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ECO-BIOLOGICAL CHARACTERISTICS AND CURRENT STATE
ASSESSMENT OF PHEDIMUS HYBRIDUS AND
HYLOTELEPHIUM EWERSII IN THE KOK-ZHAILAU GORGE,
FLORA OF THE ILE ALATAU

The article examines the current status of populations of Phedimus hybridus (L.) ‘t Hart (also known
as Sedum hybridum L. and Aizopsis hybrida (L.) Grulich) and Hylotelephium ewersii (Ledeb.) H. Ohba
(formerly Sedum ewersii Ledeb.) in the Kok-Zhailau Gorge, part of the flora of the lle Alatau. The study
explores the biology of these species, including their population dynamics and life forms, as well as their
ecological responses to specific ecological-cenotic conditions. P. hybridus is valued in traditional medi-
cine for its diverse therapeutic properties, such as anti-inflammatory effects, stimulation of the nervous
system, antidepressant and wound-healing actions, and inhibition of leukocytosis. In contrast, H. ewersii
is commonly cultivated as an ornamental plant. The article also includes a taxonomic, ecological, and
geographical analysis of the flora associated with the populations of P. hybridus and H. ewersii in the
Kok-Zhailau Gorge. The flora of the studied populations of P. hybridus and H. ewersii in the Big Almaty
Gorge, Kok-Zhailau Tract, and Kazachka River areas of the lle Alatau comprises 146 species across 78
genera and 39 families. The main ecological groups of plants within the P. hybridus and H. ewersii
populations are shown: mesophytes — 105 species (71.9%), mesoxerophytes — 30 species (20.5%), and
mesohygrophytes — 11 species (7.5%). The analysis revealed different levels of representation of geo-
graphical elements in the flora of the populations of P. hybridus and H. ewersii in the Kok-Zhailau tract
of the Trans-lli Alatau, which emphasizes the heterogeneity of the flora.

Key words: Phedimus hybridus; Hylotelephium ewersii; coenopopulation; Kok-Zhailau Gorge; lle
Alatau.
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Ine AaataybiHbiH, KekokaiiAay waTkaAbiHbIH, paopacbiHaarbl Phedimus hybridus
xaHe Hylotelephium ewersii TYpiHiH, 3K0-OMOAOTUSIABIK, CUMIATTAMACDI
)KoHe Kasipri XxarAaiblH OaFaray

Makana Phedimus hybridus (L.) ,t Hart (Sedum hybridum L., Aizopsis hybrida (L.) Grulich.)
>xaHe Hylotelephium ewersii (Ledeb.) H. Ohba (Sedum ewersii Ledeb.) TypiHiH nonyAsumsianapbiHbIH
Kasipri »karAaiibiH 3epTTeyre apHaAfaH. Iae AAaTayblHAQFbl OCbl TYPAEPAIH LIEHOMOMYASLMSAAAPbIHbBIH
AaopuCTMKaAbIK, Kypambl. P. hybridus nonyAsumsianapbiHbiH OMOAOTMSICbIH 3epTTeY >KOHe TaAAay
yCbiHbIAFaH. P. hybridus xene H. ewersii Kek>kamaay wartkaAbiHAQ IAe AaartaybiHbiH, XKOAbIHAQ,
OAQpPAbIH  TipWIAIK  (popMaAapblHbIH,  SPTYPAIAINE  MEH HAKTbl 3KOAOTMAABIK — peakLMIAapAaFbl
SKOAOTUSIAbIK, PeaKLMsSAapbl XXOHEe LEHO3AbIK >karpanAaapaa P. hybridus kabbiHyra Kapcbl, Xyrke
SKYMECIH KO3ABIPFbILI PETIHAE KOAAQHBIAAABI. aHTMAENPECCAHT XOHE XapaAapAbl eMaey acepi 6ap,
COHbIMEH KaTtap H. ewersii A€MKOUMTO3bIHbIH AaMybiH Texxenai P. hybridus >xeHe H. ewersii TypiHiH

4 © 2024 Al-Farabi Kazakh National University
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Makanapa P. hybridus xxeHe H. ewersii nonyAsumsicbiHbiH (pAOpacbiHa TaKCOHOMMSIAbIK, 3KOAOTMs-
AbIK, XK8He reorpadmsAbk, Taapay GepiareH. 3epTreAreH nonyasumsaap dpaopacs P. Hybridus xexe
H. ewersii YAKeH AAmaTbl WaTKaAblHAQ, Kek-)Kanaay watkasbliHaa >keHe Iae AaataybiHbiH Ka3sauka
e3eHiHAe 39 TyKbIMAACTbIH, 78 Tybicbl MeH 146 Typi 6ap. P.hybridus >xeHe H.ewersii nonyAsumscobl
OCIMAIKTEPIHIH Heri3ri 3KOAOrMsAbIK, TONTapbl kepceTiAreH: mesoguttep — 105 Typ (71,9%), Me3okce-
pocputTep — 30 TYp (20,5%) )8He me3zorurpocputTep — 11 TYp (7,5%). Tanpaay HaTmxKeciHAE Iae Ana-
TayblHbIH Kekxxanaay TpakTtiHaeri P.hybridus xene H.ewersii nonyasumsiaapbiHbiH (pAOpaCbiHAQ reor-
pPaUSIAbIK, SAEMEHTTEPAIH BPTYPAI A€Hreni aHbIKTaAAbl, 6yA (DAOpaHbIH GipKeAKi eMecTiriH KepceTeAi.

Ty#in cesaep: Phedimus hybridus; Hylotelephium ewersii; ueHononyasums; Kek>xaiaay waTkaabl;
Ine Anataybl.
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DKoOMOAOrMUECKasl XapaKTePUCTUKA U OLLEHKA COBPEMEHHOI0 COCTOSIHUSI BUAOB
Phedimus Hybridus w Hylotelephium Ewersii
Bo chrope Yueabsi Kok-XKaiiasty 3ananiickoro Aaartay

CraTb$l NOCBSLLEHA M3YUYEHWUIO COBPEMEHHOIO COCTOSIHUS MonyAsumii BuaoB Phedimus hybridus (L.)
‘t Hart. (Sedum hybridum L., Aizopsis hybrida (L.) Grulich.) u Hylotelephium ewersii (Ledeb.) H. Ohba
(Sedum ewersii Ledeb.), dhAopmrcTMUECKOrO COCTaBa LEHOMOMYASLMIA 3TUX BUAOB B BOAbLLIOM ylleAbe,
ypouniia Kok-Xariasy 3amaniickoro Aaartay. [puBOASTCS UCCAEAOBaAHME M aHAAM3 GMOAOTMM BUAOB
nonyaauuin P. hybridus n H. ewersii, Bctpevaiowmxcs B ypountle Kok-XXanagy 3anaminckoro AaaTtay,
pa3HOO6pasms MX SKM3HEHHbIX (DOPM M IKOAOTUUECKUX PEAKLIMIA B KOHKPETHBIX IKOAOT O-LIEHOTUYECKMX
ycAoBUsX. B HapoaHoi meanumHe P. hybridus ncnoab3yetcs Kak pacTeHue C LUMPOKUM CMEeKTPOM Te-
paneBTHYeckMX CBOMCTB. OH MCMOAb3YETCS Kak NMPOTUBOBOCMAAUTEABHOE, CTUMYAMPYET HEPBHYIO CH-
CTeMy, OKa3blBaeT aHTUAENMPECCAHTHOE 1 PaHO3aXXMBASIOLLEE CPEACTBO, a TakXXe TOPMO3UT pa3BUTHE
AerikoumnTo3a. H. ewersii pacnpocTpaHeH B KYAbTYpe Kak AeKOpaTMBHOe pacTeHue. B ctatbe nprBeaeH
TaKCOHOMMYECKMI, IKOAOTMUECKMI, reorpanueckmii aHaans (AOpbl NonyAsumin BuAoB P. hybridus v
H. ewersii. ®daropa m3yydeHHbix nonyAsumin P. Hybridus v H. ewersii B BoAblLOM AAMaTUHCKOM Yllle-
Abe, ypoumie Kok-XKaragy u Ha p. Kasauka 3amamitckoro Aaatay BkatovaeT 146 BUAOB M3 78 poAOB
1 39 cemencTB. [NokasaHbl OCHOBHbIE KOAOrMYECKMe rpynrbl pacTeHuin nonyaaumin P. Hybridus v H.
ewersii: Me3ouTbl — 105 BUAOB (71,9 %), me3okcepocuTbl — 30 BUAOB (20,5 %) 1 Me30rnurpopmTbl —
11 BnAOB (7,5 %). AHaAM3 BbISIBUA Pa3AMUHbIA YPOBEHb NPEACTAaBAEHHOCTM reorpachmyeckmnx IAemMeH-
TOB BO (pAope nonyasumii P. Hybridus u H. ewersii B ypouuiue Kok->Kaiiagy 3anamninckoro Aaatay, 4to
NoAYEpPKMBAET HEOAHOPOAHOCTb (DAOPDI.

KatoueBble caoBa: Phedimus hybridus; Hylotelephium ewersii; ueHononyasuus; ypouuue Kok-
JKainasy; 3anaminckuin AaaTtay.

Introduction

The Ile Alatau is the northernmost range of
the Tien Shan Mountain system, forming a gently
concave arc that extends latitudinally to the south.
It stretches approximately 350 km in length and
30—40 km in width. The central part of the ridge
reaches an average elevation of 4000 m, with
heights decreasing to the east in the Dala-Ashyk
and Tyure-Zhailau mountains. The highest point,
Talgar Peak, rises to 4951 m in the central Talgar
Knot. Elevations gradually decline toward both
the eastern and western ends of the range. The
northern slopes are deeply dissected by numerous

gorges and valleys, with rivers flowing into the
Lake Balkhash basin. About 20-30 km from the
watershed, the foothills rise to 800-1000 m be-
fore transitioning into the gently sloping Ili basin
to the northwest. In contrast, the southern slopes
are steep, short, and less developed, with fewer
dissected features.

Geographically, the Ile Alatau ridge is situated
around 43° N latitude and 75-78° E longitude, ex-
tending through parts of Kazakhstan, Kyrgyzstan,
and China. It begins in the west near the Chu River
and extends 280 km eastward to the Chilik River.
To the north, the ridge gently descends toward the
Ili River depression and the plains of Kazakhstan,
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while to the south, it is separated from the Kungei
Alatau by intermountain valleys formed by the
Chilik and Chonkemin rivers [1]. The Kok-Zhailau
Gorge lies within the Ile Alatau State National Na-

BapuaHT b

BapWaHT A

According to Kazakhstan’s geographical zon-
ing, the Ile Alatau ridge falls within the North Tien
Shan geobotanical province, specifically in the Ile
forest-meadow steppe district. This central region of
the Ile Alatau extends from the Ulken Almaty in the
west to Turgen in the east [3].

The genus Sedum L., one of the largest plant
genera, comprises nearly 600 species predominantly
distributed across the Northern Hemisphere, espe-
cially within the subtropical and temperate zones
of Eurasia. In Kazakhstan, this genus is represented
by 10 species, including one endemic species, Se-
dum nugodsharicum Boriss., found in the Mugal-
zhar Ridge [4]. Goncharova [5] reported over 300
Sedum species in the Old World, with 25 species in
the Circumboreal floristic region. The genus is most
abundant in the East Asian (70 species), Irano-Tura-
nian (50 species), and Mediterranean (40 species)
floristic regions. The highest species concentration
is found in the East Himalayan province of the East
Asian region (50 species) and the Armeno-Iranian
province of the Irano-Turanian region (32 species)

[5].

BapuaHT B

ture Park, situated between the Small and Big Al-
maty Gorges, approximately 10 km from the city
of Almaty, Kazakhstan. The elevation of the area is
2200 m above sea level (a.s.l.) [2].

-
F

Figure 1 — Map of the Kokzhailau Gorge of the Ile Alatau

All species of Sedum L. are valued as medicinal
plants, gaining increasing interest both in Kazakh-
stan and internationally. In official medicine, Sedum
species are recognized for their beneficial properties,
including nervous system stimulation, antidepres-
sant effects, anti-inflammatory and wound-healing
actions, and inhibition of leukocytosis. Infusions are
recommended for treating goiter and are also used
as laxatives, hemostatic agents, diuretics, stress pro-
tectors, and tonics for the nervous system, as well as
for gastrointestinal disorders. Fresh leaves are ap-
plied to ulcers, wounds, and bruises.

In addition to their medicinal value, Sedum spe-
cies have ornamental qualities and are prized as hon-
ey plants [6]. Phedimus hybridus (L.) ‘t Hart (also
known as Sedum hybridum L. and Aizopsis hybrida
L. Grulich) is particularly notable for its ornamen-
tal features. The flowers of this hybrid sedum come
in various shades of pink, purple, or white, mak-
ing it visually appealing in gardens and landscape
designs. Its narrow lanceolate leaves with serrated
edges add grace, often displaying a pleasant green
hue. P. hybridus is easily propagated by seeds, mak-
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ing it accessible to gardeners and plant enthusiasts.
Its ability to thrive in diverse climatic zones makes
it a versatile choice for gardens and parks, includ-
ing temperate and colder regions. These attributes
contribute to its popularity in floriculture, where it is
used in flower beds and landscaping in various light
and soil conditions.

P. hybridus is a perennial herbaceous polycar-
pic species native to the mountainous regions of
Siberia and the Tien Shan. It is characterized by a
long, branched, cord-like, and creeping rhizome.
The stems, which can reach heights of 15-20 cm
(up to 34 cm), are evergreen, persistent, branched,
creeping, prostrate, and rooting. Sterile shoots are
short and densely foliated, while fertile ascending
shoots have smaller, more widely spaced leaves.
The leaves are alternate, measuring 1.5-2.5 cm (up
to 3.5 ¢cm) in length and 0.7-1.5 cm (up to 2 cm) in
width. They are spatulate-elliptic, gradually narrow-
ing into a long, wedge-shaped, entire petiole, obtuse
at the apex, and obtusely serrated along the edge.
The leaves are glabrous and smooth. The inflores-
cence is an apical, dense, paniculate-corymbose
semi-umbel. The sepals are pale green, about 3 mm
long, lanceolate, obtuse, and fused at the base. The
petals are yellow, approximately 6 mm long and 1.5
mm wide, elliptic-lanceolate, acute, and reflexed.
Seeds are up to 1 mm in length, elliptical, blunt,
and numerous. The species blooms from June and
bears fruit from July to August [7]. P. hybridus is
light-loving, drought-resistant, and undemanding,
thriving in nutrient-poor and light-textured soils. It
commonly grows in mountain steppes and, less fre-
quently, in the southern parts of the forest zone, par-
ticularly on rocky and gravelly soils, in rock crev-
ices, and occasionally on sandy or pebble coastal
cliffs. The species is found at altitudes ranging from
435 to 2600 m above sea level [8]. In Kazakhstan,
it is distributed across various regions, including the
Tobol-Ishim Lowland, Kokchetau, Turgai regions
Mugalzhar, Western Uplands, Ulytau, Karkar, Zai-
san, Altai, and Tarbagatai, as well as the Zhongar,
Zailiysky, Kyrgyz, Kungey, and Terskey Alatau
ranges, and the Ketmen Ridge, Chu-Ili Mountains,
and Karatau. Globally, it occurs in the European part
of the former USSR, Western and Eastern Siberia,
Western China, and Northern Mongolia. However,
the morphological and biological characteristics of
P. hybridus in the Zailiysky Alatau region remain
largely unstudied.

Hylotelephium ewersii (Ledeb.) H. Ohba, an
Altai-mountain-Central Asian-Himalayan species
[9], is a perennial, herbaceous polycarpic plant

with a branched, woody rhizome that forms a turf
and cord-like roots. The numerous, branched, and
ascending stems grow to a height of 10-20 cm (up
to 25 cm). They are woody at the base, bare, and
reddish. The opposite leaves measure 1-1.5 cm (up
to 2 cm) in length and are almost as wide. They are
broadly ovate or nearly rounded, cordate at the base,
and short with a bluntly pointed apex. The leaves
are glaucous-green, finely dotted, with unclear fine
serrations. The lower leaves are broadly elliptic and
often have brown spots. The inflorescence is com-
plex and corymbose. Sepals are lanceolate, about 2
mm long. The petals are elliptical-lanceolate, acute,
pink or light purple, and measure 4-5 mm in length.
There are 10 stamens, slightly longer than the pet-
als, with blackish anthers. Hypogynous scales are
0.5 mm long, oblong, and slightly notched at the
apex. Leaflets are 3—4 mm long, erect, and bent out-
ward at the tips. Seeds are lanceolate, brown, and
about 0.5 mm long. The species blooms from July to
October [7-9]. H. ewersii is light-loving, drought-
resistant, and undemanding in terms of soil quality.
It grows on rocky, stony, and gravelly mountain
slopes across the lower, middle, and high mountain
belts. In Kazakhstan, it is found in Zaisan, Altai, and
Tarbagatai, as well as in the Dzungarian, Zailiysky,
Kyrgyz, Kungey, and Terskey Alatau ranges, the
Ketpen Range, and the Western Tien Shan. It is also
present in Western Siberia, Central Asia, Western
China, Western Mongolia, and the Himalayas.

Over the past decade, scientific interest in the
Crassulaceae family, particularly in P. hybridus
and H. ewersii, has grown significantly. Research
has investigated the antioxidant and antibacterial
properties of P. hybridus [10,11], as well as the
phylogenetic relationships within Crassulaceae,
including intrafamilial and generic classification
[12—14]. Ohba [15,16] contributed to the taxo-
nomic understanding of Sedum telephium and re-
lated species within Crassulaceae, addressing sys-
tematic issues related to the evolution of Asian
Sedoideae and Crassulaceae taxonomy. Further
studies have focused on cultivated Sedum species,
plant flowering and nectar production, variation
in flavonoids and alkaloids, and photoperiodic
control of plant dormancy [17-22]. Additional re-
search has explored the evolution and systematics
of Crassulaceae, with a focus on the Sedum acre
group [13,23].

The current study aims to investigate the popu-
lation characteristics of P. hybridus and H. ewersii
in natural populations within the Big Almaty Gorge
and the Kok-Zhailau Tract of the Ile Alatau.
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Materials and Methods

2.1 Research objects

Species Studied: Phedimus hybridus (L.) ‘t Hart
(formerly Sedum hybridum L. and Aizopsis hybrida
(L.) Grulich) is classified under the genus Sedum L.,
section Aizoon Koch, series Glabrae A. Bor., within
the family Crassulaceae DC. Hylotelephium ewersii

(Ledeb.) H. Ohba (formerly Sedum ewersii Ledeb.)
belongs to the section Telephium S.F. Gray, subsec-
tion Humilieaulia Praeger L., series Repentes (Prae-
ger) A. Bor. [24-27]. The studies were conducted
from 2022 to 2024 in natural phytocenoses within the
Ile Alatau ridge, specifically in the Big Almaty Gorge,
the Kok-Zhailau Tract, the Kazachka River area, and
the Medeu district of the Almaty region (Table 1).

Table 1 — Cenopopulations of the species P. hybridus and H. ewersii discovered during field studies.

Species, CP number Geographical distribution GPS coordinates & elevation
P. hybridus CP 1 Big Almaty Gorge, Kok-Zhailau tract, NW slope 4370079237 N75°57" 082" E
1925 ma.s.l.
P. hybridus CP 2 Big Almaty Gorge, Kok-Zhailau tract, NE slope 43°077750" N 76°57" 220" E
1634 ma.s.l.
P. hybridus CP 3 Big Almaty Gorge, Kok-Zhailau tract, NW slope 43°07°648" N 076°58" 314"E
1869 m a.s.l.
H vsii CP 1 v. Alma-Arasan, Big Almaty Gorge, Kok-Zhailau tract, 43°00°923" N 75°57' 082" E
-ewerst Kazachka river, N slope 1925 m a.s.l.
. . . 43°07°750" N 76°57' 220" E
H. ewersii CP 2 Big Almaty Gorge, Kok-Zhailau tract, NE slope 1634 m asl
H. ewersii CP 3 v. Alma-Arasan, Big Almaty Gorge, Kok-Zhailau tract, 43°07°648" N 076°58' 314"E
' ’ Kazachka river, NW slope 1869 m a.s.l.

Notes: CP — coenopopulations; N — north, W — west; E — east; a.s.l. — above sea level.

2.2 Research methods

The primary methods employed to study the
morphological and biological characteristics of
Phedimus hybridus and Hylotelephium ewersii in-
cluded examining their morphological traits, bio-
logical features, taxonomy, and floristics. Conven-
tional geobotanical research methods were used,
focusing on the coenopopulations of P. hybridus
and their interactions with the environment. A
comprehensive geobotanical description of these
coenopopulations was conducted, with locations
recorded using GPS.

Fieldwork involved the route-reconnaissance
method, where plants were detected and collected
by walking along designated routes. This approach
enabled coverage of extensive areas and facilitated
the study of species diversity. Population studies
were conducted using established methodologies in
modern plant population biology [7,9,24-27].

Herbarium material was collected and processed
according to standard procedures. Specimens of P.
hybridus and H. ewersii were placed in herbarium
folders, labeled with collection location, date, and
collector information. Following fieldwork, the
material was dried and examined under binocular

magnifiers. Herbarium collection and processing
adhered to widely accepted methods [28].

Species identification and taxonomy were per-
formed in the laboratory using multi-volume refer-
ence works [8,29-31]. Species and generic classi-
fications for P. hybridus and H. ewersii in the Ile
Alatau were based on the classifications by Cherep-
anov and Abdulina [32,33]. Life form analysis was
conducted according to Serebryakov’s classifica-
tions [34].

During the field expedition, three coenopopula-
tions of P. hybridus and three coenopopulations of
H. ewersii were identified. The morphological char-
acteristics of both species were studied on living
plants and herbarium specimens.

Results and Discussion

3.1 Plants population identification

To determine the natural habitats of Phedi-
mus hybridus and Hylotelephium ewersii in the
Ile Alatau, Big Almaty Gorge, Kok-Zhailau Tract,
and Kazachka River, we plotted expedition routes,
established flowering periods, and identified their
ecological niches. This process included examining
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herbarium material from the main herbarium collec-
tion at the Institute of Botany and Phytointroduction
and reviewing relevant floristic literature. The typi-

cal habitats of P. hybridus and H. ewersii in these ar-
eas are characterized by stony and rubble soils, rock
crevices, and the middle forest belt (Fig. 2).

Figure 2 — Populations of P. hybridus and H. ewersii identified in
the Ile Alatau, Big Almaty Gorge, and Kok-Zhailau tract

As aresult of the expeditionary surveys, we doc-
umented 3 large and 7 smaller populations of Phe-
dimus hybridus and Hylotelephium ewersii in vari-
ous ecological and phytocenotic conditions. These
included outcrops of parent rock, stone ledges, and
rocky areas amidst trees and shrubs (Fig. 2).

3.2 Ecological groups of populations

The flora of the studied populations of P. hybri-
dus and H. ewersii in the Big Almaty Gorge, Kok-
Zhailau Tract, and Kazachka River areas of the Ile
Alatau comprises 146 species across 78 genera and
39 families. Key marker species include Picea sch-
renkiana L., Elytrigia repens (L.) Nevski, Melilo-
tus officinalis (L.) Lam., Melilotus albus Medikus,
Berteroa incana, Poa pratensis L., Poa annua L.,
Dactylis glomerata L., Trifolium repens L., Trifo-
lium pratense L., Geranium transversale (Kar. &
Kir.) Vved., Geranium divaricatum Ehrh., Artemis-

ia vulgaris L., Arctium lappa L., Capsella bursa-
pastoris (L.) Medik., and Xanthium strumarium L.
The presence of weed species such as Urtica can-
nabina L., A. lappa, and X. strumarium indicates
considerable anthropogenic pressure on the natural
phytocenoses.

Ecological and biological analyses confirm that
the mountain flora in the meadow habitats of P. Ay-
bridus and H. ewersii is predominantly mesophytic
and mesophyto-xerophytic. Key factors limiting the
distribution of these species include intense compe-
tition within phytocenoses, anthropogenic impacts,
and specific ecological requirements. The main eco-
logical groups of plants within the P. hybridus and
H. ewersii populations are shown in Fig. 3: meso-
phytes — 105 species (71.9%), mesoxerophytes — 30
species (20.5%), and mesohygrophytes — 11 species
(7.5%).
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Figure 3 — Leading flora families of P. hybridus and H. ewersii populations.
a) At the Genus Level; b) At the Species Level

Results indicate that the dominant families with-
in the Phedimus hybridus and Hylotelephium ewer-
sii populations in the Kok-Zhailau Tract of the Ile
Alatau are Asteraceae and Poaceae. These families
account for 28 and 21 species, respectively, repre-
senting 20.1% and 15.1% of the total flora. Together
with Brassicaceae, Fabaceae, and Rosaceae, these
five families encompass 70 species out of the 139
identified, making up just over half (50.4%) of the
flora in these populations (Fig. 3b). In contrast, the
remaining 32 families contribute 69 species, ac-
counting for 49.6%.

The largest families in the flora of P. hybri-
dus populations in the Kok-Zhailau Tract include
55 genera (out of 78) and 70 species, representing
50.4% of the total species diversity (Fig. 3a). This
dominance of families, characterized by high spe-
cies richness, reflects patterns typical of the flora in
the eastern part of the Ancient Mediterranean but
also displays unique features influenced by both an-
cient Mediterranean and boreal elements.

The floristic diversity of the P. hybridus and
H. ewersii populations in the Kok-Zhailau Tract
is closely linked to ecological conditions, par-
ticularly climate and regional heterogeneity. The
analysis of life forms revealed that herbaceous
vegetation, predominantly hemicryptophytes, is
the most common, comprising 75-80% of the
species. In contrast, shrubs and subshrubs (cha-
mephytes and microphyllophytes) represent a
much smaller proportion, accounting for only
0.68-6.85% (Table 2).

The flora of the Phedimus hybridus and Hylo-
telephium ewersii populations in the Kok-Zhailau
Tract of the Ile Alatau is notably characterized by
therophytes, which constitute 18 species, or 12.3%
of the total. Overall, the flora is predominantly com-
posed of species typical of mountain meadows and

shrub-forb habitats. As previously noted, the lead-
ing life forms in this area are herbaceous perennials
and annuals, which exhibit a broad ecological range.
In contrast, shrubs are the least represented life form
due to their restriction to narrow environmental
conditions, and semi-shrubs are also sparse, found
primarily in relatively humid habitats. This distri-
bution of life forms in the flora of P. hybridus and
H. ewersii reflects the region’s climatic conditions,
underscoring its mesophytic and mesoxerophytic
characteristics.

Table 2 — Spectrum of dominant life forms found in P. hybridus
and H. ewersii populations.

Life forms Species %
Hemicryptophytes 112 76.7
Therophytes 18 12.3
Chamephytes 1 0.68
Microphanerophytes 10 6.85
Phanerophytes 5 3.42
Total 146 100

3.4 Geographical elements of population flora

The geographical analysis of the Phedimus hy-
bridus and Hylotelephium ewersii populations in the
Kok-Zhailau Tract reveals varying degrees of geo-
graphical element representation, highlighting the
flora’s heterogeneity (Table 3). This analysis, as a
typological method for studying flora based on the
modern distribution ranges of species, illustrates the
relationship between the studied flora and neighbor-
ing floras. It also sheds light on species migration
routes within the region and potential pathways for
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flora enrichment. To classify the distribution ranges
of the flora species in the Kok-Zhailau Tract, we uti-
lized classification types from previous studies on
Central Asian flora [35-39].

The flora within the P. hybridus and H. ewersii
populations in the Kok-Zhailau Tract is highly di-

verse, including species that range from widespread
cosmopolitan or pluriregional to narrowly endemic.
The study area encompasses 21 habitat types, which
were further categorized based on similar character-
istics (Table 3). A detailed description of the main
habitat groups is provided below.

Table 3 — Geographical connections of plant species found in the population of P. hybridus and H. ewersii with the flora of other

regions.
Geographical element Herbaceous plants Tree, shrub, Total %
Annual & biennial Perennial half-shrub

Pluriregional 2 9 - 11 7.53

Holarctic 2 19 1 22 15.1
Palearctic 2 19 3 24 16.4

Eastern Palaearctic 1 5 - 6 4.11
Euro-Ancient Mediterranean 3 8 1 12 8.22
Eastern Mediterranean - 10 1 11 7.53
Eurasian 1 3 - 4 2.74
Mountain Central Asian 1 11 2 14 9.59
Mountain Central Asian-Iranian 1 7 - 8 5.48
Mountain Central Asian-Himalayan - 2 1 3 2.05
Mountain Central Asian-Siberian - 1 - 1 0.68
Altai-Mountain Central Asian - 8 2 10 6.85
Tarbagatay-Mountain Central Asian - 2 - 2 1.37
Tien Shan 2 3 4 9 6.16
Siberian-Tien Shan - 1 - 1 0.68
Altay-Tien Shan - 2 - 2 1.37
Tien Shan-Pamir-Alai - 1 - 1 0.68
Northern Tien Shan - 1 - 1 0.68
Dzungarian Northern Tien Shan 1 1 - 2 1.37
Dzungarian Tien Shan 1 - - 1 0.68
Tarbagatay-Tien Shan - 1 - 1 0.68

Total 17 114 15 146 100

Pluriregional: This group comprises 11 species
distributed across various regions in both the North-
ern and Southern Hemispheres. It primarily includes
weed and ruderal species, such as Capsella bursa-
pastoris, Convolvulus arvensis, and Chenopodium
album.

Holarctic: This group includes 22 species found
mainly in the temperate and high-latitude regions of
the Northern Hemisphere. Notable species include
Poa pratensis, Eragrostis pilosa, and Erigeron lon-
chophyllus, along with weed and ruderal species
like Thlaspi arvense.

Palearctic: This group consists of 24 species
common in Europe and the temperate and high-
latitude regions of Asia. These are predominantly
mesophilic species thriving in humid environments,
mainly meadows. Key species include Elytrigia re-
pens, and weeds such as Plantago major and Arte-
misia annua.

East Palearctic: This group includes 6 species
with ranges extending across Kazakhstan, Siberia,
the Far East, and Central Asia.

European-Ancient Mediterranean: This
group unites 12 species (e.g., Plantago lanceolata,

11
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Bromus scoparius, and Achillea millefolium) pre-
dominantly distributed in arid regions, including the
Central Asian, Sahara-Sindian, and Irano-Turanian
subregions.

Eastern-Ancient Mediterranean: Species in
this group have ranges extending from Palestine,
Syria, and southern Bulgaria to the Western Himala-
yas and Tien Shan. This group includes 11 species.

Mountain-Central Asian: This group encom-
passes species ranging from the Pamir-Alay to Tar-
bagatay, with notable examples like Artemisia vul-
garis. A total of 14 species are included.

Mountain-Central Asian-Siberian: This group
consists of species distributed in the mountainous
regions of Central Asia and Siberia, typically found
on rocky slopes, screes, and cliffs.

Altai-Mountain-Central Asian: This group
includes 10 species distributed in the mountainous
regions of Central Asia and the Altai, with some ex-
tending into the Mongolian Altai.

Mountain-Central Asian-Himalayan: Species
in this category are found in the mountain systems
of the Pamirs, Pamir-Altay, Tien Shan, Hindu Kush,
and Himalayas. Examples include Spiraea lasiocar-
pa and Rosa nanothamnus. This group includes only
3 species.

Mountain-Central Asian-Iranian: This group
includes 9 species with ranges covering the Iranian
Plateau and the mountain systems of the Pamir-
Alay, Tien Shan, and occasionally Tarbagatay.

Tien Shan-Pamir-Alai: Species in this group
are found in the mountain systems of the Pamir-Alai
and Tien Shan, with some extending into Tarbaga-
tay. This group includes 1 species.

Tien Shan: Species in this group are confined
to the Tien Shan mountain systems, occasionally
extending to the Alai Range in the west and the Tar-
bagatay Range in the north. This group includes 9
species.

The analysis revealed varying levels of repre-
sentation of these geographic elements within the
flora of the P. hybridus and H. ewersii populations
in the Kok-Zhailau Tract of the Ile Alatau, high-
lighting the flora’s heterogeneity (Table 3).

3.5 Plants with economical or industrial impor-
tance

Wild useful plants are employed in their natu-
ral state and serve as raw materials for various
sectors of the national economy and medicine.
With growing demand, there is an increasing
need for their rational use and for expanding the
volume of harvesting. Consequently, research has
focused on evaluating the beneficial properties of
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these wild plant species and assessing the avail-
able resources.

The flora of the P. hybridus and H. ewersii pop-
ulations in the Kok-Zhailau Tract of the Ile Alatau
encompasses a diverse range of useful plants. These
include species with medicinal, food, essential oil,
tanning, honey, vitamin, dye, ornamental, fodder,
and fatty oil properties (Table 4). The vegetation of
the Ile Alatau Ridge provides a vital forage base for
livestock farming, featuring some of the region’s
richest pastures and hayfields. This herbaceous lay-
er includes numerous well-known medicinal plants,
such as Origanum vulgare and Hypericum perfora-
tum.

Table 4 — Plant groups with economic & industrial importance
within the P. hybridus and H. ewersii populations.

Plant group Species %
Weed 35 10.5
Forage 103 31.0
Medicinal 37 11.1
Poisonous 7 2.11
Melliferous 49 14.8
Food (edible) 28 8.43
Essential oils 10 3.01
Ornamental 25 7.53
Dye 12 3.61
Industrial 22 6.63
Vitamin-bearing 4 1.20

Total 332

The flora of the P. hybridus and H. ewersii pop-
ulations in the Kok-Zhailau Tract of the Ile Alatau
presents significant opportunities for the develop-
ment of medicinal, alkaloid-bearing, essential oil,
tannin-bearing, and honey plants. Although bee-
keeping currently plays a modest role in the region’s
economy, the area’s favorable natural conditions of-
fer considerable potential for its expansion. The flo-
ra in this region is both diverse and rich in economi-
cally valuable or promising species. The variety of
herbaceous and shrub species in the Kok-Zhailau
Tract contributes to the abundance of economically
useful plants. According to classifications by Ilyin
[40] and Pavlov [41], the plant resources and flo-
ristic diversity of the area support the identification
of 11 economically valuable plant groups (Table 4).

The largest group within the flora of these pop-
ulations is forage plants, comprising 103 species
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(31.0%). Cattle breeding in the Ile Alatau Ridge re-
lies heavily on year-round natural forage lands. This
group is dominated by cereals, legumes, sedges, and
composites, with legumes such as Medicago falca-
ta, Trifolium pratense, Vicia cracca, V. tenuifolia,
Lathyrus pratensis, Trigonella cancellata, T. arcu-
ata, and T. orthoceras being particularly valuable.
Many forb species, such as Ajania fastigiata, Gera-
nium saxatile, and several Asteraceae species (Ta-
raxacum, Tragopogon), are also readily consumed
by cattle and sheep. The distribution of other plant
groups is as follows: weeds — 35 species (10.5%);
food plants — 28 species (8.43%); medicinal plants —
37 species (11.1%); melliferous plants — 49 species
(14.8%); essential oil plants — 10 species (3.01%);
ornamental plants — 25 species (7.53%); dye plants
— 12 species (3.61%); vitamin-bearing plants — 4
species (1.20%); and technical plants (including
rubber-bearing, resin-bearing, gum-bearing, paper,
wicker, etc.) — 22 species (6.63%).

The cereal family in the flora of these popula-
tions includes 18 genera and 21 species, most of
which contribute to the formation of forage mass.
Notably, species such as Elytrigia repens, Phleum
phleoides, and Dactylis glomerata play a critical
role in shaping low-mountain meadows, essential
for grass formation.

Food and vitamin-rich plants are predominantly
found in the Rosaceae family, which includes fruit
and berry crops high in vitamins. Rose hips are
particularly valuable, offering natural multivitamin
concentrates with high biological activity. For in-
stance, Rosa alberti Regel is noted for its high vi-
tamin content. The fruit pulp contains up to 20%
vitamin C, as well as vitamins B2, B1, E, and K.
These fruits are used to produce medicinal drinks,
infusions, decoctions, extracts, and syrups, and are
also utilized in the food, confectionery, and cosmet-
ics industries. Rosehip seeds can be processed into
oil comparable in quality to sea buckthorn oil.

The region also supports various industrial
plants, categorized into ornamental wood plants
(7 species), wicker plants (5 species), and fiber-
spinning plants (4 species). Additionally, the area
includes plants used for tanning, dyeing, essential
oil production, and other technical purposes. Essen-
tial oils, which are volatile compounds with strong
odors, are extracted from various plant parts through
distillation with water vapor. Essential oil plants in
the region include species from the Umbelliferae
family (19 species), such as Daucus carota, Carum
carvi, and Aegopodium alpestre; from the Composi-

tae family (5 species), including Conyza canaden-
sis, Achillea millefolium, Arctium tomentosum, Ar-
temisia vulgaris, and A. absinthium; and from the
Labiatae family (6 species), such as Origanum vul-
gare, Ziziphora clinopodioides, and Z. tenuior.

Conclusion

This study provides a comprehensive analysis of
the populations of Phedimus hybridus (L.) ‘t Hart
and Hylotelephium ewersii (Ledeb.) H. Ohba in the
Kok-Zhailau Gorge of the Ile Alatau. Through de-
tailed examination of their biological and ecologi-
cal characteristics, we have highlighted the signifi-
cant adaptive abilities and ecological plasticity of
these species. Phedimus hybridus, with its notable
therapeutic properties, and Hylotelephium ewersii,
primarily valued for its ornamental appeal, both ex-
hibit robust survival strategies and high reproduc-
tive rates in their natural habitats.

The research underscores the diverse and rich
flora of the Kok-Zhailau Tract, which includes a
wide array of economically valuable and promising
plant species. This flora supports various sectors,
including medicine, agriculture, and industry. The
findings indicate that the Kok-Zhailau region’s plant
communities are characterized by their adaptability
to different ecological conditions, with notable po-
tential for further development in medicinal, orna-
mental, and economic applications.

Our study identifies key ecological and geo-
graphical patterns within the plant populations, re-
vealing a complex interaction between species and
their environments. The results highlight the impor-
tance of preserving these diverse plant communities,
as they contribute significantly to both local biodi-
versity and economic resources.

Overall, this research contributes valuable in-
sights into the ecological dynamics and economic
potential of the plant species in the Kok-Zhailau
Tract, providing a foundation for future studies and
sustainable management practices.
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JKamanbaesa I'ynocan Toneyeasncueena — Buogusuka, buomeouyuna sicone netpozvlibim kapeopaceinviy PhD, ooyenm m.a.
On-Qapabu ameindacer Kazax ¥Ynmmeix Yuusepcumeminiy (Aimamer, Kazaxcman, sn. nowma: gulzhan.zhamanbayeva@gmail.
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®OAOPA BAPCAKEABMECCKOIO
FTOCYAAPCTBEHHOTIO NMPUPOAHOIO 3ATTOBEAHUKA

(daopa 3anoBeaHrKa bapcakeAbmec npeacTaBAsieT co60i pasHOO6Pa3HbI MUP PACTEHWIA, aAaNTH-
POBAHHbIX K CYpPOBbIM YCAOBUAM apuAHOro kammata. C MomMeHTa ocHoBaHus B 1939 roay npupoAHbIi
3anoBeAHUK bapcakeAbmec obecrneumBan OXpaHy 3KOCMCTEM CEBEPHbIX MyCTbiHb TypaHCKOM HU3MEH-
HOCTM B €CTECTBEHHOM COCTOSIHWM, SBASISICb STAAOHOM AQHALWAGTHOM CTPYKTYpbl U G1Mopa3Hoobpasms.
B 2006 roay rpaHuupl 3anoBeAHMKa YBEAMUMAMUCH NMOCAE NPUCOEANHEHUS K TEPPUTOPUM OCYLLIEHHOIO
AHa Mops 1 yyactka «KackakyaaH». A B 2020 roay K 3arnoBeaHuKY OblA A0OABAEH yuacToK «AeAbTa»
naolwaAbio 2300 rekTapoB, pacroAOXeHHbIN Ha MecTe BraaeHus peku Cbipaapus B Manoe Apaabckoe
mope. Taknm 06pas3oM, BO (hAOpe 3arnoBeAHMKAa MPOU3OLLAN U3MEHeHUs. B AaHHOW cTaTbe npuBeAe-
Hbl CBEAEHMSI, KOTOPbIE MOKa3bIBAIOT M3MEHEHUS B TAKCOHOMMYECKOM COCTaBe (hAOPbI 3aroBeAHMKA B
3aBMCUMMOCTM OT AETAAbHOCTU MCCAEAOBAHUIM U pacLUMpeHUst MAOLAAM 0OCAEAOBAHUS MOCAE MPUCO-
€AMHEHMNS HOBbIX KAQCTEPHbIX Y4YacTKoB. B Hawm aHu haopa 3anoBeaHuka bapcakeabmec cocTouT 13
343 BMAOB M NOABUMAOB COCYAMCTbIX PACTEHWMIM, oTHOCAWMXCS K 51 cemeincTBy n 197 poaam. B 3ano-
BEAHMKE MPOM3PaCTaloT BUAbI pacTeHMit, BKAIOUeHHble B KpacHyto kHury KasaxcraHa: Tulipa biflora
Pall., T. borszczowii Regel., Atriplex pratovii Sukhor., Schoenoplectus litoralis subsp. kasachstanicus
(Dobrochot.) Sojak (S. kasachstanicus Dobroch.), Nymphoides peltata (5.G. Gmel.) Kuntze. A Tak-
>Ke, Ha Tepputopum BCTpevalotcs 13 aHAemMukoB KasaxcraHa: Artemisia scopiformis Ledeb., A.
quinqueloba Trautv., A. aralensis Krasch., A. camelorum Krasch., Atriplex pungens Trautv., Petrosimonia
hirsutissima (Bunge) lljin ex Pavlov, Calligonum crispatum (Litv.) Mattei, C. palibinii Mattei, C. humile
Litv, C. spinulosum Drobow, Astragalus brachypus Schrenk ex Fisch. & C.A.Mey., Tulipa borszczovii,
Corispermum laxiflorum Schrenk. CtaTbs noauepkmBaeT BaXKHOCTb POAM 3aroBeaHuka bapcakeabmec B
COXPaHEHUM He TOAbKO PEAKMX U YSI3BUMbIX BUAOB PAaCTEHWIA, HO U BCeM YHMKaAbHOM (hAOpPbI, KOTOpas
MrPaeT KAIOYEBYIO POAb B MOAAEPKAHMU IKOCUCTEMHOW YCTOMYMBOCTM.

KatoueBble caroBa: bapcakeabmec, (haopa, MPMPOAHDIN 3aNOBEAHMK, SHAEMUKM, PEAKUE BUADI.

Zh.K. Salmukhanbetova' 2*, L.A. Dimeyeva?, Z.Zh. Alimbetova®

'Al-Farabi Kazakh National University, Almaty, Kazakhstan
?Institute of Botany and Phytointroduction, Almaty, Kazakhstan
3Association of Environmental Organizations of Kazakhstan, Astana, Kazakhstan
*e-mail: zhuldyz.kanatkyzy@mail.ru

Flora of the Barsakelmes State Natural Reserve

The flora of the Barsakelmes Nature Reserve represents a diverse world of plants adapted to the
harsh conditions of the arid climate. Since its foundation in 1939, the Barsakelmes Reserve has protected
the ecosystems of the northern deserts of the Turanian Lowland in their natural state, being a standard of
landscape structure and biodiversity. In 2006, the boundaries of the reserve increased after the drained
seabed and the “Kaskakulan” cluster area were added to the territory. And in 2020, the “Delta” cluster
area with an area of 2,300 hectares was added to the reserve, located at the confluence of the Syrdarya
River and the Lesser Aral Sea. Thus, changes have occurred in the flora of the reserve. This article
presents data that show changes in the taxonomic composition of the Barsakelmes flora depending on
the detailed research and the expansion of the survey area after the addition of new cluster areas. Today,
the flora of the Barsakelmes reserve consists of 343 species and subspecies of vascular plants belong-
ing to 51 families and 197 genera. The reserve contains plant species included in the Red Data Book
of Kazakhstan: Tulipa biflora Pall., T. borszczowii Regel., Atriplex pratovii Sukhor., Schoenoplectus
litoralis subsp. kasachstanicus (Dobrochot.) Sojak (S. kasachstanicus Dobroch.), Nymphoides peltata
(S.G. Gmel.) Kuntze. Also, 13 endemics of Kazakhstan are found on the territory: Artemisia scopiformis
Ledeb., A. quinqueloba Trautv., A. aralensis Krasch., A. camelorum Krasch., Atriplex pungens Trautv.,
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Petrosimonia hirsutissima (Bunge) lljin ex Pavlov, Calligonum crispatum (Litv.) Mattei, C. palibinii Mat-
tei, C. humile Litv, C. spinulosum Drobow, Astragalus brachypus Schrenk ex Fisch. & C.A.Mey., Tulipa
borszczovii, Corispermum laxiflorum Schrenk. The article emphasizes the importance of the role of the
Barsakelmes Reserve in preserving not only rare and vulnerable plant species, but also all unique flora,
which plays a key role in maintaining ecosystem sustainability.

Key words: Barsakelmes, flora, nature reserve, endemics, rare species.
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BapcaKeAmec MEMAEKeTTIK TaOnu KOPbIFfbIHbIH, d)/\OpaCbl

bapcakeAmMec KOpbIFbIHbIH (PAOPACbl apUATI KAMMATTbIH KaTaA >KaraarAapbiHa OeliMAeAreH
BpaAyaH OCIMAIKTEp TypAepiHeH KypaAraH. bapcakeAamec Tabuen KopblFbl 1939 >KbiAbl KYpPbIAFaHHAH
6actan TypaH >Ka3blFbl COATYCTIK LUOAAEPIHIH OMOAAYaHADIK, MeH AAHAWAMTTbI KYPbIAbIMbIHBIH, 3Ta-
AOHbI PETIHAE 3KOXKYMEAEepPAl TabUFKM XKarFaaiaa KOPFayAbl KaMTamachi3 etyae. 2006 >XKbIAbl TEPPUTO-
pusra Apaa TeHi3iHiH KypraraH TabaHbl MeH KackakyAaH y4acKeci KOCbIAFAHHAH KeRiH KOpPbIK, ayMarbl
keHerai. AA, 2020 xbiAbl KopblkKa Cbipaapust e3eHiHin, Kiwi Apaa TeHiziHe KyaTbiH GeAirinae opHa-
AacKaH aymarbl 2300 rektapaaH TypaTtbiH «AeAbTa» ydyackeci Kocbiaabl. CarkeciHwe, bapcakeamec
KOPbIFbIHbIH (hAOpPAChI ©3repicke yiiblpaabl. ByA Makaraaa 3epTTey KYMbICTApbIHbIH, erKen-TerskenAi-
riHe >KeHe »KaHa KAACTEPAIK YYaCKeAepAiH KOCbIAYbIHbIH HOTUXKECIHAET | 3epTTey ayMarblHbIH KEHEloiHe
6anAaHbICTbl (PAOPaHbIH TAKCOHOMMSIABIK, KYPaMbIHAAFbI ©3repiCTePAI KOPCETETIH MOAIMETTED KEATI-
piareH. Kasipri kesae bapcakeamec KopbifblHbIH, hAopachkl 51 TyKbiMAac skoHe 197 TybicKa »KaTaTbiH
TYTIKTi ©CIMAIKTEPAIH 343 Typi MeH TyplueaepiHeH Typaabl. KopbikTa KasakcraHHbiH Kbi3biA KiTabbiHa
EHri3iAreH KeAeciaen eciMAik TypAepi kesaeceai: Tulipa biflora Pall., T. borszczowii Regel., Atriplex
pratovii Sukhor., Schoenoplectus litoralis subsp. kasachstanicus (Dobrochot.) Sojak (S. kasachstanicus
Dobroch.), Nymphoides peltata (S.G. Gmel.) Kuntze. CoHbiMeH KaTap, KOpbIK, aymarbiHAa KasakcTaH-
HbIH, 13 3HAemMUri eceai: Artemisia scopiformis Ledeb., A. quinqueloba Trautv., A. aralensis Krasch.,
A. camelorum Krasch., Atriplex pungens Trautv., Petrosimonia hirsutissima (Bunge) Iljin ex Pavlov,
Calligonum crispatum (Litv.) Mattei, C. palibinii Mattei, C. humile Litv, C. spinulosum Drobow, Astragalus
brachypus Schrenk ex Fisch. & C.A.Mey., Tulipa borszczovii, Corispermum laxiflorum Schrenk. bya ma-
KaAaAa KOXKYME TYPaKTbIAbIFbIH KaMTaMachl3 eTyAe epekile POA aTKapaTbiH ayMakTbiH Gipereit hAao-
pacblH cakTayAarbl bapcakeAMec KopbIFbIHbIH MaHbI3AbIAbIFbIHA arpblKLla Ha3ap ayAapbIAFaH.

Tyiin ce3aep: bapcakeamec, haopa, TabuFn KOPbIK, SHAEMUKTEP, CUPEK TYPAEP.

BBenenune

3anoBeaHuk bapcakenbMec, pacroyioKeHHBIH
B ApUJHOM DPETHOHE, SIBISETCS Ba)KHBIM YYacTKOM
NPUPOJIBI C YHUKaIBHBIM OuopasHooOpaszuem. He-
CMOTpsI Ha TO, YTO ITyCTHIHHBIE TEPPUTOPHU XapaK-
TEPU3YIOTCS OTHOCUTEIHFHO MEHBIITUM KOJTMYECTBOM
BHJIOB, OHM MMEIOT BBICOKHH ypOBEHb JHIEMH3Ma,
MO3TOMY TOTEpsl BUAA Ha 3aCyIUIUBBIX 3E€MIISX
npeacTaBiIseT coOoi ropasao 0osee BHICOKUI Ipo-
HEHT MOoTepH OMOpa3HOOOpa3usi MO CPaBHEHUIO C
Oonee OorareiMu Bugamu pernonamd [ 1, 2]. Coxpa-
HEHHE MPUPOJIBI HA STUX APUIHBIX 3€MJISIX UMEeT
pelIaroniee 3Ha4CHUE, MOCKOJIBKY OHM OCOOEHHO
YS3BUMBI K MU3MEHEHHIO KJIMMAaTa U aHTPOIIOr€HHOM
JIesITeIbHOCTH [3].

B Ortuere o riobaibHOW OlLiGHKE OMOpPa3HO-
00pa3usi U SKOCHCTEMHBIX YCIyr MeXnpaBUTENb-
CTBCHHOW  HayYHO-TIOJIUTHUECKOH  IIaT(OpPMBI

o O6rnopa3zHOOOPa3HI0 M IKOCUCTEMHBIM yCIyram
(The Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services) 3a 2019
roJl TOAYCPKUBACTCS, UYTO OWOpa3zHOOOpa3me 3a-
CYIIUIMBBIX 3€Melb ObLIO YTPaue€HO B TMPOILJIOM
BEKE CO CKOPOCTBHIO, HEBHJIAHHOW CO BPEMEHH I10-
CJICZIHET0 MacCOBOT'0 BEIMUPAHUS, TPOU3OLIC IO
66 MIITHOHOB JIeT Ha3ax [4, 5]. HemaBuwmii anamm3
[IOKA3bIBACT, YTO 3aCYIUIMBBIC 36MIIU MOTYT TIOJ-
BEpraTbCsi Pa3iMuHbIM TTIOPOTOBBIM «IIEPEIIOMHBIM
MOMEHTaM», OCOOEHHO B OTHOIICHHM KJIMMaTa, a
YyBCTBHUTEIBHOCTh K OCaJKaM M TeMIlepaType Mo-
JKET OBITh HAMHOTO BBINIE, YEM IPEAINOIAraioch
panee [6].

3anoBenuuk bapcakenbmec moaBeprcst Hau-
OOJBITTIM M3MEHEHHUSAM CPEIH BCEX 0CO00 OXpaHs-
EMBIX MPUPOIHBIX TeppuTopuii Kazaxcrana. Beichl-
XaHUuEe ApPaTbCKOTO MOPS TIPUBENIO K 00BEIMHCHHUIO
OCTPOBA C BOCTOYHBIM TOOEPEIKBEM, U HA BBICOXIIIEM
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JIHE ApalbCKOro MOPSI MOXXKHO OTMETUTh YHUKAIb-
HBIE TIPOIIECCHI CYKIIECCUN PACTUTEILHOCTH [7].

B pexoMeHnganuax 1no JOCTHKEHUIO LENEH, U3-
JIO’)KEHHBIX B TJIO0AJIBHON MpOrpaMMe COXpaHeHUs
ounopazHooOpa3ust Ha nepuoj nocie 2020 roma B
pamMkax KoHBeHIIMM 0 OMOJIOTHYECKOM pa3zHooOpa-
3UM, OTMEYAETCs, YTO C HAYYHOH CTOPOHBI OYEHb
BXKHO CO37aHUE 0a3bl JaHHBIX 110 OMOpa3HOOOpa-
3Ul0 apuaHbIX 3eMenb [8]. COOTBETCTBEHHO, HC-
cnenoBanue (mopsl bapcakenpmec sBisgeTcs 04eHb
B2)KHBIM U aKTyaJIbHBIM Ha CETOJHSIIHUH JICHb.

C momenTa ocHoBauus B 1939 romy mpupoaubIi
3amoBeJHUK bapcakenbMec oOecreurBan OXpaHy
3KOCHUCTEM CEBEPHBIX IIyCThIHb TypaHCKOW HU3MEH-
HOCTH B €CTECTBEHHOM COCTOSIHWH, SBIISSCH ATAJIO-
HOM JaHIa(THOHN CTPYKTYpHI M OMOpa3HO0Opas3us
[7].

[lepBrlii criucok ¢uIopbI 3aMOBeTHUKA BKITIOYAI
130 BugoB pactenuii u3 27 cemericts [9]. MHoro-
JIETHHE UCCIIe0BAaHUs dKCTIequn JIeHuHTpaicKo-
ro mejaroruueckoro nHcturyta uM. A.M. I'eprena
moa pykoBoxctBoM JILA. Ky3HemoBa mO3BONHIN
BBISIBUTH 257 BHAOB, OTHOCAIIUXCSA K 46 ceMeli-
ctBam u 172 pomam [10]. B nanpHelimem K 3ToMy
CIHCKY ObUTH 100aBJICHBI HOBBIE BU/IBI, 38 CUET YETO
(hb1opa cocyauCThIX pacTeHUIl 3alOBETHUKA COCTa-
Buia 278 BuaoB u3 51 cemeiictea u 174 ponos [11].

C 2006 rona 3armoBeIHAK CTajl CyIIECTBOBATH B
HOBBIX TPAHUIIAX, K TEPPUTOPHH OBIBIIIETO OCTPOBA
MIPUCOEANHIIA OCYIIEHHOE JHO MOpS M y4YacTOK
«Kackakynan». Ilo cocrosnuio nHa 2007 rox Ha
JBYX KJIACTEPHBIX ydacTKax 3arlOBEJIHUKA OBLIO 3a-
peructpupoBaHo 298 BUIOB COCYAUCTHIX PACTCHUM,
otHoCcsmuxcs k 50 cemeiictBam u 176 pomgam [12].
Ha yuactke bapcakensmec 06110 yureHo 260 BUIOB,
Ha Kackakymane (Bkimtouast Tokman) — 128 Bunos. B
CIIEKTpE BEIyLINX CEMEUCTB peodiaany npeacTa-
BHTEJIHM MapeBbIX (aMapaHTOBBIX ), CJIOKHOIBETHBIX,
KPECTOIBETHBIX, 3JIAKOBBIX, TPEUYUIITHBIX, 00OOBBIX,
OypaYHUKOBBIX, IIOTUKOBBIX, JTMICHHBIX. Hanbomee
kpynHble poasl: Calligonum (16 BunoB), Artemisia
(11), Atriplex (11), Astragalus (8), Strigosella (7),
Salsola (6), Climacoptera (5). lns 3toro crnmcka
MIPOBEJICH TaKCOHOMHYECKHUH, Omomopdomornye-
CKHUi1 1 reorpaUuecKuil aHamus.

[TocranoBnennem IlpaButensctBa Pecmy0mu-
ku Kazaxcran Ned84 ot 29.07.2020 rona x bapca-
KEeITbMECCKOMY TOCYAapCTBEHHOMY TIPHUPOIHOMY
3aIl0BEJHHUKY OB MPUCOSAMHEH y4acTOK «/JlempTa»
(2300 ra), pacmonOKEHHBI Ha MECTE BIAIACHI
pexu Coipnapus B Manoe Apanbckoe Mope. Takum
o0Opa3oM, oOIast IIToMaAb 3aOBEHIKA COCTaBUIIA
163 126 ra. /lensta pexu Colpapuu Mo 3HaYNMOCTH

20

3aHUMAaEeT YETBEPTOE MECTO CPEAH BOAHO-O0IOTHBIX
yroamii Kazaxcrana u yHHUKanbHa CBOUM OHOpPa3HO-
obpasuem. B 2012 rony Masoe Apanbckoe Mope u
nenbta pekn ChIpAaphs BOIUIN B CIIHUCOK BOJHO-00-
JIOTHBIX YTOAWH MHUPOBOTO 3HAYECHUS, OXPaHSIEMbIX
MexayHaponHoil Pamcapckoit xonBenmmein [13].
BonHo-00m0THEIE yrofbsi MMEIOT OOJIbIIOE 3HA-
YeHHe KaK MeCTa THE3/J0BaHUS BOJOILIABAIONINX
NTHII, MECTA OTABIXA MEPEICTHHIX MTHII U HEPECTH-
nara peio [7].

®rnopa aBanaenbTh ChIpapyuu U IpUIIeTralonien
Tepputopun Ob1a odcienoBana B 2011 romy. Crim-
cok coctaBui 112 BUIOB COCYAMCTBHIX pacTEHUN U3
35 cemetictB u 82 ponoB [14]. Bexymiue cemeiicTBa
PacroIOokKeHbI B CIeIyIOIIEN OCIeI0BATEIbHOCTH:
MapeBble (aMapaHTOBBIE), ACTPOBBIE, 37IAKOBBIE, 00-
OOBBIC, OCOKOBBIC, T'PEUHILHBIC, IPEOCHIINKOBBIC,
KpPECTOI[BETHBIE.

Llenp HAmMX HCCIENOBaHUI COCTOsUIA B TOJ-
TOTOBKE HOBOTO CIHUCKa (IIOPHI, BKIIOYAIOIIETO
BCE KJIACTEPHBIE YYaCTKH 3amoBeHuka. s qoctu-
KEHHS ATOW IETH PellanCh CIEAYIONNe 3a/Iaun:
MIPOBECTH aHAIN3 BCEX JIUTEPATYPHBIX U (DOHIOBBIX
MaTepUaIoB; COCTABUThH HOBBIH CIIHCOK; JaTh XapaK-
TEPUCTHKY TAKCOHOMUYECKOTO COCTaBa (JIOPHI, BbI-
SIBUThH PEJIKME W SHJCMUYHBIC BUBI; OCYIIECTBUTh
OoroMophoIornuecKui, 9KOMOP(OJIOTMYECKHH,
reorpaM4IecKuii aHaInu3; MOKa3aTh TII00ATBHYIO U
PETHOHANIBHYIO YHUKAIBHOCTH TEPPUTOPHUH.

OcHOBHAA YaCTh

Hogslit (hnopucTHdecKuii CIIMCOK 3aIMOBETHUKA
BapcakenbmMec cocTaBiIeH ¢ y4€TOM BHOBOTO pas-
HOOOpa3usi TpeX KIACTEPHBIX YYaCTKOB, JETallb-
HOTO 00CTIeIOBAHMS aBaHACNbTHI IPU MTPOBEJICHUH
MOHHUTOPUHTA BOJHO-0OJOTHBIX yroauii B 2013,
2015, 2017 un 2021 ronxer [15, 16], oOHapyxeHus
HEKOTOPBIX HOBBIX BHJOB Ha KOPEHHOM Oepery
Bapcakenbmeca u npuierammnien mojaoce ocyueH-
Horo aHa Mopsi. Panee TakcoHoMu4eckasi mpuHa-
JIE)KHOCTh K CEMEHCTBaM, poJiaM M BUIaM OTIpese-
nsnack o ceojsike C.K. Yepenanonra (1995) [17]. B
HacTosIel paboTe MpoBeIeHbl HOMEHKIATYpHBIC
U3MEHEHHUs ceMeicTB. s onpeneneHus poaoBoi
Y BUJIOBOM MPUHAJIJIC)KHOCTH UCIIOIb30BaH MHTEep-
Het-pecypc POWO (Plants of the World Online)
[18]. dns poma Calligonum L. 6p11a UCTIONH30Ba-
Ha HOMEHKJIaTypa, npuHsTas Bo «Diope Kazax-
crana» [19]. Droii e MO3UINHN TPHUIEPKUBATIACh
JI.A. Kypouxuna [20].

®nopa 3anoBeAHMKa bapcakenbmec Ha Cco-
BPEMEHHOM 3Tane COCTOUT u3 343 BUIOB U MOI-
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BUJIOB COCYAUCTBIX PAacTEHHUH, OTHOCSIIUXCS K 51
cemerictBy u 197 pomam. K BemymmmM cemeiicTBam
OTHOCSTCSI: aMapaHToBble (Amaranthaceae Juss.),
actpoBble (Asteraceae Bercht. & J.Presl), Mstmuko-
BbIe (Poaceae Barnhart), kamycthble (Brassicaceae

Burnett), rpeunmnasie (Polygonaceae Juss.), Mo-
TBUTBKOBBIE  (Fabaceae Lindl.), OypadHuKOBBIC
(Boraginaceae Juss.), ocokoBeie (Cyperaceae
Juss.), motukoBeie (Ranunculaceae Juss.), BBIOHKO-
Bbie (Convolvulaceae Juss.) (Tabnuma 1).

Taomuma 1 — Benymuie cemeiicta (ropsl 3amoBeinnka bapcakenbsmec

CewmelicTBa Yucno poioB Yucio BUIOB % OT 00111eT0 YKCiIa BUIOB
Amaranthaceae 29 60 17,5
Asteraceae 27 44 12,8
Poaceae 20 30 8,7
Brassicaceae 19 30 8,7
Polygonaceae 6 24 7
Fabaceae 13 23 6,7
Boraginaceae 10 11 32
Cyperaceae 5 11 3,2
Ranunculaceae 5 8 2,3
Convolvulaceae 3 6 1,7

Benymue ponset: Calligonum (16 Bumos),
Artemisia (11), Atriplex (11), Astragalus (8),
Strigosella (6), Tamarix (5), Corispermum (5),
Climacoptera (4), Petrosimonia (4), Schoeno-
plectus (4), Stipa (4), Allium (4), Polygonum

(4), Ferula (4), Lepidium (4), Convolvulus (4),
Ranunculus (4).
®dnopa kiacTepHOro ydacrtka bapcakenbmec

BKJIIOYaeT 265 BunoB, Kackakymnan — 143, Jlenbta —
151 (Tabmnwma 2).

Tadmuua 2 — Criucok cocyaucThIX pacTeHui 3anoseanuka bapcakensmec

MecroHaxoxaeHHe (K1acTepsl)
CewmeiicTBa /Bupl K]iii;: i iiil:;_ BEYV
Alismataceae Vent. — YacTyxoBbIe
Alisma gramineum Lej. — YacTyxa 3makoBas + - -
Alisma plantago-aquatica L. — Y. momopoxHIKOBAsI - - +
Amaryllidaceae J.St.-Hil. — AmapuincoBsie
(Brumrouas Alliaceae J. Agardh — JIykoBeie)
Allium caspium (Pall.) M.Bieb. — JIyk kacimiickuii + + -
A. inderiense Fisch. ex Bunge — JI. nnnepcknit + - -
A. sabulosum Stev ex Bunge — JI. necuansIit + + +
A. schubertii Zucc. — J1. Uly6epra + + +
Amaranthaceae Juss. — AmapaHTOBBIC
(Brurouast Chenopodiaceae Vent. — Mapesebie)
Amaranthus albus L. — lupuna Oenas + - -
Anabasis aphylla L. — Anaba3znc 6e31uCTHBII (UTCHTEK)
A. salsa (Ledeb.) Benth. ex Volkens — A. conon4akoBblii (0HIOPryH) + + +
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Ipooonscenue mabauywvl

MecronaxoxeHne (KIacTepsl)

CewmetictBa /Bunst K]Ziifzc II(;;I;?{_ BEY
Atriplex aucheri Moq. — JIebena Orre + - +
A. cana Ledeb. — J1. cenas (kokrek) + - -
A. littoralis L. — J1. npubpexuas - + R
A. micrantha Ledeb. — JI. menxorBeTkoBas - + -
A. oblongifolia Waldst. & Kit. — JI. mpononroBaronucTas + - -
A. ornata ljin — JI. ykpatieHHas + + -
A. pratovii Sukhor. — JI. IIparosa + + +
A. pungens Trautv. — J1. xonroyas + - +
A. sagittata Borkh. — JI. CtpenoBunHas + +
A. sphaeromorpha ljin — J1. mapoo6pa3sHas - + +
A. tatarica L. —J1. Tatapckas + - +
Bassia hyssopifolia (Pall.) Kuntze — baccust uccononuctras + + +
B. odontoptera (Schrenk) Freitag & G. Kadereit (= Kochia odontoptera Schrenk) — b. N N )
3yOuaToxpslias
B. prostrata (L.) Beck (= Kochia prostrata (L.) Schrad.) — b. mpocTeprast (n3eHb) + + +
Bienertia cycloptera Bunge — Bunepiiust okpy»KHOKpbLIast + - -
Caroxylon“nitmrium (Pall.) Akhani & Roalson (= Salsola nitraria Pall.) — ConstHoYHUK n n N
HATPOHHBIH
Caroxylon orientale (S.G.Gmel.) Tzvelev (=Salsola orientalis S. G. Gmel.) — C. N N N
BOCTOUHBIH (KeHpeyK)
Ceratocarpus arenarius L. (= C. utriculosus Bluket ex Krylov) — Poraud necuansrii n n N
(20erek)
Climacoptera aralensis (1ljin) Botsch. — KinuMakontepa apaibckast + + +
C. crassa (M.Bieb.) Botsch. — K. msicucras - + -
C. ferganica (Drobow) Botsch. — K. ¢epranckas - + -
C. lanata (Pall.) Botsch. — K. mepctucras + -
Corispermum aralocaspicum 1ljin — BepOmrozka apano-kacruiickast + + +
C. ara{ocaspicum subsp. aralocaspicum Lam. (= C. orientale) — BepOmtonka apaso- ) N )
Kacruickast
C. hyssopifolium L. — B. uccononuctnas + + +
C. laxiflorum Schrenk — B. prIxionBseTkoBast - + -
C. squarrosum L. (= Agriophyllum squarrosum (L.) Moq.) — B. pactonbipenHas + + -
Girgensohnia oppositiflora (Pall.) Fenzl — I'upreHcoHust CynpoTHBHOIIBETKOBAs + +
Grubovia sedoides (Pall.) G. L.Chu (=Sedobassia sedoides (Pall.) Freitag & G. N i N
Kadereit, Bassia sedoides) — Cenodaccus OUNTKOBHIHAS
Halimocnemis karelinii Moq. — 'anumoxsemuc Kapenmnna + + -
H. sclerosperma (Pall.) C. A. Mey. — I'. TBepromionsbIit + - -
H. villosa Kar.&Kir — I'. MOXHaTbIi + - -
Halocnemum strobilaceum (Pall.) M.Bieb. — Capca3an munikoBarsIit + + +
Halogeton glomeratus (M.Bieb.) Ledeb. — I'anoreron cky4eHHbIi - + -
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TIpooonacenue mabauyvl

MecrtonaxoxaeHne (KIacTepbl)
CemetictBa /Bujib KE?{E;E:C i?};ﬁi BEY
Halostachys caspica (M.Bieb.) C.A.Mey. (=Halostachys belangeriana (Moq.) Botsch.) N N N
— ConsiHokonocHUK benanxepoBckuit
Haloxylon ammodendron (C.A.Mey.) Bunge ex (= H. aphyllum (Minkw.) Iljin) — N N N
Cakcayi 9epHbIi
H. persicum Bunge — C. nepcunckuii (6esbrii) + + -
Horaninovia anomala (C. A. Mey.) Moq. — [opaHuHOBHSI HeTlpaBUIbHAS + - -
H. ulicina Fisch. & C. A. Mey. — I. ynexcoBuaHast + -
Kalidium caspicum (L.) Ung.-Sternb. — [Toramnuk kacnuiickuit - + -
K. foliatum (Pall.) Moq. — I1. onucTBeHHBIH + + +
Krascheninnikovia ceratoides (L.) Gueldenst. — TepeckeH poroBuaHblit + + -
Ofaiston monandrum (Pall.) Moq. — OdalicToH OTHOTEIYMHKOBBIH - + -
Oxybasis glauca (L.) S.Fuentes, Uotila & Borsch (=Chenopodium glaucum L.) — Mapsn N ) )
cuzasi
Petrosimonia brachiata (Pall.) Bunge — [leTpocuMOHHS CynpOTHBHOINUCTHAS + + +
P, hirsutissima (Bunge) Iljin ex Pavlov — I1. skecTkoBOIIOCHCTAsI + - +
P, squarrosa (Schrenk) Bunge — I1. orronbipernast + - +
P, triandra (Schrank) Rech. — I1. TpexTerauHKOBas + + +
Pyankovia brachiata (Pall.) Akhani & Roalson (= C. brachiata (Pall.) Botsch.) — K. N N N
CYIIPOTUBHOIUCTHASL
Salicornia europaea L. — Conepoc eBponeickuit + + +
Salsola australis (R.) Br. — ConsiHka roxHast + + +
S. paulsenii Litv. — C. I1aynbcena + + +
Soda foliosa (L.) Akhani — Coma MHOTOITHCTHASI + + +
Spirobassia hirsuta (L.) Freitag & G.Kadereit (Suaeda crassifolia Pall.) — Ciupobaccust N N N
BOJIOCHCTAS
Suaeda acuminata (C. A. Mey.) Moq.(=S. confusa Ilji) — CBena 3a0cTpeHHast + + +
S. microphylla Pall. — C. menkomucTHast - + -
Xylosalsola arbuscula (Pall.) Tzvelev (=Salsola arbuscula Pall.) — Consiaka N ) )
nepeBLeBUIHAS (OOSITBIY)
Apiaceae Lindl. — Cenbaepeiinbie
Ferula canescens (Ledeb.) Ledeb. — ®epyina cenoBaras + + +
F. karelinii Bunge — ®. Kapenuna - + -
F. lehmannii Boiss. — ®. Jlemanna + - -
F. nuda Spreng. — ®. ronast + - -
Turgenia latifolia (L.) Hoffm. — Typrenus mupokoaucTHas + - -
Apocynaceae Juss. — KyTpoBsie
(Bxmouas Asclepiadaceae R. Br. — JlacToBHEBbIC)
Apocynum venetum subsp. lancifolium (Russanov) ined. (= Trachomitum lancifolium i ) N
(Russanov) Pobed.) — KeHbIpb TaHIICHTOMHCTHBIH
Cynanchum acutum subsp. sibiricum (Willd.) Rech.f. — [{unanxym cubupckuit + + +
Asparagaceae Juss. — Ciap>keBbie
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Ipooonscenue mabauywvl

MecronaxoxeHne (KIacTepsl)

CewmelicTBa /Bubl Bapca- Kacka-

BbBY
KeJIbMEC KyJlaH

Asparagus breslerianus Schult. & Schult. f. — Cnapsxa bpecnepa + - -

A. persicus Baker — C. mepcunckas + - -

Asteraceae Bercht. & J. Presl — ActpoBbie

Amberboa turanica 1ljin — AmOepboa TypaHCcKas

Artemisia aralensis Krasch. — ITosiHb apanbekas

. arenaria DC — I1. necuanas

. camelorum Krasch — I1. BepOmonoB

. nitrosa Weber ex Stechm. — I1. cenutpsinast

. quinqueloba Trautv. — I1. geTpIpexgompdaTas

. santolina Schrenk — I1. canTonuaHas

. schrenkiana Ledeb. — I1. lllperkoBckas

. terrae-albae Krasch. — I1. 6enosemenbHas

. tomentella Trautv. — I1. TOHKOBOMIOUHAS

A
A
A
A
A
A. scopiformis Ledeb. — I1. npyTeeBUIHAS
A
A
A
A

. turanica Krasch. — I1. Typanckast

Carthamus gypsicola 11jin — Cadnop runcontoOuBbIi

Centaurea pulchella Ledeb. (= Hyalea pulchella (Ledeb.) C.Koch — Bacunek kpacuBblit

Chondprilla ambigua Fisch. ex Kar. & Kir. — Xonapuiiaa coMHUTETbHAS

Ch. brevirostris Fisch. & C. A. Mey. — X. KOpOTKOHOCHKOBAst

o e e e e T e e o o o A A o IS

Cichorium intybus L. — ILluxopuii 0ObIKHOBEHHBII

]
+

Cousinia affinis Schrenk ex Fisch. & C.A.Mey. — Ky3unus poacTseHHas

'
+

Crepis tectorum L. — Ckepaa KpoBesbHas

Echinops acantholepis Jaub. & Spach (=Acantholepis orientalis Less.) — AxaHtonenuc
BOCTOYHBII

Epilasia hemilasia (Bunge) C.B.Clarke — Dnuna3sust mosiyuiepcrictas - + +

Filago arvensis L. — JKabHuK moneBoit + - -

Gelasia tuberosa (Pall.) Zaika, Sukhor. & N.Kilian (=Scorzonera tuberosa Pall.) —
Ko3zenen xiryOHEHOCHBIIH

Jurinea cyanoides (L.) Rchb. — HaronoBarka BacuibkoBast + - -

Karelinia caspia (Pall.) Less. — Kapenuaus kactimiickas

+

Koelpinia linearis Pall. — Kenbniuuust quneitHas

Lactuca serriola L. — Jlaryk nukuit -

L. tatarica (L.) C. A. Mey. — JI. Tatapckuii

L. undulata Ledeb. — JI. BOIHUCTBIH

+ |+ |+
1

Matricaria chamomilla L. (= M. recutita L.) — Pomamika o6onpanHast

Pentanema britannica (L.) D.Gut.Larr., Santos-Vicente, Anderb., E.Rico & M.M.Mart.
Ort. (=Inula britannica L.) — Ilentanema 6putanckast (J{essicun GpuTanckuii)

P. caspicum (F.K.Blum ex Ledeb.) G.V.Boiko, Korniy. & Mosyakin (=/nula caspica
Blum ex Ledeb.) — I1. kacnmiickas (/leBscrn KacHiCKuii)
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JK.K. CanmyxanOetoBa u zip.

TIpooonacenue mabauyvl

CewmelicTBa /Bupl

MecrtonaxoxaeHne (KIacTepbl)

bapca-
KeJbMec

Kacka-
KyJIaH

BBY

Rhaponticum repens (L.) Hidalgo (=Acroptilon repens (L.) DC.) — PanionTHKYM
(ropyak) moszy4ui

+

Saussurea salsa (Pall.) Spreng. — I'. conon4yakoBas

Senecio glaucus subsp. coronopifolius (Maire) C.Alexander (=Senecio noeanus Rupr.) —
KpecToBHHK KOPOHOITYCOMUCTBIN

Sonchus arvensis L. — OcoT moneBoit

Takhtajaniantha pusilla (Pall.) Nazarova — Taxta/pKsiHUAHTa KpOIlIeUHasT

Taraxacum besarabicum (Hornem.) Hand.-Mazz. — OnyBanunk 6eccapabckuii

T. bicorne Dahlst. — O. nByporuit

T. monochlamydeum Hand.-Mazz. — O. 0fHOTIOKPOBHBIi

Tragopogon ruber S. G. Gmel. — Ko3no6opoqHuk KpacHBIiH

Tripolium pannonicum (Jacq.) Dobrocz. (= T. vulgare Nees) — AcTpa naHHOHCKas

Xanthium strumarium L. — JlypHUIITHIK OOBIKHOBEHHBIH

X. spinosum L. — J1. xomounit

Berberidaceae Juss. — bapbapucossie

Leontice incerta Pall. — JleoHTHIIa COMHUTEIbHAS

Biebersteiniaceae Schnizl. — bubeprireiinuensie

Biebersteinia multifida DC. — bubepruteifHus MHOTOHaJpe3aHHAs

Boraginaceae Juss. — BypaunukoBsie

Arnebia decumbens (Vent.) Coss. & Kral. — Apuebust mpocrepras

Asperugo procumbens L. — OcTtpuna nexadast

Buglossoides arvensis (L.) .M.Johnst. — Byrnoccounzec (BopoOeitHHK) MoeBoit

Heliotropium sibiricum (L.) J.1.M.Melo

+ |+ |+ ]+

Lappula marginata (M.Bieb.) Giirke (= L. semiglabra (Ledeb.) Guerke; L. patula
(Lehm.) Menyharth) — JIumyuka oxalimieHHas

+

L. spinocarpos (Forssk.) Asch. ex Kuntze — JI. xomouernognas

Leptorhabdos parviflora (Benth.) Benth. — JlenTopab10c MEIKOIIBETKOBBII

Nonea caspica (Willd.) G. Don — Hones kacnuiickast

Pseudoheterocaryum rigidum (A.DC.) (= H. rigidum A. DC.) — I'erepokapuii [lloBnma

Rochelia retorta (Pall.) Lipsky — Poxemnust corryTas

Suchtelenia calycina (C. A. Mey.) DC. — CyxTeneHus damieqHast

+ |+ |+ |+

Brassicaceae Burnett — KamyctHsie

Alyssum dasycarpum Stephan ex Willd. — Bypa4ok myIncTorioaHbli

A. desertorum Stapf — b. mycTHIHHBIH

Barbarea vulgaris W.T.Aiton — Cyperika 00bIKHOBEHHas

Capsella bursa-pastoris (L.) Medik. — [lactymbst cymka

Chorispora tenella (Pall.) DC. — Xopucnopa HexHas

Descurainia sophia (L.) Webb ex Prantl — leckypaitaus Copun

Diptychocarpus strictus (Fisch. ex Bieb.) Trautv. — JIBOSKOIUTOTHHUK TIPSIMON

Erysimum cheiranthoides L. — YenTyuiHuk 1eBKOHHBIN

N o e e N I
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q)nopa BapcaKeIIBMeCCKOFO TOCYAApCTBEHHOTO MPUPOAHOI'O 3alI0OBEITHUKA

Ipooonscenue mabauywvl

MecronaxoxeHne (KIacTepsl)
CewmetictBa /Bunst K]Ziifzc II(;;I;?{_ BEY
Euclidium syriacum (L.) W.T.Aiton — KpenkornnonHuk cupuiickuit + - -
Goldbachia laevigata DC. — T'onbn0axus miaakas + - +
Isatis gymnocarpa (Fisch. ex DC.) Al-Shehbaz, Moazzeni & Mumm. (=Tauscheria N i )
lasiocarpa Fisch. ex DC.) — Baiina onyiieHHOIIOAHAS
1. minima Bunge — Baiina manenbkas - + -
1 multicaulis (Kar. & Kir.) Jafri (=Pachypterygium multicaule (Kar. & Kir.) Bunge) — ) N )
Baiina MmHOTOCTEOCIBHBIN
Lepidium appelianum Al-Shehbaz (=Cardaria pubescens (C. A. Mey.) Jarm.) — . i )
KnonoBHUK MyImuCThIN
L. latifolium L. — KIIONOBHHK IIPOKOJIMCTHBIN + + -
L. perfoliatum L. — K. IpoH3eHHOIUCTHBIN + + +
Leptaleum filifolium (Willd.) DC. — JlentaneyMm HUTEITUCTHBIN + + -
Litwinowia tenuissima (Pall.) Woronow ex Pavl — JInTBHHOBUS TOHYaM A + - -
Malcolmia africana (L.) R.Br. (= Strigosella afiicana (L.) Botsch.) — ManbkonbsMust n n N
adpukaHcKas
Megacarpaea megalocarpa (Fisch. ex DC.) Schischk. ex B.Fedtsch. — KpymHoruionauk N i )
OOJIBIICTIIOHBIN
Meniocus linifolius (Stephan ex Willd.) DC. — TT70CKOMIOHUK JIbHOIUCTHBII + - -
Mutarda arvensis (L.) D.A.German (=Sinapis arvensis L.) — ['opunia nonesas + - -
Strigosella brevipes (Bunge) Botsch. — Ctpurosesia kKopoTkoHorast + - -
S. circinata (Bunge) Botsch. — C. 3aBuras + + +
S. intermedia (C.A.Mey) Botsch. — C. cpennsis + - -
S. hispida (Litv.) Botsch. — C. meTtunucras + - -
S. scorpioides (Bunge) Botsch. — C. ckopniroHOBUIHAS + + -
S. stenopetala (Bernh. ex Fisch.&C.A.Mey) Botsch.) + -
Tetracme quadricornis (Willd.) Bunge — UeTBepo3y0el 4eTbIpexporuit + - -
TI: recurvata Bunge — Y. 3aruyTelit - + -
Butomaceae Mirb. — CycaxoBbie
Butomus umbellatus L. — Cycak 30HTUYHBII - - +
Capparaceae Juss. — Kanepcosbie
Capparis spinosa L. — Kanepus! korrouane + - -
Caryophyllaceae Juss. — ['Bo3auuHbIe
Gypsophila paniculata L. — Kaunm meTenpuarsiii + - -
G. perfoliata L. — K. mpOH3CHHOIUCTHBIH + - +
Holosteum umbellatum L. — KocreHel 30HTUYHbBINA + - -
Sabulina regeliana (Trautv.) Dillenb. & Kadereit (=Minuartia regeliana (Trautv.) N N )
Mattf.) — Munyapuust Perens
Silene nana Kar. & Kir. — CMosneBKa KapaukoBast + - -
Ceratophyllaceae Gray — PoronucTHukoBbie
Ceratophyllum demersum L. — PoronncTHuK norpy»EéHHbIH - - +
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JK.K. CanmyxanOetoBa u zip.

TIpooonacenue mabauyvl

MectoHaxoxaeHHE (KIacTephl)
Mei - -
CewmeiictBa /Bupt Kliipl);ae i If(ii‘;i BEY
K. foliatum (Pall.) Moq. — I1. onucTBeHHBII + + +
Krascheninnikovia ceratoides (L.) Gueldenst. — TepeckeH pOroBUIHBII + + -
Ofaiston monandrum (Pall.) Moq. — OdalicToH OTHOTEIYMHKOBBIH - + -
Oxybasis glauca (L.) S.Fuentes, Uotila & Borsch (=Chenopodium glaucum L.) — Mapn N ) )
cuzast
Petrosimonia brachiata (Pall.) Bunge — [leTpocuMOHHS CynpOTHBHOINUCTHAS + + +
P, hirsutissima (Bunge) Iljin ex Pavlov — I1. skecTkoBOJIIOCHCTAsI + - +
P, squarrosa (Schrenk) Bunge — I1. orronbipeHHast + - +
P, triandra (Schrank) Rech. — I1. TpexThrauHKOBas + + +
Pyankovia brachiata (Pall.) Akhani & Roalson (= C. brachiata (Pall.) Botsch.) — K. N N N
CYNpPOTHBHOIMCTHAS
Salicornia europaea L. — Conepoc eBponeiickuit + + +
Salsola australis (R.) Br. — ConstHka 10xHast + + +
S. paulsenii Litv. — C. I1aynbcena + + +
Soda foliosa (L.) Akhani — Coza MHOTOIHCTHASI + + +
Spirobassia hirsuta (L.) Freitag & G.Kadereit (Suaeda crassifolia Pall.) — Cnmpobaccust N n n
BOJIOCHCTAS
Suaeda acuminata (C. A. Mey.) Moq.(=S. confusa Ilji) — CBena 3aocTpeHHast + + +
S. microphylla Pall. — C. menxomucTHast - + -
Xylosalsola arbuscula (Pall.) Tzvelev (=Salsola arbuscula Pall.) — Consiaka N ) )
nepesleBraHas (OOSUTBIY)
Apiaceae Lindl. — Cenpaepelinbie
Ferula canescens (Ledeb.) Ledeb. — ®epyna cenopatas + + +
F. karelinii Bunge — ®@. Kapenuna - + -
FE lehmannii Boiss. — ®. Jlemanna + - -
F. nuda Spreng. — ®. ronas + - -
Turgenia latifolia (L.) Hoffm. — Typrenus mmpokomucTHast + - -
Apocynaceae Juss. — KyTpoBsie
(Bruttouast Asclepiadaceae R. Br. — JlactoBHEBBIC)
Apocynum venetum subsp. lancifolium (Russanov) ined. (= Trachomitum lancifolium i ) N
(Russanov) Pobed.) — KeHabIph JTaHIICHTONUCTHBIH
Cynanchum acutum subsp. sibiricum (Willd.) Rech.f. — [{unanxym cubupckuit + + +
Asparagaceae Juss. — CriapxeBbie
Asparagus breslerianus Schult. & Schult. f. — Cnapsxa bpecnepa + - -
A. persicus Baker — C. nepcunckas + - -
Asteraceae Bercht. & J. Presl — ActpoBbie
Amberboa turanica 1ljin — AmGep6oa TypaHckast + - -
Artemisia aralensis Krasch. — [TonbiHb apaibckast + - -
A. arenaria DC — I1. necuanas + - +
A. camelorum Krasch — I1. BepOironoB + - -
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q)nopa BapcaKeIIBMeCCKOFO TOCYAApCTBEHHOTO MPUPOAHOI'O 3alI0OBEITHUKA

Ipooonscenue mabauywvl

MecronaxoxeHne (KIacTepsl)

CewmelicTBa /Bubl Bapca- Kacka-

BbBY
KeJIbMEC KyJlaH

Convolvulaceae Juss. — BoloHKoBBIE
(Bxumrouas Cuscutaceae Dumort. — [ToBHIIHKOBBIE)

Calystegia sepium (L.) R. Br. — I[ToBoii 3a00pHBIii - - +

Convolvulus arvensis L.- BbIOHOK 110JIEBO#

C. erinaceus Ledeb. — B. exoBbIit

+ |+ |+
+
+

C. fruticosus Pall. — B. kycTapHHKOBBIIT

C. subsericeus Schrenk ex Fisch. & C.A.Mey. — B. cenoarsrit - + +

Cuscuta campestris Yunck. — [Topuirka moneBast + - -

Cyperaceae Juss. — OcokoBbie

Bolboschoenus maritimus (L.) Palla — KiryGHekaMbI MOpCKOi + -

B. planiculmis (F.Schmidt) T.V.Egorova — K. paBHOBepXyIlICUuHbIit - - +

Carex pachystylis J.Gay — O. ToncTOCTONONKOBAS + + -

Carex stenophylla subsp. stenophylloides (V.1.Krecz.) T.V.Egorova (= C. dimorphotheca
Stshegl.) — Ocoka y3konucTHas

Cyperus fuscus L. — CbITb Oypast - +

Eleocharis acicularis (L.) Roem. & Schult. — Bonorana uromsaaras - -

E. argyrolepis Kierulff — BonoTHuma cepedpucto-uennyiiHas + - -

Schoenoplectus lacustris (L.) Palla — (= Scirpus lacustris L.) CxeHOTIIEKTyC (KaMBbIIII)
03€pHbII

Sch. litoralis (Schrad.) Palla (= Scirpus litoralis Schrad.) — C. mpubpexHubIit - - +

Sch. litoralis subsp. kasachstanicus (Dobrochot.) Sojak (= S. kasachstanicus Dobroch.)
— CXCHOIUIEKTYC Ka3aXxCTaHCKHI

Sch. tabernaemontani (C.C. Gmel.) Palla (= S. tabernaemontani C. C. Gmel.) — C.
TabepHeMoHTaHA

Elaeagnaceae Juss. — JloxoBbie

Elaeagnus angustifolia L. (= E. oxycarpa Schlecht.) — JIoX y3KOTUCTHBII - - +

Ephedraceae Dumort. — Ddeaposeie

Ephedra distachya L. — Ddenpa aByxxonockopas + - -

E. intermedia Schrenk & C. A. Mey. — 3. cpenusis + - -

E. strobilacea Bunge — D. mMIIkoHOCHas + - -

Fabaceae Lindl. — MoTBUIBKOBBIE

Alhagi pseudalhagi (M.Bieb.) Desv. ex Wangerin — BepOroxbst KOJTIOUKa JT0KHAS + + +

Ammodendron bifolium (Pall.) Yakovlev — [lecuanas akamusi qByIHCTHAS - -

Astragalus ammodendron Bunge — Actparai neckoapes

A. brachypus Schrenk ex Fisch. & C.A.Mey. — A. KOPOTKOHOTHIA

A. oxyglottis Steven ex M.Bieb. — A. ocTporutonHslit

+
+
A. lehmannianus Bunge — A. Jlemana +
+
+

A. pallasii Biehler (=A4. lasiophyllus Ledeb.) — A. MOXHaTOTHCTHBII

A. scabrisetus Bong. — A. )K€CKOBOJIOCHUCTBII -

L+ |+ ]+ |+
1

A. turczaninowii Kar. & Kir. — A. TypyanuHoBa -
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JK.K. CanmyxanOetoBa u zip.

TIpooonacenue mabauyvl

MecrtonaxoxaeHne (KIacTepbl)

CemetictBa /Bujib K]zipbigc i?};ﬁi BEY
A. vulpinus Willd. — A. mucwuii - + -
Caragana grandiflora DC. — Kaparana KpyImHOLIBETHasI + - -
Eremosparton aphyllum (Pall.) Fisch. & C.A.Mey. — DOpeMocnapToH Oe3IUCTHBIN + + +
Glycyrrhiza aspera Pall. — Conoaxa mepoxoBarast + - -
G. glabra L. — C. ronas - - +
Caragana halodendron (Pall.) Dum.Cours. (=Halimodendron halodendron (Pall.) Voss.) n ) N
— Kaparana cepebpucrast
Lotus frondosus Freyn — JIsaBeHer ryCTOOIMCTBEHHBII - - +
Medicago medicaginoides (Retz.) E.Small. (= Trigonella arcuata C. A. Mey.) — N N )
JlrouepHa (MaXKMUTHHK) TyrooOpasHas
M. orthoceras (Kar. & Kir.) Trautv. (= T. orthoceras Kar. et Kir.) — JI. mpsimoporast + + -
Melilotus albus Medik. — JlonHuK OebIit - - +
M. officinalis (L.) Lam. — JIOHHHK JIeKapCTBEHHBIN + -
Sophora conollyi (Bunge ex Boiss.) M.Liao & Bo Xu (= Ammodendron conollyi Bunge) N ) )
— Cotopa Konosmu
Sphaerophysa salsula (Pall.) DC. — Cepodusa conoHuakopas - - +
Vicia hyrcanica & C.A.Mey. — I'opomiek rupkaHCKuit + - -
Frankeniaceae Desv. — @paHkeHHUEBBIC
Frankenia hirsuta L. — ®paHKeHHs ’KECTKOBOIOCHCTAS + + +
F pulverulenta L. — ®. my4Hucras + - -
Geraniaceae Juss. — ['epanneBble
Erodium oxyrhinchum M.Bieb. — XypaBenbHHK 0CTPOHOCHII + - -
Geranium linearilobum DC. (=Geranium transversale (Kar. & Kir.) Vved.) — I'epanb N ) )
TIOTIEPEYHOKITyOHEBAs
Haloragaceae R. Br. — CnanosroqHuKoBEIe
Myriophyllum spicatum L. — YpyTb KonoCKOBast - - +
Hydrocharitaceae Juss. — BogokpacoBsie
Najas marina L. — Hasina Mmopckast - - +
Vallisneria spiralis L. — BannucHepus ciipaibHast - -
Iridaceae Juss. — Mpucosbie
Iris songarica Schrenk ex Fisch. & C.A.Mey. — Upuc mxyHrapckuit + - -
Juncaceae Juss. — CHUTHUKOBBIE
Juncus gerardi Loisel. — Cutauk Xepapa - - +
J. jaxarticus V.1.Krecz. & Gontsch. — C. ceiprappiHCKHI + - -
J. ranarius Songeon & E.P.Perrier — C. nsarymaunii +
Ixioliriaceae Nakai — IkcroanproHOBbIE
Ixiolirion tataricum (Pall.) Schult. & Schult.f. — kcuonupuon tarapckuii + - +
Lentibulariaceae Rich. — [Ty3bipyaTkoBbie
Utricularia vulgaris L. — Ily3pipuaTka 0OBIKHOBEHHAS - - +

Liliaceae Juss. — JIuneiinsie
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q)nopa BapcaKeIIBMeCCKOFO TOCYAApCTBEHHOTO MPUPOAHOI'O 3alI0OBEITHUKA

Ipooonscenue mabauywvl

MecronaxoxeHne (KIacTepsl)

CewmetictBa /Bunst K]Ziifzc II(;;I;?{_ BEY
Gagea kunawurensis (Royle) Greuter (= Gagea ova Stapf) — ['yCHHBIH JTyK SHIIEBUTHBIH + - -
G. reticulata (Pall.) Schult. & Schult. f. — I'. 1. ceTuarsrit + + -
Fritillaria karelinii (Fisch. ex D.Don) Baker (= Rhinopetalum karelinii Fisch. ex D. N i N
Don) — Ps6unk Kapenuna
Tulipa biflora Pall. — Tronpnan AByLIBETKOBBII + + -
T. borszczowii Regel. — T. bopioa + + -
Lythraceae J.St.- Hil. — [lepoeHHUKOBBIC
Lythrum salicaria L.— JlepOeHHUK HBOTHCTHBII - - +
L. tribracteatum Salzm. ex Spreng. — JI. TpeXIpHUIIBETHUKOBBIH + - -
L. virgatum L. — JI. 1pyTOBUIHBIN - - +
Malvaceae Juss. — MasibBoBbIe
Malva neglecta Wallr. — ManbBa nipeHeOpeskeHHAS + - -
Menyanthaceae Dumort. — BaxToBsie
Nymphoides ]ieltata (S.G.Gmel.) Kuntze. — BonoTHouBeTHUK (HUM(EHHUK) ) i N
LU TOIUCTHBII
Nitrariaceae Lindl. — CenurpsiHKOBEIC
(Bxirouast Peganaceae (Engl.) Tiegh. ex Takht. — [Teranossie)
Nitraria schoberi L. — Cenntpsiaka [1lobepa
Peganum harmala L. — T'apmana oObIKHOBEHHasI (apacmaH) + + +

Orobanchaceae Vent. — 3apa3uxoBbie

Cistanche salsa (C.A.Mey.) Beck (=Cistanche ambigua (Bunge) G.Beck) — Llucranxe

+ + -
COMHHTEJIbHAS
C. flava (C.A.Mey.) Korsh. — 1. xxenras + - -
Orobanche cernua Loefl. — 3apazuxa noHukimas + - -
Papaveraceae Juss. — MakoBsle
(Bximrowast Fumariaceae DC. — [lsimsiakoBere, Hypecoaceae Nakai — ['umexoBsre)
Corydalis schanginii (Pall). B. Fedtsch. — Xoxnarka [llanruna + - -
Fumaria vaillantii Loisel. — JIpimsinka Baiiana + - -
Hypecoum penvdulum var. pendulum (= H. parviflorum Kar. et Kir.) — T'unekoym N N )
BHUCJIOTUIOHBIN
Roemeria hybrida (L.) DC. — Pemepus rubpuanas + - -
R. pavonina (Schrenk) Banfi, Bartolucci, J.-M.Tison & Galasso (=Papaver pavoninum N i )
Schrenk) — P. maBnmuHHas
R. refracta DC. — P. otornyras + - -
Plantaginaceae Juss. — [TomoposkHHKOBEIE
Plantago minuta Pall. — [TogopoXHUK MaleHbKUI - + -
P. tenuiflora Waldst. & Kit. — I1. MenKOLIBETKOBBII + - -
Veronica campylopoda Boiss. — BepoHrka KpuBOHOTast + - -
Plumbaginaceae Juss. — CBUHYaTKOBbIE
(Bruttouast Limoniaceae Lincz. — KepmekoBbie)
Limonium gmelini (Willd.) Kuntze — Kepmek ['menna - + .
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TIpooonacenue mabauyvl

MecrtonaxoxaeHne (KIacTepbl)

CewmelicTBa /Bupl Bapca- Kacka-

BBY
KeJIbMeC KyJlaH

L. otolepis Schrenk Kuntze — K. ymikoBarsIit + + +

L. suffruticosum (L.) Kuntze — K. monykycTapHUKOBBII + + -

Poaceae Barnhart — 3nakoBbie

Aegilops cylindrica Host — Drunonc QuImHIpUIeCKAN

Aeluropus littoralis (Gouan) Parl. — [TpuOpexHuia conoH4akoBast (aKpek)

A. lagopoides (L.) Thwaites (= 4. repens (Desf.) Parl.) — I1. 3aiiieHoras

Agropyron desertorum (Fisch. ex Link) Schult. — ITeIpeii mycThIHHBII

A. fragile (Roth) P. Candargy — I1. nomkuii (epkek)

Bromus lanceolatus Roth — Koctep naHueTHsIi

B. oxydon Schrenk — K. octpo3y0slii

B. tectorum L. (= Anisantha tectorum (L.) Nevski) — K. xpoBenbHbIi

R N R
+
1

Calamagrostis epigejos (L.) Roth — BeitHuk Ha3eMHBII

+
1

C. pseudophragmites (Haller f.) Koeler (= C. dubia Bunge) — B. 10)KHOTPOCTHHKOBBIi

+
]
1

Catabrosella humilis (Bieb.) Tzvel. — Karabpo3ka npnzemucras

Eremopyrum orientale (L.) Jaub. & Spach. — MopTyk BOCTOUYHBI# + + +

E. triticeum (Gaertn.) Nevski — M. nmieHn4IHbIN + + -

Leymus multicaulis (Kar. & Kir.) Tzvelev — Bonocherr MEOTOCTeOCTbHBIIH - - +

L. racemosus (Lam.) Tzvelev — B. kucteBuaHbIH - + -

Neotrinia splendens (Trin.) M.Nobis, P.D. Gudkova & A. Nowak (= Achnatherum
splendens (Trin.) Nevski) — Heorpuaus OnecTsimuii

Phragmites australis (Cav.) Trin. ex Steud. — TPOCTHHK F0>KHBII

+
+
+

Poa bulbosa L. — MATIHK JTyKOBUYHBII

Puccinellia distans (Jacq.) Parl. — beckunbHuIa paccTaBacHHAs - -

P. gigantea (Grossh.) Grossh. — b. ruranrckas

Schismus arabicus Nees — CXu3Myc apaOCKuii

Secale sylvestre Host — Poxxp nukas

|+ + ]+
1
+

Setaria viridis (L.) P. Beauv. — llleTHHHNUK 3e1eHbIH

Sporobolus aculeatus (L.) P.M. Peterson (=Crypsis aculeata (L.) Aiton) — Criopo6o:
KOJIFOUM I

S. schoenoides (L.) PM. Peterson (=Crypsis schoenoides (L.) Lam.) — C.
KaMBIIIEBUIHBII

+
'
+

Stipa arabica Trin. & Rupr. (= Stipa caspia C. Koch) — KoBbuib apadbckuii

S. lessingiana Trin. & Rupr. — K. Jleccunra

S. richteriana Kar. & Kir — K. Puxrepa

S. sareptana A K. Beck. — K. capentckuit

|+ ]+ ]+
1
Ll

Stipagrostis pennata (Trin.) de Winter — Cenus nepucTbIit

Timouria conferta (Poir.) Sennikov (=Achnatherum caragana (Trin.) Nevski) — Uuit
JCUi

+
]
1

Trisetaria loeflingiana (L.) Paunero (=Trisetaria cavanillesii (Trin.) Maire) —
Tpexmernnanna Jledmuara
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q)nopa BapcaKeIIBMeCCKOFO TOCYAApCTBEHHOTO MPUPOAHOI'O 3alI0OBEITHUKA

Ipooonscenue mabauywvl

MecronaxoxeHne (KIacTepsl)
CewmetictBa /Bunst K]Ziii:;_ i II(;;I;?{_ BEV
Polygonaceae Juss. — ['peuniunbie
Atraphaxis spinosa L. — Kyp4aBka xomodas + + +
Calligonum acanthopterum 1.G.Borshch. — Xy3ryH komodekpbuiblit + - -
C. alatum Litv. — J)K. TOHKOKPBUIBIHA - + -
C. aphyllum (Pall.) Giirke — K. Ge3nmucTHbIN + + +
C. batiola Litv. — XK. yameuxkoBUIHBIN - + -
C. cancellatum Mattei — XK. ceTuarsiid + + -
C. crispatum (Litv.) Mattei — JK. kypueBarbiii + - +
C. humile Litv. — XK. mpuzemMucTsIit + - -
C. leucocladum (Schrenk) Bunge — XK. 6enokopbrii + + -
C. macrocarpum 1.G.Borshch. — K. xpynHommogasIit + - -
C. membranaceum (1.G. Borshchow) Litv. — K. nepernonuarsrit + - -
C. microcarpum 1.G.Borshch. — XK. menkorutoaHblit + - -
C. minimum Lipsky — Y. manbrii + - -
C. palibinei Mattei, — XK. [lanubuna + - -
C. platyacanthum Borszcz. — JK. III0CKOIIE THHKOBBIHA + - -
C. spinulosum Drobow — JK. MEJTKOKOJTFOYKOBBII + - -
C. squarrosum Pavlov — XK. oTTONIBIpeHHBII + - -
Persicaria hydropiper (L.) Delarbre — BozsiHoit nepeir - - +
Polygonum acetosum M.Bieb. — I'opent kuciblit + - -
P. aviculare L. — I. ntuauit - + +
P, fibrilliferum Kom. — I'. BOJIOKOHIIEHOCHBII + - -
P, inflexum Kom. — I'. BOTHyTOBETBHCTBII + - -
Rheum tataricum L. f. — PeBenp Tarapckuit + - -
Rumex marschallianus Rchb. — Il{aBens Mapinaia + - +
Potamogetonaceae Bercht. & J.Presl — PrecroBeie
(Bruttouast Zannichelliaceae Dumort. — 3aHHUKeMEBEIE)
Potamogeton crispus L. — Prect KypuaBblit - - +
P. perfoliatus L. — P. creGneo0pemimtomuii + -
Stuckenia pectinata (L.) Borner (=P. pectinatus L.) - - +
Zannichellia palustris L. — 3anHuKenust 00mM0THas + - -
Zannichellia palustris subsp. major (Hartm.) Ooststr. & Reichg. (=Zannichellia major ) i N
Boenn.) — 3aHHuKEIITHS GOIOTHAS
Ranunculaceae Juss. — JIrotukoBble
Adonis scrobiculata subsp. scrobiculata (= A. parviflora Fisch. ex DC.) — Anonuc n ) .
SIMYaThIN
Clematis orientalis L. — JJoMOHOC BOCTOYHBII + - +
Delphinium rugulosum Boiss. (=Consolida rugulosa (Boiss.) Schroding.) — Konconuna n i )
MEJIKOMOPIINHUCTAS
Ranunculus falcatus L. (=Ceratocephala falcata (L.) Pers.) — JIFOTHK ceprOBHIHBII + + -
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TIpooonacenue mabauyvl

MecrtonaxoxaeHne (KIacTepbl)

CemetictBa /Bujib K]zipbigc i?};ﬁi BEV
R. platyspermus Fisch. ex DC. — JI. miockoceMsHHBIN + - -
R. rionii Lagger (=Batrachium rionii (Lagger) Nym.) — JI. Puona + - -
R. testiculatus Crantz (=Ceratocephala testiculata (Grantz.) Bess.) — JI. su4koBUIHBIH + + -
Thalictrum isopyroides C. A. Mey. — BacumiICHUK paBHOIUTOAHUKOBBIN + - -
Rosaceae Juss. — Pozossle
Rosa persica Michx. ex Juss. (= Hulthemia persica (Michx. ex Juss.) Bornm.) — Po3a n ) )
nepcuacKas
Rubiaceae Juss. — MapeHoBbIe
Galium aparine L. — TlonMapeHHHK LETTKUIA + - -
Salicaceae Mirb. — lIBoBbIe
Salix songarica Andersson — MBa jukyHrapckast - - +
S. wilhelmsiana M.Bieb. — 1. Bunbrensmca - -
Solanaceae Juss. — [TacneHoBbIe

Hyoscyamus niger L. — benena uepHas - -
H. pusillus L. — b. kpore4ynas + +
Lycium ruthenicum Murray — Jlepe3a pycckas + + +

Tamaricaceae Link — I'pebeniunkoBbie
Tamarix elongata Ledeb. — [peOeHIMK yITMHEHHBII + + +
T. gracilis Willd. — I. u3siuabnii - - +
T. hispida Willd — I. meTHHHCTOBOIOCHII + + +
T laxa Willd. — I. pbIxuslit + + +
T. ramosissima Ledeb. — I. MHOrOBEeTBHCTBII + + +

Thymelaeaceae Juss. — BomunukoBsie
Diarthron sticulosum (Fisch. & C.A. Mey. ex Kar. & Kir.) C.A. Mey. — JIBy4IeHHUK n ) )
y3bIpYATHII

Typhaceae Juss. — Porozossre
(Bxumrouast Sparganiaceae Rudolph — EsxeronoBkoBsie)
Sparganium angustifolium Michx. (= S. simplex L.) — ExeronoBka y3koaucTHas - - +
Typha angustifolia L. — Poro3 y3KoIHCTHBII - - +
T. laxmannii Lepech. — P. Jlakcmana + - +
T. minima Funck — P. manbrit - - +
Ulmaceae Mirb. — BsizoBsre

Ulmus pumila L. — Bsi3 Hu3Kkuit + + -

Zosteraceae Dumort — B3aMopHuKOBbIE
Zostera noltii Hornem. — B3MOpHHK MaJIbIid + - +

Zygophyllaceae R. Br. — [TapHOIHCTHUKOBbIE

Zygophyllum oxianum Boriss. — [lapHOTMCTHHK aMyTapbUHCKAN + + +
Yucno Bunos 265 143 151
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d)nopa BapcaKeJ'IBMCCCKOFO TOCYAApCTBEHHOTO MPUPOAHOI'O 3alI0OBEITHUKA

Bruomopdonoruueckast cTpykrypa ¢Iopsl co-
CTOUT M3 CIEAYIOIIUX TPYHIl >KU3HEHHBIX (HOpM
(pucynok 1): nepeBbs (6 BuAOB), KycTapHUKH (34),
Kycrapunuku (4), momykycrapuuku (9), momy-
kyctapHudku (14), TpaBsSHHUCTbIE MHOTOJETHUKH

0.3% 2%

42%

(130), ognonernuku (145), nBynernuxu (1). Ilpu
OTIpeIeTICHUH KXU3HEHHBIX (OPM OBUIH HCIOJB30-
BaHbl Tpyabl W.I'. CepeOpsikoBa [21], b.A. BeikoBa
[22], H.T. HeuaeBoit u ap. [23], JL.A. Kypoukunoii
[24].

B JlepeBsd

B KycTapHHKH

B KyCcTapHHYKH
ITomyKkycTapHHKH

B [ToIyKyCTapHHYKH

B TpaBAHHCTHIE MHOTOIETHHKH

B OIHONETHHKH

B J[ByIeTHHKH

Pucynok 1 — buomopdonorndeckas ctpykrypa ¢iopsr 3anoBensnka bapcakensmec

B cnekTpe JXKM3HEHHBIX (QOpM Beayllee IIo-
JIOKEeHUEe 3aHuMaroT Tpasbl. [IpeoOmanaror omHo-
JIETHUE PACTEHHs, CpeIy KOTOPBIX 0C000e MeCTO
3aHUMAaOT d(eMepbl U OJHOJETHHUE BUJABI COJS-
HOK, MHOTHE M3 KOTOPBIX SBIISIOTCS JOMHHAHTa-
MH pacTHUTENBHBIX coolmiecTB (Atriplex pratovii
Sukhor., Salicornia europaea L., Suaeda crassifolia
Pall,, S. acuminata (C. A. Mey.) Moq., Halogeton
glomeratus (M.Bieb.) Ledeb., etc.). Bunsr TpaBstan-
CTBIX MHOTOJIETHUKOB COCTaBJISIFOT BTOPYIO TIO YHC-
JICHHOCTH TPYIIY, B KOTOPO MHOT0 3(heMeponioB
(pucynox 2). llomykycTapHUYKH — WHAWKATOPHAS
rpynna mycTsiHb [25]. B 3amoBenHuke BHIBI 3TOM
rpynisl (Artemisia terrae-albae Krasch., Anabasis
salsa (Ledeb.) Benth. ex Volkens) ¢hopmupytot 30-
HaJIbHBIE THUNBI pacTUTENbHOCTH. K KycTapHHKaM
OTHOCSTCSI BUABI JKy3TyHa, cakcaysl Oelblid, mecya-
Hasl aKaIs IBYJIHUCTHAs, OOSITBIY, TPEOSHIINK U JIp.
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JlepeBbst (hOPMUPYIOT IYCTHIHHBIC (CAKCAYIIOBBIC) U
TyTaliHbIE Jeca.

AHanmu3 3KOJIOTHIECKOH CTPYKTYPHI (hIOPHI 11O
OTHOIICHHUIO K BJII&YKHOCTH MECTOOOMTAHHS BBISIBHUII
CIeyIolIee pacnpeiesieHHe SKOMOopd: KcepomMe3o-
¢uts (128 BuaoB), MezokcepoduTs (72), Mme30du-
ThI (64), kcepoduTsl (45), ruapodutst (23), rurpo-
¢utel u mesorurpodutsl (7) (pucynok 3). I'pynma
MapasuToB (4 BU/Ia) HE CBA3aHA C MECTOOOUTAHUEM,
a 3aBHCHUT OT XO3sMHA.

1o oTHOMIEHHMIO K CYOCTpaTy BBIAEISACTCS TPyIIa
NcaMMO(UTOB, TSl KOTOPBIX HEOOXOIUMBIM YCIIOBH-
€M CYILIECTBOBAaHMS SABJIAIOTCS IecyaHble 1moussbl (50
BUIoB, 14,6%). ['pynma ranoduToB, MpeamounTaro-
LIMX 3aCOJICHHbIE MOYBBI (COJIOHIIBI, OypbIE COJIOH-
LIeBaThIe IOYBBI, COJIOHYAKH), BKIIOUaeT 85 BHJIOB
(24,8%). CosnoHuaku OCYIIEHHOTO THa MOPSI aKTUBHO
OCBaMBAIOT OJTHOJIETHUE COJISTHKH (PHCYHOK 4).



K.K. CanmmyxanberoBa u ap.

Gagea reticulata (Pall.) Schult. & Schult. f. Megacarpea megalocarpa (Fisch. ex DC.)
Schischk. ex B.Fedtsch.

Pucynoxk 2 — Buzsl ademeponion

206 - 1%
7%

= KcepoMe30(HTEL

B Me3okcepodHTEL

 Me30o(hHTEL

& KcepoHTEL

B ['EIpOoHTEL

B THrpoQHTH H Me30THIPOQHTH
® [Ipyrue

21%

Pucynok 3 — Dxomopdonornueckas cTpykrypa ¢uopsl 3arnoBeanuka bapcakensmec

WHaukaTopHBIMU BUIAMH, XapakTepHeMu it Bolboschoenus maritimus (L.) Palla, B. planiculmis
ruapoMopdHelx Mectoobutanuit B 3amoseanuke  (F. Schmidt) T.V. Egorova, Eleocharis acicularis (L.)
Bapcakenbmec, sBisttores: Schoenoplectus lacustris  Roem. & Schult. [laHHbIe BH/IbI 0COOCHHO BaXKHBbI JIIsI
(L.) Palla, Cyperus fuscus L., Butomus umbellatus L.,  nrun, odurarommx B aBanaenste Ceipaapbu [26].
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d)nopa BapcaKeJ'H)MCCCKOI"O TOCYHapCTBEHHOT'O MIPUPOIHOTO 3aIOBEIHUKA

Petrosimonia triandra (Schrank) Rech.

Suaeda acuminata (C. A. Mey.) Moq.

Pucynox 4 — Bujipl 0THOJIETHUX COJISTHOK

B 3amoBeqHHMKE MPOU3PACTAIOT PEIKUE BHIIBI
pactenuii PecnyOmuMKaHCKOrO W PErHOHAJIBHO-
ro ypoBHs. B Kpacuyro kaury Kazaxcrana (2014)
[27] BKIIOUEHBI 5 BHIIOB: TIOJBIAHBI JBYIIBETKO-
Bolii 1 bopmosa (Tulipa biflora Pall., T. borszczowii
Regel.), nedena IlparoBa (Atriplex pratovii), kampImr
(cxeHoOIUIeKTYyC) KazaxcTaHckuil (Schoenoplectus
litoralis subsp. kasachstanicus (Dobrochot.) Sojak),
HUMGbEHHUK THUTONUCTHBIN (Nymphoides peltata
(S.G.Gmel.) Kuntze.) (pucyHok 5).

Kpome nepeunicieHHbIX Bbile BUIOB, B Kpac-
Hyto KHUTY KbI3pIIOpAMHCKOH 00nacTu [28] BHece-
HbI (PUCYHOK 6): XBOMHUK INUIIIKOHOCHBIH (Ephedra
strobilacea Bunge), cenutpsiaka Lllobepa (Nitraria
schoberi L.), 3annukenus Oonpmas (Zannichellia
palustris subsp. major (Hartm.) Ooststr. & Reichg.),
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Hasgma mopckas (Najas marina L.), BammmcHepus
criupanbHast (Vallisneria spiralis L.).

Crnemyer OTMETHTh psI pacTE€HHWH, KOTOpBIE
BKITIOUEHBI B KpacHbIe KHUTH CONPEIETbHBIX TePPH-
TOPUI U UMEIOT OrpaHUYEHHBIN apean B [Ipuapainbe
(pucynok 7): cweith Oypas (Cyperus fuscus) — B 9
cyonektax Poccnn, B Ocronnu, Jlateum, JIutee; myk
kacniickuii (Allium caspium (Pall.) M.Bieb.) — B
Actpaxanckoi, Camapckoii oonactsix u Kanmbikum;
nyk unaaepckuii (Allium inderiense Fisch. ex Bunge)
— B 6 cyObekTax Poccum; actparan meckoapes
(Astragalus ammodendron Bunge) — B AcTpaxaH-
cKoit obnactu; poro3 Maiieiii (Typha minima Funck)
— B Ykpaune u Kapauaero-Uepkecckoii peciyOnuke,
yKa3aH Kak yrpokaeMblil Buj EBpoIbI, BHECEHHBIN B
[Ipunoxxenue [ beprckoit korBermmu (1976).



K.K. CanmmyxanberoBa u ap.

Tulipa borszczowii Regel.

Schoenoplectus litoralis subsp. kasachstanicus
(Dobrochot.) Sojak

Pucynok 5 — Bunsl pactenmii, 3anecennsle B KpacHyio kaury Kasaxcrana

Ha TteppuTopun 3amoBeJHUKa BCTPEYAIOT-
csa 13 sumemukoB Kaszaxcrana: 4 Buaa MOJIBIHU
(Artemisia scopiformis Ledeb., A. quinqueloba
Trautv., A. aralensis Krasch., A. camelorum
Krasch.), nebena xomtovasi (Atriplex pungens
Trautv.), METPOCUMOHUS JKECTKOBOJIOCAS
(Petrosimonia hirsutissima (Bunge) Iljin ex
Pavlov), 4 Buna xysryna (Calligonum crispatum
(Litv.) Mattei, C. palibinii Mattei, C. humile
Litv, C. spinulosum Drobow), acTtparain Ko-
potkoHoru#t (Astragalus brachypus Schrenk
ex Fisch. & C.A.Mey.), Ttionbnan bopmosa
(Tulipa borszczovii), nebena pbIXJIOIBETKOBAs
(Corispermum laxiflorum Schrenk). K cy03H-
JIEMUKaM, KOTOPbIE OTMEUYCHBI TaK)Ke Ha COmpe-
JETbHBIX TEPPUTOPHUSAX, OTHOCATCA apajbCKUM
sunemuk Jsedena I[lpatoBa (Atriplex pratovii) c
apeayioMm, pocTtuparineMcs Ha Kapakanmakckoe

modepexxkbe Apana, W KaMbBIIl Ka3aXCTaHCKUH
(Schoenoplectus litoralis subsp. kasachstanicus),
MeCTOOOUTAHUSI KOTOPOTO OXBATHIBAIOT BOJIOCMBI
Actpaxanckoit odnactu [29] u Kanmbikuu [30].

VHUKaJIBHBIM SIBJIGHHEM CJIEIyeT CYUTaTh Ha-
JUYUe BO (DIOPHCTHUECKOM COCTaBE 3arOBE/IHU-
Ka BHUJOB IOKHOTYPAHCKUX IyCThIHb (Ephedra
strobilaceae, Ammodendron conollyi).

Kax Oputo oTmeueHo panee, ropa 3amoBe-
HUKa bapcakenbMec XapakTepu3yercsi TAKCOHOMHU-
4yecKol, 6momMopdosiornueckoii u reorpaduuecKon
CTPYKTYpOW BHYTPUKOHTHHEHTAIBHBIX MYCTHIHb
Typanckoit Husmennoctu [10, 12, 25, 31, 32]. Cpe-
JM BEIyUIMX CEMEHCTB OTMEYEHbl aMapaHTOBBIC,
aCTPOBBIC, MSTIMKOBBIC, KAMYCTHBIC, TPEUHUIIIHbIC U
MOTBUTbKOBBIE. CIIEKTp KU3HEHHBIX (POPM TTOKA3bI-
BaeT MEXaHU3M aJaNTalud BHIOB (IIOPHI K apuj-
HBIM YCJIOBHSIM MYCTHIHH.
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d)nopa BapcaKeJ'H)MeCCKOI"O TOCYHapCTBEHHOT'O MIPUPOIHOTO 3aIOBEIHUKA

Nitraria schoberi L.

Tulipa biflora Pall.

Pucynoxk 6 — Bus! pactenuii, 3aHecennsle B KpacHyro kaury Ke3buiopanHckoit oomactu

Allium caspium (Pall.) M.Bieb.

Typha minima Funck

Pucynoxk 7 — Penxue pacrenus [Ipuapanss

[TpoBeneHHbIE paHee HCCIEIOBAaHUS reorpadu-
yeckoro pacrpoctpanenus BunoB [10, 12] nokasa-
71, 4TO HanOoJiee MHOTOUMCIICHHA TPYIIa CO cpe-
JU3EMHBIM THIIOM apeana. [lpyrue TUIbl apeajoB
pacrosaraloTcsi B ciexyrolel MocieaoBaTeIbHO-
CTH: MPAHO-TyPaHCKHH, MaleapKTUYECKUH, TypaH-
CKHH, CeBEPOTYypAaHCKNH. ABTOXTOHHBIE apallbCKUe
U apano-KaclMWCKUEe BHIbl HEMHOTOYHCIICHHBI:
Corispermum  aralo-caspicum, C. laxiflorum,
Atriplex pratovii, Suaeda crassifolia. CpaBHHTEIIb-
HBIW aHANN3 C COMpPENeIbHBIMU (DIOPUCTHYSCKIUMU
paiionamu  (CeBepoyctiopTckuM, KbI3pumopans-
cknM, Kenbsuikymckum u CeBepomnpHuapaibCKuM)
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mo3Bomt JI.A. Kysnenoy [10] yTBepkmath, 9To
HaubOosiee Onu3ku CBsizu Quiopbl bapcakenbMeca ¢
CesepubiM [Ipuapansem. Cpasnenne diop bapca-
KenbpMeca u crarmonapa «TepeckeHT» [33] mpoBo-
maiock 1o popmynie CbepeHceHa-UeKkaHOBCKOTO
[34]:

Ks =2a/2atb+c, (D)

rjae, a — YUCI0 OOIIMX BHMIOB, b — YHCIO BHUIOB,
BCTPEUAIOIIMXCS TOJIBKO B MIEPBOI (iiope, ¢ — YHCII0
BHJIOB, BCTPEUAIOIINXCS TOJIBKO BO BTOPO# (hrope.
Koaddumment CrepeHcena-UekaHOBCKOTO YKa3bl-
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BaeT Ha CXOJICTBO CpaBHUBaeMbIX (hiop. CpaBHEeHHE
(IIOpHCTHYECKHX CITUCKOB C yd9acTHeM BuA0B BBY
MOKa3aJI0 CXOJICTBO

0,484 (Ks =2x155/310+187+144=0,5) (2)
Amnanus ¢uop 0e3 cniucka Bunos BBY:
Ks = 2x149/298+149+150 = 0,499 3)

Ha »TomM ocHOBaHMM TOATBEp)KACHA OJIM30CTH
(oprcTHYECKOrO CcocTaBa 3amoBenHUMKa bapca-
kenpMec u CeBepHoro [Tpuapaibsi.

3akiaouenune

Takum obOpaszom, ¢iopa 3amoBegHuka bap-
cakelbMec COCTOMT M3 343 BHUAOB COCYIUCTBIX
pacTeHuii, oTHocsmuxcs k 51 cemeictBy u 197
poraM. YHUKaJIBHOCTh (DJIOPHI 3aIlOBEIHUKA MO-
JKET paccMaTpUBaThCsS B HECKOJBKHUX acriekrax. C
OJIHOM CTOPOHBI — 3TO PENPE3CHTATUBHOCTH (10~
PBl KaKk TUNWYHOW 11l TypaHCKHUX HYyCTBIHB, OT-
paxkaromieil peruoHagbHOe OOTAHUYECKOE Pa3HO-
obpasue. C apyroil CTOpPOHBI, 3aIIOBETHUK MOKET

CYUTATHCS ATAJTOHOM (PJIOPHI U PACTUTEIBHOCTHU
CesepHoro Ilpuapanes. B npegenax 3anoBeHu-
Ka ILIMPOKO pPAacCIpOCTPAHEHBI 30HAJIbHBIE THUIIbI
PacTHUTEIIBHOTO MOKPOBa — OEII03eMeTbHOTIOBIH-
HUKH, OUIOPTYHHUKH, CAKCAyJIbHUKA U ApP., KOTO-
pBle CciayXaT aHajloraMH HEHApyIICHHOW pacTH-
TEJIbHOCTH.

JpyruM acmekToM YHUKaJbHOCTH, WMEIOIIHM
100aabHOE 3HAYCHUE, SBISICTCS (OPMUPYIOIIASICS
(hiopa ocy1ieHHOTO JTHa APabCKOTO MOPSI, H3y4e-
HUE KOTOpPOH JaeT IMpeNCTaBICHHE O MEeXaHU3Max
NEPBUYHBIX CYKIECCUI U MUTPALMOHHBIX MOTOKAX
TOTPaHUYHBIX (IIop.

WccnenoBanns, NpoOBEJCHHBIE B 3alOBEIHUKE
Bapcakenbmec, TOTIEPKUBAIOT BAXKHOCTh €T0 POJIU
B COXPAaHEHUU HE TOJIBKO PEAKUX U YS3BUMBIX BU-
JIOB pacTeHUil, HO ¥ BCeW YHUKAJIHHON (IIOPHI, KO-
TOpast UTPaeT KIIOYCBYIO POJIb B OJACPKAHUHU IKO-
CHUCTEMHOM yCTOMYNUBOCTH.

KoHdunkT HHTEpECcoB
Bce aBTOpBI IpounTan U O3HAKOMIIEHBI C CO-

ACPKAHUEM CTaTbW U HE MMCIOT KOH(i)J'II/IKTa HUHTC-
pecoB.
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MOAEAUPOBAHUE U OLUEHKA BUOAOTUYECKUX PUCKOB
HA SHAEMUYHbBIX MO KOHIO-KPLIMCKOM TEMOPPATUYECKOM
AUXOPAAKE TEPPUTOPUSAX TYPKECTAHCKOWM OBAACTU
U LULIMKEHTCKOW TOPOACKOM ATAOMEPALIMU

B Pecnybamke KasaxcTaH npuHAST 1 BBeAeH B aeictBre 3akoH PK N2 122-VII ot 21 mas 2022 roaa
«O 6uonoruyeckon 6esonacHoctu Pecrny6ankim KazaxcraH», peranaMeHTUpYIOLLmiA U ONPEAEASIIOLLIIA Ha
roCyAQPCTBEHHOM YPOBHE OCHOBHbIE MPUHLMMbBI U MEPbI MPOMAAKTUYECKMX MEPOMPUSTHIA MO 3alLmTe
HACeAEHMs OT BEPOSITHbIX GMOAOIMUYECKMX YTPO3, OLEHKM U MPOrHO3MPOBaHUst BUOAOTMUECKMX PUCKOB
B CTpaHe. B coBpemeHHbIX yCAOBUSIX TAOOaAbHBIX peaAbHbix arnnaemuueckmx (COVID-19) 6uorornue-
CKMX Yrpo3, KaK HMKOTAQ paHee, 0OCTPO BCTaAa HEOGXOAMMOCTb Pa3paboTKM CTAHAAPTHbIX METOAMK
NPOBEAEHUS OLEHKM, MOAEAMPOBAHUS U MPOrHO3MPOBAHMS OUOAOIMUYECKMX PUCKOB, HEOBXOAMMbIX
AASl OpraHv3almmn 1 NPoBEAEHUS MPEBEHTUBHbIX MEP MO GUOAOTMUECKON 3alUMTE AIDAEN, MPOSKMBAIO-
LMX HA TEPPUTOPUSX, HEBAArOMOAYUHbIX MO MPUPOAHO-0UArOBbIM MH(EKLMSIM.

B HacTosien nyGAMKaLmm aHOHCMPOBAHbI PE3YAbTATbl MCCAEAOBATEALCKOIM PaboThl Mo paspaboT-
Ke KoHuenumu (paboueit rmnoTesbl) MaTeEMaTUUYECKON MOAEAM AAS OLIEHKM BUOAOrMUECKUX PUCKOB U
NMPOrHO3MPOBAHMS AKTMBHOCTU 3HAEMUYHbIX MPUPOAHbIX 04aroB KpbiIMCKO-KOHIFO remopparmyeckom
Amnxopaaka (KKFA) no oTAeAbHbIM AAMMHUCTPATUBHBIM paioHam TypkecTaHCcKonm o6AacTu.

[MpeanoAaraeTcs, 4To pas3paboTaHHas MOAEAb MATEMATUUECKOrO MOAEAMPOBAHUS NMPOMAET CTa-
TUCTUYECKYIO MPOBEPKY AOCTOBEPHOCTU M KOPPEKTMPOBKY Ha OCHOBE rokasateAeii 3a60AeBaeMoCTH
HaceAeHMs 1 3apa>KeHHOCTU KAaellern Bupycom KKI'A, MOAyYeHHbIX MO MTOram 3aMMAEMMYEeCcKoro ce3oHa
B aBrycre-ceHtsiope 2023 roaa Ha SHAEMMYHbIX TePPUTOPUSIX XKaMObIACKO, Kbi3bIAOpAMHCKON 1 Typ-
KeCTaHCKoM obAacTen.

KatoueBble caoBa: buoaornueckas 6e3omnacHocTb, Guonormnyeckme pucku, KoHro-Kpbimckas re-
Mopparunyeckas AMXopaaka, NmpUPOAHbIE ouvarn 0co60 onacHbIX MHDEKLMIA, SHAEMUYHbIE TEPPUTOPUM,
3a60AEBaeMOCTb, 3aPaXKEHHOCTb KAELLE BUPYCaMM, MAaTEMATUUECKOE MOAEAMPOBAHME.
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Biological risk modeling and assessment in territories endemic
to Crimean-Congo hemorrhagic fever in Turkestan Region
and Shymkent urban agglomeration

The Republic of Kazakhstan has adopted and put into effect the Law of the RK No. 122-VII dated
May 21, 2022 “On Biological Safety of the Republic of Kazakhstan”, regulating and defining at the state
level the basic principles and preventive measures to protect the population from possible biological
threats, assessment and prediction of biological risks in the country. In modern conditions of global real
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epidemic (COVID-19) biological threats, as never before, there is an urgent need to develop standard
methods for assessing, modeling and forecasting biological risks necessary for the organization and
implementation of preventive measures for the biological protection of people living in areas unfavor-
able for natural focal infections.

This publication announced the results of research work on the development of a concept (working
hypothesis) of a mathematical model for assessing biological risks and predicting the activity of endemic
natural foci of the CCHF in certain administrative regions of the Turkestan region.

It is assumed that the developed model of mathematical modeling will undergo statistical validation
and adjustment based on the incidence rates of the population and the infection of ticks with the CCHF
virus, obtained following the results of the epidemic season in August-September 2023 in the endemic
territories of Zhambyl, Kyzylorda and Turkestan regions.

Key words: Biological safety, biological risks, Crimean-Congo Hemorrhagic Fever, natural foci of
especially dangerous infections, endemic territories, morbidity, infection of ticks with viruses, math-
ematical modeling.
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TypkictaH 06AbIcbl MeH LLIbIMKEHT KaAaAbIK, arAOMepaLMsICbIHAAFbI
K bipbIM-KOHIo remopparmsiabik, Kbi30a 00ibiHILA SHAEMMUSIAbIK ayMaKTapAbIH,
6MOAOTUSIABIK, TOYEKEAAEPIH MOAEAbARY XKoHe BaFraray

KasakcraH PecrnybAmKacbiHAQ XaAbIKTbl bIKTMMAA BMOAOIMSIABIK KaTEPAEPAEH KOopFay, easeri 61o-
AOTUSIAbIK, TOYEKEAAEPAI OaFaray »eHe 6oAxay XXeHIHAeri MPOMUAAKTUKAABIK, iC-LLapaAapAbIH, HEri3ri
KAFMAQTTApPbl MEH LLIAPAAAPbIH MEMAEKETTIK AEHrenAe perAaMeHTTEeNTIH XaHe ankblHAANTbIH «Kasak-
cTaH PecnybamKacbiHbiH 6MOAOIMSIABIK, Kayinci3airi Typaabl» 2022 xbiAFbl 21 Mambipaarbl N2 122-VII
KP3 kabblAaaHADBI XKOHE KOAAAHBICKA eHri3iAai. XKahaHablik, HakTbl anmaemmsablk, (COVID-19) 6uono-
TUSIAbIK, Kayin-KaTepAepAiH Kasipri >xarAanbiHAaa OypbiH 60AMaraHAan, TaburM-oLwak, MHEeKUMIAapbI
6oVbIHILIA KOAQMCbI3 ayMaKTapAa TypaTbiH aAaMAAPAbl OMOAOTUSIAbIK, KOPFay >KOHIHAEr aAAbIH aAy
LIapaAapbIH YbIMAACTBIPY XK8HE XKYPri3y YiliH Ka>KeTTi GMOAOTMSABIK, TOyeKeAAepAl OaFraray, MOAEAb-
Aey KaHe BOAXKaY XKYPri3yAiH CTaHAAPTTbl BAICTEMEAEPIH 93ipAeY KaXKETTIAIr eTKip TYPAbI.

Ocbl >kapusinaHbiMaa TypKicTaH 0BAbICbIHbIH >KEKEAEreH aKIMLLIAIK ayAaHAapbl OoMbIHLIA 6MOAO-
TUSIAbIK, TOYEKEAAEPAI Baranay XXeHe SHAEMUKaAbIK Tabuen olakTapAbiH GEACEHAIAITIH 6oAXKayY YLUiH
MaTeMaTMKaAbIK, MOAEAbAIH TY>XKbIPbIMAAMAChIH ()KYMbIC I'MIoTe3achiH) 83ipAey 60MbIHLLIA 3epTTey XKy-
MbICbIHbIH HOTM>KEAEPIi XXapUSIAAQHADI.

O3ipAEHreH MaTemMaTMKaAbIK, MOAEAbAEY MOAEAT XKambbia, Kbidbinopaa >kaHe TypkicTaH 06AbIC-
TapblHbIH, SHAEMUSIABIK, ayMakTapbiHAQ 2023 >KbIAAbIH, TaMbI3-KbIPKYMEK aMAapbiHAQ SMUMAEMUSIABIK,
MayCbIMHbIH KOPbITbIHABICbI OOMbIHLLIA AAbIHFAH XaAbIKTbIH aypyLlUaHABIK, KOpCEeTKilTepi MeH KeHe-
AepaiH KKK BUPYCbIH XXYKTbIPY HeridiHAe CTaTUCTUMKAAbIK, TEKCEPYAEH XKOHE TY3eTYAeH eTeAil aAer
6oAKaHYAQ.

Ty#in ce3aep: broAormsiAbIK, Kayincisaik, 6uoaormsabik, Toyekeaaep, Kpipbim-KoHro remopparms-
AbIK, KbI36acbl, aca KayinTi MH(peKUMIAAPAbIH, TaOUFLX OLLaKTapbl, SHAEMUSIAbIK, ayMaKTap, CbipKaTTaHy,
KEHeAepAiH BUPYCTapMeEH 3aAaAAAHYbl, MaTEMATMKAAbIK, MOAEAbAEY .

BBenenue

Cornacno 3akona 3PK Ne 122-VII «O 6uoino-
rudeckoit 06ezonacHocT Pecryonmku Kazaxcrany,
OMOJIOTHYECKUH PUCK OTpEAETSeTCS KaK BEepOsT-
HOCTh NMPUYMHEHMS BpeAa 3/0POBBIO JIOACH, KH-
BOTHBIX M PACTEHHSIM IATOI€HHBIMU OMOJIOTMYECKU-
MH areHTaMu. DTH areHThl MOTYT IMPKYJIHPOBAThH
B MPUPOAHBIX OMOIIEHO3aX, SHAEMHUYHBIX OdYarax
0c000 OnacHbIX MHPEKIUH, TAKUX KaK YyMa, TyJs-

pemusi, Kpsimckas—KoHro remopparvueckas Jmxo-
paaka, remMopparuueckasl JMXopajaka ¢ MOYEYHBIM
CHUHIPOMOM, a TaKXe CUOMpCKast si3Ba. DTH MH(EK-
MU TIPEICTABISIIOT 3HAYUTEIBHBIA PUCK IS Ha-
[UOHAJBHOTO M MEXKYHAPOTHOTO OOIECTBEHHOTO
31paBooxpaHeHus [1].

[Iporexyps! OIEHKH W MPOTHO3UPOBAHHS OHO-
JIOTHYECKHUX PHUCKOB B jaboparopusix PecmyGmuku
Kazaxcran, koTopble paboTalOT ¢ MHUKPOOPraHM3-
mamu [-IV rpynm maToreHHOCTH, XOpOIIO paspa-
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0oTaHbl M BHEAPEHBI HA TipakTuke. OHU periiaMeH-
TUPOBAaHBI COOTBETCTBYIOIIMMH HOPMATHBHBIMH
JIOKYMEHTaMH, KOTOPBIC OMPEICIISIOT KIIIOUEBbIC
QITOPUTMBI BHYTPEHHEH W BHEIIHEH OLICHKH OWo-
JIOTHYECKHUX PUCKOB [2,3].

Hecmotpst Ha 3T0, OCTaéTCsl HEOCTATOYHO CO-
BPEMCHHBIX METOJIMYECKHX MaTepHalIOB, HAIpaB-
JICHHBIX Ha CO3/IaHWE MaTeMaTHYeCKHUX Mojelneit
AJId OLCHKH W IIPOrHO3UPOBAHUA OHMOJIOTHYECKHUX
PHUCKOB B CIIOKHBIX OHOIICHO3aX.

UccrnenoBanns B 9TOW 00JIACTH OXBaTHIBAIOT
LIUPOKUM CIIEKTP AAHHBIX, BKJIFOYAsI XapAKTEPUCTU-
KH TIPUPOJIHBIX 0YaroB MH(EKIIHA, CTATUCTUKY 3a-
00J1eBa€MOCTH U OCOOCHHOCTH HKOJIOTHYECKHX CH-
cteM [4,5,6]. OmHAKO CYIIECTBYIOIINE Ty OIUKAIINH,
TaKWe KakK CIPABOYHHUKH IO TMPHUPOJIHBIM OdYaram
0c000 omacHbIX WHQEKIUH, TpeOyIOT 3HAYUTEIh-
HOM aKTyaJlu3allii, MOCKOJbKY OHHM CO3/1aBajIKCh
JI0 BBEJICHUS HOBBIX 3aKOHO/IaTEIBHBIX HOPM H UC-
TTOJTh30BaHUS COBPEMEHHBIX TEXHOJIOTHIA [7,8,9].

B ycioBusix ry100aibHBIX  OMOJIOTHYECKUX
yTpo3, BKIIHOYasi peajbHbIC SMUACMUN W MOTEHITH-
aNbHBIE ONIACHOCTH, TaKMe KaK YyMa WIIM BUPYCHBIC
reMOpparuyeckue JTMXOpajKi, KpaiiHe BayKHa pas-
paboTKa YHUDUITMPOBAHHBIX CTAHAPTOB JUIS OIICH-
KH ¥ MOZEITUPOBAHUS OMOIOTUYECKUX PUCKOB. DTH
CTaHAapThbl IMO3BOJIAT CBOCBPEMCHHO pPE€aiu30BbI-
BaTh MPEBEHTUBHBIC MEPHI IS 3alIUTHl HACEICHIS,
O0COOCHHO B PETMOHAX, HEOJIArOMOIYYHBIX T10 MPH-
poHbIM ouaroBbiM uHMekmmsm [10,11].

CoBpeMeHHbIC TEXHOJIOTHH, TAKUE KaK HCIIOJb-
30BaHHE WCKYCCTBEHHOTO HHTEJUIEKTa, OOJIBIINX
JaHHBIX U aJITOPUTMOB MAIIMHHOI'O 06y‘IeHI/IH, OoT-
KpPBIBAIOT BO3MOXHOCTH JJIi TOYHOTO IPOTHO3M-
pOBaHMA W YIpPaBIEHHS OMOJIOTHYECKUMH pHCKa-
Mu. [{udpoBusainus MpoieccoB U aBTOMAaTH3AIMS
aHallM3a JIaHHBIX TO3BOJISIOT CO371aBaTh YHUBEP-
CaJlbHbIe MHCTPYMEHTHI /ISl WCIOJB30BAHUS DIIH-
AEMHUOJIOTaMU B PAa3IMYHBIX aJIMUHHCTPATUBHBIX
Tepputopusix [12,13].

[IpencraBnenHas B JaHHON MyOJIMKAaMK KOH-
nenryajbHasd MOACJIb HallpaBJICHA Ha WMHAWKATUB-
HYIO OIICHKY OMOJIOTHUYECKUX puckoB. OHa O0a3upy-
€TCsl Ha JIOCTYITHBIX CTATUCTHYECKUX MOKa3aTelsX,
KOTOPBIC OTPAXKAIOT aKTUBHOCTH IMPUPOJHBIX ITPO-
[IECCOB B DHJIEMUYHBIX TeppuUTOpusxX. Takue Mo-
JIeNIA TIO3BOJIIOT DIHEMHOJIOraM 0e3 HaydHOTO
OIlbITa IIPOTrHO3MPOBATH 6HOJIOFI/I‘ICCKI/IG YT'pO3bI,
MPEIOCTABIISATh KPATKOCPOYHBIE MPOTHO3BI IS
SMUIEMUYECKIX CE30HOB, a TaKkke OOOCHOBHIBATH
MCPbI HpeBeHTI/IBHOﬁ 3aliUThl IJid OpraHoB TOCYy-
JIapcTBeHHoM Bractu [14,15].

Takum oOpa3om, myOIMKAIHs JIOTUYECKH TPO-
JIOJDKAeT HAy4HO-TIPAKTHYECKUE PAbOThI, IPOBOIH-
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Mble B Kazaxcrtane. B Heli npemyioxkeHa KOHICTIUS
YHUBEPCAIbHOW MOJEIU ISl SIUIEMHOIOTHYECKO-
r0 MOHUTOPHHIa M YMPaBJICHUS OHOJIOTMYCCKOU
0€30I1aCHOCTHI0, KOTOPAasi YYUTHIBAET COBPEMEHHBIC
peaiy U TII00ATBHBIC BBI30OBBI.

MarepuaJjibl 4 METOAbI HCCJIEI0BAHUS

B nanHOM mccnenoBaHMM HCIOJIB30BaHBI Me-
TO/BI PETPOCIEKTHBHOTO 3MUJEMHOIOTHYECKOTO
aHajlM3a MHOTOJICTHUX [AHHBIX, PacueT CPeIHUX
JTAaHHBIX, JOBEPUTEIHHBIX HHTEPBAJIOB, KIIACTEPHBIH
aHaln3 1 KapTorpadupoBaHue.

Pe3y.]'leaTl)I HCCJICJOBAHUSA U UX 06cy>1c21e}me

Konzo-Kpvimckaa cemoppazuueckan auxopao-
ka ¢ Kazaxcmamne. B nHauane XXI Beka 3HaUUTEIIBHO
PACHIMPUJIICS. CTIEKTP PEajJbHBIX M MOTCHIMAIBHBIX
YIpo3 370POBBIO U JKU3HH YEJIOBEKA, CBSI3aHHBIX C
BO3IEHCTBHEM OIIACHBIX areHTOB OMOJIOTHYECKON
npupojiel. [Ipexsie Bcero, 3T0 €CTECTBEHHBIE YIPo-
3bl, KOTOPBIE CYIIECTBOBAIIM U OYAYT CyIIECTBOBATH
Bcerya, — MH(EKIMOHHbBIE areHThl. THPEeKIIMOHHbIC
3a00J1eBaHUsl — OJJHA U3 CaMbIX CEPhE3HBIX YIpo3
COBpPEMEHHOMY OOIIECTBY, HECMOTPSI HAa OYEBHUJ-
HBIE YCIIEXW 4YeloBeuecTBa B O0OprOe ¢ HuMH. st
Kazaxcrana naHHBIA BONPOC OCOOCHHO aKTyajeH,
MMOCKOJIbKY OOIIMpHAs TEPPUTOPHUS CTPaHBI JaeT
BO3MOKHOCTh CYIIIECTBOBaTh Ha HEH MPHUPOIHBIM
odaram OITaCHbIX WH(EKINH, K YACITY KOTOPBIX OT-
Hocutcst Konro-KpeiMckas reMopparudeckas Jimxo-
pazka.

O0bBeM U HAINPaBJICHHOCTh MPOPUITAKTHYSCKUX
MEPONPUATUN ONPEICISIOTCS XapaKTepOM 3MH300-
TUYECKUX U JMUJEMHUYECKUX MPOSBICHUH, pe3yiib-
TaTaMH 3MHU300TOJIOTHYECKOTO MOHHUTOPHMHIA, a
TaKKe MPOrHO3aMU 3IHU300TOJOTHYECKON U AIIUEC-
MHUOJIOTHYecKoi obcrtanoBku 110 Kpeimckoii — Kon-
ro reMOpparMyecko JMXopajke Ha KOHKPETHOM
aIMUHUCTPATUBHOW TeppuTopuu. Ha ocHoBaHuU
MOJYYCHHBIX JAHHBIX HEOOXOIUMO OCYLIECTBIATH
TUTAHUPOBaHUE MPOMUITAKTHUSCKUX ¥ TIPOTHBOATIH-
JIEMUYECKUX MEPOIPUSITHI.

B Kaszaxcrane remopparuyeckasi JIuxopajaka 13-
BECTHA I10]1 HA3BaHUEM “‘KOKaya” U perucTpupyercs
¢ 1948 r. (BepBhIC BRISIBIICHA Ha TeppUTOpUHN TypKe-
craHckol — panee FOxHo - Kazaxcranckoii o6actu).
B Keemopmuackoit oomactu KKI'JI peructpupyer-
cs ¢ 1964 r., B JXKamObuicKkoii oonactu ¢ 1974 r. DH-
nemuuHas 1o KKI'JT Tepputopust 3aHUMAET FOXKHYIO
yacTh paBHuHHOro Kazaxcrana [16,17].

B nocnennee pecstuiietue B pe3yJibTaTe OIy-
CTBIHMBAHUS OONBIINX TeppUTOpHUil KaMOBUICKOH,
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Typxecranckoii, Kei3putopauHckoit odmacteid mpo-
M301LI0 PE3KOE yBEIMUCHHE IUIOIAAeH IPUPOAHBIX
ouaroB Kpsivmckoii- Konro remopparudeckoii guxo-
palku ¥ UX aKTHBH3aLHUSI.

Bozoymutenem  KKIJI  saBmsercs  PHK-
coJiepkalMii BUpyC, u3 cemeiictBa Bunyaviridae,
pona Nairovirus, otHocsammiicss ko I rpynme mna-
ToreHHOCTH. OCHOBHBIM PE3€pPBYapoM M IEPEHOC-
yrkoM Bupyca KKI'JI B nmpupoansix ogarax Kazax-
CTaHa SIBIISICTCS TPEXXO3IWHHBIN MKCOJIOBBIM KIIEI
Hyalomma a.asiaticum, akTHBHO TTapa3uTHPYIOIIHNA
BO B3pOCJIOM CTaJuu Ha CEIbCKOXO3SHCTBEHHBIX
JKUBOTHBIX, B JIMYMHOYHOH M HUMQaIbHOH - Ha
OonpIIMX MEecyaHKax W Ipyrux rpsizyHax. Ilo nan-
HBIM JINTEPaTyPhI 3aKIIEIEBAHHOCTh CEIbCKOX035H-
CTBEHHBIX KUBOTHBIX B ouare gocturaet 100 %.

3aboneBanue KKI'JI xapakrepusyeTcst B OCHOB-
HOM BECEHHE-JIETHEH CE30HHOCThIO (C CepeluHBI
anpesns A0 aBrycra). [Iuku BBICOKOI YHCIEHHOCTH
nMarnaidbHoi momyssimuu Hyalomma a. asiaticum
CTPOTO COBHNAJAIOT C NHKaMH 3a00JIeBaEMOCTH
KKTJI. K nyTsam nepenaun nndexuun B Kazaxcra-
HE CJIe[lyeT OTHECTH TPAHCMUCCHBHBIM - IIPU YKY-
ce 3apaxeHHbIx kiemei (73,1%); pazmaBimBaHue
KJIeIeH pyKaMH TIPU CHSTHHU C )KUBOTHBIX WM C Ye-
JIOBEKa WJIM TIPU CTPIKKe oBell (26,8%); KOHTaKT-
HBIN - IPU KOHTAKTE C BUPYCCOAEPIKALUM MaTepH-
aoM (KpOBb U KPOBSIHUCTBIE BBIICICHUS OOIBHOTO
(0,1%).

Knumam Typrecmanckoui oonacmu. Kiumar
001acTH XapaKTepU3yeTcs sIPKO BBIPAKCHHOW KOH-
TUHEHTAJIHOCTBIO, CYXOCTbIO M OOMJIMEM Terua.
Bricokasi KOHTMHEHTAJIBHOCTD MPOSBISAETCS B pe3-
KHX TEMIIEpaTYPHBIX KOHTpacTax JIHS U HOYH, 3UMBI
u neta. IIpogomKuTeIbHOCTD TEMJIOro Mepuosia co
CpelHEH CYTOYHOH TeMIEpaTypod BO3/yXa BBbILIE
0° C konebnercs ot 250 B ceBepHOIl yacTu o0na-

ctu 710 320 B roxHOI. JIeTo moBceMecTHO B 001acTh
JKapKoe, JUIMHHOE U MCKITI0YUTENsHO cyxoe. Cpe-
HSS TEMIIEpaTypa caMoro >KapKoro Mecsa — U0
— xoneonercs B nmpeaenax 20-30° C. 3acynumBocTb
— OJIHa W3 OCHOBHBIX OTIMYUTENBHBIX YepT KINMa-
Ta obmactu. ['0JJ0BOE KOIMYECTBO OCAJKOB B PaB-
HUHHOM JacTH o0macTu coctasisieT 150-250 mm, B
npearopbsix oHo yBenauuupaetcs 10 400-600 MM u
0oJsiee, B TOpHBIX paiioHax (Ha BeicoTe Oosee 1000
M Haj ypoBHeM Mops) — 10 750 mm u 6onee. Jleto
oueHb cyxoe [18,19].

[IpupoaHbIe KITUMAaTHYECKUE YCIOBHS 001aCTH,
CO3JIAIOT OJArompuATHYIO Cpeny Al MOCTOSHHO-
r0 CYIIECTBOBAaHMS 3aMKHYTOTO MPHUPOTHOTO OWO-
reoleH03a, ONTUMAIBHOTO IS )KU3HEHHOTO KA
KIICHIe — XpaHUTENIeH W TEePeHOCYHKOB BHUpYycCa
KKI'JI, a Takke BBICOKOW KOHILIEHTPAIIMHU CEJIHCKO-
XO3SIMCTBEHHBIX JKHUBOTHBIX, SABIAIOIIUXCA OCHOB-
HBIMH TPOKOPMUTEIISIMA HMKCOJIOBBIX KIICIICH Ha
9TON TEPPUTOPHUU.

Hacenenue. B nocnegnue rojael TypkecTas-
ckas 00JacTh B 4acTU aJMHHUCTPATUBHO- TEPPH-
TOPHABHOTO JICJICHHS TIpeTepIiesia CyIIeCTBEHHbIE
U3MEHEHUS], KOTOpbIe HEOOXOIMMO YUUTHIBATH TIPU
pacdere HMHTCHCUBHBIX MTOKa3aTeNel HCIOb3YEMbIX
pu oreHke ononormaeckux puckoB KKI'JI Ha ot-
ACJbHBIX aAMUHUCTPATUBHBLIX TCPPUTOPUAX.

B cootBercTBHU ¢ ykazoM mpe3uaeHTa Peciry-
omukn Kazaxcran FOxno-Kazaxcranckas oOmacts
ObUTa meperMeHoBaHa B TypKecTaHCKyro, a € aj-
MUHUCTPATUBHBINA TEHTp nepeHecéH u3 LlbivkeH-
ta B Typkecrad. IIIBIMKEHT NOJIy4HJI CTaTyC IOpo-
Jla pecrnyOJIMKaHCKOTO 3HAYEHUs, CTaB OTJENIbHOM
aJIMHHUCTPATUBHO-TEPPUTOPHATILHON  SIUHUIICH,
paBHoii obmactu. B cocraB Typkectanckoi obOia-
CTH BKJIIOUEHBI 13 paiioHoB u 3 ropoja 00:1acTHOTO
nomunHeHus (Tabnwuma 1) [20,21].

Tabéauna 1 — [TnotHOCTE Hacenenus TypkecTaHckoit o6macT Ha 1 KB. KM.

Ne HaunmenoBanue Hacenenne IInomagb KB.KM. IlnoTHOCTH HA KB.KM.
Typxecranckas 1992 845 116095,0 17,2
1 ApBICh TOPOACKOHN akuMaT 74 656 7654,0 9.8
2 JKerucaiickuii paiion 171 150 1046,0 163,6
3 Kaspiryprckuii paiion 106 479 4031,0 26,4
4 Kenecckwuii paiion 142 081 3451,0 41,2
5 Kenray ropozckoil akumar 104 796 7745,0 13,5
6 Makraapanbckuil paiioH 132 538 808,0 164,0
7 OppabackIHCKHH paiioH 119 541 2594,0 46,1
8 OTtpapckuii paiion 54 050 16758,0 3,2
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Ipooonscenue mabauywvl

Ne HaumenoBanue Hacenenne Inomans KB.KM. IL1oTHOCTH HA KB.KM.
9 paiton baiinnbeka 54 033 7233,0 7,5

10 paiion Caypan 100 000 6500,0 15,4

11 Caiipamckuii paifon 210782 1148,0 183,6

12 Capsblaranickuii paifon 187 088 4171,0 44,9

13 Cy3axckuil paiion 61679 41049.,0 1,5

14 ToneOuiickuii paiion 118 224 3064,0 38,6

15 TypkecTaH ropocKoit akumar 165 743 196,0 845.,6

16 Tronpky0acckuii paiton 111 701 2275,0 49,1

17 apnapuHCcKUii paiion 78 304 12872,0 6,1

Ilpu pacuére IMJIOTHOCTH HaceJIeHUs paiio-
HOB TypkecTaHCKOH 001acTh i MOJICIUPOBAHHUS
ounonornueckux puckoB KKI'JI yuutsiBaercs, uto
r. TypkecTan OTIWYaeTCs BBICOKOH (TOPOICKOM)
IJIOTHOCTBIO HaceJeHHsl, a ero TEPPUTOPUS paccUu-
TaHa Ha 3HAYUTEJILHOEC YBEIWYCHUE UYUCICHHOCTU
JKUTENEeH B OymymieM. ITo OBUIO YITEHO TP OTIpe-
JNeTeHNN MHOUKATUBHBIX Toka3arenaeii KKIJI.

B pamkax MomenupoBaHUSI OHMOJIOTHYECKUX
pHUCKOB HacejeHue I. TypkecTaH MCKIIOUEHO W3
o0ImIell CyMMBI, MOCKOJNBKY 1O TEKyIIeMY aaMu-
HUCTPATUBHO-TEPPUTOPUAIBHOMY JAEJICHUIO 3TOT
ropoJi OKPYKEH TEPPUTOPUEH CEIBCKUX OKPYIOB
Caypanckoro paiiona. Panee 3apeructpupoBaHHas
3200J1€BaEMOCTb B 3TOM 30HE TEIEpb OTHOCHUTCS K
pailOHHOM CTaTUCTHUKE.

Ilpupoonwuit ouaz KKI'JI Typkecmanckoii 06-
aacmu. 110 KKI'JI pacrionoxen B Tpex nanamadg-
THO — reorpa(puueckux paiioHax: IpeAropHO-CTeIl-
HOW c XONMHUCTBIM penbedom (Capblaramickuii u
Kenecckuii paiioHbl), pABHUHHO — TOWMEHHBIM C
npeobnamanneM pek, kanainoB (Kemecckmit m Max-
TaapajabCKuil pailonsl) U nonymnycTeiHHb ([1lapna-
puHckuii, Cy3akckuil 1 KbI3bUIKYMCKHI pailoHbI).
OcnHoBubiM niepeHocunkoM KKI'JI Ha 3T0# Teppu-
TOPUM SIBJISIIOTCS MKCOoAoBble Kiemn Hyalomma
anatolicum anatolicum u Hyalomma detrium, cy-
LIECTBCHHYIO POJIb B 3apa)KEHUH HACEJICHHSI UTPAIOT
ukconoBbie ke Boophilus calcaratus, mapasu-
TUPYIOLIME MPEUMYIIECTBEHHO Ha CEJIbCKOXO3SiH-
CTBEHHBIX KUBOTHBIX [22,23].

3aboseBaeMOCTh Cpeld HaCceJeHUs XapaKTepu-
3yeTcsl BBIPAKEHHON CE30HHOCTBIO C HAYaJIOM B Mae
1 OKOHYaHUEM B aBrycre. 3a00JieBaHUs B 3UMHHE
MecsIbl KpaliHe peikH, 3aperucTPUPOBAHO TOJIBKO
2 ciyudast B ssHBape 1961 ropa, cBsi3aHHBIE C pe3-
kuM norerieHueM. Jlo 70 % 3aboneBmmx KKIJI
— KHTEJIN CeJIbCKOW MECTHOCTH, YabaHbl, pabOTHU-
KM MSICO — MOJIOUHBIX (pepM, BIaJenblbl YaCTHO-
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ro CKOTa. 3aperucTpupoBaH cCiaydail 3aboneBaHUS
pabOTHHIIBI MSICOKOMOMHATA, CHUMABILIEH IIKYpPbI
C TyII 3a0UTHIX KUBOTHBIX. BBICOK yIeNnbHBINA Bec
(mo 30 %) mut1, 3apa3suBIINXCS KOHTAKTHBIM ITyTEM
ot OonbHbIX. JleTampHocTh 0T KKIJI cocramisier
B cpenneM 21,7 %. 3aboneBaemocts KKI'JI cpenn
HaCeJIeHUsI HOCUT CIIOPaJUYEeCKHil XapakTep, pac-
MIPOCTpaHeHa TePPUTOPHATIBLHO, KPYITHBIX 04aroB ¢
TPYNIIOBEIMH 3200JIEBAaHUSMH IFOJICH, TTPOSBICHHIA
SMHUIEMUYECKOT0 XapaKTepa He 3apeTUCTPUPOBAHO.
[epBbie cnyyan 3aboneBannit KKI'JI cpenu Hacee-
Husl ObUTH BEIsBIICHHEI B 1948 romy B Kemecckom u
MaxTtaapansckoM parioHax HOxxHo-Kaszaxcranckoit
obmactu. B mocnenyrome rogsl Ha 3TOW TeppH-
TOPUHU 3apPETUCTPUPOBAHBI, KaK OT/IEIbHBIC CITydan
3a00JIeBaH, TaK M AMHIEMHUYECKHAE BCIIBIIKA HA
Tepputopuu 12 paiioHos u B I. IlIsiMkeHTe.

Bcero ¢ MoMeHTa BBISIBIIEHUS IPUPOJTHOTO OYa-
ra Ha tepputopuu Typkectanckoil (pamee HOx-
Ho-Kazaxcranckoit) obnactu u r. IlIpiMkeHT 3a-
peructpupoBano 6oiee 360 cimyyaeB 3a0oJeBaHUS
KKIJI.

B mocnennue roasl 3aboneBaemocts KKIJI B
Typkecranckoi oomactu B mokasarensx Ha 100 TbI-
CSI9 HACENICHHsI CYIIECTBEHHO MPEBBIIIAET CpeIHe-
peciryOnuKkaHCKU# ypoBeHb (pucyHOK 1) [24].

IIpamvle u KoceenHbvle cmamucmuueckue no-
Kazamenu, xapakmepusyoujue akmugHocms npu-
poonozo ouaza KKIJI (II0 KKIJI) Typkecman-
cKoui obnacmu. [IpakTHYECKUM STHIEMHUOIIOTAM,
HE WMEIOUINM CHEeIHaIbHOr0 HayYHOTO 00pa3oBa-
HUs, B HACTOSIIEE BPEMS JOCTYIHBI €KEMECIIHBIC
1 ©XKEroJHble CTATUCTUYECKHE TOKa3aTeH, MPSMO
WM KOCBEHHO XapaKTEPU3YIOIINE aKTUBHOCTH ITPH-
POIHBIX OYarOBBIX MPOIECCOB HA YHAEMHYHBIX TEP-
putopusax 1O KKI'JI. Ing uHOAMKATUBHOW OLECHKU
aktuBHOCTH TpupoaHoro odara (I10) KKIJI Typ-
KECTaHCKOM 00JacTH MOTYT OBITh HCIOJBb30BaHBI
HWDKECTIeIYIOIINEe TOKa3aTelu.



A.T. 3apksIMaHOBa U JIp.

0,7

0,6

0,5

0,4

03
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Pucynok 1 — JTunamuka nokasareneii 3adonesaemocti KKIJT
Ha 100 TeIcsiy HaceneHus B TypkecTanckoi obmacty U I. IIIbIMKeHT.

1) IlepBbIM JOCTYNHBIM ISl 3MHJEMHOJIOIOB
MPSIMBIM TTOKA3aTEJIEM, XapaKTEPU3YIOIUM aKTHB-
Hocth [1O KKI'JI sBrsercss BupycoopHOCTh (MH-
¢unmpoBannocts kiemeil Bupycom KKIJI), BbI-
pakeHHass B MPOLEHTAX K YUCIy HCCIEIOBAaHHBIX
mpo6 (mynoB). Ilokazarens WHOUITMPOBAHHOCTH
KJIelel — sBJSEeTCs, 10 HalleMy MHEHMIO, OCHOB-
HBIM NPSIMBIM U HanOoJjiee 00bEKTUBHBIM ITOKa3aTe-
JIeM, XapaKTepU3yIOUIM CTETIeHb OMOIOTHYECKOTO
pHUCKa 3apakeHHUs YelloBeKa Ha KOHKPETHO uccie-
JIOBaHHOHM (M3yYeHHOW) SHIAEMHYHOW TEPPUTOPHH.
JlaHHbId TIOKa3aTelb JOCTYMNEH, CTaTUCTHUYECKH
JIOCTOBEPEH, UCIOJB3YETCS B €KEMECIIYHOM MOHH-
TOPUHIE 3MU300TOJOTUYECKON M 3NHUIEMHUYECKOM
cutyanuu 3a Konro-KpsiMckol remopparnyeckoi
nuxopankoit B Pecybnuke Kazaxcran, BBeZlecHHOM
B aeiictBue IloctanoBnenneMm ['maBHOro rocynap-
CTBEHHOTO CaHWUTapHOTo Bpauda Pecrmybmmku Ka-
3axctaH B 2005 rony u AeiicTBYIOIIEM B HACTOSIIIEE
BpeMsi. MOHUTOPHUHT SIBJISIETCSI 00S3aTEIbHBIM IS
CTaTHCTUYECKOTO Yy4eTa W Tpe/ACTaBisiercd B Ha-
CTOAIIEe BpeMsI B TEPPUTOPHAIIbHBIE JleapTaMeH-
Thl CAHHUTaPHO-JIUAEMHOJIOTHYECKOTO KOHTPOJIS
CE30HHBIMH 300JIOTMYECKUMHU OpUTaJaMH OT PEerH-

OHaNBHBIX (umanoB HannonanbHOro IEHTpa JKC-
neptu3bl M3 PK u punmmanos HanmonansHOTO Ha-
YYHOTO IIEHTpa 0c000 omacHBIX WH(peKnnid uM. M.
AvikumbaeBa M3 PK, paboTaromnux Ha 3HIeMUYHOM
o KKI'JI repputopuu peruonos [25,26].

[Ipoune 30070THUECKNE TTOKA3ATENN: HHAEKCHI
o0mus (KOJIMYECTBO KJelei, 0OHapyKEHHBIX Ha
1 0co0b OCMOTPEHHBIX >KUBOTHBIX M yUeT KIICIIeH
B MIPUPOJIE METOIOM (1aro-4aca) MOTYT UCIOIIB30-
BaThCsl KaK BCIOMOTATEJIbHbIE NMPU3HAKK AKTHBHO-
ctu [10.

OrneHka YHUCIEHHOCTH KIIEHIeH MO HWHIAEKcaM
OOMITHS — ABJISIETCS] KOCBEHHBIM IIOKA3aTeNIeM | IPO-
BOAMTCS B OCHOBHOM B LIEJIIX KOHTPOJISI TOJIHOTHI U
KadecTBa IMPOBOAMMBIX MPOTHBOKJIIEIIEBBIX MEpO-
MPUSATUI CPEJU CEIbCKOXO03IUCTBEHHBIX JKUBOTHBIX
n (GOPMHUPOBAHMS 3ALIUTHBIX [TPOTHBOKIELIEBBIX
TI0JIOC BOKPYT HACEJICHHBIX ITYHKTOB U B IIEPHOJ Ha-
yaJia 3MUAEeMUYECKOr0 CE30Ha — CTATUCTUYECKU He
JIOCTOBEPHBI, TaK, KaK, COCTABISAIOT MPAKTUYECKH
noBceMmecTHO oT 95,0 mo 100 %.

2) BropbiM mokazaTeneM AOCTYIHBIM SIIHJIe-
MHOJIOraM sIBJIsIeTCsl 3a00JIeBaeMOCTb HACEJICHHUS
KKT'JI no agMUHUCTpAaTUBHBIM TeppuTopusiM Pe-
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cnyonmku Kazaxcran. Yuer 3a0oneBaemoctu KKI'JT
(xox mo MKB 10 — A98.0 Kpermckast reMopparude-
cKas nuxopajka (BbI3BaHHas BUpycoMm KoHro) Be-
JIETCSl ©KEMECSYHO COTJIACHO CTaTHCTHUECKOU (op-
me Ilpmmosxkennst 1 Ilpukaza M3 PK Ne 313/202 ot
22 nexaOps 2020 roma [27].

OTOT NOKa3aTeNb ABISAETCSI KOCBEHHBIM, TaK, KakK
3abonesmmii KKI'JI uenoBek siBnsieTcst gare BCEero
CIIy4allHbIM (CE30HHBIM) MPOKOPMHUTEIIEM KIIEIIEH,
KOTOpBbIE B OCHOBHOM MapasUTHPYIOT Ha MEJIKUX
MBIIIEBUIHBIX TPBI3YHAX U CENTbCKOXO03IHCTBEHHBIX
JKUBOTHBIX. B TO jk€ Bpems 3TOT MoKa3aTesb TaKxKe
MOJKET XapaKTepU30BaTh YPOBEHb PHCKa 3a00JeBa-
HUS JII0JIed Ha KOHKPETHOW SHJEMHYHOW aJIMUHU-
CTPATHUBHOU TEPPUTOPUH.

3) TpeTnii moKazaTenb — ATO YUCIIO 3aPETUCTPH-
POBaHHBIX CIy4aeB OOpaIleHui MOCTPaJaBIINX OT
YKYCOB KJIEIIEH 32 METUIIMHCKOM ITOMOIIBIO — OoJiee
MIOJIHO OTPAYKAET MHTEHCHUBHOCTH CE30HHOTO JIH-
3ootuueckoro mporecca KKIJI. 3roT nokaszaresnb
TaKXKe SIBISIETCS KOCBEHHBIM, TaK, Kak HE00X0IUMO
YUUTBIBATh, YTO 3HAYUTENbHASI YaCTh I'PaXAaH, MO-
CTpaJaBIINX OT YKYCOB KJICIIEH B METUITMHCKHE Y-
peXICHUS HE 00paIaloTCs.

4) UerBepbIM TOKa3aTeleM, XapaKTEPHBIM
It KoHKpeTHOU sHaemuuHoi o KKI'JI tepputo-
puH ABJISETCA MOKa3aTesb INIOTHOCTH HAaCeJIeHMUs,
TaK, KaK, TPy BBICOKOU MJIOTHOCTU HACEJICHUs Ha
1 XKB. KM. TEpPUTOPHUH — ITOBBIIIAETCSA CTETIEHb U
YBEIMYMBAIOTCS PUCKU KOHTaKTa ¢ WHQUIUPO-
BaHHbIMH BuUpycoM KKI'JI kiemamu. DToT moka-
3aTeNb, II0 MHEHHUIO aBTOPOB, SBIISIETCS IPSIMBIM H
HETIOCPEICTBEHHO BJIUSAET HA CTENEHb (YPOBEHbD)
OMOJOTHYECKON ONMacHOCTH aAMHHHCTPATHBHOMN
TEPPUTOPHH.

[Ipenmonaraercsi, YTO KOMIIJIEKCHas OIIEHKA
STUX NPSIMBIX U KOCBEHHBIX MOKa3aTeseH, XapakTe-
pU3YIOLIMX aKTUBHOCTH mpupojHoro ouvara KKI'JI
MIO3BOJIUT CO3/1aTh PabOYyI0 TUIIOTE3Y — MaTeMaTH-
YECKYIO MOJIEIb, IPOBECTH OLICHKH OMOJIOTHYECKUX
PHUCKOB, KJIacTEpPH3AIMI0 U KIACCH(DHUKAINIO dHIIE-
MHYHBIX TEPPUTOPHUH.

Komnnekcnaa ouenka noxazamenei akmue-
Hocmu npupoonozo ouaza KKI'JI Typxecmanckoii
oonacmu. JIns MHIUKATUBHOMW OIEHKH OHMOJIOTrHYe-
CKHMX PHUCKOB Ha aJMUHUCTPATUBHOU TEPPUTOPHUU,
suaemuusblx 1o KKI'JI paitonoB Typkecranckoi
00s1acTH OBUIM UCTIOJIH30BAHBI:

[Tokazarenu BUpYcOPOPHOCTH KIICIEH:

- CcpedHee KOJHMYECTBO IIOJIOKHUTEIbHBIX Ha
KKTI'JI nabopatopHbIx mpo0;

- yaenbHbI Bec nonoxurenbHbix Ha KKIJT na-
00paTopHBIX MPOO (ITyJIOB) B MIPOIEHTAX K 00IeMy
YHCITy UCCIIEIOBAHHBIX YJIOB KIIEIIEH;
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2) 3abonesaemocts moaeit KKI'JI no paiionam
TypkecTtanckoi oomacTu;

3) Iloka3aTenp TUIOTHOCTH HACEIEHHUs, TIPOXKH-
Batomtero Ha saeMu4HbIX 1o KKI'JI teppuropusix
Ha | KB. KM. IJIOLIAH.

[Tokazarenp oOpam@aeMocTy IHII, MOCTPaIaB-
HIMX OT YKYCOB KJICLIeH 38 MEJUIINHCKON TOMOIIBIO
M0 KOHKPETHBIM pallOoHaM C Y4eTOM HOBOTO aJIMH-
HUCTPATUBHOTO JiesieHust TypKecTaHCKOH o0iacTu
(8 2018 r.) — HEe UCMONB30BaH M3-32 OTCYTCTBUS
KOPPEKTHBIX TAHHBIX 110 PETHOHAM.

B xone ananmmza OBLIO yuYTEHO, YTO JAaHHBIN
nokasarenb 1o TypkecTaHCKo# oOmacTu octaéres
OTHOCHUTEIIFHO HEBBICOKHM, COCTAaBIISISI B CPEIHEM
128,7 gen. na 100 ThIC. HACEIEHUS, YTO HIUKE CPEII-
HepecmyOIMKaHCKOTO ypoBHs, paBHoro 207,1.

Pe3ynbraTel, TIOTyYeHHBIE IO MPEICTaBICHHO-
My KOMIUIEKCY TOKa3aTenel ¢ KJIacTepHBbIM aHaJH-
30M TI0 CTEIIEHH PUCKa arperupoBaHbl, CBEJCHHI B
o0mryto TaOnHIly W BEIHECEHBI Ha KapTy OMOJIOTH-
YECKUX PHUCKOB aIMUHUCTPATUBHBIX TEPPUTOPUN
TypkecTtanckoli o0macTu (PUCYHOK 2).

[Ipu onenke u GOPMUPOBAHUH KapTHI OMOIOTH-
YECKUX PHCKOB OBLIH C/IEaHbl CIIETYIOIIUE UCKITIO-
YCHUSI, JOTIOJTHEHUS] U KOPPEKTUPOBKH:

CaypaHcKkuiil paiioH BbIJCJIEH KPaCHBIM I[BETOM
Y TIO3UIIMOHUPYETCSI, KAK PETUOH BBICOKOTO OHOJIO-
THUYECKOT0 PUCKA. DTO CBA3aHO C €r0 OTHOCHUTENb-
HO HEJAaBHUM CO3JIaHUEM, YTO JIOTHYHO OTHECTH K
3TOMYy pailloHy, BCE€ paHee 3aperucTpUpOBaHHBIC
3a00JIeBaHus JIIOJCH W pe3yJbTaThl UCCIICAOBAHUN
KJICLIECH, MIPOBEICHHBIE B OKPECTHOCTAX TI. Typke-
craH ¥ T. Kenray. Crenensb pucka Taxxke Obuia 3a-
BBIIIICHA B CBSI3M C MAaCCOBBIM YHCJIOM MaJTOMHHUKOB
Y MHOCTPAHHBIX TYPHCTOB, BEIEIKAIONINX B pailoH 1
MOCEIAI0IINX MYCYJIbMAaHCKUE CBATHIHU: T. Typke-
ctal u ropoauuie Caypas.

Crenenb pucka r. HIIBIMKEHT Take MOBBILIE-
Ha J10 JKENTOr0, CPEeTHETO YPOBHS M3-32 aKTUBHOTO
(hopMHUPOBaHUS ¥ pa3BUTHS €AUHON HHYPACTPYKTY-
PBbI, BKJIIOYAIOIIEH TOpO U MpUJIEraroiue paioHsbl.
HHTeHcuBHOE CTPOUTENHCTBO TOPOAOB-CITYTHHUKOB,
CHaNbHBIX PAalOHOB M HOBBIX TPAHCIIOPTHBIX Ma-
ructpaieil B pamkax IIIBIMKEHTCKOM TOpOACKON
arJioMepaly CyIIeCTBEHHO BIMSET Ha CUTYaIHIO.
Enunast ropoxckas arioMepauusi oObeIuHSIET T.
[lIprmMkenT, T. ApbIch, a Takke bammdekckwmii, Ka-
3pIrypTckuii, Opaabdacunckuii, Caiipamckuii, Toxe-
Outickuii u TronbKyOackuil paiioHbl, SHIEMHYHbIE
1o KpeiMckoii—KoHro remopparudeckoi jJuxopa-
ke. OOmIasi YMCICHHOCTh HACEICHUS arjioMepamun
npeBbimaet 1,9 MiaH 4enoBek, a pacu€THasl TUIOT-
HOCTh HaceJIeHHs cocTaBiseTr Oonee 66 yen. Ha 1
KB. KM.



A.T. 3apKbIMaHOBA H JIp.

Tadanna 2 — CBoHbIe JaHHBIE CTATHCTHYECKUX MOKa3aTesel INIOTHOCTH HaceJIeHHs U 3a00JIeBaeMOCTH 110 aIMHHHICTPATHBHBIM
TepputopusaM TypkecTaHCKoH oOnacTH, sHAeMHIHBIM 110 KoHro-KpbIMckoit reMopparndeckoil imxopaske

Kaacrepsl 110 ypoBHIO
KaacTepsl IUIOTHOCTH HACETEHHAS 9
Kaactepsi 3200/1€BAEMOCTH JIIO/Iei
1 2 3 1 2 3
Kiacrep Kjacrep Kjacrep Kjacrep Kiacrep racTe
BbICOKHMI PHCK | CPeJHMI PUCK | HU3KHI PUCK | BBICOKHUI CpeHUI S— ECK
PernonsI (ot 123,5 10 (ot 61,8 10 (or1,510 | puck(or7 | puck (or4 (or1 (l,) 3)
185,1) 123,4) 61,7) 10 9) 10 6) A
ApBICH TOPOJICKOIT aKuMar (+) ()
Kerucaiickuii paiion +) ()
KassIrypTckuii paiion () ()
Keneccknii paiton (+) (+)
Kenray ropozckoii akumar 6]
MakraapanbCKuii paiion ()] ()
OpnabachiHckuit paiton () ()
Orpapckuit paiion () ()
paiton Baitubexa ) ()
paiion Caypau () ()
Caitpamckuii paifon +) (Go)
Capbplaralickuii paiion () ()
Cy3akckuil paiion +) ()
ToneOuiickuii paiion +) ()
TronbKy6acckuii paiion +) ()
[llaprapuHckuii paiion (+) () ()

Ta6auna 3 — CBogHbIe JaHHBIE CTATUCTUYECKUX ITOKa3aTenel MHOUIMPOBAaHHOCTH Kiemmel Bupycom Koxro-Kpsivckoit remoppa-
THYECKOH JIMXOPAJKHU 110 YHAEMHIHBIM aIMUHUCTPATUBHEIM TeppUTOpHsIM TypKecTaHCKOH obnacTu

Kaacrepsl 110 yaeqsHOMY Becy
Kaacrepr1 KOAMYECTBA MOMOKHTEMBHBIX |~ 0 e reneii K
Kaacrepel ) KKTUI na6oparopubix npo6 ot kiemeii P
0011eMy YHCITY HCC/IEOBAHHBIX POD
1 2 3 1 2 3

KJacTep KJacrep aeTe KJacTep KaeTe KJacTep

BBICOKMIl cpeIHMit — fl K BBICOKMIi pHCK P I;l K HU3KUH
Pernonsl puck (ot 73 | puck (ot 37 (o1 2 0p3 6) (ot 15,9 no (OPT g 0 opl 5.8) puck (ot 2,8

110 109) 10 73) A 20,6 >0 710 29 10 7.,9)
ApBICh TOPOJICKOH aKuMar (+) *
XKerucaiickuii paiton )
KaswIryprekmit paiion +)
Kenecckuii paiion ) ()
KenTay roposckoii akumar (+) *
MakraapanbCcKuil paion (+) )
OpnabacbIHCKHil paiioH +)
Orpapckuii paiion (G) (&)
paiton Baiinubexa ) ()
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Ipooonscenue mabauywvl

Kaacrepsl 1o yaesHOMY Becy
K1acTepbt KOIMYECTBA NOMOKHTENBHBIX | o0 e -
Kaactepbl 1, KKIUI 1aGopatopubix mpo6 ot kiaemeii p
001IeMy YHCITy HCCJIeT0BAHABIX TPOD
1 2 3 1 2 3
KJaacrep KJaacTep cnacTe Kiacrep CnacTe Kaacrep
BBICOKHI cpeaHuii — ECK BBICOKHI pHCK cpennmii I:luc HHU3KHI

Pernonst puck (or 73 | puck (ot 37 (o1 2 0p3 6) (ot 15,9 10 (opr g 0 opl 5.8)| PHex (or 2,8

10 109) 10 73) 8 20,6 DA 10 7,9)
paiton Caypan ) )
Caiipamckuii paiion &) (&)
Capplaranickuii paifon ) )
Cy3akckuil paiioH ) (§)
ToneOuiickuii paiion ) )
TronbKyGaccKuil paion G (&)
[aprapuHckuii paiion () )

4 O 9
5

11

13

12
3

TYPKECTAHCKAS OBJIACTH
1. Baiinn6excknii paiion
2. KaspIryprcKui paiioH
3. MaxrtaapaJbcKHi paiioH
4. OpaabdacHHCKHI paioH
5. Otbipapckuii paiioH

\ 6. Caiipamckuii paiion

“". 7. Capplaramckuii paiion

8 | 8. Cysakckuii paiioH

9. Tonedmiicknii paiion
10.TronbKyb0acckHii pailoH
11.MIapaapuHCcKHii paiion
12.2KerbIcaiickuii paiioH
13.Keecckmnii paiion
14.Apbicckuii paiioH

4 1
4 6 10

O ropoa TypkecTaH (arjioMepaius)
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A.T. 3apksIMaHOBa U JIp.

Takum 00pa3oM, TTOTyYEHBI CIIETYFOIIIE BEIBOJIBL:

1) Komrmekc mpencTaBieHHBIX B MyOIHKaIAN
JIOCTYIHBIX CTATUCTHUYECKUX IIOKa3aTeseil: BUPY-
cOOpHOCTh KJIemIeH (KOJIMYECTBO TIOJIOKHUTEIb-
He1x Ha KKI'JI maGopaTopHbIX Tpo0 1 UX yAeTbHBINA
BEC B IPOIEHTAX K 00IIEMy YHCITy HCCIIeTOBAaHHBIX
npo0 oT kiemieit); 3aboneBaemocts Jroaeid KKIJI;
o0paraemMocTh rpakian, OCTPAJaBIINX OT YKYyCOB
KJIeIIed 3a MEIUIUHCKOW MOMOIIBIO; IJIOTHOCTh
HACEIICHUS HJIEMUYHBIX TEPPUTOpUN Ha 1 KB. KM.
TUTOIIA U — SIBIISTIOTCS. HEOOXOAUMBIMH U JOCTATOY-
HBIMH JUI1 MHAUKATUBHOM OLIEHKH OMOJIOTMYECKUX
PUCKOB Ha aJIMHHUCTPATUBHOW TEPPUTOPHHU, DH]IE-
muyHoi mo KKI'JL.

2) Ha ocHOBe ATHX MOKa3aTenel, CoaepiKammux
CTaTHCTUYECKHE JAaHHBIC 3a TIEPUOJ] HE MEHEe 4eM
3a 10 1eT, BO3MOXKHO MMOCTPOCHUE MAaTeMaTUYECKON
MOACIN OLCHKHU W IMPOTHO3UPOBAHUA 6I/IOJIOFI/I‘Ie-
CKHX PHCKOB Ha OYEPEIHOHN AMUIEMUYECKHIA CE30H
1 KPaTKOCPOUHBIH (2-3 Toaa) mepuoI.

3) Jlns pacyeTa OMOTOTUYECKUX PUCKOB U JOJ-
rocpouHoro (3-5 5er) MOCTOBEPHOTO MPOTHO3M-
pOBaHMsS aKTUBHOCTH TpUpojHbIX oyaroB KKIJI,
HeO6XOI[I/IMI>I CTaTUYCCKUC JAHHBIC IO BBIILICIICPEC-
YHCICHHBIM TIOKa3aTelsiM «TIIyOMHOI» HE MeHee
20 met (W1 ompeaeNeHus MUKIMYHOCTH M TIEPHO-
MUIHOCTH OMOIIEHOTHYECKHUX MIPOLIECCOB) U UX MPO-
(hecCHOHANBHOTO pacyeTa ¥ KOPPEISIIIAU C TIPUPOJI-
HBIMH TIPETUKTOPAMHU, BIUSIONIMMHA Ha )KU3HEHHBIN
LUK MKCOJOBBIX KIEHIEH U UX MPUPOIHBIX MPO-
KOPMHTEJIEM: TeMIIepaTypa U BIKHOCTh BO3/yXa
Y TIOYBBI, KOJIMYECTBO BBIMABIINX OCAJKOB, BBICO-

Ta CHEXHOTO MOKPOBA, 3HAYCHUSI KOTOPHIX MOTYT
OBITH UCTTOITF30BAHBI JIJIS TTOCIIEAYIOIETO COCTaBIIe-
HUS STTUAEMHUOJIOTHIECKOTO TIPOTHO3A.

3ak/aouyeHne

JlaHHBIE WCCNIEOBAaHUS B HACTOSIIEE BpEMs
HOCAT KOHULENTYaJbHbIM W 3KCIEPUMEHTAIbHBINA
xapakTep. AHaJOTH4Hble pabOTHl MO CO3AAHUIO
MaTeMaTHYeCKOW MOJEIN WHIUKATUBHOW OLIEHKH
OMOJIOTHUECKUX PHUCKOB M BO3MOXKHOCTH IPOTHO-
3UPOBaHUs aKTUBHOCTH NpUpoAHbIX oyaroB KKI'JI
MIPOBOJATCS HA OCHOBE MMEIOIIEHCS 0a3bl JOCTYII-
HBIX CTATHCTUYECKUX IOKa3aTeled B IHICMHYHBIX
KamObickoit u KeI3pmopiuHckoi obnactsx. AHa-
aUTHYecKask WHGOpPMALUsl U WHAWKATUBHBIA TpO-
I'HO3, IPEACTaBJICHHbIC B HACTOSILEH IyOIuKanuu
— 93TO TOCTYJIaT, HEOOXOAMMBIH i BBIPAOOTKHU
paboueil THIOTE3B! U cO3/1aHusl B OMKaieil nep-
CIIEKTHBE 3JICKTPOHHOW IPOrpaMMbl MOAEIMPOBa-
HUS U TPOTHO3MPOBAHMS OMOJIOTMYECKUX PHUCKOB
st HacesieHust Pecrybnuku Kazaxcran, mpoxusa-
foniero Ha omnacHbix sHJAeMuuHbix 110 KKI'JI Tep-
PUTOPHSIX C MCHOJB30BAaHMEM BO3MOXKHOCTEH HcC-
KYCCTBEHHOT'O MHTEJIJIEKTa HA OCHOBE MHOTOJIETHUX
0a3 IaHHBIX CTaTUCTUYECKUX IOKa3aTeseH, Xapak-
TEPU3YIOUMX aKTUBHOCTh PHUPOJHOTO Ovara.

Co3pmaBaemas maremarnieckas Mojaeib Oyaer
IIPOBEPEHa M OTKOPPEKTUPOBAHA Ha OCHOBE [10KAa3a-
Telel 3a001eBaeMOCTH HaCEIeHUS U 3apakEHHOCTH
knemeit Bupycom KKI'JI, monydeHHBIX 1O UTOraM
3MUIEMUYECKOI'0 CE30HA.
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MALDI-TOF MACC-CITEKTPOMETPUSA SAICIMEH
BACTEROIDES FRAGILIS LLUITAMbIHDbIH,
AHTUBNOTUK PESUCTEHTTIAITIH AHbIKTAY

3epTTey >KYMbICbIHbIH HEri3ri MakcaTbl, >XepriAikTi AeHremae, ayblp apam3ar MHGEKLMIAAPbIH
emaeyAe kapbaneHem Tepi3aAi KeH KOAAQHbICTaFbl aHTUMMKPOOTBIK, MpernapaTka Kapcbl KasakcrtaH
eHipiHeH GeAiHin aabliHFaH Bacteroides fragilis (BFR_KZ01) KAMHMKAABIK, WTaMbIHbIH CE3iMTaAAbIFbIH
6araray 6oAbIN TabbiAaabl. MaTpuMUaAbIK, KEMEKLLI AA3EPAIK Aecopbums MoHM3aumsAay/ Yy YakbiTbl
MacC-CMeKTPOMETPUS BAICIH MarmAaAa OTbIpbIN, AHTUOMOTUKKE AEreH Pe3MCTEHTTIAIKKE >Kayar
6epeTiH reHAepAi aHbikTay. Bacteroides fragilis wTaMbiHbIH, @aHTUOMOTUK PE3UCTEHTTIAIrIHE >KayarTbl
CfiA-OHFa MOHTOPMHI >KYPri3y >X8He >KaHa MOAYAAbI aHbIKTay MYMKiHAIr ywiH MALDI-TOF/MC
MacC-CMeKTPOMETPUS KyreciHae cyOoTunTey yuwiH 6araapAaManblk, >kacakTamaHbiH MALDI Biotyper
Subtyping Module »xaHa MOAYAI MatAaAQHBIAAbI.

bakTepmanablk, M30AST MaTpuuaAblK, KeMeklli AasepAik Aecopbuuns umoHusaumsaay/  yuly
yakpbITbl Macc-criekTpomeTpus MALDI-TOF MC meH 16S rRNA reHiH cekBeHMpAey 8AiCiMeH
naeHTndmKaumsAaHAbl. LLITaMbIHbIH MHTPa-abAOMUaAABI MH(DEKLMSIHBI EMAEY YLLIH KEH KOAAAHbIAATbIH
aHTUOMOTHKTepre (UMNPOMAOKCALMH, METPOHMAA30A, MEPOMEHEM, KAMHAAGMULIMH >KOHE TETPALMKAMH)
AEreH Ce3iMTaAAbIFbl aHbIKTaAbIHAbI. LLITaMHbIH, CfiA-OH, >XaHe cfiA-Tepic aHbIKTay YLLiH Ka>XeTTi, Macc-
cnekTpAepai capanTay yuwiH ClinProTools 3.0.22 6araapAamManbik, >kacakTama KoAAaHbiAsbl. MALDI-
TOF MC Hatuxeci 60MbiHIWA KAMHUKaAbIK, BFR_KZ01 wramabl meponeHemre AereH peHOTUMMTIK
cesimMTarabiFbiHa (opTawia MUK wamacs! — 1,3 Mr/a) kapamacTaH, |l Tornka (cfiA-oH) )kaTKpbi3Abl. 3epTTey
HaTuxxeciHae BFR_KZO01 wrambl cfiA, nimB, tetQ >xaHe gyrA reHaepiHe ve GOAYbIHbIH apKacblHAQ
METPOHMAA30A, TETPAUMKAMH MEH UMMPOGAOKCALUMH TOPI3AI KenTereH aHTUOMOTUKKE PEe3UCTEHTTI
eKeHi ADAEAAEHAI.

Ty¥in ce3aep: kapbaneHem, Bacteroides fragilis, macc-cnekTpoMeTpus, reH, MHGEKUMS.

D.S. Bayanbek'? *, E.V. Zholdybaeva?, S.S. Kozhahmetova?,
P.V. Tarlykov?, A. Bekbaeva?
'L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

2National Center for Biotechnology, Astana, Kazakhstan
*e-mail: aubakirova.dina28@gmail.com

Determining antibiotic resistance in Bacteroides fragilis
strain using MALDI-TOF Mass Spectrometry

This study aimed to assess the susceptibility of a clinical strain of Bacteroides fragilis (BFR_KZ01)
from Kazakhstan, a significant anaerobic pathogen in human infections, to commonly used anti-anaer-
obic drugs at the local level. Additionally, the research aimed to identify genes with MALDI-TOF/MS
associated with antibiotic resistance. To perform surveillance of cfiA-positive Bacteroides fragilis using
new subtyping software module, MALDI Biotyper Subtyping Module, on MALDI-TOF MS system, and
to evaluate the detection ability of the module.The bacterial isolate was identified using matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry and 16S rRNA gene sequencing. Suscepti-
bility to broad-spectrum antibiotics (metronidazole, meropenem, ciprofloxacin, clindamycin, and tet-
racycline) for intra-abdominal infections treatment was determined. ClinProTools 3.0.22 software was
employed to analyze mass spectra groups crucial for identifying cfiA-positive strains. MALDI-TOF/MS
analysis classified strain BFR_KZ01 into Group Il (cfiA-positive), despite being phenotypically sensi-
tive to meropenem (mean MIC, 1.3 mg/L). The study identified drug resistance determinants in strain
BFR_KZ01, demonstrating its multidrug-resistant nature due to carrying nimB, tetQ, and gyrA genes,
conferring resistance to metronidazole, tetracycline, and ciprofloxacin.

Key words: carbapenem, Bacteroides fragilis, mass-sectrometre, gene, infection.
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OnpeaeAeHne yCTOHUYMBOCTH WITaMMa Bacteroides fragilis
K aHTUOMOTHMKAM METOAOM Macc-criektpometpun MALDI-TOF

LleAb AaHHOro MCCAEAOBaHMS 3aKAlOYaAaCb B OLlEHKE YYBCTBMTEAbHOCTM KAMHWMYECKOro LUTam-
Ma Bacteroides fragilis (BFR_KZ01) n3 KasaxcraHa, 3HauMTeAbHOro aHaspoOHOro maToreHa B YeAOBe-
YeCKMX MH(EKUMSIX, K WMPOKO MCMOAb3YEeMbIM aHTMAHA3POOHbIM MpernapaTtaM Ha MEeCTHOM YpPOBHE.
Kpome TOro, nccaepoBaHue HarnpaBAEHO Ha BbIIBAEHWE FE€HOB, CBS3aHHbIX C COMPOTUBAEHMEM aHTU-
OGUMOTMKAM C MCTMIOAb30BaHMEM MACC-CMIEKTPOMETPUM C AA3EPHOM MOHM3aLMeR BpeMeHU noAeTa. AAs
NPOBEAEHUSI MOHUTOPMHIA CfiA-MOAOXKUTEAbHBIX Bacteroides fragilis ¢ UICNOAb30BaHMEM HOBOIO MOAY-
AS POrpamMmmMHoro obecnederms aas cybtunmposanmns, MALDI Biotyper Subtyping Module, Ha cucteme
macc-cnektpomMeTpmn MALDI-TOF MC, 1 AAS OLEHKM BO3MOKHOCTM 0BHAPY>KEHMSI AAHHOTO MOAYAS.

bakTepuaAbHbI U30AIT BbIA MAEHTU(MUMPOBAH C UCMOAb30BaHWMEM MACC-CNEKTPOMETPUM C Aa3ep-
HOWM MOHM3aLMeEN BpEMEHM MOAETa 1 cekBeHnpoBaHus reHa 16S pPHK. OnpeaeaeHa 4yBCTBMTEALHOCTb
K LUMPOKOMY CMeKTpy aHTMOMOTUKOB (METPOHMAA3OAY, MeporeHemMa, UMNPOgAOKCALMHA, KAMHAAMM-
UMHa M TeTPaLUMKAMHA) AAS A€YEeHMs MHTPaabAOMMHAAbHBIX MHekumiA. [porpammHoe obecrneveHue
ClinProTools 3.0.22 MCnoAb30BaAOCb AASI aHAAM3A MACC-CMEKTPOB, HEOOXOAMMBIX AASI BbISIBAEHMS MO-
AOXUTEAbHbIX Mo CcfiA wrammoB. AHaan3 MALDI-TOF/MC kaaccudmumpoan wtamm BFR_KZ01 kak
npuHaaaexxaumi K Fpynne 1l (TOAOXKUTEAbHbIN MO CfiA), HECMOTPSI Ha PEHOTUMNYUECKYIO UYBCTBUTEAD-
HOCTb K MeporeHemy (cpeaHee MUK, 1.3 mr/a). MiccaepoBaHMe BbISIBUAO AETEPMMHAHTbI YCTOMUYMBO-
CTW K npenapatam y wramma BFR_KZ01, noaTBepxaas ero MHOXECTBEHHYIO YCTOMUYMBOCTb 32 CYET
HaAMuMs reHoB nimB, tetQ v gyrA, obecneunBaloLLX CONMPOTUBAEHMNE METPOHMAAZOAY, TETPALMKAMHY
M LMNPOogAOKCaLIMHY .

KaroueBble croBa: kapbaneHeM, Bacteroides fragilis, Macc-cnekTpomMeTpusi, reH, MHgeKUms.

KsbickapTynap

MAT — myneTH gopimik TesiMainik; MUK —
MUHMMaJIbl MHIHOUpieymi koHueHtpauus; WT
— umHCcepruoHABIK Ti30ek; [ITP — mommmepasapik
Ti30ekTi peakiusi; TI'C — TONBIK ICHOMJIBIK CHK-
BeHc; MALDI-TOF MC — marpunanblk, KeMEeKIii
Ja3epiik AecopOIus MOHU3AIUIIAY/YITY YaKbIThI
Mmacc-criekrpoMetpust; HCIT — Herisri cnekTpiiik
npoQuIIbIED; K3CU — xiInHUKaJBIK JKOHE
3epTXaHalbIK, CTaHAApT UHCTUTYTh; MBK — mu-
HAMAJABl OaKTEpHANBIK KOHIEHTparusicer; MC —
Mmacc-criekrpomerpust; MAW — MuTpa-adgomunan-
JTBI WH(EKIIHS.

Kipicne

Bacteroides fragilis mapTThl 3apianTbl MUK-
poar3a Ooyblll TaObLIANBl >KOHE ajaaM eMipiHe
KayiITi, ayslp 2HAOTEH T WH(EKIUIapAb! TYIbIpa-
Ibl. B. fragilis anam ar3achIHBIH TOK ilIeK Quopa-
ceiHblH TeK 0,5% FaHa KypyblHa KapamacTal, OJl
WHQEKIUIHBIH 8P TYPiHAE AEPIIK Ke3JeceTiH €H
MaHBI3/Ibl TPaMM TEPIC aHadPOOTHI MMATOTEH OOJIBII
tabbansl [1, 2]. Bacteroides TybICBIHBIH OKIIAEPI,
COHBIH imiHae B. fragilis 6era-nakramaap MeH Oe-
Ta-JIakTaMa3 MHIUOUTOp KOMOHMHALMSACHIHA, aHad-

poOTapMeH OaiiaHBICTBI MH(EKIHSIIAPIBL eMIey
VIIH KOJIAHBUIATHIH KJIMHIAMWIIMH, TOPTIHIIII
OybIHABI (TOPXMHOJIOH, METPOHHUIA30] Hemece
kapOaneHeM ToOpi3al OpTYpii mpemnaparrapra >Kui
TO3IMAUTIK TaHBITaIbl. AHaIPOO OaKTepHsIIapIbIH
iminae B. fragilis mTamMaapel aHTUOMOTHUKKE Oip-
mama Te3iMi kenei [3], 5koHe oJapbIH Te3IMILTIK
JICHTeH1 COHFBI OH JKbUIIBIK apalibIKTa KAPKbIH]IbI
ecyne [4,5], coHbIMeH Oipre MyJibTH IOPLTIK TO-
3IMIITIKKE W€ W30JIATTapbIH CaHbl apThIN KeJei
[6-8]. B. fragilis mTaMbIMEeH TYBIHIAWUTHIH MOHO-
OaKTEepUSUIIBIK JKOHE apayiac KYKHaJlapJbl eMJIey e
kapOarieHeM Oipmiama THIMII HYCKa OOJbIN TaObl-
nanpl, OipaK COHFBI yaKbITTa KapOarleHeMIe JereH
TO3IMIUTIK OCBhI IITaMJIAp apachIHAAFbl MaHBI3]IbI
MacenenepiH 6ipi O0NbIT TybIHAAIB. AHTHONOTHK
KBICBIMBIHBIH KOFapbUiaybiHa Oaimaneictel 2000
XKbuiaapaan oepi B. fragilis mTampapbl apachlH-
na kapOamnenemzaepain MUK-ceiHBIH aca »KOFapbl-
JayBIHBIH TYPaKThI ypaici Oaiikamuer [9-11].

B. fragilis-TiH kap0OarieHemMre JereH Te3IMIUTIK
XpoMOCOMJIa OpHajacKaH (TINTi epeKiie jXaraaii-
Jap CUMATTAIFaH JKaFmaiiaa na) cfid (ccrd perinme
Jie Oenrisi) TeHiMeH koaTanazsl [12] skoHe exi Oe-
JTiMMeH meteneni. ['eH aKCIpeccuschl YIIiH Tike-
nelt cfiA TeHiH alabIHIa TPOMOTOP PETIHIIE KYMBIC
KacaWTelH WHcepuuoHasl TizoekTiH (UT) apna-
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Wbl anementTepi Kaxet [13]. Tesimainik Oemiricin
Kajaranay OapbIChIHIIA KE3JICHCOK TaHJAJIbIHBIIT
alblHFaH B. fragilis-TiH KIMHUKAIBIK H30JIATTap
XpomocomachiHna cfid reniniy 6omys! (2,4-6,9 %)
kapOarienemre jaereH TtedimaimikneH (~1 %) ca-
JBICTBIPFaHA DIIeKaiina sxui ke3meceni [14]. Erep
XPOMOCOMAaHBIH Ke3-KelreH OejiriHae Ke3aeceTiH
KakeTTi UT-2meMeHT reHHiH KOFaphl aFbIHbIHIIAFbI
THICTI aliMaFbIH/a OpHANTAacKaH 0oJica, YHCI3MIKTeT1
CfiA TeHi 3KCIpecCHsUIaHaIbl, SIFHU KapOareHeM-
re JEreH TO3IMAUTIK TYbIHIANTHIHBI aHBIKTAJIFaH
[13]. Cfid reni B. fragilis-te aHpIKTaiBIHFaH, Oap-
JBIK OeTa-nmakTamMabl MpernapaTrTapFa, COHBIH ILIiH-
ne OapibIK OeTa-JaKkTaM KOMOWHAIUSICH MEH OeTa-
JaKTaMa3 WHTUOMTOpJIAapFa TO3IMAUIIK TyIBIPAThIH
AmMOiiep xikTeyi OoibiHIIA B caHaThiHA KaTaThIH
eTe KyaTTbl MEpUIUIa3MaTHKAIBIK METalllo-0era-
JmaKkTamasa, oOipereil pepMeHT — KapOarmeHeMa3aHbl
koxaTaie [15]. Cfid reHi yHCI3IK KYHiH/E, HEMECEe
OPTYPIIl JACHTEUIEpIe dKCIPECCUSIaHYbl MYMKIH,
HOTMKECIHJIE CEe3IMTANJBIKTAaH Te3iMIi (QeHTO-
ThTKe neiin kapoamenemuepain MUK moHiH keH
CHeKTpiHe anbIn Keneni [16]. Dkcnpeccus neHreii
HETi31HEH cfid Ti30€TiHEeH XKOFaphl OpHATKAH KEe31Ie
kapOarneHemMa3 SKCIPECCHsCHIH KYLICHTETIH CHIPTKA
OarpITTaNFaH MIpoMoTopiapsl 6ap aptypii UT-3me-
MEHTTEpiHiH OO0MybIMEH OalIaHBICTBI €KeHI Kep-
cerinred [17], nereamen myHnait UT-anementrepi
KOK TO31MJI ITamaap 1a ansikransiaFan [18]. Cfid
Tapaysl JKeTe OaramaHOaimer, cebebi OerceHmi
renre xoHe xorapsl MUK moHre ve mramuaap rana
Ce3IMTaJIBIIBIK, HeMece OaKbUIayJIbIH KapanaibiM
TECTiJIey KOMETI apKbUIbl aHBIKTATybl MYMKiH. [le-
TeHMEH Teparnus OapbIChIHJIA CEJIEKTHUBTI KBICBIMEH
MUK kepcetkiui ToMeH cfiA-0H mTaMaap reHeTH-
KaJIbIK KalTa KypBUIBIMFA IAJJIBIFBIT, KapOarneHeM-
re JereH TOJBIK TO3IMIUTIKTIH TYbIHIAYbIHA AJIbII
KeJeli, HOTIKECIH/IE TePaIHsUIBIK, COTCI3MIK OPBIH
anazsl [19].

AHa’poOTapablH MHKpPOOKa Kapchl Iperma-
parrapra AereH Ce3iMTalJbUIBIKTBl aHBIKTAy MEH
ceiHay OOMBIHIA DIIETTETi ToXKipOMe e MeH 3epT-
XaHanapra OalIaHbBICTHl albIpBIKIIATAHAIBL. 3€PT-
XaHAIAPBIH KOMIIUIIrT 9AeTTe aHAdPOOTH M30JISAT
OaceIM maToreH OOJIFaH JKaFaia OCbIHal Tanaay-
JIapabl Pe3epBKE ajaabl, OUTKECHI TOCTYPII alKbIH-
Jiay ©JIici MEH Ce31MTalIbUIBIKThI aHBIKTAY ChIHAMa-
JIapBl Y3aK YaKbITTHI, TOXKIPOUEHI Tajam eTe/li JKOHe
TYCiHiK Oepy, KalTajay MEH Tajiayna Mocese Ty-
neipanst [20-22]. Kazipri Tanna cfid renre ue mram-
JapAbIH aHBIKTAay XKOHE OJIapIblH KapOameHemas
OHJIIPITYIH pacTay YIIiH KaKeT 9ICTTeTi Kypaiiap
ke3necneiiai. Kapbanenemaepre aereH pe3sucTeHT-
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TUTIKTI aHBIKTAYIbIH KapanaibiM dJicTepi aHaspoo
ar3aapsbl YIIiH KOJJIaHy KapacThIpbUIMaraH, COHbI-
MEH KaTap OJapAblH ©Cy KapKblHbI oTe Oasy (24—
48 car.) , coWKeciHIIEe PE3UCTEHTTUTIKTIH TOMEH
JICHTeHiH aHBIKTAyFa KaKETTI CEe3IMTaJIbUIBIKKA
ne emec [23,24]. I[ITP nemece TI'C Topizai reHo-
TUNTIK dJicTep KYHICNIKTI KOJJaHy YIIiH CoiKec
Kenmmeini [25]. MaTpunaibiK KOMEKII JIa3epIliK Je-
copOuus HOHM3aLUsUIAY/ YIIIy YaKbIThl MAaCC-CIIEKT-
POMETPHSIHBI alfKbIHAyFa €HTI3y TYPJIIK JeHTrene
aHadpoOTapapl KYHICNIKTI COMKecTeHaipy auTap-
TBIKTAal KaKcap/bl, MOJIEKYJIApNbIK OJICTePMEH
CaJIBICTBIPFaHJIa HOTIDKEJICP/IiH carnacel apTThl [26-
28]. ConsimMen katap, MALDI-TOF MC agicimen
Macc-CIeKTpIeri cunaTrama Herisinne B. fragilis-Ti
I xene 1l Oenimmmere nuddepeHnusay MyMKIiHIIT
JI9JIeTIIeHreH, OChUTaiia KypaMbIna cfid reni Oap
mTaMaap COMKECTeHIpY MpoIleci Ke3iHae Tikenen
AHBIKTATybl allKbIH [29].

bynan Oemnexk, chiHaMa OakTepusiIapMeH WHKY-
OanusiiaH KeiliH aHTHOMOTHK MOJIEKYJalapbIHbIH
BIJIBIPAYBIH AHBIKTAY JKOJBI apKbUIBl KapOarieHe-
Ma3aHbIH OEJICEHIITITIH aHBIKTay MYMKIHIITI CH-
nattanrad [30]. Amaiina, MALDI-TOF MC keme-
riMmeH (epMeHT dSKCIpeccus JeHreii OoibIHmIa cfid
TeHTE W IMTaMIapabl CUIATTay MYMKIHIITI TOJBIK,
KepceTimMereH. 3epTTey >KYMBICTAPBIHBIH HETi3ri
MakcaThl, B.fragilis-Te kapOaneHemMre Te3IMIUTITIH
anbikTay ymid MALDI-TOF MC werizingeri Tyrac
MUArHOCTUKAJIBIK TOCUIMIH KYHICTIKTI KOJIAHBI-
JyBIH 3epTTey OoJbIn Tadbutaabl. JKyMmbic mponeci
B.fragilis mraMaapbeIH COMKECTEHIPY, U30JISATAPIbI
I xone Il Oenimiere nuddepeHunsIay KoHe Kap-
Oanenemas Oesicenninirin MALDI-TOF MC keme-
riMeH pacTayaH KypaJFaH.

3epTTey MaTepHaJAapbl MeH aicTepi

Knunukaneik mramm BFR KZ01 Acrana ka-
nacerHbIH Kanmansik emxanaceiHblH BFR 1 ceimama-
CBIHAH, <OKITi1 raHrpeH-nepGopaTuBTi anmeHIUIHT,
MIEPUTOHUTY» JUATHO3bI KOUBUTFaH 48 jKacTarsl ep
HayKacTaH OeJiHil anblHFaH. MUKpOar3aHbl aHXKbl
KOMETIMEH JApeHaXbl JKapajdapAaH ajbll, OMH-
ca KOPEKTIK opTachl Oap TyTiKIIere 30HATapIbI
0aTeIpy apKbUIBI JKMHAINBL. Bacteroides-TiH Taza
KYJIETYPachlH ally YIIiH OapiblK ChIHAMalap ICKY-
JIH-KEIATUH]II OPTaFa OTHIPFBI3BUIBIIN, aHadPOOTHI
karnaiina 37°C temnepartypana 48 caraT apaibl-
FBIHJIa HHKYOAIUSIIAHIBI.

W3onsTrap MaTpUUIAJBIK Ja3epilik JecopOouus
KOHE WOHHU3AIMSIAYAbIH YIIY YaKbITTBI Macc-C-
nextpomerpusimen  MALDI-TOF MC  (Bruker
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Daltonik GmbH, bpemen, ['epmanust), coHbiMeH
Oipre aBTOMATTHIK JKYHeHi (T€HETHKAJIBIK, aHAIH3a-
top 3730x1; Applied Biosystems) konganymen 16S
pPHK ren ¢parmentiniH Tikenel HYKICOTHITHIK
Ti30€riH aHBIKTAy JKOJILIMEH Ji¢ WICHTU(UKAIUS-
naunael. bakrepusansik kymerypaizap 30% rimmm-
punge -70°C TemnepaTypaa caktanabl. KapOame-
HEMIe TO3IMIITIK KAcHeTiHe XKayanThl cfid TeHIiH
uaentuukanusiay yuwin ClinProTools  3.0.22
Mmacc-criektpometpiik (Bruker Daltonik) Oarmap-
naMaibIK Kypansl B. fragilis Gaxrepuscein | xoHe
I Gemimmiere muddepeHnnanusiay yuiH mnaiga-
JaHbUAbL. bapiabik emmem xymbicTapsl microflex|
LT MALDI-TOF wacc-criekrpometpiame 60 I’y
Ja3ep KUUTITIMEH CBI3BIKTHIK OH MOH PEXUMIHJIC
opbrH anael. Mace auanazonst 2000- 20 000 Da xy-
pansl. CrieKTpiep aBTOMATTBIK PEXKUME TYCIpUI.
CfiA- oH xoHE cfiA-Tepic CHCTNPUKAIBIK IIBIHLIH
anbikray yumia ClinProTools 3.0.22 Garmapnama-
TBIK JKakTamara B. fragilis mraMbiHBIH cfi4d-0H
XKOHE cfid-Tepic Macc-CIeKTp TOOBI UMIIOPTTAJIbIH-
nel. JKWHaNFaH CIEKTPJEPi KAaJbIMKa KENTIpIIL,
kanuOpieHai. HaTrkecinae mbiH TOOTaphl, COHBI-
MeH Oipre MIBIHAAP/IBIH KBUDKYBI CIIEKTPAIIbI TOII-
Tap/bl BH3YyaJIHM3all¥sUIay >KOJBIMEH aHBIKTAJFaH.
Herisri cnekrpnepain aernporpamacsl MALDI
Biotyperl 4.0 (Bruker Daltonik) naiiganany apksi-
me1 KypacTeipsiiabel. BFR KZ01 m3omsater MALDI-
TOF xemeriMeH HIACHTU(QHKALMSIIAYFa YIIBIPAIBI.
Log.-6amnn maHi 2,0 >xoFapbl O0JFaH karFnaiaa Typ-
JK JeHrelae WACHTU(UKANUSIAYIpl OeNrineii.
HCII neanporpamma sxuaaktanran HCII mex HCIT
KiTaITXaHaChIMEH CaJIBICTBIPY JKOJBI APKBUIBI TYBIH-
nmarad. HCII kitamxaHachl aHBIKTaMa KiTallXxaHackl-
HaH anbiaFad B. fragilis 14 HCII -i enren. CeipT-
KBI TOII peTiuae Bacteroides ovatus-TiH dTATOHIBIK,
HCII maiigamaHbUIgbL.

MukpoOKa Kapchl Tpemaparka Ce3iMTaabl-
TBIKTHl KITMHUKATIBIK, JKOHE 3€pTXaHAJBIK, CTAaHAAPT
WHCTUTYTHIHBIH XaTTaMachlHa COMKeC CYHBIK OopTa-
Jla MUKPOCYHBIITY 9/1iCIMEH eIIeH 1. MUHUMAIbI
MHTHOUPIIEYIT KOHIIEHTPAUSCH Oap TUIaHIIEeTTep
Keke Ttanceippic OoibiHIa Eiken Chemical Co.,
Ltd. xommanusiceiMen o3ipieHmi. Ce3iMTaIabLIbIK,
K3CH annikTaMacbIHa COMKEC aHBIKTAIBIHALL. Me-
porieHeMm xoHe nmuneneM yuriH MUK 4, 8 xane 16
MT/MIT CE3IMTaIJIbI, apalibIK, KOHE PE3UCTEHTTI 00-
JIBITT aHBIKTATBIHABI [31].

MeponeHemre JiereH ce3iMTanapuIbiKTel K3CH
YCBIHBICBIHA COMKEC, CYHMBIK OpTaja CEpHsUIBIK CY-
HBLITY SIICIH KOJIaHa OTHIPBINT aHBIKTAIIBL. bap-
JIBIK, OJIIIIEMJIEP IMMYHOJIOTHSIIBIK, 3ePTTEY HKYMBIC-
TapblHa apHaNFaH crepuibli Kaknarbsl (KopHHHT)

0ap 24-myHKBIpIIEI MIaHLIeTTepAe (Teric TyOi Oap)
xysere actel. On ymrie B.fragilis-tin Max®ap-
JaHI cTaHAapThl OoiibiHmA 1 colikec keneTiH, 1%
OakTepusuIIbIK cycneH3uschiH 0,06-1eH 64 MKr/Mi
JICHIHTT BpTYpIi KeJeMjeri MepOoleHeM KOHIICHT-
panuscel 6ap Opymernia CyWslk oprackiHa (Brucella
broth (Himedia)) nnkoymnsuusuianasl. Meponenem
KOHIICHTPAIWSICHl 0ap HMHOKYIIOMIIB JIalbIH/IaFaH
coTTeH Oactan 15 MUHYT apasbIFbl 1IIiH/IE TaHIIET
ITYHKBIpJIApBIHA €HT131111.

Hotmxe ece6i Cytation 5 (Cell imaging multi-
mode reader, Biotek) ciekrpodoTomerpi maiinana-
Ha OThIpbIN, 600 HM TOJNKBIH Y3BIHJBIFBIMEH, MUK-
poar3aiapApIH aHTHOMOTHK Oap KOHE KOK Ke3iHAeT1
©Cy KAapKbIHBIH CaJIbICTBIPA OTBIPHII CIIEKTPO(OTO-
METPUSIIBIK, 3ePTTEYMEH KYPTi3inai. MuUHUMAIIBI
OaKkTepHaNbIK KOHLIEHTPALUICH KyJIbTUBHPICYIiH
48 caraThlHAaH KCWiH aHBIKTAJIBIHIBI. 3EPTTEIiHIM
OTBIPFaH IUTaMHBIH KOPHEKI ©CYiH TOJBIKTal TOK-
TaTybIH KAMTaMachl3 €TeTiH MHHUMAJJIbI KOHIICHT-
paumsiael MBK pertinae kaObuinanasl. Meponenem-
HiH cyOunrnOupneymi konnentpamuicsl 0,5 MBK
peTinne KaobumaHs! [32].

3epTTey HoTHAKeePi KOHE 0JIAPABI TANAAY

MALDI-TOF/MC xoane 16S pPHK cexBenup-
Jiey 9AicTep/IiH KeMeriMeH H30JT B. fragilis peTin-
JIe MHJICHTUPUKAIUIIAHIbI, )koHe oFaH BFR_KZ(01
JIeTeH HICHTU(UKAITMOHIBIK HeMip Oepimmi. Hyk-
neotuatblk Tizoek BLAST (http://blast.ncbi.nlm.
nih.gov) aeKTpOHIBIK KYHeHi KOJIaHy KOMeriMeH
capanTtanbHabel. beminin ansiran B. firagilis u3o-
nateiHelH 16S pPHK dparmenTiHiH HYKICOTHATHIK
Tiz0eri B. fragilis SI14 (CP012706.1) mraMbIHBIH
16S pPHK ¢dparmenTiHiH HyKICOTHATHIK Ti30eriHe
99,73% mamachIHAa JOJIME-I9J1 5KOHE JIOJ OChIHIai
xarmait B. fragilis BOB25 (CP011073.1) mramsr
MeH B. fragilis JCM 17587 (AB618793.1) mtambIa-
na ma kepinic tabamel. MALDI-TOF/MC kewmeri-
MeH uaeHtudupnenren BFR_KZ(1 wramsr 2,059
Oaramayra ne. MALDI macc-ciekrpomerpuin Oip-
HeIlle OJIIIEMICPIHEH TYPAThIH CHEKTP TONTaMachl
HETI3T1 CTIEeKTPIIiK Mpoduabaep Aen aTanaTblHaap-
OBl ecenreyre MyMKiHAIK TyFbzaapl. HCII nena-
porpamMmachk! B. fragilis-TiH TaHIAJIBIHBIT aJIBIHFAH
HCII apacbiHgars! THIFBI3 OaiiaHBICTBl AHBIKTAIBI.
BFR_KZ(0I miTaMbIHBIH HETI3T1 CIIEKTPi aHBIKTaMa-
JBIK KiTanxaHanarsl B. fragilis ENR 0039 mramei-
MEH TBIFBI3 OalIaHBICTHI.

Knunukaneik BFR_KZ01 mrambinbiy, UAW-HBI
eMJIey VIIIH KeH KOJIAaHBIIATBIH OeC aHTHOMOTHK-
Ke (munpodIoKcauH, METPOHUIA30]1, MEPOTICHEM,
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KJIMHIAMHLMH )KOHE TeTPALMKIINH) JeTeH aHTUMHUK-
POOTHIK Ce3IMTANIIBIFEI KeJIeCi maMaiap bl KopceT-
Ti: 1wTamMMm KiuHgamunuHre (oprama MUK 0,12
Mr/n) xoHe MeporneHemre (optama MUK 1,3 mr/m)
cesiMTan ekeHi skoHe Terparukiauare (MUK > 16
mr/n), nunpodunokcanunare (MUK > 32 mr/n) xone
Metrporuaazonra (MUK > 256 mr/i) Te3iMi 0ok
kenai. Canunanrte xoHe Oackanapsl B. fragilis-TiH
MJT (MeTpoHHIa301 s)KoHE KapOaneHeMre Te3iMIi)
TYpiH Oemin anasl xoHe oHbl TI'C nepexTepi Heri-
3iHge Bacteroides-TiH XaHa TEHOMOTYPI pETiHIE
unentudukanusnansl [33]. B. fragilis Gakrepus-
CBIHBIH MOJICKYJISIPJIBIK CHIIaTaMaiapbl HErisiHue
CapBapu xoHE Oackamapbl BeHTprs MeMiIeKeTiHIe

MJUT mramaapsHbIg Haiiga 60mybH KepcetTi [34].
3epTTey KYMBICTApBIHBIH aBTOpmapsl B. fragilis
TONTAPBIHBIH M30JIATTAPbl apachlHAa aHTHMUKPOO-
THIK TIperaparka JereH Ce3iIMTAIIBIFBIH Tajjiay
JKOHE OaKplIay KaXKETUTITi Typajibl aTar eTKeH. AH-
TUOMOTHUKKE JIETeH OaKTepusIapblH TO3IMIUIINHIH
ecyi eM-lIapajapAblH THIMCI3AIriHIH KoHE aca Ko-
Faphl JIIM KOPCeTKIIiHIH ce0ei O0Tybl MyMKIiH.

CfiA xe3nmecyiH Macc-CIeKTPOMETPHAIIBIK, aHa-
mu3 keMeriMeH asbIKTanbiHABL. BFR KZ01 wu3o-
JIATHIHIA KapOareHeMre TO3IMIUTITIHIH )KOFaphuIay
Kayimia Oaramay yuria ClinProTools 3.0.22 0ar-
Japnama KeMeTiMeH cfid TeHiH TachiMalaaylibuiap
AHBIKTanbHIs (1-cyper).
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1-cyper — 4500-5500 Da nuanazonsiana Bacteroides fragilis-ToIH cfid-Tepic (a)
xoHe ¢fiA-oH (0) mramaaps! apacsiHaarbl MC msIHAapbIHEH AU (epeHInAHACH

Ocpuraiima, 4500-5500 Da aguana3onsinga MC
IIBIHAAPBIH caparnaTail OThIpa oJlapJIbIH cfid-Tepic-
TeH cfid-oH mramaapra: 4706-ten 4684 Da netiin;
4813-ten 4824 Da netiin; xone 5012-ten 5000 Da
JIeHiH KBUDKYBIH Oakpuiayra Oonanabl [35]. CoHBbI-
meH, MALDI-TOF/MC natmxeci 6ofibiama BFR
KZ01 mramer II ToObIHA (cfiA-OH) KaTKBI3BLIIBL.
Anmnaiina, 6i3/1iH 00ykaM OOMBIHINIA OSpPTiITeH MITaM-
TIaFbl cfid TeHi YHCI3 KyHiHae, OiTKeHI OHBIH Kapba-
[IEHEM-MEPOIIEHEMTE JIETeH (PEHOTHUITIK TO3IMJILIIT
KopiHic Tanmazpsl. JKeBepHuK koHe OacKalapbIHbIH
3epTTey KYMBICTAPBIHIA Cfid TEeHIHIH YHCI3 KYHI TY-
paJibl Byerie MomimenreH [36].

KopbIThIHABI

3eprrey JKYMBICTAPBIHBIH HOTHKECI
Bacteroides fragilis Ton TapMarbIiH aHBIKTAy KOHE
MaHBI3/[bl TO3IMJUIIK MEXaHU3MIHIH OOJIybIH
anpikTay ymiH MALDI-TOF MC TexHUKachIHBIH
MMaIanbIFeIH goenaciiai. bepinren ana’poOTHI
MaTOTeH JIyYHHEKY31 OOHBbIHIIA ©Te XKHi OeiHeml
xoHe MALDI-TOF MC mnaiinanany apkbuisl B.
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fragilis wrampapsr | sxene Il Oemimiere coTTi
JMIMCKPUMUHAIIMSHBIH ~apKachlHIa KapOarneHeMmre
Kapchl PeHOTHUIITIK TO3IMIITIKTIH OapbiH 00IDKay-
Fa MYMKIHJIK TYJbIpaJbI.

B. fragilis TypiH uaeHTUUKALMsIAY YIIiH
JKOHE H3OJIATTApAbIH KapOarneHemasa OelICeHiTi-
riHIH JeHrelin aHbikTayFa apHamran MALDI-TOF
MC Heri3iHeri )kaHa TOJIBIK JKYMBIC TIPOIIECi D/IET-
Teri ToXipOWe VIIH Ka3ipri TaHAaFbl KOJDKETIMI
OJIICTEPMEH calbICThIpFaHia Oipimiama HakTbl 00-
eIt Ta0BUIABL. By Tocin kemerimeH B. fragilis -TiH
KapOarieHeMa3 OeJICeH/IITIH aHBIKTAy dIeKaiaa
JKBIJIJIaM, TeK 2 caFaT apalibIFbIH KYPaiibl.

HerenmeHn, cfiA oH reHOMBI B. fragilis 1ram-
IapBIH OapIIBIFBI ACpiIiK KapOareHeMIe JereH To-
3IMIITIKKe Be Ooyajbl, TeK KeUoOip Typiepine cfid
TeHi YHCi3 Ky#ae Kesaeceli, sSIFHM TeHHIH TOJIBIK
AKCIIPECCUACH! YIIiH coiikecinme WT-smemenTin
neneny Kaxer. MALDI-TOF MC texHuKachIH mai-
nanany B. fragilis-TiH MaHBI3[bI aHTUOUOTUKTEPre
JIETeH TO3IMAUIITIH aHBIKTAy VIIH KINHUKAJIBIK
MHUKPOOHOJIOTHS 3epTXaHaJapblHIa KYHJIbI KYpbI-
JIBIFBI OOJIBITT TAOBLIA B,
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3epTTey KOPHITHIHIBICH OoiibiHma Kazakcran
eHipiHeH OemiHin ambiFaH B. fragilis BFR_KZ01
mTamMbl KypambiHIa cfid, nimB, tetQ xoHe gyrA
resuepl keszmeceTiHi aHbIKTanbiHIBL BFR KZ01
M30JIITHl METPOHU1A30J1, TETPALMKIMH JKOHE LHII-
podiokcaliMH  aHTHOUOTUKTEPIHE  TO3IMIUIITIH
KaMTaMachl3 €TeTiH TeHACPiH HICHTU(UIUPIICHYIH
ecenke aina otelpbin, MJIT mwramel gen cunarray-
Fa Oonazapl. Byn mTaMbIHBIH ¢fid TeHI «YHCI3IiK»
KyHiHge, ceb6ebi MepornieHemre aereH (eHTOTHIITIK
Te31MIiIIK OeliHeseHOereH.

Myazaesnep KaKThIFbICHI

MakanaablH OapiIbIK aBTOPJIaphl MOTIHMEH TO-
JIBIK TAHBICKAH, MY/UIEJIEP KAKTBIFBICHIHA UE EMEC.

Kap:kbplianabipy ke3i

3eprrey xymbicTapsl Kazakcran PecnyOnuka-
CHIHBIH FBUTBIM jK0HE O1JTiM MUHHUCTPITITIHIH KapKBI-
JaHJBIpybIMEH Ky3ere acwipbuiran (AP09258813,
AP05130984 rpanr).
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MOHUTOPUHI YCTOMYUBOCTU .
NMPOMbBILUAEHHOT O KYPOBOACTBA AAMATUHCKOU OBAACTH
KA3AXCTAHA K CAAbMOHEAAE3Y

CaAbMOHEAAE3 SIBASIETCS PACMPOCTPAHEHHOM KEAYAOUYHO-KULIEYHON MH(EKLIMEN MULLEBOI LienM,
MO3TOMY BaXKHO 06ecneunTb 6BUOAOTMUECKYIO 3aMTY NTUMLEhabPUK AAS MCKAIOUEHMSI SKOHOMUYECKUX
noTepb 1 NPEAOTBpaLLEeHUsl FOPU3OHTAAbHOrO nepeHoca 6akTepuit poaa Salmonella uepes KypoBoaA-
yeckue MPOAYKTbI (91L0, MICO) YeaoBeky. Lleab nccaepoBaHUs — NpoBeAeHME KOMIAEKCHOrO MOHU-
TOPUHIA M U3y4YeHUe YCTOMUMBOCTM MPOMBILIAEHHOIO KYPOBOACTBA Ha HEKOTOPbIX MTuuedabpukax
Aamaturckoit obaactm KasaxcraHa k 6aktepusam poaa Salmonella. Metoaoaorust uccaepoBatmin 6asm-
POBAAach Ha exxeHeAeAbHOM O0TOOpe MPo6 C TEXHOAOTMUECKMX 06bEKTOB NTULedabprk AAMATUHCKOM
ob6AacT KazaxcraHa 1 onpeAeAeHrn KyAbTYPaAbHO-OMOXUMUUECKUMM METOAAMM HaAMUMS B OTOBpaH-
HbIx npobGax 6akTepuin poaa Salmonella. Mpo6bl 13 OKpy>KaloLLen CPeAbl U TEXHOAOTMUECKMX 06b-
eKTOB NTruedabprk 0TOMPAAUCh EXXEHEAEABHO B TEUEHME BCEro KaAEHAAPHOro roaad. Beero 6biAo
0TOOPAHO AASI UCCAEAOBaHMI 5672 npobbl, 13 HMX 537 npob noméTa, 3838 npob cmbiBoB, 1024 npob
auu, 181 npo6 nbian, 43 Npobbl COAOMbI, 49 NPO6 TPAHCMOPTHBIX ALMKOB, MOACTUAOUHOM Bymarun u
KapTOHA, UCMOAb3YEMbIX AAS TPAHCTMOPTHbIX AWMKOB. M3 nccaepoBaHHbIX 5672 npo6, npucytcTeue
6akTepuit poaa Salmonella 6bir0 3acpukcpoBaHo B 24 npobax (0,5 % OT BCeX UCCAEAOBAHHbIX NMPOD).
Pe3yAbTaTbl MPOBEAEHHbIX MCCAEAOBAHMIA MOKa3aAM, YTO obHapyskeHwe Gaktepuit posa Salmonella
B MCCAEAYEMbIX MPoOax ABASETCS AAS MTULEBOAOB 3(PMEKTUBHBIM METOAOM YyNpaBAeHus 61o6e30-
MACHOCTbIO 1 MO3BOASIET OMEPATUBHO HAXOAUTb CAHUTAPHbIE U 300TUIMEHUYECKME PELIEHNS B LIEASIX
NnpeAOTBpalleHus yrpo3 pacnpocTpaHeHuns Gaktepuii poaa Salmonella Ha KypoBoAueckmx oObekTax.
MNoatomy ycuams ntuuedabpuk no cHuxxeHuto nepeaayn baktepun poaa Salmonella yepes KypoBoa-
yeckme NPoAYKThbl AOAXHbI ObITb peaArn3oBaHbl B MacliTabe KasaxcraHa.

KatoueBble caoBa: Salmonella, nTMUEBOACTBO, CEAbCKOXO3SMCTBEHHbIE KYPbl, MOHUTOPUHT, 61O-
6e30MnacHOCTb.
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Monitoring of salmonellosis resistance of industrial chicken farming
in Almaty region of Kazakhstan

Salmonellosis is a common digestive infection of the food chain, so it is important to provide bio-
logical protection of poultry farms to exclude economic losses and prevent horizontal transfer of Salmo-
nella bacteria through chicken products (eggs, meat) to humans. The aim of the study was to conduct
comprehensive monitoring and study the resistance of industrial chicken farming in some poultry farms
in Almaty region of Kazakhstan to bacteria of the genus Salmonella. The research methodology was
based on weekly sampling from the environment of poultry farms in Almaty region of Kazakhstan and
determination of the presence of bacteria of Salmonella genus in the selected samples by culture and
biochemical methods. Samples from the technological facilities of poultry farms were taken from the
entire calendar year. A total of 5672 samples were collected for testing, including 537 samples of litter,
3838 samples of flushes, 1024 samples of eggs, 181 samples of dust, 43 samples of straw, 49 samples
of transport crates, litter paper and cardboard used for transport crates. Of the 5672 samples tested, the
presence of Salmonella bacteria was recorded in 24 samples (0.5% of all samples tested). The results of
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MOHI/ITOpI/IHF yCTOfI‘lPIBOCTPI TIIPOMBIIIIEHHOT'O KYpPOBOJACTBA Anmarunckoi oomactu Kasaxcrana x CaHBMOHeHJ’IéSy

these studies showed that detection of Salmonella bacteria in the tested samples is an effective method
of biosecurity management for poultry farmers and allows them to quickly find sanitary and zoohygienic
solutions in order to prevent the threat of Salmonella bacteria in chicken farms. Therefore, the efforts
of poultry farms to reduce the transmission of Salmonella bacteria through chicken products should be
realized on the scale of Kazakhstan.

Key words: Salmonella, poultry production, farm chickens, monitoring, biosafety.
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KasakcTaHHbIH AAMaTbl 0OAbICbIHAAFbI OHEPKICINTIK
TayblK, LUAPYALUbIAbIFbIHbIH, CAAbMOHEAAE3Te TO3IMAIAIriH 6akbiray

CanbmoHeare3 — OYA KOPEeKTiK Ti36eKTiH KeH TapaAfaH ackasaH-illek MHQEeKUMICbl, COHABIKTaH
KOHOMMKAABIK, WIbIFbIHAAPAbI BOAABIPMAY >KOHE CaAbMOHEAAA TYKbIMAAC 6GakTepusiAapAbliH, Tayblk,
eHIMAEpi (>KYMbIPTKA, eT) apKblAbl aAaMFa KOAAEHEH TacbIMaAAaHybiH 60AAbIPMAY YiLiH KyC (abpu-
KaAapblH GMOAOTMSIABIK, KOPFayAbl KaMTaMachl3 €Ty MaHbI3Abl. 3epTTey makcathbl — KasakcraHHbIH AA-
MaTbl 0BABLICbIHAAFbBI KENBip KyC habprkarapbiHbiH GipiHAE ©HEPKACINTIK TayblkK 6Cipy WapyallblAbl-
FblHbIH Salmonella TyKbIMAAChIHbIH 6aKTepUSAapbIHA TO3IMAIAITIH KelleHAT MOHUTOPUHT >KYPri3y JKoHe
3epTTey. 3epTTey aaictemeci KasakcTaHHbIH AAMATbl 06AbIChIHAAFBI KYC (habprikarapbiHbIH, TEXHOAO-
FUSIAbIK, HbICAHAQPAAH anTa CarblH CblHAMa aAyFfa >XKeHe ipiKTeAreH cbiHamaAapaa Salmonella Tykpim-
Aac GakTepusAapAbiH 6OAYbIH MOAEHM-BUOXMMUSABIK BAICTEPMEH aHbiKTayFa HerisaeAreH. KopuwaraH
opTaAaH >kaHe KyC pabprKarapblHbiH TEXHOAOTUSIABIK, KOHABIPFLIAGPbIHAH CbIHAMAAAP XKbIAABIH, 6ap-
AbIK, KYHTi36eCiHAE aAblHAbI. 3epTTey yiliH 6apAblFbl 5672 CbiHaMa aAblHAbI, OHbIH, ilWiHAEe 537 KO-
KbIC CblHamacbl, 3838 >yy cbiHamacbl, 1024 >yMbIpTKa CbiHamacbl, 181 waH cbiHamacsl, 43 cabaH
CbIHamachbl, 49 TPaHCMNOPT >KSBLWITiHIH CbIHAMACI, TPAHCMOPT XXBLUIKTEPi YLiH NakAAAAHbIAATbIH Tecey
Kara3bl MEH KapTOH. 3epTTeAreH 5672 cbiHaMaHblIH, iliHae Salmonella Tektec 6akTepusAapAbiH GOAYbI
24 cbiHamMaAQ TipKeAAi (3epTTeAreH 6apAblk, cbiHamaAapAbiH, 0,5%). XKyprisiAreH 3epTreyAepAid, HoTU-
KeAepi 3epTTeAeTiH yariaepae Salmonella TykpiMaac 6akTepusinapAbl aHbIKTAy KyC ecipyLliAep yiliH
OM1oKayinCi3AiKTI 6acKapyAblH TUIMAI ©AiCi GOAbIN TaObIAATbIHbIH >KOHE KYPOBOATbIK, OObEKTIAEPAE
Salmonella TykpiMaac GakTepusinapAbiH TapaAy KayriH GOAAbIPMAy MakcCaTbIHAQ CAHWUTAPAbIK, JKoHe
300MMIMEHaAbIK, LELIMAEPAT XKeaeA TabyFa MyMKIHAIK 6epeTiHiH kepceTTi. CoHAbIKTaH Kyc (abpu-
KaAapbIHbIH TayblK, 6HIMAEPI apkbliabl Salmonella 6GakTepusiAapbiHbIH, TapaAybiH a3anTyFa GarbITTaAFaH
apekeTTepi Ka3akCTaHAbIK ayKbIMAQ XY3ere acblpblAybl THIC.

Tynin ce3aep: Salmonella, Kyc wapyalubiAbIFbl, (hepma TayblKTapbl, MOHUTOPUHI, GMOKAYINCIi3AiK.

BBenenue

PacTtymmii cripoc Ha MsICO NTHIL OCTY KU ABH-
ratesneM JUis CO31aHus BBICOKOA((EKTUBHBIX MOITY-
JISILHANA CEJIbCKOXO3IMCTBEHHBIX KYpP € YJIy4LIEHHOU
npoayktuBHOCTRIO [1]. 3a 30 net ToBapHas Macca
OpoiinepoB Ha 42-if IeHb TIOCJE BBHIBOJIA YBEIUYH-
nack B 4 pasa, a TPYIHBIX MBIIII] — ITOYTH B 2 pa3za
[2], 4TO COOTBETCTBYET YBEIHMYCHHUIO IPUPOCTA
OpoiinepoB Ha 3TOT nepuoy Oonee yeM Ha 400% c
OJHOBpeMeHHBIM 50%-HbIM CcHIDKeHHEeM Kodddu-
LIMEHTa KOHBepcuu kopMa [2, 3]. B mocinennem ciy-
Yyae 3TO 03HAYaeT CHHXKEHHE MOTPEOHOCTH KOopMa
npumepHo Ha 20 T Ha KT KUBOTO Beca [S]. IIpu atom
400 %-HOe yBeTHMYeHHE NPUPOCTa MAcChl OOBSICHS-
erca Ha 85-90% renernueckum oTOopoMm u Ha 10-
15 % — xopmienueMm [6]. Takum oOpa3om, MEXITY
BBIBOZOM U y0oeM (42 nHs) Opoisiepbl yBeInynBa-
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0T CBOIO Maccy a0 60 pa3, U uxX KuBas mMacca B 5
pa3 OoJblie KUBOK MacChl Kyp-HECYIIEK 3a ATOT ke
MIEPUO]T BbIpALUBaHUs [7].

YBenuueHnue HACEJICHHEM MHUpa IMOTPEOICHUS
Msica ¥ SIUI Kyp TPUBEIIO, C OAHOW CTOPOHBI, K MH-
TeHCU(UKAITUHN CUCTEM KypOBOJICTBA [ 8], C IpyToH, K
MOBBIIIICHAIO DTTAJEMHOIOTHYECKUX ¥ 300TUTUEHH-
YeCKHUX TPeOOBaHUH K COACPIKAHHIO IITUL] B YCIIOBH-
SIX WHIYCTPUAIHHOTO KYPOBOJCTBA, T.K. IITUIICBO/I-
CTBO TIPENCTABISIET COOOW 3arOHHBIE COOPYKCHUS
C IIOTHBIM cojiepkanueM ntuil [9]. UHTeHCHUBHBIH
0TOOp MPUBEIN K HETATUBHBIM TOCJIE/ICTBUSIM B MIM-
MYHHOU cucTteme [ 1], ToPTOMY TIOSIBIICHHE Pa3JIid-
HBIX BUPYCHBIX M OakTepualbHBIX OOJIe3HEH Kyp
MPEJICTaBIsIeT CO00M CYIIECTBEHHYIO MpPOOIeMy
s nTanedadprK, MOCKOIBKY MOXET TPHUBECTH
K 3HAYUTEJILHBIM 3KOHOMHYECKUM TOTEpSIM B pe-
3yJlbTaTe CHIKEHHS MPOAYKIMA Kyp (Msico, siina),
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YBEJIUYEHHsI KOHBEPCHUH KOPMa M BHICOKOTO YPOBHS
cmeptHOCTH. [103TOMY TTHIIEBOIBI OTpaciiu exe-
TOJIHO TPAaTST 3HAYNTENbHBIE (PMHAHCOBBIE PECYPChI
Ha npo¢umnaktuueckue Mepsl [10]. Ilognepxanne
B NITUYHUKAX HYXHOTO IS Kyp CaHUTApHO-THUTHE-
HUYECKOT0 MUKPOKJINMATa TPpeOyeT MpoBeIeHHsI Ha
MOCTOSIHHOH OCHOBE MOHUTOPHHTA C LEJBIO OIpe-
JIJIEHUS] yCTOMYNBOCTH KYPOBOIYECKOTO KOMITIEK-
ca K MH(QEKIMOHHBIM MMaTOreHaM, B YaCTHOCTH, K
OaktepusaMm pona Salmonella. I3BecTHO, 4TO canb-
MOHEJUIE3 SBIISIETCS PACIPOCTPAHEHHOM JKEeIyH0d-
HO-KHIIICUYHOU nH(peKuel nuieoi nen [11], mo-
3TOMY Ba)KHO 00€CHEUUTh OMOIOTUYECKYIO 3aIIUTY
ntutiedadpuk [12], 9T0OB UCKITIOYUTH YKOHOMHYE-
CKHE TMOTepU W TPEJAOTBPATHThH Uepe3 KypOoBOIUe-
CKYI0 TIPOAYKIHIO (SHIa, MsICO) TOPU30HTAIBHBIN
nepeHoc 6akrepuit poaa Salmonella venosexy [13].
Bor mouemy akTyajqbHO NpOBEICHHE IUIAHOBBIX
HAYYHO-ITPOM3BOJCTBEHHBIX MEPONPUATHH (exe-
HeJeTbHBIH MOHUTOPYHT, CAHUTAPHO-IITHIEMHUOIIO-
THYECKHI KOHTPOJIb), HAMIPAaBICHHBIX HA OOHApYXKe-
Hue Oaktepuii pona Salmonella n mpenoTBpaleHne
UX paclpocTpaHEHUs Ha NTHIePadprKax.

HUccnenoBanus o MOHUTOPUHTY YCTOMYMBOCTH
MPOMBIIUIEHHOTO KYPOBOJICTBA UMEIOT AJISI TITHIIE-
(habpuk HAYIHO-TIPAKTHYECKYIO IIEHHOCTb, T.K. TO-
3BOJISIIOT HA MOCTOSIHHON OCHOBE IPOBOJIUTH MEPO-
TIPUSTHSL:

- TI0 COBEPIIEHCTBOBAHHUIO CYIIECTBYIOIINX MEP
KOHTPOJISL, OOHAPYKEHHUSI U Tepe/ladud MaTOTeHHbBIX
OakTepuil B cpene OOMTaHMS CENBCKOXO3SIUCTBEH-
HBEIX Kyp [14];

- [10 ONITUMU3AINU METOI0B 0TOOpa P00 U BbI-
aBIeHus1 Oaktepuil poaa Salmonella Ha pa3nuIHbIX
dTarax TeXHOJIOTHIECKOTO KYPOBOAUECKOTO MPOU3-
BojicTBa [15].

Lenp uccnenosanusi. [IpoBenenne MOHUTOPUH-
ra yCTOHYMBOCTH TPOMBIIIIEHHOTO KYpPOBOJCTBA
Ha HEKOTOPHIX nrHnedadbprkax AJIMaTHHCKOW 00-
nactu Kazaxcrana k 6axtepusiM poaa Salmonella.

TlepBriil aTan uccieaoBaHUM, OCHOBAHHBIM Ha
orbope Tpo0, MPOXOAUIT B YCIOBHSIX MPOMBIIIICH-
HOT'0 KypOBOZCTBA — HA HEKOTOPBIX NITHIIE(haOpHKax
AmvatuHckoi obmactu Kazaxcrana, BTOpoid, OCHO-
BaHHBII Ha KyJIbTYPaJIbHO-OMOXUMHUYECKHX HCCIIe-
JIOBaHUSIX, B HAYYHO-IHArHOCTHYECKONH MUKPOOHO-
nmorndeckoit maboparopun TOO «H/LL AEG».

MarepuaJjibl 1 METO/BI

st mpoBeneHNs MOHUTOPUHIA YCTOWUUBOCTH
MPOMBIIIUIEHHOTO KypOBOJCTBa K OakTepusM pona
Salmonella na ntunedadpuke AIMaTHHCKONW 00JTa-
ctu Kasaxcrana, cormacao EC No 646/2007 [16],

ObUIO OTOOpaHO JAJISl MCCIIEOBAaHMS 3a KaleHIap-
HEBIH TO1 5672 1po6. CornacHo JOTOBOPHBIM 00sI-
3aTeNIbCTBAM HAMMEHOBaHUs NTHIIE(haOpPHK B CTaThe
HE TPUBOASTCS.

Ha nrrumiepabpukax exeHe1eI-HO B TEUSHUE UC-
CJIEZIyeMOTO KaJleHIApHOTO T0/1a ObIITH 0TOOPaHBI:

1) mpoOs1 moméTa [17-20]:

- 0ECTIOZICTHIIOYHOTO TIPY HATIOJIBHOM COZEpIKa-
HHUH CEeITbCKOXO3IHCTBEHHBIX KYP,

- MOJCTUIIOYHOTO Ha OCHOBE XOXKICHHUS 1O 00-
pasily MaTepuana B KOpIyce NTHYHUKA B OOYBHBIX
Oaxmiax;

2) ipoOBbI CMBIBOB CTEPHIILHO YBIIAXKHCHHBIMH
BaTHO-MapJIeBBIMH TaMIIOHAMH, KOTOPHIE M3BJIEKa-
JM U3 IPOOHMPOK, COAEPIKAIIUX Cpely 00OoTraleHHUs
(3a0ydepennas menToHHas Bojaa) B ooveme 10° cm
[21];

3) mpoObI MBUTH COOUPANH TP TOMOIIY YBIIAK-
HEHHBIX TKAHEBBIX TAMIIOHOB [22-24];

4) siitia MeTOZIOM CliTydaitHoro oroopa mo 30 miIT.
¢ maptuu [24, 25];

5) TpaHCIIOPTHBIC SAIMUKH; OyMara 1 KapTOH, KakK
MTOACTHIIOYHBIC IS TPAHCTIOPTHBIX SATIHKOB [16].

OT16op mpobd OCYMIECTBISLTN CHUIIAMH HCCIIEJI0-
BaTENbCKOW TPYIIIBI M 3aKa34MKaMu. B 1omonHeHue
CJIeTyeT OTMETHTD, YTO yCIIOBHSI OKPYKafOIIeH cpe-
IIbl (TeMIlepaTypa, BIaKHOCTh, KOHIICHTPALIUS B3BeE-
LICHHBIX YacTHUI] B BO3/1yXe€) KOHTPOJIMPYIOTCS Ha
nruredadpukax B TCUYCHHE BCETO TEXHOJIOTHIECKO-
'O IMKJIa TPOU3BOJICTBA MPOILYKIIMK KYPOBOJICTBA.

OTtobpanHbIe TPOOBI JOCTABISUTUCH B 1a00PaTo-
puto B TeueHue 2-6 gacoB [26].

Hanuuwne B oToOpaHHBIX Mpobax Gakrepuit poaa
Salmonella onpenensnoch B MUKPOOHOIOTHYECKON
n1a00paTOpUH KyIbTypaIbHO-OMOXUMUIECKIMH Me-
TOJIaMH, COTJIAaCHO MeToIuKe, n3aoxkeHHou B CT PK
3510-2019 [26].

PeSyJIl)TaTbI H UX 06cym21e}me

BcemupHas opranuzanus 34paBOOXpaHEHUs
00BsIBHIIA CATLMOHEIITY, U3-32 CTOMKOCTH B OKpY-
JKaIoIEeH cpe/ie U MOBBINIEHHOW YCTOMYUBOCTH K
aHTUOMOTHKAM, BBICOKOIPHOPUTETHBIM IaTOTe-
HOM IepBOTro psifa [27]. 3apaxkeHHas: CaIbMOHE-
J0¥ KypoBoaUecKas NpoAyKuus Ha 25 % cBs3aHa
CO BCHBIIIKAMH MH(EKLUNH UIIEBOTO IPOUCXOXK-
nenus [28]. [loaToMy MOHUTOPUHT YCTOWYHUBOCTH
MIPOMBIIIJIEHHOTO KYPOBOJACTBA K CaJIbMOHEIIE3Y
HaIlpaBJIeHO Ha oOecleueHue CTPYKTYPUPOBAH-
HOWl MoJenu MOAAEpPKKH Tpolecca MPUHITUA
pelIeHnH Mo BompocaM MPOM3BOACTBEHHONW OMO-
O0e3omacHoctH [29]. Tak, MpOBEICHHBIN aHAIW3
Hanuonansusix nporpamm EC u CHIA no 6opsbe
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C CalbMOHEJUIE30M B MTHIICBOJICTBE MMOKA3al clie-
Jyrolee:

1) uensto stux Ilporpamm siBisgercs MOHHTO-
PUHT ¥ KOHTPOJb 300HO3HOH CajJbMOHEIUIC3HON
WHQPEKIMA B CTAJIaX CEIbCKOXO3IHCTBEHHBIX KYyp
MIPOMBIIIIJICHHOTO TTUIEBOJCTBA B COOTBETCTBUH C
MIPUHATHIME 3aKOHOJATSILHBIMUA U HOPMATUBHBIMH
JIOKYMCHTAMH:

- B EC OCHOBHBIM JIOKYMEHTOM II0 KOHTPO-
JI0 CAJIbBMOHEIUTHI sIBJsieTcs periaameHT Regulation
(EC) No 2160/2003 [30], momoJHUTEIHHBIMA —
Regulation (EC) No 200/2012 (Opoiinepsr; ruiemeH-
HBIE CTajga B3POCIBIX Kyp; TpeOOBaHUS K OTOOpY
mpo0) [17], Regulation (EC) 517/2011 (xypsi-He-
CYILIKH; TpeOoBaHus K 0TOOpPY mpo0d) [22], 1003/2005
(nmemennsie craga kyp) [18], Regulation (EC) No
2019/2035 (maxy6atopsl) [31], Directive 2009/158/
EC (perynmupyet TOproBiIio NTHII U UHKYOAIIMOHHBIX
sin) [32]; Regulation (EC) 882/2004 u Regulation
(EC) 374/2005 (perymupyeT OTBETCTBEHHOCTh KOM-
OukopMoBbIX 3aBoj10B) [33, 34]; Regulation (EC)
852/2004 (ananmu3 Bogel) [35];

- B CHLIA FSIS (cmyx0a 0e30nmacHOCTH W HH-
CICKIUH MMUIIEBBIX TPOAYKTOB) Kypupyet [Iporpam-
My 0 obecrieueHnI0 6€30MacHOCTH, TIOJIE3HOCTH U
Ha/IJIe)KAIEH MAPKUPOBKH MPOJIYKTOB M3 MsICa MITHI
U ULl TaKUMHU JokyMeHTamu, kak: FSIS Directive
5100.1 (xoMIuTeKCHas METOIOJIOTHS OIICHKH 0e3-
OITaCHOCTH MUINEBHIX MpoaykToB) [36], FSIS notice
44-22 (ot6op npob) [37], FSIS Directive 5000.1,
FSIS Directive 5000.2, FSIS-GD-2020-0005, FSIS-
GD-2020-0006 u Egg Products FSA Tool VS1 (te-
CTHPOBAHME SAUI] M IMYHBIX MPOyKTOB) [38, 39, 40,
41, 42], FSA Tool VS3, FSIS-GD-2021-0013, FSIS
Directive 10250.1 u 6420.5, Guideline ID FSIS-
GD-2021-0005, FSA Tool VS3 (tectupoBanune
MsiCa U MSCHBIX MPOJYKTOB nTHi) [43, 44, 45, 46,
47, 48];

2) BemmonHenune I[Iporpamm obecriedunBaeTcs
(bMHAHCOBBIM UHCTPYMECHTOM:

- B EC mmeercs nokymenT Commission Decision
2005/636/EC [49], B KOTOpOM TIpOIKCaHbI 00s3a-
tenbetBa EC mo ¢unancupoBanuro [Iporpammel B
rocyJ1apcTBax-4ieHax;

- B CIIA nuist o6cnykuBanusi FSIS Ha ocHOBe
3aKIIIOYEHHOTO J0oroBopa paspabortansl Tpeboa-
HHS K MUKPOOHOJIOTHYECKIM J1a00paTOPHUSIM I10 BBI-
sieiieHuto canbMmoHelnibl (MLG 1.02; USDA/FSIS
Microbiology Laboratory Guidebook; MLG 3.02;
MLG 4.14; MLG 4 Appendix 2.07) [50, 51, 52, 53,
54].

HecmoTpss Ha wuccienoBaTeslbCKUE YCHIHMS U
3HAYHUTENILHBIC MHBECTHIIMH IO COBEPIICHCTBOBA-
HUIO CHCTEM YIIpaBJeHUsI OMOOE30MacHOCTHIO B
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NTHLIEBOJICTBE HU OJIMH M3 METOAOB, IPUMEHSIEMbIX
B TEXHOJOTHYECKUX ITMKIIaX MPOU3BOJICTBA U TIepe-
paboTKM KypOBOAUYECKON MPOIYKIUH, HE SIBISETCS
Ha 100% 5>QQeKTuBHBIM B YHHYTOXCHHU BUIOB
Salmonella [55]. Nmerotcs yOenuTenbHBIE TOKa-
3aTeNIbCTBA TOTO, YTO KPYIHBIC MPOMBIIIICHHBIC
nTurieaOprKy, TOBBINICHHAS IIOTHOCTh MTOCAJIKH
Y CTPeCcC MPUBOMST K YBEITMYEHHUIO BCTPEUAEMOCTH,
YCTOMYMBOCTH M PACHpPOCTPAaHEHHS CaIbMOHEII-
JIBI B OpOMJIEPHBIX CTaJaX M CTaJlaX Kyp-HECYIIeK
[56]. B kxaxxaoM KOHKpPETHOM ciiydae IpooOsiemMa
Ha ntunedadpuKax JOMOIHUTEIBHO YCIIOKHICTCS
JoKaJdbHBIMU ycioBusMH [57]. B Hacrosiee Bpe-
Ms MOHHTOPWHTOBBIE TEXHOJIOTUW HCIOIB3YIOTCS
B NITHIIEBOJICTBE B Ka4eCTBE JIOMOJHUTEIBHBIX HH-
CTPYMEHTOB JUIsl TIOJIyY€HHsS CBOEBPEMEHHOM HH-
(hopmanmu 0 BOSHUKHOBEHHH WH()EKITHOHHOTO 0Ya-
ra ¥ IPUHSATHS CBOCBPEMEHHBIX POU3BOJICTBEHHBIX
peuieHnii Mo 6M00e30NacHOCTH, HANPaBICHHBIX Ha
MPEIOTBpAIICHNE PACTIPOCTPAHEHUS CaTbMOHEILTBI
Ha nrunedadpruke U HA CHHYKCHHE PUCKOB DKOHO-
MUYECKUX TOTeph [58].

Peanm3anus Ha TPOMBIIUIEHHBIX MTUIEBOIUE-
CKUX 00BbEKTaX CTPAaTEeTHIeCKH HA/ICKHBIX Mep Ono-
0€301acHOCTH UTpaeT KIIOYEBYIO poib B OOpbOe
C pacmpoCTpaHEHHEM CaJbMOHEIUIBI TI0 THIIEBOH
nenu [59]. Kontposs 0n00€30macHOCTH Ha TPO-
MBIIUICHHBIX THIIEBOTYECKUX 00BEKTaX BKIOYACT
B ce0s1 KOHTPOJIb TPEOOBAHUH O YUCTOTE, BETCPH-
HapHOW CAHUTAPHH M 300TMTHECHE Ha BCEX TEXHOIIO-
THYECKUX TUTOMIAIKAX, KOHTPOIb TUTUEHBI COTPY/-
HUKOB, KOHTPOJIb TIPOIIEyp NE3MH(DEKIINHA MEKTY
JTaraMHu B Pa3UYHBIX TEXHOJIOTHYECKUX IIHKIAX
[60], KOHTpOJb 32 MPABWJIBHBIM YIPABICHUEM I10-
Méra TTUIl (TTOJCTUIOYHOTO, OECITOACTHIIOYHOTO)
[61]. CrnemoBaTelnbHO, XKM3HCHHO Ba)XKHOE 3HAUe-
HUE JIUIS OTPAaHWYCHUS 3aHOCA M PACTIPOCTPAHCHHUS
0oJIe3HeH Cpelr CeTbCKOXO3SHCTBEHHBIX MNTHI[ Ha
ntunedabprKkax WMeeT HCIOJIb30BaHUE HaJyIexka-
HIUX JIe3UH(DHUIUPYIONUX CPEACTB [62], a mpaKTUKa
0100€3011acHOCTH Ha MPOMBIIUIEHHBIX NTHIIEBO-
YeCKUX OOBEKTaxX SBISIETCS CPEICTBOM TIPEIOT-
BpallleHUs] TPOHUKHOBCHHS, PACIPOCTPAHCHUS H
coxpanenus naroreHoB [63]. [loatomy pematoriee
3HAYeHUe JIIsi OOHapyKeHUsI MH()EKIIMOHHOTO oyara
M0 cajJbMOHEIIAM W MPEIOTBPAICHHUS UX PaCIIPO-
CTpaHEeHHS Ha NTUIehadpUKaX UMEET MOHUTOPHHT
CaHMTAPHOTO M TUTHEHHYECKOTO OJIaromoydust
[64], >PdEKTUBHOCTH OYHMCTKH M JC3UH(PEKIIUU
[65], BKrOUaronuit 0TOOP MPOd W MHUKPOOHOIIOTH-
YeCcKHe METO/Ibl OOHAPYKEHUS MaTOreHOB [66].

CanbpMoHeIa, Kak BechMa BapualOelbHas
rpaMoTpumarensHas  (GakyJIbTaTHBHO aHa’poO0-
Hasi OakTepus, MNpPUHAUICKAIIAsS K CEMEHCTBY
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Enterobacteriaceae, sBnsercs Hauboiyiee pacmpo-
CTPaHEHHBIM MATOTCHOM MHIIEBOTO MPOUCXONK]IC-
HUS BO BceM mupe [67]. CelnbCKOX035UCTBEHHBIC
Kypbl CYUTAIOTCS OCHOBHBIM HCTOYHHKOM 3apake-
HUs denoBeka S. enterica [68]. UToOBI mpemoTBpa-
TUTh TOPHU3OHTAIBHBIN MEepeHOC OakTepuil poja
Salmonella cpenu cenbCKOXO3SHCTBEHHBIX KYyp
Ha mnrunedabpukax cleayeT HaJIeKalM 00-
pPa3oM MPOBOJUTH SIUJIEMHOJOTMYECKUNA HAJI30p,
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& TIpoGbI cMEBIBOB; 3838

npoUIaKTHKY ¥ KOHTpoib [69]. IlosTomMy B mc-
CJIEJOBAHUAX, B LEJIAX MOHUTOPUHIA YCTOHYHMBO-
CTH TIPOMBIIIJICHHOTO KYypPOBOJICTBa AJIMAaTHHCKON
obnactu KazaxcraHa x caJlbMOHEIUIE3Y, OCYIIECT-
BISUIM  KOHTPOJb 3()(PEKTUBHOCTH BBISBICHUS
CaJIbMOHEJUT Ha OCHOBE MeTojaa oTOopa mpod u3
ntunedadpuk (puc.l) m MHKpOOHOIOTHYECKOTO
METO/Ia OIICHKH OTOOPaHHBIX 5672 mpo0 B Jabopa-
topuu [22, 70].

TIpOGHI AIMHKOB,
KapTOHa H OyMarH; 49

1000 ¢ TIpoGe1sHi; 1024

500 @ TIIpoGwimoméra; 537

@ TpoGet mm;d 81 “TTpoGel cOTOMBI; 43
4 5 6 7

Pucynoxk 1 — KonuectBo 0ToOpaHHbIX 1 HccieqoBaHHbIX B 2023 . 1pod

Kak BumHO M3 pucyHKa 1, Bcero u3 miecTH Tex-
HOJIOTHUYECKHX 30H 0TOOpPaHO M HCCIEN0BaHO 5672
(100 %) npoOb1, u3 HUX: TPoOBI IoMeTa 537 (9 %),
poObl cMBIBOB 3838 (68 %), mpoOsl siuiy 1024 (18
%), mpoOs! eln — 181 (3,2 %), mpoObI TpaHCHOPT-
HBIX SIIUKOB, OyMark M KapToHa, KaK MOJCTHUIOY-
HBIE [ TPAHCIIOPTHBIX SIUKOB — 49 (1 %), mpoObI
conomsbl — 43 (0,8 %).

HecmoTpst Ha HaNM4Ke B NITHYHUKAX CHCTEM UC-
KyCCTBEHHOH BEHTWJIALMH JAJISI TIOAJICPKAHUS 370~
POBBS CENTLCKOXO3IUCTBEHHBIX Kyp, OakTepun pona
Salmonella 13 mMOMETa MOTYT JIETKO HaKaIJIMBATHCS
U pacmpocTpaHsITcs B Bo3ayxe pabdoueit 30HbI. [To-
3TOMY B HCCIIEJJOBAHUSAX OTOHMPAIMCh MPOOKI Oec-
MOJICTHIIOYHOTO U MOJICTHIIOYHOTO MOMETA.

B tabauue 1 nana nHpopManus Mo KOINIECTBY
O0TOOpaHHBIX M HCCIEIOBaHHBIX MPOO IoMeTa Ha
Oaxrepuu pona Salmonella.

Kak Bugno u3 Tadmuns! 1, obIiee KOJIMYECTBO
O0TOOpaHHBIX M UCCIEIOBAaHHBIX MPOoO U3 35 mrud-
HUKOB cocTaBmio 580, 3 KOTOpeIx 537 mpob oTo-
Opanbl m3 moméra (216 mpoO OecnoACTUIIOUHBIN

noMeT, 321 — moACTUIOUHBIH TOMET), 43 PoOBI U3
HECKOJIbKMX IapTUH COJIOMBI, IpeAHa3HaueHHbIX
s oACTUiIKU. [loNmoKUTENbHBIM pe3yibTaT Ha
callbMOHeIUTy nokaszanu 15 mpo6 noméra (2,8 % ot
Yrcaa 0TOOPaHHBIX M UCCIIEIOBAHHBIX MPOO MOME-
Ta), U3 KOTOPBIX 4 IPOOBI OBIIIN BBISIBIIEHBI U3 Oec-
MOJICTHIIOYHOTO U 11 — M3 MoACTHIIOUHOTO TOMETA.
[Ipu 3TOM MOJIOKUTENBHBIA PE3yJIbTAaT OBLI OTME-
YeH TOJBKO B MPo0ax, KOTOPbIe ObUIN OTOOPAHBI UC-
CJIE€I0BATEIbCKOM Ipynnoi. [ CpaBHEHUS IIPUBO-
UM PE3yJIbTaT aHaJOTMYHOTO HCCIIEAOBaHHUs, T/IE
pacpoCTpaHEeHHOCTh CaJbMOHEIIBI B 00pasmax
rmomMeta jjoxoauiio Ao 61,1% [71].

Kak Buznum, npoueHT oOHapyXeHus: OakTepuit
pona Salmonella B momére He mpeBHITIAT 2,8, 9TO
yKa3bIBaeT Ha CTporoe coOutojeHue nrunedadbpu-
KaMH AJIMaTHHCKOHM 00JiacTH TpeOoBaHUi 1Mo 00e-
CIIEUYEHUI0 OMOIOTHYECKON OE301TaCHOCTH.

B Tabmuue 2 mpexacraBieHa MHQOpMALHS MO
napTusiM Ipo0 NOMETA, JAaBIIMX IOJIOXKHUTEIbHBIC
pe3yNbTaThl Ha CaJIbMOHEIUTY B 3aBHCHUMOCTH OT Ce-
30Ha roja.

71



MOHI/ITOpI/IHF yCTOfI‘IPIBOCTH TIIPOMBIIIIEHHOT'O KYpPOBOJACTBA Anmarunckoi oomactu Kasaxcrana x CaIII)MOHCIIJ'IéSy

Ta6aumna 1 — KonnyecTBo 0TOOpaHHBIX M UCCIICIOBAHHBIX MPOO moMeTa Ha 6aktepuu poaa Salmonella

Ne [Tomér Jocrasneno Kommecrso Pesymstar
OTOOPaHHBIX IPOO Otpuunarensuplii | [lonoxkurenbHbIN
Bceero 216 212 4
1 BecnoacTunounsrii 3aKa3zunK - - -
Hccnenoparenbckas rpymnmna 216 212 4
Bceero 321 310 11
2 IToacTrnouHbIH 3aKa3unk 32 32 -
HccnenoBarenbckas rpymma 289 278 11
Conoma, Bcero 43 43 -
3 | npenHa3HAYEHHAS AT 3aKa3umk 37 37 -
TIOACTHIIKH Hccnenoparenbekas rpymnma 6 6 -
Hroro 580 565 15

Ta6auna 2 — KoxmdgecTBo 0TOOpaHHBIX P00 MOMETA M YMCIIO TIOJIOKUTENBHBIX Ha OakTepun pona Salmonella mpod B 3aBUCIMOCTH

OT MapTHH NPOO U Ce30Ha To/Ia

No MoMér Mecsint KonnuecTBo 0TOOpaHHBIX IPOO Pesynerar
B IIapTHH Otpunarensublii | [lomoxuTensHbII

SIuBapb 20 19 1

1 Becnoactunounsiit Depainb 20 17 3
Bcero 40 36 4
Depaib 65 55 10

2 TToncTrIIOYHBIN ABrycr 10 09 1
Bceero 75 64 11

Kak BugHO u3 Tabnuue! 2, B UCCIEeAyEeMOH nap-
Tiu 1ipo6 moméra (115 mpob), oToOpaHHBIX B STHBA-
pe, deBpasie u aBrycre, 40 ObUIH OSCIOACTUIOYHbI-
MU U 75 — NOACTWIOYHbIMU. Bce monoxurenbubie
pesynbraThl Ha Oaktepum pona Salmonella Ovimm
0OHapYKEHBI:

- mo OecnofacTUiodHOMYy MOMETY B stHBape (1
poba) u espaie (3 mpoosl);

- 110 TOJICTHJIOYHOMY TIOMETY, OTOOPAHHBIX Me-
TozoM 00yBHBIX Oaxwi, B (heBpaie (11 mpob) u as-
rycre (1 mpo0a).

CreoBaTeibHO, HaKOOJIbIIIEe KOJUYECTBO P00,
JaBUIMX TOJOKUTENBHBIN pe3yiabTaT Ha OakTepuu
pona Salmonella, 6p110 3aduKCHpPOBaHO B (eBpase
(13 mpo0), ocTanbHBIC Ba — B IHBApE U aBryCTe.

[TpuHATHIE NTHUIEBOTYECKAM XO3SIICTBOM MEPHI
10 6100€30IaCHOCTH Y)K€ Ha CIEAYIOIINE MECSIIbI
(101 mpo6 B mapre, 35 pod B ceHTs0pe) mokazanu
oTcyTcTBHE OakTepuit pona Salmonella B uccneno-
BaHHBIX Npobax. [109TOMy MOXXHO 3aKIIOUUTD, YTO
porpaMMa MOHUTOPUHTA IMO3BOJISIET ONEPATUBHO
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MIPUHUMATH PEIICHUS TI0 OMOOE30IIaCHOCTH B IIEJISX
JTUKBUJAIMA PHUCKAa PaCIpOCTPaHEHUs OaKTepuil
pona Salmonella aepe3 momer.

Perynsipaast ne3suH(EKIsl B ITHYHUKAX SIBIIS-
eTCsl KIIFOUEBOW BETEpWHAPHON CaHWUTAPHO-THTHE-
HAYECKOM MEpOii, 00eCTICUNBATOIIIIH TIPEIOTBPAIIIC-
HUE TIepeadd 300HO3HBIX HH(DEKIIMOHHBIX arcHTOB
B MIPOM3BOACTBEHHOM LIUKIIE [72].

Monutopunr nrunedadpruk Ha HaTU4ue OakTe-
puit pona Salmonella [73]:

- TIOMOTAeT BBIABIATH 3apayKEHHBIE OOBEKTHI U
KYpOBOJYECKHUE IMPOLAYKTHI, U MPEIOTBPAILACT UX
MOMajaHie K MOTPEOUTEINSIM, CHUXAsl PUCK BCIIbI-
IIeK ¥ 3aIUIIas 3[0POBhE HACEICHUS;

- TO3BOJISIET Pa3paldoTaTh MEPONPUATHS IS
YIIy4IIEHUsSI IPOTIeyp JIe3nH(EKIINU B TIEPUO]] KOH-
KPETHOTO TIPOM3BOICTBEHHOTO ITUKJIA.

[Tosromy B LiessiX MpeAOTBPALICHHS MEPeHOCA
OakTepuit pona Salmonella mexny cranamu ceib-
CKOXO3AWCTBEHHBIX Kyp 4epe3 IMOoCIeI0BaTeIbHbIC
TEXHOJIOTHYECKHE IIMKIIBI, OTOWPAIMCh TPOOBI
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CMBIBOB TI0OCJI€ OYHCTKH W Je3UH(EKIHH TpOou3-
BOJICTBEHHBIX KOMILJICKCOB M TEXHHUYECKUX CPE/ICTB
(Tabmuia 3), a Takke MpoO CMBIBOB € THE3, sTHIIEC-
OOpHOI1 JICHTBI, SHIIECKIIA/IA, C TIOBEPXHOCTU WHKY-

OalMOHHBIX W MHIIEBBIX sull (Tabnuma 4, 5), CMbI-
BOB C IepcoHasia NTureGadbpuK, 00CITyKUBAFOIINX
Kyp Ha pa3HbIX MPOU3BOJCTBEHHBIX ILIOIIAIKAX
(Tabnuna 6).

Tadanua 3 — KonuuecTBo 0TOGpaHHBIX U HCCIIEI0BAHHBIX PO CMBIBOB M3 KOPITYCOB M C TEXHMYECKMX CPE/ICTB Ha GaKTepuu poja

Salmonella
Konuuectso Pesynprar
No Bun cmbiBOB JlocraBneno
0TOGPaHHBIX IPOO Otpunarensubiit | IlonoxutenbHbli
Bcero 1062 1062 -
1 13 xoprycos nocze 3aka3uuk 793 793 -
ne3uHpeKInun
Hccnenoparenbckas rpymma 269 269 -
Bcero 636 636 -
2 € rexmmeckux 3aKa3umk 582 582 -
CpencTB

HccnenoBarenbckas rpymma 54 54 -
Bcero 1638 1638 -
Hroro 3akazunk 1375 1375 -
Hccnenoparenbekas rpymnmna 263 263 -

Kak BuaHO u3 TaOauIbl 3, BCe MCCICIOBAHHEIC
npoOsl (1638) manu oTpULATETBHBIA pe3yibTaT Ha
Oaktepun pona Salmonella. OtnenbHO criemyer
OTMETHTh 00 HCCIICJIOBAHUSX CMBIBOB C KOPITyCOB
nocie aesuHpexun (1062 npoOsr). [TomydyenHsie
pe3yibTaThl CBUAETEIBCTBYIOT O TOM, YTO MHKPO-

OHMOJIOTMYECKUI METO/I OIIEHKH, BO-TIEPBBIX, YKa3bI-
BaeT Ha oOUmMI ycrexX mpouenyp Ae3UMH(EKIUH H,
BO-BTOPBIX, BBICTYIIAET B KAYECTBE MEPBI KOHTPOJIS
UL TToNTBepkIeHHUsT d(D(HEKTUBHOCTH MPHMEHSIE-
MBIX A€3MH(UIHUPYIOLUIMX CPEACTB HA UCCIIETYyEMbIX
[ITHLEBOIYECKUX O0BEKTAX.

Ta6auna 4 — KonndecTBo 0TOOpaHHBIX M HUCCIIEIOBAHHBIX MPOO CMBIBOB Ha OakTepuu pona Salmonella ¢ THE3N, siiniecOOpHO
JIEHTBI, SIMIIECKIIa/1a, C MOBEPXHOCTH MHKYOAIIMOHHBIX H HAIIEBBIX ALY

KonmyectBo Pesynbrar
Ne Buj cmbiBOB JlocraBneHo
OTOGPAHHEIX IIPO6 Otpunarensusiiil | [lonoxuTenbHbli
Bcero 22 22 -
1 C ruésn 3aka3unk - - -
Hccnenopatenbekas rpynmna 22 22 -
Bcero 310 303 7
2 | C siitiecOOpHOM JICHTBI 3aKazyuk - - -
HccnenoBarenbckas rpymma 310 303 7
Bcero 1673 1673 -
3 C sifriecknana 3aKa3unk 4 4 -
Hccnenoparenbekas rpynmna 1669 1669 -
Bcero 95 95 -
4 C OBEpXHOCTH EY— _ _ i
HMHKYOAIMOHHBIX STUILL
Hccnenoparenbcekas rpyrmna 95 95 -
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Ipooonscenue mabauywvl

Konunuectso Pesynerar
No Bun cmbiBOB JlocraBieHo
OTOOPaHHBIX MPOO Otpuunarensupiii | [lomoxurenbHbIN
Bcero 34 34 -
5 C noBepxHOCTH SaKasanK i _ _
TUIIEBBIX UL
HccnenoBarenbckas rpymma 34 34 -
Bcero 2134 2127 7
Hroro REVECEEIN 4 4 -
HccnenoBarenbekas rpymma 2133 2126 7

Kak BujgHO M3 Tabmuubl 4, BCEro 3a OTUETHBIN
niepro otoopano 2134 npoOsl, 3 Hux 2130 mpod
OBLITH OTOOPAHBI CHIIAMHU HCCIIEIOBATEIHCKOH TPYII-
L. [Tpr 9TOM MONIOXKHUTENBHBIC PE3YIbTAThl Ha OaK-
Tepun pona Salmonella nokazanu 7 npod CMBIBOB,
MOJTyYeHHBIX ¢ sitniecOopHoii nenTs (0,4 % ot uc-
CJIeIOBAHHBIX MP00).

B tabaune 5 npexacrasiena nHpopmarus 1o
MMapTUSIM TPOO CMBIBOB C SIUIIECOOPHOMN JICHTHI,
JABIINX MOJIOKUTEIbHBIC PE3yNbTaThl Ha OaKTe-
pun poxna Salmonella B 3aBUCUMOCTH OT CE30HA
roja.

Kak BujHO 13 TaOnuikl 5, Bcero ObUI0 0TOOpa-
HO B MHTEpBaJie IBYX MecsleB ((heBpaib, MapT) 63
poOBI CMBIBOB C SHIIECOOPHON JIGHTHI, M3 HUX 35

po0 ObuM 0TOOpaHbl B (heBpasie U 28 — B MapTe.
HaubGonpmmii monoXuTenpHbIA pe3ybTaT Ha Oak-
Tepuu pona Salmonella o cMBIBaM C siTiecOOpHON
JICHTBI OBUT BBISIBJICH B (peBpasie mecsue (5 mpod
nnu 14,3 % ot 35 uccnenoBaHHBIX P00), TOT/IA KaK
B MapTe — 2 TPoOBI U3 28 Jaid MOJI0KUTEIBHBIN Ha
OakTepuu pona Salmonella pe3ynbrar.

W3 Tabnuiibl 6 BUAUM, 9TO UCCIIEIOBAHHBIE TIPO-
OBl CMBIBOB C TIEpCOHATa HUCCIEAyEeMbIX NTHIle(ha-
OpHK AITMaTHHCKOH 00JIACTH MOKa3ajk OTCYTCTBHUE
Oakrepuil popa Salmonella. 1lonydeHHbI pe3yiib-
TaT CBUAETEIHCTBYET 00 UCTIOTHEHNN COTPYTHUKA-
MH HCClIeqyeMbIX NThiedadpuK Bcex TpeOyeMbIxX
Mep 10 00ECTICUSHUIO CAHUTAPHON TUTHEHBI 1 OHO-
0e30IacHOCTH.

Taoauna 5 — Koimuectso OTOGpaHHHX Hp06 CMBIBOB U YUCJIO MTOJIOKUTEJbHBIX Ha CaJIbBMOHEILTY Hp06 B 3aBUCUMOCTH OT CE30HA

roza
Bun nccnenyemoit Meesi KonmuecTBo Pesynprar
TpOGHI 0TOGPaHHBIX MPOO OTtpunarenbHbIi [onoxxutensbHbIH
Deppainb 35 30 5
CMBIBHI ¢ stifliecOopHON Mapr 28 2% )
JIEHTBI
Hroro 63 56 7

Tadmauma 6 — KoandaecTBo 0TOOpaHHBIX U HCCIIEJOBAaHHBIX IPO0 CMBIBOB C IIepcoHala Ha 6akTepuu pona Salmonella

KonuuecTBo 0TOOpaHHbIX Pesynprar
CMBIBBI - .
npob OTpunarenbHbII TTonokurenpHbI
C nmepconana 66 66 -

B Ttabnuue 7 naHel pe3yibTaThl, MMOJYyYCHHBIC
TP UCCIICTOBAHNH MPOO MBIITH, KOTOPHIE OBLITH OTO-
OpaHbl M3 Pa3UYHBIX MPOU3BOJCTBEHHBIX KOPITY-
COB HccienyeMbIx nrunedadpuk Ha OakTepun pona
Salmonella.
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Wnrepnperupys 1aHHbIE TaOIUIIBI 7 MOXKHO OTMeE-
THUTh, 9TO 13 181 TpOObI MBLTH MOIOKUTETBHBIE PE3YITh-
TaThl HA CAJTbMOHEILTY TIOKa3aJIu 2 TIPOObI, 0TOOpAHHBIC
B (peBpatie (1 mpoba u3 naptuy, BrIrovaromei 20 mpoo)
u mapre (1 mpoba 13 mapThy, BKIFoYarorei 13 mpoo).
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Ta6muma 7 — KoiandecTBo ucciieoBaHHBIX Ha OakTepnu pona Salmonella mpob nbuti, 0TOOpAaHHBIX M3 KOPITycOB NTHIe(hadpuK

. KomnmuecTBo 0TOOpaHHBIX Pesynbrar
Bun ucenenyemoii mpo6st - =
pob OrpunaTenbHbINd TTonoxxureabHbIN
[Tpo6sI mbLTN 181 181 2

Crnemyer OTMETHTD, YTO HAaHOOJBINUI PUCK pac-
npocTpaneHus Oakrepuii pona Salmonella na uc-
clenyeMbIXx mnruiedadbpukax, COTJIAacHO JaHHBIM,
MIPEJICTABIIEHHBIX B Tabmumax 2, 5 u 7, Obi1 3ahuk-
cupoBad B (peBpaine 2023 r., HO OIepaTUBHO MPUHS-
ThIE Ha TPEIANPUATHSIX MEPONPHUATHS 10 Onobe3o-
MACHOCTH CEJIbCKOXO3SIMCTBEHHBIX KYp TO3BOJUIIN
ONEepaTHBHO YCTPaHUTh PHCK PaclpOCTPaHECHUs
MH(EKINH.

B TaGmuiie 8 npencTaBieHbl TaHHBIE 110 KOJIH-
YCCTBY OTO6paHHBIX N UCCIICAOBAHHBIX Ha CaJIbMO-
HEJITy TPAHCTIOPTHBIX SIIUKOB, OyMard U KapToHa,
HCIIOIb3YEMBbIX KaK MOACTHIOYHBIC ISl TPAHCIIOPT-
HBIX SIITUKOB.

Kak BumHO U3 Tabmuibl 8, BCce mpoObI, T0CTaB-
JICHHbIE 3aKa3YMKaMH W3 HCCIEAyeMbIX nTHIeda-
OpHK, TIOKa3aIH PH MUKPOOHOIOTHIECKOM HCCIIe-
JIOBaHWUU OTCYTCTBUE OakTepuii pona Salmonella.

Ta6auna 8 — KonmngecTBo uccnenoBaHHBIX Ha OakTepun pona Salmonella mpod, TocTaBIESHHBIX 3aKa3uuKaMy U3 NTUIE()aOpHK

. KonnuecTBo 10CTaBICHHBIX Pesynbrar
No Bun nccnemyemoit mpoObt 5 - =
apo OTpunaTenbHbIN TTonoxxurenbHbIN
1 TpancnopTHble AMUKY 4 4 -
5 [ToxcTUnOUHBII KapTOH, UCIOJIB3YEMBII 36 36
JUTSL TPAHCTIOPTHOTO SIIIIUKA
3 [Moxcrunounas Oymara, HCIOIb3yeMast 9 9
IUTSL TPAHCIIOPTHOTO SIIITHKA
Uroro 49 49 -

Ta6una 9 — KonngecTBo 0TOOpaHHBIX M UCCIEIOBAHHBIX MPOO KypUHBIX SHI Ha OakTepuu pona Salmonella

" KosyinuecTBO UCCieI0BaHHBIX Pesynprar
No Bun uccnemyemoit mpoost - -
npo6 OTpunarenbHbIi TTonoxxuTenbHbINA
1 Sliina KypuHble 1024 1024 -

B Tabnuie 9 mokaszaHbl JaHHBIC MO PE3yJbTa-
TaMm HUccleoBaHusl Mpod KypuHbIX suil. Kak Buj-
HO W3 TaONWIBl, BCE HCCIENOBAHHBIE KypUHBIE
sila MoKa3aJid OTPUIATEIbHBIN, Ha OakTepuu poja
Salmonella, pe3ynbTart.

Kax mokaseiBaroT manasle Tadmuiy 1-9, mamu-
yue Oaktepuii pona Salmonella koHTpoIUpyeTCA
Ha HCCIeayeMbIX NmTHuiegadpukax AIMaTHHCKOMN
005IaCTH e)KeHeeJbHBIM MOHUTOPUHIOM OKpY-
JKAKOMIEH CpeNbl, TEXHOIOTHYECKUX TUIOIIAI0K U
MIPOM3BOJICTBEHHBIX 00BEKTOB METOIaMHU OTOOpa
npod ¢ MOCHEeAYIOUIMM MHUKPOOHOIOTHYECKUM
METOJIOM HCCJICIOBAHUS B HAYYHO-TIPOU3BOJI-
cTBeHHOU nabopatopun. [lpu mzydenun sddex-

TUBHOCTH OIHMCAHHBIX B HAyYHOU JIUTEpaType H
HOPMAaTHUBHBIX JTOKYMEHTaX MPOLEAyp [ BHI-
siBJieHUs Oaktepuil pona Salmonella wa ntuie-
BOJYECKUX OOBEKTax, Hambosiee IOCTOBEpHBIC
pe3yNbTaThl MOKa3bIBAIOT MPOOBI, 0TOOPAaHHBIE U3
TEXHOJIOTUYECKUX TUIOMIAIOK U OOBEKTOB OKPY-
JKarouie cpenst [74, 75].

T.o., uccnenoBaHHbIe NTUICHAOPUKN ATTMATHH-
CKOM 00J1acTH BEIYyT CTPOTUH KOHTPOJIb 33 BETEPHU-
HapHO-CAHUTAPHBIM M TUTUEHUYECKUM COCTOSTHHUEM
IIPOM3BOJICTBEHHBIX OOBEKTOB Ha OCHOBE ITPOBE/IE-
HUA TUIAHOBOI'O €XKXCHCACJIbHOTO MOHUTOPUHI'A ME-
TOJaMH OTOOpa MpPOO U MUKPOOHMOIOTHYECKHX HC-
CJIeI0BaHUI.
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3akioueHne

Pe3ynbTaThl NpoBeIEHHBIX UCCIIEA0BAaHUN TIO/I-
TBEPKJIAIOT, YTO OTOOpaHHbBIE U3 NTUIICPAOPHK TPO-
Obl Ui oOHapykeHUsI Oaktepuil pona Salmonella
MOTYT CIYXHTh HHIHUKATOPAMH CAaHUTAPHO-BETEPH-
HApHOTO ¥ 300TM'MEHUYECKOT0 OJ1aronoayvus Ipo-
H3BOJICTBEHHBIX OOBEKTOB.

W3 mccnemoBaHHBIX HA TPUCYTCTBUE OaKTEpHit
pona Salmonella 5672 npo6 (100 %), Tombko B 24
(0,5 %) obHapy»xenbI canmbMoHeILTbL. 13 24 po0, mmo-
Ka3aBIIIMX HATMYUE CATbMOHEIUT, HAaHOOJbIIIee KOJIH-
YEeCTBO COZIEpKAIOCh B MOACTHIOUHOM romére (11
po0), cpe/iHee — B CMBIBAX C stiiliecOOpHOH JeHTHI (7
po0) 1 6CIOICTIIIOUHOM TIOMETE (4 TTPOOHI), MEHb-
11ee KOJIMYEeCTBO CATbMOHEIT 00HAPYKEHO B Ipodax
meuId (2 ipo0bI). C yueToM ce30Ha roa OosbliIe Bee-
ro ObLTO BBIABIIEHO B (eBpaie (19 mpob), ocTampHBIC
5 ipo6 ObLTH 0OHApYsKeHbI B stHBape (1 mpoba), Map-
Te (3 mpoOs1) u aBrycte (1 mpoba).

Takum obOpazom, u3 24 po0, DABIIHX MTOTOKH-
TeNIbHBIE PE3yNbTaThl HA OakTepuu pona Salmonella,
npoObl MoMéTa MMENHM 3HAYUTENILHO Oojiee BBICO-
kyro (P<0,01) mosro oOpas3iioB, MOJOKUTEITHHEIX Ha
Oaktepuu pona Salmonella (45,9 %), yem mpoObI
L (8,4 %).

BriBoanl:

1 IlmaHOBBIE MOHUTOPUHT MO OOHAPYKEHUIO
Oakrepuii pona Salmonella B uccienyeMsIx npodax

SBIISITCS JIS1 ITULEBOAOB 3(h(hEeKTUBHBIM METOJOM
yrIpaBieHust 0M00e301MacHOCTRIO U TTO3BOJISAET, MTPH
MOJIOXKHUTENBHBIX TOKA3aTEeNsIX, OMEePaTUBHO HaXo-
JIITD PELICHUsI IO PEIOTBPALLICHHUIO YTPO3 PACIPO-
cTpaHeHus OakTepuit poxa Salmonella Ha TIPOMBIIII-
JICHHBIX KYPOBOYECKUX 00BEKTaX.

2 IIpoBenennsiil B 2023 r. MOHUTOPUHT HEKOTO-
pBIX TUIe(ha0pUK AJTMATHHCKOH 00IacTH ITOKa3a
YCTOMYMBOCTH MPOMBIIUIEHHOTO KYPOBOJICTBA B HC-
CJIeZlyeMOM perroHe K OakTepusim poaa Salmonella,
T.K. U3 HcceoBaHHbIX 5672 mpobd (100 %) Tompko
B 24 npobax (0,5 %) Obun 0OHapyKeHBI OaKTEepUn
pona Salmonella. Pe3ynbTathl uccieaoBanuii CBU-
JIETENTLCTBYIOT, YTO Ha KPYIHBIX MPOMBIIUIEHHBIX
KYpOBOJUYECKMX OOBEKTaX AJMATHHCKON 00iacTu
Kazaxcrana TpWHATBI CTPATETHUECKH HAJCKHBIC
Mephl 0M00€30ITacHOCTH B 0OphOE ¢ pacmpocTpaHe-
HUEM CAIbMOHEIUIBI CPEH CeNbCKOXO03SMCTBEHHBIX

KYyp.
Hcrounuk puHAHCHMPOBaHUS

Pabora ¢punancupoBaace TOO «Hayuro-mipo-
n3BojcTBeHHbI TieHTp UniVety (moroBop Ne 01
or 06.03.2023 r.) Mo mporpamMme HCCIICAOBaHUN
Ha Oaze TOO «Hay4HO-TMarHOCTHYECKHWHA IIEHTP
Animal Expert Group» (HOMep TOC. perucTpanuu
0123PK10014 ot 27.03.2023 r. HU'HTD PK).

ABTOpPBI HE UMEIOT KOH()IMKTA UHTEPECOB.

Jluteparypa

1 Korver D.R. Review: Current challenges in poultry nutrition, health, and welfare, Animal // Selected keynote lectures of
the 73rd Annual Meeting of the European Federation of Animal Science Porto. -2023. -vol.17. -P.100755. doi.org/10.1016/;.

animal.2023.100755

2 Zuidhof M.J., Schneider B.L., Carney V.L., Korver D.R., Robinson F.E. Growth, efficiency, and yield of commercial broilers
from 1957, 1978, and 2005 (2014). // Poult Sci. -2014. -Vol.93. -P.2970-82. https://doi.org/10.3382/ps.2014-04291

3 Iwasaki T., Watanabe T., Hasegawa Y., Hosotani M., Kawasaki T. Nutrition During the Early Rearing Period Affects the
Incidence of Wooden Breasts in Broilers // J Poult Sci. -2021. -Vol.58(3). -P.177-185. https://doi.org/10.2141/jpsa.0200034

4 Zerjal T., Hartle S., Gourichon D. et al. Assessment of trade-offs between feed efficiency, growth-related traits, and immune
activity in experimental lines of layer chickens // Genet Sel Evol. -2021. -vol.53. —P.44. https://doi.org/10.1186/5s12711-021-00636-z

5 Neeteson A.M., Avendaiio S., Koerhuis A., Duggan B., Souza E., Mason J., Ralph J., Rohlf P., Burnside T., Kranis A. Evolu-
tions in Commercial Meat Poultry Breeding // Animals. -2023. -Vol.13(19). -P.3150. https://doi.org/10.3390/ani13193150

6 Havenstein G. B., P. R. Ferket, M. A. Qureshi. “Growth, Livability, and Feed Conversion of 1957 versus 2001 Broilers
When Fed Representative 1957 and 2001 Broiler Diets.” // Poultry Science. -2003. -Vol.85. -P.1500—1508. https://doi.org/10.1093/

ps/82.10.1500

7 Buzala M., Janicki B. Effects of different growth rates in broiler breeder and layer hens on some productive traits // Poultry
Science. -2016. -Vo0l.95. -Issue 9. -P.2151-2159. https://doi.org/10.3382/ps/pew173

8 Rushton J., Bruce M. Using a One Health approach to assess the impact of parasitic disease in livestock: How does it add
value? // Parasitology. -2017. -T.144. -P.15-25. https://doi.org/10.1017/S0031182016000196

9 Gomes B., Pena P., Cervantes R., Dias M., Viegas C. Microbial Contamination of Bedding Material: One Health in Poul-
try Production // International Journal of Environmental Research and Public Health. -2022. -Vol.19(24). -P.16508. https://doi.

org/10.3390/ijerph192416508

10 Fagrach A., Arbani O., Karroute O., El-Ftouhy F.Z., Kichou F., Bouslikhane M., Fellahi S. Prevalence of major infec-
tious diseases in backyard chickens from rural markets in Morocco / Vet World. -2023. -Vol.16(9). -P.1897-1906. https://doi.

org/10.14202/vetworld.2023.1897-1906

76



T.B. MenbHukoBa u Jip.

11 Lamichhane B., Mawad AM.M., Saleh M., Kelley W.G., Harrington P.J. II, Lovestad C.W., Amezcua J., Sarhan M.M.,
El Zowalaty M.E., Ramadan H. et al. Salmonellosis: An Overview of Epidemiology, Pathogenesis, and Innovative Approaches to
Mitigate the Antimicrobial Resistant Infections / Antibiotics. -2024. -vol.13(1). -P.76. https://doi.org/10.3390/antibiotics 13010076

12 Eguale T. Non-typhoidal Sa/monella serovars in poultry farms in central Ethiopia: prevalence and antimicrobial resistance //
BMC Vet Res. -2018. -Vol.14. -P.217. https://doi.org/10.1186/s12917-018-1539-4

13 References EFSA and ECDC (European Food Safety Authority and European Centre for Disease Prevention and Control).
The European Union One Health 2020 Zoonoses Report. EFSA J. -2021. -Vol.19. -P.6971.

14 Grace D., Knight-Jones TJ.D, Melaku A., Alders R., Jemberu W.T. The Public Health Importance and Management of Infec-
tious Poultry Diseases in Smallholder Systems in Africa // Foods. -2024. -Vol.13(3). -P.411. https://doi.org/10.3390/foods13030411

15 Nguyen M.M., Gil J., Brown M. Accurate and sensitive detection of Salmonella in foods by engineered bacteriophages // Sci
Rep. -2020. -Vol.10. -P.17463. https://doi.org/10.1038/s41598-020-74587-8

16 Commission Regulation (EC) No 646/2007 of 12 June 2007 implementing Regulation (EC) No 2160/2003 of the European
Parliament and of the Council as regards a Community target for the reduction of the prevalence of Salmonella enteritidis and Sal-
monella typhimurium in broilers and repealing Regulation (EC) No 1091/2005 (Text with EEA relevance). Select: 1. https://eur-lex.
europa.eu/legal-content/EN/TXT/?uri=CELEX:32007R0646

17 Commission Regulation (EU) No 200/2012 of 8 March 2012 concerning a Union target for the reduction of Salmonella
enteritidis and Salmonella typhimurium in flocks of broilers, as provided for in Regulation (EC) No 2160/2003 of the European
Parliament and of the Council Text with EEA relevance. https://eur-lex.europa.ecu/LexUriServ/LexUriServ.do?uri=0J:L:2012:071:
0031:0036:EN:PDF

18 Commission Regulation (EC) No 1003/2005 of 30 June 2005 implementing Regulation (EC) No 2160/2003 as regards a
Community target for the reduction of the prevalence of certain salmonella serotypes in breeding flocks of Gallus gallus and amend-
ing Regulation (EC) No 2160/2003. https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX:32005R 1003

19 Commission Regulation (EC) No 213/2009 of 18 March 2009 amending Regulation (EC) No 2160/2003 of the European
Parliament and of the Council and Regulation (EC) No 1003/2005 as regards the control and testing of Salmonella in breeding flocks
of Gallus gallus and turkeys. https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex:32009R0213

20 Commission Regulation (EC) No 1688/2005 of 14 October 2005 implementing Regulation (EC) No 853/2004 of the Euro-
pean Parliament and of the Council as regards special guarantees concerning salmonella for consignments to Finland and Sweden of
certain meat and eggs. https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX:32005R 1688

21 CTB ISO 18593-2012 «MHKpOOHOJIOTHsI MUIIEBBIX TIPOTYKTOB M KOPMOB JJIsl )KUBOTHBIX. | 'OpH30HTaIBHBIE METOBI 0TOOpa
pob ¢ IMOBEPXHOCTH € MCTIOIB30BAHHEM KOHTAKTHBIX YallleK M TAMIIOHOB Ha allUIMKATOPax»

22 Commission Regulation (EU) No 517/2011 of 25 May 2011 implementing Regulation (EC) No 2160/2003 of the European
Parliament and of the Council as regards a Union target for the reduction of the prevalence of certain Salmonella serotypes in laying
hens of Gallus gallus and amending Regulation (EC) No 2160/2003 and Commission Regulation (EU) No 200/2010. https://eur-lex.
europa.eu/legal-content/EN/ALL/?uri=celex:32011R0517

23 Commission Regulation (EU) 2019/268 of 15 February 2019 amending Regulations (EU) No 200/2010, (EU) No 517/2011,
(EU) No 200/2012 and (EU) No 1190/2012 as regards certain methods for Sa/monella testing and sampling in poultry. https://eur-
lex.europa.cu/legal-content/EN/TXT/?uri=CELEX:32019R0268

24 Mertoanueckoe ykazanue. JlJaGopaTtopHas JHarHOCTHKA CalbMOHEIJIC30B YEJIOBEKa U JKMBOTHBIX, 00HAPYKEHUE CaTbMOHEILT
B KOpMax, IPOJIKTaX [TUTaHHs K 00bEKTaX BHEIIHEH cpe/ibl. LIeHTpalibHBIil HAyYHO-HCCIIE10BATEIbCKHN HHCTHTYT SIHACMHOIOTHIA
Munsnpasa CCCP. -1990. -59 c.

25 T'OCT ISO/TS 17728-2017 «MukpoOuosorus nueBoit nenu. Meroas! or6opa npod MHIIEBO MPOIYKIHN 1 KOPMOB JUIs
MHKPOOHOJIOTHYECKOTO aHAITH3aY.

26 CT PK 3510-2019 Metos! 1ab0paTOpHOM ANArHOCTHKH CaTbMOHEIIE3a.

27 Thames H. T., Sukumaran A. T. A review of Salmonella and Campylobacter in broiler meat: Emerging challenges and food
safety measures // Foods. -2020. -Vol.9(6). -P.776. https://doi.org/10.3390/foods9060776

28 Akil L., Ahmad H. A. Quantitative risk assessment model of human Salmonellosis resulting from consumption of broiler
chicken // Diseases. -2019. -Vol.7(1). -P.19. https://doi.org/10.3390/diseases7010019

29 Eduardo C. T., Claudia T. H. G. Using Risk—Benefit Analysis to Control Sa/monella in Chicken Meat // Food Quality and
Safety. -2021. -Vol. 5. https://doi.org/10.1093/fgsafe/fyab027

30 Regulation (EC) No 2160/2003 of the European Parliament and of the Council of 17 November 2003 on the control of sal-
monella and other specified food-borne zoonotic agents.

31 Commission Delegated Regulation (EU) 2019/2035 of 28 June 2019 supplementing Regulation (EU) 2016/429 of the Euro-
pean Parliament and of the Council as regards rules for establishments keeping terrestrial animals and hatcheries, and the traceability
of certain kept terrestrial animals and hatching eggs (Text with EEA relevance).

32 Council Directive 2009/158/EC of 30 November 2009 on animal health conditions governing intra-Community trade in, and
imports from third countries of, poultry and hatching eggs (Codified version) (Text with EEA relevance).

33 Regulation (EC) No 882/2004 of the European Parliament and of the Council of 29 April 2004 on official controls performed
to ensure the verification of compliance with feed and food law, animal health and animal welfare rules.

34 Council Regulation (EC) No 374/2005 of 28 February 2005 amending Regulation (EC) No 2007/2000 introducing excep-
tional trade measures for countries and territories participating in or linked to the European Union’s stabilisation and association
process.

35 Regulation (EC) No 852/2004 of the European Parliament and of the Council of 29 April 2004 on the hygiene of foodstuffs.

77



MOHI/ITOpI/IHF yCTOfI‘IPIBOCTPI TIIPOMBIIIIEHHOT'O KYpPOBOJACTBA Anmarunckoi oomactu Kasaxcrana x CaHBMOHeHJ’IéSy

36 FSIS Directive 5100.1 Food Safety Assessment Methodology URL: https:/www.fsis.usda.gov/sites/default/files/media
file/2020-07/5100.1.pdf (nara oopamenus: 29.04.2024).

37 FSIS notice 44-22 Revised young chicken carcass exploratory sampling program. URL: https://www.fsis.usda.gov/sites/
default/files/media_file/documents/44-22.pdf (nata obpamenus: 29.04.2024).

38 FSIS Directive 5000.1 Verifying an establishment’s food safety system URL: https://www.fsis.usda.gov/sites/default/files/
media_file/documents/5000.1.pdf (nata obpamenus: 29.04.2024).

39 FSIS Directive 5000.2 Review of establishment testing data by inspection program personnel URL: https://www.fsis.usda.
gov/sites/default/files/media_file/2020-07/5000.2.pdf (nata obpamenus: 29.04.2024).

40 FSIS-GD-2020-0005 FSIS Food Safety Guideline for Egg Products URL: https://www.fsis.usda.gov/sites/default/files/me-
dia_file/2021-05/FSIS-GD-2020-0005.pdf (nata obpamienus: 29.04.2024).

41 FSIS-GD-2020-0006 Egg Products Hazards and Controls Guide URL: https://www.fsis.usda.gov/sites/default/files/media
file/2021-01/egg-products-hazards-controls-guide.pdf (nata obpamenus: 29.04.2024).

42 Egg Products FSA Tool VSI1. URL: https://www.fsis.usda.gov/sites/default/files/media_file/documents/Food-Safety-
Assessments-Tools-Egg.pdf (nara oopamenus: 29.04.2024).

43 Poultry Products FSA Tool VS3. URL: https://www.fsis.usda.gov/sites/default/files/media_file/documents/Food-Safety-
Assessments-Tools-Poultry.pdf (nara oopamenus: 29.04.2024).

44 FSIS-GD-2021-0013 FSIS Stabilization Guideline for Meat and Poultry Products. URL: https://www.fsis.usda.gov/sites/
default/files/media_file/2021-12/Appendix-B.pdf (nata odpamenus: 29.04.2024).

45 FSIS Directive 10250.1 Sampling instructions: Salmonella and campylobacter verification program for raw poultryproducts
URL: https://www.fsis.usda.gov/sites/default/files/media_file/2021-03/10250.1_0.pdf (nara oopamenus: 29.04.2024).

46 FSIS Directive 6420.5 Verifying poultry slaughter establishments maintain adequate procedures for preventing contamina-
tion with feces and enteric pathogens URL: https://www.fsis.usda.gov/sites/default/files/media_file/2020-07/6420.5.pdf (nara 00-
pamenust: 29.04.2024).

47 Guideline ID FSIS-GD-2021-0005 FSIS Guideline for Controlling Salmonella in Raw Poultry URL: https://www.fsis.usda.
gov/sites/default/files/media file/2021-07/FSIS-GD-2021-0005.pdf (nata obpamenus: 29.04.2024).

48 Ready-to-Eat (RTE) Processed Products FSA Tool VS3. URL: https://www.fsis.usda.gov/sites/default/files/media_file/
documents/Food-Safety-Assessments-Tools-Poultry.pdf (nara oopamenus: 29.04.2024).

49 CD: 2005/636/EC: Commission Decision of 1 September 2005 concerning a financial contribution by the Community to-
wards a baseline survey on the prevalence of Salmonella spp. in broiler flocks of Gallus gallus to be carried out in the Member States
(notified under document number C (2005) 3276).

50 MLG 1.02. FSIS Laboratory System Introduction, Method Performance Expectations, and Sample Handling for Microbiol-
ogy. URL: https://www.fsis.usda.gov/sites/default/files/media_file/documents/MLG_1.02.pdf (nata obpamenus: 29.04.2024).

51 USDA/FSIS Microbiology Laboratory Guidebook. URL: https://www.fsis.usda.gov/sites/default/files/media_file/2021-03/
MLG-2.pdf (nara oopamenus: 29.04.2024).

52 MLG 3.02: Quantitative Analysis of Bacteria in Foods as Sanitary Indicators. URL: https://www.fsis.usda.gov/sites/default/
files/media_file/2021-03/MLG-3.pdf (nata oOpamienus: 29.04.2024).

53 MLG 4.14. Isolation and Identification of Salmonella from Meat, Poultry, Pasteurized Egg, Siluriformes (Fish) Products and
Carcass and Environmental Sponges URL: https://www.fsis.usda.gov/sites/default/files/media_file/documents/MLG-4.14.pdf (nata
oOpamienus: 29.04.2024).

54 MLG 4 Appendix 2.07. Flow Chart Specific for FSIS Laboratory Isolation and Identification of Salmonella URL: https://
www.fsis.usda.gov/sites/default/files/media_file/documents/MLG-4-Appendix-2.07.pdf (nata oopamenus: 29.04.2024).

55 Velhner M., Milanov D., Kozoderovi¢ G. Salmonella spp. in poultry: a constant challenge and new insights // Journal of the
Hellenic Veterinary Medical Society. -2018. -Vol.69(2). -P.899-910. https://doi.org/10.12681/jhvms.18012

56 Daniel D., Pavel E. H., Diana Z. V., Miguel A. Ch, Arnulfo M., Francisco A. M., Adrian C., Vianney F., Rene R., Soila M.
G., Francisco J., Prevalence, main serovars and anti-microbial resistance profiles of non-typhoidal Salmonella in poultry samples
from the Americas: A systematic review and meta-analysis / Transboundary and Emerging Diseases. -2021. -Vol.69. -P.2544-2558.
https://doi.org/10.1111/tbed.14362

57 Baker M., Zhang X., Maciel-Guerra A. Convergence of resistance and evolutionary responses in Escherichia coli and
Salmonella enterica co-inhabiting chicken farms in China // Nat Commun. -2024. -Vol.15. -P.206. https://doi.org/10.1038/s41467-
023-44272-1

58 Ruvalcaba-Gomez J.M., Villagran Z., Valdez-Alarcon J.J., Martinez-Nufiez M., Gomez-Godinez L.J., Ruesga-Gutiérrez
E., Anaya-Esparza L.M., Arteaga-Garibay R.1., Villarruel-Lopez A. Non-Antibiotics Strategies to Control Sa/monella Infection in
Poultry // Animals (Basel). -2022. -Vol.12(1). -P.102. https://doi.org/10.3390/ani12010102

59 Fraser R.W., Williams N.T., Powell L.F., Cook A. Reducing Campylobacter and salmonella infection: Two studies of the
economic cost and attitude to adoption of on-farm biosecurity measures // Zoonoses Public Health. -2010. -Vol.57. -P.e109—e115.
https://doi.org/10.1111/j.1863-2378.2009.01295.x

60 Gosling R.J., Martelli F., Wintrip A., Sayers A.R., Wheeler K., Davies R.H. Assessment of producers’ response to Salmo-
nella biosecurity issues and uptake of advice on laying hen farms in England and Wales // Br. Poult. Sci. -2014. -Vol.55. -P.559-568.
https://doi.org/10.1080/00071668.2014.949620

61 Volkova V.V., Wills R.W., Hubbard S.A., Magee D.L., Byrd J.A., Bailey R.H. Risk factors associated with detection of
Salmonella in broiler litter at the time of new flock placement // Zoonoses Public Health. -2011. -Vol.58. -P.158-168. https://doi.
org/10.1111/j.1863-2378.2009.01323.x

78



T.B. MenbHukoBa u Jip.

62 Abdulghaffar T.A., El Bahgy H.E. Effect of some disinfectants on some pathogenic microorganisms isolated from poultry
farm // Benha Vet. Med. J. -2016. -Vol.31. -P.154—158. https://doi.org/10.21608/bvmj.2016.31243

63 Delpont M., Salazar L. G., Dewulf J., Zbikowski A., Szeleszczuk P., Dufay-Lefort Anne-Christine, Rousset N., Spaans A.,
Amalraj A., Tilli G., Piccirillo A., Devesa A., Sevilla-Navarro S., van Meirhaege H., Kovacs L., Jozwiak A. B., Guérin Jean-Luc,
Paul M. C. Monitoring biosecurity in poultry production: an overview of databases reporting biosecurity compliance from seven
European countries // Frontiers in Veterinary Science. -2023. -Vol.10. | https://doi.org/10.3389/fvets.2023.1231377

64 Eid S., Hassan H.M., Al-Atfeechy N.M., Selim K.M., El Oksh A.S. Composting: A biosecurity measure to maximize the
benefit of broilers’ litter / Anim. Res. -2023. -Vol.10. -P.458-468. https://doi.org/10.5455/javar.2023.j699

65 Vaillancourt J. P., Racicot M., Delpont M. Improving biosecurity in poultry flocks In: De Wit, editor. Optimising poultry
flock health. Cambridge, United Kingdom: Burleigh Dodds Science Publishing. -2022. -P.107-48.

66 Shaji S., Selvaraj R.K., Shanmugasundaram R. Salmonella Infection in Poultry: A Review on the Pathogen and Control
Strategies // Microorganisms. -2023. -Vol.11(11). -P.2814. https://doi.org/10.3390/microorganisms11112814

67 Shinohara N.K.S., Barros V.B.D., Jimenez S.M.C., Machado E.D.C.L., Dutra R.A.F., Lima Filho J.L.D. Salmonella spp.,
importante agente patogénico veiculado em alimentos // Ciénc. Satude Colet. -2008. -Vol.13. -P.1675-1683. https://doi.org/10.1590/
S1413-8123200800050003 1

68 Elsayed M.M., El-Basrey Y.F.H, El-Baz A.H., Dowidar H.A., Shami A., Al-Saeed F.A., Alsamghan A., Salem H.M., Al-
hazmi W.A., El-Tarabily K.A., Khedr MH.E. Ecological prevalence, genetic diversity, and multidrug resistance of Salmonella
enteritidis recovered from broiler and layer chicken farms // Poult Sci. -2024. -Vol.103(2). -P.103320. https://doi.org/10.1016/].
psj.2023.103320

69 Nabil N.M., Tawakol M.M., Samir A. et al. Synergistic influence of probiotic and florfenicol on embryonic viability,
performance, and multidrug-resistant Sa/monella Enteritidis in broiler chickens // Sci Rep. -2023. -Vol.13. -P.9644. https://doi.
org/10.1038/s41598-023-36238-6

70 3akon Pecry6mmku Kazaxcran ot 10.07.2002 1. Ne 339-11 «O Betepunapum»

71 Alan G., Jaysankar De, Keith R. Sch., Prevalence, Concentration, and Antimicrobial Resistance Profiles of Salmonella Iso-
lated from Florida Poultry Litter // Journal of Food Protection. -2020. -Vol. 83. -Issue 12. -P. 2179-2186. https://doi.org/10.4315/
JFP-20-215

72 Mateus-Vargas R.H., Butenholz K., Volkmann N., Siirie C., Kemper N., Schulz J. Boot Swabs to Evaluate Cleaning and
Disinfection Success in Poultry Barns // Agriculture. -2022. -Vol.12(1). -P.57. https://doi.org/10.3390/agriculture12010057

73 Minster P., Poppel L., Antakli A., Miiller-Doblies D., Radko D., Kemper N. The Detection of Sa/monella Enteritidis on
German Layer Farms after Cleaning and Disinfection // Animals. -2023. -Vol.13(16). -P.2588. https://doi.org/10.3390/ani13162588

74 Pacholewicz E., Wisselink H.J., Koene MG.J., van der Most M., Gonzales J.L. Environmental Sampling Methods for De-
tection of Salmonella Infections in Laying Hens: A Systematic Review and Meta-Analysis // Microorganisms. -2023. -Vol.11(8).
-P.2100. https://doi.org/10.3390/microorganisms11082100

75 Carrique-Mas J.J., Davies R.H. Sampling and bacteriological detection of Salmonella in poultry and poultry premises: a
review// Rev Sci Tech. -2008. -Vol.27(3). -P.665-77. https://doi.org/10.20506/rst.27.3.1829

References

1. Abdulghaffar T.A., El Bahgy H.E. (2016) Effect of some disinfectants on some pathogenic microorganisms isolated from
poultry farm. Benha Vet. Med, vol. 31. p. 154—158. https://doi.org/10.21608/bvm;j.2016.31243

2. Akil L., Ahmad H. A. (2019) Quantitative risk assessment model of human Salmonellosis resulting from consumption of
broiler chicken. Diseases, vol.7(1), p.19. https://doi.org/10.3390/diseases7010019

3. Alan G, Jaysankar De, Keith R. Sch. (2020) Prevalence, Concentration, and Antimicrobial Resistance Profiles of Salmonella
Isolated from Florida Poultry Litter. Journal of Food Protection, vol. 83, Issue 12, p. 2179-2186. https://doi.org/10.4315/JFP-20-215

4. Baker M., Zhang X., Maciel-Guerra A. (2024) Convergence of resistance and evolutionary responses in Escherichia coli and
Salmonella enterica co-inhabiting chicken farms in China. Nat Commun, vol.15, p. 206. https://doi.org/10.1038/s41467-023-44272-1

5. Buzala M., Janicki B. (2016) Effects of different growth rates in broiler breeder and layer hens on some productive traits.
Poultry Science, vol.95. Issue 9. P.2151-2159. https://doi.org/10.3382/ps/pew173

6. Carrique-Mas J.J., Davies R.H. (2008) Sampling and bacteriological detection of Salmonella in poultry and poultry premises:
areview, Rev Sci Tech, vol.27(3), p. 665-77. https://doi.org/10.20506/rst.27.3.1829

7. CD: 2005/636/EC: Commission Decision of 1 September 2005 concerning a financial contribution by the Community
towards a baseline survey on the prevalence of Salmonella spp. in broiler flocks of Gallus gallus to be carried out in the Member
States (notified under document number C (2005) 3276).

8. Commission Delegated Regulation (EU) 2019/2035 of 28 June 2019 supplementing Regulation (EU) 2016/429 of the
European Parliament and of the Council as regards rules for establishments keeping terrestrial animals and hatcheries, and the
traceability of certain kept terrestrial animals and hatching eggs (Text with EEA relevance).

9. Commission Regulation (EC) No 1003/2005 of 30 June 2005 implementing Regulation (EC) No 2160/2003 as regards
a Community target for the reduction of the prevalence of certain salmonella serotypes in breeding flocks of Gallus gallus and
amending Regulation (EC) No 2160/2003. https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX:32005R 1003

10. Commission Regulation (EC) No 1688/2005 of 14 October 2005 implementing Regulation (EC) No 853/2004 of the
European Parliament and of the Council as regards special guarantees concerning salmonella for consignments to Finland and
Sweden of certain meat and eggs. https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX:32005R 1688

79



MOHI/ITOpI/IHF yCTOfI‘IPIBOCTPI TIIPOMBIIIIEHHOT'O KYpPOBOJACTBA Anmarunckoi oomactu Kasaxcrana x CaHBMOHeHJ’IéSy

11. Commission Regulation (EC) No 213/2009 of 18 March 2009 amending Regulation (EC) No 2160/2003 of the European
Parliament and of the Council and Regulation (EC) No 1003/2005 as regards the control and testing of Salmonella in breeding flocks
of Gallus gallus and turkeys. https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex:32009R0213

12. Commission Regulation (EC) No 646/2007 of 12 June 2007 implementing Regulation (EC) No 2160/2003 of the European
Parliament and of the Council as regards a Community target for the reduction of the prevalence of Salmonella enteritidis and
Salmonella typhimurium in broilers and repealing Regulation (EC) No 1091/2005 (Text with EEA relevance). Select: 1. https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32007R0646

13. Commission Regulation (EU) 2019/268 of 15 February 2019 amending Regulations (EU) No 200/2010, (EU) No 517/2011,
(EU) No 200/2012 and (EU) No 1190/2012 as regards certain methods for Salmonella testing and sampling in poultry. https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32019R0268

14. Commission Regulation (EU) No 200/2012 of 8 March 2012 concerning a Union target for the reduction of Salmonella
enteritidis and Salmonella typhimurium in flocks of broilers, as provided for in Regulation (EC) No 2160/2003 of the European
Parliament and of the Council Text with EEA relevance. https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2012:071:
0031:0036:EN:PDF

15. Commission Regulation (EU) No 517/2011 of 25 May 2011 implementing Regulation (EC) No 2160/2003 of the European
Parliament and of the Council as regards a Union target for the reduction of the prevalence of certain Salmonella serotypes in laying
hens of Gallus gallus and amending Regulation (EC) No 2160/2003 and Commission Regulation (EU) No 200/2010. https://eur-lex.
europa.cu/legal-content/EN/ALL/?uri=celex:32011R0517

16. Council Directive 2009/158/EC of 30 November 2009 on animal health conditions governing intra-Community trade in, and
imports from third countries of, poultry and hatching eggs (Codified version) (Text with EEA relevance).

17. Council Regulation (EC) No 374/2005 of 28 February 2005 amending Regulation (EC) No 2007/2000 introducing exceptional
trade measures for countries and territories participating in or linked to the European Union’s stabilisation and association process.

18. Daniel D., Pavel E. H., Diana Z. V., Miguel A. Ch, Arnulfo M., Francisco A. M., Adrian C., Vianney F., Rene R., Soila
M. G., Francisco J. (2021) Prevalence, main serovars and anti-microbial resistance profiles of non-typhoidal Salmonella in poultry
samples from the Americas: A systematic review and meta-analysis. Transboundary and Emerging Diseases, vol.69, p. 2544-2558.
https://doi.org/10.1111/tbed.14362

19. Delpont M., Salazar L. G., Dewulf J., Zbikowski A., Szeleszczuk P., Dufay-Lefort Anne-Christine, Rousset N., Spaans A.,
Amalraj A., Tilli G., Piccirillo A., Devesa A., Sevilla-Navarro S., van Meirhaege H., Kovacs L., Jozwiak A. B., Guérin Jean-Luc,
Paul M. C. (2023) Monitoring biosecurity in poultry production: an overview of databases reporting biosecurity compliance from
seven European countries. Frontiers in Veterinary Science, vol.10, https://doi.org/10.3389/fvets.2023.1231377

20. Eduardo C. T., Claudia T. H. G. (2021) Using Risk—Benefit Analysis to Control Salmonella in Chicken Meat. Food Quality
and Safety, vol. 5. https://doi.org/10.1093/fgsafe/fyab027

21. Egg Products FSA Tool VSI1. URL: https://www.fsis.usda.gov/sites/default/files/media_file/documents/Food-Safety-
Assessments-Tools-Egg.pdf (data obrashhenija: 29.04.2024).

22. Eguale T. (2018) Non-typhoidal Salmonella serovars in poultry farms in central Ethiopia: prevalence and antimicrobial
resistance. BMC Vet Res, vol.14, p.217. https://doi.org/10.1186/s12917-018-1539-4

23. Eid S., Hassan H.M., Al-Atfeehy N.M., Selim K.M., E1 Oksh A.S. (2023) Composting: A biosecurity measure to maximize
the benefit of broilers” litter. Anim. Res, vol.10, p. 458—468. https://doi.org/10.5455/javar.2023.j699

24. Elsayed M.M., El-Basrey Y.F.H, El-Baz A.H., Dowidar H.A., Shami A., Al-Saeed F.A., Alsamghan A., Salem H.M.,
Alhazmi W.A., El-Tarabily K.A., Khedr MH.E. (2024) Ecological prevalence, genetic diversity, and multidrug resistance of
Salmonella enteritidis recovered from broiler and layer chicken farms. Poult Sci, vol.103(2), p. 103320. https://doi.org/10.1016/j.
psj.2023.103320

25. Fagrach A., Arbani O., Karroute O., El-Ftouhy F.Z., Kichou F., Bouslikhane M., Fellahi S. (2023) Prevalence of major
infectious diseases in backyard chickens from rural markets in Morocco. Vet World, vol.16(9), p.1897-1906. https://doi.org/10.14202/
vetworld.2023.1897-1906

26. Fraser R.W., Williams N.T., Powell L.F., Cook A. (2010) Reducing Campylobacter and salmonella infection: Two studies
of the economic cost and attitude to adoption of on-farm biosecurity measures // Zoonoses Public Health, vol.57, p. e109—115.
https://doi.org/10.1111/j.1863-2378.2009.01295.x

27. FSIS Directive 10250.1 Sampling instructions: Salmonella and campylobacter verification program for raw poultryproducts
URL: https://www.fsis.usda.gov/sites/default/files/media_file/2021-03/10250.1 0.pdf (data obrashhenija: 29.04.2024).

28. FSIS Directive 5000.1 Verifying an establishment’s food safety system URL: https://www.fsis.usda.gov/sites/default/files/
media_file/documents/5000.1.pdf (data obrashhenija: 29.04.2024).

29. FSIS Directive 5000.2 Review of establishment testing data by inspection program personnel URL: https://www.fsis.usda.
gov/sites/default/files/media_file/2020-07/5000.2.pdf (data obrashhenija: 29.04.2024).

30. FSIS Directive 5100.1 Food Safety Assessment Methodology URL: https:/www.fsis.usda.gov/sites/default/files/media
file/2020-07/5100.1.pdf (data obrashhenija: 29.04.2024).

31. FSIS Directive 6420.5 Verifying poultry slaughter establishments maintain adequate procedures for preventing
contamination with feces and enteric pathogens URL: https://www.fsis.usda.gov/sites/default/files/media_file/2020-07/6420.5.pdf
(data obrashhenija: 29.04.2024).

32. FSIS notice 44-22 Revised young chicken carcass exploratory sampling program. URL: https://www.fsis.usda.gov/sites/
default/files/media_file/documents/44-22.pdf (data obrashhenija: 29.04.2024).

33. FSIS-GD-2020-0005 FSIS Food Safety Guideline for Egg Products URL: https://www.fsis.usda.gov/sites/default/files/
media_file/2021-05/FSIS-GD-2020-0005.pdf (data obrashhenija: 29.04.2024).

80



T.B. MenbHukoBa u Jip.

34. FSIS-GD-2020-0006 Egg Products Hazards and Controls Guide URL: https://www.fsis.usda.gov/sites/default/files/media
file/2021-01/egg-products-hazards-controls-guide.pdf (data obrashhenija: 29.04.2024).

35. FSIS-GD-2021-0013 FSIS Stabilization Guideline for Meat and Poultry Products. URL: https://www.fsis.usda.gov/sites/
default/files/media_file/2021-12/Appendix-B.pdf (data obrashhenija: 29.04.2024).

36. Gomes B., Pena P., Cervantes R., Dias M., Viegas C. (2022) Microbial Contamination of Bedding Material: One Health
in Poultry Production. International Journal of Environmental Research and Public Health, vol.19(24), p.16508. https://doi.
org/10.3390/ijerph192416508

37. Gosling R.J., Martelli F., Wintrip A., Sayers A.R., Wheeler K., Davies R.H.(2014) Assessment of producers’ response to
Salmonella biosecurity issues and uptake of advice on laying hen farms in England and Wales. Br. Poult. Sci, vol. 55, p. 559-568.
https://doi.org/10.1080/00071668.2014.949620

38. GOST ISO/TS 17728-2017 «Mikrobiologija pishhevoj cepi. Metody otbora prob pishhevoj produkcii i kormov dlja
mikrobiologicheskogo analizay.

39. Grace D., Knight-Jones TJ.D, Melaku A., Alders R., Jemberu W.T. (2024) The Public Health Importance and Management
of Infectious Poultry Diseases in Smallholder Systems in Africa. Foods. vol.13(3), p.411. https://doi.org/10.3390/foods13030411

40. Guideline ID FSIS-GD-2021-0005 FSIS Guideline for Controlling Salmonella in Raw Poultry URL: https://www.fsis.usda.
gov/sites/default/files/media_file/2021-07/FSIS-GD-2021-0005.pdf (data obrashhenija: 29.04.2024).

41. Havenstein G. B., P. R. Ferket, M. A. (2003) Qureshi. “Growth, Livability, and Feed Conversion of 1957 versus 2001
Broilers When Fed Representative 1957 and 2001 Broiler Diets”. Poultry Science, vol.85, p. 1500-1508. https://doi.org/10.1093/
ps/82.10.1500

42. Iwasaki T., Watanabe T., Hasegawa Y., Hosotani M., Kawasaki T. (2021) Nutrition During the Early Rearing Period Affects
the Incidence of Wooden Breasts in Broilers. J Poult Sci. vol.58(3), p.177-185. https://doi.org/10.2141/jpsa.0200034

43. Korver D.R. (2023) Review: Current challenges in poultry nutrition, health, and welfare, Animal. Selected keynote
lectures of the 73rd Annual Meeting of the European Federation of Animal Science Porto., vol.17, P.100755. doi.org/10.1016/j.
animal.2023.100755

44. Lamichhane B., Mawad AM.M., Saleh M., Kelley W.G., Harrington P.J. II, Lovestad C.W., Amezcua J., Sarhan M.M., El
Zowalaty M.E., Ramadan H. et al. (2024) Salmonellosis: An Overview of Epidemiology, Pathogenesis, and Innovative Approaches
to Mitigate the Antimicrobial Resistant Infections. Antibiotics, vol.13(1). p.76. https://doi.org/10.3390/antibiotics 13010076

45. Mateus-Vargas R.H., Butenholz K., Volkmann N., Siirie C., Kemper N., Schulz J. (2022) Boot Swabs to Evaluate Cleaning
and Disinfection Success in Poultry Barns. Agriculture, vol.12(1), p.57. https://doi.org/10.3390/agriculture12010057

46. Metodicheskoe ukazanie. Laboratornaja diagnostika sal’monellezov cheloveka i zhivotnyh, obnaruzhenie sal’monell v
kormah, produktah pitanija i ob#ektah vneshnej sredy. Central’nyj nauchno-issledovatel’skij institut jepidemiologii Minzdrava
SSSR. -1990. 59 s.

47. MLG 1.02. FSIS Laboratory System Introduction, Method Performance Expectations, and Sample Handling for Microbiology.
URL: https://www.fsis.usda.gov/sites/default/files/media_file/documents/MLG _1.02.pdf (data obrashhenija: 29.04.2024).

48. MLG 3.02: Quantitative Analysis of Bacteria in Foods as Sanitary Indicators. URL: https://www.fsis.usda.gov/sites/default/
files/media_file/2021-03/MLG-3.pdf (data obrashhenija: 29.04.2024).

49. MLG 4 Appendix 2.07. Flow Chart Specific for FSIS Laboratory Isolation and Identification of Salmonella URL: https://
www.fsis.usda.gov/sites/default/files/media_file/documents/MLG-4-Appendix-2.07.pdf (data obrashhenija: 29.04.2024).

50. MLG 4.14. Isolation and Identification of Salmonella from Meat, Poultry, Pasteurized Egg, Siluriformes (Fish) Products and
Carcass and Environmental Sponges URL: https://www.fsis.usda.gov/sites/default/files/media_file/documents/MLG-4.14.pdf (data
obrashhenija: 29.04.2024).

51. Miinster P., Poppel L., Antakli A., Miiller-Doblies D., Radko D., Kemper N. The Detection of Salmonella Enteritidis on
German Layer Farms after Cleaning and Disinfection // Animals. -2023. -Vol.13(16). -P.2588. https://doi.org/10.3390/ani13162588

52. Nabil N.M., Tawakol M.M., Samir A. et al. (2023) Synergistic influence of probiotic and florfenicol on embryonic viability,
performance, and multidrug-resistant Salmonella Enteritidis in broiler chickens. Sci Rep, vol.13, p. 9644. https://doi.org/10.1038/
s41598-023-36238-6

53. Neeteson A.M., Avendafio S., Koerhuis A., Duggan B., Souza E., Mason J., Ralph J., Rohlf P., Burnside T., Kranis A.
(2023) Evolutions in Commercial Meat Poultry Breeding. Animals, vol.13(19), p.3150. https://doi.org/10.3390/ani13193150

54. Nguyen M.M., Gil J., Brown M. (2020) Accurate and sensitive detection of Salmonella in foods by engineered bacteriophages.
Sci Rep, vol.10, p.17463. https://doi.org/10.1038/s41598-020-74587-8

55. Pacholewicz E., Wisselink H.J., Koene MG.J., van der Most M., Gonzales J.L. (2023) Environmental Sampling Methods for
Detection of Salmonella Infections in Laying Hens: A Systematic Review and Meta-Analysis. Microorganisms, vol.11(8), p. 2100.
https://doi.org/10.3390/microorganisms11082100

56. Poultry Products FSA Tool VS3. URL: https://www.fsis.usda.gov/sites/default/files/media_file/documents/Food-Safety-
Assessments-Tools-Poultry.pdf (data obrashhenija: 29.04.2024).

57. Ready-to-Eat (RTE) Processed Products FSA Tool VS3. URL: https://www.fsis.usda.gov/sites/default/files/media_file/
documents/Food-Safety-Assessments-Tools-Poultry.pdf (data obrashhenija: 29.04.2024).

58. References EFSA and ECDC. European Food Safety Authority and European Centre for Disease Prevention and Control.
The European Union One Health. Zoonoses Report. (2021) EFSA, vol.19, p. 6971.

59. Regulation (EC) No 2160/2003 of the European Parliament and of the Council of 17 November 2003 on the control of
salmonella and other specified food-borne zoonotic agents.

60. Regulation (EC) No 852/2004 of the European Parliament and of the Council of 29 April 2004 on the hygiene of foodstuffs.

81



MOHI/ITOpI/IHF yCTOfI‘IPIBOCTPI TIIPOMBIIIIEHHOT'O KYpPOBOJACTBA Anmarunckoi oomactu Kasaxcrana x CaHBMOHeHJ’IéSy

61. Regulation (EC) No 882/2004 of the European Parliament and of the Council of 29 April 2004 on official controls performed
to ensure the verification of compliance with feed and food law, animal health and animal welfare rules.

62. Rushton J., Bruce M. (2017) Using a One Health approach to assess the impact of parasitic disease in livestock: How does
it add value? Parasitology, t.144, p.15-25. https://doi.org/10.1017/S0031182016000196

63. Ruvalcaba-Gomez J.M., Villagran Z., Valdez-Alarcon J.J., Martinez-Nufiez M., Gomez-Godinez L.J., Ruesga-Gutiérrez E.,
Anaya-Esparza L.M., Arteaga-Garibay R.1., Villarruel-Lopez A. (2022) Non-Antibiotics Strategies to Control Salmonella Infection
in Poultry. Animals (Basel), vol.12(1), p.102. https://doi.org/10.3390/ani12010102

64. Shaji S., Selvaraj R.K., Shanmugasundaram R. (2023) Salmonella Infection in Poultry: A Review on the Pathogen and
Control Strategies. Microorganisms, vol.11(11), p.2814. https://doi.org/10.3390/microorganisms11112814

65. Shinohara N.K.S., Barros V.B.D., Jimenez S.M.C., Machado E.D.C.L., Dutra R.A.F., Lima Filho J.L.D. (2008) Salmonella
spp., importante agente patogénico veiculado em alimentos. Ciénc. Saude Colet, vol.13, p.1675-1683. https://doi.org/10.1590/
S1413-8123200800050003 1

66. ST RK 3510-2019 Metody laboratornoj diagnostiki sal’monelljoza.

67. STB ISO 18593-2012 «Mikrobiologija pishhevyh produktov i kormov dlja zhivotnyh. Gorizontal’nye metody otbora prob
s poverhnosti s ispol’zovaniem kontaktnyh chashek i tamponov na applikatorah»

68. Thames H. T., Sukumaran A. T. (2020) A review of Salmonella and Campylobacter in broiler meat: Emerging challenges
and food safety measures. Foods, vol.9(6), p. 776. https://doi.org/10.3390/foods9060776

69. USDA/FSIS Microbiology Laboratory Guidebook. URL: https://www.fsis.usda.gov/sites/default/files/media_file/2021-03/
MLG-2.pdf (data obrashhenija: 29.04.2024).

70. Vaillancourt J. P., Racicot M., Delpont M. (2022) Improving biosecurity in poultry flocks In: De Wit, editor. Optimising
poultry flock health. Cambridge, United Kingdom: Burleigh Dodds Science Publishing, p.107—48.

71. Velhner M., Milanov D., Kozoderovi¢ G. Salmonella spp. in poultry: a constant challenge and new insights // Journal of the
Hellenic Veterinary Medical Society. -2018. -Vol.69(2). -P.899-910. https://doi.org/10.12681/jhvms.18012

72. Volkova V.V., Wills R.W., Hubbard S.A., Magee D.L., Byrd J.A., Bailey R.H. (2011) Risk factors associated with de-
tection of Salmonella in broiler litter at the time of new flock placement. Zoonoses Public Health, vol.58, p.158—168. https://doi.
org/10.1111/j.1863-2378.2009.01323.x

73. Zakon Respubliki Kazahstan ot 10.07.2002 g. Ne 339-1I «O veterinarii»

74. Zerjal T., Hértle S., Gourichon D. et al. (2021) Assessment of trade-offs between feed efficiency, growth-related traits, and
immune activity in experimental lines of layer chickens. Genet Sel Evol, vol.53, p.44. https://doi.org/10.1186/s12711-021-00636-z

75. Zuidhot M.J., Schneider B.L., Carney V.L., Korver D.R., Robinson F.E. (2014) Growth, efficiency, and yield of commercial
broilers from 1957, 1978, and 2005. Poult Sci., vol.93, p. 2970-82. https://doi.org/10.3382/ps.2014-04291

Ceeoenusn 006 asmopax:

Menvhurosa Tamvsna Braoumuposna — cmapuiuii HayuHvlil COMpYOHUK, HAYATbHUK 0MOeNd MUKPOOUOLO2UU UCTIbIMAMENbHOU
nabopamopuu TOO «Hayuno-ouaenocmuueckuii yenmp Animal Expert Groupy, e-mail: melnikova.tv@aeg-lab.kz

baxuposa I ynvhyp AManKyn106Ha — cmapuiutl HAy4HbLIL COMPYOHUK, MASUCMP 6eMePUHAPHBIX HaYK, MeHedcep TOO «Hayuno-
npoussoocmeennwitl yenmp UniVety, e-mail: bakirova_gulnura@mail.ru

Izmyxan Azamam JKonoacynvl — cmapuiutl HayuHblll COMPYOHUK, MASUCIP MeXHUKU u mexronoauu, menedxcep TOO «Hayuno-
npoussoocmeennwiil yenmp UniVety, e-mail: izmukan@mail.ru

Mycuna Fanus Hlatixuciamosna — enaHvlil HAyUHbIlL COMPYOHUK, KAHOUOam eemepuraprulx Hayk, oupekmop TOO «Hayuno-
npoussoocmeennwiil yenmp UniVety, e-mail: gmussina@aeg-lab.kz

JDicamanosa ['yisi Abaesna — enaguvlil HAYYHBII COMPYOHUK, KAHOUOAM CEeNbCKOXO3AUCMBEHHBIX HAYK, O0YeHM, 2eHepalbHbLiL
oupexmop TOO «Hayuno-ouaenocmuueckuii yeump Animal Expert Groupy, accoyuuposannulii npogeccop «Satbayev University»,
e-mail: g.jamalova@aeg-lab.kz

Information about authors:

Melnikova Tatyana Vladimirovna — Senior Researcher, Head of the Microbiology Department of the Testing Laboratory LLC
«Animal Expert Groupy» Scientific and Diagnostic Center» Animal Expert Groupy, e-mail: melnikova.tv@aeg-lab.kz

Bakirova Gulnur — Senior Researcher, Master of Veterinary Science, Manager. LPP «UniVet» Scientific and Production Cen-
tery, e-mail: bakirova_gulnura@mail.ru

Izmukan Azamat — Senior Researcher, Master of Engineering and Technology, Manager. LPP «UniVet» Scientific and Produc-
tion Centery, e-mail: izmukan@mail.ru

Mussina Galiya — Chief Researcher, candidate of veterinary sciences, Director LPP «UniVet» Scientific and Production Cen-
tery, e-mail: gmussina@aeg-lab.kz

Jamalova Gulya — Chief Researcher, candidate of agricultural sciences, docent, General Director LLC «Animal Expert Group»
Scientific and Diagnostic Centery Animal Expert Groupy, Associate Professor at Satbayev University, e-mail: g.jamalova@aeg-lab.
kz

Tocmynuna 9 cenmabps 2024 2o00a
Ipunsma 20 noa6ps 2024 200a

82



4-0011M
2KOJOI'UsI

Section 4
ECOLOGY

Paznen 4
IKOJIOI'Us1



ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Ne4 (101). 2024 https://bb.kaznu.kz

IRSTI 87.15.91 https://doi.org/10.26577/bb.2024.v101.i4.a6

Sh.Zh. Arynova!* ", N.P. Korogod> ", I.Yu. Chidunchi' ",
A.B. Kaliyeva? ", K.K. Akhmetov' "*, S.B. Zhangazin

'Toraighyrov University, Pavlodar, Kazakhstan
*Margulan university, Pavlodar, Kazakhstan
3Eurasian National University named after L.N. Gumilyov, Astana, Kazakhstan
*e-mail: shinar uzh@mail.ru

CONCENTRATION OF RADIOACTIVE ELEMENTS (U, Th)
IN COMPONENTS OF NATURAL ENVIRONMENT

The research resulted from the necessity of constant radio-ecological monitoring of the territory of
Pavlodar region being under the influence of natural and technological factors. The tense radioecological
situation in the region is due to the presence of uranium mining areas, rocks with increased radioactiv-
ity (granites, granosienites), geological exploration, groundwater and underground with a high content
of radionuclides, and polygon activities. The purpose of the work is to assess the content of radioactive
elements in natural environments (water, salt deposits, the aboveground part of wormwood, leaves of
poplar, children’s hair) of Pavlodar region of the Republic of Kazakhstan. Objects: components of natural
environment — drinking waters (groundwaters and surface waters), salt deposits (limestone), the aboveg-
round part of wormwood (Artemisia absinthium), leaves of black poplar (Populus nigra), children’s hair.
The main methods of the research of chemical content of environments studied are the instrumental
neutron activation analysis and inductively-coupled plasma-mass spectrometry. Content of uranium and
thorium in five components of environments of Pavlodar region were studied. Halos of higher concentra-
tion of radioelements are of natural and technological genesis. The uranium content in drinking waters
is mainly typical for the central and northern parts of the region. The concentration of the studied radio-
elements in salt deposits of drinking waters is typical for the northern part of the region. On the territory
of the Lebyazh, May and Bayanaul areas, there are an increased content of uranium in the leaves of the
black poplar. Human hair is characterized by a predominant uranium content in the southern and east-
ern parts of the region. Higher content of thorium in all components of natural environments, except for
leaves of black poplar, is indicated in the northern part of the region, which results from the geological
component. Thorium-uranium ratio varies from 0,0003 to 2,3.

Key words: uranium, thorium, radioactivity, components of natural environment, regional features.
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Taburu opTa KOMMOHEHTTEPIHAETI PAAMOAKTUBTI SIAeMEHTTEPA|H,
(U, Th) KoHLLeHTpaLMsCbI

3epTTey TabWFKM XKOHE TEeXHOTEHAIK (pakTopAapAblH ocepiHeH 6oAatbiH [1aBAOAApP OBAbICHIHbIH
aymMarblH PaAMO3KOAOTMSAbIK, OaFaray KaXeTTiAiriMeH aHblkTarasbl. OOGAbICTaFbl  LIMEAEHICTI
PaAMO3KOAOTUSIABIK, YKaF Aall YPaH KeHi ay AaHAAPbIHbIH, PAAMOAKTUBTIAITI XKOFapbl Tay >KbIHbICTAPbIHbIH,
(rpaHUTTEP, rPAHOCUEHUTTEP), FTEOAOTUSAbIK, 6APAAY >KYMbICTapPbIHbIH, PAAMOHYKAMATEPI >KOFapbl XXep
aCTbl XXOHE >Kep IPYHT CyAapblHbIH, MOAMIOH KbISMETiHiH, XXYpPri3iAyiMeH GanAaHbICTbl. XXyMbICTbIH,
Makcatbl — KasakctaH PecnybaukacbiHbiH, [1aBAOAAp OOAbICHIHbIH, TabuWFK OpTaAapblHAAFbl (Cy,
TY3Abl WOTIHAIAEp, XyCaH, XarblpakTap, 6aAaAap WalITapbl) PAAMOAKTUBTI SAEMEHTTEPAIH KypPambiH
6araray. HbicaHAapbl: KOpLIaFaH OpTa KOMMOHEHTTEPI — aybi3 Cy (Kep acTbl XXeHe Xep YCTi), Ty3Abl
weriHaiAep (kak), >kycaH (Artemisia absinthium), kapa Tepek >anbipakTapb! (Populus nigra), 6ararap
wawTapbl. 3epTTeAreH OpTaAapAblH XMMMUAABIK KypamblH 3epTTeyAiH Herisri eaicTepi acnanTblk,
HEMTPOHAbI aKTMBTEHAIPY TaAAaybl, WMHAYKTMBTI 6alAaHbICKAH MAA3MaMeH MacC-CreKTPOMEeTpus
60AbIN TabblAaAbl. [1aBAOAAP OBABICHIHBIH, KOPLIAFaH OpTacbiHbiH, 6eC Kypamaac GeAiriHaeri ypaH MeH
TOPUMAIH KypaMbl 3epTTeAAl. PaAMO3AEMEHTTEPAIH >KOFapbl KOHLEHTPAUMSCIHBIH, aiMarbl TaOUFn-
TEXHOTEHAIK reHe3ucke me. Aybl3 CyAaFbl YpaHHbIH MOALIepi Heri3iHeH OOAbICTbIH OPTaAbIK, >KoHe
COATYCTIK GOAIKTEPIHE TOH. AybI3 CYAbIH TYy3Abl LUGMIHAIAEPIHAETT 3ePTTEAETIH PAAMOIAEMEHTTEPAIH,
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COATYCTIK OeAiriHe ToH. Aebsixki, Mait >xeHe basHaybiA ayAaHAApPbIHAQ Kapa Tepek >arblpakTapbiHAA
YpaHHbIH, XKOFapblAaybl 6aiiKarasbl. AAaM Luallbl OOAbICTbIH OHTYCTIK XKOHE LbIFbIC BOAINHAE YpaHHbIH
6acbiM OoAybiMeH cunaTTarasbl.Kapa Tepek >karblpakTapblH KOCrnaraHAd, Tabuen opTaHbiH OGapAbIK,
KOMIMOHEHTTEPIHAE TOPUIN MOALLIEPiHIH, XKOFapbiAaybl OOAbICTbIH, COATYCTIK OOAiriHAe 6arkaaabl, OyA
reOAOTMSIAbIK, Kypamaac 6eAikke 6aAaHbICTbl. Topui-ypaH apakartbiHacbl 0,0003 neH 2,3 apaAbifbiHA.

Ty#in cesaep: ypaH, TOpui, PaAMOAKTUBTIAIK, TabWF OpTa KOMIMOHEHTTEPI, aiMaKTbIK, epexLie-
AiKTEpI.
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KoHueHTpauus paamoakTuBHbix s3aemeHToB (U, Th)
B KOMIOHEHTaX NMPUPOAHOMI CpeAbl

McecaepoBaHmne 00yCAOBAEHO HEOOXOAMMOCTbIO PAAMO3KOAOTMUYECKOM OLEHKM TeppuTopum [aB-
AOAAPCKOM 0OAACTM, HAXOASLLENCS MOA BAUSIHUEM NMPUPOAHBIX M TEXHOrEHHbIX (hakTopoB. HanpsixkeH-
Hast PAAMO3KOAOIMYECKash CUTyaums B 06AACTM 0OYCAOBAEHO HAAMUMEM YPAHOBOAOPYAHbBIX PafiOHOB,
FOPHbIX MOPOA C MOBbILLEHHOMW PAAMOAKTUBHOCTbBIO (FPaHMTbI, IPAHOCUMEHUTbI), FEOAOrOPA3BEAOYHbIX
paboT, rPYHTOBbLIX M MOA3EMHbIX BOA C BbICOKMM COAEPIKAHMEM PAAMOHYKAMAOB, AEITEABHOCTM MO-
AMroHa. LleAblo paboTbl SIBASIETCH OLEHKA COAEPXKaHMS PAAMOAKTMBHBIX SAEMEHTOB B MPUPOAHbBIX
cpeaax (BOAA, COAEBbIE OTAOXKEHMS, MOAbIHb, AUCTbSI, BOAOCHI AeTen) [aBaoaapckoit o6Aactu Pecny-
6AnKm KazaxcraH. OObeKTbl: KOMMNOHEHTbI OKPY>KAIOLWEN CPeAbl — MUTbEBbIE BOAbI (MOA3EMHbIE U MO-
BEPXHOCTHbIE), COAEBbIE OTAOXKEHUS (HaKUMb), MOAbIHb Fropbkasi (Artemisia absinthium), AMCTbs TOMOAS
yepHoro (Populus nigra), BoArocbl aeTeit. OCHOBHbIMW METOAAMM MCCAEAOBAHUS XMMUMYECKOro CoCTaBa
M3YUEHHbIX CpeA SBASIOTCS MHCTPYMEHTAAbHbIN HEMTPOHHO-aKTUBALIMOHHbIN aHaAM3, MacC — CMeKTPO-
MEeTPUS C MHAYKTUBHO CBSI3aHHOM MAA3MON. M3yUeHo coaeprKaHme ypaHa 1 Topus B NATU KOMMOHEHTax
okpyxkatowen cpeapl [MaBaopapckoin 06AacT. OpeoAbl NOBbILLEHHbIX KOHLEHTPALMIA PAAMOIAEMEHTOB
MMEET MPUPOAHO-TEXHOTEeHHbI reHe3nc. CoaepykaHue ypaHa B MUTbEBbIX BOAAX MPENMYLLLECTBEHHO
OTMEYAETCS B LIEHTPAAbHOM M CEBEPHOM YacTaX 00AaCTM. KOHLIEHTPALIMS MCCAEAYEMbIX PAAMOIAEMEH-
TOB B COAEBbIX OTAOXKEHMSIX MUTbEBbIX BOA XapaKTEPHO AASI CEBEPHOM YacTn obAacTu. Ha tepputopumn
AebsixkeHckoro, Maickoro 1 basHayAbCKOro panoHOB OTMEYAETCs MOBbILLEHHOE COAEPXKaHME ypaHa B
AUCTbSIX TOMOAS YepHOro. AAsSi BOAOC YeAOBEKA XapaKTepHO MPenMyLLLECTBEHHOE COAEp KaHWe ypaHa
B I0>KHOM M BOCTOUHOM YacTsx 06AacTu. [oBbIleHHOE CoAEpIKaHMe TOpMs BO BCEX KOMIMOHEHTaxX npm-
POAHbIX CpeA, 3a UCKAIOUEHMEM AMCTHEB TOMOAS YUEPHOTO, OTMEYAETCA B CEBEPHOM YacT 06AaCTU, YTO
00YCAOBAEHO reOAOTMYECKOM COCTaBAsIOWEN. Topuii-ypaHoBoe oTHolleHne koaebaeTcs ot 0,0003 a0
2,3.

KAroueBble cAoBa: ypaH, TOpUii, paAMOaKTUBHOCTb, KOMIMOHEHTbI MPUPOAHOIM CpeAbl, perMoHaAb-
Hble 0COBEHHOCT.

Introduction

Radiological situation on the territory of Ka-
zakhstan has been studied from the end of the ‘40s
and has been concerned with the increased need
for uranium exploration. A row of deposits such as
Kurday, Botaburum, Kyzylsay, Kubasadyr, Many-
bay, Zaozernoye and Ishim, were discovered in the
50s of the past century. First customized uranium
explorations also allowed discovery of two uranium
ore districts. In the second period (the ‘60s) a row
of undertaken expeditions allowed formation of the
idea of a possible connection between uranium min-
eralization and boundaries of ground and formation
oxidation zones. The third period of works had been

lasted from the end of the ‘60s to the ‘90s, which
is concerned with implementation of a method for
development of water-flooded deposits, which was
called as the in-situ leaching (ISL).

To date extensive research [1,2], including
radio-hydrolytic survey [3] based on the study
of water sources and bottom sediments, has been
conducted on the territory of the Republic of Ka-
zakhstan. Maps of radionuclide activity, reflecting
radio-ecologic reality defined by the presence of six
uranium ore provinces (Shu-Sarysu, Ili, Syrdarya,
North Kazakhstan, Betpakdala-Shu-Ili, Mangistau)
[4], activity of former Semipalatinsk testing site [5],
higher radioactivity of water sources [6], activity of
research reactors, have been constructed.
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Radiologic research conducted [7] allowed zo-
nation of the territory of Kazakhstan regions by the
sum of radiation factors and identification of areas
for the detailed monitoring. Pavlodar region was
not an exception in such assessment of radiological
situation. The tense radiological situation in the re-
search territory is formed by:

- areal contamination by artificial radionuclides
from numerous nuclear explosions on the territory
of former Semipalatinsk testing site and a number of
other nuclear incidents;

- high radiation background in the regions ac-
commodating uranium ore districts and separate ar-
eas of development of rock with higher radiation;

- presence of sites of radiation poisoning in the
form of radioactive dumps of rock, generated in
geological prospecting of uranium, polymetals and
rare earth occurrences;

- wide distribution of natural groundwaters and
surface waters with high content of radionuclides,
often attached to cavities of salt lakes.

Since the research has been involved identifica-
tion of radionuclide activity (Cs ., U,.., Th,.,, .,
Ra,, K,) only in two components of natural en-
vironments (groundwaters and surface waters, sedi-
ments), this did not allow complex radio-ecologic
assessment, which must include research of various
objects of environments, notably research of chemi-
cal composition of bio-substrates, because exactly
the human body is under the polyfactor influence of
environment.

Material and methods of research

Territory of the research. The research was con-
ducted on the territory of Pavlodar region, located in
the northeastern part of the Republic of Kazakhstan.
The total area of the region amounts to 124 755 km?.

In metallogenic zonation by uranium on the ter-
ritory of the Republic of Kazakhstan Turgay-Pav-
lodar uranium-bearing (potentially ore-bearing) one
occupies the northwestern quarter of the region. The
leading type of uranium deposits is exodiagenetic
in paleo-valleys (ground-infiltration). Schiderty ore
occurrence in the area of Tortuy settlement is known
within the belt on the territory of the region.

Spurs of the Kazakh hills, which are a peneplain
ancient folded mountain country, are located in the
southeast of the region. Hill lowlands are isolated in
the south of the hills — Bayanaul (maximal height
is 1022 m above sea level) and Kyzyltu (maximal
height is 1055 m above sea level). Alaskite gran-
ites of Bayanaul mountains, where Bayanaul small
uranium ore occurrence is, possess higher radioac-
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tivity among them. Massifs of alaskite and normal
granites, rhyolites with specific activity of uranium
(62-125 Bg/kg), thorium (41-123 Bg/kg) are located
in the area of Burkitty settlement, Zheltau mountain,
the right bank of Aschisu. Small uranium and tho-
rium ore occurrences are also located here.

Ulken-Tuz uranium ore node, located in the
northwestern end of Chingiz lifting, on the junction
with Central Asian fracture zone, is attached to the
northern part of a meridionally stretched volcanic-
tectonic structure, folded by volcanics of neutral-
acid composition and sediments. Here uranium min-
eralization is identified in greisen (Shommakol ore
occurrence), in albites and albiterised rock (Kara-
kuduk, Aschikuduk, Erirbaysor, Ushkara); nasturan-
sulfide and molybdenum-nasturan mineralization is
identified in beresites and argillisites (Ulken-Tuz,
Karazhir, Tleumbet, Batyrsha). Ore occurrences of
Ulken-Tuz uranium ore node also tend to ways to
surface of granites, granosienites [8].

Maykuben brown coal basin is located in the
southern part of the region between Shoptykol and
Birlik settlements, and is widely stretched on the
length of 60 km. Shoptykol large deposit is devel-
oped, Tamdy and Taskuduk small deposits are pres-
ent. In the west of the region, on the left bank of the
Olenty river Koitas small deposit is known. Brown
coal can present potential radio-ecological hazard in
oxidized formations, exposed at surface or revealed
by mine workings [9].

North Kazakhstan province of alluvial titanium
content occupies the entire north-eastern half of
Pavlodar region. Two small iron-titanium-zirconi-
um deposits are known. One is on the left bank of
Olenty, another, Druzhba, is to the north-west of
Taldy settlement, attached to Druzhba mass of mid-
dle and late Eocene [10,11]. Titanium-zirconium
deposits possess higher radioactivity due to thorium
containing minerals.

On the territory of Pavlodar region there are no
uranium mining and processing enterprises, never-
theless there are sources of radioactive contamina-
tion. The main source is former multi-year activity
of Semipalatinsk nuclear testing site from 1949 to
1989.

Methods of the research. The work is based on
the extensive factual material — 450 samples on the
territory of Pavlodar region. Chemical composition
of samples (limescale, leaves, the above-ground part
of wormwood, children’s hair) is identified by the
instrumental neutron activation method in nuclear
geochemical laboratory of “Uranium geology” In-
ternational Innovative Scientific and Educational
Center named after L.P. Rikhvanov on the base
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of IRT-T research nuclear reactor of National Re-
search Tomsk Polytechnic university (certificate of
accreditation NeRA.RU.21AB27 dated 27.05.2015,
personnel, conducting analytical research — A.F. Su-
dyko, L.V. Bogutskaya). Content of radioactive ele-
ments in drinking waters was defined by the method
of inductively-coupled plasma-mass spectrometry.

Objects of the research. Salt deposits of drink-
ing waters (limescale) were collected in accordance
with patent Ne 2298212 [12] from the walls of enam-
elware by the method of accurate knocking with a
stainless steel knife. Sample preparation: limescale
was dried at room temperature, rubbed to powder in
an agate mortar, packed on 100 mg.

Drinking water was collected in accordance
with GOST R 51592-2003 [13] in the amount of 0.5
liters in containers from polymer materials.

Leaves of black poplar were collected in ac-
cordance with the method [14] on 50-100 g with-
out stalks from the lower part of a crown from the
branches growing in various directions at a height of
no more than 2 meters. When collecting samples of
wormwood, its above-ground part was used. Gen-

eral sample preparation of vegetation: washing with
distilled water, drying at room temperature, manu-
al grinding, rubbing to powder in an agate mortar,
weighing, ashing in a muffle furnace (550 °C), ash
weighing, packing on 100 mg.

Children’s hair was collected by the method
of envelope from five points of head [15]. Sample
preparation: washing with distilled water, drying,
grinding, packing in packets from foil on 100 mg.

Results and discussion

Statistical data on content of uranium and tho-
rium, uranium-thorium ratio in various components
of natural environments are presented in table 1.
Analysis of the data received demonstrated unequal
distribution of the elements studied in most environ-
ments on the territory of the region (Table 1). Ho-
mogeneity of thorium distribution in leaves of black
poplar in Pavlodar region indicates accordance with
the law of normal distribution. Thorium-uranium ra-
tio in components of natural environments varies in
a sufficiently wide range from 0,0003 to 2,3.

Table 1 — Statistical data U, Th, Th/U in components of environment on the territory of Pavlodar region

Content of uranium Content of thorium Thorium-
Components of natural ¥4+ . .
environment v - uranium ratio
Min ..max M ... max Th/U
0,015 + 0,01 0,000004 + 0,0000007 0.0003
Drinki 1 _ 2 ’
rinking water (mg/l 0.000001 ..0.13 >>F | 70,000001 -..0,000009
L | i 335+ 17 72 0,15 + 0,03 263 0.005
mescale (mg/ke) 0.01..479 '© 0.001..49 - :
Leaves of black poplar 0.4+ 0,04 9 0,37 £ 0.05 100 0.89
(Populus nigra) (mg/kg) 0.01..L1 0,02..1.9 '
Wormwood wg w? -
(Artemisia absinthium) (mg/kg) 0,002 ... 2,9 0.3..5.0 ’
0,29 + 0,02 -0 0,01 + 0,001 101
hil ’s hai k I — P
Children’s hair (mg/kg) 002 .12 0.001 .. 0,096 0,03

Note: in numerator — arithmetic mean =+ standard error, in denominator — minimal and maximal values.

Natural waters. On the territory of the research
groundwaters and surface waters are predominantly
hydrogen carbonate and sulfate-hydrogen carbon-
ate, natrium-calcium with mineralization 750 mg/1.
Average content of uranium in natural waters of
Pavlodar region amounts to 0,015+0,01 mg/l. Maxi-
mally high concentrations of radionuclides are not-

ed in waters of Pavlodar district, predominantly on
the right bank with the epicenter in Naberezhnoye
settlement. It should be mentioned that according to
the research conducted previously in this settlement
maximal content of uranium was recorded in the
above-floodplain terrace of the right bank of Irtysh
in 2004.
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The given part of the region was allocated by
the researchers as Ertis-Kulundy potentially radio-
ecological danger zone. Concentration of uranium
in sediments amounted to 50-74 Bg/kg. Here it
should be noted that zircon-ilminite deposits, which
possess higher radioactivity, localize in the north-
eastern part of the region, in Paleogene mass in the
valley of the Irtysh River.

Spatial distribution of thorium in drinking wa-
ters is preferentially noted in the northeastern part
of the territory the research. Higher concentrations
of uranium and thorium in natural waters affected
composition of salt formations (limestone).

Limestone. Salt deposits (limestone), forming
on the inner walls of heating devices in the process
of boiling, are sufficiently informative environment,

U
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151,1-81,2
B 81,2-151,3
B 151,3- 2872

30 100

0—:—

used in ecological-geochemical research [16-18].
Average concentration of uranium in salt forma-
tions of Pavlodar region amounts to 33,5+1,7 mg/
kg. Maximal content of radionuclides is identified in
salt formations of Terenkol district (43,2+7,7), (pic-
ture 1), which is in good accordance with the data
received by specialists of “Volkovgeology”. The
text continues here (Figure 1).

Higher concentrations of uranium in limestone
(39,7 + 6,1) of the southern part of the region are
of natural and artificial genesis, which is con-
nected with development of deposits of Ekibastuz
and Maykuben brown coal basins. Content of ura-
nium in Maykuben coal amounts to 5,0 = 2,0 mg/
kg, which exceeds the Clarke level more than 2.1
times [19].

150 xkm

Figure 1 — Schematic map of distribution of uranium in salt formations
(limestone) of Pavlodar region, mg/kg

Zhana Akshiman settlement (the southern part of
the region) with concentration 46,5 mg/kg in lime-
stone is located on the territory of Ulkentuz uranium
ore node at the distance of 7 km from Ulkentuz ore
occurrence and within 15 kilometers from Tleumbet
and Karazhir ore occurrences. Ore occurrences tend
to ways to surface of granites, granosienites, which
possess higher radioactivity.
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It should be noted that in the southern part of
the region higher content of radionuclides in salt
deposits is possibly connected with activity of for-
mer Semipalatinsk site (1949-1989), accounting for
more than 400 explosions.

When comparing the data received with the
research conducted previously on the territory of
Tomsk region, Baykal area, Altay, the Republic
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of Bashkortostan [17,18] it was found that Pavlo-
dar limestone is different in maximal content of
uranium. Average content of thorium in limestone
amounts to 0,15+0,03, minimum — 0,001 mg/kg,
maximum — 4,9 mg/kg (Figure 2).

Distribution of thorium in salt formations pref-
erentially in the northern part of the territory of the
research. Here high concentrations of rare earth el-
ements are observed, which is probably connected

Th
m001-02
m02-03
C103-06
EmO06-1
mi-22 0 30 100

150 s

e — |

with formation of rare metal — rare earth occurrenc-
es in waste mantle in depths of water or with distri-
bution of titanium-zirconium deposits.

Thorium-uranium ratio in salt deposits (lime-
stone) of Pavlodar region is one of the low — 0,005,
for example, it amounts to 0,008 in Baykal area, to
0,2 in Altay, to 0,05 in Tomsk region, and only in
the Republic of Bashkortostan this indicator is even
lower 0,002 [17,18].

Figure 2 — Schematic map of distribution of thorium in salt formations
(limestone) of Pavlodar region, mg/kg

Leaves of black poplar and the above-ground
part of wormwood. As is known, plants have the fea-
ture of selective concentration of elements, which
allows their usage in biochemical research of urban-
ized territories [20-21]. Thus, for example, leaves of
trees can serve as a so called natural tablet, which
not only accumulates contamination, but also re-
flects intensity of the anthropogenic impact on eco-
systems [22].

The in-depth analysis of content of radioactive
elements in the ash of leaves of black poplar revealed
three settlements on the territory of Pavlodar region
with maximal values of uranium and thorium. These
are Akkuly, May and Bayanaul districts with values
Th (0,37£0,05 mg/kg) and U (0,4+0,04 mg/kg) in
objects of plant origin. Ways of bedrock to surface

are observed in Bayanaul district. In the given settle-
ment alaskite granites of the Bayanaul mountains,
where Bayanaul small uranium ore occurrence is,
also possess higher radioactivity. On the area of the
right bank of the Aydos and Aschysu rivers, mas-
sifs of alaskite and normal granites, rhyolites with
activity of uranium 62-125 Bq/kg; thorium 41-123
Bg/kg are located. Here small uranium and thorium
occurrences are also located. As is known, Bayanaul
district includes Maykuben brown coal basin, which
is located in the southern part of the region.

A halo of higher content of thorium in leaves
of black poplar of May district is possibly con-
nected with underground explosions, which were
conducted on former Semipalatinsk testing site
(Figure 3).
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Figure 3 — Schematic map of distribution of Th in the ash of leaves
of black poplar on the territory of Pavlodar region, mg/kg

Higher concentration of uranium (0,91 mg/kg)
and thorium (2,38 mg/kg) was detected in the ash of
the above-ground part of wormwood in Irtyshsk and
Pavlodar districts.

The highest content of uranium is noted in sam-
ples of vegetation (leaves of black poplar and the
above-ground part of wormwood). This is possibly
a consequence of location of large coal mines and
their dust load.

One of the relevant indicators of industrial
sources of contamination is thorium-uranium ratio.
In most cases, it is less than 1 or equal to 1, which
points to uranium specialization of Pavlodar region.
Districts with high Th/U ratio, May, Akku and Ak-
togay districts, in particular, are singled out. Origin
of anomalous zones is connected with glacial ero-
sion of high thorium containing rock and also mona-
cite deposits in Kalba-Narym thorium rare metal ore
province, located in East Kazakhstan region along
the Irtysh river.

Thorium-uranium ratio in leaves of black poplar
in Pavlodar region amounts to 0,89, by comparison,
to 0,42 in Ust-Kamenogorsk, to 0,86 in Taraz, to
0,88 in Aktobe, to 1,78 in Tomsk and Seversk, to
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1,88 in Kyzyl, to 0,49 in Krasnokamensk, to 2,88 in
Blagoveschensk [21,22].

Human hair. For assessment of modern eco-
logical and geochemical situation of the territory the
research human bio-substrates (hair, blood, nails,
urine) are used, which are not only instant indicators
of supply of chemical elements, but also indicators
pointing to the long-term impact on them.

In the study of content of radioelements in chil-
dren’s hair, attention should be paid to high content
of uranium in hair of the children living in the terri-
tory of Pavlodar, Sharbakty, Akku districts. In gen-
eral, higher content of uranium and relatively low
concentration of thorium in human hair are charac-
teristic of regions of Kazakhstan (North Kazakhstan,
Akmola, Pavlodar) by comparison with regions of
Russia (Tomsk, Chita, Kemerovo) [23,24].

This points to uranium specialization, which
was caused by supply of uranium with drinking wa-
ter on the example of Pavlodar region.

It should be mentioned that excessive concentra-
tion of uranium in children’s hair is connected with
distribution of circonium-ilminite deposits, which
are located in the valley of the cross-border Irtysh
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river. This may be reflected in the research of sedi-
ments below Pavlodar city according to the data of
JSC “Volkovgeology”.

Thorium-uranium ratio in human hair of Pavlo-
dar region (0,03) is considered to be one of the low
by comparison with Akmola (0,06), North Kazakh-
stan (0,06), Tomsk (0,21), Kemerovo (0,01), Chita
(0,26) regions [25].

Conclusion

Thus, distribution of uranium and thorium in
components of natural environments on the territory
of Pavlodar region is unequal.

Halos of higher concentration of uranium in the
components of natural environments studied by us
correspond to the research conducted previously
and confirms allocation of Ertis-Kulundy potentially
radio-ecological dangerous zone.

Within Pavlodar region according to geo-
chemical conditions and the radio-ecological
situation studied, rich for areal and local sources
with anomalous concentration of uranium and
thorium (granitoids, carbon-silicon slates, ore
nodes of endogenous ore occurrences of ura-
nium, occurrences of thorium — rare metal min-
eralization of various scale, activity of former
Semipalatinsk testing site), districts of region
are clearly allocated: Pavlodar, Terenkol, Bay-
anaul, May, Akkuly.

Thorium-uranium ratio in limescale, leaves of
black poplar, human hair is considered one of the
low by comparison with settlements of Kazakhstan
and Russia.

The data received can be used for ranging of the
territory of the region by the complex of radiation
factors determining the status of modern radio-eco-
logical situation.
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HISTOPATHOLOGICAL EXAMINATION
OF ZEBRAFISH ORGANS UNDER THE EXPOSURE
TO MICROPLASTICS

The article was written as part of the Ministry of Science and Higher Education of the Republic of
Kazakhstan’s project AP 23486220, titled “Study of the important organ systems reactivity in the main
commercial fish species of the lle-Balkhash basin under anthropogenic load.” (2024-2026). The article
represents the study investigating the long-term effects of polyethylene terephthalate (PET) microplastics
on zebrafish (Danio rerio). Zebrafish exposed to PET microplastics at concentrations of 1.9 mg/l and
5.64 mg/l exhibited significant kidney and gill damage. This included necrosis, circulatory disorders, and
tissue damage. Histological analysis revealed specific pathological changes such as vacuolization and
hyaline-droplet degeneration in kidneys, and destruction of epithelium and lamellae in gills. Notably,
no compensatory-adaptive reactions in gills were observed, indicating a lack of adaptation to prolonged
exposure. These findings suggest that microplastics may migrate through the bloodstream, disrupting
normal kidney and gill structures. The study highlights the severe impact of microplastic pollution on fish
organs, emphasizing the urgent need for further research to develop strategies for mitigating microplas-
tic pollution in aquatic ecosystems. Additionally, the observed lack of adaptive responses underscores
the potential for significant ecological consequences, urging immediate attention to address this critical
environmental issue.

Key words: pollution, microplastic, Polyethylene terephthalate (PET), histology, toxicology, zebraf-
ish (Danio rerio).

A.A. baknesa*, .M. XXapkosa*, A.lO. l'yceiiHoBa,
A. MayTtaamea, M.A. CyBopoBa, b5.A. AbayAaraesa

OA-Dapabu aTbiHAaFbl Kasak, yATTbIK, YHUBEpCUTETI, AAMaThI K., KasakcraH
*e-mail: bakiyeva_adel2@kaznu.edu.kz, irina.zharkova@kaznu.kz

MukponaacTukTiH, acepiHe yubiparaH AaHHMO pepro 6aAbIKTapbIHbIH,
MyLLEeAepPiH TMCTONATOAOTUSIAbIK, 3epTTey

Makana Kasakcrtan Pecniybamkacbl FbiAbIM >KeHe >Kofapbl OiAIM MUHUCTpPAIriHiH AP23486220
«AHTPOMOrEHAIK >KYKTemMe >KaFaarbiHAQ Iae-baakaw  6acceiHiHiH  Herisri  KecinwiAik  6aAbIK,
TYPAEPIHIH MaHbI3AbI OpraH >KYMeAepiHiH peakTMBTIAIriH 3epTTey» >obacbl (2024-2026 K.
asiCblHAQ >KasbiAFaH. Makaraaa 3epTrey GapbiCbiHAA noAnaTMAeHTepedTasat (MET) MMKPONAACTUKTIH
Aanro pepro 6aabikTapbiHa (Danio rerio) ysak mepsimai acepi 3eptreaai. 1,9 Mr/a xeoHe 5,64 mr/a
KOHLIEHTPALMSICbIHAAFbI MMKPOMAACTUKTIH 9cepiHe yiubiparaH AaHMo pepro bGaAbikTapbiHbiH, (Danio
rerio) Oyrperi MeH >XeAbe3eKkTepiHe anmTapAblKTal 3aKkbiM KeAAi. HeTukeaep 6oMbiHIIA KeAeci
MaTOAOTMSIABIK, MPOLIECTEP aHbIKTAAAbI: HEKPO3, KaH alHAAbIMbIHbIH, OY3blAybl >X8He TiIHAEPAIH
3aKbIMAAHYbl. TMCTOAOIMSABIK TaAAQy Ke3iHAE OYMPEKTiH BaKyOAM3aUMSIChl KOHE MMAAUHAI-TaMILLIbIAbI
AVUCTPOMDUSChI, IMUTEAMI MEH XeADE3€eK TaKTaAapbiHbIH, XKOMbIAYbl TYPIHAET| epeKiile NaTOAOrMSAbIK,
e3repicTep aHbIKTaAAbl. AMTa KETEPAIri, )XxeAbe3ekTepAe KOMMEHCATOPAbIK, 6EMIMAEAY peakumsiAapbl
GarkaAMaAbl, OyA y3ak acep eTyre 6eniMAEAYAIH )KOKTbIFbIH KOPCETEAIL. ByA ASAEAAEP MUKPOMAACTUKTIH
Oyrpek neH eAbe3eKkTiH KAAbINTbl KYPbIAbIMAAPbIH By3a OTbIPbIMN, KaH aiHAAbIMbI aPKbIAbI KO3FaAy
KacueTtiHe me 6GOAybl MYMKIH eKeHiH kepceTeai. 3epTrey 6aAblk, MyLIEAEpiHE MMKPOMAACTMKAABIK,
AQCTaHYAbIH ayblp acepiH KepceTeAi, OYA Cy 3KOXXYMeAepiHAEri MUKPOMAACTUKAAbIK, AACTaHYAbl a3aiTy
CTpaTermsaAapbiH 83ipAey YLiH KOCbIMLLIA 3epTTEYAEPAIH LUYFbIA KAXeTTiAiriH kepceteai. CoHbIMeH
KaTap, aAanTMBTI peakumsAapAblH GaiikaAMaybl OCbl MaHbI3Abl SKOAOTUSIABIK, MPOBAEMaHbI Lwewlyre
JKEAEA Ha3ap ayAapyAbl KQXKET eTeTiH eAeyAi SKOAOTUSIABIK, 3apAANTAPAbIH bIKTUMAAABIFbIH KOPCETEeA|.

Ty¥iH ce3aep: AacTaHy, noAnaTMAeHTepedTaAaT (IM3T), MUKPONAACTHK, TMCTOAOTMS, TOKCUKOAOT S,
(Danio rerio)
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Histopathological examination of Zebrafish organs under the exposure to microplastics

A.A. bakneBa*, .M. XKapkosa*, A.IO. l'yceiHoBa,
A. MayTtaanesa, M.A. CysopoBa, 5.A. A6ayAnraesa

Kazaxckuit HauMOHaAbHbIN YHMBEpCUTET uMeHu anb-Dapabu, r. Aamarbl, KasaxcraH
*e-mail: bakiyeva_adel2@kaznu.edu.kz, irina.zharkova@kaznu.kz

I'McTonaroAorMyeckoe MccAeAOBaHME OPraHoOB pPbIOOK AaHNO
NpH1 BO3AEHCTBMM MMKPOMNAACTHKA

Cratbg HanucaHa B pamkax [lpoekta MwuHMCTEpCcTBa HaykuM M Bbicliero obpasosaHus PK
AP23486220 «MM3yyeHre peakTMBHOCTM Ba>KHENMLLMX CUCTEM OPraHOB OCHOBHbIX MPOMbICAOBbIX BUAOB
pbl6 Mae-baaxaluckoro 6accenHa B yCAOBMSIX aHTPOMOreHHoM Harpysku.» (2024-2026 roabl). B cratbe
NpPeACTaBAEHO MCCAEAOBaHWE AOATOCPOYHOrO BO3AENCTBMS MUKPOMAACTMKA MOAMITUAEHTepedTara-
Ta (M3T) Ha pbibok aaHno (Danio rerio). Y pbibok aanno (Danio rerio), NOABEPrmMxcst BO3AENCTBUIO
muKkponaactuka M3T B koHueHTpauuax 1,9 Mr/A n 5,64 Mr/A, HABAIDAAAOCH 3HAYUTEABHOE MOBPEXKAE-
HMe noyek u xxadp. MNoAyyeHHble pe3yAbTaTbl BKAIOYAAK B Ce€081 TakMe NaTOAOrMUYeckme NpPoLecchl: Kak:
HEKPO3, HapYLLEHNS KPOBOOBPALLEHNS 1 MOBPEXKAEHME TKaHel. [1pu rMcTOAOrMYeckomM aHaAm3e OblAK
BbISIBAEHbI Crielmpuryeckme naToAoOrmyeckme M3MeHeHns B BUAE BAaKyOAM3aLMKN M TMAaAMHOBO-KarneAb-
HOM AMCTPOMUM MOYEK, ACCTPYKLIMM SMUTEAUSI U MAACTMHOK >Kabp. [MpumedaTteAbHO, YTO KOMMeHca-
TOPHO-NPUCMIOCOBUTEAbHBIX PeakLMil B xKabpax He HABAIOAAAOCDH, UTO CBMAETEALCTBYET 00 OTCYTCTBUN
aAanTauuu K AAMTEAbHOMY BO3AEMCTBMIO. DTU AQHHbIE CBUAETEAbCTBYIOT O TOM, YTO MMUKPOMAACTUK
MoxeT o6AaaaTb CBOMCTBOM MUTPUPOBaTh Yepe3 KPOBOTOK, HapyLlas HOPMaAbHble CTPYKTYPbl Movek
M Xabp. B nccaepOBaHMM MOAUEPKMBAETCS CEPbE3HOE BO3AENCTBME 3arps3HeHMs MUKPOMAACTUKOM
Ha opraHbl pbi6, MOAUYEPKMBAs OCTPYIO HEOOXOAMMOCTb AAAbHEIMLLIMX MCCAEAOBAHUIA AAS PA3PabOTKM
CTpaTerui no CMIryeHuio 3arpsi3HeHns: MUKPOMAACTUKOM B BOAHbIX 3KocMcTemax. Kpome Toro, Ha-
OAIOAQEMOE OTCYTCTBME AAAMTMBHbBIX PEAKLMIA MOAYEPKMBAET BO3MOXHOCTb CEPbE3HbIX DKOAOrMYe-
CKMX MOCAEACTBUIA, TPEOYS HEMEAAEHHOIO BHUMAHMS K PELIEHUIO 3TOM KPUTUYECKON 3KOAOTMYECKOM

npo6Aembl.

KAtoueBble cA0OBa: 3arps3HeHne, MMKPOMAACTUK, NoAMaTUAeHTepedTanaT (M3T), rmctororuns, Tok-

crkoaorums, Danio rerio.

Introduction

Over the past few decades, environmental pollu-
tion by plastic and its wastes has become urgent and
global in the environmental community. Since the
1960s, global plastic production has increased rapid-
ly, reaching 300 million tons annually [1, 2, 4]. Plas-
tic waste poses a great threat to wildlife, especially
to organisms living in the aquatic environment, as it
accumulates in reservoirs due to poor disposal and
recycling. In modern classification, plastics are di-
verse. The most common is polyethylene terephthal-
ate (PET), as it is used in food production and bever-
age packages like plastic water bottles [6]. Getting
into the aquatic ecosystems, microplastic particles
enter the fish’s body through ingestion of water and
food particles, and further accumulate in the blood-
stream and various organs. Damage caused by stress
resulted from exposure to PET particles can directly
affect the immune system, leading to inflammatory
processes in tissues.

The toxic effect of microplastics leads to a
slowdown in metabolic processes in cells and tis-
sues, which suppresses the immune response. The
immune system includes external barriers, such as
mechanical barriers to prevent the penetration of
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pathogens and other foreign particles [14, 15, 16,
17]. Structural changes in cells and tissues of im-
munocompetent organs can lead to various reac-
tions in organs, including inflammatory processes,
in response to external impact [18-19]. However,
the specific effects of microplastics have not been
sufficiently studied and require detailed study under
experimental conditions.

In this case, zebrafish (Danio rerio) is an ideal
model organism for studying basic biological pro-
cesses and mechanisms due to numerous advantages
that render them convenient and economical for re-
search [20-21]. Conducting experiments with these
fish species enables us to generalize the results ob-
tained to a wider range of organisms [22-25].

Therefore, the aim of this study was to investi-
gate the effects of polyethylene terephthalate (PET)
microplastics on the gills and kidneys of zebrafish
(Danio rerio) under a chronic experiment.

Materials and methods

Gills and kidneys of zebrafish Danio rerio (Cy-
prinidae family) were the target of experimental
research. A stock of adult zebrafish (Danio rerio)
was obtained and maintained in a 40L aquarium in
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the Aquarium Room of al-Farabi KazNU (Almaty,
Kazakhstan). Adult healthy fish of both sexes were
divided into a control group and two experimental
groups. Each experimental group consisted of 15 in-
dividuals maintained in 17L aquaria throughout the
experiment, with daily monitoring of water qual-
ity. The duration of the experiment was one month.
Polyethylene terephthalate (PET) microplastic par-
ticles ranging in size from 1.34 to 239 um were ob-
tained by abrasion with sandpaper (Fig. 1).

In the first experimental group, the daily con-
centration of PET microplastics was 1900 pg/1 (1.9
mg/1) (lethal concentration — 13,300 pg/1) [8], which
accounted for 10% of the total feed mass (0.16 g) per
serving. In the second experimental group, the daily
concentration of PET microplastics was 5640 pg/l
(5.64 mg/l), representing 30% of the feed weight.
Microplastics were introduced into the fish’s body
during feeding with food twice a day.

A

At the end of each exposure period, fish were
euthanized in accordance with guidelines for the
use of laboratory animals in preclinical studies [9].
Subsequently, they were dissected under a stereo-
microscope, and the gills and kidneys were imme-
diately fixed in 10% buffered formaldehyde. Further
tissue processing followed the routine histological
technique [10, 11]. Slides were stained with hema-
toxylin and eosin. Hemosiderin was identified using
the Perls histochemical method [13]. For scanning
electron microscope (SEM) analysis, the tissue after
formaldehyde fixation was washed under running
water for 2 hours, followed by dehydration in alco-
hols and acetone [13]. Stained histological prepara-
tions were photographed using an Optix 600 camera
mounted on MX300T microscope, while polyethyl-
ene terephthalate microplastic particles and fish or-
gans were photographed using a Quantum 3D 200i
scanning electron microscope.

Figure 1 — Photomicrograph of PET microplastic particles by Scanning Electron Microscope Quantum 3D 200i.
A — magnification 500x; B — magnification 5000x.

Results and discussion

SEM examination of gills and kidneys samples
of both experimental groups revealed the presence
of microplastic particles within the tissues. The ob-
served particles ranged in size from 3.36 to 4.77 pum
and from 5.99 to 7.73 um.(Fig. 2).

Histopathological examination of the zebrafish
kidneys from the experimental group, exposed to
a 1.9 mg/l daily concentration of microplastic par-
ticles, revealed several notable observations. These
included abundant infiltration of the organ stroma
with mononuclear leukocytes (Fig. 3-5), blood sta-

sis in large vessels, and the presence of edema (Fig.
3). Additionally, diapedesis and hemorrhage into
the interstitial tissue of the organ were observed
(Fig. 3-5). Swelling of the epithelium was evident
in the kidney tubules, with the cytoplasm of some
epithelial cells containing hyaline-like inclusions
stained bright pink (Fig. 3, 4 B). Moreover, the cell
boundaries appeared unclear, lumens narrowed or
filled with protein masses (Fig. 4A, 4B). Some tu-
bules exhibited signs of necrosis. A slight narrowing
of Bowman’s space and blood stasis in the capil-
laries (Fig. 3), with no significant alterations were
noted in kidneys glomeruli.

97



Histopathological examination of Zebrafish organs under the exposure to microplastics

— 100 pm ——

Figure 2 — Photomicrograph of kidney (A) and liver (B) of zebrafish (Danio rerio) showing
the comparison of PET microplastics particle sizes in kidney (A) and red blood cells in the lumen of liver hepatic vein
(blood stasis) (B). Scanning Electron microscope Quantum 3D 200i. Magnification (A) 1000x; (B) 2000x.

Figure 3 — Photomicrograph of zebrafish (Danio rerio) kidney after exposure to 1.9 mg/L
of PET microplastic particles showing increased infiltration of tissue with mononuclear leukocytes,
blood stasis in vein (BS), and narrowing of the lumen of some proximal and distal tubules (NT).
The necrotic processes are followed by epithelial desquamation in some tubules (NC).
H&E staining. Magnification 200x

The exposed fish displayed severe edema of the
renal interstitium, accompanied by diapedesis and
hemorrhage. Additionally, numerous foci of ne-
crosis were observed in the epithelial cells of both
proximal and distal tubules (Fig. 4, 5), resulting in a
narrowing of their lumens.

A histological examination of zebrafish (Danio
rerio) kidneys exposed to polyethylene terephthalate
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(PET) particles at a daily concentration of 5.64 mg/l
(5640 pg/l) revealed similar histopathological changes
to those observed in the first experimental group. These
changes included abundant infiltration of the stroma by
mononuclear leukocytes, bleeding, and narrowing of
the lumens of renal tubules, some of which were filled
with protein masses (Fig. 7, 8). Additionally, cases of
epithelial cell necrosis were noted (Fig. 7, 8).
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Figure 4 — Photomicrograph of zebrafish (Danio rerio) kidney after exposure to 1.9 mg/L
of PET microplastic particles showing (A) necrosis of epithelial cells (NC) and narrowing of lumen (NT)
in proximal tubules, diffuse blood filling of the kidney interstitium; (B) complete and partial vacuolization
of tubule epithelial cells and necrosis (NC). H&E staining. Magnification 400x

Figure 5 — Photomicrograph of zebrafish (Danio rerio) kidney after exposure to 1.9 mg/L
of PET microplastic particles showing epithelial cells vacuolization. Tubules and their hyaline degradation (incircle).
Narrowing of Boumen’s lumen and blood stasis in the capillaries of renal glomeruli (G). H&E staining. Magnification 100x

Figure 6 — Photomicrograph of zebrafish (Danio rerio) kidney after exposure to 5.64 mg/L
of PET microplastic particles showing hemosiderin granules (A, B) Perl’s staining. Magnification 400x
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Figure 7 — Photomicrograph of zebrafish (Danio rerio) kidney after exposure to 5.64 mg/L
of PET microplastic particles showing hemorrhage in the organ stroma, orange-brown vacu-
oles in the epithelial cells of the renal tubules (V); necrosis of epithelial cells (NC) in renal
tubules and narrowing of their lumen (NT). H&E staining. Magnification 400x

Figure 8 — Photomicrograph of zebrafish (Danio rerio) kidney after exposure to 5.64 mg/L of
PET microplastic particles showing orange-brown vacuoles in the interstitium of the kidney and
epithelial cells of the renal tubules (V); necrosis of renal tubules epithelial cells (NC); the presence

of protein masses in the lumen of the renal tubule (in circle). H&E staining. Magnification 400x

Compared to the first experimental group,
the higher concentration of PET microplastics
resulted in the presence of hemosiderin granules
in the interstitium of fish kidneys, confirmed by
a positive Perls test (Fig. 6A, B). The cytoplasm
of tubule epithelium contained large vacuoles
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filled with orange-brown secretion (Fig. 7, 8).
Furthermore, an increase in the number of cells
exhibiting pyknotic nuclei (karyopyknosis), in-
dicative of the onset of apoptosis, was visually
observed in the epithelial cells of the tubules
(Fig. 7, 8).
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When exposed to microplastic particles (PET) at
a concentration of 1.9 mg/l (1900 pg/l) in the gills,
several histopathological changes were observed.
These included swelling and destruction of the pri-
mary gill epithelium, alteration in the shape of the
secondary lamellae to hook-shaped, their shorten-
ing, destruction of columnar cells, and hemorrhage.

Additionally, degeneration and necrosis of cartilagi-
nous tissue were observed in the gills of some indi-
viduals (Fig. 9 A, B).

Similar histopathological changes were noted in
fish gill tissue when the concentration of microplas-
tic particles increased to 5.64 mg/1 (5640 ug/l) (Fig.
10A, B).

B

Figure 9 — Photomicrograph of zebrafish (Danio rerio) gills after exposure to 1.9 mg/L
of PET microplastic particles showing destruction of primary and secondary gill lamellae with the blood stasis
in vessel and hemorrhage (A, B); destruction (A, B) and shortening of secondary gill epithelium (B). |

Degeneration and necrosis of cartilage tissue (A). Magnification 400x. H & E staining

Figure 10 — Photomicrograph of zebrafish (Danio rerio) gills after exposure to 5.64 mg/L
of PET microplastic particles showing shortening of secondary gill epithelium (black arrow), hemorrhage,
and blood stasis in the vessel (white arrow). Magnification x200 (A); x400 (B). H & E staining
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Conclusion

A pathological study of zebrafish (Danio rerio)
exposed to microplastic polyethylene terephthalate
(PET) particles revealed significant negative im-
pact on the organs. Exposure to PET microplastic
particles at a concentration of 1.9 mg/l resulted in
necrotic processes in tissue, generalized circulatory
disorders, tissue edema, destruction of blood ves-
sels, impaired permeability, and hemorrhages in
both kidneys and gills.

In the kidneys of the first experimental group,
vacuolization and hyaline-droplet degeneration of
epithelial cells of the renal tubules were recorded,
suggesting a toxic effect of microplastics to the
organ. At a higher concentration of microplas-
tic particles (5.64 mg/l) in the kidneys, similar
pathological processes in the microvasculature
were observed, although hyaline-droplet degen-
eration was absent. Additionally, a small amount
of hemosiderin in the organ’s stroma and orange-
brown vacuoles were observed, requiring further
investigation.

In the gills, exposure to microplastics at both
concentrations resulted in characteristic changes
in the histological structure of the organ, including
destruction of the primary and secondary gill epi-
thelium, curvature, and shortening of the secondary
gill lamellae. Despite the chronic exposure to micro-

plastics, no compensatory-adaptive reactions were
observed in the organs, indicating a lack of adap-
tation processes in the fish’s body under prolonged
exposure to microplastic particles, posing a greater
threat to marine organisms.

Based on the results of the study, it can be in-
ferred that smaller microplastic particles may not
only accumulate in the gastrointestinal tract during
food intake, as suggested by some authors [5], and
mechanically damage organ tissue, but also migrate
through the bloodstream. This migration can lead to
a toxic effect and induce characteristic pathological
processes in the kidneys and gills of fish.

These results highlight the potentially serious
impact of microplastics on zebrafish (Danio rerio),
including kidney and gill dysfunction, as they have
consequences such as the deterioration of vital func-
tions in fish and increased mortality rates, as well
as reflect the harm to the ecosystem as a whole.
Considering the role of this fish species as a model
research object, the results obtained can have wide
practical applications in ecology and environmental
protection.

Thus, further research in this area is needed to
better understand the mechanisms and consequences
of microplastics impact on the physiology of aquatic
organisms and to develop effective strategies to con-
trol and reduce plastic pollution in aquatic ecosys-
tems.

References

1. Rocha, T.L., Gomes, T., Guilhermino, L., and Barros, P. “Microplastics as an Emerging Threat to Terrestrial Ecosystems.”

Global Change Biology 24, no. 4 (2018): 1405-1416.

2. Espinosa, C., Esteban, M.A., Cuesta, A., and Chaves-Pozo, E. “The Impact of Microplastics on the Immune System of Fish
and Amphibians: A Review.” Environmental Research 188 (2020): 109813.

3. Lin, X., Wu, D., Zhang, H., Wang, Z., Li, M., Wu, C., and Yu, X. “Uptake, Accumulation, and Elimination of Polystyrene
Microplastics in the Digestive Tract of Zebrafish (Danio rerio).” Environmental Pollution 273 (2021): 116438.

4. Zhu, Y., Zhang, K., Schmidt, C., Yang, R., Larsson, H.M., Jafari, S., and Gao, B. “The Chronic Effects of Microplastics on
Zebrafish (Danio rerio).” Environmental Pollution 286 (2021): 117317.

5. Gong, Y., Wang, J., Zhang, J., Zhao, Y., Shen, H., Zhang, X., and Liu, X. “The Potential Toxic Effects of Microplastics on
the Reproductive System in Male Zebrafish (Danio rerio).” Chemosphere 251 (2020): 126334.

6. Chen, Q., Rehman, M.S.U., Cui, M., Liu, J., Tian, L., and Ma, X. “Histological Changes in the Gill Tissues of Zebrafish
(Danio rerio) after Exposure to Microplastics.” Environmental Pollution 270 (2021): 116020.

7. Wu, D., Wu, C,, Lin, X., Zhang, H., Zhang, B., Li, M., and Yu, X. “Histopathological Alterations in the Liver and Intestine
of Zebrafish (Danio rerio) Exposed to Polystyrene Microplastics.” Environmental Pollution 288 (2021): 117763.

8. XaxmmoBa, K. P. BnusHHe MHKpOIUIaCTHKAa Ha BBDKHBAEMOCTh AKBAPHMYMHBIX pPbBIO JlaHMO-pepro.» DIeKTPOHHBII
nepuoanYecknii perensupyeMslid Hayuusli xxypraan SCI-ARTICLE.RU 56 (2022)

9. Pexomennanus Komnernn EDK ot 14.11.2023 Ne 33 «O PykoBoacTBe 1mo padote ¢ 1abopaTopHBIMH (3KCTIEPUMEHTAIBHBI-
MH) )KUBOTHBIMH ITPH MTpoBeieHN! JJOKTMHNYECKIX (HEKITMHUYECKHUX ) HccneaoBannii» https://www.alta.ru/tamdoc/23rk0033/ ([lara

obpamenus Maii 2, 2024).

10. Prophet, E.B., et al. Laboratory Methods in Histotechnology. Washington, D.C.: American Registry of Pathology, 1992.
11. Mautalieva, A., Zharkova, 1., Gusseinova, J., Kobegenova, S., Suvorova, M., Bakieva, A., and Abdullayeva, B. “Distribu-
tion Dynamics of Rodlet Cells in the Gills under Pathological Alterations.” In E3S Web of Conferences, vol. 389, p. 03004. EDP

Sciences, 2023.

102



A.A. Bakieva et al.

12. Ahrendt, C., et al. “Microplastic Ingestion Cause Intestinal Lesions in the Intertidal Fish Girella laevifrons.” Marine Pollu-
tion Bulletin 151 (2020): 110795.

13. I'puropseB W.II. u ap. «CoBpeMeHHbIE TMCTOXUMUYECKHE METOIbl OIPENIEICHUs] TKAHEBOIO Kelle3a Ha OCHOBE peaklnu
[Mepncay». Mopdomorus 149, Bem. 1 (2016): 85-88.

14. Kaviani, E.F., Shabanipour, N., and Mirnategh, S.B. “Light and Electron Microscope Structural Study of the Zona Radiata
in the Oocyte of Zebrafish (Danio rerio).” Microscopy 62, no. 3 (2013): 377-382. https://doi.org/10.1093/jmicro/dfs086.

15. Sayyaf Dezfuli, B., Pironi, F., Maynard, B., Simoni, E., and Bosi, G. “Microplastic Ingestion Causes Intestinal Lesions in
the Intertidal Fish Girella laevifrons.” Fish & Shellfish Immunology 121 (2022): 516-534.

16. Alesci, A., Cicero, N., Fumia, A., Petrarca, C., Mangifesta, R., Nava, V., Lo Cascio, P., Gangemi, S., Di Gioacchino, M.,
and Lauriano, E.R. “Histological and Chemical Analysis of Heavy Metals in Kidney and Gills of Boops boops: Melanomacrophages
Centers and Rodlet Cells as Environmental Biomarkers.” Toxics 10, no. 5 (2022): 218. https://doi.org/10.3390/toxics10050218.

17. SuL. etal. Global transportation of plastics and microplastics: A critical review of pathways and influences //Science of The
Total Environment. —2022. — T. 831. — C. 154884.

18. Darbha G. K. Understanding the retention of nanoplastics at rock and mineral surfaces /MICRO 2018. Fate and Impact of
Microplastics: Knowledge, Actions and Solutions. — MSFS-RBLZ, 2018. — C. 40-41.

19. Yani L. et al. Identification and plastic type and classification of PET, HDPE, and PP using RGB method //IOP Conference
Series: Materials Science and Engineering. — [OP Publishing, 2020. — T. 857. — Ne. 1. — C. 012015.

20. Osman A. L. et al. Microplastic sources, formation, toxicity and remediation: a review //Environmental Chemistry Letters.
—2023. - T.21.—Ne. 4. — C. 2129-2169.

21. Thompson R. C. et al. Lost at sea: where is all the plastic? /Science. — 2004. — T. 304. — Ne. 5672. — C. 838-838.

22. Jayasiri H. B. Marine debris //Marine Pollution and Climate Change. — CRC Press, 2017. — C. 136-162.

23. Messinetti S. et al. Effects of microplastics presence on different developmental stages in invertebrate species /MICRO
2018. Fate and Impact of Microplastics: Knowledge, Actions and Solutions. — MSFS-RBLZ, 2018. — C. 54.

24. Panti C. et al. Zebrafish exposure to high-density polyethylene and polystyrene microplastics: effects on liver transcriptome
and gastrointestinal histology /MICRO 2018 Fate and Impact of Microplastics: Knowledge, Actions and Solutions. Conference
Proceedings. —- MSFS-RBLZ, 2018. — C. 57-58.

25. Hanvey J. S. et al. A review of analytical techniques for quantifying microplastics in sediments //Analytical Methods. —
2017.—T.9.—Ne. 9. — C. 1369-1383.

References

1. Ahrendt, C., et al. “Microplastic Ingestion Causes Intestinal Lesions in the Intertidal Fish Girella laevifrons.” Marine
Pollution Bulletin 151 (2020): 110795.

2. Alesci, A., Cicero, N., Fumia, A., Petrarca, C., Mangifesta, R., Nava, V., Lo Cascio, P., Gangemi, S., Di Gioacchino, M.,
and Lauriano, E.R. “Histological and Chemical Analysis of Heavy Metals in Kidney and Gills of Boops boops: Melanomacrophages
Centers and Rodlet Cells as Environmental Biomarkers.” Toxics 10, no. 5 (2022): 218. https://doi.org/10.3390/toxics10050218.

3. Chen, Q., Rehman, M.S.U., Cui, M., Liu, J., Tian, L., and Ma, X. “Histological Changes in the Gill Tissues of Zebrafish
(Danio rerio) after Exposure to Microplastics.” Environmental Pollution 270 (2021): 116020.

4. Darbha, G. K. “Understanding the Retention of Nanoplastics at Rock and Mineral Surfaces.” In MICRO 2018. Fate and
Impact of Microplastics: Knowledge, Actions and Solutions. MSFS-RBLZ, 2018: 40-41.

5. Espinosa, C., Esteban, M.A., Cuesta, A., and Chaves-Pozo, E. “The Impact of Microplastics on the Immune System of Fish
and Amphibians: A Review.” Environmental Research 188 (2020): 109813.

6. Gong, Y., Wang, J., Zhang, J., Zhao, Y., Shen, H., Zhang, X., and Liu, X. “The Potential Toxic Effects of Microplastics on
the Reproductive System in Male Zebrafish (Danio rerio).” Chemosphere 251 (2020): 126334.

7. Grigor’ev, LP., et al. “Sovremennye gistohimicheskie metody opredelenija tkanevogo zheleza na osnove reakcii Perlsa”
[Modern Histochemical Methods for Determining Tissue Iron Based on the Perls Reaction]. Morfologija 149, vyp. 1 (2016): 85-88.

8. Hakimova, K.R. “Vlijanie mikroplastika na vyzhivaemost’ akvariumnyh ryb Danio-rerio” [The Influence of Microplastics
on the Survival of Aquarium Fish Danio rerio]. Jelektronnyj periodicheskij recenziruemyj nauchnyj zhurnal SCI-ARTICLE.RU 56
(2022).

9. Hanvey, J.S., et al. “A Review of Analytical Techniques for Quantifying Microplastics in Sediments.” Analytical Methods
9,n0.9 (2017): 1369-1383.

10. Jayasiri, H.B. “Marine Debris.” In Marine Pollution and Climate Change, CRC Press, 2017: 136-162.

11. Kaviani, E.F., Shabanipour, N., and Mirnategh, S.B. “Light and Electron Microscope Structural Study of the Zona Radiata
in the Oocyte of Zebrafish (Danio rerio).” Microscopy 62, no. 3 (2013): 377-382. https://doi.org/10.1093/jmicro/dfs086.

12. Lin, X., Wu, D., Zhang, H., Wang, Z., Li, M., Wu, C., and Yu, X. “Uptake, Accumulation, and Elimination of Polystyrene
Microplastics in the Digestive Tract of Zebrafish (Danio rerio).” Environmental Pollution 273 (2021): 116438.

13. Mautalieva, A., Zharkova, 1., Gusseinova, J., Kobegenova, S., Suvorova, M., Bakieva, A., and Abdullayeva, B. “Distribu-
tion Dynamics of Rodlet Cells in the Gills under Pathological Alterations.” In E3S Web of Conferences, vol. 389, p. 03004. EDP
Sciences, 2023.

14. Messinetti, S., et al. “Effects of Microplastics Presence on Different Developmental Stages in Invertebrate Species.” In
MICRO 2018. Fate and Impact of Microplastics: Knowledge, Actions and Solutions, MSFS-RBLZ, 2018: 54.

103



Histopathological examination of Zebrafish organs under the exposure to microplastics

15. Osman, A.L, et al. “Microplastic Sources, Formation, Toxicity and Remediation: A Review.” Environmental Chemistry
Letters 21, no. 4 (2023): 2129-2169.

16. Panti, C., et al. “Zebrafish Exposure to High-Density Polyethylene and Polystyrene Microplastics: Effects on Liver Tran-
scriptome and Gastrointestinal Histology.” In MICRO 2018. Fate and Impact of Microplastics: Knowledge, Actions and Solutions.
Conference Proceedings. MSFS-RBLZ, 2018: 57-58.

17. Prophet, E.B., et al. Laboratory Methods in Histotechnology. Washington, D.C.: American Registry of Pathology, 1992.

18. Rekomendacija Kollegii EJeK ot 14.11.2023 Ne 33 “O Rukovodstve po rabote s laboratornymi (jeksperimental’nymi)
zhivotnymi pri provedenii Doklinicheskih (neklinicheskih) issledovanij” [On the Guidelines for Working with Laboratory (Experi-
mental) Animals during Preclinical (Non-Clinical) Research] https://www.alta.ru/tamdoc/23rk0033/ (Accessed May 2, 2024).

19. Rocha, T.L., Gomes, T., Guilhermino, L., and Barros, P. “Microplastics as an Emerging Threat to Terrestrial Ecosystems.”
Global Change Biology 24, no. 4 (2018): 1405-1416.

20. Sayyaf Dezfuli, B., Pironi, F., Maynard, B., Simoni, E., and Bosi, G. “Microplastic Ingestion Causes Intestinal Lesions in
the Intertidal Fish Girella laevifrons.” Fish & Shellfish Immunology 121 (2022): 516-534.

21. Su, L., et al. “Global Transportation of Plastics and Microplastics: A Critical Review of Pathways and Influences.” Science
of The Total Environment 831 (2022): 154884.

22. Thompson, R.C., et al. “Lost at Sea: Where Is All the Plastic?” Science 304, no. 5672 (2004): 838-838.

23. Wu, D., Wu, C,, Lin, X., Zhang, H., Zhang, B., Li, M., and Yu, X. “Histopathological Alterations in the Liver and Intestine
of Zebrafish (Danio rerio) Exposed to Polystyrene Microplastics.” Environmental Pollution 288 (2021): 117763.

24. Yani, L., et al. “Identification and Plastic Type and Classification of PET, HDPE, and PP Using RGB Method.” IOP Confer-
ence Series: Materials Science and Engineering 857, no. 1 (2020): 012015.

25. Zhu, Y., Zhang, K., Schmidt, C., Yang, R., Larsson, H.M., Jafari, S., and Gao, B. “The Chronic Effects of Microplastics on
Zebrafish (Danio rerio).” Environmental Pollution 286 (2021): 117317.

Information about the authors:

Bakieva A.A. (corresponding author) — Master of Natural sciences), PhD student at the Department of Biodiversity and Biore-
sources of Al-Farabi Kazakh National University (Almaty, Kazakhstan, e-mail: bakiyeva adel2@kaznu.edu.kz)

Zharkova I.M. (corresponding author) — Candidate of Science (biology), senior lecturer at the Department of Biodiversity and
Bioresources of Al-Farabi Kazakh National University (Almaty, Kazakhstan, e-mail: irina.zharkova@kaznu.kz)

Gusseinova D.Yu. — Master of Natural sciences, PhD student at the Department of Biodiversity and Bioresources of Al-Farabi
Kazakh National University (Almaty, Kazakhstan, e-mail: al-Farabi (Almaty, Kazakhstan, e-mail: djema@mail.ru)

Mautalieva A. — Master of Natural Sciences, specialist of the clinical diagnostic laboratory of JSC “Scientific Center of Pedi-
atrics and Children’s Surgery” (Almaty, Kazakhstan, e-mail: az2az_2@mail.ru)

Suvorova M.A. — PhD, senior lecturer of the Department of Molecular Biology and Genetics of the Al-Farabi Kazakh National
University (Almaty, Kazakhstan, e-mail: masyanskii@gmail.com)

Abdullaeva B.A. — Candidate of Biological Sciences, senior lecturer of the Department of Biodiversity and Bioresources of the
Al-Farabi Kazakh National University (Almaty, Kazakhstan, e-mail: bagila_abdulaeva@mail.ru)

Aemopnap mypansl monimemmep:

A. A. Baxuesa (koppecnondenmmixk agmop) — Jcapamuiiblcmany ablabimoapsinsiy macucmpi, KazYV buoanyanmypninix scone
buopecypcmap kagedpacvinvly doxkmopanmol. On-Dapabu (Anmamel, Kazaxcman, e-mail: bakiyeva _adel2@kaznu.edu.kz)

U M. )Kaprosa (koppecnondenmmik agmop) — Guon02uUst 2bLILLMOAPBIHbIY KAHOUOAMbL, OUOALYAHMYPILIIK HCOHE OUopecypcmap
Kagedpacwinvly aza oxbimyuivicol. On-Papabu (Aamamel, Kazaxcman, e-mail: irina.zharkova@kaznu.kz)

Il [O. [Iyceiinosa — oicapamulivicmany evlibimoapwinbly mazucmpi, Kaz¥YY oOuoanyawmypninix owcone oOuopecypcmap
Kagedpacwinvly doxkmopanumul. On-Dapabu (Armamul, Kazaxcman, e-mail: djema@mail.ru)

A. Maymanueea — dcapamoinvicmany eviivimoapeinsiy macucmpi, AK «lleduampus sicone bananap Xupypeuscvl 2blLibIMu
opmanvievly KIUHUKATbIK-0UACHOCIUKANbIK 3ePMXAHACbIHbIY Mamansl (Anmamel, Kazaxcman, e-mail: az2az 2@mail.ru)

M.A. Cysoposa — PhD, Ka3¥YV monexynanvix 6uonocus sxcone cenemuxa kageopacvivly aea okbimyusicsl. On-Qapabu (Anma-
mot, Kazaxcman, e-mail: masyanskiil@gmail.com)

b.A. A6oynnaeéa — 6uonocus 2blLIbIMOAPLIHGIY KAHOUOAMbL, OUOAYAHMYPILIIK JCOHE OUOpecypcmap Kageopacvlivly ded
oxbimywvicol. On-@Papabu (Armamel, Kazaxcman, e-mail: bagila_abdulaeva@mail.ru)

Received June 7, 2024
Accepted November 20, 2024

104



4-0011M
300J10I'usl

Section 4
Z0O0OLOGY

Paznen 4
300J101'Uii



ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Ne4 (101). 2024 https://bb.kaznu.kz

FTAMP 34.33.23 https://doi.org/10.26577/bb.2024.v101.i4.a8

E. Baaraoaii' ©, B.K. Ecumos'" ", F.W. UcaeB* = *,
J.Y. CekcenoBa'' ", 3.A. Uoparumosa®

'AbGait arerarsl Kaszak YITTBIK MeJarOTHKAIBIK YHHBEPCUTETI, AMaThI K., Kasakcran
2Koxa Axmer Slcayn aTbiHIarsl XallbIKapajblK Ka3ak-Typik YHEBepcHTeTi, TypkicTan K., Kasakcran
*AnMaThl yHUBEpCHUTET, AIMaThl K., Kasakcrau
*e-mail: gani.isayev@ayu.edu.kz

DIPHYLLOBOTRIUM LATUM UHBA3UACbBIMEH 3AAAAAAHTAH
AAABYTA (PERCA FLUVIATILIS,LINNAEUS,1758) MEBOHE®POCbIHbIH,
XXOHE KAHbIHbIH ULUTOMOP®OAOTUSAADbIK ©3TEPICTEPI

Makanaaa Diphyllobotrium latum wHBasMsCbiIMeH 3aAaAnpaHFaH asabyra OaAbiFbiHbiH (Perca
fluviatilis, Linnaeus, 1758) Me30He(pPOCbIHbIH, >K8HE MMMYHOKOMIMETEHTTI MYLLEAEPi MEH TIHAEPIHIH
KAETKaAbIK, KYPaMblHbIH 63repicTepi cunaTtaAraH. 3epTrey MakcaTbl — MapasuTTiK aypyFa LWaAAbIKKAH
GaAbIKTapAbIH UIMMYHAbBIK, MEXaHM3MAEPIH aHblKTay. 3epTXaHaAbIK, XKaFAaAa KaH XXoHe OyMpek AeHe
GeAIiriHiH TaHOaAapbl (Me30HedpPOC) 3epTTeAAi. AyAaHraH 6aAblK KaHbl KayAOSKTOMMSIAQH KeWiH
KaH TaMbIpblHAH aAbIHAbI. AerkounTTep, GaAbIKTapAbIH MMMYHABIK XYMECIHIH MHBasusFa >kayarn
6epeTiH 6acTbl dCEPAI >Kacylwarapbl. AeMKOUMTTEPAIH BAAbIKTbIH MMMYHAbBIK, MYLIEAEPIHAE ManAa
60AaTbIHbI , KaH TamMblPAAPbIHbIH, apHACbIHAQ alHAAbICTA XKYPIr, aHTUIEHAIK acepre Tya 6iTKeH >kaHe
6eniMAEATEH UMMYHABIK, >KayanTbiH AaMyblH KaMTamacbl3 eTeTiHi AsAeAAeHAl. Anduarob6oTpros
MHBAa3MSACbIHbIH AEPHOCIAAIK MAEPOLIEPKOUA CaTbIChI, aAabyFa GaAbIK TapblHbIH FEMOMO033 MYLLIEAEPIHAE
AEMKOUMUTTEPAIH OHAIPY TUIMAIAITIHIH TeMeHAeyiHe, MOPMOMYHKLUMOHAAABIK, BY3bIAyAAPAbIH
nanaa 60AYbIHA bIKMAA €TETiHI 3KCNEPUMEHTTIK TYPAE aHbIKTaAAbl. [1apasnTTepAiH MeAepiHiH iwek
apHacbiHAQ ©CYi MEH TIpLWIAIK apeKeTi ilKi MyLWeAepiHiH, WhiPbIWTbl KabaTbiHbiH, KabblHYbIHA, KYbIC
MYLLEAEPiHiH AMCYHKUMSICbIHA SKEAETIHI cunaTtTaaraH. AMMDUAAOOBOTPUSHBIH, MAEPOLLEPKOMATAPDI
©3 >KacylwaAapblHAQ MecCi YliH GeTeH aHTUreHAEPAI aAbil >KYPETiH Kem >KacyllaAbl OpraHu3m
peTiHae OaAblK, aF3acbiHAQ UMMYHADBI >Kayar TyAblpyFa KabiAeTTi. MMMYHABIK >Kayarnka KapamacTaH,
napasuTTiH MNAEPOLIEPKOMATAPbl Me OpraHM3MiHAE Aambil ©cin epecek MapasvMTKe aiMHaAaAbl.
[MapasnTTepAiH KO>KalbiHHbIH OpraHM3MiHe TiKeAer >KoHe >KaHama MMMYHOMOAYASLMSIAbIK acep
TUriseTiHi aHbikTaAAbl. Diphyllobotrium latum naepouepkoMATapbiHbiH, arabyFa 6GaAblKTapblHbIH
OpraHusMiHAE TyAblpFaH MOP(OMU3MOAOIUSAALIK, TFEMATOAOTMSABIK, >KOHE MMMYHOAOTMUSIABIK,
napameTpAEpAiH 63epicTepi, KyblC MyLLIEAEpPiHEe MATOreHAIK acepi >KalAbl MOAIMETTED KEATiIpIAreH.
AAbIHFaH HaTMXKeAep, 6ip >KaFblHaH, MMMYHABIK >Kayarnka aradyra OaAblFbiHbIH Me30HeMPOCbIHbIH
KATbICYblH, €KiHWi >afFblHAH — WMMMYHOAOTMSABIK, FOMEOCTa3Abl KaAbIMNTACTbIPaTblH KaH Ty3y
MYLLIEAEPIHIH 6eMiMAEAY MYMKIHAIKTEPIHIH TOMEH eKEeHiH KepCceTTi.

Tyiin cesaep: MHBa3MSAbIK aypyAap, Tacna KypTTap, mMe30Hedpoc, KaHHblH AeMKOLMTapAbIK,
KypaMbl, TMAEPOLEPKOMA, MMaro, napasmutTepre WMMYHABIK —>Kayar, mnapasuT-Me KaTblHacChl,
npoAudepaums, AEMKOMNeHUs, FeMornoa3s.
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Cytomorphological changes in mesonephros and blood
of perch infested with Diphyllobotrium latum infection
(Perca Fluviatilis, Linnaeus, 1758)

The article describes changes in the cell composition of mesonephros and immunocompetent or-
gans and tissues of perch fish infected with Diphyllobotrium latum infestation (Perca fluviatilis, Linnaeus,
1758). The aim of the study is to identify the immune mechanisms of fish infected with parasitic dis-
eases. In laboratory conditions, blood and kidney body part markings (mesonephros) were examined.
The blood of the caught fish was taken from a blood vessel after a caudoectomy. Leukocytes, the main
influential cells of the immune system of fish responsible for invasion. It has been proven that leukocytes

106 © 2024 Al-Farabi Kazakh National University


https://doi.org/10.26577/bb.2024.v101.i4.a8
https://orcid.org/0009-0003-6963-9873
https://orcid.org/0000-0002-2575-5659
https://orcid.org/0000-0001-5120-8387
https://orcid.org/0000-0002-3017-9713
https://orcid.org/0000-0003-1385-3312
mailto:gani.isayev@ayu.edu.kz

E. banra6aii sxkoue T.0.

are formed in the immune organs of fish , circulating in the channel of blood vessels, ensuring the devel-
opment of an innate and adaptive immune response to antigenic influences. It has been experimentally
established that the larval plerocercoid stage of diphyllobotriosis infestation contributes to a decrease in
the efficiency of Leukocyte production in the organs of hematopoiesis of perch fish, the occurrence of
morphofunctional disorders. It has been described that the growth and vital activity of the hosts of para-
sites in the intestinal channel leads to inflammation of the mucous membrane of their internal organs,
dysfunction of hollow organs. Plerocercoids of diphyllobotria, as a multicellular organism that carries for-
eign antigens for the host in its cells, are capable of generating an immune response in the body of fish.
Despite the immune response, the plerocercoids of the parasite develop in the host organism and grow
into an adult parasite. It has been found that parasites have a direct and indirect immunomodulatory
effect on the host’s body. Data on morphophysiological, hematological and immunological parameters
of diphyllobotrium latum plerocercoids caused in the body of perch fish, pathogenic effects on cavity
organs are given. The results obtained showed, on the one hand, the involvement of the mesonephros
of perch in the immune response, and on the other — the low adaptive capabilities of the hematopoietic
organs that form immunological homeostasis.

Key words: invasive diseases, tapeworms, mesonephros, leukocyte composition of blood, plerocer-
coid, imago, immune response to parasites, parasite-host relations, proliferation, leukopenia, hemato-
poiesis.
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LuTomopdpororuyeckne usmeHeHns: Me3oHecppo3a M KPOBU OKYHS
(Perca Fluviatilis, Linnaeus, 1758),
3apaxeHHoro undpekumen Diphyllobotrium latum

B craTbe onmcaHbl M3MEHEHUS KAETOUYHOIO COCTaBa Me30oHedpoca 1 UMMYHOKOMMETEHTHbIX Opra-
HOB 1 TkaHen okyHs (Perca fluviatilis, Linnaeus, 1758), 3apaxkeHHbIx nHeasueit Diphyllobotrium latum.
LleAb MCCAEAOBAHUSA-BBISIBUTD MMMYHHbIE MEXaHU3Mbl Pbi6, MOPAXKEHHbIX NapasuTapHbiM 3a6oAeBaHU-
eM. B AabopaTopHbIX YCAOBMSX MCCAEAOBAAMCH MapKMPOBKA YacTu TeAQ KPOBU M Moyvek (Me3oHedpoc).
KpoBb normaHHo# pbiObl 6blAa M3BAEUEHA M3 KPOBEHOCHOTO COCYAQ MOCAE KAayAOIKTOMUN. AEMKOLMTHI,
OCHOBHbIE KAETKM UMMYHHOWM CUCTEMbI PblO, OTBETCTBEHHbIE 32 MHBAa3MiO. AOKa3aHO , UTO A€MKOLMTbI
06pasyioTCsl B MMMYHHbIX OpraHax pbl0, UMPKYAMPYS B PyCA€ KPOBEHOCHBIX COCYAOB, 06ecrneunBas pas-
BUTUE BPOXXAEHHOTO M aAAMTUBHONO UMMYHHOIO OTBETA Ha aHTUIeHHbIN 3hekT. DKCNepUMeHTaAbHO
YCTaHOBAEHO, UYTO AMUYMHOYHAS MAEPOLEPKOMAHAS CTaAMS MHBA3UM AMDPUAAOBOTPMO3a COCOBCTBYET
CHUXKEHMIO 3(P(PEKTUBHOCTU MPOU3BOACTBA AEMKOLIMTOB B OpraHax KpOBETBOPEHWSI OKYHEBbIX pbi6,
BO3HWKHOBEHUIO MOPMOPYHKLMOHAABHBIX HapyleHnit. OnmncaHo, YTo poCT U KM3HEAESITEALHOCTb
MapasmuToB B KMLIEYHOM KaHAAE XO3$1eB MPUBOAST K BOCMAAEHUIO CAM3UCTON OGOAOUKM BHYTPEHHMUX
OpraHoB, AMCYHKUMM MOAbIX OpraHoB. [aepouepkonabl AMPUAAOGOTPHIM CMIOCOGHDI Bbi3bIBaTb M-
MYHHbI OTBET B OPraHmn3me pbi6bl KAk MHOTOKAETOUHbIA OPraHM3M, HECYLLMIA Yy>KEPOAHBIE aHTUIEHbI
AAS XO39MHA B CBOMX KAETKax. HecMOTpsi Ha MMMYHHbIN OTBET, MAEPOLIEPKOMADI Mapa3uta pasBmnBaloT-
CSl B OpraHM3mMe Xo3sivHa v NpeBpaLialoTcs BO B3POCAOro napasuta. bbiano o6HapyskeHo, 4To napasu-
Thbl OKa3bIBAIOT MPSMOE M KOCBEHHOE MMMYHOMOAYAMPYIOLLLEE AEMCTBME HA OpraHu3m xossuHa. [pu-
BEAEHbl AQHHbIE O HapyLLEHUIX MOPGOMU3MOAOTMUECKMX, FTEMATOAOTUYECKMX M UMMYHOAOTMYECKUX
napamMeTpoB, MaTOreHHOM BO3AeNCTBUM naepouepkonaos Diphyllobotrium latum Ha opraHbl okyHs.
[oAyuUeHHble pe3yAbTaTbl MOKa3aAu, C OAHOM CTOPOHbI, yyacTve Me30HedpPoca OKYHSI B UMMYHHOM
OTBETE, C APYrOf — HU3KME aAAMNTUBHBIE BO3MOXKHOCT OPraHOB KPOBETBOPEHMS, (DOPMUPYIOLLIMX MM-
MYHOAOIMYECKMIA FOMEOCTas3.

KAtoueBble cAOBa: MHBa3MOHHbIE GHOAE3HM, AEHTOUHbIE YepBU, Me30He(POC, AEMKOLMTAPHbIN CO-
CTaB KPOBM, MAEPOLIEPKOMA, MMAro, MMMYHHbI OTBET MapasnTam, MapasmMTO-XO3MHHbIE OTHOLLEHUS,
npoAndepaLmsi, AEMKOMNEHMs, FeMornoss.
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Diphyllobotrium latum nHBa3usACkIMEH 3aallaHFaH aTa0yFa...

Kipicne

Komimri amabyra (Perca fluviatilis, Linnaeus,
1758) Ulapmapa cy KOMMACBHIHBIH HKOJOTHSUIBIK,
JKaFJabIHBIH OMOWHIMKATOPBI PETIHIEC KOJIIaHyFa
JANBIKTBI OOpeaNbIbl TYP, JKa3bIK TYIIBI CY UXTHO-
(dayHnansIk KemeHine xataasl. Kogimri anadyra op-
TYPJIi TIpIIUTIK OpTacklHa OHAl OelimMaeseTiH MoJH-
MopdTeI TYP [1, 2, 3] .

WHBa3usIbIK aypysap OpraHu3MHIH HIMMYHJIBIK
MEXaHU3MJICPIH MaTOJOTUSUIIBIK MPOLIECTI peTTeyre
OarpITTaiibl. Byl aFr3aHbIH KOPFAHBIC peaKIHsIa-
pBIHA KaTBICYIIBUIAPBIHBIH JKYMBIC iCTEYiHE COiKec
00J1abl, ONAP/IBIH apachlH/la UMMYHOKOMITOHEHTTI
KJIETKaIap MyJIbl — UMMYHIBI MYIIeNep/ie TY31IeTiH
JKETUIMETeH JICMKOLUTTEP KOHE KaH TaMbIpiiapbl-
HBIH apHachIHJa alfHanaThIH Jehkouutrep. UMMyH-
IBIK, JKayar Tapa3suTTepIiH JaMyblH OacyFra KoHe
NMMMUHALMsIIAYFa OarpiTTanFan. COHBIMEH Karap,
KOITEereH IMapa3uTTep Heci YIIiH JKOFaphl MaTOTeH Ii
JKOHE OHBIH aF3aChIH ©3/IePiHIH TiPIILTIK OPEKETIHIH
OpTachl PETiHJIC Naii1aIaHaIbl.

Diphyllobotrium latum Tacnansl kypt (Cestoda:
Pseudophyllidea) — Tymel Cy KBIPTKBIIT OaNBIKTA-
PBIHBIH €pEKIIe Mapa3uTi, OHbIH IJICPOIICPKOUITA-
PBI ayBIp TIAPA3HUTTIK MATOIOTUSHBI TYABIPHII, JIEHE
KybICEIHAa opHanacanpl. Kosmpipremm. D. latum —
MYIIeNi IeCTo/ia — aK, TYCTi, Y3bIHABIFB 50 cM-IeH
10 m-re neitin, eni 0,5-1,5 cMm, bacel marbH, y3bIH
COTIAKINA, €Ki CaHpUIAy TOpi3di OOTpHsIIBI. ByBIH-
Japbl KbICKA, KeH. OpOip mymeae 1-2 KBIHBICTHIK
kemieH Oonaabl. JKBIHBIC TECIKTEpi BEHTPAJIBIIBI
OCTTiH opTachiHAa OpHajTacKaH. KoO3IBIPFBIMITHIH
JlaMybl apajiblK JKOHE KOCBIMINIA HEJICPIHIH KaTbl-
cybiMeH Oousanpl. CyFa TYCKEHHEH >KYMBIPTKAJIaH
8-10 xKyHHEH KEWiH KOpamMaus IEPHOCUT TaMBIT
mbIFabl.  JIMYMHKAHBIH JIEHEC] KIpIiKIIeIepMeH
KanTaliFaH, OJapiblH KOMETiMeH OJI Cyla epKiH
Ky3eni. JKyMBIpTKaHBIH gaMy Mep3iMi CyIIBIH TeM-
nepaTypaceiHa OailmanbICThl, 7 KyHHEH 20 KyHTe
neiiin xanracanel. Cy TemmeparypacbiHbiH 13-15°
C neitin ToeMeHACYi KYMBIPTKAHBIH laMy Mep3iMiH
15-17 kynre paeitin y3apraapl. Kopammmus nepHo-
cligepiMeH KOpPEKTEHIeH apajibIK Hesepi -IMKIIOI-
Tap HEMece JUanToOMyCTap — WHBA3UsAMEH 3ajayijia-
Hajpl. LlasHnapapiH JieHe KYBICBIHAA KOPAIUIAHS
nepHocini 20-25 KyHHEH KeWiH KeJeci JepHocil
CaTBICBIHA — TMPOLEPKOMIKA aifHaNmaabl. 3aaigaH-
FaH assHIapMEeH KOPEKTeHIeH anadyFa eKiHIIi apa-
JBIK, (KOCBIMIIIA) MECi ar3achlH/Ia Mapa3uT IaMyblH
)kanracteipansl. (Perca fluviatilis, Linnaeus, 1758)
— IEeCTOJANap/bIH OMIpIIK HUKIiHIH Oip Oeuriri,
OHBIH EKiHII apaiblK neci. banbIKThIH imeriHieri
MasHAAPIBIH JeHeCi KOPBITHUIBII, MTapa3uT IepPHD-
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cingepi OYJIIBIK eTTepre, imeKk KaOblpFachiHa, Mal
yJIrackiHa, OaybIpFa, TOHAATApFa €HEll JKoHe Iie-
POLIEPKOMITHIH MHBA3USUIIBIK CATHICHIHA alfHaaJIbl.
Byn nuuunka y3bIH mimiHAi, JeHeci OenmexTenoe-
I'eH, CYTTi-aK HeMece KpeMli TYCTi, Y3BIHIBIFEI 6-60
MM koHe eHi 1-3 mMm. Bac ymibiHaa eki caHbLiay
TOpi3ni OOTpHUs OONaabI, OJAp/IbIH KOMETIMEH IIeK
KaOBIpFachIHa OeKiTiiei. AgamM HeMece KOITKOPEKTi
KBIPTKBIITAP, KYCTap — AeQUHUTUBTI (TYIKLTIKTI)
uenepi — MHBa3WsUIaHFaH OalIbIKTapMEH KOPEKTCH-
TeH/Ie JICHTEITIH IJIePOIepKONATAPIMEH 3aKbIMIa-
JaHAJBI.

Judmino0oTpro3 WHBA3USACHIHBIH IIEPOIEP-
KOWJ IEPHOCUIMIK CATBICBIHBIH OYKUI YHBIMBI Oa-
JBIKTAp/IbIH IMIEKTEPIHJET] Mapa3suTH3MIE KOHE
apajblK M€ aF3achbIHbIH OapJIbIK TIpPIIUTIK Mporec-
TepiH OapwiHIIA Tainananyra Oedimumenren. Llec-
TOJIaHBIH ©CYl MEH TIPIIUIIK ©PEeKeTi Ke3iHe 1IKi
MYIIENEPiHiH MIBIPBINTH KA0ATHIHBIH KaOBIHYBI
KYbIC MYIIENEepiHiH AUCHYHKIUACH MEH aTpOQusi-
ChIH TybIHIATabl (Oeneyinik, ynaHy maiina Ooia-
Itbl). Aypy OaJbIK, CYIbIH KaJbIHIBIFBIHIA KAJIBITHI
KYPY KaOiJeTiH »KoFanTajpl, cy OeTiHe MIBIFhI, Oa-
JIBIK, KOPEKTCHETIH KYCTap/IblH JKEMIiHE aiHajajibl
(4, 5].

Jndumio6oTprno3  TYBICBIHBIH  IUIEpPOIIEp-
KOMJITApBIHBIH ana0yra OaJbIKTapblHA I1aTOTCH-
IK dcepl Typanbl MOJIIMETTEp 3epTTeyJiepac Kol
emec. JlereameH, nepeKTepmiH HeETi3ri OeiriHme
Diphyllobotrium latum TYpiHIH KybIC MYIIEJIepiHE
acepi kenripinren. Diphyllobotrium latum nnepo-
IEPKOUATAPHI OANBIK OpraHu3Minae Mophohu3mo-
JIOTHSIIBIK, ©3€picTep TYBIHIBIPHII, ik Oe3aepaiH
CEKPeIHSIChIH e3repTeii. [ UrmoranamMycThlH pemu-
3WHIT TOPMOHJAPBIHBIH CEKPEUUSCHIHBIH ©3Tepyi
HOTHXKECIHJIC JKbIHBIC OE3JIepiHIH Jerpajaiuschl,
comybl Oactanajpl [6], TeMaTOIIOTUSIIBIK, KOHE M-
MYHOJIOTHSUTBIK, - TTapaMeTpiepiH TemeHxaeyi [7,
8, 9, 10]. Conbmen katap Diphyllobotrium latum
WHBA3UACHl JKarlalblHIa OadbIKTapAblH UMMYHO-
JIOTHUSUTBIK, TOMEOCTA3bIHBIH JKYMBIC iCTeyl Typaubl
MOJIIMETTEP JKOKTBIH KaChI.

KymbicTolH Makcatsl — Diphyllobotrium
latum WMHBA3WICHIMEH 3aaliaHFaH ala0yra Oaibl-
roiHbIH (Perca fluviatilis, Linnaeus, 1758) me3oHed-
POCBHIHBIH JKOHE HMMMYHOKOMIIETCHTTI MYyIIelepi
MEH TiHIEPiHIH KJIETKAIBIK KYPaMBIHBIH ©3repicTe-
piH 3epTTey.

3epTTey MaTepHaAapbI MeH JicTepi
buonorusansik matepuan 2023 xone 2024 Kbli-

napel Typkictan obneiceiHnars! [apnapa cy Koi-
MachlHaH ayJiaHFaH ayja0yra OaJibIKTapblHAH Oeli-
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Hin aneiaabl. Diphyllobotrium latum Tacmansl KypT
— OCBI Cy KOIIMachIH MEKEH/ICUTiH ana0yFa OalbIFbI-
HBIH a0COJIIOTTI JOMUHAHTTHI ntapa3uti. COHABIKTaH
KaIIBINITACKAH napazum-ue Xyheci TaOUFH DKOKY-
fenep ymriH Oipereit xoHe Welepi Mapa3suTTePIiH
Oacka TypJiepiMeH a3 3ayajijlaHFaH SKIePUMEHTTIK
JKaraiiapra OapbIHIA KAKBIH.

MopdhoOHOIOTHSITBIK,  KOHE Tapa3UTOIOTHs-
JBIK 3€pTTeyJiep HMXTHOJOTHsAA Kajmbl KaObli-
JaHFaH oficremenep OoibiHma >Kyprizimmi [11,
12]. banmpikTapasiH ipikTeMeci ayiapMeH ayliaHFaH
Diphyllobotrium latum nepHocinuepiMeH 3ajaii-
JlaHOaFaH JKOHE 3aJIajJIaHFaH JlapaKTap/blH Oip el-
eM - )kKac KypaMbIHaH TYPABI (Kackl + 3 + 4, neHe
y3bIHIbIFRI THICIHIIE 130 — 210 sx0He 140 — 170 MM,
cainmarbl — 100 — 154 sxone 120 — 174 1).

3eprTey OaphIChIHIA TOXipUOEIeri OambIKTap-
JIbIH KaHbI KOHE OYHWPEKTIH JeHe OeJriHeH — Me-
30He(POCTaH KAFBIHIBLIAP ATBIHABI. banbIKTap by
KaHbBIH ayJIayFaH Ke3iHJe KayJ0dKTOMHUS )Kacall KaH
TaMbIPbIHAH AJIIBIK, JICHKOLUTTEP,TiH Kbl CAHBIH
I'opsieB kamepachiHaa 1 MM3 MeaHX epIIiK SiCIIeH
ecenrenik. Kan karsrHapuiaps! [lanmenreiiM omici
ootipiama Oosibl (MBaHoBa, 1983).bosuiran KaH
JKaFBIH/IBUIAPBl OOWBIHINA JIEHKOIMTTEPIIH TMOIY-
JAuusIbIK, Kypamel 200 skacyniaHbl caHay apKbUIbl
aHbIKTANIBl. KaH skacymanapblH Typre AediH coii-
KEeCTEH/IIPY JKaCyMIaNbIK KYPBUIBIMIAPIbIH THHK-
TopuanablK  (00sAynbl KaObUIay) KacHeTTepiHe
HerizgenreH. VMMYHOKOMIETEHTTI MYIICIepaiH
JKaFBIHABUIAPBIH aly YIIIH TiHHIH KilIKeHe Oedi-
ri kecimin amerHabl. ComaH KeiiH Oyn Oelik cy3ri
Kara3blHbIH KOMETIMEH KEeITIPiTiN, KEeCy CBHI3BIFbI
OolbIHA 3aTTHIK IIBIHBI KEHII Jk0He abaiimamn Oip-
Helle peT >KaHACTBIPBUIILL. Mymienep TaHOamapsl
PomanoBckuii-I'mm3a epitinzgicimen Gosiabl [13].
Kacymanapnasr ecentey MC 300 »xapblk MHKpOC-
KOBIHBIH (Micros, ABcTpusi) kemeriMmeH 1350 ece
YIIFAUTBUIBIT JKY3€Te achIpbUIIbl. 3anaijgaHOaran
JKOHE 3aslangaHFaH OalbIKTapAblH OpOip TOOBIHBIH
3000 >xacymacsl ecenTen/ii. 3epTTeyiep HOTHKee-
pi Statistica 6.C Oarnapiamanap nakeTiHiH MaHH—
Yutau (the Mann—Whitney U-test) mamainer emec
KPUTETEPHiH TMaifanaHa OTBIPBII CTATUCTHKAIBIK
OHJICTIII.

3epTTey HATHKeIEPi MeH 0J1apAbl TAJIAAY

Anram per anaOyra OaJbIKTapbIHBIH JU(QHI-
J000TPHO3 MHBA3KCHI Ke3iHIErT Me30He(PpPOCTHIH
JKOHE KAHHBIH JICMKOIUTAPUSIIBIK KYPaMbIHAFbI
e3repicrepi 3eprrenai. JKyprisinren 3seprreyinep-
IIiH HOTWXeCiHae anmadyFa KaHBIHBIH JCHKOIUTTED
KJICTKAJIaphl YIII TOI KAJIbITaCThIpaIbl: 0JacT (op-

MaJbUIap, TPaHYJIOIUTTED >KOHE arpaHyJIOIHUTTED
(1-xecre).

Bapibik 3epTTenreH anadyra TONTapbIHbIH arpa-
HYJIOIIUTTEPI €Ki JUHUSAIAH TYPaJbl: MOHOIIUTAPIIBI
koHE JIMMQONATHL. [lepudeprsTbiK KaHIaFsl MO-
HOLIUTAPJIBIK KaTap TEK MICIM-KETLIIN KeJe KaT-
KaH MOHOIIMTTEPMEH FaHa KOPCETUITeH, OJapIblH
CaJIBICTRIPMAJIBI KOHE aOCOIIOTTIK CaHBI THICIHIIIE
12 xxoHe 33.3 ece enpyip TOMeH, 3ajiaigaHOaraH Oa-
JBIKTapFa Kaparanna (2-kecte). bapnbik 3eprrene-
TiH OaJBIK, TONTAPBIHBIH KaHBIHA TUMpOoOIacTTap-
JIBIH HaKThI IUTOXUMUSUIBIK Oeriiepi 6ap 0JacThIK
JNIEMEHTTEpMEH Kartap auddepeHunanusanoai-
TBIH OJIACTTBIK, XKacymanap aHbIKTaaIbl. OnapibiH
a0COIIOTTIK JKOHE CalBICTHIPMAalibl CaHbl MHBA3US
KYKTbIpFanaapaa 8,7 ece TeMeH, 3ajajiaHOaraH
OanpIkTapra KaparaHma. JIMMGOIMT aHTHUTCHIIIK
ocepre jkayar peTiHae npojudeparus xoHe Jud-
(hepennmaus nporecinae TuMQGoOIaCThIH — YIIKEH,
opTa X8He Killli PYHKIIHMOHAIIBIK, dKETUITeH JIMM(pO-
IIUT CaThICBIHA KYpeai. D. latum nepHacinaepiMeH
3anananFaH  anaOyrFa OaldbIKTAPBIHBIH KAHBIH/IA
JEHKONUTTEPIiH >KajIbl CaHBIHBIH TeMeHneyi 2.3
ece (p < 0.0001) mamaceraaa 6omasl. MHBa3HsIMEH
3anangaHOarad OaNbIKTaAPMEH CabICThIPFAHIA JTUM-
domuTTepain OapablK (hopMalapeIHBIH Oiprmama
TOMEH aOCONIOTTIK caHbl Oaiikanapl: Kimmnepi (2.2
ece), opramanapsl (3.3 ece), yakenzaepi (5.8 ece).
Byn perreri kepceTkimTepain e3repyi Kepi ypaicke
ye OOJIBIN Killli JINM(POLUUTTEP CAaHBIHBIH YIFAIObIHA
anapasl (p < 0.01)), Oy sxacymmanbIK TeHACCTIH Oy-
3BUTYBI.

3ananganraH OanbIKTap KaHBIHBIH HEUTPOQHII-
Jiepi apachlHJa OCBIHIAW 3ayajjaHOaraHIapMeH
CAIIBICTBIPFAH/IA TASIKIIA SAPOJIBI, CETMEHTTIK SIPO-
JBI KJIETKaJapbIHBIH koHe nuddepeHnnananoaran
HelTpodunaepain aOCoMIOTTIK caHbIHBIH 1,5-2 ece
(p <0.001) Toemenmeyi 6atikanmbl. bapiasik 3epTTeI-
red ajmaOyra OaJIbIKTApbIHBIH KaHBIHIA 303MHOMUI
xkoHe 0a30(ui KiIeTKanapbl aHBIKTAIMAJIbI, ajl Ta-
pa3uT IEepHOCUIACPIMEH 3alalgaHFaH OajbIKTap-
JIbIH KaHBIHJIA JKaiFaH 0a30(uI jkacylianapbl Ta-
obuIMaer (1-kecte).

WHBa3usHbBI )KYKTBIpFaH ayadyrajgap Me30Hed-
POCBIHBIH JIEHKOLIUTAPIIBIK KYpaMbIH/Ia TPaHYJIOH-
TapJIbIK MaHbI3/IbI ©3repicTep Oalikanasl (2-kecte).
['panynonutrep apackiHma HEWTpodUIIEp CaHBI
2 ece ynraiinpl. OnapablH CaHJAPBIHBIH OCYi Kac
¢dopmanap ecebineH Oomnapl: Muenouurrep (2,8 ece)
JkoHe MeTamuenonutrep (3 ece). XKamran 303MHO-
¢bugep caHBIHBIH, KepiciHIle, aiTapibIKTail Te-
MeHzieyi (6.6 ece) Heri3iHeH MeTaMHUEIOIUTTEPAIH
JKOFaITybl ecebiHneH 0oinbl (2-kecte). 3amanganran
OasbIKTap/IbIH Me30HEPPOChIHAa TUM(OUATHIK Ka-
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TapJIarsl JICHKOIUTTEP CAHBIHBIH OCBIFAH YKCac TO-
MeHzeyi Oaiikansr (2,1 ece, P < 0,05). byn perre
eJieyJli e3repicTep TeK KaHa KIIETKAHBIH KETLITeH
(hopmanapeiaa 6enrinennui (2,5 ece). [Naitna Gonran
TUTa3MabIK JKacyIIanap/IblH CaHbl a3. 3alaliJlaHFaH
ana0yFaiap/iblH Me30HE(PPOCHIHIa MOHOIIMTAPJIBIK

KaTap/arbl JKacylllanap CaHbIHBIH 1,5 ece a3arobl
aHBIKTAIIRI (2-KecTe).

Sananganrad OajbIKTapiblH KaHBIHJA BaKyOJI-
JTAaHFaH JKacyIIaJbIK JIEMEHTTEep CaHbIHBIH 2,4 ece
keberoi (p < 0.01) >xoHE AAPOTAPHI BIIBIPATHUIFAH
ATUNTIK JTUMQPOLUTTEPIIH Makaa 00ybl OalKaIbl.

1-xecte — Diphyllobotrium latum nepuocingepiMen 3ananganran anabyra Ganbirsl (Perca fluviatilis) KaHBIHBIH JTEHKOLMTAPIIBIK

kypambl (M + mx), (anbiMbiazga) % , (0eTiMiH/Ie) MBIH. MKII.

. Bananganbaran 3aanganrad
Kepeerim OanpikTap (n = 14) OanbikTap (n = 12)
JlelikonuTTED, JKAITBI CAHEI - 56+014 - 20 10207
Eracruma 83+ 115 8.0 £0.86
Ty M2 +576 274.6 + 26.82%*
TnoGracra 2.3+0.62 0.6£0.18
P 114.7 £3821 12.1+4.63
3.6+027 3.8+0.32
Tpomuesouurrep 1843+ 19.15 §7.4 +7.3%
I 473 +221 54.5 £2.45%
MMGOUATH KaTap 2580.5 + 176.64 964.9 + 22,14+
v ‘ 74+082 3.4 40 2%%*
JIKEHICP1 448.3+65.12 78.4 +7.16%%*
R 9.6+1.18 9.1 £0.82
P P 565.6 £ 82.72 164.5 + 8.76%*
Kitieni 322 4+2.04 43.6 + 1.56**
P 1566.4 + 121.42 703.4 = 10.64%%*
M 1.4+ 0.43 0.2 +0.08*
OHOLATTEP 72.4+18.68 2.4 £2.06%**
Heitrpoduune 38.8 +3.48 42.8 £1.80
POQHIACP 20422+ 182.42 1008.6 + + 44.82
Mierommrrre 18.4 + 1.64 7.4 +1.48
1HTTeP 1066.2 +90.86 546.8 £ 18.62%*
M 10.2+0.28 90+1.12
CTAMHCITOLHTICH 568.6 + 82.44 379.2£23.4
6.8 £1.06 3+0.68*
Tasticua siaposbiap 364.6 + 56.16 73+ 12.4%
. 0.8 +£0.64 0.3 £0.24
CermentTi AnposbLTap 46.4 +16.30 8.6 £4.54
42+120 0
JKanran 6asodunmep 314.6 <6342 3
0 0
DosuHodmaep/6azoduiep 0 0
2.6+0.82 6.2+ 0.6%*
Bakyonnanran xacymanap 142.4+£4224 336.2+42.18%

Eckepry. (M £ mx) — KOpCETKILITIH OpTallla MaFrHACHI KOHE OHBIH KaTeJIiri; n — jkaHyapiap CaHbl; 3ajangaHOaraH OanblKTap

TOOBIHAH aifblpMaIbUIBIFEL: *— P < 0.05, ** — P <0.01, *** — P <0.0001; kecrenep 1,2 yurin
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2-kecte — Diphyllobotrium latum nepHacinaepiMeH 3aaniaHraH anadyra OanbIKTapbIHBIH OYHPEKTEPiHiH JCHENIK OomiMiHeri (Me-

30He(pOCTa) JEHKOIUTTIK KypaMbIHBIH 03repyi (M + mx), %-0en

Kepcerkimrep 3anannaH6afaH OamnbIKTap 3allaJ'IZ[aH}"iH OanbIKTap
(n=14) m=12)
Bbnacrynap 20.8+2.14 25.0+1.86
I'panysnouutrep 412+ 148 53.4 £ 1.28%*
Heiirpodumnnep 189+ 1.15 42.6+1.26%*
Muenouurrep 5.8+0.62 15.9 £ 1.08%*
Meramuenonurep 5.6+0.38 18.2 + 1.4%*
Taskma sposnbuiap 6.3+0.62 8.1+£1.32
CerMeHTTi sIpobLIap 1.8+0.42 0.8+0.24
JKanran ro3uHOpUIIED 8.8+ 1.46 1.54+0.12%%*
Muenouuntrep 49+1.26 1.8+0.42
Meramuenouutrep 29+0.82 0*
Taskma spossuiap 2.8+0.98 0.3+0.19
YKanran 6azodunaep 0.18 +0.086 0
Muenouutrep 0.09+ 0.066 0
Taskma saposuIap 0.09 £ 0.058 0
DozuHobuIIEp 0.3+£0.08 0
Bazodunaep 0.5+0.21 0
Bakyonpnenrennep 12.4+1.08 8.4+1.23
ATpaHyIonuTTep 37.6 £2.86 16.8 £2.14*
JlumdonnTe! Karap 38.2+2.96 17.6 £2.14*
[MpomumdonutTep 22.8+2.64 12.4+2.08
JInmdouutrep 16.4+1.16 5.8+£0.66%*
[Ina3marukainsIk sxacyanap 0 0.6 +0.48
MoHOUUTAPIBIK KaTap 0.4+0.14 0.2+0.26
[IpomonouurTep 0.2+0.06 0
Mounouurrep 0.2+0.08 0.2+0.16

JudbummmOoTpro3 WHBA3HACHIHBIH TATOJIOTHS-
JIBIK, TIPOLIECIHIH EPeKIIeiri, IIePOIePKOUATAD
CaTbhICBIHJIA ©3 HEJICPiHiH JCHE KYBICHIHBIH OapJIbIK
00C KEeHICTITIH/E MAPA3HTTIK TIPIIUTIK OPEKETIH JKa-
caif ananpl. [lapasurrep imki Mymienepre MexaHu-
KaJIbIK, ©CcepiMeH Katap Oip Me3riyije OallblK ar3achl-
Ha KYIITI YBITTHI 8cep erei [14, 15].

Juduiano0oTpu3  KO3ABIPFHIIBIHBIH — JACPHO-
cingepi 03 kacylanapblHa apayblK HeciHe 0eTeH
AHTHUTEH/IEP/Ii aJTBIIT JKYPETiH KOl jKacyIaibl opra-
HU3M peTiHze OalblK ar3achlHla UMMYHJIbI JKayar
TyFbI3yFa Kabinerti. COHbIMEH KaTap, mapasuT He
MYIIENIepiHae Te3 OaMbBIl, aWTapibIKTal KeJeM-
re sketenai. Exi jkakkazna KOaabl KaTbIHACTAPIIbI
caKTay MakKcaThlHAa IeCTOJaapJblH HeJIepiHiH
OpraHM3MiHE TiKelel jkoHe )KaHaMa UMMYHOMO/TY-
JSIUSUTBIK, ©CEPiHiH Aoenaepi 6ap [16, 17, 18]. ba-

JbIKTapaa JudGuio00Tpro3 HHBA3USICHIHA UMMYH-
JBIK JKayar MeXaHW3MJIEPiH 3epTTeysiep KOKTHIH
Kachl KoHe (PParMeHTTi.

JleiikounTTepiH, OaNBIKTapAbIH HMMYHIBIK
JKYHeciHiH 06acTbl cepli )Kacylanapsl peTiHae M-
MYHJIBIK OpTaHjapja Iaiga OOJbIN JKOHE KaH Ta-
MBIpJIaphl apHACBIHIA OCIICEeHIII alfHaIBICTa XKYPIIT,
AHTUTEHJIK ocepre Tya OiTKeH jkoHe OeiiMIenTeH
HMMYH/IBIK JKayamnTblH JaMybIH KamMTaMachl3 €Te-
TiHi gonenneHai. CyTKOpeKTiiepre KaparaHma 0a-
JBIKTapZa MMMYHOIOA3/IIH HETI3r MyIIeci pesiH
Oyiipek aTkapazabl. byiipektin 6ac Gemimi (mponed-
pPOC) UMMYHOKOMIIETEHTTI JIEMEHTTEp OHIMIiHIH He-
ri3ri KbI3METIH aTKapatbiHbl Oenriii. Me3onedpoc
— IreMo- )XOHE MMMYHOII03€3, 30p LIBIFapy MpoLec-
TepiHe KaThICAaThIH NOIH(YHKIINOHAIIBI opraH [19,
20]. OneduerTepae AMGULIOO0TPHUO3 WHBAZUICHIH
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KYKTBIpFaH ana0yfa OalbIKTapbIHBIH Me30He(po-
CBHIHBIH JKOHE KAHBIHBIH KACYIIAIBIK, KYPaMbIHBIH
e3repyi Typalibl IepEeKTep KOK.

biznin 3eprreynepimizae D. latum MHBa3UACH
aypy OaibIKTapna eyeyli JEWKOIEeHUs JKOHE UC-
JICHKOTIO03€3 TyAbIpajibl. ByFaH xac, )KeTiJireH HenT-
podunaepain endyip TOMEH AeHIeii JKoHe KaHIaFbl
KaiFaH 0a30(uIIepaiH JKOKTHIFEI Kepceaeni. Ay-
pyFa HIaNABIKKAH ana0yFa OalbIKTapblHIa KOpPFa-
HBIC KOMITEHCATOPJIBIK MIMMYHOJIOTHSUIBIK, PEaKIHsi-
CBIHBIH POJIH Me30He(DpOCTHIH HEUTpobmiIaepaiy
TeMeH nuddepeHnnananFal TypiaepiMeH HHPHUITbT-
paumscel aTkapajabl. byn pette 3ananganFan gapak-
TapabIH JKETIITeH MUKpodartap pe3epsi 3ajaimgaH-
OaraH JapakTaplblH pe3epBIMEH CAIbICTBIPFAHIA
TeMeH, Oya HeHTpoduiiep MeH sxkanran 6a3zodui-
JepJiH KaH TaMbIpJiapbl apHACHIHAH TiHTE KOyl Ty-
paJibl, COHbIMEH Katap nposiudeparus MmeH audde-
peHIMANMATAHYABIH Kiipyl Typajbl alFaKTaijbl.
OchIFaH yKcac KepiHic OYpPBIH alIbIHFaH AePeKTepre
COHMKeC JKETUITeH HeUTpopHIAEpIiH el19yip TOMEH
CaHbIHBIH (POHBIHIA TPAHYJIOUUTONOI3IIH KYIICIOi
Oaifkanmrad, OipaKk TEK MeTaMHENONWT (a3achlHIaa
FaHa Oarikanazer [21].

onberTe, Tacmna KypT ACPHOCUIICPIHIH UMMY-
HOMOZYJISIFSUTBIK ©cepi TIHAEPAiH XKiTi KaOBIHYbIH
Oacyra >koHE Karrmai 3aKbIMIAHYbIH OOJIIBIPMayFa
OarbITTa]FaH. AHBIKTaJIFaH KaHHBIH JIEHKOIMTap-
JBIK Kypambl MMMYHOKOMIIETEHTTIK OpraHjaapjia
KacyIlaJIbIK PE3epBTiH CapKbUTy OeNrijiepiMeH co-
3bUIMAJIBI KAOBIHY TPOLIEC] OTII )KaTKAHBIH KyoJlaH-
TIBIPAJIBL.

O3iHig (aronuro3 OeH xerpaHysusra Kaodi-
JICTTUIITHIH apKachlHAa, KeH ayKbIMIbl aHTHOMOTH-
KaJIBIK, OCITOKTapFa ue HeHTpoduiaep, aFr3aHbl Oak-
TepUsUIapaH )KOHE CaHbIpayKyJIaKTapJaH KOprayFra
katbicaybl [22]. COHIBIKTaH ana0yFaHbIH aF3achIH-
na HehTpounaepAiH (HyHKIIMOHAIIBIK OeICceH -
JITi HETi31HEeH TUIEPOLEPKOUATAP MEeTaOOIM3MIHIH
OHIMZEP] MEH IepHOCUIIEpAIH oCyi HOTHKECiHIIEe
3aKBIMIaHFaH OABIK TIHACPIH CHIPTKBI OPTaFa IIbI-
Fapyra KeJiI Tipesesi.

WuBa3usira ToH eMec MyLIeNepAiH HeHUTpodu-
JIUSICBI TYPIHJIETT IMMYH/IBIK KayarnThiH JaMybIMCH
Karap MMMYHOJCTIPECCUBTIK KYObUIBICTAp OaliKa-
nanel. bi3niH mMamiMerTep OOWBIHINIA ME30HEPpPOC-
Ta JKaiFaH d03MHOGWINEpHiH, (QYHKINOHAIIBIK
xKeTiMereH (opmanapsl eceOiHeH, CaHbIHBIH KYPT
TOMeH/IeYi, KanFaH Oasodunaepain, Oazodunaep-
IIH JKOHE 203MHO(DIIIEPIiH KOHBUTBIT KETYl OPBIH
ananael. KyThIPEBTIH MOJIMETIHIIE, 3allajlaHFaH
OaJBIKTapabIH POHEPPOCHIHAA JICHKOUMTTEPIiH
0JTacTTHIK, (hopMaJIapbIHBIH MPOTUdepaIusIcsl Kap-
KBIHBIHBIH a3al0bl )KOHE THICIHIIE JCUKOIUTTEPAIH
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OapnblK,  (opManapblHbIH TY3UIyiHIH TeMeHAeYi
Oaitkamansr [23, 24].

3ananjanraH ar3anapia MYLIETIK JKacyIlabiK
MMMYHOJICTIPDECCUSI TEMaTOJIOTHSUIBIK PEaKIUSIMEH
yitneceni: nuddepeHnnanmIaHyIbIH 9PTYPIli caThl-
JapBIHAAFBl TPAHYJIONUT KacyllaJapblHbIH IIamMa-
JIBl CaHBl JKOHE KaHJa 303MHO(UIIEPIiH KOKTHIFBI
oenrinenai. Ochutaiiina, TpaHyJIONUTTEPIIH MUTpa-
[USICHI OJIAp/IbIH MIMMYHOII093 MYILEJNEPiHIe OHIi-
pityineH O6ackiM Oomzbl, Oy >KacylIagapAblH OCHI
TYpJepiHiH KaJIbIHA KEeNyiHiH TOJBIK TOKTaFaHBIH
KOHE JKACYIIAJIBIK PE3EPBTiH CapKbLIFAHBIH aifFaK-
TaWIbl.

Do3uHOGUIAEp Mapa3uTTIK aypylap Ke3iH-
neri 3¢ dexTopbiK kacyianap. daronuro3 OcH
JerpanyisinusiFa KaOinmeTTiniri eceOiHeH Oy
Kacymrajiap UMMYHOCYIIPECCUBTI JK9HE YKOFaphI
VBITTHI 32TTap bl 60CaTa OTHIPHIN KOHE UMMYHOT -
JNOOYNUHJEPTe apHAIFaH PEIeNnTopIapbl apKbl-
JIBI TIApa3UTTEPIiH KOIOBUIBIH KaMTaMachl3 eTei
[25, 26]. UMMyHOKOMIIETEHTT] OpraHiapja KoHe
3ayaljjaHFal aja0yFa KaHbIHAA 03WHOGUIIACD-
IiH OoIMaybl OaNmbIKTapIbIH JKacylIalblK ©HIM-
Il MakcaTThl TypJie TexeyiH kepcereni. KaObiHy
mpoueci Ke3iHae Kol MeJiepJe KaHAa aHbIKTa-
JaTBIH 0a30(hUIII KIeTKaTapsIHBIH OHIIPiTyl 20-
3UHOQUIIepre yKcac ToMeHaeH i, conmaii-ak D.
latum nepHacinAepi UMMYHIBIK KYHEHiH Oelcre-
nuUKambIK KOPFaHBIC pEeakNHsICHIH Oacyra Oa-
FBITTAJIFAH UMMYHOJIOTHKAJIBIK TEHIePIMCI3IIKTI
TYJBIPAJIBI.

DKCTIEpUMEHTTEP/IE AJIbIHFAH HOTHXKEJIEp Telb-
MUHT YIIiH 3UsiHIbI KaObIHY UMMYH/IBIK, PEaKI[HsI-
JapAbIH albIH anyFa OarpITTanran OipkaTtap napa-
3UTTEP/IIH KOpFaHy cTpaTterusiiaps [27, 28].

KopbIThIHABI

Ocpsunaiiia, Tacna KypT JAepHOCUIACPIHIH UHBA-
3HSICHI JICHKOLUTTEPAIH OJACTTHIK TYPJIEPiHiH TPO-
mudepanuschliH TOMEHIECTII, jKac TPaHyJIOIUTTep-
IiH nponudepanusicbl MeH IuddepeHInansIChiH
Oysyra oxeneni. JKac rpaHyJNOIUTTEp IUTOYHIT-
TBUIBIK, PEAKIMSICHIH JIAMBITY/Ia JKOHE MapasuTepi
(aroruTosnay/a (KMJUIMHT y)Kacaya) MaHbI3/Ibl PeJl
aTKapaJbl.

WeciniH WMMyHIBIK ‘kayaObl WMMYHHUTETTIH
JUMQPOUITHl OyBIHBIHBIH OCJICEHAUIIrT OONbIHIIA
Jla OaraaH[bl, OHBIH KacyIIaJapbIHBIH UMMYH/IBIK
peakmusIapbl MapasuTTep JAaMyblHa Kapchl OpeKeT
xacan OeiimMIienly HMMYHUTETIHIH Herisri 3¢ dek-
TOpIapkl OOJIBIT TaObLIAABI. baNbIKTapIbIH KaH ai-
HaybIMbIHA T- xoHe B-muMdormtTep aHbIKTaTA B
[29].
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Epecek OanbikTapabiH Oyiperinge Herizi B-
mamdporutTep eHmipieni [30]. B-mumdbomurTep
TUTa3MallbIK JKacyliaiapFa e3repir, aHTUTCH Il K-
MUHAIHsIIayFa OaFbITTAIFAH TYMOPAJbJIbIK, CIICIIH-
(bUKAIBIK, UIMMYHHATET PEaKIUsUIAPbIHA KAThICAIbI,
UMMYHOTJIOOYJIMHACP/AI OKCIPECCUsIIaAIbl  JKOHE
eHJIIpe/Ii.

D. latum nepHocimaepiMeH 3aylajgaHFaH aja-
Oyra OaJbIKTapbIHBIH KaH JUM(OIMTTEPIHIH TOITY-
JSIIMSIIBIK KYPaMBIH 3epTTey OapbIChiHIA Keioip
CPEKIICITKTEP aHBIKTAIABL. JINMQOIUTTEpaiH CaHbI
a3aiiblll, UMMYHOLIMTTEP/IIH Kaita OeiiHyi KeTisi-
TeH Kill JUMQOUUTTEPIiH YIFalobl )KarblHa Kapan
OarbITTATYBIH KOPCETTi. Anaiifa, KaH TUMQPOIUTTE-
piHIH a0CONIOTTIK CAHBIHBIH A TapIBIKTAH a3 00TybI
nponudepaTUBTIK OSICEHIUIIKTIH XoHe TUM(OUI-
TBI KaTapAaFrsl KacymanapasH auddepeHnmponka-
CBIHBIH XKYHelni Oy3buTybIH KopceTeni. IMMyHOKOM-
NETEHTTI MyLIeJepAe NpoiaudepaTuBTIK MPOLECTiH
Oacpurys! Oaiikananel. OceiHgai T-mumbonmTTepi-
HIH TOMEH JIcHTell OaJIbIKTap/IblH JIUTYJIe3 HHBA-
3USICHI Ke31HIe TipKenreH [7].

SamanganraH OaNbIKTapABIH Me30HE(POCHHAA
JTUMQPOUTHIK KaTapJaFbl OapiiblK, JKacyianapablH
a3 CaHbl XOHE IUIA3MAIBIK >KacylIajdapAblH Oipii-
JKapbIM CaHBbl OeNTiNeHIi. AJIBIHFBI 3epTTeyiep-
Jle aIbIHFaH JIepeKTepre coiikec anabyFanapIbiH
npoHedpocsiHAa AUPUIIIOO0TPHO3 Ke3iHae mpo-
muMdoruTTep (asackiHma OCICCHI JKACYIIATBIK
nponudepanus cakTanraH. Ajaiiga Oyn mpoiecc
JKETIreH JUMQOUUTTEp pPE3epBiHIH TOMEHIEYI
JKOHE TUIa3MasIbIK Kacymanap/bslH Oonmaysl as-
ceiHga Aambiabl [30]. Jlemek, 3anangaHraH ana0y-
Fayiapyia CrHelu(UKaIbIK WMMYHJIBIK JKayarThlH
KIIETKAIBIK JKOHE TYMOPAJIbABIK PEeTTeNyiHiH Oy3bI-
JyBI JKOHE JKacylIajdap/blH eKiHII PeTTiK HMMYHO-
KOMIIETEHTT] MyIIeJiepre KoIly MYMKIHIIKTepi 0ap.
3epTTeymiiiepin AepekTepi OoibIHIIA TabaH KOHE
TOpTa OAJBIKTAPBIHBIH, JIUTYJIC3 WHBA3USICHI KE3iH-
Jie, KaHAarbl MIMMYHOTJIOOYIHUHIACP MeJepi KypT
TOMEH/IeN KOUBLIBIT KeTyre OapraH [7].

Tacma KypT JHepHocuiepi OacTalThIH JKacy-
HIAJIBIK TPOLECTEePAiH TEHIepiMCi3Iiri, reMomnon3
MYIIENEPiHiH JeUKOUTTEePAl OHAIPY THIMILIITiH
TOMEH/JICYiHe oKelin, MOppodyHKIMOHAIIBIK OY-
3BUTYJIAP/BIH Maiga OomyslHa BIKHAN ereni. Mbica-
JIBI, 3aJlajIIaHFaH ala0yFajdapIblH KaHbl MCH OYii-
periHeH sApoNapbl OOJIIEKTEHICH JUMQOIUTTED
TaOBLIJIBI.

bBanbikTap/iplH KaHBIHAA BaKyOJJICHICH JKa-
Cyliajap CaHbIHBIH KOOCH1 OChl KJeTKaJlap.IbIH
MaToreHe3re KaThICAThIHBIH KepceTeai. YKcac IH-
TOMOP(OJIOTHSIBIK, ePEKIIEITIKTEP OaTBIKTapIBIH
KONTEreH Mapa3uTo3gapbl MEH TOKCUKO3JIapbIH-

na Oatikanmaapl [7]. AHBIKTaIFaH MOP(OIOTHSIIBIK
aTUNHSIIAp JKacyIIaiapAblH JKeTUTyiH OaKbUTalThIH
MOJICKYJISIPJIBIK,  OY3BUTYJapblH HOTHXKECI JKOHE,
0onkiM, MeTaOONUKAIBIK HMMYHOCYNpECCUsAaH,
Tacma JAepHACUIIEPiHiH alMacy eHIMAEpiHiH acepi-
HEH TYBIHJAFaH.

AJBIHFaH HOTHKeNep, Oip karbiHaH, D. latum
WHBa3WsAChIHA MMMYHJIBIK ‘kayanka ajabyra Oa-
JIBIFBIHBIH ME30HE(POCHIHBIH KaTBICYbIH, EKIiHIII
JKaFbIHAH — UMMYHOJIOTHSUIBIK TOMEOCTa3ablH Oe-
HiMIIeTy MYMKIHIIKTEpPiHIH J9PMEHCI3IriH Kep-
ceTTi. OneduerTepaeri nepexrep OoMbiHIIA Oa-
JBIKTAP/IBIH UMMYHUTETIHIH OeHiMeny TeTikTepi
KYPJIBIKTaFbl OMBIPTKAQJIBUIAPFA KaparaHJa oJci3
nambiFaH. Kerr caH ainyaHJBUIBIKIICH J)KOHE OeJICeH-
JUIIKTIH IIANIaHgbIFEIMEH CHUITATTAlaThIH Oelic-
nenruukanplk Kopray Qakropiapsl Oackim [29].
Ochl mapasuTTiK KyHeae UMMYHJbBl KOpPFayIblH
crnenu(UKaNbIK TETIKTEPl KYMBIC icTeMenmi, ai
AMMYHUTETTIH crienuuKaIblK emec (hakTopiaapbl-
HBIH JKYMBIC ICTEYIHJE TEHIepiMCI3IiK TybIHIA-
Ibl. 3epTTeyNIepAiH HOTHXKECiHeH Oenriii, Taburn
JKOHE JKCIIEPUMEHTTIK jKaFmaiiapaa amadyra Oa-
JBIKTAPBIHBIH JIapaKTapbl eMip cypy OapbIChIHIIA
KeM JiereHjie eki pet D. latum niepouepKouaTaphl-
MEH 3aJIajIIaHaIbl, SFHU Naiijga O0JFaH MMYHHUTET
COJl TMapasuT TYPIMEH pEeuHBA3UsIapFa KaTBICTHI
THIMCI3 OOJIBII IIBIFabL.

Oceunaiima, D. latum wHBa3HUICH anabyra 0aibl-
Fbl KaHHBIH JICHKOIUTAPIBbIK KypaMbIHIA e3repic-
TEp TyHABIpasbl )KOHE ME30HEe(POCHIHAA KaH KIIETK-
JapeIHBIH Ty3UTyiH Oy3azpl. MHBazus maMmybiHIa
napasum-Koxcaiibly JKyHecinae MMMYH/IBIK JKayarl-
TBI PETTEHTIH MEXaHU3MJIEP 1CKE KOCBUIBII KapbIM-
KaThIHAC JKiTi KAOBIHY PEaKIMsICHIH TeKEYTe KOHEe
BIICI3 CO3BUIMAIIBI KAOBIHYIBIH JaMybIHA OKEJICTIHIH
kepceTTi. UMMmyHHUTeTTIH B-uMponnTapibik Oybi-
HBIH KaHJAaHJBIPBUTYbl [UTOYBITTHI PEaKIUsIapFa
OeJiceHal KaTbIcaThlH (aKTOPIApAbIH KACYIIAIBIK,
JieTeHEepalUsCBIMEH XKOHE NMMYHOCYNPECCHUsT TIPO-
mecrepiMeH icke acwlpsliabl. D. latum — anabyea
KYHeciHaeri OapiblK, KaTblHACTAP €Ki JKaKThl Yii-
nectipyre OarbITTaJIFaH.

Makana aBropaapbl «bayblK MIapyamibLIbl-
FBl FBUIBIMH-OHJIPICTIK opTanbirbiHbHY BT FOO
FBUIBIMH KbI3MeTKepi bekrypos oyner Ceiinira-
muyneiHa [apaapa cy KoHMachIHBIH OaabIKTaphIH
ayJayra KoHE aHbIKTayFa KOMEKTECKEeHI YIIiH pu-
3alIBUIBIKTapBIH OLTIIpesi.

Kymeic AbGaii ateramarel KasYIIY Ownonorms
kadeapaceiabiH «Ka3zakcTaHHBIH OHTYCTIr MEH OH-
TYCTIK-IIBIFBICBIH/IAFBI CY XKYHenepiHiH Onomorus-
JBIK, aITyaHTYPIUTITD) FRUIBIMA OaFaapiiaMachIHbIH
AsICBIHJIA OPBIH/IAJIFaH.
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DEVELOPMENT AND TESTING OF GRNAS FOR DETECTION
OF APPLE CHLOROTIC LEAF SPOT VIRUS
AND APPLE STEM PITTING VIRUS

The present study provides a comprehensive account of the advancement and utilization of guide
RNAs (gRNAs) through the utilization of CRISPR/Cas systems in the identification of two prominent
apple viruses, namely Apple Chlorotic Leaf Spot Virus (ACLSV) and Apple Stem Pitting Virus (ASPV).
The presence of these viruses presents significant risks to the worldwide apple production industry, due
to their adverse effects on fruit quality and yield. The primary objective of this study is to investigate the
utilization of CRISPR technology, namely the CRISPR/Cas12a and Cas13a systems, when employed for
accurate and highly sensitive diagnostic applications. The present methodology focuses on exploiting
conserved areas within the viral genome to improve the efficacy of detection.

The methodology involves the development of guide RNAs (gRNAs) that selectively bind to con-
served areas within the viral genomes of ACLSV and ASPV. This is achieved by the application of
bioinformatics techniques, which aim to reduce unintended effects and enhance the specificity of the
targeting. The first stage of in vitro testing entails the production of synthetic viral RNA, followed by live
plant testing to verify the efficacy of the gRNAs in real-world settings. Furthermore, the research project
includes the generation of complete cDNA clones of the viruses in order to enhance comprehension of
their genomic architectures, a critical aspect in the improvement of gRNA designs.

This study highlights the incorporation of sophisticated genomic methodologies alongside conven-
tional virology approaches in order to enhance the identification and control of plant viral illnesses. The
objective is to enhance agricultural well-being and productivity by develop novel diagnostic strategies.

Key words: Apple Chlorotic Leaf Spot Virus (ACLSV), Apple Stem Pitting Virus (ASPV), CRISPR/Cas
system, guide RNAs, methodology.
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AAMA XanblpaFbIHbIH, XAOPOTUKAABIK, AAKTapbIHbIH, BAPYCbIH
)KOHE aAMa aFallbIHbIH, LUYHKbIPAAPbIHbIH, BUPYCbIH aHbIKTAy YLUiH
rPHK a3ipAey xaHe cbiHay

ByA 3epTTey eki 6eAriAi aAmMa BUPYCbIH, atan anTKaHAQ, aAMaHbIH XAOPOTUKAABIK, XKarblPaKTbl AAK,
BUPYCbIH (ACLSV) >xeHe aaMa aFallbiHbIH, WYHKbIPbIHbIH BUPYCbiH (ASPV) aHbikTay yuwiH CRISPR/Cas
>KyMeAepiH nanaasaHy apkbiabl 6arbiTtayibl PHK-Aapabl (barbittaybin PHK) a3ipAey >xkaHe nanaasaHy
TypaAbl >kaH-XaKTbl ecen 6epeai. . bya BupyctapabliH 60AybI KahaHAbIK, aAMa 6HepKaciOiHe oAapAbIH
>KeMIC carnacbl MeH eHiMiHe Tepic acep eTyiHe 6GalAaHbICTbl eAeyAi Kayin TeHaipeai. bya 3epTreyain
Herisri makcatbl CRISPR TexHoAorusicbiH, aTtan antkaHaa CRISPR/Cas12a >xaHe Casl3a >kyiheaepiH
ADA >KOHE XKOFapbl Ce3iMTaA AMAarHOCTUKAABIK, KOAAAHBaAAAp YLLiH ManAaAaHFaH Ke3AE ManAaAaHyAbl
3epTTey 60AbIN TabblAaabl. Kasipri aaicteme aHbiKTay TUIMAIAITIH apTTbIPY YLIiH BUPYCTbIK, FEHOMAFbI
CaKTaAFaH alMaKTapAbl ManaasaHyra GaFbITTaAFaH.

oaicteme ACLSV >xaHe ASPV BMPYCTbIK, FreHOMAAPbIHAQFbI CaKTaAFaH alMMakTapMeH TaHAAMaAbl
Typae 6anaarbicaTbiH GarbiTTayuwbl PHK (GRNAS) a3ipaeyai kKamTrabl. ByA Makcatcbi3 6ainAaHbICTbIpy
acepAepiHasanTyrakeHe 6arbiTTayLibl PHK MakcaTTbIAbIFbIH apTTbIpyFa 6aFbliTTaAFaH GrMomHpopMaTHKa
BAICTEPIH KOAAAHY apKbIAbl KOA XKeTKidiAeal. In vitro TecTiaeyaiH 6ipiHWI Ke3eHi CUMHTETMKAABIK,
BMpycTbiK, PHK eHAipyAi KaMTUADBI, COAQH KeliH HaKTbl 9AeM XaFaanbiHaa rPHK TuiMaiAiriH Tekcepy
YLWiH Tipi eciMaikTepae CbiHakTaH eTeal. COHbIMEH KaTap, 3epTTey MaKcaTbl BUPYCTapAbIH TOAbIK, CDNA
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cDNA KAOHA@pbIH reHepauusiAayAbl KAMTHMABI, OAQPAbIH FT€HOMABIK, apXUTEKTYpacbiH TYCIHYAI ak-
capty, 6ya gRNA AM3aiHbIH XKakCcapTyAblH MaHbI3Abl aCMeKTICi.

KyMbIC ©CIMAIKTEPAIH BUPYCTBIK, aypyAapbliH aHbIKTay MeH 6akbiAayAbl XKaKCapTy YILiH ASCTYPAI
BUPYCOAOTUSIAbIK, TOCIAAEPMEH KaTap KYPAEAI T€HOMADIK, dAICTEMEAEPAI eHTi3YAIH MaHbI3AbIAbIFbIH
KepceTeai. MakcaT — >kaHa AMArHOCTMKAABIK, CTPaTernsaAapAbl 83ipAey apKblAbl ayblA LapyallbIAbIFbl-
HbIH 8A-ayKaTbl MEH BHIMAIAITH apTTbIpy.

TyiiH ce3aep: aAMaHbIH, XAOPOTMKAABIK, >Karblpak, AAKTapbiHbIH BUPYCbl (ACLSV), aama WyHKbIpbI-
HbIH, BUpYCbl (ASPV), CRISPR/Cas >xyiteci, Hyckayabik, PHK, aaicteme.
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Pa3pa6oTka u TectupoBarme rPHK aast o6Hapy>xeHust BUupyca
XAOPOTUYECKOM MATHUCTOCTU AMCTbEB SIOAOHM
M BMpYyCa SIMYATOCTH APeBeCHHbI I6AOHU

B AaHHOM McCAeAOBaHMM MPEACTAaBAEH BCECTOPOHHWUI OTYET O PasBUTMU M MCMOAb30BAHMM Ha-
npasastowmx PHK (rmaosbix PHK) nocpeactBom mcrnioab3oBarms cuctem CRISPR/Cas AAst MAEHTU-
rKaumMm ABYX M3BECTHbBIX BUPYCOB S6AOK, @ UMEHHO BMPYCa XAOPOTUYECKOW MATHUCTOCTU AMCTbEB
96A0K (ACLSV) m BMpyca SiMYaToCTh ApeBecuHbl 16A0HM (ASPV). HaAnume 3Tux BUPYCOB NpeACTaBAs-
€T 3HaUNTEAbHbIE PUCKM AAS MMPOBOI MHAYCTPMM MPOU3BOACTBA S6AOK M3-32 MX HEGAArONPUSTHOIO
BO3AENCTBMS Ha KQYeCTBO M YPOXKaMHOCTb NMAOAOB. OCHOBHOM LIeAbIO AQHHOTO MCCAEAOBAHUS SIBAS-
eTcs M3yueHue mcrnoAb3osanms texHoaormm CRISPR, a meHHo cuctem CRISPR/Cas12a 1 Cas13a, npum
MCMOABb30BaHNN AAS TOUHBIX M BbICOKOUYYBCTBUTEABHBIX AMArHOCTUYECKMX MPUAOXKeHMI. HacTosduas
METOAOAOTMSI (hOKYCHPYETCS HA UCTIOAb30BAHMM KOHCEPBATMBHbIX 0OAACTEN B BUPYCHOM FE€HOME AAS
NoBblIleHNs 3PPEKTUBHOCTU 0OHaPY>KEeHMS.

MeTtoaonaorus BkalouaeT paspaboTky Harnpaeasiowmx PHK (rPHK), koTopble ceAekTMBHO CBsI3biBa-
IOTCS C KOHCepBaTMBHbIMM 06AACTSIMM B BUPYCHbIX reHoMax ACLSV n ASPV. 31o aAocTuraercs nytem
NMPUMEHEHUST METOAOB OUMOMH(POPMATHKM, KOTOpPbIE HampaBAEHbl HAa CHUXXEHWE HerpeAHaMepeHHbIX
3(pheKTOB CBA3bIBAHMS U MOBbIWEHWE CneudUUYHOCTM HaueAnBaHus Hanpasasiowmx PHK. TMepBbii
3Tan TeCTUPOBaHUS in Vitro BKAIOYaeT NMPOM3BOACTBO CUHTeTUYecKol BupycHoi PHK, 3a koTopbim cae-
AYeT TeCTMPOBAHWE >KMBbIX PacTeHUn AAS NpoBepkn 3hdekTMBHOCTM gRNA B peaAbHbIX YCAOBUSX.
Kpome TOro, LeAb MCCAEAOBAHMS BKAKOYaeT B cebst co3paHue MOAHbIX KAOHOB KAHK Bupycoe aas
YAYULLEHWNS MOHMMAHUS X TEHOMHOM apXMTEKTYPbl, UTO SBASETCS KPUTUUYECKMM aCMeKTOM B YAyuLLle-
HUU KOHCTPYKLMIA gRNA.

B paboTe noaAuepKMBaETCSl BAKHOCTb BKAIOUYEHUSI CAOXKHbBIX FTEHOMHbIX METOAOAOIMI HAPSIAY C Tpa-
AVLMOHHBIMU MOAXOAAMM BUPYCOAOTUM AASE YAYULLIEHWSI MAEHTU(UKALIMM U KOHTPOAS BUPYCHbIX 3a60-
A€BaHMin pacTeHun. LleAb cocTouT B TOM, YTOObI MOBbLICUTbH CEAbCKOXO3MCTBEHHOE BAArOCOCTOSIHME U
NPOM3BOAMUTEABHOCTb MyTEM Pa3paboOTKM HOBbIX AMArHOCTUYECKMX CTPATEruid.

KAroueBble cAOBa: BMPYC XAOPOTMYECKOM MATHUCTOCTU AMCTbeB s16A0HM (ACLSV), BupycC simuato-
ct1 apeBecntbl 16A0HM (ASPV), CRISPR/Cas cuctema, Hanpasasiowme PHK, meToaoAorms.

Introduction

Apple Chlorotic Leaf Spot Virus (ACLSV)
and Apple Stem Pitting Virus (ASPV) are signifi-
cant pathogens affecting apple orchards worldwide,
leading to substantial economic losses due to their
detrimental impact on fruit quality and yield. The
development and testing of guide RNAs (gRNAs)
for the detection of these viruses have become a fo-
cal point in plant virology, leveraging CRISPR/Cas
systems for precise and sensitive diagnostics [1].

For ACLSV, the coat protein (CP) gene and
movement protein (MP) gene regions are common-

ly targeted due to their conserved sequences among
different isolates [2]. Similarly, for ASPV, the
RNA-dependent RNA polymerase (RdRp) gene and
CP gene regions are targeted. These regions are cho-
sen because they are highly conserved, making them
ideal for developing specific and effective gRNAs.
Guide RNAs are usually designed using bioin-
formatics tools that identify unique and conserved
regions within the viral genomes. Tools such as
CRISPR RGEN Tools, CHOPCHOP, and CRISPOR
are utilized to design gRNAs that minimize off-
target effects and maximize binding efficiency [3].
This careful design process ensures that the gRNAs
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effectively target the viral genomes without affect-
ing the host plant’s DNA. Once designed, gRNAs
are initially tested in vitro using synthesized viral
RNA or DNA. Systems such as Casl2a (Cpfl) or
Casl13a, which are particularly suited for RNA tar-
geting, can be employed [4]. Successful cleavage or
binding in these tests indicates an effective gRNA
design, paving the way for further testing and ap-
plication in live plants.

Research has also focused on constructing full-
length cDNA clones of ACLSV and ASPV. Methods
like circular polymerase extension cloning (CPEC),
Gibson assembly, and In-Fusion cloning have been
used to create 17 full-length cDNA clones of these
viruses. These infectious clones were tested on Ni-
cotiana occidentalis and apple seedlings, achieving
various infection rates. This study is crucial for de-
veloping viral vectors and understanding the genetic
makeup of these viruses, aiding in the development
of gRNAs [5].

Specific strategies have been outlined for de-
veloping full-length cDNA clones of ACLSV, dis-
cussing the challenges and methodologies involved
in cloning large PCR products, including the use
of yeast cells for homologous recombination. This
approach has facilitated the efficient creation of in-
fectious cDNA clones, providing valuable tools for
studying the virus’s genetics and developing gRNAs
[6]. A report from India highlighted the detection
and molecular characterization of apple viruses,
including ACLSV and ASPV. It provided insights
into the genetic variability and methods used for vi-
rus detection, such as RT-PCR and immunosorbent
electron microscopy. Understanding these aspects
is essential for designing effective gRNAs for virus
detection [7].

Additionally, research on the effect of thermo-
therapy on the elimination of Apple Stem Grooving
Virus (ASGV) and ACLSV from in vitro-cultured
pear shoot tips provides insights that can inform
similar strategies for apple. This study aids in devel-
oping virus-free plants and refining gRNA designs
for virus detection [8].

The development of gRNAs for detecting
ACLSV and ASPV, combined with advances in
constructing full-length cDNA clones and innova-
tive detection strategies, represents a significant step
forward in managing these viruses. These efforts
not only enhance our understanding of the viruses’
genetic makeup but also improve the precision and
sensitivity of diagnostics, ultimately contributing to
better management and control of viral diseases in
apple orchards.
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Materials and methods

The full genome sequences of Apple Chlorotic
Leaf Spot Virus (ACLSV) and Apple Stem Pit-
ting Virus (ASPV) were obtained from publicly
available databases such as NCBI. Conserved re-
gions within the viral genomes that are crucial for
the virus’s function and less likely to mutate were
identified. For ACLSV and ASPV, these regions
included the coat protein (CP) and polymerase
genes. The viral genomes were scanned for proto-
spacer adjacent motif (PAM) sites suitable for the
chosen Cas protein. Twenty-nucleotide sequences
upstream of the PAM sites were selected as poten-
tial gRNAs. Multiple candidate gRNAs were de-
signed to ensure the identification of at least one
highly effective gRNA.

Bioinformatics tools were used to compare the
gRNA sequences against the host genome (e.g.,
apple genome) to predict and avoid off-target ef-
fects. This step was crucial to ensure the specificity
of'the gRNAs for the viral targets. Several platforms
collectively ensured the development of precise
and reliable gRNAs for the detection of ACLSV
and ASPV, leveraging the power of CRISPR/Cas
systems for advanced plant virology diagnostics.
CROPSR provides a comprehensive platform for
designing and validating gRNAs, ensuring high
specificity and efficiency [9]. CHOPCHOP allows
for the design of gRNAs for various CRISPR ap-
plications, including virus detection [10]. And E-
CRISP offers off-target prediction and scoring for
¢RNA efficacy and specificity, aiding in the selec-
tion of the most effective gRNAs [11].

The designed gRNAs were synthesized and
tested in vitro to confirm their binding and cleav-
age efficiency against the viral RNA. Reverse Tran-
scription Recombinase Polymerase Amplification
(RT-RPA) and Loop-mediated Isothermal Amplifi-
cation (LAMP) was used to amplify the RNA targets
[12]. Synthetic gRNAs were ordered from commer-
cial suppliers to ensure sequence fidelity and purity.
Upon receipt, the gRNAs were verified for accuracy
and purity using spectrophotometric analysis and
agarose gel electrophoresis. Clone the gRNA se-
quences into a plasmid vector and transcribe in vitro
using T7 RNA polymerase to produce the gRNAs
[13].

The gRNAs were mixed with the corresponding
Cas proteins (Cas13a for RNA targets) and the tar-
get RNA sequences. Casl3 enzyme was combined
with the transcribed gRNA in the reaction buffer as
per the manufacturer’s instructions. The reaction



K.S. Adilbayeva et al.

mixtures were incubated under optimal conditions
for cleavage. Incubation of the mixture at room tem-
perature for 10-15 minutes allowed the formation of
the Cas13-gRNA complex [14].

Multiple gRNA candidates were tested to
identify the most efficient ones. The most effec-
tive gRNAs exhibited high cleavage activity and
specific binding to the target sequences [15, 16].
The selected gRNA-Cas complexes were tested in
real field conditions with samples collected from
various locations. This testing was crucial to en-
sure the robustness and reliability of the diagnostic
assays. Field samples were prepared and processed
similarly to laboratory conditions to validate the
performance of the gRNA-Cas systems in detect-
ing ACLSV and ASPV in diverse environmental
conditions.

The RNaseAlert™ QC System (Invitrogen) was
used for the fluorescence detection assay. The RNA
substrate was added to the Cas13-gRNA complex,
and the reaction mixture was prepared in a total vol-
ume of 20 pL as follows: 2 uL Casl3 enzyme, 4
pL gRNA, 2 uL RNA substrate, 2 pL fluorescent
dye from the Allert RNA kit, and 10 pL reaction
buffer. The components were mixed thoroughly by
pipetting up and down and incubated at 37°C for 1
hour in a PCR thermocycler. After that, the reaction
mixture was transferred to a microplate suitable for
fluorescence measurement. The fluorescence inten-
sity was measured using a microplate reader at an
excitation wavelength of 488 nm and an emission
wavelength of 518 nm.

Fluorescence intensity was measured over a pe-
riod of 60 minutes, with readings taken every 5 min-
utes. This method provides a reliable approach for
detecting Cas13 enzyme activity using fluorescence,
which is critical for evaluating the effectiveness of
designed gRNAs in targeting specific plant RNA vi-
ruses.

Results and discussion

NCBI databases provided the complete genomic
sequences of ACLSV and ASPV. Conserved sec-
tions of viral genomes that are essential to their
function and less prone to mutate were found. These
sections contained the coat protein (CP) and poly-
merase genes for ACLSV and ASPV [2]. The viral
genomes were searched for Cas protein-compatible
protospacer adjacent motif (PAM) locations. Twen-
ty-nucleotide sequences upstream of PAM sites
showed promise as gRNAs. To find at least one
highly effective gRNA, multiple candidate gRNAs
were created.

Conserved regions within the coat protein (CP)
and polymerase genes were selected as target sites
due to their essential roles in viral function and
low mutation rates [2]. Using bioinformatics tools
like CROPSR Tools, CHOPCHOP, and E-CRISP,
multiple gRNA candidates were designed to ensure
specificity and minimize off-target effects [3].

Restriction enzyme sites (e.g., Pstl, Sstl, Sacl,
Alul, Taql, Xhol, Aval) were used to facilitate the
cloning and validation of the target regions. The
precise positioning of these sites within the target
sequences was critical for ensuring accurate and
efficient gRNA function. The Figure 1 provided
appears to illustrate the design of guide RNAs
(gRNAs) for the detection of Apple Chlorotic Leaf
Spot Virus (ACLSV). The sequence shown in the
middle of the diagram represents the target region
in the ACLSV genome. The nucleotides are color-
coded (Adenine — Green, Thymine — Red, Cytosine
— Blue, Guanine — Yellow), which helps in easily
identifying the base pairs. The sequence starts with
“CTG” and ends with “GAG”, spanning a total of
approximately 88 bases as indicated by the scale at
the top. AC-2 and AC-1: These green arrows likely
represent the binding sites for two different gRNAs
(AC-2 and AC-1). Each gRNA is designed to bind
to a specific sequence within the target region. AC-
2: Positioned from approximately base 30 to 50.
AC-1: Positioned from approximately base 50 to 70.

The diagram includes several restriction enzyme
sites marked by blue triangles and labeled with their
corresponding cut sites.

These sites are useful for cloning and validating
the target sequences in various molecular biology
applications.

AC-1-2-up-cont: The yellow arrow labeled as
“AC-1-2-up-cont” likely represents a control se-
quence or a continuous sequence encompassing the
regions targeted by both AC-1 and AC-2 gRNAs.
This could be used as a control to ensure that both
gRNAs are effectively targeting the desired region.

The sequence shown in Figure 2 is a segment
of a viral genome chosen for gRNA targeting of
Stem Pitting Virus. It includes nucleotide positions
and various restriction enzyme sites (e.g., Pstl, Sstl,
Sacl, Alul, Taql, Xhol, Aval) critical for manipu-
lation and validation. These sites create specific
DNA cuts, facilitating cloning and validation pro-
cesses. Positions of these sites are marked within
the sequence. Green arrows labeled Asp-1, Asp-2,
and Asp-3 indicate gRNA binding regions, selected
to encompass protospacer adjacent motif (PAM)
sites required for Cas protein binding and cleavage.
Each gRNA binding region is aligned with the tar-
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get sequence to show precise nucleotide positions,
ensuring correct positioning relative to PAM and re-
striction enzyme sites. Flanking sequences labeled
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Figure 2 — The design of guide RNA for the detection
of *Stem Pitting Virus (ASPV)

Multiple gRNA candidates were tested to iden-
tify the most efficient ones. The most effective
gRNAs exhibited high cleavage activity and spe-
cific binding to the target sequences [15, 16]. The
activity of the Cas13 enzyme with gRNA constructs
targeting ACLSV and ASPV was monitored using
the RNaseAlert Fluorescence Detection Kit. Fluo-
rescence intensity was measured over a period of
60 minutes, with readings taken every 5 minutes.
The graph (Figure 3) illustrates the activity of the
Casl3 enzyme with a gRNA targeting ACLSV. The
x-axis represents time in minutes, ranging from 0 to
60 minutes, while the y-axis represents fluorescence
intensity measured in units. The blue line with circu-
lar markers denotes the fluorescence intensity over
time, indicating the enzyme activity. Key observa-
tions from the graph include an initial phase (0-10
minutes) with a gradual increase in fluorescence in-
tensity, an intermediate phase (10-30 minutes) with
a steeper increase, and a later phase (30-60 minutes)
with a steady linear trend, indicating consistent and
efficient RNA substrate cleavage by the Casl3-
gRNA complex (Figure 3).

The second graph (Figure 4) shows the activity
of the Cas13 enzyme with a gRNA targeting ASPV.
Similar to the first graph, the x-axis represents time
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in minutes, while the y-axis shows fluorescence in-
tensity in units. The green line with circle markers
shows fluorescence intensity with time. The Cas13-
gRNA complex efficiently and consistently cleaves
the RNA substrate (Figure 4). The fluorescence in-
tensity increases gradually (0-10 minutes), steeper
(10-30 minutes), and linearly (30-60 minutes).

The acquired data revealed a progressive rise in
fluorescence intensity over time, providing evidence
of the effective cleavage of the RNA substrate by
the Cas13-gRNA complex. The constructs demon-
strated contrasting rates of enzyme activity, wherein
the gRNA targeting ACLSV displayed a marginally
more rapid flux rise in fluorescence in comparison
to the gRNA targeting ASPV. The findings of this
study provide confirmation of the effectiveness and
selectivity of the gRNA-Cas13 complexes in specif-
icizing and cleaving RNA substrates that are unique
to ACLSV and ASPV. The observed disparity in
the rate of fluorescence propagation between the
two gRNA constructs implies potential variations
in their binding affinity and cleavage effectiveness.
The present observation aligns with prior research
that underscores the heterogeneity in the efficacy of
various gRNA designs when subjected to compa-
rable circumstances [14, 17].



K.S. Adilbayeva et al.

Flugrescence [uniks)

Fluorescence (units)

Casl3 Enzyme Activity with gRNA for the ACLSV

1000 | == gRMNA [ACLSV)

500 4

800 1

700 1

300

200

100 A

I} T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55
Time {minutes)

Figure 3 — Cas13 Enzyme Activity with gRNA Targeting ACLSV
(Apple Chlorotic Leaf Spot Virus)
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Figure 4 — Cas13 Enzyme Activity with gRNA Targeting ASPV
(Apple Stem Pitting Virus)
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Field testing with samples collected from vari-
ous apple orchards validated the robustness and re-
liability of our diagnostic assays. Using isothermal
amplification methods such as RPA and LAMP, fol-
lowed by CRISPR/Cas-mediated detection, fluores-
cence signals indicative of successful target cleav-
age confirmed the presence of the target virus [18].
The SHERLOCK system, which combines isother-
mal amplification with CRISPR/Cas-mediated de-
tection, demonstrated high sensitivity and specific-
ity. Utilizing Cas13a for RNA targets, SHERLOCK
was successfully employed to detect viruses such
as ACLSV and ASPV in field samples, proving its
reliability under diverse environmental conditions
[19-22].

CRISPR technology, especially the Cas12 and
Cas13 systems, holds significant potential for the
detection and management of both RNA and DNA
viruses. Casl2a (Cpfl) targets DNA and induces
double-strand breaks, making it ideal for detect-
ing DNA viruses. Conversely, Casl3a targets
RNA and induces collateral cleavage of single-
stranded RNA, which is useful for detecting RNA
viruses [23]. The versatility of these systems al-
lows for the development of diagnostic tools that
can be tailored to the genetic material of various
pathogens.

The SHERLOCK (Specific High-sensitivity
Enzymatic Reporter unLOCKing) system, which
leverages both Cas12 and Cas13, combines isother-
mal amplification with CRISPR-based detection to
achieve high sensitivity and specificity. This system
has been successfully used to detect viruses such as
Zika and Dengue in clinical samples, demonstrating
its broad applicability [24, 25].

Furthermore, the CRISPR/Cas systems offer
rapid and portable diagnostic capabilities. Recent
advancements have led to the development of paper-
based assays that can detect viral nucleic acids with-
in an hour, making them suitable for point-of-care
diagnostics in remote and resource-limited settings
[12]. The ability to quickly and accurately identify
viral infections is crucial for controlling outbreaks
and implementing timely interventions.

Conclusion

The integration of advanced bioinformatics for
gRNA design, combined with rigorous in vitro and
field validation, ensures the development of precise
and reliable gRNAs for plant virus detection. The
SHERLOCK system represents a powerful diagnos-
tic method in plant virology, offering the sensitivity,
specificity, and robustness necessary for effective
virus management in apple orchards. The expand-
ing capabilities of CRISPR technology continue to
revolutionize virus detection and hold promise for
managing viral outbreaks in agriculture and beyond.
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FT’OPMOHAAADbI KAH CAPBICYbIH CAKTAY
SAICTEPIH XETIAAIPY

ByA Makaraaa 6yas Gue KaH capblCyHbIH FOPMOHAAADI KYPaMblH CakTay 8AICTEPiHIH, TUIMAIAITT MeH
acepi3epTTeAai. FOHaAOTPONTbI KaH CapbICybIHbIH XKOFapbl LWOFbIPbI HETi3iHEH Oya3s Gue KaH capbiCyblHAA
6ankarabl. CoHAbIKTaH, Gya3 GueAepAeH KaH capbiCybiH OOAIN aAy KeAeMi OCbl FOPMOHAAPAbI aAy
MYMKIHAITIH apTTbipasbl. bya3 6ue KaHblHAaH TOHAAOTPOMTbI CapbICyAbl OGOAIN aAyAblH SPTYPAI
TOCIAAEPI KOAAQHBIAABI JK8HE OAapAbIH TUIMAIAIT 3epTTeaai. byas Gue KaHblHaH rOHAAOTPONTbI
capbiCyAbl OOAIN aAyAa AUMOH KbILLKbIAABI epPiTiHAIAEPAT KOAAAHY (5%-7,5%) eH TUIMAI TACIA peTiHae
aHblKTaAAbl. KaH capbiCyblH GOAIM aAyAbl >KbIAAAMAATATbIH >KaHA TEXHOAOIMS ayblALLAPYaLLbIAbIFbI
OGMOTEXHOAOIMSCbIHA EHIi3reH XarAaiAa rOHaAOTPONTbl BEACEHAIAITT XKOFapbl FOPMOHAAbAbI CapbICy
KeAeMiH opTawa ecenneH 55,8 +0,5% >ofapblraTasbl, ABCTYPAI daicTepre kaparaHaa 9,1+0,9%
apTbIKLWbIAbIFbI 6arkaAasbl. EH >kaHalla XeTicTik aAralukbl peT Oya3 Gue KaH capbiCyblH GOAIN aAy
TEXHOAOIMSCbIHA AMMOH KbIWLKbIAAbI EPITIHAIHI KOAAAHY TOpPTibi eHriziaai. ByA >KeTiaaipiareH Tacia
Oya3 O6ume KaHblHAaH CapbICyblH GOAIN aAy MPOLECCiH XXblIAAAMAATaAbl >kaHe keAeMiH 1,7+0,1 ecere
apTTbipaAbl. COHbIMEH KaTap 8pTYpPAi epiTiIHAIAEP apKbIAbl aAbIHFaH KAH CapbICyblHbIH, TOHAAOTPONThI
GEACEHAIAITT CaAbICTbIPbIAAbL. Byas 61e KaHblHaH CapbICyAbl OOAIM aAy YiLiH KOAAAHbIAFAH epiTiHAIAep
AAbIHFAH TOPMOHaAbAbI MpenapaTTbiH GeACeHAjAIriHe Turisep ocepi >kofFapbl 6OAATbIHAIAbIFbI
aHbIKTAAAbI >K&HE KaH CapbICyblHbIH GeACeHAIAIr 144,5 ME/MA — 244,7 ME/MA apaAblFbiHAQ BOAAbI.
YKaAnbl AUMOH KbILLKbIAbI €PITIHAICI apPKbIAbl aAbIHFAH KaH CapbICYbIHbIH, FOHAAOTPOMThbI OEACEHAIAITI
ALETUA KbILLKbIAABI XXBHE XAOPAbI HAaTPUI ePITIHAIAEPIMEH aAblHFAH CapbiCyAapfFa KapafFaHAQ >KOFapbl
6GOAAbI, AMMOH KbILKbIABIMEH aAblHFAH capbIiCyAblH 6eAceHaiairi 80,5 ME/MA — 100,2 ME/MA apTbiK,
60AAbl. BYA 3epTTeyaep 6yas OGue KaHbiHAH FOHAAOTPOMThl FOPMOHAAPAbI TMIMAI 8pi >KbiAsaM GeAin
AAY YLUIH AMMOH KbILKbIAABI €PITIHAIAEPAT KOAAQHYADBIH aPTbIKLWbIABIFbIH ADAEAAEAI.

Ty¥iH ce3aep: roHaAOTPOMNUH, SHAOKPUHOAOTMS, FOPMOH, FOPMOHAAbAbI Mpernapar, >kaHyap, KaH
capbICybl, KOHCEpBaUmsl.
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Improvement of methods of preservation
of hormonal blood serum

High concentrations of gonadotropic serum were primarily found in the mare’s blood serum. Con-
sequently, the amount of serum obtained after blood collection from pregnant mares depends on the
volume of blood collected, which increases the chances of obtaining a greater quantity of gonado-
tropic hormones. Therefore, the effectiveness of these methods for isolating gonadotropic serum from
the blood of pregnant mares was investigated. It was found that the most effective method for isolating
gonadotropic serum from the blood of pregnant mares is the use of 5% and 7.5% citric acid solutions. By
introducing a new technology into agricultural biotechnology that accelerates serum release, the volume
of hormonal serum with high gonadotropic activity increased on average by 55.8 + 0.5%, showing a 9.1
+ 0.9% improvement over traditional methods. For the first time, a procedure for using citric acid solu-
tion has been incorporated into the technology for extracting serum from the blood of pregnant mares.
This improved approach accelerates the extraction process and increases the serum volume by 1.7 £+ 0.1
ml. Gonadotropic activity of the blood serum obtained using various solutions was studied. It was found
that the solutions used to isolate serum from the blood of pregnant mares have a significant impact on
the activity of the resulting hormonal preparation, with serum activity ranging from 144.5 IU/ml to 244.7
IU/ml. The gonadotropic activity of blood serum obtained using a general citric acid solution ranged
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from 80.5 1U/ml to 100.2 1U/ml, compared to the solution of acetic acid and sodium chloride. These
studies demonstrated the advantage of using citric acid solutions for the efficient and rapid extraction of
gonadotropic hormones from the blood of pregnant mares.

Key words: gonadotropin, endocrinology, hormone, hormonal drug, animal, blood plasma, conser-
vation.
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CoBepLLEeHCTBOBaHWE METOAOB COXPaHeHM s
rOPMOHAAbHOM CbIBOPOTKM KPOBU

B AaHHOM cTaTbe MPMBOAITCS pe3yAbTaTbl MCCAEAOBaHMS 3(PDEKTUBHOCTU M BAMSHMUS METOAOB
NMOAAEP>KaHMs FOPMOHAABHOIO COCTaBa CbIBOPOTKM KPOBU KOObIAbI. BbICOKME KOHLEHTpaLMK rOHAAO0-
TPOMHOWM CbIBOPOTKM ObIAM B OCHOBHOM OOHapY>KeHbl B CbIBOPOTKE KPOBU KOObIAbI. CAEAOBATEABHO,
KOAMYECTBO BbIAEASEMOI CbIBOPOTKM MOCAE B3STUSI KPOBU Y Kepebbix KOObIA, 3aBUCUT OT obbema
BbIAEAEHHOW KPOBU M YBEAMUMBAET LLIAHChI HA MOAYYeHWe BOAbLIEr0 KOAMYECTBA FTOHAAOTPOIHbIX FOp-
MOHOB. B cBS131 € 3TMM OblAa Mccaep0BaHa 3(PHEKTUBHOCTb AQHHBIX METOAOB AASI BbIAEAEHUSI FOHAAO-
TPOMHOM CbIBOPOTKM M3 KPOBM Xepebbix KOObIAbL. bbIAO 06Hapy>keHO, YTO HamboAee 3(hHEKTUBHbBIM
CNnocoboM BbIAEAEHMS TOHAAOTPOIMHOW CbIBOPOTKM M3 KPOBM XKepebbix KOObIAbI SIBASIETCS MCMIOAb30Ba-
Hu1e 5% n 7,5% pacTBOPOB AMMOHHOM KMCAOTbI. [1py BHEAPEHMM B CEAbCKOXO3SIMCTBEHHYIO OMOTEX-
HOAOTMIO HOBOW TEXHOAOT MU, YCKOPSIIOLLEN BbIAEAEHUE CbIBOPOTKM, 06bEM FOPMOHAAbHOM CbIBOPOTKM
C BbICOKOW FOHAAOTPOMHOM aKTMBHOCTBIO B CpeAHEeM yBeAnumBaeTcd Ha 55,8 £0,5%, no cpaBHeHMO
C TPAAMUMOHHBIMM METOAAMM, HabAlOAaeTCs yBeandeHne Ha 9,1+0,9%. Bnepsble B TEXHOAOTMIO Bbl-
AEAEHUS CbIBOPOTKM M3 KPOBU XKepebblXx KOObIAbI BBEAEH MOPSIAOK NMPUMEHEHMS PacTBOPA AMMOHHOM
KMCAOTbI. TOT YCOBEPLUEHCTBOBAHHBIN MOAXOA YCKOPSET MPOLLECC BbIAEAEHWUSI CbIBOPOTKU M3 KPOBU
>kepebbix KOObIAbI M yBEAMUMBAET ee 00bem A0 1,7 £0,1 MA. MccaeaoBaHa rOHAAOTPOMHAS aKTUBHOCTb
CbIBOPOTKM KPOBM, MOAYUYEHHOWM C MOMOLLbBIO PA3AMYHbIX PACTBOPOB. YCTAaHOBAEHO, YTO PacTBOpPbI, NC-
MOAb3YeMbIe AASI BbIAEAEHUS CbIBOPOTKM M3 KPOBU XKepebbix KOObIA, OKa3blBAIOT HOAbLLOE BAMSHME Ha
AKTMBHOCTb MOAYYEHHOr0 FOPMOHAABHOIO Npenapara, a CbIBOPOTOYHAs akTMBHOCTb BapbMPOBAAACh OT
144,5 ME/MA 00 244,7 ME/MA. TOHAAOTPOMHAS aKTMBHOCTb CbIBOPOTKM KPOBM, MOAYUYEHHOM C MOMO-
Li1bl0 00LLIEero pacTBopa AMMOHHOM KMCAOTbI cocTaBAsieT oT 80,5 ME/MA A0 100,2 ME/MA, No cpaBHeHMIO
C PaCTBOPOM aLLETUAOBOM KMCAOTbI M XAOPUCTOrO HaTpUs. DT MCCAEAOBAHWUS AOKA3aAM NMpenmyliie-
CTBO MCMOAb30BaHMs PACTBOPOB AMMOHHOM KMCAOTbI AASl 3(D(DEKTUBHOIO U ObICTPOrO BbIAEAEHUS O~
HAAOTPOMHbIX TOPMOHOB M3 KPOBM CTEAbHbIX KOObIA.

KatoueBble cAoBa: rOHaAOTPOMMH, SHAOKPUHOAOTMS, TOPMOH, TOPMOHAAbHbIM Mpenapar, >KMBOT-
HO€, MAa3ma KPOBM, KOHCepPBaLmsl.

KbickapTynap meHn Tycinaipmenep

OCTI" — DommuKynocTUMYIAEyII ropMoH, JII
— morteunnaeymi ropmon, BBKC — Oya3 Oue kaH
capbICybl

Kipicine

DHIOKPUHOJIOTHS CANIACBIHJIAFbI FEUIBIMHU 3€pT-
TEyJIep aybUIIIApyallbIIbIK MaJIapbIHbIH JKbIHBIC-
THIK IUKJIIEpi MeH Kebero ypaictepiH Oackapyra,
KaHyapiapaa OomaTelH OemeyIiKTiH, JKaHa TyFaH
TOJIJIep/ic Ke3JCCeTiH aypylapiblH ajjibIH-aayFa
MYMKiHAIKTep amanel. On MYMKIHAIKTepre Kol
KETKI3y VINiH TOHAIAOTPOIMHIEP, SCTPOTEHIAED,
JIOTEUHOTPONUHEPAI T.0. OUOJIOTHSIIBIK aKTHB-
ThI CHUIATTAFhl TOPMOHAJ/BI KOCBUIBICTAp KOJ/a-

HbUIaABl. ['OpMOHaNABl mpenaparTapibl KOJJaHy
TEXHOJIOTUSACHIHBIH O31HIK TaJanTapbl 00Iabl, Ol
YIILIH: aJJIbIMEH YKaHyapJiap bl TOJIBIK KIMHUKAJIBIK
TEKCEepICTEeH OTKi3iJell JKoHe MpenapaTTapabl Ka-
HyapIIbIH caJMakK oJIIeMiHe Kapall TaFalbIHIaN b,
I'opMoHau il ipenaparTap bl KOJAaHy AbIH THIM/Ti-
Jiri >kaHyapiapblH 3aT anmacy OeJCeHAUIIrT MeH
PeTIPOTyKTUBTI KaOIIeTTEPiH apTTHIPaIbl, COHBIMECH
Katap, a3bIKTaHbIPY PEKUMIHIC BUTAMUHACPMEH,
TYPJ1 KOChIMIIIAJIAP KOHE MUKPOIIEMEHTTEP/1 Maii-
JaTaHy JKaHyapJapIblH iMKi cekpenus 0e3mepiHiH
ceJ1 0oty KaOijieTiH )orapbuiaTaabl. FamsiMaap rop-
MOHAJIIBI penapaTTapAbl )KaHyapiap TeJAereHHeH
keitin 10 KyH 6TKeH COH KOJIIaHyIbl YChIHAE [1,2].
XKanyapnapna ke3necerin @CI' (DosumkysocTu-
mysaeymr ropmon) JII' (IroTewHIEymi TOPMOH)
TOPMOHAAPHI TOHATOTPOIITEI OCJICECHUTIKKE ne 00-
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nateiHbl 3epTTenreH. 1) dCI-epkek xaHyapiap-
Jla CriepMaTOTeHe3/Ii JKOHE YpFalllbl JKaHyapiapia
(hoTMKyIaIapabIH ©CYyl MEH KETLIYiH OaKbLIaiIbI,
2) JIT'- oBynsinusira, capbl ACHEHIH KaJbITACYbIHA
JKOHE KhI3METiHe, all epKek jkaHyapiapaa Cepronn
KacyllaJIapbIHBIH OHJIIPUTYiHE, KBIHBIC TOPMOH/IA-
PBIHBIH Ty3YJyiHe xayamn Ooepeni [3-5]. Kianna M.et
all. [6] e3iHiIH opinTecTepiMeH Oipre XyprisreH
2020 x. 3eprreynepinge 20 06ac epre Ky3iK KoHE
KEIIl KY3/IiK JKac OueNepre caabICThIPMAaIIb 3ePTTEY-
JIep JKYPTi3ill, HOTIKECIHIE epTe KY3IiK Kac Owe-
JiepJie OBYJISAUS LUK 24 sxoHe 48 carar apajibl-
reiaaarel 90% aptkanbiH Oaiikangsl. An Pastorello
M. et all. [7] makanaceiHmarbl 3epTTEyJiep Kac
ouenepre BBKC (Oya3 Oue KaH capbICybl) €HII3Y
apKpUTbl OOCaHFAaHHAH KEHIHT1 aHAJBIK Oe3epiHiH
OENCeHIUTITIH KaNIbIHA KENTIPYy XOHE PEerpoIyK-
TUBTLIITI apTaThiH kepcereai. BEKC ropmonnapsia
eHTI3yJle OuernepiH oBymsnus nukii 24, 48 carar
imiage 90% apTaThIHBI OTAHABIK, XKOHE IMIETEIIIK
FAJIBIMJIAPJIbIH  FHUIBIMA CHOCKTEPIHJIEC 3epTTEill,
JIOJIENJICHIeH, COHBIMEH KaTap aHaJIbIK Oe31epi MeH
PEenpOAyKTUBTLIIT KOFapbliaraH [8-10].

Enimizze coHFBI KBUIIAPHI aybLT MAPYyanbUIbIK
callacblHa YJIKeH KoHLT OeniHyae. « YIJITTBIK arpoe-
HEPKACINTIK KeIIeH» K00achlH iCKe achlpy MIeHOe-
piHIe Mal IapyambUIBIFBl OHIMIIEpiHiH Oocekere
KaOUTeTTINIriH apTThIPY JXOHE arpOeHEpPKOCINTIK
KeIIeHHIH callalapblH JAaMBITyFa JKargail jkacay
OacThl MiHAET OONBINT TaObUTAIBI. Maj Imapyanibl-
JIBIFBI CAJIACBIHBIH OHIMIIUTITIH MOJIANTY JKOHE Ta-
OWFU pecypcTap/blH Ta3aJbIFBIH CaKTay Oocekere
KaOIeTTi TYNKUTIKTI eHIM KacayFra Ja, TIPUITK
OPEKETIH KAMTaMacChI3 €Ty YIIIiH KOPIIaFaH OPTaHBI
cakrayra na Oarprrtanysl Taic. KP Okomorus mu-
HucTpiniH 2021x. YATTBIK OasHIaMacChIHbIH Mo-
aiMeTi OoMpiHma 2022 KBIIFBI JKarFgail OOMBIHIIA
OTKEeH XBUIIBIH COWKEC KYHIMEH CaBICTBIPFaH/Ia
HIapyallbUTBIKTapIbIH  OapiblK caHaTTapblHAa ipi
kKapa main Oacel 4,3%-aptein, 8 185,1 MbIH OacThI
Kypanabl; Xpulkpiiap — tuicinme 10,5%-ra xoHe
3 470,8 mbIH Oacka, Tyhenep — 6,9%-ra xone 243,4
MbIH Oacka; Koitap — 4,7%-ra xxoHe 18 575,7 MbIH
Oacka xoHe Kyc 10,6%-ra sxone 47 787,4 MbIH Oac-
ThI KyparaH. Emki canbr 1,2%-ra 2 280,7 mbIH Oac-
Ka, moiika 5,1%-ra 775,3 MbIH Oacka JeiilH TOMEH-
JIeTeH. AybIT MapyalIbUTBIFbI KYPBUIBIMIAPBIHIAFbI
ipi Kapa main GachiHbIH Yieci 47,6%, koit — 49,4%,
emiki —32,3%, momka — 43,8%, xyc — 74,8% kypa-
raHbIH KepceTkeH [ 11]. byn kepcetkinrep aypuiia-
PYalIbUTBIFBI CalaChIHIAFbl FRUIBIMU 3€PTTEYIICPIiH
KYpZAeNeHyiHe, 3aMaHay dIiCTep/i JKeTUAIpiM, FbI-
JBIMA 13/ICHICTEP/IIH apTyblHA BIKMAIBIH THTI3€Ii.
Ipi kapa mammapra ropMOHAIBI MTperapaTTapiIbiH
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op TYpai ¢axTopiapra OaiiJlaHBICTBI DCEPiHE KYP-
Ti31IreH 3epTTeyNepIi MeHIepy KBUIKBI Iapyalilbl-
JIBIFBIHIA 3aMaHay! TajanTapra cai, bocekere Kaoi-
JIETTi 3epTTEyJIep KYPrizyre MYMKIHIIKTEp allajbl
[12-14]. Toxipubenep KopceTKeHICH, TOPMOHAIIIBI
npenaprrap anyna eH THIMII 9IiCTep/il KeTiipy-
JIiH HETi31 Ta3apThUIFaH XOHE TOHAJOTPOITHI OHe
capbICyJapbl OOJBINT TaObUIabl. Alnaiiia, TOHAIOT-
POIThI OCJICEHIUTIKTI aHBIKTAY OJIICTePIHIH KETLI-
METEH/IIHE JOHE CapbICyJibl TOHAJOTPOIUHHIH
OeIICeHIUTITIHE Dcep eTeTiH (aKTOpIapaAbIH KETKi-
JIKCI3 3epTTeiyiHe OailylaHBICThI TOPMOHAJABI KaH
capbICybl HETi3iHIe NaibIHIaNFaH npenaparTapabl
MmaliqaTany sl YKOHOMHKAIBIK, THIMIUTITIH aiTap-
neikTall Temenzaereni. OcbIFaH opail 3epTTeyAiH
JKYMBICTapBIMBI3/IBIH MiHJIETTEpiHIH Oipi HaiibIH-
nanraH Oya3 OWe CapbICyBIHBIH CakTay OIicTepiH
YKOHE TOPMOHAJIBBIK OCJICeHIUIITH aHBIKTAY JKOHE
3epTTey OOJIIBI.

3epTTey HbICAHBI MEH d1icTepi

3eprTey HbIcaHbl peTiHAe KasakcTaHHBIH *Ka-
3bIK KJIMMAaTbiHa OCHIM/ICIITeH Y JKbUIKBICHI Equus
caballus mypiniy «Kabwvr» nopooanvr Oyas duenepi
aJIBIH/IBL. 3epTTey KYMBICTaphl TypKicTaH 0OJIBICHI-
HbelH Ecki Ukan «Cynran0Oaii ata» bUIKBI IIapya
KOYKaJIBIFBI MEH M. Oye30B YHUBEPCUTETIHIH «bro-
TEXHOJIOTHS» OPTaJBIFBIHBIH 3€PTXaHACKIHIA KYP-
ri3uim.

JKanyapmapman kaH airy/ia apHaiibl KaH ajaTbiH
nHesep, 20 J1 mBIHBT 6eTeNnKenep, OHOIOTHSIIBIK S0
MJI [OWJIMHAPII  3alaliChI3aHIbIPbUIFaH  IPOOUp-
Kajap KOJJAHBUIIBL. 3epTTeyliep KYpPrizyae KO-
NaHBUTFAH Kypal-)KaOApIKTap OarmapiaMajiaHFaH
crepunuzatopaa  (CIITA-100-1-HH)  amicreme-
JIK HYCKayJbIKTapFa cail 3aJaJIChI3AaH/IbIPbLIIbI
[15,16]. buenepnen kan aryna MECT 34105-2017,
MECT 34105-2023 tanantaps! eckepinami [17-19].
3epTTeyiep Kyprizyae KoaaaHslIFaH Oyas Ouenep-
niH Oya3apiFbiH aHbiKTayna Y3 (ymbTpa OpIObIc-
THIK 3epTTey) daictepi meH MDA Tanpaynapsl Koj-
JaHBUIIBL. KaH capbICybIHBIH TOPMOHAIJIBI KYPaMbl
Awareness Technology STATFAX®2100 (AKII)
(OTOMETpIH/IEC aHBIKTAJI/IBI.

3epTTey HATH:KeIEPi MeH 0J1apAbl TAJAAY

3eprreynep xacel 5-6 xacap, OyasabiFbiHa 58-
60 kyH Oonran 18 Oac Oya3 Owmernepre >Kypri3isui.
AnppiMeH Oya3 OuesieH apHaiibl HHEJIEp KOMEeriMeH
COJI JKaK Kype TaMbIpbIHAH IMyHKIVSIIAY apKbUIbI
aJIBIHFaH OMOJIOTHSUTBIK 3aT -KaH MeJmepi 1 i1, xxair-
6l 18 J1 KaH anbIHABL. AJBIHFAH KaH YHBIT KaTMaybl



K.K. Epkekynosa xoaHe T.0.

YIUiH Te3 IaiKaTbula OTHIPBIN, OAaH TOHAIOTPOI-
THI KaH CapbICYBIH OO im amy ymriH 3 Typii KbIIl-
KbUIJIAp TaHAAJIBIH/BI, ac TY3bl, alleTH KbIIIKbLIbI
JKOHE JIMMOH KBIIKBUIBL. Kememi 1 11 mimacTukaibik
pIABICTapFa 25 mir-faeH 150 Mut-re neiin epiTinaiiep
KYHBULIBL. Opi Kapail ajblHFaH KaHHBIH YHIO y3aK-
TBIFBIHA Kapail KaH MEH capbICybl OOIiHIM, aXbIpa-
TBUIBII (ppaKUMsTaHIbL.

Yur Typiii epiTiHJi KOChUIFaH KaHHBIH OCTIHC
18-24 carartaH KeliH naina 0oJFaH KaH capbicyia-
pBI apHAWBI COPFBINI TYTIKIIEIEP apKbUIBI OOJIiHIIT
AJTBIHIBL.

Beninren kan capeicybiHaH GUOpuHII Oein
any ymia 30% CaCl epitianici KOTAaHBUIIIBI, OJ
yurid 1 1 kaH capsicysiHa 1,3 mu 30% CaCl epi-
TiHIICIH KOCbIM, 20-25 MuHYT OO¥BI MIaiiKamMaga
apanacTeIpbulabl. PUOPUHHEH Ta3apThUIFaH KaH
capsicybiaa 10 mut 30% CaCl epitiHaiciH Haikar
apanacteipbin, 2-4 °C Temmeparypa pexHMIHIE
TOHA3BITKBIIITA OAKbUIAHIBI. 24 caraT ©TKCHHEH
KeliH OeJHreH KaH capbICybl CY3TiJeH OTKi31JIil,
OeJiek bIABICTapFa KyHbUIbIT anblHabl. CysrizeH
OTKEH KaH CapbhICyblH KOHCepBamusuiay (CakTay)
ymin 10% NaCL epitiagici, 0,02 r neHHnunI-
auH koHe 0,02 T CTPenTOMHMLMH epiTiHALIEPiH

KOCBITI, apallacThIPBUIBII, CaKTay pEeXUMiHE KO-
vpuiael. CakTay pexuminge 6-12 ail apaibIFbIH-
na Oaxpuanabl. Cakrany Mep3iMiHe OaiaHBICTBI
TOHAJIOTPONTHl KAaH CapbICyBIHBIH Calachl, TYCI,
WCi, KiJlereiienyi jkoHe TyHOamaHy ypaicTepi 5
OayuIbIK JKyie OolibiHIIA OaranmaHabl. 3epTXaHa-
JBIK KaFaaia rOHaJOTPOITEl KaH CapbICybl Mpe-
rapaTTapbIiHBIH (U3NOJIOTHSUIBIK SCepiH 3epTTey
YIIiH caJMarbl 6,5-8 T 3epTXaHaJbIK aK ThIIIKAH-
Jap naiganaHbUIbI, Kyprizinai. [Ipemapat peak-
IUsCHl Oec OaIUIIBIK IIKaia OOMbIHIIA OaFaTaH/Ibl.
XKanyapnapnan ajablHFaH KaH CapbICYBIHBIH KY-
paMbl MEH TOPMOHAJJIBIK OCJICEHIITUIIH aHBIKTAY
aMmepukaHJbIK MUkporiactuHaiblk «STAT FAXR
2100» ¢oromeTrpinne UMMYHIBIK (EPMEHTTI Tai-
nayra apnanraH «lonamorponuuai PCI xoHe
JII' TopMOHIAPBIHBIH KOHIEHTPAIMACHIH CAHJIBIK
peareHTTep KelleHiH Maijanany HycKayJapblHa
colikec xyprizingi [20-22]. 3eprrey OapbichiHIa
AJBIHFAH CaHJIBIK HOTWIKEIep OMOMETPHSIIBIK, To-
Cljiep apKbUIbI OHJIEIII.

Toxipubenep xyprizyae Oya3 Oue KaH capbl-
CYBIH/Ia TOHAJOTPOITHI TOPMOHIAP OEICeHILTITiH
aHBIKTayJa epITIHIIep Keleci KOPCeTUIreH Mell-
mepe naibsiHaanas (kecre-1).

1-kecte — Konanbuiran epiTiHaiep iy kememi mi, %
L Harouii x10piL epitiaici AneTni KbIIIKbBUIIbI JIMMOH KBIIIKBUIABI
Epirinzinep p PHAL CPITHHA epitingi epitinai
CaHBbI
% MII\T % MII\I % MII\JT
1 2.5 25 2.5 25 2,5 25
2 5,0 50 5,0 50 5,0 50
3 7,5 75 7,5 75 7,5 75
4 10,0 100 10,0 100 10,0 100
5 12,5 125 12,5 125 12,5 125
6 15,0 150 15,0 150 15,0 150

Kecrene xepcerinren memmepae KaH capbiCybl-
na ym typii: NaCl (marpuit xnopuai), C H,O, (are-
i KbIKpUibl), C H O, (JIMAMOH KBINIKBLIBI) €pi-
TIHAIEPIH KOCHIN AaibIHAAIFaH TpernaparTapabl t
2-4 °C pexxuMiHJIe caKTay/a penapaTThiH carachl,
Tyci, mici e3repicTepi OaKbUIAHBIN, HOTHKECIHJEC
-4 °C TemnepaTypasa CaKTaJybl OH HOTHIKEIepre
KOJI )KE€TKI3€TIHI OaliKaJIIbl.

[oHaoTpoNThl KaH capbICybIH y3aK Mep3imre
caxkTay Ke3iHJe, OHBIH apaMJIbLIBIFbIH 0acThl KOp-
CEeTKIII — CamaJIbIK CHIIaTTaMachl, TYCi, HCi, Kille-
reiinenyi, TyHOanaHysl 0OJIbL. 3epTTey HOTHXKEIe-
pi 2-KecTene KOpceTiIreH.

3epTTey HOTHXKENEpi KOPCETKEeHIEH IMMOH
KBIIIIKBUTB €pPITIHAICIH KOJJaHyJa TOHOJIOTPOTI-
THI KaH CapbICybIH 6 aif Mep3iMre JeiiiH camabik
KYPaMBbIH JKOFAJITIIall CaKTallyblHA 9Cep CTETiHi
HaKTBUTAHABL. [ OpMOHANBABI OWOMpEenapaTThI
cakTayblH OYJI TOCLJII ©Te KOFaphl OalJIbIK Kep-
ceTkinike ue 0oJca, JKaJlbl CarmaliblK KOPCeTKIIIi
20 memece oprama 5,0 Gamasr Kypaasl. Cakray
OJIICTEepiHIH IIHAEe HATPUH XJIOPHJI apalacThl-
pBUIFaH epiTiHAIHI KOJAaHy, canachl3 HOTHKEIep
Oepni, cakray ouiciHie Oyn epiTiHIIHI KOIIaHy
THUIMCI3 eKeHiH Olnaipai. bya Tocia apKbuibl rop-
MOHAaJIJIbI KaH CapBhICYbIH Y3aK Mep3iMIre cakTayra
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JKapaMChI3 EKeHJITr1 aHBIKTANBIN, OallJIbIK cama-  JIeHrenae 0obin, opTamnia 6anei-3,0 6anMeH Oara-
chl opTa ecemnmeH 2,0 Oamapl Kypambl. A, ame- — JaHIBL. Opi Kapai OChl aJIBIHFaH MpermapaTTapIbiH
TUJ KBIIIKBUTBl apKbUIbl OOJIIHIN alblHFAH KaH  OWOJIOTHSJIBIK MaHbBI3bl MEH KypaMbl 3epTTEIIill,
CapBICYBIHBIH CalallblK KOPCETKIITepl apaiblK  aHBIKTALABI (KecTe 3).

2-kecte — KaH capbICybIH KOHCEpBalMsUIayFa TaiilallaHy HOTHOKelepi (cakTairaH Mep3imi 6 aif)

aH CapbICybIH aH KoHceppanusiiayra
K pricy K o ppall Y Camnainslk, CamainbIk CamnainbIk, Oara,
Oeiryre KOJIJaHFaH | CapbICybl, nai1anaHbUIFaH .
L N KOpPCETKIITEp cUmarTaMma Oan
epiTiHaiaep MII epiTinainep
. . Tyci KOO KBI3BII 3
Harpuii xiaopuni 1
NaCl 301 it/ 18wt capsl cy+0,02 uci Oy3bLIFaH 2
(HaTpuit xJ0pHi) r nenunmuiaH +0,02 T Kinereiinenyi KasblH 2
CTPETITOMULINH
TYHOAIaHYbI oTe Kol 1
Oprariia canaiblK KOPCEeTKIlll 8 nemece 2,0
. . Tyci KOHBIP KBI3BLI 4
HaTpuii Xjaopumi 1 - -
CH,O, 1366 w1/ 18mi caper cy+0,02 uct OTKIpIIey 2
(aLeTHsa KBIMIKBLIbI) r neauuuuiaH +0,02 1 Kinereiinenyi oprana 3
CTPENTOMHULIUH
TYHOQJIAHYBI opTauia 3
Opraiiia camaiblK KOPCEeTKII 12 memece 3,0
. . Tyci QIBIK KbI3bLT 5
HaTpHii Xjaopumi 1 : -
CHO, 2253 mi1/18mi caper cy+0,02 ucl ©31HC TOH 5
(JIMMOH KBIIIKBLITBI ) r neauuaH +0,02 T Kinereiinenyi KYKa 3
CTPENTOMHUIIUH
TYHOaJIaHy bl a3 5
Oprama camajiblK KOpCeTKIIT 20 memece 5,0

3-KkecTe — OPTYPIIi KBIIIKBUIIBI €PITIHAUIEP/IIH KaH CapbICybIHBIH OoiHyiHe acepi

Epirisinep Kopeerxiurep o e Epitinainepai apanactsipy Meepi
Oipairi 2,5% 5,0% 7,5% 10,0% 12,5% 15,0%
KOCBLUIFaH epiTiH/i MJI 25 50 75 100 125 150
KaH MeJmiepi MJI 975 950 925 900 875 850
(HanI/II;IIaXCJ:'IlOpI/II[i) OapIIbIFBL M1 1000 1000 1000 1000 1000 1000
OeJTiHTEH capbICy - 123 94 ! = ’ 2
% 12,3 9,4 5,1 2,2 0,9 0,2
KOCBUTFaH epiTiH/i MJT 25 50 75 900 125 150
C6H804 KaH MeJmepi MJT 975 950 925 100 875 850
(ameTwn OapIIBIFbI MJI 1000 1000 1000 1000 1000 1000
KpIIIKELIGT) Geutisrer capecy Mt 244 427 383 221 75 16
% 24,4 42,7 38,3 22,1 7,5 1,6
KOCBUIFaH epiTiHai Ml 25 50 75 100 125 150
C6H807 KaH MeJmepi MII 975 950 925 900 875 850
(;TuMoH GapIbIFBI MII 1000 1000 1000 1000 1000 1000
KBIIKBLIEL) Soisror oapuicy Mt 339 611 506 438 202 157
% 33,9 61,1 50,6 43,8 20,2 15,7
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Kecte kepcerkimTepine caid, KaH CapbICYbIH
Oedin amynbiH eH TeMeH kepcertkimn NaCl (Hatpuit
XJIOpU/) epITIHAICIH KoJijaHyJda OalKayiJbl, KaH
capeIcybIHbIH Oeminy aeHreiti 0,2% -man 12,3%-
Fa Jieitin 0ok, OyI TOCUINIH KONIaHy THIMILUIIT
MEH TOPMOHAJIBJIBI TIpenaparTap eHIIPICIHIAC KOJ-
JIAaHYJIbIH KQ)KETTUTIr TOMEH HOTHXKE OCpeTIHIITIH
Oinmipai. ['opMoHaNARI KaH capbhICYbIH OO aiy-
JIBIH €H YKOFapFbl KOPCETKII JIMMOH KbIIIKBUIBIH
naiiananyaa Oaiikanmbel. Ocipece 5% xoHe 7,5%
JUMOH KBIIIKBUIABI ePITIHAUIEpAl KONIaHFaH Ke3-
ne Oyas Ove KaHBIHAH CapbICYJbIH O6iHYy Iporeci
50,6% -nan 61,1% neitin sxeTTi, OipiHII HYCKaMEH
canpicTeipranna 45,5%-51,7% >xoHe ekiHIIi HyCcKa-
MeH canbicTeiprana 12,3%-18,4% >xorapsl 60JIIBI.
Adn, anieTHI KBIIKBUIBI epiTiHiHI Oya3 Oue KaHbIH
¢bpakusiiayna KoujgaHy apajiblk, HOTIKenep Oepui
(1,6%-42,7%). JKyprizuiren »KyMbICTapIIbIH HOTH-
JKecl KepceTkeHiel Oya3 OMe KaHBIHAH CapbICyIbI

0ol ajlly TEXHOJOTHACHIHA JIMMOH KBIIIKBUIABI
epITIHIIHI KOJIJJaHy TEXHOJOTHSICH JKOFaphl HOTH-
ke OepeTiHi 3epTTeynepiaeH Oenriii Oomubel. byn
KETIIIpiareH Tocin Oya3 OMe KaHbIHAH CapbICy/Ibl
Oexin amy YpHiCiHIH KbUIIAMIBIFBIH JKEIEeNIeTIM,
KeJieMiH 1,7 ecere apTThIpaThiHbI aHBIKTANABL. KaH
KYpaMbIHAH CapbICY/IbIH O6JTIHYIH KbIIIaMIaTaThIH
TOHAIOTPONTHI OCIICEHIIITI JKOFaphl TOPMOHAJIBIBI
capbICy/IbIH KOJEeMiH opraia ecenreH 55,8%+0,5%
KOFapbUIaTaapl, Oyl KepceTkim ©0acka adcTypii
arictepmeH canbicToipradna 9,0+1,1% apThIKIIbI-
JIBIK, KOPCETTI. OPTYPJIi epiTIHIIEP apKbUIbl aJIbIH-
FaH KaH CapbICYBIHBIH TOHAIOTPOIITHI OCICEHILTIT
AHBIKTAJIBI J)KOHE HOTIDKEJIEPl 4-KecTemne KenTipis-
reH. 3epTTey HOTHXKECiHIe Oya3 Oue KaHbIHaH ca-
peICyabl Oemin any YIIiH KOJJaHBUIATBIH EpiTiH-
IUJIepIiH albIHFaH TOPMOHAJIBABI TIpErapaTThiH
OeJceHAlTiTiHe TUTI3ep Bcepi JKOFaphl OONATHIH/IbI-
FBIH OalKaIbl.

4-kecte — OPTYPIIi epITIHAITEPl KOJIIaHy apKBUIBI OOJIII AIBIHFAH KAaH CapbICYBIHBIH OCICEH LTI

KaH capbICybIH 0ein anyFa KoJJaHFaH epiTiHaiIep Ka caper cysr, CaKT.aH ran Kan CapLICYBIHBIHR
MIT Mep3imi,ait GesnceHimiri
NaCl (narpuit xmopusai) 301 6 114,5 ME/Mn
CGHSO A (ameTHI KBIIIKBLTEL) 1366 6 164,2 ME/mn
CH,O, (1uMOH KbIIKBLIbI) 2253 6 244,77 ME/mn

Kecreme xepcerinreHmeid HATpWH XIJIOPHUAL
epITIHJICIH KOJ/JaHy/la KaH CapbICYbIHJAFbl TOP-
MoH Oencenaurri 144,5 ME/Mi nenreiine 00iasl,
OYJI KOpPCETKIIl TOMEH IEeHrel OOJIBITT OaFrallaHbIIl,
OyJ1 BJIic capbICyAbIH OCJICEHIUTITIH THIM T 06
aJy YIIiH KOJIAWIIBI eMec OOoJbIn caHanabl. JInMoH
KBIIIKBUTHl €PITIHIICIH Maigalany HOTIKECIHIE
OeJiHreH KaH capbICYbIHBIH Oencenainiri 244,7
ME\Mn neHreitine >xetTi, OyJ €H JKOFapbl KepceT-
KiTT O0JIIBI, COHABIKTAH OYJII 9/1iC KaH capbICybIHAH
JKOFapbl OCJICEHAUTIKTI 06N ainy YIIiH eH THIMII
OoJbIn caHaNIbl. AJl, alleTHI KBIIIKBUIBI €PiTiH-
MiciH maijaaHy Ke3iHJe KaH CaphICyBIHBIH TOPMOH
oencenpiniri 164,2ME/mn nenreiiin kepcerti, Oy
opramia JIeHreiaeri KepceTKinl OoJbIn TaObLIIb.
byn smic ropMoHanmael OeiceHIl KaH CapbICYbIH
OeJtin anmyna JUMOH KBIIIKBUIBIHAH TOMEH 0OJIFa-
HBIMEH, HATpUH XJOPUAl EPITIHIICIHEH >KOFapbl
OOJIIBI.

3epTTey JKYMBICTAPBIHBIH HOTIXKECIHAEC Oya3s
Ouenep/iH KaH CapbICYbIHJIa TOHAIOTPONTHIK TOP-

MOHIAP/IBIH JEHIeHi JKOFaphl ©KCHI aHBIKTAJIIBI.
ConjibikTan Oya3 Ouenep/icH KaH aly Ke3iHJe KaH
CapbICYBIH KOII 06l ary TOHAA0TPONTHI IpernapaT-
Tapabl OHAIPY MYMKIHIITIH apTTRIpaasl. KyMBICTHI
KOPBITBIH/IBIIACAK, OCJICEH/I TOPMOHAJIBI TIpera-
paTr amyna JIMMOH KBIIIKBUIBI €PITIHAICI apKbLIBI
KaH CapbICYBIH OO aly €H THIMII OOJBIT TaObLT-
IIbl, all HAaTPUH XJIOPUAL epiTiHIICI TOMEH OeliceH-
IUTIK KOPCETETIHIIKTeH KOJIaHy TYPFBICHIHAH aca
THIM1 eMec OOJIIBI.

CoHBIMEH 3epTTey HOTHIXKENEPiHIH TYKbIPHIMBI
TOHAJIOTPONTHIK TOPMOHAP/IBIH JKOFAPhl IIOFBIPHI
HeTi3iHeH Oya3 OuWenepaiH KaH CapbICYBIHIIA MOJI-
miepi JKOFapbl 0OJAaThIHBI aWKBIHAABI. COHIBIK-
TaH, Oya3 OuenepAeH KaH allFaHHAH KeHiH OHJaFbI
CapwICyAbl HEFYPJIBIM KO Oerin ajica, TOHaZ0TPOII-
TBI TOPMOHAJIJIBI TIPENapaT ajdy MYMKIHAIT apTabl.
Byn 3epTreynepnin HOTIKENIEpl MaJ IIapyaribLIbl-
FBIHJIA TOHAIOTPONTHI TOPMOHIAPIEI THIMII O6JIim
ayry )KoHE CaKTay/IblH aHa dJIICTEPiH YChIHY A Ma-
HBI3/IBI POJT aTKAPaJIbl.
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KopbITBIHABI

Byn FeImbIME-3epTTey KYMBICTAPBIHBIH HOTFKETe-
Ppi OO¥iBIHIIIA TOMEHJIET1/ICH KOPBITHIH IBUIAP YKACAIIIbL:

['oHagoTponThl capbICy bl OOl alyAbIH THIM-
niiri: byas Ove KaHbIHAH TOHAJOTPOIITHI CAPBICYABI
Oeuin any ymiH 5% sxoHe 7,5% JIUMOH KBIIIKBUIIBI
epITIHAUIepAl KOJIaHy €H THIMII dJic OOk Ta-
Opiapl. by Tocin Oyas Oue KaHBIHAH CapbhICYIBIH
Oeniny maie3bH 50,6%-1an 61,1%-Fa neiiin apr-
TBIPBIN, 0acKa daicTepMeH caiblcThiprana 1,6-7,4
ece JKOFapbl HOTHKENep KOPCETTi.

'opMoHanbapl ipenaparThl cakray odjici: [op-
MOHAJIIBI TIPENapaTThIH CAKTaTybl YIIIH €H THIMII
TOCUT peTiHae XJIopabl HaTpuimin 1 mi, 18 M kan
capsicysl, 0,02 r nenunmuire MeH 0,02 T cTpenTo-
MUIIUHHEH KacallFaH epiTiHl YChIHBULABL. byn aic
MIpeTapaTThlH CamachlH TOJNBIKTal CakTam KalyFa

MYMKIHJIIK Oepeni, OHBIH canalblK, KOpCeTKilTepi
20 6amr Hemece oprama ecenmeH 5,0 6amt OobIT
OaranaH/Bbl.

I'opMoHanbab! IpenaparThiH Oencenainiri: byas
Oue KaHBIHAH capbICyAbl OONiNm aiy YIIH KoJa-
HBUIATHIH €PITiHAITIep TOPMOHAIBBI TPENapaTThiH
Oejcenainirine aWTapiblkTail ocep erexai. Jlumon
KBIIIKBIIBI CPITIHAICI apKBUIBI aJbIHFAH TOPMO-
HaJIBBI CAPBICY alleTHJI J)KOHE HATPHUN XJIOPHI epi-
tinainepinen 80,5ME/mMn — 100,2ME/mn xoraps
OerceHIUTiK KopceTkeH. JKanmel anFaHga, KaH ca-
pHICYBIHBIH Oencenainiri 144,SME/Mn — 244, 7TME/
MJT apasbIFbIHAA OOJIIBI.

Myanenep KaKThIFbICHI

ABTOpJIap MakajlaHbIH Ma3MYHBIH OKBII, Ta-
HBICTBI, IIKAHAAN MYIJIeTIep KaKThIFbICHI KOK.
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KA3AKCTAHHbIH OHTYCTIK ©HIPIHAETT ©CIMAIKTEPAI
KOCMETOAOTUSADBIK OHIMAEPAI AAYTA
NMAUAAAAHY MYMKIHAIKTEPIH 3EPTTEY

KasakCcTaHHbIH OHTYCTIrHAEr 6CIMAIK LLMKI3aT KOPAAPbIH KOCMETOAOTUSABIK, OHIM aAy MaKCaTbIHAQ
nanAaAaHyAblH OMOTEXHOAOTUSIABIK, MYMKIHAIKTEPIH 3epTTeYAiH HaTHXKeAepi KeATipiareH. OCbl KYHTi
SKOAOTUSIAbIK, Ta3a, OMOAOIMSIAbIK, aKTMBTI >KOHE MMHEpPaAAbl 3aTTapfa 6ar ecimaiktektec Taburn
cUnaTTaFbl KOCMETOAOTMSABIK, OHIMAEPre CYPaHbIC KYH carblH apTybl Ka3akCTaHHbIH OHTYCTIK 6HipiHAE
OPHbIKKAH aAyaHTYPAI ABPIAIK 6CIMAIKTEPAI UMKI3AT peTiHAe naiaasaHy MYMKIHAIKTEpIH 3epTTeyre
Heriz 6oAabl. HetmkeciHae, KasakCTaHHbIH OHTYCTIK ©Hip (AOpacbiHAQ TreoMOPGIOAOTMSIABIK,
KYPbIABIMAQPAA OpHbIKKAH, Amarantaceae, Asteraceae, Poaceae, Fabaceae, Zygophyllaceae,
Caryohhollaceae, Brassicaceae, Primulaceae, Plumbaginaceae, Plantaginaceae, Cyperaceae,
Poligonaceae, Indaceae, Juncaceae TyKbIMAACTapblHbIH OKIAAEPIHIH ilwiHAeri 13 ASpIAiK eciMAik
TYPAEPi KOCMETOAOTUS MYAAECIHE KaXKeTTi A€M TaHbIAbIM, KOCMETOAOTUSAbIK, 6HIM KOMMO3ULMSCbHIH
KYypyFa yw makcatTa naiaasaHy kesaeaai. OaapabiH 8 TypiHe HS-SPME koaddmumenTi 6oibiHLLa
baranay >KeHe XPOMOTOrpausiAbIK, DAIC apKblAbl >KaCaAblHFaH TOAbIK, OMOXUMMSIAbIK, capanTamasap
HerisiHae TabbiAFaH Oafaabl 176 — 206 OpraHMKaAblK, KOCbIAbICTapbl ©CIMAIK 3KCTPaKUMSIAAPbIH
KOCMETUKAABIK 6HIMAEPAE MaAaAaHyFa >KapaMAbl eTe aaabl. KocMeToAornsi caracblHAQ OPHbIKKAH
JKOHe KenTereH oAeMAIK OpeHTTepAiH ToxipubeciHe cail eciMAiIKTepAiH 6araAbl OpraHMKaAbk,
KOCbIAbICTapbl 6ap 6CIMAIK WIMi3aTTapbIHbIH 3KCTPAKLUMSAAAPbI HEM3iIHAE KOCMETOAOTMSIABIK, OHIMAEPAIH
AAFaLLKbl MPOTOTUMNTEPI aAbIHbIM, CapanTamMa >KacaAAbl, OH HBTUXKEAEpre KOA >KeTKIi3iAAl.

TyiiH ce3aep: ASPIAIK 6CIMAIKTEP, 6CIMAIK 3KCTPaKUMSICbl, KOCMETOAOTUSIABIK ©HIM KOMMO3UUMSIChI,
CbIHaKTay.
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Investigation into the possibilities of using plant raw materials from
the southern region of Kazakhstan to produce cosmetology products

The biotechnological potential of utilizing plant raw material reserves in the southern part of Ka-
zakhstan for cosmetic production has been explored in this study. The growing daily demand for envi-
ronmentally friendly, biologically active, and mineral-rich cosmetic products derived from plants and
natural sources served as the basis for investigating the potential of various medicinal plants in the
southern region of Kazakhstan. The study focused on 13 species of medicinal plants from the families
Amarantaceae, Asteraceae, Poaceae, Fabaceae, Zygophyllaceae, Caryophyllaceae, Brassicaceae, Primu-
laceae, Plumbaginaceae, Plantaginaceae, Cyperaceae, Polygonaceae, Indaceae, and Juncaceae, which
are present in the geomorphological structures of the southern Kazakhstan flora. From this research, the
most promising species for use in the cosmetic industry were identified, aiming to create effective cos-
metic product compositions. Eight of the plant species contain valuable organic compounds 176-206,
identified through the HS-SPME coefficient and comprehensive biochemical analyses conducted using
chromatographic methods. These findings demonstrate that extracts from these plants are suitable for
cosmetic product production. Moreover, for the first time, prototypes of cosmetic products based on
extracts from these plant materials, containing beneficial organic compounds with proven effectiveness
in cosmetology, have been developed and analyzed. The results have been positive, aligning with the
standards and experiences of many global cosmetic brands.

Key words: medicinal plants, plant extraction, cosmetic product composition, product testing.
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M3yyeHne BO3MOXKHOCTEN UCNIOAb30BaHUSI PACTUTEABHOTO CbIpbSl
10XkKHOro pernoHa KasaxcraHa AAst MOAyYeHMSI KOCMETOAOIMYECKOM NMPOAYKLIMM

B AaHHOM MCCAEAOBaAHMM M3YUeHbl BUOTEXHOAOIMYECKME BO3MOXXHOCTM MCTIOAb30BaHMs 3aracoB
PaCTUTEABHOIO CbIpbsl 0XKHOTO pernoHa KasaxcraHa C LeAblO MOAYYEHMSI KOCMETOAOrMYECKOM Mpo-
AyKUMM. E>XKEAHEBHbBIN POCT CMpoca Ha 3KOAOIMYECKM YMCTYHO, BMOAOTMYECKM aKTMBHYIO M BoraTyto
MMHEPAAbHbIMM BELLECTBaMM KOCMETOAOIMYECKYIO MPOAYKLMIO PACTUTEABHOTO M MPUPOAHOIO MpPO-
MCXOXKAEHMSI MOCAYXKMA OCHOBOWM AAS M3YYEHUSI BO3MOXKHOCTE MCMOAb30BaHMSI B KauyeCTBE Cblpbs
pa3HoOOpasHbIX AEKapCTBEHHbIX PACTEHMIA, NMPOM3PACTAIOWMX B I0)KHOM pernoHe KasaxcrtaHa. B pe-
3yAbTaTe MCCAEAOBaHMS 13 BMAOB AEKAPCTBEHHbIX PACTEHMIA U3 YMCAQ MPEACTAaBUTEAEN CEeMeNnCTB
Amarantaceae, Asteraceae, Poaceae, Fabaceae, Zygophyllaceae, Caryohhollaceae, Brassicaceae,
Primulaceae, Plumbaginaceae, Plantaginaceae, Cyperaceae, Poligonaceae, Indaceae, Juncaceae, 3a-
KPEernAeHHbIX B reoMOPOAOrMHYECKMX CTPYKTYpax BO (pAOpe 10>KHOro pervoHa KasaxcraHa, BbISIBAEHbI
HanboAee NepcrieKTMBHLIMU AASI UCMIOAb30BaHKMs B 0OAACT KOCMETOAOTMI U NMPEeAHa3HauYeHbl AASI TPEX
LieAEel CO3AAHMS KOMIMO3MLIMM KOCMETOAOTMYECKOM MPOAYKLIMU. Bocemb 13 HMX coaep>KaT LeHHbIe op-
raHnuyeckme coeamHenms 176-206, 06Hapy>keHHble Ha OCHOBE OLIEHOK Mo KoadduumeHty HS — SPME
M MOAHBIX OMOXUMMYECKMX 3KCMEPTM3, MPOBEAEHHbIX XPOMOIrpaMyeckMmM METOAOM, C MOMOLLIbIO KO-
TOPbIX 3KCTPAKTbl AAQHHbIX PACTEHMI SBASIIOTCS MPUTOAHBIMU AAS MCTIOAb30BaHMS B MOAYYEHMM KOC-
METOAOTMYECKON MPOAYKLMKU. Tak>Ke BrepBble MOAYYEHbl M MPOAHAAM3MPOBaHbI MPOTOTUMbI KOCMe-
TOAOTMYECKOM MPOAYKLMM Ha OCHOBE 3KCTPAKTOB PACTUTEABHOIO Cbipbsi C LEEHHbIMM OPraHMYeCcKmm
COEAMHEHMSIMM, 3aPEKOMEHAOBABLUMX CE0S B 06AACTM KOCMETOAOTMM M COOTBETCTBYIOLLMX OMbITY MHO-

TMX MUPOBbIX OPEHAOB, AOCTUIHYThl MOAOXKMUTEAbHbIE PE3YALTATbI.
KAtoueBble cAOBa: A€KapCTBEHHbIE PacTeHMs, SKCTPAKLMSI PACTEHMIA, COCTAB KOCMETOAOTMYECKOro

NPOAYKTa, TECTUPOBAHME MPOAYKTA.

KbickapTynap MeH Oenrisieyiep

HS-SPME — Boc keHicTik — KaTThI (pa3aibl MUK-
PO3KCTpAKIUS

Kipicne

KocmeTonorusinelk — eHipicTepi MeH OpeHs
enimaepimen taneiMast AKII, Onryctik Kopes,
Wnpus, Kpitait sxone Eypona enzgepi eHiM eHAIpY
OOMBIHIIIA SIEMIIK JeHTeHAeri Y3MIKTep KaTapblH
Kypan oThlp. Ka3zakcTaH KOCMETOJIOTHUSIIBIK, OUO-
TEXHOJIOTUSIIBIK, JIHT eli 911 Jie 0Jica TOMEHT'1 Kep-
CEeTKIIITEer1 eliepliH KaTapblHaa, Oipak,eriMi3/IiH
OCBhI KYHI SKOHOMHUKAJIBIK 1Irepiiiey iy cTpaTerus-
JIBIK, dKOCTIAPBIHBIH 0achIMIbl OaFbITTAPBIHBIH KaTa-
pPBIHaH KOCMETOJIOTHSUIBIK, OHIMII JaMBITY MaHbI3-
JIBI OPBIH amassl [1].

Ocbl KyHIEpl Tepi KypamblH KakcapTy, Tepi-
JIe Ke3JIECeTiH TYPJi OJNKBUIBIKTAP/IbI KO0 HEMece
TepiJieri aypyJap/sl eMJICy MaKCaThIH/Ia KOJIIaHbI-
JaThIH KOCMETUKAJBIK OHIMICp/ Tai/laiaHny MeH
OHJIIpyIe YIIKEeH cepIiiricTep KepiHic Tadyna. SrHu,
KypaMbIHBIH 95% TaOuFu MHTpEIUETTEpre THece-
7 OUOJIOTHUSIIBIK, )KOHE MUHEPAJJIBI KOCBhLIBICTApFa
0aif TaOWFU CHUITATTaFhl OCIMIIKTEKTEC MIMKi3aTThI
OHIMJIEPre CYpPaHBIC apThIN KaThlp [2]. OiTKeHi,
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JKacaHIlbl KOCTMAJapAaH TYPAaThlH OHIMAepdi XKHi
naianany apTypiii Tepi aypyJapbIHBIH TYbIHIAYbI-
Ha ceben Oonyna [3].

CoHppIKTaHa, OWOTEXHOJOTHSIHBIH aJIbIHFBI
©3€KT1 3epTTEy MOCENeNepiHiH KaTaphlHIa CTiMi3-
JIiH IIAKI3aTBIHBIH MOJI KOPBIHA Calf OTaH/IbIK TaOu-
FHU CHITaTTaFbl KOCMETOJIOTHSUIBIK OHIMACP/l aTy/ IbI
JKOJIFa KO0 OoJbIn oThIp. Ka3akcTaHHBIH OHTYCTIK
OHIpIHJIE OCETiH eMAIK OCIMIIKTEpAIH PU3NKA — XH-
MUSUIBIK, KOHE OWMOJIOTHSIIBIK, TYPFBIIa CHITaTama-
JapbplHA 3EPTTEYNIep JKYPTi3il, KOCMETOJIOTHSIIBIK
OHIMJICP/AIH THIMAI NPOTUTHNTEPIH ajyFa maiga-
JlaHy MaKcaThIH/Ia ChIHAKTAY, capanTay 3epTTeyIiH
MIHIETI OOJIIBI.

3epTTey MaTepuaAapbl MeH djicTepi

3epTTeyre KOCMETOJIOTUSIIBIK, OHIMIEP IiH Ono-
JIOTHSIIBIK,  O€JCeH/II KOCBUIBICTAP/BIH KOPBI pe-
TiHne 13 mopimik ecimmiktep: Artemisia cina O.
Berg., Artemisia lercheana, Achillea millefolium
L., Psoralea drupacea Bunge, Thymus vulgaris
L., Salvia pratensis L., Glycyrrhiza glagra L.,
Tanacetum vulgare L., Polygonum aviculare L.,
Alhagi pseudalhagi Gagnebin, Morus alba L.,
Peganum harmala L., Lagochilus inebrians Bunge
aJIBIHJIBI.



A.A. AGybaknpoBa koHe T.0.

XKorapeimarel  eciMuikrep — ¢uromaccana-
pbl KOCMETOJIOTHSIJIBIK OHIMI€ IIUKI3aT PETiHIe
MECT 24027.1-80 TamantapblHa cail >KHHAJIBII,
NalbiHaanasl [4] koHE TaKCOHOMUSUJIBIK Taiaay
— @®nopa Kazaxcrana-9 TOMABIK aHBIKTAybIIITHIH
KeMeTiMeH yprizinai [5]. Jopinik eciMaikrepaeH
CTPK978-94 rtananrtapsina caif, 70% cnupTTiK
epitiamine CoKclleT KYPBUIBIFBICHIHIA JKCTPAKT-
Tap[6], >dupaik Mmaimap [7] aablHIBL OCIMIIK
¢duToMaccanby OMOXUMUSIIBIK Kypambl HS-SPME
MEH XPOMOTOTPa(USIBIK, KOHIBIPFBIIA CapamnTa-
Iel [8].

KocmeTonorussaslk eHIM MPOTOTHIITEPIH ChI-
HakTay omictemenepi. Toxipube HOTIKeCiHIE
aJIbIHFaH KOCMETOJIOTHSUIBIK OHIMACPl ChIHAY MEM-
nekerapanblk, MECT 31698-2013cTtangapThIHbIH
TEXHUKAJIBIK TaJTaNTapblHa call XKypri3iami [9].

3epTTey HOTHIKeIEPi )KaHE 0J1apbl TAIIAY

Ocimoikmepoiy 2¢upni mailivl dcoHe YUKl
KOMNOHEHMMI MAaHbI30bl OUOLOSUSILIK KOCHLIbIC-
MAPbIHLIY KYPAMbL MEH MOTUEPIH 3ePMMmey Homu-
arcenepi

OHTYCTIK 6Hipre jKacalFaH 3epTTey HOTH-
JKEeCl COJ  eJKele aHBIKTAFAaH epeKIIeTiKTepi
OOUBIHIIIA OHWOJOTUSIBIK ayaHTYpPJl opoip Ty-
piHe TOH eciMaikTepliH 28Typi Amarantaceae,
Asteraceae, Poaceae, Fabaceae, Zygophyllaceae,
Caryophollaceae,  Brassicaceae, Primulaceae,
Plumbaginaceae, Plantaginaceae, Cyperaceae,
Poligonaceae, Indaceae, Juncaceae KypambIHIIaFbI
eMIik OenceHmi 3aTTapbIHBIH OOTybIHA opail Koc-
METOJIOTHSUIBIK OHIM KOMITO3UIUSICBIH KYPyFa YIII
MakcarTa nainanany kesuenui (1-cyper).

~
~
~

Hic Gepyuwii ecimuikiep W L

Pen Gepymi W

| Jlepxe xycaHbI ‘

Kouimri skyliapryi ‘ ‘ [IanFLIHALIK coI0eH ‘

| KomimMri MBIHKAIIBIpaK ‘

TananThIk Kamrohz ‘ ‘ Komimri Tacmren ‘

‘ Tepicken ‘

AT KamrtaHbl ‘ ‘

Ker3bur must ‘

‘ Jopmene ‘

Hepitik xkayKambpaK ‘ ‘ KpI3B1T payIianryt ‘

‘ Konimri tacien ‘

Kapa aro6agan ‘

L Jeopimik o CciMIIKTep W L
|
|
|
|
|
|

Paymanryn ‘

| I TanreIHABIK CoIGeH ‘

Kune ‘

‘ Komimri Tyiimerrieten ‘

‘ Koo mua

‘ Kycrapan ‘

‘ KouiMi'l skaHTaK ‘

T

‘ Komimri aablpaciiaH ‘

‘ Kosmepin ‘

1-cypet — KocMeTonorusuiblk ©HIMHIH KOMIIO3HLIUSICBIH KYPYyFa
OCIMJTIK IIMKI3aTTapblH Malaaiany MyMKIHIIKTepi

Buonorusineik, Gencenai 3aTTapablH KOPBI pe-
TiHme 13 eciMaik ¢uTOMacCCAIAPBIHBIH YKCTPaKTa-
pol: Jlepxe xycanbl [10], KomiMri MbIHXaIbIpak
[11], Axkypaii [12], dopmene [ 13], Kogimri Tacten

[14], Wanreraaeik conden [15], Kenpmmus [16],
Komimri tyiimemeted [17], Kycrapan [ 18], Komimri
xaHTtak [19], Axryt [20], Konmimri ansipacnan [21],
Kosiaepin [22] eHim anyna nmadaanansuinsl. JKora-
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PBLIAFBI IOPUTIK OCIMAIKTEPiH KYpaMbIHIaFbl OHO-
JIOTUSUTBIK, OEJICEHAl 3aTTapbhl KOCMETOJIOTHSIIBIK,
OHIMHIH HEeTi31 peTiH/ie nmalananblica, a, Keueci 8
OCIMIIKTEp:TAHANTHIK, KaJObI3, )KYIapryl, aT Kall-
TaHbI, aro0azaM, UTMYPBIH, AOPUTIK jKay KaIlbIpak,
AKMHEI, )KUJIE OHIMIe XOII HICTI, TYThIHYIIbLIAP-
JIbIH HAaKThI CYPaHBICBIH KAaHAFaTTAH/ABIPATHIH Ca-
Majgel KacweT OepeTiH 3PUPIi KOCBUIBICTAp KOPHI
Heri3iHje naigananapl. OHIM KOMITO3UIUSCHIH KY-
pyFa MakcaT €TKEH OCIMIIKTepAiH MeTOOOJHUTTIK
KOCBUTBICTAPHl TEK TYTHIHYFA JKapaMIbUTBIFBIH FaHA
apTTHIPBII KOMMaM, afjaM JieHCayJIbIFbIH HBIFANUTY¥Fa,
SHIOKPHUHJIIK JXKOHE JKYHKEHIH KBI3METIHIH YKYMBbI-
CBIH JKacKapTyFa OH bIKnaun Turizeni [23]. Oceramait
KacHueT KOPCETeTETIH OCIMIIKTepAiH OHOXUMHUS-
JIBIK KYPaMBIHBIH TaJIaybl, SPUHE OCHI YaKbITKA
NEeHiH 3epTTenreH, 3epTTelyi o /e JKalracyna.
OHnim Ty3yre maijananfad 13 eCIMIIKTIH ilIiH/e-
Tl JepXe JKyCaHbl, IAJFbIHJBIK COIOCH, KOSHEPIH,
KOIIMT1 Tacmien eCiMIIKTepiHiH OMOIOTHSIIBIK, OCIT-
CEeHJII 3aTTapblHA TOXKIpUOEIep KCHIHECH jKacabIH-
FaH, KypaMbl KOITEreH 3epTTeyjieplec TEepeHHCH

capantairaH. bipak, COHFBI Ke3lle 3epTTey Kypai-
JTApBIHBIH 3epPTTEYy ARIIIKTEPiHIH apTyhl, KYPBUIHI-
MBIHBIH KaKCapblll, Tajjay 9JICTEPIIiH caraiapbl
TOJIBIFYBIHA Call OCIMAIKTIH 8-HE ITopMeHe, KOIIMIi
MBIH)KaIbIpaK, KYCTapaH, aKTyT, TyYHMEIIeTeH, Ko-
JIIMT1 )KaHTaK, KOJIIMI1 aJibIpaciiaH, KbI3bLT MUS TO-
JIBIK, OMOXHUMUSIIIBIK, 3€PTTEY JKacCaIbIH L. JKoFapbl
monaikti HS-SPME KOHIBIPFBICEIHIA JKYPTi31LITeH
capartama HOTHXeCl ©CIMIIKTEPIiH 11IiH/e MaHbI3-
JIbI OPTaHUKAJIBIK, KOCHUTBICTAPBIHBIH OaChIMJIBIFbI-
MeH — 206 KOCBUTBIC KOIMT1 TYHMEIIETEH Ti3iMHIH
aJFaAIIKBICEIH UEMJICH I, maMaMeH — 198 KOCHUIBI-
Cbl 0ap aKTYT TyWMEIIETeHEH COH, ofaH coH 195-
OeliceHII KOCBUTBICTAPBIMEH KOIIMTII JKaHTaK TICH
191- opraHUKaibIK KOCBLIBICHI TaOBLIFAH KOIIMII
MBIH)KAIbIPaK, UeNIeH 1. ByJl KOChUTBICTAPIBIH XPO-
MOTOTPaHUSIIBIK, IIBIHAAPEI KOPCETIIT OTHIPFaHIai
ociMJIIIK (hUTOMACCACBIHIAFbl KE3JICCETIH OpraHu-
KaJIbIK, 3aTTap CaHJBIK JKOHE CaraliblK KOPCETKilli
opTypii 11 MaHBI3ABI KOCBIIBICTAP TOOBIHA Kipemi,
Oys1 ecIMIIKTEp/IiH eMIIK KaCHETIHIH dpajyaH CH-
MaThIH alKbIHIAH anaasl (1-kecre).

1-kecTe — OHIM KOMITO3ULWSACBIH TYSCTiH 9CiMZ[iKTep}:[iH MaHBbI3/1bl OPraHUuKaJIbIK KOCBUIBICTAPBIHbIH CaHbL

Ne OcimuikTep aTaybl OcCIMIIKTEepIiH JaThIHINA aTaybl HS-SPME KOHZBIPFICAIHAA SHEIKTANFaH
OpraHUKaJbIK KOCBIIBICTAP/IBIH CAHBI

1 Koniwmri Tyiimemeren Tanacetum vulgare L. 206

2 AKTYT Morus alba L. 198

3 Konimri xxanTax Alhagi pseudalhagi 195

4 Komimri MBIHKaITbIpaK Achillea millefolium L. 191

5 Kopmimri axpipacnan Peganum harmala L. 187

6 Kp13p11 MUst Glycyrrhiza glabra L. 187

7 Kycrapan Polygonum aviculare L. 185

8 Japmene Artemisia cina L. 176
KOCMCTOJIOFI/IHJ'ILIK OHIM KOMITIO3HUIIMsAChIHA 206-ra ):[eﬁiH MGJ'IHIGpiH AHBIKTAabl. BYJ'I KOCBUIBIC-

MmaliaTanFal ©CIMIIKTEPIiH OPTraHUKaJIbIK KOCHI-
neictapsl HS-SPME KOHABIPFBICHIHIA aHBIKTATFaH
0ip-OipiHeH epeKIIeNeHEeTiH MIBIHAApPbIHA COHKEC
BPTYPITi OenceHaiTikTi KepeeTrei (2-Cyper).
KocMeTonorusuiblk, eHiMIep YIIIH OciMJIiKTep-
IiH QuTomMaccackiH ©0C KEHICTIK-KATThl (ha3alibl
MHUKPOAIKCTPAKIMS SIICIMEH capamnTay OJiaparsl
(heHOIIBI YIIKBII OPTaHUKANBIK, Kyp/Iei Hemece ap-
TYPJIi TONTapFa >KaTaTblH KOCBUIbICTApAbIH 176-1an
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Tap/pIH Oipa3sl XUMUSIIBIK, OHIM OHAIpy/e, Oipkara-
pBl (hapMaleBTHKAIBIK EMJIIK MakcarTa, Jopi-1op-
MEKTep KYpaMbIHJa KOJIJaHbUICa, d(PUPIIK Mailibl
KOCBUTBICTAPbl KOCMETOJIOTHSIIBIK OHIMAEP anyna
KMl nainananbuiaapl. KarTel (hazanbl SKCTpakius-
JIBIK, TAJIJAY/IbIH HOTHXKECIH/C aHBIKTAJIFaH Oaraybl
KOCBUTBICTAPHI O6ap Oy eCIMIIKTEepai KOCMETOJIOTHsI-
JIBIK, OHIM aJTyFa TOJIBIK Iai/lailaHy FhUTBIMHU CHUIIATTa
HETI3/ICNITeH JIeT KOPBITBIH]IBI XKacail alaMbis3.



A.A. AGybaxmpoBa xoHE T.0.
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2-cypet — [lopinik eciMaikTepiiH (UTOMACCACHIH/IA AHBIKTAIFaH OPraHUKAIIBIK KOCBUIBICTAP/IBIH
xpomarorpadusuibik mwsiHaaps! (A — Kopimri tylimenreren; © — Aktyt; b — Komimri sxanrax;
B — Konimri meipkansipax; I' — Kogimri ansipacnan; F — Kessun must; [ — Kycrapan; E — [lopmene)
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OcCiMOIK WUKI3AMBIHbIY KYPAMbIH KOCMEMUKA-
JIbIK OHIM Npomomunmepin Kypacmolpyoa muimoi
Kypmaiay

TaOuru cunarra Oarayibl HHTPEAUEHTTEpre Oai
OCIMIIIKIIEH TOJBIKTBIPBUIFAH KOCMETOJIOTHSITBIK
OHIM aJy — TYTBIHYIIBUIAPJIBIH JICHCAYJIBIFBIHA OH
BCepiH Ha3zapra aja, OPraHuKaJbIK TEKTeC Tepi Ky-
TiMiI OHIMJEPIH OHIIPETIH dIEMOIK KOCMETHKA Ca-
JIACHIHBIH JKaH-)KaKThI TajJlay HOTIKECIHE ColKec,
Oapnbik eHimuepain 80-90 % — bl HETI3IIK 3aTTaH,
an kaimrad 10-20%-b1 KOCBIMITIA OEJICEHII KOMITO-
HEHTTEp, COHBIH iIiHIe 3-5%-bI )KacaH bl XOIII HiC-
Ti 3aTTap, OHIMJII Y3aK YaKbIT CaKTaIybIHA BIKITAJ
€TEeTIH TYpaKTaHIBIPFHINITAD HEMece KOHCEpPBaHT-
Tap Heri3ze anbiHabI|[24].

Ocpbl KYHI'1 HapbIKTaFbl KOCMETUKAHBIH Ko0ici
YKacaHIbl XUMHUSITBIK KOCBUTBICTApP HETi31H e *Kaca-
JIBIHYBI, TEPiHIH TAOUFH KYPBUIBIMBIHA Kepi ocepi-
HiH Heri3iHJe OpTYPJ aypyiapAblH TybIHAAybIHA
cebem OoubImt kaTanel. Tepire KyTiM jKacaWThIH
KYpaJIJapJiblH MasbJap, Kpemjaep KypaMbIHlla oTe
KOIT KOCBUIBICTHI 3aTTap: HEepaMUATEp MCH KaHBIK-

MaraH Mai KpIIIKBUIAAPHI: OJICUH, TMHOJ JIHHOJICH,
apaxuaoH, AaHTHOKCHUIAHTTAp, TEPiHIH MeT000-
JUTTIK yJIepiciH OelceHaiprimrep, TreKcarnenTH]
HET131HAeri MUOpEeIaKCaHTTap — aprUpesIuH, Tepi
TOCKAYBUIBIHBIH 3aKbIM/IAHYBIH KAJIBIHA KENTIpY-
11l HeMece aliJIblH allyIlibl KOCBUIBICTApP, dMYJIbIa-
TOpJap MEH apoMaTH3aTOp, BUIFAN YCTaFbIILITap
naiganananel [25]. Mine coHABIKTaH 1a, TYTHIHY-
HIBUTAp Tepi KYTiIMi KypajlapblHbIH HEFYPIIbIM Ta-
Ouru cunaTTa O0IyBIH Tanan eryne [26]. OceiHaai
OHIMEP/IiH KaTapblHa aybl3 KYBICBIHBIH KYTIMiHE
apHaJIFaH JIPPUIIK OCIMIIKTep HETi3iHIerl Kocra
MEH eMJIK OCIMIIKTEep 3KCTPaKIMACHIMEH Oaibl-
TBUTFAH CaOBIH/BI )KaTKbI3yFa Heri3 6ap. by eHiM-
JIep TOJBIFBIMEH TAOMFU CUIIATTAFBl IIUKi3aTTapFa
Heri3ene Kejeciied ylecTiK KaTbIHaCcTa sKacallIbl
(2-xecre).

JKorapblfarel YJISCTIK KaThIHACTAFbl ©CIMJIIK-
TepJiH IIUKi3aTTapblHa HETi3AeJe OTBIPBIT KOCMe-
TOJIOTHSUTBIK, OHIMACPAIH KOMIO3USACH THIMII TYp-
JIe KYpMaJIaHbIT, alFaliKbl MPOTOTHUIITEP] aTBIHIIbI

(3-cyper).

2-kecTe — KOCMETONOTHSUTBIK, ©HIM KOMITO3HIIUSACHIH/IAFbI TAOUFHU MIHKIi3aTTap MEH O©CIMIIKTEP/IiH YJIECTIK KaTbIHACHI

Onim DIUKCHP Cabbin

Ke13but must, % 0,08-0,5 0,07-0,3
3¢up MaIBl IOPLTIK SKCTPAKT, Yo - 0,15-2,05
Konimri Tyiimemeren, % 0,09-1 0,08-0,25
Konimri aneipacnan, % 0,09-0,5 0,06-0,19
IlanreEaBIK conbdeH, % 0,1-0,15 0,08-0,2

Kyc tapan, % - 0,1-0,4
Hopmene, % - 0,08-0,22
AKTYT, % 0,09-0,1 0,05-0,2
Komimri xxanrak, % 0,09-0,15 0,08-0,3
Komimri MbIHKarnbipak, % 0,08-0,1 0,07-0,2

caObIH TY3YIIl HETi3IeH - 70-80

Ocimoikmepmen Kypmananean KOCMeMUKAnblK
OHIMOEPOI CLIHAKMAY JHCOHe MYMBbIHY OOUbIHUA
VYCOIHLIMOAD

AybI3 KYTIMiHE apHalFaH ©CIMIIK Heri3iHjeri
HIaiiMaHbl capanrtay

JKorapel caHATThl CTOMATOJOI BPaYThIH KaTbI-
CYBIMEH OHIM/I anpodanusiiay Keleci HOTHKeIep i
KOPCETTi:

1. TuareuTTi emzeyre 13 epikrinepre KoiaaHy-
JIaFbl OH HOTHXKeIep:
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a) CTOMATOJIOTTBIH aybIC KYBICBIHA >KacaraH
€M IIIapachkliHaH COH ADPITIK IMpenapaTTapabl KO-
naHOaii, eciMIIK HEeT131HAeT1 CYHUBIKTBIKIICH KYHI-
He ym-0ec peTTeH (eMAiK CYWBIKTBIKTBIH 10 mi
MemnIepiH | MUHYTTal aybI3a ycTay apKbIIIbl)
nraro;

0) CTOMAaTOJIOTTHIH KacaraH eMiHeH COH, «MeT-
POTHJI JCHTa» TENIIMEH Oipre CYHBIKTHIKTHI 5 KYH
00iibI (emMIliK CYHBIKTHIKTBIH 10 M Memmepin 1 Mu-
HYyTTal aybI3/ia YCTay apKbUIbI IIAk0) eM/ILY;



A.A. AGybaxmpoBa xoHe T.0.

3-cypeT — OCiMIIK MIHKi3aTPIMEH KYpMaJlaHFaH TaOuFu
KOCMETHKAJIBIK OHIMIEP MEH eMIIiK caObIHAap

AJBIHFaH OHIM/II OChUIAN KOJIJaHy HOTHIKECIH-
JIe TICTiH JKHETiHIH Tyci allbIK TYCKE €Hill, KaHay,
iciHy 0achUINBI, ayBIPCHIHY JKOMBIIIBL.

2. [MapamonTto3sl emaeyre 10 epikrijepie KoJ-
JaHyAaFbl OH HOTHXKENEp:

a) CTOMATOJIOTTHIH JKacaFaH €MiHEH COH, ©CiM-
JIK HETI3IHJETT CYHBIKTBIKIICH KYHIHE YII-0ec
perreH (eMIiK CYHBIKTHIKTBIH 10 mMa memmepin 1
MUHYTTall aybI3fa ycTay apKbUIbl) maro, «MeTwy-
pain jkakna MaibiH 20 MUHYTTal Kijereit Kaobi-
FBIHA JKary, (PU3MOTEpAaINeBTiK Ja3epMeH 8§ KYH eM
KaObuIIay;

0) CTOMATOJIOI'ThIH acaFaH €MIHEH COH, eM/IIK
CYWBIKTBIKIIEH YH KarpaiibiHaa ym perteH (1muH
aybI3/la YCTay apKbLIbl) Iaro, PU3NOTEpareBTiK Ja-
3epMeH 8 KYH eM Ka0bu1iay

OHIMAI KOJJIaHyJbIH HOTIKECiHAE 4 KYHHIH
©3iH/Ie ayBIPCHIHY 0achUTBIN, 8 KYHI aybIPCBIHY MEH
THIEPEMUSIaH TOJIBIFBIMEH apbLUTy OPBIH aJl/ibl.

3. I1apoaOHTHUTTIH CO3BIIMAJBI TYPIHIH >KEHIT
aCKBIHFAaHBIH 7 €piKTiHI emaeye:

a)Iopi —IIOpPMEKIIeH (AaHTHUOMOTHKIICH) eMJICy-
JIeH KeiiH, 3aalChI3JaH/IbIPhIIFaH CyMEH IIaiblI,
remapuHai npenapartel 20 MHUH JI9KEMEH TICTIH
JKUETIHE TaHY;

0) Iopi —IOpMEKIIeH (aHTUOMOTHUKIICH) eMJICY-
JICH KeliH, eCIMIIK HeTi3iHIerl CYHBIKTHIKTBIH 12-
15Mn KesdeMmiMeH IMaWBIT HEMece, eMIIK CYHBIK-
TBIKTBI 15 MUH JOKEMEH TICTIH >KHETCHIHE TaHy.
EMaeynin oH HOTIKECI VIIHINI KYHHEH alKbIH
KOPIHJII, TiC KUETIHIH TYCl aKIIbLUT KbI3FbUITTAHBIII,
KaHaybl MEH aybIPChIHY KOUBUIJIBL.

Jopiiik eciMIiK HeTi3iHAeri eMIIK CYHBIKTBIK-
TBIH OH CHIIaThl CTOMATOJIOTTBIH O€preH yirapbl-
MBIH TOJIBIK, pacTaiijibl, KaOBIHYABI Oacajibl, KaHay-
JIbI TOKTATaJbl, OaKTEepHsiFa KapChl JKOWKBIH acepi
0ap, KaFbIMChI3 HICITI MYJIZEM KOS /bl, TUTHEHAJIBIK
KypaJl peTiHJe KYHIENIKTI TaiijajaHyra Hemece
eMJIIK MpenapaTTapMeH OipiKTipe OTHIPBIN eMAeyTre
Oomansr (4-cyper).
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4-cypeT — AybI3 KybICBIH KYTYre apHaJIFaH IOPLTiK 6CIMIIKTepMeH
KypMaJlaHFaH eMAIK CYHBIKTBIKTBI capanTay HOTHXecl

KopbIThIHABI

Kasipri KocCMeTONOTUsJIBIK, OHIIPICTIH OJICyCTIH
eNiMIi3/Ie JaMbITY OHOTEXHOJOTHSUIBIK LIrepiiey-
IiH OipneH Oipi OaFbITHI, eMiMi3AiH IKOHOMHUKAIBIK
TYpFBIJIa IaMybIHA BIKIAJBI 30p cana. Kocmerunka-
JIBIK OHJIPICTIH TaOWUFU WHTPEAMCHTTEPI, TaOMFU
CUIIATTaFbl MIMKi3aTTap eNiMi3liH OapiblK aima-
FhIHZA KeHiHeH TapanraH. OCblFaH Kapamai, eji-
Mi3JliH KOCMETHKAJIBIK OHIMIE JISTCH CYPAHBICHI TEK
HUMIIOPTTHIK OHIMICPMEH TONBIKTHIpbUTya. COH-
JIBIKTaH 14, TAOMFU CHUITATTaFbl OHIMACP/l OHIIPYTe
OaFbITTAIFAH 3€PTTEYJICPIIH KOJieMi MEH CallachiH
apTTHIPY Kasipri 3amaH Taja0blHa caii, e3eKkTi 0o-
JIBITT OTBIP.

Ocbl MakcaTTa KYPri3uireH 3epTTeysiep HOTH-
XKeciHe caill Kejeci TYPFbIIa KOPBITBIHIABLIAP HAaK-
THUTAHIBI:

1. KazakcTraHHBIH OHTYCTIK OHIpiH/E TapaiFraH
eciMaikTiH 14 TyKpIMIAcTapblHBIH immiH;eri 13
JOPUTIK ©CIMIIK TypJiepi Tepi KYPbUIBIMBIH KaK-
capTyFa KaXeTTi JIell TaHbULJIbI, COHBIH IIIiHJeT1 8
typine HS-SPME oniciMeH OMOXUMMSIIBIK Tajigay
JKACaIIBIHBIN, KypamblHaa Oarajbl OpPTaHHUKAaIbIK
KOCBUIBICTAP/IbIH mamMaMeH 176-206 Typi O6ap Oy
OCIMJIIK CHIFBIHIBUIAPBIH KOCMETHKAJIBIK, OHIipic-
K€ TOJIBIFBIMEH MaiijlajaHy >Kapamjbl Jen yira-
PBUIIB;

2. OCIMIIK CBHIFBIHIBUIAPBIHA HET13/IETEeH KOC-
METHKAIBIK OHIMICPIIH alFallKpl YITLIepi: aybl3
KYBICBIH €MJICYy CYHUBIKTBIFbI, JOPUIIK OCIMJIK ChI-
FBIHJBUIAPBIMEH OaWBITBUTFAH eMJiK caObIHaap
aJIBIH/IBI, JKOFAphl CaHATTarbl KOCMETOJIOT-IepMa-
TOJIOT, TIC JI9PIrepiHiH KaThICYBIMEH caparnray a-
CaJIBIHBIT, OH HOTHXKEJIEePiHIH HeTi3iHIe KOJIJIaHy
OOMBIHIIIA YCHIHBICTAP JKaCaJI/Ibl.
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Makarapa HeMpoHAAPAbIH 3MMAENTUAOPMABIK, GeACEHAIAIrIH peTTeyaeri Ca? * peAiH 3epTrey
HOTUXKEAEPi KeATIpiAreH. XXyMbIC HEMPOHHbIH DAEKTPAIK OEACEHAIAIrH 6ip yakbiTTa TipKeyre >KoHe
KaAbLMI MOHAAPbIHbIH KOHLIEHTPALMSIChIHBIH ©3repyiH ONTUKAABIK, SAICTIEH BALLIEYTe MYMKIHAIK GepeTiH
Giperei KOHAbIPFbIAA XXYprisiaai. Ca’* MOHAAPbIHbIH ANMAENTUMOPMABI GEACEHAIAIK NapameTpAaepiHe
aCep eTy MexaHM3MAEPIH allly OCbl KYPAEAI MpoLecTi 6ackapyAarbl MaHbI3Abl KaAaM GOAbIM TabbIAaAbl
>KOHE TMMNepKOo3yAbl DAPMaAKOAOTUSABIK, TY3ETYAIH >KaHa >KOAAAPbIH alllaAbl. 3epTTeyAiH MakcaTbl:
HEMPOHAAPAbIH 3MMAENTU(OPMABIK, GeACeHAIAIriH peTTeyaeri Ca?* MOHAQpPbIHbIH POAIH 3epTTey.
3epTTey HOTUXKECIHAE >KacylailliAik Kaabumin 6ydepiHiH (BAPTA) kemerimeH Gasty aenoaspusaums
AMIMANTYAQCBIHbIH, MApPOKCU3MaAbAi AenoAdpu3aumsiAblik, biFbicy (MAbI) KAacTepiHiH y3aKTbiFbl MeH
BPTYPAI TUNTI HEMPOHAAPAbIH, 8pekeT noTeHumassapbl (Ol1) aMNAMTYAACBIHbIH LUMTOMNAA3MAAAFbI
Ca?* MOHAQPbIHbIH KOHLEHTPaUMSCbiHA TOYEAAIAIri aHbikTaaAbl. XKacywaiwinik Ca** OydepiHin,
>KMHAKTaAyblHa 0GaiAaHbICTbl  3MMAENTUROPMABIK,  6eaceHAiAik  kesiHae Ca?*  MMMYAbCTapbIHbIH
AMMAMTYAQCbIHBIH TOMEHAEYI HEMPOHAAPAbIH 8P TYPiHE TypAille acep eTeTiHi 6eAriai 60AAbl. Texxeriu
(TAMKeprukanblk) HeMpOHbIHAQ KAACTEPAIH aMMAMTYAACbl ©pekeT MOTEeHUMAAAAP  KMbIHbIHbIH
y3aKTbIFblH ©3repTrnecTeH TOMEHAENAI, aA KO3AbIPFbIl (FAyTamMaTeprusiAblk) HEMPOHAQ KAACTEPAIH,
Y3aKTbIfbl aMMAMTYAACbIH  ©3repTrecTeH TemeHAeral. KaacTepaiH Aenoaspusaumsi  MMMYAbCi
GipiHwWwi >arpanaa Ca?* KOHUEHTpaUMsCbiHA TOYEAAl emec, aA ekiHwi >karpanaa (Ca?*-Toyeaai
AEMOASPU3ALMSIAbIK, apPHAHbIH, aulbIAYbIHbIH apkacbiHAd) Ca?*-TayeAaai npouecc acepiHeH GOAaAbl.
Ocblnaniiua, 6epiAreH XKyMbICTa aAfall peT rayTaMaTeprusiabik xxoHe TAMKeprusiabik, HEMpPOHAAPAAFbl
>kacywailiaik kbinpam Ca?* OydpepiHiH acep eTyiHiH SpTYPAI MexaHM3MAEpi KepceTiAai, 6yA
3MUAENTUKAABIK, MU KbI3MeTIH peTTeyaiH Ca?*-TeyeAAl MeXaHM3MAEPiIH TYCIHYA€ MaHbI3Abl Kasam
6OAbIN TabbIAAADI.

TyiiH cesaep: HeMpoHAAP, TUMMOKaMI, 3MUAENTUGOPMAbI BGEACEHAIAIK, 9peKkeT MOoTeHLUMaAb,
MapOKCU3MaAbAT AEMOASIPU3ALMSABIK bIFbICY, KaAbLMIA MOHAAPbI, Xacywwaiwiaik Ca’*-6ydepi.

S.T. Tuleukhanov!, V.P. Zinchenko?, B.K. Kairat'",

A.M. Malibayeva', G.A. Tussupbekova', Zh.K. Kenzheyeva'
'NJSC “Al-Farabi Kazakh National University”, Almaty, Kazakhstan
2Institute of Cell Biophysics of the Russian Academy of Sciences, Pushchino, Russia
*e-mail: Bakytzhan.Kairat@kaznu.kz

The mechanisms of regulation of epileptiform electrical activity
of neurons by calcium ions

This work explores the role of Ca?* in the regulation of epileptiform activity of neurons. The research
was carried out on a unique setup that allows simultaneous recording of neuron electrical activity and
measurement of calcium ion concentration changes by optical method. The uncovering of the mecha-
nisms of Ca?* ions influence on the parameters of epileptiform activity is an important step in the control
of this complex process and opens new ways of pharmacological correction of hyperexcitation. The aim
of this study was to investigate the role of Ca?* ions in the regulation of epileptiform neuronal activity.
The result of the research with the use of intracellular calcium buffer BAPTA established the dependence
of the amplitude of slow depolarisation, the duration of the paroxysmal depolarisation shift cluster and
the amplitude of action potentials of different types of neurons on the concentration of Ca?* ions in the
cytoplasm. Decreasing the amplitude of Ca?* pulses during epileptiform activity while accumulating
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tude occurs in the GABAergic neuron without a change in the duration of the action potential burst,
while in the glutamatergic neuron the duration of the cluster decreases without a change in amplitude.
The depolarising pulse of the cluster in the first case is independent of Ca?* concentration, while in the
second case it is due to a Ca?*-dependent process (opening of a Ca?*-dependent depolarising channel).
Thus, this work shows for the first time different mechanisms of action of intracellular fast Ca2+ buffer
in glutamatergic and GABAergic neurons, which is an important step in understanding Ca?*-dependent
mechanisms of regulation of epileptic brain activity.

Key words: neurons, hippocampus, epileptiform activity, action potential, paroxysmal depolarising
shift, calcium ions, intracellular Ca2+-buffer.
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MexaHn3mbl peryAsiuumu asnMAenTucpopmMHONM SIAEKTPUUECKOH aKTUBHOCTH
HEeMpPOHOB MOHAMM KaAbLMS

B HacTosuwen paboTe nccaepoBaHa poab Ca?* B peryAsumm anmMAenTUOPMHON aKTUBHOCTU He-
poHoB. PaboTa npoBeaeHa Ha YHMKAAbHOM YCTAHOBKE, MO3BOASIOLIE OAHOBPEMEHHO PErMCTPUPOBAThL
IAEKTPUYECKYIO aKTUBHOCTb HEMpPOHa M M3MepPaTb M3MEHEHUS KOHLIEHTPaLUMM MOHOB KaAbLMS ONTU-
YeCKMM MeTOAOM. PackpbiTve MexaHM3MOB BAMSHMS MoHOB Ca’* Ha nmapameTpbl 3NMAenTUOPMHOMN
AKTMBHOCTU SIBASETCS BaXKHbIM LIArom B YNPaBAEHUM 3TUM CAOXKHbIM MPOLLECCOM M OTKPbIBaeT HOBble
nyTM hapMaKOAOrMYECKON KOPPEKLIMU rMnepBo30yKAeHMs. LIeAblo AaHHOrO MCCAEAOBAHUS IBASAOCh
n3yueHme poAn moHos Ca’* B peryAsiumm anmAenTUOPMHON aKTMBHOCTU HEMpPOHOB. B pe3syabTaTe
MNCCAEAOBAHMS C MCMOAb30BaHMEM BHYTPUKAETOUYHOrO KaAbumeBoro 6ydepa BAPTA ycTaHoBAeHa 3a-
BUCUMOCTb aMMAUTYAbl MEAAEHHOM AEMNOASIpU3aLMM, AAMTEABHOCTM KAACTepa MapOKCM3MaAbHOIO
AEMOASIPU3ALMOHHOIO CABUIra U aMMAMTYAbI MOTEHLIMAAOB AEMACTBUS Pa3AMUHbIX TUMOB HEMPOHOB OT
KOHUeHTpaumn noHo Ca’* B uutonaasme. MNoHuxkeHne amnantyabl Ca?* MMMNYAbCOB BO BPEMS 3Mn-
AENTUMOPMHON aKTUBHOCTM MPU HAKOMAEHUM BHYyTpuKAeTouHoro Ca?* Oydhepa oKasbiBaeT pasHble
3pdpexTbl Ha pa3Hble TuMbl HerMpoHoB. B TAMKeprunyeckom HerpoHe NpoUCXOAMUT NMOHUXKEHME aMIMAN-
TYAbl KAACTepa 6€3 M3MEHEHNSI AAMTEAbHOCTU Mayky MOTEHUMAAOB AEMCTBUS, a B TAyTaMaTeprmyeckom
HEMPOHE YMEHbLLAETCS AAMTEAbHOCTb KAacTepa 6e3 M3MEHEHMS aMMAMTYAbL. AEnoAsdpr3aLMOHHbIN
MMIYAbC KAACTepa B MEPBOM CAydae He 3aBUCMT OT KoHueHTpaumm Ca?*, a BO BTOPOM - 0OYCAOBAEH
Ca?*-3aBMCUMbIM MpoLieccom (OTKpbITMem Ca?*-3aBUCUMOr0 AEMOASIPU3YIOLLErO KaHaAa). Takum 00-
pa3oM, B paboTe BrnepBble MoKasaHbl Pa3AUYHbIE MEXAHM3Mbl AECTBUS BHYTPUKAETOUHOIO BbICTPOro
Ca?* bydepa B raytamareprmyecknx 1 FTAMKepruyecknx HempoHax, Yto SBASIETCSI BaXKHbIM LLIArOM B
noHnmaHnmn Ca?*-3aBUCUMbIX MEXAHWU3MOB PErYASILIMM SMUAENTUUYECKON aKTUBHOCTM MO3ra.

KAroueBble cAoBa: HelpoHbI, TUMMNoKamr, 3MMAeNTU(OPMHAdg aKTUBHOCTb, MOTEHLMaA AENCTBUS,
NMapOKCU3MaAbHbIN AETMOASIPU3YIOLLMIA CABUT, MOHbI KaAbLMS, BHYTPUKAETOYHbIN Ca?*-6ydep.

Kipicme

Dnunerncus — Ka3ipri TaHaa diieMe KeH Tapa-
FaH HEBPOJIOTUSIIBIK aypyapasrH Oipi. JlyHue xkys3i
OoifpIHIIIA XANBIKTHIH maMaMeH 1 %-b1 (OpTa ecerm-
neH anranaa 50-70 MAJUTHOH ajiaM) SIHJICTICHSIMEH
aysipaapl [1]. Munarer Ko3y/Tekeny TeHrepiMi Tu-
M0TE3aChIHA COUKEC, AMHIICTICHSIIBIK YCTaMallap IbIH
JKQNIIbl MEXaHW3Mi Tele-TeHMIKTIH KOo3yFa Kapaii
BIFBICYBIHAH TYBIHAAWIEI [2]. Byn Oy3putynap Hei-
POHIIBIK, aHCAMOJIBbJICP/IIH TUIICPAKTUBAIUSICH MCH
TUTNIEPCUHXPOHU3AIUSChIHA SKeneai. Mu HeHpoH-
TMApBIHBIH  AIUJICTICHSUTBIK, OCICCHIITITI  (dTHIIeTI-
CHSUTBIK YCTaMaHbIH aJJIbIH/Ia HEHPOHIBIK KeJlieri
IIEKTEH THIC KO3y HEMECe «THIIEPKO3Y» PEexHIMi)

TEK AMHJIICTICUS Ke3iH/Ie FaHa eMec, COHBIMEH Kartap
MUJBIH OipKarap aypyJapblHaa, aTamn anTKaH7a,
HIIEMUs, UHCYJBT, AnblreiMep aypysl xkoHe Ilap-
KUHCOH aypybl Ke3iHJe, HEHPOHBIK KEIIHIH a-
MYBIH/Ia, MUJIBIH TPaBMATHKAJBIK 3aKbIMIaHYBIHIA
na Oaifkaapl.

Keke wHelpoHaap/ia >NUIENCUMAIBIK pa3psii-
Tap MapOKCU3MAIBIBI JICTIONSPU3AIMSIIBIK BIFBICY
(ITABI) nmem aTayaTblH MEMOpAHAJBIK TOTCHITHAII-
JIBIH KaJIBIIITaH ThIC TepOeicTepl TYpiHAe KepiHe-
ai [3, 4]. bacrankeiga Oyl KyOBUIBIC 3JE€KTPOH-
nedamorpadus apKpUIBI  TIPKENITEeH ycTamanap
apachIH/IaFbl IMITYJIbCTEP/II CUMIATTAUTBIH HEHpPOH-
JIBIK, KOPPEISIusl PeTiHAe KapacThlpblUiabl [4]. [e-
reaMeH, Kasipri yakeirta [1/1bl snmnencusHeH in

149



HeiiporaapasiH smmienTudOpMIBI SMEKTPITIK OeICSHIUTITIHIH KadblIUi HOHIAPBIMEH PETTEY MEXaHH3MIEpi

Vitro )oHE in vivo MOJEIbJEpiHe Naliia 00IaThiH
SMWICTICUSUTBIK Pa3pAATapAbI, YCTaMalbIK OesceH-
JUTIK CerMEHTTEPIH KOHE TOCTHKTANbIbl Pa3psii-
Tapapl Koca ajFaHma, dOpTypii SmienTudopMIb!
paspsaarapasl 6inaipeni [5-9]

Cumarranran SmrIenTAGOPMIB  OSICEHIITIK
KO3Y/TeXelly TEHIrepiMiHiH KO3yFa Kapai bIFbI-
CybIHA OCep E€TETiH TYPJi OcCepiiepACH TYBIHAAYHI
MYMKiH, OYJI >KeJliHiH rUrnepKo3ybiHa okeneai. [Ink-
POTOKCHH, OMKYKYJIMH, Ko(enH xoHe Mg jKOK
opra — 3nmiIenTuopMIbl OSJIICEHAUTIKTIH KCHIHSH
KOJITAaHBUIATRIH HHAYKTOPIIApHI [3, 10-12]. Dmwrer-
TUQOPMIBl OCJICEHIUTIKTIH >KacyIIalblK MOJACIb-
nepl KyOBUTBICTBIH TaOWFATHIH 3epTTEy MiHICTIH
Oipirama >KeHUIIETe/Nl JKOHE MPOIECTIH KOITEreH
KaTBICYIIBIIAPBIHBIH POJIIH aHBIKTayFa KOHE oJap-
IbIH KATBICYBIMEH CUTHaN Oepiiy Ti30eriH KypyFra
JKOHE OJIapIbIH OCTICEHAUTITIH PETTEY MEXaHU3MIe-
piH aHBIKTayFa MYMKiHAIK Oepeni. Onerreri [1/1bl
— Oyn 6ip HemMece OipHeIe 9peKeT MOTEHITNAIBIMEH
(SI1) 6ipre *ypeTiH OH ACHOISIPUIALMSIBIK BIFBICY.
Oll ammmuTynacel AETONSIPU3ANUSIBIK ITBIHHBIH
Oacenyieyimen Oipre Temenaeai. [1JIbl y3akThirsl
40-400 Mc OOJaTHIH JKAJFBI3 DJIEKTPIIK KyOBLIBIC
HeMmece OipHemre mammay KakramaHateiH [1/1bI
kiactepi perinae tysiHmanaer [4, 13]. I1AbI xeke-
JIeTeH TMaTTepHAEpl MHAYKLIUS MEXaHU3MiHe, MH-
IIGTH ailMaFbIHA YKOHE HEHPOHIAPIBIH epeKIIeIiKTe-
piHe GailaHpICThl ©3repyi MyMKiH [4, 14, 15].

[T/IbI anmFamr pet eTkeH FachIpabIH 60 KBITAAPHI
CUMaTTaJFaHbIMEH, OyJI OYTiHI1 KYHTe JeliH 3epT-
TeTyl KUBIH KYOBUIBIC OoJbIT Kama 6epexi [16,17].
Conpaii-ak, [1/1bl snunencusnarel pesi Tajgacrap-
ra ToJsibl. [1/IbI mposnumiienTuKanbiK KoHe AIUJIe-
CHsIFAa Kapchl 9CEPiH KOPCETETiH Trurore3anap Oap
[18-21]. ConpiMen katap, Oynm OeJICeHIUTIK Oacka
HEBPOJIOTHSIIBIK aypyJapia Jia Oalkamybl MYMKiH
[22-24]. Con cebenten me, I1/1bl reneparusacsH
YKOHE OHBIH Tapally MEeXaHU3MJIEPiH erKeH-TerKe-
T 3epTTey KaHa TEPANEBTIK TOCUIIEpAi 93ipiey
KOHE HEBPOJIOTUSUIBIK OY3bUTyJapblH Heri3iHjae
JKaTKaH MEXaHU3MIEPAl TYCIHY YIIiH KaKeT.

3epTTeyiH MakcaTbl HEHPOHAAPABIH SIUIICH-
TAQOPMABIK JJIEKTPIIK OCICEHIUTITIHIH peTTe-
ayinge Ca** moHmapbIHBIH peiiH 3eprrey. biz o3
3epTTeyJIepiMi3ie THUITOKAMIITEIH HEHPOTIHAIb-
Il JKacylla KYyJIbTYPachlH KOJIJAHJIBIK, OWTKEHI
OV JKacyIIabIK MOJIEh Oip TYWBIKTAJIFaH JKeJlire
OipiKTipiAreH KemnTereH HEHpOHIapAbIH OeJceH-
ITiTiH Oaraymayra MYMKIHIIK Oepemi. DTMIeNTH-
(dbopmubl OeCeHIUTIKTI TyAbIpY YIIiH 013 A-THITI
raMMma-aMHHOMai KBIIIKBUTBI  PEIeTTOPIaPhIHBIH
(TAMK,, -penienropiap) aHTaroHMci OMKyKyJLUTMHI
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KonpanablK. buxykymmnai konmany 'AMK, -pe-
HENnTOop JKaHaMaJlaHFAH TEXENy/al TeXKEW OTBHIPHII
HEHPOHBIK JKEJTHIH MIaMaJaH ThIC KO3YbIHa bIKIAJ
ereni. XKacymaiminik Ca** ([Ca*']) koHueHTpanus-
CBIHBIH MEeMOpaHaNbIK MMOTCHIHAJIBIH TUHAMUKACHI
ocepiH Oarajay YIIiH HEeTi3T1 eJIIeHeTIH apaMeTp-
Jiep peTiHje naiianaHbUIIbL.

3epTTey MaTepHaJAapbl MeH aicTepi

JKanyaprapmen xypri3ineTrid 6apiblK IpoLeay-
panapsl o1n-Dapabu ateiHaarsl Kazak yiTThIK YHU-
BEPCHUTETIHIH KEPriliKTi 3TUKAJBIK KOMHUTETI Ma-
KYJ/IaFaH XKOHE 3epTXaHAJBIK JKaHyaplapabl KYTy
JKOHE Naiganany OOMbIHIIA 3epTXaHaANIBIK TOXKIpuoe
epexenepin OenriredTin Eyponansik mapiameHT
KEHECIHIH FBUIBIMM MaKcaTTa NaijanaHbuIaThIH Ka-
Hyapnapabl Kopray skeHiugeri 2010/63EU [{upexk-
TUBACbIHA COMKeC XKYpriziaai. byas ereykyipbsIkrap
12 caraTTBIK >KapBIK-KAPAHFBUIBIK, MUK KOHE Ta-
Mak MeH CyFa epKiH KOJI )KeTiMALiri 6ap 3epTxaHa-
JIBIK JKaHyapJiapFa apHajJFaH Topiapaa 2-3 aHbUIbIK-
TaH OPHAJIACTHIPBIIJIBL.

'unmokamn  KacyliajgapblHbIH ~ KYJIBTYpPACHI.
EreyKyHpbIKTapIblH THUNIOKAMIIBIHBIH HEHPOH-
TIIMANBJBI XKACyIIa KyJIbTypachl aJIbIHFBI IKY-
MBICTAp/la CUMNATTAJFaH dJicTeMe OOWbIHIIA aa-
werHmanasl [25]. Sprague-Dawley nuHMSIBI kaHA
TybUTFaH 1-2 KYHIIK ereyKYHpBIKTapAbl TepeH UH-
TAJISIIUASITIBIK HApKO3daH KeiiH OaChIH KeCTIT, MUBI
aca MYKHMATTBUIBIKIICH OKIIAyJaHbI aJbIHBII,
cywsIK Bepcen epitinmici 6ap Iletpu Tabakmaceiaa
OpHaNacTHIpBUIABI. bip >kaHyapAblH MUBIHAH OK-
NIAYJIaHBII ATBIHFAH JKacyIa KyJIbTypachl TOXKIpH-
Oenepaiy Oip cepusachl YUIH maiganaHeiabl (Oip
cepusira 14-16 xaObH IBIHBUIAPBIHA OCIPIITEH
JKacyma Kyibrypachkl). Conan KediH MMIaH THII-
MTOKaMTII OOJTIHII aJBIHBIT, KAWUIIBIMEH YCaKTabIII,
37°C temmneparypana 10 MUHYT OOHBI YHEM] IIaii-
Kai OTBIPEITT 1 % TPUTICHH epITIHAICIMEH OHICI/II.
Tpurncuuai WHAKTUBALMSIIAY JKOHE KETipy YILUiH
ycakTanaFaH yimaHsl cyblK Neurobasal-A optacei-
MEH €Ki peT MYKHAIT KybULABL. Opi Kapai, yima-
HBIH (parMeHTTePi TAMITYBIPMEH MYKHUSAT MIaiKai
OTBIpa TPUIICHHU3ALMUIAHOAFAaH KAJABIKTAp allbl-
HBITI TaCTAJIIBI KOHE Kacymra cycneHzuscel 2000
allH/MHH XBUIAAMIBIKTa 3 MUHYT OOUMBI IEHTPH-
¢yramanasl. ComaH KeWiH jKacymia TyHipmiikrepi
2% B27-kocemmiacel, 500 MKM riyTamMHuH KoHE
neHumuMH-cTpentoMuiind  (1:100)  kocwLIFan
Neurobasal-A opracklHaH TYpaThIH KYJbTYPaJbIK
opTajga KalTa CyCHEeH3WsJIAHABI; CYCIEH3Hs IIO-
JUATUICHUMUHMEH alfblH ajla OHJCNreH JXYKa
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JIOHTeJIeK >KaOBIHBl IIBIHBIIAPFA eriifi, jkacyla
KyJbTypacel ecipy yurin Ilerpu Tabaxmmamapsiaa
opHanacTeipbuiiel. XKacyma kynasrypacein CO,.
-unkybaroperama 37°C, 5% COZ, 95% BLIFAIIBI-
nbIKTa ecipingi xxone 13-14 DIV (in vitro xynnep)
TOXIpUOEIIepIi xKacay yIIiH KOIIaHBUIIEL.

O1eKTpOPU3NOTIOTHSIIBIK, DIICTEp. 3epTTeyneri
Oapaeik whole-cell koH(bUTYpanACBIHIAFBI SIEKT-
podusnonoruanbK  Kazdamap X9HKCTIH TY3.bI
epitinaicinne (HBSS) 28°C temmnepatypana xyp-
rizinai. MHTpanunerka epiTiHAICIHIH KypamblHAA
(mmome/m): 10 KCI, 125 K-rmokonars, 1 MgCl,
x 6H,0, 0,25 EGTA, 10 HEPES, 2 Na -ATP, 0,3
Mg-ATP, 0,3 Na-GTP, 10 Na,-pocdokpearnn (pH
7,2). lepextep Axopatch 200B kymeATKimnmia Koi-
nmana oteipsilt Axon DigiData 1440A mamimeTtepai
KuHaKTay Kyieci Mmen pClamp 10 OarpapinaMabik
xkacaktamacel (Molecular Devices, San Jose, CA,
AKIII) xemeriMeH TipKemi.

Crartuctuka »oHE AepekTepai Ttammay. I'pa-
buKTepAl Kypy koHe onapasl Tanaay ymid Origin
Pro 2016 6armapnmamacer (OriginLab) koimaHbLI-
Ibl. JlepexTep >KUBIHTBIFBIMEH OJAETTEri ecenTey-
nep Microsoft Excel (Microsoft xoproparusicer)
OarapramMachlHBIH KeMeriMeH kyprisimmi. Ca®*
JKayanTapblHbIH  3JeKTPO(U3UOIOTUSIIBIK — Mapa-
METpJIEpi MEH JepeKTepi (TOMeHAey/ sKOFaphliay ya-
KbITBL, ammutuTyacel) pClampFit 10 6armapnamacs
(Molecular Devices) apkpuisl Tanganasl. Taiimiarc
cepusutapbl MEH KOH(OKambAbl OeitHenmep Imagel
(NIH) OarmapnaMaiblK >KacaKkTaMachIMEH TaJlJJaH-
ne1. [Tupcon men M1/M2 konokanmuzarus koddhu-
muentTepi Imagel ymin JACoP mmaruni (https://
imagej.nih.gov/ij/plugins/track/jacop.html) xemeri-
MeH ecenTenai [26]. epekTepai TapamtyblHBIH Ka-
neiThl AeHredi lamupo-Yunk tecti apKpuisl 6a-
ranaugs! (p > 0,05), eiiTkeni yari emmemi N < 15
0oL, Bapibik nepekTep sKUBIHTHIFBIHBIH TapaTybl
KAIIBINTHI JICHrelne OONFaHAbIKTaH 0i3 mapaMerp-
JK TeCTTepal KOJIAHABIK. AWBIPMAIIBUTBIKTAP
Graphpad Prism 8§ (Graphpad Software) kemerimen
KYIITACTBIPBUTFAH t-TeCT (€Ki KaKThl OarajayMeH),
0ip >xaxTel ANOVA (0ip KakTbl OaranayMeH) koHe
TrrokuaiH OlpHEINIe CaabICTHIPY TECTI HeMece €Ki
xakTel ANOVA (0ip xakThl OarasayMeH) >KOHE
[lIunakTeiH OipHEIIEe CaTBICTHIPY TECTI apKBLUIBI
TannaHabl. MaHbI3IbUIBIK, JeHreiepi p-moHi 0,05-
TE€H TOMEH OOJFaH Ke3Je aHbIKTaJa/bl. DKCIEepH-
MEHTTEpZIC KOJAAaHBUIATBIH Kacylla KyJIbTypaia-
PBIHBIH TOYEICI3 MpernapaTTapblHbIH CaHbl «N», ail
TaJIJAHFaH JKacylIaJapAblH Kbl caHbl (OapIbIK
KOJIIAHBIIFAH TIpeTnapaTrapaa) «ny Jaen OenriieHe-
Ii. ©zeTTe, HKCIEPUMEHTTEpE eKi-yIIl )KaHyap IbIH

MHBIHAH OKINAayJaHbIIl aJibIHFAaH JXacCylla JaKblJ1a-
PBIHBIH ITPErapaTTapbl KOJAaHBII/bI.

3epTTey HOTHKeJIePi KOHE 0J1apIbl TAIKbLIAY

ONUIETNICUSIIBIK  YCTaMaHbIH aJJBIHIA MHJIBIH
HEeHpOHIapbIHIA KOFaphl aMILTHTYAaIbIK Ca*" M-
IMyJIBCTAPBIMEH OipTe KYPETiH JIEKTPIIK OeICeH i~
JIKTIH TOMEH JKHUIUTIKTI 3MHUICTTAPOPMIBI BIPFAFbI
maiima 6oyampl. O3IMI3MIH 3€pPTTEY >KYMBICHIMBI3-
Ja Toxipubenepai >Kyprizy yurH 0i3 rUnmokami-
THIH 14 KYHIIK *acylia KyJIbTypPachlH KOJIAHIBIK,
ANUIeNTUGOPMIBIK, OCICEHAUTIKTI TyABIpY YIIIH
'AMK, -penienTopiapbIiHbiH HHTUOMTOPBI — OUKY-
KymuHAl KocTelK. Whole-cell kondurypanusicoin-
nma patch-clamp omiciMmen HeHpoHAAPIBIH MeMO-
paHaNIbIK, TIOTEHIUANIBIHBIH ©3repici eJIIeH I, Oy
Karmaiaa «IapoKCU3MANbJIbl JICTIONS PU3AIUSIIBIK,
BIFBICY KJIACTEPJICPI» JACI aTaJaTblH IEPHOATHI KO-
Fapbl aMIUTUTYIAIBIK OPEKET MOTEHIHAIIAPbIHbIH
KUBIHIAPH! Tipkemin ansiaasl. [111bl xnactepnepin
TYBIHAybl MEH PEeTTENyiHIH MOJEKYJallbIK MeXa-
HU3MJEP] TOJBIFBIMEH OJIi aHbIKTaJIMaraH. ATar
afitkanma, Ca** monmapeiaeiy ITJIBbI kmactepiepi-
HiH aMIUTMTYaChl MEH Y3aKTBIFBIH pETTeyeri peoi
Oenrici3, an Ca** HOHIAPHI MOJIIEPiHIH TOMEHCYI
anuIenTUGOPMIIBI OCIICEHTUTIKTIH DICIpeyiHe )KoHe
TOJIBIKTAM KO#bLUTybIHA OKenesi. [luro3ombaeri Ca**
HUMIYJbCIHIH aMIUIMTYJAchblH ©3repTy YIIIH Kajb-
muii xematopsl — BAPTA xonmmansuinel. BAPTA-
HBIH 3cTepuUKalysIaHFaH Typi Kacylara Oasy
eHell, JKacyIllara CHTCHHEH KEHiH jKacyIailriiik
JcTepaszajap OHbl MeMOpaHa apKbLIbl OTHECHUTIH 3a-
psAATanFaH MoJIeKyJara alHanabipaasl. Hotuxe-
cinne BAPTA 6asy (10-20 MunyT iminze) acyia
imiage skunananel). Kd = 0.2 MkM OosrFaHABIKTaH
BAPTA sxacymia imriageri Ca*" KOHIICHTPAIUSIChI-
HBIH CTAIIMOHAPJIBIK MOHIH ©3TePTIICH I, JeTeHMEH
HEHpOHIApAbIH AUUIeNTU(OPMIBIK OeIceHaITIr
kesingie Ca*" MMITYJIbCTaPBIHBIH aMIUTATYIAChIH TO-
MEHJIETE OTBIPBIN OHBI TericTelai. Heliponmapasin
anekTpiik OenceHaitiry BAPTA-HBIH KUHAKTATYBI
Ke3iHge y3Zikci3 Tipkenni, Oyn Oydep KoHUEHTpa-
mussceiaelH 11/I1bl Kmactepnepinin mapaMerpiepine
acepin Oaranayra MyMKiHIik Oepni. TexipuOenep
HEHPOHAP/ABIH €Ki TypiHe: KO3JBIPFhI (TIyTama-
Teprusibik) sxkoHe Texxerim (TAMKeprusiibik) Heit-
POHIAPFa JKacaIJIbI.

I-cyperte snunentudOpMIBIK, OCICEHIUTIK pe-
xkuMiage Oakputay (10 MKM OWKYKYJUIHH) KOHE
30 MmkM BAPTA kockaHHaH KeiiHri HeHpoHIap-
JaFrel  MOTCHIMAJAP/BIH ~ ©3repy JUHAMUKACHI
kepcerinreH. Exi xarmaiina na BAPTA kocy OII
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JKUBIHBIHBIH JKHUTITIHIH JKOFapblIayblHA JKOHE a3-
Jan jenojisipusanusra okeneni (cyper 1, A, ©). OIl
aAMIUTATYJIaChl TOXHUPHUOEIE ©3repicci3 KalFaHbIH
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OalikaybIMbI3Fa 0OJaIbl. 2-CypeTTe JKAPBIK AaFbl-
HBIHJIAFBl HEWPOHIAP MEH OJIIICY SJICKTPOIBIHBIH
(dotocyperrepi OepiireH.
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1 cypet — DnmentidopMabl OEICCHATIK PeXKUMIHAE TTyTaMaTeprisiIbK (A)
soHe TAMKeprusibik (©) HelipoHAapAbIH MeMOpaHabIK, MOTCHIMAIAAPEIHBIH 03repici

ORCA Flash: Live

‘ORCA Flash: Live

)

2 cypeT — DIeKTpo IeH KyJIbTypaiarbl TyTaMaTeprusuiblk, (A) jKoHe
T'AMKeprusutsik (O) HeiipoHmapasiH MUKpohOoTOCypeTTepi

3-cypeTTe ANWICHTUPOPMIBIK  OCJICEHILTIK
(OakpLnay) sxarnaibIHIa HEUPOHAAPBIH €Ki TOITY-
nausceiHAarsl skekenereH Oll sxustHmapsr (11J1bI
knactepiepi) Oepiiren. bakpuiay (3nuienTugopm-
JIBIK, OCJICEHJIITIK) KaFIalbIH/IA TIyMaTEPTUsIIBIK
Heiiponnapaa op I1JIbl-tiH anapHFel mebinae Oip
rana OIl, an TAMKeprusuiblk HelipoHnapaa Oip-
Heme Oll TybIHIAUTBIHBIH KepyiMi3re OoJasbl.
OnerTe, KiIacTepae UMITyJIbCTapIbIH YII TYPl aXbl-
parbutanbl (ym aBtorepOenMeni jkyite): OipHere
KbUIIaM UMIYJIbCTApAaH TYPAThIH JICTIOJSpH3a-
nusHBIH Oasty umnynbci, on [1JIbl xene OIl um-
MyJIbCTAphI Jien aTanazpl. Ko3apIpFhIil HeHpoHaap-
na xnacrep MeH I1JIbl ammnutynanapsr ~ - 20 MB
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JIeHrerineH acansl (cypeT 3, A). Al HeMpOHAap IbIH
eKiHII ToOBI — Texerim Heliponaapaarsl [1/bl-Tin
angsinesl webinae I1/Ibl xnactepnepi Gipueme OI1
TYBIHJAN/Ibl KOHE OJI KO3ABIPFBILI HEHpOHAAapIaH
KJIacTep aMIUTUTYAAChIHBIH TOMEH OOJYbIMEH JKOHE
Ol xxorapsl xuinirimex epekweneneni (fast-spiking
parvalbumin-expressing interneurons) (cyper 3, O).
Mynnaii vefipongapaa Ca2+ HpicaHaJIapbIHBIH 0ipi
MapBaIbOyMUHMEH OEJCEHIIPIATeH OTKI3TiMmTIri
tomen SK-tunti Ca*-toyenni K'-xanammgapsr 00-
neint Tabbiianel [27]. Conpaii-ak Oya HelpoHmap
AMPA-penienTopiiap SKCIPECCUSCHIHBIH KOFapbl
OomysimeH sxoHe NMDA-perienitopiap CaHbIHBIH a3
OomysiMeH epekiieneneni [28].
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4 cyper — Imyramareprusuibik, Heliporaapaa xacymainrinik Ca?*-6ydepi BAPTA xacyanarst
KOHIIEHTPAIHACHI JKoFapbutaran caibie [1/1bl xiactepi mimininig e3repyi (A, ©, b, B).
B — Gakpunay sxarnaiibiHAaFs! (Kapa Tyc) xoHe 4 MuH 00iibl BAPTA unHKyOanusiianFaH (KbI3bUI TYC) KEHiHT1
KJIacTepiIep/i CalbICThIPY.
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['myraMaTeprusuiblK  HEHMPOHHBIH — AIHJICHITH-
bopmabik  Oencenpiiirine skacymainrimik  Ca*'-
O0ydepi BAPTA-HBIH ocepiH aHBIKTAay OOMBIHIIA
KYPTi3ireH ToxipuOenepAiH HOTIKenepi 4-cy-
perre kepcerinren. byn skcnepumentre BAPTA
ToxipuOeHiH 250 CeKyHIBIHIAa KOCBUIIBI (CypeT
4, A). bacrankp nmotenmuan -60,5 mB. BAPTA-
HBbIH JKUHaKTanybl ke3inme 10-12mB mamaceinga
IIaFBIH JeTospu3anus oaiikananer. Kuimikriy 0,1
I'm moninen 0,2 xone 0,25 I'm xepceTkimTepiHe
Jeiin alKbeIH ocyl Oalikamanbl. bipiamm OI1 amrr-
JUTYAAckl e3repMeiini, Oyn kacyira MmemOpaHachl-
HBIH 3aKbIMJIaHOAFaHJBIFBIH KepceTedi. Erep Oasy
nenossipuzannss BAPTA-AM-HbIH KaHmaid na Oip
K*-xanansiH TexxeyiHiH HOTIKeCI Oosca, oHma Oy
acep KYBUIBIT OTHIPY KepekK, OYIT eKiHII kKacymana
kepineni (cypet 4, © xoHe b). basy xayamn xacy-
ma imriaae BAPTA-HBIH KuHaTybIHA OailIaHBICTHI
6omysl Mymkia. CorsiMeH Katap, [1JIbl cansr meH
aMIUTUTY IAChIHBIH TOMEH/ICYIH KepyiMisre Oosaabl
(cyper 4, B). KitacrepiiH aMIiuTy1achl cakTaiasl
(Ca* monmapsiHa toyencis). KinactepaiH y3aKThIFbI
2,45-1,37 cexyunran 0,61-0,5 cekyHaka neiin ai-
TapJIBIKTall KbICKapaabl (opTa ecemnmeH 3 ece). All-
JIBIHFBI IIEOTHIH KBLUTIAMIBIFBI OasTyTali bl

Keuipam TAMKeprusiiblk HEHPOHHBIH 3MH-
MenTHGOPMIBIK,  OCICEHAUTITIHE IKACYIIAITIIK
Ca?"-0ydepi BAPTA-HbIH ocepiH aHbIKTay O00-
HBIHIIA KYPTi3UIreH ToxipuOenepain HOTHKeIepi
5-cyperte kepcerinred. [1/1bl anaeaFbr mebinme
Oakputay skarmabpiHma (AmuaenTuGopMIbIK Oen-
cenninik) 2-3 OIl TybHIAUTHIHBIH OalKaybIMbI3-
ra Oomagsl (cyper 5, A). ToxipuOenepain Oy
cepusiceinga BAPTA 270 cekyHATa KOCBUIJBI
(cyper 5, ©O). bacranker moTennuan — 62,5 MB.
BAPTA-HbBIH KUHAKTaIybl Ke3iHJE, IyTaMarep-
THSUTBIK HEHpOHAapFa KYPTi3uireH Toxipubeneri-
neit, 10-12 MmB MoHiIHAE maManbl JenoIsIpU3ans
skoHe xkuimikTiH 0,1 T'm-ten 0,2 xone 0,25 I'i-ke
JeiiH aiiKbIH )KOFapblIaysl Oalikanasl. bipinomn OI1
aMIUTUTYJackl ©3repMmeiiai, Oy xacyia MeMOpa-
HaChIH/Ia 3aKBIMIAHY/IBIH KOK €KEeHIH KepceTei.
basy nenomsipuzanust BAPTA kanmait ma 0ip K*-
KaHaJIBIHBIH TEXETYiHIH HOTHXKeCi 00Iybl MYMKiH,
OUTKeHI dcep MOTeHIUal OOUBIHINA Ja, KUK 00-
WbIHIIA /13 )KybUTBIT OTRIpABl. BAPTA kmacrepain
aMIUTUTYJAChlH TOMEHJCTE OTBIPHIN KJIACTEP/IiH
anJbeIHFBI mebin OasynaTtansl (cypet 5, ©). CoHbl-
MeH Karap skacyma iminge BAPTA konuentpa-
LUSCHI )KOFapblIaFaH caliblH MeMOpaHaIIbIK MTOTEeH-

154

nuanaeiy [1J]bl-ci3 kmaccukanslk Ol JKMBIHBIHA
aybICcybI Oalikanansr (cyper 5, b, B, I).

Ocpmaitma, ['AMKeprusnelk — HelpoHAapaa
BAPTA-HBI KOCY KJacTep/iH Y3aKTBIFBIH TOMEH-
NETICUTIHITI, JereHMEH OHBIH aMILTUTYIachiH
alTapIBIKTal TEXKEHTIHAITT aHBIKTAIbI. AJJIBIHFBI
meOiHIH KBUIIAMABIFEl TIyTAMATEPTHSUIBIK, HEH-
POHAApPMEH KYPri3iIreH ToxiprOeaeri HoTHKeIep-
re ykcac Oastynaiiapl. Herizinge, knacrep Typinaeri
OPEKET TOTEHIMANIAPBIHBIH JKABIHIAPEI 0asty Ie-
MOJIApHU3aliisl aMIUTMTYIaChblHAa KJIACCHUKAJBIK Kepi
TOYCSNIUTIKIICH KAJIBIITBl UMITYJIbCKE aifHajaibl
(cyper 5, F).

I'mytaMaTeprusiiblK,  HEeHpoHAapAa SIHISHTH-
dbopmubr Oencenmimik xarmapiana BAPTA kams-
nui OyQepin KoyjgaHy KiacTepliepliH aMILTUTya-
CBIH CaKTal OTBIPBIN Y3aKTHIFBIHBIH TOMEHJCYIHE,
[TAbI men OII TonpIKTall TEXETyiHE KOHE aJIbIH-
FBI meOiHiH OasyayblHa, COHBIMEH KaTap OHIAFBI
OIl caHBIHBIH apTyblHA OKeJAi. DnuienTudopm-
eIk OenceHpunik >karpanbinga BAPTA xkanbmuii
OydepiH Kocy TIIyTaMaTeprusulbIK HelpoHmapaa
KJIaCTepJICPAIH JKUUIITIHIH >KOFapbUIam, >MXacylia-
HelH marbiH (10 MB) gemonspusanusacelH TybIH-
nmatanpl. JKeutaam skacymairrinik Ca*" oydeprepi-
HIH HETi3ri 8cepi aMIUTUTYIAchlH CaKTail OTBIPHII,
KJIACTEPiH Y3aKTHIFBIH a3aiiTy OOJBIN TaOBLIAIEI,
Oyl oyilapiblH O€Nriyli HEHPONPOTEKTOPIIBIK, BCe-
pin tycingipeni. An TAMKeprusuiblk Heliponaap-
Jla AN TAGOPMABIK OEICeHIUTIK JKaFJaiibIHaa
BAPTA xanemuit Oydepin KonmaHy KiacTepiep-
JIH Y3aKTBIFBIH CaKTail OTBIPHIN aMIUIUTY/IaChIHBIH
TeMeHieyiHe, Oll aMIUTyachlH caKkTail OTBIPHITT
[IAbI TombIKTall TexenmyiHe, KIaCTEP/IiH alIbIHFbI
mebiHiy OasynaypiHa xoHe oHAaHbl Ol caHBIHBIH
apTyblHa OKelneai. JnuienTudopMabIK OeiceH -
mik kargaiibiaga BAPTA kansuumiit Oydepin kocy
SK-tunri Ca*-toyemnni K'-kaHaamapeIHbIH TEXETyl
eceOiHEH KiacTep/eH KeHiH TUIepIOoIsIpU3alusSHbI
JKOSIIBI, COHBIMEH KaTap, KjacTep YKUINIriH apTThl-
paJibl )KOHE IIAFBIH JCTIONISIPU3AIMSIHBI TYABIPAIbL.

Kacymrainmimik Ca** Oydepinid Herisri ocepi
KJIACTEPIIK OENCEHATIKTI KJIacTep aMIUTUTYAAaChIH
TOMEHJIETY apKbulbl Ol aMIUIUTYNACBIHBIH KO-
FapbUIAYbIMEH KIIACCHKAJIBIK WMITYJILC PEXKHMIHE
aybICTBIPY OoNbIN TaObIIanbl. bynm aywicy kesinme
OI1 >KUBIHBIHBIH Y3aKTBIFbI CaKTalassl, Oyj jKacy-
maiminik Ca*  OydepnepiHiH HeiiponpoTeKTop-
JBIK, BCEpiHIH MyleM Oacka MeXaHW3Mi OOJBITT
TaOBUIAIBL.
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5 cyper — TAMKeprusiibik, Heliporaapaa xacymainriaik Ca’*'-0ydepi BAPTA kanbiuii OyhepiHin
JKacyIlaIaFbl KOHIICHTPALUSICHI JKoFapbutaran caiibit [1/]bl knacrepinin mimiHinig 03repyi (A, O, B, B, I, F).
F — Gakpuiay sxarnaiieinaarsl (Kapa Tyc) xkoHe BAPTA kockaHHaH KeifiH (KbI3BUI TYC) KIaCTEPIEPAl CAIBICTHIPY.

KopbITBIHABI JIACHIHBIH IUTOMIa3Maaarsl Ca?t MOHTaPBIHBIH KOH-
LEHTPAIUSIChIHA TOYEIIUIIrT aHbIKTA Bl JKacymna

BAPTA »xacymaimiiik kaneiuid Oydepinin ke-  imimik Ca** 6ydepinin (BAPTA) kuHaKkTamysIHA
MeriMeH Oasy MemoNIIpu3anusl aMIUTUTYIACBIHBIH  OalIaHBICThI SIUJICITHKAIBIK, OCJICCHITIK KE31H e
(ITAbI xnacrepi), IIJIbl knacrepinin y3akTbiFbl  Ca’** MMITyJIbCTAPbIHBIH AMIUTUTYIACHIHBIH TOMEH-
MeH 9pTypii TunTi HelpoHmapasiH Oll aMmmummTy-  aeyi HEHpOHAAPBIH Op TYPiHE OpTYpJIi ocep eTei.
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'AMKeprusuiblk HeHPOHBIHIA KIACTEPAiH aMILIH-
Tyaacsl Oll KUHaKTany Yy3aKTBIFBIH ©3repTIIECTECH
TOMEH/ICHIi, aJl Ty TaMaTeprusIbIK HEHPOHIa Kitac-
TEpJiH Y3aKThIFbl aMIUTUTYJACHIH ©3T€PTIIECTEH TO-
MeHzeiai. Kimacrepnin aemonspusamus MMITYIIbC
Oipinmi sxarmaiina Ca’" KOHIIEHTPALUACHIHA TOYE-
1l emec, ain ekinmn skargaiaa (Ca®'-toyenui aemno-
JISIPU3ALVSUIBIK, QPHAHBIH alllbUTYBIHBIH APKAChIHIIA)
Ca?"-toyeni nporecc ocepiren 6omaapl. Ochimaii-
11a, JKYMBICTa aJIFall PeT TIyTaMaTeprHsUIbIK )KOHE
IF'AMKeprusinelk  HEHpoOHIApAAFsl HKaCyIIAIIIiTiK
xburam Ca?* OydepiHiH ocep eTyiHIH opTypii Me-
XaHU3MZEP1 KepceTinai, Oyl AMUICITHKAIBIK MU
KbI3MeTiH perreyain Ca?-Toyeni MeXaHu3MIepiH
TYCiIHY/I€ MaHBI3JIbl KaJaM OOJIbII TaObLIa IbI.

Kap:xbplianapipy kesi

Frutbimu 3eprrey xymbichiH Kazakcran Pec-
nyonukacel FbUIbIM KOHE IKOFapbl OUTIM MH-
HUCTPJITiHIH FBUIBIM KOMHUTETI Kap KbUIaHIBIPJIBIL.
AP19678607 “I'mmepko3y Ke3iHae HEHPOHIAPIBIH
BIPFAKTapbIH OacKapyJarbl KalbLUH-TOYeIIi Me-
XaHM3MIepi” aTThl FBUIBIMU k00a (MeMIleKeTTik
tipkey HOoMepi 0123PK00430) meHOepinme OphIH-
JTAJJIBI,

Mynjaesep KaKThIFbICHI

Bapibik aBTOpIIap MakaiaHbIH Ma3MYHBIH OKBIIT
TaHBICKAH JKOHE MYIICIICP KAKTHIFBICHI KOK.
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KYHBATbIC )XOHE TA3OHADI LLUOIT 6CIMAIKTEPIHIH,
AYbIP METAAAAPADbI XXUHAKTAYbDI

CoHFbl  bIAAAPbI AHTPOMOreHAIK 8CepAiH apTybiHa 6GalAaHbICTbI KOpLUaFraH opTaFa ayblp
MeTaAAAPAbIH biKMaAbl KyLuenin otblp. Ocbl opariaa, GUTOMEAMATOPAAP PETIHAE >KEPTiAIKTI (PAOPAHbIH,
OCIMAIKTEpPIH aHbIKTay >KOHIHAErI 3epTTeyAep KapKbiH aAyad. Makarapa ©ckemeH KaaacbiHAarbl YAGI
METAAAYPIUSIAbIK, KeLleHi aymarblHAa KyH6arbic (Helianthus annuus L.) xeHe Keraaabl wentepAeri
ayblp METAAAAPAbIH, aTarn anTKaHAQ, MbIPbILL, KAAMUIA, KOPFACbIH X&HE MbIC MOHAAPbIH aacopbumsiaay
JKOHE XKMHAKTAy MOCeAeCi TaaAaHaAbl. 3epTTey 0apbiCbiHAA ayblp METAAAAPAbI >KMHAKTaM aAaTbiH
OCIMAIKTEPAI aHbIKTay MakcaTblHAQ 9AEOMEeT AepekTepi TaaAaHbin, huTopemMeamaumsAay KabiAeTi
6ap eciMaikTep peTiHAe KyHOarbiC XoHe >kabaiibl acTblK, TyKbiMaacTap (Agropyron repens, Bromus
inermis, Agrostis alba, Dactylis glomerata) TaHpaaAAbl. KyHOAFbICTbIH YAKEH BEreTaTMBTIK MacCachbl
OHbIH ayblp METAAAAPAbI CIHIPY XKOHE XXMHAKTAY KabiAeTiHiH XOoFapbl 60AYbIMEH 6ANAAHBICTbI, aA KOraa
LenTepi OAAPAbIH, KeH TapaAybl MEH >KMHaKTay KacMeTTepiMeH epeklleAeHeAl. 3epTTey HaTuxXeAepi
TOMbIpaKTarbl ayblp METAAAAPMEH AACTaHy ABpeXKeci MEH OAAPAbIH, 6CIMAIKTEPre TYCY KapKbIHABIAbIFbI
apacbiHAafFbl  6ariAaHbICTbl  KepceTTi. MUTopeMeAMaHTTapAblH, AACOPOLMAABIK, KabBiAeTi apKblAbl
TOMbIPaKTaFbl MbIPbILL MBALLEPIH 22,5%-Fa, KaaMuiiai 31%-Fa, kopracbiHAbI 40,7 %-Fa, MbICTbl 29,4 %-
fa TeMeHAeTyre OGOAATbIHABIFbI aHbIKTaAAbl. KyHOArblC ©CIMAIKTEPIHIH ayblp MeTaAAapAbl CiHipy
AEHreri ra3oHABIK, 6CIMAIKTEPMEH CaAbICTbIPFAHAA >KOFapbl ekeHAiri 6ankasabl. Ocbl Toxiprubeaepain
HOTWXKEeAepPi ayblp MeTaAAAPMEH AacCTaHFaH TOMbIpakTapAbl hUTOpeMeAMaLMsInay TEXHOAOTMUSCbIH
»Kacay yLliH NepcrnekTrBaAbl 6OAbIN TabbIAAAbI.

TyiiiH ce3aep: ayblp METaAAAp, MbIC, KAAMMIA, KOPFACbIH, MbIpbIl, KYHOAFbIC, ra3soOHAbIK,
ecimAikTep.
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Accumulation of heavy metals by sunflower and lawn grass plants
in the area of metallurgical complex “Ulbi”

In recent years, due to the increasing anthropogenic load on the environment, research has inten-
sified to identify local plants-phytoremediators of heavy metals. In the article have been considered
the phytoremediation capacity of lawn grasses and sunflowers to adsorb heavy metals such as zinc,
cadmium, lead, and copper from the soil on the territory of the Ulbi metallurgical complex in the
city of Ust-Kamenogorsk. Currently, the search for plants that accumulate heavy metals is actively
underway. Based on a review of literature data, among species with the ability to phytoremediation,
sunflower plants (Heliantus annuus L.) and a grass mixture of different species belong to Poaceae
family (Agropyron repens (L.) P. Beauv. (wheatgrass), Bromus inermis Leyss. (brome), Agrostis alba L.
(bentgrass) and Dactylis glomerata L. (urchin) were used as research objects. The choice of objects of
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study is also justified by the fact that sunflower has a large vegetative mass and, accordingly, its ab-
sorption and accumulation capacity for heavy metals is higher, and lawn grasses grow everywhere and
their accumulation capacity, as the results of experiments have shown, is also large. The correlation
between the degree of soil contamination with heavy metals and the intensity of their entry into plants
was shown. Thus, the content of zinc in the soil can be reduced by 22.5%, cadmium by 31%, lead by
40.7%, copper by 29.4% due to adsorb capacity of phytoremediators. It has been established that the
intensity of absorption of heavy metals is higher in corn plants compared with plants from the grass
mixture. The experimental results may be useful for the development of technology for phytoremedia-
tion of soils contaminated with heavy metals.
Key words: heavy metals, copper, cadmium, lead, zinc, sunflower, lawn plants.
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AKKYMYASILMS TSDKEABIX METAAAOB PACTEHUSIMU Ta30HHbIX TPaB
M NOACOAHEYHMKA HA TEPPUTOPHHU METAAAYPrUYECKOro KoMnAekca «YAbOu»

B nocaeaHuve roabl, B CBSI3M € BO3pacTaloLeit aHTPOMNOreHHOM Harpy3koi Ha OKPY>KaloLLLyto CpeAy,
AKTUBM3MPOBAAMCb MCCAEAOBAHMS MO BbISBAEHUIO PACTEHNI MECTHOM (PAOPBI —(PUTOPEMEAMAHTOB TSi-
KEeAbIX METAAAOB. B cTaTbe paccmatpumBaeTcs putopemeAralMoHHasl CoCcOBHOCTb Fra30HHbIX TPaB U
NMOACOAHEYHMKA M0 abCcopbLmMmM TaKMX TIXKEAbIX METAAAOB KaK LIMHK, KAAMMIA, CBMHELL, MEAb M3 MOYBbI
Ha TEPPUTOPMM METAAAYPrUYECKOro Komraekca «YAbOu» B ropoae Ycrtb-KameHoropek. B Hactosiee
BPEMS aKTUBHO BEAETCS MOMCK PACTEHUI — aKKYMYASITOPOB TSXKEAbIX METAAAOB. Ha ocHoBaHMM 0630pa
AUTEPATYPHbIX AAHHbIX, CPEAM BMAOB CO CMOCOBHOCTbIO K pUTOPEMEAMALMM, B KauyecTBe 0ObEeKTOB
NCCAEAOBaHMS BbIAM MCMOAb30BaHbl PAacTeHUs MoAcoAHeuHuka (Heliantus annuus L.) n TpaBocmech
13 pasHbiX BMAOB- CEMEINCTBa 3AaKOBbIX (Agropyron repens (L.) P. Beauv. (nbipei), Bromus inermis
Leyss. (kocTep), Agrostis alba L. (noaeBuua) u Dactylis glomerata L. (exxa cb6opHas). Bbibop 06bekToB
NCCAEAOBaHMS 0O0CHOBAH TaKXKe M TeM, YTO MOACOAHYX MMEET HOAbLLYIO BEreTaTMBHYIO MacCy M COOT-
BETCTBEHHO abcopbupyiolias 1 akKyMyAMPYIOLLAsi CMOCOOHOCTb TSXKEAbIMM METAAAAMM Y HErO BbiLLIE,
a ra3oHHble TPaBbl MPOM3PACTAIOT MOBCEMECTHO M MX aKKyMYAMPYIOLLAs CMIOCOOHOCTb, KaK MoKasaAmu
pe3yAbTaTbl 3KCMEPUMEHTOB Takke 6oAbluas. [lokasaHa 3aBUCMMOCTb MEXAY YPOBHEM 3arpsi3HeHusl
NMOYBbI TSYKEABIMW METAAAAMM M MIHTEHCMBHOCTbIO MX MOCTYMNAEHMS B pacTeHns. Tak, coaep>KaHue B Nno-
UBe LIMHKA MOXXHO YMeHbLUMTb Ha 22,5%, kaamug Ha 31%, cBuHua Ha 40,7 %, mean Ha 29,4% 3a cuet
aACOPOMPYIOLLEN CMOCOBHOCTU (DUTOPEMEAMAHTOB. YCTAaHOBAEHO, YTO CTEMEHb MOrAOLLEHNS TIXKEABIX
METAAAOB Bbllle Y NMOACOAHEYHMKA MO CPAaBHEHMIO C PACTEHMSIMM, BXOAALLMMM B COCTAaB TPAaBOCMECH.
Pe3yAbTaTbl 3KCNEPUMEHTOB MOTYT MPEACTABASTb MHTEPEC AAS Pa3PabOTKM TEXHOAOT MU (PUTOPEMEA-
auUMM MOYB, 3arps3HEHHBIX TIXKEABIMW METAAAAMMU.

KAloueBble cAOBa: TSXKeAble METAAAbI, MEAb, KaAMMIA, CBMHEL, LUMHK, MOACOAHEYHMK, ra30HHble
pacTeHums.

Kipicne

KimmaTThIH FanamapIK e3repici Ka3ipri yakbIT-
Ta ep UIAPBIHJIAFbI €H MAaHBI3Jbl KOJOTHSUIBIK
Mmocese 0onbin TabbuIagsl. MyHaal e3repictep op-
Tala TeMIepaTypaHblH JKOFapbUIaybl, KayblH-1IIa-
IBIH MOJIILIEPiHiH a3al0bl )KOHE KOPLIaFaH OPTaHbIH
TYPJII XUMHSIJIBIK, 3aTTAPMEH, aTall alTKaHaa, aybIp
MeTajap MEH TY3/1apMeH JIACTaHYbIH KaMTHIbL. 3a-
MaHayH FaJbIMJIAp/bIH MaKCcaThl KYPFaKIIBUTBIKKA
JKOHE XUMHSUIBIK JIACTAHFaH alMaKTapAa >KOFaphbl
oHIM OepeTiH 6CIMIIK TYpJIEPiH 3epTTey, COHAaN-aK
onapAbIH >kaHa (opMaapblH kacay OOJbII TaObI-

nanel. COHBIMEH Karap, ayblp MeTalJapMeH Jiac-
TaHFaH aiiMaKTapbIH TOMBIPAK KOHE CY KYHeJIepiH
KaJITbIHA KENTIPY Ke3eK KYTTIPMEHUTIH ©3€KTI Moce-
JICNIEPIiH KaTapbIH/a.

Kopmraran opranbl 0akpiiay MaMaHIapBIHBIH
MoJiMeTTepi OoHbIHIIA OHOc(epara *bUI CalblH
20-30 muuMap]l TOHHa KaTThl KaJIJIBIKTap IlIbIFa-
peutagel. OHbIH 50-60%-BI OpPraHUKANBIK KOCHI-
JBICTAPABIH YJIECIHE THECLTI, aJl KBIIITKBLIABI Ta3aap
HeMece a’po30Jib TYPIHACT] KaIABIKTapAbIH yiieci 1
MUJUTHAP]T TOHHAHBI Kypaimsl [1, 2].

Kopmiaran optara TapanfraH OapibIK 3USHIIBI
KQJIIBIKTap TYNTEN KENTeHJEe TOMBIPAKTHI JIacTaii-
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TBIH 3aTTap OoJbIN TaObUIaABl. MyHAAW 3USHIBI
3aTTapra TYPMBICTBIK KaJAbIKTapaaH Oactam, ipi
OHJIIpiC OPBIHJAPBIHAH IIBIFAPBUIATHIH OAPIIBIK Kajl-
IIBIK, TYPJIepi KaTajpl. OHIpic OpbIHAAPbIHAH 06Ti-
HETIH T'a3/ibl HEMeCce a3P030JIb TYPIHJET1 KAIIBIKTap
atMoc(epana cy OybIMEH KOCBUIBII, OTTETIMEH TO-
TBIFA OTBIPBI, KBIIIKBLT JKaybIH TYPIHJIE TOIBIPAK-
Ka Tycemi. OChIHIAN Ta3gapablH IMTiHAEC €H YIKEH
yJIeCTi KYKIpT JKOHE a30T OKCHITepi anasl [3].

[llag HEMece KATThl KAJIABIKTAP TYPIHAC IIIbI-
FaThIH 3aTTap/Ibl Keiijie ke30eH Oalikay KUbIH eMec.
Mpicaibl, KBICTBIH KYHIIEP1 OHAIPIC OPBIHIAPBIHBIH
MaHBIH/Ia aK, KapJblH OeTiHAeTi Kapa TYHipIIiKTep-
MEH JacTaHy >kui OalKamambl, COHMAR-aK, YIKEH
JKOJIap/IbIH OOMBIHJIA Jla OCBIHIAH KepiHicTep Ke3-
neceni. JKa3zma eciMIIK KaMBUIFBICBIHBIH JKaIlbl-
pakTapblHa IIaH HEeMece KaTThl a3p030Jib TYPIiHAeT]
JIac 3aTTap yCThHUIA apKBUIBI CiHIpiIemi. AJl Ky3mae
OCIMAIKTEpIiH KypaybIMeH OapJbIK Jiac 3aTTap To-
nmeIpakka apanacajabl. OcbIHIAN JKOJJapMeH Jac-
TaHFaH XepiH JuToc(epa KadaThl Ka3ipri yakbITTa
FAJIBIMJIAP/IbIH aJIaHAayIIbUIBIFBIH TYABIPBIT OTHIP.
Cebe0i, Typuti JKoIJapMeH TYCKEH YJIbl 3aTTapblH
KOPEKTIK Ti30€K apKBUIBI aaM JeHCAyJIbIFbIHA Kepi
acep eretini Ooenrimi [1-3].

Kasipri Tanna TeXHOTSH/Ii JJaCTaHFaH aydaHaap-
Jla SPTYPIl aypylapiblH Haiga 0oaysl MeH epilyi
kKui Oaiikamyma. FeuteiMu nepexTepre colkec, amam
ar3achl TPO(UKAJIBIK OaiJlaHBICTAp APKBUIBI TaFaM
enimaepinen 40-50%, cyman 20-40%, ayaman 20-
40% yiel 3aTTapabl KaObUTIANIEI [4].

TexHOTeH/Il TacTaHFaH ayaHaap/ia ackas3aH ay-
pyBI OipiHIIi OpBIHAA, THIHBIC ally JKyHeci aypyapsl
eKiHIII, a1 KaH aifHaJIBIM XKYHeci aypyiapsl YIIiHIII
opeIHIA TYp [5, 6, 11].

Kopinaran opTaHbl €H KeIl JIACTAWTBIH 3aTTap
apachlHJIa TIECTUITUATED, aybIp METalap )KoHe pa-
JINOAKTHUBTI 3aTTap OENTuI. AyBIp METaIIAp, DCipe-
ce, Jkep OeTiHae KEHiHEeH TapajFaH >kKoHE Tipi ar3a-
napja KUHaKTanyra ete Kabinmerti. JKammsl, aysip
MeTaJIJIap — CAJIBICTBIPMAITBl aTOMJIBIK, Maccachl 40-
TaH, THIFBI3BIFBI 5 TI/CM>-JCH YKOFapbl XHUMHUSIIBIK
ANIEMEHTTEp. AYbIp METAapAbIH KaTapblHA, YIIbI
3JIEMEHTTEpPMEH Katap, MeHeneeB KeCTeCiHiH Ima-
MaMmeH 2/3 Oemirin Kypaiapl. OnapablH apacbiHaa
KaJIMUH, KOPFAChIH YKOHE ChIHAI €H YJIbl aybIp Me-
Tannap oombin cananausl [7, 8-11].

Kaszipri yaksITTa FansIMaap ayslp MeTajJgapMeH
JacTaHFaH aliMaKTapibl KAJIIbIHA KENTIPYIiH TYp-
JIi TmapajapbiH 93ipieyae. JlactanraH KoplaraH
OpTaHbl KalTa KaJbIHA KENTIPYAiH (PU3UKAIBIK,
XUMUSIIBIK, KOHE OWOJOTHSIIBIK OJicTepl Oemnrimi.
Omapaply iIIiHAE TOMBIPAKTHl OMOJIOTHUSUIBIK KOJ-
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MEH Ta3apTy — €H TUIMJI TocuIIepIiH Oipi OOk
TaObUTaBl. bynm yIIiH ayblp MeTanmapra Te3iMii,
COHJal-aK oOJaplbl KEp YCTI MyllenepiHae Kol
IIOFBIPIIAHABIPATEIH ©CIMIIKTEP/I aHBIKTAI, Jac-
TaHFaH aliMakTapa ecipy, CiHIpiIreH ayblp MeTaj-
Jlap7pl apHalbl IOJIMIOHIapFa KoMy HeMece Kaiita
OHJICY MIapajiapblH KY3€re achelpy KaxeT. AyYbIp
MeTaJIapra Te3IMIi KOHE OJIApIBI KEPYCTI MyIIIe-
JiepiH/ie JKUHAKTal anaThlH TUIEPaKKyMYJISTOP-0-
CIMIIKTEP/IiH KOMETIMEH JKYPTi3ijeTiH >KyMBICTap
«puropemMenuaus TEXHOJOTHICHD) KE3EHACPiHIH
Oipi 6obrn TabbuTame! [8-10, 11-18].

Ayblp MeTangapra Te3iMIi HeMmece THUIepak-
KyMYJISITOp OCIMAIKTEep JIaCTaHFAaH KOpIIaraH Op-
TaHbl KAJNIBIHA KENTIPy TEXHOJOTHMSACBIHBIH — (H-
TOpPEeMEIUANUSIHBIH, HETI3r1 Kypamaac OeliKTepiH
Kypaiabl. benrini runepakkymynsTop-eciMIiKTep
xKep ycti mymienepinae 1%-ra aeiin (Kyprak 3aTka
IIaKKaH/1a) MBIPBILI, HUKEIIb, CEJICH, MBIC, KOOAJIbT,
MapraHell, MBIIbIK, xoHe 0,1%-Fa neiin KagMui
AJIEMEHTTEPIH JKWHAKTal anajapl. MyHIai ecimMik-
TepaiH KemeriMeH | rexrtap xepjeH (Tombipak) 125
KI' MBIPBILI 3k0HE 10 Kr KaJAMUIl 3JIeMEHTTEepiH KH-
HayFa 0ONMaTRIHABIFE gonenaeHren [11, 12, 20-25].

duropemenuanusi TEXHOJOTHUACHI (PUTOIKCT-
pakius (eciMAIKTep KOMETiMEH TOMBIPaKTHI aybIp
MeTajiapJaH Ta3apTy), UTOBONIUTATU3AIMS (6CIM-
JKTEep KOMETIMEH XMMUSIIBIK, AIEMEHTTEP Il YIIIbI-
PY), pusoduibTpanus (eCiMIIKTEp TaMBIPbI apKbl-
JBI KIJBIK, CYJIapJibl ayblp METAIapJad Ta3apTy),
JkoHe (pUTOCTaOMIM3aMs (OCIMIIKTEp apKbUIbl TO-
MBIPAKTAFbl aybIP METAJIAP/BIH YIIbI (hopMalapbiH
BIICIpeTy) CUSIKTHI 9ictepre Oemineni. dutopeme-
JUATASTHBIH THIMJIUTIT] ayBsIp MeTalap/s! CiHIpeTiH
eciMJIik OMoMaccachlHA TOYENJi SKEHMIri Hemece
TOyenai OONMaNTBIHABIFBI Typajbl FaJsIMIap apa-
ChIHAA MiKipTajacTap ol KYHIe JEHiH KalFachlll
kememi [11].

Meicansl, eHiMALTIT XKoFapsl (20 T/ra) Zea mays
woHe Brassica juncea ecimuikrepi 100 mMr/kr MbI-
pbIlI (Zn) nacTanFaH xoHe ToMeH pH-Ta TonbIpakTa
oCipUITeH KaFaaiaa, Kyprak onomaccachiHbiH 50%-
b1 (10 1.) a3ast/e1. By eciMIiKTEpIiH KaTbI KYPFaK
6nomaccacerana 500 Mr Zn s5ieMeHTi )KHHAKTaJIFaH.
An T. caerulescens eciMiiri, >korapblja aTajiraH
OCIMIIIKTEPMEH CaBICTBIPFaH/Ia, OHIMIUTIT aifTap-
JBIKTall TOMEH OoNiFaHbIHA KapamacTaH, Zn-TieH
nmacTaHrad TonsipakTad 25 000 MT/KT Zn 2JIeMEHTIH
JKuHaKTal amanel. byn a3 6momaccana (5 1/ra) Zn
DJIEMEHTIHIH 25 T/KT >KHHAKTaJFaHBIH KOPCETEI.
Conppikran R. L. Chaney (1997) xoHe Oacka ra-
JTBIMIAP TUTIEPAKKYMYIISATOP-OCIMIIKTEPIIH KYPFAK
OmoMaccachIHBIH, KoJeMl eMec, a3 Ornomacca 0ojica
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J1a, ayblp METaJIap/Abl )KOFaphl IOFBIPIAHIBIPATHIH
TO3IMI1 6CIMIIIK TYpJepi GUTOpeMeTHuaIisTHBIH He-
ri3i 00Ja ajJaThIHBIH KOPBITHIHABLIAE! [11-25].

Cunepodopnap (rpex TUTiHEH ayJapraHaa
«siderosy — TeMmip, «phorosy — TachIMaJayIlbl)
KOpIlIaFaH opTaga TeMip HWOHAAPHI JKETiCIereH
JKaFgalga MHMKpPOOPraHU3MAEpP MEH OCIMIIKTEp
NIBIFAPATBIH TOMEH MOJIEKYJalbl 3arTap OOJbII
tabbuaapl. Cupepodopiapably HEri3ri KbI3MeTi —
aKybI3IapMeH HEMece Cyna epiMeHTIiH KOCBLIBIC-
TapMeH OaiylaHbICKaH TEMipAl MUKPOOPraHU3MIIEP
yimia KomkeTiMai Fe*™ noHasIK TypiHe aitHaIaBIpYy.
Kenreren aspo0Thl koHE (aKyIbTaTHUBTI aHAIPOO-
Thl MHUKpPOOpPTaHU3MAEp KeM JereHje Oip cuuepo-
¢dopael cuntespeiai. Cunepodopiap MeH MHK-
pPOOpPTaHM3MACPIH BHUPYJICHTTUIIT apachIHIAFBI
OaliyaHpIC JOIICNCHIN, OJapAbl KIMHUKAIBIK KOJ-
JlaHy 9aicTepi xacaryna [26].

3epTTey MaTepua aapbl MeH aicTepi

TexHoreHai JlacTaHFaH aymaHIa XYPri3UIreH
ToXipuOe KyHOArbIC KOHE Ta30H OCIMAIKTEPiHIH
KOMeTiMeH JKypriziunmi. ['a3oH eciMmikTepi, HETi-
3iHEH, *alaibl acTBIK TYKBIMAAC OKiJIepi OOJIBIN
TabpuTanel. OnapaslH KaTtapeiHaa A. repens (0uma-
WBIK), B. inermis (koctep), Ag. alba (ak cyotsr), D.
glomerata (Taprakmierr). Ayslp MeTaJgapMeH Jiac-
TaHFaH TOIBIPAK ayAapbUIbII JKep TeaiMaepl Tak-
Tamapra OemiHmi. bakpuiay BapuaHTBHI eNTKAHIAN
OCIMJIIKCi3 TOTBIpaK, aiMarbl Kaaslpbuinbl. Kemeci
TaKTajapra KyHOAFbBIC )KOHE Ta30H OCIMIIIKTEpi erif-
ni. TexipuOe xa3aplH yUI aiibiHaa OaKbUIaHABL. Op
alBIH OCNTIJICHTeH YaKBITBIHIA OCIMIIKTEP OCil
TYpFaH TaKTajaplaH TajJayFa TOMBIPAK aJIbIH]IbI
JKOHE aTOMIIBIK-a0COPOIMSUIIBIK, CIIEKTPOGOTOMET-
PUSUIBIK 91ic OOMBIHIIIA ayBIP METAIIAP/IBIH CAHIBIK
Tayjay JKacalibl.

3epTTey HOTHIKeJIePi KaHe 0J1apabl TAIIay

JKazmapIH op albIHAA )KYPTi31ITeH 3epPTTEYICPIiH
KOPBITBIHIBICH! OOWBIHIIA, KYHOAFBIC >KOHE Tra30H
OCIMJIIKTEp1 OTHIPFBI3BUIFAH TaKTajapia ayblp Me-
Tangap MeJepi jka3blH OpTaHFbl aifibiHAa Oipiia-
Ma azaijpl. Alaiaa, »ka3ablH COHFbI albIHIA TOIIbI-
paKTaFbl ayblp METaJIap MeJIILepi KaiiTagan apTThl.
Bbyn kyOBUTBICTRIH ce0ebi, OCIMIIKTEPIIH aJTFAIITKBI
aiinap/a ayslp MeTanaapsl THIMAI CiHIpY1 KapKbIH-
IIBI Ocy Ke3eHIMeH coiikec kememi. OChl Ke3eHze
OCIMIIKTIH XaHa MylIenepi Ty3UIyMeH Katap, Qu-
3UOJIOTHSUTBIK, KOHE OMOXUMHMSIIBIK TPOIIECTEPIiH
KapKbIHIBUIBIFEL Ja apTaibl. JKaHa cabakrap MeH

JKarblpaKTapblH TY311yl TaMbIpFa CiHipiareH Oap-
JIBIK, 3aTTap/IbIH KOFaphl KO3FATybIHA OCeP eTe/Ii.

JKa3apIH coHbIHA Kapall eCIMIIKTepAiH KapKbIH-
JIbl ©CY KE3CHI assKTaJIbIII, )KaIbIPAKTaphl COJIBIII, Ca-
OakTapbl Kypai Oacrtaiigpl. Ocbl Ke3eHJe OapIibIK
mporecTep Oasynar, eCciMIiKTe BIABIpAY OHIMIEPi
Kepi TambIpFa TackMaijaHa Oacraiiipl. Hotmxke-
CiHIE, TOMBIpAKTa ayblp METaIAApIbIH MeJIIepi
azaiimaii, Kaiitagan apra tyceni. by, Gip sxarbiHaH,
TOIBIPAKKA CHIPTTAH ayblp METAIAAPJbIH TYCYiHE,
eKiHIII KaFbIHaH, ka3 OOHBI CIHIpIreH ayblp Me-
TaJIapasIH OCIMIIK OOWBIHAH TOMBIpaKKa KanTa
aybICYbIHA OaIaHBICTHI.

3epTTey HOTIXKEIEpi Keleci cyperrepac Kep-
ceTireH. Meicanbl, 1-cypeTTe MBIPBIIITHIH MOJ-
mepi ecipyain 1,5 aitprana tonsipakta 1063,02 mr/
Kr Ooiel. OChl yakbITTa KYHOAQFBIC ©CKCH TaKTaja
MBIPBIIITHIH Monmiepi 824,34 Mr/kr-ra, aj razoH-
IIBIK, ©ciMIikTep ockeH TakTama 1004,37 mr/kr-ra
azaiiran. Keneci 1,1 aifman xeilin Oakpuiay Ba-
PUAHTBIMEH CaJBICTBIPFaH/Ia, MBIPBIIITHIH MOJIIIe-
pl KepiciHme apTein KeTkeH. bynm ke3me Oaxpuiay
BapHaHTBIH/IA MBIPBIITHIH Memepi 981,08 mr/kr
Ooca, KyHOarbIC ©ckeH TakTama 1438,53 mr/kr-ra,
ra3oH TakTachlHAa 1672,59 mr/kr-ra neiin apTKaH.
SrHn, 1-xecte MomiMeTTepiHe cyieHcek, 45 KyH
ecipy OapbICBIH/Ia TOIBIPAKTAFbI MBIPBIIITHIH MOJI-
mepi 77,5%-ra aeiiin Temennece, 40 KYHHEH KeHiH
Kepicinmie 46,7%-Fa apThIll KETKEH.

CoHpaii-ak, Ta30HIBIK OCIMIIKTEP TOMBIPAK-
Tarbl MBIPBIIT MOJIIIePiH, alFambiHga, 94,5 %-ra
TOMEHCTCE, a3 aWbIHBIH COHBIHIA, KEpiciHIIe,
TomblpaKTarel Memepi 70 %-Fa apThill KETKEHIITr1
aHbIKTaNAHE (1-KecTe).

MyHali KepceTKilmTep KaIMU JIIEMEHTIHE
JKacaJFaH JKYMBICTapfa na KaiTamannel. Exinmri
CYPETTEH Kepill OThIPFaHBIMBI3Iall KaIMUIIiH MOJI-
mepi 15.07.21 kyni 6akputay BapuanTeIHIA 5,9 MT/
kr Ooiica, KyHOarbIC ©ckeH TakTana 4,09 Mr/kr-ra
JIEH1H, aJl Ta30HBIK OCIMIIKTEP OCKEH TaKTana 4,92
MI/KT-Fa a3aifraH.

CoOHFBI aiiIbIH KOpCceTKImTepi OOMBIHINA TOTIBI-
paxTarbl KaAMHUIIIH MOJIIepi KYHOAFbIC OCKEH TaK-
Tamga 6,59 Mr/kr-ra apTca, ajg Ta30H ©CKEH TaKTaza
7,6 Mr/Kr-Fa apThINl KeTTi. SIFHH, 2-KecTe MoIiMeT-
TepiHAC MaWBI3IBIK KOPCETKIMIEH eCenTeTreH e
KYHOaFbIC ©CKEH TOIBIpaKTa ocipyain 1.5 aligan ke-
Hin 69 %-ra nelin TeMeHece, Ta30H 6CKEeH opTana
83 %-ra rana temeHeni. KepiciHuie, kagMuiiniH
Meutepi ecipy/aiH 2.6 aiian KeliH KyHaepi KyHOa-
FpIC 6CcKeH opTana 81 %-ra apTca, ra3oH ©CKEH Op-
tamga 108 %-ra meiin apThIT KETKEHIT] aHBIKTAIIbI
(2-xecre).
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1-cypet — [lananslk ToxiprOe »arFaibIHAa KYHOAFBIC )KOHE Ta30H OCIMAIKTEPIHIH
TOIBIPAKTAFB! MBIPBIIITHIH MOJIIIEPiHE aJICOPOIHSIIBIK dcepi

1-kecte — KyHOaFrbIC y0HE ra30H ©CIMIIKTEpi ©CIPIJIreH TOMBIPAKTaFb! MBIPBILITHIH MalibI3Fa MaKKaHarb! KepceTkimTepi (%)

BapuanTra; OakpLIa KYHOaFrbIC rason OakpLIa KYHOAaFbIC Ta3oH

P p KpLtay Y ecimuikTepi Kplay Y

AJIBIHFaH yaKbITHI ecipyniH 1.5 aiinan keiiin ecipyniH 2.6 aiinaH KeiiiH
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1. Bakeinay; 2. Ocipy aix 1.5 aiinan keiiin (kyH6arbic); 3. ['a30H eciMuiktepi; 4. Ocipy niH 2.6
alinan keitin (0akpuiay); 5. Kynoarsic; 6. ['a30oH ecimuikTepi

2-cypet — JlanansIk ToxiprOe KaFaiibIHIa KYHOAFbIC )KOHE Ta30H OCIMIIKTEPiHIH
TOIBIPAKTAFB! KaIMHUUIH MOJIIIEpiHe aJCOPOLUSITBIK dcepi
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2-kecte — KyHOAFbIC jx0HE Ta30H OCIMJIIKTEPI OCIPUITeH TOIBIPAKTAFbl KaJMUI/IIH aifbI3Fa MaKKaHIaFbl KOpceTKimTepi

Bapuanrrap OakpLIay KYHOaFbIC

ecimaikTepi

ra3soH ra3soH

OakpLIa . .
Kpliay eciMIiKTepi

KYHOaFbIC

Anbiara" YaKBbIThbI

ocipyziH 1.5 aiinan keitin

ocipyziH 2.6 aiinaH Keiin

Ta#b3apIK KOpceTKimTepi 100 69

83 100 181 208,7

OchIHIall KOPCETKIITEp KOPFACBIH JIJIEMEHTI-
MeH XKYPTi3UIreH Tajaaynapaa a1a Oaikanasl. Y IIiH-
uri cyperTe Kopinin typranaaid 15.07.21 kyHi anbia-
FaH Tajjay HOTIIKECIHAE KOPFACHIHHBIH MeJIIIepi
118,72 mr/kr 6osca, KyHOAFBIC ©CKEH TakTazaa Oy
kepcetkim 70,09 Mr/Kr-Fa, aj ra30H ©CKCH TaKTala
72,23 mr-xr-ra aszaitran. Toxipube HOTHKEIEpiHE
caif ’ka3abIH COHFBI aljapblHAa OaKblIay BaphaH-
ThIHJIa KOpFachIHHHBIH MeJiepi 106,06 Mr/kr-nbl
Kypaca, KyHOarbIC ©6CKEH TOIBIPAKTa OHBIH MalbI3-
IbIK Meumiepi 137,22 mr/kr-fa JIeiiH, ajix ra3oH ec-
KeH TombipakTa 139,38 mr/kr-ra neitin apTtel. Erep

Oy KepceTKimTepai 3-KecTeaeri maubI3abIK Kep-
CETKIIITEPMEH €CENTeUTIH OoJIcaK, OHIa OCipyHiH
1.5 alijman KeiiH KyHIepi TOMBIPAKTa KOPFAChIHHBIH
Meumepi 59,3 %-ra neliiH TeMeHJece, Ta30HIBIK
OCIMIIKTEp ©CKEH TOIBIPAK OpTaga OJ KOPCETKIIT
60,8 maitpI3 161 Kypabl.

Bipak, KOpFachIHHHBIH MeJIIEpi *Ka3blH COH-
FBI alibIHIA ©CipyAiH 2.6 alimaH KeHiH SFHH, OCIMIIK
BEreTAIUSCHIHBIH COHbIHA TaAMaH KEPIiCiHIIEe KYHOa-
FBIC ©CKeH opTaza 29 %-fa, Ta30HIBIK ©CIMIIKTED
ockeH opTana 31%-ra apThIll KETKEHITI OalKaIabl
(3-kecre).
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1. Bakbunay; 2. Ocipyain 1.5 aiinan keiiin (xyHOarbic); 3. ['a30H eciMuikTepi;

4. ©cipynin2.6 aiinan keiiin (0axpuiay ); 5. Kynoarsic; 6. ['a3on eciMuikTepi

3-cyper — Jlanansik ToxipuOe araaliblHIa KyHOAFbIC )KOHE Ta30H OCIMIIKTEPiHIH
TOIIBIPAKTAFBl KOPFACBIHHBIH MOJIIIEpiHE aCOPOLUSIIBIK dcepi
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3-kecte — KyHOarbIc j)xoHE Ta30H OCIMIKTEP] 6CIPUITeH TOIBIPAKTAFbl KOPFACHIHHBIH ITaibI3Fa IaKKaHIaFbl KOpCeTKITepi

Bapuantrap OakpLIay KYHOaFbIC

ra3oH
ecimikTepi

ra3soH

OakpLIa . .
Kpliay eciMIiKTepi

KYHOaFbIC

Anpiaran YaKbITBI

ocipyniH 1.5 aiinaH keitin

ocipyniH 2.6 aiiaH KeiliH

[Maifb3aBIK KOpceTKimTepi 100 59,3

60,8 100 129 131

TomnbipakTaH ayblp MeTaNAAPbIH OCIMIIK-
Tepre aiFamKbl KapKBIHABI 6CY Ke3eHIHIe KakK-
Chl CIHIpLTIN, KapTal HEeMece BereTallUsHbIH
COHBIHJIA TOIBIPAaKKa KaiiTa OONIHETIHIIrI MbIC
JJIEMEHTIH/I€ JI€ OPBIH allaThIHBIFBl aHBIKTAJIJIBI.
Teprinmii cyperre Oalkamblll TypraHiail Oakbl-
nay BapuantbeiHaa 90,49 mr/kr Oosica, KyHOarbic
©CKEH TOIBIPaKTa MBICTBIH MeuIepi 63,86 Mr/kr-
Fa JIeiiH, Ta30H eciMAIKTepi eckeH opTaga 58,99
MI/KI-Fa a3aliraHAbIFbl OalKamaabl. A, »Ka3IbIH

COHFBI aiibIHNa 6cCipyiH 2.6 aiiaH KeiliH OaKbI-
Jlay BapHWaHTBIHIA MBICTBIH Meumepi 79 Mr/kr
MeJIIepinie Ke3aecce, KYHOAFbIC ©CKEH TaKTaja
oHbIH Meumepi 110,42 mr/kr-ra, TiNTi ra3oH ec-
KeH TakTaza 121,6 Mr/kr-Fa qeiiid apThI KETKEH.
SIrHu, 4- KecTe MBIIIMETTEpiHE KYTIHCEeK OCipYIiH
1.5 aiiman KeliH KyHAEpiHIE MBICTBIH MOJIIEpi,
0akpTayMeH CalbICTHIPFaH/Ia, KYHOArblC OCKEH
optaga 70,6 %-ra TeMmeHaece, Ta30HIBIK OCKEH
oprana 65,2 %-ra jeiin ToeMeH e/,
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1.baxbutay. 2. Ocipy xix 1.5 alinan keiiin (kyHOarbic); 3.I'a30H eciMaikTepi;
4. Ocipynin 2.6 aiinan keiin (6akputay ); 5. Kynbarbic; 6.I'a3o0n ecimuiktepi

4-cypet — JlanansIk ToxKipuOe KaFaaiibIHa KYHOAFBIC JKOHE Ta30H OCIM/IIKTEPiHIH
TONBIPAKTAFBI MBICTBIH MOJIIIEPiHE aCOPOIUSITBIK dcepi
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4-kecte — KyHOAFbIC jxOHE Ta30H OCIMJIIKTEPI OCIPUITeH TONBIPAKTAFbl KOPFACBIHHBIH IaifbI3Fa MIaKKaHIaFbl KOPCETKIlTepi

ra3oH lNazon
Bapuanrrap OakpLIay KYHOaFbIC S . OaxpLIay KYHOaFbIC . .
ecimikTepi ecimuikTepi
AJIBIHFaH yaKbIThI ocipyniH 1.5 aiinaH keitin ocipyniH 2.6 aiinaH keiin
[MaibI3bIK KOpCeTKITePi 100 70,6 65,2 100 140 154

bipaxk, keneci ecipyin 2.6 alian Kelin KyHIepi
aJBIHFaH Tajjiay HOTHXKeNepl KOpCeTKeH el OaKbI-
Jlay BapHaHTBIMEH CalbICTBIPFaH/Ia, MBICTBIH MOJI-
nrepi Kynoarsic eckeH optaga 40 %-ra, Ta30HIBIK
eciMIIIKTep ecKeH opTana 54 %-Fa apThIT KeTKEH/i-
I'l AaHBIKTAJIIBI.

CoHBIMEH, )KOFapbIIaFbl aJIbIHFaH MOJTIMETTEP1
€CKepe OTBIPBIIL, KeJIeciiel KOPhIThIHABLIAP XKacay-
Fa OoJapl:

KopbIThIHABI

1. XKorapblia KeNnTipiiareH KopceTKimTepai ecKe-
€ OTBIPHII OCIMIIKTED ayBIP METAAAPBI AJTFAIIKEI
OCy KE3CHIH/IC KApKbIHJbI CIHIPETIHJIr aHBIKTa-
nbl. O yuiiH Texipudeneri OapiblK JIEMEHTTepre
OpTaK YpIiC €KEeHIIT1 aHFapBUIALI. AJIBIHFAH MOJIi-

METTEpJli €CKepe OTBIPBIN OCIMIAIKTED KOMETiIMEH
TEeXHOTEH/I1 JaCTaHFaH aiiMaKTapaFbl TOIBIpaKTap-
IIbl aybIp METalapaaH ociMIIKTep KoMeriMeH Oip-
ama apbuITyFa OOJIaTHIH/IBIFBIH OaliKayFa 00Ja Ibl.
SIFHM, ajgBIHFAH MOJIMETTEP OOWBIHINA MBIPBIIITHI
22,5 %-ra, kaamuiiai 31%-ra, kopraceisl 40,7%-
Fa, MBICTHI 29,4%-Fa NeiiH TeMeHIeTyre 0oIaThIH-
IBIFBI aHBIKTANABL. O YIIiH ©CIMIIKTEPIiH Bere-
TAIMSUTBIK KaHJal Ke3eHIHIE ayblp MeTajiap.ibl
KApKBIHJIbI CIHIPETIHIITIH aHBIKTAH TYCY KEpeK.

2. CoHBIMEH KaTap, To)KipuOere ajbIHFaH Ta30H
OCIMJIIKTEpiHEe KaparaHIa KYHOaFbIC ©CIMIITiHIH
TUIMJILUTIT] KOFaphl ekeHiri oenrim 0osl. Cebeoi,
JKa3IIbIH OPTAHFBI albIHIa KYHOAFBIC OCIMIITT 6CKEH
TaKTaa, ra30HJIbIK OCIMIIIKTEPMEH CaJIbICThIPFaH-
J1a, OapIIbIK, IIEMEHTTEPIiH OipIraMa )aKChl CiHipi-
JIETIH/IIT] aHBIKTAJIIbL.
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INFLUENZA VIRUS GENETIC DIVERSITY
AND EPIDEMIOLOGICAL PROFILE
IN HUMAN POPULATION

Examining the evolutionary mechanisms driving genetic variation, alongside the global epide-
miological landscape, provides insights into transmission patterns, seasonal outbreaks, and pandemic
potential. This review explores the complex interplay between influenza virus genetic diversity and
epidemiological dynamics within human populations. Insights gained from this synthesis inform public
health strategies, emphasizing the importance of surveillance, vaccination, and pandemic preparedness
to mitigate the impact of influenza. Influenza viruses exhibit significant genetic variation due to mecha-
nisms such as antigenic drift and shift, as well as their segmented genome. New strains evolve through
genetic alterations, enabling them to overcome existing immunity and spread both seasonally and glob-
ally. Understanding genetic diversity is essential for predicting strain evolution and developing effec-
tive vaccines. Influenza, a highly contagious respiratory virus, spreads via respiratory droplets. It affects
individuals of all ages, but those at increased risk for severe disease include the elderly, young children,
pregnant women, and individuals with underlying medical conditions. Influenza follows seasonal trends,
with higher transmission rates in colder months in temperate regions, while tropical regions may experi-
ence year-round circulation. Epidemiological factors influencing influenza transmission and outcomes
include population density, travel behavior, and healthcare infrastructure. Monitoring influenza’s epide-
miological dynamics and examining genetic variants are critical tasks for surveillance systems. Effective
control of influenza requires integrated strategies that address both genetic and epidemiological aspects.
Controlling influenza epidemics, especially during a pandemic, involves using antiviral medications,
early detection, and containment measures.

Key words: Influenza viruses, Genetic diversity, Epidemiology, Human population, Public health,
Surveillance.
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Tymay BMPYCbIHbIH, FTeHEeTMKAAbIK, 9PTYPAIAIri xkoHe
aAam NonyAsiLUSICbIHbIH, SMUAEMUOAOTUSIABIK, PO UAI

JKahaHAbIK, 3MMAEMUOAOTUSIABIK, AQHALIA(TIEH KATap, FEHETMKAAbIK, BapuauMsHbl TYAbIPATbiH
3BOAIOLIMAABIK, MEXAaHU3MAEPAI 3EPTTEY XKYFY YAFiAEpiHE, MayCbIMABIK, IHAETTEpre >KeaHe NaHAEMUSIABIK,
aAeyeTKe >apblk Tycipeai. ByA WOAy Tymay BMPYCbIHbIH TEHETMKAAbIK, SPTYPAIAIN MeH apam
MONYASIUMSCBIHAQFBI  SMUAEMMOAOTUSIAbIK, AMHAMMKa apacbiHAAFbl KYPAEAI e3apa apeKkeTTecyAi
3eptrenai. OCbl CUHTE3AEH aAblHFaH TYCIHIKTEP TyMay BMPYCTApbIHbIH, aAAM AEHCayAblfblHa ©CepiH
a3anTy YWWIiH KaAaFaAayAblH, BaKLMHALMSAQYAbIH XXOHe MaHAEeMMsFa AAMbIHABIKTbIH MaHbI3AbIAbIFbIHA
6aca Haszap ayAapa OTbIPbIM, KOFaMAbIK, AEHCAYAbIK, CaKTay CTpaTerMsiAapbiH xabapAaiAbl. AHTUrEHAIK
Apericha MeH bIFbICY MEXaHU3MAEPIHIH, COHAAM-aK, OAapAbIH CEerMeHTTEAreH reHOMbIHbIH apKacbiHAQ
TyMay BMPYCTapbl YAKEH TeHETMKaAblK, BapuaLMsiHbl KepceTeAi. >KaHa wWTaMAap TreHeTMKAABIK,
e3repictep HOTMXECIHAE AaMMABI XeHe OYA wwTamaap OypbiHHaH 6ap >keHe MayCbIMAbIK, Hemece
faAaMAbIK, TapaAaTblH MMMYHMTET >KeHy KabireTiHe wue. [eHeTMKaAblK, SPTYPAIAIKTI  TyCiHy
LITaMMAAPAbIH SBOAIOLMSICbIHA BOAXKaY XKOHEe TMIMAI BakLMHaAapAbl XKacay YLliH 6Te MaHbI3Abl. TbIHbIC
aAy TaMLUbIAQPbl TYMayAblH, ©6Te >KYKMaAbl PECMIMPATOPAbIK, BUPYCTbIH TapaAyblH MyMKIHAIK 6epAi. bya
GapAbIK, XacTafbl apamMAaapFa acep eteai, Gipak keibipeyAepiHAE, MbiCaAbl, KapTTapAd, KillKeHTan
6ananapAQ, XYKTi EAAEPAE XKHe Heri3ri MeAnLMHaAbIK 6y3blAyAapbl 6ap aaaMAApPAA ayblp aypyAap MeH
3apAanTapAblH Kaymi KOoFapblAaiAbl. TyMay MayCbIMABIK, TEHAEHLUMSIAAPFa COMKEC KeAeAl, KOHbIp>Kar
eAAEPAE CYbIK aAapAd >KYKTbIPY >KbIAAAMABIFbI XKOFApbIAAMAbL. AereHMeH, TPOMMKAABIK, XXepAepAe
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6oAaabl. Tymay iHAETIHIH OepiAy MEH CaAAapbiHa ©CepiH eTeTiH 3MMAEMMUMOAOTMSIABIK, SAEMEHTTepre
XAABIKTbIH, ThIFbI3BAbIFbI, CasgXaTTaFbl MiHE3-KYAbIK, >KHEe AEHCAyAbIK, CaKTay MH(PaKYPbIAbIMbI aAaAbI.
TyMayAbIH, 3MMAEMUOAOTMSIABIK, AMHAMMKAChl KaAaFaAay »KOHEe FeHeTMKAAbIK, HYCKaAapAbl Kasarasay
JKYMEAepiHiH MaHbI3Abl MiHAETTEpPi 6oMbl TabbiAaAbl. TymMayAblH TMIMAI GakbiAdy FE€HETMKAAbIK, XKOHE
3MUAEMMOAOTUSIABIK, aCTIEKTIAEPAI eCKepeTiH BipiKTipiAreH CcTpaTermsiAapbiH KaXkeT eteai. Tymay anm-
AEMUSICbIH BakblAdy, acipece NaHAEMUS >KaFAarbIHAQ, BUPYCa KApCbl MpernapaTrapAbl, epTe aHblKTay
BAICTEPIH XX8He OKllayAay LApaAapblH KOAAAHYAbI TaAar eTeA|.

TyiiH ce3aep: Tymay BupycTapbl, [eHeTUKaAbIK, BPTYPAIAIK, DNTMAEMUOAOTMN, AAaM MOMYASUMS-
cbl, KoFamABIK, AEHCayAbIK, CakTay, KaAaraAay.
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leHeTMuyeckoe pa3HOOOpa3ue BUpYyca rpunna u
3MUAEMMUOAOTMYECKUI NMPOCOUAb B YEAOBEYECKOI MOMYASILLUM

M3yyeHre 3BOAIOLIMOHHBIX MEXaHM3MOB, BAMSIOLLMX HA FrEHEeTUYECKYIO BapraLmio BUPYyCa, Ha (hoHe
rAOGAABHON 3MUAEMUOAOTMYECKON CUTYALMK MO3BOASET MOHSTb 3aKOHOMEPHOCTU MepeAayn, Ce30H-
Hble BCTbILIKW U NMOTEHLMAA AAS MAHAEMUI. ITOT 0630p UCCAEAYET CAOXKHOE B3aMMOAENCTBUE MEXKAY
reHeTMYeCcKMM pasHoobpasmemM BMpyca rpumna v 3MMAEMUOAOTMUYECKON AMHAMUKOM B YEAOBEYECKOW
nonyAsumn. MoAyyeHHble AaHHble CMOCOOCTBYIOT pa3paboTke CTpaTernii 3APAaBOOXPaHEHUs, MoAYep-
KMBasi BAXXHOCTb MOHUTOPUWHIa, BaKLIMHALMW 1 NOAFOTOBKM K MAHAEMUSIM AAS CMSITUEHMSI BO3AECTBUS
rpunmna Ha 3A0pOBbe YeAoBeKa. Bupychl rpynna AEMOHCTPUPYIOT 3HAUMTEAbHOE FreHeTUUYeCckoe pa3Ho-
obpasue 6Aaropaps TakMmM MexaHM3Mam, Kak aHTUIEHHbIN APerd 1 CABUT, @ TaKXKe 13-3a CErMeHTUPO-
BaHHOro reHoma. HoBble LTamMMbl 3BOAIOLIMOHMPYIOT Yepe3 reHeTuYeckmne M3MeHeH s, UTo Mo3BOAseT
MM 06XOAMTH CYLLECTBYIOLLMI MMMYHUTET M PACMpPOCTPaAHSITLCS Kak CE30HHO, Tak M rAobaAbHoO. [Mo-
HVMMaHWe reHeTUYeCcKoro pa3HoobpPasms UMeeT KAIOUEBOE 3HAUEHME AAS MPOTrHO3MPOBAHMS 3BOAIOLIMM
LUITaMMOB M pa3paboTku 3peKTUBHBIX BaKUMH. [PUMN — BbICOKOKOHTArMO3HbI PECNMPATOPHbIA BU-
pYyC, pacnpoCTPaHSIOLMIACS Yepes KarnAn, 06pasyioLLmecs npu Kawae 1 ymxaHum. OH NMopakaeT AloAew
BCEX BO3PACTHbIX IPYMM, OAHAKO HaMBOAbLUMI PUCK TIXKEAbIX 3a00AEBAHMI CYLLECTBYET Y MOXUAbIX
AIOAEM, MAaAEHBbKMX AeTel, 6EPEMEHHbIX SKEHLLUMH U AIOAEI C COMYTCTBYIOLLMMM 3ab60AeBaHMaMmu. [pun
NMOABEP>KEH CE30HHbIM KOAEBAHMSIM: B YMEPEHHbIX CTpaHax HabAIOAQETCS MOBbilLeHKe 3ab60AeBaeMo-
CTU B XOAOAHOE BPEMS FTOAQ, B TO BPEMS KaK B TPOMMYECKMX PErMoHax BUPYC MOXKET LIMPKYAUPOBaTh B
TeyeHue Bcero roaa. K anvaemmonornueckmm aktopam, BAMSIOLLMM Ha nepeAavy BUMpyca 1 TSXKeCTb
3a60A€EBaHMs, OTHOCATCSI MAOTHOCTb HACEAEHUS, MYTELLECTBUSI M COCTOsSIHWE MHGPACTPYKTYPbl 3APABO-
oXpaHeHWsl. MOHUTOPWHT 3MUAEMMOAOTMUYECKON AMHAMUKM IpuUMmna U MICCAEAOBAHWE ero reHeTUYecKmx
BApMAHTOB SIBASIIOTCS Ba>KHbIMM 3aAa4amm AASl CUCTEM HabAoAeHMS. PGEKTUBHOE YNPaBAEHME rpuI-
NMom TpebyeT KOMMAEKCHbIX CTPATerui, yUMThiBAIOLMX KaK FreHEeTUUYECKME, TaK 1 SMMAEMUOAOTMYECKME
acnekTbl. IpexTrBHag 6opbba C aNMAeMUIMU rpunna TpebyeT MHTErPUPOBAHHOIO NMOAXOAQ, BKAIO-
Yarollero Kak MCroAb30BaHWe MPOTMBOBMPYCHBIX MpenapaToB, Tak M OpraHM3aumio CBOEBPeMeHHOM
AMArHOCTMKM M U30AILUMU BOAbHbIX.

KaroueBble cAoBa: Bupycol rpunna, [eHeTnueckoe pasHoobpasme, dnvaemmonorus, INonyasums,
O6L1ecTBeHHOE 3APABOOXPAHEHNE, DIUAHAA3O0P.

Introduction

Influenza viruses are members of the family Or-
thomyxoviridae and include influenza virus types A,
B, and C. Influenza has had a significant historical
impact and continues to pose a considerable threat to
public health. Since the transmission of HSN1 avian
influenza from birds to humans in 1997, virologists
and public health officials anticipated the global hu-
man spread of this virus. The pandemic spread of
anovel HINT influenza virus arose from an unpre-
dicted source; precursors of the pandemic influenza
A (HIN1) 2009 virus have been circulating among

pigs for over a decade [1]. The influenza virus is
one of the most effective, enduring, and unpredict-
able human diseases. Worldwide, influenza is still
the cause of frequent and fatal zoonotic breakouts,
erratic pandemics, and regular seasonal epidemics.
The influenza virus spreads by aerosols and causes
“flu,” an acute fever respiratory illness especially
severe in young children, the elderly, and people
with weakened immune systems. The influenza
virus substantially negatively impacts the world’s
population and economy [2].

Antigenic shift, which exposes the human popu-
lation to a novel strain of influenza and might result
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in increased or decreased morbidity or mortality,
causes flu epidemics every six to ten years. Influ-
enza A (HINI) pdm09 subtype virus, which origi-
nated from the reassortment of Eurasian Avian (EA)
related viruses of swine and North American Triple
reassortment (TRIG), caused the first human influ-
enza outbreak of the twenty-first century. Due to
a unique strain of Influenza A (HIN1) pdm09, the
world experienced a pandemic in 2009 [3].

This review addresses several key research is-
sues related to the epidemiological composition and
genetic diversity of influenza viruses in humans.
The review aims to analyze the genetic elements as-
sociated with influenza virus pathogenicity, assess
the impact of antigenic drift on vaccine efficacy,
and explore ways to improve vaccine formulation. It
also examines the kinetics of influenza virus propa-
gation, the impact of climate and environmental
factors, the dynamics of host immune responses,
and the effectiveness of current influenza surveil-
lance systems. Additionally, it considers the effects
of behavioral and societal factors, such as vaccina-
tion uptake, travel habits, and public health initia-
tives. The review highlights the importance of a One
Health approach to understanding the interactions
between human, animal, and environmental factors
in the spread of influenza.

Main body

Large population sizes and densities at mass
gatherings such as the Hajj (Makah, Saudi Arabia)
can contribute to outbreaks of respiratory virus in-
fection by providing local hot spots for transmis-
sion followed by spread to other localities [4]. It has
previously demonstrated that antigenic variations
of H3N2 co-circulated with clades of HIN1/2009
and that seasonal H3N2 and pandemic HIN1 vi-
ruses, both of which were present during the initial
wave of the HINI pandemic in Hong Kong, have
similar transmission potential in home settings.
Together with the pandemic HINT1 virus, sporadic
H3N2 transmission was also noted at the same pe-
riod in other areas of the world. Nasopharyngeal
swabs from index cases with confirmed influenza
and their household contacts were used for whole
genome deep sequencing to characterize patterns of
viral evolution at a finer scale, precisely, the amount
of genetic diversity transmitted among hosts. Cru-
cially, spatiotemporal transmission chains were
constructed, and donor/recipient pairs in suspected
transmission events were identified with relatively
high confidence using household epidemiological
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data. These pairs have also been compared with un-
related pairs [5].

Influenza seasonally, despite extensive preex-
posure and vaccination, influenza A viruses (IAVs)
are predicted to cause tens of billions of dollars in
economic expenditures and thousands of deaths an-
nually in the United States alone. IAV continues to
spread across the human population because it con-
stantly develops resistance to herd immunity. This is
not a universal characteristic of all viruses, though;
certain viruses (such as measles) have mutation
rates comparable to that of [AVs yet do not success-
fully develop immunological resistance in humans
and are effectively suppressed by vaccination. Iden-
tifying the specific factors that influence influenza
virus development is a critical unresolved issue in
virology that must be addressed to create future vac-
cines and therapies that are resistant to escape. [AV
populations show remarkable levels of genomic and
genetic diversity. Genetic diversity, which IAV and
the majority of other RNA viruses have in com-
mon, is the number of nucleotide sequence poly-
morphisms resulting from the relatively high rate of
mutation of the viral polymerase. Genomic diversity
is the difference in each virus particle’s ability to
code for different genes or which viruses are suc-
cessfully expressed during infection. The extent to
which AV populations exist as extremely diverse
swarms of genetically and phenotypically hetero-
geneous particles is becoming more visible because
of new technologies and methods. IAV populations
comprise large groups of genetically diverse minor
sequence variants that are closely connected, some-
times (though not always correctly) referred to as
“quasispecies.” In other RNA virus systems, the
impact of this variety on viral pathogenicity and fit-
ness has been thoroughly studied. When new selec-
tion pressures arise, preexisting genetic variety is
fuel for adaptation, leading to mutations that may
enhance fitness. Because both processes depend on
the accumulation of advantageous substitutions, this
process of evolutionary innovation promotes the
persistence of seasonal influenza virus strains in the
human population and the emergence of zoonotic
strains with pandemic potential into human circu-
lation. The vast majority of random mutations are
harmful. Thus, there are costs associated with this
diversity and the tremendous potential advantages.
A virus’s ability to evolve probably rests partly on
its ability to weigh the advantages and disadvan-
tages of preserving a high-standing diversity. The
mutation-prone replication mechanism produces
the mutational landscape found in IAV populations,
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which is influenced by selection and other evolu-
tionary processes like genetic drift. In this section,
I will summarize our current understanding of the
virologic characteristics and evolutionary processes
that control the genetic composition of AV popula-
tions [6].

Influenza viruses cause severe global econom-
ic and public health burdens. From 1990 to 1999,
annual influenza epidemics in the US caused over
30,000 fatalities annually. Frequent pandemics
cause noticeably larger mortality tolls [7]. Over 20
million religious visitors visit Saudi Arabia, and it
receives 3 million pilgrims annually. Every year,
tourists from more than 180 countries congregate
in a small space, increasing the danger of respira-
tory illnesses, such as influenza viruses, spreading
among pilgrims. Influenza infection is among the
most significant contributors to public and interna-
tional health issues. During their time in Makah and
the sacred sites, pilgrims endure harsh climatic con-
ditions, with temperatures sometimes rising beyond
45 °C. [8].

Using phylogenetic analysis, whole genome
consensus sequences were grouped by house-
hold for every patient group with either H3N2 or
HIN1/2009. Comparisons of phylogenetic trees
from each gene revealed no proof that this popula-
tion underwent reassortment during the time frame
of the research (no data displayed). This group was
exposed to three antigenic sublineages of H3N2
(A/Brisbane/10/2007-like, A/Victoria/208/2009-
like, and A/Perth/16/2009-like) and three clades
of HIN1/2009. Despite the population’s tiny size,
one instance of mixed subtype infection was found.
(Patient 781 V1 (0), suggesting that co-infection
of seasonal and pandemic strains could not be un-
common. [5]. This review article has used a series
of scientific and reliable articles to find the reasons
for the diversity and epidemiological profile of in-
fluenza viruses in the human population. This ar-
ticle’s goals include a thorough analysis of genetic
diversity, a detailed investigation of epidemiologi-
cal profiles, a synthesis of genetic and epidemio-
logical viewpoints, implications for public health,
and future directions. Epidemiological studies aim
to identify factors that place some populations at
greater risk of contracting an infectious disease
than others. Such factors can be associated with the
three legs of the “epidemiologic triad” for infec-
tious diseases: the combination of an external caus-
ative agent, a susceptible host, and an environment
that links these two together. Genetic differences
contribute to variations in the immune response of
different individuals to a pathogen [9].

Between the two sites, it was observed substan-
tial diversity in A (H3N2) and A (HINI1) pdm09
viruses, with A (HIN1) pdm09 viruses having
substantially less nucleotide variation at antigenic
places than A (H3N2) viruses. Antigenic sites for
A (HIN1) pdm09 varied from the vaccine strain
by three to four amino acids, with two differences
shared by all studied isolates. Antigenic sites for A
(H3N2) viruses varied from the vaccination strain
by six to nine amino acids, with four differences
shared by all studied isolates [10]. Among the vari-
ous seasonal influenza viruses, influenza A/H3N2,
which has been affecting people since the 1968
“Hong Kong” pandemic, has survived even after
the 2009 A/HINI1pdm virus appeared and effec-
tively supplanted the seasonal influenza A/HIN1
that was previously circulation. Ongoing antigenic
alterations in circulating seasonal A/H3N2 viruses
constantly prompt new guidelines for developing
seasonal influenza vaccines. The aim is to maximise
vaccine-induced protection in the general public and
among healthcare workers [11]. In human hosts, in-
fluenza virus populations expand exponentially at
the beginning of an acute infection. Viral titers peak
two to four days after the infection’s start, and after-
wards, titers decline for three or four days until the
virus reaches undetectable levels [12].

Continuously evolving Influenza viruses accu-
mulate changes in the viral genome, leading to the
diversity of subpopulations and the introduction
of novel strains. Pandemics and yearly epidemics
result from this. Zoonotic vectors, host immunity,
and other ecological and environmental factors can
cause viral genetic variation and antigenic altera-
tion. Point mutations causing antigenic drift, gene
reassortment causing genetic shift, defective-inter-
fering particles, and RNA recombination changing
the Influenza virus genome are some processes that
can cause genetic variation [13]. Influenza A pre-
dominated in all WHO regions between 2011 and
2019, frequently alternating between A (HINI)
pdm09 and A (H3N2). Between 2011 and 2019, the
percentage of B/Yamagata and B/Victoria viruses
stayed low. During the COVID-19 pandemic, influ-
enza A was likewise prevalent in all WHO regions
except for WPR; nonetheless, most samples tested
positive for A (H3N2). About 98% and 90% of the
samples found in AMR in 2021 and 2022 tested
positive for A (H3N2). 90% of all positive samples
in WPR in 2021 were caused by B/Victoria viruses.
Nevertheless, influenza A was once more prevalent
in WPR in 2022 and 2023. Furthermore, throughout
the COVID-19 pandemic, hardly many B/Yamagata
viruses were found [14].
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Figure 1 — Distribution of influenza B lineages and influenza A subtypes
by six WHO regions from 2011 to 2023 [14]

Origins of genetic diversity

Influenza viruses (family Orthomyxoviridae)
possess a negative-strand segmented RNA genome
and enveloped virions. Genetic diversity in the in-
fluenza virus results from a high rate of mutation
associated with replication using low-fidelity RNA
polymerase and the reshuffling (or reassortment) of
segments among confecting strains. The emergence
of viral infections with potentially devastating con-
sequences for human health depends on their under-
lying evolutionary dynamics [15]. The emergence
of new influenza A virus strains can be caused by
“‘antigenic shift,”” resulting from reassortment of
gene segments, including H and N types, ‘‘antigenic
drift”’ resulting from the continuing accumulation
of mutations in the H and N genes or a pathogen-
ic virus jumping species, and acquiring the ability
to infect and be transmitted among humans, as in
the 1918 pandemic [16]. The influenza A virus is
divided into 18 HA and 11 NA subtypes based on
the antigenic differences between HA and NA. All
influenza virus subtypes have been found in wild
birds, the natural influenza virus reservoirs, except
H17N10 and HI8N11, isolated from bats. Avian
influenza viruses multiply effectively in wild birds,
but in other animals, they do not. However, mount-
ing evidence shows that various animals, including
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dogs, cats, rhesus macaques, and even plateau pikas,
can contract avian influenza viruses. Human sporad-
ic H5N1, H7N9, and HIONS infections have been
documented in China, suggesting that other viruses
of bird flu subtypes may be dangerous to people due
to their natural development [7].

Since 1918, three pandemics have been brought
on by influenza A viruses that infect people after
spreading from wild birds. Numerous additional
mammalian hosts, such as pigs, dogs, horses, bats,
seals, and whales, have also contracted influenza A
viruses. Influenza A viruses, like other viruses, must
co-opt host factors to replicate within a host cell suc-
cessfully. Influenza A virus requires host factors at
many stages of its life cycle, from entry, transport of
gene segments to the nucleus, replication, and pack-
aging to exit. As a result, the virus must adapt to
novel host factors to successfully emerge in a new
host species. Pandemic preparedness requires us
to identify mutations that allow or prevent animal
viruses from using human host factors and to un-
derstand the mechanisms that enable host switching
[17]. Influenza in humans is one of the first large-
scale pathogen genome sequencing initiatives fo-
cused on a virus, and influenza virus genomes are
frequently used to test evolutionary analysis tech-
niques. These techniques are increasingly utilised to
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comprehend antigenic drift and select vaccine vari-
ants. The initial proof of influenza’s phylogenetic
diversity is the identification of highly divergent
and diversified viruses in fruit bats (Artibeus spp.)
from Central and South America, which revealed a
virus burden more significant than that of the bird-
mammal 16HA-9NA model [18].

Epidemiological profile of influenza viruses in
the human population

Influenza A viruses are microorganisms that
cause respiratory tract infections in humans, birds,
and other mammals such as swine, horses, etc. In
the 20th century, three pandemics resulted in wide-
spread morbidity and mortality. A novel HINI1
(HIN1pdm) virus surfaced in 2009 and sparked a
pandemic that killed 18,449 people, according to
reports, and likely infected millions more globally
[19]. Regular annual epidemics have characterised
seasonal influenza in temperate zones of the world
for most of the last fifty years. The observed skip
dynamics can be explained in relatively simple
terms by basic epidemiological principles. The gen-
eral population had never been exposed to the novel
strain of HIN1pdm until it surfaced in March 2009.
This made it possible for the pandemic to spread
worldwide, even though it was outside many na-
tions’ typical influenza season. Each subsequent
epidemic outbreak increased the general public’s
exposure to the novel HINIpdm strain over time,
strengthening population immunity and lowering
the number of vulnerable people [20]. Seasonal in-
fluenza is responsible for a significant annual bur-
den of lower respiratory tract infections (LRTIs)
and other respiratory conditions (such as chronic ob-
structive pulmonary disease), even though the bur-
den of influenza is frequently discussed concerning
past pandemics and the threat of future pandemics.
A systematic scientific attempt to measure the health
loss linked to a wide range of illnesses and impair-
ments is the Global Burden of Disease Study (GBD)
2017. An influenza pandemic in 1918 is thought to
have claimed between 20 and 50 million lives, sur-
passing the death toll from World War 1. Seasonal
influenza continues to have a significant role in the
rising global incidence of lower respiratory tract in-
fections (LRTIs) today [21]. Influenza virus infec-
tions are common in people of all ages. Epidemics
occur in the winter months in temperate locations
and at varying times of the year in subtropical and
tropical locations. Most influenza virus infections
cause mild and self-limiting disease, and around
one-half of all infections occur with a fever. Only a
tiny minority of infections lead to severe diseases re-
quiring hospitalisation. During epidemics, the rates

of influenza virus infections are typically highest in
school-age children. The clinical severity of infec-
tions tends to increase at the extremes of age and
with the presence of underlying medical conditions,
and the impact of epidemics is most remarkable in
these groups. Every year, Significant morbidity and
mortality are caused by influenza epidemics, and
influenza pandemics could have an even more sig-
nificant effect than the 2019 coronavirus outbreak.
To create more effective control strategies, we must
know how influenza is spread [22].

A novel strain of influenza virus A HIN1, also
known as “swine flu,” started to spread in several
nations worldwide in April 2009. Although the ge-
nomic makeup of the most recent HIN1 virus strain
differs significantly from that of the previously iden-
tified isolates, it has been discovered to share close
ties with the swine flu virus. The genetic features
of this new virus were not previously found in In-
fluenza A in humans, pigs, or poultry [23]. Accord-
ing to phylogenetic analysis of recently made public
whole genome sequences of the human influenza A
virus, several viral lineages commonly co-circulate
within a single geographic location. This contrasts
with earlier research that showed a single dominant
and selectively preferred lineage in the HA1 (hem-
agglutinin) domain alone [24]. While influenza epi-
demiology varies considerably throughout the year
in equatorial locations, the influenza seasons typi-
cally occur between November and April in temper-
ate regions of the Northern Hemisphere (NH) and
between May and October in the Southern Hemi-
sphere (SH). GISN tracks the epidemiology and
characteristics of influenza viruses all year round to
identify the emergence and dissemination of novel
antigenic variations. Based on data from GISN and
assessed by a group of officials from the CC, ERL,
NIC, and others, the WHO has issued official an-
nual recommendations for the formulation of sea-
sonal influenza vaccinations every February since
1971 [25]. On June 11, 2009, the World Health Or-
ganization (WHO) declared a pandemic alert level
6. This warning level was increased from 5 to 6 in
less than 20 days, and as of right now, the infec-
tion has spread to 208 countries worldwide with
2,46,571 confirmed cases and 9596 deaths [26].
The year 2009 marked the beginning of a pandemic
brought on by a fresh strain of the HIN1 influenza
virus. The outbreak started in March when officials
in Mexico noticed a greater-than-anticipated rise in
flu-like episodes and the simultaneous development
of unusual instances of pneumonial. The pandemic
influenza virus (HINI) 2009 is the current name
for the etiological agent that was identified in early
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April 2009 by the Centers for Disease Control and
Prevention (CDC/Atlanta, USA) and reported to the
World Health Organization (WHO) in compliance
with the 2005 International Health Regulations [27].
Following the 1968 H3N2 virus pandemic, influ-
enza A(H3N2) viruses became common in humans
and have been a primary contributor to influenza
outbreaks. These viruses evolve continuously by re-
assortment and genomic evolution. Antigenic drift
is the cause for the need to update influenza vaccines
frequently. Using two data sets that span the entire
period of circulation of A (H3N2) influenza viruses
in humans, it was shown that H3N2 influenza vi-
rus evolution can be mapped to 13 antigenic clus-
ters [28]. The linkage between the virologic profile
and clinical characteristics of individuals affected
by the influenza virus offers crucial data for clini-
cal care and epidemiological control of upcoming
illness epidemics. Control of the forthcoming epi-
demics is based primarily on the analysis of patients
and comparison of viral load in conjunction with
epidemiological information. The median viral load
was more significant during the pandemic than sea-
sonal influenza. In pHIN1 (2009)-infected patients,
the viral load was positively correlated with chills,
myalgia, and rhinorrhea and negatively correlated
with dyspnea; no correlation was seen with other
symptoms or with clinical circumstances, includ-
ing immunodepression, pregnancy, smoking, or co-
morbidities [29].

Conclusion

The comprehension and control of seasonal in-
fluenza outbreaks and pandemics heavily rely on the
genetic variety and epidemiological makeup of in-
fluenza viruses within the human population. Some
essential features of influenza viruses’ epidemio-
logical profile and genetic diversity in the human
population followed: In the first, point mutations in
the genes that encode the surface proteins hemag-
glutinin (HA) and neuraminidase (NA) accumulate
through a process called “antigenic drift.” These
mutations result in minor changes to the viral sur-
face proteins and generate seasonal flu outbreaks.
This enables the virus to evade any immunity that

might have previously formed. When two different
influenza viruses infect the same host cell and share
genetic material, a more severe genetic alteration
known as an “antigenic shift” occurs. As demon-
strated by the HIN1 virus that caused the 2009 flu
pandemic, this mechanism may lead to novel influ-
enza strains that can potentially produce pandemics.

The second one is the epidemiological profile,
in which researching the incidence, influence on hu-
man health, and transmission patterns are all part
of the epidemiological profile of influenza viruses.
Essential elements consist of seasonal variation in
which influenza follows seasonal trends, peaking
in temperate locations in the colder months of the
year. A few examples of the variables that affect
this seasonality are humidity, temperature, and hu-
man behavior. The transmission dynamics, in which
respiratory droplets and close contact with infected
persons are the main ways influenza spreads. Com-
prehending transmission dynamics, encompassing
variables like vaccination coverage, travel patterns,
and population density, is imperative to execute ef-
ficacious control strategies. Also, influenza’s effects
on health can range from moderate to severe respi-
ratory illnesses, and it can result in complications
like pneumonia, particularly in susceptible groups,
including the elderly, small children, and people
with underlying medical disorders. The virulence
and transmissibility of circulating strains of influ-
enza can cause variations in the annual burden of
the disease on public health systems.

The third one is surveillance and monitoring
systems, which are respiratory droplets and close
contact with infected persons, the main ways in-
fluenza spreads. Comprehending transmission dy-
namics, encompassing variables like vaccination
coverage, travel patterns, and population density, is
imperative to execute efficacious control strategies.
As we know, researchers and public health officials
can gain a better understanding of the behavior of
influenza viruses and develop measures to prevent
and control flu outbreaks and pandemics by combin-
ing data from genetic studies, epidemiological sur-
veillance, and clinical observations so it would be
better to cooperate with them from time to time and
get accurate and precise information.
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O INMPONCXOXAEHNU NMCUXHNKA

Bonpoc 0 NpoUCXOXAEHMUU NMCUXUKM — 3TO OAMH U3 (PYHAAMEHTAAbHbIX BOMPOCOB B GUOAOTMM 1
ncuxoAorum. OTBET Ha HEro HEPa3pbIBHO CBSI3aH C MOHMMAHWEM TOro, YTO Takoe BoOoOLLe NCUXMKa.

LleAb 3TOM CTaTbn — OTBETUTb HA BOMPOC, KOFAQ M KakK B XOAE 3BOAIOLIMM MOSIBUAACH NMCUXMKA, U TEM
CaMbIM MPOSACHUTb MOHATUE MCUXMKM.

B pabote nprMeHeHbl METOAbI TEOPETMYECKOrO aHaAM3a, 00006LIeHMS 1 MBICAEHHOTO MOAEAMPO-
BaHMS.

Mcrxukor 06AaAQIOT He BCE XKMBble OPraHm3mbl, 3TOT CNOCOO B3aMMOAENCTBUS C BHELLHMM MUPOM
MOSIBASIETCS HA OMPEAEAEHHOM 3Tare 3BOAIOLMM M 0OeCneumBaeTCsl HEPBHOWM CUCTEMOM, AOCTUrLLEN
HEOOXOAMMOIO YPOBHS CAOXKHOCTU. [crxuKa BNepBble B MPUPOAE MOSBASETCS BMECTE C BO3HUKHOBE-
HMEM UYYyBCTBUTEABHOCTM (B BMAE OLLyLLeHNin). OLyLieHns eCTb MCUXMYECKMIA MPOLECC YCTAaHOBAEHNS
YCAOBHbIX CBSI3€ MEXAY 6E3YCAOBHbBIM M YCAOBHbIM pasapaxkuteaamu. Ha dursmonormueckom yposHe
YCAOBHbIE CBSI3U 06ECneymBaloTCsl YCAOBHbIMU pedAeKCamu. YCAOBHbIE pedAeKChbl TPebyIoT HaAnuus
HEpPBHOWM CUCTEMbI ONPeAEAeHHON cTeneHn pa3BuTus. Camble paHHWE XXMBOTHbIE C HEPBHOM CUCTEMOM,
YAOBAETBOPSIOLLEN MUHMMAAbHBIM TPEBOBAHUSM, — 3TO, BUAMMO, NMAOCKME YepBu. C 3TUX OpraHM3MoB
MO>KHO BECTM TOUKY OTCHeTa NOSABAEHUS MCUXMKN B IBOAIOLIMOHHOM AECTHULIE.

Mcrxuka ecTb 3Tan Ha GUOAOrMUYECKOM 3BOAIOLLMOHHOM MYTH Pa3BUTUS POPM OTPAKEHUS 1 B3aun-
MOAEWNCTBUS, MCMOAb3YEMbIX OpraHn3Mamu. PaccMoTpeHme npupoAbl MCUXMKW B COBOKYMHOCTM C AaH-
HbIMW OMOAOTUM MO3BOASIET HOAEE YETKO OUYEPTUTb €e rpaHuLbl, MOHATb ee CyTb M ONUCaTbh ee BO3-
HUKHOBEHMe.

KAloueBble cAOBa: yCAOBHbIN pedAeKC, OLYLLEHNE, SBOAIOLMS NCUXMKM, BOSHUKHOBEHME NMCUXMKM,
npurpoAa NCUXMKM

B.M. Ashirbekov

International Medical School of University of International Business, Almaty, Kazakhstan
e-mail: ashirbekov.bm@gmail.com

On the origin of the psyche

The question of the origin of the psyche is one of the fundamental questions in biology and psychol-
ogy. The answer to it is inextricably linked with an understanding of what the psyche is in general.

The objective of this article is to answer the question of when and how the psyche appeared in evo-
lution, and thereby clarify the concept of the psyche.

In the article methods of theoretical analysis, generalization and mental modeling are used.

Not all living organisms have a psyche; this method of interaction with the world appears at a certain
stage of evolution and is provided by a nervous system that has reached the required level of complexity.
The psyche first appears in nature with the emergence of sensitivity (in the form of sensations). Sensa-
tions are the mental process of establishing conditioned connections between unconditioned and condi-
tioned stimuli. At the physiological level, conditioned connections are provided by conditioned reflexes.
Conditioned reflexes require the presence of a nervous system of a certain degree of development. The
earliest animals with a nervous system that meets the minimum requirements are apparently flatworms.
These organisms can be considered as a starting point for the appearance of the psyche in the evolution.

The psyche is a stage on the biological evolutionary path of development of the forms of reflection
and interaction used by organisms. Consideration of the nature of the psyche in conjunction with bio-
logical data allows us to more clearly outline boundaries, understand essence and describe the origin of
the psyche.

Key words: conditioned reflex, sensation, evolution of the psyche, the origin of the psyche, nature
of the psyche.
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McuxmkaHbiH, NaiAa 60AYbI TypaAbl

MNcmxukarbiH nanaa 60Aybl — GUOAOTUS MEH MCUXOAOTMSIAAFbI MEH Heri3ri MaceaeAepiH, 6ipi 60AbIM
TabblAaAbl. OHbIH Xayabbl XKaAMbl MCUXMKAHbIH HE €KEHiH TYCIHYIMEeH Tbifbl3 6aiAQHbICTbI.

ByA MakaAaHbiH MakcaTbl — 3BOAOLMS GapbICbiHAA MCUXMKA KalllaH XKeHe KaAan rnanaa 60AAbl Ae-
reH cypakka >kayar 6epy >KeHe COA apKblAbl MCUXMKA YFbIMbIH HAKTbIAQY.

Ocbl MaKaAaAa@ TEOPUSABIK TaAAQY, XKAAMbIAQY YKOHE MCUXMKAAbIK, MOAEAbAEY BAICTEPI KOAAAHBI-
AAABI.

bapAbik Tipi opraHnsamMaep ncuxmkara ne emec. CbIpTKbl 9AEMMEH 63apa 9peKeTTeCyAiH OYA 8Ai-
Ci 3BOAIOLMSIHBIH, GeATIAl Oip Ke3eHiHAe nainaa 60AAAbI XKOHE KaXKeTTi KYPACAIAIK AGHIrenliHe KeTKeH
KYMKe KyieHiH BOAybIH TaAan eTeai. [Ncmxmka TaburFaTTa aAFall peT cesiMTasAblkneH Gipre namaa
6oAaabl (Tyncik TypiHae). Tyicik — GYA LWAPTChI3 >KHE WapPTTbl TITIPKEHAIPrilTEP apacbiHAA LLAPTTbI
6aiiAaHbIC OpPHATYAbIH NMCUXMKAABIK, poLeci. DU3NMOAOTUSABIK, AeHIenAe WapTTbl GarnAaHbICTap WapT-
Thl pePAEKCTEPMEH KaMTamachi3 eTiaeai. LLIapTTbl pepaekcTep 6eAriai 6ip aAopeskeae AaMblFaH Xyike
KyMeciH Taaan eTeai. EH TeMeHri TaaanTapra cam xyiike >kyneci 6ap »kaHyapAapAblH aAFallKbICbl 60~
AbIM XaAnak, KypTrap Tabbiraabl. Ocbl OpraHuamMaepAeH 6actan 3BOAIOLUMSHbIH 6apbICbiHAQ MCUXMKA-
HbIH nanaa 60AFaHbIH 6oAXKayFa GOAAAbI.

INcuxmka — opraHM3MAEp KOAA@HATbIH GelHeAey MeH ©3apa apekeTTecy (popMarapbiHbIH, AaMybl-
HbIH GMOAOTMSIABIK, SBOAIOLMSIABIK, >KOAbIHAQFbI Ke3eH. [TcuxmKaHbiH TaburatbiH 6UOAOTUS AepeKTepi-
MeH Gipre KapacTblpy OHbIH, LIEKapaAapblH HEFYPAbIM HaKTbl aHbIKTAyFa, OHbIH MOHIH TyCiHyre >koHe
OHbIH Maraa 60AYbIH cUnaTTayFra MyMKIHAIK Gepea,.

Ty#in ce3aep: WapTTbl peAeKC, TYICIK, NCUXMKaHbIH, 3BOAIOLMSCDI, NMCUXMKAHbIH NaiAa GOAYbI,

NMCNXMNKAHbIH, Taburarbl.

BBenenue

Bompoc 0 mpoMCXOXKIIEHUH TCHUXWKA — 3TO
0JIvH U3 (QYHJIAMEHTAJILHBIX BOIPOCOB B OMOJIOTUU
u ricuxonorud. OTBET Ha HETO HEPa3phIBHO CBS3aH
C TIOHUMaHHUEM TOTO, YTO TaKO€ B IEJIOM IICHXHKA.
Ecin Mbl 3HaeM, Kak U Ha KaKOM 3Tarie SBOJIIOIUU
MOSIBUJIACH TICUXUKA, TO MBI JIy4Ille IOHUMAeM, 4TO
3TO BOOOIIE TaKOE.

Wcropuveckn MOIXOIbl K PELICHHID 3TOTO
BOTIPOCA CBOAMIUCH K CIEIYHOIIAM KOHIICTIIIHASIM
[1-4]:

- TAHIICUXU3M: CUUTAIOCh, YTO IICUXUKOH 00J1a-
JTAIOT Bce (hOpMBI MaTepHH (B TOW KOHIICTIITUH TICH-
XUKa OTOXAECTBISIETCA JIMOO C TOHATHEM JYIIIH,
100 C TOHSTHEM OTPAKEHHS);

- OMOTICHXU3M: TICHXHUKOW 00J1a/IaeT BCE KUBBIC
(dhopmbl MaTepuu (ITOAPa3yMEBACTCSI, YTO TICHIXHKA
HAYMHACTCS C Pa3IPaKUMOCTH);

- AaHUMAJIOTICUXU3M: TICUXUKOW 00IaJIal0T TOIh-
KO JKMBOTHBIE (KOHIEHINSI MCXOTUT U3 TOTO, YTO
HAJIMYUE TICUXUKU TPEAINOoJaraeT He TOJBKO pas-
JIPKUMOCTh, HO ¥ TTOBEICHYECKYIO aKTUBHOCTb );

- HEHPOIICUXMU3M: IICHXUKON 00JIaal0T TOJBKO
’KUBOTHBIE C HEPBHOM CUCTEMOM (IICUXUKA paccMa-
TpHBaeTCs Kak crnocod (yHKIIMOHUPOBAHUS HEPB-
HOM CHCTEMBI);

- QHTPOTIONICUXU3M: IICUXUKOW 00JIa7]aeT TOJILKO
YeIoBeK (37eCh, BUUMO, OTOXK/SCTBISETCS TICHXH-
Ka W CO3HaHMUE).

B Oo0JBIIMHCTBE KOHIIEMIIUNA ICUXHKA ITOHUMa-
€TCsl, B OCHOBHOM, KaK HeKasi CHOCOOHOCTb, CBO¥i-
CTBO XUBOTO opraHu3ma. [logobHoe paccmoTpenue
IICUXUKH B OTPBIBE OT €€ CTPYKTYPHOM COCTaBJISIFO-
e MPUBOJUT K PA3HOMY OTIPEACIICHHUIO €€ TPaHMII:
OT YPEe3BBIYAWHO MTUPOKUX S0 CIUIIKOM y3KHX.

B Bompoce NpOMCXOXKIACHUS W OINpPEACTICHHS
TpaHUI] TICUXUKH Hanbollee W3BECTHHI U IUTUpYE-
MBI paboTel A.H. JleonTseBa u K.O. ®abpu [5, 6].
Ounn CUHUTAJIH, YTO IICUXHKA ITOABJIIACTCA BMECTEC C
YYBCTBHUTENBHOCTBIO, M €0 O00JaJaloT yXKe Tpo-
creiimme (Hampumep, WHGY30pHH) W HOITYCKaTH
BO3MOYKHOCTb Pa3BUTHUSI Y HUX YCJIIOBHBIX CBSI3EH.
OpHako, mpeArnonaraeMplii MeXaHiu3M (pOpPMHUpPOBa-
HUS OTHX CBsI3€il OHM Tak W He omucand. OTBITHI,
Ha KOTOPBIC OHU CCbUIAJIUCh U B KOTOPBIX SIKOGI)I
ObLTa TIPOJIEMOHCTPUPOBAaHA BO3MOXHOCTh O0y4Ya-
eMOCTH MH(Y30pui, TTO3Hee OBUIN TpPHU3HAHBI HE-
KoppekTHeiMH [7]. TeM He MeHee, HEKOTOPBIE CO-
BPEMEHHBIE aBTOPHI IMPOOJIKAIOT ONMUPATHCS Ha
X pabOTHI M TIBITAIOTCS B TOH MM WHOM Mepe pac-
KpBITh U JOMOJHUTH UX OCHOBHYIO uzero [1, 8-10].
HenocratkoM 3TOH waen SBISIETCS PacCMOTPEHHE
TICUXHUKH OJHOCTOPOHHE C ()YHKIIMOHATEHOW TOUKH
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3peHus 0e3 B3aMMOCBSI3HU C €€ CTPYKTYPHOH COCTaB-
qsomieii. Tlcuxuka — 9TO HE TOJIBKO CHOCOOHOCTH
K 4eMy TO, HO M HEeKasl CUCTeMa, 00eCIIeunBaIoIIast
ATy CIIOCOOHOCT.

Henp 3TOM CTaThbl — OTBETUTH HA BOIPOC, KOTJAa
1 KaK B X0 € DBOJIIOIINHU IMOABUIIACH IICUXWKA, U TEM
CaMbIM MPOSICHUTH TOHSITHE MICUXUKHU.

Pe3yabTathl u 00cy:KI1€eHUE

Ilcuxuka Kak uacmo ecmecmeenno20 Mupa

Wnest »BoMIONMN Kak yYHUBEPCAIBHOTO TPHH-
uumna Beenennoil Brickazana emie B cepeanne XIX
Beka ¢umocodpom I'epbeprom Cmencepom [11].
DOBOJIIOLNS MATEPUU MUWJUTHAPABI JIET UACT OT 3Jie-
MEHTapHBIX YaCTHIl U aTOMOB KO BCE 00Jiee CIIOXK-
HBIM cTpyKTypam. [lo mMepe ycrnoxkHeHus mMatepuu
c(hopMHPOBATUCEH TIOCIICIOBATEIBHO (PU3NICCKU,
XUMHYECKUH W OHMOJOTHYECKUH «YPOBHW» MHpa.
KOMITOHEHTBI ¥ CHCTEMBI «HIDKEITIEKAIIIETOY» YPOB-
Hsl SIBIISIIOTCS OJIHOBPEMEHHO D3JIEMEHTaMHU OoJiee
CIIOKHBIX CHCTEM «BBIIIENIEKAIIEeTo». Kakabid
YpOBEHb 0a3upyeTcs Ha «HIDKEIeKAIIeM» U IpH
ATOM MMEET CBOM COOCTBEHHBIE 3aKOHBI 110 YHUBEP-
CaJILHOMY MPHUHIIUITY «CHCTEMa SIBISCTCS OOJIBIITIM,
geM cyMMma ee 3neMeHToB» [12]. TlocTtenennoe Ko-
JUYECTBEHHOE YCIOXKHCHHE CHUCTEM IPUBOJIUT K
KQ4eCTBCHHBIM CKAaYKaM — TOSBJICHUIO HOBBIX CH-
CTEeMHBIX CBOMCTB Ha 0oJjiee BBICIIEM ypOBHE. DTH
HOBBIC CBOMCTBA MATEPUH 3a4aCTYIO0 HEBO3MOXKHO
MOHSITh U BBIBECTH JIOTHUECKH U3 «IIPEALICCTBYIO-
UX» Ka4eCTB MATePUU W, BUIAMMO, HEOOXOINMO
MIPUHUMATh WX Kak JaHHOCTh, MOJ00HO (hu3uye-
CKMM KOHCTaHTaM.

Ha onpezneneHHoM sTarne OMOIIOTHYECKON IBO-
JIIOTIAH TIOSIBJISIETCST M Pa3BUBACTCS TICUXHMKA, Kak
HEOOXOJMMOE YCIOBUE ISl JTAIbHEHUIEro YCI0xK-
HEHUS OMOJIOTHYECKHUX CUCTEM (OPTaHU3MOB).

[lcuxuka (QYHKIMOHHPYET MO 3aKOHAM, 4acTh
KOTOPBIX HE BBIBOJIUTCS M3 OMOJIOTHYECCKUX TPEI-
nockliok. OHa (GOpMHUPYET HOBBIA — IICUXMYECKUN
— YpOBEHb OBITHS W, JOCTUTHYB OTPEICICHHOTO
YPOBHSI Pa3BUTHUS, YK€ caMa MOPOKIAET OTIACIbHbBIC
IJIACTBI PEaTLHOCTH: OOIECTBEHHBIC OTHOIICHHS,
KYJIBTYpPY U TEXHOJIOTHH.

[lcuxuka He SABISETCS HEKUM AMH(DEHOMEHOM
WJIU TPAHCUEHACHTHBIM MPOLIECCOM, MPOTEKAIOIIUM
MapajyuieIbHO «UCTUHHO (DU3UICCKUM» SIBICHUSM.
[Icuxuka ectb HeOThEMJIEMAsi €CTCCTBEHHASI YaCTh
MHpa, TIOSBUBITIASCS Ha OMPEICICHHOM JTare 3BO-
JIOLUUU MaTEPUH.
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Ilcuxuka kak ¢hopma ompasrcenusn

CornacHo TEOpHH OTPaKE€HMs CIIOCOOHOCTH K
OTPaKEHUIO SIBJIIETCS] YHUBEPCAIBHBIM CBOHCTBOM
Matepuu [13]. OOBEKThI, KOTOPBIE B3aMMOICHUCTBY-
10T JIPYT € JIPYTOM, TO €CTh BIMSIOT APYT Ha Jpyra,
B TO XK€ BPEMsI OTPaKaIOT CBOMCTBA APYT Apyra. Ml
MOYKEM B KAaKON-TO CTENEHU CYJIUTh O CBOMCTBax
KaKoro-1100 00BbeKTa MO TeM M3MEHEHUSIM, KOTO-
pBIE€ OH BBI3BAJ B APYTOM OOBEKTE.

B3aumopeiicTBue B HEOPraHWYECKOH MPUPOAE
ecTh NMpUMHUTHBHAs ¢opma orpaxkeHus. OTpaxe-
HHUE B BHJIE ITACCUBHOTO U3MEHEHHS, KOTOPOE OBLIO
MPEUMYIIECTBEHHOH (POPMOI OTpaskeHHs B HEOpra-
HUYECKOM MHpE, HOCTENEHHO TpaHCPOPMUpPYyeETCs
B aJIalITUBHOE OTpa)k€HHE, Pe3yJbTaTOM KOTOPOIo
ObUIO YCOBEPILICHCTBOBAHHUE KU3HEHHONW OpraHu3a-
LU ¥ 3aKPEIUICHHE BHEUIHUX BO3JCHCTBUN B TEX
WIN UHBIX XMMHUYECKUX KOMOMHALMAX MEPBUYHBIX
OnoNornuecKnx cucteM. JKuBble OpraHU3MBI MPH-
00peTaroT CIOCOOHOCTh «OIEPEKAIOIIEro OTpa-
KCHUS JICHCTBUTENLHOCTH», TaKHUM O0pa3oM OHHU
nprcnocadIMBalOTCsl K M3MEHUYUBOCTH Mupa. Op-
TaHU3MBI, MPHOOPETAIOT CHOCOOHOCTH OIEPEekKAaTh
XOJ] BHEIIHUX COOBITHI, TEM CaAMBbIM C HANOOJIbLIEH
BBITOJION MPHUCMOCAOIMBAIOTCS K OyAYIIUM, YacTo
OTACHBIM, SIBIICHUSIM BHEIIHETO MHpa 3aJ0JIr0 10
TOTO, KaK 3TH SIBJICHUS OYyT UMETh MecTO [ 14].

VY NpUMUTHBHBIX OPraHU3MOB OTPAXKEHHE pea-
JU3YEeTCs 38 CYeT OMOXUMHYECKHX IPOLIECCOB. 3a-
TeM, 110 MEPE IBOJIFIOLIMOHHOTO YCIOXKHEHHS AKUBBIX
CUCTEM, OTpakeHHe obecrieunBaeTcsi (HU3HNOIOTH-
YECKMMH HEPBHBIMH ITPOLIECCAMM, A 3aTEM IICHXH-
kol [lcuxuka siBnsieTcst BoIciied (Gpopmoit oTpaxe-
HUSI, TeM caMbIM (aKTOpPOM, KOTODBIH «B BecbMa
3HAYUTENILHONW CTENEHHU IOBBIIIACT IUIACTHYHOCTD
KHMBOTHBIX 110 OTHOILIECHUIO K OBICTPBIM M3MEHEHH-
siM cpensiy [15].

Bo3nuknoeenue ncuxuku

C.JI. Pyounmreitn u A.H. JleonTheB 0003Ha-
YUJIM, YTO TICUXHMKA TOSBISETCS TOTJA, KOTJa BO3-
HUKAEeT OLIYUIEHUE U YyBCTBUTENBHOCTS [5, 16]. To
€CTh, ONIYIICHUE — ITO DJIEMEHTAPHBIM TICUXHYE-
ckuii iporiecc. C OnrymieHws] HAYMHACTCS TICHXHUKA.

Ham cnemyer moHsTH, KOTJa, HA KaKOM JTa-
e SBOJIIONMH, Y KaKUX OPTaHW3MOB BIIEPBEIE IT0O-
sBisttoTcest omymienusi. A.H. JleontseB [5] permmn
MMOYEMY-TO, YTO 3Ta CIIOCOOHOCTH TIOSBISIETCS yKe
y TPOCTEUIINX OJHOKJICTOYHBIX OPraHU3MOB (WH-
(y30puii), TaK ¥ HE TOSCHUB, 32 CYET KAKHX Me-
XaHU3MOB peajiu3yercsd Takas CIHOCOOHOCTb. JTOT
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MOMEHT B €r0 TUIIOTE3€ MPOTUBOPEUMB U 110 HACTO-
AIee BpeMs HE MOJKPETUICH HU SMITMPHYECKH, HU
TEOPETHYECKH, HA YTO YKa3bIBAIOT U APYTHE aBTOPEI
[17,18].

B kxauecTBe runoTe3sl paccCMOTPUM XOJ] 3BOJIIO-
LUOHHBIX COOBITHH, KOTOPBII IpexacTaBsieTcs 00-
Jiee TOCIeI0BATENbHBIM U JIOTHYHBIM.

JKuBble opraHu3mbl JOJKHBI B3aUMOJEHCTBO-
BAaTh C BHEILIHEH cpeiod ISl MOANEP>KaHUS CBOEH
KU3HENEATENbHOCTH. B3auMmoneiicTBue MposBis-
eTcs B Buje OOMEHa BEIICCTB M YHEPTUH, a TaKKe
pearupoBaHusl Ha U3MEHEHMsI, TPOUCXOMAIINE BO-
KpyT OpraHusma. Pa3znpaxuMocCTh SIBJISETCS CaMOM
npoctoii GopMoli pearnpoBaHHs Ha BHEUIHHE pPa3-
IpaxeHus. Pa3npakumMocTs — 3T0 QyHIaMEHTalb-
HOE CBOMCTBO KMBOHM KJIETKH U B XOJE DBOIIOIIUH
MaTepuu TMOABISAETCS BMECTE C BO3HUKHOBEHHEM
STOH CIOXHOH (OPMBI OMOJOTHUECKON CHCTEMBI
[19]. PazmpakmmocTh obecrieanBaeT MpoCToe MpH-
CHOCOOHTENbHOE TIOBEJACHUE B BHUJE TPONMHU3Ma U
takcuca [20]. Peanusyercst Takasi aKTUBHOCThH 3a
cyeT (PU3UKO-XMMHUYECKMX MEXaHH3MOB: BHEIIHEE
pasapaxkeHue 3alyckaeT Lelb XHUMHUYECKHX peak-
U BHYTPH KJIETKH. DTOT MEXAHU3M JKECTKO U O-
HO3HAYHO JIETEPMUHUPOBAH T€HETHYECKUM KOJIOM.
OmnpenenenHas akTUBALUS OMNPEEIEHHOIO peren-
TOpa BCErAa NPUBEJET K ONPEEICHHOM MocIe10Ba-
TETBHOCTH (PU3UKO-XMMHUYECKUX TMPOIECCOB, KOTO-
pbI€ IPUBEAYT K OMPEICICHHOMY MOBEIEHYECKOMY
MIPOSIBIICHUIO.

Ha criemyromem sTare 3BONIONHMH MOSBISIFOTCS
MIPOCTbIE MHOTOKJIETOYHBIE OpraHu3Mbl. B HuX 3a
pELENIUI0 pa3JpaKeHUH OTBEYAIOT CIIELUANIbHBIE
KJIETKH — HEepBHBIE KJIETKH. HepBHBIE KIETKH 00-
pasyloT NPUMHUTUBHBIE (OPMBI HEPBHOM CHUCTEMBI
(Hammpumep, nuddy3Hast HepBHAS CUCTEMA Y THAPHI
[21]).

B oTBeT Ha pa3gpaxkeHue HEMPOHBI TEHEPUPYIOT
3JIEKTPUYECKUH MOTEHIMAJ, KOTOPBI OBICTPO pac-
MIPOCTpaHSAETCS TI0 HEPBHOW CHCTEME M TIepeiaeTcs
Ha KIETKH-3QQEKTOpsl (HApUMEp, MBIIICYHEIC).
CoBMecTHast paboTa 3THX KJIETOK OOecreyrBaeT
MIPHUCIIOCOOUTETHHOE TIOBEIEHHE BCETO OpraHU3Ma.
3a cuer criequanu3anuy QyHKIUNA TPOUCXOIHUT TO-
paszo Oosnee ObICTpast U CKOOPAWHUPOBAHHASI PEaK-
IIUSl OpTaHM3Ma, KOTopas obecrednBaeTcsi He Tpo-
CTO TIOCJIEIOBATEIbHOCTBI0 XUMUYECKUX peaKIuil,
HO YK€ (M3HOJIOTHYECKUM IPOLIECCOM PACIPOCTpa-
HeHUsT BO3OykaeHns. Tak mosBisieTcs Oe3ycioB-
HBII peduiekc.

Ilo Mepe ycnoxHEHHsS OPraHU3MOB YCIOMKHS-
€TCsl U HEepBHAs CHUCTEMa, PAacTeT KOJIMYECTBO HEH-
POHOB M cBsizel Mexay HMUMH. Ha naHHOM drare
9BOJIOLMK HEpBHasi cucTeMa (YHKLIUOHUPYET 3a

cueT 0e3ycIoBHBIX pediekcoB. ITH pediekcsl obe-
criednBaroT Oosiee OBICTPYIO PEaKIMI0 OpraHu3Ma,
OoJbliee pa3HooOpasue peakiuii. Kakoe-to BpeMms
IBOJIIOIMS MPOJOJDKACTCS 32 CUET IKCTCHCHBHOIO
pocTa HEpBHOI CHCTEMBI W HapallMBaHUS KOJHYe-
cTBa 0€3yCIIOBHBIX peduiekcoB. OpraHu3M pearupy-
eT Ha OoJblIee KOJMYECTBO Pa3apakuTesei B BHIE
0O0JIBIIIEr0 KOJNYECTBA ABUTATEIIbHBIX OTBETOB.

Onnako 3TH pedieKchl MO-TIPeKHEMY JeTep-
MUHUPOBaHbl TEHETHUYECKUM KOJOM. DJTO HaKJa-
IBIBACT OOJIBINHEC OTPAHUYCHUS Ha Pa3HOOOpa3ue u
TMOKOCTE IMMOBCACHUA OpraHnu3Ma. HpI/I TaKOM BHEC
MIPOrPaMMHUPOBAHUS OTBETOB aJanTalus K U3MeHe-
HHSIM BHEIITHEH Cpellbl HeBO3MOXKHA 0€3 H3MEHEHNH
B I'CHCTHUYCCKOM KOAC, @ HAa 3TO YXOJAT TBICAYN U
MWIIHOHBI JieT. PocT pasnooOpasust (a 3HAUMT,
Y aJanTHBHOCTH) TOBEACHUS TaKUX OPTaHM3MOB
orpannuena pecypcamu JHK n HeGonpmmMu Mor-
HOCTSIMH TTPUMUTHUBHOW HEPBHOM CUCTEMBI.

Ji1s manpHEHIIeH SBOJIFOLMH, I JaJIbHEHIIIET O
YCIIOKHEHUS] OPTaHU3MOB, JUIS JallbHEHIIEro pocta
BO3MOYXHOCTEH aJjanTtaluy BOSHUKAET HOTPEOHOCTh
B NPUHIMNHAAIHLHO HOBOM IIOAXOJIE B OTPAKEHHUH
OKpY>Kalolllero MUpa U B3aUMOAEHCTBUM C HUM.

Korga skcTeHCHBHBIM KOJIMYECTBEHHBIH MPO-
rpecc HepBHOMN CHCTEMBI IOCTUTAET OMPEIEIIEHHOTO
YPOBHA, KOJIUYECTBO MEPEXOAUT B KAaUCCTBO, U CU-
cTeMa mpuoOpeTaeT HOBOE YHHKAIbHOE CUCTEMHOE
CBOHCTBO — CITOCOOHOCTH 00Pa30BBIBATH YCIIOBHEIC
cBsi3u. [losiBiisieTcs yCnoBHBIN pediiekc.

Hepsnast cucrema oOperaeT cnocoOHOCTH CBsI-
3BIBaTh MEXIy COOO0H ABa pa3ApaKUTENs, HMe-
IOIUX OOLIHOCTh 110 BPEMEHHOMY IapameTpy:
BO3JCHCTBYIOLINX OAHOBPEMEHHO WJIM B TEUCHHE
OTHOCUTEIHHO HEOOJBIIOTO MPOMEXKYTKAa BpeMe-
HH. O,I[I/IH N3 HUX ABJICTCA KHU3HCHHO BaXHBIM
pasapaxureneM, 3alyCKalomuM  0e3yCIOBHBIN
pedurexc. Bropoit pa3apakurens caMm 1mo cede sB-
JAETC «HEHUTpalbHBIM», €r0 BO3JEUCTBUE HA Op-
TraHU3M HE UMEET HEMOCPEICTBEHHOT'O BIMSIHUS Ha
MeTaboaudeckue mpomeccel. [Ipu dhopmupoBanun
YCJIOBHOHN CBSI3M «HEUTPAIBHBIN» pa3lIpaxKuTelb
npuoOpeTaeT 3HAYMMOCTh >KM3HEHHO BAXXHOTO U
3amycKaeT MexaHH3M 0e3ycIoBHOTO peduiekca.
Takum o00pa3oM, HEUTpaJIbHBIA pa3ipakKUTeNb
CTAHOBUTCSl CUTHAJIOM I OpraHW3Ma, CHTHAJIH-
3UPYIONIUM O CKOPOM BO3JIEHCTBUH BaKHOTO pas-
npaxurens [22]. Opranusm, IOJyYnB 3TO CUTHA,
HE JOXHUAAsCh HEMOCPEACTBEHHOTO BO3ACHCTBUS
JKU3HEHHO BAXKHOTO pa3/IpaKeHHs, YIKe 3aITyCKaeT
OTBETHYIO pEaKIuIo, ornepexas cOOBITHsI, MOJro-
TaBJIMBAsICh U TOJyd4as HEKOE MPEHUMYIIECTBO BO
BpeMeHHU. «Orepexaromiee OTpaXxeHNe» BBIXOIUT
Ha HOBBII YPOBEHb.
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[Touemy opranusm BoOOIIle U3HAYAIEHO pPearu-
pYyET Ha HEUTpallbHbII pa3apaxurens? Ha 3Tot Bo-
POC, BO3MOXKHO, CIICJYET OTBETHTh CIECAYIOIIHM
oOpazom.

JKuBbIe cCTEMBI B X0O/I€ IBOJIIOIUH ITPHOOpeTa-
IOT CIIOCOOHOCTh pearupoBaTh TOJBKO Ha OrpaHU-
YEHHOE KOJIMYECTBO Pa3paKUTEeH, BaXKHBIX JUIS
JKU3HEICATCILHOCTH («OMOTHYECKHUE» pa3apaku-
termu o A.H. JleonTtseBy [5]). B nensx sxkonomuu
PECYPCOB M DHEPTHH HEUTPAIbHBIC Pa3IpaKUTEIU
ocratorcsi «0e3 BHUMaHus». OAHAKO, U Ha OJHU U
TE e OMOTUYECKUE Pa3PaKUTEIU PeaKilus opra-
HU3Ma ObIBaeT pa3Hoi. [Ipu MoCcTOsSTHHON HHTEHCHB-
HOCTH Pa3IpaXUTEINsl PEeakius OpraHu3Ma MOXKET
yracaTh U BOBCE HMcYe3aTh. BHOBb peakiiys BO3HH-
KaeT MpU H3MCHEHUY MHTCHCUBHOCTH BO3JICHCTBUS.
Taxum, 006pa3oM OpraHW3M HAYMHAET pearnpoBaTh
HE Ha caM pa3JIpaKUTellb, & HA U3MCHEHHUE €r0 WH-
TEHCUBHOCTH BO3JICHCTBUSI.

PaccmoTpum nipumep. Y mpocTerimmx umeercs
OTpakKeHHUE-IBUIKCHHE, OTpakeHHE-B3auMO/ICH-
ctBue. OTpakeHUE peanu3yercss depe3 psii BHY-
TPEHHUX XUMHYECKUX TPOIIECCOB M ABUTATEIbHBIN
OTBCT. OpI/IeHTI/IpOM K ABUKCHUIO CIIYXKUT U3MCHEC-
HUE KOHILIeHTpanuu BeuiecTBa [23]. Ecmu 310 at-
TpaKTaHT (TOJE3HOE BEIIECTBO — €]1a), TO OPTaHU3M
ABUIKETCA B CTOPOHY YBCJIMYCHUSA KOHLCHTpPALWU.
[Ipu cTaOMIIbHOM KOHIIEHTPAIUH BEIECTBA B OIpe-
JIEJIECHHOM O0BhEMe MPOCTPAHCTBA OPTaHU3M CTOUT
Ha Mecte. OTpakaeTcsi TaKUM 00pa3oM HE CTOJIBKO
CaMo BEIIECTBO, CKOJIBKO N3MEHEHHE B €r0 KOHIICH-
Tpauuu. V3MeHeHHe B KOHIIGHTpAWUd H3MEHSET
KOJIMYECTBO pas3jparkaéMbIX perentopoB. M3mene-
HUE B KOJIMYECTBE pa3iparkaeMbIX PElernTopoB 3a-
ITyCKaeT Ielb peaknuidi. Takum oOpa3om, OpraHu3M
pearupyer Ha HM3MEHEHHE B Cpejle, HO MPH 3TOM
pa3apakuTeNeM CTaHOBUTCS HM3MEHEHHE KOJHue-
CTBa BEIIECTBA, a HE CaMo I10 ce0e BEIIECTBO (3/1eCh
MOKHO TOBOPUTH O HEKOM CTENeHH aOCTpakiuu B
OTpaXCHUHN).

CaMO U3MEHEHUE HHTEHCUBHOCTH BO3JIEHCTBUSA
MPEKHETO PA3IPAKUTENISI CTAHOBHUTCS CaMOCTOSI-
TENBHBIM TpUreppoM. OpraHu3M pearupyer Ha H3-
MEHEHHE KaKOTO-TO NapaMeTpa B OKpY’KalomleH
cpene, T.e. OH pearupyer Ha 4Tto-To HoBoe. [locte-
MIEHHO 3aKPETUISETCS ATa CIOCOOHOCTh PearupoBarTh
Ha HOBOE (B paMKax JIOCTYIHOH pererniun). 13 aToit
CIOCOOHOCTH, UMEIONICHCS ellle y MPOCTeHINX, U
BBIPACTaeT OPUCHTHUPOBOYHBIA OE3YyCIOBHBIH ped-
nekc (peaknus Ha HOBoe [24]) y opraHuU3MOB, 00-
JIaJIal0IIMX HEPBHOW CUCTEMOM.

Wraxk, ycnoBHbIN pediiekc cBS3bIBacT aBa 0€3-
YCIIOBHBIX peduiekca, OJIMH M3 KOTOPBIX SBISETCA
OpUEHTHPOBOYHBIM. KomMOMHaIMs OrpaHMYEHHOTO
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gyciia 0e3yCIOBHBIX Pe(ISKCOB MO3BOISIET IMOITY-
YUTh Ha TOPSAOK OOJbIIee KOJIMYECTBO YCIOBHBIX
peduiekcoB. 1o Mepe nalbHEHIIEr0 YCI0KHEHHUSI
HEPBHON CHCTEMBI 00pa3yrOTCsl YCIOBHBIC CBS3H
2-10, 3-T0 U T.1I. IOPSAKA. Y CIOBHBIE PeQIIEKCHI 00-
pasyrorcs yke Ha 0asze Ipyrux yciaoBHBIX pediek-
COB. DTO JTaBUHOOOpa3HO HapalluBaeT BO3MOXKHO-
CTH OpraHW3Ma I0 Pa3HOCTOPOHHEMY OTPaKEHHUIO
BHEIITHET0 MHUpa.

C MOMEHTa TOSIBJICHHUS YCJIOBHOTO pedIiek-
ca Oompire He TpedyeTcss KOOUPOBATh BCE JO-
CTYIHBIC BHJIBI pa3JipaKEHUW M MOBEJCHYECKHUX
peaknuii opranu3ma Ha ypoBHe JIHK. CriocoObr
OTBETa Ha HOBBIC Pa3IPAKUTENHN YK€ MOXKHO 3a-
KpeIUIATh B HEPBHOUM CHUCTEME UHIUBHIYaJbHOTO
OpraHm3Ma C IOMOIIBI YCIOBHBIX PEQIICKCOB.
VYuuteiBas orpanuueHHocth pecypcoB JJHK u no-
TEHIMaJbHYI0 Oe3rpaHuYHOCTh BO3MOXKHOCTEH
HapalluBaHus YCIOBHBIX CBsI3EH — 3TO OBLIO BaXK-
Helllee COObITHE B OMOJIOTMYECKON DBOJIIOLIUH,
OTKPBIBAIOIIMECS IIMPOYANIIUE BO3MOXKXHOCTH
U1t 00paboTku MHPOPMAUU U MOBEACHUYECKON
amantanuy. HoBwle crmocoObl aganTallid MOTYT
BO3BHHKAIOT Y€ HE TOJbKO B (huioreHes3e, HO U
B OHTOTeHe3e. YKe He TpeOyeTcs CMEHa ThICSY
MTOKOJICHUH W «0OHOBieHHs mporpamm» B JIHK,
9TOOBI OPraHM3M HAYy4HWJICS B3aMMOJICHCTBOBATH
no-HoBoMy. CrHOCOOHOCTh aanTUPOBAThCS, 00-
HOBIIATHCS mepeHocutcs u3 JJHK B ropasmo 60-
nee THOKYIO CUCTEMY YCIOBHBIX peduiekcos. [Ipu
3TOM, KoHeuHo, poib JJHK ne ormensiercs. B Te-
YeHHUE IBOJIONHNH €€ EMKOCTh IIPOJIOJIKACT PaCTH,
pacumpsieTcs 3aKperieHHbIH B Hell Habop Hanbo-
Jiee BaXHBIX aJalTUBHBIX PEAKIUW U Ma0JI0HOB
noBeneHus (B popme 6e3ycIoBHBIX pedIEeKCOB H
WHCTUHKTHUBHBIX JE€HCTBU).

VY CIIOBHBIN Pa3IpaKUTENb SBISETCS CUTHAJIOM
B IIOJIHOM CMBICJIE 3TOTO MOHSTHS. Y CIOBHBIN CHUI-
HaJl HUKaK HE CBS3aH C CHTHAJIM3UPYEMbIM, KPOME
KaK COMpPSDKEHUEM BO BpeMEHU. UTO yTOTHO MOXKET
CTaTh CUTHAJIOM YeT0 yToJIHO (B paMKax TOCTYITHBIX
pasnpakureneil U B paMKaxX peaqbHbIX CBSI3eH 00b-
CKTOB W SIBJICHHWI BHEIIHETr0 MUpa). B 3TomM cMbIc-
Jie BIIEPBBIC TOSBISIOTCS HOCHTENHh WH(MOpMAIUN
U cama nHpoOpMalus, He CBSI3aHHBIE MEXKIy COOOH
OJIHO3HAYHBIMH (DU3UKO-XUMUYECKHUMH 3aKOHAMH.
WNnudopmarus abctparupyercs OT CBOETO HOCHTE-
qsi. OJIHO M TO K€ 3HAUCHHUE TENepb MOXKET OBbITh
nepeaHo Pa3HbIMU HOCUTEISIMU. BeposSTHO, MOX-
HO CKa3aTh, YTO B 3TOT MOMEHT DBOJIOINH ObITHA
BOOOIIE BIEpBbIE TOsBIseTCsS WHpopManus (B
OTIPEICTICHHOM CMBICIIE ATOrO TepMuHa). DU3uKo-
XUMHYECKUH CTIOCO0 OTpayKeHHsI 3aMeHIeTCS Ha MH-
(opMaLmOHHBIH.
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Bo3Hukaer Bompoc: 3a cueT 4ero HepBHas CH-
cTemMa TproOpeTaeT 3Ty HOBYIO CIIOCOOHOCTH CO3-
JlaBaTh YCIOBHBIC CBSI3H?

OTBeT: 3a cUeT BOZHUKHOBEHUS NMPUHIMUINAIb-
HO HOBOTO SIBJICHHS B TIPUPOJEC — MCHUXUYECKOTO
mporecca. YClIoBHasl CBsI3b — SIBJIEHHE HE TOJIBKO
($U3M0IOTHYECKON TPUPOIBL. Y CIOBHAS CBSI3b BO3-
MOJKHA TOJIBKO TPH TIEpeX0ie MaTePUH Ha CIIETYTO-
HIMA ypOBeHb OBITHS — TICHXHYecKuid. bruonornye-
CKas cHucTeMa, JOCTUTHYB OMNPEAEICHHOIO YPOBHS
CIIOKHOCTH, IPUOOpETaeT HOBOE CBOWCTBO M BO3-
MOXHOCTH. Dusnosnorudeckue (OMOIOTHIECKUE)
MIPOLIECCHI TPOTEKAIOT B YCIOBUSX ONPEIEIIEHHOCTH
U JIETEPMUHUPOBAHHOCTH (PU3UKO-XUMHUECKUX 3a-
KoHOMepHocTel. Camu 110 cebe OHM He MOTYT 00e-
CIEYNUTh YCIOBHOCTH. M3MEHUYMBOCTH, HEMOCTOSH-
CTBO, YCIIOBHOCTh ¥ THOKOCTH CHTHAaJla BO3MOYKHBI
TOJILKO Ha MHOM ypPOBHE — TICUXHYECKOM. TOJBKO
MICUXMYECKUH MPOLECC MOXKET 00ECIEeUHUTh yCIIOB-
HYIO CBSI3b MEX/Ty 0€3yCIOBHBIMH OMOJIOTHIECKUMU
npoueccamu. To €cTh 3Ta CBA3b 10 CBOEH MPUPOE
ABIsieTCsl TIcuxuyeckoi. Takum oOpa3oM, TepMHH
«YCIIOBHBIN peduieKkc» OTpaskaeT UMb (PU3NUOIOTH-
YeCKyl0 CTOpPOHY IOSBUBILIEHCS HOBOW CHOCOOHO-
CTH HEPBHOW CHCTEMBI.

B gyem npupoja mCMXUYECcKOro mporecca U ero
OTIINYUE OT HEPBHOTO mporecca? HepBHBIA Tpo-
1[ecc — SIBJIEHHE, MPOTEKAOIIEe TPEUMYIIIECTBEHHO
Ha YpOBHE BEIIECTBEHHOH MaTepwu: BO30YKICHHE
HEHPOHOB, BBEIOPOC HEHPOMEINATOPOB, MOTCHIIUAI
neiictBust U T.A. [lcnxuueckuil mporuecc, ycraHaB-
JUBAIOMIMNA CBSI3U MEXy HEPBHBIMH IIPOIIECCAMH,
MPOTEKaeT BUAMMO Ha ypOBHE MO (Hampumep,
AIEKTPOMArHUTHOTO 1o [25, 26]).

MEICITB 0 TOM, YTO YCIIOBHEIN pedIeKe eCTh B TO
K€ BpeMsl M TICUXUYECKHUI MPOLIECC, TaJeKo HE HOBA.
HesicHO TonbKO, MOYEMy 3Ta MBICIb HE MOJTy4YHIIA
JIOJDKHOTO pa3BUTHA U pactipoctpaHeHus. Eme M.I1.
[MTaByioB cymTai, 4To yCIOBHBIA pedieKc sBIseTCS
HE TOJBKO (PU3UOJOTMUYECKUM SIBICHHEM, HO B TO
JK€ BPeMsI U DJIIEMEHTApHBIM TICHXUYECKHUM SIBIICHU-
eM [22]. A eciiu IPUHSTH TOT (PaKT, YTO SJICMEHTAP-
HOE TICUXHUYECKOE SIBIIEHUE — 3TO OIYIEHUE, TO MBI
MOJTy4aeM, UTO «YCIOBHBIN pe(hIeKc = ONIYIIICHUE).
[MoHsATHST «yCIOBHBIA pedieKe» W «OUIYHICHUE)»
OTMCBIBAIOT OJHO M TO K€ SIBJICHUE (OJTHO Ha A3BIKE
¢duznonorny, Ipyroe Ha sA3bIKe TICUXOJIOTHH).

Wrak, ¢ mosiBiieHMEeM YCIOBHOTO peduiekca Io-
ABISIETCS. M TICUXWKA, a YCJIOBHBIH pedieKkc ecTb
¢uznonornyeckas CTOpoHa JIEMEHTAPHOTO TICUXH-
YeCKOro Mpolecca — OIyIIeHusI.

C mosiBIeHHEM YCJIOBHOTO pediekca 3aKaH4yu-
BaETCS UCTOPHS PA3BUTHS OCCIICHXUIECKON OHOII0-
rudeckoil Mmatepuu. JlanpHelee ycnoxKHeHne O1o-

JIOTUYECKUX OPTaHU3MOB OKa3aJI0Ch HEBO3MOXKHBIM
0e3 BOBHUKHOBEHHS TICUXUKH — HOBOI CHCTEMBI 110
00paboTKe HHPOPMAIIH, OTPAKEHHUIO MUPa U Pery-
TISIAY TTOBEJICHUS ¥ IPUCTIOCOOJICHUSI.

B mporiecce »Bostonny MOSABISIOTCS YCIOBHBIE
peduiekcsl JocTaTouHo paHo. Tak OHM OOHapYKH-
BaKOTCA YK€ y IJIOCKHUX YePBEH, yKe UMEIOIINX He-
KOTOpBIE 00IIHe ¢ 0oJiee Pa3BUTHIMU ITO3BOHOTHBI-
MU CTPYKTYpHBIC ¥ OMOXMMUYECKHE OCOOCHHOCTU
HEpBHOU cuctemsl [7, 27, 28]. DTo u ecTh nMpUOIH-
3UTEIHLHO TOT ATAIl SBOJIOIHH, KOT]a BIIEPBHIE BO3-
HUKAET MCUXUKA. MOXKHO TPE/NOI0KUTh, YTO TUIO-
CKHE YEPBU — 3TO MEePBbIC OPTaHU3MBI, Y KOTOPBIX B
XO/JI€ DBOJIOIMH 3aPOXKIAETCS TICUXHKA B BUE dJIe-
MEHTApPHBIX OLIYIIEHUN.

Pazeumue ncuxuxu

[TosiByieHUE YCIOBHOIO pedieKkca U Oy IICHUS
€CTh BaXXHEHUIINH CKAayoOK B 3BoJIrOLHUU. [loTeHun-
aJ ATOTO CKadKa B TOCIEAYIOIIHe MWILTHAPI JIET
pa3BepThIBACTCS B MOJHYIO MOIIb, MMOPOXKAAST Op-
TaHU3MBI CO CJIOKHOW HEPBHOM CHUCTEMOW M ICHU-
XHKOH.

OmryiieHne sBIIeTCS CII0KHBIM MHOTOACIICKT-
HbIM mporeccoM. Ha ¢usmonornyeckoM si3bike
OIyIIIEHNE eCTh YCIOBHBIN peduieKc W peakius Ha
pasapaxutesib. B nHGOpPMAaIMOHHOM CMBICIIE OIIY-
LIEHUE E€CTh MpPOIIECC pPAClO3HABAHMS CUTHAlA U
MIPUCBaMBaHUS €My 3HaueHus. B rcuxomornaeckom
CMBICJIE OLIYIICHHE — CYObEKTUBHOE TIEPEIKUBAHUE
OTpPa)XCHUSI OMPEICICHHOIO MapaMeTpa WIM Kaue-
cTBa BHEmrHero Mupa. C TOYKH 3pEHHUS THOCEOJI0-
TUU — TIepBasi CTYTICHb MO3HAHMUS.

C nosiBI€HHEM OIIYIICHUS OPTaHU3M CTAHOBUT-
Csl TIO3HAIOIINM CYOBEKTOM, a HE ITPOCTO OTpaXKaro-
M. OH HauWHAeT HAKATUTMBATh WHIUBUTY ATbHBII
00bEM 3HAHMI O BHEIITHEM MUPE.

C nosBJICHHEM OUIYLIEHUH BO3HHUKAET UHAU-
BHUIyaJIbHOCTh. J[0 STOT0O JKMBBIE OPTaHU3MBI C
UJCHTUYHBIM TEHOMOM HMMEIOT MPAKTHUYECKU OJTH-
HaKoOBOE TOBeAcHHE. Bce mX B3amMoOneHCTBHE C
BHEIIHUM MHpOM omnpenemnsuiocs kogom JIHK.
Kaxue-To MUHMMAaIbHBIE OCOOEHHOCTH MOLIU OBITH
00yCITOBIIEHBI BIIMSHUEM dTIMTEHETHKH. [losiBIeHMe
YCIIOBHOI'O pedJiekca MO3BONIMIO OpraHW3MaM Ha-
KaIuIuBaTh WHIWBUAYATBHBIH ONbIT. OCcOOM 0JTHOTO
BHJIa TENeph MOTYT IO-Pa3HOMY BECTH ceOsi B 3a-
BHCHUMOCTH OT TOTO, YEMY OHU HAYUHIIHCH 32 BPEMsI
CBOCH XM3HH. M3 3TOrO SIBIICHUS B TCUCHHE COTCH
MUJUTMOHOB JIET BBIPACTET YHUKAIBHOCTh W HETIO-
BTOPUMOCTH JJMYHOCTH YEJIOBEKA.

V HHU3NINX >KUBOTHBIX IICHXHKA COCTOHMT W3
OIYIIEHNH (dJIIeMEHTapHas CEHCOpHAsl TICHXUKA).
OmryliieHre y HUX BKIIIOYAeT B ce0e 3a4aTKu KOM-
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MTOHEHTOB, KOTOPBIC MO3HEE Pa3pacTaroTcsi U 000-
COOJISIOTCS B IEITbIe CPephl TICUXUKH.

OmyieHre y HU3IIMX )KUBOTHBIX — 3TO HeIH(]-
(bepeHIIMPOBaHHBIN MPOIIECC, BKIFOYAIOIINN B ceOs
pacro3HaHWe CHTHAJla W peaknuio Ha Hero. Omry-
HIeHUsT GOPMHUPYIOTCS TOJIBKO 1O OTHOIICHHIO KO
3HAYUMBIM pazipakutessiM. OHU CUTHATH3HPYIOT
00 0 TIPUOIMKAIOIICICS ONTACHOCTH (CTpagaHu ),
00 O BO3MOYKHOCTH YJOBJIETBOPEHHs MOTPEO-
HocTh. OpraHu3M COOTBETCTBEHHO JIHOO YXOIHT B
CTOPOHY OT MCTOYHHKA OMACHOCTH, JTHOO CTPEMUT-
Csl K MICTOYHUKY YJIOBJIETBOPEHUS MOTPEOHOCTH.

Y HU3MIUX KUBOTHBIX B OJIMH IPOIECC CIUTHI
MIpUHATHAE WHPOPMAIINH, 3aITyCK BHYTPEHHHUX TIPO-
LIECCOB, O00ECIEUMBAIONINX JBUTATEIbHYIO pEak-
LIMIO, U caMma JIBUTATebHAs peakius (MIOBeJACHNUES).
[loBenenne Oymer 3aBUCETh OT TOTO, KAKOW THII
BHYTPEHHHX ITPOIIECCOB 3aIyIICH, a TOCIIeHUI Oy-
JIET 3aBUCETh OT TOTO, O YEeM IPEIyNPEXKIACT CUT-
Hax: 00 OMacHOCTH TOBPEXKIEHUS WIH O BO3MOXK-
HOCTH YJIOBJICTBOPEHHS TIOTPEOHOCTH. DTH CaMble
BHYTPEHHHE TMPOIECChl €CTh 3a4aTKH OyIyIIuX
BEreTaTUBHBIX IMPOLECCOB U 3Mouuid. B mcuxono-
THYECKON JIUTEepaType SMOLMHU paccMaTpUBAIOTCS
[IOYEMY-TO, B OCHOBHOM, KaK CIIOCOO OILIEHKU CyOh-
€KTOM BO3JICHCTBHIA M CUTyalwii (IO3UTHBHAS WIIN
HeraTHBHas oueHka). OmHako, Ooyiee TMPaBHIBLHO
paccMaTpuBaTh 3MOIMH KaK MEXaHU3M, W3HAYallb-
HO OOECTIeYMBAIONINN HEPrHeH (3a CcUeT TOpPMO-
HaJIBbHO-BEI€TAaTHUBHOI'O KOMHOHeHTa) JABUT'aTCJIb-
HYIO PEaKIMIo0 OpraHu3Ma.

JanbHeliee pa3BUTHE HEPBHOW CUCTEMBI, Ha-
palrBaHue CHCTEMBbI YCIOBHBIX PEQIIEKCOB U yC-
JIO’)KHEHUE TICUXHUKH MPUBOAUT K U epeHnpoB-
ke mporeccoB. OpraHu3M MEepeXoUT OT TO3HAHUS
Yyepe3 OUIYHICHHUsSI OT/ACIbHBIX MapaMeTpOB BHEII-
HUX 00BEKTOB K IMO3HAHHIO [EJIOCTHOTO MPEeAMETa
yepe3 BocmpusTHe. [ [cuxnuka )KUBOTHBIX CTAHOBUT-
csl CTIOCOOHOM CBSI3BIBATH Pa3HbIC OLIYIIECHHS OT
HECKOJBKHX aHaIIM3aTOPOB U MOJCIUPOBATh BCE
Ooiree mMoJTHBIE 00pa3bl 0OBEKTOB BHEIIHEH CPEIbI.
Tak, 3putensHbie 00pa3bl GopMUPYIOTCS Ha OC-
HOBE 3pUTENBHBIX OLIYIIEHUH OT CETYATKH TIa3a,
OIIYIICHUH MPOIPUOPEHENTOPOB TIIA3HBIX MBIIIII,
0CA3aTCIIBHBIX OIHYHIeHI/Iﬁ OT KOXH U YYyBCTBHU-
TEJIBHBIX BOJOCKOB [16, 29]. CmocoOHOCTH pa3iu-
4aTh OT/ICNbHBIE TPEIMETHI 03HAYaeT CIIOCOOHOCTh
BOCHIPpMHUMATL OTHOIICHUA U CBA3U MEKAY HUMU,
YTO, 110 CyTH, €CTh MBINUICHHE. TakK, OTHOBPEMCH-
HO C BOCIIPHUSITHEM pa3BHUBaeTCs MblnuieHue. Ta-
KM 00pa3oMm, 10 X0y 3BOJIOLHUUA (POPMUPYIOTCS
OTHeNbHBIC Cepbl TICUXUKHU: BOCIPHUSITHS, MBIIII-
JIEHUS, YMOIIANA, TTAMSATH, PETYJSAINHA TBIKEHUN U
T.1.
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Crenyronuii Ka4eCTBEHHBIH CKa4yOK BO BCEOO-
el SBOJIIOIIUHU ITPOUCXOJIUT C MOSBJICHUEM BTOPOUH
CUTHAJIbHOM CHCTEMBI, PEUU U YCIOKHEHUS COIH-
anbHBIX B3auMojeicTBuil. Konuposanue nugpopma-
MU C TIOMOIIBIO CIIOBA TTO3BOJISIET BBINTH Ha Clie-
JIYIOIIMK ypOBEHb IO3HAHUSA M B3aWMOJEHCTBUSI.
C1oBO CTaHOBHUTCS «CYNEPYCIOBHBIM» CHTHAJIOM,
0003HAYAIONIUM YTO yYTOJHO 0e3 KaKux-ITnOo orpa-
HUYEHHI. XpaHeHHe HHPOPMAIIUH BBIXOIUT 3a Ipe-
JIeJIbl HEPBHOW CHUCTEMBI KOHKPETHOTO OpraHu3Ma 1
OCYIIIECTBISIETCS CpeficTBaMu sa3bika. OOpaboTka u
XpaHeHue nHpopmanuu 0ojiee He OrpaHndYeHa Ono-
JIOTHYECKMMHU pecypcaMu Mo3ra OTJEJIBHOTO opra-
HusMa. [losBisieTcs co3HaHuMe, Kak BeIcmas Gpopma
OTpaXKeHHUS U aJlalTallHH.

3akaouenne

[lcuxuka ecTh CII0KHOE MHOTOTPAHHOE SIBJIC-
HUE. 3aTPOHYTHIE B CTAThE OIMPEJICICHHBIE aCTIEKTHI
3TOTO SIBJICHUSI TIO3BOJISIIOT CPOPMYITUPOBATH HEKO-
TOPBIC MOJIOKEHUS K TTOHUMAHHIO TICUXHUKH.

[lcuxuka — 3T0 cmocod (QYHKIMOHHPOBAHUS
CII0)KHOM HEpBHOW cucteMbl. [ CyliecTBOBaHMS
MICUXUKH HEOOXoJMMa HEepBHAas cUCTeMa (3TO YT-
BEPXKACHHUE COrjacyercs ¢ BblcKazpiBaHueM .M.
CeueHOBa O TOM, YTO «BCe 0€3 MCKIIIOUCHUS TICH-
XMUYECKUE aKThl Pa3BUBAIOTCS TyTeM pediekrcay
[30], ecnii TIpUHATH TMOJOKEHUE, YTO JJIT PaOOTHI
peduiekca HeoOXoauMa HepBHas cuctema). Ho wu
JUTst pabOTHI CIOXKHOW HEPBHOW CHCTEMBbI HEOOXO-
JTuMa TICUXWKa, TOJIbKO PaHHWE IPUMHUTHUBHBIE THITHI
HEPBHOW CHCTEMBI (PYHKIIMOHUPYIOT 0€3 TICUXUKH.

[lcuxuka — 3TO QyHKIMOHANBHAS CHCTEMa yC-
JIOBHBIX CBSI3€ MEXIy HEPBHBIMH IIPOIIECCAMH,
oOecrieunBaromas WX THOKOE B3aWMOJICHCTBUE.
[Ncuxuyeckuii mporece — 3To coco0 YCTaHOBJICHHUS
YCIIOBHOW CBS3HM MEXKAY HEPBHBIMH IPOIIECCaMH Ha
YpOBHE 10JIsI (CKOpee BCEro, 3JIEKTPOMAarHUTHOTO).

[lcuxuka — 310 BEICHIas (OpMa OTpPaXKCHHUS,
obecrnednBaronas HANBBICIITYIO CTETICHD a/Iall TaIliH
OpraHmM3Ma, MpPEIIoJararwlly0 Ha 3Tale CBOEro
BBICIIIETO pa3BHUTHs (y YEIOBEKa) HE TOJBKO IPH-
CrocoOJIeHNe K YCIOBUSM BHEIIHEW Cpellbl, HO H
npeoOpa3oBaHue ITHX yCIOBUH.

[Ncuxuka — 3T0 MHPOPMAIMOHHBIN CIIOCO0 OT-
paKeHus1, TIPEaNoaralli HHANBHAyalIbHOe Ha-
KOTUJICHHE 3HAHUH W BO3MOKHOCTh O0Y4CHHUSI.

[Ncuxuka — 3TO croco0 CyIIeCTBOBAaHUS WHJIH-
BHUIyaJdbHOCTH. lIcMXWKa TMO3BONIIET OpraHU3MY
npruoOpeTaTh JMYHBIN OTIBIT M MPOSIBIISITH CBOIO MH-
JIUBUAYAITBHOCTh Yepe3 MPHUOOPETECHHBIC MATTEPHBI
MOBEJICHUS, OTIUYHBIE OT MMEIOIINXCS y APYTUX
0co0eii TOro e BHa.
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[lcuxuka — 3TO €rOcOO CyIIEeCTBOBAaHUS MMO3HA-
fomero cyobekra. [lo3HaHne BO3HUKAET C TMOsBIIe-
HUEM TICHUXUKH. becnuxuueckue opraHU3MbI OTpa-
’Kar0T BHEITHUM MUP U B3aUMOACHCTBYIOT C HUM, HO
HE TT03HAIOT Cro.

Ilcuxmka He SBIsSETCS HEKUM «CBOMCTBOM MO3-
ray, Kak MUIIYyT MHOTHUE aBTOpbI. ['OBOpPUTH, YTO
«IICUXHUKA €CTh CBOMCTBO MO3Tra» TO K€ camMoe, UTO
roBoputh: «IIporpammHoe obecrneueHue eCTh CBOM-
CTBO CHCTEMHOTO 0JIoKa KoMIbioTepay». Hecocro-
SITEJIHOCTh TAKOI'O YTBEpXkACHHs oueBHiHA. [lcu-
XHKa — 9TO TOpa3ao OOJbIIE, YeM CBOWCTBO MO3Ta,
3TO HEOOXOIMMOE YCIIOBUE JUIS padOThI MO3Ta, 3TO
crroco0 paboTEI MO3Ta.

Ilcuxukoit 06mamar0T HE BCE KUBBIE OpPTaHM3-
MBI, BTOT CIIOCOO0 B3aMMOJCHCTBUS C BHEIIHUM
MHPOM TIOSIBJISIETCSI HA OMPEACIIEHHOM 3Talle 3BO-
JIOUMKA W O0ECleYMBAETCs HEPBHON CHCTEMOI,
JIOCTHTIIEH HEO0OXOIUMOTO YPOBHS CIIOKHOCTH.
[Icuxuka BrmepBble B NPUPOJE TOSBISETCS BMeE-
CT€ C BO3HUKHOBEHHEM YYyBCTBUTEIHHOCTH (B
BUJIE OlIyLIeHU). OUIyIeHUs €CTh MCUXUYECKUI

MPOLECC YCTAHOBICHUSI YCIOBHBIX CBA3CH MEXKIY
0e3yCIIOBHBIM W YCIIOBHBIM pasfpaxkurensmu. Ha
(bM3HOJIOTHYECKOM YPOBHE YCJIOBHBIC CBSI3M 00€-
CIICYMBAIOTCS YCIOBHBIMU pediiekcamu. Y cJIOBHBIC
pednekcel TpeOYIOT Haau4Hsi HEPBHOM CHCTEMBI
OTIpeJIeNIeHHON cTeneHu pa3Butus. CaMble paHHUE
JKUBOTHBIC C HEPBHOU CUCTEMOH, YAOBIETBOPSIO-
el MUHIMAaJIbHBIM TpeOOBaHUSAM, — 3TO, BUJUMO,
mockue yepBu. C 3TUX OPTaHU3MOB MOKHO BECTH
TOYKY OTCUETA MOSBJICHUS MCUXUKU HA IBOJIOLHU-
OHHOI1 JIECTHULIE.

B mocnenyromeM uueT yCIOXKHEHHE CTPYKTY-
pBI ICUXUKHU ¢ AuddepeHIMPOBaHUEM MTPOLIECCOB.
OuepeIHO CKauyOK SBOJIIOIMU MPOUCXOJIUT C IIO-
SABJICHUEM PCYU U PA3BUTUCM COLIMATIBHBIX CUCTCM.
OBOJIIOLNS COLUATIBHBIX CUCTEM B CBOIO Ouepeib
BIIUSIET HA JaJbHEHIIee YCIOKHEHHE TICHXUKH.
Bricuieil creneHu pa3BUTHS MCUXUKA JIOCTUTAET Y
yenoBeka. JlampHelas BOMIOLUS ICUXUKH Y€I0-
BeKa, BUIINMO, OYIET CBsI3aHa C BIMSHUEM TEXHOJIO-
TUl, KOTOPBIE SBIIFOTCS IPOYKTOM JEATENBHOCTH
9TOM K€ caMOM MCUXUKH.
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1. Coxpamenus 1 0003Ha4eHHUs — €CIIU UMEIOTCSL.

v\ Aunotauusi oobeMoM He MeHee 150 cJioB, He 6oJiee 300 CJI0OB Ha PyCCKOM, Ka3aXCKOM U aHITIMHCKOM A3BIKAX.
o Crpykrypa anHoTanuu Bkitodaet B ceds crnenyromnyie OBSI3ATEJIBHBIE nyHkTbi:

1. BcerynuTenbHOE CI0BO O TEME UCCIIEI0BaHMS.

2. llenb, OCHOBHBIE HANPABIICHUS U UJIEH HAYYHOTO UCCIIEIOBAHUS.

3. Kparkoe omnricanue Hay4HO# U PAKTUYCCKON 3HAYUMOCTH PabOTHI.

4. Kparkoe onrcanue MeTOI0JIOTUH UCCIIEJOBAHUSI.

5. OcHOBHBIE pe3yJIbTAThI U aHAJIN3, BHIBOJIBI HCCIICIOBATEIBCKON paOOTHI.

6. 1leHHOCTH IPOBEICHHOTO HCCIeIOBaHNs (BHECEHHBIH BKJIA][ IAHHOW PabOThI B COOTBETCTBYIONIYIO OONIACTh 3HAHUN ).
7. IlpaxkTuueckoe 3HaUCHUE UTOTOB PAOOTHI.

v KiioueBble CJI0Ba/CJI0BOCOYETAHMUS — KOJMUECTBOM 3-5 HA PYCCKOM, Ka3aXCKOM M aHTIIMIACKOM SI3bIKaXx.

Iocnedyrowan cmpanuya (nosasn):
BBenenue

Marepuasl 1 MeToabl
Pesyabrarsl u O6cy:kaenue
3akJii0ueHne, BHIBOIbI
Bbuarogapuoctn

Hcrounuk puHaHCHpPOBAHUA
Kondumukr nnrepecon
Jluteparypa

BBeenue coctout U3 ClIEAYIOUIMX OCHOBHBIX 2JIEMEHTOB:

v' O60oCHOBaHHE BHLIOOPA TEMBI; AKTYAIBLHOCTE TEMbI HIIM IIPOOIEMBI. B 060CHOBaHMH BBIOOpA TEMBI HA OCHOBE OTIUCAHUSI
OTIBITa TPEIICCTBEHHUKOB COOOIIAETCS O HAIMYUU MPOOIEMHON CUTyaluu (OTCYTCTBUE KaKUX-THOO HCCIICIOBAHUI, TIOSBICHHUE
HOBOTO O0BEKTA U T.JI.). AKTYaJIbHOCTb TEMBbI ONPEICISICTCS OOLIMM HHTEPECOM K U3yUYCHHOCTH JIAHHOTO O0BEKTa, HO OTCYTCTBHEM
HCYUEPIIBIBAIOIIMX OTBETOB Ha UMEIOIIMECS BOIPOCHI, OHA JIOKA3bIBAETCS TEOPETUUYECKON MITH NPAKTHUECKOW 3HAUUMOCTBIO TEMBI.

v B ceKuuu J0/KHBI ObITh OXBayeHbl (DYHIAMEHTANLHBIE ¥ HOBBIE TPY/IBI 110 MCCIIELYEMON TEMaTHKE 3apyOeKHBIX aBTOPOB
Ha aHTIIUICKOM si3bIKe (HEe MeHee 15 TpynoB), aHaJIN3 JIaHHBIX TPYIOB C TOYKH 3PCHUS UX HAyYHOT'O BKJIAJa, & TAKIKE MPOOEITBI B HC-
cJIe/I0OBaHNH, KOTOpbIe BEI lomnonHseTe B cBOEH crarhe.

v Onpejernenne 00beKTa, IPEAMETa, Le€el, 3a/1au, METOIOB, MOJIX0/I0B, THIIOTE3BI U 3HAYEHUS Ballel paboTsl. Llens uccie-
JIOBaHHS CBsI3aHA C JIOKA3aTEIIbCTBOM TE3UCA, TO €CTh MPEACTABICHUEM MPEIMETa HCCIICIOBAHNUS B U30PAHHOM aBTOPOM ACIICKTE.

Marepnajbl 1 MeToAbI — JTOJDKHEI COCTOATH M3 OIMCAHMS MAaTePUaIoB M X012 PabOTHI, a TAKXKEe MOJTHOTO ONMHCAHUS HCIIOJb-
30BaHHBIX METOJIOB.

v/ XapakTepucTHKa MM ONMCAHHE MaTepHalia UCCIE0BAHMS BKIIFOYAET €r0 TPEICTaBICHHE B KAYECTBEHHOM M KOJHYECTBEH-
HOM OTHOUICHHH. XapaKTepPUCTHKA MaTepHata — OANH U3 (aKTOPOB, ONPENEIISIONIHI JOCTOBEPHOCTh BBIBOJIOB M METOJIOB HCCIIe-
JIOBaHUSL.

v B 9TOM pasjiesie ONMMCHIBAETCS, KaK MpobieMa Oblia U3ydeHa: noapoOHas uHpopMalms 6e3 TMOBTOPEHHS paHee OIyOiH-
KOBaHHBIX YCTAaHOBJIEHHBIX HPOIEIYP; UCIIOIb3yeTCs HIACHTHUKAIMS 000pyRoBaHHs (IIPOrPaMMHOTO 00ECIIEUEHHMsT) U OIHCAHNE
MaTepHaoB, ¢ 00s3aTeILHBIM BHECEHNEM HOBU3HBI IIPH UCIIOIBE30BAaHUU MaTepPHAIOB M METO/IOB.

Hayunast MeTo010THSI TOJDKHA BKIJIIOYATh B Ce0s:

v’ - HCCIEeI0BATENBCKHI BOIPOC(-bI);

v’ - BBIJIBUT'aEMYIO THIIOTE3Y (TE3HC);

v’ - OTallbl HCCIIEIOBAHUSE;
v
v

<

- METOJIbl UCCIICIOBaHNUS;
- pe3yIbTaThl UCCIEIOBAHMSL.
v HEJJOITYCTHUMO Hamm4ie MHOKECTBA CCBUIOK, HE MMEIOIMX OTHOIIEHHUS K paboTe, NIl HEYMECTHBIE CYXKIEHHS O BAIIINX
COOCTBEHHBIX JOCTI)KEHUSIX, CCBIIKH Ha Bamm npeasiayye paboTsl.

PESyJ]LTaTl)I u Oﬁcymzle}me — IIPUBOJAUTCA aHAJIN3 U O6Cy)KZ[eHI/Ie TOJIYYCHHBIX BAMU PE3YJILTATOB UCCIICNOBAHUA. HpPIBOI[S{TCH
BbIBOJY IO IIOJIYYCHHBIM B XOJ€ HUCCIIEAOBaHUA pE3yJibTaTaM, PAaCKpPbIBA€TCSA OCHOBHas CYTb. " sto OIHWH K3 CaMbIX BaXXHBIX
pa3aciioB CTaTbu. B Hem HCO6XO}Z[I/IMO MPOBECTU aHAJIN3 PE3YJIILTATOB cBoei pa6OTLI u 06cy>1<z1eHne COOTBETCTBYIOIIUX PE3YJILTATOB
B CpaBHCHUH C NPEABIAYIIUMU pa60TaMI/I WHOCTPAaHHBLIX U OTCYETCBEHHBIX aBTOPOB, aHAJIM3aMH1 U BbIBOJaMU.

3akJii0ueHne, BHIBOIbI

O0o001IeH)e ¥ TO/IBEICHIE MTOrOB pabOThl HA JAHHOM JTarie; MOJATBEPIKICHHE MCTHHHOCTH BBIIBUTAEMOTO YTBEPIKICHUS,
BBICKa3aHHOTO aBTOPOM, U 3aKJIFOYCHUE aBTOpPa 00 M3MEHEHUH HAYYHOTO 3HAHHS C YUYETOM IOJIyYCHHBIX PE3yNbTaToB. BhIBOIBI HE
JIOJDKHBI OBITh a0CTPAKTHBIMU, OHH JIOJDKHBI OBITH MCIIONB30BaHbI JJIsi 00OOIICHUS PE3yJIbTaTOB MCCIICAOBAHUS B TOM HIM MHOU
Hay4YHOI 00JIaCTH, C ONMMCAHUEM MPEITIOKEHHUN HIT BO3MOKHOCTEH JabHeiei paboTh.

CrpyKTypa 3aKJII0UeHUs JIOJDKHA COJIepIKaTh ClIeAyIoUe Borpockl: KakoBbl 1ienu 1 MeToibl ucciienoBanus? Kakue pe3ynbrarbl
nosty4eHbl? KakoBbl BEIBO/IBI? KaKkOBBI EPCIIEKTUBBI ¥ BO3MOXKHOCTH BHEIPEHUSI, TIPUMEHEHHUS pa3padoTKu?
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KoH(puKT MHTepecoB — jKenareldbHO yKa3aTh HMEIONIMEcs KOH(IMKTBI MHTEPECOB CO CTOPOHBI aBTOPOB M COABTOPOB
KacaTelIbHO MaTepuaoB cTaTbi. Ecn HeT HUKAaKUX KOHQIMKTOB K OITyOJIMKOBAHHMIO MaTePHAJIOB B CTAThe, YKa3aTh, YTO aBTOPHI HE
UMEIOT KOH(IMKTa HHTEPECOB.

Baaronaproctn — IlepedncinTe oz, KOTOpbIe OKa3ajaH IOMOIb BO BpeMs HCCIEAOBaHHUs (HampHMep, MPeloCTaBHIN
TIOMOLIIb B TIEPEBOJIE, TTMCEMEHHYIO MOMOILIIb MK TIPEAOCTABIIN MaTepuai/o00pyioBaHue i paboThl U T.11.)

Hcrounuk ¢unancupoBanus — Creqyer ykasaTb B paMKaX KAakKOro NMPOEKTa WM MPOrpaMMbl OblIa BBIMOMHEHA padoTa,
yKa3arb TOJl 1 HOMEp JOroBOpa 10 MPOEKTY/IIPorpamMmme.

Jluteparypa

CHucoK UCIONB3yeMOH TUTepaTypsl, Wik bruOnuorpadguyeckuii CIMCOK COCTOMT U3 HE MeHee 25 HaMMEHOBaHUH JTUTepaTypbl
JUIsL €CTECTBEHHOHAYYHbBIX M TEXHMYECKHMX HANPABJICHUH U M3 OOLIEro 4ncia HAMMEHOBAHUI HA aHIIIMICKOM SI3bIKE JOJDKHO OBITH
He menee 50%.

JI71st eCTECTBEHHOHAYYHBIX CTATEH CCHIIKM O(OPMIISIOTCS B KBaIPATHBIX CKOOKAX € YKa3aHUEM HyMEpalluy [0 Mepe MOSBISACHUS
HUTUPYeMBIX padot B Tekcre. CTuib odopmienus crnucka auteparypsl cortacHo [OCT 7.1-2003 «bubnuorpadudeckas 3amuch.
Bubnuorpaduueckoe onucanue. O6mue TpeOOBaHUSA U MpaBUia COCTaBICHUD) (TpeOOBaHME K M3JAHUSAM, BXOAALIMX B MEpPEYCHb
KKCOH).

Janee crnenyet Bropoii crrcok nuteparypsl (References, kotopsiii go/mkeH OBITH MpeOCTaBiIeH B pyroi Gopme, To ecth —
pomaHu3upoBaHHbIM anipaBuToM (TpaHcautepaiys). References TOJIBKO Te paGoThl, KOTOpbIe HUTUPYIOTCs B TekcTe. Reference
odopmItsieTcs B andaBUTHOM mopsiake!

PoMaHU3MPOBAHHBIN CITHCOK JINTEPATYPhI JOJDKEH BBIIVIACTh B CIIELYIONIEM BHJIEC JUIS MCTOYHUKOB Ha KHPHJLIHIIE: aBTOP(-bl)
(TpancnuTepanus) — (roJ B KpyIIbIX CKOOKax)—Ha3BaHUE CTATbU B TPAHCIUTEPUPOBAHHOM BapHaHTE [MI€PEBOJ HAa3BaHUS CTAaTbU
Ha aHIIMACKUH SA3bIK B KBA/IPAaTHBIX CKOOKAX |, Ha3BaHUE PYCCKOSA3BIYHOIO HCTOUHUKA (TPAHCIUTEPALHs, TMO0 aHIIMIICKOe Ha3BaHUE
— €CJIH €CTb), BHIXOAHbIC JaHHbIE ¢ 0003HAYEHUAMHU Ha aHIIIMHCKOM SI3BIKE.

Hanpumep: Gokhberg L., Kuznetsova T. (2011) Strategiya-2020: novye kontury rossiiskoi innovatsionnoi politiki [Strategy
2020: New Outlines of Innovation Policy]. Foresight-Russia, vol. 5, no 4, pp. 8-30.

Ctunb opopmiteHnst POMaHU3MPOBAaHHOTO CIIMCKA JINTEPATypbl U3 HCTOYHUKOB HA aHIIIMHCKOM (JPYTOM HHOCTPAHHOM) SI3BIKE
JUTSL €CTECTBEHHOHAYYHBIX U TeXHU4ecKux Hampasienuit — Chicago Style (www.chicagomanualofstyle.org).

Cramer W., Bondeau A., Woodward F.I., Prentice I.C., Betts R.A., Brovkin V., Cox P.M., Fisher V., Foley J.A., Friend A.D.,
Kucharik C., Lomas M.R., Ramankutty N., Sitch S., Smith B., White A., Young-Molling C. (2001) Global response of terrestrial
ecosystem structure and function to CO, and climate change: Results from six dynamic global vegetation models. Glob. Change
Biol., vol. 7, pp. 357-373.

B n1aHHOM pa3jeiie HEOOX0MMO Y4eCTh:

- IlutupyroTcs OCHOBHBIC HAy4YHbIE ITyOIMKALINH, IEPEILOBBIE METOBI HCCIIEIOBAHMS, KOTOPBIC TPUMEHSIOTCS B JAHHON 00-
JIACTU HAaYKH ¥ Ha KOTOPBIX OCHOBaHa paboTa aBTopa.

- MU30eraiiTe upe3sMepHBIX CAMOIIUTHPOBAHHH.

- U30eraiiTe upe3mMepHbIX cchlIoK Ha nmyonukanuu asropoB CHI/CCCP, ucnons3syiite mupoBoii onbiT (Pubmed, Web of Sci-
ence). He ciemyer ccbuiaTbest Ha SHLMKIONEANH, MOHOTpa(UH, AMCCEPTALMK M MaTepUaIbl, HA KOTOPbIE HET OOIIEro JIOCTyMa.

- bubnunorpaduuecknii ciucok A0HKEH coaepskarh GpyHIaMEeHTalbHbIE U Hanbosee akTyaabHble TPY/AbI, OMyOIMKOBaHHBIE
N3BECTHBIMU 3apYOEKHBIMU aBTOPAMH M UCCIIEA0BATEISAMH 110 TEME CTAThH.

Cronmocts mydankanuu — 2000 TeHre/cTpanunia
PexBu3UTHI:

Hexommepueckoe akironepHoe o0mmecTBo «Kazaxckuii HamoHaIbHBIN YHUBEpCUTET NMeHH Anb-Dapadbu»
Hunexc 050040

aapec: I. Anmarsl, mp. anp-®Papabu 71

BUH 990140001154

KBE 16

AO «First Heartland Jysan Bank»
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