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Distribution of useful species of family Rosaceae Juss in the flora of Zhetysu Alatau

In the article the results of an analysis of the species composition of wild plants of the Rosaceae Juss family
were presented. As a result of floristic analysis, it was established that in the northwestern part of the Zhetysu
Alatau there are 91 species belonging to the Rosaceae family, belonging to 24 genera. The leading genera in
this area are: Potentilla — 24, Cotoneaster — 9, Rosa -9, Alchimilla -7, Crataegus — 5, etc. According to
ecological and morphological classifications, all useful species were ranked into 4 groups (trees, shrubs, sub-
shrubs, herbaceous perennials). Spectra of useful properties were shown (use in scientific medicine and in
folk medicine, such as vitamins, decorative, food, etc.). 12 groups of medicinal types were ranked according
to pharmacotherapeutic activity.

Keywords: Zhetysu Alatau, useful plants, medicinal, vitamin, ornamental, economic importance, pharmaco-
logical activity.

Introduction

Family Rosaceae Juss. is considered one of the most widespread families in the flora of Zhetysu Alatau
in terms of relative and species composition. Climate change, urbanization and globalization can lead to seri-
ous problems. Rare fruit plants (Malus, Armeniaca, Rubus, Crataegus, etc.) have a number of valuable con-
sumer qualities and resistance to abiotic and biotic environmental factors, high decorative qualities, diverse
and wide potential for use in fruit growing, selection and landscaping. The purpose of our research is to
study the ecological and biological characteristics of useful plants of the Rosaceae family. During 2020-
2021, we studied the flora of the northwestern part of Zhetysu Alatau, as a result, 91 species of useful plants
belonging to the Rosaceae family were identified. Many scientists in their research have studied plants be-
longing to the Juss family, their diversity, distribution, ecological and biological characteristics of rare fruit
plants and the introduction of useful plants [1-3]. V.P. Mikhailova studied tanning plants, 50 species of
which belong to the Rosaceae family. In the monograph by M.K. Kukenov “Resources of medicinal plants of
the Tien Shan region of Kazakhstan” also identified the resources of medicinal plants belonging to this fami-
ly [3]. Flowers of the rose family (Rosaceae Juss.) are regular, bisexual or unisexual. The inflorescences are
varied. The leaves are simple and compound, with or without leaflets, pinnate and pinnately veined. Most
plants of the Rosaceae family are useful (medicinal, vitamin, food, essential oil, etc.) plants. More than 100
genera and more than 3,000 species are known, widely distributed throughout the globe. In Kazakhstan there
are 36 genera, more than 200 species, 12 of which are very rare plants, therefore they are protected and in-
cluded in the “Red Book” of Kazakhstan. In addition, in the flora of Kazakhstan there are 76 medicinal and
53 edible species of the Rosaceae Juss. family [4]. Most representatives of the Rosaceae Juss. family, found
in the Zhetysu Alatau, have important practical significance: food (Fragaria, Malus, Rubus, etc.), fodder
(Filipendula, Potentilla), medicinal (Coluria, Comarum, Crataegus, etc.), melliferous (Dasiphora, Sorbus,
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https://doi.org/10.31489/2024BMG3/7-17

D.K. Aidarbayeva, A.A. Taldybay et al.

etc.), decorative (Rosa, Spiraea, etc.), technical (Agrimonia, Geum, etc.), soil strengthening (Cotoneaster,
Padus, etc.) etc. [Plant resources..., 1987]. Rosaceae, being an almost cosmopolitan family, are distributed in
almost all areas of the globe where flowering plants can grow, but their main part is concentrated in the tem-
perate and subtropical zones of the Northern Hemisphere. They inhabit a wide variety of landscapes and nat-
ural zones: from polar tundras and highlands to tropical forests and from swamps to semi-deserts. Represent-
atives of the Rosaceae family are found in a wide variety of plant communities, although they usually do not
play a dominant role in them, but in many places, they are their characteristic element or even determine the
appearance of natural landscapes. Rosaceae, family of dicotyledonous plants. Trees, shrubs and herbs. The
leaves are mostly with stipules, usually alternate. Flowers are regular, bisexual or unisexual, cyclic, collected
in inflorescences, less often solitary; There are usually 5 sepals, often equipped at the base with a subcup
consisting of 5 leaflets alternating with sepals; rarely 4 sepals, 5 petals, sometimes 4 or absent; there are
many stamens or according to the number of petals, with loose threads; there are many pistils, less often a
small number or 1-2 with one style emerging from the apex or side of the ovary, sometimes not far from the
base; receptacle (hypanthium) is flat, saucer-shaped, cup-shaped, goblet-shaped or convex, sometimes when
the fruit ripens it grows and becomes fleshy, forming a false fruit; carpels in the same number as sepals or 2-
3 times more of them, free or fused with each other, and sometimes with the receptacle, unilocular, usually
with 2 pendulous or erect reverse seed-buds, mostly separated from the stamens more or less wide glandular
disc; fruits of various shapes and sizes: leaflets, achenes, drupes, which sometimes grow together to form a
composite fruit, and in the case of fusion with the receptacle or growth of the latter, a false fruit [5].

Materials and Methods

The objects of the study were wild useful plants of the Rosaceae Juss. family of the Zhetysu Alatau
ridge’s natural flora.

Materials for the study were collected during expeditions in 2020-2021. The study of the species com-
position and distribution of plants was carried out using the route-reconnaissance method.

Field research routes were outlined using reporting and cartographic forest management materials of
land use (taxation descriptions, forest plans for dominant forest-forming species, overview plans for non-
timber raw materials), geobotanical zoning and administrative maps of the Almaty region. The work also
used topographic, geobotanical and agricultural maps at a scale of 1:1000000; 1: 200000; 1:100000, survey
data from forestry workers. The location of the thickets was determined based on the biological characteris-
tics and ecological location of the species being studied, as well as using herbarium material.

The identification of species was carried out according to the data of “Flora Kazakhstan” [5], the no-
menclature of species is given according to the summary of S.K. Cherepanov [6] and others [7-19]. Identifi-
cation of medicinal species was carried out on the basis of our own research and according to literature da-
ta [10-22], divided into types used in official and folk medicine, and groups identified according to
pharmacotherapeutic action. Identified medicinal species are ranked into 4 categories according to the degree
of prevalence, area of thickets and possible reserves of plant raw materials: 1) with a wide range, forming
significant natural thickets and available for commercial collection of raw materials; 2) with a wide range,
forming small natural thickets and suitable for supplying the needs of the local pharmacy network with raw
materials; 3) species that have a wide range, but grow sporadically and do not form natural thickets suitable
for collecting raw materials; and 4) species with a conservation status. The ranking of species by ecological
groups was based on the attitude of plants to moisture regime, life form, in accordance with the ecological
and morphological classification of the life form of seed plants, growth form and life expectancy of vegeta-
tive organs [8-9].

Results and Discussion

According to V.P. Goloskokov and according to the materials of the herbarium of the Institute of Bota-
ny and Phytointroduction, the flora of the Zhetysu Alatau includes the Rosaceae family of 26 genera,
107 species (Fig. 1), of which 3 are endemic, found only on this ridge [12].

8 BecTHuk KaparanguHckoro yHusepcuTteTa
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Figure 1. Distribution of plant species of the family Rosaceae Juss.

We examined the vegetation cover of the Zhetysu Alatau. In August 2020-2021, expeditionary work
was carried out; as a result of field research, we identified 91 plant species of the Rosaceae Juss family. Of
these, 49 species have medicinal properties, which is 53.8 % of the species diversity of Zhetysu Alatau. The
most common among genera: Potentilla — 24, Cotoneaster — 9, Rosa — 9, Alchimilla — 7, Crataegus — 5,
Rubus — 4, Chamaerhodos — 3, Geum — 3, Spiraea — 3, Agrimonia — 2, Dasiphora — 2, Fragaria — 2,
Filipendula — 2, Padus — 2, Sanguisorba — 2, Armeniaca — 1, Aflatunia — 1, Cerasus — 1, Comarum —
1, Poterium — 1, Sibbaldianthe — 1, Sorbus — 1, Sibbaldia — 1, Malus — 1 (Table 1).

Table 1
Taxonomic analysis of the largest species of the family Rosaceae Juss. flora of the Zhetysu Alatau

Family Genus Species diversity Percentage total number of species, %
Rosaceae Juss. |Agrimonia 2 2,2 %
Alchimilla 7 7,6 %
Armeniaca 1 1,2 %
Aflatunia 1 1,2 %
Cerasus 1 1,2%
Crataegus 5 6 %
Cotoneaster 9 10,5 %
Comarum 1 1,2%
Chamaerhodos 3 3,3%
Dasiphora 2 22%
Fragaria 2 22%
Filipendula 2 22%
Geum 3 3,3%
Padus 2 2,2 %
Potentilla 24 26,5 %
Poterium 1 12%
Rosa 9 10,5 %
Rubus 4 5%
Sanguisorba 2 22%
Sibbaldianthe 1 12%
Sorbus 1 12%
Spiraea 3 3,3%
Sibbaldia 1 1,2 %
Malus 1 12%
24 91 100 %

Cepusa «brnonorusa. MeguumHa. Meorpacbums». 2024, 29, 3(115) 9
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According to ecological and morphological classifications, all useful species were ranked into the fol-
lowing groups: tree — 12 species (3 %); shrubs — 25 species (11 %); subshrubs — 4 (7 %); herbaceous per-
ennials — 50 species (64 %); (Fig. 2)
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Tree Shrub Subshrub Herbaceous
perennials

Figure 2. The ratio of life forms of medicinal plants of the flora of the Zhetysu Alatau (according to
1.G. Serebryakov) [8].

Ranking of plants by ecological groups in relation to moisture conditions revealed the predominance of
mesophytes — 54 species (59.8 %), the second position is occupied by xerophytes — 17 species (18.6 %),
the third position is occupied by mesoxerophytes — 10 species (10.9 %), the fourth position is occupied by
xeromesophytes — 7 (7.6 %), the fifth is eupotrophytes — 2 (2.1 %), the last place is occupied by
mesohygrophytes — 1 (1 %).

60
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Figure 3. Ranking of plants by environmental groups

The current ratio of life forms and ecological groups shows a predominance of herbaceous mesophytic
plants, which indicates a moderately humid habitat. However, other environmental groups point to the pres-
ence of a small number of ecotopes from nearby surface or groundwater. Ethnobotanical studies have shown
that among the 91 species of identified useful plants, most belong to species used in folk medicine —
49 species. Among them: 15 species are used in official medicine, 27 species are used as vitamins, 4 species
are used as decorative, 8 species are used as food (Table 2; Fig. 4).
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Spectra of beneficial properties of the Rosaceae family in the flora of Zhetysu Alatau

Table 2

Family

Genus

Species

Use in scientific

medicine

Use in folk

medicine

Vitamin

Decorative

Food

1

2

3

Rosaceae
Juss.

Agrimonia

Agrimonia asiatica

Agrimonia pilosa

+

Armeniaca

Armeniaca vulgaris

Alchimilla

Alchimilla rubens

Alchimilla hebescens

Alchimilla sibirica

Alchimilla retropilosa

Alchimilla cyrtopleura

Alchimilla tianschanica

Alchimilla pinguis

Aflatunia

Aflatunia ulmifolia

Cerasus

Cerasus tianschanica

Crataegus

Crataegus songarica

Crataegus korolkowii

Crataegus altaica

Crataegus sanguinea

Crataegus almaatensis

|+ [+ [+ [+[+

[+ [+ [+[+

Cotoneaster

Cotoneaster melanocarpus

F+[+[+[+]+

Cotoneaster antoninae

Cotoneaster megalocarpa

Cotoneaster uniflora

Cotoneaster Pojarkovae

Cotoneaster oligantha

Cotoneaster multiflora

Cotoneaster racemiflora

Cotoneaster suavis

Comarum

Comarum salesovianum

Chamaerhodos

Chamaerhodos altaica

Chamaerhodos sabulosa

Chamaerhodos erecta

Chamaerhodos songorica

Dasiphora

Dasiphora parvifolia

Dasiphora phyllocalyx

Fragaria

Fragaria vesca

Fragaria viridis

Filipendula

Filipendula ulmaria

Filipendula vulgaris

Geum

Geum urbanum

Geum rivale

Geum aleppicum

Padus

Padus avium

[+ [+ ]|+ [+ ]|+ |+ ]|+

Padus racemosa
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Continuation of Table 1.

2

3

6 7 8

Potentilla

Potentilla orientalis

Potentilla impolita

+

Potentilla sericea

Potentilla imbricata

Potentilla biflora

Potentilla multifida

Potentilla soongorica

Potentilla pamiroalaica

Potentilla approximata

Potentilla strigosa

Potentilla conferta

Potentilla nervosa

+

Potentilla nivea

Potentilla viscosa

Potentilla recta

Potentilla regeliana

Potentilla desertorum

Potentilla chrysantha

Potentilla asiatica

Potentilla longipes

Potentilla longfolia

Potentilla Schrenkiana

Potentilla gelida

+

Potentilla anserina

+

Poterium

Poterium polygamum

Rosa

Rosa acicularis

Rosa alberti

Rosa beggerana

Rosa canina

|+ [+ [+

Rosa platyacantha

Rosa spinosissima

Rosa laxa

T+ [+ |+ [F[F [+

Rosa chinensis

Rosa schrenkiana

[+ ||+ |+ [+ [+ ]|+

FF[F [+ [F[F][F[F][+

Rubus

Rubus caesius

Rubus idaeus

Rubus saxatili

Rubus sachalinensis

|+ |+ |+

|+ [+ |+

|+ |+ |+

Sanguisorba

Sanguisorba officinalis

+

Sanguisorba alpina

+

Sibbaldianthe

Sibbaldianthe adpressa

Sorbus

Sorbus tianschanica

Spiraea

Spiraea hypericifolia

Spiraea chamaedryfolia

Spiraea lasiocarpa

Sibbaldia

Sibbaldia procumbens

Malus

Malus sieversii
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Figure 4. Distribution of useful plants of the Rosaceae family in the Zhetysu Alatau.

The Rosaceae family has a wide range of pharmacological activity, so we analyzed the possibility of us-
ing medicinal plants from the Zhetysu Alatau for the treatment of various diseases, dividing them into 12
groups according to pharmacotherapeutic activity.

ml m2
m3 m4
m5 m6
m7 m8
9 m10
w1l m12

1

Figure 5. Ranking of pharmacotherapeutic activity of medicinal plants of the Zhetysu Alatau by pharmacotherapeutic
groups: 1 — Laxatives, 2 — gastrointestinal tract, 3 — tonic, 4 — respiratory tract, 5 — antipyretic and anti-
inflammatory, 6 — cardiovascular system, 7 — homeopathy, 8 — analgesic and wound healing, 9 — antibacterial, 10
— antitumor, 11 — Vitamin, 12 — Hemostatic.

The following plants are recommended for the treatment of the gastrointestinal tract recommended:
Agrimonia asiatica, Armeniaca vulgaris, Cotoneaster melanocarpus, Fragaria vesca, Fragaria viridis,
Filipendula ulmaria, Geum aleppicum, Potentilla longfolia, Rosa acicularis Rosa beggerana, Rosa canina,
Rosa laxa, Rubus saxatilis, Spiraea hypericifolia, laxatives: Armeniaca vulgaris, Geum aleppicum, Rubus
caesius Sorbus tianschanica, tonic: Geum rivale, Geum aleppicum, Padus avium, respiratory tract: Rubus
idaeus, antipyretic and anti-inflammatory Fragaria vesca, Fragaria viridis, Filipendula ulmaria, Filipendula
vulgaris, Geum urbanum, Geum aleppicum, Rosa acicularis, Rosa canina, Rubus caesius, Rubus idaeus,
Rubus saxatilis, Rubus sachalinensis, the cardiovascular system: Crataegus songarica, Crataegus
korolkowii, Crataegus altaica, Crataegus sanguinea, Crataegus almaatensis, homeopathy: Potentilla recta,
analgesic and wound healing: Fragaria vesca, Filipendula ulmaria, Geum urbanum, Potentilla anserina,
Poterium polygamum, Rubus idaeus, Rubus sachalinensis, Sanguisorba officinalis, antibacterial: Agrimonia
asiatica, Agrimonia pilosa, Cotoneaster melanocarpus, Filipendula vulgaris, Geum urbanum, Padus avium,
Potentilla multifida, Potentilla conferta, Potentilla nervosa, Potentilla nivea, Potentilla chrysantha,
Potentilla gelida, Potentilla anserina, Rosa acicularis, Rubus idaeus, Rubus sachalinensis, Sorbus
tianschanica, Spiraea hypericifolia, Spiraea chamaedryfolia, Malus sieversii, antitumor: Agrimonia pilosa,
Cotoneaster multiflora, Filipendula vulgaris, Sanguisorba officinalis, vitamine: Armeniaca vulgaris, Rosa
alberti, Rosa beggerana, Rosa platyacantha, Rosa laxa, Rubus idaeus, Rubus saxatilis, Sorbus tianschanica,
Spiraea lasiocarpa, Malus sieversii, hemostotic: Sanguisorba alpina (Fig. 5).

During the field research, we marked and examined 6 points of several species of the Rosaceae family.
Rosa platyacantha of the Zhetysu Alatau, pebble terrace on the right bank of the Gorbushka River.
N 45°28°14, 4» E 80°33°37, 1» Height 1120m. It grows on the steppe slopes of mountains and at the bottom
of gorges. Economic importance: In the city of Almaty, it is grown as a decorative plant. Associated species
Veronica spuria, Achillea Biebersteinii.
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Potentilla impolita Wahlenb. Northern macroslope of the Zhetysu Alatau, Southern slope of the Small
Baskan. Left bank of the Maly Baskan river. Petrophytic series on the Southern Rocky Slope.
N 45°20°05, 7» E 80°08°12, 2» Height 1214m. Grows in steppes, steppe meadows and grassy slopes. Asso-
ciated species: Ajania fastigiata, Sedum alberti, Allium petraeum, Artemisia sublessingiana.

Padus avium Mill. Northern part of the Zhetysu Alatau. The valley of the Black River in the area of the
forester's cardona. Aspen forest. Grass-forb. N 45°31°16, 760» E 80°42°54, 965» Height 1216 m. Grows on
the banks of rivers and streams, in riverine forests and bush thickets, as well as in sparse forests along the
edges. Associated species: Angelica decurrens, Papulus Laurifolia, Milium effusum, Cardamine impatiens,
Alfredia Cernua, Geum urbanum.

Filipendula ulmaria (L.) Maxim. Northern part of the Zhetysu Alatau. The valley of the Black River in
the area of the forester's cardona. Aspen forest. Grass-forb. N 45°31°16, 760» E 80°42°54, 965» Height
1216 m. Grows in floodplains of rivers, near lakes, streams in damp forests and shrubs in meadows. Eco-
nomic importance: it has medicinal value as an astringent for bleeding and diarrhea. Associated species: Im-
patiens parviflara, Stachys sylvatica, Angelica decurrens, Festuca gigantea, Papulus Laurifolia, Milium
effusum, Cardamine impatiens.

Rubus caesius L. Northern part of the Zhetysu Alatau. The valley of the Black River in the area of the
forester's cardona. High grass with bird cherry and apple trees. N 45°31°16, 760» E 80°42°54, 965» Height
1216 m. Grows in forests, bushes, on the banks of rivers and streams, in meadows in gardens, along roads
and along hedges. It is found in all regions of Kazakhstan and quite high in the mountains. Economic value:
The fruits are edible, but have almost no industrial value. Associated species: Bunios orientalis, Pulmonaria
molissima, Inula helenium, Trifolium pratense, Lonicera tatarica.

Rubus saxatilis L. Northern part of the Zhetysu Alatau. The valley of the Black River in the area of the
forester's cardona. The watershed between the Chernaya River and Lepsy in the area of the apple genetic re-
serve. Hawthorn-apple forest. N 45°31°04, 121» E 80°43’14, 605» Height 1298 m. Grows in birch forests,
spruce forests, pine forests, shrubs, on rocky mountain slopes and swamps. Economic importance: the berries
are edible, but have no industrial importance. Associated species: Rhamnus cathartica, Brachypodium
sylvaticum, Serratula coronata, Allium obliquum.

Crataegus korolkowii L. Northern part of the Zhetysu Alatau. The valley of the Black River in the area
of the forester's cardona. The watershed between the Chernaya River and Lepsy in the area of the apple ge-
netic reserve. Petrophytic steppe community. N 45°31°03, 907» E 80°43°16, 321» Height 1300 m. Related
species Polemonium caucasicum, Serratula coronata, Allium obliquum.

Conclusion

As a result of floristic analysis, it was established that in the northwestern part of the Zhetysu Alatau
there are 91 species of plants belonging to the Rosaceae Juss family, belonging to 24 genera. The leading
genera in this area are Potentilla — 24, Cotoneaster — 9, Rosa — 9, Alchimilla — 7, Crataegus— 5, etc.

According to ecological and morphological classifications, all useful species were ranked into the fol-
lowing groups: tree — 12 species (3 %); shrubs — 25 species (11 %); subshrubs — 4 species (7 %); herba-
ceous perennials — 50 species (64 %). In relation to moisture, vascular plants are distributed into ecological
groups. Among them, the leading position is occupied by mesophytes (54 species), and the lagging position
is occupied by mesohygrophytes (1 species).

The spectrum of beneficial properties (use in scientific medicine, in folk medicine, as medicinal, vita-
min, decorative, food) of the Rosaceae family in the flora of Zhetysu Alatau has been shown. Medicinal
plants were ranked according to their properties and pharmacotherapeutic activity into 12 groups: laxatives,
tonic, antipyretic and anti-inflammatory, cardiovascular system, homeopathy, analgesic and wound healing,
antibacterial, antitumor, vitamin, hemostatic. Ethnobotanical studies have shown that 49 species are used in
folk medicine. Thus, in the Rosaceae Juss family, all species are useful plants (medicinal, vitamin, food,
etc.).
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Kericy AunaraybinbiH Guiopaceinaa Rosaceae Juss.
TYKbIMAACBIHBIH MAHIAJIbI TYPJIEPiHIH Tapaybl

Maxkanana Rosaceae Juss. TYKbIMACHIHBIH ka0aibl ©CIMAIKTEPIHIH TYPJIK KypaMmblH Talliay HOTHXKENepi
Oepinren. dropucTUKANBIK Tangay HoTwkeciHme XKericy AnaTayblHBIH CONTYCTiK-Oateic Oenmirinae 24
TYBICKA JKaTaThIH PAyIIAHTYJALIEp TYKbIMAACHIHEIH 91 Typi Gap ekeHi aHBIKTanabl. By afiMakra skeTeKIi
tykeiMaactapsl: Potentilla — 24, Cotoneaster — 9, Rosa — 9, Alchimilla — 7, Crataegus — 5 xomne T1.6.
DOKOJOTHSIIBIK KOHE MOP(OIOTHSIBIK KiKTedyl OOHbIHIIA OapibIK Maimansl Typsiep 4 Tomka (aramTap,
Oytanap, mana Oyranap, KOIKbUIIBIK IIONTECiH ociMaikTep) Oeminmi. [laligansl KacMeTTepiHiH CHEKTpIepi
KOPCETIIreH (FBUIBIMHA MEAWIMHAAA JKOHE XalbIKTHIK MEAWIMHAAAa KOJIAHBUIYBI, JOPYMEHIIK, COHJIK,
TaraMZbIK peTiHfae kaHe T.0.). apMakoTepanusUIbIK OesIceHTiri OOUBIHIIA Topiik eciMaikTep Typepi 12
TOMKA KIKTEIII.

Kinm cesoep: XKericy Anataybl, maiansl ociMIiKTep, OPLTIK, JOPYMEHMIIK, COHMIK, IapyalIbUIBIK MaHbI3bI,
(hapMaKOJIOTHSIIBIK KBI3METI.
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J.K. Aiinap6aeBa, A.A. Tanasi0ai, A. Kamu, T.O. YBanues, JI.H. J/lemeyoBa

PacnpocTpaHneHue moJie3HbIX BUIOB ceMeiicTBa Rosaceae Juss. Bo iope
Ketbicyckoro Asiaray

B crartbe MpeICTaBIeHBI pe3yNbTaThl aHAINW3a BHIOBOTO COCTaBa JHKOPACTYIIMX PACTEHHH ceMelcTBa
Rosaceae Juss. B pe3synbprare (QpropHCTHYECKOTO aHAIN3a YCTAaHOBJIEHO, YTO B CEBEpO-3amagHoil yactu XKe-
TBICYCKOTO Asatay BctpedaeTcst 91 BUI pacTeHHI, OTHOCSIIMXCS K ceMeiicTBy Rosaceae, mprHaLIexammx K
24 popmam. Benymumu pomamu B 3Toi obnactu sieistoresi: Potentilla — 24, Cotoneaster — 9, Rosa — 9,
Alchimilla — 7, Crataegus — 5 u ap. ITo 3KoJOrHYecKAUM U MOP(OJOTHIECCKUM KIaCCH(DUKALMAM BCE
TOJIE3HBIE BHIBI OBUIH PAHKUPOBAHBI HA 4-¢ TPYMIIBI (IepeBbs, KYCTAPHUKH, MOIYKYCTAPHUKHU, TPABSHUCTHIE
MHOTOJIETHHKH). [T0Ka3aHbl CIIEKTPHI MOJIE3HBIX CBOUCTB (HCIONBb30BAHKE B HAYYHON MEIUIIMHE M HAPOIHOM
MeJUIUHE: BUTAMUHHBIE, JI€KOPATUBHEIE, MHAIIEBbIe U 1p.). [10 (apMakoTepaneBTHUECKOW aKTHBHOCTH PaH-
JKAPOBAHBI 12 TPYIII JIEKApCTBEHHBIX BUJIOB.

Knioueswvie cnosa: Xetbicyckuii Anatay, noje3Hble PaCTEHUs], I€KapCTBEHHbIEe, BATAMUHHBIC, IEKOPATUBHEIE,
X03sliCTBEHHOE 3HaYeHHE, (hapMaKOIOTHIECKasi aKTHBHOCTb.
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Search for antibiotic-resistant strains of Gram-positive and Gram-negative
microorganisms in poultry products

Research on the search for antibiotic-resistant strains of Gram-positive and Gram-negative microorganisms in
poultry products is an urgent and important topic in modern medicine and the food industry. Antibiotics are
widely used in poultry farming for the prevention and treatment of infections, but this also contributes to the
development of antibiotic resistance in microorganisms. The purpose of this study is to identify and assess the
level of antibiotic resistance of Gram-positive and Gram-negative bacteria present in meat and poultry-
derived products. The methods include analyzing food samples, namely chicken fillets and chicken eggs, for
the presence and identification of resistant strains, as well as testing their sensitivity to various antibiotics.
During the study, it was found that 19.05 % of Gram-positive strains and 26.09 % of Gram-negative strains
isolated from farm products exhibit resistance or multi-resistance properties. At the same time, 58.28 % of
Gram-positive and 59.42 % of Gram-negative microorganisms also exhibit resistance or multi-resistance
properties.

Keywords: antibiotic resistance, epidemiology, sanitary microbiology, poultry farming, food safety.

Introduction

The discovery of antibiotics is one of the most significant discoveries in the field of clinical and preven-
tive medicine. The first antibacterial drug was discovered by the winner of the Nobel Prize in Physiology or
Medicine (1945) by Alexander Fleming in 1929. Since then, antibiotics have become one of the most essen-
tial components of the treatment of infectious diseases [1]. Nevertheless, at the moment, the world communi-
ty is facing a global challenge in the face of antibiotic resistance, a phenomenon that allows microbial agents
to survive and multiply despite the use of antibacterial agents [2].

The study of the development and spread of resistant strains plays a key role in ensuring global biologi-
cal safety and poses a serious threat to practical medicine. According to the World Health Organization
(WHO), every vyear, the effectiveness of antibiotics decreases, which makes it impossible to use them fur-
ther [3]. At the same time, according to experts, about 230,000 people die annually in the world from infec-
tious diseases caused by multi-resistant bacteria [4]. At the same time, special attention is paid to the study of
the sources of resistant strains, which are medical institutions, clinical and bacteriological laboratories, as
well as agricultural entities [5].

At the same time, a separate role is assigned to the study of the role of agricultural facilities. The condi-
tions of keeping livestock are one of the main reasons for the use of antibacterial drugs. The large crowding
of animals in relatively small spaces creates a favorable environment for the spread of infectious diseases,
which is a factor in the forced use of antibacterial drugs, both for therapeutic and preventive purposes [6].
The study by Van Boeckel and co-authors indicates that countries such as China, which could lead to China
becoming a consumer of about 30 % of global antibiotic production by 2030. The other most “dangerous”
country is India, according to researchers, 95 % of the population are carriers of microorganisms producing
extended-spectrum beta-lactamases, which may be mediated by the uncontrolled use of antibiotics, both in
medicine and in agriculture [7]. Poultry farming is also an integral part of agriculture. According to the Food
and Agriculture Organization (FAO), global poultry consumption, including meat and eggs, continues to
grow rapidly, and it is expected to increase by 20 % by 2030 [8]. At the same time, the subjects of poultry
farming are also one of the main consumers of antibiotics. A review of scientific publications conducted by
Ma and co-authors directly indicates the growing antibiotic resistance in poultry farming and the transfer of
R-plasmids from animals to humans [9].
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In an experiment conducted by Liu, Y. -Y. and co-authors, it is reported that a detailed genomic analy-
sis of E.coli isolated from humans and birds revealed similarities in the structure of ColV/ColBM plasmids
containing the mcr-1 gene (MCRPEC), which may indicate the spread of antibiotic resistance from birds to
humans [10]. When comparing the genetic differences between E. coli strains in humans and poultry, it was
found that ciprofloxacin-resistant E. coli strains in humans are associated with birds [11]. A study conducted
by Dutil, L and co-authors showed that the temporary cessation of ceftiofur significantly reduces the re-
sistance of Salmonella isolates in birds and humans, however, with the resumption of use, the trend has
changed [12]. These studies have confirmed the transmission of antibiotic-resistant bacteria from animals to
farm workers. The results revealed a high prevalence of resistance among farmers before and after the intro-
duction of antibiotics in their workplaces. Despite the fact that this limited transmission does not seem to
pose a threat to public health, the introduction of genes responsible for drug resistance into society and the
hospital environment may pose a potential threat [13].

Kazakh scientific research in the field of antibiotic resistance in animal husbandry continues to develop.
At the same time, there are already a number of studies that indicate the detection of resistant strains in farm
animals. For example, the work of Madiev and Pimenov covers the study of antibiotic resistance of stains
gathered from sows. The study indicates the sensitivity of the isolated strains to such groups of antibiotics as
carbapenems, cephalosporins, polymyxins, tetracyclines, beta-lactams, penicillins, sulfonamides, aminogly-
cosides, tetracyclines [14]. Also, in Matchanova's work, it is indicated that the inappropriate use of antibacte-
rial drugs in animal husbandry can lead to the rapid and sustainable development of antibiotic resistance,
which will become a global challenge for Kazakhstan [15]. Thus, the search for antibiotic-resistant strains
isolated from poultry products is an important step in ensuring biological safety, and the data obtained during
the study can be used in making recommendations to counteract the development of global antibiotic re-
sistance.

Materials and Methods

An exploratory, promising, experimental study was conducted. The object of the study is poultry prod-
ucts in the territory of the Karaganda region. 64 samples of products (n=64) were selected for the study, in-
cluding 44 carcasses of broiler fillets and 20 chicken eggs purchased in supermarkets and farms of the Kara-
ganda region. The exclusion criterion is: expired shelf life, violation of the integrity of the package, violation
of the storage conditions of the product. The study was conducted according to the design shown in Figure 1.

STAGEI
ISOLATION AND IDENTIFICATION OF MICROORGANISMS

*  Primary sowing for nutrient Endo agar and Chistovich agar
* The allocation of pure culture
®  MALDI mass spectrometry

= =

STAGE Il

SETTING SENSITIVITY TO ANTIBIOTICS

* Seeding of isolated microorganisms on Muller-Hinton agar
* Diagnosis of antibiotic sensitivity by the discodiffuse method

= =

STAGE Il

ANALYSIS OF THE RESULTS OBTAINED

»  Methods of descriptive statistics
*  Nonparametric research methods

Figure 1. Design of the study “Search for antibiotic-resistant strains of Gram-positive and Gram-negative microorgan-
isms in poultry products”
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Primary sowing was carried out on pre-prepared, sterile nutrient media — yolk-salt agar (Sentral drug
house) and endo medium (FBUN State Scientific Center for Applied Microbiology and Biotechnology). The
cups with primary seeding were incubated in a microbiological thermostat for 24 hours. The isolation of pure
culture was carried out by the depletion stroke method [16]. After obtaining pure crops, the isolates were di-
vided into 2 groups: the first group includes isolates strains from farm products, the second group contains
strains isolated from products of retail trade facilities. The identification of isolated microorganisms was car-
ried out using a MALDI-TOF mass spectrometer located at the INOZH Research Institute of the Karaganda
Medical University. To determine the sensitivity, Muller-Hinton agar (Condalab) was used, and a separate
set of antibiotics for Gram-positive and Gram-negative microorganisms indicated in Table 1 and Table 2.

Table 1
A set of antibiotics used to determine sensitively Gram-positive isolates
Atibiotic group The name of the antibiotic Disc load, mcg/disk
Aminoglycosides Tobramycin (TOB) 10
Gentamicin (GEN) 10
Macrolides Erythromycin (E) 15
Glycopeptides Vancomycin (VA) 30
Penicillins Oxacillin (0OX) 1
Polyketides Tetracycline (TE) 30
Table 2
A set of antibiotics used to determine sensitively Gram-negative isolates
Atibiotic group The name of the antibiotic Disc load, mcg/disk
Penicillins Ampicillin/Sulbactam (AMP) 10
Amoxicillin/Clavunate (AMC) 30
Cephalosporins Cefotaxime (CTX) 5
Cefepim (CPM) 30
Cefuroxime (CXM) 30
Ceftazidime (CZA) 30
Cefoxitin (FOX) 30
Carbapenems Meropenem (MEM) 10
Imipenem (IMP) 10
Fluoroquinolones Ciprofloxacin (CIP) 10
Aminoglycosides Tobramycin (TOB) 10
Gentamicin (GEN) 10
Amikacin (AK) 10

At the same time, discs with CTX, AMC, and CXM were placed at a distance of no more than 1 cm
from each other, to determine the production of extended-spectrum beta-lactamases, the selection of antibac-
terial drugs for research was carried out taking into account the popularity of use and species specificity. The
cups with crops and antibiotics were incubated for 24 hours in a microbiological thermostat at a temperature
of 37.0 C.

The growth delay values were taken from the manual of the European Committee on Antimicrobial
Susceptibility Testing, Breakpoint tables for interpretation of MICs and zone diameters, Version 13.1, valid
from 2023-06-29 [17]. Chi-square adjusted for continuity were chosen as statistical criteria to compare re-
sults that lack strains with questionable sensitivity [18]. Statistical data analysis was performed using the Mi-
crosoft Office professional software package: Exel2019, STATISTICA 12.5.192.7(trial version) and the
matplotlib and pandas libraries for python 3.12.0.
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Results and Discussion

As part of our study, we isolated and analyzed in detail 147 bacterial isolates (n=147). Of this total,
92 isolates (k1=92), which is 62.59 % (95 %ClI:54.23 %-70.42 %), were classified as Gram-negative micro-
organisms. Gram-negative strains taken from poultry products account for 75.00 % (95 % ClI:64.89 %-
83.45 %), the remaining 25.00 % (95 % CI: 16.88 %- 34.66 %) are gathered from farm products. The re-
maining 55 isolates (k2=55), or 37.41 % (95 %CI:29.58 %-45.77 %), were identified as Gram-positive bacte-
ria. At the same time, the share of isolates from products purchased at retail outlets accounts for 61.82 %
(95 %Cl:47.73 %-74.59 %), and the share of isolated strains from farm products is 38.18 % (95 %
Cl:25.41 %-52.27 %).

Table 3
Gram-positive strains of bacteria isolated from the studied products

The genus of isolates

The proportion in relation to the total
number of strains extracted,%

Confidence intervals, %

Staphylococcus

81,82 %

59,04 % — 83,86

Streptococcus

18,18 %

9,08 % -30,90

Table 4
Gram-negative bacterial strains isolated from the studied products

The genus of isolates The proportion in relation to the total Confidence intervals, %
number of strains extracted,%

Escherichia 50,00 % 39,39 %-60,61
Salmonella 10,87 % 5,34 %- 19,08
Citrobacter 7,61 % 3,57 %-15,76
Aeromonas 7,61 % 3,11 %-15,05
Serratia 4,35 % 1,20 %-10,76
Acinetobacter 3,26 % 0,68 %-9,23
Proteus 3,26 % 0,68 %-9,23
Moraxella 3,26 % 0,68 %-9,23
Enterobacter 3,26 % 0,68 %-9,23
Erwinia 2,17 % 0,26 %-7,63
Hafnia 2,17 % 0,26 %-7,63
Pantonea 2,17 % 0,26 %-7,63

As can be seen from the data in Table 3, the genus Staphylococcus prevails among the Gram-positive
microflora, and less than 20 % of the isolates were assigned to the genus Streptococcus. Among Gram-
negative isolates, the genus Escherichia prevails, which accounts for half of all isolated microorganisms,
slightly more than 10 % of the isolates are represented by the genus Salmonella, isolates assigned to the ge-
nus Citrobacter and Aeromonas have the same amount, the proportions of the remaining isolates are shown
in Table 4.

When analyzing Gram-positive microflora (Fig. 2) isolated from farm products, it became known that
the isolates have absolute sensitivity to gentamicin, ciprofloxacin and vancomycin. At the same time, 4.76 %
(95 %Cl: 0.12 %-23.82 %) are sensitive to tobramycin, tetracycline, erythromycin and oxacillin. At the same
time, it is important to note that these strains do not have multi-resistance, and are sensitive to other types of
antibiotics. An interesting fact is that 75.00 % of resistant strains isolated from farm products belong to the
genus Staphylococcus, and the remaining 25 % are representatives of the genus Streptococcus. Thus, it can
be noted that the proportion of resistant strains among isolates from farm products is not large, and there are
no multi-resistant strains at all. 1t should be noted that no pathogenic coagulase-negative microbiological
agents have been identified, and accordingly, there is reason to believe that the extracted isolates belong to
the normal microflora of broiler chicken fillets and chicken eggs.
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Figure 2. Sensitivity of Gram-positive strains isolated from farm products

At the same time, when studying the sensitivity of Gram-positive isolates from poultry products (Fig.
3), 32.35% (95 %Cl:17.39 %-50.53 %) show resistance to tobramycin, and 23.53 % (95 %CI:10.75 %-
41.17 %) to gentamicin. At the same time, 45.45 % are resistant to both tobramycin and gentamicin, and all
of them belong to the genus Staphylococcus. An interesting fact is that among the strains showing resistance
to all studied aminoglycosides, 60.00 % of the strains are multi-resistant, and show resistance to other anti-
bacterial drugs.

When examining the sensitivity of the isolated strains to tetracycline, it was found that 20.59 %
(95 %ClI:8.70 %-37.90 %) are not sensitive to this antibacterial drug. At the same time, all of them belong to
the genus Staphylococcus, and in 50.00 % of cases they are multi-resistant, and in 14.29 % they are absolute-
ly resistant to aminoglycosides.

At the same time, it was found that the isolated Gram-positive strains do not show resistance to ciprof-
loxacin, but at the same time 8.82 % (95 %Cl:1.86 %-23.68 %) are questionably sensitive, although there is
no reason to believe that these strains will not soon become sensitive to this drug.

In the case of erythromycin, it was found that 23.35 % (95 %CI:10.75 %-41.17 %) are resistant to this
drug. At the same time, half of them are multi-resistant, and show resistance to both aminoglycosides and
penicillins.

Upon detailed analysis of the sensitivity of the isolates to oxacillin, it became known that 17.65 %
(95 %CI:6.76 %-34.53 %) exhibit resistance properties, while 66.67 % are classified as multi-resistant. It
should be noted that all these isolates are assigned to the genus Staphylococcus.
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Figure 3. Sensitivity of Gram-positive strains isolated from poultry farm products.
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When analyzing the sensitivity of Gram-negative strains isolated from farm products (Fig. 4), 91.30 %
(95 % CI:89.42 %-98.80 %) were sensitive to ampicillin/sulbactam and amoxicillin/clavunate. It is worth
noting that 8.70 % (95 %CI:1.07 %-28.04 %) are classified as resistant, while it is noted that these strains
belong to the genus Escherichia and Serratia, and show resistance to two antibacterial drugs simultaneously.
At the same time, the Serratia strain is multi-resistant, and does not show sensitivity to ceftazidime and
amoxicillin/clavunate. At the same time, when studying the resistance of strains isolated from poultry prod-
ucts (Fig. 5), the sensitivity of the obtained isolates to ampicillin/sulbactam is only 79.71 % (95 %
Cl:70.45 %-87.14 %), and to amoxicillin/clavunate 94.20 % (95 % CI:87.53 %-97.96 %), the rest are classi-
fied as stable, however, in this case, only 50 % (95 %CI:6.76 %- 93.24 %) are absolutely resistant to the
group of penicillins studied, these strains belong to the family Escherichia and Aeromonadaceae, at the same
time, these strains show resistance to other types of antibacterial drugs, and the Aeromonadaceae strain is
pan-resistant, and shows resistance to all groups of antibacterial drugs.

During the test to assess sensitivity to cephalosporins, it was found that strains isolated from farm prod-
ucts are absolutely sensitive to cefotaxime and cefepime and cefoxitin, but at the same time, the proportion
of sensitive strains to cefuroxime is 96.65 % (95 %CI:78.05 %-99.89 %), and the proportion of resistant
strains is 4.35 % (95 %CI:0.11 %-21.95 %). This strain is a representative of the genus Escherichia, and is
resistant only to this antibacterial drug, at the same time, the proportion of strains sensitive to ceftazidime is
82.61 % (95 % CI:61.22 %-95.05 %), doubtfully resistant is 4.35 % (95 % CI: 0.11 %-21.95 %), and The
proportion of resistant strains was 13.04 % (95 % CI:2.78 %-33.59 %). The strain showing questionable sen-
sitivity belongs to the genus Escherichia, and does not show resistance to the rest of the studied antibiotics.
In the case of resistant strains, 66.67 % of them also belong to the genus Escherichia, and do not show re-
sistance to other antibacterial drugs, while the remaining 33.33 % are the aforementioned Serratia strain. At
the same time, the proportion of strains isolated from poultry farm products is 94.20 % (95 % CI: 85.82 %-
98.40 %), and the proportion of resistant strains is 5.80 %(95 % CI:1.60 %- 14.18 %), it should be noted that
sensitive strains belong to the genus Proteus and Citrobacter, and also show resistance, or questionable sen-
sitivity to cefotaxime, and are also multi-resistant to penicillins and aminoglycosides. At the same time, the
proportion of strains sensitive to cefipime is only 86.76 % (95 %Cl: 76.68 %- 93.86 %), and the proportion
of resistant strains is 4.41 % (95 %CI:0.91 %-12.18 %) — the remaining strains are classified as doubtfully
sensitive.
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Figure 4. Sensitivity of Gram-negative strains isolated from farm products

Upon detailed study, it became known that most of the isolated strains, namely 66 % of Escherichia, are
multi-resistant. These strains exhibit resistance to aminoglycosides, the remaining 33 % are the aforemen-
tioned pan-resistant strain of Aeromonadaceae. It is worth noting that the strains isolated from poultry prod-
ucts exhibit the least resistance to cefuroxime, namely 73.91 % (95 %Cl:61.94 %-83.75 %), while the pro-
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portion of strains exhibiting resistance is 18.84 %(95 %Cl1:10.43 %-30.06 %). During a detailed analysis, it
became known that, in addition to the pan-resistant strain, from the genus Aeromonas, resistance to cefurox-
ime is manifested by isolated multi-resistant strains of Proteus, Citrobacter, and Aeromonas, and an interest-
ing fact is that in 100 % of cases, these strains are also resistant to aminoglycosides and penicillins. The pro-
portion of strains showing sensitivity to ceftazidime is 88.41 % (95 %Cl:78.43 %-94.86 %), resistant —
8.70 % (95 % CI:3.26 %-17.97 %), the rest are classified as strains showing questionable resistance. Of the
resistant strains, 60 % belong to the Enterobacteriaceae family, the rest are classified as Aeromonas. An in-
teresting fact was that 50.00 % of strains resistant to this antibiotic were isolated from poultry products and
66.67 % show resistance to both penicillins and aminoglycosides, in the remaining 33.33 % of observations,
the strains do not show multi-resistance properties. At the same time, 100 % of the isolated Aeromonas
strains are multi-resistant, and in addition to the pan-resistant strain, they also exhibit 100 % resistance to
aminoglycosides and penicillins. At the same time, 1 strain of Aeromonas was noted, which shows resistance
to ciprofloxacin. The last studied antibacterial drug from the group of cephalosporins was cefoxitin, 79.71 %
(95 % CI:68.31 %-88.44 %) of the isolated strains are sensitive to it, while 20.29 % (95 %ClI:11.56 %-
31.69 %) are resistant. Among the resistant strains, 1 Citrobacter strain and 1 Salmonella strain have been
isolated, which show resistance only to this antibiotic, the remaining strains belong to the
Enterobacteriaceae and Aeromonas family, and are multi-resistant, but at the same time, in addition to the
pan-resistant Aeromonas strain, all the above-mentioned strains show sensitivity to ciprofloxacin.
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Figure 5. Sensitivity of Gram-negative strains isolated from poultry farm products.

In the study of sensitivity to carbapenems, it became known that strains isolated from farm products are
absolutely sensitive to meropenem and imipenem. At the same time, strains isolated from poultry farm prod-
ucts are only 98.55 % (95 %C1:92.19 %-99.96 %) sensitive to meropenem and imipenem. At the same time,
only the pan-resistant Aeromonas strain shows resistance.

Analyzing resistance to ciprofloxacin, it became known that strains isolated from farm products are also
absolutely sensitive. At the same time, the proportion of sensitive strains isolated from poultry farm products
is only 88.41 % (95 % CI: 78.43 %- 94.86 %), resistant — 7.25 % (95 % CI: 2.39 %-16.11 %), the rest are
classified as strains showing questionable sensitivity. With the exception of the pan-resistant Aeromonas
strain, the remaining Enterobacterand Acinetobacter, at the same time, exhibit multi-resistance properties
only in half of the cases, and are multi-resistant to all groups of antibiotics, except carbapenems.

In the study of resistance to aminoglycosides, it was found that most of the strains isolated from poultry
products exhibit resistance to gentamicin, namely -23.19 % (95-Cl: 13.87 %- 34.91 %), the remaining
76.81 % (95 %-Cl: 65.09 %-86.13 %) strains are classified as sensitive. At the same time, the strains show
the greatest sensitivity to tobramycin, namely 85.51 % (95 %CI: 74.96 %-92.83 %), the rest are resistant.
The proportion of strains sensitive to amikacin in this group of isolates is 81.16 % (95 % CI: 69.94 %-
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89.57 %), the remaining 18.84 %(95 % CI: 10.43 %-30.06 %) are classified as resistant. It is noteworthy to
note that sensitivity to gentamicin is only 25.00 % accompanied by concomitant sensitivity to amikacin, and
the proportion of strains absolutely resistant to aminoglycosides is 18.75 %. It is worth noting that the pro-
portion of strains that are absolutely sensitive to aminoglycosides is 75.00 % resistant to cephalosporins, and
in 25.00 % of cases it is absolutely sensitive to penicillins.

At the same time, it was found that the proportion of sensitive strains to tobramycin and gentamicin in
the group of isolates gathered from farm products is the same, and amounts to 82.61 % (95 %ClI: 61.22 %-
95.05 %), and resistant — 17.39 % (95 %Cl: 4.95 %-38.78 %). It should be noted that the same strains be-
longing to the Enterobacteriaceae family exhibit paired sensitivity. At the same time, 95.65 % (95 % ClI:
78.05 %-99.89 %) of the isolated strains are classified as sensitive, and only 4.35 % (95 % CI: 0.11 %-
21.95 %) are resistant. This strain belongs to the genus Serattia, is multi-resistant, and exhibits resistance
properties to ampicillin/sulbactam and ceftazidime.

When analyzing the production of extended-spectrum beta-lactamases, in addition to the aforemen-
tioned pan-resistant strain Aeromonas, a strain belonging to the genus Proteus was identified that exhibits
resistance to ampicillin/sulbactam, cefotaxime and cefuroxime. An important fact is that the genus Proteus is
not a representative of the normal microflora of the chicken body, and was presumably introduced from out-
side. At the same time, it should be noted that bacteria of this genus are identified in food mainly in violation
of storage or production conditions. At the same time, this isolate also shows resistance to all
aminoglycazides, which can serve as confirmation that this strain was introduced during transportation or
production of the product. Another isolate that causes alertness is the Citrobacter strain. This isolate exhibits
resistance to ampicillin/sulbactam and cefuroxime, as well as tobramycin and gentamicin, but is sensitive to
cefotaxime. An important fact is that all the above-mentioned microorganisms were isolated from poultry
products. During statistical processing, using the Chi-square statistical criterion adjusted for continuity, it
was found that there is no statistical difference between isolates from poultry farm products and isolates from
farm products producing broad-spectrum beta-lactamases (p=0.747 at 0=0.05). Accordingly, it can be as-
sumed that the isolated, that the fact of the detection of these strains in poultry products is rather a special
case.

Examining the resistance of gram-positive strains of bacteria isolated from farm products, it was found
that only 19.05 % (95 %CI:5.45 %- 41.91 %) exhibit resistance properties to certain types of antibacterial
drugs, while the number of resistant and multi-resistant strains isolated from poultry products is the same,
and it is 29.41 % (95 %Cl: 14.64 %- 46.30 %) for each of the groups. When analyzing the stability of Gram-
negative microorganisms and farm products, it was found that only 21.74 % (95 %CI:7.46 %- 43.70 %) are
stable, and only 4.35 % (95 %Cl: 0.11 %- 21.95 %) exhibit multi-resistance properties. When considering
Gram-negative isolated strains and poultry farm products, it became known that 31.88 %(95 %Cl:21.17 %-
44.21 %) exhibit resistance properties, while 27.54 %(95 %Cl: 17.46 %- 39.62 %) are multi-resistant, with
the vast majority belonging to the family Enterobactereace.

In the study of statistical differences between Gram-positive strains isolated from farm products and
isolates from poultry products, significant differences were found (Chi-squared p=0.005, at 0=0.05). Accord-
ingly, it can be assumed that resistant and multi-resistant strains in products produced in poultry farms will
occur more often than in farm products. At the same time, significant differences between Gram-positive
strains isolated from poultry and farm products are also present (Chi-squared p =0.04, at 0=0.05). Thus, it
can be assumed that non-compliance with the rules for the use of antibacterial drugs in poultry farms may
contribute to the spread of antibiotic resistance among both animals and humans.

Conclusion

The data of the conducted study indicate a high prevalence of resistant and multi-resistant strains of
Gram-positive and Gram-negative microorganisms in poultry products produced in the Karaganda region.
Among resistant and multi-resistant strains, bacteria of the Enterobacteriaceae and Staphylococcaceae fami-
lies predominate. However, despite this fact, a pan-resistant strain of a bacterium belonging to the genus
Aeromonas was isolated from poultry farm products. When comparing strains isolated from farm products
and poultry products, a statistical difference was established, due to this, it can be assumed that the excessive
use of antibacterial drugs in industrial poultry farming can serve as a precedent for the spread of antibiotic-
resistant strains, both among animals and among end users.

Cepus «Bbronorusa. MeguumHa. Meorpacbums». 2024, 29, 3(115) 25



Y.G. Alisseiko, I.A. Belyaev, A.B. Turemuratova

References

1 Byraesckuii K.A. OTKpbITHE NEHUIUINHA M CTPENITOMULIMHA, AaHTUOMOTHKH M UX CO3IATEIH, B OTPAKCHHH CPEICTB KOJI-
nexnuonnposanus / K.A. Byraesckuif, O.B. Ilemmkos, M.B. Ilemukosa // BectH. onepaTtus. xupyp. u Tomnorpad. anar. — 2021. —
T.1.—Ne 2 (3). — C. 27-34.

2 Christaki E. «Antimicrobial Resistance in Bacteria: Mechanisms, Evolution, and Persistence» / E. Christaki, M. Marcou,
A. Tofarides // Journal of molecular evolution. — 2020. — 88(1). — P. 26-40.

3 World Health Organization. Antimicrobial resistance: Global report on surveillance. — 2014. — [Electronic resource]. —
Access mode: https://www.who.int/drugresistance/documents/surveillancereport/en/

4 World Health Organization. No Time to Wait: Securing the Future from Drug-Resistant Infections. — 2019.

5 Ventola C.L. The antibiotic resistance crisis: part 1: causes and threats / C.L. Ventola // Pharmacy and Therapeutics. — 2015.
— 40(4). — P. 277-283.

6 Aarestrup F.M. The livestock reservoir for antimicrobial resistance: a personal view on changing patterns of risks, effects,
and solutions / F.M. Aarestrup // Veterinary Record. — 2015. — 175(11). — P. 292-298.

7 Van Boeckel T.P. Global trends in antimicrobial use in food animals / T.P. Van Boeckel, C. Brower, M. Gilbert,
B.T. Grenfell, S.A. Levin, T.P. Robinson, ... R. Laxminarayan // Proceedings of the National Academy of Sciences. — 2015. —
112(18). — P. 5649-5654.

8 Acosta A. World livestock: transforming the livestock sector through the sustainable development goals / A. Acosta // World
livestock: transforming the livestock sector through the Sustainable Development Goals. — Rome: Food and Agriculture Organiza-
tion of the United Nations, 2018.

9 Ma F. Use of antimicrobials in food animals and impact of transmission of antimicrobial resistance on humans / F. Ma,
S. Xu, Z. Tang, Z. Li, L. Zhang // Biosafety and Health. — 2020. doi:10.1016/j.bsheal.2020.09.004

10 Liu Y.-Y. Emergence of plasmid-mediated colistin resistance mechanism MCR-1 in animals and human beings in China: a
microbiological and molecular biological study / Y.-Y. Liu, Y. Wang, T.R. Walsh, L.-X. Yi, R. Zhang, J. Spencer, ... J. Shen // The
Lancet Infectious Diseases. — 2016. — 16(2). — P. 161-168. doi:10.1016/s1473-3099(15)00424—7.

11 Johnson J.R. Similarity between Human and Chicken Escherichia coli Isolates in Relation to Ciprofloxacin Resistance Status
/J.R. Johnson, M.A. Kuskowski, M. Menard, A. Gajewski, M. Xercavins, J. Garau // The Journal of Infectious Diseases. — 2006. —
Vol. 194, — Iss. 1. — P. 71-78.

12 Dutil L. Ceftiofur resistance in Salmonella enterica serovar Heidelberg from chicken meat and humans, Canada / L. Dutil,
R. Irwin, R. Finley, L.K. Ng, B. Avery, P. Boerlin, ... D.R. Pillai // Emerging infectious diseases. — 2010. — 16(1). — P. 48-54.

13 Kawakami V.M. Notes from the Field. Outbreak of Multidrug-Resistant Salmonella Infections Linked to Pork
/' V.M. Kawakami, L. Bottichio, K. Angelo et al. // MMWR Morb Mortal Wkly Rep 2016-65:379-381. — Washington, 2015.

14 Manues J1.)K. AHTHOMOTHKOPE3UCTEHTHOCTh OAaKTEepHHi, BBIJEICHHBIX H3 MATOYHOTO COJEPKMMOTO CBUHOMATOK IIPH MOCIIe-
POIOBOM 3HAOMETPUTE B YCJIOBUSX CBHHOBOJUECKMX Xo03sicTB Pecnyonmuku Kazaxcran / JI.K. Mamues, H.B. [lumenos
I/l Berepunapus, 300Texuus 1 6uorexuosorus. — 2022. — Ne 2. — C. 29-37. https://doi.org/10.36871/vet.z00.bi0.202201004

15 MaruanoBa ©.C. AKTyalbHOCTh TIPOOJIEMBI PE3UCTEHTHOCTH K IIPOTHBOMHUKPOOHBIM npenaparaM B Mupe / @.C. MaTtuanoBa
// Bectn. Kas. nan. mex. yu-ta. — 2018. — Ne 2. — C. 365-368.

16 JlaBpenuyk JI.C. Mukpoobuonorus: npakr. / JI.C. JlaBperuyk, A.A. Epmomma. — M-Bo Hayku U BbIcil. oOpa3oB. Poc. de-
nepanuy; Ypai. ¢penep. yH-T. — ExarepunOypr: MUsn-Bo Ypan. yH-Ta, 2019. — 107 c.

17 The European Committee on Antimicrobial Susceptibility Testing // Breakpoint tables for interpretation of MICs and zone
diameters. — 2023. — Version 13.1.

18 T'pxuboBckuii A.M. AHaIN3 HOMHHAIBHBIX U PAHTOBBIX MEPEMEHHBIX JaHHBIX C HCIOJIb30BAaHHEM MPOrPaMMHOr0O obecre-
geHus Statistica u SPSS / A.M. I'pxubosckuii, C.B. BanoB, M.A. 'opbaroBa // Hayka u 3apaBooxpanenue. — 2016. — Ne 6. —
C.5-39.

E.I' Anuceiiko, 1.A benses, A.b. Typemyparosa

Kyc enimaepinae rpaMoH koHe rpaMTepic MUKPOOPTraHU3M/IepaiH
AaHTHOMOTHUKKE TO3IM/Ii IITAMIAPBIH i31ey

Kyc eHimmepiHaeri rpaMoH jKOHE TpaMTepiCc MHKPOOPTaHM3MICPAiH aHTHOMOTHKKE TO3iMAl IITaMIapbiH
i3aey OoifblHIIA 3epTTey Kasipri 3aMaHFbl MEIUIMHA MEH TaMaK OHEpKACiOiHAeri ©3eKTi JKoHe MaHbI3IbI
TaKBIPBI. AHTHOHOTHKTED KYCIIAPYaIIbUIBIFbIHIA HH()EKIUSUTAPBIH AlJIBIH ally XKOHE eMJIey YIIiH KeHiHeH
KOJIIaHBUIAAbI, Oipak Oyl MHKpOOpraHU3MAEple AaHTHOMOTHKKE TO3IMIUTIKTIH JaMyblHa BIKHAT ETEei.
3epTTey/IiH MaKcaThl KYCIIapyallbUIBIFbIHAH aJbIHFaH €T MeH OHIMIepae OONaThIH TPAMOH XKOHE TPaMTepic
OakTepHsUTapAbIH AHTHOMOTHMKKE TO3IMIUIK JeHrediH aHbIKTay JkKoHe Oaramay. ©Ogictepre Te3iMai
[ITaMAap/bIH 0ap-)KOFbIH aHBIKTAy JKOHE aHBIKTAy YIIIH TaraM YJTiUIepiH, aTtal aiTKaHAa TayblK €Ti MeH
TaybIK JKYMBIPTKACBIH TallIay JKOHE OJAPIbIH SPTYPJi aHTHOMOTHUKTEpre Ce3iMTaNABIFBIH TEeKCepy Kipesi.
3epTTey HOTIDKECIHIE aybUIIIapyallbUIbIK OHIMIepiHeH OesiHren rpaMoH mTamaapasiy 19,05 %-b1 xoHe
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rpamMTepic mramaapasiy 26,09 %-p1 TO3IMITIK HeMece KOl TO3IMIUTIK KaCHETTEPiH KOPCeTETiHI aHBIKTANIbL.
CoHBIMEH KaTap TIpaMOH MHKpoopraHmsmiaepaiH 58,28%-bl JkoHE TIpaMTepic MHKPOOPTaHU3MIEPHAiH
59,42 %-b1 1a TE3IMILTIK HEMece KoM TO3IMALTIK KACHETTEPiH KOpCeTe .

Kinm ce30ep: aHTHOMOTHKKE TO3IMAITIK, SIHIEMUOJIOTHSI, CAHUTAPIIBIK MUKPOOHOJIOT U, KYCIIAapyalIbUIBIFBI,
TaMak Kayirci3/iri.

E.I'. Anuceiiko, U.A. benses, A.b. TypemypaTtoBa

ITouck aHTI/I6I/IOTI/IKO-pe3I/ICTeHTHbIX IMTAMMOB I'PaMIIOJI0KUTEC/IBHBIX U
rpaMmoTpuuaTeJbHbIX MUKPOOPTaHU3MOB B IIPOAYKTAX ITHHECBOACTBA

HccnenoBanne 1O TMOUCKY aHTHOHMOTUKO-PE3HCTEHTHBIX INTAMMOB TPaMIIONOXKHTEIBHBIX M TIpaM-
OTpPHUIATETbHBIX MUKPOOPTaHU3MOB B IIPOTYKTaX NTUIIEBOJCTBA MPEACTaBISIET COOOI aKTyalIbHYIO H BaXKHYIO
TEMy B COBPEMEHHOH MEAMIMHE U MHINEBOH MPOMBIIUIEHHOCTH. AHTHOMOTUKH IIUPOKO HCHONB3YIOTCS B
NTHIEBOJCTBE JUIS NPOMWIAKTUKY U JIeYeHHs HHEKIHUH, OTHAKO 3TO TaKXKe CIIOCOOCTBYET Pa3BUTHIO aHTH-
OMOTHKOPE3UCTEHTHOCTH Y MUKPOOPIaHM3MOB. 1{elIbro TaHHOTO MCCiTeoBaHMs SIBISIETCS BBISIBIICHUE U OLCH-
Ka YPOBHS aHTHOMOTHUKOPE3UCTEHTHOCTH I'PAMIIOJIOKHUTEIBHBIX ¥ TPaMOTPHLATEIILHBIX OaKTepHi, IPUCYTCT-
BYIOIIUX B MsICE U MTPOJYKTaX, IPOU3BOAHBIX OT NTHLEBOACTBA. MeTOIbI BKIIOYAIOT B ce0st aHAIH3 00pa3IoB
HPOJYKTOB, 3 UMEHHO KypHHBIX (riie ¥ KypHUHBIX 5L, Ha MPEIMET HAIUYHUS U UACHTU(HUKAINY PE3UCTEHT-
HBIX IITaMMOB, a TakkKe TECTHPOBAHUE MX TyBCTBHTEIBHOCTH K Pa3IMIHBIM aHTHOHOTHKaM. B xoxe mcce-
JoBaHUS OBUIO BBIACHEHO, 4TO 19,05 % rpammonoxuTensHbIX mTamMMoB H 26,09 % rpamMoTpumaTenbHBIX
MITAMMOB, BBIJICJICHHBIX U3 IMPOTYKTOB (PepMEPCKUX XO3SHCTB, MPOSBISIIOT CBOMCTBA PE3UCTEHTHOCTH HIIH
MYJIbTUPE3UCTEHTHOCTU. B To ke Bpems 58,28 % rpammonoxurensHsix U 59,42 % rpaMoTpHULaTeNbHBIX
MHKpPOOPraHU3MOB TaKKe MPOSBIAIOT CBOICTBA PE3UCTEHTHOCTH UM MYJIBTHPE3UCTEHTHOCTH.

Knrouesvie crosa: aHTI/I6I/IOTI/IKOpe3I/ICTeHTHOCTB, SIMUACMHOJIOIUs, CaHUTapHas MI/IKI.')O6I/IOJ'[OI"I/I9[7 HOTHLICBO -
CTBO, ITUIIICBAA 0€301MacHOCTb.
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Frequency of rs35803318 single nucleotide polymorphism of ACE2 gene
among the Kazakhs

The article presents the results of genotyping of DNA samples obtained from the study participants
on the single nucleotide polymorphism (SNP) rs35803318 (C/T) of the ACE2 gene. Genotyping
was carried out by real-time polymerase chain reaction (PCR) using the technique Amplification
of the Refractory Mutation System (ARMS). The frequencies of rs35803318 (C/T) genotypes and
alleles in 96 representatives of the Kazakh ethnic group living in the Karaganda region were ana-
lyzed. According to the results of our study, the CT genotype (63.5%) is the most common among
Kazakhs, the CC genotype was 20.8% and the TT genotype was 15.6%. The distribution of poly-
morphism alleles is as follows: allele C — 52.6%, allele A — 47.4%.

Keywords: ACE2, receptor, gene, SNP, single nucleotide polymorphism, ARMS, genetic variants, Kazakhs.

Introduction

One of the most important proteins in the human body, angiotensin-converting enzyme 2 (ACE), plays
a vital role in the regulation of biological processes. ACE2 was first described in 2000 [1] and is a glycopro-
tein mainly expressed in the lungs, intestines, kidneys and heart [2]. ACE2 primarily functions in the regula-
tion of the renin-angiotensin system (RAS), which plays a role in controlling blood pressure,
hydroelectrolyte balance and cardiovascular homeostasis [3].

The interest in ACE2 has surged with the emergence of COVID-19, which is caused by the SARS-
CoV-2 coronavirus. Research indicates that SARS-CoV-2 utilizes ACE2 as an entry receptor to infect body
cells [4]. This discovery led to the development of many studies aimed at studying the interaction of SARS-
CoV-2 with ACE2 and the development of therapeutic methods and vaccines [5].

In addition, ACE2 has become an object of research in the context of other diseases. For example, its
role in pathologies associated with the cardiovascular system has been studied in detail [6]. ACE2 has also
been linked to infections such as severe acute respiratory syndrome (SARS) [7] and associated with metabol-
ic [8], renal [9].

The ACE2 gene encodes the angiotensin-converting enzyme 2. The ACE2 gene (Gene ID: Gene ID:
59272) is located in the short arm of human X chromosome (Xp22.2) and consists of 22 exons (ACE2 Angi-
otensin Converting Enzyme 2 [Homo Sapiens (Human)] — Gene — NCBI, n.d.) [5].

These changes can affect the structure, function, or regulation of genes. Gene polymorphisms are a nat-
ural and important aspect of genetic diversity and can have a variety of effects on organisms and their pheno-
types.

The ACE2 receptor is a surprisingly interesting object of research in the field of biology and medicine.
Its role in the regulation of RAS, its effect on diseases and pathologies, as well as its association with SARS-
CoV-2 infection make it one of the key proteins requiring further study to better understand its functions and
possible medical applications.

Materials and Methods

This study includes participants who are over the age of 18 and are representatives of the Kazakh ethnic
group. The total number of participants was 96, of which 27 (28.1 %) — men, 69 (71.9 %) — women. The
age range is 18-78 (Mean+SD 43.44+14.22).
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The study was conducted in accordance with the recommendations of Helsinki ethical principles and
approved by the local bioethics committee non-commercial joint-stock company "Karaganda Medical Uni-
versity" (protocol No. 2 dated 11 October 2022). Every participant provided written consent after being in-
formed.

“RIBO-prep” kit (AmpliSens, Russia) was used to extract genomic DNA from venous blood samples.
The isolation procedure was conducted in accordance with the manufacturer's instructions. To identify the
target single nucleotide polymorphism (SNP) rs35803318 C>T the isolated DNA was analyzed using real-
time polymerase chain reaction (Real-time PCR) using the technique Amplification of the Refractory Muta-
tion System (ARMS). Real-time PCR was conducted using a DTlite amplifier (DNA Technology, Russia).
The real-time PCR conditions and sequences of four primers (Lumiprobe, Russia) are presented in Table.

Table
rs35803318 primers list for ARMS-PCR
Direction Primer Sequence Real-time PCR
conditions

(denaturation,
annealing cycles)

FIP (T allele) 5'-CAATGCCAACCACTATCACTCCCCTT-3' 94 °C/3 min

RIP (C allele) 5'-CCATATGGCTGATTGTTTTTGGAGTTTTG-3' (94 °C/15 sec,
FOP 5'-AAGTCTAGGAAAGGCCACTTACTTCTTCCG-3' 68 °C/30 sec) x 40
ROP 5'-TTTCTGGGGATACAGCAACACTTGGAC-3’

The percentages were used to characterize the categorical variables. The x2 test was employed to assess
the Hardy-Weinberg equilibrium (HWE), and deviations from HWE were deemed significant at a p-value
threshold of less than 0.05. The statistical analysis of the research results was conducted using the GraphPad
Prism 8 program.

Results and Discussion

rs35803318 genotypes frequency did not correspond to the Hardy-Weinberg equilibrium (p=0.0271).
According to the database dbSNP NCBI, the frequency of allele C (0.95043) is higher than allele
T (0.04957) [10]. We identified alleles C and T, the frequency of their distribution was 52.6 % and 47.4 %,
respectively (Fig. 1).
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Figure 1. Frequency of rs35803318 alleles among Kazakhs

According to studies [11, 12], the rs35803318 genetic variant exhibits a higher frequency in Italian, Eu-
ropean and American populations compared to the extremely low frequency seen in African and Asian
groups.
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The results of the study showed that among Kazakhs, the most common polymorphism genotype was
CT, making up 63.5 % of the total number of examined participants, the CC genotype was 20.8 % and the
TT genotype was 15.6 % (Fig. 2).
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Figure 2. Frequency of rs35803318 genotypes among Kazakhs

The authors of this study [13] showed that the rs35803318 genetic variant is absent in Asian and practi-
cally absent in African populations, however, the frequency of polymorphism is higher in the indigenous
peoples of the Amazon than in other populations. The data presented in this study [14] on the genetic variant
rs35803318 in the synonymous coding region indicate interesting patterns of polymorphism distribution in
different populations. Based on this data, it can be concluded that this variant is more polymorphic among
American and European populations. Interestingly, in contrast to American and European populations, South
Asians show less genetic variability in this synonymous coding region. This observation emphasises genetic
variability and diversity between ethnic groups.

Conclusions

As a result of our study of the frequencies of rs35803318 genetic polymorphism in the Kazakh popula-
tion, we have made an important conclusion. Among Kazakhs, the CT genotype was the most common, ac-
counting for 63.5 %, while the CC genotype was 20.8 %, and the TT genotype was 15.6 %. In the Kazakh
population, the C allele predominates at 52.6 % and the T allele at 47.4 %. These results provide valuable
information about the genetic diversity in this population and can serve as a basis for further research on the
relationship of this polymorphism with various diseases.
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A.K. bucenesa, I'.I1. ITorocsn, K.I'. JIu,
C.M. bazap6aeBa, A.C. Maparosa, A.H. EBrymenkos

Ka3zakrapaarsl ACE2 reninin 6ip Hyk/1eoTHATI OJMMOP(PU3MHIH
rs35803318 skmisiri

Maxamnaga ACE2 reninig rs35803318 (C/T) 6ip HykiIeoTHATI OMuMOpdu3Mi OOMBIHIIA 3epTTEyTe
KaTblcymsutapaad ansiarad JJHK yirinepin renorunrey HoTwkenepi kentipinreH. ['eHorunrey
nonmmMepa3abl Tiz0ekTi peakmus (IITP) omicimeH HakTel yakpIT pexuminnme «Pedpakropipik
MYTalMsUIBIK JKYHEHI KYIIEHTY» 9IICIH KOJIIaHa OTBIPBIN )Ky3ere achlpbuiabl. Kaparauabl o0bI-
CBIHJIA TYpPAaTbIH Ka3aK STHHUKaIBIK TOOBIHBIH 96 eximinae rs35803318 (C/T) renorunrtepi MeH
aJueNbACPIHIH JKUUTIKTEPiHIH Tapanybl TaldaHAbl. bBi3MiH 3epTTey HOTIIKENepiMi3re Ccoiikec
kazakrap apacbiHaa CT renotumi (63.5%) eH ken tapanrad, an CC reroruni 20.8% xone TT
redotuni — 15,6% kypansl. [Tomumopdusm amrenbaepinin tapanysl: C amaeni — 52,6%, A
amneni — 47,4%.

Kinm coe30ep: ACE2, peuentop, ren, SNP, 6ip Hykneotuari nomumopdusm, ARMS, renetuxaibik Hyckanap,
Ka3aKrap.

A K. bucenesa, I'.I1. ITorocsa, K.I'. JIn,
C.M. bazapbaeBa, A.C. MapartoBa, A.H. EBrymenkos

YacToTa 0JHOHYKJIEOTHIHOT0 moaumMop¢pusma rs35803318
reia ACE2 cpenmn ka3zaxoB

B cratbe mpepcraBieHbl pe3ysbTaThl TEHOTUITMPOBaHUS 00pasnoB JIHK, momydeHHBIX OT ydacT-
HUKOB HCCJICJIOBAHUS TI0 ONHOHYKJIeOoTUAHOMY moiumopdusmy 1s35803318 (C/T) rema ACE2.
I'eHoTHNIMpoBaHUE OCYIIECTBISUIOCH METO/IOM ITOJIMMEpa3Hoi nenHoi peakuuu (I11P) B pexxume
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peasbHOrO BPEMEHM C HCIIOJIb30BAHMEM METOMUKH «AMIuHduKanus pedpakTopHOH MyTalnuoH-
HOM cucteMbl». [IpoaHamu3upoBaHO pacHpeseseHHe 4acTOT I'eHOTHUNoB M amneneit rs35803318
(C/T) y 96 npencraButeneil ka3axCKOW 3THUYIECKOM TPYIIIbI, MPOoXXKHUBalomux B KaparanaumHCKOH
obmact. CoryacHO pe3yJbTaTaM HaIllero uccieaoBanns cpeau kasaxos rerorun CT (63,5 %) —
Hanbonee pacnpocTtpaneHHbIH, reHotun CC cocrasun 20,8 % u resorun TT — 15,6 %. Pacmpe-
JIeNIeHNe aJuielied moanMop(dr3Ma BBRITIISANT ciexyromuM odpasom: amurens C — 52,6 %, amiens
A—474%.

Kniouesvie cnosa: ACE2, penenitop, reH, SNP, omHoHykiIeoTuanbli momumopdusm, ARMS, renermueckue
BapHUaHTBI, Ka3axXu.
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The importance of bacteria of the genus Bifidobacterium in intestinal microbiocenosis

Bifidobacteria are the most common microorganisms in the intestines of healthy breastfed children. The ge-
nus Bifidobacterium includes bacteria characterized by probiotic properties, such as the induction of
immunomodulators, increasing the nutritional value of products due to the assimilation of substrates that are
not broken down by the host, anticarcinogenic activity, synthesis of vitamins, production of antimicrobial
drugs, which contribute to the promotion of health. Bifidobacteria demonstrate physiological and genetic
characteristics including adhesion to the intestinal epithelium, as well as metabolism of glycans in the host
body. Multitrophic interaction is formed based on various mechanisms of substrate recognition in the sur-
rounding environment and the transmission of molecular and genetic information, which contributes to sur-
vival in the human gastrointestinal tract. Representatives of the Bifidobacterium bifidum species constitute a
dominant taxon among bifidobacteria, demonstrating significant probiotic properties and extensive potential
for the treatment and prevention of various diseases. Currently, a large number of Bifidobacterium bifidum
species have been sequenced, which are of interest to medicine, biotechnology, and agriculture. Their genetic
strategies for colonizing and persisting in the human intestine have been identified. Cross-interaction mecha-
nisms of Bifidobacterium bifidum with the host and other microorganisms have been demonstrated using var-
ious structures. In this review, we discuss current knowledge about the biology of the genus Bifidobacterium,
including the biological characteristics of Bifidobacterium bifidum species, which exhibit specific adaptations
to the human intestine.

Keywords: bifidobacteria, Bifidobacterium bifidum, probiotics, human gut microbiota, microbiome,
bifidobacterial metabolism, phylogeny, taxonomy.

Introduction

Bacteria of the genus Bifidobacterium are anaerobic, Gram-positive microorganisms belonging to the
Actinobacteria phylum. They have a high G+C content and are common inhabitants of the gastrointestinal
tracts of mammals, birds, and some ectothermic animals. The “intestinal microbiota” represents the collec-
tive population of microbes residing in the gastrointestinal tract, forming a highly complex microbial com-
munity, functions of which exert a significant influence on the physiological processes of the human body [1,
2].

Bifidobacteria were first isolated by Tissier. Members of the Bifidobacteriaceae family exhibit various
cell shapes, including curved, short, and bifurcated Y-shaped forms. These cells lack capsules, do not form
spores, and are non-motile and non-filamentous bacteria [3].

Currently, various ecological relationships have been identified between bacteria of the genus
Bifidobacterium and their hosts, ranging from pathogenic (Bifidobacterium scardovii) to commensal
(Bifidobacterium dentium) interactions and even those contributing to health promotion (Bifidobacterium
bifidum, Bifidobacterium breve) [4-6]. Bifidobacteria are among the earliest and most important colonizers
of the neonatal human gastrointestinal tract, exerting a broad influence on the early development of the host
organism [7, 8]. Among the known health-promoting probiotic microorganisms, bifidobacteria represent one
of the most dominant groups, and some species of bifidobacteria are frequently used as probiotic ingredients
in various functional food products [9].
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An analysis of publications from the last 10 years was conducted using databases such as PubMed, Web
of Science, Scopus, and Elsevier. The following terms were employed: “bifidobacteria”, “Bifidobacterium

9 ¢

bifidum”, “probiotics”, “human gut microbiota”, “microbiome”, “bifidobacterial metabolism”, phylogeny”,
“taxonomy”’, “bifidobacterial genome”, and “bifidobacterial glycome”. Over 100 publications were exam-
ined, and for this review, 67 articles were selected, including randomized, blind, and unbiased studies.

The Bifidobacteriaceae family comprises nine genera: Bifidobacterium, Aeriscardovia, Alloscardovia,
Bombiscardovia, Gardnerella, Neoscardovia, Parascardovia, Pseudoscardovia, and Scardovia, encompassing
a total of 69 species [10].

Classification and phylogenetic studies of bifidobacteria until the end of the last century were based on
the type of peptidoglycans, morphological and physiological properties, biochemical reactions, including
carbohydrate fermentation patterns, enzyme activities, DNA G+C content, DNA-DNA hybridization, and
16S rRNA gene sequences [11]. A universal phylogenetic marker applicable to the entire Bifidobacteriaceae
family has not yet been developed. Glaeser et al. argue that phylogeny based on the 16S rRNA gene se-
quence cannot provide sufficient resolution down to the species level. However, they suggest it should re-
main a fundamental approach in prokaryotic taxonomy as it reflects common prokaryotic relationships, ena-
bles the determination of the phylogenetic placement of both cultivated and uncultivated bacteria, generally
provides initial genus assignments, and can reflect the overall phylogenetic diversity of the investigated bac-
teria. To achieve higher-resolution results in phylogenetic relationships between species within a genus or
genera within a family, the authors propose considering a multilocus sequence analysis (MLSA) [12].

Killer et al. proposed a candidate gene for phylogenetic studies within the Bifidobacteriaceae family—
the gene encoding cytidine triphosphate synthase, which catalyzes the ATP-dependent amination of uridine-
5'-triphosphate to cytidine triphosphate, using L-glutamine or ammonia as a nitrogen source. Cytidine tri-
phosphate synthase plays an essential role in RNA synthesis during transcription. It is ubiquitous in bacteria,
homologous, exists as a single copy in the genome, undergoes stabilizing selection, is stable concerning rap-
id genetic modification, and is capable of constructing a reliable phylogenetic tree that maximally reflects the
species evolution [13].

Current understanding of the complexity and diversity of bifidobacteria aims to utilize both 16S rRNA
gene sequence analysis and sophisticated molecular methods for species and subspecies differentiation [14].

Jarocki et al. conducted an assessment of four molecular methods: ARDRA, RAPD-PCR, rep-PCR, and
SDS-PAGE fingerprinting, widely used for the rapid differentiation of bifidobacteria down to the strain lev-
el. The results showed that BOX-PCR was the most suitable procedure for accurate identification of 21
strains of bifidobacteria compared to (GTG)5-PCR [15].

Jena et al. also noted the effectiveness of the BOX-PCR method, identifying the taxonomic status of
93 species of bifidobacteria isolated from various human and animal fecal samples [16].

Therefore, alternative molecular methods such as RAPD, MLSA, AFLP, ribotyping, PFGE, RFLP, and
rep-PCR have been at the forefront of research for species identification within the Bifidobacterium genus.
For example, the RAPD method characterized the following bifidobacteria: Bifidobacterium bifidum,
Bifidobacterium infantis, Bifidobacterium adolescentis, Bifidobacterium longum, Bifidobacterium animalis,
Bifidobacterium breve [62]. Some of these protocols are labor-intensive and time-consuming, especially
when working with a large number of isolates [14, 15, 17].

Microbial interactions, either microbe-microbe and/or microbe-host, play a crucial role in the successful
establishment and maintenance of microbial populations. They occur through the recognition of the envi-
ronment and the transmission of molecular and genetic information, involving numerous mechanisms that
lead to the formation of multitrophic interactions, aiding in survival and adaptation in the complex environ-
ment of the human gastrointestinal tract [18].

These mechanisms may include secondary metabolites, siderophores, quorum-sensing systems, biofilm
formation, and cell transduction signal transmission. The ultimate unit of interaction is the gene expression
of each organism in response to biotic or abiotic stimuli, responsible for the production of molecules in-
volved in these relationships [19]. Microorganisms produce a wide variety of compounds known as second-
ary metabolites, which do not play a significant role in the growth, development, and reproduction of the
producer organism. However, they represent biologically active compounds that can perform crucial func-
tions such as protection, competition, signal transmission, and ecological interactions. Secondary metabolites
and their functions have been studied through mass spectrometry and metabolomics [20, 21].

Siderophores are associated with competitive and cooperative interactions among microorganisms and
may also play a role in signal transduction and antibiotic activity of microbes [22]. Many bacteria also em-
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ploy intercellular communication, known as quorum sensing. It coordinates changes in microbial behavior
based on population density. As a result of this system's response, it produces diffusible or secreted signals
that vary significantly among different bacterial types. In some species, quorum sensing modulates virulence
and is of significant importance for pathogenesis [23].

The formation of biofilms by various microorganisms occurs as a result of ecological stresses, such as
insufficient nutrients, the action of antibiotics, pH, bile, and its induction by the quorum sensing system.
Kelly et al. demonstrated that biofilm formation in Bifidobacterium bacteria is induced by high concentra-
tions of bile, as well as individual bile salts, rather than due to acid or osmotic stress. An adaptive response to
high bile concentrations was the formation of a biofilm, which included the production of
exopolysaccharides, proteins, and the release of extracellular DNA, representing a crucial strategy to avoid
the bactericidal effects of bile [24].

The interaction of bifidobacterial chaperones with human proteins suggests the modulating potential of
bifidobacteria towards human proteins. It has been revealed that bifidobacterial proteins, capable of interact-
ing with each other and with the host system, play a significant role and can be utilized as therapeutic targets
for desired immunomodulation. In other words, probiotics can be used as therapeutic molecules to induce
changes in the expression of these proteins, which can be employed to modify their cross-interaction with the
human system within the context of prognostic, preventive, and personalized medicine [25].

Bifidobacteria exhibit a diverse range of hosts and demonstrate beneficial properties for their hosts. Ro-
driguez et al.'s study of 400 strains of bifidobacteria revealed that their diversity is highly adapted to specific
hosts and the surrounding environment. Strains isolated from the same host showed phylogenetic relatedness,
whereas strains from different sources exhibited differences in genome size, auxiliary gene composition, as
well as specific features related to amino acid production and carbohydrate degradation [26].

The adaptation of bifidobacteria to hosts is reflected in the evolutionary history of the core genome, as
well as in the composition of their auxiliary genes and specific gene sets. At the same time, within the genus,
there is insufficient information regarding specialization in specific human habitats or developmental stages,
which may be associated with limitations in sample selection or a higher degree of bacterial spread among
humans than initially assumed. Thus, the assembly of bifidobacteria in their habitats is determined by a com-
bination of ecological (host filtration) and evolutionary (host adaptation) forces [27].

In some studies, it is noted that the phylogeny of bifidobacteria differs from the phylogeny of hosts.
This discrepancy may be associated with niche-specific evolution and the dietary carbohydrates of the hosts.
Satti et al. investigated the evolutionary relationship between bifidobacteria and animal hosts based on the
link between the host's diet and bacterial glycoside hydrolases (GH). Bifidobacterial strains were categorized
into 5 groups based on their GH genes, determining differences in the host's diet. The study showed that spe-
cies isolated from hosts with complex dietary habits had significantly more GH genes than species with sim-
pler dietary patterns [28].

The genus Bifidobacterium contains one of the largest collections of representatives of the GH13,
GHA43, and GH51 families, indicating their ability to outcompete other microbiota for undigested plant-
derived dietary fibers in the gut. Members of the GH13 (32.9 % of extracellular GH), GH43 (24 %), and
GH51 (12 %) families are typical extracellular enzymes that can benefit the host in gaining access to dietary
fibers. Bifidobacteria also have broad enzyme profiles, indicating a preference for mucin glycans, especially
O-linked glycans, which may make a significant contribution to their adaptation to the host's lifestyle [29].

There have been several studies attempting comparative genomic analysis of the genus Bifidobacterium
to explore evolutionarily conserved functional features. It was found that the core functions were associated
with adaptation to specific environments or interactions with them. Some of the most common core functions
included carbohydrate metabolism, cell wall biogenesis, amino acid biosynthesis, and transport, as well as
nucleotide biosynthesis and transport [28, 30, 31].

Representatives of the genus Bifidobacterium demonstrate inter-species variations in the sizes of their
genomes, reflecting differences in their metabolic capabilities [32].

In several studies, it has been shown that the genus Bifidobacterium contains between 400 to 500 core
genes. The composition of auxiliary genes (approximately 6400 genes) has been linked to both the source of
bacterial isolation and the phylogeny of bifidobacterial strains [26, 30, 31, 32].

The study of specific features, such as amino acid biosynthesis genes, revealed variations among differ-
ent strains. For instance, strains isolated from bees showed the lowest diversity in amino acid biosynthesis
genes, while strains isolated from other host categories carried from 86 to 90 genes. The search for carbohy-
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drate-active enzymes showed that strains isolated from the oral cavity encoded the highest number of genes,
whereas strains isolated from the adult intestine encoded the lowest number of genes [26].

Thus, the genomes of bifidobacteria also demonstrate adaptation to the host's environment through aux-
iliary genes and specific gene sets. Sun et al. identified that bifidobacteria isolated from bees, pigs, and hu-
mans share common unique gene sets. However, the correlation between auxiliary genes and isolation
sources was weaker than the connection with phylogeny based on core genes for the entire genus [31]. Con-
sequently, it is suggested that the specialization of bifidobacteria to host species is primarily determined by
vertically inherited traits, while horizontal gene transfer of features captured through auxiliary gene composi-
tion plays a secondary role. Deb's study also showed that horizontal gene transfer, genome expansion, and
reduction events lead to divergence in the metabolic functions of Bifidobacterium bacteria [33].

The primary approach providing both taxonomic assignments and information on functional capabilities
is “metagenomics” (“metatranscriptomics”), used to determine which genes are present or expressed. Since
such studies analyze sequences directly from the sample and do not require an intermediate amplification
stage, they provide a relatively objective representation of the genomes present and reveal a set of functional
genes that may play a specific role in the host's biology. Sequencing DNA from community samples is
straightforward, and the homology of the sequenced genes with enzymes of known function is easily estab-
lished using bioinformatics methods and constantly improving databases [34].

Lugli et al. also highlight the role of next-generation sequencing, which has provided access to the ge-
nome sequences of all currently known bacterial taxa, as well as publicly available databases allowing the
comparison of genome sequences among microorganisms, providing information for genomic,
phylogenomic, and evolutionary analyses. The authors suggest a phylogenomic approach to confirm new
bacterial taxa within the genus Bifidobacterium [35].

The importance of microbial communities lies significantly in their metabolic capabilities, which can
potentially be utilized by hosts to expand their ecological range. Examples of such capabilities include the
digestion or detoxification of food components, the use of new energy sources, and the production of toxins
that can affect the host or pathogenic organisms. Gut microbial interactions constitute a biological network
that influences the growth of specific bacterial groups [36].

In vivo studies have identified correlational relationships between the 50 most dominant microbes, of
which 38 bacterial genera were directly correlated with the growth of Bifidobacterium bacteria — 23 genera
with positive correlation and 15 genera with negative correlation [37].

Fernandez-Julia et al. analyzed various types of B-glucans, which have beneficial effects such as reduc-
ing energy consumption and cholesterol levels, supporting the immune system, and serving as fermentable
substrates for Bacteroides and bifidobacteria. The authors demonstrated syntrophic relationships between
Bacteroides spp., specializing as primary degraders in the metabolism of complex carbohydrates, and
Bifidobacterium spp. more often metabolize smaller glycans, particularly oligosaccharides, where they act as
secondary degraders [38].

Beyond the probiotic properties of bifidobacteria, their niche adaptation is of great interest as these bac-
teria survive in the harsh conditions of the human gastrointestinal tract. Some species of bifidobacteria have
demonstrated various strategies to overcome gastrointestinal stress, including the impact of digestive en-
zymes, acidic pH, defensins, and antimicrobial peptides. Most studied strains of Bifidobacterium
adolescentis and all strains of Bifidobacterium angulatum lacked a set of active oxygen forms, explaining
their high sensitivity to oxygen. Some presumed transcriptional regulators of stress responses differ among
different species and strains, indicating various strategies for the transcriptional regulation of stress-related
genes [39].

The genus Bifidobacterium consists of bacteria that naturally inhabit various ecological niches, includ-
ing the gastrointestinal tract of humans and animals. Bifidobacteria are widely used as probiotics because
they are associated with health benefits. The formation and persistence of Bifidobacterium strains in the in-
testine depend on the species and strain, natural history, genomic adaptation, metabolic interactions of bacte-
ria with the microbiome, and the host's immune properties, all regulated by the diet. For commercial use,
bifidobacterial strains are typically selected for fast growth, antibacterial activity, good adhesive properties,
and the utilization of prebiotic substrates. Currently, they represent a significant interest in the development
of biotechnology, medicine, and agriculture.

Bifidobacterium bifidum

Bifidobacterium bifidum is a species within the genus Bifidobacterium that is widely distributed in the
human gut microbiome [40]. It is one of the earliest bacterial species to colonize the intestinal tract, and its
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presence positively correlates with concentrations of aromatic lactic acids in the feces of breastfed in-
fants [7]. Stewart also associates higher levels of bifidobacteria with breastfeeding, and the cessation of
breastfeeding leads to a more rapid maturation of the gut microbiome [8]. Bifidobacterium bifidum, present
in the intestines of infants, is transmitted from the mother through breast milk [41], and its predominance in
the gastrointestinal tract of breastfed infants is due to its ability to release monosaccharides from breast milk
oligosaccharides [42].

Bifidobacterium bifidum possesses powerful probiotic properties and has significant potential for the
prevention and treatment of various human diseases. Currently, it is available as a functional food ingredient
and can also be used for therapeutic purposes [43].

Genome and Glycobiome Features

In recent years, the GenBank database of the National Center for Biotechnology Information (NCBI)
has accumulated over 100 sequenced genomes of Bifidobacterium bifidum, particularly those of interest to
the probiotic industry. The deposited NCBI reference genome for Bifidobacterium bifidum is derived from
the isolate PRL2010, obtained from infant feces and sequenced and published in 2010 [44]. The authors
identified a prevalence of chromosomal loci in Bifidobacterium bifidum encoding specific enzymes respon-
sible for mucin degradation. The genome size of Bifidobacterium bifidum BGN4, isolated from the feces of a
breastfed infant, is approximately 2.2 Mb, comprising 1835 sequences [45]. Ku et al. assessed the
biofunctionality of BGN4 through in vitro studies (anticancer and immunomodulatory effects), in vivo ex-
periments (allergies and inflammatory bowel diseases), as well as clinical investigations (eczema, irritable
bowel syndrome) [46]. Zhurina et al. annotated the genome sequence of Bifidobacterium bifidum S17, a
strain firmly adhering to intestinal epithelial cells and exhibiting potent in vitro and in vivo anti-
inflammatory activity [47]. Gueimonde et al. reported on the genome sequences of the strain Bifidobacterium
bifidum LMG13195, capable of interacting with human immune cells and generating functional regulatory
T-cells [48]. Andryuschenko et al. described the genome sequence project of the strain Bifidobacterium
bifidum ICIS-310, isolated from the feces of a healthy 5-year-old child. The genome size was 2,219,632 base
pairs (G+C content 62.4 %), with 1886 identified coding sequences, including 1718 proteins, 6 rRNA genes,
and 52 tRNA genes [49]. Morita et al. deciphered the complete genome sequence of Bifidobacterium bifidum
JCM 1255T, isolated from the feces of a breastfed infant [50].

Various strains of Bifidobacterium bifidum have undergone whole-genome sequencing, revealing spe-
cific genetic strategies that enable members of this species to attach to and persist in the human intestine.
This is achieved through the synthesis of different types of pili [51, 52] or metabolic properties related to
glycans obtained from the host [53].

Enzymes that degrade glycans initiate their action from the non-reducing end of the mucin glycan
chain. When all glycans are removed, the protein core of mucin degrades, and the entire mucin polymer net-
work dissolves. This contributes to the degradation of MUC2 mucin and mucus. When using glycans as an
energy source, carbohydrate-active enzymes (glycoside hydrolases, sulfatases, and proteases) generate ace-
tate and butyrate (short-chain fatty acids), which are absorbed and utilized by intestinal cells to recover some
of the energy expended on the synthesis and secretion of MUC2 mucin [54].

The glycobiome of Bifidobacterium bifidum comprises over 3000 genes encoding carbohydrate-active
enzymes, including glycosyl hydrolases (sialidases, fucosidosis, exo-p-N-acetylglucosaminidase, endo-p-N-
acetylglucosaminidase,  p-galactosidases, a-N-acetylglucosaminidase, «o-N-acetylgalactosaminidase),
glycosyltransferases, and carbohydrate esterases. However, research indicates that carbohydrate metabolism
is constrained by a relatively small number of carbohydrates [42, 44].

The interaction between the mucosal layer and the intestinal microbiota develops in parallel during ear-
ly postnatal life, contributing to the host's homeostasis. The mucosal layer serves as a framework and carbon
source for gut microorganisms, while intestinal microorganisms influence the expression of mucin genes,
glycosylation, and secretion. The integrity of the mucosal barrier is one of the first lines of defense for the
gastrointestinal tract [54].

The interaction of Bifidobacterium bifidum with the host organism and other microorganisms

Commensal gut bacteria establish direct contact with the host using various structures such as pili, fim-
briae, proteins, sialidase, human plasminogen receptor, enolase, capsule, etc. [44, 51, 52].

Turroni et al. demonstrated, using the example of Bifidobacterium bifidum PRL2010, that pili confer
both adhesive properties to intestinal epithelial cells and in vivo immunomodulatory properties to this probi-
otic [55].
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Andryuschenko et al. characterized strains of Bifidobacterium bifidum ICIS-504, which have a moderate
number of sortase-dependent fimbrial determinants (4 genes with the LPXTG domain) and a small number of
genes for two-component signal systems: 5 serine-threonine protein kinases, 8 histidine kinases, and 13 re-
sponse regulators [56].

Ishikawa et al. identified multiple sortase-dependent proteins and pili in Bifidobacterium bifidum YIT
10347 (BF-1) that work collaboratively for adhesion. The “housekeeping” sortase is responsible for anchor-
ing its substrates to the cell wall to ensure their biological function [52].

The interaction of certain strains of Bifidobacterium bifidum with the mucous membrane of the gastro-
intestinal tract is mediated through sialidases, which act as protein adhesins and process various carbohy-
drates, including oligosaccharides from breast milk. These carbohydrates are essential for the metabolism
and growth stimulation of Bifidobacteria. Nishiyama et al. investigated the molecular mechanisms of nutri-
ent uptake and adhesion of Bifidobacterium bifidum ATCC 15696, involving the exo-a-sialidase SiaBb2. It
was found that the mutant strain exhibited reduced adhesion to human intestinal epithelial cells and pig mu-
cin compared to the wild-type strain, highlighting the crucial role of sialidases as adhesins [57].

Other studies have demonstrated that Bifidobacterium bifidum PRL2010 targets host mucin glycans for
nutrient assimilation. This catabolic process, conserved across different strains, is a significant factor in the
colonization of Bifidobacterium bifidum [55].

Candela et al. demonstrated that Bifidobacterium bifidum, which binds plasminogen, utilizes the key
glycolytic enzyme enolase as a surface receptor for human plasminogen [58]. a-enolase is expressed on the
surface of various cell types, where it acts as a plasminogen receptor, concentrating plasmin's proteolytic
activity on the cell surface. In addition to glycolysis, it possesses other cellular functions and subcellular lo-
calizations and is associated with several pathologies such as cancer, Alzheimer's disease, rheumatoid arthri-
tis, and others [59].

Protective mechanisms of bifidobacteria on the intestinal epithelium were studied by Kainulainen et al.,
showing that three proteins, SERPINB3, PKD1, and PAQRS, are involved in regulating cellular processes
related to proliferation, differentiation, apoptosis, as well as inflammation and immunity. Blocking these pro-
teins reduced the adhesion of Bifidobacterium bifidum [60].

The surface structure of bifidobacteria involved in the interaction with the host is the surface capsule (a
layer of extracellular polysaccharides). It modulates the immune system, enhances bacterial resistance to ad-
verse conditions in the intestine (bile and low pH), and can also serve as a substrate for the growth of other
bacteria. Results showed that extracellular polysaccharides significantly increased the growth of lactobacilli
and total anaerobic bacteria while inhibiting the growth of enterobacteria, enterococci, and Bacteroides
fragilis [61].

Rodriguez et al's study showed that catalase-positive intestinal bacteria are capable of protecting
neighboring catalase-negative bifidobacteria from oxidative stress, thereby providing a mechanism of cross-
protection among intestinal bacteria that enhances the survival and colonization of bifidobacteria in the intes-
tine [62].

Many strains of Bifidobacterium bifidum exhibit favorable effects, such as antibacterial properties
against Helicobacter pylori [63], Escherichia coli, and Cronobacter sakazakii [42, 44]. The beneficial impact
of Bifidobacterium bifidum also includes the restoration of damaged intestinal mucosa and the reduction of
apoptosis in intestinal epithelial cells in a model of necrotizing enterocolitis in newborn rats [64], influence
on intestinal barrier function and suppression of colitis [65], lowering cholesterol levels [6], reducing the risk
of allergy development [66], protection against type 1 diabetes in early development [41], and improvement
of cognitive functions when combined with Lactobacillus plantarum [67].

Numerous in vitro and in vivo studies have been conducted, and their results suggest that bifidobacteria
when employed as probiotics, may fulfill crucial functions such as reinforcing the mucosal layer of the intes-
tinal epithelium, shaping a balanced microbiota homeostasis, and contributing to immune system support.
However, for bifidobacteria to execute these functions, they must survive the conditions of the human gastro-
intestinal tract, exhibiting viability in this organ system, i.e., demonstrating the capacity for colonization,
competition, persistence in the human intestine, and impact on resident microbial communities. Consequent-
ly, further research and clinical trials involving Bifidobacterium bifidum are warranted.
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Bifidobacterium TybIchiHA KaTaTHIH DAKTEPUSLIIAPABIH
ileKk MUKPOOMOIeHO3bIHIAFbI MAHBI3bI

budunobakrepusiap — aHa CYTIMEH TaMakTaHaThlH cay OanamapibslH €H KeH TapajfaH 1iIeK
Mukpoopranmmiepi.  Bifidobacterium  Tysichl  feHCAyNBIKTBI — HBIFAfiTaTBIH JKOHE IPOOHOTHKAIBIK
KacHeTTepiMEeH CUIATTaIaThlH GakTepHsuiap, ojap KIMMYHOMOIY/ISTOPIIAapAbIH HHAYKLHSIAY PETIHAC HECiHIH
JieHeci BIIBIPATIIAUTBIH CyOCTpATTapABl CiHIpY apKbUIBI TaFAMHBIH TaFaMIbIK KYHIBUIBIFBIH apTTHIPAJIb,
KaHIEPOTreHre Kapchl OeICeH i, BUTAMUHACP CHHTE31H, MUKPOOKaKapChl mpenaparTapibl OHIipye MaHbI3/IbL.
Bbudunobakrepusinap imek SHUTENUiliHIH aAre3wsChl, COHBIMEH KaTap HMECiHIH aF3achIHAAFbl TIHMKaHIAP
MeTaboIM3MiH KaMTUTBIH (HH3HOIOTHIBIK KOHE EHETHKAIBIK epeKiuenikrepre ue. MyasTuTpodTsl e3apa
opeKeTTeCy KOpIIAaFaH OPTAHBIH CyOCTpAaTTapblH TAaHYABIH JKOHE aJaMHbBIH acKa3aH-ilIeK JKOIBIHIA eMip
CYpyre BIKHal €TETiH MOJEKYNAIbIK JKOHE TCHETHKAIbIK aKIapaTTbl OepydiH oSpTYpii MeXaHu3Muepi
Herizinge Kambimracazpl. Bifidobacterium bifidum Typinin exinnepi 6udumobakrepusinap apaceiHma 6achM
OOJIBIT  KeJIeTIH TaKCOHAApABIH Oipi, OHBIH NPOOHOTHKANBIK KAaCHETTepi ©Te J>XOFaphl JKOHE SpTYpI
aypyiapasl eMmliey MEH albplH anylda YJIKeH MyMKiHmiktep Oepeni. Kasipri yakpITTa MequIHA,
OMOTEXHOJIOTHS JKOHE aybll I[IApyallbUIBIFBIHAA KBI3BIFYLIBUIBIK TyabipateiH Bifidobacterium  bifidum
OaKTEPHSCHIHBIH KOINTEreH Typiiepi CeKBeHHpJeHreH. OnapblH KOJIOHH3ALMSIAHYbIHA JKOHE aJaMHBIH
imerinme cakramyslHa MYMKIHIIK OepeTiH TeHeTHKaJblK crparerusuiapbl aHbikraigel. Bifidobacterium
bifidum-nin weciMen »oHe 0acka MHKPOOPraHM3MIEPMEH ©3apa OpEKeTTeCy MEXaHW3MIEpi opTypJi
KYpBUIBIMIAPIbl  KOJIAaHy —apKbUIbl  Kepcerinmmi. Maxkanaga 6i3  Bifidobacterium  TykpiMaachiHbIH
OHMOJIOTHSICEIHA KaTBICTHI 3aMaHayHW NEpeKTepHi, COHBIH INIiHIE aJaMHBIH IIIEriHe epekiie Oedimuaenyni
kepcererin Bifidobacterium bifidum typinin GHOTOrHANBIK epeKIICTIKTEPiH TATKbUIAIBIK.

Kinm ce30ep: bupunobaxrepusuiap, Bifidobacterium bifidum, npo6uorukrep, agamMHbIH illek MUKPOGHOTACHI,
MHKpOOHOM, bnudunodakTepusiapAsH MeTaboIn3Mi, GUIOTEHNS, TAKCOHOMHSI.

K.C. Baiiryxuna, A.E. Xacenona, l11.K. Eneynaesa, A.C. luamyxamenona, I'.C. AnpxaHoBa,
P.U. Aiizman, C.M. bazap6aea, C.P. Xam3una, A.)K. Hycynoga, XK. K. XKymaranuesa

3Hauenue 6akTepuii poxa Bifidobacterium B Mukpoononenose kumeuHuka

budunobakreprn — Hamboiee pacnpocTpaHEeHHbIE MUKPOOPTaHW3MbI B KHIIICUYHHKE 3JI0POBBIX JICTCH, HAXO-
Jsmxcs Ha rpyaHoM BekapmimBanuu. K pony Bifidobacterium otHocsitest 6akreprn, xapakTepH3yOIIHecs
NPOOHOTHYECKMMH CBOWCTBAMH, TAKMMH KakK WHIYKLHS WMMYHOMOJYJISITOPOB; MOBBINICHHUE MHIIEBON IICH-
HOCTH IMPOJYKTOB 3a CUET YCBOCHHUsI CyOCTPaTOB, HE PACHICIUIAEMBIX XO35IMHOM; aHTHKAHIIEPOT€HHAs aKTHB-
HOCTB; CHHTE3 BUTAMHHOB; IPOM3BOICTBO MPOTHBOMUKPOOHBIX MPEIApaToB, KOTOPhIE CIIOCOOCTBYIOT YKPET-
JICHUIO 3/10pOBbsi. bruduIo0akTepri 1eMOHCTPUPYIOT (HDU3HOIOTHYSCKHE W TEHETHUECKUE XapaKTePHCTHKH,
BKJTFOYAs aire3uio K JIHUTEINIO0 KUIIEYHHKA, a TAKKe MeTaboIn3M TIIMKAaHOB B OpPraHM3Me XO03sAuHa. Myib-
THTPOdIIECKOe B3aUMOIeHCTBIE GOPMUPYETCSI Ha OCHOBE Pa3IMIHBIX MEXaHU3MOB y3HaBaHMUsI CyOCTPATOB B
OKpYXarolleil cpe/ie U Mepeiaul MOJICKYJSIPHO-TeHETHYECKOH HH(POPMAIINH, YTO CIIOCOOCTBYET BEIKHBAHHIO
B JKeJTyJJOUYHO-KHIIEUYHOM TpakTe 4enoBeka. IIpencrasurenn Buzaa Bifidobacterium bifidum cocrasmsiror mo-
MUHHUPYIOLIUI TaKCOH Cpean OMdumIo0aKTepHii, IeMOHCTPHUPYS 3HAYUTENIbHBIC TPOOHOTHIECKUE CBOMCTBA U
OOUIMPHBIN MOTSHIMAN IS JICYCHHS ¥ NPOGHIAKTHKY Pa3InvHbIX 3a00JeBanuii. B HacTosiee Bpems ceKBe-
HHpOBaHO Ooubioe komuectBo BuaoB Bifidobacterium bifidum, mpexcrasmsionx naTEpeC MU MEAUIIUHEI,
OGHOTEXHOJIOTHH H CEBCKOTO X03siicTBa. MNEeHTHOUIMPOBAHB! UX TEHETHYECKHAE CTPATETHH KOJIOHM3AINH U
MEpPCUCTUPOBAHUS B KHIIIEYHHWKE 4YelloBeka. MexaHW3MBbl mepekpectHoro B3ammosaeiictsust Bifidobacterium
bifidum ¢ xo3sMHOM ¥ IPYTMMH MHKPOOPTaHM3MaMH ObLTH MPOJEMOHCTPUPOBAHBI C MCIONB30BAHHEM pa3-
JIMYHBIX CTPYKTYP. B 9TOM 0630pe MBI 06CyxIaeM coBpeMeHHbIe 3HaHus 0 Gronorun poxa Bifidobacterium,
BKIIFOYas GHoJlorHyeckue xapakrepuctuku Bunos Bifidobacterium bifidum, kotopsie nemoncrpupyror cre-
UA(PUYECKYIO aIaNTAIMIO K KHIICYHUKY YEIOBEKa.

Kuiouesoie cnosa: oupunobakrepun, Bifidobacterium bifidum, npoGuoruku, MukpoOHOTa KMIIEYHUKA YEIIO-
BeKa, MUKpOOHOM, MeTabom3M OndumodakTeprid, pUIOTEHHS, TAKCOHOMHUSI.
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Adenophoraphis, a new aphid genus from Kazakhstan
(Hemiptera: Aphididae: Macrosiphini)

Currently, 889 species of aphids from three families are known in Kazakhstan: Adelgidae (10 species),
Phylloxeridae (2), Aphididae (877) [1]. A new to science genus of aphids Adenophoraphis gen. n. and a new
species Adenophoraphis burabaica sp. n. described from Kazakhstan. The specimens of the new taxon were
collected in Akmola Region of the northern Kazakhstan in 2002. The new genus belongs to the subtribe
Macrosiphina of the tribe Macrosiphini (Aphidinae). It lives on Adenophora liliifolia (L.) A. DC, no ant at-
tendance was observed. During the collection period, only apterous viviparous females were found. The spec-
imens were collected in a deciduous forest, in the Kazakh uplands, on the Kokshetau Upland. The new genus
belongs to the subtribe Macrosiphina of the tribe Macrosiphini of the subfamily Aphidinae. In addition to the
new genus, the other members of Macrosiphina inhabiting Campanulaceae include Campanulaphis
Kadyrbekov, 2016, Megouroleucon Miyazaki, 1971, Tshernovaia Holman et Szelegiewicz, 1964 and
Uroleucon Mordvilko, 1914.

Keywords: aphids, new species, Adenophoraphis, A. burabaica, Aphididae, Kazakh uplands, Kokshetau Up-
land, Kazakhstan.

Introduction

One of the modern main world priorities in biology is the problem of conservation of biological diversi-
ty and the inventory of flora and fauna in specially protected areas.

The inventory of insect fauna in specially protected areas is a priority area of entomology in most coun-
tries of North and South America, Africa, Europe and Australia. In all these countries, research is underway
on the biodiversity of various insect groups [2—5]. In the last 20 years, similar studies have been gaining
momentum in the CIS countries, especially in Russia, Belarus and Ukraine [6—11]. In Central Asia, research
on the inventory of insect fauna in specially protected areas is being purposefully conducted in Mongolia,
China and Kazakhstan.

In 2002, we studied the aphid fauna of the Burabai Nature Park. Unfortunately, those materials have not
yet been fully processed, but a new genus of aphids has been discovered in them.

Materials and Methods

Original microscope slides were prepared using coniferous balsam as mounting medium (Kadyrbekov,
2014). The specimens were examined using a Bel Photonics light microscope. Identifications were done with
the reference to authoritatively identified material from the collection of the Institute of Zoology of Ministry
of Education and Sciences of Kazakhstan (Almaty). Holotypes and paratypes of newly described species are
deposited in the collection of the Institute of Zoology (Almaty, Kazakhstan). All measurements are given in
millimeters.

Plant taxonomy were verified according to POWO [12]. Descriptions of the related genera were studied
too [13-18].

Results and Discussion

Adenophoraphis gen. n.

Description. The body is elongate-oval. Cuticle thick, without reticulation, smooth, only slightly wrin-
kled on antennal tubercles. Small and large median and marginal sclerites are present on pronotum, meso-
and metanotum, as well as on abdomen. Pronotum, meso- and metanotum, and in some specimens also
tergites 2-4 (on one side) with weak small convex tubercles. The spiracles are small, bean-shaped. Setae on
the body, antennae, and legs thick and spatulated. The frontal groove of the median tubercle is shallow (in
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one specimen with a barely noticeable median tubercle of a square shape). Antennal tubercles high, diver-
gent. Antennae six-segmented. Third antennal segment (0-1) with secondary rhinaria. The ultimate rostral
segment reaches the middle coxae, its last segment is slender, not stocky. Siphunculi semi-cylindrical with a
light flange and reticulation in the upper quarter. Cauda, either necessarily conical or co-deserved with a
sgueeze in the main half, with a pointed apex. First segment of tarsa with 3,3,3 setae.

Etymology. The new genus is named for the generic name of the host plant.

Differential analysis. The new genus belongs to the subtribe Macrosiphina of the tribe Macrosiphini of
the subfamily Aphidinae. In addition to the new genus, the other members of Macrosiphina inhabiting
Campanulaceae include Campanulaphis Kadyrbekov, 2016, Megouroleucon Miyazaki, 1971, Tshernovaia
Holman et Szelegiewicz, 1964 and Uroleucon Mordvilko, 1914. The new genus differs from Megouroleucon
and Uroleucon in having a shallow frontal groove and a minimal number of secondary rhinaria on the third
antennal segment (0-1). Adenophoraphis gen. n. differs well from Tshernovaia in the cauda, which is differ-
ent in shape, the minimum number of secondary rhinaria on the third antennal segment (0-1), and the pres-
ence of 3, 3, 3 hairs on tarsal segment 1 (5, 5, 5 in Tshernovaia). Differences from other genera with a shal-
low frontal groove are shown in the next key.

Key for distinguishing Adenophoraphis gen. n. from the Macrosiphina genera with a shallow
frontal groove.

1. First segment of all tarsi with 5, 5, 5 hairs. A single tubercle on the anal plate is clearly expressed.

NS 1T (76 o)A 2
— First segment of all tarsi with 3, 3, 3 hairs. A single tubercle on the anal plate is absent or clearly ex-
pressed. Attended Or NOt DY @ntS .. ...ttt e 4

2 Cauda is widened at the base, passing further into a long, thin, sinuous process. On Adenophora
................................................................................. Tschernovaia adenophorae Holman, 1964

— Cauda finger-shaped or elongated-triangular................coooiiiiiiiriniii e e 3

3 Frontal groove gently sloping, but distinct, with large median tubercle nearly equal in height to anten-
nal tubercle. Ante- and postsiphuncular semilunar sclerites are absent. The reticulated zone is at least 0.35—
0.45 SIPH. Cauda finger-shaped. On Echinops and Cousinia.............Turanoleucon Kadyrbekov, 2002

— Frontal groove barely marked, 0.05-0.15 of the distance between apices of antennal tubercles. At least
postsiphuncular sclerites are present. The reticulated zone is no more than 0.28-0.35 SIPH. Cauda is elon-
gate triangular. On the root collar and roots of Campanula............... Campanulaphis Kadyrbekov, 2016

4 Frontal groove gently sloping, median frontal tubercle well defined..........................l. 5

— Frontal groove without median frontal tubercle..............coooiiiiiiii i 7

5 The last segment of the ultimate rostral segment is short, almost triangular. On plants of the families
Rosaceae and bluegrass (POACEAC). ... .....iuiuiiititiiitar et eeaeaas Sitobion Mordvilko, 1914

- The last segment of the ultimate rostral segment is stocky, but not triangular. On Limoniaceae,
N T2 0 10 ot T s 6

6 Siphunculi are darkened only in the rticular zone. Cauda is short, triangular, with a rounded top. On
Atriplex... . - ..Metopeuraphis Narzikulov et Smailova, 1975

- Slphuncull are darkened everywhere except for the basal third. Cauda is finger-shaped or conical,
with notched sides. On LimoOniaceae............ccoceeveeriereerierieeieereeresreereeeeeve e e e e Staticobium Mordvilko, 1914

7 A single tubercle on the anal plate is clearly expressed. Attended by ants.................cccoveiennnn.. 8

— There is no single tubercle on the anal plate. Not attended by ants...........cccoceriiiiiiiiicicic 9

8 Ultimate rostral segment almost rod-shaped, with very short setae. Cauda elongated triangular. Dorsal
setae of different types: pointed, forked, tridentate, fan-shaped. On Helichrysum...
................................................................................ Ramltrlchophorus H|IIe Rls Lambers 1947

— Ultimate rostral segment slender, elongated. Dorsal setae pointed. Cauda conical or triangular. On
Asteraceae, Urticaceae, APIACCAC. ........coviveierieriereeeienterieeeeessesreesessesseessenn s e e e ns Metopeurum Mordvilko, 1914

9 Body with spatulate setae. Reticulated zone 0.17-0.24 SIPH. On Adenophora...
....................................................................................... Adenophoraphls Kadyrbekov gen n.

— Setae of body pointed. Reticulated zone 0.25 SIPH and more. On Asteraceae.............ccooeevvenrennnnn.
................................................................................ Macrosiphoniella (auct.) Del Guercio, 1911
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Adenophoraphis burabaica sp. n.

Type material. Holotype: apterous viviparous female, no 2891, Akmola region, Natural Park
“Burabai”, lake Zhukey, birch forest, H — 656 m, Adenophora liliifolia, 06.06.2002, R.Kh. Kadyrbekov (In-
stitute of Zoology, Almaty, Kazakhstan). Paratypes — 7 apterous viviparous females, same locality and date.

Etymology. The new species are named for name of natural park (Fig. 1).

Figure 1. Adenophoraphis burabaica sp. n.: a — head; b — III-IV antennal segments;
¢ — ultimate rostral segment; d, e — cauda; f— siphunculus.

Apterous viviparous female (from 8 specimens). Dark brown when alive. Antennae brown,
siphunculi, cauda black, legs light with darkened tops of the femora, the very bases and tops of the legs and
tarsi brown. On the slide: head, antennae, rostrum, coxae, tops of femora, bases and tops of tibia, tarsi,
subgenital and anal plates swarthy. Siphunculi and cauda dark brown. The body elongated-oval. Cuticle
thick, without cellularity, smooth, only slightly wrinkled on antennal tubercles. Large marginal sclerites pre-
sent on pronotum, meso- and metanotum. On the dorsal side of the abdomen, small sclerites are developed at
the bases of most hairs. Larger marginal sclerites present on abdominal tergites |-V, each with 2-3 setae, and
large massive postsiphuncular sclerite (not semilunar) present on abdominal tergite VI. Abdominal tergites
VII-VII with small sclerites, sometimes combined into longitudinal median bands. Pronotum, meso- and
metanotum, and in some specimens also on abdominal tergites 1I-1V (on one side) with small, weakly con-
vex marginal tubercles. The spiracles small, bean-shaped. Setae on body, antennae, and limbs thickened,
spatulate.
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Body 2.92-3.67. Frontal groove not deep with low diverged antennal tubercles (Fig. 1a). Frontal hairs
(0.058-0.075) long, pointed, 1.12—1.44 of basal diameter of 3" antennal segment. Antennae normal, six-
segmented, 0.68-0.79 of body length. Third segment 2.12-2.93 of 4" one, 1.28-1.36 6" segment, 1.53—1.69
of the processus terminalis. Processus terminalis 2.69-3.58 of the base of 6™ segment. Secondary rhinaria in
number 0—1 develop on the basal half of the 3™ segment (Fig. 1a). Hairs on the 3" segment (0.035-0.046)
pointed, 0.77-1.00 of its basal diameter. Rostrum reaches before ore behind of the middle coxae. Its ultimate
rostral segment (Fig. 1c) 1.14-1.33 of the second segment of hind tarsus, 1.08-1.33 of the base of 6" seg-
ment with 4-6 accessory hairs. Siphunculi semi-cylindrical with a light flange and reticulation in the upper
quarter, 0.16-0.20 of body length, 1.20-1.57 of cauda (Fig. 1 f). Cauda, either necessarily conical or co-
deserved with a squeeze in the main half, with a pointed apex, 0.12-0.14 of body with 8-11 setae (Fig. 1 d,
e). Second segment of hind tarsus 0.90-1.17 of the base of 6" segment. Dorsal setae 1.15-1.26 of the basal
diameter of 3 antennal segment. There are 1216 setae on 3" tergite, 5—6 between siphunculi and 4-6 ones
on the 8" tergite. Genital plate broad oval with 2 setac on disk and 8—12 ones along its posterior margin.
Legs normal develop. First tarsal segment with 3:3:3 hairs.

Host plant. Adenophora liliifolia (L.) A. DC (Campanulaceae).

Bionomy. Aphids live on the stems.
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P.X. Kansipbekos

Adenophoraphis — Ka3zakcTanaa Ta0bLIFaH GiTeHiH KaHa TYKbIMIACHI
(Hemiptera: Aphididae: Macrosiphini)

Kasipri xe3ne Kazakcranna Gitenepaid (ayHachIHBIH YII TYKbIMIAcKa skarareiH, srau Adelgidae (10 typ),
Phylloxeridae (2 Ttyp), Aphididae-ueiy (877 Typ) 889 typi OGenrimi [1]. KasakcranHan TtaGbuUIFaH
Adenophoraphis gen. n xxone Adenophoraphis burabaica sp. n. 6iTeHiH FbUIBIMFa )KaHa TYKBIMIACHI MEH TYpi
perinne cumarranangsl. JKana TtakcoHHbH yirinepi 2002 oxeuiel Contycrik KasakcTaHHBIH  AKMolna
obnbichiHan TabbuUIabl. JKana Tykeimmac Macrosiphini moarpuGaceiasin Macrosiphini (Aphidinae) tpu6a
tapMarbiHa kataasl. Tykeimpac Adenophora liliifolia (L.) A. DC cabakrapbiHAa TipUIUTK eTei KoHE
KYMBIPCKaJlapMeH KaTbIHACHI KOK. JKa3Fbl Ke3eHme, AEpHOCULIepiH Tipinel TyaThIH TeK KaHa KaHATCHI3
AHAIBIKTapbl KUHANABL. Kommekumsuiblk ynrinep Ka3akThlH ycak INOKbUIAPBIHAAFbl apajiac OpMaHHaH,
Kexkmeray KkpipaThiHaH >kuHaidraH. JKana Ttykeimgac Macrosiphina moatpuba TapMarsiHmarsr Gackana
TYKbIMJacTapbiMeH Oipre KoHpipaybacra (Campanulaceae) ripurinik ereni sxone Campanulaphis
(Kadyrbekov, 2016), Megouroleucon (Miyazaki, 1971), Tshernovaia (Holman et Szelegiewicz, 1964),
Uroleucon-nien (Mordvilko, 1914) Gipirin TYKbIMIAaCTBIK TAKCOHAP TOOBIH KYpaiIbI.

Kinm ce30ep: Girenep, xaHa TYKbIMzac, xxana Typ, Adenophoraphis, A. burabaica, Aphididae, Kazakrein
yCaK IOoKbLIaphl, Kekuieray KbIpaThl.

P.X. Kagpipbekos

Adenophoraphis — HoBblIit pox TJeii u3 Kazaxcrana
(Hemiptera: Aphididae: Macrosiphini)

Ha nannbiit moment (ayna tieit Kasaxcrana nacuntoiBaer 889 BumoB u3 Tpex cemeiicts: Adelgidae (10 Bu-
noB), Phylloxeridae (2), Aphididae (877) [1]. Hossiii mist nayku pox et Adenophoraphis gen. n. u HoBbrit
sy Adenophoraphis burabaica sp. n. onucansr n3 Kazaxcrana. Dk3eMIUIsIpsl HOBOTO TAKCOHA ObLIA COOPAHBI
B AkMonuHCcKo# oOmactu CeBeproro Kaszaxcranma B 2002 romy. HoBbIif pon mpHHAUICKUT K HOATPHUOE
Macrosiphina tpu6sr Macrosiphini (Aphidinae). Pox xuser Ha crebisx Adenophora liliifolia (L.) A. DC u
HE MOCEIIaeTCsl MypaBbsIMU. B TeueHue jeTHero nepruoaa OblIn cOOpPaHBI TONBKO OECKPBLIbIE KUBOPOISIINES
camku. KoJIeKIMOHHBIE 9K3eMILTSIPhI ObUTH COOpaHbI B CMENIaHHOM Jiecy, B Kazaxckom MeIKoCOmoYHHKeE, Ha
Koxkmerayckoi Bo3BbimeHHOCTH. HOBBIN poj BMecTe ¢ Apyrumu poaamu moarpubsr Macrosiphina, sxuBy-
UMK Ha KOJOKoipunkoBeix Campanulaceae, cocrasmsier rpymmy poactBeHHbIX TakcoHoB Campanulaphis
(Kadyrbekov, 2016), Megouroleucon (Miyazaki, 1971), Tshernovaia (Holman et Szelegiewicz, 1964) u
Uroleucon (Mordvilko, 1914).

Kuiouesvie cnoea: Tiu, HOBBIM pos, HOBBIM By, Adenophoraphis, A. burabaica, Aphididae, Kasaxckuii men-
KoconouHuK, Kokierayckas BO3BBILIEHHOCTh, KazaxcTaH.
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The effect of bubbling on the germination of Sudan grass seeds

In the article the results of experiments to study the effect of bubbling on the germination of Sudan grass
seeds before and after cryopreservation were presented. The obtained statistical data were processed using the
R-studio program. We calculated the indicators of humidity and germination energy of Sudan grass seeds,
and determined the statistically reliable significance between the control and experimental varieties. To con-
duct the experiment, a bubbler installation was created from a cylindrical container filled with water and a
bubbler to supply oxygen. The results of pre-sowing seed treatment were obtained for 4 varieties of Sudan
grass: Nika, Tugai, Alina, Novosibirskaya 84. Bubbling increases seed germination compared to the control
by 13 % for the Nika variety, by 7 % for the Novosibirskaya 84 variety. While bubbling after cryopreserva-
tion significantly reduces the germination of seeds in the Tugai variety by 25 %, in the Alina variety by 32 %,
in the Novosibirskaya 84 variety by 33 %, and in the Nika variety by 7 %. Thus, bubbling, in general, had a
positive effect on the germination of Sudan grass seeds and may be one of the methods of pre-sowing seed
treatment. As a recommendation for improving the germination of Sudan grass seeds, we suggest using bub-
bling without cryopreservation.

Keywords: bubbling, Sudan grass, germination, germination energy, cryopreservation.

Introduction

An increase in livestock production depends primarily on the feed supply. Its quantitative and
gualitative indicators can be improved by correctly selecting highly productive forage crops and improving
the technology of their cultivation. In the group of annual forage crops, great importance is given to drought-
resistant and highly productive sorghum crops, mainly Sudan grass [1, 2]

Sudan grass is a productive crop capable of producing a consistently high yield of biomass of high feed
quality. This agricultural crop is widely used to produce both coarse (hay, haylage) and succulent feed (green
mass) [3, 4]. The use of physical methods in plant growing makes it possible to increase the intensity of plant
growth and development [5].

To increase the germination of seeds and the density of seedlings, it is advisable to use pre-sowing
treatment. Some methods of pre-sowing seed preparation are difficult to implement and require the use of
pesticides during the growing season. This is associated with high economic costs for seed preparation, and
pesticides have a detrimental effect on the environment and human health [6-9].

Among physical methods, pre-sowing treatment of plants with an electromagnetic field, magnetic field,
ultraviolet radiation, ozone, ultrasound, electrochemically activated water and many others has become
widespread [10-19].

One of the promising methods of pre-sowing treatment is bubbling seeds with compressed air [16-19].

The purpose of the study was to increase the germination of seeds and the density of seedlings using the
physical method — bubbling.

Materials and methods

The object of the study was seeds of Sudanese grass of 4 varieties: Alina, Nika, Tugai, Novosibirskaya
84 (Fig. 1). The seeds were provided by the LLP “Research and Production Center for Grain Farming named
after Barayev” (Shortandy village, Akmola region). Laboratory studies were carried out in the laboratory of
biotechnology and environmental monitoring of Buketov Univesity.

Pre-sowing treatment was carried out using a bubbler for 24 hours.

After bubbling, before sowing, the seeds were kept in a KMnO, solution for 10 minutes, then washed with
distilled water and sown on damp filter paper in Petri dishes in 4 replicates. The growth dynamics of viable seeds
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were recorded daily. On 4 day, germination energy was determined, and on 7 day, seed germination was
determined. Next, the viable seeds were counted. The results were entered into the log book.

The obtained static data was processed using the R-studio program. We calculated the humidity and
germination energy indicators for 4 varieties before and after cryopreservation.

The experimental scheme was as follows:

1. Control

2. Seeds after cryopreservation without cryoprotectants

3. Bubbling without cryopreservation

4. Bubbling after cryopreservation

L —-j

Figure 1. Seeds of Sudan grass:
| — Tugai variety; Il — Nika variety; 11l — Novosibirskaya 84 variety; IV — Alina variety

Results and Discussion

Analysis of the data obtained on germination and germination energy of the Tugai variety showed that
bubbling after cryopreservation reduces seed germination by 25 % (Fig. 2). In all other variants, seed
germination of the Tugai variety, including the control, is 95 %. Bubbling accelerates the germination of
seeds, after which the seeds swell and germinate faster, which allows to check the seeds before sowing and
have time to sow the seeds at the right time, which is a very important feature of Sudan grass, a crop that is
afraid of low temperatures.
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Figure 2. Germination and germination energy of Sudan grass seeds of the Tugai variety
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Analysis of the data obtained on germination and germination energy showed that bubbling after
cryopreservation reduces seed germination by 25 %. In all other variants, seed germination of the Tugai
variety, including the control, is 95 %.

The results of bubbling after cryopreservation are significantly lower than the values in other options.

In terms of germination energy, the maximum values are for the control, the minimum values are for
bubbling after cryopreservation. In the variants of cryopreservation without cryoprotectors and bubbling
without cryopreservation, the results are statistically insignificantly lower than the control.
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Figure 3. Germination and germination energy of seeds of Sudan grass variety Nika

The Nika variety has a germination rate of 72 % under control. Bubbling increased seed germination by
13 % compared to control. Whereas when bubbling after cryopreservation, germination decreased by 7 %.
During cryopreservation without cryoprotectants, a slight decrease in germination was observed (Fig. 3).

Significant statistical differences in comparison with sparging are observed in the variants of cryopres-
ervation without a cryoprotector and sparging after cryopreservation. Compared to control there are only mi-
nor static differences.

In terms of germination energy, maximum germination is under control. Reliably significant differences
between bubbling and cryopreservation without a cryoprotector. Bubbling after cryopreservation compared
with other options shows minor statistical differences.
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Figure 4. Germination and germination energy of Sudan grass seeds of the Novosibirskaya 84 variety

For the Novosibirskaya 84 variety, germination on the control was 88 %. When bubbling after cryopreservation,
seed germination decreased by 33 % compared to the control. When bubbling, germination rate increases by 7 % and
amounts to 95 %. Cryopreservation without cryoprotectants reduces germination by 26 % compared to control (Fig. 4).

Thus, statistically significant differences for control and bubbling are the cryopreservation options without
cryoprotectants.

When studying the dynamics of germination energy, statistically significant differences are observed between the
control and experimental variants.
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Figure 5. Germination and germination energy of Sudan grass seeds of the Alina variety

The control germination rate of the Alina variety is 60 %. Whereas when bubbling after cryopreserva-
tion, germination decreased by 32 %. And during cryopreservation without cryoprotectants, germination de-
creased by 18 % (Fig. 5).

Statistically significant differences in germination and germination energy between control and bub-
bling after cryopreservation were noted.
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Conclusion

As a result of our research, we determined the effect of pre-sowing treatment using the bubbling method
for each variety of Sudan grass.

Bubbling increases seed germination compared to the control by 13 % in the Nika variety, by 7 % in the
Novosibirskaya 84 variety.

While bubbling after cryopreservation significantly reduces the germination of seeds in the Tugai varie-
ty by 25 %, in the Alina variety by 32 %, in the Novosibirskaya 84 variety by 33 %, and in the Nika variety
by 7 %.

Thus, bubbling, in general, had a positive effect on the germination of Sudan grass seeds and may be
one of the methods of pre-sowing seed treatment.

As a recommendation for improving the germination of Sudan grass seeds, we suggest using bubbling
without cryopreservation.
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A H. Manuesa, M.M. CunanTbeeBa

Cynan me0i TYKbIMbIHBIH OHTIIITIrIHEe KOMIPIIIKTEHYIIH dcepi

Makanaza KpUOKOHCEpBallMsIFa NEWiH JXKOHE OJaH KeWiH CyJaH LIeNTepiHiH TYKBIMAAPLIHBIH ©HyiHe
KOMIPIIIKTEP/IIH dCepiH 3epTTey OOMBIHINIA SKCIEPUMEHTTEPIIH HOTIDKeNepi OepinreH. AJIBIHFaH
CTaTUCTUKAIBIK ManiMeTTep R-studio GarmapmamacheiHbIH KeMmeriMeH exenyi. CynaH 1medi TYKbIMIapbIHBIH
BUIFAJIJBUIBIFEl MEH ©HY JHEPTHSCHIHBIH KOPCETKIIMTEpiH ecenTel, 0akpuiay jKoHe TIKIpHOeNiK HycKaiap
apachIH/AFEl CTATHCTHKAIBIK MAaHBI3IBUIBIFBI aHBIKTAJIBl. DKCIIEPIMEHT JKYPTi3y YIIIH CyMEH TOJTHIPBUIFaH
LWIHHAPTIK BIIBICTAH JKOHE OTTETIMEH KaMTaMachl3 €Ty YLIH KemipIIiKTi KOHABIPFH kacanapl. Cynax
mebiniy «Hukay, «Tyrait», «Anuna», «HoBocubupckas 84» arTel 4 copThiHaH ceOy aJAbIHIAAFBl TYKBIMIIBIK
OHJIEYAIH HOTWXeci anbHIBL. KemipimikTeHyzae TYKBIM OHTIIITIrH OakpllayMeH canblcThipraHga «Hukay
copteiHma 13 %-ra, «HoBocubupckast 84» copteiHma 7%-Fa apTThl. A KPHOKOHCEPBAIMSAAAH KeHiH
kemipmikreny «Tyrait» coprteiHna 25 %-ra, «AmuHay copthiHaa 32 %-ra, «HoBocubupckas 84» copTeiHma
33 %-ra, «Huka» copteiHma 7 %-fa, sSFHM TYKbIMHBIH OHTIIITIrl aiTapiblkTaii TeMeHneni. Ocbuiaiima,
KOIIPIIIKTep HETi3iHeH CyJaH [IeN TYKBIMAApPBIHBIH ©HYiHE OH acep eTTi JKoHe TYKBIMABI ce0y aijiblHaa
eHzey dficTepiHiH Oipi 6osysl MyMkiH. CymaH IIern TYKbIMAApBIHBIH OHYIH jKaKkcapTy OOWBIHIIA YCBHIHBIC
peTiHae KPHOKOHCEPBALUICHI3 KOIIPIIIKTI MaiJaTaHnyIbl YCEIHAMBI3.

Kinm ce30ep. xemipiik, cyaH meoi, OHTIIITIK, OHY SHEPTUACH, KpHOKOHCEPBAIHS.

A H. Manuea, M.M. CunantbeBa

Bausinue 6ap0oTHPOBAHUS HA BCX0KECTh CEMSAH CYJAAHCKOI TPaBbl

B crarbe npeACTaBIeHbI Pe3yNIbTaThl SKCIIEPUMEHTOB 110 U3YYCHHUIO BIHAHUSA 6apOOTHPOBAHMS HA BCXOXKECTh
CeMsIH CyIaHCKOH TpaBbl IO W TOCIE€ KPHOKOHCEpBAlMH. [lojyueHHBIE CTaTUCTHYECKUE IaHHbBIC OBUIH
obpaboransl ¢ momompl0 mporpammel  R-studio. TlpocumTany TmoOKa3aTesld BIAXKHOCTH W SHEPTHU
NpOpacTaHusl CeMSH CYJaHCKOM TpaBbl, ONPENENMIM CTATHCTHYECKH JOCTOBEPHYIO 3HAYMMOCTH MEXIY
KOHTPOJIEM U OJKCIIepUMEHTAJbHBIM BapuaHTaMu. JIsi TpoBeleHMs] SKCIEepUMEHTa Obula Co3JaHa
OapOoTakHasi yCTaHOBKA W3 LWJIMHAPWYECKOH EMKOCTH, 3allOJHEHHOH BonoW, W OapboTepa i momaqu
kucnopona. ITosydeHsl pe3ysbTaThl NPEANOCEBHONH 00pabOTKH CeMsH it 4 COPTOB CyIaHCKOH TpaBbI:
«Huxkay, «Tyrait», «AnmuHa», «HoBocubOupckas 84». BapOoTupoBaHHE IMOBBIIIAET BCXOXKECTH CEMSH IO
cpaBHEHHIO ¢ KoHTponeM Ha 13 % y copra «Hwukay, Ha 7 % — y copra «HoBocubupckas 84». B To Bpemst
Kak 6apOOTHpOBaHME MOCIEe KPUKOHCEPBAIMH 3HAYNTEIbHO CHIKAET BCXOXKECTh CeMsH y copta «Tyrait» Ha
25 %, y copta «Anuna» — Ha 32 %, y copta «HoBocubupckas 84» — na 33 %, y copta «Huka» — nHa 7 %.
Takum o6pa3om, 6apOOTHPOBAHHUE B LIEJIOM MOJIOKUTENIBHO MOBJINSIIO Ha BCXOXKECTh CEMSTH CYAaHCKOM TpaBbI
U MOXXET SIBISITBCS OJHMM M3 CHOCOOOB NpernoceBHON 00paboTKH ceMsiH. B kadecTBe pekoMeHIAIH Mo
YAYYLIICHHIO BCXOXKECTH CEMsSH CyIaHCKOW TpaBbl TpeAjaraeM HCIoJIb30BaTh OapOoTupoBanue 0Oe3
KPUOKOHCEPBALUH.

Knioueswvie cnosa: 6apdotupoBanue, cyJaHCKask TPaBa, BCX0XKECTh, YHEPTHS IPOPACTaHUs, KPHOKOHCEPBAIISI.
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The material relating to the anatomy of Rhaponticum serratuloides leaf blades
according to age conditions

In the article the features of the morphological and anatomical structure of leaf blades in the process of ontogenesis of
Rhaponticum serratuloides Georgi (Bobr.) during juvenile, immature, virginal, generative and senile age states were
presented. It was noted that as the plant matures, the degree of dissection and linear dimensions of the leaf blades, as
well as their vascular bundles and trichomes, increase. It was established that in the juvenile and immature periods of
development whole and elliptical leaves predominate. In the virginal state, in addition to the typical entire leaves, leaves
with an unpaired pinnate leaf blade appear. The generative state of Rh. serratuloides is characterized by having upper
leaves as entire, sessile; the lower ones are petiolate, pinnately lobed with a large apical lobe. In the senile state, leaves
of immature and virginal types are found. General patterns of leaf internal structure of Rh. serratuloides and another
representative of the same genus Rh.carthamoides Willd (Iljin) were revealed as following: the plants are of dorsal-
ventral type of leaf blade structure, with collateral vascular bundles of a closed type with a sclerenchyma covering and
leaf pubescence. Along with this, characteristic diagnostic features for leaves of Rh. serratuloides were described as the
following: the absence of capitate glands and long cord-like hairs during all age states, the presence of air-bearing cavi-
ties in the parenchyma of virginal and senile plants, associated with the habitat of the plant under study, because it
grows in flooded meadows, along the shores of lakes and swamps.

Keywords: age states, anatomical features, types of leaf blades, Rh. serratuloides, Rh.carthamoides.

Introduction

Among the species of the genus Rhaponticum, Rh.carthamoides is perhaps the most economically
important one, as its roots, rhizomes and leaves are included in the State Pharmacopoeia of the Rus-
sian Federation [1] and the Republic of Belarus [2]. This prompted a detailed study of the anatomical
characteristics of various parts of this plant, including the anatomical features and ultrastructure of all
vegetative organs and secretory elements of Rh. carthamoides [3]. Anatomical and morphological
structure of leaves and stems of another species Rh. karatavicum was investigated by
A.K. Berkenov [4].

Anatomical study of Rh. serratuloides was initiated by G.Zh. Sultangazina [5], who first identi-
fied the diagnostic characteristics of medicinal raw materials of this species in comparison with
Rh. carthamoides. Also for the same purposes, A.V. Kotylevskaya and others [6] studied the petiolar
characteristics of the petiole of Rh. serratuloides.

It should be noted that in Sultangazina’s work, the anatomical characteristics of the vegetative
(leaves and stems) and generative (flower and involucre leaves) organs of Rh. serratuloides were
studied during 1, 4 and 5 years of the vegetation year, i.e. virginal and generative individuals.

Our goal is to research Rhserratuloides leaf blades throughout the entire ontogeny, with the ex-
ception of the seedling stage. Study of the morphological and anatomical structure of Rh.
serratuloides leaves will allow us to identify general and individual characteristics of the species un-
der study in comparison with other representatives of this genus, determine some patterns of its onto-
genesis, and also supplement information about the species diagnostic characters of Rh. serratuloides.

Materials and Methods

The object of the study is the leaves of Rhaponticum serratuloides of various age states: j — juvenile; im—im-
mature; v — virginal; g — generative; s — senile (except for seedlings), collected in the Akmola and Karaganda
regions during the fruiting phase. Sampling (Table 1) was carried out from populations growing in flooded, grass-
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wormwood, swampy meadows, roadside hollows in the vicinity of Karaganda city, Karabas, Abay villages in the
Karaganda region, in the vicinity of Astana city and the Korgalzhinsky reserve in the Akmola region.

Research points

Table 1

Number Growing point Coordinates
N E Height above
sea level
1. Karaganda region, Abay reg. 49°34'48.0» 72°53'38.1» |503
2. Karaganda region, Abay reg. 49°38'03.4» 72°50'38.3» (500
3. Karaganda region, Abay reg. (between Abay and Saran) 49°40'57.6» 72°51'37.2», |485
4, Akmola region, Astana. Neighborhood of the village 51°05°27.9» 71°11°05.3"" 341
Karazhar, Nura River valley, Astana-Malinovka highway
5. Akmola region, Korgalzhinsky reserve, shore of the lake 50°32708.5» 69°39°03.4"" |305
Yesey

Features of age-related conditions of Rh. serratuloides were studied in situ according to the methodological in-
structions of T.A. Rabotnov [7], A.A. Uranov [8], O.V. Smirnova, et al. [9]. To determine the average values of mor-
phometric parameters of the leaf blade, 10 samples of each shoot were taken. The length and width of the leaf blade
were measured using an electronic caliper with digital indexing. To study the anatomic structure, the selected leaves
were fixed in a mixture of glycerol: 96 % alcohol: distilled water in a ratio of 1:1:1 (Straus-Fleming mixture) [10, 11].
Transverse sections of the sheet were made by hand. For the leaf, micropreparations were made from the central part of
a fragment of the middle fox. Sections were cleared with glycerol. The preparations were photographed on an Altami
microscope with a 3.1 megapixel digital camera, with magnification of 16x4 and 16x10. A blue filter was used in some
photographs. Photo processing and microscopic measurements were performed in the Altami Studio program using
Paint 10.0. When describing the anatomical structure, we used the principles set out in the works of N.A. Aneli [12],
L.I. Lotova [13], P.J. Rudall [14]. For each sample, at least 10 micropreparations (microscope slides) were made.

Statistical processing of the results of morphometry and anatomy of leaf blades was carried out using the Statistica
7.0 program.

Results and Discussion

Morphological features of leaves. During ontogenesis, the leaf blades of Rh. serratuloides undergo a number of
changes (Fig. 1.). The first true leaves are narrow-lanceolate. During the juvenile and immature periods of development,
the leaves are entire, elliptical, and glabrous with a long petiole. Since the virginal state, in addition to the typical entire
leaves, a dissection of the leaf blade appears with the formation of one large and 2-3 small lobes (Table 2). During gen-
erative state Rh. serratuloides is characterized by various forms of leaves: the upper ones are entire, sessile, the lower
ones are petiolate, and its blade is toothed, pinnately divided at the base, with 1-3 pairs of oblong or almost lanceolate
lobes. During senile state, the leaves are the same of immature and virginal types.

"

Figure 1. Appearance of Rhaponticum serratuloides leaves of different age states

TS ———

il

s

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

Cepus «Bbronorusa. MeguumHa. Meorpacbums». 2024, 29, 3(115) 59



S.A. Mamyrova, B.G Andreev et al.

Table 2

Morphometric parameters of Rhaponticum serratuloides leaves during ontogenesis (in cm)

Age conditions Leaf blade length Leaf blade width
Simple Dissected Simple Dissected
Juvenile 3.86+0.52 - 1.47+0.52 -
Cv23.2 Cv61.1
Immature 7.66+0.44 - 1.76+0.19 -
Cv 16.2 Cv 30.8
Virginal 15.914£0.98 5.5+0.34
Cv175 Cv17.7
Generative 11.99+0.41 15.65+0.41 5.91+0.27 6.79+0.25
Cv21.73 Cv17.8 Cv 29.68 Cv 25.14

Anatomical structure of a leaf. In a cross section, the leaf is flat, and of dorso-ventral type (Fig. 2, 3).
The leaf veins protrude significantly from the underside of the leaf. The leaf is surrounded on both sides by
cells of the upper and lower epidermis; the shape is clearly shaped, with thickened outer walls. On the
surface of the epidermis on the lower side, mainly in the area of the midrib, only simple multicellular
trichomes are located. In a study by G. Sultangazina [5], it is noted that in virginal leaves, on both surfaces of
the epidermis, and in generative plants, mainly on the upper epidermis, small capitate hairs with a secretory
unicellular head are also found. Columnar mesophyll consists of 2 cell layers, spongy mesophyll is
multilayered. The conducting bundle is collateral, of closed type. The central beam is ovoid, the side beams
are oval. The xylem strand is oriented towards the upper epidermis, the phloem is towards the lower side.
The vascular bundle is intertwined with sclerenchymaon both sides. A section of lamellar collenchyma is
localized above the central vascular bundle under the epidermis. During the senile age state, the separation of
the lower and upper epidermis from the leaf parenchyma with the formation of air cavities is observed. In
Sultangazina’s studies [5], this process was observed in leaves of the 1st year of vegetation, i.e. virginile.

Figure 2. Anatomical structure of a cross section of a Rh. serratuloides leaf (the fragment is from the midrib area of the
terminal leaflet of the generative state plant, magnified to 16x20): UE — upper epidermis, LE — lower epidermis, Tri
— trichomes, PM — columnar mesophyll, SM — spongy mesophyll
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Senile condition

~ Senile condltlon

Figure 3. Cross sections of Rh. serratuloides leaves in different age states (magnitude 16x20)

Features of the anatomical indicators of leaf blades as Rh. serratuloides is growing and developing are
shown in Table 3.

Table 3
Quantitative parameters of individual cells and tissues of the Rh. serratuloides leaf during ontogeny
(in microns)
Indicators Age states of Rh. serratuloides
Juvenile Immature Virginal Generative Senile

Leaf thickness at midrib  |4.80+0.02 7.64+0.02 12.10+0.31 7.35+0.18 11.18+0.07
Leaf side width 1.25+0.08 2.22+0.02 1.73+0.08 2.33+0.22 1.49+0.09
Conductive beam length  |1.33+0.02 2.09+0.04 2.74+0.05 3.16+0.08 4.4+0.08
Conductive beam width  [0.6+0.02 0.9+0.09 1.41£0.05 1.65+0.09 2.1140.03
Thickness of the lower  |0.06+0.003 0.084+0.002 0.13+0.001 0.098+0.01 0.09+0.01
epidermis
Upper epidermis 0.07+0.002 0.086+0.007 0.12+0.002 0.12+0.004 0.12+0.008
thickness
Trichome length 0.31+0.02 0.31+0.02 0.74+0.06 0.68+0.07 0.8+0.01

Analysis of the anatomical structure of Rh. serratuloides leaf has shown that as the plant is growing and
developing, the leaf blades are characterized by an increase in the linear dimensions of vascular bundles and
trichomes. In the virginal and senile stages of development, the leaves reach their maximum thickness in the
midrib area. The maximum leaf width in the lateral part is observed in Rh. serratuloides in immature and
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generative age states. No significant differences were found between the cells of the lower and upper epi-
dermis of juvenile and immature individuals. In generative and senile leaves, the cells of the lower epidermis
are somewhat smaller than the upper ones.

Conclusion

The study made it possible to identify the features of the anatomical and morphological structure of
leaves in the process of ontogenesis. As the plant matures, the degree of dissection and linear dimensions of
the leaf blades, as well as their vascular bundles and trichomes, are increasing.

In the juvenile and immature state, the leaves are entire, narrow-lanceolate and elliptical with a long
petiole. Since the virginal state, leaflets appear as unpaired and pinnately divided, which consist of one large
and 2-3 small lobes. In the generative state, Rh. serratuloides is characterized by various forms of leaf
blades: the upper ones are simple, sessile, the lower leaves are entire, pinnately divided at the base, with 1-3
pairs of oblong or almost lanceolate lobes. In the senile state, leaves of immature and virginal types are ob-
served.

The anatomical structure of Rh.serratuloides leaf blades was compared to Rh. carthamoides. The com-
parative analysis has revealed some characteristics: it is the absence of pubescence on Rh. carthamoides. On
the lower epidermis only simple multi-cellular hairs (trichomes) are observed in the midrib area. The loca-
tion of the conductive bundles depends on the age-related condition. In the leaves of virginal and senile indi-
viduals, large vascular bundles alternate with small ones. In the juvenile, immature and generative stages
there are 3 central large bundles; small bundles may be located between them. Also, for virginal and senile
plants, the presence of air-bearing cavities in the leaf parenchyma was noted; this is associated with the habi-
tat, because Rh. serratuloides grows in flooded meadows, along the shores of lakes and swamps.
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Rhaponticum serratuloides :kacTpIK KyiJiepi 6oiibiHina
KANbIPAK TAKTANIAPHIHBIH AHATOMHSICHIHA APHAJIFAH MAJIiMeTTep

Maxkanaga Rhaponticum serratuloides Georgi (Bobr.) oHTorenes mpoueciHaeri: OBEHWIbI, UMMAaTYpPIIbL,
BUPTHHIIB/I, TCHEPATUBTIK JKOHE CEHWIBJl JKACTBIK KYisiepi OOMBIHINA JKarbIpaK TaKTaJapbIHbIH
MOP(OJIOTHSIIBIK KSHE aHATOMHUSUIBIK KYPBUIBIMBIHBIH €peKIIeNikTepi OepireH. OCIMIIK JKeTiNreH caifbH
JKAbIpaK TaKTANapbIHBIH, COHJAi-aKk OJapIblH OTKI3rill [IOKTAPHIMEH TPUXOMANAPBIHBIH OeIiHy
JopexeciMeH CBHI3BIKTHIK eumemaepi apTaasl. FOBEeHUIbI koHE NMMATYpIIbl AaMy Ke3eHIEepiHIe TyTac, 3i-
JUIC TOPI3Al JKambIpaKTapAblH OachkiM OOJATHIHBI AHBIKTANABL. BuUpruHWibpmi Kyiime omeTTeri TyTac
JKaIbIpaKTapAaH 0acka, KyNTaaIMaraH, SIFHA KayBIPCHIH TOPi3/i OeNiHIeH jKalbIpak TaKTackl 0ap >kambIpakTap
naiina Gonanel. Rh. serratuloides rexepartuBTi KyiiiHIeri »KambIpakThl CHIIATIIACAK: YKOFAPFBICBI — TYTAC,
CaraKChI3; TOMEHTIJIEP] CaFaKThl, )KOFAPFbI )KaFbl YIKCH KaybIPChIH TOpi3i OemiHreH. CeHUIbI KaFaailbiHIa
JKETIIMEreH JKOHE KBI3FBUIT TYpIeri »kambipakrap kesmeceni. Rh. serratuloides skambipakTapbIHBIH iIIKi
KYPBUIBICHIHBIH JKaJITbl 3aHIBUIBIKTApBI OCHI TYBICTBIH Oacka eximiMeH, srHu Rh. carthamoides Willd. (lljin)
Oipre aHBIKTAJIIBL: JKAIBIPAK TAKTACHIHBIH JOPCOBEHTPAIbIB! KYPBUIBIMBI, CKIIEPEHXHMAJIBIK KaObIHIBICE 6ap
TYHBIK THNTI KOJUIaTepajbIbl TAaMbIP INOFBIPIApBI, JKalbIPaKThIH TyTikTepi. COHBIMEH KaTap, TeK
Rh. serratuloides sxanbipakTapbiHa TOH JHArHOCTHKAIBIK Oelrinep OaliKauabl: KApacThIPbUIFaH OapIibIK sKac
JKargainapeiHaa Oac Oe3mepi MEH Y3bIH ChIM TOPi3Al TYKTEpAiH O0IMaybl, COHIai-aK 3epTTeNeTiH OCIMAIKTIH
TIPIIUTIK €Ty OpTachiMeH OaiJIaHBICTHl BHPTUHIJIBAL JKOHE CEHWIBII ©CIMIIKTEpHAiH MapeHXWMAachblHIa aya
KYBICTapBIHBIH OOJTyBI, OTKEHI 0JI Cy 0acKaH IIaIFBIHIApAA, KeJIep MCH OaTmaKkTapAblH KaFachblHIa 6Cei.

Kinm ce30ep: »acTbIK KyWiep, aHATOMHSUIBIK epEKLIeNiKTepi, JKalblpaK TaKTaJapbHBIH TYypJepi,
Rh. serratuloides, Rh. carthamoides.

C.A. MawmsipoBa, b.I'. Auapees, A.H. Kynpusnos, C.A. Kybenraes

Marepuas kK aHATOMHHM JIUCTOBBIX macTuHok Rhaponticum serratuloides
0 BO3PACTHBIM COCTOSTHUAIM

B crarbe mpeacTaBieHbl 0COOEHHOCTH MOP(HOIOTHIECKOTO U aHATOMHIECKOTO CTPOCHHS JIHCTOBBIX IUIACTH-
HOK B mporiecce oHtorene3a Rhaponticum serratuloides Georgi (Bobr.): 10BeHHIBHOTO, HMMMATyPHOTO, BUP-
THHUIIBHOTO, TeHEPATHBHOIO W CEHWJIBHOTO BO3PACTHBIX COCTOSIHHSAX. OTMEUEHO, YTO MO Mepe B3POCICHHS
pACTeHHs yBEITMYUBAIOTCS CTEIICHb PACCEYCHHOCTH M JIMHEHHBIC Pa3Mephl JINCTOBBIX IUIACTHHOK, a TAKIKe UX
MPOBOALIMX MYYKOB U TPUXOM. Y CTaHOBJICHO, YTO B FOBEHHJIBHOM W HIMMATYPHOM MEPHO/Iax Pa3BUTHS Mpe-
00Ia1ar0T eabHbIC, JIUTHIITHYCCKUE JINCThS. B BUPTHHMIBHOM COCTOSIHHH, KPOME THIHYHBIX [ETbHOKpaii-
HUX JINCTHEB, MOSBISIOTCS JIUCTBSI C HEMAPHO TIEPHCTOPA3IeIbHON JNCTOBOM MIIaCTHHKOM. JIIsi TeHepaTHBHO-
ro cocrosiamst Rh. serratuloides xapakrepHbl BepxHUE — LielbHbIE, CHISYNE; HIKHIE — YEPEIIKOBBIE, IePH-
CTOJIOTIACTHBIE C KPYITHOW BEPXYIIETHOM JoNell. B CeHMIBHOM COCTOSIHHH BCTPEYAIOTCS JTUCThSI IMMATYPHO-
TO U BUPTHHAIBHOTO THIIOB. BEISIBIIEHBI Takyke 00MINE 3aKOHOMEPHOCTH BHYTPEHHETO CTpOeHH s ucTheB Rh.
serratuloides ¢ apyrum mpexacraButenem storo poaa, Rh. carthamoides Willd. (Iljin): mop3oBeHTpabHbII
THUIl CTPOCHUA JIMCTOBOM IJIACTUHKH, KOJIJIATCPpaJIbHBIC IIPOBOAAIIINE l'ly'-lKI/I 3aKpPBITOTO TUIIA CO CKICPCHXHUM-
HO# 0OKJIaIKOH U ONyILIeHHe JUCThEeB. Hapsiay ¢ 3TUM OTMEYEHBI AUArHOCTHYECKHE MPU3HAKH, XapaKTepHbIe
TonbKo st muctheB Rh. serratuloides: orcyrcTBre ronoBYaTIX KENE30K M IIMHHBIX [IHYPOBHIHBIX BOJIOC-
KOB BO BCEX PACCMOTPECHHBIX BO3PACTHBIX COCTOAHHAX, @ TAKXKE HAIUYUC BO3)1yXOHOCH]>IX MOJIOCTEH B ma-
pEHXMMe BHPTUHIJIBHBIX M CEHWIBHBIX PACTEHHH, CBA3AHHOE CO CPENOil OOMTaHHs M3y4aeMOro PacTEHWs,
TaK Kak OHO TIPOU3PACTAeT Ha 3aJMBHBIX JIYTax, o OeperaM o3ep u GOJIOT.

Kniouesvie cnosa: BO3pAaCTHBIE COCTOSIHUSA, AHATOMUYCCKHUE 0C06eHHOCTI/I, THIIBI JIMCTOBBIX IIJIACTHHOK,
Rh.serratuloides, Rh.carthamoides.
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Soil Microbiota and Particulars of Formation thereof under
Traditional and Organic Farming on Chernozem Soils of Northern Kazakhstan

The subject matter of the study is soil microbiota of southern carbonate chernozem and particulars of for-
mation thereof under organic and traditional methods of wheat growing under conditions of Northern Ka-
zakhstan. It has been found that soil microbiota varies with arable farming systems. Application of legumi-
nous and cereal above-ground biomass as organic fertilizers contributed to higher numbers of immobilizers
that were twice as high as traditional farming variants. When applied as green manure, sweet clover above-
ground biomass increased the number of ammonifying soil organisms (up to 6 million CFU/g a.d.s.), while
bromegrass biomass increased the number of immobilizers (83.0 million CFU/g a.d.s.) and fungi (8,0 thou-
sand CFU/g a.d.s.). Cellulose-destroying microorganisms were actively propagating in wheat crops (65.0
CFU/g a.d.s.) where wheatgrass biomass was applied as green manure, while sweet clover biomass, on the
contrary, contributed to decrease thereof. Under traditional farming conditions, the introduction of ammoni-
um nitrate into rows when planting crops at a dose of N80 stimulated the development of cellulolytic micro-
organisms and inhibited the development of ammonifying fungi and bacteria. Ammonifiers and immobilizers
were actively propagating with reserve application of ammophos in the fallow at the rate of P40.

Keywords: southern carbonate chernozem, soil microbiota, fungi, bacteria, cellulolytic microorganisms,
wheat, organic and traditional arable farming.

Introduction

Soil is a heterogeneous environment for the life of most species of microorganisms that is capable to
provide for their conservation and survival [1]. Microorganisms act as interlinks in biological cycles and play
a significant role in the cycle of matter in Earth ecosystems. Thanks to soil microorganisms, mineralized or-
ganic matter turns into available compounds for producers [2, 3]. Besides, microorganisms are essential for
soil organic matter mineralization and humification processes, being a key factor of soil formation [4, 5].
They participate in carbon and nitrogen cycles, global trophic web [6, 7]. Each physiological group deter-
mines intensity of a certain physiologic and biochemical process performed by taxonomically diversified
microorganisms [8], that have various requirements for nutritive conditions and energy sources. Quantitative
ratios thereof vary with environmental conditions of formation of a certain microbiota [9]. Microbial pool of
microorganisms participating in maintaining homeostatic condition of soil ecosystem also performs signifi-
cant ecologic functions [10].

Maintenance of diversified revivable and functioning microbial populations in the soil is critical for sus-
tainable farming, since soil fertility depends not only on its chemical composition, but also on quantitative
and qualitative character of soil-inhabiting ecologic and trophic microorganism groups [11, 12].

Soil microorganisms perform various systemically important functions. They participate in processes of
soil formation, destruction of organic substances and mineralization, stimulation of plant growth and devel-
opment, and plant protection from phytopathogens [13, 14].

Increased technogenic load on agricultural ecosystems results in a change of soil biota composition. In
its turn, it affects microbiological processes influencing soil fertility. Changes in microbiota structure result
in increase of the share of some soil microorganisms and decrease of the share of the others. Quite often,
such microbiota is dominated by phytopathogens that cause farm crop diseases resulting in partial loss of
yield or deteriorated quality thereof. Under modern arable farming conditions, increase of technology inten-
sification contributes to increased farm production, which requires application of large volumes of mineral
fertilizers and pesticides [15]. The latter results in changes of soil microbial flora due to modification of
guantitative and qualitative composition [16, 17]. When the soil is highly saturated with agricultural chemi-
cals, some bacterial species die, while others, being adapted to nitrogen consumption, develop faster. As the
undesirable trends become more obvious, the interest to conservational agricultural practices [18]. In view of
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the above, it should be noted that it is necessary to study soil microbiota as a whole, as well as taking into
account farming systems in order to reduce unfavorable factors when cultivating crops.

Insufficiency of studies related to soil microbiota in chernozem soils and particulars of formation there-
of in traditional and organic farming under conditions of Northern Kazakhstan predetermines comprehensive
investigation of the issues in question that are critical for farm production.

The objective of this research is to study environmental trophic groups of soil microbial communities
under spring soft wheat grown under conditions of traditional and organic farming.

Materials and Methods

Soil microbiota was studied from 2018 through 2020 at established experimental plots of “A.I. Barayev
Research and Production Center for Grain Farming” LLP (N51°36'44,47»; E71°02'40,27») in the grain and
fallow three-course rotations (fallow-wheat-wheat). Soil phase is low-humous southern carbonated
chernozem of heavy clay-loam texture. In the upper soil level (0-20 cm), humus content is 3.1 %, gross ni-
trogen and phosphorus content is 0.20 % and 0.11 %, carbonate content, around 5 %. Arable soil layer active
acidity is mildly alkaline (pH=7.2). Nitrate nitrogen content is 5.5-30.1 mg per 1 kg of soil, P205 (per
Machigin): 20.3-35.6 mg per 1 kg of soil, mobile potassium: 550-570 mg per 1 kg of soil.

Soil microbiocenosis was studied in the variants of organic and traditional arable farming on wheat
(Shortandinskaya 95 improved), the preceding crop being fallow after sweet clover.

In traditional farming, ammophos (11-46-0) was used, which was added to the fallow at a depth of 12—
14 cm at the rate of P40 (control — background); on the same background, ammonium saltpeter (34—0-0)
was applied in the rows during planting at various rates (N20, N40, N60, N80).

Organic farming: fertilizers in the form of dry above-ground biomass of various perennial grasses were
applied in fallow: sainfoin (Onobrychis arenaria) — 4.71 t/ha, alfalfa (Medicago varia Mart.) — 4.32 t/ha,
sweet clover (Melilotus officinalis (L.) Pall.) — 4.71 t/ha, bromegrass (Bromus inermis Leyss.) — 5.71 t/ha,
wheatgrass (Agropyron pectiniforme Roem. et Schult) — 4.85 t/ha.

Organic and mineral fertilizer rates are calculated with due account primarily for soil phosphorus defi-
cit-free balance. The experiments are established in 4 randomized replications on plots of 4.3x30 m (129 m?).

The timing, norms and depth of sowing spring soft wheat are in accordance with the recommendations
for the research area.

Seeding and fertilizer application were performed with the SZS-2.1 duck-foot seed drill. With tradition-
al farming, various herbicides, fungicides and insecticides were applied. At wheat tillering stage, tank mix-
ture of herbicides was used: Esthete (0.6 1/ha) combined with Granstar (15 g/ha) and Trend (120 g/ha); at the
booting stage, a combination of Falcon fungicide (0.5 I/ha) + Puma Super 7.5 graminicide (1.0 I/ha) + Angio
insecticide (0.1 I/ha) was applied; Falcon fungicide at the rate of 0.6 I/ha was applied at the grain filling
stage. No pesticides were applied under organic farming.

Soil samples were taken before wheat seeding and at complete ripeness in various soil profile horizons
(0-10, 10-20. 20-3- cm) into sterile envelopes [19]. Microbiological analyses for identification and investi-
gation of environmental trophic groups were performed in fresh soil samples per established practices [20].

Soil weighted portion (10 g) was placed into a sample flask with 100 ml of sterile water and then was
stirred for 10 minutes with OS-20 shaker at 120 rpm.

Soil suspension was plated per limited dilution technique on agar media with two replications:
ammonifying bacteria on meat-and-peptone agar (MPA); immobilizer bacteria and actinomycetes on starch-
and-ammonia agar (SAA); fungi on Czapek medium; cellulose-destroying aerobic bacteria, including
micromycetes, on Hutchinson medium (with blotting paper as a source of carbon).

The incubation was performed in a temperature-controlled cabinet at 25-27°C. Soil microorganisms
were registered on various dates: on the 3" day — bacteria; on the 5"—7" day — fungi; on the 30" day —
cellulolytic bacteria. The number of microorganisms was expressed as the number of colony-forming units
(CFU) per 1 gram of absolutely dry soil (a.d.s.) [21].

To identify microorganisms, classic (based on microorganism microscopy and use of determinants) and
biomolecular methods were used.

Classic method. 3-10 days after incubation, soil micromycete colonies that developed on the culture
medium were visually inspected with due attention paid to the following: form and margin of the colony,
texture of aerial mycelium, color and reversal thereof; with bacteria, form and margin of the colony, as well
as pigmentation. To conduct the microscopy, preserved and live microorganism preparations (slide test) were
prepared in accordance with the method described in [22].
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Soil microorganism microscopy was carried out with Altami Bio 1 digital binocular microscope with the
use of magnifying eyepieces (x15) providing magnification power from 600 to 1500 (for fungi and bacteria,
respectively) as depended on the eyepiece magnification power (40x and 100x).

When bacteria were microscoped, morphological characters were taken into account (form and size of
cells and relative positions thereof, type of flagellation, existence of capsules, capability of sporulation, par-
ticular characteristics of internal constitution), as well as Gram staining related to cell wall configuration,
with the use of determinants [23-25].

When identifying soil fungi, major attention was paid to cell morphology and structure. With
Deuteromycetes (Fungi imperfecti), major attention was focused on ways of conidial sporulation. Conidia
formed directly on vegetative mycelium or on conidiophore, the so-called specialized offshoots of vegetative
mycelium hyphae that differ morphologically from vegetative mycelial paraphyses. Conidia formation is
one-step and takes a form of catenulae or heads. Conidiophore development was on hyphae or on a stroma
(tight plexus of vegetative hyphae) with formation of various types of conidiophore aggregations:
sporodochia, pionnotes or papilliform sporodochia, etc.

The investigation rated conidia form, color and envelope, existence of dissepiments, type of conidia
formation, particularly phialospores with Fusarium, Phyalophora, Cylindrocarpon fungi. Determinators
were used for fungi identifications [26-29].

Biomolecular method. Additionally, to elaborate the specific name of some fungal isolates, a
biomolecular method was used that included definition analysis of direct nucleotide sequence of the ITS re-
gion (intergenic transcribed spacer region) and subsequent identification of nucleotide identity with sequenc-
es deposited in the Gene Bank international database. The PCR reaction was performed with primers ITS
5 5° — ggaagtaaaagtcgtaacaagg -3’ and ITS 4 5’- tcctecgcttattgatatge -3” in the total volume of 30 mcl. The
PCR program was implemented with the use of DNA Engine Tetrad 2 Cycler PTC-0240 (Bio-Rad)
thermocycler.

Genetic identification of bacterial isolates was conducted on the basis of 16S rRNA nucleotide sequence
analysis. DNA was isolated by the method described by Kate Wilson that allows to effectively isolate DNA
from gram-negative and gram-positive bacteria. The PCR reaction was performed with multipurpose pri-
mers [30] 8f 5> — AgAQTTTgATCCTggCTCAg-3 and 806R- 5’ ggACTACCAgggTATCTAAT in the total
volume of 30 mcl. The PCR program was implemented with the use of GeneAmp PCR System 9700 (Ap-
plied Biosystems) thermocycler.

For statistical data processing, the SNEDECOR software package [31] and Excel (for dispersion and
correlation analysis) were used. The results were presented graphically using Microsoft Excel.

Meteorological conditions. During the research period, meteorological conditions were favorable in
general, however changeable temperature profile and uneven rainfall distribution across months and weeks
were registered during growing seasons.

In May 2018, the temperature profile was 3,7°C lower than the long-term annual average (12.4°C).
Rainfall amount in June was 29.0 mm higher than the long-term annual average (Fig. 1).

In July, weather conditions were around the long-term annual averages. In August, the amount of rain-
fall was substantial, being, in fact, twice higher than the long-term annual averages (40.0 mm), while the
temperature profile was 4.8°C lower than normal. Precipitation level in October was within the norm, while
the temperature was lower than the long-term annual averages, amounting to 1.2°C.

May 2019 was characterized by actually triple shortfall of rainfall. The monthly precipitation amount
was as low as 10.1 mm, while the long-term annual average norm is 32.4 mm. In June, the amount of rainfall
was 39.5 mm, i.e. within the long-term annual average norm, which contributed to wheat development. Dur-
ing the first and second ten-day periods of July there was no rainfall, which to a considerable extent inhibited
wheat growth. Insufficient rainfall amount was also registered in August (first and second ten-day periods),
however, in the third ten-day period the amount of rain shower precipitation was 21.7 mm. Climatic condi-
tions of early spring and summer of 2020 were characterized by higher temperatures. Spring was dryer, there
was practically no rainfall in March and in May. However, in April the amount of precipitation was substan-
tial, exceeding the norm 1.9 times. Ambient air temperature over all the months was over 3,0°C higher than
normal. Then, severe atmospheric drought was registered for around 50 days (up to 26 June) followed by a
heavy rainfall of 39.5 mm (a monthly norm) within two days. Precipitation in July was 46.6 mm, which was
actually at the level of the long-term average (57.0 mm). Precipitation that fell at the beginning of the month
contributed to sufficient moisture in the root layer. The temperature profile was 2.2°C below the long-term
average. The first and third ten days of August were characterized by dry weather.
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Figure 1. Climatic chart for wheat growing periods

Results and Discussion

Under traditional and organic farming, soil microbiota under spring soft wheat crops was represented by
various microorganism groups, population thereof varying with soil horizons and experiment variants.

On average over the three year of the research, under conditions of traditional farming, the population
of ammonifiers in the layer of 0—-30 cm varied from 1.8 to 6.6 million CFU/g a.d.s. (Fig. 2).

Traditional farming Organic farming

min.CFU/g c.d.s.

Figure 2. The number of ammonifying bacteria under wheat crops in the soil layer
of 0-30 cm (average for 2018-2020)

The active growth of ammonifiers was contributed by application of ammophos into fallows at the rate
of P40, when the population thereof grew up to 7.0 million CFU/g a.d.s. The same situation occurred with
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the application of sweet clover biomass, which contributed to the growth of ammonifying bacteria up (to 6.0
million CFU/g a.d.s.). Ammonifying microorganisms in the soil, due to emission of enzymes that enrich the
soil with nitrogen and other compounds. At the same time, a sanitary role is performed: cleaning the soil of
decomposable organic substrate.

All the variants studied were characterized by regular reduction of the number of ammonifiers in the
lower layers of the soil plowing horizon. The given group of microorganisms developed actively in soil lay-
ers of 0—-10 cm and 10-20 cm (Fig. 3). Under traditional farming, the number of ammonifiers was maximal
in the layer of 0—10 cm in the variant with sole amorphous and amounted to 6.39 million CFU/g a.d.s., while
additional application of ammonium saltpeter ate rate of N40 increased that number to 7.44 million
CFU/g a.d.s. In the soil level of 10-20 cm, the maximal number of ammonifying bacteria: 8.71 million
CFU/g a.d.s., was registered in variants with ammonium saltpeter application at the rate of N60. In the soil
level of 20-30 cm, the maximal number of ammonifying bacteria was registered in the sole phosphorus vari-
ant (P40): 7.79 million CFU/g a.d.s.

Under organic farming, the highest number of ammonifying bacteria was detected in the 0—10 cm layer
in the variants with the biomass of sweet clover, sainfoin and bromegrass (9.08, 7.45 and 6.29 million
CFU/g a.d.s. respectively).

The following ammonifying microorganisms were isolated: sporogenous aerobic bacteria
Bac.mesentericus, Bac.subtilis, Bac.megatherium, and non-sporogenous aerobic ammonifiers: Ps.
fluorescens, Proteus vulgaris.

Therefore, application of perennial grass above-surface biomass as green manure contributes to active
development of ammonifiers.

Traditional farming Organic farming
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Figure 3. Distribution of ammonifying bacteria in the soil layer of 0-30 cm (on average for 2018-2020)

The bacterial complex was dominated by immobilizers, the population thereof was actually 3 to 19
times higher than that of ammonifying bacteria. On the average, over the years of the research, in the variants
with traditional farming their population varied with variants from 7.11 to 36.1 million CFU/g a.d.s., while
with organic farming it varied from 16.8 to 82.6 million CFU/g a.d.s. (Fig. 4).

A large population of microorganisms that assimilate inorganic nitrogen was identified in the variant
with phosphorus application under traditional farming (32.4 million CFU/g a.d.s.) and in the variant with the
application of bromegrass biomass as a fertilizer under organic farming (83.0 million CFU/g a.d.s.).
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Figure 4. The number of immobilizing bacteria under wheat crops in the soil layer 0-30 cm
(average for 2018-2020)

As a whole, it can be noted that both immobilizers and ammonifiers developed most actively in the var-
iants with application of organic fertilizers. Distribution of immobilizers over soil layers was uneven, the
development was more active in the layers of 0-10 and 10-20 cm, while in the layer of 20-30 cm the num-
ber of immobilizers was low (Fig. 5). That group of microorganisms was represented by various species of
bacteria and actinomycetes. Micromycetes were also present, however in singular quantities.

Traditional farming Organic farming
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Figure 5. Distribution of immobilizer bacteria over soil layers (average for 2018-2020)

Under traditional farming, the number of immobilizers in the soil layer of 0-30 cm varied from 7.46
million CFU/g a.d.s. (in the variant with nitrogen rate N80) to 32.44 million CFU/g a.d.s. (in the variant with
phosphorus). Application of moderate rates of mineral fertilizers contributed to increment of soil bacterial
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microflora, which contributed to enhancement of mineralization processes. Similar data were obtained in
another research [32].

Under organic farming conditions, the smallest population of immobilizing bacteria in the 0-30 cm soil
layer was found in the variant with sweet clover biomass — about 17.0 million CFU/g a.d.s, while with ap-
plication of bromegrass biomass, the population thereof substantially increased to 82.6 million CFU/g a.d.s.,
especially in the soil layer of 0-10 cm, where the population of immobilizers was especially large: 156.0 mil-
lion CFU/g a.d.s. It should also be noted that with application of sainfoin biomass, the population thereof in
the soil layer of 10-20 cm increased to 95.0 million CFU/g a.d.s., while with application of alfalfa biomass,
the population in the soil layer of 2-30 cm amounted to 54.8 million CFU/g a.d.s.

Application of bromegrass biomass contributed to active development of immobilizer microorganisms.

The fungal complex was represented by various types of soil micromycetes (Penicillium spp.,
Aspergillus spp., Trichoderma spp., Fusarium spp., Mucor spp., etc.)

On the average for the period of 2018-2020, the number of fungi varied with variants from 4,0 to 6.0
thousand CFU/g a.d.s. The maximal quantity of fungi was registered in the variant with ammonium saltpeter
at the rate of N40 (Fig. 6).

It is well known that soil fungi participate in the processes of fermentation of organic compounds and
are sensitive to high rates of mineral fertilizers [33], however, with application of ammonium saltpeter at the
rate of N80, their population was very low: 3.8 thousand CFU/g a.d.s.

Under organic farming, the total number of fungi varied from 5.6 thousand CFU/g a.d.s. (the variant
with alfalfa biomass) to 7.8 thousand CFU/g a.d.s. (variant with bromegrass biomass).

Fungi distribution over soil layers varied significantly, however the fungus pool prominently tended to
reduce with depth. That was a consistent pattern on variants with the use of phosphorus (P40) and nitrogen-
phosphorus (N60 and NB80) fertilizers in traditional farming, as well as with the use of sweet clover,
wheatgrass and sainfoin biomass in organic farming (Fig. 7).

In the remaining variants active accumulation occurred in the soil layer of 10-20 cm.

Population dynamics of soil fungi varied with years and variants of the experiment, while the number
thereof tended to grow by the third year of the research, especially in the soil layers of 0-10 and 10-20 cm,
which is due to soil saturation with fresh plant residues and sufficient soil moisture content during the vege-
tation period. Under organic farming, bromegrass and sainfoin biomasses used in the capacity of fertilizers
contributed to substantial increase of micromycete population.
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Figure 6. Populations of fungi under wheat crops in the soil layer of 0-30 cm (average for 2018-2020)
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Figure 7. Distribution of fungi over the soil layers (average for 2018-2020)

The number of cellulolytic microorganisms was on the same level irrespective of the farming system.
On average, over the three years of research it varied from 39.3 to 63.7 thousand CFU/g a.d.s. under tradi-
tional farming and from 32.4 to 64.5 thousand CFU/g a.d.s. under organic farming (Fig. 8).

Under traditional faming, the maximal quantity of cellulolytic organisms was registered in the variant
with ammonium saltpeter row application at the rate of N80 (63.7 thousand CFU/g a.d.s.) while the minimal
guantity was registered with nitrogen fertilizer application at the rate of N40 (39.3 thousand CFU/g a.d.s.).

Under organic farming, the maximal quantity of cellulolytic bacteria was registered with the application
of wheatgrass biomass (64.5 thousand CFU/g a.d.s.), while the application of sweet clover and bromegrass
biomass reduced the population thereof by half (32.4 and 32.6 thousand CFU/g a.d.s., respectively).

Traditional farming Organic farming

thou.CFU/g c.d.s.

Figure 8. Numerical composition of cellulose-destroying microorganisms under wheat crops
in the soil layer of 0—30 cm (2018-2020)

Distribution of cellulose-destroying microorganisms over arable soil layers was uneven. Depending on
the experimental options, the largest number of cellulolytic bacteria was identified in the layer of 0-10 cm
and 10-20 cm, the smallest — at a depth of 20-30 cm (Fig. 9). This can be explained by the slight accumula-
tion of plant residues on a given soil horizon and their use in cultivating the land. In particular, the use of
flat-cutting implements only loosens the soil, but does not cultivate it.
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Figure 9. Distribution of cellulolytic microorganisms over soil layers (average for 2018-2020)

Among representatives of cellulolytic microorganisms there were isolated actinomycetes, bacteria and
fungi, including Trichoderma spp., Chaetomium sp., Fusarium spp., Mucor.

Figure 10 shows major environmental trophic groups of microorganisms isolated from the soil
(0-30 cm) under wheat crops grown under traditional and organic farming. Species composition thereof was
practically identical with the exception of quantitative ratio.

Cellulolytics

Figure 10. Soil microorganisms isolated from soil under traditional (A) and organic (B) farming systems

Conclusion

The study of the soil microbiota under wheat crops cultivated under traditional and organic farming al-
lowed made it to identify that make it possible to identify microorganisms belonging to various ecological
and trophic groups that participate in various soil biochemical processes.
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Regular application of dry biomass of perennial grasses, even more so of bromegrass, in the capacity of
organic fertilizers, resulted in increase of population and biodiversity of soil microorganisms, specifically
ammonifiers and immobilizers.

Fungi actively propagated with soil application of bromegrass and sainfoin biomass. Application of
sainfoin and wheatgrass biomass contributed to the increase of cellulolytic bacteria quantity up to 64.5 thou-
sand CFU/g a.d.s., while application of sweet clover biomass reduced the quantity thereof (down to 32.6
thousand CFU/g a.d.s.).

Distribution of microorganisms over soil layers was uneven. They mostly prevailed in the upper layer
(0-10 cm) and the number thereof significantly decreased with depth, especially in the layer of 20-30 cm.
No major differences were identified in the species composition.

Under traditional faming, application of ammonium saltpeter at the rate N80 contributed to active de-
velopment of cellulolytic microorganisms, but retarded development of fungi and ammonifiers. Reserve ap-
plication of ammophos in the fallow field at the rate P40 contributed to active propagation of bacteria
(ammonifiers and immobilizers).
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N.B. Pykasununa, O.B. Henuc, S1.I1. Hazapaues, E.B. Mambikun, K.K. Kynan6aes

TonbIpak MUKPOOLEHO3bI 7KIHE OHBIH KAJIBINTACY epeKlIeIiKTepi
Coarycrik KazakcTaHHBIH Kapa sKep TONBIPAKTAPbIHAA J3CTYPJIi
JKOHE OPraHMKAJIBbIK eriHIIIIK

OHTYCTIK KapOOHATTHI Kapa TOMBIPAKTHIH TONBIPAK MUKpOOIIeH03b! xkoHe Contycrik KazakcraH sxarnaiibiHaa
Oupail ecipyliH OpPraHUKAJBIK XOHE JOCTYPJl TEXHOJOTHSCHl KE3iHAE OHBIH KAaJBINTacy epeKIIeTiKTepi
3epTreni. Tompipak MUKPOOIICHO3aChl ETTHIILTIK JKYHeciHe OaillTaHBICThI ©3TepeTiHi aHbIKTAIIbL. TOombIpaKKa
OpraHUKaJbIK THIHANTKBIII peTiHae OypIuax »KoHe JOHI MeNTepIiH KepycTi OMoMaccachlH eHri3y IacTypai
STiHIITIK HYCKalapblHAH €Ki ece Kol MMMOOWIN3aTOpIapIblH CaHIBIK KYpaMBIHBIH apTybIHa BIKIAT €TTi.
THIHAWTKBI ~ peTiHAe  KOJAAHBUIATBIH  TYHES)KOHBIIKAHBIH ~ JKepYCTi  OuMomaccachl  TOIBIPAKTAFbI
aMMOHHGUKaIsIIaymsl Mukpoopranmmaepain (6,0 mmH. KKB/r M.K.T. 1eifiH), ajd KbUITBIKCHI3 apradac
ouomaccacel — ummoOmm3aropiap (83,0 mma. KKb/T M.K.T.) sxoHe caHbIpaykytakrapasH (8,0 merH KKB/r
M.K.T.) CaHBIH apTThIpAbl. Llemtrono3a Ty3eTiH MUKpoopraHm3Miep Oupmail MakpUIIApBIHBIH ETIiCTIriHIE
OeTceHi AaMBIIBI, OHJA THIHAWTKBINI peTiHae epkemen Ounomaccachl eHrizimmi (65,0 meiH KKb/T M.K.T.),
KepiCiHIle, TYHEeKOHBIIIKAa MEH KbUITBIKCHI3 aprnabacThlH Onomaccachl ONlap/blH TOMEHJSYiHE BIKIAl €TTi.
Hoctypni  erinmmimikre N 80 gosaceiHma ce0y Ke3iHOe KaTapFa aMMHaK —CEJMTPAchlH  CHTI3Y
LEJUTIOJIO30IMTHKAIIBIK  MHUKPOOPIaHU3MIEPAIH HaMyblH bIHTaJaHABIPABI, OipaK CaHbIpayKyJIaKTap MeH
aMMOHH(UKATOp OaKTepUsUIAPBIHBIH AaMyblH Texedi. AMMoHH(UKaTOpiaap MeH ummoObmIn3aTopiap P40
JI03aChIH/Ia CYpi TaHAOBIHA CHT13Y Ke3iHIe OSNCeH I JaMBIJbL.
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Kinm coe30ep: OHTYCTIK KapOOHATTBI Kapa TOINBIPAKTap, TOMBIPAK MHUKPOOOIEHO3bI, CaHBIPAyKyJIaKTap,
OaxTepusIap, HeJUTI0I030IUTHKAIBIK MUKPOOPTaHU3MAED, Onaail, OpraHUKaJbIK KOHE AICTYPII eriHIIUTIK.

N.B. Pykasuniuna, O.B. Henuc, S.I1. Hazapaues, E.B. Mambikun, K.K. KynanOaes

ITouBeHHBII MUKPOOOIEHO3 U 0COOEHHOCTH ero GopMHUPOBAHUSA
NpH TPAAUIMOHHOM ¥ OPTaHUYECKOM 3eMJie/leJIMU HA YePHO3eMHbIX MOYBaX
CeBepHoro Kazaxcrana

M3yueH moyBeHHBII MUKPOOOIIEHO3 YepHO3eMa F0XKHOTO KapOOHATHOTO M OCOOEHHOCTH €ro (OpMUPOBAHUS
IPH OPraHUYECKOIl M TPaJUIMOHHOI TEXHOJIOTHH BO3/eNbIBaHUS MHUIEHUIB! B ycioBusax CesepHoro Kaszax-
CTaHa. YCTaHOBJICHO, YTO TIOYBEHHBIH MHKPOOOIIEHO3 M3MEHSETCS B 3aBUCHUMOCTH OT CHCTEMBI 3eMJICACIIHS.
Brecenune HamzeMHOI 6roMacchl O00OBBIX M 37aKOBBIX TPAaB B KAUECTBE OPraHUUECKHUX yAOOpEHHI B IOYBY
CII0COOCTBOBAJIO YBEIMUCHUIO YUCIEHHOTO COCTaBa HMMOOMIN3aTOPOB, KOTOPEIE B IBa pa3a MpPEBHIIIAIN Ba-
PHAHTHI TPAJIUIHOHHOTO 3eMienenus. BHocuMas B kauecTBe ynoOpeHHs1 HaJ3eMHasi OrmoMacca JOHHHKA yBe-
JMYHBaJla KOJIWYECTBO aMMOHU(DUIMPYIONMX MUKpPOOpraHu3MoB B rouse (1o 6,0 mix KOE/r a.c.1iw.), a 6no-
Macca koctperia — ummoomuzatopos (83,0 mua KOE/T a.c.n.) u rpu6os (8,0 teic. KOE/r a.c..). lemnrono-
30pa3pyLIAONINe MUKPOOPIaHU3Mbl aKTHBHO Pa3BUBAIIMCH MO/ OCEBAMH IIICHHIbI, T/I¢ B Ka4ecTBE yno0-
penust BHOCWIH Ouomaccy xutHsKa (65,0 teic. KOE/r a.c.m.), u, Hao0opoT, Omomacca JOHHHKA U KOCTpena
CIIOCOOCTBOBAJIA UX CHI)KCHHUIO. B TpaJMIIHOHHOM 3eMIIe/IeIINH BHECCHHE aMMUAYHOI CEIIMTPBI B PSIKU TIPH
nocese B 03¢ N80 cTUMyIMpOBaIO pa3BUTHE LEIUIIONO30IMTHYCCKUX MHKPOOPTaHU3MOB, HO CACP)KHBAIIO
pa3BuTHE TpUOOB U OakTepHi aMMOHH(HUKATOPOB. AMMOHHU(HKATOPEl 1 UMMOOMIN3aTOPH! aKTHBHO Pa3BU-
BaJIKCh ITPH BHECEHHN aMModoca B 3arac B mapoBoe Iouie B 1o3e P40.

Kniouesvie cnosa: 4epHO3eM HOXKHBIA KapOOHATHBIN, MOYBCHHBIH MUKPOOOIICHO3, TPUOBI, OAaKTEpPHH, LIEILTIO-
JIO30JIMTHYECKUAE MUKPOOPTaHU3MBI, TIIICHUIIA, OPTaHMYECKOE U TPAJUIIMOHHOE 3eMIICICITHE.
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Impact of abiotic stressors on oleic acid accumulation
in the leaves of young quinoa plants

Investigating the impact of not only individual stress factors but also their combined effect on plants becomes
imperative in the context of natural and climatic fluctuations. 18-carbon unsaturated fatty acids such as oleic
(18:1), linoleic (18:2) and a-linolenic (18:3) serve as vital non-enzymatic antioxidants, making significant
contributions to plant defense. Moreover, they are indispensable in assessing the nutritional and biological
value of plant lipids. Currently, Chenopodium quinoa L., a member of the Amaranth family, is increasingly
recognized as a valuable source of antioxidant metabolites. Current study examined the fluctuation patterns in
oleic acid ester content, serving as a non-enzymatic antioxidant, when plant exposed to varying intensities of
osmotic, saline, and combined stress. A constant concentration of oleic acid esters was shown under different
levels of saline stress. Osmotic stress did not affect the oleic acid content. Under salt stress, the oleic acid
content increased compared to the control, varying at different NaCl concentrations. However, under com-
bined stress, there was a significant increase in ester content, peaking at a stress level of 200NaCl/L+PEG,
followed by a decrease as stress increased. It was noted that signs of stress for the photochemical quenching
index of Y1l and ETR in photosystem |1 of young quinoa plants also occur with a combination of exposure to
300 mM/L NaCl + PEG. It was suggested that the level of combined stress at 200NaCl/P is transitional from
eustress to distress. The results obtained could potentially become the basis for the targeted synthesis of valu-
able plant antioxidants for food and pharmaceutical purposes in the future.

Keywords: oleic acid, salt stress, abiotic, quinoa, eustress.

Introduction

In the context of global climate change, extensive desertification, and land salinization, plants are ex-
posed to various abiotic stressors. Generally, abiotic stressors exert their impact concurrently by altering os-
motic pressure, disrupting nutrient supply, inducing ion toxicity, and causing oxidative damage to cells and
tissues [1-3]. Comprehension of above stressors is complicated due to their complexity, including source,
intensity, duration, and effects [4].

Nature has evolved diverse mechanisms to prevent or alleviate abiotic stress, which encompasses a
powerful antioxidant defense system consisting of both enzymatic and non-enzymatic components. In addi-
tion, 18-carbon unsaturated fatty acids (UFAs), including oleic (18:1), linoleic (18:2), and a-linolenic (18:3)
acids, serve as vital non-enzymatic antioxidants, contributing significantly to plant protection [5, 6].

Furthermore, UFAs serve multiple roles within plant tissues, specifically they: a) function as constitu-
ents and regulators of cell membranes in glycolipids; b) serve as carbon and energy reserves within triacyl-
glycerol; c) govern the storage of extracellular barrier components like cutin and suberin; d) act as precursors
to various biologically active molecules, including jasmonates and nitroalkenes; e) function as regulators in
stress signaling pathways, while also having the potential to induce oxidative stress [5, 7].

The alterations in lipid composition that occur during a plant's adaptation to adverse environmental
conditions can determine the types of radical-free reactions induced by stress [8]. Fatty acids in plants exist
not only in their free form but also as esters [9].

Throughout history, humans have utilized plants for nutrition and medicinal purposes since plant anti-
oxidants possess the ability to regulate not only the physiological processes within plants but also various
functions within the human body, reducing the risk of chronic diseases caused by free radical oxidation [10,
11]. Consequently, understanding the antioxidant systems of food and medicinal plants holds great signifi-
cance. The primary reference point for assessing the nutritional and biological value of plant lipids is UFAs
content [12].
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Epidemiological research suggests that a diet with a higher proportion of UFAs, particularly oleic acid,
may offer protection against cardiovascular disease. Oleic acid is acknowledged for its exceptional resistance
to oxidation and its capacity to enhance the activity of other antioxidants, such as tocopherol [13].

Nowadays, plants from the Amaranthaceae family, particularly quinoa (Chenopodium quinoa L.), have
been gaining heightened recognition as valuable sources of antioxidant metabolites [14, 15]. Additionally,
amaranth species are stress-resistant and well adapted for cultivation in marginal regions [16-18].

Therefore, current research aimed at investigating the accumulation of oleic acid in quinoa plants when
subjected to osmotic, saline, and combined stress conditions.

Materials and Methods

Plant material

The study utilized the Tajik quinoa variety “Vandat” obtained from the Centre for Genetic Resources of
the Tajik Academy of Agricultural Sciences. The experiment involved plants with no cotyledons and four
rows of unfolded leaves. Two top unfolded leaves and the intervening stem section were examined.

Growth conditions

Research plants were grown in a climatic chamber with fluorescent lamps providing 200 pmol m > s*
PAR, a 16-h photoperiod, and a temperature of +25 °C. Seeds were germinated for 5 days, and then trans-
planted into plastic pots (20 seedlings pot™). Seedlings were exposed to circadian illumination for 10/14 h.
The seedlings were cultivated for 26 days using 50 % Hoagland nutrient solution, and for the next 14 days
with added stress agents, resulting in a total of 8 experimental conditions (Table 1).

Table 1
Experimental conditions

1 2 3 4 5 6 7 8

Control |P 100NaCl |200NaCl |300NaCl |100 NaCl/P|200NaCl/P  |300NaCl/P
Days 14 10+4 14 14 14 10+4 10+4 10+4
50 %
Hoagland + + + + + + + +
solution

i i 125 % i i i 125 % 0 0

PEG-6000 (M) (M) 12.5 % (m/v) [12.5 % (m/v)
NaCl - - 100 mM 200 mM 300 mM 100 mM {200 mM 300 mM

Determination of organic compounds in extracts

Gas chromatography with mass spectrometric detection (Agilent 6890 N/5973 N, Santa Clara, CA,
USA) was employed to analyze organic compounds. Plant samples were fixed in 96 % ethanol at a ratio of
100 g of tissue to 500 mL of ethanol. Extraction occurred in an orbital shaker across two stages until a clear
and colorless solvent was obtained. A 1.0 pL sample was injected into the GC-MS system at 260 °C without
flow division. The separation utilized a DB-35 MS chromatographic capillary column with a constant carrier
gas velocity of 1 mL min™. The chromatographic temperature rose by 10 °C min™ from initial 40 to 150 °C,
followed by 5 °C min™ rate from 150 to 300 °C. Detection was performed using SCAN m/z 34-850 mode.
GC system regulation and results processing was carried out by Agilent MSD ChemStation software (Santa
Clara, CA, USA).

Photosynthetic Activity Determination

Photosynthetic activity parameters were estimated by determination of fluorescence levels. Rapid light
curves (RLCs) were recorded using Junior-PAM (“Heinz WalzGmbH”, Effeltrich, Germany) under actinic
illumination of 450 nm. The RLC for each sample was recorded after quasi-darkness to assess the effect of
actinic light absence, while complete darkness is difficult to achieve under field conditions [19]. For each
measurement the fluorometer provided eight saturation light pulses of 10,000 pmol/m?s every 20 s, while
actinic light increased from 0 to 625 pmol/m’ s gradually. For comparison, the data obtained from the last
pulse of the light curve were taken [20]. The following parameters were calculated using WinControl-3.29
(Walz, Effeltrich, Germany) software: Y(l): effective photochemical quantum yield of PSII; ETR: PSII rela-
tive electron transport. In the experiment, each time the region of the middle third of the active leaf was se-
lected. All measurements were performed on a sunny day from 09:00 to 11:00 a.m.
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All experiments were done in three replicates. The processing of data and graphing was performed us-
ing Microsoft Excel (Microsoft Corp., Redmond, Washington, DC, USA). Atypical values were excluded
from the data based on t-tests, the standard error of the average sample was calculated. Differences were
considered significant at p < 0.05.

Results and Discussion

Oleic acid, a monounsaturated carboxylic acid, is characterized by a single double bond. The systematic
name of oleic acid is 9-octadecenoic acid with chemical formula of CH;—(CH,),—CH=CH—(CH,);—COOH.
Oleic acid is an oily, colorless, and odorless liquid, with a density lower than that of water. It is insoluble in
water but exhibits solubility in organic solvents. The melting point of oleic acid is +13.4 °C, and its empiri-
cal formula is C1gH340, (Fig. 1).

18
Figure 1. Oleic acid chemical structure

The examination of oleic acid ester content in the leaves of experimental quinoa plants revealed signifi-
cant quantitative variations as stress levels of osmotic, saline, and combined nature increased (Table 2).

Table 2

The influence of stress conditions on oleic acid ester content in photosynthetic organs of young
Chenopodium quinoa.

Condition Control +100 mM NaCl +200 mM NaCl +300 mM NacCl
Saline stress 3.13+0.06 5.02 £ 0.03* 5.00 +£ 0.02* 5.01+0.03*
Combined stress % * *
(+12.5 % PEG) 3.03+0.05 5.55+0.06 11.3+0.08 6.67 £ 0.06

Note — * indicates a significant difference between the control and the stress at p < 0.05

Thus, individual osmotic stress did not induce alterations in the oleic acid ester content. Conversely,
under individual saline stress, the oleic acid ester content increased compared to the control but remained
consistent with increasing NaCl concentration.

The picture became more complicated under combined stress conditions. The tendency for oleic acid
ester content to increase compared to control persisted, with the highest levels observed at combined stress of
200NaCl/P. However, at a combined stress level of 300NaCl/P, there was a reduction in oleic acid ester con-
tent, even though remaining higher than the control values.

Consequently, stress reactions can significantly alter the UFAs content and shape the lipid composition
of plant cells and tissues during the adaptation process [21, 22].

Since fatty acids can only undergo de novo synthesis within plastids, specifically in chloroplasts [4, 23],
the increased content of UFAs, including in various ester forms, within the lipids of internal chloroplast and
mitochondria membranes can serve as natural antioxidants, thereby potentially contributing to the attenuation
of PSII photoinhibition under stress conditions [24, 25].

Our analysis of YII, a key indicator of photochemical quenching that evaluates the effective photo-
chemical quantum yield of PSII, did not reveal any statistically significant variations under stress conditions.
However, it revealed a trend of increasing values with the rise in NaCl concentration in the nutrient solution
up to 200 mMJ/L, followed by a marked decrease at a concentration of 300 mM/L NaCl under combined
stress. Literature suggests that consistent photochemical quantum yield values indicate PSII's resilience to
saline conditions [26], whereas a decrease signifies photodamage caused by stress [27, 28]. Consequently, it
appears that stress indicators related to photochemical quenching in PSII of young quinoa plants become ev-
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ident under the combined effects of 300 mM/L NaCl and PEG6000. This phenomenon has been similarly
documented in quinoa and various other plant species [29-31] (Fig. 2).
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Figure 2. Activity alterations of photosynthetic parameters under stress conditions. Different letters above the bars rep-
resent significant differences at p < 0.05

The negative effects of combined stress on the PSII quantum efficiency index likely arise from the inhi-
bition of electron transport, disruption of reaction centers, and the initial stages of damage to the oxygen-
evolving complex [30, 32, 33]. In our study, we observed an uptick in the electron transport rate (ETR) as the
concentration of NaCl in the nutrient solution increased to 200 mM/L, under both salt and combined stress
conditions. This increase correlated with the leaf's water content, whereas a significant decrease in ETR was
seen at a NaCl concentration of 300 mM/L. Under salt stress alone, ETR values returned to baseline (control)
levels, but they were markedly lower under combined stress. These observations are in line with research
suggesting that PSII-mediated electron transport can improve under mild salinity [34] but is adversely affect-
ed under intense stress [35], leading to diminished electron transport capacity during photosynthesis and re-
duced efficiency in energy utilization from PSII [35, 36]. The disruption of intersystem electron transport
and damage to PSII's terminal electron acceptors play significant roles in generating reactive oxygen spe-
cies [37]. This indicates that young quinoa plants facing severe combined stress experience greater oxidative
stress compared to those under normal conditions or dealing with only osmotic or salt stress. A strong corre-
lation (r = 0.9) between Y1625 and ETR values further supports the conclusion that genuine stress symp-
toms in young quinoa plants manifest under the combined influence of osmotic and salt stress at a 300 mM/L
NaCl +PEG concentration.

The disruption of photosynthesis is one of the earliest responses to stress [38—40] and consistent high
levels of oleic acid esters across different saline stress levels may suggest a hoteworthy degree of salt toler-
ance for photosynthetic organs in young quinoa plants. This aligns with previously published findings on the
morphological and anatomical responses of quinoa’s photosynthetic tissues [41].

The significant elevation in oleic acid ester content observed at 200NaCl/P, followed by a decline as
stress levels increase to 300NaCl/P, may potentially indicate that the stress level of 200NaClI/P signifies a
transition from eustress to distress for young quinoa plants. During eustress, all physiological processes are
geared towards growth and development. Contrarily, during distress, all plant adaptive mechanisms turn
off [26].

Conclusion

Thus, the study findings represent a new step towards a better understanding of adaptation mechanisms
in quinoa plants exposed to individual and combined stress. This could potentially pave the way for future
advancements in the targeted synthesis of valuable plant antioxidants for pharmaceutical purposes by focus-
ing on specific stressor concentrations on plants possessing significant nutritional and medicinal attributes at
distinct developmental stages.
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H.B. Tepnernckas, A.H. 3op6ekosa, H.K. Kop6o3osa, M. Epb6aii, A. Mamuposa

AOMOTTBIK CTPeCCOPJIAPABIH KaC KMHOA OCIMIAEPiHiH KaNbIPaKTAPbIHAA
0JIEMH KbIIKbLIAAPbIHBIH KMHAJYbIHA JCepi

TaOuru-KIMMATTBIK  ©3repicTep KYOBUIBICHIHIA OCIMIIKTEpre JKajfbl3 FaHa €MeC, COHBIMEH Karap
OipikTipinreH Kyifsemic QakTopIapbIHBIH ocepiH 3eprrey MaHbAbl. Oxenn (18:1), mumon (18:2) xone a-
sHoJeH (18:3) cusikThI 18 KoMIpTeKTi KaHBIKIaFaH Mai KBINIKBIIIAPHI OCIMIIK KOPFaHBICBIHA MAHBI3/BI YIIEC
KOCAThIH ()ePMEHTATHUBTI €MEC OMIPJIiK MaHbI3/Ibl AHTHOKCHIAHTTAp peTiHae Kbi3meT eteai. COHbIMEH Kartap,
onap eCiMAIK JHIOHATEpPiHIH TaraMAbIK KoHe OHONIOTMSUIBIK KYHIBUIBIFBIH Oaranmayna ete Kaxer. Kasipri
TaHga AMapaHT TyKbIMaachiHa okatateiH Chenopodium quinoa L. ecimairi aHTHOKCHIAHTTBIK
METa0ONUTTEPIiH KYHIBl K631 peTiHZe JKakchl TaHbUTyda. Makanajga jKac KHHOAa OCIMIIKTEpiHIH
(dotocuHTE3re KAOLIETTI MYIIENEpiHiH OCMOCTBIK, TY3ABI JKOHE OPTYPJi KApPKBIHIBUIBIKTAaFBl apajac
Kyizemicrep ke3iHme (HEepMEHTATHBTI eMec aHTHOKCHIAHT PETiHJE OJEeWH KBIIIKBUIEI Kypaeni 3dupiepiHiH
KYPaMBIHBIH ©3repy AWHAMHKAChl 3€PTTENreH. OpPTYpJi JEHredaeri TY3Abl CTPECTiH OCepiHeH OJIeHH
KBILIKBUTBL TOPi3Ai Kypaeni 3QupiepiHiH TypakThl KOHLIEHTPAUMSICHIHBIH KoTepinreHi kepceriimi. Ty3mst
CTpecc JKar[JalblHIA OJCWH KBIIKBUIBIHEIH Memmepi optypiai NaCl koHueHTpanusiapblHAa e3repil,
OakplTayMeH CalbICTBIpFaHOa JKoFapbuiaabl. JlereHmeH, OipikTipiireH crpecc KesiHie Kypueni 3¢wup
KYpaMbIHbIH aifTapibikrail aptysl Gaiikamael, o1 200NaCl/L+PEG crpecc neHreifinae MakcHMyMFa JKeTil,
cofaH KeifiH cTpecc jkoFapbuiaraH caifbiH asasapl. JKac kuHoa ecimaikrepinin II dotoxyitecinge YII xoHe
ETR ¢oroxumusnelk ceHaipy wuHAaekci ymiH crpecc Oenrizepi 300 MM/n NaCl + II9T acepinig
KOMOMHAIMACH Ke3iHne ae aprateiHbl atan erinmi. 200NaCl/P kesinnme OipikTipinreH cTpecc AeHTrewi
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JYCTpeCTeH KyM3elicke aybicaibl JereH Oomkam Oap. AJIBIHFaH HOTIDKEIep OONallaKTa TaFraMJbIK XKOHE
(apMaLeBTHKAIIBIK MaKcaTTapFa apHalfaH KYHAbl ©CIMJAIK aHTHOKCHUIAHTTApbIHBIH MaKCATThl CHHTE3iHE
Heri3 6ona anajpl.

Kinm (263()(2]7.' OJICUH KbIMKBUILI, TY3IBI CTPECC, 3.6I/IOTI/IK3.J'IBIK, KHHOa, 9yCTpeCC.

H.B. Tepnenckas, A.H. 3opoexosa, H.K. Kop6o3oBa, M. Ep6aii, A. MamupoBa

Biusinue a0MOTHYECKUX CTPECCOPOB HA HAKOIJIEHUE 0JIEHHOBOH KUCJIOTHI
B JIUCTBHSIX MOJIOJIBIX PACTEHHI KHHOA

Ha ¢oHe npupoaHO-KIMMaTHYECKUX U3MEHEHUH aKTyallbHO M3YYEeHHE BIMSHUS Ha PACTEHHS HE TOJBKO OZH-
HOYHBIX, HO ¥ KOMOMHHPOBAHHBIX CTPECCOPOB. 18-yriaepojHble HEHACHIIICHHbIE >KUPHBIE KHUCIOTHI, TAKHUE
kak onenHoBas (18:1), munonesas (18:2) u a-muHonenoBas (18:3), ciryKar )KU3HEHHO BaKHBIMH He(epMeH-
TaTUBHBIMU aHTHOKCHIAHTAMM, BHOCS 3HAUMTENbHBIH BKJIAJA B 3aIUTy pacTeHuil. [Ipn 3ToM OHU sABISIOTCS
HE3aMEHHMBIMH IIPH OIIEHKE THIIEBOM W OMOJIOTMYECKOi IEHHOCTH PacTHTENBHBIX JUIHAOB. B Hacrosmiee
BpeMsI TIpeCTaBUTENb ceMecTBa AmapantoBbix Chenopodium quinoa L. momy4aet Bce Gosbliiee pHU3HAHUE
KaK [IEHHBI MCTOYHHMK aHTHOKCHIAHTHBIX MeTabonuTOB. B cTaThe paccMOoTpeHa IMHaMHKa W3MEHEHWH Co-
JeprkaHust (UPOB OJEHHOBOW KUCIOTHI Kak He()epMEHTaTHBHOTO aHTUOKCHIAHTA IIPH OCMOTHYECKOM, COJIe-
BOM M KOMOMHHPOBAaHHOM CTPECCAX Pa3IHMYHOW MHTCHCHBHOCTH B (DOTOCHHTETHUECKHMX OPraHaX MOJOJBIX
pacTeHuit kuHOA. [Toka3aHbI yBeIHYEeHHE U HEM3MEHHAs! KOHIEHTPAIUS COAepKaHusA 3(GUpoB 0JIenHOBOI KH-
CJIOTHI IIPU PA3IMYHBIX YPOBHSIX COJEBOTO CTpecca. B yCIOBHIX CONEBOTO CTpecca colepskaHue OJEHHOBOM
KHCIIOTHI yBEJINYUBAJIOCH 110 CPABHEHMIO C KOHTPOJIEM, BapbUpys NpH pa3HbIX KoHIeHTpanusx NaCl. Oxqnako
npu KOMOMHUPOBAHHOM CTpecce HaOII0Jajoch CYIIECTBEHHOE YBEIIMUYECHHE COJCpKaHUs 3(HUPOB, JTOCTH-
raroriee MakcuMmyma Tpu yposae ctpecca 200NaCl/LATIOT, 3a KOTOPBIM CIICIOBANIO CHHXKCHUE TT0 MEPEe YCH-
JICHHUSI CTPECCOBOTO BO3AeHCTBUsL. OTMEUEeHO, YTO NMPHU3HAKK CTpecca Ul MoKa3aTelst (OTOXUMUUECKOTO TY-
mrennst Y1I u ETR B porocucreme I MonopIx pacTeHUi KHHOA TaKKe HACTYIAIOT IPU COYETAHUH BO3JIEHUCT-
Bust 300 mM/L NaCI+II9I'. CrenaHo mpeArookeHHe 0 TOM, YTO YPOBEHb KOMOMHHPOBAHHOTO CTpecca B
200NaCl/P sBnseTcst mepexOAHBIM OT dycTpecca K auctpeccy. [lomydeHHble pe3yapTaTsl MOTEHIUAIFHO MO-
TYT CTaTh OCHOBOM JJI HAIIPAaBICHHOTO CHHTE3a LEHHBIX PACTUTENBHBIX aHTHOKCHIAHTOB JUIS IHINEBBIX U
(hapMareBTHUECKHX LeJIeH B OyAyIIeM.

Knrouesvle cnosa: onenHoBas KHCJIOTa, COJICBOM cTpecc, aGHOTH‘IeCKHﬁ, KHHOAa, 3yCTpeECC.
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Evaluation of the Dracocephalum ruyschiana L. and Salvia sclarea seed material
cryopreservation effectiveness.

Cryopreservation of plant material of valuable plants is an effective way to preserve biological diversity in
conditions of active and widespread anthropogenic pressure on natural ecosystems. Introduction to
cryocollections is justified not only for food agricultural plants, but also for medicinal plants that have valua-
ble secondary metabolites and essential oils. These include Dracocephalum ruyschian and Salvia sclarea. To
effectively restore the viability of seeds after freezing in liquid nitrogen, we examined the influence of vari-
ous cryoprotectants: glycerin, dimethyl sulfoxide and polyvinypyrrolidone, as well as various methods of
their application — at room temperature and in the cold. It was found that for effective cryopreservation of
Dracocephalum ruyschiana seed material, the use of cryoprotectors is justified; however, the method of their
application does not matter. When cryopreserving Salvia sclarea seed material, it is important to use
cryoprotectors and introduce them into the cooling system, preferably at the crystallization temperature of
water; in this case, the energy of seed germination increases significantly.

Keywords: Dracocephalum ruyschiana, Salvia sclarea, cryoprotectors, cryopreservation, seed material, ger-
mination, germination energy.

Introduction

Human economic activities, especially the mining industry, have a significant degrading impact on eco-
systems. Biological diversity is constantly declining, populations, and then species, may disappear. The loss
of any species has a negative impact, however, the loss of a species that is of practical importance for the
national economy leaves an indelible imprint. Dracocephalum ruyschiana and Salvia sclarea — essential oil
and medicinal plants of the Lamiaceae family [1-3], are valuable representatives of the flora of Kazakhstan
and their conservation is an urgent task.

Preservation of the gene pool of plants can currently be carried out in a variety of ways. Depending on
the chosen method, storage times will vary. Cryopreservation is an innovative, popular, effective and inex-
pensive way to preserve biological material for a long time without loss of genetic stability [4-9]. The stages
of freezing and thawing of the material are critical, therefore optimization of the conditions for freezing seed
material of the studied species in liquid nitrogen is the subject of discussion in this publication. Among the
factors influencing the degree of preservation of the viability of biological material during cryopreservation
are endocellular and exocellular cryoprotectants, which have different mechanisms of action on the cell and
therefore contribute to different degrees of survival, the method of introducing the cryoprotectant — at room
temperature and in the cold, which leads to a decrease in the negative impact of cryoprotectants substances
on cell metabolism. The addition of cryoprotectants in the cold can be considered as a two-stage freezing,
since the biological material is cooled to the crystallization temperature of water before cryopreservation.

Materials and Methods

The object of the study was the seed material of Dracocephalum ruyschiana and Salvia sclarea. The
studied species are valuable representatives of the Lamiaceae family, are included in the list of medicinal
plants of Kazakhstan, are essential oil plants, and contain a large number of secondary metabolites with bio-
logical activity. They are widely used, for example, clary sage essential oil is used in medicine, cooking,
winemaking, it has a pleasant aroma, and it is often used in the composition of expensive perfumes [10-14].

Seed material was frozen in plastic tubes in liquid nitrogen using the direct immersion method.
Cryoprotectors were used in various concentrations, endocellular — glycerin and dimethyl sulfoxide
(DMSO), exocellular — polyvinylpyrrolidone (PVP). Two methods of introducing cryoprotectants into the
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freezing system were used: at room temperature and in the cold. For the second application method, the seed
material was pre-cooled in an ice bath.

After cryopreservation, cryoprotectants were washed three times with distilled water, then placed in Pe-
tri dishes on two layers of filter paper to assess viability.

The viability of seed material was determined by germination and germination energy [15-17]. All ex-
periments were performed in triplicate.

Results and Discussion

The initial growth characteristics of Dracocephalum ruyschiana seeds were determined; germination
was 84.33+7.72 %, germination energy was 42.33+£3.09 %. Dry seeds were frozen in liquid nitrogen without
cryoprotectants, germination in this experiment was 67+11.22 %, germination energy was 12+4.24 %. Note
that after cryopreservation the energy of germination of seed material decreased significantly. Damage to the
embryo occurs, which slows down the process of exiting the dormant state. These initial data were used in
the comparative analysis as Control 1 and Control 2.

We conducted an experiment in which seeds were frozen in different types of cryoprotectants:
endocellular (glycerol and dimethyl sulfoxide) and exocellular (polyvinylpyrrolidone) in different concentra-
tions. In this case, two methods of introducing the cryoprotector were used — at room temperature and in the
cold (0 °C).

The results obtained are presented in Table 1. When considering the germination rate, we do not see
significant differences in the effect of cryoprotectors of different types. And the germination energy indicator
turned out to be more labile and informative. For clarity of the analysis, we calculated the proportion of sur-
viving seeds and their germination energy from the initial indicators (control 1). These calculations are pre-
sented in the form of diagrams in Figure 1.

Analysis of the presented diagram shows that the seed material of Dracocephalum ruyschiana does not
lose its viability after freezing; the germination rate from the original practically does not fall below 0.8. It is
worth noting that the use of high concentrations of cryoprotectors, for example, 50 % glycerol and its cold
introduction into the system even leads to a stratification effect and an increase in the number of sprouted
seeds. The energy of germination in almost all variants of the experiment was greater than one, that is, after
cryopreservation, the seed material sprouted more efficiently than the original seeds. We cannot see a defi-
nite trend in the effectiveness of adding cryoprotectants at 0 °C. However, we see the best options for pre-
serving, even increasing the growth performance of Dracocephalum ruyschiana seed material in the variant
of cold application of glycerol.

Table 1
Growth parameters of Dracocephalum ruyschiana seed material after cryopreservation in various
cryoprotectants
Cryoprotector Germination | Germination | Proportion of | Proportion of | Share of the Share of the
(mass fraction in %) energy (%) (%) the initial ger- initial germination germination
mination ener-| germination |energy of frozen| rate of frozen
ay seeds without | seeds without
cryoprotectors | cryoprotectors
1 2 3 4 5 6 7
Glycerol 50 43,33+12,47 |70+8,16 1,02 0,83 3,6 1,04
Glycerol 25 43,33+4,71  |71,67+£2,36  |1,02 0,84 3,6 1,07
Glycerol 12 53,33+9,43  |73,33£17 1,25 0,86 4,4 1,09
Glycerol 50 (cold 76,67+£12,47 193,33+4,71 |1,81 11 6,3 1,39
application)
Glycerol 25 (cold 56,67+12,47 |83,33+9,43 [1,33 0,98 47 1,24
application)
Glycerol 12 (cold 60+8,15 70+0 1,41 0,83 5 1,04
application)
DMSO 15 70+16,33 70+16,33 1,65 0,83 5,8 1,04
DMSO 10 60+24,49 73,33+12,47 [1,41 0,87 5 1,09
DMSO 5 60+14,4 80+0 141 0,95 5 1,19
DMSO 15 (cold application) [53,33+4,71  [73,33+4,71 |1,26 0,86 4.4 1,09
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Continuation of Table 1

1 2 3 4 5 6 7
DMSO 10 (cold application) [56,67+20,55 [66,67+12,47 |1,34 0,79 47 0,99
DMSO 5 (cold application) [60+8,16 73,33£9,43 |1,42 0,87 5 1,09
PVP 5 47,33+0,47 |72,67+9,10 |1,12 0,86 3,9 1,08
PVP 3 35,67+6,8 65,33+2,49 (0,84 0,77 2,9 0,98
PVP 1 67,67+3,3 80,67+0,94 |16 0,96 5,6 1,2
PVP 5 (cold application) 38,67+3,86 |70,67+6,13 (0,91 0,84 3,2 1,05
PVP 3 (cold application) 47,33+£3,77  |75+4,08 1,12 0,89 3,9 1,12
PVP 1 (cold application) 47,33+£0,47 (84,67+4,71 |1,12 1,0 3,9 1,26
Control 1 (initial indicators) |42,33+3,09 [84,33+7,72
Control 2 (freezing without |12+4,24 67+11,22 0,28 0,79
cryoprotectants)
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Figure 1. Proportion of growth characteristics of Dracocephalum ruyschiana seeds after cryopreservation from the ini-
tial indicators

To compare the effectiveness of using cryoprotectants compared to freezing biological material without
using them, we calculated the proportion of surviving seeds compared to similar indicators for seeds frozen
without cryoprotective solutions. The obtained data are presented in Figure 2.

We see that the germination rate has not changed significantly; in almost all variants of the experiment
it is slightly more than one.

However, the germination energy increased several times, in some variants of the experiment by 5-6
times. Germination energy is an important factor that demonstrates the vigor of seedlings and the activation
of the state of the entire biochemical arsenal of the embryo, its exit from the dormant state. High rates of
germination energy demonstrate the good adaptive qualities of the seed material and its ability to withstand
extreme environmental factors.
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It is interesting to note that the maximum increase in germination energy was achieved with cold addi-
tion of glycerol. Probably, this method of administration reduces its pseudotoxic effect and its inhibition of
biochemical processes. In experiments with DMSO and PVP, the maximum performance was achieved in
the variants of adding cryoprotectants at room temperature, i.e. the reaction to the method of administration
depends not only on the type of seed material, but also on the type of cryoprotector.
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Figure 2. Ratio of growth characteristics of Dracocephalum ruyschiana seed material after freezing in liquid nitrogen to
similar indicators of seeds frozen without cryoprotectants

Based on the analysis of the data obtained, we can conclude that the use of cryoprotectants for cryo-
preservation of Dracocephalum ruyschiana seed material is justified, while the method of applying the
cryoprotectant is not particularly important.

At the next stage, a similar experiment was conducted to study the influence of various cryoprotectors
and methods of their introduction on the preservation of the viability of Salvia sclarea seed material during
cryopreservation. The obtained data are presented in Table 2. The initial growth characteristics of Salvia
sclarea seeds were determined, germination was 83.33+17 %, germination energy was 16.67+4.71 %. Dry
seeds were frozen in liquid nitrogen without cryoprotectants, germination in this experiment was
73.67+3.4 %, germination energy was 6.67+4.71 %. It can be seen that when frozen in liquid nitrogen, seeds
lose 10 % in terms of germination and germination energy, which can be assessed as a slight decrease. How-
ever, if we look at it in absolute numbers, then the germination energy of 7 % means very slowly and unhar-
monious germinating seeds.

Table 2
Growth parameters of Salvia sclarea seed material after cryopreservation in various cryoprotectants
Cryoprotector | Germination| Germination | Proportion of | Proportion of | Share of the ger- | Share of the
(mass fraction in %) | energy (%) (%) the initial ger- initial mination energy of|germination rate
mination ener- | germination |frozen seeds with-| of frozen seeds
ay out cryoprotectors without
cryoprotectors
1 2 3 4 5 6 7

Glycerol 50 16,67+4,71 |46,67£12,47 (1,02 0,83 3,61 1,04
Glycerol 25 9,83+11,11 [25,5+11,4 1,02 0,84 3,61 1,06
Glycerol 12 13,33+4,71 |73,33+7,45 1,25 0,86 4,44 1,09
Glycerol 50 (cold |0 43,33+20,55 |1,33 0,98 472 1,24
application)
Glycerol 25 (cold  [31+0,82 65,67+4,92 1,33 0,98 47 1,24
application)
Glycerol 12 (cold |10+8,16 56,67+4,71 1,47 0,83 5 1,04
application)
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Continuation of Table 2

1 2 3 4 5 6 7
DMSO 15 10+0 46,67+12,47 |1,65 0,83 5,89 1,04
DMSO 10 13,33+4,71  |40+0 1,41 0,86 5 1,09
DMSO 5 10+0 43,33+4,71 1,42 0,94 5 1,19
DMSO 15 (cold 20+0 36,67+4,71 1,25 0,87 4,44 1,09
application)
DMSO 10 (cold 33,3349,43  63,33+4,71 1,34 0,79 4,72 0,99
application)
DMSO 5 (cold 6,67+0,93 56,6717 1,42 0,86 5 1,09
application)
PVP 5 12,334£5,56 [25,67+13,82 |1,11 0,86 3,94 1,08
PVP 3 9,33+0,94 34,33+4,19 0,84 0,77 2,97 0,97
PVP 1 29,33+8,99  |45+4,08 1,59 0,95 5,64 1,2
PVP 5 (cold 0 44+17,48 0,91 0,83 3,22 1,05
application)
PVP 3 (cold 33,33+12,47 [64,33+24,3 1,11 0,89 3,94 1,11
application)
PVP 1 (cold 224216 49+5,89 1,11 1,01 3,94 1,26
application)
Control 1 (initial 16,67+4,71 |83,33+17
indicators)
Control 2 (freezing [6,67+4,71 73,6734
without
cryoprotectants)

Analysis of the growth performance of Salvia sclarea seed material after cryopreservation showed that
exposure to extreme temperatures leads to a decrease in germination rate (Fig. 3). In all variants of the exper-
iment, we observe the value of the indicator under consideration at a level less than one. This indicates that
low temperatures lead to, albeit minor, damage to the seed embryo in the species Salvia sclarea.

However, when considering the share of germination energy from a similar indicator in intact seeds, we
see in some variants of the experiment an increase in this characteristic in seeds subjected to cryopreserva-
tion by almost 2 times: when using glycerol 12 %, DMSO 10 % and PVP 3 % introduced into the system in
the cold.

This indicates the activation of metabolic processes in the tissues of the seed embryo and the stratifica-
tion effect, which lead to more uniform seed germination.
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Figure 3. Proportion of growth characteristics frozen in liquid nitrogen Salvia sclarea seeds from the original
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When comparing the obtained data with the indicators of germination and germination energy of Salvia
sclarea seed material, which was frozen without the use of cryoprotectants, we see that the germination indi-
cators did not change or became less than one (Fig. 4).

That is, the use of cryoprotectors does not lead to better preservation of seeds when frozen in liquid ni-
trogen.

But if we turn to the germination energy indicator, we see that the use of cryoprotectants contributes to
more friendly seed germination; the germination energy exceeds that of seeds frozen without cryoprotectors
several times, in some experimental variants — 5 times — when using 12 % glycerol, DMSO 10 % and PVP
3 % with the addition of cryoprotective substances in the cold.

Thus, we believe that the use of cryoprotectants and their cold application is justified during cryopres-
ervation of Salvia sclarea seed material.

Conclusion

Application of cryoprotectants in the cold is often more effective due to several factors. This is a slow-
down in cell metabolism, a decrease in the toxicity of the cryoprotector, and a decrease in osmotic stress
caused by cryoprotectants [18]. In addition, at low physiological temperatures, membranes are stabilized,
which reduces the penetration of the cryoprotector into the cell and additionally protects against the toxic
effects of these substances.

The study determined that seed material of different species, even within the same family, reacts differ-
ently to extremely low temperatures, the type and concentration of the cryoprotectant, and the method of its
introduction into the cooling system.

We recommend freezing the seed material of Dracocephalum ruyschiana using cryoprotectants, and the
type and concentration do not seriously matter; the growth performance of the seeds will be higher than in
the case of freezing without cryoprotectants. When cryopreserving Salvia sclarea seeds, we recommend us-
ing low concentrations of cryoprotectants and introducing it into the cooling system at the crystallization
temperature of water.
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Figure 4. Ratio of growth parameters of Salvia sclarea seeds after cryopreservation with the use of cryoprotectants to
those after freezing without cryoprotectors
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A.II. Jononosa, A.B. I1aBnos, H.JI. Opemkun, M.A. Hopuesa, /[.K. Ksi3gaposa

Dracocephalum ruyschiana L. :xane Salvia sclarea TyKpIMabIK MaTepuaJgapbiH
KPHOKOHCepBaNMsIay THIMALTITH 0aranay

Baranbl eciMIiKTepAiH 6CIM/IIK IIUKi3aThIH KPHOKOHCEpBaLUsIIay TaOUFU IKOXKYHenepre OelCeH 1l XKaoHe KeH
TapajiFaH aHTPOIOTeHIIK KBICHIM JKaFJaiblHAa OHOJIOTHSUIIBIK SPTYPIUTIKTI CaKTayabIH THIMII 97ici GobIm
Tabbutanel. Kprokoseknusitapra Kipiciie a3blK-TYIIK aybUIIIApYallbUIbIK €CIMAIKTEpiHe FaHa eMeC, COHBI-
MEH Katap Oaraibl eKiHIIUIK MeTaboauTTepi MeH 3(hup Maitnapel 6ap IOpiTiK eciMIIKTepre /e HeTi3[ereH.
Onapra Dracocephalum ruyschian sxone Salvia sclarea sxarangpl. Cyifblk a30TTa My3JaThUIFaHHAH KeHiH
TYKBIMHBIH OMIPIICHIITH THIMAI KaJIIbIHA KENTIPy YIIIH SPTYPIIi KPUOMPOTEKTOPIAPIBIH dCepi 3epTTEITeH:
SIFHYU, TJIMLEPUH, AUMETHICYIb()OKCHUI KSHE IOJMBHHUIIMPPONIUIOH, COHAaii-aK oJapisl KOJIaHYIbIH
opTypii oaicTepi — GenMe TemreparypachkiHaa xoHe cybikra. Dracocephalum ruyschiana TykemmMasik mate-
pHanabl THIMAI KPHOIIpOCepBalyMsiay YIIH KPUOIPOTEKTOPJIapIbsl KONJAaHy HeTi3JeNreH, ajgaiia onapibl
KOJIaHy ofici MaHb3IbI eMec. Salvia sclarea TyKpIMABIK MaTepuaiabl KPHOKOHCEpBaIUsIay Ke3iHae KpHO-
HPOTEKTOPJIAP/Ibl KOJIJaHy JKOHE OJIap/ibl CaJKbIH/AATY KYHeCiHe eHri3y MaHbI3/Ibl, OYI1 JKaFaaiaa TYKbIMHBIH
OHY PHEPTHUSCHI Al TaPJIBIKTail apTa/ibl.

Kinm cesz0ep: Dracocephalum ruyschiana, Salvia sclarea, kpuonporekropnap, KpHOKOHCEPBALUs, TYKbIM
MaTepuaisl, 6Hy, OHY SHEPIUSICHI.
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A.II. Hononosa, A.B. ITasnos, H.JI. Opemikun, M.A. Hopuesa, /I.K. Keiznapos

Ounenka 3(ppeKTHBHOCTH KPHOKOHCEPBALMM CEMEHHOI0 MaTepuaJja
Dracocephalum ruyschiana L. u Salvia sclarea

KpuokoHcepBaIusi pacTUTENLHOTO Marepuaia [EHHBIX pacTeHuil — 3(QPEKTUBHBIA CNOCO6 COXpaHEHUs
OGUOJIOTMYECKOTO Pa3sHOOOpassi B YCIOBUAX AKTMBHOTO M MOBCEMECTHOTO AHTPONOTEHHOTO AABJIEHHSA Ha
HPUPOHBIE YKOCUCTEMBI. BBeeHne B KPHOKOJUIEKIIMK OTPABIAHO HE TOJIBKO I MUIIEBBIX CENbCKOXO035MH-
CTBEHHBIX PACTEHH, HO M JIEKAPCTBEHHBIX, OOJNAIAIOIIMX [EHHBIME BTOPUYHBIMA METa0OJIUTaMH U dup-
HbIMH Maciiamu. K TakoBbiM MokHO oTHectr Dracocephalum ruyschian u Salvia sclarea. {nst sddexruBHOro
BOCCTAaHOBJIEHHS TIOKa3aTellel )KU3HECTIOCOOHOCTH CEMSH TIOCTIE 3aMOPAKUBAHHUS B JKUIKOM a30Te€ paccMOT-
pENU BIMAHUE PA3JIMYHBIX KPHOIPOTEKTOPORB: TIMLEPHHA, TUMETHIICYIIL(POKCHIA U TIOJMBHHUITUPPOIIHIOHA,
a TaKKe pasIMYHbIe CIOCOOK! MX BHECEHUS. — IPU KOMHATHOM TeMmrieparype u Ha xosoje. OGHApYKEeHO, 4TO
st 5 PEKTUBHOrO KPHOCOXPaHEHUs ceMeHHoro marepuana Dracocephalum ruyschiana npumenenue kpuo-
NPOTETOKPOB OMPABIAHO, OJHAKO CIOCOO MX BHECEHMsT HE MMEET 3HaueHus. [Ipy KPHOKOHCEPBAIMU CEMEH-
Horo matepuaia Salvia sclarea BaxHO MCIONB30BaTh KPHOMPOTEKTOPHI M BBOAUTH MX B CHCTEMY OXJIAkKIIE-
HHUS JIy4IIE TIPH TEMIIEPATYPE KPUCTAILTM3AIMH BOJbI, B 9TOM CJIy4ae 3HAYMTENBHO BBIPACTAET SHEPTHUS MPO-
pacTaHus CEMSH.

Knroueswie crosa: Dracocephalum ruyschiana, Salvia sclarea, kpronpoTekTopbl, KpHOKOHCEPBAIUS, CEMEH-
HOW MaTepHal, BCXOKECTh, SHEPTHs POPACTAHHUSL.
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The morphological features of above-ground parts of Juniperus sabina
in Central Kazakhstan

In the article the results of the study of morphological parameters of vegetative organs of Juniperus sabina
growing in the vicinity of Karaganda city, Karkaraly and Ulytau Mountains, hills of Zhanaarka district were
presented. The results of research are based on complexly conducted field and experimental materials, scien-
tifically substantiated methods and modern statistical analyses evaluating the reliability criterion. It is noted
that for the leaf length indicator the maximum values were for individuals from Zhanaarka district, the mini-
mum values were for the vicinity of Karaganda city. For leaf width and annual growth value, no reliable dif-
ference was observed between individuals from different growing points. The maximum size of plants was
observed in the vicinity of Karaganda city, the minimum size was observed for individuals from Zhanaarka
and Ulytau districts. The obtained data are conditioned by different degree of environmental pollution and
climatic conditions.

Keywords: Juniperus sabina, morphology, plant height and diameter, leaf length and width, annual
growth size.

Introduction

Cossack juniper (Juniperus sabina L., family Cupressaceae) is a coniferous shrub, a dioecious creeping
shrub 1-1.5 meters high. Bushes grow rapidly in width, forming dense thickets. The bark is red-brown,
flaky. The shoots contain essential oil and are poisonous [1]. The needles are of two types: in young plants
and on shady branches, needle-shaped, straight, pointed, 4-6 mm long, bluish-green above, soft, with a pro-
nounced middle root; in adult plants, the needles are scaly, lamellar. A characteristic feature of the species is
a pungent odor. It is drought-resistant, phytophilous, unpretentious to soils, resistant to smoke and gas, has
protective properties in relation to soils. Shoots are rich in glycosides, saponins and flavonoids [2].

In Central Kazakhstan, the species grows on hillsides, stony screes, on granite outcrops, under the can-
opy of coniferous forests [3]. On the surface of the soil layer, the roots grow rapidly in horizontal condi-
tions (Fig. 1).

Figure 1. Juniperus sabina in natural conditions of Central Kazakhstan

J. sabina is used in the traditional Chinese medicine system to prevent or treat various diseases as anti-
cholinesterase, antidiabete, and anti-drug resistant bacteria activity [4]. In particular, J. sabina is rich in
podophyllotoxin, a synthetic precursor of the first-line anticancer drug etoposide [5]. Aqueous suspension of
dried needles of J. sabina causes hemorrhagic and necrotic changes in malignant tumors and also has signifi-
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cant antimicrobial activity against Gram-positive bacteria [6]. The leaves of J. Sabina are used in traditional
Uygur medicine for the treatment of rheumatism and arthritic pain [7].

J. sabina, despite its wide distribution in the forests of Kazakhstan, remains one of the least studied co-
nifers. Detailed studies on the study of form diversity, biometric and morphometric variability of the Cossack
juniper, the features of their renewal in the Karaganda region were not carried out. Therefore, it is necessary
to consider the issue of factors leading to changes in the environmental conditions of its growth over the past
decades. J. sabina has a healing effect in the forest environment, produces more phytoncides than other coni-
fers, forms the microclimate of the surface layer of the atmosphere and promotes the natural renewal of co-
niferous woody plants [8].

The purpose of this study is to study the features of the morphological structure of the vegetative organs
of J. sabina, growing in the territory of Karaganda (surrounding of Karaganda city, Karkaraly and
Zhanaarkinsky district) and Ulytau (Ulytau district) regions. All selected areas have different levels of pollu-
tion. So, Karaganda is an industrial city, and Ulutau and Karkaraly Mountains are an environmentally friend-
ly area.

Materials and Methods

The object of the study is samples of J. sabina growing in the Karaganda and Ulytau regions. They dif-
fer from each other in the level of air pollution. In field research, samples of J. sabina were collected from
four research plots: i) surrounding of Karaganda city, ii) Zhanaarkinsky district, iii) Karkaraly Mountains, iv)
Ulytau Mountains (Fig. 2).

2

Figure 2. Map of sampling point for Juniperus sabina in Karaganda and Ulytau regions

At least five objects were obtained from each study area. For each point, 10-fold measurements of 10-
year-old plants were taken. In the course of the research work, a comparative morphological study of
J. sabina was carried out for the following indicators: shrub width and height; the length of the annual shoots
and needles. All data were processed statistically, and the reliability criterion was calculated according to
Mann-Whitney. Statistical processing of the material was carried out according to the generally accepted
method of G.N. Zaitsev [9], as well as using the computer program Microsoft Office Excel.

Results and Discussion

Some researchers [2] pay considerable attention to the flexibility of the morphological features of the
Cossack juniper. This is due to the fact that the juniper stalk is one of the most sensitive organs, it instantly
reacts to any environmental conditions. The study of its variability makes it possible to understand the direc-
tion of the forthcoming micro-evolution.

In most cases, the level of variational characters plays an important role in solving taxonomic problems.
When describing the juniper family, such features as the length, width and shape of the needles are necessari-
ly used. Needle length is one of the most variable traits. It usually continues to change regardless of the place
of growth, regions. The needles are scaly, 0.7-1.5 cm long, 0.5-1.7 mm wide. According to the research, the
following data were obtained: the length of coniferous specimens collected from the Zhanaarka region
ranged from 4.9 mm to 5.01 mm (Fig. 3-6). Of the studied objects, the shortest conifers are found in the city
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of Karaganda. However, the populations in this region are ahead of other regions in their distribution in
width of needles.
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Figure 3. Morphological parameters of Juniperus sabina  Figure 4. Morphological parameters of Juniperus sabina
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Figure 5. Morphological parameters of Juniperus sabina  Figure 6. Morphological parameters of Juniperus sabina
in Ulytau Mountains in Zhanaarka district

In the Ulytau Mountains, needle length varied from 4.56 to 4.79 mm, leaf width — from 0.9 to
0.98 mm, shoot growth ranged from 11.02 to 12.55 cm. In the vicinity of Karaganda city, the minimum sizes
of leaf length and width were noted: 4.09-4.42 mm and 0.89-0.95 mm, respectively. The shoots growth
ranged from 9.74 to 12.61 cm.

Comparison of indices allowed distinguishing that the greatest length of juniper leaf was noted for indi-
viduals from Zhanaarka district, on the second place — individuals from Karkaraly Mountains, on the third
place — from Ulytau Mountains. The minimum values of this trait were recorded for the vicinity of Kara-
ganda city.

The leaf width index showed no significant differences between individuals growing in different habi-
tats. Maximum values of annual growth were observed for individuals from the Ulytau Mountains; no relia-
ble differences in annual growth were found between the other habitats.

However, the maximum metric sizes of juniper individuals were observed in the vicinity of the
Karkaraly Mountains (Fig. 7), and the minimum ones — in the Zhanaarka district. In terms of plant height,
no reliable differences were found in the height of individuals, and in terms of the diameter of individuals,
plants from the Ulytau Mountains were reliably smaller than individuals from the Karkaraly Mountains.
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Figure 7. Indices of Juniperus sabina shrubs length and width at different growing points

Conclusion

Since J. sabina is influenced by the general anthropogenic factor, but the level of phenotypic variability
of morphological traits as an indicator of intraspecific differentiation, one can see that the signs of the vege-
tative organs of objects collected from Karaganda are significantly less compared to species growing in for-
ests. It should be noted that common juniper is more resistant to technogenic impact than other plant repre-
sentatives. Also, the results of the work are based on comprehensively conducted field and experimental ma-
terials, scientifically based methods and modern statistical analyzes that evaluate the reliability criterion.
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Opraabik Kazakcrangarsl Juniperus sabina skepycri 6eaikTepinin
MOP (G oTOTHSIIBIK epeKIIeiKTepi

Makamaga Kaparannpl KanmacelHBIH MaHbIHAA, Kapkapanel skoHe YiwelTay TaynapbiHaa, JKanaapka
ayJaHBIHBIH IIOKBUIAPBIHAA eceTiH Juniperus sabina BereTaTHBTIK OpraHAApBIHBIH MOPQOIOTHSIIBIK
napameTpJepiH 3epTTey HOTIDKENIEpl KeNTipiireH. 3epTTey HOTHKeNepi KeIeH Al KYPTi3UIreH JananblK jKoHe
SKCHEPHUMEHTTIK MaTepUaliiapFa, FBUIBIMH HETI3JENTCH OJicTeMeNiepre J»oHE CeHIMIUIIK KpUTepHidiH
OaranmaliThIH 3aMaHayd CTAaTUCTHUKAIBIK Taljayjapra HerizfgenreH. <«OKamblpak Y3bIHIOBIFBD) KOPCETKilIl
OoibiHIIa eH >xorapsl MoHIep JKaHaapka aymaHBIHBIH Japakrapbl VINiH, €H a3 MoHAaep — Kaparauis
KaJIaCchIHBIH MaHBI VIIiH OOJFaHABIFBl aTam oTinmi. <«OKamblpak eHi» JXKOHE «KBULIBIK ©Cy MOIIIepi»
KepceTKimTepi OOWBIHIIA 9p TYpJi ©Cy HYKTEeJIepiHIeri Japakrap apachlHAa CEHIMIl aHbIpMamIbLIbIK
GaiikanMaiinpl. OciMIiKTepAiH eH yiakeH Meumepi KaparaHmbl KanachIHBIH MaHBI YIIiH, €H a3 Mejmepi —
JKanaapka »xoHe YIiblTay ayfaHIapbIHBIH AapakTapbl YIOiH OenriieH[i. AJBIHFAaH MOJIIMETTep KOpIIaraH
OpTaHBIH JIACTAHYBIHBIH SPTYPJli IOpEIKECIiHE JKOHE KIMMATTHIK JKaFiaiiiapra OaiaHbICTHI.

Kinm ce3dep: Juniperus sabina, mopdosorus, eCiMaikTiH OUIKTIri MEH JAUaMETPi, KArbIPAKTHIH Y3bIH/IBIFBI
MEH €Hi, )KbUIIBIK 6CY MOJIIIepi.

[1.Y. A6auxapumoBa, A.K. Kanu, M.IO. Ummypatosa, A.K. Pamazanos, A.T. HypkeHnoBa

Mopdoaornyeckne 0cod0eHHOCTH HaA3eMHBIX YacTeid Juniperus sabina B
HenTpansHom Ka3zaxcrane

B cratee npencraBieHsl pe3yabTaThl HCCIEI0BaHUS MOP(HOIOTHYECKHX TapaMeTPOB BEr€TaTHBHBIX OPraHOB
Juniperus sabina, npouspacraromux B OKpecTHOCTIX Topoaa Kaparaumel, ropax Kapkapaisl u Yisitay, corn-
kax JKanaapkuHCKOTO paiioHa. Pe3ynpTarsl ncciienoBanuii 6a3upyroTcss Ha KOMIUIEKCHO IPOBEICHHBIX MOJIe-
BBIX U JKCIEPUMEHTAIBHBIX MaTepHanax, HAydHO OOOCHOBAaHHBIX METOJMKAX M COBPEMEHHBIX CTATHCTHYE-
CKHX aHAJIM3aX, OIEHUBAIOIINX KPUTEPUH HagexHOCTH. OTMEUIEHO, YTO 110 ITOKA3ATEeINIO «IJIMHA JINCTa» MaK-
CHMaJlbHbIE 3HaYeHUsI ObLIM Ui ocobell n3 XKaHaapkMHCKOTO paiioHa, MUHUMAJbHBIE — JJIsl OKPECTHOCTEH
ropoza Kaparanzasl. Ilo nokasaTensiM «IMpUHA JIUCTa» U «BEJIMYMHA TOAUYHOIO MPUPOCTa» HE OTMEUYEHO
JIOCTOBEPHOMN Pa3HUIIBI MEXy 0COOSIMU M3 Pa3HBIX TOYEK MpoM3pacTaHus. MakcHMallbHbIE pa3Mephl pacTe-
HHUI OTMEYeHBI JJI1 OKpecTHocTeil ropona Kaparanapl, MuHnMaibHble — ocobeil u3 JKaHaapkuHCKOTo M
Ynpitayckoro paiioHoB. [lomydeHHBIE TaHHBIE 00YCIOBIEHBI Pa3HOW CTETICHBIO 3arpsA3HEHHS OKpPYXAroler
Cpensl ¥ KIMMAaTHIECKIMH yCITOBHSAMH.

Knroueswie cnosa: Juniperus sabina, mopdosorus, BpicoTa U JUaMETp PacTeHHs, JVIMHA U [IUPHHA JIHUCTA, Be-
JMYHHA TOJMIHOTO TIPUPOCTA.
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The influence of melatonin on the functional state of the human body during
desynchronosis

In the article the mechanisms of melatonin action in the human body, exploring its impact on circadian
rhythms, sleep, the immune system, and overall physiological function were considered. A focal point is the
use of melatonin as a pharmacological tool to address dyssynchrony, particularly in students facing new time
zones or geographic latitude changes. The study aims to understand melatonin's potential influence on
regulating biological rhythms and the general physiological state in such scenarios. It scrutinizes how
melatonin affects circadian rhythms, sleep, activity, and overall physiological balance during disruptions in
biorhythmic synchronization. Recent studies were analyzed, revealing promising prospects for melatonin in
regulating desynchronization and maintaining human health amid altered biological rhythms. Findings
indicated that students in the experimental group, who took melatonin, experienced enhanced academic
performance, increased work capacity, and improved mood. That underscored melatonin’s positive impact on
the functional state of the human body, even in the presence of desynchronosis. A study involving 100
students identified changes in circadian rhythms contributing to seasonal depression, with daily melatonin
tablets proving effective in alleviating desynchronization symptoms. The article furnishes vital scientific data
and practical recommendations, catering to professionals in biomedicine, biology, and pharmacology, as well
as individuals keen on understanding human health and biological rhythms.

Keywords: desynchronosis, melatonin, biorhythm, chronotype, dyssomnia.

Introduction

The development of desynchrony in the lives of modern individuals is influenced by both exogenous
and endogenous factors. Mostly, desynchrony arises from the use of artificial light sources during the dark
phase of the circadian rhythm, leading to the emergence of circadian disruptions and alterations in physiolog-
ical processes [1, 2].

The functioning of the immune system is closely intertwined with the regulation of homeostasis by var-
ious neuroendocrine systems. Therefore, changes in ethological status and immune status in desynchrony can
mutually reinforce or weaken allostatic adjustments [3-5]. Many studies on desynchrony focus on nocturnal
animals, such as rodents, birds, and hamsters, which differ from humans in their response to light [6].

Desynchrony significantly affects the homeostatic adaptation mechanisms, primarily through the reduc-
tion of melatonin production. Melatonin influences the sleep-wake cycle, immune processes, aging, blood
circulation, mental state, and thermoregulation [7, 8]. Melatonin receptors, found in various tissues, includ-
ing neurons in the suprachiasmatic nucleus, and immune-competent cells, demonstrate its direct neurotropic
and immunotropic effects [9]. Additionally, melatonin may exert autocrine or paracrine effects.
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Melatonin production in the pineal gland follows a circadian rhythm, influenced by the alternation of
light and darkness. The synthesis of melatonin begins with the hydroxylation of L-tryptophan to 5-
hydroxytryptophan, which is then converted to serotonin before finally forming melatonin [10-13]. The reg-
ulation of melatonin synthesis involves the release of norepinephrine during the night, which stimulates ad-
renergic receptors in the pineal gland, leading to increased melatonin secretion [14]. The metabolism of mel-
atonin in the saliva occurs through three main pathways: classical, alternative, and the kynurenine pathway.

Melatonin acts through two main types of receptors, named MT1 and MT2, also referred to as Mella
and Mellb. MT1 receptors are expressed in various tissues, including immune cells, blood vessels, aorta,
heart, immune system, adrenal glands, skin, sweat glands, kidneys, renal pelvis, placenta, breast milk, pineal
gland, and brain areas such as the hypothalamus, amygdala, hippocampus, and substantia nigra. MT2 recep-
tors are mainly found in the hypothalamus, suprachiasmatic nucleus, eye retina, pituitary gland, blood ves-
sels, adrenal glands, gastrointestinal tract, sweat glands, skin, and immune-competent cells [15].

Materials and Methods

1st-year foreign students aged 19-24 years from the Faculty of Medicine at the International Business
University (IBU), registered with the state utility enterprise “City Student Clinic” in Almaty, were selected
as the subjects of the research. The total number of volunteers was 100 students, comprising 75 men and
25 women.

In the research, students were divided into three groups depending on the level of health. According to
health level I, 23 students had slight changes in the temporal structure of their physiological states. Accord-
ing to health level 11, 32 students had physiological desynchronosis. According to health level 11, 55 students
experienced severe changes in the physiological state of the body in the temporal structures, and this group
itself was further divided into two subgroups (group Il A and subgroup Il B). Additionally, with the per-
mission of the ethical committee, various doses of antioxidants were used in the state utility enterprise with
the right of economic management of the “City Student Clinic” to normalize group III suffering from patho-
logical desynchronosis.

The study employed the following methods:

1. Chronobiological Assessment: First of all, students were briefed about the chronobiological assess-
ment and instructed to comply with certain guidelines to ensure accurate measurements. They were advised
to avoid strenuous physical activity, caffeine consumption, and alcohol intake during the assessment period.
Each student participated in the measurement sessions conducted over three consecutive days. At predeter-
mined time points (7:00, 10:00, 13:00, 16:00, 19:00, 22:00, 1:00), students were brought to the assessment
area where trained personnel measured their systolic and diastolic pressure, as well as pulse rate.

Calibrated instruments were used to obtain accurate readings of cardiovascular parameters. Measure-
ments were taken in a controlled environment to minimize external influences on the results.

Data collected from each student's measurements were meticulously recorded, including the time of
measurement and corresponding cardiovascular parameters. This information served as the basis for subse-
quent analysis using the “Rhythm” computer program.

2. Chronotype Assessment: Questionnaire Administration: The Ostberg and Horn questionnaire was
distributed to each student along with clear instructions on how to complete it. Students were encouraged to
respond honestly and accurately to the questions based on their personal preferences and habits regarding
sleep and daily activities. Students completed the questionnaire individually in a quiet and private setting to
ensure confidentiality and minimize external distractions.

Assessment of patients' chronotype by O. Ostberg and D. Horn questionnaire. The Ostberg question-
naire consists of 19 questions. The questions were mainly based on the preferences of the person who partic-
ipated in the survey (which time to choose for waking up, going to bed, doing physical activity, etc.). After
filling out the questionnaire, it is analyzed and the chronotype of the subject is determined based on the sum
of the points. According to the results of the survey, the subjects are divided into five chronotypes: clearly
indicated morning, weakly indicated morning, indifferent (individual) type, weakly indicated evening, clear-
ly indicated evening chronotype is determined. Upon completion, researchers analyzed the responses to de-
termine each student's chronotype. This involved summing the points assigned to each question according to
the questionnaire's scoring system.

3. “WAM?” (well-being, activity, mood) questionnaire. Each student received the “WAM” questionnaire
along with instructions for completion. They were asked to evaluate their well-being, activity levels, and
mood based on the provided pairs of opposite characteristics.
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The questionnaire consists of 30 pairs of opposite characteristics, according to which the subject is
asked to evaluate his situation. Each pair represents a scale in which the subject notes the degree to which
one or another description of his situation is relevant. Subjects are asked to associate their condition with a
number of symptoms on a multi-point scale. The scale consists of indices (321 01 2 3). Students rated each
pair of characteristics on a multi-point scale ranging from -3 to +3, indicating the degree to which each de-
scription reflected their current situation. Students completed the questionnaire independently, ensuring that
their responses accurately reflected their subjective experiences. Responses from all students were compiled
and analyzed to identify patterns and trends in well-being, activity levels, and mood among the study partici-
pants.

Results and Discussion

The possibility of melatonin correction for pathological desynchronosis developing in students studying
in the Republic of Kazakhstan from abroad during educational activities was investigated.

Using the Ostberg questionnaire, five different chronotypes were identified in the study participants.
Differences were found between groups with clearly expressed morning chronotype (12.7 %), weakly ex-
pressed morning chronotype (16.9 %), indifferent chronotype (43.4 %), weakly expressed evening
chronotype (11.4 %), and clearly expressed evening chronotype (15.5 %) (Fig. 1).

By determining the chronotype, the diurnal typology of foreign students, or individual differences in ac-
tivity and alertness in the morning and evening, was established. Knowing their chronotypes helps them un-
derstand how their internal body clock works during their learning process, adapting to a new place, and how
to synchronize it with their daily activities and tasks to make the most of their time. Identifying and under-
standing how your chronotype affects your sleep and wake times can help you to improve your productivity,
gain insight into your health, and learn new ways to improve your sleep quality.

11,40% = weakly expressed evening

chronotype

15,50% i
43.40% ° w clearly expressed evening
chronotype

= clearly expressed morning
chronotype

= weakly expressed morning
chronotype

= an indifferent chronotype

12,70%

16,90%

Figure 1. Classification of foreign students by chronotype

Based on the results of autorhythmometry, students of the Faculty of Medicine were divided into
3 groups depending on their health status. The first group included 23 people with a consistent intertemporal
structure of physiological functions: most rhythms (65-75 %) are reliable, among them (60-70 %) circadian
frequencies prevail; the rhythms of conjugate systems are in phase, mesors, amplitude and characteristics of
acrophases are within normal oscillation limits, acrophases correspond to the chronotype of the subjects, and
it was determined that their movement zone along the time axis is within 2—4 hours. The results of the
analysis in this group show a successful adaptation (health level 1). The second group included 32 people
with physiological desynchronosis. A decrease in the share of reliable rhythms by up to 50 %, mainly due to
a decrease in circadian frequencies, an increase in the share of ultradian rhythms by 5-10 %, a violation of
synphasic rhythms, depending on the organism, an increase in the amplitudes and areas of the cyclic
acrophases of rhythms from 4 to 6 hours is shown. It was determined that the described rhythm shifts allow
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to maintain adaptation and rhythm mesors within normal limits (11 level of health). The third group included
55 people with obvious disturbances in the intertemporal organization of physiological functions, in which
the share of unreliable rhythms was high (>50 %), the share of daily frequencies in the spectrum of reliable
rhythms decreased. 38.5 %, the share of ultradian rhythms increased to 45.2 %, amplitudes of rhythms
decreased, acrophases of rhythms did not correspond to the chronotype of the subjects, their walking area.
Students complain of decreased work capacity, decreased memory, attention, sleep disorders, decreased
appetite, increased fatigue, and headaches. These symptoms indicate unsatisfactory adaptation, excessive
stress of adaptation mechanisms, and preclinical health disorders were assessed as a state of pathological
desynchronization (health level I11).

In the group of students with pathological desynchronosis, 30 % of students had a well-defined evening
chronotype, 27.4 % had a clear morning chronotype, and 12.3 % had a weak morning chronotype, 24.1 %
were indifferent, and 6.2 % had a weakly defined evening chronotype (Fig. 2). A high percentage of
pathological desynchronosis in medical students with an evening chronotype may be associated with the
early start of classes and mental loads during the first half of the day, that is, they showed a low level of
work ability.

6,20% = clearly expressed evening

30,00% chronotype

clearly expressed morning
chronotype

24,10%

= weakly expressed morning
chronotype

= an indifferent chronotype

12,30%

= weakly expressed evening
chronotype

27,40%

Figure 2. Classification of students with pathological desynchronosis by chronotype

As mentioned above, we classified the experimental group with pathological desynchronosis into two
subgroups (group 111 A, subgroup Il B) according to the degree of desynchronosis. Students with obvious
disturbances in the architecture of biological rhythms in subgroup 111 A — 24 students received 0.75 mg of
melatonin for 10 days, 30 minutes to 1 hour before bedtime. Students with complaints of obvious disturb-
ances of indicators of biological rhythms in group Il B, experiencing dyssomnia, increased fatigue, reduced
work capacity, headache, loss of appetite — 31 students, took 3 mg of melatonin for 10 days, 30 minutes to 1
hour before bedtime. After the chronocorrection course, medical students with pathological desynchronosis
were examined again.

After chronocorrection of 0.75 mg of melatonin in students with pathological desynchronosis, in the
group analysis of the general spectrum of biological rhythms of physiological functions, due to the increase
in circadian frequency, the proportion of reliable rhythms increased by 57 % (1.4 times), and by 55.5 % (1.4
times), the share of ultradian rhythms decreased to 26 % (1.7 times).

In the group of students receiving 3 mg melatonin, the percentage of reliable rhythms increased to 57 %
(1.4 times), the percentage of diurnal frequency in the spectrum of reliable rhythms increased to 55 % (1.3
times), the percentage of ultradian rhythms decreased to 28.5 % (1.6 times) (Table 1). It is known in scien-
tific literature reviews that melatonin interacts with receptors localized in the suprachiasmatic nuclei of the
hypothalamus, synchronizes free-flowing circadian rhythms, corrects endogenous rhythms in relation to ex-
ogenous rhythms of the environment, thus increasing the body's adaptation capabilities.
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Table 1

Biorhythm spectrum of physiological functions in foreign students with pathological dyssynchrony before and
after correction with melatonin

Sinusoidal rhythms: SAP, DAP on Reliable rhythms % Unreliable
the right and left hand, pulse, body (abs.) rhythms % (abs.)
temperature, “individual minute”, Total Ultradian Circadian Infradian
“individual decimeter” with open and
closed eyes
III A group before chronocorrection 42 44 40,5 16 59
n=143 (60) (26) (24) (8) (85)
Il A group trf;‘;;rt%;a;ﬁlng 0,75 mg 57 26 555 18.2 43
=143 (85) (22) 47 (14) (60)
I11 B group before chronocorrection 40,2 46,4 40,5 13,1 60
n=200 (82) (35) (32) (10) (123)
I11 B group after ;a;l;mg 3 mg melato- 57 285 55 16,5 43
=200 (115) (34) (63) (18) (85)

Note — n-the number of analyzed sinusoids; SAP-systolic arterial pressure; DAP-diastolic arterial pressure

After chronocorrection, the acrophases of most of the biorhythms in both subgroups shifted according
to the chronotype of the subjects, their walking zones were shortened by 1.5-2 hours, there was a tendency to
decrease in mesors of integral indicators (arterial pressure, heart rate, and axillary temperature), and the am-
plitude of rhythms increased. The change of these indicators shows that the adaptability of foreign students
studying at the examined medical faculty has increased.

The duration of “personal minute” and “personal decimeter” in medical students increased in both sub-
groups after taking melatonin and approached the normal values (Table 2). This showed that spatio-temporal
perception improved, adaptation mechanisms and emotional stress decreased.

Table 2

Individual minutes and individual decimeters with open and closed eyes in medical students with pathological
dyssynchrony before and after correction with melatonin

A group of students Indicators
“individual mi- | “individual minute” | “individual decimeter” | “individual decimeter”
nute” when the |when the eyes closed| when the eyes open when the eyes closed
eyes open
Before correction 52+5.4 50,5823 9,1+0,5 7,8+0,5
11l A group
111 A group after taking 58,1+£3,3 55,5439 8,9+0,4 8,9+0,2
0,75 mg melatonin
After correction 54+4,1 51,34£3,2 8,2+0,5 8,2+0,5
111 B group
111 B group after taking 3 54,7+3,2 55+2.8 9,7+0,1 9,0+0,7
mg melatonin

Correction of pathological desynchronosis with 0.75 mg of melatonin resulted in an increase in “well-
being, activity, mood” test indicators. After taking 0.75 mg melatonin, there was an improvement of 3.5 % in
well-being indicators, 5.5 % in activity, and 10 % in mood. After taking 3 mg of melatonin, there was an
improvement of 4.0 % in well-being indicators, 5.8 % in activity, and mood improved by 15.5 % (Table 3).
Melatonin had a greater effect on mood indicators and a slower effect on well-being.

It was determined that the effect of melatonin on the mood indicators of the subjects is related to the
activity of the psychotropic hormone carried out through serotoninergic mechanisms, the modulation of
dopaminergic transmission, and the change in the activity of motivational and cognitive (striatal)
mechanisms in people due to the effect on gamma-aminobutyric acid (GABA) neurons.

Melatonin weakens the excitability of the hippocampus and other emotional structures, stabilizes the
psycho-emotional sphere by limiting anxiety, anti-stress properties and restoring disorganized vibration pro-
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cesses in the body. It also has a positive effect on seasonal depression. This type of depression is associated
with the changing of the seasons and occurs at the same time each year, with symptoms usually appearing in
the fall or winter. Because melatonin plays a role in regulating circadian rhythms, melatonin depression is
often used at low doses to reduce symptoms. According to a study of 100 people, changes in circadian
rhythms contribute to seasonal depression, and taking a daily melatonin pill was effective in reducing symp-
toms.

Table 3

“WAM” (well-being, activity, mood) test indicators in foreign students with pathological dyssynchrony before
and after correction with melatonin

A group of students Indicators
well-being activity mood
Before correction |11 A group 4,95+1,3 4,90+1,3 4,75+1,3
I11 A group after taking 0,75 mg mela- 5,15+£1.4 5,20+1.4 5,22+1.4
tonin
After correction 4,85+1,1 4,80+1,1 4,50+1,0
111 B group
111 B group after taking 3 mg melato- 5,0£1,2 5,10+1,2 5,15+1,2
nin

After chronocorrection, subjects noted improved sleep. A decrease in the time spent falling asleep and
an improvement in well-being upon awakening were observed. The sedative properties of melatonin have
been described by many researchers for sleep disorders associated with various pathologies.

Conclusion

The study of medical students who took melatonin reveals positive effects on physiological and psy-
chophysiological functions. Chronoanalysis of individual and group patterns indicates an improvement in the
organization and efficiency of the circadian system, overall health levels, and quality. Moreover, melatonin
supplementation led to an increase in the sleep quality of students affected by desynchronosis, while those
with pathological desynchronosis showed a decrease in their well-being.

The acquired results suggest that melatonin can be effectively used to regulate and correct physiological
functions in students, offering a potential solution for addressing health-related challenges. This research
supports the notion that melatonin, administered in suitable doses, could positively influence the academic
and exam performance of students, making it a viable option for enhancing their overall well-being.
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H.T. AGnaiixanoBa, A.A. Hunpaubaesa, A.E. Ecenbekosa, b.A. Myxutnun, b.1. ¥Ycunb6ex,
A. Hyiicen6ek, JI.C. KoxxamkapoBa, A. blasipeic

JlecuHXpOHO3 Ke3iHe agaM ar3acbIHbIH PYHKIHOHAIABIK KYiliHe MeJIATOHUHIH dcepi

Makanana amaM ar3achbIHAAFbl MEJIATOHWHHIH ocep €Ty MeXaHW3MAEpi, COHBIH IIIiHIe OHBIH TOYJIKTIK
BIPFaKKa, YHKbIFa, HMMYHABIK Xy#ere skoHe QU3HOIOTHsUIIBIK (HYHKIMOHAIIBIK KYiire acepi KapacThIPbLIIbL.
3epTTeynep MEH KIMHHUKAJIBIK Oakpliaylap HETi3iHAE MECHHXPOHO3ABI TY3€Ty VINIH MEJIATOHHHIL
(hapMaKoJOTHSIBIK areHT PeTiHJe KOJNJaHyFa epeKile Hasap ayaapbuiisl. JKYMBICTBIH MakcaTbl — JKaHa
yakpIT OenjieyiHAe OpHajacKaH HeMece TreorpaisuIblK CHOIKTIH e3repyiHe OaiIaHBICTBI JECHHXPOHO3IaH
3apJar MIEreTiH CTYICHTTEPAiH OHOJIOTHSUIBIK BIPFAKTapBIH JKOHE KANIBI (H3HOJIOTHSUIBIK JKaFJallbIH peTTe-
yre MENAaTOHWHHIH BIKTUMAJ 9CepiH aHBIKTay. MeNaTOHUHHIH TOYINIKTIK BIPFaKKa acep eTy MeXaHH3MIepi,
COHJal-aK Oy3bUTFaH OMOPHUTMUSUIBIK CHHXPOH/AY JKaFJaibIHIa OHBIH YHKbIFa, OSJICEHIUTIKKE KIHE JKaIIbI
(U3HONOTHSUTBIK  TETe-TEHJIKKE acepi KapacTHIPhLIafbl. MeNaTOHMHII JECHHXPOHO3ABI PETTey/e JKOHE
e3repreH OHONIOTHSIIBIK BIPFAKTap JKaFlaliblHAA afaM ACHCAyJbIFbIH CaKTayla KOJIaHy INepCreKTHBAIApbIH
YCBIHA OTBIPHII, ©3€KTi 3epTTeyJep TATIaHIbl. 3epTTey HOTIDKENepi METaTOHHHII KaObUImaraH TOKipHOeIiK
TOTITaFbl CTYISHTTEPAIH OKY YJATepiMi >KaKcapbll, eHOeK KaOileTTepi apThIl, KOHLT KYWIepiHae CepreKTik
naiia OONFaHBl aHBIKTANABI. SIFHM JAECHHXPOHO3 Ke3iHZE Nie, aJaM ar3achblHa (YHKIHMOHAIABIK KYHiHIH
e3repicTepiHe MEJIATOHHWHHIH OH ocep eTKeHi Oenrimi Oomapl. 100 amamra Kypri3iireH 3epTreyre Coukec,
TOYJIKTIK BIPFAKTaFbl ©3repicTep MayChIMABIK JENPECcCHsSFa BIKIAI eTETiHi KoHEe MeJIaTOHWH TaOJeTKAChIH
KYHZAENIKTI KaObUIay IeCHHXPOHO3 CUMIITOMIAPHIH a3zaiiTyaa Tuimai 0onsl. Makana aBTopiaapbl Onomen-
I[MHa, OWOJIOTHs koHe (HapMaKoJOTWsl CaNachIHAAFbl, COHJAK-aK aaaM JAEHCAYJIBIFBI MEH OWOJOTHSIIBIK
BIPFAKTapFa KbI3BIFYLIBUIBIK TAHBITATHIH MaMaHJapFa MaHBI3Ibl FBUIBIMU JICPEKTEP MEH IPaKTHKAJBIK
YCBIHBICTap YCBIHA/IBI.

Kinm ce30ep: necnHXpOHO3, MENTATOHUH, OMOBIPFAK, XPOHOTHUII, TUCCOMHUSL.

H.T. AGnaiixanoBa, A.A. Hunsaubaesa, A.E. EcenbexoBa, b.A. Myxutaun, b.11. Ycunoex,
A.A. [lyiicen6ek, JI.C. Koxamxkaposa, A. blabipeic

BinsiHue Me1aTOHMHA HA (PYHKUMOHAIbLHOE COCTOSTHME OPraHU3Ma YeI0BeKa NpHu
JEeCHHXPOHO3e

B crarbe paccMOTPEHbI MEXaHHU3MBI JISHCTBHS MEJIATOHWHA B OPraHW3MeE YeJIOBEKa, B TOM YHCIIE €TI0 BIUSHHUE
Ha LUPKaJHbIC PUTMBI, COH, IMMYHHYIO CHCTeMy M (husHosiorndeckoe GyHKIHOHATIEHOE cocTosHKe. Ha oc-
HOBaHUM MCCJIEIOBAHUN U KIMHUYECKUX HAONIIOJeHHI 0c000€ BHUMAHHUE YIEJICHO HUCHOJIb30BAHUIO MENaTo-
HHMHA B KauecTBe (papMaKoJIOrHYECKOro CPeCcTBa Al KOPPEKIuu quccuHxponur. Llens paboTsl — ompene-
JIUTh BO3MOXKHOE BJIMSHHME MEJaTOHHHA Ha PETyJSIHI0 OHOJIOTMYECKUX PUTMOB M 00IIee HU3HOIOrHIecKoe
COCTOSIHUE CTY/ICHTOB, HAXOJAIIUXCS B HOBOM YaCOBOM II0SICE MJIM CTPAJAIOLINX JECHHXPOHO30M BCIEACT-
BHE H3MEHEHHUS reorpadu4eckoil MUpoThl. PacCMOTPEHBI MEXaHU3MBI BIMSHHUS MENATOHWHA Ha L[UPKa/JHbIC
PHTMBI, & TAKXKE €ro BIMSHHE Ha COH, aKTUBHOCTb M 00IIee (HU3HOIOrHYECKOe paBHOBECHE TIPU HAPYIICHHN
OUOPUTMHYECKON CHHXPOHM3alMH. [IpoaHaIM3UPOBAaHBI COBPEMEHHBIE HCCIIENOBAHMS, OTKPHIBAIOLINE Iep-
CIIEKTHBBI HCIOJIb30BAHNS MEJIATOHUHA B PETYJISLMH AECHHXPOHU3ALNN U TIOJIEPIKAHUH 30POBbsI YEJIOBEKA
B YCJIOBUAX U3MEHEHHBIX GI/IOHOFI/I‘IBCKI/IX PUTMOB. PeSyJ'IbTaT])I HCCJIEN0BaHUA ITOKa3aJIn, YTO CTYACHTHI OKC-
HEePUMEHTAIBHON IPYIIbI, MPUHUMABIINE MEJIATOHUH, YIy4LIMIA CBOIO YCIIEBAEMOCTb, NOBBICUIIH TPYIO-
CHOCOOHOCTh M uMenH Oosiee 6oapoe HacTpoeHue. To ecTh ObUIO M3BECTHO, YTO MENATOHUH OKAa3bIBAaET IO-
JIO’KUTENBHOE BIMSAHUE HA U3MEHEHHE (YHKIIMOHAIBHOTO COCTOSIHHMS OpPraHW3Ma YelloBeKa Jlaxe MPH JIeCHH-
xponose. CornacHo uccienosannio, y 100 cTyeHTOB ObUTM M3MEHEHUS IIMPKAJHBIX PUTMOB, KOTOPBIE CIIO-
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COOCTBYIOT CE30HHOM ENPeccuy, a eXKeAHEBHbIC Ta0IETKN MeJaTOHUHA ObUTH 3 (GEKTHBHBI B YMEHBILICHUH
CHMIITOMOB JI€CHHXPOHO3a. ABTOpaMH CTAaThbH MPEACTABICHBI B)KHBIC HAyUHbIC JAHHbBIC U MIPAKTHIECKHE pe-
KOMEHAAINH Ul CHELHAIMCTOB B 00JacTH OMOMEIULMHBI, OHOJIOTUH M (apMaKOJIOTHH, a Taloke A TeX,
KTO MHTEPECYETCS 3JI0POBHEM YEIOBEKA U OMOJIOTUICCKUMU PUTMAMH.

Kniouesvie crosa: NecHHXpOHO3, MEIATOHHH, OHOPHUTM, XPOHOTHIL, TUCCOMHUSL.
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CrnexkTpajibHble XapaKTepuCTHKH 3(UPHBIX Macesl PACIPOCTPAHEHHBIX NPSHBIX
NMUIIEBBIX PacTeHu

B HacTosiiee BpeMs NMPSHOCTH IHPOKO HCIOIB3YIOTCS Ul KOPPEKIMH MUTaHusd U purooznoposieHus. e-
JBI0 JTAHHOTO HCCIIENOBAHMS SIBIJIOCH BBIIBICHHE CHEKTPAIBHBIX XapaKTePUCTHUK d(UPHBIX Macels MPSHO-
apOMaTHYECKNX PAaCTEHMH, KOTOPBIE MOT'YT OBITH HCIIONB30BaHbI Ul CTaHIaPTU3AIMH MIPENapaToB Ha UX OC-
HoBe. OOBEKTaMU HCCIIEIOBAHHS CIYXHIIH JIUCThS J1aBPpa O1aropoJHOTO, 3ar0TOBJICHHbIC B TIEPHO]| LIBETCHHS
B ropoge Couu; rBO3IMKH OyTOHBI IPOMBIIUICHHOTO IPOM3BOJCTBA; KOpa KOpHIBI copra «Albay, mocras-
msiemMast o uMnopty u3 Pecryonmku Hlpu-Jlanka, u KopHEBHIIA HMOHPS CBEXHUE, peali3yeMble B TOPrOBOH
cetd. DhHUpHOE MACIIO MOIYYaIH METOIOM T'HIPOIUCTHIUIALMHI U IPOBOIMIIN UCCleoBaHne ero Y D-crekTpa
B auanazoHe 200—400 uM. [lomydeHHBIE CIEKTPBI CPABHUBAIM CO CHEKTPaMU CTAHIAPTHBIX 00pas3IoB 3Bre-
HOJIa, KOPMYHOTO ajJbAeTHaa U UUHrHOepeHa. B0 yCTaHOBICHO, YTO Ma)KOPHBIM KOMIIOHEHTOM 3(HPHBIX
MaceJ TBO3/IMKU U JIaBpa SIBISCTCS BIEHOJ, B 3QHPHOM Maciie KOPHIbI OYEBHIAHO MPUCYTCTBYIOT JBa KOM-
MOHEHTa — KOPHYHBIN aJbIETU U 9BIE€HOJI, a B 9()UPHOM Maciie KOPHEBHUIIl IMOUPS 3BreHoJIa He 0OHapyxe-
HO, €0 OCHOBHBIM KOMITOHEHTOM SIBIISIETCSI CECKBUTEPIICHON ] IMHTHOEepeH. B 11enoM MoXKHO cienaTh BEIBOJ
0 (opmMupoBaHHN OAKTEPUIUAHBIX U (YHTHCTATHYECKUX CBOMCTB MCCICAYEMBIX I(HUPHBIX Macell pa3IniHbI-
MH IpyHIIaMH OMOJIOTUYECKH aKTHBHBIX COCIMHEHHUH: HBreHONIa Y JIaBpa U I'BO3AUKH, CYMMBI 9BI€HOJIA U KO-
PHMYHOTO albJeru/ia y KOopbl KOPHIbI U LIMHreOepeHa B UMOUpE JIGKapCTBEHHOM. Ba)KHBIM SIBISCTCS. BO3MOX-
HOCTb HCIIOJIb30BaHus Y D-CIEKTPOB 3BreHONA, IMHIMOCpEHa 1 KOPHYHOTO ajbAerH/a B KauecTBe CTaHIap-
TOB, ONpPEACIIOMNX T0OPOKaYECTBEHHOCTh Macia, 00ECIEeYNBAIOIIMX BOCIPOM3BOINMOCTD (hapMaKoJIOTH-
YeCKOro JISHCTBHS IPerapaToB J1aBpa, IBO3JUKH, UMOUPS M KOPHIIBL.

Knrouesvle cnosa: naBp, KOpHIla, TBO3UKa, IMOUPH, ciekTpodoTomMeTpusi, 3pUpHOE MACIIO, Ma)KOPHbBIE KOM-
MMOHEHTBI, CTAHJAPTU3AIUS ChIPbS.

Beeoenue

IIpssHOCTH MCHONB30BANIMCH JIOABMHU C JPEBHEHIINX BPEMEH B KAaUeCTBE IHILIEBBIX, apOMATHYECKHX,
kocMmeTndeckux cpenacts [1]. [Ipumeps! ncnonb3oBanus crennii B KadyecTBE JEKAPCTBEHHBIX CPENICTB B PaH-
HUX MUBUIU3AIMAX MOKHO HalTH B manupyce J0epca, KOTOPBI MpeaCcTaBisieT COOOH eruneTCKUi CBUTOK C
MIepEeYHEM PacTeHHH, TPUMEHSBIINXCS B KaUeCTBE JIEKAPCTB, aTUPyeMbIil ipuMepHo 1550 rogom a0 Haten
opsl [2]. Kopuua npuMeHsutach Kak aHTHCENTUYECKOE CPEICTBO, TBO3IMKA — IPOTUB JUAPEH, a TAKKe Kak
MeCTHOe 00e300/MBarollee, UMOUPh — P MPOCTYAHBIX 3a00JCBaHUIX, KaK MPOTUBOPBOTHOE, MPOTUBO-
peBMaTHuUeckoe cpencTBo. [Ipomeaypa cKuraHusi JaBpOBBIX JHCTHEB CIIOCOOCTBOBaja OYHIIEHHIO JIbIXa-
TENBHBIX IMyTeH, YKPEIJICHUI0 MMMYHUTETa, CHATHIO CTpecca U roJOBHBIX Oojeil. Kpome 3Toro, 1siMOM OKy-
pHUBaIU MOMELIEHUS JUTA Ae3UH(PEKINH BO3AyXa U OUUILECHHS OT HEIIPUATHBIX 3amaxos [3].

UcTopust npuMeHeHUs MPSHOCTEH TECHO CBsi3aHa C BEIMKUMH reorpapuyeckKuMU OTKPBITHSIMH M TeX-
HUYECKUM MPOrPECCOM, YTO OBLIO 0O0YCIOBICHO X PEAKOH pacpOCTPaHEHHOCTHIO U BEICOKOH CTOMMOCTBIO.
C axKTHBHBIM pa3BUTUEM TpaHcHopTa B XX BeKe AOCTYNHOCTh MPSHOCTEH 3HAUYUTENIHHO BO3POCHA, TaK KaK
COKPATHJINCh CPOKH JOCTABKH U MX CTOMMOCTH, KPOME TOTO, MPSIHO-apOMATHIECKHE PACTEHHS CTaJIH HMIMPO-
KO BBIpAIIMBaThCs BO MHOrUX cTpaHax HOro-Bocrtounoit Asuu, Adpuku, Amepuku [4, 5]. B Hacrosiiee
BpeMs MPSHOCTU MPOAOIDKAIOT aKTUBHO NMPHUMEHATHCS KakK Ul yJIydIIeHHsS OpPraHOJENTHYECKHX CBOWMCTB
MUIIH, TaK ¥ U1 (PUTOO03TOPOBIICHUSI.

Hawnbonee momynspHbl B HacTosiiee BpeMs UMOWpPH, KOPHUIIA, JIABPOBBIN JIHCT, TBO3/IMKA, Pa3TUYHbIE
BUBI TIepLia, 0a/bsiH, PO3MapuH, KypKyMa, 0a3uiIMK U MHOTHE apyrue [6, 7).

VlcTouyHMKOM TOJTy4eHUs] KOPHIIBI SBIISICTCS. KOpa KOpHUYHHKa 1eionckoro (Cinnamomum ceylanicum
Blume) cemeiictpa naBpossie (Lauraceae). JIaBpoBblii JIMCT 3ar0TaBIMBAIOT OT PACTSHHUSI JIaBP 01aropoIHBIN
(Laurus nobilis L.) cemeiictra maBpossie (Lauraceae). I'sosauka mpeacTaBisieT co00# BLICYIIEHHBIE OYTOHBI
reo3anuHOrO nepesa (Syzygium aromaticum (L.) Merrill et. Perry) cemeiictBa muproBeie (Myrtaceae). Mm-
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OUpb — 3TO MPSHOCTb, MPEICTABIAIOMAs cO00H CBEXHE WU MepepadOTaHHbIe KOPHEBUIIIA UMOHPS JIeKap-
creennoro (Zingiber officinale Roscoe) cemeiictBa umbupusie (Zingiberaceae).

3a UCKIIOYEHHWEM JHCTHEB JIaBpa OJIarOpPOIHOTO, MEPEYUCIEHHBIE PACTEHHS BXOISIT B COCTaB KOM-
IJICKCHBIX JICKAPCTBCHHBIX PACTUTEILHBIX MPENapaToB, MPUMEHSIONIUXCS TP JICUCHUH Pa3JIMIHBIX 3a00I1e-
BaHuii. Tak, B ['ocynapcTBeHHBIH peecTp JIeKapCTBEHHBIX cpenacTB Poccuiickoit @eneparyn [8] BKIIOYEHBI
paznuunbie GopMbl BhITycka Oanmb3ama «3omoTast 3Be3nan, «Comexopy», «Kapmomucy, «/Joxtop Momp»,
«TpaBucuiny, copepikaniue 3PUPHbIC Maciia WK IKCTPAKTHI UMOUPS, KOPHUIILI ¥ TBO3IUKU. BOJbIIyrO momy-
JISIPHOCTH B TIOCJIEAHEE BpeMsl IPHOOPENH Yau ¢ J0OaBICHUEM UMOMPSI, TBO3IMKU M KOPHLIBL, KOTOpBIE 00J1a-
JAIOT HE TOJBKO BBIPAYKEHHBIM BKYCOM, HO 1 HMMYHOMOYJIHPYIOIINAM, TPOTHBOMUKPOOHBIM, TIPOTHBOTPHO-
KOBBIM M TIPOTHBOBUPYCHBIM JeiicTBueM [9—18]. Uame Bcero mx ynmorpeOmsioT A MpoUIaKTHKH U TIPH
JICYCHUHU OCTPBIX PECIICPATOPHO-BUPYCHBIX MH(EKITUIM.

Kpome toro, 60IbIIyto MOMyISIPHOCTh MPHOOPENT0 MUCHOIB30BaHUE d(UPHBIX MAceNl B apOMAaTEpaIny.
AccopTuMeHT d(DUPHBIX Macel Ype3BBIYaiiHO pa3HOOOpa3eH: Maciaa MOXKHO MMPHOOPECTH HE TOIBKO B alTeKe,
HO U B KOCMECTHYECCKHUX U nap(bIOMepme MaradmHax, a TaKXXC Ha TOPTOBBIX IJIOHIaJKax MapKCTHJ'ICﬁCOB,
LICHOBOM HMAIIa30H BAPbUPYET B LIMPOKUX IIPEAEIax U MOXKET pa3IndyaThCs B ACCITKU Pas.

OCHOBHBIMH JIEHCTBYIOIIMMH BEIIECTBAMHU KOPHUIIBI, UMOHPS U JIaBpa SABISFOTCA d(UpHBIE Macia, OJHa-
KO KOMITOHEHTHBIM COCTaB Maceln pa3In4dcH. ILHS[ KOpHlbl OCHOBHBIMU KOMITOHCHTAMH SABJIAIOTCA KOpI/I‘IHBII\/'I
QJIBJICT U] U 3BIEHOJ, IS TBO3AMKH — 3BIEHOJ, JJIs JIaBpa — 3BICHON U 1,8-IIMHEOI; 1y1sl UMOMPST — IIMH-
rudepen [19-24].

Bwmecte ¢ TeM BocTpeOOBAaHHOCTH KOPHIIBI, UIMOMPS, J1aBpa U TBO3IUKH MTOPOXKIAIOT IpobiemMy (ambcu-
(MKalMK TaHHOTO PACTUTENBHOTO ChIPhS. B CBSA3U ¢ ATUM HeoOXoAMMa Mpoleaypa CTaHIapTU3aUN U KOH-
TPOJIsl Ka4eCcTBa MPOAYKINH, COAepKAIIeH 3TH MPSIHOCTH, C UCIOIB30BaHUEM JKCIIPECC-METOIOB, KOTOPHIS
OyIyT Masio3aTpaTHBIMU IO BPEMEHH MCCIIeIOBaHUS U pecypcam. OHUM U3 TaKUX TPAAUIUOHHBIX U dPdeK-
THUBHBIX METOJIOB MOXKET CITy’KHUTb crieKTpodoToMeTpHs. i peanu3annuy Takoro moaxo1a Heo0XouMo yc-
TaHoBJeHUE Y D-CIIEKTPOB C PENEpPHBIMU IKCTPEMYMAMM, XAPAKTEPHBIMHU JUII Ma)KOPHBIX KOMIIOHEHTOB
3(UPHBIX Macell, OMPEIENAIONNX Ty WIH UHYIO (PapMaKoIOTHIECKYIO0 aKTHBHOCTb.

Llenpi0 TaHHOTO WCCIIEIOBAHUS SIBUJIOCH BBISBIICHHUE CIEKTPAIBHBIX XapaKTEPHCTHK S(PUPHBIX Macen
MPSHO-aPOMATHYECKUX PACTCHUH.

Mamepuanst u memoosi

OOBeKTHI HCCNeI0BaHUS: JUCThS J1aBpa O0JaropogHOro, 3aroTOBJICHHbBIE B IEpHoA 1BeTeHHs B I. Coun;
I'BO3/IMKK OYTOHBI MPOMBILIJICHHOTO TIPOU3BOICTBA; Kopa KopHuiisl copta «Albay, mocrasnsemoii mo sxcmop-
Ty 3 Pecriy6imku Ulpu-Jlanka, 1 KopHeBUILA UIMOUPS CBEXHE, peai3yeMble B TOPIOBOM CETH.

OdupHoe Macio mosydaad METOAOM TMAPOIUCTWIULILMU C MCIONb30BaHUEM anmapara ['mH3bepra u
Krnesenmxepa 3 10BeIEHHOTO 10 BO3AYIIHO CYXOTO COCTOSIHUSA ChIpbA. BpeMs nuctuiuisiuuy coctasisiio 4
Jaca 10cje 3aKUIaHus BOABI B IEPEroHHON Koj0e. DdupHoe Macio KOIUIECTBEHHO OTOMPANIOCh U3 IPHEM-
HUKa U PacTBOPAIIOCH B 5 MII cipTa 3TUI0BOTO 95 %. CHeKkTphl MOMIOMEHUs] CHUMAINCh B Tuana3one 200—
400 uM Ha cniektpodoTomerpe CD-56. KonmuecTBeHHOE conepkanue 3(UPHOro Maciia B MCCIEIYEMOM ChlI-
pbe ONpeeNsuii Kak OTHOIIEHHE 00beMa MOMydeHHOro Maciia (1o IIKajie MprueMHHKa 3(UPHBIX Maced) K
Macce 3arpyKeHHOT0 B IIEPErOHHYIO KOJIOY CBIpbs B IiepecueTe Ha a0CONIIOTHO-CyXoe chiphe. ComepxaHue
peo0IaJaroero ONTHYeCKH aKTUBHOTO KOMITOHEHTa OTPEIeIISUIH 110 U3MEPEHHOMY MTOKa3aTesio TOTrIole-
HUS Ha XapaKTEePHOMW JIJTHE BOJHBI U U3BECTHOMY KO3 PHIIMEHTY MOJISIPHON SKCTUHKITHH.

Kpome Toro, mis mocienyromero cpaBHeHHUsI ObUTH CHATHI B @HAIOTHYHBIX YCJIOBHUAX CHEKTPHI CTaH-
JapTHBIX 00pa30B ABreHONIa U KOPUYHOTO albIeTruaa.

Pezynomamul u ux obcyscoenue

B pesynbrate npoBejeHHON THAPOJUCTHILISINN OBUTH MONyYeHbl d(QUpPHBIE Maciia, MPeCTaBIISIOIIUe
co00# mpo3payHble MaCJISTHUCTBIE )KUIKOCTH, )KEITOBATOrO LIBETA C XapaKTEPHBIM 3a11aXxoM.

CpaBuuBas noiydeHHble Y D-crnekTpbl 3QUPHBIX Macesl TBO3AUKH (puc. 1), JaBpa (pHc. 2) U KOPHILBI
(puc. 3) ¢ YO-criekTpamMu CTaHIAPTHBIX 00Pa3IOB IBr€HOIA ¥ KOPUYHOTO ajbaeruaa (puc. 4) MOXHO cle-
JIaTh BBIBOABI O MPeo0IaJaroIuX KOMIIOHEHTaxX B 3(UPHBIX Maciax UCCIEIyEeMbIX PACTCHHH.
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Pucynok 3. YO-criekTp 3¢pHpHOro Macia, HOAYYeHHOTO METOIOM THUAPOIHCTHILISIIMN
13 KOPbI KOPUYHUKA LIEHIOHCKOTO
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Pucynox 4. Y®-criekTpsl 3BreHona (KpacHas JIMHSA) 1 KOPHYHOTO allb/Iernaa (CHpeHeBast JIMHU)

Ananmu3 Buga kpuBoi Y D-ClieKTpa W 3HAUYEHUH yCTAHOBIIEHHBIX SKCTPEMYMOB TorjiomeHus (tabm. 1)
MO3BOJISIET CACNATh BHIBOJBI, YTO TJIABHBIMH KOMITOHEHTaMHU 3(UPHBIX Macell TBO3JMKH W JaBpa SBISETCS
ABreHOJI. BroJTHE JIOTMYHO W HEMPOTUBOPEYHBO MPEAIIONIOKUTE, YTO YIOTPEOICHNE X B MUILY KaK MPSHO-
CTH WX B BUJIe CYOCTaHIIMH JJIs ITOJIyYEHUs JIeKapCTBEHHOro mpemnapara nin BAJ] obecrieunBaeT aHTHOAK-
TepuanbHOe aeiicTBre. M3BecTHO, YTO B cocTaBe 3()MPHOrO Macia JiaBpa MPUCYTCTBYET 3HAYUTEIHHOE CO-
nepxanue 1,8-muHeona. OmgHAKO METOABI (POTOMETPUU JIJISl TAHHOTO COEJAMHEHUS HE MPUMEHHMBI, TaK Kak
OH B HICCIICTyEMOM JHAIa30HEe ONITHYSCKH HEe aKTHBEH. BMECTe C TeM aHTHCENTHUYECKOE ICHUCTBUE JIABPOBOTO
JIUCTa MOXKET OBITH 00ECIIEUEHO ¥ IBI€HOJIOM.

Y®-cniekTp M3BICUCHUS U3 KOPHI KOPHUIIBI UMEET SIBHBI OATOXPOMHEIN CIBHT OTHOCHUTEIHLHO MaKCH-
MyMma 3BreHojia. llociemHee oOCTOATENBCTBO MOXKET OBITh OOBSICHEHO 3HAYMTEIHHBIM COJCPIKAHUEM B
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3(UPHOM Maclie KOPHIIbI KOPUYHOTO aJIbJIETH/Ia, MMEIOIIET0 00Jiee UIMHHOBOTHOBBIM MAKCUMYM TIPU JTUHE
BOJHEI 291 HM.

Tab6anuma 1

IkcTpeMyMbl Y @-ceKTPOB HCCIeAyeMbIX IPUPHBIX Maces

HUccrexyemsrit obpasen OKCTpEeMyMEbI, HM
MaKCUMyM MHHUMYM
I'BO3IMKH OyTOHBI 281 252
Kopwis! xopa 286 253
Vmbups kopHEBHUIIA 238 212
JlaBpa nucThs 280 252

D¢dupHOE MacIIO KOPHEBUII UMOHPS UMEET PE3KO OTIIMIHBIN OT APYTUX HCCIETOBAHHBIX 00BEKTOB Y D-
CHeKTp (puc. 5), 4TO MO3BOJSIET CAENATh BHIBOA 00 OTCYTCTBHM B €r0 COCTaBe 3BreHoia. [lomydeHHBIN
crekTp OoJiee XxapakTepeH JJIsi CECKBUTEPIICHOUIa IMHTHOepeHa [25], 1 IMEHHO ¢ HUM CBsI3aHO (papMaKoIio-
THYECKOe ISHCTBUE MpenapaToB UMOUPS U OMOJIOrMYECKH aKTHBHBIX T0OOABOK HA €ro OCHOBE.
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Pucynok 5. Y®-criekTp 3QHUpHOro mMacia, IoIy4eHHOT0 METOIOM THIPOAUCTHUISAIINN U3 KOPHEBHUIIL HUMOUPSI

[To u3MepeHHBIM BENMYMHAM ONTHUYECKOW IJIOTHOCTH HA JUIMHE BOJHBI XapaKTEPHBIX IKCTPEMYMOB H
M3BECTHBIM BEJIMYMHAM 3KCTHHKIIUH OBLJIO ONPEICICHO COJCpIKaHNe MaKOPHBIX KOMIIOHEHTOB B HCCIIEIye-
MBIX 3(UPHBIX Maciiax (Tabdm. 2).

Tadbnuma 2

KoanyecTBeHHDBIE XaPAKTCPUCTUKHA MOJYIYCHHBIX MaceJl

Hccaenyemsrii oopazen;| Coneprxanue apupHOro macna, CopeprxaHuie 9BreHoa Conepxanve
% B Macie, % nuHrndepena, %

I'BO31MKH OyTOHBI 11,8 94,6 -

JlaBpa JucThsI 1,8 0,95 -

Kopwuiisr kopa 8,9 1,95 -

VIMOups KopHEBHIIA 14,2 — 6,8

Baxnouenue

B 1ienmom MokHO cienath BBIBOA O POPMHUPOBAHUH OAKTEPUIUIHBIX U ()YHTUCTATUIECKUX CBOWCTB UC-
CJIeTyeMbIX 3(UPHBIX Macell Pa3IMYHBIMU TPyNIaMyu OWOJIOTUYECKH aKTHBHBIX COCIUHCHHIA: BICHONA Y
JIaBpa ¥ TBO3JMKH, CYMMBI 3BI€HOJIAa M KOPUYHOTO ajJbJIErHa y KOPhl KOPUIHI U IWHTe0epeHa B UMOUpE Jie-
KapCTBCHHOM.
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BaxxHBIM SIBJISIETCS BO3MOXKHOCTH MCIIOJIb30BaHUsT Y D—CIIEKTPOB 3BreHOA, IIMHIMOSPeHa U KOPUIHOTO
aNpJIern/ia B Ka4eCTBE CTaHAAPTOB, ONMPEAETSIONINX J0OPOKaYeCTBEHHOCTh Macia, 00eCedrnBaromero Boc-
MIPOM3BOANMOCTH (PapMaKOJIOTHIECKOTO ASHCTBUS MIPETapaToB JIaBpa, TBO3AUKH, UMOUPS ¥ KOPHIIHL.
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B.B. Benmnuxo, JI.C. Kpyrnos, JI.JI. [Ipokymesa

TamMakThIK AIMAeyill oCiMIiKTepiHeH aJbIHFaH 3(pUpP MAHIAPIHBIH
CIEKTPJIIK CHIIATTAMAJIAPBI

Kasipri yaksiTTa 1oMaeyimTep KyHIAETIKTI TYPMBICTAa TAMAKTHI JYPBIC TYTBIHY/A XKOHE (DUTOCAYBIKTHIPY YILIiH
KEHIHEeH KOJJaHbUIaAbl. 3epTTEYIiH MaKcaThl OJApAblH HETi3iHAe MpenapaTTapisl CTaHAapTTay YLIiH
KOJTaHyFa OOJATBIH allbl-XOWI HiCTi OCIMOIKTEpIiH 3GHup MallapblHBIH CHEKTPIiK CHIIATTaMalapblH
aHbpIKTay. 3epTTey HblcaHblHAa COUYM KajJachlHaH TYJIJAEHY KEe3€HIHIE >KHHAIFaH achblUl JIaBp JKaIbIpaKTaphbl;
OHepKacinTe eHAipinreH Kanammblp Oypumrikrepi; Ilpu-Jlanka PecryOmukacsiHaH UMIoOpTTanFal «Anb0a»
COPTHIHBIH JapIIbIH KaOBIFBI JKOHE cayla JKeNICIHIe CaThUIATHIH OaiFbIH 3iMOIp TaMbIpcaOaKTaphl ajdbIHAIBL
Ddup Mailbl THIPOIUCTUIUISINSA SMICIMEH anbIHIbI koHe OHBIH YK-cnektpi 200-400 HM auama3oHBIHIA
3epTTeNi. AJIBIHFaH CIIEKTPJIep SBI€HOJ, KYH3EIIK albAerui )KoHe UHTNOSPeHHIH CTaHIapTThl YIrUIepiHig
CHEKTpJIEpIMEH CaNBICTHIPBUIABL. Kanmammelp MeH naBp 3(QUp MalIapblHBIH HETI3r1 KOMIIOHEHTI 3BIreHOI
eKEHJIIT1 aHBIKTAJIABI; AapUIbH 3(Up MaibIHAA €Ki KOMIIOHEHT Oap, OJ1 JapIiblH albICTHI KOHE YBI€HO; ajl
3iMOip TambIpcabarbIHBIH 3(Up MailblHAH BreHON TaOBUIMAJAbI, OHBIH HETi3ri KOMIOHEHTI — IHWHTUOEpeH
CECKBHUTEPIICHOHNIBI. JKaIbl anFanaa, OMOJOTHSIIBIK OeJICEH I KOCBUIBICTAPBIH SPTYPIIi TONTAPHI 3ePTTEHTIH
3¢up MaiIapbIHBIH OaKTEPUIUATIK JKoHE (PYHIMCTATHKAIBIK KaCHETTEpPiHIH KaJbIITacybl Typaibl MBIHAIAN
KOPBITBIHABI JKacayra OOJampl: JIaBp MEH KaJaMIIBIpAArbl IBIEHOJ, NapUIbIH KaOBIFBIHIAFbl SBI€HOJI MEH
KYH3EJIIK aJIbAEruAi JKOHE IOpUIK 3iMOipIeri IUHIreOepeHHIH KOCBIHIBICHL. OBIEHOJ, LUHTHOEPEH JXXoHEe
KYH3eliK anpaeruminin YK-crmexTpiepin maBp, Kamammblp, 3iMOip JKQHE MJapIUbIH IIperapaTTapbIHBIH
(hapMaKoJIOTHSUIBIK SCEepiHiH KalTalaHyblH KaMTaMachl3 eTyle MaiIbIH CalachlH aHBIKTAHTBIH CTaHAAPTTAp
peTinae maiiganany MYMKIHAITT MaHBI3AbL.

Kinm ce30ep: naBp, mapuibiH, KaJlaMmIiblp, 3iMOip, cekTpodoToMeTpus, 3HUp Maibl, HETi3Ti KOMIIOHEHTTED,
IIMKi3aTTHl CTAaHAAPTTAY.

V.V. Velichko, D.S. Kruglov, D.L. Prokusheva
Spectral characteristics of essential oils taken from widespread spicy food plants

Nowadays, spices are widely used for nutritional corrections and phytohealthing. The aim of present research
was to determine the spectral characteristics of essential oils of aromatic plants, which can be used to stand-
ardize preparations based on them. The objects of the study were leaves of noble laurel, harvested during the
flowering period in the city of Sochi; carnation buds of industrial production; cinnamon bark of the “Alba”
variety, imported from the Republic of Sri Lanka, and fresh ginger rhizomes sold in the retail network. The
essential oil was made by hydrodistillation and its UV-vis spectra in the range of 200-400 nm was studied.
The obtained spectra were comparing with standard samples spectra of eugenol, cinnamaldehyde and
zingiberene. It was found that the major components of the essential oils of clove and laurel are eugenol; in
the essential oil of cinnamon there are two components — cinnamaldehyde and eugenol. At same time
eugenol was not found in ginger essential oil and the main component is the sesquiterpenoid zingiberene.
Concluding that the bactericidal and fungistatic properties of essential oils are formed by different groups of
biologically active compounds: eugenol in laurel and cloves, the sum of eugenol and cinnamaldehyde in cin-
namon bark and zingeberenes in ginger. It is shown ability use the UV spectra of eugenol, zingiberene and
cinnamaldehyde as standards determining the good quality of the oil, ensuring the reproducibility of the
pharmacological effect of laurel, clove, ginger and cinnamon preparations.

Keywords: Laurel, cinnamon, cloves, ginger, spectrophotometry, essential oil, major components, standardi-
zation of raw materials
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leaflet extracts? Agriculture, 11, 1037.
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Bakma kapaot (Portulaca oleracea L.) yabTpaabIObICTBIK 3KCTPAKTHIMEH
Ta3apTKbIII-NMIEHKAHbIH AHTHOKCUIAHTTHIK OeJICeHIiJIIri MeH Kayinci3irin anbIKTay

Kasipri yakpITTa ciMaiKk TeKTeC MINKi3aTTaH OHIIPUIreH Tepi KyTiMiHe apHaFaH KOCMEIIEBTHKAIIBIK @ HIMJIEp
caHbl apThin Kejieni. KyH coyneciHiy acepi Ke3iHze Tepifie 60¢ paaukangap naiaa 60apl, oap coiikeciHIe
SMUIEPMHC TMEH JiepMa JeHreilinae KaObIHY peakuusuiapbiHa okeneai. OCbl MOCeNeHi IMiemy YIIiH Tepire
AHTHOKCHIAHTTBIK dCep KOPCETETIH KOCMEIEBTHKAIIBIK OHIMIEp KoMeKKe Keneai. bakia kapaor (Portulaca
oleracea L.) ynbTpaibIOBICTBIK SKCTPAKTHIMEH Ta3apTKBIII-TICHKAHBIH aHTHOKCHIAHTTHIK Oenceniniri DPPH
paguKangbl JKOK  ChIHAarbl — apKpUIbl, nHomupeHonnap MeH  (UIaBaHOMATAPIBIH ~ JKAINbl  CaHBI
CHEKTPO(OTOMETPHUSIIBIK ~ OiC  apKBUIBL, Ta3apTKBIII-ICHKAHBIH KAyilCi3[iri MEH NIUTOTOKCHKAIBIK
Gencenainiri HaCat (in Vitro) skacymanapsl apKbpUIbl aHBIKTAIIBL. 3€pTTEY HOTIXKEIepi OoibiHIIa Gakia
kapaot (Portulaca oleracea L.) ynbTpaablObICTBIK SKCTPAKTBIMEH Ta3apTKBIII-ICHKAHBIH aHTHOKCHAAHTTHIK
oencenminiri 89,1+0,54, an xacymanap eMipuieHIiri 95 % eKeHAIri aHBIKTaIIBL.

Kinm co30ep: Ta3apTKBIII-TIEHKA, YIBTPAABIOBICTHIK SKCTPAKT, OaKIIa KapaoT 3KCTPAKThI, AaHTHOKCHIAAHTTHIK
Oencenainik, nomudeHonnap, GpuaBaHouaTap, KacymalapIslH OMipIICH/IIT1.

Kipicne

Emnik-npoduiakTHKaNbIK 9cep eTeTiH KOCMETHKAIBIK oHIMIep (papMalieBTHKAJIBbIK HAPbIK CErMEHTIHIE
TYPaKThl JKETEKI OpBIHAAPJABIH OIpiH ajaabl. OMEOMETTIK II0JIy HETI3iHIAE KYPri3UIreH 3epTTey
JKYMBICTAPBIHBIH HOTIKEC! TYTHIHYIIBUIAD Kajaybl OOMBIHIIA TaOWFH OHIMIE JETeH CYPaHBICTHIH OachiM
eKeH/IITiH kepceTTi [1].

OCIMJIIK TEKTeC MHIPEIUCHTTEPI KOCMETHKaaa KOJJaHy KOpPCETKIlli jKaHyap TEKTeC >KOHE
CUHTETUKAIIBIK OHIMEpre KaparaHia d>Xorapbl [2]. OCIMIIK TeKTeC KOMIIOHEHTTEp aHTHOKCHIAHTTEHIK,
KaObIHYFa, MHUKPOOKAKapChl, THIHBIIITAHABIPATHIH/BUFAIIAHABIPATEIH, Tepire KOPFaHBII KBI3METIH
KOpCeTeTiH ocepyiepiHe OalIaHbICTBl Tepi, Il >KOHE aybl3 KYBICHI KYTIMIHE apHajfaH ©HIMJAEpIiH
penentypachiHia KeHiHeH KonmaHpuiansl (AOypmkaum sxoHe Hatmre, 2003) [3]. OmeMaik KOCMETHKAIBIK
HapbIKTHIH KoJeMi 2017 sxputbl 532 mumumapn AKIL nommapeia kyparaH, an 6omkam Ootibiama 2023 KbUTHI
805 mummnapn AKII nosnapeina rramManansl aen xadapianrad [4].

Conrpl OipHelle OHXBUIABIKTa KOCMEICBTHKAIIBIK ©OHIMICPIIH aHTHOKCHUAAHTTHIK KACHETTEPIHE
KBI3BIFYIIBUIBIK ~ apTylda, Oyl aHTHOKCHOAHTTapAbIH Tipi KyHenmepAeri opTypil epKiH-paIuKaygbl
MPOLIECTEPAl JKYy3€re achblpybIMEH KaTap IAaTOJOTHSUIBIK JKaFjaaijiapra Kapchl TYPYAbIH TyOereiiai jkaHa
TOCIIIEPIH JaMBITyIaFbl KACUETIHE HeTi3ereH [5].

CoHbIMeH Karap, omeOum JepeKTeple OCIMIIKTepJeH aIbIHFaH (HEHOJABIK KOCHUIBICTAP.IBIH,
(bmaBoHOMATAP/BIH KYIITI AaHTHOKCHIAHTTBHIK KaCHeTi JoNeijieHreH. JleMeK, Ta3apTKhIII-TICHKaHbIH
KypambiHaarel nonudeHongap MeH (JIaBaHOWATAPIBIH KOFaphl MOJIIIEepi OHBIH aHTHOKCHIAHTTHIK
KacHeTiHiH Kemiti 0oja anans [6].

3eprreyniy Maxcatel — Portulaca oleracea L. ynbTpaiplOBICTBIK SKCTPAKTHIMEH Ta3apTKbIII-
MEHKaHbIH aHTUOKCHIAHTTHIK KACHETTEPl MEH ITUTOTOKCUKAJIBIK OCIICEHILTIriH Oaraay.

Mamepuanoap men adicmep

3eprrey oObekTici HeriziHeH Oakma kapaot (Portulaca oleracea L.) ymbTpaapIOBICTBIK 3KCTPaKTHI
KOCBUIFaH Ta3apTKBIII-TIeHKA, IAPTTHI Typae aTaysl «Port&Ai».
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3eprrey Oazacel Kaz¥MVY @apmanms MekTeOiHIH CHMYISOUAIBIK OpPTAIBIFBIHAA, 3€pTTEy-
AHAIMTUKANBIK 3epTXxaHackiHAa >koHe JKemryB kamaceiHbIH «University of Information Technology and
Management in Rzeszow» yHuBepcuteTi 0a3amapbIHaa Ky pri3iiii.

OKcrepuMeHT 0apbIChiHAA (U3UKA-XUMUSUIIBIK, AHAINTHKAIBIK, TEXHOJOTHSUIBIK, CTaTHCTHKAJIBIK
omicTep KOJITaHBIIIEL.

Yaempaowibvicmoix axcmpaxyust

OkcrparenT 70 % KOHUEHTpaUUsAaFbl CyNbI-3TaHol epitingici. 150 r 6akma KapaoT A9piliK eciMIiK
IIUKI3aThIH KOHYCTHI KojbOara canbin, 1:10 xateiHaceiHma 70 % cynbl-3TaHON KaThiChiHAA, 30 MUHYTKa
yibTpaapiobicThIK (Ultrasonic cleanser, PS-20AD, Keitait) Mmonmiara koitbuisl [7]. Poropaa (Stegler RI-213,
Peceit) OymanapIpbin, CyHbIK 3KCTpakT (1:1) ambramb.

Ta3apm1§bzw-neHKaHbl any

TazapTKpII-TIEHKAaHBIH OHTAWIBI KYpPaMblH TaHJAAyla NalblHAANFaH ChIHAMAJIApAaH 5 Typmi Yari
aneiaiel. Heri3 perinme: Tasapteumwran cy, Oerncenai 3at petinae Portulaca oleracea L. ynbTpaabIObICTBIK
OKCTPaKTHI, OCTTIK OeyiceHni 3aT peTiHae: Kokamupompornun OetamH (YHIicTaH), koko-OetamH (Kpitail),
KOCBIMIIIA 3aTTap: BUFAIIAHIBIPFBINT peTiHae mmnepun (Peceit), xom wic Oepymri po3a TyJiHIH Maibl
(Dpannmst), KOHCEPBAHT PETiH/E IUMOH KBIIKBUTHI (KpITail) KONIaHbIIIbL.

Anmuoxcuoanmmuix, bencendinikmi anvikmay (DPPH paduxandwl sicoro cvinagol)

POrt&Ai Ta3apTKpII-TIEHKaHBIH 00C pamukangapasl koo  Kabimeri DPPH  (2,2-mudennn-1-
MUKPUWITHAPA3WIT) TallaybIMeH OaramaHfpl. Ta3apTKBIII-TIEHKAHBIH 9p TYpii KoHIeHTpanwsceiaaa (1000
mr/mi, 500 mr/mm, 250 mr/ma xore 125 mr/mm) 0,001 mn DPPH apanacteipeuiaer. KockiHmer Gomsramen
*aObUIbI, Kapaureiga 10 munyT nHKyOanusinangsl. CiHipy kepcerkimi A=540 HM TOJKBIH Y3BIHJBIFBIHIA
emmenyi. CTaHmapT epiTiHmici peTiHAe epiTKImTiH OipAei KeleMiMeH apallaCKaH acKOPOWH KBIIIKBLITBI
koimaneuael. DPPH pannkanmapsiH k010 maitbI3bl MBIHA (pOpMyITaMeH ecenTe/ii:

-100 %;

Mynpaaret  Abs control-6akpiiay — peakuMsCHIHBIH — KYThUIYbl  (TajjaHaTbiH — YiriieH  Oacka
pearentrep), Abs sample-TannaHaTbIH YATiHIH KYTHUTYBI.

Bapneik cnexkrpodoromerpiik emmeynep Solar PB 2201, YK-cnekrpodoromerpinge (bemapycs)
Kyprizinmi. 3eprrey HoTIKenepi Microsoft Excel 2010 Garmapnamachiaga eHIET.

Denondapoviy KHcannsl KYpamslH aHbIKMAY

Port&Ai Ta3apTKbIII-ICHKAHBIH KypaMbIHIarbl (EHOIIApAbIH Kaarnsl Mesmepi PonuH-Yokanrey
omicimen anbIKTanmAbl. 30 mur tazapTieim-ieHka (10-100 mr/mur) ceiHamaceiHa 150 M @onuH-Yokantey
peareHTiH KOCHIT, KapaHFbI xKepre 6 MUHYT UHKyOanusaan keiin op yiarire 120 pg/mL Hatpuit kapOoHATHI
Kochubl. COCBIH KapaHFbl kepre 60 MHHYTTBHIK MHKYOalusiaH KediH ciHipy kepcerkimi A = 740 HM
TOJIKBIH Y3BIHJIBIFBIH/IA aHBIKTAIIBL. Onmey Oenmme Temmneparypacbiaaa (+25 °C) xkyprizinmi. TangaHaTeiH
Ta3apTKBII-NICHKAAaFbl (DSHOIAPIbIH Kbl KOHIEHTPAIMACH Ta/ul KbIIKbUIBIHBIH (GA) Kanubpiey
kucbirbiMeH (0—100 mr/min) ecenrenai. Ta3apTKpI-MIeHKaAarbl HEHOJIBIK KOCBUIBICTAP YIII TAYEJICI3 eIy
HOTH)KECIMEH aHBIKTAIJIbI )KOHE OpTAallla MOHJIEP aJIbIH/IbI.

DasoHoUOmMapobiy HCAINbl KYPAMbIH AHBIKINAY

®daBaHOMATAPIBIH [5] Kajambel MeJIIEpl CUIATTaIFaH oJic OOHBIHINA AHBIKTAIABL TaliaHaThIH
Ta3apTKBIII-TICHKAIaFbl  (MIABOHOMITAPIBIH JKAIMBI MOJIIEPI aTOMUHUN HHUTPAT HOHTUIPATHIHBIH
KeMeriMeH OaraiaHibpl. 56, 60 MK 3epTTENeTiH Ta3apTKBIII-TIEHKAHBIH 9p TYPJi KOHIEHTPAIUSIaFbl
epitinninepine (10-100 mr/m 1) 243, 300 MK peakmus KOCHachl —apajacThIpbulIbl. benme
temneparypacbiana 40 MHUHYTTBIK WHKyOamnusiaaH KeliH, ciHipy kepcerkimn A = 415 HM TOJKBIH
V3bIHBIFbIHAA  ofimeHai. POrt&AIl Ta3apTKBII-TICHKAHBIH KYPAMbIHAAFBl  (DIABOHOUATAP/BIH  MKAJIIBI
KoHIeHTpaIusachl kBepietud (Qu) ruapaTbiablH (0—100 Mr/mi1) KaiuOpsiey KUCHIFBI apKbLIbl €CENTEII )KOHE
VIII TOYEIICI3 eNIIEyiH HOTHKeIepi OOMBIHIIA OpTaliia MoHI alsIHIE [8].
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HaCat srcacywanapoin 0axwiidanovipy

OxcnepumentTepae KonmansiateiH HaCat skacymamapsl (KaimbIlTBI agaM  KepatuHomuTTepi) L-
TUIyTaMHAH KOCBUTFaH Monudukanusiianrad Jynp0exkko opraceina (DMEM) Gonapl. Ocipinren skacymranap
95 % ayagan oHe 5 % KOMIDKBIIIKBUI Ta3blHAH TYPAThIH bUIFAIJaHABIpbUIFaH atMocdepamna 37°C
TeMIieparypaga ycransiHapl. JKacymamap Oipiryre >KeTKeHAe, oCy OpTachl MeH Xacymrajmap Oip-OipiHeH
QXKBIPATHUIBIN, JKacymanapabl crepmibli ¢ocdar Oydepni tys3asr epitingimer (PBS) exi per xysuimsl.
Bipikripinren ceirama Tpuncua/DJ[TA keMmeriMeH TPUIICHHU3AIUSUTAH/bI, COAaH KEHiH jKaHa opTaja Kairta
nakeuaaHaeipeiibl. HaCaT sxkacymanapsl 96 ySIIBIKTaH TYPAaThIH MUKPOIUIAHIIETKE OPHAIACTHIPhUIFAaHHAH
keiin, Port-Ai TazapTkeini-rieHKaHbiH 2 %, 5 %oKOHIEHTpaUsIIaphIMEH HHKYOaHsIIaH bl

Kacywanapowviy emipuendiein manoay (in vitro)

HaCaT >xacymanapsIHblH eMiplieHAiriH Oaranay yImiH OeliTapan KbI3bULABI CiHIpYAl Tangay omici [9]
KOJIIaHBUIABL. byJ skacymanapapiH eMipIIeHIIriH OaranayFa xoHe eMipiieH, Oy3plIMaraH jKacylaiapAabiH
JTU30COMaapeiHaa OerTapar KbI3BUI OOSFBIIITHIH JKMHATYBIH aHBIKTAyFa MYMKIiHIOIK Oepeni. 3epTTeNeTiH
xacymanap 4000 sxacyma / yHFbIMa THIFBI3IBIFEI Oap 96 YAIIBIKTH IJIAHIIETTEPTe OPHAIACTHIPBUIIHI.
Texcepic anasitaa 24 caratr 6ypeid POrt&AI TasapTkpIi-nieHkansiy 2 %, 5 % KOHIEHTPAIUACHIHAA OHIMAED
op YAIIBIKKA KOCBUTBIN, Tarbl 24 carar Ooiibl ecipinmi. bakpuray TOOBI peTiHAe amipUIMaraH jKacyanap
KOJIJAaHBUIBL.

Betitapan kb13bu1 skyMbIc epitinaici 1 % ¢ocdartei-ry3as Oydepi 6ap 10 mut xacymia ecipy opTachH
100 My OefiTapan KpI3bUT €PITIHAICIMEH CYHBIITY apKbUTBI TAaHBIHIAIIBL.

Copnan xeitin xacymanap 37°C temmneparypana 3 carat 60#bl nHKyOarsuagae!. JKacymanap 100 Mk
docdarTel-Ty3ab1 OyhepMeH Kybulbin, ySImbIKka 100 MJI KBIIKBUIIAHFAH STAHON EPITIHAICI KOCBULIBI.
YsmpIKTapaarsl Jkacymanap OelTapam KbI3bUT Tycke ne OonraHmia 10 MuUHYT OOWBI apaiacTBIPBLIIHL.
Beiitapanm KpI3bUT OOSFBINITHIH CiHY KOPCETKIIIiH aHBIKTay A = 540 HM TONKBIH Y3BIHIBIFBIHAA OIIIICY
xyprizinmi. ToxipuOenep Ta3apTKbIII-TICHKAHBIH 9p KOHICHTPALUICHI YIIIiH 5 peT KalTalaH bl

Homuoicenep orcone manoay

Port&Ai TazapTKBIII-TIEHKAHBIH OHTaIbl Kypambr 25.05.2023 kyHi *xacamblm, cakrayra Koubuiasl (1-
KecTe).

l-xecrte
Port&Ai Ta3apTKbIII-NEHKAHBIH KYpPaMbl
WNurpenuentrep 1-yuri 2-yari 3-yari 4-yari 5-yari ODyHKIHMOHABIK KbI3METI
TazapThutran cy 100-re 100-re 100-re 100-re 100-re  |Heri3
neHin JIeHiH neHin nenin nenin
Portulaca oleracea 1.0 1.0 2.0 2.0 1.0 Beincenai 3aT, aHTHOKCUIAHTTHIK,
L. ynbTpaabIObICTHIK MaTOTeH/li CaHbIPaYKYJIaKKa KapChl,
9KCTPAKTHI TBHIHBIIITAHABIPATHIH cep Oepei.
Kokamunonponun 5.75 5.75 10.40 10.40 5.4 XKymcak 6eTTik Oescenai 3aT, TepiHi
OerauH 3aKbIMJIaMay Ta3aaau bl
Koxo-6erann 10.75 10.75 5.75 10.75 5.75 JKymcak 6eTTik Gencen/i 3aT
I'unepun 8.0 10.0 15.0 8.0 4.0 Tepire Tepen eHim,
BUTFAJIAHIBIPAIBL.
Xomr mic Oepymri g.s. g.s. q.s. qg.s. qg.s. TapTeiMas! xom nic 6epymi
Po3a rysiHiH Maibl
KoncepBanr g.s. g.s. q.s. qg.s. qg.s. MHuKpoOopranu3MAepAiH eHyiHeH
JIMMOH KBIIIKBLUTEI KOpFaIl, )KapaMJIbUIBIK Mep3iMiH
apTTHIpaIbL.

1-ynri GoWbIHINA ABIHFAH Ta3apTKBIII-TICHKA )KACAIFaH YaKbITTaH COH OIPTEKTI KAJBIIKA KEIME]I].

2-ynri OOMBIHIIA albIHFaH Ta3apTKBILI-TICHKA 2 caFaT OTKEH COH, OipTeKTi KaJIbIH KOFaITThI.

3-yari OoWbIHIIA albIHFaH Ta3apTKbIMI-NIEHKAHBIH 3 KYH OTKEH COH, WMici OY3bUIBIN, MAaTOTE€HAI 3€H
CaHbIpayKyJIaKTaphl aiaa 0ok

4-ynri GOMBIHITA AJIBIHFAH Ta3apTKBIII-TIEHKa O1pTEKTi KaIbITITa OO, CaKTayFa KOWBUIIEL. 9 aif yaKbIT
©TKEH COH 63 KAJIIBIH JKOFAJITIIa bl
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5-ynri OobIHIIIA aNBIHFAH Ta3apTKBIII-TICHKAaHBIH KOOIKTeHY KaOiueTi a3 0opl, Oipak OipTeKTI KaJITbIH
JKOFIITIIA IbL.

Hormxkecinae 4-yiari onTaiisl 6omsin caHanasl. Camna crnenudukanuscet MECT-31679-2012 GotibiHia
xacanpl (2-KecTe).

2-KecTe
Port&Ai TazapTKbIlI-NIeHKaHbIH cana cnenuguKauuschbl
TeXHOJIOTHUSIIBIK KOPCETKIIITepi Cunarramacsl
Tyci AK TycTi
HUici TapTeMabl
pH mowi 5,75
Aysip metasnap As, Pb, Hg TabbuIFaH XKOK
MuKpoOHOTIOTHSIIBIK KOPCETKILITEPi AnpoOTHI OakTepusIIap, CaHbIpayKyJIakTap, SHTepodakTepusiiap canbl 10
TOMCH;
Salmonella, E.coli mtammapsl xoK.
Tokcukomorusuibik (in Vitro) kepcetkimrepi  |HaCat skacymamapbiabiH emipimeHmiri 95 % kepcerTi

Port&Ai Ta3apTKpBII-TIEHKaHBIH KYpPaMBIHAAFBl MONUQEHONAap MeH (QIaBaHOUATAp MeJIepi,
AHTHOKCHIAHTTHIK OEICEHUIIT KOHE IIMTOTOKCUKAIIBIK dcepi iN Vitro omicrieH aHBIKTaNIb.

Anmuokcuoanmmaulx 6enceHinix

AHTHOKCHIAHTTHIK ToTeHIMan DPPH panukanael o0 ChIHaFrbl OOWBIHINA aJbIHFAH MOJIIMETTEpPre
CYWieHE OTBIPHIN, Op KOHIEHTPAIUSIHBIH OOC paguKalgapiblH CaHBIH a3aiTy KaOineTi opTypii eKeHiri
AHBIKTAJIBL. 3epTTey HOTIKeNepi 3-KecTee KopceTireH (3-kecre).

DPPH panukanmapblH *OWJIBIH €H Xorapbl Kaduteri 250 mr/mn 89,1+0,54 xepcetkiniine TeH. EH
temeHri 0,24 % KoHIEeHTpauMACkIHAa 00C pamuKaigapAblH IeHreii mamamed 15,9 % xypanel. Tanmanran
miaManapia KOHLEHTpaluss MEH Ta3apTKbILI-ICHKAaHbIH AHTHOKCHIAHTTHIK MOTCHIUANbl apachIHAAFbI
Koppensiiua Oaikanasl. KosiaHbIaTBIH KOHIIEHTpALUsl HEFYPJIbIM KOFapel 0ojica, 00C paauKaigapibH
KaiTa KaJmblHa KeJly KYII COFYPJIbIM jKOFaphl 0oael (1-cyper).

AckopOuH KbIIKbUTEIHA KaTbicTel DPPH-ceiHarbr 96,4+0,83 wHrHOMprey NailbI3bIH KOPCETTi, ai
Ta3apTKBIII-TIEHKAHbIH aHTHOKCHJIAHTTHIK Oeicenaiiri 89,1+0,54 kepcerri.

3-kKecTe

Port& Ai TazapTKblmI-neHKaaarsl HelTpaaganran DPPH mesmepi

KoHuentpamus | 5100 250 125 | 625 | 31,25 | 1563 | 7,81 | 3,91 |1,95mr/| 0,98 (0,49 %mr/| 0,24

Mr/Ma | Mr/mi | Mr/mi [mr/sur| mr/mun | mr/mon | omr/mon (mr/sor| o Ma MI/MJI MII MI/MJI
Heitrpannanran |87,0 88,5 84,3 67,9 |53,0 42,8 26,1 16,1 (24,1 16,8 22,9 10,1
DPPH % 89,5 89,6 84,0 87,4 |54,6 34,8 25,8 20,2 (21,2 15,9 11,0 20,8
89,1 89,1 85,6 74,1 1435 30,6 26,7 19,0 |13, 16,3 9,9 16,8

Apudmernkansik |88,6 89,1 84,6 76,4 (50,4 36,1 26,2 18,4 19,6 16,3 14,6 15,9
opTa

100

) \f\\
40 T
) \ _ :

0,500 0,250 0,125 0,063 0,031 0,016 0,008 0,004 0,002 0,001 0,000 0,000

Cleansing foam [%]

DPPH Scavenging [in %]

1-cyper. Port-Ai TasapTKpli-TieHKanarsl HedTpanganrad DPPH paaukasibiHbIH
MaRbI3ABIK KOPCETKIII apachlHAAFbl KOPPETSAIUS
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JKannwt ¢henon monuepi
Op TYpJi KOHIEHTPAIUAAAFEl Ta/ll KBIIIKBUIBIHBIH epiTiHautepi gawsananmel. Omap: 100, 75, 50, 25,
10, 0 mr/n. ComaH Ke#iH Ta3apTKBIII-TIEHKAJaFbl TaJul KBIIIKBUIBIHBIH ePITIHAUIEep] YIIiH Kamuopiey kecreci

xacanpl. [loauxpoMasl KOCBUIBICTApBIH CaHbI TAJUT KBIIIKBUIBI KOOIriMeH OeJiHreH Kanuopiey npoduiine
coiikec OemiHmi (2-cyper).
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2—cypeT. Ta3apTKI)IIlI-HeHKaHI)IH raJjijl KbIIDKbIJIBIMCH Kann6pney CBhI3bITbI

Tangay Ta3apTKBIII-TIEHKAHBIH TOPT TYPJi KOHIEHTpanusacbiMeH xyprizinai (10 mr/mim, 25 mr/mim, 50
mr/mi, skaHe 100 Mr/mut). Hotmkenep (eHOMIBIK KOCBUIBICTAPABIH €H Kom Mejmepi 10 Mr/mi Ta3apTKbII-
merkana — 36, 622 mr/mn (4-kecTe) aHBIKTAIFAHBIH KOpPCceTemi. Byl KOCBIIBICTAPABIH €H a3 Momepin 100
MT/MJI KOHIIeHTparusicbinna — 8, 948 mr/mu maMacheiH KOPCETTi.

4-kecTe
Port&Ai TazapTKbIlI-NEeHKAa KYPaMbIHIAFbI otndeHoap Mo tmepi
Port&Ai tazaprkpimi- | Port&Ai | Port&Ai | Port&Ai [Monudenon memepi MoHi
MeHKa epiTiHALIepi, ChIHAMa ChIHAMa ChIHaAMa [mg/mL]
KOHIICHTpaIUs/1a Nel Ne 2 Ne 3
[mg/mL]
10 0,339%4 0,3414 0,3503 36,122 36,355 37,390 36,622
25 01981 0,1708 0,2044 19,767 16,593 20,500 18,953
50 0,1218 0,1512 0,1968 10,884 14,302 19,605 14,930
100 0,0806 0,1036 0,1326 6,041 8,715 12,087 8,948

DagoHoOUOMAPOLIH HCAINL MOAULEDI

Op TYypJii KOHIIEHTpAIMAIaFrsl KBEPIETHUH epiTiHAiiepi AaWbiHgamae: 100, 75, 50, 25, 10, 0 mr/ .
ComaH KeiiH Ta3apTKBIII-TICHKAJAFbl KBEPLUETHH epITiHALIepl YIIH KaauOpiey Kecteci >Kacalfbl.
Krepruerunmi kamopiiey KpuTepuiiaepi 00MBIHINA CAaHIBIK aHBIKTAY KYpriziimi (3-cyper).
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3-cypet. TazapTKpINI-NIEHKaAaFbl KBEPLETHHIE apHaJIFaH KaIuOpIIey ChI3bIFbI

Tammay ym Typii Ta3apTKBIII-TIEHKa KOHIEHTpaIwsichl yimiH xyprizimai (50 mr/mm, 20 mr/mi, 10

Mmr/mi) (5-kecte). Port&Ai TazapTKpIlI-IeHKa KypaMbIHa (JiaBaHOMITAP/IbIH €H a3 Meumepi 9, 896 mr/mi
MOHIHE He OOJIIbI.

5-xecrTe
Port&Ai TazapTKbllI-IeHKAa KYPpaMbIHAAFbI (PJIaBAHOUATAP MeOJILIepi
Port&Ai TazapTKbIII-IIEHKaHBIH dnaaHoua Mesiepi MoHi
KOHIIEHTPAIUSICHI [mg/mL]
[mg/mL]
50 9,703 10,719 11,484 21,271
20 6,055 3,586 2,367 16,010
10 1,063 0,875 1,031 9,896
Lumoyvsimmuinolx
Ta3zapTKBIII-IEHKAHBIH ~ KAYITICI3MiTT MEH YBITTBUIBIFBIH —Oaranay/larbl ©T€ MaHBI3Jbl  aCIEKT
JKacyliajap/elH MeTaboMu3Mi MEH OMIpIISHAIriHe ocepiH Oaramay OoJiblll  TaObUIAJBL. 3epTTEy/Ie

KOJJIaHBUIFaH CBHIHAKTAap — OelTapan KbI3bUI Taijay, 3epTTENICTiH Ta3apTKbIL-TIeHKaHbH 5 %, 2 %
KOHIEHTPAIUACHIH/IA 3ePTTEY epiTIHAUIepi JaibiHAanab! (6-Kecte).

ISO 10993-5 cranmapThl Heri3iHze, IMTOTOKCUKAJIBIK TECT HOTHXKECIH/IE JKacyIalap IblH OMIpIIeHIIr
30 %-ra TeMeHIece IIUTOTOKCHKAIIBIK dcepi Oap exeHairia kepcereni [10]. Bipak, xxacymanap eMipuieHairi
95 % KepceTTi, AFHU Ta3apTKBII-TICHKaHBIH LUTOTOKCUKAIBIK 9CEPi JKOK, Kayinci3 eKeHiri aanennenai (6-
KecTe).

6-xecTe
Port&Ai Ta3apTKbII-NIEHKAHBIH KACYIIAJAPFA YBITTHUIBIFBIH 0aFajiay MeJiepi

Port&Ai Owmipmeniri, % Opramia MoHi
ChIHamMasapbl Port&Ai Port&Ai Port&Ai Port&Ai Port&Ai
cerama Ne 1 ceiHama Ne 2 ceiHama Ne 3 ceiHama Ne 4 ceiHama Ne 5
TazapTkpim- 96,3623 95,5379 94,7823 92,3244 96,4662 95,4662
ne”ka 5 %
TazapTkpim- 98,4691 93,7289 96,8890 92,6755 94,4845 95,4494
nenka 2 %
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Kopvimuinowi

Port&Ai TazapTKBIII-IIEHKAHBIH OHTAMIBI KypaMbl aldblHABL TasapTeUIrad cy, Portulaca oleracea L.
YIBTPaABIOBICTHIK AKCTPAKTHI, KOKAaMHIOMpONHi OeTanH, KOKO-OeTanH, TIIHIEPHH, XOMI Wic OepyImr posa
T'YJIiHIH Malbl, KOHCEPBAHT PETIH/IC JIUMOH KBIIITKbLIBL.

3eprrey HoTmkeci OoiibiHIIa Port&Ai TazapTKBIII-TIEHKAHBIH KypaMbIHIAFB! moiudeHonzap 36,622
mr/Mi (A = 740 M) xoHe ¢uraBoHouaTap 33,612 mr/mit (A =415 HM) caHIBIK KOPCETKINTHE He OOJIIBI.

Port&Ai Ta3apTKBINI-TICHKAHBIH aHTHOKCUIAHTTHIK Oencenainiri DPPH pamukannapblH *OWIBIH €H
JKOFapbl KabineTiMeH aHbIKTa bl 250 Mr/Mi KoHIIeHTpanusaceiHaa 89,1+0,54.

Port&Ai Ta3zapTKbIII-TIEHKAHBIH Kayilci3miri MeH YBITThUIBIFBIH Oaramay HaCat skacymiamapbiMeH in
Vitro omiciMeH Oaranay HOTI)KECIHAE dKacymiaiap emipuieHmiri 95 % kepceTim, Kayinci3 eKeHairi
nonenaeHmi. Port&Ai TazapTKpIlI-TIeHKaMeH 3epTTey KYMBICTaphl JKalFacyaa.
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A.P. Meip3amieBa, P.M. AGaynnabekoBa, K.ILI. Ypasranues, M.J. TrneybaeBa

Omnpenesenne AHTHOKCUAAHTHOM AKTUBHOCTH M 0€30MACHOCTH OUMIAIOLIEN MEHKH ¢
yJIbTPa3ByKoBbIM 3KkcTpakToM IlopTyinaka oropoanoro (Portulaca oleracea L.)

B Hacrosmee BpeMs pacTeT KOJIMYECTBO KOCMEIIEBTHIECKHX CPEACTB IO yXOIy 3a KOXKei, IPON3BOANMBIX H3
pacTUTENbHOTO CHIpbs. [Ipy BO3MEHCTBHY CONHEYHOTO CBETa B KOXe 00pa3yroTcsi CBOOORHBIE PAaIHKaIIHI,
KOTOpBIE MPUBOAAT K BOCIIAIMTENBHBIM PEAKIUsIM Ha YPOBHE SMHAEPMICA M JEPMBI COOTBETCTBEHHO. Jlis
pemieHuss 3TOH MpoONEeMBI Ha MOMOIIb IPUXOIST KOCMEIEBTHYECKHE CPEICTBAa, OKa3bIBAIOIINE
AHTHOKCHUIAHTHOC ﬂeﬁCTBHe Ha KOXY. AHTHOKCI/I)IaHTHaﬂ AKTUBHOCTb anma}omef/i IICHKH C
yABTPa3ByKOBBIM 3KcTpakToM [loprymaka oropoasoro (Portulaca oleracea L.) onpemensiiachk ¢ MOMOIIBIO
Tecta Ha ypaneHue pagukanoB DPPH, o6iiee komudecTBo monudeHonoB u (1aBaHOUIOB yCTaHABINBAIOCH
CMEeKTPO(HOTOMETPUUECKUM METOJOM, 0€30MacHOCTh M LUTOTOKCHYECKAs AKTHBHOCTH OUHIIAIOIIEH MEHKH
onpenemnsuicsy kierkamu HaCat (in vitro). Tlo pesynbrataM BBISIBICHO, YTO aHTHOKCHAAHTHAs aKTHBHOCTB
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OYHMILAIOIICH MEHKH C YIBbTPa3BYKOBBIM BKcTpakTom Iloprymaka oropoamoro (Portulaca oleracea L.)
cocraiser 89,1+0,54, a )xn3HeCIoCOOHOCTH Ki1eTok — 95 %.

Kniouesvie cnosa: ounmaromias MEHKa, YJIbTPa3BYKOBOM 3KCTPAKT, 3KCTPAKT IOPTyJIaKa OTOPOAHOTO,
AQHTHOKCHAAHTHAs aKTUBHOCTb, IO (EHOIIBI, (hI1aBaHOUIBI, )KU3HECIIOCOOHOCTD KIIETOK.

A.R. Myrzasheva, R.M. Abdullabekova, K.Sh. Urazgaliyev, M.I. Tleubayeva

Determination of antioxidant activity and safety of cleansing foam with ultrasonic
extract of portulaca oleracea (Portulaca oleracea L..)

Currently, the number of cosmeceutical skin care products produced from vegetable raw materials is growing.
When exposed to sunlight, free radicals are formed in the skin, which lead to inflammatory reactions at the
level of the epidermis and dermis, respectively. To solve this problem, cosmeceuticals that have an antioxi-
dant effect on the skin come to the rescue. The antioxidant activity of the cleansing foam with ultrasonic ex-
tract of Portulaca oleracea L. was determined using a DPPH radical removal test, the total amount of poly-
phenols and flavonoids was determined by spectrophotometric method, the safety and cytotoxic activity of
the cleansing foam were determined by HaCaT cells (in vitro). According to the results, it was found that the
antioxidant activity of the cleansing foam with ultrasonic extract of Portulaca oleracea L. is 89.1+ 0.54, and
cell viability is 95 %.

Keywords: cleansing foam, ultrasonic extract, portulaca oleracea extract, antioxidant activity, polyphenols,
flavanoids, cell viability.
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Dynamics of accumulation of heavy metals in Lissachatina fulica living in
contaminated geographical area of East Kazakhstan

In the article presents the results of a study of the dynamics of the accumulation of heavy metals and
macroelements in the body of snails in the vicinity of the Ulbi metallurgical plant in the city of Ust-
Kamenogorsk, East Kazakhstan region, where heavy metals are found in large quantities. Experimental work
was carried out on 40 Lissachatina fulica snails over a period of 48 days. During the work, the snails were fed
with soil contaminated with heavy metals and macroelements, and the dynamics of the accumulation of
chemical elements in the snails’ bodies were studied every week. In the course of studying the accumulation
of macroelements and heavy metals, experimental animals were prepared using the method of two-stage eu-
thanasia in compliance with ethical standards. During the study, mass spectrometry (ISP-MS) analyzed the
amount of elements Ca, K, Mg, N, V, Co, Pb, As, Sr, Cu, Zn in the bodies of intact animals, control and re-
search groups. A large amount of heavy metals and macroelements was found in the body of the animals of
the research group. The amount of heavy metals accumulated in the body of snails increased on the 32nd day
and then decreased again (P<0.001). According to research results, it is known that heavy metals accumulate
in the body in one month, which means that this environmental situation is one of the problems that requires
an urgent solution. Although the accumulation of heavy metals in the soil of geographical area and their
amount in the soil were studied, their accumulation in living organisms, including snails, and the dynamics of
their accumulation as a result of many years of research have been studied for the first time.

Keywords: geographical area, heavy metals, macroelements, bioindicator, Lissachatina fulica, mass spec-
trometry, environmental problem, accumulation.

Introduction

According to the World Health Organization (WHO), human health is 20 % dependent on environmen-
tal conditions. Humanity is constantly exposed to the influence of environmental pollution factors. Radiation
and chemical effects were especially harmful for people of ancient society. And now, the process of scien-
tific and technological development has led to the fact that humanity is exposed to pollution factors from ar-
tificial sources. This stands for the reason of importance to study the impact of heavy metal production in the
fields of medicine, ecology, radiobiology, and nutrition.

According to the data on soil pollution in the vicinity of the Ulba metallurgical plant in Ust-
Kamenogorsk, the largest amount of uranium is concentrated in the snow cover located 300 meters north of
the Ulba metallurgical plant, with a concentration of 1.7-19.7 mg/kg, the average content of uranium in the
soil of Ust-Kamenogorsk was 2.9 mg/kg. The maximum concentration of thorium was determined in the soil
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located 2 km from the north-west of the Ulba metallurgical plant [1]. In addition, academician of the
foundations of Russian medical science Buldakov L.A. presents the positive effects of heavy metals on the
body in his articles in the world literature [2]. Furthermore, according to a study by Italian scientists of
workers who are under the Daily influence of heavy metals, noticed such changes in the organs of workers as
hardening of the carotid arteries. And it is known that these changes lead to diseases such as premature aging
and coronary atherosclerosis [3]. In addition, there are works by Chinese scientists who studied the
accumulation of heavy metals in the bodies of aquatic animals to study sea pollution. The results of the study
showed that the content of CD, Cu and Zn in some samples of gastropods and oysters exceeded the
permissible levels established by WHO. Scientists have concluded that due to its unique ability to
bioaccumulate, Rapana venosa and Ruditapes philippinarum can be used as biomonitors to control water
pollution by heavy metals [4]. Meanwhile, the study conducted by Yuyu Jia together with her colleagues de-
termined that the values of the metal pollution index (MPI-MLI) for mollusk species were placed in
descending order C. fluminea > A. woodiana > S. cancellata > P. eximius > P. Canaliculata, and the need to
take into account the environmental parameters associated with the season when using double-framed
mollusks as indicators is noted by Indonesian scientists [5, 6].

In addition, Middle Mexican scientists I. Gaso, N. Segovia and O. Morton determined the levels of
accumulation of heavy metals in the body of snails by using soil samples and wild Helix aspersa Muller snail
types as bioindicators of radioactivity and heavy metals in their research. Accordingly, the bioindicator
property of snails is directly related to the ability of heavy metals to accumulate in their body, and this
phenomenon has been fully proven due to metallothioneine proteins capable of forming bonds with metals in
their body [7].

From the mentioned literature, we can determine that the accumulation of heavy metals and
macroelements in the substrate in the body of snails has been studied. However, the study of the dynamics of
the accumulation of chemical elements aggregated in the soil near the geographical area — Ulba
metallurgical plant, which is engaged in the production of heavy metals in the city of Ust-Kamenogorsk, for
a certain period of time in the snail's body was not carried out. Accordingly, the purpose of our research was
to study the dynamics of the accumulation of heavy elements in the body of Lissachatina fulica — a
bioindicator of environmental pollution in laboratory conditions. In order to achieve the goal set, the
following steps were established:

1. Adaptation of Lissachatina fulica snails to laboratory conditions, determination of the amount of
chemical elements in the soil, which is a substrate for them.

2. Study of the dynamics of accumulation of heavy metals in the substrate in the body of experimental
animals using a 4-day interval.

3. Study of accumulation of macroelements in Lissachatina fulica organism placed in polluted soil.

4. Correlation study of accumulated heavy metals and macroelements in the body of bioindicators —
snails living in the soil of Ust-Kamenogorsk.

Materials and methods

The research work was carried out in the laboratory at the Nazarbayev Intellectual School of Physics
and Mathematics in Semey. 40 hermaphrodite Lissachatina fulica snails weighing 18+2 grams, 4+0.5 cm
long and 2 cm high were taken as the object of study. 5 research objects were placed in each container with a
length of 25 cm and a width of 15 cm. In order to adapt to the conditions of Experimental Research,
bioobjects were fed for 14 days without soil, with a single sort of cucumbers (Table 1).

Table 1
Division of animals into experimental groups
Research series Number of
animals
1 2
Determination of the amount of chemicals in the body of biobjects before initial research — placement on the 5
substrate — control group
Determination of the amount of chemical elements in the first 4 days of the organism of snails placed in the sub- 5
strate (soil) — “4" day, n=5" group
Determination of the content of chemical elements in the body of bioindicators 8 days after placement on the 5
substrate — “8" day, n=5" group
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Continuation of Table 1.

1 2
Determination of the content of chemical elements in the body of bioindicators 16 days after placement on the 5
substrate — “16" day, n=5" group
Determination of the content of chemical elements in the body of bioindicators 32 days after placement on the 5
substrate — “32™ day, n=5" group
Determination of the content of chemical elements in the body of bioindicators 40 days after placement on the 5
substrate — “40" day, n=5" group
Determination of the amount of chemical elements in 48 days of the organism of bioindicators placed on the 5
substrate — “48" day, n=5" group
Determination of the amount of chemical elements in 48 days of the organism of bioindicators not placed on the 5
substrate — “48" day without substrate, n=5"" group
Total 40

In order to determine the content of heavy metals in the organism of snails, two-stage euthanasia was
carried out before the analysis. The progress of euthanasia work was carried out through the research
methodology proposed by Cody R. Gilbertson and Jeffrey D. Wyatt scientists in 2016. To determine the
composition of the soil and the content of heavy metals and macroelements in the snail's body, mass
spectrometry analysis was conducted in the Educational Center “Institute of Radiation Safety and Ecology”
in Kurchatov, according to “General requirements for the competence of testing and Calibration Laborato-
ries” to the requirements of Gost ISO/IEC 17025-2009 in the laboratory of elemental analysis accredited in
the accreditation system of the Republic of Kazakhstan. During the analysis, the amount of about 14
chemical elements was determined: heavy metal group: V, Co, Ni, Cu, Zn, As, Cd, Pb, Cr, Cu, Sr, Cd,
U. Group of macroelements: K, Ca, Mg, Na.

Statistical processing of the material was carried out by calculating the value of +m, the average error of
variational statistics according to the T-student method.

Results

In the course of the work, the dynamics of the accumulation of heavy metals and macroelements in the
body of bioindicators was studied, the results of the study are shown in Tables 2-4 and Figures 1-3.
According to the first and second graphs, heavy metals are absorbed by the snail's body between 04 days, as
it can be observed that a given amount is higher (p<0.001) than the control group.

Table 2
Content of chemical elements in the substrate, mg/kg
Chemical \ Cr Co Ni Cu Zn As
elements
Substrate 83.00+£13.00 |130.00£20.00 (14.00+£2.10 (40.00+£6.30 |47.00+£7.00 [190.00+£29.00 [10.60+1.70
Cd Pb U K Na Mg Ca
1.60+0.44 61.00+9.50 0.50+0.08 9400+£1400 |1100£160 9300+1400 14.0+£2.10
Table 3
The content of heavy metals in the body of snails, mg/kg
Heavy metal |  Control 4" day 8" day 16" day 32" day 40" day 48" day
group
\ 0.06+0.01 2.60+0.40%* [2.00+£0.31** [2.00+0.30** |2.70+0.42** ]0.81+0.13** |1.404+0.23**
Cr 0.32+0.05 1.40+0.22%* 10.74+0.12** 10.60+0.09** [0.05+0.08** [0.03+0.05** |1.10+0.18**
Co 0.12+0.02  [3.00+0.47** |1.80+0.27** |2.30+0.36** [2.50+0.38** |1.00+0.16** |2.40+0.37**
Ni 0.27+0.05 5.80+0.90** [2.90+0.45** |3.804+0.59** |3.70+0.57** |2.30+0.36** [4.30+0.68**
Cu 81.0£13.0  |32.0+5.00%* [36.0+6.00** |41.0+£6.00** [48.0+7.00** |34.0+£5.00** [59.0+£9.00**
Zn 50.0+8.00 130£20.0** |110£17.0** |130+£20.0** |180+27.0** |58.0+£9.00** |110.0+17.0**
As 2.30+£0.36  |5.20+0.81** (4.30+£0.67** |4.60+£0.71** |6.30+£0.97** |3.10+£0.51** |6.10+0.98**
Cd 0.65+0.11 1.80+£0.28** |1.60+0.24** |2.20+0.35** (3.20+£0.05** |1.20+£0.21** |2.60+0.42**
Pb 0.61+£0.10  [2.50+0.38** |2.00+0.30** |2.30+0.36** |3.60+0.55** |1.50+0.24** |3.10+0.48**
U <0.003 0.41£0.06%* |0.19+0.03** [0.17+0.03** |0.36=0.03** | <0.003** 0.17+0.03**
** — accuracy of difference according to the control group (p<0.001)
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Table 4

Content of macroelements in the body of snails, mg/kg
Macroelement gg)?};m 4" day 8" day 16" day 32" day 40" day 48" day
K 6400+940  |6900+£1100 [5300+£790  [4800+£710  [5200+£770  [3000+£440  [5000+730
Na 2500+£370  [3500+£590 26004380  [2600+£380  [2400+400  [2000+£290  (2600+380
Mg 2700390  {3300+580 34004£500 32004480  [3800+560  {1900+£290  |3400+510
Ca 12.0+1.8 25.044.2%*% |8.8+1.3* 9.9£1.5 12.0+1.7 5.3£0.8* 14.0+2.1
* —accuracy of difference according to the control group (p<0.05)
** — accuracy of difference according to the control group (p<0. 0.001)

However, it can be noted that up to the next 8 days, the amount decreases, and the snail's body tries to
get rid of excess heavy metals. We find that heavy metals increase again up to the 16th day and accumulate
in the snail's body. In the course of the study, according to the indicators of the content of heavy metals in the
bodies of the biobject, you can find interesting data: according to the 32™ day, the indicators take the highest
values on the graph.

Figure 1. Dynamics of accumulation of heavy metals
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One of the most abundant accumulating heavy metals, Zn, showed a significantly higher value, reaching
50.0+8.00 mg/kg at 32 — day (p<0.001) to 180+27.0 mg/kg. Later, by the 40™ day, the amount of heavy
metals decreased again, but the amount of heavy metals was higher than the initial control group. If in the
indicators of the control group the content of the element cobalt was 0.12+0.02 mg/kg, then within 40 days it
increased by 0.88 mg/kg. However, when it comes to day 48, the size increases again, however, the size
takes on a much lower value than on day 32. For example, the cadmium content on day 32 shows a maxi-
mum of 3.20+0.05 mg/kg, while on day 48 it is 2.60+0.42 mg/kg.
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Figure 2. Differences in the dynamics of accumulation of heavy metals in the body of living and non-living snails on the
substrate

From the graphs, we can observe a significant difference in the indicators of heavy metals in the body
of snails that lived in soil and without soil until the 48th day. The content of heavy metals in the body of
snails that lived without a substrate assumes a lower indicator than the amount of heavy metals accumulated
in the body of snails that lived in the soil for 48 days. For example, if nickel is 4.30+0.68 mg/kg on Day 48,
the nickel content in the body of snails living without a substrate is only 1.00+0.16 mg/kg, which is about
4 times less (p<0. 0.001).
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Figure 3. Dynamics of accumulation of macroelements

Indicators of changes in the accumulation of macroelements are similar to the graph of the dynamics of
the accumulation of heavy metals (Fig. 3). Macroelements are absorbed by the snail's body between 04
days, as it can be seen that a given amount is higher than the control group (p<0.001). During the 4th day of
the experiment, it can be seen that the content of macroelements in the bodies of the biobject has the highest
values. One of the most abundant accumulating macroelements, potassium, increased from 6400+£940 mg/kg
to 6900+1100 mg/kg on Day 4 (p<0.05), showing a significantly higher value. It can be noted that up to the
next 8 days, its amount decreases, and the snail's body tries to get rid of the excess accumulated amount of
macroelements. It can be seen that the content of macroelements in the snail's body increases in small
guantities again at intervals of up to the 16th day and accumulates throughout the biobject. On day 40, the
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amount of heavy metals decreased again compared to day 32, but the amount of macroelements was lower
than the initial control group. In the last 48 days, the amount of macroelements increased again, showing
significantly more values than in the 32nd day. If in the indicators of a group of snails that lived in the
substrate for 32 days, the content of the most necessary and important element calcium in snail frogs was
12.0 mg/kg, then by the 48th day it increased to 14 mg/kg.

It can be said that during the period of one month, the amount of heavy metal and macroelements
decreases at first, and then reaches the greatest values (Fig. 1-3). However, after a period of time of one
month, we can observe that the amount of heavy metals continues to decline. For example, if the most
dangerous cadmium content in the snail's body under normal conditions is 0.65+0.11 mg/kg, on the 32nd day
the maximum value is 3.20 mg/kg. The most interesting thing is that it drops to 2.60 mg/kg between 48 days.
And the content of important macroelements in the organisms of snails, on the contrary, increases. For
example, the content of calcium, the main forming component of the snail shell, under normal conditions
was 12.0£1.8 mg/kg, and during 48 days increased by 14.0+2.1 mg/kg due to a decrease in the content of
heavy metals. In addition, if we pay attention to the results of research by world scientists, it has been proven
that an excess of some heavy metals, namely Pb and Cd heavy metals, negatively affects the amount of
macroelements [3, 7]. For example, an excess of the element cadmium disrupts the absorption of calcium
ions, and a lack of iron and calcium elements increases the toxicity of lead. According to the control group,
taking into account the intervals of day 32 and day 48, we can conclude that the amount of heavy metals
gradually decreases after day 40, and the amount of macroelements tries to accumulate in the body. In the
organism of snails, the dynamics of chemical elements increases between the initial interval and then
decreases sharply, however, this size indicates a value higher than normal, that is, the control group. For
example, a strong relationship between CR and Na elements was established, and a decrease in Cr content
between 8-16 and 16-32 days also led to a decrease in sodium in the macroelement dynamics figure.
However, after the 40th day, it can be determined that the snail's body is trying to get rid of excess heavy
metals by increasing the amount of macroelements.

This corresponds to the “triad” of stress, which was emphasized by G. Selye as the total force of exter-
nal influences affecting the body and its response to the body, that is, the period of alarm to 32 days and re-
sistance after 40 days.

Conclusions

1. The content of heavy metals in the soil, which is a substrate for Lissachatina fulica snails, had a sig-
nificantly high value.

2. During a 48-day study of the dynamics of accumulation of heavy metals in the body of experimental
animals using a 4-day interval, the amount of heavy metals showed the highest value on the 32nd day.

3. In the study of the accumulation of macroelements in Lissachatina fulica, which was placed in pol-
luted soil, their amount was on the contrary increased.

4. It was found that the amount of heavy metal and macroelements accumulated in the body of
bioindicators — snails living in the soil of Ust-Kamenogorsk depends on time. After 40 days in the environ-
ment of a new geographical object, the process of adaptation begins in the body of snails.

Research recommendation

By analyzing the dynamics of the accumulation of studied heavy metals, snails can be used as
bioindicators in order to determine the level of pollution of the environment under the influence of
antropogenic factors. The accumulation of heavy metals reaches its peak on day 32. The results of the
research obtained are fundamental research for ecologists, biologists and scientists interested in
environmental issues.
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HIbsirpic KazakcTaHHBIH JacTaHFAH reorpadusibiK 00beKTiCiHAe MeKeH el TiH
Lissachatina fulica opranm3minae ayblp MeTaJIapAbIH KHHAKTAJTY JTHHAMHKACHI

Makanazna ayelp Metannap aca ken keszfeceTin llIsirpic Kasakctan o0mbichl OckeMeH KalachIHIAFHI Y101
METAUTypPrHsUIBIK  3aybITHIHBIH MaHaWbIHIAFBl ayblp MeTajlgap MEH MAaKpOdJIEMEHTTEpPAIH YIIyJIap.blH
ar3acelHa OJKMHAKTally IHHAMHUKACHIH 3€pTTEY HOTIDKeNepi OepinreH. OKCHEpUMEHTTIK kyMbic 40
Lissachatina fulica ynynapeina 48 kyH apanbiFblHza Kyprisiared. JKymbic GapbIChIHAA YIIyJIap aybip
METaljap MEH MaKpOdJICMEHTTCPMEH JIACTAHFAaH TOIBIPAKICH KOPEKTEHMIpilin, anta caifblH  yiIy
aF3aChIHAAFbl XUMISUIBIK 2JIEMEHTTEPAIH )KUHAKTATy JMHAMUAKACHI 3epTTeNreH. MakpoaieMeHTTep MeH ayblp
MeTaJIapAblH JKHHAKTATYBIH 3€pTTEy OapbhICBIHIA SKCIIEPHUMEHTTIK JXKaHyapiapAbl Mpernaparray STHKAaJBIK
HOpMaJjapJsl CakTail OTBIPBIN, €Ki CcaThUIBl JBTAHA3Wsl SMiCi apKbUIBI JKY3ere acwpbUIFaH. Macc-
criektpomerpusi (ISP-MS) anicimen 3eprTey GapbichiHIa OAKBUIAY JKOHE 3€PTTEY TONTAPBIHBIH OY3bUIMaraH
sxanyaprapsiabi genenepingeri Ca, K, Mg, N, V, Co, Pb, As, Sr, Cu, Zn sneMeHTTepiHIH CaHBIH TAIAAMIbL.
3epTTey TOOBIHBIH JKaHyapIapbIHbIH JACHECIH/IE KONITEreH ayblp MeTallap MEH MaKpOHYTPUEHTTEP TaObLIIbL.
YaymapaslH IeHeciHAe KMHAKTalFaH ayblp MeTajmapblH caHbl 32-IIi KYHI ©cTi, COlaH KeiiH KalTagaH
temenzeni (p<0,001). 3eprrey HoTmxenepi OONBIHIIA aybIp METANAAP AeHe e Oip aii/a )KUHANATBIHBI OeIrii,
SFHA OYJI 9KOJOTMSUIBIK JKaFjalifa LIYFBUT IIENIy/Ai KaXKeT eTeTiH MacelenepiiH Oipi Ooibln caHamaibl
Tonblpakrarsl ayblp MeTaNIapAbIH JKUHATYBl JXKOHE OJIapIblH TOIBIPAKTAFbl MeJIIEpi 3epTTeNreHiMeH,
ONapIBbIH Tipi aF3aja, COHBIH IIIIHIE YiIyJgapia >XHHAIYbl XKSHE OJIApABIH KOIDKBUIABIK 3epTTeylepacH
’KUHAKTaJly TMHAMUKACHI aJIFalll peT 3epTTeIil OTHIp.

Kinm co30ep: reorpadusuiblk 0OBEKT, ayslp MeTaigap, MakpoldieMeHtTep, Ouomnmmkarop, Lissachatina
fulica, Macc-cniekTpoMeTpusi, SKOIOTHSIIBIK, MACEIe, AKKYMYJISIIIHSL.

A.II. Kergsipmonauna, H.C. MypartkanoBa, E.M. Typceiaxan, JI.A. OGepkynoBa,
K.E. Ecum6ekoB, M.M. Manuxk, P.C. Xaiipbaesa

JInHAMUKA HAKOIJIEHHUsI TsIKeJIbIX MeTa/uioB y Lissachatina fulica, oourarmomeii B
3arpsi3HeHHOM reorpagu4yeckom od0bexre Bocrounoro Kazaxcrana

B crarbe mpeicTaBieHbl pe3ybTaThl H3yYeHHs JUHAMUKA HAKOIUICHUSI TSKEJBIX METAJUIOB U MaKpPOdJIEMEH-
TOB B OpraHM3Me YJIUTOK B OKPECTHOCTSX YIBOMHCKOTO METAJUTyprHYecKoro 3aBoja ropoma YCTb-
Kamenoropcka Bocrouno-Kazaxcranckoit 061acTu, T/e TsKeble METAIUIbl BCTPEYAlOTCs B OOJIBIIOM KOJH-
JecTBe. DKCIepUMeHTaNIbHAs paboTa npoBoguiack Ha 40 ynutkax Lissachatina fulica B reuenue 48 nueii. B
Xoae pa6OTbI yJ'[I/ITOK KOpMI/IJ'[I/I HOqBOP'I, 3al'“p5{3H6HHOﬁ TSOKCJIBIMA METAJIJIaMHU U MaKpO3HeMeHTaMM, U Kax-
)Iyl() 15(S1(S) 0] M3yqan1/l JlI/IHaMI/I](y HAKOINICHUA XUMHUYCCKHUX DJIEMCHTOB B OpFaHI/ISMe y.]'ll/ITOK. B xXone l/lsyqe—
HUS HAKOIIJICHUS MaKpO3HeMeHTOB U TSOKEJIBIX METAJIJIOB HO)IFOTOBKy 3KCHepHMeHTaHbeIX JKUBOTHBIX HpO—
BOJIMJIA METOJIOM J[BY3TAIHOM 3BTaHA3HMU C COOIIIOICHHEM ITHUECKAX HOPM. B X01e UcCciieToBaHusT METOIOM
macc-criektpomerpun (ISP-MS) ananusuposanu kommdectBo anmementoB Ca, K, Mg, N, V, Co, Pb, As, Sr,
Cu, Zn B Tenax WHTAKTHBIX XUBOTHBIX KOHTPOJILHON M UCCIEN0BATEIBCKON IPyIiil. B opraHu3me »KHUBOTHBIX
MCCIICIOBATENILCKON TPYIIIBI OOHAPY:KEHO OOJIBIIOE KOJTHYESCTBO TSIKEIBIX METAUIOB U MaKpOIJIEMECHTOB.
Konn4ecTBo TsDKENbIX METAJUIOB, HAKOIUICHHBIX B OPTaHU3ME YJINTOK, YBEJIMYHBAIOCH HA 32-¢ CYTKH, a 3a-
TeM cHoBa cHmxkanock (P<0,001). ITo pe3ynpratam ucciae10BaHUNA H3BECTHO, YTO TSDKEJIBIE METAJUIbl HAKaIll-
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JIMBAIOTCSI B OPTaHU3Me 32 OJMH MECSI], a 3TO O3HAYAeT, YTO JaHHAs SKOJOTHUUECKasi CUTyalusl sIBISETCS OJ-
HOH U3 mpobiem, TpeOyromux 6e30TIaraTeNnbHOTo penieHus. X0Tsd HaKOMIEHHE TSDKEBbIX METaIoB B MOYBE
U UX KOJMYECTBO B IIOYBE U3YUEHBI, HAKOIUICHNUE UX B XMBBIX OPTaHU3Max, B TOM YHCIIE YIUTOK, U ANHAMHKA
UX HAKOIUICHUS B pe3yIbTaTe MHOTOJICTHUX UCCIEI0BaHUN H3Y4atOTCs BIIEPBEIE.

Kniouesvie cnosa. reorpaduuecknii  00BEKT, TsDKENble METaUIBl, MAaKpOAJIEMEHTHI, OHOWHIUKATOp,
Lissachatina fulica, macc-criekrpomMeTpust, 3K0JI0rnuecKast mpobiieMa, aKKyMy ISy,
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Analysis of long-term dynamics of air temperature fluctuations
in the Nura River basin

In recent decades, a different frequency of dry years has been observed in the Nura River basin in Central
Kazakhstan. This article examines the trend of changes in temperature fluctuations over a long period using
materials from a separate climate element from the Besoba and Karaganda meteorological stations located in
the Nura River basin and the Arkalyk meteorological station located outside the basin, to the west of it, but
characterized by similar natural conditions. In the course of research over an 81-year time interval from 1939
to 2019, the absolute and relative frequency of average monthly air temperatures in July in the Nura River ba-
sin were established. The meteorological stations under consideration are part of the global international net-
work of meteorological data of Kazhydromet and have constant, accurate series of values of meteorological
indicators. Based on the use of the method of statistical analysis, an assessment of the spatio-temporal fluctu-
ations of the temperature regime over a long-term period in the Nura River basin was identified. The study
expressed the formation of an arid climate associated with an increase in the average monthly air temperature
in the basin of the study area.

Keywords: atmospheric air temperature, dynamics of temperature fluctuations, absolute and relative frequen-
cy, cumulative frequency, long-term constant, temperature regime, river basin, statistical analysis, frequency.

Introduction

The leading role in a number of natural factors that determine the conditions of human life is performed
by the characteristics of the climate, and first of all, the conditions of heat and moisture supply. As a rule, the
environmental assessment of the climate is based on the average annual and monthly average values of me-
teorological indicators (precipitation, air temperature, etc.), as well as extreme values in the long-term aspect.
However, in the conditions of global climate change (Pachauri & Meyer, 2014; Sada et al., 2019) [1, 2] this
approach should be complemented by an assessment of the main long—term trends of the most important me-
teorological characteristics — atmospheric air temperature and precipitation for ecosystems and humans
(Kuzmina, Treshkin, 2007, 2016) [3, 4].

The purpose of the study is to analyze the trend of temperature fluctuations in the air in the Nura River
basin, which is the basis for a geoecological assessment of the territory.

Materials and methods

We used constant data for the hot month — July, which were divided into 4 periods (I-1V), for an 81-
year time interval since 1939 to 2019, obtained at two meteorological stations — Karaganda, Besoba (Kara-
ganda region) and one meteorological station in Kostanay region (m/s Arkalyk) to analyze the long-term dy-
namics of temperature fluctuations, as well as temperature conditions in the territory of the Nura River basin.
The data obtained at meteorological stations and agricultural posts reflect the features of the landscape struc-
ture of the Nura River basin.

The oldest Besoba meteorological station (49.3° north latitude, 74.4° east longitude) is located in the
upper reaches, Karaganda meteorological station (49.8° north latitude, 73.1° east longitude) is located in the
middle reaches, Kobetey agricultural post (50.2° north latitude, 72.1° east longitude) is located in the lower
reaches, but, Kobetey has large gaps in a number of observations, therefore, the Arkalyk meteorological sta-
tion (50.2° north latitude, 63.3° east longitude), which is located outside the basin, to the west of it, but is
characterized by similar natural conditions, was used as representative for the territory of dry-steppe lake-
alluvial plains [5, 6].

To analyze the spatial and temporal fluctuations of temperature and precipitation across the region of
Northern Kazakhstan with greater precision, the authors use the method of statistical analysis to identify dry
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periods at the Blagoveshchenka and Atbasar meteorological stations [7, 8]. Based on this, we also used the
statistical analysis method in our article, where the relative and absolute repeatability of m;. and p;, were de-
termined, demonstrating the number of repetitions when we sampled data on atmospheric air temperature n.

Results and discussion

Examining the meteorological data presented in Table 1 and Figure 1, we ascertain the absolute and rel-
ative reproducibility of the average monthly air temperature in July at the Besoba meteorological station.
This investigation reveals that over the duration of the | period (1939-1958), the number of years with an
average monthly air temperature of 14-15.9 °C is 1, with an air temperature of 16-17.9 °C is 6, with an air
temperature of 18-19.9 °C is 10, with an air temperature of 20-21.9 °C is 3.

Based on this, a high relative repeatability of values (50 %) was determined within the average monthly
air temperature of 18-19.9 °C. The accumulated repeatability (80 %) is the average monthly air temperature
in July in the range of 16-19.9 °C. The duration of the constant of the average monthly air temperature in
July at the Besoba meteorological station is +18.9 °C. As the Table 1 and Fig. 1 show, the relative repeatabil-
ity of the values of the average monthly air temperature in July during the first period (1939-1958) within
the normal range in the upper reaches of the Nura River basin is 50 %. The correspondence of air tempera-
ture values with the highest frequency in the long-term norm was revealed.

In the 11 period (1959-1978), there were 3 years with an average monthly air temperature ranging from
14 to 15.9 °C, 5 years with a temperature between 16 and 17.9 °C, 9 years with temperatures ranging from
18 t0 19.9 °C, and 3 years with temperatures between 20 and 21.9 °C. Accordingly, the highest relative con-
sistency of values, at 45 %, was identified within the average monthly air temperature range of 18-
19.9 °C. In the investigated upper reaches of the Nura River basin, a cumulative repeatability of 100 % is
observed across the spectrum of average monthly air temperatures in July, spanning from 14 °C to
21.9 °C. During the 1l period, the relative repeatability of the values of the average monthly air temperature
in July within the normal range shows 45 %, and the correspondence of the July air temperature value
+18.9 °C with the highest frequency in the Besoba meteorological station was revealed.

Table 1

The number of absolute and relative repeatability values of the average monthly air temperature in July since
1939 to 2019 at the Besoba meteorological station

Period | (1939-1958) Period Il (1959-1978) Period I11 (1979-1998) Period 1V(1999-2019)
Airt, °C Airt, °C Air t, °C Airt, °C

t m | pi,% t m | pi,% t m; pi, % t m; pi, %
14-15,9 1 5 14-15,9 3 15 14-15,9 0 0 14-15,9 0 0
16-17,9 6 30 16-17,9 5 25 16-17,9 3 15 16-17,9 8 39
18-19,9 | 10 50 18-19,9 9 45 18-19,9 | 13 65 18-19,9 | 10 48

20-21,9 3 15 20-21,9 3 15 20-21,9 4 20 20-21,9 3 14,3
22-239 0 0 22-23,9 0 0 22-23,9 0 0 22-23,9 0 0
24-259 0 0 24-25,9 0 0 24-25,9 0 0 24-25,9 0 0

In the 111 period under consideration (1979-1998), the occurrences are as follows: 3 years with an aver-
age monthly air temperature falling between 16 °C and 17.9 °C, 13 years with temperatures ranging from
18 °C to 19.9 °C, and 4 years with temperatures between 20 °C and 21.9 °C. Consequently, a notably high
relative repeatability of values, amounting to 65 %, is identified within the range of average monthly air
temperatures of 18 °C to 19.9 °C. Furthermore, an accumulated repeatability of 85 % is noted for average
monthly air temperatures in July ranging from 18 °C to 21.9 °C. The enduring average monthly air tempera-
ture in July recorded at the Besoba meteorological station stands at +18.9 °C.

Table 1 and Figure 1 show the relative repeatability of the values of the average monthly air tempera-
ture in July during the 111 period (1979-1998) within the normal range in this area and it is equal to 65 %,
which also corresponds to the long-term norm.

During the IV period (1999-2019), the number of years with an air temperature of 16-17.9 °C is 8, with
a temperature of 18-19.9 °C is 10, with the average air temperature for each month of 20-21.9 °C is 3, which
allows us to determine a high relative repeatability of values — 10 % within the average monthly air temper-
ature of 18-19,9 °C. According to the analysis of the data, it can be observed that the share of accumulated
repeatability is 87 % in the range of 16-19.9 °C, and the relative repeatability of the values of the average
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monthly air temperature in July within the normal range shows 48 %, i.e. the highest repeatability in the
Besoba meteorological station has a value that corresponds to the long-term norm of July air temperature
+18.9 C.
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Figure 1. Dynamics of the values of the relative repeatability of the average monthly air temperature in July at the
Besoba meteorological station for the 1-1V periods

If we compare the data of the first and second periods, we can observe a decrease of 5 % in the repeata-
bility of the average monthly air temperature of 18-19.9 °C, and an increase of 15 % compared to the third
period. In comparison with the Il period, in the IV period (1999-2019), the repeatability of the average
monthly air temperature of 18-19.9 °C decreased by 17 %, and the repeatability of the average monthly air
temperature of 20-21.9 °C in the III period (1979-1998) compared with the 1l period (1959-1978) increased
by 1 % (Fig. 1).

The data presented in Table 2 characterizes the absolute and relative repeatability of the average month-
ly air temperature in July at the Karaganda meteorological station. During the | period (1939-1958), the
number of years with an average monthly air temperature of July 16-17.9 °C is 1, with an air temperature of
18-19.9 °C is 7, with an air temperature of 20-21.9 °C is 8, with an air temperature of 22-23.9 °C is 3 and
with an air temperature of 24-25.9 °C is 1.

As follows from this Figure 1, the highest relative repeatability of values within the average monthly air
temperature of 20-21.9 % °C is equal to 40 %. At the same time, the cumulative repeatability — 95 % is the
average monthly air temperature in July in the range of 18-21.9 °C. The long-term constant of the average
monthly air temperature in July at the Karaganda meteorological station is +20.3 °C. The relative repeatabil-
ity of the values of the average monthly air temperature in July during the | period (1939-1958) within the
normal range in this area of the middle course of the Nura River basin is 35 %.

Analysis of data from the Il period (1959-1978) of the Karaganda meteorological station shows that the
number of years with an average monthly air temperature of 16-17.9 °C is 3, with an air temperature of 18—
19.9 °C is 6, with an air temperature of 20-21.9 °C is 8 and with an air temperature of 22-23.9 °C is 3. Ac-
cording to the analysis of the dynamics of the relative repeatability of the average monthly air temperature in
July is 20-21.9 °C, the highest repeatability of values was determined as 40 %, while the accumulated re-
peatability as 85 % is the average monthly air temperature in July in the range of 16-21.9 °C. The relative
repeatability of the values of the average monthly air temperature in July during the Il period (1959-1978)
within the normal range (+20.3 °C) in this area is 30 %, the highest repeatability at the Karaganda meteoro-
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logical station is 20-21.9 C, the highest repeatability is the air temperature value corresponding to the long-
term norm.

During the I11 period (1979-1998), the number of years with an average monthly air temperature of 18—
19.9 °C is 6, with an air temperature of 20-21.9 C is 11, with an air temperature of 22-23.9 C is 3. From this
data analysis, the highest repeatability of values was determined as 55 % within the average monthly temper-
ature the air temperature is 20-21.9 C. Cumulative repeatability — 85 % is the average monthly air tempera-
ture in July in the range of 18-21.9 C. The relative repeatability of the values of the average monthly air
temperature in July during the 11l period (1979-1998) within the normal range (+20.3 °C) in this area is
55 %. As in the second period (1959-1978), the highest repeatability at the Karaganda meteorological station
has a value of 20-21.9 C, i.e. the highest repeatability has an air temperature value corresponding to a long-
term norm.

During the IV period (1999-2019), the number of years with an average monthly air temperature of 16—
17.9 °C is 2, with an air temperature of 18-19.9°C is 10, with an air temperature of 20-21.9 C is 6, with a
temperature of 22-23.9 C is 3. Based on this, the highest repeatability of values was determined as 47.6 %
within the average monthly air temperature of 18-19.9 °C. The accumulated repeatability of 90.5 % is the
average monthly air temperature in July in the range of 18-23.9 C. The relative repeatability of the values of
the average monthly air temperature in July during the IV period (1999-2019) within the normal range
(+20.3 C) in this area is 55 %, the highest repeatability at the Karaganda meteorological station is 18—
19.9 °C, which is 1-2 °C lower than the long-term norm of July air temperature.

Table 2

The number of absolute and relative repeatability values of the average monthly air temperature in July since
1939 to 2019 at the Karaganda meteorological station

Period I (1939-1958) Period I1 (1959-1978) | Period 111 (1979-1998) Period 1V/(1999-2019)
Airt, °C Airt, °C Air t, °C Air t, °C
t m; | pi, % t m; | pi, % t m; pi, % t m; pi, %
14-15,9 0 0 14-15,9 0 0 14-15,9 0 0 14-15,9 0 0
16-17,9 1 5 16-17,9 3 15 16-17,9 0 0 16-17,9 2 9,5
18-19,9 7 35 18-19,9 6 30 18-19,9 6 30 18-19,9 10 47,6
20-21,9 8 40 20-21,9 8 40 20-21,9 11 55 20-21,9 6 28,6
22-23,9 3 15 22-23,9 3 15 22-239 3 15 22-239 3 14,3
24-25,9 1 5 24-25,9 0 0 24-259 0 0 24-259 0 0

Compared to period I, in period Il the relative frequency of average monthly air temperatures of 16—
17.9 °C increased by 10 %, air temperatures of 18-19.9 C decreased by 5 %. Compared to period Il, in peri-
od I, the relative frequency of average monthly air temperature of 20-21.9 C increased by 15 %, compared
to period I11, in period IV, the relative frequency of average monthly air temperature of 18-19.9°C increased
by 17.6 %, air temperature 22—23.9 °C decreased by 0.7 % (Fig. 2)

According to the data presented in the Table 3 and in Figure 3, the absolute and relative frequency of
average monthly air temperature in July for the Arkalyk meteorological station differs as follows. During
period I (1939-1958), the number of years with an average monthly air temperature of 16-17.9 °C is 1, with
an air temperature of 18-19.9 °C is 2, the number of days with an air temperature of 20-21.9 °C is 10, with
an air temperature of 22-23.9 °C it is 5 and with an air temperature of 24-25.9 °C it is 2, respectively.

The analysis of this data indicates that the most frequent occurrence, constituting 50 % of the total, falls
within the average monthly air temperature range of 20-21.9 °C. Additionally, a cumulative occurrence of
85 % encompasses average monthly air temperatures in July ranging from 18 °C to 25.9 °C. The sustained
average monthly air temperature recorded over the long term in July at the Arkalyk meteorological station
stands at +21.3 °C. The relative frequency of average monthly air temperature in July during the first period
(1939-1958) within the normal range in this area is 50 %, which corresponds to the long-term norm.
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Figure 2. Dynamics of the relative frequency values of the average monthly air temperature in July at the Karaganda
meteorological station for periods I-1V

Table 3

The number of absolute and relative repeatability values of the average monthly air temperature in July since
1939 to 2019 at the Arkalyk meteorological station

Period I (1939-1958) Period Il (1959-1978) Period 111 (1979-1998) Period 1V(1999-2019)
Airt, °C Airt, °C Air t, °C Airt, °C
t mi | pi, % t mi | pi, % t m; pi, % t m; pi, %
14-15,9 0 0 14-15,9 0 0 14-15,9 0 0 14-15,9 0 0
16-17,9 1 5 16-17,9 0 0 16-17,9 0 0 16-17,9 0 0
18-19,9 2 10 18-19,9 3 15 18-19,9 5 25 18-19,9 1 4,8
20-21,9 10 50 20-21,9 12 60 20-21,9 11 55 20-21,9 11 52,4
22-239 5 25 22-23,9 5 25 22-23,9 2 10 22-23,9 8 38
24-259 2 10 24-25,9 0 0 24-259 2 10 24-259 1 4,8

During period Il (1959-1978), the number of years with an average monthly air temperature of 18—
19.9 °C is 3, with an air temperature of 20-21.9 °C is 12, with an air temperature of 22-23.9 °C is 5, respec-
tively. It follows herefrom that it should be noted that the highest relative frequency of values is 60 % within
the average monthly air temperature of 20-21.9 C, while the cumulative frequency is 85 % and falls on the
average monthly air temperature in July of 20-23.9 C. The relative frequency of average monthly air tem-
perature in July during the second period (1959-1978) within the normal range (+21.3 C) in this area is
60 %, that is, the highest frequency in the Arkalyk meteorological station is the value corresponding to the
long-term temperature norm July air, which is +21.3 C.

Analysis of data from period 111 (1979-1998) shows that the number of years with an average monthly
air temperature of 18-19.9 C is 5, with an air temperature of 20-21.9 C is 11, with air temperatures of 22-23,
9Cand24-259Cis 2.

On the basis of the foregoing, the highest relative repeatability of values was determined, which is equal
to 55 %, within the average monthly air temperature of 20-21.9 C. The cumulative frequency, which is
80 %, is the average monthly air temperature in July within the range of 18-21.9 C. The relative frequency
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of average monthly air temperature in July during period 111 (1979-1998) within the normal range in this ar-
ea is 55 %, which characterizes compliance with a long-term constant.

During the IV period (1999-2019), the number of years with an average monthly air temperature of 18—
19.9°C is 1, with an air temperature of 20-21.9°C is 11, with an air temperature of 22-23.9 C is 8, with an
air temperature of 24-25.9 C is 1. When analyzing data from the IV period (1999-2019) from the Arkalyk
meteorological station, the highest relative frequency of values was determined, which is equal to 52.4 %,
within the average monthly air temperature July 20-21.9°C. The cumulative frequency, the value of which is
90.4 %, is the average monthly air temperature in July within the range of 20-23.9 C. The relative repeatabil-
ity of the average monthly July air temperature during period IV is 52.4 %, which corresponds to the long-
term July air temperature norm of +21.3°C.
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Figure 3. Dynamics of the relative frequency values of the average monthly air temperature in July at the Arkalyk me-
teorological station for periods I-1V

When comparing data between period | and period I, there was a 5 % increase in the relative frequency
of average monthly air temperatures ranging from 18-19.9 °C, and a 10 % increase in temperatures from 20—
21.9 °C. In contrast, comparing period Il to period 11, there was a 10 % decrease in the relative frequency of
average monthly air temperatures between 18-19.9 °C, and a 15 % decrease in temperatures falling within
the ranges of 20-21.9 °C and 22-23.9 °C, respectively. In period IV, compared to period III, the relative fre-
guency of average monthly air temperature 18-19.9 °C decreased by 20.2 %, air temperature 20-21.9 °C
decreased by 2.6 %, air temperature 22—23.9 increased by 28 %, air temperatures of 24-25.9 °C decreased by
5.2 % (Fig. 3).

Thus, at the meteorological stations under consideration, the correspondence of average monthly air
temperatures in July +18 — +21.9°C to the long-term constant is generally observed.

Conclusion

Thus, based on the study conducted, it is revealed that:

1. The highest frequency of occurrence at the Besoba meteorological station during all four periods
(1939-2019) is the average monthly air temperature in July of 18-19.9 °C, corresponding to the long-term
norm. Compared to period I, in period Il at the Besoba meteorological station, the frequency of average
monthly air temperature of 18-19.9 °C decreased by 5 %, and the frequency of average monthly air tempera-
ture of 18-19.9 °C increased by 15 % compared to period I1l. Compared with the Il1 period, in the IV period
(1999-2019), the frequency of average monthly air temperature of 18-19.9 °C decreased by 17 %, and the
frequency of average monthly air temperature of 20-21.9 °C in the III period (1979—1998) compared to peri-
od Il (1959-1978) increased by 1 %.

2. From periods | to Il at the Karaganda meteorological station, the air temperature has the highest fre-
guency within the range of 20-21.9 °C, which corresponds to the long-term norm (+20.3 °C). The relative
frequency of average monthly air temperature in July during the 1V period (1999-2019) within the normal
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range in this area is 55 %, the highest frequency at the Karaganda meteorological station is 18-19.9 °C,
which is 1-2 °C below the long-term norm for air temperature in July.

3. At the Arkalyk meteorological station during period |1, the average monthly air temperature in July
has the highest frequency of 20-21.9 °C with a value of 60 % of the relative frequency. Compared to period
I, in period |1 the relative frequency of average monthly air temperatures of 18-19.9 °C increased by 5 %, air
temperatures of 20-21.9 °C increased by 10 %. In all periods, the air temperature value corresponding to a
long-term constant has the highest repeatability.

4. For all meteorological stations there is an increase in the values of average monthly air temperatures
in July, which has the highest recurrence. In the studied basin of the Nura River, moisture depletion in the
summer period is currently expected, which leads to an increase in the number of dry years, i.e. the for-
mation of arid climate associated with an increase in atmospheric air temperature.

References

1 Pachauri R.K. Climate Change 2014: Synthesis Report. Contribution of Working Groups I, 1l and 111 to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change / R.K. Pachauri, L.A. Meyer. — IPCC. — 2014. — P. 151.

2 Sada R. Projected changes in climate and hydrological regimes of the Western Siberian lowlands / R. Sada, B. Schmalz,
J. Kiesel, N. Fohrer // Environmental Earth Sciences. — 2019. — 78(2). — P. 56. https://doi.org/10.1007/s12665-019-8047-0.

3 Kyssmuna JK.B. V3menenus kimmara B perumoHe Ilpmapanes u LlentpansHoit Asum /JK.B. Ky3pmuna, C.E. Tpemxun
/I Apunubie sxocuctemsr. — 2016. — T. 6, Ne 4, — C. 227-240.

4 Kyspmuna XK.B. AHanmm3 10IrocpoYHBIX METCOPOIOTHUECKUX TPEHAOB Ha fore Poccun u YKpauHbl (OT JecoCTenH A0 Iyc-
toi0b) / JK.B. Ky3pmuna // Apuassie sxocuctemsr. — 2007. — T. 13, Ne 32. — C. 47-61.

5 BwuecoB E.H. ®usnueckas reorpadus Kazaxcrana / E.H. Bunecos, A.A. Haymenko, JI.K. Becenosa, B.)K. AybekepoB. —
Anmartsr: Kazak yauBepcuteri, 2009. — 362 c.

6 VYremes A.C. Kiiumar Kazaxcrana / A.C. Yremes. — JI.: T'unpomereounsnar, 1959. — 368 c.

7 KycannoBa A.A. OueHKa IPOCTPaHCTBEHHO-BPEMEHHOW H3MEHUYNBOCTH TEMIIEPATYPHl U OCAJIKOB 32 MHOTOJICTHHN NEPHOA B
Ceseprom Kazaxcrane / A.A. Kycaunosa, O.B. Me3sennesa // Ycnexu coBpeMeHHOTO ecTecTBo3HaHML. — 2020. — Ne 11. — C. 82—
87.

8 TIIporuo3 moromasl. — [DneKTpoHHbIH pecypc]. — Pexum mocryma: https://www.kazhydromet.kz/ru.

I''M. XKanroxuna, K.J[. Kemxuna, /[.E. Caiinayos, A.A. PaxmeroBa, M.b. )Kanaesa

Hypa e3eHi aja0bIHAaFbI aya TeMIIEPATYPACHIHBIH AYbITKYbIHbIH
y3aK Mep3iMai JMHAMHMKACBHIH TAJIAAy

Conrbl omxbUIIbIKTa OpTanslk Kazakcrannarsr Hypa e3eHi anaGbIHBIH ayMarblHIa KYPFaK KbULIAPABIH 9p
Typii KaWTtanmaHyel Oaiikamanpl. Makamama Hypa eseHiniH amaObiHma typraH becoba sxone Kaparanms
METEOPOJIOTHSIIBIK CTAHIMSIIApEl MEH OacCeiHHIH CBHIPTHIHIA, OHBIH OATHICBIHAA OpHAJNACKaH, Oipak ykcac
TaOWFU JKaFaiilapMeH CUMaTTalaThlH ApPKAJIBIK METEOCTAHIMACHl KIMMATHIHBIH JKEKENereH 3JIEMEHTIHIH
MaTepualIapblH NaiifiajiaHa OTHIPbIN, KOIDKBULIBIK KE3eHIEri TeMIlepaTypa aybITKYBIHBIH e3repy ypuici
3eprrenni. 3eprrey 6apbicbinna 1939 sxpuinan 2019 sxputra feifinri 81 sKbUT yaKbIT apalbIFbIHAA, SFHU IS
aitpina Hypa e3eHi anaGbIHBIH ayMarbIH/a OpTallla ailfibIK aya TeMIepaTypachl MOHJIepiHiH a0COIOTTI JKoHe
caJbICTHIpMaJibl  KaifTallaHybl aHBIKTaNAbl. KapacTBIPBUIBIIT OTBIPFAaH METCOPOJIOTHSJIBIK —CTAaHLUSIAP
Kasrunpomerrin XKahauapik Xanbikapaiblk METEOposOrHsuIbIK AepekTep (XMIK) xeniciniH KypambiHa Kipeai
JKOHE METEOPOJIOTHSIIBIK KOPCETKIITep MOHAEPl Y3aK Mep3iMIi, TEKCepiIreH >KoHe COHKec Kemnemi.
CraTHCTHKAJBIK Taljay oONICiH KonmaHy Heridinme Hypa es3eHi anmaObIHBIH ayMarblHAa KON SKBUIIBIK
KE3CHJIErl TeMIIepaTypaliblK aybITKYIbIH KOIDKBUIIBIK JHHAMHKACHIH OaFajay aHBIKTAIAbl. 3epTTey
GapBICBIHIA 3ePTTENETIH ayMaKThIH aa0bIHAAFb! aTMOChepablK ayaHbIH OpTallla ailJIbIK TeMIIepaTypachiHbIH
JKOFapbUIaybIMEH OaliTaHbICThI KYPFaK KIMMATTBIH KaJbITaCybl KOPCETIIIeH.

Kinm coe30ep: aTMOchepanblK aya TEeMIIEpaTypacsl, TeMIIepaTypaiblK TepOeicTiH e3repici, aOCOTIOTTIK KaHEe
CaJIBICTBIPMAIIBl JKHUITIK, KYMMYJSTHBTIK KaiiTalaHy, KaWTalaHaThlH KOHCTAHTA, TEMIEPATypalbIK PEXKHM,
©3¢H analbl, CTATUCTHKANBIK TaIay, JKHITIK.
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AHaJM3 MHOT0JIeTHel INHAMUKY TeMIIEPATYPHOIo KoJieOaHusI BO31yXa
B 0acceiine pexu Hypsbl

B nmocnennee necstnerne Ha tepputopun O6acceitna pexu Hypsl B LlenTpansrom Kazaxcrane HaOmomaercs
pa3nudHas MOBTOPSIEMOCTh 3aCyLUIHBBIX JIeT. B HacTosmied cTaThe HCCIefOBaHA TEHIACHIMS HU3MEHEHHs
KoJeOaHus TeMIepaTypsl 3a MHOTOJETHHI MEepHOJ C MPHUMEHEHHEM MAaTepHaloB OTAEIBHOTO 3JIEMEHTa
KJIMMaTa MeTeoposornuecknx ctanuuii becoba n Kaparanna, pacmonoxeHHbIXx B Oacceiine peku Hypel, u
MeTeOoCTaHIHs ApKalblK, HaXOIAIIascs 3a MpeaeaaMu 6acceifHa, K 3amaay OT HEro, HO XapaKTepu3yommasics
CXOIHBIMH MPUPOAHBIMH YCIOBUSMU. B xone uccnenoBanuii 3a 8§1-ronoBoil BpemenHoi nuntepsai ¢ 1939 no
2019 rr. ObIa ycTaHOBIIEHA a0COIOTHAS M OTHOCUTEIIBHAS IIOBTOPSIEMOCTD 3HAYESHUH CpeTHEMECSIIHOM TeM-
neparyphl Bo3yXa B HIOJie Ha TeppHTOpHH OacceliHa pexn Hypel. PaccMaTpuBaeMble MeTEOpOJIOTHIECKUE
CTaHIIMK BXOJT B COCTaB [ J100aIbHON MEXIYHAPOJHOH CETH METEOPOIOTHYECKX JaHHBIX Kasrunpomera n
HMEIOT ITOCTOSTHHBIC, TOYHBIE PSABI 3HAUCHUH METEOPOJIOTHIECKHX TToKa3aTenell. Ha ocHoBe mcmonp30BaHms
METOJ]a CTATHCTUYECKOTO aHalu3a BBIABICHA OLIEHKA MHOTOJIETHEH NWHAMHKH TEMIIEPAaTYpHOTO KoieOaHUs
3a MHOTOJICTHHH Mepuo] Ha TeppuTopun OacceitHa peku Hypsl. B xoze uccnenoBanus BepaxkeHO HOPMHPO-
BaHUE apUHOTO KIMMATa, CBSI3aHHOTO C YBEIMYEHHEM CPEIHEMECSIIHOTO TeMIepaTyphl aTMOC(HEPHOTO BO3-
Iyxa B OacceliHe uccieryeMoi TeppUTOPHH.

Kniouesvie crosa: TemmepaTypa arMoc()epHOTO BO3IyXa, JAWHAMHKA TEMIIEpaTypHOTO KoyieOaHus,
aOCONIOTHAsT W OTHOCHUTENBHAsl IIOBTOPSIEMOCTb, KyMMYJISITHBHAs IIOBTOPSIEMOCTB, IIPOJIOJDKUTEIbHAS
KOHCTaHTa, TEMIIEPAaTYpHBIH PEKUM, OacCeliH peKH, CTATUCTUUECKHI aHaIn3, YacToTa.
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Geochemical state of small rivers of Syrym District of West Kazakhstan region
(on the example of the Rivers Buldyrty, Yesenankaty, Shiderty, Olenty)

Despite the fact that small rivers are called Small, their importance in terms of ecology is high. This is be-
cause the condition of large rivers will depend on smaller rivers. The degradation of small rivers negatively
affects the state, is an important and urgent task. The purpose of the study was to geochemically analyze the
composition of the waters of small rivers in the Syryms district and assess their quality. Water samples were
taken from each river ecological state of medium and large rivers, because they feed at the expense of these
small rivers. It is easy to see that every day the waters of these rivers are receding and the banks are expand-
ing. Currently, one of the main tasks that environmental science sets for itself is to monitor the ecological
state of water bodies. In connection with the conditions of increasing anthropogenic factors, determining the
ecological state of small rivers plays an important role in maintaining the composition of the natural ecosys-
tem. Small rivers are very sensitive to anthropogenic factors and react to these factors in the opposite way.
The study of the chemical composition of small river waters, as well as their ecological state, is an important
and urgent task. The aim of the study is a geochemical analysis of the composition of small river waters in the
Syrymsky district and an assessment of their quality. Water samples were taken from each river to determine
the composition of the water quality. The cameral stage was held in the laboratory of environmental and bio-
geochemical testing of M. Utemisov West Kazakhstan University. Chemical analysis was carried out using
the widely used methods GOST 26449.1 — 85. After analyzing the indicators of water samples taken from
the research area, it was found that the maximum raual concentration level did not exceed, except for the total
hardness.

Keywords: small river, ecological situation, Buldyrty River, Shiderty River, Olenty River, Yesenankaty Riv-
er, Water Resources, anthropogenic factor, chemical analysis.

Introduction

Water-occupies 71 % of the globe. Of these, 98 % is accounted for by the oceans and seas, and only
0.46 % by fresh waters (lakes, rivers, swamps). 150,000 animal species (7 % of the total animal species) and
10,000 plant species (8 %) live in the aquatic environment. Water resources of Kazakhstan include:
groundwater, glaciers, waters of the Caspian and Aral Seas on the border of Kazakhstan, rivers, lakes, ponds,
reservoirs, etc. [1, 2]. And of the water arteries in the Republic of Kazakhstan, 85,022 rivers are formed.
84694 of them are up to 100 km long, 305 — 500 km long, 23 — 1000 km long. As we can see, most of the
flowing rivers in Kazakhstan belong to small, even very small ones. They, like blood vessels, mesh the entire
territory of Kazakhstan.

There are more than 200 rivers on the territory of the West Kazakhstan region. 65 of them are those that
almost completely dry up by the end of the summer months. Most rivers do not have a channel of 10 km.
Therefore, they are classified as small rivers. Small rivers also flow in the syrym district. The largest of them
are the Buldyrty, Olenty, Yesenankaty, Shiderty rivers.

Buldyrty is a river in the Ural Basin. 1 km north-west of the village of Aksuat in the Syrym District of
the West Kazakhstan region. From the confluence of the bylylkandyk and Zhosaly Springs, it is called
Buldyrty, in the south it flows into Lake Zhaltyrkol. The length is 195 km, the catchment area is 4660 km?.
There are 8 tributaries with a total length of 258 km. The main tributaries: Shildi, Tamdy, Zhympity. The
average annual water flow is 1.6 m¥/s (in the village of Abay). From the source to the village of Elmash, the
river valley has a very steep slope (up to 20 m high). In some places, sand dunes stretch along its banks. The
total volume of water in the basin of the buldyrty River is 0.85 million tons. 6 ponds with an area of m® are
built. Water is used for irrigation of Meadows.

The Olenty river-crosses the middle part of the Syrym district (229 km long, of which 163 km are
located just above the current of the right tributary of the Ashchysai — Olenty rivers, its area to the southern
border flows within the district). It originates from the koltaban within the large floodplain of the Ural
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plateau, located within the slightly undulating plain of the Cretaceous Basin. The main tributaries: Shiderty,
Shkaty, Karmyssay, Marsh.

The Shiderty river plays a significant role as the largest tributary of the Olenty river, which originates
among a group of separate Hills on the Ural plateau. The upper reaches of the river are 10 km from the
source, ends on the ground and its fall height will be 21 meters. In the upper reaches of the plain of the
Shiderty River, the V-shaped floodplain is not clear. In the middle and lower reaches, the intermittent
floodplain moves from one bank to another. Floodplain sections have a length of no more than 300 meters
and a width of up to 50 meters. The channel matures well, deepening to 8—15 meters. The collar is straight,
sometimes drooping. The channel is characterized by deep bends, shallow water parts between them. The
banks of the estuaries are low and the flat channel is shallow, in some places it dries up in summer. The
outflow of groundwater is fragmented, accumulating mainly in the middle reaches. The bottom is muddy
with sand, the spinners are muddy. In the upper and lower reaches there are formations of calcareous gravel
and small toadstools.

Yesenankaty-lies in the north-west of Syrym District (total length 127 km., 77 km in the area). Its head
is located on the right slope of the Ural plateau 8 km northeast of the village of Red Banner., Akkudyksai
(left length 17 km.) and cover (right length 13 km. it is located at the confluence of the ravines), and in the
West, in the village of Araltobe, it reaches the boundaries of the district. The floodplain, which stretches
from the beginning to the village of Araltobe, is intermittent and moves from one bank to another. The main
industries: Isandybulak, Yerubai, Tanas, Kuperangaty [3].

Despite the fact that small rivers are called Small, their importance in terms of ecology is great. This is
because the condition of large rivers will depend on smaller rivers. The degradation of small rivers
negatively affects the ecological state of medium and large rivers, because they feed at the expense of these
small rivers [4]. It is easy to see that every day the waters of these rivers are receding and the banks are
expanding. Currently, one of the main tasks that environmental science sets for itself is to monitor the
ecological state of water bodies. In connection with the conditions of increasing anthropogenic factors,
determining the ecological state of small rivers plays an important role in maintaining the composition of the
natural ecosystem. Small rivers are very sensitive to anthropogenic factors and respond to these factors in a
negative way [5—7].

The main scientific and practical interest is to determine the ecological state of the water quality of
these rivers. Currently, the study of small rivers is not fully considered, since not all methodologies for
monitoring the ecological state of these rivers have been prepared. Protection of nature and protection of
water resources from harmful waste due to lack of information, creating difficulties in research [8].

One of the main, fundamental principles of environmental monitoring is complexity. Monitoring
programs consist in monitoring the environment, identifying pollutants by chemical methods, as well as biota
response to anthropogenic factors. The diversity of hydrobinotes and their relationship with each other, with
the environment, their response to various anthropogenic influences, all this gave rise to many natural water
bodies assessment methodologies [9, 10].

Concern about the chemical and environmental condition of surface waters is growing worldwide.
Many studies have been devoted to the development of integrated strategies for the protection of small river
watersheds in order to improve the ecological condition of the surrounding landscapes and the quality of riv-
er waters [11-13]. To assess the quality of natural waters, there is a certain number of parameters by which
the degree of pollution is determined [14].

The study of the chemical composition of the waters of small rivers, as well as their ecological state, is
an important and urgent task. The purpose of the study was to geochemically analyze the composition of the
waters of small rivers in the Syrym district and assess their quality.

Materials and Methods

The assessment of the ecological and chemical state of small rivers in the Syrym district was carried out
based on the results of studies carried out in the summer in 2023. The water quality was assessed in accord-
ance with the established sanitary rules and norms for the protection of surface waters from pollution for res-
ervoirs of two categories — reservoirs for fishery purposes and reservoirs for drinking and cultural purposes.

During the study period, a total of 12 water samples were taken in order to determine the chemical and
ecological state of the waters of this river. The sampling was carried out in accordance with the requirements
of GOST 318612012 “Water. General requirements for sampling”. To determine the composition of water
quality, water samples were taken from each river (Buldyrty, Olenty, Shiderty, Yesenankaty) at points Ne 1
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near the route, Ne 2 near the village, Ne 3 near the steppe. The cameral stage was held in the laboratory of
environmental and biogeochemical testing of M. Utemisov West Kazakhstan University. Chemical analysis

was carried out using widely used GOST methods.
According to GOST 26449.1-85, carbonate, bicarbonate, chloride ions in the composition of water

samples were determined by the method of titration of total hardness, ph by the device pH-meter | — 150,
and when determining copper, iron, nickel, lead, sulfate ions by the method of photoelectrocolorimeter.

Results and Discussion

Chemical analysis of water samples taken from high Rivers was carried out and the results of the study
were obtained. The results of the study obtained were shown in Tables 1-5, respectively.

Table 1
Indicators of water samples taken from the Buldyrty River
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Ne 1 9.4 349.7 149.1 8.01 72 463 0.01 0.77 0.08 0.19
Ne 2 9 371 163.3 8.04 60 561.2 0.008 0.75 0.072 0.12
Ne 3 6,4 283,1 156.2 7.8 36 280.6 0.007 0.56 0.063 0.1
Average (8.3 334.6 156.2 7.95 56 434.9 0.008 0.69 0.072 0.14
value
MPC 7-10 500 350 6-9 - - 0.03 1 0.1 0.3

As for the indicators of water samples taken from the Buldyrty River, the total hardness in the sample
Ne 1 is equal to 9.4 mmol/3, Ne 2 — 9 mmol/ dm3, Ne 3 — 6.4 mmol/ dm3, MPC (7-10 mmol/ dm3). Sulfate
ion in sample Ne 1 — equal to 349.7 mg/ dm3, Ne 2 — 371 mg/ dm3, Ne 3 — 283.1 mg/ dm3, MPC (500 mg/
dm3). Chloride ion in sample Ne 1 — equal to 149.1 mg/ dm3, Ne 2 — 163.3 mg/ dm3, Ne 3 — 156.2 mg/
dm3, MPC (350 mg/ dm3). The pH of the sample Ne 1 is equal to 8.01, Ne 2 is equal to 8.04, Ne 3 is equal to
7.8, does not exceed the MPC(6-9). The carbonate ion in sample Ne 1 is equal to 72 mg/ dm3, Noe 2 —
60 mg/ dm3, Ne 3 — 36 mg/ dm3. The bicarbonate ion in the sample Ne 1 is equal to 463 mg/ dm3, Ne 2 —
561.2 mg/ dm3, Ne 3 — 280.6 mg/ dm3. Lead ion in sample Ne 1 — 0.01 mg/l, Ne 2 — 0.008 mg/l, Ne 3 —
0.007 mg/1, MPC (0.03 mg/1). Copper ion in sample Ne 1 — 0.77 mg/l, Ne 2 — 0.75 mg/1, Ne 3 — 0.56 mg/I,
no more than MPC (1 mg/l). Nickel ion in sample Ne 1 — 0.08 mg/l, Noe 2 — 0.072 mg/1, Ne 3 — 0.063 mg/I,
MPC (0.1 mg/1). Iron ion in sample Ne 1 — 0.19 mg/l, Ne 2 — 0.12 mg/1, Ne 3 — 0.1 mg/l, MPC (0.3 mg/l).

Table 2
Indicators of water samples taken from the Olenty River
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Ne 1 17 404.2 355 7.92 84 207 0.017 0.82 0.09 0,2
Ne 2 15 386 426 7.86 72 183 0.01 0.71 0.087 0.17
Ne 3 13 350 203 7.74 68 170.8 0.009 0.7 0.08 0.13
Average |15 380 328 7.84 74.7 186.9 0.012 0.74 0.085 0.16
value
MPC 7-10 500 350 6-9 - - 0.03 1 0.1 0.3

As for the indicators of water samples taken from the Olenty River, the total hardness is equal to
mmol/ dm3 in sample Ne 1, mmol/ dm3 Ne 2, mmol/dm3 Ne 3 — 13 mmol/ dm3, MPC (7-10 mmaol / dm3).
Sulfate ion in sample Ne 1 — equal to 404.2 mg/ dm3, Ne 2 — 386 mg/ dm3, Ne 3 — 350 mg/ dm3, MPC
(500 mg/ dm3). Chloride ion in sample Ne 1 is equal to 355 mg/ dm3, Ne 2 — 426 mg/ dm3, Ne 3 —
203 mg/ dm3, samples Ne 1, Ne 2 are higher than MPC (350 mg/ dm3). pH in sample Ne 1 is equal to 7.92,
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Ne 2 is equal to 7.86, Ne 3 is equal to 7.74, does not exceed the MPC (6-9). The carbonate ion in sample Ne 1
is equal to 84 mg/ dm3, Ne 2 — 72 mg/ dm3, Ne 3 — 68 mg/ dm3. The bicarbonate ion in sample Ne 1 is
equal to 207 mg/ dm3, Ne 2 — 183 mg/ dm3, Ne 3 — 170.8 mg/ dm3. Lead ion in sample Ne 1 — 0.017 mg/I,
Ne 2 — 0.01 mg/l, Ne 3 — 0.009 mg/l, MPC (0.03 mg/1). Copper ion in sample Ne 1 — 0.82 mg/l, Ne 2 —
0.71 mg/l, Ne 3 — 0.7 mg/1, no more than MPC (1 mg/1). Nickel ion in sample Ne 1 — equal to 0.09 mg/I,
Ne 2 —0.087 mg/l, Ne 3— 0.08 mg/l, does not exceed MPC (0.1 mg/l). The Iron ion in sample Ne 1 is equal
to 0.2 mg/l, Ne 2 — 0.17 mg/l, Ne 3— 0.13 mg/I, does not exceed MPC (0.3 mg/l).

Table 3
Indicators of water samples taken from the Shiderty River
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Nel 9.2 327.1 85.2 7.75 48 305 0.01 0.71 0.083 0.17
Ne 2 6.4 318.9 78.1 7.74 36 256 0.009 0.68 0.076 0.12
Ne 3 5.8 253.7 71 7.7 24 183 0.006 0.59 0.061 0.1
Average |7.1 299.9 78.1 7.73 36 248 0.008 0.66 0.073 0.13
value
MPC 7-10 500 350 6-9 - - 0.03 1 0.1 0.3

As for the indicators of water samples taken from the Shiderty River, the total hardness in the sample
Ne 1 is equal to mmol/ dm3, Ne 2 — mmol/dm3, Ne 3 — mmol/dm3, MPC (7-10 mmol/dm3). Sulfate ion in
sample Ne 1 — equal to 327.1 mg/ dm3, Ne 2 — 318 mg/ dm3, Ne 3 — 253.7 mg/ dm3, MPC (500 mg/ dm3).
Chloride ion in sample Ne 1 — equal to 85.2 mg/ dm3, Ne 2 — 78.1 mg/ dm3, Ne 3 — 71 mg/ dm3, MPC
(350 mg/ dm3). pH in sample Ne 1 — 7.75, Ne 2 — 7.74, Ne 3 — 7.7, no more than MPC (6-9). The car-
bonate ion in sample Ne 1 is equal to 48 mg/ dm3, Ne 2 — 36 mg/ dm3, Ne 3 — 24 mg/ dm3. Hydrocorbanate
ion in sample Ne 1 — equal to 305 mg/ dm3, Ne 2 — 256 mg/ dm3, Ne 3 — 183 mg/ dm3. Lead ion in sam-
ple Ne 1 — 0.01 mg/l, Ne 2 — 0.009 mg/l, Ne 3 — 0.006 mg/l, MPC (0.03 mg/1). Copper ion in sample Ne 1
— equal to 0.71 mg/l, Ne 2 — 0.68 mg/l, Ne 3 — 0.59 mg/l, does not exceed MPC(1 mg/l). Nickel ion in
sample Ne 1 — equal to 0.71 mg/l, Ne 2 — 0.68 mg/l, Ne 3 — 0.59 mg/l, does not exceed MPC (0.1 mg/l).
Iron ion in sample Ne 1 — 0.17 mg/l, Ne 2 — 0.12 mg/l, Ne 3— 0.1 mg/l, MPC (0.3 mg/I).

Table 4
Indicators of water samples taken from the Yesenankaty River
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Ne 1 10,8 402,3 241 7,75 120 378,2 0,012 0,8 0,09 0,19
Ne 2 10 378,1 208,3 7 84 207,4 0,01 0,76 0,083 0,14
Ne 3 9,4 363,3 149,1 6,83 78 204,5 0,009 0,61 0,059 0,01
Average (10,1 381,2 1994 7,2 94 263 0,01 0,72 0,08 0,11
value 4
MPC 7-10 500 350 6-9 - - 0,03 1 0,1 0,3

As for the indicators of water samples taken from the yesenankaty River, the total hardness is equal to
10.8 mmol/ dm3 in sample Ne 1, Ne 2 — 10 mmol/ dm3, Ne 3 — 9.4 mmol/ dm3, and MPC(7-10 mmol/
dm3) in sample Ne 1. Sulfate ion in sample Ne 1 — equal to 402 mg/ dm3, Ne 2 — 378.1 mg/ dm3, Ne 3 —
363.3 mg/ dm3, MPC (500 mg/ dm3). Chloride ion in sample Ne 1 — equal to 241 mg/ dm3, Ne 2 —
208.3 mg/ dm3, Ne 3 — 149.1 mg/ dm3, MPC (350 mg/ dm3). pH in sample Ne 1 is equal to 7.75, Ne 2 is
equal to 7, Ne 3 is equal to 6.83, does not exceed the MPC (6-9). The carbonate ion in sample Ne 1 is equal to
120 mg/ dm3, Ne 2 — 84 mg/ dm3, Ne 3 — 78 mg/ dm3. The bicarbonate ion in sample Ne 1 is equal to
378.2 mg/ dm3, Ne 2 — 207.4 mg/ dm3, Ne 3 — 204.5 mg/ dm3. Lead ion in sample Ne 1 — 0.012 mg/1, Ne 2
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— 0.01 mg/l, Ne 3-0.009 mg/l, MPC (0.03 mg/l). Copper ion in sample Ne 1 — equal to 0.8 mg/l, Ne 2 —
0.76 mg/1, Ne 3— 0.61 mg/1, does not exceed MPC(1 mg/1). Nickel ion in sample Ne 1 — equal to 0.09 mg/I,
Ne 2 — 0.083 mg/l, Ne 3 — 0.059 mg/I, does not exceed MPC (0.1 mg/l). Iron ion in sample Ne 1 — 0.19

mg/l, Ne 2 — 0.14 mg/l, Ne 3 — 0.01 mg/I, MPC (0.3 mg/l).
Table 5

Average indicators of water samples taken from the Rivers Buldyrty, Olenty, Shiderty, Yesenankaty

[77])
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Buldyrty 8,3 334,6 156,2 7,95 |56 4349 0,008 0,69 0,072 0,14
Olenty 15 380 328 7,84 (74,7 186,9 0,012 0,74 0,085 0,16
Shiderty 7,1 299,9 78,1 7,73 |36 248 0,008 0,66 0,073 0,13
Yesenankaty 10,1 381,2 199,4 7,2 94 263,4 0,01 0,72 0,08 0,11
MPC 7-10 500 350 6-9 - - 0,03 1 0,1 0,3

Comparing the indicators of water samples taken from the rivers Buldyrty, Olenty, Shiderty,
Yesenankaty, we can conclude that the total hardness is higher than that of the Olenty River — 15
mmol/dm3, the MPC is higher than 5 mmol/ dm3, the lower content is 7.1 mmol/ dm3. A high sulfate ion
content was recorded in water samples from the Yesenankaty River (381.2 mg/ dm3), a lower content in the
Shiderty River — 299.9 mg/ dm3. The high content of chloride ion is 328 mg/ dm3 in the Olenty River, the
lower content is 78.1 mg/ dm3 in the Shiderty River. The high pH of the river is 7.95, the low pH of the river
is 7.2. The high content of carbonate ions in the Yesenankaty River is 94 mg/ dm3, the lower content in the
Shiderty River is 36 mg/ dm3. The high content of the bicarbonate ion in the turbid River is 434.9 mg/ dm3,
the low content in the Olenty River is 186.9 mg/ dm3. The high content of lead ions in the river of poetry is
0.012 mg/I, the low content of the river of poetry is 0.008 mg/l. the high content of copper ions in the river of
poetry is 0.74 mg/l, the low content of the river of poetry is 0.66 mg/l. the high content of nickel ions in the
river of poetry is 0.085 mg/l, the low content in the river of poetry is 0.072 mg/l. The high content of iron
ions in the river Olenty is 0.16 mg/l, the low content in the river Yesenankaty is 0.11 mg/I.

Conclusion

After analyzing the indicators of water samples taken from the research area, we found that the total
hardness did not exceed the MPC level, except for the size. Comparing the indicators of water samples of the
studied small rivers of the Syrym district, we can conclude that the content of the Olenty River (carbonate,
bicarbonate, chloride ion, ph, copper, iron, nickel, lead, sulfate ions) is much higher than the indicators of
water samples of the remaining rivers. This suggests that the ecological situation of the Olenty River is more
dangerous than the turbid, Shiderty and Yesenankaty rivers.
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M.T. bepnuryxus, E.X. XKakcpuibikoB

Bartbic KazakcTaH 00/1bIcbl ChIPpbIM ayJaHBIHBIH Killlli 63¢HAEPiHiH Fre0XUMHAJIBIK
skarnaiibl (byaabiptel, Ecenankarsl, Hligepri, OJieHTi 63eHaepiHiH MBICAJIBIH/AA)

Kimni e3ennep kinni gen aTanraHbIMEH, OJap/IbIH YKOJIOTHS TYPFBICHIHAH aJIFaHarbl MaHbI3kI )KoFaphl. Cebeoi,
ipl e3eH/ep i KaFraaibl Kl e3eHnepre OaimanbicThl Oonansl. Kimm e3eHIepiH Aerpajanusra YIIbIpaysl
OpTa JKOHE ipi e3eHAEpIiH SKOJIOTHIIBIK KaFAaaiblHa Kepi ocepiH Turizeni, ce6ebi oxap OCHl Killl e3eHAep
eceOiHeH KopekTeHemi. KyH callblH OCBI ©3€HAEpIiH CYBIHBIH TapTBUIBIN, >KaFachIHBIH KEHEWil Keie
JKaTKaHBIH Oaiikay KubIH emec. Kaszipri yakpITTa SKOJOTHS FBUIBIMBIHBIH ajIblHA KOWFaH O0acThl
MiHJIETTepiHiH 0ipi Cy HBICAaHIAPBIHBIH IKOJOTHSUIIBIK JKaFJaliblH OakplIay. AHTPONOTCHIIK (haKTOpIapAbIH
apTy JKarmaiipiHa OailJIaHBICTBI, Killli ©3CHACPIIH 3KOJOTHSIIBIK >KaFIalblH aHBIKTAay, TAOUFH JKOXKXYHEHIH
KYpaMBIH CaKTall KalyJa MaHbI3Ibl pell aTkapaabl. Kimi e3eHaep aHTPONOreHIiK GakTopiaapra eTe ce3iMTal
xoHe Oyn (axTopiapra Kepi acepae jkayan KalTapanbl. Kimn e3eHzmep cynapbIHBIH XHMHSUIBIK KYpPaMblH,
COHJIali-aK OJIapbIH SKOJOTHSJIBIK JKAFJalbIH 3€PTTCY MaHBI3bI J)KOHE ©3CKTI MIHACT. 3epPTTEYAiH MaKCAThI
ChIpbIM ayJaHBIHBIH Killli ©3€HIepi CYJIapbIHBIH KYpPaMblH €OXUMUSIIBIK TAJAy KOHE OJapAblH CalachlH
Oaranay. Cy canachlHBIH KYpPaMBIH aHBIKTAY YIIiH 9p ©3€HHEH Cy ChIHaAMalaphl aJbHIbL. Kamepannbik Ke3eHi
M. OremicoB arbiHAarsl bareic  KazakcTaH — yHHBEPCHTETIHIH  OKOJOTHSA-OMOTCOXHMHSIIBIK — CBIHAK
3epTXaHaChIH/IA OTKI3IIII. XUMISUTBIK Tajiay KeHiHeH KonmaHbutaTeiH MeMCT 26449.1-85 omicrepi apKbUTBI
oTKi3ini. 3epTTey aliMarblHaH aJblHFAaH Cy ChIHAMaJapbIHBIH KOPCETKIIITEpiH capanail Kene, >KaJilbl
KepMeKTiTik Memnmepiner 6ackanaps! LIIPK neHreifineH acriaraHIbIFbl aHBIKTAIJIBL.

Kinm ce30ep: Kiuni e3eH, YKONOTHSUIBIK xarnail, bynaeiptel e3eHi, LligepTi e3eni, OneHri o3eHi, EceHaHKAThI
©3€Hi, Cy peCypCTaphl, aHTPOIOTeH/IIK (haKTOP, XUMHUSIIBIK TaJIay.

M.T. bepnuryxun, E.X. )KakcblIbIKOB

I'eoxumuyeckoe cocTosiHue MaJIbIX peKk CbIpbIMCKOI0 paiioHa
3anagno-Ka3axcranckoii o6sactu (Ha npumepe pek ByaabipTsl, EceHankarhl,
HIuneprel, OJieHTHI)

XoTs MaJible pEeKH Ha3bIBAIOTCS MajbIMH, OHM MMEIOT OOJIBIIOE 3HAUYEHHE C TOYKU 3PEHUST SKOJIOTHU. DTO
CBSI3aHO C TE€M, YTO COCTOSIHHE KPYNHBIX peK OyaeT 3aBHceTb OT MajbIX. Jlerpananus MajblX peK OTpHLa-
TEJbHO CKa3bIBAETCSl HA HKOJIOTHYECKOM COCTOSIHUU CPEAHUX M KPYIHBIX PEK, MOCKOJIbKY OHU MHUTAIOTCA 32
CYET 3TUX MaBIX peK. HeTpyaHoO 3aMeTuTh, 4To ¢ KaXKIbIM JHEM BOJa STHX PEK BBICBIXAET, a Oepera paciiu-
pstorcs. B HacTosiiee BpeMsi OJTHOM M3 IJIaBHBIX 33]a4, TOCTABJICHHBIX Mepel SKOJIOTHYECKOW HAyKOH, SBIIS-
eTcs KOHTPOITb 32 HKOJIOTHYECKAM COCTOSTHUEM BOJHBIX OOBEKTOB. B CBSI3M ¢ COCTOSTHHEM BO3pacTaHUs aH-
TPONOTeHHBIX (PAaKTOPOB OMpPEAENICHNE YKOJOTHUSCKOTO COCTOSIHHUS MAaJbIX PEK MIPaeT BaXKHYIO POJIb B CO-
XpPaHEHUH COCTaBa MPUPOJHON HKOCHCTEMBI. Maiible PeKH 04YeHb YyBCTBUTEIBHBI K aHTPOIIOTeHHBIM (aKTO-
paM U pearupyroT Ha 3TH (HaKTOpsl B 0OpaTHOM HampaBlieHHH. V3ydeHne XMMHYECKOT0 COCTaBa BOJ MaJbIX
PEeK, a TaKXkKe UX 3KOJIOTHYECKOI'0 COCTOSIHUS SBIIETCS BAKHOM M aKTyallbHOI 3afaueii. Llenbro ucciaenoBaHus
SIBIISIETCS] TEOXMMUYECKUI aHAIN3 cOCcTaBa BOA MaibIX pek CBIPBIMCKOTO paifioHa U OLIEHKA WX KayecTBa. BbI-
JIM B3ATHI TPOOBI BOJABI U3 KaXIOW PEKH, YTOOBI OMPENCIUTh COCTaB KadecTBa BOABL. KamepalbHBIA 3Tanm
MPOBOJMJICS B JKOJIOT0-OMOr€OXMMHUYECKONW HUCIBITATeNIbHON Naboparopun 3amaaHo-KazaxcTaHCKOro yHH-
Bepcurera UMeHU M. YTemucoBa. XUMHYECKHI aHaIM3 MPOBOJWICSA MO LIUPOKO NMPUMEHSEMbIM METOJaM
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I'OCT 26449.1-85. ubdepeHunpys nokasarean Ipod BOIbI, B3ITHIX U3 30HBI HCCICIOBAHUS, YCTAHOBIICHO,
YTO BCE, KPOME BEIMYHMHBI OOIIEH JKECTKOCTH, He IpeBbImany yposeHns [1JIK.

Kniouesvie cnoga: Manas peka, IKOJOTHUECKOE COCTOSTHME, peka BynasIpThl, pexa [luneptsl, pexa OneHTSI,
pexa Ecenankatbl, BOZHBIE PeCypChl, aHTPOIIOT€HHBIH (haKTOp, XUMUIECKHI aHaIN3.
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IHorenuman 3arpssHenust armocgepsl Ha TeppuTopun Pecnyoimnkn Kaszaxcran
no AaHHbIM peanaau3a ERAS 3a 2021 roa

PaccunTan noTeHnman 3arps3HeHUs aTMoc(epsl B IOTPAaHUYHOM CJIOo€ aTMoc(epsl, IO JaHHBIM peaHaln3a
ERAS, u oncaH xapakTep ero pacnpeeneHus mo tepputopun Pecrryonuku KasaxcraH, BBISBIEHBI 00J1acTH
HanOonbUIell ¥ HaWMEHBIIEH ITOBTOPSIEMOCTH YCIOBUH (opMHpOBaHMS MOTECHIMANA 3arps3HEHHS
aTMocepsl. ATMocdepa CUMTaeTCsl TPAKTHYECKH HEHCYEpIaeMbIM  PecypcoM, 00eCIeUMBAIOIINM
Oe3omacHble YCIIOBHS Ul HaceleHHs M coXpaHeHHs skocucteM. OIHaKO B pe3yibTaTe XO3sSHCTBEHHOH
JeATeIbHOCTH YeNIoBeKa B aTMocdepe MosBIsieTcs O0IbIOe KOIUIECTBO 3aTrPS3HAIONINX BEIIECTB, HAaHOoIee
3HAUUTENIbHbIE M3MEHEHHsI KadyecTBa aTMOC(EPHOr0 BO3AyXa HAaOIIOJAIOTCA B KPYMHBIX ropojax. Vccmemo-
BaHUE TOJYEPKUBACT BAXKHOE BO3JCHCTBUE METEOPOIIOTHIECKHIX ITapaMeTpOB Ha KOHIIEHTPAIHIO 3aTrPsI3HAI0-
IMUX BEIIECTB B aTMOocdepe, UX MepeMelleHne 1 CIOCOOHOCTh aTMoc(epsl K CaMOOYHIICHHUIO. bpin BhITON-
HEHbI pacueThbl, HaIpaBJICHHbIE Ha ONpElesIeHHe KIMMAaTHYeCKOro NOTEHIHaaa, YTO MO3BOJIWIO BBIIBUTH
YPOBEHb CaMOOYHMINEHUS aTMocdepbl Ha Tepputopun Pecnybnmkm Kaszaxcran. B Hacrosmiee Bpems
MEXaHH3M CaMOOYHIICHHS He CIPABISIETCS ¢ OOJBIIMM KOJINYECTBOM 3arpsi3HAIONINX BEIIECTB B aTMOchepe,
BIOCJICJICTBHH 4Y€ro HJIET OOpa3oBaHHE BHICOKUX KOHIIEHTpanui mpumeced. [loTeHmuan 3arps3HeHHs
aTMocQepsl ABIAETCS OTHUM U3 IIMPOKO HCHONB3yeMbIX METOJOB AN OLEHKH CIIOCOOHOCTH aTMOC(Ephl K
CaMOOYHIIEHHIO OT 3aTrPSI3HAIONINX BEIIECTB. DTOT METOJ] OCHOBAH Ha pacdyeTe OTHOIICHUS CPEIHUX yPOBHEH
KOHIIGHTpALM BPEIHBIX BEUIECTB NPH (PAKTHUECKHX BHIOPOCAX B ONPEIEICHHOM PETHOHE K YCIOBHBIM
KOHIIGHTPALIUSIM.

Kniouesvle crosa: MOTeHIMAN 3arpsA3HeHUst aTMocepbl, aTMOC(EpPHbIH BO3AYX, TEeMIIEpaTypHble HHBEPCHH,
0CaJIK1, CKOPOCTb BETPA, PACCEUBAIOLIAs CIIOCOOHOCTH aTMOC(hEPbI, 3arPA3HSIIOIINE BEIECTBA.

Beeoenue

ATMOChepHBI BO3AYX — 3TO LEHHBIM NPUPOIHBIA pecypc, KOTOPBIH OOeclieunBaeT >KU3HEeAesTeNb-
HOCTB BCEX JKMBBIX OPTaHU3MOB Ha IiaHeTe 3emisa. OH MPEJOCTaBIseT HE TOJNBKO KHUCIOPOJ [UIS IbIXaHHUS,
HO M Y4aCTBYCT BO MHOXKCCTBE APYIUX SKOCUCTCMHLBIX IMPOUECCOB, TAKUX KaK KIIMMATUYCCKUC PETYIIAINA U
obecriedeHue BOAHOTO IHKIa. OHAKO B COBPEMEHHOM MHUpE Hallla MPOMBINUICHHAs U TPaHCIIOpTHAsI Jiesi-
TEJILHOCTh MPHUBOAUT K BBIOPOCY BPEIHBIX M 3arps3HSIONIMX BEIIECTB B arMmocdepy. OTH 3arps3HEHUs
BKITIOYAIOT B ce0sl Takue BEIIECTBa, Kak yriekucibiid ra3 (CO;), azoTHble okcuabl (NOy), CEpHHCTBIE COSIH-
Henus (SOy), metan (CHy) u apyrue. OTH 3arps3HEHUST MOTYT OKa3bIBaTh CEPhE3HOE OTPHUIATENILHOE BO3-
JeiCTBUE Ha OKPYXKAIOLIYIO0 Cpely U 3[0POBbE yesioBeka. [103ToMy Ba)kKHO MOCTOSIHHO KOHTPOJIMPOBAThH Ka-
4eCTBO aTMOC(EepHOro BO3/yXa U MPEeANpUHUMATL MEPHI ISl CHHXKEHHUSI BBIOPOCOB BpeAHBIX BeniecTB. Mo-
HUTOPHUHT atMoc(epsl u pa3paboTKa 3KOJOTHYECKH YUCTHIX TEXHOJOTHI CTaHOBSTCS BCe Ooiiee BaKHBIMU
3aJjauaMH B COBPEMEHHOM MHUpe. DPPEeKTUBHOE yIpaBICHHE Ka4eCTBOM aTMOC(HEPHOrO BO3yXa HE TOJIBKO
CHOCOOCTBYET 3/10pOBBIO YEJIOBEKA, HO M COXPAHSAET IKOCUCTEMBI M OHOpa3HOOOpa3ye Hallel MIaHeThl Ui
OyAyIHX MOKOJIEHHH.

CreneHb 3arpsi3HEHUs] aTMOC(EPh Y 3¢MHOM MOBEPXHOCTH O0YCIIOBJIMBAETCS HE TOJBKO KOJIHMYECTBOM
1 MHTEHCHBHOCTBIO BBIOPACHIBAEMBIX 3arpsI3HSIOIINX BEIIECTB U IapaMeTpaMi HCTOYHUKOB, HO U IIPOCTPaH-
CTBEHHO-BPEMEHHBIMU MAacIITa0aMH, 3aBHUCSIIMMH OT OpOrpauuecKhux OCOOCHHOCTEH M METEOpOJIorHYe-
CKMX YCJIOBHHM MeECTHOCTH. B arTmocdepe paboraer MexXaHM3M CaMOOYHIICHUS, OJHAKO YBEIUYCHUE
KOJINYECTBA aHTPOIOTE€HHBIX BEIOPOCOB MPHUBENIO K HEJOCTHKUMOCTH ITOJHOTO 00E3BpEKHUBaHUS 3arps3He-
HUS1, KOTOPOE MPUBENO K (POPMUPOBAHUIO BBICOKHX KOHIIEHTPALMHA pUMeECEeH.

[Morennman 3arpsi3HeHUst aTMOC(EpPsl — 3TO TOHITHE, KOTOPOE OTPAKAET BO3SMOXKHOCTh WJIM CKIIOH-
HOCTH ONpEeeNICHHONH 00JIaCTH WJIM MCTOYHHKA K 3arpsi3HeHHIo arMocdepbl. OH ompenenseT BeposSTHOCTD
WM CTETeHb, C KOTOPOH JaHHas 00JacTh MM UCTOYHUK MOTYT CIIOCOOCTBOBATh 3arpsi3HECHHIO BO3/AyXa.
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MoTeHuman 3arpsisHeHnst atmocdepbl Ha Tepputopun Pecnybnvku KasaxcraH ...

Kak u B ciiydae ¢ Ipyrumu cTpaHamH, MMOTCHIMAN 3arpsi3HeHUs aTMocdepsl Ha TeppuTopun Pecmy6iu-
ku KazaxctaH 3aBUCHT OT pas3iuuHbIX (PAKTOPOB, BKIFOYAs MPOMBIINUICHHBIC MPOIECCH, AaBTOTPAHCIIOPT,
SHEPTETHUECKHIA CEKTOP, arpapHylo JESTeIbHOCTh U TOPOJCKYIO 3aCTpOiKy. BOT HEKOTOpbIe acHeKThl, KO-
TOpBIC BIUSIOT Ha MMOTCHIIMAI 3arpsi3HeHus atMochepsl B Kazaxcrane:

Ipomviunennocms: Kazaxcran uMeeT pa3BUTYIO TPOMBINUICHHYIO 0a3y, KOTopas BKItO4YaeT HedTere-
pepabaThIBaIONINE 3aBOJIbI, METALTYPrHUeCKHe KOMOWHATHI, XHMUYECKUE MPEIIPUATHS U IPYTUE OTPACIIH.
B pe3ynbrate mpou3BOACTBEHHBIX MPOIECCOB U BEIOPOCOB OT 3TUX MPEANPUATHI B aTMOC(hEpy MOTYT Momna-
JaTh Pa3IMYHbBIC 3arpsI3HSIONINE BEIISCTBA, TAKUE KaK IMOKCHUJ CEPBI, TMOKCH]T a30Ta, TSKEIbIC METAJUIBI U
ap.

Onepeemura: T'enepanys dmekTposHepruu B Kazaxcrane ocymecTBISIETCS B OCHOBHOM 3a CUET YIJid,
MPUPOJTHOTO Ta3a U HePTU. DIEKTPOCTAHIIMK, pAOOTAIOIINE HA ATHX MCKOMAEMbIX TOIUIMBAaX, MOTYT BhIOpa-
CBHIBAaTh BPEJHBIC Ta3bl, BKIFOYAS YTICPOIHBIC OKCHIIBI, CEPHUCTHIA M a30TUCTBIA JUOKCHJIBI, KOTOPhIE CITO-
COOCTBYIOT aTMOC(hepHOMY 3arpsI3HEHHIO M N3MEHEHHUIO KIIMMAaTa.

Tpancnopm: YBenudeHne aBTOMOOMJIBHOrO Mapka U o0beMa aBTOTpaHcmopTa B Kaszaxcrane moxer
MPUBECTU K 3HAYUTCIIbHBIM BLI6pOC&M BBIXJIOIIHBIX I'a30B, TAKUX KaK OKCHJbI a30Ta, YIJI€BOAOPOAbl U TBEP-
JIbIE YaCTHUIIBl. ITO OCOOCHHO aKTYaIbHO JJISi KPYIHBIX TOPOJIOB C IJIOTHBIM aBTOTPAHCIIOPTHBIM JBHIKCHH-
eM.

Cenvckoe xossticmgo. JKUBOTHOBOACTBO M HCIIONIb30BAHUE arpOXUMHUKATOB B CEIHCKOM XO3SICTBE MO-
I'yT OBITh UCTOYHUKAMH BHIOPOCOB aMMHAaKa, METaHAa U JPYTUX ra3oB, KOTOPHIE OKA3bIBAIOT BIMSHUE HA Ka-
YEeCTBO BO3/IyXa M KIIMMATHUECKUE YCIIOBUSI.

ITvins u cyxoii kiumam: B HekoTOpBIX pernonax Kazaxcrana, 0COOCHHO B CTENHBIX U MYCTBHIHHBIX paii-
OHaX, MOXET HAONIOAThCs 3HAYUTEILHOE KOJHYECTBO MBUIH, BBI3BAHHOW YPO3UEH TOYBBI, CTPOUTEIHCTBOM
U IpyruMu (pakTopamu. ITO TAKIKE MOKET MPUBOIUTH K 3arPA3HEHHIO aTMOCHEpHI.

Heob6xomumo otMeTnTh, uyTo KazaxcTan mpruHUMaeT MephI sl COKpaIICHUs 3arpsa3HeHus aTMochephl 1
OXpaHbl OKpYy’Karomiel cpefpl. B cTpane BHEAPSIOTCA MPOrpaMMBI MO CHM)KEHHUIO BHIOPOCOB, YIYYIICHHIO
TEXHOJIOTHH ¥ SHEProdH(HEKTUBHOCTH, & TAKKE PA3BUTHIO BO30OHOBIISIEMbIX HCTOYHUKOB SHEPTHH.

Mamepuanvt u memoobi

[Morenuman 3arpsisHenus: armocdepsl ([13A) mpencraBnser coboil BaKHBIA WHCTPYMEHT JUIS OLEHKH
CHOCOOHOCTH aTMOC(Epsl K CAMOOUYHILEHHUIO OT 3arpsA3HSIONIMX BewecTs [1]. OToT mapameTp M03BOJISET OIl-
penenuTh, BO CKOJIBKO Pa3 CPEeAHUH YPOBEHb 3arps3HEHMS BO3/yXa IPEBBIIIAET YCIOBHBIA yPOBEHb, KOTO-
pBIN OompezenseTcsl Ha OCHOBE PEalbHBIX METEOPOJOTHMUYECKUX JAaHHBIX JUIsI KOHKpETHOro peruona [2]. Io-
TEHLUA 3arpsi3HEHUs] aTMOC(EPhl YUUTHIBAET pa3indHble (PaKTOPhI, TAKUE KAaK HU3KHE CKOPOCTH BETpa, 3a-
JEpKKa JBIKEHUS BO3AyXa U 4acTOTa MPU3EMHBIX TeMIEpaTypHbIX nHBepcuil. [ pacuera [I3A ucnons3y-
eTcs crielnanbHas GopMyIia, KOTopasi yYUTHIBAET 3TH (HaKTOPHI U TIO3BOJISIET OLEHUTh, HACKOIBKO arMoche-
pa crnocoOCTBYET HaKOIUIEHUIO 3arpsA3HSAIOIIMX BELIECTB B IIPU3EMHOM cJ0€. DTOT I10Ka3aTellb BaXKEH IS
MMOHUMAaHHUS OTEHINAIBHBIX PUCKOB JUIS KauyecTBa BO3/1yXa B JAHHOM PETHOHE M MOXKET OBITh MCIIOJIb30BaH
pu pa3paboTKe CTpaTeruii MO CHIKEHUIO BHIOPOCOB BPEAHBIX BELIECTB M YIYULICHUIO SKOJIOTHUECKON CH-
Tyaluy.

Pu+Pm

rie Pus — moBTopsieMocTh ckopocteit Betpa 0—1 m/c; Pm — TIOBTOpSIEMOCTh YHcia JHEH ¢ TeMIiepa-
TYpPHBIMH MHBEpPCUSAMH; Po — MOBTOPAEMOCTh uucia JHel ¢ ocankamu > 0,5 MM; Pé — HOBTOPSIEMOCTD
CKOpocTeii BeTpa > 6 M/c [3].

Takum 00pa3oMm, ¢ MOMOIIBIO YKa3aHHOH BhIIIe (GOPMYJIIBI CTAIO BO3MOXHBIM UCIIOJIE30BATh MPOCTYIO
METEOPOJIOTHUECKYI0 MH(OpMAIIHIO JJIsl pacueTa MeTeOpPOJIOrHYECKOTO MOTEHIHana aTMoc(epsl, YUUThIBas
(akTOpbI, KOTOPbIE CIIOCOOCTBYIOT KaK HaKOIUIEHUIO BPEIHBIX MpHUMecel B arMocdepe, Tak U ee caMOOuH-
mieHuto. [Ipe/uIoskeHHBI METO/I OTIpeIeNIeHUs] METEOEMKOCTH aTMOC(Ephl MOXKET ObITh IPUMEHEH HE TOJBKO
B IJTAHUPOBAHWUH M SKCIIEPTH3E MPUPOIOOXPAHHBIX MEPOIPHUITAN, HO H JIJIsl OLIEHKH BIUSHUS METEOPOJIOTH-
YeCKHX (PakTOpOB Ha ypOBEHB 3arpsi3HEHUS aTMOC(ephl B IPOLUIOM BpeMeHH [4].

[lo nanneiM peananuza ERAS, paccuuran nmotenuman 3arpsasaenust atmocgeps! 3a 2021 rog B morpa-
HUYHOM cJI0€ arMocdephl U OIUCAaH XapaKTep ero pacipenencHus no teppuropun Pecry6nuku Kazaxcran.
BBuny Hanmuuumst 60JIBIIOr0 KOJMYECTBA TOYEK CETKM Ha TEPPUTOPHH HCCIICAOBAHUS PeaHaIn3 00eCcTIieunBaeT
PaBHOMEPHOE MOKPBITHE TEPPUTOPHUH U AAET BOZMOKHOCTH HA OCHOBE 3THX JTAHHBIX IIOCTPOUTH KapThl U BhI-
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JCIUTh O0JAaCTH TOBBIIICHHBIX W TOHWXKEHHbIX 3HadeHwid [13A [5]. B memsx ydecTb MakCHMalbHO
BO3MOXKHOE KOJIMYECTBO CITy4aeB, MPUBOJAIINX K 3arpsS3HEHHI0 aTMOc(epbl, ObLTH B3SATHI HAOIOAEHUS 32
KaXObpli gac, 24 cpokoB. Yacras MOBTOPSEMOCTh TaKMX HEOIATONPHUATHBIX METEOYCIOBHHA TPHUBOAHUT K
CKOIIJICHUIO pUMeceil B aTMocdepe.

BeprukanpHoe pacmupeneneHre TeMIIEpaTypbl BO3IyXa B MMOTPAHUYHOM CII0€ aTMOC(hephl OIEHHBAIOCH
MyTEM TIPHUpPAIIEHUS TaHHBIX 110 TEMIIEPaType Ha TPeX TeONOTEHIINATbHBIX BRICOTAX:

— BeICOTE M300apuueckoii nosepxHoctu 1000 rlla, cooTBeTcTBYyIOMICH YPOBHIO 3eMIIH;

— BBICOTE M300apuveckoi noBepxHoctu 925 rlla, cooTBeTCTBYIONICH ypoBHIO 750 M;

— BbIcOTe H300apuyeckoii mosepxHoct 850 rlla, cooTBeTcTBytOmICi ypoBHIO 1500 M.

B pesynbrare 6putn nonryuensl Tpu ciost AT1, AT2, onpenenennsie no ¢Gopmyiam:
ATI=TI1000-T925.
AT2=T925-T850.

OreHKka MoTeHIMAaNa 3arps3HeHUsT aTMOC(Ephl IOMOTaeT ONPEAeTUTh IPUOPUTETHBIE 00JIaCTH WU UC-
TOYHUKHU IS IPUHATHA MEp 10 CHI)KEHHIO BHIOPOCOB M YJIYYIIEHHIO KauecTBa BO3AyXa. JTO MOXET CIO-
COOCTBOBATh pa3pabOTKe W peaju3alliy MOJUTHK M MPOTPaMM, HAIPaBICHHBIX Ha 3aIlUTy OKPYKaroIIeH
Cpenbl U 340POBBS JTIOACH.

Peszynomamot u ux oocyscoenue

3a TEMIICPATYPHYIO MHBEPCHUIO MTPUHUMAJIUCH CIIy4Yan C OTPULATCIbHBIMU 3HAUYCHUAMU OAHOBPEMCHHO
AT; u AT,. B couyetanuu ¢ pa3jaudyHbBIMU CKOPOCTSIMH BETpa MHBEPCHHM TEMIEPATYPbl MOTYT YCHUJIMBATh
OTACHOCTh HAKOTUICHHS MPUMECEH WM CO3aBaTh OJNAronpHuATHBIE YCIOBUS s uX nuddy3un. MuHUMAaIb-
HBIC KOHICHTpAIUU Ha6JHOIlaIOTCH IIpU OTCYTCTBHU MHBCPCHUOHHBIX CJIOCB, KOI'Za CO34Aar0TCA YCJIOBHUA XO-
pOILIero nepeMennBanus Bo3ayHoi Macchl [3]. TIoBTopsieMOCTh TeMIepaTypHbIX HHBEPCHIA 3aMETHO yBe-
JIMYUBACTCS B LIEHTPAJILHON YacTH CTPaHbl, IPOTATUBAsCH Ha BOCTOK (puc. 1).

H3zBecTHO, uTO Hanbomnee 3QPEeKTUBHOE paccenBaHKE BBIOPOCOB 3arps3HSIONINX BEHIECTB MPOUCXOTUT
[IPYU HATMYUK ONArONPUSTHBIX METEOPOJIOTMYECKUX YCIOBHUI, KOTOPBIE XapaKTEPU3YIOTCA aKTHBHOW LIUKIIO-
HUYECKOW aKTUBHOCTBIO, YACTBHIMH OC3JKaMU M CHUJIBHBIMU BeTpaMH. BeTpoBO#l peXMM — OJUH M3 OCHOB-
HBIX METeOapamMeTpoB, BIHSIONIMIA Ha IEPEHOC M pPaccerBaHue IpUMecei B atMochepe.

YcioBust akKyMyJISIH IpUMeceii 0cOOEHHO 000CTPSIIOTCS NP HAJTHYMH 3aCTOMHBIX CUTYaluH, KOTaa
LITWIb WIN CIa0Bblii BETEp COMPOBOXKIAETCS MPHUIIOIHSITON WHBEPCHEH, B TaKOM CIydae CcO3JaeTcsi 0coo
OITaCHOE 3arpsi3HEHKUE MPU3EMHOTO CJiost arMocdepsr [1].

Bertpa co ckopocThio Goubliie 6 M/c HaOMIOIAIOTCS B I0T0-3aMaJHBIX peruoHax (puc. 2), B TO BpeMs Kak
BETPa CO CKOPOCTBIO MeHee 1 M/c (WTuiel) rocnoACTBYIOT B 3alaHbIX M IOKHBIX OKpauHax CTpaHbl (pHC.
3).

CrenyroomumM MeTeonapamMmeTpoM, cliocOOCTBYIONIMM OYHILEHHIO aTMOC(HEPHOTO BO3/yXa OT MpUMeceii,
SIBIISIIOTCSL OCAJIKH, BIMSTHUE KOTOPBIX YUUTHIBAETCS Yepe3 MOBTOPSAEMOCTh Yncia AHel ¢ ocankamu > 0,5 Mm
3a CyTKH. Takoe KOJMYECTBO OCaJKOB CIIOCOOHO OCAAWUTh NMPHUIOPOXKHYIO IbUIb M JApyrue aspozonu. K
MIpUMEpPY, NMPH BBINAJEHUN OCAJKOB, KOHIIEHTPALMU CEPHHUCTHIX Ta30B MU JWOKCHAA a30Ta MOHUKAIOTCH,
OKHCJIUTENIM B BUJEC O30Ha W JPYTrHUX BEHIECTB JIETOM IMOCIE JOXAS HCYE3al0T U3 aTMOC(ephl MOUTH
noiHocThI0 [6]. HemocTaTok OcalkoB MCHBITBIBACT CTpaHA IMPAKTHUECKH IOBCEMECTHO, CHIIbHEE BCEro
BbIpa’k€Ha oro-3arnajgHas 4acThb. CpaBHI/ITeHBHO B JIYUIIEM ITOJIOKCHHUU ITPEATOPHBIC paﬁOHI)I Ha BOCTOKE U
tore (puc. 4).

MeTteoponorndeckne yciaoBHs UTPAIOT poJib B HAKOIUIEHUH TIPUMECEH, ONpeieNisis BBICOKUI TOTEHIINA
3arpsisHeHust atMocgepsl (II3A). B To xe BpeMs OmaronpusiTHble METEOPOJIOTHYECKUE YCIOBHS
CIOCOOCTBYIOT pacCEMBAHMIO IPUMECE  orpeaesisitoT Huskuii [13A [7].

Tepputopus Kazaxcrana oTiMyaeTcs 3HAYUTENBHBIM pa3zHOOOpa3WeM KIMMATHYECKHUX YCIIOBHIA,
KOTOpbIC BIMSIOT Ha MOTEHHUAN 3arps3HeHus aTMocdepbl. DTH YCIOBHS ONPEAEISIIOT CIIOCOOHOCTh
IepeHoca W PacCEeMBaHUS TMPHUMECEH, KOTOPBIC IMOCTYIAIOT B BO3AYIIHBIA OacCeH OT MPOMBINIICHHBIX
MpenpusITUi 1 aBToTpancopra. [loreHnman 3arps3HeHns aTMOc(epsl JaeT BO3MOKHOCTh PACUUTATh BKIIA/I
METEOPOJIOTHUECKUX SIBICHUH M UX XapaKTEepPUCTHK B (OPMHPOBAHHE YPOBHS 3arps3HeHHs Bo3ayxa. s
BBIpXEHHsI CIIOCOOHOCTH arMoc(epbl K CAMOOYMIICHUIO, U3MEPSIEMOI B YCIIOBHBIX €AMHHUIAX, OCHOBHBIM
CPEICTBOM BH3yaJM3alliy ABISETCS LBET. B mMaHHOM ciyyae MCIOJB30BAHO IECTh PA3IMYHBIX OTTEHKOB,
KOTOPBIC OTPAXKAIOT LIECTh TPaJaliuii 3Tol criocooHocTH (puc. 5). Paznuuarot Heckonbko 30H [13A:

—30Ha HU3KOro I13A — roxHag u neHTpanbHas 4acTH KbI3BUIOpAMHCKONW 00JacTH U CEBEPO-BOCTOK

Masrucrayckoii odnacry;

152 BecTHuk KaparaHgmMHCKoro yHmBepcuteTa



MoTeHuunan 3arpsA3HeHnsa aTmocdepbl Ha TeppuTopun Pecnybnuku KasaxcrtaH ...

—30Ha ymepenHoro [13A — 3ananHo-Kaszaxcranckas u ATeipayckas obnactu, 3anan [laBmomapckoit
o0nacry,
— 30Ha noBbIieHHoro [13A — Kaparanaunckas, [TaBmonapckas, AKMOIUHCKas 00JIaCTH;
— 30Ha BbIcOoKOTO [I3A — VYmerrayckas, Kocranaiickast, Abaiickast obnactu;
—30Ha omacHoro II3A — roxsple dactw Typkecranckod, JKamObUICKOW oOnacTeir, cesep
AJMaTUHCKOHN 00nacTy, eHTpaibHas 4acTh BocTouHno-Kazaxcranckoit obnacry;
— 30Ha 4Ype3BblYaiftHo onmacHoro 113A — roxable yacTh Typkectanckoi, JKaMOBIICKOW, ATMaTHHCKON
obmacTei, 1oro-BoctouHas 4acTh JKeTeicyckoil 1 Boctouno-Kazaxcranckoii obmactei.
B cpennem 3a paccmarpuBaeMblil ros Oonblias yactb Tepputopun Pecniyonukn Kazaxcran nmena Gia-
TONPUATHBIE YCIOBHUS AJsl pacceuBaHus npumeceid. HeOmarompusiTHble yClOBHS YCTOHYHMBO OTMEUYAINCh
TOJIBKO Ha BOCTOYHOW U I0XKHOM MepuQeprsx CTpaHbl.
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Pucynok 2. PacmipeneneHre moBTOPsIEMOCTH CKOPOCTEH

Pucynok 1. Pacnipenenenue moBTOpSEMOCTH TeMIIEPaTyp- BeTpa > 6 M/c Ha Tepputopun Pecriyonuku Kazaxcran

HBIX MHBEpCHii Ha TeppuTopun Pecryonnku Kazaxcran
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- . p Pucynok 4. Pacnipeie/ieHie TIOBTOPSAEMOCTHU 9HCIIa IHEH ¢
ocagkamu > 0,5 MM Ha Teppuropun Pecniyonmku Kazax-
cTaH

Pucynok 3. Pacipenenenue noBTopsseMOCTH CKOPOCTEN
Betpa 0—1 m/c Ha Tepputopun Pecriyonmuku Kazaxcran
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Pucynox 5. Pactipenenenue noreniuana 3arpsisaenus atmocdepsl Ha Tepputopun PecriyOnuku Kazaxcran
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Baxnouenue

Takum 00pa3oM, JUTS OIICHKH BO3JICHCTBHS Ha OKPYKAIOUIYIO Cpey ObLT MPOBEJCH pacueT MOTEeHIMAaa
3arps3HCHHS  atMocdepsl. [I3A, wmm moTeHmWan 3arps3HeHHs aTtMocdepsl, TpeacTaBiIsieT CcoOo
COBOKYITHOCTh TIOTOJHBIX YCJIOBUH, KOTOPBIC OIPEICISIOT CHOCOOHOCTh arMocC(epbl K PacCEUBAHUIO
BBIOPOCOB BpPEJHBIX BEIIECTB W (POPMUPOBAHHIO ONPEIECIICHHOTO YPOBHS KOHIICHTpPAIlMH TpUMeced B
MPU3EMHOM CII0E.

JleTanbHble KapThl PacHpee/iCHUsT KIMMATUYSCKUX XapaKTEPUCTUK MOTPAHUYHOTO CJIOSI aTMOCHEpHI
PecnyOnuku Kazaxcran Ha ocHOBE AaHHBIX peaHanm3a ERAS mo3Bonmwim BeISBUTH 001aCTH HAaUOOJbIIEH U
HaMMEHBIIIEH TOBTOPSEMOCTH  YCIOBUI  (OPMHpOBaHMS TOTEHIMANa 3arps3HeHUst  aTMocdephl.
[IpoBeneHHBII aHANM3 TMOKA3bIBACT, YTO HA TEPPHUTOPHH PECIYOIHKH MOTYT OOpPa3OBBIBATHCS 30HBI C
HU3KHUM, CPEHUM U BBICOKHM YPOBHSMH TOTEHIIMANA 3arpsi3HeHus aTMocdepsl. B pactipenenenun [13A Ha
TeppuTopuu peciryonuku B 2021 roxy BeIAENAIOTCS 6 30H C pa3IMIHBIME 3Ha4eHUsIMU. Paccuntanusrit [13A
pacnpeziesieH HeOJHOPOAHO 10 Tepputopuu Pecryonukn Kazaxcran. Takue obnactn, kak Kezputopamackas,
Manrucrayckas W 3amajgHas 4acTh TypKECTaHCKOM 0071acTH HMMEIOT OYCHb XOPOIIYI PaCCEHBAOIIYIO
cnocoOHOCTh. M, Ha000POT, TI0Xask paccenBarolias ClloCOOHOCTh M OYEHb BBICOKUH MOTSHIIMAN 3arpsi3HEHUS
aTMoc(hepsl OTMEYArOTCS HAa BOCTOYHBIX H FOXKHBIX YaCTSIX CTPaHHI (puc. 5).

DTH HUCCIEIOBaHMS TIO3BOJISIFOT 00JIEE TIOJHO MOHUMATh, KaK METEOPOJIOTHYCCKUE (haKTOPhI BIUSIOT HA
JKOJIOTHYECKYI0 OOCTaHOBKY, M BBISIBUTH YCJIOBHUS, MPH KOTOPBIX aTMocdepa crocodcTByeT Oosee 3 dek-
TUBHOMY PAaCCEHUBAHUIO 3arPSA3HSIONIMX BEIECTB. DTa UHPOPMAIHS MOXKET OBITh MOJIE3HOW MPU pa3paboTKe
MEPOTPHUITUHN 0 CHIKCHHUIO 3arPsA3HEHHS aTMOC(Ephl U YIYUIICHUIO KaueCTBa BO3yXa B perrnoHe. OmaHaKo
B HACTOSIIEE BPEMS CUCTEMBI THAPOMETCOPOJIOTHUSCKUX CITYKO He 00JIaat0T TOCTATOYHBIMH ONEPATHBHBI-
MU JTaHHBIMH, YTOOBI MIOJIHOCTHIO 3AIMOJIHUTH TAKHE MOJICITH.

B 3axitoueHue creyeT OTMETHTh, YTO MEPOIIPHUATHS IO 00CCIICUCHUIO YUCTOTHI BO3/[yXa TOPOJIOB Clie-
JyeT IUTaHUPOBATh Ha T MEPHOJbI, KOrAa Hanbojee BEpOSITHBI HeOIaronpusTHEIE METCOPOIOTHUECKHIE yC-
JIOBUSI. HOHHTHO, YTO HEBO3MOKHO I/136e)KaTL TaKuX IIOIOAHBIX YCHOBHﬁ, HO Ha IMPOMBIINUICHHBIX O6’BCKT3X,
PACIOJIOKEHHBIX B 3THX palloHaX CleayeT YACHATh OONBIIOC BHUMAHUE OYMCTHBIM COOPYKEHUSIM U 3 dek-
TUBHOCTH UX paboThl. [loiydeHHbIe pe3yibTaThl MOTYT OBITh IPUMEHEHBI TIPU TUIAHUPOBAHUH Pa3MEICHUS
MPOMBIIIJICHHBIX TPEINPUATHH Ha TEPPUTOPUM PECIyONIMKN C 1IeTbI0 YMECHBIICHUS YPOBHS 3arps3HEHUs
aTMOC(epHOro BO3/yXa IMyTeM Pa3yMHOIO HCIOJIh30BAHUS PACCEUBAIONICH CMOCOOHOCTH METEOPOJIOTHYe-
CKUX (aKTOPOB U SABJICHUI.
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I'.E. Cacniyraesa, I'.C. AkraeBa, ©.M. XKaken, H.M. Jly306aeBa, A. 3anapioaii, A.O. [{lapubait

ERAS peananu3inin nepekrepi Ooiibinma Kazakcran Pecny0inkacbIHbIH
aymarbIHAAFbI 2021 KpLIFbI aTMOC()EPAHBbIH JIACTAHY MOTEHIMAJIbI

ATMochepalbIK IIeKapanblK KabaTTarbl ayaHbIH JacTaHy moTeHuuanbl ERAS peananusiniy aepekrepi
OolipIHIIA ecenTenai >koHe OoHBIH KaszakctaH PecmyOnmkachIHBIH ayMarbl OOHBIHIIA Tapaybl CHUIIATTaJIbI,
aTMoc(epaHbIH JIaCTaHy MOTCHIUAIBIHBIH KaJbIITACTHIPY JKaFlaiapblHbIH C€H KOIl )KOHE H a3 KaiitaaaHy
aiiMaKkTapel aHBIKTAIABL ATMocdepa XalblK HEH JKOXYHenepii cakTay YIIH Kayilci3 jKarmaimapibl
KaMTaMachl3 €TETiH ic JKY3iHIE capKbLIMac pecypc OOJbIN caHamajpl. Anaiina, alaMHBIH IapyanibUIbIK
OPEKETIHIH HOTWXKECiHIEe aTMocdepana KenTereH JacTaylllbl 3aTTap maiiia Ooyiaabl, aTMocdepaiblk aya
camachlHBIH enoyip esrepyi ipi Kamamapia Oaifkamanmel. 3epTTey METEOPOJOTHSUIIBIK IapaMeTpiepliH
aTMoc(epanarsl JacTaylibl 3aTTapAblH KOHIIECHTPALMACHIHA, OJIAPJbIH KO3FallyblHa JKOHE aTMoc(epaHbIH
03iH-031 Ta3apTy KaOileTiHe MaHBI3IOBI dcepiH KepceTedi. KIMMaTTHIK omeyeTTi aHBIKTayra OaFbITTajFaH
ecenreynep xyprizinai, 6yn Kasakcran PecnyOnukachHBIH ayMarbIHAAFB aTMOC(EpaHbIH ©3iH-031 Ta3apTy
JeHreiliH aHbIKTayFa MYMKiHAiK Oepxi. Kasipri yaxpiTTa €3iH-e31 TazapTy MexaHU3Mi aTrMmocdepanarsl
JIACTAyIIbl 3aTTapIbIH KOIl MOJIIIEpiH )KeHe alMaibl, coJaH KeiliH KocranapabslH KOFapbl KOHIICHTPALUSICHI
naiima Oonmanel. ATMOC(EpaHbIH JIacTaHy AJieyeTi aTMoc(epaHbIH JacTaylibl 3aTTapAaH ©3iH-e31 Ta3apTy
KaOineTiH OaranmaylblH KeH KOJJaHBUIATHIH ojicTepiHiH Oipi. Byn omic Oenrimi Oip aiiMakTarbl HaKThI
IIBIFAPBIHABIIAPAAFE  3USHIBI 3aTTAapAbIH  OpTalla KOHLEHTPAIVSICHIHBIH INApTTHl KOHLCHTpALWsFa
KaTBIHACBHIH €CENTEYre Heri3AeIreH.

Kinm ce30ep: aTMocdepaHBIH JacTaHy dJeyeTi, aTMOC(epalbIK aya, TeMIIepaTypaHblH HHBEPCHUSCHI, )KaybIH-
LIAIIBIH, JKENIiH KbUIAaMIBIFbI, aTMOC(EpaHbIH Tapany KaOijeTi.

G.Y. Saspugayeva, G.S. Aktayeva, A.M. Zhaken, N.M. Duzbayeva, A. Zandybai, A.O. Daribay

The potential of atmospheric pollution on the territory of the Republic of Kazakhstan
according to the ERAGS reanalysis for 2021

According to the data of the reanalysis of ERAS, the potential of atmospheric pollution in the boundary layer
of the atmosphere was calculated and the nature of its distribution over the territory of the Republic of Ka-
zakhstan was described, the areas of the greatest and least repeatability of the conditions for the formation of
the potential of atmospheric pollution were identified. As a result of human economic activity, a large number
of pollutants appears in the atmosphere, the most significant changes in the quality of atmospheric air are ob-
served in large cities. At the moment, the self-cleaning mechanism cannot cope with a large number of pollu-
tants in the atmosphere, which leads to the formation of high concentrations of impurities. The potential of
atmospheric pollution is one of the widely used ways to assess the self-purification of the atmosphere from
pollutants. This method represents the ratio of average concentrations of harmful substances with actual emis-
sions in a specific and conditional region.

Keywords: atmospheric pollution potential, atmospheric air, temperature inversions, precipitation, wind
speeds, atmospheric scattering capacity.
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The study of the city of Rudny as a “heat island”

The annual increase in surface air temperatures contributes to climate change. This phenomenon is wide-
spread over the entire surface of the Earth and is typical for any point of the planet. The purpose of this study
was to identify patterns of changes in meteorological indicators in the city of Rudny, Kostanay region, Re-
public of Kazakhstan over the summer period 2018-2022. The scientific novelty of the work lies in the fact
that for the first time the spatial distribution of the heat index in the territory of the city of Rudny was deter-
mined. To conduct the study, data from local automated weather stations were used, meteorological data was
analyzed, compared for each year of the study, and the heat index was calculated. The reliability of the results
is ensured by mathematical processing of daily empirical temperature and humidity data (calculation of the
average for the day, the average for the month), coefficient of variation, coefficient of dispersion. The con-
ducted research provides a clear description of climate changes in the city of Rudny, which can be used by
municipal authorities to form measures to reduce the thermal impact on public health, heat loss in the housing
and communal services system, and to improve air quality when planning urban infrastructure in the territory
of the studied city.

Keywords: heat island, heat wave, heat index, coefficient of variation, coefficient of dispersion, meteorologi-
cal indicator, trend line, atmospheric humidity, atmospheric temperature.

Introduction

According to Kazhydromet, over the past 100 years, the average annual temperature in Kazakhstan has
increased by 1.5 degrees Celsius [1]. This situation indicates local climate change and implies an annual in-
crease in surface air temperature indicators.

Therefore, the purpose of this study was to identify patterns of changes in meteorological indicators.
The place of research is the city of Rudny. The summer period 2018-2022 was chosen for the study.

In accordance with the goal, the following tasks were set:

—study the factors influencing the formation and intensity of heat island propagation in the city of

Rudny;

— analyze the temperature and humidity indicators for the summer period 2018-2022 for the city under

study.

— calculate the heat index for the summer period 2018-2022 for the city under study.

— identify the relationship between changes in indicators in the city of Rudny over time (for the summer

period 2018-2022).

The relevance of this work is determined by the intensive development of urbanization, which affects
the local climate of the territory, characterized by the appearance of the so-called “heat island”. The calculat-
ed data can be used by municipal authorities to formulate measures to reduce the heat impact on the health
and life of the population, on heat losses in the housing and communal services system, and on improving air
quality when planning urban infrastructure.

The scientific novelty of the work lies in the fact that for the first time the spatial distribution of the heat
index over the territory of the city of Rudny was determined.

The object of research was the city of Rudny, Kostanay region, Republic of Kazakhstan.

The subject of the study was the indicators of temperature and humidity of atmospheric air, as well as
the patterns of their interaction. These meteorological indicators for the summer period 2018-2022 were tak-
en from the official website of Kazhydromet [1]. Data for the summer months of 2023 are not published on
the site.
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Materials and methods

Analyzing the urban “heat island” is one of the easiest ways to see how human impact can change our
planet [2-4]. Urban “heat island” is a meteorological phenomenon that involves an increase in the tempera-
ture of urban space relative to the surrounding rural areas [5-8]. To identify the “heat island”, the difference
between the values of the heat indices calculated from the temperature and humidity of atmospheric air is
used [9-11].

The formation and intensity of the «heat island» spread is influenced by the following factors:

— geographical location;

— size of the city;

— specialization of the city;

— weather conditions;

—time;

— City type [12-15].

Each of these factors is considered in relation to the city of Rudny [16]:

1 Geographical location:

Rudny is a city located on the Tobol River in Kostanay region. The territory is characterized by a rela-
tively flat terrain. Rudny is bordered by 2 cities (Kostanay, Lisakovsk) and 4 districts (Taranovsky,
Auliekolsky, Fedorovsky, Altynsarinsky).

2 City size:

By the volume of the occupied territory, the city occupies the 2nd place in the region after Moscow,
Kostanay and its area is 195.11 km2.

3 Specialization of the city:

Rudny is a city of regional subordination. The city is rich in ore resources, including coal, iron ore and
other metals. Its emergence is associated with the development of an iron ore deposit and the construction
Sokolovsko-Sarbaysky Mining and Processing Plant (JSC SSGPO). This is a single-industry town.

4 Weather conditions:

The climate is sharply continental, with a pronounced alternation of four seasons. Winters are long and
frosty, with strong winds and blizzards, and summers are hot and dry.

5 The time taken for the study is the summer season, with the vegetation available during this period
and hot weather conditions.

6 City type:

city geometry: houses on the territory of the city are located in a block and parallel street system.

landscaping: there is a small amount of shrubby vegetation, trees, including those with pruned crowns
— the vegetation is small.

materials: the asphalt surface strongly prevails, there is a mirror reflecting surface of buildings (win-
dows, building cladding), metal and stone monuments on the territory of the city, metal lamp posts, a large
flow of cars.

Having recognized the factors influencing the formation and intensity of the spread of the “heat island”
in Rudny, then we consider the indicators of temperature and humidity of atmospheric air taken from the of-
ficial website of Kazhydromet for the summer period 2018-2022 for 2 automated weather stations located in
Rudny [1]:

Rudny PNZ No. 5 (S), Molodoy Gvardii str. / 4th pereulok.

Rudny PNZ No. 6 (S), Komsomolsky ave., mosque district.

Since data on meteorological indicators are available only for the PNZ No. 6 (S) weather station, then
only these indicators will be used in the study.

After analyzing the temperature and humidity indicators of atmospheric air for the summer period
2018-2022, comparative graphs are constructed, presented in Figures 1 and 2.
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Average monthly atmospheric air temperature indicators for automated weather
stations in Rudny for the period June-August 2018-2022.
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Figure 1. Monthly average air temperature indicators for the automated weather station PNZ No. 6 (S) in Rudny for the

period June-August 2018-2022

According to the graph, the following conclusions were drawn on the monthly average atmospheric
temperature indicators for the automated weather station PNZ No. 6 (S) in Rudny for the period June-August

2018-2022:

1. The highest annual figures for atmospheric air temperature, among those presented, were revealed in
2021, and the lowest — in 2018.

2. High temperature indicators are more pronounced in July and less pronounced in June.
3. Every year there is an increase in the average value of atmospheric air temperature by about 0.5—

1.5°C.
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Average monthly atmospheric humidity indicators for automated weather
stations in Rudny for the period June-August 2018-2022.
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Figure 2. Monthly average atmospheric humidity indicators for the automated weather station PNZ No. 6 (S) in Rudny
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According to the constructed schedule, the following conclusions were drawn on the average monthly
atmospheric humidity indicators for the automated weather station PNZ No. 6 (S) in Rudny for the period
June-August 2018-2022:

1. The highest annual humidity indicators were revealed in 2018, and the lowest — in 2021.

2. Indicators of high humidity are more pronounced in August, less so in June.

3. Every year there is a decrease in the average value of atmospheric humidity by about 7-15 %.

The calculated coefficients of variation and variance presented in Table 1 are used to confirm changes
in meteorological indicators for the summer period 2018-2022.

According to the calculated values, a conclusion is made on the coefficients of variation and variance
based on the data of atmospheric temperature and humidity for the period June-August 2018-2022. The
greater the difference between the resulting coefficients, the more the initial data differ from the average
(normal for the region and season) indicators, i.e. there are abrupt changes in the indicators.

The study uses the following methods:

— to obtain data on the regularities of the formation of “heat island”: study and determine the factors
of formation and intensity of the spread of “heat island” in the city under study;

— to collect initial weather data in the object under study: method for analyzing weather station data,
HORIBA software package, Kazhydromet official website https://www.kazhydromet.kz;

— for mathematical data processing, identifying trends in their changes, and visualizing results: the
capabilities of the Excel, Google Earth, and Humindex computer programs.

Table 1

Coefficients of variation and variance based on atmospheric temperature and humidity data for the period
June-August 2018-2022

Year Coefficient of variation, % Coefficient of variance
According to tempera- | According to humidity According to According to humidity
ture data temperature

2018 15,33 10,23 0,46 0,56
2019 11,82 10,89 0,27 0,64
2020 13,76 14,37 0,37 1,10
2021 3,61 6,91 0,02 0,25
2022 9,17 2,42 0,16 0,03

Results and Discussion

Having the values of temperature and humidity of atmospheric air, it is possible to calculate the heat in-
dex using the online calculator Humindex. This indicator is necessary to determine the equivalent tempera-
ture perceived by a person [17].

Based on the calculated heat index data for the period June-August 2018-2022 for the automated
weather station PNZ No. 6 (S) in Rudny, presented in Table 1 of Appendix A, the following conclusions are
drawn:

This indicator has low values in the morning, compared to the rest, and high values are seen in the day-
time.

The lowest indicator in the summer season (5.8-morning) was revealed in 2018, the highest (37.9-day)
—in 2019.

After analyzing the heat index indicators for the summer period 2018-2022, comparative graphs are
constructed, shown in Figure 3.

According to the World Meteorological Organization, heat waves are considered to be a period with a
maximum daily air temperature exceeding the average maximum temperature by 5°C or more, lasting con-
tinuously for 5 days or more [18]. In the branch of RSE “Kazhydromet” in Kostanay region, there are data on
the average maximum air temperature in the summer season for the city of Rudny and are equal to: in June
+19.9°C, in July +21.1°C, in August +18.9°C [19]. These values are determined based on already available
data for the last 50 years for the city under study. The impact of heat waves on climate change is signifi-
cant [20]. This is also typical for the Republic of Kazakhstan. The phenomenon affects every city in the
country, including the city of Rudny (the object of research).

160 BecTHuK KaparaHguHckoro yHuBepcuTeTa



The study of the city of Rudny as a “heat island”

The dynamics of daily values of heat indices for June-
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— 2018
The dynamics of the average
monthly values of heat indices for
June-August 2018-2022 according
to an automated weather

station Rudny

27 =

] The heat wave
f | —— polynomial 2018

35mm 1 -] amf
AT - potynomial
s A

— 2019

The heat wave
—— pohynomial (2019

26 1

= S SN = [ ]
4§ 25 4
24 A
2020 =1 Y
g
. Thehea.t:-.'ave 23 J L ¥ +— 2018
——polynomial 2020
pohy 1 —- 2019
2 1 2020
| & | \ 2021
n11 w
T w2022
m —— The heat wave 20 4
10 | . ! —polynomial 2025

19 4

- 2022 17 4
June  July August

—— The heat wave
— polynomial 2022

"'August

iy ™

Figure 3. Heat index indicators for the summer period 2018-2022

According to the constructed graphs, the following conclusions were drawn on the heat index indicators
for the summer period 2018-2022:

1. Thanks to the built-up trend lines, the variability of the heat index indicators by month can be clearly
traced. Since mid-June, the index has been growing, and by mid-August it is declining.

2. Over the years, the dynamics of increasing the values of the thermal index is noticeable.

3. The lowest overall figures were found in 2018, and the highest overall figures were found in 2020.

The increased risk of heat waves affecting human health can be traced in the daytime during the entire
summer season. The average duration of heat waves is 7-16 days. The intervals between them are 5-10 days.
At least 1 heat wave is recorded every month, and most of them are traced in July and August.

Table 2 shows the number of days with increased heat index values and the number of heat waves dur-
ing the study period.

According to the calculated values, conclusions are drawn on the number of days with increased heat
index values and the number of heat waves for the period June-August 2018-2022.:

1. The month of June is least affected by heat waves and increased heat index values.

2. The months of July and August are comparatively similar.

3. Data for 2020 are presented as anomalous.

Table 2
The number of days with increased heat index values and the number of heat waves for the period June-August
2018-2022
Month Total number of days with increased heat index values / number of heat waves
2018 2018 2018
June 5/-6 June 5/-6 June 5/-6
July 21/2 July 21/2 July 21/2
August 12/1 August 12/1 August 12/1
TOTAL: 38 days / 3 heat TOTAL: 38 days / 3 heat TOTAL: 38 days / 3 heat
waves waves waves
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Conclusions

As a result of the research work, the goals and objectives set earlier were fulfilled and the following
conclusions were obtained:

1. The following regularities of changes in the temperature and humidity of atmospheric air in the city
of Rudny during the studied period were revealed:

—  During the summer period 2018-2022, there is an annual increase in the average value of atmos-
pheric air temperature by about 0.5-1.5 °C and a decrease in the average value of atmospheric air humidity
by about 7-15 % during the summer months;

— Among the summer months, the month of June is distinguished by low temperature and humidity in-
dicators for the entire study period, the month of July is distinguished by high temperature values, and the
month of August is characterized by high data on atmospheric humidity in the city of Rudny.

2. The regularity of the peak temperature and the values of the heat index in the daytime, respectively,
and the greatest danger of finding a person in the open air is confirmed. The safest time for a person is in the
morning.

3. During the period June-August 2018-2022, an increase in the number of days with a high heat index
is observed. Heat waves can be traced in the summer period 2018-2022.

4. Since 2020, there has been a jJump in the increase in meteorological indicators, and this trend contin-
ues.

References

1 JlanHple O TeMmmepaType W BIQXHOCTH aTMOC(EpHOro Bo3dyxa. — [DneKkTpoHHBIH pecypc]. — Pexum nmocryma:
https://www.kazhydromet.kz

2 JlurBuHoB U.A. DKxomnorust TopoacKoit cpenpl: ropojackas sxoxorus / U.A. JinteunoB // BI'Y um. I1.M. Mameposa. — 2016.
—C.78.

3 CrynoB E.A. O HEKOTOpPBHIX OCOOEHHOCTSX (OPMHPOBAHHS «OCTPOBOB» TeIIa B aTMOC()EPHOM MOTPAaHHYHOM CIIOE
/ E.A. Crynos, A.A.TloctaoB // Tp. Llentp. aspon. obcepB. — 2019. — Ne 175. — C. 34-40. https://books.google.ru/books?
id=Fqe5AAAAIAAI& Q=Y IK&dg=editions: LCCN60018851&hl=ru&output=html_text&source=ghs_word_cloud_r&cad=5

4 Taesler R. The bioclimate in temperate and northern cities / R. Taesler // International Journal of Biometeorology. — 2014.
— Vol. 35(3). — P. 161-168. https: //www.researchgate.net/publication/21376439
The_bioclimate_in_temperate_and_northern_cities

5 Weng Q. Estimation of land surface temperature & ash vegetation abundance relationship for urban heat island studies
/Q.Weng, D.Lu, J. Schubring //Remote Sensing of Environment — 2014. — Vol.89. — P.468.
https://www.researchgate.net/publication/260244679_Estimation_of _land_surface_temperature_and_urban_patterns_relationship_for
_urban_heat_island_studies

6 McGregor G. The social impacts of heat waves: science report /G. McGregor, M. Pelling, T. Wolf , S. Gosling
/I Environement Agency (UK). — 2017. —P. 3.

7 Yang J.S. Estimation of Land Surface Temperature Using Spatial Interpolation and Satellite-Derived Surface Emissivity
/J.S. Yang, Y.Q.Wang, P.V.August //Journal of Environmental Informatics. — 2013. — Vol.4(1). — P.41.
https://www.researchgate.net/publication/292732758 Estimation_of Land_Surface_Temperature_Using_Spatial_Interpolation_and_
Satellite-Derived_Surface_Emissivity

8 Voogt J.A. Complete urban surface temperatures / J.A. Voogt, T.R. Oke // Journal of Applied Meteorology. — 2012. —
Vol. 36(9). — pP. 21. https://www.semanticscholar.org/paper/Complete-urban-surface-temperatures-Voogt-
Oke/9ab7a8b00833f1e62ac3b4874e8894a44bc8b007

9 Pahlow M. On Monin-Obukhov similarity in the stable atmospheric boundary layer / M. Pahlow, M.B. Parlange, F. Porté-
Agel // Boundary-Layer Meteorology. — 2018. — P. 14.

10 Holmes J. Wind Loading of Structures / J. Holmes // Taylor & Francis. — 2017. — P. 24.

11 LeBeau J.L. Reducing Urban Heat Islands / J.L. LeBeau, W.T. Corcoran // Compendium of Strategies Urban Heat Island Ba-
sics. — 2020. — P. 7.

12 Wang W. Remote sensing imagebased analysis of the urban heat island effect in Shanzhen, China / W. Wang, K. Liu,
R. Tang, S. Wang // Physics and Chemistry of the Earth. — 2019. — P. 10.

13 Kamal A. Impact of urban morphology on urban microclimate and building energy loads / A. Kamal, S. Mustafa, H. Abidi
I/l Energy and Buildings. — 2019. — Vol. 253(1). — P. 2. https:
/Iwww.researchgate.net/publication/354767794_Impact_of_Urban_Morphology_on_Urban_Microclimate_and_Building_Energy Lo
ads

162 BecTHuk KaparaHgmMHCKoro yHmBepcuteTa



»

The study of the city of Rudny as a “heat island

14 Pearlmutter D. Evaluation of urban surface energy fluxes using an open-air scale model / D. Pearlmutter, P. Berliner,
E. Shaviv I/l Journal of Applied Meteorology. — 2015. — Vol. 44(4). — P. 301. https:
/Iwww.researchgate.net/publication/260867248 Evaluation_of _Urban_Surface_Energy_Fluxes_Using_an_Open-Air_Scale_Model

15 JlaHHBIE O MECTOIOJIOKEHUH TOPOJA, €r0 pa3Mepax, CIeNHaTN3aUU U TOTOJHBIX YCIOBHAX. — [DNEKTPOHHBIN pecypc]. —
Peskum mocryma: https:/bigenc.ru/c/rudnyi-2b1616

16 Toparlar Y. CFD simulation and validation of urban microclimate: A case study for Bergpolder Zuid /Y. Toparlar,
B. Blocken, P. Vos, G-J van Heijst, W. Janssen, T. van Hooff, et al. // Build Environ. — 2016. — Vol. 83(83). — P. 53-55.
https://www.researchgate.net/publication/265301048 CFD_simulation_and_validation_of_urban_microclimate_A_case_study_for_
Bergpolder_Zuid_Rotterdam

17 Klok L. The surface heat island of Rotterdam and its relationship with urban surface characteristics / L. Klok, S. Zwart,
H. Verhagen, E. Mauri /I Resour Conserv Recycl. — 2018. — Vol. 64(7). — P.24.
https://www.researchgate.net/publication/271604272_The_surface_heat_island_of Rotterdam_and_its_relationship_with_urban_surf
ace_characteristics

18 AxmenoBa J[x.H. BnmsHme wn3MeHeHMs KiIMMaTa Ha BOJHBI kapel B baky m Ha AONIEPOHCKOM IIOJIyOCTPOBE
/ k. H. Axmenosa, V.P. Taruesa. — M.: Crpoiiusnar, 2016. — C. 2.

19 Mereoponornueckas 6a3a JaHHBIX. — [DIEKTPOHHBIN pecypc]. — Pexum pocryna: http://ecodata.kz:3838/dm_climat_ru/

20 Mills G. Urban climatology: History, status and prospects / G. Mills // Urban Clim. — 2017. — Vol. 10(10). — P. 4.
https://www.researchgate.net/publication/264198604_Urban_climatology_History_status_and_prospects

A.B. T'onymiko

PyaHblil KaJlachIH «KbLITY apajibl» peTiHae 3epTTey

XKep Oerinmeri aya TemrepaTypachIHBIH JKbUI CAaibIHFBI JKOFapbUIaybl KIMMATTHIH ©3repyiHe BIKIAT eTeli.
by kyOsuibic XKepaiH OyKis OeTiHe KeH TapalfaH )KoHE TUIAHETAHBIH Ke3 KeJITeH HYKTECIHE ToH. 3epTTeyIiH
Mmakcatsl 20182022 >xpuinapaarbl jkas3rbl keseHae Kocranait o6mbickl Pynubiii kanaceiaaarsl (KazakcTan)
METEOPOJIOTHSIIBIK  KOPCETKIIUTEPIH ©3repy 3aHIbUIBIFBIH aHBIKTAy. JKYMBICTBIH FBUIBIMU >KaHAJIBIFBI
MBIHaA: anram peT PynHel KamacklHBIH ayMarblHAA JKBUTY KOPCETKINIIHIH KEHICTIKTE Tapaiysl
AHBIKTAJFAHBIHIA. 3epTTeyIi JKYPridy YVIIIH JKEPTiTKTI aBTOMATTaHIBIPBUIFAH METEOCTAaHISIIapAbIH
MOJIIMETTepi MaiaNlaHbUIIBI, METEOPOJIOTHUSIIBIK JEPEKTEepre Talay >Kacaliibl, 3epTTEyIiH opOip JKbUIbIHA
CaJIBICTBIPY JKYPTi3iAi JKOHE JKBbUTy MHJEKCi ecenrtenai. HoTwkenepniH ceHIMAiniri temmeparypa MeH
BUTFJIIBUIBIKTBIH TOYJIKTIK SMIMPUKAJIBIK JEPEKTEpiH MaTeMaTHKAJIBIK OHJEY apKbUIbl KaMTaMachl3 eTii
(opramia ToymiKTiK, oOpTamia aiIbpIK ecenTey), SFHH Bapuanus Kod(Q(GUIMEHTI >KoHE IUcHepcust
koaddurpenTi. 3eprrey PyaHbiii Kamackl OOMBIHINA KIMMATTBIH ©3repyiHe HAKThI cHmaTtTama Oepejli, OHbI
MYHHIUIIAJIABl  OPTaHAap TYPFBIHAAPIABIH IEHCAYJIbIFBIHA JKBUTy OCEpiH, TYPFBIH YH-KOMMYHAIIBIK
MIApyaIIbUIBIK, JKYHECIHIeT1 JKbUTy Il )KOFANTYIbI a3aliTy jKOHE 3epTTENeTiH KAIAaHBIH ayMarblHIa KaJlaJbIK
MH(PAKYPBUTBIMIBI JKOCTIapIay Ke3iHJAe aya calachlH jKaKcapTy IapagapblH KaIbIITACTRIPY YIIIH KOJaHA
anajsl.

Kinm ce30ep: Xbuly apaibl, KbUIy TOJKBIHBI, JKbUIy HWHJIEKCI, Bapuauus Kod(pduimeHti, xucnepcus
KO3 GHIMEHTI, METEOPOJOTHSIIBIK KOPCETKINl, TPEHJ CBI3BIFBI, aTMOC()EpasIbIK ayaHbIH bUIFAABLIBIFI,
aTMoc(epansIK aya TeMIIepaTypacsl.

A.B. T'onymiko

HccaenoBanne ropoaa PyaHblii Kak «OCTPOBA TEIIA»

EsxeroHoe MOBBIIICHHE TEMIIEPATypHBIX IMOKa3aTeleil MPH3EMHOr0 BO3IyXa CHOCOOCTBYET HM3MEHEHHIO
KIMMarta. JlaHHOe SIBICHME PacIpoCTPaHEHO 0 BCEl MOBEPXHOCTH 3eMIIM U XapaKTepHO IS JTI000H TOUKH
riaHeThl. 1[epl0 TaHHOTO HCCIIEA0BaHUS SIBISUIOCH BBISIBJICHHE 3aKOHOMEPHOCTH M3MEHEHHSI METEOPOJIOTU-
4YecKHX TMokasareneil B ropone Pynmnom Kocranaiickoit oonactu (Kasaxcran) 3a setauit mepuon 2018-2022
rogoB. HayuHass HoBH3Ha pabOThI 3aK/IOYACTCSI B TOM, YTO BIIEPBBIC OBUIO OIPE/ICNICHO MPOCTPAaHCTBEHHOE
pacrpeziesieHue HHJEKCa TeIla Ha TeppUTOpHHU ropoaa PymHoro. s NpoBeaeHns UCCIIeI0BaHUs UCTIONB30-
BJINMCh JaHHbIE MECTHBIX aBTOMAaTHU3UPOBAHHBIX METEOCTAHIIMI, MPOBOJMIICS aHAJIM3 METEOPOJOTHYECKUX
JAHHBIX, UX CPaBHEHHUE 32 KaX/IbIil T0J] MCCIIEIOBAHMUS, a TAKKe BBIYUCISIICS MHICKC Temia. JocToBepHOCTh
pe3yibTaToB obecrednBanach MaTeMaTH4ecKoi 00pabOTKOH eXKEeTHEBHBIX AIMIMPUYCCKUX JAHHBIX TeMIepa-
TYpHI U BIXHOCTH (TIOJICUET CPETHETO 32 JIEHb, CPEIHETO 3a MecsIl), ko3 durmenTa Bapuaimn, kodddumm-
eHTa pucnepcuu. [IpoBeIeHHOE HCCiIeIOBaHNE A0 YETKYIO XapaKTePUCTUKY H3MEHEHHSIM B KIIMMATE II0 I'o-
poxy PynHoMy, KOTOpast MOXKET HCIIONB30BAaThCsl MyHUIIMIATIGHBIMEA OpraHaMu Uit pOpMHUPOBAaHHUS Mep IO
YMEHBIICHHUIO TEIUIOBOTO BO3AEHCTBHS Ha 3[0pPOBbE HACENEHMS, HA IOTEPH TeIIa B CUCTEME >KIIIUIIHO-
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KOMMYHAJIbHOTO XO3sIHCTBa, Ha yIydIlleHHEe KauecTBa BO3AyXa MpH INIAHUPOBAHUU TOPOJCKON MH(paCTPyK-
TYpbl Ha TEPPUTOPUH HUCCIIETyEMOTO TOPOa.

Kniouegvie crosa: ocTpoB TeIula, BOJHA JKapbl, HHAEKC TeIIa, KO3QGHUIMEHT BapHauu, Ko3QGUIMeHT aAuc-
HEepPCUH, METEOPOJIOTMIECKHI TOKa3aTelb, IMHHUS TPEH/a, BIAKHOCTh aTMOC(EpHOTro BO3ayXa, TeMIlepaTypa
aTMOC(EPHOTO BO3TyXa.
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