ISSN 1563-034X; eISSN 2617-7358
Hunexc 75880; 25880

OJI-OAPABMU ateinparst KA3ZAK ¥YJITTBIK YHUBEPCUTETI

XADBAPIIIBI

OKOJIOTHUS CepUsICHI

KA3AXCKHWI HALIMOHAJIbHBI YHUBEPCUTET nmenn AJIb-®APABU

BECTHHUK

Cepust sK0oIOTUYECKAS

AL-FARABI KAZAKH NATIONAL UNIVERSITY

EURASIAN JOURNAL

of Ecology

Nel (58)

AMaThl
«Kazax yHuBepcureri»
2019



ISSN 1563-034X; eISSN 2617-7358
Nunexe 75880; 25880

:) XAGAPLSbI
BECTHUK
9KOJIOTHS CEPUSICHI Nel (58)
1(58)201L

25111999 x. Kasakcran Pecniybankacoibiy Mozenuer, agnapat :koHe KOFaMzbIK KEAICIM MHHHCTPAIriHzE TipKeATeH

Kyaaix Ne956-2K.

Kypuan scoinvina 4 pem scapolkKa uiblzadwt

KAYAINITHI XATIIbI
Hussosa P.E., 6.r.x., npodeccop (Kazaxcmar)
E-mail: Raygul Nyiyazova@kaznu.kz

PEJAKIMS AJTKACHI:

3asinan B.K., 6.F.1., npodeccop, KP ¥YFA kopp.-mymreci,
(¥pUIBIMU penakTop) (Kazaxcman)

Koayméaesa C.)K., 6.F.1., mpodeccop (FBUIBIMH PEIaKTOPIBIH
opsiHOacapsl) (Kazaxcman)

Ky6anoBa A.A., 6.r.1., mpodeccop (Kazaxcman)
IanaxmeroBa T.M., 6.¥.1., npodeccop (Kaszaxcman)
Ken:xeoaesa C.C., 0.r.1., npodeccop (Kazaxcmarn)
ArabdaeBa C./lk., 0.F.1., npodeccop (Kazaxcmar)
CanpipoBa I'A., 6.7.11., mpodeccop (Kazaxcman)
Toperoxuna XK.P., X.r.x., npodeccop m.a. (Kazaxcman)
Bayoekosa A.C., 0.F.K., noueHT (Kaszaxcman)

Mamuios H.I1I., 6.F.x., noueHt (Kazaxcmarn)
Hnenosa 3.A., 6.r.x., noueHt (Kazaxcman)
Kymnapenxo C.B., 6.f.x., noueHr (Kazaxcman)
Aéuaes C.K., 6.F.1., npodeccop (Pecer)

Jureas U., PhD noxropsl, npodeccop (I epmarust)
Matopun /1., 0.F.1., npodeccop (Pecer)

Paxman E., PhD nokropsl, mpodeccop (Kvimair)
Tomo Tatsuya, PhD nokropsl, npodeccop (JKanonust)
AmnaxsepaueB Cyaeiiman, PhD (Peceir)

TEXHUKAJIBIK XATHIbI
Canmyp3sayasl P., okbiTymst (Kasaxcmar)

DKOJIOTHsI CEPHUSICHI KOPILIaFaH OPTaHbl KOPFay JKOHE KOPIIaFaH OpTara aHTPOIOreH K (hakTopiap/pIH acepi,
KOpIIaFaH OpTa JacTaylIbUIAPBIHBIH OHOTaFa KOHE TYPFBIHAAD JCHCAyIbIFbIHA oCepiH Oarajay, OHOIOTHSIBIK
QIyaHTYPJIUTIKTI CaKTay/IbIH 03€KTi Maceneepi OarbITTapblH KAMTHIBI.

KA3AK
YHUBEPCHUTETI
B AcnaA Y &I

Frpuabivn 6acblIbIMaap 601iMiHiH GacIIbICH
Tyanvmupa llaxkozosa

Tenedon: +7 747 125 6790

E-mail: Gulmira.Shakkozova@kaznu.kz

Penakropaapsr:
Tynomupa Bexbepouesa
Azuna Xacanxwvizol

Komnblotepae 6eTTeren
Atieyn Andawesa

B Nel12684

Mimimi 60x84 /.. Kenemi 10.41 6.1. OceTTi Karas.

Cannplk 6acsuibic. Tanceipsic Nel1524. Tapansmvet 500 nana.
Baracel kemiciMai.

On-Oapabu arbiHAarsl Kazak YITTBIK YHUBEPCHTETIHIH

«Kazax ynusepcureti» Oacna yifi.

050040, Anmars! Kanacsl, an-dapabu 1aHFBLIBL, 71.

«Kasak yrHuBepcureti» 6acna yiiHiH 6acnaxaHacbhlHaa 0achUIIbL.

© On-dapabu arsianarsl Kaz¥YV, 2019



]1-0Oenim
KOPIHIAFAH OPTAHBI KOPFAY
KIOHE KOPHIAFAH OPTATA
AHTPOIIOTI'EH/IIK ®AKTOPJIAPIABIH 9CEPI

Paznen 1
BO3JIENCTBUE HA OKPYKAIOIIYIO CPEIY
AHTPOIIOTEHHBIX ®PAKTOPOB
U 3AILIUTA OKPYKAIOUIEN CPEJIbI

Section 1
ENVIRONMENTAL IMPACT
OF ANTHROPOGENIC FACTORS
AND ENVIRONMENTAL PROTECTIONY



IRSTI 34.27.23

Mashzhan A.S.!, Nils-Kare B.2,
Kistaubaeva A.S.}, Talipova A.B.%, Batykova Zh.K.>,
Mussabekov Zh.T.°, Baubekova A.S.”, Hovik P.?

'PhD student, teacher of the department of Biotechnology, e-mail: aj.akzhigit@gmail.com
2PhD, professor of department of Biology and Center for Geobiology, e-mail: Nils.Birkeland@uib.no
3Candidate of biological sciences, associate professor, head of chair, e-mail: aida_kaz@mail.ru
“PhD student, teacher of the department of Biotechnology, e-mail: Talipova.aizhan@gmail.com
*Master student, e-mail: batyqova@mail.ru
®Master student, e-mail: jora _bek@mail.ru
’Candidate of Biological Sciences, Associate Professor, deputy dean
on scientific-innovations work & international links affair, e-mail: baubekova.almagul@gmail.com
8PhD, associate professor of department of Microbiology, Plant and Microbe Biotechnology,
e-mail: hpanosyan@yahoo.ca
134567 A]-Farabi Kazakh National University, Kazakhstan, Almaty
2University of Bergen, Norway, Bergen
$Yerevan State University, Armenia, Yerevan

ISOLATION AND CHARACTERIZATION
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Abbreviations: CMC - carboxymethylcelllose; g/l — gram per liter.

The aim this study was the isolation and characterization of thermophilic bacteria from geothermal
hot spring in Zharkent town, Almaty region, Kazakhstan. Thermophilic bacteria are less studied but im-
portant group of microorganisms due to their ability to produce industrial enzymes. Eight bacterial iso-
lates were characterized by morphological, microscopic, biochemical, and physiological characteristics.
Eight bacterial isolates were isolated which capable growing at 81°C. The isolates were screened for
amylase, protease, lipase and cellulose activity. The seven from eight isolates tentatively as Thermus sp.

by morphology, biochemistry and physiological characteristics and one as Bacillus sp.

The study confirmed that the isolates from geothermal hot spring Zharkent to be a true thermophile
and could be a source of thermostable enzymes which can be exploited for industrial applications; four
isolates (AW4, AW5, AW7, AW8) from eight showed good enzymatic characterization according to the
results of their cultivations on solid medium. Isolation procedures were first carried out under various
combinations of culture conditions; temperature (50, 60, 70, 80 and 90°C), different media (for amylase,
cellulase, lipase producer), various pH (5, 6, 7, 8 and 10). Results indicated a high phenotype diversity
and hydrolase enzymes activity, which encourages future studies to explore further industrial and envi-

ronmental applications.
Key words: thermophiles, Zharkent geothermal hot spring, amylase, lipase, isolates.
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BbiaeAreHHe u xapakTepucTuka TepModUAbHBIX GakTepui
13 JKapKeHTCKOro reoTepmMaAbLHOro ropsiuero MCTOYHMKa

Cokpautenus u 0603HauveHmsi: KMLL — kapbOKCMMETUALIEAAIOAO3]; /A — FPaMM Ha AUTP.

LleAblo AQHHOTO MCCAEAOBaAHMSE BbIAO BbIAEAEHME M XapaKTepUCTMKA TePMOUAbHbBIX GAKTEPUIA
M3 ropsyero reoTepMaAbHOrO MCTOuYHMKA B r. XKapkeHTe AAMaTMHCKOM ob6Aactu, KaszaxcraH.
TepmouAbHbIE GakTepUM SIBASIOTCS MeHee M3YyUEHHOM, HO BaXKHOM rpymnnoi MUKPOOPraHU3MOB M3~
3a MX CMOCOBGHOCTU MPOAYLMPOBaTb (DEPMEHTbI, MPEACTABASIOLME UHTEPEC AAS MPOMbBILLAEHHOCTU.
BbIAO BbIAEAEHO BOCEMb 0GAKTEPMAABHDBIX M30ASTOB, CMOCOOHbLIX K pocTy npu 81 °C. M30AdThl
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Isolation and Characterization of Thermophilic Bacteria from Zharkent geothermal hot spring

(PU3MOAOTMUECKMX MPU3HAKOB CEMb M3 BOCbMW M30ASTOB MPEABAPUTEABHO ObIAM OTHECEHbI K POAY

Thermus sp., a 0AMH M30A9T K poay Bacillus sp.

MccaepoBaHne MOATBEPAMAO, UTO M3OAITbI U3 TOPSYero reoTepMaAbHOro MCTovHmka >KapkeHT
SBASIOTCS UCTUHHBIMWU TEPMOUAAMM U MOTYT ObITb UCTOUYHMKAMM TEPMOCTAOMAbHBIX (DEPMEHTOB,
KOTOpble MO>XHO WMCMOAb30BaTb AAS MPOMBILAEHHOTO MPUMEHeHUs; YeTbipe n3oagaTa (AW4, AWS5,
AW7, AWS8) 13 BOCbMWM MOKa3zaAM Xopoluve (epMeHTATMBHbIE XapaKTEePUCTMKM MO pe3yAbTaTam
MX KYABTMBMPOBAHWS Ha (arapm3oBaHHOM) TBeEpAOW cpeae. [poLeaypbl BblaeAeHMsi OblAM CHavaAa
BbINMOAHEHbI B Pa3AMYHbIX KOMOMHALMSX YCAOBMI KyAbTMBMpPOBaHMs; Temnepatypbl (50, 60, 70, 80 u
90°C), pa3AnUHble CpeAbl (AAS aMMAA3bl, LEAAIOAA3bI, MPOAYLIEHTA AMMA3bl), Pa3AnYHble 3HaveHns pH
(5, 6, 7, 8 1 10). PeayAbTaTbl CBUAETEABCTBYIOT O (PEHOTUMMYECKOM Pa3HOOOpPasnm 1 CrocobHOCTM K
CUHTE3Yy N’MAPOAA3HbIX (DEPMEHTOB, UTO CTUMYAMPYET BYAyLLME UCCAEAOBAHMSI.

KaroueBble caoBa: TepmMOumAbl, 2KapKeHTCKMIA TFOpSaumnii reOTePMaAbHbIA MCTOYHMK, amMuAasa,

AUMa3a, N30AATbI.

1. Introduction

Geothermal areas considered the source of the
main habitats of thermophilic microorganisms [1].
Geothermal features are not common ecological
features; they occur in clusters, in a few widely
separated locations of the world where the conditions
are right for their occurrence. Due to this specific
nature of the geothermal sources, hot springs are
available in a few areas only. The best recognized
areas and the most studied are in Iceland, United
States, New Zealand, Japan, Italy, Indonesia, Central
America, and Central Africa [2—4]. The attractive
feature of hot water resources is the ecology with
its variety of the organisms [5] and the molecular
strength of its components [6].

Only a small fraction of the microorganisms
found in a natural habitat can be cultivated under
laboratory conditions and subsequently isolated. The
knowledge of environmental microbial diversity has
been largely aided by the development of culture-
independet molecular phylogenetic techniques [7—
10].

Thermophilic microorganisms have gained
worldwide importance due to their tremendous
potential to produce thermostable enzymes (such
as amylases, cellulases, chitinases, pectinases,
xylanases, proteases, lipase, and DNA polymerases)
that have wide applications in pharmaceuticals
and industries [11]. Among these commercially
important enzymes are the protease enzymes:
alkaline protease possesses the property of a great
stability when used in detergents and protease
enzymes have found applications in bioindustries
such as washing powders, food industry, leather
processing, and pharmaceuticals and for studies in
biology.Moreover, cellulase enzymes showed great
commercial potential for the production of glucose
feedstock from agricultural cellulosic materials [13]
and in the production of bioethanol and value-added

organic compounds fromrenewable agricultural
residues [14]. Various enzymes have significance in
applications in bioindustries; for example, protease
and amylases are used together in many industries
such as the food industry, detergent industries, and
pharmaceuticals [12].

Thermophiles can be categorized into moderate
thermophiles (growth optimum, 50-60°C), extreme
thermophiles (growth optimum, 60-80°C), and
hyperthermophiles (growth optimum, 80-110°C)
[13]. Thermophiles have been isolated from
different ecological zones (e.g., hot springs and deep
sea) of the earth. The organisms with the highest
growth temperatures (103—110°C) are members of
the genera Pyrobaculum, Pyrodictium, Pyrococcus,
and Melanopyrus belonging to Archaea; within
Fungi, the Ascomycetes and Zygomycetes classes
have high growth temperatures [14], while, in case
of bacteria, Thermotoga maritime and Aquifex
pyrophilus exhibit the highest growth temperatures
of 90 and 95°C, respectively [15]. Thermophilic
microorganisms can be classified as Gram-positive
or Gram-negative, they can exist under aerobic or
anaerobic conditions, and some of them can form
spores. Due to their increased importance, potential
applications, and roles in different fields, scientists
have concentrated their studies to discover new
genus and species across the world [16—18].

The city of Almaty, situated in south region
of Kazakhstan, is rich in geothermal hot springs,
with temperature ranging between 30 and 98 °C.
Their detailed distribution and characteristics have
been described in the literature [19]. One of such
hot springs is the Zharkent. The microbial diversity
if this hot spring has not yet been fully studied.
Therefore, the aims of this study were to isolate
thermophilic bacteria from sample of Zharkent
geothermal hot spring, determine the thermostability
of the isolates, screen for industrial enzymes and
study the phylogenetic affiliation of the thermophilic

6 Xabapuisl. Dxosorus cepusicsl. Nel (58). 2019
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bacterium in comparisons with other bacterial
isolates occurring as mesophiles, thermophiles and
hyperthermophiles.

2. Materials and methods

2.1. Study site and collection of samples. The
Zharkent geothermal hot spring is located at 43 °
97°14.93 »N, 79 © 66 12.09 »E, 273 km. from Al-
maty city, not reaching Zharkent town, at 80 km
from China border. Several wells are located with-
in the Zharkent town, depression in the Zharkunak
tract. The Zharkunak underground water field is
understood as the central part of the Zharkent geo-
thermal spring, including wells No. 5539, 1-RT. All
wells are located within the land use area of LLP
«Baiserek-Agro» (Kazakhstan company) (Figure

A J_,_,,J’—\’\}
RUSSIA
g\,’a

;w

1). Due to its remoteness it is less influenced by
human interferences and believed to have rich mi-
crobial wealth. The temperature of the hot spring
during the sampling period was 87°C. The pH was
recorded to be in the range of 7 — 8 indicating al-
kaline environment. Sampling was performed in
January 19, 2019. At 8.30 a.m. Water sample was
collected from a part of conduit in the outlet of the
spring in 50 ml sterile tubes. The total number of
taken samples 100 ml. Tubes were brought to the
laboratory and kept at 4°C in refrigerator till fur-
ther processing.

The chemical composition of well No. 1-PT is
characterized as sulfate-sodium chloride, slightly
mineralized, alkaline, very slightly radonic, sili-
ceous hydrotherm with a content of natural iodine
ion and high fluorine content [19].

RUSSIA
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(A) Map of Kazakhstan showing the location of Zharkent. (B) Close-up photograph of the source
of the Zharkent hot spring with sampling site indicated by an arrow. (C) Sampling of the water.

Figure 1 — Location of study site
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2.2. Isolation of bacteria. Geothermal hot spring
sample 100 ml is get into the tubes samples and
then labeled. Water sample was used for enrichment
in nutrient broth (HiMedia, Mumbai) at 81°C
during 6 days enrichment culture was streaked on
nutrient agar (HiMedia, Mumbai) to obtain separate
colonies. All bacterial isolates obtained on plates
were selected and purified by streaking onto the
same medium at least three times. The isolates were
considered pure after microscopic observation of a
single morphological per culture. Plastic freezing
bags were used to avoid drying of the samples during
incubation. The isolates’ purity cell morphology,
sporulation ability, and motility were determined by
microscopy (Micros, Austria) of freshly prepared
wet mounts.

2.3. Determination for thermos-tolerance. Pure
cultures of the bacterial isolates were determined
for their thermophilic characteristics. Each bacterial
isolates were inoculated into 10 ml of nutrient broth
medium (HiMedia, Mumbai) in test tube at 81 °C
during 6 days. After specified incubation period each
broth culture of bacteria were streaked onto freshly
prepared nutrient agar (HiMedia, Mumbai) medium,
they were cultivated at 65°C 24 h. Bacterial isolates
growing in the plates were selected and again tested
for their thermos-tolerance at higher temperature in
test tube at 81°C during 6 days. Finally isolates that
could tolerate at temperature of 81°C was selected
for further study.

2.4. Metabolicand Biochemical Characterization
of the Isolates. Thermophilic bacteri isolates were
studied for various morphological characteristics
viz., color, gram reaction, shape, spore formation
and motility. Various biochemical tests were carried
out for the biochemical characterization of selected
bacteria isolates such like fermentation of sugars
(glucose, sucrose, lactose) (Case and Jonson),
H,S production, oxidation of Mn and Fe, obligate
aerobes, facultative anaerobes [20]; the presence
of catalase and oxidase enzymes was investigated
according to the methods described by Prescott et
al [21].

2.5. Optimization of growth conditions. To
determine the effect of temperature on the growth
of the isolates, microorganisms were grown at
varied incubation temperature in the range of 50-
90°C with regular 5°C increment for 24 hours.
Besides, the effect of pH on the growth of isolated
microorganism were studied by growing the
organism for 24 hours at 82 °C in nutrient broth
medium adjusted to different pH ranging from 4.0
— 9.0 separately.

2.6. Assessment of Enzymatic Production

2.6.1. Screening and Identification of Cellulase
Producers. Ten microliters of overnight grown
culture was spot plated on CMC agar (NaNO, — 2.0
g, KHPO, - 1.0 g, MgSO, — 0.3 g, KCl - 0,3 g,
carboxymethylcelllose (CMC) — 0.2 g, NaCl -0,1
g, peptone 1,0 g (HIMEDIA, India), bacto agar —
20,0 g. (g/1)). Plates incubated at 65 °C for 24 hours.
From cellilase-producing microorganisms, four
potential bacterial strains AW2 (Gram -ve), AW4
(Gram -ve), AWS5 (Gram -ve), AW6 (Gram -ve),
AW7 (Gram -ve), AW8 (Gram -ve), were selected
for identification and further studies. Screening of
cellulose producers were done on CMC agar. After
incubation the plates were flooded with Gram’s
iodine (2.0 g KI and 1.0 g iodine in 300 ml distilled
water HiMedia, Mumbai) for 3 to 5 minutes by
Ramesh et.al. [22]. The formation of clear zone
of hydrolysis indicated cellulose degradation as
adopted from Shaikh et al. [23].

2.6.2. Screening and Identification of Amylase
Producers. Screening of amylase producers were
done on using starch hydrolysis method. The starch
agar plates (Tripton — 10.0 g, yeast extract — 5.0 g,
NaCl — 5.0 g, starch solution (potato starch ) — 1,0
g, bacto agar — 20.0 g (France), (g/l)) were streaked
by microbial isolates followed by their incubation
at 65 °C for 24 hours. After incubation, 1 % iodine
solution (HIMEDIA, India) (freshly prepared) was
flooded on the starch agar plate. The presence of
blue color around the growth indicated negative
results [24].

2.6.3. Screening and Identification of Lipase
Producers. Lipase activity was observed by the
appearance of a turbid halo around the inocula on
solid medium containing next elements per liter:
yeast extract — 5.0 g, peptone — 10.0 g (HIMEDIA,
India), NaCl-5.0 g, CaCl, H,0—-0,1 g, MgSO, H,O
-0,3 g,KH,PO,-0,3 g, K. HPO, - 0,3 g, agar — 20,0
g, g/l. The medium supplemented with 1% Tween
80 (AppliChem, GmbH) at 65 °C for 24 hours as
explained by Rollof et al. [25].

2.6.4. Screening and Ildentification of Protease
Producers. Protease activity was detected on solid
medium containing next elements per liter: glucose
— 1.0 g, peptone — 10.0 g (HIMEDIA, India), yeast
extracts — 0.2 g, casein — 10 g (HIMEDIA, India),
CaCl, - 0.1 g, K HPO, — 0.5 g, MgSO, 0.1 g,
agar 20.0 g. Plates were streaked with test isolates
followed by incubation at 65 °C for 24 h. The
presence of a transparent zone around the colonies
indicated caseinase activity as explained by Daniel
[26].
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3. Results and Discussion

3.1. Characterization of the Sample. Out of
all sample collected from Zharkent geothermal
hot spring eight different bacterial isolates were
isolated. The isolates were given codes viz., AW
1, AW2, AW3, AW4, AWS5, AW6, AW7, AWS.
Altogether eight bacterial isolates AW 1 (Gram —
ve), (AW2 (Gram — ve), AW3 (Gram + ve), AW4
(Gram — ve), AWS5 (Gram — ve), AW6 (Gram
- ve), AW7 (Gram - ve), AW8 (Gram — ve) )
were obtained from water sample collected from

Table 1 — Biochemical characterization of the bacterial isolates

geothermal hot spring of Zharkent, Almaty region,
Kazakhstan.

3.2. Morphological  and  Biochemical
Examination of the Isolates. Various identification
test like endospore formation, motility, catalase, and
oxidase, fermentation of sugars (glucose, sucrose,
lactose), obligate aerobe, facultative anaerobe were
performed (Table 1). Based on Gram staining, the
isolates were found mostly to be Gram-negative and
microscopic observation revealed seven non spore
forming and one spore forming bacteria arranged in
chain. Growth occurred on solid and liquid media.

Biochemical tests AW1 AW2 AW3 AW4 AWS AW6 AW7 AWS
H,S production -ve -ve -ve -ve -ve -ve -ve -ve
Catalase +ve +ve +ve +ve +ve +ve +ve +ve
Oxidase +ve +ve -ve +ve +ve +ve ND ND
Starch hydrolysis +ve +ve +ve +ve +ve +ve +ve +ve
Fermentation of sugars
Glucose -ve -ve -ve -ve -ve -ve -ve -ve
Sucrose -ve +ve +ve +ve -ve +ve -ve -ve
Lactose -ve tve +ve +ve -ve +ve -ve -ve
Oxidation of Mn -ve +ve -ve +ve +ve -ve -ve -ve
Oxidation of Fe -ve -ve -ve -ve -ve -ve -ve -ve
Obligate aerobe +ve -ve -ve -ve ND -ve ND ND
Facultative anaerobe -ve +ve +ve +ve ND +ve ND ND

+ indicates positive and — indicates negative test; ND — not determined

The isolates were negative H2S production
test, strict aerobes, oxidation of Fe. Catalase, starch
hydrolysis, oxidation of Mn, fermentation of sugars,
oxidase, facultative anaerobe were found positive.

Morphologically, the isolates showed some
variation in the color, margin, shape, and texture
of the colonies (Table 2). The selected bacterial
isolates were observed and growth characteristics
were studied (Figure 2).

They color were; four creamy, one grey, one
white and two white-creamy. The light transmission
were; four opaque and four translucent. The
consistency were; one rough, one smooth four
smooth or mucous and two mucous. The shape
were; two regular, two irregular and four circular.
The elevation were; one convex, four flat and three
raised. The margin were; one filiform, three entire
and four undulate. Colonies might appear finely
wrinkled and adherent to the agar surface.

ISSN 1563-034X
eISSN 2617-7358

3.3. The effect of different temperature and pH
on the growth. The bacterial isolates were screened
for their thermos-tolerance property in different
temperatures starting from 50 °C to 90 °C. With
isolates in solid medium the optimum temperature
was 65°C, and maximum and the minimum
temperature were 70° and 60°C, respectively. With
isolates in liquid medium the optimum temperature
was 81°C, and maximum and the minimum
temperature were 70° and 85°C, respectively.

The growth of isolates was tested at different
pH. The pH of media to 9.5 and 10.0 was adjusted
with Na,HPO, and NaOH. After the addition of 0.2
ml of seed culture to each 10 ml of a test media, the
culture was incubated without shaking for 96 h. at
81 °C with two tubes run at each pH. The optimum
pH range for the growth was observed to be pH 7.0
to 7,5. No growth was observed below pH 6 and
pH 9.
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AW1 AW2

AW5 AW6

Figure 2 — Variation in colonial morphology of bacterial isolates from the hot spring using nutrient agar

Table 2 — Colony morphology of the eight isolates isolated from Zharkent geothermal hot spring

Isolates tranI;Ii;lgil;tsion Consistency Shape Margin Elevation Color
AW1 Translucent Smooth Regular Undulate Flat White-creamy
AW2 Opaque Mucous, Smooth Circular Entire Raised Creamy
AW3 Opaque Mucous, Smooth Circular Entire Raised Creamy
AW4 Opaque Mucous Circular Undulate Raised Creamy
AWS Translucent ~ Mucous, Smooth Regular Undulate Flat White-creamy
AW6 Opaque Mucous Circular Entire Flat Creamy
AW7 Translucent Rough Irregular Filiform Flat White
AWS Translucent ~ Mucous, Smooth Irregular Undulate Convex Grey
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3.4. Production of Extracellular Enzymes.  activities (Figure 3). Among the eight identified
Bacterial isolates collected from hot spring were  isolates, at least two extracellular hydrolyzed
screened for amylase, protease, lipase and cellulose  enzymes was produced by each isolates (Table 3).

(b)

(© (d)

Figure 3 — Enzyme activity of isolates isolated from Zharkent geothermal hot spring.
(a) amylase activity, (b) cellulase activity, (c) protease activity, (d) lipase activity
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Table 3 — Variation in enzymatic activity produced by isolates isolated from Zharkent geothermal hot spring

Isolates Amylase Cellulase Protease Lipase
AW1 +ve +ve -ve -ve
AW2 +ve +ve +ve -ve
AW3 +ve -ve -ve -ve
AW4 +ve +ve +ve +ve
AWS +ve +ve +ve +ve
AW6 -ve +ve +ve -ve
AW7 +ve +ve +ve +ve
AWS +ve +ve +ve +ve

+ indicates positive and — indicates negative test

Seven isolates (90%) produced amylase, six
isolates (80%) produced protease, seven isolates
(90%) produced cellulose, and four isolates (50%)
produced lipase. In addition, four isolates (50%)
combined four of the tested enzymes, one isolate
(15%) produced three extracellular enzymes, one
isolate (15%) produced two extracellular enzymes,
and only one isolate (15%) produced one enzyme
screened

Thermal springs represent extreme niches
whose pristine quality is maintained over a period
of time. The terrestrial hot springs that exist on earth
[27] represent hot spots for unusual forms of life,
genes, and metabolites. Ever since Thomas Brock
discovered the presence of Thermus aquaticus in
the thermal vents of Yellowstone National Park,
a number of researchers have investigated similar
environments all over the world. The earth we are
existing on is filled with variety of microorganisms
that researchers are still far away from being able
to complete their identification and isolation,
this lead to intensive and extended researches to
be carried out in order to fully investigate such
promising microorganisms. Worldwide, geothermal
areas which are favorable habitats for thermophilic
organisms are limited to a restrict number of sites.
In Zharkent, there are several hot springs renowned
for their rejuvenating and medicinal qualities.
The temperatures are often higher than 40°C. In
these conditions living organisms have to cope
with extremes temperature, low humidity, and
low availability of nutritional compounds. These
conditions reduce biodiversity but some bacteria
developed survival strategies in order to adapt to
such stress.

In this study, a total of eight isolates were
isolated from hot spring were encoded in the
form of AW1-AWS and then subjected to various

12

morphological, biochemical tests. Seven isolates
were Gram — negative and non-endospore forming
bacilli and filamentous (AW1, AW2, AW4, AWS5,
AW6, AW7, AWS8) and one isolate was Gram —
positive and endospore forming bacilli (AW3). One
isolate should be classified into the genus Bacillus
according to their characteristics (Gram-positive
roads, endospore forming, aecrobes, catalase
positive, optimum growth temperature of 60-65°C
and growth pH range). Therefore, they could be
classified as thermophilic bacteria according to
Brock [28], Perry and Staley [29], and Souza and
Martins [30].

On the other hand isolates AW1, AW2, AW4,
AWS, AW6, AW7, AWS were tentatively identified
as belonging to the genus Thermus, as shown by
their biochemical and physiological tests, and in a
report by Hudson et al. [31]. They grow in aerobic
conditions at a pH range of 7-8 and temperature
range of 40-78°C (optimum growth temperature was
65°C). They are oxidase and catalase positive. The
strains of the genus Thermus form yellow, orange or
reddish colonies (description in Bargey’s Manual,
vol. 1 [32]), but the colonies of the 7 isolated isolates
showed no pigmentation. Ramely and Hixson
[33] reported a bacterium that resembles Thermus
aquaticus morphologically but appears to lack the
carotenoid pigment. On the basis of the features
observed here and the literature, isolated isolates
AWI1, AW2, AW4, AWS, AW6, AW7, AW8 were
tentatively classified as Thermus.

4. Conclusions

One isolate classified into the genus Bacillus
and seven of isolates tentatively identified Thermus
according to their characteristics. The thermophilic
bacteria were isolated and from Zharkent geothermal
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hot spring and their preliminary enzymatic potential
was characterized. Four isolates (AW4, AWS,
AW7, AWS) from eight showed good enzymatic
characterization according to the results of their
cultivations on solid medium. Isolation procedures
were first carried out under various combinations
of culture conditions; temperature (50, 60, 70, 80
and 90°C), different media (for amylase, cellulase,
lipase producer), various pH (5, 6, 7, 8 and 10).
Only bacteria reappeared steadily upon incubation
at 60-80°C.

The identification procedures of the bacterial
isolates were carried out on the basis of their
morphology and biochemical tests. Bacterial isolates
then identified, mainly based on descriptions in the
references. However, the accepted description of
Thermus seemed incomplete, thus preventing us
from completely identifying such species. This is
the first report on isolation of bacteria from Zharkent
geothermal hot spring, Almaty region, Kazakhstan.
These promising results can be exploited further
for production of biotechnological important and

industrial thermostable enzymes. This study widens
the opportunities for further research to be conducted
to explore more the immense significance of these
isolates, where there is lack of intensive studies
regarding this organisms.
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COBPEMEHHOE COCTOSHME .
NMOYBEHHOIO NMOKPOBA bYPAMHCKOIO PAMOHA
3ANMAAHO-KA3SAXCTAHCKOW OBAACTU

B coBpemMeHHOM MMpe aHTPOMOreHHOe BO3AEMCTBME HA OKPYXKAIOLLYIO CPeAy HOCUT OObIAEHHbIN
XapakTep W MPUBOAMT K KOAOCCAAbHbIM MOCAEACTBMSAM, XapaKTEPU3YIOLWMMCI B BMAE Aerpasauum
3eMeAb, MU3MEHEHNS N YXYALLEHMS MOYBEHHOrO MOKPOBA, 3arpsa3HEHUs BOAHBIX PecypcoB M T.A. Ha
AQHHBI MOMEHT GoAee 1/2 4acTM AQHAWAQTOB 3eMHOI MOBEPXHOCTU MOABEPraloTCs M3MEHEHMSIM
6AaroAaps BO3AENCTBUIO YEAOBEKA, M, KOHEYHO XKe, 3TOMY MOABEPraeTcsl MNoYBeHHbI NOKpoB. B cBsi3m
C 3TUM CBOEBPEMEHHbIE AEMCTBUS B MOHUTOPUHIE M OLEHKE COBPEMEHHOIO COCTOSIHWMS MOYBEHHOIO
MOKPOBA HOCHAT BaXKHbIM XapakTep. [1o3ToMy TemMatvka M LleAb AQHHOWM CTaTbM — 3TO paCKpbITUE
COBPEMEHHOr0 COCTOSIHMS MOYBEHHOro mnokpoBa bypAnHckoro paioHa 3anaaHo-KasaxcraHckon
06AaCTU. AAS UCCAEAOBAHMS COBPEMEHHOTO COCTOSIHMSI NMOYBEHHOIO MOKpoBa bypAuHckoro paioHa
3anaaHo-KasaxcraHckor 06AacTv GbiAM B3SITbl AQHHbIE MO NPo6Ham MOYUBEHHbIX 06PA3LOB 5 KAIOUEBbIX
yuyacTkoB C Tepputopuu bypamHckoro paioHa 3anaaHo-KasaxcraHckor o6aactu. AaHeble npo6
MOYBEHHOIO MOKPOBA 5 KAIOUEBbIX YYaCTKOB OblAM MCCAEAOBAHbI B WCMbITaTEAbHON AabopaTopum
PIKIM «3anaaHo-KasaxcTaHCKMI rOCYAQPCTBEHHbI yHMBEpPCUTET MMeHu MaxambeTta YTemucoBa»
MOH PK ropoaa YpaAbCk B COOTBETCTBUM C €AMHOIN METOAMKONM oT6Gopa npob. B cratbe nokasaHo
COBpEeMEHHOE COCTOsIHME MOYBEHHOMO NokpoBa bypAnHckoro parioHa 3anaaHo-KasaxcraHckorn o6aactm
C MCCAEAOBAHMEM OCHOBHBIX XapaKTEPMCTMK MOYBEHHOrO MOKPOBA M C OLLEHKOWM 3arps3HEHHOCTM
MOYBEHHOT O MOKPOBA TIXKEAbIMM METaAAAMU. B X0a€e nccaeAOBaHMS MOYBEHHOMO MOKPOBA YCTAaHOBUAOCH
npeBblLLEHNE MPEAEAbHO-AOMYCTUMOM KOHLEHTPALMM TakMX XMMUYECKMX IAEMEHTOB Kak MeAb, HUKEAD
M UMHK.

KAtoueBble cAOBa: aHTpPOMOreHHoe BO3AENCTBME, 3arpsa3HSIoLLME BeLecTBa, NMoYvBa, MOYBEHHbIN
MOKPOB, MPEAEAbHO-AOMYCTUMAs KOHLEHTPaLMs, COBPEMEHHOE COCTOSHUE, XMMNYECKNE DAEMEHTDI.
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Modern state of soil cover Burlin district
of West Kazakhstan region

In the modern world, anthropogenic impact on the environment is common and leads to enormous
consequences, characterized in the form of land degradation, change and deterioration of soil cover,
water pollution, etc. at the moment, more than 1/2 of the landscapes of the earth’s surface are subject to
changes due to human impact, and, of course, this is the soil cover. About twenty per cent of the land
has changed dramatically, this percentage can be attributed to built-up areas, roads, airports, including,
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drained, irrigated or flooded areas. Thirty percent is developed by agriculture, of which ten percent are
arable lands, twenty percent are pastures. That is, human impact on the soil occurs in a variety of forms,
bearing respectively direct or indirect impact. In this regard, timely actions in monitoring and assessing
the current state of the soil cover are important. Therefore, the theme and purpose of this article is the
disclosure of the current state of the soil cover of the Burlin district of West Kazakhstan region. To study
the current state of the soil cover of the Burlin district of West Kazakhstan region, data on soil samples
of 5 key sites from the territory of the Burlin district of West Kazakhstan region were taken. The data of
soil cover samples of 5 key sites were made by specialists of the West Kazakhstan region in the testing
laboratory. The article shows the current state of the soil cover of the Burlin district of West Kazakhstan
region with the study of the main characteristics of the soil cover and with the assessment of contamina-
tion of the soil cover of the Burlin district of West Kazakhstan region. During the study of the soil cover,
the excess of the maximum permissible concentration of such chemical elements as zinc, copper and
Nickel was established.

Key words: anthropogenic impact, pollutants, soil, soil cover, maximum permissible concentration,
current state, chemical compounds.
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batbic KasakcraH 06Abicbl bepai ayaaHbl
TOMbIPAK, YXaMbIAFbICBIHbIH, Ka3ipri 3aMaHFbl XKaFAaiibl

Kasipri TaHAa KopLuaraH opTara aHTPOMOreHAIK acep >KepAiH TO3ybl, TOMbIPakK, >KAMbIAFbICBIHbIH
e3repyi XeHe HalllapAaybl, Cy peCcypCTapbiHbIH AACTaHYbl XKOHe T.6. CUSIKTbl YAKEH 3apAarTapfra oKeAeAl.
Kasipri yakbitTa »kep 6eTi AaHALAPTbICbIHbIH 1/2 GOAIriHEH acTambl aAaMHbIH 9CepiHeH e3repin
OTbIp >X8He apuHe, BYA e3repicke TOoMbIPaK, >KaMbIAFbICHI YilbIparnAbl. OcbiFaH GanAaHbICTbI TOMbIPAK,
>KaMbIAFbIChIHbIH, aFbIMAQFbI Kali-KyiiHE MOHUTOPMHI XKYPridy >K&He YaKbITblAbl GaFasay LIapaAapbiH
KYprizy maHpizabl. COHAbIKTaH AQ, OCbl MakKaAaHbIH TakblpblObl MeH MakcaTbl — bartbic KasakcraH
00AbICbI BepiAi ayAaHbIHAAFbI TOMbIPAK, >KAMbIAFbIChIHbIH, aF bIMAQFbI Kal-KYIiH ally GOAbIN TabblAaAbI.
batbic KaszakcraH 06AbIChl BepiAi ayAaHbIHbIH TOMbIPAK, >KaMbIAFbICbIHbIH, aF bIMAAF bl Kal-KYIiH 3epTTey
ywiH batbic KasakctaH 06AbICbIHBIH bepiAi ayaaHbl ayMaFbiHaH 5 KIATTIK y4YacKeHiH Tomnblpak, YAriAepi
TYpaAbl MBAIMETTEPI aAbIHAbL. 5 KIATTIK yyackeAeri TOMbIpak, >XaMbIAFbICbIHbIH, YAriaepi Opaa k. KP
BfM «Maxambetr OTemicyabl atbiHAarbl baTbic KasakcTaH MemAekeTTik yHuBepcuTeTiHiH» PMKLL
CblHaK, 3epTxXaHacbiHAA OipbiHFait ipikTey TeXHMKACbIHA CoKec OTKi3iAal. Makaraaa batbic KasakcraH
00AbICbI BepiAi ayAaHbIHbBIH TOMbIPAK, >KAMbIAFbIChIHbIH, HEri3ri CUNaTTamaAapbiH 3epTTey XKaHe TorbIpak,
>KaMbIAFbICbIHbIH AACTaHybIHa 6afFa 6epe oTbipbir, baTbic KasakctaH 06AbIChbl BOPAI ayAaHbIHbIH TOMbIPaK,
>KaMbIAFbIChIHbIH, Ka3ipri >karAabl KepceTiAreH. Tonbipak, >XamMbIAFbICbIH 3epTTey 6apbICbiHAA LMHK,
MbIC >K&HE HUKEAb CUSKTbl XUMMSIAbIK DAEMEHTTEPAIH, LWEKTIK payaAAbl KOHLEHTpaumsiAaH GapbiHLA
>KOFapbl €KeHi aHbIKTaAAbI.

TyiiiH ce3aep: aHTPOMOreHAIK 8cep, AacTayllbl 3aTTap, TOMbIPakK, TOMbIPAK, XAMbIAFbICHI, LLIEKTIK
payaAAbl KOHLIEHTPALMSI, aF bIMAAFbI KY, XMMUSIABIK, KOCbIAbICTAP.

BBenenue

Jnst obecrieueHus: yesioBeYeCTBa MPOAYKTaAMH
MUTaHUA U CBIPBEM IS BEAYIIMX OTpacieill mpo-
MBIIIJIEHHOCTH OJHY M3 3HAa4MMBbIX POJEH Urpaer
[IOYBEHHBIN NTOKPOB. JlJIsl OJIy4eHUs IIIAHUPYEMOI
MPOAYKIIMN CEIBCKOTO M JIECHOTO XO3sicTBa He-
00X0JIMM HETPEPHIBHBIA KOHTPOJIb 32 COCTOSTHIEM
MOYB M MOYBEHHOTO MOKpoBa [1], [2].

Ilopsnka aABaaLIATH NPOLIEHTOB 3€MENb U3MEHS-
FOTCS KOPEHHBIM 00pa3oM, K 3TOMY MPOIEHTHOMY
COOTHOILIEHUIO MOKHO OTHECTU 3aCTPOCHHBIE ILIO-
13/, TOPOXKHBIE 00BEKTHI, A9POPOMBI, B TOM YHC-
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Jie U, OCyIlIeHHbIE, 0OBOTHEHHBIE FITH 3aTOTIICHHBIE
Tepputopun. TpuUAUATh MPOIICHTOB OCBAaUBACTCS
CEJIbCKUM XO3SHCTBOM, U3 KOTOPBIX AECATH TPO-
[IEHTOB COCTABIISIIOT MAIllHHU, ABA/NATH MPOLEHTOB
— nacrouma. To ecTh BO3JIcHCTBHE YeIOBEeKa Ha 110~
YBEHHBIH MOKPOB MPOUCXOJUT B CaMBIX MHOT000-
pa3HbIX (hopMax, HOCSIIUX COOTBETCTBEHHO MPSAMOE
HETIOCPEICTBEHHOE WJIM KOCBEHHOE BIUSHUE.
[TouBeHHBII TTOKPOB — 3TO €CTECTBEHHAas 0asa
JUIS TIOCEJIEHUW JI0JIeH, cily)alas OCHOBOW ISt
CO3JJaHUsl PEKPEALMOHHBIX YCJIOBUM, KOTOpas IO-
3BOJISIET CO3/IaBaTh ONTUMANBHYIO YKOJIOTHYECKYIO
00CTaHOBKY /ISl JKWU3HHU, TPYyJla M OTJBIXa JIIOJEH.
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CoBpeMeHHOE COCTOSTHUE TTOUYBEHHOTO ITOKpoBa bypimHckoro paifona 3amanHo-Ka3axcranckoit odnacti

OT TOro, KaKOB XapakTep MOYBBI, CBOMCTBA MOYBBI
Y TIPOTEKAIONINE B HUX XUMHUYECKNE U OMOXHMHYe-
CKHE TIPOIIECCHI, 3aBUCAT YUCTOTA U COCTaB aTMOC-
(bepbl, HA3eMHBIX U MOA3EMHBIX BOA. [louBeHHBIN
MTOKPOB SIBIIAETCS OAHMM K3 HamOOJIee MOITHBIX
PETYISTOPOB XMMHUYECKOTO COCTaBa aTMOC(epsl 1
ruapocepsl. [TouBa Oblia 1 ocTaeTCsl TIIABHBIM yC-
JIOBHEM KH3HEOOeCTIeUeHHsI HAITI 1 4eJI0BEYECTBA
B meniom [3], [4].

Jnst coxpaHeHUs U YIYYIICHUS [OYBEHHOTO
[IOKpPOBA, & 3HAYUT JJI1 OCHOBHBIX >KHU3HEHHBIX pe-
CYPCOB B YCIIOBUSIX MHTEHCH(UKAIMH CELCKOXO-
3SIUCTBEHHOTO MPOU3BOJICTBA, PA3BUTHS IPOMBIIII-
JIEHHOCTH, OYpPHOTO pOCTa TOPOJIOB M TPaHCIOPTa
HEOOXOIUM XOPOIIO Halla)KEHHBIH KOHTPOIIb 32 MC-
M0JIb30BAaHUEM BCEX BUJOB MOYBCHHBIX M 3EMEIb-
HBIX PECYpCOB.

[TouBa sBnsiercsi Hanboyiee YYBCTBUTEIBHOM K
AaHTPOINIOTCHHOMY BO3JeHcTBUIO. M3 Bcex obomouex
3eMITH TOYBEHHBIH ITOKPOB — caMasi TOHKas 000J104-
Ka, MOIIIHOCTh HanoOoJIee MI00POJHOTO TYMYCHPO-
BAHHOI'O CJIOSI JaXKEe B UEPHO3EMaxX HE MPEBBIIIACT,
Kak mpaBuito, 80-100 cMm, a BO MHOTHX TIOYBax 0OJTb-
IIMHCTBA TPUPOIHBIX 30H OHA COCTaBISET BCETO
mumib 15-20 cm [5], [6].

BypnuHckuil pailoH sABIE€TCS aIMUHUCTPATUB-
HO-TEPPUTOPUAIBHON €JUHULOM BTOPOrO YpPOBHS
3amagHo-Kazaxcranckoir oOmactu. AJIMUHHCTpa-
TUBHBIM IIEHTPOM pailoHa SIBJETCS Topoj AKcail.
BypnuHCkuii palioH pPACHOJIOKEH B CEBEPO-BOC-
TOYHOW uacTu 3amaaHo-KazaxcraHnckoil oOmacru.
Paiton rpanuuut ¢ Tpemsa pailioHamu 3anagHo-Ka-
3aXCTaHCKOW 00JIaCTH M Ha ceBepe Mo pexam ek
n XKaiisik ¢ OpenOyprekoii obnacteio Poccuiickoit
®enepanuu. Tepputopus paiioHa 3aHUMAET ILIO-
maab B 5,6 THIC. KBaIPATHBIX KWIOMETPOB [7], [8].

[TouBenHslii mokpoB 3ananHo-KazaxcraHckoit
o0yacT ¢ JaBHUX BpeMeH NpUBIEKAT BHUMAaHWE
HCClieoBaTeNnell MoYBOBEIOB, Te000TAHUKOB, T€0-
rpados. B xonne XIX — nauane XX Beka Obun Ha-
YaThl TEepBble TIIyOOKHE HCCIeNOBaHUS 10 H3yde-
HUIo ouB 3ananHo-Kazaxcranckoit obiacTy.

B 30-e, 1 ocobenHo B 50-€, roabl B CBSI3H C I10-
CTAHOBJICHHEM IPABUTEILCTBA O HIMPOKOM OCBO-
€HUHM CYyXOCTEITHOW 30HBI OpPraHM30BBIBACTCS DS
KpPYIHBIX MMOYBEHHBIX U T€00OTAaHUYECKHUX DKCIIe-
Juuui. B skcnenuuuy mo M3y4eHUIO MOYBEHHOTO
[IOKPOBa YYacTBOBaJIM TaKWe€ BBIJAIOIIHMECS Yue-
Hble-11ouBoBebl Kak b.b. Ilonenos, JI.M. Ilpaco-
noB, B.A. Kosma, W.II. I'epacumoB, M. A. ['ta3oB-
ckas, A.A. Pone, E.W. lBanoB, B.M. ®pumnann,
B.M. BopoBckuii 1 MHOTHE Apyrue. ITH HCCIeN0-
BAHMSI MO3BOJIUJIM YCTAaHOBUTH OCHOBHBIEC 3aKOHO-
MEpHOCTH PACIpOCTPaHEHHs MOYB, 0XapaKTepU30-

BaTh OCHOBHBIE THITBI TOYB (KaLITaHOBBIE, TYTOBBIC,
COJIOHIIBI U T.J.), HAMETUTh OCHOBHBIE ITyTH WX
pa3Butusi U (GopMHUpOBaHUs. BbUIM yCTaHOBIICHBI
OCHOBHBIE OCOOCHHOCTH KaIlITAHOBO-CTEITHOTO MO-
gBOOOpa3oBaTeIbHOTO Mporecca [9], [10].

3HaYNTENLHBIN BKIIAJ B UCCIIEIOBAHUS IOYBEH-
HOTO U PAacTUTEIBHOTO TOKPOBA TEPPUTOPHU €TI0
KapTorpadvpoBaHUsl BHECIH ITOYBOBEABI Y paib-
ckoro Kasrunposzema u yuyensie kadeapsl OoTaHH-
k1 3anagHo-Ka3axcTaHCKOro yHHBEpPCUTETa UMEHU
M. Yremucosa.

Llenpio ncciieoBaHusl JAaHHOW CTATbHU CITYXKHT
paccMOTpeHHEe COBPEMEHHOTO COCTOSIHUS MTOYBEH-
HOro TOKpoBa bypmmHckoro paiiona 3anmamno-Ka-
3axcTaHcKoi obmacti. OOBEKT UCCTIEIOBAHUS — ITO
Tepputopus bypnaunckoro paifona 3amagHo-Ka3ax-
CTaHCKOW 00JacTH.

MarepuaJjibl 1 MeTOAbI HCCIEI0BAHMI

B nanHoli paboTe McclieIoBaHbl OCHOBHBIE Xa-
PaKTEPUCTUKN U COBPEMEHHOE COCTOSIHHE MOYBEH-
HOro mnokpoBa bypiuHckoro paiiona 3ananHo-Ka-
3aXCTaHCKOH 00nacTu.

B xauecTBe Marepuana HccieIOBaHUS ObUIN
HCITOJIB30BaHBI MPOOBI ITOYBEHHOTO oOpasiia Ha 5
KIIFOYCBBIX YUaCTKaXx, UI3y4YCHHLIC B HCIBITATEILHON
naboparopuu PI'KII «3amamno-Kazaxcranckwii ro-
CyIlapCTBEHHBI yHHMBEpPCUTET MMeHH MaxamoOera
YrtemucoBa» MOH PK ropona Ypaibck B COOTBET-
CTBHH C eIMHON MeToanKoi or6opa mpod no CT PK
I'OCT P 51592-2003 [11].

PC3YJII>TaTLI MOJIy4Y€HbI C IMMOMOIIBIO METOAWKHU
KOJIMYECTBEHHOTO XMMUYECKOI0 aHaJIN3a U ¢ MpH-
meaenneM ['OCTa 26449,1-85 w craTHCTHYECKH
oOpaboTansl [11].

Pe3yabTathl u 00cyxn1eHue

[TouBeHHBIN MOKPOB HCCICTYEMON TEPPUTOPHUU
M3MEHSETCS B 3aBUCHMOCTH OT penbeda, JHUTOIO-
THYECKOTO COCTaBa MOYBOOOPA3yHOINUX MOPOJ U
KJIMMaTU4YecKux yciosuil [12]. B cooTBercTBUU C
BIUSHUEM 30HAJBHBIX (PAKTOPOB C ceBepa Ha OT
pacrosaraeTcsi HECKOJIbKO TTOYBSHHBIX 30H: YEPHO-
3eMbI FO)KHBIC, TEMHO-KAIlITAHOBBIC, KAIlITAHOBHIE,
CBETJIO-KaIlTaHOBBIE W Oypwle mouBwl [13]. BHy-
TPU30HAJIBHOE Pa3HO00pa3re MOYBEHHOTO TOKPORBa,
CBSI3aHHOE C MECTHBIMU YCIIOBHSIMH YBJIQKHEHHUS,
penbeda U ¢ XapakTepoM TMOYBOOOPA3YIOMIHUX I10-
poJl, TpeacTaBiseT coOoil spkyro KapTuHy [14],
[15]. Baxwneimei# ocoOCHHOCTBIO TOYB SIBIISICTCS
WX BBICOKasI 3aCOJICHHOCTH [16], [17]. OOpamraer Ha
ce0st BHUMaHUE KOMIUIEKCHOCTh ITOYBEHHOIO U pac-
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TUTEIBHOTO TOKPOBa Ha Tepputopun. PopMupoBa-
HHUE TO0YB B OOJBIIMHCTBE CIy4aeB OIPENeisieTCs
WU3MEHEHUSIMH MHKpopelibeda U COCTAaBOM IOPOJT
Ha HeOOJIBIINX PACCTOSHUSIX U HAXOIUTCS B TECHON
CBSI3H C OOIMMMHU (PU3UKO-TeorpaUIeCKUMH yCIIO-
BUSAMH (CYXOCTh KJIMMaTa, Te0JIOTHIECKON MOJIOJI0-
CTH TeppuTopuH u T.1.) [18].

OsxHBIE YepHO3eMBI PacTIPOCTPAaHEHBI B CTEI-
HO¥ 30He Ha momaau 95 teic.ra. OHU chopmupo-
BaJIMCh Ha IUIOCKUX Bojopaszaenax Oo6mero Ceip-
ta. [louyBoOOpa3yrOMKUMH TIOPOJAMH YaIle BCETO
34€Ch CIIyXaT TAXCIOCYTJIMHUCTBIC U TIIMHUCTBIC
OTIIOKEeHUsI. ['yMyCOBBI TOPU30HT MMEET TEMHO
cepyro okpacky, MoiHocTh ero 40-60 cm, coaep-
kaHue rymyca 3-6,5 %. B MeXCHIPTOBBIX MOHH-
JKEHUSAX M 0alkax mpu OJU3KOM 3aJieTaHWuU TPYH-
TOBBIX BOJ M TPU H30BITOYHOM ITOBEPXHOCTHOM
YBIGKHEHUH (POPMUPYIOTCS TYTOBO-UE€PHO3EMHBIC
MOYBbl. MOIIHOCTE T'YMyCOBOTO TOPH30HTA 3THX
nmo4B OoJbIasg, KOJUYECTBO T'yMyca B BEpPXHEM
ropusoHTe coctasiser 6-8 %. IIpeobmagatoT Ko-
BBUIBHBIC CTEIIU C JIEPHOBO-3JIaKOBOH PacTUTEIb-
HOCTBIO. K 10Ty OT 4epHO03eMOB pa3MeliaeTcs 30Ha
TeMHO-KamTaHoOBbIX 1mo4yB [19]. TemHo-kamiTa-
HOBBIC TIOYBBI 00pa30BANNCh HA MOJIOJBIX CJIa00-
KapOOHATHBIX OTJOKCHHUSAX, OHH OOBIYHO BCTpE-
YalTCsd B COUYUCTAaHUH C THUITYAKOBO-KOBBIIbBHBIMH
pacTUTENBHBIMH acCOUUAUSAMU. [ pyHTOBBIC BOIBI
3/1ech HaxoATcs Ha riryouHe 10 MeTpoB u rimy0xe.
CBepxy B IOYBEHHOM CJIOE 3alleraeT T'yMyCOBBIH
TOPU30HT MEIKO3EPHUCTON CTPYKTyphl. OOmas
MOLIHOCTh T'yMycoBoro ropuszonra 30-45 cm co
cpenHuM cozepkanueM rymyca 3-5 %. Okomo 10
% TuToIa M 3aHUMAaIOT COJIOHIIBI.

KamrranoBbie OYBBI pacronararTcs y3Kou mo-
JIOCOM MEXKAY TEMHO-KAalITaHOBBIMU 1 CBETJIO-Kalll-
TaHOBBIMU mouBaMu. OHHM (OPMHPYIOTCS Ha TIO-
poJiax JIErKOT0 MEXaHMYeCKOTO COcTaBa (Cyrecsx,
MecKax M CYTJIMHKAX ajlTFOBUAILHOTO TIPOUCXOKIC-
HUs). PacTuTenbHBIN OKPOB MX YaCTO MPEACTABICH
THUITYaKOBO-KOBBUTBHBIMH TPyNIHpOBKamMu. Morr-
HOCTh T'yMYCOBOTO ropu3oHTta okosno 30-40 cmM, co-
nepskanue rymyca 2,5-4 % [20], [21].

CBeTJio-KalTaHoOBbIE  TIOYBBI  00pasyroTcs
OOBIYHO B HeFHY6OKHX JOO0JIMHAaX, HaIpaBJICHHBIX
NPEUMYIIECTBEHHO C CEBEpa-BOCTOKA Ha IOTO-3a-
naj. MoLHOCTb T'yMyCOBOI0O TOpU30HTa — 25-35 cM,
conepkanue rymyca B mouse — 1,5-3%. B mosnoce
CBETJIO-KAIITAaHOBBIX MOYB LIMPOKO paclpoCTpaHe-
HBI COJIOHIIBI, PACTHTEIBHBIN ITOKPOB IIPEICTaBICH
IMMOJIBIHHO-TUITYaKOBBIMU T'PYHIIMPOBKAMMU. HO'-IBBI,
MOJyYalolIfe JOTOJHUTEIBbHOE KOJIWYECTBO IO-
BEPXHOCTHOH M TPYHTOBOH BJaru, (hOpMUPYIOTCS B
JIYTOBO-KallITAaHOBBIC. MOIIIHOCTI) TyMyCOBOI'o ro-
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PHU30HTA 3TUX MOYB — 45-55 cM, cojiepkaHue rymy-
ca—2,5-3,5 % [22].

[upoko pacmpocTpaHeHsl cojioHbl. OHU 3a-
HUMAIOT OOIIUPHBIC TUIOIIAIN B 30HE KAIITAHOBBIX
1no4B. CoOJIOHIBI TOKPBITHL 3apOCIHSIMU YEPHO-IIO-
JBIHHO-TUITYAKOBBIX TPYHIUPOBOK. MOIIHOCTH TY-
MycoBOTo ropusonra coctasiseT 30-40 cM, conep-
xanue rymyca — 0,9-2 % [23], [24].

BypnuHCckuil paiioH 3aHUMAET BOAOPa3IEIbHYIO
yactb [lomypansckoro miaro YTBuHO-HMnekckoro
Bojiopaszjienia. [IouBEeHHBIN MMOKPOB paHee XapakTe-
pHU30BaNICS I0KHBIMH YEpHO3E€MaMH U TEMHO-Kalll-
TaHOBBIMH MOYBaMu [25], [26].

Pacnonoxenue  uccieqyeMblx — KIIFOUEBBIX
YYaCTKOB IO MPoOaM MMOYBEHHBIX 00pa3IoB ObLIO
BBIOpaHO B bypimHCKOM paiioHaX, Tak Kak IENIbI0
HCCIIEA0BAHUS CITYKUT PACCMOTPEHUE COBPEMEHHO-
IO COCTOSIHUA TIOYBEHHOT'O TMOKpoBa bypruHckoro
paiiona 3anaano-Kazaxcranckoil oonactu.

Hwnxe na pucynke 1 u B Tabnune 1 mokazaHsl
KITIOYeBBIE y4acTKHU bypiuHckoro paiiona 3anaaHo-
Kazaxcranckoii o0nactu.

CorracHO CTaTHCTHYECKON 00paboTKe, clenan-
HOM B ucmbITaTenbHOM TabopaTtopuu PI'KII «3aman-
Ho-KazaxcraHckuii rocy1apCTBEHHBIN YHUBEPCUTET
nMmeHn MaxambOeta YtemucoBay MOH PK ropona
VYpanbck B COOTBETCTBUM C €IMHOW METOAUKON OT-
6opa npo6 Ha ocHoBe CT PK 'OCT P 51592-2003,
B Ta0nuie 2 TOKa3aHO CO/ep)KaHWE XUMHYECKUX
3JIEMEHTOB B TOYBEHHOM MOKpoBe bypiuHCKOro
paifona 3anaano-KazaxcraHckoil odiacTu.

B Tabmurie 2 moka3zaHO conep)KaHWEe XHMHYeE-
CKHX 3JIEMEHTOB B [IOYBEHHOM IOKpoBe byprnnHcko-
ro paiiona 3amagno-Kaszaxcranckoii obmactu. Ilo
BBINICYKA3aHHBIM JaHHBIM B TAOIHUIE 2 TOIYYEHBI
pe3yNIbTaThl IO TAKUM XUMHUYECKHUM 3JIEMEHTaM Kak
MeJIb, CBUHEII, [IUHK, KaJIMHI, HUKEIh U KOOAJbT.

Amnanu3 tabanipl 2 10Ka3bIBAET, YTO B IIOYBEH-
HOM TIOKPOBE JaHHBIX KIIOYEBBIX YYaCTKOB €CTh
npeBbliienre [1JIK 1Mo HEKOTOPHIM XUMUYECKUM
aneMeHTaM. boiee moxpoOHOe onMcanne u 00CyX-
JIEHUE TI0 KJIFOUEBBIM ydacTkaM Tabmmil 1 u 2 ¢ aHa-
JU30M 3arpsi3HEHUM OYBEHHOTO MOKpoBa bypnun-
CKoro paiiona 3amanHo-KazaxcTaHCKOW TOKa3aHO
HUXKE.

[To nepBoMy KItOUEBOMY y4acTKy bypiauHCKo-
ro paiioHa, mocenka Kanaii Oaccelina peku JKalbik
pe3ysbTaThl XUMHUYECKHUX SJIEMEHTOB IO IIUHKY Ba-
PBUPYIOT B MpOMexyTke 35,55+0,7 Mr/nm*® u ume-
FOT 3HAUUTEJBHOE MPEBBIIICHUE 10 NPEAEIbHO-0-
IyCTUMO# KOHIIEHTpaluu Ha 35,25 mr/am?, Takke
coJiepyKaHUe HHKens cocTaBimsier 82,76 Mr/mmic
BapbupoBaHueM +0.28 1 3HAUUTEIHHBIM MPEBbIIIE-
aueM IT/IK Ha 79,76 Mr/am°, 9To TOBOPHT O BO3IEH-
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CTBMM Ha TOYBEHHBIN IMMOKPOB BHEIIHHUX (HaKTOPOB
B BH/JIE MOTJIOIICHNUS, BBIIEISAIOMNXCS XUMUKATOB C
TEPPUTOPUI TpeAnpusTuii no Hedre-razoqo0bIUe
u nepepabotke HeTH, OOPATOBBIX PY[, TOPIOYHX
CITaHIIEB, KAJIMTHO-MarHUEBEIX COJICH, IIEMESHTHOTI'O

CBIPBS, KEPAM3HTOBBIX IJIMH, CTPOUTENIBHOTO U aJl-
JIIOBUAJILHOT'O TIECKa U T.1. Pe3ysibTaThl conepxanus
MEIH, CBUHIIA U KaJMHsI BAPUPYIOT B TOIYCTHMBIX
MPOMEXKYTKAX, HE MPEBBIMIAIONINX MPEIEIbHO-/10-
[IyCTUMYI0 KOHLICHTPALHUIO.

Pucynok 1 — KirtoueBbie y4acTku ¢ MpoOaMu MOYBEHHBIX 00pa3IoB
Bypnmmckoro pationa 3ananHo-Kazaxcranckoii obmacti

Tabauna 1 — KittoueBble ygacTku ¢ mpobaMu MOYBEHHBIX 00pa3noB Bypnunckoro paiiona 3anmagno-KaszaxcraHckoit obmactu

Ne o
KapTe

KiroueBble yuactku

Koopannarst

PacTtutenbHOCTD, IOYBA

1

Bypnunckuii p-u, n. Kanait

51°24° 46,87 (c.11.)
52°36°32,3” (B.1.)

['opbKyIIOBO-IIBIPEIHBIH JIYT, aITIOBUATIBHO-
JIyTOBasi COJIOHYAKOBATAs SHKEIOCY TIHHUCTAS

Bypnunckuii p-H, pexa Y1Ba

51°25° 11,6” (c.uwL.)
52°47°14,2” (8.1.)

Co01KOBO-KOCTPOBAs acc (CKOLIEHO), COJIOHEI]
JIyTOBOM ITyOOKOIPOMBITBIHN TSKEIOCYITHHUCTBII

Bypaunckuii p-H, n. O6naBka,
p. “Kaiibik

51°28°22,9” (c.uwL.)
52°57° 17,3 (B.1.)

J1yO0BO-BSI30BHUK €KEBUYHBIH, J1€CO-JIyrOBast
MOLIHAs IPOMBITAs TSKEJIOCYTTIMHUCTAs

Bypnunckuii p-s, 1. XKapcyar

51°29° 13,47 (c.ur.)
53°17°15,1” (8.1.)

benoTononeBHNK BEHHUKOBBIN, aJIIIOBUAIBHO-
JIyroBast KapOOHATHAS TSDKENOCYTTIMHUCTAS

Bypnuncknii p-u, m. XKapcyar

51°23°05,6” (c.1wL.)
53°18°07,9” (B.1.)

BenoromnoneBHmK e)KeBPI'—IHI:IfI, JIyroBO-
AJUIIOBUAJIbHAs CylecuaHas
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Tabauna 2 — CogeprkaHue XUMHUECKHUX YJIEMEHTOB B TOYBEHHOM MTOKPOBE 110 KIIFOUEBBIM yyacTkaM bypiimHckoro paiiona 3anaaHo-

Kasaxcranckoii obnactu

Ne o Cu, Pb, Zn, Cd, Ni, Co, Cranp. C Meroauka
Kapre Mmr/nom? mr/ nm? mr/ nm? mr/ am? mr/ am? Mmr/nom? OTKJIOH v BeinoyiHeHnss KXA
1 |27,39+0,28 | 13,3+0,5 | 35,55+0,7 | 0,27+0,4 |82,76+0,28 | 2,17+0,28 0,26 0,13 | TOCT 26449,1-85
2 10,86+0,19 | 10,0+0,38 | 0,4+0,08 | 0,22+0,05 | 27,56+0,8 | 0,89+0,19 0,62 0,14 | TOCT 26449,1-85
3 12,19+£0,27 | 7,8540,16 |24,41+0.35| 0,25+0.04 | 48,89+0.85| 1,27+0,02 0,19 0,11 | TOCT 26449,1-85
4 [13,56£0,15 | 6,56+0,18 |22,44+0,36 | 0,14£0.03 | 68,67+0.87 | 1,48+0,03 127 0,17 | TOCT 26449,1-85
5 9,76+0,17 | 7,28+0,21 |21,86+0,34| 0,17+0,01 |41,95+0,75| 0,78+0,01 0,75 0,11 ['OCT 26449,1-85
TIJIK 30,0 50,0 0,30 5,0 3,0 1,0

ITo BTOpOMY KIItOUEBOMY Y4acTKy bypimHCKO-
ro paiioHa, pexu YTBa Oacceiina pexu JKalbk pe-
3yJbTAThl XUMHUYECKHUX AJIIEMEHTOB 110 HUKENIO Ba-
PBHUPYIOT B IpoMexyTke 27,56+0,8 Mr/amM> u umeroT
3HAYUTENLHOE TPEBHIIICHUE IO TMPEeITbHO-OITY-
CTMMOM KOHIIEHTpaIuu Ha 24,56 Mr/mamM>, 9ro Tak-
7K€ TOBOPUT O BO3JICWCTBMU HA MOYBEHHBIN NTOKPOB
BHEIMIHUX (DaKTOPOB B BUJIE TOTJIONICHUS BBIJIEIS-
IOIIMXCSI XUMUKATOB C TEPPUTOPUN MNPEANPUITUI
o He(Te-ra30/100b14e U UX nepepadotke. Pesyib-
TaThI COJICPIKAHUS ME/IU BaPHUPYIOT B IIPOMEKYTKE
10,86+0,19 mr/mm*; BapbUpOBaHKE CBHHIIA TIPOXO-
Ut B mpomexytkax 10,0+0,38 mr/am®, nuHka — B
npomexyTtke 0,4+0,08 Mr/om®, kaamust — B mpome-
xyTre 0,22+0,05 Mr/nm> 1 KobarbTa — B IIPOMEKYT-
kax 0,89+0,19 mr/aM® B JOMYyCTUMBIX 3HAYEHUSX,
HE TPEBBINIAIONIUX MPEAETHHO-I0MYCTUMYI KOH-
[EHTPAIHIO.

Tpernii KiIrO4eBON ydacToK bypimHCKoro paii-
oHa nocenka OOGnaBka Oacceiina pexu JKaiiblk U3
TaOMuIBl 2 TOKa3aj, YTO COMEpPIKaHUe HEKOTOPBIX
XUMUYECKUX DIIEMEHTOB, TAKMX KaK IIMHK, HUKEIb
1 KOOaIbT, UMEIOT TIPEBHIIIICHUS TI0 MTPEJIEITbHO-]10-
MTyCTUMOU KOHIIEHTPAIIH.

Ilo werBepTOMy KitOUeBOMY ydacTKy bypiun-
ckoro paiiona mocenka JKapcyar OacceliHa peku
JKaitplk pe3ysibTaThl XMMHUYECKUX 3JIEMEHTOB I10
MEIU BapbUPYIOT B IpomexyTke 13,56+0,15 wmr/
oM, o cBUHIlY — 6,56+0,18 Mr/nm?, mo kaaMuio
— B mpomexyTke 0,14+0,03 Mr/mm® B TOMyCTHMBIX
3HAUCHUSAX, HE MPEBBIMIAIONINX TPEIeTbHO-TO0IY-
CTUMYIO KOHIIeHTpanuto. LIMHK BappupyeT B mpo-
MeKyTKe 22,44+0,36 Mr/mM® ¥ 3HAYUTENBHO IIpe-
Beimaer ITJIK wa 19,44 mr/am®. Taxoke uUMeroTCst
3HAYUTENbHBIC TPEBBINICHUS M0 HUKEII0 C BapHua-
el B mpoMekyTke 68,67+0,89 Mr/mM® u mpeBbI-
[ICHUEM TPEeAeNbHO-I0MYCTUMON KOHIICHTPAIlUU
Ha 65,67 mr/aM®. DTO TOBOPHUT O TEXHOTCHHOM Ha-
PYLICHUH ¢ HAaUOOJNBIINM BIIMSHUEM TPEATPUATHIHA
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o Hedre-ra30q00bIYe HA PACTUTENHLHBIN TOKPOB B
palioHe 4eTBEepTOro KIFYEBOT0 y4acTKa.

ITaTeiil kitoyeBOM ydacTok BypiuHckoro paii-
oHa nocenka JKapcyar Oacceiina peku JKaiibik u3
TaOIUIBI 2 TOKa3all CoJepKaHue MEJH, CBHHIIA H
KaJMusl B TIpeAesiax HOPMBI U HE IMPEBBIIIAIONINX
MpeaeNbHO-I0MyCTUMYIO0 KOHIeHTpauuto. Ho Tak-
YK€ UMEIOTCS 3HAYUTEIIHHBIE TTPEBBIICHUS 110 IIUHKY
u HuKemo ¢ pasuutieit ot ITJIK na 21,56 mr/am> u Ha
38,95 mr/am’.

AHanu3 Tabnuibl 2 TOKa3bIBaeT, YTO COJEP-
JKaHWe MeJW, CBUHIIA, TWHKA, KaJIMUs, HUKEIS, KO-
0anbpTa B MOYBEHHOM IOKPOBE JAHHBIX KIFOUEBBIX
yaactkoB mipesbiiiaet [1/IK. Haubonee aktuBHO B
MIOYBAX JAHHOM TEPPUTOPUUHN HAKATUTUBAETCS ME/Ib,
LUMHK U HHUKEJb, KOHLUEHTPALHUsi KOTOPHIX B pa3bl
npesbimaer [1/IK. Boicokue copepxanus ITHK
JTAHHBIX XUMUYECKHUX 3JIEMEHTOB B TIOYBEHHOM I10-
KpOBE B MEPBYIO Oouepeib 00YCIIOBJICHbI OOJIBIINM
KOJIMUYECTBOM TEXHOT€HHBIX HCTOYHHKOB. B mpene-
JaxX STOW 30HBI PACIOJIOKEHO OONBIIMHCTBO pPa3-
HOMPOQUIBLHBIX MPOMBIIUICHHBIX MPEANPHUIATHH, a
TaK)KE PACIIONIOKEHBI KPYITHBbIE HACEICHHBIC ITyH-
KTBI, TO3TOMY JaHHAs TEPPUTOPHS HCIIBITHIBACT
MOBBIILICHHYIO TEXHOTEHHYIO HAarpy3Ky M IMOYBEH-
HBI TIOKPOB O0OyiajjaeT OOIbINeH TOKCHYHOCTBHIO.
IToMUMO TEXHOTE€HHBIX HCTOYHHUKOB, CBOM BKJIAJ B
3arpsi3HEHHE MOYBEHHOTIO MOKPOBa BHOCSAT M IPH-
ponHbIe (haKTOPHI.

BriBoabI

Bbout ucciienoBan nouyBeHHbIN MOKPOB bypiinH-
ckoro paiona 3anamHo-Kazaxcranckoil obnactu.
Paccmotpena oOmias kapTWHa COBPEMEHHOTO CO-
CTOSIHUS TIOYBEHHOTO MOKpoBa. OrpeneseHo couep-
JKaHUC 3arpsa3HdAromnX BCHICCTB 1O XUMHWYCCKUM
aneMeHTaM. B kauecTBe BBIBO/Ia OTMEYACTCS CIIeTy-
romee:
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1. HaGarogeHus ¥ aHAIM3 COCTOSHHUS TOYBEHHO-
ro mokpoBa bypmmHCcKoro paiiona 3amagHo-Kazax-
CTaHCKOW 00JIaCTH TO3BOJIMJIN YCTAHOBUTH OCHOB-
HBIC 3arpsI3HSIONIME BELIECTBA, TAKUE XUMUUYCCKUE
2JIEMEHTHI KaK MeJlb, HUKEJIb U IINHK.

2. IlouBenHslii mokpoB bypiuHckoro paiio-
Ha 3amagHo-KaszaxcTaHckoli oOmacTu XapakTe-
pu3yeTcs TEXHOTEHHBIM HapyIIeHHeM, OOYCIIOB-
JICHHBIM ~ (DYHKIIMOHUPOBAHHEM MPOMBIIUICHHBIX
00BEKTOB M TpaHcmopra. HamOombinee BiIHsHUC

OKa3bIBAIOT MPEANPHUATHS 110 HeTe-Tra30100b19e U
repepadoTKe.

3. 3arps3Henue nouB bypiauHCKOTO paiioHa
3amagHo-Kazaxcranckoil o00JacTH HOCUT MeEJ-
KO-TUIOIIQIHBIN U JIMHEHHBIM XapakTep, B 3HAYHU-
TEIbHBIX MPEBBLIIMICHUSX OTACIbHBIX XUMHUYECKHUX
3JIEMEHTOB.

4. HanGomnpIime HaKOTIIICHHS 10 MEJTH, [INHKY 1
HUKEII0 B TIOYUBEHHOM IOKPOBE OTMEYEHBI B byp-
JIMHCKOM paiioHe y noceska Kanaii.
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THE STUDY OF ANTIGENOTOXIC ACTIVITY
OF THE MEDICINAL PLANTS INFUSIONS
OF TRANS-ILI ALATAU

Due to growing number of factors causing a hazard effect to nature, the search for protectors be-
comes urgent in environment. Using the bioluminescent test (lux-biosensor), genotoxic, oxidative, anti-
genotoxic and antioxidant activities of sage (Salvia officinalis), oregano (Origanum vulgare), chamomile
(Matricaria chamomilla) and yarrow (Achillea millefolium) have been studied. We used genetically modi-
fied E. coli strains: E. coli MG 1655 (pColD-lux), E. coli MG 1655 (pRecA-lux), E. coli MG 1655 (pSoxS-
lux), E. coli MG 1655 (pKatG-lux). The operon MG 1655 is responsible for the work on luciferase and
the provision of bioluminescence, which applied in this test for its reporter function. The infusions inves-
tigated under various methods of preparation (concentrated, diluted and phyto-tea) did not reveal geno-
toxic and oxidative activity. The induction factor of the SOS-response in all strains is statistically signifi-
cant, not exceeding the level of the negative control (distilled water). The combined effect of medicinal
plants with mutagen 4-nitroquinoline 1-oxide (4-NQO) and oxidants paraquat with hydrogen peroxide
did not show a statistically significant decrease in SOS responses to the pColD-lux, pRecA-lux, pKatG-
lux pSoxS-lux sensors, induced by 4-NQO, hydrogen peroxide and paraquat. The exception alerted
by sage. Concentrated sage infusion, prepared according to the recipe, and sage phyto-tea statistically
significantly reduce the induction factor of the pKatG-lux biosensor SOS response (p <0.001). The level
of inhibition depended on the type of infusion. Concentrated infusion and phyto-tea showed a strong
antioxidant effect against hydrogen peroxide, while inhibition was 43.6% and 46.8%, respectively. Di-
luted sage infusion showed a moderate antioxidant effect with an inhibition rate of 29.2%. Thus, using a
bioluminescent test, antioxidant activity of the concentrated infusion and phyto-tea of sage are released
using the pKatG-lux biosensor. It can be assumed, that the sage infusion contains biologically active
substances that are capable of both inactivating hydrogen peroxides and organic peroxides. Considering
that oregano, chamomile and yarrow contain many biologically active substances, but the test did not
reveal antigenotoxic and antioxidant activity. Therefore, it can be concluded that the required amount of
biologically active substances for detect activity is not extracted during the preparation of the infusion.

Key words: lux-biosensors, Salvia, Origanum, Matricaria, Achillea, antioxidant.
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123459a-PDapabu aTbiHAaFbI Kasak, yATTbIK, yHuBepcuTeTi, KasakcraH, AAmarbl K.
°H.. BaBMAOB aTbIHAAFbI XKAAMbI FeHeTrKa MHCTUTYTbl, M.B. AOMOHOCOB aTbIHAAFbI
Mackey MemAekeTTik yH1BepcuTeTi, Pecert, Mackey k.

Ire AAaTaybIHbIH, ASPIAIK ©CIMAIKTEpiHIH, TYHOaAapbIH
AHTUreHOTOKCMKAABIK, GeAceHAAIKKe 3epTTey

KopwaraH opTapa  KayinTi  3KOAOTMSAbIK — (DakTOpAapAbiH — KebewiHe  6GaiAaHbICTb,
KCEHOOMOTUKTEPMEH MHAYLMPAEHETIH TOKCMKAABIK, >KOHE 3KOAOTUSIAbIK, SCEPAEPAI Ty3ey YLIiH
Taburn 3ppekTUBTI NMpoTeKTOpAapAbl Taby e3ekTi MaceAe GOAbIN TabbiAasbl. BUOAIOMMHMCLEHTTI
TecT (lux-6roceHcop) kemeriMeH canbeH (Salvia), kmikoTtbl (Origanum), Tyrmeaak, (Matricaria) >xkeHe
mbitpkanbipak,  (Achillea) TyHGaAapbiHbIH — F@HOTOKCMKAABIK, OKCMAQHTTbI, aHTUIEHOTOKCMKAAbIK,
b6eaceHAinikTepi 3epTTeaai. Xymbicta E. coli: E. coli MG 1655 (pColD-lux), E. coli MG 1655 (pRecA-
lux), E. coli MG 1655 (pSoxS-lux), E. coli MG 1655 (pKatG-lux) reHeTnkaAblK, MOAMMKALMSIAAHFAH
LWTaMMA@pPbl KOAAQHbIAABL. ATaanFaH MG 1655 onepoHbl AtoumdepasarapAbiH XKYMbICbIHA >kayar
bepeAi xaHe BYA TecTTe penopTepAi MIHAET aTKapaTbliH OGMOAIOMUHUCLEHLMSHBI KaMTamachl3 eTeAi.
3epTTeAiHeTiH TyHOGaAap OpPTYPAI AasipAay ToOCIAAEPIHAE (KO, CYMbIATbIAFAH >K8He UTO-LLSIA)
reHOTOKCUKAABIK, >KOHE OKCUMAAHTTbl BEACEHAIAIK KepceTkeH >OK. SOS-ayanTbl MHAYUMPAENTIH
akTop 6apAbIK, LITaMMAApAQ Tepic 6GakblAayAblH (AMCTUAAMHIEH CYy) AEHreiiHeH CTaTUCTMKAAbIK,
MaHbI3Abl TYPAE acKaH >KOK. ASPiAik ©CIMAIKTEPAIH TyHGaAapbl MyTareH 4-HUTPOXMHOAMH T1-oKcma
(4-HXO) >xeHe OKCMAAHTTap Mapaksat, CyTeriHiH ToTbiFbiMeH Gipre acep etkeHae pColD-lux, pRe-
cA-lux, pKatG-lux >xeHe pSoxS-lux ceHcopaapbiHaa 4-HXO, cyTeriHiH TOTbIFbl >XK8He MapakBatreH
MHAYUMpPAEHTeH SOS-)ayanTblH CTaTUCTMKAAbIK, MaHbI3Abl TYPAE TOMEHAeYi OaiikaAraH >KOK. Tek
conbeH TyHOaAapbl epekileAik kepceTTi. Peuent GomblHILA AaMblHAAAFAH COAGEHHIH KOl TyH6achl
skoaHe uto-wan pKatG-lux 6roceHcopbiHbiH SOS->kayanTbl MHAYKUMSIAQY (DAaKTOPbIH CTAaTUCTMUKAADIK,
MaHbI3Abl Typae (p<0,001) TemeHaeTTi. COHbIMEH KaTap MHIMOMPARY AeHreni TyHOa TypiHe ToyeAAi
60AAbl. COABEHHIH KO TyHOACbl XK8He LWdi CyTeri TOTbIFbHA KApPCbl KYLITI aHTUOKCUAAHTTbI acep
KOpCETTI, MHIMBUpAeY coankeciHwe 43,6% xoHe 46,8% Kypaabl. AA COAGEHHIH CYMbIATbIAFAH TyH6aChI,
MHIMbUpAey AeHreni 29,2%, oprtalla aHTUOKCMAAHTTbI acep 6epAi. Ocbirai, OGUOAIOMUHMUCLEHTTI
TECT KOMeriMeH CoAGEHHIH KO0 TyHOachl MeH (OUTO-LLBMIHIH aHTMOKCUAAHTTbI GeAceHAiAir pKatG-
lux 6roceHcopbl apkpiAbl KepceTiaai. CoabeH TyHOaAapbiHbIH, KypamblHAQ, TMAPOTOTLIKTAPAbI >KaHE
OpraHUKaAbIK, MEPOKCUATAPAbI MHAKTMBaLMsIAAYFa KabiAeTTi GUOAOTMSAABIK, GeACeHAT 3aTTap 6ap AereH
6oAKam >kacayra 60AaAbl. KMikoTbl, TyMeAaK, >KoHe MbIHXKarbIpak, KypambiHAA KOMTEreH GUOAOTUSAbIK,
6eAceHAl 3aTTap 6ap ekeHiH eckepe oTbIpbIr, 6ipak, TECT aHTUFEHOTOKCUKAABIK, XKOHE aHTMOKCUAAHTTb!
GeACEeHAIAIK aHblKTamaraHblHa CyMeHin, TyH6a AaiblHAAFaH ke3ae, GEACEHAIAIK aHblKTay YUliH,
BGUOAOTMSIAbIK, GEACEHA 3aTTapAbIH KEPEKTI MOALLEpi aAbiHOaAbl AereH 60AXKam anTyFa GoAaAbl.

Tynin ce3aep: lux-6uocencopaap, Salvia, Origanum, Matricaria, Achillea, aHTrokcmaaHT.
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MN3yyeHne aHTUreHOTOKCUYeCKOM aKTUBHOCTU HacTO€eB
A€KapCTBEHHbIX pacTeHui 3auAMinckoro Aaaray

B cBs3n ¢ YBEAUYEHNEM SKOAOTMYECKM OraCHbIX (baKTOpOB B Opr)KalOU.Lel;l cpeae CTaHOBUTCA
adKTYaAbHbIM  TMOUCK :-)dJCbeKTMBHbIX NMPOTEKTOPOB TPUPOAHOIro TPONCXOXKAEHUA AAAd KOPpeEKUNn
TOKCNYECKNX U TreHeTn4eCKnx :-)dI)CbeKTOB, MHAYUUNPYEMbIX kceHoOuoTnkamm. C NMOMOLUbIO
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6roAlommHecueHToro  tecta  (lux-6moceHcop) ObIAM  M3yueHbl TeHOTOKCMYeCKasi, OKCUMAAHTHas,
AHTUreHOTOKCMYECKast M aHTMOKCUMAAQHTHAs aKTMBHOCTM HacToeB wwaAdes (Salvia officinalis), aywmupbi
(Origanum vulgare), pomauikm (Matricaria chamomilla) 1 Tbicsueanctruka (Achillea millefolium). B
paboTe GbiAM UCMOAb30BaHbl FEHETUYECKM MOAMMUUMPOBaHHbIe WTammbl E. coli: E. coli MG 1655
(pColD-lux), E. coli MG 1655 (pRecA-lux), E. coli MG 1655 (pSoxS-lux), E. coli MG 1655 (pKatG-lux).
AatHbir onepoH MG 1655 oTBeuvaet 3a paboTy Aoumdepas 1 obecrneunsaeT GMOAIOMUHECLIEHLMIO,
MCMOAb3yEMYIO B AQHHOM TecTe B KauecTBe pernopTepHoi (yHKUMM. Mccaeayemble HacTou mpu
Pa3AMYHbIX CNOCOOAX MPUrOTOBAEHMS (KOHLEHTPMPOBAHHbIN, pa36aBAEHHbIN 1 (PUTO-Yait) He NMPOSBUAM
reHOTOKCUMYECKOM M OKCMAAHTHOM akTuBHoCcTU. (DakTop mHAYKUMM SOS-0TBeTa y BCex LUTaMMOB
CTaTUCTUYECKM 3HAUMMO He MPEBbILLIAA YPOBHS OTPULIATEABHOTO KOHTPOAS (AMCTUAAMPOBAHHAS BOAQ).
[Npy COBMECTHOM BO3AEMCTBMM HAaCTOEB AEKAPCTBEHHbIX PACTEHUI C MyTareHOM 4-HUTPOXWMHOAMHA
1-okcmaom  (4-HXO) 1 okcupaHTaMmM MapakBaTOM M MEPEeKMCbio BOAOPOAA He HabAOAAAOCH
CTaTMCTUYECKM 3HAUMMOTrO CHkeHns SOS-oTeeToB Ha ceHcopax pColD-lux, pRecA-lux, pKatG-lu xum
pSoxS-lux, nHayumpoBatHbix 4-HXO, nepekmncbio BOAOPOAA M MapakBaToM. MCKAIOUEHME COCTaBMAM
HacTomn waAdes. KOHUEeHTPMPOBAHHbI HaCcTOM LWaAdesi, NPUroTOBAEHHbIM COMAACHO peuenType, u
1TO-Yait CTAaTUCTUYUECKM 3HAUYMMO CHMXKaAM hakTop MHAYKuMM SOS-otBeta 6GuoceHcopa pKatG-
lux (p<0,001). INpn 3TOM ypOBEHb MHIMOMPOBaHMS 3aBMCEA OT BMAA HACTOS. KOHLEHTPMPOBaHHbIN
HACTOM M yai waAdes NpogBUAM CUAbHBIA AHTMOKCUMAQHTHBIA 3(PPeKT NPOTMB NEPEKNCcU BOAOPOAQ,
NPV 3TOM MHIMOMPOBaHKE COCTAaBMAO COOTBETCTBEHHO 43,6% 1 46,8%. PazbaBAeHHbI HACTOM WaAdes
AAA YMEPEHHbI aHTMOKCMAAHTHBINA 3(OEKT C ypoBHEM MHIrMOMpoBaHus 29,2%. Takum obpasom, ¢
MOMOLLbIO BUOAIOMMHECLIEHTHOT O TECTa NMoKa3aHa aHTMOKCUMAAHTHASI aKTMBHOCTb KOHLLEHTPUPOBAHHOIO
HacTos 1 hnto-yas waades ¢ nomoLbio 6roceHcopa pKatG-lux. Mo>KHO MPeANOAOXKUTb, UYTO B COCTaBe
HacToeB LWaAdes CoaepKaTcs BUMOAOrMYEcKM aKTMBHblE BeLLeCTBa, CMOCOOHbIE WMHAKTMBUMPOBATb
rMAPOMEpPeKMcH U OopraHMyeckme MepokCMAbL. YunTbiBas, YTO AyLUMLQA, POMALLKA, TbICIYEAUCTHUK
coAepKaT MHOXECTBO OMOAOTMYECKM aKTUBHbIX BELLECTB, @ TECT HE BbISIBUA AHTUIE€HOTOKCUYECKOM
M aHTMOKCMAAHTHOM aKTUBHOCTU, TO MOXXHO MPEAMOAOXMTb, YTO MPWU MPUrOTOBAEHWM HACTOEB He
M3BAEKAETCS HY)XHOE KOAMYECTBO OMOAOTMUYECKM aKTUBHbIX BELLECTB AAS BbISIBAEHUSI aKTUBHOCTMU.
KaroueBbie caoBa: lux-6nocercopsl, Salvia, Origanum, Matricaria, Achillea, aHTrokcnaaHT.

Introduction

Most of the chemical pollutants of the environ-
ment are capable of genotoxic, mutagenic and car-
cinogenic effects on organisms. The genotoxicity of
any factor is maintained in direct and indirect effects
on DNA [1]. The mediated effect on DNA may be
due to the activation or inhibition of various pro-
cesses in the cell, for example, induction of intracel-
lular free radicals and inhibition of the activity of
cellular repair systems [2, 3]. As arule, a wide range
of genetic effects are recorded in genetic toxicology
using methods for determining the induction of a
SOS response in bacterial cells, reparative synthesis
and DNA breaks in mammalian cells [1].

It is impossible to escape human contact with
genetically dangerous factors in everyday life.
Therefore, the search for effective protectors,
antigenotoxicants and antimutagens, becomes
extremely important. Most of the biologically
active substances (BASs) of natural origin, such
as vitamins, vegetable flavonols, phytohormones,
polypeptides, amino acids, etc., have such
protective properties. Many BASs have antioxidant
properties and can increase the body’s resistance
to various genotoxicants. In recent years, interest
in the study of medicinal plants as promising

sources of antimutagenic active substances has
increased significantly, due to their low toxicity
and allergenicity, complex effects on the body and
the possibility of long-term use without side effects
[4-6]. Biologically active compounds can affect the
genotoxic factor simultaneously in several different
ways, which significantly increases the effectiveness
of the antigenotoxicant itself [7]. Therefore, the
search for effective protectors of natural origin
for the correction of genetic effects induced by
xenobiotics widely used by humans, as well as
prevention means for the protection of hereditary
structures, is an extremely important task.

Flora of Kazakhstan has about 6000 species
of higher strata, of which 1406 are medicinal. In
Kazakhstan, only 230 species are actually used in
official medicine [8]. A survey conducted by us in
August 2017 showed that the population knows just
over 60 species of medicinal plants used for treatment
and nutritional purposes. The flora of the Ile Alatau
mountain range includes over 800 plant species, of
which 117 species are medicinal. In phytochemical
terms, the medicinal plants of the local flora contain
most of the known classes of biologically active
substances. Among them are predominant species
containing flavonoids and their derivatives (60% of
species), alkaloids (42%), organic and phenolic acids
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(34%), vitamins (32%), tannins (29%), coumarins
(25%) and others. According to the phytochemical
composition, medicinal plants of Kazakhstan have
a very wide spectrum of pharmacological action [8].

Plants of the genera Matricaria and Achillea
of the Asteraceae family are used as anti-
inflammatory, antiviral, antibacterial, wound
healing, sedative, antioxidant, detoxifying,
anesthetic, hepatoprotective, and antiseptic [8-
10]. Plants genera of the Origanum and Salvia of
the Lamiaceae family have anti-inflammatory,
antioxidant, sedative, antibacterial, wound healing,
tonic, antiseptic effects, and are used in diseases of
the upper respiratory tract and the gastrointestinal
tract [8, 11, 12].

The purpose of this study was to study the
genotoxic and antigenotoxic activity of infusions
of sage (Salvia officinalis L.), oregano (Origanum
vulgare L.), chamomile (Matricaria chamomilla
L.) and yarrow (Achillea millefolium L.) grown in
Trans-I1i Alatau, using /ux-biosensors.

Materials and methods

Infusions of sage (Salvia officinalis L.), orega-
no (Origanum vulgare L.), chamomile (Matricaria
chamomilla L.) and yarrow (Achillea millefolium L.)
were tested for genotoxic and antigenotoxic activity.

Were used 3 types of infusion of medicinal
plants: concentrated — according to the recipe; di-
luted — concentrated infusion, diluted 2 times; tea
— 1 spoon of a medicinal plant raw was poured with
boiling water and infused for 15 minutes.

Distilled water served as negative control. 4-ni-
troquinoline 1-oxide (4-NQO, C;HN,O,) was used
as a genotoxicant (positive control), and paraquat
(C,H,,C N) and hydrogen peroxide (H,0,) were
used as oxidative substances (positive control).

We used genetically modified E. coli strains:
E. coli MG 1655 (pColD-lux), E. coli MG 1655
(pRecA-lux), E. coli MG 1655 (pSoxS-lux), E. coli
MG 1655 (pKatG-/ux) [13-15]. This operon is re-
sponsible for the luciferase function and provides
the bioluminescence used in this test as a reporter
function. Strains courtesy of G.B. Zavilgelsky and
I.V. Manukhov (State Research Institute of Genet-
ics, Moscow).

For detection of substances that induce DNA
damage, the promoters pColD and pRecA were
used. To activate these promoters, 4-nitroquinoline
1-oxide (4-NQO) at a concentration of 75.0 pg/ml
was used. For the detection of substances that induce
oxidative stress in the cell, the PkatG and PsoxS pro-
moters were used. The PkatG promoter (protein-ac-
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tivator OxyR) specifically reacts to hydrogen perox-
ide and organic peroxides, and the promoter PsoxS
(protein-activator SoxR) — to superoxide ion radi-
cals [15]. To activate the pKatG promoter, hydrogen
peroxide at a concentration of 0.01 pg/ml was used,
and for activation of the PSoxS promoter, paraquat
(1,1’-dimethyl-4,4’-dipyridylium dichloride) at a
concentration of 10.0 pg/ml was used. Bacteria
were grown in Luria-Bertani broth (LB) containing
100 pg/ml ampicillin. The overnight culture was di-
luted to a concentration of 107 cell/ml in fresh broth
and grown at 37°C for 2-3 h. Aliquots of this culture
(180-190 pl each) were transferred to sterile cells in
the strip plates and added to them depending on ex-
perimental variant of 20 pl of the tested infusion and
/ or 20 pul of oxidative stress inducer (except control
cells), while 40.0 pl of distilled water was added to
the control wells.

During the evaluation of genotoxic and oxida-
tive activity, 20 pl of distilled water and 20.0 ul of
infusion or oxidative stress inducers were added sep-
arately to aliquots of the culture. During the evalu-
ation of the antigenotoxic and antioxidant potential,
aliquots of the culture were jointly added with 20.0
pl of infusion and oxidative stress inducers.

They were incubated at certain time intervals:
for pColD-lux — 90 minutes, pRecA-/ux and pSoxS-
lux — 60 minutes, for pKatG-/ux— 45 minutes. The
luminescence level of bacteria was measured on a
LuMate 4400 microplate luminometer (Awareness
Technology, USA) and expressed in relative light
units (RLU). A measure for genotoxicity is the in-
duction factor (I), defined as the ratio of the intensity
of the glow of a /ux-biosensor suspension contain-
ing the test compound (L)), to the intensity of the
glow of a [ux-biosensor control suspension (L,).
The indicator of antigenotoxic potential, or protec-
tive activity (AA,%) was calculated by the formula

I . . .
A4 = (1 — I_E) % 100, where I is the induction factor
el

of the SOS response by the test exposure in the pres-
ence of a protector; IP is the induction factor of the
SOS response by the test exposure; 100 — coefficient
for conversion to percent. The antigenotoxic effect
was considered as moderate when inhibition of the
induction factor of the SOS response of genotoxi-
cants by 25-40%, high at 40%, with less than 25%,
the effect was considered weak and did not recog-
nize the result as positive.

All experiments were performed in two inde-
pendent replicates. As a characteristic of the protec-
tor activity of the studied concentration of the sub-
stance, the average value of AA was used throughout
the entire measurement time.
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Results

Study of antigenotoxic and antioxidant activity
of infusions of sage (Salvia officinalis L.) and
oregano (Origanum vulgare L.)

With the bioluminescent test (/ux-biosensors),
the ability of sage and oregano infusions to protect
E. coli MG 1655 (pColD-lux) and E. coli MG 1655
(pRecA-lux) strain from DNA damage under the
action of 4-NQO, inactivate superoxide anion was
studied under the action of paraquat on the biosensor
strain E. coli MG 1655 (pSoxS-/ux), inactivate
hydroperoxides and organic peroxides under the

action of hydrogen peroxide on the biosensor strain
E. coli MG1655 (pKatG-lux).

In studies, infusions of sage (Table 1) did
not show genotoxic and prooxidant activity. The
induction factor of the SOS response of the pColD-
lux and pRecA-lux biosensors when exposed to
the concentrated sage infusion was 0.93 and 0.88,
respectively; diluted infusion — 0.93 and 0.90;
phyto-tea — 0.98 and 0.93. The induction factor for
the SOS response of the pKatG-/ux and pSoxS-/ux
biosensors after exposing to the concentrated sage
infusion was 1.77 and 1.03, respectively; diluted
infusion — 1.23 and 1.06; phyto-tea — 1.37 and 1.06.

Table 1 — Induction of luminescence in bacterial lux-biosensors with biologically active substances of infusions and sage phyto-tea

Induction of luminescence* in bacterial /ux-biosensors

Experiment variance E.coli MG1655

(pColD-/ux)

E. coli MG1655
(pRecA-lux)

E. coli MG1655
(pSoxS-lux)

E. coli MG1655
(pKatG-/ux)

infusion

Negative control 447.19+30.92 17373.06:1123.99 1406.69+138.46 3448.00318.69
Positive 13387.5642530.85 | 150444.44+21210.97= | 59161.69+9198.45+ | 22841.0045633.88~
Concentrated sage 414.8161.04 15356.0041216.600 |  2495.88+526.45%0 3562.63+251.22

Diluted sage infusion 416.25+76.25

15690.19+801.93=0

1724.38+187.84=0 3637.94+273.07

Sage phyto-tea 438.31+£87.16

16208.25+1231.54=0

1927.88+196.97=0 3642.50+223.62

Positive control +
concentrated sage
infusion

10927.564+2621.34=0

147196.25+15123.56=

33381.56+5966.13=0 23065.63+2000.73=

Positive control +

diluted sage infusion 13425.06+2251.64+

150388.31+£13893.05=

41890.44+13603.81=0 25650.63+3013.46

Positive control + sage

phyto-tea 14465.00+2056.39=

149916.44+9578.24+=

31495.19+7064.38=0 23854.00+2987.85=

Note: * in relative light units — RLU;
= p <0.001 compared to negative control;
O p <0.001 compared to positive control

During the explosion with a mutagen 4-NQO,
the induction factor of the SOS response of the
pColD-/ux biosensor was 29.94, and when combined
with 4-NQO with a concentrated sage extract
response was 24.44; with diluted infusion — 30.02;
with phyto-tea — 32.35. The induction factor of the
pRecA-/ux biosensor SOS response after exposion
to 4-NQO was 8.66, and combination of 4-NQO
with a concentrated sage extract — 8.47; with diluted
infusion — 8,66; with phyto-tea — 8.63.

Hydrogen peroxide induced luminescence in
the pKatG-lux biosensor, the induction factor of
SOS response was 42.06, and in combination with

concentrated sage infusion, this indicator decreased
to 23.73; with diluted infusion —to 29.78; with phyto-
tea — to 22.39. The induction factor of the pSoxS-
lux biosensor SOS response was 6.62 after treating
with oxidant paraquat, and 6.69 in combination with
hydrogen peroxide and concentrated sage infusion;
with diluted sage infusion — 7.44; with phyto-tea —
6.92.

According to the presented results, inhibition of
the luminescence level after exposion with infusions
together with the oxidant was observed in the
biosensor pKatG-/ux. During the combined action
of mutagen and infusion on the pColD-/ux and
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pRecA-lux biosensors, as well as with the oxidant
on the pSoxS-/ux biosensor, no luminescence was
inhibited (table 1). The level of inhibition depended
on the type of infusion. Thus, a concentrated infusion
and tea of sage showed a strong antioxidant effect
against hydrogen peroxide, while the inhibition
were 43.6% and 46.8%, respectively. Diluted sage
infusion gave a moderate antioxidant effect with
an inhibition rate of 29.2%. Concentrated sage
infusion statistically significantly reduced the
genotoxic effect of 4-NQO, but its inhibitory effect
was only 18.4%. This effect is considered as weak,
concluded as not positive antioxidant effect. Thus,
based on the obtained results, it can be assumed
that the composition of the sage extracts contains

biologically active substances that can inactivate
hydroperoxides and organic peroxides.

Similar studies were related to infusion and
phyto-tea of oregano (table 2). Oregano infusions
did not show genotoxic and oxidative activity. The
induction factor of the SOS response of the pColD-
lux and pRecA-/ux biosensors after treatment
with concentrated infusion of oregano were 0.93
and 0.95, respectively; diluted — 0.83 and 1.00,
and phyto-tea — 1.13 and 1.06. The induction
factor of the SOS response of the pKatG-/ux and
pSoxS-lux biosensors after treatment with the
concentrated infusion of oregano were 1.82 and
1.11, respectively; diluted — 1.49 and 1.08, phyto-
tea—1.17 and 1.12.

Table 2 — Induction of luminescence in bacterial lux-biosensors with biologically active substances of extracts and oregano herbal tea

Induction of luminescence* in bacterial /ux-biosensors

E. coli MG1655 E. coli MG1655

Experiment variance

E.coli MG1655
(pColD-/lux)

E. coli MG1655
(pRecA-lux)

(pKatG-/ux)

(pSoxS-/ux)

Negative control

622.94+138.88

16924.94+1285.92

1454.75+258.70

3421.38+772.35

Positive control

19493.444+3804.68=

158053.75+26241.03=

38531.87+8069.83=

25924.88+2233.27=

Concentrated oregano
infusion

580.94+238.83

16083.86+1029.29

2653.694951.81

3787.80+£842.22

Diluted oregano
infusion

516.63+129.28

16932.88+1771.86

2171.33+£1702.02

3691.31+£850.38

Oregano phyto-tea

705.13+£349.98

17892.88+2410.38

1697.63+£527.44

3820.00+777.98

Positive control +
concentrated oregano
infusion

16520.27+4659.67=

152401.19+£36735.03=

29811.63+6138.44=0

25216.56+2842.05=

Positive control +

diluted oregano infusion

18461.754+4659.67=

157496.00+41863.05=

38179.50+10520.68=

27104.88+1825.17+=

Positive control +
oregano phyto-tea

18330.36+4599.71+=

157377.00+45535.67=

38380.06+7586.94=

27663.94+2973.87=

Note: * in relative light units (RLU);
= p <0.001 compared to negative control

After the influence of mutagen 4-NQO,
the induction factor of the SOS response of
the pColD-lux biosensor was 31.29, while the
action of 4-NQO with a concentrated infusion of
oregano the induction factor was 26.52; diluted
— 29.64, phyto-tea — 29.43. The induction factor
of the pRecA-lux biosensor SOS response when
exposed to 4-NQO was 9.34, while 4-NQO with
concentrated oregano infusion gave 9.00; diluted
— 9.31; phyto-tea — 9.30. The treatment with
peroxide oxidant resulted in the induction factor
of the SOS response of the pKatG-/ux biosensor,
reaching 26.49, when hydrogen peroxide with a
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concentrated infusion of oregano the induction
factor was 20.49; diluted infusion — 26,24; phyto-
tea — 26.38. The induction factor of the pSoxS-
lux biosensor SOS response during exposion
to oxidant paraquat was 7.58; and under the
combined effect of hydrogen peroxide with
concentrated infusion of oregano — 7.37; diluted
—7.92; phyto-tea — 8.09.

As can be seen from the presented results,
the inhibition of luminescence in lux biosensors
induced oregano infusions and the used mutagens
and oxidants was insignificant. Although the
concentrated infusion of oregano statistically
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significantly reduced the effect of hydrogen
peroxide, its inhibitory effect was 22.6%. This
effect is considered as weak, so it is not concluded
as a positive antioxidant effect.

Study of antigenotoxic and antioxidant activity
of chamomile (Matricaria chamomilla L.) and yar-
row (Achillea millefolium L.) infusions

Similar to the above, studies of the antigenotoxic
and antioxidant potentials of chamomile and yarrow
infusions were performed. The induction factor of
the SOS response after treatment with a concentrated
chamomile infusion on the pColD-/ux biosensor
was 0.81; pRecA-lux — 1.0; at pKatG-/ux — 1.04; on
pSoxS-/ux — 0.89 (table 3).

Table 3 — Induction of luminescence in bacterial lux-biosensors with biologically active substances of infusions and chamomile

phyto-tea

Induction of luminescence* in bacterial /ux-biosensors

Experiment variance E.coli MG1655

(pColD-/ux)

E. coli MG1655
(pRecA-lux)

E. coli MG1655
(pKatG-/ux)

E. coli MG1655
(pSoxS-lux)

Negative control 536.63+128.29

17592.884+3065.23

1474.75+139.94 4623.50+411.71

Positive control 38050.00+£9672.50===

135312.25+13861.39===

36943.13+7684.84=== 31103.69+4459.14===

Concentrated

o . 435.63+96.04=
chamomile infusion

18484.25+6114.46

1541.75+282.85 4120.69+373.01==

Diluted chamomile

;i . 458.94+99.27
infusion

18549.75+3879.92

1776.69+814.47 4240.19+382.11=

Chamomile phyto-tea 465.50+£97.38

18774.44+4030.50

1708.44+528.81 4322.69+373.48~

Positive control +
concentrated chamomile
infusion

35063.444+8622.24uun

140098.44+28259.16===

33758.13£6996.07=== 29787.69+2643.69===

Positive control +
diluted chamomile
infusion

34276.88+12552.5] ===

144072.56+27339.45m==

40486.44+10667.17=== | 32229.75+8155.00===

Positive control +

chamomile phyto-tea 37883.06£9143.91 ==

142755.31+6370.88===

42711.50£10755.35=== | 32000.19+£5674.40===

Note: * in relative light units (RLU);
= —p <0.05, == —p <0.01, == — p <0.001 compared to negative contro;
¢ —<0.001 compared to positive control

During the action of diluted chamomile infusion,
the induction factor of the SOS response on the
pColD-lux, pRecA-lux, pKatG-/ux and pSoxS-/ux
biosensors was respectively 0.86; 1.05; 1.20 and
0.92, after exposion to phyto-tea, respectively, 0.86
and 1.07; 1.16 and 0.93. The induction factor for
the SOS response of the pColD-/ux biosensor was
70.91 after treatment with mutagen 4-NQO, while
4-NQO with concentrated chamomile extract make
induction factor 65.34; with a diluted infusion —
63.87, phyto-tea — 70.59. The induction factor of the
pRecA-lux biosensor SOS response when exposed
to 4-NHO was 7.69, while 4-NQO with concentrated
chamomile infusion, it was 7.96; diluted infusion —
8,19, and phyto-tea — 8,11. The induction factor of
the SOS response of the pKatG-/ux biosensor when
exposed to hydrogen peroxide was 25.05, and when
combined with hydrogen peroxide with concentrated

extract of chamomile, it was 22.89; diluted infusion
—27.45, and phyto-tea — 28.96. The induction factor
of the pSoxS-/ux biosensor SOS response when
exposed to paraquat was 6.73, and when combined
with hydrogen peroxide with concentrated extract of
chamomile, 6.44; diluted infusion — 6.97, and phyto-
tea — 6.92.

The results obtained demonstrate that chamomile
infusion did not show genotoxic, prooxidant and
protective activity in the bioluminescent test (/ux-
biosensors).

Table 4 presents the level of luminescence
induced by separate and joint exposure to yarrow
infusions of genetically modified E. coli strains
(lux-biosensors) with mutagen and oxidants. The
induction factors of the SOS response when the
concentrated infusion of the yarrow affects the
pColD-lux, pRecA-lux, pKatG-/ux and pSoxS-
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lux biosensors were respectively 0.82; 0.97; 1.61
and 1.19; after exposure with a diluted infusion
— respectively 0.89; 0.96; 1.62 and 1.17; while
after treatment with phyto-tea, respectively, 0.90;

0.96; 1.62; 1.12. The detected increase in the
luminescence level by yarrow infusions exposure
was not statistically significant compared with the
negative control.

Table 4 — Induction of luminescence in bacterial biologically active substances of infusions and yarrow phyto-tea

Induction of luminescence* in bacterial /ux-biosensors

Experiment variance E.coli MG1655

(pColD-lux)

E. coli MG1655
(pRecA-lux)

E. coli MG1655
(pKatG-/ux)

E. coli MG1655
(pSoxS-/ux)

Negative control 768.88+212.53

19069.50+2018.30

1739.13+£290.49 5713.25+1407.37

Positive control 12799.75+1888.96+=

150246.56+9357.84=

52460.81+16101.92= 54014.69424676.21=

Concentrated yarrow 631.194217.63

18444.56+2619.89

2802.06+922.37=0 6793.63+2198.040

infusion
Diluted yarrow infusion 681.63+177.90 18234.00+2642.78 2822.69+£1257.35+0 6686.94+£1374.930
Yarrow phyto-tea 689.25+223.47 18245.44+2919.91 2674.69+1285.53=0 6430.31+£1229.230

Positive control +

diluted yarrow infusion

concentrated yarrow 12437.00+834.38 168456.31£35927.55= | 48398.63+11236.80= | 48551.31£16201.76=
infusion
Positive control + 13208.25£1190.94= | 157940.13+21450.67= | 54520.94+13814.64= | 48607.44+18611.62=

Positive control +

13823.00+980.31=
yarrow phyto-tea

162980.69+34748.10=

50745.00+16568.08= 43915.13+16867.71=

Note: * in relative light units (RLU);
= p <0.001 compared to negative control;
O p <0.001 compared with positive control

The induction factor of the pColD-/ux biosensor
SOS response affected by 4-NQO was 16.65,
which statistically significantly exceeds the level of
negative control. The combined effect of mutagen
4-NQO with a concentrated, diluted infusions and
phyto-tea of yarrow, the induction factors were
respectively 16.18; 17.18 and 17.98. On the pRecA-
lux biosensor, the induction factor of the SOS
response, treated with 4-NQO, was 7.88, which
is also statistically significantly higher than the
negative control level. With the combined effect of
the mutagen 4-NQO with a concentrated infusion
of yarrow, the induction factor of the SOS response
was 8.83; diluted infusion — 8.28, and phyto-tea —
8.55. SOS-response of the pKatG-/ux biosensor to
hydrogen peroxide was 30.16, while in combination
with concentrated infusion of yarrow —27.83; diluted
infusion — 30,20 and phyto-tea — 29,18. During
the exposure to paraquat, the SOS response of the
pSoxS-/ux biosensor was 9.45, while after treatment
with a concentrated infusion of yarrow, it was 8.50;
diluted infusion — 8.51 and herbal tea — 7.69. The
inhibition of the luminescence level induced by
the infusions of yarrow under joint action with the
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mutagen and oxidants was not shown on the used
strains (Table 4).

Discussion

Microbiological tests are short-time demanding
methods for assessing the toxic and mutagenic
potential of various chemical compounds. Currently,
along with the Ames test, bacterial /ux-biosensors
are being widely used. Lux-biosensor is a complex
of sensory bioluminescent strains that respond by
changing the luminescence intensity to toxicants
specific for each strain. The bioluminescent test
has known not only as a test system for evaluating
genotoxicants, but also for evaluating the antioxidant
and antigenotoxic activity of biologically active
substances [16, 17]

Applying the bioluminescent test, we
investigated the genotoxic, oxidative, antigenotoxic
and antioxidant properties of infusions of the
medicinal plants of sage, oregano, chamomile and
yarrow, belonging to the local flora and widely
used in traditional medicine. The genotoxic and
antigenotoxic activity of infusions was determined

Eurasian Journal of Ecology. Nel (58). 2019 33



The study of antigenotoxic activity of the medicinal plants infusions of trans-Ili Alatau

on strains £. coli MG1655 (pColD-/ux) and E. coli
MG1655 (pRecA-/ux), and oxidant and antioxidant
on strains E. coli MG 1655 (pSoxS-/ux) and E. coli
MG1655 (pKatG-/ux).

ColD-biosensor is used for the primary detection
of genotoxic agents. In the hybrid plasmid pColD,
transcription of the luminescence genes is under the
control of the SOS promoter of the cda gene. The
cda gene obtained from the plasmid pColD-CA23,
which encodes colicine synthesis, necessary for cells
only under stressful conditions, being released into
the external environment as a killer [18]. Biosensors
with PkatG and PsoxS promoters detect the presence
of oxidants, which form hydroperoxide and
superoxide anion radical in the cell. A characteristic
sign of oxidative stress in E. coli is the induction
of antioxidant system genes and an increase in the
activity of antioxidant enzymes encoded by these
genes [19]. The katG gene determines catalase
synthesis; its promoter PkatG (protein-activator
OxyR) specifically reacts to hydrogen peroxide
and organic peroxides. The PsoxS promoter (SoxR
activator protein) specifically reacts to superoxide
anion radicals.

Studies demonstrates that the induction factor for
the SOS response of E. coli MG1655 (pColD-/ux) and
MG1655 (pRecA-lux) when adding infusions of sage,
oregano, chamomile and yarrow was significantly
lower than the values of this indicator after exposure
to 4-NQO (p <0.001). In this bioluminescent test, no
genotoxic and oxidative activity was detected in the
infusions during the study.

With the combined effect of infusions with
toxicants, no statistically significant decrease in
the SOS response on the pColD-/ux, pRecA-lux
and pSoxS-/ux sensors induced by 4-NQO and
paraquat was observed. However, infusions of
sage when combined with hydrogen peroxide
statistically significantly reduced the SOS responses
on the pKatG-/ux sensors (p <0.001). The degree
of inhibition of the damaging effect of the oxidant
depended on the concentration of the infusion. A
strong antioxidant effect in the test system used was
noted with a concentrated infusion of sage, prepared
according to the recipe, and in phyto-tea.

Sage leaves contain essential oils (up to 2%),
including camphor, cineole, D-a-pinene, o- and
B-thujone, D-borneol; tannins, alkaloids, some ac-
ids, sodium, potassium, calcium, vitamins A, C,
E, K, fiber, and flavonoids [8, 12, 20, 21]. Orega-
no grass contains from 0.3 to 1% of essential oil,
which consists of phenols (up to 44%), thymol and
its isomer carvacrol; bi- and tricyclic sesquiterpenes
(12.5%); tannins, ascorbic acid, and flavonoids [8,

11, 22]. Chamomile inflorescences contain essential
oil (0.2 — 0.8%), consisting of the main biologically
active substances — chamazulene, its precursor pro-
hamazulene and other monoterpenes and sesquiter-
penes; flavonoids, derivatives of apigenin, luteolin,
quercetin, kaempferol, isorhamnetin; coumarins,
sesquiterpene lactones: matricin, matricarin, phy-
tosterols, phenolcarboxylic acids, choline, organic
acids (isovaleric, salicylic, caprylic), vitamin C,
carotene, gums, mucus, bitterness, polyacetylenes,
macro- and microelements [8, 9]. The shoot parts of
the yarrow during the flowering period contain fla-
vones, alkaloids, coumarins, aconitic acid, bitter and
tannins, resins, organic acids, inulin, asparagine,
mineral salts, vitamins C and K, phylloquinone, car-
otene, choline. Also in the leaves and inflorescences
of the yarrow contained with an essential oil (up to
0.85%), which consists of monoterpenoids (cineol
(8-10%), camphor, tuyol), sesquiterpenoids — achil-
lin, acetylbalhinolide, karyofillen, azulene, esters,
L -Borneol, B-pinene, L-limonene, thujone, bornyl
acetate [8, 10, 23].

Depending on the type of extraction and the
sensitivity of the method, plant infusions may show
varying degrees of biological activity. Kocak M.C.
et al. found that the methanol, water, and ethyl
acetate extracts of Salvia cadmica in different test
systems demonstrate different antioxidant activity.
The methanol extract showed strong activity on
phosphomolybdenum, in the DPPH and CUPRAC
method, as well as significant activity in inhibiting
L-glucosidase and L-amylase. While the aqueous
extract represented strong activity against the
chelating effect, in the ABTS and FRAP methods.
All extracts did not show activity against AChE,
BChE and tyrosinase. At the same time, a strong
correlation was seen between the total content of
phenolic compounds and the biological activity of
the infusions [20].

The composition of medicinal plants includes
many natural antioxidants of the phenolic class,
which cause their antioxidant, anti-inflammatory,
antimicrobial, antispasmodic and neuroprotective
actions. Phenolic and polyphenolic compounds are
involved in redox reactions and in the neutralization
processes of reactive oxygen species. There is an
evidence of the presence of antimutagenic and
anticarcinogenic activities of polyphenols [24].

Thus, using bioluminescent test, the antioxidant
activity of the concentrated infusion and sage phyto-
tea using the pKatG-/ux biosensor is shown. Taking
into account investigating medicinal plants contain a
lot of BASs, and the test did not reveal antigenotoxic
and antioxidant activity, it can be assumed that the
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preparation of infusions did not extract the right
amount of BAS to detect its activity.

Phyto compounds affect the metabolic processes
and neutralization of foreign substances, including
carcinogens and mutagens. They have the ability

foreign substances, inhibit enzymes, activating
xenobiotics and activate detoxification enzymes
[25]. A comprehensive study of phyto compounds
as potential protectors in the toxic, genotoxic
and mutagenic effects of various environmental

to bind free radicals and reactive metabolites of  pollutants on the body is necessary.
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THE ECOLOGICAL CAPACITY ASSESSMENT
OF THE ILEK RIVER WITH BORON POLLUTION

In the article is provided an analysis of the pollution identification sources of underground and
surface water of the llek river valley. The problem of the boron pollution of the llek River is very acute,
because the boron element is transported along the river and is stored in the silt of the Aktobe reservoir,
which is a recreational resource and source of water supply in Aktobe. The great dynamism of boron
leads to the fact that when roiling during releases from the reservoir boron falls into the lower course of
the llek river, causing damage to river organisms (teratogenic effect) and the population, adversely af-
fecting heredity. Boron pollution of the Aktyubinsk reservoir is largely determined by the self-cleaning
ability of the llek River, depending on the volume and concentration of polluted groundwater discharg-
ing into the river. In this work, the old sludge collector role in the pollution of the surface water of the
llek River and the Aktobe reservoir is established. The authors carried out calculations to identify the
zone of thinning-out of groundwater into the llek River, determined the amount of boron flowing into
the llek River in these zones. Calculations were made of the mass taken out of the boron storage pond;
the self-purification processes of the llek River were estimated based on the regression model of boron
concentration dilution when the ground water was wedged out by the river. The predictive estimate was
made of the time to reach the concentration of boron equal to the MPC for drinking water supply at the
Alga 2 regime station.

Key words: groundwater, surface water, pollution, boron, self-cleaning process, regression dilution
model, ecological capacity.
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EAek ©3eHiHiH 60pMeH AacTaHy Ke3iHAeri
3KOAOTUSIAIK, CbIbIMADBIAbIFbIH 6aFaray

Makanrapa Eaek e3eHi aAkaOblHAAFbl >KEP aCTbl XKOHE >Kep YCTi CyAapbiHblH GOPMEH AacTaHy
KO3AEPIH aHblKTay OOMbIHIIA TaAAQY HOTUXKEAEpPI KeATipiAreH. bop EAek e3eHiMeH TapaAaTbiHABIKTaH
>koHe AKTe6e KaAaCblHbIH CYMEH KaMTy Ke3i XKOHe peKpeaumsAblK, KOopbl 60AbIN TabblAaTbiH AKTebe
CYy KOMMacCbIHAQ >KMHaAATbIHAbIKTaH EAek e3eHiHiH 6opMeH AacTaHybl ©3eKTi MoceAe. BopAbiH YAKeH
AVHAMMKACbl KEAECI CaAAaPAbl TYAbIPaAbl: CYy KOMMAcCbiHaH ©TY YaKbITbIHAA AaiiAaHy Ke3iHae 6Gop
©3€eHHIH TOMEHT | aFbICbIHA TYCY aPKbIAbl ©3€H aF3aAapblHa (TEpaTOreHA| acep) KaHe TypFbIHAAPFa 3USHbIH
TUri3eAl, TYKbIMKYaAayLIbIAbIKKA XKaFbIMCbI3 ocep eTeai. AKTebe Cy KOMMAaCbIHbIH GOPMEH AacTaHybl
ANTaPAbIKTaN AEHTeMAE AACTaHFaH >Kep aCTbl CyAapPbIHbIH Cbi3allbIKTAaHY KOAEMI MEH KOHLIEHTPALMSCbIHA
ToyeAAai EAek ©3eHiHiH ©3AiriHeH Tasapy KabiAeTiMeH aHbIKTaAaAbl. bepiAreH »KymbicTa ecki KOMbIpTMaK,
SKMHaFbIWTbIH, EAeK ©3eHi MeH AkTebe Cy KOMMAaCblH AacTayAarbl POAI KOpCeTiAreH. ABTOPAapMeH
©3EHAETI XKep acTbl CYAApPbIHbIH CbI3aTTAPbIHbIH aliMaFbliHa ECEMTEYAEP XKYPri3iAreH, COA aliMaKTapAaFbl
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EAek e3eHiHe TyceTiH 60pAbIH MOALLEpi aHblKTaAFaH. YKMHaFbIlL-TOFAHHAH aAblHFaH GOPAbIH Maccachbl
€CernTeAreH, e3eH CyAapbIMEH Xep acTbl CyAapPbIHbIH, Cbl3albIKTaHYbl Ke3iHAE 60p KOHLEHTPAUMSChIH
CYMbIATYAbIH PErPECCUSIAbIK, MOAEAI HETi3IHAE ©3eHHIH B3AiriHeH Ta3apy yAepiciHe 6araAay >kacaAraH.
AAFa 2 pexnMAIK BeKeTiHAE ilyre >kapamAbl LapyatlbIAbIK, CymeH KamTy yiiH LLIPK-Fa TeH 60oAaTbiH
6OPAbIH KOHLEHTPALMSICbIHA KOA XXETKi3y Mep3iMaepiHe 60AXKaMAbIK, 6arasay >kacaAAbl.

Ty#in cesaep: XXep acTbl CyAapbl, >Xep YCTi CyAapbl, AacTaHy, 60p, ©3AiriHeH TasapTy yAepici,
CYMbIATYAbIH PErpeccusiAbiK, MOAEAI, SKOAOTUSIABIK, CbIbIMABIAbIK,.
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OueHka 9KOAOTMUYeCKoW eMKoCTH peku Maek
npm 3arpsi3HeHMn 6opom

B cTaTbe npuBeAeH aHaAU3 MO BbISIBAEHUIO MCTOUYHMKOB 3arPSi3HEHUS MOA3EMHbBIX 1 MOBEPXHOCTHbIX
BOA AOAMHbI pekn Maek 6opom. Mpobaema 3arpsisHeHns 60pom pekn Maek cTouT BecbMa 0CTpO, Tak
Kak 60p nepeHoCcUTCs Mo pekun MAeKk 1 cKaaaMpyeTcsl B MAax AKTIOOMHCKOrO BOAOXPaHUAMLLA, KOTOPOe
SBASIETCS PEKPEALMOHHbIM PECYPCOM U MCTOUHMKOM BOAOCHaGXeHus roposa Aktobe. Bboabluas
AVHAMUYHOCTb 60pa NPUBOAMT K TOMY, UTO MPU B3MYUMBAHUM BO BPEMSI MOMYCKOB U3 BOAOXPAHMAMLLA
6op nornaaaet B HUXKHee TeYeHne peku, HAHOCS BPEA PeYHbIM OpraHu3mam (TepaTtoreHHbln 3pdexT)
M HACEAEHMIO, HEeBAAronpusTHO BAMSIS HQ HACAEACTBEHHOCTb. 3arpsisHeHne 60pom AKTIOOUMHCKOrO
BOAOXPAHUAMLLA B 3HAUUTEABHOW CTEMEHN ONPEAEASETCS CAMOOUMLLLAIOLLEN CNIOCOBHOCTbIO pekn Maek,
3aBUCSLLEN OT O6BEMOB M KOHLEHTPALMM 3arpPsi3HEHHbIX MOA3EMHbIX BOA, BbIKAMHMBAIOLLIMXCSI B PEKY.
B AaHHOW paboTe yCcTaHOBAEHA POAb CTAPOro LUAAMOHAKOMUTEAS B 3arpsi3HEHMM NMOBEPXHOCTHbIX BOA
pekn Maek 1 AKTIOOMHCKOrO BOAOXPaHUAMLLIA. ABTOPamu ObiAM MPOBEAEHbBI PACUETbI MO BbISBAEHUIO
30HbI BbIKAMHUBAHUS MOA3EMHbIX BOA B peky Maek, onpeaeAeHbl KoArdecTBa 6opa, MOCTynalowero
B 3TWX 30Hax B peky Maek. [poBeaeHbl pacyeTbl MacChl BbIHECEHHOTrO M3 MpyAa-HakonuTeAas 6opa,
OCYLLLECTBAEHA OLIeHKa MPOLLeCCOB CaMOOYMLLEHUS] peku MAek Ha OCHOBe perpecCMOHHOM MOAEAU
pa3baBAeHWsl KOHLEHTpaumm 60pa Npu BbIKAMHMBAHUM MOA3EMHbIX BOAAX BOAAMM peku. BbinoAHeHa
MPOrHO3Has OLEHKA CPOKOB AOCTMXKEHMUSI Ha PEXKUMHOM MOCTY AAra 2 KOHUEHTpaumm 60pa, paBHOM

MAK AAS XO39MCTBEHHO-NUTLEBOrO BOAOCHAGKEHMS.
KAloueBble CAOBa: MOA3EMHbIE BOAbI, MOBEPXHOCTHbIE BOAbI, 3arpssHeHune, 6op, npouecc
CaMOOMMULLIEHMS, PETPECCMOHHA MOAEAD Pa3baBAEHMS, IKOAOTMYECKash EMKOCTb.

Introduction

Aktobe region belongs to the arid regions of Ka-
zakhstan. The inland position of the region and the
sharply continental climate led to the poverty of sur-
face waters. The largest rivers of the region are: llek,
Big Khobda, Irgiz, Ori, Emba, Torgai. All the rivers,
with the exception of the Torgai and Ulkayak, origi-
nate within the region [1].

The Ilek River is one of the major watercourses
of the Aktobe region, formed at the confluence of the
Karaganda River and Zharyk River north of Kandya-
gash region and flows into the Ural River on the left
at 1085 km from its mouth. The total length of the
river is 623 km with a catchment area of 41,300 km?2.
Within the Aktobe region, the length of the river is
257 km with a catchment area of 29,500 km?2. The
fall on this site is 118 m; the average slope is 0.46 %o.

The relief of the catchment is hilly, with a rela-
tive height of hills of 20-50 m. The mouthpart of
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the catchment is represented by a wavy plain. The
ravine-beam system of the Ilek river is rather dense,
and only moderately developed in the upper part of
the river. There are numerous old-aged lakes on the
catchment area of the 30-50 km long estuary; over-
all, in the catchment area, the drainless depressions
do not exceed 1% [2].

The river valley is well developed; its width
is 2-4 km in the upper part, and up to 5-7 km near
the border of the region. The slopes of the valley
in height from 15-25 m to 30-40 m in some areas,
in the upper part they are moderately gentle, below
— moderately steep and steep. The slopes are ter-
raced in places. The floodplain terrace is located at
a height of 5-6 m above the floodplain, has a width
0f 0.2-0.6 km.

Average long-term consumption at the Aktobe
city is 20.8 m%/s. The average water salinity during
the flood is 0.2-0.4 g/1, and in the summer low wa-
ter period, it rises to 0.7-0.9 g/l. The depth of the
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river is from 0.8-1.0 to 1.0-1.8 m. The current ve-
locity is 0.3-0.5 m/s. Water flow varies from 3 to 17
m’/s. The average annual drainage layer in the upper
reaches of the Ilek River is 50 mm [3].

The geochemical features of the study area land-
scapes are mainly due to oxidizing, alkaline and neu-
tral environments in soils and waters, the reducing
environments are limited to local distribution [4].

The hydrological regime of the Ilek River and its
tributaries is strongly reflected in the hydro chemi-
cal composition of the runoff. The concentration of
chemicals during the year varies greatly, their maxi-
mum values are confined to the inter-period and ex-
ceed the minimum (during the flood period), as a
rule, several times.

On the Ilek River, the state hydro chemical mon-
itoring is carried out at 7 stations. The monitoring
results showed that the Ilek River basin is the most
powerful center of surface waters pollution in the
region, mainly by boron element. The situation with
water pollution varies downstream.

The beginning of the contamination of the river
runoff with boron is related to the activities of the
former Alga Chemical Factory (was builtin 1937 y.),
which discharged boric acid production sludge into
the Ilek River without purification and pre-cleaning
processes. Only in 1956 y. in the former Ilik River
make the construction of reservoirs-ponds, but with-
out an impervious screen. These slime ponds, which
have been operating for only 7 years, have never
been studied. However, on the hydrogeological map
of 2005, i.e. 42 years after the end of their use, they
are fixed by a closed isoline with a boron concentra-
tion of 50 mg/dm?.

In 1963, for the acceptance of drains from bo-
ron-acid production of AHZ in the floodplain on the
alluvial Quaternary sand-gravel sediments with high
permeability, “old” sludge collectors were built and
without an impervious screen. Figure 1 shows the
view of the old sludge collector, obtained by the
author using the Mavic Air DJI4 drone in 28 June,
2018 [5].

Figure 1 — Present condition of the “old” sludge collectors from
the boric acid production of the Alga Chemical Factory

To protect groundwater and surface water
to 1994, a “wall in the ground” was built along
the northeast side of the “old” sludge collector.
However, the ecological effect of this “wall” turned
out to be insufficient and short-lived, since in some
areas, the integrity of the “wall” was broken, and
besides it flows around the groundwater.

In 1981, on the root shore of the Ilek River was
built “new” sludge collector, which the location is
well substantiated from hydrogeological positions.
The filtration properties of the rocks composing

b

the bottom of the “new” sludge collectors and
the surrounding territory are very low. However,
they also became the second source of boron in
groundwater. Due to the high hypsometric position
of the “new” sludge collectors, industrial stocks
were fed under pressure. The extremely high
acidity of the effluent (pH = 1.5-2.0), which leads
to the corrosion of pipes, created emergencies. As
a result, drains were discharged into the Suyksu
River, inflow of the Ilek River. “New” sludge
collectors are surrounded by powerful dams,
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however, through them from the east side (towards
the Ilek River) the drains constantly oozed out,
forming wide hollows inaccessible for the passage
of transport.

Thus, the historical character and scale of
groundwater pollution processes, the danger of
turning the Aktobe reservoir into a new source of
pollution Ilek infiltration water intakes and the
transboundary Ilek River by boron element, the need
to reduce the environmental risk to public health
and environmental objects cause groundwater to be
acute and topical. This is confirmed by the inclusion
of this problem in the Register of Environmental
Problems of the Republic of Kazakhstan in the
period 2008-2010.

The purpose of research — to determine the
recovery value of the maximum ecological capacity
Ilek River in the post area Alga 2, i.e., establish a
period of natural self-cleaning Ilek River to the 0.5
mg/dm® concentration, according to the equation of
boron concentration trend for the period 1997-2018
yy. To achieve this goal it was necessary to solve the
following tasks: to identify the thinning-out zones
of boron polluted groundwater in the Ilek River and
determine the amount of boron entering the River
in these zones; to carry out calculations of the mass
taken out of the boron pond; to assess the processes
of self-purification of the river, which based on the
regression model of dilution of boron concentration
in [lek River, when the groundwater is wedging out
by the waters of the river, calculate, in accordance
with the obtained trends, the period of achievement
in the observation sections of the MPC value for
boron.

Baseline data and research methods

The fact of contamination of groundwater with
boron was first discovered in 1972. The boron
element was discovered not only in industrial outlets,
but also in alluvium waters, in the Ilek river, and
also in groundwater throughout the valley from the
city of Alga to the borders of the Orenburg region,
i.e. over 100 km.

The main areas of previous work were the
study of pollution of soil and snow cover in an area
covering the Alga Chemical Factory industrial site
and the Alga region. The main research methods
were abbreviated chemical analysis of water and
semi-quantitative spectral analysis of soil samples
and the dry residue of water samples. The zone of
high soil pollution in the forest (3000 mg/kg/MPC)
is local and is confined directly to the workshop for
its production.

ISSN 1563-034X
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Unfortunately, the special study of the material
composition of sludge in storage collectors was not
given attention until 2008, and groundwater pollution
processes under their influence were studied only
until 2005, when groundwater monitoring was
conducted in the Ilek River valley on the Alga
region. After the funding ending in 2005, monitoring
observations at the site have stopped.

A detailed study of bottom sediments of the
Aktobe reservoir in 1992 revealed that the boron
content in aqueous extracts from silts is 0.1-0.5
mg/100 g, fluorine: 0.3-1.6 mg/100 g. These studies
have established the ability of silts to sorb boron, as
well as its high mobility, when any mechanical effect
led to the boron returned to its dissolved state. As a
recommendation, the authors of the stock materials
proposed the elimination of the Aktobe reservoir at
the initial stage of its filling, until it turned into a
new powerful source of pollution [6].

Construction of the Aktobe reservoir (1988) on
the Ilek River south of Aktobe region, contributed to
the boron reduction in the surface water of the river
at the release from the Aktobe reservoir. This was
resulted in a decrease in its concentration in most
observation wells at the Ilek infiltration water intake
and in the production wells of this water intake.

At the same time, accumulation of boron-
containing sludge has occurred and still occurs in
the Aktobe reservoir, forming an ever-increasing
threat of re-disabling the infiltration water intakes
of Aktobe city, located below the dam. This fact
is confirmed by the rare cases of exceeding the
maximum permissible concentration (MPC) along
the boron below the dam after the releases, which
create the conditions for turbulent mixing of water
in the Aktobe reservoir.

It is worth noting that the conditions for the
formation of runoff and the water regime of the
rivers and temporary streams of the territory in
question are formed under the influence of climatic
factors, relief, soil and hydrogeological features.
The main climatic factors determining the size of the
annual river flow are snow reserves in the basins at
the beginning of snowmelt, rainfall during the flood
period, degree of wetting and depth of freezing of
the groundwater catchments, intensity of snowmelt
in the spring.

Rivers of the Ilek River Basin, according to the
water regime conditions, belong to the Kazakhstan
type with a pronounced predominance of runoff in
the spring period. The spring flood passes in one
wave at the end of March — the first half of April.
After the end of the spring flood, summer-autumn
low flow begins on the rivers. The runoff value
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decreases sharply, and at many watercourses the
runoff completely stops. The minimum summer
expenses are observed in July-August, as a rule,
they are higher than the minimum winter expenses.
Winter runoff is insignificant compared to annual
runoff. The freezing of rivers is observed throughout
the territory.

The river flow in the basin varies greatly from
year to year. In wet years, the runoff value exceeds
the perennial average several times, in low-water
years it is characterized by extremely low runoff
value. A distinctive feature of the long-term course
of runoff is the large repeatability of years with low
water content, often following one after another and
forming low-water periods.

To study the pollution of groundwater, the
thinning-out of which into the Ilek River leads to
the pollution of the Aktobe reservoir, as well as the
Ilek infiltration water intakes and the transboundary
Ilek River below the dam, the first task is to identify
groundwater seeping zones and determine the
amount of boron entering these zones into the river.

The thinning-out calculations [7, 8] were carried
out on the basis of a map of hydroisohypsum (Figure
2) taking into account the filtration characteristics
of the Quaternary sediments of the Ilek River
and hydrogeological map with isolines of boron
concentrations presented in the pre-papers [9].

To simplify the calculations, the flow rate of the
natural groundwater flow per 1 m of the flow width
was determined:

O=KLml, (1)

Now, in order to determine the expenses of
the thinning-out groundwater, in each zone of the
thinning-out, it will be necessary to establish only
the length of the thinning-out zone.

The calculation of the mass taken out of the boron
pond is based on an estimate of the volume V of
boron contaminated groundwater and the weighted
average the boron concentration C in them:

m=CV, 2

where m — is the mass of boron carried by the flow of
groundwater from the sludge collector.

Themain problem of estimating the mass of boron
in the thinning-out flow of polluted groundwater
is the reliable determination of the geometric
parameters of the halo pollution of groundwater —
the averaged length of the “tongue” of boron spread
with groundwater flow L and width B.

These data were taken from a hydrogeological
map, which showed in the pre-papers. Taking into
account these flow parameters of boron migration
with groundwater, and according to the geometric,
filtration, capacitive and migratory parameters of
the aquifer, from which we are interested in the
average thickness of the aquifer A and the dynamic
porosity p, we can calculate the volume of water
contaminated with boron [10]:

V=LBHp 3)

Evaluation of self-cleaning processes Ilek
River based on regime observations of RSE
“KazHydroMet” is based on regression models
(trends of observation series) [11]. According to
the description of the observational network in the
Information Bulletins on the State of the Environment
in the Republic of Kazakhstan, the Center for
Environmental Monitoring of the Environment of
the Republic of Kazakhstan RSE “KazHydroMet”
within the Aktobe region to the border with Russia
has 5 observation points (Table 1).

The first three posts are located in the Alga-
Aktobe reservoir area, and the last of them can be
taken as a post at the Aktobe reservoir, since it is
0.5 km above the city of Aktobe, i.e. below the
dam. The first post is a background in relation to
the old sludge collector, which is considered the
main source of pollution of the river due to its close
proximity. The second post is located 0.5 km below
the village of Bestamak and 21 km below the old
sludge collector. The distance from the village of
Bestamak to the southern (opposite dam) boundary
of the reservoir is 3.5 km from this village (5.15 km
along the channel).

According to the information bulletins, Table 2
was compiled based on the registered cases of high
pollution averaged over the year.

According to these data, graphs of changes in
the concentration of boron were constructed over
the years and the equations of trends (regression)
were selected for each post. Gradients of natural
self-purification were calculated in the time as-
pect for each observation point as the difference in
concentration of a particular year and the previous
one, and in a territorial aspect by the difference in
concentrations for each year between different ob-
servation points.

The same data was used to plot graphs of boron
concentrations in each observational system, and
then the regression equations were selected for these
graphs in Excel.
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Figure 2 — The map of Ilek River hydroisohypsum

Table 1 — Location of water posts on the Ilek River

Ne Name of the water post Location
1 Alga 1 1 km above sludge collector
2 Alga 2 0.5 km below the groundwater outlet
3 Aktobe 1 0,5 km above the city
4 Aktobe 3 0,5 km below the mouth of the river Genishke
5 Georgievka village 0,5 km below the groundwater outlet
ISSN 1563-034X Eurasian Journal of Ecology. Nel (58). 2019
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Table 2 — The observations results of pollution of surface water with boron in the Alga-Aktobe region, in mg/dm? for the period

1997-2018 yy.

Hydro posts
Ne Years
Alga 1 Alga 2 Aktobe 1

1 1997 0,47 1,13 0,47
2 1998 0,34 1,02 0,43
3 2000 0,21 0,73 0,39
4 2001 0,2 0,49 0,34
5 2002 0,42 1,09 0,49
6 2003 0,23 0,96 0,81
7 2004 0,2 0,73 0,33
8 2005 0,2 0,64 0,3
9 2006 0,36 1,04 0,4
10 2007 0,35 0,72 0,37
11 2008 0,36 0,63 0,35
12 2009 0,37 0,64 0,46
13 2010 0,36 0,69 0,43
14 2011 0,21 0,53 0,36
15 2012 0,29 0,64 0,39
16 2013 0,26 0,44 0,28
17 2014 0,27 0,413 0,24
18 2015 0,33 0,48 0,18
19 2016 0,222 0,295 0,304
20 2017 0,237 0,699 0,190
21 2018 0,202 1,20 0,192

Ecological capacity of the Ilek River we under-
stood in the traditional sense of [12, 13]: it is the
ability of the natural environment to contain an-
thropogenic pressures, harmful chemical and other
impacts to the extent that they do not lead to land
degradation and the entire environment [14]. Since
even according to regime observations, it can be
seen that even when comparing with MPC for boron
2015 (the MPC value for fishery purposes was pre-
viously taken, which was 0.017 mg/dm?), the aver-
age annual concentrations almost reached the MPC,
i.e. even in the background, the ecological capacity
of the river was almost exhausted.

In the Alga 2 section, 21 km below the main
source of pollution, the boron concentration for al-
most the entire observation period, presented in the
sample (Table 2), exceeded the maximum allowable
concentration of 2015 for boron, i.e. this section
shows the excess of the ecological capacity of the
river [15].

Thus, we should consider the task of determining
the ecological capacity as the inverse — determining

the period when natural self-purification processes
restore at least the maximum limits of the ecologi-
cal capacity to 0.5 mg/dm? at the Alga 2. This prob-
lem is solved using the regression equation for this
alignment on the forecast part of it (after 2018).

Results and discussion

We will carry out calculations for all the above
tasks: identify the thinning-out zones of boron pol-
luted groundwater in the Ilek River and determine
the amount of boron entering these zones; calculate
the mass of boron removed from the pond. The next
one is estimate the process of river self-purification
based on the regression dilution model focused in
boron concentration, when wedging out the ground-
water by the waters of the Ilek River. In the end,
we could calculate, in accordance with the obtained
trends, the period of achievement in the observation
sections of the MPC value for boron.

The magnitude and number of the thinning-out
zones were determined from the water-dip map
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based on taking into account the direction of the
flow of groundwater as normals to these isolines.
Careful analysis of the iso-gypsum allowed us to
isolate the following thinning-out zones in this
area. The first zone is located near the old sludge
collector. It is very close to the river, the flow of
polluted groundwater, thinning- out in this zone, is
directed perpendicular to the isohypse 238 and its
length from the left shores was 1250 m. From the
right shores in this zone, too, a thinning-out of about
400 m width occurs. This is an area of groundwater
wedging out with the highest concentrations of bo-
ron in groundwater.

The second zone of thinning-out begins above
the section VI-VI after 750 m, then has a gap and
continues in the area where the Suyksu stream (tem-
porary watercourse) flows another 1130 m. follows.
Therefore, the second zone of pinching out of pol-
luted groundwater on the left shore has a length of
1880 m.

The average thickness of the alluvial aquifer m
in the Alga-Aktobe reservoir is about 15 m, the cal-
culated value of the filtration coefficient K is taken
to be 35 m/day, and the hydraulic gradient is / =
0.0015. According to the hydrogeological map of
the Alga-Aktobe reservoir, it turns out that the aver-
age length of the “tongue” of boron distribution with
groundwater flow L is about 10 km. The average
width over several profiles of its B reaches 3.5 km.

Since the flow rate of the natural groundwater
flow per 1 m of the flow width is equal in accor-
dance with (1) is equal to:

0 =KLmlI = 35x10000%x15%0,0015=0,79 m*/day,

or 0 =0,79 m*day = 790 dm*/day, or Q = 0,033
m*h., knowing the size of the thinning-out zones,
it is easy to calculate the volumes of the pinned-out
groundwater and the mass of boron carried by them.

For the first zone: In this zone could be thinning-
out from both shores, groundwater with concentra-
tions of more than 100 mg/dm?. Thus, in this zone,
taking into account the imperfection coefficient of
the drain 0.3, thinning-out 391 m?/day, i.e per one
day 39 g boron element is moved into the Ilek River,
and for the low-flow period (~ 300 days) — about 12
kg of one year.

For the second zone: In this zone could be thin-
ning-out 446 mg/dm?. Focusing on the boron con-
centration in the well No1600 (82.7 mg/dm?), we get
37 g of boron per day, or 11 kg per year.

Based on the regime observations of RSE “Ka-
zHydroMet” (Table 2), the authors evaluated the
self-purification processes of the Ilek River. Accord-
ing to these data, charts were constructed and em-
pirical curves of the dynamics of changes in boron
concentrations were calculated for each post for the
period 1997-2018 yy. (Table 3, Figure 3).

Table 3 — The results of observations of pollution of surface waters with boron on the Alga-Aktobe region, in mg/dm3 for the period

1997-2018 yy.
Gradients of self-purification of the Ilek River from boron
NeNo Years Time aspect, mg/dm*d (i?;giizsg);f:/’eg:lg;/ir;:)
Alga 1 (background) Alga 2 Aktobe reservoir 1 Alga 1 —Alga?2
1 1997 -0,66
2 1998 0,13 0,11 0,04 -0,68
3 2000 0,13 0,29 0,04 -0,52
4 2001 0,01 0,24 0,05 -0,29
5 2002 -0,22 -0,6 -0,15 -0,67
6 2003 0,19 0,13 -0,32 -0,73
7 2004 0,03 0,23 0,48 -0,53
8 2005 0 0,09 0,03 -0,44
9 2006 -0,16 -0,4 -0,1 -0,68
10 2007 0,01 0,32 0,03 -0,37
11 2008 -0,01 0,09 0,02 -0,27
12 2009 -0,01 -0,01 -0,11 -0,27
13 2010 0,01 -0,05 0,03 -0,33
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Continuation of table 3

Gradients of self-purification of the Ilek River from boron
NeNe | Years Time aspect, mg/dm* e
Alga 1 (background) Alga 2 Aktobe reservoir 1 Algal—Alga?2
14 2011 0,15 0,16 0,07 -0,32
15 2012 -0,08 -0,11 -0,03 -0,35
16 2013 0,03 0,2 0,11 -0,18
17 2014 -0,01 0,03 0,04 -0,14
18 2015 -0,06 -0,07 0,06 -0,15
19 2016 0,108 0,185 -0,124 -0,073
20 2017 -0,015 -0,404 0,114 -0,462
21 2018 0,035 -0,501 -0,002 -0,998

The predominantly positive values of the tempo-
ral self-cleaning gradients for each post demonstrate
the manifestation of natural self-purification factors
— washing the soil contaminated with Alga Chemi-
cal Factory emissions and the old sludge collector
with snow melt water and precipitation. The pres-
ence of scattered negative values of temporal gradi-
ents confirms this pattern: here the change of water
content of the year affects.

The negative values of the spatial aspects of
the gradients are due to the excess of the ecological
capacity of the Ilek River at a distance of 21.5 km
downstream from the old sludge collector to the Alga
2 gauge. The change in the spatial gradient modulus
by year, as well as the temporal aspects of the gradi-
ent, reflects the water characteristics of the year.

Negative values in the third column of Table 3
(Aktobe reservoir 1) show that the main part of bo-
ron, which is sorbed by silts (0ozes), is deposited in
the reservoir, once again emphasizing its role as a
boron accumulator.

As can be seen from the record of the trend
equations (Figure 3), a low value of the approxima-
tion of the curves for the posts Alga 1 and Alga 2
has been obtained. The large amplitudes of fluctua-
tions in the boron content in surface waters at these
posts are evidence that the Aktobe reservoir enters
the Ilek River’s runoff groundwater, thinning-out
different places in accordance with the map of hy-
droisogypsum. Since the eastern groundwater flow
from the old sludge collector passes the shortest way
to the river (about 400 m), its influence at ground-
water speeds of 300 m/year affects the concentration
of boron in the reservoir next year, and therefore in
the period up to 2003 it affects the influence of the
formed groundwater flow around the “wall”.

From the remaining pinch-out zones, the impact
of this breakthrough of groundwater, backed by the
“wall” affects a few years later, depending on the
distance of this zone from the old sludge tank. An-
other reason for the increase in concentration on the
Alga 2 post in 2016-2018. There may be a manifes-
tation of the influence of additional sources of pol-
lution, the front of polluted groundwater from which
approached the thinning-out zones.

Thus, the curve for the Alga 2 post reflects the
change in the self-cleaning process — the emergence
of new sources, which can be the flow from washing
the spill pipe of the sludge pipe to the new sludge
collector and leaks from it. That is, there is an
additional reason for exceeding the ecological
capacity of the river Ilek. The observation period
for the new process is short. However, the rapid
increase in boron concentration (over 2 years it
increased from 0.295 to 1.2 mg/dm?®) indicates a
significant intensification of the process of thinning-
out polluted underground waters in the Ilek River.

Thenextstepis assess the timing ofthe restoration
of the ecological capacity to its maximum possible
value (the achievement of the MPC according to the
criteria for fisheries use). To do this, we consider the
curve for the Alga 2 post until 2016, when the old
sludge collector acted as the main source (Figure 4).

For the process of natural self-purification, the
most justified type of trend equation is an exponen-
tial relationship, ensuring a gradual decrease in con-
centrations without falling into negative values. To
simplify the appearance of the trend line, instead of
the year of monitoring, its position in the sample was
taken. This technique and the limitation of consider-
ation by one process significantly simplified the ap-
pearance of the trend equation and increased the ap-
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proximation coefficient. Now, using this equation,
we could calculate the self-cleaning or purifying

time of the Ilek River before the ecological capacity  after 2016 (Table 4).

Boron Concentrartion, mg/dm3
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Figure 3 — Dynamics of changes in boron concentrations for each post over the period 1997-2018
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Figure 4 — Dynamics of the boron concentrations changes
in the Alga 2 post over the period 1997 -2016 yy.

is restored on the forecast part of the trend equation.
Calculate the values of the function for the period

Table 4 — The results of calculations of the predicted values of the boron concentration in the Alga 2, in the impact condition of the
old sludge collector only

Years 2015 2016 2017 . 2076 2077 2078 2079 2080

The ordinal number of the year in the 13 19 20 79 80 ]1 %2 83

sample

Average annual ‘poron concer#ratlon 0.48 0.295

according to regime observations, mg/dm?

Boron concentration value by 0442 | 0420 | 0400 | ... | 0021 | 0,020 | 0019 | 0018 | 0,017

approximating function
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Thus, natural cleaning or purification processes
from the effects of the old sludge collector can en-
sure the restoration of the full ecological capacity
only by 2080. When exposed to additional sources
of pollution, this period may be postponed for many
more years, increasing pollution of the Aktobe res-
ervoir.

Conclusions

The analysis of the map of hydroisohypsies re-
vealed two areas on the Alga-Aktyubinsk reservoir
to thinning-out boron-polluted groundwater into
the Ilek River. The first zone is located near the old
sludge collector. The length of the zone from the left
shore was 1250 m, and from the right it was about
400 m. This is the area of wedging out of ground-
water with the highest concentrations of boron in
groundwater. The second zone of thinning-out starts
750 m from the first, its total length was 1880 m.

Using the method of determining the flow rate
of the natural groundwater flow, per 1 m of the
width of the stream, greatly simplifies the procedure
for calculating the volumes of polluted groundwater
for the zones of their wedging out. In addition, tak-
ing into account the concentration of boron in each
zone and the mass of boron carried out during the
year at thinning-out. In the first zone: 391 m3 / day
is disengaged, i.e. per day, 39 g of boron is carried
out into the Ilek River, and for a low-flow period (~
300 days) — about 12 kg of one year. In the second
zone, 446 m3 / day, 37 g of boron per day, or 11 kg
per year, are thinning-out.

The diagrams constructed on the basis of re-
gime observations and calculated empirical curves
of the dynamics changes for each post for the period

showed, that after 2016, at the Alga 2 post, there was
a sharp increase in boron concentration. It is indicat-
ing that new sources of pollution were connected,
which may be streams from washing the spill of the
slurry pipe to the new sludge collector and leaks
from it.

As a result of the overlapping of the impact of
different sources of exposure, the approximation co-
efficient for the full sample turned out to be very
low, therefore, the forecast of restoration of the eco-
logical capacity was performed for the period when
the old source of contamination was the old sludge
tank. Accepting the substantiation of exponential
dependence, which ensures a gradual decrease in
concentrations without falling into negative values
and limiting consideration of one process, signifi-
cantly simplified the appearance of the trend equa-
tion and increased the approximation coefficient.

The predictive part of the trend equation was
calculated self-cleaning time p. Ilek before the res-
toration of the full ecological capacity, the criterion
of which was taken to be a boron concentration of
0.017 in accordance with the standards of water
bodies for fisheries. It was shown that natural pu-
rification processes from the effects of only the old
sludge collector can ensure the restoration of the full
ecological capacity only by 2080. If exposed to ad-
ditional sources of pollution, this period can be post-
poned for many more years, increasing pollution of
the Aktobe reservoir.

The direction of further research should be to
test the hypothesis of connecting additional sources
of pollution by building a new map of hydroisogyp-
sum with a groundwater flow pattern and calculating
the time the pollution front moves to the thinning-
out zones.
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MOAEKYASAPHO-TEHETUYECKUE
OCOBEHHOCTU IIMMAEMUYECKOTO CE3OHA
2017-2018 I'T. MO IPUTITY B KASAXCTAHE

Bupycbl rpunna npeaCTaBAsiOT COOOM MOCTOSIHHYIO MPOOAEMY TAOOAAbHOIO OOLLECTBEHHOTO
3ApaBooOXpaHeHus. Brpycoaornueckoe HabBAIOAEHME 3a FPUMIOM SIBASIETCSI BaXKHbIM MHCTPYMEHTOM AAS
pPaHHEro BbISIBAEHWSI HOBbIX Fr€HETUYECKMX BAPMAHTOB BUPYCOB 3MUAEMUOAOTMYECKOTO N KAMHUYECKOE
3HayveHus.

LleAbtlo AQHHOT O UICCAEAOBAHMS IBASIETCS ONPEAEAEHNE MOAEKYASIPHO-TEHETUYECKMX XaPaKTEPUCTMK
BMPYCOB IpuMna, UMPKYAMPOBABLUMX HA Tepputopumn KasaxcTaHa B TeYeHWe 3MMAEMMOAOrMYECKOro
ce3oHa 2017-2018 rr. bbiAn M3yueHbl MOCAEAOBATEABHOCTM F€HOB ABEHAALIATWM LUTAMMOB BMpYycCa
rpunna A (mnoatun HIN1pdm09 - 9, noatun H3N2 — 3) 1 Aecatu witamMmoB Bupyca rpunrna B (reHotmn
B/Victoria — 2, reHotun B/Yamagata — 8), BblAeAeHHbIX B HEAO30PHbIX caiiTax pecrnyOAnku. 1o AaHHbIM
(bMAOreHeTMYECKOro aHaAM3a, BCE CEKBEHMPOBaHHble WTamMmbl Bupyca rpunna A/H1N1pdmO09
NMpUHasAexaan K Kaanay 6B.1. Bupycbl rpunna A/H3N2 OTAMUMAMCH 3HAUMTEAbHBIM FEHETUYECKUM
pasHoobpasrem — UCCAEAOBAHHbIE BUPYChI MPUHAAAEXKAAM K HECKOABKUM (DUAOTEHETUYECKMM FpyTnam
M MOArpynnam c npeobAasaHUEM BUPYCOB, MOAOOHblE BaKUMHHOMY LITaMMY. YCTaHOBAEHO, YTO
npeobAaAaioLLas YacTb BbISIBAEHHbIX BUPYCOB rpunna B Ha TeppuTopun KasaxctaHa, npyvHasAexkana
K AnHuM B/Yamagata u oTHOCMAQCh K KAanay 3. Pe3yAbTaTbl 3TOr0 MCCAEAOBAHMUSI MOATBEP>KAQIOT
Ba’KHOCTb HEMPEPbIBHOIO MOHUTOPMHIA MyTaLUMOHHOM M3MEHUYMBOCTU M (PMAOTEHETUYECKOTO aHaAM3a
LUMPKYAMPYIOLLMX LITAMMOB B BblOOpE BaKLMHHbIX LUTaMMOB AAS crieumduueckoit npomAakTUKM
rpunna 1 NPOTMBOBMPYCHbIX MpenapaTos.

KAloueBble cAoBa: BMpPYC Trpumna, MOAEKYASIPHO-TEHETUMYECKMIA aHaAM3, (UAOreHeTUYECKNI
aHaAM3, BaKLMHHbIE LUITAMMbI.
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Molecular genetics features of the epidemic season 2017-2018
on the influenza in Kazakhstan

Influenza viruses are a constant global public health problem. Virological surveillance of influenza
is an important tool for the early detection of new genetic variants of viruses of epidemiological and
clinical significance.

The purpose of this study is to determine the molecular genetic characteristics of influenza virus-
es circulating in Kazakhstan during the 2017-2018 epidemiological season. gene sequences of twelve
strains of influenza A virus (subtype H1N1pdm09-9, subtype H3N2-3) and ten strains of influenza B
virus (genotype B/ Victoria-2, genotype B / Yamagata-8) were studied in non-licensing sites of the repub-
lic. According to phylogenetic analysis, all the sequenced influenza A/ H1N1pdmO09 strains belonged to
clade 6B.1. Influenza A / H3N2 viruses were distinguished by significant genetic diversity — the studied
viruses belonged to several phylogenetic groups and subgroups, with a predominance of viruses similar
to the vaccine strain. It was found that the majority of the detected influenza B viruses in Kazakhstan
belonged to the B / Yamagata lineage and belonged to clade 3. The results of this study confirm the
importance of continuous monitoring of mutational variability and phylogenetic analysis of circulating
strains in the selection of vaccine strains for specific prevention of influenza and antiviral drugs.

Key words: influenza virus, molecular genetic analysis, phylogenetic analysis, vaccine strains.
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150A6an atbiHAAFbl Kasak, yATTbIK, NMeaarormkaabik, yHusepcuteTi, KasakcraH, AAMaThl K.
234 BUpyCTbl >KyKMarapAbl KaaaraanTbiH pepepeHc 3eptxaHa KP ACM KACYOLLDKK PMK
«CaHWUTaPABIK-3MUAEMUOAOTUSIABIK, CaparnTama XeHe MOHUTOPUHI
FbIABIMU-TIDAKTMKAAbIK, OPTaAbIFbl» (hrAMaAbI, AAMaTbl K., KasakcraH
’KoAAaHOGaAbI 3epTTeyAep MHCTUTYTbI, AaxeH K., [epmaHus

Ka3zakcranaafbl 2017-2018 »0K. Tymay 3MMAEMUSIABIK,
MayCbIMbIHbIH, MOAEKYAAAbI-T€HETUKAAbIK, epeKLLeAiKTepi

Tymay BUpYCbl ahaHAbIK, KOFAMABIK, AEHCayAbIK CaKTayAblH TYPaKTbl ©3eKTi MaceAeci GOAbIM
TabblAaAbl. TyMayAbl BUPYCOAOTUSIABIK, KQAAFAAQY 3MUAEMUOAOTUSIABIK, KOHE KAMHMKAABIK, MaHbI3AbI
BUPYCTbIH XaHA r€HETUKAAbIK, HYCKAAAPbIH epTe aHbIKTayAblH MaHbI3Abl KYPaAbl GOAbIN TabbIAQAbI.

ATaAMbIlW  3epTTeyAiH Makcatbl — 2017-2018 >KblAAQpPbl  3MUMAEMUOAOTMUSABIK,  MayCbIMbI
GapbicbiHAa KasakcTaH aymarbl aMHAAbIMbIHAQFbI TYMAay BUPYCbIHbIH MOAEKYASPAbI-T€HETUKAADIK,
cunaTTamanapbiH aHbikTay. OcblAaiila, TymMayAblH A BUPYCbIHbIH, OH €Ki LTamMMmAapbiHbiH, (HTN1p-
dm09 cy6tuni-9, H3N2 cy6tuni-3) skeHe B TymaybitbiH 10 wtammbiHbiH, (B/ Buktopums resatmni-2, B/
Yamagata reHoTuni-8) rex TisbexkTepiHiH, 3epTTeyi Xyprisiaai. DraoreHeTMKaAbIK, TarAdy MBAIMETTEpI
6oibiHwa, A/HTN1pdmO09 wtammaapbiHbiH GapAbiFbl 6B.1 KAaMAblHa CoMKeC ekeHi aHbiKTaAAbl. A/
H3N2 tymay BupycTapbl MaHbI3Abl FEHETUKAABIK, BPTYPAIAITIMEH epeKLIeAeHAT — 3epTTeAreH BUpycTap
GipHelle (hMAOreHeTUKAAbIK, TONTAp MeH Killi Tonwaaapra 6eAiHAl, 6ipak BUpyCTapAbiH 6acbiM GOAiri
BaKLUMHAABIK, lITaMMFa yKcac 60aabl. CoHAall-aK, eAAe aHbIKTaAraH B TymaybiHbIH 6acbiM KeLwiAiri
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MonexyIapHO-TeHETHIECKIE 0COOEHHOCTH AMuaeMuaeckoro cezona 2017-2018 rr. mo rpummy B Kazaxcrane

B/Yamagata >xeaiciHe >xaHe 3-wi KAaMAbIHA TUECIAI EKEHAIr aHbIKTaAAbl. 3epTTey HaTvXKeAepi
TyMayfa KapcCbl MpenapaTtTapAbl AAlbHAQY YLiH >K&He BMPYCTbl apHaibl aAAbIH aAy YLLUIH apHaAFaH
BaKUMHA LWITAaMAQPbIH TaHAQY Ke3iHAE, alHaAMaAbl LITAMMAAPAbIH, MYTaUMSIAbIK, ©3reprilTiriH >kaHe
hbrAOreHeTUKAAbIK, TaAAQYbIH Y3AIKCI3 BakblAQyAbIH MaHbI3ABIAbIFbIH PACTaNAbI.

TyHiH ce3aep: TyMay BMPYCbl, MOAEKYASIPAbIK-TEHETUKAABIK, TaAAQY, (PUAOTEHETUKAABIK, TaAAQY,

BaKLMHA LITaMAAPbI.

BBenenne

W3 Bcex BUPYCHBIX PECIMPATOPHBIX WH(MEKITHI
y JFOJIeH IpUIII UMEeT HaubobIIee KITMHIYECKOe U
MUIEMUOIOrnueckoe 3Hauenne. Kaxaeii roa 600
MUJUTMOHOB CITy9aeB TPHIIIA MPOUCXOISIT BO BCEM
mupe, npuueM y 290 000-650 000 yenoBek rpurmi
npuBouT kK cmeptH [1] (WHO, 2018a). ExxeromHo
Ha Teppuropun PecryOnmkm Kaszaxcran Takxke pe-
ructpupytotest ot 600 Teicsy 10 1,2 MiIH. ciiydaeB
OPBU u rpunna [2].

Kak yxe ormedanoch, BUpycel rpunmna A u B
MPaKTUYECKH €)KETOJHO BBI3BIBAIOT JIUAEMHYE-
CKHe ITOTheMbI 3200JIeBaHus, a TSI BAPYCOB TPHIIIIA
A W3BECTHHI MMaHIEMUYECKHE (POPMBI PACIIPOCTpa-
Henus. [locneaHsst manaeMus rpuIna mpou3ola B
2009-2010 romy, koTopasi ObLTa CBSI3aHA C BUPYCOM
rpumma A/HIN1pdmO09, conepkamum CIOKHYIO
KOMOWHAIIMIO CErMEHTOB I'€HOB OT CBUHEH, BUPYCOB
[TUYBETO U YEJIOBEUECKOro Irpunmos [3-5]. OTu Bu-
PYCHI TIOTHOCTHIO 3aMEHUIIN OBIBIIIE CE30HHBIC BHU-
pycel A/HINI u mpomoinkaroT HUPKYJIUpOBATh IO
BCEMYy MUPY B Ka4eCTBE CE30HHOTO BUpycCa TpHUIITa
BMmecte ¢ A/H3N2 u Bupycamu tuna B.

N3yueHue MOJIEKYJIIPHOU 3BOJIOLUU BUPYCOB
TpUIITNA MPEIOCTABISET BaXHYI0 MH(MOPMAIIHIO TIO
WX TEHE3WCy M OCOOCHHOCTSM paCIpOCTPaHEHHS
B pasHbIX cTpaHax Mmupa [6]. ExerogHo Bupycsl
TpUIITa BBI3BIBAIOT SMUJIEMUN B 00XOJ yiKe CyIIe-
CTBYIOIIEMY WMMYHHTETY OJarojaps MOCTOSHHON
MYTalMOHHON U3MEHYUBOCTHU (aHTUTCHHBIN JAPEi])
B remarrroTrHrHEe (HA), Tak kKak oH siBiseTcst oc-
HOBHOH TIETIBIO JUTSI aHTHUTEIN, a TaK)Ke N3MEHEHHUSIM
B Helipamunugaze (NA) u M-Oenke, CBSI3aHHBIX C
YYBCTBUTEIBHOCTHIO K MPOTHBOBHPYCHBIM TIpema-
patam [7]. [ToaToMy OONBITHHCTBO HCCIIEIOBAHHMA
MOJICKYJIIpHO-TeHETHUYecKoro cTtpoeHus HA u NA
MTOCBSIIIEHO UX 3BOJIOIMOHHBIM U3MEHEHUSM B pe-
3yJbTaTe TOSBIEHUS HOBBIX 3HAYUMBIX MYTaIlHi
[8-12].

OrpomHyIo posib B mpodiemMe 0OpbOBI ¢ TpHII-
IIOM Wrpaer pa3padoTKa HOBBIX METOAOB Ha-
THOCTHKH, YTO TOOYKIaeT o0pamaTrbes K MOUCKY
METOJIMYECKUX PEIIeHUH i BUPYCOIOTHYECKUX
WCCIIEIOBAHNHN C TIPHUBIICYCHNEM COBPEMEHHBIX JI0-
CTKCHUH pa3IMYHbIX 00JIaCTeH HAyKH, B TOM YUCIIE

MaTEpUAIOB U METOJIOB JJIsl CO3JaHHSI TECT-CUCTEM.
JlanHble 00 SMUAEMHYECKH aKTyallbHBIX IITaMMax
HEOOXOMMBI KaK JUIst paciii(pPOBKH MPUYUH TEKY-
UIUX U POTHO3UPOBAHUS TPSIAYIIUX AMUIESMUM, TaK
Y JUTA TIPOBEIEHUS POPMIAKTUIECKIX U TPOTHUBO-
SMHUIEMUYECKUX MEPONPUATHH, B TOM YHUCIIE — Pa3-
pabOTKM HOBBIX BaKIMHHBIX U JHArHOCTHYECKUX
MIperaparoB.

Llenpro TaHHOTO MCCIIEIOBAHUS SBUJIOCH OIIpe-
JIeJIEHNEe MOJIEKYJIIPHO-TEHETUUECKUX XapaKTepH-
CTHK BHPYCOB TpHIIA, MUPKyInpoBaBmmx B Ka-
3aXCTaHE B TE€UEHHUE AHIEMHUOIOTHUECKOTO CE30HA
2017-2018 rr.

MarepuaJj 1 MeTOAbI

Hccnedosannvie eupycol. B pabore ObLTH WC-
MOJIb30BaHBl IITAMMBI BUPYCOB rpurmna A u B, BbI-
JIelleHHble Ha KieTouyHol kyneType MDCK B amu-
neMuyeckui ce3oH 2017-2018 rr.

Buvioenenue eupycnoii PHK mpoBoaunu ¢ 1o-
MoIIbI0 KomMMepueckoro Habopa PureLink RNA
MiniKit (LifeTechnologies, CIIIA) ¢ pexomeHma-
USIMHA TIPOU3BOUTEIS.

Honumepasno-yennas peaxyus ¢ 00Opamuou
mpanckpunyuett (OT/I1]P) poBOAWIN C UCTIONb-
30BaHUEM OpHUTMHAIBHBIX mpaiiMepoB (JloHmoH)
u KoMMepueckoro Habopa SuperScript® III One-
Step RT-PCR System with Platinum® Taq DNA
Polymerase (LifeTechnologies, CIIIA) Ha Tepmo-
muknepe Veriti (Applied Biosystems, CLLA).

Onexmpoghopez JIHK TIpOBOIWIHN, HCIOJB3YSI
KOMMEPUECKUI KOMIUIEKT PEareHTOB ISl dJIEKTPO-
(dopeTnueckoil AETEKIUH MPOLYKTOB aMIUTH(UKa-
nua B arapo3HoM reie «9D»-200 (Amrmmun CeHc,
Poccus) B 1,7 % arapo3Hom rese ¢ Tpuc-00paTHbIM
OydepoM KOHIEHTPUPOBAHHOTO C OpOMHUIOM
STUINA.

Jlna evidenenuss JIHK w3 Tens UCIOIb30BaIH
kommepueckuii Habop QI Aquick Gel Extraction
Kit (QIAGEN, I'epmanwmsi), a 1 9UCTHIX dpar-
MEHTOB TpPH AJIEKTPOPope3e HCIONIB30BAIA KOM-
mepueckuid Habop PureLink PCR Purification Kit
(LifeTechnologies, CIIIA).

Onpedenenue KOHYEHMpayuu O08yYeno4eyHou
JIHK mpoBOAMINCH HCIIONB30BAHUEM CIIEKTPO(d-
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nyopumerpa Qubit u Habopa pearenros Qubit HS
dsDNAKit (Life Technologies, CILIA).

Cexgenupogarie TIOITHOPA3MEPHBIX CETMEHTOB
reHoMa BHpyca TpHUIIa OCYIISCTBIISUIA Ha aBTO-
MaTHYECKOM TeHeTHdeckoM aHammzatope ABIGA
3500 (Applied Biosystems, CIIIA) ¢ momoris0o
KomMMepueckoro Hadopa Big Dye Terminator Kit
v3.1 (Applied Biosystems, CILIA).

Ouucmky npooyKmos cek8eHUupO8aHUs OCYIIeCT-
BJSUTH ¢ momonisio Habopa Big Dye XTerminator
Kit (Applied Biosystems, CILIA) B COOTBETCTBHH C
WHCTPYKIUEH NPOU3BOAUTEIIS.

Qunocenemuueckuii ananus. AHaIU3 HYKIEO-
TUIHBIX U COOTBETCTBYIOIINX UM aMHHOKHCIOTHBIX
MOCIIeI0BATENILHOCTEH, MHOXECTBEHHOE BBIPABHH-
BaHHE MPOBOJIWIN C HCIIOJIb30BAHUEM IMPOrpaMM-
Horo obecrieuenuss MEGAG6. Iloctpoenne ¢uino-
TEHETHYECKOT'0 JIepeBa OCYIIECTBISIIOT C TOMOIIBIO
METo/la MaKCHMMallbHOrO TpaBponomobus (ML) B
peanuzanuu makera MEGAG6, ucnomns3yst mociemo-
BarenbHOCTH TeHa HA n NA akTyalbHBIX BaKIIAH-
HBIX IITAMMOB M pedepeHc ITaMMOB (PHUIOTeHETH-
YECKHUX IPYII U NOArpynn Bupyca rpunna A u B
13 MexTyHapo o 0a3sl qanubix EpiFlu GISAID.

Pe3syabTatbl

Jns u3yueHus: MOJIEKyJISIPHO-T€HETUYECKOM Xa-
PaKTepUCTUKN ITAMMOB BUPYCOB TPHIIIA B AIIH/IE-
MuosiornyeckoM cezoHe 2017-2018 rr. ObuTH TIpO-
BEJEHBI UCCJe0BaHNs BUpPYcOB rpunmna A u B Ha
MyTallM{ T€HOB TeMarTIIOTHHUHA U HeHpaMHUHU/1a-
3bl. B Pedepenc naboparopun (PJI) mo xonTposio
3a BUPYCHBIMH HH(M)EKIHSAMHA METOJOM KaIWJUIsp-
HOTO CeKBeHHpOBaHUA 10 Camkepy OBbIITN U3yUYeHBI
[I0CJIEI0BATEIFHOCTH T€HOB JBEHAALATH ITAMMOB
Bupyca rpunma A (nmoarun HIN1pdm09 — 9, nox-
tun H3N2 — 3) u necaTi mraMMoB BUpyca Tpumma
B (renotun B/Victoria — 2, renorun B/Yamagata
— 8), BBIIEICHHBIX B HEIO30PHBIX CaliTax pecIry-
Omuku. VM307Thl 1 KITUHUYECKHE 00pa3ibl TPHIIIA
noctynwin B PJI U3 BUpycojorudeckux iadoparo-
puii  3amamgao-Kazaxcranckoi, KaparanamHCKoMH,
IOxHo0-KazaxcraHckoi, Boctouno-KazaxcraH-
ckoit, CeBepo-Kazaxcranckoil, AKMOJUHCKOU, AJl-
MAaTHHCKOW oOmjacTeil. JlaHHBIE CEKBEHHPOBAHUS
oInmyOJIMKOBaHbl B MexayHapoaHoit 0aze GISAID.
Wndopmanus 00 obpasuax, ucciaeJ0BaHHBIX METO-
JIOM CEKBEHHPOBAHUS, MPUBe/IeHA B Ta0mwmie 1.

Taomuua 1 — Madopmanus 06 odpasnax, nCCIeI0BaHHBIX METOIOM CEKBEHUPOBAHUS

Ne Jlara 3abopa 1D romep
- Ha3Banue mramma varepuaa Tun Bupyca B 0a3e JaHHBIX Pernon
GISAID

1 A/WestKazakhstan/295/2018 26.12.2017 A/H3N2 Epi ISL 309393 | 3amamHo-Ka3zaxcraHckas

2 A/Akmolinskaya NRL/299/2018 05.01.2018 A/H3N2 Epi_ISL 309394 AKMoMHCKas

3 | A/SouthKazakhstan.NRL/302/2018 | 19.01.2018 A/HIN1pdm09 Epi_ISL 306509 1OsxH0-Ka3zaxcranckas

4 A/Karaganda.NRL/303/2018 06.02.2018 A/HIN1pdm09 Epi_ISL_309390 Kaparananuckas

5 A/Karaganda.NRL/304/2018 06.02.2018 A/HIN1pdm09 Epi ISL 306511 Kaparanouackas

6 A/EastKazakhstan/305/2018 22.02.2018 A/H3N2 Epi ISL 309391 Ki:;:;’::fm

7 | A/EastKazakhstanNRL/307/2018 | 22.02.2018 | A/HINIpdm09 | Epi ISL 306563 Ki;’i:;’;:é’m
A/Karaganda.NRL/311/2018 05.02.2018 A/HIN1pdm09 Epi ISL 306564 Kaparanausckas

9 A/Karaganda.NRL/312/2018 07.02.2018 A/HIN1pdm09 Epi ISL 306565 KaparanauHckast

10 A/Karaganda.NRL/313/2018 07.02.2018 A/HIN1pdm09 Epi ISL 306566 Kaparanaunckas

11 A/Karaganda.NRL/314/2018 09.02.2018 A/HINI1pdm09 Epi ISL 306513 Kaparanausckas

12 A/Karaganda.NRL/317/2018 14.02.2018 A/HIN1pdm09 Epi_ISL 306514 Kaparangunckas

13 B/NorthKazakhstan/322/2018 15.02.2018 B/Yamagata - CeBepo-Kazaxcranckas

14 B/Almatinskaya.Kaz/323/2018 20.02.2018 B/Victoria Epi_ISL 309403 AnMaTuHCKas

15 B/Almatinskaya.Kaz/324/2018 06.03.2018 B/Victoria - AJMaTuHCKas

16 B/NorthKazakhstan/325/2018 19.02.2018 B/Yamagata Epi_ISL 309396 Cesepo-Kazaxcranckas

17 B/NorthKazakhstan/326/2018 28.02.2018 B/Yamagata Epi ISL 309395 Cesepo-Kazaxcranckas
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Ipooonacenue mabauywl 1

ID nomep
Ne Jlara 3abopa
- Ha3panune mramma MaTeDH Tun Bupyca B 0a3e JaHHBIX Perunon
arepuaa GISAID
18 B/NorthKazakhstan/327/2018 27.02.2018 B/Yamagata Epi ISL 309397 Cesepo-Kazaxcranckas
19 B/NorthKazakhstan/328/2018 26.02.2018 B/Yamagata Epi ISL 309398 CeBepo-Kazaxcranckas
20 B/KysylordaKaz/329/2018 12.02.2018 B/Yamagata Epi ISL 309399 Ke3putopanHckas
21 B/KaragandaKaz/330/2018 22.01.2018 B/Yamagata - Kaparanaunckas
22 B/KaragandaKaz/331/2018 03.03.2018 B/Yamagata Epi ISL 309401 KaparananHckast

I'enemuueckas xapaxmepucmuka eupyca pun-
na A/HINI1pdm09

[To naHHBIM (QHUIOTEHETHYECKOTO aHallu3a BCe
JIeBSITh CCKBEHUPOBAHHBIX IITAMMOB BUPYCa TPHII-
nma A/HINlpdm09 npunamnexamun K CyOKmai-
oy 6B.1 u ObuUM TOJOOHBI BaKIMHHOMY HITAMMY
Michigan/45/2015(HIN1) kak u OOJBLIIMHCTBO

— AR omania’l
ALatvia'11-0826
— ALatvia’12-0

ARomama’ 2229

ABotozani/273171/2018 A/ HINI jpdm09

A A Tosagands NELFIL2018 | A/ HINI | MDCE | pdmo®
ARomama 2330352018 [A/HIN] |pdm0?
AMoscow,RIL-TR0S2018 [A/HINL | pdm09

i 2018 1A FHIN I fpdm0?

'H

17| A/HIN | pdm09
2018 1A FHINT pdm0?
17452017 IA "HIN 'pdm(9
34322018 1A /HIN1 pdml?
AMoscow 42018 A HINT |pdm(9
2018 A/HINI |[pdm0s
ARomanin223433/2018 A HINT ipdm0¥
ARomama 34342018 A /HIN jpdm0d

AMoscow/ 32018 |4/ HINL | pdm0P

A ATerngonda NELF04/2013 | 47 HINI | MDCK | pdm 09

.‘.i'Iﬂrﬂgﬂﬂdﬂ'_.\'ﬂl‘!“.’_’ﬂlé A/HINI | MDCK | pam 09
_'— A/PRomanin 1133322018 AHINL |pdm0f

BupycoB A/HIN1pdm09, BbISBICHHBIX BO MHOTHX
ctpanax B armzce3one 2017-2018 rr. (pucynok 1).
Jlnst aToro cyOkjaiiia OTMEUYEHBI XapaKTepHbIe 3a-
menbl S74R, T120A, S162N(+CHO), S164T, 1216T
B aHTUTeHHOM caiite HA Sa, pacmoiiokeHHOM Ha
rio0yse Oenka, psSAoM C PEeLENnTOpP-CBI3bIBAIOIINM
calToMm.

BB, T1ITA, S109T, E1ITV

S6R, §181T, 11137

6L SLHAT, A2IIT

APomania?2321

AMoscow
Aldescow/FIL
Aldescow/10
AMoscow/10

APomania 23767 5/201
# A/Paris14

L & 4/Slovenla 2903/201 5| ATHINT
W AMichigan 452015 AHINL
A AFau Knzaklsian NRLA0 72018
———————— ® ATaarl'Q-5
@ AfSourh Africai3626/201 3AHIND
% A/Hong Kong/S650: 2002 AHIN1
L— 4 A/St, Petersburg2 V201 LAHIN e
@ A/5t, Petersburz 1002011 A/HINT
® A 2011 AHINL
@ ALviv/Ns 2009 AN oo
& A/Bavern/s JA/HINL
4 A/California/07/2009|A/HINL

DA

10, Ao, QI

TN, R, AZLES, 210V, V2L

sz

snan, vast

A ATnraganda NRL31 712018 | A 7 HIND | MDCE | pdngd
AMoscowRIL- 7795/ 2018 A (HIN1 | pdm02

ARomania/ 221746201 T [A/HINT | pdm0d
ABucwresti’ 22117462017 |A /HINT jpdmDI

23872018 A /HIN] |pdm09
181A HINT [pdmds
2018 1A /HINT |pdm2
A AToroganda NRLIT42618 | A/ HINI | MDCE | pdm 59
b ABaraganda NRL/J142018 | A / HINI | MDCE | pdmt9

A t%Sonth Kazakhstan NRLA622613| A / HIN1 | MDCE | pdmg?
HINI [pdm)9
017 A/ HIN1 [pdmDdd
BLS2018[A/HINI pdmb9
{HINI [pdm09
N1 [pen09

2017 A/HINT
ARostov-on Don'3 196701 7{A  HINI fpdiadd
ATLatvia/12-027589/2017 | A /HIN1 | pdm{b9
— ABuowesti 1217440017 A /HIN! pdm02
F2g

e, v~

SHINT | MDOK | pel w69
42015 AHINT

RIUSH 1S, ISR, VL

R, E1F1T, §303F, TITIT

LSy

=, samiT, DA
om, 51817, P304Q, GI20K, 1302V
A A Taraganda NELAGL2018 | A/ HINT | MDCEK | pdm 69

08, 51017, LY

S300T, I3V

HINI |pdm0o

VISEL I ELee, Suie

Pucynok 1 — ®uoreneTinyeckoe 1epeBo 10 IeHy TeMarrIioTHHHHY BUpYcoB rpurnma A noaruna HINT
(meron ML, mozmens T92+G, Gyrcrpen — 500 permukanui). CHMBOJIOM « » OTMEUYEH aKTyaJIbHBIH BaKIIMHHBIHA IITAMM,
CHMBOJIOM « » — BUPYCHI dnuaeMuaeckoro ce3oHa 2017/2018, cekBeHMpOBaHHbIE B pedepeHc-I1adopaTopu,
CHMBOJIOM « » — pe(hepeHC-ITaMMBbl (PUIIOTeHETHUECKHX TPYII U MIOATPYIIH, COOTBETCTBEHHO
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Carpim0ait A.B. u 1p.

O6pasup u3 Kaparanaunckoii (7 06p.), Boctou-
Horo-Kazaxcranckorr (1 o0p.) n Ceepro-Kazax-
craHckoi obmacteit (1 00p.) mMenn TaKKe IOMOJI-
HuTeabHble 3aMenbl SOR, T137A, N179S, S181T,
S200P, A232T, T2331, T2731, P308Q, Q310K,
I312V.

T'enemuueckas xapakmepucmuxa eupyca epun-
na A/H3N2

OunoreneTnyeckuii anann3 HA-reHoB rpumma
H3N2 moxa3zan, 4To McClieZJOBaHHBIE BUPYCHI MpH-
Ha/JIEKATN K JIBYM T€HETHYECKUM TpyTIaM — Cy0-
knaiimam 3C.2a2 n 3C.3a.

JlBa 1mtamma, OTHOCSIIMECSs K CyOKaimy
3C.2a2, ObuM MOAOOHBI BAKIIMHHOMY ITamMmy A/
HongKong/4801/2014. (pucyHok 3) u ompeuens-
JUCh TaKMMU aMHHOKHUCJIOTHBIMU 3aMEHaMH, Kak
T131K, R142K, R261Q B yyactke HAI.

Onun mtamm A/EastKazakhstan/305/2018 0but
oTtHeceH K rpynne 3C.3a ¢ aMUHOKUCIOTHBIMU 3a-
MeHamu T128A (mpuBomsMmni K MoTepe MOTEHITH-

_l ASant Petersbuag PIL
AiSaint-Feterstmug BIT-7
4 ABretagne 1413/2017 | MDCK2/SIAT? |
A/Pnsaa3312017| 5283
ARuazia/121/2017{ 52
ARomanin?2374172018
ABelginm 506412018
A ATWest Knzakhistan 2952018 | MDCE
AfSamarsRIT-B465T018
A/Samara/RI-$4552018 3Cal
AstanaZ VT 3212018
ATaiwan 14082017/ C2
_— A'Hong Kong 401872017 | e |
ray/4293/2016 | SIATI |
vay/4H465/2016 | SIATI |
A A Karagandan K4Z/3152018 | MDCK
& ANanes'1441/2017 MDCE2/SIAT? |

]

# ANorway/ 44362016 | SIAT 400

anpHOrO caita raukoswirpoBanus, NWT B mo-
noxxeHnn 126-128 3amensiercs Ha NWA,) F159S,
K326R u Obul OJU3KOPOJCTBEHEH K pedepeHc-
mrammy A/Switzerland/9715293/2013.

I'enemuueckasn xapakxmepucmuxa upyca epun-
na B.

AHanu3 mTaMMOB Bupyca rpunma B, cexse-
HupoBaHHBIX B PJI, mokazam, uro 8 u3 10 (80 %)
IITaMMOB OTHOCWJIMCh K JMHMM fIMarata um Obuin
noo0Hs! pedepenc-mrammy B/Phuket/3073/2013,
pekoMeHI0BaHHbIH ~ BceMupHOW  opraHuzanuein
3IpaBOOXPAHEHHS B KauyeCTBE BAKLUUHHOIO I
YEeTHIPEXBAIEHTHBIX BakIMH Ha ce3oH 2018-2019
IT. JUIsL CEBEPHOIO NOIyIIapus. Y CTAHOBJIEHO, YTO
JaHHBIE IITAMMbI IPUHAIEXKAT K KiIaiay 3 ¢ xa-
PaKTepHBIMH aMHHOKHCIOTHBIMH 3aMEHAMH B T'€HE
remarrmotuauae (HA) —L172Q, D196N (+CHO),
M251V u neiipamunuaassl (NA) — 149M, R65H,
1171M, D342K, K373Q, S402P, {D463N A465T}
(+CHO) (pucyHox 3).

7452018
7382018

T160K (-CHO), L511

@ ANorway/35062016 | E7 L1 cln2S | b 32313
@ A/Greece/4/2017) STAT2 | G76D 1220 (-chD), 1223
A/Buleara 121372016 51

W ASingapore INFIMH-16.0019/2016 | ESE? |
A/Brest'188872017| MDCE2/SIATL |
A'S Patersburg/RI1-3085/2017
A/AbuDlabi/1062017| 51
AMelayein/172017 MDCE /P2 SIATI
AKyiv72018

AlAdphanstan 05222017
A'Aighanistan/0008/2017|C2|
AMoscow 22018 [SIATI/SIATL

E142G, D2256

IC2alb

AMbseow 22018 MDCK
s AsmazvL 4542018
| @ AHong Kong 72052014 | MDCEUSIAT? | cemcamssmsasmnnns: 2

& ACote DIv 2016 | PLSIATL S13P

etersburg RII-3135/2017

3Cza3

AHong Kong/ 33
# ANormay4849/1016 | SIATL |
AMoseow/CRIE-1 552016
A/Ankara'113272017[ SIATI/SIATI |
A/Samdi Arabia/ AMOG00203. 2017 SIATI |
5312
Ti60* (-0HT)

T160K {CHO, L1540, DI2EG

3Cks

@ LSwitzerland 9715202/2013 | 5152/53 F1595, KR

A Ankara/ 10502017 | SIATUSIATL
A A Fast Eezaldisian3052018 | MDCE

& ATexas/S0/2012 | M L/C 2+ SIATL |

3C3a

3C2a1

PucyHok 2 — ®unoreHeTnueckoe 1epeBo 0 reHy reMarnIloTHHUHY BUpYycoB rpumnmna A noaruna H3N2
(meron ML, monens NKY+G, Oyrcrpen — 500 perukannu). CUMBOJIOM « » OTMEUEH aKTyaJIbHbII BaKIIMHHBIN IITAMM,
«» — BUpYCHI anuaeMuueckoro cezona 2017/2018, cekBeHnpoBaHHbIE B pedepeHc-1adopaTtopuH,
CHMBOJIOM « » — pe(epeHC-IITaMMBbl (PUITOTEHETHUESCKHUX TPYII U MOATPYIIIT, COOTBETCTBEHHO.
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JlBa oOpasna ObUTH OTHECEHBI K JIMHUU BuHK-
TOpHUS U OBUIM TOJO0HBI BaKIIMHHOMY IITamMMmy B/
Brisbane//60/2008 u npuHamiexkanu kiaday 1A,

HECYIIMMH JBOMHYI0 aMHHOKHCIOTHYIO NEICLHIO
A162-163 ¢ amuHOKHCIOTHREIME 3aMeHaMu 1117V n

N129D B rene HA1 (pucynox 4).

_L— B/Surgut/354/2017|Ongmal | Yamagata
B/St. Petersburg/RI1-332/2017| C1| Yamagata
— A NA | BNorth Kazakhstan/328/2018 | MDCK
— B/Moscow/1/2018|C1 | Yamagata
— B/AstanaZVL/472/2018| Yamagata
_| B/Ulaanbaatar/373/2018/C 1+MDCK1 | Yamagata
B/Ulaanbaatar/2988/2017|C2/C1| Yamagata
I— B/CzechRepublic/28/2018| MDCK1/MDCK1 | Yamagata
@ B/\Mauritius/1791/2017 MDCKL/MDCK]I | Yamagata
B/Tarwan/272/2017/C2| Yamagata
NA |B/KysylordaKaz/329/2018 ] MDCK

| B/st Petersburg/RII-3/2018| C1 | Yamagata

—— & N4 | BNorth Kazaklistan/325/2018 [MDCK
A NA | B/North Kazakhstan/322/2018) MDCK
B/AstanaZV1./470/2018| Yamagata

| |\ NA | BKaraganda Kaz/331/2018

— A N4 | B North Kazakhstan/327.2018 | MDCK
L A N4 | BKaraganda Kaz330:2018 | MDCK

— B/Irkutsk/945/2017| Ongmal | Yamagata

| B/Taiwain/275/2017|C2| Yamagata
— B/Moscow/5/2018) MDCK | Yamagata
—— B/Moscow/123/2017 MDCK1/MDCK1 | Yamagata
_L— B/HongKong/1107/2017| Oniginal | Yamagata
B.l

B/Beijing-Chaoyang/12677/2017| C3| Yamagata
I— B/Samit-Petersburg/RII-8025/2018 | Onigmal | Yamagata
— B/Samara/RI-8405/2018 | Original | Yamagata

B/AbuDhaby/202/201 7| Origmal | Yamagata

B/Moscow/4/2018| MDCK | Yamagata

B/Afelanistan/0936/2017|C2| Yamagata
B/Ankara/1269/2017| SIAT1/MDCK1 | Yamagata
B/Ankara1279/2017 | SIAT1/MDCK1 | Yamagata

Hong Kong/1147/2017| Original | Yamagata

B/AbuDhab1/201/2017 | Onimnal | Yamagata

L ¢ B/Florida/4/2006| Egg passage(s) | Yamagata

& B/Hong Kong/3417/2014| E4 | Yamagata
W B/PHUKET/3073/2013| MDCK]1 | Yamagata
& B/Stockholn/12/2011| E4 | Yamagata

4 B/Wisconsin/01/2010| E3 | Yamagata

@ B/Brizbane/03/2007 | 155963 | 155963 | B/Brishane/03/2007 | EPTISL 20655 | B/ HONO | EZE1 | Yamagata
4‘—';7 4 B\Massachusetts/02/2012) MKL/CI/ADCKI | Yamagata
L B/Estonia/35669/2011| MIDCEK2AIDCKI | Yamagata

A N4 | B/North Kazakhstan/3262018 | MDCK
A444V

RESH 2

Pucynok 3 — Ouiorenernueckoe JIepeBo Mo reHy TeMarnIioTHHHHY BUpYcoB Tpunmna B mmaun Yamagata
(merox ML, monens NKY+G, Oyrcrpen — 500 perutnkanuu). CHMBOJIOM « » OTMEUCH aKTyalIbHBIH BAKIIMHHBIN IITAMM,
«» — BEPYCHI anuieMuueckoro cezona 2017/2018, cexkBeHHpOBaHHEIE B peepeHC-T1adopaTopuH,

CHMBOJIOM « » — pe(epeHC-IITaMMbI (QUIOTEHETHYECKUX TPYIIH U MIOATPYIII, COOTBETCTBEHHO.

Oobcyxnenue

B wmenom, smmpemuueckuii ce3on 2017-2018
IT. XapaKTepU30BaJICs MapaIeIbHOW LUPKYJISLM-
eil Bcex Tpex BHPYCOB I'pUIINA, IPY 3TOM B Hayale
ce30Ha JIOMUHHpoBaiH Bupychl rpunna A/H3N2 u
B, a ¢ cepeanHbl ce30Ha aKTMBU3MPOBAJICS BHUPYC
rpunma A/HIN1pdm09 u x KoHIly ce3oHa uMmeln

56

HanOOJBIITNI TIOJIOKUTEIBHBIA YACTBHEIN BEC Cpe-
IIA BCEX THUIOB rpumnmna [2].

B cBsi3u ¢ 3TUM, A1 U3y4YEHHUSI MOJIEKYJISIPHO-
FeHEeTHYECKUX 0COOEHHOCTEH JaHHOTO CE30Ha ObLI
MPOBEJICH TCHETUYCCKUH U (PUIOTCHETUYECKHI
aHAJIU3 PENPE3CHTATUBHBIX LITAMMOB BUPYCOB
rpunmna, MUPKYJIUPOBABIINX HA TEPPUTOPUU pe-
CITyOJIUKH.
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Carpim0ait A.B. u 1p.

- B/Saint-Petersburg RII-1/2018|C1| Victoria
B/St Petersburg/RI-1/2018| C1 | Victora

BfYalama/725/2017 Victoria

__ | B/Irkutsk/579/2017| MDCK2/MDCK | Victoria
B/Tomsk34/2017 C1| Victoria
B/Moscow/113/2017|C1| Victona
BMoscow/91/2017 C1| Victona
B/Yaroslavl/88/201 7 MDCK1IMDCK] | Victona

B/Odessa/171/2017 MDCKx/SIATI | Victona
B/Moscow'109/2017/C1| Victoria

— B/Drenburg/10/2017|C1| Victoria
I— B/Chebolsary/122/2017|C2 | Victona

L BKyiv/375/2017| SIAT2MDCK] | Victoniz
B/Yaroslavl/4/2017/C1{ Victoria
B/St Petershurg/238/2017|EL/EL [Victaria

B/Ukraine/7759/2017 C MDCK! [ Victeria

B/Kaliningrad'22/2017|C1  Victoria

B/Voronezh/2/2016| C1/C1 [ Victoria
B/Kyrv/367/2017|SIATIMDCK 1 | Vicioria

— B/Samara/609/2016 Victona
B/StPetersburg293/2016/E1E3/E1 Victonia

BVladivostol/7/2017|C1 | Victona
B/Yaroslavl/87/2017|C1 | Victorta
B/Novosibirde'43/2017/C1| Victoria
B/ALait 2017 Victoria
B/Gomo-Altaysk/4/2017|C2/C2| Victoria

| B/Krasnovarsk/5430201 7 MDCK2MDCK1  Victoria

B/Odesa/171/201 7| MDCEx/SIATIMDCK ! | Victors
BUkraine/7757/2017| C1/AMDCKL Victoria

B/Yelateriburg/28/201 7 [MDCK2MDCK1 | Victoria
| B/Buawresty209398/2017 MDCK1MDCKI Victoria

B/Novgorog Velikay/85/201 7 MDCK2/MDCK?2 Victoria

B/Kharkv/382/2017 SIAT2ZMDCK]1 | Victoria

B/Norway/2409/2017| MDCKI/MDCK!1 | Victona
@ Blreland/3134/2016 | MDCKINIDCK] | Victoria

B/Vadivestok/13/2017 MDCK1/MDCK1 | Victoria

A NA | BAbnatinskaya Kaz323/2018 | MDCK | Vicioria

A N4 | BAlmatinskaya Kaz324/2018 | MDCE

— & B/Nordrhein-Westfalen/12016 | C2AIDCKI | Victeria
’ B/South Australia/S12012 | E4| Victoria s

—& BiJohannesburg/3964/2012 | ELEL | Victoria vl

@ B/Farmosa’V2367/2012 | MDCKLMDCKI | Victoria 15

& BN alta\IV636714/2011 | E4 | Victoria 7
4‘_';7 L 2 BHongz Kong/314/2009 | MIDCKISIATI | Victoria
W BBrishane/60/2008 | E4/E4 | Victoria

14

T2861 [-CHO), 54029

LT3F

P55, LTSS NL%EO, N3250

Pucynok 4 — Ouiorenetnueckoe JIepeBo Mo reHy TeMarnIioTHHHHY BUPYCOB rpumia B auHun Victoria
(metox ML, mogens NKY+G, Oyrcrpen — 500 perutukanuu). CUMBOJIOM « » OTMEUCH aKTyaJIbHbIN BaKIIMHHBIN IITAMM,
«» —BUPYCHI dnuaeMHuueckoro cezona 2017/2018, cexBenupoBanHble B pedepeHc-nadoparopu,
CHMBOJIOM « » — pe(epeHC-IITaMMbl (QUIIOT€HETHYECKUX TPYIIH U MOATPYIIII, COOTBETCTBEHHO

Kak mokazanmu wuccieoBaHus, MOCBSIICHHBIC
Bupycy rpunmna HIN1pdm09, B pesynsrare amun-
KHCIIOTHBIX 3aMeH B mosioxkeHun S162N(+CHO)
u S164T co3maercsd HOBOE MOTEHIUAIBLHOE MECTO
N-rimkonu3upoBanus B no3unuax 162-164, amun-
kucaoTHeIN TpurieT SQS 3amensgercs Ha NQT, xo-
TOPBIA TO3BOJISIET BUPYCY «YCKOJIB3aTh» OT CIICIl-
M(UIECKIX aHTHUTEN TOCIe BaKIIMHAIIMN I paHee
nepeneceHHod uHbeknuu [13-14]. Takas kapTuHA
BCTpEUaeTCs y BCEX UCCIEAOBAHHBIX IITAMMOB BH-
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pyca rpunna HIN1pdm09, 3a ucxmodeHuem on-
voro mramma «A/EastKazakhstan.NRL/307/2018»
n3 Bocrouno-Kazaxcranckoit obnacta. Y JaHHOTO
mramMa 3ameHa B nosuiun N162S(-CHO) npuso-
JIMT K TIOTepEe IAaHHOTO caiTa.

Bupycsl rpunna A/H3N2 oTnuumnnck 3HauYu-
TENBHBIM T€HETUYECKUM pa3HooOpa3zueM — Hccle-
JIOBaHHBIE BUPYCHl NMPUHAIIEKATH K HECKOIBKHM
(bUIIOTCHEeTHYECKUM TpyNIaM W TOATrpyIaMm, ¢
peolsialaHieM BHUPYCOB TOJOOHBIX BaKIUHHOMY
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mwrammy. Knaiin 3C.2a, B cBoto o4yepellb, XapakTe-
pusytorcst 3ameHamu L3I, N144S, F159Y, K160T,
Q311H B HA1 u D160N B HA2. AMHUHKHUCIOTHEIE
3ameHbl B monoxkeHnn S144N(+CHO) u K160T
(+CHO) npuBOAST K TOSBIECHUIO HOBBIX TOTEH-
LUANbHBIX MeCT N-TIHMKOJIM3UPOBaHUS B IIO3M-
musax 144-146 n 159-161, aMMHKHCIOTHBIE TpH-
mnetel SSS 3amenstores Ha NSS, NYK ma NYT
COOTBETCTBEHHO. BUPYCHI, OTHOCSIIMECS K KAy
3C.2a, UMpKyJIUPYIOT B CEBEPHOM IMONYIIAPUH C
2013-14 rr., a ¢ ce3ona 2014-2015 rr. Bupychl nas-
HOTO KJIaiifia Mpeobaaaiy cpeid BceX HUPKYIUpy-
IOLIMX BUPYCOB I'PUIIA, YTO Mo coodmeHusM BO3
XapaKTepHO W IS AIHAEMHOJIOTHYECKOTO Ce30Ha
2017-2018 rr.

Croutr OTMETHTH, YTO Il BUpyca rpunma A
noaruna H3N2, uupKyaupyroLero B 4eI0BeYECKON
nomyisiuu 6osee 40 51eT, MOKa3aHO HAKOIICHHE
caiiToB N-TTIMKO3WJIMPOBAHUS IPEUMYIIECTBEHHO
B THAPOQPWIBHON TOJIOBE TeMarritoTHHHUHA. [Ipn-
COEIMHEHHbIE K TEeMarrJlOTHHUHY TJIUKaHBI TIpe-
JOTBPAIIAIOT CBSA3BIBAHUS C aHTHTENAMHU in Vvitro, a
y/IaJeHne CaliTOB TITMKO3WINPOBAHNS WM WHTHOH-
pOBaHME IITMKO3WINPOBAHHUS BOCCTAHABIMBAET CIIO-
COOHOCTB aHTUTEN CBSA3BIBATHCS TEMArTIIOTHHUHOM
[15-16]. Ponp riaukaHoOB B YCKOJIB3aHUHA OT UMMYH-
HOH CHUCTEMBI OIPEIEISAETCS UX HHU3KOH UMMYHO-
TeHHOCTBIO, KOTOpasi, B CBOIO OYEpe/b, CBsI3aHA C
HHU3KOM aPUHHOCTHIO B3aWMOICHCTBHUS TIIWUKAH-
0eJoK, pa3HOOOpa3neM HEMOCTOSHCTBA KOH(POpMa-
LMY TJIMKAaHOB, a TaKKe NMMYHOJIOTHYECKOW ToJe-
panTHOCTBIO [17-18].

Taxxe OBLIO OTMEUYEHO, YTO AIHUJIESMHYCCKUN
ce30oH 2017-2018 rr. xapakTepu3oBajCsi COBMECT-
HOHU LMpKyJsiuued BupycoB rpunna B Bukropuan-
cKoil 1 SIMaraTcKkoM SBOJIOIMOHHBIX JTUHHH.

[lo nmuteparypHsIM naHHbIM, ¢ 1988 r. mpo-
M300UI0 «Pa3qBOCHHEY TMOMYIAINHA BUPYCa TPHII-
na B Ha JBe aHTUIeHHO pa3jiMuYHbIC BETBU — B/
Buktopus/2/87-nogodusie u B/SImarara/16/88-
nonobuere. C Tex mop BHpyc Tpumma B sBoiro-
LUOHUPYET JBYMS COLUPKYJIHUPYIOIIUMH 3BO-
TOUMOHHBIMU JuHUAMHU [19-20]. B pesynbrare
nccaenoBaHus OBUIO yCTaHOBIEHO, YTO TIPeod-
Jajiatonias 4acTh BBISBIEHHBIX BHUPYCOB TpHIIIA
B Ha tepputopun Kazaxcrana npuHamiexana K
nuaun B/Yamagata. JlanHbIe (HUIOTEHETHIECKOTO
aHanuza rpunmna B moarBepaunu iabopaTopHbIE
uccinegoanus Meronom 1P, nanpaBieHHble Ha
OTIpEJIeICHNE T'eHETHYEeCKOW MPUHAIEKHOCTH
JIMHUK rpunna B ¢ ucnosib3oBaHUEM IpailMepoB

CDC. Ha 6a3e PJI Obutn usyuens! nuauu 277 00-
pasIoB, MOCTYMUBIINX W3 AO30PHBIX W HEIT030p-
HBIX CaliTOB PECITyOJIMKHU, CPEH KOTOPBIX K JIMHUU
B/Yamagata Obutn oTHeceHsl 263 (95%) obOpasma
n x nuaun B/Victoria 14 (5%) oOpaznos. Crout
OTMETUTh, YTO B DIHJEMHUOJOTHYECKOM CE30HE
2017-2018 rr. Bupycsl rpunmna B nuaun Bukropus
HMEId aMUHOKHCIOTHEIC nenenun A162-163, ko-
TOpBIC OKA3bIBAIOT 3aMETHOE BIIMSTHUE HA aHTHI'CH-
HBIEC CBOMCTBA BUPYCOB.

BoiBoabI

Takum 0Opazom, HaMH OBIJIO U3YYEHO MOJIEKY-
JSIPHO-TEHETHYEeCKOe pa3zHoo0pa3ue BUPYCOB I'PHII-
na A u B, mupkynuposasmux B Kazaxcrane B 2017—
2018 rr. Ilo maHHBIM (PIITIOTCHETHYECKOTO aHATN3a,
MPaKTUYECKH BCE UCCIEIOBAHHBIC ITAMMBI OBUIH
¢uoreHeTHUECKH ONM3KH K PEKOMEHJOBaHHBIM
BO3 BakuuHHbIM mITaMMaM. V3ydeHHbIE IITaMMBbI
Bupyca rpunmna A/HINIpdmO09 npunamiexam x
knaiiny 6B.1, kak ¥ B IpONIIOM 3MUAEMHOJIOTHYE-
ckom ce3zoHe 2016-2017 rr. AHanu3 ceKBeHUPOBaH-
HBIX TOCJIeIOBATEIbHOCTEH Bupyca rpumnma H3N2
BCEr0 3IMHJEMHOJIOTMUECKOTO CE30Ha I03BOJISIET
CAenaTh BBIBOJ O COBMECTHOW IMPKYJISILMU ILTaM-
MOB BHpycoB rpumnmna A noaruna H3N2, npuHaz-
JIeKAIIUX K HECKOJIBKUM (DPUIIOT€HETHYECKUM TPYyII-
namM M MOArpyNIlaM ¢ NpeodiafaHUEM BHPYCOB,
noo0Hbie BakiuHHOMY ITamMMmy (A /HongKong
/4801/2014).

Bbbu10 Takke ycTaHOBJIEHO, YTO IpeolIanaro-
11ast 4acTh BBISIBJICHHBIX BUPYCOB rpurina B Ha Tep-
PUTOpUH peCIyONMKM MpHHAAJeKala K JUHUH B/
Yamagata u oTHOCHIACh K KJIaliay 3, HE BXOZsIIe-
MY B COCTaB BAaKIIMHbI HA ATHJIEMUOJIOTHUECKUH Ce-
30H 2017-2018 rr. B TO e Bpems B reMarriatoTHHH-
HE psJa Ka3axCTaHCKUX LITAMMOB BHpYCa IpHUIIA
ObLTH OOHAPYKEHBI YHUKAIbHBIE aMHHOKHCIIOTHBIE
3aMEHBI, B TOM YHCJIE€ IPUBOASIINE K IOTEPE TTOTEH-
LUaJIbHBIX CAUTOB INIUKO3WIMPOBAHUSI.

OCOOCHHOCTH 3BOJIFOIMOHHONH HW3MEHYMBOCTH
COBPEMEHHBIX BUPYCOB TpHINA CO3JAIOT TPYIHO-
CTH IPU IIPOTHO3MPOBAHUM 3TOTO KOMIIOHEHTA B
COCTaBE CE30HHBIX T'PUIMO3HBIX BaKIWH. Pe3yin-
TaThl IPOBEJEHHOTO UCCIIEJIOBAHNUS MOITBEPKIAIOT
Ba)KHOCTb HEIIPEPHIBHOI'O MOHUTOPHHIA MyTallMOH-
HOU M3MEHUYUBOCTH U (DUIIOTEHETUYECKOTO aHAIIN3a
HUPKYJUPYIOIUX MITAMMOB B BBIOOpE BaKLMHHBIX
MTaMMOB I criennudeckoil  TPOoQIIaKTHKH
TpUIIa U MPOTUBOBUPYCHBIX MPENapaToB.
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COAEPXAHMUE TAXEAbIX METAAAOB B PACTEHUAX,
MPOU3PACTAIOLUUNX HA TEPPUTOPUUN BAUSHNA BbIBPOCOB
PUAAEPCKOTO ULMHKOBOIO 3ABOAA

Mccaep0oBaHMe 3arpsisHEHMsl PACTEHUIA, NMPOM3PACTAOWMX B pPaitioHax BbIGPOCOB MPOMbILLAEHHbIX
NPeAnpUSTUA LUBETHOM METAAAYPrUM, SBASETCS akTyaAbHOM, TaK KakK MO TMWLLEBOM LEnu «noyvBa-
PaCTEHMSA->KMBOTHbIE» TSXKEABIE METAAAbI MOMAAAIOT B OpraHbl YeAOBeKa, Bbi3biBas 3a60A€BaHMSI C
TSOKEABIMU MOCAEACTBUSIMU. LleAblo McCAeAOBaHMS SBASIETCS BbISIBUTb M OLEHUTb 3arpsi3HEHWE MOoYBbI
M PaCTEHUI1 KOMIMOHEHTaMM BbIGPOCOB LIMHKOBOIO 3aBOAA.

BbIAM YCTAHOBAEHbI MCTOYHMKM 3arPSi3HEHUS, 30HbI BAUSIHUS BIGPOCOB LIMHKOBOIO 3aBOAA FOPOAA
Puasep BKO, apean pacnpocTpaHeHus 3arpsi3HUTEAeld, COCTOSIHWE MOYBEHHOINO M PacTUTEAbHOrO
NMOKpPOBa, TEPPUTOPUI, HAXOASLLMXCS BOKPYT LUMHKOBOIO 3aBoAa. Mccaea0BaHMs NMokasaAm HeraTMBHOE
BO3AEVCTBME HA MOYBEHHbI M PACTUTEAbHbIN MOKPOB. [TOBEPXHOCTb MOYBbI HA 3HAYUTEALHON MAOLLAAM
AVILLIEHA PACTUTEAbHOCTWU. AHAAUMTUYUYECKME AQHHbIE MO3BOAMAM OMPEAEAUTb COAEPYKAHME TSXKEAbIX
METaAAOB B MOYBE KaK BaAOBbIX, Tak U MOABMXKHBIX MX (DOPM. [TpMOpPUTETHBIMU SIAEMEHTaMM 3arPSi3HEHMS
SABASIIOTCSI UMHK, CBMHEL, MeAb M KaaMUIA. KOHUEHTpaUMn TSXKEAbIX METAaAAOB B MOYBE MpPEBbIWIAIOT
MAK Kak BaAOBbIX, Tak M MOABUXHbIX (POPM. AKKYMYASILIMS 1 pacrpeAeAeHUe TIXKEAbIX METAAAOB B
BEreTaTMBHbIX YacTaX APEBECHO-KYCTAPHMKOBbIX MOPOA pa3AnyHoe. HeratnBHoe BAMSHME BbIOPOCOB
3aBOAA HA PaCTUTEAbHbIN MOKPOB MPOSIBASETCS NMPUCYTCTBUEM CKYAHOW PACTUTEABHOCTU KYPTUHaMM,
COXPAHMBLLMXCS OTAEAbHbBIX OCOOEI MBbI M BbIMABLUMX 3K3EMIMASIPOB, OTCYTCTBMEM PACTUTEABHOCTU Ha
3HAUMTEAbHbIX MAOLLAASX. [TOAABASIOLLAS YaCTb PAaCTEHMIA HAXOAMTCS B YTHETEHHOM COCTOSIHMA. [Top,
BAMSIHMEM TOKCUYHbIX BbIOPOCOB Ha AMCTbAX 0OPa3ylOTCS 0XKOrM, HAOAIOAAETCSl YCbIXaHWE BETBEN M
0CEBbIX NMOBErOB KYALTYP, OCAABAEHO BEr€TaTMBHOE M FreHEePaTUBHOE Pas3BUTHE.

KAloueBble CAOBa: 3arpsisHeHME, 3PO3UOHHbIE MPOLIECCHI, TSXKEAble METAAAbl, aKKYMYASLIUS,
MUrpaums.

Sarkulova J.S.", Kozybaeva F.E.?

'PhD doctoral, 'Kazakh National Agrarian University, Kazakhstan, Almaty, e-mail: zhadi_0691@mail.ru
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and Agricultural Chemistry, Kazakhstan, Almaty, e-mail: farida_kozybaeva@mail.ru

Content of heavy metals in plants growing on the territory
of influence of emissions of the Reider zinc factory

The study of pollution of plants growing in the areas of emissions from industrial enterprises of
non-ferrous metallurgy is relevant, since the heavy metals in the soil-plant-animal chain fall into human
organs, causing diseases with serious consequences. The aim of the study is to identify and assess the
pollution of soil and plants by emission components of a zinc plant.

The sources of pollution, the zones of influence of the emissions of the zinc plant in the city of Rid-
der in the EKO, the distribution area of pollutants were determined, the state of the soil and vegetation
cover, the territories around the zinc plant. Studies have shown a negative impact on soil and vegeta-
tion cover. The surface of the soil over a large area is devoid of vegetation. Analytical data allowed to
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COZ[ep)KaHI/Ie TSOKEJIBIX METAJIJIOB B PACTCHUAX, IPOU3PACTAIOIINUX Ha TCPPUTOPUUN BIUSTHUS BI)IGPOCOB

determine the content of heavy metals in the soil, both gross and mobile forms. Priority elements of pol-
lution are zinc, lead, copper and cadmium. Concentrations of heavy metals in the soil exceed the MAC
for both gross and mobile forms. The accumulation and distribution of heavy metals in the vegetative
parts of trees and shrubs is different. The negative impact of plant emissions on the vegetation cover is
manifested by the presence of scant vegetation with curtains, preserved individual individuals of willow
and fallen specimens, and the lack of vegetation in significant areas. The vast majority of plants are in
a depressed state. Under the influence of toxic emissions on the leaves, burns are formed, shrinkage of
branches and axial shoots of crops is observed, vegetative and generative development is weakened.
Key words: pollution, erosion processes, heavy metals, accumulation, migration.
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PuaAEpP MbIpbILL 3aybITbIHbIH, LLIbIFAPbIABIMAAPbIHbIH,
acep eTy ayMarblHAQ 6CeTiH 6CIMAIKTEPAETi ayblp MeTaAAAPAbIH, MOALLEPI

TYPAI-TYCTI  METaAAyprusi eHepKeCinTiK KaCiMOpPbIHAAPbIHbIH  LWbIFAPbIABIMAAPbLI  ayAaHbIHAQ
©CeTIH AaCTaHFaH OCIMAIKTEPAI 3epTTey e3eKkTi MaceAe BOAbIN TabbiraAbl, cebebi «TonbIpak-eCciMAiK-
Cy» KOPEeKTiK Ti3beri OOMbIHIIA ayblp METaAAAp aAaM aF3acbiHa TYCEAI A€ ayblp CaAAapFa OKeAin
COKTbIpaTblH aypyAap TYFbi3aAbl. 3epTTeyAiH MaKcCaTbl MbIPbILL 3aybITbIHbIH LbIFAPbIALIMAAPbIHbIH
KOMIMOHEHTTEPIMEH TOMbIPak, NMeH 6CIMAIKTIH AACTaHybIH aHbIKTay >koHe 6araAay 6OAbIN TabblAaAbI.

LLIKO Puaaep KaAacbliHAQFbl MbIpbILl 3aYbITbIHbIH, LbIFAPbIAbIMAAPbIHBIH, 8CEep €Ty anMarbIHAAFbI
AacTaylliblAap KO3Aepi, AacTayllbIAAPAbIH, TapaAy apeaAbl, MbIpbill 3aybITbiHbIH, aHAAACbIHAAFbI
ayMaKTapAafFbl TOMbIPAK, >K&HE 6CIMAIK XaMbIAFbICbIHbIH YKafAaibl aHbIKTaAAbl. 3epTTeyAep TombIpak,
>KOHE OCIMAIK YKaMbIAFbICbIHA YKaFbIMCbI3 8CepAepAl kepceTTi. TorbipakTbiH 6eTKi KabaTbIHbIH, EAEYAI
ayAaHbl OCIMAITHEH aMrpbiAFaH. Taapdy AepekTepi TomblpakTarbl ayblp METAaAAAPAbIH >KaAMbl >KoHe
SKbIAXKbIMaAbl  (DOPMaAapbIHbIH, MOALLEpPiH aHbIKTayFa >Kafaali >kacaabl. [puopuTeTTi AacTaylibl
SAEMEHTTEP MbIPbILL, KOPFAChIH, MbIC >kaHe KaAMMi1 GOAbIN TabblAaAbl. TOMbIpakTarbl ayblp METAaAAAPAbIH
JKAAMbI XKOHE >KbIAXKbIMAAbl (POPMaAAPbIHbIH, KOHLEHTPALMAIChI LIEKTEYAI )XOA OEpiAreH MOALLepAEH
acbin Keteai. Araw-6yTaAbl ©CIMAIKTEPAIH OCIMAI MYLIEAEPIHAETT ayblp METaAAAPAbIH >KMHAKTAAYbI
MEeH >KaifFacybl 8p TYPAi. 3aybITTblH LIbIFAPbIABIMAAPbIHbIH OCIMAIK >KaMbIAFbICbIHA >KaFbIMCbI3
acepAepi OCIMAIKTIH ap >kepae BGipAi->kapbIMAbI ©6CYIMEH, TaA OCIMAIKTEPIHIH >KeKe AapaAapblHbiH
CaKTaAbIM KAAYbIMEH XXOHE 6CIMAIKTEPAIH, KYPFarn KaAybIMEH, eAeYAl ayAAQHAQ OCIMAIK XKaMbIAFbICbIHbIH,
60AMaybIHaH KepiHeAl. OCIMAIKTIH 6acbiM OOAIri Hawap >afaanmAa. YbITTbl LibIFaPbIAbIMAAPAbIH
9CepiHEH OCIMAIK >KarblpakTapbl KyMin KaAFaH, AaKbIAAAPAbIH HETi3ri epkeHAepi MeH ByTakTapbl Keyir
KETKEH, 6CIMA| >kaHe kebenin Aamybl GasyAaraH.

Ty#HiH ce3aep: AaCTaHy, 3p03Ms YPAICTEPI, ayblp METAaAAQP, aKKYMYASLMS, MUTpaLIMS.

BBeaenue

Y CTOWYMBBIA POCT OCHOBHBIX 3KOHOMHMYECKHX
nokasatesel Kasaxcrana B IocieIHHE TOIBI BO
MHOT'OM O0ecrieueH pa3BUTHEM JIOOBIBAIOIINX U TIe-
pepabatbiBaronux oTtpacieil. JlanpHelinee MOBbI-
HICHHE JEJI0BON aKTUBHOCTH, CBS3aHHOE C pa3Bel-
KOH, T00BIYel, epepadoTKON U TPAHCTIOPTUPOBKON
MHUHEpaIbHBIX PECYpCOB, HEM30EKHO MPHUBOAUT K
MHTEHCU(UKALUN HEraTUBHOIO BO3JCHCTBUS Ha
MOYBEHHBIM TOKPOB, arMoc(epHbI BO3IYyX, IO-
BEPXHOCTHBIE W IOJ3EMHBIE BOJBI, Quopy, payHy
1 Ha 3I0pOBbE HaceleHHs. M3BECTHO, 4TO B MHUpe
HET JPYTrof OTpaciii XO3sMCTBa, KOTOPYIO MOKHO
ObLIO OBl CPAaBHUTD C TOPHOJOOBIBAIOIIEH TPOMBIILI-
JIEHHOCTBIO II0 CHJIE HETaTHBHOTO BO3JEHCTBUS HA
MPUPOAHBIE pecypchl. ['opHOAOOBIBarOIAs TPO-

MBIIUICHHOCTh B HAIlCH CTpaHe XapaKTepU3yeTcs
BO3pacCTaONMMKI 00beMaMU JIOOBIYU TTOJIC3HBIX UC-
KOTIAeMBIX OTKPBITBIM crocoboM. K HeraTuBHBIM
MOCJICACTBUAM OTKPBITBIX pa3pa60T0K OTHOCHUTCA
M3BSATUE 3HAUUTEIILHBIX 3€MENIbHBIX TUIOIAACH U3
CENTbCKOXO03SIMCTBEHHOTO0 000pOTa U UX HAPYIICHHUE
MIPY BEJICHUH TOPHBIX paboT, U3MEHEHUE THIPOTe0-
JIOTUYECKHX YCJIOBUU pailoHa BEJICHUS TOPHBIX pa-
00T ¥ ero JaHamapToB, PA3BUTHE YPO3UOHHBIX MPO-
[IECCOB, & TAK)KE TIEpEMEIIMBAHUE TIOPOJI C BEIHOCOM
Ha TIOBEPXHOCTh HEILIOJOPOHBIX M JIaXKe TOKCHY-
HBIX TIOpOJI. B mporiecce TopHO00BIBAIOIIETO TPO-
W3BOJICTBA 00pa3yloTcsi U OBICTPO YBEITHMYMBAIOTCS
TUIOIIA/IM, HAPYIICHHBIE TOPHBIMU pa3paboTKaMH,
OTBaJIaMH MOPO/JT U OTXOJIOB MEPePabOTKH, KOTOPBIE
B CBOIO OYepe/Ib MPEICTABISIOT OO0 OecTuToMHbIe
MMOBEPXHOCTH, OTPULIATEIILHO BIIUSIONIUE HA OKPY-
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JKAIONIYI0 TPUPOIHYI0 cpeny. Bce HapylieHHble
3eMJTH SIBIITIOTCS OTTACHBIM MCTOYHUKOM 3apayKeHHS
00JBIINX TUIOMAACH TOKCHYHBIMH JJIEMEHTAMU U
TSDKEIIBIMA METaJTIaMH B POpPMax, JTOCTYIHBIX IS
JKUBOTHBIX M 4YeJOBeKa. | OpHOE MPOM3BOICTBO SIB-
JIIeTCSl caMbIM MPUPOI0EMKUM. B ero mporecc Bo-
BIIEUEHBI BCE BHJIbI MPHUPOJHBIX PECYPCOB: HEnpa,
3emJIs, Jieca, Boaa, armochepa. OIHM SKCIITyaTupy-
I0TCSl, APYTUE HAPYIIAIOTCS, BBI3bIBAs T€ MJIM WHBIE
9KOJIOTMYECKHE IOCICACTBHS B arpoianamagdrax
[1,2,3,4].

B Bocrouno-Kazaxcranckoit obnactu B Hadaie
2015 roja TeXHOT€HHO-HAPYyIIEHHBIE 3€MJIM COCTa-
Bmwin 12 602 ThIC. Ta, OTpaboTaHHbBIE 3eMid — 5120
ThIC. Ta. B xonie 2015 roga TeXxHOTeHHO-HAPYIIICH-
HBIE 3eMJIM cocTaBUiIM 12784 Teic. Ta, yBEIMUUINCH
Ha 182 ThIC. Ta, oTpaboTaHHbIe 3eMan — 5134 ra,
yBenuumiInch Ha 14 ra [5].

Ha sxosornueckoe cocTosiHuE U 3/I0pOBbE Ha-
ceyieHus: ropojia Puaaep okaspiBaeT BO3JEMCTBUE
HeNbIi psifi (aKkTOpOB Pa3sIUYHOTO TEHEe3Huca |
CTETCHN MposiBICHHUS. VX MOXHO 0OBEIWHUTH B
HeckoJbpko rpynm. Ilpexxne Bcero, Beaensercs
rpyIa MNpUPOAHBIX (PAaKTOPOB, K KOTOPBIM He-
00X0JMMO OTHECTH MPHUPOTHO-KIUMATHUECKUE U
TEOJIOTHYECKHUE YCIOBUS, U TPYIIA TEXHOTCHHBIX
(dakTOpoB, Cpear KOTOPHIX HAaWOOJBINYIO POJb
UTPalOT MPOMU3BOJACTBEHHAS J€ATEIBHOCTh IPO-
MBIIIJICHHBIX TPEANPUATANH W BBIOPOCH TpaHC-
nopra. Cpeau MPOMBIIUIEHHBIX MPEANPUATHN
TJIaBHBIMU 3arpsi3HUTENISIMU  SIBISIIOTCA  Puaaep-
CKHUI CBUHIIOBO-ITMHKOBBEIN KoMOWHAT. [Ipomn3Bo-
CTBEHHbIE TUIONIA/IKM HAaXOATCS B UepTe Topoja B
npeenax NpoMbIIIIEHHOM 30HbI. [Ipon3BoacTBeH-
Has NeATEeIHbHOCTh NPEINPHUSATHIH, OKa3bIBaOIIas
HEU30eKHOE HEOJIaroNnpHUATHOE BO3JIEHCTBHE Ha
OKPY’KaIOIIYI0 CPeAy U 370pOBbE HACEIEHUS, SB-
JSETCS JKU3HEHHO BaXKHOW aisg (QOpMUPOBAHUS
COIMAJIbHO-DKOHOMUYECKHUX YCIIOBUH, KOTOpHIE, B
CBOIO OY€pe/lb, OKa3bIBAIOT pELIAIOIee 3HAUYEHUE
Ha COCTOSHHE 3J0pOBBSl HacejeHus. B cBs3u ¢
9TUM, M3yUeHHE BO3JCUCTBUS Pa3IMYHBIX (AKTO-
POB Ha OKPYXAIOUIYI0 Cpeay M MPUHATHE MEp MO
CHMKEHUIO HEOJIarompusTHOTO BO3JEHCTBUS ATUX
(akTOpoB HEOOXOAUMO OCYIIECTBIATH C YYETOM
UX B3aUMOBIIMSHHS. AHTPONOT€HHOE 3arpsi3HEHNE
MOYBBl XUMHYECKIUMH DJIEMEHTAMHU OTPHUIATEIHHO
oTpaxkaeTcsi Ha pacteHusix. [lomanas B pactenue,
TSDKEJIbIC METaJUIbl MOJABISIOT HOPMAJIbHBIA XOJ
MEeTa0OINYECKUX MPOIIECCOB, TOPMO3ST Pa3BUTHE,
CHHKAIOT MPOJYKTUBHOCTb, AETAI0T HEMTPUTOIHON
Y OMACHON PaCTUTENBHYIO MPOAYKIUIO IS TOTpe-
OJICHUS KUBOTHBIMH W Y€JIOBEKOM [6, 7].
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[TouBBl SBASIOTCA NOPUPOIHBIM HAKOIMUTEIEM
TSOKEJIBIX METAJUIOB B OKPY’KAIOIIEH cpelie U Oc-
HOBHBIM MCTOYHUKOM 3arpsS3HEHUS COMPEICTHHBIX
cpen, BKJIIOYAsl BBICHIME pacTeHHs. Tsokenble Me-
TaJUIbl HAXOJSTCS B IIOYBE B BUJE PAa3IMYHBIX XU-
MHUYECKUX CO€IMHEHUH. B mouBeHHOM pacTBOpe
OHH TIPUCYTCTBYIOT B (hopMe CBOOOIHBIX KATHOHOB
1 acCOIMaTOB C KOMIIOHEHTaMH pacTBopa. B 060ib-
IITTHCTBE CBOEM 3TO HEMPOUYHBIE COCTUHEHUS, HAa3bI-
BaeMbIe CIa0BIMU KOMITIEKCaMu. B TBepaoi yactu
ITOYBBI TSDKENBIE METAIIBI HAXOIATCS B hopMe 00-
MEHHBIX KAaTHOHOB M TOBEPXHOCTHBIX KOMILIEKC-
HBIX COCAMHCHUM, B BUJE MPUMECEH B CTPYKTypax
TIMHUCTBIX MUHEPAJIOB, B (hopMe COOCTBEHHBIX MHU-
HEPaJIOB, YCTOMUNBHIX OCAJKOB MaJOPACTBOPUMBIX
couneit [8, 9].

Tsoxenble METAJIbI, IOCTYNAKOLIME HA TOBEPX-
HOCTh TOYBBI, HAKATUIMBAIOTCS B MOYBCHHOU TOJI-
e, 0COOCHHO B BEPXHHUX T'yMYCOBBIX TOPH30HTaX,
1 MEIJICHHO YAAQJIAIOTCS MPU BBILIEIAYUBAHUH, 110-
TpeOJeHnn pacTeHusMH, 3po3uu. [lepBolil mepuon
MONYYAAJICHUSL TSKEIBIX METAJIOB 3HAYUTEIBHO
BAPBUPYETCS Y PA3IMYHBIX JIEMEHTOB U 3aHUMAET
BECbMa MPOJOJDKUTEIBHBIA TIEPHO]] BPEMEHH: IS
nuHaka — oT 70 1o 510 met; xagmus — ot 13 g0 110
aet, meau — oT 310 mo 1500 mer, cBuama — ot 770
110 5900 met [10].

B.M. Bepnaackuil yka3plBajl Ha TECHYIO CBS3b
MEXKY AJIEMEHTAPHBIM XUMUYECKUM COCTABOM Op-
raHU3MOB H 3eMHOU kopoii [11]. Xopormio u3Bect-
HO IpPHU 3TOM, YTO B OJHUX M TE€X KE PACTCHUSX
coJiepyKaHNe XUMHYECKHX DJIEMEHTOB MOXET OBITh
pa3IUYHBIM. DTO 3aBUCUT OT HEOJAMHAKOBBIX KOH-
LICHTpalUil B MOYBE UX IMOJBH)KHBIX COCIMHECHUM.
VY pacTeHH#l A cOXpaHEHUs OIarONMpHUSATHBIX IS
JKU3HENIEATCTFHOCTH  KOHIICHTPAIMA  JIEMEHTOB
UMeeTcs Hekas 3amuTHas cuctema. Ho, He cmotps
Ha MPHUCYTCTBHE TaKOH CHUCTEMBI, TIPH W30BITOYHOM
MOCTYIJICHUH U3 TMOYBHI MOHOB XUMHYECKUX dJIe-
MEHTOB, PacTEHUs JCTPaaupyroT u norudarr. Lle-
JIBI0 UCCJIEIOBAaHUS SIBJISIETCS BBISIBUTH U OLIEHUTH
3arpsI3HCHUE TOYBBI M PACTECHUH KOMITOHEHTaAMU
BBIOPOCOB IIMHKOBOTO 3aBO/JIA.

MaTepna.m)l U METOAbI UCCJICAOBAHUA

Obvexmom ucciedosanusi SBISIOTCS TEPPH-
TOPHH, HAXOJISIIMECS TIOA BIUSHHEM BBIOPOCOB
NpeanpusITUi TNiepepadaThiBaoeli TOPHOPYIHON
MMPOMBITIUIEHHOCTH T. Pumnepa BKO. Biustaue nuH-
KOBOT'O 3aBO/Ia Ha OKpYy»Karotue Janamadrel. [luH-
KOBBIH 3aBOJI pacrojoxkeH B yepte ropoaa (Pucy-
HOK 1).
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Pucynok 1 — Kapra-cxema 00beKTa HCCIICTOBaHUS

Memoowvl uccredosanus — TIONEBBIE W J1a0o-
paTtopHO-aHANIUTHYECKHE. PeKOrHOCIMPOBOYHBIN
00BE37] TEPPUTOPHH, OIPEICICHUE HCTOYHUKOB
3arpsizHeHust. OnpeaeneHne TsHKEIbIX METAJUIOB |
JIPYTUX XUMAYECKHX JIEMEHTOB B MTOYBAX M pacTe-
HUSX TPOBOIMIOCH SJICPHO-(DU3UUECKUMU U aTOM-
HO-a0COPOIIMOHHBIMH METOJIAMH.

Pe3yabTaThl Hccie10BaHMil U UX 00CYKAeHHE

BBIOpOCH IIMHKOBOTO 3aBOJia OTPHIIATEILHO
BIMSIIOT Ha OKpYy’Karollyto cpeny. Hapymaercs mo-
YBCHHBIA TIOKPOB, YHHUYTOXAETCSI PACTUTEIBHOCTh
1 00pa3yroTCs 3pOJMPOBAHHbBIC YYACTKHU, MTPOBAIIBL.

BozneiictBre BBIOPOCOB IIMHKOBOTO 3aBOJla pac-
npocTpaHseTcs Ha OojblMe paccTosHHA. Apean
pacnpocTpaHeHUs: BBIOPOCOB 3aBO/Ia B OKPYKHOCTU
COCTaBJISIET 2 KM, C OCOOCHHBIM BIMSHUEM II0 PO3€
BETPOB B BOCTOYHOM HAIIPaBJIEHUH OT 3aBO/IA B CTO-
POHY ropojia ¥ XOJIMHCTOM Topbl, KOTOpast JIUIIEHa
PacTUTENBHOCTH M HU3pe3aHa 3PO3MOHHBIMU O0pO3-
JlaMH ¥ TpoMouHaMu. B paguyce 2 kM 0OHapykeHO
CHJIHOE BIIMSIHHE BBIOPOCOB 3aBOjIa HAa TIOYBEHHO-
pacTuTenbHbIM TOKpOB. Ha moBepxHOCTH CKIIOHA €
yKioHoM 15-20° k pedke oOpa3zoBaiuch riryOOKHe
MIPOMOMHBI, OOPO3JIKH, KaHABKH, aPbIKH, MPOUCXO-
JIAT CIUIOLIHOM CMBIB BEPXHUX CJIIOEB YEPHO3EMHOU
nouBsl (Pucynox 2).

Pucynok 2 — Punnepckuii LMHKOBBIH 3aBOJ U 3POAUPOBAHHBIC 3EMJIIH
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Bokpyr obGoraturensHbix (GaOpuK BCIEICTBHE
3arpsi3HEHMS IOYBEHHOTO TIOKPOBA TEPPUTOPHH JIH-
IeHBI pacTUTeNbHOCTH (PrcyHOK 3).

OcOo0EHHOCTBIO BBIOPOCOB NMPENNPUSTHH LIBET-
HOM MEeTaJUTypruH SIBISIETCSI OJHOBPEMEHHOE ITPHU-

CYTCTBUE B HHUX OOJBIIOTO KOJWYECTBA TSKEIBIX
MeTauioB. HanbGosee omacHyro rpymimy Jisi OKpy-
JKAKOIICH CPeJlbl COCTABIISIIOT TOKCUKAHTBI U3 TsXKe-
JIBIX METAJIJIOB, KOTOPHIE HAKAILTMBAOTCS B TIOYBE U
pacrenusx [12, 13].

Pucynoxk 3 — YuacTok 0e3 pacTUTEILHOCTH (HCCIIeLyeMasi TEPPUTOPHS)

[lo pesynpTaram HalIMX MCCIEAOBAHHUM, B paii-
OHE PacCIIOJIOKEHHS LIMHKOBOI'O 3aBOJa yCTaHOBJIE-
HO, YTO COJIep’KaHUe BAJIOBOTO CBHMHIIA B BEpXHEM
10-cm cnoe mouBkl npesbimaeT 1K B 1,68 pas.
[unka — B 25,46 pa3, meau — B 1054,6 pa3za, kaamMus
— B 440,9 pa3, 0cOOCHHO CpeAHsIsE U HIKHSS YaCTH
y4acTKa CHJIBHO 3arps3HEHBI TSDKEIBIMH MeTaa-
MU, TaK KakK TEPPUTOpUS UMEET OOJbIION YKIIOH K
peuke Tuxas. Habmomaercst BbICOKOE coepkaHue
TSDKEJIBIX METaJUIOB B OUBax. I eoxuMudeckuii ano-
MaJIbHBIE PETHOHBI B IIOYBE COJEPXKAT 3HAYMTEIIb-
HO€ KOJIMYECTBO XMMHUYECKHX 3JIEMEHTOB. MHOTHE
BUJIbI pACTEHHUH agalTHPOBAHBI K TAKUM YCIIOBHSIM,
HO KOTJa Ha PACTEHUsI U OKPYXKAIOLIYIO CPEIy BIM-
SIOT TEXHOTE€HHBIE BHIOPOCH TOPHOPY/THBIX 3aBOJIOB
u o0oraTuTenbHbIX (adpuK, HA OONBIINX TEPPUTO-
PUSIX TOYBEHHBIN IMOKPOB JIMIIAETCS PACTUTEIBHO-
rO M JIpeBECHOT0 TIOKPOBa. BrIOpock! mpeanpusituit
[BETHOM METAJUTYyPrHH INEPEHOCATCS Ha OoJbline
paccrosiHus. OTMeYaeTcsi HAaKOIUIEHHE TSDKENbIX
METaJIJIOB B MTOYBE U pacTeHMsX B pagauyce 10 — 15
KM U Jaibllle OT UCTOYHUKA 3arPsI3HEHUSI.

Pactenus — oquH n3 Hanbosee YyTKUX MHIUKA-
TOPOB TEXHOT'€HHOTO WM3MEHEHHus cpeapl. OHU To-
Ka3bIBaIOT U3MEHEHHUE HKOJIOTMYECKOH 0OCTaHOBKU
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II0JT BO3JICHCTBHEM pa3HBIX ()AaKTOPOB M TIOITOMY
IIMPOKO WCIIONB3YIOTCS TIPH OIEHKE 3arps3HeHHS
oKkpyKatomei cpensl [14]. PacturensHbIl TOKPOB
HaXOJWTCS TIOJ] MOIIHBIM TEXHOTCHHBIM MPECCOM
MTOJUTIOTAHTOB, MMOCTYNAIOIINX U3 BO3yXa U 3arps3-
HEHHBIX 1MOo4YB. YacTh M3 HUX HEoOXoauma Jjisi 00-
MEHHBIX MPOIIECCOB B PACTCHUAX, OJTHAKO yBEIHUE-
HUE UX KOHIIEHTPAIUN CTAHOBUTCSI TOKCUYIHBIM IS
pacTeHui, qpyrue MeTaibl, Takue kak Pb, Cd u T.
1., TOKCUYHBI Ja)Ke B HU3KUX KOHLEHTpausax [15].
ITo HEKOTOPBIM JaHHBIM, 3arPsS3HEHUE JTYTOBOU pac-
TUTeNbHOCTH Pb 1 Zn dukcupyercst Ha paccTOsSTHAN
Jq0 12 KM OT CBHHIIOBO-IMHKOBOTO TPEANIPHUITHS
[16]. BOmm3u nuHKOBOTO 3aBoja (1 kM) Hakoruie-
HHE ITHX METAJIJIOB B ITOYBE TAK BEJIUKO, UTO BO3JIC-
JBIBAaHUE KaKUX-JTMOO KYJIBTYp Ha KOPM KUBOTHBIM
WJTHL TS TIPUHATHS UX B ALY OMACHO TS 37I0POBBS
YEeJIOBEKA M )KUBOTHBIX.

Tspkenple  MeTaubl  TPOYHO  COPOUPYROTCS
U B3aUMOJICHCTBYIOT C MOYBEHHBIM I'yMYCOM, 00-
pa3yloT TPYAHOPACTBOPUMEIC KOMILJIEKCHBIE CO-
enuHeHus. TakuM 00pa3oM, HIIET WX HAKOIUICHHE
B nouse. Hapsity ¢ 3TUM B 11OYBE 110/ BO3AEHCTBUEM
Pa3auUHBIX (DAKTOPOB MPOUCXOIAMT MMOCTOSTHHAS MHU-
rpanusi MOMaalolluX B HEE BEIICCTB U MEPEHOC UX
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Ha Oousbinme paccrosHus [18]. Tspkenble MeTalbl,
TIOTIA IAI0NINE B TIOYBY C BEIOpOCAMU TPEAIPHUSTHIH,
MIPOYHO CBSI3BIBAIOTCA YK€ B BEpXHEM cioe. Makcu-
MaJbHOE COJICpXKAaHHE METAIJIOB B IMOYBAaX HAOFO-
JaeTcs Ha pacCTOSHUAX 1—3 KM OT MCTOYHUKOB 3a-
rpsizHeHus [19]. MeHee yCTOMYMBBI K €0 U30BITKY
3IIaKH, YCTOWYHMBBI — 0000BbIC pacTeHus. Hanmenee
CTOMKMMHU K 3arps3HEHUI0 CBHUHILIOM DPAaCTCHHUSIMU
SIBJISTFOTCSL BUJIBI KJICHA, JIYK PeruaThiid U exa cOop-
Hasi. KonnenTpanus cBuHna Boimie 10 Mr/kr cyxoi
MacChl SIBIISIETCSI TOKCHYHON /Il OOJBITUHCTBA
KYJbTYpPHBIX pacTeHuil. PsjoM aBTOpPOB yCTaHOB-
JIGHO JIETKOE MOTJIOIICHUE PACTCHUSIMU TaKUX HO-
HOB, Kak Cd, Br, Cs, B To Bpems kak Pb meanennee
JIPYTUX TSKEJIBIX METAJUIOB MOCTYIAET B PACTEHUS
1 TPaHCIIOPTHPYETCS B Ha3eMHbIe opransl [20, 21].

Pa3znuuHbIe pacTeHHsS COCPEOTOYNBAIOT B cede
pa3HOE YKCIO0 MHUKPOIJIEMEHTOB: B OOJBIIUHCTBE
ciydyaeB — m30uparenbHO. Tak, Mellb YCBaWBaroT
pacTeHns ceMeicTBa IBO3INYHBIX, KOOAIBT — Tep-
1bl. Beicokuit K03(h(UIMEeHT OHOTOrHYECKOTro Mo-
TJIOIIEHUS IMHKA XapaKTepeH /It Oepe3bl KapiIuKo-
BOU U JIMIIATHUKOB, HUKEIIS U MEAH — JIJIs1 BEDOHUKHU
U JIMIIAWHUKOB. TshKelble MeTaJlIbl SBJISIOTCA HPO-
TOIUIA3MAaTUYCCKUMU SIIAMU, TOKCHYHOCTh KOTOPBIX
BO3pPAcCTaeT MO0 MEPE YBEIMYECHHSI aTOMHON MAacChl.
WX TOKCHYHOCTH MPOSBISAETCS MO-pazHOMY. MHO-

T'Me METaJUTbl IPY TOKCHYHBIX YPOBHSIX KOHIECHTPA-
[IUH THTUOUPYIOT AesTeNbHOCTh (DePMEHTOB (Me/Ib,
pTyTh). Hexoroprie M3 HUX 00pa3ylOT XeIaToro-
JIOOHBIE KOMITJICKCHI ¢ OOBIYHBIMU METa0OJIUTAMHU,
HapymIas HOpPMaJbHBII OOMEH BEIIECTB (JKeye30).
Takue MeTamupl, Kak KaAMHH, MeIb, KEJIe30, B3au-
MOJCHCTBYIOT C KJICTOUYHBIMH MEMOpaHaMu, H3Me-
HSIsL UX IPOHUIIAEMOCTH [22].

PasHbie Buabl pacreHuii 00Naar0T HEOAWHA-
KOBOW CHOCOOHOCTBIO HAKalUIMBaTh CBHHEL, YTO
LIMPOKO MPUMEHSETCS Ul CHIPKEHUS HeOJaromnpu-
ATHOTO BO3JIEHCTBUSI Ha TOPOACKHE (UTOICHO3BI
W HCIOJIB30BAHUSl UX B KAa4eCTBE NMEPCIEKTHBHBIX
AKKyMYJISIHTOB — ¢uropemenuanToB. Hopmmupo-
BaHHUE COJIEPKAHUS TSDKEIBIX METAJIOB B TIOYBE U
pacTeHHsx SIBISIETCS YPE3BBIUANHO CIOXKHBIM H3-
32 HEBO3MOXKHOCTH IIOJIHOTO y4eTa BcexX (haKkTopoB
IpUPOAHON cpenpl. Tak, U3MEHEHHE TOJBKO arpo-
XMMHUYECKUX CBOWCTB MOYBHI (PeaKuu CPeabl, CO-
JIepKaHusl TyMyca, CTEIIEHH HACBIIIEHHOCTH OCHO-
BaHUSIMH, TPAHYJIOMETPUYECKOTO COCTaBa) MOKET
B HECKOJIBKO pa3 YMEHBUIMTh MJIHM YBEITUYUTH CO-
JIepKaHuE TSKENbIX METAIOB B pacTeHusx. Vme-
I0TCSI TIPOTHBOPEYMBBIC JaHHbBIE Jaxke O (HOHOBOM
coJiepKaHUM HEKOTOPBIX MeTayuioB. [IpuBoanmbie
HCCIICIOBATENAMHU PEe3yJIbTaThl PA3JIMYAIOTCSI MHO-
rma B 5-10 pa3 [12].
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VeinoBHEBIE 0003HAYCHHMS

- BepxHsisg uacTh y4acTka

— Cpenssis 4acTh y4acTKa - - HukHss1 yacTh ydacTka

Pucynox 4 — Kapra-cxema ONbITHOTO yyacTka
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[lon BO3AeiicTBHEM BBIOPOCOB M HAKOIUICHMS
TSDKEITBIX METAJUIOB TEPPUTOPHS TIOBEPTIIACH YCH-
JICHHOW Jlerpasialiii, co BpeMeHeM 00pa3oBaB TeX-
HOT'CHHYIO TyCcThIHIO. EcTecTBeHHas dopa orpanu-
YUBAETCS JIBYMS-TpeMsl BHJIaMH, a Ha OTAEIHHBIX
ydacTKax o0pa3yrloTcsi MOHOIeHO3bl. Ha teppuro-
PUH 3KCIIEPUMEHTAIBHOTO YYacTKa COXPaHMJIHChH
(bparMeHTHl TPAaBIHUCTOTO SIpyca, MPEICTaBICHHO-
ro TpeMsi BUIAMHU: 6bl0HOK nogesoli — Convolvulus
arvensis L., nvipeii nonzyuuil — Agropyron repens u
setnux Hazemuwill — Calamagrostisepigéios. OTcyT-
CTBHE TPaBSHHCTOI'O TOKPOBA MPHBOJAUT K JieTpa-
JallM{ TIOYBBI, BBIMBIBAHHIO IOBEPXHOCTHOTO CIIOS,
00pa30BaHMUIO XapaKTEPHBIX KaHaB W HEOOIBIINX
oBparoB. [IpoeKTHBHOE MOKPHITHE HU3KOE, COCTAB-
asiet ot 10 mo 20%. Boszne skcnepuMeHTalbHOTO
ydyacTka coxpaHwiuck l1- u 23-neTHue mocaiku
JPEBECHO-KYCTAPHUKOBBIX TMOPOJ], COCTOSIIUE W3
Populus tremula L. — monoav Opoxcawuii, Salix
alba Tristis — usa benasn, Populus acuminata Rydb.
— monoav cuswli, Syringa josikaea — cupenv 6eH-
eepcxasn u Caragana arborescens Lam. — xaparana
npeBoBuaHas. [lomapisroias yacTb pacTeHUM Ha-
XOJMTCS B YTHETEHHOM COCTOSIHHHU. [lox BiMsHU-
€M TOKCHYHBIX BBIOPOCOB Ha JIUCTBSIX 00pa3yroTcs
O’KOTH, U3MEHSETCs )KU3HEHHas: (popMa B CTOPOHY
yMEHBIIIEHUSI TabuTyca, HaONIONAeTCsl YyChIXaHHUe
BETBEH M OCEBBIX MMOOETOB KYJIBbTYP, OCIa0JICHO Be-

reTaTUBHOE U TeHepaTHBHOE pa3sutue. K npumepy,
CyXHe U TIOJyCyXHe BETBH B KPOHE HBBI )KEITOH J10-
cturatot oT 30 10 80 %, rogoBOI MPUPOCT TOTIONEH
Y CHUPEHU BEHIePCKOW KOJIeOJIeTCs B mpeneiax 2-6
(9) cm.

Haiu uccnenyemplil ONBITHBIN y4acTOK UMEET C
MOBEPXHOCTH YKJIOH 15-20°. [1o3TOMY MBI YCIOBHO
pa3IeNiIi TEPPUTOPHUIO ONIBITHOTO YYacTKa Ha TPU
YacTH: BEPXHIOIO, CPENIHIO M HIKHIOKW (PucyHok
4). Hamwm naHHbIe MOKa3bIBAIOT, YTO HA y4acTKe B
KYCTapHUKOBOW PACTUTENBHOCTH (HW)KHSAS YacTh
uccnemyemoit teppuropun) Pb npesermaer [1/1K B
1241 pa3, Zn —B 781 pa3, Cu—B 11 paz, Cd — 2695
pa3. B cpenHeil yactu yyacTka B pacTEHUSIX TOIO-
a5t maBposiuctHoro (Populus laurifolia) ) conepxa-
nue Pb npespimaer I1JIK B 1580 pa3, Zn — B 317
pa3, Cu—B 5 pa3, Cd — 1345 pa3. B BepxHeit gactu
y4acTKa B PaCTEHHUSX COCHBI OOBIKHOBEHHOM (Pinus
sylvestris L.) Pb npespimaer 111K B 670 pa3, Zn — B
298 pa3, Cu — B 5 pa3, Cd — 1197 pa3. Uccnenosa-
HUS Ha COJICpP)KaHME TSHKEIBIX METAJUIOB TIOKa3aiH,
YTO B PacTEHHSIX, MPOU3PACTAIONINX Ha KOHTPOJIb-
HBIX Y4acCTKaX, PACIOJIOKEHHBIX B 25 KM Ha ceBep
OT 3aBO/JIa, IPEBBIIICHNE CONCPIKAHMUS TSKEIIBIX Me-
TaJIJIOB COCTaBIIsieT B TpaBax Pb — B 2,8 pa3, Zn — B
3,3 pa3, Cu—8 0,6 pa3, Cd — 3,3 pa3. B xycrapankax
—Pb B 5,8 pa3, Zn —B 3,6 pa3, Cu—8 0,4 pa3, Cd —
7,7 pa3 (pucyHOK 5).
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ISSN 1563-034X
eISSN 2617-7358

Eurasian Journal of Ecology. Nel (58). 2019

67



COHep)KaHI/Ie TSKEJIBIX METAJUIOB B PACTCHUAX, MTPOU3PACTAIINX HA TEPPUTOPUMN BIIUAHUA BI>I6pOCOB

PesynpTathl (pakTOPHOTO AMCTICPCHOHHOTO aHa-
JIn3a JaHHBIX cojepkanus TM B pacTeHUsX, MPo-
M3pacTalollnX Ha KOHTPOJBHOM M 3arps3HEHHBIX
ydacTKax, MOKa3ajh, 4To (aKTHUeCcKas pasHHLa
Mexay Bapuantamu Oonbiie HCP, 3naunt paznu-
yusl MEXJYy BapUaHTAMM CYIIECTBEHHBI. Bprunc-
JICHHBIE YPOBHH 3HaYMMOCTH F-KpuTepus aucnep-
CHOHHOTO aHaJlu3a IMOKa3aJld, YTO 3aBHCUMOCTH C
BBICOKOM CTENEHBIO JOCTOBEPHOCTHU HE ABJIAOTCA
ciyyaiiHbIMU. PaccuntanHble 3HaYCHHUS t-KPUTEPUS
JUIsl pAaCTEHUH C 3arpsiI3HEHHBIX TEPPUTOPUI U HE3a-
IPSA3HEHHBIX TEPPUTOPHI TTOKA3aIH IOCTOBEPHOCTh
pasnuuuii MeXIy BBIOOpPKaMHU Ha 5%-HOM ypOBHE
3HaYUMOCTH (Tabnuma 1 a, 0).

HOCTYHJICHI/IG TAXKEJIBIX METAJUIOB B PACTCHUA
MO’KET MMPOUCXOANT HETTOCPEICTBEHHO U3 BO3/1yXa C

OCeIarole Ha JINCThS U XBOIO IIBUIBIO U TPAHCIIOKA-
LIUH U3 TTOUBBI: J10JIS TSDKEJIBIX METAJIOB B COCTABE
IbUIX Ha MOBEPXHOCTU JIMCTHCB B6J'II/I3I/I HCTOYHUKA
cocrasisieT B cpeaneM 30 % ot obuero conepxa-
HUS B HUX TSDKEJIBIX METaJUIOB. B MOHMXEHMsX U ¢
HAaBETPEHHON CTOPOHBI 3TA JIOJS MOXKET JOXOAUTh
o 60 %. Ilo mepe ynaneHus OT UCTOYHHUKA POJIb
aTMOC(EPHOro 3arps3HEHHsI 3aMETHO YMEHbBILACTCS
[12]. ¥V apeBecHBIX pacTeHUIl 3HAUUTEIBHBIE KOJIH-

YecTBa CBUHIA HAKAITUBAIOTCS B JTUCTHSIX, KOPE H
nmoOerax [23, 24, 25].

Hammu naHHBIE TOKa3bIBAIOT, YTO MPU COAEP-
skagun B mouse 100-500 mr/kr cBuHIa HaOJIrOIa-
eTCsl CKPYYHMBaHHE JIHCTHEB CHUPEHU BEHTEPCKON
(Syringa josikaea Jacq. fil) u 1ep&mMyxu OOBIKHO-
BeHHoW (Padus avium) (Pucysku 6, 7).

Pucynox 6 — OGiee cocrosinue Syringa josikaea Jacq. fil
Ha HKCIICPUMEHTAIBHOM Y4acTKe

Ha OmBITHOM ydYacTKe y BBICAXKEHHBIX KYJIBTYD
XapakTepHO cliaboe 0OTUCTBICHNE KPOHBI U TIOBPEXK-
JICHUE KPaeB JIMCTBOM TIACTHHKH T10]1 BIIUSIHUEM aT-
MOC(EpHBIX TOKCHYHBIX BBHIOpOCOB. [IpoBeneHHBII
AHaN3 COCTOSIHUSI MCKYCCTBEHHBIX PACTHTEIHHBIX
COOOIIECTB MTO3BOJISIET KOHCTATUPOBATH O TIPOJIOJIKA-
IOIIEM BBICOKOM TOKCHYHOM BIIMSHUHM OKPY>KaroLIen
Cpelbl Ha TIPYKUBAEMOCTh M BEr€TATHBHOE COCTOSI-
HUe pacteHuidl. Hamnyumas npuxuBaeMoCTh OTMeE-
yeHa y Syringa josikae Jacq. fil., Syringa amurensis
Rupr., Syringavulgaris L., Syringa wolfii Schneid.,
Ulmus laevis Pall., Frangula alnus Mill. Hanpotus,
ciabast MPKUBAEMOCTh XapaKkTepHa Juist Rosa acicu-
laris Lindl., Rosa mollis Smith, Betula pendula Roth,
Sorbaria sorbifolia (L.) A. Br., Caragana arborescen
Lam., Symphoricarpos albus (L.) Blake, Salix daph-
noides Vill., Populus laurifolia Ledeb. B ombITHBIX
MoCcaJIKax JIPEBECHbIE KYJIBTYPhI MOJBEPIKEHBI 3HA-
YUTEIBHBIM TOBPEKICHUAM TOKCHYHBIMU Ta3aMu

Pucynox 7 — I[NoBperxenue aucteeB Padus avium
arMocdepHbIMH BEIOpOCAMU

B BHJIE MOSBJICHHS XJIOPOTHUYECKUX TIATEH U yChIXa-
HUS JINCTHEB, TOYEK, MOJIOJIBIX TI0OEToB, Aedopma-
LM IEHepaTUBHBIX OPraHOB M ILJIO/0B, W3MEHEHUs
[[BETA KOPBI, CBA3aHHBIX C MOBPEKACHUEM KaMOws,
MPEKIEBPEMEHHON OCEHHEW OKPACKOM JIUCTBBI U T.JI.
HecMmoTtps Ha KpaTKOBPEMEHHOCTD IIPOSIBJICHUS BII-
STHUSI KaApOOHU3UPOBAHHOTO OUOYTIISI U3 PUCOBOH I1ie-
JyXU Ha HEUTpaIM3aluI0 TOKCUYHBIX COCTUHEHUN U
HOBBIIIEHHE YCTOHUMBOCTU U IPUKUBAEMOCTHU pac-
TEHHUH, MO’KHO KOHCTaTUPOBATh O IMOJIOKUTEIHHOM
BIWSTHUU. J{71s1 yoydineHus moxaszarenei TpedyeTcs
BBISIBUTH HEOOXOJIMMYIO JI03UPOBKY OHOYTJISL, TIIyOH-
HY BO3JETIBIBAHUS U TPOAOIDKUTEIBHOCTD BIMSHHUS.
Co3nanne copOLMOHHBIX 0apbepoB BO3MOXKHO IIpU
KOMILJIEKCHOM ITPUMEHEHHH OMOYTJIS ¢ T0OaBICHHEM
MHUHEPAIBHOH TOJKOPMKH, CTUMYJSITOPOB, (HTO-
PETYIATOPOB U JAp. NPEnapaToB, yIydllalomux (u-
3MKO-XUMHMYECKUI COCTAaB IOYBHI U IIOBBIIAOIIUX
YCTOMUYMBOCTH PaCcTEHUH.
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3akiaouenne

B pesynbrate wuccienoBaHUs BBISBHIIM, YTO
OCHOBHBIM HMCTOYHHMKOM 3arpsi3HEHHUSl  SIBISICTCS
LMHKOBBIA 3aBoJ. B 30He BiMsHUS BBIOPOCOB 3a-
BOJIa TIPOSIBIISIFOTCSI DPO3HOHHBIC MPOIECCHl B BHUJIE
CIUIOIIHOTO CMbIBa TMOYBBI, 00pa30BaHus 00pO3,
ri1yOOKHX NPOMOUH U oBparoB. [louBa BciencTaue
CMBIBA TEPSET MOIIHOCTh BEPXHEr0 ropu3oHTa. B
MOP(OIOTHU MOYB [0 TOPU3OHTAM Pa3pe30B MPO-
ABJISIETCSl 3HAYMTEJIbHOE yIUIoTHeHue. llpuopurer-
HBIMU 3JIEMEHTaMU 3arps3HEeHUs SBISTIOTCS CBUHEIL,
Menb U IMHK. KOHIEHTpanuu TSHKEIBIX METallIoB
npesbimarot [1JIK. HeratuBHOe BisiHUE BHIOPOCOB
3aB0J1a Ha PaCTUTENHLHBIN ITOKPOB MPOSIBIISIETCS ITPH-
CYTCTBHEM CKYTHOH pPacTUTEILHOCTH KypTHHAMHU,
COXPAHMBILIMXCS OTAEIBHBIX 0COOEH UBBI U BbINAB-
HIMX DK3EMIUIIPOB, OTCYTCTBHEM PACTHUTEIBHOCTH
Ha 3HAYMTENbHBIX MIomazsx. [lonasnsgromas 4actb
pacTeHHH HaxXOOUTCS B YTHETEHHOM COCTOSIHUH. B
OTIBITHBIX TIOCAJIKAX JPEBECHBIC KYJIBTYPHI MOJIBEP-

YKEHBI 3HAYUTEIHHBIM TTOBPEKICHUSIM TOKCUIHBIMH
razaMH B BUJI€ TIOSBJICHHSI XJIOPOTHYECKHX TSATCH U
YCBIXaHUS JIUCTHEB, MMOYEK, MOJIOJIBIX TTOOETOB, Jie-
(hopMaruu reHepaTHBHBIX OPTaHOB W IUIOJIOB, H3-
MEHEHHsI 1[BETa KOPBI, CBA3AHHBIX C MOBPEXK/ICHU-
eM KaMOWs1, IPEkKAEBPEMEHHON OCeHHEH OKpacKon
JTUCTBBI W T.A. HecMoTps Ha KpaTKOBPEMEHHOCTH
MIPOSIBIICHIS BIFSIHUS KapOOHW3MPOBAHHOTO OMO-
YIJIL U3 PUCOBOM LIETYXU HA HEUTPAIU3ALUIO TOK-
CUYHBIX COEJIMHEHUH W MOBBINIEHHE YCTOMUYUBOCTH
Y TIPWKUBAEMOCTH PAaCTEHUH, MOKHO KOHCTATHPO-
BaTh O IIOJOXUTCIIbHOM BJIUSHUH. ILH}I YIy4UHICHUA
rmokazatesnieid TpeOyeTcs BBISIBHUTH HEOOXOIUMYIO
JIO3UPOBKY OHMOYTIsl, TIyOMHY BO3JAETBIBAHUS H
MIPOIOJKUTENLHOCTL BiusiHuA. Co3maHue copo-
[IMOHHBIX 0aphepOB BO3MOXKHO TMPH KOMILIEKCHOM
MIPUMEHEHUN OWOYTIISA C J0OaBICHUEM MUHEPATb-
HOW TIOAKOPMKH, CTUMYJISITOPOB, (PUTOPETYIISITOPOB
U JIp. TIPEnapaToB, YIy4IIAIIIX (HU3HKO-XHMHUYe-
CKMI COCTaB ITOYBBI ¥ OBBIILIAIOIINX YCTOWYUBOCTh
pacTeHui.
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FTAMK(A)- )KOHE TAYTAMATTbI PELUETITOPAAPADBIH,
bASY MOASAPCbBI3AAHYbIHbIH AYbITKY LUETHIH ©3TEPYI

byma wamacbl epekeTiHiH TepmuHaumsackl  [Ca?*] ecimi xoHe Ca’*-ToayeAai K*-KaHaAbIHbIH
apekeTTiAiri ecebiHeH, Ca?*-KaHaAbl XOHE OHbIH SPEKETCI3 LAaMaAbI-TOYEAAIAIKTEPAIH >KabblAyblHaH
JKy3ere acblpblAaabl. HaTuykeciHAE XapFakilia 0AQH apbl MOASPU3ALMSCHI KyLLeneAl (LeKTi LaMaHblH,
10 MB-fa TemMeHAEnAi), OA WamMa 9pekeTiHiH reHepaumsicbiH 6GacbiAybiHa oKeain cofaabl, HCN-
Topi3pec KaHaapap >koHe Na2*-KaHaAbIHbIH, XKoHe LamMaAbl-TayeAsi Ca?*-KaHaAbIHbIH, 8Cepci3aeHyiHe
akeAeai. HCN-Tepizaec kaHaasapAblH GEACEHAIAITT apTaAbl, XKapFak bl 6asty MOASPCbI3AAHAAbI XKOHE
KO3YAbIH LUEKTi LaMacbiHa >KETeAi, OA Ke3Ae lliama 9peKkeTiHiH eKMiHAI reHepaumscbl 6acTaraAbl,
keriH Ca?*-KaHaAbl allblAaAbl XX8He KaAbUMIAL Wwama meH Ca?*-6eArici kanta TypAeHeai. OcbiAariiua,
6asty MOASIPCbI3AQHY UMIYAbCIH @HbIKTAMTbIH KaAbLMIAI KaHAaAAAP KEHETTEH CUHXPOHAbI GEACEHAIAIK
Ke3iHAEe WamMa 9pPeKeTiHiIH XKMIAIr MeH aybITKy wweriH 6ackapaabl, Na?* -kaHaAbIHbIH 6EACEHAIAIK XaHe
BCepCi3AiK WapTbiH 6akblAai arasbl. T-yAriai Ca’* -KaHaAbIHbIH OGEACEHAIAIriH 6acy HelmpoHAAPAbIH
KEHEeTTeH CMHXPOHAbI 6eAceHAiAiri kesiHae Ca’* -MMIMYAbCIHIH Y3aKTbIAbIFbIH a3aiTaAbl, OA TMMNEPKO3Y
JKOHE MLLIeMMS Ke3iHAE HeMPOHAApPFa aMaH KaAyblHa Xafaain >kacarabl. Ocbliaaniia, Ca%* -MMNYAbCIHIH
Y3aKTbIAbIFbIH a3anTy Ca’* -KaHaAbIHbIH T-YATiAI 6asiyAQTK bILUTbIH 8peKeTi Ke3iHAE OCbl 6aliAaHbICTapAbIH

HeMpPONpPOTEKTOPAbI BpeKeTiHiH 6ipaeH 6ip cebebiHe arHaAybl MyMKiH.

Ty#in ce3aep: KaabLMid MMIYAbCi, Ca2 + KaHaAbl, 8peKeT MOTEHLMAAbI, FTEHE3NC, AEMOAIPU3ALLUS.
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Change in amplitude of slow depolarization
of GABA (A) — and glutamate receptor

The termination of a bundle of action potentials is performed by increasing [Ca?*]i and activating
Ca?* -dependent K+ channels, closing potential-dependent Ca?* -channels and inactivating them. As a
result, the membrane is even more hyperpolarized (10 mV below the critical potential), which leads to
suppression of the generation of action potentials, activation of HCN-like channels and the re-activation
of Na* — and potential-dependent Ca?* -channels. The activity of HCN-like channels is increasing, the
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membrane is slowly depolarizing and reaches the critical potential of the excitation process, during
which the generation of the tonic action potentials begins, and then the Ca?* -channel begins to re-gen-
erate the process and the process begins. Consequently, calcium channels, which determine the impulse
of slow depolarization, control the frequency and amplitude of the potentials of action during spontane-
ous synchronic activity, regulating the conditions of activation and inactivation of Na* channels. The
suppression of T-type activity of Ca?* channels decreases the duration of the Ca?* pulse at spontaneous
synchronous activity of neurons, which can contribute to the survival of neurons during hyper-excitation
and ischemia. Thus, the decrease in the duration of the Ca?* pulse when T-type inhibitors are activated
by the Ca?* channel may be one of the well-known neuroprotector effects of these compounds.
Key words: calcium pulse, C2 + channels, potential of action, genesis, depolarization.
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MN3meHeHHe aMNAUTYAbI MEAAEHHOM AernoAsipu3aumu
TAMK(A)- v rAyTamaTHbIMU peLentTopamu

TepMuHaLMg MaYykM MOTEHLMAAOB AENCTBUS MPOUCXOAMT 3a cyeT pocta [Ca?*]i n akTmMBaumm
Ca?*-3aBMcUMbIX K*-KaHaAOB, 3aKpbITMs MoTeHuMaA3aBUCHMbIX Ca?*-KaHAaAOB M MX MHAKTMBaumu. B
pe3yAbTate MembpaHa ele 60AbLUe runeprnoAsipnsyetcs (Ha 10 MB HMXKe KPUTUUECKOrO MOTEHLIMAA),
4YTO MPUMBOAMT K TMOAABAEHMIO FeHepaumm MOTEHUMAAOB AenCcTBMS, aktuaumu HCN-nopAo6HbIX
KaHaAoB M peakTvBaumm Na*- 1 noteHumaszaBucnmbix Ca?*-kaHaaoB. AKTMBHOCTb HCN-NoaAo06HbIX
KaHaAOB BO3pacTaeTt, MembpaHa MEAAEHHO AEMOASPU3YETCS U AOCTUraeT KPUTMUECKOro NMoTeHumMaAa
BO30YXXAEHMS, TMPU KOTOPOM HauMHAETCs reHepaumsi TOHMYECKMX MOTeHUMAAOB AENCTBUS, a
3aTeM oTKpblBatoTCcd Ca?*-KaHaAbl M BHOBb FeHepupyeTCs KaAbLMeBbIM noTeHuman u Ca*-curHaa.
CAep0BaTEAbHO, KAAbLMEBbIE KaHaAbl, OMpPEAEASIOME UMIYABC MEAAEHHOM  AEMNoAdpm3aLmu,
YMNPaBASIOT 4acTOTOM M aMNAMTYAOM MOTEHLMAAOB AENCTBMS BO BPeMS CMOHTAHHOWM CUMHXPOHHOM
AKTMBHOCTU, PErYAMPYS YCAOBUS aKTMBALMKM M MHakTMBaUMM Na*-kaHaAoB. [1oaaBA€HWE aKTMBHOCTU
T-tmna Ca’*-kaHaAOB yMeHbLUaeT AAUTEAbHOCTb Ca*-MMMyAbCa MpPU  CMOHTAHHOW CMHXPOHHOM
AKTUBHOCTU HEMPOHOB, YTO MOXET CrOCOOCTBOBATb BbIXXMBAHMIO HEMPOHOB MPW rMNepBo30Y>KAEHNM
1 nwemnn. Takum 06pasom, yMeHbLeHne AAUTEALHOCTM Ca?*-UMMyAbca Npu AEMCTBUN MHIMOUTOPOB
T-tuna Ca?*-kaHaAOB MOXET OblTb OAHOM M3 MPUUMH M3BECTHOrO HEMPOMPOTEKTOPHOrO AEMCTBUS
AaHHbIX COEAMHEHUIA.

KAloueBble cAoBa: KaAbUMEBbIN MMNYAbC, Ca2 +-KaHaA, nMnoTeHUMaA AeVICTBVIﬂ, reHe3mnc,
AENOAdpU3alma.
Kipicne Tepic mamanap ke3inzae texk T-yirini kananmap Ca
KipiCiH JKOHE HEHPOHHBIH CEPITiH TYBIHIATKIIITHIK
T-yarini  Ca*-kanamgapsl  Oyna OenceH- — GesiceHAUTIriH Kamramachi3 ere anausl [7]. Cabi-

TUTITIHIH TEHEe3UCIHIE MaHBI3ABl POJIb aTKApasbl.
T-ynrini Ca 2' -xaHaIAapbIH alIyAbIH JKOHE 3epT-
TeyiH Y3aKThUTbI TapUXbIHA KOITETeH OachLIbIM-
nap apHasra [ 1]. [lonspceizaany, ocel 6asty, ToMeH
mekTi LHTKK Temen eTkisrimrririmex (8 nCwm) mrapT-
TaChITl, KO3Y/BIH IIETiH TOMeHJeTe OThIphim 11O
icke Kocamsl [2, 3], 11O renepamust KUITITIH KOHE
Na " -KaHaJIBIHBIH 9CEePCI3ICHY JOPEKECIH PETTeH/ I
[4]. Temen miekti kaHammap Oasly TOJSPCHI3IAHY
ke3inge 6encenmipineni (-70 mB-Tan, oH mamaiap
Ke3iHJIe), KeHiH Te3JIeTUIe/l XKOHEe aMa-ToyeIILUTiK
[5, 6] =20-50 mc-tan ocepcizaeneni. OcbiHIAN
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CTBIPY YILiH, TUTHAPONUPUANHCE3IMTaN B! L-ynrini
Ca ?' -kaHaJbl JKapFaKIIaJaFrbl KOFApbl [IAMachl
ke3inge Oencenmipineni (10 MB apThIk), *Korapsl
etkisrimTikiieH (25 nCMm) jkoHe ocepci3ieHyliH
ete Oasty kuHeTHKachiMeH (~500-2000 mc) cumnat-
tanbiHaael [8]. OHBIH yCTiHE, Oylap Y3aKTBUIBI I10-
JSIPCBI3JaHYAbl KaMTaMachl3 eTeTiH (G-aKybI3bIMEH
perreneni [9].

IITKK nonspceiznanyaan 6acka [Ca*]. eceni
[10], om Texk HEHPOTPAaHCMHUTTEPIIH CEKpelHus
Ipolieci FaHa icKe KOCHanIbl, COHIai-aK KaHaJIIbIK
©3iHIH KaObUTyblHA JXOHE OHBIH ocepci3/ieHyiHe
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okeneni. T-ynrini Ca?* -kaHaIgapbIH 9cepCi3AeHIIpY
yuris -70- — 85 MB neitin nonspu3anusaHbl KYIIEUTy
kaxet [11]. IlonspuzanusHel KyIIeWTy, KaHaaaap-
Ibl ocepciznenaipy xoHe 11O OymackiHBIH TepMHu-
Harusicsl yiniH Kaxet, HITKK apkpute sxacyiiara
Ca % tycken ke3me K'-kaHamplHA KajbIHITI-
Toyenmai OenceHauniK ecebiHeH eTyi MyMKiH [12].
T-yarini Ca ** -KaHaAJIBIHBIH KeHOip Kacyrmanapsl
BK- [13] »xone SK-yarun kanuil KaHaiJapbIMEH
Ty#iHgeckeH. K -kaHanmapbIHbIH KaObUTYBI KaJIHid
WOHIIAPBIHBIH KAacylla IMIiHAETi IOFBIPIAHY/IbI
ToMeH/IeTy apKputbl 11O OynachlHBIH TepMHHAIM-
SICBIHAH KeHiH jKy3ere achIpbUIabl.

[llamaman Oacka T-yarim KaabOWHAi KaHA-
JapJpl peTTey/iH 0acka Ja SHIOTEHIl MEXaHH3M-
nep Gap. Ca 3.2 yurim xananmap CA-MKII, PKC
xoHe PKA [14] xuna3gapas! dochaprany ke3iHzae
Oencennipineni. DHaokaHaOuHouarep [15, 16]
JKOHE apaXWJIOH]IbI KBIIIKBUT OChl KaHAJIAapAbl Oa-
stynaransl [17, 18]. G-akyb13eiHbIH [y-cyO0ipiiri
Ca 3.2 [19] Gasynarazibl, ocepCi3liK IaMachIHbIH
TUIEPIOIAPU3ALHAIIBIK )KbUDKYBIH MIaKbIpaasl [20].
Gog/11-mMeH TYHIHIECKEH MYCKapWHAI areThi-
XOJMHJII perentepiepai OeJceHaipy, COHIai-aK
Ca 3.2-men ne ipikrenin TyHingeceni [21].

Kepcerinrenneit, T-xanammap 3usHmac [22],
ayeipcy [23], Ilapkuncon aypysl [24], wme-
MHUSL KE3iHJEe BIPFaKTbl pPETTeyAe KaTbICaJbl.
KananmapapiH TeXerinn ochl aypylapibl eMIeTeH-
ne Konmanbiianel [25]. Kanammgap TexerimrepiHig
HEHPOIPOTEKTOPIIBIK OPEKEeTi, COHIali-aK >Kacylia-
JIBIK JOpeXeneri in vitro kepcetinren [26, 27].
Kananmapabiy OCJICEHAUIITIH PETTESHTIH CUTHAIIBI
XKOJJIapasl 3epTTey Kesinge, op Typii Gi-akybI3-
mapeiMeH [28] koHe CUTHamABl >KouaelH GMP
TYBIHIATKBIIITAPbIMEH  TyHiHzmeceriH  T-ynrimi
penenTopiIapblHbIH KaHAIIapblH Oacyra Hazap ay-
maperiagsl [29].

Hamy xesinge OXOK (Opranbik  kylike
KyHeci) HEHpOHOApel  KOINTEreH  CHHAICTBIK
OailTaHBICTBI JKACAWIBI JKOHE HEHPOHAIABI MKETiHI
KaJIbITacThipaibl, oHAa 11O OynachiHbiH sxoHe Ca
** -UMITyJIBCIHIH KEHeTTeH Oipereini OenceHmimiri
naiima Gomambl. CCA Oy3bUTYyBl KONTEreH XYWUKe
Oy3bIIybl JKOHE HEWPOJETCHEPATUBTIK aypyriap
ke3inge Oaiikanmanel [30]. BysputynslH  Herisri
cebebi Oombim MoOMNsApChI3AaHy TadbUIanbl (cebebi,
KO3y /Ibl aHBIKTAHUTHIH KOIITETSH KaHaJ1ap, [IaMaJlbl-
Toyenni). Erep Mexenik sKaHbIHAAFBI TTOJSPCHI3ABIK
pa3psA SKHUTITIH apTTRIPYbl MYMKiH 0Oosca, oHma
miaMagal ThIC TOJSpCh3nany Na'-KaHaJIbIHBIH
opekerci3airi eceOiHeH OeNCeHAITIKTIH 0achUTybI-
Ha okemin coranpl. Cepritetin 1IO-HeH Oymambik

OeJIceHalTiKKe oTyl epTrepekTe 10(haMUHEPTUSIIBIK
relicMeKepJIIik HeMpOHIap YIIiH CypeTTeIreH 0oa-
ThiH [31]. Kapa cyOcTaHIMsSHBIH 0(paMAHEPTHSITBIK
HEHPOH/IAPBIHBIH TIEHCMEKapIIbl  OCIICEeHIUTITIHIH
BIPFAKTBUTBIFBI CTpHATYyM/IE TO(aMUHHIH HET13/IUTIK
JICHTeHiH KOoJI1ay YIIiH KaxeT Oosaabl [32, 33] skoHe
conbiMeH KaTap Ca? -UMIyNbCIHIH Y3aKThITBIFBIMEH
OaiJIaHBICTBI OCHI HEUPOHIAPIBIH JKOFAPhI OCATIIBI-
FBIHBIH OipieH Oip Heri3ri ce6e0i 00BN Ta0bLIa b
IO Oynacer xoHe Ca?-MMITYJIbCIHIH Y3aKTBUIBIFBI
ochl skarfaiina L-yarim Ca 1.3 Ca*’-KaHaJlbIHBIH
CyOOIpITiHIH  AJMEKTPO(YHU3HOIOTHSIIBIK KACHETIH
aHbIKTalbl. Anaiiga, 11O Oyma reHesmci koHE
BIpFaKTapAbl OacKkapy MEXaHH3MJICPIHIH KaJIbl
TEOPHSCHI d3ipIie KOK. KapacThIpblUIFaH KYMbBICTA
Ca’"-KkaHaJIBIMEH KOHE [Caz*]i JKacylllachlHAa nanaa
6oran IO xwuisiri MeH aybITKy HIETiHIH Oasy Io-
JIIPCHI3IAHYMEH TOYEJIUIIrT 3epTTeareH OOoJaThIH.
Opan Oacka, 6asty OISAPCHI3AaHy UMITYJILCTEPIMEH,
IO OepineTiH akmapaTThl KOATAYABIH Tocliaepi
KOpCETIITEeH.

Onunerncuss — 0ac MHBIHBIH aypybIHBIH KEH
TaparaH Typi. OHBI 3epTTETeH FaIbIMIAPILIH
iminen B.B. Komsrun, B.A. Ao63oneeB Oipirin
JKYPri3reH IKYMBICTApPbIH aram eTyre OoJaibl.
3epTTey JKYMBICHI €Ki Typii: OSKOJOTHSCH Ta3a
JKOHE JIacTaHFaH aiiMakTapja Xyprizuiai. 3eprrey
HOTHIKECIHIE SMUICTICUSHBIH KULTITT SKOJIOTUSITBIK
Jlac allMaKTap1a )KOFapbl EKCHIITI aHBIKTAIFaH [34].

3epTTey MaTepHaJAapbl MeH dicTepi

Kaprakma wmymkinairin emamey. JKaprak-
magbl MYMKIHJIKTEP/IIH OHE HOHJbI KaHAIaap
OeNCeHniIITiHIH O3TepiCiH Tannay YIIiH KXYMbICTa
«whole cell» keckiHgemeciHaeri 3aeKTPOpU3N0-
JIOTUSUTBIK  TOCUT  (IATY-KIAMIM) TaialaHFaH.
Ochbl  Ke3zie DIEKTPOPUINONOTHIIBIK ©3repicTep
(Molecular Devices, AKIII) xyiiecine Axio Imager
Z1 (Carl Zeiss, Germany) (QpayopuCIEHTT] CTaHIIHS
opHatbuInbl, o1 Hamamatsu ORCA-Flas sxorapbl
KBUIJAM/IBIKTBI KaMepachbIMEH KaMChI3/IalFaH, Ol
Tipl JKacymiaja ONTHKAIBIK CHIIATTaMallap JKOHE
JICKTPO(DHU3NONOTHSIIBIK ~ CHUTIaTTaMaapasl — Oip
YaKpITTa 3epTTeyre MYMKIH/IK alibI Oepii.

Tokrapasl Tipkey ymiH Axopatch 200B
(Molecular Devices, AKIIL) xymeiTkinm, AIIIT
Digidata 1440A wmen pClampl0.2 (Molecular
Devices, AKIIl) Oarmapnamanblk KaMChI3JIaHY
KOJMaHbUIFaH. JKaprakmra IaMachbIHBIH ©3TepiciH
TOKTBI TIpKEY PEXHMiHAE TipKereH. DJIeKTpodu-
suonorusiHbiH aknapatein Clampfit 10.2 Oarnmap-
JIaMAaJTbIK KaMCBI3JIaHy apKbUIBI TaJAAY JKYPTi3i.
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[Ca*']. »bL1J1aM OIIIEMiH TipKey YIIiH, JKOFaphl
KBUTIAMIBIKTEI MOHOXpoMasl Hamamatsu C9100
CCD-kamepaMeH KoHe CY3TilTepAl aybICTBIPYIbIH
JKOFapbl  KbUIIaMIbIKTel  Leica’s  Ultra-Fast
Wheels (aybicTeipy yaksITel 10-30 Mc) xyiieciMeH
kamchbi3ganran  DMI6000 (Leica Microsystems,
I'epmanus) WHBEPTTENTeH MOTOpJAHFAH MHKPO-
CKOIT HETI3IHAETI CypeTTepai Tanmay Kyieci
konanbiiFad. XKymeic ymin Leica HC PL APO
20%/0.7 IMM oObekTuBi mnaiinananran. Diyo-
PUCIIEHCHSHBI ~ KO3MIBIPFBIMIBIHBIH, K031 peTiHze
sxorapbl KbickiMael HBO 103 W/2 chiHanThl mia-
MbeiMeH Leica EL6000 TyHIBIPFBIIIBI aliaaaHbLI-
abl. [Ca *] mopexeci Genrini omictemere [35, 36]
colikec KocToNIKbIHABI Fura-2 (Molecular Probes,
AKIII) 30HIBIHBIH KeMeTiMeH OaranaraH. ['ummo-
KaMII JKacyIanapeiH 00sy yiriH Fura-2AM >¢upin
naijananra, 0J XCEHKC epITIHAICIHICTI COHFBI
morslpsianysl 4 MKM, Kypbutysl (MM-aa): NaCl —
156, KC1 - 3, MgSO, - 1, KH,PO, — 1,25, CaCl,
— 2, rmoko3a — 10, HEPES — 10, pH 7,4. Op0ip
IIBIHBIFA JKACYIIa MOJICHUETIHE KaHa aibIHAaIFaH
OostFemTEIH 200 MK epITIHAICIH KOCKaH KOHE
tepmoctarra 37°C-re 40 w™uH wuHKyOapsaraH.
Ochiman KeliH MoieHueTTi XeHKC epiTiHAiCiMeH
L-apruauaniy 0,2 MM KOCBITYBIMEH KyaThIH KOHE
OOSIFBIIITHIH A TUPUPHUKALIUSACHIH askray yuriH 10-
15 MuH uHKYOapnaraH.

[Ca*]. emmeynin KaifTanmama yMBICTaphl YIIiH
JKOFapbI JKbUIJAMJIBIKTEI MOHOXpOM/IbI Hamamatsu
ORCA-Flash 2.8. CCD-kamepamMeH a0IbIKTalIFaH
Axio Observer Z1 (Carl Zeiss, I'epmanus)
MOTOpJIAaHFaH HHBEPTUPII MUKPOCKOOBI HETi31HET1
cypeTTepre Tanjay Kyieci KOIIaHbIIFaH OOJIaThIH.
DIryOopUCIIEHCHSHBI KO3ABIPFBIIIBIHBIH K031 peTiHe
Lambda DG-4 Plus (Sutter Instruments, AKIILI)
TYHIBIPFBINIBI  KOJJIaHbUTFaH.  Fura-2¢uyopuc-
HEHIMSICHIH KO3IBIPY JKOHE TipKey YIIiH KO3Y/IBIH
BP340/30 sxone BP387/15 cysrimrepi 6ap Filter set
21HE (Carl Zeiss, I'epmanust) xapbIKCY3TiITEPiHIH
KUBIHTBIKTApEl, FT409 xapbikOenrimm — KoHE
BP510/90 samuccust cy3rinini KoJIaHbUIFaH.,

@DIIyOpUCHEHIIUSAHBI  ©3TePTy VIIIH apHaibl
OJIIIIETINT KaMepara JKacyIra MoJICHUETI Oap ToMarax
»kaObIH oifHEKKe OpHATThI. Kamepanarbl opra KejeMi
0,5 mu Kyparas. Pearentrepai Kocy >koHe MIalbLTY
OpTaHBIH KOJIEMiH OH €ce MOJIIepae aybICTHIPY
JKOJIBIMEH, 15 MJI/MUH. KXbUIIaMJIbIKTa Tepy3u-
SHBI KaMTaMachl3 €TETiH JKYHe apKbUIbl JKYpri3i.
CypetTep TonTamacsl 1-2 ¢ apaibIFbIHIA ATBIHIBL.
Bip kockaHanIbl Kaap/s! aimy yakbITl 400 MC apThIK
Oonran xok. Toxipubene neiiponnapast CCA 0oii-
praIIa XoHe KC1 35 MM ammuinkasiCeIHBIH KBICKA
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Mep3iMai (20 ¢) makbIpbUTFaH MOJSIPCHI3JAHYFa
JKBUTIAM Kayarl Oepyi OOWBIHITA alKBIHIaFaH.

Anprarad Kockananasl (340 >xone 380 HM-ra
Fura-2 ko3aplpy Ke3iHae) CypeTTepAiH YyakbITIIa
tonrtamacel «Time Series analyzer» miaruHiMeH
ImageJ Oarmapnamaceinga exgenmi. Ocbl  Ke3-
ne 340 xone 380 um-ra Fura-2 xo3mplpy KesiHze
CUTHAIAPABIH  (DIyOPHUCHEHIMSHBIH —~ KaThIHACHI
peTiHAe  KepceTUIeTiH, Japa jKacyllaiaapiblH
KaJbLIMII aybITKy LIETiHE XayanTapbl ©JIICHII.
Kecrenep MeH cTaTUCTHKANBIK OHAETYI TYPFHIZY
yuwiin Origin 9.1. OGargapnamachl TaijanaHfraH.
Hotwxenepi + crangapTtel ayeiTky (N £ SD)
ol epiciHme N jKacyIIacBIHBIH OpTalia CHTHAIIBI
TYpiHZAE, KOMIIUIK KacymanapiapiH tuntik Ca’'-
*ayaObl TypiHAe HeMece KeKellell HeWpoH kayalbl
peTiHae KepceTureH. AKmapaTTapabl Oip ¢a3ais
ANOVA nucniepcuoHapI Tangay s koHe CThIOICHT-
Hreroman-Kelnc MaHbpI3ABUIBIK allbIpMaIIbUIBIKTAP
TECTIH KOJJJaHYMEH CTaTUCTHKAIBIK CaJbICTBIP/IBbI,
Hemece p<0,05 xes3iHzeri albIPMaIIbUIBIKTAPIBI
aliKbIH Jen caHalThIH CTHIOJICHTTIH KOC KPUTEPUNIH
naiananrad. bapiblk anblHFaH aknaparTap a3 Jie-
TeHJIC YII 9P TYpJIi KaObIH OMHEKTEH JKOHE eKi-YIII
Toyesci3 OeNiHTeH JKacyIIaiapaaH ajJbIHFaH.

Marepuan.  N-mermn-D-acnaprar,  Ouky-
KYJUIUH, JOMOWIBI KbImKbUl, L-aprunun Tocris
Bioscience (¥npiOpuTaHus) KOMITAHUSCHIHAH Ca-
TBHIN aJbIHFaH OONaThIH; XCHKCTHIH YHIICCTIpiIreH
TY3.bI epiTiHIicl, HelipoOa3anbai opra, B-27, Gibco
(AKIL) enaipren — ypbIKKa ToH OyKa CapbICyBbl, TeH-
tamMunnH — «Jlamexumbapm» (Peceit); moauaTriieH
0,1%, L-rmyramun, L-rmyramar- Sigma-Aldrich
(AKII); KC1 — Xummen (Peceit); Fura — 2AM
— Invitrogen (AKLI). Xanyapmapra eTki3inreH
0apIbIK 3epTTey >KYMBICTAPhl 3aHHAMAJIBIK Tajarl-
tapbiHa koHe UTOb PAH xone UBK PAH >xany-
apJiapMeH JKYMBIC 3THKAchl O0WbIHIIa KoMuTeTIeH
MaKyJIIaHybIHA COWKEC OTKI31IIi.

KyMbic HEWpoHAApABIH apajac MOACHHUETIHAC
YKOHE THUMIIOKAaMIT aCTPOIUTTEPIH OCIPYIiH op TYpIi
Ke3CHJIEpiHae (CypeTTeple KOpCETLIreH) OpbIH-
nanael.  JKacymanapaplH —emipre KaOUISTTUTITIH
Propidium lodide »xone Hoechst 33342 3omarapsI-
MEH KOocapJibl 00STyIbIH KOMETIMEH OarayaraH.

3epTTey HITHKeIEPi :KIHE OHBI TAIKbBLIAY

XKorapeina kepcerinrennedt, Kenerren cuH-
xpougsr Oencennpinik (KCB) meiponmapma Ca*-
KaHaJIBIHBIH UMITYJIbCTEPIH apTTHIPYMEH KOocapiiaHa
Kypemi, on riyramar koHe [AMK —cusikTer
HEHPOTPAHCMUTTEP/IIH CEKPEUHACHIH TYIbIPAIbI.
Coalikec perenropiap oencenainiriniy e3repyi Kbb
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Ke3iHge Oasy MNOJSIPCBHI3JAHYABIH AybITKY ILIETiH
e3repTyl MyMKiH. 1, 2-cyperTe KepCeTureH[e,
mamManbl-perreiitin kanangapel (FAMK(A) penen-
TOpJIapbl JKoHE anb(a-aMUHOMETHIM30KCA30IIIPO-
HOHAB! KBIIKBUIABIH (AMPA)) Oencenmimirinmeri
MaHumysusiap  Oymagarel 11O skumimiri MeH
ayBITKY LIETiH e3repTei. 1-cypeTinne OMKyKyJUIHH,
I'AMK(A) peuentopiapbsiH OasyJIaTKbIIITAPBIHBIH
0akpUIaybIMEH JKOHE KaThicybiMeH 11O OynachiHbIH
Oacrankbl KepiHici kepcerinren. I'AMK(A) pe-
nenTopblH OasynaTtkeimbl Cl-Kipic TOTHIH a3aii-
Ty ececiHeH Oasy MOJSPChI3IAHYABIH aybITKY
LIeTiH  apTThIpajbl. bBUKYKYIMH KaThICybIMEH
HOJISIPCHI3NAHYAbIH aybITKY LIETiH apTThlpy Na'-
KaHAJIBIHBIH OCEPCI3/ICH/IIPY IIaMachlHAH KOFaphl
OonybiHan Oynazmarel L1IO yakpITmia OachklmybIHA
oKeJIes.

2-cypeTiHje KOpPCEeTIJIreH, AMPA.-
peuenTopiaapbIHbIH  OasyJaTKBIIIBl KBUHOKCAIMH-
ToH (2,3 — nurunpoken — 6 — HUTPO — 7 — CyIb-
(hamoumn — 6en3o [f] xunokcanuun, NBQX) aznaran
KOHIIGHTPAMACHl  MOJSIPCBI3AAHYABIH  AYBITKY
meriHn Na'-xkaHaiblH OasynnaTy IIaMacklHaH TOMEH
eTim azairaapl. Ockl Ke3e Oasty MoJsIpChI3IaHy IbIH
MaKCUMyMbIH/1a Na'-KaHabIH TOJBIKTal OasynaTy
00JIMaiizibl )KOHE MOJIPCHI3ABIKTHIH aJIBIHFBI JKOHE
apTKbl (QPOHTHIHAA Oasynaty OoiFaH >Karnaiina
Oynana L1IO caHBIHBIH apTybl, OpTalla XUITIKTEP
azaronl koHe IO Oymachkl Y3aKTBUIBIFBIHBIH ap-
Tybl Oabikanaznsl. Ochuiaiiia, O0asy MOJSPChI3Ia-
HYy UMITYJIbC1 TapaMeTpiiepin e3repTy kesinnge O
JKULUTITI MEH ayBITKY IIeTi y30ecTeH e3repe/i.

Ca’"-KaHaJIBIHBIH T-yarigeri TeXerini

TUNCPIOISIPU3AIUSHEL  TYABIPATHIHIABIKTAH KO-
He okacymamarsl Ca’’  KOHIIEHTPALUSICHIH —TO-
MEHIETEHTIKTEH, OJIapABIH OeJiceH AN HEH

TyBIH/IaFaH THUIIEPKO3Y Ke3iHae OoJnKamIbl HeHpo-
KOpFaymisl opeketke ne Oomymapsl kepek. LHITKK
0astyaTKBIIITAPBIHBIH KOPFAaHBIC JPEKeTi Keleci
TUIEPIOJSAPU3ANUs PETiHAC IapTTalybl MYMKIH,
oceutaii yiarbim Ca®-Toyenmi mporeci Oastyina-
magpl. Ca?’ KOHIEHTPAIMACHl MEH IIaMaChIHBIH
e3apa TOyeJIiliri meiicMekepii HelpoHmapna
afKkpIH Oalfkanmagpl, OJlap YIIIH KOpCeTINTeHICH,
neiicMexepii 6encenmimikkesinme Ca* -uMImyIbCiHiH
y3akteutblFbl  (IIIO  Oymackl  y3aKThUIBIFBIMEH
AHBIKTAJA/Ibl) yIAFBIIl KOHIEHTPAIMSIIAP/IbIH 1IIKi

JKACYIIANBIK KYPBUTbIMBIHAAFbI Ca?' MOHIaphIHBIH
KOPBI YIIIH IIEeKTi OOJBIN TaObIIaabl. OICTTETIICH,
JIECEHCUTH3AIUSHBIH, OyQepibl KOHICHTpaIus-
napja Kajabluid OalIaHBICTHI aKybI3Jap/IbIH JKOHE
I'’AMK-Toyenmi TeXeTilmHiH JKOKTHIFBIHAH, OCBHI
HEHUPOHAP KaNbIUNAI CUTHAJIIBIH KAPKbIHIBLUIBIFbI
MEH Y3aKThUIBIFbIMEH cumnartanaabl. OcblaaH
Ca?*-curnanel (IIIO Oymacel Y3aKThUIBIFBI) Y3aK-
TBUIBIFBIHBIH  a3afobl Ca’"  yIarbIITBIK OpEKETIH
azalTaThIH THIMJI MEXaHU3Mi 00Ja aiajpl, acipece
Kbb xorapel okminmikTepi Ke3iHme. S-Cyperrte
kepcerinreH, 500 HM KOHIEHTPAIMSCHIHAAFBI
T-xananein  TOKTatathlH ML218  Heliponnap
MOJISIPCHI3AHYIBIH aybITKy IIETiH a3alTa/ibl KOHE
KBb «kesingme IO OynachlHBIH Y3aKThUIBIFBIH
temennereni. ML218 opekeriHiH Oasy KHHETH-
Kachl JKacyllara ©TYyHIiH TOMEH >KbUIJaMJIbIFbIMEH
Tycinaipiieni. Byaansik OeiceHAUTIKTI OacyabiH
OapibIK (hazanapblH KepceTy YIIiH, 0ip Toxipudene
Oacramnkplza )kapFakiia IMaMachblHBIH TYPaKTHIIBIFBI
YKOFaphl JKacyliaaap ajablHIbl.

Ocbl Helipongapna Oyna apacsiHaarsl Oll-
HIH CepriTKIimTik OemceHmimri »ok. 1 MxM
KOHIeHTparusicbiHaa ML218 0Oap Oonybl Oasy
MOJSIPCBI3JAHYABIH ~ aybITKy  IIETiHiH  OipTiH-
JIen a3al0blH IaKbIPaJbl, alFalibIHAAa O TIOJISp-
CBI3IIBIKTHI apTTHIpYy ecebineH Oip OII xpeitin Oyna
Y3aKTBUIBIFBIH ~ a3alTYMEH inecim O Kyprisiiesi.
Keiiin Oasty mONSPCHI3ABIKTBIH ayBITKY IIIEri KO3y
[IaMachblHAH TOMEHI1 IIEriHe IeHiH Tyceli KoHe
OIl TyeiHmaybl ToKTaThUIAABL. bipakta OIl TybIH-
JTAYBIHCHI3  MMITYJIBCTEPIHIH — TOJSPCHI3AaHy AbIH
Oasty TepOeicTepi ai1i Jie 0ipa3 yaKbIT yKaJFacabl,
Ocpunaiinra, T-ynrini Ca?‘-kaHaibl, HefpoHAApIbI
Mep3iMIi Toyspehi3gail oTeipbin, Kbb kesinmeri
OynaibIK OeJICeHIUTIK TepOerticTepin OacTamaiayra
KaTeicThl Oonmaapl. T-ymrimeri Ca®’-kanansr OI1
KHUUINT MEH aybITKy IWIeTiH MOMYJISIHSIAIbL.
[Monsipceiznany TOTHIHBIH apTybl OIl  KHiJIriH
apTThIpabl, al TOoJsIpChi3iaHy  Na'-KaHallbIH
ocepciznenaipeni xoHe Oll aybITKy mmieriH a3aiiTa-
11, T-ynrini Ca*' -xaHaIBIHBIH O€TICEHAIPTilTepiHiH
texerimTepi Ca?* IMIyJIbCIHIH Y3aKThUIBIFBIH a3aii-
Tajbl, UIIEMHUS JKOHE TUTIEPKO3Y Ke3iH/e OoMapablH
HEHPOKOpFayIlbl oCepiH TYCIHAIpYI MyMKiH [36].
OchI KaHaIIapAbIH MEP3iMIi peaKTUBAIUACH Typa-
JIBI CYpaK alIbIK OOJBIT KaTy 1a.
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1-cypet — KBb ke3inze sxaprakimaisl HEHPOH MIaMaChIHBIH
e3repici. (a) — L1IO OynackiHbIH OaKbIIaybIH A (Kapa KHCHIK)
JKoHe OMKyKyUTMHHIH 10 MKM KaThICYBIMEH (CYp KHCHIK)
6actanks! Oesik. C1 KaHAIBIHBIH THIISPHIOJISIPU3AII
OeJIceHAUTITIHIH a3atobl Na'-KaHAIBIHBIH 9CEePCi3/IiK Iama-
CBIHAH JKOFaph! Oasty MOJISIPCHI3IaHyABIH ayBITKY HIeriH (-42
MB-yan -18 MB zeliiH) apTThIpaibl, OJ1 UMITYJTbCTIH AJBIHFBI
¢ponTeHaa 11O aysITKy mIerinin 6achUTYbIHA OKee/l
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2-cypet — 500 EM NBQXxkarsicysimen AMPA-
KaHaJIBIHBIH OCJICCHIUTITIH Oasynaryna -25 MB neiiin Oasy
MOJISIPCHI3IaHYABIH ayBITKY LIETiH a3aiiraasl. [lomspesis-
JIaHy MMITYJIbCIHIH aJIIbIHFBI J)KoHe apTKbl PppoHThIHAa 11O
TYIBIPY/IBIH OpTallla KUUTIKTepPi MOSIPCHI3IaHY/IbIH 6Cy
KBUIIAM/IBIFBIH A3aHTy Ke3iH/ie e3repe/i
(3-cypeTIeH canbICThIp).
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3-cyper — KBb ke3inze HelipoH maMachIHBIH 03repyi. (a) — ocyaiH 16-1Ibl TOYIIriHIe THITOKAMIT
mozaenueti. 500 HM KoHIeHTpanuschiHAarbl T-KaHaIbIH TOKTaraTblH ML218 HelipoHIap monspchi3anyablH
aybITKy HIETiH a3aitaabl xoHe KBb ke3inne OI1 OynacklHbIH Y3aKThUIBIFBIH TOMeHAETe . (0) — 1 MkM
KOHIICHTpalusicbiHAa T-kaHambIHBIH Texerinn ML218 Oyna y3akTeUIbIFBIH a3aiiTansl, Ol TybIHIaybIH
0acapl, )KacylIaHbl TUTICPIIONIAPU3ALSIIANIbI, Oasty MOJSPCHI3AAHYIBIH ayBITKY LICTiH a3aiiTabl. (B) —
(m) — 1 MxM xonueHTpanusiceiana ML218 Oyna y3akThUIBIFBIH a3aiiTaabl, Ol TysiHAaysIH Oacasl, Oasy
MOJISIPCHI3IaHY/IBIH ayBITKY LICTiH a3aiiTanpl. Y3/ik cei3bIKeH, ML218 opekeTtine neifin xxoHe keitin, Kbb
kesinze, (B) — (1) cyperrepinae OI1 GynanapbelHBIH OpHAJIACYbl KOPCETIITCH
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KopbITBIHABI

Kenerren cunxpounsr Oencenninik (KCB)
CHUHXPOHJIBUIBIFBIHA KapamacTaH, Oeyiek HeHpoH-
napMeH TyabipeiiFan Ca? -uMIysbCiHiH (popMach
JKOHE ayBITKY IIeTi op Typiti 6omazsr [37]. Op Typdi
KHUUTIKTE JKoHE aybITKy merinaeri OI1 Oymackin
CUHXPOHBI-IYIUIACYIIT  HEHpOHIAp TYIbIPabI,
OCBIJIaMIIa, op TYpJli CHTHAIAAP 6! Oepemi. byMambik
OCJICCHIUTIKTI  KaJIBINTACTHIPATEIH ~ MEXaHU3MJICD
xoHe Na’ sxoHe Ca’ ™ KaHaJzapbIH dcepci3ieHuipy
MEH OeNceHIIpyAiH MaMabI-TOYSAUIIr eceOiHeH
OIl >xuiniri MeH aybITKy IIEriH ©3repTy[i, He-
poHAapMeH OepileTiH, 3JIEKTP CUTHAIBIH KOATAY
MEXaHU3MI peTiHe KapacThIpyFa O0maIbl.

IOTKK ameitysiMeH mapTTajiaThlH 0asy Io-
JApChI3aHy KeH miektepae OIl kuinmiriH raHa
e3repre KOWMaWaepl, OJ COHmaW-aKk OymabIK
OCJICCHIUTIKTI KaJBIITACTHIPA/bI, IIBIH MOHIHJIE,
ayBITKY IIIeTri OOWBIHIIIA aBTOMATTHI MOAYJIbJICHETIH,
AQHAJIOTTHl CHUTHAIIBI (mIamManbl) caHablkka (OI1
XKHLUTIT1) Typiaenaipeai. ©I1 gapa kpicka mep3imui
HUMITYJIbCIHIH JKUUTM MEH aybITKy LIeri op TypJi
y3aKkTeUTEI O] OyMackIHa TYpIIeHYy MEXaHU3MI, )KaHa
BIHTAJIAHABIPYFa Ha3ap/Abl )KUHACTBIPY MEXaHU3Mi
JKOHE OCHI aKMaparThl OHJICY/liH OCNTIeHIeH
OenceHmipy MexaHuzimaepi Ooma amags! [38, 39].
Basty mONSpCHI3ABIK MMITYJIBCIMEH IKUUIK TICH
aypITKy mieri OonpiHIa OIl Koxray, HaKTBLIBI
Oiperefini Oymama YiKeH akmapar KeJeMiH OpHa-
JIACTBIPY KOJBIH KOPCETYl MYMKIiH, OJ1 CHTHAJIJIbIH
cenimai  Oepinyine okenemi. Heiponmapma Ca*'-
CUTHAJIAY KYHeCiHIH Kypaeni OomybHa OaiiaHbI-
ctbl Kbb ke3inge y3akrouinl Ol OyaanapbeiHbIH TY-
BIHJAY TPOLECIHIH 0acTalybl MIENIIMEreH Macene
Gonpin Kanyma skoHe Ca’'-KaHajbl ocepCi3miriHig
TN MEeXaHM3MJIEPl Kell jKarjalijia ailKblH eMec
0OJIBIIT TAOBLIA/IBI.

T-yarigeri Ca?’-kaHaJbIHBIH HeHPOKOpFa-

HBIIITBHIK KaCHeTTePi. 5- CypeTTe KopceTireHieH,
KaJIBIMIII  KaHAIBIHBIH T-yirici Oymanmarer Ol
KYpPBUIBIMBIH ~ FaHa  aHBIKTaMaiabl, COHBIMEH
karap Ca?'-uMMyNbCiHIH Y3aKTBUIBIFBIH PETTEHII.
benrini Oonrannaii, KBb ke3innme HelpoHmapaa
Ca?" repbermicTepiHiH KBa3HCHHXPOHIBUILIFBIHA
kapamactaH, Ca**-UMNyNbCIHIH  Y3aKTBUIBIFbI
Oenexk Heiiponmapaa op Typai Oomagel. Ca’'-
AMITYJTbCIHIH Y3aKTBUIBIFEI OipHEIIe cebenTepMeH
aHBIKTaNaJbl — Oy(epiik KOHIEHTPAIUICHIHIA
Ca?"-0aiiIaHbICTBIPFBIII AKYbI3/IbIH KETKLUTIKCI3IIrI,
'’AMK(A)-pernienrropapI6H JKETKUTIKCI3IIT,
T-ynrial KaJblUi  KaHAJIAAPABIH  OCJICEHUIITI.
bipueme xymbicrapna kepcerinrenneit, Kbb
KOorapel  ckmimiri  kesimge — Ca*"-MMITyIBCiHIH
Y3aKTBUIBIFBI IIEKTI TapamMeTp OOJIBIN CaHajaJbl
JKOHE HEWPOHAAPABIH TMEeWCMEKepIIiK OeNCeHUTIT
Kke3inme. Aca Ko3y Ke3iHae OipiHI Ke3eKTe eJreH
Heiponmaap, Ca’>" UMy IbCiHIH aca Y3aKThUTBIFBIMEH,
umnynbe ke3inge Ca*' KOHIEHTPAUSICHIHBIH HKbLIT-
JlaM ©CyiMeH, AMCEHCUTH3AIMSIHBIH JKOKTHIFBIMEH,
uro3oiaan Ca*” Gasy TapTysIMeH oHe Oydepii
KOHIeHTparmsuapapl  Ca? -0aiIaHbICTBIPYIIBI  aK-
VBI3OApIbIH  JKOKTBIFBIMEH —cumartanansl  [40].
1, 2-cyperre T-ynrim KanabUWiII KaHAT TekKeyi-
WIHIH HEeWpOKOpFaHBIUTHIK dcepi Ca’’-umynbci
V3aKTBUIBIFEIHBIH a3aI0BIMEH IIAPTTACY Bl MYMKIHIIT
KOPCETIIreH, 0J1 MeHcMeKepIi HelpoHaap YIiiH Je,
conpaii-ak Ca? -eTKi3riiuTi KauHaTThl )koHe AMPA-
PEIenTOpbIHAH TYPATHIH KOHE JIECEHCUTU3AIUSICHI3
Ca’" uMmynbCiMeH TiTyTaMaTKka 9peKeTTeCeTiH Hel-
POHAAp YILIiH IEKTi coT O0mysl MyMKiH [41].

HITKK xateicybiMen OIl Oymanmelk OemceH-
JUTCHIH  KaJbplnTacybl HeWpoHAapMeH OepisieTiH
AJIEKTP CUTHAJIBIH TYPJICHIIPY/KOATAyAa 30p MYM-
KiHmikTepmai amaapl. OChI Ke371e OCHI TYPIICHIIPY IeTi
yikeH poibai Ca?'-uMmysbCiHiH op Typii ¢opma-
ChIH aHbIKTalThIH Ca’’-TachIManIalThIH Kyiienep
MmeH Ca’*-6aiIaHbICTRIPFBIIT aKyBI3ap alabl.
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PHARMACOLOGICAL PROPERTIES
OF ENDEMIC PLANTS GROWING IN THE STEPPES
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The number of people who suffer from secondary immunodeficiency diseases is increasing. Second-
ary immunodeficiency diseases develop due to environmental degradation, abuse of various preserva-
tives, stabilizers in foods and long-term storage products, abuse of the use of drugs with a cytostatic
effect, the use of antibiotics in the cultivation of cattle and poultry. The compoundswere obtained from
plants of the Halostachys caspica (Pall) C.A.Mey.ex Schrenk,Suaeda microphylla Pall., Climacoptera ob-
tusifolia (Schrenk) Botsch.Plant extracts were investigatedon myelostimulating activity. The compound
obtained from plants of the Halostachys caspica (Pall) C.A.Mey.ex Schrenk by means of water-alcohol
extractionwithout heating showed high myelostimulating activity. It effectively stimulated erythro-,
thrombocyto- and leukopoiesis, and in stimulating the leukocyte population, it equally effectively in-
creased the values of granulocyte and agranulocyte leukocytes. The compounds derived from the Suaeda
microphylla Pall. and Climacoptera obtusifolia (Schrenk) Botsch.showed low myelostimulating activity.
It should be noted that the water-alcohol extracts of plants without heating showed higher activity than
the extracts that have undergone thermal heating.
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CY-CMMPTTIK 3KCTPaKTTay ©AiCiMeH OOAIHIN aAblHFaH KaCMMMAIK  COASSHOKOAOCHMK  ©CIMAITHIH
CbIFbIHABICbI €KEHAIT aHbIKTaAAbl. OA 3pUTPO-, TPOMOOLIMTO- XKOHE AEMKOM033Abl 3EKTUBTI TYpAE
CTUMYAAQAbI, COHbIMEH KaTap AEMKOLMTTEPAIH CaHblH KOOGENTy Ke3iHAE OA IPaHYAOLMTAPAbl XKOHE
aArpoOHYAOLIMTAPAbI AEMKOLUMTTEPAIH TY3iAyiH OIpAEN MOALLEPAE CTUMYAAAM aAAbl. TerickarbipakTbl
KAMMakKornTepa ©CIMAITIHEH aAbIHFAH  CbIFbIHABIHBIH,  MUEAOCTUMYAAQYLLUbl  ©Cepi  KaCnMMAIK
COASIHOKOAOCHMK BCIMAIriHe KaparaHaa 6aceHAey GOAAbI, aAaiAa Killi>kanblpakTbl CBeAA ©CIMAITIHIH
CbIFbIHABICBIHAH CTMMYAAQYLLIbl 9CEPiHEH OEeACEHAIpeK. OCIMAIKTEPAIH KbI3BAbIPYCbI3 aAblHFaH Cy-
CMUPTTIK 3KCTPAKTTapbIHbIH GEACEHAIAITT TEPMUSIABIK OHAEYAEH OTKEH OCIMAIK CbIFbIHAbIAAPbIHA
KaparaHAa 6EACEHAITT XKoFapbl eKEHAIMH aTar anTbin KETKEH JKOH.

Tyiin ce3aep: MMEAOCTUMYAAQYLLbI BGEACEHAIAIK, SHAEMMK eciMAikTep, KasakCTaHHbIH apuATI
anmarbl.
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®apmakoAaormuyeckme CBOMCTBa pacTeHUM IHAEMMUKOB,
npouspacratowimx B crtensix Kasaxcrana

YnCAO AIOAEN, CTPAAAIOLLMX BTOPUUHBIMM MMMYHOAEMMUMTHBIMU 3260AEBAHUSMM, YBEAMUMBAETCS]
BO BCceM Mwupe. [IpUpOCT HaCeAeHMSI CO BTOPUYUHBIMM  MMMYHOAEMUUMTHLIMU  3a00AEBAHMSIMM
NMPOVCXOAMT M3-3a  YXYALLEHUSI 3KOAOrMYECKOM OOCTAHOBKM, WCMOAb30BaHUSI CTaGMAM3aTOPOB,
KOHCEPBAHTOB, KpacuTeAeil B MpoOLEecce MPOM3BOACTBA MPOAYKTOB MUTaHUS  AAMTEABHOMO
XpaHEeHWsl, pacliMpeHrem crektpa 3aboAeBaHUil C MCMOAb30BAHMEM LIMTOCTAaTMUECKMX Mpenaparos
M WCMOAb30BAaHMEM aAHTUMOMOTMKOB MPW BblpalMBaHMM CKOTa M MNTUUbL. BbIAM MCCAeAOBaHbl Ha
MUEAOCTUMYAMPYIOLLYIO aKTUBHOCTb 3KCTPAKTbl, MOAYYEHHble M3 pacTeHuin 3HAeMUKoB KasaxcTaHa:
COASIHOKOAOCHMKA  MPUKACTIMIACKOrO, CBEAbl MEAKOAMCTHOM M KAMMAKOMTEpPbl  TYMOAMCTHOMN.
BbICOKYIO MMEAOCTUMYAMPYIOLLYIO aKTMBHOCTb MPOSIBUAO COEAMHEHMWE, MOAYYEHHOE M3 pacTeHus
COASIHOKOAOCHMKA MPUKACTIMIACKOrO MyTEeM BOAHO-CMMPTOBOrO 3KCTParMpoBaHus 6e3 HarpeBaHus.
OHO 3(hEKTUBHO CTUMYAMPOBAAO 3PUTPO-, TPOMOOLIMTO- M AEMKOMO33, MPUYEM B CTUMYASILIMM
AEMKOLIMTAPHOM MOMYASUMM OH OAMHAKOBO 3(D(DEKTUBHO MOBbIWAA 3HAYEHMS FPAHYAOLMTAPHbIX U
arpaHyAouUMTapHbIX AenkountoB. COEAMHEHMS, MOAYYEHHbIe M3 pacTeHWsl CBEeAbl MEAKOAMCTHOM,
YCTYMaAM Mo aKTUBHOCTM COEAMHEHUSIM, MOAYUYEHHbIM 13 PACTEHMS COASHOKOAOCHUKA MPUKACTIMIACKOTO,
HO ObIAM aKTMBHEE COEAMHEHMI, MOAYYEHHbIX M3 pacTeHus KAMmakonTepa TynoamcTHas. Caeayer
OTMETUTb, YTO BOAHO-CMIMPTOBbIE SKCTPAKTbl PACTEHMI 6e3 HarpeBaHusl MPOSBASIAM aKTUBHOCTD Bbillle,
4eMm 3KCTPaKTbl, MPOLLIEALIME TEPMMYECKYIO 00PabOoTKY.

KAtoueBble CAOBa: MUEAOCTUMYAMPYIOLLAS aKTUBHOCTb, PAaCTeHMs 3HAEMMKM, apuAHasl 30Ha
KazaxcraHa.

Introduction

The number of people who suffer from
secondary immunodeficiency diseases is increasing.
Secondary immunodeficiency diseases develop due
to environmental degradation, abuse of various
preservatives, stabilizers in foods and long-term
storage products, abuse of the use of drugs with a
cytostaticeffect,theuse ofantibioticsinthecultivation
of cattle and poultry [1]. Various toxic chemical
compounds: Sturdart solution, trinitrotoluene,
pesticides, especially organochlorine preparations,

severe pancytopenia. The choice of effective
myelostimulating drugs that can restore parameters
of peripheral blood in a short period of time is
very limited [2]. Thus, pharmacological screening
of myelostimulating drugs is relevant. In addition,
myelostimulators are widely used in ophthalmology,
surgery, cosmetology and biotechnology.

Materials and Methods

The following plant extracts were received for
research: EES.SES/N — 50% water-ethyl alcoholic

lindane  (gamma-hexachlorocyclohexane) and  extract of the plant Halostachys caspica (Pall)
dichlorodiphenyltrichloroethane also cause  C.A.Mey. ex Schrenkwith heating, EES.SEB / N
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— 50% water-ethyl alcoholic extract of the plant
Halostachys caspica (Pall) C.A.Mey. ex Schrenk
without heating, CIE.SV — 70% water-ethyl alcohol
extract plant Suaeda microphylla Pall.without
heating, COBE — 70% water-ethyl alcohol extract
of Climacoptera obtusifolia (Schrenk) Botsch.with

ethyl extraction of plants

heating, COFL — 70% water-ethyl alcohol extract
of plant Climacoptera obtusifolia (Schrenk) Botsch.
without heating, COLE — aqueous extract of the
plant Climacoptera obtusifolia (Schrenk) Botsch.
without heating (Table 1).

Table 1 — Active compounds obtained by water and water-

Ne Drug code

Plant Chemical composition of plants

EES.SES/N
1 | 50% water-ethyl alcohol extract of a plant
with heating

Halostachys caspica (Pall) C.A.Mey.
ex Schrenk

Flavanoids, free organic acids, amino
acids, alkaloids, saponins, tannins

EES.SEB/N
2 | 50% water-ethyl alcohol extract of a plant
without heating

Halostachys caspica (Pall) C.A.Mey.
ex Schrenk

Flavanoids, free organic acids, amino
acids, alkaloids, saponins, tannins

CIE.SV
3 | 70% water-ethyl alcohol extract of a plant
without heating

Suaeda microphylla Pall.

Flavonoids, free organic acids, amino
acids, alkaloids, saponins, coumarins

COBE
4 | 70% water-ethyl alcohol extract of a plant

. . Botsch.
without heating ose

Climacoptera obtusifolia(Schrenk)

Flavanoids, free organic acids, amino
acids, alkaloids, saponins, tannins

COLE . Climacoptera obtusifolia (Schrenk) |Flavanoids, free organic acids, amino
5 | Aqueous extract of the plant without . . . .
. Botsch. acids, alkaloids, saponins, tannins
heating
COFL . -
6 | 70% water-ethyl alcohol extract of a plant ]gi)lg:}f optera obtusifolia (Schrenk) Flavanoids, phenolic acids
withoutheating ’

Healthy, mature animals of laboratory rats of
both sexes, 10—15 weeks of age, weighing 210-280
g, were used in the work. The scatter in the groups
according to the initial body weight did not exceed +
10%. The animals were receivedsimultaneously from
one nursery — the biological clinic of the Faculty of
Biology and Biotechnology of the Al-Farabi Kazakh
National University. Before and during the experi-
ment, the control and experimental animals were kept
in the same standard conditions, 6 animals per cage.
All types of experiments were carried out in compli-
ance with the chronobiological principles of work
and in accordance with the “Rules for conducting pre-
clinical (non-clinical) research on biologically active
substances” [8]. Blood sampling was performed from
the orbital vein of rats anesthetized with weak ether
anesthesia at 09.00 in the morning. A blood test was
performed on a hematological analyzer for laboratory
animals “Abacus junior VET” (manufactured by Dia-
tron, Denmark). The blood leukogramwas monitored
by microscopic examination of a smear stained by
Romanovsky-Giemsa on an SA3300C microscope
for microscopy and digital micrograph under immer-

sion (magnification 7x100) with 500 cells on each
smear[6].Myelosuppressionwas induced by admin-
istering cytostatic compound benzopyrene at a dose
of 30 mg / kg body weight of the animal dissolved
in saline in a volume of 0.5 ml three times with an
interval of 24 hours [5, 7]. Then, on the 6, 8, 10 day
of the observation, once time in day, intramuscularly
was injected: to the 1st group — the EEC.SES/N com-
pound at a dose of 5 mg / kg (for all test compounds,
physiological saline was the solvent), in a volume of
0.5 ml, The 2nd group — compound EES.SEB/N at a
dose of 5 mg/ kg in a volume of 0.5 ml, the 3rd group
— compound CIE.SV at a dose of 5 mg / kg in a vol-
ume of 0.5 ml, the 4th group — compound COBE in a
dose of 5 mg / kg in a volume of 0.5 ml; in group 5,
compound COFL in a dose of 5 mg / kg in a volume
of 0.5 ml; in group 6, compound COLE in a dose of
5 mg / kg in in volume of 0, 5 ml, the 7th group the
drug is compared pantohematogen the dose 0, 4 mg /
kg in a volume of 0, 5 ml, 8th group — placebo (saline)
in a volume of 0 5 ml and 9th group of animals was
intact. Statistical data processing was performed with
casting the Student’s confidence interval.
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Results and Discussion

Already on the 1st day after administration, it was
possible to register severe immunosuppression with
lesions of leukocyte cells and erythrocyte cells. For
control of the level of damage to the blood-forming
pools was taken the 3rd day after the administration
of the immunosuppressant. After analyzing the
hemogram of blood, it was found that the leukocyte
pool suffered greatly. The total leukocyte index
from the level of intact animals (9.15 £+ 1.36) - 10°/
L of blood dropped to (2.37 = 0.16) - 10°/L by 3.86
times (p<0.05). In the leukogram, the absolute and
relative values of agranulocytic and granulacytic
leukocytes decreased. Among agranulocytes, the
absolute values of lymphocytes from (5.46 + 0.18) -
10°/L of blood dropped 3.41 times to (1.60 = 0.2) -
10°/L, while the relative values from index of intact
animals (68.03 + 12.3)% of blood fell only 1.44
times to (47.2 = 1.8)% of blood. A similar trend was
observed with respect to other subpopulations of
cells.

Absolute values fell by more than 2 times, and
relative values decreased by less than 1.5 times. For
example, the absolute values of monocytic cells from
the value (0.5 = 0.02) - 10° / L of blood decreased
to the value (0.12 + 0.10) - 10°/L of blood, i.e. 4.17
times (p<0.05), while the relative value (6.28 =+
1.24)% fell only to (4.9 + 1.3)%, which was only 1.28
times the difference in the meanings. Granulocyte
cells with (3.64 = 1.22) - 10°/L fell to (0.65 + 0.3)
- 10°/L, i.e. 5.6 times (p<0.01). The relative value
of granulocytes from (40.0 = 8.36)% decreased 1.52
times, reaching a value (26.18 = 4.5)%. In the blood
leukogram absolute values are more important in
the diagnosis than the relative values of the blood
leukogram. Changes in the values of erythrocyte
and platelet cells were recorded, but more than
2-fold reduction was not registered. The level of
erythrocyte cells (6.5 £ 1.56) - 10> / L of blood
reached the value of (4.93 + 1.3) - 10>/ L of blood,
i.e. adecrease was observed 1.32 times. Hemoglobin
levels fell 4.51 times. In intact animals, it was (140.7
+ 16.7) g / L of blood. After intoxication fell to
(90.75 £ 12.0) g / L of blood. But the hematocrit
value from the value (39.8 £ 6.3)% fell to 2.88 times
(p=<0.05) times, reaching the value (21.21 £ 2.58)%.
A critical decrease was observed among platelets.
The level of intact animals was (660.25 +42.3)
- 10°/L of blood and with an artificially induced
immunosuppressive syndrome was (70.5 + 43.2) -
10°/L of blood, which amounted to more than 9.36-
fold decrease (p<0.01). Having caused an artificial
immunosuppressive  syndrome, animals were
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treated with new compounds of plant origin. The
compounds were obtained from the following plants:
Halostachys caspica (Pall) C.A.Mey.ex Schrenk,
Suaeda microphylla Pall., Climacoptera obtusifolia
(Schrenk) Botsch. The compounds were obtained by
water — ethyl and water extraction of plants, with and
without heating. After the introduction of the studied
compounds, the following results were obtained on
the basis of which it is possible to isolate the most
active compound EES.ESB/N. This compound was
distinguished by a high myelostimulating activity in
the series of compounds obtained from other plants
and in the series of compounds obtained from the
Halostachys caspica (Pall) C.A.Mey. ex Schrenk.
In the group with administration of EEC.SEB/N the
level of leukocytes was (6.9 + 0.4) - 10° / L with a
control value (2.79 £+ 0.93) - 10°/L (p < 0.05) and
with a value at intact animals (10.4 £ 0.19) - 10°/L of
blood. In the blood leukogram, both in relative and
absolute values, positive changes have occurred. The
relative value of lymphocytes increased 1.4 times
to (70.1 £ 2.3)% against the control value (50.65
+ 14.65)% and with the value of intact animals
(73.0 + 3.8)% (Figure 1). More significant changes
can be seen in the change in the absolute values of
lymphocytes with the indicator (4.8 +0.05) - 10°/L
opposites tocontrol value (1.6 = 0.9) - 10°/L, which
is a 3-fold difference (p <0.05) and with the value of
intact animals (7.6 £ 0.1) - 10°/L(Figure 1). Positive
dynamic was observed in the granulocyte leukocyte
series, but within 8-10%.

Compound EEC.SEB/H reliably stimulated
myelopoiesis of erythrocyte, platelet and leukocyte
cell generation. Stimulation of erythropoiesis was
effective and the level of erythrocytes on the 7th day
of observation reached the value (7.43 £ 0.1) - 10%
Lof blood against the control indicator (3.67 + 0.1)
- 10°/Lof blood and with the value of intact animals
(7.5 +0.28) - 10°/L(Figure 2). The hemoglobin level
reached the value of healthy animals (121.0 + 1.0)
g/L with the control value (96.0 + 1.0) g/L and the
value of intact animals (140.7 + 4.3) g/L. And the
hematocrit level was also very high (37.8 £ 0.91)%
against the control value (28.1 + 0.84)% and the
value of intact animals (39.8 £ 0.91)%. The recovery
in the leukocyte pool was not as intense as in the
platelet(Figure 2). With the value of platelets after
administration of benzopyrene (70.5 + 4.3) - 10° /
L, the level of platelets after administration of EEC.
ESB/N increased to (691.2 + 11.0) - 10°/Lagainst
the control value (447.0 = 5.1) - 10°/Land values
of intact animals (660.0 = 25.0) - 10%/L. Similar
changes occurred in terms of thrombocrit, average
platelet volume and platelet distribution.
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Figure 1 — Peripheral blood hemogram: total leukocyte indicators, - 10°/ L (A),
absolute lymphocyte evidence, - 10°/ L (B), absolute monocytice eosinophilic indicators, - 10°/ L (C),
and absolute granulocytic indicators, - 10° / L (D). 1-data of the group with the introduction of the compound EES.SES/N,
2-data of the group with the introduction of the compound EES.SEB/N, 3-data of the group with the introduction
of the compound CIE.SV, 4-data of intact animals, 5-data of the control group with pantohematogen, 6-placebo group data
with the introduction of nat. solution. The abscissa axis — the number of groups, the axis of ordinate- blood indicates.
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Figure 2 — Peripheral blood hemogram: total erythrocyte indicators, - 10'?/ L (E) and hemoglobin index, g/ L (F),
total platelet indicators, - 10°/ L. 1-data of the group with the introduction of the compound EES.SES / N, 2-data of the group
with the introduction of the compound EES.SEB/N, 3-data of the group with the introduction of the compound CIE.SV,
4-data of intact animals, 5-data of the control group with the introduction pantohematogen, 6-placebo group data
with the introduction of nat. solution. The abscissa axis — the number of groups, the axis of ordinate — blood indices.
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When  benzopyrene intoxication  was
observe a sharp decrease in blood parameters:
erythrocyte, leukocyte, platelets.So immediately
after the administration of benzopyrene the level
of erythrocytes was (4.93 £ 0.5) - 10°%Lwith
hemoglobin (90.75 + 12.0) g/L, hematocrit (21.21
+ 7.79)%.After 7th days in the control group with
the introduction of saline solution, the level of
erythrocytes was (3.67+0.1) - 10°/Lwith hemoglobin
(96.0 = 1.0) g/L, hematocrit (28.1 £ 0.84) %, i.e. not
registered positive dynamics in the erythrocyte pool.
A similar pattern was observed in the leukocyte
cell pool. Immediately after intoxication, the level
of leukocytes was (2.37 = 0.16) - 10°/Lof blood.
After 7th days the level of leukocytes was (2.79 +
0.93) - 10°/Lwith absolute lymphocytic index (1.6
+0.2) - 10%/Land absolute agranulocytes index (1.5
+ 0.9) - 10°/Land absolutegranulocytes index (0.65
+ 0.3) - 10%L. Similar pattern was observed in the
erythrocyte pool of cells. However, in the platelet
pool of cells from a critical value (70.5 =4.3) - 10/
Lof blood immediately after intoxication, the level
of platelets after 7 days increased to (447.0 + 51.0)
- 10%/L.

In a series of compounds derived from various
plants, only compounds derived from plant
Halostachys caspica (Pall) C.A.Mey.ex Schrenk
can effectively stimulated myelopoiesis of blood
at benz(a)piren myelosuppression. Among series
of compounds obtained from one plant of the
Halostachys caspica (Pall) C.A.Mey.ex Schrenk
only compound obtained from plant without
heating (EEC.SEB/N) that showed high activity
compared to the extract of the plant with heating
(EES.SES/N). The next compound investigated
on myelostimulating activity was a compound
obtained from the plant Suaeda microphylla Pall.,
which received the code CIE.SV. It was inferior in
activity to the compounds obtained from the plant
Halostachys caspica (Pall) C.A.Mey.ex Schrenk,
but exceeded in activity at the compounds obtained
from the plant Climacoptera obtusifolia (Schrenk)
Botsch. The compound CIE.CV very effectively
stimulated platelet cell proliferation. The level of
platelets after treatment was (718.2 + 21.0) - 10%/
Lwith a control value (447.0 £ 51.0) -10 / L and
the value of intact animals was (660.0 £ 25.0) -
10%/L, i.e. platelet count exceeded the value of intact
animals. Erythrocyte recovery with a rate of (5.27 =
0.1) - 102/ L, especially hemoglobin (86.0 + 1.02)
g/L, was not very effective(Figure 3).It should be
noted that the recovery of leukocytes was slow, but
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with a significant increase in lymphocytic index.
With a total leukocyte index (4.7 + 0.2) - 10°/L, the
relative lymphocyte count was (78.2 + 5.5)% with
an absolute value (3.7 £+ 0.05) - 10°/L(Figure 3). At
the same time, in intact animals the relative value
of lymphocytes was (73.0 + 3.8)% with an extreme
variation (70-75)%, and the absolute value was (7.6 +
0.1) - 10%/L, i.e. CIE.SV compound very effectively
and quickly stimulated the proliferation and release
of lymphocytic cells into peripheral blood.

In a series of activity of the newly synthesized
compounds, the compounds obtained from the
plant Climacoptera obtusifolia (Schrenk) Botsch.
were in third place. Among three compoundsmore
active was the COFL compound. It stimulated
erythrocyte- thrombocyte- and leukopoiesis.
During the stimulation of erythropoiesis, the level
of erythrocytes reached the value (5.94 £+ 0.12) -
10°/Lof blood with the control value (3.67 + 0.1)
- 10°/L(Figure 4). The hemoglobin level was (99.0
+ 0.1) g/L with a control value (96.0 = 1.0) g/L,
i.e. despite an increase in the erythrocyte pool,
hemoglobin levels did not increase. It could also
be noted in other values of the erythrocyte pool:
the average volume of erythrocytes, the average
hemoglobin content, the width of the distribution
of erythrocytes, etc. The values in the group of
administration of the compound COFL did not
differ from the control values. Similar changes were
observed in the platelet pool. There was an increase
in the total platelet count to (881.0 = 86.0) - 10%/
Lof blood, which was 2-fold difference from the
control value (447.0 = 51.0) - 10%Lof blood. The
value of the total leukocyte index increased to (5.1 =
0.18) - 10°/L(Figure 4). But the absolute value of the
lymphocytic population was (58.11 + 5.0)% with
the control value (50.65 + 14.65)% and the value
of intact animals (73.0 £+ 3.8)%. The absolute and
relative values of granulocytes did not differ from
the control group: (43.2 + 1.86)% against (43.35
+ 9.3)% and (2.1 £ 0.03) - 10%Lagainst (1, 13 +
0.13) - 10°/L, respectively. According to the studied
compounds, it can be concluded that the compounds
as effective.

Having caused an artificial immunosuppressive
syndrome, animals were treated with new compounds
of plant origin. The compounds were obtained from
the following plants: Halostachys caspica (Pall)
C.A.Mey.ex Schrenk, Suaeda microphylla Pall.,
Climacoptera obtusifolia (Schrenk) Botsch. The
compounds were obtained by water — ethyl and
water extraction of plants, with and without heating.
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Figure 3 — Peripheral blood hemogram: total erythrocyte indicator, - 10'%/L (E) and hemoglobin index, g / L (F),
total platelet indicator, - 10°/ L. 1-data of the group with the introduction of the compound COFL, 2-data of the group
with the introduction of the compound COBE, 3-data of the group with the introduction of the compound COLE,
4-data of the intact animals, 5-data of the control group with the introduction of pantohematogen, 6-data of the placebo group
with the introduction of physical solution. Abscissa axis — numbers of groups, axis of ordinats — blood indicators.
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Figure 4 — Peripheral blood hemogram: total leukocyte indicator, - 10° / L(A), absolute lymphocyte evidence, - 10° / L(B),
absolute monocyticeosinophilic indicator, - 10° / L(C), and absolute granulocytic indicator, - 10° / L(D).
1-data of the group with the introduction of the compound COFL, 2-data of the group with the introduction
of the compound COBE, 3-data of the group with the introduction of the compound COLE, 4-data of the intact animals,
S-data of the control group with the introduction of pantogematogen, 6-data of the placebo group with the introduction
of physical solution. The abscissa axis — the number of groups, the axis of ordinate- blood indices.
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Thus, among the activity of compounds derived
from plants of the Halostachys caspica (Pall)
C.A.Mey.ex Schrenk, Suaeda microphylla Pall.,
Climacoptera obtusifolia (Schrenk) Botsch. the most
active ones obtained from the plantHalostachys
caspica (Pall) C.A.Mey.ex Schrenkhould be
distinguished. In a series of compounds obtained
from the plant of the Halostachys caspica (Pall)
C.A.Mey.ex Schrenkhould be isolated extract EEC.
SEB/N, not passed thermal heating. It effectively
stimulated erythropoiesis, thrombocytopoiesis, and
leukopoiesis, it equally effectively increased the
values of granulocyte and agranulocyte leukocytes.

The extract obtained from the same plant of the
Halostachys caspica (Pall) C.A.Mey.ex Schrenk,
but which the last heating (EEC.SES/N) practically
did not stimulate platelet and leukocyte cell
proliferation. The next most active was the extract
obtained from Suaeda microphylla Pall.- CIE.
SV. It was inferior in activity to the compounds
obtained from the plantHalostachys caspica (Pall)
C.A.Mey.ex Schrenk, but it was more active than the
compounds obtained from the plantClimacoptera
obtusifolia (Schrenk) Botsch. Compounds extracted
from plantClimacoptera obtusifolia (Schrenk)
Botsch.did not stimulate leuko- and erythropoiesis.
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ECOLOGICAL ANALYSIS OF PLANTS IN ALMATY REGION
(Enbekshikazakh and Talgar districts)

This article presents the results of a study obtained during an ecological analysis of the flora of the
Almaty region (using the example of Talgar and Enbekshikazakh regions). Plants are a vulnerable com-
ponent of biota, as they are the primary link in the food chain and play a major role in absorbing various
pollutants due to their attachment to the soil substrate. Plants grow and develop under the influence of
a variety of factors. Natural settlement of plants leads to the formation of plant communities, which can
be used to judge about the state of biodiversity of a particular region. In this regard, the inventory and
analysis of the flora of any region have been, is and will always be relevant. One of the global tasks of our
time is to study the problems and preserve biological diversity. The aim of the work was to conduct an
ecological analysis of the flora of Almaty region (on the example of Talgar and Enbekshikazakh districts),
reflecting the characteristics of the environment and a variety of living conditions. Flora was studied
using traditional methods of floristic and field geobotanical studies. The distribution of plant species
of Almaty region by life forms showed that the predominant are perennials (1009 species or 65.5%),
annuals (266 species or 17.3%) and shrubs (101 species or 6.5%). The smallest part of species belongs
to biennial plants (80 species or 5.2%), trees (46 species or 3%), and suff rutices (17 species or 1.1%), a
small number are semi-frutex (9 species or 0.6%), drawf semishrub (8 species or 0.5%), lianas (4 species
or 0.2%) and 1 species, which is 0.01% of the total number of trees. As a result of the ecological analysis
of the flora of Almaty region, which is based on the classification of groups in relation to soil moisture,
revealed that the majority are mesoxerophytes (770 species or 49.9%), xerophytes (309 species, which
is 20.05%), mesophytes (278 species or 18.04% of the total number of species), xeromesophytes (154
species or 9.9 %). A smaller part of the flora of the region is composed of hygromesophytes (16 species
of ili1, 03 %) and mesohygrophytes (14 species, which is 0.9%).

Key words: flora, Almaty region, ecological analysis, life forms, ecological groups.
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AAMaTbI 00AbICbIHbIH, @CIMAIKTEPIH 3KOAOTUSIAbIK TAAAQY
(Taafap xxoHe EHOekwiKa3ak ayAaHAAPbl 60MbIHLLA)

bepiaren makanapna Aamatbl 0OAbicbiHAQ (Taarap >xeHe EHOekuikasak, ayAaHAapbl 6GOMbIHLIA)

JKYPri3iAreH eCiMAIKTEPIHIH 3KOAOTUSAbIK, QHAAM3IHIH, 3epTTey HaTUXKeAepi KepceTiAreH. ©ciMAikTep
— 6MOTaHbIH OCaA KOMIMOHEHTI, ©WMTKeHi oAap TpoduKaAablK, Ti36ekTiH 6GacTankbl OybiHbl 6GOAbIM
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TabblAaAbl >kaHe cybcTpaTka 6GekiTiAyi caapapbliHAH SPTYPAI AacTayllbl 3aTTapAbl CiHIPYA€ HErisri
pPeA aTkapaAbl. ©CIMAIKTEP 8PTYPAI (hakTOpAAp KeLleHiHiH acepiHeH ecin, AaMUAbl. OCIMAIKTEPAIH
TabUFN KOHDBICTAHYbl HaKTbl OHIPAIH OMOBPTYPAIAIriHIH, >Kai-Kyii TypaAbl anTyFa 60AaTbiH ©CIMAIK
KOFAMAQCTbIKTAPbIHbIH, Mainaa 60AybiHA aken cofaabl. OcbiFaH GANAAHBICTbI Ke3 KEAreH aiMakTblH
(hAOPACHIH MHBEHTApM3aLIMSIAQY XKOHE TAaAAQY BPAAMbIM 63eKTi G0AAbI aHe 6oraabl. Kasipri 3aMaHHbIH
>kahaHABIK, MIHAETTEpIHIH 6ipi OMOAOTUSIABbIK, AaAYaAHTYPAIAIKTIH NMPOBAEMaAapAbl 3epTTey >KaHe OHbI
cakTay 60AbIn TabbiAaAbl. KyMbICTbIH MakcaTbl — AAMaTbl OOAbICbIHBIH (DAOpaCbiHA 3KOAOTUSIADIK,
Taaaay xacay (Taarap >keHe EHOekuikazak ayaaHaapbl). DAopaHbl 3epTTey KesiHAEe ASCTYPAI AAAAABIK,
reo6OTaHUKAAbIK, 3epTTey DAICTepPi MarmAaAaHbIAAbl. AAMATbl OBAbICIHAAFbI OCIMAIKTEPAIH TipLIiAiK
TypAepi 6orbliHLIA TapaAybiHAQ KerxkbiAAbIKTap (1009 Typ Hemece 65,5%), Gip>KblAAbIKTap (266 Typ
Hemece 17,3%) >aHe Oytanap (101 Typ Hemece 6,5%) 6acbiM GOAFaHbIH KOPCETTI. 3epTTeAiHreH
TYPAEPAIH a3 Geairi ekixkbiaabikTapra (80 Typ Hemece 5,2%), arawrtapra (46 Typ Hemece 3%) keHe
>kapTbiAan GyTasapra (17 Typ Hemece 1,1%), eTe a3 meauepae GyTawanap (9 typ Hemece 0,6%),
>kapTbiaan GyTawasap (8 Typ Hemece 0,5%), AvaHanap (4 Typ Hemece 0,2%) >kaHe 1 Typ >KaAmbl
meAwepaiH 0,01% araluka >kataabl. TonbipakTbiH bIAFAAABIAbIFbIHA 6aAAHBICTbI AAMATbI OOABICBIHbIH
(Taarap >xoHe EHOekLlikaszak ayaaHAapbl) AOpacbiHbiH GacbiM GeAiriH mesokcepodutrep (770 Typ
Hemece 49,9 %), kcepocuttep (309 Typ Hemece 20,05 %), me3oduTTep (278 Typ Hemece 18,04 %),
kcepomesoputTep (154 Typ Hemece 9,9 %) KypanAbl. AMMaKTbIH a3 6eAiri rurpomesodurrepmeH (16
TYp Hemece 1,03 %), mesorurpocuttepaeH (14 Typ Hemece 0,9 %) Typaabl.

Ty#in ce3aep: AAMaTbl 0OABICHI, SKOAOTUSIABIK, aHAAM3, TIPLLIAIK (DOPMaAapbl, SKOAOTMSIAbIK, TOMTap.
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DKOAOrMUYECKMI aHAAU3 pacTeHUiH AAMAaTUHCKOM 06AaCTH
(Ha npumepe Taarapckoro u EH6ekLIMKa3axcKoro paioHOB)

B aAaHHOM cTaTbe MpeACTaBAEHbl Pe3yAbTaTbl MCCAEAOBAHMS, MOAYYEHHbIE B XOAE MPOBEAEHMS
3KOAOTMYECKOro aHaAn3a Aopbl AAMaTUHCKOM 06AaCTH (Hanpumepe Taarapckoro v EHGexiLmMKasaxckoro
panoHOB). PacTeHns — ys3BMMbINA KOMMOHEHT GMOTbI, TaK KaK OHM SBASIOTCS MEePBMYHbIM 3BEHOM B
TPOMUECKONM LIEMM U BbIMOAHSIIOT OCHOBHYIO POAb B MOFAOLLEHWM PA3HOOOPA3HbIX 3arpsi3HUTEAEN
BCAEACTBME MX MPUKPENAEHHOCTM K CyOCTpaTy. PacTeHunst pacTyT M pasBMBalOTCA MOA BO3AENCTBMEM
KOMIAEKCA pPasAMYHbIX (pakTopoB. EcTecTBeHHOe 3aceAeHne pacTeHuil MPUBOAMT K 0OpasOoBaHMIO
PaCTUTEAbHbBIX COOBLLECTB, MO KOTOPbIM MOXKHO CYAMTb O COCTOSIHMM GMOPa3HO0OpPa3nst KOHKPETHOIrO
pervoHa. B cBa3M ¢ 3TUM MHBEHTapM3aums M aHaAn3 (OAOpPbl AIGOro pervoHa OblAM, ecTb u OyAyT
BCeraa akTyaAbHbiMU. OAHOM M3 TAOOGAAbHbBIX 33Aa4 COBPEMEHHOCTU SIBASETCS M3ydeHue npobAem
M COXpaHeHue 6MOoAOrMyYeckoro pasHoobpasms. Lleabio paboTbl ObIAO MPOBECTM 3KOAOIMYECKMI
aHaAn3 hAOpbl AAMATMHCKOM o6AacTu (Ha npumepe Taarapckoro u EH6eKIMKa3axcKoro pamoHoB),
OTPa>KaIOLLMI XapaKTePHblE 0COBEHHOCTU CPeAbl M Pa3HOOOpa3sHble YCAOBMS cyliecTBoBaHus. Maopa
M3y4aAacb C UCMOAb30BAHMEM TPAAMLIMOHHBIX METOAOB (DAOPUCTUHECKMX U MOAEBbIX re000TaHNYECKMX
NCCAEAOBaHMIA.  PacnpeaeseHne BMAOB  pacTeHmin  AAMatuHCKOM  obaactm  (TaArapckoro  u
EH6eKLIMKa3axCcKoro parnoHa) no >KM3HeHHbIM (hopMam MOKa3aAo, YTO MPeoBAAAAIOLMMM SABASIOTCS
MHOroAeTHUKM (1009 BUAOB, MAM 65,5%), 0OAHOAETHUKM (266 BUAOB, AN 17,3 %) nkycTtapHukn (101 Bua,
1AM 6,5%). HameHbLuas 4acTb BUAOB OTHOCUTCS K ABYAeTHMKaM (80 BUAOB, 1AM 5,2%), AepeBbsm (46
BUAOB, MAU 3 %), 1 MOAYKyCTapHMKam (17 BUAOB, MAK 1,1%), HE3HAUMTEAbHOE KOAMYECTBO COCTABASIIOT
KycTapHUuku (9 B1ua0oB, nan 0,6%), NOAyKyCTapHUUKM (8 BUAOB, UAM 0,5%), AnaHbl (4 Buaa, namn 0,2 %)
1 1 Bua, uto coctaeaset 0,01% oT 06LIEro KOAMYECTBA NMPUXOAMTCS Ha AOAIO AepeBua. B pesyabrarte
3KOAOTMYECKOro aHaAm3a AOpbl AAMATUHCKOM 0OAACTH, B OCHOBY KOTOPOIO MPUHATA KAACCMDUKaLMS
FPYIIM MO OTHOLIEHMIO K BAKHOCTM MOYB, BbISIBAEHO, YTO BOAbLLYIO YaCTb COCTABASIIOT ME30KCEPOUTDI
(770 B1pOB, A 49,9 %), kcepoduTbl (309 BUAOB, uTO cocTaBageT 20,05 %), me3oduTbl (278 BUAOB,
1nan 18,04 % o1 0bLi1ero KoAMYecTsa BUAOB), KcepomesouTbl (154 Braa, A 9,9 %). MeHbLLyto YacTb
(bAOpbI pernoHa CoCcTaBASiOT rurpome3oduTsl (16 BMaAOB, an 1,03 %) n me3orurpoduTsl (14 BUAOB,
uTto cocTaBaseT 0,9%).

KaoueBble caoBa: AAMaTMHCKasi 00AACTb, 3KOAOTMYECKMIA aHaAM3, >KM3HEHHble (OpPMbI,
3KOAOTMYecKme rpymnrbl.
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Introduction

In recent decades, all studies on flora and vege-
tation have focused on the conservation of biodiver-
sity at different levels of its structural organization
(species, population, cenotic, ecosystem, landscape)
[1-4].

Kazakhstan, as a party to the Convention on the
conservation of biological diversity, has its obliga-
tions to preserve biological diversity. In accordance
with the UN Convention on biodiversity, the first
stage for conservation is inventory [5].

In recent years, the study of biodiversity of ter-
restrial plants of Almaty region has been devoted to
a number of scientific works and conducted numer-
ous field studies [6-11].

The flora of Kazakhstan, including the flora
of Almaty region (Talgar and Enbekshikazakh
district), is characterized by a rich gene pool and
unique reserves of useful plants, primarily wild
species with medicinal properties, a significant
part of which is promising for the study of chemi-
cal composition and biologically active substanc-
es, which are high-tech and competitive products,
which are in increasing demand in the world mar-
ket [12].

Plants are a vulnerable component of biota, as
they are the primary link in the food chain and play
a major role in the absorption of a variety of pol-
lutants due to their attachment to the soil substrate.
Plants grow and develop under the influence of a
complex of different factors. Natural settlement of
plants leads to the formation of plant communities,
which can be judged on the state of biodiversity in a
particular region [13-18].

In this regard, the inventory and analysis of the
flora of any region, in particular the Almaty region
(Talgar, Enbekshikazakh districts), were, and will
always be relevant. The problem of the study and
conservation of biological diversity is a global task
of our time. This is especially important for the
natural complex of Almaty region (Talgar, Enbek-
shikazakh districts), which is characterized by a rich
Fund of biological diversity.

Materials and methods

A list of field expedition research routes for the
study of the flora of Almaty region (on the example
of Talgar and Enbekshikazakh districts) (figure 1)
for the period of 2018 has been developed.

The material of the research was the herbarium
material of the Department of biodiversity and bio-
resources of the al-Farabi Kazakh National Univer-
sity, as well as its own collections of species com-
position of plants carried out for the period of 2018.

Classical methods of floristic and geobotani-
cal studies were used. Several expeditions were
conducted to Almaty (Talgar and Enbekshikazakh
regions) region, including spring, summer and au-
tumn periods. As a result, more than 2000 herbari-
um sheets of higher vascular plants were collected.
Treatment, determination and comparison of plants
were carried out using morphological and geograph-
ical method.

In the field, the flora was studied using tradition-
al methods of floristic research.

In determining the herbarium samples were used
as sources of “Flora of Kazakhstan”, “Illustrated de-
terminant of plants of Kazakhstan”, the definition of
families and genera was carried out with the help of
“Flora of Kazakhstan” M.S. Baitenov [19-21].

The location of species and supraspecific cat-
egories in the flora and floristic spectrum carried out
according to the system of A. L. Takhtajan [22]. The
spelling of Latin names, the nomenclatural changes
of the taxa were verified in accordance with S. K.
Cherepanov [23].

Results and discussions

As a result of the analysis of the species
composition of plants, compiled on the basis of own
and literary data, the flora of Almaty region (Talgar
and Enbekshikazakh district) includes 554 genera
and 1541 species from 114 families [7,21, 24].

Plants grow and develop under the influence of
a complex set of factors simultaneously acting on
them, causing adaptive reactions. The struggle for
moisture was the main impetus for the evolution of
the plant world, as evidenced by the history of the
formation of modern flora of different regions of the
globe (since the Cretaceous period) [25].

So, in relation to water, the following ecological
groups are distinguished: hydrophytes, hygrophytes,
mesophytes, xerophytes [26].

Since the flora of the study area is constantly
changing and depends on the water regime,
we have identified 6 groups in the study area:
mesohygrophytes, hygromesophytes, mesophytes,
mesoxerophytes, xeromesophytes and xerophytes
(table 1).
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Figure 1 — Sampling points location

Table 1 — Distribution of flora species in Almaty region (Talgar and Enbekshikazakh districts) according to habitat types

Ecological type Type of place of growth Number of species nuﬁl;)et;t(l:; st;::ilies

Mesoxerophytes From a periodic lack of moisture 770 49,9

Xerophytes With strong lack of moisture 309 20,05

Mesophytes With sufficient moisture 278 18,04
Xeromesophytes With periodic dryness 154 9,9
Hygrophytes Periodically over a highly supersaturated 16 1,03
Mesohygrophytes Periodically a highly supersaturated 14 0,9
Total: 1541 100

As a result of the ecological analysis of the
flora of Talgar and Enbekshikazakh districts, which
is based on the classification of groups in relation
to soil moisture, revealed that most plants were
of the mesoxerophytes (770 species or 49.9 %).
These are the plants adapted to conditions slightly
less than average on the amount of moisture in the
soil. They are intermediate between xerophytes and
xeromesophyte [27-28]. Mesoxerophytes typical for
sand and clay mining areas, and of riparian forests.
This is Ceratocephala testiculata (Crantz) Bess.,
Papaver pavoninum Schrenk and others.

The second place is occupied by xerophytes
(309 species, 20.05 %), plant species adapted to
live in conditions with periodically insufficient
moisture or with a constant lack of moisture. They
are adapted to life in conditions of low water supply.

ISSN 1563-034X
eISSN 2617-7358

Xerophytes are plants of dry habitats that can
tolerate a significant lack of moisture — in soil and in
atmospheric. To this group belong species mountain
territories, of the dry steppes. They have various
adaptations to the conditions of lack of moisture:
a highly developed root system, developed a
water supply system (i.e., the leaves have a dense
arrangement of veins), strongly reduced leaf blades,
have powerful cover tissues (thick-walled, multi-
layered epidermis with outgrowths and hairs that
form a thick “felt” pubescence) [29]. Xerophytes
include Ephedra equisetina Bunge and other plants.

The third ecological type — are mesophytes
(278 species or 18.04 %) — species adapted to life
in conditions of average water supply (average soil
and air humidity). Plants of this ecological group
are typical for floodplains of rivers and tugay. This
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species such as Clematis songarica Bunge, C.
glauca Willd., Thalictrum alpinum L., Th. simplex
L., and others. The same group includes ephemera
and ephemeroids [30], which form the spring flora.

The fourth place are occupied xeromesophytes.
This is an intermediate ecological type between
mesophytes and mesoxerophytes in the flora of
the Trans-Ili Alatau. They are in the flora of the
study region 154 species or 9.9 %. These are plants
adapted to conditions with moisture reserves in the
soil slightly below average. Xeromesophytes live
in conditions with periodically dry habitats. These
are Delphinium camptocarpum Fish. Et C.A. Mey.,
Hypecoum parviflorum Kar. etKir., H. Trilobum
Trautv. and other plants.

A smaller part of the flora of the region is
composed of hygromesophytes (16 species or 1.03
%) and mesohygrophytes (14 species or 0.9%).
Hygromesophytes are Potentilla supine L., Veronica
anagallis-aquatic, Cyperus glomeratus L. and other
plants.

Thus, the conducted ecological analysis of
the flora of the region showed us all the variety of
ecological types. The dominance of mesoxerophytes,
xerophytes and mesophytes indicates the
intracontinental position of the study region.

We have analyzed the life forms of flora of
Almaty region (Talgar and Enbekshikazakh district).
Under the life form means a set of adult individuals
of this species in certain growing conditions,
with a kind of common appearance (habitus),

= Perennial + Annual
I Trees Suffutices
= Lianas = Saplings

-~ Semifrutex

including above-ground and underground organs
(underground shoots and root system). The analysis
of'life forms of species of Almaty region (Talgar and
Enbekshikazakh district) is presented in the figure
2. Among the plants growing in this area there are
perennial, biennial, annual, suffrutices, shrubs, drawf
semishrubs, semifrutex, trees, saplings and lianas.
The distribution of plant species of Almaty region
(Talgar and Enbekshikazakh districts) by life forms
showed that the predominant are perennial (1009
species or 65, 5%), annual (266 species or 17.3%)
and shrubs (101 species or 6.5%). The smallest part
of species belongs to biennial (80 species or 5.2%),
trees (46 species or 3%), and suffrutices (17 species
or 1.1%), a small number are semifrutex (9 species
or 0.6%), drawf semishrubs (8 species or 0.5%),
lianas (4 species or 0.2%) and 1 species — saplings,
which is 0.01% of the total number of studied plant
species.

The analysis of life forms according to 1. G.
Serebryakov showed that the basis of the flora of
Almaty region (Talgar and Enbekshikazakh districts)
are herbaceous polycarpics of 1086 species, which is
70.5% of the total , monocarpics are represented by
266 species or 17.3%, shrubs are represented by 101
species or 6.5%, trees —47 species, which is 3%, the
share of suffrutices and drawf semishrubs accounts
for 1.6 % (45 species), shrubs-9 species or 0.6%, the
smallest number of plant species is represented by
Saprophytic and parasitic herbaceous perennials-7
species or 0.4 %.

- Biennial

= Drawf semishrub

Shrub

Figure 2 — Life forms of plants of Almaty region
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Table 2 — Distribution of species of flora of Almaty region (Talgar and Enbekshikazakh district) by I. G. Serebryakov

Life-form Number of species % of the total number of species
. Trees (sapling) 47 3,0
I1.Shrub 101 6,5
II1.Semifrutex 9 0,6
IV. Suffrutices and drawf semishrub 25 1,6
V. Herblike polycarpous 1086 70,5
VI. Saprophytic and parasitic herbaceous perennial 7 0,4
VII. Herbaceous polycarpics 266 17,3
Total 1541 100

Table 3 — Distribution of flora species of Almaty region by “biological types” of K. Raunkier

«Biological types» of Raunkier Numberofspecies % of the total number of species
Phanerophytes 152 9,86
Chamaephytes 34 2,21
Hemicryptophytes 921 59,77
Cryptophytes 188 12,20
Therophytes 246 15,96
Total: 1541 100

According to the classification of K. Raunkier
[31], the distribution of plant species of Almaty
(Talgar and Enbekshikazakh districts) region
by life forms showed that the vast majority are
hemicriptophytes (921 species, which is 59.77%
of the total), followed by therophytes (246
species or 15.96%), cryptophytes (188 species or
12.20%), phanerophytes (152 species or 9.86%),
chamaephytes (34 species or 2,21 %) (Table 4).

Conclusion

Thus, on the basis of research and analysis of the
results of the data the following conclusions.

Based on the analysis of literature data, viewing
the herbarium Fund of the Institute of Botany and
Phytointroduction of Ministry of Education and
Science Republic of Kazakhstan, as well as their
own research on the study and collection of plants
in the Almaty region (Talgar and Enbekshikazakh
district) for the first time compiled annotated list
of flora, including 1541 species belonging to 554
genera and 114 families.

ISSN 1563-034X
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6 ecological groups of plants, among which
the leading place is occupied by mesoxerophytes
(770 species), which is typical for this territory is
identified.

The analysis of life forms of Almaty region
(on the example of Talgar and Enbekshikazakh
districts) showed all the variety of life forms with
the predominance of herbaceous polycarpics and
monocarpic herbs, which is a typical feature of the
studied flora.

According to the system of K. Raunkier, the
overwhelming number of species belongs to the
groups of hemicriptophytes (921 saw 59.77%) and
therophytes (246 species or 15.96 %).

Due to the fact that flora is a defining part of
ecosystems and is subject to changes over time, it
serves as an indicator of changes, and its current
state is the result of phenomena that occurred earlier
under the influence of natural and anthropogenic
factors. Therefore, it is necessary development of
monitoring and forecasting of the situation in order
to improve it.
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ANALYSIS OF BIODIVERSITY OF VASCULAR PLANTS
OF THE BAUM GROVE OF ALMATY

The article provides an analysis of the biodiversity of the flora of Baum grove in Almaty. In the Baum
grove, we identified 122 species of plants belonging to 93 genera and 43 families. Of the 122 species,
43 species are trees, 16 species are shrubs and 63 species are herbaceous plants. Analysis of the leading
families of the entire flora of the Baum grove showed that the largest families are: Asteraceae, Rosaceae,
Poaceae, Fabaceae, Aceraceae, Oleaceae, Brassicaceae, Pinaceae, Ulmaceae, Chenopodiaceae, Cupres-
saceae and Salicaceae. Analysis of the largest genera of the entire flora of the grove showed that the
largest genera of the grove are: Acer, Fraxinus, Ulmus and Artemisia. Of the 59 tree-shrub species found
in the grove, 22 species represent the local natural flora of Kazakhstan, which belong to 14 families and
20 genera. The remaining 37 species are introduced species belonging to 21 families and 28 genera. The
introducents found in trees and shrubs in the grove of the Baum Grove in Almaty have different centers
of origin. Among the trees and shrubs introduced, most of all in the Baum Grove are species from North
America and the Palearctic. The analysis of the taxonomic structure showed the absence in the Baum
grove of Almaty of lycopodiales, equisetums and ferns.

Key words: Baum grove, biodiversity, flora, Almaty city.
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baym Tofaiibl (pAOPACHIHbIH, TAMbBIPAbI OCIMAIKTEPiHiH,
OMOBPTYPAIAIriH Tarpay

Makarapa baym Tofanbl hAaopachiHbiH OGMOAaAyaHTYpPAIAiri kepceTiareH. Toraiiaa Herisri opmaH
KYpayLUbIAApPbIHA KATThl KarbIPaKThl, XXYMCak, >KarblpakThl )X8HE KbIAKAH >KarblpakThl aralutap GOAbIM
Tabbiraabl. baym TorambiHaa 122 eciMaikTepi 93 TybiCTapbiHa »eHe 43 TyKbIMAACTapbIHA >KaTaTbIHbI
aHbIKTaAAbI. ©ciMaiKTEpAiH 122 Typaid 43 Typi arawka, 16 Typi OyTasapra >keHe 63 Typi wenTi
eciMaikTepre >kaTaabl. baym Torart hAOpachiHbIH >KeTeklli TyKbIMAACTapblHbIH Taapaybl Asteraceae,
Rosaceae, Poaceae, Fabaceae, Aceraceae, Oleaceae, Brassicaceae, Pinaceae, Ulmaceae, Chenopodi-
aceae, Cupressaceae, Salicaceae eH ipi TykbiIMAacCTapbl GOAbIM TabblAQTbIHAbIFbIH KOPCETTi. Toraraa
KesaeceTiH 59 araw-6yTta TypAepiHiH 22 Typi KasakcTaHHbIH Tabuin haopacbiHa, COHbIMEH KaTap OAap
14 TykbIMAQC neH 20 TybICTapblHa >XXaTaabl. OCiMAIKTEPAIH 37 Typi 21 TyKbIMAQC neH 28 TybiCTapblHa
MHTPOAYLIEHTTEpP peTiHAe BOAbIN >KaTaabl. AAMaThl Kaaachl baym TofaibiHbIH aral-6yTa ekneAepiHae
Ke3AECETIH MHTPOAYLEHTTEPAIH OPTAABIKTAPbIHbIH, LbIFY TeriAepi apTypAi. Typ 6anAbiFbl 6OMbIHLIA eH,
Kern Ke3AeceTiH aral-0yTak, MHTPOAYLIEHTTepiHiH apacbiHAa COATYCTiK AMepuKa xaHe [areapkTukaaa
eCeTiH TYpAepi KaTaAbl. TAKCOHOMUSIABIK, KYPbIAbIMHBIH, TaAAdybl AAMaTbl KaAacbiHbiH baym TorFanbiHAQ
MAQyH, TaMbIp YKYAbIH YK8He MarnopPOTHUKTEPAIH >KOKTbIFbIH KOPCETTI.

Tyiin ce3aep: baym Torarbl, 61oapTypAiAiK, pAaopa, AAMaThbl K.
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AHaAu3 6MOpasHOO06pPa3Mnst COCYAMCTbIX PACTEHH
cropbl powm bayma

B cratbe npnBoAMTCS aHaAM3 GuopasHoobpasus Aaopbl poln bayma r. Aamartsl. B poule bayma
Hamu BbIBAEHO 122 BMAQ pacTeHmi, OTHOCILWMXCS K 93 poaam 1 43 cemerictBam. M3 122 BbISIBAEHHbIX
BMAOB 43 BMAQ OTHOCSTCSI K APEBECHBIM, 16 BUAOB K KYCTapHMKaM 1 63 BMAQ K TPABSHUCTbIM PAaCTEHUSM.
AHaAM3 BeAYLLIMX CEMENCTB BCel (hAOpbl poly bayma nokasaa, Uto cambIMU KPYTHbIMU CEMENCTBaMU
aBAsIlOTCS: Asteraceae, Rosaceae, Poaceae, Fabaceae, Aceraceae, Oleaceae, Brassicaceae, Pinaceae,
Ulmaceae, Chenopodiaceae, Cupressaceae mn Salicaceae. AHaAM3 KpyMHENLLIMX POAOB BCEM (PAOPbI
poLIM MOKasaA, YTO CamMbiMM KPYMHbIMU POAaMM poLLM aBAsiioTcs: Acer, Fraxinus, Ulmus 1 Artemisia.
M3 59 ApeBecHO-KYCTapHMKOBbIX BUAOB BCTPEYAOLMXCS B polle 22 BUAQ MPEACTABASIIOT MECTHYIO
npupoaHyto aopy KasaxctaHa, koTopble oTHocaTCst K 14 cemerictBam n 20 popam. OcTaabHble 37
BUAOB SIBASIIOTCS MHTPOAYLIEHTaMM, OTHOCSILUMMKUCS K 21 cemMencTBy 1M 28 posam. MHTPOAYLUEHTbI,
BCTPeYaloLLMecs: B APEBECHO-KYCTAaPHUKOBbIX HACAXKAEHMSX polim bayma r. AAMaTbl, UMEIOT pa3AMYHbIe
LEeHTpPbI npouncxoxkaerms. Cpeant APeBECHO-KYCTaPHUKOBBIX MHTPOAYLIEHTOB, GOAbLLE BCEro B POLLE
bayma BcTpeuvatotcs Buabl 13 CeBepHori Amepukn M [NaneapkTmku. AHAAM3 TAKCOHOMMYECKOM
CTPYKTYpbI MOKa3aA OTCYTCTBME B polle bayma r. AAMaTbl MAQYHOBUMAHBIX, XBOLLEN M MarOpPOTHUKOB.

KaroueBble caroBa: Poula bayma, 6nopasHoobpasue, haopa, r. AAMarh.

Introduction

Currently, urbanization is one of the main trends
of human development. The increase in population,
the increase in the number of cities and territories
that they occupy, has taken a global scale. Today,
up to 60% of the population lives in cities around
the world, whereas in comparison with 1950, the ur-
ban population was only less than 30%. The city has
a huge impact on the natural environment and all
its components, changing the climate, topography,
hydrological regime, soil cover, flora and fauna. In
large cities, under the influence of various anthro-
pogenic factors, there is a change in the natural
environmental conditions, the species composition
and their ratio. Plants are an integral part of ecosys-
tems; therefore, the study of urban flores and the
peculiarities of their formation is one of the current
trends in modern floristics [1]. In connection with
the active growth of cities, building new territories,
changing landscapes and transforming natural eco-
systems, the question arises about the sustainability
of transformed ecosystems and their functioning in
new, unusual conditions. Therefore, at the present
stage it is necessary to study various aspects of the
functioning of urban landscapes in order to prevent
the complete destruction of already modified eco-
systems. Normal human life, his health and life ex-
pectancy depends on the sustainable functioning of
the urban ecosystem. The city suffers because of a
strong pollution of air, a large influx of rural popula-
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tion into the city, increasing overpopulation of cer-
tain urban areas, the desire of the population to live
closer to the city center, and not on its outskirts. The
city of Almaty is located in the center of the Eur-
asian continent, in the south-east of the Republic of
Kazakhstan. Almaty is unique in its physiographic
and climatic characteristics, forming the ecological
features of its territory. The city of Almaty is located
in the foothills of the Zailiysky Alatau, the total area
of which is more than 683.51 square kilometers. It
is located in the valley of the Bolshaya and Malaya
Almatinka rivers and their tributaries flowing from
the Zailiysky Alatau glaciers and mountain gorges
in the zone of increased seismicity and mudflow
danger. The population of the city of Almaty as of
June 1, 2018 is 1 806 833 people 2, 3].

In the last decade, the growth of new buildings
in the city of Almaty has strengthened the processes
of anthropogenic impact on urban flora. The exist-
ing experience of the green construction of the city
of Almaty does not fully take into account the speci-
ficity of the environmental conditions of various
areas of the city and the level of their technogenic
pollution, and the state of plantings in residential
and industrial areas and the resistance of vegeta-
tion to the effects of the urban environment remain
insufficiently studied. Interest in the study of urban
flora in major cities around the world has increased
markedly, as evidenced by the large number of
works on this issue [4,5,6,7,8,9,10,11,12,13,14,15,
16,17,18]. But there are very few special scientific
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studies and summarizing works on the flora of the
cities of Kazakhstan, including in the city of Almaty
[19, 20]. To date, the flora of the largest metropolis
of the country has not been the object of a special
floristic study, so the need arose for its detailed sci-
entific research using modern techniques. In cities,
as nowhere else, the processes of moving plant spe-
cies are activated. It is the cities that are the centers
of concentration of adventive plants, and often it is
from the cities that the introduction of invasive spe-
cies begins in other regions and areas.

Grove “Baum” is a park area in Almaty, is based
on the site of a natural forest in the years 1892-1894
near the big Almaty village, on an area of up to 150
acres. The grove is named after the famous forest
organizer Semirechye E.O. Baum, who advocated
that every locality of the Semirechye region had a
state grove or orchard [21,22]. In 1874, E.O. Baum
arrived in Verny and was actively involved in the
transformation of Verny into a garden city. At the
same time, Baum turned to the city government
with a request to take the land belonging to the Cos-
sack village, to bookmark an amusement park. He
received agreement, and to the north of Bolshaya
Stanitsa, a huge green massif with a length of 3.5
km in the meridional direction and 0.4-0.6 km in
latitude appeared. Vernensky forest grove, later
named after Baum in memory of the great merits
in gardening the city. Breeding Vernensky grove
began in 1868 with a small Cossack grove, laid in
accordance with the order 1867. By the 1890s, the
Verny forest grove became one of the main bases of
the Semirechye forestry. The grove served for the
reproduction of a growing forest (cultivation of fruit
and ornamental trees and shrubs, berries and vege-
tables) and the cutting of dead forest (harvesting for
fuel and economic needs of lumber). She defended
the city from the dusty steppe winds [3]. Coniferous,
fruit, and ornamental trees and shrubs were intro-
duced in the grove. One of the remarkable places of
the grove “Baum” — oak alley. Oaks along it have
more than a century of age and were planted during
the life of E. Baum (Figure 1).

In Soviet times, with the development of the ur-
ban area, the Baum grove was significantly trimmed,
primarily with the punching of new avenues of
Suyunbai and S. Seyfullin, along which buses, trams
and railway transport (the so-called “gorvetka” be-
tween Almaty [ and Almaty II).

In 2006, the territory of the grove was renewed,
where more than 30,000 trees were planted, how-
ever, the territory has not been landscaped to date.

In 2008, the territory of the grove was in-
cluded in the Ile-Alatau National Park, which

will preserve the oldest green area of the mega-
lopolis [3].

Grove “Baum” is located at an altitude of about
750 meters above sea level. It is delineated by clear
boundaries: from the east — a railway line, from the
south and north — residential buildings, from the
west — a river. The terrain has a slight slope from
south to north about 50 meters by 3 kilometers. The
grove stretched from south to north for 3.5 km and a
width of about 900 meters at its widest point. Along
the river along the western contour of the map, the
relief is cut up with logs and gullies, in some places
there are marshlands on the river [3].

Currently, the grove “Baum” — is a favorite va-
cation spot of city residents. The total area of the
grove of “Baum” is 73 hectares. The coordinates of
the grove: N 43 ° 1828 “, E 76 © 57°1” (Figure 1).

Materials and research methods

The main methods of studying the urbanized
(urban) flora of the Nauryzbai and Turksib districts
of Almaty were the generally accepted classical
methods of botanical and floristic research: the
traditional  route-reconnaissance method was
used in the field. The collection and processing of
herbarium material was carried out according to
the generally accepted method. Copies of woody,
shrub and herbaceous plants were collected in
herbarium folders describing collection sites
(recorded using GPS), dates and a collector. The
collection and processing of herbarium material was
carried out according to the standard technique of
A.K. Skvortsov [23]. In the process of determining
the herbarium, multivolume reports were used as
sources: “Trees and Shrubs of the USSR” [24],
“Flora of Kazakhstan™ [25], “Trees and Shrubs of
Kazakhstan” [26], “Plants of Central Asia” [27],
“ The determinant of plants in Central Asia “[28],
Key to Central Asian plants” [29], Illustrated
determinant of plants of Kazakhstan “[30]. To
clarify the species and generic names, the latest
reports of S.K. Cherepanov [31], S.A. Abdulina [32],
A.L. Tahtajyan [33]. The types of the ranges of the
studied plant species were identified by us according
to the classifications developed by E.P. Lavrenko,
A.l. Tolmachev, R.V. Kamelin, V.P. Goloskokov,
[34, 35, 36].

On the territory of the “Baum” grove, the main
forest-forming species are hard-leaved, soft-leaved
and coniferous trees. For hardwood species include:
Ulmus pumila L., Ulmus laevis Pall., Quercus
robur L., Aesculus hippocastanum L., Gleditsia
triacanthos L., Fraxinus pennsylvanica Marshall,
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Fraxinus sogdiana Bunge, Fraxinus excelsior L.,
Acer tataricum L., Acer mono Maxim. ex Rupr.,
Acer semenovii Regel & Herder, Acer saccharum
Marshall, Elaeagnus oxycarpa Schltdl., and etcetera.
Softwood species include: Betula pendula Roth,
Populus italica (Du Roi) Moench, Populus nigra L.,
Salix arbuscula L., Tilia cordata Mill., Morus nigra
L., Morus alba L. Conifers include: Pinus sylvestris

L., Pinus pallasiana D. Don, Larix sibirica Ledeb.,
Juniperus communis L., Platycladus orientalis
(L.) Franco., as well as other tree species: Acacia
albida Delile, Armeniaca vulgaris L., Chaenomeles
speciosa (Sweet) Nakai, Crataegus sanguinea Pall.,
Catalpa speciosa (Warder ex) Warder ex Engelm.,
Rhus typhina L., Padus avium Mill., Sorbus sibirica
Hedl., Malus domestica Borkh.

Figure 1 — Oak Alley in the “Baum” grove

Research results and discussion

In the “Bauma” grove, we identified 122 species
belonging to 93 genera and 43 families.

Of the 122 species of vascular plants registered
on the territory of the Baum Grove, 43 species
belong to trees, 16 species to shrubs and 63 species
to grassy plants [19, 20].

Of the 59 tree-shrub species found in the
grove, 22 species represent the local natural flora
of Kazakhstan, which belong to 14 families and 20
genera. The remaining 37 species are introduced
species belonging to 21 families and 28 genera.

The ratio of introducents (37; 30.3%) between
the occurring tree and shrub living forms is 27
species (trees) (22.1%) and 10 species (shrubs) or
8.20%, respectively. From tree species — 16 tree
species represent the natural flora of Kazakhstan
(13 hardwood and 3 conifers), which belong to 10
families and 15 genera. The largest numbers are
represented by the family: Rosaceae which contains
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3 species (Padus avium Mill., Crataegus sanguinea
Pall., Armeniaca vulgaris L.), the family Pinaceae
3 species (Pinus sylvestris L., Larix sibirica Ledeb.,
Pinus sylvestris L.), the family Ulmaceae 2 species
(Populus italica (Du Roi) Moench., Populus nigra
L.), family Salicaceae 2 species (Populus nigra L.,
Populus italica (Du Roi) Moench.).

The  remaining  families:  Betulaceae,
Elaeagnaceae, Facaceae, Aceraceae, Juglandaceae,
Oleaceae contain 1 species each. Of woody
plants, 27 species are introductions. These include
plants grown in the soil outside the range of their
natural distribution. Of these, 2 conifers (Pinaceae,
Cupressaceae) and 20 hardwoods (Fabaceae,
Ulmaceae, Rosaceae, Salicaceae, Bignoniaceae,
Aceraceae, Tiliaceae, Moraceae, Hippostanaceae,
Anacardiaceae), which consist of 18 genera
and 12 families. The largest number of species
among tree introductions are represented by the
families: Rosaceae (6 species — Pyrus communis
L., Crataegus sanguinea Pall., Sorbus aucuparia

Eurasian Journal of Ecology. Nel (58). 2019 105



Analysis of biodiversity of vascular plants of the Baum grove of Almaty

L., Malus domestica Borkh., Prunus domestica L.,
Cerasus vulgaris Mill.), Aceraceae (4 species),
Moraceae (2 species), Fabaceae (2 species),
Oleaceae (2). The remaining 7 families: Ulmaceae,
Cupressaceae, Salicaceae, Bignoniaceae, Pinaceae,
Tiliaceae, Hippocastanaceae are represented by one
species. The largest genera among tree introductions
are: Acer which contains 4 species (Acer negundo
L., Acer platanoides L., Acer saccharum Marshall.,
Acer mono Maxim.), Fraxinus contains 2 species
(Fraxinus lanceolata Borkh., Fraxinus excelsior L.)
The genus Morus contains 2 species each (Morus
nigra L., Morus alba L.). The shrubs of introducents
in the Baum Grove, there are 10 species represented
by 10 genera and 8 families.

The introducents found in trees and shrubs in the
grove of the Baum Grove in Almaty have different
centers of origin. Among the tree-shrub species
introduced into the species richness are species
from North America (10.6%) (Acacia albida, Acer
saccharinum, Acer negundo, Crataegus horrida,
Fraxinus lanceolata Borkh., Fraxinus excelsior
L., Platycladus orientalis (L.) Franco., Catalpa
bignonioides Walter., Gleditsia triacanthos L.,
Cotinus coggygria Scop., Rhus typhina f. laciniata
Rehder., Parthenocissus quinquefolia Planch.,
Symphoricarpos  rivularis  Suskd.), Palaearctic
(6.2%) (Crataegus sanguinea Pall., Pyrus communis

5,0%
= Asteraceae = Rosaceae
= Aceraceae = Oleaceae
= Salicaceae = Ulmaceae

L., Viburnum opulus L., Sambucus nigra L.,
Salix purpurea L.). A small percentage of species
belong to Eurasia (5.0%) (Frangula alnus, Acer
platanoides L., Sorbus aucuparia L., Tilia cordata
Mill., Sorbus aucuparia L., Acer mono Maxim.),
Asia (3,28%) (Ailanthus altissima (Mill.) Swingle,
Salix babylonica L., Morus nigra L., Morus alba
L.), Caucasus and Crimea (3,28%) (Ulmus glabra
Huds., Amelanchier spicata (Lam.) K. Koch., Pinus
pallasiana, Amelanchier spicata), Holarctic (2,5%)
(Swida alba (L.) Opiz., Aesculus hippocastanum
L., Grossularia uva-crispa), Mediterranean (1.6%)
(Ligustrum vulgare L., Syringa vulgaris L.), Central
Asia and the Caucasus (Cydonia oblonga Mill.) And
Front Asia (Prunus domestica L.).

The analysis of the taxonomic structure showed
the absence in the Baum grove of Almaty of
lycopodiales, equisetums and ferns.

Analysis of the leading families of the whole
flora of the Bauma grove showed (Figure 2) that
the largest families are: Asteraceae (13; 10.6%),
Rosaceae (13; 10.6%), Poaceae (15; 12.3%),
Fabaceae (6; 5.0%), Aceraceae (5; 4.0%), Oleaceae
(5; 4.0%), Brassicaceae (5; 4.0%), Pinaceae (4;
3.2%) , Ulmaceae (3; 2.4%), Chenopodiaceae (3;
2.4%), Cupressaceae (3; 2.4%), Salicaceae (3;
2.4%). These 12 families account for 59.0% (72
species) of the entire flora of the Baum grove.

10.6%

10,6%
= Poaceae Fabaceae
= Brassicaceae = Pinaceae

= Cupressaceae = Chenopodiaceae

Figure 2 — The spectrum of the largest families of the grove “Baum”
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The following 8 families contain two types of
each: Polygonaceae (2; 1.6%), Plantaginaceae
(2; 1.6%), Anacardaceae (2; 1.6%), Moraceae (2;

Table 1 — Leading families of the flora of the grove “Baum”

1.6%), Malvaceae (2; 1.6%), Urticaceae (2; 1.6%),
Betulaceae (2; 1.6%), Chenopodiaceae (2; 1.6%)
(Table 1).

Families Number of genera Number of species % of the Stg;aéliélsumber of
1 Asteraceae 10 13 10,6
2 Rosaceae 12 13 10,6
3 Poaceae 12 15 12,3
4-5 Fabaceae 5 6 5,0
4-5 Aceraceae 1 5 4,0
6-7 Oleaceae 3 5 4,0
6-7 Brassicaceae 5 5 4,0
8 Pinaceae 3 4 3,2
9-10 Cupressaceae 2 3 2,4
9-10 Chenopodiaceae 3 3 2,4
9-10 Ulmaceae 2 3 2,4
9-10 Salicaceae 2 3 2.4
11-12 Moraceae 1 2 1,6
11-12 Anacardaceae 2 2 1,6
11-12 Caprifoliaceae 2 2 1,6
11-12 Polygonaceae 2 2 1,6
11-12 Malvaceae 2 2 1,6
11-12 Urticaceae 1 2 1,6
11-12 Plantaginaceae 2 2 1,6
11-12 Betulaceae 2 2 1,6
Total: 72 94 77,0

The remaining 23 families contain only one
species in their composition, which is 18.8% of the
total species composition of the flora of the “Baum”
grove. These include: Fagaceae, Papaveraceae,

Amaranthaceae, Ranunculaceae, Tiliaceae,
Simaroubaceae, Viburnaceae, Rhamnaceae,
Sambucaceae, Cannabiaceae, Vitaceae,
Caprifoliaceae, Solanaceae, Balsaminaceae,
Apiaceae, Primulaceae, Caryophyllaceae,
Bignoniaceae,  Convolvulaceae,  Celastraceae,

Buxaceae, Cornaceae, Juglandaceae, Elaeagnaceae.

Analysis of the largest genera of the flora of
the “Baum” grove showed that the large genera of
the grove are: Acer (5; 4.0%), Fraxinus (3; 2.4%),
Ulmus (3; 2.4%), Artemisia (3; 2.4%). The following
genera contain 2 species each and constitute 1.6%.

ISSN 1563-034X
eISSN 2617-7358

These include: Tilia, Pinus, Trifolium, Festuca,
Plantago, Poa, Populus, Urtica and Chenopodium
(table 2). These 15 genera account for 22.1% of the
total flora of the grove. The remaining 78 genera
contain one species each.

These include: Picea, Armeniaca, Acacia,
Betula, Pyrus, Quercus, Larix, Platycladus, Sorbus,
Juglans, Tilia, Salix, Catalpa, Thuja, Cydonia,
Ailanthus, Prunus, Cerasus, Gleditsia, Aesculus,

Cotinus, Rhus, Corylus, Viburnum, Ligustrum,
Syringa, Caragana, Amelanchier, Parthenosissus,
Frangula, Euonymus, Juniperus, Lonicera, Rosa,
Sambucus, Salix, Symphoricarpos, Swida, Ambrosia,
Cirsium, Hyoscyamus, Convolvulus, Polygonum,
Capsella, Rumex, Lycopus, Lactuca, Sonchus,
Elytrigia, Potentilla, Onopordon, Setaria and others.
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Table 2 — The largest kind of flora of the grove “Baum”

Genera Number of species % of the total number of species
1 Acer 5 4.1
2-3 Ulmus 3 2,4
2 -3 Artemisia 3 2.4
2-3 Fraxinus 3 2.4
2-3 Poa 3 2,4
4-5 Pinus 2 1,6
4-5 Crataegus 2 1,6
4-5 Morus 2 1,6
4-5 Populus 2 1,6
4-5 Trifolium 2 1,6
4-5 Urtica 2 1,6
4-5 Plantago 2 1,6
4-5 Festuca 2 1,6
4-5 Arctium 2 1,6
4-5 Chenopodium 2 1,6
Total: 27 22,1

51,6%.

= Trees = Shrubs = Herb plants

Figure 3 — Composition of life forms of the flora of the grove “Baum”

Woody species in the grove of “Bauma”, there  cies from the local flora and 11 species are intro-
are 42 species, or 34.4%. Shrubs in the grove “Bau-  duced species (Figure 3). Herbaceous plants, there
ma” there are 16 species or 13.1%. Of these, 5 spe-  are 63 species or 51.6%.
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Ailanthus altissima

Fraxinus lanceolata

Figure 4 — Trees species growing in Baum Grove

Conclusion

On the territory of the “Baum” grove, the main
forest-forming species are hard-leaved, soft-leaved
and coniferous trees [Figure 4]. The hardwood
species include: Ulmus pumila L., Ulmus laevis
Pall., Quercus robur L., Aesculus hippocastanum
L., Gleditsia triacanthos L., Fraxinus pennsylvanica
Marshall, Fraxinus sogdiana Bunge, Fraxinus
excelsior L., Acer tataricum L., Acer mono Maxim.
ex Rupr., Acer semenovii Regel & Herder, Acer
saccharum Marshall, Elaeagnus oxycarpa Schltdl.,
and others.

Softwood species include: Betula pendula Roth,
Populus italica (Du Roi) Moench, Populus nigra L.,
Salix arbuscula L., Tilia cordata Mill., Morus nigra
L., Morus alba L.

Conifers include: Pinus sylvestris L., Pinus
pallasiana D. Don, Larix sibirica Ledeb., Juniperus
communis L., Platycladus orientalis (L.) Franco.,
And other tree species: Acacia albida Delile,
Armeniaca vulgaris L., Chaenomeles speciosa
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(Sweet) Nakai, Crataegus sanguinea Pall., Catalpa
speciosa (Warder ex) Warder ex Engelm., Rhus
typhina L., Padus avium Mill., Sorbus sibirica
Hedl., Malus domestica Borkh.

In the “Baum” grove, we identified 122 species
belongingto 93 generaand 43 families. Theremaining
78 genera contain one species each. The analysis of
the taxonomic structure showed the absence in the
Baum grove of Almaty of lycopodiales, equisetums
and ferns. An analysis of the leading flora families of
the “Baum” grove showed (Figure 2) that the largest
families are: Asteraceae (13; 10.6%), Rosaceae
(13; 10.6%), Poaceae (15; 12.3%), Fabaceae (6;
5.0%), Aceraceae (5; 4.0%), Oleaceae (5; 4.0%),
Brassicaceae (5; 4.0%), Pinaceae (4; 3.2%),
Ulmaceae (3; 2.4%), Chenopodiaceae (3; 2.4%),
Cupressaceae (3; 2.4%), Salicaceae (3; 2.4%).
These 12 families account for 59.0% (72 species)
of the entire flora of the “Baum” grove. Analysis
of the largest genera of the flora of the “Baum”
grove showed that the large genera of the grove
are: Acer (5; 4.0%), Fraxinus (3; 2.4%), Ulmus (3;
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2.4%), Artemisia (3; 2.4%). The following genera
contain 2 species each and constitute 1.6%. These
include: Tilia, Pinus, Trifolium, Festuca, Plantago,
Poa, Populus, Urtica and Chenopodium. These 15
genera account for 22.1% of the total flora of the
grove.

Of the 59 tree-shrub species found in the
grove, 22 species represent the local natural flora
of Kazakhstan, which belong to 14 families and 20
genera. The remaining 37 species are introduced

species belonging to 21 families and 28 genera. The
introducents found in trees and shrubs in the grove of
the Baum Grove in Almaty have different centers of
origin. Among the tree-shrub species introduced into
the species richness are species from North America
(10.6%), Palaearctic (6.2%). A small percentage of
species belongs to Eurasia (5.0%), Asia (3.28%),
the Caucasus and the Crimea (3.28%), the Holarctic
(2.5%), the Mediterranean (1.6%), Central Asia and
Caucasus and Front Asia.
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AKTOBE OBAbICbI XXAFAAMbIHAAFDI
ANTHEMIS TROTZKIANA CLAUS
LEHOTONYAAUUAAAPDBIHDBIH, XACTbIK, K¥PbIAbIMbI
MEH OHTOTEHETUKAADIK, KYMI

Makanapa Aktebe 06AbICHI XaFAanblHAAFbI CUpeK Ke3aeceTiH Typ Anthemis trotzkiana Claus
LeHononyAdaumaAapbiHbiH, (LIM) oHTOreHeTMKaAblK, KYMiH, CAaHABIK >KOHEe >KacTblK KypamblH 3epTTey
HaTMXeAepI KeATipiAreH. 3epTTey 6apbicbiHAa Anthemis trotzkiana Claus oHToreHesiHae 3 keseH >xaHe
6 OHTOreHeTMKaAbIK, KYMi aHbIKTaAFaH. LleHononyAsaumsaAapAbiH Herisri kepceTkiliTepi ecenTeain,
OHTOreHeTUKaAbIK, KYPbIAbIMbI CMMATTaAFaH.

XKactbik  MHAEKCE (A) >keHe 3HepreTUKaAblk, TUIMAIAIK uHAeKCT (o) 6araraybl  GOMbIHLLA
1-NonyASUMAHbIH, 3 LLEeHOMOMNYASLMSACbIHAQ KACTbIK, MHAEKCT wamanac 0.40-0.44, sHepreTmKaAblk,
THiIMAIAIK MHAEKCT 0.5T1-aeH 0.74 -ke aeitiH aybiTkpiFaH, 1 LM A = 0.40, ® =0.68, 2 LUIT A = 0.44,
® =0.51 xo8He 3 UM A = 0.42, ® =0.74.2 — nonyasumsiaarbl 4, 5 xaHe 6 UeHOMOMNyAaUMIAapAQ
Anthemis trotzkiana kepceTkiwTepi caAbICTbipMaAbl Typae >oFapbl. 4 LIM A = 0.43, ® =0.76, 5 LUl
A =044, ® =0.74 xoHe 6 LIIT A = 0.44, ® =0.75 >xaHe 3- nonyaqauus 6, 7 xxoeHe 8 LIl aymarbiHAQ
KACTbIK, MHAEKCI 6acka 2 MonyAsuMsIMEH CaAbICTbIpFaHAQ >KOFapbl kepceTkilke ue 0.54-0.63, aa
7-LLeHOMOMYASIUMSIAQ SHEPreTUKAABIK, TUIMAIAIK MHAEKCI eTe TeMeH o -0.48, 7 LI A = 0.56, ® =0.48,
8 LUIMA =0.54, ® =0.70 xxeHe 9 LI A = 0.63, ® =0.68.

AkTO6€ 0OABICHI >KaF AAMbIHAAFbI 3ePTTEATreH cupek KesaeceTiH Anthemis trotzkiana Claus TypiHin,
JKaCTbIK, MIHAEKCI (A) )K8He 3HepreTMKaAblK, TUIMAIAIK MHAEKCI (), SFHU «A@AbTa-OMEra» MOHAEPI >KaHe
KAATMbIHA KeAY, aybICTbIpy, KapTalo KOPCeTKILITePi KEATIPIAreH.

TyiiiH ce3Aep: OHTOreHeTUKAABIK, KYii, KacTbIK, KYPbIAbIMbI, LieHomnonyAsuusi, Anthemis trotzkiana
Claus.
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Ontogenetic condition and age structure of Anthemis trotzkiana claus
coenopopulationin the conditions of Aktobe region

The article presents the results of study of the ontogenetic state, the number and age range coeno-
populations of the rare species Anthemis trotzkiana Claus in the conditions of Aktobe region. During the
study of the ontogenesis of Anthemis trotzkiana Claus 3 periods and 6 ontogenetic stateswere identi-
fied. The main coenopopulation indicators are calculated and the ontogenetic structure of this species
ischaracterized.

According to the age index (A) and energy efficiency index (w) in 3 cenopopulations in the 1st popu-
lation, the number is approximately 0.40-0.44, the energy efficiency index ranges from 0.51 to 0.74, 1
CPA = 0.40, ® = 0.68, 2 CPA = 0.44, o= 0.51 and 3 CP A = 0.42, ® = 0.74. In the 2nd population,
the Anthemis trotzkiana indicators at 4, 5 and 6 coenopopulations are relatively high. 4 CP A = 0.43,
®=0.76,5CPA =044,0 = 0.74and 6 CP A = 0.44, ® = 0.75, and in 3 populations 6, 7 and 8 CP
the age index is higher 0.54-0.63 compared with the other two populations, and the efficiency index
of the 7th coenopopulation is rather low w —0.48, 7 CP A = 0.56, ® = 0.48, 8 CP A = 0.54, ® = 0.70
and 9 CP A = 0.63, ® = 0.68.

Under the conditions of the Aktobe region, during the study of the rare species Anthemis trotzkiana
Claus the age index (A) and energy efficiency index (o), i.e. the delta omega values, as well as the recov-
ery, replacement and aging indexhave been described.

Key words: ontogenetic condition, age structure, coenopopulation, Anthemis trotzkiana Claus.

M3bactmnHa K.C.", Kypman6aesa M.C.2, MoaaakapbizoBa A.K.3,
basapraauveBa A.A.%, Kakuwesa I'.T.>, Tapakosa K.A®
lctyaeHT PhD-aokTOpaHTyphl, e-mail: izbastina.k@gmail.com
2A0KTOP BUMOAOrMYECKMX HayK, M.0. Mpodheccopa, 3aB. kaceApoi GropasHoobpasms
n 6ropecypcos, e-mail: kurmanbayevakz@gmail.com
SkaHAMAQT BGMOAOTMUECKMX HayK, MPernoAaBaTeAb KaheApPbl MOAEKYASIPHOM GroAormm
1N MEAMLIMHCKOM reHeTnkn, e-mail: aijan202@mail.ru
4KaHAMAQT BUMOAOTMYECKMX HayK, AOLIEHT KacheApbl 6BUOAOrMM, AKTIOOMHCKMIA PErMOHAABHDIN
rocyAapcCTBeHHbIN yHnBepeuteT um. K. XKybaHosa, KasaxcraH, r. AkTo6e, e-mail: aliya_baz@inbox.ru
npenoaaBaTeAb KapeApbl MOAEKYASIPHOM GUOAOTMM 1 MEAMLIMHCKOM reHeTuku, e-mail: kakisheva.g@mail.ru
npenoaaBaTeAb KaeApbl MOAEKYASIPHOM GMOAOTMM 1 MEAMLIMHCKOWM reHeTrku, e-mail: ktarakova@gmail.com
123Ka3axcKmi HaUMOHaAbHbIM yHUBepcuTeT nM. aab-PDapabu, KasaxcraH, r. Aamatsl
350Ka3axCKMi HAaUMOHAAbHbIN MeAMUMHCKMI yHUBepcuTeT uM. C.A. AcheHamnsapoBa, KasaxctaH, r. AamaTsbl

OHTOreHeTMUYECKOe COCTOSIHME M BO3pacTHas CTPyKTypa
ueHononyAsumn Anthemis trotzkiana claus B ycaoBusix AKTIO6MHCKOM 06AaCTH

B cTtaTbe npeAcTaBAeHbl pe3yAbTaTbl M3YyUEHUSI OHTOreHEeTUUYECKOrO COCTOSIHWUSI, YMCAEHHOCTU
M BO3pacTHOro criektpa ueHononyAauuin (L) peakoro Buaa Anthemis trotzkiana Claus B ycAoBusix
AKTIOOMHCKOM 06AacTU. B xoae nccaeaoBarms oHToreHesa Anthemis trotzkiana Claus 6bIA0 BbiAEAEHO 3
nepruosa U 6 OHTOreHeTUUYECKNX COCTOSIHMIA. BblUMCAEHbI OCHOBHbIE LIEHOMOMYASILIMOHHbIE MOKa3aTeAn
M OXapaKTepu30oBaHa OHTOreHeTMYeckas CTPYKTypa AQHHOIO BUAQ.

[To oueHke MHAEKCa BO3PAacTHOCTM (A) M MHAEKCA 3HepreTnyeckom a(pdekTMBHOCTN (®) B 3-X
LLEHOMOMYAALUMEX B 1-11 MONYASLMM YUCAEHHOCTb NprbAM3nTeabHo 0.40-0.44, MHAEKC 3HEPreTUYecKom
apdexTrBHOCTM KoAebaeTcst oT 0.51 A0 0.74,1 LM A = 0.40, ® =0.68, 2 LIMA = 0.44, ® =0.511 3
LUIMA =0.42, ® =0.74. Bo 2-oi nonyAaumm nokasateAam Anthemis trotzkiana B 4, 5 1 6-LieHOMONYASALIMAX
OTHOCUTEAbHO BbicOokMe. 4 LITTA = 0.43, ® =0.76, 5 LU[TA = 0.44, ® =0.74n 6 UM A = 0.44, ® =0.75
1 B 3 nmonyadumn 6, 7 n 8 LIl Bo3pacTHoM nHaekc Bbiwe 0.54-0.63 no cpaBHEHWMIO C ABYMSI APYTMMM
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AkTebe 00AbICHI XKaFAarbiHAAFbl Anthemis trotzkiana claus ueHOMONyASUMSAAPBIHbIH, ...

MONyASIUMIMM, & MHAEKC 3(PPEKTUBHOCTU 7-11 LLEHOMOMYASILMN AOBOABHO HM3KUIM o =0.48, 7 LI A =
0.56, ® =0.48, 8 LIN A = 0.54, ® =0.70 19 LUITA = 0.63, ® =0.68.

B ycaoBusix AKTIOOMHCKOM 06AQCTM NP M3ydeHn peakoro Buaa Anthemis trotzkiana Claus 6bian
OnucaHbl MHAEKC BO3PACTHOCTHU (A) M MHAEKC 3HepreTuyeckon 3pgekTUBHOCTHU (®), TO eCTb 3HAUYEeHWI
AEAbTa-OMera, a Tak’Ke MHAEKC BOCCTAHOBAEHMS, 3aMeLLLeHMS 1 CTapeHusl.

KAtoueBble CAOBa: OHTOreHeTUYECKOe COCTOSIHME, BO3PACTHOM CrekTp, LeHononyasuus, Anthemis

trotzkiana Claus.

Kipicne

OciMaikTep KOpJIapblH YThIMIBI TalAaIaHy Ka-
0aifbl 6CIMAIKTEPiH TYpIAEPiHIH HOMYyIAIUSIAPBIH
KeUIeH 1 3epTTeyre Herizaenred. Typaepain Tapany
aiiMarkl MIETIH/ETT PECYPCTHIK KOPCETKIMTepiHIeT]
afBIPMAIIBLUIBIK OOJIBICTBIH SPTYPIIl TeorpadusiIIbIK
JKaFJaiapblHIa  JKOHE OKIMIILIIK —aiiMakTapja
JepeKTepAl JKUHAY JKOHE JaJANBIK 3epTreyliep
JKYPrizy KaXKeTTITiH aHBIKTaiapl. KazakcTaHHBIH
op OOJBICHI JKOHE ayAaHAapbl YUIIH KOpFayabl
KKET eTeTiH OCIMIIK TypJepiHiH Ka3ipri Ti3iMiH
JKacar, oJlapJIblH FhUIBIMJIAFbI )KOHE MPAKTUKAIAFbI
OaranbIFBIH KOpceTy KaxeT [1].

buonoruaneik opTypIIiTikTi Oiyne TypiepaiH
HEHONOMYJISIIHSIAPBIHBIH ~ JKACTHIK, OHTOT'CHETH-
KaJIBIK KYPBUIBIMBIH 3€PTTEY €H HETi3Ti TOCUIIepAiH
0ipi. Ochl opaiifa, OMoaTyaHTYPIIUTIKTI aHBIKTAYy/1a
Oenrimi Oip alWMakTapmarbl OCIMIIK TYpJIEpPiHiH
naiganbiFblHa  OAWIAHBICTBI  3€PTTEN  KONMaii,
Oaraibpl TYpIepliH TaOWFu MOMYJSIUsLIa OCyi MeH
neMorpadusAChIH €CKepyAl Tayian eTijeni. Arvinzan
HOTHIKeNlepre CoWKec TreorpadusyiblK  OPHBIHBIH
KOJIAiJIbl CUTATBIH, OpTara OeHimMenyiH XKoHe
CaHBIHBIH a3aroblHa ce0eOiH TaJKblIayMEH Karap,
oJlapAbl KOpFay IapanapbiH YHbIMAACTBIPYFa OarbIT
Oepeni [2-4].

Conevt dicblnioapul  enimizde JPTYPIL OCIMIIK
OIpJIecCTIKTEepiH/AEe OCEeTIH CHUPEK JKOHE DHJEM
TYpJiepai NOMyJSALMSUIBIK JeHreiae 3eprreyiep
KeHIHEH Kyprizumin xkenemi[5-9].

Bopiel Ty3umicTepiH ©CiMIIIK KaMBbUIFBICBIHIA
KeIIeH/II 3epTTey JKYPridy, emiMi3miH OaThICHIH-
Jla OpHAJacKaH OOpIBI TY3UIICTEp alMarbIHIAFBI
Oipereii TaOWFM KEUICHHIH TYTACTBIFBIH KOpFay
KOHE OHJAFbl CHPEK KE3JECETIH 3HICMUKAIbIK
OCIMIIKTEPIiH TOMYJISAIUSICHIH CaKTay MaKCaThIHIA
tybigaan otelp [10-12]. Cupex Ttyp Anthemis
trotzkiana Claus 6opinel merinainepne ecerin [lo-
BOJDKbE — OaThIiC Ka3zakCTaHABIK dHAeM[13-14].
CoHJIIK KOIDKBUIJBIK IIONTECiH OCIMJIKTI 3epT-
TEY YJKEH KbI3BIFYIUBUIBIK TYABIPAAbl, aJIFallKbl
KaparaHja MOpQOJOTHSIBIK TYPFBIaH KO3 TapTa-

TBIH, SPEKIIIE IKOJIOTUSIIBIK KarFaiira (0OpJibl Cyo-
ctpar) Oeftimaenrer Typ [15-19].

Taburu durorneno3gapmarsl Oenriai Oip TYp
MOMYJSIUATIAPBIHBIH, - Ka3ipri >KarfaiiapelH  0a-
FalayJa, OJIap/blH IIEHOTOMYJISAIMIIAPBIHBIH KY-
PBUIBIMBIH  OLTy MaHBI3ABL. TYyp IEHOMOITYJISAIHUs-
ChI KYPBUIBIMBIH 3€PTTEreHJIC TYPIiH KEHICTIKTEri
KYPBUIBIMBI MEH OHTOT€HETHKAJIBIK KYPBUIBIMBIH
aHbIKTay MiHAeTTI [20-24].

Benrimi Oip aymMakTarbl ©CIMIIK IOIMYJISIIHS-
CHIHBIH Kal-KyHiH OaranayJa OHTOTCHETHKAIBIK
KYPBUTBIMBI  ©T€ KYHIBI KOPCETKIMTEPIiH Oipi.
Kenicrikreri KypbUIBIM OCIMAIK TOMYJISIUSICHI
JlapaKTapbIHBIH CaHbl MEH THIFBI3JBIFEIH 3€PT-
Tey, OHTOTEHE31 MEH JKaCThIK KYPBUIBIMAAFbI XKa-
ChIH aHBIKTay apKbUIBI XKYy3ere aceIpbuiaabl [25].
OCIMIIIKTep/IiH JKachlHA OalIaHBICTBI TIPIILTIK
KYWIEepiH cHUmaTTay YIIiH OWOMOPQOIOTHSIBIK,
aHATOMUSUIBIK JKOHE OSKOJOTHSJIBIK OCJTiIepiH
KoJjaHyra Oomambl [26]. JKYMBICTBIH MakcCaThI
AKTebe OONBICHIHIAFEI CUPEK TYP Anthemis trotz-
kiana Claus 1eHONOMYJIAIUSIIAPBIHBIH YKACTBIK
KYPBUIBIMBI MEH OHTOTCHETHKAIBIK KYHIH J>KOHE
neMorpadUsIIBIK  JKaFmaiblH ~ 3epTTEy  OOJIBII
TaObLUIABI.

3epTTey MaTepuaIaapbl MeH daicTepi

3epTTey MaTepuaisl petinae Anthemis trotzkiana
Claus  eciMAIriHIH  IICHONIOMYJIAIHASIAPBIHIAFBI
OpTYPJIi )KACTHIK KYHIHAET] JapaKTap 3epTTeii. Op
YEeHONONYIAYUAHBIY OEMOTPAPUSITBIK KYPBITBIMBIH,
THIFBI3/IBIFBIH JKOHE JKACTHIK KYPaMBbIH 3epTTeyie
OCBI OCIMJIK TYPiHIH MOMYJSLUS aiiMarbl OipHele
yuackene keseMi 10x100 M OonatblH TpaHCEKTa
CaNBIH/IBI, COJl TPAHCEKTAJApIbIH APAKAIIBIKTHIFBI
10-20 meTp caiiblH opKaiichichl 1 M2 GonateiH 90
ChIHAK anaHbl caiblHAbl. 9 menonomyssus (L)
aliMakTapblHaH TaObUTFaH Anthemis trotzkiana
ecimuirinig 1002 mapakThiH )acTblK KyHhi T.A.
PaborHoB (1950) [27] xoHEe A.A. YpanoB (1975)
[28] ychIHFaH KpUTEpUIAJICp XKUBIHTHIFBIHA COMKec
AHBIKTAIIBL.
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OHTOreHeTHKaIbIK KYpPBUIBIMIBI Tannay [29]
Ke3iH/e [EeHOTOMYJISIUUIApAbIH 3ePTTEYIiH dIic-
Temenepi OOMBIHINA KalIbIHA KETIPY WHACKCI XKOHE
anMacy unekci [30], kapraro ungekci [31], xacThIk
nHAekci (A) [28], TOMyNIANUSHBIH YHEPTeTUKAIBIK
tuimaitiri (o) [32] cunarTamanapbl ecenTeli.
Craructukanslk Tangay kepcerkimrep MS Excel
2010 crarmapTsl OOWBIHIIIA OPBIHAAIET [33].

3epTTey HITHAKeIEPi MEeH 0J1apAbl TAIKbLIAY

Axrob0e oOnbichiHAH  Anthemis trotzkiana
OCIMAIrHIH YII HOMYJISIUMACH TaOBUIABL. YII TO-
NyJSIESaa 3 [CHOMONMYJISIUSIAH, SFHH OapIIbIFbl
9 uenononynsuus 3eprrengi. Kypambiama cupex
TYp Anthemis trotzkiana eciMuiri op IeHOIOIY-
TAnAsIIap KesmeceTiH opranmapabiH GPS koopmw-
HATTapbl JKOHE JKO- IEHOTHUKAIBIK >KarIaibl CH-
natrama Oepinmi. COHBIMEH Karap, OCIMJIKTIH

MOHi, BUIFAJIBUIBIFBI JKOHE TYMYChI aHBIKTAJIJIbI
(1-xecre).

3epTTeyre anblHFAH 9 IEHONOMYNIALUsIapAaH
Anthemis trotzkiana ©CIMIITIHIH KYPBUIBIMJIBIK
EpeKIIeTIKTePiH aHBIKTAYy YIIiH >KACTHIK KYpPaMBbI
AHBIKTAJABI.  3EPTTEJINCH  MOMYJISIMSUIAP IbIH
aylaHbIHJAFbl TYPJIiH OpTAallla ThIFBI3IBIFEI (JIaHa/
M?) MEH VIITi aJaHIIagapbIHAarsl dp TYPIIi )KACTHIK
KYHJIepiHgeri napakTapiblH OpTamia caHbl (J1aHa/
M?) eCenTenir, 2-KecTe/Ie KeNTipijreH.

AxTebe o0OJbICHIHAaH TaObUTFaH AKIIaTay
TOMYJISIITUSACHIHBIH TePPUTOPHUACHIHAH Anthemis
trotzkiana ecimpairinig, 1,2 3xoHe 3 IEHOMO-
mysusnap  Kapactelpeuiabl - (1-2-cyper). 1
-IIT aymareinna Anthemis trotzkiana eciMuiri
JlapaKTapblHBIH OpTalia THIFBI3ABIFEL 11.8 mana/
m2. 1 IIIT aymarbIHaH ©CIMIIKTiH IPEreHePaTUBTIK
Ke3eHHeH V- 31,3 % napaxTapsl, T€HEpaTUBTIK
ke3eH napaxrapsl (g,-21.2%; g,- 22%; g,- 19.5%)

Tapaaybl MEH OJap/AbIH OHTOTEHETHKANBIK KYHiHIH  JKOHE IIOCTI€HETAaTHBTIK Ke3eHHIH Ss (6%)
KarjainapbiHaa Oaranay YIIiH TONBIpakThlH pH — mapakrapsl Tipkeni.
2-kecte — Anthemis trotzkiana Claus eHOIOMYISIUSIIAPBIHEIH OHTOI€HETHKAIIBIK KYH1
Tonmymsiuus I 1I 11
Henononynsuus 1 2 3 4 5 6 7 8 9
Aynausr, M 1757 1800 2450 1900 2100 1460 2870 3100 2650
OHTOreHeTHKaNBIK KYHi (opTaiia/nana)
v 3.741.3 | 2.6+1.1 | 2.7¢1.1 | 2.5+0.8 | 2.8+1.0 | 2.4+0.7 1.1£0.6 1.0+0.8 | 0.5+0.7
g, 2.5+1.1 | 2.7£1.3 | 3.0£1.1 | 3.241.0 | 3.2+1.1 3.2+0.9 1.5+0.5 1.8+0.8 1.0£0.8
g, 2.6+1.3 | 2.2+09 | 3.5+1.1 | 43+1.2 | 3.8+1.0 | 3.5+1.3 2.0£0.8 23+1.2 | 2.140.6
g, 23+1.3 | 24411 | 2.141.4 | 2.3¢1.6 | 2.8+1.2 | 2.8+0.9 2.0£0.9 | 2.1£0.6 | 2.4+0.8
ss 0.7£0.7 | 1.1£1.0 | 0.840.9 | 0.7£0.9 | 0.7+0.8 0.8+0.6 1.7£1.2 1.2+1.0 1.5£1.1
s 0.0 0.0 0.0 0.0 0.0 0.0 0.6£0.7 | 0.6£0.7 | 0.9+0.7
sc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Jlapakrap Camsi | 4y gy p | 114108 | 121410 | 13511 |133£1.02 | 12.740.88 | 8.9+0.76 | 9.00.85 | 8.4+0.78
(mana/ m?)
OnroreneTukansik kesexuepi (Yo
[pereneparusrik, % 31.3 23.6 223 19.3 21 18.9 12.4 11.2 6
I'enepatusTik, % 62.7 66.4 71.1 75.3 73.7 74.8 61.8 68.8 65.5
[octreneparusTik, % 6 10 6.6 54 53 6.3 25.8 20 28.5

2 — LIl aymarblHAa TYp HapakTapblHBIH Op-
Tama THIFbIBABIFE 11 gaHa/ M?,  ©CIMOIKTIH
MPEreHEPaTUBTIK Ke3eHHEH V- 23.6 % napakrapsl,
TE€HEPATUBTIK Ke€3€H napakrapel (g -24.6%, g,-
20%, g,- 21.8%) jxoHe MOCTIEeHETATHBTIK KE3EHHIH
cyOceHmIBIIK gapakTapsl (ss) 10%.
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3 — LT aymarsiHaa TYp JapakTapbiHBIH OpTa-
a THIFLIBALIEE 12.1 maHa/ M?. IpereHepaTHUBTIK
ke3eHHeH 22.3% (V) napakTapbl, TI'€HEpaTHUBTIK
Ke3eH Japakrapbl (g,-24.8%, g,- 29%, g,- 17.3%)
YKOHE TIOCTT€HETaTHBTIK Ke3eHHiH 0.6 % (ss) cyO-
CEHWJIB/IIK JIapaKTap/IbIH YJeciHe Tueciui (7-cyper).
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1-cypet — Anthemis trotzkiana Claus 1eHONONMYISIIUSIIAPBIHBIH 0a3aiIbIK CIEKTPI

2-cypeT — AKIIaray MmomyJsIIUsChIHIAFEL Anthemis trotzkiana eCIMIITIHIH KaCTBIK CIIEKTPI
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3-cyper — Anthemis trotzkiana Claus 1eHONOMYISLHsIAPbIHBIH 0a3aJIbIK CIIEKTP1
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AKkTO06€e 00AbICHI XKaFAanbiHAAFbl Anthemis trotzkiana claus LeHOMOMYASUMSAAAPbIHBIH, ...

4, 5 xoHe 6 ueHomomyAUuANapsl becrtay
Oopibl TayblHAH TaOBLIBIN, 3EPTTEYre aJIbIH/IbI
(3-4-cypet). O3 keserinme, 4-1II1 aymarbiaga
OCIMIIK JapaKTapbIHBIH OpTalla THIFBI3ABIFEI 13
nana/ % lleHomomysMsga MpPEreHepaTHBTIK
ke3eHHeH (V) napakrtapbl 19.3%, reHepaTHBTIK
Ke3eH Japakrap g-24.7%, g,- 33%g,- 17.6%), an
[IOCTICHETAaTUBTIK K€3€H JapakrapbiHaH 5.4 % (ss)
JapaKTap yJieciHie.

5- LI1 aymarsinaa eciMAiK JapakTapbIHBIH Op-
tama TeIFbBAbEbl 13.3 nana/ m?. LI aymarsinga
MpereHepaTUBTIK Ke3eH aapakrapbl 21%, reHepa-
TUBTIK Ke3eH JapakTtapsl 73.7% xone 5.3% moct-
TeHEepaTHBTIK KEe3€H JapaKTapblHBIH YJECiHTE.
AranfaH IICHONONMYJISALUAAAFbl TCHEPATUBTIK Ja-
paKTap caHbl JKarblHaH OaChIMIBUIBIK KepceTeli
JKoHE MOP(OIIOTHSAIIBIK, KAFbIHAH 1pUTITIMEH epeK-
meneHesni (4-cyper).

Anthemis trotzkiana eciMIIK JapaKTapbIHBIH
oprara TeIFBIABIFEL 6- LII1 aymareiaga 12.7 nana/
M2, LIeHOmOMmy IsIUsI IaFbl TIPETCHEPATUBTIK Ke3eHre
kaTatbiH (V) aapakrap 18.9 maiibl3, reHepaTuBTIK
KE3EHI'€ JKaTaThIH OPTa JKAaCTaFbl TEHEPATHBTIK (g,)
JlapakTap caHbl 35, 01 EHOMOMYISAIUSHEIH 27.6 %,
32 nama »xac renepatusTik (g,) 25.1 % xome 28
KapTaiiFaH TEHEPaTHBTIK(Z,) KYWIHIETI Japakrap
22.1% XoHE TOCTTCHEPATUBTIK KE3CH JapaKTapsbl
(ss) 6.3% kepcerri (7-cyper, 1-kecte).

Yminon UWmkaparanray nonyiayus TEppPUTOPH-
SICbIHAH maowiiean 7,8 owcone 9 TCHONOMYISIIUSIIAP
KapacTteIppuibl  (5-6 cyper). Byn momynsipsiiarsn
YII TICHOTOMYJISIMSIHBIH Jla ayMarblHIa Ke3JIeCeTiH
Anthemis trotzkiana eciMiri a3nay eKeHIIT OaiKa bl
OciMiiKk JapakTapblHBIH OpTaia ThEbIbEel 7 LII1
TeppuToprsichina 8.9% fana/M?, 8 IIEHOMOMyY SIS
9% mana/ m?xone 9 TIIT aymareiana 8.4% mana/ M2,

4-cypet — becray nonynsnusCceIHIAFB! Anthemis trotzkiana ©CiMAITIHIH KaCTHIK CIIEKTPi
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S-cypet — Anthemis trotzkiana Claus ieHOTIOYISIUSIIAPBIHEIH 0a3alIbIK CIEKTPi
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6-cyper — Minkaparanray NOMyJISUUACBIHIAFbI Anthemis trotzkiana eCiMAITiHIH KaCTBIK CIIEKTP1

by nonynauus aliMarsiHAarel 7, 8 sxoHe 9 1e-
HOTOMYJISAUSATIAp A, IPETCHEPATUBTIK Ke3eHTe JKa-
taThlH Aapakrap 7L aymarsina 12.4%, 8 LII-11.
2% sxone 9 LIIT 6%. I'enepaTuBTIK Ke3€H AapaKTapbl
7HIT aymarsiaga 61.8%, 8 1II1-68.8% sxone 65.5%

9 LII afimarsiHan Tipkenai. LleHonomymsimusiap
ayMarbIH/Ia TIPKEJIreH MOCTICHEPATUBTIK Ke3€H Ka-
TaThIH CyOCEHWIJIIK OHE CEHWIIIK JapaKrap yieci
7 LIT 25.8%, 8 LT -20% xone 28.5 % kypaiiabt
(7-cyper, 1-kecTe)

1 uenonony.lmlmﬂ 2 HeHOﬂOHyﬂﬂHI/lﬂ 3 ].IeHOHOHyJ'IﬂIIHﬂ
G SS v v
3 y S8 G, ss 23
19,5 6% 31,3 21,8 10% v 17,3 6,6% o
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G
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22% % 20% 29% %
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G, SS 3 3
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17,6 5,4% s |1 53% 2% | o, 6,3%
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Y %o

G 28,6 24,1 G, G
e v o, o 27,6 25,1
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SS 7 ueHonmomyJasiust 8 nenononyssuns 9 HEHONOMYJIS U
19,1 S v SS S a2 S %
% 6.71% 133 67% o 10,7 6% G,
% ° s 12%
ss
6 G/ G NG G
33 255 o 285 25%
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7-cypet — Anthemis trotzkiana Claus eciMIITiHIH OHTOT€HETHKAJIBIK KE3CHIEPIiHIH
LCHOMOMYJISIHSIIAPIAFbl ANbI3IBIK KOPCETKIMTEpi
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AKTebe 00AbICHI XXaFAarbliHAAFbl Anthemis trotzkiana claus ueHomnonyAsuMsIAapbIHbIH ...

Cupex 1yp Anthemis trotzkiana 111 nemo-
rpadUAITBIK KOPCETKIMTEP] 2-KeCTeae KENTIpiATeH.
XKac mamacer (A) xoHe (®) 3¢dekTuBTUIIriHIR
Oaranaybl OOWBIHINIA |-MOMYJNSIUSHBIH 3 IEHOIIO-
mymsusiceiaaa mamanac 1 HIT (A = 0.40, o =0.68),
2 LIT (A =0.44, ® =0.51) »xone 3 LI (A =042, ®
=0.74) 1 LIIT aymarbiHa BUPTUHWIB/IIK JapaKTapIbIH
2 sxone 3 LI aymarpiHa Kaparanaa Moil. JlereHMeH,
1 sxone 2 LI aymarbiHa T'e€HApaTHBTI JapakTap
canbl mamanac, an 3 L1 na renepaTtuBTik gapakrap
OaceIMIBIFEI Oatikananel. ConpiMeH Katap, 1 L{IT ma

7, 2 LI reniperiane 8 xone 3 LI na 8 cenmmpaix
napakTap TipKeJi.

2 momynsuusagarel 4, 5 oHE 6 IIEHOIOIYJIS-
uusinap Anthemis trotzkiana xepceTkimrepi ca-
TBICTRIpMAITBI Typae Typaktel. 4 LT (A = 0.43, ®
=0.76), 5 LI (A = 0.44, ® =0.74) xone 6 LII (A =
0.44, ® =0.75). bapneix LIT A xepcertkimi Oipaet,
aJl ® KOPCETKIIIiHIH KOFapbl 0OIybI HEHOIOMYIIs-
UsIap KYpaMblHIA OpTa JKacTaFbl T€HEPATHUBTI
JlapaKTap/AblH YJCCIHIH JKOFapbl JKOHE KapTaiiFaH
JapakTapablH a3 eKCHIIITIH KOpCeTe/I.

3-kecrte — Anthemis trotzkiana Claus neHONOMY SIIUSIIAPBIHBIH JeMOTPa(UsUTBIK JKaF1aibl

XKactbik DHEepPreTUKAIBIK Kanmneina xemy AyBICTBIPY Kaprato
111 HHEKC, A THIMIUTIK HHACKCI, ® | wHAekcl, Ik, % | wuamekci, la, % | wnmekci, Ik % Turmi

1 0.40 0.68 50 66 0.05

2 0.44 0.51 35.6 45.6 0.1

3 0.42 0.74 31.3 42.1 0.06 wetinren
4 0.43 0.76 28.5 34.2 0.05

5 0.44 0.74 28.5 38.3 0.05

6 0.44 0.75 252 34.4 0.06 Keriaren
7 0.56 0.48 20 17.4 0.25

8 0.54 0.70 16.1 16.1 0.2

9 0.63 0.68 9 72 0.28 werinren

Anthemis trotzkiana eciMuiriHig canbl 3 II0-
nysius (7, 8 sxone 9 LI1) aymarbiHaa canbICThIp-
Manel a3. lleHomomymsnusmapapie (A) orcacmolk
unoexci koHe (M) dHepeemuKaivlK MUIMOLILIK
unOexci KOpCEeTKIITepiHe TOKTaJlaThIH OoJICcaK,
7 1IT (A = 0.56, ® =0.48), 8 LIT (A = 0.54, ©
=0.70) >xome 9 LII (A = 0.63, ® =0.68), GapabIK
LEHONOMYJISIIMSIAPABIH  TOCTTEHEPATUBTIK Ke3e-
HiHIE CyOCeHHMIBAIK (SS) mapakTapbIMeH Oipre
CCHWIBIIK (S) KYWIEri jJapakTapjblH TipKelyi
Aotcacmubik unoexci KOPCETKILIIHIH ) KOFapbl 00TybI-
Ha BIKTIAJT eTTi (3-KecTe).

Lenononymsiuusiiapia JUHAMUKAIBIK TPOIIEC-
TepAl KOepCeTeTiH KaJblHA KeNTipy, aybICTBIPY
JKOHE KapTal WHJEKCTEepi CaHJIBIK CUlaTTamaia-
pPBIH CaJBICTBIPMAJbl Talfay OapbichiHAa, Oap-
JBIK KepceTKiluTepi OoibIHIIA AKIIaTay IOIy-
msmmsacel (1,2 xone 3 LI1) xarmaiibiama Anthemis
trotzkiana eciMziri ecyiHe Koiailibl TIPIILIIK
OpTachl KaJblNTacKaH. TOMbIpaK bUIFaJIABUIBIFBI
2.3%, Tomeipak pH wmomi 7.79 koHE TyMy-
col 3.40 % KOPCETKIITEPIHIAE YEHONONYIAYUS-
Jap TIPOTPECCUBTI, OUTKEHI >ac BUPTUHHIBAIK
mapaktap OackIM, KeHerore OcifiM OOJFaHIbIKTAaH
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JKETUITeH THIKe skaraabl. A, Becray momynsiu-
schel (4, 5 xone 6 L) orcazoativi eciMaiKTIH ocyi
VIIH enoyip xoaaiiivl OONBITT TaOBUIIBI, ©HTKEHI
KBILIKBUIJIBIK OpTa KajbelnTacKaH. TonbipakTeiH pH
MOHI €H JKOFapfbl KepceTKill 8.41, BUIFaIIbUIbIFbI
con TteMeH 2.4% >KOHE TYMYCHI CaJBICTBIPMAIIBI
teMmeH (3.15%) Oonranma, Oacka MOMyJsIUsIIApFa
KaparaHla CHPEK TYPJiH T'eHEepaTHBTIK JapakKrap
CaHBI MOJI JK9HE TIOCTTEHEPATUBTIK JapaKTap/IbIH a3
OonybsiMeH epekiieneH . [leHomomymnsiusiappiy
KypaMbl TOJIBIK OOJMaraHMEH OJIApJbIH IIIiH/Ie
TCeHEPATUBTI JapaKTapIelH CaHBI 0achkIM OOJYHI,
LEHOTIOMYJISIUSIIAD AHAFYPIIBIM  KAJIBIITH  KOHE
JKETUITeH TUIIKE )KaTKbI3yFa MYMKIHJIIK Oepe/ti.
Nmkaparanray monynsnusceiaaa (7, 8 kxoHe
9 LIII) TompIpak BUTFATABUIBIFBL 2.5% MKOHE TOTIBI-
pakteiy pH moni 8.9, an rymycer 4.90% opra-
na Anthemis trotzkiana ecimoikmepiniy eMip
CYpy orcazoativl KaHAFaTTAHAPIBIK JKOHE ©31H-
e31 cakrayra KaOUIeTTUIiri TeMeHipek. SIfHw,
TOTIBIPAKTHIH BUTFAIIBUTBIFBI CAJT JKOFApHI OoJica 1a,
OCIMJIIK TYMYChI JKOFapbl OpTajia ecyl Haliapiay,
CoraH Opail aybICTHIpPY HMHAEKCI TemeH xxoHe LIII
KapTtaro kepcetkimm 0.2%. JlapaxTappIH KOTIILTIr
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cyOCeHMITBIIK (SS) KOHE CEHWJIBMIK (S) KyHiepre
katanpl. ['eHepaTHBTIK TIPIIUTIK KYHJICPiHIH CaHBI
opraiia OOJIFAaHMEH IOCTICHEPATUBTIK KE3eHIHJIe
JlapakTapabH 00ysl 7, 8 %oHE 9 IEHONOMyISIUs-
JIapJIbl JKETUITEeH THUITIHE KAaTKbI3yFa 00JaIbl.

KopbIThIHABI

Axre0e OOJIBICHI JKaFJalbIHIAFbl CHUPEK TYP
Anthemis trotzkiana Claus TeHOTIOTYIISAIUSIIAPHI-
Ha JXYPTri3iireH reo00TaHUKaJBIK 3ePTTEY, KACTHIK
Ky#uepi oHe aeMorpadusuIbIK Karaaibl OOWbBIH-
112 KOFAPBLIAaFbl KECTEJIEPAeri KoHe CypeTTeperi
CaHIBIK MOTIMETTEpIe TANIAY JKacall, TOMEHACTIaeH
KOPBITBIH/IBI J)KacayFa 00aIbl:

— 2016-2018 >xp1aapsl 3epTTEAreH eCiMIIKTIH
OHTOTEHETHKANBIK KYPBUTBIMBEI Anthemis trotzkiana
Claus nenomonyssiiusuiapsl A A. Ypano [28]
KJaccu(UKausichl OOWBIHIIA OapibIFbl >KETUITCH
JKOHE KaJIBINTHI JKarmaima, OipakK TOJBIK MYIIeNi
eMec. 3epTTey JKYpri3uly YakbIThiHA ©CIMJIIKTIH
OHTOTCHETHKAIIBIK CHEKTPIHIH TOJIBIK MYIIETi 00J-
Maybl, TYPJIiH BereTalusuIbIK JaMy Ke3€HiHIH epTe
KOKTeM/Ie OTyiHEe Opai, eKi JKbLT JKYPri3ireH dKc-
NeNUIUICHl  KYMBICBIHAA JapaKTapabl  ecerke
aly yakbIThl TaMbI3 aiibIHBIH OPTachlHA KeNyiMeH
OaitaHbIcThl OOMyBl BIKTHMaji. COHBIMEH Kartap,
KOKTEM KOHE JKa3Fbl ME3TUIIEepiHAe >KaKbIH aybLl
TYPFBIHAAPBIHBIH  OOpJBl  TayNap/belH TeOeciHe
JKOHE OOKTepIIepiH e Mall OaraThIHIBIFBIH €CKePCeK,
TYKBIMHAH ©HTEH OCIMIIKTIH >kac (hpaKuusIapablH
JKENHYyl MEH TanTalyblHaH 3€pTTEY YaKbIThIHIA
Ke3Jiecrieyi 90/JeH MYMKIH.

— 3epTTenred UEHOMOMYJSIUUsIIapAbIH  Oa3a-
JIBIK CIIEKTPIIEpi OIpIIbIHABL. | — 3 IIeHOTOMy AT -

JapJbIH HETI3ri OHTOTCHETHUKAJBIK CIIEKTpiHe Oa-
pBIHIIIA JKac >KOHE OpTa >KacTarbl T€HEPaTHUBTIK
JapaKTaphl MOFbIpJaHFad. 4 — 9 IEHOMOMyYJISAIINs-
Jlap OHTOTEHETHKAIIBIK CIIEKTPJICPl OPTACBhIHIA HKU-
HakrairaH. LleHomomynsmusiapaa Tek gapakrap-
JIbIH  THIFBI3/IBIFBI  OOMBIHIIA aWBIPMAIIBUIBIKTAD
Oaifkanazpl. ANaHKaiIapaarbl JapakTaplblH Op-
Talna THIFBIB3ABIFEI OOMBIHINA €H KOoFaprhIchl 5 LII1
-13.3(nana/ M?), en Temenrici 9 IIT 8.4(mana/ m?).
Anthemis trotzkiana ©CIMIITiIHIH KacTBIK KYpambl
MEH CaHbl OOWBIHINA IIaMajbl CAHJBIK AYBITKYyJap
raHa Oalikanaipl.

— Akte0e OOIBICHl JKaFIaWbIHAAFbl 3epTTe-
yre alblHFaH OapJIbIK OHTOTEHETHUKAIBIK KOPCET-
kimrep OoWbiHIIa Anthemis trotzkiana ecimuiri
yurie 2 monyinsiuus (4, 5, 6 LII) Becray OGopisr
Taybl €H KoJaiyibl Oombm oTeIp. byn momyssim-
sila TOMBIPAaK BUIFBUIABUIBIFBI 2,4%, Tombipak pH
MoHi 8,41 xoHe rymycol 3.15 % Oonranma cupex
TYP KBIIKBUIABUIBIFBI JKOFApPhl JKOHE TYMYCHI a3,
SIFHA KaJIMAI MOJI OpTaja >KaKChl ©CETIHMIrH
KepceTe/i.

— AKkTe0e OOJNBICBRIHIAFBI ENOIyJIAIUsIap-
JIbIH OHTOTEHETHKAJIBIK KYPBLIBIMBI MEH eMip-
MICHJIIT, JeMOorpadusuIbIK >KaFIaliblHA JKacallFaH
CTaTHCTUKAJIBIK TallJay, CHUPEK Ke3/IeCeTiH Typ
Anthemis trotzkiana Claus ieHOTIONy JIALUSIIAPBIHIA
TYP/iH >KOWBUTYbIHA TiKeJIeH TOHIN TYpFaH KayilTiH
JKOKTBIFBI aliKbIHIANIIBI. JlereHMeH, TYpIiH ecy op-
TaChlHA JKAKbIH €JIJI MEKEHICPACT] TYPFBUIBIKTHI
XaIIBIKTBIH, MaJl JKaiblll, TAOMFU OOp ajbIll Malja-
JIaHYBI TYP CaHBIHBIH KYPT TOMEHJEYiI MEH KOWbI-
JIybIHA OKEJICTIHIH ecKepcek, KazakCcTaHHBIH KbI3bLT
KiTaObIHA CHIeH CHPEK TYp epeKIle KeHin Oeiryni
Taar eTei.
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