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A REVIEW ON METAGENOMIC APPROACHES
TO ASSESS MICROALGAL DIVERSITY:
OPTIONS & CHALLENGES

Microalgae represent large and diverse group of unicellular photosynthetic microorganisms that,
being most abundant and efficient unicellular producer of a rich and complex biomass in all aquatic
systems. Microalgae have gained global importance in recent years as potential source of renewable
energy as well as bioindicators to manage an aquatic ecosystem. The accurate identification of diversity
is a key challenge in microalgal ecology research. Moreover, the increased knowledge of the scope,
structure, and dynamics of microalgal biodiversity is urgently needed. A rapid and reliable identifica-
tion of Microalgae in general, and at lower taxonomic levels in particular, cannot be accomplished by
morphological methods alone. Amplicon-based metagenome analysis using multiple primers approach
can provide novel insight into the biological and ecological inferences, and address many general ques-
tions with a special focus on phylogenetics and taxonomy, to cast the widest possible taxonomic net for
microalgae and yet reduce sequencing of non-microalgal eukaryotes. In this review, we highlight main
advances taken place in the field of metagenomics over the last two decades, present statistics of the
main metagenomic techniques and databases, and discuss opportunities, challenges and perspectives in
metagenomics with special reference to analyzing microalgal diversity in different ecosystems.

Key words: Microalgae, metagenomics, diversity, amplicon, phylogenetics, profiling.
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Mukpob6arAbIpAapAbIH, O9PTYPAIAITiH 6aFarayAarbl
MeTareHOMADIK, TOCIAAEpre LLOAY: dAiCTep MeH npobaemanap

Mukpobanabipaap 6apAbIK, Cy 3KOXKYeAepiHAe Oait KeHe KypAeAi 61oMaccaHbiH, eH Ker TapaAfaH
XoHe TMIMAL 6ip >kacyluaAbl MPOAYLEHT 0GOAbIN TabbiAaTbiH 6ip >KacylaAbl (POTOCHMHTE3AEYLLI
MMKPOOPraHU3MAEPAIH BPTYPAI >keHe YAKeH ToObiH Kyparabl. COHFbl XKbIAAAPbI MUKPOOAAABIPAAP
>KaHAPTbIAATbIH SHEPTUSIHbIH OAEYETTi K31, COHAAM-aK, CYAbl KOXKYHMeHi 6ackapy yLuiH O1onHAMKaTopAap
peTiHAe >kahaHAbIK MaHre me 60AAbl. MUKPOBAAABIPAAPABIH AAYaHTYPAIAITIH MAEHTUdMKAUMSIAQY
— OAapAblH 3KOAOTMSICbIH  3epTTeyaeri Herisri maceae. CoHaa-ak, MMKPOOAAABIPAAPAbIH
OGMOAAYAHTYPAIAITIHIH ayKbiMbl, KYPbIAbIMbI >K&HE AMHaMMKacbl TypaAbl OiAIM CaAaCblH KEHEnTy
KakeT. MUKpOGaAAbIPAAPAbIH TOMEHTT TaKCOHOMMSIAbIK, AEHIeiiH, TyTacTai aAfaHAQ TeK TaAAAYAbIH
MOPOAOTUIAbIK, DAICTEPIMEH FaHa Te3 X8He CeHIMAI MAeHTUUKALMIAAYFa KOA XKETKi3y MYMKIH
emec. KenTereH mnpanmepAepAi MnaaasaHa OTbIPbIN aMIAMKOHAQAP Heri3iHAe 61MOoaAyaHTYPAIAIKTI
3epTTeyAeri MeTareHOMABIK, TOCIAAIH, AaMybl BUOAOTUSIABIK, KOHE DKOAOTUSIAbIK, KOPbITbIHAbIAAPADIH
>KaHa TYCiHIriH Gepeai »eHe MMKpobBaAAbIpAap YiliH GapbiHa MYyMKiH 6OAATbiH TaKCOHOMMSIABIK,
>Kyie Kypy YLWiH (PMAOreHeT Ka MeH TaKCOHOMMSIFA epekLle Hasap ayAapa OTbIpbIM, KernTereH >aarbl
MOCEAEAEPAI Lielyre MyMKiHAIK 6epeai. bya woaAyaa 6i3 COHFbl €Ki OHXbIAAbIKTaFbl ME@TareHoMmKa
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CaAaCbIHAAFbI Heri3ri >KeTiCTiKkTepre TOKTaAaMbl3, HEri3ri MeTareHomMmka 8AICTepi MeH AepekTep
KOPbIHbIH CTATUCTMKACbIH YCbIHaMbI3, COHAQM-aK, MeTareHOMMKA CaAaCbIHAAFbl MYMKIHAIKTEPAI,
npobAemManapbl MeH MepCrneKkTUBaAapbiH TAAKbIAAM, 9P TYPAI 3KOXKYHMeAepAe MMKPOBAAAbIPAAPAbIH
SPTYPAIAITIH TarAQyFa epeKLle Ha3ap ayAapambl3.

Ty#in ce3aep: MUKPOBGAAAbIPAAP, METareHOMMKa, OMOAAYaHTYPAIAIK, aMMAMKOH, (OMAOTreHeTHKa,
npoUAbAEY.
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O0630p MeTareHOMHbIX MOAXOAOB
B OLIeHKe pa3Ho06pa3nsi MMKPOBOAOPOCAEH: METOAbI M MPOOAEMbI

MUKPOBOAOPOCAM MPEACTABASIIOT COGOM GOAbLLYIO M PAa3HOOOPA3HYIO TPYMNy OAHOKAETOUHbIX
(POTOCUHTE3MPYIOLLMX  MUKPOOPraHM3MOB, KOTOPbIE SIBASIOTCS HaMbOAEe pacrnpoCTPaHEHHbIM U
3(pPEKTUBHBIM OAHOKAETOUHBIM MPOAYLIEHTOM 60ratoit M CAOXHOW 6MOMACChl BO BCEX BOAHbIX
aKocucTemax. B mocaeaHue roabl MMKPOBOAOPOCAM MPUOGPeAn rAobGaAbHOE 3HaueHue B KavecTBe
MOTEHLMAABHOIO UCTOUYHMKA BO30OHOBASIEMONM 3HEPIMM, A TaKXKe OGMOUHAMKATOPOB AAS YNPABAEHMS
BOAHOW 3KOCUCTEMOM. TOUHasi MAEHTU(UKALMS pPa3HOOOPaA3Ms SIBASIETCS KAIOHYEBOW MPOOGAEMON B
UCCAEAOBAHMSIX SKOAOTMM MUKPOBOAOPOCAEN. Kpome Toro, cylecTsyetT HEOOXOAMMOCTb PACLLMPEHMS]
0o6AaCTM 3HaHMI O MacwTabax, CTPYKType M AMHamuke 6uopasHooOpasms MUKPOBOAOPOCAEN.
bbicTpas 1 HaaexkHas MAEHTUMKALMS MUKPOBOAOPOCAE B LIEAOM M B YACTHOCTU 6oAee HM3KOro
TAKCOHOMMYECKOrO YPOBHSI HEe MOXeT ObiTb AOCTUIHYTa TOAbKO MOP(OAOTMUYECKMMU METOAAMM
aHaAm3a. Pa3BuTHE METAareHOMHOIO MOAXOAQ B MICCAEAOBaHUAX G1MOpPa3HOOH6pasms HA OCHOBE aMMAMKO-
HOB C MCMOAb30BAaHMEM MHOXECTBEHHbIX MPANMEPOB AAeT HOBOE MOHUMaHWEe OGUOAOTMUECKUX W
3KOAOTMYECKMX BbIBOAOB U MPEAOCTABASIET BO3MOXKHOCTb PELIUTb MHOTME 06LLue BOMpPOChl C 0COObIM
aKLLEHTOM Ha (PMAOTreHETUKY M TaKCOHOMMIO AASI CO3AQHUSI MAKCMMAAbHO BO3MOYKHOI TaKCOHOMMYECKOM
CETN AAS MUKPOBOAOPOCAEN. B 3ToM 0630pe Mbl OCBeLLLaeM OCHOBHbIE AOCTUXEHMsI B 0OAACTU MeTa-
reHOMMKM 3a MOCAEAHME ABA AECSTUAETUS, MPEACTABASIEM CTaTUCTUKY OCHOBHbIX METAareHOMHbIX METO-
AOB 1 6a3 AQHHbIX, @ TaKXKe 06CY)KAAEM BO3MOXHOCTU, NPOOAEMbI M MEPCMNEKTHBbI B 06AACTU MeTa-
reHOMMKM C 0COObIM aKLIEHTOM Ha aHaAM3 Pa3HO06Pa31A MUKPOBOAOPOCAEN B PA3AMUHbIX SKOCUCTEMAX.

KAroueBble croBa: MMKPOBOAOPOCAU, METAareHOMMKa, 6M0pa3Hoo6pa3lAe, AMIAUKOH, Cbl/lAOl'eHeTl/lKa,

npocuAMpoBaHue.

Abbreviations

pum — micrometer; ITS — Internal transcribed
spacer (ITS); 18S rDNA — small subunit ribosomal
DNA; bp — base pair; ABI — applied biosystems;
LSU - larger subunit; SSU — smaller subunit; OTU —
operational taxonomic unit.

Introduction

Microalgae are large and diverse group of
unicellular photosynthetic microorganisms that,
being most abundant and efficient unicellular
producer of a rich and complex biomass in all
aquatic systems, have gained global importance in
recent years. The term ‘Microalgae’ is being broadly
defined for the long time as those algae where the
individual organisms generally require a microscope
to be recognized. However, given the enormous
diversity of taxonomically unrelated microbial
eukaryotes existing in unicellular, colonial and

ISSN 1563-034X
eISSN 2617-7358

filamentous forms [1-2], possessing higher-level
taxonomic placement in three kingdoms including
Bacteria, Chromista, and protozoa [3], it requires
significant rethinking to provide an absolute and
acceptable definition which may differentiate
microalgae from the macroalgae.

Sustaining natural biological structural and
functional attributes of aquatic ecosystems is of
great concern for the last few decades. Currently,
the monitoring and assessment of pollutants of
the aquatic environment are mainly based on
the determination of some chemical parameters.
However, due to high costs of complex chemical
analyses, nature, sources, distribution and level of
emissions of pollutants, chemical analysis is not
the only feasible way to obtain information for
effective environmental monitoring. More recently,
much attention has been given to use of algal flora
biodiversity as bioindicators to manage an aquatic
ecosystem according to the habitat requirements
[4-6].

Eurasian Journal of Ecology. Ne2 (59). 2019 5
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By biological diversity, it is often understood
as number of microalgal species in a particular
habitat, and how relatively abundant each of the
species is. It is believed that the more number of
species (greater variety) present in a particular
ecosystem, they will be more likely to be naturally
resilient. Some species are much more vulnerable
than others to the change in environment (for
example, as a result of anthropogenic impact), that
leads to the increased richness for the dominating
species, occupying the newly created ecological
niches [7]. Biodiversity thus not only affected by
change in the number of species, but it also takes
into the account all aspects relevant to species
dominance and rarity. Moreover, the biodiversity
illustrates the uniqueness of the community, thus
can serve as a bio-indicator to assess ongoing
ecological or environmental changes. Microalgae
play the most vital role in the sustaining and
formation of aquatic ecosystems, because they
form the first level of aquatic trophic chains and
foundation of interspecific relationships.

Microalgae can survive across broad range
of environmental conditions, which enabled it to
occupy almost all ecological niches from freshwater,
seawater, salt lakes to soil, rocks, and trees [8-
9]. Microalgae constitute the dominant organism
group that contribute to the function of sustainable
ecosystem in their role as key primary producer for
aquatic food webs [10], tiny aeration devices fixing
inorganic carbon in aquatic habitats, contributing
to the global nitrogen cycles, assimilating
contaminating nutrients (nitrogen and phosphorous)
for domestic and agricultural wastewater treatment
[11-13], and creating environment friendly
renewable biofuels [14-15].

Being primary producers, microalgae are most
directly affected by variation of environmental and
natural disturbances and exhibit high sensitivity to
certain pollutant, which may lead to the quantitative
change in microalgal community. Their total
biomass is utilized as indicators of aquatic habitat
qualifications, as some pollutant cause their death
and decrease in species diversity [16], and in others
— contribute to mass reproduction [17].

A great deal of progress has been made from
technical point of view to increase the amount of
biological and ecological datarelevant to biodiversity
measurement and to improve its accurate and
consistent utility. Given the large number of indices
to measure the biodiversity of algal community,
considerable effort and background information is
still required for observational, comparative and
experimental biodiversity research.

Despite their importance, much of the
information on clear description, characterization
of microalgal communities and strains designation
is somewhat inaccessible. The number of species
of algae is very large, estimates figures in excess of
over a million species [ 18], of which between 40,000
to 60,000 have been identified to date ([19]. Since,
according to some estimates, hundreds of thousands
to millions of microalgal species are still unknown,
thus the role of many species for processes and
functions of ecosystems is still not understood [20].
A better knowledge of microlgal biodiversity and
its interrelation with the environment is crucially
important.

The lack of basic information on microalgal
species diversity at different taxonomic levels
has significant implications for many aspects of
ecosystem monitoring, conservation Dbiology,
and evolutionary biology [21-23]. The multilevel
analysis of microlagal biodiversity will provide a
system to understand the mechanism contributing
to generate diversity, assess the way diversity is
organized, and confer the value it may have to the
structure and function of entire community in a
given area [24]. This is particularly important for
microalgal species and strains of economic value or
environmental concern. The isolation, identification
of indigenous microalgal strains with promising
properties is a key to improving the feasibility of
bio-prospecting for microalgal-derived high value
products [25-27].

Recent advances in molecular biological
techniques and bioinformatics have undoubtedly
enabled the discovery and comprehensive assessment
of thus-far-undiscovered forms of microbial life,
including microalgae, in situ, without isolation
into pure cultures. New species of microalgae are
now being described and characterized combining
morphological traits with molecular sequence
data, utilizing either DNA sequence data and/
or secondary structure of ribosomal DNA for
phylogenetic applications. In particular, high-
throughput amplicon sequencing of environmental
DNA and/or RNA proved to be far more powerful
and robust technique, when applied to characterize
microbial diversity [28-31]. Gene-based biodiversity
discovery has become an important application for
biomonitoring diagnostic development and majority
of the biodiversity studies have used this approach
to not only improve the efficiency of biomonitoring,
but also to expands its relevance for habitats and
biota groups which have not been fully studied due
to insufficient taxonomic knowledge or technical
competency [32-35].
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The DNA-based approach for the comprehensive
assessment of microalgal communities at genus-,
species- and strain-level utilizes various sequencing
technologies to identify species provided as
individual specimens or in environmental samples
such as water, sediment or soil [36-38].

Metagenomics is increasingly being considered
as promising technique, revealing the entire gene
repertoire of the community recovered directly from
environmental samples. This direct genetic analysis
of genomes, by using high-throughput sequencing
(HTS) of unpurified template DNA, has become the
dominant source of publicly available sequence data.
Marker gene metagenomics is a novel viable method
to determine a taxonomic distribution or fingerprint
profile through PCR amplification and sequencing
of evolutionarily conserved and variable regions
in 18S rRNA or 18S rDNA [39-42]. The DNA of
individual specimens is typically analyzed using the
Sanger sequencing platform, whereas the amplicon-
based metagenome from environmental samples
is analyzed using high-throughput next-generation
DNA sequencing platforms such as the Illumina
Miseq sequencing and 454-Roche pyrosequencing

platform.
In the present paper, we review the currently
available molecular techniques, tools, and

methodologies for assessing microalgal diversity. A
critical assessment of the criteria from a practicable
and applicable viewpoint will be made, and a review
and comparison of the molecular techniques being
currently employed for phytoplankton will be
presented.

I. Metagenomic Approaches for Microalgae
Diversity

Metagenomics has been applied to study
microalgae diversity in a variety of ecosystems,
from ocean, and soil to the acid mine drainages,
generating novel genomic data from otherwise
uncultivated species and strains, broadening the
framework of existing metagenomic-specific
methods available for comparison and study. In the
following sections we will review the current state
of understanding in the study of microalgal diversity
in the natural environment (i.e. water and soil) with
the help of collection of published research results.

A. Water

It is estimated that marine waters and freshwater
account for more than 90% habitable space on
earth. These ecosystems are regarded as the mean
for vast array of bio-productive resources, and
most of the primary productivity are result of

ISSN 1563-034X
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tremendous microbial activity by the microalgae, in
particular the pico-phytoplankton (< 2.0 um), nano-
phytoplankton (< 20 pm) and micro-phytoplankton
(20 — 200 pm). The microalgal abundance and
diversity in the aquatic systems can vary greatly
from one aquatic ecosystem to another because of
the variation in environmental variables. Therefore,
the type and the increasing level of microalgae are
used as indicators of the ecological conditions and
water quality of their ecosystems.

A study conducted in Cornwallis Island
(Canadian high Arctic) using shotgun metagenomics
and amplicon-based 16S rRNA gene sequencing
compared the metagenomes of seawater and the
overlying seaice to relate the genomic data to identify
the potential environmental drivers [43]. Among the
metagenomic datasets obtained, it was found that
microalgae, mainly the diatoms, significantly more
abundant in sea ice, is likely a key driver in shaping
the noted differences in microbial communities
and nutrient availability. Another comparative
metagenomics study based on 18S rRNA and ITS
sequencing, conducted in three different watersheds,
representing further three land use type (protected,
agricultural, and urban), in southwestern British
Columbia, found out that microalgae belonging to
Streptophyta represented 16% of the total sequences
obtained from environmental samples across all
sites, and agricultural impacted sites were dominated
by the Chlorophyta [44].

Another important effort was made for
understanding the dynamics, ecology and
environmental distribution of microalgae belonging
to Chlorophyta in marine ecosystems [45].
The authors reviewed and summarized current
knowledge on the phylogenetic, morphological and
ecological diversity of unicellular marine and halo-
tolerant Chlorophyta. Around 9,000 Chlorophyta
18S rRNA gene sequences from culture and
environmental samples deposited in public
databases were examined with the aim of assessing
the extent of diversity and exploring their oceanic
distribution based on a subset of 2,400 sequences for
which geographical information is available. The
study also evaluated the utility of using of the large
subunit ribosomal rRNA (LSU) or ITS as potential
suitable marker for explore microdiversity at the
species level or below.

Clone libraries (100-200 bp) constructed for
RNA (cDNA) and DNA sequencing using an ABI
3730x] DNA Analyzer were used [46] to generate
a robust dataset characterizing the genetic diversity
of Chlorophyceae from waters of the Persian
Gulf. The two above-mentioned methodologies
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were selected simultaneously considering the
bias each methodology carries by itself. Based on
the results acquired for both approaches, eleven
Chlorophycean of environmental clones were
recorded. The isolated and sequenced clones were
found to be 100% homologous with Neochloris
aquatic (D) and Picochlorum sp. and exhibited
99% homology with other environmental clones
including Chlorella sorokiniana, Chlamydomonas
sp., Picochlorum sp. and Nannochloris atomus.
The data obtained from the study recommends the
methodology as an efficient approach to analyze
phylogenetic of microalgae in marine environments,
and also indicates a significant increase in sense of
relatedness between taxon abundance distribution
and bias of the method when a single approach is
used to estimate diversity.

B. Soil

Soil is one of nature’s most complex ecosystems
and comprise the most diverse microbial habitats on
earth, harboring myriads of niches for microalgae
with high taxonomic richness and functional
diversity. Several studies performed on phototrophic
microbial communities have provided the evidence
that microalgal diversity are greatly influenced
by a variety of biotic and abiotic factors such as
vegetation types, altitude and soil physico-chemical
composition [47-48].

Earlier studies [49-51] reported that change
in soil physico-chemical parameters (pH, organic
carbon, nitrogen) has least influence on the
occurrence of green algae than other microalgae.
Few studies have reported that the abundance of
green algae, blue-green algae, yellow-green algae,
and diatoms is expected to be high in alkaline and
nutrient rich soils of temperate forests and grasslands
whereas only green algae were commonly found in
acidic and nutrient depleted soils [52-53].

A camparative study using combined approach
based on cloning and sequencing of culture-
independent rRNA genes and culture-dependent
sequencing from the same samples, investigated the
extensive microalgal diversity in soils from forest
sites of the Schwibische Alb Exploratory [54].
Among a total of 17 clones libraries, represented
by 575 sequences of various green algae obtained,
the majority of recovered true microalgal sequences
(325) belonged to the Trebouxiophyceae (90% of the
clones comprising 32 OTUs) or to Chlorophyceae
(10% of the clones comprising 12 OTUs). The
number of OTUs significantly varied between
sampling sites of different forest management types.
Three of the most abundant OTUs (OTUs 26, 28
and 29), taxonomically assigned to the Prototheca,

represented more than 47 % of all clones retrieved
from soil.

Another study [55] evaluated the polymerase
chain reaction (PCR) approach based on rapid direct-
extraction, rDNA fingerprinting and sequences
analysis, providing unambiguous identification of
soil microalgal communities. Upon clustering 18S
rDNA sequences recovered from sampled sites
with significant similarity, clusters represented two
taxonomic groups of Chlorophyceae, Ulotrichales,
genus Stichococcus; and Chlorococcales, genera
Dimorphococcus and Coelastrum. The study results
will certainly contribute in future to represent novel
and uncultivated microalgal species that still remains
to be described.

Analysis of biological soil crust from Ny-
Alesund, Svalbard, Norway, and the Juan
Carlos 1 Antarctic Base, Livingston Island,
Antarctica, was performed using two different
methodologies: basic morphological identification
using light microscopy and the metatranscriptome
ribosomal sequence annotations [56]. Combining
both approaches to study phytoplanktons
in Arctic and Antartic samples resulted
in identification of 143 and 103 genera of
microalgae belonging to five taxonomic groups
including Klebsormidiophyceae, Chlorophyceae,
Trebouxiophyceae, Xanthophyceae and
Cyanobacteria. The study findings illustrated the
efficacy of the combined use of morphological and
molecular methods, in comparison with classical
single-method approach, to reveal accurate taxa
richness for complex communities.

I1. Metagenomic Strategies

As exemplified throughout this review, the
sequenced-based metagenomics analysis  of
microalgae can be accomplished by one of the
following methodological strategies: (i) High-
throughput DNA sequencing of a clone library
developed from PCR products of environmental
DNA generated with a phylogenetic marker
indicating the potential taxonomic origin (ii)
sequenced based screening of random fragments
to find a particular sequence or gene of interest,
followed by sequencing of the adjacent regions
to locate markers with improved taxonomic
specificity. Currently, the distinction of microalgal
individuals below the species level employ either
shotgun metagenome sequencing or by focusing
on intragenomic heterogeneity within phylogenetic
(e.g., 18S rRNA or 18S rDNA) or functional gene
targets.
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The first approach refers to reconstructing large
fragments or even entire genome without selecting
any particular gene, alleviating biases from primer
choice and enables the characterization of coding as
well as non-coding components that can be used as
phylogenetic markers [57-58]. In the later approach,
specific internal conserved regions of DNA can be
retrieved using taxonomical informative primer
targets such as intergenic transcribed spacers (ITS)
or the large ribosomal subunit (LSU) gene [59-61].

The research question enables the researchers
to compare and determine the appropriate approach
between assembly-based analyses and direct
taxonomic classification of reads. The sequence
conservation of regions of few genes has become
an unprecedented resource for taxonomy in addition
to being a phylogenetic anchor that requires no
prior knowledge of full gene sequence [62-63]. In
some cases, the sequence homology of most genes
of practical importance is often most difficult to
be identified by PCR or hybridization due to their
far too divergent nature. However, the nucleotide
sequence for a few classes of genes is well-conserved
to facilitate their identification by sequence instead
of function.

Several recent studies have addressed the use of
the 18S-ribosomal-DNA (rDNA), 18S-ribosomal-
RNA (rRNA), 28S-ribosomal-DNA and its variable
regions as taxonomic markers for the classification of
Eukaryotes [64-66] and the validity and limitations
of using them in the taxonomic profiling of
metagenomes have already been discussed [67-68].
An extensive effort is being put to establish similar
universal molecular markers for microalgal taxa [69].

Sincetheearly 1990s, there was aprogressive shift
towards molecular taxonomic studies for microalgae
[70-71]. Beside genes and spacer sequences, the past
studies relied heavily on exploring ribosomal operon
(e.g., actin, psha, rbcL, tufA, RUBISCO spacer, and
other chloroplast genes [72-74]. However, while the
SSU and LSU has proven efficient for delineation
at high taxonomic levels, they are not considered
applicable for intraspecific differentiation [75]. The
suitability of marker based on ITS regions were
increasingly recognized for microalgal phylogenetic
and taxonomic studies due to their high degree of
interspecific variability, conserved primer sites, and
multicopy nature in the genome [76-77]. The former
study proposed 5.8S + ITS-2 fragment as ideal
candidate marker for microalgae owing to its broad
taxonomic range.

The utilization of multiple markers based on four
gene loci and their combined data was formalized
[78]. The study tested the efficiency of multiple
markers based on four gene loci and their combined
data (rbcL+tufA+ITS+16S, rbcL+tufA and
ITS+16S), with three combined data having better
resolution than single genes for higher intraspecific
and interspecific divergence. Few studies reported
tufA gene applicability most suitable for DNA
barcoding and phylogenetic reconstruction based
on its wide coverage and sequencing success [79-
83]. A comparison of marker gene-based and
metagenomics techniques to estimate a microbial
community’s taxonomic composition is shown in
Table 1, which implied that an efficient taxonomic
resolution is more achievable by metagenomics
profiling.

Table 1 — Comparison of metataxonomics (marker gene-based) and metagenomics profiling

Technique Method principle Advantage and Challenges Main applications
Metataxonomics | Using amplicon sequencing | + Faster, cost-effective and more reliable identification | Biodiversity
of 18S-ribosomal-DNA to species level monitoring
(rDNA); 18S-ribosomal- + accessible to non-specialists Molecular phylogeny
RNA (rRNA); - inability to quantify taxon abundance Microbial ecology
28S-ribosomal-DNA; or - Amplification bias
ITS or rbcL or tufA or 23S |- more than one primer sets needed for maximizing
universal plastid amplicon | diversity coverage and to offset primer biases
(UPA) - lack of comprehensively cured reference databases for
assigning taxon to the OTUs
Metagenomics | Random shotgun + investigate uncultivable complete microbial Structural and
sequencing of DNA or RNA | communities in situ functional genomic
(Sanger and 454/Roche + No amplification bias screening contributing
sequencing) + generated sequence reads does not require homology | to discovery of novel
or to known sequences (de novo profiling) genes
long-read sequencing - requires reference database of genes to classify Phylogenetic profiling
(Illumina/Solexa, SOLiD, |sequence reads Monitoring the
PacBio SMRT System) - requires high-quality DNA biodiversity and the
- requires more reads count for higher sensitivity ecological status
10 Xabapuibl. Dxonorus cepusicbl. No2 (59). 2019
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A combination of good yield and high purity of
metagenomics DNA is a prerequisite for the success
of both targeted-amplicon and shotgun studies [84-
85]. Much has been done for optimizing extraction
protocol for efficient recovery of pure metagenomic
DNA [86-89], including the utilization of commercial
kits as tailor-made solutions for a particular
application or sample [90]. Current evidence [91-
92], suggest that no method or combination of
methods exceeds ~80% accuracy indicating there is
still significant room for improvement in this area.

In spite of the given importance of microalgae
genome data regarded as priority research area for
fundamental and applied aspects such as raw material
for biofuels and bio-products [93], Hydrogen
production [94], and supporting the mariculture
industry [95], the microalgal representatives
remained under-explored in the main metagenomics
databases.

II1. Databases

Significant advances in  next-generation
sequencing technology have facilitated genome
sequencing with high throughput at low costs. NGS
technologies hold great potential to have profound
impact in various areas of research, including
several that, so far, have mainly used approaches
based on de novo sequencing i.e., sequencing novel
genomes where no reference sequence is available
for alignment, and resequencing i.e., genomes
sequencing from a species for which a reference
genome is already available.

Although the technological advances in
nucleotides sequencing has led to a substantial
increase in the release rate of sequenced genomes
at unprecedented scales and rates but it is
computationally challenging. All these complex
and comprehensive raw data are useless without
utilization of correct tools for analysis, annotation,
storage, integration and translation. Resource
integration and standardizing annotations are
relevant for better understanding genetic diversity
and deciphering complex mechanisms associated
with microbial ecology, evolution, and diversity
[96].

Since the publication of the first microalgal
genome, red extremophile Cyanidioschyzon
merolae in 2004 [97], over 100 microalgal genome
projects have been launched and complete genome
sequences of over 60 microalgal species been
brought publicly available including green, and
red microalgae as well as diatoms, dino-flagellates,
nano-flagellates, and some uncommon species from
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underrepresented evolutionary branches (DOE Joint
Genome Institute, http://genome.jgi-psf.org/ [98-
100]; GOLD database, http://www.genomesonline.
org/ [101]; Cyanobase, http://genome.kazusa.or.jp/
cyanobase). During the last two decades, next-
generation sequencing technology have greatly
contributed to increasing number of sequenced
microalgal genomes in public databases along with
EST (expressed sequence tag) and transcriptome
data sets and the breadth and depth of sequence
assemblies and annotations are continuing to
expand, with projects dedicated to filling in less
characterized microalgal taxonomic groups [102-
104].

The rapid expansion of genomic sequence
data available and accessible in the afore-
mentioned public repositories, and advances in
databases analytic tools, makes it a daunting
task for researchers to access, integrate, sort out
and compare the best sequencing, specialized
annotation and analysis strategies for microalgae.
Fortunately, development of various customizable
web-based genome browsers, model organism
databases (MODs), molecule- or process-specific
databases, and others has helped the researcher to
find the needles in the haystack. A number of online
databases are available for information on algal
diversity and taxonomic studies, each with their
own focus and limitations. Several published studies
have described the gaps and sequence uncertainties
in microalgal genome sequences and this provides
an opportunity to review what we have learned so
far from sequencing the genomes of microalgae.
At present, multiple data sets are available for
ongoing more than 60 algae genome projects at
the Department of Energy Joint Genome Institute
(JGI), including status. Assembles, and annotations
of sequenced genomes (http://www.algaeu.com/
strains-of-algae-publications.html).

EST data from many microalgal species are
available at the EST sequence databases of the
National Center for Biotechnology Information
(NCBI) (http://www.ncbi.nlm.nih.gov/genbank/
dbEST/), a special division of Genbank, and the
Taxonomically Broad EST Database (TBestDB),
http://tbestdb.bcm.umontreal.ca/searches/welcome.
php). Sequencing of mitochondrial and chloroplast
genomes has been performed with even more
microalgal species than in the EST or genome
sequencing projects [105], which are available at the
NCBI organelle database (http://www.ncbi.nlm.nih.
gov/genome/ organelle/) and the Organelle Genome
Database (GOBASE, http://www.bch.umontreal.ca/
gobase/gobase.html).
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Significant progress have been made to sequence
complete organelle genomes at a massive scale
through the Organelle Genome Megasequencing
Program (OGMP, http://gobase.bcm.umontreal.ca/).
Furthermore, the genomic sequence information of
various microalgal species has been updated in the
Phytozome, a hub for genomic data from a few green
microalgae (phytozome.jgi.doe.gov/pz/portal.html);
the Greenhouse, largest eukaryotic algal genome
collection available online (https://greenhouse.
lanl.gov/greenhouse/); realDB, a genome resource

for red algae (http://realDB.algacgenome.org);
pico-Plaza 2.0 (http://bioinformatics.psb.ugent.be/
plaza/versions/pico-plaza/); CoGe database, which
utilize the genomics comparison tools to analyze
algal genomes of interest (https://genomevolution.
org/coge/); Ensembl Plant database (http://
plants.ensembl.org); EnergyAlgaeDB, functional
genomics database for energy microalgae (http://
www.bioenergychina.org:8989/); and EUKREEF,
reference database of 18S sequence barcodes that
correctly represent algal lineage (http://eukref.org/).

Table 2 — Characteristics and frequency of used sequencing platforms among genomes of microalgae published until 2018

i % of total
Platforms Seq}ler}cmg Read Accuracy Time run Output data/ | No of number of
Principle Length Reads % run genomes

genomes

Sanger Dideoxy 400~900 bp | 99.999 | 20 mins~3 hrs | 1.9~84 Kb 10 18.86%
sequencing
454 GS FLX+/Roche Pyrosequencing | 600~800 bp | 99.9% 24 hrs 0.7Gb 4 7.54%
Solexa GAIIx/Illumina | Sequencing by | 36~100 bp 98% 3~10 Days 600 Gb 18 33.96%
synthesis
SOLiD4/Life Sequencing by 75 bp 99.94% 7 days 120 Gb - -
Technologies ligation
Ion Torrent (316 chip)/ synthesis 200~400 bp | 98~99% 2 hrs 1 Gb 1 1.88%
Life Technologies
PacBio/Pacific synthesis Up to 60 kb 90% 10 hrs 1-10 Gb 3 5.66%
Biosciences
Sequencing platforms used in combination

Combination of Sanger - - - - - 2 3.77%
Sequencing and
Roche/454
Combination of Sanger - - - - - 2 3.77%
Sequencing and
Illumina/Solexa
Combination of Sanger - - - - - 1 1.88%
Sequencing and PacBio
Combination of - - - - - 8 15.09%
Roche/454 and
Illumina/Solexa
Combination of - - - - - 4 7.54%
Illumina/ Solexa and
PacBio

Figure 2 shows the proportion of sequences
from different phyla of microalgae in some of the
available international databases. Chlorophyta
(green microalgae) and Ochrophyta (heterokonts)
are the most represented in all databases, combinely
constitute more than 65% of the publicly available
sequences. In the future, mass of unculturable
genomes likely to be generated from metagenomic

samples and next-generation sequencing in the
next few years continue to expand the international
databases, the distribution of the phyla and number
of species will likely change.

A number of online databases are available
for information on algal diversity and taxonomic
studies, each with their own focus and limitations,
such as Barcode of Life Data Systems (BOLD),
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a taxonomically curated database (http:/www.
barcodinglife.org); ITSoneDB  (http://itsonedb.
cloud.ba.infn.it/); and ITS2 Database (http:/its2.
bioapps.biozentrum.uni-wuerzburg.de/); and
R-Syst::diatom (http://www.rsyst.inra.fr/en). The

range of software tools being used in major steps of
metagenomic data processing, Sequence Mapping;
taxonomic profiling, sequence assembly and gene
prediction has already been provided in detail by
[106-108].
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Figure 2 — Taxonomic classification of microalgal sequences based on selected databases

A number of recent published studies has
resulted in exponential rise in the microalgal
genome datasets, providing an opportunity to
review at various level what we have learned so far
from microalgae genome sequencing. In the future,
mass of unculturable genomes likely to be generated
from metagenomic samples and next-generation
sequencing in the next few years continue to expand
the international databases interrelating genomic
datasets to ecological data, the distribution of the
phyla and number of microalgal species will likely
change.

To validate its use for bioassessment purposes
requires the researcher to place greater emphasis
on data mining tools and statistical analysis
and interpretation and illustrate the biologically
significant patterns in the datasets. While it may
be possible to align traditional morphological
taxonomy-based approaches with DNA-based
biomonitoring approaches, the metagenomic
methods and reference genome libraries need
further validation to be complementary source of
information for biomonitoring programs on a large
scale.

IV. Conclusion

By shifting the realms of genomics from
using model-organism as research tool towards
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studies of untapped resources of biodiversity in
environmental samples, NGS has paved the way
for researchers to carry out the fundamental and
applied research on microalgal communities on a
scale and precision that was unrealistic only a few
years ago. The possibility of generating massive and
disparate genomic datasets from both culturable and
unculturable microorganisms using combination of
deep sequencing and bioinformatics approaches has
allowed the access to the collective data of mixed
microalgae consortia in a less biased way, which
enable us to deduce answer for important ecological
and evolutionary questions.

To date, sequencing strategies used in the
metagenomics study of microalgal diversity are
currently dominated by short, high-throughput
sequencing technologies, such as the Illumina
NextSeq and HiSeq. Billion sequence reads of 100-
300 bp can be generated via these technologies in a
matter of days and are cost-effective for most large-
scale microalgal related research [109-110]. Further
advances in sequencing methods and data generation,
such as single-molecule sequencing, synthetic
long reads and Hi-C along with new assembly and
scaffolding algorithms have made it possible to
minimize the errors and misinterpretations. The
high-quality genome assembly of microalgae has
undergone a renaissance since the availability of
single-molecule sequences, such as the PacBio
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RSII/Sequel [111] and Oxford Nanopore MinlON
[112], which has allowed the researchers to run in-
depth genome sequencing with reduced time and
cost, requiring low DNA sample input and simple,
rapid library preparation. Due to their promising
potential application, improving the contiguity and
quality of metagenome assemblies will positively
affect the microalgal diversity and ecology research
studies. To date, however, the widespread adoption
of afore-mentioned technologies in metagenomics
analysis has been limited.

Here, we have highlighted significant
contributions and considerable developments
in using metagenomic for studying microalgae
diversity in recent decades, from a technological
and computational perspective. Future technological
advances are likely to reframe biological and
ecological research questions that will have a
significant impact on metagenomics application.
We also discussed some of the challenges presented
by comparability of different sequencing platforms.
New transformative technologies hold the promise
for researchers to confront these challenges, but
as the enormous volume of data is unfolding, the
researchers need to remain aware of these potential

pitfalls and challenges while analyzing large
and complex metagenomics datasets. Thus, the
combination of modern methods of high-throughput
sequencing with the classical bioindication approach
is a promising way of solving global issues of
biomonitoring of various aquatic ecosystems
concerning the relationship between the structure of
microalgae communities and water properties.

Our research group is using a targeted muti-
marker based approach to investigate the genetic
diversity of microalgae in Almaty region, the
Republic of Kazakhstan [manuscript in preparation].
With ever-increasing worldwide collection of
environmental samples along with the continued
progression in metagenome sequence datasets, we
might be able to explore deeper into the molecular
novelties of this remarkably diverse eukaryotic
group. At the same time, the types of microalgae
communities identified by metagenomics associated
with the ecological state of water can be used as
bioindicators of the state of aquatic ecosystems.
Metagenomic characteristics of aquatic ecosystems
can be used to assess the sustainability of
aquatic ecosystems when exposed to natural and
anthropogenic factors.
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SOIL DEGRADATION DUE TO POLLUTION BY OIL
AND OIL PRODUCTS AND THE DEVELOPMENT
OF A WAY TO PREVENT THEM

Soil degradation and, as a result, desertification is a global phenomenon, but in Kazakhstan it is felt
most acutely. The main causes leading to desertification and adverse environmental changes include
chemical contamination of the soil. Local and regional chemical pollution of soils is observed near cities
and industrial enterprises, open-pit mining of mineral resources. The dominant group of chemical pol-
lution will be oil itself, gas accompanying it, waste and underground mineralized water. The problem of
detoxification, cleaning and restoring the properties and fertility of soils polluted with oil and oil products
in order to prevent soil degradation is an important and most pressing issue at present. The main idea of
the work is to create a solar complex for processing oil and gas waste with the development of funda-
mentally new solutions in the technological scheme for processing oily waste.

In world practice, various methods of cleaning soil and water from oil pollution are applied: me-
chanical, physicochemical and biological. Not all of them are safe and effective. To solve the problems
of anthropogenic pollution by oil and petroleum products, photothermal methods during cleaning to
remove the hydrocarbon portion of the soil. The authors have created a solar system and developed a
way to prevent soil degradation with the production of petroleum products.

The scientific novelty of the work lies in the use of various types of solar constructions in the recy-
cling and utilization of oily wastes, ensuring maximum separation of hydrocarbons from oil wastes, with-
out prejudice to their chemical structure, in the manufacture of modern composite building materials,
ensuring the intensification of hardening processes.

The results show that an environmentally friendly method has been developed for cleaning oil-
polluted soils, soils and oil sludge. This method solves an important environmental problem of cleaning
oil-polluted soils, soils and oil sludge, helps restore and prevent the degradation of natural complexes,
reduces pollution of the soil layer and water bodies. This will allow utilizing oil barns and sludge collec-
tors in all oil-producing regions using solar energy.

Key words: soil degradation, technogenic desertification, oil pollutants, land reclamation, soil
cleaning.
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MyHaji xxeHe MyHaii eHimAepiMeH AacTaHy ecebiHeH
TOMbIPAKTbIH, A€rpaAaLMsiAaHybl )KOHe OHbl 60AABIPMAY TOCIAIH Xkacay

Tonblpak, AerpasaumsCbl >XKOHE OAAPAbIH CAAAAPbIHAH LbIFATbIH LUOAEHTTEHY — SAEMAIK ayKbIMAAFbI
KYObIAbIC, araaa oA KasakcTaHAa epekuie cesiAin oTbip. LLeAeiTTeHy MeH >KarbIMCbI3 3KOAOMMSIABIK,
esrepicTepre aabin KeAeTiH 6acTbl cebenTepAiH KaTapblHAQ TOMbIPAKTbIH, XUMMSIABIK, AaCTaHybl
Gap. TonblpakTblH >KEPriAIKTI XKOHE anMMaKTbIK, XUMMSIAbIK, AACTaHybl KaAaAap MeH ©HepKaCinTikK
KOCIMOPbIHAAPADIH, allbIK, MaiAAAbl KEH Ka3baAapbiHbiH MaHalbiHAA OarikaAasbl. XMMUSIAbIK, AACTaylLLbl
6acbIM TOMTapFa MyHaAbIH ©3i, OFaH CepiKTeC rasaap, arbIMAbIK, XX8He >KepacTbl MUHEPaAAAHFAH CyAap
>kaTaabl. Kasipri TaHAaFbl MaHbI3AbI >K&HE aHaFyPAbIM ©3eKTi MOCeAeHiH 6ipi AeTOKCMKaLMSI, TOMbIpak,
AErpaAaUMSCbIHbIH aAAbIH aAy. OpbIHAAAFAH 3ePTTeY XKYMbICbIHbIH 6ACTbl MAESICHI MyHait-ra3 CaAaCbIHbIH
KAAABIKTapblH KanTa eHAEY YLIiH FeAMOKELLEH KypacTbipyAd, KypamblHAAQ MyHanm 6ap KaAAbIKTapAbl
OHAEY TEXHOAOIMSChIHAA MYAAEM >KaHa WeLlim Taby. OAeMAIK Taxipnbeae Tonbipak, NeH CyAbl MyHait
AQCTarFbILLITAPbIHAH Ta3apTaTbiH aAyaH TYPAI MEXaHUKAABIK, (DU3UKAABIK-XMMUSIABIK, BUOAOTMSIABIK, SAICTED
KOAAQHbIAAAbI. AAaiAQ OAAPAbIH, GapAbIFbl AEPAIK KAYiNCi3 XKaHe TUiMAT emec. ToMbIPakTbiH MyHar >KeHe
MYHait eHIMAEpPIMEH TEXHOTeHAIK AACTaHYbIHbIH, MBCEAECIH LellyAe (DOTOTEPMUSIABIK, BAICTEPAT KOAAQHY
™iMAI. OA Ke3Ae KeMIpCyTeKTi OeALLeKTep ToMblpakTaH OOAIN aAbiHaAbl. ABTOpPAAp >Kacarl LiblFapFaH
reAMOKOHAbIPFbI KOMEMMEH MyHail OHIMAEPI TomMbIpakTaH GOAIHIM aAbiHaAbl, COHbIMEH KaTap OCbl >KaHa
SAIC KEMETIMEH TOMbIPAKTbIH, AErPaAALIMSFa YilbipayblHa XKOA Oepiameiiai. XKyMbICTbIH, XKaHALLbIAAbIFbI
— KypamblHAQ MyHai 6ap KaAAbIKTapAbl KarnTa OHAEYAE XKOHE >K0I0AA FeAMOKOHABIPFbIAAPAbIH, aAyaH
TYPAEPIH KOAAAHYbIHAQ. OHAQM FEAMOKOHABIPFbI MyHaM KaAAbIKTapbiHAH KOMIPCYTEKTepPAiH GapbiHLia
GOAIHYIH KaMTamMacbl3 eTeAl, KOMIPCYTEKTEPAIH XMMUSIABIK, KYPbIAbIMbIHA 3aKbIM KEATipMenAi. beaiHin
AAbIHFAH KOMIpCyTekTep KaTal YAEpiCTepiHiH KapKbIHABIAbIFbIH KaMTaMacbl3 eTylli 3amaHayu
KOMMO3MLMSIABIK, KYPbIABIC MaTepMaAbliH AAMbIHAQY Ke3iHAE KOAAAHbIAAAbI. AAbIHFaH HaTUXKeAep
MYHaMEH AaCTaHFaH TOMbIPaKTbl, MyHai LUAAMAAPbIH Ta3apTaTblH >KaHA ©AICTIH KopllaraH opTa
YLWiH Kayinci3 ekeHiH KepceTin oTblp. ByA 8AiC MyHaliMeH AacTaHFaH TOMbIPakKTbl, MyHal LUAQMAAPbIH
Ta3apTy CUSAKTbl MAHbI3AbI SKOAOTMSIAbIK, MOCEAEHI LLELLIE araAbl, TAOUFU KELUEHAEPA] KaATbIHA KEATIpir,
Aerpapaumsira yuiblpayblHblH aAAbIH aAaAbl, TOMbIpaK, KabaTbl MeH Cy KOMMaAapblHbiH, AACTaHybIH
azanTaAbl. ©3 Ke3eriHAe KYH 3HeprmscbiH KOAAAHA OTbIPbIN GAPAbIK, MyHali OHAIPriLl aiMaKTapAa MyHait
amMbapAapbl MEH LLIAAM XKMHAFbILLITAPAbI XKOKOFa MYMKIHAIK TyaAbl.

TyHiH ce3aep: ToMblpak AErpasauUmsacbl, TEXHOTEHAIK LIOAEMTTEHY, MyHail AacTaFbllTapbl,
MeAMOopaLmMs, ToMblpakThbl Ta3apTy.

AbambaTtraesa M.M.", Su Xintai2, AAmaToBa b.3,
Ymbet6ekor A.T.#, Carapbaesa A.C.°, AcaHosa I'.K.°

'thakyAbTeT reorpacmm 1 NPUPOAONOAb30BaHUS,

Kasaxckuit HauMOHaAbHbIN yHMBEpCUTET UM. aAb-(Dapabu, KaszaxcraH, r. AAmarbl

2LlIkoAa okpykatoLeit cpeabl 1 aHepreTuku, KOxxHo-Kutanckui yHnBepcuteT TexHoAorui, KHP, r. l'yaHaxoy
3YuueepeuteT banwesa, TOO TexHonapk «3epek», KazaxcraH, r. Aktobe

4thakyAabTeT reorpacmm 1 NPUPOAONOAb30BAHUS,

Kasaxckuit HauMOHaAbHbIN yHMBepcUTeT UM. aAb-(Dapabu, KaszaxcraH, r. AAmarbl

SthakyAbTeT reorpadpum U NPUPOAONOAb30BaHUs, Kasaxckuii HaLMOHaAbHbIN YHUBEPCUTET MM.anb-Dapabm,
KasaxcraH, r. AamaTbl, e-mail: a.satarbayeva@gmail.com,
5thakyAbTET MHXKEHEPHO-3KOAOrMYeckuii, Kbi3bIAOPAMHCKMIA FTOCYAQPCTBEHHBIN YHUBEPCUTET
M. KopkbIT ATa, KasaxcraH, r. Kbisbinopaa

Aerpasaums noyusbl 3a cHet 3arpsi3HeHUs1 HechbTbiO U
HecpTenpoAykTaMu 1 paspaboTka cnocoba Ux nNpeAoTBpaLLEeHU st

,A,erpaAauml NMo4YB M, KakK CAEACTBME, OIMyCTbiIHMBaHME — FABAEHUA MUPOBOIo MaCLUTa6a, HO B
KazaxctaHe 31O olwyaeTcd Hanboaee OCTpO. K YNCAY TAaBHbIX MPUYNH, BEAYLLMX K OMYCTbIHNBAHUIO
n HE6/\aFOI'Ipl/I9ITHblM 3KOAOI'MYECKMM M3MEHEHUAM, OTHOCATCA XMMUYECKOoe 3arpga3HeHune TMou4Bbl.

ISSN 1563-034X Eurasian Journal of Ecology. Ne2 (59). 2019 25
eISSN 2617-7358



Soil degradation due to pollution by oil and oil products and the development of a way to prevent them

AOKaAbHOE M perMoHaAbHOE XMMWMYECKOe 3arpsisHeHue MouB HabAlAaeTcs BOAM3M TFOPOAOB U
MPOMbILLIAEHHbIX TMPEANPUSATUIA, OTKPbITbIX Pa3paboOTOK MOAE3HbIX MCKOMaemblX. AOMUHMUPYIOLLEi
rPYnmon XMMUUYECKOro 3arpsisHeHns GYAET ABASTbCS cama HeddThb, COMyTCTBYIOWMIA €il ra3, CTOUYHble
M MOA3EMHbIE MMHEPAAM30BaHHble BOAbl. [1poOAeMa AETOKCMKALMKM, OYMCTKM M BOCCTAHOBAEHMS
CBOWCTB M MAOAOPOAMS MOYUB, 3arpsa3HEHHbIX HE(PTbIO 1 HEPTENPOAYKTaMM, C LLeAbIO MPEAOTBPALLEHMNS
AErpajauUMn MouBbl SIBASETCS BaXKHOW M HamMboAee akTyaAbHOM B HacTosiuee Bpems. OcHOBHas
naes paboTbl 3aKAIOUAETCS B CO3AAHUM FEAMOKOMIIAEKCA AAS NMepepaboTKM OTXOAOB HedTerasoBoi
oTpacAu C paspaboTKON MPUHLMIMMAABHO HOBbBIX PELIEHWIA B TEXHOAOTMYECKOWM Cxeme nepepaboTku
HedpTecoaep>KalLMX OTXOAOB. B MMPOBOM NpakTHKe MPUMEHSIIOTCS Pa3AMYHbIE METOABI OUMCTKM MOYBBI
M BOAbI OT HeTe3arpsasHeHun: MexaHudeckue, hr3nKo-xummyeckme n uorornveckue. He Bce oHu
6e3onacHbl U 3 eKTUBHbI. AAS pelleHrs NPOOAEM TEXHOreHHOrO 3arps3HEeHUs! MOBYbl HEMTbIO K
HebTENPOAYKTaMM MOXKHO UCMOAb30BaTh (hOTOTEPMMYUECKME CMIOCOObI, MPU KOTOPbIX YTAEBOAOPOAHAs
YaCTb M3BAEKAETCS M3 MOYBbl. ABTOPAaMM CO3AQHO TEAMOYCTPOMCTBO M paspaboTaH crnocob
NPeAOTBPALLEHUS AErPAAALMM MOYBbI C MOAyYeHMeM HedTenpoaykToB. HayuHas HoBM3HA paboThbl
3aKAIOYAETCSs B MCMOAb30BAHNM PA3AMYHBIX BUAOB Fr€AMOKOHCTPYKLIMI NPy nepepaboTke U yTUAM3aLIMK
HedpTeCOAEPXKALMX OTXOAOB, 06ECreuMBaIOLMX MAKCUMAAbHOE BbIAEAEHME YIAEBOAOPOAOB U3
HeTIHbIX OTXOAOB, 6€3 yulepba AAS UX XMMMUYECKOM CTPYKTYpbl, MPW U3rOTOBAEHWM COBPEMEHHbIX
KOMIMO3MLMOHHBIX CTPOMTEAbHbIX MaTepuasoB, 00ecrneumBaloWmMX WHTEHCU(UKALMIO MPOLECCOB
TBEpAeHUs. [1oAyueHHble pe3yAbTaTbl MOKa3blBAlOT, YTO pa3paboTaH Ge30macHbIi AAS OKPY>KatoLLEeN
cpeabl €nocob yTuAM3aumm HedTesarpsisHEHHbIX MOYB, TPYHTOB M HedTewAamMoB. AaHHblil cnocob
peLIaeT BaXKHYIO 3KOAOTMYECKYIO MPOBAEMY OUMCTKM HedTe3arpsisHEeHHbIX MOYB, FPYHTOB U HedbTellAa-
MOB, CMIOCOOGCTBYET BOCCTAHOBAEHUIO U MPEAOTBPALLEHUNIO AErPaAaLIM MPUPOAHbBIX KOMIMAEKCOB, CHU-
>KAeT 3arpsi3HeHne NMOUYBEHHOro CAOSl U BOAOEMOB. DTO MO3BOAUT YTUAMZMPOBATL HEMTIHbIE aMOApbI
M LAQMOHAKOMMUTEAM BO BCEX HE(DTEAOObIBAIOLMX PErMOHAX C MCMOAb30BAHNMEM COAHEUHOM SHEPTUM.

KaroueBble caoBa: A€rpapaunga noys, TeXHOreHHoe onycTblHMBaHUE, He(DTSIHbIe 3arpga3H1TeAn,

MeAropaund, O4YNCTKa NOYBbI.

Introduction

In all latitudinal natural-landscape zones of the
planet one can observe the existence of processes
of degradation of natural components in varying
degrees.

The degradation of the components of the natural
environment is: the deterioration of the properties of
groundwater and surface water, rocks, soils, biota
and gas components of the natural environment.

The reasons for the deterioration of these
properties are associated with two aspects:

A) the deterioration of the natural environment
and human life as a result of natural phenomena
(volcanic eruptions, floods, earthquakes, tsunamis,
etc.)

B) human activities (destruction of natural
ecosystems, pollution, etc.).

In any case, the degradation of the components
of the environment leads to a deterioration of the
human habitat in the artificially created environment
due to increasing environmental pollution (air,
water, landscapes, etc.).

Soil degradation and, as a result, desertification
is a global phenomenon, but in Kazakhstan it is felt
most acutely. We have more than two thirds of the
territory exposed to desertification. Of particular
danger is the rapidly growing desertification.
Desertification is seen as the result of a complex

interaction of biological, political, social and
economic factors.

It is known that during degradation and
desertification almost all components of the
landscape are affected. Increased anthropogenic
activity can lead to changes in individual properties
of soil or soil processes in general.

As a result of identifying diagnostic indicators
of aridization and desertification of the soils of the
steppe zone, it will be possible to determine the
degree of desertification.

Under anthropogenic impact, the soil structure
and crust are destroyed, the arable soil horizon is
sprayed and the soil becomes susceptible to wind
erosion (Table 1.).

According to official data, the area of
desertification in Kazakhstan is 179.9 million
hectares or 66% of the territory of the republic.
The main causes leading to desertification and
adverse environmental changes include: massive
plowing of soils (including light and unsuitable
for use) during the development of virgin lands,
overgrazing and failure of pastures, deterioration
of their grass stand, secondary salinization of soils
during irrigation. There is also cutting down of tree
and shrub vegetation along with annually recurring
forest fires (especially in the former Semipalatinsk
region), as well as chemical pollution of the soil

[1].
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Table 1 — Indicators of aridization and desertification of soil in the steppe zone of Kazakhstan

Processes and properties of soil that
promote aridization and desertification

Indicators and signs of aridization or
desertification processes

Causes, rates, danger and degree
of manifestation of aridization and
desertification

3. Chemical (technogenic) pollution
dramatically reduces the biological
productivity of the soil and often does
unfit for consumption grown on it
foodstuffs. Pollution adversely affects
many properties of the soil, including to
fertility and ecological condition.

Determined with special types of analysis
of soil, plants, animals and groundwater.
Indicators of the sanitary condition of the
soil (warning soil pollution by household
and industrial emissions and waste, as
well as substances purposefully applying
in agriculture and forestry). GOST
17.4.2.01. - 81. Conservation of nature.
Soils. Nomenclature of indicators sanitary

Soil and water pollution, local and
regional near cities and industrial
enterprises, open development useful
minerals, etc. Pollution (for example,
pesticides, oil pollution, heavy metals,
etc.) for a long period lead out soil cover
from use and is equivalent to very strong
desertification.

states.

Local and regional chemical pollution of soils
is observed near cities and industrial enterprises,
open-pit mining of mineral resources. Such
pollution of a technogenic type for a long period
removes soil cover from use, drastically reduces
the biological productivity of the soil, even leads
to the unsuitability of vegetation grown on it
for use, which is characteristic of very strong
desertification.

Local soil contamination is most often associated
with oil and petroleum product spills when pipelines
are damaged and leaks through equipment leaks.
Contamination of large areas is possible with the
flow of oil.

Also the main sources of chemical pollution of
the soil cover are:

— infiltration of household and technological
waste;

— accumulation of products of combustion of
fuels and lubricants of motor transport, drilling and
diesel installations;

— infiltration and accidental spills of reagents
from barns with drilling and cementing solutions;

— infiltration and accidental spills of formation
and waste waters;

— freelance and accidental oil spills from the
wellhead. The main pollutants in drilling and well
testing are drilling fluids, flushing fluids, reagents for
affecting the formation, cements, industrial waste,
household and technical waste, etc. The dominant
group of chemical contamination will be oil itself,
its associated gas, wastewater and underground
mineralized water. At the same time, there will be an
active change in the structure of the soil cover due to
secondary salinization, petrochemical pollution and
accumulation of heavy metals in soils. In the end,
technogenic soil ranges with completely different
geochemical properties that are not typical for zonal
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soils with anomalous, at first aggressive properties
will form [2].

The problem of detoxification, purification and
restoration of the properties and fertility of soils
contaminated with oil and oil products in order to
prevent soil degradation is an important and most
pressing issue at present.

Materials and Methods

The uniqueness of the work is to create a
solar system for the processing of waste oil and
gas industry with the development of innovative
solutions to prevent soil degradation.

The methodological basis for the experimental
study will be:

— analysis of theoretical assumptions;

— the study of the main characteristics of
the object under study in the presence of various
limitations imposed by the direct tasks of the
experiments;

— consideration of the use and technological
characteristics of the developed method of
processing oily waste.

In the process of developing a methodological
substantiation, first of all, the conditions under
which it is possible to obtain reliable results are
taken into account. Based on the data obtained,
experimental models and equipment are selected,
simulation parameters are generated, the number of
repetitions of individual experiments is calculated.

During the research, both standard and generally
accepted non-standard methods of analysis were
used. To determine the morphology, structure and
chemical composition of the obtained samples,
were used various modern new and classical
physicochemical methods of analysis. On the basis
of the obtained empirical data using the methods of
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induction and deduction, theoretical knowledge was
formed, which were practically substantiated, which
would ensure the removal of their hypothetical
nature and transformation into reliable knowledge.

Trial studies were carried out directly on the
object of study and (additionally) on artificial
solutions in order to eliminate the influence of side
factors on the phenomena under study.

The physical and chemical indicators of oily
waste and wastewater are assessed using standard
methods. For this purpose used potentiometric,

Table 2 — Composition of oil waste

conductometric, colorimetric, spectrophotometric,
ionometric and other methods of measurement and
appropriate equipment.

For research used oil-contaminated soil and oil
sludge from the Atyrau region, where concentrated
large oil and gas fields in Kazakhstan. Their
composition is given in table 2.

Oil waste was treated to separate the oil compo-
nents from the main mass of the waste. The oil part
of the waste was analyzed for further selection of the
conditions for their extraction from waste.

Oil waste Composition, mass.%
Organic part Mechanical impurities Water
Oil sludge 76,8 8,0 15,2
Oil Contaminated Ground 11,6 85,4 3,0

Results and Discussion

In our country, more than 70 million tons of
crude oil are produced annually, oil and gas bearing
areas include 172 oil fields, of which more than
80 are under development. Such intensification
of oil production and refining is accompanied by
industrial pollution of the environment. As a result,
the properties of the soil change, it is salinized.
Contaminated land is removed from agricultural
use as unfit. Also occurs the pollution of the aquatic
environment with oil and petroleum products.

The enterprises of the oil and gas complex of
the republic occupy one of the leading places in soil
pollution with various chemical compounds [3].

Currently, oil and oil products are recognized
as priority environmental pollutants. According to
the degree of environmental impact, oil-producing
enterprises are among the ten most dangerous. The
oil and gas production regions are concentrated in
the west and south-west of Kazakhstan — in the West
Kazakhstan, Aktobe, Atyrau, Mangistau, Kyzylorda
regions.

Lately, many oil and gas basins are characterized
by an increase in the rates and volumes of oil and
gas production. This is achieved either through the
introduction of new fields into the development, or,
especially forold developed pools, through additional
exploration of old fields or the use of enhanced oil
recovery technologies. The result is a significant,
often uncontrolled, increase in anthropogenic load
within the entire basin or its individual parts with
irreversible environmental consequences [4] .

One of the main sources of soil contamination are
oil discharges into earthen barns, oil spills and water-
oil mixtures when pipelines are broken, oil leaks
onto the ground during an accident, oil production
and repair work on wells. The practice of gas flaring
in flares also causes significant environmental and
economic damage. Increased thermal background
and acidification of environmental components
around fields during gas combustion have a negative
impact on the soil, vegetation, and animal world
adjacent to oil complexes, contributing to the
increase in the greenhouse effect [5].

During the exploration and exploitation of
hydrocarbon deposits around each drilling rig,
vegetation is destroyed by 70-80% within a radius
of 500-800 meters.

According to the information published by
UNDP “Kazakhstan” in the review “Environment
and Sustainable Development in Kazakhstan”,
technogenic pollution of lands in the form of soil
contamination was allowed in Atyrau oblast on an
area of more than 1.3 million hectares, in some oil
fields it reaches a thickness of 10 meters.

The highest content of oil and oil products in
the soil of the Kulsarinskoe field can apparently
be explained by the fact that in the old deposits
of polluted soils dense bituminous bark is
formed, which are impermeable to plant roots and
microorganisms. Oil lakes (oil barns) are formed on
the territory of the oilfield, the soil of vast areas of
the field, mixed with oil, forms oil sludge. In most
areas, the soil layer is saturated with crude oil, the
thickness of the oil-contaminated layer reaches 10 m

28 Xabapuibl. Dxonorus cepusicbl. No2 (59). 2019



Abdibattayeva M. et al.

in places. On the territory of the Kulsarinsky field,
soil and vegetation cover is severely disturbed and
soil deflation processes are noted [6].

Oil differs significantly from other pollutants in
the nature of the impact on natural systems. Oil does
not have a strictly defined chemical composition.
This concept includes many varieties of tar-
carbon systems, the properties of which may differ
significantly from each other.

In oil pollution, three groups of environmental
factors closely interact: 1) complexity, the unique
multicomponent composition of oil, which is in
the process of constant change; 2) the complexity
and heterogeneity of the composition and structure
of any ecosystem that is in the process of constant
development and change; 3) the diversity and
variability of external factors that influence the
ecosystem: temperature, pressure, humidity, state of
the atmosphere, hydrosphere, etc.

The main characteristics of the composition of
oil, which determine its effect on the soil and living
organisms, and the peculiarities of transformation in
the biosphere depend on the content of: 1) the light
fraction; 2) cyclic hydrocarbons; 3) solid paraffins;
4) resins and asphaltenes; 5) sulfur [7].

Thelight fraction, which includes the mostsimple
in structure and low molecular weight methane
(alkanes), naphthenic (cycloparaffinic) and aromatic
hydrocarbons, is the most mobile part of oil. Most of
the light fraction consists of methane hydrocarbons
(alkanes) with the number of carbon atoms C, - C |
(pentane, hexane, heptane, octane, nonane, decane,
undecane). Normal (unbranched) alkanes in this
fraction are 50 — 70%. Methane hydrocarbons have
a strong toxic effect on living organisms, being in
soils, water or air. These hydrocarbons are more
soluble in water, easily penetrate into the cells of
organisms through membranes .

The content of solid methane hydrocarbons
(paraffin) in oil is an important characteristic when
studying oil spills on soils. Paraffin wax is not toxic
to living organisms, but due to high pour points
(+ 180 ° C and above) and solubility in oil (+ 40
° C) under the conditions of the earth’s surface, it
becomes solid, depriving oil of mobility.

The naphthenic (cycloalkanes) and aromatic
hydrocarbons (arenes) belong to cyclic hydrocarbons
in the composition of oil. The content of aromatic
hydrocarbons in oil varies from 5 to 55%, most
often from 20 to 40%. The bulk of the aromatic
structures are polynuclear hydrocarbons — benzene
homologues [8, 9,10].

Aromatic hydrocarbons are the most toxic
components of petroleum. At a concentration
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of only 1% in water, they kill all aquatic plants;
oil containing 38% of aromatic hydrocarbons,
significantly inhibits the growth of higher plants.
Multicore hydrocarbons — have a more rapid toxic
effect on organisms than polycyclic hydrocarbons.

Resins are viscous greasy substances, they
contain more hydrogen and less carbon than
asphaltenes. Asphaltenes are condensation products
of 2-3 molecular resins. These are solids that are
not soluble in low molecular weight hydrocarbons.
Pitches and asphaltenes contain the main part of trace
elements of oil, including almost all metals. The
total content of trace elements in oil — hundredths
and tenths of a percent. From an ecological point of
view, trace elements of oil can be divided into two
groups: non-toxic and toxic [11].

Research has established the main features of
soil transformation in oil pollution. The processes
of degradation of pollutants in soils are carried out
against the background of their active interaction
with the soil mass. This leads to a directional
change in the properties of soils that receive
man-made streams, coupled with changes in the
chemical composition of introduced substances. The
transformation of oil-contaminated soils to local
biochemical conditions and changes not only in time
but also in space [12].

Oil impregnation of the soil mass leads to
active changes in the chemical composition,
properties and structure of the soil. First of all, it
affects the humus horizon: the amount of carbon
in it increases dramatically, but the bituminous
substance significantly impairs the property of the
soil as a nutrient substrate for plants. In soil, there
are changes in redox conditions, an increase in the
mobility of humus components from a number of
trace elements. If the source of contamination is a
production well, then a significant transformation
of the soil occurs as a result of salinization by
reservoir waters accompanying oil. All this leads to
a deterioration of the state of vegetation, a drop in
land productivity [13].

Oil pollution of the soil leads to profound
changes in all the properties of the soil, as a result
of which its fertility is disturbed. This deterioration
of water-air, physico-chemical properties of the
soil, its absorption capacity, as well as a decrease
in the content of elements of mineral nutrition of
plants. Data from studies show that about 40-50% of
chemical pollutants remain in the soil. Their remnants
are combined with humus. Analysis of the literature
data showed that humus is lost from an oil spill in
the soil, which makes the soil dead and fertility is
restored only a few years after the soil is polluted.
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At low viscosity, oil has the ability to cover
large areas of the earth’s surface with a thin film and
affects the oxygen regime of the surface layers.

When the soil is saturated with oil, the phytase
activity level of the soil decreases, which causes a
slowdown in the mineralization of organophosphorus
compounds. As a result, the content of mobile
phosphorus decreases and some accumulation of
organophosphorus compounds is observed in the
soil. All this has a negative effect on the intensity
of the microbiological and biochemical processes
of soil self-purification. The soil is enriched with
carbon disulfide, the number of anaerobic and spore-
forming microorganisms increases [14].

Soil is a resource that is overexploited and
polluted. To restore 2-2.5 centimeters of the soil
layer, it is necessary from 300 to 1000 years.
The recovery period (self-rehabilitation) of soils
contaminated with oil is from 1-2 to 10-15 and more
years.

Restoration of disturbed soil cover requires a
long time and large investments.

In world practice, various methods of cleaning
soil and water from oil pollution are applied:
mechanical, physicochemical and biological. Not all
of them are safe and effective. To solve the problems
of anthropogenic pollution by oil and petroleum
products, photothermal methods during cleaning to
remove the hydrocarbon portion of the soil.

The issue of cleaning oily waste is topical ev-
erywhere, but today there is still no effective indus-
trial scheme for their processing, although almost all
leading manufacturers of chemical equipment are
trying to develop and improve equipment for clean-
ing and recovery. First in the world separator sta-
tions for cleaning oil sludge were designed and in-
stalled in Russia. Separators were designed to clean
up oil sludge, but they were uneconomical due to
the fact that after each work shift it was necessary
to disassemble and remove work surfaces from con-
tamination. The project developers made a serious
miscalculation: on separators were fed raw materi-
als without prior preparation and purification, while
separators should be used only at the final stage of
purification of oil sludge. In this regard, the meth-
ods of application of these types of separation have
not found further application. In other factories for
10—15 years operated installations for the incinera-
tion of oil sludge, bottom sediments of sludge col-
lectors and flotopenes. Processing sludge in this way
was also uneconomical, since in addition to the loss
of oil there was an additional fuel consumption in
order to evaporate water and maintain the working
temperature in the furnace. Among the disadvan-

tages of the installation can still be inability to clean
flue gases, which are formed during the incineration
of sludge, from oxides of sulfur and nitrogen, as
well as the fact that the raw materials needed to be
additionally prepared for incineration [15].

An improved version of the sludge treatment
unit was created by the Swedish company AlfaLa-
val. Cleaning is carried out in this way: the sludge
is distilled into the tank and left for several days
to settle. The water that has come to the surface is
dumped from the tank to the treatment plant, and the
oil phase is sent to the Alfalaval installation. First,
the oil phase enters the hydrocyclone, and then into
a two-phase centrifuge, in which purification from
heavy mechanical particles takes place. Further pu-
rification of oil (from water) is performed in a three-
phase centrifugal separator. According to the results
of the operation, a disappointing conclusion was
made: such an installation is only suitable for clean-
ing fresh, newly formed sludge and, on the contrary,
is hardly applicable for cleaning bottom sediments
of sludge collectors. In addition, the water obtained
in the cleaning process is contaminated with persis-
tent oil emulsions, and it is not possible to process
the mechanical impurities (soil) that are discharged
from the separators from time to time. It can also
be considered a flaw that the destruction of stable
oil emulsions and the achievement of higher refining
performance does not use chemical reagents [16].

The plant for the purification of oil sludge from
the German manufacturer KHD has been proposed
to several enterprises in the oil industry. The ini-
tial stage of cleaning on this installation is that the
sludge is pumped into the tank. From this tank, the
oil phase is distilled into a three-phase centrifuge,
where the sludge is divided into components: oil,
water and mechanical impurities — under the influ-
ence of centrifugal forces. To increase the cleaning
efficiency, before loading the sludge into the cen-
trifuge, it is treated with a chemical reagent. This
installation has the following disadvantages: in or-
der for the oil content in the sludge fed to the instal-
lation to be at least 70%, it is necessary to ensure a
high degree of separation in the tank, otherwise the
purified oil will contain a high percentage of water.
In contrast to the centrifugal three-phase separator,
the cleaning process in a centrifuge is not carried out
automatically. The “KHD” unit can also clean only
freshly formed sludge and is not suitable for clean-
ing deep sediments of sludge collectors. Oil sludge
processing using centrifuges requires large quanti-
ties of electricity to ensure separation of oil from
other components. Along with centrifuges use belt
filter presses. However, such equipment allows only
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to separate the soil and water. In the resulting soil
remains from 20 to 30% of hydrocarbons [17].

The oil waste treatment method developed by
BogartEnvironmentalServices, an American com-
pany, has been successfully operating in Kuwait
for several years now. This method allows you to
clean the sandy soil from oil spills after accidents.
To do this, the contaminated soil is removed and
formed into high (up to 10 meters) piles. Under its
own weight of soil, oil is pressed out. After that, it is
sent for cleaning to the centrifuge. The soil is diluted
with water to a moisture content of 95% and trans-
ported in containers, where the process of biological
degradation of hydrocarbons takes place. The use
of Bogart equipment and methods for cleaning light
soils is associated with certain difficulties. First,
such soils are extremely difficult to form into piles.
This means that the soil is subjected to biological
treatment with virtually no separation of free oil, but
microbiological methods are effective only when
the concentration of hydrocarbons is not more than
15%. Note also that to ensure the effective operation
of microbiological strains, it is required to dilute
the soil with clean water. To the downsides of this
method, the need for a large amount of pure water
and a significant increase in cleaning time are added.

We must remember that microorganisms
contain toxic elements and compounds. The volume
of microorganisms that are displayed along with
the cleaned soil is directly proportional to the
volume of the feed (hydrocarbons) introduced
into the soil. The more hydrocarbons gets into
biodegradation, the greater the amount of excess
biomass will be obtained as a result of the cleaning
process. Purification of soils with a high content of
hydrocarbons can lead to an increase in the number
of harmful elements contained in the cells, which
can lead to biological pollution of the environment.

To maintain the process of biodegradation during
biological treatment, it is necessary to update a large
amount of biomass. To this end, reactors are installed
at landfills for the production of such biomass. This
is associated with additional costs for the nutrient
medium and supplements for growing biomass. To
reduce the amount of biomass, enzymes are used,
their cost increases the cost of technology [18].

The multilateral approach to the system of
processing oily waste is of great importance for the
development of the oil and gas sector in Kazakhstan.
The key difference in the idea of creating a solar
complex is the use of solar energy in the processing
of oily waste. Recycled raw materials on solar
systems — cleaned soil — can find its application in
the road construction industry. Thus, it is possible

ISSN 1563-034X
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to create a demanded technological cycle “waste —
feedstock — product™.

The scientific novelty of the work lies in the
use of various types of solar constructions in the
recycling and utilization of oily wastes, ensuring
maximum separation of hydrocarbons from oil
wastes, without prejudice to their chemical structure,
in the manufacture of modern composite building
materials, ensuring the intensification of hardening
processes.

In addition, various types of solar constructions
have the following advantages:

— environmentally friendly generation of
thermal energy;

— total absence of greenhouse gas emissions;

— universality of application, simplicity of
design and low weight, mobility at work, modular
principle of power gain and high reliability;

— ensured the return of oil from oil sludge into
circulation in raw form;

— minimum of oil impurities in the solid
residue, as a result of which it is possible to use the
solid phase to obtain a modern composite building
material;

— oil content at the level of 1.5-2.5% in the
aqueous phase, which allows for photochemical
purification using ozone technology.

All the shortcomings identified in the above
technologies for the processing of oil waste of
various companies can be eliminated with the help
of the created heliocomplex as part of the proposed
method. The proposed effective scheme for the
processing of oily waste in the solar complex works
as follows. Oily wastes enter the heliocomplex, pass
through a sieve, and then go to the solar system
with concentrating elements, which is intended
to separate the organic and mineral phases and
water. The organic phase, i.e., the industrial design
of petroleum products, is sent to the oil treatment
plant, the mineral phase with a small amount of oil
is used as a cleaned soil when obtaining a modern
composite building material. In the proposed
scheme for processing oil-containing waste, oil is
additionally obtained, which is hardly extracted
from the depths, instead of burning, which pollutes
the environment with flue gases. In purified or
pressed soil, a significant amount of hydrocarbons
remains, and in our case, the soil contains only
7-8% of oil, which is close in its molecular weight
to bitumen. Obtaining a modern composite building
material from cleaned soils on the basis of the
developed optimal composition is carried out in a
solar chamber, which is intended to intensify the
processes of hardening.
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Table 3 — Total insolation of solar energy by months in Almaty city

i Total monthly , J/m? (kW-hour/m?)
1ty

Jan. Feb. March Apr. May June July Aug. Sept. Oct. Nov. Dec.
Almaty | 176-10° | 239-10° | 354-10° | 484-10° | 632-10°¢ | 678-10° | 729-10° | 647-10¢ | 497-10°¢ | 321-10° | 187-10° | 136-10°

Experimental studies were conducted in Almaty
city. The solar radiation of this area is 1.343 - 10"
J per year. Below is a table of total insolation by
months in Almaty city.

The device works as follows: in order to create
a condition for the displacement of oil from the soil,
oil-contaminated soil or oil sludge is mixed with
water, for which water is first poured into the device,
and oil-contaminated soil or oil sludge is put on top.
In the focal part of the body, a parabolic concentra-
tor is installed on the metal frame and equipped with
a tracking system behind the Sun, which maximally
focuses the direct and scattered solar radiation, col-
lects all the solar energy incident on it and directs
it to the focal part of the tank. As a solar energy
concentrator, you can use any material that has re-
flectivity. Figure 1 shows a schematic diagram of
the solar system, equipped with matching elements.

The solar system is additionally equipped with
a solar panel made from concentrator photovoltaic
modules placed on a mechanical system. The mod-
ule provides additional warmth during the overcast
and cold season. Also a thermoelectric heater is ad-
ditionally installed at the bottom of the tank, which
is switched on using additional energy accumulated
by the solar panel.

A rotor blades is mounted on the top of the con-
tainer on the disk, which mixes the mixture as it
warms up. Through the formed channels with the
help of blades in the process of heating due to solar
energy, start to stand out oil fractions. To separate
the separated oil from the ground, the disc squeezes
the mixture and the resulting productive oil is poured
into the reservoir to collect oil through a pipe con-
nected to the body.

During the experiment, when heating oil waste,
the temperature in the device was 75-82 © C at an
ambient temperature of 33-35 ° C. Heating was
carried out during the daylight hours. The dynamics
of changes in the temperature of oily waste in the
solar system, equipped with concentrating elements
is shown in Fig.2.

When the oil-contaminated soil is heated, the
temperature in the device was 85 degrees Celsius

at an ambient temperature of 28 degrees Celsius,
heating was carried out for 4 hours, and using
additional energy accumulated by the solar panel,
the heating time is reduced by 2-2.5 times. Loading
and unloading of oil-contaminated and cleaned soils
and oil sludge is carried out manually or mechanized
way, although automation of this process is not
excluded.

The results of the analysis of extracted oil from
oily waste are shown in Tab. 4. From Tab. 4 shows
that the content of chloride salts, the water content of
the oil and the sulfur content in the electric heating
method are much higher than normal, and also leads
to a change in the physicochemical properties of the
oil.

When using solar energy creates the required
conditions for the extraction of oil from the soil. As
follows from the above data, the product of clean-
ing oily waste is a valuable hydrocarbon feedstock
that can be recycled or used for other purposes [19,
20].

To clarify the effect of thermal effects of solar
energy on the properties of hydrocarbons, a study
was conducted of the composition of oil-contami-
nated soils and sludge and their solid residues after
pretreatment using solar energy in the developed de-
vice Fig.3.

After heat treatment of oil sludge through the in-
stallation, 3 target products are obtained: — product
of oil sludge processing;

— water containing petroleum products;

— sludge (cake) with the content of petroleum
products.

Thus, after the preliminary purification of oil
waste using solar energy in the soil, the content of
solid residues does not exceed 8.65-8.79%. After
purification, the molecular weight of hydrocarbons
is close in absolute value to bitumen, and the ratio
of carbon to hydrogen varies according to the
following series: bitumen (6.29-10.7) > oily soils or
sludge (8.56-8.79). The advantages of this method
of cleaning oil waste in order to separate the oil and
mineral parts are the simplicity of the device design,
its high performance and relative cheapness.
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Figure 1 — Device for the extraction of oil and petroleum products during the cleaning of oily waste
1 — solar panel; 2 — parabolic cylindrical concentrator; 3 — solar energy tracking system;
4 — a disk for oil displacement with push-ups; 5 — rotor with blades for moving heated waste;
6 — capacity to drain the displaced oil.
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Figure 2 — Dynamics of temperature change of oily waste using solar energy
Row 1 — Ambient Temperature; Row 2 — The temperature of the mixture of waste and water
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Table 4 — Physico-chemical properties of recovered oil from oily waste

Name of properties Density at Density hand Content of Oil water cut, rgggﬁzr:i:afl Sulfur content
and methods 20°C, kg/m* | over oil, kg/m® | chloride salts, mg/l % . i
impurities
Norm ND 830,0 833,7 100 0,5 0,05 0,6

Ist method (heating 948,0 9427 127,480 18,0 0,0349 0,168

with solar energy)
2nd method (heating 852,1 942,7 407,9 35,0 0,0394 0,265
using electric energy)

Oil sludge — 50,0 kg/hour:

Solar systems

Water — 2158,39 kg/hour
including:
- Oil products — 8,59 kg/hour;
Water — 2148,8 kg/hour
Mechanical impurities — 1,0

'incll'xding:' ' equipped with kg/hour
- Mechamial/;lrggﬁrltles -4,0 concentrating
. g > elements
- Oil products —38,4 kg/hour; Hedrenponyxrsl — 947,33
Water — 7,6 kg/hour kg/hour
including:
- Mechanical i ities —
Mechanical impurities — 83,21 e amcl&: }hmpuTmeS 0,66
kg/hour . ghous
incglu ding: - Oil products —858,85 kg/hour;
: ter — 2k
- Mechanical impurities — 83,21 Water — 87,82 kg/hour
kg/hour;
- Oil products —8,79 kg/hour;
Water —74,38 kg/hour

Figure 3 — Scheme of passage of sludge through the separator

It is practically possible to apply oil-
contaminated soil and oil sludge as secondary raw
materials for strengthening road surfaces.

For the manufacture of soil concrete, refined
oil-contaminated soil and oil sludge are used as
raw materials, which are one of the sources of
environmental pollution in oil-producing regions. In
the process of production activities in the preparation
of oil is generated industrial waste, with containing
petroleum products — up to 10%, suspended solids —
upto 90%. The main polluting componentin the waste
is oil, the waste toxicity class is 4. Annual volume
is — 4500 tons. The granulometric composition of
the soil is determined according to SS 12536 — 79 by
sieving the sample in the amount of one kilogram on
a standard set of sieves. To implement the problem
of disposal of oil-contaminated soil, we carried out
experimental studies on the use of previously cleaned
oil-contaminated soils and sludge as secondary raw
materials as the most rational method of disposal.

The main difference of the organic component
of oily waste, which determine physical properties
and chemical activity, is a higher content of resins

and asphalt, and the mineral part — ion-exchange
complexes Ca2 + and Mg2 +. Stabilization of oily
waste was carried out with Portland cement PC
500. Manufacturing and testing of soil concrete was
carried out in accordance with the instructions.

Further, in order to prepare a soil-concrete
mixture, the previously cleaned oil-contaminated
soil or oil sludge was first mixed, then mixed with
sand by dosing, mixed until a homogeneous mixture
was obtained, after which the binder was added.
again mixed and then injected concrete additive
and finally mixed and moistened to molding
moisture with the required degree of uniformity.
The composition of the investigated composition
of soil-concrete based on oil-contaminated soil and
sludge: composition — 1: 4: 2. In the compositions
based on oil-contaminated soil and sludge used
concrete additive based on sulfonic synthetic
polymer. Polymer provides superviscosity, reduces
to a large extent the water content in reoplastic
concretes, does not contain chlorine. Polymer
initially accelerates and increases the strength of
concrete.
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To conduct an experimental study, we
developed experimental and control samples of two
compositions for the manufacture of a soil-concrete
mixture, using oil-contaminated soil and oil sludge.
For the purpose of heat treatment, the experimental
samples were subjected to heat treatment in a device
with concentrating elements of solar energy, and in
the control samples hardening took place in natural
conditions (Tab.5-6).

After heat treatment of the soil concrete
in a solar system with a translucent shell, the
physicomechanical parameters of the experimental
samples of the soil concrete had the following values
given in Tab.6. As can be seen from the results of
table 5 and figure 4, the soil concrete composition
2 and 4 in quality meet the requirements of the
instructions for the stabilized soil class 2 strength.

The high compressive strength of soil-concrete
2 composition based on oil-contaminated soil and 4

composition based on oil sludge is explained by the
following:

— the correct selection of the composition: a
complex of sand and additives;

— the presence in the composition of the organic
part of compounds with an unsaturated chemical
bond, which increases their reactivity;

— using pre-cleaned oil-contaminated soils or
oil sludge, since after pre-treatment the molecular
weight of hydrocarbons approaches in absolute
value to bitumen, and the ratio of carbon to hydrogen
varies according to the following series: bitumen
(6.29 — 10.7)> oil-contaminated soils or oil sludge (
8.56 — 8.79).

For soil-based concrete made on the basis of
oil-contaminated soils or sludge, priority in tensile
strength in bending is explained by the content of
resins that provide adhesion, cohesive bonds and
elasticity (Tab.7).

Table 5 — Composition of soil-concrete on the basis of oil-contaminated soil and sludge

The composition of soil-concrete

number of
samples

energy)

(experimental sample-heat treatment with the use of solar

The composition of soil-concrete
(control — hardening in vivo)

number of
samples

with the use of oil-contaminated soil

contaminated soils
cement

2 |sand

water

concrete additives

contaminated soils
cement

22 |[sand

water

concrete additives

using oil sludge

Oil sludge
cement

4 |sand

water

concrete additives

Oil sludge
cement

44 | sand

water

concrete additives

Table 6 — Physical and mechanical properties of the experimental and control samples soil-concrete after 28 days of hardening

According to The value of technical indicators
Name indicators building cpdes contaminated soils oil sludge
and regulations, 2 2 4
strength class experimental 22 control experimental 44 control
1 2 3 4 5 6
The compressive strength of saturated 64 573 3.1 533 3.70
samples, MPa
The tensile strength in bending samples
saturated with water, MPa, not less 1.0 1.6 0,86 1,50 0,76
Coefficient of frost, not less 0,75 0,81 0,55 0,80 0,53
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In accordance with the above, the optimal
composition can be recommended according to the
instructions for the device bases or as a covering
of local roads. They can also be recommended
as bases acting as crack-breaking layers. At the
same time, technological properties are improved:
workability, due to the presence of plasticizing
additives — oil, and hence homogeneity and easy
workability. Increased performance: compressive

and tensile strength, frostresistance and deformation
capacity due to the use of cement, which provides
the crystalline structure of the spatial framework
that occurs in fortified soil. This is explained by
the fact that oil has a coagulation structure, and
the presence of cement in it provides a mixed
coagulation-crystalline structure of the soil with a
real possibility of obtaining soil concrete with high
physico-mechanical properties.

Table 7 — soil-concrete strength by heat treatment using solar energy

Number of mixture WiC Tensile str;ngth in Compressive strength, MPa age day
bending 1 7 14 28
1 2 3 4 5 6 7
contaminated soils
2 0,5 1,6 1,07 1,7 3,74 5,73
22 0,5 0,86 0,11 0,75 1,55 3,1
oil sludge
4 0,5 1,50 1,01 2,36 3,70 5,33
44 0,5 0,76 0,13 0,93 1,85 3,7

E pressure, MPa

—— 2

- 22

14 28

t, day

s b pgeaus

Figure 4 — The strength of soil-concrete with the use of solar energy

The results show that an environmentally
friendly method has been developed for cleaning
oil-polluted soils, soils and oil sludge. This method
solves an important environmental problem of
cleaning oil-polluted soils, soils and oil sludge,
helps restore and prevent the degradation of natural
complexes, reduces pollution of the soil layer and

water bodies. This will allow utilizing oil barns and
sludge collectors in all oil-producing regions using
solar energy.

Thus, this method of cleaning oil-contaminated
soils, soils and oil sludge will provide, with maximum
use of solar energy, a reduction in the level of the
negative impact of pollutants on the environment.
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COMPARATIVE ASSESSMENT OF THE YIELD COMPONENTS
OF THE TETRAPLOID WHEAT WORLD COLLECTION

Nowadays, a large number of cultivars of various origins are attracted to the wheat breeding im-
provement, and as a result, an assessment of the accessions’ yield in various agroclimatic conditions is
required. Genotype-environment interaction is the main reason for the fact that in different years and (or)
in other conditions of cultivation, cultivars and lines differ in rank according to the level of the yield. The
study aims to investigate the suitability and adaptability of accessions of world tetraploid wheat collec-
tion, including durum wheat cultivars, to the Kazakhstan conditions. Three hundred twenty-eight (328)
tetraploid wheat accessions of different genetic and geographical origin were grown in 2 randomized
replicates in two contrasting regions of Kazakhstan — Kostanay region on the North and Almaty region
on the South-east of the country. Phenological observations and structural analysis were conducted
following Dospekhov and the Zadoks scale. Correlations coefficients among all characters (days to tiller-
ing, days to booting, days to heading, days to anthesis, days to maturity, plant height, peduncle length,
number of fertile spikes per plant, spike length, number of kernels per spike, weight of kernels per spike,
number of kernels per plant, 1000 kernels weight) were computed using GraphPad software. To assess
the contribution of genotypic and environmental variability to the total phenotypic variation of yield and
the main economically valuable traits, we evaluated the genotype-environment interaction. Productive
and adapted accessions for the both Almaty and Kostanay regions were selected. The data of phenologi-
cal observations and structural analysis will be used in a genome-wide association study for the traits,
related to productivity and quality.

Key words: tetraploid wheat, cultivar, yield, phenology, pre-breeding, genotype x environment in-
teraction.
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TeTpanAoOUATbI OMAQMABIH, AYHUEXY3IAIK KOAAEKLIMSICBIHbIH,
OHIMAIAIK KOMIMOHEHTTEPiH CaAbICTbIPMAAbI OaFaray

Kasipri TaHaa O6MAaiAbl CEAEKUMSIABIK >KaKCapTy YLUiH, WbIFy Teri sapTYpAi KentereH coprrap
3epTTeyre aAbiHaAbl, COFaH GaMAaHbICTbl, >KaHA arpPOKAMMATTbIK, >KafAaMAa YATIAEPAIH OHIMAIAIriH
6araAay YLIiH 3KOAOIMSABIK CbIHAK, KaXkeT. OPTYPAI KbIAAAPbI KoHe/HeMece TYPAI 6cy >KaraablHAA
COPTTapAbIH BHIMAIAIK Aspexkeci 6orbiHLLa 6acTbl cebebi reHoTUN-opTa 6aiAaHbICI GOABIMN TabbIAAAbI.
ByA 3epTTey TeTpanAoMATbl BUAAMABIH AYHUEXKY3IAIK KOAAEKLMSCBIHbIH, OHbIH, iWiHAE KaTTbl OMAaii-
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AbIH COpPTTapbl MeH AMHMSAapbiHbIH KaszakcraH >karaaibliHa OeniMAeAyiH 3epTTeyre OarbiTTaAFaH.
[eHeTUMKaAbIK, >kdHe reorpaUsIAbIK LbIFY TEKTEepi SPTYPAI TETPaNAOMATBI OMaaiAbiH 328 yArici 2
Ke3AEeNCoK KarTaraHbiMaa KazakcCTaHHbIH eKi TYPAi aliMakTapblHAQ ©CipiAAl — COATYCTiKTe KocTaHam
OOABICBIHAQ JKOHE EAIMI3AIH OHTYCTIK-LIbIFbICbIHAQ AAMaTbl OOAbICbIHAQ. Braai KoAaekumscbiH
heHOAOTUSIABIK, GaKblAay >XOHE OHIMHIH KYPbIAbIMABIK, TaAAdybl AOCMEXOB >koHe 3aA0KC dAicTepi
6orbiHwa xyprisiaai. GraphPad GaraapAamachl HeriziHAe TaapaHFaH GeAriaep apacbiHAQ (TynTeHyre
AeNiH KYHAEp caHbl, cabak, dAOHraumsCbiHa AEMiH KYHAEP CaHbl, MacakTaHyFa AeMiH KYHAEp CaHbl,
F'YAAEYre AeiiH KyHAep CaHbl, MiCin >KeTiAyre AemiH KyHAep CaHbl, ©CIMAIK OMIKTIri, >Korapfbl
OyblHapaAbIK, Y3bIHAbIFbI, 6CIMAIKTEri ©HIMAI MacakTap caHbl, Macak, Y3bIHAbBIFbl, MacaKTaFbl ASH CaHbl,
ecimaikTeri AoH caHbl, 1000 ABHHIH CaAMarbl) KOPPEASLMSAbIK, GaiAaHbICTAP aHbIKTaAAbl. OHIMAIAIKTIH
>KaAMbl (DEHOTUNTIK >K8HE HEri3ri ayblALLIAPYaLLbIAbIK, GaFaAbl GEATiAepiHiH ©3reprilwTiriie reHoTHUMTIK
>KeHe KoplLuaraH opTa e3reprilTiriHiH YACiH aHbIKTay YLiH reHOTUN-opTa OGaiAaHbiCTapbl GaFraraHAbI.
AAmaTbl xxeHe KocTaHait 06AbICTapbl >KafaaribiHa OERIMAT XKoHe BHIMAIAIM >KoFapbl YATiAep GOAiHiIn,
aAblHAbL.  (DEHOAOTUSIAbIK, BaKblAayAap >KOHE KYPbIAbIMABIK, TaAAdy HOTMXKEAEpPi, OHIMAIAIK >koHe
canacbiMeH 06aAaHbICTbl aCCoLMaLMSIAAPAbI TOAbIK, FEHOMADIK aiiblHAQYAQ MaiAaAaHbIAAADI.

Ty¥iin ce3aep: TETPaANAONATBI B1AAI, COPT, OHIMAIAIK, (DEHOAOTMSI, SKOAOTUSIABIK, CbIHAK, FEHOTUII-
opTa 6GanAaHbICbl.
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CpaBHUTeAbHasi OUeHKa KOMIMOHEHTOB YPOXXaiHOCTH
MMUPOBO# KOAAEKLLMM TETPANAOUAHONM MLLUEHULLbI

B Halue Bpemsi AAS CEAEKLIMOHHOIO YAYULLEHMS MLIEHMLbI MPUBAEKAETCS BOAbLLOE YMCAO COPTOB
Pa3AMYHOrO MPOMCXOXKAEHUS, B CBSA3M C Yem TPeOYITCS 3KOAOTMUYECKME WCMbITaHWUs AAS OLEHKM
YPO>XKarMHOCTM 06pPasLIOB B HOBbIX arpOKAMMATMUYECKMX YCAOBMSX. B3aMMoOAencTBMS reHoTMn-cpeaa
SBASIOTCSI TAQBHOM MPUYMHOM TOTO, YTO B Pa3Hble rOAbl M/MAM B PA3AMUHbBIX YCAOBMSIX BblpallyBaHus
COpTa MOryT OTAMYATLCS MO PaHry Mo ypoBHIO YPOXXAaMHOCTU. AQHHOE UCCAEAOBAHME HanpaBAEHO Ha
M3yyeHne aAAaNTUBHOCTU MUPOBOM KOAAEKUMM TETPANAOUAHOM MILEHWULbI, B TOM YMCAE COPTOB 1 AMHUI
TBEPAOM MUEHNLbI, K YCAOBMSAM KaszaxcraHa. 328 o6pasuoB TeTpanAOMAHOM MUIEHULbI Pa3AMYHOrO
FeHeTMYECKOro M reorpauueckoro npoMCXOXKAEHUs OblAM BbipalleHbl B 2 PaHAOMM3MPOBaHHbIX
MOBTOPHOCTSIX B ABYX KOHTPACTHbIX perroHax KasaxcrtaHa — B KocrtaHamckon obaacTv Ha cesepe 1
AAMaTMHCKOM O6A. Ha I0ro-BOCTOKe CTpaHbl. [poBeaeHbl (heHOAOrMUecKme HabAIOAEHMS M aHaAM3
CTPYKTYpPbl YPO>Kast KOAAEKLIMM MLLEHMLbI B COOTBETCTBUM C METOAMKOM AOCrexoBa 1 LIKaAoM 3aA0Kca.
YCTaHOBAEHbI KOPPEASLIMOHHBIE CBA3M MEXKAY aHAAM3MPOBAHHbIMM MPU3HAKaMK (KOAUMYECTBO AHEN AO
KYLLLEHUS, KOAMYECTBO AHEN AO SIAOHIALMU CTEOAS, KOAMYECTBO AHEN AO KOAOLLEHMS, KOAUYECTBO AHEN
AO LBETEeHUS, KOAUYECTBO AHEN AO CO3PeBaHM$, BbICOTA PaCTeHMs, AAMHA BEPXHEro MeXXAOY3AUS,
KOAMYECTBO MPOAYKTUBHbIX KOAOCbEB Ha PAaCTEHMM, AAMHA KOAOCA, KOAMUYECTBO 3epeH Ha KOAOC, Macca
3epeH Ha KOAOC, KOAMYECTBO 3epeH Ha pacTeHun, macca 1000 3epeH) C MCMOAb30BaHMEM MPOrPaMMbl
GraphPad. OueHeHbl B3aMMOAENCTBUSI TEOTUM-CPEAA AASl OLEHKM AOAM BKAQAQ F€HOTMMUYECKOM
M CPeAOBOIM M3MEHUMBOCTM B oblee (DEHOTUMMYECKOE BapbMPOBAHME YPOXKAMHOCTM M OCHOBHbIX
XO3SIMCTBEHHO-L|EHHbIX MPU3HAKOB. BblAaeAeHbl 06pasLibl, HaMboAee MPOAYKTUBHbIE U AAANTUPOBaHHbIE
K ycAoBMSM AAMaTMHCKOM M KocTaHarickor obGAacTei. AaHHble (heHOAOrMYeCcKmX HaOAIOAEHUI 1
CTPYKTYPHOrO aHaAM3a GYAYT MCMOAb30BaHbl B MOAHOFEHOMHOM MOMCKE acCoLMaLMI, CBSA3AHHbIX C
NMPOAYKTUBHOCTbBIO M KAYECTBOM.

KAtoueBble cAoBa: TeTpanAOMAHAg MLIEHULA, COPT, YPOXAMHOCTb, (PEHOAOrMs, 3KOAOrMyeckue
MCMbITAHMS, B3aMMOAENCTBUS TeHOTUN-CPeAa.

Introduction pollard wheat (7. turgidum), Persian wheat (7. per-
sicum, T. carthlicum), Khorasan wheat (7. turani-
Wheat (Triticum) is a plant genus within the  cum), Ethiopian (7. aethiopicum), Polish wheat (7.

grass family (Poaceae). Tetraploid wheats (2n =4x  polonicum), wild species — wild emmer (7. dicoc-
= 28 chromosomes) consist of: “naked” cultivated  coides), Araratian wild emmer or Armenian wild
grain species — durum wheat (7. durum), English or  emmer (7. araraticum), cultivated hulled wheat spe-
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cies — timopheevi or Zanduri (7. timopheevi), Col-
chis emmer (7. karamyschevii, T. palaeo-colchicum,
T. georgicum), emmer (1. dicoccum), Ispahan em-
mer wheat (7. ispahanicum) [1]. T. durum (durum
wheat) is the only tetraploid species with significant
agricultural importance; it is the second most culti-
vated species of wheat after common wheat.

Wheat breeding programs aim to improve yield
and grain quality, adaptability and resistance to
adverse environmental factors. An ideal cultivar
with high yield and any other desirable traits should
possess high genetic potential and low degree of
variability in the various growing conditions [2].
Knowledge of both genetic and environmental
factors is essential for understanding yield-limiting
factors and developing breeding strategies for
significant yield improvement [3]. Crop breeders
work to develop cultivars that have high yield in
various agro-climatic conditions, and the most
adapted cultivars created in the areas of their
cultivation. At the same time, landraces, as well
as the best representatives of the foreign breeding,
wild relatives and cultivated species utilizes in the
breeding programs.

Yield is a complex polygenic trait and for cere-
als consists of three main components: number of
productive spikes per plant, number of grains per
spike and the weight of 1000 grains [4]. The for-
mation of a quantitative trait is influenced by both
multiple loci, and environmental conditions, and the
interaction of this genotype with the environment
[5]. The limiting factor of the environment usually
determines the spectrum of genes determining the
average value and genetic dispersion of a quantita-
tive trait.

Leading centers for the study of genetics and
breeding of durum wheat are concentrated mainly
in the countries of the European Union and North
America, as well the international organizations like
CIMMYT, ICARDA, IRTA, and others. Scientists
are working to investigate the relationship between
yield and yield components; to identify genotypes
demonstrating high yield in various agro-climatic
conditions. Thus, in Russia [6], a comparative es-
timation of winter wheat cultivars of Australian
breeding was made in terms of phenological obser-
vations, winter hardiness, and yield in the condi-
tions of the Central zone of the Krasnodar region.
Podlesnyh N. et al. [7] studied the peculiarities of
the organogenesis stages, yield, and quality of two
winter wheat species under the conditions of the
Voronezh forest-steppe region. The effectiveness of
agro-technical cultivation methods of winter wheat
was assessed taking into account the characteristics
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of cultivars and types of fertilizers in the Rostov re-
gion by Zelensky N. et al. [8]. In Mexico, the effect
of the experimental warming effects on phenology
and grain yield components of wheat using CIRNO
C200 durum wheat cultivar was evaluated [9]. A
field study was carried out under rainfed conditions
in North Jordan to assess phenological variation us-
ing a heat-accumulated system and its relation with
yield in sixteen durum wheat genotypes [10]. The
effect of day length, temperature and solar radia-
tion on phenology and yield of durum wheat were
investigated at two contrasting regions of Mexico
and Spain [3]. Nine widely grown wheat cultivars
and an advance line of local breeding were evalu-
ated for days to heading, days to maturity and yield
components at two regions of Pakistan [5]. Yield
and phenology of 40 wheat accessions were inves-
tigated in India [11]. Yield and correlation between
agrometeorological indices at the maturation stage
of 8 durum wheat accessions were estimated in Tu-
nisia [12]. Novaro P. et al. [13] studied the effect
of agro-climatic conditions on kernel shape and
semolina yield in Italy. The yield of 228 durum
wheat cultivars and 96 lines of different geographi-
cal origin was estimated in two regions of Africa
[14]. The effect of changes in duration of durum
wheat developmental phases caused by breeding in
Spain and Italy during the 20th century and its im-
pact on yield was studied in Spain and Italy [15].
The correlation between yield and growth stages
of bread and Iranian durum wheat was established
[16]. Musynov K. et al. [17] presented the results
of yield evaluation of spring bread wheat cultivars
originated from different countries in the agro-cli-
matic conditions of Northern Kazakhstan. Breed-
ing durum wheat material of Siberian and Kazakh-
stan research institutes from KASIB nurseries was
screened for drought tolerance, yield, yield stabil-
ity and plasticity in diverse conditions of Kazakh-
stan and Russia [18].

Durum wheat breeding is more challenging due
to its biological characteristics. Weak drought tol-
erance during grain development reduces grain size
formation. Breeding based on environmental testing
and correlation analysis can lead to the selection of
the best genotypes with the desired productivity.
Thus, there is a need to assess the adaptability and
productivity of tetraploid wheat accessions, includ-
ing cultivars and lines of foreign breeding in the
conditions of Kazakhstan.

Field experiments were conducted to study the
suitability and adaptability of the tetraploid wheat
cultivars/lines representing world breeding to the
conditions of Kazakhstan.
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To achieve this goal, it was necessary to solve
the following tasks:

— to conduct a phenological evaluation of the
tetraploid wheat collection on the experimental
fields of Kazakh Research Institute of Agriculture
and Plant growing (Almaty region) and the Kara-
balyk breeding station (Kostanay region) under
rainfed conditions;

— to study the productivity level of cultivars and
lines in two growing conditions;

—to assess the correlations between the
phenological phases, yield components and
productivity of durum wheat cultivars and lines;

— to select accessions with high yield for the use
in breeding programs.

Understanding the effect of agro-climatic
conditions on yield and productivity, establishing
correlations between yield and its components, as
well as development phases, can help breeders to
accelerate the improvement of the cultivars’ genetic
potential.

Material and research methods

Materials

Three hundred twenty-eight (328) accessions
of tetraploid wheat of various origins -
T. turgidum ssp. durum (241), Triticum turgidum ssp.
carthlicum (12), Triticum turgidum ssp. dicoccoides
(7), Triticum turgidum ssp. dicoccum (14), Triticum
turgidum ssp. polonicum (18), Triticum turgidum
ssp. turanicum (20), Triticum turgidum ssp.

turgidum (9), landraces and others (7) from countries
in Europe, Transcaucasian, Asia, the Middle East,
North and South America, Africa, Australia as well
as international organizations involved in wheat
breeding — ICARDA, INRA-Morocco, IRTA-Spain
(Fig. 1) were used in this study.

The seeds were provided by the Department of
Agricultural and Food Sciences of the University
of Bologna (DISTAL), Research Centre for Cereal
and Industrial Crops (CREA), Karabalyk breeding
station of the Ministry of Agriculture of the Republic
of Kazakhstan.

Evaluation of field data

Field experiments were established at
experimental sites of Kazakh Research Institute of
Agriculture and Plant growing (KRIAPG, Almaty
region) and Karabalyk breeding station (KBS,
Kostanay region) on April 13,2018 and May 15,2018,
respectively. Kostanay region is characterized by a
sharply continental climate with an average annual
temperature of 3.1°C and a precipitation amount of
250-350 mm. The Almaty region has a continental
climate with an average yearly temperature of 7.8°C
and precipitation of 300-516 mm. The meteorological
conditions of 2018 are presented in Table 1. For
durum wheat, the biological air minimum temperature
required for the of vegetative organs formation is
5°C, and 12°C is necessary for the generative organs
forming[19]. The vegetation period of 2018 turned out
to be quite beneficial for the growth and development
of the grain crop both in terms of temperature and the
amount of precipitation.

landraces etc.
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Figure 1 — Distribution of samples of the tetraploid wheat collection by species (a) and geographic origin (b)
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Table 1 — Air temperature and precipitation at the experimental sites in 2018 (April-August)

Almaty region (KRIAPG) Kostanay region (KBS)
Amount of Amount of

month T min, °C T max, °C | T mean, °C p.recipita- T min, °C T max, °C | T mean, °C p.recipita—

tion, mm tion, mm
April 11.3 14.6 12.5 81.6 -0.5 7.7 4.0 324
May 12.6 22.7 16.3 124.9 6.0 16.6 12.1 32.7
June 16.8 28.1 22.3 29.3 11.6 20.7 17.0 46.5
July 19.0 315 25.2 323 17.5 26.8 22.8 78.7
August 19.0 30.3 24.4 43.5 13.9 21.5 18.3 39.6
T min — mean of minimal temperatures, T max — mean of maximum temperatures, T mean — average monthly temperature

Asangali 20 and Nauryz 2 were used as
standard cultivars in Kostanay and Almaty regions,
respectively.  Phenological observations were
carried out in accordance with the Zadoks scale
[20], where the plant growth phase is observed
when the corresponding traits appear in 50% of
the plants — Z10: first leaf through coleoptile; Z14:
4 leaves unfolded; Z21: main shoot and 1 tiller;
Z31: 1st node detectable; Z39: flag leaf/collar just
visible; Z45: boot swollen; Z59: emergence of head
complete; Z65: anthesis 50%. The maturation stage
is observed when the spike in half of the plants
(50%) completely lost its green color.

Yield analysis of wheat and its components
was carried out according to [21]. In the structural
analysis, five plants were selected from each of the
two randomized replicates. The following traits were
recorded: plant height, peduncle length, number
of fertile spikes per plant, spike length, number
of kernels per spike, weight of kernels per spike,
number of kernels per plant, 1000 kernels weight.

Statistical analysis

The correlation analysis was calculated using
GraphPad software (https://www.graphpad.com/).
The genotype-environment interaction (GEE Bi-
Plot) analysis was calculated by using GenStat soft-
ware (VSN International, 2011).

Research results and discussion

Phenological analysis and phenotyping of a
durum wheat collection, consisting of 328 tetraploid
wheataccessions grown in two regions of Kazakhstan
—in the north (KBS, Kostanay region) and southeast
(KRIAPG, Almaty region) of the country were
carried out. The results of the comparative study are
presented in Table 2.
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As it is shown in Table 2, maximum and average
values of the weight of kernels per plant (WKP)
and the 1000 kernels weight (TKW) were higher in
the south-east region. The average values of these
traits exceeded those for standard cultivars for each
region.

The analysis of Pearson correlations showed
positive relationships between the weight of kernels
per plant (WKP) and the number of fertile spikes (r
=0.47, p <0.0001), the number of kernels per spike
(r=0.54, p <0.0001), weight of kernels per spike (r
=0.58, p <0.0001), and TKW (r = 0.25, p <0.0001).
Table 3 represents accessions of tetraploid wheat
with the highest ranking on of productivity traits
— weight of kernels per spike, WKP, and TKW
weight in the conditions of Almaty region. Among
them several durum wheat T. turgidum ssp. durum
(mainly representatives of breeding programs of
Italy, France, and US) cultivars as well as accessions
of turanicum (4), carthlicum (3), dicoccum (2),
turgidum (2), polonicum (1) species were occured.
Some genotypes were distinguished by two or more
traits; they are highlighted in bold (Table 3).

The highest values of yield components among
the cultivars of Kazakhstan breeding in the conditions
of Almaty region showed the following accessions:
Gordeiforme 254, Kargala 69, Kostanayskaya 52,
Kharkovskaya 9, Kargala 9, Kargala 71.

Positive correlations were found between WKP
and the number of fertile spikes, NFS (r = 0.88, p
<0.0001) and TKW (r = 0.54, p <0.0001) for the
tetraploid wheat collection under the Kostanay
region conditions. The most productive genotypes
for this region were identified, among which the
cultivars Barcarol, Bronte, and Parsifal were in
the top twenty ranked for two productivity traits
(Table 4).
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Table 2 — The results of a comparative analysis of phenological and phenotypic data of the tetraploid wheat collection under the
conditions of Kostanay and Almaty regions

) Kostanay region Almaty region
Trait - -
min max mean min max mean
TT 12 16 14,5+0,06 14 18 15,1+0,03
BT 32 37 34,5+0,07 40 55 42,1+0,11
HT 49 55 52,2+0,08 48 71 54,6+0,27
AT 51 57 54,3+0,07 51 91 61,1+0,39
MT 85 89 87,0+0,08 85 103 91,8+0,2
PH 48 115 65,3+0,86 49,7 135,5 78,6+1,21
PL 14 58 26,6+0,48 19,4 54 30,9+0,42
NFS 1 2,3 1,4+0,01 1 6,2 2,3+0,04
SL 4 12 6,5+0,08 4,8 17,5 7,7+0,11
WKP 0,9 5.4 2,9+0,04 0,6 8,1 3,7+0,07
TKW 30,5 49,2 39,0+0,29 19,2 65,8 43,3+0,38
TT — Seedling emergence-Tillering, BT — Seedling emergence-Booting, HT — Seedling emergence-Heading, AT — Seedling
emergence-Anthesis, MT — Seedling emergence-Maturity; PH — Plant height, cm; PL — Peduncle length, cm; NFS — Number of
fertile spikes; SL — Spike length, cm; WKP — Weight of kernels per plant, g; TKW — 1000 kernels weight, g

Table 3 — Accessions of tetraploid wheat with the highest values of yield components in the conditions of the Almaty region

Cultivar/line name Weli)gelrltsgfklzrgels Cultivar/line name l(ggigﬁtr?gls Cultivar/line name Welljg,;lrltp({;lffrgels
TAGANROG 3.6 PI1362067 65.8 PI191145 8.1
PI157985 3.0 PI1191599 64.8 ZENIT 4.8
PRODURA 2.3 KAMUT 63.0 PI1341800 3.1
QUADRATO 2.2 208911 58.9 PI157985 3.0
SAN CARLO 22 DUETTO 57.7 P194755 2.7
TIZIANA 2.0 P1192641 57.6 P1343446 2.6
SANSONE 2.0 Adamello 57.6 NARTINO 2.5
CHIARA 2.0 MG4330/66 56.8 ARIOSTO 2.3
OFANTO 2.0 PI1352514 56.4 MG5344/1 2.3
AVISPA 2.0 P1223171 56.2 PRODURA 2.3
OROBEL 1.9 SANSONE 55.1 PRIMADUR 2.2
TITO 1.9 CICLOPE 54.0 208911 2.2
P1286547 1.9 P1623656 53.8 MG5416/1 2.2
TRINAKRIA 1.9 PI113393 53.7 QUADRATO 2.2
ARIOSTO 1.8 PI306665 53.7 MG4330/66 22
DUETTO 1.8 PI1387479 53.5 SAN CARLO 2.2
MG4330/66 1.8 Alemanno 534 AVISPA 22
ARCOBALENO 1.8 ARCANGELO 534 NORMANNO 2.1
208911 1.8 MG5344/1 52.7 PI115816 2.1
GRANIZO 1.8 MG4328/61 52.7 LATINO 2.1
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Table 4 — Accessions of tetraploid wheat with the highest values

of yield components in the Kostanay region

Cultivar/line name | TKW, g | Cultivar/line name | WKP, g

Colosseo 49.2 |Lloyd 54

Exeldur 48.0 |MG5300/1 4.8

Ariosto, San 47.8 |MG5416/1 4.6

Carlo, PI191145,_

P1192641,

PR22D&9

Imhotep 47.6 | Auroch 4.5

Cosmodur, 47.3 | AC Navigator 4.4

Barcarol

Virgilio, 5-BIL42 47.2 | Barcarol, Claudio, 43
Gallareta, Mindum

Gianni_, Tiziana, 47.1 | Ariesol, Durex, 4.1

Granizo Taganrog,_

MGS5300/1, Creso, 47.0 |MG4328/61,.

P194755 MG5293/1

Bronte 46.6 | PI573182, Karel_ 4.0

Parsifal 46.5 | Altar 84, Bronte, 3.8
Parsifal, Vic

Thus, a positive correlation between WKP
and TKW was detected with a high probability

160

140 +

120 +

100 +

30 -
60 -
40 -
20 -

Number of accessions

WKP, g

(p <0.0001) for both conditions. The distribution of
accessions of the collection by WKP is presented
in Figure 2. It should be noted that the Italian
cultivars Granizo, Taganrog, Tiziana, and lines
PI191145 (turgidum), MG4328/61 (dicoccoides)
were distinguished in terms of productivity both in
the north and the south-east of the country (Tables 3
and 4). In addition, the positive correlations between
the WKP and NFS under both conditions (r = 0.89
and r = 0.47, p <0.0001) were observed.

The results obtained are coincident with
information collected from studying genotype-
environment interactions (Fig. 3). GGE BiPlot
analysis based on yield characteristics in two growth
conditions, divided wheat groups with different
origins by region. According to some research works,
abiplotanalysis provides adequate information about
genotype-environment interactions [22]. In case the
set of tested genotypes has cultivars that have been
well studied for their ecological adaptability, they
can be considered as reference cultivars. Getting
into one cluster with a reference cultivar is likely
to indicate that the genotype belongs to a specific
agroecological group [23]. High PC1 values (high
average yield) and low PC2 values (high stability)
are characteristics of the “ideal” cultivar in these
agroecological conditions [24].

180
160
140 -+

100
80 -

Number of accessions

60 -+
40
20 A

WKP, g

b)

Figure 2 — The distribution of accessions of the tetraploid wheat collection by weight
of kernels per plant in Kostanay (a) and Almaty (b) regions

The results of the analysis using the GGE
Biplot method suggested that PC2 effectively
distinguished the northern and south-eastern
conditions of Kazakhstan. According to the graph

ISSN 1563-034X
eISSN 2617-7358

of analysis of the main components the most
adapted in the conditions of Kostanay region were
the following accessions: Lloyd, Gallareta, MG
4328/61, MG5416/1, MG5300/1, Auroch; in the
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conditions of Almaty region: 208911, PI191145,
1809, Bradano (Fig. 3).

In the formation of the spike, the environmental
conditions play a decisive role which includes the
provision of plants with rich moisture and nutrients,
the lighting regime, and the temperature. The
weight of kernels per spike in the conditions of the
Almaty region ranged between 0.3-6.0 g, with an
average value of 1.99 g (1.9 g for the local standard
Nauryz-2). The number of kernels per spike ranged
between 16.5-65.3, with an average value of 44.2.
Negative correlations were found (p <0.0001)
between this trait with plant height (PH) and spike
length (SL).

Positive correlations (p<0.0001) were also found
for the spike length (SL) trait and phenological
phases — BT (seedling emergence-booting), HT
(seedling emergence-heading), AT (seedling
emergence-flowering), MT (seedling emergence-
maturity), as well as with morphometric indicators
associated with productivity — PH (plant height)
and PL (peduncle length). Its values in phenotyped
samples of the collection varied in the south-east of
the country, on average, from 4.8 to 17.5 cm, with
an average value of 7.7 cm (Fig. 4). The majority of
the accessions of the studied collection had middle-
length spikes (8.0-10.0 cm). The smallest value of
the SL was 3.4 cm in the conditions of the Almaty
region (Arcangelo, Appulo, 1% replication, Fig. 4a),

A
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O twa2 3 4 8 8 7 0 s 10nmEnmn

|

the largest one was 11.5 cm (MG5444/235, Fig.
4b) with an average value for the entire collection
of 6.1 £ 0.11. The SL values in the conditions of
the Kostanay region ranged from 4.0 to 12.0 cm
(average — 6.5 cm).

Scatter plot (Total - 100.00%)

PC2-37.47%

PC1 - 62.53%

Genowype scores
+ Environment scores
Mega-Environments

PC 1 u PC2 — main components, *— genotype indicators,
+ — environment indicators —mega-environments,
Kar — Karabalyk (Kostanay region), KIZ — Kazakh Research
Institute of Agriculture and Plant growing (Almaty region)

Figure 3 — Graph of the GGE method, which shows
the environmental effect based on the yield data
of accessions of the tetraploid wheat collection
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a— Arcangelo; b — MG5444/235

Figure 4 — Durum wheat accessions differing in the spike length

The peduncle length (PL), as well as the
stem length, is subject to significant fluctuations
depending on the agricultural background of the

crop and the weather conditions of the year. V.A.
Savitskaya et al. [25] noted that the proportion of
peduncle length in different groups (short stem,
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middle stem, and long stem) of the total stem length
is almost the same and corresponds to deviations of
the stem parameter. A significant positive correlation
was found between PL and plant height (PH) in both
conditions.

The results obtained will be used in further
genome-wide association studies for productivity,
adaptability, and grain quality.

Conclusion

This study focuses on the evaluation of the
suitability and adaptability of world breeding
tetraploid wheat cultivars and lines to the conditions
of Kazakhstan. Field experiments were established,
phenological observations and structural analysis of
the crop were carried out. The most productive in
the conditions of the Almaty region were cultivars/
lines: PI157985, Produra, Quadrato, San Carlo,
Sansone, Avispa, Ariosto, Duetto, MG4330/66,
208911; in the conditions of Kostanay region:
MG5300/1, Barcarol, Bronte, Parsifal. Italian
varieties Granizo, Taganrog, Tiziana and samples
PI191145 (turgidum), MG4328/61 (dicoccoides)
were distinguished in terms of productivity in both
conditions. 328 cultivars and lines of tetraploid
wheat were analyzed according to the specifics

of the “genotype-environment” response using
the method of multidimensional scaling (a biplot
analysis). The most adapted in the conditions of
Kostanay region were the cultivars/lines: Lloyd,
Gallareta, MG5416/1, MG5300/1, Auroch; in the
conditions of Almaty region: 208911, PI191145,
1809, Bradano. The results of phenological
observations and structural analysis will be used in
a genome-wide association study for traits related to
productivity and quality.

Thus, as a result of environmental testing of
the tetraploid wheat collection of various origins
in Kostanay and Almaty regions, a comparative
assessment and ranking of the analyzed 328
accessions were carried out for phenological phases
and development, morphometric indicators and
productivity. The most productive accessions were
identified for each region separately, and both
conditions. The results of phenological observations
and structural analysis will be used in a genome-wide
association study for traits related to productivity,
adaptability and grain quality of tetraploid wheat.

The work was carried out within the framework
of the grant financing of the MES RK under the
project AP05131328 “QTL mapping of agronomic
traits of durum wheat Triticum durum Desf. based
on genome-wide association study” for 2018-2020.
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THE SOLUBILIZATION OF LIGNITE
BY SELECTIVE STRAINS OF BACTERIA

The world demand for restoring technologies of anthropogenically disturbed soil fertility and increas-
ing crop yields emerges primarily from the active transition to a new paradigm in the field of agro-tech-
nologies. In this regard, many countries of the world are potential markets for new technologies of humus
production and creation of eco-black-earths (chernozems). For the production of humus, it is intended
to use lignite (brown coal) as the raw material, which is rich in humic acids. By familiarizing ourselves
with the coal nature, we selected lignite (oxidized) samples for further experiments. Based on the under-
standing of coal and microorganisms, we selected lignite which are from different areas of Kazakhstan
coal-mines, and different types of bacteria. FTIR was used to analyze the content of humic substances
treated by different bacteria. A bacterial strain RBK 7 was used to decompose a coal sample, as a result,
the humic acid was extracted and applied to the planting process of coriander, and it was found that a
certain concentration of humic acid could improve soil fertility and the germination rate of this plant.

Key words: lignite, bacteria, humic acid, FTIR.
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CeAeKTUBTI OaKTepusl LUTaMAapbl HerisiHAe
KOHbIP KOMIPAiH, COAOOUAM3ALIMSACDI

Kasipri TaHAa arpOTEXHOAOIMSIHbIH ©3€KTi MOCEAEAEPiHIH >KaHa napaamMrmara GeAceHAi eTy
Ke3eHIMEH, SFHM aHTPOMOreHAI 8PEKETTEPAIH 8CEPiHEH ©3repicKe ylublpaFaH Tonblpak, KyYHAPAbIAbIFbIH
apTTbIPY >K8HEe ayblALIAPYaLbIAbIK, AAKbIAAAPbIHbIH OHIMAIAITIH KOFApbIAQTy TEXHOAOTUSCbI SAEMAIK
cypaHbicka ne. Ocbl MaceAere 0aMAaHbICTbl TYMUHA] KOCBIABICTAp OHAIPICIHIH XKaHa TEXHOAOIMSChI
MEH 3KO — KapawwipikTi KypacTblpy aAAbIHAQ KOMTEreH SAEM MEMAEKETTepPi BeAceHAl >koHe Gacekere
KabireTTi. [YMUHAI KOCbIABICTaPAbI OHAIPY MaKCaTbIHAQ, LUMKI3aT KO3i PETIHAE N'YMUH KbILIKbIAAAPbIHA
6ait KOHbIP KOMIP YCbIHbIAbIM OTbIP. 3ePTTey >KYMbIChl 6apbiCbiHAA Ka3akCTaHHbIH 9PTYPAI OHipAepiHeH
(TOTbIKKAH) KOHbIP KOMIP >XKoHe GaKTepus LTaMMAAPbI iPIKTEAIHIM aAbIHAbL. [YMUHAT KOCBIABICTapAbIH,
YHKUMOHAAbAbBI TOMTapbIHbIH KypaMbiH Taapayasa FTIR saici nanaasaHbiaabl. MNepcnektueti RBK 7
GaKTepms WTambl KOMIP YATICIHIH COAIOOMAM3ALMSACbIHA KOAAAHBIAbIM, HOTUXKECIHAE FYMUH KbILLKbIAbI
OOAIHIM aAbIHABI >KOHE KOPMaHAPa OCIMAIAIMHIH npoueciHe nanaaAaHbiAAbl. HaTmkeciHAe rymuH
KbILKbIAAAPbIHbIH, OEATIAI KOHLEHTPALUMSCbl TOMbIPAK, KYHAPAbIAbIFbIH apPTThIPbIN XXOHE KOpuaHApa
OCIMAITIHIH 6CY >KbIAAAMAbBIFbIH >KOFAPbIAATKAHbl aHbIKTAAAbI.

Ty#in ce3aep: AUrHUT, GakTepust, 'yMuH KbiikblAbl, FTIR.
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CoAoOmnAM3aLms 6yporo yras
CEeAEKTUBHbIMM LUTAMMaMM bakTepmit

[AOGaAbHbII CMPOC HAa TEXHOAOT MM BOCCTAHOBAEHMS TAOAOPOAMSI aHTPOMNOr€HHO-U3MEHEHHbIX MOYB
1 MOBBILEHNS YPOXKAMHOCTU CEAbCKOXO3SMCTBEHHbIX KYALTYP BO3HMKAET MPEXAE BCEro B pe3yAbraTte
aKTMBHOIO MepexoAa K HOBOM MapaaMrme B 06AaCTM arpoTEXHOAOTMIA. B CBSA3M C 3TUM MHOrMe CTpaHbl
MMpa SIBASIIOTCS MOTEHLMAABHBIMM M KOHKYPEHTOCTOCOOHBIMI MPOM3BOANTEASIMM T'YMUHOBbIX BELLECTB
M 3KO-YepHO3eMOB. Bypblii yroAb MCMOAb3YeTCS B KQYeCTBe Cbipbs AAS MPOM3BOACTBA M'YMMHOBbIX
Bewects. Hammn 6biAM 0TOGpaHbl WiTammbl GakTepuii M obpasibl (OKMCAEHHOro) Oyporo yras w3
pa3Hbix KazaxcTaHCKMX MECTOPOXKAEHMIA. AAS aHaAM3a coCTaBa (PYHKUMOHAAbHBIX FPYMI MYMMHOBbIX
BewlecTs ObIA MCrnoAb3oBaH metoa FTIR. [MepcnektmBHbiid wtamm Gaktepun RBK 7 mcnoab3osancst
AASI COAIOOMAM3BALMM NPOObI YIASl, B pe3yAbTate OblAa BbIAEAEHA T'YMMHOBAsi KMCAOTA M MPUMEHEHA
K MPOLECcCy Mocaaku KopuaHapa. bbIAO yCTaHOBAEHO, UTO ornpeAeAeHHast KOHLEHTPAUMS r'YMUMHOBOW
KMCAOTbI CMOCOGHA YAYYLLINTD MAOAOPOAME MOYBbI M CKOPOCTb MPOPACTaHUSI PACTEHUSI.

KAroueBble cAoBa: AMTHUT, GakTepus, rymmHoBas kmncaoTta, FTIR.

Abbreviations

FTIR — Fourier-transform infrared spectroscopy;
HAs — Humic acids; HSs — Humic substances.

1. Introduction

Soil provides human beings with food,
vegetables, and fruits and is necessary for
the development of agriculture. Under proper
management, soil can be used as a renewable
resource, while under improper management, soil
fertility will gradually weaken or even degenerate
into deserts. The world demand for restoring
technologies of soil fertility and increasing crop
yields emerges primarily from the active transition
to a new paradigm in the field of agro-technologies,
which is unfolding before us. Land degradation is
a process in which the value of the biophysical
environment is affected by a combination of human-
induced processes acting upon the land [1]. It is
viewed as any change or disturbance to the land
perceived to be deleterious or undesirable [2].
In addition to the usual types of land degradation
that have been known for centuries (water, wind
and mechanical erosion, physical, chemical and
biological degradation), four other types have
emerged in the last 50 years [3]. 1. Chemical
pollution, often, due to agricultural, industrial,
mining or commercial activities; 2. Loss of arable
land due to urban construction, road building, land
conversion, agricultural expansion, etc.; 3. Artificial
radioactivity, sometimes accidental; 4. Land-use
constraints associated with armed conflicts. The
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main factor in demand for soil fertility restoration
technologies is the catastrophic loss of quality and
volume of soil as a result of its barbaric exploitation
over the past 50 years.

A third of the planet’s land is severely degraded
and fertile soil is being lost at the rate of 24 billion
tonnes a year, according to a new United Nations-
backed study that calls for a shift away from de-
structively intensive agriculture. The alarming de-
cline, which is forecast to continue as demand for
food and productive land increases, will add to the
risks of conflicts such as those seen in Sudan and
Chad unless remedial actions are implemented. As
the ready supply of healthy and productive land
dries up and the population grows, competition is
intensifying for land within countries and globally.
There are 197 Parties in the United Nations Con-
vention to Combat Desertification (UNCCD), and
169 countries have declared that they are affected
by desertification. More than 1.5 billion people di-
rectly depend on land that is slowly being degraded.
By April 2013, every year 75 billion tons of fertile
soil is lost to land degradation. Similarly 12 million
hectares of land are lost every year to desertifica-
tion and drought alone [4]. This is an area that could
produce 20 million tons of grain. Desertification and
land degradation cause USD 42 billion in lost earn-
ings each year. In this regard, many countries of the
world are potential markets for new technologies of
humus production and creation of chernozems.

In order to solve these problems, it is necessary
to determine the initial physicochemical parameters
of experimental soils for understanding their condi-
tion; to study the microbial landscape of soils; to
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isolate cultures of microorganisms — candidates for
inclusion in the mix-consortium; to screen commer-
cial microbial bioproducts. For the production of
humus, it is intended to use lignite as the raw mate-
rial, which is rich in humic acids.

Lignite, often referred to as brown coal [5] is a
soft, brown, combustible, sedimentary rock formed
from naturally compressed peat. It is a low-rank coal
with a lignin-like structure. It is considered the low-
est rank of coal due to its relatively low heat content.
It has a high inherent moisture content, sometimes
as high as 45 percent. It has a carbon content around
60—70 percent [5]. It is mined all around the world,
is used almost exclusively as a fuel for steam-elec-
tric power generation, and is the coal which is most
harmful to health [6]. Lignite serves as a poor fuel
source but as a rich source of humic acid [7].

The Kazakhstan WEC Member Committee
reports that at end-2011 the remaining discovered
amounts of lignite in place were 37.5 billion tons.
Though Kazakhstan production of lignite coal
fluctuated substantially in recent years, it tended
to increase through 1997 — 2016 period ending at
6.338 thousand short tons in 2016. The consists of
lignite, mainly from the Turgay, Nizhne-Iliyskiy
and Maikuben basins.

China is the largest producer and consumer
of coal in the world. As of the end 0f 2014, China had
52 billion tons of lignite quality coal. China’s proven
lignite reserves are 130 billion tons, accounting for
13 percent of the country’s coal reserves.Another
190 billion tons of lignite resources are predicted.
The coal-forming period was dominated by the
late Jurassic, mainly distributed in the lignite belt
in eastern Inner Mongolia, accounting for 3/4 of
the country’s lignite reserves.Southwest China is
the second largest lignite coal base in China, next
only to north China, and its reserves account for
about 1/8 of the country’s lignite, most of which are
distributed in yunnan province.However, the lignite
in southwest China is almost all younger lignite in
tertiary period, while the lignite in north China is
mostly old lignite in Jurassic period.Lignite has the
advantages of clean, low volatility and low sulfur,
but at the same time, it has the disadvantages of
high humidity, low ignition point and large carbon
dioxide emissions, which is one of the important
factors leading to global greenhouse effect. However,
in the current situation of increasing global energy
tension, the economic value of lignite and its related
processing and production technology have been
re-emphasized by the world energy community.The
quantity of lignite resources in northeast China, south
central China, northwest China and east China is

small.China ranks third in the world in terms of total
coal reserves behind the United States and Russia
[8] .Production of lignite coal of China increased
from 80.514 thousand short tons in 1997 to 207.206
thousand short tons in 2016 growing at an average
annual rate of 5.31 %.

Lignite is an energy source as well as a humic
acid resource. HAs are the most important organic
components found in soil, where they contribute
substantially to global soil fertility and agricultural
production, as well as playing a key role in protect-
ing soil from degradation and contamination [9].
There are two methods commonly used to extract
humic acid from lignite, one is to treat lignite with
strong alkali, and the other is to treat lignite with
microorganisms. Microorganisms can be used to
biosolubilize lignite by cleaving the chemical link-
ages within the lignite molecules, thereby promot-
ing the extraction of lignite products, such as humic
acid, and ultimately increasing the value of the coal
[10], [11],[12].

Humic acids (HAs) are macromolecules that
comprise humic substances (HSs), which are organ-
ic matter distributed in terrestrial soil, natural water,
and sediments resulting from the decay of vegetable
and natural residues [13]. Due to the widespread
presence of humic acid, it has a great impact on the
earth, involving carbon cycle, mineral migration
and accumulation, soil fertility, ecological balance
and other aspects. So the people who first noticed
and studied it were soil scientists, who started do-
ing it about two hundred years ago. Until now, en-
vironmental scientists pay more and more attention
to it. Humic acid has been widely used in industry,
agriculture, medicine, environmental protection and
other fields. Humic acid, as a potential organic re-
source, has attracted more and more attention in the
world. With the rapid development of human civili-
zation, the shortage of resources becomes more and
more serious. Such trillions of tons of potential or-
ganic resources deserve attention. Of course, as a re-
source utilization perspective, not just any place of
humic acid, have the use of value. Soil contains the
largest amount of humic acid, but its content is less
than 1% on average. Brackish water also contains a
large amount of humic acid, but at a lower concen-
tration, it is impossible to develop as a resource. The
most promising sources of humic acid for exploita-
tion are low-calorific value coal such as peat, lig-
nite and weathered coal. Among them, humic acid
content of 10-80%.In this sense, the production and
application of humic acid can also be said to be a
coal chemical industry [14]. Global lignite depos-
its account for 40% of total coal resources; Lignite
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contains a large amount of humic acid. Therefore,
the extraction of humic acid from lignite has created
favorable conditions for the development of coal in-
dustry and agricultural industry and has broad ap-
plication prospects.

The goal of the research project is to receive
biologically active humic products based on brown
coals and microbial cells with high target metabolic
activity for enrichment of soil. By familiarizing our-
selves with the coal basins in Kazakhstan and China,
we selected lignite samples for further experiments,
including the study of the samples’ physical and
chemical parameters, microbial landscape and its
classification/genetic characteristics.

On the basis of humus, the special microorgan-
ism flora was established, and the bacterial strain
had the target metabolic activity. Based on active
strains and coal samples, humic acid and/or humic
acid components were produced and their biological
parameters were studied by means of Fourier Trans-
form infrared spectroscopy (FTIR spectroscopy).

Through a series of experiments, we applied the
obtained humic acid in the planting process of cori-
ander, and found that a certain concentration of hu-
mic acid can significantly improve the germination
rate of seeds. Humic acid can improve soil fertility
and germination rate of seeds, which is of great sig-
nificance to agricultural production.

2. Materials and methods

2.1 The preparation of coal

We ground lignite collected from Oikaragai
(OLI) region of Kazakhstan into coal powder with a
diameter of less than 2 microns.

2.2 Bacterial preparation

The collective bacteria strains RKB1, RKB7
were used, maintained at 30° in LB medium.

2.3 Humic acid extraction

1. 1 milliliter of bacteria solution was inoculated
into 200 ml of LB culture medium; 2. Shaken at 150
rpm for 24 hrs. at 30°; 3. 5 g. of pulverized coal
added, shaken at 150 rpm, under 30° for 10 days;
4. Centrifuged at 3500 rpm for 5 min., the sediment
removed; 5. 11.6 M of HCL added to the supernatant
to adjust the pH to 2.00; 6. Left for 12 hrs. at room
temperature; 7. Centrifuged at 3500 rpm for 15 min,
the supernatant removed; 8. The distilled water
is used to clean the sediment;9. Dried at 80 ° in a
drying box.

2.4 The obtained humic acid was analyzed by
FTIR

We treated OLI with five kinds of bacteria, and
obtained 5 samples. The coal, which was not treated
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with bacteria referred as blank control. FTIR analyze
used to characterize chemical nature of the samples.

2.5 Application of humic acid in the cultivation
of coriander

1. The seeds were soaked with humic acid
with concentrations of 0.005%, 0.01% and 0.05%,
respectively for 5 hours. 2. Prepare five half-filled
baskets, and mark the five baskets with 1-5. The soil
in basket 1th was untreated. 3. The soil in basket
2 and 3 was mixed with 50 ml of a 0.05% humic
acid solution. 4. And the soil in basket 4 and 5 was
mixed with 50 ml of 0.1% humic acid solution. 5.
Divide the first basket in half, with unsoaked seeds
on the left and soaked seeds in clear water on the
right. The other four baskets were divided into three.
The first part was the seeds soaked with humic acid,
and the humic acid concentration was 0.005%; in
the second part, the seeds were soaked with humic
acid, and the humic acid concentration was 0.01%;
in the third part, the seed soaked with humic acid has
a concentration of 0.05%.

On the forty-seventh day, the height of plant has
grown to about Scm.The humic acid solutions with
concentrations of 0.01% and 0.05% were prepared
in 100ml each. The humic acid solution with the
concentration of 0.01% was sprayed on the plants
in basket marked 2th and 4th with a spray pot. The
humic acid solution with the concentration of 0.05%
was sprayed on the plants marked 3th and 5th with
the spray pot.

3. Results and Discussion

Fourier-transform infrared spectroscopy (FTIR)
is a very effective method to study the surface
structure of materials. FTIR analysis can directly
understand the chemical structure of functional
groups on the surface of coal. FTIR analysis of
raw materials and products can obtain the change
information of functional groups, especially for
HAs containing carboxyl and phenolic hydroxy,
FTIR analysis is particularly important. In this
experiment, infrared spectrum analysis was carried
out on a kind of coal sample and different humic
acid products obtained by treating lignite with
different microorganisms, focusing on the presence
of carboxyl group and phenolic hydroxyl group. The
FTIR spectrum of coal and its derivatives can be
divided into four regions: 900—700 cm™!' (aromatic
substitution), 1800-1000 cm™ (O-containing
groups), 3000-2800 cm™! (aliphatic structure), and
3700-3000 cm ! (hydrogen bond regions) [15], [16].
In order to further study the distribution of various
oxygen-containing functional groups in original
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lignite and humic acid, Fourier-transform infrared
spectrometer was used to detect and analyze them.
FTIR spectrum of HAs extracted from OLI
lignite for control was as following (Figure 1): The
absorbance peak at 3444 cm’!, belonging to the
absorption of hydrogen bond associated fats and
aromatic -OH stretching vibration or -NH stretching

Transmittance, %

4000 300 00 &0

vibration. The absorbance peak at 3192 cm is
attributed to the stretch of hydroxyl groups. The
absorbance peak at 1554 cm™ is attributed to C=0
stretching of the ketone and carbonyl groups. The
absorbance peak at 1399 cm! is attributed to O-H
bending vibration of alcohols or carboxylic acids
and C-O stretching vibration of phenols.

2000 1508 1406 a0

Wave number, cm?t

Figure 1 — FTIR spectrum of HAs extracted from OLI lignite (Control)
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Figure 2 — FTIR spectrum of HAs extracted from OLI lignite treated with bacteria RKB1

FTIR spectrum of HAs extracted from OLI lignite
treated with RKB1 showed (Figure 2): The absorbance
peak at 1536 cm™! is attributed to the absorption of
hydrogen bond associated fats and aromatic -OH
stretching vibration or -NH stretching vibration. The
absorbance peak at 1399 cm’! is attributed to O-H
bending vibration of alcohols or carboxylic acids and

C-O stretching vibration of phenols. The absorbance
peak at 838 cm! is attributed to C-C stretch vibration
of aromatic hydrogen. Compared with raw coal, there
was no hydrogen bond associated fats and aromatic
-OH stretching vibration or -NH stretching vibration
and the stretch of hydroxyl groups in lignite products
treated by RBK1.
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FTIR spectrum of HAs extracted from OLI lignite
treated with bacteria RKB7 reveled (Figure 3): The
absorbance peak at 3168 cm™ is attributed to the
stretch of hydroxyl groups. The absorbance peak at
1650 cm™ is attributed to the skeletal vibration of the
aromatic rings. The results indicate that HAs have an
aromatic structure and contain aliphatic side chains,

Transmittance, %

like C = C absorption and C = O...HO associated
vibration absorption. The absorbance peak at 1543
cm is attributed to C=0 stretching of the ketone
and carbonyl groups.

The absorbance peak at 1402 cm™! is attributed
to O-H bending vibration of alcohols or carboxylic
acids and C-O stretching vibration of phenols.

2000 1500 1000 50

Wave number, cml

Figure 3 — FTIR spectrum of HAs extracted from OLI lignite treated with bacteria RKB7

Compared with raw coal, there was no hydrogen
bond associated fats and aromatic -OH stretching
vibration or -NH stretching vibration in lignite
products treated by RBK7.

According to the FTIR analysis, the mainly com-
pounds are hydroxyl groups, ketone and carbonyl
groups, alcohols or carboxylic acids and phenols.
FTIR analysis showed that the skeleton structure of
humic acid treated with RKB1 was simpler than that
of raw coal.

Because of the skeleton structure of humic acid
treated with RKB7 is similar to that of raw coal, we
used humic acid extracted by RKB7 for the cultiva-
tion of coriander: seeds were soaked with different
concentrations of humic acid, soil was treated with
different concentrations of humic acid, and plants
were sprayed with different concentrations of humic
acid. The results were as follows.

2.The germination rate of coriander, %

According to the germination rate of seeds, we
can see that a certain concentration of humic acid
can improve soil fertility. Observed by trisection
basket 2, 3, 4, 5, by comparing the germination
rates of the seeds soaked in different concentration
of humic acid solution, we can see that under the
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same condition of the soil, the seeds soaked in
different concentration of humic acid solution, the
germination rate was not significantly, therefore,
seeds soaked 5 hours in different concentration of
humic acid solution will not affect its germination
rate (Table 1);

Comparing basket 1th, the germination rate of
the seeds soaked in water for 5 hours was 7% higher
than that of the seeds not soaked in water.

Observed by the baskets 2th and 3th, the soil
treated with a concentration of 0.05% humic acid so-
lution, its seed germination rate appeared a strange
phenomenon. Both showed high germination rate in
the early stage, and the plants gradually died after a
few days, indicating that soil treated with a concen-
tration of 0.05% humic acid solution could improve
the germination rate of seeds, but can’t keep corian-
der alive;

However, the seed germination rates in baskets
4th and 5th were compared with those in basket
Ith,we can see that, the seeds were planted in soil
treated with 0.1% humic acid solution, on the 32nd
day, the seeds have all sprouted and are thriving,
namely seed germination rate is 100%.In the un-
treated soil, the germination rate of the seeds in
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basket 1th was only 50%.Thus, the soil fertility was
doubled by treatment with a 0.1% humic acid solu-
tion. On the 43nd day, soil fertility was about 30%
higher in soils treated with a 0.1% humic acid solu-
tion than in untreated soils. In a word, seeds ger-

Table 1 — The germination rate of coriander

minate quickly and well in soil treated with 0.1%
humic acid solution. Soil fertility did improve when

treated with 0.1% humic acid solution.

Humic acid spraying on day 47 did not affect
seed germination (Table 1).

0.05% 0.05% 0.10% 0.10%
DAYS CON- WA- =X X X =X X N =X X X =X X X
TROL | TER 1 81 2| 2|2 |35 |2 |8|35|2|8|3)|¢%
S S S S S = S S S S S S
10 3 3 0 0 0 0 0 0 0 0 0 25 20 10
14 8 5 20 0 10 25 20 25 20 20 25 45 35 30
17 10 5 35 0 15 100 50 65 35 40 60 70 85 70
21 13 10 30 25 25 100 75 100 45 50 75 80 75 70
24 33 18 25 40 50 25 75 100 75 75 90 100 65 90
29 45 45 40 30 50 35 75 100 | 100 85 100 | 100 90 100
32 50 50 35 40 60 10 60 75 100 | 100 | 100 | 100 | 100 | 100
36 63 65 40 35 50 0 40 40 100 | 100 | 100 | 100 | 100 | 100
39 63 68 35 25 50 0 5 5 100 | 100 | 100 | 100 | 100 | 100
43 63 70 35 25 45 5 5 0 100 | 100 | 100 | 100 | 100 | 100
47 63 70 30 25 45 5 5 0 100 | 100 | 100 | 100 | 100 | 100
56 63 70 35 15 40 5 5 0 100 | 100 | 100 | 100 | 100 | 100
61 63 70 20 15 25 5 5 5 100 | 100 | 100 | 100 | 100 | 100
65 63 70 25 15 25 5 5 5 100 | 100 | 100 | 100 | 100 | 100
69 63 70 20 20 25 5 5 10 100 | 100 | 100 | 100 | 100 | 100
76 63 70 20 20 25 5 5 10 100 | 100 | 100 | 100 | 100 | 100
83 63 70 20 20 25 5 5 10 100 | 100 | 100 | 100 | 100 | 100
92 63 70 25 25 25 10 5 10 100 | 100 | 100 | 100 | 100 | 100
97 63 70 25 25 25 10 5 10 100 | 100 | 100 | 100 | 100 | 100
104 63 70 25 25 25 10 5 10 100 | 100 | 100 | 100 | 100 | 100
112 63 70 25 25 25 10 5 10 100 | 100 | 100 | 100 | 100 | 100
Table 2 — The average ground height of each plant, cm
0.05% 0.05% 0.10% 0.10%
DAYS | oy [WATER| £ | £ £ 8 £ £ £ 58| £ 8
S S S S S S S S S S S S
S = = S IS IS IS S = = S IS
47 4.70 4.65 343 | 5.67 | 475 | 2.00 | 400 | 0.00 | 400 | 3.86 | 5.11 | 5.10 | 430 | 5.30
61 5.88 5.63 3.67 | 6.17 | 525 | 3.00 | 5.00 | 400 | 6.00 | 6.00 | 6.75 | 7.00 | 6.50 | 8.00
69 6.85 6.70 4.15 | 6.88 | 6.00 | 3.00 | 6.00 | 5.00 | 6.00 | 6.07 | 7.02 | 6.15 | 6.25 | 7.25
83 8.45 8.30 4.00 | 7.63 | 520 | 4.00 | 6.00 | 5.00 | 7.50 | 8.00 | 8.20 | 8.80 | 9.55 | 8.83
92 9.40 9.40 380 | 7.60 | 5.60 | 3.50 | 9.00 | 433 | 820 | 9.90 | 8.80 | 9.40 | 10.50 | 9.90
97 10.10 1090 | 4.60 | 9.50 | 5.67 | 2.67 | 5.00 | 4.00 | 10.20 | 15.00 | 13.70 | 11.60 | 13.67 | 12.57
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Continuation of table 3

0.05% 0.05% 0.10% 0.10%
CON- o o o o o o ° o o o e o
DAYS | tpor |WATER| & | & | & | & | &8 | 2 | |5 |2 |2 |28
gl | 8| &8|=s |8 |8 |=s]|8&8]|]8]|3]S8
(] (e} (e} (e} (e} (e} (e} (e} (e} (e} (e} (e}
104 11.20 11.25 5.70 | 10.23 | 6.15 | 4.12 | 8.00 | 6.20 | 12.13 | 17.45 | 14.28 | 14.75 | 16.28 | 15.12
112 12.35 12.45 7.00 | 11.33 | 7.63 | 5.75 | 12.00 | 7.50 | 16.18 | 20.60 | 16.58 | 16.27 | 19.00 | 17.59

By observing the average height of coriander,
we can find that the optimum concentration of seeds
soaked was 0.01%, the soil fertility was significantly
improved when treated with 0.1% of humic acid
solution.

According to the average ground height of
each plant, we can see, in the untreated soil, seeds
soaked in water Sh are slightly higher than those
not soaked.

Observation every one of the rest of the four
baskets, we can find that the concentration of
seed soaked in 0.01% of humic acid solution, the
height is highest, the second is the concentration
of seed soaked in 0.05% of humic acid solution,
the shortest is in the concentration of 0.005%
humic acid solution soaked seeds. As a result,
the optimum of seed soaking concentration was
0.01%.

By comparing basket 2th and 3th, and 4th and
Sth, we can find that the spraying of humic acid at

Table 3 — Final measurements of each plant, cm

different concentrations had no significant effect on
the growth of coriander.

Contrast basket 2th and 4th, and contrast basket
3th and 5th, we can find that in the other same
conditions, the coriander in the baskets 4th and
Sth significantly about 1 time higher than those
in basket 3th and 4th.Thus the soil treated by the
concentration of 0.1% humic acid solution fertility
than treated by the concentration of 0.05% humic
acid solution about 1 time higher.

By comparing basket 1th with basket 2th and
3th, we can find that the coriander in basket 2th and
3th are shorter than the soil that untreated, so the soil
treated with a concentration of 0.05% humic acid
solution will inhibit the growth of coriander.

By comparing basket 1th with basket 4th and
5th, we can find that the coriander in basket 4th and
Sth is higher than that in the untreated soil, so the
soil treated with 0.1% humic acid solution has a
significantly improved fertility.

0.05% 0.05% 0.10% 0.10%

CONTROL |[WATER| & | & | & | & | & | & | & | &g & g | g

() — ["a) S — 2] S — ["a) S — 2]

gl | 8|8 |3 |&8| 8|3 |8 &3] 8

(e} (=) [w] (=) [w] (=) [w] (=) [w] (=) [w] (=)

R 5.75 780 | 7.67 | 8.00 | 450 | 450 | 9.00 | 5.00 | 628 | 577 | 5.09 | 583 | 484 | 5.88
H 1235 1245 | 7.00 | 1133 ] 7.63 | 575 [ 12.00 [ 7.50 | 16.18 [ 20.60 [ 16.58 [ 1627 [ 19.00 [ 17.59
w 18.10 2025 | 14.67 | 1933 | 12.13 | 10.25 | 21.00 | 12.50 | 22.46 | 26.37 | 21.67 | 22.10 | 23.84 | 23.47
N 8.00 7.00 | 5.00 | 7.00 | 5.00 | 5.00 | 7.00 | 5.00 | 7.00 | 7.00 | 7.00 | 8.00 | 8.00 | 8.00

R: The average length of the root of each plant,
H: The average ground height of each plant, W: The
average total length of each plant, N: The average
number of side branches per plant (Table 1).

According to the average length of the root of
each plant and the average number of side branches
per plant, we can see the length of the root and the
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number of side branches per plant are not depend on
the concentration of humic acid solution.

Conclusion

According to FTIR analysis, the humic acid pro-
duced from lignite OLI treated by different kinds of
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bacteria mainly contains hydroxyl groups, ketone
and carbonyl groups, alcohols or carboxylic acids
and phenols. The skeleton structure of humic acid
treated with RKB1 was simpler than that of raw
coal. The skeleton structure of humic acid treated
with RKB7 is similar to that of raw coal. Because
of the skeleton structure of humic acid treated with
RKB7 is similar to that of raw coal, we used hu-
mic acid extracted by RKB7 for the cultivation of
coriander. The optimum humic acid concentration
of soaked seeds was 0.05%, under which coriander
grew the fastest and best. The germination rate of
seeds and the growth status of coriander were the
best when the soil was treated with 0.1% humic acid
solution, so the soil fertility could be improved most
effectively when the soil was treated with 0.1% hu-
mic acid solution. That is, certain concentrations of
humic acid solution can indeed improve soil fertility
and promote plant growth.
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KA3ADIK APTIA TEHOTUNTEPIHIH
MbIPbILU NMEH KAAMUUTE T¥PAKTbIAbIFbIH 3EPTTEY

ByriH »keHe 60AaLIaKTa 3KOAOTUSIABIK, MaHbI3AbI MIHAETI ©CIMAIK OHIMIHAETT XUMUSAABIK, SAEMEHT-
TEPiHIH KYpamblH >K8HE OHbIH peTTeAyiH Oakpiray. OcbiFaH 6GaniAaHbLICTbI MOAEAbAI Taxipubeaep
JKaFAarblHAQ BPTYPAI apra reHOTUNTEPiHIH KAAMMIA MEH MbIPbILLKA TO3IMAIAIriHE 3epTTey XXYPri3iAai.
2KyMbIC MaKcaTbl — OpTaHblH KAUMATTbIK, >KaF AalAapbiHA TO3IMAIAITIHE YK8HE BHIMAIAITIHE apbl Kapai
3epTTey YiH MeTaAfa TO3IMAI FeHOTMNTEPIH aHblKTay GOAbIN TabblAaabl. Toxiprbe >KYMbICbIHAQ
GMOMETPUSIABIK, KOpCeTKiluTep >aHe Kyprak, 61MoMaccaHblH, >KMHAAYbl GOMbIHLLA ©CYy MapameTpAepi,
COHbIMEH KaTap KaaMuit (40 Mr/r) skeHe Mbipbilll (400 Mr/r) MOHAQPbIMEH OpPTaHbIH AACTaHY XKaFAalblHAQ
OCIHAIAEpAEri aHbIKTaAaTblH METAAAAP KYPaMbl 3ePTTEAAL. AAbIHFAH MBAIMETTEDP BPTYPAI reHOTUNTEp
KAAMMUI >K8HE MbIPbIL MOHAAPbIHbIH KOAAMCbI3 acepiHe OpTYypAi >kayan OGepeTiHiH KepceTTi.
AVbIpMALLBIABIKTAp >KA3AblK, apraHblH ©ecy KepceTKillTepiMeH KaTap 3epTTeAeTiH MeTaAAApPAbIH
SKUHAKTAAY AeHreniHae ae Gaiikaraabl. Taxipube HoTuKeAepi 3epTTeAeTiH (hopMarapAbIH TaMbIPAbIK,
TO3IMAIAITIH, COHbIMEH KaTap >KepYCTi MyLUeAepiHe MbIpbIl >KaHe KAAMUIAIH TYCyiHe TO3IMAIAIriH
aHblKTayFa MYMKIHAIK 6epAi. AHbIKTaAFaH Te3iMAI FeHOTMMTEP ayblALIAPYALUbIAbIK, BHAIpiCiHe
nepcnekTUBTI (hopMarapAbl ankbiHaay yuliH LUbirbic KasakcraHn anmMarbiHbIH TabUFK >KaF AQMbIHAAFbI
AAAQ  IKCMEPUMEHTTEPIHAE OAapAbIH apbl Kapamfbl OHIMAIAINT MeH TYpPaKTbIAbIFbIH 3epTTeyre
YCbIHbIAQABI.

Ty#iH ce3aep: MbIpbILL, KAAMWIA, apria, KypFak, GMoMaccaHblH XXMHAAYbl, METAAAAPAbIH KMHAKTaAYbl,
TYPaKTbIAbIK.

Alybaeva R.A., Shilmanova U.A.", Inelova Z.A., Atabayeva S.D.

Al-Farabi Kazakh National University,
Kazakhstan, Almaty, e-mail: sh-ulzhan@mail.ru

Study of resistance of spring barley genotypes to zinc and cadmium

The most important task of ecology today and in the future is the control of the content of chemi-
cal elements in plant products, the possibility of its regulation. In this regard, the study of resistance
to cadmium and zinc of different genotypes of barley in the conditions of model experience was con-
ducted. The aim of the work is to identify metal — resistant genotypes for their further study on yield
and resistance to climatic conditions of the environment in the field experiment. The paper studied the
growth parameters of biometric indicators and the accumulation of dry biomass, as well as the content
of the studied metals in seedlings under environmental pollution by cadmium ions (40 mg/l) and zinc
(400 mg/l). The data obtained showed that different genotypes respond differently to adverse effects of
cadmium and zinc ions. Differences are revealed both in growth parameters and in the degree of accu-
mulation of the studied metals in spring barley plants. The results of the experiment revealed the root sta-
bility of the studied forms, as well as resistance to the entry of zinc and cadmium into the aboveground
organs. The identified stable genotypes are recommended for further study of their yield and survival in
the weather conditions of the East Kazakhstan region in field experiments to identify promising forms for
agricultural production.

Key words: zinc, cadmium, barley, dry biomass accumulation, metals accumulation, stability.
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UccaeaoBaHue YCTOﬁHMBOCTM reHoTunoB
SAPOBOro s4MeHs K UMHKY U KaAMUIO

BarkHerias 3apava 3KOAOTUM CErOAHS M Ha NMEPCreKTUBY — KOHTPOAb COAEPIKAHUS XMMMYECKMX
SAEMEHTOB B PaCTUTEAbHOM MPOAYKLMKM, BO3MOXHOCTb €ro peryAMpoBaHus. B cesizn ¢ 3tum 6biao
NMPOBEAEHO UCCAEAOBaHME YCTOMUMBOCTM K KAAMMIO U LIMHKY PA3AMYHbBIX TEHOTUMOB STUMEHS B YCAOBMSIX
MOAEAbHOro onbiTa. LleAb paboTbl — BbISIBUTb METAAAOYCTOMUMBbBIE TEHOTUIbI AASl AQAbHEMLLErO
MX M3YUYEHUS Ha YPOXKAMHOCTb M YCTOMYMBOCTb K KAMMATMYECKMM YCAOBUSM CpeAbl B MOAEBOM
aKcrnepmnmeHTe. B pabote mM3yyaAncb pPOCTOBble MapameTpbl Mo OMOMETPUYECKMM TMOKa3aTeAsM W
HaKOMAEHMIO CYXOM GMOMACChl, a TaK>Ke COAEpP>KaHME M3YyYaeMbiX METAAAOB B MPOPOCTKAX B YCAOBMSIX
3arpsi3HeHnst cpeAbl MoHamm Kaamust (40 Mr/A) u umHka (400 mr/A). TloAydeHHble AaHHbIe MoKasaAm,
4YTO pasAMYHbIE FEHOTUMbI MO-PAa3HOMY OTBEYAIOT Ha HeOAAronpuUATHOE BO3AENCTBME MOHOB KaAMMS
M UMHKA. PazAnums BbIsSIBAEHbI KaK B MOKa3aTeAsSX POCTOBbIX MPOLECCOB, TakK M B CTEMEHU HAaKOMAEHUS
M3yYyaeMblX METAAAOB B PAaCTEHMSX SPOBOrO siuMeHs. Pe3yAbTaTbl OMbiTa MO3BOAMAM BbISIBUTb KOPHEBYIO
YCTOMUYMBOCTb M3yYaeMblX (DOPM, a TaKXKE YCTOMUMBOCTb K MOCTYMAEHUIO UMHKA U KaAMMS B HAA3EMHbIE
opraHbl. BbISBAEHHblE YCTOMUMBbIE TEHOTWMMblI PEKOMEHAOBAHbl AAS AAQAbHEMLIEro M3yuyeHus WuX
YPO>KaMHOCTU M BbI)KMBAEMOCTM B MOFOAHbIX YCAOBUIX BoCTOUHO-Ka3axcTaHCKOro pernoHa B noAeBbIX
3KCMepUMEHTaX AAS BbISIBAEHUS MEPCNEKTUBHBIX AAS CEAbCKOXO3SIMCTBEHHOTO NMPOU3BOACTBA (POPM.

KAroueBble cAoBa: UMHK, KaAMMIA, SYMEHb, HAKOMAEHME CyXoi G1MOMAaCChl, HAKOMAEHME METAAAOB,

YCTOMYMBOCTb.

KsickapTynap

AAC — aToMJIBIK-a0COPOIUSIIBIK, CIEKTPOPOTO-
metpust; IIKAIIF3U — Illereic KazakcTan aysin
IapyalbLIbIK FHUIBIMHU 3€PTTEY HHCTUTYThHI

1. Kipicne

OpraHblH JlacTaHybl, ocipece XUMUSUIIBIK 3aT-
TapMeH JIacTaHybl — Onocepa KOMIIOHEHTTEPiHIH
OY3bUTYBIHBIH €H KYWITI (aKTopiapbiHbIH Oipi.
Kasipri yaxpiTTa Onocepara KenTereH JacTarblI-
Tap kemn Tycyae. OnapaslH inmiHge ayplp MeTaagap
alTapIbIKTald OPbIH ajajbl. XUMUSJIBIK 2JIEMEHTTED
apachblH/a ayblp MeTaaap €H yJbl OOJbIN CaHaIa bl
[1].

Tonblpakra ayblp MeTaIAAp/AbIH JKOHE aTMO-
chepanarsl ayblp MeTaJlapAblH MOJIIEpiH XKOFa-
pBUIATy KayIli ©CIMIIKTEpIiH ©3ICpiHiH OeICeHII
OpeKeTTepiHe Tepic 9CepiH THri3ilm KaHa KohMmaii,
ajaM MeEH J>KaHyapllapJIblH JCHCAyJIbIFbIHA KaTep
TOHMIPETIH OCIMIOIKTepAiH OelceHai CiHipiTyi
MEH JKUHAIybIMEH OaiylaHBICThI. MeTanaap b
KayiNTiTiri onapaslH KyMyJISTHBTI ocepi Oap KoHe
y3aK yakbIT OOWBI COJ yIIbI KacHeTTepai OOoHbIHIa
cakran Kauysl 0ojbin TaObuiaabl. OckliFaH Oaiiia-
HBICTBI OYTiHT1 TaHJAa acThIK ©CIMAIKTEpiHE aybIp
MeTaNIapblH KAHIIAIBIKTHl CiHIN KaIybl YIJIKEH
MaceesepAi 0ipi 00JbI TaObLIAIbI.

Kazipri keszne KyHapiiaHABIPBUIFAH TOIBIPAK-
TBHIH JIACTAHYBI CaJBICTBIPMAIIBI TYP/AE KaparmaibiM
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KyOBUTBIC OONFaH Ke3le, JIacCTaHFaH ayMakKTap
YLIiH ayblp MeTalJgapAbl >KUHAN ajiMay Kabijeri
Oap copTTapiabl aHBIKTAay JKOHE Kacay ic Ky3iHze
JKAIFachlll KeJie JKaTKaH dKOJOTHSUIBIK IpobIie-
MajapblH HaKThl IIenriMiHe adHamansl [2, 3].
AybUl IapyabUIbIFbl JaKbUIIAPBIHBIH TEXHOTCH I
OPHBIKTBI COPTTAPBIH Kacay >KOHE OHJIpicTe maii-
JlJIaHy, JaKbUIIBIK JKOHE jKa0albl ©CIMIIKTEepAiH
TeHJIIK KOPBIH 3epPTTEY/IiH KOHE OHIMHIH TayapiIbIK
OeJIIriH/IeT] JaCTarbIIITAPIbIH CH a3 MOJIIICPIH KH-
HaWTBIH JOHOPIAPABI O6NyiH OacTarnKel MiHICTIH
Kosiapl [4]. Cenexmusuiblk MaTepuainbl Oaranay
JKOHE DKOTOKCHKAHTTApABIH €H a3 MeJIIepiH
KMHaKTayFa MYMKIiHIIK OepeTiH Oenrijepai mnaii-
JaJlaHy TPUHIHNTEP] OOMBIHIIA 3epTTey OAaFBITHI
CENEKIMSUTBIK  JKYMBIC Mep3iMIEpiH KbhICKapTyFa
MYMKiHIiK Oepeni. TexHoreHnmi acrtaHy Kar-
MaibIHAa MOACHH OCIMIIKTEpIiH TEHIIK KOpBIH
3epTTey MiHjeTiHe OainanbicThl [birbic KazakcTan
OHIpIHJE ©cipy YLIIH MepcreKTHBaibl (hopmanap-
Ibl, COHJAM-aK JlacTaylIbUIAPIbIH €H a3 CaHbIH
JKUHAUTBIH CEJICKIUSUIBIK JIOHOPJIAP/bl aHBIKTAY
MaKCaTbIH/Ja JKa3[bIK apla COPTTAPBIHBIH METajFa
TO3IMAIIITIH 3epTTey OONABI. AJBIHFaH HOTHXKEIEP
achbUT TYKBIMJIbl JKOHE TCHETHKAJBIK 3epTTeyeplie
naiananbuTybl MYMKIH ayblp MeTajjapra Te3imii
JIOHOPJIAp/IBl YCBIHYFa MYMKIHAIK Oepeti.

Apria — )xaHyapJiapra apHaJiFaH KOHI[CHTPAIUs-
JaHFaH eHIM Ooublll TaObuIaAbl, cebedi Kypambl
KpaxMalFa JkoHe Oenokka Oaif [5]. ApmanblH IoHI
aMUHKBIIITKBUIIAPBIMEH KOoca OOk, 0acka 3aTheH
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aIMacThIpyFa OOJMMAMTHIH JM3UH MEH TPHUNTO(aH,
0acka JakpuIIapFa KaparaHaa j)KaKChl CaKTasFaH [0,
7, 8]. Apna Kazakcran OolibIHIIA ©CIPiTyi XKaFbIHAH
Ounaiiian KeliH eKiHIII OPbIHJIA TY].

Iereic Kazakcran eHipi apra JToHIH ecipyre
KOJIaMJIbI XKOHE CypaHbICKa He. AJalijia TaMbIpJapel
aybIp MEeTaJIMEH 3aKbIMJIATYbl, OHIMHIH KOJIaHBICKA
eHiyiHe o3 ocepiH Turiznui. byqaH mbIFyIbIH THIMIT
KOJNJAPhl  TOJEPAHTTHl  (MIBLAAMIBUIBIK)  TYPIi
OyJ1 MaKpUINApIbIH TEHAEPiH TeHETHUKAJBIK >KOHE
(U3NONOTUSIBIK  TYPFBIIAH  CBIPTKBI  OCEpACH
cakram Kany. [eHormnrepai HACHTHUGUKANMSIIAY
OCIMAIKTEPIiH MYH/Iaif aybIp METaJIFa Kapchl ©CETiH
eHIMJIep oiian Taly, FEUIBIMH 3€PTTEIMETeH KaHa
OarbIT OoMbIN TaOBIIaNbl. Ka3zakcranma Oy OarbITTa
3epTTey KYMBICTAPHI KYpri3iiMereH. Apra JIoHIHIH
aybIp MeTaJjapra mIbIJaM/Ibl, JJaCTaHFaH OHipJepe
ece aJaThlH TYPIH oiylan Ta0y KYMOH TYIbIp-
Maibl. DKOJOTUSUIBIK TYPAaKThl COPTTapibIH Ce-
JIEKIUAA KOHE aybUIIapyallbUIbIK OHIIPICiHIE
KOJIJAHBUTYbI, SFHU OHOJIOTHSUIBIK —KaJaMaap/Ibl
€HTI3y KOpIlIaraH OpTaFa TOKCHUHJEPAiH TapalyblH
aiiTapiblKTail a3aliTyFa BIKMAIBIH THUTI3E/].

2. 3epTTey MaTepHaJgapbl MeH JicTepi

3eprrey Mmatepuangapbl IeiFeic  Kazakctan
aybUI APy alTbLIBIFbI FBUIBIMU-3EPTTCY HHCTUTYThI-
HBIH KOJUIEKIMSICBIHAH JKa3[bIK apIiaHblH QpTYpIi
reHoTunTepi Oonabl. DKCIEPUMEHTTE Ka3AbIK
apraHblH Kellecl TeHOTHNTepi 3epTrenai: AnTaii-
ckuit, JI-201, JI-203, Bopcunckuii, 2974 H.

2.1 Ocimoixmepoi ocipy

OcimMiK ecipy OpPTaHBIH MOJEJBIIK JIACTaHYBI
Karjaipiaa, Kypameinaa 0,1 MM CaSO, xone 40
Mr/1 KoHmeHTparusgarsl Cd HoHBI (CdSO4 TY3bI
Typinzne) Hemece 400 Mr/m KOHLEHTpaUMsIAFbI
Zn (ZnSO, Ty3bl TypiHzae) 6ap KOPEKTIK Kocmana
OCIpUIreH apraHblH OPTYPJ TeHOTUNTepiHiH 14
TOYJNIKTIK OCKIHJEpiHAe Kyprizingi. Ocimuikrep
t-22°C xynmis sxone 18°C tynzme, 14 cararTsik (hoTo-
nepuosl 6ap cy AakpuaapbiHna 14 kyH ecipinai,
JKAPBIKTAHIBIPY KAPKBIHIBLUIBIFBI — 5 MBIH JIFOKC,
BUIFAJIABUILIFEL — 65%.

2.2 Ayvip memandapovly KYPamvlt AHbIKMAY

TambIpap MeH ©CKiHIEP/IiH KYpFaK caJMarblH
aHBIKTAy JKaJMbl KaObUIIaHFaH ojicTep OOMBIHINIA
KYPri3inmi. Ayslp MeTanmapAblH (MBIPBIII, Kaj-
MUH) KOHICHTPAIMSICHl aTOMJIBIK-a0COPOIHSITBIK
CHEKTPO(GOTOMETPAC aHBIKTAIABL. ATOM/IBIK-a0-
copoumsnbik  criekrpodoromerpus (AAC) omici
«CYBIKY JKaJbIH/A (alleTUIICH-aya, TPONaH-aya KoHe
T. 0.) KOJNHAHBUIATBHIH 3aTTapABIH ePITIHAUIepIH
TO3aHJaraHJa maiaa OOJNIaThIH XUMUSUIBIK 3Jie-
MEHTTEp  aTOMJAPBIHBIH  KACHETIHE  JKOHE

TOJIKBIHHBIH OenTiyi Oip Y3bIHIBIFBIHBIH JKaPbIFbIH
abcopOmusTayFra HEeT131eTCH.

TemeH KbICBIMZIBI Ta3 CaHATTHI IIAMJIAP/BIH
COyJIeJICHy KapKBIHABUIBIFB JKAHFBIII Ta3 >Kallbl-
HBI apKBUIBI JKapBIKTaH OTKCHHEH KEHiH JKOHE OHBI
3epPTTENICTIH 3JEMEHTTIH aToMmaapbiMeH abcopO-
nusiay (pOTOREKTPIiK Typae Tipkenemi. JKa3mbik
apraHblH TaMbIpJapbl MEH OCKiHAEPiHIH ChlHaMa-
napsl Mydenp nenrinae Kynjaeared. Kynaenren ma-
TepHa a30TThI JKOHE XJIOPCYTEKTI KBIMIKBUIIAPMEH
OHJICIJII KOHE Cy KOCBULABL. ATOMJBIK-a0copO-
UASITBIK CTICKTPO(DOTOMETPIET] TOXKIPUOSTIK KOHE
Oakpulay YATUIEpiHIH aTOMABIK CIHIPiTyl eJeHmi
[9, 10].

3. 3epTTey HOTH:KeJIEPi sKIHE 0JIapAbI TAJNAay

Bi3niH angblHFBI 3epTTEyNepiMi3 KaaMU MeH
MEBIPBITITHIH apiia ©CKiHACPIHIH 6Cy ITapaMeTpliepine
ocep eTyiH 3epTXaHaJbIK JKar[aiija KaaMuil MeH
MBIPBIIIT  MOHAAPBIHBIH ~ OCIMIIKTEP/IH  OCYiH
TeXEUTIHIITIH KopceTTi. Bi3fiH KYMBICBIMBI3IBIH
Keliecl Ke3eHI VITrUliK ToxipuOe karaaiibiHaa
YKa3IBIK apTia o CiHIIIEPIHIH KypFak OMOMacCaChIHBIH
JKUHAKTATyblHA KaJMHUH MEH MBIPBIIITEIH 9CepiH
3eprrey Oosnubl. Horwkenep OodibIHINIA, KaaMHA
WOHJIAPBIHBIH, ~ OMOCHHTETHKANBIK  YyIepicTepii
OacaTbIHIBIFBIH KOpceTTi (1, 2-cyperTtep).

JKa3gplk apmaHblH TEHOTHNTEPIH 3EPTTEreH
kesne, LIKAIIF3U komnekiuscblHaH OCKIHACPAIH
aspajib/ii OpraHIapbIHBIH KYpPFak OHOMAacCacChIHBIH
JKUHAITybl OOMBIHIIA TEHOTHUIITEPI KaJAMHUIIH
JKOFapbl ~ KOHICHTPALMCHl  Ke3iHae OblLiaiiia
opHanacTeIpyFa 0omansl: Anratickuii >J1-201>Bop-
cuHckuii > 2974-H > JI-203 (1-cyper). Kagmuiinin
ocepi Ke3iHIe Ka3bIK apIia oCIiHAUIePIHIH XKep YCTi
OpraHJapbIMEH KYpFaK 3aTThIH €H KOIl JKWHAIYBI
Anravickuii xoHe JI-201 reHorunTepiHie OOJIIbI.
Oprama >XuHaKTany JaeHredi — BopcuHCKuil xoHe
2974-H eckiHIepiHiIH TEHOTUNITEPIH/EC, a1 CH a3bl —
JI-203 renoTuniHze.

Kammuit — eciMaikTepre €H Yibl SKOJIOTHSIIBIK
JIACTAFBIITAPALIH Oipi OosbIn TabbuIambl. O 6ciM-
JliKKe OeJCeHIIi CIHIpiiesi )KoHe OHall KO3FajaThliH
KyMyJIATUBTIK ocepi Oap smement [11]. Tambip
KallaraH opTaja KaaMHUHIIH KOFaphl KOHIICH-
TPaUMSCBHIHBIH OOJYybl OCIMAIKTEPIiH OCYiH >KOHE
IaMybIH Oastynmatazsr [12].

Kammuit HoHIapbIHBIH ©CIMITIK TaMBIPJIaAPBIHBIH
Kyprak OuoMaccachlH/ia )KMHAJIYbIHa OCEPIH 3epT-
tey ke3inge HIKAIF3U komreknuschiHaH Ka3 bk
apraHblH OPTYPJl TeHOTHNTEpl Oochl Oenrici 00ii-
BIHIIIA TEHOTHUIITEP/II KeJeci Typ/ie OpHAIACTBIPYyFa
oomnaner: Bopcunckuii > JI-201 > 2974-H > Anraii-
ckmit > JI-203 (2-cyper).
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Apna eciHginepidiy aspanbgi opraHgapbiHbIH KYpFaK caimasbl
Z 700
& a
= 60,0 %% BOpCWHCKUA
=
=
g 50,0 @ 2974-H
40,0
& N1-201
30,0
20,0 B AnTaickuit
10,0
# N1-203
0,0
apna reHotunTepi
1-cypeTt — Ocipy oprachiHaa KaaMuili HOHAAPBIHBIH (40 MI/Kr)
KYpFaK 3aTTbIH Kep YCTI OpraHAapbIHBIH O TYPJl TeHOTUNTEPiHIH KUHATYbIHA dcepi
Apna eciHgici TaMmbipAapblHbIH KypPFaK canmarbl
=® .
z # BOpCHMHCKMA
=}
=
= W 2974-H
=]
=
8
#/1-201
R AnTalcKuiA
#J1-203

apna reHoTunTepi

2-cypet — Ocipy opracsiHIa KaAMHH HOHAAPBIHBIH (40 MI/KT)
apHaHbIH OPTYPJIi TEHOTHITEPIHIH TaAMBIPIAPBIMEH KYPFaK 3aTThIH JKHHAITYbIHA dcepi

Kanmuiinig ocepiHe eH Te3iMIi kKa3iblK apra
reHotuntepinig Bopcuuckuii xone JI-201 TaMbIphl
Oonael. Bopcuncknii sxone JI-201 renorumrepinae
TaMbIpJIapAblH Kyprak OMOMaccachlHBIH >KHHA-
Jqybl ©cCipy OpTachlHAArbl KaJMHUHIIH >KOFaphbl
KOHIICHTPAIMICHl Ke3iHJe KaJlFaH TeHOTHITEpre
KaparaHja a3 jopexene texenemi. 2974-H xone
AnTaiickuii TeHOTUNTEPiHAe KypFaK OMOMacCaHbIH
KUHAKTAIYbl opTamia JeHreii. TaMbIpIbIH KYprak
OroMaccachIHbIH KHHATYbl OOWMBIHINA KaJMUIIIH
KOJIAlChI3 acepiHe HeFypibIM Typakchi3 JI-203 apma
reHoTuni 0onmsl (2-cyper).

Kyprak Ouomaccanbl jkep YCTi OpraHaapbl-
MEH JKMHAaKTay OOHBIHIIA KaJMHUIre HEFypibIM
Te3iMai Anraiickuii xxone JI-201 reHotunrepi, eH a3
TypakTh-JI-203.

ISSN 1563-034X
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3epTXaHaNbIK JKaFjaina aprna eciHAUIepPiHIH
KypraKk OMOMacCaChIHBIH XKMHAIybIHA MBIPBIIITHIH
ocepiH 3epTTey/ie MBIPBIII HOHIAPBIHBIH OUOCHHTE-
TUKQJIBIK YAepicTepli OasynaTaThIHBIH KOPCETTI
(3-cyper).

Meipeimn  acepine eH Tesdimai 2974-H xone
JI-201 renoruntepi Oonabl. Antaiickuii MmeH Bop-
CHUHCKHI apHachlHbIH COPTTapblHAA OCIpLIreH op-
Taja KaIMUANIIH KOFapbl KOHIICHTPAITHACKH KE31H e
KaJlFaH TCHOTHUIITEPre KaparaH/a, eCKiHICP/iH ad-
pasbAbl OpraHAapbIHbIH KYpFaK OHMOMAacCachIHBIH
KUHAYBl oOpTamia jopexene Oasynmaiael. Kag-
MUHIH KOJIalChi3 acepiHe eH Typakchiz JI-203
JKa3/bIK apIaHblH TeHOTHITI OOJIIBI.

HIKAIIF31 KOMIEKIUSAChIHAH Ka3bIK apIia-
HBIH OpPTYPJIi TEHOTHITEPI TaMBIPIAPBIHBIH KYpFaK
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OroMaccachbIHbIH JKUHAKTATybIHA MBIPBIIITHIH dce-
piH 3epTTey Ke3iHJE MBIPBII KOHIICHTPAIHSICHI
JKOFapbl OONIFaH Ke3e Kyprak Ormomacca CaHbIHBIH
KepceTKili OOWBIHIIA apHaHblH TE€HOTHITEPiH
Oblmaiiira opHamacTeIpyra Ooyafsl:  AJNTaWCKHi

> JI-201 > Bopcunckuit > 2974-H > JI-203 (4-cy-
pet). CoHmai-aKk MBIPBIIITEIH TOMBIPAK KypaMbIHA
eHrizinyi ecimaikreri Fe, Mn >xone Cu KOHIICH-
TpanusIapblH TOMEHCTEII JKOHE OCIMIIIKTIH Kypa-
MBIHIAaFbI MBIPBIIITEIH MOJIIIEPiH apTThIpasr [13].

Apna eciHginepiHiH aspanbai opraHaapblHblH KYpFaK canamarbl

bakbinaypaH%

# BOPCHHCKKMIA

| 2974-H

#1-201

apna reHoTMNTepi

# AnTalcKMiA

#1-203

3-cypet — Ocipy opTachliHIaFbl MBIPbIIT HOHAAPBIHBIH (400 Mr/KT)
apHaHblH SPTYPIIi TeHOTUIITEPiHIH a3pajb/bl OPraHAapbIHBIH KYPFAK 3aTThIH XXHHAIYbIHA dcepi

Apna eciHgici TamblpAapblHbIH KYpFaK canmarbl

bakbinaypnaH %

Ee

e
SR
R
e

i

i

apna reHotunTepi

% BOPCUMHCKMIA

u2974-H

#J1-201

B AnTaiCcKuiA

#1-203

4-cypet — Ocipy opTachIHAAFEI MBIPHIII HOHAAPHIHBIH (400 MI/KT)
apIIaHbIH OPTYPJIi TeHOTUNITEPIHIH TaMBIPIAPBIMEH KYPFaK 3aTThIH KHUHATYbIHA dcepi

Ocinpinepae ayslp MeTalJaplblH KHHAKTA-
Jybl, OHBIH iIIiHAE MBIPBILTHIH Ja >KUHAKTATYbI
e3ekTi  Mocene. Jlerenmen Oyin  MeTangap
eMipiMi3fie KaKeT, ajaiijla MOJIIepJAeH ThIC KOH-
ceHTpauusiaa o 3usiH. COHABIKTaHa MeTallapIbIH
KaHIIAJBIKTBl JIeHreiie 3UsiH eKEHIIrH aHbIKTay
yirie 613 eciHinepre MBIPBIIITHIH dcepiH Oaiikay
MaKkcaTbIHa 3epTTey KYprizy Kaxet [14]. Ocwiran
opaii 0i3 apmaHbIH OCIHAIIEpiHIH aplaHbIH
OpTYpIl COpPTTapbIHA MBIPBIIITHIH OCEpPIH 3€PTTEY
XKyprisreneri ocepin Oaiikansik. HoTmxecinae,

MBIPBIII dCepiHe HEFYPIIBIM TO3IM/II TaMBIp JKYHeci,
KYpFaK OMomMaccaHbIH KHHATY KOPCETKilli OOMbIH-
ma AnTaiicKuil jKa3/IbIK apIiachbHBIH COPTHI OOJIIBI.
AnTaiickuil COpPTHIHIA KYpFaK OMOMAacCaHBIH >KU-
HaJIybl ©CIpy OpPTacCBhIHAAFbl MBIPBIIITHIH KOFAPhI
KOHLIGHTPAMACHl KE3iHAE KajJfaH T'€HOTHUITEpre
KaparaHaa a3 qopekene 0oceHaeli. MbIphIIT HOH-
JapbIMEH 6Cipy OpTachIHBIH JIACTAHYHI KaFAalbIHAa
KYpraKk OHOMacCaHblH >KHHAKTAIYBIHBIH OpTalla
nenreiti JI-201, Bopcunckwuii sxone 2974-H xa3mpik
apria TeHOTHIITEpiHIH TaMbIpiapblHAa OalKanabl.
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JI-203 xa3gplk apma TeHOTHUIl  OCIMIIKTEpiHIH
TaMbIpJapbl MBIPBIIITEIH KOJIAHCHI3 dCcepiHE €H
TYPaKCBHI3 OOJIBII IIBIKTHI.

3epTTey HOTHXKeNepi OOHBIHIIA, 6Cy yAepicTepi
MEH KYpFaK 3aTThlH YXUHAKTalybl Ja, ANTaicKuil
TEHOTUNI TaMBIPBIHBIH MBIPBIIITEIH  JKaFBIMCHI3
ocepine, JI-203 reHoTHIIHIH a3FaHa MeILICPJE,
)kep Oeri opranmapeiHgarel 2974-H xome JI-201
TEHOTUNTEPIHIH ©CyiHE MBIPBIIITHIH JKaFbIMCHI3
acepine aca TypakTbl, JI-203 reHOTHITIHE HEFYPIIbIM
TO3IM/I1 JIeTeH KOPBITHIH/IBI JKacayFra 0oJa bl

3eprTey HoTHXKEJepi OOifbIHINA, ©Cy Yiepic-
Tepi MEH KYpFaK 3aTTbIH JXUHaJIybl OOMBIHINIA
KaJIMHAWIIH JKep YCTi OpraHIapbIHBIH ©cyiHe
JKAFBIMCBI3 9CEPiHE HEFYPIBIM TO3IM/I1 ANTaliCKHi
xoHe JI-201 renoruntepi, JI-203 renorwumi
a3bIpaK, MBIPBIILITHIH TAaMBIPJIAPAbIH ©CyiHe jXa-
FBIMCBI3 dcepre HEFypybIM Te3iMal BopcuHckwmii
reHorwuri, ai JI-203 reHOTHUIl TYpaKChI3nay JereH
KOPBITBIHABI JKacayFa 0oJiazbl.

Ocbutaiiiia, MBIPBIITBHIH ~ dcepiHe  OapbIH-
ma Te3imai 2974-H xone JI-201 reHoTHINITEpiHIH
ockiHmepi, JI-203 TreHoTHMIII a3pIpak, AJTai-
CKMI TEHOTHIIHIH TambIpiapbl Typaktbl, JI-203
TeHOTHUITIHIH TaMbIpiapbl a3bIpak eKeHmiri oenrimi
Oomael. KamMuiimiH KareIMCEI3 ocepine AnTaickuit

xoHe JI-201 renorunTepiHiH eckiHIepi OapbIHIIA
TypakTel, JI-203 reHoTHII a3bIpak, BopcuHCKHi
reHotuni OapbiHma TtypakThl, JI-203 renoTHi
a3bIpaK TYPaKThl OOJIBI.

Mopenpaik ToKipuOe KarmalbIHAa YATUIEPOiH
FCHOTHUNTIK albIpMaIIbUIBIKTApPbIHA OaiJIaHBICTHI
JKEp YCTi OpraHjapbl MEH a3fblK apra TaMbIp-
napeiaga Zn, Cd kMHaKTaIy KoHE Tapaiy 3aHJbl-
JIBIKTAphl 3€PTTEIII.

XKazmplk apma TreHOTHNTEpi  OCIHAUIEPiHIH
OpTYpJTi OeITIKTEpiHIeri KaaMUH MOIIIEepiH 3epT-
tey 40 Mr/i opTajia KaaMuii MeJIIepi Ke3iH1e OHbIH
€H a3 MeJllepi Jkep YCTi opraHjaapbiHna AnTaii-
ckmit xoHe JI-201 xa3apIK apraHbIH TCHOTHIITEPIH
JKUHAKTAUTBIHBIH KOPCETTi (5-cyperT).

XazapIK aprnaHblH TEHOTUNTEPl OCIHILIEPiHIH
TaMBIPJIAPBIHAAFEl  KaAMHA ~ MOJIIEepiH  3epT-
tey 40 Mr/n opramarbl KaJMHI J103aChIHJa OHBIH
€H a3 MeJepi a3AblK apraHblH OCKIHIAepiH
BopcuHCcknid COPTBIHBIH KUHANUTHIHBIH KOPCETTI.
TambIpiapaarsl KaAMUNIIH eH ken MeJiepi JI-203
JKa3JbIK apria TeHOTHUITIHIH OCIMIIKTEepl KUHANIBI.
Kanran reHotunTep oapiablH apachlHIA apajibiK
opbIH anajabl. COHIBIKTAH Ja KaJMHUIJIIH €H a3 kKU-
HaJTyBI JKa3/IbIK aplia TaMbIpJapbiHaa BopcuHckwuii
COpTHI OaliKkanmaabl (6-cyper).

HasabiK apnaHblH a3panbAbl opraHAapbiHAEFbI KagMUIALIH Kypambl
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x
=
= 8 # BopcUHCKMIA
m2974-H
6
# J1-201
4
saikns ¥ AnTaickuit
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# 1-203
O 1 T 1

Kagmuii MoHbl Gap opTa

a3/blK, aprnaHbiH reHoTUNTEpi

6GaKblnay

5-cypet — Kanmuii monnapeivMeH (40 MI/KT) OpTaHbIH JIACTaHYHI KaFIaibIHIa
apIaHbIH TYPJIi TeHOTUITEPIHIH JKep YCTi OpraHIapbIHAAFbl KaIMHUIIH 00Tyl

Hortwmxkecinge, xep YCTi opraHuapblHa KaaMHi
TpaHJIOKaNMsIChIHA OaphIHINA TO3IMIUTIKTI AJTaii-
ckuii xxoHe JI-201 sxa3apIK aprackIHbIH TeHOTHIITEP1
kepcerti (6-cyper). Kysamik apmanblH op Typii
TEHOTHIITEPl OCIMIIKTEPIHIH TaMBIPIApsl MEH JKep
YCTI OpraHapbIHIaFbl KaJMUNIIH KHUHAKTATYbIH
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3epTTey HOoTHXKenepi OoibiHIIA BopcuHckuit cop-
TBIH KaJMHH OCepiHe TaMBIp TO3IMIUIITI KOFaphl
TCHOTHII PeTiHJe Oein kepceTyre 0oabl, an AJl-
taiickuii xone JI-201 reHOTUNITEpiH KaIMUIIiH Kep
YCTi opraHmapblHa TpaHIOKAIMUTAHYbIHA TO31MIIi
TCHOTHUIITEP peTiHje Oouin kepceTyre Ooaibl.
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Hasablk apna TamblpiapbiHAaFbl KagMUIALIH KYpambl

Mr/Kr

% BopcUHCKMIA

W 2974-H

& f1-201

B AnTalcKui

#1-203

KagMWA WMOoHbIDap opTa

apna reHoTunTepi

BakKblnay

6-cypet — Kagmuit nonnapsives (40 Mr/kr) ecipy OpTachIHBIH JIaCTaHybl JKaFIaibIHa
apHaHbIH OPTYPJIi TEHOTHIITEPiHIH TaMBIPIAPBIHAAF KAAMUHIH Meepi

Tamblpiap MeH Jkep YCTi OpraHjapblHIa Kaj-
MUNIIH KUHAKTATYbIH, COHIAN-aK SpPTYpJi TE€HO-
TUNTEPAIH apra eCKiHJEpiHiH ecy MnapaMeTpiiepin
3epTTey aca ce3iMTall KOHE TYPaKThl TeHOTUIITEPIi
aHbIKTayFa MYMKiHAIK Oepai. Kagmuiinin ocepine
HEFYPIIBIM TO3IMJII TeHOTHUNTep ANTAlCKUIl KoHE
JI-201 renoTumnrepi, an eH cezimrain reoruni JI-203
0oxpIm TaObuTaAbl. JKa3apIK aprmaHblH TeHOTHITEpi
OCIHIUICPIHIH OpTYpIIi OOTIKTEepIHACTI MBIPBIIITHIH
KYpaMbIH 3epTTey OHBIH ecy optachiHaa 400 mr/iu
OOJIFaHAaFbL, )Kep YCTI OpraHaapblHa MBIPHIIITHIH
eH a3 xuHanybl 2974-H reHoTHMH eciHmitepiHie
Oalikanansl. JKep ycTi opraHaapbIHIa MBIPBILITHIH

eH kem Memuepi Bopcunckuit xone JI-203 apma
reHoTunrtepinae Oalikananel (7-cyper). Oprainia,
KaJIFaH TCHOTHUIITEPMEH CaJBICTRIpFaHAA OCIMJIIK
cabakrapeiHAarsl MbIpbin Meumiepi JI-201 xone
AnTaiickuii TeHOTUITepiHIe OalKaabl.

Ocipy opraceiaga 400 Mr/m GonFaHIarsl ©CIM-
JUKTEPJIIH TaMbIPJIapbIHA MBIPBIIITHIH KUHATYBIH
3epTTey OHBIH €H a3 MeJjepi ANTaiCKuA XKa3IbIK
aprachlHBIH TEHOTHUNTEPIHIH TaMBIPIApBIHAA KO-
He JI-201 ©Oap exenin kepcerTi. Tamblpmapaarbl
MBIPBIIITHIH eH kem memmepi JI-203 sxone 2974-H
apma TeHOTUNTEPiHIH OCIMIIKTepiHae Oaifkamambl
(8-cyper).

Apna eciHginepiHiH cabakTapblHAaFbl MbIPbILITbIH Kypambl

MI /KT

% BopCHHCKMIA

MbIPbILW MOHbI Gap opTa

apna reHoTUnTepi

W 2974-H
#1-201
B ANTalCcKUA
#N-203
AR .
BakKblnay

7-cypeT — Mbipbitn nonaapbiMer (400 Mr/kr) ecipy OpTachiHbIH JIaCTaHybI KaFJaliblHIa
apHaHblH SPTYPJIi TEHOTHIITEPIHIH Kep YCTi OpraHIapbiHIarbl MBIPBILITHIH MOJIIEp]

3epTTey HOTHXKeNepi OOWBIHINA, MBIPHIIITHIH
14 xyHJIIK apria eCKiHJEPiHIH 6cy MnapaMeTpliepiHe
acepi, COHIali-aK KY3/1iK apIaHblH SPTYPJIi TeHOTHII-

Tepi OCIMIIKTEPiHIH TaMbIpIapbl MEH JKep YCTi op-

raHJapblH/1a MBIPBIIITBIH KUHATYBI 12 MBIPBILITBHIH
ocepiHe TaMbIp TO3IMJILIIT )KOFapbl TEHOTHIT PETiH-
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Aunribaesa P.A. xone T.0.

ne Antaickuii ka3 bIK apHachlHbIH COPTHIH, al Kep
YCTi OpraHapblHa MBIPBIIITHIH TPAHIOKAIHSICHIHA
OappIHIIA Te3IMIUTIrT Oap reHoTun perinae 2974-
H >xa3mplK apriaHblH TEHOTHITIH 06N KepceTyre
Oomampl.

KopbIThIHABI

TambIpiiap MeH ep YCTi OpraHaapbIHa KaAMHH
MEH MBIPHIIITHIH JKUHAKTATYbIH, COHJAl-aK ecy
rmapaMeTpiIepiH xKoHe op TYpJIi TEHOTUIITEPAIH apIa
OCIHIUIEPIHIH KYPFaK MacCaChIHBIH )KUHAKTAYbIH

3epTTey aca ce3iMTal KOHE TYPaKThl TeHOTUIITEP/II
aHBIKTayFa MYMKIiHJIK Oepai. Kagmuiinin acepine
HEFYPJIBIM TO3IMJI F€HOTUNTEP AJTAWCKHN JKOHE
JI-201 renorunrepi, an ey ceziMmran renorui JI —
203. MBIPBIITHIH oCepiHe HEFYPIBIM TO3IMII Te-
Hotun 2974-H >xa3ibIK apriaHblH TCHOTHUITI OOJIBIIT
Tabbuaabl, ai JI-203 xa3aplK apraHblH TeHOTHITIH
ecipy OpTachIHJa MBIPBIIITHIH KOJAHCHI3 acepiHe
aca cesimtan. Exi Meran ocep €TKeH jxarjaiiia
JKa3JIbIK apHaHblH €H TYPaKThl COPThl ANTalCKHi
reHoTHI jkoHe eH ce3imtan — JI-203 reHortwmmi
0O0JIIBI.

Apna eciHginepiHiH, TaMmbipnapbiHAaFbl MbIPbILLTbIH KypPambl

% BOpCHHCKKMA

B 2974-H

% J1-201

B AnTalckuin

HEht

s
it

& J1-203
SRt

MbIPbILL UOHBI Gap opTa

apna reHoTunTepi

Bakpinay

8-cypeT — Mbipsitn nonaapbiveH (400 MI/KT) ecipy OpTachIHBIH JIACTaHYBI JKaFIaibIH A
apIaHbIH OPTYPJIi TEHOTUNITEPIiHIH TaMBIPJIAPbIHAAFE MBIPBIIITBIH MOJIIIEpi

AHBIKTaJIFAH ~ TYPaKThl TCHOTHOTEP  aybll
HIapyallblIbIFBl OHJIIPici YIIIH NepCIeKTUBANbI HbI-
CaH/Iap/bl aHBIKTAy/1a NATaJbIK YKCIIEPUMEHTTEP/IC
[Ierreic KazakcTan eHipiHIH aya paiibl )kaFqaibIHIa
OJIApJIbIH OHIMJUIIN MEH OMIPIICHIITIH OJaH opi
3epTTey YIIiH YChIHBUIFaH.

AJIFBIC €03
XUMHSIIBIK Tanjgay Kyprisreni ymin KocTiok

T.M.-re anrbic Oingipemis. Xymbic «JlacTanran
TOIBIPAKTa OCIPUIreH SKOJOTUSIIBIK Ta3a OHJACTYl

YUIIH JKa3JbIK aplaHblH ayblp MeTajjaapra
TO3IMJIIIITIHIH TeHETHKAJIBIK MOTCHIIMSUIBIH 3ePT-
Tey» WHUIUBTHUBTI >K00a asChIHAA OPBIHIAIBI,
SKCIIEPUMEHTTEPIIH KapXbpulanybl «EH  y3mik
okpiTyibl-2017» KP  FBM  rpanThl ecebineH
OOJIIBL.

Mynnesiep KAKTBIFBICHI
Bapaplk aBTOpnap Maxania Ma3sMyHBIH OKBIJIbI

JKOHE TaHBICTBI KOHE CIIKaHJal Myjie OOWBIHIIA
KAKTBIFBIC JKOK.

Oneduerrep

1 Wood J.M. Biological cycles for toxic elements in the environment // Science biol. — 1974. — Vol. 183. — P.1049-1059.

2 Ishikawaa S., Y. Ishimarub M., Iguraa M., Kuramataa T., Abea T., Senourab Y., Hased T., Araoa N.K. Ion beam irradiation,
gene identification, and marker-assisted breeding // PNAS. — 2012. — Vol. 109, No 47. — P. 9166- 9171.

3 ZhanlJ., Wei S.,NiuR., LiY., Wang S., Zhu J. Identification of rice cultivar with exclusive characteristic to Cd using a field-
polluted soil and its foreground application // Environ. Sci. Pollut. Res. Int. — 2013. — Vol. 20, No 4. — P. 2645-2650.

4  Momuyan M.M. CenekyoHHO-TEHETHYECKHE aCMEeKThl CHIDKCHHUS COICpP)KaHHS DKOTOKCHKAHTOB B PACTEHHEBOIYECKOM
nponykunu // CenbckoxossiicTBeHHas ouonorus. — 1996. — Ne 1. — C. 55-66.

ISSN 1563-034X
eISSN 2617-7358

Eurasian Journal of Ecology. Ne2 (59). 2019 67



YKa3mpIk apna TeHOTUNTEPiHIH MBIPHIII TIEH KaJMHNTE TYPAKTBUIBIFBIH 3€PTTEY

5 Camponosa E.A., CmsroBa M. K Borpocy dopmupoBaHusi OMOJIOTHIECKUX 0COOCHHOCTEH CEMEHHOTO MaTepualia SIMEHs
B ycnoBusix Bocrtounoro Kaszaxcrana // Antail — 3070TOH OMpPIO30BBIA TIOPKCKHN MUP: MaT€pHaN MEXIYHAPOTHON HAaydHO-
npakTraeckoit konpepentuu: Vzn. BKI'Y um. Amamkonosa, — 2013, — Yacrs 2. — C. 175-182

6 Tpodumosckas A.S. Slumens (9Bommorms, knaccupukanus, cenexuus) — JI.: Konoc, 1972. — C. 145-160.

7 bopuconuk 3.b. Slumens apoBoii. I[1yTu noBsIIeHNS ypokas SUMEHs B OCHOBHBIX paifoHax ero Bo3zesnsiBanust — M.: Koioc,
1974. - C. 250-255.

8 Kupporno E.K., Jlepunkuii A.I1., I'apkasslii O.I1. BiusHue npu3Haka rojgo3epHOCTH y SIMMEHS Ha yPOKaiHOCTh M KOPMOBBIE
noctouHcTBa 3epHa // Hayu.-texn. 6ron. BCI'U. — Onecca, 1982. — Ne 8. — C. 28-34.

9 MVK 4.1.991-2000. Meroauka BBIIOJHEHUS U3MEPEHMH MacCOBOM JOIM MEAM M IIMHKA B IUILIEBBIX IPOLYKTaX M
IIPOIOBOJILCTBEHHOM ChIpbe — De. neHTp.: Munsapas Poccuu. — C. 1-42.

10 MVYK 4.1.986-2000. MeTtoauka BBIIOJIHEHHS M3MEPEHUII MacCcOBOH J0JIM CBUHLA U KaJMUs B MHUILEBBIX HNPOJIYKTaX M
MPOJIOBOJILCTBEHHOM ChIphe — Den. nentp.: Munznpas Poccun. — C. 1-36.

11 Menbunuyk FO.I1. Biiusinue noHoB kajiMust Ha KJIETOYHOE JieNieHue U pocT pacrenuil. — Kues: Hayk. nymka, 1990. — C. 140
—148.

12 TutoB A.®., Jlaiiaunen I'.®., Kazuuna H.M. Biusinue BbICOKMX KOHIEHTPAIMHA KaAMHsI Ha POCT U Pa3BUTHE sIUMEHS U OBCa
Ha paHHHUX JTanax oHroreHesa // Tpyzasr Kapenbckoro Haydanoro nentpa Poccuiickoii akagemun Hayk — 2002. — Ne 9. — C. 61-65.

13 ArefF., Zhu Y.G., Lepp N., Naidu R. The effect of zink and boron interaction on the concentration and total uptake of iron
and marganese in corn grain // “Biogeochemistry of trace elements: environmental protection, remediation and human health”. —
Tsinghua University Press. — ITexkun, 2007. — C. 600-615.

14 Kherbani N., Abdi N., Lounici H., 2015 Effect of Cadmium and Zinc on Growing Barley//Journal of Environmental Protec-
tion. —2015. — Vol. 6. — P. 160-172.

References

1 ArefF., Zhu Y.G., Lepp N., Naidu R. (2007) The effect of zink and boron interaction on the concentration and total uptake
of iron and marganese in corn grain [Biogeochemistry of trace elements: environmental protection, remediation and human health].
Tsinghua University Press. Pekin., vol. 4, pp. 600-615.

2 Borisonik Z.B. (1974) Yachmen yarovoy. Puti povyisheniya urozhaya yachmenya v osnovnyih rayonah ego vozdelyivaniya.
[Spring barley. The ways to increase the yield of barley in the main areas of its cultivation]. M: Kolos., vol. 2, pp. 252— 255.

3 Ishikawaa S., Y. Ishimarub M., Iguraa M., Kuramataa T., Abea T., Senourab Y., Hased T., Araoa N.K. (2012) Ion-beam ir-
radiation, gene identification and marker-assisted breeding: PNAS., vol. 109, no 47. pp. 9166- 9171.

4 Kherbani N., Abdi N., Lounici H., (2015) Effect of Cadmium and Zinc on Growing Barley, Journal of Environmental Pro-
tection., vol. 6, pp.160-172.

5 Kirdoglo E.K., Levitskiy A.P., Garkavyiy O.P. (1982) Vliyanie priznaka golozernosti u yachmenya na urozhaynost i kor-
movyie dostoinstv a zerna [The effect of barley nakedness in barley on the yield and feed value of grain]. Nauch.-tehn. byul. VSGI.
Odessa., vol. 8, pp. 28-34.

6 Melnichuk Yu.P. (1990) Vliyanie ionov kadmiya na kletochnoe delenie i rost rasteniy. Kadmiy, ionyi. Vliyanie na rost i raz-
vitie rasteniy [Effect of cadmium ions on cell division and plant growth. Cadmium, iobs. Influence on plant growth and development]
Kiev : Nauk. dumka, vol. 5, pp. 140 — 148.

7 Molchan .M. (1996) Selektsionno-geneticheskie aspekty snizheniya soderzhaniya ekotoksikantov v rastenievodcheskoy
produktsii. [Selection-genetic aspects of reducing the content on exotoxicants of plant products] Selskohozyaystvennaya biologiya,
vol. 31, no. 1, pp. 55-66.

8 MUK 4.1.986-2000 Metodika vyipolneniya izmereniy massovoy doli svintsa i kadmiya v pischevyih produktah i prodovol-
stvennom syire. [The methods for measuring the mass fraction of lead and cadmium in elevated products and food raw materials].
Metod.ukaz.4.1.986-00. Fed.centre Minzdrav Russia, pp. 1-42.

9 MUK 4.1.991-2000 Metodika vyipolneniya izmereniy massovoy doli medi i tsinka v pischevyih produktah i prodovolst-
vennom syire.[ The methods for measuring the mass fraction of copper and zinc in food products and food raw materials]. Metod.
ukaz.4.1.991-00. Fed.centre Minzdrav Russia, pp. 1-36.

10 Sapronova E.A., Smyatova M. (2013) K voprosu formirovaniya biologicheskih osobennostey semennogo materiala
yachmenya v usloviyah Vostochnogo Kazahstana. Altay — zolotoy biryuzovyiy tyurkskiy mir: material mezhdunarodnoy nauchno-
prakticheskoy konferentsii. [To the question of the formation on biological features of barley seed in conditions the East Kazakhstan.
The Altai-golden turquoise Turkic world: material of the international scientific-practical conference]. Izd. VKGU im. Amanzholova,
vol. 2, no. 2, pp. 175-182.

11 Titov A.F., Laydinen G.F., Kaznina N.M. (2002) Vliyanie vyisokih kontsentratsiy kadmiya na rost i razvitie yachmenya i
ovsa na rannih etapah ontogeneza. [The effect of high concentrations of cadmium on the growth and development of barley and oats
in the early stages on ontogenesis]. Trudy Karelskogo nauchnogo tsentra Rossiskoy akademii nauk. vol. 5, no. 9, pp. 61-65.

12 Trofimovskaya A.Ya. (1972) Yachmen (evolyutsiya, klassifikatsiya, selektsiya). [Barley (evolution, classification, selec-
tion]. L.: Kolos, pp. 145-160.

13 Wood J.M. (1974) Biological cycles for toxic elements in the environment. Science biol., vol. 183, pp.1049-1059.

14 ZhanJ., Wei S., NiuR., Li Y., Wang S., Zhu J. (2013) Identification of rice cultivar with exclusive characteristic to Cd using
a field-polluted soil and its foreground application. Environ. Sci. Pollut. Res. Int. vol. 20, no. 4, pp. 2645-2650.

68 Xabapuibl. Dxonorus cepusicbl. No2 (59). 2019



FTAMP 61.29.99

Ackapyasl K.', Azar C.%, Cy lunraii’, dKakcebuisik H.*

"Kanbir CorbaeB arbiHaarsl Kasak yiaTThIK TEXHUKAIBIK 3epPTTEY YHUBEPCHTETI,
Kazakcran, AnmMarsl K., e-mail: seytkhan.azat@gmail.com
249n-Mapabu arbiHnarsl Kazak yinrTeik yHuBepcuteti, Kasakcran, Aimarsi K.
2any mpobiemManapbIHbIH HHCTUTYThI, KasakctaH, AMarsl K.
3Onrycrik Kpirait TexHonorust ynusepeureri, Kpitait Xansik Pecryomnukacsr, ['yamkoy K.

TA3A KPEMHUM TOTbI¥bIH KYPILU KAYbI3bIHbIH,
KYAIHEH CUHTE3AEY XKOHE OHbIH, CUTTATTAMAAAPbDI

KypiwTin, Kaybi3biHaH (KK) KpeMHUIAT 6HAIpY — Kasipri 3epTTey caAacblHAQ HEri3ri OpbIH aAblr
»KaTtkaH ypaic. KentereH KK Karablk peTiHAe KapacTbIpbIAbin, epTeAayae. byAa KaAAbIKTap TyTaHbin
epTKE OKEAYi MYyMKiH >kaHe 0oAaH GOAIHeTiH TyTiH MeAlepi KOpLIaFaH OpTaHbl AAcTaybl bIKTUMAA.
KK-HbIH KaAAbIKTapblHaH LWblFaTblH LIAH, aKblH €AAIMEKEHAE TypaTblH aAsaMAapAa TbIHbIC aAy
>KOAAAPBIHBIH, ayPYbIH TYAbIPYbl MYMKIiH. XKaHy »arFAarblHa, NewWwTiH TypiHe, KYPILTIH aAyaH TYpAiriHe,
KAMMATKA >oHe 6acka Aa Kypamaapra 6arAaHbICTbl KypambiHAQ ~ 10-20% KPEMHUIA TOTbIFbl KoHe
6acka Aa opraHuKaAblk, KOCblAbICTapbl 6ap, KK-HbiH KyAi Ty3iaeai. KenTereH eaaepae, CoHbiH, illiHAE,
KaszakcraHaa, apTypAi eHaipicTepae KeH KOAAQHbICTA 60AATbIH, aMOPTbl KPEMHMI TOTbIFbIH TYTbIHY
KOAeMiHiH, apTybl cebebiHeH KK-HaH KpemHWil TOTbIFbIH OHAIPY TEXHOAOTMSICbIH AAMbITY TaHbIMAA
6oAbIn keaeai. OcbiFaH 6aAaHbICTbl GYA >KymbicTa KK-HaH KPEMHMIA TOTbIFbIH aAy YKOHE OHbIH, >KaArbl
cunaTTamanapbl KapacTbipblAaabl. KeAeciaen HoTUXKeAep KeATIpiAreH: peHTreHAIK andpakums (XRD),
MHpakbi3bla cnekTpockonmsa (IR), KK-aeH aabiHaTbiH KpemHuiaiH FTIR cnektpaepi, coHaain-ak,
Tepmorpammanap >keHe SEM Gefineci GepiareH. SiO, TasaabiFbl WwamameH 99,5% Kypaiiabl. XKaAnbl
anraHAaa, KK kpemHuin HerisiHaeri MatepraspapAbl OHAIPY YLIIH ap3aH WWKi3aT 60AbIN TabblAaAbl.

Tynin ce3aep: Kypill Kaybi3bl, HAHOOOALIEKTEP, KPEMHUIA TOTbIFbl, TY3 KbILUKbIAbI, aMOPQTbI
KpeMHWIA.
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Preparation of pure silica from rice husk ash and its characteristics

The production of silica from rice husk (RH) is a promising direction of modern research. RH is con-
sidered waste and must be disposed of by incineration. This waste can cause a fire, and the amount of
smoke that is emitted leads to environmental pollution. The negative impact of RH waste is exacerbated
by the fact that RH dust is a source of respiratory tract infection in people living nearby. Analysis of the
technology for producing silicon dioxide from RH showed that, depending on the state of combustion,
the type of furnace, the variety of rice, climate and other components, RH ash may contain silicon oxide
~ 10-20% and other organic compounds. In many countries, including Kazakhstan, the development
of technology for the production of silicon oxide from RS is becoming increasingly popular due to the
increased consumption of amorphous silicon oxide, widely used in various industries. In this regard, this
paper discusses the issues of obtaining high-purity silicon oxide and the determination of its characteris-
tics. The methods used were: X-ray diffraction (XRD), infrared spectroscopy (IR), FTIR spectra of silicon
extracted from RH, as well as thermograms and SEM images. As a result of the research, silicon dioxide
SiO, was obtained with a purity of about ~ 99.5%. Thus, obtain silicon dioxide indicates the prospects
and effectiveness of using RH as a cheap raw material for the production of materials based on silicon.

Key words: rice husk, nanoparticles, silica, hydrochloric acid, amorphous silicon.
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MoAyyeHHe YUCTOro AMOKCUAQ KPEMHMUS
13 30Abl PUCOBOH LLIEAYXU U ONPEAEAeHUE er0 XapaKTepUCTUK

[Mpon3BOACTBO KpemHUusi n3 pucoBon LieAayxu (PLL) gaBageTcs nepcnekTMBHbIM HarpaBAEHWEM
COBPEMEHHbIX MCCAeAOBaHUI. PLLI cuMTaeTcs 0TX0AAMM U MOAAEXKUT YTUAM3ALMUM MyTEM CXKUraHUs.
IDTU OTXOAbl MOTYT CTaTb MPUYUYMHOM MOXKapa, @ KOAMYECTBO BbBIAEASIEMOrO AbiMa MPUBOAUT K
3arpsS3HEeHMIO  OKpyXkalowen cpeabl. HeratmBHoe Bo3aenctBre oTxoA0B PLL ycyryOaseTcs Tem
¢akTopoM, uTO MbiAb OT PLL $BAIETCS MCTOYHMKOM MHMEKUMM AbIXaTeAbHbIX MyTEN Yy AIOAEN,
SKUBYLUMX MOOAM30CTU. AHAAM3 TEXHOAOTMIA MOAYYEHMsSl AMOKCMAQ KpemHusi m3 PLL nokasaa,
4YTO B 3aBMCMMOCTM OT COCTOSIHMS CropaHusi, TUMa fneun, pasHOBMAHOCTM pUCa, KAMMATA M APYruX
cocTaBAgiowmx, 3oAa PLL mMoxxeT coaepkaTb okcnaa kKpemHusa ~ 10-20% mn Apyrmx opraHmyeckmx
coeAVHeHuIn. Bo MHOrmx cTpaHax, B Tom uncae 1 B Kazaxcrate, paspaboTka TEXHOAOrMM MPOU3BOACTBA
oKcMAa KpemHusi u3 PLLI cTaHoBUTCS Bce 6oAee MOMyASpHOWM B CBSI3U C MOBbILLEHHbIM MOTPeOAeHUEM
aMOpP(PHOro OKCMAA KPEMHMS, LUMPOKO MCMOAb3YEMOrO B PAa3AMUHBIX OTPACASX MPOMbILLAEHHOCTU. B
3TOW CBSI3M B HACTOsILWEn paboTe pacCMaTPUBAIOTCS BOMPOCHI MOAYUYEHUSI OKCUMAQ KPEMHUS BbICOKOM
UYMCTOTbl M OMPEAEAEHME ero XapakTepucTuk. B paboTe MCMOAb30BaAMCb METOAbI: PEHTIeHOBCKast
amdpakums (XRD), nidpakpacHag cnektpockonus (IR), FTIR-cnekTpbl kpemHus n3BAeveHHoro 13 PLL,
a Takxxe TepMorpammbl 1 SEM nsobpaxerue. B pesyabTate NpoBeAEHHbIX MCCAEAOBAHMIA ObIA MOAYYEH
AMOKCNA, KpemHng SiO, umctoToi okoAo ~ 99,5%. Takmm 006pasoM, NMOAYUEHNE AMOKCMAA KPEMHMS
CBUMAETEAbCTBYIOT O nepcrnekTmBax M 3pPeKTMBHOCTN NpumeHeHus PLL B kauecTBe AeLleBOoro Cbipb4
AAS IPOM3BOACTBA MAaTEPMAAOB Ha OCHOBE KPEMHMSI.

KAtoueBble cAOBa: puCOBast LWeAyXa, HAHOYACTMLbI, OKCUA KPEMHMSI, COASIHAsi KUCAOTA, aMOPHbIit

KPEMHMI.

Kipicnoe

Kypimn — pgoHAl jgakpuiiap MOJCHHETIH/C,
oneM OOMBIHIIA OCIpPUTYy/IeH eKIiHII OpBIH ajajbl.
OHIIPICTIH €H KOl MIOFhIpJaHFaH alMarbl A3Ws
MeMIIeKeTTepl OOJbII CcaHamaibl, MyHIA Kypill
JAKBUTBIHBIH o11eM OoiibrHIa 90% ecipimim, eHuenemi
[1]. A3us MeMJeKeTTepiHeH ThIC KYpIIl OHIIpyIi
anmnaysITTap petinge Amepuka Kypama IlltaTrapst
MeH bpasuus sxone Eyporma enepi apacsiaaa Hra-
s MemutekeTi OipiHmi opbiH amaabl. 2017 KbuTbl
QJIeMJIIK HapbIKTa 758.8 MWJUITMOH TOHHA KyPpill
eHpipinrex [2]. An, Ka3akcran PecrryOnukachiHbIH
ayBUIIIAPYANIBUTBIK, MHHHUCTPIITIHIH MOJIIMETTEpi
OolibIHIIIA, HETI3r1 KYpIll cipy MapyambulbFbIMEH
aiiHanpIcaTelH  oOsbIcTapra: Ke3butopaa o0ibI-
col (78,4 mpig ra), Anmater obmbicel (11,1 MBIH
ra) xoHe Onryctik Kaszakcran OOsbickl (3 MbIH
ra) xatanel. KasakcTanma Kypill ecipy HeTi3iHeH
Kp13putopa  00IBICEIHBIH ayMarbiHaa, Celpaapus
©3CHIHIH TOMEHTI1 aFbIChIH/IAFbI JXKEPJIEP/IE JaMbIFaH
[3]. OchI aliMaKTHIH TEHI3 JICHT€iiiHeH TOMEH OpHa-
JIacybl, TOTBIPAKTHIH >KaH-KYHi, METHOpaIHsIIBIK
JKOHE aybUIIApyallbUIBIK KaFAaiiapbl  Kypill
eTICTIKTEepiH cyapy YVIIIH apHailbl WHKEHEPIiK

KyHWenepai Kypyra cebem OOoNIpl KoHE >KbUITAH
KbUTFA YIFanein kenei (1-cyper).

Kypitnr  TypiiepiHeH KypambIHIA TaNIIbIKThI
MaTepuagap MeH KpeMHHU O0ONaThlH IIaMameH
~20% KK kamaael (1 TOHHa KypillITeH Ilama-
meH 220 xr KK enmipyre Oonaner). Anaima, op
KOMITOHEHTTIH KOJIEMIIIK VJIeci KIUMaTKa >KoHE
eriHHIH TeorpadusUIbIK OpHajacyblHa Oainia-
HBICTBI 9p-Typai Oombin keneni [4]. Oceunaii-
ma, KK acTelKk KypambIHAa >KOFaphl Mailbi3ra ue
OOJIFaH/IBIKTaH, YHTAK JIUIPMEHIEPIC KAJIJBIK OHIM
OOJIBIN ecenTene/Ii )IHEe KOPIIaFaH OPTaHbI JIACTAY
MoceTIeNepiH Ty IbIpas [S].

KK, kypimTi yHTakTaraHHaH KeWiH KalaTblH
HETi3Tr1 arpoeHEPKACINTIK KAJIJBIK OOJIBIT TabblIa-
el [6]. KypimTiH ecyi Ke3iHae JaMUTHIH TaOWFH
KOPFAHBICTBI ChIPTKbI KaOBIFbI OOJIBITT TaOBLIAIbI.
Kopranpiin kabaThiHBIH imIKi OeTi OanaybI3bIH
JKoHe Tabwru MalaslH OOJysIHA OalIaHBICTHI
CaJIBICTBIPMAJBl TYpAC OIpKenki OobIl Ta0bI-
Jaabl, all CHIPTKbI OETi OpTEKTi OOJIBIN Keei.
Kypim moni 6ap KaysB3AbIH imKi OeTiHAe Oamay-
bI3 MaTepHaap/AbIH OOJYbl TEPMHUTTEPIe >KOHE
0acka 3UsSH/Bl MUKPOOPTaHU3M/IEPTe KapChl Kypilll
IIOHIHE jKaKChl KopraHblmn Oepemi [7]. Exinmri
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JKarblHaH, OOSIFBINI MaTepUaIIapJblH OONIYHI,
Kaybl3 OeJiKTepi MeH TMOJUMEpIi MaTpuiaiap
apachblHJaFrbl ©3apa OPEKETTECY YIIIH KOJI JKeTiMIi
PCaKTHBTI aliMaKTap/bl KachIpyFa KayamnTbl 00-
JIBITT CaHaaIbl.

KK-npiH Herisri Kypampaac OeJiiri ILeJuToio-
3a (40-50%), murame (25-30%), bUFan (8-15%)
koHe KpemHHU (15-20%) Oompmn TaObutamsr [8].
KpemHuii qUOKCHII OCIMIIKKE TaMbIPhl aPKbLIbI

epireH 3aT TYpiHIE Kipeai, MbICajbl, CUINKAT He-
Mece MOHOCWJIMKAT KBIKBUIBI periage. ComaH
KeWiH LEJUTION03bIK KPEeMHHA MeMOpaHAChIH
KaJIBIITACTBIPY VIIiH, OyJIaHy XOHE MOIHMEPIICHY
APKBUTBI JKHHAKTAJIBIT, OCIMIIKTIH CHIPTKBI OCTiHE
eremi. JKammbl KpemHe3eM Kypill KypambIHIA
OeiiopraHUKaNbIK KOCBUIBIC ~ TYpiHAE OOJajbl.
Kpemuesemuin Oyi1 Oeiri cinrime epimMeiimi koHe
eTe KOFaphl TeMIlepaTypara Te3e anajisl [9].
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1-cyper — Kazakcrannarbl KypiliTiH eHIIpiTyi

Ywunicran, [Tokicran, banrnagem, [lpu-Jlanka,
Agctpanusi, Tamnana, Wuponesus xone AKII
1970-1985 >xpurmapsl Kypill KBIIKBUTBIH KaiTa
OHJICYJIC ITHOHEP OOJI/IbI XKOHE OYJI YKIMET JKOHE 9p
TYpAIi yiibIMIap TapanblHaH KoJiay kepai. KypimTig
KaybI3bIHBIH, 0acKa Jja aybUIIIapyallblIbIK KA IbIK-
TapbIMEH CAJIBLICTBIPFAH/IA KOFAPhl camajbl KpeM-
HeseMaik  Kypambl  (87-97%  SiO,), korapsl
KEYEKTUTIK, JKeHIUT KOHE OTe KOFaphl CHIPTKBI OETi
CHSIKTBI Oiperei cumatTamaiapbl OHbl OHEPKACIIITIK
KOJIZIaHyFa apHajiFaH Oarajbl MaTepuall peTiHae Ta-
Huael. Ken keipsiet maTepuan KKK Oykin omem 601i-
BIHIIA 3E€PTTEYLIIEPre YJIKEH KbI3BIFYIIBLIIBIK TY-
JBIPBIT OTBIP. 3epTTeylIiiep OemeKTepAiH MilliHi
MEH oJIIeMiH Oakpliay VIIH OpPTYpdl YATLIepIi
naianana OTBIPHIN, KpEMHE3eM HaHOOOIIIIEKTepiH
CUHTE3/ICY/IiH 9p TYPJl 9iCTepPIMEH JKYMBIC iCTE/.
Ocpr sxympbicTa SiO-HBI KYpilll KaybI3bIHaH Oacka
3aTTap/aH Ta3a KbUIbII OO alyIbIH JKOJIbI KOHE
cunarTaManapbl KOpceTiae .

2. SiO-HpI KYpill KaybI3bIHAH O6J1in ary

Kepexmi 3ammap: KK, npuctuijieHreH cy
(FOCT 6709-72), runpoxiiop KeikeLisl (HCI, koH-
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LeHTpyieHreH), HaTpuii ruapokenail (NaOH), cysri
Karasbl.

3eprrey obwekrimepi perinme Kazakcran Pec-
MyONMKACBIHBIH, OPTYPJIl OHIpJIepiHEeH IpiKTeNTreH
Kypim (Kypiml KaybI3bl) TAaHAAJBIN albIHIBL (2-Cy-
pet). ¥3eHOBFE 5-10 MM 607aTBIH KYpill Kaybl-
3BIHBIH YITUIEpI CyMEH ajJblH ajla >KybUIBIII,
ayanma kentipingi. JladeiHpanran yarinep Qusu-
KQJIBIK-XUMUSUTBIK OICTEPIiH KOMETIMEH OHICIII
YKOHE TaJJIaH/IbL.

Ochl  3epTTeyne KapamaibiM, KocmajiapjaH
0ocaTbUTFaH KPEMHE3eM HAHOOOJIIEKTEPIH JaifbIH-
Jlay YIIiH KbIIIKBUIMEH KYY (TY3 KBIIIKBUIBL, TUMOH
KBIIIKBUIBI) KOHE TEPMUSUIBIK OHJCY CHSIKTBI Op
TYpJli omicTep mMalgamaHbpuIAbl. KBIIKBUIMEH aii-
JIBIH aJIa OHJICY MaKcaThl — KPEMHE3EMJIIK OHIMHIH
Ta3aJIbIFBIH APTTHIPY. Byl MeTamn KocnanapbIHbIH
OacwIM O6JIIriH eJeyili TypIe alblll TacTayFa MKoHE
KpeMHe3eM/Ii aK TYCTi KYJI €Till OHAIPY 1€ THIMII 9J1iC
Ooxbin TaObuianel (3-cyper). KelmkpuiMeH miaro,
COHJIal-aK, KPEMHHUH TOTBHIFHI YIIIH KOFaphl OCTTIK
aynan Oepeni. COHBIMEH KaTap HaHOOOJIIEKTI
YHTAKThI OHJIIPY CANachl KAJBIIMHAIS HEMECE )KaHy
TeMIIepaTypachblHa HeMece JKaHYJbIH Y3aKThIFbIHA
0alimaHbICTBI OOJIBIT KEJeIi.
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1. Anmarst obnsics! (bankamnr) 2. Kesuiopaa obmsics! (Ceipaapust)
3. Onrycrik Kazakcran o6nsicer (XKericait)

2-cypet — Ka3akcTaHHBIH opTYpiIi OOIBICTapBIHAH aTbIHFAH
KYpiI KaybI3apsl (3epTTey HBICAHAAPEI)

KKAK HeriziHeH KypaMbIHIaFbl KpeMHE3eM/Ii
QNJBIH ajla OHACYACH KEHiH HATPHil THUAPOKCHII
epitiHzicinae epiteni. Harpwii cunmmukaTer KpeMHAN
CUHTE31 VIIIH JKapThllail NaWbIH IIMKI3aT pETiHIEe
naipananpuIa el Herisri eTeTiH peakiuschol:

NaOH + SiO, — Na,SiO, +H,0
Na,SiO, + 2HCI —H,SiO, | +2NaCl
H,Si0, — Si0, + H,0

3-cyper — [Iuki KK, KKAK sxone 2M HCI epitinaiciMen maiimanaHbIi
600°C TemmepaTypaia )aHIbIPbUIBII albIHFAH Ta3a KPEMHHIA JTHOKCH/II

Ty3 KbIIKBUIBIHBIH ~HATPUH  CHUJIMKATHIMCH
peaxmusicel cunanomabl (R3Si-OH) TonrapasiH Ka-
JBINITACYBIHA BIKIAJ €TeJli KOHE KOHJCHCAIIUSCHI
KeHeuTireH ymesmem i Si-O-Si jKemiciH Kabli-
tacteipyra okeneni. KKK msia moninme KK >xorapbr
TeMIlepaTypaja »ary MPOLECiHIH eHiMI OOJIbIN Ta-
obutanpl. backama aiitkanna, KKK KypbUibIMBI MeH

KacueTTepi Oenrini Oip nopexese KaHy TeMIrepary-
pacbiHa OaitaHbICThI 00Ty bl KepeK. COHBIMEH KaTap,
KKK-HiH kaHy TemmepaTypachbiHa ToyeIUIITriH
sakchl Tyciny KKK-HiH KYpBUIBIMBIH, KACHETTEPiH
OHTAMIAHIBIPY KOHE KYPIlll KaybI3bIHAH KPEeMHHI
OHIIPYIIH 9PTYPJIi 9AiCTEepiHEe OHTAWJIBI TeMIIepa-
Typa TaHaay eTe MaHbI3/Ibl.
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1-kecte — Myddenpaik nemre cymMeH jKybIIFaH Kypilll TYHIpiH Tikelel epTey Ke3iHJe aKk KYpill KaybI3bl KYJIH KaJIbIITACTBIPyFa
TeMIIepaTypaHbIH JKOHE YaKbIT Y3aKThIFBIHBIH dcepi

CyMeH XybUIFaH KYPIlll KaybI3bl

500 °C, 4 carar HCI oK

550 °C, 4 carar HCI oK

600 °C, 4 carar HCI ok

650 °C, 4 carar HCI o0k

700 °C, 4 carar HCI koK

750 °C, 4 carar HCI sxox
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Kany mapTrapbl XHUMHUSUIBIK KypambIHa JKOHE
OHIIPITICTIH KYJIIIH MOJIIIIepiHe ocep eTei. OUTKeHi,
JKaHy, CYJIbIH IIBIFAPbUTYbIHA, KOMIPKBIIIKBLT Ta-
e CO, Oyra alHanapIpyra, KapOoHaTTapJaH
KOMIPKBIIIKBII Ta3blH IIbIFapyfa, MeTalAaplblH
CyabQUATEPIH METAUT OKCUATEPIHE, METAILI CYJlb-
(aTTapbiHa XKOHE KYKIPT OKCHUATEpiHE KoHEe Oacka
Jla XUMMSUJIBIK peakuusiapra aiiHaiaelpyra ceber
Oomazpl.

ToNBIFEIMEH KENTipiIreH Kypill KaybI3bIHAH
aJBIHFaH COHFBI OHIM TYTac aK TYCTi. by kypimt
KaybI3bIHBIH KaHY YaKbITTapblH aiiKbIH aHBIKTAyFa
MYMKIHIIK OepJii, OChUIalIIa TONBIK aK KYJIiH
QJIFALIKBl KAJBIITACYbl KYPILl KaybI3bIHBIH TOJBIK
JKaHYbIH OUTIIpeTl.

KazakcraHHbIH opTYp:ii eHipJiepiHeH aJlbIHFaH
KYPpIll KaybI3bl TIKEJEH jKarylaH aJblHFaH aK Kyl
yurinepi 1-kecTenne calbICThIPbLUIIBI.

Kynnin Ttyci »xany mnpoueciHiH TeMiepary-
pacel MEH Y3aKTHIFBIHa OalJIaHBICTBI OOJaIbI,
ce0e0i «kapa kynm» yiriiaepi 400-500 © C kesinue

aJpIHFaH, an «ak kym» 550 ° C-tan 700 ° C neiiin
(4 carar iminzge). Korapel TemrepaTtypa Ke3iHe
KKK-Hin Tyci (750 ° C sxone 800 ° C) xorapsl
JKaHyIbIH THIMCI3JIiriHEH, HeTi3iHeH cyp Kyh 0o-
Janbl, SFHA KypaMbIHAa KOT MeJIIepae KoMipTeri
naima 6oabl.

1nKi3aTTHIH )KaHYBI KE31HJIE SHEPTUSHBI YHEM-
Jley JKOHE VITIHIH YKOFaphl KPEMHUII KypambIH
amy, l-xecrere coiikec, 600°C Ttemmeparypacsl
KYJIiH TycyiHe OaimanbicTl mmkizatran KKAK
aJy YIIiH OHTAMIIBI TeMIepaTypa OOJIBINT caHaIabl.

Kypiw xayvizeinan my3 KbluKblIbIMeH OHOEY
apxwLot SiO, any mexHono2usACel

Anmartsl 00bICHl, bakaHac ayblIbIHAH allbIHFAH
KYpIll KaybI3bIH Ta3allall KYBI, KYpPaMbIHIAFbI
Oerne 3aTTaplaH Ta3apTTHIK, COHBIMEH Oipre Kyp-
rary mkadsina Koiibir, 90 °C Ta 2 carat MeIiiepinie
KeNTIpAiK (KypaMbIHAAFbBI CyJIbl KETIpy YIIiH).

50 rpamm KK-b1a aneim onst 500 mi, 2M Ty3
KBIIKBUTBIMEH apajlacThIPHIIN, KenTipy mradsiaa 90
°C temmeparypaja, 2 caraT KOSMBI3.

EANBOLITT

4-cypet — KK-b1H 2M Ty3 KBIIIKBIIBIMEH OHJIEY JKOHE
KK-bi1 600 °C Temneparypaja Mmyeb nemrinae ycray

Haiibin  Ooiran  KK-bIH JIMCTHIIZIGHTEH CyMeH
LIaiein, HeWTpanapl opTara xerkizemiz. Cocbin KK-
BIH anei, Mydens memirge 600 °C Temmeparypana,
4 carar Oolbl ycTailmMbI3 (4-cypet). MyHIarsl 6acTbl
MaKcart, Kypill KaybI3bl KYPaMbIHIAFbl OpraHUKaIBbIK
KOCBUTBICTAPIBI KOHE KOMIPTETIH KOFaphl TEMITEpary-
Ppaja >KarblIl, Ta3a KPEMHUE OKCHJIIH aTyFa KOJ )KETKI3Y.

600°C Temnepartypaza 4 caraT OOibI yCTaFraH/a,
KYpILl KaybI3bl KYpPaMbIHIAFbl OPraHUKAJbIK Ky-
pamzapbiy 0opi )KaHBII, €H COHBbIH/AA KYPIll Kaybl-
3bIHBIH Kymi Ty3ineni (5-cyper). Kyiipiprennen
KEHIHT1 aK Kypill KaybI3bl KYITiHIH Maccacel 8,707

rpamMMJIbl Kypasl. JlaiibiH OonFaH Kypill KaybI3bl
kymine, 100mn, 2M, NaOH epitiHmiciH Ky#bIm,
MarHuTTi apanacteipreimra, 90 °C Temmeparypama
2 carat OOMBI apalacThIpaMBbI3.

Ocbl mporecc Ke3iHae, MbIHA peakius ©Teli:
NaOH + SiO, — Na_SiO, +H,0

JaiipiH OonraH epiTiHAiHi, (QUIBTPIEH OTKi-
3im cy3in anmambi3 (S5-cyper). Cysinin  ajiblHFaH
epiTiHAire, KBIITKBUT epiTiHAICIH KYIMBI3. COJT Ke311e
JKOFapbLIarblIail peakius eteal. Ty3iareH KpeMHui
OKCHJIiH (QUIBTPACH OTKI3EMi3 KOHE KYPaMBIHIAFbI
NaCl »xo0¥r0 YIITiH BICTBIK CYMEH IIasMBI3.
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5-cypet — KK-bIHBIH aK KYJIiHIH maiina 60I1ysl skoHe
2M NaOH epitinficiH Kocy koHe BakyyMii (GHIIbTpIiey KOHIBIPFHICHI

Jaiipria OonFaH Ta3a KpeMHUH OKCHIIH, KENTIpy
nemrine 105°C temmnepatypara, 6ip TyHre KajbIp-
JIbIK. KeTnkeHHeH KeiiHTi Ta3a KpeMHUN OKCHJIIH dp
TYpJIi aHanmu3aepre Oepik.

3. 3epTTey HOTHAKeIEPI AKIHE 0JIAPABI TAIAAY

Kpemuuii yarinepin 3epTrey YIIiH YATiIepi
0,02 20/MuH ckaHepiey KbUIIAMIIBIFBIMEH Ka3a-
TeiH Pukaky yHTaK naudpaxToMeTpiMeH TipKe-
ni, oypeinThik 10-HaH 90-ra aeiin 2-T3Ta jauarna-
30HaFbl HUKENb cy3rici 6ap Cu-Ko coynenenyin
naiiTananbI TYCipuTai.

AJBIHFaH KPEMHUH YHTaFbl PEHTTEHIIK aMopd-
THI KYiizie, OyJ1 peHTTeH K (ha3anbIK TajliayMeH pac-
Tannel. PeHTreH audpakuuschHBIH yiaTiaepi O0o¥-
BIHIIIA KYPIilI KaybI3bIHBIH KPEMHHMHIHIH aMOpTHI
KYpbUIbIMBbIHA TOH 20 = 24 ° aiimarbiHaa nuddy-
3USUTBIK IIBIHAAP OaifKaaipl, a1 aMopThl KpEMHHIA
JIUOKCHJII YIIITH MaKCUMaJIbl TU(D(Y3USIIBIK MIBIHBI
20 = 30 ° xypaiabl.

24.0 26/° xe3inme OapbIHIIA KAPKBIHIBUTBIFBI
Oap keH ranoreni (6-cypet) 0,6 HM MaMaChIHIaFbI
d apanbiFpIMEH CoOHMKeC Keledi JKOHE allbIHFaH
KPEMHHUUIIH aMOP(PTHI KYPBUTBIMBIH PaCTalIbI.
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XRD O6ofibHIIa KYprizinren 6acka 3eprreynep
coHmaii-ak, 22°-23° apanbIFbIHAa KSH IIBIHBI KOP-
CeTTi, OYJI KpeMHHIIH aMOP(ThI KYPBUIBIMBIH KOHE
Ke3 KeNreH KPUCTAJIIbIK KYPBIIBIMHBIH JKOKTHIFBIH
pacraiinbl.

Yoarigeri  (QyHKOMOHANABI  TONTAap, TEPMO-
PEaKTUBTI MIAFBUTBICTRIPYMEH KOMEKII KypaliMeH
s)kaonpikramran Thermo Scientific FT-IR Nico-
let 6700 xemerimen anbikTangpl. 4000-400 cm!
JMarna3oHbIHAa 4 cM™' pyKcaThIMeH criekTpiep 32
CKaHEepJICH OTKI3 I,

KK-upiH FT-IR cnektpriepi 7-cyperre Kep-
cerinren. 1058 cm!, 1058 cm!-meri ®oFapsl CiHipy
meEgapel. 1058 om!' C-OH  6aiinaHBICHIHBIH
xoHe Si-O OaiaHbIcTapblHBIH cHIlOKcaH (Si-O-
-Si) tomrapeiHIarel TepOemiCTEepiHIH Cynepro3u-
LMsTaPBIHBIH HOTHXKECI PETIHC KapacThIPBLUIIBL.

2921cm! KOpCeTKIlIiH — LE/UII0I03a, TeMUKE-
JII0JI03a YKOHE JIMTHUH KypbuibiMaapbinaa CH, sxone
CH, TonTapbiniarsl amudarteik C-H Oaitnanbic-
TapbIHBIH CHUMMETPHSUIBIK KOHE aCHMMETPHUSIIBIK
CO3BLTY TepOelicTepiHe )KaTKBI3bLTybl MYMKIH.

8-cyperTe TikeneW »KaHy alIBIHJAFBI KYPIill
KaybI3bIHBIH SEM keckinnepin kepcerinren. Cy-
peTTepAeH Kepin TYypFaHBIMBI3Aaid, OacTarKbl
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yiriniep ere THIFBI3 OeTrTep OONbIn  TaObLIaIbI.
8-cyperTe (a) KYpIIITIH KaybI3BIHBIH CHIPTKBI OeT-
TepiHiH MOpP(QOJIOTHICHIH KepceTeqi, KYpillTiH
KayBI3bIHBIH CBIPTKBI O€Ti OIpKeNKi eMec jkoHe oTe

kypaeni. 8-cyperre (9) SEM keckiHiH KpemHE3eM
VITIiCiHIH TeMeHne YIKeHTyi KkepceriireH. Ha-
HOMACIITa0TBhl  KeAip-OYIBIPIBIFEI  KPEMHE3EMHIH
HaHOOeJIIIEKTEPiHIH MOP(OTOTHICHIHAH KEIE/i.
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7-cypet — KK-ub1H FT-IR cniexrprnepi (1-Ammarer KK, 2-Kepumopna KK, kypimr kaybsI3st,
3-Onrycrik Kazakcran KK) xone KK-nan ansiaran kpemuniinia FTIR ciekrpiepi

8-cypeT — TepMUSIBIK OHJICY alAbIHAA Kypill KaybI3eiHbIH SEM keckinaepi (a),
SEM SiO, muxporpammacs! xane (6) KK-ubIH Kyninen anbinran SiO2 SEM-MUKporpaMmach

Kpemuesem  yiricingeri  SEM  KeckiHiHIH
TemeHneyi (8-cyper (0)) — HaHoemIeMal Kemip-
OYIBIPIIBIFBI, O MACCAHBIH IMIHJIET] MIAITBIPaHKHI
KpEeMHE3eM HaHOOOJIICKTEePiHiH MOP(OIOTHSICHI-
HaH OacTayiagbl.

KopbIThIHABI

KK HnankpemHe3em aiy omicTepi 9a3ipieHIi
koHe OekiTimmi. Kypim KaybI3bIH algblH ana
OHJIEY OJicTepi 3epTTeim, Kypim TyHipiepiHiH
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KOMIIOHEHTTEPiHIH Kypambl aHbIKTangsl. Kymmeri
HETI3T1 3aT — aMOp(THI KPEMHUN THOKCHIII, OHBIH
Kypambl 3eprrenred coprrapaa  90.1-99.5 %
apanbIFblHAa OoNaabl. AJBIHFaH JEPEKTep 3epT-
TENTeH TapaMeTpepaiH OCIMIIK COpPTHIHA JKOHE
OHJICyTe apHaJFaH peareHTKe Toyes i 0OIaThIHBIH
kepcereni. KazakcTaHHBIH 9pTYpJli aliMarbIHIAFbI
KYPIII KaybI3bIHAH aJBIHATBIH KPEMHUH ITHOKCHI
yirinepiHig OeTTiK cumarraMaiapbl 3epTTENi.
berrin HakTh aynanel BOT onmiciMeH aHBIKTaNAbI
(Anmmater o6mbIcEl — 465 M%/r, Kpisbumopma 00-
abickl — 627 m*r, Onrycrik Kasakcran 00iibI-
cbl — 150 M*/r). Anbiaran HaHO-SiO, KypbUIbIMBI

XRD xone SEM TtanpgaynmapsIMEH pacTaliFaH.
XRD cnexrpnepinge 24-TaTa/Tpagycra MaKCUMyM
KapKbIHIBIIBIFBl 0ap KeH Au((y3usIblK IIBIHBI
aIbIHFAH KPEeMHUUIIH aMOp(Thl KYpPBUIBIMBI MEH
HAaHOMOJIIIEPiH KOPCETIN OTBHIPABI. OHIOIpic omici
OOWBIHIIIA KOHE IIMKI3aTThl KalTa OHJey IapT-
Tapbl OOMBIHIIA Kypill TyHipJiepiHeH ajbIHAThIH
KpPEeMHUH TUOKCHII VATUICPIHIH MOPQOIOTHs-
Chl MEH OETiHIH CHUNAaTTaMalapbIHbIH TJYEIUIIr
oenrinenai. TyracTail anraHma, amop@Thl KpeM-
Hesre 6ait KK mpakTukansIk KoJIgaHy YIIiH )KOFaphl
KYHJIbI KOCBIH/IBI KPEMHUH HETi31HJer1 MaTepual-
Japabl OHIIpy YIIiH ap3aH MKKi3aT 0oJa anajsl.
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SCREENING OF BIOSURFACTANT -
PRODUCING MICROORGANISMS

It is well known that the general creation of biosurfactants is hampered by the lack of economical and
universal products. Currently, there is only a very limited supply of commercially available biosurfactants,
such as surfactin, sophorolipids and rhamnolipids. A variety of new biosurfactants, respectively producing
strains, is a key problem in overcoming economic obstacles to the production of biosurfactants. Therefore,
it is necessary to make more efforts to discover new microorganisms producing biosurfactants, applying a
wide range of different screening methods, which is the subject of this review. Biosurfactants are surface
active agents synthesized by various microorganisms. Recently, biosurfactants have aroused great interest,
since these substances are not inferior to chemical analogues. They are characterized by environmental
friendliness, biodegradability and high antimicrobial activity. Biosurfactants are used in many industries
(pharmaceutical, cosmetic, food, chemical), in agriculture, as well as in environmental sciences. Biosur-
factants are components that effectively reduce the surface tension of the medium, and also have a high
emulsifying activity. Microorganisms that habitat in soil contaminated with various substances (oil, coal,
etc.) secrete biosurfactants of exotype and endotype nature. The purpose of this study is the selection of
microorganisms that synthesize biosurfactants and study their biological properties.

Key words: brown coal, biosurfactants, biosolubization, bioconversion, antimicrobial activity, sur-
face-active substances (surfactants), emulsifying activity.
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buocypcpakTaHTTapAbl MPOAYLMPAEHTIH MMKPOOPraHU3MAEPAH, CKDUHMUHTI
KaHa 6uocypakTaHTTapAbl aAy Heri3iHAE 3KOHOMMKAAbIK, TWIMAI >keHe ombeban eHiMaep

>KeTicneyLiAiri XaAnbiFa MoAiM. Kasipri TaHAa TEK KOMMEPCUSIABIK, KOAXKETIMAT G1MoCypdakTTaHTTapAbIH
iwiHAe cypdakThH, COPOPOAUMUATEP MEH PAMHOAMIMATEP YLUIH LWEKTEYAl YCbIHbICTapbl FaHa 6ap.
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[poAyuMpAeyLli WTaMHbIH HEri3iHAe XaHa OMocypdakTaHTTapPAbIH aAYaHTYPAIAITT OHAIPICTIK 3KOHO-
MMKaAbIK, keaepriaepai  Tyabipaabl. COHAbIKTaH, 6GMOCYpdakTaHTTApAbl MPOAYLMPAEATIH >KaHa
MMKPOOPraHM3M LITAMAAPbIH ally Ken eHOeKTi KaxeT eTeAi. buocypdakTaHTTap — apTypAi MMKpPO-
OpraHM3MAEpPMEH CHMHTe3AeAeTiH 6eTTik akTMBTi 3atTap. COHFbl yakbiTTa 6ETTiK aKTMBTI 3aTTapAblH
XUMUSIABIK, @HAAOT TapbiHa KapaFraHAd, 6MOBAK-Tbl 3epTTey YAKEH Kbi3bIFYLLbIAbIKTbl TyAbIpYAQ. Heri3ri
KacuMeTTepiHe 3KOAOTMSAbIK, Ta3aAblFbl, OMObIAbIPAY KaABIAETTIAIr >koHe >Kofapbl aHTUMMKPOOTbIK,
6GeAceHAIAIr >kaTtaabl. BMoBAK-Tap kenTereH eHAIpicTik ((hapmaLeBTrka, KOCMETHKA, TaFam, XMMMSI)
CcaranapAl, aybiA LIAPYALIbIAbIFbIHAQ XXOHE 3KOAOTUSAA KOAAAHbIAAAbL. BrocypdakTanTTap 6eTTik
3aTTapAblH TapTbIAbIC KYLWiH 3P(eKTUBTI TOMEHAETETIH, COHbIMEH KAaTap >KOfapbl 3MYyAbrMpAeyLui
GEACEHAIAIKKE Me ©3IHAIK KOMIMOHEHTTEPMEH CUMaTTaAaAbl. OPTYPAI 3aTTapMeH AacTaHFaH (MyHan,
KeMip >keHe T.6.) TombipakTa TipWiAik eTeTiH MMKpoopraHmsmaep OMOBAK-TbiH 3HAOreHAI >keHe
3K30reHAI TUMTEPiH CUHTE3AENAI. 3epTTey >KYMbICbIHbIH MakcaTtbl — 6MOBAK-Tbl CHMHTE3AENTIH
MMKPOOPTraHM3MAEPAI ipiKTeN aAy >koHe OAapAbIH OMOAOTUSIAbIK, KaCUETTEPIH 3epTTey.

Ty#in ce3aep: KOHbIP Kemip, 6rocypdakTaHT, 61MoCoA0OMAM3aLMS, OBUOKOHBEPCUS, AaHTUMMKPOO-
ThiK, 6@ACEHAIAIK, 6eTTiK akTUBTI KOCbIAbICTap (BAK), aMyAbrupaeyLli 6eAceHAIAIK.
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CKPUHUHI MMKPOOPIraHM3MOB, MPOAYLIMPYIOLLMX OMOCypdaKTaHTbI

O6Len3BecTHO, YTO 06LLEMY CO3AAHMIO BMOCYPAKTAHTOB NPENSTCTBYET HEAOCTATOK SKOHOMMY-
HbIX M YHMBEPCaAbHbIX MPOAYKTOB. B HacTosulee Bpems CyllecTByeT TOAbKO OYeHb OrpaHuvyeHHoe
NPEAAOKEHNE KOMMEPUECKM AOCTYTHbIX 61MOCYPaKTaHTOB, Hanpumep cypdakTHa, COPOPOAUNUAOB
M PamMHOAMMUAOB. PasHoo6pasve HOBbIX 6MOCYpPdaKTaHTOB, COOTBETCTBEHHO MPOAYLIMPYIOLMX
LITaMMbl, SIBASIETCSI KAIOYEBOM MPOOAEMOI B MPEOAOAEHWMM DKOHOMMYECKMX MPENnSTCTBMIA Ha MyTw
npou3BoACTBa GMOCYpdakTaHTOB. [03TOMY HEOOXOAMMO MPUAOXKUTL GOAbLLIE YCUAMIA AAS OTKPbITUS
HOBbIX MWKPOOPraHM3MOB, MPOAYLMPYIOWMX OMOCYPdaKTaHTbl, MPUMEHSS  WMPOKUIA  CrEeKTp
Pa3sAMUHbIX METOAOB CKPUHMHIA, YTO SBASETCS MPEAMETOM AaHHoro o63opa. buocypdakTaHTbl
— MOBEPXHOCTHO-aKTMBHbIE BELIEeCTBa, CUMHTE3NPYEeMble Pa3AMUYHbIMM  MWMKpPOOpraHvMamamu. B
rnocAaeaHee Bpemsi mccaepaoBaHusi 6MOIMABOB Bbi3blBAlOT OOAbLION MHTEPEC, Tak Kak 3TW BeLLeCcTBa
He YCTYMnalT XMMMUYECKMM aHaAoram. AAS HMX XapaKTepHbl 3KOAOTMYHOCTb, GMOpasAaraemMocTb U
BbICOKasi aHTUMMKPOOHAs akTMBHOCTb. BUOTTABbI MPUMEHSITCS BO MHOTMX OTPACASIX MPOMbILIAEHHOCTU
(hbapMaL,eBTUYECKONM, KOCMETUUYECKOW, MULLEBOM, XMMMUUECKOI), B CEAbCKOM XO3SIMCTBE U B 3KOAOTMMU.
BuocypakTaHTbl TPeACTaBASIOT CO60M KOMMOHEHTbI, KOTOPble 3 PEKTUBHO CHUXKAIOT NMOBEPXHOCTHOE
HaTs>)KeHME CpeAbl, a TakXXe WMEIOT BbICOKYIO 3MYAbIMPYIOLLYIO aKTMBHOCTb. MMKPOOPraHuambl,
obuTaloLMe B MoYBE, 3arpsiBHEHHOM Pa3AMYHbIMU BellecTBamu (HeTb, YrOAb U T.A.), BbIAEASIOT
6MOMMABbBI 3K30reHHOro M 3HAOreHHoro Tuna. LleAblo AQHHOrO MCCAeAOBaHMS SIBASIETCS OTOOP
MMKPOOPraHM3mMoB, CUHTE3MPYIoLIMX 61OTTABBI, 1 M3yyeHune 1x GUOAOTMUYECKMX CBOMCTB.

KatoueBble cAoBa: Oypoit yroab, OuocCypdakTaHTbl, OMOCOAIOOMAM3ALMS, OUOKOHBEPCHS,
AHTUMUKPOOHas aKTUBHOCTb, NMOBEPXHOCTHO-akTUBHbIe BellecTa (MAB), aMyAbrupytoLiast akTMBHOCTb.

Abbreviations

BioSAS — biosurface active substances.

1. Introduction

Nowadays brown coal gains high attention as

an energy source due to the depletion of natural
reserves, such as crude oil and natural gas. Over

96% of the world’s brown coal is burned to gen-
erate electricity and heat. However, this process
generates a large number of substances that lead
to environmental pollution, mainly carbon oxides,
nitrogen and sulfur. Alternative, environmental-
ly friendly technologies is the bioconversion of
brown coal [1]. There are three main mechanisms
for the bioconversion of coal, including solubiliza-
tion, depolymerization and utilization. The first of

ISSN 1563-034X Eurasian Journal of Ecology. Ne2 (59). 2019 81

eISSN 2617-7358



Screening of biosurfactant — producing microorganisms

these consists of the non-enzymatic dissolution of
coal to form a black liquid. This process occurs at
alkaline pH and is mediated by specific substances
secreted by microorganisms, such as alkaline com-
pounds, chelating agents and surfactants. An in-
crease in pH during the solubilization of coal indi-
cates the biosynthesis of alkaline substances. Their
contribution to the biosolubilization of brown coal
has been documented for strains of Streptomyces
sp., Bacillus subtilis, Bacillus cereus u Pseudomo-
nas putida [2], [3]. Freshly mined lignite usually
contains about 70% water. Its main components
are humic acids with a molecular weight of 50 Da
and more. Brown coal is a solid substance due to
ionic interactions between negatively charged car-
boxyl groups and positively charged metal ions,
mainly iron, calcium and magnesium. Therefore,
the extraction of metal cations with chelating
agents or bases increases the solubility of coal [4].
The second process, the depolymerization of coal,
is mediated by enzymes and occurs at a pH below
6. Lignin-degrading oxidoreductases (lignin per-
oxidase, manganese-dependent peroxidase and lac-
case) and some hydrolases break down the bonds
that support the three-dimensional structure of coal
and release substances that have lower molecular
weights and character fulvic acids [5], [6].

All of these reactions proceed faster when the
substrate is oxidized, and therefore, researchers
most often use leonardite or lignite, which has been
pretreated with oxidizing agents to turn on oxygen
atoms. Solutions of nitric acid, hydrogen peroxide
and potassium permanganate or ozone are most of-
ten used for this purpose. The third way, the use of
brown coal, is in its biological decomposition by
various bacteria, yeast and filamentous fungi, which
use the components of the moving part of lignite as
carbon sources [7]. In the past few years, the number
of publications on the bioconversion of brown coal
has been lower than in the 1990. However, research
in this area continued to improve processing meth-
ods. One interesting option is the bioconversion of
brown coal under moderate conditions into a wide
range of organic compounds. Other options include
converting it to pure carbon or liquid fuel, which can
be used for energy production and biological recov-
ery [8].

Biotechnological transformation of coal
structure is an environmentally safe method for the
modification of carbon-containing raw materials.
The use of such preprocessing minimizes the use of
chemicals and the release of hazardous compounds to
the environment. The advantage of biotechnological
methods of processing coal in comparison with

chemical methods is that they occur at moderate
temperatures and atmospheric pressure.

Interest in the bioconversion of coal is growing
steadily, due to the negative consequences for the
environment arising from the use of fossil coal as an
energy source. This problem is particularly relevant
for countries with a high level of production and
use of coal. The processes of biological conversion
of coal, and above all brown, are the subject of
numerous studies [9].

The main directions of foreign studies on the
bioprocessing of brown coal are aimed at increasing
their efficiency and environmental safety, as well
as at obtaining demanded chemical products [10].
There are also examples of the use of bio-treated
coal as a raw material for the production of various
types of products, such as binders for briquetting
and granulating brown coal. It is well known that
the general creation of biosurfactants is hampered
by the lack of economical and universal products.
Currently, there is only a very limited supply of
commercially available biosurfactants, such as
surfactin, sophorolipids and rhamnipids. A variety of
new biosurfactants, respectively producing strains,
is a key problem in overcoming economic barriers
to the production of biosurfactants. Therefore, it
is necessary to make more efforts to discover new
microorganisms that produce biosurfactants, using a
wide range of different screening methods, which is
the subject of this study.

Biosurfactants are surfactants produced by
microorganisms. They are biodegradable, non-toxic,
and can replace synthetic surfactants. Biosurfactants
accelerate the destruction of soil pollutants and
plant growth, and also have antimicrobial activity.
Since obtaining biosurfactants is a rather expensive
process, interest in them is growing due to the
possibility of their use in environmental protection,
oil, food and pharmaceutical industries instead
of synthetic surfactants, since they are less toxic,
active in lower concentrations and synthesized by
microorganisms from renewable materials. Bacteria
that produce surfactants are found in the water, in
the soil and on the leaves of plants, but, as a rule,
the search for producers synthesizing them in large
quantities is carried out in soils contaminated with
heavy metals and petroleum products.

Biosurfactants can be divided into low molecular
weight molecules that effectively reduce surface and
interfacial tension. For example, glycolipids, such
as trehalose lipids, sophorolipids and rhamnolipids,
or lipopeptides, such as surfactin, gramicidins and
polymyxins. As well as high molecular weight
molecules, which are more effective at stabilizing
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the oil in aqueous emulsions, i.e., they are tightly
bound to surfaces. These include amphipathic
polysaccharides, proteins, lipoproteins, lipids,
or complex mixtures of these biopolymers.
Chemically synthesized surfactants are usually
classified according to the nature of the polar group
— cationic, anionic and nonanionic. Biosurfactants
are compounds of different nature — glycolipids,
lipoproteins, neutral lipids, phospholipids, fatty
acids and polymers, a common feature is the
presence of hydrophilic and hydrophobic parts in the
composition of molecules. In general, producers of
biosurfactants are Pseudomonas spp., Acinetobacter
spp., Bacillus spp. and Candida spp, which use them
to emulsify insoluble substrates, improve mobility,
adhesion, preserve extracellular carbon and protect
against osmotic stress, so their production depends
largely on growth conditions [11].

From the point of view of environmental

protection,  biosurfactants are interesting
as substances that facilitate the access of
microorganisms and plants to soil pollutant

molecules, which accelerates the bioremediation
process. The active groups of biosurfactants
(hydroxyl, amino groups, carbonyl groups)
form complexes with heavy metals. In addition,
biosurfactants can interact with hydrocarbons and
pesticides. Different biosurfactants differ in the
effectiveness of their influence on the bioremediation
processes and their specificity to certain substances.
For example, biosurfactants of different strains
of P. aeruginosa interact in different ways with
different hydrocarbon pollutants. Some increase
the bioavailability of pyrene, others — phenanthrene
or fluorene. Even if the biosurfactant is specific to
one of the hydrocarbons, other pollutants are also
activated in its presence [12].

Antimicrobial activity of biosurfactants

Microbial compounds that exhibit pronounced
surface and emulsifying activity are classified
as biosurfactants. Biosurfactants include a wide
range of chemical structures, such as glycolipids,
lipopeptides, polysaccharide-protein complexes,
phospholipids, fatty acids and neutral lipids.
Therefore, it is reasonable to expect different
properties and physiological functions for different
groups of biosurfactants. In addition, these
molecules can be made specifically for various
applications by changing the substrate for growth
or growth conditions. Although most biosurfactants
are considered secondary metabolites, some of
them can play a significant role in the survival of
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microorganisms that produce biosurfactants, by
facilitating nutrient transport or the interaction of
host microorganisms or as biocidal agents [13].

The roles of biosurfactant include an increase
in surface area and bioavailability of hydrophobic
water-insoluble substrates, the binding of heavy
metals, bacterial pathogenesis and the determination
of quorum and the formation of biofilms. Most of
the work on the application of biosurfactants was
focused on their use in the environmental field due
to their diversity, environmentally friendly nature,
suitability for large-scale production and selectivity.
Despite their potential and biological origin, only
a few studies have been conducted on applications
related to the biomedical field. Some biosurfactants
are suitable alternatives to synthetic drugs and
antimicrobial agents and can be used as safe and
effective therapeutic agents. The use and potential
commercial use of biosurfactants in the medical
field has increased over the last decade. Their
antibacterial, antifungal and antiviral activity makes
them appropriate molecules for use in the fight
against many diseases and as therapeutic agents. In
addition, their role as anti-adhesive agents against
several pathogenic microorganisms indicates their
applicability as suitable anti-adhesive coating agents
for medical introductory materials, resulting in a
reduction in a large number of nosocomial infections
without the use of synthetic drugs and chemicals.
Microbial surfactants have several advantages
over chemical surfactants, such as lower toxicity;
higher biodegradability and efficacy at extreme
temperatures or pH values. Many of the potential
applications considered for biosurfactants depend
on whether they can be produced economically;
however, great efforts have been made to optimize
the process, as well as at the engineering and
biological levels. The production of biosurfactants
from low-cost substrate wastes has been reported,
which reduces the cost of their production. In
addition, legal aspects, such as stricter regulations
on environmental pollution from industrial activities
and health standards, will also greatly affect the
chances of biodegradable biosurfactants to replace
their chemical counterparts [14].

2. Materials and Methods

1.1 Brown coal preparation.

Brown coals of the Oikaragai (OLI) deposit of
the Raiymbek district of the Almaty region, 300 km
from Almaty, in the border zone with China were
taken as feedstock [15]. The density of the organic
mass is 1.2-1.5 g / ecm3. heat of combustion of the
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combustible mass of 22.6-31 MJ / kg. The ash con-
tent of coal was 6-16%. For the experiment, ground
brown coal with a diameter <2 um was used.

2.2 Biological material.

The following collectible pure cultures iso-
lated from brown coal and oil were used in this
study: RKB 1 (Acinetobacter pitti), RKB 2 (Bacil-
lus sp.), RKB 5 (Delfia sp.), RKB 7 (Bacillus sp.),
RKB 10 (Proviodencia vermicola), KE 1 (Bacillus
anthracis), KB 2 (Bacillus cereus), JM 3 (uniden-
tified). RKB 1, RKB 2, RKB 5, RKB 7, RKB 10
strains were isolated from coal, while KE 1, KB 2
and JM 3 from oil samples.

2.2. Biosurfactant activity

The strains were cultured in 200 ml flasks con-
taining 100 ml of LB medium (1% (v/v) inoculum)
at 30°C and a stirring speed of 150 rpm for 24 hours.
Then 5% (w/v) of sterile ground brown coal was
added to the nutrient broth of each inoculum, and
the cultivation was continued for 7 days at 37°C
(150 rpm). The controls contained only LB medium
supplemented with coal (without inoculum). Sam-
ples of culture broth (5 ml) were collected under
sterile conditions every few days and centrifuged at
3500 rpm for 30 min. The absorbance at 450 nm was
measured, which is used to determine the degree of
biosolubilization [16].

2.4 Determination of emulsifying ability

The emulsifying capacity of the biosurfactant
was determined by measuring the emulsification
index (E ,) [17]. The emulsifying activity was
measured by adding 4 ml of a cell-free culture after
72 hours of fermentation to 6 ml of a hydrophobic
compound (xylene, n-pentane, kerosene and crude
oil) in a glass vial with a 10 ml screw cap and shak-
ing vortex for 2 min. After 24 hours of storage, the
height of the emulsion layer was measured and E ,,
was calculated.

&

E,, = £ X 1009%
24 = g b

where EZ is the height of the emulsion layer; TH is
the total height of the mixture. E 24 correlates with
the concentration of surfactant. Assessing the ability
to emulsify is a simple screening method, suitable
for the first screening of microorganisms producing
biosurfactants. It is used in many screenings, while
kerosene may be replaced by other hydrophobic
compounds, such as hexadecane. But surface
activity and emulsifying ability do not always
correlate. Therefore, this method only gives an idea
of the presence of biosurfactants [17].

2.5 Antimicrobial activity

Method. A disk diffusion technique was
performed.

1) Inoculated isolates (RKB 1, RKB 2, RKB
5, RKB 7, RKB 10, KE 1, KB 2 and JM 3) were
centrifuged at 3500 rpm for 30 min, the resulting
supernatants were used to determine antimicrobial
activity against the pathogen .

3) The suspension of the test organism was
inoculated into sterile petri dishes with nutrient agar.

4) Nutrient agar was poured onto sterile empty
cups and allowed to harden.

5) When cured, sterile discs were immersed in
the supernatant and placed under aseptic conditions
on solidified agar.

6) Kept for diffusion at 4°C for 30 min.

7) After diffusion, incubated at 37°C for 24
hours.

After 24 hours of incubation around the discs,
growth zones were observed [18].

3. Results and Discussion.

Emulsifying activity of the strains RKB 1, RKB
2, RKB 5, RKB 7, RKB 10, KE 1, KB 2 and JM 3

The ability to stabilize an emulsion is an
indication that the microorganism produces a
biosurfactant [19]. High emulsifying activity is
important for the application of biosurfactants [20].
Emulsifying activity was measured by adding 2 ml
of cell-free culture after 7-day fermentation in 2
ml of hydrophobic compound (kerosene, gasoline,
diesel, olive oil, chloroform and hexane) to a 15-
ml screw-cap glass tube and shaken vortex for 2
minutes. After 24 hours of storage, the height of the
emulsion layer was measured and the emulsifying
index (E ,)) was calculated (Table I).

The emulsification rates of the strains RKB 1,
RKB 2, RKB 5, RKB 7, RKB 10, KE 1, KB 2 and
IJM 3 formed between several typical hydrocarbons
and the cell-free supernatant of the strains RKB 1,
RKB 2, RKB 5, RKB 7, RKB 10, KE 1, KB 2 and
JM 3 after 7 days of cultivation at 37 © C, are shown
in Table 1.

Biosurfactants are microbial —amphiphilic
polymers and polyphilic polymers that tend to
interact with the interface between two phases in
a heterogeneous system, defined as an interface.
For all interfacial systems, it is known that
organic molecules from the aqueous phase tend
to immobilize at the solid interface. There, they
eventually form a film, known as a conditioning
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film, which changes the properties (wettability and
surface energy) of the original surface. By analogy
with organic conditioning films, biosurfactants can
interact with interfaces and affect adhesion and
bacteria separation. [21].

E,, correlates with the concentration of surfactant.
Assessing the ability to emulsify is a simple
screening method, suitable for the first screening of
microorganisms producing biosurfactants. It is used in

Table 1 — Emulsifying activity of strains

many screenings, while kerosene may be replaced by
other hydrophobic compounds, such as hexadecane.
But surface activity and emulsifying ability do not
always correlate. Therefore, this method only gives
an idea of the presence of biosurfactants.

Biosurfactant RKBS (E,, — 56.7%), RKB 10 (E,,
60.0%) and RKB 2 (E,, — 33.3%) had the highest
emulsifying activity on chloroform from six types of
hydrocarbons (Fig. 1).

Strains Benzene Diesel Kerosene Olive oil Chloroform Hexane
ot inden EZ TH EZ TH EZ TH EZ TH EZ TH EZ TH
RKB 1 3.0 0.2 2.2 0.2 2.5 0.2 3.0 0.4 2.5 0.7 2.0 0.1
RKB 2 4.0 0.3 2.7 0.5 2.5 0.3 2.7 0.5 3.0 1.0 2.5 0.2
RKB 5 2.1 0.1 2.7 0.2 3.0 0.3 3.0 0.8 3.0 1.7 2.3 0.3
RKB 7 2.2 0.2 2.3 0.3 2.3 0.2 2.5 0.5 2.0 0.1 2.0 0.1
RKB 10 3.0 0.2 2.7 0.2 2.5 0.3 2.5 0.7 2.5 1.5 2.0 0.1
KD1 2.0 0.1 2.1 0.1 2.3 0.2 2.5 0.3 2.2 0.2 2.0 0.1
Kb 2 2.0 0.2 3.0 0.2 2.1 0.2 2.3 0.3 2.5 0.3 2.2 0.1
KM 3 2.4 0.2 2.5 0.3 2.8 0.2 2.5 0.7 3.5 2.0 2.0 0.2
70
60
50
>
3
£
=t
[

RKB 1 RKB2 RKB5

M Benzene M Diesel

W Kerosene

Control OLI

RKB7 RKB10

m QOlive oil m Chloroform M Hexane

Figure 1 — Emulsifying activity of strains RKB 1, RKB 2, RKB 5, RKB 7, RKB 10

The second high emulsifying activity is olive
oil (RKB5 (E,, - 26.7%), RKB 10 (E,, — 28.0%)
and RKB 2 (E,, 18.6%)), the third high emulsifying
activity is diesel, kerosene, gasoline and the low-
est emulsifying activity (E,, — 5.0%) is on hexane
(strain RKB 1). Biosurfactant produced by strain

ISSN 1563-034X
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RKB 2, RKB 5, RKB 10 was more stable than bio-
surfactant produced by strains RKB 1 and RKB 7.
Biosurfactants KB 2 (E,, - 60.0%) and IM 3 (E,,
— 57.1%) had the highest emulsifying activity on
chloroform from six types of hydrocarbons (Fig. 2).
Emulsifying activity on olive 0il Kb 2 (E,, — 13.1%),
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JM 3 (E,, - 28.0%) and KE 1 (E,, — 12.0%), on die-
sel KB 2 (E,, - 6.7%) , IM 3 (E,, — 12%) and KE 1
(E,, — 4.8%), on kerosene KB 2 (E,, — 9.5%), ]M 3
(E,,—7.1%) and KE 1 (E,, — 8.7%), on gasoline KB
2(E,,—10.0%), M3 (E,,—8.3%)and KE 1 (E,, -
5.0%) and the lowest emulsifying activity (E,, — 5,
0%) is on hexane (KE 1 strain).

Biosurfactants produced by RKB 2, RKB 5,
RKB 10, KB 2, JM 3 strains were more stable than

70

biosurfactants produced by RKB 1, RKB 7 and KE
1. The results showed that all hydrocarbons, such
as chloroform, olive oil, kerosene and diesel, were
fully emulsified by isolated biosurfactant produced
by strains RKB 2, RKB 5, RKB 10 and JM 3. This
implies that biosurfactants produced by strains RKB
2, RKB 5, RKB 10 and JM 3 can emulsify not only
aromatic compounds, and hydrocarbons with short
and long chains.

60

50

40

30

E 24 index 2

20

10

K31 KB2

M Benzene M Diesel M Kerosene

HM3 Control OLI

M Olive oil B Chloroform M Hexane

Figure 2 — Emulsifying activity of strains KE 1, KB 2, JM 3

Surfactants are a large group of organic com-
pounds whose characteristics are reduced surface
tension, wetting and foaming properties, as well as
antimicrobial activity. The differentiated properties
of these substances are due to the different chemical
structure of the individual compounds. Most natu-
ral biosurfactants have a common negative or rarely

Table 2 — Antimicrobial activity, mm

positive charge. Gottenbos et al. [22] demonstrated
that the positively charged surfaces of the biomate-
rial have an antimicrobial effect on gram-negative
bacteria tested, but not on gram-positive bacteria.

According to the above studies, the antimicro-
bial properties of the isolated cultures were investi-
gated (Table 2).

Bacillus subtilis 1 disc, mm 2 disc, mm 3 disc, mm 4 disc, mm
RKBI 4+0,2 340,3 3+0,2 10,3
RKB2 541,0 4£1,5 2420 4£1,0
RKB5 3+1,5 5+1,0 2+1,0 342,0
RKB7 342.0 342.0 342.0 2410

RKBI10 5420 4£2.0 2425 3425
KE1 5425 5415 3435 4420
KB2 3420 3425 4420 5415
IM3 8420 7+3,0 7+1,5 542,5

86 Xabapusl. Dxonorust cepusicsl. Ne2 (59). 2019



Malik A .M. et al.

According to the results of the study, the data
showed that the RKB 2, RKB 5, RKB 10 and KE 1,
JM 3 strains have high antimicrobial activity than the
RKB1, RKB7 and KB 2 strains. And this indicates
that positively charged surfaces of the biomaterial
have antimicrobial effect on gram-negative bacteria
tested. Thus, studies have shown that microorgan-
isms possessing antimicrobial activity and are able to
release surfactants can decompose and / or biosolve
fossil fuels, such as brown coal and oil.

Conclusion

The characteristic of the emulsifying activity of
microorganisms is given. The results of the study
showed that all hydrocarbons, such as chloroform,
olive oil, kerosene and diesel, were fully emulsified
with isolated biosurfactants produced by strains
RKB 2, RKB 5, RKB 10 and JM 3. This means that
the resulting biosurfactants can emulsify not only
aromatic compounds, as well as hydrocarbons with
short and long chains. The antimicrobial activity of
the isolated strains was studied, where the strains
RKB 2, RKB 5, RKB 10, CE 1, and LM 3 showed

high antimicrobial activity. From the selected
cultures, 2 strains were selected that are promising
for the biosolubilization of low-grade coals in order
to be able to use them in the agro- and processing
industries.
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EXAMINATION AND CURRENT STATE OF VEGETATION
OF TECHNOLOGICALLY DISTURBED LANDS OF SSGPO

For the biological stage of reclamation of disturbed lands, the study of plant communities, the
identification of dominant species and potential phytomeliorants of the local flora that are resistant to a
complex of unique environmental conditions of technogenic formations are of paramount importance.
The study of the comparative characteristics of natural and artificial vegetation overgrown with man-
made man-made vegetation in the relationship of exploration of the subsoil by the open method, regime
of disturbed land allotment, landscape, soil conditions and vegetation cover is a very important task.

The purpose of our research is to study the processes of natural overgrowing of dumps, the analysis
of the results of previously carried out works on reclamation.

The study of the composition and structure of vegetation industrial dumps and adjacent areas was
carried out using traditional methods of field geobotanical research.

We have analyzed the previous studies on the composition and structure of the vegetation of the
Sokolov-Sarbay mining and processing production association (SSGPO), according to literary sources,
local flora has been identified. By means of own research, an assessment of the current state of vegeta-
tion has been carried out, potential phytomeliorants have been identified for the subsequent biological
stage of reclamation of disturbed lands located in similar natural and climatic zones of the republic.

The vegetation of a flat plateau-shaped dump mainly consists of formed by self-overgrown com-
munities. Communities of steppe cereals and motley grass dominate. On the periphery of the dump,
meadow cereals and motley grasses dominate along dug trenches. It consists mainly of herbaceous pe-
rennials, but the role of annuals and one--two-year-olds is also quite large. The phytocenoses are domi-
nated by steppe species, from the ecological groups of plants — xerophytes. The participation of weed
plants is small. At the end of 60 years after the formation of the dump, we can conclude that the natural
zonal vegetation is almost restored — zonal steppe grass and forbs dominate in the vegetation cover, with
the exception of artificially formed negative relief elements, where mosaic patterns are observed due to
changes in the environmental conditions of the habitat.

Key words: vegetation, phytomeliorants, dominants, disturbed lands, dumps.
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CCKbBb-HbIH, TexHOTeHA| 6Y3bIAFaH XKepAepiHiH, 6CiMAIKTEp XKaObIHbIHbIH,
Kasipri XkaFAaibl )KoHe 3epTTeAy AeHrei

by3sbiAFaH >KEPAEPAIH PEeKYAbTMBALMSICbIHBIH GMOAOTUSIABIK, KE3eHiH >XYPri3y YiliH eciMaikTep
KAybIMAQCTbIKTapbIHbIH, ~ 3epTTey, (AOpaHblH  AOMMHATTBI  TYPAEPIH >kK&He  MOTEHLUMAAbABI
(PUTOMEAMOPAHTTAPbIH aHbIKTAY, TEXHOTreHAI TY3iAICTEPAIH ©3iHAIK 3KOAOTMSAbBIK, >KarAalMAapbiHa
TO3IMAIAIriHAE GipiHLLI CaTbIAbl MaHbI3AbIAbIFbI 6ap. AllbIK, AICMEH >Kep KoWHaybiH 6apaay, >kep
TeAiMAepiH 6eAy, AaHAWAMT, TOMbIPAK, >KafAAMAapbl MEH OCIMAIK >KaMbIAFbIAAPbIHbIH,  PEXMMIH
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6anAaHbICTbIPDY Ke3iHAE aAaM >KacaFaH OCIMAIKTEPMEH TabWMFM >koHEe >KAaCaHAbl ©CIMAIKTEpPAIH
CaAbICTbIPMaAbl CUMATTaMaAAPbIH 3epTTeY 6Te MaHbI3AbI.

3epTTeyAiH MakcaTbl — YHIHAIAEPAIH TabMFM ©CiM KaAbINTaCy YAEpICTepiH 3epTTey, PeKyAb-
TUBaUMsAQy OOMbIHLLIA >KYPri3iAT€H XKYMbICTAPAbIH, HOTUXKEAEPIH TaAAay.

OCIMAIKTEPAIH, ©HEepKacCinTiK YHIHAIAEpAEri >KeHe ipreaec aymakTapAarbl KYpPaMbIH >KaHe
KYPbIABIMbIH 3€PTTEY AAAaAbIK, re0O0TAHNKAABIK, 3ePTTEYAEPAIH ABCTYPAI BAICTEPIH KOAAAHA OTbIPbII
SKYPri3iAAi.

CokonoB-Capblbait Tay-keH 06anbITy OHAIPICTIK BGIPAECTIriHIH TEePPUTOPUSCHIHBIH, BCIMAIKTED
KYPbIABIMbI MEH KYPaMbIHa XKYPri3iAreH >KymbiCTap OOMbIHLLA aAAbIH aAd KapacTbipbIAFaH aAebueTTep
APKbIAbl QHAAM3 >KACaAblHAbI. ©O3IMI3AIH 3epTTey >KYMbICTApPbIMbI3Abl >KYPri3y apKbIAbl ©CIMAIK
>KaMbIAFbICbIHbIH, KA3ipri TaHAQFbl >KaFAaribl 6araraHAbl, pecrnybAMKaHbIH OCbIHAAM TaOUFU-KAMMATTbIK,
JKarAaMAa  OpHaAacKaH Oy3biIAFaH >KEPAEPIHiH  PEeKYAbTMBALMSICbIHbIH, OMOAOTUSIAbIK, KEe3eHIiHAE
naaasaHyra 60AaTbIH (PMTOMEAMOPAHTTAP aHbIKTAAADI.

Teric naato-Tepi3Ai yMiHAIAEPAIH ©CIMAIK >kabbiHbl KebiHece ©3iHeH KaAbINTackaH KaybiM-
AACTbIKTapAAH TypaAbl. AAAaAblK, acTbIK, TYKbIMAQCTapbl MEH SPTYPAI LIeNTep KaybIMAACTbIKTapbI
6acbiM. YRIHAIAEPAIH WETIHAEr WeriHAIAePAIH YCTIHAE LAAFbIHAbI ACTbIK, TYKbIMAACTap MEH 8pPTYPAI
wenTep 6acbiM eceAi. OrapAbIH KypPaMbliH HETi3iHEH KOTMKbIAABIK, LOMTECIH 8CIMAIKTED KyparAbl, Gipak,
6ip- >kKoHe eKi XbIAAbIK, OCIMAIKTEPAIH POAI Ae 6Te yAKeH. (DUTOLLEHO3AAP KyPaMbiHAA AAAAABIK, TYPAED
6acbiM, OCIMAIKTEPAIH SKOAOTUSIAbIK, TOObI — KCepoduTTep. Apam LLBMTEPAIH KaTbiCybl a3. 60 XbIA
apaAbIFbIHAQ KAAbINTACKAH YIIHAIAEPAIH TabuFn aMMaKTbIK 6CIMAIKTED >KabbliHbl KAAMbIHA KEAAI Aer
yiFapyra 60AaAbl, XKacaHAbl TYPAE KAAbINTaCKaH Tepic peabedTi sAeMeHTTepAeH 6acka, eciMAiKTep
>KabbIHbIHAQ aMMaKTbIK AdAa LIeMNTEpi MeH 8PTYPAI WenTi eciMAikTep 6acbiM BOAbIN KEAEAi, 0AapAa
KOpLLAFaH opTa >KafAanAapbiHbiH ©3repyiHe 6aAaHbICTbl MO3aMKaAbIK, YATIAEp OanKaAaAbl.

Tynin cesaep: ecimaikTep >kabblHbl, (DUTOMEAMOPAHTTAP, AOMMHATTap, Oy3bIAFaH >XEpAep,
yriHAIAEp.
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M3yyeHHOCTb M COBpeMeHHOe COCTOsIHWe
pPacTUTEAbHOCTH TeXHOreHHO HapyLueHHbIX 3emeAb CCITIO

AAS MPOBeAEHNsT BUOAOTMYECKOro 3Tana PeKyAbTUBALMM HApPYLLIEHHbIX 3eMeAb MepBOCTeNneHHoe
3HauYeHWeMeeT U3y YeHre PaCTUTEAbHbIX COOOLLECTB, BbISIBAEHWE AOMUHAHTHbIX BUAOB M MOTEHLMAAbHbIX
(PUTOMEAMOPAHTOB MECTHOW (DAOPbI, YCTOMYMBBIX K KOMMAEKCY CBOEOOpPa3HbIX 3KOAOrMUYECKMX
YCAOBMIA TEXHOTeHHbIX 00pa3oBaHuil. M3yueHne CpPaBHUTEAbHOM XapaKTepUCTUKM eCTECTBEHHOTO U
MCKYCCTBEHHOr O 3apacTaHMs PACTUTEAbHOCTbIO TEXHOrE€HHbIX OTBAAOB BO B3aMMOCBS3M OCBOEHMS HEAD
OTKPbITbIM CMOCOBOM, peXKmmMa HapyLLeHUs MAOLLAAEN 3EMEAbHOrO OTBOAQ, AaHALWAMTA, COCTOSHMS
MOYBbI M PACTUTEABHOIO MNOKPOBA NPEACTABASIET BECbMA BXKHYIO 3aAauy.

LleAbto HalMX MCCAEAOBAHMI SBASETCS M3YUYeHWe NPoLEeCcCOB eCTECTBEHHOrO 3apaCcTaHMs OTBAAOB,
aHaAM3 Pe3yAbTaTOB MPOBEAEHHbIX PabOT MO PeKyAbTUBALLMM.

M3yueHne coctaBa M CTPYKTYPbl PACTUTEAbHOCTM MPOMBILAEHHbIX OTBAAOB M MPUAEratowmx
TEPPUTOPMIA NMPOBOAMAOCH C MCTMIOAb30BAHMEM TPAAMLMOHHBLIX METOAOB MOAEBbIX Fe060TaHNYECKUX
NCCAEAOBAHUN.

Hamn caenaH aHaamM3 paHee MPOBEAEHHbIX pPaboOT MO M3yuyeHWMIo cocTaBa WM CTPYKTYpbl
pactuteAbHoCcTH TeppuTopmmn CokoroBcko-Cap6aiickoro ropHo-060raTUTEeAbHOMO MPON3BOACTBEHHOMO
ob6beanHenns (CCITIO), Mo AMTEPATYpPHbIM MCTOUHMKAM BbISIBAEH COCTaB MECTHOM (PAOpbI. [lyTem
NMPOBEAEHMS MOAEBbIX MCCAEAOBAHMIA MPOBEAEHA OLIeHKQ COBPEMEHHOIO COCTOSIHME PACTUTEABHOCTH,
BbISIBAEHbI MOTEHLMAAbHbIE (PUTOMEAMOPAHTBI AASI TOCAEAYIOLLETO MPOBEAEHUSI BUOAOrMUECKOro 3Tana
PEKYABTUBALMM HAPYLLIEHHbBIX 3EMEAb, PACTTOAOXKEHHbBIX B MOAOBGHbIX MPUPOAHO-KAUMATUUYECKMX 30HAX
pecny6AnKM.

PacTUTEABHOCTb MAOCKOrO NAATO06Pa3HOrO OTBaAA B OCHOBHOM COCTOMUT M3 CHOPMMPOBABLLMXCS
nyTem camosapactaHusi coo6LLeCTB. AOMUMHMPYIOT COOBLECTBA CTeMHbIX 3AaKOB M pasHOTPaBbsl.
Mo nepudepunn oTBara NO NPOPbLITbIM KaHABaM AOMMHMPYIOT AYrOBble 3AaKM M pa3HOTpaBbe. B ee
COCTaB BXOAAT MPEVMMYLLECTBEHHO TPABSAHUCTblE MHOTOAETHMKM, HO TakKXKe AOBOAbHO BEAMKA POAb
OAHOAETHUKOB M OAHO- ABYAETHMKOB. B cocTaBe (puTOLEHO30B MPeobAAAAIOT CTEMHble BUAbI, U3
3KOAOTMYECKMX FPYMM PACTEHNIA — KCepodUTbl. YdacThe COpHbIX pacTeHmin HeBeAnKo. o ncrevenmio
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Examination and current state of vegetation of technologically disturbed lands of SSGPO

60 AeT nocAe 06pa3oBaHUs OTBAAA MOXKHO 3aKAIOUUTb, YTO eCTECTBEHHas 30HaAbHasi PAaCTUTEAbHOCTb
MOYTU BOCCTAaHOBAEHA — B PACTUTEAbHOM TMOKPOBE MPeoOAAAAIOT 30HAAbHbIE CTErHble 3AaKW U
Pa3HOTPABbE, WCKAIOYEHWME COCTABASIIOT MCKYCCTBEHHO 06pa3oBaHHble OTPULIATEAbHbIE IAEMEHTbI
peabeda, rae HabAIAAETCS MO3aMUYHOCTb BBUAY M3MEHEHMS SKOAOTUYECKMX YCAOBUI MECTOOOUTAHMSI.

KAtoueBble cA0Ba: pacTUTEABHOCTb, (DUTOMEAMOPAHTbI, AOMWHAHTbI, HApYLLEHHbIE 3eMAM, OTBAAbI.

Introduction

By Enterprises engaged in the extraction of
coal, ferrous metals, and phosphorites located in
Kostanay, Karagandy, Aktobe, East Kazakhstan,
Pavlodar, Zhambyl, West Kazakhstan and Atyrau
regions, have been accumulated significant dumps
of mining and processing industry waste. Soil
pollution at coal mining sites is patchy, which is
explained by an imbalance of plant nutrients, the
degree of anthropogenic pressure at the time of
extraction, applied by agricultural technologies,
the lack of continuous monitoring, and irregular
reclamation work.

Most of the areas of disturbed lands of
Kazakhstan are in the category of lands of industry,
transport, communications, for the needs of space
activities, defense, national security and other non-
agricultural purposes.

Inregional terms, the largest amount of disturbed
land is in three regions, in Mangystau — 78.6
thousand hectares and worked out in 3.6 thousand
hectares, in Karagandy —45.3 thousand hectares and
10.6 thousand hectares, respectively, and Kostanay
—37.8 thousand hectares and 13.7 thousand hectares
respectively.

In total, there are 346 enterprises and
organizations in the republic that have disturbed
lands on their territory. Only in 2017, 1.8 thousand
hectares were disturbed in the republic, 0.6 thousand
hectares of disturbed land were reclaimed and
1.2 thousand hectares of disturbed lands were
recultivated. The largest area of disturbed land was
reclaimed in Aktobe region 1.0 thousand hectares.

With the issues of reclamation of lands disturbed
by industry in different climatic zones the scientists
began to deal from the second half of the last
century. Conducted the study of the agrochemical
and water properties of man-made illusions of
dumps, the natural overgrowing of uneven dumps,
the creation of experimental plots, on which tested
woody and herbaceous plants, has been developed
agrotechnical measures to care for them [1-14].

The issues of natural and artificial restoration
of vegetation in the conditions of open-cast mining
were investigated in a complex at various levels of
landscapes [11-14]. The study of the comparative

characteristics of the natural and artificial vegetation
of man-made dump vegetation in the relationship
of open-pit mining, the regime of violation of land
allotment, landscape, soil conditions and vegetation
cover is a very important task.

When carrying out the tasks of the project
“Optimization of reclamation works in the open
developmentof mineral deposits” by scientists ofthe
Kazakh National Technical University named after
K.I. Satpayev revealed that as the concentration of
heavy metals in the soil increases, the contribution
of melanin-containing micromycetes to the total
microbial biomass increases and the proportion
of light-colored hyphomycetes decreases. It has
been established that under the influence of heavy
metals in the structure of the fungal communities
of the background zone, dominant positions (up
to 85%) are occupied by dark-colored anamorphic
fungi from the genera Alternaria, Cladosporium
[15].

By us, in the framework of the project “Improving
the management of technical and biological stages
of reclamation of disturbed lands in open mining”,
analyzed vegetation and conducted field research
in the Sokolov-Sarbay mining and processing
production association (SSGPO).

SSGPO is located in the northern part of the
Turgai Trough, on the territory of the Turgai Plain. A
characteristic feature of the relief of the Turgai Plain
is a multitude of large and small lake basins, steppe
saucers and depressions with aspen-birch pegs, less
often elongated, very significant in size, but shallow
depressions, which are traces of ancient troughs.
Large, partially drying up lakes are confined to these
depressions. Uvals alternating with lake depressions
have very gentle slopes and flat outlines.

Dumps differ from the adjacent areas by the
nature of the relief, the properties of the component
soil, the moisture regime, and the content of
mineral substances available to the plants. Substrate
moistening at the dumps occurs mainly due to
precipitation, and the moisture distribution is caused
by the mechanical and mineralogical composition of
the composing soils [16, 17].

The relief and exposure of dumps lead to a
redistribution of moisture in the dumps, thereby
affecting the process of overgrowing. Particularly
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adverse conditions develop on the slopes of the
southern exposure. If the humidity of tertiary soils
(flasks) on the northern slopes is 40%, then on the
slopes of the southern exposures it decreases to
10%, the northern slopes of the dumps have a more
powerful snow cover (up to 54 cm on average, and
in some places more than 120 cm). The slopes of
the southern exposure as a result of exposure to
winds of the southern and south-western direction
in winter period are almost bare and in January the
snow layer at the foot is only 19-20 cm.

At present SSGPO does not have funds for
carrying out recultivation in large volumes.
Therefore, it is of interest to study as the processes
of natural overgrowing of waste dumps, as well as
the analysis of the results of previously carried out
remediation works.

Materials and Methods

The object of research is the vegetation of
disturbed lands of the SSGPO territory located in
Kostanay region.

The study of the composition and structure
of vegetation of industrial dumps and adjacent
territories was carried out using traditional
methods of field geobotanical research [18-20],
including: geobotanical description of the main
plant communities; landscape and environmental
profiling.

Vegetation cover consists of phytocenoses. In
the composition and structure of the phytocenosis,
internal patterns of plant interactions with each other
and with the habitat are manifested. For each plant
community is established a full floristic composition,
determined the phases of the phenological
development of certain species, morphometric
parameters (height, habitus), life forms (trees, grass,
bushes, etc.).

Description of vegetation is made on special
forms, including the following sections:

a) Name of the community.

b) Relief: is noted a micro-relief, which may be
of phytogenic, zoogenic origin.

¢) Moistening  conditions:  atmospheric,
groundwater, flowing, stagnant, the presence of
runoff on the slopes.

d) Projective soil cover by plants is defined as the
percentage of the area occupied by the projections
of the aerial parts of all plants of the phytocenosis as
a whole. It is expressed by the projective coverage
in percent. The projective cover varies greatly in
seasons and years, it is an indicator clearly reflecting
changes in the environment.

ISSN 1563-034X
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e) Aspect — physiognomic characteristic of the
community, reflecting the visually recorded features
of the phytocenosis structure: the color of the main
background species and the brightest colorful spots
of flowering plants.

1) Species composition of the community: For
each species are being noted the stratification,
abundance, vital condition, placement,
phenophase and true projective cover. A complete
list of plants forming the phytocenosis is being
compiled.

g) Stratification (vertical structure): determined
by the height of the plants with the release of
substages.

h) Phenophase: information on the phenological
phases of plant development is important
for characterizing the seasonal rhythm of the
phytocenosis as a whole. The following main stages
of seasonal development or phenological phases
are distinguished: vegetation, budding, flowering,
fruiting, vegetation after fruiting, dying out, and a
state of rest.

i) Surface condition. is estimated clutter, ticking,
burrows of earth shrew, stoniness, debris, etc.

) The influence of anthropogenic factors.

The coordinates of the points of description of
plant communities were determined by ground-
based laser scanning.

Results and Discussion

Analysis of the results of experimental work on
the reclamation of dumps showed that on a favorable
substrate (quaternary loams, Neogene sands and
sandy loams), the creation of phytocenoses cultures
is possible by sowing herbaceous plants and planting
trees and shrubs without additional agrotechnical
measures. On an unfavorable substrate (flask and
Chegan clay), the creation of plant phytocenoses is
possible only if the surface of the substrate is covered
with a soil fertile layer, and in some cases subject to
the application of mineral fertilizers. It is noted that
for the reclamation of dumps of iron ore quarries
most environmentally plastic such phytomeliorants
as: white birch (Betula pendula Roth), mixture of
legumes: sainfoin (Onobrychis), clover (Trifolium),
alfalfa (Medicago), melilot (Melilotus) and several
others. Grass mixtures of cereals are also plastic:
bonfire (Bromus), wheatgrass (Elytrigia), timothy
(Phleum).

The current state of the vegetation of the
project area was carried out in 2018. The quarry,
the Southeast dump of the Sarbay field and the
territories adjacent to them were visited.
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Various species of trees and shrubs grow on
the sides of the quarry: hanging birch (Betula
pendula Roth), American maple (Acer negundo
L.), Ash willow (Salix cinerea L.), Shrub Caragana
(Caragana frutex (L.) K. Koch), double-twisted
currant (Ribes diacantha Pall.), Wild rose prickly
(Rosa spinosissima L.), filipendula (Spiraea crenata
L.), Cotoneaster (Cotoneaster melanocarpata Lodd.,
G. Lodd. & W. Lodd.), Elacagnus (Elacagnus), Sea
Buckthorn (Hippophae), some of which were planted
earlier in the process of agrotechnical measures
(Figure 1a — Quarry and adjacent territory).

The dominant type of vegetation cover is sod-
cereal steppes on ordinary chernozem. Dominate
turfy cereals — feather grass: reddish (Stipa
rubens P. Smirn.) and Zalessky (S. Zalesskyi
Wilensky), Welsh fescue (Festuca valesiaca

Gaudin). Agropyron fragile (Roth) P. Candargy)
is a significant contributor to the grass, mixed with
Helictotrichon (Helictotrichon desertorum (Less.)
Nevski) and motley grass (Figure 1b — Quarry and
adjacent territory).

On the territories adjacent to the quarry,
mainly motley grass-sod-cereal with wormwood
community are prevalent. Alfalfa yellow, yarrow,
yarrow tansy, mouse pea, swinging paniculum,
Tartar breastwoman, immortelle, astragalus and
others take part in the composition of the grass stand.
The basis of the herbage is turf cereals — reddish
feather grass and fescue. On low relief elements,
on more wetted habitats are developed the Austrian
wormwood-motley grass-coarse stalk cereal with
shrubs of community (Figure 2 — Plains lowland
vegetation).

a) General view of the quarry

b) Dominant vegetation

Figure 1 — Quarry and adjacent territory

The dominants of the herbage communities are
coarse stalk cereals — southern reed (Phragmites
australis (Cav.) Trin. Ex Steud.), wood small-reed
(Calamagrostis epigeios (L.) Roth); motley grass
consists of the above-mentioned steppe grasses.
From polynyas, in addition to Austrian, in places
there are also wormwood tarragon (Artemisia
dracunculus L.). From grasses in the flora of the
project area are represented economically valuable
and other species.

Among them are fodder plants: tuberiferous
rank (Lathyrus tuberosus L.), crescent-shaped
alfalfa (Medicago falcata L.), lupine-shaped clover

(Trifolium lupinaster L.), tufted vetch (Vicia
cracca L.), comb grass (Agropyron cristatum (L.)
Gaertn.), meadow foxtail (4lopecurus prétensis),
Bromus inermis (Bromopsis inermis (Leyss.) Holub
), ground reed grass (Calamagrostis epigeios (L.)
Roth), creeping wheatgrass (Elytrigia repens (L.)
Nevski), meadow fescue (Festuca pratensis Huds.)
cloves, spurge, Galatella, Jacob’s ladder (Figure 3
— Some potential phytomeliorants from local flora).

The following medicinal plants are found:
Ural licorice (Glycyrrhisa uralensis Fisch.), large
plantain (Plantago major L.), Marshall Thyme
(Thymus  marschallianus ~ Willd.), Ziziphora
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(Ziziphora clinopodioides Lam.), sweet clover
(Melilotus officinalis (L.) Pall.), tansy (Tanacetum
vulgare L.), dwarf everlast (Helichrysum arenarium
(L.) Moench), vyarrow (Achillea millefolium
L.), Tartar saltfish (Galatella tatarica (Less.)
Novopokr.), Swinging paniculata (Gipsophylla

Coarse stalk cereal community

paniculata L.), etc. There are poisonous plants that
include: Cockerel (Xanthium strumarium L.), multi-
flowered buttercup (Ranunculus polyanthemos L.),
simple basil (Thalictrum simplex L.), black henbane
(Hyoscyamus niger L.), bittersweet (Solanum
dulcamara L.).

Single bush of Elacagnus

Figure 2 — Plains lowland vegetation

The study of the vegetation of the Southeast
dump, which is the very first dump of the deposit
(1957) and the territory adjacent to it, was carried
out by a detailed route method. The description of
vegetation was carried out according to the traditional
method of geobotanical research. In the course of
the study, the most typical communities in different
stages of succession were distinguished. A total of 11
plant communities were identified and described.

The vegetation of the adjacent territory is
distinguished by a high projective cover (90-
100%), with a slight predominance of cereal over
the motly grass and some participation of Austrian
wormwood. In the composition of the herbage
cereal-motley grass with wormwood communities
dominate — hedgehog team (Dactylis glomerata
L.), creeping couch grass (Agropyron repens (L.)
P. Beauv.), Meadow fescue (Festuca pratensis
Huds.), numerous species of motley grass are
subdominant — Alfalfa (Medicago), Silverweed
(Potentilla), true and tenacious bedstraw (Galium
verum L., G. aparine L.), iris (Iris), heartwood
(Cardaria), colza (Barbarea), yarrow (Achillea
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millefolium L. ), Convolvulus (Convolvulus), hard
carnation (Dianthus rigidus M. Bieb.), Roots of
tubers (Lathyrus tuberosus L.), Crescent-shaped
alfalfa (Medicago falcata L.), Lupine-shaped clover
(Trifolium lupinaster L.), tufted vetch (Vicia cracca
L.), and others.

Characterized by the development of shrubs
in the lowlands and depressions. The development
of thickets of sucker indicates salinity and semi-
hydromorphism of soils in the vicinity of the lake
formed by urban runoff (Figure 4 — Vegetation of
the adjacent territory).

On slopes of the eastern and southeastern
exposition of the dump were formed wheatgrass-
motley grass-cereal and wheatgrass-bluegrass-
motley grass communities. The vegetation of the
communities is composed of wheatgrass (Agropyron
pectinatum (M. Bieb.) P. Beauv.), Bluegrass (Poa
bulbosa L.), steppe motley grass and cereals. In
some places on more humid slopes, reed dominates
in the composition of the stand, isolated shrubs are
encountered (Figures 5 — Vegetation of dump; 6—
Single bushes found on the dump).

Eurasian Journal of Ecology. Ne2 (59). 2019 95



Examination and current state of vegetation of technologically disturbed lands of SSGPO

b) Thymus marschallianus

d) Artemisia dracunculus e) Convolvulus arvensis f) Tanacetum vulgare

Figure 3 — Some potential phytomeliorants from local flora

Thickets of Elacagnus Cereal and motley-grass community

Figure 4 — Vegetation of the adjacent territory
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a) Reed b) Cereal

Dump slope communities

d) Sod-cereal-motley-grass e) Coarse stalk cereal f) motley-grass-turf-grass
Upper lined part of the dump

Figure 5 — Vegetation of dump

a) Sea buckthorn bush b) Bush of Elaeagnus c¢) Poplar bush

Figure 6 — Single bushes found on the dump
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The vegetation of a flat plateau-shaped dump
mainly consists of formed by self-overgrown
communities. Communities of steppe cereals and
motley grass dominate. On the periphery of the
dump, meadow cereals and motley grasses dominate
along dug trenches. There are single bushes of
poplar, sea buckthorn, silverberry and other steppe
shrubs.

Conclusion

According to the results of our research and
taking into account the literature data, the flora of
dumps of the iron ore industry is represented by 208
species of vascular plants belonging to 33 families
and 118 genera. It consists mainly of herbaceous

perennials, but the role of annuals and one--two-
year-olds is also quite large. The phytocenoses are
dominated by steppe species, from the ecological
groups of plants — xerophytes. The participation of
weed plants is small.

At the end of 60 years after the formation of
the dump, we can conclude that the natural zonal
vegetation is almost restored — zonal steppe grass
and forbs dominate in the vegetation cover, with
the exception of artificially formed negative relief
elements, where mosaic patterns are observed due
to changes in the environmental conditions of the
habitat.

The article was prepared under the project of
Grant Financing of the MES RK 2018/AP0O5131591
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CHLAMYDOMONAS REINHARDTII XXACbIA MUKPOBAAADBIPbIHbIH,
MUITMEHTTI MYTAHTTAPBIH AAY XOHE
OAAPAbIH MOP®OAOTUSAADBIK, KACUETTEPI MEH
®OTOCUHTE3 AMIMAPATTAPbIHbIH, XXAFAAMbIH 3EPTTEY

MHaykumsAaanFaH MyTareHes aaicimeH Chlamydomonas reinhardtii Dangeard CC-124y-1, CC-
124y-2 >xeHe CC-124p-2 >acbiA MUKPOOGAAABIPAAPbIHbIH, MUTMEHTTI MyTaHTTapbl aAbliHAbI. OAapAbIH
MOPOAOIMSABIK, KacMeTTepi »eHe (DOTOCMHTE3 annapartTbid, 6eACEHAIAITT 3epTTeaai. XAo0poduaa 6
>K8HEe KapOTUHOMATAPAbIH MEALLEPIHIH a3aliFaHbl KOPCETIAAL. MIHAYKLMSABIK KMCbIK, ()AYyOpeCLIeHLMSIHbI
Tarpay DC2-pAe IAEKTPOHABI TaCbIMAAA@HYbIHbIH a3aioblH, QB-TOTbIKCbI3AQHOANTbIH OPTAAbIKTAP
YAECIHIH YAFalObIH >X8He (DAyopecLeHUMsIHbI (hOTOXMMMUSIABIK, eMeC eLLYiHiH yAFatobiH kepceTTi. PC1
— P700 nurmeHTiHIH TOTbIFY peakumsCbiHa MyTaUMSIAAPAbIH TikeAei acepiHiH 6oAMaybl oHe Gasy
hAyopecueHUmMsIHBIH, a3atobl aHbiKTaAAbl. YK acepi kesiHae MyTareHAiK acepAiH nanaa 60AybiH epTe
aHbIKTay YLIiH >XbIAAAM kaHe 6asy (DAYOpecUeHUMs UHAYKUMSIABIK, KUCbIKTapAbIH MapameTpAepiH
NnanAaAaHy yCbIHbIAQABI. AAbIHFAH MATMEHTTI MyTaHTTap GMOMOHUTOPUHITIK 3ePTTEYAEPAE KOAAAHbBIAYbI
MYMKiH.

Tyiiin cesaap: Chlamydomonas reinhardtii, xA0pouAA a dAyopecueHumsICbl, GastyAaTbIAFaH
dayopecueHums, JIP-tect, (potocuHTes.
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Pigment mutants of the green microalga Chlamydomonas reinhardtii:
morphological properties and photosynthetic performance

Pigment mutants CC-124y-1, CC-124y-2, and CC-124p-2 of the green microalga Chlamydomonas
reinhardtii Dangeard were obtained by means of UV-induced mutagenesis. Morphological properties
and photosynthetic activity of these mutants were examined. The mutants displayed a lowered content
of chlorophyll b and carotenoids. Analysis of fluorescence induction curves revealed the decreased rates
of electron transport in photosystem Il (PSIl), the increase in the fraction of QB-nonreducing centers, and
the enhancement of nonphotochemical fluorescence quenching. The mutations had no direct impact on
oxidation of pigment P700 in PSI and on the decline of delayed fluorescence. The parameters of induc-
tion curves of prompt and delayed fluorescence are proposed for use in early diagnostics of UV-induced
mutagenesis. The pigment mutants obtained can be applied in biomonitoring studies.

Key words: Chlamydomonas reinhardtii, chlorophyll a fluorescence, delayed fluorescence, JIP test,
photosynthesis.
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IMurmeHTHbIE MYTaHTbI 3€A€HOW MUKPOBOAOPOCAM
Chlamydomonas reinhardtii: uay4yenmne nx MopcoAOrM4eckux CBOMCTB
M COCTOSIHUSA (POTOCMHTETMYECKOro annapara

MeToAOM MHAYLIMPOBAHHOIO MyTareHe3a MOAyYeHbl MUIMEHTHble MYTaHTbl 3€AE€HOW MMKPO-
Boaopocan Chlamydomonas reinhardtii Dangeard CC-124y-1, CC-124y-2 1 CC-124p-2. M3yueHbl 1x
MopoAornyeckme CBOMCTBA M aKTMBHOCTb (DOTOCMHTETMYECKOro annapata. [loka3zaHo yMeHblieHue
COAEP>KaHMS XAOPOPHMAAA O M KAPOTUHOMAOB. AHAAN3 MHAYKLIMOHHBIX KPMBbIX (PAYOPECLIEHLMM MOKa3aA
YMeHbLLEeHWe SIAeKTPpOoHHoro TpaHcrnopTta B MC2, yBeAnueHne AoAM QB-HEBOCCTaHABAMBAIOLLIMX LIEHTPOB
N yBEAMYEHME HEepOTOXMMMUECKOro TyleHus payopecueHumm. O6Hapy>KeHO OTCYTCTBME MPSIMOro
AENCTBUS MyTaumii Ha peakuumn okucAeHus nmrmeHta ACT — P700 M yMeHblleHMe 3aMeAAEHHOM
dayopecueHumn. [Npeasaraertcss MCNOAb30BaTb MapameTpbl MHAYKLMOHHbBIX KPUBbIX ObICTPON W
3aMEAAEHHOM (PAYOPECLEHLMM AAS PAHHErO OOHAPY XKEHMUS MOSIBAEHUSI MyTareHHoro addekra npm
Aencteun YD, oAyUYeHHbIE MUIMEHTHbIE MyTaHTbl MOTYT ObiTb MPUMEHEHbI B OMOMOHUTOPUHIOBbIX

NCCAEAOBaAHUNAX.

KaoueBble caoBa: Chlamydomonas reinhardtii, dpayopecueHUmMs XAOPOMUMAAA @, 3aMeAAEHHas!

dayopecueHums, JIP-tect, poTocuHTes.

Kipicne

BHOMOHUTOPHUHT canachlHBIH 3aMaHayd OarbIThI
OmoTecTiNey e SPTYPIli TECT-00bEKTiNeP i KONIaHy
Oombi TaObaabl. Cy OpPTAChIHBIH TOKCHHIUTITIH
Oaranaya KOJIIAHBLIATHIH ouoTecTuUIeyIiH
AKCIIPECC-9IiCTEPI aF3aiapFa OPTaHBIH TOKCHH/ILTIK
NEeHTeiin cumarrayra MyMKiHmiK Oepenmi. Co-
HBIMEH KaTap, aHTPOMOTeHJi >KYKTeMe ocepiHeH
TFeHETHKAJIBIK ~ MaTepHaJblH  TYPAKTHUIBIFBIH
Oaramay HeTi3iHIE KOpIIaraH OpTaja MyTareHjii
(baxTopIapAbl aHBIKTAyFa )KOHE OJIap.Ibl YaKbITHUIbI
aHBIKTAY Tipi aF3anapra Kepi acep/li TOMeH/IeTy Iia-
payilapbIH KOJIaHyFa )KaFraai TyFb3asl [1].

3amaHayu T€HETUKAJIBIK MOHHUTOPHUHITIH
dAicTeMeiK HeTi31 KopIlaraH opTa (paKkTopJIapbIHbIH
OCEepIHECH TYBIHJIANTBIH T€HETHUKANBIK AIapaTThiH
opTYpJii OY3bUTYBIH aHBIKTAyFa MYMKIHJIIK OepeTiH
T€3 JKOHE THUIMJII TecT-)XyHenepi KypacTelpy 0o-
neim  TaObuTanbl. COHABIKTAH, KOpIIaraH opTa
(baxkTOpIapeIHBIH ~ 9CEPIHEH TEHETHKAJbIK 3ap-
Janrapisl Oojpkaynga Oonamiarbl MOJ JKaHa TECT-
o0OBeKTUIepAl 1374y JKOHE OJIAPABIH IKOJIOTO-
OMOJIOTHSIIBIK ~ €PeKUICTIKTepiH 3epTTey ©3eKTi
Macesie OOJIBIN caHayaAbl. OPTYpii GakTopIapabiH
(OHBIH imIiHAE MyTareHAi) TMOMYJISIHIFa KOHE
onapzabH (OoToCHHTE3 OCIICEHIUTIrHE 9CepiH 3epT-
Tey/le MUKPOOAIABIpIAp BIHFANIBEI MOJAETHAI 00B-
eKT OobIrt cananassl [2]. bip kieTkans! xaceut 0ai-
neip xmamugoMoHana (Chlamydomonas reinhardtii
Dangeard) renetukaga MoJenbli OOBEKT peTiHe
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KU1 Koimaubuiaabl. OmapaslH O0acTamKbl )KOHE MY-
TAHTTHI IITaMJapblHA MYTArcHJi 3aTTap/blH 3ap-
JANTapbIH 3epTTEY (PaKTOPJIAPAbIH OHOIOTHUSIBIK
ocepi Kairel OLTIMIMI3I KEHEHTY YIIIiH FaHa eMec,
COHBIMEH KaTap, KOpIiaraH opTa OOBEeKTUIepiH
TCHETUKAJBIK ~ MOHUTOPUHI  JKYpri3yle  TecT-
JKy#enepai KypacTelpy yimiHae MaHeAsl. Cy op-
TacblH OHWOTecTieyleé THUIMEHTTI MYTaHTTap/bl
KOJITAHY/IBIH KYHJBUIBIFB JIACTAHFAH CYJBIH TEK
TOKCHHIUTITIH FaHa eMeC JKOHE OHBIH MYyTareHIiTiK
MOTCHIUAJIBIH aHBIKTayFa MYMKIHJIIK Oepe/ti.
Bepinren xymbicTbig Makcatel Chlamydomonas
reinhardtii MyTaHTTBI ITaAMAAPBIH ally JKOHE
oJIapJIbIH  MOP(OJIOTUSIIBIK ~CUIIATTAMAaChl  3€pT-
TEy JKOHE MYTAIMSUIBIK YPIICTiH OacTamkel ca-
TBICBIHIA  MHUKPOOANIBIPIAPALIH  (POTOCHHTE3
anmapaTTapblHbIH JKaFJaiiblH Oaranay YIIiH CIIeK-
TpaJbAbl KoHE (DIYOPECHEHTTI 9MICTEp/ i KOJIaHy
MYMKIHIITIH 3epTTey OOJIBIT TaObLTA b

3epTTey MaTepHaJaapbl MeH dicTepi

MyTaHTTBI KacbUl MHKPOOAIABIP XJIaMHUIOMO-
Hanausl (Chlamydomonas reinhardtii Dangeard)
ally VIIH TONKBIH Y3bIHAB 254 uM (403pr/Mm?)
YIBTPAKYJITIH COYJIENEHAIpY KoJaaHblIagsl. My-
TalUsHBl HMHIYKIWsUIayFa ecimi OeckyHmik Chl.
Reinhardtii xnetkamapsiH 7 MIJI cyda CYCICH3HsI-
naiigpl.  CycneH3usiHbl  3anaycei3ianran  [letpu
tabakmanapeiHa Ky#bin, keiin YK-kapblKnexn
coynenenmipeni me, L2-min opracer Oap Ile-
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Chlamydomonas reinhardtii *acbu1 MUKpOOAIBIPEIHBIH TUTMEHTTI MyTaHTTapbIH aly ...

Tpu TabaKiiaiapeiHa aybIcThIpansl. DoTopeak-
TUBaIUs yiAepicine xonm Oepmey yumiH Ilerpm
TabakmanapeiH 24 caraTka KapaHFbIFa KaJlIbIpaabl
[3]. Keitin erinren [letpu TabakmanapbiH KapbIKKa
(120 mxE/m?c) xo#bim, 10-14 ToymikTeH KeiiH
HOTHXKeNepi ecenrenei. KBapirel ranoresai Jam-
najgap KOMEriMEeH aJbIHFaH JKacaH/bl KapbIKTa
CEJICKITUSHBIH OHFAa JeWiH Oipi3mi  ITUKIZaphbl
Kyprizinemi. XJlaMUZOMOHAJaHbl T'CHETHUKAJIBIK
3epTTey YIIiH MaKPOKOJIOHUS KOHE MHUKPOKOJIOHHS
omicTepi KomaaHbLIaasl [4].

Xnopoduiamin — KeUpIaM  (payopecueHIus-
col (B®) men Oasy ¢nyopecueHuuscsiHbIH (3D)
WHIYKUUSIIBIK KUCBIFBIH, COHbIMEH Karap P700
TOTBIFY-TOTBIKCBI3JJaHy aifHanbIMbIH Multi-function
Plant Efficiency Analyser (M-PEA-2, Hansatech
Instruments, Hopdonk, ¥asiOpuranus) Kypaibl
KOMeTiIMeH JKYprizinai. bapnblk yim KepceTkin
0ip yaxpiTTa Tipkeneai [5-7]. XKeuimam sxoHe Oasy
(hayopecuennusabl Tipkey 3D Tipkey YIIiH KeT-
KUTIKTI KOJIAHBICTAFbl KbI3bLI KapbIK (MHTECHCHB-
HocTh 1300 MKE/M’c, MakcuMyMm B CHEKTpe W3-
nmydeHUs 627 HM) JKOHE Y3aKTBIFBl a3 KapaHFbI
MHTEPBAJIMEH  KE3E€KTECy apKbUIbl  KYPri3uiii.
DiryopeceHIUSHBIH WHYKIHSUTBIK KHHETUKACHIH
MaKCUMaIbl Mep3iMai TYHBIKTBUIBIKICH 0.01 Mc.
emmeHai. 820 HM TOJIKBIH Y3BIHABIFBIHIA CIHIPY
esrepictepi  ®C1  peaknUsUIBIK ~ OPTaIbIFBIHBIH
P700 pemokc-xarmaiibia OeiiHenmeai. Moaymsims-
JIAYIIbl YKAPbIK KAPKbIH/BLUIBIFBIHBIH MoHI 820+25
HM TOJIKBIH V3bIHJBIFBI IIbIHBbIHAA 1000 MKE/M*c
TaHAaIAbl. AJNBIHFAH [IaFBUTBICY MATIMETTepi ca-
neicteipMainbl t=0.7 Mc (manee MRO) mrarbiibicy
MoHiHe MemmepieHai [6]. Bip emmeymiH xanrsl
y3akThirel 60 ¢ Kypaapl. 3D AUMHAMUKACHI KOJI-
JIAaHBICTAFbI )KAPBIK UMITYJILCTAPhI apAChIHAFbl UH-
tepBangarel 0.1-0.9 Mc mkanacelHIa coyJie Tapary
KapKBIHIBUIBIFEI  ©3TepiciH Kepcereni. M-PEA-2
KypajiblHJla 6JIIley XaTTaMachl MEH cumarrama-
CBI AJJILIHFBI MaKaiajap/a TOJBIK CUIaTTaIFaH [0,
8,9].

Onmiey annplHAa Oanablp YATLIEpiH MeMOpaHa
CY3TiJIepiHJe KOHIEHTpaIusuanapl sxoHe 10 MuH
apaJbIFBIHAA BITFAN XKaFAali/1a KapaHFbIIa YCTalIb.
Kepcetkimepai Tipkeyie yarijepai JalblHaay IbIH
Oy okarjaiipl Oakpulay peTiHIE CaHajaJlbl.
M-PEA-2 anamm3aTopsl ©CIMIIK >KaIbIpaKTapbIH
eJIIIIeY XKYPri3yre OHTalIaHFaHBIH aTal oTy KaXeT.
Cysrine TyHOanmaHFaHHaH KeHiH OaJIbIpIapIblH
MMOOMIHM3aNMsIIaHFaH  KJIETKaJapbIHBIH  JKOFa-
pbI THIFBI3/IBIFbIHA OANIAHBICTBI 3EPTTENTEH KOp-
CETKIIITEep xKa30alapbIHIarl IyFa Oenri KaThIHACH
JKaTBIpaKTapMEH CalBICTBIPFaH/Ia TOMEH OOoIFaH
oK. Cy3rijieri KjaeTKauap/IblH opTaiia XJ0poQuut

Kypambl mamameH 400 Mr/m? Kypajbl, O JKOFapbl
CaThIZIaFbl OCIMIIIK JKAIbIPAKTAPBIHBIH KYpaMbIHA
ykcac (~ 500 mr/m?) [10]. Aqua-Pen-C AP-C 100
(“Photon Systems Instruments”, bpuo, Uexus) day-
OpUMETp KoeMeTiMeH KroBeTanapaa Scenedesmits
quadricauda cycneH3usceiHBIH (QayopecueHIms-
ChIH OaKplIay ©JIIIeMi CY3TiAe YATiaepai KaHBIKTBIPY
pPOCIMIH  KONIaHy KJICTKaHBIH (PU3NOIOTHSIIBIK
JKaFJaiblHa ocep eTHEHTIHIH KopceTTi [9].

DOTOCUHTE3/IiH aJFallKbl ypJIicTepi cumarra-
MacbiH OJIP KWHETWKAIBIK KHCHIK KOpPCETKIITepi
Herizinge cauaplk Tamgay ymiH JIP-tect kos-
maneuiael [S, 6, 11]. JIP-tect dayopecuenums
WHAYKIWSCHIHBIH KWHETHKANBIK KUCHIFBIHBIH Ke-
neci kepceTkimTepineH Typajsl: (a): 20 mxc (FO),
2 mc (FJ), 30 mc (FI), 6 c (F6s) dayopecuen-
s KapKBIHABUIBIFEI, COHBIMEH Katap FP (FM),
(IIyOpECICHIIMSHBIH ~ MaKCUMaJIbbl  KapPKbIH]IbI-
neIFbI) skoHe MO (OJIP KMHETHKAIBIK KUCHIFBIHBIH
aynanel, FM neHreiiineH TOMeH).

Byn emnieHeTiH miamanapasl Kejieci KepceT-
KIIITep/i ecenTeye KoianaHaisl [5,6]:

FV=FM-FO — MakcumMaib/bl aybicriaisl (iayo-
PECLECHIIHSCHL;

FV/FM —anrbik ©C 2 peakiusiiblK OpTATBIKTaFbI
AITFAIIKB! (POTOXMMHUSITBIK PEAKIMUSIHBIH MAaKCHMaTh-
Jibl KBaHTTHI IBIFBICHL: FV/FM =pPo=TRO/ABS;

VJ — O-J dazanbiH camplCTBIpMaNbl aybICHalbl
¢nyopecnernuscer: VI=(FJ — FO)/FV). ®C2 QB-
TOTBIKChI3[IaHOaFaH  OPTAJBIKTAPBIHBIH  YJICCIH
KepceTesi.

VI — J-1 ¢a3aHbIH canbICTBIpMAINBl aybICIIa-
JIbl (DITyOPECICHIIUACHI, XUHOH IYJIIapPbIHBIH TO-
TBIKCHI3JaHraHbplH  cunarraigel, PC1 KaOuieTiH
JKOHE OHBIH AaKIEeNTOPIApbIHBIH TOTHIFYBIH KOp-
cereni: PQH2: VI=(FI - FO)/FV;

¢oEo — QA-TaH 3IIeKTpOH TachIMaIIIay IbIH KBaHT-
o1 taiMainiri (=0 ma): @Eo=ETO/ABS=(TRO/
ABS)*(ETO/TRO)=1-(FO/FM)]*(1-VJ);

¢®Do — »dHeprusi MmANIBIPAyBIHBIH KBAaHTTHI
trimMaitiri: Do =1- pPo = (FO/FM);

ABS/RC — 0ip OenceH/Ii peakiusIbIK OpTaJIbIK-
TaH CIHIPUIETIH HEPTUsl aFbIHBI, aHTCHHAIAP/BIH
CaJBICTRIPMANIBI  ©JIIIeMiH  cumaTTaiael:  ABS/
RC=(TRO/RC)/(TRO/ABS)=MO/VIJ(1/pPo)=
(MO/VI)/[(FM-FO)/FM)];

PIABS — enimainik nanekci — ®C2 dyHKIHO-
HaJbJIbl OCJICCHALTITIHIH KOPCETKII, CIHIpUIreH
sHeprusira KapadteiH: PIABS=[1-(FO/FM)]/(MO/
VI)*[(FM-FO)/FOJ*[(1-VI])/VI];

Pltotal — emiMmimikTiH *)aanel wHAEKCT — DC2,
®C1 pyHKUMOHAIBIBI OCICEHALTIK )KIHE JIEKTPOH-
Jlap TackIMalaay Ti30eri apachIHIAaFrbl KOPCETKIIi:
Pltotal= PIABS*36Ro/(1- 6Ro);
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qE — dayopecuenumsnel pH — uHIyKIMsIaHFan
(GOTOXUMUSIBIK ~ €MeC  oIIipyre KaOuLTeTTUTiK:
qE = (FM - F6s)/FV

qPQ — duryopecueHIUSHBI XUHOH MyJ1IapbIHBIH
emipy kaoimeri: qPQ = (FM — FI)/FV yurinepne
JKapBIKTBIH CIHIPY CIIEKTPiH eki ToJKbIHabl Hitachi
557 cnexrpodoromerpae (Hitachi, Toxuo, XKamo-
HUS) OKyprizinmi. bammeipmapna duyopecteHnys
cnektpin exmey omuusuibl TCSPC (time correlated
single photon counting) cnekTpodayopumerpae
Fluorolog®-3 (Horiba Jobin Yvon S.A.S., Jlon-
)kioMio, ®paniust) kypriziai. diuyopecueHius-
Hbl 685 HM TOJKbIH Y3bIHABIFBIHAA 390-700 HM
JMara3oHa WMITYJIBCTBl CBETOAUOMAIEH KO3JBIPY
apKbLIBI OJIIICY KYPri3unai. bapisik emreyiep oec
KalTanaHya sKyprizinmi.

3epTTey HITHIKeIEPi )KIHE 0J1apAbl TANIAY

VK-unoykyuanaunzan mymazenes JicoHe My-
manmmaol K10HOapObsl ipikmey

Ke3 xenreH TunTi MyTalnusHBI aly YIIH ca-
JBICTBIPMAITBI JKOFaphl OMIpPIICHIIKKE We MYTaHT-
TapJIbIH JKOFaPhI IIBIFBICHI OCITUICHETIH MyTareHHIH
MeJepiH ipikrey Kaxker. bym e3 keserinume
KOJIJIAaHBIIATBIH MYTareHHIH OpTYpJl MeIIIepiHiH
JIeTalb/Ibl )KOHEe MyTareH i 9CepiH 3epTTeyAl Tajar
eTTi.

VYK-coynenepinin Chl. reinhardtii CC-124
»kabaiibl MITaMM KJIETKACBIHBIH TIpIIUIIK eTyiHe
acepiH 3eprrey OapwickiHna Y K-coynenepi kierka
TIPIIIJITiHE KOFapBl TEXKEY dCepiH KopceTTi. 1 MuH
coyneneHaipyaeH kerin 31% kieTka eMipIieHIIrH
cakran Kaijapl. bipak, ecin IIBIKKaH KOJIOHHsIIAp
OaxpIIay TOOBIMEH CaNTBICTRIPFAH/A a3 ePEeKIIeIICH I
JKOHE KOJIOHUSUIAPJbIH OJIIIeMi OpTallla, Kachll
TYCTi OOJIBI.

2 MUH apajbIFbIHIA COYIENCHIIPY Tipi KaliFaH
kierka caHeiH 10,5% geiin TemeHaeTTi. Ocin
IIBIKKAH KOJIOHHsUIAp eJjIeMi OOWBIHINA Ja, TYCl
Ooifprama ma (ipi, opTamma >KoHe ©Te YCak, JKachll,
alIBIK-)KAChll, KAaHBIKKAH JKachUl TYCTi) OipTeKTi
emec.

3-MUHYTTHI COyJIeNeHipy/IeH KeWiH OcCiI MIBbIK-
KaH KJeTka canbl 4-5% Kypazasl. Mukpobanasipiaap
KOJIOHUSUTAPBIHBIH ©JIILIeMi 9PTYPIIi, Heri3iHeH Kapa-
JKaChUI TYCTI OONJIBI. S-MUHYTTBI COyJIEICHIIPYIeH
KeHiH MHUKPOOaJIIBIPIIAPIbIH KOJIOHHSIJIAPhI
ocrieni. CoyneneHAIpyAiH >KOFapbl MeIIepinae
KJICTKAJIapAblH TOMEH eMipIIeHIiri OoibIHIIA
YK-coynenepiH KOFapbl 3aKbIMIAYIIbl dCEPiH
JKopamaljayra Oosajgpl. AJIBIHFaH —MOJIMETTEp
OoifprHIIa, 254 HM TOJKBIH Y3BIHABIFBIHIA JKOHE
403pr/MM2  KapkbIHIBUIBIFBIHIA Y K-coynemen
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yY3aK ocep eTy XJaMHJOMaHa/Ja KIeTKalapblHa
netanpabl acep eTTi. 3eprrey OapeichiHma Chl.
reinhardtii CC-124 mwrampin YK-coynemen 1-3
MHUHYT apalblFbIHAA COYJENCHIIPY KIeTKalapIblH
OMIPIIECHIITIH a3aiTaTBIHbI )KOHE aHBIK (PEHOTHIITIK
KOpIHICTEPMEH MYTAlUSHBIH TYbIHJAybIHA ONTHU-
MalbJbl JKaFlald Ty3eTiHl aHbIKTanAbl. MyTaHT-
TapJIbl COyJeNeHAIpYIeH KeiiH Oip/eH eMec, KIeT-
KajapJbl TOYJIKTIK KapaHFbl pernapanysiiaH KehiH
anbIKTay Kyprizinani. Cebe6i, Oyn xarmaiiga JJHK
PETUTMKAIIASCHIHBIH KATeJIT1 HOTHXKECIHAC opTYpIIi
TEKT1 MyTalUsHBIH TYBIHJIAY JKHIJTIT )KOFAPbLUTAIbI.

OpTypii [JakpUiiay SKargalblHOa YAriiepai
ipikTey HOTWXeciHne (TeHOTHNTI TEKCEPMECTEH)
KOJIOHUS ©JIIIIEM1 MEH TYC1 OOMbIHIIA e3repicTepMeH
CHUIATTaJaThIH CyOKIOHAAp aJbIH/BL. AJBIHFaH CyO-
KIIOHZAPBI 6 TomKa Oeimik. bakpuiay TOM Kachul
TYCTI, OpTallia eJmeMal KOJOHUsIapAaH TYPIbL.

@DoT0aBTOTPOPTH JaKbUIAAY JKAFJalbIHIA:

1 Tom: >KachUT TYCTI, ipl KeJemai CyOKIoHIap
(A) — 18%;

2 TOII: )KaCBUT TYCTi, MUKPOCKOIHSITBIK, KOJIEMIi
cyoxmonmap (B) — 32%;

3 TOI: alIBIK-KAChUI TYCTi, OpTaiia KelemJi
cyoxnonnap (C) — 33%;

4 Tom: caphbl TYCTi, OpTalia KeJem/i CyOKIOH-
nap (D) —17%.

etepoTpodThl nakplIAAY KarAalbIHAA:

5 TOIl: ambIK-)KachUI TYCTi, OpTamia KeJeMIi
cyoknonnap (E) — 68%;

6 TOI: capbl TYCTi, opTama KejeMai CyOKJIOH-
nap (F) —32%.

Bakpuiay Torm — ’achll TYCTI, OpTalia eJmeMIi
KOJIOHHSI.

MyTanusHeIH MakCUMalbAbl kuimiri YK-cay-
JeMeH 2 MHUHYT COyJeleHAIpYJeH Keilin Oen-
rieHeTiHi aHbIKTan s (1-kecte).

OpTYpili MYTaHTTHl CyOKIOHAApAsH (HOTO-
aBTOTPO(THI JNaKbUIAy >KaFJalbIHIA IIbIFBICHIH
TalJay ambIK-Kackll TYCTi, OpTama KeJemi
cyoknmonmapasiH  (33% meifin) JKOFaphl  TaifbI3
KYpalThIHBIH KepceTTi. ['erepoTpodThl karnmaiina
alIbIK-)Kachll TYCTi, OpTamia KeJeMJli CYyOKJIOH-
nap 6aceiM OOJIIBL, JKANMITBI CyOKIOHAapABH — 68%
Kypanbl. COHBIMEH, TOJKBIH Y3BIHABIFBI 254 HM
xoHe KyaTTbuUiblrbl 40 spr/mm2 YK-coynemen 1-3
MuHYT apanbiFbiana Chl. reinhardtii 1ITaMbIHBIH
130 mbIH KJIeTKacklHa acep eryzae, 12056 cykioH-
Jap TIpWiirid cakran Kanabl. OCkl KOJOHUSUIIAP-
JIaH apbl Kapail 3epTTey JKypriszy yurH 12 MyTaHT-
Thl CYOKJIIOHJAp IpiKTeNiHiNm anmblHAbl. Onapasl
opi Kapail OH XyHeni aifHanbIMFa JIeHiH ipiKTey
xyprizingi. Chl. Reinhardtii MyTaHTTBl CyOKIJIOH-
JlapJIbl CeNICKIIMsl OOMBIHIIIA OapIibIK TOKIpHOEIepe
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Chlamydomonas reinhardtii *acbu1 MUKpOOAIBIPEIHBIH TUTMEHTTI MyTaHTTapbIH aly ...

L2-min  KoOpekTik opTackl  MaliJaJaHbLUIAIbI.
AnpIHFaH (EHOTHNTIK OenTisiepin OipHele peT ery
apajbIFbIHAA CaKTall ecyre KaOULIeTTUIriH KaiTta
KaJIbIHA KENTIpY HETi3iHAe cyOKIOHAApbI ipiKTey
)Kyprisinai. Kemperti cemekmus omiciMer 12 koio-
HUSJIaH WHAYKOWSJIAHFAaH MyTareHe3 HOTHIKeCiHIe
naiaa 0osFaH OeNTiIepiH caKTan KajiFaH 3 KOJIOHHS
3-5 tomrran ipikTenmi. @oToaBTOTPOMTHI Karmaniaa
aJIbIHFAH KJIOH alllbIK-)KAChL TYCTI MUTMEHTTI MYy-
TaHT perinae Ttappanein, CC-124y-1 araybiMen
ocnrinenmi. [ereporpodThl karmaiima ajbIHFaH
KIOHAApAa T[UTMEHTTI MYTaHTTap KaTrapblHa
JKATKBI3BULIIBI )KOHE Capbl, alllbIK-)Kachll TYCTi 00-
neimn cumattangsl. Omap coiikecinme CC-124y-2
xoHe CC-124p-2 araymen OenrineHmi. bapibik

mTaMaap  AaKbUIIBIK-MOP(OJIOTHSIIBIK — CHITATTa-
Majapbl OOWBIHINA KAKBIH JKOHE KeJeMi MEH TycCi
OOMbIHIIA KOJIOHWSUIAD IIaMalibl EpeKIIeICHE .
CC-124y-1 xone CC-124p-2 1mTamaapbIHBIH
KJICTKAJIAPBIHBIH KojeMi 2-3,5 MKM JXoHE KaTThl
KOpPEKTiK opTa OeTiH/e alllbIK-Kachll TYCTI KOJO-
Hust Ty3eni, an CC-124y-2 mramMM KieTKajJapbIHbIH
kenemi 3-3,5 MKM, KaTThl KOPEKTiK opTa OeTiHme
capbl KOJIOHHS TY3€Il eceii. bapiblk mramaapisiy
KIICTKAIAPBIHBIH aJJIBIHFBI OOJITiHJE OpHAJACKaH,
V3BIHABIFRI OipAei eKi TalmbIKTapbl 6ap. bapibik
xsopodmi xpoMatopopaa KuHakranran. Kinerka-
nap 22-30 °C Temmnepatypana, L2-min cyibIK KoHE
arapiiel  KOpPEeKTIK OpTachiHAa, (HOTOaBTOTPO(THI
JKaFIan1a )KaKkChl OCe/i.

1-xecte — CC-124 Chlamydomonas reinhardtii >xabaiipl TUIITI KIIETKACBIHBIH SPTYPIIi CAyIEeICHAIPY MOJILIEpIH/e My TaIHs TybIH Ay

SKULIIT]

Coynenenaipy Kononusinapabig Krnerka KasnpirTsr MyTtaHTTBI Ipikrenren
YaKbITBI (MHH) JKaJIIbl CaHbl eMipruenuiri (%) KOJIOHMSI CaHBI KOJIOHM: CaHbl KOJIOHMs aTayJiaphbl
0 90 000 92-100 86000 - -
A
1 39060 31 31248 7812 B
C
D
2 13230 10,5 8997 4233 ‘
F
E
3 5670 4.5 3629 2041 =
E
5 - - - -
F
Eckepry:

A —KachuI TYCTI, ipi KeneMi cyOKIoHap;

B — 5kachl1 TYCTi, MUKPOCKOMHSUIBIK KOJIeMli CyOKIIoOHIap; (OTOaBTOTPOQTHI KaFaaiiia albIHFaH

C — alIbIK-KachlI TYCTI, OpTaIlia KeaeM i cyOKIoHaap;
D — capsl TycTi, opramnia kesxemi cyOKIoHIap.
E — ambIk->kachu TYCTI, OpTalia KeJieM/i CyOKIOHaap;

F — capsr Tycri, opramia kejemi cyOKIIoHIap reTepoTpoThI XKaFaaiiia albIHFaH.

CC-124y-1 nuemenmmi MYMAaHmMmuly
gomocunmesdix bencendiniein sepmmey

CC-124y-2xone CC-124 mraMaapsl CIeKTpaib-
ITBI JKOHE (PITyOpECIIeHTTI KOPCETKImTepi OOHBIHIIIA
JKaKbIH 00JIJIbI. 1-CypeTTe jxabaiibl )KoHEe MYTaHTThI
Chl. reinhardtii CC-124y-1 mtaMIapbIHbIH jKapbIK-
THI CIHIPY cniekTpiepi kepcerinreH. Crextpiep 680
HM TOJIKbIH Y3BIH/BIFBIHAA @ XJIOPOMUILTIH MaKCH-

MyM CIHIpYIiH KbI3bUI TYCiHE TYpaKTaHIBIPHIIFaH.
CC-124y-1 MyTaHTTHI [ITaMbl kabalibl TUTITIICH ca-
nbIcThIpFanaa 650 HM ay1aHbIHA )KaPBIK CIHIPY1HIH
alTapiIbIKTall TOMEHIETeHIH Oaitkayra 0omaapl. O
6 XJIOPOPULIIHIH ¢ XJIOPOPHUITIMEH CaIBICTHIPFAH/1a
OipHemie eece TOMEHIEreHIH Kepceredi. byi
(bITyOpeceHITUSIHBIH KO3y CHEKTPJICPIH OJIIeyae
aJIbIHFaH MaJliMeTTepMeH nasenaeH i (10-cyper).
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1-cyper — XKabaiiol Tunti Chlamydomonas reinhardtii CC—124 (1) sxone
myTaHTTh! mTamm CC-124y-1 (2) cinipy cnekrpiepi (A) sxonHe duyopecteHusHbIH Ko3ybl (B)
(criextpaep xaopodusut a 680 HM KbI3bIIT MAKCHMYM CIHIpYTe TYpaKTaHAbIPbUIFAH)
CC-124y-1 MyTaHTTHIIITAMHBIHKApPBIKTBICIHIPY ~ aHbIKTayFa MYMKiHAIK Oepeni, om (FM-FO)/

CHEKTpJIepiHae KapoTuHOW ] aynaHbsiHza (470-480
HM) TeMeHzey Oakputanabl (la-cyper). MyTaHTTHI
HmITamMapaarsl KapOTHHOM] ayIaHBIHAAFBI ©3repic-
Tep (DIyOpecCUeHIMSIHBIH KO3y CIEKTPIHAE aHBIK
kepinic Tantel (16-cyper), Oyn o3 keseringe CC-
124y-1 MyTaHTTBl IITAMHBIH KapOTHHOHWJ Kypa-
MBIHBIH aWTapIBIKTall TOMEHICTCHIH TOJICIICH]II.
Banneipnapaa  xapoTuHOMATApABIH — (IIyopecieH-
musIaHOANThIHEl OenTini, O0ipaK KO3y SHEprusichiH
(TyopecIieHIIUSHBIH HEeT'13T1 Ko31 00JIBIT TaObUIaThIH
a xnopodusutiHe THIMAI TackiMaiaai el Diryopec-
LEHIUST KO3y CHEKTpiHzae (iayopecueHIMs aMIuiv-
tynangapeibiH, 480-500 HM apanbIFbiHIA CiHIpY
cnekrpiMen canbicteipragia CC-124y-1 myraHT-
THI IITaMbIHJA alTapibIKTail TeMeHaeyi ¢iyopec-
IIEHITHSHEI XKI0EPETiH a XJI0pOPHITIMEH KapOTHHOMUT
0aliTaHBICHIHBIH JICI3ZICHyIHE OalIaHBICTHI.
DoTOCHHTE3 annapaTbIHbIH OeIceHAlTIriH Oara-
nayja (IryopecieHTTi 9/lic KIeTKa MeTaboIn3MiHIH
Oacrankpl Oy3bLTYBI Kaljbl HETi3iHEeH MeMOpaHIbl
JIeHrele ToNbIK akmapar oepeni [6, 7]. CoHbIMeH
Karap, OYJI oficTep HBICaHA KaFMaibl JKAMIIbl aK-
napaTTbl HAaKTHl YaKbIT TOPTiOiHIE almyra MyM-
KIHAIK TyFbei3afpl. bammeipnapasiy  ¢oTtocunTe3
MeMOpaHalapelHIAa  OpHAJAcKaH  XJOPOQIILT
¢uryopectieHIIUsl KBaHTBIH IIBIFApy HOTIKECIHIE
KIICTKaHBIH ()OTOCHHTE3/IIK OCTICCH IUTITIHIH TaOUFU
WHIMKATOPHI KbI3METiH aTKapaabl. Diryopectennus
KapKbIH/IBUTBIFBIH KaHBIKKAH (DOTOCHHTE3 JKapbl-
reiga (FM) xone oTocuHTe3 anmapar >karaaiblH
o3repTyai TybiHAaTaiThiH (FO) skarmail KaTbIHACHIH
enmiey ®C2 yaepiciHiH MaKCUMaJIbbl THIMILIITIH
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FM=FV/FM Tten. FV/FM kepceTkiri maigaast ocep
k03 dunprenTiHe ykcac (OTOCHUHTE3/IIH OJIIeMci3
SHEPreTHKAIIBIK CUTIATTaMackiH kepceteni. Chl. re-
inhardtii 3epTTey HOTHXENepi kabaitpl Tunte FV/
FM (¢@Po) anramrksl GOTOXUMUSIHBIH MaKCHMaJTb bl
KBaHTTHI WIBIFBICBIHBIH JKoFapbl aeHreine (0.728)
OonaTeIHBIH KepceTTi (2-kecte). Kepicinme, CC-
124y-1 wmytanttel mrtamga FV/FM  xepcertkimni
ToMeH Oonapl. COHFBI Ke3/€ >KOFapbl CaThIIAarbl
ocIMIIKTEp MEH OAIBIP JaKbUIIAPBIHBIH (POTOCHH-
TE3 anmnapaThIHbIH )KYMBICHIH Oaranay/ia KapKbIH/IbI
JKApPBIKIIEH KO3yJa JKOFapbl YaKbIT pPYKCATBIHIA
(10 MKc -meH) (hIyopecleHIUSIHBIH UHIYKITUSITBIK
KUCBIFBIH ~ OIIIIeYy QIicTepi KojjaHa OacTaibl
[5,6]. JKorapbl pykcarnen (ayopecueHIHIHBIH
WHAYKIWASIIBIK KUCHIFBIH Oy OipHEIIe CeKyH/IThI
anajel xxoHe PAM Hemece PEA Tunti kypanmapaa
xyprizineni. M-PEA-2 kypansiazna diyopecueHnus
TipkeymeH karap, P700 (murment PHHDCI1) cinipy
e3repicTepiH enmieyre MYMKIiHIIK TybIHAaabl. Co-
HbIMeH, Kypasn OC2 xone OC1 xeke peakuusmna-
pBIH Oip yakpITTa OaKpuIayFa MyMKIHAIK Oeperi [5-
7]. XKone Oasty (u1yopeCleHIUAHBIH UHIYKIIUSIIBIK
e3repicTepiH TipKeui.

MyTaHT KieTKaiapbliHaa GOTOCHHTE3 OeJCceH-
IUTTiHIH e3repicTepiH Admipek Oaramay YIIiH
KbUIIaM JkoHe Oasty (hryopecueHIUsICBIHBIH HH-
OyKIUSIBIK ~ KepceTkimTepin jxone P700 pe-
nokc-karmaiietH  M-PEA-2  kypansiHma emmiey
Kyprizingi. JKapbelKTbl KOCKaHHaH KeHiH ¢uyo-
pecueHIus  WHAYKIUACHIHBIH  KUHETHKAJIBIK
KUCBIFBI, O JCHreiiMeH MeJIIepeHIeH, 2 Cy-
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perre kepcerinreH. JKaOaiibl TUNTIH OaKbpUIAy
KIICTKATAPBIHBIH  (IIYOPECIICHIUSIIBIK ~ KUCBIFBI
OOWBIHINIA aJBIHFAH MAJIIMETTEp 91e0U Ke3aepre
colikec kemeni [5, 11]. Omerre, ¢dayopecieH-
WS WHIAYKIHSICHI  KUHETHUKACBIHBIH  YKOFaphl
KapKbIHIBI XKapbIkKa skayaosinga O-J-1-P aysicy-
nap petinze Oenrini OipHeme Ke3eH OaKbLIaHAIbI
[5]. bactanker O genreit Gapiblk QA TOTBHIKKAH

«amsiky PL @C2 (FO) xnopodunn duyopecuen-
s KapKBIHABUIBIFBIHA coiikec kemeni. O-J daza-
cbl QA KapblK WHIYKIUSJIAaHFaH TOTBIKCHI3IaHyFa
HerizgenreH, an keneci ¢azanap QB xoHe XUHOH
MyJBIHBIH ~ aKIENTOPIAPbIHBIH  TOTBHIKCHI3IaHYBI
HOTHXKECIHAEC KalTa TOTBIFYBIHBIH TOMEHICYIHE
HETI3JIEJITeH TOTHIKChI3MaHFaH QA KUHAITYBIH
OeitHenmen .

2-xecte — Chlamydomonas reinhardtii xabaiter tum CC-124 xone myrtantThl mTamMM CC-124y-1 ¢uyopecueHIHsIChIHBIH

WHAYKIHSIIBIK KUCBIK KHHEeTHKAChIHBIH JIP-TecT kopceTkimTepi

CC-124 CC-124y-1 | KepceTkim cumarramMacsl
¢Po, 0.728+0.017 | 0.365+0.002 Kapanrb! amanTanusjan KeHiHri aFakel pOTOXUMHUSHBIH MAaKCHMAJIbIbI
(FV/FM) KBaHTTBI IIBIFBICHI
PEo 0.3534£0.004 | 0.219+0.001 | DaekTpoH TachIMaIAAY/IbIH KBAHTTHI THIMJILTITT apbl Kapail QA
¢Do 0.272+0.005 0.635+0.01 | AHTeHHa KelIeHIMEH YHEePrHsHbIH IHambIpay THiMIiIiri (t=0)
ABS/RC 148540014 | 2.865+0.046 Xnopodumnepain JKaJIIIbI MyNIBIHBIH PEAKIMAIBIK OPTAJIBIKTapbIHbIH
KOHIIEHTPALMSCHI PETiHJIe AaiKbIHAATATEIH THIMUTIK KOPCETKII
PIABS 169520023 | 0.302+0.004 eHlM):(IJ'l.]](. MHIEKC] — CIHIPUICTIH SHEPrusFa KapaHThIH OC2 yHKIMOHATIBIBI
OeJICeH I iHIH KOPCeTKIIi
Pltotal 1.505£0.01 0.666£0.005 OHIMIITIKTIH KaJIIIbI I/IH-)ICKC% - DC2, OC1 xoHE omapAbH gpggmyaarm o
9NEKTPOH TaChIMANAAY Ti30eTiHIH (DyHKIHOHATIBIB! OCICEHIUTITiHIH KOPCeTKImIi
qE 0.177+0.004 | 0.343£0.005 | dnyopecueHuusiHbIH pH-uHAYKIUsIIaHFaH (OTOXUMHUSLIIBIK eMeC o111y KabiieTi
qPQ 0.228+0.002 | 0.413+0.003 | XuHOH IMyJIBIHBIH (IyOpECUEHINAHBI O1Iipy KalireTi

Mytanttel CC-124y-1 mraMbIHBIH (iryopec-
LEHUMSCBIHBIH HMHIYKLUUSUIBIK KHCBHIFBI OOHBIHILIA
QJIBIHFaH MAJTIMETTEp )ka0albl THNITCH epeKIeNIeHe i
(2a-cyper). MyrantTtsl mtamaa FM Herizinge ay-
picnianiel piryopectienusasi FV (FV = FM-F0)
TeMeHieyi Oakpuianabl. Oy (POTOXMMHUSIIBIK eMeC
eLIIpy iy >KOFapbuiaybiMeH OainanbicThl [6]. O-J-
[-P xuHETHKATBIK KHCHIK KOPCETKIIITepl HEeTi3iHIe
(hOTOCHHTE3/IIH aJFallKbl YJIepiC culaTTaMaia-
pPBIH CaHIBIK Tajjaay >Kyprisy ymiH «JIP-tect»
KOPCETKIMTEP1 KOMIAHBIIAB (2-KecTe).

Myranttel CC-124y-1 xnerkacsiabiy ABS/RC
KepceTKiluTepi >korapeliaran (2,865), on >xabaiibl
tureH (1,485) camsicteipranna oencenmi PLI ©C2
0eJIIKTepiHIH TOMEHACTSHIH JIanesaei. MyTaHTThI
mramaa QB-KaimbiHa KeNMEWTiH OeJIIeKTepiHiH
MyTtanTTel mrammaarsl @C2QB- (V] kepceTkiri)
KaJIITbIHA KEJIMEHTIH OOJIIIEKTEPiHiH YiIeci YIFai b,
coHmaii-ak QA — AJIEeKTPOHAP/IbI KOUIIPYIiH MaK-
CHUMaJIlbl KBAaHTTBIK HIBIFBICBIH KepceTeTiH ¢Eo
napaMeTpiHiH KepceTKil TeMeHae i (2-kecte).

C-124 xabaiipl Typi €H >KOFapbl KBaHTTBIK
LIBIFY1bl KOPCETTI, a1 MyTaHT YLIiH TOMEH KBAaHTTBIK
TUIMUTIK ToH O00u11bl. COHIali-aK, MyTaHTThIH c-124
y-1 VI y kepceTkimrepinin ToeMeHaeyi OalKamibl,

o 31eKTpoHHbIH DC2-neH «GKbUIIaM» MIIACTOXU-
HOH/Iap MYJIbIHA KOITYiHIH KHBIHIBIKTApEIMEH Oaii-
JaHbICcThIpasbl (2-kecte) [6]. By kebinece DC2
OeNCeHIITITIHIH, aTan aWTKaHAa MYyTaHTTHIH FV/
FM sxone VJ kepceTkimTepiHiH ToMeHaeyiMeH Oaii-
JIAHBICTEL.

PIABS «xepcerkiun CiHIpiieTiH 3Heprusira
(ABS) xapatitein @C2 (yHKIHOHAIIBIK OCIICEH-
JUTITIHIH KepceTkiii 0okl Tadbuiaabl. bys kep-
CeTKIIl KJIETKaHBIH >kabailbl TYpiHOAE KOFaphl
KOPCETKIMTEpre We, ajl MYyTaHTTHl IITaMMIAFbl
PIABS kepcertkimtinin ToeMeH kepcetkimTepi OC2
(YHKIIMOHAIIBIK ~ OCIICEHAUTITIHIH ~ TOMEHITiH
KepceTemi, HerizineH, Oencenmi PL] a3 caHbpiMeH
xoHe QB-KajimblHA KENTIPMEHTIH OpTaJbIKTap
yJieciHiH yiFatobiHaH TybiHIaraH PC2 KBaHTTBIK
IIBIFBICHIHBIH TOMEHIITIHEH 00JTYBI MYMKIH.

PIABS cusiktbl Pltotal (KMBIHTBIK ©HIMILIIK
nuaekci) napametpi ®C2 GyHKIMSIIBIK OeICeHi-
niria rara emec, ®C1 nme, conmaif-ak oapabIH apa-
CBIHJIAFbI AJICKTPOHIAP/IbI TAChIMaJIAy Ti30eriHiH
Oencenninirin eckepeni. Ocpuraiinma, Pltotal ete
Ce31MTaJI KOPCETKITI OOJIBIT TAOBIIAIBI YKOHE OapITBIK
(OTOCHHTETUKAJIBIK  allapaTThlH  OHIMJILIITIH
HEFYPJIBIM KeH Oaraliay yIIiH KOJJaHbUTYbl MYMKIH.

106 Xabapuisl. Dxosorus cepusicsl. Ne2 (59). 2019



3asaman b.K. xxone T.0.

3
p
=5 24
v
=
=}
v
R
)
=
0]
D -—5 T T T
0,01 01 1 10 100 1000 10000
Bpewms, mc
II
104
=
P
=
° 0.8
L.'..;
—
=
b=y
(4]
0.6+
T ™ T

— T Ty
0,01 10 1000 1000

Bpewms, mc

MR/MR, oTH. en.

1.0015

1,0010 -

1,0005 -

0,8985 4

0,8990 T t t 1

o0 01 1 1000

2-cypert — XKaGaiiel Tunti Chlamydomonas reinhardtii (CC-124) (1) xone mytantts! mramm CC-124y-1 (2)
KJIeTKaJIapbIHBIH XKbULIaM (uryopecueHnus (A), 6asy diyopecuents (Bb) sxone 820 HM TOJIKBIH Y3BbIHBIFBIHIA
ciHipy esrepicrepi (B). Basy diyopecnennus (3®/ Fo) Fo menmepnenren. KonnanbicTarbl KbI3bUT )KapbIK
KapKeIHABLIBIFG! 1300 MKE/(M2 c). Bapibik kepcerkimrepai 6ip yaksiTta emmey M-PEA-2 kypansHaa sxyprisinai

PLI-na >KapbIKTBIK YKWHAFbIII KEIIEHHEH KO3y
SHEPrusChIH Oepy THIMIUIIrHIH a3aiobl Mapjaana-
HBUIMANTBIH >KapbIKTHIK SHEPTUSHbBIH TapalyblHbIH
YIFalObIMEH KaTap kypyi tuic. [llbHbHAA 12, My-
tanThl CC-124y-1 mramja sHeprusi TapanryblHbIH
KBaHTTBHIK THIMAUITI (@Do) KoFapsl AcHTrenme
6onnpl (2-xecte). byn makcumannael (qE=(FM-
F6s)/FV) sxerkeHHeH KeliH (ryopecueHIUsHbIH
TeMeHeyi OotibamIa ecentenred QE ApH-toyemmi
HEQOTOXMMUSUIBIK COHAIPYAIH YJIFAIOBIMEH KOppe-
nsuusnaHaasl. CoHbIMEeH KaTtap, c-124 y1 myrtant-
THIH XUHOHIHI yJIsI [P dazacerana (qPQ) dbiyopec-
LEHIIUSIHBI COHJTIPY KaOlIeTi doraphbl OOJIbI.

Bip mesrinme 8§20 HM Ke3iH/Ie MOy IAUsIIAHFaH
KUHETHUKAJIBIK KUCHIKTHI OJIIIey KapaHFbIFa OcHiM-
nenren oobekrige P700 PLL ©C1 (P700+ t = 30 mc
JKUHAKTAy MaKCUMYMbBIMEH) (OTOMHIYKIMSIaHFaH
TOTBIFYBl OaliKadFaHbIH KepceTTi (2B-cypeT). QA
TOTBHIKCHI3IaHYbIH KOPCETETIH (DITyOpECLEHIINS CHT -
Hangapsl koHe P700 TOTBIKCHI3IaHy YyHepictepi
IUIATOFA [IaMaMEH CUHXPOH[bI TYP/E LIBIKTHI.

ISSN 1563-034X
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Eurasian Journal of Ecology. Ne2 (59). 2019

P700 >xone QA TOTBIKCBI3IAHFaH (QopManapbl-
HbIH napawiens kuHanyel @DOCl  akuenTopibiK
OeNTiHeH DJEKTPOHAApP AaFBICBIHBIH OOJIMaybIHa
0aliIaHBICTHI, deppenokcun-HA JI®-penykrasa
(®HP) kapanrbiia HHKyOAIusIMeH O€ICEHIIpiTeH
Karmaiaa poroxyienep apaceiaaarsl DT 6apibik
aliMaKTapbIHJIAFbl TaChIMAJIIAYIIBUIAPABIH TOTHIK-
CBI3JIaHYBIH KepceTeli. Y3aK >KapbIKTaHABIpYy/a
(t = 1-10 ¢) P700 TOTBIFYBIHBIH €KiHIII TOJKBIHBIH
Oatikaael, ousl PHP xome KambBuH IUKITIHIH
¢depmentrepin Oencenpenaipy kesinge PCl-meH
3JICKTPOHIAPIBIH KETICIMEH TYCIHAIpyTe OOJaIbl.

CC-124y-1 myrtantel P700 XapbIKTHI KOCKaH
Ke3/ie TOThIFy KaOlIeTiH cakTan Kajabl (2B-Cyper).
Anatiza, OHBIH COHFBI THIMIUTIKTIH TOMCHICYiHE
OaitnmanbicTl DC2-1eH P700 TOTBIKCHI3aHY KbLJI-
JAMJIBIFBIHBIH TOMEHeyl Oaikaiasl. by xbuigam
(hyopecreHIMAHbIH HWHIYKIFSUTBIK KACBIKTAPBIH
Tayay MOJTIMETTEPIMEH COKec KeleIi.

MumucekyHAThIK 3 pexoMOWHAIMSIHBIH eKiH-
Tl PEaKIUsACH HOTIDKECIHE Taiima Ooyiamsl JKoHE

107



Chlamydomonas reinhardtii *acbu1 MUKpOOAIBIPEIHBIH TUTMEHTTI MyTaHTTapbIH aly ...

SHEPrusl PEKOMOWHAIMS PEAKIMSICHIHBIH aKTHB-
TEH/IPY SHEPTUSCHIH TOMEHICTETIH THPAKOHJITHI
MeMOpaHaIaFbl MPOTOHIAPIBIH IEKTPOXHUMUSIIBIK
IpaJMCHTIHIH KeJieMiHe OaitiaHbicThl. COHJIBIKTaH
3® xacymanplH MeMOpaHachl POTOH TPaINEHTIHIH
e3repyiH Kajaraiayra MYMKIHOIK OepeTiH ojic-
TepaiH 6ipi 6ombmn Tademanpl. (I1) mMumHcekyHA
Jara3oHbIHIaFbl 3D KUCHIFBIHIA MAKCUMYM HKbLJI-
JaM (hIyOopeCeHIMSIHBIH HHAYKIHSIBIK KUCBIFBIHA
J-1 ecy (azacemen coiikec keneni (2a-cyper).

I1 »xone 12 mbIHAAapbIHBIH Maiiga Oosybl Oe-
Tim O0ip pemokc-KyHIiH >KuHaKTamysIMeH (Z+PQA
— QB-xone mummnucekynn Z+QA — QB2-kom-
MOHEHT CYyOMWJUIMCEKYH/TBIH JPTYPJi J9peKesie
apakaTbHAChl), 3apsAATHIH Kepi peKOMOWHAIM-
sicbl MeH 3@ KBaHTTAPBIHBIH IIBIFAPBLUTYbIHA
(srHE KapwIK OepeTiH — KYyH), COHmah-ak MeM-
OpaHaja maija OONATHIH DJCKTP MOTCHIIMAJIBI
ecebinen 3® kymeWTinryiMeH (0) OaillaHBICTHI.
Yuriami 3@ [3 ymiiHmn IbIHBI-CEeKYHATHIK TUa-
nazonna mnpotoHaapabiH (ApH) TpancmemOpan-
nel  rpaguentiHiH  (ApH)  doroumHIynmpieHreH
Ty3lyiMeH OaitnanbicThipansl, oi ga PL[ ©C2-na
coyneneHaipy etnenepinif (3d) KeUTIaMIBIFBIHBIH
KOHCTAHTaChIH apTTHIPaJbl. byl 3aHIBUIBIKTAp
KOIITETeH JKYMBICTap/a KapacThIpbUIFaH [5-7].

CC-124y-1 myranatTsl mrammbigaa 10-50mc (3D
I1 xone 12 mbgaps!) sxoHe 1c (3D 13 mbrHmapsn)
(26-cyper), OyJ1 TMKIABIK €MEC TachIMaJIay IbIH
€/19yip a3ar0bIMEH KOHE TUICIHIIE POTOCHHTETUKAIIBIK
MeMOpaHaiap/plH dSHEPrUsIIaHYbIHBIH —a3al0bIMECH
OaiiaHbICTl 00TybI MYMKiH. COH/IBIKTAH, TE3 XKOHE
0asty (IIyOpECHEHIUSIHBIH WHIYKIMICHIH, COHJaM-
aKk M-PEA-2-re P700 e3srepictepin 0ip Mmesrimme
TipKey MyTaHTTapia THJIAKOMITI MeMOpaHaJarbl
MIPOTOHIAPBIH  AJIEKTPOXUMMSIIBIK  TPATUCHTIHIH
kuHeTHKackl MeH DC1 KocybiMeH ¢oToxylenep
apachIH/Ia TOTHIKCBHI3JIAHFAaH TaChIMaJIayIbLIaP IbIH
JKUHAKTATYBIHBIH ~ JKEKEJNereH  peaklUsuIapblH
OakplIayFra MYMKIHJIIK Oepii.

KopbIThIHABI

VYK caoynenepi JJHK-ubiH Oipereil Oesmikrepin
3aKpIMJIall  OTBIPBIN, JKACyllaJlapFa OHal eHirl,
CONl apKBUTBI OPTYPJI MYTAIMSIIBIK ©3repicTepi
tybiHaaransl  [12].  Ocbiran  Oabimanbictel YK
CoyJIelieHyl MHAYIIUPIICHTEH MyTareHe3mi 3epTTey-
ne xonmanbuiaapl. YK — coynenepi skacymianapra
ocep €eTKEeH Ke3[e NHTMEHTTEPHAIH CHHTE3/eYiH
TeXeyl KOHE KIETKATapAblH ©CyiH TOMEHIEeTYyi
MYMKIH JIepeKTep oieOuerte kem kesnecemi [12,
13]. Oran mopdomorusacel OoHbIHINIA OaKbLIAY TO-
ObIHAH epeKUIEeJICHETIH MYTaHTThl CyOKIOHAap
Janelt 0osia anasl.

[TurmentTep Kypambl (QOTOCHHTE3 KYHECiHIH
naMybsl MEH OJICEHAUNriH FaHa eMeC, COHBIMCH
kKarap Oacka 1a (hepMEHTATHBTI peaKIHsUIap.IbIH
areIMbl, SFHM OCIMJIK aF3aCBIHBIH OHIMIIIITIH,
OMIPIICHIITIH JKOHE TYPaKTHUIBIFBIH CHITaTTali-
TeiHbl  Oenrimi [14]. VK-coynenepiniy ocepineH
OCIMIIKTEpIiH MUTMEHTTIK JKYHEICPiHiH >KYMBICHI
Oy3bUIajbl, MUTMEHTTEPJIH Kypambl MEH CaHbl
e3repeli. OCIMIIK JKacyllalapbiHBIH COyJeNeHyl
HOTIDKECIHAE XJIopodniT cuHTe31 OoceHmeini ne,
onblH (oTomecTpyuusicel xypenai [14, 15]. Kes
KEITeH TaOWFaTTarsl MyTareHaepre a XJIOpOQHILT
cuHTe3l cezimran Oonanbl [16]. CoHbIMeH Karap,
VK coynenepinig b xiopoduiuiine acepi aici3 60-
meint cananaael. YK — coynenepinig acepi xiopo-
¢umn b/xnopoduit a xJa0podUI/KapOTUHOHITAD
KaThIHAC KOPCETKIITiH ToMeHaeTem [17].

M-PEA-2 keMmeriMeH >KYpri3iireH 3eprrey-
mep DC2 peakumsaceiabiH koHe P700 TOTHIFY
PEaKIUSACHIHBIH ©3repy ePeKIIeINIKTEPiH aHbIKTayFa
MYMKIHAIK Oepai. MHAyKIUSIBIK KHCBIK (i1yo-
pecueHuusHbl  Tangay DPC2-me  3IEKTPOHIBIK
TachIMaJIJIay/IblH a3aroblH, HeridineH Oeicenai PL]
yieciHiy TeMmeHaeyimMeH, Fv/FM KaTbrHackIMeH
koHe  QB-TOTBIKCHI3AHOAWTBIH ~ OPTAJBIKTAP
YIeCiHIH YIFalObIMEH, coHmai-ak ApH-toyemmi
(hOTOXMMUSIIBIK €MeC OIIyJIiH YJIFAlObIMEH Oaiiia-
HBICTHI aHbIKTaa/bl. COHBIMEH KaTap, MyTaHTThI
KacymramapasH (OTOCHHTE3IK MeMOpaHaJapblH
KyaTTaHJbIPY YIEPICTEPiHIH a3at0bl aHBIKTAJIIBL.

Byt s)kyMBICTa MHAYKIUSIIBIK KUCBIKTAPIbIH TE3
JKoHe Oasty IryopecleHIIUSCHIHBIH 03repyi MyTare-
HE3/IeH KeiiH MUKpOOaAbIpiap sKacyliaaapblHbIH
aJFaIIKpl Te3 TIPKENEeTiH KOPCEeTKIITepiHiH Oipi
Ooutbin TaObIIaAEl. Byl KepceTkimTep 3epTTeneTiH
00BEKTUIepIiH JKaFaiblH Oaranay YIIiH eTe THIM/II
MaianaHbpuTybl MYMKiH. AJIBIHFAaH HOTHXKEIEp
ooitprama ®C2 xone ®C1 Gacranksl yaepicrep/i
peTTey MexaHuU3MIEpiH TYCiHy YIIiH FaHa eMec,
TaOWFU JKOHE JKaCaHJbl Cy aWJbIHAApPBbIHIA CYIbIH
KacueTTepiH OwoTtectiyieyae (IIyopecleHIUsIHBIH
op TYpAl KepceTKIuTepiH mMaijaiany YIIiH [e
MaHbp3ael.  CoHbIMEH Oipre, b xmopoduiuici3
C.reinhardtii c-124 y-1 6GeNiHr€H MUTMEHTTI MyTaHT
[ITaMM JIACTaHFaH Cy 9KOXKYHeIepiHiH AKOJTOT UsLITBIK
KarJaipiH Oaranay ymiiH Ooarmmarkl MOJI OOBEKT.
3epTTeneTiH OpTaHbIH MYTaOWIBIUIMH aHBIKTAY
MaKCaThIHJa KOJIAHBUIATHIH T€HETHUKAIBIK KpUTe-
puil — MUTMEHTTI KypaM — OChl MyTaHTThI IITaMJIbI
KOpIlIaFaH OPTaHbIH MEHETUKAJIBIK MOHUTOPHHTIH/IC
naiijanany yuriH Oara KeTIec epeKIIelniri OOJbII
TabbLIabl. ¥ CHIHBUIFAH TECT-00BEKTIHI Maiilanany
KOpILIaFaH OPTaHBIH JKaF/laiblHa MHTETPaANIbl Oara
Oepei KoHE MyTareHIIK JIaCTaHyIapAblH cajuap-
JIapbl Typassl OOJHKaAMHBIH JOJIITIH apTTHIPAIIBL.
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OLEEHKA CYMMAPHOIO 3AIPA3HEHMA NMOYB
TSAXKEABIMU METAAAAMUA
B NMPUBPEXXHOWM 30HE MbICA NMECYAHOTO

OceHbto 2018 ropa B npubpexxkHoin 3oHe [IpuKacnMiiCKOro pervoHa, a MMEHHO B paiioHe
pacnoAoxeHust Mbica lNecyaHoro OGbIAM BbIMOAHEHbI HAYUHbIE MOAEBbIE MCCAEAOBAHUS COCTOSIHUS MOYB.
McecaepoBaHo 7 npobHbIx naowwaaok (M), M3yueHo 6oaee 30 nouBeHHbIX MPo6, 0TOOPAHHbIX C TAYOUH
0-5 1 5-20 cm. CnektpocoTomeTpom AabopaTopHbiM HACH DR-2400 (CLLIA) onpeaeAsiav BaaoBoe
copeprKaHune TskeAblx MeTaAroB (TM). AAS aHaAmM3a MokasaTeAss CYMMApPHOro 3arps3HeHWs Mous
(CM13) nan Z ., ¢ npuMeHeHnem pasHbiX MOAXOAOB, MCMOAb30BaHbl 3HAYEHNS COACPIKAHMSA XMMUYECKMX
3AeMeHTOB Ha hoHoBo naowaaske MIM-MoH. B kavecTBe hoHa Gbira MCMoAb3oBaHa noysa Kapakus-
KapakoAbckoro 3akasHuka. [pm pacuete Z . yunTbiBaraCb TOAbKO BeAMdmHa K-> 1. BO3MOXHO B 3TOM
cBsi3n AAst [M1-3 (caa) NOAyYeH HaMMEHBLLMIA CyMMapHbI Noka3aTeAb 3arps3HeHNS Moy, B TOM UMCAE
1 C OTPULATEAbHbBIMM 3HaueHnsamn Z .. o pesyabTatam pacueTtos, ToAbKo Ha [l1-2, nokasateab CI'13 ¢
YUETOM Pa3HOM TOKCMYHOCTM TIXKEAbIX METAAAOB Z = 16,5 ypOBEHb 3arps3HEeHNs yMePEeHHO-0MacHbIi,
Ha OCTaAbHbIX MPOOHbBIX MAOLLAAKAX — B NMPEAEAAX AOMYCTUMOro ypoBHs. Cratnuctuueckas obpaboTka
pe3yAbTaToB paboThl B Cpeae mporpammbl Statistica 10 mokasana, uto kpuTepuit Kpackeaa-Yoaauca
cratnucTnyeckn 3Haunm aas saemerTtos Cr, Cd, Cu u Co.

KaroueBble caoBa: Kacnuii, Mbic [lecuaHblii, MOYBa, TIXKEAble METAaAAbI, CYMMapPHOE 3arpsa3HeHue.
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Assessment of total soil contamination with heavy metals
in the coastal area of the cape peschany

In the autumn of 2018, in the coastal zone of the Caspian region, namely, in the area of Cape Pe-
schany, scientific field studies of the state of the soil were carried out. 7 test sites (TS) were investigated.
Studied more than 30 soil samples taken from depths of 0-5 and 5-20 cm spectrophotometer laboratory
HACH DR-2400 (USA) determined the total contents of heavy metals (HM). For analyz ephase three
total soil pollution (TSP) or TS, using different approaches, the used value of the content of chemical
elements in the background area TS-the background. The soil of the Karakia-Karakol reserve was used as
a background. Only the value of K.> 1 was taken into account in the calculation of Z_. Perhaps in this
regard, for TS-3 (garden), the lowest total soil pollution index was obtained, including negative values
of Z ., The results of the calculations, only on TS-2, Z_ =16.5 level of contamination moderate threat
on the remaining TS and within the acceptable level. Statistical processing of the results in the program
Statistica 10 showed that the criterion of Kruskal-Wallis is statistically significant for the elements of Cr,
Cd, Cu and Co.

Key words: Caspian Sea, Cape Peschany, soil, heavy metals, total pollution.
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KyMABI MbIC )KaFaAay aiiMaFblHAQ TONbIPAKTbIH,
aybIp MeTaAAAPMEH XXMbIHTbIK, AACTaHybIH 6aranay

2018 bIAAbIH, Ky3iHAe Kacnuii aiiMarblHbIH, >KaFaAdy alMarblHAQ, aTan alTkaHAd, KymMabl MbiC
ayAaHbIHAQ TOMbIPAKThIH, XKal-KyHiHe FbIAbIMW 3epTTEyAep XYPri3diAai. 7 cbiHak, aAaHpbl (CA) 3epTTeAA.
3eptxaHanblk, HACH DR-2400 (AKLL) cnektpodoToMeTpiMeH ayblp MeTaAAQPAbIH YKaAMbl Kypambl
(aybip MeTaAAap) aHbiKTaAAbl. TOMbIPAKThIH >KaAMbl AacTaHy KepceTkiwiH (TXKA) Hemece Z . KepceTKilliH
TanAQy YLWIiH apTypAi aaicTepai koaaaHbin, CA (OHAbIK aAaHbIHAQ XMMMSIABIK, SAEMEHTTEPAIH,
KYPaMbIHbIH MOHAEpi  KOAAaHbIAABL.  Kapakma-KapakeA KOpbIFbIHbIH,  Tonblpafbl (DOH  peTiHAe
nanaaAaHbiAAbl. Z . ecenTey kesiHae K.> 1 wamacbl FaHa ecerke aAbliHAbL. OcbiFaH 6anaanbicTbl CA-3
(6aK) YLIiH TOMbIPAKTbIH, AQCTaHYbIHbIH, €H a3 XXMbIHTbIK, KOPCETKilli aAbIHAbI, OHbIH, iLLIHAE Zc(r) Tepic
maHaepi 6ap. Ecentey HaTukeAepi 6oibiHwa Tek CA-2, Z_ =16,5 AacTaHy AeHreni opTalla-KayinTi,
kaaraH CA-pa pykcar eTiareH aeHrein wweriHae. Statistica 10 6araapAamacbiHbiH, OPTACbIHAQ YKYMbIC
HOTUXKEAEPIH cTaTUCTMKaAbIK, eHAaey Kpackea-Yoaanc kputepuiii Cr, Cd, Cu xxaHe Co saemeHTTEpI

YLLIH CTaTUCTUKAAbIK, MBHAI €KEHiH KepCeTTi.

Ty#iin ce3aep: Kacnini, KyMAbl MbIC, TOMbIpak, ayblp METAAAAP, XXMbIHTbIK, AACTaHy.

CokpameHusi 1 0003HAYEHUS

TM — tspxensie metaisl, CI13 — cymmapHoe 3a-
rpsizHeHue nouB, [111 — npoOHas momaaka.

1. Beegenue

B Manrucrayckoir oomactu 12 asrycra 2018
roga npesugenty PecnyOmukm Kazaxcran Hazap-
0aeBy H.A. OblT1 mpe3eHTOBAaH MYJIbTHMOJAJILHBIN
TPaHCTIOPTHBIA Xa0 — MapOMHBIN KOMIUIEKC B IIOPTY
Kypsik, pacrionosxenHsli Ha Mbice Ilecuansbiif. Pac-
MIOJIOXKCHUE TOPTa B €CTECTBEHHOM OyXTe MOJIHO-
CTBIO TOAXOIUT I TPAHCTIOPTUPOBKH HIMPOKOTO
CIIEKTpa Pa3JINYHBIX IPY30B.

[TopT BK/IIOYEH B CETh MEKAYHAPOJHBIX TPAHC-
MOPTHBIX KOpUIOPOB. TpaHCKaCTUUCKUI MapIIpyT
yepe3 nopT Kypslk, oTKpbiBaeT BeIXoJ B EBpory,
yepe3 Typunto u CpennzemHoe mope. K mopry
MTO/IBEJICHBI KEJIE3HOIOPOKHBIE I aBTOMOOMIIbHBIE
nytu. [IpormyckHasi cocoOHOCTh — 7 MWIIJTHOHOB
TOHH B roA [1].

Ha Tepputopun meica Ilecyanoro HeoaHOPO -
HOCTB TIOYBEHHOTO TIOKPOBa O0YCIIOBIICHA XapaKTe-
poM penbeda U MOYBOOOPA3yIOLIMX MOPOJ, a TaK-
K€ Pa3TUYHBIMH YCIOBUSAMH OHOKIMMATHYECKOTO
(hopMupOBaHUs TIOYB.

[1o mouBeHHO-TEOrpaUIECKUM XapaKTEPUCTH-
KaM OMTUCHIBAEMBIN YIaCTOK PACIIONIOKEH B ITyCTHIH-
HOM 30HE W TMoJpa3ienserTcs Ha JBe MOA30HBL. JTO
CpeAHHUE MYCTHIHU C IpeodiaganueM OypbIX MOYB U
FO’KHBIE TIYCTHIHU (CepO-0yphIe TIOUBHI).

Hannuue mox3eMHBIX BOJI B 3TOM paifoHe 1aeT
BO3MOYXHOCTH BBIPALIMBAHUS Pa3IUYHBIX OBO-

e, 0ax4eBbIX KyJIbTYp U (DPYKTOBBIX JI€pPEBHEB
[2].

Ha wmpice Ilecuanom 170 rexrapos 3emens Ka-
PaKUSHCKOTO pallOHa OTHAHBI KPECThSTHCKUM XO-
3siictBaM. OcBoeHo mopsiaka 90 ra 3TUX 3eMelb,
Ha KOTOPBIX B HACTOSIIIIEE BPEMsI BHIPAIIMBAIOT KaK
(PYKTHIL, TaK ¥ pa3IMIHbIC OBOIIH [3].

B paiione mbica Ilecyanoro, rae nocTpoeH na-
POMHBIM KOMIUIEKC W pa3BHBaeTcss HH(paCTpyK-
Typa, a TaKk)Ke MHTEHCHUBHO BEIyTCA pabOTHI IO
OCBOEHHIO 3eMelIb M0/ TIOCEBbI, HEOOX0AUMa OIeH-
Ka aHTPONOIeHHOI'O BO3JCHCTBUS Ha TPUPOIHBIC
nmauamadrTel [4]. B 9T0# cBA3M, HEOOXOIUMO yie-
JIUTh BHUMAHHUE HUCCICA0OBAHUIO U OLICHKE CTCIICHU
3arps;3HEHUs TIOYB TsDKeNbIMu MeTautamu (TM) B
CBSI3M C MaJIOW U3y4YEHHOCTHIO Mbica [lecuanoro.

Lenvio pabomuvl SBNSETCS OLEHKA COCTOSHUS
MOYB pa3IMYHBIX 00BEKTOB Ha Mbice [lecuanom, a
TaK»Xe aHaJlu3 CYMMapHOro 3arpsisHeHus 1oy TM.

2. MarepuaJbl M1 MeTOAbI HCCJIeI0BAHUS

Uccnenyemas mpubpekHasi 30Ha mbica [lecua-
HBIH B TEUCHUE BCETO YETBEPTHYHOTO MEPHOA Pa3-
BHBaJIaCh Ojaromaps aOpasuu, IpHUEM PErPEeCCUB-
HbIC 6epeFOBBIe JIMHHUH, HAaXOJAIIUECSA B HACTOAIICC
BpeMs Ha JTHE MOpsi, 31€Ch IPeICTaBICHBI a0pa3uB-
HEIMH (opMamH. 31mech MpeodsagaroT MPOIECCH
(U3NUECKOro BBIBETPUBAHMS, CIOCOOCTBYIOIIUE
MOCTYIUICHUIO TpyOOro meOHHCTOro Marepuana B
OeperoByro 30HY. AJUTIOBHAJIBHBIN MPHUTOK ITOJHO-
CTBIO OTCYTCTBYCT. Hanocsl mouTH HCKITIOYUTENBHO
COCTOAT M3 OMOTCHHBIX U XEMOT'CHHBIX KOMIIOHEH-
TOB (pakymiek u moiut) [5]. bombimoe 3HaueHue
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UMEET TaK)K€ OTCYTCTBHE NPHUHOCA TEPPUTEHHOIO
MaTepuana pekamu. OTMeyaeTcs MHUPOKOe Pa3BH-
THe aOpa3uoHHBIX (opM (KapOOHATHO-TJIMHUCTHIHN
coctaB nopox). Teppuropus mnpuieraer K ABYX-
spycHoMy HO>kHO-MaHTIbIIUIAKCKOMY IJIaTO, Ha-
PYLIEHHOMY TIyOOKMMH O€CCTOYHBIMHU BIAJMHAMH
— Kaparue (- 132 m), Ammcop (- 33,5 m). [lnaro
CIIOKEHO PaKyIIEYHO-OOJIUTOBBIMH MHOIICHOBBIMU
1 TIJICOIIEHOBBIMU M3BECTHSIKaMu [6-8].

PaccmarprBaemblii y4acTOK HpeACTaBIIsieT CO-
0ol HHU3KYI0 aOpa3sMBHO-aKKyMYJSITUBHYIO PaBHH-
HYy ¢ O€perOBBIMH BaJIAMH BBICOTOIO 110 10 METpOB.

K mueHTpy paBHHHBI TpHUypOdYeHA BIIaUHA
Amcop, Ipyu 3TOM €ro POBHOE TIIMHUCTOE JTHUIIE
oTHeneHO oT 3anmBa Anekcannpa bexoBuua-Uep-
KacCOKOTO IICTIbI0 OeperoBbIX BajOB, CIIOKEHHBIX
COTHYTHIMH MTECKaMH.

[Ipu obGcnenoBannu MPUOPEKHON 30HBI MBICA
Ilecyanoro ucmoap30BaH MapHIPYTHBIM METOJ C 3a-
KJIATKOH 7 TIPOOHBIX TUIOIIANOK, B TOM ducie ITI1-
DoH.

2.1. Hapomnvui xomnnexc Kypuwix. IlpoOHas
motnaaka III1-1 3anokeHa B ceBEpHOW 4acTH, B
150 MeTpax OT OorpakIeHUs MAPOMHOTO KOMILICK-
ca u B 500 meTpax oT MOps. DKOCUCTEMA — IJIATO
¢ Ipeo0IaTaHueM CepOTIONBIHHBIX COOOIIECTB, IIIe-
OeHncTo-mecyanbix mnoyBax. [loYBeHHBIH MOKPOB
— MECKU NMPUMOPCKHUE 3aCOJIEHHBIE, C HU3KUMU 3a-
racamu OpraHmdeckoro BemecTna. [leckn mo mexa-
HUYECKOMY COCTaBy cloucTbie. CTpoeHue mpoduis
MOYB IPEJCTABIIET MHOTOYHMCICHHBIC BKIIIOUCHUS
pakymeynnka (mo 85%). IIpoekTHBHOE MOKPHITHE
25%. CocTostHME TIOYB CpEeIHE HApyIICHHOE. 3Ha-
YUMOCTbh PACTUTENBHOCTU cpenHe 3Hauumas. Kpa-
TKOE OIKMCaHNE BEPXHUX TOPHU30HTOB nouBbl [1T1-1:

1. 0-5 cM — cepoBaTo-0yphIii, CyXOl, MECTaMU
PBIXJIBIA TIECYaHBIH, OCCCTPYKTYPHBIA C MEIKUMH
KOPHSIMU CEpPO-TIOJIIHHBIX COOOIIECTBR;

2. 5-20 cM — cBeTno-Oypswidi, CyxoH, ciabo
VIUIOTHEHHBI TeCYaHblii, B OCHOBHOM O€CCTpYK-
TYPHBII C MaJIbIM KOJIMYECTBOM KOPHEH pacTEHUM.

2.2 Cao. I1I1-2 3anoxena Ha pacctosHun 50 M,
OT OTpaXkJICHHs SIOJIOHEBOTO Caja, KPECThSHCKOTO
xo3siicTBa «OKaHOBIpmmy. Ha ynanennn 8118 wme-
TpoB, ot I1I1-1, B HanpaBneHnu Ha 3amaja OT MapoM-
Horo komriuiekca «Kypeik». Ha wmbice [lecuanom
paHee WMeNOCh 9 IKCIUTyaTallMOHHBIX CKBaYKUH,
MIPOHIEHHBIX JI0 TITyOUHBI 15 METPOB, B TIECKaX XBa-
JBIHCKOH Teppackl M MOHTHYECKUX H3BECTHSKAX.
Upe3MepHBIT 0TOOp MOI3EMHBIX BOJ MPUBEI K TI0-
BBIIICHHUIO UX MUHEPATH3AIHK 10 2 T/IM?, B pe3yJib-
TaTe 3TOr0 BOAONPOBOA 3adpoumeH. B Hacrosmiee
BpeMsI ISl ITOJIMBA UCTIONB3YIOTCS MOI3€MHBIE BOIBI
TOTO K€ BO3pacTa co CKBKUH TIyOHHON 0KoJo 50
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MeTpoB. Bojbl 6o5iee MUHEpanTu30BaHbl U CONlEpKa-
uue coneit 3-4 v/, OTIHYUTENBLHOM YePTOH STHX
BO/I SIBJIIETCS BRICOKOE COJIepyKaHUe HUTPATOB U HU-
TputoB (710 144 r/nm*). BMecTe ¢ 9THM UCTOUHUKOM
IMMTHEBOTO BOJIOCHAOKEHUS TIPU HEBBICOKOH II0-
TpeOHOCTH MOTYT CIYXHUTh MOA3EMHBIE BOJIBI YeT-
BEPTUYHBIX OTJIOKEHUM HA pacCMaTPUBAEMOM MbICE
[lecuanowm, rrie panee MpOOYPEHHBIME CKBKUHAMHI
BCKPBIBAJIUCH JIMH3BI IPECHBIX BOA. J{J1s1 monmBa uc-
IOJIB3YIOTCS MOA3EMHBIE BOJBI U3 TPEX OCTABILUXCS
CKB)KUH, TIOJATOIINECS IO CTApOH BETKE BOJIOTIPO-
BoJsia. Bona juist monmuBa oBoriel U ppyKTOBBIX Jie-
PEBBEB B JIOCTATOYHOM O0OBEME MOXKET M0J1AaBaThCs
10 PTOMY 3a0pOIIEHHOMY BOJIOIPOBOJTY ITOCIIE €T
BOCCTaHOBJIeHUS. Ha oTnenbHbIX ydyacTkax, B Me-
CTaX, 3aHATBHIX KPECThIHCKUMU XO35SHUCTBAMHU, MOJ-
3eMHBIE BOJIBI TTOCIIE OMIPECHEHUS M OYHIIEHUS TaK-
K€ MOT'YT OBbITh IIPUTOJIHBI JJIs1 TUTHEBBIX IEJICH.

DKkocucTeMa — I1aTo ¢ npeodiaganueM speme-
POHTHO-3TTAKOBO-TIOJBIHHBIX COOOIIECTB HAa OYPBIX
MyCTBIHHBIX HOPMAJIBHBIX 3aCOJCHHBIX ITOYBAX.
[IpoexktuBHOE mMOKpBITHE 76%. COCTOSHHE IOUB
CpeaHe HapyIIeHHOE, HAOI0JaeTcs MEXaHnIeCcKoe
HapyllIeHHe TTOYBEHHOT0 TOKpoBa. PacTutensHOCTh
3HaYUMasi, BKIIF0YaeT KOMIUIEKCHI C Ipeo0IajaHueM
MOJIBIHK O€JI03EMEJIbHOM, B KaueCTBE LEHHEHIIIEro
KOPMOBOTO DPACTCHHsS JII TYCTHIHHBIX PETHOHOB
obnactu. Kpatkoe onucanne BepXHUX TOPU30HTOB
noussl [111-2:

1. 0-5 cM — cepsblil, CyXoif, MECTaMH DPBIXJIBIN
MIECYaHbIH, OCCCTPYKTYPHBIH C MEITKUMHU KOPHSIMH
3(heMepOouTHO-371aKOBO-TTOIBIHHBIX COOOITICCTR;

2. 5-20 cm — OypoBaro-cepblii, CyXOH, cla-
00 YMJIOTHEHHBIH NecyYaHblii, B OCHOBHOM Oec-
CTPYKTYPHBIA CO CPEIHMM KOJHMYECTBOM KOPHEH
pacTteHuil.

2.3 Muvic Ilecuanwui. T111-3 3anoxunu Ha pac-
crostnuu 3870 metpos ot III1-2, na yganenun 2000
METPOB OT MOpS B IIPEeNIax PaclpoCTPaHEHUs CO-
JIOHYAKOB MPUMOPCKUX OCTaTOYHBIX. PalloH OTHO-
CHUTCSI K 9KOCUCTEMaM MOPCKHX IeCYaHO-paKyIIed-
HbIX IJsDKed. [louBa — COJIOHYAaK MPUMOPCKUH C
oOmIMeM pakylIeKk Ha TOBEPXHOCTH, MPOCIOHKaMU
pakyiek B npodmuie, p>KaBbIMH TSATHAMA U YIDIOT-
HEHHEM B cpejHel yactu npoduis. [IpoekTuBHOE
nokpeiTHe 60-65%. CocTosiHMEe MOYB CpeaHE Ha-
PYIIEHHOCTH ¥ B OCHOBHOM MEXaHH4YeCcKoe. 3HauH-
MOCTb PacTUTEIIBHOCTH BbICOKO 3Hauumas. K »toit
KaTerOpuH OTHECEHBI BCE COOOIIECTBA C yUacTHEM B
WX COCTaBE CaKcayJyoOB, M TaK KaK OHU NMPHUYPOYEHBI
K MeCYaHbIM MaccHBaM, TO OYE€BMHA MX POJIb IS
crabunm3anyu Janamadra.

OTO TposBIAETCS B 3aKpeIUIeHHH cyoOcTpara,
MPEJOTBPAIICHUN BETPOBOH 3po3uu, Aedisuun
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neckoB. CakcayJlbHUKHM BXOJST B IICHHBIA JECHOU
(donn Kazaxcrana. CooOmiecTBa 3TOW KaTErOpHH
MMEIOT Ba)XHOE 3HAYCHHE B COXPAHCHUU OPHUTHU-
HaJIBHOTO (DIOPUCTHUYECKOTO Pa3HOOOpa3ms, OCO-
OCHHO TICAMMO(MUTHBIX PACTCHHM, HE UMCIONTUXCS
B JIPYTUX MECTOOOUTAHUSIX.

CocrostHue MouB HapyuieHHoe. B ocHOBHOM B
pe3yIbTaTe mepeBblnaca CKoTa, a TakKe 0T poe3za
aBTOTpaHncrnopta. KpaTkoe ommcanne BEpXHUX TO-
pu3oHTOB nouBkI T111-2:

1. 0-5 cM — cBeTII0-CephIii, CHIPOIl, CylIeCUaHbIi,
CO MHOXXECTBOM KOpHEH, Melkue 0O0JOMKH paky-
IIeK, c1a00yIJIOTHEHHBIH, IEPEX0/T IIBETA 3aMETEH;

2. 5-20 cM — CBIpOH, KEATOBATO-CEPBIH, Cymnec-
YaHBIM, MECTAMH C PKABBIMH IISITHAMH, C YIJIOTHE-
HUEM Ha TITyOnHe 8-13 cM, MHOTO PaKyIIeK, COJIH.

2.4 Masx na mvice Ilecuanom. T111-4 3anoxena
Ha paccTostHUE 50 METPOB OT OTPAKACHUS Masika B
10’)kHOM vacT U B 2870 metpax ot I1II1-3. ITousen-
HbBIM TOKPOB ATOM IUIOMIAKH MIPEACTABIICH IECKaMHU
MIPUMOPCKUMH 3aCOJICHHBIMHU.

[Tecku cnoucteie, ¢ MHOTOYUCICHHBIMU BKIIIO-
YeHWsIMH pakymedanka — 10 95-100%, ato o0y-
CJIOBIIEHO T€M, YTO Ha paccrosHuu mopsaka 1000
METPOB PACHOJIOKEH Kapbhep PaCIUIOBKU U3BECTHS-
Ka-pakymednuka. [IpoexTuBHOe OKpeITHE — 25%.
CocrostHUE MTOYB HAPYIICHHOE B CPEIHEH CTEMeHH,
B OCHOBHOM aBTOTPAHCIOPTOM. 3HAYMMOCTb pac-
TUTENFHOCTHU cpeansis. KpaTkoe onmcaHne BepXHUX
ropu3oHToB nouBs! [111-4:

1. 0-5 cM — cBemIblil, CyXOH, CylecdaHsblii, ¢
OOJBIINUM KOJHMYECTBOM MEIKHX OOJOMKOB paKy-
IICYHUKA, OCCCTPYKTYPHBIH, ¢ MEIKUMH KOPHIMH

pacTeHuit;
2.5-20 cM — cepblid, CyXOH, phIXJIbIHI, IECUAHBIH,
OeCCTPYKTYpPHBIH.

2.5 Kpecmbanckoe xoszaiicmeo «Benepa». Bpl-
pammBaeT OBOIM (OTYpIIbl, TOMUAOPHI U OaKiIaKa-
HBI) KaK B OTKPBITOM TPYHTE, TaK U B TETIJIUIIAX.

[1I1-5 3anmoxxeHa Ha pacctosHun 70 METpPOB OT
OrpakJICHHS IIOCEBOB, B CEBEPHOM HalpaBJICHUN OT
[II1-2 (Can) u pacnionoxena Ha yaaneHun 4700 me-
TpoB ot [1[1-4 (Masik). [lyis onuBa UCTIOIB3YOTCS
MMOJI3EMHBIE CO CKBa)XWH TIyOmMHOU okojo 50 me-
TpoB. Boibl Oosiee MUHEPATH30BaHbl H CO/ICPKAHHE
coueit 3-4 r/nm*, KoTopbie pa3daBIISIOTCS THTHEBOM
Bomoi pousBoguMoit TOO MADK Kazarommpom.
Mectononoxenue [1I1-5 oTHOCKTCA K MJ1aTO C Mpe-
obmaganueM  3(eMeponTHO-31aKOBO-TIONBIHHBIX
co0011eCTB Ha OypBIX IIyCTHIHHBIX HOPMaJIbHbIX 3a-
coneHHbIX TouyBax. [IpoexTuBHOE mokpwiTHE 70%.
PacturensHOCTh 3HAUNMMas. [Ipeobnanarot coobe-
CTBa TIOJBIHHA Oeno3eMenbHOW. KpaTkoe ommcanme
BEPXHUX TOPU30HTOB 1ouBkI [111-2:

1. 0-5 cM — cBeTsIO-cephli, CyXOH, PBIXJIBIN TEC-
YaHbIi, 0ECCTPYKTYPHBII ¢ MEIKUMH KOPHSIMH pac-
TCHUH;

2. 5-20 cM — cepblii, CyXOM, phIXJIbIiA, TECUaHbIH,
0ecCTPYKTYpPHBIA.

2.6 Bnaouna Awucop (-33,5 m). llpencraBuser
co0OH COJSTHOE 03€pO OKPYKEHHOE COPOBOH IOJIO-
coit mmpuHoi 3-5 kM. CoJieBasi 3aJIeKb IIPEICTaB-
JICHA TUTACTOM TajiuTa MOIHOCThIo 0,7-1,5 M, HIKe
KOTOpOTO 3ajieraeT mijacT acTpaxaHuta. [lmomans
comn B o3epe okono 20 xm?. IlpobHas mmromai-
ka [III-6 3amo)keHa Ha COPOBOM TOJIOCE BIAJMHBI
Amrcop, B BOCTOYHOM 4YacTH, B CEBEPHOM 4YacTU
[II1-1 (mapomusrii komruieke Kypwik), B 7886 Me-
Tpax ot III1-5.

IIouBBI — COJOHYAKM COPOBBIE MO TMOAYUHKO-
BBEIM paBHUHAM c1a00 3aTPOHYTHI MPOIIECCOM IIO-
yBooOpa3zoBaHus. biuskoe 3ajeraHue rpyHTOBBIX
BOJl M UX BBICOKasi MUHEpaIn3alus 00ecednBaoT
MTOCTOSTHHOE TTOCTYIUIEHHE COJIeH B MPOQHIH OMH-
ChIBa€MbIX TMOYB. BbICOKas BeIMYMHA HCIIAPEHUS
B JIETHUI MEpHUOJ MPU MAJIOM KOJWYECTBE aTMOC-
(bepHBIX yYacCTKOB OOYCJIOBIHBAET IPOILECC KPH-
CTAJINIM3AIMKM COJie B BEPXHHUX Topu3oHTax. Ha
MOBEPXHOCTH TIOYB 00pa3yeTcsl CIUIOLIHAS COJIeBast
KOpKa TOJIIUHONW J0 HECKOJIBKHX CaHTUMETPOB.
[To mpoduITto COTOHYAKOB COPOBBIX YaCTO BBIIEIIS-
I0TCSl TIPOCIION BOJOPACTBOPUMBIX COJIEH M THIICA.
CrerneHpb nCIONB30BaHUs 3eMenb cinadas. [lo Boc-
TOYHOWM M CEBEPHOM 4YACTSAM BHAAUHBI ITPOXOIUT
rpanuna Kapakus-Kapakonbckoro 3akasnuka. Ha-
PYILIEHHOCTh TTOYBEHHOTO MOKpoBa cpenuss. Kpa-
TKOE OIMCaHNe BEPXHUX rOpU30HTOB MouBHsI [111-2:

1. 0-5 cM — cBeTII0-CepbIif, CHIPOH, Cl1abo YIIIOT-
HEH, Ha TIOBEPXHOCTH KOPKa C OOJBIINM COJepkKa-
HHUEM COJIeH, TUTIca U 00JIOMKOB PaKyIIIeK;

2. 5-20 cM — MOKpBIH, OYEHb CHUJIBHO 3aCOJICH-
HBIE€ TPYHTHI CYTIMHUCTOTO Y TIIMHUCTOTO TPaHyJIO-
METPUYECKOTO COCTaBa.

Bce nouBsI 0 THITy XUMHU3Ma 3aCOJIEHUS TIPaK-
TUYECKH BCE H3y4aeMbI€ IOYBHI XJIOPHIHO-CYIIh-
(aTHBIC 10 aHUOHAM, M KaJbIIMEBO-HATPHEBHIC I10
KaTHOHAM.

Bcerpeuarorcst Takoke MOUYBHI C CyJb(haTHO-XITO-
PHUJIHBIM, XJIOPUIHBIM U COJIOBBIMU THUIIAMH XUMU3-
Ma 3aCOJICHMUSI.

Jlns mccnmeoBaHus TOYBEHHBIX 00pa3oB OBLTH
WCIIOJIb30BaHbl CIIEAYIONINE METOABI: IBET — IO
mkane A. MaHcena, TpaHyJIOMETPUYECKHI COCTaB
— o H.A. Kaunackomy, rymyc (OKHCIIEHUE TTOYBEI
muxpomarom kanust) — o M.B. Tropuny, a3ot 00-
muit — o M. Keenbnamo, Gpocdop Bamosbi — s
KapOoHaTHBIX 1M0YB — 10 b.I'. Mauuruny. Harpwii
oOMeHHbI 10 [enpoiiny. Maruuii OOMEHHBIN U
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Kenxeraes ['K. u ap.

KaJbpuui oOMeHHbI — 1o pyitno-I"ane. Obmenpu-
HATBIMM METOAAMHU ONPEACISUIN O0OBEMHYIO Mac-
Cy, TNIOTHOCTh TBepIOH (hasbl, THAPOTUTHICCKYIO
KHCIIOTHOCTh, CYMMY TOTJIOUIEHHBIX OCHOBAHMIA.
OmnpeneseHue KOJUYECTBa r'yMyca B II0UBE BbIIIOJ-

Omnpenenenue pH. Boanas BeITsSKKa 00pas3oB
MOYBBI MTPOBOAMIIACH CTAHAAPTHBIM MOTEHIIHOME-
TPUYECKUM METOJIOM C HcIonb3oBanueM pH-metpa
MP 220 (MetterToledo, lIBeiuapus). Crangapt-
Hast omnoOka £ 0,1.

Hsu 1o M. B. Tropuny B mogudukaiuu b.A. Huku- DU3UKO-XMMHUYECKUE CBOMCTBA H3YUYEHHBIX

TuHa [3]. MIOYB NMpHUBEACHBI B Tabimue 1.

Tadmuua 1 — Ou3nko-XuMHYECKHE CBOMCTBA IMTOYB MPOOHBIX IIIOIIAI0K

DU3UKO-XUMUYECKUE XaPAKTEPUCTUKH TI0YB TIpoOHbIE MIIOIIAKH
Ha MPOGHEIX MO IKax TI1-1 II1-2 I11-3 I11-4 I11-5 T11-6

Tymyc (%) 0,29-0,51 | 0,43-1,07 | 0,21-0,49 | 0,31-0,53 | 0,31-0,57 | 0,23-0,47
Aszot 06uuii (%) 0,08-0,13 | 0,09-0,16 | 0,03-0,15 | 0,05-0,14 | 0,07-0,12 | 0,02-0,12
dochop (BasoOBbI) MI/KD 697-871 958-1059 589-937 611-871 601-793 458-744
Kap6ouatst (%) 1,6-9,17 | 2,31-738 | 2,9-925 | 2,3-931 1,4-8,18 | 1,2-7,79
Emkocth 06MeHa, Mr-3k8/100 I. 1ouBsI 7,33-21,6 8,15-22,5 6,59-20,7 5,93-21,3 7,21-21,5 7,3-18,3
OOMeHHBIH Kanbluil, Mr-3kB/100 I. MoYBbBI 13,4-35,7 12,7-29,5 12,8-33,6 13,6-31,9 13,1-33,2 14,1-29,8
OOMeHHBIN Marauii, Mr-3ks/100 . TOYBEI 65,7-85,3 66,3-87,2 59,2-84,9 61,4-83,3 66,1-82,5 63,8-86,9
OOwMenHbIH HaTpuit, Mr-3kB/100 . TOYBEI 1,85-6,37 2,09-5,71 2,01-5,97 1,81-6,14 1,79-6,03 2,03-6,41
Cymma coreit 0,08-6,23 | 0,06-5,71 | 0,09-6,11 | 0,07-5,79 | 0,07-6,41 | 0,09-6,81
pH 6,9-7,35 6,85-7,13 7,1-7,36 7,0-7,33 6,6-7,29 7,2-7,41

IIpo6b1 moYB OBUTH OTOOpPAHBI MTPOOOOTOOPHU-
KOM, METOJIOM KOHBepTa, ¢ rryoun 0-5 u 5-20 cwm.
Bbouto uzyueno 6onee 30 mpoO, KoTOpble 0TOHMpa-
JUCHh Ha MPOOHBIX TUIOIIAJKAX, YKa3aHHBIX BBIIIE,
pa3IMYHbIX yyacTKax Mbica [lecuaHsblil.

Brimonnsuics otOop cmemanHoi npoosl. Cme-
IaHHBIA 00pa3ell MpoOBI COCTOSUT U3 5 TIPOO MOYBHI,
MIPY 3TOM OHHU OBLIHM B3SITHI «KOHBEPTOM» U3 5 TO-
yek. Jlanee ObuT 0TOOpaH cpeaHUil 00pasell BECOB
300-400 rp.

B naGoparopuu PI'Y «JlemapTaMeHT 3KOJOTHH
no Manrucrayckoi o0iacTu», mpoObl ObUIH TOATO-
TOBJICHBI K aHAIU3Y CIEKTpodhoTOMETpOM J1abopa-
topusiM HACH DR-2400 (CILIA) o meronuke [9,
10], arrecroBannoit PI'TI «KazsuMetp». Onpene-
JISUTA BaJIOBOE COJIEpKaHMe TSHKeNbIX MeTtamuioB Cu,
Pb, Cd, Zn, Ni, Cr®, Co u MbIimbsika As B mpobax
1moyB TIpoOHBIX TuToma ok [1I1.

Craructrueckas oOpabOTKa pPe3ysIbTaTOB BHI-
MOJIHEHA B cpelie aHATUTHYECKOTO MPOrpaMMHOTO
uHTepdeiica Statistica 10. Beibop Merona aHanmsa ¢
MOMOIIBIO CTATUCTUKHU KpuTepusa Kpackena-Yosnu-
ca (Kruskal-Wallis ANOVA) onpenensiiin MaibiM
00BEMOM BBIOOPOK MCCIIEIOBAHHI C PA3HBIMHU 3aK0-
Hamu pactupenencams [11-15].

Kpurepuit Kpackena-Yomnnuca ucrons3yercs B
MCCIIeIOBAHUSX JUISI CPABHEHUS TPEX MK OoJiee BbI-

ISSN 1563-034X
eISSN 2617-7358

OOpOK M OCHOBaH Ha paHrax a He Ha CPEJHHX 3Ha-
YCHHSIX.

Memoowt eeounghopmayuonnvix cucmem (IF'UC).
[Iporpammer cemeiictBa I'IC (Google Maps, SAS-
Planet) ObuIM KCIIOJIB30BAHBI JIJISl CO3J[AHUS KAPThI-
cXembl pailoHa wuccienoBanuil. PemaktupoBaHue
KapThI-CXEMBI BBITIOJHSIN TPHA TIOMOIIHN Tpaduye-
ckux nporpamm CorelDraw 11 u Paint (Windows
XP).

B mensx oreHKu cTeneHu 3arpsA3HeHus 04YB Ha
OCHOBE PE3YJIbTaTOB aHAJU30B BBIMOJIHSJICS pPacyeT
kod(ppuurenTa KOHUEHTpauu K . BBIABIECHHBIX
snemMenToB. Koaduumnent konuentpauun K . xu-
MHUYECKOT'O BEIECTBA PACCUUTHIBACTCS 110 CIICIYHO-
et popmyie:

L

K. Coon (1)
rae C, — GakTu4ecKoe CoiepKaHne BEUECTBA B 110-
yBe, mr/kr; C pon 30HAJIbHBIN (DOHOBBIH MTOKa3aTEIb
BEIIECTBA, MI/KT.
IIpu pacuere koddduImeHTa KOHICHTPAIIUN
Kc wucrosib30BaHbl  30HANIbHBIC (DOHOBBIC 3HAYE-
HUs (aHHBIC 10 TOYBE B paliOHE MPHPOHOTO
3aKa3HUKA).
B nensx momydyenuns oObEKTUBHON OIIEHKU CO-
CTOSIHUS TIOYB ITOKa3aTeIh CyMMapHOTO TTOKa3aTels
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3arpsi3HEHHsT ObUT pacCYMTaH 10 HECKOIBKUM (op-
MyJIaM.

1. Hanbosee n3BECTHBIM MHIUKATOPOM, B KOTO-
POM HCTIONB3YIOTCS (POHOBBIC 3HAYCHMUS KOHIIEHTPa-
LUM BEIIECTB, U KOTOPbIM 00JIafaeT rUrHeHNnYEeCKN
000CHOBaHHOW WIKAaJlOW OIACHOCTH 3arps3HEHUs
MIOYB, SIBJISIETCS «CyMMapHBIN ITOKa3aTelb 3arps3He-
Hust nous» CII3 mnn Zc. Ilokazarens FO.E. Caera
(CII3) unm Zc, B KOTOPOM HE YUUTHIBAIOTCS 3Haye-
nust K < 1, paccunteiBaercs o popmyie 2 [4]:

Zo= Xy (K)— (n—1) (2)

rae K. — K03 GUIMEHT KOHIEHTPALMK [-TO XUMH-
YEeCKOT'0 BELIECTBA; 71 — KOJIMYECTBO OIPE/IeIIeMbIX
BEIECTB C KOHLEHTPANKEH K . 60TIbIIE eIMHUIIBI.

B pesymnprarax pacdeToB ypoBEHb 3arpsS3HEHHS
[I0YB HU3KWH, PU BeTMYNHE ZC MeHee 16, cpenHuii
(ymepenHo-onacHusIi) ipu (16-32), BeICOKHIA (omac-
HEIN) TipH (32-128) 1 Upe3BBIYaiiHO OMACHBIN — €CITH
Zc 6onee 128.

Heo0xomumMo OTMETHTH, YTO B 3TOM IOKa3a-
TeJe HE ydYTeHa pasziIndHas CTENeHb TOKCHUYHO-
CTH BEIIECTB, YTO MPUBOJUT K HEKOPPEKTHOCTHU
PE3yIBbTATOB.

2. Ilokazarens CII3 ¢ yuerom pa3HOW TOKCHY-
HOCTHU TSKEIbIX METAIIOB Z o) [4, 9] paccunTriBa-
eTcs o gopmyse 3.

Zer= X(Kg X Kp)—(n—1) (3)

rae K, — xKod(p(UIMEHT TOKCHMYHOCTH i-OTO dile-
MEHTA.

B Toii cBsi3u, uroOs! st CI13 ocraBanack akry-
ANBHOM ITKaja KPUTHYECKUX CYMMAapHBIX TOKa3a-
teneit FO.E. Caera, 11 371eMEHTOB BTOPOTO KJlacca
OmacHoCTH ucnonb3oBarh K, = 1,0, TpeTbero kiac-
ca omacHoct K, = 0,5, mepBoro Kiacca onacHOCTH

Tadmuua 2 — ®oHoBOE colepKaHNEC XUMUYCCKUX JICMEHTOB MI/KT

K, = 1,5. Uzy4aemble B paboTe TsKENIbIC METAJLIbI
OTHOCSITCSI K TIEpBOMY (BBICOKOOITACHOMY) KJIACCY
omacHocTH Pb, Cd, Zn u Cr 1 KO BTOpOMYy YMEPEHHO
omacHomy, menib Cu u Hukenb Ni [16-18].

3. B Hacrosiee BpeMs Ui OLIEHKU COCTOSIHUS
MTOYB IIUPOKO MPUMEHSIETCS MTOKa3aTellb CyMMapHO-
ro 3arpsisHeHust [19-25], yuurtbiBaomuil cpeaHue
reoMeTpudeckie KOd(P(GUIIMEHTH KOHIICHTPAITUH
TSIKEIIBIX DJIEMEHTOB ZC(F), KOTOPBIM pacCUMTHIBAET-
cs o hopmyiie 4.

Z,,=nX (Key X Kgp XK )n—(n—1) (4

4. TlpuBenem (opmMyiry KOMILIEKCHOTO ITOKa-
3aresisi CyMMapHOTO 3arpsi3HCHHS MOYB, KOTOPBIH
YUUTBIBAET CPEHEE TE€OMETPHUUECKOE 3HAUCHUE KO-
> Punmenta K, a TAKKE U TOKCUIHOCTD TSHKEIBIX
METAILJIOB ZCT(’,) [8]:

ZCT(V): nx[(Ka % KTI)X(KCZ x KTZ)X

X (K, X K )" —=(n—1) %)

3. Pe3yabTaTbl HcceI0BAaHMA M HUX 00-
CyXKIeHHe

IToneswie uccnemoBanus BeIToaHEHBI Ha 7 111,
B ToM uuciie u [III-®Don. /11 pacueros mokasare-
i1 Z¢ OBUTH MCIOJIb30BaHbI ()OHOBBIC 3HAYCHUS TIO
JIaHHBIM TIOYBHI B palioHe MbIca [lecuanslii, Ha rpa-
Huue Kapaxus-Kapakonbckoro rocynapcTBEHHOTO
MIPUPOTHOTO 3aKa3HUKa (Tabdmura 2).

[Tmomane cocrasiser 137,5 Teicau ra, pac-
MOJI0KEH MPUPOAHBIN 3aKa3HUK Ha TEPPUTOPUHU
Kapakusinckoro pationa. III1-doH ¢ koopauHarta-
Mmu: N43°21°09,06°° u E51°37°12,42”°, 3an0xxeHa
Ha yJaleHuu 23 KM. OT KOHTYpa BCEeX U3YUCHHBIX
[II1.

Iloxazarenn Cu

Pb Cd Zn Ni As Cré* Co

®onoBas konnentpayst Ha [1I1-Pon 10,2

11,7 0,75 19,5 16,4 6,1 0,047 4,1

Bcero uccnenosano 7 III1, B pa3sHbIX yyacTKax
Mbica [lecuansril. CoaeprxaHue TAKENbIX METaJIJIOB
1 METAJUION[A, a TAKXKE UX KOAPPULNECHTHI KOHLICH-
Tpauuu yKa3aHsl B Ta0miwme 3.

Ananus conepxkanust TM U MBIIIbsIKa B TOYBAX
U UX CpaBHEHHE C (JOHOBBIMHU 3HAUCHUSMH, BBIIIOJ-

HeHbl i 1po6 Beex IIT (tadm. 3). ns menn mpe-
BhIIlIeHUE (POHOBOTO 3HaueHusi — B mpobax [1I1-2
(1,7) u 11I1-4 (2,07). Menp nepeHocuTcs Ha OOIb-
M€ PACCTOSIHUS C BO3yXOM U BOJIOM, U MOKET Ha-
KaIIMBaThcs B pacTeHusix. [1o cBuUHIly HeOObIIOE
npesbitienue (1,2) BeisiBneHo Ha [111-6 (Bnagnaa).
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Tabmmna 3 — Coneprxanne TM 1 MbIlIbsiKa (MI/KT) U UX KOHIEHTpamus K

I'my6una
or6opa Cu Pb Cd Zn Ni As Cr't Co
mpoo, cM
[1I1-1. Paiion napomHoro kommuiekca Kypeik. Koopaunarsr: N43°10°01,90”. E51°26°1,17”
(0-5) 8,94 9.3 0,975 13,06 3,013 21,35 0,117 3,15
(5-20) 7,85 10,4 0,825 13,02 4,01 20,25 0,115 3,01
K (0-5) 0.87 0.79 13 0.66 0.18 3.48 2.48 0.76
K, (5-20) 0.76 0.8 1.1 0.71 0.24 3.31 2.44 0.73
[1I1-2. Can. KpectpsHckoe x03siicTBO «OKauObipim». Koopmunarer: N43°10°17,38”. E51°20°11,81”
(0-5) 18,36 10,05 0,14 12,14 9,065 12,2 0,429 82
(5-20) 17,20 10,01 0,17 11,9 9,063 12,3 0,408 7,8
K (0-5) 1.8 0.85 0.18 0.62 0.55 2 9.12 2
K, (5-20) 1.6 0.8 0.22 0.61 0.55 2.01 8.68 1.9
[II1-3. [Tpubpexuslii paiion Mbica [lecuanoro. Koopaunarer: N43°09°50,25”°. E51°17°24,30”
(0-5) 8,1 8,23 1,2 14,5 4,105 4,89 0,031 4,05
(5-20) 9.3 7,91 1,1 13,9 5,106 5,75 0,027 3,97
K (0-5) 0.79 0.70 1.6 0.74 0.25 0.8 0.65 0.98
K_(5-20) 0.91 0.67 1.46 0.71 0.31 0.94 0.57 0.96
[1I1-4. Masik Ha MbIce [lecuanom. Koopmunater: N43°11°21,91”°. E51°17°06,
(0-5) 21,42 9,51 0,68 12,75 6,143 15,25 0,041 3,98
(5-20) 21,40 9,32 0,7 12,89 8,104 15,3 0,028 3,51
K (0-5) 2.1 0.81 0.9 0.65 0.37 2.5 0.87 0.97
K, (5-20) 2.09 0.79 0.93 0.66 0.37 2.5 0.59 0.85
[II1-5. KpectesaHckoe xo3siicTBO «Benepa». Koopaunarsr: N43°12°26,81”. E51°20°15,57”
(0-5) 9,10 9,98 0,43 13,44 5,104 10,98 0,423 9,84
(5-20) 10,01 9,57 0,26 14,5 9,124 10,83 0,327 8,99
K (0-5) 0.89 0.85 0.57 0.68 0.31 1.8 9 2.4
K, (5-20) 0.98 0.81 0.34 0.72 0.55 1.77 6.95 2.19
[1I1-6. Bnaguna Ammcop. Koopaunarer: N43°12°18,34”. E51°26°05,27”
(0-5) 9,25 15,21 2,25 14,7 8,201 9,15 0,012 2,6
(5-20) 10,1 14,68 2,23 15,1 8,198 8,92 0,014 3.1
K (0-5) 0.9 1.3 3 0.75 0.5 1.5 0.25 0.63
K, (5-20) 0.99 1.25 2.97 0.77 0.49 1.46 0.29 0.75

s kagmus ripeBbIIeHne B npenenax (3,0) Ha
III1-6, u (1,2) u (1,53) na III-1 u III1-3 cooTBeT-
cTBeHHO. [10 IIMHKY ¥ HHUKEIO MPEBBIIICHUH B TIPO-
Oax HeT.

[IpeBblmenus i MbIbsika B mpodax Beex I111,
ot (3,4) na I1I1-1, no (1,4) na I1I1-6. Ero ucrounu-
KaM{ SIBJISIFOTCSI TepOMIHIBI U MHCEKTUIIUABI (XH-
MHUYECKHE BEILISCTBA ITPOTUB COPHIKOB M BPEIHBIX
HACEKOMBIX, COOTBETCTBEHHO) [6].

Juis pernoHa TpEBBINICHNE MBIIIbSIKA HOCUT
MIPUPOIHBINA XapaKTep.

ISSN 1563-034X
eISSN 2617-7358

Juis XxpoMa BBICOKOE MPEBBINICHUE 3a(UKCH-
poBano Ha [III-1 (2,4), IIII-2 (8,5) u IIII-5 (7,3).
OCHOBHO# MCTOYHHWK 3arpsi3HEHHS MOYBBI XPOMOM
— BBIXJIOTIBI aBTOTPAHCIOPTa W TPAKTOPHBIC TEX-
HUKH. B 3TuX paiioHax HaOIr0maeTCs OOJBIIOE KO-
JUYECTBO 3€Melb, HAPYIICHHBIX OCCIOPSIIOYHBIM
MPOE370M TPaHCIIOPTA.

BeoisiBrernsiii Cr® jjerko MoOMIH3yeTes B 1ie-
JIOYHBIX TTOYBaX. XPOM BXOJUT B COCTaB XJIOPO-
(huma, MpUIAONIIETO JIUCThSIM PACTCHUH 3eTIeHBII
LIBET.
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OHCHKa CYMMAapHOTO 3arpsA3HEHUS IT0YB TAXKCIbIMU METAJJIaMHU B npn6pe>KH0171 30HEe MbIca [lecyanoro

[IpeBbimienne xKobanpTa HajA (HOHOBBIM 3Haue-
HUEM OOHApYKEHO Ha ydyacTKaxX caja U 0ax4eBbIX
kyabTyp Ha [II1-2 u IITI-5 coorBercTBeHHO B 2, 3
pasza. CTOYHUKH MOCTYIICHUSI — TPAHCIIOPT, YA0-
Openus u nectunuabl. CyMMapHBIN ITOKa3aTeNb 3a-
IpsA3HEHHS MOYB OBLI paccuuTaH Mo QGopmynam 2,
3,4us.

Pesynbrarel nokaszareneit CII3 mous TM npu-
BEJICHBI Ha pUCYHKE 1.

Pacuer mo dopmyne 2. [lpu pacuere Z. Obuin
yuTeHbl 3Hadenus K >1 (1abn.3) (3nauenus daxtu-
yecko koHneHTpanuu TM mpeBblliaid 3HAaYEHUE
(honoBoit konneHnTpanuu Ha [111-Don). [TomyueHs
pe3yJibTaThl 0 HakomieHu TM B noyse.

Pacuer no ¢opmyne 3. BrinmonHeH mo moxasa-
TEN Z.,, C YUETOM CTENEHU TOKCUYHOCTH (Omac-
HocTH) m3ydaeMbix TM u As. Ilpu sTom BenmmunHa
noKasarens Z . 1o OTHomeHuo K Z . (mpu K >1) mo
BceMm I1I1 yBenmmumace (puc. 1).

Tax, ans II1-1 (mapoMHBIA KOMIUIEKC) MOBBI-
menue Ha 66,5%, nos [11-2 (cax) — na 43,4%, T111-3
(mpubpexnas 30Ha Mbica [lecuanoro) — Ha 50,9%,
[I1-4 (masik) — na 40,7%, na I1I1-5 (kpecThsiHCKOE
xo3s1iicTBO «Benepay) — Ha 38,2%, I1I1-6 (Bmaguna
Ammucop) — Ha 53,5%. nanaszon — ot 38,2% (I1I1-
5) no 66,5% (I1I1-1).

Pacuer 1o Z . naetr cambie HauOONbIIKE 3HAYE-
HUS 110 CPABHEHHIO C IPYTHMHU.

DTO HOIYy4YEHO B pe3yjbTaTe TOrO, YTO IOBbI-
LICHHOE CO/IepKaHKe B OYBax 3a(pUKCUPOBAHO IS

Ze(k>1) Za

TM (cBUHLA, KaAMUSI XpoMa) U MeTajuionga (Mbl-
IIbSIKA), OTHOCSIIIUXCS K TIEPBOMY KJIACCy OIIaCHO-
cru (K, =1,5).

Pacuer o opmyine 4. [Nokazarens Zc(r)nmpo-
KO HWCIIOJIB3YETCS ISl OIEHKH MOJIMAIEMEHTHOTO
3arps3HEHMs, a TaKXKe MPHU pacdyeTe CPeIHEero co-
nepxanus TM B mouBax, k pumepy B CIIIA [13,
14]. U3 pucynka | BHUAHO, 4TO pE3yJbTATHI Zc(r)
no cpaBHeHHIO ¢ Z. (npu K>1) yMEHBIIUINUCH C
1,07% na I1I1-6 no 32% na I1II-1 (6e3 yuera oTpu-
natenpHoro 3HaueHus Ha [1I1-3). DToT pesynbrar
MOJIy4aeTCs IPU pa3dpoce MEkKy 3HAUCHUAMH K
(Tabm. 2) [9].

Pacuer o ¢opmyse 5. Pesynbrarsl, KOTOpPbIC
ObuIM mosyueHsl 1o nokaszarento FO.H. Bogsaun-
koro [7], ch MMEIOT OTKJIOHEHMS OT MoKa3arte-
as FO.E. Caera, Z (npu K>1) ot 42% na I1I1-4 no
60% na [1I1-2. [IpeumymiecTBO MoKa3zaTens Zcmy B
TOM, YTO P pacdyeTax YUYUTHIBACTCS TOKCHYHOCTD
TM, u 3a cueT yuera reOMETPUUYECKOr0 CPEIHETO
HUCKIIIOYarTCA OHII/I6KI/I IMIprU BBICOKHX 3HAYCHUAX
K..

Tak, mo pesynsraram pacuetoB CII3, Tomb-
KO 1o mokasaremo Z.. = 16,5, na II1-2 B paione
caja, YpoBEHb 3arps3HEHHUs] CpelHUi (yMepeHHO-
OTIACHBIN).

Yro KkacaeTcs KOMIUIEKCHOTO IOKa3aTessl, TO
MeHblee 3Havenne Z. . Ha I111-3 (ZCT(V) = 0,67)

; = 6,95) u TII-5

u nanbonbmee Ha -2 (Z,.
(Z. ,=491).

CT(r)

T(r)

min-z

miin-1

Zetn

Pucynox 1 - Ioxazarenn CII3 (Z.) mous TM 1 MBIIIbSIKOM
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Tadmuua 4 — Cpennee cogepxxkanue TM u mblibska juis ciost 0-20

Tomkensie Mpic. [lecuansriii. [IpoGHBIE TUTOMAIKY. K\I;/lasllﬁasl-
METaJUIbI Mean +SD ANOVA
— 0= | 0mn | @=» | 0=» | @ > | w2 | oce | ?

Cu 8,4+0,77 17,8+0,82 8,7+0,84 21,4+0,01 9,6+0,64 9,68+0,6 13,2+6,05 0,04
Pb 9,85+0,77 10,0+0,03 8,07+0,2 9,42+0,13 9,8+0,3 14,5+0,4 9,4+0,84 0,57
Cd 0,9+0,1 0,16+0,02 1,15+0,07 0,69+0,01 0,3+0,12 2,2+0,01 0,6+0,52 0,03
Zn 13,04+0,02 | 12,02+0,1 14,2+0,4 12,8+0,09 14+0,8 15+0,3 13,240,94 0,83
Ni 3,51+0,7 9,060,001 4,61+0,7 7,12+1,3 7,11£2,8 8,2+0,002 6,3+2,34 0,91
As 20,8+0,7 12,2+0,07 5,32+40,6 15,3+£0,03 10,9+0,1 9,04+0,16 13+£5,7 0,02
Cré* 0,12+0,001 | 0,42+0,01 | 0,03+0,002 | 0,03+0,009 0,4+0,06 |0,01+0,001 0,2+0,19 0,01
Co 3,08+0,09 8+0,2 4,01+0,05 3,75+0,3 9,42+0,6 2,85+0,3 5,65+2,86 0,04

Cmamucmuueckas obpabomka pe3yibmamos
uccnedosanusi. PesympraTel TaONI. 4 TOKa3bIBAIOT,
yTo Kputepuii Kpackena-Yominuca CTaTUCTHYECKU
3HAYUM JUI MEeTaJuIon1a As, TsDKEIbIX MeTauioB Cr
n Cd (mepBsrit kace onacaoctr) U Cu, Co (BTOpOi
kiacc onacHoctd) (p<0,05). HanGompmmmu pan-
TOBBIMH CyMMaMH, 110 OTHOIIEHUIO K COICPKAHUIO
As, Cr, XxapakTepu3yIoTcsi BRIOOPKH, COCTaBICHHBIC
no yuactkam [1I1-1 (mapomusiii komiuieke) (61,0; u
57,0 coorBerctBenHo) m I1I1-2 (cam) (56,0 u 87,0),
a taxxke kK cogepxxanuto Co ma I1I1-2 u III1-5 (51,0
n 57,0) u Cu Ha [1I1-4 (mask) (51,0 u 53,0), a Taxke
Cd na II1-6 (Bmaguna) (60,0 u 59,0).

[TosrydeHHbIe BEIOOPKH METAJIONA U TSHKEIIBIX
metaiioB (As, Cr, Cd,Cu, Co) BHOCAT MaKCHMaJIb-
HBII BKJIAJ] TI0 UX COJIEPIKAHUIO B MOYBAX M3YUYCH-
weIx I1I1.

Vyacrok [1I1-6 Bo3ne BnaguHbl Amucop xapak-
TEepHU3yeTCs HAMMEHBIIMMH PAHTOBBIMH CyMMaMH
no As u Cr (28,3; 21,7). IlouBsl NpOOHBIX IIIOMIA-
JIOK 3HAYMMO OTJIMYAIOTCS IPYT OT ApYra Mo Coaep-
skanuio As, Cr, Cd, Cu u Co.

3akiaouenne

HccnenoBaHusiMH  YCTaHOBJICHO —COZEp)KaHHUE
TM B mouBax npuOpexHoii 30HbI MbIca [lecuaHoro
B palioHe MapoOMHOro KoMIuiekca «KyppIx».

Hannune mplmbaka BO Bcex Mpodax M3ydeH-
HBIX MPOOHBIX IUIOMIAJO0K C HE3HAYUTEIbHBIMHU
NPEBBILICHUSAMU (OHOBOTO 3HAUYECHUS HOCHUT NPHU-
ponubd xapaktep. B mpobax mous IIII-1 (ma-
pomubiii kommieke), [I1-2 (can) u IIII1-3 (xpe-
CTBSIHCKOE X0351iicTBO «Benepa») 3apukcupoBano

ISSN 1563-034X
eISSN 2617-7358

3HAYUTEIbHOE IPEBbIIeHNE HaJ (POHOBBIMU TO-
kazarenssmu (oTHocuTenbHO III1-Don) Mo xpomy
U MBIIIBSKY.

Kanmuewm 3arpsizaenst noussr [111-6 (BnaauHa).
B ocHOBHOM 3HAYUTENIBHBIC MPEBEIMICHUS (HOHOBO-
0 3HAYCHUSI HOCAT €IUHUYHBIA XapakTep U 3aBU-
CAT OT JIOKAIBHBIX OCOOEHHOCTEH 3arps3HEHUs Ha
ydacTkax oToopa mpoo.

Ha ocHOBaHMU pe3ynbTaTOB aHAIU30B MPOO IO
coJiepkaHuio B ToYBax TM M MBIIIbSIKA BBITIOJTHEH
pacdyeT CyMMapHOTO TOKa3aTelsl 3arpsi3HeHUs, KO-
TOPBIN MO3BOJIMII BBISIBUTH OLIEHKY CTEICHU 3arpsi3-
HeHus uccienopanubix T1I1.

Y4uThIBaIaCh TONBKO BennuuHa K >1. Tak, npu
pacuere Z_ npu K >1 na I1I1-1 He yuursiBanucs K.
nis Cu, Pb, Zn, Ni, uCo. Ilo III-2, Ge3 yuera K_
ma Pb, Cd, Zn, Ni. Ha III1-4 K y4ursiBajcs s
menu U mblibska. [o II1-5 — ¢ yuetom KC TOJBKO
s As, Cré'u Co. Ilo TII1-6 yuuThIBAIUCH KC U
Pb, Cd u As.

Ha npo6noii mnomanke [1I1-3 (canx) koadurm-
entel K He yurensl uis Cu, Pb, Zn, Ni, AsCr®u Co.
B pesynbrare storo mns I1I1-3 B paiione si010He-
BOT'O CaJia ¥ 0axX4eBbIX KYJIbTYp MOITYYCH HAUMCHbB-
M CyMMapHBIN MOKa3aTellb 3arps3HeHus M0YB, B
TOM YHUCJIE U C OTPULIATELHBIMU 3HAYECHUAMH Z . o

Pe3ynbTaThl pacueToB MOKA3BIBAIOT, YTO KOM-
IUIEKCHBIN ITOKA3aTelb CYMMAapHOTO 3arps3HeHHS
10.H. Boasgaunkoro naet BO3MOXHOCTD y4€Ta BCEX
MapaMeTpoOB U MOJYyYCHHE KOHKPETHBIX Pe3yJbTa-
ToB. IlpeBbimienue nonmycrumoro 3HaueHus CII3,
o mmkasie FO.E. Caera, cormacHo pacdeToB HaOIIO-
naercst Tonpko Ha -2, Z. = 16,5 kareropus 3a-
TpsSA3HEHUs yMEepEeHHO-onacHas (puc. 2).
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Mamns srsce lecrames.

I aparnsinall swsemzieey Kygan”

Pucynok 2 — Kapra-cxema pationa nccrienoBanuii (SAS Planet)

Taxum oOpazom, Ha apyrux I1I1 He BBIsIBIECHO Kondukt naTepecos
3arpsisHeHMs 1mouB TM, MX cozep:KaHHEe XapakTe-
pusyercsi GOHOBBIMH 3HAYECHUSIMHU, TO €CTh JaHHBI- Bce aBTOpBI pounTanM U 03HAKOMIIEHBI C CO-
mu 1o nouBam Kapaxwus-Kapakonbckoro rocymap- — AepXKaHHEM CTaTbd U HE MMEIOT KOH(INKTa UHTE-
CTBEHHOT'O IPUPOJHOTO 3aKa3HUKA. pecos.
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OCEHHEE COCTOSIHME _
NACTBMLLHOW PACTUTEAbBHOCTU TPEATOPUN
YY-UAUNCKUX TOP

B HacTosillee Bpems HaceAeHHble MyHKTbl, hepMbl U 3MMOBKM, MMEIOLLME BOAOMOMHbIE MYyHKTI,
SIBASIOTCSl OYaramm Aerpapaumm 3emMeAb, OAHOM M3 OCHOBHbIX MPUYMH MX AErpaAauuun SBASETCS
ype3mepHbIi Bbinac. YpeamepHoe CTpaBAMBaHUS MACTOMLLHON PACTUTEABHOCTU BOKPYT ayAOB SIBASIETCS
nNpobAEMOI BMECTe C Pe3kMM UCTOLLEHUEM MPUPOAHBIX MAacTOULL B I'YCTOHACEAEHHbIX MECTHOCTSIX,
B OCOBEHHOCTM B IOrO-BOCTOYHOM YacTu CTpaHbl. OueHKa COCTOSIHWSI 3eMeAb TPaAMLMOHHbIMM
METOAaMM CMAOLLHOrO Ha3eMHOro KapTorpaupoBaHMs MOYB M PACTUTEABHOCTU MAM XKe DKCMepTHO-
IKCTPANOASILIMOHHBIM METOAOM TPEBYIOT 3HAUMTEAbHbIX (DMHAHCOBLIX M BpemeHHbIx 3atpart. Ha
COBpPEMEHHOM TEXHUUYECKOM YPOBHE NMPoOAEeMa MOAYHeHMs MHPOPMALLMK O COCTOSIHUM 3EMEAb PELLIAETCS
C NPUMEHEHNEM AMCTAHLIMOHHBIX METOAOB, MO3BOASIOLLMX ONMEPaTUBHO MOAyYaTb AOCTAaTOYHO MOAHbIM
06bEM CBEAEHMI O COCTOSIHUM MACTOULLHbIX 3KocucTeM. OBLLIEM3BECTHO, YTO AUCTAHLIMOHHbIE METOADI
AOAXHBI COMPOBOXAATbCS HA3EMHbIMU KOPPEKTUPOBOYHBIMU MCCAEAOBAHMAMM.

BBuAy Bblllle M3AOXKEHHOrO, Hamu pa3paboTaH HOBbI MOAXOA OLIEHKM COCTOSIHWMS MacTOMULIHBIX
pecypcoB, KOTOPbIA 3akAlOHaeTcs B Bblibope «ropsiumx Touek» nytem npumeHenus TMC-paHHbIX 1
NPOBEAEHUS HA3EMHbIX UCCAEAOBAHMI Ha BbIOPaHHbIX GA30BbIX yYaCTKaX AAsS CO3AaHMe LMPOBbIX
KapTorpamueckmx MaTepruanos.

B crathe npuBeAEHbl Pe3yAbTaTbl MOAEBbIX reo60TaHMUYECKMX WUCCAEAOBAHWI, MPOBEAEHHbIX B
npeAropbsix Yy-MAMIRCKMX rop, pacrnoAOXKeHHbIX B 30HE MPEArOpHbIX MYyCTbiHb. M3y4eHo CoCTosiHMe
NAacTOULLHOM PACTUTEALHOCTM M MOKa3aTeAr GUOAOrMUECKMX UHAMKATOPOB AErpaAalmu, Ha OCHOBE
KOTOpbIX BbISIBAEHA CTEMeHb Aerpasauvm nactOULHON PAaCTUTEAbHOCTU. BbISIBAEHbI CriekTpaAbHble
XapaKTEPUCTUKN PAaCTUTEABHOCTM M3ydyaemMon TeppuTopuu. [lyTeMm aHaAm3a MoAeBbIX MaTepuaroB U
MCMOAb30BaHUS METOAOB A3 NMPOBEAEHa OLEHKA COCTOSIHUS MacTOMLLHBIX YTOAWA.

KatoueBble cAoBa: nactoMiia, MPeAropbe, pPacTUTEAbHOCTb, OMOAOrMYECKME WHAMKATOPbI,
AErpaAaums, CrnekTPaAbHbIe XapakTePUCTUKM, COOOLLECTBO, S(Demepbl.
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Autumn condition of rangeland vegetation in the foothills
of the Chu-Ili mountains

Currently, human settlements, farms and areas with water points are hotspots of land degradation.
One of the main causes of land degradation is overgrazing. The overgrazing of rangelands around vil-
lages is a problem, together with the drastic depletion of natural rangelands around densely populated
areas, especially in the South-Eastern part of the country. Traditional methods of mapping of soils and
vegetation by expert-extrapolation method require considerable financial and time costs. At the modern
technical level, the problem of obtaining information on the state of the land depends on the availability
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of remote sensing methods, which make it possible to quickly obtain a fairly complete amount of data on
the state of rangeland ecosystems. It is well known that remote sensing methods should be accompanied
by extensive corrective research.

A new approach for assessing the state of rangeland resources was evaluated, which consists in
choosing “hot spots” by applying GIS data and conducting field research in selected basic plots for cre-
ation digital cartographic materials.

The article presents the results of field geobotanical studies conducted in the foothill areas of the
Chu-lli Mountains, in the zone of piedmont deserts. The state of rangeland vegetation and biological
indicators of degradation were studied. The spectral characteristics of vegetation of the study area are
revealed. By the analysis of field data and the use of remote sensing methods, the state of rangelands
was assessed.

Key words: rangeland, foothills, vegetation, biological indicators, degradation, spectral characteris-
tics, community, ephemerals.
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LLly-lae Tay 6aypaitbiHAQFbI
YKaMbIAbIM 6CIMAIK )XXaObIHbIHbIH, KY3AiIK KYMi

Kasipri keseHae MaA cyapaTtbiH OpblHAAPbI 6ap eAAl MekeHAep, hepmaap MeH KbiCTayAap
Aerpapaums olakTapblHa arlHaAFaH, OHbIH 6acTbl cebenTepiHii 6ipi MaAAbl LWEKTEH TbiC >Kato. EAai
MeKEeHAEPAIH anHAAACBIHAAFbI KalbIAbIM LWIOOIH LWEKTEH ThiC MaMAdAaHy XaAblK, Kern OpHaAacKaH
OHipAEp YLIiH, acipece eAiMi3AIH OHTYCTIK LbIFbICBIHAA YAKEH MpobAemara ariHaAraH. YKepAiH KymiH
ASCTYPAI TOMbIPAK, MEH 6CIMAIKXKaBbIHAbI Xarnai KapTorpapusaAay MeH sKCnepTTiK-3KCTPANOASLMSABIK,
aAicTep 6oMbIHLLIA 3epTTeY OTE KOMaKTbhl Kap>Kbl MEH Y3aK, YaKbITThl KQXKeT eTeAi. Kasipri TeXHMKaAbIK,
MYMKIHAIKTED AEHreriHAe >KEPAEPAIH KyWii TypaAbl akmapAapAbl aAy >KYMbICTapbl >KaiblAbIM
3KOXKYMEAEPIiHiH KYMi TypaAbl TOAbIKTal MOAIMETTEPAI KALIbIKTbIKTAH 3epPTTey SAICTEPIH MaipasaHy
ApKbIAbl iCKe acblpblAaAbl. KallbIKTbIKTaH 3epTTey 8AiCTepiH >kep 6GeTiHAeri 3epTreyaep apKblAbl
TY3€TY XKYMbICTapbiH >XYPri3yMeH yAaCTbIpy KepeKk eKeHi >kaAnbifa 6eAriai. JKorapbiaa anTbIAFaHAAPFA
6aAaHbICTbI, 6i3 >KANbIAbIM PECYPCTAPbIHbIH, KYMiH aHbIKTay GOMbIHLIA >KaHa TOCIA KYPaCTbIPAbIK, OA
MbIHaAaM YKOAMeH Xyprisiaeai: MM C-aknapaTTapAbl NanAaAaHa OTbIPbIM «bICTbIK, HYKTEAEPAi» aHbIKTay
K8He CaHAbIK, KapTorpausAbIK, MATEPUAAAAD KYPACTbIPY YiliH Ga3aAbik yyackeAepae >kep beTiHaeri
3epTTeyAep XKYprisy.

Makanapa Tay 6ayparbiHbiH WeA OGeasemiHae opHaaackaH Llly-Iae Tayaapbl 6aypaiibiHaQ
JKYPri3iAT€H  AdAaAblK, reoOO0TaHMKAAbIK, 3EPTTEYAEPAIH HOTMXEAepi KeATipiareH. >KailblAbiM
OCIMAIKTEPIHIH KYii MEH >XXep AerpapaumsiCbiHbiH OMOAOTMSIAbIK, KOPCETKILUTEPI 3€PTTEAAi, COHbIH
HEri3iHAE >KaMbIAbIMADBIK, ©CIMAIKXKAObIHbIHBIH AErpaAaUMsAaHy ASPEXeCi aHbIKTaAAbl. 3epTTey
ANMaFbIHAAFbl OCIMAIKXKAObIHHBIH CMEKTPAIK CUMATTaMaAapbl aHbIKTaAAbl. AAAaAbIK, MAaTEPUAAAAPADI
Tanaay >kaHe K3 saicTepiH KOAAAHY apKbIAbl XKabIAbIMAAPAbIH, Kyiti 6aFaraHADI.

TyHiH ce3aep: >KaibiAbiM, Tay Gayparbl, 6CIMAIKKAObIH, GUOAOTUSABIK, MHAMKATOPAAP, >KEPAIH
TO3Ybl, CMIEKTPAIK CMMaTTama, KaybIMAACTBIK, chemepAaep.

BBenenue

Uy-Wnuiickue ropel pacHoJIOKEHbl B IIOJIO-
Cce KOHTaKTa TpeX KPYIHBIX OOTaHUKO-Teorpa-
(ugeckux pernoHoB — Apano-banxamickoit u
Anakonb-Mnuiickoii paBHUHHBIX © J>KyHrapo-
Taub-1llanbckoit TopHOW moAmpoBHHINK Adpo-
A3smatckoit mycTeiHHONW obOmactu. Ilo Gotanmko-
reorpau4ecKoMy pariOHUPOBAHUIO PACTUTEIIBHBIHN
MOKPOB, coriacHO boranmyeckoi reorpadum Ka-
3axcrana u Cpegneit Asuu [1], otHOCuTCS K Ilpu-
CEBEPOTSIHBIIAHCKON NMPEArOPHON MOANPOBUHLIUN.
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B.H. Xpawmros [2] Tepputoputo Uy-Wnuiickux rop
oTHec K OortaHuko-reorpaduyeckomy Tuiy [lpu-
CEBEPOTSIHBIIAHCKUX TOJYKYyCTAPHUUYKOBBIX (Ar-
temisia heptapotamica Poljakov, A.sublessingiana
Krasch. ex Poljakov, Poa bulbosa L.. Catabrosella
humilis (M. Bieb.) Tzvelev) mycteiHb co 31aKa-
mu (Stipa richteriana Kar. & Kir., S. sareptana
A.K. Becker). Oco0eHHOCTBIO MyCTHIHHBIX U CTEII-
HBIX COOOIIECTB PETMOHA SBISETCS 3HAYUTEIEHOE
y9acTHE B HUX CHHY3HH d(heMepoB  3(heMEepOHIOB,
XapaKkTEpHOW NIl BCeil mosiockl mpenropuit Cpen-
Hel Asun. Otporn Uy-Unuiickux rop UMerT X0J-
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OceHHee COCTOSIHIE TTAaCTOUIIHON pacTUTEeNbHOCTH Npearopuii Yy-Mnmiickux rop

MUCTO-YBaJIUCTBIN pelibed) ¢ aOCOITFOTHBIMU OTMET-
kamu 600-800 m. [ToBepXHOCTh MX U3pE3aHa CEThIO
CYXHUX pycell, 00pa30BaHHBIX BPEMEHHBIMU BOJIOTO-
KaMH. XOJIMBI UMEIOT OBOJBHO CIVIAKEHHYIO MO-
BEPXHOCTh C KpYTU3HOH CKJIOHOB 15-18°. M3penka
OHH MEePEMEKAIOTCS HEIIMPOKUMHU 00JIee UITH MEHEe
BBIMIOJIOKEHHBIMU paBHUHAMU. CIIOXKEHBl OTPOTHU
JIPEBHUMU TIOPOJIaMU — THelcaMu. VX MOKpBIBAIOT
KPUCTAJUTMUECKHUE CIIAHIIBI C MPOCIIOSIMU MEpreliei,
OTHOCHUMBIX K CHIIypy. BbIllie 3ajeratoT KOHrjioMe-
paThl — IECYAaHHUKHU ¥ U3BECTHAKH [3].

Teppuropust wuccrneqoBaHUS MPUypoOUYeHA K
[Ipubanxamnickoll BnajvHe, KOTOpask pacrojoXeHa
K foTy OT OeccToyHOTOo 03epa banxar, ¢ ceBepa oHa
OTpaHUYCHA I0KHBIMH cKatamu Capwl-Apku, C 3a-
naga — Yy-Wnuiickumu ropaMu, a Ha I0re U I0ro-
BOCTOKE — 3amnuiickuM u J[KyHrapckum Ajatay.

[To arpoxmmmatrueckoMy paiOHUPOBAHUIO
ONHCHIBAEMAsl TEPPUTOPHUS OTHOCUTCS K CyXOMY
JKaApKOMY C JITHHHBIM BETe€TallMOHHBIM TIEPHOJIOM
pailoHy, KOTOpPBIA XapaKTepU3yeTCs CIEAYIOUUMU
CpPeIHUMH MHOTOJICTHUMHU IOKA3aTEISIMU: CymMMa
[OJIOKUTENBHBIX Temnepatyp Boime +10°C cocras-
nser 3500-3600° 3a atoT mepuon Beimamaet 100-
150 MM ocagkoB, MX KOJHMYECTBO BeCHOM — 45-55
MM, jietoMm 100 MM, ocenbto — 30-35 MM; IPOAOIIKHU-
TENLHOCTH Oe3MOpo3HOTO Nepuoaa — 153-190 nuei;
YCTOMYMBBIN CHEXHBIM MOKpoB aepxkutcss 80-100
JIHEH, BbICOTA CHEXHOIo MmokpoBa paBHa 10-25 cm
[4]. B »TuX aHOMOTUYHBIX YKOJOTUYECKUX YCIOBH-
SIX pPOCT W pa3BHTHE PACTCHHI, (POPMHUPYIOIINE pac-
TUTEIFHOE COOOIIECTBa, OTPAaHUYECHHl HU3KUMHU H
MIePEMEHHBIMH OCAJKAMHU, KOTOPHIE OTPAHUIHBAIOT
JIeATEIIbHOCTh YeJIOBEKa B )KHBOTHOBOJICTBE [5, 6].

[TouBeHHBIH TTOKPOB OOCJICIOBAHHON TEPPUTO-
pHU TIPEICTABIICH U3 CEPO3EMOB CBETIBIX U OOBIK-
HOBEHHBIX, Ha XOJIMHUCTO-YBAJIUCTONH paBHUHE U IO
MIPErOPhI0 PACIPOCTPAaHEHBI CEPO3EMBI OOBIKHO-
BEHHBIC MTOJTHONPO(UIbHBIC U MaJOpa3BUThIE [7].

OKonoruueckuil aHanmu3 (GIOphHl MOKa3bIBaeT
IIMPOKOE paclpocTpaHeHne KCepo(hUTOB 1Mo Tpe-
TOPHOW XOJIMUCTO-YBAJIUCTOW M BOJIHUCTO-XOJIMU-
CTOW paBHUHAM U ME30(DUTOB — IO JOJIHHAM PyYbCB
U peyeK.

[To maHHBIM MPEABIAYIIUX HCCIETOBaHUN [§]
(bnopuctuyeckuit crimcok otporoB Yy-Unmitckux
rop M Npearopuii coctout u3 135 BUIOB, OTHOCS-
muxcst Kk 98 pomam u 31 cemeiictBy. [lo kommue-
CTBY BHUJIOB B ceMmeicTBax mpeobnamgaror Crox-
HOLBETHbIE — 22 BujJa, Mapeble coaepxkar 21
BHJI, 31akoBble — 13 Bu0B, boOOBEIE — 12 BUIOB,
Kpecronserusie — 11 Buaos, Jluneiinsie — 9 BUI0B,
bypaunukoBbie — 7 BUIOB, 30HTUYHbIE — 6 BUJIOB,
I'peunmasie — 6 BumOB, ['Bo3muuHble — 4 BHIA,

Makossie — 3 Buga, Ocokosrle, JIroTukOBEIE, MO-
nouaitaele, llapHomucTarKoOBBIe, ['yOomBeTHBIE
HopuunukoBble — 1o 2, ocTaibHbIE ceMeiicTBa co-
nepkat mo 1 Buay. JJoMuHAaHTaAMU B PACTUTEIBHOM
MOKPOBE SIBJISIIOTCS 25 BUIOB.

[TopaBnsrolee KOJIMYECTBO BHJIOB IOSHACTCS
CKOTOM Ha MacTOMIax. SIqOBUTHEIMU SBISIFOTCS 6
BUJIOB, JICKAPCTBEHHBIMU 3 BHUJIA.

MarepuaJjibl 4 METOAbI HCCIIEI0BAHUS

OnHOM W3 OCHOBHBIX (DOpPM H3yuUCHHS IaCT-
OMIIHBIX pEecypcoB SIBISETCS IMoJieBOe obOcienoBa-
HHUE, BKIJIIOUAIONIee JaHIMIa(QTHO-IKOIOTHYECKOe
NpOQUINPOBAHUE KITFOUYEBBIX YYaCTKOB U reo00Ta-
HUYECKOE OIMCAHUE PACTUTEIBHBIX COOOMIECTB, C
MIPUMEHEHUEM METOJOB OIICHKH M aHaJi3a dKOJIO-
THYECKOTO COCTOSIHUS M aHTPOTIOI'€HHON HapyIleH-
HOCTH MAcCTOMII 110 UHTETPUPOBAHHBIM U YaCTHBIM
napaMeTpaM WHAMKATOPOB; METOBI JTA0OPATOPHBIX
aHamM30B (IIOYB M PACTUTENBHOCTH); 00OpaOOTKH
CTaTUCTUYECKUX JaHHBIX. [losieBbie paboTHI pOBE-
JIEHBI TI0 METOJIMKE, pa3pabOoTaHHOW HaMH, COTJIac-
HO 3akoHa PK «O mactoumax» [9] u mo meToauke,
W3JI0KEHHOH B pabOTe MO UCCIIC0OBAHNIO CE30HHBIX
M3MEHEHHH pacTtutenbHOCTH [10].

PactutensHble cooOlIeCTBA HM3y4alOTCAd C HC-
MOJIb30BAHUEM TPaJUIIMOHHBIX METOIOB MOJEBBIX
reo0oTaHUYECKUX HcciaeaoBannii [11, 12].

MeTtouka 00paOOTKUA CIYTHUKOBBIX CHUMKOB
JUTSL BBISIBJICHUS M OLICHKHU OYaroB JIeTpaJalyy Mo4uB
OCHOBaH Ha NMPUMEHEHUH JIBYX CIIEKTPAIbHBIX MH-
nekcoB (LDI-NDVI, LDI-TCW), pa3paboTaHHBIX
JUISL OLICHKM JieTpajaluy noys. PaccMaTpuBaeMble
OTJIENIBHO 3TH WHIEKCHI B YCIIOBUSAX Ka3aXCTAaHCKUX
MYCTBIHb HE OTIMYAIOTCS BBICOKOM HH(OpMaTHB-
HOCTBI0. Pa3paboTanHblii Ha MX OCHOBE METOJ pac-
YeTa 04aroB AETPagalliy MO CITyTHUKOBBIM CHUM-
KaM YYUTBIBACT TaKWe MapaMeTpbl, Kak XapakTep U
JUHAMHUKa pacTUTEIBHOTO MmokpoBa (uepe3 NDVI),
rmoBepxHOCcTHas BIaxHOCTh (TCW) 1 sIpKOCTh TO-
BEPXHOCTH B KPACHOM KaHaJIe CITyTHUKOBOTO CHIM-
Ka, TJle OTKPBIThIC MOYBBI UMEIOT CaMbl€ BBICOKHE
SIPKOCTHBIC XapakTepucTHKH [13].

Pe3y.]IbTaT]>I HCCJICJOBAHUA U UX 06cym1_‘[elme

Tepputopus uccieIOBaHUS PACIONOKEHA Ha
3eMisiX AMapiauHCKOro cenpkoro okpyra JKam-
OBIIICKOTO paifoHa AlMaTtuHCKOM oOmactn. Habmro-
JIEHUS] 32 COCTOSIHUEM pPAaCTUTEIbHOCTH MMAaCTOUII]
poBeJieHsl B oceHHUM nepuoa 2018 roga. Mapi-
pYT 3all0KEH OT OKpauHbl ayja AWIapibl B FOro-
BOCTOYHOM HAIlpaBJICHUH.
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D0eneKoBo-apacaHOBO-0€103eMeNIbHOIIO-
JBIHHBIE C AeMepaMu COOOIIIecTBa MPUYPOUCHBI K
cepo3eMaM CBETIIbIM CYIECUaHBIM M XapaKTepHU3y-
IOTCSI CUJTBHOH CTpaBieHHOCThI0. Ha ouens cuitbHO-
JIerpaMPOBaHHOM yYacTKe MACTOWI JOMUHUPYET
a0enek necuanslii (Ceratocarpus arenarius L.), emy
COITYTCTBYIOT aJipaciiaH OOBIKHOBEHHBIN (Peganum
harmala L.), moneiabs OenozemenvHas (Artemisia
terrae-albae Krasch.), ademepbl u 3demepousl.
[Noemaemasi macTOWIIHAS PACTUTEIHLHOCTh CHIBHO
U3pEKCHA.

OO611ee MPOEKTUBHOE MOKPHITHE TIOYBBI pacTe-
HUusAMHU — 25%, cpefHsas BbICOTa TpaBoCTOS — 5-15
cM. CreneHb y4JacTHs 30U(HUKATOPOB COOOIIECTBA
cnenyroiee: 30enek — 45%, anpacnan — 35%, mo-
neiHb — 10%, ademepst u spemeponnsl — 10%. U3
aceMepoB U IPEMEPOUTIOB BCTPEUAIOTCS MSATIIHK
nykoBUUHBIH (Poa bulbosa), anu3aHTa KpOBEIb-
Hast (Anisantha tectorum L. Nevski,), neckypenus
Coou (Descurainia sophia (L.) Webb ex Prantl),
Oypauok nycteiHHbIN (Alyssum desertorum (Stapf)
Botsch.), monesuia manas (Eragrostis minor Host),
KenbInHuS TuHeitHas (Koelpinia linearis Pall.), ma-
KUTHUK Tipsimoporuit (Trigonella orthoceras Kar.
& Kir.), MopTyk BOCTOYHBIN (Eremopyrum orien-
tale (L.) Jaub. & Spach.). B cioxenuu TpaBocTos
U3 pasHOTPaBbsl yYaCTBYIOT BHJbI JIyKa, CHPEHb
ropHas (Syrenia montana (Pall.) Klokov), u3 cop-
HOTpaBbsi — Ky3uHHUsS Kpbutatas (Cousinia alata
Schrenk), kontouenucTHUK Komtouuit (Acanthophyl-
lum pungens (Bunge) Boiss.), consiHKa JHCTBEH-
nunenuctHas (Salsola laricifolia Turcz. & Litv.) n
BoctouHas (Salsola orientalis Pall.). Bctpeuarores
TaKk)Ke MHUKPOTPYIIHPOBKK KOBBUIA [ oreHakkepa
(Stipa hohenackeriana Trin. & Rupr.) n HaHopuTO-
Ha exxoBoro (Nanophyton erinaceum (Pall.) Bunge).
[ToBepXHOCTH MOYBHI 3alIeOHEHA, UMEIOTCS TPOIIBL.

AnpacniaHoBo-30€71eKOBO-2)eMEPOBEIE C  CO-
JSTHKOH co00IIecTBa, NMPUYPOUYCHBI K Cepo3eMaM
CBETJIBIM CyIecdyaHbiM. Ha CHIIBHO JerpaaupoBaH-
HOM y4YacTKe TacTOMII JOMUHHUPYIOT 30eneKk u dde-
MEpBbI, UM COITYTCTBYIOT aJpaciaH OOBIKHOBEHHBIH
U COJsTHKA JHCTBeHHUIleNUCTHass. CocTaB TpaBo-
CTOS1 © MOPPOMETPHUCCKHIE XaPAKTEPUCTUKH BUIOB
AHAJIOTHYHBI C BBIIICONMCAHHBIM COOOIIECTBOM.
[Toenaemble pacTeHUs MOYTH MOJHOCTBIO CTpaBJe-
Hbl. Cpennsisi BeicoTa TpaBocTosi — 5-20 cm. [ToBepx-
HOCTh ITOYBHI 3allle0CHEHa, UMEIOTCS TPOIIBI.

CosIHKOBO-30€5IeKOBO-3(heMepoBoe  cooOIIIe-
CTBO TMPHUYPOUCHO K Cepo3eMaM CBETIBIM cylecya-
HBIM (pUCYHOK 10).

Ha cpennenerpaaupoBaHHOM y4acTKe MacTOUII
TOMHHUPYIOT 3(heMepbl U 3heMepouabl, 30ermex

ISSN 1563-034X
eISSN 2617-7358

MIECYAHHBIH, UM COITyTCTBYET COJISTHKA JIUCTBEHHH-
nenucTHas. JIOMHHAHTHI coo0IIecTBa — dpeMephl U
apemeponbl. CoctaB TpaBocTost B MOpdomeTpuye-
CKHE XapaKTEePUCTUKN BUAOB aHAJIOTMYHBI C BBILIC-
omrcaHHbIM coobmectBoM. [loemaembie pacteHus
YaCTUYHO CTPAaBJICHBLI. CpeI[HHH BbICOTa TPaBOCTOA
—5-20 cMm.

CnabomerpamupoBanHoe  ddeMepoBo-0eno3e-
MEJILHOTIOJIBIHHOE COOOIIECTBO HA cepo3eMax CBET-
JBIX SIBIISICTCS (POHOBBIM Ha JAHHOH TEppUTOPHU
(pucyHok 2).

JloMUHaHTY COOOIECTBa TIOJNBIHA COIYTCTBY-
10T 3¢emepsl u 3demeponsl: aeckyperus Codobu,
MATINK JTYKOBUYHBIH, TaKUTHUK TyrooOpa3HBIH
(Trigonella arcuata C.A. Mey.), ocoka TOJICTOCTOJ-
ouxoBast (Carex pachystylis J. Gay), Oypadok Iry-
CTBIHHBIN, M3pE/IKa BCTPEYAIOTCS KyCTHI ajipaciiana
O6I>IKHOB€HHOFO 1 COJISIHOK: HHCTBCHHHHCHHCTHOﬁ
u BocToyHOM. CocTaB TPaBOCTOSI U MOP(POMETPH-
YEeCKHe XapaKTePUCTUKH BUIOB aHAJIIOTUYHBI C BbI-
[ICONUCAaHHbIMK coolmiecTBaMu. CpeHsis BhICOTA
TpaBoctost — 20-40 cm (Tabnmua 1).

B cooOmiectBe, OTHECEHHOM HaMH K OYEHb
CUIBHOW CTENEHM JAETpajalliy, HPUCYTCTBYIOT
MTOJTHOCTBIO CTPABJICHHBIE OCTATKH MOJIBIHU Oeo3e-
MEJIBHOH, YTO TOBOPHUT O YPE3MEPHOM IACTOUIITHOM
UCIIOJIb30BaHHH.

W3menenune crnekTpadbHBIX 00pa3oB pacTH-
TEIHHOCTH B IIYCTBIHHOW 30HE B 3aBHCHMOCTH
OT CTCHICHU ACrpagallid BbIPAKCHO JO0BOJBHO
cwiIbHO. Tak B HAIIMX UCCIIEIOBAHUSAX CHIBHO Je-
rpaJiipOBaHHBIC YYACTKU MPUOIMKAIOTCA 10 Xa-
pakTepy CIEKTPalbHOTO OTPaKEHHS K rpauram
roJioi MouBkl. B 3TOM crieKTpe OCHOBHOE ydacTue
MIPUHAMAIOT OTKpBITas IMMOYBa M OCTAaTKH pac-
tutenbHocTH. CpenHsisi U cnabas nerpananuu B
OCCHHMM MEPUOJ TaK KE UMEIOT XapaKTep OroJieH-
HOTO ydYacTka. JIumb HeOONBIIONH CKa4oK OTMe-
YeH B KpacHOW 00JIaCTH CIEKTpa Ha JUTMHE BOJTHBI
A=625-740 aM. OUCHUTH COCTOSIHHE PacCTHTEIb-
HOCTHU 10 OCEHHHM CHUMKaM JOBOJIBHO CIIOXHO.
Ecnu yuuTeIBaTh OTpa)xkaTeldbHYIO CIOCOOHOCTDH
B BUK nmuanaszone, To xopoiliee COCTOSIHUE pac-
TATEIBHOTO COOOIIeCTBa OTMEUYEHO Ha KOHTYpax
co ciaboii aerpananueii. Ho y GosbminHcTBa pac-
TUTEJIBHBIX COOOIIECTB HET M3MEHEHUH B Kpac-
HOM JMaria3oHe CleKTpa. 3HaYuT, OOJbIIas 4acTh
pacTeHU 3aKOHUYWIIA CBOIO BereTaluio. Takum
o0pa3oM, Ha OCHOBE CIIEKTpPaJbHBIX XapaKTepH-
CTHK, TIO CTEIEHH JIeTPaJallid TTOYBEHHO-PACTH-
TCIbHBIX COO6HICCTB BBIACJICHO YCTBIPE CTCIICHU
Jerpajaluu: O4YeHb CUIIbHAS, CUIIbHAS, CPEIHSAS U
ciabas CTeNeHb JAeTpagannun (PUCYHOK 3).
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a) CunbHOCOMTHIC MacTOMIIA Y ayna Aiaapibt

6) CosstHKOBO-20€11eK0BO A(heMepoBoe

Pucynok 1 — PacturenbHble coo0lecTBa nacTOMUII, IPHICTAIOIINX K ayiTy

Pucynok 2 — ®onoBoe 6e5103eMeTbHONOIBIHHOE COOOIIECTBO

Taﬁ.lmua 1 — buonornueckue HWHUKATOPbI A€TpaiuPOBaHHBIX HaCT6I/II]_[HI>IX Y4acCTKOB

Crenenb Jierpajiaunu

[Tokazarenu
OYE€Hb CHJIbHAS CHJIbHAS yMepeHHast (oHoBOC
IIpoexruBHoE
P 0 25 35 50 60
MOKphITHE, %o
Hazpanue benoszemenpHonoONbIH- AnpacnanoBo-
ConsiHKkoBO-30enekoBo- | DdemepoBo-Oenose-
pacTUTEITHHOTO HO-aJ[paciaHoBo-30ee- | 30e1eKoBo-2(heMepoBoe
N ademepoBoe MEJBHOIIOJIBIHHOE
cool1ecTBa KoBOE C 3heMepamu C COJISTHKOI
OnuduKaTopsl Tlonbiab, anpacmax, 90e1eK, MATIHK, MSTIHK, TaKATHHK, HOJIbIHB, TTAXKUTHHK,
coolmiecTB s0erek Oypadok, agpacian 90eIIeK, CONSTHKA MSTIUK, OCOKa

Y4acTust BUIOB B
coobmectse, %

a0enek-45, anpacnan-
35, moJbiHb-20

20enex-40,
a¢pemepsl-30,
aznpactman-30

apemepsl-70,
30enex-20, consaka-30

MOJIBIHE-80),
ademepsI-20

SlnoButsle u Anpacnas, Anpacnas, Axpacrian
HETIOEIaeMbIe BHIbI JIeCKypaliHus, HPUC JIeCKypalHus, HPUC P
YpoxkaiiHOCTb . . .
p 0,18 1/ra moemaemoii 0,23 1/ra moemaemMoi 0,62 1/ra moemaemMoi
MacTOUIIHOTO KOpMa, -
Macchl MacChl Macchl
/ra
Hanuuue Bpimaca CUJIbHBII CUJIbHBII YMEpEHHBII cia0sbrit

128

Becruuk. Cepus sxonornueckas. Ne2 (59). 2019




WmananuuoBa A.A. u nip.

Pucynok 3 — CriekTpaibHble XapaKTepPUCTHKH Pa3INYHbIX CTEIICHEH JerpaIaun
(a — o4eHB cuiIbHAS, O — CHIIbHAS, B — CPEIHSIS, T — cliabasi, GOHOBOE COOOIIECTBO)
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OcHOBHYIO poib B (OPMHUPOBAHHM CIIEKTpa
WTPAIOT paCTHTENbHBIE OCTATKA W JIEPHWHA, II0-
KpbIBarolnas mousy. Pasuuiia ko3dduimenra crek-
TpanpHOU sipkoct (KCS) 36enexkoBo-3¢emepoBoro
co00IIIecTBa B CpaBHEHUH C 3(heMepOBO-TTOTBIHHBIM
coobmiectBoM B BUK nnamnazone cocrasinset 4-5%.
Pazanna B OIIII nmopsaka 35% cka3piBaeTcsa M Ha
CHEeKTPaJbHBIX XapaKTepuCTHKaX. V3MeHeHus B
BUK pmama3zoHe MpakTUYECKH OTCYTCTBYET, HYTO
CBUJICTEIBCTBYET O CHIILHOW JIeTpaialluu, MPaKTH-
YECKHU OTKPBITON MOYBE.

KCS  Geno3eMenbHONOIBIHHO-aAPACIAHOBO-
20eNIeKOBOM ¢ deMepaMu COOOINECTBA, B OCCHHUM
IepuoI, B KpacHo# obmactu criektpa u bBUK nuarra-
30HE IPUOJINKAETCS K CTIEKTPY TOJI0M 1OUBHI. M3me-
HEHUE MPOCKTUBHOTO MMOKPBITUSI HE3HAUNTEIILHOE.

OceHHee CIEKTPOMETPUPOBAHIE CKOPEE Xapak-
TEpU3yeT MOYBEHHOE MOKPHITUE, YeM XapaKTep Be-
reTaluy PacTUTENIbHOCTU. He3HaunTenbHbIe H3Me-
HEHHS B KpacHOU o0iacTw criekTpa A=625-740 M,
XapaKkTepU3YIOT OCTATOYHYIO BETETAIMIO0 PACTH-
TENBHOCTH. J{0JIs1 y4acTusi OTKPBITOH ITOYBHI B CIICK-
TPaJFHOW XapaKTePUCTHKE COOOIIECTBA JIOBOIBHO
BbICOKast. TakuM 00pa3om, 10 OCEHHEH CrieKTpoMe-
TPUU MOXKHO JOCTaTOYHO JOCTOBEPHO OMPEACTHTH
COCTOSIHME TTOYBEHHOTO W PACTUTENLHOTO IMOKPOBa
M3y4aeMoro peruoHa.

BriBoabI

B nocnennee BpeMs IPpU MIAAAIICM PEIKUME BbI-
maca CO3aaHbl 6HaFOHpI/IHTHI>Ie YyCJI0BUA JIsT HOP-
MaJIbHOT'O pa3dBUTHA B JaHHOM PETUOHE HaCT6I/IIHHI)IX
paCTCHHﬁ, OJJHAaKO OoJIbIIIHE mIomaan Ha O6CJ'IC,Z[O-

BaHHOU TEPPUTOPHUHN 3aHUMAIOT MOTU(PUKAIINOHHBIC
coo0l1iecTBa: 0e103eMeIbHOIOIBIHHO-30€IEKOBEIE,
aeMepoBbIe, 0EI03eMeNIbHOMOIBIHHO-aIPacIIaHo-
BBIE, 0O€JI03eMENILHOIIOIBIHHO-20EIEKOBEIE, d0ee-
KOBBIE, aJpaclaHoBO-30€JIeKOBbIC. Buanmo, 3T0
CBs3aHO C TEM, 4YTO paHLme 3HAYUTCJIBHBIC TIJIOIIA-
JIM TEPPUTOPUHN OBUTH pacraxaHbl, a HA HEKOTOPBIX
yYacTKax MPOBOJUIUCH PA0OTHl MO KOPEHHOMY
yiydiieHuio. B HacTosIiee BpeMsl BCE paclalliku
OpOIIICHBI ¥ KaK TMPH BOCCTAHOBJICHUH CCTECTBCH-
HOU pacTUTENLHOCTH MEPBHIMU HA TAKUX YYaCTKaX
paspacTaroTcsi OJHOJETHHE PACTEHHS — d0elieKk H
sademepbl. Takke 3TO pe3yabTaT OECCHCTEMHOTO
BhINaca CKOTa, 0COOCHHO B TIPHIICTAIONICH K ayiy
TEPPUTOPHH.

Ha ocHOBaHHMM HAa3€MHBIX HCCICIOBAHHI BbI-
SIBIICHO, YTO MPH U3YYCHUH OMOJIOTHUCCKUX WH]U-
KaTOpPOB HA yYacCTKax JETPataliid KOPMOBBIE BUIbI
OTCYTCTBYIOT WJIH TIOJTHOCTBIO CTPABJICHBI, OHU BbI-
TECHEHBI B OCHOBHOM HEIOEAAEMBIMHU M SIOBHUTHIMU
BUAaMHU. D(PeMepOoBO-TIOJbIHHAS KOPEHHAs PacTH-
TENBHOCTh MOJU(PHUIIMPOBAHA B PA3IUUHON CTere-
Hu. [To Mepe oTnayneHus OT ayia CTENeHb y4acThs
COPHOTpaBhS MMOCTENIEHHO YMeHbIaeTcs. Ha cocto-
SIHUE TACTOMIITHON PACTUTENLHOCTH BIHSET U TO, B
KaKOM HaIlPaBJICHUI IPOM3BOIUTCS BBIIAC JOMAIII-
HEro CKOTa XKUTeJel ayna.

B mociennue rofpl, Tak K€ KaKk ¥ BO MHOTHX
HACEJICHHBIX MyHKTax KazaxcTaHa OCHOBHOE IO-
TOJIOBBC JOMAIIHEIO CKOTAa BBIBOAUTCA XUTCIISIMU
ayJoB Ha OTAAJCHHBIC MACTOHWINA, MOITOMY TMPO-
[eCcChl Jerpajainuy MacTOUIll BOKPYT HACEICHHBIX
HyHKTOB OCTAHOBUWJIINCh U HACT YaCTHUYHOC HX
BOCCTaHOBJICHHE.
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COBPEMEHHOE COCTOSAHME PA,A,Y)KHOI;I OOPEAU
PARASALMO MYKISS B KOAbCAUCKHNX O3EPAX

B LeAsx noBbileHns pbiGONPOAYKTUBHOCTM BOAOEMOB M PALLMOHAABHOIO MCMOAb30BaHUSI BOA-
HbIX >KMBOTHbIX B Ka3axcTaHe HEOAHOKPATHO MPOBOAMAMCH aKKAMMATM3ALMOHHbIE MEPOMPUSTUMN.
AKKAMMATM3aLMOHHbIE paboTbl KOCHYAMCh NMPAKTUYECKKN BCEX BOAOEMOB Pecrybankmn KasaxcTtaH, B Tom
YMCAE U TOpPHblE BOAOEMbl. beAHOCTb pa3Hoob6pasus MXTMoayHbl FOPHbIX BOAOEMOB 06YCAOBAEHA
0COBGEHHOCTSIMM TMAPOAOTMUECKMX MokasaTeAeit. Peka Koabcai 6epeTt cBoe Hauyano Ha xpebTe KyHren-
AAaray 1 BraAQeT Mo 04epeAn B TpM 03epa, TO eCTb BEPXHMIA, CPEAHMI M HUXKHMI KoAbcar. AGopureHHas
nxTMogayHa o3epa COCTOSIAQ U3 HECKOAbKMX BUAOB Pbli6, HE UMEIOLLMX MPOMbICAOBOrO 3HaueHus. B
cepeamrHe XX Beka ctoaa Obiaa BceaeHa Mukmxka Parasalmo mykiss. AKKAMMaTM3aumMs npoLAa yCrewHo
1 6blAa cchOPMMPOBAHA CaMOCTOSITEAbHAS MONYyAsiLMS. B HacTosllee Bpems B BOAOEME NMPOMbICAOBOE
3HaYeHMe MMeeT TOAbKO paayskHasi chopeab. B paboTe npoBeAeH aHAaAM3 MATEPHMAAOB 32 HECKOAbKO
AT U MpPeACTaBAEHbl AaHHble O COBPEMEHHOM COCTOSIHUM paAy>kHoi copean Parasalmo mykiss
(MMKM>Ka). Ha ocHOoBaHMM aHaAM3a BMOAOTMYECKMX MOKA3aTEAEN BbISIBAEHO, UTO OCHOBHbIE pa3MepHO-
BECOBbIE MOKa3aTeAM OCTAITCS CTabMAbHbIMU. 3HaueHre BUOAOTMYECKMX NMPU3HAKOB Ha HMXKHEM 03epe
KoAbcar Bbilwe Mo CpaBHeHMIO CO cpeaHMM 03epom Koabcai. Mccaep0BaTEABCKMI YAOB COCTABASIAM
KaK MAQALLEBO3paCTHble, Tak M CTapLIEBO3PACTHble 0COOM pblb, KPyrHble 0COOM BCTpevaloTcs He
exxeroaHo. KopmoBasi 6a3a AAst pbl6 AOCTAaTOYHA, UTO AOKA3bIBAIOT AAHHbIE MO YMUTAHHOCTU.

KatoueBble cAOBa: akkAMMaTM3aums, paaykHas dopeab, Koabcarickme o3epa, abopureH,
61OAOrMYeCKMe NoKasaTeAn.

Kozhabaeva E.B.!, Ablaisanova G.M.", Amirbekova F.T.,
Pazylbekov M.Zh.!, Abilov B.L."

LLP « Research and production center of fish industry»
Kazakhstan, Almaty, e-mail: e.b.kozhabaeva@gmail.com

The modern condition of rainbow trout
Parasalmo mykiss from the Kolsai lakes

In order to increase the fish productivity of water bodies and the rational use of aquatic animals in
Kazakhstan, acclimatization events have been repeatedly held. Acclimatization work touched almost all
the reservoirs of the republic, including the mountain. The peculiarity of abiotic indicators of mountain
reservoirs impoverishes the species diversity of aquatic organisms, and in order to increase biodiversity
and rational use of the reservoir, rainbow trout was brought. In the middle of the 20th century, rainbow
trout from reservoirs was acclimatized to the Kolsay lakes. Currently, several aboriginal species inhabit
the pond, but only rainbow trout is of commercial importance. The paper presents data on the current
state of rainbow trout Parasalmo mykiss (mikizha), analyzed materials for several years. According to
the results of biological indicators, it was revealed that the main dimensional weight indicators remain
stable. The significance of biological traits on the lower Kolsay lake is higher compared to the average
Kolsay. The research catch was both young and old-aged individuals of fish, large individuals are not
found annually. The food supply for fish is sufficient, as evidenced by the data on fatness.

Key words: acclimatization, rainbow trout, Kolsay lake, native species, biological features.
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KeAcait keAiHAeri KyObIAMaAbl 6aKTaKTbIH,
Parasalmo mykiss kasipri >xaraaibl

KasakcTaHHbIH CyKOMMaAapbiHAQ Cy >KaHyapAapblH TUIMAI ManaaAaHy >KeHe OaAblkK, OHIMAIAIrH
apTTbIpy MakcaTtbiHAa OipHelle peT >KepcCiHAIpY ic-apaAapbl Kyprisiaai. YKepciHAipy >KyMbiCTapbl
pecnyOAMKaHbiH 6GapAblK, Cy KOWMMaAapblHAQ, COHbIH IiLIIHAE TayAbl alMMakTapAa Aa >KYPrisiAAi.
TayAbl CyKOMMaAapbIHbIH aOMOTUKAABIK, KOPCETKILITEPIHIH epeKLeAiri Cy OpraHmM3MAEpiHiH TYpAik
AAYaHTYPAIAITIH  TYCIHAIpEAl >keHe OMOaAYyaHTYPAIAIKTI apTTblpy, CyKOMMaHbl TUMIMAI MaAaAaHy
MakcaTbiHAQ KyOblAMaAbl GakTak, GaAblFbl 9KeAiHAL. 20-Lbl FaCbIPABIH OpTacbiHAQ Ky6bIAMaAbl GakTak,
GanblFbiH, KeAcai KeaaepiHe >KepCiHAIpAl, HOTMXKeCIHAE >KaHa Typ namaa 6oaabl. Kasipri yakpitta
cy arabiHAApbiHAA GipHele abopureHai Typaep 6ap, 6ipak, Tek KaCinTik MaHbi3bl 6ap KyOblAMaAbl
GakTaK,. JKacaAblHFaH XyMbICTa Ky6bliAMaAbl 6akTakTbiH, Parasalmo mykiss (MmKkuMxKa), Kasipri >karaaiibl
TypaAbl MOAIMETTEP KEATIpiAreH, OGipHelle >KbIAFbl OOMbl MaTepuasAap TaAAAHAbL. BMOAOTMSABIK
KOPCETKILITEPAIH HOTMXeAepi OOoMblHIIA HEri3ri  OAWEMAIK CaAMak, —KepceTKilTepi TypakTbl
6oAbIN Tabbiraabl. XKorapbl KeacaiimeH TemeHri KeAcail KOAIHAEri GMOAOIMSIAbIK, KOPCETKILLTEPA|
CaAbICTbIpFaHAQFbl MBHI opTalla. baAbIKTapAbIH Killli )X&He YAKEH »KacTaFbl TYPAEpPi 3epTTeyre aAblHAbI,
YAKEH 6GaAbiK TYPAEpPi >KbIA CaiibiH Ke3aecnenai. baAblKTapAblH KOPEKTIK KOpbl KeTKIAIKTI, 6yA

KOHADbIAbIFbI OOMbIHLLIA MOAIMETTEPMEH ABAEAAEHEA].
Ty#in cesaep: XepciHAipy, KyOblAMaAbl OakTak, KeAcai keAi, abopureHAi TypAep, GUMOAOTMSIAbIK,

KepceTkilTep.

BBenenue

B mensx yBenuueHuM PhHIOHBIX 3alacoB B BO-
nmoemax PecryOonmukn  KaszaxcTaH HEOIHOKPATHO
MIPOBOJIMJINICH aKKJIMMAaTU3aIlMOHHBIE padoThl. He-
MaJIOBa)KHOE HAINpPAaBJICHUE aKKIMMAaTHU3AIIMOHHbIX
MEPONPUATHH 3aKITFOYAETCS BO BCEJICHHU XOJIOJ-
HOJIFOOMBBIX PBIO B TOPHBIC BOJOEMBI, KOTOPBIE OT-
KPBIBAIOT OOJIBIIYH) BO3MOXKHOCTH IO HUX IMPAKTH-
4ecKOMy HCIoiib30BaHui0. B Kazaxcran pamyxHas
dopens Parasalmo mykiss B epBbIid pa3 OblIa 3a-
Be3eHa B 1964 r. u3 UexocnoBakuy pa3BUBAIOIICICS
UKpoU. B ecTecTBeHHBIC BOJAOEMBI HaUaIH BCENAThH
¢ 1965 r. mox pykoBojacTBoM npodeccopa H.3. Xy-
CarHOBOH B BOJIOEMBI BEpXOBbeB OacceifHa p. Um-
nuk — 03. Hwkuuit u Cpeguuit Konbcait u Kaungst
B HECKOJBKHX TapTuid [1].

EctecTBeHHbIlli  apean  paayxHOH dopenu
Parasalmo mykiss Bxito4aeT BOJOEMBI THXOOKE-
aHckoro modepexps CeBepHON AMEpHKH U A3WH.
Mukunxka — 3T0 pbi0a ¢ yIUIONIEHHBIM ¢ OOKOB, J10-
BOJILHO BBICOKHM TEJIOM, BBICOKUM W KOPOTKHM
XBOCTOBBIM CTE0JIEM, yCEUEHHBIM XBOCTOBBIM ITJIaB-
HUKOM. ['0J10Ba KOHUYECKOH (OPMBI, Ha TOpIIe — SIp-
KO-OpamkeBas mojioca. JKupoBoii IiIaBHUK 0OBIYHO
HEe OKalMJIeH YepHO# mojocoi. Ilaren X-o0pa3Hoit
¢dopmel Het. Pot Gonbiioit, GpoH okpacku Tena — oT
cepedpHCTOro 10 30JI0TUCTO-KopruHeBoro. XKabep-
HBIE KPBIIIKA U TI0JI0CA BJIOJE OOKOBOM JTMHUH — OT
PO30BaTOTO J0 KPOBAaBO-KPACHOTO IiBeTa (y KpyI-
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HBIX ocobeif). bproxo uamie Oemnoe, 6emocepoe, HO
MOJKET ObITh KPaCHO-OpaHkeBoe (Y KPYIHBIX PBIO).
Ha ronoge, >xabepHBIX KPBIIKAaX U Ha TEJI€ MHOTO-
YHCJICHHBIC TEMHbIE, HENPABWIBHON MM OBAJIbHON
(GopMBI TATHA, HEPEKO TYCTO PACIHOJIOXKCHHBIC.
Hwxe OokoBoii TuHMM, HHOTA 1O Oproxa, y KpyI-
HBIX PbI0 MOTYT ObITb MHOTOUYHCJICHHBIC IISITHA, B
TOM YHCIIE OpaHXKeBOTo 1BeTa [1].

B cBsi3u ¢ akkIMMaTH3aMEH U3Y4alucCh UXTHO-
(hayna BomoemoB, u ToibKo 03. Hmk. Komnbcaii ume-
7a abopuUreHHy uxTHO(ayHy U Oblila TpeCcTaBIe-
Ha 2 BUJamu; TOJbI ocMaH (Diptychus dybowskii
Kessler), Tmoerckuii ronert (Noemacheilus stoliczkai
Steindachner), p. Konbcait Hacemsn denryddaTsiid
OCMaH, BCTPEYasICh B 03epe CIUHUIHBIMH DK3EMILISI-
pamu. Iloce akknmuMaTu3anuu pagykHOW (Gopenu
NPOM30IIIO MOCTENICHHOE COKPAIIEHUEe YHCIICHHO-
CTH TONbLA M ocMaHa. ['oyblii OCMaH MOJIHOCTBIO
ncye3 U3 cocTaBa MXTHO(AyHBI 03epa, pplda roJelr
BCTpedanach B 03epe KpalHe peKo, BpeMEHaMHU
Obu1 OOHApYKeH B ey ke Gopenu [1].

[lo nocneaHnM IUTEPATYPHBIM JAaHHBIM, COBpE-
MeHHas uxTuodayHa o03. Huxk. Kosbcait cocrout u3
2 BHJIOB: pagyHOH Qopenn W THOETCKOTO IOjb-
1a, IpUYEM IOCIECIHUH BCTPEUAICs OUY€Hb PEIKO,
a ceiiuac BIIOJHE BO3MOXKHO, YTO 3TOT BHJI BOBCE
BBINAJ U3 COCTaBa UXTHO(AYHBI, O YEM CBHICTEIb-
CTBYET OTCYTCTBHE B Hammx cbopax. UxTtrodayna
03.Cpennanit Konbcait mpencraBieHa OMHAM BHIIOM
— panysxHoli ¢openbio [2].
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B nenax coxpaHeHHs M BOCCTAHOBIJICHUS YHH-
KaJbHBIX MNPUPOJHBIX KOMILJIEKCOB AJMATHUHCKON
obmactu 2007 roma OwuT co3man «IocynapcrBeH-
HBIM HaIMOHAIBHBIM NpupoaHbld mapk «Komcaii
KoJiiepu», U ceruvac cucrema Kounbcalickux o3zep
SIBJIAETCS. OHUM M3 TOCYAapPCTBEHHBIX HAIIMOHAIb-
HBIX NIAPKOB M PACIOJIOKEHA B AJIMaTHHCKOH 0071a-
ctu (puc.l).

Peka Komnbcait Oeper cBoe Hauajao Ha xpeOTe
Kymnreii-Anaray u Bnajaer 1no o4epeau B TpU 03e-
pa, TO ecTb BEpXHUi, CpeHUI 1 HIKHUU Kombcaid.
I'unpornoruueckas xapakrepuctuka Konbcalickux
03€p YHUKaJIbHA TEM, YTO TeMIlepaTypa BOABI HHU3-
Kasi, JIETOM jocturaet MakcumyM 10 17°C rpamgycos

O3. Hmwxanii Konbcai

U MIPO3PAYHOCTH OYEHB BBHICOKASI U COCTABIISIET OKO-
g0 8 M. B Hactosiiee Bpemsi B o3epax HukHuil u
Cpenuuit Konbcaii eIMHCTBEHHBIM MTPOMBICIIOBBIM
BUJIOM PBIO SIBIIIETCS paayxkHas popers.

Cucremarnka 3TOH pBIOBI TIpeTepIieia u3MeHe-
HUS U B HACTOSIIIEE BpeMsl pajyHast opelib Kiiac-
cudpumupyercs kak Parasalmo mykiss (Walbaum,
1792) — muxmka [3]. IlepBbIe MOKOICHHS aKKIAMa-
TH3aHTOB HEIUIOXO U3y4eHsl [ 1], Ho B mocneanaue 30
JIET 3TOT BUJI TaM He u3ydaics. B 1emnsix BeIsCHEHUS
COBPEMEHHOT'0 COCTOSIHHSI TAaHHOTO BHAAa B 0CO00
oXpaHseMbIX NpUpoAHbIX Tepputopusx (OOIIT)
HaMU OBUIO MIPOBEJICHA JTAHHAS UCCIIEI0BATEIIbCKAS
pabora.

0O3. Cpennuit Konbcait

Pucynok 1 — lccrnenoBanHble BOTOEMBI

MarepuaJ 1 MeTOAbI UCCJIeJ0OBAHUI

Uccnenosanus npoBoamiuch getom ¢ 2011 mo
2014 u ¢ 2016 mo 2018 rr. Ha HUKHEM U CPEAHEM
Konbcaiickux ozepax. g u3ydyeHUs: AUHAMHUKHU
pocta ¥ OMOJOTHYECKHX IMOKa3aTeled HCIOoIb30-
Banmu cOopel mpenpiymux jet (¢ 2011 mo 2016
IT.) [4].

COop m aHanmm3 Marepuansa TPOBOAWICA TIO
OOIIENpPUHATEIM MeToAuKaM. J{Jsi oTiioBa puIO Hc-
TTOJIE30BAJICS TIOCTOSTHHBIM Ha®Op CTaBHBIX Kampo-
HOBBIX ceTeld stuen oT 16 1o 80 mm (Bcero 10 cereit
JUIMHOH 1o 25 M) [5, 6]. Bospact pwib onpenensinu
1o no3poHkam no meroguke H.M. Uyrynosoit [7].
st cpaBHEHUSI BBIOOPOK HCITONIB30BAIM IMOKa3a-
tenu Tst [8], «koaddumment pazmuuus» CD [9] u
«muBeprenuus» — d? , [10].

Pr16 duxcupoBanu B 4% pactBope popmainna,
MX aHaju3 HPOBOJAWIM B Jjlaboparopuu. buosoru-
yeckas 00paboTka MaTepUANIOB IMPOBOAMIACH IO
cxeme, npemnoxkeHHod M.®d. Ilpapnunbev, 1966 u
Holcik 1989 [11,12].

W3mepenne mpoBOAUIOCH IITaHTCHUUPKYIEM
(IOLI-1, Matrix, Kurait) ¢ Tounocteio 0,1 MM. PrI10o
B3BEIIMBAJIM Ha JJIEKTPOHHBIX Becax (Scout-Pro,
OHOUS, Kurait) ¢ Tounoctsto 10 0,1 .

s BBISBICHHS CTAOMIBLHOCTH Pa3BHTHS PHIO
(acuMMeTpHs) HMCTONB30BAM METOAUKY, MPEeIIIo-
skeHHyto B.M. 3axapossim [13].

Bcero nccnenoBannbix peido 2011 r. — 64 3k3.;
2012 r. — 73 sk3.; 2013 1. — 26 »k3.; 2014 1. — 19
9K3.; 2016 1. — 42 5K3.; 2017 1. — 55 9K3.; 2018 1. —
107 sk3. OOmuii BHENTHHIA BU paly>)KHOU (hopenn
MIpeJICTaBJIEH Ha pHC. 2.
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Pucynox 2 — Panyxnas dpopens 03. Hmwxnnii Kosnbcait, 2018 1.

PesynbTarhl

B wuccnenoBarenbekux cOOpax IMPUCYTCTBOBAIH
KakK KpYITHbIE, TaK U MeJIKHe 0coOu. [0 MENIKMX 0co-
Oeif B ynoBax OoJbIle, 4eM CTApIIEBO3PACTHBIX OCO-
Oeii. BctpeuaeMoCTh KpYIHBIX AK3EMILISIPOB €AUHIY-
Ha, OHU IPUCYTCTBOBaIU B cOopax 2012 n 2018 rr.

OcHOBHbBIE OHOJOTMYECKHE ITOKA3aTEeNd CBH-
JIETEIbCTBYIOT O OJarompusiTHOM CYIIECTBOBAHHH
PBIO, TMOCKOJIBKY Pa3MEpHO-BECOBBIC IOKA3aTelIN

OCTarOTCs CTAaOMIIBHBIMHU IO ToJiaM. Bce roJbl mc-
CJICIOBAaHUN TpeJiebl Pa3MEPHO-BECOBBIX IPH-
3HAKOB BapbUPOBAIM HE CYIIECTBEHHO. B cpaBHU-
TEJILHO OMOJIOTMYECKUX aHAN3aX MEXIY O3epaMu
BBISIBJICHO, YTO MaKCHUMaJIbHOE 3HAUYC€HUE OUOJIOTH-
YECKUX TPU3HAKOB 0CcO0OEH, OTIIOBICHHBIX HA HUXK-
Hem Kombcae, BbIlIe, 4YeM y pbIO, HCCIIEOBAHHBIX
Ha cpenHeM Kosbcae. OCHOBHBIE OMOJIOTHYECKHE
MOKa3aTeNd paayXHOU (openu TpeAcTaBIeHbl B
Tabmute 1.

Taéauua 1 — [[unamuka Ouonornyecknx mnokasaresneil paayxuoi ¢openu B Konbcaiickux o3epax (mannsie 3a 2011-2016 rr. Baii-

mykanosa M.T.)

JlmuHa, MM Macca, T Vrurt. no @ynsrony, r
Toner n
lim M | M M
03. Hwxnuit Konbscait
2011 133-367 2249 30-667 158,1 1,3 42
2012 125-305 200,5 22-338 105,8 1,2 65
2013 145-310 197.6 48-455 120,1 1,4 60
2014 130-310 219,5 27-325 131,9 1,2 106
2016 115-370 217,1 17-640 1433 1,2 71
2017 160-399 219,0 57-837 151 1,6 62
2018 126-545 193 32-1888 138 1,6 101
03. Cpennuii Konbcait
2011 115-385 217,5 17-724 138,9 1,2 74
2012 140-500 235,5 30-1363 176,8 1,2 74
2013 135-345 207,7 36-511 152,1 1,5 56
2014 110-320 2278 16-337 148,2 1,1 52
2016 110-350 2223 17-510 163.,9 1,3 44
2017 129-325 204.,4 31-397 129,6 1,4 55
2018 130-294 180 36-402 116 1,6 17
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JlanHBIe OMOJOTHYECKOTO aHaiM3a TOKa3bl-
BalOT, YTO MHHHMAaJIbHBIE TIOKA3aTeIu y PBIO U3
HWKHEro o3epa Kombcail cmelieHbl B OOJBIIYIO
cropony. Toraa kak y ocobeii, oduraromux B o3e-
pe Cpennuii Konbcali, MakcCuMaJibHbIE 3HAUYCHUSA
HEMHOTr0 YyCTymnarT. HesHnauwmrtenbHas pasHHIA
B 3HAYCHUAX OHMOJOTHYECKUX IMPU3HAKOB MOXKET
OBITH CBsI3aHA C AOMOTHMYECKHMH MOKAa3aTelsIMU
BoJIoeMOB. Hambomnee BBHICOKHE M CXOKHE 3Haue-
HUS ynuTaHHOCTH 1o DynbTOHY HAONIOMAOTCS Y
ocobeit, uccienoBanHeix B 2013 u 2018 rr., mpu-
yeM B 00euX BojoeMax. Bo3MOXHO B 3TH TOJbI
CYIIIECTBOBAIHU OJaronpusITHbIC THIPOJIOTUICCKUC
YCIIOBHS JJIS TOMYJISINH (hopernu, a Tak ke Oonee
BBICOKasi 00€CIeUueHHOCTh KOPMOBOH 0a3oii. B 1ie-
JIOM, Ha CETrOAHSIIHEE BPEMs IO OCHOBHBIM OHO-
JIOTUYECKHUM TTapaMeTpaM, 3a TOJbl HCCIeIOBaHM
panyxHas ¢openb Ha Kosibcalickux o3epax pacTeT
PaBHOMEPHO U CTaOMIILHO, a TaKKe (DEHOJCBUATOB
He 00HapyKEHO.

KpynHele 3K3eMILISIpBI MONAJA0TCI PEAKO, HO
TEM HE MEHEE B MPOTSHKECHUH WCCICOBAHUS OBLIH
OTJIOBJIEHBI JTOBOJBHO KPYITHBIE 3K3EMIUIIPHI pa-
nyxHoit ¢openu: B 2012 romy Ha cpeaHeM o3epe
Komnbcaitl anuna pagysxnoit ¢popenu cocrasuia 500
MM., B 2018 1. 3 03. HmxaNi Konkcait mmHa oco-
Oeii cocraBuia 545 MM.

Y OONBIIMHCTBA aHAIM3UPOBAHHBIX OCOOCH
(90%) B OpIOMTHO¥ TIOJIOCTH PUCYTCTBOBAIIN KHUPO-
BbIC OTJIOKCHUSA, YTO CBUACTCILCTBYET O XOpOHIeﬁ
o0ecrieueHHOCTH NuIel. B Bogoemax ecrecTBeHHO-
0 apeasia KOPMOBBIMH OObEKTaMH PaLy>KHOU (ope-
JIN ABJISAFOTCA HACCKOMBIC KaK BOAHBIC, TaK 1 HA3€M-
Hele [1], T.e. MO XapakTepy MUTaHUSA OHA SIBISETCA
sBpuarom. B Hammux cbopax OBUTIO TPOCMOTPEHO
cojiepkuMoe xenykoB 20 sx3emmisipoB peio. Oc-
HOBHBIM OOBEKTOM TMHUTAHUS pagyx)HOU (Hopenu
OKa3aJINCh UMAro M JIMYMHKH JICTAFOIINX Ha3eMHBIX
HaceKoMbIX OTpsinoB Coleoptera — xxyku, Diptera
— JBYKpBUIbIe, Hemiptera — MOy ECTKOKPBLIbIE,
Hymenoptera — nepernoH4aTOKpbUTbIE. A TaK e B
3aBUCUMOCTH OT CE30Ha MEHSUINCH JIOMUHHPYIO-
e KOMITOHEHTHI B nutie gopenu. Takoe sBieHue
00BSCHACTCS OMOJOTHICCKON OCOOCHHOCTHIO PBIO,
TaK KaK OHU PEarrpyloT Ha JBIKYIIHE OOBEKTHI, a
TaK ke CE30HOM OTJIOBA PBIO, MOCKOJIBKY MaTepual
OBLIT COOpaH JIETOM, B 3TO BPeMs rojia, Kak MpaBuiIo,
peo0IaaroT Ha3eMHbIe OSCIIO3BOHOUHBIC. XOTS B
BOJIOEME YHCJIEHHOCTH JOHHBIX OECIO3BOHOYHBIX
OBL1a BEICOKAsS, HO UMH PhI0a IPAKTUIECKH HE ITHTa-
JIack. YNIUTAHHOCTh N0 DyIJIBTOHY UCCIIEN0BAHHBIX
oco0Oeit u3 03. Hwxnuit Konbcail BappupoBana ot
1,3 r no 1,5 r, a Ha 03. cpeanuit Konnbcait ot 1,1 T 10

1,6 r., 4TO yKa3bIBaeT 0 Xopouel 00ecrneyeHHOCTH
KOPMOBOW 0a30ii.

B cootnomennu nosoB B 2012 — 2014 rr. mpe-
BBIIIAIOT CAMKH, TOTJ1a Kak 1o JaHHeM 2011 1. cam-
1Ibl, HAITPOTUB, NpeBaIupoBayiv B 2,2 paza. B 2017
roJly TOJIOBOM COCTaB CXOAEH C TakoBbIM B 2016
TOJTy, C HEOOJBIIIUM TIPe0OIalaHuEM CaMOK.

[TomoBo3pensIMi B BojoeMe paaykHas Gopeinb
CTAaHOBUTCHA B 2-3 roja ku3Hu. B xonie uromnst 2014
r. OombIas yacte peido — moutu 50 % Haxonuiackh
Ha Il cramuu 3penoctu ronan, oxoino 35 % — na III
CTaJNH, YTO B IIEJIOM SIBIIEHWE HOPMAJIbHOE, yUH-
ThIBasi BbICOKOTOphe. B 2017 romy monapisoiiee
OOJBPITMHCTBO OTJIOBJICHHBIX PBHIO HaXOAWJIOCH Ha
III ctaguu passutus roHan. IlomoBoe co3peBanHue
oTMeyanack y pei0 ¢ 2 roga xusnu. B 2018 rony B
yioBax 03. cpeaHuil Konbcail cCOOTHOLIEHHUE TT0JIOB
ocobeii coctarui 1:4,7 ¢ npeoOiajaHeM CaMIlOB, B
03. HwkHUi Komnbcail npeobnanatot camku (1:1,4).
B tekymiem rogy B 03epax TOHaIbl HCCIIEIOBAaHHBIX
pbI06 Haxomuiuch Ha Il cTamuu pa3suTus ¢ npeood-
nmagaHueM camok (62%).

Hawmu BriepBbIe 3a oNTHE TOABI JaeTCs TOTHAS
Mop(doMeTpuuecKkas XapaKTEPUCTUKA PayKHOU
¢dopenu u3 o3epa Hwknero Kombcail. [locnennne
M3BECTHBIE MOP(POMETPHUYECKHE IaHHBIE OTMEYa-
oTcst B padorax CumopoBoii [1] 3a mepBbie TombI
BceseHus. J[nst Mopdomornyeckoro anammsa pac-
cMaTpuBaiu 29 MIacTUYECKUX U 23 MEPUCTHUYECKUX
npu3Haka. Pe3ynbTaThl CpaBHUTENIBHBIX MOp(hoMe-
TPUYSCKUX XapaKTEPUCTUK MPEJICTABICHbI B TA0IH-
ue 2.

Bribopku pamyxHOM (openn U3 03. HIKHHHA
Konbcait mexay coboit qocroBepHo (Tst>2.2, uto
MpeBbIIaeT 5% ypoBeHb 3HAYUMOCTH) Pa3IYaroT-
Cs TIO CACAYIONMIUM TPU3HAKAM; 110 CICTHON (IHCIIO
MMO3BOHKOB) U IJIACTUYECKON (PACCTOSHUE TPYAHBIX
TUTABHUKOB, JUJIMHA OpPIONIHOTO IUIABHHKA, JJIMHA
BEpXHEH JIONacTH XBOCTOBOTO TUIaBHUKA). Bo3mMoxk-
HOW MPUYUHON OTIMYHS ITUX MPU3HAKOB SBIISIFOTCS
THJIPOJIOTHYECKUE TTOKA3aTeNN BO0EMa, TOCKOIBKY
B 2017 1. uccnenoBanus TeMreparypa Ha 03. Hux-
Huit Konbcail Obuta HIke o cpaBHeHHIo ¢ 2018 .
B mienmom, 601pIIMHCTBO MPU3HAKOB OCTAIOTCS CTa-
OMIIBHBIMU.

[lo pe3ynbraTy aHanM3a MakCHMalbHBIC U MHU-
HUMAaJIbHBIE TIpefiesibl MOP(OIOTHIECKUX TPH3HA-
KOB BapbUPOBAJIH B MPEACIax B H3BECTHBIX JaHHBIX
uist 3ToN pbiObl. OmHAKo, KojeOaHUs 3HAUYCHUI
OOJIBPIIMHCTBA CUETHBIX TPU3HAKOB OOBSICHSIIOTCS
BUJIOBBIM TIPUCIIOCOOJICHUEM, MO3BOJISIOIIUM BbI-
’KUBATh B JOCTATOYHO IIMPOKOM JUANA30HE U3MeE-
HEHUH YCIIOBUM CpeJIbl.
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Tadanna 2 — CpaBHurenpHas MopdoMeTprUecKas XapaKTepUCTHKa payKHOH ¢popenn n3 03. Hiwkunit Konbscait

[Ipuznaku 2018 n=31 2017 n=15 Jlutepatypurie CpaBHenue BbI00pok 2017-2018
naHHbie [1]
Min-max Min-max Min-max ) .
Maim Maim Mim d 2 CD Pi/Tst
142-219 137-247.5
L 177.5419.50 198.2-33.08 - 0,28 0,34 >>1.95
122,5-194.5 118-223
! 153.7£17,61 173,5429.73 - 0,33 0,36 ><2,03
133212 128-229 272-339
1®) 167.5418.89 186.4+30,07 207+ 0,29 0,23 0,33 >>1,91
32.8-119.8 271614 210-440
Q 62.9419.37 96.3+41.36 327.7+ 0,76 0.31 0.46 1>2.56
24.1-98.5 21.2-140,6
q 50,6-16,40 80.2435.16 - 0.31 0.48 1>2,64
1.43-2.06 1.34-2.,03
Fulton XNE XX ; 0,00 0.08 5-0,50
0.95-1.59 1.17-1.69
Clark 1.3240.10 1.440.10 - 0,01 0,25 >>1,58
s 0.08-0.33 0.06-0.25 ] ] ] ]
0212007 0.1920.04
CyeTHBIE TPU3HAKU
125-141 119-141 117-127
LL 133.6+:3.46 133,74.31 121,1940,48 0.31 0,00 5>0,01
1-4 2.3
Dr 2350 50 25039 ; 0.15 0,05 550,35
10-14 10-13 9.5-12.5
D soft 10,7+0,57 11,2+0,88 11,14+0,11 0,04 0.25 51,53
1-3 1-3
Ar 1,8+0.40 1,8+0.43 - 0,03 0,02 5>0.15
912 10-14 9.5-11.5
Asoft 10.6£0.75 11,0£0,93 10,72 0.10 0.21 0.13 >>1,07
-1 -1
Pr L0000 L0000 ; 0,00 0,00 520,00
13-14 12-14
P soft 1335050 330053 ; 0,05 0.19 551,17
Vr -1 -1 ; 0,00 0,00 520,00
1,040.00 1,040.00 ; ; ;
8-9 8-9
V soft §.5:050 §75039 ; 0,05 0.26 5>1.67
15-19 17-20 17-21
Sp.br. 17.650.82 18.7£0.72 18,65+ 0,17 0.25 059 >>1.87
5263 58-66 59-63
Vert com 59.8+1,76 61.1=1,22 60.55:0.,16 0.13 032 <205
Inactuueckue nmpusHaku B% 1
45.5-653 42.6-52.5 39.2-443
ab 48.8+1.80 47.6£1.97 41,95+ 020 020 0.20 >>1,31
22.5-45.7 29.9-41,0 32.8-39.9
pD 34.442.80 33.8+1,74 35.9+0.35 0,48 0,09 >>0,61
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Ipoooncenue mabruyvl 2

ITpusnaku 2018 n=31 2017 n=15 Hiziljizp[ﬁ"e Cpasrenue BbI6opok 2017-2018
% % % a, CD Pi/Tst
lca 21(?,5;21?567 21(?,56;%)?9?; 1;?8323,(1)2 0.48 0,15 5>1,01
P 252055 PR : 003 039 520
av % % 4%39'?501,’116 0,50 0,13 5-0,68
aA % %%@% 6%%8 0,05 0,12 550,77
PV %i—?ﬁ %%&% 2%36'?3&’2% 0,38 0,17 5>1,00
Ao %%ﬁ% ﬁ%ﬁ% 1%59'72&736 0,01 0,29 5>1,78
¢ 2231;%)?9}) 2231§i216373 2%312'?203,’2&1 0.43 0,03 550,15
oo 5%1;07:4%0 5%51;07,’?4 5%{%’%1 0,54 0,13 5>0,72
ov left 5%‘%6 5‘323’366 - 0,00 0,05 52031
ov right S%Ijg;& S%ﬁ;&fl 5 %’%’% . 0,01 0,04 550,24
op 1%’;—103’726 1%1 1%%02,51;1 0,01 0,26 551,61
mx 36,3%1?5% g’éﬂ—})"‘é 1 (%59%%0 0,13 0,27 551,78
Imd 121’;[—11%4 % 1%’232 0,07 0,12 5-0,78
o 65,96;:})}5% 6?81&684 - 0,26 0,08 550,50
heo 191 ,77;116,073 11‘?,’53;—})?7%; - 0,50 0,09 550,63
he %}%&% %‘%% 1%59'7106’738 0,04 0,13 5>0.80
H %%fi% 227%,’2;—’%?941 2%72%% 0,09 0,25 5>1.61
h % % 9%‘;'7100”(?8 0,20 0,01 550,04
D 15051,01 143509 | Dhon | 0% 028 185
hD %,’%39 %;;‘;—11}90 1%29'?103:1&2 0,29 0,19 51,28
A 110’%360 1%%’7% 1(%221_—2),%8 0,23 0,06 5>0,40
hA 1%’,%'?116,’292 %’95;—’})?9% 1(%8%%’%8 0,07 0,10 550,63
Ip 11‘63,’%% 1%% 1%%754 0,97 0,05 55029
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Ipooonacenue mabruyvr 2

TTpusnaxu 2018 n=31 2017 n=15 sz;ﬁﬁﬁle Cpashenue BbI6opok 2017-2018
% % % &, CD Pi/Tst
v | | e el | s | e
o | mEme [ w0 [ | e | s
ICi 8@),11;_%9% % - 0,06 0.23 551,52
ICm ;g’gﬁ%‘% 2171’51;—21?1’% - 0,05 0,11 520,73

IIpumeuanue: L — monHas anuHa peiObl, MM; | — IMHA pHIOB! 10 KOHIA YEUTYHHOTO MOKPOBa, MM; Q — IOJIHAst Macca PhIObI, T; q —
Macca peIObI 0e3 BHYTPEHHOCTEH, T; YIHTaHHOCTD PBIO paccmatpuBanu 1o (Fulton) @ymerony u mo (Clark) Kimapk. s momHOTO
MOp(hOMETPHUYECKOTO aHAIN3a OBUTH HCIIONB30BaHbI ClENyoHe mokazarenu: aD, aA, aV, aP — paccTossHuEe COOTBETCTBEHHO JI0
CIIMHHOTO, aHAJILHOTO, OPIOIIHBIX M IPYIHBIX IIABHUKOB; pD — moctiopcanbHoe paccTosiHue; lca — arHa XBOCToBOro creds, P-V
— paccTosiHME OT Havaja IPYIHBIX 10 Havyajia OPIONIHBIX MTABHUKOB; V-A — pacCTosiHKE OT Hayasia OPIOIIHBIX [UIABHUKOB /10 HavYaja
AHAJBHOTO IUTABHHKA; C — JUTMHA TOJIOBBI; a0 — JUTMHA PhLIA; O — TOPU3OHTAIBHBIN JHAMETP IJ1a3a; Op — 3arIa3HUYHOE PACCTOSIHUE,
mx, mh — JJTHHA ¥ IHPHHA BEpXHEH denrocTi; md — JUTHHA HUKHEH 4etocTy; 10 — mupuHa j16a; hc — BEICOTa TOJIOBBI Y 3aThLIKA;
hco — BeIcOTa TOMIOBHI B 00nacty mia3, H — Haubonpinast BeicoTa Tena; h — BeicoTa HanMeHbmast, |D — [uinHa CIMHHOTO TJIaBHUKA,
hD — BbIcoTa CIIMHHOTO IUIaBHUKA, 1A — AJIMHA OCHOBAHMS AHAIBHOTO IUIABHHUKA; hA — BbICOTa aHANBHOTO IIaBHKKA; 1P — mmiHa
TPYIHOTO IUTaBHUKA; 1V — mimHa OpromrHoro miaBHuKa; 1C — inHa XBOCTOBOTO IUIABHUKA; ¢ — JTHHA BEpXHEH JIOMAcTH XBOCTOBOTO
IJTaBHUKA, IC1 — JUTMHA HIDKHEH JIOMACTH XBOCTOBOTO TUIABHHKA, lcm — JTHHA CpeTHel JIOmacTH XBOCTOBOTO TiaBHuKa; 1.1. left, L1.
right — yucio yeryii B O0KOBOI JIMHHK CJICBa U CIIPaBa COOTBETCTBEHHO; sup left, sup right — Hax B 00KOBOI#1 JIMHKM CJIeBa U CIIpaBa
COOTBETCTBEHHO; int left, int right — mox B OOKOBOI TIMHKUY CleBa U CIIpaBa COOTBETCTBEHHO; Dr, Ds — KOJIMYECTBO HEBETBUCTHIX
¥ BETBHCTHIX JIy4eil B CIIUHHOM IUTaBHUKE; Ar, ASf — KOITHYeCTBO HEBETBUCTHIX M BETBUCTHIX JIydell B aHAIBHOM IUTaBHUKE; P, V —
KOJIMYECTBO JIy4eH B TPYAHBIX W OPIONIHBIX IJIABHUKAX; Sp.br. — KOIUYECTBO jKaO0CPHBIX THIYUHOK; Vert. — KOJIMUECTBO MO3BOHKOB.

Jns oueHKM KauecTBa BOJHOM Cpe/bl U CTere-
HU HapyIICHHs] CTAOMJILHOCTU Pa3BHUTHUS WCIIONb-
30BaJil METONUKY acuMMeTpuu. CpemHss JactoTa
ACUMMETPUYHOI'O IPOABJICHHA HA IPU3HAKaX B BbI-
oopke 2018 r. cocrasuser 0,21 + 0,07, y ocobeii,
otioBieHHBIX B 2017 1., paBHo 0,19 £+ 0,04. 3Ha-
YCHUE OKA3aTeNisi aCUMMETPUH 110 NSATHOALTLHON
IIKaJIe COOTBETCTBYET OAHOMY Oairy. 3HadYeHHe
WHTETPATFHOTO TIOKa3aTelsl aCHMMETPHH, COOTBET-
CTBYIOILIEE OJHOMY OaJuty, HaOJIFOAaeTCsl OOBIYHO B
OJIATONPHUATHBIX YCIIOBUSX CpeAbl OOWUTaHUs. DTO
TOBOPHUT O TOM, UTO ISl pBIO cpera oOUTaHUs B BO-
JoeMe OJIaromnpusITHasI.

ITo maHHBIM WCCIENOBaHUS POCTAa W BO3pacTa
pe16 B 2017 m 2018 rr. TOMUHHPOBAIN MITAJIIIIC-
BO3pacTHBIE rpynmsl nonynsauuu. B 2017 roxy no-
JydeHHas BO3pacTHas CTPYKTypa CXO/HA C JIaHHbI-
mu 2016 roma, B yioBax mpeobiamarT 2-JeTHHE
ocobu. B 2018 romy Hay4dHBIH yJIOB M3 03. Cpej-
Huii Konbcali cocraBunu 2-3 netHue ocodbu. B 03.
HxHUU Kosibcalh MpUCYTCTBOBAIM KPYITHBIE OCO-
0u, MakCcUMaIbHBINA BO3pacT coctaBuiu 10-neTHue
PBIOBI, OHAKO CPEU HUX OTCYTCTBOBAJIH 7-8-TET-
HHE 0coOU. BO3MOKHOW MPUUNHONW OTCYTCTBHS U
HU3KOHW BCTPEUAEMOCTH KPYIIHBIX pa3MEpPOB PhIO B
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yJIOBax SIBJISIETCS MEPeYIJIOTHEHHWE IMOMYJsALUU B
o3epe. B cBs3M ¢ HENOCTATOYHBIM MPOCTPAHCTBOM
ppiba orpaHMYeHa POCTOM 10 MaKCUMyMa, XOTs
€CTh JJaHHBIE O TOM, YTO pajaykHas (opeib B XO-
POIIMX YCIOBUAX MOXKET A0XKUTh 10 11 mer [14].
[To onpoCHBIM IaHHBIM COTPYAHUKOB MapKa, KPYTI-
Has pbi0a BO BpeMs HepecTa MOJHUMAETCS BBEPX
o pexke Komnbcall 1is pa3MHOXKEHHUS, U TIOCTIE YEro
YXOAUT Ha AHO 03€pa, ITO OOBICHIET BO3MOXKHOE
OTCYTCTBHE B Hay4YHBIX cOOpax KpYIHBIX 0cOOeH.
B npenenax nuHEHHBIX pa3MepoB HE OTMEUANIOCh
0O0JIBIINX PA3INYMNA, IPEAEIIbl IPUMEPHO COBIAAA-
0T MEX1y COOOH.

B 03. Huwxunit Konbcaii ycnoBus xu3HH, T.€.
00ecIeueHHOCTh KOPMOBOM 0a30if BecbMa OJ1aro-
MPUATHAS, O YEM CBUCTEILCTBYET CPAaBHUTEIbHBIN
OBICTPBII pocT. MakCHMabHBINA BO3PACT OTIOBJICH-
HBIX pBI0 B 03.Hmwxkuuit Konbcait cocrasmr 10 Jer,
a MUHUMAaJIbHBIN 2+ roga. OqHaKo, CpeJHeBO3pacT-
HBIE PBIOBI — OT 5 10 § JIeT OTCYTCTBOBAIIH.

B 03. Cpemnnuit Konbcaii coop marepuana co-
CTaBWJIM PBIOBI BO3pacra oT 2+ 10 4+, XOTs 3/1eCh
Moru OBITH O0Jiee KPyIHBIE  B3POCIbIe PHIOBL, OA-
HAKO C 3aTPYAHEHHBIM 00JIOBOM B IaHHOM BOJIOEME
HaMH UX HE ObLJIO 00OHAPYKEHO.
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BuiBoabI

Ha ocHOBaHMM MNONYYEHHBIX AAHHBIX COBpE-
MEHHOE COCTOSIHHME TOMYJISIIIUN payKHOU (hopenu
B Konbcaiickux o3epax oleHHUBaeTCs Kak OJaro-
nony4yHoe. buonoruueckue mapaMmerpsl OCTArOTCS
B MpeEJeiax HOPMBI, BEIPAKEHHBIX OTKIIOHCHHUH HE
BBIABIICHO. B Hacrosimee BpeMsi THUAPOJIOTHYE-
CKasl XapaKTepHCTHKa BOJOeMa OJaronmpusaTHa s
YCTOMYHUBOTO CYIICCTBOBAHUS TMOMYJISIIUU. IJTO
MOATBEPKIACTCS pe3yIbTaTaMU aHAJIU30B T'OMEO-
cTasa pa3BUTHS (ACHMMETPHS HE BRIPAKCHA).

BaaropapHocTn

ABTOpPBI BRIp@XKAIOT TITyOOKYIO OJarogapHOCTh
3a TIOMOUIb B OMpPECICHUN 0OBEKTOB TUTAHUH PHIO
CTapIlero Hay4YHoOTO COTPYAHHUKA JadopaTopuu I'u-
npobuosiorny W ruApoaHamuTuku PhD  mokxropa
K.O. MaxubaeBoii. IckpeHHIOI0 MPU3HATETLHOCTD
ABTOPHI BBIPAKAIOT AHOHMMHOMY PELEH3EHTY 3a
BHUMATEJBHOE MPOYTEHUE PYKOITUCH U PSIJT IEHHBIX
3aMeYaHMi M0 CYIIECTBY €€ COJIepKaHusI.
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AKTOBE OBAbICbl SUTEKE BU AYAAHbI
KAMUPAKTbI AYbIAABIK, OKPYTIHAFETI
MAA XXAUbIABIMAAPBIHAAFbI ©CIMAIKTEPAIH
MOAEHU-TEXHUKAABIK, JXKAFAAUBIH BAFAAAY

ByaA Makarnapa AkTebe OOAbICbl OnTeke OM ayaaHbl KalpakTbl aybIAAbIK OKPYriHAEri Maa
SKaMbIAbIMABIK, KEPAEPAEri OCIMAIKTEPAIH CMCTEMATMKAABIK Ti3iMi, reo60TaHMKAABIK, CMMaTTamMachl,
KYAbTYP-TEXHUMKAABIK,  >KaFAaibl,  LIAPYalUbIAbIK, MaHbI3bl MeH MaAa3bIKTblK, KOPbl  TypaAbl
KapacTbipbiAFaH. CoHbIMeH 6ipre, 3epTTeAreH ayAaHHblH reorpadmsiAbIK, XKarAarmbl, >xep Oeaepi, cy
pecypcTapbl, KAMMaTbl YX8He TOMbIPAK, YKAMbIAFbICbI TOAbIKTal 3epTTeAin, TaapAayAap >KACaAbIHAbI.
OKpyr 6OMbIHLIA >KAAMbl >KaMbIABIMABIK, >KEPAEP KOAEMi aHbIKTaAbIMl, OAAPAbIH ©CIMAIKTEp
KaybIMAACTbIFbl GOMbIHLIA TUMITEPre XKIKTEAYI MEH KOHTYpAap TY3Yi KOPCeTiAAiL. 3epTTey HaTMXKeCiHAE
30 TYpAiI eCiMAIKTEp KaybIMAACTbIFbIHbIH, TUMTEpPI aHbIKTaAbin, 12 Tunwe meH 13 Moamdukaums
aXbIpaTbIAAbL. TUNTep 16 TOmMKa XIKTEAIN, 8pKaiCbICbiHA XXEKEAE TOKTaAbIMN curnaTtTama 6epiAreH.

Man a3bIKTbIK >KanbIALIMAAPAbIH MAyCbIMABIK, MaiAAAAHBIAYbl MEH OHAQ >KYPFi3iAeTiH ic-lapasap
TYpPaAbl, >KaAMbl >KEMLIen KOPbl MeH OHbIH LapyallbIAbIKTA TYTbIHbIAYbl >KOHIHAE HAKTbIAbI
MBAIMETTep aAblHAbI. HaTuxxeciHAe, OKpyr anMarbiHAQ 24 TyKbIMAACKA KaTaTblH 88 TypAi eciMAikTep
TipKeAin, oAapAbliH 22 Typi MaAa3blKTbIK, WWern KaTapblHAQ eKeHi aHblKTaAAbl. OAapAbIH iWiHAE MaA
>KENTIH HeMece a3 >KeAIHETIH, COHAal-aK, YAbl XXOHe AJPIAIK eciMAikTep ae Oaikasabl. Okpyr
6oMbIHILA, AerpasaLmMsFa yuiblpaFraH XXabIAbIMAAPAbI KbICKAPTYy MakcaTbiHAa, 1030 ra >kepae Maa
>KaloAbl KaAbINKa KeATipy, 4970 ra >kepAe amblAbIM KYLLiH a3anTy, 93 ra >kepae apamiientepmeH
KYPEC >KYPri3y CEeKiAAl YCbIHbICTAp >KaCaAAbl. AAbIHFAH HOTMXKEAEp OOWbIHILA, 3€PTTEAreH afMaKThiH,
KapTacbl CbI3bIAbIMN, KBPCETKILUTEP TipKeyre aAblHADI.

TyHiH ce3aep: >KaMbIAbIMABIK >KepAep, >kep 0Oeaepi, Cy pecypctapbl, TOMbIPAK, XXaMbIAFbIChI,
KAMMaT, 6CIMAIKTED KaybIMAACTbIFbI, XXEMLLOI KOPbl, MAA alo, ABPIAIK 6CIMAIKTEP.

Nassyrov N.B., Kurmanbaeva M.S.

Al-Farabi Kazakh National University,
Kazakhstan, Almaty, e-mail: nasyrov.nurzhigit.1996@gmail.com

Assessment of cultural-technical condition of plants in pastures
of Kayrakta rural district of Aitekebi district of Aktobe region

This article provides a systematic list of plants, geobotanical characteristics, cultural and technical
condition, economic values and forage reserves of pastures in the Kayrakta rural district of Aitekebi
district of Aktobe region. In addition, the geographical location of the study area, topography, water
resources, climate and soil cover were fully studied and analyzed. The total number of pastures is
determined by districts, and their classification and contours are shown on plant associations. The
study revealed 30 types of plant associations, 12 subtypes and 13 modifications. Types are divided
into 16 groups, each of which is described individually.

Detailed information was obtained on the seasonal use of pastures and the events held there, the
total feed stock and its consumption in agriculture. As a result, 88 species from 24 plant families were
recorded in the area, 22 of which are eaten by livestock. Among them are eaten or poorly eaten, as
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well as toxic and medicinal plants. In order to reduce degraded pastures, recommendations were made
to improve livestock grazing on 1,030 hectares, reduce pastures on 4,970 hectares and fight weeds on
93 hectares. Based on the results obtained, maps of the study area were mapped and indicators were
recorded.

Key words: pastures, topography, water resources, soil cover, climate, plant associations, feed
stock, livestock grazing, medicinal plants.
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OueHKa KyAbTYPHO-TEXHMUYECKOTO COCTOSIHUS PAaCTeHHUi
B nacTomuax KaipakTMHCKOro ceAbCKOro okpyra
AiiTeke6miickoro paiioHa AKTIOGMHCKOM 06AQCTH

B AaHHOM cCTaTbe MPUBEAEH CUCTEMATMYECKUIA MepedYeHb PaCTeHU, reo00TaHUYeCKMX
XapaKTepUCTUK, KYAbTYPHO-TEXHUYECKOrO COCTOSHMS, XO3SMCTBEHHbIE LLIEHHOCTM M KOPMOBOM 3arnac
nactéuw, B KampakTMHCKOM CEAbCKOM OKpyre AMTEKeOMICKOro paroHa AKTIOOMHCKOM o06AacTu.
Kpome TOro, OblAM MOAHOCTbIO M3Yy4YeHbl M MPOAHAAM3MPOBAHbI reorparyeckoe MOAOXKeHMe
MCCAEAYEMOTO paiioHa, peAbed, BOAHbIE PECypCbl, KAMMAT WM MOYBEHHbIM MOKpoB. [lo parioHam
onpeAeAeHo 06lLLee KOAMYECTBO MaCTOMLIHBIX YTOAMIA, @ MX KAACCM(MKALIMS M KOHTYPbI MOKa3aHbl Ha
accouMaumsix pacteHuin. B pesyabTate uccaepOBaHMs ObIAO BbisiBAEHO 30 TUMOB PaCTUTEAbHbIX
accoumaumit, 12 noatmnoB n 13 Moamdukaumin. Tunbl aeaqatcs Ha 16 rpynn, Kaxaas U3 KOTOPbIX
OMMCbIBaeTCd MHAMBUAYAABHO.

bbira noAyueHa noapo6Hast MHOPMaLMs O CE30HHOM MCMOAb30BaHMM MACTOMLL, M MPOBOAUMbIX
TamM MeponpusaTHsx, obliem KOPMOBOM (DOHAE M ero MoTpebGAeHUMM Ha CEeAbCKOM Xo3sanctee. B
pesyAbTaTe B panioHe ObIAO 3apermcTpuMpoBaHo 88 BUAOB M3 24 CEMENCTB pacTeHWi, 22 U3 KOTOPbIX
noeapaetcss ckotoM. CpeanM HUX eCTb MOEAAEMbIE MAM MAOXOMOEAAEMbIE, A TakXKe TOKCUYHblE U
AEKAPCTBEHHbIE pacTeHMsl. B  LeAsX COKpalleHWs AErpaAMpOBaHHbIX nacTéumiy OblAM  AaHbI
PEKOMEHAALMM MO YAYHLIEHMIO Bbinaca ckoTa Ha 1030 ra, cokpauienuio nactbuuy Ha 4970 ra u
npoBectn 60pbby C COPHOM PACTUTEAbHOCTbIO Ha 93 ra. Ha oCHOBaHMM MOAYYEHHbIX PE3YAbTATOB
OGbIAM COCTABAEHbI KapTbl MICCAEAYEMOI TEPPUTOPUN 1 3a(DMKCMPOBaHbI MOKa3aTeAM.

KAtoueBble cAOBa: NacTOMLLHAS YrOAbS, PeAbed, BOAHbIE PECYPCbl, MOYBEHHbIN MOKPOB, KAMMAT,

accoumaums pacTeHuin, KOPMOBOM 3arac, BbiMac CKOTa, AEKAPCTBEHHbIE PACTEHMSI.

KpbickapTtyaap
I'a — rexrap
1. Kipicne

Man >KaWBUIBIMBIHIAFBl OCIMIIKTEPACH MOJ
OHIM ally YIIiH TOMBIPaKThl CYMEH, ayaMmeH,
KOPEKTIK 3aTTapMeH KaMTaMachkl3 €Ty TopTiOiH
JKAKCapTyFa, OHBI JKeN, CYy OPO3HACHI CHSKTHI
KaTepii  KyObUIBICTAapAaH  KOpFayFa  MOJCHU-
TEXHHUKAJBIK KYMBICTApIbIH MYMKIHJIT1 oOpacaH
30p. SFHH, Kepli KakcapTyFa OarbITTaIFaH TEXHH-
KaJIbIK JKOHE IIapyallbUIbIK-YHBIMAACTHIPYIIBIIBIK
nrapanap >KUbIHTBIFBI, MaJl )KaWbIIBIMIAPBIHBIH TO-
NBIPAaFbIH  JKAKCapTyFa >KOHE OHJA ©CETiH ©ecCiM-
nikrepre TurizeTiH acepi mMos. Ochl opaiina, Man
JKANBUIBIMBIHIAFBI OCIMIIKTEPIH KYPaMbIH, SKOJIO-
THSUTBIK-OMONIOTHSUTBIK ~ €PEeKIICTIKTEPIH  ecKepi,
reo00TaHUKAIIBIK 3ePTTEY KYPri3y aca MaHbI3/IbI.

ManpgapablH KalbIIBIMFA 9cep €TYiH peTTey,
O Mal >Kal JEHIeHiH XoHE Mal KaWbLIBIM
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TOpTiOIH Kajxaranall, FBUIBIMU HeTi3lle YHiecTipin
OTBIPY MYMKIHIIKTEPiH MMalanany apKblUIbI JKy3ere
aChIPBUTA B, bapiibiK sKalbUTBIM TYPJIEPIH/IC 6CETIH
JKOHE JKaWBUIBIM a3bIFBl KAyBIMIACTHIKTAPBIH KY-
palTBIH OCIMAIKTEPAIH OCIM-KEeTUTyiHIH OHOJIOo-
THAJIBIK  €PEKLIENIKTepiH 3epTTey KaKeT eTiiemi
[1]. Y# >kaHyapiapbeIHBIH OCIMIIKTEpre THTI3ep
9CepiHIH CUIaThl COJ OCIMIIKTePAIH EpPEKIICITiK-
TepiHe, MaJI )Kar Mep3iMiHe, OHBIH JCHTeiiHe XKoHe
KAWBUIaTBIH Maj TypJiepi MEH TYKbIMIapbIHA
OaiinanpicThl Oonbin TaObutanbl [2]. XKep Oerine
agaM Taiima OoyFaHTa JEWiH Je, TYSIKTHI jKaOaibl
Majgap TON-TOOBIMEH, Keijie eTe KeJieMIl TOoIl
(TaOBIH) Kypam SKalibUIFaH, anaija, OJapIblH
OCIMIIK KaybIMIACTBIKTapbIHA EpEKIIe ocep eTyil
TEK CyarTap MaHbBIHAA, >KOJIApIbIH JKHUEKTEpi
MaHaWpIHAa FaHa Oakkanrad. AJj, KeHiHI1 ecemci3
MOJIIIepACTi Y JKaHyapjapblH aJifblHa CaJIbIIl
O0akkaH amamiap Tipoimiri keH OalTak anikar-
TapAblH OCIMIIK KayBIMIACTBHIKTApBIH TYyOereii
e3repicTepre yumsipateiil oTelp [3]. Manmap Gap-
JBIK, eciMAiKTepi Oipaen xeil OGepMeli, COHIBIK-
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Akrebe 00IbICH OfiTeke Ou aymaHbl KaiipakThl aybUIIBIK OKPYTIHIETI MaJT )KalbUTBIMIAPBIHAAFBI OCIMIIKTEPIIH ...

TaH Mangel Oip JKepre Y3IiKci3 jkaiFaHmga, MaiiFa
YHaMJIbl ©CIMIIIKTEp OIpTiHACT KOFanaabl 1a, ojap
KEMEHUTIH, VyJbl, TIKeHIi, KaTTBl TYKTi, T.0.
eciMIIiKTep OachiM Meep/e KeOeHinm KeTei.
Maugap >kereH mernTepiMeH Oipre MIajJFbIHIBIKTaH
KOPEKTIK 3aTTapblH Ja ajbll OThIpajbl. by
KOPEKTIK 3aTTapIblH TeK Oip Oesiri FaHa onapablH
KUBIMEH Oipre KaiTa opanaapl, OUTKEHI TOYIIKTIH
Oenriyi Oip O6NIriH MIANFBIHIBIKTA €MEC, Kopa-
Japja HeMece IIANFBIHIBIKKA Oaphlll KalTaThIH
JKoJmapeiaaa etkizeni [4]. Jamansik xepaepae man
KA KYPFaKIIBUIBIKKA TO3IMCI3Iey OCIMAIKTEpAiH
OpHBIHA OipTiHIEI, OFaH OapBIHINA TO3IMII ©CIM-
JUKTEpIiH KeOeroiHe oKem corajbl. [lamanbik sxep-
Jiep MeH MIAIFBIHABI aliMaKTap eCiMJIIK KaybIMJ1ac-
THIKTAPBIHBIH MaJl JKaIOJbIH OCEpIHEH ©e3repy
caThUIApBl KAKCHl 3epTTenreH OonaThiH. Taburu
KabpUTBIMIAapAa TikeJeW Oakpuiayiap KypriyleH
0acka, eCiMIIK TYpJIEpiH 3epTTEYIll aMepUKaHIBIK
FaNBIMIAp «TYPAKTHl IMAPIIB» OMICIH KeHiHEH
konpanraH. OcelHmail skarpmaiima, Oenrim  Oip
JKepaepai TOPKe3[i MeTalul TOpJapMeH KOopIlay
JKOJILIMEH, COJI apaHbIH OCIMIIKTepiHe KaHIad na
Oip CYTKOpEKTUIEpIiH ocep eTyiH OoimbpMaraH
OomateiH. KelOip kepimepre Y# kaHyapiapbl
KipMEUTIHIIEH, KeHey Kopluayjap KOWBII, KeMip-
rimrepIiH eHyiHe MyMKiHIIK jxacaraH efi. COHbIH-
Jla, YIIHII KepIeri eCIMIIKTep MaldapIblH [1a,
KeMIprilTepAiH Ae dcepiHe yIblpaTblUFad. MyH-
mai  TokipuOenepIiH HOTWXKeci Talira TaHOa
OackaHmall KepiHil, MaJl Kalw TIPTIOI MEH Kalbl-
JMBIMFA TYCETIH callMaK opTypii OoJFaHma Mai
TypJepi eciMAIKTepre Kajlail oHE KaHIIAIBIKTHI
ocep eTeTiHiH Olryre MyMKiHIIK OepreH OonaThIH
[5]. XKaitbuteM menTepiH maimagaHyIbIH TCOPHS-
neik Heriznepin B.P. Bunibsimc, C.II. Cwmenos,
JLT'. Pamenckuii, T.A. PaboTtHoB, M. A. 1]anieHKUH,
H.T. HewaeBa, O.M. Mopo3sogsa, 3.1L. Hlamcytau-
HOB CHSIKTBI O€Nriii FampIMAAp FBUIBIMFA YJIECiH
KockaH. Kazakcran aymarbiHga Oyi1 OarbIT OOMBIH-
ma KYMbIC KyprisreH ransivaap: W. B. Jlapum,
WN.I'. Aunpees, XKX.A. XKXambakun, A.D. MenbHUK,
K.M. Monga6ekosa, A.I1. Makapos [6].

Ochl eHOEKTepli HEri3re aja OTBIPBII, eli-
Mi3[IiH 0aThIC ayJaHIapblHAa Mal >KaHbIIBIMIBIK
KepJepiH IIapyamblUIbIKTa TaialaHbUlybl MEH
OHZa JKYPTi3UIETIH HETI3ri JKYMBICTap Typajbl
3epTTeyJIep KYPTri3ii.

3eprrey abimarel peTiHzme Axre0Oe 0O0IBICHI
OliTeke OM ayJaHBIHBIH OHTYCTIK-OaThIC OemiriHme
opHanackaH KalipakTbl aybUIBIK OKPYTIHIH Mal
JKAUBUIBIMABIK JKepiiepi anblHAbl. OKpyT ayMarbl
xep OenmepiniH cumatel OoiprHma Opan Tayia-

PBIHBIH OHTYCTIK CileMAepiH KypalThiH MyFamkap
TaybIHBIH aliMarblHAa JKaTajbl. 3epTTEY ayaaHbI
opHalackaH banaranapik, ¥iaeITaiablK, Tamabik
e3cHIepl MeH AIbicali OYJIaFbIHBIH apajbIKTaphl
MyFamKkap TayJNapblHBIH IIBIFBIC TaPMaFrbl OOJIBII
cananateid 300 MmeTpiik Ouiktikreri sxepyiep. On
Tanaplk e3eHIHE Kapail TOMEHICHTIH Te0ei
JKa3bIKTapAaH TYPalbl. OCIMIIKTEp KaMBLUIFBICHI
mesai-1ananel  aliMakka TOH — O©CIMJIIKTEepACH
Typaapl. MyH/1a TanajiblK acThIK TYKBIMIACTap MEH
mesaik Oyramap >KOHE KapThUlaid Oyramap Kes-
neceni. ConbiMeH Katap (aopaHblH Oip >KbUIIBIK
AJIEMEHTTEPIH Ke3AecTipyre Ooabl.

Ocpl OarpITTa XYMBIC OapbIChIHA KOMBLIFAH
HEeri3ri MiHJeTTep:

1) KaiipakTsl aybpUABIK OKpYTiHIH TaOUFH
KaFJainapeiHa ToKTany (kep Oezepi, KIUMaThl, Cy
pecypcTapsl, TOMBIPaK )KaMbBUTFBICHI);

2) Okxpyr ayMmarbIHIAFbl HETI3rl  ©CIMIIK
TONTapbl MEH TYPJEPiH aHBIKTAIl, CUCTEMATUKAIIBIK
TI3IMIiH Xkacay;

3) Herisri xaiibUIBIMIBIK Kepiep MEH OHIAFrbl
OCIMIIK THINTEPIH aHBIKTAI, >KAWBLTBIMIAPIBIH
MaJIa3bIKTHIK OHIMJIUIITIH CeTnTeY;

4) XaltpueIMaapapl JKakcapTy MaKcaThIHAA
JKYPTi3UIETIH TIapaiapasl YABIMIACTHIPY JKOIIAPHI.

2. 3epTTey MaTepuaJapbl MeH dicTepi

3eprrey aiimarbl peTiHme AkreOe OOJIBICHI
Oiiteke O0m aymanel KalpakTel aybUIIBIK OKpY-
TiHer1 Maj XKalbUIBIMJIBIK JKEpIIep albIHAbBL. 3epT-
TEAreH AayMakThlH Kainbl aynaHel 78941 ra.
Herisri aybpur MaHBIHAAFBI KOHE MaJ JKalo epicrepi
0OJBIT  TaOBUIATBIH  KAWBUIBIMIBIK  JKepIep
MaHBI3[IbI 3ePTTEY JKYPri3yre KaXeTTi OOJIbI.

MyHJarbl aybul IIApYyallbUIBIK KapayblHIaFbl
JKepIepiH OapIbIFel IEPIIiK Maj ycTayFa apHaIlFaH
xkaibuibiMaap. Tek imiHapa IaObIHIBIKTAD MEH
ericTikTep kezaeceni. 3epTTey OapbIChIHAA aTalFaH
OKpYT ayMaFblH/IaFbl [apyanibUIbIK MaHbBI3BI 0ap
KAUBUIBIMAAPAAFEl  ©CIMIIKTED KaybIMIACTHIFBI
3epTTENIN, KAWBUIBIMIIBIK JKEMIION KOpPhl MeH
MayChIMJIBIK OHIMIUTIK IEHr e aHBIKTaJJIbI,

Teobomanukanvix 20ic

3epTTey KYMBICTAphl T€OO0TAHUKAIBIK JJIICTEP
apKbUIBl  YII KE3EHJC JKYPri3iimi: JadbIHIBIK,
JTAJIAJIBIK KOHE KaMepaJIbIK Ke3€eH.

JaiplHaplK  Ke3eHi. JIaWBIHABIK — KE3CHIHIE
KYMBIC JKYPTi3UIETIH HBICAH JKOHE 3epTTey
MacmTa0Obl JKOCTapiIaHabl;, KYMBICTHIH JKYPTi3iry
Mep3iMi KOCTIapIaHBII, AHBIKTANAAbI; KOCIAPIIbI-
KapTorpadusuIblK ~ MaTepuaniap >KHHaKTajalbl,
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3epTTeY >KYMBICHI KYPTi3lIETiH ayMaKThIH IIeKa-
pacel HaKTBUIAHBIN, OEKiTiIeAi; HbICAaH Typabl
TOJIBIK 9JIeOMeTTEepMEH TAaHBICHIN, OCIMIIK KaObI-
HbI, TAOUFU-KJIMMATTHIK JKaraaibl, TOMbIpaK Kaba-
Thl TypaJibl MOIIMETTEp IKUHAKTAJIAIBI; TaJay
KYPri3y VIIH alIbIHFBI JKBUIIApAa JKYpTi3iUreH
reo00TaHUKAJIBIK KOHE TOMBIPAK KAaOAThIH 3ePTTEY
Typanbl JKYMBICTapABIH KapTOorpadusiablk MaTe-
pUangapbl JKMHAKTalaIbl, TOMoOKapramap, (¢GoTo-
TUTaHJAp, ChI30aiap TaHIAIBIIN ATBIHAJIBL.

Hananeix ke3eH. byn ke3eHlie TeppUTOPUSHBL
PEKOTHOCIIUPOBKAIIBIK (AJABIH ajla 3epPTTey) 3epT-
T€y, MAaNa3bIKTHIK aJKanTapAsl Te000TaHWKAJBIK
KapTara TYCipy, ©CIMIIKTep *aOBIHBI MEH TOIIbI-
parblH cuUmnartay, TaOWFM Malla3bIKTBIK aJKarTap-
JBIH  MOJICHUTCXHHUKANBIK JKarJaiblH CHIIATTAIl,
ojlapAbl TUIMAI TMaiijanaHy >KoHE IKaKcapTy
mapajapblH  aHBIKTAy, a3BIKTHIK OHIMAUIITT MEH
A3bIKTBIH CalachlH aHBIKTAy, XUMHUSJIBIK Talaay
JKacayra OCIMIK VATUIEpiH ainy KOHE JallaibIK
Ke3eHJe JKWHAFaH  MaTepualiapibl  OHAEY
KYMBICTapHI Kyprizineni [7].

Kamepanaslk ke3eH. JlananblK Ke3eHIE )KMHAK-
TaJIFaH Marepuanjgap eHjaeneni. OHaey KyMbICTa-
pBI KE3iHIE 3EpPTTENETIH TEePPUTOPHSAHBIH (ropa-
JIBIK KYpaMbl aHBIKTAJIbBIM, HAKTHUIAHAIbI;, THIIOJIO-
THSUTBIK ~ KYpaMbl  KaJIBIIITACTBIPBUIAJIBI, TaOUFU
MaJa3bIKThIK aJKaNTap TUOTEPIiHIH Kiaccuduka-
IUSICHI JKACANAJIbl; MAOBIHABIKTAD MCH KAWBLIBIM-
JapIBIH OHIMALUTIT ecenreneni (Mep3iM OOHBIHIIA);
TaOUFH MalIa3bIKTHIK alKANTapIbIH Tre000TaHUKa-
JBIK KapTachl J>KaCaNIbIHBIN, MOJICHUTEXHUKAJBIK
JKaFmalbl  KoHE THIMAI Taimanany >KeHIHIE
YCBIHBICTap *kacanansl [8].

Onimoinixmi anvikmay a0icmepi

TaOuru >KaWbUIBIMAAPABIH OHIMIUIITIH aHBIK-
Tayaa OHIMIUTIKTI €CenTeymiH €Ki ofmici KOJMIaHbI-
naael. Onap: opy omici (TepTOYPHIIT ajaHIIa) KOHE
MOJIENIIK eciMaik Hemece Oyra omici (TIiK
TOPTOYPHIIT ajlaHIIa — TPaHCEKT). bipiamii omic
HIONTECIH XOHE JKapThlail OyTa eciMIIKTep YIIiH,
eKkiHmrici — OyTa jkoHe OipeH-capaH X)apTeutaid OyTa
OCIMJIIKTEp YIIH KOJIaHbLIa k! [9].

Opy aaici. Cunarrama xyprizetid xepae 1x1 m
TOPTOYPHIII Opy a JIAHIIACHI TIaiilaTaHbLIAIbI.
Erep KaybIMAACTBIKTBIH TPOEKTUBTIK >KaOBIHBI
Oipkenki Oosica, opy ajaHmacel 4 KakTapa, ai
eciMJiri cupek Oojca, amaHmacel 8§ KaWTapa
CaNIBIHYBI KepeK. byTtansl skalputeiMaapaa Oyranmap
apachIHJIAFbl alllbIK Kepre 1x2,5 M opy alaHmacsel
CaITbTHATBL.

OHIMJIUIITIH aHBIKTAY KE31HJIE Kbl CaJIMaFhl
(xemiHOEHTIH OCIMIIK TYpIEpiH Koca) IKOHE
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reKTapblHa [IEHTHEP a3bIKTHIK KYpFaK canMarbl (Oip
FaHa MaJMeH OoJyica J1a, JKENiHETIH ©cCIMIIK)
anbiHanel. COHBIMEH Oipre OCIMIIKTIH 3epTTey
Ke3iHAe BUIFa] cajMarbl Ja OJIICHEIl, O ocCiM-
IiKkTiH KeOy K03(h(PUIMEHTIH aHBIKTay YLIIH KepeK.
CoHapIKTaH opOip OHKYHIIKTE Oip peT eCIMIIKTIH
BUIFAJI CaJIMaFbl OJIIICHIN Typajbl. bapibik MatiMeT
ONaHKire  TONTHIPBUIBIN,  OJIIEeMi  IEHTHEpTe
alHaIJIBIPbLIAIbI.

Mooenvoix eocimoix 20ici. OMIICTIH IOIAITI
aJaBIMEH OCIMIIKTIH OpTalia eJIIeMiH aHBIKTay
JIOJIIITIHe, MOJENBIIK OCIMIIKTI TaHIayFa MXOHE
canblHa OaimanbicThl. bynm omic Oyra, kapTeuiait
OyTra >KOHE ipl MONTECiH OCIMIIKTEPIH ©HIM-
JIUTITIH aHBIKTAy YIIH KOJJIaHbLIaAbl. MonmenbIik
omicte 10x10 M TpaHCEKT canblHAIBL. TPaHCEKTTIH
imringeri Oyranap OWiKTIri MeH quaMeTpi OOHBIHIIA
2-3 Tomka OipikTipiyiesi. Op TONTAaH YCaKTapbIHAH
5-10, ipinepineH 1-2 eCiMIIK aJIbIHAJBI, OJIAP/IBIH
TOObI OOWMBIHIIA BUFANl XOHE KYPFaK CaJMarbl
enienei. Coman coH Oip ©CIMIIKTIH OpTalia ca-
MaFbl €CeMTEIiHII, TeKTapbIHIAFbl OCIMIIK CaHbIHA
IaKKaHJaFel OHIMAUNITT ecenTeneni. byramapmbry
JaHa caHbl opOip cumarray Ke3iHAE aJIbIHBII,
eHIMiTITI Aekanana Oip pet enmmenemni [10].

3. 3eprrey HITHHKeJepi KIHe
Tajaay

oJ1apabl

['eo0oTaHMKANBIK 3epTTCY alMarbIHBIH 3€pT-
TeNTeH Oeliri, KOMIBIOTEPIIK EeCeNnTey HOTHXKe-
ciume 78941 ra Kypamel, OHBIH IIIHAE aybII
HIapyanbuIblK xepiepi — 78508 ra, anm Oacka KoJI-
JaHbICTarbl kepiep — 433 ra Oonapl. MaciiTaObl
1:50000.

AybBUl IIapyamibUIBIK KEpIJIEPiHiH OapibIFbl
KaHBUTBIMABIK Jkepiaep — 78508 ra, am Gacka KoJi-
JAHBICTAFBI JKEPJIEPJICH: JKaIbIPaKThl OpMaHAap —
169 ra, cy xy#enepi — 194 ra, Xajaplk KOHBICTAHFaH
xkepiep — 70 ra.

ATpOKIMMATTHIK ~ ayJaHNacThlpy  OOWBIHIIA
KaiipakTs! aybUIIBIK OKPYTiHIH OapIIbIK ayMarbl eKi
arpoKJIMMAaTThIK ayJaHja opHaiacKkaH: [la — Kyprak
KBUTHI koHEe 110 — Kyprak BICTHIK. KIMMaTTBIK
JKaFmaimapelHa Kapail eki aygaH Ja eTe yKcac,
Oipak OipiHII ayZaH BUTFaIIBI OOIBINT KEeIeIi.

Oprama ToymikTik Temmeparypa  0°-tan
Xorapbl OonateiH Ke3eH 209-230 KyHre co3bUIajbl.
AS3CBI3 KE€3€HHIH CO3BUTYHI 4-4,5 alibl Kypausl.
Temmeparypa 100-meH acaThlH Ke3€HIETi JKaybIH-
mameiH Memmepi — 135-160 MM, anm >KbUIABIK
KaybIH-ITamslH Memmepi | aynanma — 250-320 mwm,
Il aymanma — 135-165 mm-gi kypaiael. JKeUIIbIK
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METEOPOJIOTISUTBIK ~ 3epTTEYyJiep YINiH OipHeme
KBUIBIK calbICTRIpyIapabl KapabyTak MeTeocTan-
HASACHIHBIH KOPCETKIMTepiMeH KenTipiireH. Ex
xbUTbl ail — minae (20,9°C), eH cybIk aii — KaHTap
(-16,4°C). XKemapIk opralia aya TeMIepaTypachl —
3,5°C. JKaybIH-IIaIIBIHHBIH KO MeJIIIepi MaMbIp-
JaH IIUere JeiH JXoHe Ka3aH aWlbIHAa TYCei.
Kpic Ke3iHie KaybIH-IIAIIBIH OTE a3 MOJIIIIEpIe.

AtanFaH ayMaKThIH KIUMATBIHBIH CHITATTHIK
€PEeKIIeNiri XbUIIABIK JKOHE TOYIIKTIK TeMIlepary-
PaHBIH IIYFBIT ©3TePICIHEH TYBIHIANUTBIH JKOFapPhI
KOHTHHEHTAIIBUIBIKKA Colikec kenmenmi. JKammbina,
2017-2018 xputmapmarsl KapacTBIPBUIFAH Ke3€H
YUIiH Temrmeparypa KoFrapbl OOnibl. AJl, >KayblH-
[IAIBIH  MOJIIepi KOIDKBUINBIK OpTamia HOTH-
JKEJIEPMEH CaJIBICThIPDFaHAa TOMEH OOJIIbl Ja,
OCIMIIIKTEpPIiH ©6cyi MEH JaMyblHa KOJAMChHI3
JKaraail  TyreI3abpl.  ['€000TaHUKANBIK — 137ECTipy
MaTepuanuapbl OOWBIHINA OHIMIUIK  JICHTeHi
3epTTeY JKYPTi3UIreH KbIIBI KapaCTHIPHIIAITEI.

I'uaporpadusiblk ke KETKUTIKTI  TyprblAa
KaMTbUTFaH. MyHZa YIIKeH ©3€HIep KOK, Jece /e
yCcaK ©3CHIEp MEH CyFa TOJbI caillap KemTemn
Ke3zecei. AYBUIIBIK OKPYTTIH OHTYCTIK OeliriHeH
arplll OTETIH €H YIIKEH ©3eHAepiH Oipi — Tanmbik.
Tanaplk ©3cHIHE alTapibIKTall KOITEIeH arbIHJAp
— bamatannbik, ¥ABITANABIK KENN KYSIbl JKOHE
YJIKEH KeJIeMJIE aFbIHIBIK TOINTap Kypaujsl. by
©3CHIIEPIIH aHFapiapbl MApyallbUIBIK IIeH Mall
JKarora KOJ JKeTiMJi, eHOEKKe »KapamIbl OOJbII
Keleni. ©O3eH arblHBl OipHemie arbpIcTap MEH
cajalapiaH Kypajblll, KamMbIC IIeH KOFa CEKiIi
OCIMJIIKTEPMEH KaMThUIFaH. O3¢H aFbIHAAPhI JKbLI
IIMiHIe TYpakThl TYPAE arbic KacaMalpl JKOHE
KBTI ME3TUIepiHe Kapad arblHBI J1a QpTypIil
neHreine 0omanel. O3eHAepAiH KOPEKTeHYl aTMo-
cthepanbIk xKarmaina xypexi. HerisiHeH kekTemri
epireH Kap cybl MEH KY3Ti KYHTI1 KaHOBIp CybIMEH
KOpPEKTECHEHII.

"KazakCTaHHBIH >Ka3bIKTBIKTHl aiiMaKTapbIHBIH
TOTIBIPAFBIHBIH HETI3r JUAarHOCTUKAJBIK KOpCeT-
KilITepi MeH XKyHenik Tizimine" colikec Kaipakrol
aybUIABIK OKpPYTiHIH JKepJepiHle TeMeHAerinei
TOMBIPAK THIITEPi, THUI TaPMarbl, TYBICTAPBI YKOHE
TYpJIEpi aXKbIPaTBUIABL:

1) TY31BI alIBIK-CYP TONBIPAK;

2) MaXFBIHAB KOIMT1 alllbIK-CYP TOTIBIPAK;

3) KaranblK IIAJFBIHIB KOAIMII allbIK-CYP
TOIIBIPAK;

4) copTaH alIbIK-CYp TOIBIPAK.

MexaHUKaJIBbIK KYpaMbl — KYMJIbI )KOHE Ca3[Ibl.

KaiipakTsl aybUIIBIK OKPYTIHIH ayMarbl KYpFaK
JANaibIK JOHII-TOJNKBIHABI JKa3bIKTa OpHAaJacKaH.

MyH/1a TOMEHAETIAe! TUNTEp TapasFaH: IMIeNTeKTi
IOHAI JAKbUIABI, IIONTEKTI JOOHAI JaKbUIIbBI-
JKyCaH/BI, MIONTEKTI AOHII IaKpUIABI KyCaH/bI-
adeMepii, ThIpcANbI-3eMepITi, TOOBUIFbLIBI-IION-
TEKTI JOHI JaKBUIIBI-OpTYPi IIeNTi, KapaxycaH-
JIIbI, KapaxKycaHabl-3deMepii, KapaxyCaHIbl-COJISTH-
KaJbl, OYHBIPFBIHABI, OYHBIPFRIHIBI-OpEeMepIi, aK-
COpaJIbI-COPaHAbl, AOH/I MaKbUIABI-OPTYPII IIONTi,
JOHII  TAKBUIIBI-aKMUSUTBI-)KYCAHbl, KaMBICTHI,
KBIPBIKTHI KaHbUTBIMAAp. MyHIaFpl KITUMAT TaOu-
FU OCIMIIKTEP/IH ©OCyiHEe alTapiibIKTail KOJaiIbl
OOJIBII TAOBLIABI.

IllenTexTi AOHAI MAKBUIALI, IIONTEKTI IOHII
JAKbULABI-KYCAH/IbI, IIONTEKTI IOHAI JaKbLIMbI-
KycaHAbI-3(peMepili  KaybIMIACTBIKTAp ayMaKThIH
Oapnblk  OemiriHzme, ambIK-CYp TY3Abl TOIBIpaK-
Tap/a KeHiHeH TapajFaH.

JIoMHHAHTTBIK ~ epekienikke Theipca MeH
Berere6o3 kay, Komimri OGerere menrtekTi JakKbii-
napsl MeH JlepxoB, Kexwmarslp xoHe bepre
KyCaHIaphI ue.

AymaHHBIH Kol OeiriHae TOOBUIFBUIBI-IION-
TEKTI JOH/II JTAKbUIIBI-OPTYPIIl IOMNTi, TOOBUIFBLIbI-
MIONTEKTI JOHII MaKbUIIBI-aBCTPUS KYCAHABI THII-
TEp AalIbIKCYP TY3Abl Ca3Jbl TOMBIPAKTa KEHIHCH
tapanraH. OnapablH apacblHIa KaHTaKThDKY-
CaH/IBI-IIONTEKT] MOHAI JAKbLIABI THUOTEP CaljIbl
KabUIBIMIAPAA KEe3IECEIi.

AyNaHHBIH OHTYCTIK OOJIKTepiHIe IIaFrblH
KOHTYp OOJNBIN  THIPCBIKKAYJIBI-3QEeMepi  THI
aIIBIK-CYpP TOTBIPAKTA KE3/IECE/Ii.

AynaHHBIH OapiblK OeJiKTepiHae ycak TeHOLT
Ty3im, skep OelepiHiH a3aiffaH >JEeMEHTTEpiMEH

Oipre KapaxycaHapl, KapaXyCaHIBI-dpeMepi,
KapaxXyCaHIbI-COPaHAbl, OYHBIPFBIHIBI, OYHBIP-
FBIHIBI-O(EMepITi,  aKCOPAJbI-COPAHJBl  THIITEP

aIIBIK-CYP COpTaH TOMBIpaKTa TapajfaH.

Caiinel )koHE ©3€H aHFapJapbIHAAFBl JKepiepue
IIAJIFBIHBI AITBIK-CYpP JKOHE JKaFajiblK AaIlbIK-CYp
HIATFBIHABIK ~ TOMBIPAKTapla JOHII  JaKbUIIbI-
opTYpii menTi, MOHII JAKBUIIBI-aKMUSIIBI-KY-
CaH[Ibl, KAMBICTBI, &KBIPBIKTBI THIITEP KE3AECEI].

Jananeik 3epTrey Marepuangapbl OOHNBIHIIA
(hnopuctukansik Ti3iM 88 TypmeH, 63 tysictaH, 24
TYKBIMIACTaH Typaabl. TYKbIMOAcTarbl TYp CaHBI
OoifprHIIa  ACTBIK TyKBIMOmacTap — 23 Typ,
Kypaenirynainep — 19 typ, Anabyramap — 17 Typ,
Bypmakrap — 6 Typ, Jlanarynainep — 3 typ, Tapan-
nap, lateiprynainep, Kopracemmenrep, Epinryi-
ninep, Paymanrynminep — 2 TYpHIeH XKoHE KallFaH
TYKBIMAAcTapia TeK Oip FaHa TYpIeH Ke3Iecei.
OCIMAIKTEp JKaMBbUIFBICHIHIAFBI JOMUHAHTTapFa 21
TYP ©CIMIIKTEpi KaTabl.
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bepinren 21 TypaiH OapibIFel AEpNiK Mal
KelTiH eciMaiktep. OHBIH immiHAe 4 TYp — ASPLIIK,
4 TYp — yJIBI 6CIMIIIK TYpiHEe katansl. KeH Tapanran
Tipmitik GopManapbIHbIH IMIIHIE KOIDKBUIIBIKTAp
75 TYp, OHBIH iNIiHAE Y3aK BEreTalUsUIBIK KEe3eH1
KOIDKBUIABIK ociMIikTep — 24 Typ, KapThUIai
Oyranmap — 5 Typ. bip xbuigsik ecimaikrep — 12
TYP, €Ki )XBUIIBIKTAp — 1 TYp FaHa.

3epTTey aliMarbIHAAFbl (DIIOPAHBIH 3KOJIOTHSI-
JBIK ~Tajjayiapbl KOPCETKEHICH: Kcepopurrep
JKa3bIKTapaa, al Me30(pUTTEep ©3€H aHFapiiapbiHaa
KCHIHEH TapaJiFaH.

JKep OenmepiHiH DdJIEMEHTTEpI  OCIMIIKTEp
YKaMbBUIFBICBHIHBIH TapallyblHIa MaHbI3IbI POJI aTKa-
pansl. AynaHHBIH OapiblK OeJliriHae YIKeH ayMak-
Thl KaMTBII IIONTEKTI AOHII MaKbUIABI JKaHbIIBIM-
nap, JKycaHjaap MeH 3(eMepiiepMeH KelleH Ty3il
TapanraH. JIepXoBXKycCaHIIBI KoHE KapakKyCaHIIbI
JKaWpUIBIMIAP J1a KEeH TapajraH. ©O3¢H aHrapiapsl
MEH OYJIaKTap/blH J>KarachlHJA KOKIICKTi >Kahbl-
JIBIMIAP JKYCaHIbI, COJISTHKAJbBI, AOHII JTaKbLIIbI-
OpTYpJi WIeNTi, MASHAI JaKbUIIBI-OPYHIIOBO-XKY-
CaH/bl JKaWBUTBIMJAPMEH KEIIeH TY3il TapaiFaH.
[lenTexTi MOHAI MAKBUITAPMEH Oipre Ke3IeceTiH
aBCTPHUA KyCaHbl OCIMIIK >KaMBUIFBICBIHBIH YPbLI-
raHblH Kepceremi. Kazakcran PecryOnmkachIHBIH
TaOWFM JKEMIION KJIACCU(PHUKALUACHIHA COMKec
3epTTEeNTreH ayMaKTarbl TaOWFHW JKEMIIOIl TOJ-
KBIH/ABI JKOHE TOJKBIHABI-TO0ET >Ka3bIKTapMeH
allKpIHJANA b, COHJIal-aK, oJICi3 JKETUITeH MKOHE
KapamaibIM OHTYCTIK KOMIMIi CYpPFBUIT TOIIBI-
pakieH cUmarTanagsl. 3epTTey HoTmkeciHae 30
TYpPTi OCIMIIKTep KaybIMIACTHIFBIHBIH THITEPI
aHBIKTaNBI, 12 THmme MeH 13 momudukarms
axpIpatbuibl. Tuntep 16 Tomka KikTemimn, opKaii-
CBICBIHA JKEKeJeW TOKTAJBINl CHUIarTaMa OepiireH.
ComapaeiH  immiHAe OackIMIBIKKA HE  TOITap
TOMEH/IE KOPCETUII.

Kayner orcativinvimoap mobwei, cadaxbo3 Kay
(movipca) bacvimovl2bIMEH

Tunrep men momudukanusiap: 2, 3, 4, 5, 2a,
3a, 4A, 4b, 4ba.

Kanner  aygans
Moaudukanus 2685 ra.

Kaynbl xalibuibiMaap TOOBIH IIONTEKTI TOHII
JAKBUIIBI, IMIONTEKTI MOHMAI JaKbUIIBI-3deMepi,
MIONTEKTI JOHII TaKBUIIBI-aKKyCaHbI, MIONTEKTI
JOHI  JaKbULIBI-KYCAHIBI-3()eMEpIi TUOTEP MCH
MIONTEKTI MOHAI MaKbUIABI-KYCaHIBI KoHE dde-
Mepii MOIU(UKAIMSI Kypaibl. ATajqFaH TOINTHIH
JKaWbUIBIMAApEl OKpYT OOMBIHINIA KEH TapajFaH.
TombIparsl amIbIK-CYp TYCTi TY31b6l. MeXaHUKaIbIK
KYpaMbl KYM/IbI )KOHE Ca3Ibl.

29394 ra, OHBIH IIIIHIE
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Tunteri mommHanT — Camak003 Kay (TeIpca).
KongomunaHT — menTekTi Ao nakeuiaap: Canak-
003 xkay(teipca), berere6o3 kay xoHe Komimri
oerere. CyomomuHaHT — 3¢emep TonTapsl: TONBIK
kusikeneH, lllenm »kiHimkemacak >kKoHE JKycaHIap:
JlepxoB xone Kekmarpp. YImiHImi OpbIHAA
JKOFaphlia KepceTinreH 3demepnep ToObl. Mou-
(ukamuagarkl  TOMHHAHTTap — COJM  THUIITETi
menTekTi AoHAI nakeupaap. CyOnoMuHAHTTAp —
)ycannap: Kekmarsip, bepte, Jlepxos.

TomnbIpakThlH ~ ©CIMAIKTEPMEH  MPOSKTHUBTI
KaMThuTybl 60-70%-1b61 Kypaiinel. [llentekti monmi
JMaKpUIIap MEH skycaHmapnbiH Owmiktiri 30-70 cM,
ademMepaep MeH 0OpTe KyCaHbIHBIH OHikTiri 5-20
cM, an ademepnep 3-30 cM. OciMAiK KaybIM-
JACTBIFBIHBIH KYPBUIBIMBI YIII SPYCTHI.

Kyprak MaccaHblH TUNTEri JKa3Fbl KAJIIbI
tycimi 7,5-10,0 m/ra. XKemmik MaccaHBIH MeE3Til

o .. KYP2AK CaIMax;
OOWBIHIIIA TYCIMI (L;/eayp—_,): KOKTEMJIE
Man azvlKmolk OIpaix

6,6 7,0 7,5 9,5 58 7,4
,Kazga — - ——, Ky3ae — - ——, KbICTa
3,7 4,8 4,4 5,7 2.8 3,7

4,6 5,8
1,8 2,0
Kyprak  MaccanblH  MoauuKanusIapAarsl
kasrbpl okammbl  Tycimi  8,5-10,2 mw/ra Kemmik
MaccaHBIH  Me3ria  OoWpHmIa  TyciMi  (y/ea
Kypeak caimax
Man azlKmlk OIpaiK

53 s

4 5,9
): KeKTemMae —— - ——, Xaza — -

8,1 6,7 17,9 4,6 6,1
e a—-—.
5,4 3,5 3,9 1,8 2,2

Kek men mMaccachIHBIH KenTipy kodddummenTi
50-60%-1161 Kypaiasl.

JKeMHiH >KOFapbl KYHABUIBIFBIHIA ©HIMJILUIIT
OOMBIHIIA KAaHBIIBIM Carachl HaIlap KOHE MaJla3bIK
KOPBIHBIH ~ OONyblHa OaiylaHbICTBI ~ OpTamIafaH
TOMEH OpTa JeHreiie.

IllenTexTi AoHAI MAKBUIALI, MIONTEKTI IOHII
JMaKpUABI-3eMepiti, MIenTeKTi MOHII AaKbLIIbI-
AKKyCaHJIbl, IIONTEKTI JOHAI JaKbUIIBI-KYCAHIBI
TUNTEPIiH KyJIbTYPTEXHUKAIBIK KaFaalbl — KYIITI
KayJaHFaH, MIONTEeKTI IOHAI MaKbUIIBI-KYCAHIIBI
MoIudUKanus — OpTamla YpbUIFaH, KYIITi Kay-
JaHFaH; agemepii Moau(UKaIKs OpTallla YPbIIFaH.

emren MaccachIHBIH XKeNliHyiHe 0aillaHBICTHI
HIONTEKTI JOH/II TAKbUIIbI KAUBLIBIMIAD KOKTEMT'i-
JKa3MBIK-KY3IIK TaimamaHyra KaTambl. bapibik
Majapael karora 0osansl. Ke3eHIiK IMIaObIHIBIK
OOJIBIM TAOBLIAEI.

Kexuwazvip sicycanowl srcativiivimoap moowl

Tunrep men Mmogudukanusinap: 9,10,11A,116

Kannet ayganst 1523 ra.
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Bepinren  ®aWbUIBIMABIK  TOH  OKPYITBIH
CONTYCTIK, OaThIC JKOHE OPTAIBIK OeiKTepiHae
TEeHOUTACHIN OpHAJaCKaH. AMIBIK-CYP TYCTI TY3IIBI
ca3fbl JKOHE KYMJBI TOIbIpakra OekireH. Tom
KypambiHna Kekmarelp xycannel, Kekmareip
KycaHapl-3emepii, Kexmrarsip JKyCaH/IbI-
MIONTEKTI JOHI TAKbUIIBI TUIITEP aXKbIPATHUIAIBL.

Jomunant — Kexkmarelp xycanbl. CyOmoMu-
HaHT — menTeKkTi nakeuiaap: Cagak603 Kay(Teipca),
Berere6o3 kay, Komimri Oerere; ademeprnepiacH:
Tonbik kuskenaeH MeH Tikmyiii3 meHreoac.

TonBIPaKThIH ©CIMIIKTEPMEH MPOCKTUBTI KaM-
TBUTYBI  60-65%-161 Kypahael. OCIMAIK KaybIM-
JACTBIFBIHBIH KYPBUIBIMBI €Ki SIPYCTHL. Ddemepiep
MeH Kexmmmarelp >kycaHbIHBIH, KomiMmri OerereHi
owuikTiri 3-30 cM, menTekTi goHaI nakbuigap 60-70
CM.

Kyprak wmaccaHbIH THIITET1
tycimi 3,8-7,0 w/ra.

Kemuaik MaccanblH Mesrin OoibIHIIA TycCimi

JKa3rbl  JKaJIIIbI

anm ,6 4,
(u/2a M): KOKTEeMAE — ——— , ’Kas3Ja
Man asvlKmolK Oipaix , ,
2,7 5,9 1,7 4,3 1,1 3,3
—— -2 Ky3le—-——, KpICTa ————,
1,6 3,4 0,9 2,1 0,3 1,1

Kek men mMaccachlHBIH KenTipy KO3 UIMEeHTI
45-50%-1b1 KypausI.

JKeMHiH »KOFapbl KYHABUIBIFBIHIA ©HIMJILUIIT
OOWBIHIIIA JKAHBUIBIM camachl HaIlap, Maa3bIK
KOPBIHBEIH ~ OoiyblHa  OalaHBICTBI  OpTamagaH
TOMEH.

Kexmarslp >xycannbl, Kekmarblp KycaHIbI-
ademepni, Kekmarplp KyCaHIBI-IIONTEKTI JOHI
JMAKbUILABl THUNTEPHIH KyJIbTYPTEXHHUKAIBIK JKaF-
Jaiipl Tasza, opTallla KayJaHFaH THIIKE >KaTKbI-
3BLTAJIBL.

JKemiment MaccachIHBIH JKeTiHyiHEe OalIaHBICTHI
aTallFaH KaWbUIBIMIIAD KOKTEMTi-Ka3bIK-KY3/IiK
naiiajganyra >kaTaabl. bapiplk mMangapapl Karora
oonansl. Kesenmik maOBIHABIK OOJIBII TaObIIAbL.
Maut xaro JKbUTbI Ke3eHIep/Ie XKYPri3iie/mi.

Jlepxos srcycarnovl srcativinbimoap moowvl

Tuntep mMen momudukauusiiap: 12A, 12Aa,
12b, 13A, 13b, 13ba, 14A, 14Aa, 14b, 14ba

Kammer aymaner — 23871 ra, OHBIH imIiHIE
moaudukanus 3641 ra.

bepinren »aHbUTBIMABIK TOM aIIBIK-CYP TYCTI
TY37bl KYMJIBI JKOHE Ca3/bl TOIBIPAKTa, IKEp
OenepiHiH OapibIK dJIEMEHTTepiMeH Oipre Tapal-
rad. JlepxoB xycauzapl, JlepxoB »xycaHIbI-dde-
Mepii, JIepXxoB JKycaHIbI-IIONTEKTI AOH[I AaKbLI-
OBl THITEP MEH JKyCaHIbI, JKyCaHIBI-IIONTEKTi
JOHAI  JaKbUIABI, YKAHTAKThI-)KYCaHIbI-IIIOITEKTI
JIOH/TI JaKBUIBI MOAU(HUKAIMSIIAPIAH TYPAIBL.

Tunreri momunant — JlepxoB xycanbsl. Komo-
muHaHT — Jleccunr »kxycanel. CyOqOMUHAHT —
ademepnep: Tombik KuskenaeH MeH Illem skiHimI-
KeMacax.

Momudukanusaarsl TOMHHAHT JIepXoB koHE
Kuiz xycanst meH Kpiprei3 sxanTak. Komommu-
HaHTTapFa —  KycaHAbl  MOIUUKAIUAIAFEI
ABcTpus xoHe Mapimai xxycassl kaTtansl. Cyomo-
MuHaHTTap — 3hemepinep (TonbiK KusikeneH, Poro-
TJIABHUK TPSAMOPOTHH, Bypadok MyCTBIHHBIN) XKOHE
menTekTi moHmI gakeurmap (Camak6o3  Kay,
Berere6o3 xay >xoHe Komimri Oetere).

TomblpakThlH ~ ©CIMIIKTEpMEH
KamThutybl ~ 60-70%-1b1  Kypaiiael.  OciMIik
KayBIMJACTHIFBIHBIH ~ KYPBUIBIMBI VI  SIPYCTEHI.
Odemepnep men beprte xkycaHbiHbIH OMiKTIri 3-15
cM, JlepxoB xycansl MeH Kogimri 6etere 20-30 cM,
ai menTekTi JoHml qakeuiaap 30-70cwm.

Kyprak MaccaHbIH THNTET1 JKa3Fbl KaJIIbl
Tycimi 4,2-6,6 m/ra.

JKemzaik MaccaHblH Me3rin OOHBIHINIA TyCiMi

MIPOEKTUBTI

2,9 4,4
(y/eq BTy, gokTempe —— -1, xasna
Ma azblKMulK OIpaiK , ,
4,0 6,6 3,4 5,6 2,6 4,4
—————, Ky34€ ——-——, KblCTa ————,
2,7 4,2 L9 3,0 0,7 1,4
Kyprak wmaccanslH  MoanuKanusIapIarsl

JKa3FbI )KaImbl Tycimi 7,8-9,1 1i/ra.
Kemaix maccanplH Me3rin OoWBIHIIA TycCiMi

KYDFaK caimax 1,8 4,8
(u/fea———————): KoKTeMIe ————— , ’Ka3aa
Man azblKmulk Oipaix

3,0 8,0 54 7,9 4,0 6,2
—— ——— KY3 BIC .
2,0 4,6 3,2 3,9 L3 2,1

Kek men mMaccachIHBIH KenTipy Kod(hdUITUEeHTI
50-55%-151 KypaniasL.

JKemHiH oFapbl KYHABUIBIFBIHIA OHIMILIIT
OOMBIHIIIA JKAWBUTHIM CaItachl Mala3blK KOPBIHBIH
00ybIHA OalJIaHBICTHI OpTAllla, OPTAIIaaH TOMEH
JKOHE Harap.

JlepxoB kycauzasl, JlepxoB ikycaHIbI-3¢e-
Mepii, JIepXoB >KyCaHIBI-IIIONTEKTI AOHII JTaKbLI-
IIBI THNTEPIIH KyJIbTYPTEXHUKANIBIK JKaFIaibl Ta3a,
aJ JKyCaHJIbl, KYCaH/bI-INONTEKTI JOH/I JaKbLIIbI,
KAHTAKTHI-)KyCAHBI-IIIONTEKTI  JOHAI  JaKbUIIBI
Moau(pUKanusIap opTalia YPhUIFaH JKOHE OpTaliia
KayJIaHFaH TUIIKE JKaTKbI3bLIA/IbI.

JKemimenr MmaccachIHBIH JKeJliHyiHe OaiIaHBICTHI
aTaiFaH > KaWbUIBIMIAD KOKTEMIi-XKa3IbIK-KY3IiK
naijananyra kaTaipl. bapiblKk Magapbl Karra
0onanpl. KeseHaik 1maObIHABIK OOIBINT TaOBLIAbI.
Maut *xaro KbUTbl KE3CHIIEP IS JKYPri3iiei.

Kapa sicycanowvt srcaiiviivimoap moowi

Tunrep men momudukausiap: 15, 16, 16A, 17
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Kammer aygansr 12232 ra, riuae
Monudpukanus 282 ra.

Kapa xycanipl )xallbIbIMIap aybULIBIK OKPYT-
TiH OapnplKk OejiriHAe ambIK-CYp TYCTI cop-
TaHapaa ke3gecenmi. Kapa KkycaHmwl, Kapa
KycaHnel-opemepii, Kapa  KyCaHIbI-KOKIIEKTI
JKOHE Kapa KYCaHABI-COPAaHIbl THIITEP MCH
acdheMepiti MoTubUKAIIIIAP KOPCETUITCH.

Jomunant — Kapa xycan. CyOnoMuHaHTTap —
ademeprep: Tonblk KusikeseH; copanaap: Jleccuur
Kapamaray, bo3 xkexkmek, JKamamkymak, Cop
Oyiteipreid, Bypni capeicazan, TapOak TOpFailoTHI.
Momundukanusaarsl JOMUHAHT — TONBIK KUSKOIIEH.

TombIpaKTEIH ©CIMIIKTEPMEH MTPOCKTHBTI KaM-
ThuTy Bl 40-45%-161 Kypaiigel. OciMIiK KaybIMaac-
TBIFBIHBIH KYPBUIBIMBI €Ki spycThl. JKamaHKyIIaK,
Cop OyitbipreiH, JleccuHr kapamaray, TapOax
TOPFaioTHI MeH bypii capricazan OmikTiri 5-10 cMm,
Kapa xycan men bo3 kexnek 15-40 cm.

Kyprak MaccaHbIH THUNTETi JKa3Fbl IKaJIIbI
tycimi 3,1-4,9 1/ra.

Kemnik maccaHelH Me3rin OoibIHIIA TycCiMi

OHBIH

0,5 0,4
(uf2q—P8I . wokTeMue —— - —— , xa3na
Man azvlKmolk OIpuix , ,
0,6 2,2 3,4 L9 2,8
—— , Ky3/le ————, KbICTa — ——— .
0,3 L3 1,6 0,5 0,8
Kyprak  MaccaHblH  MOJU(UKAIUSIIAPIAFEI

JKa3FBI KaIMbI Tycimi 1,9 m/ra.
JKemaik MaccaHblH Me3ril OOMBIHIIA TYyCiMi

( w/z2a KYPFaK caima

2,7 L9
——): KeKTeMIe — , 'ka3jga —,
Masn azelkmolx Oipiik 1.9 0

s s

1,4 1,1
Ky3Ie — , KbICTa — .
0,7 4

Kok mern MaccachlHbIH KeNTipy KOdQQHIUEHTI
55-60%-1b1 Kypaniabl.

JKemHiH XOFaphsl KYHABUIBIFBIHIA ©OHIMIIIITI
OoHBIHIIA >KaWBUIBIM callachl OpTalla MalasbIK
KOPBIHBIH 00JTybIHA OaliIaHBICTHI OpTaIla.

Kapa xycannel, kapa xycanasi-dodemepi, Kapa
JKYCaH/IbI-KOKIIEKTI JKOHE Kapa >KyCaHIbI-COPaH/bI
TUNTEP KyJIbTYPTEXHUKAIBIK XKarnaiibl OOHBIHIIA
Taza, oddemMepnai  MoauduKauMsUIAp — OpTamia
YPBUIFaH TUIKE KaTKbI3bIIaIbI.

JKemrienn MmaccachIHBIH JKeNiHyiHe OalIaHBICTHI
Kapa >KycaHJIbl >KalbUIBIMIAp KY3[iK MaiiaaiaHyra
kataapl. KoM, emki jkoHe >KBUIKBIIAPIBI JKarora
Oostazpl. Man karo >KbUIBI Ke3eHepAe JKYprisiieai.

Copanasl KalbpUIBIMAApP OKPYTTIH OapIibIK
ayMarblHIa Ke3zecedi. Tom KypaMblHIa KOKIIEKTi-
Kapa >kycaHnsl >koHe CopaHmbI-Kapa >KyCaHIIbI
tuntep O6ap. AIIBIK-CYp TYCTiI COpPTaH TONBIPAaKTa
TapajFaH.

Homuuant — bo3 kekmek (kexmek). Komomu-
HantTap — Kyipeyik sxoHe JleccuHr kapamartay.
CybOnomuHaHT — Maiikapa sxycaH.

TonblpakThIH ©CIMIIKTEPMEH MPOSKTHBTI KaM-
ThuUTybl 40-50%-161 Kypahasl. OCIMAIK KaybIMJIac-
TBHIFBIHBIH KYPBUIBIMBI €Ki sipycThl. JKamaHKynak
ned Kyiipeyik Owmikriri 30-40 cm, an KainraH
copaH/iap MEH Kapa XyCaHHBIH OHIKTITi 5-15 cm.

Kyprak w™accaHblH THOTEri JKa3Fbl IKAJIIBI
Tycimi 5,7-6,2 w/ra.

JKemmik MaccaHbIH MeE3Tia OOWBIHIIA TYyCiMi
( L(/ZCI KypFaK caimax ): 2,8 4,8

— Ky3ne —-——
Ma a3bIKMoIK OIpaiK 1.9 2.1

s s

KbICTa

3,8 3,8
L1 1,3

Kexk men MaccachlHbIH KeNTipy KO3QQHUIHUESHTI
50-60%-1161 Kypaiasl.

JKeMHiH XKoFapbl KYHABUIBIFBIHIA OHIMILIIT
OOMBIHINA JKAaWBIIBIM callachl JKaKChl Maja3blK KO-
pHIHBIH ~ OoilyblHA ~ OaiJIaHBICTHI  OpTaIIaaH
JKOFapHI.

Kexkriekri-kapa KycaHIbl 9HE COpaHIbI-Kapa
KyCaHABl THUOTEP KYyJIbTYPTEXHUKAJBIK >KaFIaibl
OOMBIHIIIA Ta3a THUIIKE KATKbI3bLIAIbI.

JKemiien MmaccachIHBIH JKeNiHyiHEe OalTaHBICTHI
aTayfaH  OKaWBUIBIMIAp  KY3IiK  IMaiganaHyra
xatajpl. KoM, emki jkoHe KBUIKbUIAPIbI JKAlFa
0oaer. Mait skaro KbUTbI KE3SHIEP/IE JKYPri3iiei.

Kamvicmor srcativiivimoap moowi

Tunrep men momudukanusiap: 29

Kanmer aynanst 157 ra

Ton 6ip FaHa KaMbICTBl THUNTEH Typaabl. JKa-
FaIIBIK aIIBIK-CYP TYCTi IMAIFBIHABIK KOIIMT1 Ca3/Ibl
TOMBIpaKTa ©3€H aHFapllapbl MEH JKarajapblHja
TaparaH.

TonpIpakTeIH ©CIMIIKTEPMEH MPOCKTHBTI KaM-
TeiTybl  80-85%-1p1 Kypaiinel. OciMIOiK KaybIM-
JACTBIFBIHBIH KYPBUTBIMBI Oip sipycThl. KaMbICTBIH
ouikTiri 180-250 cm, an gaksuimap 70-90 cm.

Kyprak wmaccaHblH THUNOTErl JKa3Fbl Kb
TYyciMmi 7,6 1/Ta.

JKemnik MaccaHblH Me3ril OoibIHIIA TyCiMi

. KypFaK caimax 3,8 3
Copanowr xcativinbimoap mobwr (bosz kexnex — (U/2a——————): KoKkTeMae —— , *ka3la ——,
Man azvlKmolk OIpaix 1.7 21
bacvimovl2bIMeH) ’ ’
Tunrep Men Mogudukanusinap: 22, 23 KYgﬂeﬂ, KHCTaﬂ )
Kanner ayganst 3057 ra L1 0,7
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Kex men MaccachlHBIH KeNTipy KOIQQHUIUEHTI
70-80%-1b1 Kypanabl.

JKemHiH >KOFaphl KYHIBUIBIFBIHIA OHIMIUIITI
OOMBIHIIIA KAWBUIBIM Calachl KaKChl MaJIa3bIK KO-
PBIHBIH OONYBIHA OaiIaHBICTHI OPTAIIAAaH TOMEH.

KaMbICTBl THI KYJIbTYPTEXHHKAJIBIK >KaFIalibl
OOWBIHIIIA Ta3a TUIIKE JKATKBI3bLIA/IbI.

JKemiment MaccachIHBIH JKeTTiHyiHe OalIaHBICTHI
JKAMBUIBIM  KOKTEMTI-)Ka3FbI-KY3/IIK Taigananyra
JKaTanbel. bapnelk Manmgapasl skatora O6omaael. Man
JKaI0 KBUTBI KE3CHCPIC KYPri3ijemi.

JKalpmpIMIapaelH ~ apachlHIa  MayCBhIMJIBIK
KOJTaHBUIYBIHA  Kapail  KOKTeMTi-)Ka3FbI-KY3Tl
KaUBUTEIM OackIMABIKKA He. OHBIH aynansl — 61494
ra (78,3%). KexreMri-xas3fbl-Ky3Ti *KeMIIen KOpbI
392314 1 xyprak macca Hemece 242331 11 sxemiren
OipJIiria Kypaisl.

Kysri kadipmieiMmap aymanel — 16248 ra
(20,6%). Ky3ri >KaWBUIBIMHBIH JKEMIIOI KOPHI
59974 1 kyprak macca Hemece 31448 1 xemiuen
Oip:iriH Kypanasl.

Kexkremri-ky3ri skalbUTBIMIAp/IbIH ayaHbl 766
ra (1%). Kexremri-ky3ri »XKalbUIBIMHBIH YKEMIIOI
Kopel 1875 1 Kyprak Macca Hemece 1166 11
XKeMIIen OipiriH Kypansl.

KaiipakTsl aybUIIBIK OKPYTi OOMBIHIIA KAJIIBI
skeMmien Kopbl 454163 1 Kyprak Macca HeMece
274945 11 xemimen OipiiriH Kypanasl. bymaH misira
KeJie, MaJl albUIBIMBIHBIH JKYPri3iny ke3eHi 150
KYH/I KYpaiabl KOHE JKEMIION KOPBIHBIH KaJIIbl
kejeminae 454163 1 Kyprak macca OKpPYyr ayma-
FeIHAA IapTThl Typae 1195 xoil OacklH ycTayra
MYMKIiHIIK Oepei.

KalbisIMaapblH MOJCHU-TEXHUKAJIBIK JKaF-
JaiiblHa ~ COWKeC KOpCETKIIITep TeMEHICTieH
00 IBI.

KadipsiMaapbiH xaimsl kejaeminen 78508 ra
xepaeH Tasa tunke — 34879 ra (44,4%), Oyra-
nanrad tunke — 3334 ra (4,2%), TeIpcasbl THIIKE —
35201 ra (44,9%), aemepMeH xoHE Oip JKBUIBIK
COpaHIapMEH apajac COFbUIFaH Tumke — 143 ra
(0,2%), exiHIILTIK KycaHbl 6CIMIIKTEPMEH apaliac
corpurran THNKe — 4351 ra (5,5%), a3 xemiHeTiH
JKOHE MYJIE JKEIIHOSUTIH OCIMIIKTepMEH apajac
corputran Tunke — 600 ra (0,8%) xarassl.

KaiipakThl aybUIABIK OKPYTiHIH OENriii Kalbl-
JTBIMIBIK ayJaHAapbl WHTCHCUBTI KOJJIAHBLIAIBI.
OchIFaH opail KalbsIIeIMIapaa dpemMepti, a3 xKoHe
MYJe SKETIHOCWTIH, YJbI, EKIiHIIJIK KyCaHIbl
eCIMIIIKTep Ke3/aecesi.

1-kecte — XKaiibutbIMAaPIbIH caNlaChIH OHIMILTIM OOMBIHIIA OaFanay

KaiipubiMaapast JKaitbuTeIMAap IbIH 11/Ta XKEeMIIeN OipJIiriHaeri HIMIIIr OOMBIHIIA canackl
naianany abH opTamanaH opTamanaH
YCBIHBUIATBIH JKAKChI JKOFaphbl opTama TOMEH Harap
MayChIMIaphl
KekreMri-»a3rbl- 11,0-nen »xorapbl 7.0-11.0 4.0-6.9 2.0-3.9 2,0-neH TOMeH
Ky3ri
Keoxremri 7,5-TeH KOFapsl 5,5-7,5 3.0-54 1,2-2,9 1,5-TeH TOMEH
Kysri 3,0-4,0 2,0-2,9 1,0-1,9 - 1,0-1eH ToMeH
Kexremri-ky3ri Exi MaycpiMza Oip OaraaHajsl

2-kecte — XKaiibuIbIMaap MEH HIa0bIHABIKTAPAAFbI )KEMIIIOII CallachlH OHIMILIITT OolbIHIIIA OaFanay

KaitpisiMaapas! naianany ibH
YCBIHBUIATBIH MayChIMIaphl

JKaiibuibiMaap MeH MaObIHABIKTapIaFbl
JKEMILIONTIH OHIMILIIr OOMBIHIIA CAITachl
(100 Kr ayasbIK-KYpFaK a3bIKTaFbl dKEMIIOT
OipJIiriHiH caHbl)

HKAKCHI opraa Hamap
Kexremri 68-1eH KOFapbl 51-68 51-neH TomMeH
Kexremri-xa3rbI-Ky3ri 50-1eH xKorapbl 40-50 40-TaH TOMEH
Kys3ri 40-TaH >x0Fapsl 30-40 30-1aH ToMeH
[TabbHABIKTAp 45-TeH KOFapsl 45-35 35-1TeH TeMeH

MomudukanusiapMeH KepceTUIreHae aerpa-
JAIUsIFa  YIIbIparaH JKaWbUIBIMIAPIbl KBICKAPTY
MakcaTtbiHga 1030 ra sxepae Man sKarodbl KaJbIIKa

kentipy, 4970 ra xepae >KaWbUIBIM KYIIIIH a3alTy
JKoHe 93 ra Keplie apaMIIenTepMeH KYpec Kyprizy
CEKiJI/Ii YCBHIHBICTAp KacalIbl.
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Kaiibiiblmoaposbt  payuoraniovl  NAtodlaHy.
JKaitpuibIMIap MEH >KalbLIBIMABIK >KEMIIOI KaH-
yapiap YIIiH MaHb3IbL JKackll mienTep »KOrapsl
KOPEKTIK JKeMIen Typi 00isIT TaObiamsl. JKakchl
JKaMBUIBIMAAPABIH IIONTepi, ocipece IoHAI Ja-
KBUIBI-OYPIIAKTHI ©CiMAIKTep KOCHIHABICH 100 Kr-
nma 10 kxr geitin 6enox men 100 >xkemmmen OipiririH
Kypaiiael. Onan Oeliek, a3bIKTHIK MIONTIH CiHIM-
Imiri kex memnke KaparaHma 15-20%-ra TemeH
Ooonaanl. JKalbUIBIMABIK KOK IIOITE, MbIcajara A
BUTaMHHI a3BIKTBHIK IIenTerire kKaparanga 10 ece
kemr Oomasnel. JKaHyapiapaplH oCyi MEH JaMybIHa
TYPaKThI 9CEp €TEeTIH MHUHEPAIIbI 3aTTap (KaJIbIIHi

3-kecTe — OCIMIIKTEPIIH OHIMITITT MCH XUMHSIBIK KYpaMbI

MeH Qochop Ty3maphl) >KaUBUTBIMIBIK MIOITED
KypamblHaa Oomysl mapT. JKalbuibM  Kypambl
KaHyapiapra Kem JKakTel ocep eremi. On
TYJTIKTEPOiH  AYpBIC  JTaMybl MEH  OCYiHiH
JKaKcapyblHa KOJIAWJIbl JKarJail jkacam, opTypJi
aypyJiapra Te3IMILIIriH apTThIPaIbL.

OcwIHIaM MariMeTTepre calkec, 3epTTey ayma-
FBIHBIH aHBIKTAIFAaH MaJIa3bIKTHIK KEMIIO JaibIH-
JlayFa TiKeNel ®apamabl oCIMAIKTePAIH XUMHUSIIBIK
KYpaMbl aHBIKTAJIbIN, OHJIAFbl KE3JIECETIH TaOuru
OpPTraHHKAJIBIK 3aTTap MEH JKaJIbl JKEMIIeI Mac-
CaCBIHBIH, a0COJIIOTTIK OHIMOIIIK AEHIeHl calbIC-
THIPMAJIBI TYPFBIJIA aHBIKTAJIIBIL.

100 kr abc. Kyprak
YKemmenTiH abCOMIOTTI KYpFaK 3aThIHIA Ke3necei, %o JKEMILIOIITE
Ke3zjecei, Kr
Ne OciMaik Typnepi K = < E o =
MayChIMBI = & o o < E E g E
& = £ i 3 B3 s 2
& s g ® E& | t©
= 2 BB %
Q
1 2 3 4 5 6 7 8 9 10
1 Konimri 6etere KBIC 3,77 0,93 39,97 46,42 8,91 2,08 42,6
(minwak) KOKTEM 13,67 2,97 27,82 45,99 9,55 9,06 72,8
Ka3 7,97 2,69 33,99 47,65 7,70 5,10 61,0
KY3 6,19 2,99 36,22 46,76 7,84 3,81 51,3
2 Berere6o3 xay KOKTEM 11,90 3,17 29,13 49,39 6,40 8,64 75,2
xKas 7,01 3,31 33,28 19,14 7,26 4,69 67,4
KY3 3,92 3,70 36,48 50,47 5,43 3,18 59,2
KBIC 4,41 1,74 35,38 51,83 6,64 2,34 47,7
3 Canak603 Kay KOKTEM 15,50 2,42 25,96 48,60 7,52 11,13 82,4
(moipca) xKas 4,84 2,62 33,80 52,58 6,16 2,01 57,6
KYy3 5,30 2,43 35,50 50,90 5,87 3,15 55,7
KBIC 2,84 1,30 38,68 53,38 3,80 1,40 43,0
4 Tapaxk OumaiibIk KOKTEM 21,52 3,30 26,22 40,17 8,79 15,70 83,0
Kasz 7,63 2,80 31,85 52,53 5,19 4,96 60,6
KY3 4,72 2,48 36,20 51,66 4,94 2,14 45,5
KBIC 4,26 1,16 39,04 48,19 7,35 2,25 76,3
5 JKyambIkTs! KOHBIpOAc KOKTEM 12,22 2,44 28,97 49,72 6,65 8,52 104,8
Kas 6,25 1,87 33,24 53,31 5,33 3,83 87,2
KY3 3,72 1,50 40,06 49,89 4,83 1,98 78,6
KBIC 6,04 1,10 38,23 45,81 8,92 3,26 56,7
6 BEITBIpaHKBI aKMaMBIK KOKTEM 11,65 2,58 30,87 47,68 7,22 7,24 65,9
xKas 6,72 1,98 32,68 51,50 6,60 3,98 66,1
KY3 5,00 1,58 36,10 51,63 5,69 2,71 65,4
7 Tatap Teckeit Ka3 10,41 4,44 22,61 53,27 9,27 5,62 66,0
KY3 9,17 5,03 25,24 52,49 8,07 4,95 66,2
8 Cop OYHBIPFEIH ka3 10,38 1,74 14,16 44,90 28,82 7,62 71,9
KY3 9,08 2,19 19,02 43,60 26,11 6,80 70,0
9 KbIC 3,18 2,75 45,77 40,52 7,78 1,68 35,9
Capent Kaybl KOKTEM 13,01 2,92 30,52 44,42 9,13 9,50 75,9
(muipcuix) Ka3 8,25 2,41 32,18 51,18 5,98 5,55 68,4
KY3 5,40 2,30 35,01 51,27 6,02 3,23 56,2
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3-kecmeniy orcaneacul

100 xr abc. Kyprax
JKemienTiH aOCOMIOTTI KYpFaK 3aThIHAA Ke3aecei, % JKEMILIOIITE
Ke3jecei, Kr
Ne Ocimuix Typiepi Maiiiﬁwm = o g 3 é = 5.z
2| F| ¢ | g g 22| 3%
2 g 2 = ° £2 | g6
E 2 = B %
Q
1 2 3 4 5 6 7 8 9 10
KBIC 3,27 0,45 36,13 53,45 6,70 1,75 47,1
10 Kpi3buior apnadac KOKTEM 11,69 2,59 29,30 47,07 9,35 7,95 69,1
Kas 8,29 2,52 32,29 49,34 7,56 5,25 66,0
KY3 5,24 2,34 36,39 48,05 7,48 2,81 45,1
11 Kotslp keknex JKa3 7,68 2,52 17,81 41,09 29,08 7,29 70,0
(>KaMaHKYJT1aK) KY3 10,19 3,08 19,01 43,43 26,80 5,68 70,4
KbIC 3,13 1,38 38,28 49,58 7,63 1,66 42,6
12 Jana koHsipbac KOKTEM 19,08 2,12 25,50 43,22 10,08 13,76 80,2
JKa3 5,24 2,28 33,33 52,45 6,70 2,46 63,2
KY3 5,68 2,11 36,12 48,80 7,29 3,14 61,6
13 KOKTEM 12,86 2,76 22,39 53,31 8,78 6,19 64,2
Harp13 Kp13611005y ka3 10,21 3,80 22,71 54,57 8,71 4,90 65,1
KY3 5,64 3,51 28,53 55,43 6,89 2,72 61,7
14 KOKTEM 13,46 3,42 25,31 49,29 8,52 10,08 80,1
Bepre xycan ka3 10,16 5,03 25,76 52,00 7,05 6,71 73,4
KY3 8,81 6,23 27,24 50,48 7,27 5,21 74,7
15 KOKTEM 15,67 5,12 21,33 47,80 10,08 11,49 85,6
JlepxoB xycansl Ka3 10,47 6,18 24,63 50,51 8,21 8,12 83,8
KY3 8,76 6,84 27,01 50,39 7,00 6,22 72,0
16 Jleccunr Tycti KBIC 6,57 3,96 28,42 55,88 5,17 2,81 46,0
KycaH KOKTEM 17,73 4,77 21,12 45,97 10,41 13,24 81,6
Kas 11,10 6,12 22,84 52,68 7,26 7,87 76,8
KY3 8,43 5,73 26,78 52,89 6,17 4,35 55,7
17 xKas 8,46 4,06 25,62 55,24 6,62 5,40 69,1
Kexkiarpip xycan KY3 7,65 4,01 26,31 55,81 6,22 4,51 61,0
18 KOKTEM 16,00 2,31 22,34 49,63 9,72 11,52 82,7
Maiikapa xxycan ka3 11,03 5,52 22,40 53,98 7,07 6,91 71,1
KY3 8,84 5,10 24,75 55,09 6,22 5,16 67,6
19 KOKTEM 14,05 1,69 21,58 51,07 11,61 11,10 79,4
Kebip xycan xKas 11,73 5,16 23,83 52,25 7,03 9,01 77,0
KY3 8,35 6,55 23,88 55,45 5,77 6,40 83,2
20 KOKTEM 12,04 3,50 30,42 45,01 9,03 7,17 67,8
TyliekapbIH axbIPbIK Ka3 8,58 2,48 31,01 48,76 9,17 4,96 66,6
KY3 4,92 2,24 34,69 49,07 9,08 2,92 57,8
KbIC 3,53 1,41 30,93 45,76 8,94 1,41 21,0
21 Komimri kameic KOKTEM 17,50 2,06 33,74 40,80 10,40 8,52 53,5
Kas 11,55 2,11 34,36 41,16 10,82 5,52 46,3
KY3 6,46 1,92 38,25 40,08 13,29 2,74 29,9
22 Kymebenek xKas 13,39 1,57 26,42 48,47 10,01 8,85 72,7
KY3 10,06 1,52 27,98 52,10 8,34 5,85 61,2
KopbIThIHABI KJTUMATBI, TOTBIPAK JKaMBUIFBICHI JKOHE OCIMIIKTEp
KaybIMIACTbITbl 3epTTeJ'Iil'[, HIOTWOKCJICD JKHWHAK-
Ocpnaiimia, Kypri3iireH  reoOOTaHWKANBIK  TaJIJIbL

3epTTEY JKYMBICTAPBIHBIH HETi3iHe, AKTo0e 00IIbI-
Chl OHTexke Om aymamel KalpakTsl ayBUIIBIK
OKpPYTIHIET1 MaJl XaNBIIBIMIBIK XKEePICPIiH JKAIITBI
KarmaWbel, TaOWrm sxep Oexmepi, cy pecypcTapsl,

AJBIHFaH HOTHKENEPre CoHWKec, OKpPYr ayMa-
FBIHJAFBl OCIMIIKTEPIIH JKAIIB CHCTEMATHKAIIBIK
Ti3iMi Kacamapl. AHBIKTamFaH 16 THITIK TOmTap
OOMBIHIIIA MATIMETTED JKIKTENII, OCIMIIK TUITEpi-
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HIH MayCBIMJIBIK )KOHE JKBUIJBIK OHIMJIUTIK JIECHI el
ecenrenai. OKpyr aynaHbIHIAFbl OapiibIK >Kaibl-
TBIMJIBIK  KEpJIEPIiH MAayChIMIBIK ITaii1aiaHbl-
nysiHa Kapail Kekremri-skasrbl-ky3ri, Kysri, Kek-
TEMTI-KY3Ti JIen KIKTENill, OJapAbIH Kalbl ayaa-
HBI JKOHE JKEMILOI KOpbl aHbIKTanabl. CoHJaii-ak,
Mal  [IapyallbUIBIFBIHAAFBI  HETI3ri  KeMIUell
OipmikTepi ecemTerim, TYTBIHY KOPCETKIIITEpi
alKBIH AN B

Oxpyr ayMarblHaH MaJl )KEWTiH HeMece a3 Kei-
TiH 22 Typmi eciMIiK TaOBLIbIN, SPKalCHICBIHBIH
MayCBIMABIK ~ JKEJiHYi, MaJa3bIKTBIK IKEMIION
JMAaHBIHIAyFa TIKEJIeH XKapaMIlbl ©CIMIIKTEPIiH XU-
MUSUTBIK KYpaMbl aHBIKTAJBIN, OHIAFbl Ke3[EeCeTiH
TaOUFKU OpPraHUKAaJIbIK 3aTTap MEH JKaJIbl JKEMILOI

MaccachlHBIH ~ a0CONIOTTIK ~ OHIMIUIIK  JIeHreii
CaNTBICTBIPMAJTBI TYPFbIJIA AHBIKTATIBL.
JKyprizinren  TeoOOTaHHMKANBIK  137ECTipy

JKYMBICTaphl aybll LIAPYaIIbUIBIK CalachlHIA YKOHE
OCIMAIKTEp KaybIMAACTBIFBI MEH OJapHAbl IYPBIC
naiiianany meHOepiHIe aca MaHbBI3Ibl 3epTTey
Oonbinn  TaObuansl. JKbLI  callbIHFBI Majll 0ackl
CaHBIHBIH OCYiHE Kapal, OCIMIIKTEp CaHBIHBIH
azalobl, MaJl JKalOAbIH JAYpBIC KYpri3iaMeyi
(ropanblK AYHHEHIH >KalIlbl CaHABIK a3alobl MEH
camnayiblK KOPCETKIIITEePIHIH TOMEHACYIHEe OKeil
coryga. Ocbl MakcarTa, 3epTTey KYpri3iireH
aiimMaK OOWBIHIIA SPTYPJI Majl >KAloABl JYPHIC
KYprizy Typajibl ic-miapanap YHBIMAACTBIPBUIBIIL,
YCBIHBICTAP MEH TaJlalTap €HTi31Ii.
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