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STUDY OF THE EFFECT OF NITROGEN-FIXING

CYANOBACTERIA ON THE GROWTH RATE
OF THE STRAWBERRY SUNRISE T-4 STRAWBERRY VARIETY

, B.K. Zayadan @ , A.K. Sadvakasova R

", Storay Wefag

The article presents the results of the study of nitrogenase activity of five strains of cyanobacteria
from the collection of phototrophic microorganisms of Al-Farabi Kazakh National University and their ef-
fect on the growth of strawberries. Nitrogen-fixing cyanobacteria were studied by strains Anabaena vari-
abilis R-I-5, Anabaena sp. 7912, Anabaena sp. Z-1, Nostoc calsicola RI-3, Nostoc sp. S-2, and according
to the results obtained high activity of nitrogenase in the strain Anabaena variabilis R-I-5. In the study
of the effect of cells of different concentrations of the strain Anabaena variabilis R-I-5 on the growth of
strawberry Strawberry Sunrise T-4, it was found that its suspension of 24x10° cells/ml and 48x10° cell/
ml had a positive effect on strawberry growth. In addition, an increase in the number of strawberry roots
was observed in the suspension of cyanobacterial biomass 24x10° cell/ml. An increase in the number of
strawberry leaves, root length, stem height and a significantly higher yield of dry biomass of strawberries
were observed in the suspension of the study in the amount of 48x10° cell/ml. The optimal cell count of
the nitrogen-fixing cyanobacterium Anabaena variabilis R-I-5 suspension, which has a positive effect on
the growth of strawberry plants, was 48x10° cell/ml. The obtained results allow to use the nitrogen fixing
strain Anabaena variabilis R-I-5 for obtaining biological products in agrobiotechnology.

Key words: Nitrogen-fixing cyanobacteria strains, grow of Strawberry Sunrise T-4 variety, molecular
nitrogen absorption in air.

b.A. Kocaabaes, b.K. 3asaan, A.K. CapBakacoBa,
K. boaaTxaH’, A. TekeH, Ctopait Yedpak

OA-Dapabu atbiHaarbl Kasak, yATTbIK yHMBEpcuTeTi, KasakcraH, AAmarsl K.,
“e-mail: zbolatkhan@gmail.com

KyAnbiHaiabiH, Strawberry Sunrise T-4 COpTbIHbIH, ©6CY KOpCeTKilLTepiHe
a30T puKcauMsAayLLbl LLMAaHOOAKTEPUSIHbIH, dCepiH 3epTTey

Makanapaar-Dapabu atbiHaarbl Kasak YATTbIK YHUBEPCUTETIHIH (DOTOTPOG T MUKPOOPraHU3MAED
KOAAEKLIMSICbIHAH aAbIHFaH UMaHOGaKTepUsiHbIH, GEC LITaMMbIHbIH, HUTpOreHasa GeAceHAiAiri >xexe
OAQPABIH, KYAMbIHAMABIH ©6Cy KepcCeTKillTepiHe TUri3eTiH 9CepiH 3epTTey HOTMXKEeAepi KeATipiAreH.
AsoTdmKcaumsAaylibl  umMaHobakTepusiaap Anabaena variabilis R-1-5, Anabaena sp. 7912, Ana-
baena sp. Z-1, Nostoc calsicola RI-3, Nostoc sp. S-2 wrtamMmaapbIMeH 3epTTey >KYPri3iAai XKoHe
aAblHFaH HaTuxeAepre caikec Anabaena variabilis R-I-5 wTammMbiHAQ HUTpOreHasaHblH, >KOFapbl
GeAaceHAIAIri  Tipkeaai. Anabaena variabilis R-1-5 wTamMMbiHbIH  8pPTYPAI  KOHLEHTpaAUMSAAFbI
KAETKaAapbIHbIH, KyAMbiHar Strawberry Sunrise T-4 copTblHbIH, 6CyiHe acepiH 3epTrereH Taxipubeae,
OHbIH, 24x10° KAeTKa (KA)/MA >kaHe 48x10° KA/MA CyCreH3UsICbl KYAMbIHAMABIH ©Cy KepceTKillTepiHe
OH ocepiH OepeTiHAiri aHbikTaAAbl. CoHbIMEH KaTtap, umaHoOakTepusi 6GruomaccacbiHbid, 24x10° KA/
MA CYCMEH3MSCbIHAQ ~ KYAMbIHAM TaMblPAAPbIHbIH CaHbIHbIH, ©cyi 06arkaAasbl. 3epTTeyaid 48x10°
KA/MA MOALLEPAETi CYCMeH3USCbIHAQ KYATbIHAMA >KarblpakTapblHbiH CaHbiHbIH KO0eti, TambIpAbIH
Y3bIHAbIFbIHbIH, ©CYi, cabakTapblHblH, GUIKTIri TipKEAA] KOHE KYAMbIHAMAbIH KypFakK, G1MOMaccacbiHbiH,
LWbIFbIMbI €ABYIP >KOFapbl BOAFaHbI aHbIKTaAAbl. KyAnbiHAM ©CIMAIriHIH ecyiHe OH acep eTeTiH a3oT
ukcaumsaaywbl umaHobakTepus Anabaena variabilis R-1-5  cycneHausicbiHbIH €H OHTalAbl KAETKA
caHbl 48x10° KA/MA GOAAbI. AAbiHFaH HaTuxeAep Anabaena variabilis R-I-5 a3oT dmkcaumsrantbiH
LUTAMMbIH arpoBUOTEXHOAOTMSIAQ BUMOAOTMSIAIK, OHIM aAy YLIiIH KOAAQHYFA MYMKIHAIK 6epeai.

Ty#in ce3aap: a3oTmKcaumsiAayllbl LaHo6akTepus iTamaapsl, Strawberry Sunrise T-4 cOpTbIHbIH,
ecyi, ayaparbl MOAEKYAQABIK, @30TTbl CiHipY.
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M3yuyeHne BAUSIHUS a30TPUKCUPYIOLLMX LLUAHOBAKTEpPUIi
Ha rnokasareAei pocta copta KAyoHuku Strawberry Sunrise T-4

B craTbe npeacTaBAeHbl pe3yAbTaTbl MccaeaoBaHms KasHY mm. aab-Dapabu no HUTporeHasHom
aKTMBHOCTU MATH WITAMMOB LMAaHOGAKTEPUIA M3 KOAAEKLMU (POTOTPOMHBIX MMKPOOPraHUM3MOB U UX
BAMSIHMIO Ha POCT 3EMASIHUKM. A30T(MMKCUPYIOLLME LMAHOBAKTEPUM MCCAEAOBAAM HA LUTammax Ana-
baena variabilis R-I-5, Anabaena sp. 7912, Anabaena sp. Z-1, Nostoc calsicola RI-3, Nostoc sp. S-2 1 no
pe3yAbTaTamM MOAYYMAM BbICOKYIO aKTMBHOCTb HMTPOreHasbl B Witamme Anabaena variabilis R-1-5. Mpwu
U3YyUeHMU BAUSIHMS KAETOK WiTamma Anabaena variabilis R-1-5 ¢ pa3Hoit KOHLeHTpaumern Ha pocT KAYOHUKM
Strawberry Sunrise T-4 6bIAO 06HapPY>KEHO, UTO €ro CycrneHsms, coaepskaias 24x108 KAeTOK (KA)/MA
M 48x10° KA/MA, OKa3bIBAET MOAOKMTEAbHOE BAMSIHME HA POCT KAYOHMKM. Kpome Toro, yBeanuyeHue
KOAMYECTBA KOPHEM KAYOHMKM HABOAIOAAAOCH B CYCMeH3uM OMOMACcChl LiMaHoOakTepmin 24x108 KA/MA.
YBEAUUEHME KOAMUECTBA AMCTbEB KAYGHMKM, AAMHbI KOPHS, BbICOTbI CTEBAS M 3HauMTeAbHO Goaee
BbICOKMI BbIXOA CYXOM OMOMACCbl KAYOHUKM HAOAIOAAAM B CYCneH3uM B KoAmdectBe 48x10° KA/MA.
OnTUMaAbHOE KOAMYECTBO KAETOK B CYCMeH3MM a3oTuKeMpytowen umaHobaktepmmn Anabaena varia-
bilis R-I-5, KOTOpas MOAOXKMTEAbHO BAMSIET HAa POCT PACTEHUIA KAYBHMKM, COCTABASIAO 48 10° KA/MA.
[MoAyyeHHble pe3yAbTaTbl MO3BOASIOT UCMOAb30BaTb a30TMKCHMpPYIOLWMiA WwTaMm Anabaena variabilis

R-I-5 AAS MOAyYeHMs GronpenapatoB B arpo6UMOTEXHOAOTMN.
KAtoueBble cAOBa: a3oTMKCHMpyioLMe LTaMMbl UMaHobakTepuii, pocT copta Strawberry Sunrise

T-4, norAoLLEeHEe MOAEKYASIDHOIO a30Ta Ha BO3AYXE.

Introduction

Intensive cultivation of agricultural crops in the
country has led to a decrease in soil fertility due to
a lack of organic and mineral fertilizers, including
nitrogen. According to soil scientists in Kazakhstan,
60% of the country’s soil cover is subject to soil
erosion. Over the past 20-40 years, the loss of the
humus layer amounted to 8-30%, which became
the basis of soil fertility, including a decrease in the
most valuable humic acids and hydrolyzed nitrogen
45% and 48% respectively. Nitrogen is known to be
one of the most important nutrients for plants. Nitro-
gen makes up 1-5% of their dry biomass and is an
important component of chemical processes. Crop
yields in different agricultural regions are often
closely linked to soil nitrogen reserves. The capac-
ity of biological nitrogen is three times higher than
that of chemical nitrogen introduced as a fertilizer.
Therefore, the current issue is to carry out concrete
work to restore the soil. On this basis, it is important
to replace the traditionally used chemical fertilizers
with biofertilizers that produced from/by biological
objects. Molecular nitrogen in the air helps to pre-
vent soil erosion and provides plants with a normal
amount of nitrogen absorbed on the basis of biologi-
cal processes [1].

The amount of nitrogen in the soil depends on
the intensity of microorganisms that fix N, in the
air. Among them, nitrogen-fixing bacteria (azoto-
bacteria) and cyanobacteria play a leading role in

the formation of nitrogen in the air. Some species
of cyanobacteria are able to fix atmospheric nitro-
gen in the absence of nitrogen in the environment.
They use special cells called heterocysts to produce
nitrogen [2]. Some heterocystic species produce
high levels of nitrogen in the air, while some spe-
cies have relatively low nitrogen consumption. All
of them are similar in terms of biochemical mecha-
nisms of fixation of molecular nitrogen. It is based
on the process of reduction of N, which follows the
following equation:

N,+ 6 +6 H"— 2 NH,

In the cell, this reaction takes place in the
presence of the enzyme nitrogenase, which is
present in the inner membrane of the cell.

The amount of nitrogen fixed and consumed
from the air is directly related to the activity of the
enzyme nitrogenase in the species of cyanobacteria.
Among cyanobacteria, heterocystic forms absorb
nitrogen from the air and distribute it in the soil. It
is known that the soil is the habitat of underground
nitrogen-fixing  microorganisms.  Strains  of
cyanobacteria in the soil fix atmospheric nitrogen,
bind soil particles together and help retain moisture
and prevent erosion. In addition, nitrogen-fixing
cyanobacteria increase the content of micro- and
macronutrients in the soil and increase the supply of
important plant growth hormones — phytohormones
(3, 4].
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In addition, the biomass of cyanobacteria is
rich in amino acids and vitamins, which in turn are
important chemical compounds necessary for plants
[5,6,7,8]. Active cyanobacteria for nitrogen fixation
are potential microorganisms that are suitable for
the replacement of traditionally used chemical
fertilizers [9,10]. The effect of nitrogen-fixing
cyanobacteria is beneficial for crops such as wheat,
strawberries, soybeans, oats, radishes, cotton, sugar
cane, corn, chili, peas, tomatoes [11, 12]. Righini et
al. (2018) proved in his study that the biomass of
microalgae cells had a positive effect on the growth
of strawberries and contributed to an increase in
productivity growth [13].

Strawberry is a widely used crop around the
world. In addition, strawberries are known for their
aroma, bright red color, juicy texture and sweetness
[14]. It should be noted that its antioxidant
properties are beneficial to the human body, and
its normal consumption has a positive effect on the
neutralization of radicals in the body. Currently,
China and the United States produce about 3.8 Mt
and 1.4 Mt of strawberries per year. Mexico, Turkey
and Spain produced about 468 kt, 415 kt and 366 kt
of strawberries in 2016. Currently, strawberries are
grown commercially and their seeds are prepared in
vitro and propagated in artificial plants [15].

Strawberry seedlings can be grown in soil,
hydroponic and soilless production systems, in
the open field or in a protected area. The choice of
cultivation system depends on climatic conditions,
market demand and exports. In China, open field
and protected field systems are used [16], open field
is the most widely used system in the United States,
and Italian manufacturers use special greenhouses.
In our study, we studied the effect of nitrogen-fixing
cyanobacteria on strawberries, as this plant has a
short reproductive period and a large number of roots
and shoots. Therefore, the impact of environmental
factors can be clearly seen.

The article covers the study of the activity of
the enzyme nitrogenase of cyanobacterial strains.
In addition, the effect of different concentrations
of Anabaena variabilis R-1-5 strain that has
high nitrogen fixation activity compared to other
cyanobacterial species was studied on the growth
rates of Strawberry Sunrise T-4 strawberry.

Materials and methods

The object of research is 6 different strains of
cyanobacteria from the collection of phototrophic
microorganisms of Al-Farabi Kazakh National
University — Anabaena sp. 7912, Anabaena sp. Z-1,

Anabaena variabilis R-1-5, Nostoc calsicola RI-3,
Nostoc sp. S-2, Synechocystis sp. PCC 6803 strains
and Strawberry Sunrise T-4 strawberry variety.

Cultivation of strains of cyanobacteria

Collection strains of cyanobacteria were actively
grown in 250 ml flasks at a temperature of 25°C, 450
pumol photon m*/sec. The light was transmitted from
one side of the flask and a BONY air pump (PRC)
was used during cultivation.

Determination of nitrogenesis activity by
acetylene method

Nitrogenase activity was determined by injecting
a 10% acetylene/90% argon gas mixture into a vial
for 30 min [17]. Cells were cultured for 24 hours
at 250 umol photon m?/sec. After incubation, 500
ul of gas samples were taken and the concentration
of ethylene in the gas mixture was determined. The
redox activity of acetylene was determined on a
gas chromatograph GC-15A (Shumadzu, USA),
and was shown in nmol ethylene/mg dry biomass
(mg)/h. Nitrogen-fixing collection strains were
cultured under light under anaerobic conditions
(90% argon/10% acetylene) for 24 hours and the
amount of ethylene released on a gas chromatograph
was determined.

Obtaining biomass of the Anabaena variabilis
R-I-5 strain

Nitrogen-fixing cyanobacteria strain Anabaena
variabilis R-1-5 was intensively grown in a 5-liter
photobioreactor PBR-5 (Bioreactors, Latvia) under
a light of 450 pmol photon m*sec at a temperature
of 25°C and aerated with an Airpump 350 (China).
BG-11 culture medium was used to increase the
accumulation of cyanobacteria. When the optical
density was 0.6 the cell biomass was collected the
rotating with a Centrifuge 5810 (Eppendorf, USA)
at a speed of 5,000 rpm for 15 minutes. The rate of
cell growth was measured with an optical density
spectrophotometer KFK-3-01 (Russian Federation).
The optical densities of the suspension at 6 different
concentrations were prepared and measured at a
wavelength of 720 nm (Figure 1).

Figure 1 — PBR-5 photobioreactor
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Growing strawberries

Strawberry Sunrise T-4 strawberry was obtained
from the Biotechnology laboratory of Dankook
University (South Korea). In the laboratory, 2-week-
old strawberry seedlings grown in vitro are cultivated
in a mirror camera “Plant Factory” (Allen, Republic
of South Korea). The roots of the seedlings were cut
to a length of 3 cm. The length of the plant was 3-4
cm and the number of leaves was the same in all
samples. The temperature of the culture chamber
was 25°C. The light is on for 12 hours in the dark/12
hours in the light mode. Special red spectrum light
bulbs were used for normal growth of strawberries.

Obtaining dry biomass of strawberries

At the end of the experiment, the strawberry
seedlings were removed from the soil, and washed
three times. Dried in a Petri dish for 3 days in
a dark thermostat “SNOL 67/350” (AB Utenos
Electrotechnika) at a temperature of 70 °C. Then,
the dry biomass was measured using a laboratory
scale (Clever, China).

Preparation of suspension

Strawberry Sunrise T-4 strawberry seedlings
were grown in 200 ml hydroponics in a 250 ml
moisture storage container. The duration of the study
was 30 days. 50 ml of liquid biomass of Anabaena
variabilis R-1-5 was poured on 50 ml of Murashige
and Skoog culture medium and 100 ml of liquid
was prepared in 6 different cell concentrations of

suspension:
Control 1 - nitrogen in 100 ml of Murashige and
Skoog medium (+ KNO,);

Control 2 - 100 ml of nitrogen-free Murashige
and Skoog medium (- KNO,);

Option 1 (0.1 optical density) - 50 ml nitrogen-
free Murashige and Skoog medium + 50 ml
suspension of Anabaena variabilis R-1-5 strain -
where the total number of cells in 100 ml was 6x10°
cell/ml;

Option 2 (0.3 optical density) - 50 ml nitrogen-
free Murashige and Skoog medium + 50 ml
suspension of Anabaena variabilis R-1-5 strain
- where the total number of cells in 100 ml was
12x10° cell/ml;

Option 3 (0.6 optical density) - 50 ml nitrogen-
free Murashige and Skoog medium + 50 ml
suspension of Anabaena variabilis R-1-5 strain
- where the total number of cells in 100 ml was
24x10° cell/ml;

Option 4 (1.2 optical density) - 50 ml nitrogen-
free Murashige and Skoog medium + 50 ml
suspension of Anabaena variabilis R-1-5 strain
- where the total number of cells in 100 ml was
48x10° cell/ml;

Option 5 (2.4 optical density) - 50 ml nitrogen-
free Murashige and Skoog medium + 50 ml 2.4
optical density Anabaena variabilis RI-5 strain
suspension - where the total number of cells in 100
ml was 96x10° cell/ml;

Option 6 (4.8 optical density) - 50 ml nitrogen-
free Murashige and Skoog medium + 50 ml
suspension of Anabaena variabilis R-1-5 strain - the
total number of cells in 100 ml was 192 x10° cell/ml.

The number of cells was measured at different
optical densities (0.05, 0.5, 1, 1.5, 2, 3, 4, 5) and
the 6 different suspension concentrations was
measured using a linear measurement using the
Excel trend line calculated according to the formula
— y=4E+07x. The mean deviation of the measured
optical densities was (R?)=0.9883 (Figure 2).

200108
= y=4E+07x
oL I— (R?) =0.9883
B2 Dox1os
=
r'-J
= 100x10°
g
= 50x108

0 1 2 3 4 5

Optical density at 720 nm

Figure 2 — Trend line of the ratio of the optical density of the
strain Anabaena variabilis R-1-5 to the number of cells

Statistical analysis

The study was conducted 3 times. The results
were processed according to the statistical system
“ANOVA”. The figures show the arithmetic results
of research and deviations from their standards. For
the discussion of the results, the standard deviation
did not exceed 10% [18].

Results

Determination of nitrogenase activity based on
acetylene oxidation is the most important method
that demonstrates the ability of microorganisms
to fix nitrogen. Microorganisms (Azotobacter,
Cyanobacteria) capable of fixing nitrogen in the
air and convert acetylene (C,H,) to ethylene (C,H,)
[19]. Because the reduction processes of molecular
nitrogen and acetylene are similar, they are widely
used to conduct and study nitrogen fixation. If N,
and C,H, gases are present simultaneously in the
gas chromatograph vial, then acetylene is reduced

7
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primarily due to the presence of electrons in the
carbon atom. Therefore, it is important to create
anaerobic conditions (without nitrogen, oxygen,
carbon) during the experiment [20,21].

The purpose of this work is to determine
the nitrogenase activity of nitrogen-fixing
cyanobacteria. Research was conducted to
determine the high nitrogenase activity of five
different nitrogen-fixing strains from the collection.
Synechocystis sp. PCC 6803 heterocyst-free strain
was obtained as a control.

The results of the obtained gas chromatograph

cyanobacteria showed nitrogenase activity in
acetylene atmosphere. However, their ability to
reduce acetylene to ethylene has been shown to vary.
According to the results, among the studied species,
the strain of Anabaena variabilis R-1-5 accumulated
relatively low ethylene, and the strain of Anabaena
variabilis R-1-5 accumulated the highest amount of
ethylene (3.57 £0.26 nmol ethylene/mg dry weight
(DW)/h). In addition, an experiment with Nostoc
calsicola RI-3 strain showed a value of 1.82 £0.06
nmol ethylene/mg DW/h. As expected, nitrogenase
activity was not observed with Synechocystis sp.

showed that all strains of nitrogen-fixing PCC 6803 strain (Figure 3).
4
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variabilis R-I- 7912 Z-1 calsiccla RI-3 sp. IPPAS B- sp. PCC 6803
5 1220
Figure 3 — Results of the study of nitrogenesis activity of collecting cyanobacterial strains
During the experiment, Nostoc sp. S-2  of cells. On the 11" day, the log phase of the

(1.69£0.05 nmol ethylene/mg DW/h), Anabaena sp.
7912 (1.2+0.03 nmol ethylene/mg DW/h) Anabaena
sp. Z-1 strains (1.13 £0.014 nmol ethylene/mg
DW/h) showed close results.

The Anabaena variabilis R-1-5 strain showed
high levels of ethylene and was selected for further
research.

The Anabaena variabilis R-1-5 strain was
characterized by high activity of nitrogen fixation
properties. In this context, it is important to study
the dynamics of growth. The next step was to study
the growth of cells of the Anabaena variabilis
R-I-5 strain (Figure 4). Active cell growth was
recorded from day one and had an optical density
of 0.03 units. In the following days (2-11) there
was a linear increase and an increase in the number

culture was completed, the biomass of the cells
was obtained in the stationary phase and the high
optical density was 2.6 units. On the 14" day, the
death phase began.

The next step was to determine the effect of
nitrogen-fixing cyanobacteria strain on the growth
rates of strawberries. In this context, the effect of
cyanobacteria Anabaena variabilis R-1-5 with high
nitrogenase activity on the growthrates of Strawberry
Sunrise T-4 was studied. In some published articles
[22,23,24], Anabaena and Nostoc strains have
shown the ability to replace chemical nitrogen in the
nutrient medium with biological nitrogen. This is
because they can fix the free nitrogen in the air with
the help of the nitrogenase enzyme in heterocysts
and distribute it in the soil [25].
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Figure 4 — Growth dynamics of Anabaena variabilis R-1-5 cyanobacterial strain

In the study of the biomass effect of different
suspension concentrations of the Anabaena
variabilis R-1-5 strain on the variety Strawberry
Sunrise T-4, the number of cells per 1 ml was taken
into account.

As shown in Figure 5, the growth rates of
strawberry seedlings were different. First of all, the
number of seedlings was registered. At the end of the
experiment, different suspension concentrations of
cyanobacterial strains were recorded, respectively,
different numbers of leaves. In control 1, 35+6.3
leaves were observed. In option 1, the number of
growing leaves was 26+£5.4, and in control 2, a
slightly lower value (23 + 4.3 leaves) observed. In
the 3™ and 4™ options there was an increase in the
number of leaves. Although the positive growth
rates were higher at 48x10° cell/ml, the increase in
cyanobacteria to 96x10° cell/ml was lower and the
number of leaves in this option of the experiment
was 34 pieces. In addition, it should be noted that
the concentration of cyanobacterial suspension
192x10° cell/ml had a negative effect on the growth
of strawberries. Figure 5 shows a microphoto of
strawberries in the control and experimental option
on the 30" day of the experiment.

Figure 6 shows the results of different
suspension concentrations effects of cyanobacterial
strains on strawberry seedlings. Next, the number
of roots of Strawberry Sunrise T-4 seedlings was

recorded. It is known that the increase in the number
of roots ensures the normal growth of plants and
the normal transfer of macro and micronutrients in
the soil throughout the plant [26,27]. Therefore, it
is important to study the effect of a cyanobacterial
suspension on the root system of plants.

In control 1, 15+2.2 lateral and umbilical
roots were found. In control 1, 10+2.1 roots were
registered. In the 1** and 2™ options, the number
of growing roots did not differ significantly from
control 2 — 10 +£3.2 and 11 £2.2. However, in option
3, the highest roots value was recorded, which was
1 unit higher than in the nitrogen version of the
control (16+1.5). In option 4, there was a decrease
in the number of roots, and this control showed an
equal result. The results of the study showed that the
suspension concentration of cyanobacteria in option
3 had a positive effect on the growth of Strawberry
Sunrise T-4. As shown in Figure 7, many side
effects have been found to have a positive effect on
root growth. In option 5 and 6 in this case, 12+3
roots were recorded. It shows that the suspension
concentration of excess cyanobacterial cells had
a toxic effect on plant growth. When too much
suspension was introduced, plant growth slowed
down, air circulation was disrupted due to the
proliferation of cells on the soil surface, and harmful
microorganisms accumulated on the soil surface.
This, in turn, leads to rapid disease of plants [28].
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Figure 5 — Effect of different suspension concentrations
of cyanobacterial strain Anabaena variabilis R-1-5 on the growth of Strawberry Sunrise T-4.
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Figure 7 — The effect of different suspension concentrations
of the nitrogen-fixing Anabaena variabilis R-1-5 strain on the number of strawberry roots

Next, we studied the length of the root. This is  length of roots affect the normal growth of the plant. At
because root length plays an important role in plant  different suspension concentrations of cyanobacteria
growth and molecular nitrogen has a high effect on  species, respectively, grew different root lengths.
root growth. Since all macro- and micronutrients come ~ Control 1 seedlings showed higher values than
to the plant through the roots, the large number and  seedlings with control 2 — 7 £0.5 cm and 5 £1.2 cm.
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Figure 8 — Effect of different suspension concentrations of cyanobacterium nitrogen-fixing Anabaena variabilis
R-I-5 strain on the length of strawberry roots
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In control 1, an average root length of 7+0.5
cm was recorded. In the 1 and 2™ options, the
growth rates are slightly higher — 7+0.8 cm and
5.9£1.3 cm. In addition, the average length of the
growing roots in option 4 with a cell concentration
of 48x10° cell/ml was 8.2+1.12 ¢m, which was the
highest. In option 5, a decrease in root length was
observed. The lowest root length was observed in
control 2 and option 6 — 5+1.12 cm and 5.6+0.67
cm. The results showed that the optimal suspension
concentration of cells stimulated the growth of
strawberries, and the excess reduced the growth of
plant roots. Version 4 of Anabaena variabilis R-1-
5 in 48x10° cell/ml was found to have a positive

effect on the growth of seedlings of Strawberry
Sunrise T-4 (Fig. 8).

Next, the indicators of plant length were
recorded (Table 1). When studying the effect of
cyanobacteria, which are able to fix nitrogen at
different suspension concentrations, on the growth
rate of strawberries, it was found that their length
varies. The difference between control 1 and control
2 was 5 cm (Fig. 5). This shows that the strawberry
plant is directly dependent on the concentration of
nitrogen in the soil. The plant length of 16£3.5 cm
was recorded in option 4, and in option 5 of 96x10°
cell/ml cell fluid and in option 2 of 12x10° cell/ml
the same low value was recorded — 13+2 cm.

Table 1 - The effect of different concentrations of cyanobacteria of the nitrogen-fixing strain Anabaena variabilis R-1-5 on the

growth of strawberries

Ne Options of experiment Growth of strawberries, cm
1 Control 1 — Murashige and Skoog medium with N, 17£2,5
2 Control 2 — Murashige and Skoog medium without N, 12+1
3 1-option — 6x10° cell/ml (OD-0,1) 13+2
2- option — 12x10° cell/ml (OD-0,3) 1342
5 3- option — 24x10° cell/ml (OD-0,6) 14£2.5
6 4- option — 48x10° cell/ml (OD-1,2) 16£3,5
7 5- option — 96x10° cell/ml (OD-2,4) 13£2
8 6- option — 192x10° cell/ml (OD—4,8) 14+1,5

In addition, it should be noted that the increase in
the number of cells above 96x10° cell/ml had a nega-
tive impact on the growth of seedlings. In option 6 with
the highest density, a strawberry length of 14+1.5 cm
was recorded. It should be noted that option 4 has a
positive effect on the normal growth of plants.

After measuring all the indicators of strawberry
growth, the yield of biomass was determined. It
should be noted that the dry biomass of roots,
leaves and stems of plants was calculated during
the registration of this indicator. At the end of the
experiment, the seedlings were washed and placed
at 60 °C for 72 hours. As expected, 2.9+0.6 g of dry
biomass was recorded in 1 control of the nitrogen in
the Murashige and Skoog medium, which was close
to option 5 (Table 2).

The highest value was recorded in option 4, and
this was higher than control 1 to 0.2 g (3.1£0.71
g). However, this indicator was 2.6+£0.8 g of dry
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biomass of strawberry option 3 in 24x10° cell/ml
suspension.

The biomass of strawberries affected by different
suspension concentrations of cynobacterial strains
was different. The study took into account the length
of the stems, the size of the cracks and the thickness
of the roots. However, it was not presented in the
form of a graph due to the lack of specific common
indicators in the study.

In conclusion, it was observed that the strain of
cyanobacteria Anabaena variabilis R-1-5 affects the
growth of strawberries. It was found that this strain
absorbs nitrogen from the air with the help of the
enzyme nitrogenase and transfers it to the soil. It
was found that different suspension concentrations
of cells of the studied cyanobacterial strain have
different effects on the growth rates of strawberries
(number of leaves, number of roots, root length,
length of growth, dry weight of the plant).
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Table 2 — Effect of different suspension concentrations of cyanobacterium strain of nitrogen-fixing Anabaena variabilis R-1-5 on the

weight of strawberries

Ne Options of experiment DW of plant, g

1 Control 1 — Murashige and Skoog medium with N, 2,940,6

2 Control 2 — Murashige and Skoog medium without N, 1,5+0,5

3 1-option — 6x10° cell/ml (OD-0,1) 2,1+0,65

4 2- option — 12x10° cell/ml (OD-0,3) 2,5+0,5

5 3- option — 24x10° cell/ml (OD-0,6) 2,6+0,8

6 4- option — 48x10° cell/ml (OD-1,2) 3,1+0,71

7 5- option — 96x10° cell/ml (OD-2,4) 2,8+0,53

8 6- option — 192x10° cell/ml (OD-4,8) 1,3+0,5

Discussion plant growth. In addition, Shariatmadari (2013)

The results of this experiment showed the effect
of nitrogen-fixing cyanobacteria on the growth of
strawberries. In the study of nitrogenase activity, it
should be noted that the strain Anabaena variabilis
R-I-5 showed the ability to fix high nitrogen. The
results obtained in these experiments showed slight
differences compared to controls. In the experimental
versions, some growth rates were higher than in the
standard Murashige and Skoog medium. The strain
Anabaena variabilis R-1-5 was found to have a
positive effect on root length, leaf growth, dry weight
of the plant and increase in the number of roots.
Studies based on this have shown that cyanobacteria
can have a positive effect on root growth and
improve soil water and nitrogen metabolism [29,30].
It should be noted that the growth of plants treated
with cyanobacterial cells can be influenced by
several factors, in particular, the high concentration
of chemicals released by cyanobacteria and macro-
and micronutrients in the nutrient medium [31].
These heterocystic cyanobacteria increase the
amount of nitrogen and ammonium in the soil due
to their ability to fix nitrogen. Cyanobacteria use a
special enzyme nitrogenase to increase the amount of
chemical nitrogen in the soil, and we have identified
the activity of nitrogenesis in 5 different nitrogen
fixing strains. Estimation of nitrogen formation
rate of these 5 species shows that these heterocystic
cyanobacteria can naturally form atmospheric N,
(Figure 1). Among them, high nitrogenase activity
was observed in the strain Anabaena variabilis
R-I-5. Our results also showed that the presence
of growth-promoting substances responds to the
beneficial effects of these cyanobacterial cells on

reported that the cells of some cyanobacteria
releasing phytohormones IAA (indole 3-acetic acid)
and IBA (indole 3-butyric acid) in addition to fixing
atmospheric nitrogen [31]. Auxins (IBA) are plant
hormones used to stimulate root growth [32]. In
addition, some studies suggest that nitrogen-fixing
cyanobacteria have a positive effect on plant growth
and nutrient uptake [33]. Nostoc species increase the
amount of organic matter in the soil - (C, N, etc.),
increase plant growth and metabolic and energy
activity [31]. In addition, polysaccharides released
from cyanobacteria affect the structural stability
of the soil, improve soil quality and normal plant
growth [31].

In our study, slightly lower values were observed
when strawberries were irrigated with a high-
density cyanobacterial suspension (options 5 and 6).
According to the cited literature, an excess of cells
can disrupt the metabolism in the soil and prevent
the respiration of beneficial microorganisms in the
soil. In addition, cell biomass accumulated on the
soil surface is likely to inhibit plant growth due to the
release of excessive amounts of various chemicals
(phytohormones, biologically active substances,
etc.). According to Jacoby (2017), excess nitrogen
in the soil is likely to adversely affect plant growth
[28]. This is because the maximum accumulation of
single-stranded heterocysts in a nitrogen-free BG-11
culture medium can reach 8-12 cells. Heterocysts in
a humid environment absorb excess nitrogen from
the air on the basis of the enzyme nitrogenesis and
break it down into the soil [34]. In addition, high
cell concentrations lead to soil contamination. In
this case, the growth of lethal cyanobacterial cells
can also cause bacteriological contamination.
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Conclusion

The activity of the enzyme nitrogenesis of
cyanobacterial strains was studied by the acetylene
method. The effect of suspension of six different
concentrations of strain Anabaena variabilis R-1-5
with relatively high nitrogen fixation intensity on
strawberry growth rates (number of leaves, height,
number of roots, root length, dry weight) was
studied. In the study of the effect of nitrogen-fixing
cyanobacteria strain on the growth of seedlings
of Strawberry Sunrise T-4, it was found that the
culture suspension 24x10° cell/ml had a positive
effect on plant root growth. The suspension of
cyanobacteria 48x10° cell/ml had a positive

effect on the number of leaves, root and height of
strawberries and the accumulation of dry biomass.
Studies have shown that the strain Anabaena
variabilis R-1-5 can improve the growth of
strawberries and provide it with a normal source of
nitrogen. In conclusion, 48x10° cell/ml Anabaena
variabilis R-1-5 cyanobacterial suspension was
found to have a positive effect on the growth of
Strawberry Sunrise T-4.
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STUDY OF THE POROSITY OF LIMESTONE DURING
THE CULTIVATION OF MICROORGANISMS

This article presents the results of changes in porosity of limestone, as a model material of an
oil carbonate reservoir, during the cultivation of microorganisms, which are isolated from extreme
underground conditions like depleted oil reservoir, that is capable of producing active oil-liquefying and
oil-displacing metabolites. Microbial metabolites — acids and alcohols — dissolve carbonate rocks, pre-
vent salt deposition, increase porosity, oil mobility and formation permeability The purpose of this study
is to examine changes in open porosity of limestone, which is a model material of the carbonate reservoir
of oil, during the cultivation of microorganisms in waters of productive oil strata for 30 days. As a result
of this research, it was found that all 8 bacterial cultures with high target activity (acid, gas formation, oil
emulsification) are capable of increasing the porosity of limestone (chalk) from 6.5-15.3 %. It was found
out that two cultures, namely Bacillus sp. KB-4 and Bacillus cereus KB-2 have the maximum ability to
expand limestone pores. As such, porosity coefficient of the material increased from 33,8% and 33,3%
to 48,5% and 48,6%, respectively. As a result of our research, two cultures of bacteria, Bacillus sp.KB-4
and Bacillus cereus KB-2, were selected as having potential for the development of microbiological
methods to improving oil recovery of depleted oil reservoirs.

Key words: microorganisms, enhanced oil recovery, porosity, limestone, acidifier.
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MukpoopraHuamaepai AakbiasayAa
OKTACTbIH, KeYEeKTIAIriH 3epTTey

Makanapa 3kCTpeMaaAbl XXep acTbl aFAalAapbiHAH OOAIHINM aAblHFAH MWKPOOPraHU3MAEPAI
AAKBIAAQY KE3IHAE OKTaC KeyeKTIiAIriHiH e3repy HaTuxeaepi OepiareH. 3epTreyae KOAAaHFaH
61006bEKTIAED — >KOFAPbl MYHAM CYMbIATYLIbI >KOHE MYHaMbIFbICTLIPYLIbI GEACEHAIAIKKE ne, aA
MYHaMAbIH KapBOHATThl KOAAEKTOPbIHbIH, MOAEAT PETIHAE BKTACTbIH TYPi — 60P aAbiHAbL. MUKPOOTHIK,
METaboOAUTTED — KbIWKbIAAAD MEH CrMPTTEP — KApOOHATTbI Tay>KbIHbICTAPAbI €pITeAl, TY3AblH
TYCYiHE >KOA 0OepMmerAi, KeyekTIAIKTi, MYHamAblH KO3FaAFbILITbIFbIH >KOHE TMAACT OTKIi3riWTiriH
>KOFapblAaTaAbl. 3epTTeyAin makcatbl — 45 °C temnepatypasa 30 TayAik 60¥bl MyHal NAACT CyAapbiHAQ
MUKPOOPraHU3MAEPAI AaKbIAAQYAQH KEMiH 9KTAaCTbIH, aulblK, KEYeKTIAiriHiH e3repyiH 3eptrey 60AbIn
Tabblraabl. KyprisiareH 3epTrTey HOTUXKECIHAE >KOFapbl MakKCaTTbl OGEACEHAIAIKKE ue (KbILKbIA-,
rastysy >KeHe MyHanmaMyAbcusinay KacueTi) 6apAblk, 8 6akTepusi AaKbIAAAPbl OKTACTbIH KeyeKTiAiriH
6,5-15,3 %-fa AeMiH apTTbipyFa KaBGiAeTTi eKEeHAIri aHbIKTaAAbl. OKTaC CaHbIAAYAAPbIH MAaKCMMAAADI
KeHenTy KabiaetiHe Bacillus sp. Kb-4 >xoaHe Bacillus cereus Kb-2 AakbiAAapbl M€ EKEHAIM KOPCETIAAI,
COAa MaTEPUaAAbIH, allbIK, KeYeKTiAiK KoaddurumenTi 48,5% >xoHe 48,6%-Fa AeitiH ecTi (6acTankpbl
kepceTkiwTep — 33,8% >xoHe 33,3%), corkeciHwe. MyHannAacT CyAapblHAQ MUKPOOPraHU3MAEPAI
AAKBIAAQY 6APBICBIHAQ OKTACTbIH KEYEKTIAITIHIH 3epTTey HOTUXECIHAE KeAeci eki 6akTepms AaKbIAAAPDI
— Bacillus sp. Kb-4 »aHe Bacillus cereus Kb-2 ipikTeAin aAblHAbI >X8HEe OAap MyHal LbIFapyAbl
SKOFAPbIAATYAbIH MUKPOOMOAOTMSABIK, SAICTEPAI KYPACTbIPYbIHAQ MEPCNEeKTUBTI 06bEKTIAED peTiHAe
YCbIHaAbI.

TyiiiH ce3aep: MUKPOOPraHWM3MAEP, MyHail LIbIFApyAbl >KOFapblAATy, KeyekTiAlK, oKTac,
KbILLKBIATY3YLUI.
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MN3yyeHHe NopUCTOCTU U3BECTHSIKA
npM KyAbTUBUPOBAHUM MUKPOOPraHU3MOB

B cratbe npeacTaBAeHbl pe3yAbTaTbl M3MEHEHUS MOPUCTOCTN M3BECTHSKA MPU KYAbTUBMPOBAHWUM
MWMKPOOPraHM3MOB, BbIAEAEHHbIX M3 3KCTPEMAAbHbIX MOA3EMHbIX YCAOBUI, pa3paboTaHHbIX HedTe-
nAacToB. McnoAb3oBaHHblE 6UOOGBEKTHI ABASIOTCS aKTUBHbLIMM MPOAYLIEHTaMKU HeTepas msKatoLmx
1 HE(PTEBLITECHSIOLWMX METABOAUTOB, B KQUECTBE MOAEAM KAPOOHATHOrO KOAAEKTOPA HEPTU UCMOAb-
30BaACs M3BECTHAK (MeA). MUKPOGHbIE METABOANTbI — KUCAOTbI U CMIMPThI, PacTBOPsSst KapGoHaTHble
NMopoAbl, MPeAOTBPALLAIOT COAEOTAOXKEHMS, YBEAMUMBAIOT MOPUCTOCTb, MOABUMXHOCTb HedpTH U
NPOHMLLAEMOCTb MAacTa. LleAblo AQHHOrO MCCAEAOBAHMS SBASIETCS M3YUYEHME M3MEHEHWSI OTKPbITOM
NMOPUCTOCTN U3BECTHSKA MOCAE KYAbTUBMPOBAHWS MUKPOOPraHM3MOB Ha HeTernAactoBOi BoAe B
TeueHre 30 cyTok npu Temnepatype 45 °C. B xoae NpoBeAEHHbIX MCCAEAOBAHUI BbISIBAEHO, UTO BCe
8 KyAbTyp GakTepuii, 06AaAQIOLLMX BbICOKOW LIEAEBOM aKTMBHOCTbIO (KMCAOTO-, ra3oo6pasoBaHue,
He)TEIMYABIMPOBaHUE), CMOCOBHbI K YBEAMYEHMIO MOPUCTOCTM M3BECTHSKA (MeAa) oT 6,5-15,3 %.
BbISIBAEHO, YTO MaKCMMaAbHOM CMOCOBHOCTbIO K PACLUMPEHUIO MOP U3BECTHsSKA 00AAAAIOT KYAbTYpbI
Bacillus sp. Kb-4 u Bacillus cereus Kb-2. Tak, K0a(phMUMEHT MOPMUCTOCTM MaTepUasa yBEAUUYMACS
AO 48,5% 1 48,6% (ucx. nokasatean — 33,8% u 33,3%) cooTBeTCTBEHHO. B pe3yAbTare mM3yueHus
M3MEHEHWNS MOPUCTOCTN U3BECTHSIKA MPWU KYAbTMBMPOBAHUM MMKPOOPraHM3MOB Ha HedTenAacToBOM
BOA€E 0TOOpaHbl ABe KYyAbTYpbl 6akTepui Bacillus sp. Kb-4 1 Bacillus cereus Kb-2, kak nepcrnekTmBHble
06beKTbl AAS Pa3PabOTKM MUKPOOMOAOTUUECKMX METOAOB MOBbILWEHMS HEPTEOTAAUM pPa3pabOTaHHbIX

HedpTenAacToB.
KAloueBble cAOBa: MWMKPOOpPraHvM3mbl, TOBbllEHWE HeTeoTAQYM, MOPUCTOCTb, W3BECTHSK,
KMCAOTOOOpA3oBaTeAD.
Introduction Bacteria are the only microorganisms used for

Oil is central to Kazakhstan’s energy security,
but the main large fields have already entered the
late stage of development and are characterized by
a high degree of water-bearing nature and low pro-
duction rates. The production methods currently
in use make it possible to extract only 20-45 % of
the oil contained in oil source rocks [1, 2]. As such,
microbiological methods for extracting residual oil
from reservoirs are needed to be employed due to
their low capital intensity, efficiency and environ-
mental safety. Microbial Enhanced Oil Recovery
(MEOR) methods could potentially have extremely
low operating costs. These methods have several ad-
vantages over secondary EOR (enhancing oil recov-
ery) methods: they do not consume a lot of energy,
like thermal processes, and do not depend on the oil
price, like many chemical processes do [3, 4].

In Western Kazakhstan, the most characteristic
rocks containing oil and gas are clay-carbonate and
carbonate oil reservoirs located between poorly per-
meable rocks (for example, clay, marl, shale) [5, 6].
Residual oil is distributed in the reservoir in the so-
called macro traps, as well as in the micropores of
carbonate oil reservoirs [7, 8].

MEOR, their target metabolites such as gases, ac-
ids, solvents, biosurfactants, biopolymers, biomass
itself. In addition, their ability to withstand extreme
conditions similar to those that exist in subterranean
formations in terms of pressure, temperature, pH
and salinity, increase their attractiveness for use in
enhanced oil recovery [4, 8].

Bacteria of the genera Bacillus and Clostrid-
ium are the most common groups of microorgan-
isms used for MEOR purposes, since they actively
produce of useful products for biotechnology and
they form resistant endospores that facilitate their
survival in extreme conditions of underground
ecosystems.

As a result of activation of microbiological pro-
cesses in the oil reservoir, the following metabo-
lites are formed: organic acids, alcohols, microbial
surfactants, gases — hydrogen, nitrogen, CO,, CH,,
which contribute to an improvement in the efficien-
cy of wettability of rocks, reduction in the viscos-
ity of oil, an increase in the pore size of rocks in
oil reservoirs, which leads to the displacement of
oil from the macro- and micropores of host rocks.
Microbial metabolites — acids and alcohols, while
dissolving carbonate rocks, they prevent salt deposi-
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tion, increase porosity, oil mobility and formation
permeability [8, 9, 10, 11].

Most current microbiological research is aimed
at studying the reduction of oil viscosity using me-
tabolites of microorganisms, and much less atten-
tion is paid to the study of changes in the porosity
of parent rocks as a result of the vital activity of mi-
crobes as one of the mechanisms of oil displacement
from reservoirs [12, 13, 14].

Rock porosity is the main indicator for calculat-
ing the reserves of natural gas and oil in the reser-
Vvoir, i.e. porosity is a capacitive characteristic repre-
senting the total volume of free or fluid-filled voids,
expressed as a percentage of the volume of the rock.
The pores can be open or closed. The total volume
of pores connected to each other and to the exter-
nal environment, related to the volume of the entire
rock, is called open or effective porosity. Rock po-
rosity can be vastly different: on the one hand, there
are practically non-porous rocks; on the other hand,
there are those in which the porosity reaches 90%.
The average rock porosity is 1,5-35 % [15, 16].

The purpose of this research is to study the
change in porosity of limestone as a model mate-
rial of a carbonate oil reservoir during the cultiva-
tion of microorganisms isolated from depleted oil
reservoirs and capable of releasing oil-diluting and
oil-displacing metabolites.

Materials and research methods

The work used the following 8 strains of mi-
croorganisms, isolated from the oil reservoir waters
of the Western Kazakhstan fields and selected for a
number of target properties:

1. Bacillus sp. KB-4 — acidifier and gasifier;

2. B. cereus ZhB-1 — acidifier;

3. Bacillus sp. ZhS-1 — emulsifier, acidifier;

4. Bacillus sp. KMA-2 — acidifier;

5. Bacillus sp. KM-2 — acidifier, gasifier;

6. B. cereus KB-2 —emulsifier, acidifier, gasifier;

7. Bacillus sp.KE-1 — emulsifier, blowing agent;

8. Bacillus sp. ZhM-3 is an acidifier.

To determine the open rock porosity, limestone
(chalk) was used as a model material of the
carbonate oil reservoir in the form of separate
2 cm x 2.4 cm blocks (Figure 1). The chemical
composition of limestone is represented by calcium
carbonate interspersed with magnesium carbonate.
There is also a non-carbonate part, in the form of
metal oxides, with impurities of the smallest grains
of quartz and microscopic pseudomorphs of calcite
in fossil marine organisms. One of the properties of
calcium carbonate, which is present in limestone,
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is the ability to slowly dissolve in water and
decompose into carbon dioxide and corresponding
bases. In nature, the process of slow dissolution of
calcium carbonates in water is the most important
factor in the formation of karst (voids in rocks).
The second process, carbonate decomposition into
carbon dioxide and the corresponding bases, under
the influence of the temperature of the Earth magma,
is a source of gas for underground mineral waters.
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Figure 1 — Limestone (chalk) — model material of a carbonate
oil reservoir

The determination of the open porosity of rocks
was carried out using the Preobrazhensky method,
keeping in mind C. Hall recommendations for tak-
ing into account dry and saturated weight of lime-
stone [15, 17]. The Preobrazhensky method is based
on determining the volume of voids in a sample (by
taking into consideration the difference in the weight
of a dry and a liquid-saturated samples), its external
volume (by taking into consideration the difference
in the weight of a liquid-saturated sample in air and
in a saturating liquid) and calculating the porosity
coefficient by dividing the first volume by the sec-
ond. A standard cylindrical rock sample is dried at
105 °C, weighed and the dry weight of the sample
is measured. The next stage: the sample is saturat-
ed under vacuum with a working fluid — oil-water
water (“Akingen” field). Then the saturated sample
is taken out, excess oil reservoir water removed by
quot; rolling quot; on the glass, because the use of
matter or a sponge to remove liquid from the surface
of the sample can lead to the removal of the work-
ing liquid from the near-surface pores of the sample
and lead to significant errors in the results. A sign
of sufficient moisture removal is the appearance of
the characteristic matt appearance of the rock and
the disappearance of gloss on the sample surface.
Then the saturated rock sample is weighed in air.
The open porosity of the rock is determined by the
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ratio of the void space of the sample to its total vol-
ume, usually expressed as a percentage [15].

Figure 2 shows a scheme for determining the
change in the porosity of limestone during the
growth of selected cultures of microorganisms on
oil-reservoir water.

Petroleum water

!

Inoculum (10 %) nutrient broth

!

Limestone (block 2 cm x 2.4 cm)

!
Cultivation at 45 °C, 30 days

!

Measuring the porosity of limestone

Figure 2 — Scheme for determining the change in chalk
porosity during the growth of cultures of microorganisms
on a oil formation water

This research was carried out at the accredited
testing laboratory of the Research Institute of
Ecology Problems in the field of microbiological
research of KazNU named after al-Farabi (GOST
ISO /1EC 17025-2019).

Research results and discussion

The main factors behind a decrease in the
productivity of old oil fields in the late stages of
development by industrially developed methods, are
low rock permeability, an increase in oil viscosity and,
therefore, low oilrecoveryrates, nomorethan 20-55 % of

Table 1 — Determining open porosity of limestone

the reservoir [1, 2, 6, 18, 19]. In microbial technologies,
oil displacement uses the same mechanisms as in
physicochemical methods, however, in biotechnology,
the formation of microbial metabolites occurs directly
in the oil layers, which increases the effectiveness
of their impact on the formation. The basis of the
mechanism of oil liquefaction and oil displacement
is the formation of acids, alcohols, solvents and gases
throughout microbes’ lives [18, 19].

Increasing the porosity of the host rocks also
increases the mobility of oil in the formation,
facilitating oil recovery. The presence of a void
space in the rocks that can be filled with gas, oil
or water determines the capacitive properties of
reservoir rocks. Void spaces can be of various types:
canal, branched vesicular and slit-like. Pore space
geometry can also be determined by the shape,
size of individual pores and their relationship. Full
porosity is the volume of all pores in the rock, open
porosity — communicating with each other and with
the external environment, are usually represented by
winding channels. An indicator of open porosity is
usually used in oilfield production, which correlates
with oil recovery from reservoirs, i.e. the open
porosity coefficient characterizes the capacitive
properties of reservoir rocks, i.e. the volume of
hydrocarbons contained in the rock [20, 21].

We have carried out a study of the open porosity
of limestone using Preobrazhensky’s method of
liquid saturation. It is known that carbonate rocks
differ in porosity and heterogeneity of the void
space. Therefore, 9 limestone samples were taken.
Table 1 shows the results of determining the open
porosity of 9 samples of limestone saturated with
petroleum water without microorganisms.

Limestone samples Sample w.eight, g.rams . , ' Porosity soefﬁcient,
dry saturated in the air saturated in working fluid %
1. 10,75+0,51 12,38+0,67 7,15+0,32 31,2+1,3
2. 10,36+0,45 12,36+0,60 6,43+0,31 33,8+1,1
3. 21,7+0, 83 25,54+1,24 14,26+0,62 34,0+1,2
4. 16,80+0,75 19,81+0,69 11,17+0,47 34,0+1,4
5. 18,53+0, 80 21,2240,83 13,340,51 33,9+1,2
6. 19,17+0,76 22,53+0,89 12,43+0,46 33,3+1,1
7. 18,71+0,81 21,91+0,94 12,74+0,58 31,5+1,0
8. 17,22+0,83 19,43+0,57 12,96+0,62 34,2+1,3
9. 22,26+0,95 25,25+1,03 15,48+0,68 30,6+0,9
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As can be seen from the graph, the porosity val-
ues for 9 limestone samples, presented as 2 cm X
2.4 cm bars with different weights (grams) without
microorganisms, do not vary greatly and make up
30,6-34,2 %. Porosity coefficient value depends on
the size, shape, composition of mineral grains of
the rock. The size of the rock pore channels is in-
terrelated with the rock permeability index: smaller
pores (the diameter of subcapillary pores is less than
0.0002 mm) mean that movement of liquid or oil
in the rock is practically impossible, therefore such
rocks are classified as impermeable or poorly per-
meable, most often limestones, clays, shales. Ac-
cordingly, in rocks with macropores (supercapillary
— 0,508-2 mm), fluid movement occurs freely. A
number of geological studies have shown that the
values of open porosity of limestone are in the range
from 6 to 35 % [5, 22, 23].

Microbiological processes in oil reservoirs lead
to aerobic-anaerobic transformation of petroleum

hydrocarbons, other organic compounds contained
in the injected water and the subsequent formation
of biodegradation products such as lower fatty acids
(lactic and acetic), alcohols (butyl, ethyl), micro-
bial surfactants (emulsan), biopolymers (xanthan),
gases (N, H,, CO,, CH,), which have proven to be
oil-thinning and oil-displacing agents. In particular,
these same agents contribute to the process of mi-
crobial leaching of carbonate rocks, as a result of
which the crystalline network of the oil reservoir
dissolves and the porosity of the formation increas-
es. An increase in biogas in the reservoir, mainly
carbon dioxide and methane which are products of
complete mineralization of hydrocarbons, contrib-
utes to an increase in in-situ pressure [8, 9].

Table 2 presents the results of studying the po-
rosity of limestone during the cultivation of micro-
organisms with high acid and gas-forming activities
on it. Microorganisms were not used. The experi-
ment lasted 30 days.

Table 2 — Determining open porosity of limestone during the cultivation of microorganisms (30th day)

Sample weight, grams Porosity

N Microorganisins dry saturated in the air Saturate(élilril dworking coefficient, %
1 Control 10,75+0,54 12,62+0,68 6,88+0,31 32,6+1,5
2 Bacillus sp. KB-4 10,36+0,45 13,95+0,61 6,55+0,23 48,5+2.3

3 B. cereus ZhB-1 21,740,73 26,7140,56 14,5+0,61 41+2,0

4 Bacillus sp. ZhS-1 16,8+0,67 20,74+0,59 11,32+0,52 41,8+1,5
5 Bacillus sp. KMA-2 18,53+0,60 23,08+0,72 12,7+0,59 43,8+2,1
6 B. cereus KB-2 19,17+0,70 23,09+0,79 15,02+0,63 48,6+2,3
7 Bacillus sp. KM-2 18,7140,61 23,04+0,85 12,82+0,39 42,442,0
8 Bacillus sp. KE-1 17,22+0,63 21,02+0,9 11,70+0,41 40,7+1,8
9 Bacillus sp. ZhM-3 22,26+0,65 28,02+0,77 15,93+0,49 47,6+2,3

As can be seen from the graph, the porosity of
limestone with the growth of selected cultures of
microorganisms on it increases within 40,7-48,6
%, while in the case of control without microbes
this indicator is at 32,6 %. Rock pores are subdi-
vided into primary and secondary by origin. Pri-
mary pores arise from rock formation. These are
structural pores between rock particles. Second-
ary pores appear after the formation of the rock
as a result of tectonic processes; leaching; defor-
mation under pressure; weathering [20]. In this
case, we associate an increase in the porosity of
limestone with microbial leaching of limestone
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carbonates, since the microbes used are active
acid-forming agents, isolated from oil reservoir
waters.

Table 3 presents a comparative analysis of the
study of the porosity of limestone during the cultiva-
tion of microorganisms.

As can been seen from the diagram, in the pro-
cess of cultivating bacteria using oil reservoir water,
all 8 cultures of microorganisms contribute to an
increase in the porosity of limestone from 6,5-15,3
%. It should be noted that the open porosity of car-
bonate oil reservoirs in practice varies from 2 — 35
% [17, 24, 25]. The maximum increase in limestone
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porosity by 1,7 % and 15,3 % is observed during the
cultivation of two cultures of Bacillus sp. KB-4 and
B. cereus KB-2, respectively. It should be noted that

these cultures of microorganisms are active acid and
gas formers, and in the case of B. cereus KB-2 is
also an oil emulsifier.

Table 3 — Evaluation of the change in the porosity of limestone during the cultivation of microorganisms on oil reservoir water

Porosity coefficient, %
Ne Ne Increase in porosity, %
day 0 day 30

1 Control 31,2+1,3 32,6+1,5 1,4+0,05
2 Bacillus sp. KB-4 33,8+1,1 48,5+2.3 14,7+0,6
3 B. cereus ZhB-1 34,0+1,2 41£2,0 7+0,2
4 Bacillus sp. ZhS-1 34,0+1,4 41,8+1,5 7,8+£0,3
5 Bacillus sp. KMA-2 33,9+1,2 43,8+2,1 9,9+0,4
6 B. cereus KB-2 33,3+1,1 48,6+2,3 15,3+0,6
7 Bacillus sp. KM-2 31,5+1,0 42.4+2.0 10,9+0,5
8 Bacillus sp. KE-1 34,2+1,3 40,7+1,8 6,5+0,1
9 Bacillus sp. ZhM-3 30,6+0,9 47,623 70,1

Therefore, as a result of the studies carried out,
it was revealed that all 8 cultures of bacteria isolated
from oil-stratal waters and having a high target ac-
tivity are capable of increasing the porosity of lime-
stone (chalk). It was estimated that of the 8 micro-
organism cultures studied, two cultures of Bacillus
sp. KB-4 and B. cereus KB-2 have the maximum
ability to expand the pores of limestone, so the co-
efficient of open porosity of limestone during their
cultivation for 30 days increased from the initial po-
rosity of 33,8 % and 33,3 % to 48,5 % and 48,6 %,
respectively.

Conclusion

The study of changes in the porosity of limestone as
a model material of a carbonate oil reservoir, during
the cultivation of microorganisms isolated from ex-
treme conditions, depleted oil reservoirs, capable of
active release of oil-diluting and oil-displacing me-
tabolites, allowed the following conclusions:

It was revealed that all 8 cultures of bacteria,
isolated from oil-reservoir waters and possessing
high target activity (acid, gas formation, oil emul-
sification), are capable of increasing the porosity of
limestone (chalk) from 6,5-15,3 %.

It was also revealed that Bacillus sp. KB-4 and
B. cereus KB-2 have the maximum ability to ex-
pand the pores of limestone. The coefficient of po-
rosity of the material increased from the original
porosity of 33,8% and 33,3% to 48,5% and 48,6%,
respectively.

Having researched the changes in the porosity
of limestone during the cultivation of microorgan-
isms in oil reservoir water, two cultures of bacteria
Bacillus sp. KB-4 and B. cereus KB-2 have been
selected for the development of microbiological
methods to enhance oil recovery from depleted oil
TeServoirs.
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CKPUHUHI U BbIAEAEHUE .
CMOPOOBPA3YIOLUNX TEPMO®UAbHDbIX BAKTEPUU
N3 XXAPKEHTCKOIO TEPMAABHOTIO MCTOYHUKA

LleAblo AQHHOTO MCCAEAOBAHUS SBASETCS CKPUHMHE U MAEHTUDUMKALMS TEPMOMDUABHBIX MUKPO-
OpPraHM3MOB M3 TEOTEPMAAbHOIO TOpPSYero MCTOYHMKA ropoaa >KapkeHT AAMaTMHCKOM ob6AacTt,
KasaxctaH. ®DuaoreHeTMueckoe pasHOOOpasne M CKPUHMHE MPOKApMOTMUECKOro COOOLLEeCTBa,
npoupetatollero B >KapkeHTCKOM reoTEPMAAbHOM FOPSYEM MCTOUHMKE, ObIAO M3Y4YEeHO MMKPOOMO-
AOTMYECKMMMN MeToAaMU. [TpOBeAEHHOE MCCAeAOBAHME MOATBEPAMAO, UTO M30AITbI U3 FEOTEPMAABHOIO
ropsiiero MUCTouHuka >XKapKeHT SIBASIOTCS MCTMHHbIMM TEPMOMMAAMM U MOTYT OblTb UCTOUHWMKOM
TePMOCTabMAbHbIX PepMeHTOB. 10 pe3yAbTaTam KYAbTUBMPOBAHUS M30ASTOB Ha CEAEKTMBHbIX CpeAax
Tpu 13 BocbMn ACTW, AC1S, AC4S nokasaam xopoluyto hepMeHTaTUBHYIO aKTUBHOCTb. BbliaeAeHHble
TepMOMAbHbIe HAKTEPHM ObIAM KYAbTUBMPOBAHbI B PA3AMUHbIX YCAOBMSIX, TAKUX KakK: Temnepatypa (50,
60, 70, 80 1 95 °C), pazAnyHble cpeabl U (AAS MPOAYLEHTA aMMAA3bl, LIEAAIOAA3bI, AMMA3bl), PA3AUYHbIE
3Hauenus pH (5, 6, 7, 8 1 10). Mopdoaormyeckme npmsHakm BbIAEAEHHbIX LITAaMMOB GakTepmii ObiAm
MCCAEAOBaHbl CKaHUPYIOLMM SAEKTPOHHbBIM MUKPOCKornom (CIM).

OcCHOBbIBasICb Ha AaHHbIX OMOXMMUYECKMX TECTOB M  MOPMOAOTMUECKMX XapaKTepucTuKax
(aHAOCMOpOo6pasoBaHue, a3pobbl, MOAOKMTEAbHAS HA KaTaAa3y M OKCUMAA3Y, ONTMMaAbHAsi TeMrnepaTypa
pocta—75-85 °C 1 onTumanbHbIfi AnanasoH pH pocta—7,5-8), BbIAEAEHHbIE M30ASITbI ObIAM TPUYMCAEHDI
K poay Geobacillus. Takrm 06pasom, NpoBeAEHHbIE HAMU MCCAEAOBaHMSI NMOKa3aAM, UTo B )KapkeHTCKOM
ropsidemM UCTOUYHMKE umeeTcs Goratoe pasHoobpasne TeEPMOMMAbHBIX MUKPOOPraHW3MOB, KOTOpbIe
AOAXHbI ObITb UCCAEAOBaHbI AASI TOAYYEHUS MPOMbILLAEHHO BaXKHbIX (PEPMEHTOB.

KatoueBble caoBa: rvneptTepMouAbl, TMAPOAA3sa, SKCTPEMO3MMbI, U30ASTHI.
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Screening and Isolation of Spore forming thermophilic
Bacteria from Zharkent hot spring

The purpose of this study is screening and isolation of thermophilic microorganisms from a geother-
mal hot spring in Zharkent, Almaty region, Kazakhstan. The phylogenetic diversity and screening of the
prokaryotic community thriving in Zharkent geothermal hot spring has been studied by microbiological
methods. The study confirmed that isolates from Zharkent geothermal hot spring are true thermophiles
according to experiments and can be a source of thermostable enzymes; three isolates (AC1W, AC1S,
ACA4S) out of eight showed good enzymatic characteristics based on the results of their cultivation on
selective media. Isolated thermophilic microorganisms, were cultivated under different conditions, such
as: temperature (50, 60, 70, 80, and 95°C), selective media (for the amylase, cellulase, and lipase pro-
ducer), different pH (5, 6, 7, 8, and 10). Morphological features of the isolated bacterial strains were
examined by scanning electron microscopy (SEM).

Based on the data of biochemical tests and morphological characteristics (endospore formation,
aerobic, positive for catalase and oxidase, optimal growth temperature of 75-85 °C and the optimal pH
range of growth is 7.5-8), isolated bacteria were presumably listed in the genus Geobacillus. Thus, our
research has shown that there is a rich variety of thermophilic microorganisms in Zharkent hot springs,
which must be studied to obtain commercially important enzymes.

Key words: hyperthermophiles, hydrolase, extremozymes, isolates.
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JKapKeHT reotepMaAAbl CybiHaH
TepmodpUAAi BakTepusAapAbl GeAin ary

3epTTeyaiH Makcatbl KasakcraH, AAMatbl OOAbICBIHbIH JKapKeHT KaAacbiHAAFbl reoTEPMaAAbI
CyblHaH TEPMOMUAbAI MMKPOOPraHU3MAEPAI aHbIKTay >KoHe curaTTay OOAbin Tabbiraabl. XKapkeHT
reoTepManAbl CyblHAQ OpKEHAEN >KaTKaH MpPOKapUOTTbIK, KOFAaMAACTbIKTbIH,  (DMAOreHeTUKAAbIK,
BPaAyaHAbIAbIFbIH MUKPOOUMOAOIMSABIK, 8AICTEPMEH 3epTTeAai. JKyprisiareH 3epTrTey HaTMXeAepi
6orblHWA YKapKeHT reoTepmarAbl CyblHaH GOAIM aAbIHFAH M30ASTTAp LUbIHAMbI TEPMOUAAED GOABIMN
TaObIAATbIHABIFbIH >K8HE TEPMOCTabUAbAbI (DEPMEHTTEPAIH KO3 GOAYbl MYMKIH E€KEHAIMH pacTaAbl;
ceriz un3oaatTbiH, yweyi (ACTW, AC1S, AC4S) ceAekTMBTI oOpTaAapA@ >KakCbl (PepMeHTaTMBTI
GeAceHAiAiriH kepceTTi. Temnepartypachl (50, 60, 70, 80 >xaHe 95°C), apTypAi KOPEKTIK opTaAapbl
(@MMAa3a nMpoAYyUEHTI, LeAAloAas3a, Aunasa), optypai pH (5, 6, 7, 8 xeHe 10) cUIKTbl 8pPTYpPAI
CEAEKTMBTI OpTaAapAa OKlIayAaHFaH TePMOMUAbAT GakTepusaap ecipiaai. BeAIHIN aabiHFaH GakTepus
LITaMMAAPbIHbIH  MOPIOAOTUSIAbIK,  OEAriAepi CKaHepAeyli 3AeKTPOHAbl MuKpockonneH (CIM)
3epTTEAAI.

Bya 3epTrey 6apbiCbiHAQ >KacaAFaH OMOXMMMSABIK —TECTIAEPAIH >KeHe MOPQOAOTUSAbIK,
cvnatTamanapAbliH, (3HAOCTMOP Ty3iAy, aspobTap, KaTaAasfa »KOHe OKCMAA3fa OH, OMTMMAAAbI 6cy
Temnepatypacbl 75-85 °C >xaHe pH ecyiHiH onTMMaAAbl AManasoHbl 7,5-8) HeTumxkeAepi HerisiHAEg,
6eAiHred unsoaattap Geobacillus TypiHe >kopamansaHabl. Ocbliaaiiua, 6i3 >KyprisreH 3epTTeyAep
HaTUXKecCi 6orbliHIA YKapKeHT reoTepMansbl CyAapbl, BHEPKACIMTIK MaHbI3Abl (DEPMEHTTEPAI aAy YLiH

3epTTeAYi TUIC TEPMOMAbAI MUKPOOPraHM3MAEPAIH Oai aayaH TYPAIAiri 6ap ekeHiH kepceTTi.
Tyiiin ce3aep: runeprepmodrasep, XXapkeHT reoTepmMansbl Cybl, TMAPOAA3a, SKCTPEMO3UMAEP,

N30A4T.

Benenune

TepModuabHBIE MHUKPOOPTaHU3MbI OOUTAIOT
IIPU BBICOKOH TemIeparype B TOPSIYUX THUAPOTEp-
MaJbHBIX UCTOUHUKAX, TOPSIUX UCTOYHUKAX U MOP-
CKUX THIPOTEPMAx, U ITH OPraHU3Mbl HE TOJBKO
BBDKHMBAIOT, HO MOTYT JIaXXe C JIETKOCTBIO Pa3MHO-
)aThcs B kursimed Boze [1]. Haubonee nzBecTHbIe
U W3YYCHHBIC PAaWOHBI C TOPSYMMU HCTOYHHKAMH
Haxonarcs B Mcnanmuu, CILIA, HoBoi 3enanmuu,
Snonuu, Utanuu, Uunonesun, llentpansHoit Ame-
puke u llenrpanbhoit Adpuxe [2-4]. [lepcriexkTus-
HOW 0COOCHHOCTHIO TEPMATbHBIX UCTOYHUKOB SIBJIS-
€TCsT DKOJIOTHS C €€ pa3HooOpa3ueM OpraHu3MOB [5]
1 MOJIEKYJIAPHON TPOYHOCTHIO €€ KOMIIOHEHTOB [6].

K TepMopuIBHEIM MUKpOOpraHH3MaM OTHO-
carcs psan GotoTpodHBIX Oakrepuii (IMaHOOaKTe-
puH, 3eseHble B QUONETOBbIe OaKTEepUH), OaKTepu-
aNBHBIX JOMEHOB (Actinobacteria sp., Bacillus sp.,
Clostridium sp., Desulfotomaculum sp., Thermus
sp., Thiobacillus sp., hbepMeHTHpYOIINE OaKTEpUH,
CIIUPOXETHl 1 MHOTHE APYTUE BUBI) U JOMEHOB ap-
xert (Pyrococcus sp., Sulfolobus sp., Thermococcus
sp., Thermoplasma sp.) [7-9].

Tepmouasl MMEOT HECKOJIBKO MEXaHH3MOB
JUIS TIOJICPIKAaHUS IKCTPEMAJIbHOM TeMIepaTyphl.
Cunraercs, 4YTO TEPMOCTOHKOCTh KJIIETOYHBIX KOM-
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[MOHEHTOB, TaKUX Kak AT®, aMUHOKHUCJIOTHI U IEI-
TUABI, MOTYT npeBbimars 250 °C, u 3To TOBOPHT O
TOM, YTO MaKCHUMallbHasl TeMIlepaTypa Ui KU3HU
MIPEBBIIIAET TEMIIEPATYPY, KOTOPYIO HAOMIONa N 70
cux nop [10, 11].

benku TepMOQUIBHBIX OaKTEpHl MMEIOT P
MPEUMYIIECTB B MPOMBIIIJICHHOCTH, CIOCOOCTBYS
Oosiee OBICTPOIT peakiuu, BBICOKOH paCTBOPUMOCTH
cyOcTpaTta, MEHBIIEMY PHUCKY 3arpsi3HEHHS CHCTe-
MBI, a TaKXKE CHIDKEHUIO BSI3KOCTH PacTBOpa W TO-
BBIIIICHUIO CMEIIUBAEMOCTH PACTBOPUTEINS, B CBSI3U
C 4YeM BBIJIEJICHHBIE TePMOQUIBHBIME OaKTePHSIMH
OeJIKHU SBJSIOTCS 00JIee MEePCIIEKTUBHBIMHU ISl TIPO-
uzBoaMTeINeH [12].

1o craructuxke, 6omee S00 MPOAYKTOB IPOU3BO-
JIATCS C UCTIOIb30BaHUEM (PEPMEHTOB, BBIJICIICHHBIX
TepMOo(UIBHEIMU OakTepusaMu U okono 150 mpo-
MBIIUIEHHBIX TIPOIIECCOB, MOMYYaIOT MPEUMYIIIECTBA
OT UCHOJIB30BaHUs ()EPMEHTOB WM KaTallu3aTOPOB
13 MUKpOOpTraHu3MoB. Kpome Toro, u3BectHo Oonee
3000 pepmenToB u oxoso 65% U3 HUX — TUAPOTIA3BL,
HCTIOJB3YEMBIE B XUMHUYECKOM, TEKCTUIBHOM, LIEN-
JIIOJIO3HO-OYMa)KHOM M KPaxXMaJIbHOW MPOMBIIIICH-
HOCTH, ¥ TIOYTH 25% W3 HHUX HCIIONB3YIOTCS B TH-
meBoit nmpomeinuienHocty [13, 14]. UccnenoBanus
MOKA3BIBAIOT, YTO PA3HOOOpa3ne IKCTPeMODUITHHBIX
MHUKPOOPTaHU3MOB MOKET OBITH BBIIIE, YEM MBI IIy-
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maeM [7, 15]. OxpHako GHU3MKO-XMMUYECKask Xapak-
TEPUCTHKA (PEPMEHTOB M HCIIOIb30BAHUE TAaKOIO
pa3Hoo0pasus yCIOKHAETCS B CBA3U C TPYAHOCTHIO
BBIJICJICHUS M BBIPALIUBAHUS 3TUX MHKPOOPTaHU3-
MoB [13].

AnMaruHCKas 00JacTh pacroiokeHa B TOp-
Hoil MecTtHOCcTH lOHoro Kasaxcrana B mpenro-
pesx 3amnuiickoro Ajyartay Ha BeicoTe 700-900 M
(2300-3000 ¢yToB), THE OOJIBIINE U MaJIbIC PEKU
ATNMaTUHKY BNAJAIOT B PaBHHUHY. JTOT peruoH Ka-
3axcTaHa 00rar reoTepMallbHbIMU FOPAIMMU UCTOY-
HUKaMH, TeMIieparypa KOTOphIx konebnerca ot 30
°C mo 98 °C [16]. MukpoOHOe pa3zHOOOpa3ue ro-
PSYUX UCTOYHHKOB AJIMAaTUHCKOW OOJIACTH JIO CHX
nop He uzyudeHo. [loaToMy 11enbr0 HAaCTOAIIETO HC-
CIICZOBAHUS SIBJISCTCS BBIACICHUE TEPMO(UIBHBIX
OakTepuii W3 OIHOTO T€OTEPMAIBHOTO TOPSYETO
WCTOYHHMKAa AJIMaTMHCKOH 0O0NacTu, OIpeielieHre
TEPMOCTOMKOCTH H30JIATOB, CKPUHHUHT (hepMEHTOB
MPOMBINUIEHHOTO Ha3HAUYEHHs ¥ U3y4eHHue (uiore-
HETUYECKOW MPUHAISKHOCTH TEPMOQMIBHBIX OaK-
TEpUil B CPaBHEHHM C IPYTUMH OakTepHaIbHBIMU
W30JISITAMH, BCTPEUAIOIIMMUCS B BUJEC ME30(HIOB,
TEpMO(UIIOB U THIIEPTEPMODHUIIOB.

MaTepnanbl M METOAbI UCCTICAOBAHUA

KapkeHTCKHMIA TeoTepMajbHBIM TOpsSYMi Huc-
TOYHHK pacronoxkeH Ha 43° 97’ 14.93”N, 79° 66’
12.09»E, 273 kM. oT ropona Aiamarsl, HE JOXOAS 10
ropoga KapkeHt, B 80 kM oT rpaHunsl ¢ Kuraem.
HeckonpKo CKBaXHH HAaXOIATCS B MpefiesiaXx roposa
KapkenT, B Bnaaunax ypounma Kapkynaxk. XKapky-
HAaKCKO€ MECTOPOXKAECHHUE [TOJ3EMHBIX BOJ SBJISIETCS
LEHTPAJIBHON 4acThio JKapKEeHTCKOro reorepMalib-
HOI'0 HCTOYHHMKA, BKIIOYAOIIEH CKBaXKHMHEI Ne 5539,
1-PT. Bce ckBaXMHBI pacCMoOIOKEHBI B TMpenenax
Tepputopun 3emienoins3oBanus TOO «baiicepek-
Arpo» (kazaxcraHckas kommanusi) (puc. 1 A, b).
N3-3a cBoel ynajdeHHOCTH OH MEHEe IMOJIBEPIKEH
BIIMSIHUIO YEJIOBEYECKOTO BMEIIATEeNIbCTBA M UMEET
Ooratoe MukpoOHOe coolmecTBo. B 3toii pabo-
T€ MBI OTHCAIH CKBaXUHY 1oa HoMepoM Ne 5533,
Temneparypa ropsiuero UCTOYHUKA B TIEPHOI OTOO-
pa mpo6 coctasnsuia 98 °C. pH ObL1 3aduxcupoBan
B JlMana3oHe 7-8, 4To yKa3blBaeT Ha ILEJIOYHYIO Cpe-
ny. Ot6op nipo6 nposoauics 19 sueapst 2019 rona.
B 9.30 ytpa orOop mpo0 mpOBOIMIA C TIOMOIIBIO
mpo600TOOpHIKA B CTEpHIIbHBIE Mpodupku mo 50
M. O01ee KonuaecTBo B3AThIX mpod 100 mit, Tak-
JKe OKOJI0 cKBaxkMHBI Ne 5539 Obina coOpaHa Bona
C HEOOJBIINM KOJIMYECTBOM OCaJKa B CTEPUIIHHYIO
npooupky oobemom 50 mit. [yOuHa B3sTHS OCaKa
15 cMm (puc. 1 C). Ilpobupku moctaBuiau B 1abopa-

TOPHIO U XpaHWIu npu Temmeparype 4 °C B xoio-
JIMITBHUKE JI0 NajbHeHIet o0paboTKu.

Xumuueckuil coctaB ckBakuHbI Ne 5539 xapak-
Tepu3yeTcst Kak ciaboMHHEpaIN30BaHHBIN IIe0Y-
HOH, YMEPEHHO PaJOHOBBII, KDEMHUCTBIM IIPEUMY-
IECTBEHHO XJIOPUIHO-OMKapOOHATHO-HATPUEBHIH
COCTaB C BBICOKOW KOHIIEHTpalWeH coaep kaHus
¢dTopa. XapakTepHbIMH OCOOCHHOCTSIMH 3TOH BOZABI
SIBIISIFOTCS cyiabass MuHepanu3amus (o 1,0 r/mm?),
menounas peakuus (pH 8,1-9,0), Boicokoe comep-
xanne ¢ropa (mo 10 mr/am®), GarbHEOIOTHIECKH
AKTUBHAS KOHIICHTpAIWsl KPEMHHUEBOW KHUCJIOTHI
(cBbire 50 mMr/nm*), Hanu4Ke pasioHa B KOHIICHTpA-
musax go 60 nCi/n, xapakTepHble A7 YMEPEHHO pa-
JIOHOBBIX BOJI.

AHam3 MUKPORJIEMEHTOB B BOJIE IOMUMO (TO-
pa BBISIBWI CIEQYIOIME coctaB (Mr/mm3): Gpom
- 0,35-0,42; xobansr — 0,003-0,01; mens — 0,002-
0,004; momubaen — 0,05-0,09; auxens — 0,002-0,02;
cuner — 0,002; xagmuii — 0,001. OcobeHno oTme-
yaeTcs NMPUCYTCTBHE CEJIeHa B 3TOW BOJIE B KOHIICH-
Tpanuu 1-5 Mxr/nm® [16].

Brimenenne Oakrepuii. OOpaser; BoAsl U3 Teo-
TE€PMaJbHOTO TOPSUYEro MCTOYHHMKA PA3IMBAJICS MO
poOMpKaM U 3aTeM MapKupoBasiach. [IpoOa BobI
HCTIONB30BANIACh JJIsl O0OTameHus] B MSCOMENTOH-
HoM Oynbone (HiMedia, Muaus) npu 80 °C, u B Te-
YyeHrne 3 CyTOK 00OTaIeHHYIO KYJIbTYypPYy Pa3BOIMIH
Ha mutatenbHoM arape (HiMedia, Muaus) mis mo-
Jy4YeHHsI OTICIBHBIX KoJIoHHM. OOpasel] BOIbl ObLT
WCTIONB30BaH i 00OTAIIeHUsI B TIUTATEIILHOM OY-
nroHe npu Temreparype 80 °C B TeueHue 3 THEH.
OO6oramieHHyI0 KyIbTypy HaHECITH Ha TUTaTeIbHBIN
arap Juisi IOJTy4YeHHs YHCTHIX KOJIOHMA. Bece Oakre-
pHaNbHBIE U30JISATHI, MOMyYeHHbIe Ha damkax [le-
TpH, OTOMpANN M OUYHUINAIMA MyTEM HAaHECEHHS Ha
OJTHY W Ty K€ Cpely He MeHee Tpex pa3. M3omsaTsl
OBUTH OTIpeAeNIeHbl KaK YHCTHIE MOCIEe MHUKPOCKO-
MUYECKOro HaONoNeHHus 3a OAHOW Mopdooruye-
CKOM KynbTypou. /{1151 mpenoTBpalleHrs BEICBIXaHUS
00pasmmoB BO BpeMs HWHKYOAIlMH HCIOIH30BAIHICH
IJTACTUKOBBIE MOPO3UJIbHBIC MTAKEThI, TAKUE XapaK-
TEPUCTUKN KaK YUCTOTa KJIETOYHOH MOpP(OIOTHH,
UX CHopooOpa3yromasi CHOCOOHOCTh W ITOJIBIIK-
HOCTh H30JIATOB HPOBEPSUIM C TOMOIIBIO MHKPO-
ckorrm (Micros, ABCTpHS) CBEKEITPUTOTOBICHHBIX
MIperaparos.

Omnpenenennie TEpMOYCTOHYMBOCTU. YucThIe
KyJIBTypbl OaKTepHalbHBIX H30JSATOB OBUIM OIIpe-
JIeTIeHBI ONarofapsi uX TepMOQUILHBIM XapaKTepH-
ctukaM. Kaxpiii OakTepuabHbIA N30T ObLT HHO-
KynupoBaH B 10 MJT KHAKYHO MUTATEIbHYIO Cpeay
(HiMedia, Muaus) B npobupke npu 80 °C B Teue-
mue 3 nHed. [locne yka3zaHHOTO MHKYyOallMOHHOTO
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nepuoaa KakAylo OyJbOHHYIO KYJABTYpY Oakrepuit
BBICEBAJIM HA CBEXKEIIPUIOTOBICHHYIO TUTATEIBHYIO
tBepayto cpeny (HiMedia, Muaus) u 24 yaca Kyib-
tuBupoBany npu 65 °C u 70 °C. bakrepuanbHble
M30JIATHI, pacTylniue B yamkax llerpu, orGupann

A RUSSIA f'/jhf\
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UZBEKISTAN

Merabonnueckass 1 OMOXMMHYECKas XapakTe-
pUCTHKA M30JATOB. BBUIM M3y4eHBI HU30ISATHI TEp-
MOGMUILHBIX OaKTEpUH IO PasTUIHBIM MOPdOI0-
THYECKUM NPU3HAKaM, a MMEHHO: I[BET, OKpacka Io
I'pamy, dopma, oOpazoBaHue CIiop U MOABUKHOCTb.
Bbbu1o nccnenoBaHo nmpucyTcTBUE (PEPMEHTOB KaTa-
J1a3bl U OKCHJIA3bI 110 METOIMKaM, onucaHHbIM [Ipe-
CKoTOM U Jip. [17], a Takke paccMOTpEHBI Ipyrue
OMOXMMHYECKHE HCCIEAOBAHUS, Takhue Kak ¢ep-
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U TIOBTOPHO TECTUPOBAIN Ha TEPMOCTONKOCTH MpHU
OoJee BBICOKOH Temmeparype B mpodupke mpu 80 °C
B TeueHue 3 CyTok. B wurore, s nanpHeiero u3-
y4eHHsl ObUIH OTOOpaHBI M30JIATHI, KOTOPBIE MOIIIN
nepeHocuTs Temneparypy 80 °C.
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Pucynok 1 — Pacnionoxenue o0beKTa NCCIEIOBAHHS.
A) Kapra Kazaxcrana ¢ ykazaHueM MeCTOIOIOXKeH s ropoza JKapKeHT.
B) ®otorpadus ropsaero ucrounnka XKapkenTta ¢ MectoM 0TO0pa mpoo.
C) ot6op 1po6 BozEI ¢ ecKoM (IryOrHa B3sTHS Mia — 15 cm)

MEHTalus caxapos, obpasosanue H,S, oxucnenne
Mn u Fe, oGmuraraeie aspoObl, QaxyasTaTHBHBIC
aHadPOOHI.

YHCTyI0 KOJIOHHWIO, BBIPAIIEHHYIO B TEUEHHE
HOYM, HAHOCWIM Ha IHUTATEJbHYIO CpPeqy C MOMO-
MBI0 METIM W WHKyOMpOBAJIM TPH TEMIIEpaType
37 °C na npotsixenun 12-24 vacor. U3 uHKyOHpO-
BAaHHOH KyJNBTYpbl ObUI B3ST 00pasel ¢ MOMOIIBIO
MHKPOOHMOJIOTHICCKON TETIN, M JOOAaBUIN B Cpe-
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Iy, COAEp Kallyl0 pa3iuyHble OMOXMMUYECKHE Be-
IIeCTBa, W MHKYOMPOBAJIN TPHU COOTBETCTBYIOIIECH
Temneparype B TeueHue 12-24 yacos. Hannune niu
OTCYTCTBHE U3MEHEHHH B CPENle PETUCTPUPOBAIOCH
KaK TOJIOXKHUTEIHHBIN WM OTPHUIIATEIbHBIN BHIBOJ,
COOTBETCTBEHHO, M PE3YJBTaThl JUIsl UIACHTHU(HKA-
U OaKTepUaIbHBIX HW30JIATOB 00pabaThIBANIHCh
COTTacHO WH(OPMAIIHH, TPEAOCTABICHHONH X0ITOM
u ap. [18].

Tect Ha moaBMXHOCTE. [lONBMKHOCTE OakTepHid
HaOIoMaNachk B KyJIBTypalIbHBIX MTPOOHMPKAX, COMEp-
JKallUX TIOMYTBEpAbIE Cpelbl MUTATEeIbHOIO arapa,
B COCTaB KOTOPOTO BXOIUT Ka3eHHOBBIN CyOCTparT.
Poct moaBMKHBIX OPraHU3MOB B ITONYTBEPAOH cpe-
Je HaOmonaics OT JTUHUY MPOKoJia MeTin. Beicoko
TIOIBIKHBIE OPTaHU3MBI Pa3pacTanCh 110 BCEH TPo-
oupke. OmHAKO, POCT HEMOIBM)KHBIX OPTaHU3MOB
MIPOUCXOAMI TOJIBKO B 30HE MHOKYISLUH [19].

TpéxcaxapHblil  Xele30CoAepXKalluil  TecT
(T2KT). Obpa3zoBanue raza OnpeAessiii C HOMOIIBIO
ckomreHHoro TXKT arapa (HiMedia, Uuaus), koto-
PBIN COCTOUT U3 CMeCH arapa, pH-4yBcTBHTENBHOTO
kpacurens (DPeHoNoBbIM KpacHbIH), 1% JTaKTO3BI,
1% caxapo3sl, 0,1% rmok0351, THOCYIIb(haTa HATPUS
u cynbdara xenesa [20]. Uccnenyemsrii 6akrepu-
aJBHBIN M30JIAT MPUBHUBAJICS KaK 3UI3arooOpa3HbI-
MU TI0JIOCAMH HAWCKOCh, TaK U TOYEYHO MPOTHIKAS
netneil. [locme 24 wacoB wmHKyOamuu mpoOMPOK
TXT arapa HaOoaan0Ch HAJIUYKE CEPOBOAOPOAA
(H,S) n n3menenune npera, KOTOpbIe MHTEPIIPETHPY-
1oTcst o Merony Lllapma, B ABYX pasHBIX crocobax
npuBuBku [21]. Ha oOpasoBanme cepoBomopoaa
yKa3pIBasio mouepHenue cpeast TKT.

OnTtumusanus yciaoBuil pocrta. [ns ompene-
JIEHWsI BIUSHUS TEMIIEpaTyphl Ha POCT H3O0IISTOB
MHUKPOOPTaHU3MbI BBIPALIUBAIIMCH MPH Pa3THIHON
Temreparype uHKyOauuu B nuanaszone 50-95 °C ¢
npupamieaueM 5 °C 24 gaca. boiee Toro, ObII0 U3-
y4eHo BiusHuEe pH Ha pocT BBIIETEHHOTO MHKpO-
OpraHM3Ma Ha OCHOBE BBIPAIIMBAHUS OpraHU3Ma Ha
npoTrspxeHnd 24 gacos pu 80 °C B MACONIENITOHHOM
OyJIbOHHOM cpezie ¢ pa3IuYHbIMU MoKa3arensimMu pH
B nuana3oHe 4,0 — 9,0. Poct opranuzMoB u3Mepsin
MyTeM OIpEeIeNIeHUs] ONTHIeCKOW TuoTHOCTH. OT-
THUYECKYIO TUIOTHOCTh HAaOMIOAaIu Ha cCieKTpodoTo-
Mmetpe (cnexrpodoromerp PD-303, Apel, Smonwus)
Ha JUMHE BOJIHBI 620 HM.

Onenka ¢epMmeHTaTnBHOW Tpomykuuu. CKpH-
HUHT U uAeHTU(UKaus (HEepMEHTATUBHON aKTHB-
HOCTH THUApOJa3 B TEPMOPUILHBIX OaKTepHsIX
BBIMOJTHSUTUCH C HMCIIOJIB30BAaHUEM PAa3IUYHBIX HC-
TOYHHKOB YIIIEPOAA, TAKUX KaK KapOOKCHUMETHIIIIe-
mono3a (KML), kapTodensubiit kpaxmain, TBUH 80
1 00€3KUPEHHOE MOJIOKO.

CKpUHUHT W WACHTU(UKAIUS TPOU3BOIUTE-
nei Ilemntonasel. J[ecsaTe MUKPOIUTPOB KYyJIBTYpPbI
HaHocwiu ToueyHo Ha KMII-arap (NaLNO3 -20r
K HPO, - 1,0, MgSO, - 0,3 1, KCI - 0,3 1, kap6ok-
cumetmmenmonoza (KML[) — 0,2 r, NaCl — 0,1 1,
nentoH 1,0 r (HiMedia, Munus), 6axro-arap — 15,0
r (r/m)). Yamku Ilerpu makyOupoBanuck 24 yaca.
ITocne naKyOariy 3anmBany iomxom ['pama (2,0 r KI
u 1,0 r fiona (HiMedia, Muaus) B 300 M quctui-
aupoBaHHOM Boabl) yamky [lerpu Ha 3-5 MuHyT Ha
ocHOBe paboTel Pamerra u ap. [22]. O6pa3oBanue
YEeTKO} 30HBI THIPOJIN3a YKa3bIBAJIO HA IETPaJalliio
LIEeJUTIONO3bI Kak npuHsaTo y laiix u ap. [23].

CKpUHHHT W UWIACHTUQUKANHS TIPOIYIICHTOB
amunasbl. CKpUHUHT MPOAYLIEHTOB aMMiIa3bl Mpo-
BOJWJINCH TI0 METOMy THIpOiH3a Kpaxmana. Mu-
KpOOHBIE U30JISTHI OBUTH WHAKYIUPOBAHBI METOIOM
mTpuxa B yamkax Iletpu ¢ kpaxman-arapom (Tpun-
toH — 10,0 1, poxckeBoit skcTpakT — 5,0 T, NaCl —
5,0 1, pactBOp Kpaxmaia (KapTodenbHBIA Kpaxmal)
— 1,0 1, 6akro-arap — 15,0 r (®panuus), (r/m)) ¢ mo-
crenyroieil nHKyOarnveil Ha 24 daca. [locie nHky-
Oammu gamku IleTpu ¢ kpaxman-arapoM 3ajguBaiId
1%-nb1#t pacTBop #ona (HiMedia, Uugust) (cBexe-
MIPUTOTOBJNIEHHBIN ). Hannume cuHero mpera BOKpyT
KOJIOHWH YKa3bIBaJIO Ha OTPHIIATENbHBIN pe3ynbTar
[24].

CKpUHUHT W WACHTHU(HUKAIMS TPOAYIEHTOB
nunassl. AKTUBHOCTS JIMMA3bl HAOMIONA K MIPH T10-
SIBIICHUM MYTHOTO JINCKAa BOKPYT WHOKYJIATA HA TI0-
BEPXHOCTH TBEPAOU CpEJibl, CollepkKalleh Cleayro-
e KOMITOHEHTHI (T/11): APOXIKEBOM dKCTpakT — 5,0
r, mentoH — 10,0 r (HiMedia, Uumus), NaCl — 5,0
r, CaCl, HO - 0,1 , MgSO, H,O - 0,3 r, KH,PO,
- 0,3 1, KHPO, - 0,3 1, arap — 15,0 1, /. Cpeny
nononasu 1% Teunom 80 (AppliChem, ['epmanvist)
Kak ObUTO yKa3aHo B pabore Jlonr-By u ap. [25].

CKpUHHHT W HWIACHTUOUKANHUS TIPOIYIICHTOB
npoTeas. AKTUBHOCTD IPOTEa3bl ONPENEIIIN Ha 10-
BEPXHOCTH TBEPHOH Cpenbl, conepiKallel ciexyro-
IITHE AJIEMEHTHI (T/11): 00e3KupeHHoe MOJIOKO — 250
w1, mroko3a — 1,0 T, tpuntoH (tun-1) — 5,0 r (HiMe-
dia, Maus), npoxokeBble SKCTPaKThl — 2,5 T, arap
— 15,0 r. Ha gamky Iletpn HaHOCHIHM H3OJATHI C
nocnenyromei 18 yacoBoil nakybanueii. Hannune
IIPO3pavyHON 30HBI BOKPYT KOJOHHUI yKa3bIBalio Ha
AKTUBHOCTH Ka3eMHAa3bl KaK OOBSCHIIOCH B CTaTbe
Xanena u ap. [26].

PaGora Ha ckaHHPYIOIIEM AIIEKTPOHHOM MHKPO-
ckore (COM) BeieneHHbIx Oakrepuii. Mopdomoru-
YeCKHe MPU3HAKH BBIACTICHHBIX IITAMMOB OaKTepHii
OBUTH JOMOTHUTEIHHO MCCIIETOBaHbBl METOJIOM CKa-
HUPYIOIIETO 3JEKTPOHHOTO MHKPOCKOITUYECKOTO
(COM) ananmsa npu mopaepkke uHctutyta JAITI
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«HHJIOT» KasHY. Ob6pazen mmas COM ananusa
TOTOBWJIM IIyTEM HEPEHOCAa MHUKPOOHBIX H30JATOB
B YUCTYI0 MUKPOTIPOOHPKY, COAEPKALIYIO IPHMEp-
HO 1,5 M1 3,5% pacTBopa IIyTapoBOro anbJIeruja.
3areM H30JATHI IMpoMBIBaId (pocdaTHEIM Oydhepom
(100 mmM, pH 7,2). TTociie n30iaThl 00€3BOXKHBAIOT
C HCIIONIB30BaHUEM CIIUPTOBOrO rpaaueHta ot 10
1m0 95%. Jlamee 00e3BOYKEHHBIE 0Opa3Ibl BHICYIITH-
BaJIMCh HA BO3JyXE U 3aKPEIUISUINCH Ha YIIIEPOAHOM
Hocutene. OOpaszer; ObUT MOKPBHIT TOHKHM CIIOEM
cepebpa. OTu o0Opasibl 3aTeM HAOTIOMATUChH IO
CKaHMPYIOIINM 3JIEKTPOHHBIM MUKpOCKoTioM Raster
electron microscope Quanta 3D 200i Dual system
SEM (FEI Company, CIIA).

Pe3yabrarnl ncciie1oBaHUA M UX 00CyxKAeHHe
U3 Bcex mpo0, nomyueHHBIX U3 JKapKeHTCKOTO

re0TepPMaNbHOTO MCTOYHHUKA, BCEro OBLIO BBIACIC-
HO 4 pa3nuYHBIX OaKTepHaIbHBIX H30JATOB. JlaH-

HBIM H30JI5ITaM Ha3HAYMIIM KOJOBbIE 0003HAYEHUS:
ACIW, AC2W, AC3W, ACIS. Ha ocHOBaHWH OKpa-
muBaHus Mo I'pamy OBUIO YCTaHOBIEHO, YTO BCE
OaKkTepualbHBIE W30JSTHl OTHOCATCS K HECHOpPO-
00pa3yroIUM rpaMOTPUIIATEIEHBIM OaKTEPHUSIM.

Hnsa onpenenenus: MOp(OJIOTHYECKUX W OHO-
XMMUYECKHUX CBOWCTB OBLIM IPOBEICHBI PA3IUUHbIC
WACHTH(PHUKAIMOHHBIE TECTB: 00pa3oBaHHE DHIO-
CHop, MOABMXHOCTH, Karaja3a M Okcuuasza, dep-
MEHTalusl caxapoB (IJIIOKO3bI, caxapo3bl, JaKTO-
3bI), OOJUraTHBINA a3p00, PakyIETaTUBHBIN aHaAdPOO
(tabmn. 1).

Hccnemyemble M30I4Th IOKA3aIH OTPHLIATEIIb-
HBIH pe3yJabTar Ha CEpOBOJOPOIHBIN TEeCT, HE ObUIH
oOynuraTHeIMK a3pobaMu U He okucisuid Fe u Mn.
OnHaKO MOJOXKUTENIBHYIO PEaKLUI0 OHM IOKa3ain
Ha Karaja3Hyl0 aKTHBHOCTH Ha THIPOJH3Y Kpaxma-
na. Kpome Toro, xopomue gpepMeHTaTUBHBIE peak-
LIUM OHU NPOSIBIISUIN HA Pa3IMYHbIE caxapa, OKCHUIa-
3y 1 ObUTH (paKyIBTaTUBHBIMHU aHA3POOAMHU.

Tabauna 1 — Broxummdeckas XxapaKTepuCTHKa OaKTepHaTbHBIX H30JITOB

BroxuMuveckue TecThl AC1IW AC2W AC3W ACI1S
CepoBOAOPOIHBINA TECT - - - -
Karanaza + + + +
Okcupaasa + 0 + +
T'upponus kpaxmana + + + +
depmeHTaUs caxapoB - - - -
I'mroxo3a - - - -
Caxaposa - + + +
JlakTo3a - + + +
Oxkwucnenne Mn - - - -
Oxucnenue Fe - - - -
OO6nurarHslii a3po6 + - - -
DakynsTaTUBHBIN aHAYPOO + + + +
IToxpBuxHOCTH + + + +
O0paszoBaHKE FHAOCIIOP + + + +

+ YKa3bIBaCT Ha ITOJIO)KUTEIIbHBIN B — YKa3bIBAa€T Ha OTpHHaTBHbHLIﬁ TCCT, 0—mne OIIpeACICH

HOHy‘ICHHBIG H30JIATHI OTIINYAJINCH I10 MOp(I)OJ'IO-
THYCCKUM XapaKTECPUCTHKaM, a UMCHHO HCKOTOPLBIC
KOJIOHHNH 6aKTCpHﬁ ObLIH HACBIIIICHHO OKpAallICHbI B
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Oenmo-KpeMOBBIil 1BET, (GOPMBI U CTPYKTYpPBI KOJIO-
HU OBUIM HEPAaBHOMEPHBIMH, OJJTHAKO BCTPEUYAIIHCH U
KPYIJIble KOJIOHWH C POBHBIMH KpasiMu (Taoit. 2).
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Tabauma 2 — MOp(i)OJ'IOFI/ISI KOJIOHUH BOCHMH U30JIATOB, BBIJICJICHHBIX U3 }KapKeHTCKOFO TeoTCpPMaJIbHOI0O UCTOYHHKA

W3zonster Caetonponycka- Koncucrenuus dopma Kpas Bomywrocts Lger
HHE KOJIOHUH
ACIW | momympo3padHblit TIaKast HEpaBHOMEpHAsA | BOJHHUCTHIC OKpyTIas KpPEMOBBII
AC2W | momympo3padHslii | CIU3HCTas, [TaAKas Kpymias POBHBIE OKpyIias 0e110-KpeMOBBIH
AC3W | monynpo3pauHsblif | ciu3ucTas, rajakas Kpyrias poBHbBIE IJ10CKast KpEeMOBBIH
ACIS HOTYIPO3padHbIN rIagKas HepaBHOMEpHas POBHBIE IUIOCKas OeJblii

Kak BuiHO U3 TaONUIIbI, KOJIOHUU JIBYX U30JISTOB
OBLIN C OKPACcKOW KPEMOBOTO OTTEHKA, TOUYHEE KOJIO-
Hur AC2W u AC1S umesn 0e10-KpeMOBBIN OTTEHOK
1 OeIblii IIBET, COOTBETCTBEHHO. Bce KOIOHMH H30-
JSITOB UMEIOT TIOJNYNPO3PAYHOE CBETOIMPOITYCKAKO-
miee corictBo. Kononnu AC1IW, AC1S umeror miaj-
Kylo koHcucTeHimoo, a AC2W, AC3W — He ToibKo
IaJKYI0 KOHCHUCTCHITUIO, HO W CIM3HCTYIO. Tak ke
Ta0JIMIIa TIOKA3bIBACT, YTO (hOpMa KOJIOHUI HU30JISTOB
AC1W u ACI1S HepaBHOMEpHAsI, KOIZIa Y OCTAJIBHBIX

— Kpymias. Beimyknocts kononuit uzonsito AC1W
n AC2W okpyrnas, a y OCTaJbHBIX IBYX — IJIOCKas.
Bce kpast koJoHMI U30JIATOB POBHBIE, KPOME U30JIs-
ta AC1W, KOTOpBII UMEET BOTHUCTHIE Kpasi. MHoOTHe
KOJIOHUH Ka3aJIUCh MEJIKO CMOPILECHHBIMH U IIPWJINII-
LIMMH K TIOBEPXHOCTH arapa.

Mopdonornueckue XapakTepHUCTUKH BCEX H30-
JITOB OBLIM MCCIIEJOBaHBI C IIOMOIIBIO CKAaHUPYIO-
IIET0 IEKTPOHHOTO MUKpockomna (COM). COM He-
KOTOPBIX M30JIATOB IpeAcTaBiIeHa Ha Puc. 2.

Pucynok 2 — Ckanupyrorast 3JeKTpoHHast MUKpodoTorpadust H30IsTOB.
A) ACIW (10,000X), B) AC2W (30,000X)

W3 cHuMKa BHIHO, YTO OakTepHabHbIE U30TIs-
o1 AC1W, AC2W uMenu najgoukoBHAHYIO (opMy.
CkaHupoBaHHE TPOBOAMIOCH B AuanazoHe 6,000X
-36,556X.

Bausinue paznuunbix Temnepatryp 1 pH Ha pocT.
Bruto ycraHoBieHO, YTO Bee OaKTepHasIbHbIC IITaM-
MBI XOpOILIO PAcTyT npu menoyHoM pH, tak kak pH
TOpSIYEro TeoTepMaJIbHOTO MCTOYHMKA MMEET Iie-
Jo4HyIo npupoxny. Biausaue pH Ha pocroBoii mpo-
(huib BCEro ImraMMa ObLIO MOKa3aHo Ha PHUC. 3.

Pucynok 4 moxa3piBaeT BIMSHUAE TeMIIEPaTyphI
Ha POCT YETHIPEX MUKPOOHBIX U30JISITOB.

CKpUHUHT Ha TEPMOCTOMKOCTh MHKPOOHBIX
H30JIATOB OBLT MPOBEIEH IPH PA3IHUYHBIX TEMIIC-
patypax, HaunHatomuxcs ¢ 40 °C mo 95 °C. Husa
n3onaToB AC1W, AC3W ontumanbsHas TeMIeparypa
cocrasiuia 70 °C, a MakcuMaJIbHas U MEHUMAaJIbHAS
— 95 °C u 45 °C coOTBETCTBEHHO, a JJIs U30JIATOB
AC2W, ACIS ontumansHas temneparypa — 65 °C,
a MakcuMaibHas U MuHAMabHasI — 95 °C u 40 °C.
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Pucynoxk 3 — Bimmsinue pH Ha pocT MEKPOOHBIX H30JIITOB
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PucyHok 4 — BiusiHue TeMnepaTypsl Ha pocT MUKPOOHBIX H30/IATOB

Hanee ompenensuiack CrOCOOHOCTH H30JIATOB
Ha MPOU3BOJCTBA BHEKJIETOUHBIX (hepMeHTOB. bak-
TepUaAIbHBIE H30JIATHl, COOpPaHHBIE W3 TOPSIYETO
HCTOYHMKA, MOABEPraluCh CKPUHUHTY HA aMH-
JIa3HYI0, IPOTEa3Hylo, JIMIA3Hy0 U LEJUIIOI03HYIO
aktuBHOCTH (pHc. 5). Ilo kpaiiHeil mepe, ABa BHe-
KJIETOYHBIX THIPOIUTHYECKUX (pepMeHTa ObUTH 3(-
(beKTHBHO NPOAYLHUPOBAHBI KAKABIM U3 YETHIPEX
UACHTU(QHUIMPOBAHHBIX U30JATOB (Tabm. 3 u 4).

Kak BugHo u3 tabmuusl 3 U 4, BeIAEICHHBIE
M30JIATHl IPOU3BOAMIIN aMUJIa3y, IpoTeasy, Lell-
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mono3y u nunaszy. AC3W u ACIS BeigensroT
00JIBITIIOE KOJTMYECTBO IMpOTeasbl, Torfakak AC1W
u AC2W wu3014Thl OTIIMYAIOTCS 3HAYMTEIBHOMN
JMUMAa3HOW AaKTUBHOCThIO. CaMyl BBICOKYHO
[IeJUTIONA3HYI0 aKTHBHOCTH TOKa3eiBaeT ACIW
(34+£6,1 wMM), a camblii HU3KHH TOKa3aTelb
npoayuupoBanusa nemnwonazsl  umeer ACIS
(8+1,3 MMm), kak BuaHO U3 TaOaunbl 4. Takke u3
TabauIEl 4 MOKHO 3aMeTHTh, 4To AC2W mnmeer
JOMUHHUPYIOIINHN MMOKa3areirb M0 aMHIa3HOH ak-
TUBHOCTH (33+£5,2 MMm).
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ACI1S /ACIW (70)

Tabauma 3 — CDepMeHTaTI/IBHaSI AaKTUBHOCTb 6aKTepI/IaJ'II)HI)IX H30JIATOB, NOJIYYCHHBIX U3 06pa3110}3

AC2W / ACIS (65)

B) ACIW / ACIS (70)

a) HEJUIr0J1a3Hast akTUBHOCTD, 6) JiMriasHasi akTUBHOCTb

PucyHnok 5 — @epmeHTaTHBHASI aKTUBHOCTH U30JIATOB, BBIIETIEHHBIX

13 JKapKeHTCKOTO Te0TepPMaTbHOTO TOPSIIEro HCTOUHHKA

ACI1S/ ACIW (65)

W3onstel OnTuMalbHas TeMIeparypa IIporea3Hast akTUBHOCTb JlunazHast akTUBHOCTb
ACIW 70 +
AC2W 65 + +
AC3W 70 + +
ACIS 65 + +

CUMBOJIBL: (*) OTCYTCTBUEC aKTUBHOCTH, + HE3HAYUTEIIbHASA AKTUBHOCTD; + Xopor1ass aKTUBHOCTb

Tabauma 4 — HI/IaMeprI 30H ruapojm3a 6aKTepI/IaJ'H)HLIX H30JIATOB, NOJIYYCHHBIX U3 06pa31103

W3zonsatel OnTuMalbHas TeMieparypa [emnnrona3Has akTUBHOCTh AmunazHasi akTUBHOCTb
ACIW 70 34+6,1 14+2,3

AC2W 65 27+4,1 33452

AC3W 70 13+2,2 9+0,52

AC1S 65 8+1,3 940,66

CumBonsl: (MM); (—) OTCYTCTBHE aKTHBHOCTH; + KOPPEIALHS

TakxuMm o6pazom, IO pe3ybTaTaM HCCIIEIOBAHUS
HaMU OBLIM BBIICICHBI 4 M30I5ATa TePMO(QUIBHBIX
OakTepuii, KOTOpBIE TP BBICOKOH TeMImeparype
CHOCO6HLI HpOI/I3BOZII/ITB 3KCTpeMO3I/IMBI nu ocCrta-
BaThCsl MPU ITOM TEPMOCTAOMIILHBIMUA U AKTUBHBI-
Mu. Takoro pojia mTaMMbl Ha CETONHSIIHUN NEHb
MIPECTABISIOT OIPOMHBIA MHTEPEC YISl IIPOMBIII-
snenHoct Kazaxcrana.

BoiBoabI

AKXTyaJqbHOCTh HCIOJIB30BAaHHS B Pa3IUYHBIX
MPOMBINUICHHBIX W OWOTEXHOJIOTWYECKHX IIpPO-
neccax MHKpPOOHBIX THIPOJa3, CIIOCOOHBIX (DYHK-
[IMOHNPOBATh NPH SKCTPEMAIBHBIX YCIOBHSX, Ha

CETOMHSAIIHUAN JICHb SBJISCTCS PUOPUTCTHBIM Ha-
npasieHueM. B pabore Obumn mccienoBaHbl Oak-
TepUaAIbHBIC M30JIATHI M3 JKapKeHTCKOro ropsdero
reOTePMAILHOTO HCTOYHHKA, KOTOPBIE CIIOCOOHBI
MPOSIBIISITh  BBICOKYIO THUAPOIUTHYECKYIO aKTHB-
HOCTB Ha CETICKTUBHBIX cpesiaX U 0003HAYCHHBIX KaK
ACIW, AC2W, AC3W, ACIS. Bce BoiaeneHnsie 4
n30yATa OBUIM HJICHTH(PHUIIMPOBAHBI 110 OHOXUMHU-
YECKHM XapaKTEPUCTHKaM C TIOMOIIBIO Pa3IHYHBIX
CEJICKTUBHBIX CPeJl ¥ 110 MOP(OJIOTHISCKUM XapaK-
TEPUCTHKAM C TMOMOIIBI0 CBETOBOTO MUKPOCKOIIA U
CKaHHPYIOIIETO 3JIEKTPOHHOTO MUKpockorna. OcHO-
BBIBAsICh Ha PE3yJibTarax OMOXMMHYECKUX TECTOB,
MPOBE/ICHHBIX B JAHHOM HUCCICIOBAaHHH (DHOCIIO-
poobpa3oBanue, adpo0bl, MOJIOKUTETLHAS Ha KaTa-
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Ja3y, oNTUMaJIbHAs Temmeparypa pocra 65 — 70°C
W ONITUMAaJIBHBINA auarna3oH pH pocra 7,5 — 8), u Ha
KJIACCU(PUKAIIMH IETCPMUHATUBHON OaKTEPUOJIOTHH
bepmxu, Bce n3omsatet ACIW, AC2W, AC3W, ACIS
ObLTH OTHECEHBI K pony Geobacillus. Geobacillus —
HEOOBIYAHO MIMPOKHI TaKCOH, COICPIKAIIMIA Mpe-
MMYIIECTBEHHO a3pO0HBIE 3H0CIIOPOOOPA3YIOIIHE
majmouku [27, 28]. Crates Hasuner u ap. [28] mo-
Kazaja, uto poxa Geobacillus n ero TepMoUIbHBIC
MPEJCTABUTENH IIUPOKO PACTIPOCTPAHEHBI B oS-
YUX HCTOYHUKAX.

HccnenoBanue nokasano, yto JKapKkeHTCKHE To-
pSYME UCTOYHHUKH SBISIOTCS OOTaThIM MCTOYHHKOM
MHOTHX TepMOQHUIBHBIX MHUKpOOpraHu3moB. [lo-
3TOMY HEOOXOUMO UCCIICIOBATh JAHHBIE MHKPOOP-
TaHU3MBI JIJISl TIPOMBINUICHHO BaXKHBIX (PEPMEHTOB
MyTeM JalbHEHINX HMCCICIOBAHUNA MHKPOOHOJIO-

THYECKUX ACIIEKTOB U METAT€HOMUKH JUISl U3YUYEHUS
HEKYJIbTUBUPOBAHHBIX OpraHu3MoB. JlanpHelinee
M3y4eHUS JNAHHBIX M30JTOB IIO3BOJIUT CHEIJIATh
OTPOMHBII BKJIQJ, B PAa3JINYHBIE 3KCTPUMAIIBHBIE
MPOMBIINIEHHOCTH W B OMOTEXHOJIOTHYECKHE TPO-
LIECCHI.

Konguukr unrepecos

Bce ABTOPBLI [TPOYUTAIIN U O3HAKOMIICHBI C COACP-
KaHHUEM CTAaThbH U HEC UMCIOT KOH(l)HI/IKTa HUHTEPECOB.

DuHAHCUPOBAHUE
HccnenoBanue mpoBOAMIOCH TIPU (HHAHCOBON

noanepxke EURASIA Project Development Fund-
ing CPEA-PD-2017/10012.
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CO3AAHHMNE KOHCOPLUHNYMOB
YIAEBOAOPOAOKUCAAIOLLNX MUKPOOPIAHN3MOB,
IDODEKTMBHO AETPAAUPYIOLLUX USOMEPbI KCMAOAA

B cBSI131 C cepbe3HOM 0nacHOCTbIO AASl OKPY>KaloLLEeN CpeAbl M 3A0POBbSI YeAOBEKA apoMaTUyecKmne
YIAEBOAOPOAbI B MOCAEAHEE BPEMS CTaAM OObEKTOM BCECTOPOHHMX MCCAEAOBAHMIA. OHM MOTYT AErKO
PacnpoCTPaHsITLCS B MOYBax M PYHTOBbIX BOAAX B pe3yAbTaTe npouecca A0ObIuM HedTH, NMpoTeKaHusl
pesepByapoB, a TakXKe 13-3a NPOOAEM, BO3HUKAIOLLMX MPU TPAHCMOPTUPOBKE Ha GOAbLLIME PACCTOSIHUS.
[103TOMY MX YAAQAEHUE SBASIETCS MPUYMHON BO3HUKHOBEHUS SKOAOTMUECKMX NMpobAaeM. Brioaormyeckune
Cnocobbl OUUCTKM TMPUPOAHONM Cpeabl Hanboaee 6GesonacHbl, 3(PMEKTUBHBI M MEHee 3aTpaTtHbl Mo
CpaBHEHMIO C METOAAMM XUMMYECKON M (PU3MYECKOM OUMCTKM. B HacTosiee Bpemsi GOAbLUIMHCTBO
YCUAMIA HAaNPaBAEHO Ha MOUCK GaKTEPMAAbHbBIX COOOLLIECTB, CMOCOBGHLIX MUHEPAAM30BATh 3arPA3HUTEAN
B MeHee BpeAHble, HeornacHble CoeAMHeHMs. [Tpy 3TOM NpUMeHeHUe KOHCOPLMYMOB MOXKET ellle 6OAbLLE
MOBbICUTb 3(PPEKTUBHOCTb PA3AOSKEHUS YTAEBOAOPOAOB, MOCKOALKY OHM 06AAAAIOT MHOXKECTBEHHbIMM
MeTabOAMYECKMMM BO3MOXHOCTSIMU. PaHee 13 HedpTesarpsisHeHHbIX MoYB 3anapaHoro KasaxcraHa
HamMK ObIAM BbIAEAEHbBI YTAEBOAOPOAOKUCASIOLLME MUKPOOPraHU3Mbl, CMOCOOHBIE OKMCASTb O-KCUAOA.
LleAblo AaHHOM paboTbl ObIAO CO3AaHME BAKTEPUAAbHBIX KOHCOPLIMYMOB M M3yUeHne 3pPeKTUBHOCTH
AErpasaumm CMecu M30MepPOB KCMAOAA. METOAOM MOAYHENPEPbIBHOIO KYAbTUBMPOBAHUS MOAYYEHbI
BapMaHTbI LUITAMMOB C MOBbILLEHHbIM OKUCAMTEABbHbIM NMOTEHLUMAAOM. [TpoBepeHa 1X CoCOBHOCTb pacTy
Ha M- 1 N-KCMAOAe. Ha ocHOoBe 0TOOPaHHbIX aKTUBHbBIX LUTAMMOB YTAEBOAOPOAOKUCASIOWMX GakTepuii
CO3AaHbl KOHCOPLMYMbI, 3h(heKTUBHO AErpasmpyloLlime CMecb TPeX M30MEpPOB KCMAOAA. Yepe3 24 4
KYAbTUBUPOBAHMS KCUAOAOKMUCASIOLMX KOHCOPLIMYMOB OCTATOUHOE COAEP>KaHWe 0-KCMAOAA B CpeAe
cocTaBuAO 6,1-12,7%, M-kcuaona — 4,5-10,2%, n-kcmaoaa — 10,2-20,2%. HanboAblLyiO aKTUBHOCTb
rnokasaA KoHcopumym 8 (B. megaterium 1/1 aH, B. thuringiensis 2/4 ca, B. tropicus 2/6 ¢a, B. megate-
rium M1-pAT1-5), KoTopblit yTuAnsmposaa 89,8-95,5% mMccaepyembix cybCTpaTos.

KatoueBble cAoBa: G10AErpasaums, YrAeBOAOPOAOKMCASIOUIME BaKTePUM, KOHCOPLIMYM, U30MEpb!
KCMAOAA.

E.R. Faizulina™, S.A. Aitkeldiyeva, L.G. Tatarkina, M.B. Alimzhanova,
A.V. Alimbetova, O.N. Auezova, G.A. Spankulova

LLC “Research and Production Center for Microbiology and Virology”, Kazakhstan, Almaty,
“e-mail: elmira_f@mail.ru, ecomicrolab@gmail.com

Creation of consortia of hydrocarbon-oxidizing
microorganisms effectively degrading xylene isomers

Due to the serious danger to the environment and human health, aromatic hydrocarbons have re-
cently become the subject of extensive research. They can easily spread in soils and groundwater as a
result of the oil production process, leaking tanks and problems encountered during transportation over
long distances. Therefore, their removal is one of the most important environmental problems. Biologi-
cal methods of purification of the natural environment are the safest, most effective and less expensive
in comparison with the methods of chemical and physical purification. Currently, most efforts are aimed
at finding bacterial communities capable of mineralizing pollutants into less harmful, non-hazardous
compounds. Moreover, the use of consortia can further increase the efficiency of decomposition of hy-
drocarbons, since they have multiple metabolic capabilities. Earlier, we isolated hydrocarbon-oxidizing
microorganisms capable of oxidizing o-xylene from oil-contaminated soils of Western Kazakhstan. The
aim of this work was the creation of bacterial consortia, and study the efficiency of degradation of xylene
isomer mixture. By the method of semi-continuous cultivation, variants of strains with increased oxida-
tive potential were obtained. Their ability to grow on m- and p-xylene was tested. Based on selected
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Co3nanne KOHCOPIYMOB YIIIEBOIOPOJOKUCISIOMNX MUKPOOPTaHU3MOB, 3G (HEKTUBHO AerpaupyrONINX H30MePhl KCHIIONa

active strains of hydrocarbon-oxidizing bacteria there have been created consortia which effectively
degrade xylene isomers. After 24 h of cultivation of xylene oxidizing consortia, the residual content of
o-xylene in the medium was 6.1-12.7%, m-xylene — 4.5-10.2%, p-xylene — 10.2-20.2%. The highest
activity was shown by the consortium 8 (B. megaterium 1/1 an, B. thuringiensis 2/4 fl, B. tropicus 2/6 fl,
B. megaterium P1-fl1-5), which utilized 89.8-95.5% test substrates.

Key words: biodegradation, hydrocarbon-oxidizing bacteria, consortium, xylene isomers.
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KcuAOA M30MepAaepiH TUIMAI bIABIPATaTbiH KOMIPCYTEKTOTbIKTbIPFbILL
MMKPOOPraHM3MAEPAiH, KOHCOPLIMYMAAPbIH KYPY

KopluaraH opTaFa »K8He apaM AEHCAyAbIFbIHA alTapAbIKTan Kayin TOHAIPETIHAIKTEH, XOW MICTi
KOMIpCyTeKTep COHfbl KE3AEPi >KaH->KaKTbl 3epTTey TakplpbibbiHa aHaAAbl. OAap MyHail eHAIpy
NpoLEeCi, pe3epByapAapPAbIH aFybl XXaHe y3ak, KallbIKTbIKKa TaCbIMAaAAQY KE3IHAE KEe3AECeTiH MOCeAeAep
HOTMXECIHAE TOMbIPAK, NMEH XKep acTbl CyAApblIHAQ OHal TapaAybl MyMKiH. COHABIKTaH OAapAbl YO0
€H MaHbI3Abl DKOAOTUSIAbIK, MOCEAeAepAiH Oipi 6oAbin Tabbiraabl. TabuFn oOpTaHbl Ta3apTyAblH,
OGMOAOTUSIAbIK, DAICTEPI XMMMSIABIK, )XOHE (PM3NKAAbIK Ta3apTy 9AiCTEPIMEH CAAbICTbIPFAHAQ EH KAYirCis,
TUMIMAI >K8He WbIFbIHbI a3. Kasipri yakplTTa Ken Kyl AacTafblll 3aTTapAbl a3 3USIHAbI, KayinTi emec
KOCbIAbICTApFa MMHEPAAAAHABIPYFa KABGIAETTI GaKTepPUSIAbIK, KaybIMAACTbIKTapAbl TabyFa GarbITTaAFaH.
CoHbIMeH KaTap, KOHCOPLMYMAAPAbI KOAAQHY KEMIPCYTEKTEPAIH bIAbIPAY TUIMAIAITIH OAQH 8pi apTTbipa
aAaAbl, OMTKEHI OAap KenTereH MeTaboAMTTIK MyMKiHAiIKTepre me. bypbiH 6i3 batbic KasakcTaHHbIH,
MYHalMEH AacTaHfaH TOrblpafblHaH O-KCMAOAAbI TOTbIKTbIPYFa KabGiA€TTi KeMipCyTEeKTOTbIKTbIPFbILL
MMKpOar3aAapAbl 66AIM aAAbIK. BYA )XyMbICTbIH MaKCaTbl GaKTEPUSIAbIK, KOHCOPLMYM KYPY XKXOHE KCUAOA
M30MEPAEPI KOCMACbIHbIH, bIAbIPATY TUIMAIAIMH 3epTTey 60AAbl. XKapTbiAait Y3AiIKCi3 ecipy aAicimeH
>KOFapbl TOTBIKTbIPY MYMKIHAIM 6ap WTaMAapPAbIH HyCKaAapbl aabiHABI. OAapAbIH M- )KOHE M-KCMAOAA
ecy KabireTi Tekcepirai. KemipCcyTekTOTbIKTbIpFbIll 6GakTepusinapAaH TaHAAM aAblHFAH 6GEACEHAI
WTaMAQP Heri3iHAEe, YW KCUAOA WM3OMEPAEpPIiHiH KOCMacblH TUIMAI blAbIPATATbIH KOHCOPLMYMAQP
KYPbIAABL. 24 cafaTTaH KeliH KCMAOATOTbIKTbIPFbILL KOHCOPLIMYMAQP OCipiAreH KOpEeKTiK opTaAafbl
KAAAbIK, MeALLEPI O-KCUAOA 6,1-12,7%, M-kcnAoA — 4,5-10,2%, n-kcnaoa — 10,2-20,2% kypaabl. EH
>KOFapbl 6EACEHAIAIKTI 8-11i KaybiMaacTbIK, (B. megaterium 1/1 aH, B. thuringiensis 2/4 ¢a, B. tropicus
2/6 A, B. megaterium M1-pa1-5) kepcetTi, sirHn 89,8-95,5% 3epTTeAreH cyoCTpaTTapAbl biAbIpaTKaH.

Tyiin ce3zaep: 6uoaerpasaumsi, KOMIPCYTEKTOTBIKTbIPFbIL GaKTEPUSIAAP, KOHCOPLIMYM, KCHMAOA
n3oMepAepi.

BBeaenue

OpHOll M3 OCTPBIX SKOJOTHYECKUX IPOoOIIeM
COBPEMEHHOCTH SIBIISIETCS 3arpsS3HEHHE DKOCH-
CTeM apoOMaTHUYECKUMU YTJIEBOIOPOIaMH, KOTOPBIC
MIPENICTABISAIOT CO00I OpraHuYecKHe COCTUHEHHS
OCH30JIBHOTO pPsifa, Pa3iudaroTcsS 1O YHCITy OCH-
30JIbHBIX KOJICI[ ¥ CIIOCO0AMH MX MPHCOCAUHEHUS.
B mHacrosimee BpeMs HWHTEHCHBHBIA POCT TIPO-
MBIIIJICHHOCTH BBI3BIBACT 3arpsA3HEHUE OKPYKaro-
e cpelbl BBIOPOCAMU TOKCUYHBIX COCIUHCHUIMA
B aTMocdepy U CIMBaMH CTOYHBIX BOJ B BOJIOEMEI.
Haubonee pacmpocTpaHEHHBIMU 3arps3HAOIIMHE
MOYBY U BOJHBIC PECYPCHI BEUICCTBAMH SIBJISFOTCS
MOHOapoMaTHYeCKue yriaeBogoponsl. K HuUM OT-
HOCSITCSL OCH30JI, TOMYOJ, dTUIOCH30 U HU30MEPHI
kcwnona (BTOK). JluMeTnnOeH30IbI UM KCHITOJIBI
— YTJIEBOAOPOIBI apOMATHUECKOTO psla, COCTOS-
e U3 OCH30JILHOTO KOJbIa U JABYX METHUJIbHBIX
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rpynmn. CymecTByIOT TpU U30Mepa: opmo-, Mema- u
napa-xcwnon. [1, 2, 3]. HedTsaHble yriaeBogopoIsI
n coenuHenust bTOK nerko mepeHocsaTcs B mom-
3eMHbIe BO/Ibl. OCHOBHBIMH UCTOYHUKAMH UX IMHC-
CHH B OKPYXKAOLIYIO IPUPOIHYIO CpEeNy SIBISIFOTCS
MPEINpPUATHSL SHEPTeTUIECKOr0 KOMIUIEKCa, aBTO-
MOOHMJIBHBIN TPaHCHIOPT, XUMHUYECKas U HeTenepe-
palaTbIBaroIasl MPOMBIIIJICHHOCTH, IPOMBIIUIEH-
HBIE OTXO/JIbl, yT€UKH, HETIPABIWIbHAS YTUIN3AIHS U
aBapuy NpU TPAHCHIOPTUPOBKE HEPTH, pe3epByaphl
IUIS XpaHEHUsl, a3POTIOPTHI, TAKOKPACOYHBIE IPOU3-
BOJICTBA, U >KEJIE3HOAOPOXKHBIE cTaHIMU. bensorn,
TOJYOJI, KCHJION M CTHUPOJ TaK k€ 00pa3yroTcs B
Iporecce JEeMOHTaXa W CXKUTAHHUS JIEKTPOHHBIX
OTXOJOB M COCTaBIAAIOT Oosee 50 mac.% Bomopac-
TBOpUMOH OeH3nHOBOH (hpakuuu [4, 5, 6, 7]. Kpome
TOrO, apOMaTHYECKHUE YITIEBOAOPOABI IMIUPOKO HC-
MOJIB3YIOTCS MIPU MPOU3BOJICTBE IJIACTMACC, CMOJI,
MUTMEHTOB, JIAKOB, KpacuTelNel, MOIOIINX CPEACTB,
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O.P. QaiizymuiHa 1 1p.

NEeCTUIUIOB U (apMaleBTUUECKUX MpenapaTos.
Kcnmnonsl mpuMeHsIoTCSl Kak PacTBOPHUTENH JIAKOB,
MacTHK | Jp., UCIIONBb3YIOT B CHHTE3€ KpacHTENeH.
Tapa-xcunon npuMeHsieTcs KaK ChIpbE I CHHTE3a
TepedTaneBoll KUCIOTH — MOIMYMPOAYKTa IS TI0-
ny4deHus: nojmdTHiIeHTepedTanata. Opmo-KCUion
UCIIOJIB3YETCS B IPOU3BOJCTBE AUOKTUI(PTAIATOB U
npyrux 3¢gupoB drangeBoit kucinoTel. Kak 3arps3an-
TeJIb OH Yallle BCETO BCTPEYAETCsI BOKPYT OOBEKTOB
HEe(PTEXUMUYIECKOH MPOMBIIUIEHHOCTH W TIPOU3-
BOJICTB CHHTCTHYECKHX XUMHUKATOB [8].

YTunuzauus CTOYHBIX BOJ, COACPXKAIIUX apo-
MaTHYECKHE YTIIEBOJOPOABI, 0e3 Halekamen
OUYUCTKH OKa3bIBaCT HETATHBHOE BIMSHUE HA OKPY-
JKarolryro cpeny. Bee ot opranndeckue coenuHe-
HUS SBIISIOTCS] ONIACHBIMHY 3arPSI3HUTEISIMA M HEller-
KO pasnararoTcs. M3-3a UX OTHOCUTEIBHO BBICOKOH
pacTBOPMMOCTH OHH TOJBIKHBI C TIOTOKOM TPYH-
TOBBIX BOJA M 00pa3yroT HUIei(Bl 3arps3HEHUs B
BOJIOHOCHBIX TOpu30HTaX. OHH BCTPEUAIOTCS TIPaK-
TUYECKH MOBCIOAY, HO 0K0JI0 90% 3KOJI0rHuecKoit
Harpy3Ky OpUXOIUTCs Ha ouBHI [9, 10, 11].

BTOK co3maror cepbe3Hyro yrposy Ui 310-
POBBSl HAceNeHUs, MMOCKOJIbKY 00IaaroT TOKCHYE-
CKAMH, MyTareéHHbIMH M KaHIEPOT€HHBIMH CBOM-
CTBaMU. OTH COEAMHEHHS KJacCU(UIIMPOBAHBI
ArentctBoM CIIIA mo oxpaHe okpy>kKarouei cpensl
(USEPA) kax mpuopHUTETHBIE 3arpA3HUTEIHN OKPY-
katromeit cpensl [12]. Hanmpumep, 6eH30m cuntaer-
CSl TEpaTOTeHHBIM, KAHLEPOTCHHBIM U MyTareHHBIM
[13]. XOTs TOIyOJT M KCUIION €Il He OBLIH KIIacCH-
(bUIHIPOBaHBI KaK KaHIIEPOTE€HBI, OBIJIO COOOIIEHO O
pocTe 3a00JIeBaEMOCTH PAaKOM HPSMOW M TOJICTOM
KHIIKA CpPEIW HACEJIEHUsS, TOABEPITIETrocs BO3-
neicTBro 3THX coeauHenuit [14]. O-kcminon mo-
JKET BBI3BIBATh YCTAJIOCTh, CITyTAHHOCTh CO3HAHMUS,
TOJIOBHYIO 0OJIb, TOIOBOKPY)KEHHE W JTa)KEe CMEPTh
[15]. AreHTcTBO IO OXpaHE OKpY’KaIoLIeH cpembl
CIIIA ycTaHOBHIO MAaKCHUMAalbHO JOMYCTUMBIN
YPOBEHH KOHIIEHTpaIuu o-kcuioia B 10 ppm [13].
Kpome Toro, 5Tu eTy4yne opraHndeckue coeIuHe-
HUSI MOTYT BCTYIIATh B PEAKIUIO C OKCHIAMH a30Ta
B IIPUCYTCTBHH COJTHEUHOTO CBETa ¢ 00pa3oBaHHEM
030Ha U MEPOKCHAIIETUIIHUTPATa, YTO CHM)KAeT Ka-
4ecTBO Bo3ayxa [16].

B cBs13u ¢ cepbe3HO 0MAaCHOCTBIO JUIsl OKPYXKa-
IOLIeH cpelbl ¥ 3I0POBbS YEIOBEKa apOMaTHIeCKre
YTIIEBOJIOPONIBI CTAH B TIOCIIEIHEE BpEMSI OOBEK-
TOM BCECTOPOHHHUX HCCIEIOBaHUN. AKTyajJbHbIM
HampaBJIeHHEM CPeIH HUX SBISETCS MHUKPOOHOIO-
TUYecKas Jerpajainus 3THX COeANHEHWH, 9To 00y-
CJIOBJIMBAETCS TEPCIIEKTHBHOCTHIO HCIIOIB30BAHUS
MHUKPOOPTaHU3MOB ISl OYHCTKH OKpPY’KaloIIeH cpe-
JIbl OT TEXHOTEHHBIX 3arpsi3HeHud. buoerpamamus

sBisieTcsl 3(PPEKTUBHON M IKOJOTMUECKHA YHCTOM
TEXHOJIOTHEH AJISl BOCCTAHOBIICHHS 3arps3HEHHBIX
Y9acTKOB B a9POOHBIX, MEKPOa3pPOOHBIX U aHAPOO-
HBIX ycnoBusx [17, 18, 19] u, xak npasuiio, Oosee
9KOHOMHMYECKH IIeJieco00pa3Ha M JHEPreTUYecKu
JIOCTATOYHA, YeM JIFO0bIe albTepHATHBHBIE MPOIIEC-
ChbI (PU3MYECKON U XUMUYECKOH ouncTkH [3, 20].

OO6b1yHO A5 OMOpPa3IoKEHU MOHOApOMAaTHYE-
CKHMX COSIMHEHUH UCITONB3YIOT a3pO0HbIE OMOJIOTH-
yeckue MeTonbl. OHAKO W3BECTHBI U aHAYPOOHBIC
OHMOJIOTHYECKUE METOJIbI, KOTOPHIE SIBISIOTCS TIep-
CIEKTUBHBIMH M3-32 psAa MPEUMYIIECTB, B TOM YHC-
Jie BBICOKOM CITIOCOOHOCTH pa3pyliaTh KOHLEHTPH-
pOBaHHBIE OPTaHUYECKUE 3arpsS3HUTEH, MEHbIIEH
BBIPA0OTKH WJIa, HU3KOTO MOTPEeOJICHNUS SHEPTHH H
MIPOM3BOICTBA OMorasa (MeraHa), KOTOPbIH paccMma-
TPUBAETCSl KaK UCTOYHUK dHepruu [21, 22, 23]. Sa-
ghafi, S. ¢ coaBT. momyunam xopomme pe3yIbTaThl
MIPU HCCIICAOBAHUN TEPUOJMYECKON KYIBTYpHI P.
putida ¢ 1enp0 TIPUMEHEHUs ee I Omojerpana-
umu bTOK [24]. OnHrM U3 OCHOBHBIX HEAOCTATKOB
aHadpoOHOTO MeToja SBISETCS MEIJICHHBIH pOCT
aHa’POOHBIX MUKPOOPTaHU3MOB.

[MonGop onTHMaIbHBIX YCIOBHIA JJISI KYJIBTHBU-
POBaHUS MUKPOOPTaHU3MOB MOXKET YCKOPHUTH 00pa-
30BaHWe OMOIIICHKH U yIYUIINTh AeTPaJallHOHHYIO
crocoOHOCTh [25; 26]. Jmst pa3paboTku 3KOHOMU-
yeckd 3 GEKTUBHBIX M HAJCKHBIX OMOPEAKTOPOB
JUTSL OYMCTKY 3arpsI3HEHHBIX TTOJI3EMHBIX BOJ| U TIPO-
MBIIIJICHHBIX CTOKOB HEOOXOJWMO TOYHOE OIpe-
JICIICHUE KUHETUKW Omopasznoxenus [27]. Cneno-
BaTeNbHO, BBHIJIEIEHUE W XapaKTEPUCTHUKA IEIEeBBIX
OaKkTepHUaNbHBIX NITAMMOB OYIyT HanboJee BaKHBI-
MU 17151 OMopeMenuanuy TOKCUYHBIX COCIMHEHHH.
Yu Jianming ¢ coaBT. BRIISIIIINA W3 aKTUBHOTO HJIa
(apMaleBTHYECKOT0 3aBOjia HOBYIO OakTepuIo,
KOTOpasi MOKET pas3jararh O-KCHWIoN. M3omsaT ObuLt
uaeHTUGUIIPOBaH Kak Zoogloearesiniphila. by
MPOBENEHBl WCCIICNIOBAHUS YCIOBUH W KUHETHUKU
pocTa A ompeneleHus XapaKTepPHCTUK Jerpaja-
WU O-KCHJIONA. 3aTeM, Ha OCHOBAaHWH M3MEPEHHS
aKTUBHOCTH 0c000To QepMeHTa M OOHapyKEeHUs
MIPOMEXYTOUHBIX COSAMHEHUH BO BpEeMs pasiioxkKe-
HUS OB MPEJI0KEH HOBBIN MEeTabOIUYECKHUI My Th
Ul O-Kcujiona. Takue pe3ysbTaThl MpeaoCTaBUIIN
(hyHIaMeHTaTBHBIC TaHHBIE ¥ TEOPETHYECKOE PYKO-
BOJICTBO JUIS TAJIbHEHINEro MPUMEHEHHS H30JITa B
OouopeMenuanuu o-kcuiona [28].

[Tockonmpky B KazaxcTaHe BBHICOKMMH TEMIIaMH
pasBuBaetcs HeTerazoBast IPOMBIIIIICHHOCTb, ITPO-
Onema 3arpsi3HEHHs OKpPY’KaloIIeH Cpeibl apoMaTu-
YECKUMH YTIIEBOJOPOJIaMH CTOHUT BeChMa OCTpo. B
CBSI3U C 3THM BeChbMa aKTYalIbHBIM SIBJISIETCS] TIOUCK
aKTHBHBIX IITAMMOB MHKPOOPraHU3MOB-IECTPYK-
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Co3nanne KOHCOPIYMOB YIIIEBOIOPOJOKUCISIOMNX MUKPOOPTaHU3MOB, 3G (HEKTUBHO AerpaupyrONINX H30MePhl KCHIIONa

TOPOB apOMAaTHUYECKHX YTIIEBOJAOPOAOB, OOUTAIO-
IMX B ONPEAENEHHBIX JKOJIOTO-TeorpapuaecKux
YCIIOBHSIX, CO3/IaHHE HAa UX OCHOBE KOHCOPLIUYMOB
U UX UCTOJb30BaHME B Ipoleccax OnopeMennanum
3arpsiI3HEHHOM OKPYKaIoIIei cpeibl.

B npupoaHsIx ycIoBUAX MUKPOOPTraHU3MBI 00-
pPasyloT KOHCOPLMYMBI, COCTaBJssl €OUHYIO ILIETb
OKHCJICHHS YIIIeBO0poa0B HeTr. KaXkapiii n3 Mu-
KPOOPraHU3MOB KOHCOpPIIMyMa, 00Jiazast crienudud-
HbIMH (DEPMEHTHBIMH CUCTEMaMH, HAIPaBICHHBIMH
Ha MCTOJIL30BaHNE OINPEACIICHHOTO cyOcTpara (Kak
CaMHMX YTJIeBOAOPOIOB, TaK U UX IPOU3BOJHBIX ), HC-
TIOJIb3YET IaHHBINA CyOCTpaT B CBOEM METabOIM3ME.
[ToaTOMY ITpH COBMECTHOM BO3JEHCTBUU MHUKPOOP-
raHU3MOB KOHCOpLHUYMa HNPOUCXOAUT MU3BJICUCHUC,
Kak OOJBIIEro KOJIMYECTBa, TaK U O0Jiee IIHPOKOTO
CrHeKTpa He(TIHBIX yTiaeBo10po10B [29, 30].

Henpto nanHO# pabOTHI SBWICS MOAOOpP KOH-
COPIIMYMOB yTJIIEBOJOPOJOKHUCIISIONINX MHKPOOP-
TaHU3MOB, 3(h(HEeKTUBHO AETPATUPYIOMINX U30MEPHI
KCUJIONIA.

MaTepnanbl U METOAbI

[loBBIIIeHNE  OKHUCIUTENHHOTO  IMOTEHIIHATA
OTOOPAHHBIX IMTAMMOB YTJICBOIOPOIOKHUCIISIONINX
MUKPOOPTaHU3MOB TPOBOAMIA METOJIOM TOIY-
HEMpPepBIBHOTO KyIbTUBUpOBaHU. B xomos1 ¢ 200
MJI MMHEpabHOU cpelibl Bopomunosoii-/{nanoBoi
(BA) BHOCHM 1o 10 MII CyClieH3UH KIIETOK aKTUB-
HBIX IITAMMOB yTJIEBOIOPOJOKHCIISIONINX OaKTepPHid
u go6asisuma 1o 500 MKJI 0-KCHII0JIa ¥ KYJIbTHBUPO-
BaM Ha weiikepe npu 180 06/muH. Yepes kaxibie
7 nHEl B TeueHne Mecsa u3 Koo otnuBamm o 100
MJI KyJIbTYpadbHOU JKUIKOCTH U MOOABIISAIN TaKoe
)K€ KOJMYECTBO CBEXEH MHUHEpaabHOU cpeasl u
cybcrpat. Uepes MecsI] KyJIbTHBHPOBAHUS M3 KOJIO
JIeJTa BRICEBEI Ha TBEPAYIO MUTATEIHHYIO CPEIy B
yamku [letpu. [{ns nanpHeHux nucciaeaoBaHui oT-
Ompany o HECKOJIFKO BapUAHTOB KOJOHHI.

N3yuenne pocra TMONyYEHHBIX BapHUAHTOB
IITAMMOB TIPOBOJTUIIN B JKUIKOW MUHEPAIBHOH cpe-
ne B/l ¢ o-KcwiioioM B KauecTBE €IUHCTBEHHOI'O
HCTOYHHUKA yriiepona M sHepruu. B xondsr co 100
M cpenbl B/l BHOCHIIM 1O 5 MJT CYCIIEH3HUH KIIETOK.
O-xcwmitonn nobapnsinu B KoimdecTBe 5 mur/a. Crio-
COOHOCTB K POCTY OLICHHBAJH 10 U3MEHEHUIO OII-
TUYECKOH TIIOTHOCTH KYJbTYpPaTbHOHN KUIKOCTH Ha
cnektpodoromerpe PD-303 (Smonus) mpu mmae
BOJHBI 540 HM.

CriocoOHOCTh OTOOpAaHHBIX IITAMMOB TOTpE-
OJIATH M30MEPBI KCUIIONA OIEHUBAJN BU3YaIbHO IO
WHTEHCUBHOCTH pOCTa (OTCYTCTBUE POCTa, CIAObIi,
yMepeHHBIH, XOpOIINii) Ha arapu3OBaHHOW MUHe-
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panbHoOl cpeae BJI B wamkax Iletpu B mapax M- u
M-KCHJIOJA.

AHTaroHNCTHYECKYH) aKTHBHOCTH HE(TEOKHC-
JISTOUINX MUKPOOPTAaHU3MOB OTPEIEIISIIN METOIOM
MEepNeHANKYIAPHBIX ITpUX0B [31].

YTI1eBOIOPOAOKUCISIIONIYIO CIIOCOOHOCTh CO3-
JIAHHBIX KOHCOPIIMYMOB MHUKPOOPTraHM3MOB U3yda-
11 B Xuakon muHepanbHol cpene B/I. Cycnensuto
KJIETOK TOTOBWJIM CMEINIMBAHWEM KYJIbTYPaIbHOU
KHUJKOCTH OTJAENBHBIX INTAMMOB B PaBHBIX KOJIH-
gyecTBax. [ 0TOBBIN MOCEBHOM MaTepuan BHOCHIN BO
(dnakonsr co 100 M1 cpensl B KommdecTBe 5 M. B
Ka4yecTBE UCTOYHUKA YTIepoJia U SHEPTHU T00aBIIs-
i o 300 Mk cMecu o-, M- 1 n-kcutona (1:1:1).
[locne BHECeHMs MMOCEBHOTO MaTepuana Bce (hia-
KOHBI CO CMECBI0 KCHJIOJOB IUIOTHO 3aKpBIBAJIH,
9TOOBI TPEJOTBPATUTH YJIETy4YWBaHUE CyOCTpaTa.
WNHKyOnpoBad B yCIOBUAX adpallid Ha IMIeHKepe
ISF1-X moaens SMX1501 npu 180 06/MuH B Te-
yeHne 2 cyTok. KoHTponeM ciyxuia MuHepaitbHas
cpema 6e3 bakTepuii ¢ T0OaBICHHEM COOTBETCTBYIO-
IIUX CyOCTpaToB.

OO0 aKTHUBHOCTH CO3JIaHHBIX KOHCOPIIMYMOB
CYyIWIH TI0 TPHUPOCTYy OMOMACCHI, KOTOPYIO OIIpe-
JEeNSU TI0 W3MEHEHHUIO ONTHYECKOW IIOTHOCTH,
a TaKkKe M0 CTeNeHH JAEeCTPYKIUU H3y4aeMbIX
YTIIEBOIOPOJIOB.

ConepxaHue H30MEPOB KCHJIOJA OMpEaens-
M METOJ0M TapodazHOro aHaIM3a B COUYCTAHHHU
c ra3oBoil xpomartorpadmeil Ha Ta30BOM Xpo-
matorpade Agilent 7890 (CLHA) ¢ momouibio
MJIa3MEHHO-MOHU3AIMOHHOTO AeTekTopa. [Ipoly
MMOMEIIAIN B CTCKJISTHHBIN (p1akoH eMKOCThIo 20
MJI, 3aKpBIBaJIM MPOOKOW M3 3JIaCTHYHON pEe3MHBI
u HarpeBaiu npu temnepatype 80 °C B BomssHOM
TepMocCTaTe sl TOTO, YTOOBI IIEPEBECTH JIETy4HE
coelMHEHHs B ra3zoByio ¢asy. Ilo ncreuenun 20
MHHYT IIMpUIeM oTOnpamu 1 M mapoBoit daswl,
BBOJIMJIA €€ B MCIapHUTeNb ra30BOr0 XpoMaTorpa-
(ha ¥ aHAIM3UPOBAIH C UCIIOJIH30BAaHUEM YHUBED-
campHOTO Aerekropa (ITN/[). ITapameTpsr xpoma-
torpadupoBaHus: kojgonka — DB-35MS (30 m x
0,25 MM x 0,25 mMm), TeMrmeparypa TepMOCTaTa
neun — 150 °C, temmeparypa BBoaa npo0sr — 200
°C, BpeMs aHanu3a — 5 MUH. YCIOBHS JETEKTHU-
poBaHus: Temneparypa nerekropa — 300 °C, cko-
pOCTh mogavu Bogopoaa — 50 MII/MUH, CKOPOCTh
nogauu Bo3myxa — 300 mur/MuH.

Pe3yabTaTthl nceiefoBannii 1 00Cy:KIeHne
B nociennue roapl Omnonerpagauusi opraHuye-

ckux coenunenni (takux kak BTOK) no CO,, H,O
1 OMOMAcCHI CIIeIMaIM3UPOBAHHBIME OaKTEPHIMHU
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npuBJekaeT Oosbloe BHUMaHue. Tak, coodmaercs
0 BBIJIEJICHHBIX adpPOOHBIX M aHA3POOHBIX IIITAMMax
OaxTepuii — AECTPYKTOPOB M30MEPOB KCHUJIONA, OT-
Hocsimuxcs K Bugam Pandoraea sp., Cladophialo-
pharo sp., Rhodococcus sp., Pseudomonas putida
u np. [32, 33, 34, 35]. OnHako, XOTS 3TH MHKPO-
OpraHu3MBbl MOTYT pa3pyllaTh KCHJIOJ, UX HU3KHE
CKOPOCTH pocTa M OHo/Ierpajaiii B €CTECTBEHHBIX
YCIIOBUSIX OTPAaHUYMBAIOT MX UCTIONB30BaHKE B OHO-
pemenuarnuu. i yirydiieHus MpoeccoB OuoJe-
Trpajaliy HCCIEeOBATEeNIMI OBUIM TIPEITPHHSATHI
psI Mep, TaKUX Kak ONTHMHU3AIMs yCIOBUH pocTa,
MOWCK KO-METa0OIMYECKUX COEAMHEHUH, 00Hapy-
YKEHUE KITIOYEBBIX MeTa0omuTOoB [36, 37, 38].

Bru1o npoBeseHO MOBBILIEHHE OKHUCIUTEIEHOTO
MOTEHI[HANIa paHee OTOOPAaHHBIX IITAMMOB YIJIEBO-
JIOPOJTOKUCIISIONINX MHKPOOPTaHU3MOB, PACTYIINX
Ha 3ToM cyOctpate [39, 40], MeTOIOM MOJTyHEIIpE-
PBIBHOTO KYJIBTUBHPOBAaHUSA. DTOT METOJ OCHOBaH
Ha OTHEMHO-JIOJIMBOYHOM KYJIHTHBUPOBAHHH, KOT-
Jla 4acTh COACPKUMOTO KYJIbTypalbHON >KUAKOCTH
MIEPUOANYECKH M3BIMAETCS W JI00aBISETCS paBHOE
KOJIMYECTBO CBEKEH NUTATENbHOW cpeabl. Takoi
npueM o0ecreynBaeT peryJsipHoe OOHOBIICHHE HC-
ClIeTyeMoil KyIbTYpHI U 33/IEp)KUBAET €€ Iepexo.l B
¢ba3y oTMUpaHHS.

[IpoBeneHo monmyHenpephIBHOE KYJIbTHBUPOBA-
Hue 9 xkymetyp (1/1 am, 1/6 an-2, 1/8 an, 2/4 ¢,
2/5 ¢m, 2/6 dn, 2/2 ke, [11-¢pnl-4, [11-¢pnl-5). B pe-
3ynbTaTe ObUIO OTOOPAHO MO 5 BAPUAHTOB TSI KaX-
JIol KynbTyphl. bblila mpoBepeHa UX aKTUBHOCTH B
JKUJIKOM MUHEPAJILHOM Ccpezie ¢ 0-KCHIIOIOM, KOTO-
pBIii BHOCHIIM B KosmuecTBe 5 mi/i. OO akTHBHO-
CTH TIOJIY9€HHBIX BapUAaHTOB CYAMIIH TI0 TPHUPOCTY
6roMacchsl, KOTOPYIO OTpeNessyid MO ONTUYECKOU
TUIOTHOCTH.

W3BecTHO, 4TO OMOAerpamanus yCHINBaeTCs,
KOTJa KOJTMUECTBO OaKTEePHid YBEITUIUBACTCS, H YEM
Oombire OMOpa3inokeHue, TeM OoJbIle OuoMacca.
YMeHbIlIeHne KOHIEHTpAIlMH CyOcTpaTa cHadasa
CTaHOBHTCSl 3aMETHBIM, KOT/Ia MPUCYTCTBYET J0-
CTaTOYHOE KOJMYECTBO MUKPOOOB, U MPOIIECC OCTa-
HaBJIMBAETCS, KOT/Ia BECh CyOCTpaT M3pacxoJ0BaH
[41]. Pesynbrarhl uccineAOBaHMs TMOKa3ald, YTO
y UCXOIHBIX mTaMMoB 1/6an-2, I11-¢ul-4, 1/8an
HAUOOJBIINI MPUPOCT OHOMACCHI HAOIIOANICS Ye-
pe3 24 4, y ocTanbHBIX KyJIbTyp — 4yepe3 48 u. [Ipu
3TOM OmoMacca yBenmuuBanack B 1,8-3,8 pasa. Ilo-
Clie TIOJYHETPEPBIBHOTO KYJIBTUBUPOBAHUS OBLIH
MOJY4YeHbl BapHaHTHI C OoJiee BBICOKOM YIJIEBOIO-
POIOKHCIISIOIENH aKTUBHOCTBIO. YIIyUILIEHHBIE Ba-
puanThl Bapl-1/6an-2 u Bapl-I11-¢ul-4 nokazamu
yBenuueHne OnoMacchl B 2 pasa 1o CpaBHEHHIO C
HUCXOMHBIMH TTaMmamu 1/6au-2 u I11-¢l-4. Han-

OOJNBITINI TIPUPOCT OMOMACCHI MMOKA3aIM BapHUAHTHI
3 u 4 wramma 1/8 an-2 (pucyHok 1). Ilpu ux kyns-
TUBUPOBAaHWU OMoMacca yBennmuminack B 4,8 u 5,3
pasa, uro B 2,6 u 2,9 pa3a BBIIIE, UM Y UCXOIHOTO
mTaMMa. Y OCTaIBHBIX KYJIBTYp MOCHE MOyHEepe-
PBIBHOTO KYJIBTUBHPOBAHUS y TMONyYEHHBIX BapH-
aHTOB IpupocT Ouomaccel Obu1 B 1,5 pasa Gonblie,
YEeM Y UCXOJIHBIX IITAMMOB.
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Pucynok 1 — Poct HCXOOHBIX KYJIBTYp U UX BAPUAHTOB I1OCIIE
HOJTYHENIPEPHIBHOTO KYJIBTUBUPOBAHUS Ha 0-KCUIIONE

Ha cnenytoriem sramne Oblia IIPOBEPEHA CIIO-
COOHOCTh UCCIIEAYEMBIX ITAMMOB pPacTH Ha M- U
M-KCHJIOJIe. Y CcTaHOBIIeHO, 9To mTaMMbl 17WDT n
1/8 an xopoio pocnu Ha n-keunodie, 28K u 2/5 ¢ —
Ha M-kcwone, 21 WDT, I11-¢pal-4 u [11-dpnl-5 — Ha
000uX H30Mepax.
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WzBecTHO, 4TO Uil MOBBIIEHUS 3(PEKTHBHO-
cTH Ouonerpaganyy yrieBoJOpPOAOB He(TH Liene-
CO00pa3HO HWCIOIB30BaTh CMEIIAHHBIE KYJIBTYPHI,
COCTOSIIIINE W3 JBYX M 0oJiee MHUKPOOPTaHH3MOB.
Crnemyer OTMETHTH, YTO UYETKHX KPUTEPHEB CO-
CTaBJIEHUS! KOHCOPIIMYMOB MHKPOOPTaHU3MOB [0
HACTOAIIET0 BPEMEHH HE TPEAJIOKEHO W B COCTaB
OmomnpenapaTroB BKIIOYAIOT MITAMMEI TT0 TIPUHITUITY
X COBMECTHMOCTH U BBICOKOH YTIIEBOJOPOIOKHC-
JISFOIeH akTuBHOCTH [42].

Jnst co3maHusi BRICOKOAKTHBHBIX HCKYCCTBEH-
HBIX aCCOIMALUi KyJIbTyp OakTepuil He0OX0IUMO
YUUTHIBATh B3aUMOOTHOLICHUS MEXIy MHKPOOP-
rannzMamu. C 9TOH enblo UCCIe0BaId HAINIHE
WIK OTCYTCTBHE AaHTaroHM3Ma MeEXIy OTOOpaH-
HBIMU KYJBTypaMH, XapaKTePU3YIOIIUMHUCS MOBBI-
LICHHOW aKTHBHOCTBIO. Pe3ynbTaThl ncciieoBaHus
MOKa3alk, YTO BCE aAKTUBHBIE LITAMMBI YTIIEBOAOPO-
JOKHCISIONINX MHKPOOPTaHU3MOB OBUIH B3aWMHO
TOJIEPAHTHBI APYT K APYTY.

[locrme ompeneneHuss aHTarOHHCTUYECKOW aK-
TUBHOCTH, Ha OCHOBE YTJIEBOJOPOIOKUCISIONINX
MUKpPOOPTaHU3MOB, PaCTYIIMX Ha KCHIJIONE, OBLIO
coctaBieno 10 xorncoprmymoB. [IpoBenen nepBud-
HBII CKPUHUHT Ha CIIOCOOHOCTH PACTH B JKHUIKOU
MUHEpaIBLHON Cpejie CO CMEChI0 M30MEPOB KCHIIO-
na (0-, M- ¥ -kcui10J1). O0 aKTUBHOCTH CO3JIaHHBIX
KOHCOPLUYMOB CYJIHITH 110 TPUPOCTY OMOMACCHI.

Pesynbrarel McciaeqoBaHUS TOKA3aid, YTO Ha
CMECH 0-, M- H TI-KCHJIOJIOB POCIH YETHIpe KOHCOp-
oUyMa M3 JECATH M3Y4YaeMBIX, B COCTaB KOTOPBIX
BXOJMJIM CIEAYIOINE [TaMMBI:

KoHcopuuyM 2 — B. licheniformis 1TWDT, Ps.
aeruginosa 2/2 xc, Rh. erythropolis 2/5 ¢n, Rh.
erythropolis 2/4 ¢u;

KOHCOpIMYM 5 — Rh. erythropolis 28K, Pusil-
limonas sp. 1/8 an, B. tropicus 2/6 ¢u;

KoHCOpIyM 7 — B. haynesii 21WDT, B. mega-
terium 1/6 an-2, Rh. erythropolis 2/5 dn, B. megate-
rium I11-¢pmnl-4;

KoHcopyM 8 — B. megaterium 1/1 an, B.
thuringiensis 2/4 ¢n, B. tropicus 2/6 ¢, B. mega-
terium I11-¢ul-5.

YcTaHOBJIEHO, YTO y KOHCOPIUYMOB 2, 5 u 7
cTanMoHapHas ¢asza pocrta HacTynajia uepe3 12 u
KyJbTHUBHPOBaHHUA, a y KOHCOpIMyMa 8 — uepe3 18
4 (pucyHok 2). Haubonpmmuii poct Habmogancs y
KOHcopLuyMa 8, OmoMacca KOTOPOro Bo3pacTaja B
4,8 pa3a. Y KOHCOPIILYMOB 5 U 7 ONITUYECKas IJI0T-
HOCTb KyJIBTYPaJbHOH JKUAKOCTH YBEIMUNBANACH B
3,2 u 3,7 pa3za COOTBETCTBEHHO. MeHee aKTUBHBIM
OBLT KOHCOPITHYM 2.

40

W3yueHa AeCTPyKIUsS CMECH M30MEPOB KCHIIO-
JIOB TIOJ BO3ZICUCTBHEM OTOOPAHHBIX ACCOIHAITNH 5,
7 u 8 (pucyHok 3).
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PucyHnox 2 — Poct KoHCOpIIITYMOB
Ha CMECH N30MEpOB KCHIIOIa
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PucyHnok 3 — JlecTpyKIiust cMeCH HU30MEpPOB KCHUJIONA
aKTUBHBIMU KOHCOPIIMYMaMU

PesynbTath! mcciaenoBaHus TIOKa3ald BHICOKYIO
aKTHBHOCTh OTOOpaHHBIX KOHCOPLUUYMOB. Yepes
24 9 KyImbTHBHPOBAaHHS OCTaTOYHOE COEpIKaHWe
0-KCHJIOJIa B cpezie cocTaBmio 6,1-12,7%, M-kcurona
—4,5-10,2%, n-kcunona — 10,2-20,2%. EcrecTBen-
Hast yObUTh cyOcTpaToB cocraBuia 2-6%. M3BecTHo,
YTO O-KCHJION, OJJH U3 TPEX U30MEPOB KCHJIOIA, 00-
JagaeT caMol HU3KOW CIOCOOHOCTBIO K OMOIoruye-
ckomy paznoxenuro [43]. Tak, B padote Jiang B. ¢
COaBT. TIOKA3aHO, YTO cycneHsus kietok Comamo-
nas sp. JB paznarana B nmepByto odepenp M-KCHIOJ,
3aTeM M-KCHJIOJN U B TIOCIIETHIOI0 0YepeIb O-KCHITOI.
ITpu 3ToM, M- ¥ m-KcuI0mbl (50 MI/J1) TOJIHOCTBIO
pasnarajimch B TeueHue 3 qHel, a o-kertou (50 Mr/i)
— B TeueHue 8 aHei [44].

B namem ciydae o1 Bo3aeHCTBHEM KOHCOPITH-
YMOB B NIEPBYIO OUYEpE/b MOJBEPTajCs NECTPYKLUHU
0-KCHJIOJI, a TI-KCHJION ObUT Ooliee yCTOWYHMBBIM K
BO3/IEHCTBHIO KJIETOK. DTO CBA3aHO C TE€M, YTO HCCIIe-
JyeMble IITaMMBbI YTI€BOJOPOIOKHCIISIOMNX OaKTe-
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puii OBbUTH BBIACTEHBI U3 HAKOMUTEIBHBIX KYJIBTYp C
0-KCHJIOJIOM M IIOBBIIICHUE MX aKTUBHOCTH IPOBO-
JUIIOCh Ha 3ToM m3oMepe. Kpome Toro, ncnosb3oBa-
HHE KOHCOPLMYMOB CHOCOOCTBOBAJIO YBEITHMYECHHUIO
CKOPOCTH JECTPYKLIMH H30MEPOB KCHJIONA MPU HX
Oonbiielt koHIeHTpamu B cpeze. [lpu koHueHTpa-
i 100 Mr/n Kaxzmoro u3oMepa OHM MPAKTHYECKU
HOJIHOCTBIO PA3/Iaraiuch 3a IBOE CYTOK.

Haubonpuryto akTHMBHOCTH TOKa3ajl KOHCOP-
nuyM 8, KOTopbeIi yrunusuposan 89,8-95,5% wuso-
MepoB Kcuitona. CiieyeT OTMETUTh, YTO B COCTaBE
KOHCOPIMYMOB 7 ¥ 8 npeoOiananu OakTepuu pojaa
Bacillus. Tlockonbky u3 HedTe3arps3HEHHBIX TTOYB
B OCHOBHOM OBIIM BBIJICIICHBI OAMIISpHBIE (BOp-
MBI, BOBMOKHO, OHM 00J1ajany OOJbIIei ycToWdH-
BOCTBIO U aKTHBHOCTBIO 110 OTHOIICHHUIO K HCCIe-
IyeMbIM cyOcTpaTam. BeposiTHO, ¢ 3THM cBsi3aHa
HauOoJbIIAas JECTPYKIHOHHAS CIIOCOOHOCTH 3THX
KOHCOPLILYMOB.

3akJioueHue U BbIBOAbI

benson, Tomyon, o-, M- 1 n-kcmtonsl (BTX) —
3TO 4YacTh BOJOPACTBOPHUMBIX HE(TSIHBIX YIIJIEBO-
JIOPOJIOB, KOTOPBIE MOTYT JIETKO PaCIpOCTPAHATHCS
B IIOYBAX M I'PYHTOBBIX BOAAax B PE3YyJIbTATE IIPO-
necca A00bIYM HE(TH, IPOTEKaHUS pE3EPBYapoB U
Mpo0IIeM, BO3HUKAIOIINX MTPH TPAHCTIOPTHPOBKE Ha
6ompimme paccrosHus. [loaToMy ux ynanenue siBis-
eTcs OAHOM M3 Hambosee BaXKHBIX SKOJOTHUECKHX
nmpobiem.

B mocneanue pecatunetus paspabaThIBaroOTCS
OHMOJIOTHUECKHE METOJIbl, B YACTHOCTH MHUKPOOHAs
Omomerpanarus, kak Hanboyee >PQPeKTUBHBIC, HEe-
J0POrue€ U 3KOJOTHYHBIC B OYMCTKE 3arpsA3HEHHBIX
YYacTKOB OT HE(TSIHBIX yriIeBo10opoaoB. B HacTos-

mee Bpemsi OOJBIIMHCTBO YCHJIMH HANpaBJIeHO Ha
MOUCK OaKTEPUAIBHBIX COOOIIECTB, CIIOCOOHBIX MH-
HEpaIU30BaTh 3arps3HUTENN B MEHEE BpEAHbIE, He-
omnacHsle coenuHeHus [45]. [Ipu aToM, TpuMeHEHNE
CMEIIaHHBIX OaKTepuil MOXKET emle OOJbIIE MOBBI-
cuth 3G HEeKTHBHOCTD Pa3IOKEHHs, TOCKOIBKY OHH
00/1a71al0T MHOKECTBEHHBIMH METa00INYECKUMU
BO3MOYKHOCTSIMHU.

Ha ocHOBe mTaMMOB YTJIEBOJOPOIOKUCIISIO-
X OaKTEpHiA ¢ TIOBBITIICHHOW aKTUBHOCTHIO OBLITH
CO3JIaHbl KOHCOPLUUYMBI, 3QQEKTUBHO IeTpaaupy-
IOIIMEe CMEeCh M30MEpOB Kcmiona. Yepe3 2 cyTok
KyJIBTHBHPOBAHUSA UX JECTPYKIHS cocTaBmia 79,8-
95,5%. Takum 00pa3oM, MOTyYEHHBIC PE3YIbTATHI
MMOKAa3bIBalOT, 4TO 3(QeKkTrBHAS OHOpeMeTuaIus
Pa3IMYHBIX CpeJ, 3arps3HEHHBIX CMEIIaHHBIMU
OpPTaHMYECKUMH COEAWHEHHUSMH, MOKET OBITH J0-
CTUTHYTA C TIOMOIILIO MCIIOIBb30BAHUS MHUKPOOHBIX
KOHCOPIIYMOB.

KondumkT uaTepecos

Bcee ABTOPBI IPOYUTATIN U O3HAKOMIICHEI C COACP-
JKAaHUEM CTATbH U HC UMCIOT KOH(bJ'II/IKTa HUHTCPECOB.

HMcToyHUK (PMHAHCHPOBAHUSA

Pabora BeImomHEHA TIpH ToaAepkke Hammo-
HaJbHOH Mporpammsl rpanToB Kazaxcrana va 2018-
2020 rogel. uHaHCHPOBaHUE PeNOCTaBIeHO Mu-
HUCTEPCTBOM 0OOpa30BaHWs M Hayku PecmyOmuku
Kazaxcran B pamMkax OlomKeTHOH mporpaMmsl 217
«Pa3Butne Hayku» u nogmporpammsl 102 «['pan-
TOBOEe (DMHAHCUPOBAHUE HAYYHBIX HUCCIICIOBAHUNY,
norosop Ne 102 ot 05 mapta 2018 roxa, npoekt Ne
AP05132069.
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DIFFERENCE IN PHYTIC ACID CONTENT AND
PHYTASE ACTIVITY BETWEEN SPRING WHEAT VARIETY AND
NEW MUTANT LINES

Genetic variability in micronutrient bioavailability, which is dictated by low grain phytic acid (PA)
content, is limited in wheat varieties. The PA particularly enhances such a problem as it also related
to an attendant loss of indigestible complexed nutrients and charged proteins in the waste and results
in reduced their bioavailability in both humans and livestock. The new spring wheat mutant lines (M,
generation) developed on the genetic background of cv. Eritrospermum-35 through gamma irradiation
by 100 and 200 Gy using ®Co, were used for evaluation of grain PA content, the study of time germina-
tion on phytase activity (PhyA) and its organ-specific distribution. Our investigation showed the large
genotypic variation in PA content of the Eritrospermum-35 100 Gy- and 200 Gy-dosed mutant lines.
The 23 mutant genotypes of which mostly 200 Gy-treated lines had significantly lower grain PA content by
1.2- to 3.5-times than that parent, with its lowest mean of 0.78+0.02 mg g'in 100 Gy-dosed lines. The
variation in PhyA of cv. Eritrospermum-35 and mutant lines was dependent on time germination (3 and
6 hours) and doubling the germination time enhanced grain PhyA to 1.47-fold in cv. Eritrospermum-35,
and to 1.36-3.53-fold in mutant lines, indicating that the effect of germination on PhyA was strongly time
and genotypes related. Organ-specific distribution (grain, roots, and shoots) of PhyA in cv. Eritrosper-
mum-35 and 100 Gy- and 200 Gy-dosed mutant lines different by grain PA content, in 12- and 24-hours
seedlings showed a gradual decrease in grains enzyme activity while its level in roots and shoots of both
hours’ seedlings was the same. A mutant line numbered 35/1, had maximum PhyA in grains, roots, and
shoots of 12-hour seedlings, which exceed the PhyA of cv. Eritrospermum-35 by 3.05-, 3.03- and 8.43-
fold, respectively, which is valuable in developing spring wheat cultivars with high PhyA.

Key words: variability in grain phytic acid content, spring wheat, phytase activity.
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buaai copTrarbl XXoHe XaHa MYTaHTTbl AMHUSIAAPAAFbI
(PUTUH KbILLKbIAbI MeH (bMTa3aHbIH 6EACEHAIAIrHIH, aibIPpMaLLIbIAbIKTAPbI

buaain cypbinTapbiHAQ ASHAEPAIH KypambiHAQ (PUTUMH KbIWKbIAbIHLIH, (DK) >koFapbl 60AybiHa
MUKPOHYTPUEHTTEPAIH BMOXKETIMAIAITIHIH, FeHETUKAABIK, aAyaHTYPAIAIri wekTeyai. OK 6yA maceAeHi
OAQH apbl TepeHAeTeAl, cebebi CIHIMAIAITT >KOK, MMKPOHYTPUEHTTED >KMbIHTbIFbIMEH TiKeAeln
GafAaQHbICTbl, COHABIKTAH aAaMAap MEH MaAfa CiHIMAIAIKTIH TemeHaeyiHe oaKeain cofaabl. °°Co
nanaanaHy apkbiabl 100- >xeHe 200-Tp ramma COYAEAEHAIPY >KaFAaMblHAQ aAblHFAH OMAAMAbIH
>KaHa MyTaHTTbl AMHMSAAPbl (M, yprnak) reHeTMKaAblK, XarAaitaa >KacaaraH dpuTpocnepmym-35 OK
e3repriwTirin 6ararayra >koHe pmTaszara BGEACEHAIAITIH ©cipy KYLIiH 3epTTey YiliH NariAaAaHbIAAbI.
100- aHe 200-rp ramMmma CBYAEAEHAIPY >KaFAalblHAQ aAbIHFAH IJpUTPOCNepMyM-35 MyTaHTTbI
AvHUsIAapbiHAa DK KypambiHAQ MaHbI3Abl F€HETMKAABIK, ©3repriluTiK aHbIKTAAAbl, OAAPABIH, iLliHEeH
200-rp raMmma CoOYAeAEHAIpPY >KaFAarblHAAQ aAblHFaH AMHMsAap DK AsHAepAe aHaFypAbIM TeMeH
6OAADbI, aTaAblkKa KaparaHaa 1,2 — 3,5 ece, 100 'p Aa OHbIH eH TemeH opTak, MeHi 0,78 + 0,02 mr/r.
CopTTafbl K8HE MYTaHTTbl AMHUSIAAPAAFbl TYPAEHAIPME OEACEHAIAIrT yakbITrieH eHyiHe GaiAaHbICTbI
(3 >xeHe 6 caraTt) DpuTpocnepMym-35 copTbiHAQ eHyre 1,47 ece yakbIT apTTbl xkoHe 1,36-3,53 ece
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MYTaHTTbl AMHMSAAPAA (DUTA3aHbIH OEACEHAIAITIH apTTbIpAbI, OYA AereHimi3 dmtasaHbiH GEACEHAIAITI
YaKbITINEH OHYiHE XXOHE reHOTUIKE TOYEAAIAIriH AdAeaaerai. DuTasza 6EACEHAIAIMIHIH ABH, TaMbIp XXoHe
eckiHAepAe BOAIHYIH COpTTa XXeHe MyTaHTTbl AMHMSAAAPAAFbl 12 xeHe 24 caraTTblk, eckiHaepae DK
KYPaMblIHbIH ©3reteAeHyi 6ipTiHAeN ASHAEr GEACEHAIAIKTIH TOMEHAEYIH KOPCeTTi XaHe 6ipKaAbINTbl
TambIp MEH 6CKIHAEPAE OHbIH, AEHIeMiHiH 6cCyi aHbIKTaAAbl. EH >xorapbl donTasaHbiH 6eaceHAiAiri 35/1
HOMIpPIHAEr MyTaHTTbl AMHMSIAQ 12 caFaTTbiK, ASH, TaMblp >K8He 6CKiHAepAe GOAAbI, 35 COPTbIHbIH
3,05, 3,03 >xaHe 8,43 ece apTkaH, COMKECIHILE, ODEACEHAIAIr >KOFapbl hrTasa copTTapbiH 83ipAeyre
KYHAbI 6OAbIM TabbIAAAbI.
Ty#in ce3aep: ASHAE (DUTKH KbIWKbIAbIHbIH, TYPAEHTILTIM, 61Aan, ortasa GEACEHAIAIr.
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Pa3Anumns B copepxxaHun (PUTUHOBOH KUCAOTbI M aKTUBHOCTH pUTa3bI
B COpTE SIPOBO# MLUEHMLIbI MU HOBbIX MYTAHTHbBIX AMHUI

leHeTHueCKas M3MEHUYMBOCTb OUOAOCTYMHOCTU MWMKPOHYTPUEHTOB, OOYCAOBAEHHAsl BbICOKMM
coaepkaHvem utuHoBor KUcAoTbl ((DA) B 3epHe, y COPTOB nieHuubl orpaHuyeHa. MDA ocobeHHO
Yyray6AseT 3Ty npo6AeMy, MOCKOAbKY OHa CBSI3aHa C COMYTCTBYIOLLEN MOTeper He nepesBapuBaembix,
CBSI3aHHbIX C Hell KOMMAEKCOB MUKPOHYTPUEHTOB M 3apsiKeHHbIX GEAKOB B OTX0AAX, M MPUBOAMT
K CHVMXKEHMIO KX OMOAOCTYTMHOCTU AASI AIOAEM W AOMalUHEro ckota. HoBble MyTaHTHble AMHUM
APOBOM MNiIEHNLpI (MOKOAeHME M), CO3AaHHbIE HA FeHeTMYeCKoM (poHe copTa IpuTpocnepmym-35
NMOCPEACTBOM ramma-o6ayueHmnst B aoo3ax 100 m 200 I'p ¢ mcnoab3oBaHnem ©°Co, OGbIAM B3STbl AAS
oueHkn copepykaHns MDA B 3epHe, UCCAEAOBaHMS BPEMEHW MPOPACTaHMs Ha akTMBHOCTb (h1Tasbl U ee
opraHocneumUyeckoro pacrpeaeAeHns. BoisiBAeHa cylecTBeHHas reHoTUnuyeckass MU3MeHYMBOCTb
copepxanns DA y Dputpocnepmym-35 100- n 200-p reHepupOBaHHbIX MYTaHTHbIX AWHWIA, W3
KOTOPbIX, B OCHOBHOM, AMHMM, co3aaHHble 200 ['p, MMeAn 3HauMTEALHO GoAee H13Koe coaepskaHne DA
B 3epHax, B 1,2—3,5 pasa, YeM Y POAMTEAS], C Er0 CaMbiM HU3KMM CPeAHMM 3HadeHrem 0,78 + 0,02 mr/r
B 100 'p AMHMKM. Bapmaumm akTMBHOCTM 3€pPHOBOM (OMTasbl y COPTa M MyTaHTHbIX AMHUI OOYCAOBAEHDI
BpeEMeEHeM MpopacTaHnst (3 M 6 4YacoB); yBEAMYEHME BpPEMEHM MPOPACTaHWs BABOE MOBbILLAAO
AKTMBHOCTb puTasbl B 1,47 pasay copta Iputpocnepmym-35 u B 1,36-3,53 pa3a B MyTaHTHbIX AUHUSEX,
4YTO CBMAETEAbCTBYET O 3aBMCMMOCTM aKTMBHOCTWM (pUTa3bl OT BPEMEHW MpopacTaHMs M reHoTuna.
OpraHocneumuueckoe pacripeseAeHre (3epHo, KOpHM M nobern) akTMBHOCTU buTasbl y CopTa U
MYTaHTHBIX AMHWI, pa3Anvaiowmxca no coaepxanuio MA, 12- 1 24-4acoBbiX MPOPOCTKax, MNOKa3aA0
NMOCTENeHHOEe CHMXXEHWE 3ePHOBOIM aKTMBHOCTM M OAMHAKOBOE YBEAMUYEHWE ee YPOBHS B KOPHSIX M
noberax NPOpPOCTKOB. MyTaHTHas AMHMS MOA HOMepoM 35/1 nMMeAa MakCMMyM aKTMBHOCTM (DMTa3bl
B 3epHax, KOpHSX M noberax 12-4acoBbix MPOPOCTKOB, KOTOPbIA MPEBbIlIAA TakoBylO copTta 35 B
3,05, 3,03 1 8,43 pasa COOTBETCTBEHHO, UTO SIBASETCSI LIEHHbIM MpKU pa3paboTKe COPTOB C BbICOKOM
AKTMBHOCTbIO oUTa3bl.

KatoueBble cAOBa: BaprabeAbHOCTb COAEPIKaHMs (PUTUHOBOM KMCAOTbI B 3epHE, SpoBas NMiIeHULa,
AKTMBHOCTb (pmTasbl.

Introduction

Phytases (myo-inositol hexakisphosphate 3-,6-
and 5-phosphohydrolase, EC 3.1.3.8, EC 3.1.3.26
and EC 3.1.3.72) belong to phosphatases that can
catalyze the stepwise hydrolysis of myoinositol-
(1,2,3,4,5,6)-hexakisphosphate, IP6, also known
as phytic acid (PA). Monogastric animals poorly
digest PA, as they lack the phytase enzyme,
which is responsible for the release of phosphate
residues [1]. As the result of phytases catalyzed
reaction, phosphorus (P), inositol phosphates, and
inositol are formed required for a range of cellular
activities [2]. In addition, phytases are considered
as pro-nutritional enzymes that make chelated

with PA nutrients, such as macro elements and
microelements, bioavailable. Moreover, for many
years’ phytases have practical inquiries, in this
aspect researches have been centered on the actual
need for improving utilization of PA-phosphorus in
humans and single-stomached animal’s diets, and
reduced the anti-nutritional action of non-digested
PA associating micronutrients in their digestive
tracts. Therefore, phytases are considered as tools
for managing global phosphate resources and for
alleviating human nutrients deficiencies mainly in
the developing world [3].

In plants, PA is the main storage form of
phosphate, typically amounting 2/3 of the total P
content in the grain and seed [3]. PA has a strong
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chelating ability and stores in the grains and seeds
as an insoluble salted complex with cations called
phytin [4]. Phytin forms spherical crystalloid
inclusions called globoids inside protein storage
vacuoles [5]. The globoids are the principal site of
phosphorous (P), potassium (K) and magnesium
(Mg) in the mature cereal grain and they also
contain calcium (Ca), iron (Fe), zinc (Zn), copper
(Cu), manganese (Mn), sodium (Na), sulfur (S),
and protein [6]. The anti-nutritional action of PA is
particularly valid for Fe and Zn, making these two
micronutrients are not bioavailable in humans and
animal’s diets [7, 8]. There many human diseases
that are associated with nutritional deficient and
two-thirds of all childrents’s deaths are related
to nutrients malnutrition. One of the common
consequences of Fe deficiency is anemia. Currently,
over three billion people have malnutrition of
nutrients with the constantly rising numbers [9, 10],
Being essential bulk of nutrients in the human diet,
there is a need genetic enhancement of quality grain
wheat including a decrease in PA content which is one
of the most cost-effective and powerful approaches
for preventing global micronutrient malnutrition
problem [9, 11] Therefore, breeding for grain low
phytic acid content is an actual goal to overcome all
of these issues [12]. The different approaches were
used wherein most of considerable efforts have been
concentrated on the development of low PA (LPA)
genotypes [13] Transgenic cereals that express and
accumulate microbial phytase in seeds have been
developed but these materials require laborious
processing steps before the product can be fed to
animals [14, 15]. Consequently, more economical
and sustainable solutions are necessary [15] One
of an important strategy to decrease PA content
is mutagenesis [16]. The LPA mutants have been
identified in several crop plants including maize
(Zea mays) [17, 18], barley (Hordeum vulgare)
[19], soyabean (Glycine max) [20], rice (Oryza
sativa) [21], and wheat (Triticum aestivum) [22, 23].
However, the progress in developing LPA wheat
is relatively small compared to the achievements
made for other cereal crops. Mutagenesis is a
powerful tool for crops improvement and is free
of the regulatory restrictions, licensing costs, and
societal opposition imposed on genetically modified
(GM) organisms. The aim of mutation induction
is to increase mutation rate in traits or genes in a
short duration that then could be readily exploited
by plant breeders for developing new plant varieties
without any limitations of GM approaches [16].

In our previous research, spring wheat
M. mutant lines were developed through physical
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mutagenesis on background parent cultivar, cv.
Zhenis, for searching a mutation resource with
low grain phytic acid (PA) content, for correlations
between yield, grain size, and quality parameters
[24]. The Zhenis developed via 100 Gy and 200
Gy gamma irradiation treatments M, mutant lines
were diverse in several grain quality traits, and we
revealed that some lines had significantly lower by
1.23-1.63 PA content compared to parent, cv. Zhenis.
The objectives of this study were: (1) to evaluate
the variability in grain PA content in M, spring
wheat mutant lines, generated on genetic base of
cv. Eritrospermum-35 using treatments of 100 and
200 Gy gamma irradiation, (2) to study the effect
of time germination on grain phytase activity in cv.
Eritrospermum-35 and identified 100 Gy- and 200
Gy-dosed mutant lines, differing by grain PA content
and (3) to investigate on tissue-specific distribution
of phytase activity dependent on time germination.

Materials and methods

Plant material and application of induced
mutation

Grains of spring bread wheat variety cv.
Eritrospermum-35 (7. aestivum L.) were irradiated
with 100 and 200 Gy doses from a ®’Co source at the
Kazakh Nuclear Centre. Grains were planted after
irradiation to raise M plants. The M, generation was
grown in the experiment afield of the Kazakh Institute
of Agricultural and Farming near Almaty (43°15'N,
76°54'E, and elevation 550 m above mean sea level)
[12]. Grains of the spring bread wheat cv. Zhenis
(Triticum aestivum L.) were irradiated with 100 Gy
and 200 Gy doses from a *°Co source at the Kazakh
Nuclear Centre, Almaty. After irradiation, seeds were
sown to raise M, plants [12]. After harvesting the M
plants, 15 lines was selected from the original 100
Gy radiation dose. The selection criteria for these
lines was grain weight per main spike (GWS) and
per plant (GWP) and it was applied in the M, and
M, generations (2011 and 2012) and based on the
values for the parent cv. Eritrospermum-35 grown in
the same trial conditions. In 2011 the parent line had
mean GWS of 0.79+0.24 g and GWP of 2.02+0.6 g
yield values. The threshold criteria for selection in
the M, generation were GWS >1.1 g and GWP>2.2
g for mutant lines. The initial number of lines in the
M, generation was 300 each for the 100 Gy and 200
Gy radiation doses. In the M, generation, 61 mutant
lines (20%) were selected from the 100 Gy radiation
dose population and 48 lines (16%) were selected
from the 200 Gy dose. The same numbers of lines
for each radiation dose were selected for the M,-M,



S.S. Kenzhebayeva et al.

generation. After harvesting the M, plants, 14 lines
and 24 lines from the original 100 Gy- and 200
Gy-treated germplasm, respectively, were selected.
The 100 Gy-dosed mutant lines were numbered as
follows: 145/12, 147/25, 148/1, 149/2, 151/2, 153/4,
155/2, 159/2, 161/7, 165/2, 166/10, 167/2, 169/14
and 171/1. The 200 Gy-dosed lines were numbered:
5/43, 6/4, 7/4, 8/26, 11/5, 11/14, 13/3, 14/3, 16/12,
20/4, 22/46, 26/2, 29/15, 30/4, 31/3, 32/3, 33/1,
34/12, 35/1, 36/5, 37/4, 38/1, 41/1 and 172/1. These
mutated populations, selected from the two different
levels of gamma irradiation, were used for evaluation
of variability in grain PA content and study of effect
of time germination on tissue-specific distribution
of phytase activity in cv. Eritrospermum-35 spring
wheat generated mutant lines through 100 Gy- and
200 Gy gamma irradiation

Phytic acid extraction and determination

The extraction of PA from milled grain samples
(0.3 g) was performed as described by [25] and the
2.5 mL of supernatant was treated with 2 mL 0.2%
FeCl,, and the mixture was boiled for 30 min with
further centrifugation after cooling. The residue
was washed twice with deionized water. The 1.5
M NaOH was added for the residue precipitation,
shaken, and the solution was centrifuged. The 3 mL
of 0.5 M HCI was added to precipitate and then was
shaken until the precipitation dissolved. The solu-
tion was diluted to 25 mL to measure Fe remaining
in the solution by atomic absorption spectrophotom-
eter (AAS, Shimadzu AA6300, Japan). PA sodium
(Sigma St Louis, Missouri, USA) was used to test
the PA recovery rate. The PA test results suggested
that the recoveries were between 96 and 100%. The
determination of PA was based on precipitation of
ferric phytate and measurement of Fe remaining in
the supernatant [25]. The grain PA content was cal-
culated by multiplying Fe content by a factor of 4.2.

Phytase extraction and activity assay.

Phytase activity was analyzed according to
a method reported previously [26]. Phytic acid

sodium salthydrate (Sigma PO109 fromrice)
was used as substrate. The phytase activity was
expressed as units, which is defined as the amount
of inorganic phosphorus released from sodium
phytate at a rate of 1 pmol min! kg' at pH 5.5 and
37°.

Results and discussion

Cereals crops bio fortification by nutrients
centered on either increasing the accumulation of
these in grains or improving their availabilities to
realize both goals. High nutrients bioavailability, is
in particular regarded as crucial, can be achieved by
the reductions of anti-nutritional agents, particularly
grain PA content, considering as the most important
causal solution[8, 10, 27]. For the past years, it is
being promulgated that Fe and Zn malnutrition well
as combat of environmental issues associated with
seed PA-P content could be decreased by grain PA
content.

Our results revealed that relative to the spring
wheat parent, cv. Eritrospermum-35, grain PA con-
tent was significantly decreased or increased in mu-
tant lines developed (table 1, figure 1). The ranges
in PA content were 0.75-3.84 mg g! with a mean
of 2.26+0.68 and 2.20+0.48 mg g, in 100 Gy-
dosed and 200 Gy-dosed lines, respectively (n=42
and n=72) (figure 1). These ranges of values define
the PA genetic variability that exists in the pooled
parent and gamma-irradiated lines under one set
of environmental conditions. The 23 mutant geno-
types (60.5%) of which 17 lines are 200 Gy-treated
had significantly lower grain PA content by 1.2- to
3.5-times than that the parent (2.74 = 0.09 mg g*),
with the lowest mean of 0.78+0.02 mg g'in 100 Gy-
dosed line (figure 1).

For the past years, it is being promulgated that
Fe and Zn malnutrition as well combat of environ-
mental issues associated with seed PA-P could be
increased by decreasing PA content.

Table 1 — Comparison between grain phytic acid content means and ranges for spring wheat cv. Eritrospermum-35 (parent), 100

Gy- and 200 Gy-dosed M, mutant lines

Grain quality cv. Eritrospermum-35 100 Gy-dosed lines 200 Gy-dosed lines
trait
Mean Range Mean Range Mean Range
Phy content 2,61 2,74-2,81 2,26 0,75-3,84 2,20 1,15-3,34
(mg/g)
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Figure 1 — Boxplot chart demonstrating variation in grain

phytic acid content of spring wheat cv. Eritrospermum-35,

parent, and irradiated 100 Gy- and 200 Gy-dosed irradiated
mutant lines

Studies of natural variation showed the huge
difference for grain phytic acid content of wheat
germplasm. The reported ranges in PA content in
the 93 wheat accessions were from 0.59 to 2.08 %
[28], in modern varieties from 1.25 to 3.42 % [29],
and the range from 7 to 13 mg g depending on Zn
fertilization [30]. High PA content was found for
whole-wheat flour (44.91 mg g') [31](Frontela et
al., 2011), and Spain grown wheat (24.6-45.4 mg
g!) [32]. One of possible explanations for these
inconsistent finding could be related to the method
used for PA determination. The selection of the most
appropriate method for the PA analysis is critical
[27].

Considering that phytases are as pro-nutritional
enzymes that make chelated with PA nutrients, such
as macroelements and microelements, bioavailable
[3] and have practical inquiries, our research was
therefore carried out for determination of the effect
of germination time on phytase activity (PhyA)
and investigation of organ-specific distribution of
phytase depending on germination time in spring
wheat cv. Eritrospermum-35 and mutant lines
differing by grain PA content, and to reveal is there a
difference between genotypes.

The genotypic variation in PhyA of cv.
Eritrospermum-35, the parent, and M, mutant lines
depending on time of germination (3 and 6 hour)
is shown in figure 2. Germination time from 3 to
6 hour enhanced grain PhyA by 1.47-fold in cv.
Eritrospermum-35, and by 1.36-3.53-fold in mutant
lines, indicating that the effect of germination on
PhyA was strongly time and genotypes dependent.
There was not germination time dependence of
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PhyA in 35/1 numbered mutant line. Some mutant
lines numbered as 147/2, 153/4, 6/1, 26/2, and
38/1 exhibit a significantly increased PhyA at
6 hour germination by 1.25-1.38 comparing cv.
Eritrospermum-35 (**p < 0.01). Earlier reported
on rice grain husks, bran, rootlets and shoots
that phytase activity of all fractions increased
significantly after germination, and was highest in
brown rice followed by rice bran after four days of
germination [33].

Table 2 — Grain phytic acid content in spring wheat cv.
Eritrospermum-35 (parent), M, 100 Gy- and 200 Gy-dosed
mutant lines selected for study of effect of germination time on
phytase activity and organ-specific distribution of phytase

Spring wheat Grain phytic acid content,
genotypes mg/g

Eritrospermum-35 2,74 £ 0.11
100 Gy-dosed lines

15172 2,90 +0.14

147/2 1,48 £0.17

153/4 0,77 £0.02
200 Gy-dosed lines

6/1 2,26 +0.09

26/2 2,78 £0.12

35/1 1,30+ 0.14

38/1 2,15+£0.33

The PhyA of cv. Eritrospermum-35 in grain,
roots and shoots of 12-hour seedlings was 495.8,
694.1 and 1381.5 U kg-1, respectively, and that of
mutant lines ranged from 942.0 to 3093.6, from
1322.0 to 4402.4.2 Ukg-1, and from 522.2 to 4402.4
Ukg-1, respectively, indicating that there is a greater
difference between parent and line for shoots than
other organs (figure 3). A mutant line numbered
35/1, had maximum PhyA in grain, roots, and shoots
of 12-hour seedlings, which exceed the PhyA of cv.
Eritrospermum-35 by 3.05-, 3.03- and 8.43-fold,
respectively, which is valuable for spring wheat
breeders in developing cultivars with high PhyA.
In 24-hour seedlings, decrease in grain-, roots- and
shoots- PhyA of cv. Eritrospermum-35 and mutant
lines were observed with the highest mean in shoots
(by 4.77- and 2.6- fold, respectively).
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Figure 2 — Effect of time germination on phytase activity
(PhyA) in spring wheat cv. Eritrospermum-35 and
100 Gy- and 200 Gy-dosed M, mutant
lines differing by grain PA content. (**p <0.01)
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Figure 3 — Effect of time germination (12- and 24 hour)
on organ-specific distribution (grain, roots and shoots)
of phytase activity (PhyA) in spring wheat cv.
Eritrospermum-35 and 100 Gy- and 200 Gy-dosed
M7 mutant lines differing by grain PA content. (**p < 0.01)

Thus, in our study, to search spring wheat new
resource for high bioavailability of nutrients strongly
related to low grain PA content and, spring wheat
new genetically stable (M.) mutant lines which were
100 and 200 Gy treatments and the parent cv. Zhenis
were investigated. The results indicate that these
mutant resources of spring wheat can substantially
increase the metals bioavailability and health impact
of wheat end products. Using the abundant variation
present in wheat mutant lines, it should be possible
to improve mineral bioavailability in modern
cultivars. Germination is an effective process to
increase PhyA level.

Conclusions

As a result of the research carried out, the
following conclusions can be drawn:

Phytic acid particularly enhance solution as it
related to an attendant loss of indigestible complexed
nutrients and charged proteins in the waste and results
in reduced their bioavailability in both humans and
livestock. Large genotypic variation in PA content
was found in spring wheat M, 100 Gy- and 200
Gy-dosed mutant lines developed on background
of cv. Eritrospermum-35, parent,. The 23 mutant
genotypes of which mostly 200 Gy-treated lines
had significantly lower grain PA content by 1.2- to
3.5-times than that parent, with its lowest mean of
0.78+0.02 mg g'in 100 Gy-dosed lines.

The wvariation in phytase activity of cv.
Eritrospermum-35 and M, mutant lines was
depended on time germination (3 and 6 hours) and
increasing time by twice enhanced grain PhyA to
1.47-fold in cv. Eritrospermum-35, and to 1.36-
3.53-fold in mutant lines, indicating that the effect
of germination on PhyA was strongly time and
genotypes related.

Organ-specific distribution (grain, roots and
shoots) of phytase activity in cv. Eritrospermum-35
and 100 Gy- and 200 Gy-dosed M, mutant lines
differing by grain PA content, in 12- and 24-hours
seedlings showed gradual decrease in grain
genotypic activity with the same its level in roots
and shoots of both hours seedlings.

A mutant line numbered 35/1, had maximum
PhyA in grain, roots, and shoots of 12-hour seedlings,
which exceed the PhyA of cv. Eritrospermum-35 by
3.05-, 3.03- and 8.43-fold, respectively, which is
valuable for spring wheat breeders in developing
cultivars with high PhyA.
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TOXIC AND MUTAGENIC ACTIVITY OF WATER SAMPLES
FROM NATURAL SOURCES OF THE ENBEKSHIKAZAKH DISTRICT
OF THE ALMATY REGION

, N.P. Zueva' * , E.R. Fatkhudinova'

The current ecological situation sharply raises the question of checking water sources for mutagenic,
genotoxic, and phytotoxic activity. An increase in human activity around water sources increases the
risk of surface water pollution by various emissions and wastes, an increase in the concentration of
various pollutants in the aquatic environment can lead to mutagenic activity of this source. Since the
rivers Esik, Turgen, and Lake Esik, located in the Enbekshikazakh district of the Almaty region, are close
to highways, various enterprises and proximity to human activities, the risk of pollution is continually
increasing. As a result of physicochemical analysis of the composition of water samples, an excess
of the maximum permissible concentration for manganese, lead, zinc, and cadmium was found. The
Allium-test revealed toxicity and mutagenicity of the studied water samples. The phytotoxic activity
was observed in the water of the River Esik, manifested in the inhibition of onion root growth. Cytotoxic
activity in the water of the rivers Esik, Turgen, and Lake Esik was manifested in a statistically significant
decrease (p<0.05) in the mitotic index compared to the negative control (distilled water). A weak muta-
genic activity was established in water samples from the river. Esik, Turgen and Lake Esik, manifested in
a statistically significant increase in the level of chromosomal aberrations in the cells of the root meristem
of onions when germinating in water from these water bodies, compared with negative control (p<0.05).
Thus, the obtained results of the study of the toxic and mutagenic potential of natural surface waters from
water bodies located on the territory of the Enbekshikazakh district of the Almaty region indicate their
contamination with environmentally hazardous factors that pose a threat to biota and human health.

Key words: natural surface waters, heavy metals, Allium test, mitotic index, chromosomal
aberrations.
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AAmartbl 00AbIcbl EHOeKLIiKa3ak ayAaHbIHbIH, TAOUFU
CY KO3AepiHeH aAbIHFAH YATIAEPAiH TOKCHMHAIK )KdHe MyTareHAIK Kbi3meTi

Kasipri aKOAOrusIAbIK, >KaFAalt Cy K&3AEPiH MyTareHAIK, reHOTOKCUMKAAbIK, XX8He (PUTOTOKCMKAABIK,
GeAceHAIAIKKE Tekcepy MmaceAeciH KypT KeTepeai. Cy Ke3aepiHiH aiiHaAacbiHAAFbI aAaMAAPAbIH,
GEACEHAIAITIHIH, apTybl >Xep YCTi CyAapbiHbIH SPTYPAI LibIFAaPbIHABIAAP MEH KAAAbIKTAPMEH AaCTaHy
KaymiH apTTblpaAbl, CYAbl OPTAaAAFbl BPTYPAI AACTayLbl 3aTTAPAbIH KOHLEHTPALUMSCHIHbIH, >KOFapblAdybl
OCbl KO3AiH MyTareHAik 6eAceHAiAiriHe akeAyi MyMKiH. AAMaTbl 06AbICbl EHOeKLikasak, ayAaHbIHAQ
opHarackaH Ecik, TypreH >xeHe Ecik e3eHAepi aBTOMOOMAb >KOAAAPbIHA, BPTYPAI KacCinopblHAAPFa
JKOHE apaM KbI3MeTiHe >KakKblH OOAFaHAbIKTaH, AacTaHy Kayri yHemi apTbin keaeai. Cy yAriaepi
KYPaMblH (PU3NKa-XMMUSABIK, TAAAQY HOTMXKECIHAE MapraHel, KOPFacblH, MbIPbILL XX8He KaAMMIA LIeKTi
pyKcaTt eTiAreH KOHUEHTpaumsiaaH acaTtbiHbl aHbiKTaAAbl. Allium-tect 3epTTeAreH cy yAriAepiHiH
YbITTbIAbIFbI MEH MYTareHAIrH aHbIKTaabl. ECik ©3€HiHiH CyblHAQ MWMA3 TaMbIpblIHbIH, ©CYiHE KeAepri
KEATIpeTiH (PUTOTOKCUKaAbIK, BGeACeHAIAIK Oaiikarabl. Ecik, TypreH e3eHaepi >kaHe Ecik keAiHaeri
LUMTOTOKCMKAABIK, BEACEHAIAIK Tepic GakblAayFa (AMCTUAAEHTEH CYy) KapaFaHAQ, MUTO3AbIK, MHAEKCTIH,
CTaTUCTUKAAbIK, MaHbI3Abl TemeHAeyiHAe (p<0.05) 6aikaAabl. ©3eHHIH Cy YAriAepiHAe ©AcCi3
MyTareHAik OGeAceHAiAiK 6arkanabl. Ecik, TypreH eseHaepi oHe Ecik KeAiHae, Tepic GakblrayFra
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KaparaHAa, OCbl Cy OObeKTIAepiHAEri CyAa OHy Ke3iHAE TMUS3AbIH TaMbIPAbIK, MEPUCTEMACHI
KAETKAAApPbIHAAFbl XPOMOCOMAAbIK, aTepaumsl AEHreniHiH, CTaTMCTUMKAAbIK, TYPFblAQH >KOFapblAdybl
kepiHAi (p<0.05). Ocblirariiiua, AAMaTbl 0OAbICIHBIH, EHOEKLLiKa3ak ayAaHbIHbIH ayMarblHAQ OpHaAacKaH
CY arlAbIHAAPbIHAAFbI TabUFM XKEpP YCTi CyAapblHbIH YbITTbl K&HE MyTare€HAIK 9AeyeTiH 3epTTeyAiH
aAbIHFaH HOTMXKEAEpi, OAapAblH 61MOTa MEH aAam AEHCayAbIFbiHA Kayin TOHAIPETIH, 3KOAOTMSIAbIK,
KAyinTi pakTOpAapMeEH AACTaHFaHbIH KepCceTeA|.

Tyiin ce3saep: Taburm 6eTki CyAap, ayblp METaAAAp, aAAMIA CblHafbl, MMUTO3AbBIK MHAEKC,
XPOMOCOMaAbIK, abeppaumsiAap.
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Tokcuyeckas U MyTareHHasi akTMBHOCTb 06pa3LL0B BOAbI
M3 NPUPOAHBIX UCTOYHMKOB EHOeKLIMKa3axcKkoro paiioHa AAMaTMHCKOH 06AacTH

CoBpemMeHHasi 3KoAOrnyeckast CUTyaums oCTPo CTaBUT BOMPOC O MpoBepke BOAHbBIX MCTOUYHUKOB
Ha MyTareHHylo, reHOTOKCMYeCKylo M (DUTOTOKCMYECKYIO aKTMBHOCTb. [1OBbILeHME YeAOBevecKom
AESTEAbHOCTU BOKPYT BOAHbBIX MCTOUYHMKOB YBEAMUMBAET PUCK 3arpsi3HeHUs MOBEPXHOCTHbIX BOA
pa3Hoo6pasHbIMM BbIGPOCAMM M OTXOAAMM, TOBbILLEHME KOHLIEHTPALMM pasHbiX 3arpsi3HUTEAer B
BOAHOM CpeAe MOXET MPUMBECTU K MyTareHHOM akTMBHOCTM 3TOro MCTOYHMKA. Tak Kak pekun Ecuk,
TypreH u o3epo Ecuk, pacrnonroxeHHble B EHOeKILMKAa3aXxCKOM paioHe AAMaTMHCKOM o6AacTty,
HaxoASTCS BOAM3M OT aBTOMOOMAbHbLIX TPACC, PA3AMUHbIX MPEANPUSTUIA U B HEMOCPEACTBEHHOM
HAM30CTU K YEAOBEUECKOW AESITEABHOCTM, TO PUCK 3arpsi3HeHMst MOCTOSIHHO Bo3pacTaeT. B pesyabTtate
(PU3MKO-XMMUUECKOTO aHaAM3a CoCTaBa 06pasLoB BOAbI ObIAO OBHAPY>KEHO MPEBbILEHWE MPEAEABHO
AOMYCTUMOM KOHLEHTPALMK MO MapraHuy, CBWMHUY, LUMHKY M Kaamuio. B Allium-tecte BbisBAeHa
TOKCMYHOCTb W MyTareHHOCTb M3y4YeHHbIX 006pa3uLoB BoAbl. Habaaarach uToTOKCMUECKas!
aKTMBHOCTb B BoAe p. EcuK, MposBasiowascs B MHIMGMpoBaHMKM pocTa KopHein Ayka. LintoTokcnueckas
aKTMBHOCTb B BOAe pek Ecuk, TypreH u o3epa Ecrk nposiBuAach B CTaTUCTUUECKM 3HAUMMOM CHUXKEHWNM
(p<0,05) MMUTOTMYECKOrO MHAEKCA MO CPaBHEHWMIO C HeraTMBHbIM KOHTPOAEM (AMCTUMAAMPOBAHHAS
BOAQ). YCTaHOBAeHa cAabas MyTareHHasi akTMBHOCTb B o6pasiax Boabl n3 p. Ecuk, TypreH n 03. Ecuk,
NMPOSIBMBLLIASICS B CTAaTUCTUYECKM 3HAYMMOM YBEAMYEHNU YPOBHS XPOMOCOMHbIX abeppaumii B KAeTKax
KOPHEBOI MEPUCTEMbI AyKa NMPY NPOopaLLMBaHMM Ha BOAE M3 AQHHbIX BOAHBIX OObEKTOB, MO CPaBHEHMIO
C HeratMBHbIM KOHTpoAem (p<0,05). TakMm 0O6pa3oM, MOAYUEHHblE PE3YAbTaTbl WMCCAEAOBaHMS
TOKCMYECKOro M MyTareHHOro MoTeHLMaAa MPUPOAHbBIX MOBEPXHOCTHBIX BOA M3 BOAHbIX OObEKTOB,
HaXOASLLMXCS Ha TeppuTopum EHBEKLLMKA3aXCKOro panoHa AAMaTUHCKOM 06AACTH, CBUAETEALCTBYIOT
06 MX 3arpsi3HEHHOCTM SKOAOTMYECKM OMacHbIMKM (HaKTOpaMM, MPEACTABASIIOLLIMMK YTPO3Y AAs GUOTbI
M 3A0POBbS YeAOBeKa.

KAroueBble CAOBa: MOBEPXHOCTHbIE MPUPOAHBIE  BOABI,
MWTOTMYECKMI MHAEKC, XPOMOCOMHbIe abeppaumu.

TskeAble  MeTaAAbl,  Allium-Tecr,

Introduction

Large-scale pollution of the environment by
ecologically critical factors of different nature, most
of which have toxic, mutagenic, carcinogenic prop-
erties, poses a specific threat to human health and
the inhabitants of natural ecosystems. The pollution
of natural waters, which are vital resources for hu-
mans, is of great concern. This problem is caused by
an increase in the use of highly hazardous pollutants
in the industry, which are not utilized and accumu-
late in the environment [1].

As of August 2020, the CAS database (USA)
contains information about 164 million different
chemical compounds that are used in many areas
of human activity [2]. Industrial wastes are alien to

the environment and pose a threat to the sustainable
development of the ecosystem, having a mutagenic
effect on the genetic apparatus of living organisms.
One of the most widespread and dangerous pollut-
ants are heavy metals, the danger of which, unlike
organic pollutants, is that they do not lend them-
selves to natural biochemical degradation, are stable
in the environment, and for a long time are part of
the biogeochemical cycle [3]. To solve this environ-
mental problem and protect water resources around
the world, studies on the study of the mutagenic and
genotoxic potential of surface waters have become
relevant [4-11].

Kazakhstan belongs to the category of coun-
tries with a significant deficit of water resources.
In terms of water supply, Kazakhstan ranks last
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among the CIS countries. The specific water sup-
ply is 37 thousand m® per ! km? and 6.0 thousand
m? per person per year. On the territory of Kazakh-
stan, there are about 39 thousand rivers and tempo-
rary streams, more than 48 thousand lakes, about 4
thousand ponds, and 204 reservoirs. According to
the RSE “Kazhydromet” of the Ministry of Energy
of the Republic of Kazakhstan for June 2020, out of
87 surveyed water bodies (58 rivers, 8 reservoirs,
19 lakes, 1 canal, 1 sea), according to the Unified
classification, water quality 2 rivers belong to class
1 (best ), and the rest to grades 2-5 (moderate, worst
and worst quality) [12].

The primary method for monitoring water quali-
ty in Kazakhstan are physical and chemical analysis.
This type of analysis is based on the determination
of the content of numerous components of pollut-
ants in water and comparison with the MAC indi-
cators, based on the data obtained, conclusions are
drawn about the “safety” or “non-safety of water”,
however, the data obtained do not provide an evi-
dence base on the cytotoxic and mutagenic effects
of water [12]. In contrast to physical and chemical
control, biological monitoring allows us to correctly
assess and predict deviations in the state of biologi-
cal systems from the normal response caused by
anthropogenic or technogenic factors. The Allium
test is the reference method among plant test sys-
tems to identify mutagenicity and phytotoxicity of
water. Allium-test is a plant test system with high
informative properties for cytogenetic analysis, in
which various types of chromosomal abnormalities
are recorded. The inductive factor in the occurrence
of chromosomal aberrations is direct mutagens and
promutagens. Direct mutagens tend to cause distur-
bances directly in the DNA itself, and promutagens
are substances that do not possess direct mutagenic
properties but acquire the ability to change DNA
during biochemical reactions in the body. The in-
dicators of the Allium test correlate well with the
results obtained on other objects, including mam-
malian cells [13, 14]

In connection with the above, the purpose of this
study was to study the phyto-, cytotoxic and muta-
genic effects of the water of the Esik, Turgen rivers
and the Esik lake of the Enbekshikazakh district of
the Almaty region.

Materials and Methods
The test object of the study was onion (Allium
cepa L.). The objects of study are water samples

from 6 points: the Esik river (point #1: in the city of
Esik, 43°22°2.16” N, 77°26°20.07” E, point #2 — in
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the area of the Kuldzhinsk highway, 43°25°18.87”
N, 77°21°’46.70” E), Lake Esik (point #3: northern
shore, 43°15°17.74” N, 77°28°59.19” E; point#4:
southern shore, 43°15°12.33” N, 77°28°49.18” E),
Turgen river (point #5 — upper reaches of the river:
43°16°14.98” N, 77°44°21.39” E, point#6 — near
the Almaty-Khorgos highway, 43°31°44.31” N,
77°34°7.46” E). Methyl methanesulfonate (MMS,
C,H,0,S) at a concentration of 10 mg/L was used as
a positive control, and distilled water was used as a
negative control.

The selection, filtration, and conservation of wa-
ter samples were carried out by GOST 31861-2012
[15]. For the experiment, 5 liters of water were col-
lected from each source. Before starting the experi-
ment, the collected water was filtered to remove sus-
pended clay and sand. Several drops of nitric acid
were added to the water to prevent the development
of bacterial microflora. At the site of sampling of
surface water, measurements of the physical param-
eters of water were carried out: hydrogen index (pH)
using a portable analyzer pH-meter PH-009 (I) (Bar-
ry Century, China), total salinity (salts dissolved in
water) using a portable analyzer TDS & EC-meter
(Barry Century, China), Oxidation-reduction poten-
tial (ORP) using a portable ORP analyzer ORP169E
(Barry Century, China), oxygen dissolved in water
using a portable DO-pen type ( Alvin Instrument,
China).

The content of heavy metals was determined by
the atomic absorption method on an MGA-915MD
atomic absorption spectrophotometer (Lumex, Rus-
sia) according to PND F 14.1: 2.214-06 [16]. The
concentration was calculated using the formula (1)
and then analyzed the graphs:

axV, <k

Ve (M

O =

where a is the concentration of the element in the
solution (mg/l; pg/ml), V, is the volume in the test
tubes (mL), V, is the initial volume (1000 mL), k is
the dilution factor.

Allium cepa onions (2n = 16) were used for the
Allium test. The bulbs were physiologically and
genetically homogeneous, the weight of the bulbs
was about 20 g. The bulbs were placed in filtered
water samples (five replicates — to determine
phytotoxicity, five replicates — to determine the
cytotoxicity and mutagenicity of water) and
germinated at room temperature. The length of
the roots was measured on the 7th and 14th days
to determine phytotoxicity [17]. The phytotoxicity
of water samples was assessed by the percentage of
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inhibition of onion root growth. The percentage of
inhibition was calculated using the formula (2):

c_

=+ 100%, )

Plty =

where C is the average length of onion roots in the
control sample, E is the average length of onion
roots in the studied sample [18].

To determine the cytotoxicity and mutagenicity
of water, roots no more than 1 cm long were fixed in
an alcohol-acetic solution in a ratio of 3:1. Staining
was performed with acetocarmine. Cytological
preparations were analyzed using an Olympus BX
43F microscope (Olympus, Japan). To determine the
mitotic index (M) in each variant, at least a thousand
cells of the embryonic meristem of Allium cepa L
bulbs were analyzed. After calculating the mitotic
index, a conclusion was made about the intensity of
division, or vice versa, about the inhibition of cell
proliferation. The mutagenic activity of the water
source was determined by the ana-telophase method
[19, 20].

Statistical processing was carried out in the
add-in “Data Analysis” Microsoft Excel. In all
cases, the mean values and errors of the mean were
determined. The significance of the mean differences
was assessed using the Student’s t-test. Differences
were considered significant at a confidence level of
0.95 (p <0.05).

Research results and their discussion

It is essential to test the water before using it
for drinking, household, agricultural or industrial
use. The water must be tested for various physical
and chemical parameters. Special services for water
quality control must regularly check the following
physical and chemical parameters: temperature,
pH, electrical conductivity, CO, content in water,
alkalinity, dissolved oxygen, biological oxygen
demand, chemical oxygen demand, carbonate,
bicarbonate, sulfate, nitrate, chloride content,
silicates, phosphates, calcium, magnesium, sodium
and potassium ions [21]

The main processes that ensure the vital activity
of any organism are redox reactions, i.e., reactions
associated with the transfer or attachment of
electrons. If the drinking water entering the body
has an ORP close to the value of the ORP of the
internal environment of the human body, then the
electrical energy of the cell membranes (vital energy
of the body) is not spent on correcting the activity

of electrons in water and water is immediately
absorbed, since it has biological compatibility in
this parameter. Usually, the ORP of the human
body ranges from -90 mV to -200 mV, and the
ORP of ordinary drinking water is almost always
significantly higher than zero, tap water — from +80
mV to +300 mV [22].

Electrical conductivity (EC) shows a significant
correlation with parameters such as temperature,
pH value, alkalinity, total salt, total dissolved salts,
chemical oxygen demand, chloride, iron, calcium
concentration in water [23].

Dissolved oxygen (DO) is one of the most
important parameters. This indicator correlates
with bacterial activity, photosynthesis, nutrient
availability, stratification, etc. During the summer,
dissolved oxygen can decrease due to increased
temperatures and also due to increased microbial
activity [21]. The oxygen content in surface waters
is an indirect characteristic of assessing the quality
of surface waters [23].

The results of measuring the physical parameters
of the studied water samples from the rivers Esik,
Turgen, and Lake Esik are presented in Table 1.
In the Enbekshikazakh region in the studied water
bodies (the Esik river, Esik lake, Turgen river), the
range of temperature values mainly fluctuated in the
range of 3.9-7.2°C, except for the river Esik, point#2
(20.4°C). The higher temperature of the samples at
these points of the river Esik is connected with the
shallow water of the river at this point. pH values in
water samples rivers Esik and Turgen were 5.5-6.6
(neutral and slightly alkaline waters), Lake Esik —
5.0 (slightly acidic waters). Total Dissolved Solids,
pH, electrical conductance, oxidation-reduction
potential of water in the studied water bodies
corresponded to the normative indicators [24].
Indicators of dissolved oxygen should be 4 mg/L
for drinking water, use 6 mg/L for water bodies for
a fishery. Low levels of dissolved oxygen in the
studied waters indirectly indicate their pollution.

The contents of nickel, manganese, cobalt, lead,
chromium, iron, zinc, copper, and cadmium were
determined in water from rivers Esik, Turgen, and
Lake Esik using the atomic absorption method (Ta-
ble 2). In the Esik River, the content of manganese
exceeded the MAC 1.6 times, lead — 1.4 times, zinc
—3.7 times. In the Turgen River, the content of man-
ganese exceeded the MAC by 7.3 times, lead — 1.1
times, zinc — 1.5 times. In the Lake Esik, the content
of manganese exceeded the MAC by 2.4 times, lead
— 1.1 times, cadmium — 1.1 times. For other heavy
metals, no excess of MAC was observed.
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Table 1 — Physical parameters of water samples from water bodies of the Enbekshikazakh district of the Almaty region

Water samples Temperature (°C) pH ORP (mv) TDS (ppm) EC (uS/cm) DO (mg/L)

Esik River, point #1 4.1 5.6 +97.0 89.0 162.0 5.6

Esik River, point #2 20.4 6.6 +81.0 80.0 157.0 2.8

Esik Lake, point #3 4.9 5.0 +102.0 131.0 2717.0 5.9

Esik Lake, point #4 5.1 5.0 +111.0 129.0 269.0 5.5
Turgen River, point#5 39 55 +88.0 110.0 131.0 3.1
Turgen River, point#6 7.2 5.6 +80.0 86.0 142.0 5.5

Standards - 6.0-9.0 +80.0-300.0 50.0-150.0 100.0- 1200.0 4.0-6.0

Note: ORP — Oxidation-reduction potential, TDS — Total Dissolved Solids, EC — electrical conductance, DO — dissolved oxygen

The excess of the MAC for Mn in the studied
water of the river and Lake Esik is possibly associ-
ated with the specific geochemical features of the
study area [25]. According to Petryakova O.D. and
Fominova E.A., an increase in the manganese level
may be associated with a decrease in the water level
in the reservoir. With a decrease in the water level
in natural reservoirs, the processes of eutrophication
are accelerated, that is, the saturation of natural res-
ervoirs with biogenic substances, which is accom-
panied by an increase in the productivity of water
basins [26].

The results obtained indicate the pollution of
natural waters with heavy metals, which can harm
living organisms and lead to the appearance of toxic
and mutagenic activity of the studied water bodies.

The phytotoxicity of the studied water samples
was assessed by measuring the length of the root
system of onion (4. cepa) when germinated it on
various water samples. The effect was considered
phytotoxic if not only inhibiting, but also eutrophy-
ing (stimulating) effect was detected. The results
of studying the intensity of growth of A.cepa roots
during germination on water samples of the studied
water bodies are presented in Table 3.

As shown in Table 3, the positive control MMS
statistically significantly inhibited the growth of 4.
cepa roots, the inhibitory effect of which on the 7th
and 14th days of germination was 35% and 71%,
respectively. At 7 and 14 days of onion germina-
tion, water samples from the river Esik On day 7, the
inhibitory effect was 14% and 17% in point#1 and
point#2, respectively. On the 14th day, this indicator
was 18% in point#l, and 27% in point#2. In water
samples from Lake Esik (point#3), a eutrophying
effect was revealed, which was 35% on day 7 and
31% on day 14 of exposure. No phytotoxic effect
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was found at point #4. In water samples from the
River Turgen, the inhibitory effect was not revealed.

In the works of Dovgalyuk A.L, one of the
factors inhibiting the growth of roots of Allium
cepa L. is an increased content of several heavy
metals (lead, cadmium), which leads to disruption
of the functioning of the actin cytoskeleton, as a
result of which inhibition of the growth of cells and
organs and changes in the architecture of the root
system [27]. According to Melnichuk Yu.P., heavy
metals are capable of causing morphophysiological
changes in the nuclear apparatus, and also changes
the conformation of the active center of the
ribonuclease enzyme. The enzyme loses its catalytic
ability and remains in an inactive state, and leads to
a reduction in dividing cells, and in the duration of
the metaphase of mitosis [28].

The mitotic index is calculated to determine the
intensity of cell division of the meristematic tissue
(Table 4). Changes in the proliferative activity of
cells can be considered as an integral indicator of the
negative impact of factors on the body. The mitotic
index can indicate the proliferative activity of cells,
the suppression of the process of cell division, or,
conversely, an increase in the mitotic activity of
tissues [19, 20]. Water samples from rivers were
compared with a negative control: distilled water,
and for final confirmation with a positive control:
MMS at a concentration of 10 mg/L.

Analysis of the mitotic activity of the cell
population of the apical meristem of onion roots
germinated on water samples from the Esik and
Turgen rivers showed inhibition of cell division of
the embryonic root meristem compared with negative
control under prolonged exposure. Water samples
from Lake Esik showed a mitosis-stimulating effect
with 24-hour exposure.
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Table 2 — The content of heavy metals in water samples from water bodies of the Enbekshikazakh district of the Almaty region

The content of heavy metals (mg/dm?)
Water samples -
Ni Mn Co Pb Cr Fe Zn Cu Cd
Esik River, point | 0.0025+ | 0.0131+ | 0.0019+ | 0.0061+ | 0.0080+ | 0.0340+ | 0.0351+ | 0.0007+ | 0.0005+
#1 0.0003 | 0.0001* 0.0003 0.0001* 0.0002 0.0003 0.0002* 0.0001 0.0001
Esik River, point | 0.0018+ | 0.0155+ | 0.0038+ | 0.0083+ | 0.0032+ | 0.0264+ | 0.0372+ | 0.0004+ | 0.0004+
#2 0.0002 | 0.0002* 0.0002 0.0002* 0.0001 0.0002 0.0001* 0.0001 0.0001
Esik Lake, point | 0.0005+ | 0.0192+ | 0.0026+ | 0.0036+ | 0,0026+ | 0,0060+ | 0.0061+ | 0.0034+ | 0.0003+
#3 0.0001 0.0007* 0.0001 0.0002 0,0002 0,0001 0.0001 0.0001 0.0001
Esik Lake, point | 0.0016+ | 0.0242+ 0.0020+ 0.0065+ 0.0025+ 0.0055+ 0.0110+ 0.0007+ 0.0011+
#4 0.0003 0.0003* 0.0002 0.0002* 0.0001 0.0001 0.0001 0.0001 0.0001*
Turgen River, 0.0081+ | 0.0730+ | 0.0032+ | 0.0057+ | 0.0052+ | 0.0135+ | 0.0055+ | 0.0005+ | 0.0004+
point#5 0.0000 | 0.0002* 0.0001 0.0002 0.0001 0.0001 0.0003 0,0001 0.0001
Turgen River, 0.0015+ | 0.0340+ | 0.0021+ | 0.0065+ | 0.0048+ | 0.0174+ | 0.0154+ | 0.0007+ | 0.0003+
point#6 0.0002 | 0.0003* 0.0002 0.0002* 0.0003 0.0001 0.0002* 0.0001 0.0001
MAC 0.01 0.01 0.01 0,006 0,02 0,1 0,01 0.001 0,001
Note. * exceeds or at the level of MAC

Table 3 — The average length of the roots of onions germinated on water samples from the Enbekshikazakh district of the Almaty

region

Experimental groups

The average length of the roots, cm

7 days 14 days

Distilled water 3.09+1.51 4.1840.05
MMS (10.0 mg/L) 2.05+0.87 1.19+£0.76*
Esik River, point #1 2.65+1.74 3.45+1.58%
Esik River, point #2 2.51£2.04 3.04+1.82%*
Esik Lake, point #3 4.75+1.15* 6.13+0.43*
Esik Lake, point #4 3.15+0.34* 4.15+0.32
Turgen River, point#5 3.07+0.06 4.17+0.10
Turgen River, point#6 4.34+0.14 4.70+0.10

Note: * -p <0.05 in comparison with negative control (dH,0)

Table 4 — Mitotic index of cells of the meristematic zone of the roots of Allium cepa germinated on water samples from water bodies
of the Enbekshikazakh district of the Almaty region

Mitotic index (%)

Experimental groups

24 hours 48 hours 72 hours 96 hours

Distilled water 3.19+0.37 2.99+0.17 3.03+0.11 3.9140.12
MMS (10.0 mg/L) 2.01+0.18 0.99+0.45* 0.52+0.25* 1.08+0.46*
Esik River, point #1 2.83+0.34 1.88+0.18* 2.69+0.11 3.09+0.09*
Esik River, point #2 2.29+0.50* 2.34+0.18 2.33+0.17* 2.87+0.12*
Esik Lake, point #3 4.39+0.48* 2.77+0.39 3.03+0.29 3.81+0.35
Esik Lake, point #4 4.57+0.43* 2.69+0.18 2.98+0.29 3.28+0.34*
Turgen River, point#5 2.94+0.28 2.35+0.50 2.77+0.03* 2.70+0.50*
Turgen River, point#6 2.80+0.09 1.34+0.31%* 2.23+0.48* 3.33+0.10

Note: * -p <0.05 in comparison with negative control (dH,0)
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Along with phytotoxic and cytotoxic activity,
the water source may have mutagenic activity,
which adversely affects living organisms (Table
5). The determination of the mutagenic activity
of water samples was carried out by the ana-
telophase method of analysis of cells of the
apical actively dividing root meristem of onions

germinated on the studied water samples, taking
into account the structural abnormalities of
chromosomes of different types in the anaphase
and telophase of mitosis. In the cell population
grown on the mutagen, the following disturbances
were observed: micronuclei, point fragments,
lags.

Table 5 — Percentage of chromosomal aberrations in water samples from water bodies of the Enbekshikazakh district of the Almaty

region
Experimental groups Total cells studied Frequency of aberrant cells (M + m%)
Distilled water 490 1.63 +0.57

MMS (10,0 mg/L) 530 5.66 + 1.00**
Esik River, point #1 487 2.46+0.70
Esik River, point #2 490 3.67+0.85%*
Esik Lake, point #3 484 3.72+0.86*
Esik Lake, point #4 485 2.47+0.71

Turgen River, point#5 456 1.91+£0.69

Turgen River, point#6 485 3.00+0.61*

Note: * -p <0.05, ** p <0.01 in comparison with negative control (dH,0)

It can be seen that water from the river Esik
(point #2), lake Esik (point #3), river Turgen (point
#6) have weak mutagenic activity. Chromosomal
abnormalities were presented in the form of anaphase
bridges and chromosome lagging.

As a result of the ana-telophase method of
accounting for chromosomal aberrations in the
apical meristem of onions germinated on the water
of the studied natural sources, the mutagenic activity
of the studied water was revealed, which may be due
to the presence of a complex of heavy metals. In the
work of V.V. Babkin and A.A. Zavalin, a synergistic
feature of lead was discovered by activating the
toxic effect of other heavy metals [29]. In addition
to heavy metals, various fertilizers, pesticides,
components of exhaust gases, and so on, can get into
the water, the toxic effect of which can also increase
the frequency of chromosomal aberrations. An
increase in the frequency of harmful mutations leads
to an increase in the genetic load in populations of
various types of organisms, including humans [1,
20]. In human society, the frequency of births of
children with hereditary pathologies is increasing,
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which causes some issue. Therefore, environmental
monitoring, including genetic monitoring, of the
state of the environment, including surface waters,
should be mandatory and carried out by the relevant
services.

Conclusion

Thus, as a result of research, it was established
that the MAC was exceeded for some heavy metals.
The phytotoxic, cytotoxic, and mutagenic activity
was shown for all studied surface waters. The results
Oof the study of the toxic and mutagenic potential
of natural surface waters from water bodies located
on the territory of the Enbekshikazakh district of
the Almaty region indicate their pollution with
environmentally hazardous factors that pose a threat
to biota and human health.

This research has been funded by the Science
Committee of the Ministry of Education and
Science of the Republic of Kazakhstan (Grant No.
AP05130546, Project supervisoris A.V. Lovinskaya)
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PAANOIKOAOTUYECKME MCCAEAOBAHUS
I KAPAKOA UCCbIK-KYAbCKOU OBAACTU

OcHOBHbIM KpuTeprem Mccbik-KyAabckoit 06AacTH 9BASETCS cbaraHCMPOBAHHOE COLIMAAbHO-3KO-
HOMMYECKOE PasBUTME PErMoHa, COOAIOAEHME 3KOAOrMUECKMX HOPM B LEASIX COXpaHEHWs Guopas-
HoO6pa3smns, AaHAWA(TOB M NMPUPOAHbBIX 3KocMcTeM. Fopoa Kapakoa SBASETCS aAMUHMCTPATMBHBIM 1
KYAbTYPHbIM LleHTpoM Mccbik-KyAbckorn o6aactu, obecneveHme paAMosKoAOrMyeckon 6e3onacHoCTm
BbICTyrNaeT 00513aTeAbHbIM YCAOBMEM KauyecTBa OKPY>KAIOWEN CPeAbl AAS YCTOMUMBOIO PasBUTUS B
pervioHe. Lleab paboTbl — paAMoO3KOAOrMUecKas OLeHKa oKpyskatolern cpeabl r. KapakoA. MolHocTb
3KCMO3MUMOHHOM AO03bl pPasMaLMOHHOTO oHa OblAa YCTAaHOBAEHA METOAOM MELIEXOAHOWM ramma-
CbEMKM, YAEAbHAs aKTMBHOCTb PAAMOHYKAMAOB B NMOYBE OblAa ONPeAEAEHa raMMa-CrieKTPOMETPUYECKUM
METOAOM aHaAM3a. AAS YPOBHEN MOrAOLLEHHbIX AO3 U OLEHKW PAAMALLMOHHBIX PUCKOB MCMOAb30BaHO
nporpammHoe obecreverue Erica tool 1.3. o pe3yabTatam MCCAEAOBaHWIA YCTAHOBAEHO, UTO YPOBEHb
MOLLLHOCTM 3KCMO3ULMOHHOM AO3bl FaMMa-M3AyYeHMS He MPEBbILLAET AOMYCTUMOI HOPMbI 1 BapbUpPYyeT B
npeaeae 16 — 25 MkP/4. Y AeAbHast akTUBHOCTb PAAMOHYKAMAOB B rouse (238U, 232Th, 40K, 137Cs) HaxoAMTCS
B NMpeAeAax eCTeCTBEHHbIX 3HAYEHWIM, YPOBEHb MOFAOLLEHHOM A03bl M KO3(PULIMEHTbI PAAMALIMOHHBIX
PUCKOB He NMPEeACTaBASIIOT OMACHOCTU AAS XKMBbIX OPraHn3MoB. [MoAyUYeHHble pe3yAbTaTbl MICCAEAOBAHUM
CYLLLEECTBEHHO AOMOAHSIOT 6asbl AQHHbIX PAAMOIKOAOTMUYECKOrO MOHUTOPUHIA MPUPOAHO-TEXHOTEHHbIX
akocucteM KbiprbidacTaHa M MpPeACTaBASIOT GOAbLLYIO LEHHOCTb AAS MPMPOAOOXPAHHbIX CTPYKTYP
pervoHa.

KAtoueBble cAOBa: paAMaLLMOHHBIN (DOH, PAAMOHYKAMADI, MOYBA, YAEAbHAS aKTUBHOCTb
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"Issyk-Kul State University, Kyrgyzstan, Karakol
2Institute Biology of the National Academy of Sciences of the Kyrgyz Republic, Kyrgyzstan, Bishkek,
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Radioecological research of the city Karakol of Issyk-Kul region

The main criterion for the Issyk-Kul region is the balanced socio-economic development of the re-
gion, compliance with environmental standards in order to preserve biodiversity, landscapes and natural
ecosystems. The city of Karakol is the administrative and cultural center of the Issyk-Kul region, ensuring
radioecological safety is a prerequisite for the quality of the environment for the sustainable develop-
ment of the region. The purpose of the work is a radioecological assessment of the environment of the
city of Karakol. The exposure dose rate of the background radiation was determined by the method
of pedestrian gamma-survey, the specific activity of radionuclides in the soil was determined by the
gamma-spectrometric method of analysis. Erica tool 1.3 software was used for absorbed dose levels and
assessment of radiation risks. According to the research results, it was found that the level of the expo-
sure dose of gamma radiation does not exceed the permissible norm and varies in the range of 16-25
MR / h. The specific activity of radionuclides in the soil (238U, 232Th, “°K, ¥7Cs) is within natural values,
the absorbed dose level and radiation hazard coefficients do not pose a threat to living organisms. The
obtained research results significantly supplement the databases of radioecological monitoring of natural
and technogenic ecosystems in Kyrgyzstan and are of great value for the nature protection structures of
the region.

Key words: radiation background, radionuclide, soil, specific activities
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blcTbIKKOA 06AbICBIHbIH, KapakeA K. paAMO3KOAOrMSIAbIK 3epTTey

blcTbIKkOA aliMaFbiHbiH, 6aCTbl KpUTEPUIAE — BYA alMMaKTblH, SAEYMETTIK-9KOHOMMUKAABIK, AaMYbl,
6MOAAYaAHTYPAIAIKTI, AQHAWIADTTAP MEH TabuFn BKOXKYMEAEPAI CakTay MakCaTbiHAQ DKOAOTMSAbIK,
HopMaAapfra cavikecTiri. Kapakea Kaaacbl — bICTbIKKOA 0OAbICbIHbIH, SKIMLLIAIK KOHE MOAEHM OPTAAbIFbI,
PAAMO3KOAOTUSIABIK, KAYIiMNCI3AIKTI KaMTamMacbli3 eTy aiMakTaFbl TYpakTbl AaMy YLUiH KOpLUaraH opTa
canacbiHbIH MaHbI3AbI WAPTbI 60AbIN TabblAaAbl. XKYMbICTbIH MakcaTbl — KapakeA KaAacbIHbIH KOpLLaFaH
opTacbiHa PAAMO3KOAOTUSAbIK, HGara 6epy. DOHADBIK, COYAEAEHYAIH BCEP ETY A03aChl >Kasty XXYPriHwirep
raMMacblH 3epTTey SAICIMEH aHbIKTAAAbI, TOMbIPAKTaFbl PAAMOHYKAMATEPAIH HaKTbl GEACEHAIAIri
raMMa-CrieKTPOMETPUSIAbIK, TaAAdy BAICIMEH aHbIKTaAAbl. Erica tool 1.3 6araapaamachl CiHipiAreH
AO3aHblH AEHreri MeH paAMauMsAbiK, KayinTi 6araAay ViliH KOAAQHbIAAbL. 3epTTey HaTuXKeAepi
6oVibliHLLIA FraMMa-COYAEAEHYAIH 8Cep eTy A03aCbiHbIH AEHreii pyKcaT eTiAreH HOpMaAaH acrnamTbiHbl
oHe 16 — 25 MkP/car apaAblFbiHAQ GOAATbIHbI aHbIKTaAAbl. TOMbIPaKTarbl PAANMOHYKAMATEPAIH epekie
6eAceHAiAir (338U, 232Th, 4K, 37Cs) Taburn Liamasapra COMKeC KeAeai, CIHIPIAETIH A03aHbiH AeHrefi
JKOHE PaAMALMEAbIK, KAyiNTiAIK KO3 ULMEHTTEPI Tipi opraHn3mAepre Kayin TeHAIpMeRAi. AAbIHFaH
3epTTey HoTmKeAepi KbIpFbi3acTaHAaFbl TAOUFU XKOHE TEXHOMEHAIK DKOXKYMEAEPAiH PAAMOIKOAOTUSAbIK,
MOHMUTOPUHTiHIH MBAIMETTEp 6a3achiH aMTaPAbIKTai TOAbIKTbIPAAbI XKOHE aliMaK ThiH TabMUFaTTbl KOpFay

KYPbIABIMAAPbI YLLIH 6T€ MaHbI3AbI.

Ty#iH ce3aep: paaraumaAbiK DOH, PAAMOHYKAMATEP, TOMbIpak, epekile 6eACEHAIAIK

BBenenune

EcrecTBeHHast pain0aKTHBHOCTD SIBJISIETCS OHUM
u3 (aKTOpOB OKPY’KAIOIIEH Cpelbl, KOTopasi B Teue-
HHE JUTMTEIBHOTO NEPHO/ia BpEMEHN BO3/ICICTBYET Ha
ouocdepy 3emnn. B oreuectBeHHON U 3apyOexHON
JTEpaType MPUBOISTCS MHOTOYHCIIEHHBIE UCCIIEO-
BaHUS IO JICMCTBHIO €CTECTBEHHON W UCKYCCTBEHHOM
paauaIyy Ha KUBbIe oprann3msl [1-8)]. Paa HayaHbIX
HCCIE0BaHUM MOCIETHUX JIET MOKa3alH, YTO, YBEIH-
YeHHE YPOBHS PaAMaLlIOHHOTO (JOHA SIBIISIETCS OTHUM
13 HEraTHBHBIX N3MEHEHUI COBPEMEHHON OMOChepsl,
B TOM 4YHCJIEe U yenoBeka [9-14]. B nanHoii craTbe pu-
BE/ICHBI PE3yJbTaThl PAIHOIKOJIOTUIECKHX HCCIIEN0-
BaHUM OKpy>Karoieil cpenpl ropoga Kapakon. ['opon
Kapaxkon siBnsieTcst aqMUHUCTPaTUBHBIM, KyJIbTYpPHBIM
U TypuctHdeckuM wLeHTpoM Mcchik-Kymbckoit 00-
macTH, obOecriedueHrne pario3KOIOrHIecKor Oe3omac-
HOCTH BBICTYTIAET O0S3aTENbHBIM yCIIOBHEM KadeCTBa
OKpYXaromien cpebl.

MaTepI/laJ'l H ME€TOJbI

W3mepenne ypoBHs pamuanuoHHoro (oHa Ha
tepputopuu r. Kapakoi ObLTO MPOBEIEHO METOIOM
HeHIeXOZIHOfI raMmMa-Cb€MKH MECTHOCTH IO0O3HUME-
tpoM JIKC-96 [15]. C ucnonp3oBanueM reouHdpop-
MarmonHoi cuctembl Golden Software Surfer 11
COCTaBJICHAa KapTa-CXeMa YPOBHSI SKCITO3UIIMOHHON
JI03BI TaMMa-H3ITydeHus Ha Tepputopuu r. Kapakoi.

CoriracHO TIOYBEHHOTO paitormpoBanus Koip-
rei3cTaHa, teppuropus T. Kapakon mpesicrabiecHa

TOPHO-JIOJIMHHBIMU CBETJIO-KAIITAHOBEIMH U Kalll-
TaHOBBIMH mouBamu [16]. Jlnsa ompenenenust pa-
JUOHYKJIMIHOTO cocTaBa 1MouB ¢ 30 KOHTPOJIBHBIX
Y4aCTKOB OBLIM 0TOOpaHBI MPOOHI ITOYB C TOPU30HTA
(0-30 cm) cormacuo 'OCT 17.4.4.02-84 [17].
Ompenenenne paguoHYKIUIOB B IIpoOax IOYB
NPOBEJICHO METOJOM HWHCTPYMEHTAIBHOH TaM-
Ma-CIIEKTPOMETPUM  HA  raMMa-CIIEKTPOMETpe
“Canberra”, moznens GX4019 ¢ nporpaMMHBIM 00¢-
cneuerrneM Genie-2000 S 502, S501 RUS mabopa-
TOpUU OMOTEOXUMHUH U PAIUOIKOJIOTHH WHCTUTYTA
oumonmornn HAH KP. [yt orleHKM ypoBHE#H TOTII0-
IICHHBIX 7103 U KO3((UIIMEHTOB pPaTUAIlMOHHOTO
pHCKa JUIA KUBBIX OPraHU3MOB HCIOJIb30BaH MaKeT
npukiIagHeix mporpamum Erica tool 1.3.

Pe3yabTarsl U UX 00CyxK/AeHHUE

MolHOCTh paiualliOHHOTO (JOHA IO raMMa-H3-
TyudeHuro Ha Tepputopun r. Kapakon Bapsupyer B
npenenax 16 — 25 mxP/4. Pesynprarel ncciemnoBa-
HUH TpeAcTaBIeHbl B Tadmmie 1.

PesynbpraTel uccienoBaHui moKa3aiad, YTO Ha-
OJIFOTAfOTCS HE3HAYMTENBHBIC BapHaliil YPOBHS
SKCIIO3UIIMOHHOMN 03Bl TaMMa-U3JIydCHIS, CBSI3aH-
HBIE C HEOTHOPOIHBIM paclpe/IeICHUEM €CTeCTBEH-
HBIX PaJUOHYKIHIO0B B nousax r. Kapaxon. [To 30
TOYKaM W3MEpPEHUs] paJualMoHHOr0 ()OHA C WC-
TOJTH30BaHHUEM KOMIIBIOTEpHOH Iporpammel Golden
Software Surfer 11 cocraBnena xkapra-cxema MOIII-
HOCTH JKCIIO3UIIMOHHOM T03bI raMMa-U3TyueHus Ha
Teppuropuu T. Kapakon (puc. 1).
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Pagnoskonornueckue uccnenoBanus r. Kapakon Mccrik-Kynbekoii o6macti

Ta6auna 1 — MomHOCTh YpOBHS pagualiioHHOro oHa Ha Tepputopuu I. Kapakoin

Ne Mecro usmepenus MKP/q. MKP/1
(max-min) (M+£m)
1 TerutoBas 31€KTPOCTaHLUA 27-33 30+3
2 10 meTtpoB ot peku Kapakon 17-25 21,6+3.4
3 Bepxnss 30Ha mukpopaiiona «Kamka-Cyy» 20-26 23,3£2.7
4 Hwxuss 30Ha mukpopaiiona «Karmmka-Cyy» 19-23 21£2
5 T'opoackoii nnmoapom 20-24 2242
6 INepeceuenne yi. XKamancapuesa / TypkecraHckas 19-23 21£2
7 Ilepeceuenue yn. AnpibakoBa / Typkecranckas 16-20 18+2
8 Paiton 06nacTHOM GONBHUIIBI 19-23 212
9 [epeceuenne yn. Macanuesa / Kapacaepa 20-26 2343
10 Toponckoii mapk «ITobemsi» 20-23 21,6+1.4
11 Iepeceuenue yn. Kapacaesa / YKakpinosa 20-28 24+4
12 10 metpoB ot pexu Kapakon (yin. Kapacaesa) 20-28 2444
13 Toponckoif mapk um. A.C. ITymkuna 17-21 19+2
14 Ilepeceuenne yn. Toxroryna / [TapkoBas 19-25 2243
15 10 metpoB ot pexu Kapaxon (yn. Tokroryna) 22-28 2543
16 Tlepeceuenue yn. XKycaesa / Tokroryna (1ieHTp roposa) 19-21 20,6+1
17 T'oponckoii napk cTyneHTOB 18-26 2244
18 Ilepeceuenne yn. Toxroryna / ['e63e 20-26 2343
19 Ilepeceuennue yn. Toxroryna / TymaHoBa 19-23 21+2
20 Paiion asponopra 20-24 2242
21 Teppuropust Kapaxonbsckoro 6azapa 24-28 26+2
22 Iepeceuenne yn. Kyrmananuesa /Annamiesa 22-24 23+1
23 [epeceuenue yn. AGnpaxmanosa / [IpxkeBanbckoro 26-30 28+2
24 Hwxnss 30Ha Muxpopaiiona «Bocxom» 25-26 24,6+1
25 Topoackoii aBTOBOK3aJ 25-27 2542
26 10 metpoB ot pexu Kapakou (c. bopy-bar) 20-26 23+3
27 yi. Kagpip-Ake 22-26 24+2
28 Beriesn ¢ ropona (cesep) 21-25 2342
29 Ilepeceuenue yin. Mckakosa / Dnebaesa 20-26 2343
30 Briesn ¢ ropona (tor) 20-24 2242

B xunpix paitonax r. Kapakon (MukpopailoHBI
«Kamka-Cyy» n «Bocxoa») B MecTax OTAbIXa To-
poxan (mapk «I[loOGenpr») ObuTH 0TOOPaHBI TPOOHI
[IOYB AJIS ONIPENIENIEHUS PaJHOHYKINHOTO COCTaBa.
Uccnenosanuamu B.B. Kosansckoro (1968) u yue-
HeIMH KbIpreiscrana ycranosineHo Wccwlk-Kyms-
CKasl KOTJIOBHHA SIBIISIETCS €CTECTBEHHON ypaHOBOU
OMOTeOXMMUYECKON TMPOBUHINEH, PErHOHAIBHBIN
(oH ypaHa B MoYBax MOBBILIEH U BapbUPYyET B Mpe-

66

nenax 0,00012 — 0,00064 % (14,9 — 79,6 bx/kr) [1,
18, 19, 20]. Yaenpnas akruBHOCTH 2%U B mousax
r. Kapakon Bapeupyer B mpenenax 39,8-70,8 B/
KT, T.e. HAXOIUTCS HAa ypOBHE MeCTHOro (oHa Xa-
pakreproro g Mcceik-Kynbckoit obnactu. bonee
BBICOKHE KOHLIEHTPAaLUU ypaHa Ajsl TOPHBIX CBET-
JI0-KalITaHOBBIX T0YB KapakoibCKoro mpupoaHoro
napka 78 BK/KT, BEpOSATHO CBSI3aHHBIE ¢ OCOOCHHO-
CTSIMH TOPHBIX ITOPOJ MECTHOCTH (Tab. 2).
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Pucynok 1 — Kaprocxema MOITHOCTH SKCIIO3MIIMOHHON TO3BI TaMMa-H3JTyYeHHS
Ha Tepputopui I. Kapaxkoin, ¢ nucrionszoBanneM nporpammsl Surfer 11 (MxP/q)

Tab6auna 2 — Coneprkanue paanoHYKINAOB B mouBax ropoxa Kapakon

U/234Th 232Th 40K | 137CS
Mecro orbopa
VhenbHast akTHBHOCTb, Br/kr (M+m, p<0.05)
T'TIT «Kapakom» 78,1+4,9 57,1£5,2 606+6,3 7,6£0,2
Muxpopaiion «Kamxka-Cyy» 39,8+2,3 50,1£5,1 523+5,4 5,940,2
ITapk «ITo6ensr BOB» 70,8+5,3 57,1+4,5 624+5,5 3,940,3
Muxkpopaiion «Bocxon» 55,5+£3,2 58,7+4,9 552452 3,9+0,3

KommnproTepHsie mporpaMMbel B HacTosllce
BpeMsI IMPOKO MCHOJIB3YIOTCS B PAaIMOIKOIOTHYIe-
CKOM MOHHUTOPHHTE OKpyKaromei cpensl. [laker
npukiaaaeix nporpamm Erica tool 1.3 mmpoko uc-
TIOJIB3YETCS JUI PaJHOdKOJIOTHIECKOW OLEHKH CO-
CTOSTHUSI HAa3eMHBIX W BOJHBIX JKOCHUCTEM. 3Has
coJepKaHUsl PaJMOAKTUBHBIX AJIEMEHTOB B ITOYBE
WIN B BOJIE, IPOTpaMMa MPOU3BOIUT PAacUeThl Ha-
KOTUICHHSI PaTUOHYKITUIOB )KUBBIMH OpTaHU3MaMH,
MOTJIOMEHHBIX /103 OOJyueHHs, OLEHKY (akropa
PaIMAIMOHHOTO PUCKA. DIIEMEHT PaHo3KOJIOTHYe-
CKOW OIIGHKH COCTOMT U3 TPEX ypOBHEH, Ha TIEPBOM
YpOBHE OLICHHBaeTCA (aKTOp PagualliOHHOTO PH-
CKa, €CIIM €ro 3HaYeHWe HHU3KOe, TO MOXKHO Orpa-
HUYUTBCS ypoBHeM 1 (puc. 2). Ecim 3HaueHue pa-
JUAalMOHHOTO (pakTopa MOBBILIEHO, TO ACHCTBHE
pPEKOMEHyeTCs TMPOMODKUTE B ypoBHe 2. s
OLIGHKM BO3MOXHBIX panuoduonornieckux 3ddex-
TOB B IIpeJIeJIaX PACUETHBIX 103 00TydeHUs IS KH-
BBIX OPTaHU3MOB IIPHIMEHSETCS YPOBEHb 3.

Jns pacyera ¢axkTopa paJuaniOHHOTO PUCKA
nporpammoii Erica tool 1.3 HamMu ObLIM BBEIEHBI
JaHHBIC yNENbHOW aKTUBHOCTH ypaHa B TMOYBAaXx T.
Kapakon. Ecnu pacuetHoe 3HaueHune KodpuumeH-
Ta PUCKa BhIIIE 1, TO CYIIECTBYET BEPOSITHOCTh Ha-
KOILICHUSI PaTOHYKJINIOB KUBBIMUA OpPraHU3MaMHu.
®daxtop pucka (RQ) Obur ompenenen mo ciexyro-
et popmyie:

Mn

RQn =

rne, RQn = daktop pucka ans paauoHYKIUIa
«ny;

Mn = u3MepeHHass KOHLUEHTPALMs AKTUBHOCTH

JUTsL paJuoOHyKIuAa «n» B cpene, bk kr-1 mis
MOYBBI;

EMCLn = [IpenensHo 10mycTUMasi KOHIICHTPA-
s JUIs paJuoHYKIUIOB «ny» (B 0a3e TaHHBIX TPO-
rpamMmel Erica)
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[ Management I Assessment l Characterisation ]
Plan

L-ﬂ—
%
:
|

t F
! Tier 1 |«—+ Concentration screening value —
- ¢
§ ] Tier 2 Dose rate scmnlng value
e s | \
= ans FRI-.I)ERILA database
'5 options \ Tier 3
E Site-specilic “—* Detailed analysis and
= Probabilistic analysis evaluation of data. Interaction
mﬂ Monitoring and supplementation with all
relevant databases
| and decision
Exit

Pucynok 2 — Anroputm mporpammsl Erica tool 1.2

[MonyueHHbIe pacueTHbIC 3HaUCHHUS (JAaKTOpa pa-  TJIOIICHHBIC J03bI OOYUYCHHUS JKUBBIX OPraHU3MOB
JMAIIMOHHOT'O PUCKA JJIs pa3HBIX yUacTKoB I'. Kapa-  BappuUpyIOT B Tpejeliax €CTECTBEHHBIX YpPOBHEH
KOJ HIDKE 1, T.e. HEeT paguamioHHON OMacHOCTH, To-  (puc 3, Tabm. 3).

0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

0,77

0,46

Koag. Pucka

rmn "Kapakon"  Mukpopaliod  [Napk "Mobeapl"  MwuKpopailoH
"Kawka-Cyy" "Bocxon"

Pucynok 3 — 3naueHus K03 QHUIIMEHTOB paHaIlIOHHOTO pucka Juis . Kapakon

Ta6auna 3 — PacueTHas OMIOIICHHAS /1032 OOTyYeHHUsI HA OPTaHU3M

DTaNOHHBIE OPTaHU3MBI IMornomennas no3a Ha opranusm (Ml p/4)
Amdpubun 0,013
Konpbuatslii uepBb 0,078
YUneHHCTOHOTHE 0,029
TITume 0,004
Jleraromue HaceKOMbIe 0,027
Tpasbt 0,452
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Ipooonacenue mabauyvr 3

DTalloHHbIE OpraHu3Mbl

Ilornomennas no3a Ha opranusM (MkIp/q)

MXU 1 THIIaHHAKA 2,221
Muekonurtaronue (O0bIIUe) 0,019
Muexonuraronye (MeaKue) 0,016
Bproxonorue momttocku 0,076
Pentumun 0,014
Kycrapauku 0,197
HepeBbs 0,015

Haunbonee BbICOKME ITOKa3aTead IOIJIOIIEH-
HOW J103bI XapaKTEPHBI IS MXOB U JIMIIAHHUKOB
(2 MxI'p/g), 31O eme pa3 MOATBEPKAAET, YTO NAH-
HBIC OPraHU3Mbl MOYKHO MCIIOJIb30BaTh KaK TECT-
OOBEKTHI IS OLIEHKH HAKOIUICHUS PaJHOHYKIUI0B
B OKpyxarormel cpene. CoriacHO BBIBOJIOB Hayd-
Horo komutera OOH mo neiicTBUI0 aTOMHO# pau-
aIy MOIIHOCTH TMOTJIOMEHHON 103kl B 80 MK 'p/a
HE CIIOCOOHA OKa3aTh CTATHUCTUYECKH 3HAYHMMOIO
OTPUIIATEIHLHOTO BIIUSHUS Ha JKUBBIC OPTaHU3MBI.
[IpencraBieHHbIC TOTIOMICHHBIE TO3BI JUIS STAIOH-
HBIX OPTraHU3MOB B TabOnuIle 3 HA MHOTO HUXE I10-
porosoro ypoBHs (80 MxI[p/4).

3akiaiouenue

Pe3ynbTaThl paguosKONOTHYECKUX HCCIIEeI0Ba-
HUM TOKa3ajd, 4YTO MOIIHOCTb 3KCIO3UIIMOHHOMN
JI03bI TAMMa-U3y4YCHHS PaJHUAlMOHHOTO (JOHA Ha
TeppuTopun ropoaa Kapakon BapeupyeT B mpee-
JlaX ecTeCTBeHHBIX 3HaueHuil (16 — 25 mxP/4) xa-
pakrepubix uist Mcebik-Kynbckoii o0nactu. Tak kak
Uccrik-Kynbckas KOTIIOBHHA SBISIETCS €CTECTBEH-
HOM ypaHOBOW OMOTCOXMMHUYECKON IPOBUHIIACH,
peruoHaNbHBINH ()OH ypaHa MOBBIIICH U BAPbUPYET B
npenenax 0,00012 — 0,00064 % (14,9 — 79,6 bx/kr).
Vaensnas aktuBHOCT, 28U B mousax r. Kapakoi

Bapeupyet B npexaenax 39,8-70,8 Bx/kr, T.e. Haxo-
JUTCS HA YPOBHE MECTHOTO (hOHA XapaKTEPHOTO IS
peruoHa. IlornomenHsie K03b1 OOMYUYEHUS KUBBIX
opranu3MoB BapwsupyioT B mpenene 0,004 — 2,221
MK['p/4, 4TO Ha MHOTO HU)XE MOPOTOBOTO YPOBHS
NEHCTBUS paaroaKTHBHOTO m3nyueHus (80 Mkl p/q)
CIOCOOHOTO OKa3aTh OTPHUIATEIILHOE HA KHUBEIE Op-
TaHHU3MBI.

BaaropapHocTn

Bripakaro 61aroapHoCTh KOJUIEKTHBY Jlabopa-
TOPUU OMOTCOXUMHUH M PAIUOIKOJIOTHH WHCTUTYTA
ouonornn HanmoHaneHOW akagemun Hayk Koip-
TBI3CKOH PecmyOnmku, Tpekie BCero 3aBeAyrole-
My Jiaboparopueit 1.0.H., npodeccopy JxenbaeBy
B.M. 3a npenocraBneHHOe 000pyAOBaHUE M Hayd-
HO-METOINIECKIE KOHCYJIbTAINH, K.0.H., cCTapIeMy
Hay4HOMY coTpynHHKY JKonbonaueBy B.T. 3a BbI-
MIOJTHEHNE aHATUTUYECKON 9acTH pabOTHI.

HMcToYyHUK (PMHAHCHPOBAHUSA

Hayunrple wccnmenoBanus OBUTH TPOBEACHBI B
pamMKax Hay4HOTO MPOEKTa MUHUCTEPCTBA 00pa3o-
Banus U Hayku KP na 2020 rog «3Okonoruyeckue
aCIeKThl YCTOMYMBOTO pa3BuTHs ropojaa Kapakomy.
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OLEHKA CYMMAPHOTI O 3ATIPA3HEHMA
OTCTOUHHMKA CTOYHbBIX BOA
B PAMOHE TOPOAA )XXAHAO3EH

B cTtaTbe npuBeAeHbl pe3yAbTaTbl CTENEHW 3arpa3HEHNS OTCTOMHMKA, PACCUMTaH MTMAPOXUMUYECKUIA
WMHAEKC 3arps3HeHns. B ropoae HepTaHMKOB XKaHao3eH HEAOCTAaTOUYHO OYUMLLEHHbIE CTOYHbIE BOAbI
(CB) ropoACKMX KaHaAM3aUMOHHbBIX OYMCTHBIX COOPYXKEHWI, OHM COPACHIBAOTCS B OTCTOMHMK,
NPEACTaBASIOLMIA COBOI0 YaCTUUHO OBBAAOBAHHYIO 3EMASIHYIO eMKOCTb. B OTCTOMHUKe MOCTOSIHHO
COAEPKATCS CTOYHbIE BOAblI PA3AMYHONM CTEMeHW 3arpsi3HeHusl, KOTOPblE HaXOASTCS B HEM AO
OMNPEAEAEHHOro «KpuUTHYeckoro» BpemeHu. Ocobasi poab oTcToriHuka CB B TOM, UTO, HaxoAsCb
B UEpTe ropoAa, NMPaKTUYECKM «TEXHOIeHHbIM» OOBEKT, MPEACTABASET M3 CeOS UCTOUHMK CO3AAHUS
«KPUTUYECKOM» SKOAOIMUYECKOM M CaHUTAPHO-3MMAEMUOAOTMYECKON CUTYaLIMM AAS HaceAeHus. [1po6bl
BOAbI M AOHHbIX OTAOXKEHMI aHAaAM3MPOBAAACh Ha CoAep KaHMe TsxkeAbix meTaaros (Cu, Cd, Zn, Cr3+).
[NMpoBeaeH pacyeT CyMMApHOro rnokasaTeAs 3arpsi3HeHUS AAS OMPEAEAEHUS BAaAOBOrO COAEP>KaHWS
Taxeablx mMetannoB Cr, Cu, Fe, Zn n metanrompa As, B AOHHbIX OTAOXKEHMSIX. AAS MOAyYeHMS
00bEKTMBHOWM OLIEHKM CTEMEHM 3arpsi3HEHMs AOHHbBIX OTAOXKEHUIA TIXKEAbIMM METAAAAMM UCTIOAb30BAHO
HECKOAbKO MOKasaTeAel CyMMapHOro 3arpssHeHus Z.. B npyaax-otcroiHukax (6ycepHble npyabi)
KOHLIEHTPpALMM 3arps3HSIOLLMX BELLeCTB BO B3BELUEHHbIX BELLECTBAX M B BEPXHWX CAOSIX AOHHbIX
OTAOXKEHWIA HAMHOro Bbllle, YeM KOHLEHTpalMM BELLEeCTB, PACTBOPEHHbIX B BOAHOWM TOALLE.
Pe3yAbTaTtbl OLEHKM pacyeTa CyMMapHOro 3arps3HeHWsl OTCTOMHMKA, HAXOASLLErocs MpakTMYeckn B
yepTe r. XKaHao3eH, KOTOPbIN NMPEBPALLAET €ro B OMacCHbIi 06BHEKT, MO3BOALIOT pa3paboTaTb HaMboAee
3KOHOMMYECKM LLIEAECO0DOPA3HDIN M SKOAOTMUYECKM YMCTbIN CMOCO6 MO OUMCTKE BOADI.

KAtoueBble cAOBa: OTCTOMHUK, AOHHbIE OTAOXKEHMS, CTOYHbIE BOAbI, TIXKEAbIE METAAAbI.

G. Zh. Kenzhetayeyv, S. Syrlybekkyzy", Sh.Kh. Baimukasheva

Sh. Yessenov Caspian state University of technology and engineering, Kazakhstan, Aktau,
“e-mail: Samal_86a@mail.ru

Estimation of total contamination of the clarifier
of waste water in the town of Zhanaozen

The article presents the results of the degree of contamination of the settling tank and calculates the
hydrochemical index of contamination. In the city of oil workers Zhanaozen insufficiently treated waste
water (WW) from municipal sewage treatment plants is discharged into a sump, which is a partially col-
lapsed earthen container. The sump constantly contains waste water of various degrees of contamina-
tion, which are in it until a certain “critical” time. The special role of the sump is WW, being located
within the city limits, it is almost a “man-made” object, which is a source of creating a “critical” envi-
ronmental and sanitary-epidemiological situation for the population. Water and sediment samples were
analyzed for heavy metals (Cu, Cd, Zn, Cr3*). The total pollution index was calculated to determine
the gross content of heavy metals Cr, Cu, Fe, Zn and metalloid As in bottom sediments. To obtain an
objective assessment of the degree of contamination of bottom sediments with heavy metals, several
indicators of total Z_pollution were used. In settling ponds (buffer ponds), the concentrations of pollut-
ants in suspended solids and in the upper layers of sediments are much higher than the concentrations
of substances dissolved in the water column. The results of the assessment of the calculation of the total
pollution of the settling tank located almost within the city of Zhanaozen, which turns it into a danger-
ous object, allow us to develop the most economically feasible and environmentally friendly method for
water purification.

Key word: Sedimentation tank, bottom sediments, waste water, heavy metals.
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J)KaHae3eH KaAacbl aiMaFbIHAAFbl CApPKbIHADI
CY TYHADBIPFbILLbIHbIH, XXMbIHTbIK, AACTaHYbIH OaFaAay

Makanapa TYHABIPFbILUTbIH - AQCTaHY ABPEXKEeCiHiH HOTMXKeAepi KeATIpiAreH, AacTaHyAbIH
T’MAPOXMMMUSIABIK, MHAEKCI ecenTeAreH. >)KaHae3eH MyHarllibIAap KaAaCbIHAQ KAAAAbIK, KOPIi3AIK TazapTy
KYPbIAbICTapPbIHbIH, XXETKIAIKCi3 Ta3apTbIAFaH afFbi3blHAbI cyAapbl (AC) iwiHapa Tonbipak, YMiAreH xxep
CbIbIMADBIABIFbIH  GIAAIPETIH TYHABIPFbILLKA afbi3blAdAbl. TYHABIPFbILLTA YHEMI 9P TYPAI AacTaHy
AEHremiHAeri arblHAbI CyAap 6ap, oAap OeAriAi 6ip “CbiHM” yakbITKa AeMiH GOAaAbl. AFbI3bIHABI CY
TYHABIPFbILLbIHBIH, POAI epeKLle, KaAa LWeriHAe 60Aa OTbIPbIMN, iC XKY3IHAE “TEXHOreHAIK” 0ObEKT XaAblK,
YWiH “CblHM” 3KOAOIMSIABIK, XXOHE CaHMTAPAbIK-3MMAEMUOAOTUSABIK, >KaFAAMAbl Kypy Ke3i 6GOAbIM
TabbiraAbl. Cy MEH TOMEHTI LeriHAIAEpAIH CbiHamMaAapbl ayblp MeTaAAapAbiH KypambiHa (Cu, Cd, Zn,
Cr3*) TanaaHabl. TemeHri weriHainepaeri CR, Cu, Fe, Zn xaHe As METaAAOMATAPbIHbIH, XKAAMbI KYPaMbIH
aHbIKTay YLUiH AQCTAHYAbIH >KaAMbl KOPCETKilli ecenTeAAi. TOMEHr WeriHAIAepAiH ayblp MeTaAAAPMEH
AacTaHy AspexkeciH obbekTuBTi Gararay YWiH Z_. XaAmbl AaCTaHybiHbIH OipHelle KepceTkiluTepi
KOAAQHbIAABL. TYHABIPFbILI TOFaHAapAa (BydepAik ToFaHAAP), AacTaylibl 3aTTap KOHLIEHTPALMSCh,
OALLIEHTEH 3aTTap MEH TOMEHTI LB iHAIAEPAIH XKOFapfbl KabaTTapblHAA Cy 6aFaHbIHAA €PireH 3aTTapAbIH
KOHLEHTpaUMsCbiHaH dAAeKaAa XKoFapbl. XKaHae3eH KaAacbiHbIH, LWEeriHAe OpHaAacKaH, OHbl KayinTi
00bEKTIre amHaAAbIPATbIH TYHABIPFbILUTBIH, KMbIHTbIK, AACTaHYybIHbIH ece6iH 6araray HOTUXKEAEPI CYAbl
Ta3apTyAblH 3KOHOMMKAAbIK, TYPFbIAQH TUIMAI )K8HE DKOAOTMSIABIK, Ta3a TACIAIH 83ipAeyre MyMKIHAIK

6epeai.

Ty#iiH ce3aep: TYHABIPFbILL, TYNTIK WeriHAIAep, aFbIHABI CyAap, ayblp MeTaAAap.

BBenenune

B nacrosmee Bpems mis ropona HE(DTSHHKOB
JKanao3eHn mepBocTeneHHa MpodJieMa MOUCKA allb-
TEPHATUBHBIX MCTOYHHKOB BOJIOOOECIICUCHHUS, pe-
IIEHHSI BOMPOCAa HEXBATKH BOJbI JlaXK€ Ha IIOJIUB
HaCa)X/JICHW{, HE TOBOPS O HYXKJaX OPOIIAEMOTO
3emieienusl. OKOJOTMYEeCKH YHWCThIM MyTh AJis
perieHus 3TOW MPOOJIEMbl — HCIIOIB30BAHUE COJI-
HEYHOM HHEPTUU B YCJIOBHSX KAPKOTO U CYXOTO
knumara. J{ias Beibopa Hambolee SKOJOTHYECKU U
SKOHOMHMYECKH BBITOJHOTO CII0co0a OYHMCTKH CTOY-
HBIX BOJ] HCOOXO/IMMa OIICHKA CTEIICHU U XapaKTepa
3arps3Henus orcroiinuka CB. OTo mocturaercs 3a
CUET HUCCIEJOBAaHUSI M PACUE€TOB CYMMApHOIO 3a-
rpsi3HEeHUs BoJA. McTOpHUYecKu CIOXHUIOCH TaK, YTO
OIIEHKA COJIepIKaHUsl 3arpsa3Hsromux Bemlects (3B)
B BOJIHBIX O0BEKTaX MPOU3BOIMIIACE HA OCHOBAHUH
aHanu3oB Bojel [1]. Ho B mpymax-oTcroitHHKax
(Oydepusie mpynel) koHIeHTparuun 3B Bo B3Be-
MIEHHBIX BEMIECTBAX M B BEPXHHUX CIIOSX JTOHHBIX
otnoxenuit (JJO) HaMHOTO BBIIIE, YeM KOHIICHTPA-
LMY BEUIECTB, PACTBOPEHHBIX B BOAHOMU TOJIIE. ITO
00yCIaBIMBACT UX UCCIICIOBAHUE JIJIS OTIPEICTICHIS
MyTed NOTEHUUAJIBbHON T€OXMMHUYECKON MUTPALUU
[2]. AkTyanbHOU U CBOEBPEMEHHOH SIBIIETCA IEO-
XUMUYECKasl OIEHKA 3arpsS3HCHHS BOJBI M JTOHHBIX
otnoxennii orcroiiHuka CB KOC, no3Boisromas
BBITIOJTHATH aHAJIM3 0COOOW CHUTYaIluu B pallOHE OT-
CTOMHMKA U pa3paboTaTh METOABI HCIOJIL30BAHUS

3TUX BOA ISl TIOBEPXHOCTHOTO IOJIMBA TOPOJCKUX
HacaxxaeHui. Llenp paboThl — aHATU3 CyMMapHOTO
3arpsisHeHust mouB TM Ui M3y4eHHs XUMHUYECKO-
IO COCTaBa U YPOBHS TEXHOTEHHOCTH OTCTOMHHUKA
CTOYHBIX BO.

MartepuaJbl H METOABI HCCIETOBAHMS

Marepuainbl, TOJOKEHHBIE B OCHOBY Pa0OTHI,
TIOJTyYEHBI BO BPEMS TIOJIEBBIX MCCIIEAOBAaHUI B Be-
ceHHuil U nerHuid nepuonasl 2019 r. IIpoOsr BoabI
U JIOHHBIX OTJIOXKCHUW OTOUPAJINCh B OJHHUX M TEX
ke Toukax. Toukm oTOOpa 1mpod ObBLTH BRIOPAHBI C
y4eTOM TOBTOPSIEMOCTH BETpa IO HAIpPaBICHHIM
cBeta. OnpeneneHue cojepx anus HeQTEIPOYKTOB
IIPOBOAMIIN TI0 aTTECTOBAHHON METOIWKE DKCTPaK-
IIUOHHO-(DOTOMETPUYECKUM METOJOM Ha aHaju3a-
Tope copepkanus Hedrenponykros «AH-2» (Me-
toauka u3mepenunit, 2011). ITpoOsI BOIBI ¥ TOHHBIX
OTJIOKEHUH aHAJM3UPOBAINCH HAa COJICPIKAHHUE TSI-
xenpix metaiioB (Cu, Cd, Zn, Cr*") B cooTBeTCTBHM
cITHJ ® 16.1:2.2:2.3:3.36-2002 «MeToanka uzme-
PEeHUIT BAIOBOTO COMIEPIKAHS KaaMHUsl, MeIH, XpoMa
U IIMHKA B MOYBAaX, IOHHBIX OTJOXCHMSX, OCaJKaxX
CTOYHBIX BOJl M OTXOAax», W MeTaonna As 1o
ITHJ] @ 16.1:2.2:3.17-98 (u3x1. 2004 1.) «MeToamka
BBITMOJTHEHU S K3MEPEHUSI MaCCOBOM J10J1U (BaJIOBOTO
COJICp)KaHUs) MBIIIbSIKA, HA aTOMHO-a0COpPOIMOH-
HOM criekTpomeTpe MI'A-915M (JIromeke, Poccns),
C IUIA3MEHHOM aTOMM3aLUEll B AKKPEIUTOBAHHOMN
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nabopaToOpUM YIPaBICHUS IPUPOTIHBIX PECYPCOB H
panoHabHOTO Tpupomonoiab3oBanus (YIIPuPII)
Manrucrayckoii 00J1acTH, COIVIACHO METOJUKE
(M-MBMU-80-80-2008) [3]. IMorpemrHocTh cocTa-
Buna 20-30%. O0pa3ubl JOHHBIX OTIIOKEHUH Tpe-
BapUTEIbHO BBICYIIMBAIN JIO BO3IYIIHO-CYXOIO
COCTOSIHHS, 3aTeM YIS MEXaHUYECKHE BKIIFO-
geHus. [IpoBemeH pacuyeT CyMMapHOTO TTOKa3aTess
3arpsI3HEHUSI IS OTIPEICTICHUS BaJIOBOTO COJIEPKa-
Hus Tsokenbix MetamwioB Cr, Cu, Fe, Zn u mertamio-
nuna As, B JOHHBIX OTJIOXKCHUSX [4].

Pe3yabTaThl ucciie10BaHMil M UX 00CYxKAeHHE

UccnenoBanne u u3ydeHUE THAPOXUMUYE-
CKHX IIOKa3aTellel OTCTOWHHKA CTOYHBIX BOJ
(CB) kaHanu3aIlMOHHBIX OYHCTHBIX COOPYKECHHI
(KOC) r. ’)Kanao3eH B BeCEHHUH U JIETHUU NEpHO-
JIbI TIO3BOJISIET OIICHUTH €€ COCTOSTHUE B HACTOSIIIEE
BpeMs. HeoOxoammMo OTMETHTH, YTO TPH BEIOOpE
TOYEK 0TOOpa MPOO BOJBI B OTCTOWHUKE HAMH BbI-
OpaH TOJXOJ ydYeTa TOBTOPSEMOCTH BETpa IO
CTOpOHAM CBETa, YTO OKa3bIBAaET HEMAaJIOBAXHOE
BIIMSIHUC Ha CTOK BOJIbI B CTOPOHY OOJIBIICH MTOBTO-
PsAE€MOCTH BeTpa (HaroH BOJbI) M HAKOIUICHHIO 3a-
rpsi3HsAomuX Bemects (3B) B TOUkax ¢ HANMEHb-
mieil. MaHTrucTayCKo 001acTi MPUCYIIH BETPHI €
BBICOKOH CKOPOCTBIO W OOJBIIIEH TOBTOPSEMOCTH
TOCTIOJICTBYIOIIETO BETPA, B OCHOBHOM BOCTOYHBIX
U FOr0-BOCTOYHBIX HamnpasieHuil. Takoil noaxon, a
TaK)Xe CpaBHEHHUE THIPOXUMUIECKUX ITOKa3aTEIeH
10 BpEMEHaM T0J/ia, TEXHOTCHHOTO OTCTOWHHKA B
MOJIHOH Mepe TO3BOJIUT MOJYYHTh HEOOXOIUMOE
MIPEICTABIICHNE O CTETICHH €T0 3arpsA3HEeHHs C TOU-
HOCTBIO JTO PETHOHAIBHBIX THAPOXUMUIECKHIX 0CO-
OCHHOCTEH CyXOr0 M JKapKOTo KJIMMAaTa ¢ CHIIbHBI-
MH BeTpamu [5].

B cBsi3u ¢ atuMm ¢onoras Touka 1 (FO3) Ha roro-
3arajie OTCTOWHUKA BRIOpaHa C HAMMEHBIIIEH TTOBTO-
psAemMocThio BeTpa 6% W pacIioyioKeHHAs OT TOYKH
1 cOpoca cTOYHOM BOJBI B OTCTONHUK Ha PaccTos-
Huu nopsaka 1500 m. Camas HauOoubasi IOBTO-
psAeMOCTh BeTpa B BOCTOYHOM HampaBiieHHH 23%
(Touka 4), B paiioHe cOpoca CTOYHOH BOABI U Hau-
MEHBIIIas Ha Foro-3amaje oTcToitHnka 6% ((poHoBas
touka 1). B Toukax 2 (3amanm) u Touke 3 (ceBep) mo-
BTrOopsaeMocTh BeTpa 10% u 14% cooTBeTCTBEHHO.
ITo pesynpraTtaM uzydenus BecHoil u setom 2019 r.
YCTaHOBJICHO, YTO BOJA B OTCTOMHHUKE MMEET B OC-
HOBHOM CJ1a00IIEI0YHYIO PEaKIUIO B (POHOBOM TOY-
ke 1 (F03), touke 3 (C) u 4 (B), 1 TOTBKO B TOUKE
2(3) B 3amagHON YacTH OTCTOMHUKA BOJIA IIEI0YHAs
— pH 8,9 BecHoii. B nienom HaOmogaeTcs He3HAYH-
TeNbHOE CHIDKEHUE BeIMYWHBI pH B JeTHee Bpewms,
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YTO CBSI3aHO C BBIMIAJICHUEM B TO BPEMS OCA/IKOB B
BUJIE N0/ (UIOHB U Mioib 2019 1.).

Bricokoe comepxanue mnoxazarens XIIK, B
YaCTHOCTH COJIEPIKAHNE OPTaHUKH, JJake B YOHOBON
touke 1, BecHor 49 mr/am® ¢ yBenmyenuem XITK
jeTtoM 110 53 mr/am® oObsicHseTcs cMbiBoM 3B ¢
CHJIBHO 3aMYCOPEHHBIX O€PETOB OTCTOMHHKA U IIPH-
Jeraroriet Tepputopun. HanbGompmmuii mokaszareis
XIIK 3a¢ukcupoBaH B TOUKE 2 Ha 3araje OTCTOM-
Huka, npeBsimaromuid [1J]IK B Oonee, yem B 2 paza
(BecHoit 63 mr/om® u 71 Mr/mm? TleToM), CBA3aHHBIN
C TEM, 4TO B ATOM paliOHE PaCIOJIOKEH BPEMEHHBII
nonurod ThO.

Cyxoii octatok (CO) — o0mias 3arps3HEHHOCTD
CB 1o pe3ynbraTtaM BBIIAPUBAHUS, BBHICYIIIMBAHUS
Y TMPOKAJIUBaHUs, TO €CTh COOTHOIICHUE OpraHuye-
CKOW M MHHEpaJIhHOU JacTell B cyxom ocratke. CO
0 pe3yJIbTaTaM aHaJln3a Mpoo BOABI HU B OJTHOW U3
TOYeK He npesblaet nokasatens [IIK. 31o 06bsic-
HSETCS TEM, UTO MTOYBHI HA TIyOnHe mopsaka 1,5-2,0
MeTpa CJIOKEHBI M3 M3BECTHSAKOBBIX TOPOJ, depes
KOTOpBIE TIPOUCXOIUT MPOCAYUBAHKIE HE TOJIBKO 3a-
rps3aeHHbIX CB, HO U ocaaKoB.

[MepmanranarHast okucnsiemocts (I10) He Tob-
KO XapaKTepu3yeT COAepKaHNe B BOJIE JIETKO OKHC-
JIIEMBIX OPTaHMYECKHUX BEIIECTB, HO W TMO3BOJSET
CyIUThb O CTENEHU OPraHHMYECKOTo 3arps3HEHUs.
Jlnst BOTOEMOB, HE MO/IBEPKEHHBIX 3HAYUTEILHOMY
3arpsA3HEHHI0, ITOT MOKa3aTelb COCTABIISIET BEJH-
uuHy B npenenax 5-12 mr O,/am’. B cropoHy Touku
2 Ha 3amajie OTCTOWHHUKA, KyJla B OCHOBHOM C BOC-
TOYHOU CTOPOHEI, ¢ MecTa Beimycka CB u3 KOC, B
pe3ynbTaTe MOBTOpIeMOCcTH BeTpa (24%) u moToka
BOJIOBBIITYCKa B TOUYKE 4 HampaBlieH OCHOBHOM Ha-
roH Boxabl. [loaTomy B 3TO# TOouke I1O cocraBmia
BecHo# 8,3 mr 03/)1M3 CO CHIDKEHHEM 10 0,4 Mr
O,/am’ ieTom, 4TO MO3BOJIAET CYUTh 00 aHTPOIIO-
TEHHOM BO3JICHCTBHUH B 3TOM paiione. B ¢oHoOBOI
touke 1 (KO3) u ceBepHOi ToUKe 3, I/Ie OTCTONHUK
MMeeT HE3HAuuTelIbHbIe YKIOHBI, mokazarenu 110
OTHOCHUTENHFHO HU3KHE.

Hau6onsmee npesreimenne [1/IK coneprxanms B
BOJI€ OTCTOWHUKA XJIOPH/I-MOHOB, 3a()MKCUPOBAHO B
Touke 4, B paitone copoca CB u3z KOC, 596 mr/nm?
BECHOM U 618 Mr/nm’B NieTHee BpeMsi, ¢ IPEBBIIIICHHU-
em IIIK B 1,7 u 1,8 paza coorBerctBenHo. He3na-
YUTEIhHBIE TPEBHIIICHIS HA0IIOJAI0TCS B TOUKAX 2
u 3, 1,26 IIJIK u 1,32 I[1JIK coorBercTBeHHO. B (ho-
HOBOH TOYKE COJAEpXKaHHE XJIOPHUIOB MEHEE BEIH-
yunbl [1/IK. Beicokoe cosiepxanue XJI0pHUa0B B OT-
croitauke B Touke 4 (Bogossimyck KOC) (1,62 ITIAK
BecHol 1 1,76 I1JIK nerom) oObsicHsIeTCSI COPOCOM B
CHCTEMY OYHCTHBIX COOPYKEHHI KOHIICHTPHUPOBAH-
HOM TEXHHUYECKON BOJIBI C BHICOKHM COJACPKaHUEM
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COJIEN U pereHepallMoHHOIO pacTBOpa MOBapEeHHOU
COITM C Y9aCTKOB XUMBOJIOTIOTOTOBKH KOTEJIBHBIX.

KomnuecTBo cynbpdaTroB B OTCTOWHHMKE HeE3Ha-
YUTENIBHOE, BO BCEX TOUKax OTOOpa mpol BOABI, 32
HCKJIIOUYEHHUEM y4yacTKa OTCTOMHUKA B TOUKe 4, KyJa
BIIAJAIOT MPAKTUYECKH HEOUMIICHHbIE CTOYHBIE
BOJBI KaHanm3almu. Tak, Touke 4 (BOZOBBIIYCK
KOC) 3adukcupoBaHo yBEIWUCHUE IPEBBIMICHUS
cyabdaros go 1,41 [AK Becnoit u go 1,52 ITJAK B
JIETHEE BpeMsl.

Conepxanne ¢GochaT-MOHOB B OTCTOHHHUKE
TaKke He3HauuTenbHoe, Oe3 mpesbimenus [1J1K.
Tonbko B Touke 4 (BomoBeiryck KOC) conepxanne
tdochar-monos 6ymm3ko k 1K, 0,88 I1/IK BecHoit
0,91 ITIK nerom.

OCHOBHOM MCTOYHUK NOCTYIUICHHSI aMMOHUIi-
HOTO a30Ta — cOpPOC BOJBI M3 OYHCTHBIX COOPYXKe-
Huil. Tak, npesbimienue Haa I1JIK ammonuitHOTO
azota B Touke 4 (BogoBeimyck KOC) BecHoit cocTa-
Bua 3,2 [1JIK u 4,1 I1/JIK B neTHee Bpems. YBenmde-
HUE KOHIIeHTpauuu 3toro 3B — pesynbrar cBexe-
ro 3arpssHeHns. Ha (oHoOBo# Touke 1 u ceBepHOI
touke 3 nmpeseimenus [1/IK wer. B Touke 2 (3anan),
HanpoTuB BojpoBeltycka KOC, koHIEHTpauusa am-
MOHHUIHOrO a30Ta B BOJE OTCTOMHUKA HU3MEHSIACh
He3HauuTeIpHO, ¢ mpesbimenueM [1JIK ot 1,1 TIIK
BecHo 1o 1,3 ITJIK nerom.

AHanu3 BOJBI Ha COZIEpKaHHE Kelie3a MpoBe-
JeH 1o nokaszarento «XKenezo obmiee». [Ipebime-
Hus [1/IK mo xene3y oOmiemy 3apUKCHPOBAHO BO
BCceX Todkax oTOopa. HambombImas KOHIIEHTpAITHs
xenesa Fe ;B BOJe OTCTOMHIKA B CEBEPHON TOUKE
3 — 4,33 I[1JIK Becnoit u 3,0 II/IK B netnee Bpems,
u Touke 2, 3,66 ITJK Becnoit u 2,33 IIJIK netom
CBsI3aHa cO CMBIBOM 3B ¢ mpuieraromieir oueHs 3a-
MYCOPEHHOM TEeppUTOpPUHU, Ha KOTOPOIl pacmoio-
JKEHBI 11€Xa MOJATOTOBKH METATMYECKUX H3ICIHM.
Bwmecre ¢ Tem, CHIKEHHE KOHIICHTPAIMH JKeJie3a B
JIETHEE BpEMs CBSI3aHO C ILEJIOYHON Cpesloil BOJBI
orcroitHuka. Tak, Ha QoHOBOW Touke 1 neToMm
KoHUeHTpauust Fe o . ymensmmmmace ot 1,66 1o
0,66 ITAK.

ITo conepxanuto menu npessimenue IJIK B
touke 4 (BomoBwimyck KOC) B 2,6 II[IK nmetom n
2,8 TIJIK BecHOW OOBSICHSETCS BO3MOXKHOCTHIO
noctymienus mean co ctokamu KOC. B Tou-
ke 3 — 2,8 IIJIK BecHoii u 4,0 ITJIK merom. J{is
touku 2 — 3,4 I1/IK BecHoii 4,2 B neTHEe BpeMs.
Bo3spacranue konuentpanuu Cu B 3TUX TOYKaX B
JIETHUW TEPUOJ T0/1a CBSI3aHO C HAIMYHAEM IOJH-
roma TBO B 3amagHoOil 4yacTH OTCTOMHHKA B He-
CKOJIBKUX METpax oT To4kd 2. B ¢oHOBOI Touke
1 mpeBwimenus [1JIK HeT.

KoHneHTpamuss MbIIbsKa, IPEBHIIIAFOIIAS
ITJIK, ormedena B Touke 3 (6,0 IIJIK BecHoit u
7,0 IIIK neTom) Ha ceBepe OTCTOWHUKA. DTO 00b-
SICHSIETCSI CJIMBOM B OTCTOMHHK CTOKOB ITPOMBIIII-
JEHHBIX TPEANPHUATHH, a TaKXKEe BEPOATHOCTHIO
BBEIMBIBaHUS MBIIIBSIKA U3 ITOYB OEPETOBBIX y4acT-
KOB OJIM3 3TOH TOYKH. DTO MPEIIOJIOKEHHE 000-
CHOBAHO TE€M, 4TO B Toukax 1, 2 u 4 coxepxaHue
As menspuie Bennunssbl [TK. [{axe, mpu ToM, 4To
npesbimenne [1JIK mo meimbsaky 3adukcupoBaHO
TOJBKO B TOYKE 3, TEM HE MEHEEe, B COMCpKaHUU
As B BOJIe MIPOCIEKUBACTCS BBICOKAs KOPPEIAIU-
oHHas cBs3b (r=0,8), craTHCTHYECKN 3HAYMMAs C
BeposTHOCThIO 0,98.

ConeprkaHue KaJaMusi BO BCEX TOYKaX MPoO0oT-
6opa Bogel n3 orctoiinnka CB KOC Hmxke mpeaeinb-
HOM BETUYMHBI, 32 UCKIIOYCHUEM 3 TOUYKH, B KOTO-
poii oueHs Bbicokoe npesbimeHue [1/1K (BecHoit 30
ITJIK, merom 37 ITJIK). D10 cKOpee BCero pe3yibTar
TOTIaJaHKsI B BOJY CTOKOB OT MHOXKECTBA OaHOK M3-
oA KpPacKu, KOTOpbIE CBaJIEHBl B 3TOM paiioHE, U
IPYTHX CTOKOB.

[IpocnexuBaercss BBICOKAs IOJOXKUTEIbHAS
KoppensinuoHHast cBsi3b (r = 0,73) cogeprxanus Kaj-
musa Cd B BoJie OTCTOMHUKA, CTATUCTHYECKHU 3HAUM-
Mas ¢ BeposiTHOCThIO 0,93,

[IpeBbrienne nunkoM I1JIK B Boge oTcToiiHNKa
3a)UKCHPOBAHO BO BCEX TOYKaxX, Kpome (OHOBOM
touku 1. Tak, B TOUKe 2 MpPEBBIIIEHHE COCTABUJIIO
1,5 IIJIK Becnoit u 1,7 IIJK nmerom, mis Touku 3
— Becro#t 1,8 TIJIK u 2,1 I1/IK B netHee Bpemsi, a
taxoke 1,1 ITJIK u 1,2 IIJK g5 Touku 4, BECHOU U
JIETOM COOTBETCTBEHHO. M3BECTHO, YTO IIMHK ITOTIa-
JTAET CO CTOKaMH MPOMBINUICHHBIX MIPEATPUATHH, a
TaK)Ke BBIMBIBACTCS U3 KOMMYHHKAIIHOHHBIX TPYO.
OTO maeT OCHOBaHHWE YTBEPXKIaTh, YTO CTOYHBIC
BOJBI OYHMCTHBIX COOPY)KEHUHN SBIISIOTCS MCTOYHU-
KOM 3arpsi3HeHus oTcTorHuka Zn. KoHuentpamus
xpoMa B Boze Huke [T/IK.

Uro kacaercs Hedrenpoaykros (HII), mpeBbl-
menue [1/IK B Boge 0TCTONMHUKA OTMEUYAETCS TOJb-
KO B ceBepHoi Touke 3 B npenenax 3,0 [TJIK BecHoi
u 5,0 IIIK nerom. [IpuuuHa 3TOr0 B HECAHKITMOHU-
POBaHHOM CITUBE JKUAKUX OTXOJIOB HE(TEIPOIYK-
TOB TIPOMBIIUIEHHBIX TPEANPUATHI aBTOXO3SICTB
U aBTO3AMpaBOK. B Ipyrux Toukax KOHIIEHTPAIIHs
HIT nmxe nmokazarens IIJJK. dunamuka comepixa-
HUS 3arpsi3HSIONINX BEIIECTB B BOJIE OTCTOMHHKA
MmoKa3zaHa Ha pucyHke 1. Pe3ynpTaTsl aHATM30B KOH-
ueHTpanuu 3B B 0TCTOIHUKE U TaHHBIE, IPEICTAB-
neHHble B Buae (meantsd) median (range) — cpen-
HETO CTaHAAPTHOTO OTKJIOHEHHUS, TPEICTABICHBI B
Tabmuue 1.
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Ta6auna 1 — Coneprxanue 3arps3usionmx Bemects B orcroiinnke CB KOC, mr/nm?

Ne Touku orbopa npod BobI
®on 1 (I03)** 2 (3)** 3 (C)** 4 (B)**
%
Moxasarems 3B | TIIK 2019+ 2019+ 20191 2019+
B OTCTOMHHKEC
CB Becna Jleto Becna | Jleto Becna Jleto Becna | Jleto
Mean+SD
pH 6,5-8,5| 7,8+0,06 | 7,740,04 | 8,940,05 | 8,6+0,07 | 8,5£0,04 | 83+0,07 | 7,740,03 |7,5+0,0,05
XTIK, urO/nv® | 30 | 49+0,03 | 53+0,07 | 63+0,03 | 710,05 | 57+0,04 | 59+0,06 | 44x0,06 | 47+0,03
Cyxoit octatok | <1000 | 703+0,04 | 671+0,05 | 862+0,04 | 797+0,04 | 619+0,06 | 639+0,03 | 882+0,06 | 853+0,04
Tepvanrantias | ;o | 13,005 | 08:0,04 | 83+0,05 | 64+0,03 | 330,04 | 29£0,05 | 2,7:0,04 | 2,4+0,07
OKHUCIISIEMOCTH
X“"S:ﬁ[ ﬁ?“"" 350 | 239+0,04 | 247+0,04 | 441+0,03 | 457+0,05 | 396+0,05 | 405+0,03 | 596+0,04 | 618+0,06
Cy”’;?f/‘;h‘:f‘“’l’ 500 | 173+0,03 | 191+0,04 | 289+0,03 | 279+0,04 | 283+0,03 | 281+0,04 | 703+0,02 | 761+0,04
q)oc»?:/; I\I/;?HBI, 3,5 2,7+0,05 2,3+0,04 3,1£0,04 | 2,9+0,03 | 2,6+0,03 2,740,05 | 3,1+0,04 | 3,3+0,05
Asoramvomtii- |y 5| 092003 | 151003 | 174005 | 196004 | 134004 | 115003 | 494004 | 610,03
Fe 0621;14, M 03 | 052003 | 024004 | 112004 | 07£0,05 | 132003 | 0,940,04 | 07£0.05 | 0.4+0,04
Cu, Mr/m® 0,05 [0,001£0,03 [ 0,001£0,03 | 0,17+0,1 | 0,21£0,04 | 0,14+0,03 | 0,2+0,04 | 013,20,1 | 0,14+0,04
As, M/’ 0,1 <0,1 <0,1 <0,1 <0, | 0,6+0,04 | 0,7+0,03 | <0,1 <0,1
Cd, mr/m® | 0,001 | <0,001 | <0,001 | <0,001 | <0,001 | 0,03+0,92 | 0,04+0,1 | <0,001 | <0,001
Zn, Mr/aw’ 1,0 | 0,9+0,04 | 0,740,03 | 1,540,02 | 1,740,04 | 1,8+0,03 | 2,140,04 | 1,140,03 | 1,2+0,04
Cr 06)11“;”’ M1 0,05 | <0,05 <0,05 <0,05 <0,05 <0,05 <0,05 <0,05 <0,05
Hegrenpoxykrs | 0,1 | 0,08+0,04 | 0,09+0,03 | 0,08+0,1 |0,09+0,04 | 0,3+0,03 | 0,5+0,02 | 0,05+0,1 | 0,07+0,03

"~snauenust [IJIK mist copoca crounsix Boa B Bomoemst (TH 2.1.5. — 1315 - 03)

** — opHeHTanus ToYeK 0TOOpa IMPod BOIBI ITO CTOPOHAM CBETA

Juia ompeneneHus CTETEHW 3arpsA3HEHUS OT-
croitarka CB KOC r. J)Kanao3eH BBIITOJTHEH pacyeT
THAPOXUMHYECKOTO HHJEKCA 3arpsA3HEHUs BOJIBI
(13B) [6]. NHmekc ObLT paccunTaH 1o Gopmyire:

— lewn _G
H3E NEEH s,

€]
rae C, — konuenrpauus 3B, N — yucio ucrnonssye-
MbIX B pacuere nokasarenedd, [1JIK, — ycranosien-
Hasg BEJIIMYMHA I COOTBETCTBYIOIIETO BOJHOTO
o0BeKTa.

Pacuer mpoBeneH st 6 (IMecTH) KOMITOHEHTOB,
KOTOpBIC UMEIOT HauOOJBIIYK) KPATHOCTh MPEBHI-
wenns _5i_ 10 ectb N=6 (F € o Cu, As, Cd, Zn,
HIT). %

[To pesynpraTam pacuera M3B, uto cormacHo
KJIACCU(PUKAIIMKM KayecTBa BOJBI BOJOEMa, UCXOJS
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13 KOMIIOHEHTOB-3arpsA3HUTENENH, COCTOSHUE BOJIbI
B ()OHOBOHW TOUKe | OTCTOMHMKA XapaKTepU3yeTCs
Kak «4ucToe». Takoe «UHCTOE» COCTOSHHUE BOJBI
B IOro-zanajgHoi 4dactu orcroiinuka CB o0bscHs-
€TCSl TeM, YTO B OTOM YaCTH UMEETCS «OCTPOBOK»
mwowaaso 0,6 ra, KOTOPBIA CKOpEE BCEro SIBISAET-
cs1 «baprepom» g 3B tabmuma 2. U sTomy moa-
TBEPXKIACHUEM SIBIISICTCSI HAJTUYME B HTOM pailoHe
BOJIOILTABAIONIUX (YTOK).

B touke 2 Ha 3amaze OTCTOMHWKA BOIBI «yMe-
pPEHHO 3arpsi3HEHHBIE» W B TOYKe 4 (BOJOBHI-
myck KOC) coctosHue BOIBI OIIEHMBAETCS Kak
«TPSIZHOEY.

Haubonee, T0 ecTh «4pe3BBIYAMHO 3arpsi3HCH-
HBIMI» SIBJISIIOTCS BOJIBI B CEBEPHOM TOUKe 3 OT-
croinuka. [Ipu a3Tom npruoputeTHbiME 3B SBISIOT-
¢ TsDKeJible MeTauibl F € o> 1 kagmuii Cd, a Takxke
METaJUION]] MBIIIBSIK AS.
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Taomuna 2 — Bennunna V3B B ipobax Bojkl oTcToiHUK J1tst Touek 1 (pon), 2,3 u 4

Iuapoxumu- Touku oTOGOpa MPoO BOBI U3 OTCTOMHUKA
YECKUI UH-
fi— 1 (dponosas) (103) 23) 3(C) 4 (B)
HEHHUS BOABI Becna Jleto Becna Jleto Becna Jleto Becna Jleto
N3B 0,43 0,36 1,38 1,31 41,3 49,97 5,16 4,56
3B , 0,395 1,345 45,635 4,86
CPCIAHUH

Honnsre otnoxenus ([10O). B Toit cBs3m, dro
BenmmuuHbl [1JIK B PK 115 JOHHBIX OTJIOKECHHMH HE
YCTaHOBJICHBI, ISl OLIEHKU 3arpsi3HEHHs] OTCTOWHU-
ka CB KOC 0pumn ucnoaszoBansl ITJIK TM B 10-
yBax [7]. BMecTe ¢ 3THM, HCIIOJIB30BaHbBI JaHHBIC
¢onoBeix 3HaueHuit (OG3) TM B [1O oTcTOHHUKOB
n Hakommrenelr CB Manrucrayckoit obmactu, a
takke poHOBBIC 3HaYeHHS TM U MeTa/ION1a HETIO-
CPEJICTBEHHO B TOYKE | MCCIIeyeMOro OTCTOMHHKA.

PesynbTaThl ncciei0BaHUM 1 aHalId3a CojiepKa-
HUS TSDKEJBIX METAJJIOB U METAJUION 14 MBIIIbSIKA, a
Takke He(PTEepoayKTOB, IPUBEACHKI B TAOIUIE 3.

Conepxxaane menu B JIO. @oHoBas Touka 1 10
Konnenrpanus Cu, menee I[1/IK PK, Ho ¢doHOBBIC
3HaueHWs 1o obnactu mpesbiiensl (1,08 u 1,13
TIJIK, BecHoit m neroM 2019 T. COOTBETCTBEHHO).
HaubGonemee npesreimenue [1JIK mMensio B ceBep-
Hout touke 3, . [pesbienue ITJIK PK cocrasisier
1,79 Becuoit u 1,9 I1/IK nerom, a poHOBBEIC 3HAUE-
Hus (P3) Manrucrayckoit obnactu (MO) npeBbI-
IIeHbl Oonee, 4eM B Tpu pasza. Hawmbombiime KOH-
[EHTPAINI METAUION A MBITIbSIKA 3a(UKCUPOBAHBI
B TOUYKax 3 0 ¥ 4 - Conmepxanue As B Toukax 3,  u
4,, mo otHomenuio k IIJIK PK (7,05 u 7,5 TIJIK) u
(6,0 m 7,5 I1JIK BecHOI 1 JIeTOM COOTBETCTBEHHO).
A (oHOBBIC 3HAYCHUS MPEBBIIICHBI B CPEIHEM Ha
BennuuHy 1,6 T1JIK. IloBeimennoe 3HaueHue ¢o-
HOBOTO TTOKa3arelis 00JIaCTH 0 MBIMBSIKY 8,7 Mr/
kr nipu [1JAK PK, paBroro 2,0 mr/kr, o0ObscHsieTcH,
TEM, YTO TIOBBIIICEHHOE COJIEP)KaHUEe METAIIONa B

IoYBaxX 00JacTH MMeeT NMPHUPOAHBIN xapakTep. [1o
kanmuto npesbimenue [1/IK PK (0,5 mr/kr) B Tou-
ke 3 cocrasiser 1,46 u 1,8 TI/IK, a (hOHOBBIIA T10-
kazarens (0,13 Mr/kr) mpessimeH Ha 5,62 u 6,92
[TIJK BecHo# u neToM cooTBeTcTBEHHO. [0 1TuHKY
npessimienns [1JIK PK (110 mr/kr) HeT, npu 3ToM
KOHIEHTpalus Zn, B To4ke 3, Gonbiue GpoHOBOTrO
3HaveHus peruona (23,0 mr/kr). Tak, B Touke 3 o~
1,18 m 1,21 TTJIK.

Uro xacaetcs Xpoma, TO €r0 coAep KaHue Tpe-
Beimaet kak I1JIK PK, tak u @3 MO B nenom. Co-
[JIACHO pe3yJbTaTaM aHaimu3a, KoHueHtpamus Cr't,
HauOOJIbIIKE MOKA3ATENH OIATh XKE B TOUKaX 3, W
4., B cpennem B mpenenax 1,1 ITJK, mpu IIJIK PK
(41,0 mr/kr). ®onoBele 3HaueHns ®3 MO B 3THX
TOYKax 3 101 4110 TIPEBHIICHEI OoJiee, ueM B 3,0 pasa.

3arpsizaenne J1O Hedrenpomykramu (HIT), mo
pe3yJIbTaTaM HCCIEI0BAHUM, TOJBKO B TOYKE 3, .
Konmnentparus HIT B 3To#t Touke Beime ®3 MO B
2,4 paza. I1pu strom npeBbrmenns [1JJK PK (110 mr/
KT') IO BceM TOoYkaM HeT. Haubomnbiime KoHIeHTpa-
muu TM m MeTaimionia B CEBEpHOM TOUKE 3 10 00b-
SICHSIIOTCSI BBICOKOM COpOMPYIONIEH CIIOCOOHOCTHIO
€€ JOHHBIX OTJIOXEHHH KaK C IMOBEPXHOCTH BOJHI,
TaK M U3-3a CMBIBA OCAJKaMH U CIIMBA 3arpsi3HEHUH
¢ OeperoBoil yacTu OTCTOWMHMKA. J[MHAMKKa KOH-
uentpanuu B JIO Menu, Xxpoma, MBIIIbSKA KaAMHS
npencrasieHa Ha pucyHke 1. Konmnenrpanus B 10H-
HBIX OTJIOXKCHHUSAX OTCTOMHHMKA IMHKA ¥ HeTEHpo-
IYKTOB TIOKa3aHa Ha PUCYHKE 2.

Taéanua 3 — Coneprxanue 3B B 1oHHBIX omokeHusx orcroiiHrka CB KOC, mr/kr

Ne touxku orbopa npod JOHHBIX OTIAOKEHUH U3 oTcToitHNKa CB KOC
e Port 1,55, (103)*** 250, 3" 30, (O 430 B)™
N IIK" | Dou™ 2019 r 2019 2019 2019
MEHTBI
Becna | Jleto Becna | Jleto Becna | Jleto Becna | Jleto
Mean+SD

Cu, mr/kr | 33,0 19,0 20,740,04 | 21,5+0,06 | 34+0,03 | 38,0+0,02 | 59,3+0,07 | 63+0,03 | 27+0,02 [29,3+0,06
As, mr/kr | 2,0 8,7 7,3+0,01 7,940,03 | 9,2+0,01 | 11,3£0,05 | 14,1£0,06 | 15+0,03 | 13+£0,04 | 15+0,02
Cd, mr/kr | 0,5 0,13 0,04+0,03 | 0,06+0,05 | 0,1+0,02 | 0,11+£0,06 | 0,73+0,03 | 0,9+0,02 | 0,09+0,2 | 0,07+0,1
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Ipooonxcenue mabauyvr 3

Ne Toukn orbopa Mpod TOHHBIX OTIIOKEHHH 13 oTcToiHNKa CB KOC
5 Don 1, (103)*** 20 B 30 (O*** 400/ (B
e K" | ®ou™ 2019 20191 20191 20191
MEHTBI
Bechna | Jleto Becna | Jlero Becna | Jleto Becna | Jlero
Mean+SD

Zn, mr/kr | 110 23,0 9,3+0,05 9,7+0,03 13+0,02 | 13,9+0,04 | 27,3+£0,06 | 28+0,03 | 18+0,05 |17,3+0,03
Cr*, mr/xr| 41,0 14,0 17,3+£0,04 | 18,1+0,02 | 23+0,04 | 26,3+£0,05 | 45,7+0,03 | 47+0,02 | 43+0,05 |46,2+0,03
HII, mr/kr| 100 35,0 11,540,03 | 13,7+0,05 | 17+0,03 | 18,3+£0,04 | 51,3+0,06 | 54+0,03 | 24+0,03 | 26+0,05

"~TIJIK PK. (CoBmecTHbIH nipuka3 Munucrepetsa 3npaBooxpatenus PK ot 30. 01. 2004 1. Ne 99 u Munucrepcrsa oxpanst OC

PK ot 27. 01. 2004 1. Ne 21-11).

** — nannble 10 poHOoBOMY conepskanuio TM B JIO orcroiinnkoB n Hakormteneii CBManrucrayckoii obnactu
**%_ opHeHTaIMs TOYeK 0TOOpa Mpob (TOHHKIX oTiokeHui ) JIO o ctopoHam cBera

B PK, xak u B P®, He pa3zpadoTana eauHas Me-
TOJMKa IO oleHKe 3arpsa3HeHns 1O 3arpsa3HsAonm-
MU BeIeCTBaMH. J[JIsl OIEHKH CTeTIeH! 3arpsi3HeHHS
JO TspxensIMU MeTajulaMy UCTIOIb3yeM H3BECTHBIE
METOJIMKH U OLIEHUM UX IOCTOMHCTBA M HEJJOCTaTKH.

Ha mepBonauanmpHOM 3Tarme HaMH BBITIOJHEH
pacuer KO3(hQUIMEHTa JIOHHOH aKKyMYJISIIUU
(KIA), ucrionp3yeMslii B BUJIE MHAUKATOPA 3arpsi3-

Concentration of copper and chromivm (mg'kg) in bottom sediments (2019)

7 suann
\

P

/S \
\
. -
3 45,7——— 17 ., —%2
4 E—fa - 1 —A— 41 = 1

\ =
B3 3 ——3

I

£ RVCY — —€r — —MPCLr
1gs, 2gs. 3p3. 435 - Bottom sediments (BS) sampling points.
BBV - 1egion background values

15: - backgroud

Henus Bogoema. KJIA paccuntsiBaetcs no gopmy-
ne [8-10]:

KIA = c%a )

rae CAO — KOHIIEHTpalus BELIeCTBa B JOHHBIX OT-
noxkeHusx (Mr/kr), C — KOHUEHTpALs BELECTBA
B Bozie (MT/J1), 0TOOpaHHOM B OJTHOM M TOM e TOUKE
BOJIOEMA.

Concentration of arsenic and cadmium (mg/kg) in bottom sediments (2019)

1

/LJ_ x\‘n/l

15

s REV 85 MPL Ca ABY Cd
1zs. 238, 3ms. 46s - Bottom sediments (BS) sampling points. 153 - background
REV - region backgromd valies

— —AF = =MPC AS .

Pucynox 1 — /luHamMyKa KOHLIEHTpAllMU MEAM, XpOMa, MbllIbAKa U kaamus B J1O

W3 gaHHBIX TaOaMLBI 4 SICHO BUJIHO, YTO CaMOe
YAOBIETBOPUTEIHLHOE COCTOSIHUE MPU HUZKUX KOH-
ueHTpauusax 3B B Boge u /IO, B 4aCTHOCTH IO LUHKY,
npu KJIA<10 (8,7) B honoBOI# Touke 1 BecHoii 2019
r (0e3 MpU3HAKOB XPOHUYECKOTO 3arpsi3Henus). Ho,
B ocTalbHBIX Toukax 2, 3 u 4 KIA>10, uto cBuae-
TEJIBCTBYET O HE3HAYNTEIILHOM IMOCTYIUICHUHU B 3TY
TOYKY CBEXUX 3arpsasHeHuil. [lpu 3ToM, caMbie BbI-
cokue mokasarenu o meau Cu, B GoHOBOM Touke 1
(20700 u 21500, BecHOI1 1 1IETOM COOTBETCTBEHHO),
npu KJIA>10* (BbicOKHil YpOBEHB 3arpsi3HEHHS OT-
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croitnuka). dakTudecku, BenuunHa KA momkHa
ObITH 00paTHOM, TO ecTh HaMHOro Hmxe. llpuun-
Ha B TOM, uTo moka3areinb KA B Ttouke 1 (¢on),
OKa3ajcsl BBICOKUM M3-3a BBICOKHMX KOHIICHTpaIHui
meau B /10 (20,7 u 21,5) 1 oueHb HU3KHUX KOHIICH-
Tparuii 3Toro BemecTBa B Boae orcrovamka (0,001
u 0,001). 3arps3HeHue METaUIOUIOM MBIIIBIKOM B
touke 4 (BogoBeimyck KOC), cormacHo BenuuuHe,
TaK»Xe uMeeT BbIcOkUi nokazatenb KA B cpeHeM
14000 (BbICOKHIT YPOBEHB 3arpsi3HEHHs ), XOTS Ipe-
BhIieHue nopsaaka 7 IIJK.
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Concentration of zine and oil products (mg/'kg) in bottom sediments

1z
5 > < > < >
Summe soring  Summer Spring.  Summer  Spring  Summer

— =70 = —MP BYIN = =0F =— —=MPCOP

1zs. 2gz. 3ms, 45 - Bottom sediments (BS) sampling pomts. 1g5 - backegrommd
RBV - region backsround values

Pucynox 2 — KonneHTpanys 1iuHKa ¥ HeTenpoyKTOB
B 10O orcroiinuka CB

ITo pesympTatam ucciemoBaHWN, HAUOOJBITHE
KOHIICHTpAIMK 3aQUKCUPOBAHBI JJIsl KAJIMUS B TOY-
ke 3 (0,03 u 0,04 mr/nm® ¢ npessimernem [T1K 30,0

u 37,0 IIJK B Boge, u 0,73 u 0,6 mr/kr, ¢ 1,46 u
1,9 1K) B 1O, 9TO CBUAETENHCTBYET TOIBKO O I10-
BEIIIICHHOW KOHIIEHTPAIIMH KaJMHsI TOJIBKO B BOJIE.
OT10, cKOpee Bcero, OOBSICHIETCS BBHICOKMMHU KOH-
[IEHTpAITUSIMHU ITUHKA B BOJAC W MEAW W MEIIIBSIKA B
JIOHHBIX OTJIOKCHUSX.

Hus monydeHuss Ooyiee TOYHOW XapaKTepH-
CTHKH OIICHKH 3arps3HEHUS HCCIEAYEMOTO OT-
CTOMHHKA BOCHOJB3YEMCS IPYTUMH H3BECTHBIMHU
METOAMKAMHU.

KonnuecTBeHHBI METOJT OIIEHKH 3arpsi3HEHUS
J0O, To ecTh MHIIEKC TEOAKKyMYyJIsuu Igeo, pa3pa-
6otan B I'epmannu I'. Miomnepom [11]. Otot Mme-
TOJ UMEET OTPAaHUUCHUS ISl €r0 IPUMEHECHHS, TaK
KaK MOJKET OBITh MCIIOJIb30BaH TOJIBKO JIJIs1 TOHKOM
tpaxmun J10O. [1g oleHKH JOHHBIX OTJIOXKEHUN Ha-
e 00J1acTH, CJI0KEHHBIX U3 TIECYaHOW (QpaKInu 1
HU3BECTHSIKOB, 3Ta METOJIUKA HE TTOAXOIHUT.

Tabauna 4 — [Tokazatenu 3Hauenuii K/IA B orcroitnuke CB KOC r. JKanaozen

Ne Touku oTb0pa npod noHHBIX oTiokeHuit B orctoitHuke CB KOC ¢ my6unsr 1,3 M

g . s - - Cpenuee 3nauenne KJA
g | ®oul,, (I03) 20,3 300, ©) | 410/ (B)

QE_,{ 2019t 2019t 2019t 2019 2019t

M

BeCHa JeTo BECHa JeTo BECHa JeTo BECHa JIeTO BECHa JIeTO

Cu 20700 21500 200,0 180,9 423,6 316,0 207,7 209,3 5382,83 5551,55
As 3650,0 4647,1 1150,3 | 2260,4 23,5 21,4 13000 15000 4455,95 5482,22
Cd 2533 400,0 526,3 1000,0 24,33 24,32 526,3 523,8 332,58 487,03
Zn 10,3 13,9 8,7 10,0 15,1 13,3 16,4 17,5 12,63 11,175
Cr 865,2 900,0 696,7 730,6 1142,5 1175,2 1433,3 | 1540,0 1034,43 1086,45

W3BecTeH 1 MHUPOKO UCTIOIB3YETCS B HACTOSAIIEE
BpeMs O4YEHb NPOCTON METOJI, KOTOPBII OCHOBAH Ha
koHnenTparuu TM B JIO [12]. Pa3paboran meron
ATreHTCTBOM 10 OXpaHe okpyskarouen cpenpl CIIA
U.S. Environment Protection Agency (USEPA). Ha
CIEIYIOIEM JTare, 33 CUET CPAaBHEHHs IOIYy4YeH-
HBIX HAMU JJaHHBIX KOHIeHTpanuu TM 1 MeTaion-
na B Tabmuie 3, ¢ HopmatuBamu USEPA, BeIsicHUM
crenens 3arpszHeHus 10 orcroitnuka CB KOC.
Conepxanne B /1O menu. B poHOBOI Touke 1 110 TIPH
COJIepKaHUU MEIH B MOHHBIX OTioXKeHusx (20,7 u
21,5 MI/Kr, BECHOM M JIETOM COOTBETCTBEHHO), CO-
rmacHo HopmatuBaM USEPA (<25), 10 — Hezarps3-
Henuple. B Toukax 2, (34,0 mr/kr BecHoi u 38,0
Mr/kr jietom) u 3, (59,3 Mr/kr BecHO# u 63,0 Mr/
KT JIETOM) U B TOUKe 4 10 (27,0 Mr/xr BecHoi u 29,3
MI/KT JieToMm), IO — yMepeHHO 3arpsi3HeHHbIC TPU
HopMmaTuBe USEPA (25-75). YpoBeHs 3arps3HeHus

[0 meramnongamu, B YaCTHOCTH MBIIIBSIKOM B HOP-
MaTHBaX HE y4TEH.

Uro kacaercs kaamus, coaepkanue ero B J10
am3koe (ot 0,04 mr/xr mo 0,9 mr/kr). Ilpu sToMm B
HOpMAaTHBAX JIJIsl HE3arpsI3HEHHBIX U YMEPEHHO 3a-
rpsi3HeHHBIX J[O JaHHBIX MO CONEPKAHUIO KaAMHUS
Her. s cunmpHO 3arps3HeHHBIX JIO ypoBeHB 3a-
rpsi3HEHUs KaaMuem (>6).

Bwmecre ¢ 3TUM ¥ 10 IIMHKY HET BO3MOXXHOCTH
HCIIONb30BaHUs 3ToM Metonuku. Ilo HOpmaTuBam
USEPA, mnsa Znpns sHesarpsisHeHHbIX 1O (<90),
yMEpEeHHO 3arpsizHeHHbIX — 90-200, CHUIIbHO 3arpsi3-
HeHHBIX Oosee 200, Torma Kak y Hac coaepKaHue
nuHKa ot 9,3 Mr/kr mo 28,0 mr/kr B nenom. Ilo co-
nepxannio B J10 xpoma, pHu €ro KOHIIEHTPAIUSIX
B TOYKax 3 ~u 4110 ot 43,0 mr/kr go 47,0 Mr/Kkr, 1Mo
HopmatuBam USEPA (25-75), 1O — ymepeHnHo 3a-
rpsasHess! Cr.
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W3 ananuza ucnosib30BaHUs 3TOCO METOJA BU/I-
HO, YTO HET BO3MOXKHOCTH JJIsi KOHKPETHOU OIeH-
KU DKOJIOTHYECKOTO COCTOSIHHSI BOJHOTO OOBEKTaA.
[IpuunHOi 3TOMY SBISIETCS, CKOpEE BCEro, OCO-
OCHHOCTH TEOXMMHYECKOTo (hoHa HCCISTYEMOTO
paiioHa.

Eme ogna usBecTHass METOJIMKA — CPABHUTEIb-
Has orieHKa 3arpszaenus J1O, mpu KoTopoit onpee-
JIIeTCS MOKAa3aTelb HAKOIUICHHSI METAJIJIOB:

MH = "= 100% 3)
Cy
rae C u C — KOHIEHTpAlKs BEIIECTBA Ha paccMa-
TPUBAEMOM H (DOHOBBIX yUaCTKaX.

OTOT MoKazaTenb XapaKTepU3yeT MPEBBIIICHNE
COJIEpKaHUsl UCCIEIYyEMOro BEIIeCTBa B JTAaHHOU
TOYKE OTOOpa MPOO OTHOCHTETHHO (DOHOBBIX KOH-
LEHTpalui, HO TOJILKO pacdeT Kod((OHUIHESHTOB
KOHIIEHTPAIIMX HE IO3BOJISIET BBITIOJHHUTH OIEHKY
3arps3HEHMS BomoeMa 1o coaepkannto TM B J1O.
[puunHOii 3 TOMY SIBIISIETCS. HEOOXOAUMOCTE KpUTE-
pHEB OLIEHKU M YPOBHEH Irpaialluil CTENIEHH 3arpsi3-
Herus J10 ¥ BogHOTO 00BEKTa B LIEIIOM.

Hanee, B LeJIsIX MOTYYECHUSI OOBEKTHBHOM OLICH-
KU COCTOSIHUSI U cTerieHu 3arpsaszHenus 1O Tsokenbl-
MH METaJJIaMH UCIIOJIb3yeM MOKa3aTellb CYMMapHO-
0 TIOKa3aTes 3arpsI3HEHNSI ¥ BBIIIOJTHUM PacyeT Mo
HECKOJIBKUM (DopMyIIaM.

Tak, cpenn Hamboiee HM3BECTHBIX KPUTEPHUEB
OILIEHKHM TEXHOTeHHOro Bozaeiictaus Ha O Bwige-
JIsieTCs CyMMapHBIi oka3atens 3arps3Henns (CI13)
i Zc. Jlns monmyuenusi Hanbosiee 0OBEKTUBHON
OLIEHKH B HEM HCIOJB3YIOTCS (JOHOBBIE 3HAYECHUS
KOHIIEHTPAIINH BEIIECTB.

1. Tlokazarens FO.E. Caera Z , obnanaer ruru-
eHHYeCKH OOOCHOBAHHOH MIKaJOW OMAacHOCTH 3a-
rpA3HeHus. Pacder ero MoxeT MpOU3BOAMUTHCS He-
ITOCPEICTBEHHO ISl TOUYKH 0TOOpa P00 MIIH CTBOpA
HaOJIIOJICHHUS 110 BceM u3ydaeMbiM TM. dopmysia
pacdera CyMMapHOTO ITOKa3aTes 3arpsi3HeHUs Zc:

Ze=Sn,(K)- (n—1) @

rae Z,.— k03 GUIUEHT KOHIEHTPALUMH, COCTOSIIMMI
U3 OTHOIICHHUSI KOHIIEHTPAIMK MeTajjia B MOYBE K
(hoHOBOMY 3HAYCHUIO, /1 — KOJUYECTBO AJIEMEHTOB,
coJiepyKaHue KOTOPBIX MPEeBhIacT (POHOBHIC 3HAYE-
HUSI KOHIICHTPAIMY U3y4aeMBbIX DJIEMEHTOB.

2. Ilokazarens CII3 ¢ yyeToMm pa3HON TOKCHY-
HOCTH TSKENBIX METANIOB Z | [5, 10] paccunThiBa-
eTcs o gopmysie 5.

Zep= (K XEp)—(n—1) (%)
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rie K, — K09pGUIMEHT TOKCUYHOCTH i-0T0 3Jie-
MEHTA.

Uroowr ans CII3 mo dopmyrne 3 ocraBanach
aKTyaJlbHOM IIKala KPUTUYECKHMX CYMMAapHBIX
nmoka3zareneit FO.E. Caera, 11 371eMEHTOB BTOPOTO
KJ1acca OMacCHOCTH CIIEYET UCTonb3oBath K = 1,0,
TpeThero knacca omacHoctu K. = 0,5, mepsoro
Kiacca onacHoctu K, = 1,5. Mccrnenyemble B 91O
pabore TM oTHOCSATCS K TIepBOMY (BBICOKOOMAC-
HoMy) kiaccy omnacHoctu Pb, Cd, Zn u Cr, u ko
BTOPOMY YMEPEHHO omacHoMy Menb Cu U HHUKEb
Ni [6].

3. JIns1 OLIEHKH COCTOSTHHSA TTOYB U JOHHBIX OTJIO-
xxeruit [11, 14] mupoko MpUMEHSETCS TTOKa3aTeh
CyMMAapHOIo 3arps3HEHUs (Zc(r)), YUYUTBIBAFOIIMIA
CpeaHHE TeOMETpUIecKUe K0 UINEHTH KOHICH-
tpauuu TM. TlokazaTens B mociaeqHee BpeMsl 4acTo
MPUMEHSIETCS B LIEJSX IMOJIMAIIEMEHTHOTO 3arpsi3He-
HUS [TOYB M JOHHBIX OTJIOXKEHHS 1o (opmyiie 6.

Zy, =1 X (Kgy X Ky XK )n—(n—1) (6)

4. TlpuBenem Takxke (GOpPMYTy KOMIUIEKCHO-
ro IoKa3arenss CYMMapHOTO 3arpsi3HEHHs II0YB,
KOTODBI YYUTHIBAET HE TOJBKO CpEIFes TeoMe-
TpHYEeCKOoe 3HaueHHWe KodddummeHta *C, HO H
TOKCHYHOCTh TSDKEIbIX MeTayuioB, Z . [10]. Pac-

o CT(r)
CUMTHIBACTCS IO CIEIyoIIeH hopmyIe:

Lo =nX ((Kgy X Kpy) * (Kgp X Kpp)

(Ko X Egy))m (1= 1) ()

Jns BBIIOTTHEHHWS PacyueToB IO TPUBEIACHHBIM
Bbie ¢opmynam (2-5) Ha OCHOBE pe3yJIbTaToOB
aHaJM30B, IPEACTaBICHHBIX B Tabmuie 3, ObUT Ipo-
M3BEACHBI BBIYHMCIEHUS Kod(h(HUIMEeHTa KOHIICH-
Tpalun BBIABJIICHHBIX B 210 TSAXKEIIbIX MCTAJIJIIOB U
MeTaJuIona, 1o clenymomei Gopmyse:

£

KC = C¢I=E (8)

rae C, GpakTMIecKoe ColepKaHNe BEIECTBA B T10-
uBe, mr/kr; C on 30HAJIbHBIN ()OHOBBIH MTOKA3aTEIh
BEIECTBA, MI/KT.

IIpu pacyere kod(durEieHTa KOHIICHTPALIH
Kc ncnonb3oBanbl naHHbIe (DOHOBBIX 3HAUeHUH TM
B /10 OTCTOMHHMKOB W HaKOMUTEIECH CTOYHBIX BOJ
ManrucTtayckoi o0acT. beITn IPUHATEI CpeTHUE
3HAUCHHUS KOHIIEHTPAIIMH BEBISBJICHHBIX 2JIEMEHTOB
B JOHHBIX OTJIOKEHUSIX OTCTOMHHKA CTOYHBIX BOJ
KOC 3a BecenHe-neTHHI IEpHOI.
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JaHHble pe3ynbTaTOB pacueToB Mo (opmyiaam
(2)-(6) npencraBneHsI B TAOIHIIE 5.

Jlns pacueToB OBLIM HMCIOJIB30BaHBI 5 ¢op-
myi. Pacder K., ¢ y4eTOM BCeX 3HAYCHUU diie-

MEHTOB BHE 3aBHUCHUMOCTH OT WX BEIWUYUH IO
OTHOIICHUIO K ()OHOBHIM 3HAYCHUAM (MeHee (o-
HOBBIX), TIO3BOJIMJI YYECTh BCE M3ydaeMbIe 3Jie-
meHTH B J]O.

TaﬁJmua 5- Pe3yJ'II>TaTLI PacyeToB NMapaMeTpOB TEXHOTCHHBIX I'COXUMHUYCCKUX accounaunﬁ B JIOHHBIX OTJIOKCHHUAX OTCTOWHHKA

CB KOC 1. J)Kanao3sen

Ne Touku oTbopa CyMmapHsIii okasatensb 3arpszHerus JJO
po0 TOHHBIX
OTJIOKEHUI Zc Zc 1Ipx Kc>1 ZCT ZC(r) Zcr(r)
1 0, 1O3) 0,9 1,38 1,58 0,66 1,45
250, 3) 2,17 2,83 4,31 1,05 2,7
3010, ©) 8,1 8,1 12,48 725 9,3
450,(B) 3,65 4,28 6,74 2,45 3,3

Ho mipu 3TOM yCroBu# He MOKET OBITH BBITION-
HEHA OCHOBHAS IICJIb — BEISBIICHUE 3arPsI3HSIONINX
Bewects (3B). B o1oii cBa3u, npu pacyere Z ., npu-
HUMAaJKCh 3Ha4eHus K >1, Tak KaK JUIs BbIABICHUS
sarpsiaeHns JIO 3B ykazanHOe 3HaYeHUE HOHKHO
obiTe Oomee 1. To ecTh, 3HaueHHE (aKTHUECKON
KOHIIeHTpaluu BeiecTBa (dopmyna 6) ITOIDKHO
ObITE OoubIie (POHOBOW KOHIICHTPAIIUU, YTO JAET
BO3MOYKHOCTh y3HaThb O HakomeHun TM B J1O.
Taxkoii moxxoxn ¢ KC>1 naeT Oonee OOBEKTHBHYIO
oueHKy 3arpssuenus [5, 10, 14]. Ilpu K >1 nabiro-
JIAJIOCh YBEIIMUYEHUE MEXIY MOKa3aTeIsIMU ZC u ZCT
npu K >1, B Touke l(ﬂo)Ha 65,22% ¥ B TOUKE 2@0) Ha
76,68%, 9uTO OOBSACHIETCS TEM, UTO MPH yUeTe BCEX
3JIEMEHTOB YBEJIMYMBAETCS U pa3Huia, a npu K >1
yMeHnbaetcs. Tak, B Touke 1 . KC TOJILKO JUIA 2
2JIEMEHTOB (Meau U Xpoma) Oomibiie 1, a B TOUKe
2 110y VLA 3 snemMeHTOB (MEH, MBIIIBIKA U XpOMa).

JI TOYKH 3 (10 TA4€ ZUTIs1 BCEX SIIEMEHTOB KC>1 3Ha-
YeHUs HE M3MEHUIHUCH (8,1).

Ilpu pacuere Z ., C y4€TOM CTENEHU TOKCUIHO-
ctu (omacHocTH) 3B, MOBBIMICHUE TTOKA3aTeaeH Ha
87,34% B TOuKe l(ﬂo)n BO BTOPOH 2@10)’ 1o 65,66%.
D10 00BsCHIETCS TEM, YTO ISl HAaHOOJee TOKCHY-
HBIX TsDKeITbIX MeTautoB Cd 1 Zn u MeTamonaa As,
OTHOCAIIUXCS K 1 KIaccy OmacHOCTH, TPUMEHSIETCS
K.=1,.

lokasarens Z,, COTIacHO TPyJaM Y4CHBIX
CHIA, umeeT 0OJBITIOEC 3HAYCHHUE TIPU OIEHKE I10-
JTURIIEMEHTHOTO 3arPsI3HEHUS, a TAaKXKE IPU pacuere
cpennero cogepxkanusi TM B J1O.

ITokazarenb ZCT(r), KoTopbId ipemoxen FO.H.
BonsHuiikum, mnpencraBiser coboilt cumMOuo3
BCEX MPEABIIYIINX MOAX00B C YUYETOM HX JJOCTO-
WHCTB ¥ HEJIOCTATKOB. 3HAYCHUS, ITOTyICHHBIC 11O

thopmyne (5), UMEIOT OTKJIOHEHHS OT IMOKa3are-
g F0.E. Caera, dopmyna (2). [IpeumymiectBomM
ToKa3aTens SBJSETCA Y4deT TOKCHYHOCTH TM,
WX KOHIIEHTPALUHU, a TakXKe Y4YeT CpelHereome-
TPUYIECKOW BEIMYMHBI, UCKIIOYAET MOTPEIIHOCTH
B pacyerax OTHOCHUTENbHO BbiCOKUX K. Tak, B
TO4YKax 1, 3HadeHWe mokasarens Z., Ooibiie
3Ha4yeHus nokasarens Z. Ha 95,17%, a B camoi
3arpsisHeHHo# Touke 3 Ha 87,1%, 4TO 3aBUCHUT
ot yueta K. >1.

Taxum obpazom, no mkane I0.E. Caera, Tonbko
B TOYKE 3 = COIJIACHO OPHEHTHPOBOUYHOM IIIKAJIBI
npu Z =8,1 (<10) ypoBeHb TEXHOTEHHOIO 3arpss-
HEHUS «CNa0BIi», a CTETEeHb CAHUTaPHO-TOKCHKO-
JIOTUYECKOM OMACHOCTH «JIOMyCcTUMas». A s ZCT
B OTOM e TOYKe 3, NPH BEIMYNHE €ro, paBHOMU
12,48, ypoBeHb TEXHOTEHHOTO 3arpsA3HEHUS Cpe-
Huil. [Ipu aTOM, N1 HAIMX MCCIENO0BAaHUM, COEp-
»kaaue Bcex TM u MeTtamuionaa Melmbsaka B JIO 1mo-
BBIIIICHO.

(110)

Indicators of totals botton sediment pollution (2019)

sk
Zc — e
1B
S e ]
Zc (E=>1) - e
e
Zet i -
i ]
Zei ; Bt
-
Zeam e %1

u 4us 3es w 235 = lIms
1pz, 2pz 3eo. 4p: - Bottom sediments (BS) samplins points. 12 - backeround

PucyHok 3 — Ilokazarenu cymmapHoro 3arpssaenus 1O
no gopmynam (2)-(6)

81



OIICHKa CYyMMAapHOTO 3arpsA3HCHUA OTCTOMHHKA CTOYHBIX BOI B paﬁOHe ropoaa ’Kanaozen

CaMple HaMMCHBIIIE 3HAYCHMS IMMOJIY4YCHBI I10

Ze = 0,66 (doHOBast TOUKa 10_.[0)) uZ, =105
(Touka 2(/:[0))' Yro kacaercs, mokasareniz ., MeHb-

mee €ro 3HauCHUe IMOJyYCHO TAKXKC B TOYKE 1( o

0y
a HauOOoJIbIIIeE B TOUKE 3 10 Taxnm obpazom, Z

oy
JaeT caMble MHHHUMAaJbHBIE 3HAYEHHS 3arps3He-
HUS U 3TOT PE3yJIbTaT MOIydaeTcs U3-3a TOro, YTO
HE YYHUTHIBAIOTCSA KO3()QPUIMEHTH TEXHOT€HHOCTU
K. B oTo0ii cBsi3H, HanboIIee IPUEMIIEMBIMU MOTYT
OBITH PE3yNbTaThI Zcm) 10.H. Bonsnuixkoro.

BriBoabI

Pacuer 3B nmoxa3zain, uTo BOABI B TOUKkax 1 u 2
«uuctbiey». Ha BogHOM riaau GoHOBOM TOUKM 1 3a-
(bMKCHPOBaHO HAMYKE BOJOILIABAIONIUX IIEPEIIET-
HBIX YTOK M B O€pEroBoOil 4aCTH KPYITHOTO POTaTOro
cKoTa. «Upe3BbIYaliHO 3arpsA3HEHHBIMUY ABJISIIOTCS
BOJBI B TOUKE 3.

PesympraTel pacdyera koddduImeHTa TOHHOM
akkymymsinun (KJA) mokazanu, 9to B (OHOBOH
touke 1 mpu KJA>10* (BbICOKMIT YpOBEHB 3arpsi3-
HEHUs) M3-32 BBICOKHX IOKa3aTeje MeAu, HO MpH
stom npeseiienne [1/IK menu nHeBenuko. B Touke
3 mpu npessiienny no kagmuto 30,0 u 37,0 IIJIK
B Boge u 0,73 m 0,6 ITJIK B JIO mokazarens KIA
cambrii Hu3kuil. 3uauenus KA Cu B Touke 1 u As
B TOUKE 4 BBIIIE CPEIHUX 3HAUCHHUM IMOKa3aTenel

no octanbHbIM ToukaM. KJIA Zn B 3 Touke camoe
HU3K0e. DTO OOBSCHSIETCA BBHICOKMMU KOHIICHTpa-
UMY IIMHKA B BOJIC MEJU M MBIIIbSIKA B JIOHHBIX
OTIIOKEHUSIX.

Amnamus 3arpsizaenus J10 mo metomy (USEPA).
B ¢oHoBoiI1 Touke 1 OTCTOHHMKA, COTIACHO HOP-
matuBaM USEPA (<25), IO — ne3arps3ueHHble. B
TOUKax 2,3, ¥4, TOHHBIC OTIOKCHHS YMEPEH-
HO 3arpsizHeHHEBIe» o0 HopMaTuBy USEPA (25-75).
Yposens 3arpszHenus JO MeTanionaoB, B 4aCTHO-
CTH MBIIIBIKOM, B HOPMaTHBaX HE YUTEH.

B ocHoBe pacuera cymmapHOTro mokxasaTens 3a-
rpsizaenus J1O ObUTH 3HAYEeHHUs, KOTOPbIE OBLIH TT0-
Jy4deHbl B pe3yNbTaTe aHaimu3a 1o coaepkanuio Cu,
Cd, Zn, Cr’'u As B JIO. DT0 HO3BOJIUIO BEIIOIHHUTE
o0mryto omeHky mo crerieHu 3arpsisHeHust 1O ot-
croitanka CB KOC.

Ilpu pacuere Z . npu K >1 He yunthiBanucs K,
As, Cdu Zn B Touke 1()10)’ Cd u Zn B Toukax 2
4 10, TTooTomy uist (hoHOBOM TOUKH 1
nanmenbmuit CII3.

Takum 00pa3oM, pe3yNbTaThl OIICHKH pac-
YeTa CyMMapHOTO 3arps3HEHHS OTCTOMHHKA, Ha-
XOJIAIIETOCS MPAKTUYECKH B uepTe T. JKaHaoseH,
KOTOPBIM TpeBpalllaeT ero B OMacHbI OOBEKT, IMO-
3BOJIIOT pa3paboTaTh HanboJIee YKOHOMHYCCKH T1e-
JIeCO00pa3HbIN U HKOJIOTUYECKH YUCTBIH CIOCO0 MO0
OYHMCTKH BOJI.

o)1
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MYFAAXAP AYAAHbI AMMAFBIHAAFbBI
MTAABAHADIK LUETIPTKE (CALLIPTAMUS ITALICUS L.) CAHbIHbIH,
MAYCbIMAbBIK, AMUHAMUKACDI

Makanrapa AkTe6e 0BAbICHIHBIH MyFaAXKap ayAaHbIHAA ayblA LAPYaLIbIAbIK, AAKbIAAAPbI YILIH €H
KayinTi 3usiHKecTepAiH 6ipi MTaabsiHABIK weripTke (Calliptamus italicus L.) nonyasumsianapbiHbiH Kasipri
>KaFAarbl CMMaTTaAaAbl. AyAQHAQFbl UTAAbSHABIK, LUEMIPTKEHIH XXePriAIKTi MOMYASUMSACHIHbIH, KbIAABIK,
AMHAMMKACBI ayblA LLIAPYaALLUbIAbIK, ayMakTapblHAQ 2019 >KblAbl KOKTEMI i, KOKTEMIi-XKa3Fbl, Ka3fbl, KY3ri
SKYMEAI ecer Xyprisy >KyMbICTapblIHAAFbl HOTMXeAepi OoibiHIIa 6epiAreH. MTaAbsSHABIK, LIEriPpTKEHIH
KybipuwieaepiH 3epTrey GoibiHWA 2.0 MblH ra XXepAe XYPri3iAreH KOKTeMri MOHUTOPUHITIK Tekcepy
>KyMbICTapbl ke3iHae Enbek, KymskapraH, batnakkea, Taaapicai xxaHe K. XXy6aHOB aTbiHAAFbI aybIAABIK,
OKPYTTEPIHAETT MEMAEKETTIK >XepAepiHAe weripTke Kybipiweaepi 0.33 MbiH ra xkepae 6arkasabl. 1
LIapuibl METPre opTallia ecenrneH TbiFbi3AblFbl 4-4.8 AaHa. KyOipLueHiH iliHAEri XXyMbIPTKAAApPbIHbIH,
caHbl 26-28 aaHa. Ky6ipweaep 37-40% xepai 3akbiMaaraH. AyaaH 6orbiHiwa 20.0 MblIH ra >kep KOAemiHe
JKYPri3iAreH KeKTeMmri->Ka3fbl MOHUTOPUHITIK Tekcepy >KyMbICTapbiHAQ 0,06 MbIH ra >XepAe UTAAbSHABIK,
LIEripTKe AEPHOCIAAEPIHIH TapaAybl 0aiikaAAbl. 1 Laplibl MeTpre wWakkKaHAa AEPHICIAAEPIHiH
TbIFbI3AbIFbI 3-4 AaHa Kypaabl. EHOeK aybIAABIK, OKPYTiHIH MEMAEKETTIK KOP XXePIHAE AEPHOCIAAEPIHIH
nanaa GoAybl aHbikTaAca, Kym>kapraH aybIAAbIK, OKPYTiHiH MEMAEKETTIK KOpP >KEPIHAE MTaAbSAHABIK,
LIeripTke KaHaTTaHy Ke3eHiHae 6ankanabl. LLIaFbIAbICYbl MEH XXYMbIPTKA CaAy Ke3iH aHblkTay 60MbIHLLA
>KYPri3iAreH »Kasfbl MOHMTOPUHITIK TEKCEPY >KyMbICbl 6apbicbiHAa 90.0 MbIH ra XXEPAE MTAAbSHADBIK,
LIEripTKe epecekTepAiH, YLlibIN KOHbICTaHybl OakaAMaAbl. Ky3ri MOHMTOPUHITIK TEKCEPY >KyMbICTapbl
Ke3siHae Myraaxxap ayAaHbl O0MbIHLLA MTaAbSHABIK, WeripTke Ky6ipweaepi aHbikTaamaabl. 2019 >KbIAFbI
MOHMTOPMHITIK XXOHE >KYeAi 6akbiAay HoTMXKeci BoMbiHIA MyFaAkap ayAaHbiHAQ Kasipri yakpiTTa
UTAAbSIHABIK, LLETIPTKEAEP CaHbIHbIH, AENPECCHSICbI 6ap EKEHAITT aHbIKTAAAbI.

TyiiiH ce3aep: MTaAbSHABIK, LUETIPTKEAEP, MOMNYASILMS, MOHUTOPUHI, MyFaA>kap ayAaHbl, KybipLuek,
AMHaMMKa.
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Seasonal dynamics number of the Italian
Prus (Calliptamus Italicus L.) in the Mugalzhar region

The article describes the current state of populations of the Italian locust (Calliptamus italicus L.),
one of the most dangerous pests of agricultural crops in the Mugalzhar district of the Aktobe region. The
annual dynamics of the local population of the Italian locust in this area is given according to the results
of spring, spring-summer, summer and autumn systematic surveys in 2019 in agricultural areas. Dur-
ing the spring survey of 2.0 thousand hectares of state land in the rural districts of Enbek, Kumzhargan,
Batpakkol, Taldysai and the K. Zhubanov, egg-pods of the Italian locust were found on 0.33 thousand
hectares of the territory. Average density per 1 m? was 4-4.8 individuals. The number of eggs in a test
tube was 26-28. Larvae damaged 37-40% of the land. During the spring-summer monitoring of 20.0
thousand hectares of land in this area, the spread of Italian locust larvae was observed on 0.06 thousand
hectares. The density was 3-4 larvae per 1 m2. The appearance of larvae on the lands of the state reserve
of the Enbekshi rural district was observed, while on the lands of the state reserve of the Kumzhargan
rural district, the Italian locust was observed during the fledging period. During the summer monitoring,
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carried out to determine the time of mating and laying of eggs, on the territory of 90.0 thousand hectares
no adult locusts were observed. During autumn monitoring, no Italian locust larvae were found in the
Mugalzhar region. According to the results of monitoring and systematic observations in 2019, there is
currently a decrease in the number of Italian locusts in the Mugalzhar region.

Key words: Italian locust, population, monitoring, Mugalzhar district, egg-pod, dynamics.
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Ce30HHas AMHaAMMKA YMcAeHHOCTH MTaabsiHckoro lNpyca
(Calliptamus Italicus L.) Ha TeppuTtoprn Myraaxapckoro paioHa

B cratbe onucbiBaeTCS COBPEMEHHOE COCTOSIHME MONyAsiumii MtaabsHckon caparum (Calliptamus
italicus L.), 0AHOro M3 CambIx OMACHbIX BPEANTEAEN CEAbCKOXO3MCTBEHHBIX KYAbTYP B Myraaxkapckom
paitoHe AKTIOOMHCKOM 06AaCTU. [0A0Bast AMHAMMKA MECTHOM MOMYASILIMM UTAAbSIHCKOMO MPyCa B AAHHOM
parioHe NpuBeAEHa Mo pe3yAbTaTaM BECEHHUX, BECEHHE-AETHNX, AeTHUX M OCEHHUX CUCTEMATUYECKMX
yuetoB 2019 roaa B CEAbCKOXO3SIMCTBEHHbIX parioHax. Bo Bpemsi BeceHHero obcaepoBaHusi 2.0
ThIC. I'a rOCYAAPCTBEHHbIX 3EMEAb CeAbCKMX OkpyroB EHbek, KymxkapraH, batnakkoab, Taaabican u
okpyra um. K. XXy6aHoBa, Ky6bilLKM UTaAbSIHCKOrO npyca BcTpevaAncb Ha 0.33 TbIiC. ra TeppuUTopumu.
CpeAHSIS MAOTHOCTb Ha 1 KB. M COCTaBAsIA 4-4.8 ocobu. KoAnuecTBo sivu, B NpobupKe COCTABASAO
26-28. AnunHkn nospeaman 37-40% 3emenb. B xoae BeceHHe-AeTHero moHutopuHra 20.0 Tbic. ra
3EMEAbHOM MAOLAAM B 3TOM parioHe HabAIOAAAOCH PACMpPOCTPaHEHUE AMUMHOK MTAAbSIHCKOM CapaHum
Ha 0.06 TbIC. ra. [MAOTHOCTb AMYMHOK Ha 1 KB. M — 3-4. BbIAO OTMEYEHO MOSBAEHME AMUYMHOK Ha
3EMASX FOCYAAPCTBEHHOrO 3anoBeAHMKa EHOEKCKOro CeAbCKOro OKpyra, B TO BpeMsi Kak Ha 3eMASX
roCyAapCTBEHHOr O 3arnoBeAHMKa KymykapraHcKoro ceAbckoro okpyra MraabsHckmin Mpyc HabAloAaACS
B MEepPMOA OKPbIAEHUS. 32 AETHUI MOHUTOPWHI, MPOBEAEHHDINA AAS ONPEAEAEHNS BPEMEHWN CMlapuBaHMS
M YKAQAKM suu, Ha TeppuTopmn 90.0 ThbIC. ra. B3POCAbIX OCOGEel capaHun oTMmedeHOo He Gbiro. Bo
BPEMSI OCEHHEro MOHUTOPMHIa B MyraA)KapCckom panoHe He GbIA0 0GHAPY>KEHO AUUYMHOK UTAAbSHCKOM
capaHun. CoraacHoO pesyAbTaTaM MOHWMTOPMHIA U cUCTEMaTMUecKMX HabaloaeHui, B 2019 roay, B
HacTosillee Bpemsl HabOAIOAQETCSl CHUXKEHME UMCAEHHOCTM MTAAbSIHCKOM capaHuM B MyraaxKapckom
parioHe.

KaloueBble caoBa: MTaAbsiHCKasi capaHuya, MOMYASUMS, MOHUTOPWHI, MyraAXapckmii parioH,
KyOblllLKa, AMHaMMKa.

Kipicne

FanmamapIk >KbUTBIHY KaWBUTBIMIBIK KepiaepIiH
nresieliTTeHyi MeH okep OeTiHmeri mieripTke
CaHBIHBIH apTy KaymiH TyIsIpabl. Adpuka, Ab-
crpanus, OHTYCTiK AMeprka, OpTanbik, COITyCTiK
s)koHe OHrycTik-11IbiFbic  A3us  enzepiHiy jaana
JKOHE IISJICHT 30Hajmaphl LICTIPTKENEpIiH JKam-
maii keOederiH TunTik amakrtap [1-3]. Bapisik
KYpPJBIKTapAa IIETipTKeNep oepinyi OYKuT ainemje
a3bIK-TYJIIK Kayincizairine kayin tenaipai. CiGipiik
YKOHE aMepHUKaJIbIK FaJIbIMIap KOHbIPKail alMaKThIH
JKOXKYHeNepiHjeri IeripTkenep JKep YCTiHeri
¢uromaccanbiy 30 maiipl3gaH Kem  MeJILepie
TYTBIHATHIHBEIH KepceTTi [4]. Jlama mreriprkenepi
oCIMIIKTep/l Kell KaHa KoiMai, e3depiH 3arTap
MEH DJHEprusMeH Kamramachi3 erefdi. [lecex Te,
meripTkenep (GUTOMAcCaHBIH TEK a3 FaHa OOriH,
mamMamMeH 10 madbI3bIH ©3[EpiHiH TIPIWILTK eTyi
YIIiH maigananansel [5-6]. Kanran maccanbsiH 0opi

LIETIPTKEHIH ac KOPBITY *OJbIHAA CHMONOTHUKAIBIK
TIPIIUTIK €TeTIH MUKpPOOpTaHm3MaepAi B mopyMmeH-
JepiMeH OalBbITBIN, YCaKTaJdFaH KyHae CBIpTKa
mbiFapeuiaael [7]. Eximisgin skoxyieciHiH mana
JKOHE IIOJICUT JIaHIaTTaphIHa CasK )KoHe YHIpITi
HmeripTKeNep il OipHeie Typriepi keueceni. Onap-
IetH 15-20 Typi enmiMi3miH opTypii oOIbICTapbIHIA
ayblJI IIAPYalIbUIbIFb] AJIKAITAPbIHA 3USH KEITIpe.
OHnin-ece OacraraHHaH TOITAHBI JYPETIH aca
KayinTi YHipii mIeripTKelepre a3usuIbK, MapoOK-
KaJTBIK YKOHE UTABSHIIBIK TIPYC xKaTaasl [8-9].
Enimi3min OaThIChIHAA OHIIPIC MEH aybUI IIap-
yalbUIBIFEl KaTap daMmblFaH AKTeOe oOJbIChIHIA
aca KayinTi 3WSHKECTepAiIH 8 Typl K€H TapajFaH
[10-11]. bipikken ¥nrrap YHBIMBIHBIH AB3BIK-TY-
JK JKOHE aybUIIIapyambuiblK YABIMBIHBIH (FAO
BYY) menriMiMeH aypul MapyamibUIBIFBl YIIIH €H
KayinTi 3UsSHKEC METipTKeHiH Oipi — HTaNbSHABIK
meripTkenep (mpyc) Oomeim Tabputansl. Kenreren
KbIIIap OOMFHI 3epTTEyNepre cyieHncek, EBpasus-
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Myramxkap aynaHsl aiiMarbIHIaFbl HTANBIHABIK meriptke (Calliptamus italicus 1.) CAaHBIHBIH MayCBIMIBIK JTHHAMHKACHI

Jarel OCHI TYPIiH HEri3ri omakrapsl (I1amMmameH
70-75%) KazakcTaHHBIH AajlaiblK TaOWUFW 30HAJA-
PBIHIA, KYPFaK >KoHE KYpFaK JAajachlH/a OpHaJacKaH
[12-13]. AxTe0e OOIBICHIHBIH aybUI APy aIbUIBIFBI
YIIIH 1€, eH YJIKeH SKOHOMUKAJIBIK IIBIFBIH KeNTipe-
TiH — UTATBSHIBIK TIPYC (MTAIBSHIBIK IIETIPTKE).

UtanesHIBIK TpyC HEMece HTANbSHABIK Ile-
riptke (Calliptamus italicus L.) — 6yHakmeHemiiep
KJacel, Typa KaHarteuiap (Orthoptera) TOOBIHBIH
3USIHKEC PETiHJE, Y3aK KaIIbIKTBIKKA Kemly Kaoi-
neriMeH TaaeiMall. Calliptamus italicus L. >xammaid
KeOerol emMi3lmiH Oapiblk Tapaly aiiMarblHIA
op Typuii Xuinmikrepae opbiH anael [14-15]. Am,
AKTe0e OOJBICHIHBIH Majl KaWBLIIBIMIBIK JKepIiepi
MEH eriHIIKTepiHAe 3USHKeC UIeripTkeHiH 1995
— 2005 xpulmap apaibIFbIHAA KEH €TEK allFaHbl
oenrini [16]. AkTebe OOJBICHIHBIH OPTaJbIK 06Ii-
riHge opHasackan Myraipkap ayJaHbIHBIH eTiH
MIapyalIbUIBIFEl  OaFbITHl  ayJaHHBIH ~3KOHOMH-
KaChIHBIH JaMybIHa YJEC KOCHIIl OTBHIPFAH HETri3ri
calachlH Kypauapl. AyJaHHBIH ayMarblHAa acThIK
TYKBIMJIAC JTaKbUIAAPBIHBIH JKOFAphI )KOHE TYPAKTHI
IIBIFBIM/IBUTBIFBIH - KAMTAMAacChl3 €Ty IKYMBICTaphl
XKOJFa KOWbUIFaH. Jlecek Te, aylaHHBIH aCThIK
JMaKpUTAAPBIHA 3USH KENTIPETiH MIETiPTKENep KbLT
cailblH KalTanaHa OepeTiH ©3eKTi Macelsenepliy
6ipi. Con cebenti, aynaHbIHAA TapalaThlH ACTHIK
TYKBIMJIAC 3USHKEC MIETipTKENEpAiH TYPiH aHBIK-
Tay Kas3ipri TaHIa ayJaHga Ke3eK KyTTipMeHiH
Heri3ri mocenenepain Oipi. Illeriptke keOelieTin
yJacKenep/li epre aHbBIKTay, THIMII OakplIay MeH
0opkay MaHBI3IBl  OoJbI  TaObuTanbl.  Epecek
KaHATThl LIETipTKEIePAiH KOHbIC aynapybl Ke3iHjae
0opKay eTe KHUbIH, aJl KbUIIBIH OAChIHAH KOCTIapIIbI
TYpA€ MOHUTOPUHT JKYPri3y, 3USHKECTIH aJJIbIH
anynelH OipaeH-0ip oibl. COHOBIKTAH, 3€pTTEY
KYMBICBIHBIH MakcaTbl MyFaipkap aiMarbIHIarbl
3USIHKEC UTANBSIHIIBIK 1eripTkeHid (Calliptamus ita-
licus L.) Tapairy AMHAMHUKAChIH aHBIKTAY YILIiH ayblI
IapyanIbUTBIK JKepIIepiHe JKbUIIBIK MOHUTOPHUHITIK
TEKCEpy JKYMBICTApBIH JKYPrizy XoHe OoikaM
xKacay.

3epTTey MaTepuaagapbl MeH JicTepi

3eprrey xyMbickl 2019 xbutbl AKTOOE OO0JIBI-
cbl MyfamKkap ayAaHBIHAAFbl MEMJIEKETTIK KOp
XKepIepiHeri:

1. Akkemep aybUIIBIK OKpyri (MemiiekeTTik
Kop xkepi, «Ymur» LL/K);

2. Enbex aybuiablk okpyri (MemiekeTTik Kop
xepi, «baiikap» 111/K);

3. XKypoa aybuabik okpyri (MemiekeTTik Kop
xepi, «bepexe-2XK» LI/K);
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4. KymkapraH aybUIIbIK OKpyri (MeMIIeKeTTiK
KOp xepi);

5. barmakken aypurmeiK OkpyTi (MemiekeTTik
KOp XKepi);

6. K. XKybanoB at. aybuaplk okpyri (Memie-
KeTTIK Kop xepi, «Opkam-Ay» XKIIC);

7. Tanneicait aypurplk okpyri (MemiiekeTTik
KOp JKepi) aybul IIapyalubUIBIKTap ayMarbl MeH
OFaH iprenec aymakrap/a >Kypri3iiui.

3eprTey alMakTapblHa IKYPTi3iireH >KYMBIC
Kazakcran PecnyOnmukacel Aybll IIapyaribUIBIFBI
MUHHUCTPIIIri ATPOOHEPKCINTIK KEHICHeTi MeMJle-
KETTIK MHCIEKIMS KOMHTETIHIH «PecmyOnuKaibik
(UTOCaHUTAPIIBIK AMArHOCTUKA >XKoHE OoypKamaap
SIiCTEMENIK OpTANIBIFBI» MEMIICKETTIK MeKeMeci
Myramxkap ayAaHAbIK QUIHAIBI KbI3METKEepIIepiMeH
Oipre aybul IIapyambUIbIK JaKbUIIAPBIHBIH 3HUSH-
KeCTepiH aHbIKTay OapbICBIHMA >KY3€Te ACHIPBLIIBL.
AyMakrapia aybul IIapyalbUIbIK JaKbUIIapbIHBIH
3USTHKECTEPiHIH IIIiHAe 3USHKEC MIEeTipTKENIepaiH
TYPJIiK KYPaMbl MEH CaHbIH aHBIKTAY )KYMbBICTAPbIMEH
TBHIFBI3 OAHTaHBICTHI.

KymbIc GapbIChIHAA SHTOMOJIOIHSUIBIK ayJIaFbIIi-
TICH OPY 9MiC1 apKbUTHI AHBIKTATFAH UTATHSHIBIK, A3Hs-
JIBIK JKOHE CasT ILETIpTKeNEePIiH illiHe, ayaH ayMarbl
yUH aca kKayinTi wranbsHAplK npyc (Calliptamus
italicus L.) 3epTTey HbICAHBI PETIH/IE TAHIAIIBL.

Umanvanowix npyc — Calliptamus italicus L. —
Epecek meripTkeHiH peHi KOHBIP TYCTEH CYp TYCKe
JIeHiH e3repeii. ATalbIFbIHBIH ICHECIHIH Y3bIHIBIFbI
mamamed 14.5—23.4 MM, a1 aHAIBIFBIHBIH JJCHECIHIH
Y3BIHIBIFEI TaMaMeH 24.5 — 41 mwm (1-cyper).

1-cyper — EnOek aybIIIbIK OKpYTi MEMIICKETTIK KOp JKepiH/eri
HTaJbSH/BIK IIETIPTKE JepHICciIIepi

Koiima KantacblHBIH Y3BIHABIFBI IIaMaMeH 22-
41 MM JeifiH, *KyaHIBIFbI KOFapFbl XKareHAa 3.5-4
MM, aCTBIHFBI )KarbIHAa 4-6 MM. KoliMa KaJTachIHBIH
JKOFapFbI )KarbIH KOOIKTI TY31JIiCTIEH TOATHIPFaH.
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2-cypet — KymkapFaH aybUIIBIK OKPYTiH/ICTI HTAIBSHIBIK
HIeTipTKe AepHICcLIaepi

Temenri xarbiHga mamaMed 20-50-re geiiin
00JaThIH TOPT KaTap )KYMBIPTKA OpHAIACKAH. ¥ 3bIH-
IBIFEI 4-5 MM, muameTpi 1-1.3 MM 6071aTHIH KYMBIPT-
Kajmapbl capreiml  TycTi. JlepHocuminiy OipiHIi
Ke3eHiHAEe Kapa, aK Jakrapel Oomambel (2-cyper).
Exinmi ke3eHiHIE AEPHOCIT KOHBIPJIAHBII, OIaH
opi caprasjabl, YIIHIINI Ke3CHIHAEC KaHATTaphl
naiima Oomanel. JlepHocinmiHiH OeciHII Ke3eHiHe
KaHAThl KYPCAFBIHBIH JKapTBICHIHA NEHIH JKETeIl,
TONBIK Jamybl mamamed 30-40 KyH apanbIFbIHaa
orteni. 3WAHKEC MIETIPTKEHIH KOm  >KBUIABIK
JaMmy JMHaMHUKachIHIA Kammai keOeroyepi MeH
JenpeccusulbK (asanap Ke3ekTecin oTeipast [17].

AymaHHBIH aybll MIapyammbUIBIK ayMarblHAa
UTAJIbSHIBIK IICTIPTKEIEPiH KyOIpIimikTepi MeEH
epecek JIapaKTapbl Ke3/IeCeTiH ayMaKTapbiHbIH 2018
skoHe 2019 xpumgapeiHaa 4 Ke3eHMEH ecel KYprizy
JKYMBICTaphl  3USHKEC IIETipTKEJIepAiH CaHbIH
aHBIKTAY 9JicTepi aTKapbuIsI [18].

1. HWranbsaHApIK METipTKeHIH KYOipIIiKTepiHiH
aybUT IapyalIbUTBIK )KepIepiH/Ie TapaTybl (KOKTEMT1
MOHHUTOPHHITIK TEKCEPY).

Maxcampi — aybpUTIapyalibUIbIK ayMaFbIHIAFbI
KBICTAIl IIBIKKAH KYOipIuenepaiH CaHblH OakbLiall,
€Cen JKYpri3y KoHE NEepHICUIIEepIiH Xep OerTiHe
IIBIFY MEep3iMJIEpiH aHBIKTAY.

UtanesHIBIK IETIPTKEeHIH KYOIpIIECiH aHBIKTaY
YIIiH >KYMbICTapbl O€NrijIeHreH ayMakKTapAarbl
KYOIpIIIKTepAi ecenTey JKYMBICTaphl KOKTEMJIE
Kap epim, xep kebe Oacraranma xypriziimi. 2018
JKBUTBI KYOIpIIenep CcanblHFaH Kepiepae Xyp-
rizuti. Tagmanran ygackenepaiy 6enri Oip 6arsi-
TBIH Tappaam, opOip 100 meTp cailblH KypeKIeH
TOTBIPAKTHIH 5-8 CAaHTUMETpP TEPEHIIKTETi XKOFaphl
KaOaThIHaH Ka3bUIBII ChIHAMaJIap ajbIHFaH.

AJNBIHFaH TOMBIpaKTapAbl Maijaiall, eleKTeH
OTKi3il, MYKHUST Kapaly Ke3iHIe OHAarbl TaObUIFaH
JKYMBIPTKAJIAPIbIH CaHAAphl aHBIKTABII, OJapAbIH

eJrici MeH Tipici aHbIKTambII, Oemuami. Kybipmenep
TaOBUTFaH JKepJepre kajaymanapbl 0ap KasbIKIa
Oenrinep caneiHapl. TaObutFan KyOipiiekrep ap-
Hafibl KamlmbIKTapFa CajbIHBIN, ATHKETKUICHIIT
3epTXaHara >KEeTKi3ingl. DTHKeTKara KyOipuuikrep
TaOBUIFaH JKep aTaybl, €Cell XYPri3iIreH KyHi MeH
MaMaHHBIH aTbI-KOeH1 ka3buiabl. OHbBIH imriHzgeri 1
mapnibel MeTpjeri 1-re neitin, 1.1-2-re npeidin, 2.1-
5-ke nmetin; 5.1-10-ra mettin; 10-HaH KOFapHI TYHIp
caH/apbl MEH KYOIpIIKTEPMEH 3aKbIM/IATY MaibI3bI
€CerTeNai.

Kexkremri ecer xypri3y KyMBICTAPBIHBIH HOTH-
JKeci 3USHKEC HIETIpTKeNepre Kapchl KYPTi3ilieTiH
KOO IIapajapbIHBIH KeJIeMi alKbIH/IayFa MYMKIH]TIK
Oepeni.

2. WrtanbsSHOBIK IIETIPTKE JEPHICUIACPIHIH
Ka3FBITYPFbl KOHBICTaHYBI KE31HAET1 CAHBIH ECeTTey
(KeKTeMri->kKa3rbl MOHUTOPUHITIK TEKCEPY)

Maxcamvi — NEPHICUIIIH OpHAJIACY OPBIHIIAPHI
MEH KYHIEpiH aHbIKTay, IIETIpTKEHIH XalnaraH
JKepjepi MeH KeJIeMiH JKOHE OJlapabl KO0
IapanapblHbIH MEP3iMiH, KOJIEMiH aHBIKTAY.

3epTTey IKYMBICHI OCINTIIEHTeH aymakTapia
JepHOCUTIEp MIbIFa OacTaraHHaH OacTar, KOO Ima-
panapsl Oacrayranra JediH xyprizineni. Ecemnke
IBIHFaH ayMaKThIH KeJeMiHe OalylaHBICTBI HTa-
JMBSHIBIK IHETIPTKeHIH HETI3Ti TIPHIUIIK ETETiH
JKepyepl KaMThUIFaH, apaKallbIKTBIFbl IIaMaMeH
100-300 M-re pmeliiH CcO3BUIFAaH ecem KYPTizy
OarpITTapbl aHbIKTANABL. OHBIH imriHgeri 1 mapiisl
Metpaeri 5-ke aeiiin, 10-ra neitin; 10-HaH XKoOFapsl
JepHACUIAEpAiH caHIapbl MEH O0JKaMMEH OHIEeyTe
Kejemi. MTanbsHABIK MICTIPTKECIHIH ThIFBI3IbIFbI
(mapax/m?) aHBIKTAIIBIM, ayJaH OOWBIHINA OJAP/IbIH
mIeTIpTKE  JKaljaraH ayMaK MeJepi  aybul
[IapyamibUIBIK JKepi MEH JKEPrUTiKTI *KepAiH KapTa-
cyI0ackIHa OenTiIeH .

Ecentey >xyMbICTapbIHAH aJBIHFAH MOIIIMETTED
ayMaKTapaarbl UTAJbSHIABIK MICTIPTKENCPAiH aep-
HOCUIAEPIH JKOI0 IIapalapblHBIH SKOcmapiayzaa,
HIeTipTKeNepre Kapchl XUMUSIIBIK KOJIMEH OHJCY
KYMBICTapBbIH THIMIII KYpi3yre jKoHe THICTI Ipena-
paTTapIblH TYpi MEH KeJIEMiH aHBIKTayFa MyMKIHIIIK
Oepei.

3. HWranpsHABIK WICTIPTKEHIH LIaFBUIBICYBI
MEH XYMBIPTKa cally Ke3iHZeri KOHBICTaHYybl Ke-
3iHAETI CaHBIH ecenTey (Ka3Fbl MOHHUTOPHHTTIK
TEKCcepy)

Makcamer — meripTkenepliy KepiHETiH Kypa-
MBbIH, TIOMYJSIUSHBIH ayJaHblH JOHE CaHBIH
aHBIKTAy, IAFBUIBICY MEH JKYMBIPTKANaybl Ke3iHe
OJNIAp/IbIH [IOFBIPJIAHFAH JKEPJIePIH aHbIKTAY.

WrtanbsHIBIK HIETIPTKE €PEeCeKTEPiH KOHBIC-
TaHybIH aHbIKTay OapbicbiHaa apOip 100 meTp caii-
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bIH, 1 M? ece0iMeH K030€H IOy apKBUIBI XKYPIi3ii.
JKazrpr Texcepy JKYMBICTaphl asKTalFaHHAH KeWiH
UTaJbSH/IBIK PYC IeripTKeciniy 1 mM? xepaeri S-ke
nerin, 5-ten 10 ganara neiid skoHe 10 gaHamad
JKOFaphl CaHbI €CeTTeNe .

JKasrbl ecen Kyprizy )KYMBICTAPbIHBIH HOTHXKEC]
3USHKEC IIEripTKeNepAl KeJleci JKbUIbl KO0 HIapa-
JIAPBIHBIH KOJIEMiH KocTapiayFra MyMKIHIIK Oepeti.

4. MHranbsSHABIK MIETIPTKEHIH Ky3 ME3TUIIHIC
KYOipIikTepiH ecentey (Ky3ri xkyiieni Oakpuiay)

Maxcam — meripTKenepIiH KyOipIenepiHin Koe-
OelireH aynaHIapbIH JKOHE OJAapAbIH THIFbI3IBIFBIH
AHBIKTAy.

Ky3 mesrimiame xKypri3uireH TeKCepy KYMBIC-
Tapbl LICTIPTKENEPIiH JKYMBIPTKAIAy asKTalFaH
COH JKoHE eyie OacraraH Ke3JieH, TaMmbl3 aibIHBIH
asFpl MEH KBIPKYMEK albIHBIH OpTa TYChIHA JEWiH
aTKapbUIIBL. AYbUT IIapyalIbUTBIFBl ayMaKTapbIHIA
WTANBSHJBIK METIPTKEHIH KyOipiienepi TacTairan
JKepJIeplliH ayMarbl MEH OJapJblH OIIaFbIHIAFbI
epeceKk NapakTapAbl caHblHA TEKCepy KYpPTi3iimi.
JKympIpTKa camymisl meripTKeIepIiH aHAIbIKTaphl
MCH OJIapJblH TONTAacKaH aymarbiHa opbOip 100
M caiiplH mamaMeH 10 cM TepeHmiKTe KYpeKIeH
KyOipmienep TaychUIFaHFa [eHiH j>KaHa TOIBIPAK
YITiIep albIHBl. AJIBIHFAH TOTBIpaKTapAbl Maki-
Jlayiar, eJIeKTeH OTKi3il, TaOburFaH KyOipiienep
apHalbl BIABICTAPFAa CAIBIHBIN, OJAPIBIH CaHBI
ecenrteneni. OHBIH imniHaeri 1 mapiibl MeTpAeri
1-re meitin, 1.1-2-re pgewiin, 2.1-5-ke geiin; 5.1-
10-ra metiin; 10-HaH >XOFaphl TYHIp caHmapbl MEH
KYOIpIIiKTepMeH 3aKbIMIally MalbI3bl €CeNTeN/Ii.
3UAHIBI LIETIPTKENEp JKYMBIPTKA callyFa KOJaiibl
ayblJI MAPYaNTbUTBIFEl TAKBUIIAPHI ETIiCTITIHIH alfHa-
JIachl, apajibIFbl MEH JKOJ1 OOMBI MYKHUAT TEKCEPLJIi.
WranpsHApIK mIeTipTKenepi TadbUIFaH KyOipiie-
JIep )KaTKaH KepIrepi OeTICHIT aybUT APy alTbLUTBIK
Kepli MEH JKEpriliKTi XKepAiH KapTa-cyibachiHIa
oenruieHmi.

Ky3ri xy06ipmenepai Tekcepy IKYMBICTaphbl
KeJIECl KbUIbl MTATHMSUIBIK HISTIPTKENISPIi KO0 Ia-
paNapbIH KocTapiayFa MyMKiHIIK Oepei.

3epTTey HITHAKeEPi JKIHE 0JIaAPABI TANAAY

WranesHOplK 1IETipTKEe KyOiprmemepi OOWBIH-
12 KOKTEMI'T MOHUTOPUHITIK TEKCEPY KYMBICTaphl
15.04 — 07.05 xyHOepi apalbIFbIHAA >KYPTi3UIi.
Kocmap Ooifpraima Texcepinrex kenemi 2,0 MbIH ra.

KyOipmienep TaObuIFaH >KEpIEPiHE UTabsIH-
IOBIK IIETiPTKENIEPAiH KYMBIPTKAJIapblH 3aKbIM-
JIAWTBIH TAOWFU SHTOMOGMArTap by YJIKSH KUHAFbI
Oatikanmel. 15.04 kyni EHOex aybUIABIK OKpyTiHACT]
MEMJIEKETTIK KOp epiHeH 28 KyOipiue TaObLI-
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Iel KoHE onap 37% aymakTel 3akbiMuaarad. 30.04
kyHi K. JKy0aHoB aTbIHAAFBl aybUIABIK OKPYTi
MEMJIEKETTIK KOp JKepiHe )KYPri3iireH xyMeicta 27
KyOipire TaObLIIbI, JKaabl 3aKeMaanysl 40%. Tai-
JbICail aybUINBIK OKPYT1 MEMIIEKETTIK KOp KepiHeH
02.05 xyni 27 ky6ipme TaObiael, xepain 40 %
aymareiH 3akpiMparaH. 07.05 kyni Kymxapran
aybUIIBIK OKPYIT MEMIIEKETTIK KOp KepiHeH 28
kyOipine (37%) >koHe barnmakken aybUIIBIK OKpPYTi
MEMIIEKETTIK KOp kepi 27 kybipmie (40%) Ta0bUIIbL.

AynaH OoWbIHINIA TaOBUTFAH  WUTANBSHJIBIK
meriptke 2.1-5-xe nmefiin kybipmenepi 0,33 MbIH ra
JXKepiHje 0alKanapl, 1 mapIiisl METpre opTaiia ecer-
IIEH THIFBI3ABIFEI 4-4.8 naHa eKeHAIr! aHbIKTaJIJIbI.
AyBIT THapyamibUIBIK,  OKepiiepiHme 1-re  neHiH,
1.1-2-re netiin, 5.1-10-ra geitin; 10-HaH >KOFaphI
TYHip caHgapel MEH KyOipLIiKTEpMEH 3aKbIMAATy
Oaitkanmansl (1-kecre).

TaObutran KyOipiesiep 3epTXaHara OKeIiHJI.
3epTxaHa JKarjgalbIHIA WTAIbIHABIK IIETipTKe
KyOipurenepiHiH imiHaeT1 dKYMBIPTKAIaphbl Kapasibl.
KyOipmenin inmHgeri >KyMBIPTKANTapbIHBIH CaHbI
27-28 maHa. KexTeMmri 3epTTey KyMBICTAPHI OOMBIH-
I1a UTATBSIHIBIK MIETiPTKE KyOipIenepiMeH 3aKbIM-
nanysl 37-40%. KekxtemMri MOHUTOPUHITIK TEKCe-
Py JKYMBICTaphl Ke3eHiHne TaOburraH KyOipiienep
JIOTOKTApFa CAITLIHBII, OCT1 TOMBIPAKIICH JKaOBLIIBI.
JlorokTapna 3epTxaHara OKENiHTEeH KyOipiienep
0°C TtemmepaTypasarbl TOHA3BITKBIIIKA CaKTayFa
KOMBUIBI.

WtanbsHIBIK IIETIpTKE AepHIcinaepi OoibIH-
ma KOKTeMTi-)Ka3Fbl MOHHTOPHHITIK TEKCEpPY
13.05-28.06 kynzaepi apajibiFblHAa jxocrap Ooii-
piHIIa Kenemi 100.0 MbIH Ta TeKcepic KYMBICTaphl
XKyprizunai (2-xecre).

WTanbsHIBIK MIETIPTKE NEPHICUIICPIHIH Makiaa
6omysr 30 MambIp KyHI EHOCK aybUIIBIK OKpYTiHIH
MEMJICKETTIK KOop JkepiHge Oaikanmbl. 21 mMaychiM
KyH1 KyMykapraH aybUIIBIK OKPYTiHIH MEMJIEKETTIK
KOp XKepiHJe WTAIbSHIBIK IIETIpTKE JIepHICLIIepi
OOUBIHIIIA TEKCEPY KYMBICTAPHI JKYPTi3iiin, HOTH-
KECIHJIE WMTalus WICTIPTKE KAaHATTaHy KE3eHIHJe
Oaiikanapl. AygaH OOWBIHINA WUTATHIIBIK IIETipTKe
nepHociutnepiHiy 1 M? caHbI 5 neliin 00JIFaH TapaTysl
0.06 MBIH Ta XepiHje OalKaapl. 1 MapIIsl MeTpre
IaKKaHAa AEPHOCUTIEePiHiH THIFBI3ABIFE 3-4 naHa
Kypaasl. OHzeyre OomkaHraH xxep keemi 6.7%. 10
nediin skoHe 10-HaH JKorapbl OOJIFaH JIEPHACLIAEP
6osnmanbl. COHABIKTaH, 3€pTTENTeH Kepiiepe oHe-
JIyTe JKaTaThIH JKep KOJIeMi aHBIKTaIMAa/Ibl.

WTanbsHABIK IMIETIPTKEHIH IIaFbUIBICYbl MEH
JKYMBIPTKa caity OOMBIHIIA JKa3Fbl XKyiemni Oakpuiay
xxympictapel  05.07-16.08 kyHzmepi apaibIFbIHIA
xyprizingi (3-kecte).



M. Hypynna xoHe T.6.

1-kecTe — MTanbsHOpIK DIeripTKe KyOIpIIIKTepiHiH ay/aH alMarbIHa KOKTEM/IE Tapaybl

Aybin Tekcepy Tekcepinreni KonsicTanys! (MBIH Ta)
No | HApyabUIbIK Mep3imi ] oHBIH it | M Tyifip can! Ky6ipmrikr. |KyOipmrikT.
KYPBUIBIMIAphI xO 6ap- JKYMBIPTKA | 3aKbIMJIAJL.
. _ | cmap- | HaKTeI _ _ 0%
JKOHE TaFbl bac asIK; are morer | 1 ure 112 | 2.1-5 [ 5.1-10 10-nHau CaHbl %-bl
Gackanapsl | Tajpl | TaIysl i Jedin SKOFaphbI
1. AKKeMep aybUIIBIK OKPYTi
p | MewnekeTtic o3 001 9304 | 02 | 02 | 0 - - - - - - -
KOp Kepi
2 «Ymum LI/K | 18.04 | 18.04 0,1 0,1 0 - - - - - - -
Bapnerrsr: 18.04 | 23.04 0,3 0,3 0 - - - - - - -
2. Enbex aybpUiIpbIK OKpYTi
p | Mewrekertik |50 1504 | 03 | 03 005 | — | -~ |005| - - 28 37%
KOp Kepi
2 | «baiikap» LII/K | 22.04 | 22.04 0,1 0,1 0 - - - - - - -
Bapnerrsr: 15.04 | 22.04 0,4 0,4 0,05 - - 0,05 - - 28 37%
3. JKypbIH aybUIIBIK OKPYTi
p | Mewmeketmik | 56 00 13004 | 03 | 04 | 0 - N - - - -
KOp Kepi
«bepeke-XK»
2 1I/K - - 0,1 -- - -- - - - - - -
Bapnbirsr: 30.04 | 30.04 | 04 0,4 0 - - - - - - -
4. KyMkapraH aybUIABIK OKPYTi
p | Mewrekertik | o) 05 0705 | 03 | 03 | o1 | — | — o1 | - - 28 37%
KOp Kepi
bapibirsr: 07.05 | 07.05 | 0,3 0,3 0,1 - - 0,1 - - 28 37%
5. Barnmakke: aybuinsIk okpyri
| Mewrekettic | ) 051 0705 | 02 | 02 | 008 | - - |o08| - - 27 40%
KOp epi
Bapnerrsr: 07.05 | 07.05 0,2 0,2 0,08 - - 0,08 - - 27 40%
6. K. )Ky6aHOB aTbIHAAFbI aybUIIBIK OKPYTi
| | Mesumekerric | 50 041 3004 | 01 | 01 | 005 | — | — |005| - - 27 40%
KOp Kepi
«Opxan-A»
2 WILIC 19.04 | 19.04 | 0,1 0,1 0 - - - - - -
Bapinbirsr: 19.04 | 30.04 0,2 0,2 0,05 - - 0,05 - - 27 40%
7. Tangpicail aybULABIK OKPYTI
| | Mesuekerric | ) 651 0205 | 02 | 02 | 005 | ~ | — |005| - - 27 40%
KOp Kepi
Bapubirsr: 02.05 | 02.05 | 0,2 0,2 0,05 - - 0,05 - - 27 40%
2019 icein 1504 | 0705 | 20 | 20 | 033 | -~ | = [033| - - 27-28 | 37-40%
JKMBIHTHIFEL:
2018 xpu1 Oostransl | 11.04 | 10.05 | 2,0 2,0 0,6 - - 0,3 0,3 - 32-41 15-20%
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2-kecte — VTanbsHABIK MIETIPTKE IePHACIIACPIHIH jKa3FbITYPFbl KOHBICTAHYbI

Texcepy mMep3imi Tekcepinreni KonbicTanys! (MbIH 1) 2019 .
AybUT HIapyaubUIbIK OHBIH immiHze 1 M? Omnenyre oHIey
Ne KYPBUIBIMIAPBI XOHE | Gactan-| ask- |xocmap- TYHIp caHbl FATATBI | o
TaFBI GACKATADEI o | T | e | GapIIbIFbL - 0 o K:;g;ﬂ GoInKa-
3 AeitiH JeliH | »KoFapbl MBI
1. AKKeMep aybUIIBIK OKPYTi
1 |[Meminekertik Kop xep| 16.05 | 05.06 13.0 13,0 0 - - - - -
2 «Ymur» II/K 12.06 12.06 1,0 1,0 0 - - - - -
Bapnbirer: 16.05 12.06 14,0 14,0 0 - - - - -
2. Enbex aybpUIIBIK OKpPYT1
1 [Memuekettik Kop xep| 17.05 13.06 15,0 15,0 0,01 0,01 - - - 0,08
2 «baiikap» 11I/K 10.06 13.06 2,0 2,0 0 - - - -
Baprneirer: 17.05 13.06 17,0 17,0 0,01 0,01 - - - 0,08
3. XKyphIH aybUIABIK OKPYTi
1 |Memmnekertik Kop xep| 23.05 | 27.06 12,0 13,0 0 - - - - -
2 «bepexe-XK» LLI/K 1,0 - - - - -
Bapneirsr: 23.05 27.06 13,0 13,0 0 - - - - -
4. Kym>xapraH aybIIIBIK OKPYTi
1 |Memunekerrik Kop xep| 16.05 21.06 17,0 17,1 0,05 0,05 - - - 1,6
Baprnerrsr: 16.05 21.06 17,0 17,1 0,05 0,05 - - - 1,6
5. Batmakke:n aybIIIbIK OKpPYTi
1 |Mewmmnekertik Kop xep| 17.05 28.06 13,0 13,0 0 - - - - 0,24
Bapnbirsr: 17.05 28.06 13,0 13,0 0 - - - - 0,24
6. K. )KybaHOB aTbIHIaFrbl aybUIABIK OKPYTi
1 |Mewmnexkertik kop xep| 20.05 20.06 13,0 13,0 0 - - - - 0,08
2 «Opxkam-Ay XKIIC | 26.06 | 26.06 2,0 2,0 0 - - - -
Bapnerrsr: 20.05 | 26.06 15,0 15,0 0 - - - - 0,08
7. Tanupicaii aybUIIBIK OKPYTi
1 MewmnexetTik Kop xkep| 13.05 | 28.06 11,0 10,9 0 - - - - 0,32
Bbapinbirsr: 13.05 28.06 11,0 10,9 0 - - - - 0,32
;I?:Ii;‘;:;: 13.05 | 28.06 | 100 | 100 | 006 | 006 | - - - 2,32
2018 b1 6onFansr | 18.05 | 03.07 100 100 10,0 33 3,0 3,7 6,7 6,7

3-kecTte — MTanbsHABIK MIETiPTKEHIH IAFBUIBICYBI MEH )KYMBIPTKA Cally Ke3iHAerT KOHBICTAHYbI

Texkcepy Mep3imi Tekcepinreni KonsicTanys! (MBIH Ta)
Ne I?;ZS’SEIE;Z};;L;B;:;:; 5 OHBIH imiHze 1 M?
TaFbl GacKanapsl OacTaimsl | asKTaJIbl )iz;;i? HaKTBI iji J: LUCTipTKesIep CaHbl
5 meitin | 10 meitin | 10 xorapst
1. AKxkeMep ayBUIIBIK OKPYTi

1 MeMIeKeTTiK Kop XKep 12.07 26.07 10,0 10,0 - - -
2 «YMHUT» II/K 10.07 10.07 1,0 1,0 - - -
Bapnbirsr: 10.07 26.07 11,0 11,0 - - -
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M. Hypynna xoHe T.6.

3-kecmeHiy scanzacel

Tekcepy mMep3imi Tekcepinreni Konricranysr (MbIH )
Ne I‘;};ELE;I;};;E}’;];I; 6 OHBIH imniHze 1 M?
Tarbl GacKanapbl Gacranabl | asgKTajabl ﬁzﬁng HaKTBI ;FTII LICTipTKENep CaHbl
5 nmettin | 10 geidin | 10 >xorapbl
2. Exn0ex aybUIIBIK OKPYTi
1 MemiteKkeTTiK KOp kep 05.07 30.07 14,0 14,0 0 - - -
2 «BAUKAP» III/K 15.07 25.07 2,0 2,0 0 - - -
bapnbiFer: 05.07 30.07 16,0 16,0 0 - - -
3. XKypbIH aybUIABIK OKPYTi
1 MeMIIEKETTIK KOp sKep 24.07 08.08 11,0 12,0 0 - - -
2 «bepexe-2K» LLI/K - - 1,0 - - - -
Bapnbirsr: 24.07 08.08 12,0 12,0 0 - - -
4. KymxapraH aybUIIbIK OKPYTi
1 MeMIteKeTTiK Kop xKep 06.08 15.08 16,0 16,0 0 - - -
Bapinbirsr: 06.08 15.08 16,0 16,0 0 - -
5. Barnakkes aybUIIBIK OKpPYT1
1 MeMmieKkeTTiK Kop &Kep 06.08 16.08 12,0 12,0 0 - - -
Bapnerrsr: 06.08 16.08 12,0 12,0 0 - - -
6. K. ’)Ky0aHOB aTbIHIaFrbl aybUIIBIK OKPYTi
1 MeMmiteKkeTTiK Kop skep 09.07 08.08 11,0 11,0 0 - - -
2 «OPKAII-Ay XKIIC 12.07 12.07 1,0 1,0 0 - - -
Bapuneirsr: 09.07 08.08 12,0 12,0 0 - - -
7. Tanmeicaii aybUTIBIK OKPYTi
1 MeMIeKeTTiK Kop &Kep 01.08 12.08 11,0 11,0 0 - - -
Bapnerrsr: 01.08 12.08 11,0 11,0 0 - - -
2019 XBIJT )KUBIHTHIFEL: 05.07 16.08 90,0 90,0 0 - - -
2018 >xb111 O0IFaHBI 10.07 27.08 85,0 85,0 4,8 2,8 2,0 2,0

XKocnap OoiibiHma TekcepiareH kenemi 4,8
MBIH Ta. MyFaimkap ayaaHbl OOHBIHILA UTATbSIHABIK
HIETIPTKE €peCceKTePAiH YIIbII KOHBICTAHYbI MYJIIEM
Oaiikanmazpl. A, 2018 xbutel 1 M? mieriptTkenep
caHbl 5-ke neiin 2,8, 10-ra meiin 2 koHe 10-HaH
JKOFaphrI 2 O0FaH.

UranesHIBIK meripTke Ky3ri KyOipmenepi 60ii-
BIHIIIAa MOHUTOPHUHITIK TEKCepy >KyMbIcTaphl 22.08
— 11.09 xyHzepi apanbIFbIHAA XYPTi3inmai. Aysin
HIapyambibIK Kepiepinae 1| m? canbl 1-re neidiH,
1.1-2-re petiin, 2.1-5-xe geiin; 5.1-10-ra neitin; 10-
HaH YXOFaphl TYHIp caHmapbl MeH KyOiplIriKTepMeH
3akpIMzany Oarikanmazpl. JKyprizinren Oakpuiay
HOTIDKECI OOMBIHIIA WTANBAHABIK MIETIPTKE I10-
MyJSAMUACHL  aHBIKTaIMaybiHa OaiimanbicTel 2020
JKBUTBI MEMJIEKETTIK KOP JK9HE aybll MIapyarblIbIK
JKEpIepiHe XUMUSIBIK OHAEeY OoJDKaMbl —a3aro
CaTBICBIMEH €CENTeNiN, JKOCIapiiaHFaH OHJeY
JKYMBICTaphI XKYpriziimMeni.

Myramkap aygaHbl OOWBIHIIA HWTAIBSHIBIK
IEeTipTKe KyOipieaepi aHbIKTaIMa b1, JKaIImbl Kb
OolibIHIIA KYOIpIIiKTepMeH 3aKpiMaanybl 25-35%.
UranbsHapik ipyc AKTe0€ 00IBICBIHBIH TEPPUTOPH-
SICBIHA YHipiMEH YIITBII KeTTy apKbLUTHI KOHBICTAHA/IBI.
3ustHIbl meripTke AKTeOe OOJBICH KardaibIHIa
y3aK Mep3iMIi AMHAMHKAachl MEH KeOeroi Typasbl
3epTTENTeH )XYMBICTAp/Ibl TAlay 3USHKECTIH Kall-
mail ke0ero 2 KbIUIIAaH 5 KbUIFa IeiiH )KOHE CAHHBIH
ecyi 2-3 xbUTFa JIeiiH CO3bUIATHIHBI OenTini O0IbI
[19]. CaHbiHBIH K60€r0i MIETIPTKEHIH JKaKbIH ay-
JaHgap MeH OONBbICTapAaH, TINTi eNAepAeH YIIbII
KelyiHeH OalIaHBICTBI OOJFaHMEH, TeK YaKbITIIa
ecipy aiimarbl Oosbim Tabbutanel [20]. OOIBICTEIH
OpPTAJIBIFBIHJIA OpHANIACKaH MyFammkap ayJaHbl
WTANBSHIBIK MIETIPTKEHIH KOOCI0IHEe BIHFAMIIBI
KWl KOHBICTAHATHIH ayAaHNapBIHBIH Oipi. by
KEPriikTi Jangmadrrapga Oyl Typre KoJaiiasl
JKaFail JKacalFaHIbIFBIMEH TYCIHAIpLIe Il

93



Myramxkap aynaHsl aiiMarbIHIaFbl HTANBIHABIK meriptke (Calliptamus italicus 1.) CAaHBIHBIH MayCBIMIBIK JTHHAMHKACHI

4-xecte — MtanpsauabIK eTipTKe KYOIPUIKTEPiHIH ay1aH aiMarbIHIa KY3Ti Tapatybl

Tekcepy Tekcepinreni KonbicTanys! (MBIH Ta) Ky6ip- | Kybip-
AybLT IIAPYAIIBUTBIK Mep3imi ——— LIIKT. LIIKT.
Ne | KypBUTBIMIAPBI JKOHE Kocmap- Gap- KYMBIPT-| 3aKBIM-
TaFkl GacKanapel Gac- | atk- | pagppy [P prer | 1T | 10 205 |5.0o10] 10| ka na.
TaIABl | TaIabI TIeH. ’ ? ’ JKOFapbI| caHbl %-BI
1. AKkeMep aybUIIBIK OKpYTi
| | Memrekerrikkop | 55 oo | 2908 | 02 | 02 0 y y . - § ; .
xKepi
2 «Ymum /K 22.08 | 22.08 0,1 0,1 0 - - - - - - -
Bapibirsr: 22.08 | 22.08 0,3 0,3 0 - - - - - - -
2. EHOek aybUIIBIK OKPYTi
| | MeMIeKeTTIKKOp | 5 59 | 0209 | 03 | 03 | 0 - - - - - - -
xKepi
2 «baiikap»LLI/K 02.09 | 02.09 0,1 0,1 0 - - - - - - -
Bapnbirsr: 02.09 | 02.09 0,4 0,4 0 - - - - - - -
3. JKypsIH aybUIIBIK OKPYTi
| MeMICKETIIRKOD | 5308 | 2308 | 03 |04 | 0 | - | - | - | - - - -
xKepi
2 | «bepexe-XK» LII/K - - 0,1 - 0 - - - - - - -
Bapabrrst: 03.08 | 23.08 0,4 0,4 0 - - - - - - -
4. KymxapraH aybUIIbIK OKPYTi
| | MeMICKETTIKKOP | 649 | 0600 | 03 | 03 | o0 - - - - - - -
xKepi
Bapnbirsr: 06.09 | 06.09 0,3 0,3 0 - - - - - - -
5. Barnakke: aybUIIBIK OKPYTi
p | MeMICKETHIRKOD | o669 | 06,09 | 02 | 02 | © e - - -
xKepi
Bapnbirsr: 06.09 | 06.09 0,2 0,2 0 - - - - - - -
6. K. Xy06aHOB aThIHIAFBI ayBUIIBIK OKPYT1
| | MewnekeTtik Kop | 19 | 1109 | 01 |01 | o0 - - . - - - -
xKepi
2 | «Opkam-Ax» XXIIC | 11.09 | 11.09 0,1 0,1 0 - - - - - - -
bapibiFsr: 11.09 | 11.09 0,2 0,2 0 - - - - - - -
7.  Tanpgplicaii aybUIIBIK OKPYT1
| | MewnekeTTik Kop | 9 09 | 0909 | 02 |02 | o0 ; - - . . . ;
xKepi
Bapnbirsr: 09.09 | 09.09 0,2 0,2 0 - - - - - - -
2019 ik 2208 | 1109 | 20 |20 | 0 - - - - - - -
JKUBIHTBIFBL:
2018 b1 6oaransl | 03.09 | 10.09 2,0 2,0 | 0,33 - - 0,33 - - 30-32 | 25-35%
Bi3nin OakputaynapeiMbizFa cobikec, 2019 kb1 20 % OonateiH. EHOGK aybUIIBIK OKpYTIiHJETI,

JKUBIHTBIFBI OOHWBIHIIIA AKTOOE 00IBICHI MyFamkap
ayJaHbIHBIH aybll INapyallblIbIK >KepiepiHie
KOKTEMTI1 3epTTeyjiepAe KyOipIIiKTepMeH 3aKbIM-
nanysl 37-40 %. byn xepcerkim 2018 >xpubl, 15-
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WUTANBSHIBIK IICTIPTKENEPiHIH  KYOipIIenepiHin
Oap exeHmiri aHbIKTanAbl. SlrHE, Myfamkap ay-
JMAHJapbIHAA MICTIPTKE JIMYMHKAJIAPBIHBIH CaHbI
2018 >KpUIMEH CcaJbICTBIpFaHAa 2 ece ©CKeHi
Oaitkanmaapl. JlereHMeH, Kas3Fbl KOHE KY3T1 3epTTey
JKYMBICHI aTaJiFaH aybUl IAPYaIIbUIbIK XKepIepiHe
UTANBSHIBIK MICTIPTKEHIH epPEeCeKTEePdiH YIIbII
KOHBICTaHYbl MEH KyOipHIiKTepMeH 3aKbIMIIaTybl
aHBIKTaJIMaFaHbIH KOPCETTI.

Ay/aHBIHBIH aya-paiibIHBIH KOJIAHIBI 00IMaYHI-
MCH KOHE XMMISUIBIK OJTICTICH OHACITYTiH HOTHKEI1
OomybIMeH OaiilaHbICTBI OONYBI MYMKiH. Aya-
paiibIHBIH KOJANCHI3BIFBIHAH TIiPIIUTITIH JKOWFaH

6onybl kepek. OutkeHi, + 40 °C-taH oFapsl TeM-
reparypafa IIeripTke OeNCeHIUTIriH KOFaaTaIbl,
KOPEKTEeHYIH TOKTAThII, CAJKBIH >KEepJIepHi i37erl,
KOJIalibl OpbIHAApFa KOHBIC ayaapans! [21]. 5-kec-
Tene OepiireH ayJaHHBIH aya-paiibl MoiMETTepiHe
coiikec, MyFamkap ayAaHbIHAAFbI )Ka3Fbl )KOHE KY3T1
3epTTEY KYPri3iIreH MayChIM-TaMbI3 ailbIHAAFbI OP-
taima temreparypa +37+35°C sxone Oyt aitmapaarst
aya wUFangasUIeFeIHBIH  1107-1486. JKorapsiga
atanraniaii, + 40°C-ka >kakblH Temreparypanaa
meripTke KyOipmekrepi emip cypyre KaOinercis,
I 3WUSHKEC INEeTipTKeNepAiH JepHociIaepi MeH
€PeCeKTepiHIH TipIILIIriHe KOJIaNHChI3.

5-kecte — AkTo0e 00JBICHI MyFaibkap ayJaHBIHBIH aiiiap OOMBIHINA aya-paibl MOJTIMETTEpl

Aifnr Ayanbi t° C Oprana ToyIiKTiK, Kennin AyaHbIH
CH JKOFapFBI €H TOMEHTi t'C JKBULAAMJIBIFBL, M/CEK | BUIFaJIIBUIBIFEL, %

Kazan +23.,0 -7,0 +7,8 42 1973
Kapaiua +6,0 -16,0 -3,2 3,8 2107
JKenroxcan 0 -25,0 -10,6 3,2 2424
Kanrap +1,0 -28,0 -10,9 3,7 2701
AxnaH -2,0 -21,0 -10,7 3,5 2343
Haypsiz +11,0 -16,0 -0,3 42 2520
Cayip +21,0 -5,0 +2,7 4,0 1838
Mawmebip +32,0 +1,0 +17,5 4,4 1129
Maycbim +37,0 +7,0 +21,0 4,0 1107
inge +39,0 +14,0 +25,6 4,4 1046
TambI3 +35,0 +7,0 +19,6 4,1 1486
Keipkyiiex +29,0 +4,0 +10,8 4,8 1124

Aya-paifpl Karmaiiaapbl Kac JEpHICUIACPIIH
ecyl MeH JaMyblHa, epeceKTepiH KOHBIC ayJapy-
BIHA 9Cep eTeTIHAIriH pacTaiapl. byriHae meripTke
MOCEJIECIH Y3aK Mep3iMIi IIemryai KaMTaMachi3
eTeTiH MPOPUIAKTHKAIBIK TICLT — KEH ayMakKTap/aa
JKanmai XuMusUTBIK eHaey [22]. JXKas3rbel xoHe Ky3ri
3epTTEyJIepAl 3USHKEC IIETIPTKeHIH Ke3Iecreyi
ayJaHHBIH aybul IIapyallbUIBIKTapla KOCIaphl
JKOHE TUSTHAKTBIKYPIi3UIreH OHJIeY )KYMBICTapbIHBIH
OH HoTWXeci jae O0oiybl MyMKiH. Bys skarmaiina
ayJaH ayMarblHOa WTAIbSHABIK IIETipTKeIepaiH
HaKTbl KOHBICTAaHFaH OPBIHAAPBI, JKEpiep Kejemi,
KOHBICTaHFaH ayMaKTaplarbl JepHOCUIEp CaHbI
MEH YHIHAUIEpAIH MeJIIepi >KOHE OJapAblH YIIy
OarbITHI €CKEPLIII.

Hecex Te, mwmeripTkeMeH KypecyIiH Kazipri
XalBIKApaJbIK TOKIpUOeci alAblH aly CTpaTerH-
SCBI, Oy omic eHACY KYMBICTapblHA KaparaHmaa

THIMI, YHEMJI JKOHE OKOJIOTHSUIBIK Taza [23].
AyaHHBIH aypUIINAPYaNIbLUIBIK JKEPIEPiHIE 3USH-
KeC IIETiPTKEeNepaiH KoOCroiHe XHMISUIBIK OHACY
Ke3iHJe KeTKeH KeMUIUTiKTep ocep eredi. KerkeH
keMmmnimikTepAiy ocepiHeH 2012 >xputel  AKTOOE
OOJIBICHIHBIH ayJaHAaphIHAa UTATHSIIBIK IIETipTKE
nepHacinmepinin  canbl  20-40 ece ecti [24].
MyHnali xaFjaiina meripTkeHl YpbhIK IeHrediHze
(xyOipmek >koHE ACPHOCIT) OHACUTIH O0JIcaK ecyi
KYpPT TOMEHJeN, epeceKTepiHiH makaa OomybiHA
xon O6epinmeriai. Ochblnaiiia, angarsl )KbUIapIarsl
OoJpKaMap IIETiPTKE HOMYJIAIUSICHIHBIH CaHBIHBIH
ObuITBIpFBI 2018  KBUIMEH  CaJBICTBIPFaH/Ia
TOMEHJIETeHIH KOpCeTTi, Oipak ayJaHHBIH aybuI
[IapyambUIbIFbl  JaKbUIAAPEl €TUINCH OKPYITepe
3USIHKEC MICTIPTKeHIH Ko0eto KayIni cakTanajsl [25].
OMTKeHi, 3UsTHKeC [IeTiPpTKe CAHBIHBIH AyBITKYHI aya-
PafbIHBIH )KOHE KJIMMATTBIK (DakTOpJIap/IbIH ME3riI-
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ME3Ti e3repyiHe OalITaHBICTBI OONATHIHBI OCNTii.
COHJIBIKTaH, JKbLJI CalblH aylaHHBIH KOJaWJbI
eMip CYpy JKaraaiiaphl €riH aJKanTapblHaa 3UsSH-
Il UTAIBSIH]IBIK TIETIPTKENEp CAHBIHBIH KOOCIOiHEe
TIKEJIeH ocep eTyiH aya-paiibl KYOBIIBICTApABI €CKe-
Py KaKeTTUIirid kepcerei [26-29].

KopbIThIHABI

- Akrebe 00apicl MyFamkap aynaHbIHIA
2018-2019 xpuTmApBl WTANBSHABIK IIETipTKETe
KOKTEMT'1, KOKTEMTi-)Ka3Fbl, JKa3fbl, KY3Ti XKyHei
€Cell KYPri3y MKoHe JKEPTiUTKTI MOMyJSIUSICHIHBIH
KBUIIBIK JMHAMUKACHIH aHBIKTAY )KYMBICTapHI 00ii-
BIHIIA aybU1 MIApyambUIbIK ayMaKTapblHAa Ka3ipri

yakpITTa WTanbsHABIK 1eriptke (Calliptamus
italicus L..) CAHBIHBIH ACTIPECCUSICH OaWKaIIIBI.

- MyFramxkap ayJaHbIHBIH aybUl MIAPyamIblIbIK
xkepnepiage 2019 KpUTBI KYPTi3UIT€H MOHHTO-
PHUHTTIK JKOHE XKYHeli OaKpUIay HOTH)KeCI OOMBIHIITA
UTaJbSHBIK T iPTKE oMY IIHsCh OaliKaIMaybIHA
OaitmanpicThl 2020 KBUTBI MEMJIEKETTIK KOp KOHE
aybll IApyallbUIBIK JKepiepiHe XUMUSIIBIK OHJCY
OopKaMbl a3al0  CcaThICBIMEH €CENTeNiN, ©HAEY
JKYMBICTapBI KYPTi3iiMesi.

- Ayman ayMarbIHIa UTATBSHIIBIK IIETIPTKEHIH
NNBIH ay JKOHE KepIIiiec ayJaHnapliaH 3usSH-
KeC MIEeTIpTKeNep/IiH YTy BIKTUMAJIBUIBIFEI €CKe-
pitin, Myramkap aynaHsl OoibIHIIA Kyheni
MOHHUTOPHHITIK 0aKbUIAY JKYPri3ily >KocrnapiaHabl.
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LIEHO®AOPA MONYASUUM DACTYLORHIZA INCARNATA (L.)
SOO KAABUHCKOI'O XPEBTA

B cTaTbe npuBeAEH 3KOAOTO-LEHOTUYECKMIA aHaAm3 haopbl nonyAsumi Dactylorhiza incarnata Ha
KaabuHCKOM xpe6Te, yCTaHOBAEH 3KOAOTMYECKUIA ONTUMYM BMAQ. Ha O0CHOBE NOAEBbIX 06CAEAOBAHMIA
BblAEAEHbl 4 OCHOBHblE MOMNYASAUMK, 3ahMKCMPOBaHO 13 MecToHaxoxaeHui. LleHodaopa nonyasumin
D. incarnata Ha KaaGMHCKOM xpebTe HacumTbiBaeT 117 BMAOB, npuHaaAexxkawmx k 30 cemeicrtsam
n 80 posam. XapakTepHbiMM BUAamM-mapkepammn seasiotcs Thalictrum simplex L., Salix vimina-
lis L., Filipendula ulmaria (L.) Maxim., Sanguisorba officinalis L., Geranium pratense L., Festuca pra-
tensis Huds. LleHO3KOTUMbI 3aHMMAIOT 3amLLEAbIe CKAaAbHMKM, LLEOHUCTbIE Bepera pyubeB U rOpHbIX
pek. MAOPOMNONYASILIMOHHOE CXOACTBO OOCAEAOBaHHbIX MOMYASLMI BapbupyeT B npeaerax 9 —27%.
B 3KkoAOrMUeckoM OTHOLIEHMM BO BCEX MOMYASLMSX OCHOBY (PUTOLLEHO30B COCTABASIOT Me30(MThbI
— 67-75%, B MeHbLUEN AOAe MNpeACTaBAeHbl Me3orurpogputbl — 16-27% u Kcepome3ouTbl —
6-16%. [MpeobrapaioWen >XMU3HEHHOM (POPMON SIBASIETCS TpaBSHMCTas PacTUTEAbHOCTb — 81—
95%, He3HauMTeAbHa AOAS KYCTapHWMKOB WM AepeBbeB — 5-19%. Dkoaormdeckmin ontmmym D.
incarnata MPUXOAMTCS HA IOrO-BOCTOYHbIE CKAOHbI C PACCESHHbIM OCBELLEHMEM U YMEPEHHbIM
BETPOBbIM BO3AencTBUMEM. ONTUMAAbHBIMW YCAOBUSIMM O0BAAAQIOT BACMAMCTHUKOBO-KPOBOXAEOKOBO-
Aaba3HUKOBbIE, PA3HOTPABHO-OCOKOBbIE (DUTOLEHO3bI: YPE3MEPHO YBAQXKHEHHbIE Ayra U OMyLIKK Aeca
C HU3KOWM MAOTHOCTBIO U KOHKypeHUmen. CaMonoAAep>KaHWe M Pa3MHOXKEHME BUAQ OCYLLLECTBASIETCS
NPenMYLLECTBEHHO CEMEHaMM, pexke BereTaTMBHbIM AEAEHMEeM MaAbyaToro KopHsa. [lpu aHaAuze
BO3paCTHOro COCTaBa MoMyAsLMiA, AMHAMUYHOCTM U CTABUABHOCTU LIEHOMOMYASILIMIA YCTAaHOBAEHO, UTO
MHAEKC BOCCTAHOBAEHMS HaXOAMTCS B MpeAeAax onTuMyMa. [oCnoaCTByloLLEee MOAOXKEHME 3aHMMAIOT
0CO6U BUPrMHUABHOW U MPeAreHepaTUBHOM CTaAMM POCTa.

KaoueBbie caoBa: Dactylorhiza incarnata (L.) Soo, dhaopuctmueckuin coctae, Kaa6uHckmin xpeber,
3KOAOrO-LLeHOTMYECKUI aHaAU3, COCTOSIHWE BUAQ.

A.A. Sumbembayev”, A.N. Danilova

Altai Botanical Garden of the Science Committee, Kazakhstan, Ridder,
‘e-mail: aydars@list.ru

Coenoflora of Dactylorhiza incarnata (L.)
Soo populations of the Kalba ridge

The article provides an ecological-coenotic analysis of the flora of the Dactylorhiza incarnata popu-
lations on the Kalba ridge. The ecological optimum of the species is established. On the basis of field
surveys, 4 main populations were identified, 13 localities were recorded. The coenoflora of D. incarnata
populations on the Kalba ridge includes 117 species belonging to 30 families and 80 genera. The typical
marker species are Thalictrum simplex L., Salix viminalis L., Filipendula ulmaria (L.) Maxim., Sanguisorba
officinalis L., Geranium pratense L., Festuca pratensis Huds. The conoecotypes are occupied by mossy
rocks, gravelly banks of streams and mountain rivers. The floral similarity of the studied populations var-
ies within 9-27%. Ecologically, in all populations, the basis of phytocenoses is formed by mesophytes
—67-75%, in a smaller proportion are mesohygrophytes — 16-27% and xeromesophytes — 6-16%. The
predominant life form is herbaceous vegetation — 81-95%, the share of shrubs and trees is insignificant
— 5-19%. The ecological optimum of D. incarnata falls on the southeastern slopes with diffuse illumina-
tion and moderate wind impact. The Thalictrum-Sanguisorba-Filipendula and herbal-Carex phytoceno-
ses have optimal conditions: overly humid meadows and forest edges with low density and competition.
Self-maintenance and reproduction of the species is carried out mainly by seeds, less often by vegetative
division of the finger root. When analyzing the age composition of populations, the dynamics and sta-
bility of coenopopulations, it was found that the recovery index is within the optimum. The dominant
position is occupied by individuals of the virginal and pregenerative stages of growth.

Key words: Dactylorhiza incarnata (L.) Soo, floristic composition, Kalba ridge, ecological-coenotic
analysis, state of the species.
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Kaa6a >xotacbinbiH, dactylorhiza incarnata (l.)
S00 NONyAsILMAAAPbIHBIH, LLeHOAOPaCDI

Makarapa Kanba xotacbiHaarbl Dactylorhiza incarnata nonyasiumsianapbiHbiH, — (hAOpachiHa
SKOAOTUSIAbIK-LIEHOTMKAABIK, TaAAdy OepiAreH >KoHe TYPAIH 3DKOAOTUSIAbIK, OHTalAbl >Kafaaibl
GeATiAeHAI. AaAaAbIK, 3epTTeyAep HerisiHAe 4 Herisri monyAsumsi aHbiKTaAAbl, 13 OpHaAacy ammarbl
Tipkeaai. Kaaba >xoTacbiHaarbl D. incarnata nonyasumsiaapbiHbiH, LeHodAopachl 30 TyKbIMAACKA >KaHEe
80 Tybicka xaTatbiH 117 TypAi KamTuAbl. TunTik mapkep TypAepi Thalictrum simplex L., Salix viminalis
L., Filipendula ulmaria (L.) Maxim., Sanguisorba officinalis L., Geranium pratense L., Festuca pratensis
Huds. 60Abin Tabbinaabl. LleHoakoTunTepi Myk 6ackaH Tay TacTapbliH, yCak, TaCTbl Tay ©3EHAEPiHIH
>xoHe OyAaKTapAblH >KaraAayblH aAbll XKaTblp. 3€PTTEAreH MOMyASILUMSIAaPAbIH (DAOPOMOMYASILIMSIABIK,
YKCaCTbIFbl 9-27% apaAbifblH KAMTUAbI. DKOAOTMSIAbIK, TYPFbIAQH aAFaHAQ, GapAbIK, MOMyAsUMsIAapAd
1TOLIEHO3AAPABIH HETi3iH Me30duTTep — 67-75% KypanAbl, aa a3 GeAirinae mesorurpopurrep —
16-27% >oHe kcepomecoduTTep — 6-16% KypanAbl. TipliAikTiH 6acbiM ddopMacs! LWeNTi eciMAikTep
— 81-95%, byTanap MeH araluTapAbiH YAECi WwamameH — 5-19% Kkypanapbl. D. incarnata 3KOAOTrMSIAbIK,
OHTalMAbl OpTachbl BOAbIMN LWALIbIPAHKbI >KapblFbl 6AP XKOHE LAaMaAbl XXEA BCEPAI OHTYCTIK-LUbIFbIC Tay
6eTkenAepi 60AbIN Tabbiraabl. DUTOLIEHO3AAPABIH OHTaMAbI >KafAali HaCblBGANTYA-OTTbIK-LLAObIHABIK,
LUOMNTI-LeriHAEP: TbIFbI3AbIFbl )X8HE OBCEKEAECTIri TOMEH bIAFAAADI LIAAFBIHAAD MEH OPMaH >KuekTepi
60AbIN TabbiAaabl. TYpAIH ©3iH-63i KaAbINTa CakTaybl >XaHe kebOetoi Herisi TyKbIMAAPMEH iC XKy3ere
acaAbl, CMPEK CayCaKTbl TaMblpblHbIH BeretatueTi GOAIHYyIMEH GOAybl MyMKiH. [lonyAsumsAapAbiH,
JKACTbIK, KYpPaMblH, LEHOMOMNYASUMAAAPAbIH AMHAMMKACbIH >XKOHE TYPAKTbIAbIFbIH TaAAQYy Ke3iHAE,
KAAMbIHA KEAY MHAEKCI OHTaMAbI LIEriHAE eKEHAIT aHbIKTaAAbl. BUpPrMHaAbAbl XeHe npeAreHepaTuBTi

Ke3EHAEPIHAET >KeKe AapakTapbl 6aCbiM OpbIH aAbIM XKaTbIp.
Tyiin cesaep: Dactylorhiza incarnata (L) Soo, daopucTmkanbik Kypambl, Kaaba >xotacsl,

3KOAOTUSIAbIK-LLEHOTUKAABIK, TAaAAQY, TYP >KaFAabl.

BBenenune

Dactylorhiza incarnata (L.) Soo. — penkuid, Iy-
roBo-00J0THBIH [1, 2], cimorenuoduTHbIi [3], -
rpoduTHbI [4], KITyOHE-TTOTacTHOW MHOTOJIETHHK C
€BPO0a3NATCKUM (TTAJICOAPKTHIECCKUM ) apeaioM. JH-
ToModuit [S], obmuraTHeli MUKOCUMOHOTpOd [2],
JIOBOJIGHO KPYITHOE pPAcTeHHEe, C KPEMKAM ITOJIBIM
cTeOneM, MHOTOYHMCICHHBIMH, KPYITHBIMH, JIAHIIET-
HBIMH JIUCTBSIMA U TUIOTHBIM TYCTBIM COIIBETHEM,
comeprkamuM naorAa A0 40 reTkoB [6]. BechMma Ba-
puabernieH B MpU3HAKAX W U3MEHYMB JIaXKe B TIpelie-
nax omHO# nomynsiuu [7, 8]. MoxkeT 00pa3oBhIBaTh
KaK TUTOTHBIE CKOTIICHIIS, TaK i OTMEYaThCs MHNY-
HBEIMU 0co0amu [9]. [Ipeamountaer kKapOOHATHBIC
nmouBkl [10]. YacTo BcTpeuaercss B COOOIIECTBAX ¢
IPYTUMH BHIAMU OpXUIHBIX [ 11]. MoxkeT pacT Kak
B HEHAPYIIICHHBIX PACTUTEIILHBIX COOOIIECTBAX, TaK
U B MECTaX C BBICOKOH pEeKpeallMOHHON Harpy3kou
[10]. Tlomynsmuu ¢ ygyacTHEM BHIA, KaK MPAaBUIIO,
o4yeHb AMHaMU4HBI [2]. IlpuypoueH Kk paBHUHHBIM
MECTOOOHUTaHUSIM, B TOPBI BEICOKO HE IMTOIHUMAETCS
[6]. XopoIio mepeHOCUT CEHOKOIIICHHE.

Mopdonoruuecku 6nu3oxk k D. salina, oT KOTO-
pOTO OTIMYAeTCs MIUPOKUM MINOPIEM (10 5-6 MM
TUPUHON), JTAHIIETHBIMA JIUCTHSIMH C OamUIBIIKOM
Ha KoHIue [12]. SBnsiercs BUKapHBIM BUIIOM Juisl D.
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umbrosa B TOpHBIX oTporax Kazaxcranckoro Amirasi.

CreneHb peKOCTH: C HU3KUM omnaceHueM (least
concern — LC) [13].

OTHOCHUTCS K KIyOHEBBIM PACTCHHSM C YIJIH-
HeHHbIM 1oOeroM [14]. TyOGepoun u KOpHHU cylie-
CTBYIOT OKOJIO TIOTyTOpa JeT. Bua umeeT O0mbIoi
HayYHBIH MHTEPEC KaK PEKOe, IEKOPATHBHOE U Jie-
KapcTBEHHOE pacTeHue [15].

Paiion oGcnenoBanus — KanOuHckuii xpebet
(Kanba). Xpeber MaccuBeH, MPOTSATHBAETCS B 3a-
MaJHO-CEeBEepPO-3aaHOM HarnpasieHuu Ha 200-230
KM IIpu MakcumanbHOU mupuHe 5070 kM. BoicoThl
MTOCTEIIEHHO BO3PACTAIOT € 3araja Ha BOCTOK oT 400
10 1606 M 1 BHOBb CHMIKAIOTCS K TOJIMHE TIPOPHIBA
Wptemma go 400 m. Pensed KanOpr HU3KOTOPHBIH,
MPEUMYIIECTBEHHO KPYTOCKIOHHBIN, MECTaAMH HU3-
KOTOpHO-IONMHHBIA. Hanbonee mupoko pa3BUTHIN
THII penbeda — HU3KOTOPHBIA, UMEIONIUIH I10 TIe-
pudeprn xapakTep MEIKOCONOYHHKA WM TaK Ha-
3bIBAEMBIX TOPCTOB. JJOMUHHMPYIOMINH 37€MEHT pe-
nbeda — MUpoKHe BOTHYTHIE BHaAWHBI: CHOMHCKAS,
TamaTtuackas, Koknexkrunckast u ap. Kimumar pesko
KOHTHHEHTANBHBINA. [10 0cOOeHHOCTSM BOITHOTO pe-
xuMma KamOuHCcknit XpeOeT OTHOCUTCS K XOJIMHUCTO-
METKOCOIIOUHOMY paitoHy [16]. IlouBkl, Kak mpaBu-
JI0, CBETJIO-KaIlITAHOBBIE, COCTABIISIONINE OCHOBHOM
(OoH, HA KOTOPOM TPOSIBIISETCS XapaKTEPHBINA IS
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perrMoHa BepTHUKAIBHBIA CIEKTP MOYB: TEMHO-Kall-
TAHOBBIE, CTEIIHbIE YEPHO3EMBI U JIECOCTEIHBIE, Ce-
PbBIC JIECHBIC IIOYBbI, TOPHO-TACKHBIC KHUCJIO3EMbI U
TopHO-IyroBsle [17].

OnHOM M3 OCHOBHBIX XapaKTEPUCTUK BHUIA SIB-
JIIeTCS BO3PACTHOM CIEKTp ero momyisiuid [18].
CrabuinpHOE PaBHOMEPHOE COOTHOIIEHHE KOJIHUYe-
CTBa Bcex (a3 OHTOreHe3a B MOIYJALMM SBJIETCS
HEOTHEMJIEMBIM TPU3HAKOM >KM3HEHHOCTH BHJA.
CornachHo rpanauuu P.B. Kamenuna [19] D. incar-
nata OTHOCUTCS K PEAKUM BHJIaM C OOLIMPHBIM ape-
aJoM, HO MPOM3PACTAIONINM B MaJOM KOJUYECTBE
U TOJBEP)KEHHBIM YHUYTOXEHHUIO IIPU CBEICHUU
UX crenuduuecKnux MecT mnpouspacranus. Hecmo-
Tpst Ha OETHOCTH BUJIOBOTO pazHOOOpasust OpXuieu
Kaszaxcrana, Bce OHM HMMEIOT BBICOKHH Hay4HBIi
MHTEPEC U OCTAIOTCA cab0 M3y4eHHBIMH, OCOOCH-
HO B TOpHBIX paiioHax [20]. CnennaibHBIX Hccie-
JIOBaHUHM MO U3y4YeHUI0 nomymsauui D. incarnata,
3KOJIOTO-1IEHOTUYECKUX XapaKTepUCTUK COOOIIECTB
U (QIOPUCTHUYECKOTO COCTaBa 3TUX MOMYNIALWI Ha
tepputopnn KanOuHckoro xpedTa He TPOBOIMIIOCH.
UccrnenoBannsi COBPEMEHHOTO COCTOSHHSI ITOITY-
nsumid D. incarnata 1 UEHOTHYECKOH CTPYKTYPBI
C0001MIeCTB HEOOXOMUMBI U yCTaHOBIICHUS (IIO-
POTIOITYJISIIMOHHOTO CXO/ICTBA COOOIIECTB, YKOJIOTH-
YECKOro ONTHMyMa BUAa B ycioBusaX KanbuHckoro
XpeOTa, BO3PacTHOI'O COCTaBa U CaMOIIOIEPKAHUS
MOMYJIALIM.

Llenbio maHHOTO KCCIIEIOBAHUS SIBISIETCS DKO-
JIOTO-TICHOTHYECKOE 00cTenoBanne Mmomysinuii D.
incarnata Ha KanOuHckoM xpeOTe, ompejeneHue
JKU3HEHHOCTH M JKOJOTMYECKOH IJIaCTUYHOCTH
BUAa B OOCIENOBAaHHBIX COOOIIECTBAX HA OCHOBE
CXOJICTBA U pa3inyust (GUTOILICHO30B.

Ji1s u3ydeHus: COBPEMEHHOI'O COCTOSIHUS LIEHO-
nonynsiuuil D. incarnata M yCTaHOBJIEHHUS DKOJO-
THYECKOTO ONTUMyMa OCHOBHBIMH 3a/lauyaMH SIBJISI-
JIMCh: ONPEAETICHNUE CTPYKTYPhl OHTOT€HETUIECKOTO
COCTaBa BHUJA U CTENICHU BO30OHOBIICHHUS, YCTAaHOB-
JeHne (IIOPUCTUIECKOTO COCTaBa COOOIIECTB, aHa-
JU3 CHOCOOHOCTU BHJA CYLIECTBOBATh B Pa3HbIX
TUIAX COOOIIECTB, ONpPEeICHHE OCHOBHBIX JINMHU-
TUPYIOLIHX (aKTOPOB.

MarepuaJibl 1 MeTOABI

OO0cnemoBaHne TEPPUTOPUN TIPOBEIACHO MapIII-
PYTHO-PEKOTHOCIMPOBOYHBIM METOJOM C OXBaTOM
Bcell Teppuropun Kanbunckoro xpedra. Ilpose-
JIEHO 4 SKCIIEANIIMOHHBIX 00CIeOBaHHUSA B Pa3HbIC
nepuonbl Beretanuu Buaa (puc. 1 u 2). Mapupyt
IKCIEAULUOHHBIX 00CIEI0BaHUI U MECTOIOJIONKE-
HUE O00CJIEeOBAaHHBIX MOMYIALIWN Ha TEPPUTOPHU
Kazaxcranckoro Ajras mpuBeIeHBI HA KapTe (pHC.
3). UccnenoBanus npoBonmiuch B 2018-2020 tT. B
KoxmexkrurcKkoM, Ynanckom, JKapMUHCKOM aIMAHU-
CTpaTUBHBIX paiioHax. B reorpaduueckom oTHoIIE-
HUW MapIIpyTHl SKCIETUINA TPOXOIUIH 110 TEPPH-
topun Kanbunckoro Antasi, Mo BOCTOYHON JIECHOM
(roper Kokray, CuOuHCKasi BIaJMHA) W 3arajgHou
crerrHOl yactax (Kapaxkanbckue ropel, xpeber Ca-
peixon) KanbuHckoro xpe0Ta ¢ OXBaToM JIOJHMH
pek Tauntsl, Jlaiina, Upteim, Ypynxait, KoknekTsi,
[Hap, CuOuHCKUX 03ep.

KaprupoBaHnue MeCTOHaX0XKICHUI POBEICHO B
nporpamme Qgis 3.12.0-Bucuresti.

Kareropust penxocTs u craTyc BHAa yKa3aHbI B
cootBercTBuu ¢ The [UCN Red List of Threatened
Species [21].

Pucynok 1 — Dactylorhiza
incarnata

Pucynok 2 — [Momynsinus D. incarnata B Iepro]] BereTalluu
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Craructuueckass o0OpaboTka pe3ynbTaToB
npoBeneHa mo meroxuke I. H. 3aifmesa [22].
OnopononyasIUOHHOE CXOACTBO HCCIEIOBaH-
HBIX NOMYJISUUNA BeIUMCIEHO Mo ¢opmyne XKak-
kapa [23]. CtpykTypa ceMelcTB yka3aHa 1o CH-

creMe A.JI. Taxramxsua [24]. Bunel u pona B
ceMelcTBax pacrojoXeHsl 1o andasury. JlaTna-
ckue HazBanus jgaHbl o WCSP (Royal Botanic
Gardens, Kew) [25] u snexTpoHHOro pecypca
Plant list [26].
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Pucynok 3 — O6Hapy»xeHHbIe omynsinuu D. incarnata Ha Tepputopun Kanbnuuckoro xpedra

Pe3yabTaThl H HX 00CyKIeHHe

Hecmorps Ha mNpOCTpaHCTBEHHYIO H3OJSLMIO
nonyssinui, D. incarnata npou3pacTaeT B CXOXKHUX
9KOJIOTHYECKUX yCIoBHsX. HeoOXxomuMocTs coue-
TaHHUS ONTHMAIBHOTO KOJIMYECTBa TpeOyeMbIX (ax-
TOPOB HETraTHBHO CKa3bIBACTCS HA CIMOCOOHOCTH K
JanbHelmeMy pacceneHuto. D. incarnata sBuseTcs
OIHUM U3 T€X BUJOB, KPUTHUECKH IEPEHOCAIINX aH-
TPONOTEHHOE BIHSIHUE, B TOM YHCJIE CEHOKOIICHHE
70 (a3l CO3pEeBaHUs CEMSH, BHITATHIBAHHE CKOTOM,
BbIpbIBaHUE Ha Oykersl. [lomymsiuum Buga TpedyroT
HE TOJIBKO KOMIUIEKCHOTO M3YYEHHsI, HO M pa3padoT-
K{ OXPaHHBIX MEP 3alIUThl MECT MPOU3PACTAHMUSL.

B pesynbrare sKCHeTUIIMOHHBIX 00CIIeTOBaHHHA
OBUTH BBLICICHBI 4 OCHOBHBIC TIOMYJISIIUM, Ha3BaH-
HBIE 10 reorpaduyecKoil NpUHAIEKHOCTH MECTO-
Haxoxaennii: Kokrayckas, Cubunckas, Kokmek-
TuHcKas, Kanbarayckasi.

3adukcupoBano 13 MecroHaxoxaeHuid (TalIm.
1) B pa3HBIX IKOJIOTO-(PUTOIIEHOTHYECKUX yCIOBHSIX
(cpemHecyxue nyra, 3aTMBHBIC Pa3HOTPABHBIC JIyTA,
CBIpbIE, YpE3MEPHO YBIAXHEHHBIE JIyTa, OCTECITHEH-
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HBIE YMEPEHHO YBIIQ)KHEHHBIC Pa3HOTPABHO-OCO-
KOBO-3JIaKOBBIE JIyTa, 3aMILEJIbIe POCCHITN KaMHEH
CpenH JpeBeCHO-KYCTApHUKOBOM paCTUTENFHOCTH),
Ha HoJIsIHax 1o noyioroM Salix viminalis L.
Kokrayckas nonmyqasimus (pop 1) D. incarnata
pa3MmeliieHa B BOCTo4HOM yactu KajnOuHckoro xpeo-
Ta, B IOKHOM W IOT0O-3aMaJHOM YacTu APEBHUX IOp
Koxkray na Beicote 600-800 M Haz yp. M. [lomymsiius
3aHUMACT CIIOpPAaJUYHBIC JIOKYCbI B T'OPHO-JIYT'OBBIX
ME30-TUI'POQUTHBIX PACTUTEIBHBIX COOOIIECTBaX.
Oco0u BHJa BCTPEUAIOTCS PEIKO W CIIOPATUIHO B
BUZIe HEOONIBIIMX TPYNI Ha miomaau oT 50 xo 900
M2, OCHOBHBIMH THITMYHBIMH MECTAMH MTPOM3PACTa-
HUSL SIBIISIOTCS 3aMILeNIble KAMHH B JOJIMHE TOPHBIX
PYUBEB WIH PEK, peke MEeOHNCTHIE HITH O0JIOTHCTHIE
Oepera. Y4acTku MMEIOT TIOJIHOE HJIM PAacCEesTHHOE
OCBELICHUE, PEXe IO0JIHOE 3areHeHue. Berposoe
BO3/€liCTBHE CHJIBHOE B TEUCHHE BCEIO Iofia, 4acTo
BETpa MOPBIBUCTHIE C IOTO-BOCTOUYHBIMHU HIU CEBE-
PO-3ama gHBIMKM HAPABICHUSIMUA. YPOBEHBb TOJOBBIX
ocankoB B mpenenax 600-800 MM, KOTOpBIE TIPHUXO-
JIATCSl HA BECEHHHUI M OCEHHUI nepuof. Pacturesns-
HBIH OKPOB pa3HOOOpa3eH B BUJOBOM OTHOLICHUU



A.A. Cymbembaen*, A.H. [lanmnnosa

u crnoxeH 88 Bupamu. Hanbonee MHOTOYMCIICHHBI-
MH SIBIIIIOTCS ceMelicTBa: Poaceae — 17%, Astera-
ceae — 9%, Rosaceae — 11%, Ranunculaceae — 11%,
Fabaceae — 5%. Ilo xapakrepy >KU3HEHHBIX (OPM Ha
JIOTIIO TPaBSHHUCTHIX BHIOB mpuxonutcs 87% u Ha
J0JI10 APEBECHO-KYCTAPHUKOBBIX BUIOB IIPUXOAUT-

Tadmuua 1 — XapakrepucTrka MECTOHAXOKACHUH neHononymsiuuid D. Incarnata

cs1 13% B cnoxkenuu (hutornieHo3a. B skonormueckoM
OTHOIIIEHUH B KOKTayCKOM TOITyJSINH Tpeoliana-
IOT ME30THIPO(GUTHBIC BUIBI, KOTOPHIC COCTARJISIOT
75% QnopucTUYeCKOro COoCTaBa, HE3HAYUTEIHHYIO
4acTh COCTABIAIOT Me30TurpouTsl — 16% n Kcepo-
Me30QuTsI — 9%.

Hazsauue LUCHONOMYIAIUU U €€
JIOKAJIUTET

JKOIOT0-(PUTOIIEHOTH-
YecKasi IPUYPOIEHHOCTh

MZ

ITnomans
LIEHOTIO-
MYJSIIAH,

KonuuectBo
MOJIOABIX
npeareHepa-
THUBHBIX 0CO-
Oeit Ha 10 M2

IToka3zaTenu >KU3HEHHOCTH
LEHONOMYIIS LN

KOKTayCKaSI NOomyJIAurs

Llenononynayus Mmammo-ocoko8o2o
(Carex macroura Meinsh., Mentha
asiatica Boriss.) ¢uTonenosa.
Bocrounas yacte Kanbunckoro
xpeoOra, . Kokray. Ypounme Lllar.
49°35°45"" c.m., 82°31°07"" B.10.,
634 M. HaxL yp. M.

IlonHOXBE CEBEPO-3amaHO-
TO CKJIOHA, IOJIMHA TOPHOTO
PYubsi, CUIIBHO IOPOCIIast
JIPEBECHO-KYCTapHUKOBBIMU
BuamMu. KaMHH, TIOKpBITHIE
TOHKHM CJIOEM MXa

150

17 renepaTtuBHBIX ocobeil. Mo-
nonasi, ciabo Iporpeccupyo-
1mast, cHocoOHast K caMoIoiep-
JKaHUIO CEMCHHBIM U BEreTaTHB-
HBIM ITyTEeM, CTaOHIIBHO YIIEPIKH-
BAIOIIAsk CBOIO TEPPUTOPHUIO

Lenononynsiyus eacunucmnukoso-
KpOBOX1e0K080-1a0a3HUKOBO20
(Filipendula ulmaria (L.) Maxim.,
Sanguisorba officinalis L., Thal-
ictrum minus L.) uronenosa.
Boctounas wacte Kanbunackoro
xpebta. BepxHuii npeznen oro-
BOCTOYHOTO CKJIOHa Top Kokray.
Ypouume Tanger. 49°30°01°" c.mr.,
82°37°01"" B.A., 859 M. Hag yp. M.

JIyroBas nonsHza, co Bcex
CTOPOH 3aKpBITasi COCHAMHU
(Pinus sylvestris L.). He-
OOJIBIINMHY TPYIITIIAMH, Ha
OOHMIIBHO YBIIQ)KHEHHBIX
OTOJICHHBIX MECTax

100

50 reHepaTHBHBIX 0COOEH.
HopmanbsHoro tuna, ¢ 1€BOCTO-
POHHHM CIIEKTPOM, aKTHBHO
MIporpeccupyronias, pa3MHOKa-
FOIIIAsICS KaK CEMEHHBIM, TaK U
BEreTaTUBHBIM CII0COOOM

Lenononynsyus Mamauko8o-xa-
Mmuiutesozo (Scirpus sylvaticus L.,
Poa palustris L.) putornenosa.
Boctounas yacte Kanbunckoro
xpebra. [oper Kokray. 49°30°25""
c.ur., 82°37°25"" B.4., 862 M. Hax

yp. M.

Tlonsua B no:xOuHe ¢ U30bI-
TOYHBIM YBJIQ)KHCHHEM Ha
O0OUITLHO-TYMYCHPOBaHHBIX
TOPHO-JTyTOBBIX YePHO-
3eMax

50

10 renepatuBHbIX ocobeil. He-
MIOJTHOWIEHHAs], TIPAaBOCTOPOH-
Hssl, CTaperomasi, co ciabbiM ce-
MEHHBIM Pa3MHOXKEHHUEM, UCIIbI-
TBHIBAET CHIILHYIO KOHKYPEHIIHIO
ot Scirpus sylvaticus L. 3a no-
KPBITYIO IIONIA/Ib, YTO SIBIISETCS
OCHOBHOI MpUIHHOU c11aboro
CEMEHHOTO Pa3MHOKEHHUS

Llenononynayus pasHompasHo-
anaxosozo (Elytrigia repens (L.)
Nevski, Poa angustifolia L.,
Fragaria virides (Duch.) Weston,
Ranunculus acris L., Galium
verum L.) puronenosa. ['opsr Kok-
Tay. BepxoBbs ypounia Tanasl.
49°30°09"" c.mr., 82°38°02"" B.11.,
869 M. Hag yp. M.

I'psima Ha 3aKpBITBIX MaTpa-
LEBUIHBIX TPAHUTOUIAX,
XOPOIIO 3aIIUIIEHHAS C
I0ro-3arazia OT BeTpa u
nHcomsuH (Pinus sylves-
tris L., Populus laurifolia
Ledeb.)

150

16 reneparuBHBIX ocobeid. Oc-
nabJeHHas1, yBsaaomas, Ho ¢
XOpoIuM Bo3oOHoBIeHHeM. He
HMeEeT BO3MOXKHOCTH 3aCENICHUS
HOBBIX TEPPUTOPHI, HCIIBITHIBA-
€T KOHKYPEHIIHIO IPYTHX BUJIOB.
[Ipu cHMXKEHUU aHTPOIIOTEHHOM
Harpy3ky BO3MOXKHO BOCCTAHOB-
JICHUE YHCIICHHOCTU

Lenononynayus xeoueeo-1abas-
Hukosozo (Filipendula ulmaria
(L.) Maxim., Equisetum arvense
L.) puronenoza. Bocrounas yactb

Kanbunckoro xpe6ra, ypouniie
Ilapckas monuna, Mo Geperam
pexu TanaTHHKH. JIeBHIit Oeper
p- TauaTHHKH. 49°21°35” c.mm.,

Pa3noTpaBHO-31aK0BOE CO-
o6uiecTBo. Y3Kas moinoca B
MpUOPEKHON YacTH 0ro-3a-
MaJIHOTO CKJIOHA

50

83°05°42” B.A., 977 M. Hax yp. M.

6 reneparuBHBIX ocobeil. LleHo-
HOMYJISALKS YTHETeHa 1 ociabie-
Ha. Oco0¥ II0X0 BETeTHUPYIOT
u TopoHocHT. [Ipeobnanaer
CEMEHHOE Pa3MHOXKEHHUE, MOJIO-
JIble 0COOH CKOHIICHTPHPOBAHBI
Y MaT€pHHCKOTO PacTEeHUs
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Ipoooncenue mabauyvl 1

HazBanue LCHOIOITYJIANUN U €€
JIOKAJIUTET

DKOJIOTr0-(QUTOIIEHOTH-
4YecKasi IPUYPOICHHOCTh

[Tnomane

IIEHOIIO-

MyJIALAH,
M2

KonnuectBo
MOJIOZBIX
npearenepa-
THBHBIX 0CO-
Geii Ha 10 M2

IToka3arens >KM3HEHHOCTH
LEHONOMYIISAIH

Lenononynsiyus 0COKO80-uyuKo-
6020 (Deschampsia cespitosa (L.)
Beauv., Carex humilus Leyss.)
¢umoyenosa. Boctoynas 4acTpb
Kan6unckoro xpe6ta, Ha TOpHOM
nepeBasie Ympir. 49°16°50” c.m.,
83°07°16” B.1., 1230 M. Hag yp. M.

B nonune pydbs B cOCTa-
BE Pa3HOTPABHEIX JIyTOB.
JloxOuHa ¢ TPOTEKAOIINM
KITFOIOM

200

120 renepaTHBHBIX 0CO0Eii.
[TonHouseHHas, nporpeccu-
pylolas, ¢ JJeBOCTOPOHHUM
criekTpoM. Bo3oOHOBIICHHE TIPO-
HCXOIIUT KaK CEMEHHBIM, TaK 1
BEreTaTUBHBIM CIIOCOOOM

CubHHCKas IOIyJIALHs

L]enononynayus 8eliHuK080-0coKo-
6020 (Carex disticha Huds, Cala-
magrostis epigeous (L.) Roth.)
¢uronenosa. FOro-zanagnas
nepudeprs CHOMHCKOW BIIaANHBIL.
IIputoka TanxeiOynax, B paiioHe
o3epa Toptkapa. 49°25°55"" c..,
82°36'55" B.1., 782 M. Hag yp. M.

3anuBHbIe Jyra, Bux pas-
MellleH HeOOIbIIUMH TPYII-
HaM¥ IO JIONUHE PY4bs

100

40 reHepaTHBHBIX 0COOEH.
Cnabo mporpeccupyromas,
C IPaBOCTOPOHHUM
CIIEKTPOM, CTaperomias, Ho
C YAOBIETBOPUTEIEHBIM
BO300HOBJIeHHEM. HecMoTpst
Ha CHJIBHOE YTHETEHUE U
KOHKYPEHLIUIO B (PUTOLIEHO3E,
NOITYJIAYS CTPEMUTCS K 3aXBaTy
HOBBIX TEPPUTOPUI

Lenononynsiyus 0coko6o-
Kpogoxnebrosozo (Sanguisorba
officinalis L., Carex disticha Jacq.)
¢uTonenosa. Kanbuuckwmii xpeder.
CubuHckas Bnaausa. fOro-
3arajHas okpauHa. 49°25°52""
c.L., 82°36°49" B.1., 791 M. Hax

yp. M.

OTKpBITHIE 3aJIUBHBIC Pa3-
HOTpPaBHBIE JIyTa

250

110 renepaTHBHBIX
ocobeii. I[TomHoUEHHAS, C
JIEBOCTOPOHHHM CIIEKTPOM,

C TOCTaTOYHOM CTENEHBIO
B0300HOBNEeHMs. HecmoTps Ha
CJIOXKHBIE YCIIOBHUS, BUIl aKTHBHO
Mporpeccupyer

Lenononynsyus 1yKo8o-ugyuKo-
6020 (Deschampsia cespitosa (L.)
Beauv., Allium shoenoprasum L.)

¢umoyenosa. Boctounas 4acTb
Kanbunckoro xpe0dTa, B 10ro-Boc-
TOoYHOU yacTu CHOMHCKOMN BITau-

HbI. 49°25°55” c.u1., 82°36°39”

B.J., 782 M. Hag yp. M.

CrIpbie yTa U upe3Mep-
HO-YBJIQ)KHEHHBIE OITYIIKH
neca

600

218 reHepaTUBHBIX 0COOEH.
CocCTosiHUE [IEHOTIOMYISIHUN B
JYKOBO-II[YYKOBBIX (PUTOIIEHO3aX
XOpollee, BUI CTa0UIbHO
3aHUMAET HOBBIC TCPPUTOPHUH.
DKoornvecKkas aMIuIuTyIa
BH1a HU3Kas. Bo3oOHOBICHKE
CTabUIILHOE, BEICOKOE

10

L]enononynayus ocoxogo-xeouye-

6020 (Equisetum pratense Ehrh.,

Carex juncella (Fries) Th. Fries)

¢umoyenosa. I'oper Kokray, roro-

BOCTOYHBIE IpeaAropss. 49°26°39”
c.Ir., 82°43°19” B.1., 904 M. Hazx

yp. M. [IpaBbrit Geper mpoTOYHOTO

KITFo4a

Pas3norpaBHOE coo01IECTBO
Ha YBJI@)XHEHHOM [OJIOTOM
CKJIOHE, C I0r0o-3arasa 3a-
IIUIIeHa 3apocisaMu Betula
rezniczenkoana (Litv.)
Schischk., Salix pentandra
L., S. rosmarinifolia L.,
Salix bebbiana Sarg., Salix
pyrolifolia Ledeb.

80

30 reHepaTHBHBIX 0CO0E.
Lenonomynsuuu 0COKOBO-
XBOIIEBBIX (PUTOLIEHO30B
XapaKTepu3yTcs
KaK HOPMaJIbHOTO
THUIIA, IIOJHOYWICHHBIE,
IIPOrPECCUPYIOLIHE, C BBICOKUM
BO300HOBIICHUEM

KoxkmekTuHCKas TomyJIAnus

11.

Lenononynsyus pasHompasHo-
anaxogozo (Medicago falcata
L., Thalictrum simplex L.,
Dactylis glomerata L., Festuca
pratensis Huds.) ¢puroneHosa.
IOro-3ananHoe mpexropse oro-
BOCTOYHOI1 oOkpannbl Kanbuackoro
xpeOTa, B CeBEPHBIX OTPOrax
Kapaxansckux rop. bepera
JONMHBI pekd KoknekTuHka.
48115013 c.ur., 820112°08” B.10.,

620 M Haxg yp. M.

JlonuHa pekw, Mo moJio-

rom Salix viminalis L., S.

tenuijulis Ledeb., Betula
humilis Schrank.

100

45 reHepaTHBHBIX 0COOCH.
LIeHOAKOTHIT B pa3HOTPABHO-
3JIAKOBBIX (PUTOLIEHO3aX
AKTHUBHO IIPOTPECCUPYET, C
JIEBOCTOPOHHHM CIIEKTPOM,
HOJTHOWICHHBIH, ¢ BEICOKMM
CEMEHHBIM BO300OHOBIICHUEM.
CriocoOeH K 3aXBaTy HOBBIX
TEPPUTOPHI BHU3 11O PYCITy
PEKH.
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Hassanue LUCHONOMYIAIUUN U €€
JIOKAJIMTET

JKOIOT0-(PUTONEHOTH-
YecKasi IPUYPOICHHOCTh

KonnuectBo
[Tnomans
MOJIOZIBIX
IIEHOTIO- Tlokazarenu KU3HEHHOCTH
MYJISLIHAN TpeAreHepa- LIEHOIOMYJISILIAH
¥ "2 ’ | TUBHBIX OCO- Y

Oeit Ha 10 M2

Lenononynsiyus paznompagno-
ocoxosoeo (Carex juncella (Fries)
Th. Fries, Equisetum pratense
Ehrh., Filipendula ulmaria (L.)

¢uTonenosa. Bocrounas gacth
Kan6unckoro xpe6ra, roro-3amna-
HBbIE NIpearopbax. 48°50°14” c.uu.,
82°12°07” B.A., 630 M. Hax yp. M.

Pa3noTpaBHO-31aKOBBIE
Jyra, MecTaMH1 3allUILeH-
12 | Maxim., Festuca pratensis Huds.) |Hble mojiorom KycrapHuka u 50 5
Betula humilis Schrank.

17 reHepaTHBHBIX 0COOCH.
YcroitunBble, MEIJIEHHO pa3BU-
BAIOIIMECS COOOIIECTBA C BBICO-
KOH IJIOTHOCTBIO U KOHKYpPEHLIU-
eil. LleH03KOTHUIT pa3MHOMXKaEeTCst
MIPEUMYIIECTBEHHO CEMEHHBIM

IIyTeM, U UMEET BBICOKOE BO3-
O0OHOBIIEHHE

Kan6arayckas momysmsimust

Llenononynayusa ocoxoso-xeouye-
6020 (Equisetum pratense Ehrh,
Carex juncella (Fries) Th. Fries)
¢utomenosa. 49°11°25” c..
IOro-3anasHble OTPOrH BOCTOYHON
13 | gactu KanGunckoro Haropss, Ha
MMOJJHOXKbE HEOOMBIIOTO XpedTa
Capsixan. OTpbiBouHbIe QHUTO-
LieHo3kI B fomHe pexu lap, B
OKpecTHOCTAX cena Kanbaray.
81°57°21” B.A., 525 M. Hax yp. M.

MaccuBa

Pa3noTpaBHbIe chIpbie
Jyra, IUIPOKOH TOJI0COH
T10 FOT0-3aMaiHoi rpaHune 1
IIPEBECHO-KYCTaPHUKOBOTO

415 renepaTHBHBIX 0COOCH.
TTonHOYIeHHAs, pa3BHTas,

C Y/LOBJIETBOPHTEIBHBIM
650 Bo300OHOBNIeHNEM. HecMoTpst
Ha 3KCTPEMAJIbHOCTb YCIIOBUIA,

LIEHO3KOTHIT 3aHUMAeT HOBBIE
TEPPUTOPHHU U UMEET BBICOKYIO
KOHKYPEHIIHIO B TPABOCTOC

Cubunckasi nomyJasiuus (pop 2) pacrojokeHa B
BOCTOYHO# yacTu KanOuHckoro xpe0Ta, B Foro-3armaj-
HOM vactn CuOuHCKOW BmaauHbl. IIpu oTcyTcTBHM
KOHKYPCHIIUN 3aHUMACT O6H_H/IpHBIe IIOJISIHBI B IIOHU-
skeHusX. [lomyrsiust pacceneHa Jaie HeOOJbIIUMHY,
HO TUIOTHBIMU TPYTIIIAMH, 9aCTO 00pa3yeT KIOHAIb-
HbIe CeMbH. TeppUTOpUsS MOJHOCTHIO OCBEILICHA U
JIIIE TI0 TIepUQEprn CYIIECTBYET pacCeTHHOE OCBe-
IIEHUE ToJ] TT0JIOrOM KyCTapHHKa. BeTpoBoe Bo3eii-
CTBHE MMOCTOSIHHOE, IPE00JIalaloT F0r0-BOCTOUYHBIC U
I0ro-3amnajiieie BeTpbl. OCHOBHBIMH MECTaMHU TIPO-
W3pacTaHMs BHA SBISIOTCS 3aJIMBHBIE Pa3HOTPAB-
HBIE JIyTa, YPE3MEPHO YBJIa)XHEHHBIE OITYLIKH JIEeCa,
CBIpBIC TIOJISIHBL. PacTUTENbHBIN TIOKPOB COKeH 48
Bugamu. OCHOBHOW >KU3HEHHOW (POPMOH SIBIISIOTCS
TpaBsHUCTHIC pacTeHust — 81%, Ha OO ApEBECHO-
KyCTapHUKOBBIX BUAOB npuxoautca 19%. Cambimu
MHOTOYHMCIICHHBIMU B BHIOBOM OTHOIIICHUH SIBIISTIOT-
ca cemeiicTna: Poaceae — 19%, Salicaceae — 13%, Ra-
nunculaceae — 8%, Asteraceae — 6%, Rosaceae — 6%,
Apiaceae — 6%, Cyperaceae — 5%, Fabaceae — 5%.
ITo skonoruyeckol MPUYypPOYCHHOCTH JIOMHHHUPYIO-
Y0 YacTh COCTaBISIOT Me30(uTHBIE BHIBI — 67%
1 Me30TUrpoUTHBIE BHIBI — 27%, MEHBIIYIO YacTh
kcepomezodutHbie Buabl — 6%. 1o ¢opucriuecko-
My COCTaBy W JAOMHHHUPYIOIIUM BHJaM B TIpeJeliax
CHOWHCKON TOIMYJIAIMH OBLTO BBIZECIEHO 4 OCHOB-
HBIX THIA (UTOLIEHO30B.

KoknexkTunckaa mnomyasuusa (pop 3) pac-
MOJIOKEHa B IOTO-3alaJHOM IIPENrophe IOT0-BOC-
TOYHOW OKpamHbl KanbwHCcKOro Xpedra, B ceBep-
HBIX oTporax Kapaxansckux rop. 3aHumaer o0a
Oepera nonuubl pexu Koknexrunka. KoopaunHats
MecToHaxoxkaeHus: 48°50° c.u1., 82°12° B.1., 600 m.
Haj yp. M.

TunuuHBIME MecTaMu OOMTaHUS BUAA SIBIISIOT-
Csl 3aMImelble, OOMIIFHO TYMYCHpPOBaHHEIE Oepera
PEKH, MOpOoCHINe TPsIIbl KAMHEW B pycie peKH, 3a-
00JI0YCHHBIC HU3MHBI Ha OIyILIKaX UBHSKA U Oepes-
HSKa, ¥ TIO]T TIOJIOTOM Pa3pe’KeHHOT0 KyCTapHHKA.

VYcnoBust oOuTanusl BuAa ONHM3KH K ONTUMAalIb-
HbIM. [louBeHHBIA CIOH MECTaMU XOpPOLIO BhIpa-
JKeH. YPOBEHb MHCOIJILWHU JOBOJIBHO HU3KWMA, He-
JOCTaTOYHBIM, OOBIYHO PACCESHHBIN, PEXe MOIHOE
3aTeHEHHE.

PacturenpHblii NMOKPOB € BBICOKOW ILIOTHO-
CTBIO M BBICOTOH TpaBOCTOS, HO OeleH B BHUAOBOM
otHomeHNN — 19 BuaoB. OcHOBY (uTOIEHO3a CO-
CTaBJISIIOT TPaBSHUCTHIE BUABI — 84%, B MEHBIIEH
CTETEHU IpEBECHBIE BUABI U KycTapHUKU — 16%. B
BHUJIOBOM OTHOLICHUH CaMbIMH MHOT'OYHCJICHHBIMU
aBistioTest ceMeiicTBa: Fabaceae — 26%, Poaceae —
21%, Salicaceae — 10%. Ilo skomoruueckoii mpu-
ypodeHHOCTH TpeodnamaT me3ohuter — 68%, Ha
JIOJTI0O ME3OTHTPOPHUTOB U KCEPOME30(PHUTOB MPUXO-
nutcs no 16%. B npeaenax KoknekTuHckoil momy-

105



enodmopa nmomymsmit Dactylorhiza incarnata (1.) Soo Kanbuackoro xpe6ra

JISIMM BBIAETICHO JBa OCHOBHBIX THMA (PUTOLIEHO32
Pa3IMYHBIX 110 OCHOBHBIM JOMHHHUPYIOIUM BUAAM
Y DKOJIOTHYECKUM YCIOBHUSAM MECT MPOU3PACTAHHUS.

Kan6arayckas nonyasiuus (pop 4) pacronoxe-
Ha B IOro-3amajiHbIX OTporax BOCTO4HOM yactu Kai-
OWMHCKOr0 Harophbs, Ha TIOJHOXKbE HEOOBIIOTO XpeOTa
Capbikan. Bun 3aHuMaeT oTpbeIBOUHBIE (PUTOLIEHO3BI
B gommHe peku Ilap, B okpecTHOCTSIX cena Kabaray.

VYcnoBust oOuTaHHUS BU/Ia HE COOTBETCTBYIOT OII-
TUMAaJIbHBIM, MECTAMU CTAHOBSITCS HKCTPEMaJIbHBI-
Mmu. Ha cocrosnun oco0eil HeraTuBHO CKa3bIBaeTCs
MOBBIILIEHHAsT WHCOJISILUS, BETPOBOE BO3/ICHCTBHE
U aHTpoIoreHHoe BiusiHuE. OCHOBHBIMU MECTaMu
OOUTaHUS BUJA SIBISIIOTCS 3AJIMBHBIC JyTa, ChIpbIE
MOHW)KEHUSI, peKe ONMYILIKH MBHsKA. Buja pa3BuBa-
€TCs IPU TOJIHOM OCBEIIEHHH B IUIOTHBIX HHU3KO-
TPaBHBIX COOOIIECTBAX.

PacTurtenpHBIi IOKPOB OeICH B BUIOBOM OTHO-
mennd — 18 BumoB. OCHOBHOM KU3HEHHOU (HOpMOiA
ABJISIETCS] TPABIHUCTAsI PACTUTENBHOCTE — 95%, Ha
JIONMI0 KYCTapHUKOB U AEPEBbEB MPHUXOAUTCS 5%.
[Io konMyecTBY BUOB CaMbIMH MHOT'OUHCICHHBIMU

Tao6auna 2 — Cocras neHodmnopst D. Incarnata

SBJSIOTCS ceMeiicTBa: Poaceae — 17%, Fabaceae —
17%, Rosaceae — 11%, Ranunculaceae — 11%. Ilo
SKOJIOTHYECKOW MMPUYPOYCHHOCTH IIPE00IIaatoT Me-
30¢uTH — 67%, MEHEEe 3HAYUTEITFHBI ME30TUTPO(H-
Tl — 22% u kcepomeszodutel — 11%. Kanbarayckas
MOMYJISIIUH TIPECTaBIICHA OJJHIM OCHOBHBIM THUITOM
(PUTOIIEHO30B, CXOMHBIX IO BHJIOBOMY COCTaBy W
9KOJIOTUYECKUM YCIIOBHSIM.

Lenodmnopa D. incarnata na Kanbunckom xpeo-
Te HacuuThiBaeT 117 BumoB (Tabm. 2), mpuHamIC-
xkammx K 30 cemetictBam u 80 pomam. Xapaktep-
HBIMH BHJaMHU-Mapkepamu sBistotrcs 1halictrum
simplex L., Salix viminalis L., Filipendula ulmaria
(L.) Maxim., Sanguisorba officinalis L., Geranium
pratense L., Festuca pratensis Huds.

OnOpOIOMyIAIIUOHHOE CXOACTBO 00CIIEIOBaH-
HBIX TIOMYJIALMN BappUpyeT B mpenenax 9-27%.
CXO/ICTBO BHIIOBOTO COCTaBa COCTAaBIISET: KOKTAy-
CKOY ¢ CHOMHCKOHN — 27%, KOKTayCKOHM C KOKIEKTHH-
ckoii — 13%, KOKIEKTUHCKOM ¢ Kanbarayckoi — 9%,
CHOMHCKOW ¢ KOKIEKTHHCKOW — 17%, CHOMHCKOI ¢
kanoOarayckoit — 20%.

Buer Kokrayckas CubuHcKast Koxnexrunckas Kanb6araycxkas
TOTYJISALIAS TIOMYJISALAS TIOTYJISALIAS TIOMYJISALIAS
Equisetaceaec Michx. ex DC
Equisetum arvense L. + + - -
Equisetum pratense Ehrh. - + + +
Pinaceae Lindley,
Pinus sylvestris L. + - - -
Ranunculaceae Juss.
Aconitum septentrionale Koelle + - - -
A. volubile Pall. ex Koelle + - - -
Alchemilla xanthochlora Rothm. + - - -
Ranunculus acris L. + + - +
Ranunculus kassubicus L. + - - -
Thalictrum flavum L. + - - -
Thalictrum minus L. + + - -
Thalictrum simplex L. + + + +
Trollius altaicus C.A. Mey + + - -
Clematis integrifolia L. + - - -
Betulaceae Gray
Betula humilis Schrank - - + -
Betula pendula Roth + + - -
Betula rezniczenkoana (Litv.) Schischk. - + - -
Caryophyllaceae Juss.
Stellaria graminea L. - + - -
Cerastium arvense L. + - - -
Cerastium davuricum Fisch. ex Spreng. + - - -
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Buer Koxrayckas Cubunckas KoknexTunckas Kanbarayckas
HOIYJISLHST HOITYJISLHSE HOIYJISALHSE HOIYJISALHSE
Polygonaceae Juss.
Rumex acetosa L. + | - - | -
Hypericaceae Juss.
Hupericum perforatum L. + | - + | -
Salicaceae Mirb.
Populus laurifolia Ledeb. + - - -
Salix alba L. + - - -
Salix bebbiana Sarg. - + - -
Salix cinirea L. - + - -
Salix pentandra L. + + - -
Salix pyrolifolia Ledeb. - + - -
Salix rosmarinifolia L. - + - -
Salix tenuijulis Ledeb. - - + -
Salix viminalis L. + + + +
Violaceae Batsch.
Viola disjuncta W. Beck. + | - - | -
Cannabaceae Martinov
Humulus lupulus L. + | - - | -
Urticaceae Juss.
Urtica dioica L. + | - - | -
Crassulaceae J.St.-Hil.
Sedum hybridum L. + | - - | -
Rosaceae Juss.
Crataegus chlorocarpa Lenne & C. Koch. + - - -
Crataegus sanguinea Pall + - - -
Fragaria viridis (Duch.) Weston + - - -
Filipendula ulmaria (L.) Maxim. + + + +
Geum rivale L. + - - -
Padus avium Mill + - - -
Potentilla anserina L. - + - -
Potentilla bifurca L. + - - -
Rubus idaeus L. + - - -
Rubus saxatilis L. + - - -
Sanguisorba officinalis L. + + - +
Fabaceae Lindl.
Amoria hibrida (L.) C. Pesl. + - + -
Amoria repens (L.) C. Presl. + + - -
Lathyrus pratensis L. - - - +
Lupinaster pentaphyllus Moench + + - -
Medicago falcata L. + - + -
Melilotus albus Medik. - - + -
Glycerhiza glabra L. - - + +
Trifolium pratense L. - - - +
Vicia sepium L. + + + -
Geraniaceae Juss.
Geranium collinum Steph. + - + +
Geranium pratense L. + - - -
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Ipoooncenue mabruyvr 2

Buter Kokrayckas CubuHckast Koxnexrunckas Kan6arayckas
TIOMYJISILIUSE TIOMYJISIASE TIOMYJISIIUSE OIS
Adoxaceae E.MEY.
Viburnum opulus L. + - - -
Apiaceae Lindl.

Angelica archangelica L. + - - -
Angelica decurrens (Ledeb.) B. Fedtsch. + + - -
Antriscus sylvestris + + - -
Bupleurum longifolium L. subsp. aureum n ) ) )
(Fisch. ex Hoffm.) Soo

Carum carvi L. - + - -

Asteraceae Bercht. & J. Presl.
Arctium lappa L. + - - -
Artemisia austriaca Jacq. + - - -
Artemisia tanacetifolia L. - + - -
Artemisia vulgaris L. + - - -
Cacalia hastata L. + - - -
Cirsium incanum (S.G. Gmel.) Fisch. + + - -
Inula helenium L. - - - +
Ligularia glauca (L.) O. Hoffm. + - - -
Serratula coronata L. + - - -
Sonchus arvensis L. - + - -
Tephroseris integrifolia (L.) Holub. + - - -
Rubiaceae Juss.

Galium boreale L. + - - -
Galium verum L. + - - -

Convolvulaceae Juss.

Convolvulus arvensis L. - - + -

Boraginaceae Juss.

Mpyosotis palustris (L.) L. + - - -

Pulmonaria mollis Wulf. Ex Hornem. + - - -

Scrophulariaceae Juss.

Rhinanthus songaricus (Sterneck) B. Fedtsch. - - - +
Plantaginaceae Juss.

Plantago media L. + + - +

Veronica anagalis-aquatica L. + - - -

Veronica longifolia L. + + - -
Lamiaceae Martinov

Lamium album L. + - - -

Mentha asiatica Boriss. + + - -

Phlomoides tuberosa (L.) Moench. + - - -

Melanthiaceae Batsch ex Borkh.
Veratrum lobelianum Bernh. + + - -
Orchidaceae Juss.

Dactylorhiza incarnata (L.) Soo + + + +

D. maculata (L.) Soo - + - -
Alliaceae J.G. Agardh

Allium hymenorchizum Ledeb. - + - -

Allium nutans L. + - - -

Allium shoenoprasum L. - + - -
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Ipooonscenue mabauyv 2

B Koxrayckas Cubunckas KoknexTunckas Kanbarayckas
HOMYJISIIUS HOMYJISIIUS HOMYJISIIUS HOMYJISIIUS
Juncaceae Juss.
Juncus compressus Jacq. + + - -
Cyperaceae Juss.
Carex disticha Huds. + + - -
Carex humilus Leyss. + - - -
Carex juncella (Fries) Th. Fries - + + +
Carex macroura Meinsh., + - - -
Scirpus silvaticus L. + - - -
Poaceae Barnhart
Alopecurus glaucus Less. - + - -
Alopecurus pratensis L. + + - +
Bromopsis inermis (Leyss.) Holub + - - -
Calamagrostis epigeios (L.) Roth + + + -
Dactylis glomerata L. + - + -
Deschampsia cespitosa (L.) Beauv. + + - -
Eleocharis palustris (L.) Roem. & Schult. + + - -
Elymus caninus (L.) L. + - - -
Elymus sibiricus L. + - - -
Elytrigia repens (L.) Nevski + + - -
Festuca altissima All. + - - -
Festuca pratensis Huds. - + + +
Hordeum bogdanii Wilensky - - - +
Koeleria cristata (L.) Pers. - + - -
Melica nutans L. + - - -
Poa angustifolia L. + - - -
Poa palustris L. + + + -
Poa pratensis L. - + - -
Poa remota Forsell. + - - -
Stipa pennata L. + - - -

Hanuuue copubix BunoB: Humulus lupulus L.,
Urtica dioica L., Arctium lappa L. noarBepxnaet
BBICOKYIO aHTPOTIOTCHHYIO HAarpy3Ky Ha MPUPOITHEIE
($UTOLIEHO3EI.

IIpu cpaBHeHnU neHO(IOPHI MoNyIAnui D. in-
carnata co ¢uopoit Kanbunckoro xpedra (tadm. 3)
YCTaHOBJICHO, 4TO cemelicTBa Poaceae Barnhart, Ra-
nunculaceae Juss., Rosaceae Juss., Asteraceae Ber-
cht. & J.Presl. pasnuuarorces B J051€ ydacTus B Gop-
MHUPOBAHUHM BHJOBOTO COCTaBa. IJTO MPOUCXOIUT
3a cder OoNbIIero 4nciaa Me30(UTHBIX U Me30TH-
rpoGUTHBIX BUIOB M HU3KOTO YKCJIa KCEPOPUTOB U
NeTpoUTOB, CBUACTENBCTBYET O MPUYPOUSHHOCTH
BHJa K Pa3HOTPABHO-3JIAKOBBIM THIIaM COOOIIIECTB.
Koaddunment panrosoit koppemsuuu CrnupmeHa
coctasiseT 0,837, T.e. cBsI3b MpsiMasi U CUJIbHAs, a

ueHoguopa nonynsuuid D. incarnata To CHEKTPY
10 Bemymux ceMEHCTB JOBOIBHO CXOXa ¢ (hrmopoit
KanGunckoro xpedra.

Bricokuii mpoUEHT 1011 BUAOB, TPUXOISAIIHICS
Ha TIepBHIE JCCATh CEeMEWUCTB, — 72,5%, yka3pIBaeT
Ha BBICOKYIO CTEIICHb aHTPOTIOTCHHOM TpaHchopMa-
nuu 1eHo(Iopsl, B omiHmuue oT Beel (oper Ka-
ounHckoro xpebta (55,52%).

Ha ocHOBe KOppENSIMOHHBIX 3aBHCUMOCTCH
MeXay (IOPUCTHYECKHM COCTAaBOM TMOIYISIUN H
COCTOSIHIEM HW3y9aeMOro BHJA YCTAHOBJIEHO, YTO
ONTHUMAJBHBIMHU YCJIOBUSIMHU O0JIaIal0T BaCHIIUCT-
HUKOBO-KPOBOXJIEOKOBO-TTa0a3HUKOBBIE, pazHo-
TPaBHO-OCOKOBBIE (DUTOLICHO3BI: YPE3MEPHO YBIIAK-
HEHHBIE JIyTa U OMYIIKY JIeCa C HU3KOH IJIOTHOCTHIO
1 KOHKYpPEHLHUEH.
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Taomuma 3 — Benymue cemeiictsa nieHodnopsl Dactylorhiza incarnata mo 4uciy BHIOB

Henodnopa nonymsnuii D. incarnata ®dropa Kanburckoro xpedTa
CemeiicTBO Yucno ponos, % or Yucino BUa0B, % OT Yucio BUa0B, % OT 00ILEro
oOriero yrcia o0rrero yncia qucia
Ranunculaceae Juss. 6/7,5 10/8,5 52/4,01
Caryophyllaceae Juss. 2/2,5 3/2,5 51/3,94
Salicaceae Mirb. 2/2,5 9/7,7 26/2,01
Rosaceae Juss. 8/10 11/9,4 58/4,47
Fabaceae Lindl. 8/10 9/7,7 95/7,33
Apiaceae Lindl. 4/5 5/4,27 39/3,01
Asteraceae Bercht. & J.Presl. 9/11,25 11/9,4 188/14,51
Lamiaceae Martinov 3/3,75 3/2,5 43/3,32
Cyperaceae Juss. 2/2,5 5/4,27 44/3,39
Poaceae Barnhart 14/17,5 20/17,1 123/9,49
Bcero 58/72,5 86/73,34 719/55,52
3aKkjoueHue C Pa3BUTUCM MOJIOAOTO IMOAPOCTA. OnTuManLHBEIMU

Ha ocHOBe mONEBBIX AKCHETUIIMOHHBIX 00Ce-
JIOBaHWH OBUIN BBIEIECHBI 4 OCHOBHBIE MOTYIISIIHH,
3aUKCUPOBAHO 13 MECTOHAXOXKICHUN B Pa3HBIX
9KOJIOTO-(PUTOIICHOTHYECKUX YCIOBHUAX. DKOJIOTO-
OMOJIOTHICCKUN aHAIHM3 IMOATBEPIAMIT Me30(DUTHBII
U THTPOME30(HUTHBIA XapakTep (IOpHI JIYTOBBIX U
JIOJTMHHBIX MeCTOOOUTaHM nomynsiiuit D. incarna-
ta. lenodmopa D. incarnata na KanbuackoM XpeOTe
HacuuThiBaeT 117 BumoB, mpuHamnexamux kK 30
cemeiictBaM U 80 pomaM. XapakTepHBIMH BHIAMHU-
Mapkepamu sBisrotTcs Thalictrum simplex L., Salix
viminalis L., Filipendula ulmaria (L.) Maxim., San-
guisorba officinalis L., Geranium pratense L., Fes-
tuca pratensis Huds.

B cpaBuenuu ¢ ¢mopoii Kanbunackoro xpedra
neHodnopa momynsuuit  D. incarnata COCTOUT
OompIieil 9acTbi0o M3 BHIOB, NMPHUHAIEKAIIUX K
cemeiicteam Ranunculaceae Juss., Rosaceae Juss.,
Fabaceae Lindl., Poaceae Barnhart, uyrto cBu-
JETEILCTBYET O CICHU(DUIHOCTH U OPUTHHAILHOCTH
(hIOPUCTUYECKOTO COCTaBa, IPUYPOUYSCHHOCTH €ro K
Pa3HOTPaBHO-37IAKOBBIM THIIAM COOOIIIECTB.

[lpu aHanmm3e pe3yNbTaTOB YCTAHOBJIEHO, YTO
BCE TOMYJISIIAY 3aMETHO PA3JIMYArOTCs 0 (IIOpUC-
TUYECKOMY COCTaBY W YCJIOBHSM MPOW3PACTaAHUS.
[omynsinuu  pa3HOBO3pacTHBIC, € JICBOCTOPOHHUM
Y IPaBOCTOPOHHUM CIIEKTPaMH, CAMOTIO/IJICPIKAHHE
CEMEHHBIM ITyTeM, u3penka BereraTwBHO. OTHO-
CUTENBHO OoJiee CIIOKHBIE YCIOBUS TpOU3pac-
TaHUsl CYIIECTBYIOT B MSTHO-OCOKOBBIX, Pa3HO-
TPaBHO-3JAKOBBIX  (UTOIEHO3aX. L|eHOIKOTHUITBI
3aHMMAIOT 3aMIIENbIe CKaJbHHUKH, IICOHUCTHIC
Oepera pyYbeB M TOPHBIX PEK U UMEIOT CIIOKHOCTHU
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YCIOBHUAMH  00NafaloT  BAaCHJIMCTHHUKOBO-KPOBO-
XJ1eOKOBO-T1a0a3HUKOBBIE, PA3HOTPAaBHO-OCOKOBBIE
(UTOLIEHO3BI: UYPE3MEPHO yBIAXKHEHHBIE JIyra
U ONYyIIKH JieCa C HHU3KOM IUIOTHOCTBIO U KOH-
KypeHuueil. B cBi3u co crnaboif KOHKYpEeHTHOM
CHOCOOHOCTBIO BUJI IOCEISIETCS] B Pa3HBIX SKOJIOTO-
(UTOLIEHOTHYECKUX YCIOBUSX: YBIQXKHEHHBIE JIyTa,
3aJMBHBIE Pa3HOTPABHBIE JyTa, CHIPBIE, YpE3MEPHO
YBIQKHEHHBIE JIyTa, OCTEMHEHHBIE YMEPEHHO
YBIIQKHEHHBIE  Pa3sHOTPaBHO-OCOKOBO-3JIAKOBbIE
JIyTa, 3aMIIIeJIble POCCHINY KaMHEH cpeiy IpeBeCcHO-
KyCTapHUKOBOM PacTUTENBLHOCTH, HA MOJSHAX MOJ
nonioroM Salix viminalis L.

OIopoNoMyIsSIIUOHHOE CXOACTBO 00CIEI0BaH-
HBIX NOMYJAIMHA BappupyeT B mpenenax 9-27%.
CXxo0ICcTBO BUIOBOIO COCTaBa COCTABIIAET: KOKTay-
CKOW ¢ cMOMHCKOW — 27%, KOKTayCKOM C KOKIEK-
TUHCKON — 13%, KOKIEKTHHCKOH ¢ KanmbaraycKon
— 9%, cHOMHCKOM ¢ KOKIEeKTUHCKOM — 17%, cubus-
ckoii ¢ kanbarayckoit — 20%. PesynsraTsl cxoncTBa
(UTOLIEHO30B TAK)KE CBHIETEIBLCTBYIOT O BBICOKOM
SKOJIOTUYECKON IUIACTUYHOCTH BHJIA, KOTOPBIM B
UTOTe CIIOCOOEH MPOU3PacTaTh B pa3IMUHBIX TUIIAX
¢uTO1IeHO30B. B 3KONIOrMYEeCKOM OTHOIIEHUH BO
BCEX IMOIMYISIUIX OCHOBY (DUTOIIEHO30B COCTABIIS-
10T Me3odurel — 67-75%, B MeHbIIEH Joie npea-
cTaBieHbl Me3orurpoduter — 16-27% u xcepome-
300uTH — 6-16%. [Ipeobnanaromeii KU3HEHHON
(hopMoii SIBNSIETCS TPABAHUCTAs PaCTUTEIBHOCTD —
81-95%, He3HaunTeNnbHA A0S KyCTApHUKOB H Jie-
peBbeB — 5-19%. DKONMOTrHYECKUN ONTHMYM BHJA
MPUXOJUTCS Ha IOT0-BOCTOYHBIE CKJIOHBI C pacce-
SIHHBIM OCBEILLCHHUEM 1 YMEPEHHBIM BETPOBBIM BO3-
neiictueM. Camomoanep)kaHue ¥ pasMHOXKEHHE
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BUJa OCYLIECTBIISIETCS MPEUMYLIECTBEHHO CEMe-
HaMH, peKe BET€TaTHBHBIM JIEJIEHUEM Hallb9aToro
KOpHSI.

[Ipu ananu3e BO3pacTHOTO COCTaBa MOMYJISALUH,
JUHAMAYHOCTH W CTAOWIBHOCTH ICHOIOIMYIISIIHI
YCTaHOBJICHO, YTO MHIEKC BOCCTAHOBJICHHS HAXO-
IUTCs B mIpenenax onTuMmyma. OCHOBHBIMH JINMH-
THPYIOIIUMH (aKTOPaMH, CYIIECTBEHHO OTPaHH-
YHUBAONIUMHU paCCCICHUEC BUA, ABJIAIOTCA BBICOKAsA
KOHKYpEHIIUSI B (DPUTOIICHO3aX, aHTPOIIOTCHHAs Ha-
Ipy3Ka, CTPOTasi 3KOJIOTHYECKAas IIPHYPOIECHHOCTb.

O0cnenoBaHHbIe TOMYISIUA TPEOYIOT OXpaHBI
U MIPOBEICHHUS MOHHTOPHHTA 3a AeMorpaduieckoit

CTPYKTYPOH.

Kondauxr narepecon

Bce aBrophl pounTany U 03HaKOMJIEHBI C CO-
Jep)KaHUEeM CTaTbd M HE UMEIOT KOH(IUKTa WHTE-
pecoB.

Hcroynnk puHAHCHPOBAHUSA

CraThsl TOATOTOBJIEHA B pPaMKax IPOEKTa
APO05133868 «U3yuyeHune pacrnpoCTpaHEHHUS] U CO-
BPEMEHHOTO COCTOSIHHS TIOMYJSIIHNA BHIIOB CeMeii-
ctBa Opxuaasix Kazaxcranckoro Anras ¥ WX WH-
TPOAYKIHUS B ANTaliCKOM OOTaHWYECKOM Caay» Ha
2018-2020 rr.
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