. The head depth at the occiput is much greater than the half of the head length and,
on average, greater than the head width. The barbels are long and extend beyond the middle of the eye.

The anterior edge of the dorsal fin base is located slightly in front of the vertical of the anterior edge of
the ventral fin base. The dorsal fin tips are rounded, less often are slightly acute. The dorsal margin of the fin
is slightly concave (Fig. 2-A). The dorsal-most tip of the dorsal fin is formed by the first branched ray. The
first unbranched ray is very short — partially buried in the skin, the second unbranched ray does not exceed
half the length of the third unbranched ray (Fig. 3-A).

The anal fin tips are rounded, its ventral edge is slightly concave or straight. The ventral-most tip of the
anal fin is formed together by the first and second branched rays, rarely — only by the second branched ray.
The first unbranched ray is very short, partially buried in the skin. The second unbranched ray does not ex-
ceed half the length of the third unbranched ray.

Figure 2. Fins of the Turkestan gudgeon from the Yrgaity River (Shu River basin):
A — dorsal; B — caudal; C — right pectoral; D — right ventral

Figure 3. Stained fins of the Turkestan gudgeon from the Yrgaity River (Shu River basin):
A — dorsal; B — caudal; C — right pectoral; D — ventral
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Caudal fin length is approximately equal to the caudal peduncle length. The caudal fin tips are rounded
(Fig. 2-B). The inner unbranched rays do not reach the tips of the outer branched rays. The upper lobe tip is
usually formed by the first and second outer branched rays, and the lower lobe tip is usually formed by the
second and third outer branched rays (Fig. 3-B).

The pectoral fins make up more than 65 % of the distance between the pectoral and ventral fin bases.
The pectoral fin tips are rounded, the posterior edge is straight or slightly concave (the right and left fins may
differ in shape) (Fig. 2-C). The pectoral fin tips are formed by the second and third, or third and fourth
branched rays. The unbranched ray almost reaches the first branched ray (Fig. 3-C).

The pelvic fins are shorter than the pectoral ones, extend beyond the anus and make up more than 75 %
of the distance between ventral and anal fin bases. The ventral fin tips are rounded (Fig. 2-D). The ventral fin
tips are formed by the second or second and third branched rays. The unbranched ray almost reaches the first
branched ray (Fig. 3-D).

Meristic characters.

Meristic characters of the Turkestan gudgeon from the Yrgaity River are presented in Table 1.

38-41 scales in lateral line; 5¥%-6"%scale rows between dorsal-fin origin and lateral line, 3¥*-5"%scale
rows between lateral line and pelvic-fin origin; 14-16 circumpeduncular scales.

Dorsal fin with 3 unbranched and 7*? branched rays; anal fin with 3 unbranched and 62 branched rays;
caudal fin with 16-18 branched rays; pectoral fin with 1 unbranched and 14-16 branched rays; ventral fin
with 1 unbranched and 7-8 branched rays. Seven examined specimens had an asymmetry in the number of
branched rays in pectoral fins and only one specimen had an asymmetry in ventral fins.

The number of spots on the right and left sides of the body do not differ and ranges from 8 to 11.

Table 1
Meristic characters of the Turkestan gudgeon Gobiolepidolaemus
from the Yrgaity River (Shu River basin). n=21
Character lim M+m o CV(%)
Number of lateral line scales on trunk 37-40 38.8+0.17 0.77 1.98
Number of lateral line scales on caudal fin 0-2 1.0+0.15 0.67 70.2
General number of lateral line scales 38-41 39.7+0.19 0.85 2.13
Number of scale rows between dorsal-fin origin and lateral line 5-6 6.0 +0.05 0.22 3.67
Number of scale rows between lateral line and pelvic-fin origin 3-5 4.0+0.04 0.32 7.91
Number of circumpeduncular scales 14-16 14.8+0.12 0.54 3.65
Number of branched rays in dorsal fin 7 7.0 £0.00 0.00 0.00
Number of branched rays in anal fin 6 6.0 £0.00 0.00 0.00
Number of branched rays in caudal fin 16-18 17.0+0.07 0.32 1.86
Number of branched rays in pectoral fins 14-16 14.8 +0.13 0.56 3.80
Number of branched rays in ventral fins 7-8 7.0 +0.02 0.11 1.55
Number of spots on body sides 8-11 9.7+0.20 0.90 9.30

Few comparative meristic data on the Turkestan gudgeon are available. There are some data on the var-
iability of meristic characteristics of gudgeons from the Shu River basin in Luzhin [18] and Mitrofanov [7])
(Table 2).

Tabe 2

Meristic characters of the Turkestan gudgeon Gobiolepidolaemus from
the Yrgaity Riverin comparison with literature data on population from the Shu River

Luzhin (1950), Mitrofanov (1988), n=25 Yrgaity River (2020), n=21

Character n=35 (hybrids) (present data)
M+m Limits Mtm Limits M+m

Number of lateral line scales 39.88 +0.23 35-44 39.12 +0.47 38.5-41 39.9+0.16
Number_ of branched rays in i 7.8 768 7 7.0 40.00
dorsal fin
Numlqer of branched rays in i 6.7 6.88 6 6.0+ 0.00
anal fin
Number of spots on body sides 9.16 £ 0.23 7-10 8.36 £ 0.29 8-11 9.7+0.20
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Number of lateral line scales in the Shu River population is more variable, but mean value is similar to
Yrgaity River population. According to Mitrofanov [7], the Shu River gudgeons have slightly larger number
of rays in the dorsal and anal fins, and slightly smaller number of spots on the body sides. Perhaps these dif-
ferences reflect the hybridization with Abbotinarivularisi ndicated by this author.

Comparison of meristic characters of gudgeons from the Yrgaity River with data on other river sys-
tems [7] revealed some differences (Table 3).

Table 3

Meristic characters of the Turkestan gudgeon Gobiolepidolaemus
from the Yrgaity Riverin comparison with literature data [7]

. Talas River Karatau Rivers Yrgaity Riv-
Character Sarysu River (1969), (1958), (1969), n=26 | er(2020), n=21
n=15 —
n=19 (present data)
Number of lateral line scales 38.07 £ 0.28 38.0+0.48 38.76 39.9+0.16
;\ilrL]meer of branched rays in dorsal 75 6.95 715 7.0 40.00
Number of branched rays in anal fin 5.93 5.5 5.61 6.0 £0.00

Gudgeons from the Sarysu, Talas and Karatau rivers have, on average, a slightly smaller number of lat-
eral line scales and branched rays in the anal fin. Also, the Sarysu and Karatau minnows have a slightly larg-
er number of branched rays in the dorsal fin.

Comparison with the latest data on gudgeons of the Talas River [15] showed that they have a slightly
smaller number of lateral line scales and a slightly larger number of branched rays in the dorsal and anal
fins (Table 4).

Table 4
Meristic characters of the Turkestan gudgeon Gobiolepidolaemus
from the Yrgaity River in comparison with data on population from the Talas River
Talas River (2013), n=16 Yrgaity River (2020), n=21
Character (Bekkozhaeva, 2014) [15] (present data)

Limits M+m Limits M+m
Number of lateral line scales 37-40 38.5+0.86 38.5-41 39.9+0.16
Number_ of branched rays in 7.8 75 7 7.0 40.00
dorsal fin
Numb_er of branched rays in 6.7 6.5 6 6.0+ 0.00
anal fin
Number of spots on body sides 8-12 10.0 8-11 9.7+0.20

Squamation.

The scales of the studied specimens of the Turkestan gudgeon are large, especially on the body sides,
and on the breast the scales are slightly smaller. The scales are fully imbricated over almost the entire body.
With the exception of the breast area, the scale cover is continuous, completely covering the back, sides of
the body and caudal peduncle, belly, and also slightly extending to the base of the caudal peduncle. At the
same time, the area on the breast in front of the bases of the pectoral fins may be fully or partially scaled.

Horizontal and diagonal rows of scales can be distinguished on the sides of the body (Fig. 4-A) and the
caudal peduncle (Fig. 4-B). The depth of the scales here is greater than its length. Some particularly deep
scales may occupy space in two horizontal rows at once (Fig. 4-A).

The scales on the back also form horizontal and diagonal rows, and their depth is greater than their
length (Fig. 5-A), while the scales on belly are arranged rather chaotically, and their size decreases as they
approach the breast region (Fig. 5-B).
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Figure 4. Stained scale cover of the Turkestan gudgeon from the Yrgaity River (Shu River basin).
A — the body side; B — caudal peduncle

Figure 5. Stained scale cover of the Turkestan gudgeon from the Yrgaity River (Shu River basin).
A — back; B — belly
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The area between the bases of the pectoral fins is fully scaled. The breast scales can reach the gill mem-
branes and also extend under them. In few cases, the scales reach the isthmus. The breast scales are noticea-
bly smaller than on the other areas of the body and arranged mostly chaotically. The types of breast squama-
tion vary individually. In accordance with the five types of breast squamation identified by
Naseka et al. [19], three types were found in the 21 analyzed specimens of the Turkestan gudgeon:

Type 1 — the scale cover reaches the anterior edge of the bases of the pectoral fins;

Type 2 — the scale cover reaches approximately half the distance between the anterior edge of the ba-
ses of the pectoral fins and the isthmus (Fig. 6-B);

Type 3 — the scale cover reaches, or almost reaches the isthmus (Fig. 6-A).

The above types concern only the continuous scale cover and do not concern individual scales, which
can extend further and even border the isthmus.

Type 2 breast squamation is the most common and was found in 81 % of the Turkestan gudgeon speci-
mens analyzed (Fig. 6-B).

The other two types of breast squamation were less common — type 1 was found in two specimens, and
type 3 in two specimens (Fig. 6-A).

Figure 6. Stained breast squamation of the Turkestan gudgeon from the Yrgaity River (Shu River basin).
A — scale cover reaches or almost reaches the isthmus;
B — scale cover reaches approximately half the distance between the anterior edge
of the bases of the pectoral fins and the isthmus

A scaled breast is a characteristic feature of the Turkestan gudgeon [20, 21]. According to Berg [20],
the breast of the Turkestan gudgeon is scaled to the base of the pectoral fins, but sometimes specimens are
found with unscaled breast, as in the common gudgeon. Mitrofanov [7] noted that the breast of the Turkestan
gudgeon in different populations is not always fully scaled, and the fullest scaling is observed in gudgeons of
the mountain rivers of Karatau. Thus, samples from different rivers show a varied picture, but the above-
mentioned authors did not propose unambiguous criteria for determining the degree of breast squamation.

Bekkozhayeva and Mamilov [16], based on samples of Turkestan gudgeon from various rivers of
Southern Kazakhstan, identified three types of breast squamation: 1) fully scaled (the scale cover reaches the
isthmus); 2) partially scaled (the scale cover reaches the bases of the pectoral fins); 3) unscaled (the scale
cover does not reach the posterior edge of the bases of the pectoral fins). The types of breast squamation var-
ied significantly even within the same basin and even within the same river. Thus, according to
Bekkozhayeva and Mamilov [16], in 56 % of the studied specimens from the Yrgaity River the breast was
partially scaled, in 41 % — unscaled, and only in 4 % — fully scaled. These data are not consistent with our
observations, according to which in 81 % of specimens from the Yrgaity River the scale cover extended be-
yond the bases of the pectoral fins and no specimens were found with a fully scaled breast (the scales do not
reach the posterior edge of the bases of the pectoral fins).
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According to Mitrofanov [7] and Bekkozhayeva and Mamilov [16], the reason for the significant varia-
bility in breast squamation may be the hybridization of the Turkestan gudgeon with Abbotinarivularis — an
alien species in Kazakhstan water bodies, whose breast is unscaled. We did not found this species in the
Yrgayty River. Berg [20] pointed out the variable nature of the breast squamation back in 1905, before the
penetration of the Abbotinarivularis into the water bodies of Kazakhstan. Hybridization with this species re-
quires detailed study using genetic methods, and some variability in breast squamation may be natural for the
Turkestan gudgeon.
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blpraiiTsl e3eninen (ILy 63. 0acceiiHi) aJbIHFAH TYPKiCTAHABIK
TeHre daabIiFbIHBIH Gobiolepidolaemus (Gobionidae) chipTKBI
MOP(}OJIOTHSUIBIK OelrijiepiHiH cunarramachl

Makana Opraibslk A3USHBIH KeprimikTi 0ansik Typi — OHTycTik Kaszakcran cy KoiiManapbIHBIH TipIILTIK
ueci Gobiolepidolaemus typkicranasik TeHre OanbiFbiHa apHairad. Keilbip seprreymuinepain mikipidmie, 6yt
TYPAIH MOMyJSIIMSAIAPHl 9Nl JIe a3 3epTTeireH koHe Oacka ¢opmamapbl ga 0omysl MyMKiH. KasakcTaHIbIK
nonyssusutapasiy iminge Tamac, Uy, Capeicy sxone Kaparay e3enzaepi xyHeciHiH MOy IsSIusIapsl OyphIH
3epTTenreH, Oipak MOpQOJIOTMSIIBIK ©3repriluTiri Typaibl Konma Oap Aepekrep KeOiHece TOJNBIK eMec,
IIAIIBIPAHKBI JKOHE HAKTHI eMec. JKoraphl camaibl MaTepHaiFa JKoHe JIIPEeK oJiCTepre HETI3/eNreH JKeKe
HOMYJISIIASUIApABI TOJBIFBIPAK 3epTTey KakeT. MakamanbiH Makcatsl blpraitter (Illy e3eHiHiH OH canachl)
o3eHiHeH ansiHFaH  Gobiolepidolaemus (Gobionidae) TypKiCTaHABIK TeHre OAaJbIFBIHBIH  CHIPTKBI
Mopdonorusubik Genrinepin cunarray. CepTKbl MOpdomorusuisik Oenrinepi 21 sxeke Typae 3eprrenai. XKy3y
KaHATTapbIHBIH TYC €peKLIeTiKTepi, AeHe OelikTepi MEH MilIiHi, MEPUCTUKAIBIK CHIATTaManapbl (Ky3y
KaHATTapbIHbIH COyJeJep CaHbl MEH KaOBIpIIAKTaphl), COHJIAal-aK ajfall peeT TYPKICTaHABIK TEHIe
OaNbIFBIHBIH JICHECIHIH op OeJiriHiH KaOBIpIIAK >KaMBUIFBUIAPBIHBIH ~ CPEKIICTIri  erKei-TerKe
CHUIaTTaFaH. TYPKICTaHIBIK TeHre OAIBIFBIHBIH TYPre TOH epeKIIeriri 0o TaObUIaThIH KOMEH KaFbIHBIH
KaOBIPIIaKTapBIHBIH YII TYPi aHBIKTAIABL OPTYpi Cy KOWMamapaaH TYPKICTAaHIBIK TEHIe OajIbIFBIHBIH
HNONYJSIIMACH  Typajibl one0M JepeKTepMeH CalbICTBIPMANBl  Tajjay OKyprizinmi. KanaTrapbeiHbIH
TapMaKTaJFaH coyjenepi jkoHe OyHip CBHI3BIFBIHBIH KAOBIPIIAKTapbIHAA [IAMANBl aHBIPMAIIBLUIBIKTAP
aHBIKTaNAbl. blpraliTel ©3¢HIHEH ajbIHFaH TYPKICTAaHIABIK TEHre OaJbIFBIHBIH KOMEWiHIH KaObIpIIakTaHy
CHIIaTHI TYpAJIbl AEPEKTEPIMi3 OCHI ©3CHHIH MOMYISIIUSICHIHBIH OYPHIHFBI 3ePTTEY HOTHXKEIEpiHE YKCaMalabl.

Kinm ce30ep: Typkictannplk TeHre 6ainbik, Gobiolepidolaemus, Gobionidae, sxeprimikri Typ, Mopdoiorus,
KaObIpIIIaK >kaMbUTFBICH, blpraiiTe! e3eHi, Ly e3eHi.

J.A. Taraes, A.T. )Kanaposa

Onucanue BHemHe-MOPG0I0ru4ecKNX NPU3HAKOB TYPKECTAHCKOI0 MecKaps
Gobiolepidolaemus (Gobionidae) u3 p. blpraiitsl (6acceiin p. Ily)

Cratbsa mocBsmieHa abopureHHOMYy BHAY pbIO LleHTpanpHOW A3MM — TYpPKECTAHCKOMY MECKapro
Gobiolepidolaemus, obutaremo BogoemoB KOxuoro Kazaxcrana. [Io MHEHHIO HEKOTOPBIX HCCIIEIOBATEINEH,
pa3IUIHBIE MOMYISAIMN JAaHHOTO BHUJA eIe c1abo M3ydeHbl ¥ MOTYT HPECTaBIsTh cO00i OT/IeTbHbIE (DOPMEL
3 xa3axcTaHCKHUX MOMYIBIIUA paHee U3ydalich MOMyJSIIAN peyHbIx cucteM Tamac, Ly, Capeicy u pek Ka-
paray, 0JJHaKO UMEIOIIHEeCs JaHHbIE TI0 MOP(OJIOrMIECKOI N3MEHUYHMBOCTH 3a4aCTyIO HETIOIHBI, Pa3pO3HEHHBI
n HetouyHBl. HeoOXxoaumo Gosiee eTabHOe M3ydeHUE OTEIbHBIX IOIYJIIINA, OCHOBAaHHOE HA HOBOM MaTe-
puane u Oojee TOYHBIX Merojax. Llenplo craThby OBUIO ONMCAHWE BHEIIHE-MOP(OJIOrHYECKHX MPH3HAKOB
TypkectaHckoro meckapsi Gobiolepidolaemus (Gobionidae) u3 p. blpraiiter (mpassiii nputok p. Illy). Ha
21 ocobu ObUTH W3YUYECHBI BHEIIHE-MOponormieckue npu3Haku. [IpuBeseHo moapoOHOE omrcaHne 0coOeH-
HOCTEH OKpAacKH, MPOTOpUNi Tena n (HopMBI IITABHUKOB, MEPUCTHUECKUX MPU3HAKOB (IHCIIO JTydeil B IIIaB-
HHUKaxX ¥ 9Yelllyi), a TAKXKe BIIEPBBIC IS TYPKECTAHCKOTO MeCKaps A€TaTbHO ONMCAHBI OCOOCHHOCTH YelryH-
HOTO TTOKPOBAa Ha PA3IMYHBIX YJacTKax TeNla. BBIIBIEHO TpH THIAa OYENIyeHHOCTH Tropiia — BHAocHenudn-
HOTO NpH3HAKa TypKeCTaHCKOro neckaps. [IponsBesieH cpaBHUTEIBHBII aHAM3 C IUTEPATypPHBIMH JTAaHHBIMU
10 NOMYJIANUAM TYPKECTAHCKOI'O ITECKaps U3 pa3jIMYHbIX BOLOEMOB. O6Hapy)KCHbI HE3HAYUTCIBbHBIC OTIINYHA
B KOJIMYECTBE YCLIYyHU B OOKOBOM JTMHUU M BETBUCTHIX nyqef/i B IJIaBHMKaX. Hamm JIAHHBIC 10 XapaKTepy o4e-
IIYEHHOCTH TOpJia TYPKECTaHCKOTO meckapsi u3 p. blpraidlTel He COBMAAAIOT ¢ pe3y/IbTaTaMHU MPEAbIIYIIETo
HCCIIEZIOBAaHUS TIOMYJIALUY U3 1aHHOH PeKH.

Kniouesvie cnosa: Typkecranckuit meckapb, Gobiolepidolaemus, Gobionidae, abopureHHsiii BuI, Mopgoio-
Tusl, YelIyHHbIN MOKpoB, p. blpraiitsl, p. [ly.
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Optimization of the medium composition in the micropropagation
of wild Armeniaca vulgaris (Lam) and apricot cultivars

At each stage of clonal micropropagation, problems such as unsuccessful disinfection, weak reproduction,
and abnormal development of microplants appear. The consequences of such failures can lead to necrosis of
plants, and sometimes death. Successful plants micropropagation depends on several internal and external
factors, including in vitro conditions. It is important to create optimal conditions at each stage of clonal
micropropagation to achieve a high rate of in vitro explants multiplication. The article presents the results of
optimization of clonal micropropagation of Armeniaca vulgaris wild apricot and domestic and foreign culti-
vars Balkiya, Monitoba, Kolkhoznyi, Nikitskyi krasnoshchekyi, Alexander at different propagation stages.
Research results showed that the most suitable nutrient medium for wild apricot and cultivated apricot culti-
vars was Quorin-Lepoivre (QL) containing 0.5 mg/L 6-benzylaminopurine (BAP), 0.5 mg/L gibberellic acid
(GA), 0.1 mg/L indole butyric acid (IBA) and 10 mg/L Iron chelate, 1.5 mg/L vitamin C, 0.5 mg/ L B1;
0.5 mg/L B8, also Murashige and Skoog (MS) nutrient medium containing 1.2 mg/L BAP, 0.8 mg/L GA,
0.1 mg/L IBA. The optimal nutrient medium for clonal micropropagation was a mineral medium containing
0.8 mg/L BAP, 0.5 mg/L GA, 0.1 mg/L IBA on the MS base. In vitro conditions, 5 varieties of apricots were
introduced and propagated.

Keywords: wild apricot, clonal micropropagation, in vitro, sterilization, nutrient medium, Armeniaca vulgaris
(Lam).

Introduction

Wild apricot — Armeniaca vulgaris Lam., belongs to the rose family. Common apricot (A. vulgaris) is
grown in Zhambyl, South Kazakhstan, and Almaty regions of Kazakhstan. It is found on the mountain slopes
of the southern and south-eastern regions of Kazakhstan at an altitude of 500-1200 meters. The height of the
fruit tree reaches 3-15 meters. The fruit bark of the apricot tree is brown and grayish-brown in color. The
fruit pods produce a single flower, which is white or pink, and opens before the leaves. The fruit is fleshy,
hairy, and the bone is shiny. Apricot is a bright, heat-loving crop, it grows well in airy, moisture-permeable
soils, and clay and salty areas are unsuitable for growing apricots, drought resistant [1]. Apricot trees grow
singly or in groups. It blooms in March-April, the flowers are purple or white, fragrant. The fruit ripens in
July-August. Apricot fruits ripen early on slopes with good sunlight. The seeds of this apricot contain 30—
40 % fat and up to 25 % protein [2].

Prunus Armeniaca L. is the only type of wild apricot in Kazakhstan. It is found in large numbers on the
northern slopes of lle Alatau — in the gorges of the Big and Small Almaty rivers, in Talgar, Aksay, Yesik,
Kotyrbulak and Karakuzen, and on the Ketpen ridge [3]. The natural range of the Dzungar Alatau is found in
the northern region of the Korgas, Osen and Koktal rivers. Wild apricot of Kazakhstan is resistant to cold,
can withstand temperatures of 37-40 °C and heat-resistant +40°C, and is also resistant to pathogens
Coryneumbeijerinckii Ond., Sclerotinialaxa. This is a unique polymorphic species. Wild apricots of Kazakh-
stan are of great importance for breeding programs. This type of apricot is included in the Red Book of the
Republic of Kazakhstan due to its limited distribution area. Another reason for its inclusion in the Red Book
is that it is an endemic species of the Northern and Western Tien Shan, a relatively rare species whose distri-
bution area is significantly decreasing. In the 70s and 80s of the last century, the total area of wild meadows
in Kazakhstan was 1675 hectares [4]. Currently, the distribution area of wild apricot Armeniaca vulgaris is
about 1500 ha.

The most dangerous virus of stone fruit crops, including apricots, is Plum Pox virus (PPV) or Sharka of
plum. Sharka virus belongs to the group of potyviruses, it is easily transmitted by ticks without modification
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and creates permanent foci in wild woody plants, especially in birch. Sharka disease is very harmful, causes
a lot of product losses and reduces the commercial quality of stone fruit crops (apricots, plums, peaches). In
affected trees, the virus appears on the first leaves of spring in the form of broad rings, spots, arcs and stripes
from bright green to pale yellow. In fruit, Sharka disease causes necrosis in the form of fingerprint-like spots,
streaks and arcs, which leads to premature fruit drop and eventually requires the removal of infected
trees [5]. Identification of strains of apricot PPV detected in stone fruit crops in different regions of the Rus-
sian Federation was carried out. For this purpose, strain-specific monoclonal antibodies and primers,
PCRRFLP and sequencing of the resulting amplification products were used. The PPV-D strain was found to
be widespread. Isolates of the PPV-M strain were detected only in peaches and apricots in Krasnodar and
Stavropol regions. PPV-C strain was detected in cherries in Belgorod and Samara regions. The previously
rare PPV-W strain was detected in Belgorod, VVoronezh, Moscow regions and Stavropol region. A PPV iso-
late, which differs from all known strains of this virus in terms of serological and molecular properties, was
found in Samara region [6].

Currently, 10 strains of the virus have been identified in the world, including PPV-D and PPV-W
strains found in Kazakhstan. The virus has been detected in private farms, production and collection orchards
of apricots and plums, but scientists have not determined the spread of the virus in natural populations of
wild apricots. Researchers have noted that the genetic diversity of Kazakhstani wild apricot in the Tien-Shan
mountain range has a special place in selection programs aimed at obtaining genotypes resistant to late flow-
ering and fruiting, frost and various pathogens [7].

Among wild apricots with high polymorphism in the Dzungar and lle Alatau, domestic scientists select-
ed forms based on ripening period, fruit quality, length of rest period, short endurance, and resistance to dis-
eases for use in selection work [8].

The volume of all bone crops in Kazakhstan is 9,377.1 ha, including 4,345.1 ha of apricots. Only 5 va-
rieties and 1 breeder are included in the state list of breeding achievements allowed for use on the territory of
Kazakhstan [9]. In the production, selected forms of wild apricot are used as a seed carrier. As a result of the
slow study of the achievements of Kazakh and foreign breeding, the assortment of varieties used in
horticulture, as well as the state list, are not updated. One of the ways to contribute to breeding research and
their widespread distribution is to introduce the achievements of biotechnology into the breeding-
technological process [10].

In this regard, the role of clonal micropropagation in vitro is important in order to speed up their
reproduction while preserving certain genetic features of genotypes, to obtain plants cured of fungal and
bacterial infections. The steps of the clone micropropagation method have been improved for rapid
reproduction of selected apricot forms and domestic and foreign apricot varieties that can be used as
potential breeders.

Experimental

Plant material and their preparation: The research was conducted in the laboratory of the Genetic Re-
sources of Horticultural Crops of the Kazakh Fruit and Vegetable Research Institute. As a research object,
Balkiya, Monitoba, Kolkhoznyi, Nikitskyi krasnoshchekyi, Alexander cultivars were taken from the field
and in vitro collection of the Institute (3-5 cm long cuttings). Wild apricot germplasm (seeds) was collected
from the territory of the Talgar branch of the Ile Alatau state National Natural Park.

The seeds of wild apricots were collected in autumn when they were fully ripe. Seedlings of apricot va-
rieties were placed in water to awaken buds in January-February, after the air temperature was below
-100C, at a temperature of +4 °C for 30 days, and then at room temperature (+22-24 °C). Awakened buds
were prepared for introduction into the in vitro environment. The seeds of the wild apricot were separated
with the help of an archaeocole, and the seeds were introduced into the nutrient medium.

In the course of the research, common biotechnological methods and information and methods devel-
oped by scientists of the KazF&VRI were used [10-11]. Disinfection agents were tested for in vitro penetra-
tion of apricot seeds and buds. The experiment was conducted according to 7 versions (Table 1).
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Table 1
Scheme of testing sterilization agents for in vitro inoculation of apricot seeds and buds

INe Decontamination agent Exposure time

0,1 % HgCl, 3 min — 70 % EtOH 30 sec. — 20 % bleach + Twin-20 1-2

0,
rops 15 min shaking in distilled water 5—10—15 min

®A |HgCl,0,1 % drops 15 min shaking in distilled 01s o
0,1 % HgCl,4 min — 70 % EtOH 30 sec. — 20 % bleach +Twin-20 1-2
drops 15 min shaking in distilled water 5—10—15 min
0,1 % HgCl, 5 min — 70 % EtOH 30 sec. — 20 % bleach + Twin-20 1-2
drops 15 min shaking in distilled water 5—10—15 min
0,1 % HgCl, 6 min — 70 % EtOH 30 sec. — 20 % bleach + Twin-20 1-2
drops 15 min shaking in distilled water 5—10—15 min
. BELIZNA (25 % NaOCl) 7min —70 % EtOH 30 sec. — 20 % bleach +
0 .
JUL |Belizna (25 % NaOCl) 3:1 Twin -20 1-2 drops15 min shaking in distilled water 5—10—>15 min
Domestos (5 % NaOCl) + 2:1 Domestos (5 % NaOCI) 8 min70 % EtOH 30 sec. — 20 % bleach+ Twin-
(H,0). 20 1-2 drops 15 min— shaking in distilled water 5—10—15 min

Domestos (5 % NaOCI) 9 min— 70 % EtOH 30 sec. — 20 % bleach+ Twin-

o, .

VI 1Domestos (5 % NaOCI) 2:1 (H20)- |51 5 grons 15 min shaking in distilled water 5—>10—>15 min

BB |HgCl,0,1 %

UB |HgCl,0,1 %

IT |HgCl,0,1%

AOK

Wild apricot seeds were disinfected according to the following scheme: put apricot seeds in sand for
40 minutes in tap water; disinfection agents; shaking in distilled water 5—10—15 min; separating the grain
from the outer shell; removal of the embryo (fetus) inside the grain; introduction into the culture medi-
um [12] (Fig. 1).

After disinfection by the above-mentioned methods, each apricot genotype contains 30 g/L sucrose,
12 mg/ L Fe, 0.100 mg/L mesoinosit; vitamins: 0.4 mg/L B1, 0.5 mg/L B6, 1.5 mg/L C-growth regulators:
2.0 mg/L GA, 0.1 mg/L IBA, 0.8 mg/L BAP — were introduced into MS medium. The pH value of the me-
dium was adjusted to 5.7 + 0.2. Then 6 g/L agar-agar was added to the medium before autoclaving at 121°C
for 15 minutes. The volume of the nutrient medium is 15 ml. The effect of disinfection agents on the elimina-
tion of bacterial and fungal infections was evaluated after 30 days.

The modified composition of MS and Quorin-Lepoivre (QL) media was tested for clonal
micropropagation of plants introduced into the nutrient medium after decontamination [14]. Experimental
scheme for determining the effect of plant growth regulators in the nutrient medium for in vitro clonal
micropropagation of wild type and cultivated varieties of apricot, mg/I:

1. QL — 0.3 BAP; 0.2 GA; 0.1 IBA.

2. QL — 0.5 BAP; 0.5GA; 0.1 IBA.

3.QL — 1.0 BAP; 0.1 IBA.

4. MS — 100 % — 0.3 BAP; 0.2 GA; 0.1 IBA.

5.MS — 100 % — 0.8 BAP; 0.5 GA,; 0.1 IBA.

6. MS — 100 % — 1.0 BAP; 0.1 IBA; 0.8 GA.

In vitro culture conditions: pH of the culture medium was 5.7 in all experiments. The microplants were
grown in special glass jars and Magenta GA7 dishes in an average of 40 ml of culture medium. Every 4
weeks, the microplants were transferred to a new culture medium. Plants were grown at 24 °C in a 16-h pho-
toperiod, 40 umol m-2s-1 light, in a growth room equipped with fluorescent lamps.

Observations of plants introduced in vitro were carried out after 30 days (the duration of one passage),
considering the number of living, dead and infected explants. The average reproduction coefficient for 1 pas-
sage for each genotype was calculated using the formula:

P =al/(b*c)

a — the number of newly formed shoots;

b — the number of shoots planted for reproduction;

¢ — the number of passages.

Results and discussion

Researches were carried out on sprouts and seeds of domestic and foreign cultivated and wild apricot
forms. A study was conducted on the effectiveness of using various disinfectants to inhibit the growth of sap-
rophytic and pathogenic microflora during sprouting and insemination of wild and cultivated apricot geno-
types. This stage is one of the first and most important studies in clone micropropagation, and the success of
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further work is directly related to it. Scientist Soliman H., agreeing with this opinion, in his study proposed
in vitro reproduction biotechnology based on the EI-Hamawey apricot variety. According to him, for suc-
cessful disinfection of plant material from microflora (plant viability — 83.71 %, low contamination —
9.66 %) 1 min. It is reported that immersion in 70 % ethanol, followed by immersion in a solution containing
three drops of Tween 20/500 ml of 0.75 % NaOCI for 10 min is effective and a germination ratio of 2.3 can
be achieved [15]. In our experiments, disinfection of sprouts and seeds of wild types and cultivars of apricots
is shown in Table 2. 30 plants were tested for each experimental variant to determine the disinfection agent.

1 — apricot endocarps; 2 — endocarp and seed; 3 — embryo in medium

Figure 1. Embryo transfer of wild apricot in vitro

Table 2
Effectiveness of agents in disinfection of plant parts of wild type and cultivated varieties of apricot

. Wild apricot A. vulgaris (seed) Balkiya (bud)
Decontami —
No | nation Exposure number .da_mage the ability to number _da_mage the ability to
time of sprouts,| indicator, y of sprouts,| indicator, | regenerate,
agent regenerate, % o
pcs pcs pcs pcs %)
HgCl2 0,1 [0,1 % HgCI2 3
% min — 20 %
A bleach + Twin- 30 9 21 30 11 19
20 1-2 drops 15
min
HgCl2 0,1 0,1 % HgClI2 4
% min — 20 %
B bleach + Twin- 30 6 24 30 7 23
20 1-2 drops 15
min
HgCl2 0,1 |0,1 % HgCI2 5
% min — 20 %
C bleach + Twin- 30 12 18 30 9 21
20 1-2 drops 15
min
HgCl2 0,1 |0,1 % HgCI2 6
% min — 20 %
D bleach + Twin- 30 16 14 30 14 16
20 1-2 drops 15
min
Belizna Belizna (25 %
(25 % NaOCl) 7 min —
E |[NaOCl) |20 % bleach + 30 16 14 30 19 11
3\1(H20). |Twin-20 1-2
drops 15 min
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Continuation of Table 2

Wild apricot A. vulgaris (seed) Balkiya (bud)
Decontam- —
S Exposure number | damage - number | damage |the ability to
Ne | ination . . the ability to L
time of sprouts,| indicator, of sprouts,| indicator, | regenerate,
agent regenerate, %
pcs pcs pcs pcs %
Domestos |Domestos (5 %
(5% NaOCl) 8 min—
F [NaOCI) + |20 % bleach + 30 19 11 30 17 13
2: 1 (H20).|Twin-20 1-2 drops
15 min
Domestos [Domestos (5 %
5% NaOCl) 9 min—
G [NaOCl) |20 % bleach + 30 21 9 30 16 14
2:1 (H20). |Twin-20 1-2 drops
15 min

From the table, seeds and crown buds of wild apricot tree and cultivars showed effective decontamina-
tion with 0.1 % HgCl, at 3 min exposure time, with 24 % of explants capable of regeneration (treatment A).
Option E had 14 % of the plants capable of regeneration during disinfection with “Belizna” 3\1, and the
number of plants capable of regeneration during the agent “Domestos ” in versions F and G was 10 %.

Varieties do not have the same response to disinfection with different agents. For example, while 0.1 %
HgCl, caused necrosis of several shoots of wild apricot during disinfection at 3-minute exposure, no necrosis
was observed in cultivated varieties, but the number of shoots damaged by bacteria and fungi was higher.
Similar differences were observed in the same cultivars, with some plants dying and others recovering after
the same manipulations.

According to the results of our experiments, although HgCl, 0.1 % indicated in version A is effective;
we can also recommend “Domestos” solution. Although mercury-containing products are highly effective,
many scientists, including us, recommend household products that contain less toxic, safer, and more eco-
nomical chlorine. During the search for alternative agents, scientists found that shaking in a solution of egg
yolk + 20 % NaOCI + 2 drops of Twin-20 for 20 min is enough to disinfect green growths when introducing
apple borers into the nutrient medium in vitro [16].

The growth factor of different genotypes of plants is affected not only by the composition of growth
regulators and varietal characteristics, but also by the composition of the nutrient medium, infection of ex-
plants with viruses and other latent pathogens, and organic acids [17].

Agarized QL medium supplemented with sorbitol (20 g/L) and benzylaminopurine (3 mg/L) was used
for in vitro culture and initiation of meristem growth. Shoot propagation was carried out on QL agar medium
modified with microsalts and vitamins supplemented with sucrose (30 g/L), benzylaminopurine (0.2, 0.5 or
2.0 mg/L) and indolyl fatty acid (0.04 mg/L). It was found that for optimal reproduction, it is necessary to
alternate growing plants in a medium with a concentration of benzylaminopurine of 2 mg/L (increased re-
production ratio) and 0.2-0.5 mg/L (increased shoot length) (Fig. 2).
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Figure 2. Growth and development of wild apricot seeds in an artificial nutrient medium for 1-3 months

The composition of the artificial nutrient medium is of considerable importance in in vitro conditions of
introduced seeds and crown buds of wild apricot and cultivated apricot varieties. The number of explants
capable of regeneration of the wild apricot form obtained from the Aksai Gorge is 48.5 %, the average num-
ber of explants capable of regeneration of the wild apricot form obtained from the Kotyrbulak Gorge is
37.1 %, and the cultural varieties: Balkiya 37 %, the lowest number of explants capable of regeneration is
Kolkhoznyi 28 % had. Other varieties of apricot showed an average index (Fig. 2).

35
30
25
20
15
10
5
0
Wild apricot Wild apricot Nikitskyi Aleksander Balkiya Monitoba Kolkhoznyi
(Aksay gorge) (Kotyrbulak  krasnoshchekyi
Gorge)

= Number of entries  ®mextinct = capable of survival

Figure 3. The results of introduction and growth of cultural varieties
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Table 2
Effect of nutrient medium composition of wild apricot and cultivated
apricot samples on plant reproduction
Indicators Medium options Wild apricot | Balkiya Nikitskyi .
krasnoshchekyi
QL — 0.3 BAP; 0.2 GA; 0.1 IBA 0.9 0.7 0.7
QL — 0.5 BAP; 0.5 GA; 0.1 IBA 1.3 1.0 0.9
The length of the |QL — 1.0 BAP; 0.1 IBA 0.7 0.6 0.7
main plant,cm |[MS — 100 % — 0.3 BAP; 0.2 GA; 0.1 IBA 0.9 0.8 0.8
MS — 100 % — 0.8 BAP; 0.5 GA; 0.1 IBA 1.2 1.0 1.1
MS — 100 % — 1.0 BAP; 0.1 IBA; 0.8 GA 1.4 1.1 11
QL — 0.3 BAP; 0.2 GA; 0.1 IBA 4 4 4
The number of QL — 0.5 BAP; 0.5 GA; 0.1 IBA 7 5 5
leaves on the main QL —10BAP; 0.1 IBA > 4 3
olant, cm MS — 100 % — 0.3 BAP; 0.2 GA; 0.1 IBA 9 6 5
' MS — 100 % — 0.8 BAP; 0.5 GA; 0.1 IBA 8 6 6
MS — 100 % — 1.0 BAP; 0.1 IBA; 0.8 GA 10 9 8
QL — 0.3 BAP; 0.2 GA; 0.1 IBA 2 2 2
Increased number QL — 0.5 BAP; 0.5 GA; 0.1 IBA 6 4 3
of sprouts QL — 1.0 BAP; 0.1 IBA 7 4 4
specimenl MS — 100 % — 0.3 BAP; 0.2 GA; 0.1 IBA 4 3 3
MS — 100 % — 0.8 BAP; 0.5 GA; 0.1 IBA 8 7 7
MS — 100 % — 1.0 BAP; 0.1 IBA; 0.8 GA 6 5 6

The effectiveness of this stage depends on the composition of the nutrient medium. Upper seeds and ap-
ical buds were introduced into improved media (QL and MC). The most suitable for the introduction of in
vitro cultivars and the emergence of seedlings was QL (Table 2) QL 0.5 mg/L BAP, 0.5 mg/L GA, 0.1 mg/L
IBA with the addition of 39 pieces in the 1st planting microplant was obtained. MS showed good perfor-
mance in improved medium containing 0.8 mg/L BAP, 0.5 mg/L GA, 0.1 mg/L IBA 31 plants showed their
ability to recover. Based on the information in the literature, 0.5-1.0 mg/L BAP is used for high growth of
seeds and buds of apricot varieties (Table 2).

In order to rapidly increase varieties and selected forms of apricot crops, stages of their clonal
micropropagation have been improved with the help of biotechnological methods. In order to accelerate this
process, it is necessary to add biotechnological methods to the production technology, in particular, clonal
micropropagation.

Clonal reproduction accelerates the direct reproduction of varieties while preserving the genetic charac-
teristics of these species. This is a model of vegetative propagation, for example, to grafting, but this model
is carried out in a completely sterilized nutrient medium, under controlled temperature and light conditions.
Meristem sprouts are used as starting material. Under the right conditions, after a few weeks, the sprouts will
produce several plant shoots, which in turn will allow additional sprouts to be planted in a new nutrient me-
dium. In this way, thousands of seedlings are obtained after several cultivations.

The in vitro method allows long-term storage of test-tube plants at the following temperatures, creation
of a valuable “Bank” of plant samples, and international exchange of test-tube plants without quarantine ob-
jects. A valuable genotype in storage and a cured plant, if necessary, allow to obtain a quick breeding process
or a cured production planting material that does not require recontamination. This, in turn, allows to save
material and labor resources in testing and recovery time.

Table 3
Clonal micropropagation of wild and cultivated apricot genotypes
Those taken for| Number in Passage Average number Multiplication
Ne Sorts reproduction, | multiplication, g planted in passage I, b
number factor
pcs pcs pcs
1 |Wild apricot (Kotyrbulak) 7 26 3 3.6 3.7
2 |Nikitskyi krasnoshchekyi 10 52 4 125 1.3
3 |Aleksander 11 37 4 9.25 0.85
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Continuation of Table 3

Those taken for| Number in Passage Average number Multiolication
Ne Sorts reproduction, | multiplication, 9 planted in passage |, b
number factor
pcs pcs pcs
4 |Balkiya 15 49 3 16.3 11
5 |Monitoba 6 17 3 5.7 0.9
6 |Kolkhoznyi 6 18 3 6.0 1.0

It can be seen from the table that the highest rate is 3.7 % when introducing wild apricot, so after the
first pass when introducing 10 pieces, we get 96 microplants and 49 microplants of Balkiya varieties after the
first planting. The lowest rate of Manitoba cultivars was 0.9 % in one passage of 17 microplants.

Conclusions

As a result of the conducted research, it was found that plants capable of regeneration during disinfec-
tion during the extraction of seeds and buds of wild apricots and cultivated cultivars in vitro (exposure to
HgCl, for 4 minutes was the most effective. Hormonal composition of the nutrient medium was selected to
stimulate regenerative isolation (MS) mineral base, twice the amount of the composition, 1.5 mg/L vitamin
C, 2 mg/L glycine, 0.5 mg/L BAP, 0.1 mg/L IMK. The optimal medium for microclonal reproduction of wild
apricot and cultivated varieties was determined, which contains: 0.8 mg/L BAP, 0.5 mg/L GA, 0.1 mg/L
IBA. Based on the results of the above experiments, 5 varieties and 2 wild types were introduced into in vitro
culture and multiplied.

In the second stage of clonal micropropagation, introduction to in vitro culture, various modifications of
MS culture medium were used. The composition of nutrient media was determined for isolation of aseptic
tips of apricot tree shoots and clonal micropropagation. 6 versions of media based on the mineral base of MS
nutrient media in full concentration and 50 % nitrogen content were tested. MS medium was optimal for in-
troduction into in vitro culture, phytohormones 00.8 mg/L BAP, 0.5 mg/L GA, 0.1 mg/L IBA, 30 g/L su-
crose, regeneration of apricot plants in this nutrient medium was 3.7 %. In this regard, the composition of
nutrient media has been optimized. Basically, it was an agar-free medium with various additives to reduce
oxidative processes (vitamin C, iron chelate) and growth regulators (BAP, GA).
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T.H. HypceiiTona, 3.5. FOcynora, H.W. Uykanoga, K. Faneimoek, C.C. Conran6exos,
T.T. Typnues, b.)K. Ka6s16exkoBa

Kaobaiint Armeniaca vulgaris (Lam) :koHe MdJIEH! OpiK CYpPbINTAPbIH
MHUKPOKO0eiTy1e KOPEKTIK OPTAHBbIH KYPaMbIH OHTAMHJIaHABIPY

OciMaikTepi KIOHIBIK MHUKPOKOOSHTYAIH op Ke3eHIHOe CoTCi3 3alaliCh3NAHIbIpy, JICi3 Kebero,
MHUKPOOCIMIIKTEPiH KAIBIITaH THIC TaMybl CHAKTHI KHBIHIBIKTAp TMaiiia Oomanbl. MyHIail coTci3mikTepAin
canapbl ©CIMIIKTEpHAiH HEKPO3blHA, KelJe TIPIILIriH JXKOIObIHA OKelTyl MYMKIH. OCIMIIKTepAiH COTTi
MHUKpOK©Oeroi OipHemre imKi JXoHE CHIPTKBI (AaKTOpiapra, COHBIH imrHge IN Vitro »xarmaitmapbiHa
6aiaHbICTBL. DKCIUTAHTTAPABIH IN VIitro xeberoiHiH xorapsl K0P HUIHEHTIHE KO KETKi3y YIIH KIOHIBIK
MHKpPOKeOeiTyniH opbip Ke3eHiHAe OHTaibl Xarmailaap jkacay MaHb3Abl. Makaiama Armeniaca vulgaris
*abaifbl epiri )KoHe OTAH/BIK, MIETENIIK CeNeKIUIHbIH «bankusy, «Mouutobay, «Konxo3Hsiii», «Hukurckuit
KPAaCHOLIEKHUIT», «AJIEKCAHIP» CHUSKTBI CYPBINTApAbl KIOHIBIK MHKPOKOOEHTYIIH SpTYpii Ke3eHaepaeri
OHTaWJIAHIBIPY HATHKEJIEPi KeNTipiIreH. 3epTTey HaTIKeepi xabaibl opik )KoHe MOJICHH OpiK CYpHINTapbIH
in vitro skarmaiibiHa eHTi3y YIHiH eH KOJalibl KOPeKTiK opTa Kypambiaaa 0,5 mr/n 6-6ensunamunomnypus, 10
Mmr/n temip xenatel, 1,5 mr/m C mopymeni, 0,5 mr/n B1; 0,5 mr/n B6 6ap Quorin-Lepoivre (QL) exennuiri
aHBIKTANABL. OcimuikrepaiH ecy perrerimtepi 0,5 mr/m kypaiiteiH Murashige sxoHe Skoog (MS) KopekTik
opTachl xabalbl OpiK KOHE MOJCHU CYPHIITAPBIHBIH TYKBIMIAPHI JKOHE ToOE OYPUIIKTEPiH €HTri3yre KONaibL.
Knouapik MUKpOKeOEHTY YIIiH OHTaWIbI KOPEeKTik opta Kypambinaa 0,8 mr/m BAII, 0,5 mr/an T'K, 0,1 mr/a
NMK 6Gap MS MuHepanapl oprachl 60uibin aHbIKTaN b1 XKabaiibl epik MeH MOICHH OpiKTiH 5 CyphInsl in Vitro
OpTachiHA CHTI31IiM, KOOSHTINIi.

Kinm co30ep: xabaiibl ©piK, KIOHIbBI MUKPOKOOEITY, IN VItro, 3anancei3aanasipy, KOpeKTik opra, Armeniaca
vulgaris (Lam).

T.H. HypceiiToBa, 3.41. FOcynosa, H.I1. YUykanosa, K. Fanemmbek, C.C. Contan6exos,
T.T. Typnues, b.)K. Ka6s116exkoBa

OnTuMu3anms coCTaBa NUTATEIBLHON Cpelbl PU
KJIOHAJLHOM MHKPOPAa3MHOKEHHUH a0pUKOCa JMKOPACTYIEr o
Armeniaca vulgaris (Lam) 1 KyJbTypHBIX COPTOB

Ha xaxpgom sTame KIOHATFHOTO MHKPOPAa3MHOMKEHUSI PACTEHHH BO3HHKAIOT TakWe IPOOIEMBI, Kak He-
ynauHasi Ae3uH(peKus, cinadas penpoayKIuus 1 aHOMaNbHOe pa3BUTHE MUKpopacTeHuil. [locnencTBust Takux
HeyJla4 MOT'YT IPUBECTH K HEKPO3y PACTEHHMIl, a UHOTAA M rubenu. Y CIrenHoe MUKPOpa3MHOKECHHE PAaCTeHUIH
3aBHCHT OT psiJia BHYTPCHHUX M BHEIIHUX (aKTOPOB, B TOM YHCIIE OT YCIOBHUIA in vitro. JIjist JOCTHKEHUS BbI-
COKOM CKOPOCTH Pa3MHOKEHHUSI SKCILUTAHTOB iN Vitr0 BayKHO CO3[aTh ONTHMAIBHbIC YCIOBUSI Ha KXKAOM JTare
KJIOHAJIbHOTO MHKPOPa3MHOXEHUs. B cTaThe MpesncTaBieHbl Pe3yNbTaThl ONTHMHU3ALUH KIOHATBHOTO MHUK-
popa3MHOXKEHHs JUKoro abpukoca Armeniaca vulgaris, 0Te4eCTBEeHHBIX U 3apyOeKHBIX copToB bankus, Mo-
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Huroba, Konxo3uslif, Hukutckuii kpacHomekuid, AnekcaHap Ha pa3HbIX dTanax. Pe3ynbTaThl HCCIeI0BaHU
MOKa3aJM, YTo Hanboree MOAX0AAIIell MUTaTeNnbHON Cpeoi Ul BBEIECHHS AJsl JUKOTO aOpHKOca U KyJIbTyp-
HBIX COpTOB abpukoca asisiercs Kopun-Jlemyasp (QL), conmepkamuit 0,5 mr/n 6-6enzunamunonypus, 10
M/ Xenara xenesa, 1,5 mr/n suramuna C, 0,5 mr/n B1; 0,5 mr/n B6. [Turarensayto cpeny Mypacure u Cky-
ra (MS), conepxantyro 0,5 mr/n PPP, ncrionp3oBanm Uit pereHepanuy CeMsH AUKOTO abpHKoca U o0ero
KyJIBTYpHBIX COpTOB. ONTHMabHAs MUTATENbHAS Cpefa Ul KIOHATEHOTO MHUKpopasMHOkeHust — 0,8 mr/in
BATIL, 0,5 mr/n TK, 0,1 mr/n UMK na munepansHo#t cpexe MS. BBezeHo in Vitro u pasMHOKEHO B UCKYCCT-
BEHHBIX YCIOBHUSX 5 TEHOTHIIOB JUKOTO U KyJIbTYypPHOTO aOpHKOCa.

KiroueBbie crioBa: AUKU# abpHKOC, KIOHATFHOE MHKPOPA3MHOKEHHE, IN VItro, crepunnsanus, MUTATeIbHAS
cpena, Armeniaca vulgaris(Lam).
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Response to environmental cultivation conditions of spring wheat
varieties of different maturity groups

Wheat is the main grain crop grown in global agriculture, including in Russia. The main goal of farmers is to
produce wheat grain in a volume sufficient to meet food and feed purposes, with high quality indicators. Pos-
sessing such a property as plasticity, wheat allows the producer to grow it in many regions of Russia, regard-
less of their soil and climatic indicators. The sown area occupied by wheat in Russia annually fluctuates with-
in 29.5 million hectares. An important element in the used wheat agricultural technology is a cultivar. The
purpose of our research was to assess the responsiveness of spring wheat cultivars to the environmental con-
ditions of their cultivation and to identify the most adapted ones to the growing conditions. The studies were
conducted in three ecologically different zones of Altai Krai: Priobskaya, Prialtaiskaya and Biysko-
Chumyshskaya zones in 2019-2022. The objects of the studies were represented by spring wheat cultivars of
three maturity groups: mid-early group — 6 cultivars; mid-ripening group — 11 cultivars; mid-late group —
5 cultivars. It was found that the “year” factor has the maximum influence on wheat in the formation of yield.
The greatest responsiveness to vegetation conditions in the formation of yield was noted in the cultivars
OmskGAU 90, Altayskaya 105, Tobolskaya, Altayskaya stepnaya, Altayskaya zhnitsa.

Keywords: wheat, cultivar, growing conditions, yield, grain, influence of factors, responsiveness.

Introduction

One of the leading grain crops in Russia is spring wheat. This is a strategic food crop of the country.
The main goal of farmers is to produce wheat grain in a volume sufficient to ensure food and feed purposes
of its use, with high quality indicators. Wheat also is the most common grain crop in the world community.
By its nature, wheat is a grateful crop. Possessing such a property as flexibility, it allows the producer to
grow it in many regions of Russia, regardless of their soil and climatic indicators. The main product obtained
during the production of the crop is grain. Obtaining grain is one of the main tasks of producers in the agri-
cultural sector of Russia [1, 2].

The area under wheat in Russia fluctuates annually within 29.5 million hectares. Thus, according to
Rosstat, in 2022 the area under wheat was 29.57 million hectares; the volume of spring wheat from the figure
was 43.5 %. In 2024, the area under the wheat in Russia was 28.5 million hectares [3].

Gross wheat harvests in Russia, according to Rosstat, in 2024 amounted to 82,419.3 thousand
tons (Fig. 1). This is 11.2 % lower than the volume of wheat grain received compared to the 2023. According
to the analytical assessment, the reduction in production volume occurred for two main reasons: a reduction
in sown areas and a decrease in yield (https://ab-centre.ru/news/pshenica-ploschadi-sbory-i-urozhaynost-v-
rossii-v-2024-godu) [3].

In order to ensure food security and the state of food independence of the Russian Federation, which
guarantees full availability of food products to every citizen of the country in accordance with the require-
ments of rational consumption standards that provide a person with an active and healthy lifestyle, the Rus-
sian government has developed support measures and programs for the development of agricultural produc-
tion.
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Figure 1. Gross wheat harvest in Russia in 20012024, thousand tons (source: Rosstat)

In 2016, Decree of the President of the Russian Federation No. 642 of December 1, 2016 was approved,
which paid much attention to the transition of the country’s agriculture to organic farming, which contributes
to the production of environmentally friendly products that are safe for humans and the environment. In or-
der to provide scientific and technical support for the development of agriculture and reduce technological
risks in the food sector, the Federal Scientific and Technical Program for the Development of Agriculture for
2017-2030 was developed and approved [4]. This program — the Strategy for the Development of the Agro-
Industrial and Fisheries Complexes of the Russian Federation for the Period up to 2030 is aimed at constant
stable growth in food production. Over the past few years, a number of amendments have been made to the
Program to clarify and update some of its acts: “Resolution of the Government of the Russian Federation of
February 18, 2022 No. 205...”, “Resolution of the Government of the Russian Federation of May 13, 2022
No. 872...” [5, 6]. The Order of the Government of the Russian Federation of September 8, 2022 No. 2567-r
introduces amendments to the Strategy for the Development of the Agro-Industrial and Fisheries Complexes
of the Russian Federation for the Period up to 2030, which will increase the level of food security of the Rus-
sian Federation through the use of modern domestic developments in selection, seed production, agricultural
technology, the use of new means of protection, biological preparations [7].

Abiotic environmental factors affect the growth and development of the wheat, yield and quality of
grain in many ways. The producers in turn control all negative phenomena, using various technological tech-
niques that smooth or completely remove this effect [8-10].

The West Siberian region, including the Altai Krai, is included in the risky farming zone due to its soil
and climate conditions. The soil and climate conditions of the Altai Krai are very diverse [11]. According to
their indicators, the Altai Krai is divided into 7 zones. Soft spring wheat is demanding of environmental fac-
tors during its cultivation, therefore, for more effective work that gives a positive result, it is necessary to
create conditions for the crop that contribute to obtaining a high result [12, 13]. One of such conditions is
cultivars adapted specifically to the conditions of their cultivation, and competently selected zones: for
breeding work, grain production and seed production of cultivars in which it is possible to obtain not only
grain with good quality indicators in the current year, but also grain that will give a good harvest next year.

In this regard, there was a need to identify cultivars that genetically carry adaptability and stability to
cultivation conditions, cultivation zones, climatic conditions, which would contribute to the identification of
the necessary genotypes and the receipt of seeds with high quality indicators [14].

The purpose of our research is to assess the responsiveness of spring wheat cultivars to the environmen-
tal conditions of their cultivation and to identify the most adapted to growing conditions.

Experimental

The research was conducted in three ecologically different zones of Altai Krai: Priobskaya,
Prialtaiskaya and Biysko-Chumyshskaya zones in 2019-2022. Weather conditions during the research period
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varied significantly by year and on average by study zones. The most favorable conditions for the crop were
in the Priobskaya zone, with a fairly optimal amount of precipitation and with the temperature indicators
necessary for the crop. The objects of the research were spring wheat cultivars of three maturity groups: the
mid-early group in the experiment is represented by 6 cultivars: Altayskaya 70 — standard, Altayskaya 99,
Novosibirskaya 15, Novosibirskaya 29, Omskaya 36, PamyatiAziev; mid-ripening group 11 cultivars:
Altayskaya 100 — standard, Altayskaya 110, Altayskaya 325, Altayskaya 530, Altayskaya 75,
Altayskayazhnitsa, Altayskayastepnaya, OMGAU 90, Svetlanka, Sibirskyalians, Stepnayavolna; mid-late
group — 5 cultivars: Altayskaya 105 — standard, Apasovka, Baganskaya 95, Omskaya 28, Tobolskaya.

To achieve the objectives and goals of the study, throughout the entire vegetation period of the crop, the
necessary observations and records were carried out, based on the methodological guidelines [15, 16].

The area of the plot was 5 m” Replication was 4-times. Forecrop — grain crops. The seeding rate was
5 million germinating seeds / ha (500 pcs / m?). Sowing was carried out by hand. Soil treatment was made in
each zone according to the recommended technological parameters for the cultivation zone. Mathematical
data processing was carried out using the dispersion analysis method according to the method of
B.A. Dospekhov [17].

Results and Discussion

The main character of seed productivity of spring soft wheat is the yield. Modern technologies of culti-
vation of agricultural plants are based on high-yielding cultivars adapted to growing conditions. To create
such cultivars, it is necessary, first of all, to select well-studied source material. As source material, it is pos-
sible to use samples from the Research Institute of Plant Growing collection, wild forms, samples from
breeding institutions, cultivars with various characteristics that respond well to production conditions [18,
19].

Currently, the direction of replacing long-cultivated cultivars of agricultural crops with more modern,
high-yielding cultivars with good adaptive properties is being promoted in production. Some authors note a
negative relationship between the potential yield of a cultivar and its resistance to unfavorable abiotic factors
of the cultivation environment [20]. Such a reaction of cultivars requires its study in different climate zones
of cultivation and identification of the most favorable conditions for specific cultivars.

The results of our studies on the formation of yield by spring soft wheat cultivars of different maturity
groups in three ecologically different zones and the data of three-factor variance analysis showed that the
interaction of the factors “environment x year” has the maximum effect on the variability of the yield value
of cultivars in all maturity groups: mid-early — 37.75 %, mid-ripening — 46.65 %, mid-late — 40.15 %.
The second most influential factor affecting the variability of yield in mid-early and mid-ripening cultivars
was the “year” factor — 36.24 % and 25.90 %, respectively, for mid-late cultivars — “environment” —
30.65 % (Fig. 2). The “cultivar” factor has an insignificant effect on the variation of the yield indicator, with-
in 4 %, for all the studied cultivars. Thus, it was determined that the value of the “yield” trait and its variabil-
ity are largely formed under the influence of the environment and conditions of the year of cultivation.

The data obtained as a result of observations and studies to determine the yield of the studied cultivars
are presented in Tables 1-3.

In the group of mid-early cultivars, the highest average yield was obtained under the conditions of the
Priobskaya zone (1.7 t/ha), the yield was 6 % lower in the Biysko-Chumyshskaya zone (1.6 t/ha) and 24.2 %
lower in the Prialtaiskaya zone (1.3 t/ha) (Table 1). A high average yield in all study zones was obtained for
the Omskaya 36 cultivar: 1.8 t/ha — Priobskaya zone, 1.6 t/ha — Biysko-Chumyshskaya, 1.4 t/ha —
Prialtaiskaya.

Under the conditions of the Priobskaya zone, on average, over four years, no cultivar has reliably ex-
ceeded the standard cultivar — the Altayskaya 70 (1.7 t / ha). At the level of the standard cultivar were
Omskaya 36 (1.8 t / ha), Pamyati Azieva (1.7 t / ha). All cultivars formed the maximum yield in 2020, the
weather conditions of which (hydrothermal index = 1.02) were characterized as insufficiently moistened, but
during the grain filling period it rained, which positively affected the formation of seeds. According to the
reaction to vegetation conditions, the Altayskaya 70, Omskaya 36, Pamyati Azieva cultivars can be classified
as extensive; the Novosibirskaya 15 and Novosibirskaya 29 cultivars can be classified as intensive.
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Figure 2. Results of three-factor analysis of variance for the “yield” factor of spring soft wheat cultivars,
mid-early maturity group (2019-2022)

Under the Biysko-Chumyshskaya zone conditions, the average yield of Altayskaya 70 over the years of
study was the highest (1.6 t/ha), no cultivar reliably exceeded this value. The cultivars Novosibirskaya 15
(1.6 t/ha), Novosibirskaya 29 (1.6 t/ha), Omskaya 36 (1.6 t/ha) were at the level of standard. The maximum
yield of 2.7 t/ha was obtained from the Omskaya 36 cultivar in 2020.

Under the conditions of the Prialtaiskaya zone, on average, over four years, not a single cultivar reliably
exceeded the yield level of the standard cultivar Altayskaya 70 (1.3 t/ha). The maximum average yield by
year was obtained in 2019 — 1.7 t/ha, according to the hydrothermal index = 1.29, this year was considered
to be quite humid.

Table 1
Mid-early maturity group cultivars yield in the study zones, t/ha

. Year
No. Cultivar 2019 | 2020 | 2021 | 2022 | Mean
Priobskaya zone
1 |Altayskaya 70 14 1.8 21 1.7 1.7
2 |Altayskaya 99 1.3 1.7 1.6 14 15
3 |Novosibirskaya 15 1.3 1.7 1.9 1.4 1.6
4 |Novosibirskaya 29 14 1.9 1.7 14 1.6
5 |Omskaya 36 1.7 2.2 1.8 14 1.8
6 |Pamyati Azieva 1.7 1.9 18 1.5 1.7
7 |Mean 15 1.9 18 15 1.7
8 [SEMgs 0.2 0.2 0.3 0.2 0.2
Biysko-Chumyshskaya zone
9 |Altayskaya 70 1.9 2.4 1.3 1.0 1.6
10 |Altayskaya 99 15 2.2 0.9 0.8 1.3
11 |Novosibirskaya 15 1.9 2.4 1.0 11 1.6
12 |Novosibirskaya 29 1.9 2.5 1.2 1.0 1.6
13 |Omskaya 36 1.9 2.7 1.2 0.8 1.6
14 |Pamyati Azieva 1.7 24 11 0.9 15
15 |Mean 1.8 2.4 1.1 0.9 1.6
16 |SEMgs 0.3 0.1 0.2 0.2 0.5
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Continuation of Table 1

. Year
No. Cultivar 2019 | 2020 | 2021 | 2022 | Mean
Prialtaiskaya zone
17 |Altayskaya 70 1.8 1.2 1.0 1.1 1.3
18 |Altayskaya 99 1.5 1.3 0.9 1.0 1.2
19 |Novosibirskaya 15 1.6 1.0 11 0.8 11
20 |Novosibirskaya 29 1.7 1.1 0.9 0.9 1.1
21 |Omskaya 36 2.0 1.6 1.0 1.1 14
22 |Pamyati Azieva 1.8 1.4 1.0 1.6 14
23 |Mean 1.7 1.2 1.0 11 1.3
24 |SEMgs 0.2 0.2 0.2 0.3 0.3

The average yield of mid-ripening cultivars varied both by zones and by years of study (Tab. 2). The
maximum average yield of 1.9 t/ha was obtained under the conditions of the Priobskaya zone. In this zone,
the average yield by cultivars varied from 1.7 t/ha (Altayskaya 530 cultivar) to 2.1 t/ha (OmGAU 90,
Altayskaya Zhnitsa), the standard cultivar Altayskaya 100-1.9 t/ha. No cultivar reliably exceeded the stand-
ard in terms of “yield”, but the yield of the following cultivars is at the standard level: OmGAU 90 (2.1 t/ha),
Altayskaya zhnitsa (2.1 t/ha), Altayskaya stepnaya (2.0 t/ha), Altayskaya 75 (2.0 t/ha), these cultivars can be
classified as neutral-type cultivars and used as genetic sources for creating high-yielding cultivars for the
conditions of the Priobskaya zone.

Under the conditions of the Biysko-Chumyshskaya zone, all cultivars formed a high yield in 2020 (suf-
ficient moisture year according to the hydrothermal index), the average indicator for the year is 2.4 t/ha. The
Altayskaya stepnaya cultivar (2.7 t/ha) reliably exceeded the standard indicator (2.5 t/ha), and the Altayskaya
zhnitsa and OmGAU 90 cultivars were at the standard level (2.6 t/ha). On average, over the years of re-
search, the standard for the yield level (1.6 t/ha) exceeded all the studied cultivars. As genetic sources for the
“yield” character the following cultivars can be taken: OmGAU 90, Sibirskyalians, Altayskaya 100,
Altayskaya zhnitsa, Altayskaya stepnaya.

Under the conditions of the Prialtaiskaya zone, a high yield was obtained in 2019 (2.1 t / ha), the hydro-
thermal index of the year was 1.29, the year was quite humid. The Altayskaya zhnitsa cultivar (2.4 t/ha) reli-
ably exceeded the standard for this character (2.1 t/ha). On average, over the years of research, the average
yield was 1.3 t/ha. Neutral-type cultivars that show consistently high yields regardless of the conditions of
the year include the OmGAU 90, Altayskaya zhnitsa, Altayskaya 100. These cultivars can be taken as genet-
ic sources for the “yield” character for the conditions of the Prialtaiskaya zone.

Table 2
Mid-ripening maturity group cultivars yield in the study zones, t/ha

No. Cultivar Year
2019 | 2020 | 2021 [ 2022 | Mean
Priobskaya zone
1 J|Altayskaya 100 1.6 2.2 2.3 1.7 1.9
2 |Altayskaya 110 15 1.9 1.9 1.8 1.8
3 |Altayskaya 325 15 2.0 2.0 1.7 1.8
4 |Altayskaya 530 15 1.9 2.0 1.7 1.7
5 |Altayskaya 75 1.8 2.3 2.1 1.8 2.0
6 |Altayskaya zhnitsa 1.7 24 2.3 2.0 2.1
7 |Altayskaya stepnaya 1.7 24 2.3 1.7 2.0
8 |OmGAU 90 1.8 2.3 2.4 2.1 2.1
9 |[Svetlanka 15 2.0 2.3 1.7 1.9
10 |Sibirskyalians 1.6 1.9 2.0 1.8 1.8
11 |Stepnaya volna 1.7 2.2 2.0 2.0 2.0
12 |Mean 1.6 2.1 2.1 1.8 1.9
13 |SEMgs 0.2 0.2 0.4 0.3 0.2
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Continuation of Table 2
. Year
No. Cultivar 2019 | 2020 | 2021 | 2022 | Mean
Biysko-Chumyshskaya zone
14 |Altayskaya 100 2.0 2.5 0.8 1.1 1.6
15 |Altayskaya 110 1.6 2.0 0.8 0.8 1.3
16 |Altayskaya 325 2.1 2.2 0.9 0.8 15
17 |Altayskaya 530 1.8 2.1 0.8 0.8 1.4
18 |Altayskaya 75 2.2 2.4 0.8 0.9 1.6
19 |Altayskaya zhnitsa 2.0 2.6 0.8 0.9 1.6
20 |Altayskaya stepnaya 1.8 2.7 0.8 0.9 1.6
21 |OmGAU 90 2.3 2.6 1.2 1.1 1.8
22 |Svetlanka 1.5 2.5 0.8 0.8 1.4
23 |Sibirskyalians 1.8 2.5 1.2 0.9 1.6
24 |Stepnaya volna 1.7 2.4 1.0 0.8 15
25 |Mean 1.9 2.4 0.9 0.9 1.5
26 |SEMgs 0.3 0.2 0.2 0.2 0.5
Prialtaiskaya zone
27 |Altayskaya 100 2.1 1.3 1.1 1.1 14
28 |Altayskaya 110 1.9 0.9 1.4 0.9 1.3
29 |Altayskaya 325 2.1 1.0 0.9 0.9 1.2
30 |Altayskaya 530 2.0 0.9 1.0 0.8 1.2
31 |Altayskaya 75 2.1 0.8 1.0 0.9 1.2
32 |Altayskaya zhnitsa 2.4 1.4 1.4 1.0 1.6
33 |Altayskaya stepnaya 2.2 1.1 1.2 1.1 14
34 |IOmGAU 90 2.3 1.2 14 1.2 15
35 [Svetlanka 2.0 1.1 1.0 1.1 1.3
36 |Sibirskyalians 2.2 1.0 1.2 1.1 1.3
37 |Stepnaya volna 2.1 1.0 1.3 1.0 1.3
38 |Mean 2.1 1.1 1.2 1.0 1.3
39 |SEMgs 0.3 0.2 0.4 0.3 0.4

Mid-late cultivars produce a fairly high yield under the conditions of the Priobskaya zone (Tab. 3). The
minimum average yield was obtained in 2019 — 1.5 t/ha due to dry conditions in May—June, which nega-
tively affected the initial stage of plant development. The average yield for all years of research was 2.0 t/ha.

The Omskaya 28,

Altayskaya 105, Tobolskaya cultivars showed a consistently high yield throughout the en-

tire research period. These cultivars are of a neutral type, they can be taken as genetic sources in the selection
process. Under the conditions of the Biysko-Chumyshskaya zone, the Tobolskaya cultivar showed the max-
imum yield in 2020 — 2.7 t/ha, it reliably exceeded the standard (2.4 t/ha). The average yield for 2019-2022
in the zone was 1.4 t/ha. The Altayskaya 105 and Tobolskaya cultivars can be used as the genetic sources.
The yield of cultivars of mid-late maturity group under the conditions of the Prialtaiskaya zone was low and
variable. The indicators varied from 0.7 t/ha (Apasovka cultivar, 2022) to 2.2 t/ha (Altayskaya 105 and
Tobolskaya cultivars, 2019). The Altayskaya 105 and Tobolskaya cultivars can be used as genetic sources; in
all years of research, they gave a consistently high yield for the zone.

Table 3
Mid-late maturity group cultivars yield in the study zones, t/ha
. Year
No. Cultivar 2019 | 2020 | 2021 | 2022 | Mean
Priobskaya zone
1 |Altayskaya 105 1.6 2.4 2.1 1.9 2.0
2 |Apasovka 1.4 2.4 2.4 2.1 2.1
3 |Baganskaya 95 1.5 2.3 1.9 1.6 1.8
4 |Omskaya 28 15 2.4 2.5 2.2 2.1
5 [Tobolskaya 1.4 2.7 2.3 2.0 2.1
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Continuation of Table 3

. Year
No. Cultivar 2019 | 2020 | 2021 | 2022 | Mean
Priobskaya zone
6 |Mean 1.5 2.4 2.2 2.0 2.0
7 [SEMgs 0.5 0.3 0.3 0.3 0.3
Biysko-Chumyshskaya zone
8 |Altayskaya 105 15 2.4 1.2 1.0 15
9 |Apasovka 1.4 1.7 0.8 0.7 1.2
10 |Baganskaya 95 15 2.2 1.0 0.9 1.4
11 [Omskaya 28 1.4 2.1 1.0 0.8 1.3
12 [Tobolskaya 1.7 2.7 1.0 1.0 1.6
13 |Mean 1.5 2.2 1.0 0.9 14
14 |SEMgs 0.4 0.3 0.1 0.2 0.4
Prialtaiskaya zone
15 |Altayskaya 105 2.2 11 1.2 0.8 14
16 |Apasovka 1.9 0.8 1.2 0.7 1.2
17 [Baganskaya 95 1.8 1.0 1.0 0.8 1.2
18 [Omskaya 28 1.9 1.0 1.1 0.8 1.2
19 ([Tobolskaya 2.2 1.1 1.2 2.2 1.4
20 [Mean 2.0 1.0 11 1.0 1.3
21 [SEMgs 0.3 0.2 0.5 0.2 0.3

The variability of the influence of the conditions of the years of research, the conditions of the tests and
their number have a large variability of the shares of their impact, such a dependence is noted by many au-
thors [2, 8, 10, 12, 15]. In our studies, the share of the influence of the environmental factor “year” on the
variability of the character “yield” was maximum in cultivars of all maturity groups (Table 4).

Table 4

The share of influence of factors in the formation of the “yield” character
in spring soft wheat cultivars under the different environmental conditions, %

No. Factor Priobskaya ChuBl“r:ﬁE(s)kaya Prialtaiskaya
zone sone zone
Mid-early cultivars
1 |Factor A (year) 43.8 91.1 62.3
2 [Factor B (cultivar) 15.9 3.3 12.7
3 |Interaction AxB 16.6 1.6 13.1
Mid-ripening cultivars
4 |Factor A (year) 48.7 89.6 79.2
5 |Factor B (cultivar) 15.9 3.3 5.7
6 |Interaction AxB 9.3 3.7 3.4
Mid-late cultivars
7 |Factor A (year) 72.1 82.9 58.1
8 |Factor B (cultivar) 5.5 6.7 4.0
9 [Interaction AxB 5.0 4.1 24.7

The maximum impact on the “yield” character was exerted by the “year” factor on mid-early cultivars
(91.1 %) under the conditions of the Biysko-Chumyshskaya zone. Under the conditions of the Prialtaiskaya
zone, the maximum share of the “year” factor’s influence (79.2 %) was noted on mid-ripening cultivars. Un-
der the conditions of the Priobskaya zone, the factor had the maximum influence on the yield of mid-Ilate cul-
tivars — 72.1 %. The share of the influence of the “year x cultivar” factor interaction was different for the
groups and varied from 3.4 % (mid-ripening) to 24.65 % (mid-late). The “cultivar” factor had the strongest
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(relative to the study zones) influence on the yield in the group of mid-early cultivars (12.7 %) under the
conditions of the Prialtaiskaya zone.

Conclusions

The maximum influence on the formation of the yield of spring soft wheat cultivars of different maturi-
ty groups was exerted by the “year” factor and the conditions of the growing zone. Thus, the maximum in-
fluence on the “yield” character was exerted by the “year” factor on mid-early cultivars (91.1 %) under the
conditions of the Biysko-Chumyshskaya zone. Under the conditions of the Prialtaiskaya zone, the “year”
factor has the maximum influence on mid-ripening cultivars (79.2 %). Under the conditions of the
Priobskaya zone, this factor has the maximum influence on the yield of mid-late cultivars — 72.1 %. The
greatest responsiveness to vegetation conditions in the formation of yield was noted in the cultivars
OmskGAU 90, Altayskaya 105, Tobolskaya, Altayskaya stepnaya, Altayskaya zhnitsa.
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C.B. XKapxosga, JI.B. Cokonoa

Op TYPJIi miceTiH TONTapAa Ka3AbIK OMAal COPTTAPBIH O6CIpYyIiH
JKOJIOTHSIBIK KarJaijIapblHA peaKIust

bupaii oneMmik aybul MIapyallbUIBIFBIHIA, COHBIH ilmiHAe Peceiine ecipilieTiH HEri3ri JoHMI JaKbLTL.
depMmepriepiH  HETi3Ti  MakcaThl — OWgail JOHIH  a3bIK-TYJIK TICH JKEMIION KaKETTUIIKTepiH
KaHaraTTaHJBIPyFa JKETKUTIKTI KeJieMJe, JKOFaphl camajbl KepCeTKIIITepMeH eHnipy. bedimumenrimTik
KacheTke me Oumall eHAipylIijepre OHBI TOMBIPAK IMEH KIMMATTHIK JKaFJaiapra KapamacTaH Pecelmin
KeITereH aiMaKTapbIHIa oCyiHe MyMKIiHIIK Oepeni. Pecelineri Oumait anmkaObl xbl1 caifbiH 29,5 MITH ra aeiin
e3repeni. bumaiira KonmaHBUIATBIH arpOTEXHOJIOTHSHBIH MAaHBI3IBI IEMEHTI COPT. 3epTTey >KYMBICHIHBIH
MaKCaThl JKa3AbIK OMIall COPTTapbIHBIH KOPIIaFaH OpTaHbI 6cipy jKarnaimapsiHa OeiiMainirin Oaranay >koHe
ecipy JKarmaiapblHa HEFYpJbIM OeHimuenrimTirin ansikray. 3eprreyiep 2019-2022 sxeuimapsl Anrait
aiiMaFbIHBIH YII SKOJIOTHSUIBIK, aTan aiTcak [Ipmodckoi, [Ipnantaiickoii xaeHe bulicko-UyMBIICKOH CHAKTHI
9p TYpJi alMarbIHAA JKYPTi3ingi. 3epTTey HbICAHAApPHI XKa3AbIK OMAAIIBIH YII JKETUTy TOOBIHBIH COPTTaphl
Oonnpl: opTa epre Tonm — 6 copT; opra MaychIMAbIK Ton — 11 copt; opra kem Ttom — 5 copt. bupnaii
OHIMIIUIITIHIH KaJIBINTaCybIHA KBUD» (DAKTOPBI €H YIKEH dCep eTeTiHI aHBIKTaIAbl. TYCIMHIH KaJbIITacy
Ke3iHAe BEreTalMsUIbIK JKaFgaiimapra eH Korapbl cesiMramublk «OMIAY 90», «Adnraiickas 105»,
«Tobombckasny, «Anraiickas CtemHas», « ANTaicKas KHALA» COPTTapbIHIA OaifKaIbL.

Kinm ce30ep: bunaii, copT, ecy karnainapsl, eHIMIUIIK, aCTBIK, (GaKTOPIapIbIH dcepi, Ce31IMTaAbIK.

C.B. XKapxosa, JI.B. Cokonosa

Peaknusi Ha 3K0JI0rHYeCKUe YCJI0BHS BHIPAIIMBAHNS COPTOB
SIPOBOM MIIEHUIbI PA3HBIX IPYII CHEJIOCTH

ITimennia — OCHOBHAs 3€pHOBas KyJIbTypa, BhIpallliBaeMasi B MUPOBOM CEJIbCKOM XO03sIICTBE, B TOM YHCIIE U
B Poccun. OcHoBHas 11enb (hepMepoB — MPOHU3BOACTBO 3epHA MIICHUIIBI B 00beMe, JOCTATOYHOM UIS YAOB-
JIETBOPEHHUS TIPOIOBOJILCTBEHHBIX I KOPMOBHIX II€JIeH, ¢ BRICOKUMH Ka4eCTBEHHBIMH MOKa3atessiMu. O0manas
TaKUM CBOWMCTBOM, KaK IIACTHYHOCTb, MIIICHHIIA TI03BOJISIET IPOU3BOAUTEISIM BBIPAIIUBATh €€ BO MHOTHX pe-
ruoHax Poccum, HE3aBUCHMO OT TOYBEHHO-KIIMMATHYECKHX ycioBUi. [loceBHas muiomans, 3aHHMMacMas
nmenuneid B Poccun, exeronHo xosiebnercs B mpenenax 29,5 MiaH. ra. BaXHbIM 3JIeMEHTOM HCIIOJIb3yeMON
arpoTeXHHKH MIICHUIBI SBIseTCsl copT. Llenpio Hammx uccneoBaHuil ObUIa OIIEHKA OT3BIBYMBOCTH COPTOB
SIPOBOIA MIICHUIIBI HA JKOJIOTHMYECKHE YCIOBHsI BO3JCIbIBAHHS M BBIABICHHE HauOojee aJanTHPOBAaHHBIX K
YCIIOBUSM BbIpallluBaHus. VccienoBaHus IpOBOAMINCH B TPEX IKOJIOTHUECKH PA3IMYHBIX 30HaX ANTalCKOro
kpast: [Ipuo6ekoi, [puanraiickoii u buiicko-Uymsbiickoii 3oHax B 2019-2022 rr. O0beKThl HCCIeI0BaHUN
OBUTH cOpTa SPOBOI MIIEHHIBI TPEX TPYI CIEIOCTH: CPETHEpPaHHsS rpymmna — 6 COPTOB; CpemHecmenas
rpymmna — 11 copToB; cpeqHENO3THsISI TPYIIa — 5 COPTOB. YCTAaHOBJIEHO, YTO (HAKTOP «TO/I» OKa3hIBaeT
MaKCHMAaJIbHOE BIMsIHUAE Ha (opMUpOBaHNE ypOKaHOCTH MINEeHUIBI. Hanbopmas 0T36IBUMBOCTD Ha yCIIO-
BUSI BeTeTalluy NpH (HOPMUPOBAHUH ypokas oTMedeHa y coptoB OMI'AY 90, Anraiickas 105, Tobonbckas,
Anraiickas cTenHas, AnTaickas JXHHIIA.

Kniouesvle cnosa: TMIIEHHLA, COPT, YCIOBUS BBIPAILMBAHUS, YPOXKAHHOCTb, 3€pPHO, BIMsAHUE (PAKTOPOB, OT-
3BIBUUBOCTb.
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Coenopulation of Juniperus sabina in Central Kazakhstan

The article presents the research and study of the peculiarities of morphological structure of vegetative organs
of Cossack juniper (Juniperus sabina) growing in Karaganda (Karkarala and Zhanaarka districts) and Ulytau
(Ulytau district) regions). Bioecological features of cenopopulations were studied based on the density of in-
dividuals in the population, the ratio of life states and age states. According to the age structure, all juniper
populations were defined as middle-aged, stable and full-members. The majority of individuals in the
cenopopulations are categorized as healthy. The state of Juniper sabina gene pool is relatively satisfactory,
but the increased proportion of senile individuals, especially in Zhanaarka district, requires measures to pre-
serve juniper populations.

Keywords: Juniperus sabina, morphology, coenopopulation, vital form, age composition.

Introduction

Juniperus sabina L. (Cupressaceae family) is the typical species of the subgenus Sabina. The life form
is usually a creeping, occasionally an erect tree, even more rarely and a small gnarled multi-stemmed tree.
Leaves are of two types, needle-shaped (6-10 x 0.5-1 mm) and scaly (1-2.5 x 0.6-1 mm); needle-shaped on
seedlings and young plants up to 10 years old, on adult plants they are usually absent altogether. The leaves
almost do not change color in winter. Cones are 4-8 mm in diameter, slightly less in length, with 1-4 seeds,
most often 2 [1-3].

In the central, continental sector, the range of ecotopes occupied by J. Sabina is no less diverse. These
are the flat steppes in northern Kazakhstan, mountain forest-steppes from the Kuznetsk Alatau in the
Kuzbass to the Northern Tien Shan and from Elbrus in Iran to the mountains bordering the Alashan Desert in
Central China, the southern slopes of the mountains in the forest belt of many mountain systems and even
semi-deserts in the Gobi Altai. To the east, it is known in the region of the Kazakh Small Hills, where it
grows on granite hills, sometimes overgrown with pine, and less often on clay cliffs along river
banks [4-15].

The aim of our study was to examine populations and make a comparative analysis of the morphologi-
cal features of J. Sabina in three places (Karkaraly, Zhanaarka districts, Karaganda region, and Ulytau dis-
trict, Ulytau region (Central Kazakhstan).

Experimental

To study the distribution and compile a summary of the species of the genus Juniperus in Kazakhstan,
herbarium collections for the period from 1993 to 2023 were analyzed. The materials of the herbarium fund
of the Institute of Botany and Phytointroduction (AA) (Almaty, Kazakhstan) were studied — 107 herbarium
sheets (Tab. 1). Since among the analyzed material there were repetitions of herbarium sheets of juniper spe-
cies in certain geographical collection points, for this summary those herbarium materials that were collected
and identified earlier were taken into account.

In three main areas of distribution of J.sabina in the region: the mountainous part of Karkaraly,
Zhanaarka and Ulytau. All plots were studied in 2021-2024. The sizes of the experimental plots ranged from
0.10 to 0.25 ha, with the number of individuals from 120 to 358.

The density of cenopopulations, the composition of life forms, the age and sex structure, and the vital
state were assessed [16—21]. When assessing the vital state, plants in the population were distributed into the
following categories [2]: healthy, weakened, much weakened, dying, and deadwood.

When studying the age structure, in order to reduce the subjectivity of the assessments, individuals were
distributed by age periods, without identifying age states [6]. According to N.V. Salakhov [19] (with our
modifications), plants of the juvenile period included sprouts and individuals that had formed lateral shoots

106 BecTHuK KaparaHguHckoro yHuBepcuTeTa


file://Vboxsvr/мои_документы/2025/2025%20-%20Вестник-1/Биол_Мед_Геогр/Вестник_серия%20«Биология.%20Медицина.%20География».%202025,%2030,%201(117).docx
mailto:pikon_04_93@mail.ru

Coenopulation of Juniperus sabina ...

of the 11111 order; plants with shoots of the IV-VI orders were classified as virginal; fruit-bearing individu-
als with shoots of the VII-VIII orders and higher were classified as generative; and dying large-sized plants

with a proportion of dead shoots of more than 50 % were classified as senile.

The age of the coenopopulation was determined as the sum of the products of the number of each age
group by the corresponding coefficient (for the juvenile period — 0.018, virginal — 0.0833, generative —
0.5, senile — 0.9313), divided by the total number of the coenopopulation [16].

Results and discussion

The density of the coenopopulations of J.sabina in the studied area varied from 23 to 91 pcs./ha. For the
Zhanaarka district, this average number was 23—-62 pcs/ha, for the Ulytau district — 37-65 pcs/ha, for the
Karkaralinsk mountains — 24-98 pcs/ha (Tab. 1).

Characteristics of coenopopulations of Juniperus sabina

Table 1

Cenopopulation District Cor?g)r(:tt Isotgr?(g the Forest type Density, pcs/ha
Baktinskaya Karkaraly district 2C3B Geranium-cereal 24
Karkaralinskaya Karkaraly district 1C9B Potentilla-forb 98
Kuvskaya Karkaraly district 2C7B2T Juniper-herb 46
Kentskaya Karkaraly district 9C1B2edV For_est—steppe 91

juniper-mixed
Ortauskaya Zhanaarka district 1C3B3V Herb-licorice 23
Aktauskaya Zhanaarka district 2B2V Juniper-herb 39
Kosmurynskaya Zhanaarka district 2C3V Juniper-shrub 62
Maitobenskaya Ulytau district 362V Juniper-herb 65
Ulytauskaya Ulytau district 2C5B2V Potentilla-forb 37

The highest density of juniper populations was noted for Karkarala district, the lowest for Zhanaarka
district. The obtained data can be explained by the difference in climatic conditions. Thus, mountainous are-
as of Karkarala and Ulytau districts are characterized by more mesophytic conditions and are more favorable
for the growth of this species. In Zhanaarka district more arid conditions are formed, which reduces the den-
sity of growth.

Juvenile and generative individuals were clearly distinguished in the population. Moreover, there were
quite a lot of young plants. On average, there were 63.5 juvenile individuals on a trial area of 1,600 m?.
Based on our data, the coenotic population of juniper in mixed forest conditions consists of individuals of
juvenile and generative age periods. Of the juveniles, immature age individuals predominate. Sprouts and
juveniles are slightly inferior in quantity. Generative ones are represented by female and male middle-aged
individuals. The death of individuals is observed in single specimens. Ontogenetic development can last up
to 300 years. Age states of Cossack juniper in forest communities, where it is represented by a tree form,
were distinguished according to the method proposed by A.A. Uranov with additions [22—-24].

During the population inventory, 4 groups of junipers of different ages were taken into account: juve-
nile individuals (of root-suckering origin), virginal (large individuals, but not having reached the generative
period), generative; senile (Tab. 2).

Table 2
Age structure of coenopopulations of Juniperus sabina
. Frequency of plants by age periods, %
Location Juvenile | Virginal Generative | Senile

Karkaraly district

Baktinskaya 0 21.7 70.6 1.7
Karkaralinskaya 1.2 22.3 72.4 4.1

Kuvskaya 0 21.5 77.3 1.2
Kentskaya 4.2 20.4 73.0 2.4
Zhanaarka district

Ortauskaya 2,1 11,6 163.9 [22.4
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Continuation of Table 2

. Frequency of plants by age periods, %

Location Juvenile Virginal Generative Senile
Aktauskaya 1.7 11.8 62.9 23.6
Kosmurynskaya 2.3 12.1 63.8 21.8
Ulytau district
Maitobenskaya 0.2 11.3 64.8 23.7
Ulytauskaya 0.4 11.2 64.2 24.2

The obtained data show that the quantitative composition of junipers in the areas is not the same. Thus,
the largest number of specimens is noted for the Karkaraly district. In second place is the Ulytau district
(Ulytau region), the smallest number of individuals is in the Zhanaarka district.

It is worth noting that the low number of juniper individuals in the Zhanaarka district is due to its small
size. The size of the Karkaraly district, as the largest, explains the largest number of specimens of the studied
species.

All populations are characterized as middle-aged stable with predominance of generative individuals
and high proportion of virginil plants. However, in Zhanaarka and Ulytau districts the share of senile plants
is high.

The distribution of generative age individuals in the coenopopulations of Juniperuscossackii by vital
state is shown in Table 3. Healthy individuals predominate in all coenopopulations (50.8-70.7 %). The dis-
persion analysis as a whole indicates the absence of reliable differences in the vital state of juniper between
the Karkaraly, Zhanaarka and Ulytau regions. So, all coenopopulations are characterized as “healthy”, and
only Kuvskaya and Aktauskaya are defined as “weakened”: the proportion of dead wood is increased here
(about 3.6 %), and the total number of weakened, very weakened and dying plants reaches 23 %.

Table 3
The vital state of the coenopopulations of the Juniper sabina
Location Life categories of individuals, % RVC
he | we | viwe ] dy | diw

Karkaraly district
Baktinskaya 63.6 36.4 0.2 0.1 0.8 87.6
Karkaralinskaya 68.5 27.8 4.3 0 0 89.1
Kuvskaya 67.9 24.4 6.4 0.4 0.9 87.6
Kentskaya 70.7 24.5 4.9 0 0 88.9
Zhanaarka district
Ortauskaya 58.8 33.1 8.1 0 0 85.2
Aktauskaya 50.8 36.4 5.6 3.6 3.6 78.7
Kosmurynskaya 56.0 36.0 6.0 2.0 0 83.7
Ulytau district
Maitobenskaya 62.3 28.6 7.1 0 2.0 85.4
Ulytauskaya 57.0 33.5 6.7 1.4 1.4 83.3
*Note. He — healthy, we — weakened, v/iwe— very weakened, dy — dying, d/w — dead wood, RVS — relative vital state

According to the assessment of the condition of the Cossack juniper, a fairly good vital condition of the
studied coenopopulations may indicate a certain resistance of the Cossack juniper to existence in the
Karkaraly and Ulytau districts. Upon entering the generative period, young plants pass into the life form of a
small shrub, with a height of 2.3 to 8.7 m. The highest generative plants were found in the Karkaraly district.
The height of the trunk of these plants increased to 47-51 cm, the diameter to 2.1.5-9.5 cm. The height of
adult generative plants is described at a level of 4.1-4.55 m, the crown diameter from 4 to 6.9 m. The largest
adult generative plants grow in the Karkaraly district, the smallest — in the Zhanaarka and Ulytau districts
(Ulytau region). There is a direct relationship between the size of the crown and the age of the plants, that is,
as the junipers mature, their height, crown diameter, height and diameter of the trunk increase.

The following parameters were measured on all individuals: bush height and crown diameter, shoot
height and diameter, life form, trunk shape, method of renewal and general condition.
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The results showed that all virginal juniper individuals in all growing points have a life form of a bush
ranging in size from 1.65 to 1.85 m. The crown diameter ranged from 87 to 115 cm. The maximum sizes of
young virginal individuals were noted in the Karkaraly district, the minimum — for areas of the Zhanaarka
district and the Ulytau district (Ulytau region). The trunk height was 9.5-51 cm, with the largest trunks rec-
orded for the Karkaraly district (Tab. 4).

Table 4
Indicators of individuals of the coenopopulations of the Juniper sabina
Cenopopulation Individual indicators, %
Shoot Life form by the shape of the trunk
. Crown € | o o ° ol o]
usnm | dameer | S Sel g | g | B E S| 5 2| &
' cm > |g°| =2 = S| o g % 5 &
2T z 4 O n S
Karkaraly district
Baktinskaya 3.7 87.0 47 | 21| 982 | 1.8 - 2.6 | 39.8 | 435 14.1 -
Karkaralinskaya 7.6 97.4 49 | 45| 988 | 1.2 - - 545 | 27.3 18.2 -
Kuvskaya 4.1 84.0 48 | 31| 940 | 3.0 | 1 | 0.1 | 519 | 19.2 27.9 -
Kentskaya 8.7 115 51 | 95| 995 | 0.5 - - 56.2 | 26.7 17.1 -
Zhanaarka district
Ortauskaya 1.85 55.0 36 |08| 975 | 25 - - 45.0 | 35.0 20.0 -
Aktauskaya 1.6 49.1 32| 06| 9.2 | 3.8 - - 36.5 | 39.1 24.4 -
Kosmurynskaya 2.3 71.2 38|14 | 988 | 1.2 - 09 | 422 | 354 20.6 | 0.9
Ulytau district
Maitobenskaya 4.55 89.9 49 | 3.6 | 100 - - - 545 | 27.3 18.2 -
Ulytauskaya 3.5 76.9 39 | 31| 100 - - - 534 | 25.8 19.8 -

The bark on the trunks is usually reddish-brown, old shoots are reddish-brown, with a gray coating,
branching is up to the 6th order. Young shoots are often light brown with a grayish coating or greenish-
brown with a gray coating.

When examining natural populations, no diseases or pests of the Cossack juniper were found.

The degree of plant renewal varied depending on the location of growth. Thus, juvenile plants of seed
origin were found in all areas, as well as those formed from root shoots. Self-seeding can be produced by
both adult generative individuals and young generative ones, while root shoots are formed only from adult
generative plants.

The observed difference in the onset and duration of the main phases of juniper vegetation in the areas
was not significant — from 1 to 3-4 days. The difference is explained by different geographical growing
conditions. Thus, the Karkaraly district is located next to each other on the Karkaraly ridge, which character-
izes the simultaneous passage of the main phases of vegetation. The sites of Zhanaarkinsky district and
Ulytau district (Ulytau region) are located in other conditions, differing in temperature conditions, moisture,
soil, which leads to differences in phenology.

Conclusion

The following conclusions can be drawn from the survey results:

1) The surveyed populations of Cossack juniper are dominated by the low shrub life form. Single-trunk
plants are most common, multi-trunk plants are less common. The rarest forms are double-trunk trees. In
general, in the Karkaraly district areas, adult generative individuals reach a much larger habitus than in the
Zhanaarka and Ulytau districts.

2) The ratio of age groups was determined, which made it possible to establish that the juniper popula-
tions were categorized as middle-aged stable.

3) The ratio of individuals in different life states was determined, which made it possible to establish
the predominance of healthy individuals.
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Opraasik Kazakcrangarsl Juniperus sabina meHomomyJisimusichbl

Makanana Kaparauner (Kapkapaner sxone JKanaapka aymanpmapbl) xoHe YubiTay (¥iblTay aygaHbl)
OOJNBICTAPBIHBIH ayMarblHAa OCETiH Kasak apuiackiHbiH (Juniperus sabina) BereraTwBTI MyIuenepiHiH
MOP(ONOTHSANBIK ~ KYPBUIBIMBIHBIH ~ €PEKIIETIKTepiH  TeKcepy  JKSHE  3epTTey  YCBHIHBUIFaH.
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LenononymsuusuiapAbIH OHO3KOJIOTHSUIBIK CUIIATTaMaIapbl MOMYJSILHUAAAFbl JapaKTapIblH THIFbI3IBIFEl MEH
OMIPILEH/ITT XKOHE Kac epeKIIeNiK Kyii apakaThIHachl Heri3iHae 3epTrenmi. JKac epekuemniri KypbhUIbIMbI
GoiipHIIa OapIIbIK apiia MOMyJSIIUsIIaphl OpTa YKACTaFbl, TYPAKThI )KOHE TOJBIK MYIIEi OOJIBIT aHBIKTAJ/IBI.
IenomomysusuIaparbl JapakTapiblH KOMIIUIr Ta3a jen kikremmi. Juniper sabina TexTik KOpPBIHBIH
JKaFIaibl CalbICTRIPMANIBl TYpAC KaHAaFaTTaHAPIBIK, JCTCHMEH Kopi JapakTapIblH YiIeC CalMaFbIHBIH apTybl,
acipece JKaHaapka aynaHbIH/A apilia MOMYJSIUAACHH CaKTay [apalapbiH Talam eTeli.

Kinm ce30ep: Ka3ax apIiachkl, MOP(OIJIOTHS, IEHOMOMYJISIIAS, TIPIIUTIK popMackl, )KacTHIK KYpaMbl.

ILY. A6aukapumoBa, A. Kamu, b.b. JlocanoBa, M.M. CunantseBa, [[.K. Kei3gaposa

Henomonmyasimuu Juniperus sabina B LleaTpaasnom Ka3axcrane

B craThe mpeacTaBIeHO UCCIIENOBAHUE U U3YYEHHE 0COOCHHOCTEH MOP(HOIOrNYECKOTr0 CTPOCHHUS BEreTaTHB-
HBIX OPTaHOB MOJOKEBENbHHKA Ka3aukoro (Juniperus sabina), mpouspacraromero Ha teppuropuu Kaparan-
nmuackor (Kapkapanmuuckuii n JKaHaapKUHCKUE paiioHbI) M YibITayckoi (YibITaycKuid pailoH) 001acTsX.
W3y4ens! 6rosKoI0rnueckue 0cOOEHHOCTH LICHOIOMYIISIIIMH Ha OCHOBAaHHMH IUTOTHOCTH 0CO0OEH B MOIYIISIINY,
COOTHOIICHUS JKH3HEHHBIX W BO3PACTHBIX COCTOsHUIL. [10 BO3pacTHOH CTPYKType BCE MOMYIBILMU MOXIKeE-
BEJIbHUKA OIpe/IeIeHbl, KaK CPEHEBO3PACTHBIE, YCTONUYMBEIE U IOJHOWIEHHBIE. BosbHCTBO 0co0ei B 1e-
HOTIOIMYJISIUSX OTHECEHBI K Kareropuu 3mopoBbix. CocrosiHue renodorga Juniper sabina oTHocuTesbHO
YJIOBJICTBOPHUTEIHFHOE, OJTHAKO TTOBBIIICHHAS JIOJS CEHUIIBHBIX 0c0obel, ocoOeHHo B JKaHaapkHHCKOM paiioHe,
TpeOyeT MPOBEICHHS MEPONIPUATHH 10 COXPAHEHUIO NOIYJIALMIT MOXOKEBEIIbHHUKA.

Knioueswvie crosa: Juniperus sabina, MopgoI0oTHs, HEHOMOMYISIHSA, )KU3HEHHAS (opMa, BO3pACTHOU COCTaB.
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Features of the distribution of the obesity phenotype depending on age

The article analyzes the prevalence of the metabolically healthy obesity (MHO) phenotype concerning age
and gender. Similar to global studies, the criteria for this phenotype are actively being investigated in Ka-
zakhstan. In 2017, the Kazakhstan Cardiology Center (KCC) presented a draft of recommendations regarding
obesity. A key question revolves around the feasibility of classifying patients with metabolically healthy obe-
sity phenotypes. It has been suggested that phenotype should be defined for each body mass index (BMI)
group based on the waist-to-hip ratio. The findings indicate that the frequency of metabolic syndrome varies
significantly depending on the classification used. Among women, metabolically healthy obesity phenotype
occurs more frequently than in men, though its prevalence decreases with age. Individuals with metabolic
syndrome, an increase in mean arterial pressure while maintaining normal levels of cholesterol, triglycerides,
and high-density lipoproteins, regardless of the classification used. When using the KCC criteria to define
MHO, the frequency of cardiometabolic risk factors was higher compared to other criteria. The conducted
study revealed variability in the frequency of metabolic syndrome depending on the criteria used for classifi-
cation: International Diabetes Federation (IDF) (2021) — 23.2 %, KCC (2021) — 27.1 %, NCEP ATP Il
(2021) — 41.8 %. Depending on age, the frequency of MHO phenotype in menopausal women showed a sta-
tistically significant increase across all classifications. A notable decline in the prevalence of is observed in
statistical indicators among women over the age of 55.

Keywords: obesity, metabolically healthy obesity phenotype, metabolism, age and gender characteristics, ar-
terial hypertension, diabetes mellitus.

Introduction

In economically developed countries, including the Republic of Kazakhstan, 22 % of children and 55 %
of adults — comprising 58 % of women and 53 % of men — are overweight or obese. Excess weight is
clearly associated with a significant increase in the risk and frequency of arterial hypertension, insulin-
independent diabetes, atherosclerosis, and coronary heart disease. The progression of Type 2 diabetes
mellitus has been demonstrated to be linked to elevated blood pressure, dyslipidemia, and metabolic
irregularities prevalent in individuals with obesity. With a decrease in body weight, the development of
atherosclerosis slows down, blood pressure normalizes or decreases, and the fight against diabetes improves.

Epidemiological research indicates that individuals with excess weight are at a higher risk of
developing musculoskeletal disorders such as spinal osteochondrosis and metabolic-dystrophic polyarthritis.
Additionally, they are more prone to hepatobiliary issues, including gallbladder dyskinesia, chronic
cholecystitis, and cholelithiasis. Moreover, there is an elevated likelihood of local tumor development,
encompassing lung cancer, breast cancer, and cancers of the uterus and ovaries.

Against the background of obesity in women, menstrual-ovarian dysfunction and infertility are often
observed. Additionally, timely intervention in body weight can normalize the menstrual cycle. Patients
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suffering from obesity are most often on hospital admission sheets. Such individuals experience more
complications and surgical interventions after anesthesia. According to statistics, people with sensory
problems are more likely to die in transport accidents and other types of accidents. Excess weight reduces
average life expectancy by 3-5 years, and the life expectancy of people with high obesity is reduced to
15 years. Human mortality occurs in two out of three cases from diseases associated with impaired fat
metabolism and obesity. It has been found that if humanity could solve the problem of obesity, average life
expectancy would increase by 4 years. For comparison, if the cancer problem were solved, average life
expectancy would be only 1 year longer.

The prevailing obesity epidemic stands out as a significant health challenge in our era. Typically,
obesity is linked to an unfavorable metabolic profile, including disruptions in carbohydrate metabolism,
alterations in lipid profile, elevated blood pressure, systemic inflammation, and changes in liver enzymes,
among others [1]. This constellation of changes associated with obesity is commonly referred to as metabolic
syndrome (MS). Nevertheless, recent findings indicate that obesity does not universally result in detrimental
metabolic consequences, highlighting its non-homogeneous nature [2].

Approximately 10-30 % of individuals classified as obese exhibit a metabolically healthy state despite
having an excessive accumulation of body fat. This phenomenon is commonly referred to as the
metabolically healthy obesity phenotype (MHOP) in contemporary literature [3]. However, gaining a
comprehensive understanding of the epidemiology and long-term implications of MHOP is challenging due
to conflicting findings in various studies [4-6]. Moreover, there is inconsistency in the prevalence of MHOP
across studies, with some attributing variations to the diverse definitions employed. This discrepancy
underscores the disconnection between this phenotype and its associated health outcomes.

A systematic review addressing the prevalence of MHOP suggests a wide range, from 6 % to 75 %. The
review also posits that socio-demographic factors, such as gender, age, and ethnicity, may contribute to this
variability. When the analysis is stratified by gender and age, it reveals a higher prevalence of MHOP in
women and young individuals compared to men [7-9].

It is crucial to acknowledge that researchers may incorporate diverse criteria such as excess body
weight, obesity, or various metabolic syndrome (MS) indicators within the concept of metabolically healthy
obesity phenotype (MHOP). Consequently, participants who exhibit no metabolic alterations or possess one
or two MS symptoms, as per recent findings, might be included in the study. Despite the variations in
research methodologies, there is a need for additional studies to establish the frequency of MHOP through
comparative analyses. The study’s objective is to evaluate the sex-age characteristics of MHOP prevalence,
considering various classifications, and to examine its metabolic features.

Research materials and methods

The research was carried out on patients between 2021 and 2023 at the “Clinic of Internal Diseases”,
situated at 50a Raiymbek Ave., Almaty. The sample consisted of 350 individuals classified as obese
(BMI > 30 kg/m2), with 85 men (26.8 %) and 265 women (73.2 %). The primary methods employed in the
study included anthropometric indicators and biochemical blood tests. Additionally, the research considered
social behavior parameters, such as smoking habits, educational attainment, marital status, and levels of
physical activity.

Blood pressure was assessed through three consecutive measurements using an Omron M5-1 automatic
tonometer from Japan, with a 2-minute gap, on the right hand, while the individual was seated following a 5-
minute rest. Height measurements were taken with the person standing, without outerwear and shoes, using a
standard height meter. Body weight was determined on calibrated lever scales, without outerwear and shoes,
ensuring a measurement accuracy of 0.1 kg. The body mass index was computed using the formula:

BMI (kg/m2) = weight (kg) / height (M2).

Peripheral blood for biochemical analyses was collected from a vein using vacuum tubes after a 12-hour
fasting period. The levels of high-density lipoproteins, glucose, triglycerides, and cholesterol were
determined using enzymatic methods on the KONELAB 300 automatic biochemical analyzer (Thermo
Scientific, USA). The conversion of serum glucose values obtained on an empty stomach to blood plasma
values was carried out using the formula proposed by researchers from the European Association for the
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study of diabetes (2007): Plasma glucose concentration (mmol/L) = -0.137 + 1.047 x serum glucose
concentration (mmol/L).
Three sets of criteria were employed to identify the metabolically healthy phenotype of obesity:

BMI > 30 kg/m2 and IDF (2021) (International Diabetes Federation):

For men, waist circumference > 94 cm; for women, waist circumference > 80 cm.

Presence of at least one of the following metabolic syndrome (MS) components: Triglycerides (TG) >
1.7 mmol/L; High-density lipoproteins cholesterol (HDL-C) < 1.0 mmol/l in men and HDL-C < 1.3 mmol/L
in women; Blood Pressure > 130/85 mmHg; Fasting plasma glucose (FPG) > 5.6 mmol/L or the presence of
Type 2 diabetes.

NCEP ATP |11 (2021) (National Cholesterol Education Program):

Presence of at least one of the following MS components: Waist circumference > 102 cm in men and >
88 cm in women; TG > 1.7 mmol/L; HDL-C < 1.0 mmol/l in men and HDL-C < 1.3 mmol/l in women;
Blood Pressure > 130/85 mmHg; Fasting plasma glucose (FPG) > 6.1 mmol/L.

KCC (2021) (Kazakhstan Cardiology Center):

An index of ba/ba < 0.9 was applied for men, and Ba/Ba < 0.85 for women. Statistical analysis was
carried out using MS Office Excel 2019, and the significance of differences was assessed using the Student’s
t-criterion for two-group comparisons. The normality of the distribution of variables was examined using the
Kolmogorov—-Smirnov criterion. In cases where the distribution deviated from normal, parametric criteria
were applied after transforming indicators using natural logarithm. The data presented in tables and text
include absolute and relative values (n, %), as well as M+o, where M represents the arithmetic mean, and
is the standard deviation. Statistically significant differences were indicated as *p < 0.05; **p < 0.01 —
highly significant, ***p <0.001 — exceptionally significant.

The research was conducted in compliance with ethical standards.

Research results and analysis

The prevalence of the metabolically healthy phenotype of obesity exhibited significant variation based
on the applied criteria (Fig. 1). According to the IDF (2021) criteria, it was 23.2 % (n = 43 subjects), NCEP
ATP 11l (2021) — 41.8% (n = 173 subjects), KCC (2021) — 27.1 % (n = 134 subjects), ***p<0.001.
Notably, the KCC (2021) criteria revealed a specificity of 3 % in men for the incidence of MSF, highlighting
a pronounced prevalence of abdominal obesity.

50

43 41,9
* %
40 233 36,1
30 247 274
19,3%**
20
10
. 2,6***
0 ‘;—‘ [— : |
NCEP ATPP III KCC 2021
B Men B Women M Bothsexes

Figure 1. Distribution of the metabolically healthy obesity phenotype according to different classifications:
**p<0.01; ** * p < 0.001-statistical significance of differences between men and women

The prevalence of MHOP is higher in women compared to men, as depicted in Figure 2. Recognizing
the significance of age and gender as factors influencing the development of MHOP, its frequency was
assessed across various age groups.
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Figure 2. Age and gender characteristics of the prevalence of MHOP: A) IDF, B) NCEP ATP IlII,
C) according to the criteria of the KCC * p<0.05, *** p<0,001 — 45 — 69 statistical significance of age differences

The highest occurrence of the metabolically healthy obesity phenotype among women occurred in the
age group of 45-49 years, with rates of 34.1 % (IDF, 2021), 54.0 % (NCEP ATP Ill, 2021), and 52.9 %
(KCC, 2021). In women aged over 55, MHOP is notably less prevalent compared to the 45-49 age group,
with a significant difference, p<0.001. For men, there was no statistically significant difference in the
frequency of MHOP across all age groups, p>0.05.

The study results highlight a greater occurrence of the metabolically healthy obesity phenotype in
women compared to men, with a decline noted in women aged over 55. When analyzing the frequency of
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risk factors among individuals with the metabolically healthy obesity phenotype, a higher prevalence of
abdominal obesity was observed in both men and women. A gender-based comparative analysis revealed
that, across various criteria (NCEP ATP I1l, IDF, KCC), women exhibited higher prevalence rates than men:
for NCEP ATP 11l — 90 % in women and 71 % in men (p<0.001); for IDF — 99 % in women and 97 % in
men (p < 0.001); and for KCC — 99 % in women and 86 % in men (p < 0.001).

The average age at the point of inclusion in the control group was 58.2 + 6.8 years for men and
58.7 + 7.0 years for women. The initial examination involved the analysis of various data, including age,
anthropometric indicators, blood pressure measurements, total cholesterol (TC), triglycerides (TG), high-
density lipoproteins cholesterol (HDL-C), low-density lipoproteins cholesterol (LDL-C), and fasting blood
plasma glucose (FPG), as detailed in Table 1.

Table 1
The main clinical and biochemical indicators of the studied objects at the age of 45-69 years, m + ¢
Indications nl\iez?) Eimla;g ang slgx; S pe/a
Systolic BP, mmHg 154,6 £24,3 151 £235 152,3 £26,7* p<0,57
Diastolic BP, mmHg 96,5+ 12,1 96,6 £ 12,3 98,1 +12,1%* p<0,001
BMI, kg/m2 36,1 £2,0 349+32 36,4 + 3,0* p<0,001
Fasting glucose, mmol/l 6,724 6,5+1,5 6,6 £2.4* p<0,001
Total cholesterol, mmol/I 53+1,5 6,8+1,7 6,7 +1,3* p<0,001
LDL-C, mmol/I 51£1,0 46+1,1 53+1,3* p<0,001
HDL-C, mmol/l 1,4+0,3 1,7+0,4 1,4 +0,6* p<0,001
TG, mmol/Il 1,L7+1,0 1,8+0,7 1,9 +0,9* p<0,001

Information regarding a history of elevated blood pressure and recent use of antihypertensive
medications within the last two weeks was gathered in advance during the screening of participants. In
instances where individuals had a prior diagnosis of arterial hypertension (AH) but were currently taking
blood pressure-lowering medications, both those with normotension and those with AH were included in the
screening.

For individuals with the metabolically healthy obesity phenotype (MHOP), the analysis was conducted
based on various classifications, where the average values of systolic and diastolic blood pressure were
determined. The key components of this analysis are presented in Table 2.

The prevalence of arterial hypertension (AH) in the NCEP ATP Il group is similar between men and
women, with p>0.01. According to KCC criteria, there is a higher incidence of AH in men (91 %) compared
to women (84 %) with p<0.001. In the IDF group, AH is more frequently observed in women than in men,
accounting to 70 % and 67 %, respectively, with P<0.05. Carbohydrate metabolism disorders, as per NCEP
criteria, have a lower frequency in individuals with the metabolically healthy obesity phenotype (MHOP)
according to ATP Il and IDF criteria. However, according to KCC criteria, the prevalence of hyperglycemia
is 36 %, with 26 % in women, p<0.001.

Various lipid spectrum disorders, such as hypertriglyceridemia (HyperTG) and low high-density
lipoprotein cholesterol (HypoHDL-C), have low frequencies in MHOP according to IDF and NCEP ATP IlI
criteria. The statistical significance of the differences between men and women was not observed. However,
based on KCC criteria, there is a high prevalence of hypertriglyceridemia (HyperTG) and low high-density
lipoprotein cholesterol (HypoHDL-C) in women (39 % and 31 %, respectively), while the frequency of
hypertriglyceridemia in men is lower (27%) and low HDL-C levels are observed in 9% of men, with p<0.001
for these indicators.
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Table 2
Clinical and biochemical indicators of people with MHOP, M + ¢
Indicators IDF NCEP ATP 111 KCC
n=43 n=173 n=134
Systolic BP, mmHg 141,9+25,5 144,4 + 26,1 145,7+ 25,3
Diastolic BP, mmHg 89,8+ 13,0 91,0+ 13,5 91,5+ 12,5
BMI, kg/m2 32,7+3.,6 32,7436 33,1 +4,1
Fasting glucose, mmol/l 100,0 £9,6 100,3 +£9,6 95,1+7,9
Total cholesterol, mmol/I 43+0,7 4,5+0,7 48+1,2
LDL-C, mmol/l 6,1+ 1,0 6,2+ 1,1 6,3+ 1,2
HDL-C, mmol/I 3,8+ 0,9 4,1+ 1,0 43+ 1,1
TG, mmol/l 1,6£0,2 1,6£0,2 1,6+0,3

Recent research papers have highlighted the absence of a standardized approach utilizing a consistent
set of criteria and threshold values for identifying metabolic disorders, particularly in studies focusing on
obesity. This lack of uniformity serves as a primary contributor to the substantial variability observed in the
prevalence of the metabolically healthy obesity phenotype (MHOP) [10-11]. Epidemiological data reveal
that the group prevalence of MHOP can vary widely, ranging from 3.7 % to 57 %, depending on the
classification used in each specific study. This broad spectrum of MHOP conditions leads to conflicting
findings regarding the investigation of cardiovascular and metabolic outcomes, presenting a significant
challenge in comprehending its long-term implications.

Metabolically healthy obesity is generally characterized by the absence of metabolic abnormalities, with
many researchers defining it as obesity without significant cardiometabolic disorders, such as metabolic
syndrome. Studies like HUNT-II suggest that indicators of abdominal obesity, like the BA/BA index, might
serve as better predictors of coronary artery disease compared to the DSI. Similar results were observed in
the Australian National Diabetes, Obesity and Lifestyle Study (AusDiab), where individuals with a large
waist and a small hip circumference had the highest prevalence of diabetes. Another study highlighted the
occurrence of hypertension and undiagnosed dyslipidemia in individuals with this condition who were not
previously diagnosed [12].

In our investigation, the examination of the distribution of the metabolically healthy obesity phenotype
(MHOP) revealed a prevalence of 23.2 % based on IDF (2021) criteria and 41.8 % according to NCEP
ATP Il criteria. Notably, in women, the occurrence of MHOP is significantly more frequent than in men.
However, outcomes from BioSHaRE researchers, who analyzed data from various epidemiological studies
with standardized criteria, demonstrate considerable variability in the prevalence of MHOP across Asia. The
highest percentage of MHOP was observed in the CHRIS and KORA studies, especially in women from
NCDS, LifeLines, KORA, and CHRIS, while the lowest prevalence was noted in HUNT2 with Finnish
cohorts.

Based on our findings, gender disparities in the prevalence of the metabolically healthy obesity
phenotype (MHOP) were evident across different age groups. In women aged over 55, a notable reduction in
MHOP was observed compared to men with advancing age. This decline may be attributed to the likelihood
that women tend to experience menopause at a later stage in life. Existing literature supports the notion that
components of metabolic syndrome, including abdominal obesity, hypercholesterolemia, low levels of high-
density lipoprotein cholesterol (HDL-C), elevated triglycerides, and high glucose levels, indicate an
increased prevalence of metabolic syndrome and its constituents in menopausal women [13].

Among men, a marginal decline in the prevalence of the metabolically healthy obesity phenotype
(MHOP) was noted in older age groups. Our findings suggest that this trend is linked to the average life
expectancy of men with MHOP in Kazakhstan, which, as of 2016 data, is reported to be 66.5 years [14].

An analysis of the primary components was conducted for individuals with the metabolically healthy
obesity phenotype (MHOP) across various classifications. It was observed that the average values of both
systolic and diastolic blood pressure, as presented in Table 2, were higher when compared to contemporary
recommendations for the diagnosis and management of hypertension. The examination of lipid spectrum
components revealed normal levels of triglycerides (TG) and high-density lipoprotein cholesterol (HDL-C)
across all analyzed classifications. However, levels of low-density lipoprotein cholesterol (LDL-C) and total
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cholesterol (TC) surpassed the reference values for the general population, indicating an increased
cardiovascular risk even in individuals initially classified as low-risk.

Consequently, the observed variability in the distribution of the metabolically healthy obesity
phenotype (MHOP), coupled with its elevated prevalence in younger individuals, corresponds with global
trends. This situation introduces uncertainty regarding the future implications of this state, emphasizing the
necessity for a unified classification of MHOP to ascertain outcomes like myocardial infarction, cerebral
circulation disorders, type 2 diabetes, and others. The timing of medical intervention in lifestyle
modifications for optimal health benefits to the patient remains ambiguous, necessitating further in-depth
investigation.

It is important to acknowledge that metabolically healthy obesity phenotype (MHOP) is considered a
transitional state, and there is a possibility of later addition of components associated with metabolic
syndrome [15]. Our study revealed that individuals with MHOP, regardless of gender, exhibit the highest
frequency of all cardiometabolic risk factors according to the defined criteria. While the Ba/Ba index is
traditionally viewed as an indicator of abdominal obesity, our data showed a relatively high prevalence of
abdominal obesity despite normal Ba/Ba index values in individuals with MHOP.

Analyzing the general population at the “Clinic of Internal Diseases” on 50a Raiymbek Ave., Almaty,
we found that among individuals aged 45-69 years, based on NCEP-ATP Il (2001) criteria, the most
common components in those with metabolic syndrome were abdominal obesity (95 %) and elevated blood
glucose (85 %). The observed variability in the distribution of MHOP and its high prevalence across
different genders and age groups align with global trends. These findings underscore the relevance of
considering MHOP in predicting outcomes such as myocardial infarction, cerebrovascular disorders, type 2
diabetes, etc., emphasizing the need for increased attention and further comprehensive study towards
establishing a unified classification for the metabolically healthy obesity phenotype.

Conclusion

In summary, the study’s findings reveal that the prevalence of the metabolically healthy obesity
phenotype (MHOP) varies based on the classification used: IDF (2021) — 23.2 %, KCC (2021) — 27.1 %,
and NCEP ATP Ill (2021) — 41.8 %. When considering age and menopause in a female sample, the
frequency of MHOP exhibited statistically significantly higher values across all classifications. Particularly
noteworthy is the significant decline in the frequency of MHOP among women aged over 55.

Among women, higher frequency indicators of all cardiometabolic risk factors were more pronounced
compared to other MHOP criteria. Furthermore, the analysis of risk factors in individuals with MHOP,
considering all studied criteria, revealed a heightened prevalence of abdominal obesity in both men and
women. A gender-based comparative analysis underscored that women exhibited a higher prevalence than
men.
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H.T. A6naiixanosa, .M. Oxac, 3.K. TenebaeBa, A.E. Ecen06exona,
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7Kac epexkuesiikTepine Kapai ceMi3iik (peHOTHNIHIH
TapaJIybIHbIH epeKLIeIKTepi

Makasana KachlHA JKOHE KbIHBICHIHA OAMIaHBICTBI METa0OJMKANbBIK cay ceMismik (enoruniniy (MCC®D)
Tapaiysl TaJaHFaH. OJEeMIIK 3epTreyiepre ykcac Kasakcranma ocbl ()eHOTHUNTIH KpUTEpHiIepi OenceHni
seprrenyne. 2017 xbuisl Kasakcran kapamonorust koramsl (KKK) cemismik Mocenecin menry OOHBIHIIA
YCBIHBIMIAp >k00achIH YChIHABL Herisri cypakrapasiH 0ipi — METa0ONMKANbIK cay ceMi3mik ¢geHotumi Gap
HayKacTap/bl JKIKTeYIiH MaHbI3AbUIBIFEL. By deHoTunTi AeHe canmarsiably uHaekciHiH (JICH) op ToObIHIa
Oen meHOepiHeH »kambac mIeHOepiHe KAaThIHACHI HETI3IHIE AaHBIKTay YCHIHBUIIBL. AJIBIHFaH HOTHKeJep
METa0OMKAIBIK CHHAPOMHBIH JKHUIIT KOJNAAHBUIATHIH JKIKTEYre OalIaHBICTBI aWTapiIbIKTail e3repeTiHiH
KOpceTTi. Olienyiep apackiHia METa0OUKAJIBIK cay ceMi3zik GeHOTHII epiepre KaparaHia alTapibIKTai xKui
Ke3zecendi, OipaKk OHBIH Tapalybl Xac YIFaiifaH CallblH TeMeHZehai. MeTaOoNmuKamblK CHHIPOMBEI Oap
amamzapza KOJJaHbUIATBIH JKIKTEYre KapamacTaH, JKOFapbl THIFBI3JBIKTarbl XOJECTEPHH, TPHIIHIEPUITED
MEH JMIONpPOTEHATEPiH KaJbINThl ACHIEiliH CaKTail OTBIPHIN, OpTalla KaH KBICHIMBIHBIH JKOFapbUIaybl
Oatikangsl. MCC® anbikray ymin KKK kpurepuitnepin naiigananfad Ke3lle KapIHOMeTaOOIHKAIBIK Kayil
(axTopiapbIHbIH KHLTIrT 6acka KpUTepHiliepre KaparaHaa jKorapbl OoNibl. 3epTTey OapbIChIHAA KIKTEY
Ke3iHe KOJIAHBUIATBIH KPHUTEpHUiliepre OalaHbICThI METa0ONMKANBIK CHHIPOM KHUITITIHIH ©3TeprilITiri
AHBIKTAJI/IBI, SFHU: XalbIKapasblK KauT auadeti Gpeneparmscel (IDF) (2021 x.) — 23,2%, KKK (2021 x.) —
27,1%, NCEP ATP Il (2021 x.) — 41,8%. MeHnonay3anarbl oiesnaepaid »xacbiHa Oaitnansictei MCCD
JKUITTTT  OapiblK JkikTeysiep OoifbIHIIA aWTapibelkTail ecyni kepceTTi. CTaTUCTHMKANBIK KOPCETKIITep
ootiprHma MCC® TapanybIHBIH aiiTapibIKTail TOMeHeYi 55 xacTaH acKaH dWenaep apachliHaa OalKauIbl.

Kinm ce30ep: ceMizmik, METa0ONMKANBIK cay CeMi3iK (EeHOTHI, 3aT anMacy, Kac >KOHE JKBIHBICTBIK
€pEeKIIeTIKTep, apTePHSIIBIK THIIEPTEH3HS, KAHT THa0eTi.

H.T. AbnatixanoBa, 1.M. Oxac, 3.K. TonebacBa, A.E. Ecendekona,
Bb.A. Myxutaus, b.A. Ycinoek, A.A. Jlyticen6ek, JI.C. KoxxamkapoBa

Oco0enHocTH pacnpocTpaneHusi GeHOTHIIA 0KUPEHUSA
B 32aBHCHMOCTH OT BO3pacra

B cratbe aHanmmsmpyeTcst pacrpocTpaHEHHOCTh METaboIIIecK 30poBoro ¢enornna oxupenus (M3PDO) B
3aBUCHMOCTH OT BO3pacTa M IoJia. AHAaJIOTHYHO MUPOBBIM HCCIIEOBaHUAM, B Ka3axcTaHe akTHBHO M3y4aroT
kputepun nganHoro ¢enotunma. B 2017 roay Kasaxcranckoe kapauonornueckoe oobmectso (KKO)
MPECTABIIIO MPOCKT PEKOMEHAAIMI 110 PEeIIeHUI0 MpobieMbl oxupeHus. OIHUM U3 KIIIOYEBBIX BOIPOCOB
ABISIETCS.  LIeTIeCO00Pa3sHOCTh  KJIACCU(UKALMM TMAalMeHTOB C METa0OJIMYECKH 3J0POBBIM (EHOTHIIOM
oxupenus. IIpeoxkeHo onpeaensiTe 3TOT (GEHOTHH B Kaxaoil rpymmne uHaekca maccsl tena (IMT) Ha
OCHOBAaHUH COOTHOIIEHHSI OKPY>KHOCTH TaJIMU K OKPYKHOCTH Oeziep. IlosrydeHHbIe TaHHbIe CBUIETEIbCTBYIOT
0 TOM, YTO 4YacTOTa METa0OIMYEeCKOTO CHHAPOMA CYIIECTBEHHO BapbHPYETCS B 3aBHCHMOCTH OT
npuMeHseMoil  xmaccudukanmy. Cpenu  SKEHIIMH — MeTaOOJIMYeCKH 3[0pOBBIT  (DEHOTHIT  OXKHUPCHUS
BCTPEUAETCSl 3HAUMTEIBHO 4Yallle, YeM CPeId MY)KYHH, OJHAKO €ro pPacHpOCTPAHEHHOCTb CHIKACTCS C
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BO3pacToM. Y JIMIl C MeTa0OJMYECKUM CHHIPOMOM OTMEYEHO IIOBBIILICHHE CPEIHEro apTepuaIbHOro
JIABJICHUS NIPH COXPAHEHHH HOPMaJIbHOTO YPOBHS XOJIECTEPHHA, TPUIIIULEPHUIOB U JIMIOIPOTCHHOB BBICOKOH
IUIOTHOCTH, HE3aBHCHUMO OT NpHMeHseMol kiaccuduxauuu. [lpu mcmonp3oBanmu kpurepues KKO s
ompeneneanst M3®0O wacrtora kapanomMerabonnueckux (aKTOpOB PHCKA OKa3anach BEINIE, YeM IO JPYTUM
KpUTEpHsIM. B Xome NpoBEeJEeHHOTO HCCIIENOBAaHMS BBHISBIEHA H3MEHUMBOCTH YAaCTOTHI METa0OINYECKOTo
CHHPOMa B 3aBHCHMOCTH OT FWCHOJIb30BAaHHBIX IIPH KIacCHU(UKaMH KpUTepUeB: MexIyHapomHas
@eneparus auadera (IDF) (2021 r.) — 23,2 %, KKO (2021 r.) — 27,1 %, NCEP ATP IIl (2021 r.) —
41,8 %. B 3aBucMMOCTHM OT BO3pacTa y JKCHIIMH B IepHoA MeHomay3sl uyactora M3PO mokaszana
3HAYMTENbHOE IOBBIIIEHHE TI0 BCEM KIacCH(PUKALUUAM. 3aMETHOE CHIDKEHHE pacmpocTpaHeHHocTH M3DO
HaOJII0aeTCs B CTAaTHCTUYECKUX MOKAa3aTeNAX CPEIH JKSHILHH cTapiue 55 Jier.

Kniouesvie cnosa: oxupenue, MeTabOIMYECKU 3T0POBBI (PEHOTHIT OXKUPEHUS, OOMEH BELIECTB, BO3PACTHBIC
U NI0JIOBBIE TIPU3HAKH, apTepHaIbHask TUIIEPTEH3US, CaXapHbIi anaber.
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Meouyunckuii ynusepcumem Kapaeanowl, Kapaeanoa, Kazaxcman
Aemop ons koppecnondenyuu’ esedova.aizhan@mail.ru

dapmakor{ocTuueckuii anaau3s coipbsi Dasiphora parvifolia (Rosaceae)

B crartbe npe/cTaBlIeHbl HTOTH U3YYCHHST MOP(OJIOTHYECKOr0 M aHATOMHUYECKOrO CTPOCHHUS HA/[3EMHBIX Op-
raHoB KypHibckoro yas Menkoiucroro (Dasiphora parvifolia), co6pannoro na Teppuropun Kaparanmus-
ckoii obnactu (Llenrpanbhbiii Kasaxcran). [IpoaHanu3upoBaHbl OKa3aTeNd HaJA3EMHBIX OPTaHOB U COCTaB-
JICHBI ONHCAHMS KIIOYEBBIX MODPQOJIOTHYSCKHX H AHATOMHYECKHX MPH3HAKOB, TaKMX Kak: (popMa JHCTa,
CTPYKTypa BEepXHEH M HIKHEW CTOPOHBI JIHCTa, CTPOeHHe cTe6Iist, popMa COLBETHS U LBETKA, €r0 YacTeil —
Jaleyka, JEMeCTKd W YaIleTHCTHUKH. MHUKPOCKOMMNYECKHE MOKAa3aTeNd MPUBEICHB! ISl MOBEPXHOCTHBIX
mpemaparoB u cpe3oB. [lo UTOraM OMMCAaHMIA B CTAThE ONPEACICHBI JUATHOCTHYSCKHE MPH3HAKH CHIPBS Ha
MaKpO- U MHKPOCKOIIHYECKOM YPOBHE.

Knrouesvie cnosa: xypuibckuii yait menkonuctasiit (Dasiphora parvifolia), pacturtensHnoe coipbe, HaI3eMHBIC
OpraHbl, MaKPOCKOITHSI, MUKPOCKOIIHS, THATHOCTHICCKUE TIPU3HAKH.

Beeoenue

B Hacrosiee BpemMs 3aMeTHO BBIPOC MHTEPEC K JIe4eOHO-TPO(UITAKTHIECKAM CPEICTBAM PacTUTEIHHO-
r'0 MPOUCXOXKIECHHU. DTO OOBSICHSIETCS TEM, YTO (PUTOIpenapaThl COYETAIOT B ceOe MMUPOKUH crieKTp Onoso-
IMYECKON aKTHBHOCTH W MMUHUMYM IOOOYHOIO AEHCTBUSA. PacTHTENbHBIE SKCTPAKTHI MOBBILIAIOT TOHYC Op-
raHusMa, aJalTHBHBbIE BO3MOYKHOCTH HEPBHOW CHCTEMBI, YCTOMUMBOCTH OpraHu3Ma K HeOJIaromnpUsSTHBIM
(dakTopaM okpyxaromiei cpeapl. OCOOCHHO NMEPCIEKTUBHBIM IS MPAKTUYECKOTO MCIIONB30BAHUS SIBIISIETCS
CBIPbE BHJOB PaCTEHUM, KOTOPbIE INPOKO MPOU3PACTAIOT B NPUPOAHON cpene. IHTepecHBIM 00BEKTOM IS
NPAKTUYECKOrO IPUMEHEHHUS SIBIISIETCS] KYPUIBCKUM Yail MEIKOIUCTHBIM [1].

Kypusbckuii yaii menkomnuctoiii (Dasiphora parviflora (Fisch.exLehm.) Juz., cemeiictBo Rosaceae) —
KyCTapHU4YeK, BBICOTOH 15-80 cm, 0OBIMHO TIpOCTEpTHI WM MpsMocTOSIuA. B mpupome 3To pacTeHme
MOXXHO BcTpeTHTh Ha KaBkaze, B Cubupm, Ha Jlanpaem Boctoke, B ropax Cpennelr A3zuu, Monromuu, Ku-
tae, SIinonun, CeBepHoit Amepuke u 3anagHoit EBpomne [2].

Kypunbckuit yait METKOIMCTHBIA IPEANOYNTAET PACTH Ha KAMEHUCTBIX CKIIOHAX, B CTEMSAX M Ha CKaJlax.
OH ycTOHYMB K 3aCyLUIMBBIM YCJIOBHUSIM M BBICOKOTOPHBIM pailoHaM, Onarofapsi 4emy SIBJISI€TCS Ba)KHBIM
KOMITOHEHTOM apH/IHBIX U METPODUTHBIX IKOCHCTEM [2—4].

Llenbio HcciieioBaHus SBISIETCS OTpeieieHne MOP(OIOrHIecKuX U aHATOMUYECKUX MTPU3HAKOB CHIPHS
KYPUJIBCKOTO Yasi MEJIKOJINCTHOT0, coOOpaHHOro Ha teppuropuu Llenrpansaoro Kazaxcrana.

Mamepuansi u Memoowl uccie008anUs

OObeKTaMu UCCIIeIOBAHUS SBIBSUIMCH HAJI3EMHBIE YACTH KYPWJIBCKOTO 4asi MEJIKOJIHCTBIN (JIUCThS, CO-
LBETHUs U 1mo0Oeru), coopanHbie B 2-i nexase uiois 2024 roga B dase 1BeTeHus. MecTo coopa ChIpbs — 3TO
kameHucThie conku rop Kapkapansr (Kaparanaunackas o6nacts, Kapkapamuuckuit kpait, GPS-koopauHaThI
49.331892 c.m1., 75.555051 B.11.).

Mopdornorudyeckoe 1 aHATOMUYECKOE UCCIIEIOBAHNS TIPOBOIMIIMCH Ha 0a3e UCCIeI0BATEIbCKOTO MapKa
OMOTEXHOJIOTHM M 3KOMOHUTOpHUHTa Omojoro-reorpaduyeckoro akynprera KaparaHmuHckoro yHuBepcu-
TeTa UMeHHU akaneMuka E.A. bykerosa.

Mopdodonorudeckuii aHaIu3 NTPOBOAMIM ITyTeM (hoTorpadupoBaHus Ha Makpockore JIeBeHryk ¢ moce-
IYIOIIMM OIMCAHMEM MTOBEPXHOCTHBIX MPENapaToB JUCTa, IBETKOB U CTEOIs.

[Ipu BBIIOMTHEHNM aHATOMHYECKOTO HCCIIECIOBAHMS CyXUe 00pasibl HAJA3eMHBIX OpPraHOB Pa3MauynBaIIH
B Tropsiuell Bojie M pasMsrdalii B CMECH TIUICPHH-CIIUPT-IUCTHIUIMPOBaHHAs BOjIa B cooTHomeHun 1:1:1
(peaxtuB llTpayca-®Onemunra) [5, 6]. M3roraBiamBaau MOBEPXHOCTHBIE TMpeHapaThl U CPE3bl BPYUHYIO.
MuxkpodoTorpadhuu BIMOTHSUIM HAa CKAHUPYIONEM MUKpockorie BioMed mpu pa3nuyHOM yBeTUYeHUH, 00-
pabotky dortorpaduii mpoBoauiau B nporpamme Altami Studio. J{omonHuTenbHY0 00pabOTKy MUKPOGOTO-
rpaduii BBIMOJHSIN B mporpamme Paint 10.1.
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dapMakorHOCTUYECKMIA aHanm3 Cbipbs. ..

[Ipu onucannu MOp¢hOIOrHIECKOT0 U aHATOMUYECKOTO CTPOCHHUS UCIIOJIB30BANI IPUHIINIIBI, U3JI0KEH-
Hele B Tpyaax B.H. Bexoga, JI.U. Jlorosoii, JI.N. Cno6uuna, E.FO. ®pornosa, a Takke HopMaTuBHI | ocynap-
crBeHHoi dapmakonen Pecryonuku Kaszaxcran [7-10].

Peszynomamot u ux obcyscoenue

B pesynbraTe mccienoBanus ObUTH BBIIBIECHBI MOP(OIOrHYECKHE MPU3HAKNA KYPUIBCKOTO Yas MEJKO-
JIICTHOTO, TIPEJICTABIICHHBIC B TA0IUIIE.

TaoOonuma
Mopdoaornyeckne MPU3HAKH KYPHILCKOTO Yasi MEJIKOJIHCTHOTO

IToxa3zaTeaun Onucanmue

JlucTes mampuaTo-cioXkHBIC, ¢ 5S—7 nMucToukamu. J[JIMHA TUCTa COCTaB-
jigeT 527 MM, KOHEUHEIE JINCTOYKH JTUHEHHEIE WM JIMHEHHO-

JIAHIETHBIE, OCTPhIC
®opma JmcTa » 0¢Tp

HOBerHOCTI) MICJIKOBHUCTAsA, CCPO-3€JICHAasA

CTpyKTypa BepxHeii
CTOPOHBI JINCTA

Sk

CHHM3y C CHIBHO 3aBEpHYTBIMH KpasMH, TyCTO IIEIKOBUCTO-

BoslocHCTHIE. [[BeT — OeroBaThIif Wi cepeOpPHCTO-CBETIIO-3€IICHBIH.

CTpyKTypa HUKHe
CTOPOHBI JINCTA

[IpsamocTosunii, nepeBsSHUCTHIN y ocHOBaHMs. [loGern MOryT OBITH Kak
OJTHOJICTHUMH, TaK ¥ MHOTOJIETHHMH, CO BPEMEHEM CTAaHOBSCH Oojee
JPEBECHBIMHM 1 KPENMKUMH. MoJtos10ii cTedenb 9acTo HOKPHIT TOHKUM
Crebenn ONyIIeHHeM, MHOTONETHHH — TTaJKHi, ¢ OTCIAaMBaIOMIeH KOPOi.
i L[BeT MOJIOABIX TOOErOB — 3€JICHOBATO-KOPHUYHEBBIH, C BO3PACTOM OH
TEMHEET U CTAHOBUTCS TEMHO-KOPHUYHEBBIM.

[eetku 10-15 MM 1uaMeTpoM, sIpKO-KEITOr0, OAUHOUYHBIE WU B HE-
MHOTOLBETKOBBIX COLBETHSIX;
Yale BCEro MUTKOBUJHOE, MHOTAA IBETKH PBIXJIbIC MU OAHHOYHBIE.

®opma conperus LIBeTOK NpaBUIbHBIN

Benuuk pazgenbHonenecTHbld. Dopma JienecTka OKpyrjas WM IIU-
— 4 POKOSIHIICBHIHAS, C TIAJAKHUMHU KpasMH, JUIHHA Jienectka — 1,5-2 cm,

. LBET — JIMMOHHO-KEJITHIH
Benunk %;
L/
( g =

Uucmo 4amenaucTUKOB KaK MPaBUIIO 5, TUCTOYKUA CPOCHIMECS MPHU OC-
HOBaHMM. YaleTUCTUKU YJUTMHEHHBIE, JAHUETHON WM AULEeBUIHON
(hopMBbl, 3a0CTpEeHHBIE HA KOHIAX. YalleTuCTHKU CPaBHUTEIHLHO MEI-
kue, 10 0,8 cM ITMHOH, TIIOTHO MPUJIETAIOT K JeTiecTKaM mBeTka. [[Bet
— TEMHO-3eJICHBIN.

YameancTuKH
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Ha nonepeynom cpese NHCThsI UMEIOT A0P30-BEHTPAIBHYIO CTPYKTYPY C YETKO BBIPAKEHHOM pazHULICH
MEXIy BEpXHEW M HWKHEH cTopoHamu. JIMCTOBas MIacTMHKA MOKPHITA OJHOCIOMHBIM SMUACPMHUCOM C KY-
TUKYJIOW, KOTOpas sBJIsIeTcA OoJiee TOJICTOM ¢ HWKHEH cTOpoHbl. KieTkn smuaepMuca UMEIOT MHOTOYTOJIb-
HYIO WIH OKPYTJIO-TIPSMOYTOJBbHYIO (hOpMy, INIOTHO MPUIIETaloT Ipyr K Apyry (puc. 1). Jluct umeer mudde-
PEHIIMPOBAHHBIH Me30(HILT, COCTOSIIUI U3 BYX THUIIOB TKaHEH: cToib9aTtoro Me3oduiuia (BepXHUiA cioit) u
ryouartoro mMezoduina (HmwkHHN cioit). CTonduaToit Me30(HiT pacmooXKeH MO BEpXHUM SIHIEPMICOM B
OJIMH CIIOH, COCTOMT M3 YJUIMHEHHBIX KJIETOK, OPUEHTHUPOBAHHBIX MEPHIEHINKYJISIPHO MOBEPXHOCTH JIKCTA.
I'yOuaroit Me30HIUT PacHONOKeH C HUKHEH CTOPOHBI, XapaKTepH3yeTCs OoJiee PHIXJION CTPYKTYpOH ¢ 3a-
METHBIMH MEXKJIETOYHBIMH MPOCTPAHCTBAMHU. XOPOIIO MPOCMATPUBACTCS Ha IMpenapare CPEemHss KHIKa
JMCTa, KOTOpPasi BKIIOYAET COCYANUCTO-BOJIOKHUCTHIH MYy4OK, OKPYKEHHBII MEXaHHYECKON TKaHBbIO CKIICpEH-
xuMoii. [IpoBoasiye my4ky KosgaTepaibHble, 3aKPhITOrO THIIA.

Pucynox 1. ITonepeunsriit cpes nucra Dasiphora parvifolia. ®parmenT.
V8. 20x10: 1 — TpUXOMBI, 2 — BEPXHHUH SNHUJEPMHUC, 3 — CTONOUATHII Me30duILI,
4 — HIKHUH 3MTUIEPMUC, S— NPOBOASIINE ITyIKH

Ha nmoBepxHOCTHOM mpemnapaTre MpOCMaTPUBAIOTCSA KIETKH SMUAECPMHUCA BEPXHEW M HIDKHEH CTOPOHBI
OKpYTJION (DOPMBI C YTOJILEHHBIMA CTEHKaMHU. DMHUIEPMHC ¢ 00EHX CTOPOH IMOKPHIT ClIoeM KyTHKYJ bl Ha
HWKHEM 3IUAEPMHUCE OTMEYEHbI MHOTOKJIETOYHBIE TPUXOMBI (pHC. 2). YcThUIla aHOMOIIMTHOTO THIA IPH-
CYTCTBYIOT B OCHOBHOM C HIDKHEN CTOPOHBI JIMCTOBOM MJIACTHHBEI.

Pucynok 2. Dnmnaepmuc aucta ¢ BepxHet (A) u Hmwxae# (b) ctopon. YB. 20x10

BeHurK [[BETKa COCTOMT M3 OBAIBbHBIX KIETOK SMHUIEPMHUCA, IUIOTHO TPUIETAIONIHMX APYT K APYTY; HO-
BEPXHOCTh 0€3 OIYyILICHHWs; B CAMHX KJIETKaX XOPOLIO TPOCMATPHBAIOTCS OKpAIIECHHBIE 3€pHA IUTMEH-
TOB (pHc. 3).
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Pucynok 3. ®parment Benunka 1setka Dasiphora parvifolia. ¥s. 20x16

Crebenb KyprIIBCKOTO Yasl Ha TIONepedHOM cpese OKpyribiid (puc. 4). C HapyXHOUW CTOPOHBI cTEOEIh
MOKPBIT TOJICTHIM CJIOEM MEPUIECPMBI C OTCIIAUBAIOIIUMCS HAapy>KHBIM cioeM. Ha Mononpix moberax crebens
MOKPBIT 3MUAEPMHUCOM C TOHKOH KYTHKYJIOH, U Tpuxomamu. [log mepuaepmoii 3ameraeT cioii KOpoBoi ma-
PEHXUMBI.

Pucynox 4. [Tonepeunslii cpe3 cTedst KypHUIBCKOTO Yasi METKOJIMCTHOTO.
V8. 4x16: 1 — nepunepma, 2 — KopoBas mapeHxuma, 3 — ¢uiosma, 4 — Kcuiiema, 5 — CKIICpeHXHMa,
6 — ocraTkM cepIIeBUHHOI apeHXUMBI

IIpoBoasimas cuctema He MyYKOBOTO THUIIA, COCTOUT U3 PSAAOB KCUJIEMBI, pa3/IeJICHHBIX MapeHXUMHBIMU
JIlydaMH Ha «I0JIbKu». DJ103Ma 3aHMMAaeT TOHKHIA CJI0W, IPUJICTAOUINH K dHI0AepMe 1 kKamOuto. Kcunemuas
30Ha CHJIBHO CKJIEpEHXMMAaTH3MpoBaHa. lleHTpaibHas 4acTh CTEOJS COCTOMT W3 PBIXJIBIX MaPEHXUMHBIX
KJIETOK.

Baxnouenue

B pesynbTate mpoBeACHHOTO HCCICIOBAHUS HAMI3EMHON YaCTH KYPUIIBCKOTO Yas KyCTApPHUKOBOTO ObI-
JIM BBISIBIICHBI CJICTYIONIHE TUATHOCTUYCCKUE TPU3HAKU:

— Ha MakKpOCKOIIMYECKOM YpOBHE: (popMma JIMCTa, BEHUYMKA U YAIlSTUCTHKOB IIBETKA, THIT OMYIICHUS U
(dhopMa MOJIOJIBIX ¥ MHOTOJIETHHX OOCTOB;

— Ha MHKPOCKOIIMYECKOM YpOBHE: (hOopMa KJIETOK SMHACPMHUCA JINCTA, BEHYMKA [BETKA, HATMYHS MHO-
TOKJIETOYHBIX TPOCTHIX TPUXOM, PACIIOIIOKEHHE YCTHHUII IIPEUMYIIIECTBEHHO C HIKHEW CTOPOHBI, IPUCYTCT-
BHE y4aCTKOB C MUTMEHTAMH U PAcIOJOKEHHE TKaHel Ha IMOMEPEYHOM Cpe3e JIUCTa U CTeOIs.

Pe3ynbTaThl JAHHOTO HCCICIOBAHUS MOTYT OBITh HCMOJIb30BAHBI IS TOATBEPIKACHUS MOTUHHOCTH
CBIPBSI KYPUIBCKOTO Yasi MEJIKOJIUCTHOTO.
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A.M. DOcenona, B.B. Kazannes, XX.K. Kymarazuna, M.T. Mcnamxan, A.E. Mamaesa

Dasiphora parvifolia (Rosaceae) mmkizaTbin GapMaKOrHOCTHKAIBIK TAJIAY

Maxkanana Kaparauasr o6mbiceiabiy (Oprassik Kasakcran) aymarsinad sxunanrad Dasiphora parvifolia ycak
KaNbIPaKThl KYPUJI IIAWBIHBIH )KEPYCTI OpraHIapbIHBIH MOP(OIOTUSITBIK JKOHE aHATOMHMSUIBIK KYPBUIBIMBIHBIH
3epTTey HOTIKENepi KeNTipinreH. OCIMIIKTIH jkepycTi OeiKTepiHiH KepCeTKIIITepi TaJIaHbIN, Herisri
MOP}OJIOTHSIIBIK JKOHE aHATOMHMSUIBIK OeNriyieplIiH cHlaTTaManapsl: JKanblpak MilliHi, KabIPaKThIH YCTiHT
’KOHE aCTHIHFBI OCTiHIH KYPBUIBIMBI, Ca0aKThIH KYPBUIBIMBI, COHIAM-aK OHBIH OOJIKTepiHIH TOCTAFaHIIACHI,
TYJILIOFBIPBI JKOHE TYJI TOCTAFaHIIACHIHBIH JKEKe jKambIparbl OepinreH. MHKPOCKOMMSIIBIK KOPCETKIlITep
OeTki TpemapaTrTap MEH KeCiHAUIep YIIiH KenTipinreH. CumaTramanapIblH KOPBITBIHABICH OOWBIHIIA
MaKasaja Makpo- )KoHe MUKPOCKONHUSIJIBIK ICHIeHi/ie IINKI3aTThIH ANarHOCTHUKANBIK Oeirijepi aHbIKTaaFaH.

Kinm ce30ep: Dasiphora parvifolia, ecimaix mmkizars, xepycrti Gemikrepi, MakpOCKOIMHsI, MHUKPOCKOIIHS,
JIUarHOCTUKAIBIK Oenriiep.

A.M. Esedova, V.V. Kazantsev, Z.K. Zhumagazina, M.T. Islamkhan, A.E. Mamayeva
Pharmacognostical analysis of plant material of Dasiphora parvifolia (Rosaceae)

The article presents the results of studying the morphological and anatomical structure of the aboveground
organs of small-leafed Kuril tea (Dasiphora parvifolia) collected in the Karaganda region (Central Kazakh-
stan). The characteristics of the aboveground organs were analyzed, and descriptions of key morphological
and anatomical features were provided, such as leaf shape, structure of the upper and lower sides of the leaf,
stem structure, inflorescence, as well as its parts — calyx, petals, and sepals. Microscopic data were given for
surface preparations and sections. Based on the descriptions, diagnostic features of the raw material were de-
termined at the macro- and microscopic levels.

Keywords: Dasiphora parvifolia, plant raw material, aboveground organs, macroscopy, microscopy, diagnos-
tic features.
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HuaycrpuanbHbiili reomopgorene3 coppeMeHHbIX MeranoJjucos Kaszaxcrana

B coBpemeHHBIX Merarorcax Mupa HaOJoaeTcs sIpKo BBEIpaXKEHHOE HapyIIeHHE MPUPOJHOW SKOCHCTEMBI.
Ha yp6GaHu3npoBaHHBIX TEPPUTOPHUIX E€CTECTBEHHAs NMPHUPOIHAs cpena ObLIa 3aMEHEHa MCKYCCTBEHHOH Tex-
HOTCHHOU cpelol, CO3MaHHON YenoBekoM. [Iporeccsl ypOaHu3auu — 3TO AWHAMUYECKHE MPOILECCHI, B KO-
TOPBIX pacTeT 3HAYMMOCTh TOPOAOB MPH Pa3BUTHU COBPEMEHHOTo oOrmecTBa. K OCHOBHBIM HpeIIOCHIIKAM
ypOaHM3aIMH OTHOCATCS 3HAYUTENBHBIA POCT IPOM3BOJCTBA M TOPTOBIH, JajlbHEHINee pa3feneHue TPyAa,
YBEJIMYCHHE 3HAYMMOCTH KYJIBTYPHBIX U MOJUTHYECKHX (YHKIHUIT TOPOIOB, a TaKKe KOHIEHTparys (GpruHaH-
COBBIX, JIIOJICKMX M HHTEIUICKTYaJbHBIX pecypcoB. CoriacHO NmporHo3am SKCIepToB BcemupHo# opranusa-
UK 37PaBOOXPAHEHHsI, CaMOi Cephe3HON MpobeMoii i yenoBeuecTBa K KoHIy XXI Beka MOXeT cTaTh
CTPEMHTENIBHBI POCT TOPOJICKOTO HAcelIeHMs, YTO HEN30eKHO OKaKET BIUSIHUE Ha OKPYXKAIOIIYIO CPeldy.
Bcenencreue sToro Ha genoseka OyneT Bo3/eiiCTBOBATh KOMITIEKC (haKTOPOB, BIUSIONINX Ha TEUECHHUE aJlanTa-
IIIOHHBIX MPOILECCOB TOPOJCKOTO JKUTENS. MHOTHMH Ka3aXCTaHCKUMHU HCCIEROBATEISIMU TTOATBEPKAACTCS
TOT (aKkT, 9TO HAa COBPEMEHHOM JTame B Meramoimcax Kasaxcrama chopmmpoBanach HOBast 3KOJIOTO-
reorpaduyeckas cpena. B Helf HaOmomaeTcs BBICOKAs KOHIEHTPALUs aHTPOMOTCHHBIX (akTopoB. OOmmit
YPOBEHB TIBUICBOTO 3arpsa3HeHus B roponax Kazaxcrana mpeBbimaer ¢poHoBEIH B 3040 pa3, a BOIHM3H 1po-
MBIIUICHHBIX TPEINPHUATHH HaOII0al0TCs aHOMAIbHbIE TEPPUTOPHUH, 3arps3HEHHOCTh KOTOPBIX (POHOBOI B
600 pa3 Bbime. [laxke B MHKpOpaiOHax, CPaBHHTENILHO YHAJICHHBIX OT HMPOMBIIUICHHBIX 30H, COJEpIKaHUE
XMMHYECKUX JJIEMEHTOB B BBINAACHUAX B 2-3 pa3a BhIlIe, 4eM B ()OHOBBIX. HermocpecTBeHHO B 30HaX Mpo-
MBIIUICHHOTO MPOU3BOJICTBA UX cojepkaHKe Bo3pactaeT B 10—20 pas, 4yTo BBI3BIBAET pa3iM4HbIC 3a00JeBa-
HHS Y TOPOJICKOTO HACETIEHHSI.

Kniouesvie cnosa: Kaparanma, o0nacTh, NMPOMBIIUICHHBI PErHOH, YKOHOMHYECKHH IMOTEHIHAN, TOpoja-
cnytaukd, Capanb, AGai, lllaxTuHCK, TeoMOp(OTreHe3, MEramnoJuc.

Beeoenue

Kaparannunckas oOmacTh — KpyNHEWIIMHA HPOMBIIUICHHBI PErMOH, MOIIHBIA HHIYCTPHUAIBHBIN
LEHTP, KOTOPBIM 3aHMMaeT Juaupylomue nosunun B Kazaxcrane. Kaparanaunackas obigacTe HCTOPUYECKH
SIBJISIETCS] BAYKHBIM MHAYCTPHATBHBIM IIEHTPOM cTpaHbl. HIycTpHanbpHy0 0a3y obnactu GopMUPYIOT KpyTI-
HBIE ¥ CPETHHIE NPEATIPUATHS TOPHOAOOBIBatOIIeH, 00pabaThiBatoIel TPOMBILIUIEHHOCTH. [ qanpHelero
pa3BUTHS 00JIACTH HEOOXOAMMa HaydHas pa3padoTKa KOHUENINU pa3BUTHS HHIyCTpUanbHoi otpaciu Kapa-
TaHAWHCKOM 00JIacTH Ha OCHOBE JETAJLHOTO HM3YYeHHs HCTOPUYECKHX O3TAIlOB, a TaKXkKe OCOOEHHOCTEH
(YHKIIMOHUPOBAHUSI ¥ COBPEMEHHOT'O COCTOSIHHS MHJYCTPUAIBLHOW OTpPAciiyd peruoHa, KOTOphIA o0siamaeT
3HAYUTENILHBIM 3KOHOMHUYECKUM MOTeHIranoM. OCHOBHBIE Tpaioo0pas3yronife NpeaArnpusaTus MOHOTOPOIOB
— Qarmet, xopropamusa «Kazaxmbic», JKalipeMckuil ropHO-oOOraTUTENIbHBIH KOMOMHAT W Apyrue. s
JAFHEHIIETo pa3BUTHS 00JIacTH Heo0XoauMa Hay4Has pa3paboTKa KOHIIECNIIMY Pa3BUTHsI HHAYCTPHAILHON
orpaciu Kaparanaumackoil 001acTH Ha OCHOBE AETAIILHOI'O U3YUYEHUS! MCTOPUUECKUX ATAIOB, a TAKXKE 0CO-
OeHHocTel (YHKIMOHUPOBAHUS M COBPEMEHHOT'O COCTOSHHUS MHIyCTPUAIBHON OTPACIX PErHoHa.
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Memoowt u mamepuanst

Kaparanga, kak agAMHHHACTPAaTUBHBIA W KyJbTypHBIA IeHTp Kaparanmgmackoi obmacti, copMupoBa-
mack B 1934 romy. B pazpaboTke reHepanbHOTO IJIaHA IPUHUMAIIN YYacTHE KaK Ka3aXCTaHCKHE, TaK M POC-
CHUIICKME apXWUTEKTOPHI MOJ PYKOBOJCTBOM H3BECTHOrO apxuTekropa M rpagoctpoutens A.U. Kysnenosa.
Cratyc ropoga Kaparanna nonyunna 10 despans 1934 r. B anMuHUCTpAaTHBHOM IIEHTPE Ha TOT MEPUOT yiKe
poXXuBano 166 TeIcsd yesioBek. B TeyeHne Bcero mociaenyromero BpeMeHr HacelleHHe Pocio, U MEePHOAH-
YeCKH BEJIHCh CTpOUTeNbHbIe paboThl. Bo Bpems Benukoii OTeuecTBeHHOH 3HaYeHHE ropoja euie OoJblie
BBIPOCIIO, Onaronapsi KaparannuHckomy yroibHoMY Oacceiiny [1].

OcBoenne Kaparanamackoro yronpHOro 6acceiina Haganoch B 1929 roay ¢ opranmsanueii Tpecra «Ka-
paranzayroib». Hapsiny ¢ pazButueM yrojabHOH MPOMBIIUIEHHOCTH HA TEPPUTOPUU 001aCTH OBICTPO Pa3BU-
BaJIMCh MPEANPUATUS MEAHOW HHAYCTpUH. 2 uioHS 1929 rona 6buto npunsTo [locranosnenune «O pa3BUTHH
BeTHOU MeTamurypruu Kazaxcranay. B atom xke romy reomorom M.IL. PycakoBbiM OBLTO MpemjioxKeHO Teo-
JIoruyecKoe U 3koHoMuueckoe o0ocHoanue Konsiparckoro (KoyHpaackoro) MecTopokaeHusi MEIHBIX PYA,
KOTOpOE TI0 CBOMM 3aracaM MPEeBOCXOIUIIO BCE M3BECTHBIE TOTJa MEAHbIE MECTOPOXKAECHUS U MOIJIO MOCITY-
KHUTh pyIHON 0a30# MeaemnaBmibHoro 3asoa [1; 20].

IlepBBie cTpouTeny MPOXXKUBAIM B IOPTax M 3eMIIIHKaxX. Marepuanbl Ha CTPOWKY AOCTaBISUINCH HA
BepOmonax. 29 urons 1932 roxa xomterust «HapkoMmTshknpom» noctanoBieHHeM «O CTPOHUTENBCTBE Mejie-
TUTABWJIBHOTO KOMOHMHATa» YTBEpAMJIa MECTOPACIIONIOKEHHUS OCHOBHBIX IPOU3BOJICTBEHHBIX COOPYKEHHUH,
oboraruTensHON (haObpHKH, MEACIIIABUIBHOTO 3aBOJIA, TEIUIOIEKTPOCTAHLIMHI, PEMOHTHO-BCIIOMOTaTeIbHOM
0a3bl 1 TOpoaa Ha Oepery o3epa bamxam. C 1934 rona crpoutenbetBo B [lpubanxamnibe pa3BUBaioch OBICT-
peiMu Temmiamu. B 1935 romy Obuta mocTpoeHa xene3nas gpopora banxam — Kaparanga. B nocenke Konbl-
pat ObUIHM OCTPOEHBI MEXaHWYECKHUE MacTepCKue, 000pYAOBaHHbBIE TOKAPHBIMH U CBEPJIMIIBHBIMU CTAaHKaMH,
IpOOMIIBHBIN LIEX, TPH JKUIIBIX Oapaka ajsi pabouux U CIIy>KaIlluX, MEIYHKT, OaHs, IIEeKapHs U KOHHBIN ABOD.
B ampene 1937 roma nocenok ITpubanxamictpoii 0bi1 mpeoOpa3oBan B ropoj banxam. B romasr Benukoit
OteyecTBEHHOH BOWHBI OTPOMHYIO POJb CHIFpaid MpeAanpusTus KaparaHIuHCKOTo yroipHOro OacceiiHa,
Keskasrana, meneraBuwibHble 3aBoAbl banxama n Kapcaknas. brarogaps caMooTBepKEHHOMY Tpyly IIax-
TepoB 100BIYa yriisd yBenuymiach B Kaparanae moyru BaBoe. YCKOPEHHBIMU TEMIIAMH BBOJMIINCH B CTPOH
IBaKyHpoBaHHbIE U3 3anagHbx obnacteit CCCP npomblineHHble npeanpusTis. 3aBo umeHu [lapxomenko,
3BaKyHpOBaHHBIN U3 Topoja Jlyrancka 1941 rogy co ceouM 000pynoBaHNEM, KaIPOBEIMHU pa0OYNMH, WHKE-
HEPHO-TEXHUUYECKUMHU pa0OTHUKAMU Yepe3 MecsI] Hadyall BhIJJaBaTh BOCHHYIO MPOIYKIHI0. 25 ampens 1942
roga Owbuto npuHsATo Ilocranornenue CoBera Hapomubix KomuccapoB «O cTpouTelbeTBE BOJIU3M ropoja
Kaparaaasl MeTauryprudeckoro 3aBojia C IMOJHBIM METALTyprHYecKuM mukiom». 31 nexabps 1944 ronpa
ObUI NOJYYeH pacIulaBieHHbIN MeTam, a 1 okradps 1945 roga Ykazom [lpesununyma BepxoBHoro Cosera
Kazaxckoii CCP nocenok Camapkany Obu1 ipeodpa3zoBan B ropoj Temupray. TeMupray — OJIUH U3 MOJIO-
JIBIX COBPEMEHHBIX ropojioB Kasaxcrana, koTopslit 3a 60 JIeT CBOEro CymecTBOBaHH MPEeBpaTUIICA B KPYyII-
HBIH HACEJIEHHBIN MyHKT PeCcyOIUKH, T CeroHs npokusaet cosee 170 Toic. Hacenenus [2].

OpHUM U3 OCHOBHBIX (haKTOPOB, OKA3aBILIMX BIMSHUE HAa reoMOp(doreHes B UCCIEyeMOM PETHOHE, SIB-
JIieTCsl OCBOCHME LIETMHHBIX U 3a1eKHBIX 3eMenb. K 1958 rony Ha nennne 65010 yke ocBoeHo 1 muH. 232 ra
W OpPraHu30BaHO 16 KpYyNHBIX LEIMHHBIX COBX030B. PacmmpeHnne MOCEBHBIX MJIOMIAJECH 3€PHOBBIX KYJIBTYD
MO3BOJIMIIO 00JIacTH coOpaTh cBhIIe 60 MIIH. MyA0B Xjeba.

Ha kapre KaparanmuHckoil 06J1acTH cTany MOSBISITECS HOBBIE Topofa-ciiyTHukH: Capanb, AOaii, [1lax-
tuHcK. 20 nexadps 1954 roga Ykasom [Ipesuaunyma BepxosHoro Cosera Kazaxckoit CCP paGounii mocesok
Capanp 0bu1 IpeoOpaszoBad B ropon Capanb. Co3maBanuch OJIarONPHUSTHBIE COLUAIBHO-?KOHOMUYECKUE U
MaTepUaIbHO-TEXHHUUSCKUE YCIOBUS Ul pa3BuUTHs ropoaa. B ropoae ¢ynkuuonuposano Oonee 40 mpo-
MBIIIEHHBIX TPEANPUSATHIA, TPAHCIIOPTHBIX M CTPOMTENLHBIX OpraHu3anuid. B ropoae padoramu 7 maxr, 3
oboratutenvHbie (haOpuku, 4 CTpoUTENbHBIE opranu3amuu, 2 3asoaa Kb, 2 Kuprimyneix 3aBoaa, Xnebo3a-
BoJ, JIOK, 18 00mieo0pa3zoBaTeIbHBIX MIKOJ, My3bIKaJdbHAs LIKOJIA, BOPEI] KyJIbTypHI [3].

B 1961 roxy nocenox Illepy6aitaypa OpuT mpeobpazoBan B ropoa Abail u Ha KapTe 00JaCTH MTOSBUIICS
HOBBII TOPOJI IAXTEPOB, SHEPTETHKOB, CTPOUTENEH, HOCSIINIA UM 103Ta U npocsetuTens Abas Kynanbae-
Ba. 3a MepBbIe JECSTh JET CYyLIECTBOBAHMUS B TOpO/ie ObUIM MOCTPOCHBI U BBEJEHBI B dKcIuTyaTanuto [ POC-2
MorTHOCTEI0 700 ThIC. KMmoBaTT, maxThl Ne 9, No 5. 3aBoj KpyITHOMAHEIBHOTO JOMOCTPOCHWSI, IBE IPO-
OMIBHO-COPTUPOBOUYHBIC (PaOpHKH, IEeX IMIAXTHBIX CTPOCK, MEXaHWUECKHH 3aBOJ, IBeHHas (pabprka. beutn
MOCTPOEHBI KIIyOBI, MIKOJbI, OOJIBHULBI, TPO(QUIAKTOPUI, OTKPHITH 1BA TEXHUKYMa, MYy3bIKaJbHas IIKOJA,
KMHOTeaTp. Beaymumu oTpacisMu IPOMBIIIIEHHOCTH SIBJISJIMCH: SHEPreTHKa, YTOJIbHAs, CTPOUTENbHAs HH-
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JyCTpHS, JKEJIC3HOAOPOKHBIH U aBTOMOOMIBHBINA TpaHcropT [4]. TeHTeKcKoe MeCTOpOXKISHHE YISl CTaJo
MpuduHON (opMupoBaHus U obpazoBanus ropona lllaxtuacka. OCHOBHAS OTpPacib MPOMBIIUIEHHOCTH —
YTOJIbHBIE TIAXThI, HAXOJISAIIAECS Ha PacCTOSTHUU 3—8 KM OT ropoja. OjHa u3 kpymHbIX maxt [IlaxTuHckoro
pernona — maxta uM. Jlenuna. OHa BcTynuia B cTpoid B 4 kBaprane 1964 roxa.

B Kaparanne B 1963 roxy 6511 co3nman ['ocymapcTBeHHBIH TPOEeKTHBIN HHCTUTYT «Kaparanmaropcemnsi-
POEKT», TIle pa3padaThIBaINCh MPOEKTHI IJIAHKPOBOK T'OPOJICKUX U CENbCKUX HACEICHHBIX ITyHKTOB, JIETallb-
Hasl TUIAHUPOBKA M 3aCTPOMKA KHUJIBIX palOHOB, MUKPOpaiOHOB, KBapTanoB. B aBrycre 1970 r. ObIT OTKPBIT
kuHoTeaTp «HOOuneinbIi» co 3puTensHbIM 3a510M Ha 1200 MecT, B HacTosmee BpeMsl B 5TOM 3AaHUU PacIio-
JlaraeTcsi pa3BieKaTenbHbIN eHTp boymuar «ApMman». B 80-e rogasr B cocTaB KpymHEHIIETo B OTpacivu 00b-
ennaeHns1 «Kaparannayromsy» BXoAuio 26 MaxT, 2 YyTOJBHBIX pa3pes3a U ASCATKH APYTHX MOApa3IelieHuH, B
KOTOPBIX Tpyaunuch 6e3 manoro 100 Teic. yenoBek. Exeroqno mobeiBanock okono 50 mMiaH. TOHH yris. B
ssaBape 1978 roma kaparanguHCKUE MaxTepbl Beiganmnd 1 mupa 1. yrist. B 1984 rony, B rox 50-nmetust co qus
obpazosannsa Kaparaupel, [Ipesuanym Bepxosaoro Cosera CCCP wnarpaamn ropon opaenom TpymoBoro
KpacHoro 3namenn 3a 3HAUMTENBHBIH BKJIa]] B pa3BUTHE HHIYCTPHATU3AIMN CTPAHBIL.

Kaparangunckas ob6nacTh SBisieTcsi KpymHeieil B pecyonuke. Ee moTeHInan nMeeT orpoMHOE KO-
HOMHYECKOE U TIONUTHUYECKoe 3HaueHne it Kazaxcrana. brmaromapsi HaMM4YMio KPYMHBIX MECTOPOKIACHHUN
MOJIE3HBIX MCKOMAEMBIX, UIMEIOIINX OOJBIOE CTpATerHuecKoe 3HauYeHHe, Pa3HOOOPa3Hio CHIPhSl B BHUIOBOM
OTHOUICHUH, HAJTMYMIO TOTUTUBA, HCTOYHUKOB BOJIOCHA0KECHHUS U DIIEKTPOIHEPTHU B 00JIaCTH MOTYUMIH pas-
BHUTHE TaKHe OTPACITH MPOMBIIUIEHHOCTH, KaK YepHas M [IBETHAS METAJUTYPTHs, YTOIbHAS TPOMBIIUICHHOCTD,
SHEPreTHKA, XUMHUYECKas MPOMBIIUICHHOCTD, MUIIEBAs MPOMBIIUIEHHOCTh, CTPOUTEIbHAS HHAyCTpus [5].
DKcIutyaTays 3THX UCTOYHUKOB B HACTOSAIIEE BpeMs MIPHUBEIa K Pa3BUTHIO HHIYCTPHAIBLHOrO TeoMopgore-
He3a PeTMoHa, KaK MPEJCTABUTENS OJHOTO M3 KPYITHBIX METAIOINCOB CTPaHBI.

Peszynomamer u 0bcyscoenue

Mupoxue Mepbl o HHAYCTpUanu3anuy Kaparanasl 1 006JacTd OTKPBUIM HOBBIN 3Tall B (POPMHUPOBAHUH
Mmeranomnuca. B 1960 rony B Kaparanzae Bomien B 9KCILUTyaTallMi0 KPYMHBIHA TOMOCTPOUTEIbHBIM KOMOUHAT.
ExeronmHeiii 00beM KWIHIIHOTO CTPOHUTENHCTBA AOCTHT 250 ThIC. M. [InanupoBOYHOMY NEPEYCTPOUCTBY
ropojia CrocoO0CTBOBAJI HOBBIN I'eHEpPAIbHBIN TUIaH, BRINOJHEHHBIH B Hadane 1960-x romxor [THUMUII rpamo-
crpoutenbcTBa [6]. B ocHOBe muiaHa Jieskall MPUHIMIT KOPEHHOTO MEePeyCTPOHCTBA CIIOKHUBIICHCS] CUCTEMBI
paccenenusi, ukBuaanus Craporo ropoaa u 3aBepiieHue 3actpoiiku HoBoro ropona, KoTopslii paccmarpu-
BaJICA KaK OJIMH U3 IUIAHWPOBOYHBIX paiioHoB Ooibiroil Kaparanasl. OCHOBHOH Liesb0 OBLIO CIUSIHUE IJIa-
HUPOBOYHOTO paiiOHa C IOT0-BOCTOYHBIM M MalKyIyKCKHM, B pe3yiibTaTe 4ero odpasoBanach Obl eIrHas
cenuTeOHas TEPPUTOPUS 3a IpeAeIaMu YroJbHbIX BEIpaO0TOK. PazmexeBanue cenuTeOHON U yroIbHOM CcO3-
JaBalii YETKYIO ¥ KOMITAaKTHYIO IUIAHUPOBOYHYIO CTPYKTYpY [6].

WNnpyctpuanuzanus ropoga no3soimia 3a 10—15 et goCTUrHYTh TOTO, YEro HE YAAJOCh B TE€UEHHE
npeasinymmx 30 ner. K 1975 rogy nmuksugarus Ctaporo ropoja npeuMyIiecTBeHHO Oblia 3aBepiieHa. Oc-
HOBHA$ 4acTh HaceJieHus1 Obu1a nepeceneHa B HoBblil ropon u Malikynyk. 3acTpOeHHBIH MUKpOpaiOHaMH €
BBICOKMM YPOBHEM MH(PACTPYKTYpbl U Onaroyctpoicrsa, MaiKyayk npeBpaTHiCS B CAMOCTOSTEIbHBINA Io-
poxn ¢ Hacenenunem 6osee 180 Tric. yemosek [6; 122-126]. K konmy 70-x B Kaparanae nmpou3Bouiach 3a-
CTpOIiKa F0r0-BOCTOYHOTO paiioHa, B KOTOPOM Ipeanosaraiocsk co3ianue nentpa Kaparanasl.

Ha apxurextypsbiii 06nuk HoBoro ropojga B 3HaUMTENBHOM CTENEHH OKAa3alo BIMSHUE OPraHU3alus
3[1eCh TOPOJCKOTO IeHTpa. ApxurekTopamu Kaparanapl Ha TJIaBHBIX MarucTpaisx ObUia co3faHa cHCTEMa
00IIeCTBeHHBIX IeHTpoB. OOniecTBeHHbI 1eHTp HoBoro ropoxaa mpezacraBisii coOoi JTHHEHHO-Y3JI0BYIO
CHCTEMY, Pa3BHBILIYIOCS B TPEX OCHOBHBIX HalpaBieHHUsX: npocnekT CoBeTcKuil (HpIHEe — mpocnekT byxap
Kbipay), ynuia «40 ner Kazaxcrana» (ynuiia Annxanosa) U OynbpBap Mupa (npocnekt Hazapbaesa) BmecTe
¢ npocriektroM HypkeHa AGauposa.

OcHoBHBIM cTepkHeM siBisiicst CoBerckuil poctiekT (puc. 1). Ha yuacTke ero nepeceuenus ¢ ynuuen
«40 ner Kazaxcrana» Oblia co3gaHa riaBHas aAMUHUCTpPAaTUBHAS TUIOIaAb ropoja. 3nanus Joma Coro30B
(3nanue Oobnactaoro Coseta [Ipodcoro3or) u LlenTpanpHo-KazaxcTaHCKOro reosioroynpasjicHus (31aHue
LlenTpKa3sreosiorun), MOCTPOSHHbIE HA IPOTHUBOIOJIOKHON CTOPOHE TJIABHOM IJI0MIAAH, 00pa30BBIBAIN CBOEC-
obpasuelii Bxox B mapk «XXX mer BJIKCM» (LlenTpanbHblii mapk KyJabTypel M oTAbixa uM. 30-metust
BJIKCM). Cnenys BriyOb mapka, K 03€py, BeJIET IUPOKas CIDIaHaaa ¢ BOIHBIM KacKaaoM, MOJBOIAIIAS K
HabepexHOH. B 1ieHTpe 03epa HaXOAUTCsI UCKYCCTBEHHBIM OCTPOB, HA KOTOPOM IIPEAyCMaTpUBAJIOCh COOPY-
xeHue 40-MeTpoBOro MOHyMEHTa KOCMOHABTHUKHU.
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Pucynok 1. Ilpocrext Coserckuit. 50-¢ rozsrt [7]

370 r1yO00OKO pacKphITasi B CTOPOHY TapKa MPOCTPAHCTBEHHAS KOMITO3UIIHS MpHIaBalia IEHTPY ropoaa
U OKpYXarollel 3acTpoiike aHCaMOJIeBbIN, HHTEpECHBI XapakTep. Baons CoBeTCKOro mpocrnekra aIMUHH-
CTPaTUBHBIA LIEHTP NEPEXOII B CIEAYIOIINN apXUTEKTYPHO-KOMIIO3UIIMOHHbIN y3en. Ero kopunop dopmu-
pOBaM TOCTHHUIIA, PECTOPaH, yHUBepMar U JJom ObiTa. @YHKIIMOHAIBLHO 3TO OBUT IIEHTP TOPTOBO-OBITOBOTO
00CITy’KMBaHHUs, a TUNIAHUPOBOYHO OH MPEACTABIUI COO0H cucTeMy ILIONIaaeH, pacolokKEHHbBIX Mapauielb-
HO MPOCHEKTY Y MapKy. 34aHus 3[eCh ObUIM MOCTPOCHBI B Pa3HOE BPEMsl, HO ITOJYUHEHbI €IUHOMY apXHTEK-
TypHO-KOMIIO3ULIMOHHOMY 3aMmbIciny. OHHM NOpPEACTaBISUIM COOOH COJIOKMPOBAHHYIO CHCTEMY TOPIOBO-
OBITOBBIX OOBEKTOB, TAPMOHHYHO CBSI3aHHBIX MEXAy co00d. OHTaHBI, Tra30HBI, LIBETHHKH, MOJINOPHEIC
CTEHKH W JIpyTue COOPY>KCHHMS 3aBepllaly 3TOT apXUTEKTYpHbIM aHcambib. Ha mepecedeHnn mpocnexkToB
Coserckoro u Hypkena A0aupoBa pacrnosaraicsi ClIOpTUBHO-3pENUILHBINA EeHTP. OH ObLT ITyOOKO BTSHYT B
CTOPOHY TapKa M 3allpOeKTHPOBAH B BHJE CKPBITOW IUIONIAU, KOTOpasi Oblia 3acTpoeHa 3JaHHUsIMU IHPKa,
KpBITOTO KaTka, J[Bopma cropra, CIIOPTHBHOTO MaHEXa M TOCTHHHUIBL. 3/laHue IMpKa, MOCTAaBIEHHOE IO
[JIABHOM OCH IUiomagu (puc. 2), XOpOIIO NPOCMAaTPHBAJIOCh CO CTOPOHBI NPOCHEKTa U C TEPPUTOPUHU
napka [2].

Pucynoxk 2. Kaparauanuckuii miupk (hoto B Bo3ayxe) [8]
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ITo npocnekty CoBerckoMy M BynbBapHOMY MONYKOJNBIYY OBLI CO3/aH Psl JAPYTUX apXUTCKTYPHO-
KOMITO3UIIMOHHBIX Y3JI0B: Y BOK3aia, JISTHEro Tearpa, J(Bopra ropHsIKoB, 37aHUsT OOIMCIIONKOMA, TpaMaTh-
geckoro teatpa uM. Ctanucnasckoro, 3maHus ookoma KII Kazaxcrana u nmp. Bee 3ti QpyHKUIMOHANBHBIE
MOJLICHTPHI CO3/IaBATMCh HA (DOHE THIOBOW >KMIIOW 3acTpoiiku. OJHAKO KHIbIC IOMA, BBIXOMSIIUEC HAa 3TH
MarucTpalii U OCOOCHHO TPUMBIKAIOIINE K KOMITO3UIIMOHHBIM y3JIaM, TIOJIBEPTrajiCh YaCTUIHON JTOpabOTKe
JUTSL IPUIaHUs UX OOJIUKY MacinTaba, CHTy3Ta U IIacTUKU. Bo BceM OCTaIbHOM MX KOHCTPYKTHBHASI OCHOBA
Y TEXHUKO-3KOHOMUYECKHUE ITOKA3aTEH COOTBETCTBOBAJIM TUIIOBBIM IIPOCKTaM.

Baxnouenue

Taxum 00pa3oM, OCHOBHOE BJIMSIHHE HA Pa3BUTHE MHAYCTPHAIBHOIO reoMopdoreHesa OKa3bplBatoT pas-
pabOTKH MECTOPOKACHUH MOJIE3HBIX UCKOMAEMBIX U CTPOUTEILCTBO JKMIIBIX MaccuBOB. Hampumep, npu noa-
3eMHOU pa3paboTKe MECTOPOKICHHN MOJNE3HBIX MCKOMAaeMbIX MPOMCXOAUT 0Opa3oBaHUE HAa MOBEPXHOCTH
3eMJIM TEXHOTEHHBIX (OpM peibeda, HCKYCCTBEHHBIX BOJOEMOB, KOTJIOBHH, MyJba U T.4. Ilo popme u pasz-
MepaM MOA3EMHbIE TOPHBIE BBIPAOOTKM CYyLIECTBEHHO pasnuyaroTcs. Mmerorcs cnimpaneoOpasHble, CTBOJIO-
BO-KaMCpHbIC U OOBLIYHEIE BI)Ipa6OTKI/I, COCTOAIIMNE U3 HIAXTHBIX CTBOJIOB U OTXOAAIIUX OT HUX HITOJICH U Jp.
Ha uccnenyemoii TeppuTopur BCTpEUaloTCsl B OCHOBHOM ILTaTOOOPa3HBIE OAHOSIPYCHBIE M KOHUYECKHUE (Tep-
PHUKOHBI). YBEJIMYEHUE 3aKJIaJKH MYCTOH MOPOJBI B MOA3EMHBIE BHIPAOOTKH CIIOCOOCTBYET YMEHBLICHHUIO
Bpela OT MOPOJHBIX OTBAJIOB, B OCOOCHHOCTH YTOJBHBIX IIaXT. B eBporeickuX cTpaHax mycras mopoja u3
OOJIBIINHCTBA YTOJIBHBIX IAXT Ha NOBEPXHOCTH HC BbIAACTCA, a 3aKJIaJbIBACTCA B Bblpa6OTaHHOC IIpoCTpaH-
ctBO. B 'epmanmm exeronHO ¢ MOBEPXHOCTH B MOI3EMHEIE BBIPAOOTKH cITyckaetcs 3-4, Bo @paniuun — 6-7,
B ITonbme — 4-5 i Yexuu 0KoIo 2 MitH. M° nopoasl. Kpome Toro, npeAnpuHUMArOTCS MEPHI IO TUKBUAALNA
TCPPHUKOHOB. PaboTeI o ux JIMKBU AU IIPOBOIATCA U B KaparaHne — OCHOBHAasg 4aCTb UACT Ha 3aCBIIIKY
sIM, TEXHOTE€HHBIX OBPAroB, Apyras 4acTb — Ha CTPOUTENILCTBO JIBDKHBIX T'OPOK, YTO SIBIAETCS OONBLION
OHOKOM, T.K. OTpaOOTaHHYIO TOPHYIO IIOPOAY PEKOMEHAYETCS UCIIOJIB30BaTh TOJIBKO [UIS 3aChIIKA OTPHLIA-
TeNbHBIX GopM penbeda.

[Ipu mpoBeneHUU TOPHBIX PabOT, JUHEHHOIO CTPOUTEILCTBA M JPYTHUX MEPOIPHITUH, PE3KO YXYI-
LIAIOLINX COCTOSIHUE T€0JIOTMYECKOH Cpefbl, ceddac 3apaHee IUIAHUPYETCS U KOMIUIEKC PEKYJIbTHBALUOH-
HBIX NpeoOpa3zoBanuil. [Ipu 3TOM mpeaycMaTpuBaeTcsl CO3/aHre ONTHMANBHBIX IS PEKYJIbTUBAIIUN YCIIO-
Bui. Takoe omepexaroliee MIaHUPOBAHNE PEKYIbTHBAIIMA UMEET OoJIbIIoe OyayIee U OTKPBIBACT MINPOKHUE
BO3MOXHOCTH II€Pe] OTPACIIIMU HAYKH M TEXHHUKH, CB3aHHbBIE C POOJIEMaMH PallMOHAIBHOTO MCIOIb30Ba-
Hust TpupoIel [9].
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WHaycTpuanbHbI reomopdoreHes. ..

K.M. Aknam0OeroBa

Ka3zakcTaHHBIH Ka3ipri MeranoJmcTepiHiH 6HepKICinTik reomopgorenesi

ONeMHIH Ka3ipri MeranojucTepiHye TaOWFH SKOXKYHEeHIH OY3bUTybl alKelH Oalikamanpl. TaOurnm opTaHBIH
OpHBIHA ajaM ypOaHHM3aIMsUIaHFAaH ayMakTapia >KacaHIbl TEXHOTEHIIK OpTa KypAbl. YpOaHH3aIws
mporecTepi — Kasipri KOFaMHBIH JaMyBIHIAFBl KaJalapIblH MaHBI3ABUIBIFEI apTHII KeJle J>KaTKaH
JTMHAMHUKAJIBIK TporecTep. Y pOaHn3amnus MpoIecTepiHiH alFbIIIapTTapbl OHIIpic MIeH caylaHbIH elayip ecyi,
eHOEKTiH ofaH opi OemiHyi, KalanapaslH MOICHHU KOHE CasiCH (DYHKIMSIAPBIHBIH MaHBI3bUIBIFBIHBIH apTYBhI,
COHBIMEH KaTap KanalapAaFbl KapXKbUIBIK, aJaMé >KOHE 3MATKEPIiK pecypcTapAblH IMIOFBIPIAHYBHI.
JYHUEKY3UIIK JEeHCAyNbIK CakTay YHBIMBI CapalIIbUIapbHBIH OomkamaapbiHAa XXI FackIpAbIH asfbIHOA
aJiaM3aT YIIIH €H MaHbI3/Ibl Mocelle Kajla XaJKbIHBIH OopacaH 30p ecyi 00Iysl MyMKiH, OYJ1, SpHHE, KOpIIaFraH
oprara aifrapielkrail acep erexni. HoTwkeciHne amamra Kajga TYPFBIHBIHBIH OeHiMIeny mpolecTepine acep
eTeTIH KopIuaraH opTa (aKTOPIApbIHBIH JKUBIHTBIFEI ©3 ocepiH Turizemi. KemrereH Ka3aKcTaHIBIK
3epTTeynIiep Kasipri keseHge Ka3zakcTaHHBIH MeTaroJHCTEpiHAe aHTPONOTEHIIK (aKTopiapIbIH >KOFaphl
IIOFBIPJIaHybl  OaifKajaThIH JKaHa OSKOJOTHSUIBIK-TEOrpadysuIbIK OpTa KaJbIITAaCKAHIBIFBEIH pacTai/bl.
EniMizain KanamapslHaa MIAaHHBIH XKambl JeHreii GoHOpIK aeHreiinen 30-40 ece skorapshl, ajl @HEPKCIITIK
KOCIMOPBIHAAPABIH MaHBIHAA JacTaHybl (GOHABIK IeHreinen 600 ece KOFapbl KalbIITaH THIC ayMaKTap
Oalikamazpl. OHEPKOCINTIK aliMaKTapAaH CalbICTRIPMAalbl TYpAE AJBIC OpHAJAaCKaH IIAFBIH ayAaHaapia aa
XUMUSUTBIK  JIEMEHTTEpAIH Memmiepi (OHIBIK »IeMeHTTepre KaparaHia 2-3 ece >koraphl. Tikemei
OHEPKACINTIK OHJIpic alfMaKTapblHIa ojapibslH MadMyHbl 10-20 ece apransl, Oyl Kana TYpFBIHIAPBIHBIH
TYpJI aypyJaapblH TyIBIPaIbL.

Kinm cesoep: Kaparaunpl, 00J1bIC, OHEPKACINTIK aliMaK, SKOHOMHUKAJIBIK dJIeyeT, cepikrec Kamanap, CapaH,
Abaii, [1laxTuHCK, TeOMOpP(OTreHEe3, METramnoJIuC.

K.M. Akpambetova
Industrial geomorphogenesis of modern megacities of Kazakhstan

In modern megacities around the world, there is a pronounced disruption of the natural ecosystem. Instead of
the natural environment in urbanized territories, human has created an artificial man-made environment. Ur-
banization processes are dynamic processes in which the importance of cities in the development of modern
society is growing. The prerequisites for urbanization processes are a significant increase in production and
trade, a further division of labor, an increase in the importance of cultural and political functions of cities, and
the concentration of financial, human, and intellectual resources in cities. The forecasts of experts from the
World Health Organization note that the most serious problem for humanity by the end of the 21st century
may be a huge increase in the urban population, which will certainly have a significant impact on the envi-
ronment. As a result, a person will be affected by a complex of environmental factors that will influence the
course of adaptation processes of an urban dweller.

Many Kazakhstani researchers confirm the fact that at the present stage a new ecological and geographical
environment has been formed in the megacities of Kazakhstan, where there is a high concentration of anthro-
pogenic factors. The total dust level in the cities of Kazakhstan is 30-40 times higher than the background,
and abnormal areas are observed near industrial enterprises, the pollution of which is 600 times higher than
the background. Even in neighborhoods relatively remote from industrial areas, the content of chemical ele-
ments in precipitation is 2-3 times higher than in the background. Directly in industrial production areas, their
content increases by 1020 times, which causes various diseases of the urban population.

Keywords: Karaganda, region, industrial region, economic potential, satellite cities, Saran, Abai, Shakhtinsk,
geomorphogenesis, megapolis.
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HapsikTbik 3x0HOMEuKaAarsl KazakcTan Kapa MeTa/uryprus
OHepKICIOiHiH JaMy MYMKIiHAIKTepi

Makanazsa eqiMi3aiH 3KOHOMHKACBIHIAFB! 0acThl IIAPYalIbUIBIK CalalapblHBIH Oipi OONBIN caHANATHIH Kapa
METaJUTyprisi OHepKaciOl eHAIpiC OpBIHIAPHIHBIH OpHAIAcybl MEH JaMybl, 0a3achIHBIH JEHIeii, FHUIBIMU
JKOHE TEXHOJIOTHSUIBIK HMH(PaKYphUIBIMBI, ©Cy KapKelHBI T.0. mapamerpiepiHe FoUIbIMH Oara Oepy
KapacTeIppUIFaH. Kapa MeTamryprus MamivHa jkacay ©HEpKACiOiHIH INMKI3aTTHIK IpreciH KalaiThlH cana
6ombin  ecenteneni. OHBIH KypaMblHa TeMip, XpPOMHUT, MapraHell pyJalapblH eHIIpy, OalbITy MeH
aryoMepanysi, MIOWBIH KOPBITY, OoyaT OalKbITy, NMpOKAT JAaibIHAAy, Kapa MeTajJapAbl eKiHIN peT KahTa
KOPBITY; KOMIpAi KOKCTEy; OTKa Te3IMIi KOChIMIIa Marepuangap, (irocTik i30ec, 0TKa Te3iMAi OaIlbIK,
TeMipre XpoM, MapraHel] KOCYy apKbUIBl OpTYpii KacueTi Oap (eppoOaiKpITIa >KOHE METaJLTypIHUSIIBIK
OyiipiMmap mbIFapy Kipemi. MakamaHelH MakcaTbl KasakcTaH Kapa METaLTyprus ©HEpKociOi JaMyBIHBIH
KE3CH/IK JKOHE Kas3ipri AaMy TEHICHIUSUIAPBIH SKOHOMHKAJBIK TeorpadusuIblK 3epTTey ONICTEepl apKbUIBI
aHplKTay. Mplcanel, AMepukaHablk 3eprrey opTanblrbiHEIH (SJE  Austin - Associates Ins (JAA))
TYXKBIpBIMIaps! OoiibiHmIa KasakcTaH ImapyambUIBIK cajlajdapbIHBIH IIOIHAE SKOHOMHUKAJBIK ITOTEHIIUAJIBI
skorapsl 20 canana 09ceKenecTiKke TOTel Oepe anaibl AT KOPBHITHIH/IBI IIBIFAPBbUIFaH, COJIAPIBIH IIIiHIE Kapa
MeTaJuTyprusi oHepkaciOi 6ap. COHIBIKTaH OCHI CaJIaHBIH Ka3ipri JaMybIH FBUIBIMH 3€pTTEy TYPFBICHIHAH
aIIIBIN KOPCETy alFa KOWFaH MIHAETTEeP/l )Ky3ere achIpyFa 3 CEITIriH TUTi3eIi.

Kinm ce30ep: kapa meramnyprus, ¢eppoOaikeiMa eHIIpici, KeHAI OalbITy, METaJUIyprHUsUIBIK ©HJipic,
JIOMHACBhI3 MeTauTyprusi, 0onmar eHaipici, OOMaTTHl MPOKATTay 3ayBITTAPHI, Killli METAJUTYprus, LICTENTIiK
WHBECTHILNS, OHIIPY JUHAMHKACHL, SKCIIOPT KOJIEMI.

Kipicne

byrinri Tagma metamryprus eHepkacibi KasakcTaHHBIH SKOHOMHKACHIH/IA YKETEKII )KOHE €H TaOBICTHI
camanapzprH 0ipi. On Kanmsl eniMizzieri eHaey eHepkaciOiHiH 44 %-1aH acTaMbIH KoHE OapibIK OHEPKICI
eHipiciHiH keMiHzae 22 %-bH Kypaiiapl. KazakcTannarsl Kapa METaUTyprus €1 SKOHOMHUKACHIHIAFbl KaKChI
JaMbIFaH ceKTop Oounbin caHanagsl. On Kapa MeTal KeHJepiH eHIipy, OalbITy jKoHE eHJey OHJipicTepi
OolbIHINIA KONITETeH OH/IIPIC OMaKTapbiHaH Typaabl. KazakcTan Kapa METaJUTyprHsChIHBIH cajajapblHa Tay-
KEH, MEeTaILTyprus, (GeppoKOPHITIIA, OTKA TO3IM/Ii KipITIIITep OHIipici, COHAAN-aK Kapa METaJlI CHIHBIKTAPBIH
eHJIey eHipicTepi karansl. Kapa mMeranmap eHIMAUTIKTI XKaKcapTy YIIH JETUPIIEY JIEMEHTTepi KOChUFaH
TeMIp HETIi3iHAeTI KOphITIalap/iaH Typca, OHEPKICINTIK KYPBUIBIM TeMip KEeHiH OHIPY JKOHE OHJEY; Y3bIH,
minriuai O0onar skoHe (eppoKophITIAiap, IIOWBIH OHIIPY, COHJIAH-aK CBhIHBIKTApJbl OHICY OOMBIHIIA
KQCIOpBIHAAPAH TYPaIbl.

TaOuru pecypcrapra 0Oaii >koHe EypasusHblH OpTaJbIFbIHOAFBl CTPATETHsUIBIK OpHBI Oap Kazakcran
COHFBI OHXKBULIBIKTA Kapa METaJUIyprus eHEpKaciOiH JaMbITyAa ejeyii TaObicTapra KOJI JKeTKi3e OacTaipbl,
Oy yzepic eJli WHAYCTPUSUIAHAIBIPY JKOHE 3KOHOMHKAHBI OpTAapaNTaHABIPY CTPATETHSICHIHBIH HETi3Ti
aneMeHTiHe aifHanapl. Kazakcranma kapa MeTaJuTyprusiHbl KYPY/IbIH aFallKbl KaJaMaapbl KeHECTIK Ke3eH Ie
xacannel. Herisri kacinopeinnap IlaBnomap men Temiprayna morblpiaadisl, oHxa OonaT, (heppoKophITIa
OHJIpETIH 3aybITTap KypbULabl. byl KocinopbiHaap enimi3fiH MeTamn OyHbIMIapbIHBIH HEri3ri ke3i 0o,
OHIpJIEPAIH OHEPKACIMTIK JaMybIHA 30D YJIEC KOCTBI.

Ocbiran opaii Makamaga Kaszakcranmarbl Kapa METaUTyprusi ©OHEPKACiOiHIH Ke3eHJIK JdaMybIHa
curmatTamMa Oepe OTBIPBIN, KEWiHTT OHXKBUIIAFbl OHMAIPICTIH JaMy KepCEeTKILITEepiHe Taijay >KacalblK.
KazakctaH TypakTbl 3KOHOMHUKANBIK ©CYAl KamTaMachl3 €Ty VIIIH METaJUIyprs CajlachlH JaMBITYIbIH
MaHBI3IBUIBIFBIH apTThIpa 0acTajbl, eIiMi3 MIeTeNJIiK WHBECTOpJIapAbl OeJNCEHIl Typae TapThIl, OHAIpiC
YpaicTepiHe 3aMaHayd TEXHOJOTHsIIApIbl eHri3mi. «Qarmety CHSAKTHI ipl METALTYPTHSUIBIK KOCITOPBIHIAD
03bIK TEXHOJIOTHSJIAP MEH MEHEDKMEHT CTaHAApTTapblH CHTI3iM, cajla KemOacuibulapblHa aifHaNABI KOHE
9KCHOPTKA OaFBITTAIFaH ipi KOCIHOPBIHAAPABIH Oipi.
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C.M. Oocmaxos, I'.H. Ynctskosa T.6.

Canagarel KOMIAHHWSAJIAp Tay-KeH eHHipici, OalibITy, eHIey, OSHEepreTMKa KOHE METaJLTyprHs
KOCIMOPBIHAAPBIHBIH HETI31H[IEe JKYMBIC ICTEW[i, OTaHIBIK KYPBUIBICTHL, MaIllMHA JKacayJbl, KOIIKTIi,
SHEPTreTHKAHbI METaJUT OYHBIMIAPIMEH KAMTaMAacChI3 €Te/li KOHE CBIPTKBI HAPBIKKA DKCIIOPTTAHIBI.

3epTTey IKYMBICHIHBIH MaKCaThl: HApBIKTBIK OJKOHOMHUKaJarbl KazakCcTaH Kapa MeTaJLTyprst
OHEPKACiOiHIH Ka3ipri Jamy TeHAEHIMsIapblHA capamnTama acall OTBIPBIN, eiMi3feri Kapa MeTaTyprus
OHEPKAICIOIHIH KEKEJICTeH calalapbIHbIH JaMyblHA KE3CHIIK TaJlIay jKacay.

3eprTey HBICaHBI MEH ofictepi: Maxkamama Kaszakctan kKapa MeTauryprusl @HEpKoCiOiHIH KeKelereH
CallaJIapbIHBIH JIAMYBIH alllbIll KOPCETY YIIIH CANBICTBIPMATBl SKOHOMHUKANIBIK TeorpadUsuIblK, OalaHCTHIK
KOHE CTaTUCTUKANBIK OHJIeY, OaKpliay, 3epTTey, Tajaay oicTepi KeH TYpAE KOJMIaHbUIIBL.

3epmmey bapwvico

Kazakcran kapa MeTauryprusi ©HEpPKICiOiHE 3KOHOMHKAIBIK Treorpadusuiblk Oara Oepy YIIIH OCHI
OHEPKACIIl callalapbIHbIH OpKalChIHA JKEKeJIereH OHIIpICTEepiHiH AaMy >KaFdaiblHa Ke3eHAIK caparTaManap
Kyprizmik. Kazakctan kapa MeTamuryprusi eHepkaciOiHiH OackiM Oeliri e3 MHKi3aT pecypcTapbiMeH OTHIH
KopiapbiHa HeriznenreH. Kapa merammyprus KazakcTaHHBIH 3KCIIOPTTHIK MaMaHJaHFaH 0acThl ©HEPKACII
caJiaJlapbIHbIH Oipi, OHEPKACINTIH JKaJIMbl OHIMIHJETT YJIeci TeMip KeHIepiH eHaipyai Kockanaa, 2020 KbUibl
7,6 %-ra TeH Oonapl. HapbIKTHIK 9KOHOMHKAIBIK KaThIHACTapAa Ka3zakcTaHHBIH METAIUTYprusi OHepKaCciOiH e
JKYMBIC ICTEUTIH KOCIMOPBHIHAAPABIH CaHBI aNTapIBIKTail ©cTi, Oy OOCEKEeNeCTIKTIH KYIIECIiHE OKEeIIi.
YATTBIK CTaTUCTHKA OFOPOCHIHBIH MaJliMeTi OOMBIHINA, Ka3ip eniMmizne 442 MeTaulyprHsulblK KOMIIAHUS
JKYMBIC icTelmi, OHBIH 26-ChI ipi, OYJI camajgarbl >KYMBICIIBUIAPIBIH KAJIMBl CaHbl MIamMaMeH 85,6 MBIH
agambl Kypaiapl.

OHuipic cananapblHBIH IIUKi3aT KO3JepiHe TOKTalcak, KazakcTan Kapa MeTaul KeHaepi KOpbI )KoHiHEH,
MOCEJIeH XpOM KEHJIepl JIeMIIK XpoM KeHi KOpBIHBIH 42 % Kypaca, OYJ1 KepceTKiln OOHbIHIIA pecmyOInKa
QJIeMZIe JKETEKIIl OpBIHABI HeNIeHCEe, ajl TeMip KEHi LIOFbIpIaHybl OOMBIHIIA SJEMIIK KOpAbIH 2,6 % jKoHe
MapraHel] keHi ayieMaik KopasiH 1 %-biH Kypaiinel. EniMizaeri Temip keHi Kopbl 16,6 MiIpa TOHHAHBI Kypaca,
oHbIH 90 %-b1 pecryOIMKaHbIH COJNTYCTIK OOiriHae, KallFaHbl OPTAIBIK Oeirinae morkipianrad. Herizinme
ipi kocinopsiHAapaplH, ken Oemiri Kaparanapl, IlaBmomap, Axrtebe >xoHe Kocranaii oOmbicTapbIHia
opHanackaH. Pecry0imka TeppuTopuschiHIA O0NIAT, MOWBIH, Kapa MeTajiap MPOKaTTapblH OHAIPYMEH JKOHE
oJIapJlaH eHIM IIbIFApyMeH alfHAIBICATHIH OHEPKACINTIK 3aybITTap MEH 0acka Ja KocimopeIHaap oap.

Tewmip keHi Kopsl OoitbiHIIa Kazakcran ayHuexysinae cerizinmi opbiH (Keitait, bpasumus, ABctpanms,
Peceit, AKI, YHaicTan xoHe YKpanHa Memiekertepiner kerdin), TMJl ennepinin iminge yminmi (Peceit
XKoHe YKpauHa enfepiHeH keilin) opbiH amansl. AKIL reosmorusuislk Oapiay KbI3METTEpiHIH MamiMeTTepi
OotibiHIa, ayHHExKY3iHIe 800 MJpJ TOHHA TEMip PYAAChIHBIH KOpBI Oap Jemn ecemnTeliHce, OHbIH 4 %0-bI
KazakcraHHBIH ylieciHe THE].

TeppuTOpHSIBIK MPUHIMIT OOMBIHIIA TeMip KeH opblHAaphl 11 aiimakka Gemineni. Omap Kocranai,
Kapkapaibi, Atancop-Kosran, Atacy-Kapaxain, bankam manbl, Kapcaknait, Pynaneik Aunrait, OHTYCTIK
Kazakcran, Epric manpl, Conrtycrik Apan maHel, ManrbicTay TyOeri. Temip keHiHiH Heri3ri Kopsl KocTaHaii
aiimarbiHIa opHanackad, myHaa Cokonos-Capsibaii, Ast, JlucakoBck, Kopskeinken, Kamap ken opbiHIapsl
0ap. Tay >KbIHBICBIHIAFBI TEMIp KeHiHIH Kypambl 35-53 %-ra sxeTe/1i oHe alllbIK ICIIeH OHIIpyre 00abl.

Kocranait 6acceliHiHiH pyaachkl Ko KOMIOHeHTTeH Typaabl. OHma dochopabiy Kypamsl (Kamapma —
0,22 %, CoxonoB-Capribaiina — 13, Kopxbsiakenge — 0,05, kykipt (2,5 %-ra neliiH), BaHHaOWA, MEIC,
KOPFaChlH, HUKENb, KaIMHi, TUTaH *oHE T.0. Ke3meceil, SFHU KeHII KEIICH]I KOJIMEH OHJEM, TeMipaeH
Oacka TycTi MeTaijap eHaipyre 0omaasl. Kasipri yakeiTTa 0faH KYKIpT KbIIIKbLIBL, (Oc(HOp THIHAHTKBIIIBI,
TYCTI JK9HE CHpPEK MeTanjap, INIMHO3EM, KYPbUIBIC MaTepualiAapbl IIbIFapbuia Oactagsl. Temip-gochopur
pyJackl AT KeH opHbIHA kaTajasl. OHa TeMipaiH Kypambl 37 %-Fa sxereni, OyniaH O0acka KeH KypambIHIa
KYKIPT, THTaH, BaHHAJMA, MBIIIbIK, MapraHell, HUKelb, XPOM, MBIPHIII, MbIC, KOOAIbT Ke3juecemi. A,
JIncakoBCK KeH OpbIHBI OHIMIHIH KypaMblHIa TeMip — 44 % Ooinca, kpemuuid 17-37 %, pocdop — 0,62 %,
kykipT — 0,04 %, kanbiuit MeH Marauii ToTbirbl — 1 %0, an eHaipiiireH keHaep OaibITyIpl KaxkeT erei [1].

Kazakcranna temip keHiHiH Heri3ri kopbl Kocranaii (Kocranaii Temip pynma Oacceitni), Kaparanmbt
(Artacy-Kapaxan), Kp3pmopna (Conrycrik Apan Oacceiini) >xoHe ManfFpicTay —0oOJIBICTaphIHIA
morbIpianFad. Kocranait oOnbIckiHIAa TOOBUT TeMip OJ CTAaHIUACHIHBIH OHTYycTiriHae Cop, OHTYCTIK-
meIFeICEIHAA [llaThIpkesr KeH OphIHAApHI allbUIFaH. OHEPKOCINTIK KOphl OipiHmiiciHme 60 MIH TOHHA,
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SKIHIITICiHIe 78 MJIH TOHHara OarallaHFaH, pyJaaarsl TeMipain Kypambl 50 %-ra neiiin xereni. bynan 6acka
AnemunHcK, benkansl, JlomoHOCOB KeH opbeiHAapsl 0ap, MyHBIH 09pi Toprait Temip pynmacel OGacceliHiH
KYpa#isl, oJ1 oI 11e 60j1ca Kopiaphl )KeTe 3epTTeIHOEeTeH OHip.

Kaparaunapl meramryprusi KOMOMHATBIH Taijgananyra Oepyre OaiinmaneicTel OpTanblk Kazakcranma
Artacy-Kapaxkan OGacceiiini urepinmi. bacter ken opsiamapsr bateic Kapaxkan, Hereic Kapaxan, Yikex
Axrait. MyHna pynanblH Kypambiaaa temip keni 50-55 %, mapranen — 25 %-ra netliin ke3geceni. Temip
pyIaceIHBIH Kopbl — 530, Mapranen pynaceiHbIH Kopbl 350 MutH ToHHara OarananraH. OHTycTik Kazakcran
obnpiceiHma IIpIMKeHT KanmaceiHa Tasty skepae Ipicy keH opeiabl, Kaparanmsr obmeicbiHma KenreOe,
Kekmeray aiimarsiHma ATaHCOp KEH OpBIHAAPHIH arTam KeTy Kepek. PecmyOnmkamarbl OapiiblK Temip
PYIACBIHBIH T€OJOTHSUIBIK KOpbl 80 MIIpJ TOHHAFa, ajl ©@HEPKACINTIK KOpbl 16 Mip] TOHHara OarayiaHJbI,
oubrH 90 %-ra xyelk Kopel KocraHaii oOmpIchIHAAa OpHanackad. KasakcTan Kaszip jkoHe Ooamrakra na
METAIUTypPTHAS OHEPKACiOlH MIMKI3aTIeH TOJBIK KaMTaMachl3 €Te/di JKOHE IYHUEeXKY31 HapBhIFbIHA OHBIH
KOHIICHTpATTaphl MCH JIaliblH OHIMIEPIH InbiFapa anaabl. Kazakcran PecnyOnukack! aliMakTapbl OOHMBIHIIIA
TeMip, XpPOMHT XK9HE MapraHell OHipy KeleMiHiH yieciH |- kecteneH kepyre Oonanasl (1-kecre).

l-kxecTe

KazakcTanaarbl Kapa MeTaJlJl KeHepPiHiH d1eMaik KopceTKimmi

OJIeMIiK KOpJapsbl, QJieMIiK OHAIpinyi, QJIeMJIiK KeJieMiHaeri
Ken aTtaybi N . . 0o
pelTHHT pelTHHr yaeci, %
XpoM KeHi 2 3 2,7
Mapraner keHi 4 8 3,6
Tewmip keHi 8 13 1

Kazipri yakeitta enimizaiy 90 % temip kenin Kocranaii Temip pyna 6acceiini enaipeni. OHbIH imIiHge
CoxonoB-Capsi0aii Tay-keH eHIipicTiK OipiecTiri xoHe JIncakoBck keH O0alfbITy KOMOMHATBI JYHUEKY31HIE
TEeMip pydachlH OHJIpETiH ipi 15 KoMnaHUSHBIH KaTapbeiHa Kipeni. Kasakcranna eHmipiieTiH TeMip KeHiHiH
Herisri madpananymsiiapel:  «Qarmety AAK (73 %) sxone Peceéi (Onryctik Opan) wmetamtyprus
koMmOuHarTapsl (27 %). Conrbl xbpuiaapsl Kprraiiapiy yneci yiraiisin kene xatblp. Cokonos-Capelibail Tay-
KeH 0albITy eHAIpICTIK OipiecTiri Temip KeHi TYHIpIIIKTepiH eHAIpY JKOHIHEeH aieMe 1-111i OpbIHABI, TEMIp
KeHiH eHJipy OoiibiHIIA 14-m1i OpBIHABI HENEHIN OThIp. OIEMIIK HapbIKTa TeMip KeHi OarachIHBIH
KeTepinyine koHe KpiTalia Kapa MeTauryprusi eHiMIepiHe CypaHbIC YIIFatobiHa OaimaHbICThI (2012 KbITbl
TeMip pyaackiH naiinamany 210 muH ToHHaA Gonca, 2020 xbutel 600 MIH-Fa JeiiH, OCBIFaH COWMKec Ooiart
CBHIHBIKTapbIH 5 MJIH TOHHaJaH 7,5 MJIH TOHHara, kokc 100 MuiH ToHHara Jeiiin ecken). KazakcraHmaa Kapa
METAJLTYyPTHS OHIMJIEPiH OHIIPYIiH )KOHE SKCIIOPTTAY/bIH YIECIHIH ocyl MYMKiH [2].

KomOunar 60-tan actam eHIM TypiiepiH wmbiFapaasl. OHBIH KypamblHa: KOKCXUMMSJIBIK ©HAIpIC,
METaJUTypPTUSUTBIK KOKC, TeMip KOHIIEHTPAThl, KOKCXMMHSUIBIK Ha(TaduH, OCH30J, aMMOHHH CYIb()aThl,
CaJIbBEHT MEH TOJYOJ, KOKCXHUMUSUIBIK SPTYpJIl Maiiap, arjogoMHAaJIbIK ©HIIpiC, MIOWBIH KOPBITY, OonaT
OaJKBITY ©HJIpici, OTTEri KOHBEPTEpi KoHE MapTeH LEXTapbl, CYBIK MPOKAT OHAIpici, KYOBIp MEH apTypii
KOHCTPYKIUSUTBIK-TIPOQIITBAIK MaTepuaigap *acay, COPTTHIK MpOKaT MeH Tpyba JoHEKepleWTiH eHIipic
(OonarTaH >KacaTIH COPTTHIK NPOKAT, JJEKTP AQHEKEpIiK TpyOamap), MBIPHILTAY MEH ATIOMHUHACY
HEeXTapbl, MBIPHIIITAJFAH KXOHE aTIOMHUHJICITEH MPOKATTap, OHMIPIC KAJJIBIKTApPBIH OHJEY IEeXTaphl, TEMIp
TOTBIFBI, JOMHAJIBIK TYHIPIIIKTENTeH 11K, IUIAKTHIK YCaK Tac MCH MeM3a, J)KOJIFa TOCEHTIH ycak xKapbIKIIaK
Tac, ra3 TaszalayqblH LUIaMbl, 130€CTIK Marepuanjap, XajblK TYTHIHATHIH OyMbIMIAp LIBIFapaThlH LEX,
KYpPBUIBIC MaTepHaJlapbl, CHHTETUKAIBIK Kip JKyaThlH MaTepuaijap T.0. KOCBIMINA KbI3MET >KacaWThIH
eHJIIipicTep, 130€C OHACHTIH 1eXTap, CYHUbIK JKOHE ra3 TYPiHIe OTTErl eHJeY, CYHBIK a30T, CYMBIK KOHE ra3
TYpiHzeri apros 1.0. MyHaH Oacka yaTkeII 11ex (Artacy-Kapakan pynacel yHTaKTayAbl KEPEK €Telli) dKYMBIC
JKacanel (2-kecte).
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2—-KecTe

Ka3zakcran kapa merajaayprus enaipici (2021-2022 xp11)

Kapa metannyprusinsin eHaipic kesaemi 0ofibinma 2021-2022 b1 / MbIH TOHHA

Oupipinren enim TypJepi Bip kb1
2022 2021 imingeri
ociMm/%

TazapTeumaran Oonar 1455,0 1930,8 -24.,6
Kyitmanapaarsl, naiielHgaManapiarsl Hemece 0acka aa
OacTanKkpl MIIiHAEp TYpPiHAET] MONWBIH, MOWBIH HEMece alfHa 1203,5 - -
IIOMBIH
Teric npoxar eHiMaepi 945,2 836,3 13,0
deppokopsITIa 918,8 882,3 4,1

Kyppuibicka apHajFaH IITAMITAIFaH, BICTBIKTAN WIIEKTE-
T'€H, BICTBIKTall TAPTBIIFaH, BICTHIK MPECTENTeH, OipaK o1aH
opi eHeyci3 (MPOKaTTaH KeiiH Oyparranaapaan 6acka) Jie-
THpJICHI'eH 00JIaTTaH jkacajFaH 0acka Jia e3eKTep
Kypsuibicka apHanraH, JierupsieHOereH, 6acka,
LITAMIITAJIFaH, BICTBIKTall HIEKTENTeH, bICTHIKTal
TapTHUTFaH, BICTHIK IPECTENTeH, OipaK OJaH opi OHILYCI3 170,9 154,5 10,6
(mpokarTaH keliin Oypanrangapian 6acka) OomaTTaH
JKacaJFaH e3re Jie 03eKTep

Typmi auametpii KyObIpiap, O0IaTTaH xKacaFaH XKIiKCi3

177,3 - -

1259 117,0 7,6
KYBIC CEKLHsIap
Jleripinmeren 6onatTaH (KOMIPTEKTI) 40,8 42,3 -3,6
[podunsaep meH OyphimTap erupieHOereH 6onaTTan 263 282 70
(KeMipTeK) CYBIK IITAMIITAY HEMECE Uiy apKbUIBI aJIbIHFaH ' ' '
ChHIBHY-TIAaHETBICP KANTAFaH O0IaTTaH KacalFaH 6,0 5,2 16,2

/lepex ke30ep: KP ¥YOM CK

Kapa merannmyprusiHelH JaMyblHa, camaibl MPOKATTHIK OHIMIEpJl MIbIFapyFa >KoHE MallldHa Kacay
OHEPKSCIOIH IMKI3aTIeH KaMTaMachl3 €Ty YVIIH KEePeKTi MHHEPaAbIK-IINKi3aTTap: MapraHel, XPOMHT
pynanapel Kazakcranma kemren keszecemi. bapmay »xymbicTapbl kyprizinren Atacy-Kapaxkan temip-
Mapraser O6acceininaeri bateic Kapaxan, Llsireic Kapaxan, Ynken Axraii, Komapt, Kambic, OcrieH sxoHe
XKezni-¥neiray OacceiiHi keH opsiHAapeiHmarel JKesmi, XKolipem, YmikaTteiH, bectebe KeH OpbIHAAPHI
epekuieneneni. ManrbicTay obnbiceinaa Llarsipxan sxoHe Kaparay >xotanapblHaa KeH OpbIHAaphl Ke3Aecel.
Enimizge ambiFaH MOJUMETAIABIK JKOHE TEeMip KEHJICPIHIH KypamblHIa MapraHer kesuecemi. Kesmi
Maprasen] KeH opblHbl 1942 xpuigan Oactam >kymbIC jkacailnbl. OHBIH KypaMblHIa KPEMHUH KOHE CHPEK
Ke3zeceTiH Metanzap Oap, KypambiHaa ¢ochop a3. Camacsl xarblHaH YKpanHaaarsl HUKomons maprasen
pyJacblHaH apTHIKIIBUIBIFBIMEH Oenrimi. Aracy alMaFbIHJaFrbl MapraHen pynachigaa ¢ocdop as.
deppomapraner; oHiMiH 1mbiFapyra Coxoso-Capeibaii MeH JIMcakoBCK KeH OalbITy KOMOMHATTapbIHBIH
«KaJIBIKTapbIHy MaiigaganyFa 0oJabl.

Kazakcran mapranen keni kopbiHan OAP mMeH YkpanHalaH KeiiH YIIiHIII OpBIHABI anansl. JIyHuexy3i
MapraHel| PyJachIHbIH JKalmbl KOpbl 23 MJpHA TOHHA jen OaranaHca, oHbIH 700 MJIH TOHHAchl Oi3iH
eIMI3/IiH YJIeCiHEe THE/i.

Kazakcranna Xesni, bareic Kapawxan (xoper 286,2 muH ToHHa Hemece 67 %), YIIKarhiH-3
(pecnryOmukansik Kopbl 88,9 mumH ToHHa Hemece 21 %) keH oOpbIHAapeIH urepymeH «Artacypyma» AK,
«Kazaxkmapranern» AK, Xaiipem xen 0aibITy KOMOMHATHI KACITOPBIHAAPHI aiHanbIcaabl. JKe3mi Mapranen
KEH OpBIHIAphl HETi3iHAE JKYMBIC XacaWTblH OaiibiTy (haOpukacel KypambliHOa 32,5 %-ra neiliH mertann
0oJaTRIH MapraHer] KOHIEHTpaThIH mibiFapansl («Kazakmapranemy AK). Mapraren pymaceiasie 90 % Kapa
METaJIypIrusi OHEPKACIOiH e Hakfananbuiaabl [3].

Jynuexysinge 16 MIH TOHHa XpOM pyAackl MEH KOHIEHTpaThl eHaipineni. bacTel eHnpipymi enaep:
OAP — 46 %, Kazakcran — 17,4 %, Yunicran — 13 %. Kazakcrannma XxpoM eHIIpyaiH 0acThl MIMKi3aT
0aszachel JleH keH TOOBI OpbIHIAPBI. XPOMUT KeH opbiHAaphl 0a3ackiHaa «Kazakxpom» TYK xone «JloH keH
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OatipiTy KOMOMHATED AK (XpoMTay Kanackl) 5KYMBIC JKacaiIbl, 01 9JeM/IK HapbIKTa XpOM PYAAachlH OHIIpY
OobIHIIA 2-TI11 OPBIHABL, (hepPOXPOM MIBIFApyIaH 2-I1i OPBIHIKL, (eppodaTKpIMa MbFapyAaH 3-1Ii OPBIHIBI
amangel. PeppoKOpHITHA OHAIPETiH 3aybIT AKCy KamaceiHna xoHe «Deppoxpom» AK Akrebe KaiaceiHma
opHajackaH >koHe «Qarmet» KypamblHOa (eppoMapraHel] OHIMIH IIbIFapaThlH TeMipray XUMUs-
METAJLTypPTHS 3ayBITH icKe KOChUIIBL. DeppoKOpHITIIa OHAIPICIHIH MIBFApaTHIH OHIMIEPI: (HeppOCHITUIIHIA,
dbeppoxpoMm, deppomapraner, GheppocHIMKOXpoM, (eppocmmkoaTioMuanid. bomamrakta  Kazakcran
(deppobanKpIMaHbIH >KaHa TYpJepiH ¢eppoTuras, ¢eppomonubdaeH, ¢deppoBoiabdpam, (eppoBaHHAnH,
(dbeppoHnOOUli OHAIPYAl YIFAWTyFa MYMKIHAIr Oap.

Kapa merammyprus eHepkacibiHiH KypaMbIHIAFE! (heppOKOphITHAIAD OHIIPICIHIH KAMTHUTHIH KOJIeMi /e
2010-2020 xpuimap apaibFbIHAA OH JUHAMHUKA KepceTTi. TycTi MeTann KeHIEepiH OHJIIPY CEKTOPBIHIAFbI
KaraaliFa yKcac OChI JKbULIAphl Kapa METALTYPrHsl CEKTOPhIHAA OHAIpic OOMBIHIIA PEKOPATHIK KbUT OOJIHI,
SIFHA OHIIpUIreH OHIMHIH Kejemi apteim, 2015 sxpuiMmeHn cansicTeipranga 2020 xwiiel 46,6 %-Fa apTHIK
OHTIPLIII.

bi3 canblcThipFaniail ©HIM TYpPJCPiHIH HETi3iHeH apTybl ©HAIPICTIH jKaimak npokat eHmipy (+16 %)
0osica, KyObIpjap MeH KybIC Jkikci3 mpodwmibaep (+11,5 %), conpaii-ak modbsiH (+11,2 %) eHmipiciHiH
KeJIeMi YIFarobl Oaikanasl. JKanms! anrana, coHFbI Oec bpuiaa ocim 80,0 %-ap1 Kypassl.

2020 >kbUTBl HAKTBUIBI OHIIPUITeH QeppOoKOphITIaIapAbiH KeseMi 1816,2 MbIH TOHHAHBI Kypajsl, Oy
2015 xbiIMeH canbicThipranaa 4,5 %-ra apTeiK. byt ecim acipece Gpeppocunukoxpom eHaipicidiy 26,6 %-ra
sFHU 94,5 MBIH TOHHara NeiiH xoHe (Qeppoxpomisl eHAipyaiH 7,8 %-Fa apTysl ecebineH Oonmbl. OHipic
KeJeMiHJe (eppOoCHIIMKOMapranel] eHaipy kepiciume 23,3 %-ra azaiibim, 125,9 MbIH TOHHaHBI Kypanbl. 2022
KBUTBI Kapa METaJUTyprusi OHAIpICiHIH KeleMi OTKeH KBUIIBIH ColiKec Ke3eHIMeH canbicTeipranna 39 %-ra
ecim, 1 127,5 mipn TeHre neHreiiine xerrti [4].

OciM Kapa MeTaTyprusiHBIH OapIIbIK ACpIiK OHIMIEpiH, COHBIH imiHAe QeppoKOpHITIaIapasl OHIIPY
KOJICMIHIH YJIFaroblHa OaiyaHbICThl 00mabl. 2023 KbULABIH YII TOKCAHBIHIA OJapibl OHIIPY KeJeMi,
MbIcanbl: (eppocunukoMapranen] enaipicinig 10,1 %-ra, ssrar 101,1 MBIH TOHHaFa JeiiH KoHE QeppoXpoM
eHpipiciaig 9,5 %-ra, sram 1 227,2 MbpIH TOHHara neifiH apTysl ecebineH 8,8 %-ra ecim, on 1 454,4 MbIH
TOHHAHBI KYPaJIbl.

Mapranen; KeHJEpiH OHIIpY JWHAMHKACBIH JKOHE (EppOKOpBITIANAPIAbLI, aTal  alTKaH7a
(heppocuIMKOMapraHenTi OHIipy IUHAMHUKACHIH CallbICTBIpa OTBIPHIN, 013 OYJI €Ki CEeKTOp apachIHIaFbl
afBIPMAIIBUIBIKTHI TAFbI 3 OaliKail anambl3, OMTKeHI MapraHell KeHiH OHIipy JUHAMUKAChIH/IA J1a, TOMEH/ICY
Oatikannel. JocTypni Typae KazakcTan yiriH Kapa MeTaTyprusiHbIH OH/Ipic KeJeMi TYCTI MeTaJTyprusiHbIH
OHJIIpiC KeJIeMiHEH aWTapibIKTall TeMeH. EmiMi3IiH MeTammyprus eHepKociOiHIeTi Kapa MeTaJUTyprusHbIH
yieci 33,6 %, TycTi MeTamyprusiHbiy yieci 66,4 % ecebinne. PecryOnukaHbIH eHJIIEY ©HEPKaciOiHaeri eKi
cayiaHbIH Ja yieci Taicinme 14,1 % sxone 27,8 % Kypaiibl.

Kazakcranma eHIIpUIeTIH (eppOoKOpHITHANAPABIH OapiblK TYPJCPIHIH I1MIIHAEC €H VIKeH VJeCTi
deppoxpom anasr 84 % (2020 xbutrs yineci — 81,2 %) (6-cyper). backa KopsITnanapab, aTan aiTKaHaa
(heppocunukomaprasell 1neH GpeppoCHIMKOXPOMHBIH OH/Iipici (heppoXpoM eHIIpiCiHeH alTapibIKTail TOMEH,
JIeTeHMEH OJIap/IbIH OHJIIPiC KYPhUIBIMBIHAAFEI yiieci (eppoKophITHanapAbH 0acka TypiepiHeH aibIphbIKIia
epekureneneni — 6,9 % (2015 x. — 9,4 %) xone 5,2 % (2020 x. — 4,3 %). backa deppoxopsiTnanap
(dbeppoxopsitiia enmipicinig 3,9 %-pH (2020 x. — 5,1 %) amanger. CoHFBI XbUTIApAarkl (HEeppOKOPHITIIA
OHJIIPICIHIH JKaJIbl OH IMHAMUKACHIH €CKEPe OTBIPHIN, 013 OChI JKbUIIABIH COHbIHA JEHIH OH HOTHXKEIEP
0osFaHABIFBIH OaKbLIaAbIK. 2023 KbUIIbIH asrbiHaa (GeppoKophITHaIapAsl eHaipy kejemin keminae 1 890
MBIH TOHHA JICHredine Oonran [5].

Oo6ubictap Oofibinira: 100 % motisin Kaparauzpl 00mbicel, 99,4 % Gonat eniMi «Qarmet», 0,2 % Gonar
eireic Kazakcran, 0,4 %-b1 [TaBnogap oOnbicTaps! yiiecine Tuelni. A, peppokopeITia eHiMiHIH 63,4 %-bIH
[TaBnonap obGinbickl (AKcy (eppoKophITHa 3aybIThl), 36,6 %-b1H AKTeOe 00sbIcH (AKTO0E (heppoKophITIa
3aybIThl) MIbIFapaabl. AKCY (eppoKOpBITIA 3aybIThl IYHHEXY3iHAE KyaTbl KaFblHaH OeC KoCiOpBIHHBIH
Katapbina xatajnl. 80 %-man acram ¢eppokopsiTia 3xcnoprka (Hunepnanawsl, Uranus, Xanonus, AKIL,
Kprrait) xibOepineni, an pecmyOnuka kocimopsiHaapbiHna 15-20% deppokopeiTiia mnaiinanaHbLUIab.
PecnyOnukanarel Oapnblk Oomat eHiMiHIH 90 %-bI 3KcmopTKa WIbFapbuIafbl, Tek KaHa 8-10 %-p1 imki
HapBIKTHIH YieciHe Theni. KazakcTaHaplk OonarT eHiMjaepiH Heri3ri TyTehiHymibl engep: Keitait — 35 %,
Peceii — 25, Upan — 15, Onrycrik Ileirbic Asus — 15, TM] engepi — 6 %. KAMAS3 xone BA3
3aybITTaphl (Peceil) — aBTOMOOMIE MEH TYPMBICKA KKETTi OyibIMaap (TOHA3BITKBILI, Kip JKyFBIII MAaIlIMHA,
IIIaH COPFHIII T.0.) OHIIpY YIIiH SpPTYPII camaibl mpokarTap ajgamas! (3—kecre, 1-cyper).
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3-kKecTe

Ka3zakcran Pecny0/inKkachbIHBIH MeTAIYPrus cajiajapblHAaFbl 0HAipic AMHaMuKacsel, %0

1990 1995 2000 2005 2010 2015 2020
Kapa 1 -36 30 10 10 11 5
MeTaJulyprus

Tyeri 7 10 17 8 18 24 4
MeTaJulyprus

Merait Kyto 0 0 67 44 -45 -24 40

Kapa metannyprua

1990

— 1995
TycTi meTannyprua

e 2000

2005

2010

e 2015

2020

MeTtann Kyto

1-cyper. Kazakcran PeciryOnuKkachbIHBIH METaJUTyprHsl CaJlallapbIHAAFbl OHIIpiC JUHAMHKACH, % [6]

OHepkocinTiH Herisri eHimzaepine Oonar, (QeppoKOpHITIA >XKoHE OoyiaT eHIMIepi >KaTaiasl, oJap
KYPBUIBICTA, MaIlIMHA JKacay/a, JHEPreTHKaIa )KOHE KOJTIKTe KOJIJaHbUIAIbI.

2023 >KBUITBIH KOPBITHIHABICH OOHBIHIIIA €IIJIe:

— 4 MuIH TOHHa OoJaT;

— 2 MiIH 74 MBIH TOHHA ()EPPOKOPHITIIA;

— 2 mutH 400 MBIH TOHHA XaJllaK 0oJIaT MPOKAT;

— Kypbuibicka 896 MBIH TOHHA apMarypa;

— 305 MbIH TOHHA 601aT KYOBIpIap OH i puUTdi.

Ochbl TaOBICTBIH aXbIpaMac 06JIiri eTKeH JKbUIbl Tapa3 KalachlHJa iCKe KOChUIFaH KyaTTbUIbIFbl 300
MBIH TOHHA apMaTrypa HIbIFapy K00ackl IMITOPTTHIK apMaTypa KeJeMiHiH a3aloblHa bIKnan eTTi. bubln dep-
pocwiniii eHIipy OOWBIHIIA €Ki ayKbIMIBI 00a >KocmapianFaH. by eki jkaHa KoCIMOPBIHHBIH KaJIlbl
KyarTeUbiFbl 330 MbIH ToOHHaFa keTeni. Ka3ipri yakpITTa Kapa MeTaJLTyprisiiaFbl HEri3ri MiHaeTTepAin Oipi
pecny0OiiMKaga MeTauapabl OTaHABIK OHJCYAl bIHTATAH/BIPATBIH KOFapbl KOCBIIFaH KYHBI Oap eHimMuaepi
xKacay.

Komaiinel Taburu xarmainapbIMeH, CTPATETUSUIBIK 1aMybl, TeorpausUIbIK OpHAIACYBIMEH JKOHE calia-
HBI JKaHFBIPTYAarbl OenceHni KajaamaapbiMeH KazakcTaH oNleMJIiK MeTalTyprusi HapbIFbIHAA TYPAKThl ecy
MeH Oacekere KabinerTimik >xonbiHaa. Kazakcran Oacka ennmepieH (HeriziHeH PeceiiieH) s»oFapbl COPTTHIK
MIPOKAT MeH TpyOaapAbl caThll aimyFa MOKOYp 0ombin oTelp. CoHAbIKTaH, Oomamakra «Qarmet» IMIOPTTHIK
OHIMEPHAI OTaHABIK OHIMAEPMEH alIMacThIpYAbl Ke3Aeylle, OTaHIbIK Kapa METaJUIyprus ©HIMiH imIKi
HapbhIKTa TaiJallaHy VIIH MalliHa Xacay OHEPKACIOIHIH CallablK JKOHE TEPPUTOPHSIIBIK KYpPHUIBIMBIH
©3TepTY/l KOHE KbIIIaM KapKbIHMEH JaMBITYAbl KaxeT ere/i. COHbIMEeH Oipre KaHBUITBIP OHIMIH eliMi3]ie
naiiianany YIIiH KalObIp ©HEpKociOiH AaMbITyFa MaMaHIaHy KepeK, MyHail oHe ra3 eHepKaciOiHiH
KBUIIaM KapKbIHMEH JaMyblHa OailIaHBICTBI OTAHABIK KYOBIpIap TYpJIepiH KONTEN HIbIFapyabl KOJFa KOO
KaXeT.
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KazakcTtan kapa MeTauyprus ©HEpKOCiOiHIH  Oojaliak  JaMybIHBIH ~ 0acThl  OarbITTapbIH
WHAYCTPUAIIbIK-HHHOBAIMSUIBIK OaFgapiamMara OaillaHBICTBI ©HIM OHAIPYiH, TEXHOJIOTHSCHIH, HApPbIFbIH
muBepcruuKanysay MbIHA OaFbITTa ITaMy Kepek:

— OHpipeTiH eHIMIEpAiH HOMEHKJIATYpachlH, TYPJIEPiH YIFaUTy (apMaTypaiblkK 0ojar, TOTTaHOAWTHIH
0oryar, pyJmOHABIK OOJaT, MBIPHIITAIFaH KaHBUITHIP, COPTTHIK TMPOKATTHIH op Typiepi T.0.). Meicamsl,
TOTTaHOANTHIH OomaTTel 1 MJIH TOHHAaFra >keTki3ce, omaH 1,3-1,5 mupa moyumap Tasa Kipic amyra OGomambl.
ConbIMeH 0ipre Mapratel )kKoHe XpOM MeTaJIapblH KOCIIAChl apKBLUIBI HAPHIKTHIK O09CEeKeNecTiKKe ToTen Oepe
aJIaTBIH JKOFapFbl IEHTeilli camansl OojaT MpoKaTTapblH LIBIFapyFa Oosnaabl. AKCY HeppOKOpBITIIA 3aYBITHI
YKaHBbIHAH XKpUTEIHA 10-15 MBIH TOHHA KOFaphl canaibl 00JaT IIBIFAPATHIH MUHHU3AYHIT CATBIHOAK.

— KazakcranHBIH Kapa METaLTyprus KSCIMOPBIHAAPBIHBIH HETi3T1 KOPHIHBIH To3y Ko3ddummenTi 40 %-
Fa JKeTeli, COHJABIKTaH OJapAbl O3BIK TEXHOJOTHAFa KeLIlpy MaceleciH memy kepek. Meicaisl, 2000
KBUTIAPIBIH OackiHma «Qarmety KOMIAHHUACHI Y3IiKCi3 0oylaT KYIO MEXBIH icke KocThl. COHBIMEH Oipre
AKTay KajachlHIa ra3 »KOHE MyHail KyObIpJapblH IIBIFapaThlH 3aybIT CAJbIHABI. SIFHU anFaliksl Ke3eHiHIe
XKbUTbIHA 60 MBIH TOHHA YJIKEH JUAMETPIiK KYObIpiap IIbIFapIbL.

— Kazakcranga MeTal ChIHBIKTaphIHBIH OachiM KOMIILNri 13 eNre SKCIOpPTKA IIBIFAPBUIBII, OpTalla
ecenmen onmemaik Oaracel 90-100 mommap Oomca, Kazakcran 54,7 mommapra catbim OThIp. COHABIKTAH
[laBnomap TpakTOp 3aybITBIHBIH Oomar Kyt I1exbl Herizinge «Kacturr» JKIIK 3aybIThl KypbUIBIIL,
CBIHBIKTap/Ibl KaliTa KOPBITHII, COPTTHIK MPOKATTTAp OHuipeni. bonamrakra Oy 3ayeiT Kazakcranusie 20 %
MIPOKATHIH OHAIPETIH OOMIaIbI.

— OtaHOplK MalIWHA JKacay ©HEpKACiOiHAeri KYpBUIBIMIBIK e3repicTepre, XaHa TEXHOMapKTapAbIH
KYpbUTyblHa OaiIaHBICTBI ONapbl camajgbl INUKI3aTIeH KamMTaMachl3 €Ty, SIFHM UIeTENJCH MeTalll
AMIIOpPTTayAbl azaiity kepek. Kazipri xezge Kaszakcran mammHa xacay eHepkociOiHe 50 MuH moutapra
TOTTaHOAWTEIH Oomar, 100 TOHHagaH actaM TMOANIMIHUK OOJATTHI, PECCOPNBIK-TPYKUHAIBIK
MHCTPYMEHTAJIJIBIK XoHE T.0. TOTTaHOAWTHIH aca Te3iMAl Ooiarrap catbin anajasl. CoHabikTaH CTEemHOTrOpCK
MOALINITHUK 3aybIThIHA apHanFaH (12-14 MbIH TOHHA) MOMIIMIIHUK, MyHall >KoHE ra3, MallMHa >kacay
OHEpKaciOiHe apHaFaH T.0. 00JAT MPOKATTApP HIBIFAPY KOJFA KOUBLIIBL.

— Mertann eHiMmIepiH mMaiifanaHyasl YIFAWTy YIIIH, MallMHA )Kacay OHEpKaciOiHIe KiacTepiik
TEXHOMAapKTepP KYPBUIYBIH JaMbITy Kepek. Mpicanbl, Kaparanngsl kemip OacceifiHiHae KeMip OHIIpYIiH
TeMeH/AeyiHe OalmaHbicThl, KaparaHapl KajmacblH ayblp MallldHA jkacay ©HEpPKacidl opTayblFbIHA
alfHAJIIBIPYBIH JKaH-KaKThl TEXHUKAJIBIK-D)KOHOMHUKAJIBIK Heri3 6ap [7].

2024 xbInabIH COHBIHA Kapail 17,4 MbIHFa JKYBIK TYPaKTBl KYMBIC OPHBIH KYPYMEH XaJIbl KyHbI 1,4
TpimH TeHre TypaTthiH 180-Te KybIK 0O0aHBI iCKe KOCY JKOCHapiaHFaH, OHBIH INIiHAE Keleci >kobamap
OoMBIHIIA:

[MaBnonap obmbickiHAarel 800 >xyMbic opHBI Oap deppokopsiTia 3aybIThl «ExibacTy3deppoKophITIay
JKIIC, wunBecTumus kesieMi 92,4 wmipa TeHre >KOOAIbIK KyaTThUIBIFBI JKbUIbIHA 240 MBIH TOHHA
(heppocunuImii OHIIIpe anabl.

«KamLitKZ» JKIIC, Kocranaii obnbicbiHAarel 360 KyMBIC OpHBI YUIIH TeMip KydMaiapel 06ap XyK
KOJIKTEpiHIH O6JIIIeKTEPiH IIBIFAPaThIH 3aybIT, HHBECTUIUS KeyieMi 78,2 MIpJ. TEHre, K0OaJIbIK
KyaTThUIBIFbI KbUIbIHA 45 MBIH TOHHA (DEPPOKOPHITIIA OHIIIPE aJlajbl.

«Keticy Bomphpam» XKIIC, AnmaTtel oOnabICBIHAAFEl boryTel BombdpaM KeH OpHBIH ©HEPKACINTIK
urepy, nHBecTUIMs Kesiemi 135 mupa TeHre, 350 sKYMbIC OPHBI, )KBUTbIHA 3,3 MJIH TOHHA K€H OHJIPY JKOHE
OHJIeY, KblIbiHA 10 MBIH TOHHA KOHIIGHTPAT eHAIpy Ke3aeiiHreH. 2024 »xputbl KazakcTaHaa MeTauTyprus
eHiMAepiH enHuipy 54,2 %-ra ecti. byn ecim deppokopeiTiianap, eHAEIMEreH AJIIOMUHHNA, ©HAEIMEreH
KOPFAChIH )KOHE Ta3apThUIFAaH MbIC OHIPICIHIH apTybIHA OalIaHbICTHI (4-KecTe).

4-xecTe
Ka3zakcran Pecny0inkachbIHbIH MeTAJIyprus eHaipicine Heri3ri kanuranara
caJIbIHFaH HHBECTHIHSA KoJyeMi, %
2010 2012 2014 2016 2018 2020
Mertamnyprus 20 8 -3 -7 33 12
OHzeyII eHePKICIT 18 22 4 3 20 5
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2024 xwinbl Ka3zakcTaHHBIH Kapa METALTyPTUs CEKTOPBIHA aliTapibIKTail e3repicrep Oonasl. Kapa me-
TaJUl CHIHBIKTApbIH J>KWHAYFa, MallbIHAAayFa JKoHE Kaita eHumeyre pykcaT Oepy TopriOiHe Kerry
CTpaTEeTUSACHIHBIH IeHOepiHae Oipkarap jkaHa 3aHHAMANBIK JKOHE HOPMATHUBTIK-KYKBIKTBHIK aKTUICep
KaOBUIJAHBIN, KOJAAHBICKA EHTI3UIAi, KBI3METTIH OCBl TYPIMEH aWHAaJIBICATBIH KOCIIOpPBIHAAD YIIiH
TayeKenepi Oaranay/IbIH TOpTiOl MEH eeMaepiH OeKiTiIIIi.

Conpaii—ak Kaparaaasl MeTamuryprisuiblk KOMOMHATHI 2024 KbpIibl 6 MalbI3AbIK OonaTeiH 2,4 MITH
TOHHA KOKC eHAip/i, Oys1 2018 xbU1aH KeHIHTI €H YKaKChl KOPCETKIN 00Jica, KOHBEHTOPJIBIK IIeXTa 0oylaT
OanKpITY 3,5 MJIH TOHHA, OJ KAHBUITAK, OJIFOM, METAJJI OHIMJICPIHEH OATKBITBUIIBL Y3IIKCi3 KYIO apKbLIbI
MPOKATTHI BICTHIK AJUTFOMUHUAMEH Kartay Kesiemi 370 MbIH ToHHaFa xeTTi [8].

MeTamnyprusuiblK, 3ayBITTBIH OHAIPICTIK KyaTsl OYTiHIE XKbUIbIHA 4 MITH TOHHA CYHBIK 00IaT eHmipesi.
OTKeH KbUIbl KOCIMOpBIH 2,9 MJH TOHHA NAaWbIH OHIM OTKi3ce, OHBIH 2,1 MJIH TOHHAChl AYFaHCTaH,
OzipOaibkan, ['pysus, Keitait, Kpiprescran, ©O3sbekcran, Taoxikcran, TypkimeHcran jxone Peceiire
skcmopTTanael. Kapa meramn skcmoptel OoiibrHma Keitait Mmer Opraislk Asus ennepide 2,9 MIIH TOHHA
Oonat eHimMzepi xkibepinmi, o 2023 KpUIMEH calbicThIpFania 39 npoueHTke ockeH. Kemip sxcnoptsr 15 mMiH
TOHHAHBI Kypar, 2023 KbUIMEH CaJILICThIPFaH/a 2 MJIH TOHHaFa ockeH (2-cyper).

MeTtannyprua

—2010
OHaeyLWi eHepKacin —) (012
w2014
2016
2018
=—=2020

2- cyper. Kazakcran PecryOnrkacbIHBIH METAILTYprisl OHIipiCiHe HeTi3ri
KalMTajFa cajJblHFaH HHBECTUIHS KoJieMi, % [6]

EniMi3miH SKCHOPTTHIK aneyeTiHiH ocyl Ka3akcTaHHBIH XajbIKapaliblK MMO3HMIUSACHIH HBIFAHUTYHaFbl
WHIYCTPUSJIBIK CAsICATTHIH MaHbBI3ABUIBIFBIH KopceTeai. MaceneH, Ochl )KbUTbl pecityOyinka OONBIHIIA KaJIIbl
KyHbI 570 Mipa TeHreHi KypaiThid 40 jxaHa xo00a iCKe KOCBLIbII, 6,9 MbIH TYPaKThI dKYMbIC OPHBI aIlIBLI/IbI.

Kazakcran kapa »oHe TYCTI MeTaigapiblH HETi3ri SKCIOPTTAyNIBICHl. DKCHOPTTHIK TYCIMJIEp EIiH
cayna OanaHCHIH KaKcapTyFa JKOHE BaJIOTAJbIK KOpJIapIbl apTThipyFa Kemekrecelmi. 2024 KbuUibl
METaJUTypIys CaJlachbIHbIH SKCIIOPTHI 8,3 maiibI3ra ecim, 4,7 MIpA JoJIapFa KeTTi.

OKCIopTTHIK 0akpuiay MacenesepiHe epeKIile Hazap ayaapbuiaibl. [IKi HApBIKTHI HBIFAUTY JKOHE
KEPTiTIKTI METAJUTYprHsl KOCIMOPBIHIAPBIHBIH IIHKI3aT KAKETTUITH KaMTaMachl3 eTy YIIiH Kapa MeTall
CBIHBIKTApPbI KAJJIBIKTaPbIH SKCIIOPTTayFa THIMBIM CalbIHIBI (5-KecTe).

5-kecrTe

Ka3zakcran Pecny0inkachiHAaFbI Kapa MeTAJJIYpPrus 6acTbl 6HiMaep IKCHOPThI, $ MJIH

OHnim araybl 2000 2005 2010 2015 2020
deppoKopsITIIa 400 900 1700 1400 1600
Boat mpokatsr 500 800 1300 750 1050
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MyHza KbUIIAH KbUTFa 3 TPJIH TCHIEACH acTaM ©HIM OHJIpiTiN, OHBIH S5 MIIPA IOJUTap/JaH acTaMbl
9KCHOPTKA WIBIFApbUIbll, S50 MBIHFa XKYBIK aJaMIbl JXYMBICIEH KaMThll OTbIp. COHBIMEH KaTap,
Kazakcrannubpiy crpaterusuiblk reorpadusuiblk opHamacysl Keitait, Peceit denepanusicel xoHe aiiMaKTarbl
0acka enep/IiH HapbIKTaphIHA MIBIFYFAa MYMKIH/IIK Oepil, 60aT eHiMIepiH 3KCIOPTTay a6l JKeHinaeremi [9].

KazakcranueiH Temip-0omaT ©HEpKaciOiH AaMbITya WHHOBAIFSUIAD MEH FBUIBIMHA 3€pTTEyNepai
MEMJIEKETTIK KOJ/Iay Ja MaHBI3AbI Pell aTKapajabl. FBUIBIMH-3epTTEy KOHE TKIpHOENiK-KOHCTPYKTOPIBIK
KYMBICTapFa WHBECTULMSAJIAP CaJlaHbIH OoceKere KaOUIeTTUIIriH apTThIPAThIH jKaHA MaTepuangap MEeH TeX-
HOJIOTHSIJIApABI YKacayFa bIKIIall eTe/i.

JamyneiH Tarbl  Oip MaHBI3ABl OaFbITBl  METAT OHJIPICIHIETI SKOJOTHSIIBIK  TYPAKTHUIBIK.
[IsrFapeIHABUIAPBI A3aHTY JKOHE KOPIIaFraH OpTaHBIH THIMAUIITIH apTTHIPY XKOHIH/ET kahaHIbIK KhICBIMIBI
eckepe OThIpsIl, KazakcTan Tasza skoHe THIMII 00J7aT eHIIpY TEXHOJOTHSJIAPBIH €HTi3yre YMThuIaabl. byran
SHEPTHs THIMJIUTITIH apTTHIPY, KATIBIKTapIsl KalTa OHAECY TEXHOJIOTHSIIAPBIH €HT13Y JKOHE KOpIaraH OpTara
acepai azaitty kipeni (3-cyper).
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3-cyper. Kasakcran PecryGnukachiHIarsl Kapa METAUTyprist 0acThl OHIMAEP SKCTIOPTHI, $ MitH [6]

Kazipri yakpITTa KOMIIaHUSIHBIH ydyackeliepiHae IramMameH 750 MIIH TOHHA TEXHOTCHIIK MUHEPAaJJIbI
KaJJIBIKTap KMHAKTAJFaH: JIOMHA KoHE 00JaT OaJIKBITy UIIaKTaphl, YHIHILIEp, KoMipal OalbiTy eHimaepi
kKoHe T.0. MeTaJuTyprusuiblK 3aybITThIH OHEPKICINTIK KaIABIKTapbIHBIH 54,1 %-b1 TeMip pynachkl IEXBIHBIH
KaJAbIKTapbIiHaH, 34,4 % Metamnyprusuiblk OemiMHeH sxoHe 11,4 % xemipneH Typansl. COHbIMEH Katap,
HapbIK 3KOHOMUKACHIHBIH KAFWJaTTApbIH CHII3y XaHa OHJIPICTep/i, KYMBIC OPBIHIAPBIH KYpyFa >KoHE
MEMJIEKETTiH HIMKi3aT UMIIOPThIHA CTPATErHsIIBIK TOYEIAUTITIH a3aiTyFa, eIiH OHEePKACIIITIK Kayinci3airine
esieyJi yiec Kocyra MyMKiHzik Oepeni [10].

Bipak eHip YIIiH €H MaHbI3Ibl SKOJIOTUSJIBIK xK00a «Qarmety eHaipiciH TaOUFH rasra Kelipy OOJIMak.
Ma3zyTTbl, CYWBITBUIFaH ra3jbl )KoHE KOKCTHI TYTHIHY bl a3aHTYy JKOHE OHBI TAOWUFH Ta3Fa aybICThIPY TEK 3aYbIT
TapUXBIHIAFBl €H MaHBI3bl SKOJOTHSIBIK OacTamara aliHaIMakK, COHBIMEH Karap emiMmi3zeri e ipi
IKOJIOTHSIJIBIK sK00aap IpiH OipiHe afiHanazpl. LlexTapabl KOCYIbIH ajFalikbl Ke3eHIepiHIe Koba KoplaraH
oprara ocepai 30 %-ra a3alThin, IIbIFApbIHABUIAPABI 60 MBIH TOHHara JeidiH Temenzaereni. Kypaeni
KYPBUIBICTBIH OenceH i ke3eHi 2024-2025 Kputbl asKTanapl ACT XKOCHapiaHabl, OJ1 6TKEH >KbUIIBIH IIiIIe
aiipIHa 11IKi Ta3 KyOBIPBIHBIH 1preTachlH KadayMeH amlblIIbl.
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Kopvimuinowi

KopreITeIHBIIAN KeTle, emiMi3ier] Kapa MeTaUTyprHsHBIH Ka3ipri JaMy acmleKTiiepiHe TOKTaJcak,
Kazakcran 0Oaii mMmHepanapl IIHKi3aT pecypcTapbiMeH epekmieneHin, Eypoma meH A3HUSHBIH TYyHiCKeH
XKepiHae THiMI reorpadusuIbIK skaraaiina 6ona typa Peceit, Kpitaii sxone Eypasust eHipnepingeri ennepaig
HapbIKTapbIHA KOJDKETIMALTIKTI KaMTaMacki3 eTefi. by ¢axkrtopmap cTpaTerusuiblK HHIYCTPHUSUIAaHABIPY MEH
SKOHOMHUKAHBI OpTapanTaHABIPYABIH HETI3ri DJJeMEeHTIHEe aWHANaThH cajlanapabl OelceHal NaMBbITyFa
MYMKiHIiK 6epeni. COHFBI )KbULAAPHI 3KCTIOPTTHIK OaFbITTap jkKaHa eHipieplie JIe Urepily e SIFHU OJ1 CalaHbIH
OJIEMIIK apeHaJarbl TMO3UIMACHIH HbIFalTagbl, >kahaHIBIK HAPBIKTBHIK ©3repicTep >KargalblHIAa OHBIH
OPHBIKTBUIBIFBIH KAMTAMAChI3 €TE/Ii.

Kazakcranmarel Kapa MeTaUTyprusl ©HEpKACiOiHIH KapKbIHABI JaMybl eNJIiH SKOHOMHKAIBIK JKOHE
KCHIHI OHEPKACINTIK JKaHAPYBIHBIH MaHbBI3[bI Ke3eHi. KazakcraHmarbl Kapa METaLUTyprus ©HEPKOCiOiHiH
MaHBI3/IBl ACIEKTICI calaHbIH oNeMIIK SKOHOMHKAa MEH cayaagarbl e3repicrepre TesiMuimiri. COHFBI
OHKBUIABIKTA >kahaHIBIK METAUTyprHsl ©HEepKaciOiHAeri Meraur OarachIHBIH ayBITKYBI, >kahaHIBIK
CYPaHBICTBIH ©3Tepyi )KoHE cay/ia KaKThIFBICTaphl CUSKTHI KHBIHIBIKTapFa Tan 0onasl. Kazakcran skahaHabik
SKOHOMHMKAJIBIK OPTaAarbl e3repicrepre THIMII OeiiMzene anaThlH MKEMJi jkoHe Oacekere KabineTTi Kapa
METAJLTYyPTUsl OHEPKICIOiH KypyFa YMTBLTY 1A,

KazakcTanmarbl Kapa METAJUIyPTUSHBIH TaOBICTBI JaMybl VIIIH KEHICHII Typle JaMyJbIH
MaHBI3IbUIBIFBI JKOFApHI, OJ1 YIIIH OHIIpicTeTi KYKBIKTHIK 0a3aHbl KaKcapTy, HHBECTOPIApAbl bIHTAIAH/IBIPY,
WHHOBANASJIAp CHTi3y, KOFAMHBIH MYITIEpiH eCKepy MEH MEMIICKETTIK KOJAay any KaxeT. by dakropmap
SHEPTHsS PECYypCTApBIHBIH OJIEMIIK HApBIKTHIK OaFachIHBIH TYPAKCHI3ABIFBIHA JKOHE KYpJET Teocasch
XKarjalifa KapaMacTaH, caJlaHbIH TYPaKTBUIBIFBl MEH TYPaKThl 6CYiH KAMTaMachl3 €Tyre KOMEKTEeCe/Ii.

CanaHbl TaMBITyFa KoHE Oacekere KabileTTi OHIM eHAIpyTe MbIHaIal (haKTopiap KapaAeMIece i

— Kapa MeTAUIYprus KOCINOPBIHAAPHIHBIH alHANachlHAa KOJAWIBI OJEYMETTIK OpTa KYpBUIAMIbI,
KBI3METKEPIIEP/IiH AJIE€YMETTIK eMip Cypy JIeHreil apTaabl xoHe OUTIKTI MaMaHap TapThUIA/IbI,

— HH)KEHEPJIK XOHE TEXHUKANBIK KaJpiapAbl Aaspiay YIOiH KOCINTIK OKBITY OargapiaManiapbl
KOJIJTaHBLIA/IBI,

— pecypcTap/ibl 0acKapy *oHe CTPATErHsUIBIK JKOCIapIiay KyHect KeTULIipiiaei;

Mertamnyprusinarsl  AIT sxacaHgpl HMHTEIUIEKT IHGPIBIK TEXHOJIOTHSIIAPBl OHIIPICTIK YpIicTepi
KOJIIaHy THIMJIJITiH, OHIM camachlH €[9yip apTTHIpyFa JKOHE HIBIFBIHAAP/ABI a3aliTyFa MYMKIHJIK OepeTiH
JIEpeKTep/Ii Taaay eHri3iryme;

Conrpl xpuIapel  KazakcraH MeETayUTyprusUIbIK CEKTOpAarbl MHOPAKYpbUIBIM MeH OimiM Oepymi
XKakcapTy OoiibIHIIa OenceHal KYMBIC XKYprizyne. OHAipic THIMAUIITIH apTTHIpy/Aa XOHE OHIMHIH >KOFaphl
carachlH KaMTaMachl3 €TyJIe 3aMaHay TeXHOJIOTHSIap MEH JaibIHIaFaH Kaapiap 0acTsl pes aTKapaspl.

Onpipicrep 2028 xbUTFa Kapai KaiTajgaMa KajaabIKTap bl OHASY I 0acTay bl JKOCIapiiarad Ke3je, JKaHa
TEXHOJIOTHSIIAP/IbI SHI13YTe, SKOJOTHIIBIK Ta3aJIbIK MeH 0acekere KaOlIeTTIIINH OHIpJIepAeri SKOJIOTUsIIBIK
JKaFJaiIbl JKaKkcapTy apKbUIbI OHIIPICTI apTThIpyFa MYMKIHIIK Oepeni, KaiiTamama KaJlAbIKTapAbl KaiTa
OHJIEY apKBLIbI, JKEKEIIETeH OHIPIIIK OHIeYiH OipbIHFall )KYeCiH KypyFa MYMKIHJIIK JKacaiiibl.
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C.M. Jlocmaxos, I'.H. Yuctsakosa, C.A. Tamkanos, JI.T. KoxakmeroBa

Bo3mo:kHoCcTH pa3BuTHS YepHOil MeTa/Lutyprun Ka3zaxcrana
B YCJOBHSIX PbIHOYHOI IKOHOMHKH

B crarpe nana Hay4yHas OIleHKa MapaMeTPOB pa3MEIIEeHHs ¥ pa3BUTHS OTpacieil Y4epHOH MeTalTypruu, KOTo-
past sIBISIETCS OJHOM M3 OCHOBHBIX OTpaciiell SKOHOMHKH CTpaHbl. PaccMarpuBaeTcsi ypOBEeHb MaTepHaIbHO-
TEXHWYECKOIl 0a3bl, HayYHO-TEXHOJIOTHIECKOH MH(PACTPYKTYpHl, TEMIIBI pOCTa M ApYyrue mokaszarenn Yep-
Has METAJUTypIusl SBISIETCS OTPACIIbIO, TpeOyromel ChIpheBOi 0a3bl MAIIMHOCTPOUTEIFHOH IPOMBIILICHHO-
ctu. OHa BKIIIOYaeT B ceds n00bIdy, oOoramieHne 1 arjJioMepaluio KeJle3HbIX, XPOMUTOBBIX, MapTraHLIEBBIX
PYyZ, BBILJIABKY Yyr'yHa U CTajH, IPOU3BOJCTBO MPOKATa, BTOPHYHYIO MEPEIIaBKy YEPHBIX METAJJIOB, KOKCO-
BaHHE YIJISl, @ TAKXKe IPOU3BOACTBO (HeppOCIUIABOB M METAITYPIrHYECKON MPOAYKIUHK C PA3IMYHBIMU CBOMCT-
BaMH IyTeM NOOABJICHHUS B JKEJIE30 OTHEYNOPHBIX MaTEePUalIoB, OTHEYNOPHOH TINIMHBI, XpOMa M MapraHua.
Iens paboTEl — ompenenuTh NepHOIMYECKHe U COBPEMEHHbBIE TCHACHIMH Pa3BUTHS TaHHOH obiactu. Ha-
npHuMep, 110 JaHHBIM aMEPUKaHCKOro HccienoBareibekoro entpa SJE Austin Associates Ins (JAA), caenan
BBIBOJ, 4TO 20 oTpacieil ¢ BEICOKUM SKOHOMHYECKHM MOTEHIIMAIOM MOTYT BBIIEp)KaTh KOHKYPEHIINIO CPeIH
oTpaciell 5koHOMUKH Kazaxcrana, BKIIIOYas YepHYIO METALTypruio. TakuM 00pa3oM, BBISIBICHHE COBPEMEH-
HBIX TCHICHILMI 3TOil 00IacTH ¢ Hay4YHOH TOYKHU 3peHus OyIeT CloCOOCTBOBATh PEATM3AlMK MOCTaBICHHBIX
3ajau.

Kniouesvie cnosa: depHas MeTaJLUTyprusi, IPOU3BOJICTBO (HePpPOCIIIABOB, 0OOTAMIEHHE PYy/bI, METaJLTypriye-
CKO€ MPOM3BOJICTBO, JOMEHHAsI METAITypIusi, IPOU3BOACTBO CTaM, CTAJICHPOKATHBIC CTaHBI, Majasg MeTall-
Jyprusi, ’HOCTPaHHBIC NHBECTUIINY, AUHAMHKA IIPOU3BOJICTBA, 00BEM IKCIIOPTA.

S.M. Dosmakhov, G.N. Chistyakova, S.A. Talzhanov, L.T. Kozhakmetova

Opportunities for the development of Kazakhstan’s ferrous
metallurgy in a market economy

The article provides a scientific assessment of the parameters of the location and development of production
facilities, the level of base, scientific and technological infrastructure, growth rates, etc. of the ferrous
metallurgy industry, which is one of the main economic sectors in the country’s economy. Ferrous metallurgy
is an industry that lays the raw material foundation for the machine-building industry. It includes the
extraction of iron, chromite, manganese ores, enrichment and sintering, iron smelting, steel smelting, rolling
preparation, secondary processing of ferrous metals; coal coking; it includes the production of additional
refractory materials, fluxes, refractory clay, iron with the addition of chromium, manganese, ferrobaltic and
metallurgical products with different properties. The purpose of the work is to identify trends in the periodic
and current development of this industry. For example, according to the conclusions of the American
Research Center SJE Austin Associates Ins (JAA), it is concluded that among the economic sectors of
Kazakhstan, 20 industries with high economic potential can withstand competition, including the ferrous
metallurgy industry. Therefore, the disclosure of the current development of this area from the point of view
of scientific research contributes to the implementation of the tasks set.

Keywords: ferrous metallurgy, ferroalloy production, ore beneficiation, metallurgical production, blast fur-
nace metallurgy, steel production, steal rolling plants, small metallurgy, foreign investment, production dy-
namics, export volume.
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AKTO0€ 00JIBICHI XaJKbIHBIH TA0MFH 6CYi ’KOHe KOIli-KOH Mmpoueci

Makanana AkTe0e OONBICH XaIKBIHBIH TAaOWFH 6CYy YXOHE KOIUi-KOH IpoIecTepi, ONaplblH IMHAMUKACH,
Heri3ri GpakTopiapbl MeH caniapsl KapacTeipsuirad. Tangay KaszakctaHnHbIH Y ITTBIK CTATUCTHKA OIOPOCHIHBIH
JepeKTepiHe, FhUIBIMH KapUsIaHbIMIAPFa JKOHE COLMOJIOTUSIIBIK 3epPTTEYNIEPIiH HOTHKEIEPIHEe HEeTi3/ereH.
Tyy MeH eniM-XiTiMHIH e3repyi, iIIKi *oHE CBHIPTKBI KOIIi-KOH, OJIApJBIH KEHICTIKTIK epeKIIeNiKTepi KoHe
QIEYMETTIK-DKOHOMHUKAJIBIK ~CalJapbl 3eplelieHreH. OJKOHOMHKAIBIK, JKOJIOTHSUIBIK JKOHE QJIEyMETTIK
(daxTopiapapl Koca anfaHna, KeIli-KOH aFbIHAAapbIHBIH —HETi3ri ceOenTepiHe Hazap —ayJapbUIFaH.
CraTUCTHKANBIK, KapTOrpadusuiblK JKOHE CANBICTBIPMANBl Talllay SMICTEepi KOJNIAHBULABL — AJIBIHFaH
HOTIDKEJIep OHIp/IH Ka3ipri 3aMaHFbl AeMOrpadsuIbIK YPIICTepiH aHBIKTayFa jKoHE KOIli-KOH IPOLecTepiH
peTTey JKOHE XaNbIKTHIH TaOMFU ©CIMIH apTTHIPY JKOHIHZETl MIapajapIbl YCBIHYFa MYMKIHAIK Oepemi.
Hotmxenep meMorpadusuiblk »oHE KOINi-KOH CasCaThIMEH aiHAJIBICATHIH MEMIICKETTIK OpraHiap YIIiH,
COHZIali-aK XaJBIKTap Treorpa@uschl MEH JJIEyMETTIK aeMorpadus cajachlHIaFbl 3epTTEYLIUIEp YIIiH
naigansl 00Iybl MYMKiH.

Kinm coe30ep: nemorpadus, Taburu eciM, Tyy Kod(DdUIHEHTI, emiM-KiTiM, Kelni-KOH, AKTe0e OOJBICHI,
JeMorpadusUIBIK JHHAMUKA, KOIIi-KOH aFbIHAapHI.

Kipicne

OJIEMHIH 3aMaHayH JeMorpadusiiblK JaHamadTel aiiMakTap MEH JKaIIbl CIACPAIH JaMyblHa acep
€TeTiH OipKaTap MaHBI3IbI ChIH-KATEpJiep MEH e3repicTepMeH epekiieneHeni. byn Typreiaa KazakcraHHbIH
Oatpic OemiriHme opHamackaH AKTeOe OOJBICHI epeKIle OpbIH aianbl. O3iHiH Oiperedl TapHXbIMEH,
MOJICHHETIMEH JKOHE JKOHOMMKAJIBIK EpPeKIICIIKTepIMEH CHIaTTalaThlH Oyl akimMak Kaszakcranra na,
KeImTereH 6acka eepre e ToH Gipkarap geMorpadusuisik Macesenepi ae o6ap [1].

AKTe0e 00JTBICHI MaHBI3bI OKIMIILTIK, SKOHOMHUKAIBIK KOHE MOJCHH OPTANBIK PETiHAe KahaHIbIK xKoHe
OHIpIIiK JemMorpadusuIbIK ypaicTepre OaiiylaHbICTBI e3repictepre yiibipayaa. OnapIblH HETi3riiepi — XallbIK
KYPBUIBIMBIHBIH  ©3Tepyi, KOIi-KOH NpolecTepi, Tyy MEH oIliM JeHreii, COHAal-aK JAeMOrpadusIIbIK
XKaraalFa ocep eTeTiH dJeyMETTIK-OKOHOMHUKANBIK (akTopiap. byn dakropnap aiiMakThIH QJIEYMETTIK )KOHE
HSKOHOMHMKAJIBIK TYPAKTHIIBIFBIHA, OHBIH IaMYbl MEH XaJIBIKTBIH 9J-ayKaThIHA alTapIIBIKTAl ocep eTe.

TakpIpBINTBIH ~ ©3CKTLNINT — OChl  aliMakTaFbl  JeMorpaUsyIblK — MPOIECTePAl  3€PTTECYAIH
MaHBI3/IBUIBIFEIHA Ha3ap ayJapaThiH Oipkarap Herisri ¢akTopiapMeH aHBIKTANajbl. BipiHIIIIEH, XaIbIKTHIH
KYPBUIBIMBIHIIAFBI ©3TepicTep, KOIIi-KOH aFbIHIAPhI )KOHE TYY MEH OJIIM-XKITiM JACHIeiiHIH aybITKYbl CHSIKTHI
kahaHJBIK JKOHE alMaKTBIK JeMorpadUsyIbIK ChIH-KaTepiiep aiMakTap MeH eNJIEpIiH oJIeyMETTIK-
9KOHOMHKAJIBIK JaMybIHA TiKeJleH CenTiriH Turizeni. Akrede o0nbichl KazakcTaHHBIH MaHbI3AbI 06JIiri Ooa
OTBHIPBIN, ©3iHIH Oiperedl JaeMorpaQusIBIK €peKIIeTKTepiHe ue, ONapAbl 3epHaeney  KepriliKTi
neMorpadusIIBbIK TpodiieManap/bl TYCIHY KoHE 1INy YIIIiH 6Te MaHbI3b! [2].

Mamepuanoap men adicmep

Kazakcranneiy nemorpadusuiblk gamy macenenepi A.I'. Camuxos, T.I'. Ecnonos, C.K. Kemep0aes,
JLA. TpycOB CUSIKTHI OTaHJBIK OHE MICTENJIIK FABIMIAP/IbIH eHOekTepinae, connai-ak KP Ctparerusuibik
JKocIapiiay jkoHe pedopManap JKOHIHIErT AareHTTITIHIH €CenTepiHae 3epTTeired. Auaia, FbUIBIMH
KapUsIaHBIMIApABIH OOJybIHA KapaMacTaH, Ka3ipri jkarmaiga AKTe0e OOJBICHI XaJIKBIHBIH TaOWFH ©cCiMi
MEH KOIli-KOH JUHAMHKACHIH KEIICH]II TalJay J>KEeTKUTIKTI 3epTTeIMEreH KYWiHAE KaJlbIl OTHIp. 3epTTey
Maceneci Akre0e 00JIBICH XaIKbIHBIH TAOUFU 6CYl MEH KOIII-KOHbIHA 9Cep €TETIH HEer13r1 TeHACHIUAIAP MEH
(dbakTopap/sl aHBIKTAY, COHIai-aK oJIapblH aliMaKTarbl 1eMOorpadusUIbIK JKaraaira ocepin Oaranay [3].

3epTTey peCMH CTaTHCTUKAIBIK JAEPEKTEP/I Tal/iayFa, COHai-aK qeMorpadusuIblK TalaayablH CaHIbIK
JKOHE camlaliblK OJICTEepPiH KOJJaHyFa HETi3NeNreH. 3epTTey OJICTepi: CcmamucmuKkaivlk manoay —
KazakcTanHbIH YJATTBIK CTaTHCTHKA OIOPOCHIHBIH TYY, OJIM-XKITIM JKOHE KOIIi-KOH Typallbl JepeKTepiH
OHJIEY; Kapmoepagusnvlk 20ic — KOIli-KOH aFbIHIAPbIHBIH KEHICTIKTe O6IiHyiH BH3yaau3alusiay;
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COYUONO2UANBIK 20ic — KOIIi-KOH ce0enTepi Typaslbl XalbIKThIH cayalHaMalapblHBIH JepeKTepiH Talaay;
canvicmolpmanvl maiday — AKrede OONBICHIHBIH JAeMOTpadusuIbIK KepceTkimTepin KazakcraHHBIH Oacka
OHIpJIEpIMEH CANBICTHIPY. Jepmmey mamepuaioapsvl.: aeMorpadusi OOUBIHINA MEMIIEKETTIK CTaTUCTHKAIIBIK
ecenTep, FhUIBIMU JKAPUSUIAHBIMJIAD KOHE TaKbIPhIN OOWBIHINA aHATUTHKAIBIK 3epTTEyJep, AeMorpadus
JKOHE KOIITi-KOH casicaThl CallaChlHIAFbI capamiiblIapMeH cyx0art.

Homuoicenep srcane onapovt manxwiaay

XanbIKTBIH TaOUFU 6Cyi (KeMyi) — XaJbIKTBIH TaOUFU KO3FaJbIChl HOTIKENEpiHiH KepceTkimmni. Omn
aFbIMJAFbl YaKbIT apaJIbIFBIHAAFl TYBUIFAHIAp MEH KaWThiC OONFaHAap CaHbIHBIH aNbIPMAIIbUIBIFBIH
oinmipeni. ColikeciHIne, KaliCHICBIHBIH MOHI YIIKeH OONybIHA OalllaHBICTBI OH HE Tepic, SFHU OCy He KeMy
Oonanel. Opnerre, Taburu eciM K03 dummenTi xpur iminmeri 1000 amamra maKkaHAarsl KOPCETKIMI, TYy
ko3 uIMeHTi MeH ony Kod(h(UIMeHTIHIH aiblpMachiHa TEH ecenteneli. AKTe0e OOJBICHIHBIH COHFBI
OHKBUIABIKTAFBI TAOUFU O©CIMiHIH JUHAMUKACKHI 1-cypeTTeri rpaduKTe KOpCeTUIreH.

18
17
16
15
14
13

12

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
=@=Ta0uru 6CiM

1-cyper. 2013-2023 xpu1map apajbiFbiHIaFbl AKTO0E 00JIBICH XaIKbIHBIH TAOUFH ©CIMIHIH JHHAMHUKACHI
Ecxepmne — [4], [5],[6] a0ebuemmep keozine nezizdenin, agmopnap Kypacmulpeam

I'padmkreH Kepin OTHIpFaHBIMBI3AN, TaOWFW OCIMHIH €H KOfraphl OaiikamraH ke3i — 2015 xbin,
17,41%0 Oonran, Oyn JereHimi3 eyiM Kod(GQHUIMEHTI MeH Tyy KOI(QQHIMEHTI YIKEH albIpMaIIbLIBIK
ykacaraHblH Oinmipeni. TaOburu eciM koadduimenti 2017 xpurra JeitiH OIpTIHACT TOMEHICI >KaTKAHBIH
Oaiikayra 6omanbl. Tex 2023 xbiisl 2013 xbpiman Oepi OalikanFaH eiM KO(QQUIMEHTIHIH €H MUHUMAIIBI
KoepceTKillliHe uWe OoNFaHblHA KapaMacTaH, TYBUIFAHIIAD CaHBIHBIH a3 OodyblHAa OalIaHBICTHI TYyy
KkodduimenTi je a3 OOJIFaHbI YIIIH TAOUFU 6CIM CAIBICTBIPMAbI TYpAE a3.

2023 KBUTFBI KaHTap-aKIaHa OOJBIC XaJKBIHBIH TaOUFU eciMi 2,1 MBIH agaMIbl Kypajsl, )KaHa TyFaH
Hopectenep caHbl 3,1 MbIH amamra xeTTi. 2022 KbUTFBI KaHTap-aKIaHMEH CallBICTHIpFaHia TaOWFu eciM
11 %, Gana tyy 0,8 % ecri, eniM-xkitiMm 16,6 % a3aitranbl Oalikansin oTeip. Hekenep canwl 7,1 % kemifi,
axplpacynap cansl 37,8 % ecrTi.

An o0ublc imiHzAe XeKenereH ayAdaHIapAarbl XKarlald Kajald eKeHAIriH 2-CypeTTeri KapTagaH Kepyre
6osanel. Onmga 2012-2023 sxbpuigap apajbiFblHAaFel TaOMFU ©CiM KO3 (GUIMEHTIHIH AKTO0€ OOJBICHIHBIH
ayJaHJapbIHAaFbl MOHJIEP1 KOPCETUITeH.

OO0ubIcTa TYPFBIHAAPABIH SKOHOMUKAJIBIK OEICeH K Kepcerim, ke O6actaiiteid Kapraist (79,5), Oibur
(79,4), baiiranun (79,3) xone Oireke 6m (79,2) aymanmapbl. AygaHAapIblH Talaaybl ITETeHMEH OapiIbIK
aygaHgap emec OeICEHIUTIKTIH OWiK JeHreifiMeH TMO3UTHBTI TEHAECHIMSIAPABI albIll )KYPETIHIH KopceTeT.
Meicanra, 2004 >xputel O#bUT ayJaHBIHIA YKOHOMHUKANBIK TYpFbIIaH OenceHmi xanbik (83 %) 11,0 MbIiH
amamiel Kypanbl, an 2021 >xeuter 11,7 MbIH amam, Oipak SKOHOMUKAIBIK OenceHiunk neHreii 79,4 %
TOMEHIE].
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2-cypert. 2013-2023 xpuimap apaibIFbIHIAFEI AKTe0€ 0OJIBICH XalKBIHBIH TaOUFH ociM K03 PUIIMEHTIHIH KapTackl
Eckepmne — [4], [5],[6] a0ebuemmep xeosine necizoenin, asmopaap Kypacmvlpear

Kowi-xon. Ke3 kelreH ayMakTbiH JeMOrpaQUsUIbIK JKarmaiiblH 3epTTey OapbIChIHIA KOIli-KOH
MPOLIECTEePiHIH eckepiayl MaHbI3bl. Ce0eli, 0 TeK KaHa XaJblK CaHbIH ©3repTill KaHa KOoWMai, OHBIH
MKACTBIK, KBIHBICTBIK, VJITTBIK )KOHE ©3r¢ JIe KYPAMBIH ©3TrepTyTe TiKeleh opi KbICKa YaKbIT apajibIFbIHIA dCcep
ete anaapl. COHBIMEH Oipre Keli-KOH MPOIECi COJl TEPPUTOPUAAAFHI XATBIKTBIH KAIBINITACTBIPYIIBI KYIII
Ooiybl a2 MyMKiH. Kelri-KOHHBIH TYypi €Ki Typ:ii OOJysl MYMKiH: OENTili TeppUTOPUSHBIH iNIiHAET] Keli-
KOH HEMECE TePPUTOPHUSHBIH IIeKapachlHAH THIC Kepre Murpaius. TeppUTOpHUsIIaH ThIC MUTPAIIUSHBIH ©31
MEMJIEKETIIITIK JKOHE XaJIbIKapasIbik 0outa amasl [7], [8].

Kapranga xepcetinred AkreOe OOJIBICBIHBIH MUIPALUSIBIK aFbIMAAPBIHBIH KOPCETKIIITEPl aylaHHaH
ayJlaHFa KaHIlla aJaMHBIH KOIIIN KeJIreHIH HeMece KeTKeHIH Oiummipeai. Murpanusuiblk arbiMaap — Oy
ayJaHFa Kellill KOCBUIFaH HeMece ayJaH/bl TacTal KETKEH XaJblK CaHBIHBIH albIpMachlH Kepceredi. by
JTMHAMHKA XaJBIKTHIH KOIITi-KOH CascaThl, JKOHOMUKAIBIK MYMKIHJIKTED, SJI€YMETTIK KbI3METTEP/IiH JIeHT eHi
CHUSIKTBI KeITereH (axTopiapiblH ocepiHeH Kaibinracazipl. Kapramarel OaraHAapiblH TyCl MeH OHMIKTIri
ayJIaHaap apachlHAarbl MUTPAIMSIIBIK aFbIMAAPABIH CaHABIK MoHAEpiH Ourmipeni. XKaceim Tyc — aynanra
KON KeIreHAepAiH CaHbIH, KbI3bUT TYC — KETKEHIIEP/IiH CaHBIH, Capbl TYC — ayJaH/IaFbl XalIbIK CAHBIHBIH
TYpPaKThl ©3repicid kepcerei. TycTepaiH KapKbIHABIFBI MEH OaraHIap IbIH OUIKTIIT MUTPALIMSIIBIK aF BIMHBIH
KYILIiH Olaipei.

Tepic KelTi-KOHHBIH albIpMachl KaIBINTACTHI jkoHE oy 565 amamuer kypaabl (2023 KbUFBI KaHTap-
akranza — 62 ajgaMm), OHBIH IIIIH/E CHIPTKbI Keli-KoHaa — 64 agam, oH Kelli-KoH aibipMacs (154), ki
KOIIll KOH/Ia Tepic KoIli-KOHHBIH aiibipMacel — 629 (-216 amgam). AKTe0Oe OONBICHIHBIH KOIITi-KOH abIPBIMBL,
ozerTe, Tepic MoHre ue. An HakThl MoHAepi 3-cyperteri rpadukre 2013-2023 xpuinap apaliblFbIHAAFBI
JTUHAMHUKACBhIHAH KOpiHEeII.
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3-cypert. 2013-2023 >xpuiap apanbFbeIHIAFEI AKTe0e 00JIBICH XaIKBIHBIH KOIIi-KOH albIPBIMBIL
Eckepmne — [5],[ 6] aoebuemmep kesine necizoenin, asmopiap Kypacmolpean

Kemri-koH albIpbIMBIHBIH TpaduriHeH TYpakThl Kemyni Oaiikayra Oomagpl. Texk 2016 6en 2019
JKBUIIAFBI ipi albIpManibLIbiK 005116l 2013-2023 xpuimap apajibiFblHIA KOIIi-KOH albIphIMBI OIpKEIKi Tepic
MoHre ue OonraH. byran Herisri cebem — op Typii MakcaTTapMeH OOJBICTaH KETETIHAEPAIH CaHBIHBIH
KeJIeTiHAep CaHblHAH OacklM OoNaThIHABIFBIH Oinmipeni. Kapraga kepcerinreH (4-cypeT) CTaTHCTHUKANBIK
MOJIIMETTepre CyYHeHe OTHIPHIN, AKTeOe OOJIBICHIHAaFbl MUTPALIMSUIBIK aFbIMIAPIBIH ©3Tepici KoHEe ONapIblH
QJICYMETTIK-3KOHOMUKAJIBIK 1aMyFa bIKIaJIbIH Tangayra 6osazasl [10].
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4-cyper. 2013-2023 xpuiaap apayibiFbiHIaFbl AKTO0E 00JIBICHI XAIKBIHBIH KOIIIi-KOH KapTachl
Ecxepmne — [6],[ 9] a0ebuemmep xesine necizoenin, agmopaap KypacmvlpeaH
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Kapraga aynanpmap apacblHIaFrbl KeINi-KOH CaHAAPBIHBIH aWbIPMaIIbUIBIFBl aHBIK KOpiHedl, Oy
ayJaHAarel JKYMBIC OPBIHAAPBIHBIH CaHbI, OUTiM Oepy MeH JeHCAylbIK CakTay MeKeMeJepiHiH IeHTrei
CUSIKTHI (haKTOpIapMeH OaimaHbICTHl 00yl MyMKiH. 2023 >KBUIFBI KaHTap-MaMbIp[ia PecIryOIUKagaH THIC
xeprepleH obmabicka 447 agam kenreH, an 210 agam ketkeH (2022 xpuisl 102 anam, ketkenaep cansl — 430
amam). Illerennen xenrennmep caneiHaH 145 KazakTtap, 153 opsictap, 39 ykpamHmap Oomxmel. OO6mbIcTaH
Kazakcrannas ThIC xeprepre KeTkeHaepAiH imiHne 13 xazakrap, 95 opsictap, 60 ykpaunmap 6onast [11].
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5-cyper. Akte6e 00ibICHIHBIH 2023 KBUTIaphl 00IBICKA KENTSHICP MEH KETKSHIEPIIH YiIeci MCH OaFbITHI
Eckxepmne —[5],[6] a0ebuemmep roszine nezizoenin, asmopiap Kypacmolpean

OHipapaiblK KeIlIi-KOHJa ecenTi Ke3eHle KenreHaep caHbl 2022 KbUIFBI KaHTap-MaMbIpMEH
canbicThipranaa 1,6 % xemimi (2023 xbuisl — 2140 amam, 2022 xbutel — 2174 agam), KETKSHIEP CaHbI
3,5 % xemimi (2023 xbutel — 2752 amam, 2022 xwuiel — 2851 amgam), KeImi-KOH calbIockl — 612 agambpl
Kypansl (2022 xeimel — 677 amam). 2023 KbUTFBI KaHTap-MaMbIpia OOJBIC IIETiHIE TYPFBUIBIKTHI JKEpPiH
esreptkeraep canbl 8028 amamubl Kypaabl, 2022 >KpUIFBI KaHTap-MambIpaa 8634 amgam, Hemece 7 % as.
OOnbIcKa KenTeHIep MeH KeTKEHIEPAiH HEri3ri aFbIMBIHBIH KaijaH, KaHnal Iopekene eKeHi S-cyperrteri
JIUarpamMmanap/a cajiblHFaH.

Kopuvimuinosi

Axrebe OONBICBIHBIH JIeMOrpadUsuIblK axyalblHa KeHmIeHJ cumarray >Kyprizunm. by skymeic
neMorpadusIbIK axyal bl KeMIeH i 3epTTeY/IiH MPUHIMITEPI MEH 4 KOMIIOHEHTIH (IIMHAMHUKAIIBIK, CAaHIBIK,
canaJiblK, TePPUTOPHSIIBIK) HETI3re aja OTBIPBIN KacajblHABl. Opi KecTe, KapTa, auarpamma, rpadukrep
TYPIiH/IE YCBIHBLIIBI.

AKkTe0e 00NBICHIHBIH JeMorpadusUIbIK KkaFrnaibiHbH 2013-2023 sxpuinap apaibFbIHAAFRl JHHAMUAKACKI
AHBIKTAJIBI: OHBIH IIIIHAE XaJbIK CaHbl aFbIMIAFrbl Jepektep OoibrHmIa 2023 ®bUIAbH 1 aknaHbiHA 00JIBIC
XaJKBIHBIH caHbl 797,0 MBIH amaMasl Kypazpl, COHBIH imniHme Kamamslk skepae — 491,2 Mo (61,6 %),
aybuIsIK kepne — 305,8 mbiH amgam (38,4 %), 2023 KpUIFBl KaHTap-akKnaHaa OOJBIC XalIKbIHBIH TaOWFU
eciMi 2,1 MbIH agaMIbl Kypasjbl, )aHa TyFaH HopecTenep caHbl 3,1 MbIH agamra skeTTi. 2022 KbUIFbl KaHTap-
aKIaHMEH caJibICThIpFanaa Taburu ocim 11 %, 6ana tyy 0,8 % ecTi, eximM-xiTiM 16,6 % a3aiiraHbl OalKasIbIIl
oteip. 2013-2023 oK. apanbIFbIHIA KOIIi-KOH albIpbIMBI OipKeJKi Tepic MoHre me OojraH. byraH Herisri
cebem — op TYypJli MakcaTTapMeH OOJIBICTAaH KETETIHIEpP/iH CaHBIHBIH KEeJETiHJep CaHbIHAH O0achIM
0O0JIaTBIHABIFEI OalKaIIbl.

JKanmbel, Axre0e OONBICHIHBIH Ka3ipri 3aMaHfbl jeMorpadusuiblk Macenenaepin 2013-2023 xeuimap
apaNbIFBIHAAFEI IEMOTPAHSIBIK YASpiCTEp IiH JUHAMUKACHIHA TaIay KacaablHABL. OpOip AeMOrpadusuTbIK
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yzaepicrepain Oenrini Oip yakbIT inmiHAe e3repyiH auarpaMma, KecTe jKOHE KapTauap TypiHAe Oepiim,
YKOFapBhI KOHE TOMEHT1 MOHAEP1 KOPCETIIII.
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A.E. ErunbaeBa, K.H. bakbiTkan

EcrecTBeHHBIH POCT M MUTPALMOHHBIN MIPOLIECC HACEJICHUS
AKTIOOHHCKOI 00J1acTH

B crarbe paccMOTpeHBI POIIECCH €CTECTBEHHOTO MPUPOCTA M MUTPALIMH HACETIeHUsI AKTIOOMHCKOW 00acTw,
WX JUHAMHKA, OCHOBHBIE (DaKTOPHI M TOCIENCTBHA. AHanM3 OCHOBaH Ha JaHHBIX HammoHampHOTO OrOpO
cratucTukd KaszaxcraHa, HaydHbBIX IyONUKalMi W pe3yabTaTax COLMOJIOTHYECKHX MHCCIIEIOBaHUH.
PaccMOTpeHBl M3MEHEHHS POXKAAEMOCTH M CMEPTHOCTH, BHYTPEHHSSI M BHEWIHAS MHIpanus, HX
IPOCTPAHCTBEHHBIE 0COOCHHOCTH M COLMAIBLHO-9KOHOMHYECKHe mociencTBus. Ocoboe BHUMAaHUE yensieTcs
OCHOBHBIM TPUYMHAM MHUTPAIIMOHHBIX MOTOKOB, BKIIIOYAs YKOHOMUYECKHE, DKOJOTHYECKHE U COIUAIIbHBIC
(hakTopsl. B nccnenoBaHK TPUMEHSIIMCH METO/IBI CTATHCTHUECKOT0, KAPTOTpadUIecKoro U CPaBHUTEIBHOTO
aHanmm30B. [lomydeHHBIE pe3yNbTaThl MO3BOJIMIM BBISBHUTH COBPEMEHHBIC JeMOTpaduyeckue TEHICHIIUH
peTHOHa W TPEMIOKHTH MEPHl MO PETYIMPOBAHHIO MHTPAIMOHHBIX IPOIECCOB, a TAKXKE MOBHIIICHUIO
€CTECTBEHHOTO MPHUPOCTa HaceleHHs. Pe3ymbTaTel MOTYT OBITH IIOJIE3HBI TOCYAAapCTBEHHBIM OpTraHaM,
3aHUMAIONIMMCS IeMOTpapuIeckOil W MHTPAIIHOHHOW TOJUTHKON, a TaKKe HCCIEeNIOBaTeNIsIM B 00JacTH
reorpaduu HacEIEHHs U COIMAIBLHON TeMorpaduu.

Kniouesvie cnosa: pemorpadus, €CTECTBEHHBIH INpPUPOCT, pOXKIAEMOCTb, CMEPTHOCTb, MHUTpPAlUs,
AxTi0O0MHCKas 001acTh, AeMorpaduyeckas IMHAMHUKA, MUTPAIIMOHHbBIE TIOTOKH.
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A. Yeginbayeva, K. Bakytzhan
Natural growth and migration process of the population of Aktobe region

The article examines the processes of natural growth and migration of the population of Aktobe region, their
dynamics, main factors and consequences. The analysis is based on data from the National Bureau of
Statistics of Kazakhstan, scientific publications and the results of sociological research. The changes in
fertility and mortality, internal and external migration, their spatial features and socio-economic
consequences are considered. The main focus is on the main causes of migration flows, including economic,
environmental and social factors. Methods of statistical, cartographic and comparative analysis were used.
The results obtained make it possible to identify current demographic trends in the region and propose
measures to regulate migration processes and increase natural population growth. The results may be useful
to government agencies involved in demographic and migration policy, as well as researchers in the field of
population geography and social demography.

Keywords: demography, natural growth, birth rate, mortality, migration, Aktobe region, demographic
dynamics, migration flows.
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Evolution of rivers in the arid zone of Kazakhstan
(geomorphological aspect)

Geographical location, the variety of relief and climatic conditions of Kazakhstan have caused an uneven
distribution of surface waters in its territory. Character of the hydrographic system, regime and flow of the
rivers depend essentially on the latitudinal zonation of climate and landscapes. On the most part of the
territory evaporation equals to the amount of precipitation. Therefore, there is a shortage of moisture in the
soil and aridity roughs in the form of landscapes everywhere. Due to the shortage of moisture, especially
sharply expressed in the desert and semi-desert areas, surface runoff is small, river system is sparse, and the
rivers are shallow. Many rivers form independent basins of a closed flow and finish in small closed lakes, lost
in the sands or its own deposits. Central Kazakhstan applies to the areas with poor hydrographic system.
Surface runoff of the Central Kazakhstan is represented by rivers Ishim (upper), Selety, Shiderty, Sarysu,
Nura. Modern state of the rivers is aggravated by environmental destabilization of the region.

Keywords: Central Kazakhstan, Ertys, Nura, Lake Kurgalzhin, Tokrau River, Lake Balkhash.

Introduction

Most of the territory of Central Kazakhstan belongs to the internal drainless area, and only the Esil
(Ishim) river with tributaries carries its waters to the Ob basin. The rest of the rivers of the northern part of
Central Kazakhstan flow towards the Ertys (Irtysh) river, but end in small closed lakes in the extreme south
of Western Siberia or are lost in their own sediments. Many rivers form independent closed drainage basins.
The largest such river is the Nura, which originates in the Khankashta mountains and flows into Lake
Kurgalzhin.
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Figure 1. Nura River [9]
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Materials and methods

The Sarysu river valley in the upper reaches is 20 km wide and is composed of red clay on the surface.
Expanded areas in the upper reaches are recognized by some researchers (Svarichevskaya Z.A., 1965) as
areas of minor local troughs, which were probably filled with lakes at one time. In the Quaternary, a real
erosional valley arose, in which the floodplain and the first above floodplain terrace 5-6 m high, composed of
sandy loam and gravel-pebble material, were clearly traced.

Figure 2. The bridge across the rivers near Sarysu, destroyed by floods [6].

According to its morphological features, the Mointy River valley is divided into upper and lower parts.
In the upper section, the valley is 7-10 km wide. Its bottom, directly from the surface, is composed of red-
colored sediments, at the base of which are kaolinized sands with inclusions of pebbles, sometimes cemented
by conglomerates. Thickness 6 m, age — Upper Oligocene. The red clays are cut by a relatively narrow
young Quaternary Mointy valley and the ancient bottom rises above the modern channel in the form of a
terrace, 12-15 m high. Below Zhingil station, a valley bifurcation is noted, and its left branch Minshukur
merges with the mouth of the Zhamshi valley. The right branch, or the main valley of Mointa, narrows below
the Zhingil station, and there are no red clays in it. Four terraces can be traced here: the first and second
terraces are of Quaternary age, and the third and fourth (2 and 10 m heights, respectively) are composed of
Upper Oligocene pebbles. Their exposure is associated with the uplift of the ancient bottom of the valley.
The fourth terrace received the greatest development on the left bank of the Mointa at the mouth, where it
immediately approaches Balkhash [1].

The valley of the Tokrau River and the Kusak tributary, 10-30 km wide, are made of Miocene variegat-
ed clays. In the middle part, extensive bottoms are cut by Quaternary valleys with a dry bed. In the upper
reaches of the Tokrau River, there is a well-developed floodplain and four alluvial terraces. The channel,
filled with pebbles, can be traced to the bottom of the valley and is lost at the end of its vast delta, which in
the xerothermal epoch was strongly dispersed and turned into hilly sands 5-7 m high. Near Lake Balkhash,
the delta was flooded and then salinized in the Upper Quaternary. Within the Karaganda coal basin, the Nura
river appears only over a short stretch to the northwest and northeast. The main rivers of the basin are the
Sokyr and Sherubainura rivers. The total length of the Sherubainura River is 270 km, within the basin it
flows at a distance of 50 km. The river begins in the Togunbai Mountains, at the watershed of the Nura River
and Lake Balkhash basins. For 50 km, Sherubainura flows along a wide (1-10 km) valley, the river bed is
meandering, the width in some places reaches 40 m, the bottom is covered with pebbles and sand. The depth
of the river is from 0.3 to 4 m. The banks are steep, 4 m and more high, overgrown with willow trees every-
where. The water in the river is fresh, with a constant surface flow along its entire length. Three terraces are
well-defined. The right tributaries are the Sokyr and Sarydzhan-Uz ek rivers, the left ones are the Tentek riv-
er. Near the village of Molodetskoe, Sherubainura flows into the Nura river.
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Figure 3. Mointy River during the flood [7].

The Sokyr river originates in the Itzhan mountains and flows through the basin in the direction from
south-east to north-west. The total length of the river from the headwaters to the mouth is 80 km. Throughout
its entire length, the river has no constant surface runoff, the water is brackish. The river bed is well
expressed, and in some places, it reaches several tens of meters, the height of the coastline is 6 m. The
streams in the upper reaches are small, in the lower reaches, they reach lengths from 75 to 200 m and up to
20 m in width with a river depth of 2.5 m. Closer to the mouth, the length of the streams is 1.5 km, the width
is 30 m. The river retains its plyosal character up to its mouth. The Elche River is a large tributary. It begins
in the Akbastau mountains, flows along a wide valley, the channel is clearly expressed throughout, the water
is brackish. The Koktal and Sogurbay (Karasu) rivers are the left tributaries of the Sokyr river. In the upper
and middle reaches, these rivers have a well-defined channel, and in the lower, they are lost in the alluvial
valley.

A B
Figure 4. The destroyed bridge across the Sokyr river (A), liquidation of overflow on the river (B) [8].

Since false history evolution has the Balkhash-Alakol parameter lakes group, which and hitherto object
disputed. From the point of view of L.S. Berg (1904), Z.A. Svarichevskaya (1952) Lake Balkhash is young,
the nature of the shores is ingression. According to research by B.F. Meffert (1912), M.P. Rusakova (1933),
K.V. Kurdyukov (1952), the nature of the shores is regression. Research by Z.A. Svarichevskaya revealed: a)
the pebble terraces of Balkhash are the fourth Upper Oligocene terrace of the Mointy valley; b) the coastal
zone of Balkhash is characterized by youth; c) the coast is bay, ingression, in places discharge. The forms of
the shores of the Northern Balkhash are determined by the dissection of the land flooded by the lake. The
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Saryshagan Bay is located on the site of the flooded mouth of the Mointy River. The absence of a deeply
protruding bay at the mouths of the Minshukur and Zhamshi is explained by the powerful accumulations of
alluvium in the valleys, which compensated for the flooding of the mouth. In the northwestern part of the
Saryshagan Bay, flooded rocky granite hills have caused a kind of island relief, similar to the skerry coast of
Finland. From time to time, the lake floods the denudation plain sinking under its level, and in some places
the plain breaks off with a sharp ledge, and the coast bears traces of abrasion. However, the steepness of the
shores is of tectonic origin. This is evidenced by the ancient lacustrine sediments at the foot of Targyl at an
altitude of 9-12 m, the distinct straightness of the western shores of the lake, as well as the limitation of the
shore of the Kashkanteniz Bay by young faults and the high height of coastal ramparts (up to 20 m). Along
the coast stretches a narrow strip of beach and coastal embankments, well-developed and of considerable
width and height (3-4 m). An ancient wall of the Upper Quaternary age is occasionally observed. It is very
wide, overgrown with vegetation. In the estuarine parts of the valleys, only modern ramparts are found. They
are small in width and height. On the coast at the mouth of the Zhamshi River and on the southern bank of
the Balkhash, the Aral type of coast is observed, characterized by flooding of the hilly desert aeolian relief.
The flooding took place during the Upper Quaternary flooding epoch. Now the shore of the lake has receded,
and the ancient coastline of the Aral type characterizes the winding edge of the saline plain [3].

iﬂﬂﬁmtv

ik 4
i

Figure 5. Balkhash-Alakol group of lakes (satellite image).

Fluctuations in the level of Lake Balkhash have occurred and are occurring constantly. It periodically
increases and decreases in area. The lake reached its lowest level in the late 40s. From 1952, a sharp rise
began, which continued until 1962, after which a decline began again. The decline in the level of the lake
from 1990-1993 corresponds to the mark of 32 cm, from 1993 to 1995 there was a rise in the level to 28 cm.
From the end of 1995 to 1998, the lake level began to decrease and reached 21 cm. Short-term rhythms occur
against the background of intrasecular fluctuations in the level of the Lake Balkhash (45-60 years).

On the territory of Central Kazakhstan, there are lakes with fresh, salt, and brackish water. They are
shallow depressions with flat shores. Some lakes exist only in spring: in the summer, the water either
disappears completely and the bottom is a rough surface or some of it remains and turns into swamps.
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According to the words of formation, the lakes are divided into lakes formed on the site of the stretches of
former rivers; dam lakes, formed by blocking river valleys with sediments, brought by their temporary
channels and lakes, which owe their origin to deflation.

The largest lake Sasykkol has an area of about 7 km? the depth does not exceed 3 m. By origin,
Sasykkol belongs to the type of dam lakes of the river. In the southeastern part of the basin, there are a
number of drying up lakes under the general name Sarykol or Bala-Sarykol. In places where groundwater
flows out, there are swampy areas.

Results and Discussion

The evolution of rivers has influenced the current state and distribution of underground waters in
Central Kazakhstan, which are formed due to the filtration of water from transit rivers and underground
runoff from the surrounding mountain systems. Reservoir waters associated with weakly dislocated
sedimentary rocks of various ages predominate. Fissure waters occur under Paleozoic and more ancient rocks
at a depth of 100 meters or more. Groundwater outlets through cracks are available in the low mountains of
the Kazakh Upland, at the foot of the Chu-lli Mountains. The identified basins of fresh and slightly saline
artesian waters lie at a depth of 100-400 to 500-800 m [4]. In the northern parts of the region and in areas of
low mountains, characterized by an increased amount of atmospheric precipitation, at the foot of hills and
mountain ranges, along the sides of the valleys, natural outflows of groundwater in the form of springs and
hollows are recorded.

Sources flow rates range from hundredths to 5 dm 3/s. Granite massifs of low mountains (Kokshetau,
Bayanauyl, etc.) are most favourable for the formation of fractured waters. Fissure-karst waters are
associated with the Famen and Tourne carbonate rocks. The largest water cut is characteristic of the cores
and wings of anticlinal folds composed of karst limestones (Zhezkazgan-Ulytau, Kengir districts). The
thickness of the flooded zone is 100-200 m, the karst content is established to a depth of 280 m. Pore-type
waters are associated with sediments of gray-colored coal-bearing formation (J).

The Karaganda artesian basin covers an area of more than 1100 km” With the thickness of the watered
conglomerate-sandstones of the order of 200-250 m, the natural reserves of the basin are 3.8 billion me. The
exploitable groundwater resources of the Jurassic rocks of the basin are estimated at 1.5 m*/s. The existing
water intakes, taking into account the mine drainage, give about 1 m%s. Long-term exploitation of the
artesian basin (over 40 years) has led to a decrease in water levels by 30-70 m and the formation of a
depression funnel with an area of 300 km?. Pore water is accumulated by loose clastic deposits of the surface
formation. Of greatest practical interest are aquifers of alluvial and alluvial-proluvial deposits. Sand-gravel-
pebble deposits in the valleys of large rivers of the region contain flows and horizons of groundwater
everywhere. The increase in pore water reserves occurs due to the infiltration of flood runoff, atmospheric
precipitation, and inflow of fractured waters. Long-term hydrometric observations have established that up to
95 % of the annual surface waterfalls on the spring flood. In vast areas of clayey and sandy-clayey plains,
groundwater flows through deep confined aquifers at great depths. These areas include the western part of
the Betpakdala plateau.

The underground waters of the study area are subdivided by V.A. Kurdyukov (1936) into two main
types: waters filling cracks and voids of solid Paleozoic rocks, and waters trapped in the pores of loose post-
Paleozoic formations. Taking into account the variety of conditions of occurrence and circulation of waters,
depending on the differences in lithological composition and structure of rocks, V.A. Kurdyukov identified
the following types of groundwater within the above types:

1-fractured effusive waters; 2-fractured, fractured-stratal, and karst waters of the sedimentary strata of
the Devonian and Lower Carboniferous; 3-reservoir fractured waters of the productive strata (first type).

4-bed waters of Mesozoic sediments; 5-bed waters of ancient alluvial valleys; 6-stratal waters of post-
Tertiary sediments: alluvial flows and localized free horizons (second type) [5].

Other researchers (A.P. Vykhodtsev, I.S. Rusanov, etc.) identify basically the same types, but either
combine some types, or identify subtypes of groundwater, but in general, adhere to the classification of
V.A. Kurdyukov. When considering each type of groundwater, we note that they have their own
characteristics and specificity. Fissured waters of effusive rocks, due to the large area of development of
fractured rocks, are of great importance in the hydrogeology of the basin. These waters serve as the base for
water supply to branches and farms. The waters of tectonic zones are associated with tectonic contacts of
rocks of the effusive suite and sedimentary formations of the Upper Devonian-Lower Carboniferous or with
faults within each of the formations. The strongest manifestations of these waters were studied by
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V.A. Kurdyukov in the area of Maikuduk (Karaganda) and the Zhalair hills. The Maikuduk tectonic aquifer,
confined to the contact of the Middle Devonian porphyritic lavas and the Carboniferous strata, was traced
along the outcrops of sources and swampy areas at a distance of more than 4 km. Fractured and karst waters
are confined to the fractured and karst limestones of the Rusakov and Kassinsky layers. The general
synclinal bedding of limestones with good water confinement conditions generally favorable conditions for
the accumulation of a significant amount of water. The waters are exposed by wells. Wells located north of
Karaganda in the area of the village. Tikhonovka and Kompaneisky, showed flow rates from 5 to 30 I/s.
Fractured waters of the coal-bearing strata are exposed by mines, wells, pits, and boreholes. The degree of
water content depends on the lithological composition of the formations, rock fractures, and the presence of
tectonic faults. The waters of the coal-bearing strata are characterized by a variegated composition: below
the weathering zone, it is with deer and hard waters, not suitable for drinking and technical purposes. The
content of sulfates is 400-1600 mg/I, chlorine — 34-5300 mg/I. Water consumption from tens of a liter to 6-
7 I/s. Aquifers are confined to coal seams and sandstones. The formation waters of ancient alluvial valleys
were discovered in the river valley. Sherubainury, near the village. Zhartas and in the valley of the river.
Nury. The formation waters of post-Tertiary sediments are in most cases fresh, with a chlorine content of
50-200 mg/l and sulfates — 20-150 mg/I.

Conclusion

Great importance has always been attached to the study and search of underground waters in Central
Kazakhstan, since surface waters are unevenly distributed over the territory of the republic, and underground
waters are the main source of water supply for many regions. Significant reserves of fresh water have been
identified in carbonate structures, ancient and modern valleys, sandy massifs, granitoid and metamorphic
rocks.

Thus, along with geological, climatic, hydrogeological conditions, geomorphological factors also
influenced the evolution of genetic types of surface and ground waters, their distribution, and accumulation.
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A.A. JIykamos

Ka3zakcTaHHbIH KYpPFaK aiilMarbl 63eHAePiHiH IBOJTIOIUICHI
(reoMop}oJIOTHSIIBIK ACIEKT)

KaszakcranHbIH reorpadHsuiblK OpHATIACYybl, xkep Geaepi MeH KIMMATTHIK JKaFJaillapbIHBIH OPTYPJILITi OHBIH
ayMarblHAA JKEPYCTi CYNapbIHBIH Oipkenki OemiHOeyiHe okenai. ['maporpadusiblk KyHeHIH TaOWFaThl,
O3CH/CpAIH PEKHMI MEH arblHbl KIMMAaT IeH JaHamadTTapAbly eHAIK OengeynepiHe OaiiaHBICTHI.
AyMmakTblH Kerl Oedjirinae OymaHy »KayblH-IIalIbIHFA cofikec Keneai. COHABIKTaH OapIIbIK JKep/e TOIBIPAKTa
BUTFAJl JKETICIeH Il JKoHe NaHAmadTTapAblH KypFaKThIFBl Oaiikamazpl. Ocipece Oys TaMIIbUIBIK KEPYCTi
aFbIHBI a3, ©3€H JKYHeci CUpeK, e3eHAepi Tas3, el JKoHe MIOJIeHT aliMakTapaa aikeiH kepineai. Kenrteren

160 BecTHuk KaparaHgmMHCKoro yHmBepcuteTa



Evolution of rivers in the arid zone...

e3eHzep JaepOec TYHMBIK aFbIHABI OacceiHAepAi Kypaiabl jkoHE Kymaaplaa HeMece o3 MIeriHaiuiepiHae
JKOFaJIFaH LIAFBIH aFbIHCHI3 Kejjepre aiHamanpl. Opranelk Kaszakcran rupporpadusiiblk sxyiieci TemeH
aymakka xartaapl. OpTansik KasakcrannsiH xkepycrti arbiabl Ecin, Cineri, Ilineprti, Capricy, Hypa e3enaepi
apKBUIBI  KOpCeTiNreH. O3eHAepAiH Ka3ipri JKarmaiibl alMaKTBIH OKOJIOTHSUIBIK — TYpaKChI3[JaHybIHA
0aiiIaHBICTEI KUBIHAAYA.

Kinm ce30ep: Opransik Kazakcran, Epric, Hypa, Kopramxsia xemni, ToksipaybH e3eHi, bankam xeuti.

A.A. Jlykamios

JBoJIIOUA pek apuaHoii 30HbI Kazaxcrana
(reoMmopdoJI0THYeCKHU ACMEKT)

T'eorpaduueckoe monoxenue, pazHoobpasue penbeda U KIUMaTHUIeCKUX ycioBuii Kazaxcrana oOycraBiu-
BAIOT HEPAaBHOMEPHOE pacIpe/ie/IeHue MTOBEPXHOCTHBIX BOJ HA €T0 TeppUTOpHH. XapakTep ruaporpaduue-
CKOHM CHCTEMBI, PEXXHUM M CTOK PEK BO MHOT'OM 3aBHCST OT IIUPOTHOW 30HAIBHOCTH KJIMMAaTa U JIAaHAmAadTOB.
Ha Gouplieit yactu TeppuUTOPUH UCIIAPSIEMOCTH COOTBETCTBYET KOJINYECTBY 0caikoB. [loaToMy HOBCIOy Ha-
OiromaeTcsl HEOCTATOK BJIArk B MOYBE U 3aCyLUIMBOCTD JIAHAIA(TOB, 0COOEHHO OCTPO 3TOT Ae(HIUT BIpa-
JKEH B IIYCTBIHHBIX H MOJYITYCTHIHHBIX paliOHax, IJie HOBEPXHOCTHBIH CTOK HEBEIIMK, peYHasi CHCTEMa paspe-
JKEeHa, PEeKH MEJIKOBOIHBI. MHOTHE peKH 00pa3yroT caMOCTOSTEIbHbIE 0AaCCEHHBI 3aMKHYTOTO T€USHUS U 3a-
KaHYMBAIOTCS] HEOOIBIINMH OECCTOYHBIME 03€PaMH, 3aT€PSHHBIMU B TIECKaX MM COOCTBEHHBIX OTIOKECHUSX.
Lentpanpabnii Kazaxcran oTHOCHTCS K TEPPUTOPHUH CO cIa00i ruaporpadudeckoit cucreMoit. [loBepxHOCT-
HBIH cTOK LleHTpamsHoro Kazaxcrana mpencrasned pekamu Wmum (Ecunb), Cenersi, lupeptel, Capsicy,
Hypa. CoBpeMeHHOE COCTOSIHUE PEK YCyTryOIsieTcs KOIOrH4ecKoi ecTabuin3anyeil peruoHa.

Kurouesvie cnosa: Lentpansubiit Kazaxcran, Epteic, Hypa, o3epo Kypramkun, pexa Tokpay, ozepo banxari.
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Oprauasik KazakcTaHHBIH IIAFBIH AaMAKTAPbIHA
TAOMFH-AHTPONOTeHAIK (PaKTOPIaPBIHBIH dcepi (AKTOFall MbICAJIBIH/A)

T'eorpadusi FHUIBIMBIHAA KOpIIAFaH OPTAHBIH TaOWFATHIH OarJapiay jKOHE e COJl XKEpJIepAiH KOIOTHICHIH
JKaKcapTy aca MaHBI3ABI JKoHE Kypaeni Macerne. Kasipri xesge aybUIIBIK KepiepiH TaOuraTel ap Typii
esrepicrepai OaceiHan keuripyzae. OcbiFaH GailIaHBICTHI MEMJICKET COHFBI KBUIIAphl aybULIBI JKepICPIiH
KOpKEIoiHe epeKmie KOHUT Oesiyne. AYBUIIBIK JKepIepAiH TaOWFATBIH, SKOJOTHSICHIH JKaKcapTy ap
MEMJICKETTIH ©31HIIK MiHIeTTepi. AKkToFaii aynanbl (KaparaHael 0OJbICH) HETI31HEH SKOJIOTHSIIBIK JKaFbIHAH
JacTaHFaH aiiMakka jkataasl. CeOebi XalbIK JeHcayJbIFbIHA Kepi acep eTeTiH Oacthl dakropmapra Cemeit
HOJIMTOHBI, YpaH PYJHUKTEPiHIH jkoHe BaiKOHBIP 3BIMBIPAaHIAPBIHBIH KOCMOCTBHIK IEH OaIMCTHKAIIBIK
JKOJIIAPBIHBIH alIbLTybl skaTaael. Ockl pakTopiap AKTOFail ayJaHBIHBIH ©CIMAIKTEpiHe, JKaHyapIapblHa, 63¢H
CyJapbIHa, ayMaKThIK jkepiepine ae kepi ocep erexdi. Kazip AKrorail yepiHiH CybI, TONBIPAFBI, OCIMIIKTEP1
JKOHE JKaH-)KaHyapJiapbl KeNITEreH e3repicke TYCKeH. AynaH[a TOFall eTe YJIKEH Kenemzae OOoJaThiH, Oipak
Kasip oJ ToFail aifTapiblkTail Hopexese e3repreH. AJaMHBIH IIapyalIbUIbIK OpeKeTi TaOUFATTHIH o3repyiHe
acep ereTiH epekure (akTop. Aam eHOEK HEH aKbpUI OMIBIH apKachlHAa KOpIIAaraH opTara OeHiMmaerymeH
KaTap, oHbl e3reprei. COHABIKTaH TaOUFATTHl ©3repTy OaphIChIHAA afgam3aT OHBIH KeHIiHT1 3apJanTapblH 1a
eCKepyi KaxKerT.

Kinm cesdep: Akrorail, marblH aiiMak, ecimmikrep, Cemeil THONHMrOHBI, bBalKOHBIP, AHTPOIOTCHIIK
(hakTopnap, TaOUFH KEIIeHIEp.

Kipicne

Axrorait eHipi Capplapka TayJapblHBIH OHTYCTIK IIBIFBICHI, INOJCHTTI KOHE IWIONIi aiMarbIHIa
OpHaJIaCKaH. AKTOFaMJIbIH COJTYCTIK OOJIITiH anaca TayJIapablH exKeri Ti30er! abii xaTbip. Cot Tayaap/biH
apaceigia bankam kem wmen Kapacop amantapblHbIH Cy aipbiFbl Oonblll ecenterniHeTiH Kepi3buiapai,
Ke13puttac sxone T.6. Ouik Taynap Tiz0eri MeH onapablH clieM/iepi OpHajIacKaH. AKTOFAaiJIbIH OPTalbIK OHIpi
Heri3iHeH bamkam kesiHe Kapail eHicTeini jkoHe onlap anacapa OepeTiH yCak MIOKBUIBI, KhIPKAJIbI JKa3bIK
Typinae keneni. Byn skak eHipae Oenecti conTycTik bankam MaHbl Ka3bFbl CO3BUIBINT JKAThIp. Al
AKTOFaliJIbIH OHTYCTIK JXaK mIeTiH bankamr ke ansin sxateip. On eHipae KeH OalIbIKTapbiHBIH Oipa3 Typi
NIOFBIPJIAHFaH. SIFHU onap MBIC, MOJHUOJEH, MBIPBIIL, TEMip, TajbK, KBAapIUT, TAOWFH KYPBUIBIC
MaTepuasiapbl, BOJb(GPaM, KOPFachlH CEKUIII KeHAep eHIipiieai. Me3030MIbIH JKaIIbl JIeHreHiHeH
JKOFapFhI MAJICOTCH/II XOHE TOPTTIK Ke3EHETI YCaK IIOKbUIbI peibe(Tep/IiH 6Te KEeH MaCCUBTEPI KoTepiie],
an Kp3einapaii, Kenr, Kapkapaisl, ¥ibiTay %oHe T.0. CUAKTHI KEKe Jlapa TayJiap TOPTTIK Ke3eHHIH 0achIHa
naiaa OojFaHbl aHbIK. Ka3akThIH YCaK IIOKBICHIHBIH IIETIHAE T'€OJIOTHSJIBIK KYPBUIBIMBI MEH ©31HIIK
reoMopOJIOTUSIIBIK 1aMy €peKIIeIiKTepiHe opaii sxep OeaepiHiH OipHele TeKTiK TypJiepid Oesyre 0oJiaibl:
JNEHYJAIMSIIBIK ~ TYFBIPJIBI  JKa3bIKTAp, YCaK Tayliap, aJUTFOBHAIBIBI—TIPOITIOBHANBIBI JKOHE KOJTi—
ALTFOBHAJIB/IBI JKA3BIKTAP, COHBIMEH KAaTap Tay JKYPHAKTHI MilTiH/ KabaTThl xa3bIkTap [1].

Mamepuanoap mewn adicmep

AKToFail eHipiHAe Ka3ipri ke3ae aHTpomoreHAaik nanmmadrtrap OackiM. Jlanamadrrapasl KakcapTy
YILiH oJlap/bl ©3repTeTiH mapanap xyprizeai. CoHblH 0ipi — Menuopauus. Menuopanus *KepAiH KaraaibiH
KaKCapTy MEH OHBI Maijanany THIMAUITIH apTThIpyFa OaFbITTalIFaH Iapaiap]iblH KUBIHTHIFEL. TaOUFaTThI
THIMJII TIaJIaNlaly, KOPKEHTY kKoHe KOpFay KEeIIeH/Ii TYplle KapacThIpbulybl KaxkeT. Koram TaburaT KapbiM—
KaTBIHACHI, OJ1 31aM MEH KOFaMHBIH TaOUFaT 3aHAbUIBIFBIMEH CaHACTIAYBIHBIH OCEPIHEH TaOuFH Keine Terne—
TEHJIKTIH OY3bUTy cajiapblHaH TybIHIAN OTBIp. TabWfaT apKbUIbI ajJaM e3iHe KakeTTiciH amanpl. BipiHmi
TYpFaH MakcaT aJaMHBIH TaOWFaT 3aHJBUIBIKTAPBIH €CKepMei, TaOuFaTThIH OepreH OaiIbIKTapbhlH PETci3
naiinanan6ai, sFHM TaOWFaT MEH azam3aT apachIHAAFbl Tele—TEHAIKTIH Oy3buTybIHa kon Oepmey. Taburu
KeUICHICPAIH Ka3ipri Ke3le aidyaH TYpJli e3repicke YIIbIpayblHa TEK aHTPOIIOTEHIIK FaHAa €MeC COHBIMEH
KaTap TaOWFu ypHOicTepAiH Ie TurizeTiH ocepi Oap. Kasipri eHmipic canmachIHBIH ASKOHOMHKAIBIK op
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TYPJUIIriHe coliKec KeleTiH aHTPONOreH K (paKTopIapAbIH OapibIK TYpiepi JaMbiFaH. AybUl IIapyalibUIbIK,
TEXHOTeH[IIK, OHipicTiK T.0. COHIBIKTaH Ja ONapAbIH SCepiHe AYPHIC Tajjaay jkacay, THIMII MaiganaHy,
OJIap.ipl KOpFay HIapaiapbiHa FRUIBIMHU IypbIC Oara GepyaiH MaHbI3bI 0Te 30p [2].

Opranbik Kazakctan aymarplHAa IUHAMUKANBIK OPHBIKTBIFBI Hamap Tabwru jaHamadt Typriepi
ke3zgeceni. Taburu manamadTTap aTKapaThiH KBI3METI OOMBIHINA aybUT IIapyalTbUIBIFBIHAA TTai1aIaHbLTaThIH
neISIASAIBIK, JKOHE DPO3MSUIIBIK YPIICTEPiH YIEyiHe SKeJill COFaThIHBI aHBIK KOpCeTiIreH. Amamsar e3
HIapyallbUIBIFbIHA TaliAaTany HOTHKECiHAe JaHamadT apablK )KOHE OHBIH JKEKeJlereH Kypamaac Oemikrepi
e3repicke yuslpaiapl. TaOuru Kypamzael OeJiKTepAiH e3apa OailjlaHbICHl ayMaKTBIK T'€OJIOTHSIIBIK, JKOHE
reoMOpOJIOTHSUTBIK ~ €peKIIeTiKTepiMEH THIFBI3 OalIaHBICTHI OOJFaHBIMEH TaOWFM Kypampaac Oeriri
QIICI3MIKKE YIIBIpaWael. ANl TIONneHy, TY3laHy T.0. CHUSKTHI YPIICTEpAiH SCEPiHEH TOMBIPAK, KaMBLIFBICHI
JKOHE OCIMIIKTED KaMBUIFBICHIHBIH TO3YbIHA OKEJIN COKThIpaabl. JlanamadTTapapl KoprayablH eH Oip THiMIi
TocinmepiHig Oipi o — KOPBIKTapAel YHBIMAAcThIpy. Kazipri yakpITTa IYHHEXKY3iHIE KOpPBIKTapra
KaparaHJa YITTBHIK OakTapiIblH CaHbl KeOipeK, YITTHIK OaKTapIbslH KeIl OONyBIHBIH ce0ebi mmeT enmepre
KOPBIKTap ailMaKTaphbl IIEKTENTeH TaOUFaT *Kyleci O0IFaHbIMEH, TAOMFATTAPBIH KOPFAY YIIiH YITTHIK OaKTap
yiieiMaacTelpy THiMAl Oonbinl caHanmanel. JleremmeH KazakcTanga KOpBIKTap YWBIMIACTHIPYIBl COHFBI
KBUIIapBl KONIFa anbliHa Oactansl. Mbicanmbl, Antail MeH AJakell KOPBIFBIHBIH YWBIMIACTBIPBUTYHI, AJNTHIH
emeH, Kapkapanbl, [ne Anataybl CHUSKTBI YIATTHIK MapKTEPAiH KYPBUTYbl OCHIHBIH aifarbl 00Jica KEpEeKTi.
Kanpaii na GommacbiH TaOuraT OaibIKTapbl ©CIMIIKTEp IYHHECI TY3 TarblIapbIHBIH OKiJmepi OOJICHIH,
ONapIel ©37Iepi TIPIIUTIK €TeTiH OpTaJaH aKbIpaTHail KOpFay KoHE MEWJIiHIIe KOPBIH MONANTY ici OyTiHTi
KYHHIH ©3eKTi MocenenepiHiy Oipi. TaOuraTka 3usSHBIH THTI30€y YIIiH agam3aT Oalackl FEUIBIMH-TEXHHUKA
PEBOJIONMSCHI MEH TaOWFaT KOPFay iCiH FHUIBIMHU HETI3iHZE ©3apa YINTacThipa Oilyl KaKeT, sFHH TaOUFu
naHAmadTTapapIH 6apIIbIK KOMIIOHEHTTEPIH KAMKOPJIBIKKA ajFaHbl koH [3].

1-cypert. Kapkapansl YITTBIK TaOuFH napki [4].

AybUIABIK ~ enjiiMeKeHAepaiH 0acTel MakcaThl aybUIABIH MHKPO-KIIMMATBIH = JKakcapTy >KoHe
SKOJIOTHSUIBIK KaFAaiblH KkakcapTy. Erep me cy KoiMachlHa KyBIHIIBI Cy TOTUIiNl KeTce, OHAa OJ OTTeri
MOJIIIEPiHiH KYPT a3arobl, IipireH uicTep/iH maiaa 00mybl, KapaKOIIKbLUI TYCTi, opraHukaisik 3artap OBK
JKOHE JIe KBIIIKbUIIAHYBIHBIH KO0et0i apKpuibl OimiHemi. OChIHBIH CallJapblHAH CyjJa HUTpaTTap, aMMHaK
KOHE OpPraHUKAaIbIK KOCBUIBICTAD IIOFBIPBI KYPT JKOFapbulaiinpl. TomblpakTa imexk TOOBIHA KaTaTbIH
MaTOreHIK OaKTepusuilap MEH calbMOHEIUIe3Zep Oip aiifa JeiiH TIPUIUIH cakKTam, eMip Cypeui.
ATMOChepallblK ayaHbl Ta3fapMEH JacTayJlblH HEri3ri Ke3i — KOeH MEH KYC CaHFBIPBIFbL. Man
LIapyallbUIBIFBl MEH KYC MIapyallbUIBIFBIHBIH KaJABIKTapblHAH 27 Ta3 Topi3Al KOCBUIBICTAp IIBIFAJIbI,
OJIapAbIH HETi3riepi KyKipTTi cyTeri, aMMHaK, KOMipKBILIKbUI Ta3bl, HHII0J, CKATOJI, MEpKaNTaHAap.

Maj miapyambliblK KELICHACPIHEH IIBIKKAH KaaAbIKTap, ©HEpKacinTepAeri TyTiHaep T.0. OapibIrbl
JepIiK KoplLIaraH opTara 3usH Kentipeni. CoHbIMeH Oipre Kananapia 1a, aybUIABIK >Kepieplae aybl3 CyIblH
XMMUSUTIBIK KYpaMmbl TYPFBIHAAp apachblHaa MHQEKUMSIIBIK eMeC aypyIblH TapalyblHa Kell jKaraaiiia acep
eTelll eKeH: Kapuec, Gparoopo3, OyHpek — Tac aypysl, 6TTac aypysl, CO3BUIMAIbBI TaCTPUTTED, IEPMATHTTED,
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OCTCOXOHIIPO3/Iap, KaH aypysiapbl, aTepOKIECpO3, JKYHKE Kyie aypynapbl. OHEpKacil, eHJIpiC MEeH aybLl
MIapyaNIbUIBIK cananapblHa — XUMUsIIaHAbIpY. O TOMBIPAK JIACTAHYBIH Te3 KyliehTe . SIFau Oy xarnait
OCIMJIIKTepre, TOMBIpAKKa 3WSH KeNnTipyJe. AYbUIIApYallbUIBIFBIHIA KOJJIAHBUIATHIH JeIHaHTTap
KapKbIHJBI TYpJe arMoc]epaliblK ayaHbl JIaCTalbl, TYPFRIHIAP/IBIH KeAe )KOHE CO3BUIMANIBI aypylapMeH
aybIpyblHa oKenemi. TomeIpak €H algpIMeH IIeril, XKUHAJNAAbl, aybUIAbl eNIiMeKeHACPAiH Cy Koe3aepiHe
tyceni. OnmaH KWBIHBIPAK Moceje HHTpATTap MeH HUTpurtep. ONap TONBIPAKTa KAPKBIHIBI KUHANBIIL,
OCIMJIIKTEPJICH TaFaMJIbIK OHIMJEpre aybicajbl, Ojlap apKbUIBl ajaM opraHu3MmiHe Ttycenmi. HerizineH
JepekTep OOWMBIHINA aybUIABIK TYPFBIHAAP JCHCAYJBIFBIH CUIMATTAWTBIH KO KOPCETKIIITED KaJlajbIK
TYPFBIHAAP KOPCETKIIIiHEH OipIraMa »akKChIpak. AKTOFalIbIH TaOMFAT KemIeHAepi KOIl e3repicKe TYCKEH.
EnmiMeKkeH TYpFbIHAAPBIHBIH 9CEPIHEH ©3€HIeP Ie, XKaHyapiap/a, skepiepae e3reprex [5].

o)

AxTorawn
Axtorain ©

2-cypet. AKroraii, kapTorpadusuisik gepekrep, 2025 [6].

Homuoicenep osrcane onaposr mangvinay

AnaM op Ke3jie Jie TaOWUFATICH THIFBI3 OaliaHbICTa OMip CYpeli, OHbIH OalJIBIKTApbIH Mai1anaHaIbl
JKOHE 63 KbI3METI apKbUIbl TaOMFaTKa acep eTeii. AJaMHBIH TaOWFaTKa ocepl 3USHMABI Calap TYAbIPYHI
MYMKIiH. AKTOFalJIbIH ©CIMJIKTEPI, JKaHyapiaphl, Ka3ipri SKOJOTHSIIBIK JKaFaaibl aylaH XaJIKbIHbIH OMipi
MEH KbI3METiHIH, ONAPJBIH TYPAKThl QJIEYMETTIK—IKOHOMHUKANIBIK JaMybl MEH OJI—ayKATBhIH apTThIPYIbIH
taburu Herizi. Con cebenti 6i3 Ae Tabwrar OalNBIKTapbIH cakTail OuTyiMi3 Kepek. OnapAblH KOWBUIBII
KeTyiHe K0Jl OepMey KepeK >KoHe Oolallak yprakTapblH SKOJOTHSUIBIK KayilCi3liKTi KaMTaMachl3 €TYTe,
HIapyambUIbIK JKOHE ©3r¢ JIe KbI3METTIH TaOUFU SKOJIOTUSIIBIK JKYyHelepre 3usiHIbI dCepiH 00JFbI30ayFra,
OHMOJIOTHSUTBIK alTyaH TYPILTIKTI CaKkTay MeH TaOWFaTTHl YTHIM/IBI Iaiiiaanyabl YHBIMIACTRIpa Olryre 6ayiry.

Kazipri ke3ne ypOaHu3anus sFHU XaJbIKTHIH INEKTEH THIC KOOEK1 aybUIABIK XKepiepre Jie KaThICThI
nyaue Oonbim  ketkeH. COHFBI KbUIApJA INAPYalmIbUIBIK — CAllAIAPBIHBIH  ipileHyiHe OalIaHBICTHI
aybpUIILIAPYaIIbUIBIK OHJIpici Oip opTara IIOFBIPIAHABIPBUIABL. SIFHM Oyn KarmalablH ocepiHeH KeHOip
eJIiMeKeHep KopKeHin, an keibipi 0oc Kanapl. AybUTIapyallblUIbIK OHIIPICIHIH KaiiTa xKapakTaHIbIPbLTYbI
— ipl MaJl IIapyalibUIbIK KEIICHJEPIHIH CallbIHYbl, aybLIIMIAPYyallbUIbIK OHIMIEPIlI ©OHICY >KOHE
aybUIIIAPYyaNIbUTBIK TEXHUKAJIAPBIH XKOHJEY KyaTTapblHBIH iCKe KOCHUTYBI. JKeKe aybUIIBIK eTiMEeKeHIep/Ie
TYPFBIHIAP/IBIH IIOFBIPIAHYBI, ayBUIABI JKaKChl JKAOMBIKTAY, JKOCIAp KYPY, KYPBUIBIC MOCEIENepiH IIelry,
CYMEH KaMTaMachl3 €Ty, KaTThl JKOHE CYMBIK KaJJABIKTAp/bl KMHAY CEKUIAl Hiapajap, KopllaFraH OpTaHbI
3aJaJIChI3AHIBIPY JKOHE MaijaiaHy MaceNeepiH IIeny KaKeTTIrH Tyrei3abl. Ocbuiaiiina, amgaM3ar
OalachlHBIH aybll TaOWFaThiHA OEJCEHIl apajacybl HOTWXKECIHIEC aybUIABIK JKEPJETi 3KOJIOTHSUIBIK
JKargaiapiH e3repyiHe cederm Oosabl. Kaszipri kes3ne aybUIABIK JKEpiieplAl KOpPKEHTIlN, KeraiJaHabpyra
JKOFaphbl Tayanrtap KOWbUIBIN OThIp. OjapiblH €H OacThliapbl — ayMaKThl KaJBIITHI YKYMBIC ICTCHTIH
alfimakTapra 0ey JKoHE Jie CAHUTAPIIBIK-—THTUEHABIK HOpMaJIap/Ibl KaTaH Typ/e cakray [7].

AyMakTBl IYpHIC TaHJAy JXOHE OHBI aiiMakTapra Oeyle OuTy XallbIK TYpaThIH OHIpJIEepAl JYphIC
OpHaJacThIpa OUTYHIH, OHBI COYJICTTCHOIPYIIH JKOHE IpPIUICHTeH aybUIABIK CITIMEKCHISPII dKOHOMHUKAIIBIK
MaKcaTKa cail KOJaiIbl a0 abpIKTayabliH OipAeH—Oip aaFbl MapThl. AYBUIIABIK KEPIeTi SKOJOTHSIIBIK XKaFman
COJI aybUINBIK €TIMEKCHJICP/IiH *K00alaHybl MEH KYPBUIBICBIH Cally MOCEJENICPiH AYPHIC HICIIyre TiKene
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OaiiaHpICTBI. MocelieH, aybUIIbIH OHAIPICTIK aiiMarbl CEMUTEOTIK ailMaKThIH BIK JKaFbIHAH KOHE MIHJICTTI
TYpJle CaHUTAPIBIK—KOpFay aiMarblH CaKTaldl OTHIPHIN, XepiiH Oexepi OOWBIHIIIA TOMEH OpHAIacy Kepek.
AYBUIIBIK KYPBUIBICTBIH OipKaTap ©3iHIIK epeKIIeNnikrepi ae OapImbUIblK, ONap aybUIABl Ta3apTyIbIH
XKaraalbIHa, TYPhIC KaOABIKTayFa )KoHEe THIHEeHANBIK KaFrAaliiapra acep eTei.

TaburaTThl KOpFayIsIH MPUHIANITEPI — Ka3ipri yakeITTa OoJamak yprakka KOpIIaraH OPTaHbl KOpray
MEH JIaMy MYMKIiHIrH KaMmTamacei3 ety [8]:

— KOpILIaFaH OPTaHbI KOpFay Ikl QJICYyMETTIK-9KOHOMHUKAJBIK TPOIECTIH axbipamac Oeiri 6oy
KaXeT;

— IIapyambUIBIK, KBI3METI SKOJIIOTHSIIaHBIPY OOWBIHINA IIapaiapibl JKy3ere acelpyaa OipiHII Ke3eKTe
Tepic TEXHOTCHIIK iC-opeKeTTepaiH ceOenTepi Koro;

— QNEYMETTIK-3KOHOMHUKANBIK JaMy 3KO0XYHe CBHIABIMABUIBIFBIHBIH I[IAPyallbUIBIK IIETiHAE KOJ
KETKI3y/IeT] alaM eMipiHiH camachlH )KaKcapTyFa OaFrbITTalyhbl KaKeT.

Kazipri ke3me 3KONOTHUSHBIH KYPT HaIIapiaybIHBIH OCEpiHEH OYKiT TaOWFaTka aWTapibIKTail HYKCaH
kenai. XKeprnep xapaMmchi3 Oonyza, Taza MyJie azaibin Oapa xateip. Kana skoHe aybll TYpFBIHAAPHI TYpAi
aypy KeceJepiHe YIIbIpaln KaThlp, OHBIH ilIiHJe Ka3bUIMANTHIH aypynapsl kebewne. KyHHeH—KyHre aypy
aJaMJiap CaHbl KypT apThIl Oapa *aTelp. SIFHM OYJ1 opHHE ajamaapablH TaOuFaTKa HYKCaH KeNTipreHairiHiH
cebOebiHeH.

Anam3at eHai cosl OyJHIeH TaOWFH pecypcTapbl, SKOJOTHUSHBI KalTa KaJlblHA KENTIPYAIH TYpJi
amangapbiH oimacteipyaa. Ka3ipri ke3me ®aHa HOTHKE TyIBIPBII, TAOUFATTHI KOPFay/Aa YIIKEeH Maiaa TUTi3in
XKYPreH OJ1 — SKOJOTHUSJIBIK TYPU3M. DKOJIOTHSUIBIK TYpU3M — OarbITTAapbIHBIH 1LIIHIE ©31H alKbIH TYpIe
KOPCETIl, MaHbI3bl JKaFbIHAH OOpiHEH /e Kell inrepi TypraH epekiie Typ. En mikipi OodibiHINa Oojamak
eMipie TYpHU3M HapBIFBIHIA OCBHI aWTHITFaH SKOJOTHSIBIK Typru3MHiH yieci 50-60 %—ra neliiH apTajsl qereH
ceHimainmik Oap. Kazipri ke3ge omemumeri SKOJOTHSUIBIK JKaFmalfblH KYHHEH—KYHTE Hallapiiaybl, SFHU
MEMIICKETTIK JKOHE MEMJICKETTIK eMeC YHBIMAAPABbIH, KOJOTHSUIBIK OPTAIBIKTAP, TYPUCTIK MEKeMenep MeH
KOFaM/IaCTBIKTap KOpIIaFraH OpTaFra ajaM OpeKeTiHeH Maiija OoNFaH aHTPOMOTeH K ic—Iapanap TapanblHaH
maiiga OoNaThIH KOpIIaraH OpTara 3WUSHIABI OpEeKeTTepre Kamai TeTen Oepy KepeKTiri Typallbl >KOIAapAbl
1371ecTipy YCTiHJeE.

Kazakcrannma SKONOTHSIBIK TypU3M KakChl JaMblFaH eHipiep Oy Axcy-)KaOarbuisl, Orem, Jlerci,
Kexmeray, Kapkapansi, Kopramxsia, Catel, Aman6exrep, Tanrap, Katon-Kaparaii sxone 1.6. Akrorail na
ONIApJIBIH KYpaMblHAa OOJYyBl VIIIH MeMIEKEeTTeH Oactanm AKTOFaiiibiH opOip TYpFBIHBIHA JEHIH SpTYpii
JICHT eI YIIKSH )KYMBIC KYPri3y KaxeT. SIFHU AKTOFaliJIbIH OChI OaFbITTaFbl OOJIamIarsl Oap.

Kopvimuinowi

AKrorail aynaHbIHBIH ~TaOWFaThlHA aHTPONOIEHIIK OoCEepAiH ©cCyi TaOMFATTbIH  JKEKeJereH
KOMIIOHEHTTEpIHE, COHBIMEH KaTap JIaHAMA(TTIH OapIbIK THITEPiHIH AKOJOTHSIIBIK JKarJaiiapbiHa ocep
eryzae. Kopiaran opTaHblH XaJblK MAapyalIbUILIFBIHBIH 9P TYPIIi callalapbIHBIH KaJIJBIKTAPbIMEH JTaCTaHYHbI,
LIeNJCHY YpAiCcTepi, >KepiepAiH TO3Ybl, FApPBILITHIK 3€pTTEyJep JIAHAMA(TTHIH KYpbUIBIMBIHA, JaMyblHa
oceprnepin Tturizeni. lllapyambuibIK opeKeTTiH Kepi caigapbl KOpllaraH TaOWFH OpTa MOHUTOPHHTICIH
SHIi3yl Tajan eryje. TOJBIK, KEeIIeH Il 3epTTey alMaKThiH TaOuFHu OailJIbIKTaphlH aca THIMAI KOJIaHyFa
KOHE KOpILaFraH OPTaHbl CaybIKTHIPY MOCEIIECIH MIeHIyre MyYMKiHAIK Oepei.

AKToFail aygaHbIHOa Ka3ipri KYHI KOpLIaraH OpTaHbl KOpFayFa OarbITTaliFaH TYpJIi jko0anap >KyMbIC
Kacayla. AyaaH XajKbl Aa Oipre >KyMbIC icTeyae. AKTOFail HETi3iHEH aybll LIapyamibLUIbIK ayjaaH, Mall
[IapyambUIbiFel OIpiHII OpbIHAA Typ. EriHIIUIK KOCBIMINA caja peTiHae namyna. Herisri miHmeri —
aybpUIILIIAPYaIIbUIBIK OHIMICPIH OHAIPY. AyAaH e3i1HAIK KoJaiisl reorpadusuiblk xaFaaifra ue 60y1a OTHIPHII,
op TYpJIi TaOHFAT JKaFaiiiapbIMeH XKoHE PeCypcTapMeH epeKIeNieHe 1.
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BiiusiHMe NPUPOAHO-AaHTPONOTeHHBIX (JAKTOPOB HA MAaJible PErHOHbBI
HenTpansHoro Kazaxcrana (Ha npumepe AKToras)

B reorpadudeckoil Hayke n3ydeHHe HPUPOABI OKPYKAIOLIEH CpPelbl U yTydIICHHE €€ 3KOJIOTHU 3THX MECT
SBJISIETCSl BECbMa BAXKHOH M cephe3HOM mpolOiemoil. B Hacrosmiee BpeMs XapakTep CEIbCKOH MECTHOCTH
MOATBEPraeTcs Pa3InYHBIM M3MEHEHHAM. B cBsA3M ¢ 3THM B HOCIEIHUE TOJBI TOCYAAPCTBO yAETIeT ocoboe
BHUMaHUE Pa3BUTHIO CEJILCKUX TEPPUTOpUll. YilydllleHue NpUpOABI U SKOJIOTUH CeJIbCKUX pailoHOB — 3ajgaua
Ka)XJI0ro rocyapcTBa. AKTOraiiCKuil paiioH sBNIA€TCS B 3HAUUTEIBHON CTENICHU AKOJIOTUYECKH 3arps3HEHHON
TeppuTOpHeil. ITO CBSI3aHO C OCHOBHBIMHU (haKTOPaMH, KOTOPHIE HETATHBHO BIUSIOT Ha 3I0POBbE HACEITICHHS.
K Hum otHOCATCA CeMHUnanaTUHCKUIL sICpHBII IOJIUTOH, YPAHOBBIC PYJHUKHU, a TAKXKE TPACCHl KOCMUYECKUX
1 OaJUIMCTHYECKUX pakeT ¢ KocMoapoma baiikonyp. Kpome Toro, 3T ¢akTophl B HacTosIee BpeMsi OKa3bl-
BAIOT HEraTHBHOE BIMSHME HA PACTUTENBHBIA M )KUBOTHBIH MHUpBI, BOAHBIE PECYPCHI H B IIEIOM Ha penbed
AxToraiickoro paifoHa, moaBeprast UX MHOTOYHCICHHBIM H3MeHeHHsAM. OHH Takke KOCHYJHCH U JIECHBIX Ha-
CaXICHUI B AKTOTaliCKOM paifoHe, KOTOpBIe paHbIIe 3aHUMaIN Oonbiare TeppuTopur. OcoObM (pakTopoMm,
BIIUSIIOIIMM Ha W3MEHEHHE MPHUPOMABI paiioHa, SABIAETCS XO3AHCTBEHHAs NEATEIBHOCTh deloBeka. brarogaps
YIOPHOMY TPYAY, HaCeJICHUE HE TOJBKO afalTHPYyeTCs K YCIOBUAM OKpY’Karolle cpelbl, HO U U3MEHSET ee.
OpHako, OKa3blBas BIMSHUE HA MPHUPOJY, JIOJU JOJDKHBI IIOMHUTh U 3HaTh O JAJIbHEHIINX IOCIEACTBHAX
CBOMX JIEUCTBHUSX.

Kniouegvle cnosa: Axroraii, Manas TeppuTopus, pacreHus, CeMunanaTuHCKUN nonuroH, baiikonyp, aHTpo-
MOTeHHBIE (DAKTOPHI, MPUPOIHBIE KOMIUIEKCEL.

K.M. Akpambetova, D.M. Bulanbaeva

The impact of natural and anthropogenic factors on small areas
of Central Kazakhstan (on the example of Aktogay)

In geography, the orientation of the nature of the environment, as well as the improvement of the ecology of
these areas, is a very important and complex issue. Currently, the nature of rural areas is undergoing various
changes. In this regard, the state has been paying special attention to the improvement of rural areas in recent
years. Improving the nature and ecology of rural areas is the task of each state. Aktogay district is mainly an
ecologically polluted area. The main factors that negatively affect the health of the population include the
Semipalatinsk test site, uranium mines, and the opening of space and ballistic routes for Baikonur rockets.
These factors also negatively affect the flora, fauna, river waters, and territorial lands of the Aktogay district.
Now the water, soil, plants and animals of Aktogay have undergone many changes. The forest in the Aktogay
district used to be very large, but now it has changed significantly. Human economic activity is a special
factor affecting the change in nature. The human being, thanks to work and reason, in addition to adapting to
the environment, also changes it. Therefore, in the process of changing nature, humanity also needs to take
into account its subsequent consequences.

Keywords: Aktogay, microdistrict, vegetation, Semipalatinsk test site, Baikonur, anthropogenic factors,
natural complexes.
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The influence of climatic conditions of Central Kazakhstan
on the state and development of the hydrographic network of the Region

The climate of Kazakhstan has changed significantly during the Quaternary period. This affected the periodic
flooding or desiccation of the territory, traces of which have been preserved in the relief to this day. Focus on
climate change in the historical era (2000-3000 years) it caused various opinions and disputes. According to
some researchers, over the past 2000-3000 years, the climate has become more humid than in the preceding
postglacial period. Although small intra-century cycles of fluctuations in lake levels indicate periodic humidi-
fication of the climate, the general course of the centuries-old cycle is now directed towards decreasing hu-
midity. Consequently, the drying of the territory of Kazakhstan will reach a maximum in 2600-2700, after
which the climate will change towards humidification. The increase in moisture levels from 1952-1953 was
reflected in the rise in lake levels, increased river flows, and the onset of glaciers, which is the result of an
intrasecular rhythm of moisture variability against the background of large, centuries-old rhythms. Research
shows that in Kazakhstan, during the Quaternary, there was an alternation of pluvial and xerothermal epochs,
but the type of modern relief-forming processes is more consistent with xerothermal epochs. This is evi-
denced by a reduction in runoff along the valleys, a partial transition of concentrated runoff to a flat one, a re-
duction in the water area of lakes, the presence of abandoned irrigation ditch systems far from the modern
water channel, and the death of tributaries of the right bank of the Yertys River at the level of the modern
floodplain. At the present stage, climate aridization has affected the hydrographic network of Central Ka-
zakhstan.

Keywords: Central Kazakhstan, Ishim, Selety, hydrographic, Nura, Budenovskoye, Samarkandskoye reser-
voir.

Introduction

Geographical location, the variety of relief and climatic conditions of Kazakhstan have caused an une-
ven distribution of surface waters in its territory. Character of the hydrographic system, regime and flow of
the rivers depend essentially on the latitudinal zonation of climate and landscapes. On the most part of the
territory evaporation equals to the amount of precipitation. Therefore, there is a shortage of moisture in the
soil and aridity roughs in the form of landscapes everywhere. Due to the shortage of moisture, especially
sharply expressed in the desert and semi-desert areas, surface runoff is small, river system is sparse, and the
rivers are shallow. Many rivers form independent basins of a closed flow and finish in small closed lakes,
lost in the sands or its own deposits. Central Kazakhstan applies to the areas with poor hydrographic system.
Surface runoff of the Central Kazakhstan is represented by rivers Yesil, Selety, Shiderty, Sarysu,
Nura (Fig. 1, 2). Modern state of the rivers is aggravated by environmental destabilization of the region.

Materials and methods

Flow of Nura river is regulated by 25 water reservoirs. Total volume of water bodies is about 1 km®, the
total usable capacity — 450 million m* (Table 1).

Table 1
Water reservoirs of the Nura river basin [1]

; e 3
Ne The name of the reservoir The volume of the reservoir, m|_II|on m Surface area, km?
total effective
1 |Budenovskoye 12,6 12,3 51
2 |Aschysuyskoye 20,0 18,0 6,8
3 |Botakara 30,6 28,8 15,9
4 |Tuzdinskoye 10,0 9,0 5,9
5 |Kokpektinskoye 1,5 1,4 0,4
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Continuation of Table 1

- — 3
No The name of the reservoir The volume of the reservoir, m|!l|on m Surface area, km?
total effective
6 |Samarkandskoye 254,0 87,5 72,0
7 |Komunarskoye 1,2 1,1 0,4
8 |Shokayskoye 5,0 4,6 1,3
9 |Oshagandinskoye 5,1 5,0 1,6
10 |Koybas 1,7 1,4 0,8
11 |Tikhonovskoye 1,5 1,4 0,5
12 |Akbastauskoye 2,34 2,3 0,8
13 |Tumatay 1,02 1,0 0,7
14 |Krasnopolenskoye 4,5 3,5 2,1
15 [Burminskoye 2,3 2,1 0,7
16 |Zhartasskoye 10,5 10,0 5,0
17 |Sherubaynurinskoye 274,0 180,0 38,2
18 |Toparskoye 3,2 3,1 1,1
19 |Fyodorovskoye 83,0 12,8 4,3
20 |Chkalovskoye 6,4 55 2,0
21 |Saranskoye 11,0 8,0 54
22 |Intumaksoye 190,0 18,0 42,0
23 |Samarskoye 14,1 14,0 3,9
24 |Komsomolskoye 1,1 1,0 0,4
25 |Sabyrkozhy 1,9 1,8 0,6

Budenovskoye and Aschysuyskoye reservoirs are located on tributaries of the Nura — river Aschysu;

reservoir Botakara — on the river Otkelsyz; reservoir Tuzdinskoye — on the river Tuzdy; reservoir
Kokpektinskoye — on the river Kokpekty. Budenovskoye reservoir is currently destroyed and can hold no
more than 1 million m®. Natural temperature and gas regime are preserved in the upper and lower reaches of
Nura river. In the middle of the river near the Temirtau, including Samarkand reservoir, due to warm
wastewater, thermal and gas regime is violated. The main sources of pollution of the Nura river are the en-
terprises of Karaganda-Temirtau industrial area. With the waters of the tributary Kokpekty come organic and
suspended solids, ammonium, nitrates and nitrites. By the wastewaters of JSC “Mittal Steel Temirtau™, CISC
“Alash”, SDPS-1 JSC “KazRosEnergo” Samarkandskoye reservoir is polluted by oil products, phenols, am-
monium ions, organic compounds, zinc, copper, lead. With waters of tributary Sherubainura into the river
Nura come utility fecal waste and mine waters from Shakhtinsk and Karaganda [2]. Discharge of waste wa-
ters affects to the chemical composition of water in the area from Samarkandskoye to Intumakskoye reser-
Voir:

- mineralization and content of the main ions increase by 4-6 times;

- maintenance of ammonium ions increase by 2-3 times;

- the concentration of mercury increases by 30-37 times;

- content of oil products increases by 2-5 times.

Figure 1. The river Yesil in the upper part [3]
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For a comprehensive assessment of the water quality of the river Nura water pollution index (WPI) was
calculated during the flood period. MPC of commercial fishing importance water bodies was used as a crite-
rion for assessing the state of pollution of surface waters [4]. The excess of the MPC was noted on the am-
monia nitrogen, nitrites, oil products, phenols, mercury, sulphates, potassium and sodium.

Table 2
Average concentration of mercury in the Nura river [4]
Raising Peak Abatement
The name of the post WPI Mercur%/, WPI Mercur)?'/, WPI Mercur%/,
mg/dm mg/dm mg/dm
v. Sergiopolskoe 1,57 0,09 1,99 0,13 0,68 0,02
s. Tokarevka 1,29 0,14 1,28 0,09 0,63 0,01
Samarkandskoye reservoir, 1,84 0,21 1,88 0.43 0,60 0,00
7 km above the dam
Samarkandskoye reservoir,
0,5 km above the dam 1,41 0,11 1,55 0,11 0,61 0,09
Tgmlrtau, 1 km above the combined 2,69 0,03 118 0,03 0,71 0,015
discharge
Temirtau, 1 km below the combined 9,55 4,46 1.29 0,20 214 0,75
discharge
T_emlrtau, 5,7 km below the combined 8,85 3,97 2.99 1.36 2,28 0,67
discharge
village Rostovka 6,15 2,34 1,87 0,57 1,49 0,47
Headrace of Intumakskoye reservoir 2,72 0,13 1,47 0.21 0,79 0,07
Downstream of Intumakskoye reservoir 1,96 0,01 1,01 0,06 3,0 0,02
v. Zaharovka 1,76 0,01 0,63 0,01 0,80 0,0
s. Kievka 2,14 0,001 0,83 0,004 0,62 0,0
v. Shahterskoye 1,76 0,01 0,72 0,01 0,65 0.0
v. Ahmetaul 2,29 0,01 1,22 0,007 0,78 0,0
v. Romanovskoye 2,11 0,002 0,89 0,0005 0,75 0,0
s. Korgalzhin 1,52 0,001 0,88 0,004 0,60 0,0

Mercury contamination in the general level of pollution of the Nura river is: in the upper part of the riv-
er — 1,5 %; in the middle part — 76 %; in the lower part — 0,5 %. The mercury content was insignificant
— 0,001-0,002 mg/dm® (Table 3). Concentration of major pollutants was below the maximum allowable.
Starting from Samarkandskoye reservoir, there is an increase of content of sulphates, potassium and sodium
ions.

Figure 2. Seleta river canyon [3]

170 BecTHuk KaparaHgmMHCKoro yHmBepcuteTa



The influence of climatic conditions...

On the posts near the village Rostovka and headrace of Intumakskoye reservoir level of contamination
is reduced, but concentration of mercury remains within 3,6-3,4 MPC, respectively.

Table 3
The qualitative composition of water of the Nura river [4]
Average concentra-
The name of observation posts WPI Quality class tion of mercury,

mg/dm?
v. Sergiopolskoe 0,62 2% 0,0001
s. Tokarevka 1,03 2-3 0,0002
Samarkandskoye reservoir, 7 km above the dam 0,86 2 0,0
Samarkandskoye reservoir, 0,5 km above the dam 0,71 2 0,0
Temirtau, 1 km above the combined discharge 0,78 2 0,0
Temirtau, 1 km below the combined discharge 1,26 3** 0,254
Temirtau, 5,7 km below the combined discharge 1,72 3 0,44
village Rostovka 1,57 3 0,36
Headrace of Intumakskoye reservoir 1,17 3 0,34
Downstream of Intumakskoye reservoir 1,07 3 0,08
v. Zaharovka 1,19 3 0,0
s. Kievka 1,18 3 0,0
v. Shahterskoye 1,45 3 0,0
v. Ahmetaul 1,12 3 0,0
v. Romanovskoye 1,15 3 0,0
s. Korgalzhin 1,22 3 0,0
* — clean water; ** — moderately polluted water.

Conclusion

Discharge of large volumes of waste waters, waste mine waters contributed to entrance to river system
huge masses of solid material, which influenced on process of modern alluvial sedimentation in large parts of
river Nura. New type of alluvial deposits distributed in the river — technogenic silts [5]. Power of silts is
different, the first few kilometers they are fully lined the riverbed, and with increasing distance from the city
encountered as lenses and stains. Pollution of the river causes the danger of losing water sources and, above
all, drinking. Variety of projects to purify the river Nura from technogenic silts are offered, but they all suffer
from lack of complex geoecological approach to solving this problem, the factors of interconnection and in-
terdependence of natural ingredients fails to take into account, geographical forecast of further development
in the basin of the Nura river is not given. The solution of this problem acquires special importance in con-
nection with the problem of water supply of the young capital of Kazakhstan — Astana.
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Opranbik KazakcTaHHBIH KJIMMATTBIK KaF1alJIapbIHbIH OHIPIIiH
TUAPOrpaQusIbIK KeJICIHIH kail KYHi MeH 1aMybIHA dcepi

Teptrik noyipne Ka3akcTaHHBIH KIMMAaThl KONITETeH e3repicrepre ymbipansl. Onap Me3rii-Mesrii cy oacyra
HeMece ayMakThlH KeOyiHe oKeni, OHbIH i37epi OyriHri KyHre jaeiliH >kep OemepiHme cakrtainraH. Tapuxu
noyipaeri (2000-3000 >xpu1map) KIUMATTHIH ©3repy OarbIThl OpTYPIIl HiKipiaep MeH aaynap Tyreiasl. Keiibip
3eprreymitepaiy mikipiame, coHFsl 2000-3000 kb1 inmriHAe KIMMAaT OHBIH aNAbIHOAFBl MY3[aH KEWiHTI
Ke3eHre KaparaHaa bUIFanablpak Oosisl. Ken NeHrediHiH IIMpeK Fachlp apaiblK aybITKYJlapbl KIMMaTThIH
ME3TUINIK BUFAIAHYBIH OUImipce Je, KONFAchIpJIBIK IMKIJIH Kadmbl OaFbITHl  Kas3ipri yakpITTa
BUTFAIBUTBIKTEIH TOMEHICYiHe OarbITTanFaH. Jlemek, Kaszakcran aymarbiHbIH KeOyi 2600-2700 Kbutaapsl eH
JKOFaphl IIETiHE JKETEMi, COJaH KeillH KIUMaT burangaHa Oacraiinbl. 1952-53 sxeuimapman  Oactam
BUTFAJIJBUIBIKTBIH JKOFApbUIaybl KeJ JEHIeHiHIH KeTepilyiHe, ©3€H aFblHIAaphIHBIH YIFaloblHA JKoHE
MY3IBIKTapAbIH Haiaa GoybIHa oKemi, OyJI ipi KenFachIpibIK BIpFakTapAblH OelepiHae BUIFalAbUIBIKTHIH
e3repyl Fachlp INIUTIK BIPFAKTBIH HOTIDKECI. 3epTreyiep KepceTkeHnel, KaszakcTaH ayMmarblHAa TOPTTIK
JIoyipAe TUTFOBHABIBI JKOHE KCEPOTEPMHUSUIBIK Ke3eHICPAIH Ke3eKTeCyl OpbIH aiFaH, Oipak Ka3ipri 3aMaHFbI
penbed TY3ymI mpomecTepiiH TYpl KCEpOTEPMUSUIBIK Adyipiiepre keOipek coiikec kenmeni. byran anrapnap
OOWBIHIAFEl aFbIHABI CYJAp/bIH a3alobl, IIOFBIPJIAHFAH AFbIHHBIH JKa3blK aFblHFAa Kapaill imrHapa aybICybl,
KOJIIep/iH aKBaTOPMACHIHBIH KeMyi, Cybl Oap 3aMaHayH apHaJaH KalIbIKTaFbl Kapaychl3 KaJFaH apblK
KylenepiHiH Oomysl, coHmali-ak Epric e3eHiHIH OH jkaraJaybIHIAarbl calayap/blH Kas3ipri Cy TacKbIHBI
JICHreHiHAe Kypam Kaiybl nonen Oona amanpl. Kasipri ke3eHIe KIMMATTBIH KyprakTaHysl OpTalibik
KazakctaHHBIH rHApOTpadUsIIBIK JKEIICIHE I 9CEPiH THTI3Ii.

Kinm ce30ep: Opramsik Kazakctan, Ecin, Cineri, rugporpadus, Hypa, Bynenosckoe, Camapkanm cy
KOMMacBblL.

Jlopant Jlenes [laBun, K.M. AxmamberoBa

Bausinue kaumatudeckux ycaoBuii llenTpaabnoro Kazaxcrana
Ha COCTOSIHUE U pa3sBUTHE rHAPOrpaguuecKou ceTu peruoHa

B Teuenue ueTBepTHYHOTO Nepuoja kKiMMar KasaxcraHa mojaBeprajics MHOTOYHCICHHBIM H3MeHeHHsIM. OHU
HPUBOJMIIH K IEPHOJMYECKOMY OOBOTHEHHIO HITH UCCYLICHHIO TEPPUTOPHH, CIIEbI KOTOPOTO COXPAHWINCEH B
pensede 1o cux mop. HampaBieHHOCTh B M3MEHEHUH KiIMMarta B HcToprdeckyro 3moxy (2000-3000 ner) BBI-
3plBaJia PasM4YHble MHEHHS M crmopbl. C TOYKM 3pEeHHs HEKOTOPBIX HCCIEIOBaTeNel, 3a IMOCHeIHIe
2000-3000 net kmuMaT ctai Oosee BIaKHBIM, HEXKEITH B TIPEANIECTBYIOMIEH €My TOCIIEIeTHUKOBEIH ITEPUO/I.
XOTa MeNKHe BHYTPHBEKOBBIC IHKIBI KOJeOaHUIl ypOBHEil 03ep CBUACTENBCTBYIOT O MEPUOAMYECKOM YB-
JXHEHWH KIMMaTta, OOIIMH X0 MHOTOBEKOBOTO IIMKJIA HAIpAaBIICH HA JaHHBII MOMEHT B CTOPOHY YMEHb-
meHnst BraxxHocTH. ClienoBaTenbHO, BBICBIXaHHWE TeppuTopuM KaszaxcTaHa IOCTHUTHET MakcUMyMma B
2600-2700 rogax, mocje 4ero HauHeTCs YBIaXKHEHUE KimMara. [1oBbleHre BIaxxHocTH ¢ 1952—-1953 romos
OTpPa3WIOCh B NOJbEME YPOBHS 03€p, MOBBIICHUH PAaCXOJI0B PEK M HACTYIIAHHUU JICHUKOB, YTO SIBISIETCS pe-
3yJITaTOM BHYTPHBEKOBOI'O PHTMa M3MEHYMBOCTH YBJIQ)XHEHHOCTH Ha ()OHE KPYITHBIX MHOTOBEKOBBIX PHT-
MoB. Kak IOKa3bIBalOT MCCleOBaHMs, HA TeppuTOpuu KasaxcTaHa B YETBEPTUUHBIH MEPHO]] MIPOUCKOMIIO
YepeI0BaHHe IUTIOBHAIBHBIX M KCEPOTEPMHYECKUX 3II0X, HO THII COBPEMEHHBIX penbehooOpasyronmx npo-
1IeCCOB 0OJIbIIIE COOTBETCTBYET KCEPOTEPMHUYECKUM 3moxaM. O 3TOM CBUIETENBCTBYIOT COKPAILIEHHE CTOKA
1O JI0JIMHAM, YaCTUYHBIH MEPeX0j COCPENOTOYCHHOIO CTOKA B IUIOCKOCTHOM, COKpAIl[eHHEe aKBaTOPHH 03ep,
HaJIn4yue 6pOL[JeHHbIX APBIYHBIX CUCTEM BAAJIM OT COBPEMEHHOI'O pycia € BO}IOP’I, a TaK)K€ OTMHUPAHUEC IPUTO-
KOB IpaBoOepexbst pexu EpThic Ha ypoBHE coBpeMeHHO# moiiMbl. Ha coBpeMeHHOM 3Tare apuan3anus K-
MaTa OTpasuiack U Ha ruaporpaduueckoii cetn LlenrpansHoro Kasaxcrana.

Knouegvie cnosa: Uenrpansubiii Kazaxcran, Ecunb, Cenertsl, rugporpadus, Hypa, Bynenosckoe, Camap-
KaHJ/ICKOE BOJIOXPAHIIIAIIE.
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