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HIGH-THROUGHPUT SEQUENCING FOR DETECTION OF POTATO VIRUSES IN
NORTHERN KAZAKHSTAN

ANNOTATION

This study explores the use of high-throughput sequencing (HTS) technologies to identify and
analyze potato viruses in Northern Kazakhstan, enhancing our understanding of viral impacts on
agriculture. Focusing on viruses like Potato virus X (PVX), Potato virus Y (PVY), Potato virus M
(PVM), and Potato virus S (PVS), the research demonstrates HTS's effectiveness in detecting and
detailing these pathogens. The study's goal is to apply HTS for a comprehensive examination of viral
populations that affect potato crops in Northern Kazakhstan, an area where potato production is crucial
but faces challenges from viral diseases.

The research involved collecting leaf samples from symptomatic and asymptomatic potato
plants across different regions of Northern Kazakhstan, using a standardized RNA extraction method
to ensure high-quality RNA. This RNA was then processed into cDNA and sequenced using the
Oxford Nanopore MinlON platform, focusing on capturing detailed viral sequences for analysis.

The results detail the identification and genetic analysis of four key potato viruses. The data
showed high genomic coverage for all studied viruses, ensuring reliable detection and comprehensive
analysis.

The discussion highlights how HTS allows for the detailed characterization of viral infections,
including mixed infections. It points out the benefits of this technology over traditional methods, such
as its ability to detect low-abundance viruses and to provide rapid, accurate results that can inform
crop management strategies.

Concluding, the study reaffirms the value of HTS in modern plant pathology, particularly for its
high sensitivity and specificity in detecting plant viruses. The findings advocate for broader use of
HTS to improve the management of potato viruses, which is crucial for enhancing crop yields and
food security in Kazakhstan and similar regions.

Key words: high-throughput sequencing, potato viruses, agricultural biotechnology, Northern
Kazakhstan, virus detection

Introduction. High-throughput sequencing (HTS), also known as next-generation sequencing
(NGS), has revolutionized the field of plant virology. This powerful technology enables the rapid and
accurate detection of viruses, providing comprehensive insights into the viral populations affecting
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crops such as potatoes. This article explores the application of HTS in detecting potato viruses,
highlighting key studies and methodologies that demonstrate its efficacy.

HTS provides high sensitivity and specificity, comparable to quantitative PCR methods. Studies
have shown that platforms like lllumina can detect viruses at very low concentrations, offering greater
sensitivity than optimized quantitative PCRs [1]. The general-purpose HTS method has been validated
for detecting a broad range of viruses in diverse sample matrices, including both known and unknown
viruses. This method has proven its capability in accurately identifying viruses even at low genome
copy numbers [2].

Immunocapture of virions using virus-specific antibodies before HTS significantly enhances the
specificity of viral sequences. This method simplifies sample preparation and reduces costs while
maintaining high coverage of viral genomes, crucial for identifying rare sequence variations [3].

HTS allows the detection and characterization of mixed virus infections in potato plants.
Research on tomato and sweet pepper samples from Slovakia revealed the presence of Potato Virus Y
(PVY) along with other viruses, demonstrating the complexity of viral infections and the capability of
HTS to untangle these complexities [1].

HTS has facilitated the discovery and characterization of previously unknown or forgotten plant
viruses. For instance, the Henbane Mosaic Virus, which was first identified in the early 20th century,
was recently detected in tomato plants using HTS. This study highlights HTS's ability to uncover
obscure viruses and provide detailed genomic information [4].

Potato (Solanum tuberosum) is a staple food of global significance, originating from the South
American Andes. It was domesticated approximately 7,000-10,000 years ago, and its introduction to
Europe in the 16th century marked the beginning of its global spread. Today, it ranks as the fourth-
largest food crop in the world after maize, wheat, and rice due to its ability to adapt to diverse climates
and soils, high nutritional value, and ability to produce more nutritious food faster on less land than
any other crop. Potatoes play a crucial role in global agriculture, food security, and are a key
component in combating hunger and poverty [1].

Recent studies have analyzed the landscape of potato cultivation and its productivity, focusing
on different regions, varieties, and the impact of diseases. Notably, research indicates that potato
cultivation is vital in Kazakhstan, with various factors affecting its stability and productivity. These
factors include the level of agronomic practices, storage and logistics losses, and insufficient fertilizer
application. It is emphasized that there is a need to develop and implement support programs for
potato producers, increase seed production with a focus on high-yielding, drought-resistant, and
disease-resistant domestic varieties, as well as additional investments to enhance the level of
intensification, improve product quality, and increase competitiveness [2].

Moreover, it has been shown that the introduction of precision farming technologies in seed
production significantly increases the yield and quality of potato tubers in Northern Kazakhstan. The
study presented data on the yield and quality of virus-free potato varieties, indicating a promising
direction for improving seed quality and overall production efficiency [3].

In another study conducted in Northeast Kazakhstan, the development and productivity of
potato varieties bred in Kazakhstan were evaluated, identifying varieties suitable for cultivation in the
region based on yield characteristics and resistance to diseases and pests [4].

The prevalence of recombinant strains of Potato virus Y (PVY) in the East Kazakhstan region
underscores the acute need for research and development of effective strategies to reduce the spread of
these strains. This issue highlights the importance of implementing innovative technologies and
breeding resistant potato varieties to enhance production resilience [5].

These findings suggest a multifaceted approach to improving potato cultivation in Kazakhstan,
including technological advancements, variety selection, and disease control to meet local needs and
increase export potential [6].

Viruses represent a serious biological obstacle in potato cultivation. Over the past century,
starting with the discovery of the first potato viruses, our understanding of these disease agents has
deepened significantly. This knowledge has particularly expanded over the past decade due to
advances in high-throughput sequencing technologies in phytovirology research [7].

Among them, viral infections pose significant challenges, leading to substantial annual losses.
Approximately 40 potato viruses have been identified, with the most harmful being PLRV, PVM,
PVS, PVX, and PVY [6]. These viruses can be spread by insects such as aphids, leafhoppers,
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whiteflies, and nematodes, as well as through mechanical contact and occasionally through pollen and
seeds [7-12].

Potato plants can experience primary and secondary viral infections. Primary infection occurs
during the growing season when the virus spreads from infected to healthy stems, accumulating in
tubers, though some remain uninfected. Secondary infection involves the systematic movement of the
virus from the mother tuber to the entire plant, affecting all daughter tubers. Symptoms of viral
infection include various mosaic patterns, necrosis, leaf curling, and top rosette. However, these
symptoms are not always noticeable or pronounced, making it difficult to accurately identify specific
viruses based on external signs [7, 8].

Potato virus Y (PVY) is a significant global pathogen affecting potatoes. It is known for its
filamentous, helical shape and single-stranded RNA genome. PVY is primarily transmitted by aphids
and can also spread mechanically. It can significantly reduce potato yields, sometimes by up to 40%,
and when combined with other viruses, the losses can be even higher. PVY has several strains, each
characterized by different biological properties and symptoms [13, 14].

Potato virus S (PVS) is widespread in potato crops, known for its asymptomatic or mildly
symptomatic impact, making it difficult to detect. It is a Carlavirus transmitted through vegetative
propagation and contact between plants and can contribute to yield reductions, especially in mixed
infections [15-17].

Potato virus M (PVM), belonging to the Carlavirus genus, is transmitted vegetatively through
tubers and mechanically. Although it usually causes minor yield losses, it can lead to significant
reductions in the range of 10 to 40%, especially in mixed infections. PVM causes symptoms such as
marbling, mosaic patterns, wrinkling, and leaf curling [18, 19].

Potato leafroll virus (PLRV) causes up to 90% yield losses worldwide. It reduces yields by 20-
60% and is more harmful when combined with other viruses. PLRV, with its single-stranded RNA
genome, is primarily transmitted by the aphid Myzus persicae and can spread through tubers used for
planting [20, 21].

Collectively, these viruses present a complex challenge for potato cultivation, requiring
comprehensive control strategies to minimize their impact on global and local potato production.

The aim of this study was to diagnose a local potato variety common in the northern Kazakhstan
using High-throughput sequencing.

Materials and methods. A total of 477 potato leaf samples were collected from three different
regions of Northern Kazakhstan: 219 samples from Astana, 106 samples from Kokshetau, and 152
samples from Pavlodar. Each sample was collected from symptomatic and asymptomatic potato plants
to ensure a comprehensive representation of the potential viral presence.

RNA was extracted from the potato leaf samples using the Cetyltrimethylammonium Bromide
(CTAB) method, which is effective for high-quality RNA recovery from plant tissues. The steps for
RNA extraction are as follows: leaf tissues were homogenized in liquid nitrogen using a mortar and
pestle. The homogenized tissue was then transferred to a CTAB extraction buffer containing CTAB,
-mercaptoethanol, and polyvinylpyrrolidone (PVP) to denature proteins and polysaccharides and
protect RNA from degradation. The mixture was incubated at 65°C for 30 minutes. Following
incubation, the samples were mixed with chloroform alcohol (24:1) and centrifuged to separate the
phases. The aqueous phase containing RNA was transferred to a new tube and mixed with isopropanol
to precipitate the RNA. After centrifugation, the RNA pellet was washed with 70% ethanol, air-dried,
and resuspended in RNase-free water.

The quality and quantity of the extracted RNA were assessed using a Nanodrop
spectrophotometer and agarose gel electrophoresis. Only high-quality RNA samples with A260/A280
ratios between 1.8 and 2.2 were used for subsequent steps.

cDNA was synthesized from the extracted RNA using random hexamer primers and a reverse
transcription kit (SuperScript IV Reverse Transcriptase, Thermo Fisher Scientific). The reaction
mixture included RNA template, random hexamer primers, dNTP mix, reverse transcriptase, and
RNase inhibitor. The cDNA synthesis was performed according to the manufacturer's protocol, with
an initial denaturation step at 65°C for 5 minutes, followed by reverse transcription at 50°C
for 50 minutes, and enzyme inactivation at 85°C for 5 minutes [22-25].
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The Rapid Barcoding Kit (SQK-RBK004, Oxford Nanopore Technologies) was used for library

preparation. This kit allows for quick and efficient barcoding of multiple samples, facilitating high-
throughput sequencing. The cDNA was subjected to end-repair and A-tailing to prepare the ends for
ligation with barcodes. Unique barcodes were ligated to the cDNA from each sample, enabling
multiplexing during sequencing. The barcoded cDNA was purified using AMPure XP beads to remove
excess reagents and ensure clean sequencing reads. Sequencing adapters were ligated to the purified,
barcoded cDNA. The prepared library was loaded onto a MinlON flow cell (FLO-MIN106D, Oxford
Nanopore Technologies) for sequencing.

The MinlON device was used for sequencing the barcoded libraries. The sequencing run was
monitored using MinKNOW software, and basecalling was performed using Guppy (Oxford Nanopore
Technologies). The generated reads were demultiplexed based on the barcodes, and quality control
was performed using tools such as NanoFilt and NanoPlot.

For sequence analysis and annotation the Geneious software suite was used. This platform
provides comprehensive tools for sequence alignment, assembly, and annotation. The reads were
imported into Geneious, where quality trimming and adapter removal were conducted. The high-
quality reads were then mapped to reference viral genomes, and de novo assembly was performed to
identify viral sequences present in the samples. Geneious facilitated the visualization and editing of

alignments, making it easier to verify and annotate the assembled viral genomes.

Results and their discussion A total 656 reads were obtained for PVVX. The reference genome
NC_011620.1 was retrieved from the NCBI database to assess coverage and diversity. The genome
coverage is 99.9%, ensuring a comprehensive representation of the viral genome. Pairwise residue

comparison with the reference genome showed a percentage similarity of 77.9%. This indicates a low
level of genetic variability within the PV X isolates (figure 1).

Figure 1 — Genome coverage

<5

nd sequencing depth visualization for Potato Virus X (PVX)

The number of contigs is 335 for PVY. The analysis of PVY utilized the reference genome
NC_001616.1. The maximum genome coverage was 94.3% of the reference genome. The pairwise

residues percentage was 79.5%, indicating a high degree of similarity with the reference genome. This
suggests some genetic diversity within the PVY isolates (figure 2).
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Figure 2 — Genome coverage and sequencing depth visualization for Potato Virus Y (PVY)

The number of contigs is 563 for PVM. For PVM, the reference genome NC_001361.2 was

employed for sequence comparison. The genome coverage of 90.9 % of the reference genome. The

pairwise residues percentage was 79.8%, reflecting a significant degree of similarity with the reference
genome (figure 3).
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Figure 3 — Genome coverage and sequencing depth visualization for Potato Virus M (PVM)

The number of contigs is 347 for PVS. The analysis of Potato virus S (PVS) revealed the
genome coverage was 99% of the reference sequence NC_007289.1, indicating high coverage and
high confidence in the sequence data obtained. The pairwise residues percentage was 77.9%. The
observed degree of similarity with the reference genome was found to be significant (figure 4).
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Figure 4 — Genome coverage and sequencing depth visualization for Potato Virus S (PVS)

The analysis of PVX (Potato virus X) isolates provided detailed insights into the genome
coverage, as illustrated by the histograms. The histogram of genome coverage level for PVX (Picture
5) displays a bell-shaped distribution with a mean coverage level of approximately 150X. The x-axis
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represents the genome coverage level (X), while the y-axis denotes the read quantity. The red dashed
line highlights the mean genome coverage level of 150X (figure 5).

Achieving sufficient genome coverage is crucial for accurately detecting PVX in potato plants
and minimizing errors. An average coverage level of 150X, coupled with a genome coverage of
99.9%, is more than adequate for reliably identifying PVX. Such high coverage levels not only
confirm the presence of the virus but also allow for precise determination of its sequence,
identification of potential mutations, and detailed genome analysis.

Genome Coverage Level for PVX

251 —=Mean Coverage: 149.98X

20

Read Quantity
[
w

=
o
T

50X 70X 90X 110X 130X 150X 170X 190X 210X 230X 250X
Coverage Level

Figure 5 — Genome coverage level for PV X

The histogram shows that most coverage levels range from 120X to 180X, further reinforcing
the high reliability of the sequencing data. This tight distribution around the mean indicates a
consistent sequencing effort, ensuring that most regions of the PV X genome are well-represented in
the sequencing data. High coverage is essential for detecting minor variants and low-frequency
mutations that might be missed with lower coverage levels.

Moreover, the robust sequencing depth reduces the likelihood of missing critical regions of the
genome, which is vital for comprehensive viral genome assembly. The consistency in coverage also
implies that the sequencing process was well-controlled and efficient, minimizing technical biases that
could otherwise affect the results.

In conclusion, the histogram underscores the effectiveness of the sequencing effort for PVX,
with a high mean coverage level and a narrow distribution around the mean. This level of coverage
ensures accurate and reliable detection of PV X, supports detailed genomic analysis, and provides a
solid foundation for further research into the virus's genetic variability and evolution.

The analysis of PVY (Potato virus Y) isolates provided information about genome coverage
metrics, as depicted by the histogram. The histogram for genome coverage level for PVY
demonstrates a mean coverage level of approximately 74.92X. The red also dashed line marks the
mean genome coverage level of 74.92X (figure 6).

Attaining sufficient genome coverage is essential for accurately detecting PVY in potato plants
and reducing errors. An average coverage level of 74.92X, combined with a high genome coverage
percentage, ensures reliable identification of PVY. This high level of coverage is critical not only for
confirming the presence of the virus but also for accurately determining its sequence, identifying
mutations, and performing detailed genomic analyses.
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Genome Coverage Level for PVY
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Figure 6 — Genome coverage level for PVY

The histogram indicates that most coverage levels range between 60X and 90X, reinforcing the
high reliability of the sequencing data. This narrow distribution around the mean coverage level
signifies a consistent sequencing effort, ensuring that most regions of the PVY genome are thoroughly
represented in the sequencing data. High coverage is vital for detecting low-frequency mutations and
minor variants that might be overlooked with lower coverage levels.

Furthermore, the utilization of a robust sequencing depth serves to mitigate the potential for
overlooking critical portions of the genome, a critical aspect in achieving a full assembly of the viral
genome. The observed uniformity in coverage levels suggests a meticulously regulated and effective
sequencing procedure, hence mitigating potential technical biases that may otherwise impact the
outcomes.

The presented histogram highlights the efficacy of the sequencing endeavor for PVY, as seen by
a substantial average coverage level and a limited dispersion around the mean. The comprehensive
scope of this coverage guarantees precise and dependable identification of PVY, facilitates in-depth
genomic examination, and establishes a robust basis for subsequent investigations into the genetic
variability and evolutionary patterns of the virus.

The other provided graph (picture 7) illustrates the genome coverage level for Potato virus M
(PVM). The mean coverage level, indicated by the red dashed line, is 71.4X.

Average coverage level of 71.41X, combined with a high percentage of genome coverage,
guarantees accurate identification of PVM. Having a substantial amount of coverage is crucial not just
for verifying the existence of the virus, but also for precisely determining its sequencing, finding
mutations, and doing thorough genomic analysis.

The histogram demonstrates that the majority of coverage levels fall within the range of 60X to
90X, which further confirms the strong dependability of the sequencing data. The narrow distribution
centered around the average coverage level indicates a consistent and thorough sequencing effort,
guaranteeing that the majority of areas in the PVM genome are well-represented in the sequencing
data. Having a high level of coverage is crucial in order to identify low-frequency mutations and small
variants that may go unnoticed with lesser levels of coverage.
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Genome Coverage Level for PVM
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Figure 7 — Genome coverage level for PVM

Furthermore, the substantial sequencing depth reduces the likelihood of overlooking essential
sections of the genome, which is critical for achieving a thorough assembly of the viral genome. The
presence of consistent coverage levels indicates a tightly regulated and effective sequencing
procedure, which minimizes any potential technical biases that could impact the results.

The histogram depicting the coverage level for PVM highlights the efficacy of the sequencing
endeavor, as evidenced by a concentrated distribution centered around the mean. This level of
coverage guarantees precise and dependable identification of PVM, facilitates comprehensive genomic
analysis, and establishes a strong basis for subsequent investigation into the virus's genetic variability
and development.

The next graph displays data on the genome coverage of Potato virus S (PVS) (Picture 8). The
histogram representing the genome coverage level for PVS has a Gaussian distribution with a mean
coverage level of around 67.17X.

It is crucial to have enough genome coverage in order to effectively identify PVS in potato
plants and reduce mistakes. Average coverage level of 67.17X, along with a high percentage of
genome coverage, ensures accurate diagnosis of PVS. Having a substantial amount of coverage is
essential not only for verifying the existence of the virus but also for precisely defining its sequence,
finding mutations, and carrying out comprehensive genomic analysis.

The histogram demonstrates that the majority of coverage levels fall within the region of 50X to
80X, hence reinforcing the strong dependability of the sequencing data. The narrow distribution
around the average coverage level indicates a consistent sequencing effort, guaranteeing that the
majority of areas in the PVS genome are adequately represented in the sequencing data. Having a high
level of coverage is crucial in order to identify low-frequency mutations and small variants that may
go unnoticed with lesser levels of coverage.
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Genome Coverage Level for PV5
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Figure 8 — Genome coverage level for PVS

High-throughput sequencing (HTS) has become a vital tool for the detection and discovery of
plant viruses, offering detailed insights into the diversity and dynamics of viral populations in
agricultural settings. Studies have shown that HTS is capable of identifying multiple virus and viroid
species in a single assay, which includes both known pathogens and previously undetected ones. This
method has been particularly effective in revealing the presence of viral co-infections and identifying
viruses in asymptomatic plants, which is crucial for managing disease spread and developing
resistance strategies [26, 27].

Conclusion. The application of high-throughput sequencing (HTS) technology has proven to be
a powerful tool for the detection and characterization of potato viruses in Northern Kazakhstan. Our
study focused on the identification and analysis of four key potato viruses: Potato virus X (PVX),
Potato virus Y (PVY), Potato virus M (PVM), and Potato virus S (PVS).

The HTS data provided comprehensive genome coverage for each virus, enabling detailed
genetic analysis and the identification of polymorphisms within the viral genomes. For PV X, the mean
genome coverage was 150X, which is more than sufficient for reliable detection and analysis, allowing
for the identification of potential mutations and detailed genome studies. The genome coverage for
PVY was predominantly high, with a mean coverage of 76X, ensuring accurate detection despite some
regions having lower coverage. PVM analysis showed a mean coverage of 71X, with 60% of the
genome having high coverage, providing enough data for confident viral detection and
characterization. Lastly, PVS had a mean coverage of 68X with 51% of the genome having high
coverage, which was also adequate for reliable virus detection.

These findings underscore the efficacy of HTS in providing high sensitivity and specificity in
virus detection, even at low genome copy numbers. The use of HTS allowed for the detection of
mixed infections and the discovery of genetic diversity within viral populations, which is crucial for
developing effective control strategies.

Our study confirms that HTS is an invaluable tool for plant virology, providing insights that are
essential for the management and control of viral diseases in crops. This technology not only enhances
our understanding of viral genetics and evolution but also aids in the development of virus-resistant
crop varieties, which is critical for ensuring food security and agricultural sustainability in Kazakhstan
and beyond.
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TYHIH

byn xymbicta Conrtycrik Kazakcranmarel KapTon BHPYCTapblH aHBIKTAy JKOHE Tajjay YIUiH
xorapsl eHiMaIl cexkBerupiey (HTS) TexHomorusnapba KojaaHy 3epTrenesi, Oyl BUpycTapablH aybll
HIapyalbUIbIFBIHA dcepl Typasibl TyciHikTepiMizai keHedteni. Kapronm Bupycet X (PVX), kapron
Bupycol Y (PVY), kapton Bupycst M (PVM) sxoHe kapton Bupycel S (PVS) cusiktel Bupycrapra
Hazap ayJapa OTBIPHII, 3ePTTEy OCBl MATOTEHAEP/i aHBIKTAy JKOHE erken-Terkeiun kepceryae HTS
TUIMJILTITIH KepceTeai. 3epTTeyAiH MaKcaThl KapToll OHIpici MaHbBI3/bI, Oipak BUPYCTHIK aypyJiapMeH
oerne-0er kenerin ContycTik KazakcTaHnarbl KapTom JaKbUIAPBIH KYKTBIPATHIH BUPYCTHIK
NOIMYJISIIMSIIAPAbI XKaH-KakThl 3epTTey Yiid HTS xonmany 60mbin TaObiiasl.

3eprrey PHK-HBIH OFapbl camachlH KaMTaMachl3 €Ty ymiH cranfgaptranran PHK skctpaknms
omiciH Kongana oTbeIpei, ContycTik KazakcTaHHBIH opTypil aiiMakTapbIHIAFbl CHMITOMATHKAIBIK
JKOHE CHMIITOMCBI3 KapTONl ©CIMIIKTEPiHEH >KalblpakK YJTUIepiH >KUHAyIbl KaMTBIABL. Opi Kapai,
k/IHK PHK-nan anbianbl, coman KeiiH Tanuay YIIiH erKei-TerKein BUPYCTHIK Ti30eKTep i Tycipyre
nerizaenren Oxford Nanopore MinlON TeXHOJIOTHACHIHBIH KOMEIIMEH PETTENITEH.

3epTTey HOTHXKEJEepl TOPT HETi3ri KapTol BHUPYCHIHBIH HACHTH(QHUKAIMUSACH MEH TeHETHKAIBIK
TangayblH cunatTaiapl. Jepextep Oapiblk 3epTTEIreH BUPYCTap YIIIH KOFapbhl TEHOMIBIK KaMTYAbI
KepCeTTi, OYJI CeHIM/II aHBIKTayFa JKOHE JKaH-)KaKThl TajliayFa MYMKIHIIIK Oepe/i.
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Tankemay HTS BupycThIK MHGEKIUsIIapAbI, COHBIH iIIHAE apantac MH(EKUUsIapapl erxKei-
TErKeHITl cummaTTayra Kainaid MyMKIHZIIK OepeTiHiH kepceTeni. On TeXHOIOTUSHBIH JICTYPII oaicTepre
KapaFaHJa apThIKIIBUIBIKTAPBIH, COHBIH IMIIHAE a3 MeJIIepaeri BUPYCTapAbl aHBIKTAy JKOHE KapTOIl
OHJIpICIHIH CcTpaTerusyiapblH aknapaTTaHAbpy YLIIH TNalganaHnyra OOJaThlH >KbUIAAM, M9
HOTIDKEJIepi KaMTaMachl3 €Ty MYMKIH/IT1H KopceTe/i.

KopsITeIHBIIAN KeTle, 3epTTey Ka3ipri 3aMaHFBl ©CIMIIKTEP MaTOJIOTHCHIH/AA, dCipece oCiMIIIK
BUPYCTapblH aHBIKTayJa OHBIH JKOFapbl Ce3IMTaIAbFbl MeH crenudukacsl OobbrHma HTS
KYHIBUIBIFBIH ~ pacTaiiapl. HoTwkenep kapronm BupychlH Oackapyabl kakcapry ymiH HTS
naianaHyIpIH apTyblHa Kojijaay Kepcereai, oy Kazakcrania sxoHe yKcac aiMakTap/ia eHiMIUTIK TICH
a3bIK-TYJIK KayilCi3AiriH apTTIPy YIIiH MaHBI3/IbL.

PE3IOME

B nmanHoii paboTe wW3y4aeTcs WCIONB30BAHWE TEXHOJIOTHH BBICOKOPOU3BOIUTEIHEHOTO
cexsennpoBanus (HTS) ms BeisiBnenns u ananm3a BupycoB kaprodens B CeBeprnom Kazaxcrane, 4to
paciupsieT Halle MOHUMaHUE BO3JCHCTBHSI BUPYCOB Ha CelbCcKoe X03s1iicTBO. COCpeIOTOUHBIINCH HA
Takux BUpycaX, kak Bupyc kaprodens X (PVX), supyc kaprodens Y (PVY), Bupyc kaprodens M
(PVM) u Bupyc xaptodenss S (PVS), uccnemoBanme nemoHctpupyer 3ddextuBHOocTs HTS B
OOHapyXCHHH W JIETAJIM3allMU 3TUX NaToreHoB. Llenmpio ucciemnoBanus spisercs npumeHenue HTS
JUTSL BCECTOPOHHETO U3YUYCHUSI BUPYCHBIX MOIMYJISINN, KOTOPBIE MOPaKAIOT KapTOQeTbHBIE KYJIbTYPhI
B CeBepHoMm Kazaxcrane, peruoHe, rae IpoHM3BOACTBO KapTodenss MMeeT pelaroiee 3HaueHue, HO
CTaJIKUBaeTCs C MpobIeMaMu BUPYCHBIX 3a00JIeBaHHH.

HccnenoBanne BKmoYano cOop o0paslioB JHCTHEB C CUMITOMATHUYECKHX M OECCHMITOMHBIX
pacrennii kaptodens B pasHeix permoHax CeBepHoro KazaxctaHa ¢ HCIONB30BaHUEM
cTaHmapTH3NpoBaHHOTO MeToa m3BnedeHuss PHK mis obecniewenns Beicokoro kagectsa PHK. [lanee,
n3 PHK Opuia monyuena kJ/IHK, koropas 3arem Obula NPOCEKBEHHPOBAaHA C HCIOJIb30BaHHEM
texaonormn Oxford Nanopore MinlON, ocHOBaHHOII Ha 3axBaTe MOJIPOOHBIX BHUPYCHBIX
MOCJIE0BATEILHOCTEN ATl aHANIU3A.

PC3YHI)TEITBI HUCCIICAOBAHHA OIIMCHIBAIOT I/I)Z[CHTI/I(bI/IKaHI/IIO M TEHETUYECKMH aHaInu3 YCThIPEX
KIIFOYECBBIX BUPYCOB KapToders. JlaHHbIe MOKa3aau BBICOKMIM TCHOMHBIA OXBaT JUISl BCEX M3YUYCHHBIX
BUPYCOB, YTO 00ECIICUNBAET HaJIe)KHOE OOHAPYKEHUE U BCECTOPOHHUM aHAIIN3.

B oOcyxnennn nmoguepkrBaetcs, kak HTS mo3Bossier AeTaibHO XapakTepHU30BaTh BHPYCHBIE
WHQPEKIMKM, B TOM YHWCJIe M CMeIIaHHble MH(eKiuu. B HeM yKa3bIBAaIOTCS MPEHMYIIECTBA 3TOM
TEXHOJIOTHM TI0 CPaBHEHHIO C TPaJUIMOHHBIMH METOJAaMH, BKIIOYAIOLUIMNE €€ CIIOCOOHOCTh
0oOHapyXUBaTh BHUPYCHl C HHM3KOH pPAaCHpOCTPAHEHHOCTHIO M 00OecreyuBaTh OBICTpPBIE, TOUYHBIE
Pe3yIbTaThl, KOTOPBIE MOTYT OBITh UCIIONB30BaHbI MIPU pa3pabOTKe CcTpaTeruii KapToesIeBOJICTBA.

B 3akmiouenune cregyeT OTMETHTBh, YTO HCCJeIOBaHME NoATBepxkaaeT neHHocts HTS B
COBpPEMEHHOH (hPUTONATONIOrHH, OCOOEHHO B IJIaHE €€ BRICOKOW YyBCTBHUTEIBHOCTH U CHEUU(PUIHOCTH
npu OOHapyXEHHWU BHUPYCOB pacTeHHHl. Pe3ynpTaThl CBHUAETENBCTBYIOT B TOJB3y Oojiee MIMPOKOTO
ucnonnp3oBanuss HTS nmns ynydiieHusi ynpaBieHHs BHpPyCcaMu KapTodels, 4TO HMEET pPellaroliee
3HAa4YCHUE JJIs1 TOBBIMICHUS YPOXKAaHOCTH W NIPOJOBOJILCTBEHHOW Oe3omacHoctu B Kazaxcrane u
AQHAJIOTHYHBIX PErHOHAX.
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BBIJIEJIEHUE SHTOMOIIATOI EHHBIX MUKPOMMIIETOB U3 IIOYB ATPOLIEHO30B
TYPKECTAHCKOM OBJIACTH
ISOLATION OF ENTOMOPATHOGENIC MICROMYCETES FROM SOILS OF
AGROCENOSES OF TURKESTAN REGION

AHHOTANUA

B crarbe npuBeneHs! pe3yabTaThl padoT 10 BBIACICHUIO U HACHTU(PHUKALNN SHTOMOIATOI€HHBIX
rpuboB U3 arpoueHo3oB TypkecraHckoil obmactu. s BeigeneHus rpuOOB U3 MOYBBI UCIIOJIB30BAIN
METO/ HACEKOMBIX-TIPUMAHOK (HMCIIOIB30BAIM JIMYMHKKM OOJNBIIOr0 MydHOro Xpyiiaka (Tenebrio
molitor L)). B pe3ynbTare B 4HCTYIO KyJIbTYpYy BbieneHo 41 u3zosnsatoB. [lepBuuHyto uaeHTHGUKAIIMIO
M30JIITOB TMPOBOAWIN 1O ONPEACTUTENIM. AHAIN3 BUIOBOIO COCTABA M30JIMPOBAHHBIX KYJIBTYpP IO
MOp}OJIOrHIecKUM NpU3HAKaM IOKa3all, YyTo OOJbIIas YacTh M30JSTOB OTHOCUTCA K rpubam pona
Beauveria. YcraHoBII€HO, YTO BCE BBIZICICHHBIC HOBBIC U30JISThI JOCTATOYHO XOPOIIIO Pa3BUBAKOTCS HA
nuratensHON cpene CaOypo. BoJabIIMHCTBO M30ATOB UMEIOT MOP(OIJIOTHIO, XapaKTepHyIO AJsl poJa
Beauveria, To ecth OKpyIIible KOJOHHH O€oro min 6exeBoro msera u ¢ 0ojee TEMHON OKpAacKo B
HeHTpe. MHUIIEINi MyIIUCThIA WK BOMIOYHBIHN, Oenoro 1eeta. OaHako, MOp(hOJIOTHYSCKUI aHAIN3 HE
JIOCTATOYEH JUIS BBISBICHUS KPUNTHYECKHX BHUAOB. [lo3ToMy, IUIsl YyTOUHEHHS TaKCOHOMHYECKOTO
cTaryca MPHUPOAHBIX wu30yATOB Obl1  mpoBeneH IIIP-ananmu3z mo usokycy ITS. braarogaps
HCIIOJIb30BAaHUIO MOJICKYJISIPHO-TE€HETHYECKOT0 METO/Ia BBISIBIJIH [[Ba KpUNTHUECKUX BHaa B. bassiana
u B. pseudobassiana. ITlomapnsroimiee OOJBIIMHCTBO BBIJACICHHBIX KYyJIbTYp OTHOCHUTCS K BHIY
B. bassiana (85%), va BTopom mecte o BctpedaemoctH — B. pseudobassiana (15%).

ANNOTATION

The article presents the results of the works on the isolation and identification of
entomopathogenic fungi from agrocenoses of the Turkestan region. To isolate fungi from the soil, the
insect bait method was used (use larvae of the mealworm beetle (Tenebrio molitor L)). As a result,
41 isolates were isolated in pure culture. Primary identification of isolates was carried out using
identifiers. Analysis of the species composition of isolated cultures by morphological features showed
that most isolates belong to fungi of the genus Beauveria. It was found that all newly isolated isolates
develop quite well on Saburo's nutrient medium. Most isolates have a morphology characteristic of the
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genus Beauveria, that is, round colonies of white or beige color and with a darker color in the center.
The mycelium is fluffy or felted, white. However, morphological analysis is not sufficient to identify
cryptic species. Therefore, to clarify the taxonomic status of natural isolates, PCR analysis was
performed on the ITS locus. Using the molecular genetic method, two cryptic species were identified:
B. bassiana and B. pseudobassiana. The overwhelming majority of isolated cultures belong to the
species B. bassiana (85%), with B. pseudobassiana in second place (15%).

Knrouesvle cnosa: oOuopasznoobpasue, nousenwvie 00paA3yvl, IHMOMONAMOSEHHbIE 2puUodbl,
Beauveria, HAcCeKomble-NpuUMaHKu, acpoyeHo3bl.

Key words: biodiversity, soil samples, entomopathogenic fungi, Beauveria, bait insects,
agrocenoses.

Beenenne. DHTOMONATOTEHHBIE MHUKPOMHIIETBI BO BCEM MHUPE MHCIOJIb3YETCS B CHUCTEME
MHUKPOOHONOTHYECKOH OOpbOBl C BpeAMTENsIMH B KauecTBe 3()(EKTUBHBIX M OE30MaCHBIX IS
OKpY’Kalolllel cpeabl CpelCcTB OMOJOTMYECKOro KOHTPOJIS Ui 3allMThl OOJBLIOTO Pa3sHOOOpasus
CEJIbCKOXO3SIMCTBEHHBIX KYJIbTYP OT HACEKOMbIX-BpeauTeneil. [1o naHHbIM y4eHBIX, CPEAN MHOXKECTBA
CYIIECTBYIOIINX B ECTECTBEHHOW NPUPOJAE TPHOOB 10 CETONHSIIHETrO IHS OIpelesieHO OoJblie
700 BuOOB SHTOMONATOTeHHBIX TpUOOB [1-3]. M3 HUX Haunbojee MEepCEKTUBHBIMU SIBISIFOTCS OKOJIO
15 Bumos [4-6].

Jns pa3paOOTKM MUKOWHCEKTHLUAOB AKTUBHO HCIOJB3YIOT IITaMMbl aHAMOP(QHBIX I'PHOOB.
Cpenu HUX HanboJiee M3BECTHBIC CIICMYIONINE NPEICTaBUTENN 3TOro poaa Beauveria bassiana (Bals.)
(Hypocreales: Cordycipitaceae), Akanthomyces spp. Lebert (Hypocreales: Cordycipitaceae) u
Metarhizium anisopliae (Metsch.) (Hypocreales: Clavicipitaceae), KOTOpbI€ BBI3BIBAIOT CMEPTHOCTD Y
HIMPOKOTO CIEKTpa HACEKOMBIX-BPEAUTENEH M CIOCOOHBI KOJOHH3MPOBATh IIUPOKHHA CHEKTP
PACTCHUIT-X035€B BBI3bIBAs Y HUX YCTOWYMBOCTD K BPEAUTENIAM | uronaroreHam [7-9].

[TouBeHHbIC, SHAOGHUTHBIE W YHTOMONATOICHHBIE MHKPOMHMIIETH M3 poaa Beauveria mupoko
pacrpocTpaHeHbl B MPHUPOAE W HWMEIOT OONbIIOC MPAKTHUYECKOE 3HAYCHHWE KaK MPOAYLEHTHI
MUKOWHCEKTHITUIOB, a TaKkke (EepMEHTOB, (hapMaKoJIOrMYECKH 3HAUUMBIX M TOKCHYHBIX COCTUHEHUIH
[10-15]. Tlo manHBIM 3apyOeXHBIX YUCHBIX, IpHOBI pogaa Beauveria ectecTBeHHBIM 00pa3oM pacTeT
KakK 3HIO(UT B HAA3EMHBIX U MOJ3EMHBIX BETETaTUBHBIX TKAHAX PACTEHUIl, OOBIYHO PHOOpETaeMBbIit
pacTeHHeM U3 OKpy’Kalollel cpeapl IyTeM TOpU30HTAJIBHOW TMepeladyd, XOTd BO3MOXHA M
BepTUKaJIbHAas nepeaya yepe3 cemeHa [16]. Kpome Toro, ObI10 yCTaHOBICHO, YTO SHTOMOIIATOI€HHBIE
rpudbl MOTYT OBITh HCKYCCTBEHHO BBEJCHBI B PACTEHMS B KaueCTBE SHIO(HTA C MCIOIHb30BAaHHEM
Pa3IMYHBIX METOJIOB WHOKYJISIMM, TAaKWMX KaK MHOKYJSALUS CEMsSH, MOJHMB TIIOYBbI, KOpHEBas
WHOKYJISIIIMSI W BHEKOpHeBas moakopmka [17, 18]. B »ToM B3auMOAEHCTBHM pacTeHUsS U
MHUKPOOPraHU3Ma MPOUCXOAUT B3aUMOBBITOIHBI OOMEH: TpHO MOJIy4aeT MHUTATEJbHbIE BELIECTBA, a
pacTeHHe-XO35IMH TOIy4aeT CTUMYJSIOUIO POCTa 32 CYET YBEIMYECHUS IIOTJIOLIEHUS BOABI M
MUTATEIbHBIX BEIIECTB, 4YTO CIIOCOOCTBYeT o0Opa3oBaHHi0 Ouomacchl KkopHei. Kpome Toro,
SHTOMOIIATOTEHHBIE TPUOBI YIIYYIIAIOT CHCTEMHYIO 3alllUTy OT BpeAuTesei u ¢purtonatoreHos [19, 20].
Ha ocHoBe wmccnenoBanuii 3apyOeXHBIX YYEHBIX CTalO0 M3BECTHO, YTO KOT/Ia PAacTCHUS
KOJIOHM3HUPYIOTCSl rpubamu poaa Beauveria, oHM BBIICISIOT UHYIO CMECh JIETYYMX COCTHHEHHH IO
CPaBHEHHIO C HEKOJIOHMU3UPOBAHHBIMU KOHTPOJIBHBIMH pacTeHUAMU. HEKOTOpBIE U3 3TUX COeTUHEHU
001aar0T aHTUMUKPOOHBIMU cBOMcTBaMu. Clie10BaTesIbHO, S3HAO(UTHAS KOJOHU3AH IpubaMu poaa
Beauveria MoxeT OMO4b HE TOJBKO HETMOCPEIACTBEHHO OOPOTHCS ¢ HACEKOMBIMU-BPEIUTEIISIMH, HO U
MOBBICHTh YCTOHYMBOCTh pacTeHuil k ¢uronatorenam [21]. TloaToMy, MOWCK HOBBIX H3OJSTOB
SHTOMONATOTE€HHBIX TPHOOB M M3yueHHE UX OMOJOrMYECKOH aKTHMBHOCTH IO3BOJIUT B 3HAYUTEIIHHOMN
Mepe MPOABUHYTHCS B BOIIPOCAX, CBA3aHHBIX € Pa3pabOTKON HOBBIX OMOJIOTMYECKUX WHCEKTUIUIOB U
SIBJISIETCS TIEPCTIEKTHUBHBIM HAIIPABJICHNEM 3aIIUTHI CEMbCKOXO035ICTBEHHBIX KYIBTYD.

MartepuaJjibl 1 MeTO/AbI HccjeaoBanuil. MapmpyTHble 00cie0BaHus TPOBOJUIINCH BO BCEX
arpoueHozax TypkecraHckoid oOnactu. IlouBeHHBle O00pasupl OTOMpPAIUCH C  MOMOLIBIO
po00oTOOpHUKA MOYBKI Ha IIyOuHy 20 cM, 3aTeM HOMEIIAJIUCh B CTEPUIIbHBIE MMaKkeThl ziplock miist
JanbHewie padborel. OroOpaHHas MoyBa ObLIa U3MENbUCHA MEXaHHMUYECKH M MPOCEsSHA C ITOMOIIBIO
CHTa JJsl OYUCTKM OT IOCTOPOHHHMX MaTepuaioB. [locie dwero oTmpaBiieHbl Ha XpaHEHHE B
XOJIOAWJIBHUK TIpu Temrmeparype 4°C.
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B nabopaTopHBIX YCIOBHSX H30JSAMMIO SHTOMONATOTEHHBIX MHUKPOMHLETOB MPOBOIMIN C
HCIIONIF30BaHUEM HACEKOMBIX-TIPUMAHOK COTJIACHO OMBITY 3apyOeKHBIM y4eHbIX [22-23]. [lns atoro
HCIIONB30BAIM JTMYMHKK OoJbIioro myuHoro xpymaka (Tenebrio molitor L) wa mosamei craanu
pasButha. 13 kaxxgoro odpasna coOpanHoi mouBbl 250 rpaMM MOMeNIaiy B IUIAaCTUKOBBIA KOHTEHHED.
Tyna e moMenany JUYUHKA OosbiIoro Mydsoro xpymiaka (Tenebrio molitor L) ¢ nuranuem st
MIPEAOTBPAIICHHS TPEXKICBPEMEHHONH CMepTH 0e3 HMHOHUIUPOBaHWA. XPaHWIN KOHTEHHEPHI IIpH
xoMHaTHOM Temneparype He Hwke 20°C. ExenneBHo Habmoganv 3a JIMYMHKAMU Ha TPEIAMET
MPU3HAKOB MYCKapIWHBI ISl MOATBEPKIeHUS MHOUIMPOBaHUSI. MepTBble JTHUYMHKH TOMEIIAIN BO
BIaXHYI0 Kamepy (mpu Temmeparype 25°C ma 7 aHeil) 1S MOSBIEHMS MHMKO3a. IIpW IOSBICHUM
MIPU3HAKOB MHKO3a COOMpaNM KOHHIWU C TTOBEPXHOCTH JIMYMHKH M TEPEHOCHIH Ha THTATEIHHYIO
cpeny Cabypo.

DHTOMOTMATOTeHHbIe TPHUOBI KYJIHTHBHPOBAIIN HA MHUTaTeNbHON cpene Cabypo B wamkax [letpu
npu temneparype 25°C. Cocras nmrarenbHoM cpensl Calypo: rmoko3a — 10 rpamm; menToH —
10 rpamm; ManbTo3a — 10 rpamMM; IpoXkKEBOM IKCTpakT — 1 rpamm; arap-arap — 16-18 rpamm; Boga —
1.

BumoByto WMISHTH(UKAIMIO SHTOMOIATOTEHHBIX TPHOOB MPOBOIWIM  HCIOJIb30BaHUEM
KJIACCUYECKUX CBETOBOH MHUKPOCKOIHH M MOJIEKYJISIPHO-TCHETHUECKUX METOJOB. [ 3TOro M301sThI
KyJIbTUBHPOBAIM Ha murarenbHol cpene Cabypo B Teuenun 14 gmeil. Mopdonoruueckyto
JUAarHOCTHKY SHTOMONATOTE€HHbIX IrpuOoB mpoBogunu no kuure 3.3. Kosans [3]. s moctmxeHus
MPaBUIBHOM KJIaCCH(UKAIMK OBLT MCIIOIb30BaH MOJEKYISAPHBII METOJ C MCIOIb30BAHUEM MapKepa
BHYTpeHHMI TpaHckpuOupyemsiii cneiicep (ITS) [24,25]. [lomyyeHHble pe3ynabTaThl CPaBHUBAIU C
JeTIOHUPOBAaHHBIMU KynbTypamu B ['enbanke, MmeronoMm BLAST ¢ momornipio BCTpOSHHOM YTUIMTHI Ha
cepsepe NCBL

PesyabTaTbl uccaenoBanuii. /Iy BbIACICHUS SHTOMONATOTEHHBIX MHKPOMHIIETOB OBLIH
otobOpansl 6oibme 150 mouBeHHBIX 00pa3ia ¢ pa3HBIX TOUEK arpoleH030B obnacTu. B mabopaTopHbix
YCJIOBUSIX B 3TH MOYBEHHBIC 00pa3ilbl MOMENIATIN JIHYHHKU OO0JBIIOr0 MydHOro xpymiaka (Tenebrio
molitor L) B kadecTBe MPHUMAaHKH Ui SHTOMOIATOTEHHBIX TIpuOOB (pucyHok 1). Habmonenue
MPOBOJMIINCH B TeueHNH 29 nHel. B pesynbrate u3 865 nuunHOK Ha 29 cyTKH moru6io 647 TMYUHOK.
MepTBble JIMYMHKA MOMEIIATM BO BIAKHYHO Kamepy (mpu Temmeparype 25°C wa 7 nueid) ms
MOSIBJICHUS MUKO3a. 113 647 MEpTBBIX JIMUMHOK NPU3HAKK MHUKO3bI MOSIBUIIUCH Y Oouiblie 60 TMUYMHOK
MOMEIICHHBIX B Pa3HBIC TIOUBHI.

Pucynoxk 1 — [TouBeHHBIC 00pa3iibl ¢ THYMHKAMHU 00JbIIOr0 My4dHoro xpyiaka (Tenebrio molitor L)
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Wzonsauuio SHTOMONATOTEHHBIX TPUOOB B YHCTYIO KYyJIbTYpY HPOBOAMIM IO CTaHAAPTHOM
METOIUKEe MHKpoOnonoruu. HeGonpmioit KycoK MHIETHaIbHO-CIIOPOBOTO HAJETa TpUOOB C Tpyma
JUYUHKK OOJBIIOTO MYYHOTO XpYyIIaKa MpenapoBaibHON WINION mepeHocwin B yamky lletpu c
IUTaTeIbHON cpefoil. 3aTeM moOMelanu B TEPMOCTAT Ui JajbHeimero pocra. Ilepeces mpoBoauan
10 Mepe HEOOXOAMMOCTH [UISl IMOJYYeHHs YHCTOH KyJIbTYphl SHTOMOIATOTEHHBIX MHKPOMHIIETOB.
[lepBruunyro MAEHTH(OUKANIO M30JSTOB MPOBOAMIM [0 ONpPEACTUTENIM. AHaIU3 BHIOBOTO COCTaBa
M30JIMPOBAHHBIX KYJIBTYp IO MOP(OIOTHYECKUM MPU3HAKAM ITT0Ka3ajl, YTO OOJIbIIasi YacTh W30JISTOB
OTHOCHUTCS K rpubaM poaa Beauveria. Bo BpeMst BbIIeICHHS SHTOMOMNATOTCHHBIX TPUOOB B YHUCTYIO
KyJIbTypy Takke OBUIM HCCIEeIOBAaHBI KyJIbTypadbHO-MOP(HOIOTHIECKHEe OCOOEHHOCTH HOBBIX
H30JIATOB. Y CTaHOBJICHO, YTO BCE BBIACJICHHBIC HOBBIE M30JIATH JOCTATOYHO XOPOILIO Pa3BUBAIOTCS HA
nuraTenbHol cpene Cabypo. BoNbIIMHCTBO M30IITOB UMEIOT MOP(OJIOTHIO, XapaKTepHYIO Ui poja
Beauveria, To ecth OKpyrIble KOJOHHH Oeoro uin OeXeBoro nBera u ¢ 0ojee TEMHON OKpacKo B
neHTpe. Munenuii mymucThiid WK BOWIOYHBIN, Oeoro 1BeTa (PUCYHOK 2).

Pucynox 2 — Makpomop¢hoorusi KOJIOHUH SHTOMONATOT€HHBIX MUKPOMHUIIETOB BBIZICTICHHBIX U3 MOYB
arponieHo30B TypkecTaHCKOlH 0bnacTu Ha uTaTelbHOU cpene Cadypo
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[Tponomxenust Pucynoka 2 — MakpoMopdoiorust KOJIOHHH SHTOMONATOI€HHBIX MUKPOMUIIETOB
BBIJICJICHHBIX U3 I10YB arpoleHo30B TypkecTaHckoil o01acTu Ha muTaTenbHoi cpeae Cabypo

JUi1st BBISIBIICHUSI KPUNITHYECKUX BUJIOB ObLIA ITPOBE/ICHA OIIEHKA pa3Mepa KOHUIMH BbIIEICHHBIX
n30isaToB. OJHAKO, CYIIECTBEHHBIX pa3iMYdil MO pa3Mepy CHOp He BbIsBIeHO. [lodTomy, st
YTOYHEHUS TAKCOHOMHYECKOTO CTaTyca MPUPOHBIX U30JIs1TOB ObLT npoBeseH [11[P-ananu3 no nokycy
ITS. Takum oOpa3om, OGrmarogapsi HCHOJIB30BAHUIO MOJIEKYJISIPHO-TEHETHYECKOTO MapKepa BBISBHIIH
JIBa KpUnTHYecKux Buja B. bassiana u B. pseudobassiana (tabmuua 1). [Toxasmsitoriee GONBITHHCTBO
BBIJICJICHHBIX KYJBTYP OTHOCHTCS K BHay B. bassiana — 85% (35 u3onsToB), Ha BTOPOM MecTe IO
BcTpeuaemoctr — B. pseudobassiana — 15% (6 uzonstoB). BHyTprBHIOBOE OHOpa3HO0Opasue rpudos
HU3KOE W TPEJCTaBlICHbI BCEro B IBYX ramiotunax B. bassiana ARSEF 1564 u B. pseudobassiana
ARSEF 3405. Jlpyrue Buzmbl TpuboB He OOHapyXeHbl. BUAMNMO 3TO CBS3aHO C TEM, 4YTO WX
pacnpocTpaHeHHEe OrPAaHUYECHO KOHKPETHBIMH YCIIOBUSIMU OKPY>KAIOIIEH CPEeIH MIIH XO3SHHOM.
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Ta6J'II/IL[a 1- BI/I}_IOBOI;’I COCTaB DHTOMOIIATOI'CHHBIX I‘pI/I6OB BBIICJICHHBIX M3 ITOYB HOKHOI'O Kazaxcrana

No

W3zosnst

Tunosoii Buj B I'enbanke

Konuyecrso
MPOYHUTAHHBIX TCHOB

CXo0ACTBO,
%

Jpyrue noxoxue Buasl (>10)

1

2

3

4

5

6

B9

Beauveria pseudobassiana
ARSEF 3405

614

80.58

Beauveria majiangensis
GZAC GZU1214

B10

Beauveria pseudobassiana
ARSEF 3405

940

80.9

Beauveria majiangensis
GZAC GzZU1214
Beauveria kipukae ARSEF 7032

B11

Beauveria pseudobassiana
ARSEF 3405

657

71.72

Beauveria majiangensis
GZAC GzU1214
Beauveria bassiana ARSEF 1564
Beauveria australis ARSEF 4598

B12

Beauveria bassiana ARSEF
1564

352

62.08

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzU1214

B13

Beauveria bassiana ARSEF
1564

588

60.87

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzUu1214
Beauveria lii ARSEF 11741

B14

Beauveria bassiana ARSEF
1564

701

59.41

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzU1214
Beauveria pseudobassiana ARSEF
3405
Beauveria lii ARSEF 11741

B15

Beauveria bassiana ARSEF
1564

465

52.72

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC Gzu1214
Beauveria amorpha ARSEF 2641
Beauveria lii ARSEF 11741

B16

Beauveria bassiana ARSEF
1564

491

60.77

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzU1214
Beauveria lii ARSEF 11741

B17

Beauveria bassiana ARSEF
1564

636

59

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzU1214
Beauveria lii ARSEF 11741
Beauveria amorpha ARSEF 2641
Beauveria malawiensis
IMI 228343
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6

10

B18

Beauveria bassiana ARSEF
1564

690

60.31

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzZU1214
Beauveria lii ARSEF 11741
Gibellula shennongjiaensis
GZAC SNJ2012

11

B19

Beauveria bassiana ARSEF
1564

343

61.58

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzU1214

12

B20

Beauveria bassiana ARSEF
1564

314

63.43

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzU1214

13

B21

Beauveria bassiana ARSEF
1564

646

59

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzU1214
Beauveria lii ARSEF 11741
Beauveria malawiensis
IMI 228343
Beauveria amorpha ARSEF 2641

14

B22

Beauveria bassiana ARSEF
1564

319

58.11

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GZzU1214

15

B23

Beauveria bassiana ARSEF
1564

462

60.39

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzU1214

16

B24

Beauveria bassiana ARSEF
1564

646

59

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzUu1214
Beauveria lii ARSEF 11741
Beauveria malawiensis
IMI 228343
Beauveria amorpha ARSEF 2641

17

B25

Beauveria bassiana ARSEF
1564

437

60.44

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GZU1214

18

B26

Beauveria bassiana ARSEF
1564

524

62.68

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzU1214

19

B28

Beauveria bassiana ARSEF
1564

384

54.55

Beauveria australis ARSEF 4598
Beauveria majiangensis
GZAC GzU1214
Beauveria varroae ARSEF 8257

20

B29

Beauveria bassiana ARSEF
1564

575

57.1

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzU1214
Beauveria amorpha ARSEF 2641
Beauveria lii ARSEF 11741

21

B30

Beauveria bassiana ARSEF
1564

425

59.94

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzU1214

22

B53

Beauveria bassiana ARSEF
1564

352

62.08

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC Gzu1214

23

B23-1

Beauveria bassiana ARSEF
1564

472

60.59

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzU1214
Beauveria lii ARSEF 11741
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24

B23-2

Beauveria bassiana ARSEF
1564

296

52.86

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzZU1214
Beauveria pseudobassiana ARSEF
3405
Yarrowia lipolytica CBS 6124

25

B23-3

Beauveria pseudobassiana
ARSEF 3405

724

82.55

Beauveria majiangensis
GZAC GzZU1214

26

B23-9

Beauveria pseudobassiana
ARSEF 3405

574

55.78

Beauveria bassiana ARSEF 1564
Beauveria majiangensis
GZAC GzU1214
Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria malawiensis
IMI 228343
Beauveria kipukae ARSEF 7032
Beauveria brongniartii
ARSEF 617

27

B23-11

Beauveria bassiana ARSEF
1564

266

44.86

Beauveria pseudobassiana ARSEF
3405
Beauveria australis ARSEF 4598
Yarrowia lipolytica CBS 6124
Beauveria majiangensis
GZAC GzU1214
Beauveria varroae ARSEF 8257

28

B23-13

Beauveria bassiana ARSEF
1564

394

58.54

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzUu1214
Beauveria lii ARSEF 11741

29

B23-14

Beauveria bassiana ARSEF
1564

640

59.04

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzU1214
Beauveria lii ARSEF 11741

30

B23-17

Beauveria bassiana ARSEF
1564

755

58.85

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzU1214
Beauveria malawiensis
IM1 228343
Beauveria lii ARSEF 11741

31

B23-18

Beauveria bassiana ARSEF
1564

846

62.85

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzU1214
Beauveria amorpha ARSEF 2641
Beauveria lii ARSEF 11741

32

B23-23

Beauveria bassiana ARSEF
1564

846

62.85

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzU1214
Beauveria amorpha ARSEF 2641
Beauveria lii ARSEF 11741

33

B23-25

Beauveria pseudobassiana
ARSEF 3405

882

80.55

Beauveria majiangensis
GZAC GzU1214
Beauveria kipukae ARSEF 7032

34

B23-11

Beauveria bassiana ARSEF
1564

825

56.39

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
Beauveria majiangensis
GZAC GzU1214
Beauveria amorpha ARSEF 2641
Beauveria malawiensis
IM1 228343
Beauveria lii ARSEF 11741
Gibellula shennongjiaensis
GZAC SNJ2012
Beauveria caledonica
BCRC 32867
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1 2 3 4 5 6
Beauveria australis ARSEF 4598
. . Beauveria varroae ARSEF 8257
35 Bc2 Beauveria blassg:‘ana ARSEF 432 56.1 Beauveria majiangensis
GZAC GzU1214
Beauveria amorpha ARSEF 2641
Beauveria australis ARSEF 4598
. . Beauveria varroae ARSEF 8257
36 Bc3 Beauveria blassg:‘ana ARSEF 394 58.54 Beauveria majiangensis
GZAC GzU1214
Beauveria lii ARSEF 11741
Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257

Beauveria bassiana ARSEF Beauveria majiangensis
37 Bed 1564 652 58.48 GZAC GzU1214
Beauveria lii ARSEF 11741
Beauveria amorpha ARSEF 2641
Beauveria australis ARSEF 4598
38 BC5 Beauveria bassiana ARSEF 343 6158 Beauveria va_rroag_ARSEF_ 8257
1564 Beauveria majiangensis
GZAC GZU1214
Beauveria australis ARSEF 4598
39 Bc6 Beauveria bassiana ARSEF 329 60.59 Beauveria varroae ARSEF 8257
1564 Beauveria majiangensis
GZAC GZzU1214

Beauveria australis ARSEF 4598
Beauveria varroae ARSEF 8257
. . Beauveria majiangensis
40 | B Beauveria bfssgfna ARSEF 626 58.45 GZAC GZU1214
Beauveria amorpha ARSEF 2641
Beauveria malawiensis
IMI 228343
Beauveria australis ARSEF 4598
a1 Bc8 Beauveria bassiana ARSEF 386 5719 Beauveria varroae _ARSEF_ 8257
1564 Beauveria majiangensis
GZAC GZU1214

U3 BIIEICHHBIX KYIBTYP HE OJUH U30JISIT HE MOKA3aJ CXOJICTBO CBEIMIE 90% C TUIIOBBIM BUIIOM
B ['en0anKe, 4TO MOKa3bIBaeT HEOOXOAUMOCTD JANbHEHIINX UCCIEAOBAaHUN C MCIIOIB30BaHUEM OoJee
nHpopmatuBHoro Mapkepa Tef (pakrop snonranuu tpancsuu Efla).

Pe3ynbTaThl TOKA3BIBAIOT, YTO BWAOBOE OOTAaTCTBO SHTOMONATOTEHHBIX TPHOOB B TOYBAX
10xHOro Kazaxcrana m0BOJBHO CKpPOMHOE. BONBIIMHCTBO BBIAEICHHBIX I'PUOOB OTHOCATCS K POLY
Beauveria, 4To COOTBETCTBYET MHEHHIO YUYEHBIX O TOM, YTO JaHHbBIC IPUObI IUPOKO PACIPOCTPAHEHBI
B npupoje [26]. IlonydeHHble JaHHBIE HA OCHOBE MOP(OJOTHYECKOTO W MOJICKYJISIPHOTO aHaIHu3a
nokyca ITS moxka3piBaer, uYTo B moyBax rokHoro Kaszaxctana pacmpocTpaHeHbl —J1Ba
BHJIa SHTOMOTIATOreHHbIX TprbOoB Beauveria pseudobassiana u Beauveria bassiana, uro cormacyercs
¢ nanHeIMH yueHbIX Cai 1 Medo ¢ coaBropamu O TOM, YTO UMEHHO 3TH BUBI YJHTOMOIIATOTEHHBIX
rpruOOB 4acTO BCTpeuaroTcs B mouBax [27,28]. [Ipyrue Buabl rpuboB poaa Beauveria He o6Hapy»KeHBI.
BuguMo 3TO CBsI3aHO € TeM, YTO HX PACHPOCTPAHEHHWE OTPAHUYEHO KOHKPETHBIMU YCIOBHSMH
OKpyJKarommeil cpeabl Wid X03sMHOM. [lo MHenuio yueHbix Kasapriepa m Jlemuera Bua Beauveria
pseudobassiana Gomee pacmpocTpaHeH B JIECHBIX DJKOCHCTeMax, a Beauveria bassiana wamme
BCTPEYAETCSI B CEIBCKOXO3SMCTBEHHBIX paiioHax [29]. IlomyuyeHHbIE pE3yNbTaThl COMVIACYIOTCA C
9THUMH JIaHHBIMH, TIOCKOJIbKY B COCTaBE BBIACICHHBIX KYJIbTYp mpeoOianan Bua Beauveria bassiana.
B HekoTopbix paboTax 3TO CBA3BIBAIOT C TeM, 4yTo Beauveria pseudobassiana Gosee 4yBCTBUTENEH K
OuoTnyeckuM M abuoThyeckuM (Qaktopam B cpaBHeHuu Beauveria bassiana [30,31]. Onnaxo,
(hakTOpBl OKpY’KaloIlel cpelbl, KOTOPBIE MOTYT JIeKaThb B OCHOBE NMPEANOYTEHHH Cpeibl OOMTaHUs
rpuboB poaa Beauveria, HeZOCTaTOYHO M3YyYEHBI U TPEOYET JTOMOTHUTEIbHBIX UCCIICIOBAHMUIA.

3akuiouenue. briarogaps MCIONL30BAaHUI0 METOJa HACEKOMBIX-TIPUMAHOK U3 TOYB FOKHOTO
Kazaxcrana BblgeneHo 41 M30ISTOB 3HTOMONATOTEHHBIX TpuOOB. IlepBUuHYI0 HICHTU(DHUKALNIO
W30JISITOB TIPOBOJIVIIA TIO0 ONPEACTUTENSIM. AHAIN3 BUIOBOTO COCTABA M30JIMPOBAHHBIX KYJIBTYpP IO
MOp(OJIOrHIeCKUM TPU3HAKAM IOKa3all, YTO OOJNbINAs YacTh W30JSTOB OTHOCUTCS K Tpubam poja
Beauveria. YcraHoBII€HO, 4TO BCE BBIZCICHHBIC HOBBIC M30JISTHI JOCTATOYHO XOPOIIO Pa3BUBAIOTCS HA
nuratensHON cpene Cabypo. BoJbIIMHCTBO H30ATOB UMEIOT MOP(OIJIOTHIO, XapaKTepHyIO AJs poJa
Beauveria, To ecTs OKpyriBie KOJOHHH 0€0ro Miu OeKeBOro mBeTa W ¢ 6ojee TEMHOM OKPacKoi B
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HeHTpe. MHUIeIHii MyIUCTHIA WK BOWIOYHBIH, Oeoro 1Beta. OqHako, MOp(GOIIOTHISCKII aHaIH3 He
JIOCTATOYEH JUIS BBISBICHUS KPHUNTHYECKHX BUAOB. [loaTOMy, IUIsl YTOYHEHHS TaKCOHOMHYECKOTO
cTaTyca TPHUPOAHBIX w30dsATOB ObuT mpoBexeH [IlIP-amamm3 mo nokycy ITS. bnaromaps
UCTIOJb30BAaHUIO MOJICKYJIIPHO-TGHETUYECKOTO MapKepa BBISIBIJIM J[BA KPUNTHYECKUX BHUIA
B. bassiana u B. pseudobassiana. TToxasisioiee GONBITHHCTBO BBIACICHHBIX KYJIBTYP OTHOCHTCSI K
Buny B. bassiana — 85% (35 usossToB), Ha BropoM Mecte 10 BcTpeyaemocTu — B. pseudobassiana —
15% (6 nzonsaTOB).

OunancupoBanue. Pabora BbimonHeHa B pamkax mpoekTta: Ne AP14972820 «l3yuyenue
OmopazHooOpaszmsi IHTOMONATOTEHHBIX T'PHOOB PaCHPOCTPAHCHHBIX B  arpolleH03ax  I0KHOTO
Kazaxcranay.
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TYUIH

Maxkanana TypkicTaH oOJIBICBIHBIH arpoleHO3IapbIHaH YHTOMOIIATOTSH I CaHbIPayKYJIaKTap/Ibl
Oeuin ay *oHe WACHTU(UKALMIIAY >KYMBICTapbIHBIH HOTHXKenepi OepinreH. CaHplpayKyJlaKTapabl
TOTBIPAKTaH OOJIIT ATy YIIiH KEMIIK XKOHIIKTEP dMiCiH KOMAaHaAbIK (ipi YH KOHBI3BIHBIH AePHACLIACPI
(Tenebrio molitor L) xommamsiamer). Hotmkecinge 41 u3omsaT Tasa KyJabTypara OOJIHIN abIHIIBL
N3onarrapasl  Oactankbl  WASHTU(GHUKALMSIIAY —AHBIKTAFBIIITAD apKbUIBI  JKY3ere  achIPbUIIbL.
Mopddosorusiiblk Oenriiepi OOWbIHIIA OOJIHIN aJbIHFAH KYJbTypalapiblH TYPJIIK KYpaMbIH Tajaay
U30JIATTAPIBIH KemuIijIiri Beauveria TyKbIMIAChIHBIH CaHbIpAyKYJIaKTapbhlHA >KATATHIHBIH KOPCETTI.
bapnpik sxkaHa w3omATTapapiH  CaO0ypo KOpPEKTIK OpTachlHIA JKaKChl ©CETIHI  AHBIKTaJIBI.
W3onsrrapaeiH kenumiinirinae Beauveria tykpiMnackiHa TOH Mopdonoruscel 06ap, sSFHH aK Hemece
OC)KEBBIM TYCTI TOHIENEeK KOJIOHHUSIIAP *KOHE OPTAChIHIA KO TYCTi. Mulienuiiiapsl YIIUIICK HeMece
Kuizai, ak Tycti. JereaMeH, MOpQOJIOTHIIBIK Tajnay KYNWs TYpJepAl aHBIKTAy YLIIH KETKUIIKCI3.
CoHJIBIKTaH TaOUFU U30JIATTAPIbIH TAKCOHOMUSUIBIK JKafAaiblH HakTeulay yiniH ITS nokyceinma ITTP
Tangaysl KYPriziami. MojekynsapiasIK-TeHETHKAIBIK 9IiCTI KOJIaHyAbIH apKaceiHaa B. bassiana sxone
B. pseudobassiana kpunrtekagblK €Ki Typi aHbIKTanabl. OKIIayJaHFaH KyJIbTypalapblH 0ackiM
kermriiri B. bassiana (85%) Typine xaransl, B. pseudobassiana (15%) Tapanys! OoiibiHIIA eKiHII
OpBIH/IA.
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SOW THISTLE (SONCHUS OLERACEUS L) PLANTS GROWTH AND CHEMICAL
COMPOSITION FROM THE ABOVEGROUND PART IN KAZAKISTAN

ANNOTATION

Kazakhstan's plenty of geographic climates offer an ideal environment for the development and
research of thistle medicinal plant species, which are abundant in bioactive chemicals. The
identification and measurement of important substances such as amino acids, fatty acids, and vitamins
were highlighted in this study, which focuses on the chemical composition of the Sow thistle (Sonchus
Oleraceus L.) plant in Kazakhstan. Medicinal plants, as is well-known, have long been acknowledged
for their therapeutic features, providing a natural substitute for manufactured medications that may
have less negative effects. Utilizing advanced physicochemical methodologies and chromatographic
techniques, the study effort aims to clarify the possible medicinal uses of this particular plant species.
The State Pharmacopoeia of the USSR and previous phytochemical studies established methodologies,
standards and underscored the rigor and reliability of the analytical approach. The findings of this
study contribute to the growing body of knowledge on the bioactive constituents of Sow thistle
medicinal plants in Kazakistan, highlighting their pharmacological significance and potential for drug
discovery. By harnessing the chemical diversity of Kazakhstan's flora, researchers can unlock new
opportunities for the development of pharmaceuticals, nutraceuticals, and other health-promoting
products derived from natural sources.

Key words: Sow thistle (Sonchus Oleraceus L), chromatogram, surfactant, spectrophotometry,
qualitative analysis, quantitative analysis.

Introduction. Since ancient times, medicinal plants have been a major source of therapeutic
compounds, providing artificial medications with a natural alternative and often more sustainable
substitute. These plants are valuable resources for a variety of industries, including food and
pharmaceuticals, because of their chemical composition, which is a major factor in their therapeutic
qualities. Hendawy et al. (2019) conducted a comprehensive survey of winter weeds affecting
medicinal plants in Egypt, identifying key weed species and their impacts on crop yield and quality.
The study emphasized the necessity of integrated weed management strategies, including crop
rotation, mechanical weeding, and the use of herbicides, to mitigate losses and ensure the sustainable
cultivation of medicinal plants in the region. The findings highlighted significant economic and
ecological impacts of weed infestations on medicinal plant cultivation, underscoring the need for
policy interventions and farmer education programs to adopt integrated weed management practices
[1]. Peschken et al. (1983) investigated yield reductions in rapeseed caused by perennial sowthistle
(Sonchus arvensis) in Saskatchewan and Manitoba. The study revealed substantial economic losses
due to weed competition, emphasizing the importance of effective weed control measures such as
timely herbicide applications and improved cultural practices to enhance rapeseed productivity in
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Western Canada. The authors called for continued research and extension services to assist farmers in
implementing effective weed management strategies [2]. Zollinger (1989) provided a detailed analysis
of the distribution, biology, and control strategies for perennial sowthistle in Michigan. The study
underscored the necessity of integrated pest management approaches that incorporate cultural,
biological, and chemical control methods to manage this invasive weed species effectively in
agricultural settings. Zollinger emphasized early detection and consistent monitoring to prevent the
spread of perennial sowthistle and recommended developing regional management plans tailored to
specific agricultural practices and environmental conditions [3]. Morozova (2023) documented the
presence and impacts of archaeophytes in the flora of European Russia, highlighting the ecological
implications of invasive plant species. The study called for enhanced monitoring and management
efforts to mitigate the negative effects of these species on native biodiversity and ecosystem stability.
Morozova's research stressed the importance of understanding ecological interactions between
archaeophytes and native species and recommended targeted conservation efforts and public
awareness campaigns to protect native flora [4]. Abbasi et al. (2015) explored the ethnobotanical
aspects of wild edible vegetables in the Lesser Himalayas, focusing on their nutritional value and
cultural significance. The research underscored the importance of these vegetables as traditional food
sources and advocated for their sustainable utilization and conservation to support local livelihoods
and biodiversity conservation efforts. The authors recommended integrating wild edible vegetables
into local diets and agricultural systems to enhance food security and promote sustainable land-use
practices [5]. Madanan et al. (2021) assessed the phytoremediation potential of Chloris barbata Sw. in
roadside environments contaminated with heavy metals. Their findings highlighted the efficacy of
Chloris barbata Sw. in mitigating environmental pollution and reducing risks associated with heavy
metal accumulation in the food chain. The study advocated for the use of Chloris barbata Sw. in
phytoremediation programs and recommended further research to optimize its application in various
environmental contexts, promoting environmental sustainability and public health [6]. Malik et al.
(2021) reviewed medicinal plants used for hypertension treatment, emphasizing their pharmacological
properties and potential as alternative therapies. The study highlighted the significance of medicinal
plants in traditional medicine and suggested their integration into mainstream healthcare systems for
managing hypertension and other prevalent health conditions. The authors recommended rigorous
clinical trials and standardization of herbal formulations to ensure safety and efficacy, along with
policies to support the cultivation and sustainable use of medicinal plants [7]. YI et al. (2015)
cataloged major introduced economic plants in China, providing insights into their cultivation,
economic importance, and ecological impacts. The research emphasized the role of these introduced
species in supporting agricultural productivity and economic development while highlighting the need
for sustainable management practices to minimize potential environmental risks. The study suggested
implementing best practices for the introduction and management of economic plants, including risk
assessments and monitoring programs to prevent invasive species outbreaks [8]. Asaduzzaman et al.
(2023) investigated the germination ecology and growth phenology of cowvine (Ipomoea
lonchophylla), focusing on environmental factors influencing its invasive potential. Their findings
provided valuable information for developing effective management strategies to control the spread of
cowvine and mitigate its impact on agricultural and natural ecosystems. The study recommended
integrated weed management approaches, including mechanical removal, herbicide application, and
the use of cover crops to suppress cowvine growth [9]. Littlefield et al. (2000) proposed the
introduction of the Chondrilla root moth (Bradyrrhoa gilveolella) as a biological control agent for rush
skeletonweed in North America. The study advocated for sustainable weed management practices
using biological control methods to reduce reliance on chemical herbicides and promote long-term
weed control strategies. The authors recommended rigorous ecological assessments and pilot programs
to evaluate the effectiveness and potential non-target impacts of biological control agents before
widespread implementation [10]. Thill and Lemerle (2001) reviewed global issues related to herbicide
resistance in wheat production systems, underscoring the growing challenge of herbicide-resistant
weeds. Their analysis emphasized the importance of integrated weed management approaches that
combine cultural practices, herbicide rotation, and alternative control methods to sustainably manage
weed populations and preserve herbicide efficacy. The study called for international collaboration in
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research and policy development to address herbicide resistance and promote sustainable agricultural
practices [11]. Kazakhstan, with its diverse territorial zones and rich biodiversity, presents a promising
landscape for the cultivation and study of medicinal plants. The study of plant phytochemicals, such as
fatty acids, amino acids, tannins, and vitamins, provides valuable insights into the bioactive
compounds present in these plants. Research efforts, such as those by Miftakhova and Muzychkina,
have focused on phytochemical analyses and the detection of biological activities in plant substances,
shedding light on the potential therapeutic benefits of these natural compounds [12]. Methods such as
chromatography, as described by Bolotnikov and Schreiber, have been instrumental in identifying and
quantifying specific compounds in plant materials. The State Pharmacopoeia of the USSR and other
references have provided standardized protocols for the analysis of plant components, ensuring
consistency and accuracy in research findings [13]. The chemical composition of medicinal plants, as
explored by researchers like Pleshkov and Goryaeva, encompasses a wide range of bioactive
molecules with diverse pharmacological properties. From fatty acids to vitamins like ascorbic acid,
these compounds contribute to the therapeutic potential of medicinal plants [14, 15]. Furthermore, the
presence of alkaloids, phenolic compounds, and other bioactive substances in plants, as studied by
researchers like Raffaus and Khazbievich, highlights the complexity and diversity of phytochemical
profiles. These compounds not only offer medicinal benefits but also serve as valuable resources for
drug discovery and development [13].

In considering this, the current study aims to discover and quantify important chemicals such
amino acids, fatty acids, and vitamins by examining the chemical composition of the Sonchus
Oleraceus L. plant in Kazakhstan. Through the use of advanced physicochemical techniques, the study
seeks to offer insightful information about the possible therapeutic applications of this plant species.
When everything is considered, there exists a lot of potential for developing new medications,
nutraceuticals, and other health-promoting items from the investigation of the chemical composition of
medicinal plants in Kazakhstan. Through the utilization of advanced analytical techniques and the
region's abundant biodiversity, scientists may fully explore the potential benefits of these natural
resources for human well-being and health.

Materials and methods of research. We used chromatographic specialized technique to look
at the chemical composition of the Sonchus Oleraceus L. plant in Kazakhstan. The plant's above-
ground parts, such as its stems, leaves, and flowers, were chosen as the main focus of the study.
Quantitative determinations of the plant raw materials were conducted following state standards. The
extraction process involved using 50% alcohol and water solutions to obtain the plant's bioactive
compounds. And for qualitative analysis, chromatography methods, including paper chromatography,
were utilized to separate amino acids, alkaloids, flavonoids, vitamins, and carbohydrates present in the
plant material. Physicochemical methods were then applied for quantitative determinations of these
compounds. Amino acids were determined by extracting the plant material in different solutions
(acetone, alcohol, boiling water, distilled water) and subjecting the extracts to chromatography. The
presence of vitamins B1, B2, C, and other compounds was qualitatively assessed using specific
reagents. Furthermore, heavy metal analysis was conducted to ensure the safety of the plant material
for human use. The results indicated that the plant contained beneficial compounds such as amino
acids, proteins, phenolic acids, fatty acids, and vitamins, with no harmful levels of heavy metals
detected.

Sow thistle (Latin: Sonchus OleraceusL.) is an annual herbaceous plant of the Asteraceae family
(Asteraceae). Milk thistle (Sonchus Oleraceus) is a plant that grows only in the wild, not having the
status of a weed. Sonchus Oleraceus (milk thistle) is a plant belonging to the thistle family [16]. An
organism is considered a weed when it grows in a place where people seem to dislike it because it gets
in the way of their needs, wants, or interests. Weeds are plants with nature that make them hazardous,
noticeable, difficult to control in controlled environments, or just plain unpleasant in grassy areas,
parks, fields, gardens, and apple orchards as well as in residential and commercial areas. Specifically,
weeds have evolved to flourish in human environments like that of purposefully planted plants [16,
17]. The group of true weeds includes several biologically interesting plants that are closely related to
human cultivated land, gardens and fields. These weeds are closely related to cultivated plants planted
by humans. Such plants are identical to their complete disappearance in nature. True weeds grow side
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by side with human planted plants and are part of the flora of cultivated plants. These weeds are quite
adapted to the specific conditions of the cultivated land; from which they cannot escape separately. As
a rule, true weeds die out because they are not adapted to the conditions of the natural phytocenosis
[18]. Garden thistle or sow thistle (Sonchus Oleraceus L.) translates from Latin as "garden thistle"
because it is used for food. An annual plant with a height of (25-100 cm). The stem is often branched.
The leaves are serrated, lyre-shaped pinnate, prickly with a large heart-shaped triangular apical lobe
significantly exceeding the lateral ones. It has milky juice. The light yellow flowers are collected in
inflorescences-baskets. Sow thistle (Sonchus Oleraceus L.) blooms from June to September [16,
18].Sow thistle is a very common weed of the family of compound flowers. It resembles a dandelion
in appearance. The plant Siam weed (Chromolaena odorata) which is a perennial plant with a long
stem, up to 100 cm in height, branched at the top and known for its medicinal properties. The leaves
are sessile, narrowed to the base, toothed or lobed. The flowers are tubular, lilac, unisexual, the
inflorescences are a basket. Achenes are small, glabrous, with a fly of feathery hairs. The plant is a big
problem for crops, as a weed, propagating both by seeds and vegetative [16, 17]. The plant is found
everywhere. There are wide range of different species of Sow thistle as shown in (Table 1) such as 70
species known in Africa and Eurasia, and it is ubiquitous as a weevil. In the CIS countries there are 6
species, including 5 weeds. The most harmful of them is the plough thistle (Sonchus Oleraceus) (S.
arvensis). It is considered a pest of grain and cultivated plants. Sow thistle (Sonchus Oleraceus) and
ragged thistle (Sonchus Oleraceus) are good fodder for livestock, especially pigs [19].

Table 1 — Common types of Sow thistle (Sonchus Oleraceus) species

. . . Seed
Russian name Latin name Spreading of | Yield, thousand growth, | References
roots, cm units
years
Sow thistle Sonchus 10-12 15-20 4 [5]
olerauces L.
Field thistle Sonchus arvensis 50 20 5 [8]
(yellow)
Pink thistle o
(bodyak) Cirsium arvense 15-35 36,0 3-4 [8]
Blue thistle Mulgedium
(Molokan) tataricum 100 0,5-2.0 54 [4]

Bodyak or yellow thistle is another name for sow thistle. It is also known by a variety of popular
names, such as milky tassel, milk thistle, smooth thistle, annual sow thistle, hare's colwort, and soft
thistle. Sonchus oleraceus is a member of the Cichorieae tribe within the Asteraceae family. These
species are native to Western Asia and Europe. Only four species of sow thistle plants are found in our
country's forests [13,16].

» Garden (sow thistle), Sonchus olerauces L.

» Seva(field sow thistle), Sonchus arven

» Scarlet (bodyak), Cirsium arvense

» Hard (sow thistle hard)

The annual herbaceous plant known as garden sow thistle, or Sonchus oleraceus L., has a white,
juicy, glabrous stem. The hollow, straight stem of this annual plant can reach heights of 30
to 100 centimeters (12 to 39 in). It can withstand most soil types and prefers full sun. The
hermaphrodite flowers tend to be fed by flies and bees [1, 5]. Seeds carried by the wind or water help
it spread. The flower is yellow; the inflorescences are pediculate. The stem is thinly branched, up to
Im. The underside of the leaf is large, the edges are serrated, the middle and upper ones are sessile.
Yellow flowers are collected in (5-15) baskets. It grows in the garden, in the vegetable garden, in the
field on the banks of various reservoirs on the river bank (figure a, b).
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Figure 1 — (a) General view of the plant Sonchus oleraceus L. (b) Aboveground part of the plant
Sonchus oleraceus L.

The grain will be crumbly. Seeds, through root shoots, are propagated by stem shoots with a
sufficient amount of moisture. Ripe grains fly up into the air and germinate, penetrating the soil. One
plant produces up to 15 thousand grains. Sow thistle grows well in dry, highly nutritious soil. Grass is
harvested in July—September, and young leave in May- June. It is well eaten not only by humans but
also by rabbits, geese, and all domestic animals, especially sheep. Just appeared buds and non-
flowering branches are well weathered. After flowering in mostly in July, the plant should be used
after treatment with warm water before use. Sow Thistle's white milky juice will be sour, similar to
witch hazel juice. The use of this plant is similar [16, 19].

Results and their discussion. Sonchus oleraceus L. plant is a real food for diabetics. The
chemical composition has not been fully studied. And the composition of the plant depends on the
place where it grows. It is known that only the leaves contain 47% mg of vitamin C, 0.9%
carbohydrates, and 4.6% protein. The raw material contains carotene (provitamin A) and minerals.
One interesting fact is that Sonchus oleraceus L plant is not affected by the soil, it grows in all climatic
zones and gives a high yield and in Indonesia this plant is grown culturally [19]. Proteins are the most
important of the substances found in all living organisms, and they are a major part of the cell's
protoplasm. Protein substances are formed in the plant [4, 8]. For this purpose, nitrogen compounds in
the soil are used. And legumes can produce protein by using nitrogen in the air. The animal world and
humans synthesize protein from amino acids and other nitrogen-containing organic substances [16,
21]. They get such substances from plants and other animals, which they use for food. The simplest
protein composition includes the following elements (calculated as%): carbon 50-54; oxygen 21.5-
23.5; hydrogen 6.5-7.3; nitrogen 150-17. 6; sulfur 0.3-2.5. Some individual proteins also contain small
amounts of iron, phosphorus, zinc, cobalt, manganese, molybdenum, iodine, copper, and other
elements [15, 20]. The nitrogen content of proteins is stable and averages 16 percent of all elements by
dry weight. Therefore, to determine the amount of protein in a particular biological material,
determining the amount of nitrogen in it, it multiplies the value by the number 6,25(100:16=6,25) [12,
22]. The trace elements contained in the Garden sow thistle plant were determined by the method of
emission spectral analysis (using a DFS—13 spectrograph). Garden plant sow thistle is distinguished by
its composition, which includes vitamins, alkaloids, proteins, amino acids, especially trace elements:
iron, potassium, calcium, magnesium, sodium, phosphorus, manganese, chlorine, zinc. Many trace
elements affect blood circulation in the body, protein, salt metabolism and activation of enzymes, the
general process of metabolism. Trace elements have a certain physiological effect, if they are not
enough in the body, which leads to the occurrence of certain diseases. Quantitative determination of
trace elements contained in the melon residue was carried out by the method of emission spectral
analysis on a DFS-13 spectrograph. The resulting 300 mg of plant ash is vaporized in a (DC Spark I-
16. 2100-3600A) is photographed in zone 0. The reference is determined on the basis of silicon. The
sensitivity of the analysis is (102-10°) %. Result of determination of standard copper sludge (SHM-M
TCO 2962 — 84). The result of the obtained trace elements is presented in (Table 2).
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Table 2 — Microelement composition of Sonchus Oleraceus L. (sow thistle) plant

Element:

Zn

Mn

Ca

Mg

P

Cl

Na

mg: 3,4

7,6

210

80

820

70

50

12

Medicinal plant extractives mean the quantitatively determined dry residue obtained by
dissolving organic and inorganic substances from plant raw materials with appropriate solvents. The
presence of extractive substances in medicinal plant raw materials is an important quantitative
indicator describing its good quality. Depending on the chemical composition of plant raw materials
and the solvent used, the chemical substances contained in it are separated by means of a solvent. To
determine the extractivity of a given substance, a suitable solvent specified in NTD is taken. This
solvent is used to make an extract or concentrate of that raw material. Most often it is ethyl alcohol (40
or 70%) or water. To determine the extractivity of the above-ground part of the plant in different
solutions, we took solutions in two different alcohols, acetone, chloroform, benzene, ethyl acetate and
water. Extractivity results are shown in (Table 3) and (Diagram 1).

Table 3 — The attractiveness of the above-ground part of the Sonchus Oleraceus (sow thistle) plant

No Solutions Raw material | Solvent volume, separated separated
B weight, g ml substance,mass g substance, %
1 50% alcohol 2 25 0,53 26,5
2 DW 2 25 0,49 24,5
3 Aqueous acetone 2 25 0,43 215
4 Benzene 2 25 0,4 20
5 Acetone 2 25 0,36 18
6 90% alcohol 2 25 0,20 9,8
7 Chloroform 2 25 0,15 7,5
8 Ethyl acetate 2 25 0,08 4,5

30
26,5
5 - 24,5
215
20

20
15
10

5 —4

0 4

Dark purple - alcohol

Yellow - hot DW

Light blue - aqueous acetone

Dark violet - benzene

Orange - acetone

Blue - 90% alcohol
Light violet - chloroform
Ink blue - ethyl acetate

Figure 2 — Extractavity of the Sonchus Oleraceus L. plant in different solutions

As considered in the (Table 3) the extractivities of 50% alcohol and water are higher than
others. That is, the extractivities of these solutions are used for further research. The paper
chromatography results are shown in (Tables 4). As a result of chromatography, it was determined that
there are 2 amino acid substances in distilled water, one in aqueous acetone, two in 50% alcohol, one
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in hot alcohol, two in 90% alcohol, and two in water.

According to the above-mentioned method, amino acids were chromatographed, comparing
them with qualitatively known amino acids. As a result, as can be seen from (Table 4, 3) amino acids
were separated in aqueous acetone (valine, threonine, glycine, arginine); 5 (phenylalanine, methionine,
threonine, glycine, lysine) in 50% alcohol; 4 (valine, tryptophan, threonine, glycine) in 90% alcohol,;
2 (threonine, glycine) in hot alcohol; It was found that hot water contains 3 (phenylalanine, threonine).

Table 4 — Results of comparative paper chromatography of amino acids

Amino acids Rf Ningiridine
1 2 3
DL- lysine 0,353 Light purple
Glycine 0,443 Purple
L- arginine 0,330 Ink blue
Threonine 0,533 Purple
Valine 0,684 Ink blue
Phenyl analine 0,737 Ink blue
Isoleucine 0,744 Light purple
Tryptophan 0,612 Light purple
Destilled water 0,532 Light purple
0,686 Purple
0,532 Dark purple
Adqueous aceton 0.430 Dark Burgle
0,321 Ink blue
0,714 Pink
0,65 Purple
50% alcohol 0,535 Purple
0,442 Dark purple
0,3 Ink blue
0,697 Light purple
0,640 Purple
90% alcohol 0,528 Dark ppurple
0,422 Dark purple
. 0,540 Light purple
Boiling alcohol 0,430 gPurF;)Iep
0,737 Light purple
Boiling water 0,547 Purple
0,291 Ink blue

Furthermore, radial chromatography method, which is often used in the qualitative
determination of amino acids. Is shown in (Table 5).

Table 5 — Results of determination of amino acids by radial chromatographic method

System Extraction Rs Defining Color
1 2 3 4 >
] 0,2647 Purple
of phenl 1 ite ow ooty | rown purp
p 0,9117 Brown purple
] 0,2121 ) Brown purple
Aqueous aceton 0.6363 Light purple
0,7059 i
- 50% alcohol 0,4117 - IE;'SHI ptjjrrplls
0,1764 PP
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1 2 3 4 5
0,1764 Light purple
0,4411 Purple
i Hot alcohol 0,7059 ) Dark purple
0,9117 Brown purple
0,2059 Purple
0,4117 Light purple
- 0, -
90% alcohol 0,7647 Purplr
0,9411 Brown purple
i 0,3684 ) Pale purple
Hot water 0,7368 Dark purple

The composition of fatty acids (higher carboxylic acids) of the above-ground part of the
Sonchus Oleraceus L. Plant was found by gas chromatography "Carlo-Erba-4200" (USA, Italy). For
the analysis Chromatography special conditions were used such as Injector temperature - 188,C, the
temperature of the detector is 230°C, the temperature of the oven is 188,C and the Analysis time was
one hour. For this analysis, the crushed raw material is extracted with a mixture of chloroform and
methanol (2:1) for 5 minutes. The extract is filtered through a paper filter and concentrated. After that,
the obtained extract is methylated with 10 ml of methanol, 2-3 drops of chloroacetyl and 60-70°C in a
special system for 30 minutes. Methanol is concentrated using a rotary evaporator, and the samples are
extracted with 5 ml of hexane and injected into the gas chromatograph.

Table 6 — Fatty acid composition of Sonchus Oleraceus L. plant.

. Composition, %
Fatty acids Symbols Sonchus OleraceusL.

Miristin Cuao 3,2
Pentadecane Ciso 7

Palmitine Cis0 16,5
Palmitolein Cie1 2,8
Stearin Ciso 9,2
Olein Cis1 35

Linol Cis2 24,5
Linolene Ciss 15

Garden sow thistle is used in folk medicine. To do this, the aboveground part of the specified
plant is collected during the flowering period and dried. The Garden sow thistle plant has diuretic,
lactogenic, hemostatic properties (especially in bloody sputum) and has an anti-inflammatory effect. It
is used as a medicine for intestinal worms. White milk of the plant was used in folk medicine for liver
diseases, and all the organs of the plant for gout and hemorrhoids. Crushed young leaves are pressed
to the operated wound. Young leaves (previously placed in water) are part of the healing salad. Garden
sow thistle is used as a medicinal plant with choleretic, diuretic and anti-inflammatory effects. Water
tincture of Garden sow thistle is used as a milk multiplier for inflammation of the intestines of internal
organs (stomach, lungs, liver), jaundice, hemorrhoids, chest diseases, in nursing women. Freshly
brewed grass is used for steaming painful areas. In folk medicine, melon cabbage is used for jaundice,
hemorrhoids, kidney diseases, spitting blood, treating intestinal worms, pumping bile and anti-
inflammatory treatment. Water decoction of Garden sow thistle is used for inflammation of the
stomach, intestines, liver, lungs, jaundice and hemorrhoids. Freshly picked and boiled herbs are used
to treat sore throats, chronic gastroenteritis. The vegetative mass of Garden sow thistle is used in the
treatment of bone-vascular tuberculosis, malarial diseases, ascites, epigastric diseases, and as a
treatment for bedbugs. In Chinese medicine, the root is used to stop bleeding, and herbs - as a laxative,
tonic, and vitamin substance. The leaf juice is mixed with egg yolk and used in the treatment of breast
cancer. Since time immemorial, arable grass has been considered a medicinal herb. Tincture and
decoction regulate metabolic processes in the human body, well help with headaches and neuroses.
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This plant is used in the treatment of vascular diseases in the treatment of Yellow disease, as a
choleretic agent, grass and Viburnum Root are used. Young leaves and twigs of sow thistle are used to
make salad, vinaigrette, soup, and cabbage soup. To get a bitter taste, it is pre-soaked in salted water
for (30-40) minutes. But the bitter taste does not disappear completely, giving the salad a special sour
taste. Soup and schida bitter taste is not felt. Cooked leaves are added to soup, mashed potatoes,
seasonings, fruit snacks and dough. Leaves mixed with rice powder are added to pancakes. After
rinsing the leaves of garden viburnum with boiling water, young women in labor prepare a special dish
to increase milk. The leaves are being prepared for winter. To do this, the leaves are collected and
salted or dried in the first months of summer. Naturally, further detailed study of the chemical
composition of water is necessary.

Conclusion. The chemical analysis of the Sonchus Oleraceus L. plant in Kazakhstan has
revealed a rich composition of bioactive compounds, including amino acids, fatty acids, and vitamins,
with potential therapeutic benefits. The presence of essential nutrients and phytochemicals underscores
the plant's value as a source of natural remedies and pharmaceutical ingredients. The study's adherence
to standardized methods and the absence of harmful heavy metals further enhance the plant's
suitability for medicinal and industrial applications. These findings support the continued exploration
and utilization of Kazakhstan's diverse flora for the development of novel healthcare products and
pharmaceutical formulations. By leveraging the bioactive potential of medicinal plants, researchers
can contribute to the advancement of natural medicine and sustainable healthcare practices. The results
of this study serve as a foundation for future research endeavors aimed at harnessing the full
therapeutic potential of medicinal plants in Kazakhstan and beyond.
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PE3IOME

PasnooOpa3ue xnmMaTudecknx yciioBuil Kazaxcrana co3gaer uaeainbHYIO Cpeny A pa3BUTHA
Y UCCIIeI0OBaHUs JIEKapCTBEHHBIX PACTEeHMUH, TakuX Kak ocoT (Sonchus oleraceus L.), koTopsie Ooratsr
OMOaKTHBHBIMU BeLIeCTBaMH. B JaHHOM HcClleIOBaHWM, OCBAIIEHHOM XMMHUYECKOMY COCTaBYy OCOTa
B Kazaxcrane, ocoboe BHUMaHHUE yIeICHO HICHTH(DHUKAIINN U KOJTMISCTBEHHOMY OTIPEICIICHUIO TAaKUX
BaXXHBIX BEIICCTB, KAK aMHWHOKHCJIOTEI, )XUPHBIC KHUCJIIOTBI U BUTAMHHBI. HeKapCTBeHHBIe pacTeHusA
JJaBHO TPU3HaHBl 32 MX TEPANlEeBTUYECKHE CBOWCTBA, IMPENOCTaBIAS HATYpalbHYIO albTEpHATHUBY
CHUHTCTHYCCKUM MCAUKAMEHTaAM C MCHBIIHNM KOJIHNYCCTBOM MOOOYHBIX 3(1)(1)6KTOB. HCHOHBSyH
nepeaoBble  (U3NKO-XUMHUYECKHE METOAbl M XpoMaTorpaduyecKkue TEXHHUKH, KCCIeIOBaHNe
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HANPaBJICHO HA BBIACHEHHE NOTEHIIMAIBHBIX JICUCOHBIX NMPUMEHEHUN JaHHOTO BHJA PACTCHUHU.
MeTtomukn W CTaHAAPTH, YCTaHOBIEHHBIE [ocymapcTBeHHOW (apmakoreeli H MPenblIyIIuMU
(UTOXMMHYECKUMHU HCCIEIOBAHUSIMH, MOAYEPKUBAIOT CTPOTOCTh M HAJIEKHOCTh AHAJTUTHYECKOTO
moaxoja. Pe3ynbTaTel JaHHOTO UCCICAOBAHUS BHOCST 3HAUUTEIBHBIN BKIIAJ B paclIMpEeHUE 3HAHUN O
OMOaKTHBHBIX KOMIIOHEHTaX JIEKapCTBEHHBIX pacTeHuii ocora B Kaszaxcrane, momdepkuBas WX
(apMakoJOTHUecKOe 3HAUYeHHWE M TOTEHIMANl Ui OTKPBITHS HOBBIX JIEKQPCTBEHHBIX CPEACTB.
Hcnonw3ys xumuueckoe pazHoobOpasue ¢uiopbl Kazaxcrana, UCCleIOBAaTEIM MOTYT OTKPBITH HOBBIC
BO3MOXXHOCTH JUIi pa3pabOTKH (apMaleBTUUSCKUX, HYTPUICBTHUCCKAX M JPYTHX MPOAYKTOB,
CIOCOOCTBYIOIINX 370POBBIO, HA OCHOBE MTPUPOTHBIX HCTOYHUKOB.

TYUIH

KazakcTaHHBIH KIMMATTHIK JKaFTaiIapbIHBIH aTyaH TYpJIiIiri OMOaKTHBTI 3aTTapra Oail omraraH
(Sonchus oleraceus L.) cHAKTBI Hopilik OCIMIIKTEPAiI AaMBITy MEH 3€pTTEyre Tamallla >Karaaif
kacaiinbel. KaszakcTaHiarel OIIAFaHHBIH XHMUSIIBIK KypaMbl TypaJibl OYJ 3epTTeyle aMuH
KBIIKBUIIAPEI, Mal KBIIIKBUIIAPHI KOHE BUTAMUHJIED CHSKTHI MaHBI3Jbl 3aTTapllbl aHBIKTAyFa JKOHE
OJIapABIH MOJITEPiH aHBIKTayFa epeKile Hazap aymapburansl. Jopigik eciMmikTep eXemneH Oepi
OJIapJIbIH EMJIK KaCHETTEPIMEH TaHBUIMbI, OYJI CHHTCTUKAJIBIK MpernapaTrapra Taburu Oajiama OOJIbII
TabbUTagpl JKOHE JKaHama ocepiepi a3. JKerinmipiired (HM3HKA-XUMHSUIBIK OIICTEpIl JKOHE
XpoMaTorpad sUIBIK OIICTep/Il KOJITaHa OTBIPHIN, 3€PTTEY OCHl OCIMIIK TYPIHIH 9JIEYeTTi IOPiliK
KOJAaHy MYMKIHIIKTEpiH aHBIKTayFa OarbITTalFaH. MeMJIEKeTTiK (apMmakomes OenrijiereH omicTep
MEH CTaHIapTTap >KOHE alAbIHFBI (PUTOXUMUSIIBIK 3€PTTEYJIep aHATUTHKAJIBIK TOCUIIIH KaTaHIbIFbI
MEH CEeHIMIUITIH KepceTemi. byir 3eprreymin HoTmkenepi KazakcTanmarsl OIIaFaHHBIH JTOPiTIK
ocCiMIiKTepiHiH OMOaKTHBTI KOMITOHEHTTEPI Typaibl OUTIMIII KEHEHTyTe elIeyIIi YiIec KOCHII, OJap.IbIH
(hapMaKoJIOTHSIIBIK MAaHBI3BIH KOHE KaHa JOPLTIK 3aTTapbl allyarsl aneyeTin kepcereni. Kazakcran
(h7opachIHBIH XMMHMSIIBIK ajyaH TYPJIUICiH HaiifganaHa OTBHIPBIN, 3epTTEYIIIep TaOUFd Ke3JepiacH
(hapManeBTUKAJIBIK, TaFAaMBIK JkKoHE 0acka Ja JACHCAYNIBIKTHl HBIFAWTATHIH OHIMAEPAl d3ipiey YIIiH
JKaHa MYMKIHAIKTEp allia anabl.
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JAUATHOCTUKA BAKTEPHAJIBHOTI'O OKOT'A IIVIOAOBBIX KYJIBTYP B YCJIOBUAX
OI'O-BOCTOKA PECIIYBJIMKH KA3BAXCTAH
DIAGNOSIS OF FIRE BLIGHT OF FRUIT CROPS IN THE CONDITIONS OF THE
SOUTH-EAST OF THE REPUBLIC OF KAZAKHSTAN

AHHOTAUA

B cratbe OCHOBHOE coOmep)KaHHE MCCIECAOBAHUS COCTAaBISCT AaHajiu3 IO BBIIBJICHUIO
B030ynuTeNsl OaKTEpPUANTBHOTO 0XKOTa TUIOJOBBIX KyIbTyp. Llenbio paboThl sIBISETCS MOJIEKYJISIPHO-
reHEeTHYECKHe MOAX0abl uaeHTuuKamu E. amylovora, Birouast aHann3sl Ha OCHOBE MOJMMEPA3HO
nenHoi peakryn ([1L[P) u meTonsr cekserupoBanus JIHK, a Takxke ¢pUTONMATONOrHYECKUE aHAU3EI C
HCIIOJIb30BAHHUEM PA3JIMYHBIX IMUTATCIIBHBIX CPEI. Ha CCFOI[HSIHIHI/II\/'I JACHb, DTN MCTOIbI O6J'Ia):[aIOT
0osee BBICOKOM CHGHI/I(i)I/I‘-IHOCTI)IO U YYBCTBUTCIIBHOCTBIO, YTO IIO3BOJIACT TOYHO BBIABIATL U
muddepennrpoBats Bo30ymuTens. B wmcciemoBaTenbckoil  paboTe  TPOBEACHO MapuIpyTHOE
o0ceioBaHMe Pa3IMYHBIX KPECTHSIHCKUX XO3SIMCTB 10r0-BocToka Kazaxcrana, oro6pano 98 oOpasmos
pacTeHUl ¢ TpU3HAKaMH OaKTepPHAJILHOI'O OXKOora Ui JajdbHEHINEro HCCIIeoBaHUsA. B moieBbIx
ycnoBusx nposoauiaack TP B hopmate Flash, mo pesynasratam 74 o6pasiia ObLIM THATHOCTHPOBAHEI
kak E.amylovora. IlepBoHauaibHble (UTOMATONOIUUECKUE HCCICAOBAHHS B TA0OPATOPHBIX YCIOBUSIX
JIAJTH TTOJIOKUTEIIbHBIC pe3ysbTaThl. [l TouHoro onpeaencHus Obuia nposeacHa [11[P-auarnoctuka B
na00paTOpHBIX  YCJIOBHAX C HPUMEHEHHEM BHIOCHEUM(HUYHBIX TNpaiiMepoB. MoeKyssipHo-
TeHETHYECKasl XapaKTEPUCTHKA H30JTOB IPOBOAMWIACH C HCIOJB30BAHUEM CIELU(PHUECKUX
komOuHanuii mpaiimepoB PEANT F/ PEANT2 R u FER F/ rgER2-R. Ha ocHoBe aHamu3za
MOCJIeIOBATEIbHOCTEH BCe HM30JIAThI Ovtau montBepkaeHsl kak JJHK E. amylovora u moctpoeno
¢buIoreHeTHIECKOE AEPEBO.

ANNOTATION

In the article, the main content of the study is an analysis to identify the causative agent of fire
blight of fruit crops. The aim of the work is molecular genetic approaches to the identification of
E. amylovora, including polymerase chain reaction (PCR) assays and DNA sequencing methods, as
well as phytopathological analyses using various nutrient media. To date, these methods have a higher
specificity and sensitivity, which makes it possible to accurately identify and differentiate the
pathogen. In the research work, a route survey of various peasant farms in the south-east of
Kazakhstan was conducted, 98 plant samples with signs of fire blight were selected for further study.
In the field, PCR in Flash format was performed, according to the results, 74 samples were diagnosed
as E.amylovora. Initial phytopathological studies in the laboratory yielded positive results. For
accurate determination, PCR diagnostics was performed in the laboratory using species-specific
primers. The molecular genetic characterization of the isolates was carried out using specific
combinations of PEANT F/ PEANT2 R and FER F/rgER2-R primers. Based on sequence analysis, all
isolates were confirmed as E. amylovora DNA and a phylogenetic tree was constructed.

Knrwoueswie cnosa: E. amylovora, 6akmepuansusiii odcoe, I[P, npaiimep, gunocenemuueckoe
depeso.

Key words: E. amylovora, fire blight, PCR, primer, phylogenetic tree.
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BBenenne. baktepuanbHbI 0XOT - KpailHe pa3pylINTeNIbHOE 3a00IeBaHue, PEACTaBIISIONIEe
CEpPBhE3HYI0 SKOHOMHYECKYIO IpoOieMy IS TUIOAOBEIX KyJIbTyp BO BceM wmupe [1]. 3apakenue
BETKOB E. amylovora MoskeT 3HaYMTENBHO CHH3WTH TOBAPHOCTH M ypoxkaiiHocts. ms Kasaxcrana
3a0oeBaHue SBISETCS KapaHTHHHBIM. OJHAKO, B HACTOsIee BpEMsi MHOTOYHMCICHHBIE OYaru
OaKTepuaTbHOTO 0KOTa BBISIBIIEHBI Ha 0T U I0ro-BocToke KazaxcTana, 9To IpecTaBiseT yrpo3y s
TUIOZ0BO/ICTBA pecnyOnmkn. Hammane ogaroB 6akTepHaIbHOTO 0)KOTa MOYKET MPUBECTH K MACCOBOMY
ero pacnpoctpaHenuio. Knmmarnueckue ycinoBus 1oro-Boctoka Kazaxcrana, riie HaX0JUTCs OCHOBHAs
30Ha IUI0I0BOJCTBA, 10 AaHHBIM ADP, OaronpusTHBI IS aKKIIMMAaTH3aUA 1 000CHOBaHUS TaHHOTO
naroreHa [2]. B Hacrosimiee Bpemsi BO BCEX CTpaHaX, TJ€ BbIABICH OaKTEPHUAIBHBIH OXKOT,
OCYIIECTBIISIETCS] HEMTPEPBIBHBIN MOHUTOPHHT M KOHTPOJIb 33 €T0 MPOSBIEHISIME U PACIIPOCTPAaHEHUEM
[3]. B cBsi3u ¢ orpoMHBIM 3KOHOMHUYECKMM 3HaueHueMm E. amylovora smnsercs omHoit u3 Hambosee
U3y4aeMbIX (PUTOMATOTCHHBIX OakTepuii B mupe [4]. BriepBble BbIsABICHHBIH B KOHIE 19 Beka, 3TOT
MATOTeH OCTAeTCS CEepPhE3HOM MPOOIEeMOW I CENbCKOTO XO3SJHCTBA BO BCEM MHpPE H3-3a €T0
CIOCOOHOCTH OBICTPO PACIPOCTPAHATHCS W HAHOCUTH 3HAYMTENBHBIA yIIepO cajaM UM MUTOMHHUKAM.
OnHOI U3 OCHOBHBIX MPOOJIeM, Mpe MATCTBYIOMMX 3(PPEeKTHBHOMY MPUMEHEHHIO HAIJISKAIIUX Mep
MpoUIAKTUKH, SBISIETCS W3HAYAIBHO HE3aMEYeHHOE TPOHMKHOBEHHE JTOTO 3a00JIeBaHMA.
E. amylovora mponukaer depe3 eCTECTBEHHbIC OTBEPCTHS M PaHbl U MOXET MOpakaTh BCE YacTH
pacTeHus, BKIIIOYasi [[BETHI, JTHCThS, BETBU, CTEOIH, IUIOABI U KOPHH, BBI3bIBas (PUTOPTOPO3 COLBETHIA,
no6eros [5, 6]. BaktepuaibHbIe KIETKH 3UMYIOT B KOPE | B SI3BaX Ha IPEBECHHE 2-JIETHETO BO3pacTa u
Ha OoJiee CTapoil ApeBecuHe, M 3TH TKaHH CITy>KaT HanOoJiee BEPOATHBIMA HCTOYHUKAMHU ITEPBUIHOTO
UHOKYyJsATA [7].

3a mocNeHUEe CTOJIETHSI 3TOT MATOT€H PACHpOCTPAaHWICA O BCEMY MHPY, M, KaK CIEICTBHE,
E. amylovora Obina 3aneceHa B katajgor EBpoIeiickoro coro3a Kak KapaHTHHHBIH OpraHH3M, Te Ha
Hee pacnpocTpaHsieTcsi PUTOCAaHUTAPHOE 3aKOHOJATENbCTBO, 4 HEJaBHO Oblla BKIOYeHa B Tom-10
MATOTEHHBIX JUIS pacTeHWi OaKTepuil, OMyONMKOBAaHHBIX B JKypHAJ MOJICKYJSIPHOW MaTOIOTUU
pacTeHnii. 3HaHWA 00 SIUAEMHOJOTHH W TEHETHYECKHX XapaKTePUCTHUKAX OTMEIbHBIX BCIBIIIEK
MOTYT J1aTh OTBETHI Ha OTKPBITBIE BOMPOCHI O TOM, KaKk OaKTepuu M OakTepHajbHbIC 3a00JE€BaHUS
pacrpoCTpaHsIOTCs B TI100aTbHOM MaciiTade Ml eCTECTBEHHBIM 00pa30M paccenBaroTcs Ha MECTHOM
ypoBHe [8, 9]. IToHMMaHHE SMUIAEMHOJOTHH M T€HCTHYECKOH CTPYKTYphI IAaTOreHa MOXET JaTh
MIPEJICTaBICHNE O MEXaHW3MaX, C TIOMOINBI0 KOTOPHIX OAKTEPHH PacIpOCTpaHSIOTCs. B cBsi3u ¢ aTHM,
LENBI0 HAcTOsAlIeH palOoThl SBIAETCS OIEHKa KOMOWHHPOBAaHHOTO TOAXOJa K HMIACHTU(GUKAIMUA U
JIMarHoCTHKe maroreHa E.amylovora, KoTopeiii OOBEIMHSET NPEUMYINECTBA MOJICKYJISIPHBIX H
MUKPOOHOJIOTHIECKUX METOJIOB JIJIsl 00eCTieueHus] BRICOKOH TOYHOCTH M JOCTYITHOCTH JHArHOCTUKU B
MOJIEBBIX U Ta0OPATOPHBIX YCIOBHUSIX.

Marepuansl u Metoabl wuccienoBanmid. B 2023 roay yweHeiMu MHCTHTYTa TpOBelEHO
MapIIpyTHOE HCCIEIOBaHHE KPECThIHCKAX XO3AWCTB FOKHBIX M FOTO-BOCTOYHBIX PETHOHOB
Kazaxcrana, ¢ 1e/bl0 BBISBJICHHS 04aroB OaKTEepHaIbHOTO OKOTa. beut 0TOOpaHbl 00pa3ibl SOJIOK,
TpylI, CJIHB, MEPCUKOB, YPIOKA, aiiBbl M allbI4M C IENbI0 MPOBEACHUS JUATHOCTHUKH B TIOJNEBBIX W
1a060paTOPHBIX YCIOBUSX.

JmnarHocTrka B TIONEBBIX YCJIOBUSX TMPOBOAMIACH B TEPEABIDKHOW  aBTOIa00OpaTOpUU
WHCTHUTYTa, ocHaiieHHoi 6okcom III[P. B muarnoctuxe mpopoawmiack [P B dopmare FLASH c
UCIIOJIb30BaHUEM TOTOBOTO Komiuiekta peareHtoB mast P ammmudukammu JTHK E.amylovora
(Arpo/luarHocTrKa), KOTOPBIM NCKITIOYAeT CTAJNH aHaimu3a mpoayktoB ITLP Merogom snekTpodopesa
U TeJb-JOKYMEHTAIIUN PE3YJIbTATOB DIIEKTPOPOpe3a, YTO MO3BOJISIET COKPATUTH BpeMs noiHoro [T1[P-
aHanu3a 70 2-3 4acos.

CaMbIM IIPOCTBIM M HAJISKHBIM METOJIOM HIICHTH()HUKAIIMHU MaTOreHHbIX OakTepuii E. amylovora
B J1a0OpaTOPHBIX YCIOBUAX SABJSIETCS METOAbl HMIACHTHU(QHUKAuWK OakTepuil BHIpAlIMBAaHHMEM Ha
JUAarHOCTHYECKUX THUTATENBbHBIX cpenax. Pabora 1O BBIACTICHUIO YHUCTHIX KYJIBTYp OakTepuit
MPOBOAMIIH B 1a00OpaTOpuH (GPUTONATOIOTHH HHCTUTYTA.

bakrepun E. amylovora xynpruBupoBany Ha mMTarelbHbIX cpepax: Kunra b (menron - 20r,
runepon 10m1, K2HPO4 1,5 r, MgS0O4:7H20 1,5 r u arap 15 r Ha 1 nurp), JleBanoBas cpena
(mposokeBoit akcTpakT 2r, 6akronentoH 5t, NaCl 5r, caxapo3a 50 r, arap 20 r Ha 1 qgutp ), Miller-
Schroth (Tepruron 7 (natpmii rentageumicyinsgar), 0,1 mi; 2% HUTPUIOTPUYKCYCHOH KHCIOTHI B
1,46% KOH, 10 mur; nenroH, 5 r; caxaposa, 25 1; 0,5% OpomoTumosnoBsiii cuamii 9 mi; 0,5%
HEUTpaIBHBIN KpacHBIH, 2,5 M1, Ha uTp) [10].
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Hcnonp30BaHre COBPEMEHHBIX METOIOB MOJEKYJISPHON TUArHOCTHKH IO3BOJISIET OOHAPYKHUTh
KaK XapaKTePUCTUKH MATOr€Ha, CIIOCOOCTBYIOIINE €r0 BBDKHBAHUIO B PA3IMYHBIX YCIOBHUSX, TaK H
paHee HeM3BECTHBIC Pa3IHyKs MEeX Iy InTaMmamu Oaktepuit E. amylovora.

Buidenenue /JJHK u I[ILJP. I'enomuas JJHK Oaktepuii ObutM BbIOENEHBI M3 KUAKUX KYJIBTYP
M30IITOB BBIpaleHHBIX Ha cpeme Luria-Bertani (LB) mpu 28°C, ¢ moMompi0 TOTOBOTO Habopa
GeneJET Genomic DNA Purification Mini Kit B COOTBETCTBHHM IIPOTOKOJIOM IIPOWU3BOIUTEIS
(ThermoFisher, CILIA).

[ILIP pmarHocTMKa NPOBOAMIACH C HCIOJIB30BAHMEM BHIOCIEIH(UYHBIX TMpaiiMepoB
yTBepxaeHHbIME EBporiefickoit m CpenqnzeMHOMOPCKO# oprann3anueit no 3amure pacternii: PEANT
F/ PEANT2 R u FER F/ rgER2-Ru [11, 12, 13].

Jst ammmudukanmuu U nocienyrooliero cekpenupopanus 16S pPHK ucnonb3oBamuce Habop
peaktuBoB BigDye XTerminator Purification Kit (Thermo Fisher, CIIIA) B COOTBETCTBHH C HX
nHeTpykiusamu. [locine nposenenus TP mpomykTel ObUIH MTOABEPTHYTH OYHUCTKE C IPHUMEHEHHEM
peareata ExoSAP-IT™ Express PCR Product Cleanup (Thermo Fisher, CIIIA), a qis oducTku
o6pa3sros nocie Seq-I1LP ucnonp3oBanuck kaptpumku Performa DTR Gel Filtration (Edge Bio).

[lomydeHnnsie  pe3yiabTaTbl  CEKBEHHPOBAHMA W HMHTEPHpETAlMsl  JAHHBIX,  OBUIH
MPOaHAIM3UPOBAHBI C WCIOJL30BaHUEM MporpaMmbl Sequencing Analysis. [ToMCK TOMOJIOTHYHBIX
HYKJIGOTHJIHBIX TocienoBareiabHocTei! reHoB 16S rRNA ocymiecTBiasin ¢ NMOMOIIBIO MPOTpaMMBbl
BLAST (Basic Local Alignment Search Tool) B MexaynaponHnoit 6a3e manueix Gene Bank
HammonansHoro nienTpa 6morexnonorundeckorr nHpopmaruu CIHA (htpp://www.ncbi. nlm. nih.gov)
[14, 15]. HUcnonn3ys mporpammy Mega 11, Ha ocCHOBE MONYYEHHBIX AAHHBIX OBLIO TOCTPOCHO
dunorenernyeckoe aepeso (Neighbor-joining tree) [16-18].

Pe3yabTaThl M HX 00cyxaeHue. [lepBoHavanbayro uaeHTudukanuio daktepuii E. amylovora
MPOBOJAMIM B TOJEBBIX YyciaoBusax. 2023 rogy B xo3siicTBax AjMatuHCKOM, KaMOBUICKOH,
Typkecranckoii obnacteii ObUIH COOpaHbI MJIOJOBBIC KYJIbTYpHI: SIOJIOHHW, TPYIIH, CIUBBI, TIEPCHUKH,
aOpuKOCHl, aliBa W anbida. PacTUTenbHBIE OpraHbl ¢ YKa3aHHBIMH CHMIITOMaMH OBUTH COOpaHBI H
WCIIOJIb30BaHbl B KauecTBE HMCXOAHOTO MaTepHuaia Ui BbIACICHHs BO30yIUTENsl OakTepHaIbHOTO
0’Kora IIoA0BEIX KynbTyp. (Tabmuma 1).

Tabmura 1 — PernoHsl uccieroBaHHBIX 00pa3IOB IIOAOBEIX KYJIBTYP

= ] <
: | 5/ g g §| 8 g
= al =| B| > 2
QS o 4| €| = S =
O6nacts Paiion x = —~
Kopnatickuit 5 2
MepkeHckuit 5
HKavrrrcras JKamObLICKUi 3 21| 3
baitzakckuit 3
Abatickuit 2 2 3 1 2
Typkecranckas Capplaranickuit 3
KaspIryprckuii 6
Kapacaiickuit 36
AnMaTHHCKas Enbexmmkazaxckuit 19
79 |2 2|1] 9 3 2
HUTOro 98

Kak mokazano B Tabmume 1, oroOpano 98 00pa3uoB pazIMyYHBIX IJIOAOBBIX KYJIBTYp C
MpU3HaKaM# 0aKTepHaIHHOIO 0XKOTa M3 pa3HbIX obmacreit Kazaxcrana.
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C uenbio BBIABICHHS BO30YAWTENS B TMOJEBBIX YCIOBHsX, Obul mpoBeaeH I[P B ¢opmare
FLASH. U3 otoOpanHbix 98 00pa3ioB pacTeHHd 74 TMOKa3aid TOJOXKUTEIbHBIE PE3yTbTATHI
(Pucynok 1).

MpoTokon HacTpodkk  Help

DesdES A
Mooron |2 Greporo | TeswosA TR S
 Mpotupka | O6paseu | Pesymwtar | @Fam | @Hex *| @roe | @0 e o5
K+ I—
2/2 K- n
2 9 =
42 10 =
572 11 3
6/2 12 =
177) 13 —
a2 14 i
a2 15 =
10/2 16 —
11/pon(E. amilove o :
12/90nE o o s
0 2 4 6 & 10 12 14 16 158 20 22
* HopMuposoumie SHERENUR 96,00 57,00%
Dienaeuneme: TR - Wlepsoonowen
27 Arperm 2023, 14:40:53 Tpororon Ne2 26amp2023.gen_ 26 Anpems 2023, 17:42:55 Gene v4.41 (2.04.10 440.10)

Pucynok 1 — Pesynbrater FLASH TILIP.

W3BecTHO, YTO OAMH M3 KIFOUEBBIX OTIMYUTEIBHBIX NPU3HAKOB OAKTEPUN — 3TO XapakTep ux
pocTa Ha TBEpIBIX IWATHOCTHYECKMX W CTaHAAPTHBHIX MHUTATENbHBIX cpedax. Pasmep, ¢opma u 1Ber
KOJIOHMH, 00pa3yeMbIX OaKTepHsAMH Ha cpenax, MO3BOJIAIOT ONPENEeNUTh HX CHUCTEMaTHYECKYIO
MIPUHAAJICKHOCTb.

B pabote u3ydeHue CBOWCTB OTOOPAHHBIX M30JISATOB OaKTEPHi MPOBOAMIM TaKKe C MOMOIIBIO
nocesa Ha uTaTebHble cpeabl: Kunra b, Jlesanosas u Miller Schroth.

Ha pucynke 2 noka3aHbl BHEITHHI BU KOJOHUI OaKTepHili M XapaKTepHCTHKA POCcTa OaKTepHid
NpY KyJIbTUBUPOBAHHU HA TBEPABIX TUTATEIBHBIX CPEIaXx.

A B C

PucyHok 2 — Pa3Butre Gakrepuii E. amylovora Ha pa3nu4HbIX THTATEIBHBIX Cpeax.
(A) Kunra b; JleBanosas cpena.; (C) Miller-Schroth cpema

[Mpu HabmroeHus 3a pocToM OakTepuit E. amylovora Ha Bcex muTaTebHBIX Cpeaax MoKas3aiu,
YTO HX POCT COMPOBOXKAAIICS 00pa3oBaHUEM KOJOHUM S-THMA.

[Mocne wnkyOaruu B Teuenune 48 wacoB mpu 28°C Ha MUTATENLHOW cpejie HaOJI0JalNCh
cienyiomue cBoiictBa: Ha cpexe Kunra b arape (A), KonoHMM HMMenu XapakTepHBIA Oemblit
MYKOWJIHBI OOJIMK W HE TMPOSBISLTN (iyopeclieHIun npu obmydeHnn Y D-uziaydeHueM ¢ JITHHOMN
BOJNHEI 366 HM, B mmrareiapHO# cpene Jlesanma (B), E. amylovora dopmupoBaga MOJOYHBIE HIH
CBETJIbIE, KPYIJIble, KyI0J000pasHble, Iiaakue, Mykouansie komonun, B Miller-Schroth (C), kononuu
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MPHOOpENH KPacHOBATO-OPAHXKEBBIN OTTEHOK, C JAMAMETPOM OKOJIO 1 MM, KpYyriible, TIaaKue M
KynoJooOpa3Hble, ¢ POBHBIMH Kpasmu. L[BeT cybOcTpara H3MEHSIICS OT CHHE-3€JI€HOBATOTO [0
KpacHOBAaTOTO.

Hdpyrue OakTtepun, OOBIYHO AacCOLMUPOBAHHBIE C pPACTEHUSAMH, HE TPOSBISIM TaKou
MOpP(}OJIOrHH KOJIOHU#H Ha ATHUX TPEX Cpeiax, uTo Mo3BOJSLIO OTin4yuTh  E. amylovora.

Takum 00pa3oM, AMAarHOCTHKA BBIAEIIEHHBIX H30JSTOB HAa MUTATEIBHBIX Cpelax IMOKa3bIBAIN
pocCT, XapakTepHbIi i1 BO30YAUTENS OAKTEPUATBHOTO OXKOTa TIOIOBBIX.

st TOATBEpXKACHUS W MACHTU(UKAIMK BBIICICHHBIX OakTepuili ObUIa  BBIMOJHEHA
kimaccrueckas TP ammmdukanus. B xome wmccmeqoBaHus HCIIONIB30BANNCH BUIOCTICIH(PUICCKUE
MpaiiMepsl Pa3iINYHOW IJIMHBI, YbH aMIUTHKOHBI COOTBETCTBOBAIM pa3Mepy KOHKPETHOTO ydYacTKa.
IIpu ammmmpukammu ¢ npaiimepamu FER F/rgER2-R Obut momyden mpomykT anuHOu 458 map
HYKJIeOoTHIOB. JI)Isi cpaBHEHHsI OBLI WCIIONB30BaH MOMOTHUTENbHBIN mpaitmep PEANT F/PEANT2,
KOTOPBIH TTOKa3all pa3HooOpa3Hbie pparMeHThI. Pa3mMepsl BapsHpOBaICh, BKIIIOYAs OxumgacMmbie 447
nap HYKJICOTHIOB (IOpokku 5 u 6), 391 mapy nHykineotunoB (mopoxkku Konrtpoms, 1, 2, 7) u
NPOMEXYTO4YHble 3HaueHusi (mopoxku 3, 4, 8, 9). IloxydeHHBIE pe3yabTaThl UHTEPHPETHPOBAIHCH
corJacHO mccienoBanusiM aBTopoB Pablo Llop u xommer [19], B KOTOpBIX ObITH OOHAPYKEHBI ACTEIHH
Ha TUX y4acTKax (CM. pUCYHOK 3).

LA
(=)
-
w
0

M: Kt 1 2 35 4

IIpomonaexus Pucynoka 3 — Dnexrpodoperpamma mpoaykro I[P, momyueHHBIX
C UCIIOJIb30BAaHUEM IIPaiMEPOB.
(A)- FER F/rgER2-R u (b)- PEANT-F/PEANT2-R.
(1-9)- Beinenennsie n3omsThl; (K+)- PedepenTrsiii mramm; M- Mapkep.

Haumbonee dacTo mpHMEHSEMbIM METOJOM MOJIEKYJSIpHOH JudQepeHnraniy TaMMoB
MUKpPOOPraHU3MOB SBIISIETCSA CPAaBHEHHE HYKICOTHIHBIX mocieaoBareiabHocTel reHoB 16S pPHK.
IToaTomy Ha ciemyromieM 3Tare pabOThl OBIJIO OCYIECTBICHO CEKBEHHPOBAaHHE (ParMEHTOB T'€HOB
16S pPHK wu3omsatoB Erwinia amylovora. TTockonbKy 3BOJIOIMOHHOE PACXOXKICHUE MEXKITY
WCCIEOBAaHHBIMU  oOpasiiaMi  OBUI0 HE  3HAYMTEIBHBIM, OBLIO BBIOPAaHO TOJNBKO  TPH
penpesentatuBHbix nocienosarensHoctd (E. amylovora Turkestan KZ, E. amylovora Almaty KZ, E.
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amylovora Zhambyl KZ), oTmedeHbl 1O Ha3BaHUIO pPErHOHA, TA€ OBUIM MOJYYCHBI OOpas3Ilbl.
HccnenoBannbie 00pa3iisl CPaBHUBAIM C IPYTHMMHU Bugamu Erwinia (pucyHok 4).

E.amylovora Turkestan KZ 16S ribosomal RNA
E.amylovora Almaty KZ 16S ribosomal RNA
E.amylovora Zhambyl KZ 16S ribosomal RNA

Erwinia amylovora NCPPB 683 AB242877

Erwinia uzenensis YPPS 951 AB546198

1 Erwinia piriflorinigrans CECT 7348 GQ405202

Erwinia tasmaniensis Et1/99 AM055716
Erwinia persicina NBRC 102418 AB681774
100
Erwinia rhapontici ICMP 1582 MT759988

Pantoea stewartii ICMP 257 MT759984

Pectobacterium carotovorum strain ATCC 15713 AB242908

Pucynok 4 — DBomonnonHoe poactso Erwinia amylovora u poactBennbix BuaoB Erwinia.
duroreHeTHUECKOE IEPeBO OBLIO MOCTPOCHO Ha OCHABAHUU MOCIe0BaTeIbHOCTeH reHa 16 S pPHK
¢ ucnoan3oBanreM meronaa Neighbor-Joining (NJ). Macirabnas nmurelika mpeacTaBiset coboii 1
HYKJIEOTHIHYIO 3aMeny Ha 1000 mo3unui.

Hykneorunasie nocnenoarenproctu 16S pPHK pedepenc-mraMmmoB ObuH TIOTy4eHBI U3 0236l
nanHbix Bacterio.net. B kauectBe BHemiHed rpymmbl  ObUT HMCMOJBb30BaH IitaMM Pectobacterium
carotovorum (AB242908).  CoriacHo (GHIOreHETHYECKOW CTPYKTYpe, HCCICIOBAHHbBIC MITAMMbI
(E. amylovora Turkestan KZ, E. amylovora Almaty KZ, E. amylovora Zhambyl KZ), o6pasyior
MOHO(OIHTEYECKYIO TpyMITy ¢ pedepeHTHBIM mTaMmmMoM E. amylovora. DBoonoHHOE POACTBO st
E. amylovora nmoarsepxaaet, uto OoJiee oTHAICHHBIM siBisieTcss Pantoea Stewartii u Pectobacterium
carotovorum. Cornacto uccinenoBanusm Takayuki Matsuura u np. 2012 roxa [20] Obiia mokaszaHa
cxoxasi TomoJorus mo ¢punorenerndeckomy ananusy 16 S pPHK, E. uzenensis, E. Piriflorinigrans u
Jpyrue BUIBI B CTPYKTYPE 3aHUMAIHN aHAJIOTMYHbIE TO3ULIUH.

3akiiouenue. B 3akimoueHue clieyeT OTMETHTh, YTO JaHHAas paboTa ObUIa IOCBAIICHA
M3YUYCHHIO BO30YAnTENs OaKTepruaisHoro oxora Erwinia amylovora - rybutenbHOro U 9KOHOMHYECKH
3HaYMMOro 3a00JieBaHMs, MOPAKAIOIIEIO IUIONOBBIE KYJIbTYPbl, B YaCTHOCTH SOJOHIO M Tpyuly, B
IOKHBIX W IOTO-BOCTOYHBIX permoHax Kaszaxcrana. C MOMEHTa CBOEro IIE€pPBOr0 OOHAPYKEHUS
B 2008 1. 3TO0 3a00NeBaHME BBHI3BIBACT BCE OONBIIYI0 03a00YEHHOCTb, MPEACTaBISI COOOH
CYLIECTBEHHYIO YIpo3y JAJs NPOLBETAIOUIEN B perrvoHe OTpaciv IUIOJOBOACTBA. B uccinenoBaHuu
MCIIOJIb30BAJICS] MEKAUCLUUIITMHAPHBINA MOIXO0/1, COUYETAIOINI 0aKTepHOIOTUIEeCKUe, MOJIEKYIISIPHBIE U
TEHETUYECKHE METO/IbI JUIs BBIICICHNUS, HACHTH(UKAIIMY U XapakTepucTHKu mrammoB E. amylovora.
B nanHOi1 paboTe MCIIONB30BANNCH CETIEKTUBHBIE CPEIbI M AMATHOCTUIECKUE METOJIBI ISl BBIICTICHHS
natoreHa M3 MWHQUIMPOBAHHBIX TKaHEH PACTEHUH MW TOCIEAYIOMIEro MOATBEPXKICHUS €ro
uaentTnuHocT Metogamu [IP ¢ BupocnenmduunbiMu mpaiiMepamu. [lonmydeHHBIE pe3yNbTaThI
[POJICMOHCTPHPOBAIIM BBICOKHIT YPOBEHb FOMOJIOTHH C M3BECTHBIMH InTamMmmamu E. amylovora, uro
MO3BOJIMJIO TOYHO MIACHTU(GHUIMPOBATH NatoreH. OunoreHeTn4eckuii aHau3 BBISIBUII SBOJIOLMOHHbIE
CBSI3M MEXJy BBIICICHHBIMHU IITaMMaMH M Jpyrumu nomyisiuusmua E. amylovora B mupe. Ananms
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TeHETHYECKUX PACCTOSHHIA BBISIBIII TECHYIO CBS3bh My Ka3axCTaHCKMMU U30JIATaMU U STAJIOHHBIMHU
TaMMaMH, 49YTO CBHJETENBCTBYeT 00 o0meM reHetndeckoM (oHe. JlaHHOE KOMIUIEKCHOE
UCCIICIOBAHUE TO3BOJISICT TONYYUTh IIEHHBIC CBEJCHUS O MOJICKYJSIPHO-TEHETHYSCKHX AaCIeKTax
B030ynuTenst OOJNE3HM B KOHTEKCTE KOHKPETHOTO Teorpa)MuecKoro peruoHa - I0KHOTO W FOro-
BocTouHoro Kazaxcrana. [losyueHHBIE pe3yibTaThl CIIOCOOCTBYIOT MOHUMAHHUIO DIHICMUOIOTHH U
spommor  E.  amylovora, 3akmaabiBas OCHOBY /Uit OyAyIIMX HCCICIOBaHHH H  pa3pabOTKu
3¢ ekTuBHBIX CcTpaTeruil OOpHOBI AT CMSITYCHHUS BO3ACHCTBUS OaKTepHABbHOW OOJNE3HM Ha
IUIOJIOBBIE KYJBTYpHl B 3TOM peruone. Kpome TOro, MONEKyJIsipHbIE METOAbl HICHTU(HUKAIINH,
UCIIOJIb30BaHHbIC B JIAHHOM HCCIICJOBAHUM, MTPEUIATaloT MPAKTHICCKUE WHCTPYMEHTHI JUIS TOYHON U
CBOEBPEMEHHOMN JIMarHOCTUKH, YTO KpaiHEe BaXKHO IS Peav3aiiui KapaHTHHHBIX MEp M YIPAaBICHUS
3a00JIeBaHUEM B TIOPKEHHBIX paliOHaX.

Bbaarogapuoctu. Ctaths ObliIa MOATOTOBIICHA B pamKkax mpoekrta mo I11[d MOH PK na 2023 —
2024 rtompl mo OromxerHOW mporpamme 267 «lloBblmeHHE MOCTYIMHOCTH 3HAHUN W HAYYHBIX
uccienoBaHui» mo Teme: «MuKpoOHbIe mpenapaTel Ais OOpbObl ¢ OaKTEpPHANBHBIM O0KOTOM
TUIOJIOBBIX KYJNBTYP». ABTOPBI BEIPXKaIOT MPU3HATEIBHOCTh KOJUIEraM 3a OKa3aHHBIE COJCHCTBUSI MPH
MPOBEICHUH JaHHBIX UCCIICIOBAHUH.
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TYWUIH

Makanana 3epTTEy[iH HEri3ri Ma3MyHBI JKEMIC JaKbUIIAPBIHBIH OaKTePHsUIBIK KYHIK
KO3ZBIPFBINIBIH ~ aHBIKTAy OOJBIN  TaObuTazbl. JKYMBICTBIH Herisri Makcatel E. amylovora
MOJIEKYJIaJIBIK-TeHeTUKAJIBIK HASHTH(DUKANHUATIAY TOCUIAEpi, COHBIH IMIHAE MMOIUMEpa3abl Ti30EKTi
peakiust (ITTP) tanmaynapsr sxone JTHK cexkBeHupiiey omicTepi jKoHE 9pTYpJli KOPEKTIK OpTaiapbl
naijganaHyra HeTi3aeNreH (pUTONATOIOTHSUIBIK TaJayiapMeH Kypri3inmi. byrinri tanma Oy ogictep
JKOFaphl cCIenn(hUKAIBIK JKOHE Ce3IMTANIBIKKA e OOJFaHIbIKTaH, OYJI aTOTeH/Il 19 aHBIKTayFa JKOHe
aXBIpaTyFa MYMKIiHAIK Oepeni. 3epTrey >KyMbICBIHAa Ka3zakCTaHHBIH OHTYCTiK-IIBIFBICHIH/IAFBI
OpTYpJi Imapya KOXKaJbIKTapblHA MAapLIPYTTHIK TEKCepy JKYpri3ingi, ogaH opi 3epTTey YIIiH
OakTepHsIIBIK KYHiK Oenrinepi 6ap ecimaiktepain 98 yunrici ipikremiHin aixbHabl. Jlananblk sxargaiaa
Flash dopmareiamarsr TITP kyprisimmi, 74 yirinin HoTmKenepi Ooipinima E. amylovora
AHBIKTAIBIHBI. 3epTXaHANbIK JKaFrAalia alFaliKsl QUTONATONIOTUSIIBIK 3epTTEyJiep OH HOTHXKE Oepi.
[Tarorenai [om aHBIKTAay YLIIH TYpre TOH MpaiMepiepai KoJJaHa OTHIPBIN, 3epTXaHaIbIK JKarnaiina
[ITP nuarHOCTHKACHl JKYpPri3inmi. 3epTrey KYMBICHI H30JSATTApIbIH MOJICKYIaIbIK-TeHETHKAIBIK
cunarramacel PEANT F/ PEANT 2 R xome Fer F/ rgER2-R mpaiimepiepiniH apHaiibl
KOMOWHANMSIIApBIH KOJIaHy apKbUIbl Kyprizingi. Tiz0ekti Tampgay HeriziHge OapiblK H30JISATTap
E. amylovora IHK petinzae pacTanibl )oHe (UIIOr€HETHKANBIK aFalll )KacablH/Ibl.
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TEXHOJIOI'AS IPUTOTOBJIEHUS BOJOCTOMKOIO MUHEPAJIBHOI'O COPBEHTA
HA OCHOBE MOJU®ULIMPOBAHHO KPEMHHUCTOM IIOPO/IbI — OIIOKH
3AIMATHOI'O KABAXCTAHA U PABPABOTKA MO/1YJbHOM JIABOPATOPHOM
YCTAHOBKH JJ1S1 ONPECHEHHMSI MUHEPAJIN30BAHHOM ITIOJ3EMHOM BO/IbI
TECHNOLOGY FOR THE PREPARATION OF A WATER-RESISTANT MINERAL
SORBENT BASED ON MODIFIED SILICEOUS ROCK - FLANKS OF WESTERN
KAZAKHSTAN AND THE DEVELOPMENT OF A MODULAR LABORATORY
INSTALLATION FOR DESALINATION OF MINERALIZED GROUNDWATER

AHHOTANUA

Pazpaborana KOHCTPYKIHSI KapTpUIKa, KOTOPBIA COCTOMT W3 KopIyca, nep(opupoBaHHOM
TpyOku M ronoBKu. ['0yl0BKa KapTpuka MMEET BXOA M BBIXOH U1 BOIBI 4Yepe3 (QUIbTPYIOLIYIO
3arpy3ky. Ilpu sToM (unbTpyromei 3arpy3koil sBIsieTCS MOJU(QHUIMPOBAHHBIA T'PaHYIMPOBAHHEIHA
copbent mmamerpom 1,0-1,5 mm. B kauecTBe Kopmyca KapTpuaKa HCIIOJIB30BAaHBl CTAaHAAPTHBIC
NPO3pavyHbIe IUIACTUKOBBIE KOJOBI OBITOBBIX (DMIIBTPOB, MPEAHA3HAUYECHHBIX ISl JOOYHCTKU MUTHEBOM
BoJibl. [lepdopupoBanHas TpyOKa Ui KapTpuaka, pa3paboTaHHBIX MOJAU(DUITMPOBAHHBIX COPOEHTOB,
M3rOTOBJIEHA U3 TUIACTHKA ¢ moMolisio 3D mpunTepa. BepxHsis 4acTh KapTpUIKa, COMPUKACAIOIASICS
C TOJIOBKOH, TZle OCYIIECTBIISIETCS BBIXOJ| OYMIIEHHON BOABI, CHaO)KEHA CETKOW M3 HEP>KaBEIOILETO
marepuna ¢ orBepctusimMu 0,8 Mm. Takoe KOHCTPYKTHBHOE pEILIEHHE IPHHATO B CBSI3U
HEOOXOUMOCTBIO  yJIepKaHWsl  TpaHyldl  MOJU(HUIMPOBAHHBIX  COPOCHTOB  0€3  3allepKKu
¢uipTpoBaHHON Bonbl. Co3AaHa HKCIEPUMEHTAIbHAS YCTAaHOBKA ISl ONPECHEHHS U OYUCTKH BOBI,
MO3BOJIAIONIAs] HCCIIEAOBATh CTENEHb OYHMCTKM BOABl PA3IMYHOIO XWMHYECKOrO COCTaBa M
3arps3HeHHnd. Ha 3Toil ycTaHOBKE MOSBISETCS BO3MOXHOCTh BECTH HAay4HO-IKCIIEPHMEHTAIbHbIE
paboThl MO MCCIEOBaHUIO BOJBI PA3IMYHOTO XUMHYECKOTO COCTaBa C IENbI0 OYHCTKH C MOMOIIBIO
pa3paboTaHHBIX COCTAaBOB MOAM(HUIIMPOBAHHBIX COPOEHTOB HA OCHOBE KPEMHHUCTOM Mopoabl onoku. C
MOMOIIFI0 KOHAyKTOMeTpa Mapku «Mapk 603» umcciemnoBaHbl BOAOIPOBOJHAS BOJA U TPU MPOOBI
MOJA3EMHON BOJBI MECTOPOXKIEHUS «AKKypai». YCTaHOBJIEHO, YTO BCE TpPU MPOOBI BOJBI
MECTOPOXKACHUS «AKKypaii» 1o 3HadeHuto obmero conecoaepxkanus (TDS) otHocsaTcs k Kateropuu
CJIMIIKOM BBICOKOTO OOILIETO ColecoAep KaHUsl W BOJAA HENPUTOAHA Uil OOJNBIIMHCTBA Lesned 0e3
npeaBapuTeabHol 00paboTku. CaMoe BBICOKOE 00IIee coIecoIepiKanue 10 GUIbTPAUd 00HAPYKEHO
y po6s1 Bojel Ne 3 u coctapisier 3648 mr/am®. B pesynbrate QuIbTpamuu BOJOIPOBOIHAS BOJA 110
obmemy conecoaepxkanuto (TDS) nepemnna B kateroputo 150-300, 4TO COOTBETCTBYET MIPUEMIIEMOMY
COJIEP)KaHUIO ISl BOJBI, MCIONIB3yeMO B OBITY M B HEKOTOPBIX MPOMBIIUIEHHBIX IpOLeccax, HO
MOJKET OKa3bIBaTh BIHMIHNE Ha BKYC U KA4€CTBO MUTHEBOW BOJIBI.

YcTaHoBIeHO, YTO Tocie QUIBTPALNH Y BCeX TpeX MpoO HabIroAaeTcs CHIDKEHUE MoKa3aTesnel
coneconepxannss (C) Bomel, B mepecuere Ha xmopuctblii Harpuii (NaCl) um mo oOmemy
coneconepxkanuto (TDS). B memom cHmwkenne coctaBiusieT B mpeaenax 30-33%, urto sBiseTcs

48


https://orcid.org/0000-0001-5072-8989
https://orcid.org/0000-0001-5072-8989
mailto:montaevs@mail.ru
https://orcid.org/0000-0002-3361-2076
mailto:muratbai_84@mail.ru
https://orcid.org/0000-0001-8696-0288
mailto:serik.edres.denizbaev69@mail.ru

ISSN 2305-9397. FbiibiM )caHe b6intim. 2024. N° 3-2 (76)

3HAYUTCIbHBIM JOCTHXKCHUECM KacaTCiIbHO CHHIKCHUS IoKazaTele CoJIeCcoaCpKaHud
BBICOKOMUHEPAIN30BAHHBIX ITOA3EMHBIX BO.

ANNOTATION

The design of the cartridge has been developed, which consists of a body, a perforated tube and
a head. The cartridge head includes the inlet and outlet of water through a filter loading. In this case,
the filter feed is a modified granular sorbent with a diameter of 1.0 — 1.5 mm. Standard transparent
plastic flasks of household filters designed for post-treatment of drinking water are used as the
cartridge body. The perforated cartridge tube for the developed modified sorbents is made of plastic
using a 3D printer. The upper part of the cartridge in contact with the head, where the purified water is
discharged, is equipped with a stainless, steel mesh with 0.8 mm holes. Such a constructive decision
was made due to the need to retain granules of modified sorbents without delaying filtered water. An
experimental installation for desalination and purification of water has been created, which allows to
study the degree of purification of water of various chemical compositions and pollution. At this
installation, it becomes possible to conduct scientific and experimental work on the study of water of
various chemical compositions for the purpose of purification using the developed compositions of
modified sorbents based on siliceous flask rock. With the help of a Mark 603 conductometer, tap water
and three samples of groundwater from the Akkurai deposit were studied. It was found that all three
water samples from the Akkurai deposit, according to the value of total salinity (TDS), belong to the
category with too high total salinity and the water is unsuitable for most purposes without
pretreatment. The highest total salinity before filtration was found in water sample No. 3 and is 3648
mg/dm?3. As a result of filtration, tap water by total salinity (TDS) has moved into the 150-300
category, which corresponds to an acceptable content for water used in everyday life and in some
industrial processes, but may affect the taste and quality of drinking water.

It was found that after filtration, all three samples showed a decrease in the salinity (C) of water,
in terms of sodium chloride (NaCl) and total salinity (TDS). In general, the decrease is in the range of
30-33%, which is a significant achievement in terms of reducing the salinity of highly mineralized
groundwater.

Knrwoueevie cnosa: Qunvmpyrowas 3az2pyskd, MOOUDUYUPOBAHHBIL MUHEPATbHLIL cOpOeHm,
ONnoKa, Kapmpuodic, epaHyiuposanue, BblCOKOMUHEPANU30BAHHAS NOO3eMHAs 6004, NOIUMEPHAs
mampuya, obwee conecooepoicanue, TDS, sxcnepumenmanvruas MoOYIbHAS YCMAHOBKA, OYUCHKA
600bL.

Key words: Filter loading, modified mineral sorbent, flask, cartridge, granulation, highly
mineralized groundwater, polymer matrix, total salinity, TDS, experimental modular installation,
water purification.

Brenenue. Jlehuuur BOABI SBISETCS OJHOM U3 CaMbIX CEPbE3HBIX TJI00AJBHBIX MPOOJIEM
Hamrero BpeMeHu. Celigac Ooliee TpeTH HACEICHHUS MHPA KUBET B CTPaHax ¢ IeUIIUTOM BOBI, U, IO
nporuos3am, Kk 2025 rojy 3TOT MoKas3aTellb BRIpAcTeT MOYTH J0 ABYX Tpereii [1-3].

[Tpobnemsr 06ecTieueHrs JOCTATOYHBIM KOJTMYECTBOM 0€30MacHOM MUTHEBON BOJIEI €IIe 0OoJIbIe
YCIIOXKHSIOTCSI POCTOM HAcCEeJICHUS, WHIYCTPUATH3AIUEH, 3arpsI3HEHHEM UMEIONIUXCS MTPECHOBOTHBIX
pecypcoB W u3MeHeHHMeM kKiuMara. COOTBETCTBEHHO, HEOOXOIUMO pealn3oBaTh pPAl MeEp IO
CHI)KCHHUIO HArpy3Kd Ha BOJOCHAOXKEHHE, BKIIIOYas COXPAHCHHE BOJbI, IMOBBINICHHE YCTOHYUBOCTH
UHQPACTPYKTYPhl M YIIYUIIEHUE CHUCTEM BojocOopa/pactpeneienus. OIHAKO CTOMT OTMETHUTh, YTO
3T Mephl MOTYT TOJBKO YIYYIIUTh HWCIOJh30BaHHE CYIISCTBYIOIIUX BOJHBIX PECYpCOB, a He
AKCIUTYyaTHPOBATh JIOTIOJIHUTENIBHEIE PECYPCHl. YBEIHUYEHHE BOJIOCHA0XKEHUS CBEPX TOrO, 4TO
JIOCTYITHO W3 THIPOJIOTHUECKOTO IIUKJIA, MOXKET OBITh JOCTUTHYTO ITyTEM OMPECHEHUS W TTOBTOPHOTO
HCIIOJIb30BaHUS BOJIBI [4].

CornacHo CTaTHCTUYECKHM JaHHBIM, MPAKTHYECKH 1/5 YacTh HACENeHHS MUpPa MPOXHUBACT B
paiioHax ¢ Majoi BosoobecnedueHHOCThI0. OkoJ10 60 % TeppUTOPHIA UMEIOT OrPAaHWYEHHBINA JJOCTYI K
MIPECHOM BOJIC, YTO BBI3BIBAET MPOOJIEMBI C TIPOMBIIIICHHOCTHIO, KOMMYHAJIBHO-OBITOBBIM M CEIBCKUM
XO03SIMCTBOM [ 5, 6].

ITo nporuo3am Opranuzaimu O6benunenHbix Hanuii (OOH), k 2030 r. nopsiaka 3,9 miipa yel.
OyIyT HUCIBITHIBATh BOJHBIA cTpece, a K 2050 r. 3TO YMCIIO AOCTUTHET 2/3 YUCIEHHOCTH MHPOBOTO
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Hacenenus. Hapsigy ¢ mpoOmnemoii nedunurta BoAsl ctouT npobiema ee kauecTBa. OcoOEHHO 3TO
KacaeTcsi TYCTOHACENEHHBIX pPAOHOB, TEPPUTOPHHA KPYMHBIX MPOMBIIUICHHBIX NPEANPUATHI H
CETLCKOXO3SIHCTBEHHBIX KOMILIECKCOB [7].

OnHO M3 NPUOPHUTETHBIX HAMPAaBICHUU Pa3BHTHUS arpoNpOMBIIUICHHOIO KOMILJIEKCa CTPaHBbl —
pa3BUTHE OTTOHHOTO KUBOTHOBOACTBA. OOBOIHEHIE TTACTOUII ABJISETCS KIIFOUEBOM Mepoit s Gosee
3¢ (PEKTUBHOTO HCITOIH30BAHUS BOBJICKAEMBIX B 000POT OTHAICHHBIX OTTOHHBIX rmactourml. Ha Hagamo
2020 roma u3 180,1 muH ra macTOMIHBIX yroawii oOBomHeHo 106,2 mmH Ta (59 %). [ns
CTHUMYJUPOBAHUSI Pa3BUTHs MACTOMIIHBIX YTrOAWH BBEICHO HMHBECTUIHOHHOE CyOCHAMpOBaHHE 0
80 % 3arpar mo co3manuio nHppacTpyKTypsl ooBonHeHus. B meprox 2014-2019 rr. mis o6BogHEHHS
MacTOMI MMOCTPOeHO 5978 KOJIOAIEB, MPH 3aIlNIAHUPOBAaHHOM IOKa3ateine B 3633 emuHHUIEL. 3a cueT
Mep OOBOJHEHHMSI NMAcTOMII COKpalleHa Harpy3Ka Ha macTOMINa OJIM3JIeKaIluX HACEJICHHBIX MMyHKTOB
Ha 20 % [8, 9].

Bwmecte ¢ Tem psn paitonoB Kazaxcrama pacmonaraeT OONBIIAMHE 3amacaMy MOJI3EMHBIX BOJ C
obmieii Munepanuzanueit ot 1,0 1o 35 1/1, He UCHONB3YEMBIX JJIsl HYX/ BOAOCHA0KEHUsSI IO IPUYHHE
BBICOKOTO COJICpKaHUSI PACTBOPEHHBIX B BOJE coJiel. OTH BOABI MOTYT CTaTh HMCTOYHHKOM
BOIOCHAOXEHWSI TOJIFKO TIPH YCIIOBUH MX AaibHelmero onpecaenus [ 10].

B eJIoM, MOXHO HCIIOJIb30BaTh HECKOJIBKO HCTOYHHUKOB BO/bI, BKJIOYasd MOPCKYIO BOAY,
COJIOHOBATYIO0 TPYHTOBYIO BOJLY, paccoil, IOBEPXHOCTHYIO BOAY, BOIY, JOOBIBAEMYIO M3 CIIAHIIEBOTO
raza u 1.71. OCHOBHBIE 3arps3HSIOIINE BEIIECTBA B ATHX HMCXOJHBIX BOJAX BKIFOUYAIOT MUHEPAJHI,
KaTHOHBI METAIJIOB ¥ aHUOHBI, © OHU MOTYT OBITh BEIPAXKEHBI KOHIIEHTPAINEH 00X PacTBOPEHHBIX
tBepabix Bemects (TDS), koropas maxomurca B amanazone 500-50000 mr-m!. Jlng monydeHus
nuTheBol Boabl TDS cuenyer causuth 10 <200 mr1 ', KpoMme Toro, B HCXOIHOM BOJE MOI'YT TaKXkKe
MOSIBIIATHCS. HEKOTOPBIE OPraHMYECKHE BEIIECTBA, KOTOPHIE HEOOXOANMO YAATUTh.

OnpecHenue MOXKET 3(P(EKTUBHO CHH3UTH COJCPKAHHUE 3arps3HSIONIMX BEIIESCTB B MCXOHOU
BOAC H 06CCHC‘II/ITI) YCTOﬁqHBym u O6I/IJ'H)HYIO nogauy BBICOKOKAUeCTBEHHOM BOAbI, HC HAHOCs
yiepba eCTeCTBEHHBIM MTPECHOBOTHBIM IKOCHCTEMAM.

Meton obparHoro ocmoca (OQ) OOBIYHO HCIOJB3YETCS ISl OYMCTKH BOJIBI C BBICOKUM
COJIep)KaHUEM COJIHM, HO OH MPOM3BOAUT Ooubiioii 00beM (38%) oTOpakoBaHHOW BOJIBI C BBHICOKUM
conepkanueM o0mux pactBopeHHBIX coneld (TDS) m apyrux 3arpsA3HSAIONUX BEIIECTB, TAKUX Kak
TOKCHUYHBIE METAJUTBI U OPTaHUYECKHE 3aTPSI3HUTEIH.

OtopakoBanHas OO Boga (ROR) moxker mpenctamiarh co00# 3KOJOTHMUYECKYHO MpOOIeMy,
HampuMep, Hu3-32 BBICOKOTO cojepxkanus TDS wmeramioB, OpraHMYeCKMX H HEOPTaHHMYECKUX
COEIUHEHHU.

TexHonorust 00paTHOrO 0OCcMOca JUIsl ONPECHEHHSI MOPCKOM BOJIBI 3aKJIFOYAETCSl B TOM, YTO BOJA
10J] JaBJICHHEM TPOXOJUT 4epe3 Melbyailine (QUIBTPBI, B pe3ylbTaTe 3TOTO COJACpIKaHUE coJiei
CTaHOBUTCS OYeHb HU3KUM. CTeneHbh OYHUIIEHUS U TIPOU3BOIUTEIIEHOCTh MEMOPAHBI 3aBUCIT OT TaKUX
(haKkTOpOB, KaK KOJIMIECTBO COJIM B UICXOJTHOM CHIPhE, COJIEBOM COCTaB, TEMIIEpaTypa U AaBIICHUE.

Ha PUCYHKE 1 mpeaAcCTaBjI€Ha TEXHOJIOrMYCCKasaA CXe€Ma OYMCTKH BOJbI C HMCIIOJIB30BAHUEM
MEMOpaHHBIX TEXHOJIOTHH.

[Tpumecu

Wcxonnast || HacocHas

- Konuentpar
BOJA CTaHLIMS

DduabTpaT MembOpaHa

PI/ICYHOK 1 — TexHonoruueckast cxema OUMCTKH BOJbI C IPUMCHCHHUEM MeM6paHHBIX TEXHOJIOTHI

B mocnemnme TOABI HWCCIENOBAaHWSA HEAOPOTHUX TPUPOTHBIX MHHEPATBHBIX aJCcOpPOCHTOB
YCWIMIIACh, W OBUTM WCCIEAOBAHBI PA3IMYHBIC MUHEPAIBl IS YAAJICHUS TSDKEIBIX METAJLIOB, a

HMMCHHO: KPEMHC3EM, KAOJIMHUT, OKCHUJ KEJIC3a, LCOJIUT, TIIMHUCTBIC MUHEPAJIbI, KBAPIl U IIEM3a [1 1-
16].
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[lecuanslii MHHepall TaKKe CUYHTACTCA OYCHb BaKHBIM aJICOpPOEHTOM H3-3a €ro OOoJBIIOH
TUTOIIATA TIOBEPXHOCTH CO CTPYKTYPHBIMU U 3aBUCAIINMHE OT pH 3apsmamu, pa3BUBaOIUMUCS Ha €T0
moBepxHocTH [17].

[lecox MIMPOKO HCMONB3YETCS B KayecTBE HKOHOMHUYHOTO aacopOeHTa IO CpPaBHEHHUIO C
JIpYrUMHU ajicopOeHTamMu i Matepuaiami [ 18, 19].

B paborax y4eHpIXx B KadecTBe ajcopbara HCIMOIB30BAIM IIECOK, KOTOPBIA 3(PPeKTHBHO
OYMILAET BOJAY M CTOYHBIC BOJABI B MECYaHBIX (UIBTPAX M PEAKTOPax C IMCEBAOOKIKCHHBIM CIIOEM
[20].

MHorue yd4eHble TakkKe CYHTAOT, 4YT0 OJHMM u3 OS(O(PEKTHBHBIX METOIOB SBISETCA
copOroHHass ouucTKa Boabl. OOBIYHAS IMOCIEMIOBATEIHHOCTh IPOMECCOB (HHM3UKO-XUMHUUICCKOMH
OUYUCTKH BOZBI CIEAYIOIIAs: a’palysi — KoaryJisinus — oTcrauBanue (¢uoTanusi) — GuiabTpoBaHue —
copbrmsa. CopbumonHass 006paboTKa SBISETCS «(DUHHIIHON) OIepamuiei Mmociae OYHUCTKH BOIBI OT
rpyOONCTIEPCHBIX, KOJUTOMIHBIX YaCTHIl M PACTBOPEHHBIX pumeceii [21-23].

B sTOoM HampaBieHMH BecbMa MEPCHEKTHBHBIM SIBISACTCS MPUMEHEHHE HEKOTOPBIX TIHH JUIS
OYHUCTKH BOJIBI OJIarojapsi MX BHICOKOM COPOLMOHHON 1 HOHOOOMEHHOM aKTUBHOCTBIO.

CymiecTByeT KOMIUIEKC ITPA3HAKOB, IO KOTOPBIM MOYKHO KJIACCU(HUIIPOBATH aJICOPOSHTHI:
CTPYKTYpHOE COCTOSIHHE, Pa3Mepbl IOp, XapakTep WX paclpeieieHus mo pazmepam, GopMa 4acTHI
TJIMHUCTHIX MUHEPAJIOB U Top [24].

MOHTMOPHJUIOHUTOBAsT TJMHA OTHOCHTCA K COpPOSHTaM C W3MEHSIOMUMCS B IIpOIlecce
azcopOIMu pa3MepaMH MHUKPOIIOp M C PACHIUPSIONICHCS 3JEMEHTapHOH sS4YeiiKoi; mapaMmerp
KPUCTAJUIMYECKOW sSYeMKM MuHHepaja MOXeT yBenuuuBaTtbcd Ha 3-10 A. B mexmakerHoe
MPOCTPAHCTBO MOHTMOPIJUIOHUTAa BHENPSIETCS OAWH WM HECKOJIBKO MOJEKYJSPHBIX CIIOEB
azicopOupyemMoro BellecTBa.

VYuensie TamKUKHCTaHA TOKa3ald, YTO MPHPOJHBIE OEHTOHUTOBBIE (MOHTMOPHJUIOHHTOBEIE)
TJIUHBI, OTHOCSIIUECS K aTOMOCHIIMKATHOMY CBIPbIO, KOTOPBIE TPU COOTBETCTBYIOIIEH 00paboTKe
MOTYT YCIIEITHO HCIIOJIb30BaThCSl KaK BBICOKO3((eKTHBHBIE COPOEHTHI I ompecHeHus Bojubl [lo
MHCHHUIO aBTOPOB, HCIOJb30BaHUEC AKTUBUPOBAHHBIX OCHTOHHTOBBIX TJHH PE3KO YMEHBIIAET
JKECTKOCTh BOJIBI, IO CPABHEHHUIO C MCXOAHBIMU, TpuMepHO B §-10 pa3s, 4To, NO-BUIUMOMY, SBISIETCS
PE3yIBTATOM PE3KOTO YBEIIMICHHUS COPOIIMOHHON EMKOCTH aKTUBUPOBAHHBIX OEHTOHUTOB [25].

[IprumHa MOCTETIEHHOTO TOBHIMIEHUS d(PPEKTUBHOCTH OYHCTKH 3aKIFOYASTCS B CIIECAYIOIIEM.
[Tpouecc ompecHeHHsT MPUPOAHBIX BOJ C HCIOJB30BAHUEM NPHUPOJHOTO MHUHEPAIBHOTO CHIPHS,
OCHOBaH Ha TIOTJIONIEHUH PACTBOPEHHBIX MUHEPATBHBIX COJIEH TTOBEPXHOCTHIO 3€pPEeH TIUHBI. B cBs3H
C TeM, 4TO TUAPOPMIEHOCTh HEKOTOPHIX TOUEK 3epHA MUHEPaJia HEOMHAKOBA, IIOBEPXHOCTH COpOEHTa
«MO3anyHay, CJIeJ0BaTeIbHO, MUHEPAIIbHBIE CONTU OYAYT 3aJepKUBATHCSI, B OCHOBHOM, B TEX MECTax
MOBEPXHOCTH, ¥ KOTOPBIX €1a00 BBIpaXKEHBI THAPOQHIbHBIC CBOMCTBA U OKOJIO KOTOPBIX THJIpaTHAsS
000J109Ka IMeeT MUHUMaJIbHOE 3HaUYeHHeE [26].

B 2005 romy BnepBble OBLTO TPEMTIOKEHO ancOpPOIMOHHOE OIPECHEHWE, W C TeX IMOp ObLIH
WCCIIEIOBAHbl Pa3JIMYHbIe TIOPUCTHIE MaTepualibl, pa3padOTaHbl U MPUMEHEHBI Pa3IHYHbIE PEKUMBI
azcopOIuu.

AJncOopOIIMOHHOE OTIPECHEHHE MPEICTaBIsAeT CO00i mporecc (a3oBOTO IMEepPeHOoca, KOTOPBIH
MPOUCXONT Ha TPaHHUIIE pa3/iena MEeKIY TBEPIbIM TeJIOM B BOJIHOH (a3oH, I/ie HOHBI couu (aacopbar)
aICOpOHMPYIOTCSI Ha MOBEPXHOCTH MOPHUCTBHIX TBEPABIX Tel (ancopOeHTa) MOCPENCTBOM (PH3MUECKHX
B3aMMOJICUCTBUH (TakWX Kak B3auMmojeiicTBue BaH-nmep-Baaiasca u BOJOpOIHBIC CBSI3M) W/HIH
XUMHYECKUX CBSI3EH.

Ancopbums MokeT ObITh oOpallieHa BCHSATH, T.€. JecopOluei, OCOOCHHO (UINUECKOH
azcopOIueit, s pereHepanuu agcopOoeHTa, 4To SBISIETCS KIFOUEBBIM IS pa3pabOTKU MPAKTHIECKUX
MIPOLIECCOB.

[Mopucteie MaTepuanbl 00JIaalOT YHUKAIBHBIM HaOOpOM CBOWCTB, TaKMX KaK BBICOKas
yIenbHas IUIOWAaab W 00bEeM MOp, a TaKkKe MPOHHLAEMOCTb JUIA JKHUIKOCTH, M, CJIEJOBaTENbHO,
00ecreyrBaloT BBICOKYIO aJCOPOLMOHHYIO €MKOCTh, OBICTPYI0 KHMHETHKY aJcOopOLUN M XOPOLIYIO
CEJIEKTUBHOCTb.

OddexTuBHOCTL ancopOLMoHHON ouncTku gocturaet 80-95% u 3aBUCUT OT XMMHYECKOM
NpUpPOAbI acopOeHTa, BETMYMHBI aCOPOLIMOHHON MOBEPXHOCTH U €€ JOCTYMHOCTH, OT XUMHYECKOTO
CTPOCHHUS BEIIECTBA U €r0 COCTOSIHUA B pacTBope [27].
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[Ipu 5TOM Oco00€ BHHUMaHUE YAEISIETCS COPOLMOHHBIM CHCTEMaM, I'Zie B KaueCTBE COpPOCHTOB
WCTIONB3YIOTCS IPUPOTHBIE MUHEPAJIBl PA3IMIHOTO IIPOUCXOXKACHUS U CTPYKTYPHI [28].

MHorue roxsl WCCIEAOBATENH YASISIOT OONbIIOe BHUMAaHUE MUCHEPCHBIM KpEeMHE3eMaM Kak
copOeHTaM M HOCUTENSM KaTaIn3aTOPOB IIMPOKOTO CIIEKTPa IPUMEHEHHUSL.

B cBf3M ¢ WX BBICOKMMH aJaCOPOIMOHHBIMH, HOHOOOMEHHBIMH W (IIBTPAMOHHBIMHU
CBOICTBaMH, TOSIBJICHHEM METONOB PETYIUPOBAHUS WX T€OMETPUUYECKON CTPYKTYpPHI M XUMHUYECKOU
NPUPOABI MOBEPXHOCTH, HAJMYUEM KPYHHBIX NPOMBIIUICHHBIX MECTOPOXKICHUH Ienecoobpa3Ho
HCII0JIb30BAaHUE PUPOTHBIX MUHEPAIOB B BOJOOUYHUCTKE [29].

Jis OYMCTKM CTOYHBIX BOJ B KadecTBE aJcOpOEHTa HaWOONBINNN WHTEPEC MPEACTaBISET
IUACTICPCHBIA KpEeMHE3éM — OI0OKa, KOTOPBIM TMPEICTaBIsAET COOOW IUIOTHBIE OOpa30BaHUA,
OTJIMYAIOIIMECS BBICOKOW TepMOCTaOMILHOCTHIO. OMOKH OTIMYAIOTCS YHUKaJIbHBIMH CBOWCTBAMH,
TaKUMU KaK aJIcOpOITHOHHbBIE, GUIBTPAIHOHHBIC, HOHOOOMeHHBIE [30].

Bcé sTO0 nemaer SKOJMOTHMYECKH W 3KOHOMHYECKH BBITOJHBIM HCIIONB30BAaHUE JTAHHOTO
HPUPOJTHOTO COPOCHTA B MPOLIECCaX OYMCTKU CTOYHBIX BoA [31-34].

B menmomM, BbICOKas IUIOMIAJb IIOBEPXHOCTH YacTO paccMaTpUBAeTCs Kak BaXkKHad
XapaKTePUCTHUKA JUTSl YIyYIIEHUS aJCOPOIIMOHHON CITOCOOHOCTH, TTOCKOJIBKY aJCOPOIUsS CBS3aHA C
B3aUMOJICHCTBUEM MEXKAY MOJIEKyJaMH TpuMeceld M MOBEPXHOCThIO ajcopOeHTta. OmHAKO
MIOBEPXHOCTh, OCOOCHHO BHYTPEHHSSI TOBEPXHOCTD, MOPUCTHIX MAaTEPUAIOB JOJKHA OBITH TOCTYITHA
MoJleKyJIaM npumecH. [lomaas moBEepXHOCTH MOPUCTHIX MaTEPUAIIOB 3aBUCHT OT pa3MepoB IOp, T.€.
TUTOIIA/Th TIOBEPXHOCTH YBEITMYIHUBACTCS TI0 MEPE YMEHBIIICHHS YCPETHEHHOTO pa3mMepa mop.

OnsTh K€, JOCTYIMHOCTD MOPUCTON CETH JKU3HCHHO Ba)KHA JJIs MpHiIokeHu. [is odecreueHus
OBICTPON KMHETHKH aJcopOIMu YCpEeTHEHHBIN pa3Mep Mop Marepuala TOJDKeH OBITh OOJbIIe, YeM
KHHETUYECKHUI THaMETp MOJIEKYJ puMeceil. Ecim B MaTtepuane mpuCyTCTBYIOT BTOPUYHBIE MTOPHI, TO
MOpOBasi CeTh JOJDKHA OBITh MEpapXHUYECKOH, YTOOBI 00ECIEUNTh YIYyUlICHHBIH JAOCTYI MPUMECEeH K
MIOBEPXHOCTH COpOEHTA.

BBITOBOM 1 CeThCKOXO3SHCTBEHHBIN CEKTOPHI TPEOYIOT OONBIIOTO KOJIMYECTBA MPECHON BOJIBI,
MOSTOMY MM CIEQyeT YACHsITh OoJsibllie BHUMaHUSA. B JomojHeHue K STOMY, MOTpeOJeHHE BOABI
YeJIOBEKOM OCTAETCS] CaMbIM HU3KHUM I10 CPAaBHEHHIO C dKUBOTHOBOJICTBOM U MppUTalUeH.

B mMmpe ¢ ToukM 3peHHA TPOAYKTUBHOCTH TPECHOW BOABI CHCTEMBI ONPECHEHHUS MOXKHO
pa3zenuTh Ha TPU KaTeropuH: KpymHoMacmTadHbie cucteMbl onpecHeHus (LSD), cucreMsr cpeanero
ompecHennss (MSD) wu  wmenkomacmtabueie cuctembl  onpecHeHuss  (SSD).  Cucrtemsr ¢
IPOM3BOIMTENBLHOCTBIO MPECHOM BOIBI MeHee 25 M%/CyT oTHOCATCS K Kateropuu cuctem SSD [35-38].

3aBojbI 110 11pon3BoACTBY JIC/] MMEIOT MHOKECTBO 3KOJIOTHUECKUX MTPOOIIEM, a TaKKe TPEOYIOT
00JIBIIOTO KOJTMYECTBA SHEPTUH ISl TPAHCTIOPTUPOBKH U pacTIpEIETICHHUS.

Bricokuii cipoc B OBITOBOM M CENBCKOXO3SMCTBEHHOM CEKTOPaX, SKOJIOTHYECKHE TPOOIIEMBI,
CBs3aHHBIE ¢ ycTaHoBKamu LSD, a Takxke sHeprus, HeoOXoauMmas Il TEpeadd M pacrpeneieHus
MIPECHOM BOJIBI B JKHUJIBIX pallOHAX, MPUBEIH K PACCMOTPEHHIO BOMPOCAa O Pa3BEPTHIBAHHH CHCTEM
MPOM3BOICTBA MPECHOM BOMBI SSD B KHUIIBIX U CETBCKUX OOLIMHAX.

B paMkax 3TUX cHCTEM TakKe MOKHO OYHINATh U MCIIONB30BaTh CTOYHBIE U OBITOBBIE CTOYHBIC
Bojbl. Kpome Toro, 3TH crucTeMBbl HaJIeXKHBI, TPOCTHI B AKCIUTyaTallid ¥ MOTYT OBITh PACIOJIOXKEHBI B
W30JUPOBAHHBIX ~ HACENICHHBIX  IyHKTaX, He TpeOys  BbicOKMX  Tpynosarpat  [39,40].
[MpousBoauTenbHOCTh cucTeM SSD MOXeT BapbHUpPOBATHCS OT HECKOJNBKUX JI/CYT JO HECKOIBKHX
M3/cyT.

B HacTosiee BpeMsi ONpecHUTEIbHBIE YCTAHOBKM BO BCEM MHUpPE B OCHOBHOM OCHOBaHBI Ha
MEMOpaHHBIX TEXHOJIOTHX, BKIIIO4as oopatHbiii ocMoc (RO), mpsimoii ocmoc (FO), HanounbTpaliuo
(NF) u memOpannyro auctwursinuio (MD), Ha 1010 KOTOPBIX TNPUXOAUTCS 2,2 MITH M3 1 rogoBOit
KOHTpakTHOM MormmHoctH B 2017 tomy u Oomee 59% oT oOmieil MOIIHOCTH ONpecHeHUs (i
CpaBHEHMSI, TEPMUYECKHUE MPOLIECCHI COCTABNAIOT Beero 0,1 mun M3 17Y).

Takum 00pa3oM, KOIUYECTBO YCTAaHOBJIEHHBIX YCTAHOBOK IO ONPECHEHUIO BOJBI 3HAUUTEIHHO
BO3POCIIO B CTpaHax ¢ JIeGHUIIMTOM BOABI 3a TocieHee aecarmierue [41-43].

Ha cerogusmauit meHs o Bcemy Mupy moctpoeHo 6oiee 20 000 ycTaHOBOK, M OXKHUIacMbIC
nHBecTHMU B pazmepe 10 mummmapaoB goiutapoB CIHIA B TedeHHE CISAYIOMMX IATH JIET J00aBsT
5,7 MUIITHOHA KyOWYeCKHUX METPOB B JICHb HOBBIX MPOU3BOICTBEHHBIX MOIIHOCTEH. OKUAAETCS, YTO K
2030 roxy 3Ta MOLTHOCTH JIaXe YABOUTCSI.
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[losToMy oOecrnieueHre TNPEecHOW BOAOH OTAAJICHHBIX CEILCKOXO3SHCTBEHHBIX YIrOAWH B
Kazaxcrane myTeM OUYMCTKM W ONPECHEHWsS MUHEPAIM30BAHHBIX IOJ3EMHBIX BOA HA
MEJIKOMACIITA0HBIX MOOWIBHBIX YCTAaHOBKAaX C IPUMEHEHHEM IPUPOIHBIX aACOPOLIMOHHBIX
MAaTepHaJIOB SABIISETCS aKTyalbHOU 3a1adeH.

XoTa B JMTEpaType HMMEETCS HECKONbKO 0030pOB COBPEMEHHBIX TEXHOJIOIMH ONPECHEHUS,
BKJIIIOYas KpaTKUe o0030pbl MAaTepHajoB B aJACOPOLIMOHHOM OIPECHEHHM, CUCTEMAaTHYECKOe
00CyXIeHle COBPEMEHHBIX TIOPUCTHIX aJICOPOLIMOHHBIX MAaTEPHAJIOB JAJIsl OPECHEHHS OTCYTCTBYET.

CrnenyeT OTMETHTb, YTO B HACTOSIEE BPEMs HEJOCTaTOYHO HCCIEIOBAHO IO HCIIOJIb30BAHUIO
MOIU(PHULIMPOBAHHBIX KPEMHUCTBIX MOpoj — omoku 3amazHoro Kaszaxcrana B mpolecce OYHCTKU U
ONPECHEHHS BBICOKOMHMHEPAIN30BAHHBIX IOA3EMHBIX BOJ Ha MEJIKOMACIUTa0HBIX MOOMIBHBIX
YCTaHOBKaX.

Lenbto paboTHI ABIAETCS CO3AaHUE TPAHYIMPOBAHHOTO BOAOCTONKOIO MUHEPAIBHOIO COPOEHTA
Ha OCHOBE MOIU(HUIIMPOBAHHON KPEMHHUCTOW MOPOABI — OMmoKHM 3ananuHoro Kasaxcrana m pazpaboTka
MOJYJIBHOM 1a00paTOPHON YCTaHOBKH JJIsl ONIPECHEHUS] MUHEPAIN30BAaHHOW MOJA3EMHOM BOJIBI.

Marepnansl W MeTOAbl HCCJIeAOBaHHs. B KauecTBE OCHOBHOTO CBIPHEBOIO MaTepHaia
UCIIOJIb30BaHa KPEMHUCTAsA IOPOAA — ON0Ka TacKannHCKOro MecTopokaeHus. PU3HKO-MEXaHUIECKHUEe
U XUMHKO-MUHEPAJOrHUeCcKre XapaKTepUCTUKH JAHHOTO MaTepuaia JOCTaTOYHO XOPOIIO MU3y4YeHBI U
OTpaKeHBI B OIMyOJIMKOBAaHHBIX TPyJax YUeHbIX [44, 45].

[y mOBBILICHUS BOJOCTOMKOCTH MOIM(HUUIMPOBAHHBIX I'PaHysl COPOEHTOB HpH (GHIBTpaLN
BOJIbI BHYTPU KapTpumKa MpHU paboTe MOIYJIbHOH IKCIEPUMEHTAJIbHON yCTAaHOBKM AJISI OUYHUCTKH U
ONpPECHeHMs TMOA3EMHOM BOJBI HCIIONB30BAIM METOJl CO3/JaHHS MOJUMEPHOM MaTpHILbl C
IpUMEHeHHueM noiauBuHWIOBoro crupra. Ilommsunmnossiii conupt (IIBC) — BomopacTBOpuMBIiL
CHUHTETHUYECKHH MonuMmep — 00pa3yeT CTaOMIbHBI M KPUCTAUIM3YIOIIMHCS THUAPOTeNb METOIOM
3aMopakuBaHus — ortauBaHus. [unporens [IBC obnamaeT BBHICOKOH MEXaHWYECKOH MPOYHOCTEHIO,
OMOCOBMECTUMOCTBIO, UMEET BSI3KOYIPYTYIO IPUPOLY, HETOKCHUYCH U SKOHOMHYEH.

Jyis OLIeHKH BIMSIHUS Ha XapaKTEPUCTHKY HAOyXaHHs ObUIM IPUTOTOBIICHBI CIEAYIOIINE CMECH
ruaporeneit: [IBC 1, 5, 10 mac. % npuUroToBieHsl MyTeM pacTBOPEHHUS MOPOLIKOBBIX MAaTepHaloB B
nuctuiupoBanHoil Boge mpu 95°C nis [IBC npu nocrostnHOM nepemeninannu npu 20°C.

3areM HOJy4eHHbIE PAacTBOPbHI cMemmMBain B MaccoBoM cootHowmenuu (IIBC/Copbent) 90/10
MIpH MIEPEMEIINBAHUA U TIPOITYCKAaHUH TAHHOW CMECH 4epe3 TpaHyssaTop (puc. 2).

[Mony4eHHbIe rpaHyIbl BRICYHIMBAIH B CyIIWIbHOM ikady mpu 60°C B Teuenue 1 4.
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[ony4yeHHBIH TakKKMM 00pa30M TpaHyIUPOBAHHBIN MOAU(PUIUPOBaHHBINA cOpOEHT (puc. 3) nMeer
100%-Hy10 BOJOCTOHKOCTH, YTO FAPAHTUPOBAHHO MOXKET (DUIILTPOBATH BOMY O€3 pa3pylicHUs] BHYTPH
kaptpumka. lIpm sTom oOecneunBaeTcs Oe3omacHass paboOTa MOAYIBHON SKCIIEPHUMEHTANIBHOMN
YCTaHOBKHM JJISl ONPECHEHUS 1 OYHCTKU BOJBI.

a) 0)
Pucynok 3 — MoaudunmupoBaHHbIe TpaHy/Ibl COPOCHTOB: a) TEPMOMOAU(PUIIMPOBAHHBIN MTPH
T=400°C, 0) To e npu npu T= 500°C.

Pe3yabTarsl ucciaeqoBanmii. PaboTsl o pa3paboTke MOAYIBHOHN TabOpPaTOpHONW YCTaHOBKU
JUISL ONIPECHEHUs] MUHEPAIM30BaHHON MOJ3EMHOM BOABI OCYIIECTBISUIMCH B JABa 3Tama. Ha mepBom
sTane pa3paboTaHa KOHCTPYKLMs KapTpuka. PazpabarbiBaeMblii KapTpUIX COCTOMT M3 KOpIIyca,
nephopupoBaHHONW TPYOKH W TOJIOBKH. |'0JOBKa KapTpuaka BKJIIOYAET BXOJ M BBIXOA BOJIBI Yepes3
(ODUIBTPYIOILYIO 3aTPY3KYy.

[pu sToM QunbTpyromEed 3arpy3koil sBiseTcs MOIUGHUIMPOBAHHBIM TPaHyIUPOBAHHBIN
copbent aquamerpom 1,0-1,5 mm.

B kauectBe KopIyca KapTpuKa HCIIONb30BAJIM CTaHJAPTHBIE MPO3payHble IJIACTUKOBBIE
KOJIOBI OBITOBBIX (PHIIBTPOB, UCTIONB3YEMBIX JUISl JOOYUCTKU TUTHEBOW BOIBI.

IleppopupoBannyto TpyOKy [UIsi KapTpwmka [Uisi pa3pa0OTaHHBIX MOIUGHUIMPOBAHHBIX
COpOEHTOB HM3roTOBMIM M3 Iactuka ¢ nomompio 3D mpunrepa. IlepdopupoBannyio TpyOKy
W3rOTOBWIIM B JIByX BapuaHTtax. [Ipw 3TOM JuaMeTp OTBEpPCTHUH TPYOKH JJsl KapTPUIKa COCTABISET
0,5 mm ¢ marom 1,0 MM, 9TO MO3BOJISIET MOJIHOCTBIO 3aAEPKUBATh T'PAHYIBI MOAU(PHUIMPOBAHHOTO
copbenta u obecneunBaTh 3(GGEKTHUBHYIO (QUIBTPALMIO BOJBI C TPUEMIIEMOH CKOPOCTHIO.
B KOHCTpyKIMM KapTpHpKa TpaHylibl MOAW(QHUIMPOBAHHOTO COPOEHTA PAaCHONaraloTcs MEXIy
BHYTPEHHEH CTEHKOW KOJOBI M HapyXHOW CTeHKH mepdopuUpoBaHHONW TpyOKku. BepxHss dvacTh
KapTpUIDKa, COINPHKACAIOIIASACS C TOJIOBKOM, TIZI€ OCYILECTBISETCS BBIXOJ OUYMIIEHHOH BOJIBI,
cHaOkeHa CeTKOoM W3 HepkaBerollero marepuana ¢ orsepctusivu 0,8 mMm. Takoe KOHCTPYKTHBHOE
pellleHre MPUHATO B CBSI3M HEOOXOIUMOCTBIO YIEpXKaHUs TpaHysl MOAU(UIMPOBAHHBIX COPOCHTOB
0e3 3a1ep KK QUITBTPOBAHHON BOJIBI.

Kaprpumx nepBoro BapuaHTa MMeEET BBICOTY 325 MM ¢ auaMeTpoM 87,5 MM U IpeJHa3HaueH
JUIS 3KCIIEPUMEHTAJIIbHOW YCTAHOBKM JJIsl ONPECHEHMS M OYMCTKU MUHEPAIN30BAHHON I10J[36MHOM
BOJIBL.

Ha pucynke 4 npencraBieH KOHCTPYKTHBHBIM YePTeX KapTpUKa A5l GUIbTPALK BOABIL.
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COEOURUMENLHAR BIMYIIKE

Pucynok 4 — KOoHCTpYKTUBHBIN uepTeK KapTpuaKa Uit GUIbTPALHA BOIbI

Janee Obuta pa3paboTaHa TEXHOJOTHYECKas CXEMa SKCIEPUMEHTAILHOW YCTAHOBKH JUIS
OTIPECHEHHS U OYHUCTKH BOABI (pHC. 5).
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U

IIpo3paunas eMKOCTb I
_—  HCccIenyeMOod MUHEpaU30BaHHON
[IOJ[36MHOM BOABI U1 ONIPECHEHUS
U OYHCTKU

U

Kpan ans crmycka Boasl K
KapTpHIDKaM

Kpan ns criycka

—_ (V3
J OYHILIEHHOHN BOJBI
~ llpospaunas
Kaprpumku 171t MOAU(MUIMPOBAHHBIX COPOSHTOB CMKOCTb

ONPECHEHHOU U

Ha OCHOBE KPEMHHUCTOH MOPOBI — OIIOKH
OUMIIIEHHOM BOBI

PucyHnok 5 — TexHonoruueckasi cxema dKCIepUMEHTaIbHOW YCTAHOBKU AJIL OPECHEHUS U OUUCTKHU
BOJIBI

Ha ocHoBe pa3paboTanHON cXeMBI CO3[jaHa SKCIIEPUMEHTaJIbHAsI YCTAHOBKA [UI ONPECHEHUS U
OYMCTKH BOJBI, TO3BOJISIOMIAs HCCIENOBATh CTENEHb OUYMCTKM BOJABI Pa3IMYHOTO XHMHYECKOTO
cocTaBa M 3arps3HeHus. Ha 3Toil ycraHOBKe MPOBOMMIMCH HAYYHO-IKCIIEPUMEHTAIbHBIE pabOThHI 110
UCCIICIOBAHUIO BOJbl PA3JIMYHOIO XHMMHUYECKOIO COCTaBa C LEJIbI0 OYUCTKH C IIOMOUIBIO
pa3paboTaHHBIX COCTABOB MOAM(DHUIIMPOBAHHBIX COPOEHTOB HA OCHOBE KPEMHHUCTONW HOPOABI OTIOKH.

B 3aBucMMOCTH OT XMMHMYECKOTO COCTaBa M CTEIECHU 3arpsi3HEHUS] MOXHO pa3padaTbiBaTh
HOBBIE COCTaBbl COPOCHTOB JIJIsl KX OYUCTKH (pHUC. 6).

[Ipu 5TOM €MKOCTB Ul UCCIIEAYEMOM BOZIBI YCTAHOBJIEHA Ha BBICOTE 2,5 M AJIsl TOTO, 4TOOBI
c03/1aThb HEOOXOIUMBII €CTECTBEHHBIM HAamop BOABI A (QUIbTpauuu uyepe3 MOoAU(ULIUpPOBaHHBIE
rpaHyJIMPOBaHHBIE COPOCHTHI HA OCHOBE KPEMHHUCTOM MOPOJIBI — OTIOKH.

Pucynok 6 — PazpaboTaHHasi 3kCiepuMeHTaIbHAsI MOYJIbHAS JTa0OpaTOPHAst YCTAHOBKA JJIS
OTIPECHEHHSI U OYHCTKH BOJIBI C MCIIOIb30BAHUEM MOJTUPHUIIMPOBAHHBIX COPOCHTOB HA OCHOBE
KPEMHHUCTOM MOPOJIBI - OITIOKU
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JanpHeWmuM 5TanoM HCCIEAOBaHMS SBUJIOCH HM3YYEHHE CTETECHH COJIECONEpX aHUsS M OOIIero
COJIECOACPKAHUSI BBICOKOMUHEPAIM30BAHHOM MOA3EMHOM BOABI MECTOPOXKACHUS «AKKypan»
Kazranosckoro paitona 3KO 10 u mociie O4UCTKH.

OnpeneseHue UcciaeayeMbIX MapaMeTpOB OCYIIECTBISIOCH C TIOMOIIBIO KOHAYKTOMETpa MapKu
«Mapk 603». JlaHHBI KOHIYKTOMETp MpenHa3HA4YeH /s W3MEpPEHUs YAENbHOW SIEKTPHYECKOU
npoBoguMocTH (Y II), MacCOBOM KOHIICHTPAIIMHA COJM BOJHBIX pPacTBOpPoB B mepecdere Ha NaCl (B
JabHEHIIeM COJIecoIepKaHus), TEeMIIEPaTypbl BOJBI M BOAHBIX pacTBOpoB. KoHIykTOMeTp mo3BOIsSIeT
OCYyHIECTBIATH m3Mepenue abcomroTHor YOII u YOII, npusenennoii k 25°C (YIII 25).

[unama3zoHn wu3MepeHHs KOHAyKTomeTpa Ha conecogepxkanus (C) Bomsl, B Tepecdere Ha
xaopucteiii Harpuii (NaCl) mr/om® (ot 0 go 1 000), a o6mero conecopepsxkanus (TDS), mr/am? (ot 0
1o 20 000). [nsa cpaBHeHHs HCCIEAyeMbIX HapamMeTpoB BoAbl B Tabmuie | MpuBeAeHBI 3HAYCHUS
obmero coneconepxanus (TDS).

Jns cpaBHHUTENHHOTO aHaNM3a K OYHCTKE ITOBEPrajiiCh BOAOIPOBOMHAS BOAA M TPH MPOOHI
MOJ3E€MHON BOJBI MECTOPOXACHUS «AKKypait». I[Iponecc ¢uibTpannu BOABI OCYLIECTBISUICS C
MOMOIIBIO pa3pad0TaHHON IKCTIEPUMEHTATBHON MOYIBHOM 1a00paTOPHON YCTaHOBKH (CM. puC. 6).

Bce wu3Mepenms wuccieqyeMBIX BOJ C TOMOIIBIO KOHAyKTOMeTpa Mapku «Mapk 603»
NPOM3BOJWINCE JI0 M Tociie (GUIbTpAlMH 4Yepe3 TIpaHyJIMpOBaHHBIM BOAOCTOMKHA MHUHEPATbHBINR
COpPOCHT Ha OCHOBE MOIU(DUITUPOBAHHON KPEMHHCTOM MOpOo bl — onoku 3anaanoro Kasaxcrana.

PesynbTaThl mpoBeIeHHBIX HAYYHO-IKCIIEPUMEHTAIBHBIX pa0OT MpUBEICHBI B Ta0IHIIE 2.

Ta6muua 1 — 3nadenus obuiero coneconepkanus (TDS)

[Tapamerpsl, Mr/am3 [Tosicuenue
<50 OueHb HHM3KOE COJICpXKAHHE, TOIXOAUT JUISl THUThS, HO MOXET OKa3aTh
HeOJIaronpusATHOE BO3CHCTBHE Ha BKYCOBBIE CBOHCTBA BOJIBL.
50-150 OnTuMansHOE CofiepKaHUe IS MUTHEBOW BOJIBI.
150-300 [Ipuemnemoe copepkaHue Ui BOJBI, HCIONB3yeMOH B OBITY U B

HCEKOTOPLIX IMPOMBIIIJICHHBIX MPOLECCax, HO MOXKET OKa3bIBATh BJIUSIHHC HaA
BKYC U Ka4€CTBO MMUTHEBOM BOJBI.

300-500 Y 10BIETBOPUTENBEHOE KAYECTBO BOJBI JJISl MMUTHsI, OJHAKO HAa 3TOM YpOBHE
HE00XO0/IMMO YYHTHIBATH BO3MOXKHOE HAJTMYME HEXKENIATEIbHbIX IPUMECEH.

500-1000 Bony ¢ Takum conepikaHMeM PEKOMEHAYETCsl HCIONB30BAaTh TOJIBKO IS
TEXHUYECKUX HYK] HIIH MOCJIe JOTOTHUTEILHON OUYNCTKH.
>1000 CauIIKoM BBICOKOE COJIEpKaHKE, BOJIa HETIPUTOHA JIIsl OOJIBIITHHCTBA

Lesei 0e3 npeaBapuTeNIbHOM 00paboTKY.

Tabnuna 2 — Pe3ynmbTaThl OYMCTKH BOJBI C HCIOJB30BAHHUEM TPAHYJIUPOBAHHOTO BOJOCTOHKOTO
MHUHEPAJIbHOrO COpOCHTAa HA OCHOBE MOAU(DUIIMPOBAHHONW KPEMHHUCTOH MOPOJBI — OTMOKH 3alaHOro
Kazaxcrana

IMapameTpsbl, Mr/am® [TosicHeHue
<50 OdveHb HHU3KOE COJIEpXKaHWE, TOIAXOAUT JUISl THUThS, HO MOXKET OKa3aTh
HeOIaronpuaTHOE BO3/ICHCTBIE HA BKYCOBBIE CBOMCTRA BOJIBI.
50-150 OnTuManbHOE COAEpMKAaHUE AJIsl MUTHEBOM BOJBIL.
IMpuemsiemoe coaepkaHue Ui BOJABI, HCIOJB3yeMOW B OBITY W B
150-300 HEKOTOPBIX IIPOMBIIIICHHBIX MPOIECCaX, HO MOXET OKa3bIBaTh BIUSHUE HA
BKYC ¥ KQ4eCTBO IMUTHEBOU BOJIBI.
300-500 Y I0BNETBOPUTENHFHOE KaYeCTBO BOJIBI JUIS MTUTHS, OAHAKO HA 3TOM YPOBHE
He00X0IMMO YYUTHIBATH BO3MOXKHOE HAITMYHE HEXKEIATEIbHBIX TPUMECcEH.
500-1000 Bony ¢ Takum conepxaHuem PEKOMEH/yeTCs HCTONb30BaTh TONBKO I
TEXHUYCCKUX HYKI W MOCIIE JONOJHUTEIbHON OUYUCTKH.
>1000 CIIMIIIKOM BBICOKOE COJICPIKaHue, BOAa HEMTPUIOIHA s OOJIBIIIMHCTBRA
esei 0e3 npeaBapuTeNIbHOM 00paboTKY.
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Kak mokaspiBaeT pe3ynpTaThl HCCIEJOBaHUM BOJAONMPOBOJAHAS BOJA, IOCTymaloUias U3
TOPOJICKOTO BOAONpOBona 10 ¢mibTpanuu 1o obmemy conecoaepxkannto (TDS) cocraBmsier
600 mr/mm3, a o coneconepxanuio (C) Boxsl, B nepecyeTe Ha xyopuctsii Hatpuii (NaCl) cocTaBuio
384 wmr/mm®. DT nmamHBIE, COrNacHO 3HaueHHsM oOmero conecogepxkanus (TDS) (tabm. 1),
cootBeTcTBYIOT Kateropuu 300-500 mr/mm®. IIpm 5TOM KadeCcTBO BOJBI XapaKTEPH3yeTCS Kak
YIOBJIETBOPHUTEIHHOE KAUYECTBO BOJBI JJISI MUTHS, OJHAKO HA 3TOM YPOBHE HEOOXOIWMO YUHUTHIBATH
BO3MOXKHOE HaJM4Yhe HekelaTenbHbIXx mnpumeceil. [locne ¢unpTpanum 3Ha4YeHUS BOJOMPOBOJHOMN
BojBI o coneconaepxkanuto (C) Boabl, B mepecyere Ha xiopucThii Hatpuil (NaCl) u mo oOmemy
coneconepxanmto (TDS) cocraBuno 268 mr/mv® m 220 mr/am® cooTBeTcTBeHHO. B pesymbrare
¢unpTpanym BOJOMPOBOAHAS Boja 1Mo obmemy conecoaepxkanunto (TDS) mepenuia B kareropuro 150-
300, 4TO COOTBETCTBYET K HPUEMIIEMOMY COJECpPXKAHWIO I BOJBI, HCIOJB3YyeMOH B OBITY U B
HEKOTOPBIX TPOMBINUICHHBIX TPOIeccaX, HO MOXKET OKasblBaTh BIHMSHHE HAa BKYC M KadeCTBO
UATHEBOI BOMEI.

Yro kacaeTcsi KauecTBa MOJ3EMHON BOJIBI MECTOPOXKACHHUS «AKKypail» TO IO OYUCTKH BCE TPU
npoObl IMeeT BBICOKHE MOKa3aTenu no obmemy coneconepxanuto (TDS). OTu nokazatenu HaxoasTcs
B mpezenax ot 2905 mo 3648 mr/am3. Tlo 3Hauenmro obmero conecoxepxkanus (TDS) nannas Boxa
OTHOCHUTCSI K KaTETOPHH C CIUIIKOM BBICOKAM OOIIMM COJIECOJICpKaHUEM W BOAA HETPHUTOJHA IS
OOJIBIIMHCTRA IIeJIei 0e3 mpeaBapuTelibHOM 00paboTku. CaMoe BBICOKOE O0Iee COJIeCONCPIKaHUe JI0
¢unbTpanuu o6HapyxkeHo y ookl Boabl Ne 3 u cocTapiser 3648 mr/am>.

[locne umpTparuu y Bcex Tpex mMpod HaOMIoMaeTcsl CHIDKEHNE TTOKa3aTeNnel coilecoaep Kanus
(C) Bomel, B mepecuere Ha xyopucThii Hatpuii (NaCl) m mo obmemy comeconepxanuto (TDS).
B nenmom cHmxenme coctapnsieT B mpenenax 30-33%, 4to sBiseTcsS 3HAYUTENBHBIM JOCTH)KCHHEM
KacaTeJIbHO CHIKEHHS TOKa3aTellell coyleconepkaHusl BHICOKOMHHEPATU30BaHHBIX TMOJ3EMHBIX BOJI.
O/HaKO 3TH CHHKCHHS HEIOCTATOYHBI U WCIOJNB30BAHUS MX Ul XO3SMCTBEHHBIX M MUTHEBBIX
Hyx1. [1o3TOMy aBTOpHI McCIeIOBaHUI TPOIOIKAIOT BECTH HAyYHO-IKCIIEPUMEHTAIBHBIE pabOThI 10
Monu(UKanuu pa3paboTaHHBIX TPaHYJIMPOBAHHBIX MHUHEPAJIHHBIX COPOCHTOB C LENBIO TOCTHKCHHS
0KU/IaE€MBIX PE3YJIbTAaTOB.

3akiawoyenne. 1) Pa3paboTaHa KOHCTPYKIHMS KapTpUIDKa, KOTOpas COCTOMT M3 KOpIIyca,
neppoprpoBaHHON TPYOKM M TOJOBKHU. ['0JOBKa KapTpupka BKIIOYAET BXOJ M BBIXOJ BOJBI 4yepes
¢unpTpyromy 3arpy3ky. Ilpm 3tom dunbTpyromeii 3arpy3koil SBuseTcs MOAM(PUIIMPOBAHHBIN
rpaHyJIupoBaHHbBINA copOeHT auamerpoM 1,0-1,5 mM. B kadecTBe kopityca KapTpuIKa HCIIOJIb30BaHbI
CTaH/IapTHBIE TPO3pPAavyHble IUIACTHKOBBIE KOJOBI OBITOBBIX (WIBTPOB, NpeAHA3HAYEHHBIX IS
JIOOYHMCTKH THTHEBOH BoObl. [lepdopupoBaHHas TpyOKa [uisi KapTpumka s pa3padOTaHHBIX
MOJUQHUIIMPOBAHHBIX COPOCHTOB U3rOTOBJICHA U3 IUIACTHKA ¢ ToMolpio 3D npuHTepa. BepxHsis yacts
KapTpuka, COINpHUKacaromascs C TOJOBKOW, TIJI€ OCYHIECTBISAETCS BBIXOJ OUHWILEHHOW BOJIbI,
cHaO)keHa ceTKO W3 HepkaBeromero marepuna ¢ orBepctusamu 0,8 MM. Takoe KOHCTPYKTHBHOE
pellleHne TPUHATO B CBS3M HEOOXOIMMOCTHIO YAEP)KaHUS TPaHyJd MOJUPHUIMPOBAHHBIX COPOCHTOB
6e3 3agepxkn GuapTpoBaHHO# BoEl; 2) Co3/1aHa IKCIIEPUMEHTAIBHAS YCTAHOBKA TSI ONIPECHEHUS 1
OYMCTKH BOJBI, TO3BOJISIONIAS KCCIENOBaTh CTEIEHh OYMCTKHA BOJABI PA3IMYHOTO XHUMHUYECKOTO
cocraBa W 3arps3HeHus. Ha »3ToH ycTaHOBKe TMOSBISIETCS BO3MOXKHOCTH BECTH HAyYHO-
JKCIEPUMEHTAIIbHBIE Pa0OTHI IO HMCCIIEAOBAHHIO BOJBI PA3IMYHOTO XHMHUYECKOTO COCTaBa C IEIbIO
OUMCTKH C IOMOIIBIO pPa3pabOTaHHBIX COCTABOB MOJIU(UIIMPOBAHHBIX COPOCHTOB HA OCHOBE
KPEMHHUCTO# 1opozbl — onoku; 3) C MoMOIIbI0 KOHIYKTOMETpa Mapku «Mapk 603» ucciaeaoBaHbl
BOJIOTIPOBOJIHAS BOJIa W TPU MPOOBI MOJ3EMHOM BOJBI MECTOPOXKICHHS «AKKypaii». B pesymprarte
¢dunpTpalyK BOJONPOBOHAS BOJA 10 001eMy conecoaepkanuto (TDS) nepenuia B kareropuro 150-
300, 9TO COOTBETCTBYET K IPHUEMIIEMOMY COJIEPXKAHHUIO JUIS BOJBI, HCIIONE3YeMOW B OBITY W B
HEKOTOPBIX NPOMBILIUICHHBIX MpOIEccax, HO MOXET OKa3blBaTh BIMSHHUE HAa BKYC M KadecTBO
OUTHEBOI BO/BI, 4)YCTaHOBIEHO, YTO BCE TPHU MPOOBI BOJBI MECTOPOKICHHS «AKKypail» 1o
3Ha4yeHuto odbmero conecoaepxkanus (TDS) oTHOcsTCS K KaTeropuu C CIMIIKOM BBICOKHM OOIINM
coJieco/iepKaHueM M BOJAa HENpUrojaHa Jjsi OONBbIIMHCTBA Iieyieil 0e3 mpeaBapuTeabHOi 00paboTKH.
Camoe BbIcOKoe oOliee cosecoliepanue Jo (GuibTpanuu oOHapyKeHO y mpoObl Bojsl Ne 3 u
cocrapnsger 3648 mr/mm®; 5)VcrTanoBneHo, uTo mocne QUILTPAMU y BCEX TPeX Mpob HaOomaeTcs
CHIDKEHHE IoKa3artenel conecoaepxkanus (C) Boxbl, B nepecyere Ha xjopuctslid Hatpuii (NaCl) u o
obmemy comeconepxkanuio (TDS). B nienom cHmkenune coctapiser B npeaenax 30-33%, aro sBusercs
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3HAUUTENBHBIM  JOCTMDKEHHEM  KacaTelbHO  CHIDKEHMsS  TOKasaTeled  cosiecolepiKaHus
BBICOKOMUHEPAIN30BAHHBIX [T0JI36MHBIX BOI.

BuaaropapuHoctu. JlaHHOe HCCIIEIOBaHME BBIIOJIHEHO B paMKaxX MCIOJIHEHUS IPOEKTa
rpanToBoro ¢unHaHcupoBaHus o teme Ne AP19679003 «Pa3paboTka TEXHOIOTHMHM OOBOIHEHUS C
ONPECHEHHEM MMHEPAIM30BaHHBIX IIOA3EMHBIX BOJ IyTeM (QWIbTpAalMd C HCIIOJIB30BaHUEM
IPUPOAHBIX HEYTJIEPOAHBIX MOAU(HUIIMPOBAHHBIX COPOCHTOBY.

CITMCOK JIMTEPATYPBI

1 Arnell, Nigel W. Climate change and global water resources [Text] / Nigel W. Arnell //
Global Environmental Change Volume 9, Supplement 1, October 1999, Pages S31-549.

2 Chapagain, Kaushal. Urban water security: A comparative assessment and policy analysis of
five cities in diverse developing countries of Asia [Text] / Kaushal, Chapagain, Hassan Tolba
Aboelnga, Mukand S. Babel, Lars Ribbe, Victor R. Shinde, Devesh Sharma, Nguyen Mai Dang //
Environmental Development VVolume 43, September 2022, 100713.

3 Barati, Ali Akbar. Water crisis in Iran: A system dynamics approach on water, energy, food,
land and climate (WEFLC) nexus [Text] / Ali Akbar Barati, Milad Dehghani Pour, Mohsen Adeli
Sardooei // Science of The Total Environment Volume 882, 15 July 2023, 163549.

4 Zhong, Xing. Efficient and rapid capture of uranium (VI) in wastewater via multi-amine
modified B-cyclodextrin porous polymer [Text] / Xing Zhong, Yubin Tan, Siyuan Wu, Caixia Hu, Kai
Guo, Yongchuan Wu, Neng Yu, Mingyang Ma, Ying Dai // Chinese Journal of Chemical Engineering.
- Volume 68, April - 2024, Pages 144-155.

5 TlpobnemMbl W TEPCIEKTHBH WCTHOIB30BAHHUS BOJHBIX PECYPCOB B arpONpPOMBIILIEHHOM
komruiekce Poccum [Teker] / B.H. Ileapun [m mp.]; moxm o6m. pen. B.H. Ulempuna // M.:
MenuoBonuadopm, 2009. - 342 c.

6 HpankoBa, T.B. OmbiT 3ddexkTuBHOrO yrpaBleHHs BOAHBIMH pPECypcamMHd B YCIIOBHAX
nepumura (Ha npumepe WMspammsa) [Texcr] / T.B. HBamkoBa // AcTpaxaHCKUH BECTHHK
9KOJIOTHUECcKOro oOpa3oBanus. - 2018. - Ne 1(43). - C. 78-88.

7 TananaeBa, B.®. O030p METOIOB W TEXHOJIOTHI ONMPECHEHHS BOJBI AJS LIENCH MUTHEBOTO
BogocHaOxenus [Tekct] / B.®. TanamaeBa // Dkonorus u BogHOe X03gicTBO. - 2022, - T. 4, No 4. -
C. 84-100.

8 TypranamueB, C.P. Ouenka cocrossaus nactoumineix yroguii [Tekct] / C.P. Typrananues,
0.K. Carpimb6ati // I'eorpadmus u Boansie pecypebl. 2020. Ne 1. C. 81-86.

9 Xoxanos, H.H. Hekotopsie Bompocel o0Boanenusi mactoumny B Kasaxcrane [Tekcr] /
H.H. Xoxanos, M.C. Mupnanaes, T.ILI. Ycrabaes, B.JI. Ucmaunos, T.M. Ka6wi1 // B cOopHuke:
AxTyainbHble Ipo0JIeMbl HayKu U TexHHUKH. MIHHOBaTnKa. COOpHUK HAay4YHBIX CTaTei MO Marepuanam
VI MexayHapoiHOH HayHO-TIpakTH4ecKoil koHpeperuun. Y da, 2021. C. 49-58.

10 bezbopomos, FO.I'. OO6BoHEHHE OTTOHHBIX MACTOWIT apuIHOM 30HEI Pecrybnmuku Kazaxcran
[Texcr]/HO.I".be3boponor, H.H.banrataer, H.H.Xoxanos, T.I1I. Ycrabaes // [Ipuponoo0ycTpoiicTBo.
2022. Ne 3. C. 27-34.

11 Alshameri, A. A review of the role of natural clay minerals as effective adsorbents and an
alternative source of minerals [Text] / A. Alshameri, X. Wei, H. Wang, Y. Fuguo, X. Chen, H. He,
C. Yan, F. Xu // Minerals 2019, 3, 49-64.

12 Tarasevich, Y.l. Application of natural adsorbents and adsorption-active materials based
thereon in the processes of water purification [Text] / Y.l. Tarasevich // In Studies in Surface Science
and Catalysis; Elsevier: Amsterdam, The Netherlands. - 1999; Volume 120, pp. 659-722.

13 Mustapha, S. The role of kaolin and kaolin/ZnO nanoadsorbents in adsorption studies for
tannery wastewater treatment [Text] / S. Mustapha, J. Tijani, M. Ndamitso, S. Abdulkareem,
D. Shuaib, A. Mohammed, A. Sumaila // Sci. Rep. - 2020, 10, 13068.

14 Zhang, Q. Removal of ammonium and heavy metals by cost-effective zeolite synthesized
from waste quartz sand and calcium fluoride sludge [Text] / Q. Zhang, B. Lin, J. Hong, C.-T. Chang //
Water Sci. Technol. - 2017, 75, PP. 587-597.

15 Ouyang, D. Research on the adsorption behavior of heavy metal ions by porous material
prepared with silicate tailings [Text] / D. Ouyang, Y. Zhuo, L. Hu, Q. Zeng, Y. Hu, Z. He // Minerals.
- 2019, 9, 291.

59



Aybin1 wapyauibl/iblFbl FbI/IbIMAAPbI

16 Burham, N. Adsorption behavior of Cd2+ and Zn2+ onto natural Egyptian bentonitic clay
[Text] / N. Burham, M. Sayed // Minerals. - 2016, 6, 129.

17 Awan, M.A. Removal of heavy metals through adsorption using sand [Text] / M.A. Awan,
I.A. Qazi, I. Khalid // J. Environ. Sci. - 2003, 15, PP. 413-416.

18 Diels, L. Heavy metals removal by sand filters inoculated with metal sorbing and
precipitating bacteria [Text] / L. Diels, P. Spaans, S. Van Roy, L. Hooyberghs, A. Ryngaert,
H. Wouters, E. Walter, J. Winters, L. Macaskie, J. Finlay // Hydrometallurgy. - 2003, 71,
PP. 235-241.

19 Abbasi, M. Enhanced adsorption of heavy metals in groundwater using sand columns
enriched with graphene oxide: Lab-scale experiments and process modeling [Text] / M. Abbasi,
E. Safari, M. Baghdadi, M. Janmohammadi // J. Water Process Eng. - 2021, 40, 101961.

20 Zhou, P. Heavy metal removal from wastewater in fluidized bed reactor [Text] / P. Zhou,
J.-C. Huang, A.W. Li, S. Wei // Water Res. - 1999, 33, PP. 1918-1924.

21 Kanpiruna, O.H. K Bompocy o copOIMOHHON 0YHCTKE BOJIBI MOHTMOPHUIOHHUT COJEpIKaIiei
rmuo# [Tekcr] / O.H. Kanwiruna, A.I. Yersepukosa, A.Jl. Crpekanosckas, O.B. Bapnamosa //
Bectruk OI'Y. - Ne9 (170)/centsops 2014. — C. 160 -163.

22 T'onuapyk, A.JO. UccnenoBanre copOLMOHHBIX MPOLIECCOB HA MPUPOAHBIX MUHEpalaX U UX
tepMomoauduimpoBanHbix popmax [Tekcr]| / AYO. IN'onuapyk, A.IL. Mnbun / XuMust 1 TEXHOJIOTHUS
Boxbl. — 2004. — T. 26. — Ne3. — C. 287-298.

23 Xpecanos, B.A. ['eonorndyeckoe CTpoeHre 1 MoJe3HbIe NCKOTaeMble benropozackoii obmactu
[Texcr] / B.A. Xpecanos, A.H. Iletun, M.M. SIkoBuyk // Benropox: M3n-so benl'Y, 2000. — 245 c.

24 CanbuukoBa, E.B. MeTonbl KOHIICHTPUPOBAHKS U pa3feiaeHus] MuKkposiementos [Tekct] /
E.B. CamsaukoBa, M.JI. MypcanumoBa, A.B. Crpsmkos // Opendypr: OI'Y, 2005. — 157 c.

25 DOmomoB, K.®. ®u3nko-XxMMHUYEeCKHE OCHOBBI KUCIOTHOTO Pa3ioyKeHHUs] OEHTOHUTOBBIX TJIMH
[Texcr] / K.®. DmomoB // ABtroped. aucc. ...K.T.H. - lymanobe, 2006, 21 c.

26 CepmokpsuioB, H.C. JloouncTKa MIaxTHBIX BOJ HA (GUIBTpaxX ¢ mecyaHou 3arpy3koi [TekcT]
/ H.C. CepnokpsutoB, C.A. IllepbakoB // Wmkenepusiii BectHuk Joma, 2011, Ne2 URL:
ivdon.ru/ru/magazine/archive/n2y2011/434/.

27 KonnpamoBa, A.B. ®U3HK0-XUMHYECKUE U aICOPOIIMOHHBIE CBOWCTBA OIIOKU M IPUMEHEHNE
e€ B ouncTke cToyHbIX Box [Tekct] / A.B. Konapamosa, P.1. Kyzemuna // MexayHapoaHblii HAyIHO-
uccienoBarenbekuii sxypHai, 2017, Ne 6-2. URL: research-journal.org/chemistry/fiziko-ximicheskie-i-
adsorbcionnye-svojstva-opoki-i-primenenie-eyo-v-ochistke-stochnyx-vod.

28 Konnpamosa A.B. AncopOlMOHHBIE HCCIENOBAaHHUS ITUCTIEPCHOIO KpeMHe3EMa — OIOKH
[Tekcer] / A.B. Konnpamosa, P.1. Ky3smuna // Ycenexu coBpemenHoi Hayku u oOpaszoBanus, 2016,
Ne7-1 URL.: elibrary.ru/download/elibrary 25447229 14830911.pdf.

29 JlaremoBa, ®.M. HccrnenoBanue aacOpOIMOHHBIX CBOWCTB IPHUPOIHBIX COPOEHTOB st
ouncTku cTouyHbIX Boa [Tekcr] / @.M. Jlaremosa, JI.X. Apacnanora, U.W. Jlykmanos // «bynaToBckue
yreHusi»: 1l MexayHaponnas Hay4dHO-TipakTHyeckas koHpepenuus — KpacHomap: «M3narenbckuid
Jlom — FOr», 2018, ToMm 5, c. 155-158.

30 JiBammenko, M.B. AncopOnmonHas oumctka cTouHbIX BOJ [Texcr] / M.B. JlBamueHko,
H.M. TIlpusanosa, N.}0. Kynaesa // CoBpemenHbie Haykoémkue texHosioruu, 2010, Nel0 URL:
elibrary.ru/download/elibrary 15121856 18732430.pdf.

31 Renman, A., 2009. Metal removal by bed filter materials used in domestic wastewater
treatment [Text] / A. Renman, G. Renman, J.P. Gustafsson // Journal of Hazardous Materials, 166,
Pp. 734 — 739.

32 Lin, S.H., 2002. Heavy metal removal from water by sorption using surfactant-modified
montmorillonite [Text] / S.H. Lin, R.S. Yang // Journal of Hazardous Materials, 92, 3, Pp. 315-326.

33 XypammmHa, 1.3. Xumudeckast akTHBAIIMS IPUPOTHBIX MUHEPAIBHBIX COPOSHTOB HA OCHOBE
oman-kpucrobanutoBeix  mopon  CeepmioBckoit  obmactm  [Texcr] / HW.3. XypammmHa,
A.®. Hukudopos, 1.JI. Yrakosa // Bytneposckue coodmenus, 2016, 47, Ne 8. - ¢. 125-132.

34 Prabhakar, S.“Management and feasibility of reverse-osmosis schemes for rural water-
supply in India” (in English) [Text] / S. Prabhakar, R.N. Patra, B.M. Misra, M.P.S. Ramani //
Desalination 73 (1-3) (Nov 1989) 37-46, https://doi.org/10.1016/ 0011-9164(89)87003-1.

60



ISSN 2305-9397. FbiibiM )caHe b6intim. 2024. N° 3-2 (76)

35 Abbosh, F.G. “Design and performance of the worlds largest operating dual-purpose sea-
water desalting plant” (in English) [Text] / F.G. Abbosh, I. Kamal, S. Chalchal, H. Gerke //
Desalination 45 (May) (1983) 223-230 [Online]. Available: ://WOS: A1983QP21900031.

36 Alkhadra, M.A. “Small-scale desalination of seawater by shock electrodialysis” (in English)
[Text] / M.A. Alkhadra, T. Gao, K.M. Conforti, H.H. Tian, M.Z. Bazant // Desalination 476 (Feb 15
2020) doi:ARTN 114219 10.1016/j.desal.2019.1142109.

37 Shoeibi, S. “A comprehensive review on performance improvement of solar desalination
with applications of heat pipes” (in English) [Text] / S. Shoeibi, S.A.A. Mirjalily,
H. Kargarsharifabad, M. Khiadani, H. Panchal // Desalination 540 (Oct 15 2022) doi: ARTN 115983
10.1016/j.desal.2022.115983.

38 Mezher, T. “Techno-economic assessment and environmental impacts of desalination
technologies” (in English) [Text] / T. Mezher, H. Fath, Z. Abbas, A. Khaled // Desalination 266 (1-3)
(Jan 31 2011) 263-273, https://doi.org/10.1016/j.desal.2010.08.035.

39 Sharma, A.K. “Decentralised systems - defnition and drivers in the current context” (in
English) [Text] / A.K. Sharma, G. Tjandraatmadja, S. Cook, T. Gardner // Water Sci. Technol. 67 (9)
(2013) 2091-2101, https://doi.org/10.2166/wst.2013.093.

40 Benhalima, Tayeb. Synergistic adsorption/photodegradation effect for effective removal of
crystal violet dye and acetamiprid pesticide using Fe3+ cross-linked ternary carboxymethyl
cellulose/polyaniline/TiO2 photocomposites [Text] / Tayeb Benhalima, Moussa Mokhtari, Hafida
Ferfera-Harrar // Journal of Water Process Engineering, January 2024, 104670.

41 Khanzada a, Aysha Khan. Hydrochar-nanoparticle integration for arsenic removal from
wastewater: Challenges, possible solutions, and future horizon [Text] / Aysha Khan Khanzada a,
Hussein E. Al-Hazmi a, Bogna Snjatala a, Tommy Muringail Joseph b, Joanna Maytach a, Samir AM
Abdulrahman ¢, Said S. Albasir d, Tony Agustiono Kurniawan e, Zohre Rahimi-Akhar f, Sajjad
Habibzadeh g, Jacek Mionkinia // Environmental Research Volume 238, Part 1, December 1, 2023,
117164.

42 Ramos-Guivar, Juan A. Synergetic effect between zeolite 5 A and maghemite nanoparticles
for fast lead uptake from the Peruvian river Cumbaza: Study of surface adsorption mechanism using
X-ray photoelectron spectroscopy [Text] / Juan A. Ramos-Guivar, Noemi-Raquel Checca-Huaman,
F. Jochen Litterst, Edson C. Passamani // Applied Surface Science Advances Volume 18, December
2023, 100489.

43 MonraeBa, H.C. XumuKo-MuHepanornyeckass M OHOJIOTMYECKass OLEHKa KPEMHHCTOW
nopoabl — OIIOKH 3anaz[Ho - Kasaxcranckoii o0Omactu ¢ HECJIIBKO HCIIOJB30BaHUA HX B Ka4€CTBE
MUHEpaTBHON JT0OaBKU M MPOPUIAKTHKHA 3a00J€BaHUI CENIbCKOXO3SUTCBEHHBIX JKUBOTHBIX W TTHI]
[Texcr] / H.C. MonTaea // Hayka u oOpa3osanue - Ne 1 (54) 2019. - C. 301-306.

44 Montayev, Sarsenbek Aliakbaruly. Prospects of creating the technology of composite
adsorbent for water purification based on the composition of siliceous and clay rocks of kazakhstan
[Text] / Sarsenbek Aliakbaruly Montayev, Ainura Sarsenbekovna Montayeva, Nurgul Bolatovna
Adilova, Altynay Bakytzhanovna Shinguzhiyeva, Nurgul Sarsenbekovna Montayeva, Azamat
Tulepkaliyevich Taskaliyev // International Journal of Mechanical Engineering and Technology
(JMET) Volume 9, Issue 1, January 2018, pp. 805-813.

45 Montaev, S.A. Purification of underground water using sorbent based on silicony rock-flask
of west kazakhstan [Text] / S.A. Montaev, S.S. Satayeva, K.A. Narikov, M.B. Mambetova,
D.S. Nazarova // Rasayan Journal of Chemistry, 2022, 15(2), pp. 1439-1444.

REFERENCES

1 Arnell, Nigel W. Climate change and global water resources [Text] / Nigel W. Arnell //
Global Environmental Change Volume 9, Supplement 1, October 1999, Pages S31-549.

2 Chapagain, Kaushal. Urban water security: A comparative assessment and policy analysis of
five cities in diverse developing countries of Asia [Text] / Kaushal, Chapagain, Hassan Tolba
Aboelnga, Mukand S. Babel, Lars Ribbe, Victor R. Shinde, Devesh Sharma, Nguyen Mai Dang //
Environmental Development VVolume 43, September 2022, 100713.

3 Barati, Ali Akbar. Water crisis in Iran: A system dynamics approach on water, energy, food,
land and climate (WEFLC) nexus [Text] / Ali Akbar Barati, Milad Dehghani Pour, Mohsen Adeli
Sardooei // Science of The Total Environment Volume 882, 15 July 2023, 163549.

61



Aybin1 wapyauibl/iblFbl FbI/IbIMAAPbI

4 Zhong, Xing. Efficient and rapid capture of uranium (VI) in wastewater via multi-amine
modified B-cyclodextrin porous polymer [Text] / Xing Zhong, Yubin Tan, Siyuan Wu, Caixia Hu, Kai
Guo, Yongchuan Wu, Neng Yu, Mingyang Ma, Ying Dai // Chinese Journal of Chemical Engineering.
- Volume 68, April - 2024, Pages 144-155.

5 Problemy i perspektivy ispol'zovaniya vodnyh resursov v agropromyshlennom komplekse
Rossii [Tekst] / V.N. SHCHedrin [i dr.]; pod obshch. red. V.N. SHCHedrina // M. : Meliovodinform,
2009. - 342 s.

6 Ivankova, T.V. Opyt effektivnogo upravleniya vodnymi resursami v usloviyah deficita (na
primere lzrailya) [Tekst] / T.V. Ivankova // Astrahanskij vestnik ekologicheskogo obrazovaniya. -
2018. - Ne 1(43). - S. 78-88.

7 Talalaeva, V.F. Obzor metodov i tekhnologij opresneniya vody dlya celej pit'evogo
vodosnabzheniya [Tekst] / V.F. Talalaeva // Ekologiya i vodnoe hozyajstvo. - 2022. - T. 4, Ne 4. -
S. 84-100.

8 Turganaliev, S.R. Ocenka sostoyaniya pastbishchnyh ugodij [Tekst] / S.R. Turganaliev,
0.ZH. Sagymbaj // Geografiya i vodnye resursy. 2020. Ne 1. S. 81-86.

9 Hozhanov, N.N. Nekotorye voprosy obvodneniya pastbishch v Kazahstane [Tekst] /
N.N. Hozhanov, M.S. Mirdadaev, T.SH. Ustabaev, B.D. Ismailov, T.M. Kabyl // V sbornike:
Aktual'nye problemy nauki i tekhniki. Innovatika. Sbornik nauchnyh statej po materialam
VI Mezhdunarodnoj nauno-prakticheskoj konferencii. Ufa, 2021. S. 49-58.

10 Bezborodov, YU.G. Obvodnenie otgonnyh pastbishch aridnoj zony Respubliki Kazahstan
[Tekst] / YU.G. Bezborodov, N.N. Balgabaev, N.N. Hozhanov, T.SH. Ustabaev //
Prirodoobustrojstvo. 2022. Ne 3. S. 27-34.

11 Alshameri, A. A review of the role of natural clay minerals as effective adsorbents and an
alternative source of minerals [Text] / A. Alshameri, X. Wei, H. Wang, Y. Fuguo, X. Chen, H. He,
C. Yan, F. Xu // Minerals 2019, 3, 49-64. [CrossRef]

12 Tarasevich, Y.l. Application of natural adsorbents and adsorption-active materials based
thereon in the processes of water purification [Text] / Y.l. Tarasevich // In Studies in Surface Science
and Catalysis; Elsevier: Amsterdam, The Netherlands. - 1999; Volume 120, pp. 659-722.

13 Mustapha, S. The role of kaolin and kaolin/ZnO nanoadsorbents in adsorption studies for
tannery wastewater treatment [Text] / S. Mustapha, J. Tijani, M. Ndamitso, S. Abdulkareem,
D. Shuaib, A. Mohammed, A. Sumaila // Sci. Rep. - 2020, 10, 13068. [CrossRef]

14 Zhang, Q. Removal of ammonium and heavy metals by cost-effective zeolite synthesized
from waste quartz sand and calcium fluoride sludge [Text] / Q. Zhang, B. Lin, J. Hong, C.-T. Chang //
Water Sci. Technol. - 2017, 75, PP. 587-597. [CrossRef]

15 Ouyang, D. Research on the adsorption behavior of heavy metal ions by porous material
prepared with silicate tailings [Text] / D. Ouyang, Y. Zhuo, L. Hu, Q. Zeng, Y. Hu, Z. He // Minerals.
- 2019, 9, 291. [CrossRef]

16 Burham, N. Adsorption behavior of Cd2+ and Zn2+ onto natural Egyptian bentonitic clay
[Text] / N. Burham, M. Sayed // Minerals. - 2016, 6, 129.

17 Awan, M.A. Removal of heavy metals through adsorption using sand [Text] / M.A. Awan,
I.A. Qazi, I. Khalid // J. Environ. Sci. - 2003, 15, PP. 413-416.

18 Diels, L. Heavy metals removal by sand filters inoculated with metal sorbing and
precipitating bacteria [Text] / L. Diels, P. Spaans, S. Van Roy, L. Hooyberghs, A. Ryngaert,
H. Wouters, E. Walter, J. Winters, L. Macaskie, J. Finlay // Hydrometallurgy. - 2003, 71,
PP. 235-241.

19 Abbasi, M. Enhanced adsorption of heavy metals in groundwater using sand columns
enriched with graphene oxide: Lab-scale experiments and process modeling [Text] / M. Abbasi,
E. Safari, M. Baghdadi, M. Janmohammadi // J. Water Process Eng. - 2021, 40, 101961.

20 Zhou, P. Heavy metal removal from wastewater in fluidized bed reactor [Text] / P. Zhou,
J.-C. Huang, A.W. Li, S. Wei // Water Res. - 1999, 33, PP. 1918-1924.

21 Kanygina, O.N. K voprosu o sorbcionnoj ochistke vody montmorillonit soderzhashchej
glinoj [Tekst] / O.N. Kanygina, A.G. CHetverikova, A.D. Strekalovskaya, O.V. Varlamova // Vestnik
OGU. - Ne9 (170)/sentyabr'"2014. — S. 160 -163.

62



ISSN 2305-9397. FbiibiM )caHe b6intim. 2024. N° 3-2 (76)

22 Goncharuk, A.YU. Issledovanie sorbcionnyh processov na prirodnyh mineralah i ih
termomodificirovannyh formah [Tekst] / A.YU. Goncharuk, A.P. Il'in // Himiya i tekhnologiya vody.
—2004. —T. 26. — Ne3. — S. 287-298.

23 Hresanov, B.A. Geologicheskoe stroenie i poleznye iskopaemye Belgorodskoj oblasti
[Tekst] / V.A. Hresanov, A.N. Petin, M.M. Y Akovchuk // Belgorod: 1zd-vo BelGU, 2000. — 245 s.

24 Sal'nikova, E.V. Metody koncentrirovaniya i razdeleniya mikroelementov [Tekst] /
E.V. Sal'nikova, M.L. Mursalimova, A.V. Stryapkov // Orenburg: OGU, 2005. — 157 s.

25 Emomov, K.F. Fiziko-himicheskie osnovy Kkislotnogo razlozheniya bentonitovyh glin
[Tekst] / K.F. Emomov // Avtoref. diss. ...k.t.n. - Dushanbe, 2006, 21 s.

26 Serpokrylov, N.S. Doochistka shahtnyh vod na fil'trah s peschanoj zagruzkoj [Tekst] /
N.S. Serpokrylov, S.A. SHCHerbakov // Inzhenernyj vestnik Dona, 2011, Ne2 URL:
ivdon.ru/ru/magazine/archive/n2y2011/434/.

27 Kondrashova, A.V. Fiziko-himicheskie i adsorbcionnye svojstva opoki i primenenie eyo v
ochistke stochnyh vod [Tekst] / A.V. Kondrashova, R.l. Kuz'mina // Mezhdunarodnyj nauchno-
issledovatel'skij zhurnal, 2017, Ne 6-2. URL: research-journal.org/chemistry/fiziko-ximicheskie-i-
adsorbcionnye-svojstva-opoki-i-primenenie-eyo-v-ochistke-stochnyx-vod.

28 Kondrashova A.V. Adsorbcionnye issledovaniya dispersnogo kremnezyoma — opoki [Tekst]
/ A.V. Kondrashova, R.I. Kuz'mina // Uspekhi sovremennoj nauki i obrazovaniya, 2016, Ne7-1 URL.:
elibrary.ru/download/elibrary 25447229 14830911.pdf.

29 Latypova, F.M. Issledovanie adsorbcionnyh svojstv prirodnyh sorbentov dlya ochistki
stochnyh vod [Tekst] / F.M. Latypova, L.H. Araslanova, I.I. Lukmanov // «Bulatovskie chteniya»:
Il Mezhdunarodnaya nauchno-prakticheskaya konferenciya — Krasnodar: «Izdatel'skij Dom — YUg»,
2018, tom 5, s. 155-158.

30 Dvadnenko, M.V. Adsorbcionnaya ochistka stochnyh vod [Tekst] / M.V. Dvadnenko,
N.M. Privalova, I.YU. Kudaeva // Sovremennye naukoyomkie tekhnologii, 2010, Nel0 URL:
elibrary.ru/download/elibrary 15121856 18732430.pdf.

31 Renman, A., 2009. Metal removal by bed filter materials used in domestic wastewater
treatment [Text] / A. Renman, G. Renman, J.P. Gustafsson // Journal of Hazardous Materials, 166,
Pp. 734 — 739.

32 Lin, S.H., 2002. Heavy metal removal from water by sorption using surfactant-modified
montmorillonite [Text] / S.H. Lin, R.S. Yang // Journal of Hazardous Materials, 92, 3, Pp. 315-326.

33 Huramshina, 1.Z. Himicheskaya aktivaciya prirodnyh mineral'nyh sorbentov na osnove opal-
kristobalitovyh porod Sverdlovskoj oblasti [Tekst] / 1.Z. Huramshina, A.F. Nikiforov, I.L. Ushakova //
Butlerovskie soobshcheniya, 2016, 47, Ne 8. -'s. 125-132.

34 Prabhakar, S.“Management and feasibility of reverse-osmosis schemes for rural water-
supply in India” (in English) [Text] / S. Prabhakar, R.N. Patra, B.M. Misra, M.P.S. Ramani //
Desalination 73 (1-3) (Nov 1989) 37-46, https://doi.org/10.1016/ 0011-9164(89)87003-1.

35 Abbosh, F.G. “Design and performance of the worlds largest operating dual-purpose sea-
water desalting plant” (in English) [Text] / F.G. Abbosh, I. Kamal, S. Chalchal, H. Gerke //
Desalination 45 (May) (1983) 223-230 [Online]. Available: ://WOS: A1983QP21900031.

36 Alkhadra, M.A. “Small-scale desalination of seawater by shock electrodialysis” (in English)
[Text] / M.A. Alkhadra, T. Gao, K.M. Conforti, H.H. Tian, M.Z. Bazant // Desalination 476 (Feb 15
2020) doi:ARTN 114219 10.1016/j.desal.2019.1142109.

37 Shoeibi, S. “A comprehensive review on performance improvement of solar desalination
with applications of heat pipes” (in English) [Text] / S. Shoeibi, S.A.A. Mirjalily,
H. Kargarsharifabad, M. Khiadani, H. Panchal // Desalination 540 (Oct 15 2022) doi: ARTN 115983
10.1016/j.desal.2022.115983.

38 Mezher, T. “Techno-economic assessment and environmental impacts of desalination
technologies” (in English) [Text] / T. Mezher, H. Fath, Z. Abbas, A. Khaled // Desalination 266 (1-3)
(Jan 31 2011) 263-273, https://doi.org/10.1016/j.desal.2010.08.035.

39 Sharma, A.K. “Decentralised systems - defnition and drivers in the current context” (in
English) [Text] / A.K. Sharma, G. Tjandraatmadja, S. Cook, T. Gardner // Water Sci. Technol. 67 (9)
(2013) 2091-2101, https://doi.org/10.2166/wst.2013.093.

40 Benhalima, Tayeb. Synergistic adsorption/photodegradation effect for effective removal of
crystal violet dye and acetamiprid pesticide using Fe3+ cross-linked ternary carboxymethyl

63



Aybin1 wapyauibl/iblFbl FbI/IbIMAAPbI

cellulose/polyaniline/TiO2 photocomposites [Text] / Tayeb Benhalima, Moussa Mokhtari, Hafida
Ferfera-Harrar // Journal of Water Process Engineering, January 2024, 104670.

41 Khanzada a, Aysha Khan. Hydrochar-nanoparticle integration for arsenic removal from
wastewater: Challenges, possible solutions, and future horizon [Text] / Aysha Khan Khanzada a,
Hussein E. Al-Hazmi a, Bogna Snjatala a, Tommy Muringail Joseph b, Joanna Maytach a, Samir AM
Abdulrahman ¢, Said S. Albasir d, Tony Agustiono Kurniawan e, Zohre Rahimi-Akhar f, Sajjad
Habibzadeh g, Jacek Mionkinia // Environmental Research Volume 238, Part 1, December 1, 2023,
117164.

42 Ramos-Guivar, Juan A. Synergetic effect between zeolite 5 A and maghemite nanoparticles
for fast lead uptake from the Peruvian river Cumbaza: Study of surface adsorption mechanism using
X-ray photoelectron spectroscopy [Text] / Juan A. Ramos-Guivar, Noemi-Raquel Checca-Huaman,
F. Jochen Litterst, Edson C. Passamani // Applied Surface Science Advances Volume 18, December
2023, 100489.

43 Montaeva, N.S. Himiko-mineralogicheskaya i biologicheskaya ocenka kremnistoj porody —
opoki Zapadno - Kazahstanskoj oblasti s cel'yu ispol'zovaniya ih v kachestve mineral'noj dobavki i
profilaktiki zabolevanij sel'skohozyajtsvennyh zhivotnyh i ptic [Tekst] / N.S. Montaeva // Nauka i
obrazovanie - Ne 1 (54) 2019. - S. 301-306.

44 Montayev, Sarsenbek Aliakbaruly. Prospects of creating the technology of composite
adsorbent for water purification based on the composition of siliceous and clay rocks of kazakhstan
[Text] / Sarsenbek Aliakbaruly Montayev, Ainura Sarsenbekovha Montayeva, Nurgul Bolatovna
Adilova, Altynay Bakytzhanovna Shinguzhiyeva, Nurgul Sarsenbekovna Montayeva, Azamat
Tulepkaliyevich Taskaliyev // International Journal of Mechanical Engineering and Technology
(IJMET) Volume 9, Issue 1, January 2018, pp. 805-813.

45 Montaev, S.A. Purification of underground water using sorbent based on silicony rock-flask
of west kazakhstan [Text] / S.A. Montaev, S.S. Satayeva, K.A. Narikov, M.B. Mambetova,
D.S. Nazarova // Rasayan Journal of Chemistry, 2022, 15(2), pp. 1439-1444.

TYWIH

Kopmycran, mnepdopanmsnanrad TYTIKTEH KoHE OachlHAH TYPaThlH  KapTPUIKTIH
KOHCTPYKITUACH skacanabl. KapTpumkia 6ackl cy3ri )KyKTeMeci apKbUIbl CYABIH Kipyl MEH IIBIFYBIH
KaMTHIbl. byn karmaiima cysri xykremeci quametpi 1,0-1,5 MM Mommdukanusianran TYHipIIiKTi
copOeHT Oonbin TalObLIaaEl. KapTpHumK KOpIychl peTiHae aybl3 CyAbl Ta3apTyFa apHAIFaH TYPMBICTBIK
CY3riIepliH  CTaHAAPTTBl  MeJIIp  IUIACTHKAJBIK  KoJOajapsl  KojjaHbUIafgsl.  Jlambrran
MoaUQUKaNUsUIaHFaH copOeHTTepre apHalFaH nepdopanusuianFal KapTpupk Tytiri 3D mpuHTep
KOMETIMEH IUIACTUKTEH jKacairaH. KapTpuIDKIiH >KOFaprbl Oeiri Ta3apThUIFaH CYJbIH UIBIFYBI
JKy3ere achIpbUiaThiH OackiMeH >kaHacanel, 0,8 MM Tecikrepi 6ap TOT OacmalThIH MaTepualiaH
JKacallFaH TOPMEH JKaOAbIKTaiFaH. MyHmald KOHCTPYKTHBTI WICIIIM ©3TepTiireH COpOSHTTEPIIiH
TYHIPIIIKTEPiH CY3UIreH Cynpl ycTamail ycray KaKeTTuUliriHe OalmaHbICThl KaObupmanabel. Typii
XUMUSUTBIK KYPaMIarbl JKOHE JIaCTaHylIarbl CyIbl Ta3apTy IOOPEKECiH 3epTTeyre MYMKIHAIK OepeTiH
CyIbl TYIIBUIAHIBIPY >KOHE Ta3apTy YIIIH AKCIEPUMEHTTIK KOHIBIPFBI KYpPBUIABL. Byn KoHABIpFbIIA
OTOKaHBbIH KPEMHUIII JKBIHBICHIHA HETI3JCNTeH MoaudUKalMsIaHFaH COPOCHTTEPIIH 93ipJeHreH
KypamIapblH MailaiaHbll Ta3apTy MaKCaThIHJIA TPl XUMUSUTBIK, KYPaMIarsl Cy/Ibl 3epTTey OOMbIHIIA
FBUIBIMU-3KCIIEPUMEHTTIK ~ KYMBICTap KYpri3yre MyMKiHAiK ©Oap. "Mapk 603" wmapkansl
KOHJIyKTOMETpJIiH KOMETriMEH aFblH cy jkoHe " AKKypall "KeH OpHBIHBIH JKEPacThl CYBIHBIH YII
ceiHamachkl 3eprrei. Cy3y HOTHKECIH/IEe aFbIH CyAbIH kanbl Ty3 Meutepi (TDS) 150-300 canaTbina
OTTi, OYJI KYHJENIKTI eMip/ie )kKoHe KelOip eHAIpiCTIK mpollecTepie KONAaHbIIATEIH CYABIH KOJIANITBI
KypaMmblHa CoHKec KeJeli, Oipak aybl3 CyAbIH JoMi MEH camacblHa ocep eTyi MyMKiH. JKanmbl Ty3
memmiepi (TDS) Ooiibinia "AKKypail" cy KeH OpHBIHBIH OapibIK YII CYy ChIHAMACHI Kbl TY3
MeJIILEepi THIM JKOFaphbl CaHATKA JKAaTaThIHbI KOHE CY alAbIH aja eHJEYCi3 KeNTereH MakcaTrap YIIiH
JKapaMchbI3 eKeHi aHbIKTanabl. Cy3yre IeHiHTi eH >Koraphl >kanmbl Ty3 Memmepi Ne 3 cy ynricinae
Kesneces xone 3648 mr/am® Kypaiipl.

CysinreHneH keitin Oapibik yin ceiHamana Hatpuit xiaopuai (NaCl) sxone sxanmbl Ty3 Mediepi
(TDS) ooiibiama cynsiy Ty3 Memepi (C) kepceTkimTepiniH TeMeH eyl Oaiikana s, XKanmel anranzia,
tomerney 30-33% meringe, OyJl JKOFapbl MHUHEPAIAHIBIPbUIFAH JKEP acThl CYJIAPBIHBIH TY3
KYPaMbIHBIH KOPCETKIIITEPIH TOMEHIETYI'€ KAThICTBI €JICYJIl )KETICTIK OOJIBIN TaOblLIabl.
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BIOLOGICAL AND ECOLOGICAL FEATURES OF RELATED PEST SPECIES OF THE
FAMILY LASIOCAMPIDAE AND PYRALIDAE

ANNOTATION

In the south-east of Kazakhstan, in the desert zone, the protection of saxaul from harmful
organisms, including insects, is of great importance, preserving the only tree in the arid territory,
helping to preserve its biodiversity. Based on the data obtained to clarify the species composition of
harmful lepidoptera of saxaul and the study of their biological characteristics make it possible to
develop measures to combat them.

As a result of conducting field observations and studying the species composition of
lepidopteran insects that damage the green shoots of the saxaul, we have identified a common species
Bazaria atrisparsella Rag., belonging to the family Bazaria Rag. Malacosoma castrense kirghisicum,
Anoristia atrisparsella (Rag.)., which feeds on the vegetative and generative organs of the saxaul.
Related species of pests of the Lasiocampidae show a preference for saxaul, especially for the species
Malacosoma, which is part of the Lasiocampidae.

In the area of our research in the Ili depression (Balkhash, Kurtinsky districts, Almaty region),
clusters of Lasiocampidae caterpillars were found in 2021-2023, the average number of individuals
per tree was 2-3. Polyphage is one of the main pests of saxaul, showing the ability to consume many
pasture plants. In addition, the harmfulness of the saxaul fireworm caterpillar is especially noticeable
in early spring. At this time, they prefer to feed on newly growing shoots and flowers, which leads to
the death of tree branches.

Based on the results of the conducted research, the species composition of pests damaging
saxaul, bioecological features were clarified and methods of pest control were determined and
fumigants were tested on common species of— Malacosoma castrense kirghisicum and - Anoristia
atrisparsella (Rag.).

Key words: saxaul; Lasiocampidae; Anoristia atrisparsella; Lepidoptera; pests; caterpillars;
taxonomic level; fumigants.

Introduction. In the field of biology, one of the main and modern world priorities is the
problem of preserving biological diversity. Kazakhstan, according to the International Convention on
Biological Diversity (Rio de Janeiro, 1992), has assumed certain obligations for the conservation and
rational use of the country's biological wealth. Therefore, the study of the diversity of animals,
including Lepidoptera insects in taxonomic and ecological aspects, especially in anthropogenic
territories, in order to preserve it is considered a relevant task of zoological and agroecological science
in Kazakhstan.

In the republic, the increasing transformation of the habitat of animals, including Lepidoptera,
leads to changes in their species composition, distribution, abundance, and harmfulness, altering their
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role and importance in agrocenoses. At the present stage of agricultural development, the number of
pest species has increased markedly, especially among Lepidoptera. Entire ecosystems
(biogeocenoses), including agrocenoses, are under threat.

The importance of saxaul in nature and in human economic activity in arid conditions of our
country cannot be overstated. Saxaul is the only woody plant in the desert zone that plays a soil-
protective, sand-protecting role and is used for spring and autumn pastures. By binding together huge
masses of sandy and sandy loam soils, they protect oases, canals, transport routes, gas pipelines, and
other national economic facilities from being covered with sand, increasing the productivity of
pastures [1].

In recent years, outbreaks of mass reproduction of Malacosoma castrense Kirghisicum
(Staudinger, 1879) and Anoristia atrisparsella (Rag.) have been increasingly observed in the desert
zone where saxaul forests and thickets grow. The importance of this species is crucial as the area of
artificial crops of saxaul increases every year.

The caterpillars of these species have three pairs of thoracic legs and five pairs of abdominal
legs, with their bodies covered in dense bristles. Starworms also have three pairs of thoracic legs and
five pairs of abdominal legs, with thick bristles covering their bodies. Some species of caterpillars
prefer to live in membranous cells. The pupae of these species, colored in black and brown shades, are
enclosed in sealed cocoons and firmly attached to plants. Their eggs are white and round.

Distribution. Palearctic species. It is widespread in Europe, the Caucasus, eastern Russia, China,
Central Asia, Asia Minor, and Kazakhstan.

Taxonomic levels: Family: Arthropods (Arthropoda), Branch: Tracheae (Trachiata), Class:
Hexapods (Hexapoda), Class: Insects (Insecta), Class branch: Pterygota, Infagroup: Neoptera, Group:
Lepidoptera, Group branch: Glossata, Superfamily: Lasiocampoidea, Family: Lasiocampidae [2].

Materials and methods. In the course of research, generally accepted traditional methods with
original modifications were used to collect field faunal entomological materials. The following
collection methods were used: night gathering and light trapping (using a gasoline generator and
a 500 kW fluorescent lamp), shaking plants, and hand-picking caterpillars and pupae. The sands and
desert plains of the Ili depression (Balkhash, Kurtinsky districts, Almaty region) were surveyed. To
determine the total population (population density) of Lepidoptera in individual sites in the spectrum
of ecological groups and life forms, appropriate generally accepted and available techniques in
entomology were used [3].

The monitoring system for gnawing and leaf-gnawing scoops included spring, summer, and
autumn surveys. The spring (control) examination of gnawing scoops was carried out in fields of row
crops (corn, sunflower) and industrial crops (sugar beet), where the largest number of winter scoops
was noted in autumn. The usual method for soil surveys was used: 50x50 cm, sample depth 15-20 cm.

To determine the timing of pupation and butterfly emergence of the overwintered generation,
50 caterpillars were collected during spring excavations. They were placed in a cage with a layer of
moistened soil 5 cm thick at the bottom. Observations on the dynamics of butterfly emergence in
nature began as soon as the first butterflies appeared in the cages. Light traps and troughs with
molasses were used. The start of the emergence was marked by the capture of single individuals in
troughs and light traps, the mass emergence by the capture of more than 20% of the total number of
butterflies caught, and the end of emergence by the capture of single individuals.

Summer surveys by soil excavation were carried out in corn and cabbage fields. The depth of
soil samples was 5 cm. The total number of caterpillars and pupae, the age composition of caterpillars,
and the average number of individuals per 1 m? were determined. If 0.2 caterpillars per 1 m? were
detected, the population of crops was considered weak; from 0.4-0.6 — average; from 0.8 and more —
strong.

The degree of crop damage was determined by counting the total number of plants and the
number of damaged ones in 10 samples. The degree of damage to plants was assessed on a three-point
scale:

0 - undamaged:;

2 — severely damaged (the root neck is badly corroded, all the leaves are gnawed, but the
tillering node is not affected);

3 —dead plants.
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The autumn survey revealed the distribution of overwintering caterpillars by stations. Their
number, age composition, and physiological state were determined. Using the usual method for soil
surveys (10-12 samples of 0.25 m? each), the density of caterpillars and their distribution in fields that
came out from under cabbage, corn, and potatoes were determined (the depth of the sample in an
untilled field was 15 cm, in a plowed field - 20 cm). Not only the number of caterpillars was
established, but also their condition and infection with parasites and diseases.

Results and discussion. In the areas of our research (Balkhash, Kurtinsky districts, Almaty
region) in 2021-2023, caterpillars of these two species belonging to the family Malacosoma from the
family Lasiocampidae begin to damage saxaul in the phase of regrowth of shoots and leaves.
Observations conducted in 2021-2023 showed that caterpillars of this pest were found in large
numbers.

Malacosoma castrense kirghisicum (Staudinger, 1879) [4,5].

Degrees of classification: relative - cocoonworms (Lasiocampidae), related branch -
Malacosomatina, family - Malacosoma.

Figure 1- Malacosoma castrense kirghisicum - a) egg-laying butterfly, b) cocoon.

The distribution area covers Europe, Asia Minor, and Central Asia (Turkmenistan, Uzbekistan)
[6]. The species is widespread in the steppe and desert regions of Kazakhstan. Morphologically, the
length of the forewing margin in males is 30-32 mm, and in females - up to 40 mm.

.
/' 7
»
Figure 2 — Caterpillars of the Malacosoma castrense kirghisicum

The color of the forewing of the male varies from light yellow to light brown, with two
horizontal stripes, while the color of the wings of the females is brown with two yellow stripes. The
pupa is dark brown and reaches a size of 18-20 mm. (Fig. 1 a, b). The length of the caterpillar of the
last instars is 40 mm, with longitudinal bluish stripes on the back and bright red - yellow or red. There
are long bristles on the body. The eggs have an oblong shape, rounded, white in color, and a size of
0.8 mm.
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Table 1 — Phenological calendar of Malacosoma castrense kirghisicum. Almaty region, 2023.
Stage of April May June July August | September
develop
ment [1}2}) 3 |1} 2 |3 |12} 3 1|23 |1/2|3|1]2]3
Eggs |@o|@| @ | @
Tracks v v v - | =1 -
Insect
oupa 0Ojo0| O
Imago + [+ +] + ()
L
Eggs L (] ( Q| (@ (]
99 ('ﬂ( ole @ ( ° )
The About Branching is Seed
phenolo L Bud formation — - g
of Wintering flowering, sprout flowerl_ng— the development developme_nt
s%iaul ' branching of seeds and maturation

Conventional signs: @ —egg, (® ) —eggs in winter diapause, + - imago, 0 — pupa, == -
caterpillar,VVV —timing of measures against the caterpillar

Biology. The eggs go through a wintering period. From the second decade of April, the
caterpillars begin to hatch in groups. Young starlings live together in spider nests, while adults
disperse along the branches of the sexual tree. For 40-45 days, before transitioning to the pupal stage,
starlings work on creating white-yellow cocoons on tree branches for 8-10 hours, including the
pupation process itself. Pupal development is completed in 10-12 days.

The butterfly flight lasts from the last days of June to the beginning of July. By the end of July,
after mating, females lay eggs in rings around tree branches. The total number of eggs laid can reach
300.

In the research area of the Ili depression (Balkhash, Kurtinsky districts, Almaty region) in 2021-
2023, caterpillars of the milkweed cocoonworm were found focally, on average 2-3 individuals per
tree. Polyphage is one of the main pests of wormwood, also feeding on many pasture plants[7]. The
species develops with one generation per year (Table 1).

1. Lasiocampa eversmani — Lasiocampa eversmani (Ev.) Classification levels include a relative

- cocoonworms (Lasiocampidae), a related branch - Lasiocampinae, a family - Lasiocampa, and

a branch of the family - Pachygastria. The species in question is a typical representative of this

family [9].

2. Malacosoma castrense kirghisicum (Staudinger, 1879).

3. Lasiocampa - Lasiocampa eversmani (Ev.)

These species develop, forming only one generation. Being polyphages, they are widespread in
the steppe and desert regions of Kazakhstan.

A brief description of the relative: More than 6,200 species of family Pyralidae live on Earth,
classified in 6 related branches. These species can be found in various biotopes, including the inner
part of the stems of aquatic plants (for example, Schoenobius gigantellus W.V.), while caterpillars
(Paraponyx stratiotaltus L.) prefer to feed on the leaves of aquatic plants, such as herbaceous plants of
the monotypic genus Stratiotes and Ceratophyllum. Among the fireflies, there are quite dangerous
pests attacking various food products such as flour, bran, starch, chocolate, and others, as well as
industrial goods, agricultural crops, pasture grasses, garden and vegetable crops, as well as forest and
fruit trees. Some of them also harm beekeeping [10-16].

1. Anoristia atrisparsella (Rag.)

Synonyms: Anoristia gilvella Ragonot, 1887, Culcita Amsel, 1959

Distribution. China, Turkmenistan, and Spain [17]. It is widespread in the desert areas of
Southeastern Kazakhstan [18,19].
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Classification and taxonomic levels: Family: Arthropods (Arthropoda), Branch: Tracheae
(Trachiata), Class: Hexapods (Hexapoda), Class: Insects (Insecta), Class branch: Pterygota, Infagroup:
Neoptera, Group: Lepidoptera, Group branch: Glossata, Superfamily: Pyraloidea, Family: Pyralidae
Latreille, 1802, Genus: Bazaria Ragonot, 1887 (synonym: Anoristia gilvella Ragonot, 1887) [20-22].

Morphological features include the front wing field of butterflies measuring 18-20 mm with a
light gray coloration. There is a sharp stripe on the tip of the wing and two dots on the discal side. The
outer stripe has a pale, thinly wavy character. The rear wing is pale and light gray.

The caterpillars are 22-25 mm long, brown in color, with three white stripes running along the
crest. The length of the pupae is 13-15 mm, and they are yellow-brown in color.

Biological features include finding pupae in the surface layer of the soil at a depth of 10-15 cm,
where they undergo deep hibernation. The butterflies of the spring generation fly out at night in late
March (early spring) or early April. After mating, the females lay eggs in the male's genitals. Hatched
caterpillars, after 6-8 days, bind young saxaul shoots with silk thread and use them as a food source.
To determine their number, it is enough to shake a branch, and the caterpillars will hang on a silk
thread. With this method, you can quickly determine the number of caterpillars on a single branch or
tree. As they grow, they glue the shoots together, creating a tube 3-4 cm long and 1 ¢cm in diameter,
inside which they develop. In the second half of June, pupae pupate at a depth of 10-15 cm in the
surface layer of the soil, having passed the pupal stage, which lasts 20-25 days. In late July and early
August, second-generation butterflies emerge and lay eggs on the sexual shoots. After 6-8 days, the
caterpillars begin to feed on the generative organs (seeds) of the plant, gnawing through the shoots and
eating the insides of the seeds. They move very fast. As a result, these species develop, forming two
generations per year (Table 2).

Table 2 — Phenological calendar of Anoristia atrisparsella (Rag.). Almaty region, 2023.

Months
deiz?ggrg];nt March April May AJ\:JJSESt August | September October
Py ey g Il Py gl
Caterpillar | (=
Insect pupa 0
Imago + |+ |+
Eggs e
Caterpillar viviv ) | —)
Insect pupa 0
Imago + +
Eggs [ ()
Caterpillar — — | — — | (e

Conventional signs: @ — Eggs,+ - Imago, 0— Insect pupa, == - Caterpillar, (==)eggs in the winter
diapause, ==) — summer hibernation (estivation),VVV — timeline for taking action against the
caterpillar

Spring temperature fluctuations in the months of 2023 had a strong impact on the development
and number of fireflies. In March, the average temperature was +6.9°C, with a minimum of -5.4°C and
a maximum of +24.5°C. By the end of the month, the temperature had risen, and the fireworm
caterpillars began to appear. In the first half of the month, the daytime temperature reached +14°C to
+19°C, and in the second half of the month it decreased to -27°C, which favorably affected the mass
emergence of the pest from wintering. However, in early April, the temperature dropped to 0°C, which
became an obstacle to their further development. By the end of March, the average number of starlings
on the tree was 25-30, and by April 10, this number had decreased to 3-4, mostly adults.
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As a result of our research, we found a widespread pest, the Malacosoma castrense kirghisicum
and Anoristia atrisparsella (Rag.), which feeds on saxaul organs. The caterpillars of the Malacosoma
castrense kirghisicum were found focally, on average 2-3 individuals per tree. Polyphage is one of the
main pests of wormwood, also feeding on many pasture plants. The harmfulness of fireworm
caterpillars Anoristia atrisparsella (Rag.) is most pronounced in early spring, when the saxaul buds and
blooms. On average, caterpillars can damage 10-15 trees on the trunk per year, and in years of mass
reproduction — from 50 to 70. Caterpillars are found in spring in April and May, as well as in autumn
from the end of August to September.

Determination of the biological effectiveness of fumigants used against pests damaging saxaul.
The biological effectiveness of fumigants used against larvae of the saxaul pest - Malacosoma
castrense kirghisicum (Staudinger, 1879) and Anoristia atrisparsella (Rag.).

According to data collected in 2023, during observations and studies of lepidopteran pests of
Southeastern Kazakhstan, as well as during the examination of saxaul seeds for sowing in the Bakanas
State Forestry Institution of the Department of Natural Resources and Environmental Management of
the Almaty region, 2 types of massively occurring pests of saxaul seeds were identified: Malacosoma
castrense kirghisicum (Staudinger, 1879) and Anoristia atrisparsella (Rag.). Before fumigation, the
level of damage to the seed pests was determined.

The degree of damage to the larvae of these types of seed pests was determined by taking a
sample from the total volume of collected seeds. For every 100 kg of collected seeds (1 kg was taken
from each layer with repetition 4 times). The obtained seed specimens were mixed well and left alone
(4-5 cm). The distributed seeds are divided into four squares, this method is repeated four times,
leaving one final particle, the quality of the seeds is checked and infected with pest larvae by
examining 1000 seeds. After that, the weight and germination of 1000 seeds were determined. In
2023, 35-40 specimens of larvae of the Malacosoma castrense kirghisicum (Staudinger, 1879) and
Anoristia atrisparsella (Rag.) were found in the Bakanas State Forestry Institution of the Department
of Natural Resources and Environmental Management of the Almaty region from each kilogram of
saxaul seeds collected in this region. In accordance with this, these pests in 100 grams of saxaul seeds
affect 35% of the total harvest.

Before sowing the saxaul seeds collected in 2023, fumigants "List of pesticides (pesticides)
approved for use in the territory of the Republic of Kazakhstan 2013-2022" were selected. 2-3 year-old
larvae of the milkweed cocoonworm Malacosoma castrense kirghisicum and saxaul fireworms
Anoristia atrisparsella (Rag.) were tested for the selected preparations. The following fumigants were
used:

1. Alfos, tab., 8.0 g/m?

2. Magfos, tab., 5.0 g/m?

To test the used fumigants and determine their biological effectiveness, saxaul seeds were tested
with a 5-day exposure, placing them in a bag, covering the outside with a plastic film, and sealing the
edges to prevent air from entering.

Table 3 — The biological effectiveness of fumigants used against larvae of the saxaul pest -
Malacosoma castrense kirghisicum (Staudinger, 1879) and Anoristia atrisparsella (Rag.).

The rate of Nulg]r?/zg of
consumptio (1 kg.) Biological Germination Germinatio
. n of the Exposure - n energy,
Fumigants ; efficiency, energy,
drug time, day bef y after 1 dav. % after 7 day,
(g / cubic V1 after ° Y7 %
meter) ore
Control - 38 36 - 50 56
Alfos,tab. 8,0r/m3 5 38 3 93,5 68 89
M"t"gt‘:os’ 5,0 r/w3 5 38| 3 93,5 68 89
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The biological efficacy of the tested fumigants after 5 days of treatment against pest larvae is
shown in the following Table 3

The biological efficacy of the tested fumigants after 5 days of treatment against pest larvae is
shown in Table 3. The biological efficacy of the two tested preparations showed 93.5%. After
treatment of saxaul seeds with fumigants, their germination energy was determined in a wet chamber.
The number of seeds studied is 100 pcs., with a repetition of 4 times. The germination energy of the
saxaul seeds tested on day 1 showed an average of 68%, and seed germination on day 3 was 79%, and
on day 7 it was 89%. This demonstrates the high biological effectiveness of these fumigants on the
germination of saxaul seeds.

Conclusion. Our research has identified a common species Bazaria atrisparsella Rag.,
belonging to the family Bazaria Rag, which feeds on the vegetative and generative organs of the
saxaul. Related species of pests of the family Lasiocampidae show a preference for saxaul, especially
two species belonging to the Malacosoma family, which feed on saxaul.

Based on the results of the conducted research, the species composition of pests damaging
saxaul, their bioecological features were clarified, and methods of pest control were determined.
Fumigants were tested on common species of Malacosoma castrense kirghisicum and Anoristia
atrisparsella (Rag.).
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TYWUIH

KazakcTaHHBIH  OHTYCTIK-IIBIFBICHIHAA  IIOJI  aiiMaKTa ©CETIH CEeKCeYUIAlI  3HUSHIbI
OpraHM3MJICP/ICH, OHBIH IIIiHJE KaObIpIIaKKaHATTHI OyHAKJICHEIIEPICH KOPFay YJIKEH MaHbI3Fa He.
[len aymarbIHIAFBl XKAJFBI3 AFAINTHl CAKTail OTBHIPHIN, OHBIH OMOATYaHTYPJIUIITIH CaKTayFa BIKIaT
eremi3. CekceyiiiH 3UsH/IBI KaOBIPIIaKKAHATTAPBIHBIH TYPJIIK KYpaMblH HAKThUIAY JKOHE OJIapbIH
OMOJIOTHSUTBIK, epeKIICTIKTEPIH 3epTTey OOMbIHINA ABIHFAH MATIMETTEP OJapMEH Kypecy IapanapbiH
a3ipieyre MyMKiHIK Oepe/ti.

Hotmwxkecinme mamanblk Oakpuiayiap JKYprizy JKOHE CEKCEYUINIH JKachUl OCIHIICpiHE 3USH
KENTIpeTiH KaOBIPIIaKKAHATThI OYyHAKJIEHENJICPiH TYPJiK KypamblH 3€pTTEy HOTHXKeCciHae Oi3
Bazaria Rag TtykeIMIachlHBIH KeH TapajiraH Typiepin Bazaria atrisparsella Rag., Malacosoma
castrense kirghisicum »xone Anoristia atrisparsella (Rag). aHbIKTagbIK.

biznix 3eptrey KyprisreH alimarbiMbI3, [ne odnatel (AnMaThl 0OdBICHIHBIH, bamkamr, Kypri
aymauaapel) 2021-2023 oK. opra MeJIIepMEH aramka 2-3 JaHachkl TaObUIBIIN, MIJUISHIPTIII
KYJIIBI3IBI3KYPTTApbIHEIH KOOIl KETKEeHI aHBIKTAABL. ATaifaH mnojudar 3USHKECTEep-KONTereH
JKAUBUIBIMIBIK, ©CIMIIKTEP/l TYThIHY KaOIJeTiH KOPCETETiH CEeKCEeYiIiH Heri3ri 3usiHKecTepiHiy Oipi.
CoHBIMEH KaTap, oJlap jKaHaJlaH ecill KeJie )KaTKaH OpKeH MEH TYJJIepMEH KOPEeKTeHY/l eH Kope/i,
an Oy araiml OyTaKTapbIHBIH ©JlyiHE 9KeJeli, CeKCeyil eCIMAIriHIH 3MUSHKECTEpiHIH 3USHBI acipece
epre KekTemae OaliKanaapl.

JKyprizinren 3eprreynepiiH HOTHXKeci OOMBIHINA CeKCeYUIIi 3aKbIMAAWTBIH 3USHKECTEPJiH
TYPJIK Kypambl, OHO3KOJIOTHSUIBIK E€peKIIeNiKTepi HAKThUIAHABI KOHE 3HSIHKECTEPMEH Kypecy
onicTepiH aHbIKTan, KeH Tapairan Malacosoma castrense kirghisicum sxone Anoristia atrisparsella
(Rag.). Typnepine (hyMUTaHTTapMEH CHIHAKTAH OTKI31JIIi.
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PE3IOME

Ha roro-Boctoke Kazaxctana B 30He MyCTBIHB, 3alllUTa cakcayja OT BPEJHBIX OPTaHHW3MOB, B
TOM YHCJIE€ OT HACEKOMBIX UMEET OTPOMHOE 3Hau€HHUE, COXPAHss €IUHCTBEHHOTO JEPEBO B apUIAHOMN
TEPPUTOPHUH, CIIOCOOCTBYEM COXpaHHTh ee OnopazHooOpazue. Ha ocHOBe MONyYeHHBIX NAaHHBIX IO
YTOYHEHHIO BHIOBOTO COCTaBa BPEIHBIX YEITyeKPBUIBIX CaKcaylla U M3YYeHHE WX OMOIOTHYECKHe
O0COOEHHOCTH JAIOT BO3MOXKHOCTH pa3paboTKy Mep OOpHObI ¢ HUMH.

B pesynapraTe mpoBeaeHHE TONEBBIX HAOMIOAGHWH W UW3y4YeHHWE BHUJIOBOTO COCTaBa
YeUTYyeKPBUIBIX HACEKOMBIX, MOBPEXKIAIONINE 3e€JICHHBIE MOOErH cakcayia, HaMHd OBUIO BBIACTICHO
pacnpocTpaHeHHbIH Buabl Bazaria atrisparsella Rag., otnocsimmiics k cemeiictBy Bazaria Rag, wu
Malacosoma castrense kirghisicum »xome Anoristia atrisparsella (Rag.). koTopbii muraeTcs
BEreTaTMBHBIMU M TC€HEPATUBHBIMH OpTaHaMH cakcayna. PojcTBeHHbIC BUIBI BpeAUTENel cemeiicTBa
kokoHonpsimel  (Lasiocampidae) mnposBASIOT MpeAmoYTeHHEe K - cakcayly, OCOOEHHO K BHIY
Malacosoma, BxozsiieMy B COCTaB CeMeiCTBA KOKOHOMPSIBI.

B 3one Hammx wuccnemoBanuii Mnmiickoit Bmaamuel (banxamickuid, KypTuHCKHMI paiioHBI,
AnMaTtuHcKOl obOnmactu) Obumn oOHapykeHbl 2021-2023rT. CKOIUIEHUS TYCEHHIBl KOKOHOIPSIBI
MOJIOYAIHBIN, cpeHee KOJTMIECTBO 0co0eH Ha mepeBo cocTaBisuio 2-3. Ilomudar sBiusercs oqHuM U3
OCHOBHBIX BpPEIUTENCH cakcayiia, MPOSBISIONIUM CIIOCOOHOCTh MOTPEOJICHUS MHOTHX IaCTOMIITHBIX
pactenuii. Kpome Toro, BpeIHOCTh TYCEHUIIBI OTHEBKHU CaKcaylia OCOOCHHO 3aMETHA B PaHHIOIO BECHY.
B nmanHOe BpeMs OHHM TPEANOYUTAIOT MUTATHCA BHOBH PACTYINIMMH TOOEraMd M IIBETAMH, YTO
MIPUBOINUT K OTMUPAHUIO BETBEH JIePEBHEB.

ITo PE3YyJIbTaTOM IIPOBCACHHBIX I/ICCJ'ICI[OBaHI/Iﬁ YTOUHHUIIM BHUAOBOro COCTaBa Bpe[LHTCHeﬁ
MOBPEXTAIONNX CaKcayl, OWOIKOJOTHYECKHE OCOOCHHOCTH U OIPENeINTh METOIBI OOpPBOBI C
BPENUTENSIMH ¥ TECTHPOBaTh (YMHUTAaHTAMH Ha pACHpPOCTPAHEHHBIX BHIAX KOKOHOIPSIBI
monovakueiii  — Malacosoma castrense kirghisicum u ormeBkm cakcaysia- Anoristia atrisparsella

(Rag.).

YK 577.216.9; 577.2.08; 577.29 DOI 10.52578/2305-9397-2024-3-2-73-84
MPHTMU 34.15.27
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PA3PABOTKA HAIIPABJIAIOLINX PHK JJIS1 CRISPR/CAS9 PEAAKTUPOBAHUS
I'EHOMA TOMATA
DEVELOPMENT OF GUIDES RNA FOR CRISPR/CAS9 EDITING OF THE TOMATO
GENOME

AHHOTAUA

Texnonorus HanpasieHHoro penaktupoBanus CRISPR/Cas9 HeomHOKpaTHO pUMEHSIACh IS
CO3/IaHUsl IM3AHEPCKUX COPTOB pacTeHMil. B maHHOM mcclieoBaHnu ObUIM pa3paboTaHbl HAOOPHI U3
nByx Hampasistonmx PHK mnst wokayra 6enko SIMLO1, SIMLOZ2, SIMLOS5S u SIMLO6 mpwu
nomornu cucrembl CRISPR/Cas9. MuaktuBanusi 3THX OEIKOB MOXXET 00ECHCUMTh YACTHUHYHO WIIH
HOJIHYI0 YCTOWYMBOCTh TOMaTa K 3a00JeBaHMI0 MYYHHCTOW pocbl. [laHHas nenenus MICHTHYHA
HalICHHOW B €CTECTBEHHOM MYTaHTE, PE3UCTEHTHOM K BO30YIHUTENIO0 MYYHHCTOH pochl. PaHee Oblna
TIOJITBEPIK/ICHA TIOJTHAST YyCTOWYHMBOCTh apabujoncuca npu nHaktuBanuu oenkos AtMLO2 n AtMLOG,
koTopbie sBistorcss romonoramu SIMLOlu SIMLOS. Opnako paHee He MPOBOIHICS HOKAyT
HECKOJIbKUX reHoB MI0 Tomara.

Mertoanka pa3paboTKH BKIOYaa B ceOsS OMOMHGOPMATHYCCKHM aHamW3, KIOHHPOBAaHHC
6eciroBHbIM MeTozioM Golden Gate u Bepudukanuio uccienoBanueM skcnpeccur MaTpuuabix PHK n
oenka Cas9 mozaenbHOrOo pacteHus. [lomydeHHbIE pe3ynbTaThl JAIOT OCHOBAHWE IUTS MPOJOJDKECHUS
pabOTHI 10 TOTYYCHHIO YCTOWYMBBIX pACTEHHI TOMaTa in Vitro.

HccnenoBanue MMeeT MOTSHIMAN IS JaTbHEHIIEro U3y4eHHs MOy ISIIMH KIMMYHHOTO OTBETa
Ha (UTONATOreHHbIC TPUOKM OJHOTO M HECKOJbKHMX OenkoB cemeiictBa SIMLO, a rtakke mis
BBIBE/ICHHS HETPAHCT€HHBIX JIMHUH, PE3UCTECHTHBIX K MyYHHCTOH poce.

ANNOTATION

The CRISPR/Cas9 directed editing technology has repeatedly been used to create designer plant
varieties. In this study, two sets of guide RNAs were developed to knock out the proteins SIMLOL,
SIMLO2, SIMLO5 and SIMLOG6 using the CRISPR-Cas9 system. The inactivation of these proteins
provides partial or complete resistance to powdery mildew in tomatoes. This deletion is similar to that
found in a naturally occurring mutant resistant to powdery disease. It was previously confirmed that
arabidopsis is completely stable upon inactivation of proteins AtMLO2 and AtMLO6, homologues of
SLMLOL1 and SLMLO5. However, some Mlo genes in tomatoes have not been disabled before.

The development methodology included bioinformatics analysis, cloning using the seamless
Golden Gate method, and verification by studying the expression of mMRNA and Cas9 protein in a
model plant. The results obtained can serve as a basis for further work on obtaining resistant tomato
plants in vitro.

This study has the potential to further study the modulation of the immune response to
phytopathogenic fungi by one or more proteins of the SIMLO family and the derivation of non-
transgenic lines resistant to powdery mildew.

Knioueevte cnosa. CRISPR/Cas9, nanpasisiowas PHK, myunucmas poca, momam, MLO,
O.neolycopersici
Key words: CRISPR/Cas9, guide RNA, powdery mildew, tomato, MLO, O.neolycopersici

Beenenne. Tomat  (Solanum  lycopersicum) —  BakHast  CEbCKOXO3SMCTBEHHAS
npooBosIbcTBeHHAs Kynbrypa. [lo manaeiM FAOSTAT, B 2020 romy Obuio BhIpaimieHo Oonee
5 MWUIMOHOB TEKTapoB, a OOIMH ypokair coctaBmi Oosnee 184 mmumoHoB ToHH. B Kaszaxcrane B
2021 roxy 6bUT0 cOOpaHOo 0KO0JIO 818 THIC. TOHH KyIbTYpbl. OTHAKO IMOTEPH YPOxKasi IPOUCXOJIAT U3-3a
YS3BUMOCTH K TaroreHam, u exeronHo 1o 40% ypoxkas TepsieTcsd n3-3a OoJie3HEH pacTeHWH, u
Bpenuteseid. Ha pacpocTpaneHue 3THX NaTOreHOB BIMSAET KaK BHICOKHH YPOBEHb INI0OATN3AINH, TaK
U aKTHBHOE U3MEHEHKE Kiumara [1].

MyunucTas poca, TpruOKOBoe 3aboieBaHme, BBI3bIBacMoe Buaamu Oidium neolycopersici u
Leveillula taurica, siBisietcst pactipocTpaHeHHOM mpo0IeMoit it pacTeHuii Tomara. DTo 3a00IeBaHne
OOBIYHO TOpa)KaeT JIMCThSI M MOXKET BBbI3BaTh XJIOPO3 (MOXKEJITEHHE), OCNblid HaJeT U HEKpOo3
(ormupanue TkaHei). OHO MOXKET NPUBECTH K oTepe ypoxas a0 50%. [2], [3].
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MLO (Mildew Resistance Locus O) — 3To 6en0K, KOTOpBIi ObUT BIIEpBBIC OOHAPYKEH B STUMECHE
B 1997 romy. DT0 O€NOK YCTOMYMBOCTH S, KOTOPHIM NpPH HWHAKTUBAINH TPHUIACT HEKOTOPHIM
pacTeHHsIM YCTOHYMBOCTH K MyuHHCTOM poce [4], [5]. T'emsl sTtoro Geika ObUIM OOHAPYKEHBI Y
Pa3IMYHBIX BUJIOB PAaCTECHMH, BKJIIOYAs 3eMIIIHUKY [6], apabumornicuc [7], mmenuny [8], ropox [9],
possl [10], sunorpan [11], mepen [12], puc [13] u Tabak [14]. B pacrennn Tomata comep:kutcs 16
pasnuuHbEIX 6enkoB cemeiictea SIMLO [3].

B 2008 romy ObuT MACHTU(QHUUIMPOBAH M KIOHUPOBAaH T'€H €CTECTBEHHOTO MyTaHTa TOMaTa U3
DkBajsopa. DTOT MyTaHT MMeNl nenenuto B 19 map ocHoBanmii (1m.0.) B obmactu jokyca Simlol.
DKCIEepUMEHT TakKe TMOKa3aj, 4To MyTaHT Obu1 yctoituuB k Oidium neolycopersici [15]. Pactenus
mepra ¢ WHakTuBHpoBaHHBIMH OenkamMu CaMLO1 m CaMLO2, koTopble SBISIOTCS TOMOJIOTaMH
SIMLO1 u SIMLO2 cOOTBETCTBEHHO, MOKa3aJiM YMEPECHHYK YCTOWYMBOCTh K MYYHHCTOH pOCe,
BeI3BIBaeMoii L. Taurica [12].

CrieoBaTeNbHO, HEKOTOpPBIC IPEICTABUTEIM ceMeiicTBa TeHoB MIO BIHSIOT Ha peakuuio
X0351Ha Ha (PUTOMATOTCHHBIA TPHOOK MyYHHCTON POCHL.

Perynsapno pacnonoxeHHbIe CTpyNNUpOBaHHbIE KOpOTKUE nanuHapoMHbie noBTopsl (CRISPR)
n Oenkm Cas TPEACTaBISIOT cOO0H OakTepuanbHYl0 MMMYHHYIO cucteMy Il Twma, kotopas Obina
MoOIUQHUIMpPOBaHa I 1abopaTOpHOTO peaakTupoBanus reHoma. Texnonorus CRISPR/Cas ycnenno
UCTIONIB3YETCs ISl CO3JJaHus TN3aHEPCKUX COPTOB CEIbCKOXO3SHCTBEHHBIX KYJIBTYP YCTOMUMBBIX K
narorexam [16]. TapretupoBanHas fesneius reHa Mlo MOXeET NPEICTaBIATh HHTEPEC VIS BHIBEICHHS
HETPaHCI'€HHBIX COPTOB TOMATOB, yCTOWYMBBIX K My4YHHCTOH poce.

B sToM mccnenoBaHuM MBI pa3paboTany ¥ KIOHHPOBAIN HAMPABIISIIOLINE TTOCIEI0BATEIbHOCTH
PHK pnst HampaBiieHHOTO peIaKTHPOBAHUSA T€HOMa TOMAaTa W OIEHIIIN dKcrpeccuio OenkoB Cas9 u
matpuuHblx PHK B MogensHOM pacTeHun Tabax.

Marepuaasl W MeToabl. [ubpuousayus npativepos u GoldenGate kronuposanue.
KnonupoBanue Golden Gate ObLJIO BBIIIOJIHEHO B COOTBETCTBHH C MPOTOKOJIOM, onrcaHHbiM Hui-Li
Xing u coaBropamu [21]. IlepBonauansao mposommics [P ¢ 2 mapamu mpaiiMepoB Ha Matpuile
mwia3muabl PCBC-DT1DT2. Peakrus Bkirouana: 1X Pfu-Buffer, 1.5 mM MgSO4, 0.16 mM dNTPs,
pCBC-DT1T2 (pazbasnennas B 200 pa3) — 1 ul, 0.4 uM DT1-BsF, 0.02 uM DT1-F0, 0.02 uM DT2-
RO, 0.4 uM DT2-BsR (Tabmuma 1), 1 emunuma Pfu-nomumepassr (Thermo Fisher Scientific).
[Iporpamma ammmndukanuy ObUTa Clemyromas: mepBUYHas AeHatyparus 94°C B TeueHUW 2 MUHYT:
30 nUKIOB BKJIIOYAIM JeHaTypaluio npu temmeparype 94°C Ha npoTskeHuH 15 cekyH[, OTKUT MpH
temneparype 60°C nHa mporsokeHnn 30 cexyHn; amoHranmus npu 68°C 1 munyTty. PuHanmbHas
AIIOHTAIWS JUTHIack 5 MuHYT ipu 68 °C.

HemnocpencTBeHHOE KIIOHUPOBaHKE MPOBOIMIACEH CIECAYIOMIAM 00pa3oM: K aMJIMKOHY 00beMOM
2 pl mobassmock Takoe ke koamuecTBo miasmMuasl PKSE 401 (100 ng/ul). Taxxe 1X T4 DNA Ligase
Buffer, 1X BSA, sumonykieaza Bsal — 1 pl, T4 DNA Ligase — 1 pl. O6bem moBoamics mo 15 pl.
WNukybanms pmunack S gacos nipu 37°C. lanee temrieparypa nosbimaiack 10 50°C Ha 5 MUHYT, 3aTeM
10 80°C Ha 10 MuHYyT.

TpanchopMmaruss TpoBOAMIACE METONOM TeruioBoro moka. [locme 30-MUHYTHOW HWHKyOamuu
kietok Bmecte ¢ JIHK Bo nbay, cnenoBana 1 MmunyTa xuTinoka. Jlajgee, CHOBa POBOIMIIN HHKYOALIUIO
5 munHyT B apay. Kietku pactunm 3 waca mpu 37°C, 3aTeM BoicakuBaiu Ha damku ¢ LB-cpenoit u
CEJIEKTUBHBIM aHTHOMOTHKOM — KAHAMUIITHOM.

st or6opa TparchopMUpOBaHHBIX KosoHuid mpoBoamics Colony-PCR ¢ mpaiimepamu 10 MM
U6-26p-F u 10 mM U6-29p-R. Ilporpamma amiuinpukanuyd BKIOYajla B ce0s: MEPBUUYHYIO
nenatypanuto 95°C 3 munyThI, 30 mukios, Brmrogatonmx 95°C 20 cexyna, 58°C 20 cexkynn u 72°C
1 MunyTY. ®UHANBHAS AIIOHTALUS JUTHIIAch 5 MUHYT npu 72°C.

Tabmuia 1— [paiimepa qis Colony-PCR

Ha3Banue nmpaiiMepa [locnenoBarenbHOCTD 5°-3°
U6-26p F TGTCCCAGGATTAGAATGATTAGGC
U6-29p R AGCCCTCTTCTTTCGATCCATCAAC
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[IpoBepka WHTErpUPOBaHHON KOHCTPYKLHMH NMpoBoAMiachk cekBeHupoBanueM [ILIP-mpoxykTa ¢
mnpaiiMepamu 3.2mM U6-26p F u 3.2mMM U6-29p R. CexBenupoBanue npoBoauid Mmerogom CaHrepa B
COOTBETCTBHH C PEKOMEHJIOBAaHHBIM NpoTokonoMm mpousBoautens Big Dye v3.1 (Thermo Fisher
Scientific, CLLIA).

ITnazmugnayto JHK Beimensimu ¢ momompio Habopa GeneJET Plasmid Miniprep (Thermo Fisher
Scientific, CIIA). Jlns osmexkrponopamun  Agrobacterium tumefaciens (mramm EHA105)
WCIIOJIb30BaJIM METOJIUKY, PeKOMEeHA0BaHHYI0 ipousBoanTeneM (Gene Pulser Xcell Microbial System,
Bio-Rad). YcmoBus mepenoca — 2400 B, 200 Om. TpancdopMupOBaHHBIC KIECTKH BBIPALIMBAIA B
gamke [letpu ¢ YEP-cpemoi, pudaMnmunmHOM W CEIICKTUBHBIM aHTHOMOTHKOM KaHAMHUITMHOM B
teuenne 48 wyacoB mpum Temmeparype 28°C. Jlns orbopa TpaHCHOPMHUPOBAHHBIX KOJOHHUH
ucnonbzoBanu Colony-PCR.

Obnapyoicenue sxcnpeccuu MmPHK u 6enxa Cas9

Okcmpeccuro MPHK TectupoBamu ma moxenbHoM pactermu Nicotiana Benthamiana. ITocie
arpoMHQUIBTPALMH JIMCThS COOMpaN HA TPETUH eHb AJs npenoTBpamenus PHK-uaTepdepenumn.

Toranenyto PHK Beigemsiin kinaccuueckum CTAB-meromom ¢ mommbukanmsmu [17]. [ns
mpexaoTBparieHus omubounoil amrmmmdukanum ocrarounoit JIHK o6pasmer PHK oOpabareiBamm
DNasel (Thermo Fisher Scientific, CIIIA) B COOTBETCTBUH C IIPOTOKOJIOM ITpou3BoauTeist. OOpaTHYO
TPAaHCKPHIIIHIO MPOBOAMIN B PEaKIMOHHOW cMecH o0bemMoM 15 Mk, conepskamieid 0,5 mm onuro-dT,
0,5 MM ciygaitHoTrO TekcamepHoro mpaiiMepa u 3 Mk obmieit PHK. Cmecs nakyoupoBanu npu 72°C B
tedeHne 10 MUHYT, U JiepKald BO JbIy B TedeHue 3 MuHYT. 3aTeM mobasuimu 1x RT-Oydep, 0,5 mm
dNTP u 5U RevertAis, mocie uero cMmech nHKyoupoBaiu rnpu 45°C B TeuecHHE yaca.

Anamm3 skcnpeccun MPHK mposogmmu metomom [P co cnemuduueckumu mpaiiMepamu
(Tabnwma 2). [Iporpamma aMImmuduKauy BKIIOYaia: Ha4adbHYI0 JeHaTypanuio npu 94°C B TeueHue
2 muHyT, 35 nukinoB aenatypauuu npu 94°C B teuenue 40 cexynz, okur (Tabmuma 2) B TeueHue
40 cexynna u anonranuto mpu 72°C B Teuenue 40 cexynn. @uHanpHas snoHranus — 10 MUHYT npu
temnepatype 72°C.

Tabmuiia 2— [TpaiiMeps! ais onpeenenus 3xcnpeccut MPHK

HasBanue IlocnenoBarenbHOCTD NPSIMOTO [TocrmenoBaTenbHOCTE OOPATHOTO

npaitmepa npaiimepa 5°-3’ npaiimepa 5°-3° m, °C
Crispr-1 GGGAGACCTCGTTTGGACGT TGAGAGATTCAGATTTGCAA 53
Crispr-2 GAAAGAAGGCGCCTTCCTCC GTGATTAGTCAAGTGTTTAG 49

Crispr-5 TTCTACATGGATCGAGATAT GTACAACCGTCAAGAATAAG 50

Crispr-6 CACGTTACCTCTTTGCATTT CCTTTGCTGCATCTTTGTTG 54

100 Mr pacTUTENBHOTO CBHIPbsi ToMoreHu3uposain B 0ydepe ESB (9 M moueBunsl, 4,5% SDS,
7,5% PB-mepkanrtostanona, 75 mm Tpuc-HCI, pH 6,8) ¢ mocnenyromelt uakyoanueit npu 100°C B
teueHue 10 muHyT. 3atem oOpasusl neHTpudyruposanmu npu 10000 o6/mun B Teuenue 10 MUHYT U
cobupanu cynepHarant. Hanuuue 6enkor onpeaensum B 7,5% SDS-PAGE (40 MA) ¢ mocieayonum
okpammBanrem Coomassie Brilliant Blue R250.

Okcrpeccuro  Oenka  Cas9  BU3yalbHO — OMNpENENsUId  BECTEPH-OJOTTHHTOM. MeMOpaHy
MHKyOHWpoBamM B TeueHue 16 dYacoB mnpu Temmepatrype 4°C ¢ NepBUYHBIMU aHTUTENaMH,
cneunpuuneiMu K Oenky Cas9 (Invitrogen) B passemenun 1:2000. MemOpany HHKYyOMpOBaiu C
BTOPUYHBIMH aHTHTEJIAMH, CIEHIU(UIHBIMU K KPOJIMYbEMY HMMYHOTJI00Y/IMHY (Sigma), B pa3BeCHUI
1:30000. XpomoreHHOE MPOSIBICHHE MOJOC OCYIIECTBIsLIN B mieaounoM Ooydepe (0,1 mm Tris-HCI,
pH 9,5, 0,5 mm NaCl u 5 mm MgCI2) ¢ no6asnenuem NBT (Thermo Fisher Scientific) u BCIP
(Thermo Fisher Scientific).

PesyabTarel M o00cy:xkIeHue. Pa3BuTHe METOJOB pENAKTHPOBAHUSA TEHOMAa 3HAYUTEIHHO
U3MEHHIIO (PYHKIIMOHABHYIO TEHOMHKY, CEJIEKIIHIO pacTeHuil u cenbekoe xo3siicTtBo. CRISPR/Cas9,
MOIIHBIA HMHCTPYMEHT TE€HHOH WHXEHEpPHHM, OCHOBaH Ha B3aumMozeWcTBuu Mexay PHK,
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KOMILJIEMEHTapHOH MpoTocHencepy, U 3HA0HYKIea30i Cas9, 4TO OTKPHIBAET HOBBIE BO3MOXXHOCTH JJIs
TeHETHYECKHUX MCCIIEIOBAaHNH U CO3/1aHHS HOBBIX COPTOB PACTCHUIA.

Myunucrass poca — 3T0O 3a0oJieBaHHE pPACTEHH, BBI3BIBaEMOE (DUTOMATOTEHHBIM TPHOKOM,
KOTOPBIII MOKET NMPOHMKATh B KJICTKH PAaCTCHHH WM BBI3bIBATH JHTeNbHbIC MHGeKimu [21]. C Heit
MOXKHO OOpOThCS, BBIPAIMBAsl YCTOWYMBBIE COPTA CEIBCKOXO3SHCTBEHHBIX KYJIBTYP M HCIIOIB3YS
XxuMudeckne (QyHTHIHIsl. Pe3cTeHTHOCTE MOXKeT OBITh JOCTUTHYTAa IyT€M HHTPOTPECCHH TeHOB
YCTOMYMBOCTH Yy JHUKOPACTYLIMX BHIOB PACTEHHH M BHEAPEHHUS HX B KYJIbTYpbl C IOMOIIBIO
KJIACCHYECKU MeTONOB cenekiyu [22]. Onnako, R-onmocpenoBanHasi pe3sHCTEHTHOCTD, Criel(UIHAas
JUISL ONIPE/ICJICHHBIX ITaMMOB, MOXET OBITh IPE0JI0IeHa 3BOJIONNOHHBIMA U3MEHEHUSIMH MaTOTeHa,
HPHUBOIIIMMHU K UX ycToiunBocTH [23]. Bputo moka3aHo, 4TO MHAKTUBALMS T€HOB BOCIIPHUMYHUBOCTH
pacTeHuii obecrieyuBaeT CTOWKHHA WMMYHHTET K MHOTOUYHCICHHBIM IIaTOT€HaM, KakK, Hampumep, B
ciiydae ¢ MyTaHTaMH ¢ HokayroM reHoB MIO y stamenst u apabumornicuca [5]. Benku, cxomubie ¢
SIMLO1 y apabumoricrca U SUMEHS, TaKK€ CIIOCOOCTBYIOT YCTOWYHBOCTH PACTEHHN K Pa3IHIHBIM
HEKPOTPO(HBIM U reMuOHOTPpOdHBIM MaToreHam [24], [25].

C nmomompio miarhpopmel RGEN Tools [18], 6611 0ToOpan Habop mociea0BaTeIbHOCTEN s
kioHupoBanms. Yetripe 6enka MLO ObuH HAeHTH(OHUIIMPOBAHBI KaK TTOTCHIIMATBLHBIC CAaTBI-MUTIICHH
JUTSI BHECCHUS JICTICIIHU.

B0 mpoaeMoHCTpUpPOBaHO, YTO OIpeJeNicHHbIe TeHbl W3 ceMmeiictBa Mlo oOecreynBaioT
YCTOHYHMBOCTH 3a CUET TUIEHOTPOITHOTO dddekTa. DTO SBIEHHE HAOIOJAIOCh Y TAKUX PACTEHHM, KaK
apabumorcuc [3], Bunorpan [23], [26], mmenura [27], [28] u orypust [29]. Pactenue, comepikaiiee
eIMHCTBCHHYI0 MyTaHTHYyI0 Bepcuto reHa AtMIo2 y Arabidopsis thaliana, mposiBisier ymepeHHy0
YCTOHYMBOCTh K MYYHHCTOH poce, B TO BpeMs Kak pacTeHHe, y KOTOPOrO OTCYTCTBYIOT
¢byukimonansubie TeHbl AtMI02, AtMIo6 u AtMI012 mposiBiiseT MONHYI0 yCTORYHBOCTh. ['OMOIOTH
AtMLO2 u AIMLO6 unenarnunsl SIMLO1 u SIMLOS5 TomaTta cOOTBETCTBEHHO.

Jdns Oonee yCHENIHOTO BHECEHHMsS MYTAallMM JEJCHWU CJIEeIyeT BBIOMpPAaTh HECKOJIBKO
Hanpasistorux PHK [19]. Tlostomy mist musaiina sgRNA Obutd BeIOpaHbI [Ba CaiiTa-MHUIICHH B
pa3HBIX 00JIACTSIX 9K30HA B IEHTPAJIHLHOM YacTH reHa Al KaKaoro oenka (puc.l).

Tabmua 3— PaspaboTannble paiiMepsl KIIOHUPOBAHUS

HasBanmue HasBanmue .
HOCJIe)IOBaTeJIbHOCTI/l Hpal/IMePOB KJIOHHpOBaHl/Iﬂ
Oesika JIoKyca
1 2 3
o | ATATATGGTCTCGATTGGGAGACCTCGTTTG
GACGTTT
0 TGGGAGACCTCGTTTGGACGTGTTTTAGAGCTAG
AAATAGC
SIMLO1 | Solyc04g049090 =0 AACTGAGAGATTCAGATTTGCAAAATCTCTTAGT
CGACTCTAC
s | ATTATTGGTCTCGAAACTGAGAGATTCAGATTTG
CAAAA
ATATATGGTCTCGATTGAAAGAAGGCGCCTTCCT
BsF
CCGTT
0 TGAAAGAAGGCGCCTTCCTCCGTTTTAGAGCTAG
AAATAGC
SIMLO2 Solyc08g015870
70 AACGTGATTAGTCAAGTGTTTAGAATCTCTTAGT
CGACTCTAC
s | ATTATTGGTCTCGAAACGTGATTAGTCAAGTGTT
TAGAA
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1 2 3
Be TATGGTCTCGATTTTCTACATGGATCGAGATATG
T
0 TTTCTACATGGATCGAGATATGTTTTAGAGCTAG
AAATAGC
SIMLO5 | Solyc03g095650
R0 AACGTACAACCGTCAAGAATAAGAATCTCTTAGT
CGACTCTAC
BSR ATTATTGGTCTCGAAACGTACAACCGTCAAGAAT
AAGAA
ATATATGGTCTCGATTCACGTTACCTCTTTGCATT
BsF
TGTT
0 TCACGTTACCTCTTTGCATTTGTTTTAGAGCTAGA
AATAGC
SIMLO6 | Solyc02g082430
R0 AACCCTTTGCTGCATCTTTGTTGAATCTCTTAGTC
GACTCTAC
ATTATTGGTCTCGAAACCCTTTGCTGCATCTTTGT
BsR TGAA

Ienpro nnst cozmanust Hanpasisomux PHK cioyxunu ydactku pouHO 19 HyKIIeOTHAOB,
uckmoyas MotuB PAM  (5°-NGG). Ilmasmmma pCBC-DT1DT2 cnyxwma warpumen ams
ammnukanuu nociegoarenbHoctd gRNA-scaffold, tepmunaropa U6-26t, mpomoTtopa U6-29p u
JIBYX LEJEBBIX YYaCTKOB. AMIUIMKOH COOTBETCTBOBAJ O0XHMIAEMOMY pa3Mepy B 626 HYKJICOTHIIOB
(puc.4 A-D).

Jns xnonupoBanusi Obia BblOpana mnasmuga PKSE401, comepikamias reH, KOTUPYROLIHMA
CEJIEKTUBHBI aHTHOMOTHK KaHAMHIMH. JTa IUIa3MUAa TakkKe Yxke coaepkur Oenok Cas9 mop
KOHTpoJieM mpomoTtopa 2x35Sp. B Hameil cucteme nBe mocieaoBaTelbHOCTH Hampapisiomux PHK
TPAHCKPUOUPYIOTCS o] mpoMmoTopamu apadbuporncuca U6-26 u U6-29, u KacceThl BCTpauBad B
TUIa3MUAy ¢ moMomibio kionupoBanust GoldenGate.

Panee amrmumndunmpoBanHas ocaeI0BaTeILHOCTS Oblila BCTaBlIeHa MEX Ty nmpomoTopoM U6-26
u BTopbIM ckaddonnom Hanpasiisttonieir PHK B Bekrope pKSE 401 mo caiiram pectpukimu Bsal (puc.
2A). CexBennpoanue JJHK momyueHHOTro BeKTOpa MOATBEPAMIO LENOCTHOCTh Hanpasisonmx PHK.
Cxema m1a3MuIbl ¢ BCTPOSHHBIMU TIOCJIEA0BATEIbHOCTAME N300pakeHa Ha puc. 2b.

SIMLOI: Solyc04g049090 SIMLO2: Solyc08¢015870

-o@ls 4+ .- L 8= B R A e R B R e 1] -

BT+ V

Ched 39888771 -
ChBSITTTE -

SIMLOS: Solyc03g095650 SIMLOG: Solyc02g082430
— ' o isee v o w - - - e & = om—

chr3:56839562 + vV !}

F €hr246120985:+
chr2:46121034:-

Pucynok 1 — M3o0pakenue neseit s penakruposanus MLO-0eska. Bl HCIosib30BaH HHCTPYMEHT
RGEN Tools

’ ¢hr3:56839664 -
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{;}T(L CAGGATTA
GAATGATTAGGC

AGCCCTCTTCTTT
CGATCCATCAAC

A-se
- parge®” &

. Lb
F U6 26p m - 29]’ m 7 |
23bp-target + PAM ' ' 23bp-target rev. comp.

GGGAGACCTCGmGGACGTiGﬁ SIMLO1 CCCTGAGAGATTCAGATTTGCAA
GAAAGAAGGCGCC]TCCTCC% SIMLO2 CCAGTGATTAGTCAAGTGTTTAG
TTCTACATGGATX CGAGATATE SIMLO5 CCTCTACAACCGTCAAGAATAAG
CACGTTACCTCTTTGCATTTAGG SIMLO6 CCTCCTTTGCTGCATCTTTGTTG

Pucynok 2 — A: Cxema BKIIIOUYeHHs aMIUTiKoHa B Tasmuay PKSE401 ¢ ykazanunem
nocneoBatenbHocteit st colony-PCR; B: Cxematuunoe u3obpaxkenue miasmuapl pPKSE401
¢ Hampasstrorumu PHK

[Tpn momMomm MeToma BECTEPH-OJIOTTHHT yIanoch oOHApYXUTh dKcrpeccuto Oemka Cas9 Bo
BCEX arpoMH(UIBTPOBAHHBIX JUCTHhIX. Hanbomnee BEICOKUI YPOBEHD 3KCIIPECCHH MOKa3bIBal 00pasel]
¢ SIMLO6 koHctpykuumeii. JlaHHbIE pe3yabTaThl JAIOT OCHOBAaHHE IMPOJODKUTH pPaboOTy Haj
TpaHcopMaLuei ToMaTa ¥ CO31aHUEM YCTOWYMBBIX IMHUN K MyYHHCTOH poce.
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Pucynok 4 — A-D: pesynbraTt ammumdukarmu Ha marpuiie pPCBC-DT1DT2; E: pesymasrar Colony-

PCR (1-SIMLO1, 2 — SIMLO2, 3 — SIMLOS5, 4 — SIMLOG6, 5 — pKSE401 6e3 KOHCTPYKIIHi,

6 — oTpuuaTensHBIN KOHTPOIb); F: pesynbrat oonapyxxenus MPHK (1, 4, 6 — kIHK ¢ stanom
o6pabotku JIHKaszoii reros SIMLOL, SIMLOZ2, SIMLOS, coorBercTBenHo; 2, 3, 5 — k/IHK 6e3
obpabotku JJHKas3oii reros SIMLO1L, SIMLO2, SIMLOS5, cooTBeTCTBEHHO; 7 — OTPHUIIATEILHBIIH

KOHTpOJIb); G: pesyabrar obHapyskenus sxkcrpeccur MPHK rera SIMLOG6 (1, 2 — xk/IHK 6e3 srana
obpabotku THKa3oii, 3 — kIHK ¢ aTanom 06paboTku, 4 — oTpuratenbHbiii kKoHTpoib); M — 1 kb plus
DNA Ladder, Thermo Fisher Scientific.
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Panee ObLT MPOAEMOHCTPUPOBAaH AM3alHEPCKUi copT «Tomeno», ycTOWYMBBIA K MYyYHHCTOH
poce. Ilpu momomu Ttexunomorumu CRISPR/Cas9 6vin mnaktuBupoBan reH SIMLOI, koTopsrii
Haubonee 3hekTrBHO ompenenseT yCTOWYMBOCTh. BHeceHHas aenernws B 48 map HYKICOTHIOB, IO
COOOINEHUIO aBTOPOB, MOXKET OBITh OOHAapyXkeHa W B eCTeCTBeHHBIX ycioBusx [33]. Ilporur
MYYHHCTON POCHI TOMaTa MOTYT BBICTYIIATh U APYTHe Te€HbI sl BHeceHus1 HokayTa: ShAWRKY41 [2],
SIPDS u SIPIF4 [30], PMRA4 [31].

HokayT renos cemetictea MLO MosxeT ObITh 3 (heKTHBEH HE TOIBKO MPOTUB MYYHUCTOM POCHL,
HO U MpPOTUB OaKTEpUaIbHOTO yBsHaHus. DTUM U 00bsicHseTcs BbiOOp SIMLO2 u SIMLO6 mns
IPOBEIEHHOTO HaMu uccienosanusi. Ilpenmomaraercst panpHeiimas paboTa 10  BBIBEACHUIO
YCTOMUYMBBIX PACTEHUM TOMAaTa, OCHOBaHHAs Ha moArBepskAeHHOU skcnpeccur MPHK u skcnpeccun
Oenka MopenbHOTO oOBekTa. [IpoBeseHHOE HMcciaeqoBaHME MMEET LEHHOCTb W NS TOCIEAYIOIIEro
u3ydeHus mieorpomnHoro 3ddexra reHos cemeiictea SIMLO B 60prbe ¢ huromaToreHamu.

3aknwuenue. Panee B mcciemoBaHWSIX HEOAHOKPATHO H3y4Yajicsi HOKayT OenmkoB MLO y
pPasNMYHBIX BUAOB pACTeHUH, BKIOYasg SYMEHb, MIICHHIy, OTypell W BUHOTrpaa. beua
MPOJIEMOHCTPUPOBaHa ycremHas nHaktuBanus reHa SIMLOI y ToMaToB, a Takke IUICHOTpOMHAas
3alllUTa PaCTEHHH IyTEeM MMOaBJICHUS HECKOILKUX TeHOB cemeiictBa MIo: AtMIo2, AtMIo5 u AtMI08 y
apabujorncuca. JTO HCCIEI0BaHNE MPEACTABIAET CO00M MepBhie AaHHBIE OJHOBPEMEHHOTO HOKAyTa
Heckosbkux reHoB MLO B Tomare.

B oatom wuccrenoBanmm MbI  pazpabortanu  Hampaistornme PHK  mis  HampaBmeHHOTO
PelaKTUPOBAaHUS TEHOMA TOMAaTa ¢ MOMOIIBI0 OMOMH(OPMATUIECKUX MHCTPYMEHTOB. Hampapisromas
PHK 65b11a knonupoBana ¢ ucnonb3zoBanuem Metoaa GoldenGate, a sxcnpeccus MPHK u 6enxos Cas9
ObuTa OILlCHEHA HAa MOJEJIBHOM PAacTeHUH Tabaka. DTH pe3yibTaThl MOTYT ObITh HCIIOJIB30BAaHbI AJIS
CO3J1aHUsl YCTOMYMBBIX PAaCTEHUIl TOMATOB € YCTOMYMBOCTBIO K MYYHHUCTOH poce. Kpome Toro, oHu
OTKPBIBAIOT MOTSHIIUAT IS JabHEHIIIEr0 H3yueHHUs IIeHOTPOnHOro A dekra cemeiicta renos Mlo.

BaaromaprocTn. Pabora Obia BbIMOJHEHA B pamkax mporpammbel BR18574149 «Coznanue
BBICOKOIIPOAYKTHBHBIX COPTOB M JIMHUH CEIbCKOXO035HCTBEHHBIX KYJIBTYp Ha OCHOBE HHHOBALIMOHHBIX
OMOTEXHOJIOTHI».
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TYUIH

CRISPR/Cas9 OarpiTTanran eHIEYy TEXHOJOTHSICHI TU3AWHEPIIK OCIMIIK COPTTaphIH JKacay
yurin Oipreme pet KonnansuraH. by zeprreyne CRISPR/Cas9 xyiiecin kommgana otsipsimn, SIMLOI,
SIMLO2, SIMLOS >xone SIMLO6 axybi3gapblH HOKayTKa ki0epeTid exi PHK KUBIHTBIFBI jKacanabl.
Bbyn akypI3map/plH MHAKTHBAIMACH KBI3aHAKTHIH aKYHTaK Kecelsli aypyblHa iIIiHapa HeMece TOJBIK
TO3IMJILIITIH KaMTaMachI3 €Tyl MyMKiH. byt menenus akyHTaK Keceii KO3ABIPFBIIIBIHA Te31MIi TaOuFu
myTtaHtTa Oipneit Tabbuiabl. SIMLOL sxone SIMLOS romomnortapsl Gonbin TabbutaTein AtMLO2
xoHe AtMLOG6 akybl3IapblH WHAKTHBALMSUIAY Ke3iHAe apaOWIOTNCHCTIH TOJBIK TO3IMAUIINT OYphIH
pacranras. JlereHMeH, OYpbIH KbI3aHAKTBIH OipHenie MI0O rerepi HokayTKa yIIbIparaH oK.

O3ipey aaicreMeci OnonHdpopmarukaibik Tanaayasl, Golden Gate ikci3 oiCiMEeH KIIOHIAY/IbI
skoHe yari eciMaikTiH MaTpunianblk PHK Men Cas9 akybI3bIHBIH 3KCIIPECCHSICHIH 3€PTTEY NI KaMTBIBI.
Hormxkenep Te3iMai Kpl3aHAK OCIMIIKTEPIH in Vitro amy OOWBIHIIA JKYMBICTBI KAIFACTHIPYFa HeETi3
Oepeni.

3eprrey SIMLO TykbIMIacwelHBIH Oip JkoHe OipHelle axKybI3JAapbiHBIH (QUTONATOTSHIIK
CaHBIPayKyJIaKTapblHA HMMMYHIBIK JKayalThIH MOJIYJISALMSICEIH opi Kapail 3eprreyre, COHpaaii-ak
aKYHTaK Kecelli To31M/li TPAaHCTEH/Ii eMeC JIMHUSP/IbI JKOFFa MYMKIHIIIK Oepe/ti.
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INFLUENCE OF GROWTH REGULATORS ON POTATO YIELDS IN HILLSLOPE ZONE
OF AKMOLA REGION

ANNOTATION

The article presents the results of analyses of the effect of growth regulators on haulm, tuber
weight and number, marketability and yield of potato. The main purpose of this study is to determine
the influence of growth regulators on potato yield in Akmola region. In the study 5 different growth
stimulators were used: Zerebra agro, Agrostimulin, Humika, Enrivel, Gufos. Nevsky potato variety
was used as an object of research. Research experiments were conducted in "Kokshetau experimental-
production farm" LLP. The construction of the field experiment on control and accounting is carried
out in accordance with the methodology of potato plant research and the methodology of field
experiment. The obtained data were subjected to mathematical processing using the methodology of
field experiment by B. A. Dospekhov. The weight of potatoes in the control variant according to the
accounting work was 817 g from an area of 0.072 hectares. In the variant treated with the growth
regulator "Zerebra Agro", it was 1320 g, and with the growth regulator "Agrostimulin™ - 850 g. The
highest indicator was observed in the variant treated with the drug "Humika" - 1390 g. In the variants
in which the growth regulator "Agrostimulin” was used, good indicators were observed in terms of the
number of stems and the weight of the stems, the mass of the commercial tuber averaged 67.5 g. The
yield was 11.6 t/ha. When using the growth regulator "Humika" potato yield averaged 19.0 tonnes/ha,
which is 69.6% higher than the control variant. The marketability showed 79%. The highest yield was
shown by variants treated with growth regulators Humika - 19 t/ha, Zebra Agro - 18 t/ha and Enrivel -
16.2 t/ha.

Key words: potatoes, growth regulators, yield, marketability, qualitative index.

Introduction. Potato is one of the most widely consumed crop products in Kazakhstan. The
average per capita consumption of potatoes in Kazakhstan is 120-130 kg per person per year. The
main reason for the popularity of potatoes is their flavor, nutritional value and versatility of use. Fresh
potatoes contain many vitamins, amino acids, antioxidants, minerals and mainly starch [1, 2]. In recent
years, potato acreage has been decreasing everywhere in large commercial farms and increasing in
some sub-farms. The peculiarity of potato production in Kazakhstan is orientation to the domestic
market. Increase of material and cultural standard of living of people is the main goal of economy. The
main means of achieving this goal is to increase the efficiency of social production [3].

According to the National Bureau of Statistics of the Agency for Strategic Planning and
Reforms of the RK, in Akmola region in 2019 potatoes were grown on 15.2 thousand hectares, in 2020
- 14.6 thousand hectares, in 2021 - 15.2 thousand hectares [4].

Potato cultivation in Kazakhstan has clearly been extensive for several decades and has been
declining in recent years. The ratio of potato harvest in the main categories of farms has changed. The
main amount of this product is obtained in private farms of the population, and in agricultural
enterprises every year there is a decrease in production. However, low volumes of agricultural
products realization in private subsidiary farms do not allow them to fully meet the needs of the
population in potatoes [5]. An important direction of improving potato cultivation technology is the
creation of an effective system of using modern plant growth and development regulators - an
important factor in increasing yields [6, 7, 8]. One of the important tasks of agricultural production in
Northern Kazakhstan is to increase the yield and quality of potatoes. In this regard, studies were
conducted to compare the parameters of row spacing in combination with planting density, seed tuber
size and growth regulators. Only varieties or hybrids capable of yield formation, well adapted to local,
actual productivity and adapted to soil and climatic conditions should be selected. The climate of the
hilly region of Akmola region is sharply continental, characterized by cold winters and relatively short
summers.

The aim of the study is to determine the effect of growth regulators on biometric index and
productivity of potato crop in the hillslope zone of Akmola region.

Materials and methods of research. Field studies were conducted in 2023 on the experimental
fields of LLP "Kokshetau experimental-industrial agriculture” Zerendy district of Akmola region. The
soil of experimental fields is represented by medium humus soil with the depth of humus 25-27 cm
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and average humus content of 4.01%. Repetition of field experiments - 4. Agrotechnics in the
experiments is zonal. The area of the experimental field was 63 m? (4.2 mx15 m), the location of the
fields was randomized. The precursor was pure fallow. Potatoes were planted in the second decade of
May. The studies were conducted on the plantings of potato "Nevsky".

Experimental work was carried out on the following variants:

1 - Control (untreated);

2 - Zerebra Agro

3 - Agrostimulin,

4 - Gumika,

5 - Enrivel,

6 - Gufos.

Field experiments were treated with growth regulators according to the scheme of the
experiment: agrotechnical work began on May 24, with potato planter SN4B on the machine MTZ-80.
Seeding norm-1.5 tons per hectare, planting depth of tubers 6-8 cm. Preparation of the plant is made in
accordance with the width of row spacing of support wheels and absorbers 70cm, consists of setting
the norm and the depth of planting tubers. Potatoes were treated with growth regulators in two phases
(first sprouting and flowering). The experiment was made accordingly, labels were set up, and paths
were laid out.

The construction of the field experiment on control and accounting is carried out in accordance
with the methodology of potato plant research and the methodology of field experiment. The obtained
data were subjected to mathematical processing using the methodology of field experiment by
B. A. Dospekhov [8,9, 10].

During the entire growing season, potato plantings were cleaned of weeds, potatoes were treated
with the preparation "Aktara™ against Colorado potato beetle.

The potato is a temperate crop, but thanks to its flexibility and human intervention, it is
cultivated in northern latitudes. Tubers start to grow intensively depending on soil temperature
between + 7 and + 12°C, buds awaken at temperatures between + 3 and + 6°C. It is formed at
temperatures not lower than +7 ° C.

Table 1 — comparative characteristics of air temperature in 2021-2023 and long-term averages
(meteorological center Shagalaly)

. months average
climate
parameters IX X | xt | xu I 1l 10 v \% Vi Vil VIl
air temperature
2022-2023 +13,0 | +3,8 | -8,3 | -150 | -12,7 -12,6 31 | +4,1 | +12,7 +18,7 +21,1 | +22,7 +4,4

deviation +2,5 +0,3 | -2,9 -1,4 +3,6 +15 +2,7 | -05 +0,5 +2,1 +2,4 +5,9

annual

+105 || +35 | -5,4 | -13,6 | -16,3 -14,1 -5,8 | +4,6 +12,2 +16,6 +18,7 | +16,8 +2,3
average

In 2020-2021, 216.1 mm of precipitation fell, which is 88.6 mm below the average annual
norm. Precipitation of the cold period (September-March) amounted to only 91.2 mm, which is 79.8%
of the average annual norm. A distinctive feature of the fall-winter period is the high air temperature
regime, which was below the multiyear average of -1.1 °C. The spring of the reporting period was very
dry. The mean monthly air temperature in May was above the multiyear average by +5.2°C. During
the third ten days of May, the maximum air temperature reached 40.0°C on some days. The average
monthly air temperature for the summer months of the reporting year exceeded +2.3 °C, the deficit of
precipitation is 43.7% compared to the long-term average (101.5 mm vs. 180.3 mm). t. n. ".

Meteorological conditions in 2021-2022 are sharply continental. In the 2021-2022 agricultural
year, 277.3 mm of precipitation fell, which is 41.9 mm below the average annual norm, according to
the Shagalali weather station. A distinctive feature of the fall-winter period is the high air temperature
regime, which compared to the average multiyear norm was below 1.6 Co. In the warm period, they
fall to 186.5 mm.
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Table 2 — Characteristics of precipitation for 2021-2023 (meteorological center Shagalaly)

climate months total

parameters | IX | X [ xt [ xu | 1 [ u [ m [ v [ v | vt | v | v | Dprecipitation
rainfall, mm

20222023 | 6,6 | 37,6 | 296 | 105 | 120 | 107 | 11,3 | 12 | 158 | 30,8 | 205 | 355 2221

deviation | -20.7 | +11,1 | +130 | -23 | +0,1 | -3.0 | 48 | -189 | -181 | -7.2 | -30,6 | -13 -82,6

annual = 55 | 965 | 165 | 128 | 11,9 | 137 | 161 | 201 | 339 | 380 | 511 | 368 304,7

average

Summarizing the above, it should be noted that precipitation falling during the growing season
could not compensate for the deficit of moisture accumulation formed before sowing due to
insufficient winter and winter precipitation.

Meteorological conditions for the 2022-2023 crop year met the definition of sharp
continentality. In the 2022-2023 agricultural year, 222.1 mm of precipitation fell, 80.7 mm below the
annual average, according to Shagalaly weather station. Precipitation of the cold period (September-
March), which played the main role in accumulation of productive moisture reserves in the soil, was at
the level of the average annual norm (118.3 vs. 120.2 mm).

A distinctive feature of the fall-winter period was high air temperature regime, compared to the
long-term average of -1.1 Co. The aggravating factor contributing to intensive evaporation of moisture
was the absence of precipitation in April-May, when the precipitation deficit amounted to 67.8%
(52.8 MM vs. 17.0 mm) against the background of high-temperature regime as compared to multiyear
data. Mean monthly air temperature in April-May was above the multiyear average by +1.1 2.5 oC. In
the third ten-day period of May and the first ten-day period of June, the maximum air temperature
reached from +280 C to +35.00 C. In June-July, the precipitation deficit compared to the multiyear
average was 60.5% (92.0 mm vs. 37.5 mm), and in some decades of June-July maximum air
temperatures reached from +41°C to +44.0°C. I In spite of the fact that precipitation in August of the
reporting year was at the mean multiyear level, the air temperature in the second decade of August
reached from +35 Co to +40.0 Co (Table 1).

Results and Discussion. In the studies on the application of growth regulator on potato fields in
2023, the following quantitative and qualitative indices were observed. The effect on quantitative and
qualitative indices was noticeable according to the field work conducted.

Variants treated with growth regulators, compared to the control variant growth regulators
"Gufos" and "Humika" show an increase in the number of potatoes (pieces) to 6-7. The size of
potatoes was large and the number of small potatoes was small. Growth regulator "Agrostimulin"
showed less number of potatoes up to 5 pieces compared to the control variant. Growth regulators
"Zebra agro”, Enrivel and "Gumika" gave the highest indicator.

The weight of potatoes in the control variant on the calculated work was 817 g from an area of
0.072 ha. In the version treated with growth regulator "Zerebra agro™ was 1320 g, and growth
regulator” Agrostimulin " - 850 g. The highest indicator was observed in the version treated with the
preparation "Humika". Comparing all variants, it is worth noting the growth regulator "Gufos", which
gave the lowest indicator. It is worth noting that in all variants the size of potatoes was larger (Table
3).

Table 3 — influence of growth regulator on the quantitative and qualitative index of potatoes, 2023.

. number of potatoes, pcs potato weight, g
Ne variant Coarse | Small All Coarse Small All
1 Control 11 8 19 690 127 817
2 Zerebra Agro 14 5 19 1200 120 1320
3 Agrostimulin 12 2 14 810 40 850
4 Humika 12 14 26 1100 290 1390
5 Enrivel 13 7 20 1037 150 1187
6 Gufos 13 12 25 570 210 780

The number of stems, tubers of potato plants per bush was studied. The data for the year 2023
are given below.
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The number of stems is one of the important indicators of formation of a large number of tubers
of potato plants. The number of stems per bush varies from 3-5 to 10-12. There is a certain
dependence between the number of stems, the number and size of tubers. On bushes with small stems
there are fewer tubers (5-10), but they are larger; in varieties with a large number of tuber stems are
larger - up to 20-25, but they are somewhat smaller, which is economically advantageous, since tubers
weighing 50-150 g are resistant to mechanical damage.unlike larger ones, and they are better
preserved in winter [11-20].

Compared to the control variant, the fields treated with growth regulators gave good growth, the
number of stems 10 pcs.

The maximum figure was 81.6-91.7 g in the versions treated with growth regulator Humika,
Enrivel and Zerebra agro, 64.1 g in the control version. A lower figure was provided by the viewport
of Gufos growth regulator. The studied variants of tuber to stem ratio were at the same level as the
control variant (Table 4).

Table 4 — Influence of growth regulators on potato yield, 2023.

number . number of | number
stem | tuberto . weight of
. of . yield, ¢ marketable of
Ne Variant weight, stem marketable
stems, . / bush tubers, pcs | sources
g ratio tuber, g
pcs / bush
1 Control 10 560 15 272,2 64,1 3,8 8
p | Zerebra 15 900 15 440,0 85,7 47 6
Agro
3 | Agrostimulin 7 720 1,2 283,3 67,5 4,0 7
4 Humika 13 1100 1,3 463,3 91,7 4,0 8
5 Enrivel 12 907 1,3 395,0 81,6 42 10
6 Gufos 11 460 1,7 260,0 43,8 43 7

The general dynamics of potato growth processes is determined by the stage of treatment and
yield under control and growth regulators.

It can be seen that marketable indicators are at a very good level. The highest index was
demonstrated at 91-95% in variants with the use of growth regulators Zerebro Agro and Agrostimulin.
The lowest marketability compared to the control variant was observed in the variant of application of
Gufos preparation by 73% (Fig. 1).

100
90

80
70
60
50
40
30
20
10

0

Control Zerebra Agro  Agrostimulin Humika Enrivel Gufos
experience variants

B marketability, %

Figure 1 — Influence of growth regulators on potato marketability, 2023.

The research showed that when using the growth regulator "Humika", potato yield averaged
19.0 t/ha, which is 69.6% higher than the control variant. Marketability showed 79%.

Potato yield in the variant "Zerebra Agro™ treated with growth regulator was 18.0 t/ha, which
was 91% higher than in the control variant.
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As for the variants in which the growth regulator "Agrostimulin™ was used, it can be seen that
the number of stems and stem weight gave good indicators, the weight of a marketable tuber gave an
average of 67.5 g. The yield was 11.6 t/ha. Commodity had the maximum value on the index of 95%.
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116
12 11,2 ; 10,7
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Control Zerebra Agro  Agrostimulin Humika Enrivel Gufos

myield, tha

Figure 2 — Influence of growth regulators on potato yield, t/ha 2023.

Conclusion. Growth and development of potato plants they often depend on the conditions of a
particular year. So, for the growth and development of potatoes optimal wet, moderately warm
weather in 2023 contributed to the seedling. According to the results of this research, we can see the
effect of growth regulators on the growth and development of potato plants.

In conclusion, comparing the quantitative and qualitative performance of potato using growth
regulator, according to the weight and size of potato, growth regulators Humika, Zebra Agro and
Enrivel gave 1187-1390 g which is the highest among the selected growth regulators.At the same time,
the size of potato was large.

Regarding potato yield, Gufos all the growth regulators except the version used were higher
than the control version. The variants treated with Humika growth regulators showed the highest yield
of 19 t/ha, Zebra agro 18 t/ha and Enrivel 16.2 t/ha.

This research study was conducted under the project” biochemical evaluation of potato varieties
of different maturation groups on starch content in the conditions of Akmola region "in 2022-2023.
Young researchers of Kokshetau University named after Sh. Ualikhanov were carried out within the
framework of the competition "Youth and Science".

REFERENCES

1 Kasimova, N.Z. Urozhajnost' i kachestvo klubnej kartofelja raznyh grupp skorospelosti v
zavisimosti ot priemov tehnologii vyrashhivanija v uslovijah Srednego Urala [Text] / N.Z. Kasimova
[and etc.] // Agrarnyj vestnik Urala. — 2010. — Ne 5. — P. 41-44.

2 Bjuro nacional'noj statistiki Agentstva po strategicheskomu planirovaniju i reformam
Respubliki Kazahstan [Electronic resource]: Official website. -URL:
https://www.gov.kz/memleket/entities/stat?lang=ru&ysclid. (date of application: 01.08.2024).

3 Poljakova, E.V. Jelementy biologizirovannoj tehnologii vozdelyvanija tomata v uslovijah
del'ty Volgi [Text]: dis. ... kand. s.-h. nauk. — Astrahan', 2009.— 169 p.

4 Simakov, Ye.A. Kartofelevodstvo Rossii: sostoyanie i perspektivi v novikh usloviyakh [Text]
/ Ye. Simakov [and etc.] // Kartofel i ovoshchi. —2022. — Ne4. — S. 3-6.

5 Zagotovka i pererabotka kartofelya, plodov i ovoshchei v usloviyakh Kazakhstana [Text]:
ucheb. pos. / G.G. llyukhin [and etc.]. — Astana: Foliant. — 192 s

6 Banadysev, S.A. Osobennosti primenenija sovremennyh tehnologij vozdelyvanija kartofelja
[Text] / S.A. Banadysev [and etc.] // Kartofelevodstvo.-2000.-Vyp.10.-p.230-241.

7 Mohov, V.A. Kartofel' na severe Kazahstana. [Text]/ V. Mohov. -Alma-Ata: Kajnar, 1973. —
176 s.

8 Al'smik, P.1. Fiziologija kartofelja [Text] / P.l. Al'smik [and etc.]. — M.: Kolos, 1979. -272 p.

9 Metodika po issledovanij po kul'ture kartofelja. — M [Text]:.Kolos, 1967.- 263 p.

89


https://www.gov.kz/memleket/entities/stat?lang=ru&ysclid

Aybin1 wapyauibl/iblFbl FbI/IbIMAAPbI

10 Dospehov, B.A. Metodika polevogo opyta [Text]: ucheb. dlya vuzov / B.A. Dospehov. -
M:.Kolos, 1973.- p 259-271.

11 Suraganova, A.M. Effect of the complex high molecular fertilizer StresStop on the yield and
biochemical composition of potato tuber [Text] / A. Suraganova [and etc.]// Reports of the national
academy of sciences of the republic of Kazakhstan series of agricultural sciences. — 2021. — Vol. 3,
Issue 337. P. 46-52.

12 Gunar, L.Je. Dejstvie jepibrassinolida na sohranjaemost' klubnej i produktivnost' kartofelja
sledujushhej reprodukcii [Text] / L. Gunar [and etc.] // Novye i netradicionnye rastenija i perspektivy
ih ispol'zovanija. — 2015. — Nel1. — S. 212-214.

13 Devjatkina, L.N. Proizvodstvo kartofelja: global'nye i nacional'nye diskursy [Text] /
L.Devjatkina [and etc.]// Vestnik NGlJel. — 2018. — No5(84). — p. 122-134.

14 Derzhavin, L.M. Primenenie mineral'nyh udobrenij v intensivnom zemledelii [Text]: ucheb.
dlya vuzov / L. Derzhavin. — M.: Kolos, 1992. — 272 p.

15 Klyshpekova, A.E . Vlijanie udobrenij s primeneniem pesticidov na urozhajnost' kartofelja
[Text] / A. Klyshpekova [and etc.] // Molodoj uchenyj. —2017. — No7(141). — p. 184-187.

16 Tokbaev, M.M. Urozhaj i kachestvo klubnej kartofelja [Text] / M. Tokbaev [and etc.] //
Izvestija Kabardino-Balkarskogo gos. agrar. univer. im. V.M. Kokova. — 2013. — Ne2(2). — p. 16-18.

17 Araujo, F.F. Changes on potato leaf metabolism and anatomy induced by plant growth
regulators [Text] / F. Araujo [and etc.] // Journal of Agricultural Science. — 2019. — Vol. 11, Issue 7. —
P. 139-147.

18 Tulinov, A.G. Vlijanie pektinovyh polisaharidov lemnana i silenana na rost i razvitie
kartofelja [Text] / A. Tulinov [and etc.] // Dostizhenija nauki i tehniki APK. —2014. — Ne4. — p. 49-50.

19 Temereva L.V. Primenenie udobrenij pri vozdelyvanii kartofelja razlichnyh sortov na
lugovo-chernozemnoj pochve Omskoj oblasti [Text] / 1. Temereva [and etc.] // Kartofel' i ovoshhi. —
2022. — Ne6. — S. 30-33.

20 Shabanov A.Je . Biologicheskie osobennosti i reakcija sorta kartofelja Kumach na
agropriemy vyrashhivanija [Text] / A. Shabanov [and etc.] // Kartofel' i ovoshhi. — 2022, — Ne2. —
p. 23-25.

TYHUIH

Makanana KapTONTHIH cabarblHa, TYWHEKTEP/iH CaHbIHA, MACCAChIHA, KapTOIl TayapJbUIFbIHA,
OHIMJIIIIITIHE 6Cy PETTEYIITEePAiH 9CEPiH TAHANTHIK 3ePTTEYNIEp TaNJay HOTHXKeJepi KenTipiareH. by
3epTTeyAiH Heri3ri MakcaTbl AKMOJa OOJBICBIHIA KapTONTHIH OHIMALUITIHE ecy peTTeyimTep/IiH
ocepiH aHbIKTay 00BN TaObUIAABL. 3epTTeyAe 5 TYpil ecy peTTeyilTep KOoJAaHblUIIbL: 3epedpa arpo,
ArpoctumynnH, Humika, DOnpaiisen, ['ydoc. 3eprrey Hbicanbl perinme HeBckuii xapToml cypbIObI
KOJIIaHbUIBL.  FhutbiMu-3epTTey ToKipuOenepi «Kekmeray ToxiprOenik-oHIIPICTIK MIapyamIbUIbIFbD
JKUIC-na »xyprizingi. bakpulay *oHe ecemnke amy MalanblK ToXipuOeciH caly KapTom eciMIiriH
3epTTey ONICTEMECIHE JKOHE MdalallblK TXIpHOe oficTeMeciHe CoWKec JKypriziiemi. AJbIHFaH
Mmanmimertep b.A. JIoCIEXOBThIH AajalIbIK THKIPUOE 9MIICTEMECIH KOJIJIaHa OTBIPHIT, MATEMATHUKAJIBIK
eHzey/leH oTTi. KapTonTelH calMarbl ecenTeNreH »XYMbBICTap OoWbIHIIA OaKpuIay HYCKACBIHIA
0,072 ra ankantan 817 T Oepce, enmemMi OOHBIHIIA KapToll exmeMi ipi 6onnel. "3epedpa arpo” ecy
perTeyimiMeH eHaenreH Hyckacbiaaa 1320 T 6onca, "Arpoctumynun" ecy perrerimn 850 r 6epai. Ex
skorapbl  kepcetkim 1390 r «Humika» mnpemapaTeiMeH ©HACITEH HYCKAchlHIA OaiKaJijbl.
"ArpocTUMYyIMH" ©Cy pETTETillH KOJJaHFaH HYCKajapblHa KeJeTiH Ooicak cabak caHbl MEH
ca0arbIHBIH CcalMarbl JKaKChl KOpCeTKim OepreHi Oailikanalpl, Tayapibl TYWHEKTIH Maccachl opTa
ecerried 67,5 T 6epai. Onimainik 11,6 t/ra. "Humika" ecy perreyimiH KojjaHFaH Ke3/le KapTONTHIH
eHIMiIr oprama ecenned 19,0 T/ra, Gakpiay HyckacbiHaH 69,6% xorapsl 0onabl. Tayapabsirst 79 %
kepcerTi. EH >xorapsl eHiMaimikTi Humika — 19 1/ra , "3epebpa arpo" - 18 1/ra >xoHe DHpaiiBen —
16,2 T/ra ecy peTTeyillTepMEeH OHICIreH HyCKalap KOPCeTTi.

PE3IOME
B crarbe mpecTaBieHsl pe3yNbTaThl aHATM3a BIHSHUS PETYJISITOPOB pocTa Ha OOTBY, Maccy U
KOJIMYECTBO KIyOHEH, TOBapHOCThb, ypoxaiHOcTh Kaproderns. OCHOBHOW IIeTbIO JIAHHOTO
WCCIIEIOBAHUS SIBIISIETCS OIpEJIeNICHHE BIMSHUS PETYJISITOPOB POCTa HAa ypPOXKAMHOCTH KapTodess B
AxMonMHCKOH oOnactu. B mnccnegoBaHMM HCIONB30BANMCH 5 Pa3NUYHBIX CTUMYJATOPOB pOCTA!
3epebpa arpo, Arpoctumynut, Humika, Dupaiisen, I'ypoc. B kauecTBe 00beKkTa HMCCIETOBAHUS ObLIT
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UCTIONB30BaH copT kapTodens Hepckuit. HayuHo-uccrienoBarenbckue SKCIIEPUMEHTHI TPOBOIUIINCH B
TOO "Kokierayckoe OMNBITHO-MPOU3BOACTBEHHOE X03iUCTBO". [loNeBBIe OMBITHI MO KOHTPOIIO U
y4eTy TMPOBOJWINCH B COOTBETCTBUU C METOJUKOMN MCCIICOBAHUS PACTCHUN KapTodens U MeTo UKo
MOJICBOTO  3KclepuMeHTa. [lomydeHHble JaHHBIE TOABEPTINCH MaTreMaTH4eckoil o0paboTke ¢
WCIIOJIb30BaHMEM METOJMKH ToJeBoro skcnepumeHTa b.A. JlocmexoBa. Macca kaptodens B
KOHTPOJIEHOM BapHaHTE COTJIACHO YYeTHbIM paboram coctaBuin 817 r ¢ mmomamu 0,072 ra.
B Bapmante, o6paboTaHHOM perymaropoM pocta "3epedpa Arpo", cocraBuia 1320 r, a perymsitopom
pocra" Arpoctumynua " - 850 1. Camblii BBICOKM TMOKazaTenb HAOMIOAAlcs B BapHaHTe,
obpabdoranHoM mpemaparoMm "Humika" - 1390 r. B BapuanTax, B KOTOPBIX HCITOIB30BANICS PETYISTOD
pocta "ArpocTuMynuH", HaONIOMATNCh XOPOIIME MOKa3aTeld IO KOJMYECTBY CTeOled M macce
cTebrneil, Macca TOBapHOTO KIIyOHS cocTaBwia B cpemHeM 67,5 r. YpoxaitHocts 11,6 1/ra. Ilpm
WCTIONB30BaHNK peryisaTopa pocta "Humika " ypoxaitHOCTs KapTodenst B CpemHEM COCTaBIsLIa
19,0 1/ra, yTo Ha 69,6% BEIIIe KOHTPOJBHOTO BapuaHTa. ToBapHOCTH Mmoka3ana 79%. Haubompuryro
YpOKalHOCTh MOKa3alli BapuaHTHI, oOpaboTaHHble perymaropamu pocta Humika — 19 1/ra, "3ebpa
arpo" - 18 1/ra u Dupaiisen — 16,2 1/ra.
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BIOTECHNOLOGICAL FEATURES OF MICROCLONAL REPRODUCTION OF TULIPA
L. SPECIES

ANNOTATION

The research work is devoted to the problem of conservation of rare and endangered species of
Tulipa L. using the tissue cultivation method. Tulips are bulbous geophytes with high decorative value
all over the world. Anthropogenic impact on this species has led to a decrease in the population of
wild tulips. The paper presents the results of a study of the effect of the hormonal composition of the
nutrient medium on the morphogenesis of Tulipa L. explants in vitro. During the period of
introduction into sterile culture, single-soil nodular segments of adult plants were used as the primary
explant, internodes and leaves of one-month explants were used during the period of
micropropagation. The study suggests the optimization of sterilization plant materials, nutrient media
and adaptation of newly restored plants using bulbs and seeds of selected taxa.

In a modified Murashige-Skuga nutrient medium, micro leaves and internodes of shoots formed
from calluses were grown in the dark. The study used cuttings of bulbs of an adult plant. The
disinfection method was carried out using a complex chemical treatment. The effectiveness of
sterilization, consisting of fungicidal, bactericidal processes, was determined by the viability of
explants after sterilization. It is noteworthy that ethanol treatment, starting with a simple soap wash,
significantly increased the viability of explants. In addition, the study examines the results of in vitro
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cultivation, in which the level of viability after cultivation was observed, as well as the development of
morphological indicators of germination.

Key words: types of tulips, bulbs, phenophase, culture medium, clonal microprogation.

Introduction. There are 36 species of Tulipa L in Kazakhstan, 20 of which are listed in the Red
Book. The vast majority of more than 60% of the endemic species of the tulip genus have a limited
range. Tulips (Tulipa L.) have significant decorative and aesthetic value all over the world [1].
Currently, the number of species of the genus is unknown due to difficulties in the taxonomy of the
genus, confusion in classifications, high rates of interspecific hybridization and polymorphism [2]. In
Kazakhstan, many species of Tulipa L are listed in the Red Book. For example, among the rare and
endangered tulips: Greig's Tulip (Tulipa greigii Regel), Kaufman's tulip (Tulipa Kaufmanniana
Regel), Albert's Tulip (Tulipa albertii Regel), Borshchov's Tulip (Tulipa borszczowii Regel), False-
flowered tulip (Tulipa dasystemonoides Vved.), Korolkov's Tulip (Tulipa korolkowii Regel),
Lehmann's Tulip (Tulipa lenmanniana Mercl.), the Erect tulip (Tulipa orthopoda Vved.) are listed in
the Red Book. The species Tulipa L. is an economically valuable cultivated plant due to its high
decorative indicators. In recent years, the habitats have been declining as a result of excessive plowing
of natural meadows, cattle breeding and ruthless pulling of flowers by local residents [3, 4].

The method of tissue cultivation is used to solve the problem of preserving the number of rare
species of Tulipa L. [5]. The microclonal reproduction of the species has not yet been sufficiently
studied [6, 7]. The culture of cell tissues of Tulipa L. species is of great interest to researchers, since it
allows reproducing unique species, hybrid genotypes, selecting valuable mutant forms and preserving
rare species in collections [8, 9]. In the field of microclonalization, research is intensively developing
in the direction of microclonal reproduction of Tulipa biebersteiniana Schult &Schult fil.,
T. gesneriana L. and Tulipa kaufmanniana Regel, whereas data on tissue culture of other Tulipa L.
species few.

There is also no data in the literature on tissue culture of Tulipa orthopoda Vved. and Tulipa
bifloriformis. In this regard, we were faced with the task of developing a method of microclonal
reproduction of these two species and studying their morphogenetic features in vitro.

Material and methods. The objects of the study were Tulipa orthopoda Vved species. and
Tulipa bifloriformis. Single nodular segments of adult plants were used as the primary explant at the
stage of introduction into sterile culture. In the micro-reproduction itself, nodal segments, internodes
and leaves of monthly micro-plants obtained in a non-hormonal environment were used.

The basis of the Murasi-Skuga nutrient medium was made up of vitamins and trace elements,
phytohormones added in accordance with the methodology [10, 11, 12]. Of the phytohormones,
cytokinins (6 BAP (6-benzylaminopurine), (isoprene-2-yl) adenine, zeatin, tidiazuron (TDZ), kinetin)
and auxins (2,4-dichlorophenoxyacetic acid (2,4-D), IBC (indolbutylic acid). To prevent the
development of microflora, antibiotics were added to the nutrient medium: cefotaxime, carbenicillin,
gentamicin. A modified WPM medium without organic additives was used as a control. The pH of the
medium is adjusted to 5.6-5.8 before sterilization. Autoclave treatment for 20 minutes at 1.1 atm. The
material was grown at a temperature of 25 + 1C, with a photoperiod of 16 hours and illumination of 2-
3 thousand lux. The number of repetitions in each variant was 30. Statistical processing was carried
out using the Microsoft Excel program [13-16].

Research results and their discussion. In our work, we investigated various stages of
microclonal reproduction of Tulipa bifloriformis and Tulipa orthopoda Vved species. The entire
period of micropropagation can be divided into 3 stages. The first stage is the explantation of primary
plant tissue. At this stage, a plant with high viability, free from infection, and actively reproducing is
obtained. At the second stage, micro-propagation itself is carried out, that is, an increase in the number
of organogenic structures in the explant, induction of processes from them and rooting of propagated
shoots in a nutrient medium. This stage is characterized by the use of heterogeneous compounds of
various hormones and other biologically active substances, various explants in large quantities, as well
as the use of various growing conditions. The third stage is the planting of micro-plants from sterile
conditions into the soil.

Tissue culture of Tulipa orthopoda Vved. The initial material was obtained from one vegetative
bud of the parent plant Tulipa orthopoda. It is known that field material is characterized by a high
level of microflora infection, which makes it difficult to obtain sterile material. To reduce the degree
of contamination, part of the plant is dug out in early spring and planted in a laboratory on specially
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prepared soil. At the initial stage of flowering, cuttings are cut, sterilized, cut into single bud segments
of shoots and planted in a nutrient medium of MS with the addition of 6BAP at a concentration of 2.0-
5.0 mg/ 1. It should be noted that growing the mother plant in the laboratory made it possible to obtain
a sterile culture with almost no problems, and all the planted buds turned into sprouts. If, in subsequent
transitions, a bacterial infection occurred in the form of a cloudy white areola in the nutrient medium
at the base of the explants, we immediately applied the following methods: sterilization with
antiseptics, periodic cultivation of micro-plants in a nutrient medium supplemented with antibiotics.

To study the process of morphogenesis in vitro, segments of single-soil shoots, shoot tips and
interarticular spaces were used as an explant, which were isolated from monthly microclonal plants
grown in a non-hormonal environment under sterile conditions (table 1).

Table 1 — Optimization sterilizing agents and their concentrations

Sterilizing agents Concentration Time
Soapy water - 30 min
Fungicide "Luna" 10% 3 hours
Calcium 11 % 30 min
Hypochlorite is a solution of hydrogen 0
peroxide 3% 3 sec
Alcohol 90% 3 sec
Sterilizing agents Concentration time

The preparation of the plant material for sterilization consisted of the following stages: 1) the
bulbs were washed in soapy water at room temperature for 30 minutes 2) the bulbs were placed for
3 hours in a solution of the fungicide "Luna" 3) after half an hour in a solution of calcium hypochlorite
4) before planting in the laminar flow box, it was kept for about 3 seconds in a solution of hydrogen
peroxide, then in alcohol 90%-3 seconds.

The explants were placed in a nutrient medium supplemented with hormones (Table 2). After
30 days, the explants were transferred together with the extracted structures to a new hormone-free
environment to determine regenerative capacity and obtain regenerants, where cultivation continued
for another 25 days under optimal conditions.

Table 2 — Quantitative ratio of the nutrient medium depending on the hormonal composition

Content

Components Per 1 liter of distilled water

1 2

Macrosols 50 ml
KNO3
CaCl, - 2H,0
NHiNO3
MgSOs- 4H:0
KH2PO4
Microsols
HsPO4
MnSQO, - 4H,0
ZnS0Oq
Kl
Na2MOC|4 -2H,0
CuSOq - 5H,0
CoCl; - 6H,0O
Mesoinosite 0,19
Glycine 0,0005¢

10 mi
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1 2
Vitamin 0,5ml
IAA 0,1ml
6 BAP 0,5ml
Agar 89
Sucrose 30g

During the first and second planting, the development of nodal segments and the growth of the
resulting shoots were noted. In the nutrient medium with the addition of 6 BAP, the formation of
lateral shoots from the lower axillary buds with the formation of microgrowths was observed.

Callus formation at the ends of nodal segments of plants was observed in 100% of explants in
almost all experimental variants, with the exception of the variant with kinetin 5.0 mg/l. The calluses
were 2-3 mm in diameter, brownish-green in color, dense, shiny. The formation of adventitious buds
in the first pass was observed in media with the following hormones: 6 BAP 0.5 ml/l, IAA 0.1 ml/L.
The number of buds in one explant varied from 1 to 2.Thus, it was found that additional cultivation of
internodes with kidneys obtained during the first planting for 20 days in a non-hormonal environment
practically does not affect the morphogenetic activity of explants. The formation of calluses was
observed in all explants grown in media with the addition of 6 BAP 0.5 ml/I.As a result of the study,
an effective method for obtaining a sterile culture of Tulipa orthopoda was proposed. The effect of a
wide range of hormones on the processes of Tulipa orthopoda morphogenesis in tissue culture has
been studied. This species is Tulipa L. It has a low proliferative and organogenic ability when using
single-stem segments of shoots and internodes as an explant [17-20].

Tissue culture of Tulipa bifloriformis. In February, shoots of Tulipa bifloriformis were
collected. To cause swelling of the kidneys, the sprout is placed in water and kept at 25°C, 2000-3000
lux illumination for 2-3 weeks. Then the parts of the sprout are cut off and sterilized with 0.1% diacid
solution for 20-30 minutes. After sterilization was completed, the material was washed three times
with autoclaved distilled water. Isolated pods with stem parts were placed in a laminar box in a
medium containing 6 BAP at a concentration of 0.5-2 mg/l. The material was grown under 2000-3000
lux illumination, a photoperiod of 16 hours and a temperature of 25 + 1 C. Every two weeks, explants
containing calluses were removed from necrotic areas and moved to a new medium of a similar
composition. Two months after planting, many buds and calluses with shoots formed on the explants.
The sprouts were grown in a nutrient medium with a low cytokinin content, and then transplanted into
a non-hormonal medium.

‘!.l_*‘ lﬂ [, N

—

Figure 1 — Leaf sprouts sprouted from bulbous parts of tulip species using benzoaminopurine
(0.5 mg/ 1) (A), development of organogenesis ready for adaptation (B)
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Micropropagation was performed using leaves and internodes as an explant. It was found that
the regeneration of shoots occurs in a nutrient medium even in the absence of growth hormones in
both types of explants studied. Induction of shoot formation occurs in 50% of leaves and 100% of
internodes. However, two more plantings were carried out in a non-hormonal environment so that the
resulting regenerants were suitable for transplanting into the soil according to morphological
parameters.

Table 3 — Meffect of the hormonal composition of the nutrient medium on the organogenesis of leaves
and internodes of Tulipa bifloriformis

Number of explants, %
Hormones — ml/I With sprouts
I i
Indolylacetic acid 0.1 15 43,5
BAP 0,5 85,4 83,9
BAP0,5+1AA 0,1 89,7 97,5
Kinetin 0,5 75,6 45,7

Explants: | — leaf, i — internodes

15 experimental variants of nutrient media were tested to increase the rate of reproduction
(Table 3). Regenerating plants were obtained from internodes and leaves as a result of reproduction
and subsequent regeneration of calluses. After 4 weeks of cultivation, a dense, shiny, yellow-green
callus with internodes was formed in all experimental variants. In most of the media used, induction of
adventitious kidneys was observed in the callus at the end of the first pass. The most intensive process
of shoot formation in nodal intervals was observed in a medium with 0.5 ml/l. The number of random
kidneys on the explant was 3-8. The formation of adventitious buds on callus in nutrient media
containing only cytokinins occurred only in the second planting after growing callus in a non-
hormonal environment. In these experimental versions, the ability of calluses to form growths was
80%, respectively. At the third stage, the transplantation of Tulipa bifloriformis microplants into the
soil was studied. The plants have successfully adapted to the soil. Thus, as a result of studies of Tulipa
bifloriformis, a sterile culture was obtained, optimal nutrient media for leaf and internode explants
were selected, and a regeneration method was developed.

Conclusion. Studies conducted using methods of culturing cells and tissues of Tulipa L. have
shown the possibility of preserving rare species. The low proliferative and organogenic ability of
Tulipa orthopoda tissue culture was found when using interstitial spaces as explants. For this species,
the most effective in vitro micropropagation method was recommended for reproduction by apical
shoots, axillary buds from meristematic node tissues when grown in a non-hormonal environment. As
a result of the work carried out, an effective method for obtaining a sterile culture of Tulipa orthopoda
was proposed, a sterile culture was obtained, and a method for the regeneration of Tulipa bifloriformis
was developed. For the latter, the optimal environment was chosen for each type of explant used at the
breeding stage.

REFERENCES

1 Tolenova, A.D. Plant communities with the participation of Tulipa tarda Stapf. in
Kazakhstan: floristic composition and analysis [Text]/ A.D.Tolenova, A.A.lvaschenko,
I.M.Moysiyenko// March 2021 DOI: 10.26577/EJE.2021.v66.i1.06

2 Christenhusz, M.J. Tiptoe through the tulips—cultural history, molecular phylogenetics and
classification of Tulipa (Liliaceae) [Text] / M.J. Christenhusz, R.Govaerts, J.C.David, T.Hall,
K. Borland, P.S.Roberts, M.F. Fay// Botanical journal of the Linnean Society 172: 2013.-280-328.
https://doi.org/10.1111/b0j.12061.

3 Apanbaes, H.K. Kpacnas knura: /luxopactyuiye peakue W HCY€3alolIne BHIBI PACTCHUN
[Texcr] / H.K.Apan6aes, H.K.Kamaposa, I .M.Kynabaesa, M.I1./Jauunos, I1.B.Becenona,
P.O.3akupora // Kuura Bropas. - Anmarsl, 2002, -148 c.

95


https://doi.org/10.1111/boj.12061

Aybin1 wapyauibl/iblFbl FbI/IbIMAAPbI

4 Botschantzeva, Z.P. Tulips: Taxonomy, Morphology, Cytology, Phytogeography and
Physiology. Translated and edited by H.Q. Varekamp [Text] / Z.P. Botschantzeva // Institute for
Horticultural ~ Plant  Breeding. @ A.A.  Balkema, Rotterdam, 1982. - 230 pp
https://www.si.edu/object/siris_sil_149573.

5 Marasek, A. «Analysis of introgression of the Tulipa fosteriana genome into Tulipa
gesneriana using GISH and FISH» [Text] / Marasek, Agnieszka u Keiichi Okazaki // Euphytica
160(2): 217-30. 2008. https://doi.org/10.1007/s10681-007-9539-7.

6 Shukrullozoda, R.Sh. Vegetative and seed reproduction of tulips to preserve flora biodiversity
[Text]/ R.Sh.Shukrullozoda // 1st international conference: Conservation of Eurasian biodiversity:
contemporary problems, solutions and perspectives. Part 1. 15-17 may, 2023, Andijan State
University, Andijan, Uzbekistan. 2023. — 71-73 p.

7  Shukrullo  qizi, S R Morphology  and  distribution  patterns  of
Tulipa fosteriana and Tulipa ingens [Text] / S. R. Shukrullo gizi, D. D. Burxonovich, K.Ky
Kudratovich, K. B. Esanovich, T.K.Sharobitdinovich  // Plant Science Today.; 10 (2): 2023. -
426-438. https://doi.org/10.14719/pst.2296

8 Apushev, A.K. Biomorphological analysis of tulip varieties on substrates in covered ground
in Turkestan [Text] / A.K. Apushev, B.Yu.Yusupov, N. Salybekova, A.Mamadaliev // Journal of
Human, Earth, and Future. 4,V 2, 2023. - P. 207 — 220,. DOI: 10.28991/HEF-2023-04-02-06.

9 Apushev, A. Preliminary results of the introduction of wild tulip species in the soil and
climatic conditions of Turkestan [Text]/A.Apushev, B.Yusupov, B.Toizhigitova, A. Mamadaliev,
A.Mambaeva // Kazakh National Agrarian Research University. Research, results, scientific journal.
Ne4(100) 2023, p. 120-129. N 4(100)2023, ISSN 2304-3334. https://doi.org/10.37884/4-2023/14

10 Murashige, T. Clonal crops through tissue culture [Text] / T. Murashige // In Plant Tissue
Cult, and Its Biotechnol. Appl., B. etc.: Spring. —Verl.-1977.-P.392-403.

11 Murashige, T. A revised medium for rapid growth and bioassays with tobacco tissue
cultures [Text] / T.Murashige, F.Skoog // Physiol. Plant. 15: 4731962 -497.
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x.

12 Podwyszynska, M. «Endogenous cytokinin dynamics in micropropagated tulips during bulb
formation process influenced by TDZ and iP pretreatment» [Text] / Malgorzata Podwyszynska,
Novak Ondiej, Dolezal Karel, Strnad Miroslav // Plant Cell, Tissue and Organ Culture 119(2): 2014.-
331-46. https://doi.org/10.1007/s11240-014-0537-x.

13 Wright, N.A. The growth of tulip tissue [Text] / N.A.Wright, P.G.Alderson//Acta
Horticulturae 109, 1980, p-263-270.

14 Wilson, B. Tulipa: the taxonomy and evolutionary history of the genus and its impact on
conservation priorities in Central Asia (Doctoral dissertation, University of Cambridge). -2023.
https://doi.org/10.1007/s10531-021-02165-z

15 Shukrullozoda, R. Optimization of sterilization process and culture medium for the
micropropogation of Tulipa fosteriana and Tulipa ingens/ R.Shukrullozoda, D.Dekhkonov,
X.Khaydarov // Scientific bulletin of Namangan state university. Ne8, 2022. p. 103-110.

16 Maslanka, Induction of bulb organogenesis in in vitro cultures of tarda tulip (Tulipa tarda
Stapf.) from seed-derived explants / M. Maslanka, A. Bach // In Vitro Cell Dev Biol Plant, 2014.
50:712-721. doi: 10.1007/s11627-014-9641-1

17 Maslanka, M. The effect of abscisic acid, ethylene and inhibitors of their biosynthesis
(Fluridone and salicylic acid) on so matic embryos conversion in tulips/ M.Maslanka, A. Bach//
Ecological Chemistry and Engineering, 2010. 17:1135-1139

18 Minas, G.J. In vitro propagation of Akama Tulip via adventitious organogenesis from bulb
slices. Acta Horticulturae. 313-316. DOI: 10.17660/ActaHortic.2007.755.40

19 Podwyszynska, M. Formation of tulips bulbs in vitro/ M.Podwyszynska, H.Ross // Acta
Horticulturae 616(616):413-419. DOI: 10.17660/ActaHortic.2003.616.62

20 Rocha, D.I. Alternative induction of de novo shoot organogenesis or somatic embryogenesis
from in vitro cultures of mature zygotic embryos of passion fruit 120 (Passiflora edulis Sims) is
modulated by the ratio between auxin and cytokinin in the medium / D.I.Rocha, C.C.Monte-Bello,
M.C. Dornelas // Plant Cell Tissue ahd organ culture. — 2015. — Vol. 120. — P. 1087-1098.

96


https://www.si.edu/object/siris_sil_149573
https://doi.org/10.1007/s10681-007-9539-7
https://doi.org/10.14719/pst.2296
https://doi.org/10.37884/4-2023/14
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
https://doi.org/10.1007/s11240-014-0537-x
https://doi.org/10.1007/s10531-021-02165-z

ISSN 2305-9397. FbiibiM )caHe b6intim. 2024. N° 3-2 (76)

TYHUIH

3epTTey JKYMBICHI YJINa JaKpUIbl OiCiH KojmaHa oTeipbim, Tulipa L. Typrepinid cupek
KE3/IECeTiH JKoHE KOWBUTY Kaymi 0ap TypJiepiH cakrail Kaily MaceneciHe apHaiabl. Kpisrammak - Oy
OYKiN onemJie COHIIK KYHIBUIBIFBI JKOFaphl MUSA3LIBIK TOpi3ai reodurTep. by Typre aHTpomoreHmix
acep skabaifbl KpI3FaIaKTap/IblH MOMYJIAIUACHIHBIH a3alobiHa okesmi. Tulipa L. SKCITaHTTapbIHBIH in
vitro MopdoreHesiHe KOPEKTIK OPTaHBIH TOPMOHIBIK KYPaMBIHBIH OCEpiH 3epTTey HOTHXKeNepi
Ocpinren. Crepwibai KyJlbTypara CHIi3y Ke3CHIHJE OacTankel OSKCIUIAHT PETIHIE epecek
eciMaikTepaiH Oip OypuikTi TYHiHII CerMEHTTepi MaiAalaHbUIAbl, MHUKPOKOOCHTY Ke3eHiHae Oip
alIBIK MUKPOOCIMIIKTEPAIH TYWIH apajblKTapbl JKOHE >KalbIpaKTapbl NalJalaHBUIABL. 3epTTey
CTEPUITU3AIMSIIBIK OCIMJIIK MaTepHAIIapbIH, KOPEKTIK OpTaap/bl OHTAMIAH BIPY/IbI )KOHE TaHIAIFaH
TAaKCOHIAPABIH OaJaHanapbl MEH TYKBIMAAPBIH MaiiianaHy apKbUIbl jKaHAIaH KaJllblHA KEeNTipijireH
ecimaikTepai OeiliMaey 1l YChIHAbI.

Monmudvkanusanaarad Mypacura-ckyra KOPEKTIK OpTachblHIA, KaJUTyCThIH TY31TyiHEH ecim
IIBIKKAH OCKIHJEpAIH MHUKPOXKAIbIpaKTapel MEH TYHiHapalblKTaphl KapaHFblma ecipinai. 3eprrey
OaphICBIHIAa  epecek  TaOWFM  OCIMJIKTIH  MUS3NIBIKTAPBIHBIH ~ KECIHAUIEpPl  KOJJaHBULIBL
3apapce3OaHablpy oici KEMIeHAlI XWMHUSIIBIK OHJAEyNep apKbUIl KYpri3inai. @OyHTHIUATIK,
OaKTEPUITUATIK MPOLECTEPJACH TYPAThIH CTEPWIACYAIH THIMIUIN 3KCIUIAHTTAPJABIH CTEPUIICYICH
KEWiHI eMIpIICHIIriMEH aHbIKTaJIIbl. ATam aiiTap O0Jcak, *xai cCaOBIHABIK KYylaH OacTamn 3TaHOJIMCH
OHJIey SKCIUTAHTTAPABIH OMIPIICHAIriH alTapaplKTail apTThipasl. COHBIMEH KaTap, 3epTTey O©CKIHHIH
MOP(DOJIOTHSIIBIK, KOPCETKIMTEPIH JaMbITYMEH Karap, ecipyleH KeWiHTi eMipIIeHIIK AeHreii
OaliKkajraH in vitro ecipy HOTHXKeJepiH 3epTTEH .

PE3IOME

HccnenoBarenbckas paboTa mocBsiieHa NpoOieMe COXPaHEHHs PEAKHX W HaXOASIIMXCS O[T
yrpo3oii mcuezHoBeHus BuaoB Tulipa L. ¢ ucmoms30BaHWEM METOAA KyJIbTHBHPOBAHHS TKAHEH.
TrobIaHbI-TYKOBUYHBIE T'€O(UTHI, UMEIOLINE BBICOKYIO JEKOPATUBHYIO LIEHHOCTH BO BCEM MHpE.
AHTpONOreHHOE BO3/IECTBHE HA ATOT BUJ NMPHUBEIO K COKPAILEHUIO MOMYJALNU AUKUX TIOJIHIIAHOB.
B pabote mpencTaBieHbl pe3ylbTaThl UCCIEIOBAHUS BIMSHHUS TOPMOHAIBHOTO COCTaBa MUTATENLHON
cpensl Ha Mopdorenes skcioianTatoB Tulipa L. in vitro. B mepros BBeZieHHS B CTEPIIIBHYIO KyIBTYPY
B KaueCTBE MEPBUYHOTO IKCIUIAHTATA NCIOIB30BAIMCH OJHOIIOYBEHHBIE Y3JI0BBIE CETMEHTHI B3POCIBIX
pacTeHuil, B MEpPHOJ MUKPOPA3MHOXKEHHS HCIIONb30BAINCh MEXIOY3NMHUS U JIUCThS OJHOMECSYHBIX
9KCIUTaHTOB. MccnenoBaHme mpenyaraeT  ONTUMM3ALMIO  CTEPHIM3ALUOHHBIX  PAaCTUTEIbHBIX
MaTEpPUANOB, TUTATENBHBIX CPEJl U alalTallii0 BHOBb BOCCTAHOBJIEHHBIX PACTEHUN C HCIOJIb30BaHUEM
JYKOBHII U CEMSTH BEIOPaHHBIX TAaKCOHOB.

B moaudumupoBanHoil muTarenbHO cpeae Mypacura-CKyra MHUKPOIUCTBS M MEXKIOY3IIUS
noberoB, oOpa3oBaBIIMECS W3 KaUIycOB, OBUIM BBIpAallleHbl B TEMHOTE. B wuccienoBaHuu
MCIIOJIb30BAJIMCh YEPEHKHU JIYKOBHUI[ B3POCIOro pacteHus. MeTtox obe33apakuBaHUsl MPOBOIMICS C
MOMOIIIbI0 KOMIUIEKCHOH XMMHUYECKOW 00paboTkH. DPPEKTUBHOCTh CTEPHIIM3AIIUN, COCTOSIIEH W3
(GYHIHOUAHBIX, OaKTEepUIMAHBIX MPOLECCOB, ONPEENsIach >KU3HECHOCOOHOCTBIO 3SKCIUIAHTATOB
nocie crepwinzauuu. [lpumeuatensHo, 4T0 00pabOTKAa 3TaHOJIOM, HAYMHAS C NPOCTOW MBUIBHON
MIPOMBIBKH, 3HAYUTEIBHO MMOBBICHIIA )KU3HECTIOCOOHOCTh IKCILIAaHTaTOB. Kpome Toro, B uccie10BaHUU
U3y4yaroTCs pe3yibTaThl KYJIbTUBHUPOBAaHWS in  Vitro, B KOTOPBIX HAOIIOAANCS  YPOBEHb
JKU3HECIIOCOOHOCTH MOCJe KyJIbTHBHPOBAHMSA, a TaKkKe pa3BUTHE MOPQOIOTMYECKUX IOKa3aTenel
MpopacTaHusl.
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YPOXKAMHOCTH U KAYUECTBO 3EPHA JIMHUI IPOBOI MSIT'KOM MIIEHUALIBI
(Triticum aestivum L.) ITIPH PABHBIX YPOBHSIX MUHEPAJILHOI'O IIUTAHUS HA
OBBIKHOBEHHOM YEPHO3EME CEBEPHOI'O KA3AXCTAHA
YIELD AND GRAIN QUALITY OF SPRING SOFT WHEAT (Triticum aestivum L.) LINES
UNDER DIFFERENT LEVELS OF MINERAL NUTRITION ON THE ORDINARY
CHERNOZEM SOIL IN NORTHERN KAZAKHSTAN

AHHOTaNUA

B n1aHHOHN cTarbe NPUBOAATCS PEe3yJbTaThl HCCIICNOBAHUS YpPOXKANHOCTH M KAuyecTBa 3€pHA
APOBOM MSTIKOM MIIEHWIBl HPU Pa3HBIX YPOBHAX MHHEPAJbHOTO MHTaHUS Ha dYepHO3EeMe
oOrikHOBeHHOM CeBepHoro KazaxcraHna.

Omnsitel 3akianeBaiu B TOO «Kokmierayckoe onbITHO-IPOU3BOICTBEHHOE X0351cTBO» B 2021-
2022 rr. U3yyanu 9 nuHMiA ApoBOM MSTKOW MIIEHUI[BI CPEAHEPAHHEN IPYHIIbI CIIEIOCTH.

Pesynprathl uccnenoBaHus OKa3aliu, YTo Ha (oHe 0e3 MPUMEHEHUS] MUHEPAJIbHBIX YI00peHUH
CYIIECTBEHHYIO MPUOABKY ypoKasi 3¢pHa 00eCIeUnBarOT JMHUK Dputpocrepmym 738 crn2/09 — 7,3%,
Jrotectienc 821 ¢cn2/08 — 16,2%, JIrorecuenc 1143 cn2/09 — 18%, Jlrorecuienc 814 ¢cn2/09 — 34,8 %,
Jlrotecuenc 1148 cn2/09 — 38,2 % mno cpaBHeHuto ¢ ctangapToM Omckas 36; Ha ¢oHe Y2 pacueTHOH
J03bl ymoOpenuit - smuuu Jlrorecuenc 821 cn2/08 — 8,1%, Opurpocnepmym 738 cn2/09— 11,3%,
Jrotectienc 1143 ¢cm2/09 — 12,3%, Jlrorecuenc 1148 cn2/09 — 34,1% u Jliorecuenc 814 cm2/09 —
35,1% u Ha ¢doHe mosHON pacuyeTHOW 103l ymoOpenuit - Jliorecuenc 857 cn2/05 — 10,5%,
Jlrorecuienc 1143 cn2/09 — 12,2%, Jlrotecuenc 821 cn2/08 — 13,5 %, Dpurpocnepmym 738 cn2/09 —
27,9 % wn Jhorecuenc 814 cm2/09 — 35,8 % mo cpaBHeHHIO CO cTaHaapToM. Ha Bcex ypoBHsIX
MHUHEPAJbHOIO IUTAaHUS MaKCUMalbHYIO TMpuOaBKy Yypokas oOecrieunna nuHuA JlioTecueHc
715 cn2/04, xotopast cocrtaBmia 66,3%, 58,8% wu 44,5% mo CpaBHEHHIO CO CTaHIAPTOM
COOTBETCTBEHHO.

[IpumeHeHre MHUHEpaANbHBIX YOOOPEHHWH B )2 M TIOJHOM pacueTHOW J03ax CIIOCOOCTBOBAIHN
YIYYIIEHUIO TEXHOJIOTHYECKUX KauecTB 3epHa IO CIEAYIOMM IokasarensM: o macce 1000 3epen
Jlrotecuienc 1143 cn2/09, Jotecuenc 715 cn2/04, Jlrotecuenc 783 cn2/07; mo Hatype 3epHa -
Jliorecuienc 783, Dputpocnepmym 738 cn2/09; Jlrorecuenc 821 c¢n2/08, Jlorecuenc 814 cn2/09,
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Jlrotecuenc 715 cn2/04 , DputpocnepmyMm 738 cn2/09; mo coaepkaHuIO KIEHKOBHHHI - JloTecieHc
1143 cn2/09, JIrotecuenc 1206 cn2/19 wu Jliorecuenc 814 cn2/09; Jrorecuenc 814 cn2/09,
OputpocnepmyMm 738, Jlrorecuenc 1148 cn2/09 u Jlrotecuenc 1143 cn2/09; mo coaepkaHUIO CHIPOTO
npotenna - Jlrorecuenc 1206 cn2/19, Jlrotecuenc 814 cn2/09 u Jirorecnienc 1143 cn2/09; JlrotecueHc
1206, JIrorecuenc 814 cm2/09, JTrotecuenc 1148 cn2/09.

ANNOTATION

This article presents the results of a study on the yield and grain quality of spring soft wheat
(Triticum aestivum L.) under different levels of mineral nutrition on the ordinary chernozem soil in
Northern Kazakhstan.

The experiments were conducted at the LLP «Kokshetau Experimental and Production Farm» in
2021-2022. The study included 9 lines of spring soft wheat of the mid-early maturity group.

The results of the study showed that, in the absence of mineral fertilizers, significant grain yield
increases were observed in the lines Erythrospermum 738 sp2/09 (7,3%), Lutescens 821 sp2/08
(16,2%), Lutescens 1143 sp2/09 (18%), Lutescens 814 sp2/09 (34,8%), and Lutescens 1148 sp2/09
(38,2%) compared to the standard Omskaya 36, At half of the calculated fertilizer dose, the yield
increases were observed in the lines Lutescens 821 sp2/08 (8,1%), Erythrospermum 738 sp2/09
(11,3%), Lutescens 1143 sp2/09 (12,3%), Lutescens 1148 sp2/09 (34,1%), and Lutescens 814 sp2/09
(35,1%). At the full calculated dose of fertilizers, the yield increases were observed in the lines
Lutescens 857 sp2/05 (10,5%), Lutescens 1143 sp2/09 (12,2%), Lutescens 821 sp2/08 (13,5%),
Erythrospermum 738 sp2/09 (27,9%), and Lutescens 814 sp2/09 (35,8%) compared to the standard. At
all levels of mineral nutrition, the maximum yield increase was achieved by the line Lutescens
715 sp2/04, with increases of 66,3%, 58,8%, and 44,5% compared to the standard, respectively.

The application of mineral fertilizers at 2 and full calculated doses contributed to the
improvement of grain technological qualities by the following indicators: in terms of the 1000-kernel
weight for Lutescens 1143 sp2/09, Lutescens 715 sp2/04, Lutescens 783 sp2/07; in terms of grain type
for Lutescens 783, Erythrospermum 738 sp2/09, Lutescens 821 sp2/08, Lutescens 814 sp2/09,
Lutescens 715 sp2/04, Erythrospermum 738 sp2/09; in terms of gluten content for Lutescens 1143
sp2/09, Lutescens 1206 sp2/19, Lutescens 814 sp2/09, Lutescens 814 sp2/09, Erythrospermum 738,
Lutescens 1148 sp2/09, and Lutescens 1143 sp2/09; and in terms of crude protein content for
Lutescens 1206 sp2/19, Lutescens 814 sp2/09, Lutescens 1143 sp2/09, Lutescens 1206, Lutescens 814
sp2/09, and Lutescens 1148 sp2/09.

Knrouesvle cnosa: sposas nuenuya, cpeOHepaHHue JUHUU, YOOOPeHUue, YPOICAUHOCHD,
knetikosuna, macca 1000 3epen, namypa 3epHa.

Key words: spring wheat, mid-early maturity lines, fertilizer, yield, gluten, 1000-kernel weight,
grain type.

BBenenue. YpenuueHne o0beMOB NPOU3BOJICTBA 3€pHA B 3HAYMTEIBHON CTETICHW 3aBUCHT OT
MIPUMEHEHUS] COBPEMEHHBIX arpOTEXHOJIOTHUM, BKIFOYas WCIOJIH30BAHME HOBBIX BBICOKOYPOXKAWHBIX
COPTOB, AJaNTHBHBIX K KOHKPETHBIM NPUPOJHO-KIMMATHYECKHM YCIOBHSIM. BaXHBIM (hakTopom
(dbopMHpOBaHUs ypoXKasl TaKXKe SBISeTCS 0OecreueHHe ONTHMANBHBIX YCIOBHW THTAaHHS PAaCTEHUH.
TonpKO TPU COBMECTHOM HCTOJIH30BAHUH BBICOKOYPOXKAMHBIX COPTOB M WHTEHCHUBHBIX TEXHOJIOTHI
MOYKHO JIOCTHYb BBICOKHX ITOKa3aTeslel ypoxKaHOCTH U kKauecTBa 3epHa [1, c. 81-84; 2].

Ha ¢opmupoBanue ypoxkas 3€pHOBBIX KYyJIbTYp OrPDOMHOE  BIHUSHHE  OKa3bIBaIOT
arpoxnuMatuieckue yciosus [3]. B 3amady ceneknpmoHepa BXOIUT MOAOOP COpTa, 00ECTIeUNBAIONITIM
MOJTy4e€HHUE BBICOKOTO ypOXkKasi M KauecTBa 3epHA B KOHKPETHBIX OMOKIMMAaTHYECKUX YCIOBUAX [4].

OCHOBHBIM TTOKa3aTeJIeM KauecTBa 3epHa MIIEHUIIBI SBIAETCS COAep)KaHne KICHKOBUHBI B HEH,
OT KOTOPO#1 3aBUCHT criia MyKH [5]. IlorogHpie yCI0BUS U MUTATEIBHBINA PEKUM OKa3bIBAIOT OOJIBIIIOE
BIUSHUE Ha KauyecTBO 3epHa sipoBoil mmieHunb! [6] Tak, Mansrea JL.T u ®@umumnosa E.A (2011)
OTMEYAIOT, YTO B 3aCYIUIMBBIX YCIIOBHUSX HAOJIOJAeTCs COKpalleHHE MPOJODKHUTENFHOCTH [IHMHBI
BETeTAIIOHHOTO TEPUO/Ia ¥ MOBBIIICHHE CO/ICPKaHMs KJICHKOBUHBI B 3¢pHE MINCHUIIBI [6, ¢. 6-9].

Olgun M. u npyrue (2023) ykaspiBaroT, 4To cozaepxanue Oenka, macca 1000 3epeH, HaTypa
3epHa B CHJIBHOI CTENEHM 3aBUCAT OT TEMIIEpaTypsl Bo3Ayxa [7]. A HaTypa 3epHa SpPOBOl MIIICHUIIBI
(dopMupyeTcs 3a cYeT KPYIHOCTH, BHIPABHEHHOCTH U TUIOTHOCTH 3€pHOBOK. 3acyXa, JIUBHH U JPyTHe
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abuotnyeckue (akTopsl B ¢aze MOJIOYHO-BOCKOBOH CIIEIOCTH SIPOBOM MIIEHHIBI OTPaXKalOTCS Ha
HaType 3epHa. HenocTarok a30THOTO MUTaHMS PACTEHUH, a TAKKE N30BITOYHOE YBIAKHEHHE B NIEPUOT
HaJIMBa 3€pHa MOXXET Pe3KO CHU3UTh CTEKIOBUAHOCTh. Ho, Ha dopMupOBaHHE KIEHKOBUHBI B 3€pHE
CYILLIECTBEHHOE BIIHMSIHME OKa3bIBA€T I'€HOTHUIl COPTOB [8]. YCTaHOBIEHO, YTO HM3Kas BIAKHOCTb U
BBICOKasl TEMIIEpaTypa BO3AyXa, HEAOCTaTOK BJarM B II0YBE B IE€PHOJA BETETalUU MIICHULIBI
MIOBBIIIAIOT COAEPKaHUE OelIKa B 3epHE 110 CPAaBHEHUIO C 0O0Jiee BIaXKHBIM BETreTAlHIOHHBIM IEPHOAOM
[9].

3HAaYNTENFHOE TMOBBIIICHUE YPOXKAWHOCTH SPOBOM MINEHHUIBI MOXKET OBITh NOCTHUTHYTO IPHU
BHECEHHMHU ONTUMAaIbHBIX 103 ynoopenuii [10]. Comepxanue Oenka B 3epHE MOXHO YIYYIIHTh 3@ CUCT
ONTHMU3AILINN YCIOBUH a3oTHOro muTanui [9, c. 753-761]. B ompitax Jlormuosa 0. I1., Kazak A.A.,
[Mnotaukora /I.B. (2019) npumeHeHre MUHEPATBHBIX YIOOPECHUN HAa IUIAHUPYEMYIO YPOXKAHHOCTH
MO3BOJIMIIO TOJXYYHTh MprOaBky 1,31 T/ra, 9To BbIMIe KOHTPOJSA. B yCIOBHAX PRIHOYHON SKOHOMHKH
BaYXHO MOJTYYUTh BBICOKYIO YPOKaHHOCTH B COYETAaHWH C XOPOIINM KadecTBOM 3epHa [11].

OkcnepumenTtanbhbele ganHble Sultanov F.S. m ap. (2019) moarBepaunu, 4To MUHEpalbHBIE
yIoOpeHus] OKa3bIBalOT CYIIECTBEHHOE BIMSIHME HAa POCT M Pa3BUTHE PACTCHUI, HA COCTABIISIOLINE
yposkast - KOJIMYeCTBO MPOIYKTHBHBIX CTEONIEH, 9ucio 3epeH B komoce, maccy 1000 3epen. Baecenue
yI00OpeHuil U3 pacueTa Ha IUIAHUPYEeMylo yposkadHocTh 4,0 T/ra obOeclieunBaeT MaKCHMAJbHYIO.
MPOU3BOAMTEIBHOCTE 3,43 T/Ta 3epHA XOPOIIET0 KauecTBa ¢ COACPIKAHUEM ChIporo mpoterHa 15,9 %
1 KiekoBuHEI 35,0% [12]

Szmigiel, A. u np. (2016) oTMeqaroT, 9TO TPUMEHEHHE 03Bl a30THOTO YIOOPEHHUS B MpeIenax
56-92 kr/ra AeHCTBYIOIIETO BELIECTBA CIOCOOCTBOBAIO TOBBIIICHUIO (PUTOMACCHI MIIEHHUIBI A0 72-
123 kr/ra, HO CHIXKAJIO MTOKa3aTend (OPMUPOBAHUS TeHEPATUBHBIX OPraHOB MIIEHUIH [13].

B wuccnenoBanmsax AprembeBa A.A., ['yppsHoBa A.M. mpuMeHeHHe YIOOpPEHHI OKa3alo
noJjoxuTensHoe BausHue Ha Maccy 1000 3epeH, K03 UIMEHT MPOLYKTHBHONW KYCTHCTOCTH, BBICOTY
pacTeHuil U JIMHY Kojoca. PazMax BapbUpOBaHUS YPOKAWHOCTH COPTOB SIPOBOM MIIEHUIBI COCTABUII
1,27 1/ra npu BenuuuHe ko3dduuuenta Bapuanuu 18,5 %. B kontpone onu cocrasunu 0,45 1/ra n
23,3 % cooTBeTCTBeHHO. B BapuaHTe ¢ TpaAMIIMOHHON TEXHOIOTUEH NMPUMEHEHUsT yI0OpEeHHH pa3mMax
BapbupoBanus coctasui 0,71 1/ra, mpu auddhepeHpoBaHHOM BHeceHHH yaoOpenuit — 0,63 1/ra [14].

Camblii BEICOKHH ypoBeHb peHTa0enbHOCTH (92,3 %) OTMEUEH B BApHAHTE C BHECEHUEM TOJIBKO
azora u3 pacuera 30 kr peictByromero BemectBa Ha | ra. Mcmoiab3oBaHUME KOMIUIEKCHBIX
MUHepanbHbIX ynoOpenuit B nmo3ax NeoPssKss sxoHOMHMYeckuii 1enecooOpa3HO MpH MONyYeHHUH
BaJIOBOr0 cOopa 3epHa B 00beMe, OKYIArOIEM BIOKEHHBIE IPON3BOICTBEHHBIE 3aTpaThl [15].

Martepuajabl U MeToabl McciaegoBanuii. Vccnenopanusa nposoguwnuck B 2021-2022 rr. no
napoBoMmy ImpenmiectBeHHUKY Ha monsx TOO «Kokmierayckoe ONBITHO-TIPOM3BOACTBEHHOE
xo3stiicTBo» (c. llaramansr) 3epenauHckoro paiioHa B ycnoBusix CesepHoro Kazaxcrana.

OmnsIT 3aKknagsiBascs No ciexyromei cxeme: 1. Omckast 36 — cranaapt, 2. Dpurpocnepmym 738
cn2/09, JIrorecuenc 814 cn2/09, Jrorecuenc 1148 cn2/09, JIrorecuenc 857 cn2/05, JIrotecueHc 857
cm2/19, JIrorecuenc 1143 cn2/09, Jliorecuenc 783 cm2/07, Jlrorectienc 821 ¢n2/08, JTrotecienc 715
cn2/04.

Jluaum u3yvanuck no tpeM ¢GoHoM: 1 — Oe3 ynoOpenuii, 2 — %2 pacueTHoil 10361, 3 — NoJHAsA
pacueTHas 103a.

MarepuajloM HUCCIIEOBAaHUS IOCIY>KWIN JIMHUM SIPOBOM MSTKOM MINEHUIBl CpPeAHEpaHHEH
TpyNIBl CHENIOCTH M3 Tpex cenekueHTpoB Kaszaxcrana: HUUW 3emusenenuss u pacTeHHMEBOJICTBA,
IMaBnogapckas CXOC u HITL3X um. A.U. bapaesa. CtannapTom A cpeHepaHHEN TPYIIIbI CITyKUI
copt Omckas 36.

ITpu nnaHupyeMoit ypoxxaiiHOCTH 3epHa 2,5 T/ra Y2 pacyerHol 0361 cocTaBuia NaiPs3 monHas
pacuetHast 1032 - NePes; BHOCHIMCH amMMuauHas CenMTpa M JBOMHOM TpaHyIUpOBaHHBIN
cynepdocdar.

[louBa oOmMBITHOrO ydacTKa — 4YepHO3eM OOBIKHOBEHHBIH KapOOHATHBIH, CpelHEe T'yMYCHBIMH,
MaJIOMOILHBIN TspKesnocyrimMHUCTHIA. Conepxanue rymyca 4,01 %, pH — 7,1. ObecieyeHHOCTh TIOYBBI
HUTPATHBIM a30TOM CpelnHsas — 9,3 MI/KrC MO4YBBI, MOABMXKHBIM (ochopom Huzkas — 4,0 Mr/kr
MTOYBBI, KaJIHEM BbICOKast — 360 MI/KT ITOYBBEL.

[lepen moceBoM Ha ONBITHOM IOJIE OTOMPANMCh MOYBEHHbIE MPOoObI Ha riyoune 0-40cm 1o
oOmenpuHATOH MeToauKe. B mouBeHHBIX 00pa3max ompeaessuii: rymyc no metony W.B. Tiopuna B
momudukanuu B.H. Cumaxosa [16]; pH BOJHOW BBITSDKKH HOTEHIIMOMETPUYECKUM MeToJIoM [16, c.
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26-31]; nutpatHbIi a30T aucynbdodeHmtoBeIM MeTogoM mo ['pannBanb-JIsuky [17], moaBHKHBIN
¢dochop u oOMeHHBIH Kanmmit o MeToxy b.I1. Maunruna [18].

[lnomaas y4eTHOM muomanku coctapuna 20 M2 o0mas mwiomans — 25 M2 IToBTOpHOCTE — 4-X
KpaTHasi. BapuanTsl pa3merianuch cucreMarusupoBato. [loceB npoBonmnu 22-23 Masi, HOpMa BbICEBa
— 3,0 mutH Bcxoxux ceMstH Ha 1 ra, cesmkoi C3C — 2,1.

Yyersl W HaOMIOAEHHS 33 PACTCHUSIMM IPOBOAWIM 10 METOAMKE [ oCynapCTBEHHOIO
COPTOHUCTIBITAHUS CENBbCKOXO3SIMCTBEHHBIX KyIbTYp [19], a Takke cOrMacHO METOANYECKUM
yKa3aHUsM MO y4eTy M KOHTPOJIKO 3a MOCeBHbIMH KadecTBamu cemsiH mo ['OCTy 12038-84 [20].
ITokazarenn kauecTBa 3epHa oreHuBan o Macce 1000 3epen — 'OCT 12042-80 [21]; HaType 3epHa —
T'OCT 12840-64 [22], comepkaHme M KadecTBO KICHKOBHHBI OIPENEISIIA B COOTBETCTBHH C
MeXrocyJapCTBEeHHBIM CTaHAAPTOM «MeTobl ONpeeNieHHs] KOJIMYECTBa U KauecTBa KJICHKOBUHBI B
mmenurey - [OCT 13586.1-68 [23], comepkaHue CBHIPOrO NPOTEWHA B 3¢pHE ONPEACISLIA B
AHaIUTUYECKOM IIEHTPE IO OIpPEENCHHI0 KayeCTBO IIOYBBI M PACTEHUEBOAUYECKON IPOIYKLNHU
TOO «HIIL 3X um. A.W. bapaeBa» (Jlaboparopusi OMOXMMHUH U TEXHOJOTUH KauecTBa) MO METOAY
Koenbnamns [24].

Y6opky ypoxass mpoBoAuiau B (ha3e IMONHOW CIIENOCTH 3epHa KomOaiiHOM «Wintersteiger»
CIUIOIIHBIM METOJIOM. YPO’Kail 3epHa MPUBOAWIN K CpeaHeMy cTaHnapty, 14% sunaxuoctu u 100 %
YHCTOTE.

JlJis OLIEHKH METEOpOTIOTHYEeCKUX YCIOBHH HCIIOJIB30BAIM JAHHBIE 110 KOJMYECTBY BBIIABIINX
OCaZKOB M TEMIIEPAaTYpPHOMY pPEXUMY B CpPaBHEHHH CO cpenHeMHOrojgeTHuMu naHHeiMu (I'MC
«[Ilaramams»).

DKcriepuMeHTalbHbIC JaHHbIe ObUTH MpoaHaTn3upoBaHbl B mporpamme Microsoft Excel, AgStat
(http://www.agstat.com/). TTo pe3ynbTatam IMCIEPCHOHHOTO aHAIM3a PACCUMTHIBAIN HAUMEHBIIYIO
cymectBeHHyto pazHocTs (HCPops), a Tarke Berumcisiu cpennue (M), koddGUIMEHTH BapHanun
(Cv) u xoppemnsuuu (r) o b.A. JlociexoBy [25].

N3yyeHbl NPOOOIDKUTEIBHOCTh BETETALMOHHOTO IIEPHOMAA, PACCUUTAH TMAPOTEPMUYECKUIN
k03 ument no CUISTHUHOBY, YPOKAHHOCTD U SJIEMEHTHI €r0 CTPYKTYPBI.

Merteopoioruyeckue yciaoBUsl B TOJBI MCCIEIOBAHUS OTIMYAINCH 110 KOJWYECTBY BBIMAaBIINX
0CaJIKOB M TEMIIEPATYPHOMY PEKUMY, YTO MOBIHIIO HAa MPOJOKUTEIBHOCTh MEX(a3HbIX MEPHOIOB
U BeretalioHHOro nepuon B 1enaoM. Co3maBHIMecs METEOPOJIOTHUECKHE YCIOBHUS —OKa3aiu
CYLIECTBEHHOE BIMSHUEC M HAa (POPMHUPOBAHHE OCHOBHBIX AJIIEMEHTOB CTPYKTYpBI yposkaiiHocTH. Tak
TUAPOTEPMHUUECKUN KOIPPUIIMEHT B CpeHEM 3a BereTanroHHbINH mepuox 2021 roxy passsuiacek 0,4
3TO TIOYTH B J[BA pa3a MEHbIIIe, YeM CpeJiHee MHOTONeTHHX NaHHBIX - [ TK=0,9 (pucynok 1).

MAW MHOHb MHOJ1b ABIYCT
o=@ ) (02117, e=@==?(022rT. CpeAHEMHOTrOMeT.

Pucynok 1 — I'maporepmudeckuii kosppunument (I'TK) no ganasim I'MC «lllaranansny

2021 roxy mait mecsiir 0611 oueHb 3acynutuBsiii [ TK pasen 0,2, Torga kak 2022 roay u cpennee
MuorosieTaue mgaHuaeie ['TK coctraBumu 0,9. CoszmaBimecss METEOPOJOTHUYECKHAE YCIOBHUS CHIIBHO
MOBJIMSUIM Ha TOJIEBYIO BCXOXECTh U JPYXKHOCTh MOSBICHHE BCXOAOB Yy JIMHUU SPOBOM MATKOU
MIIICHULIBL.

B utone mecsie 2021 roay Takke Ha001a1ach 3acyxa, 0COOCHHO B TMIEPBOI U BTOPOil Jekae
mpu toM 3HadeHne I'TK pasro 0,5, 310 Ha 0,9 equnur menbine, yeM 2022 roay. Bmaroobecmneuenue
B utone 2022 roma (I'TK=1,4) mONOXKUTENHHO CKa3aJloCh Ha MPOXOXKIACHUH MEX(a3HOTo Iepuoja
«KYIICHHE-BbIXOJI B TPYOKY», 3HaueHHE cpeaHeMHorojaeTHux nanHbix ['TK pasuo — 0,8.

Wronb MecsI B TOABI UCCIEMOBaHUSA Takke oTmmdanuch. Tak B 2021 roxy I'TK pasen 0,6 uto Ha
0,4-0,5 equnani Huxe B cpaBHeHUE ¢ 2022 TOAOM U CO CPEIHEMHOTOJETHHUMHU JaHHBIMU. B aBrycre
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Mmecse 2021-2022 roxy rumpotepmudeckuiit kodddumment coctaBun 0,12-0,4, 370 MeHbIIE, YeM
cpenHemMHorojieTHue nannsie Ha 0,58-0,3 exuaui (pucyHoxk 1).

Pe3yabTaTrhl U UX o0cy:kaeHue. B BapuanTe, e MuHepaidbHbe yIOOpeHHUS HE BHOCHINCH B
ronel uccnenoBanus (2021-2022 rr.) macca 1000 3epeH y nUHMIA SPOBOM MSTKOW IIICHUIIBI
Haxomuiachk B mpeaenax 32,8-40,9 r, cpeanee 3HaUeHUE e¢ paBHUIACh 36,7 T; MaKCHMaJlbHas mMacca
1000 3epen ycranosnena y auanid Jlrotecienc 1143 cn2/09 — 40,9 r; Jlrotecuenc 715 cn2/04 — 39,1 v
u Jlrotecuenc 783 cn2/07 — 38,2 r. Hatypa 3epHa konebanack B mpenenax 715-792 r/nm u B cpennem
coctaBuia 768 1/11. Bricokoii HaTypol 3epHa oTmyanuch JimHuu Jlrorectienc 715 cn2/04 — 792 1/n,
Jliorecienc 821 cm2/08 — 790 r/nm m Oputpocnepmym 738 cn2/09— 781 r/m. Ilo comepkaHuio
KIJICHKOBUHBI HCCIIeyeMble TMHIHM OTHOCATCS K 1 KilacCy KadecTBa 3€pHa: B CPEAHEM COCTABIISET —
32%. MaxkcuMaabHO BBICOKOE COJAEpKAHUE KICHKOBHUHBI yCTaHOBIEHO Yy nuHuil Jlrotecuenc 715
cn2/04 — 34,2%, Dputpociepmym 738 cm2/09 — 33,8% wu Jlrorecuenc 814 cn2/09 — 33,2%. Oun
OTIIMYAJINCHh M BBICOKAM COJIEP)KaHHEM CHIPOTO TIPOTEWHA B 3epHeE: B cpeaneM 16,4%. MakcumanbHoe
COJICpP’KaHUE CHIPOTO MPOTEeHHA OTMeueHO y nuHwmid Jlrorecniene 715 cn2/04 u Jrotecuenc 814 cn2/09
-17,3%.

Tabmuna 1 — TexHONOTMYEeCKHE TOKa3aTeNN KayecTBa 3epHA JIMHUN SPOBOW MSTKOM MIICHUIIBI TIPU
pa3HBIX YPOBHSIX MHUHEpAIBHOTO MUTaHUs, cpeanee 3a 2021-2022 rr.

Macca Harypa KneitkoBuna CrIpoit
Copr, muHUSA 1000 o ’ o NIAK*
COMSIH, T 3epHa, I/1 0 poTeuH, %
1 2 3 4 5 6
be3 ynobpenmii

Omckast 36 CT-T 35,5 715 31,0 15,96 83,3

Opurpocnepmym 738 cn2/09 35,0 781 33,8 16,84 82,6

Jrotecuenc 814 cn2/09 37,4 776 33,2 17,34 715

JTrorecuenc 1148 cm2/09 35,7 761 31,7 16,61 78,5

Jrotecuenc 857 cn2/05 37,1 764 29,7 15,02 76,7

Jrorecuenc 1206 cn2/19 32,8 762 32,1 16,84 74,3

Jrorecuenc 1143 cn2/09 40,9 775 32,7 16,21 86,1

JIrorecuenc 783 cm2/07 38,2 763 31,2 15,82 84,7

Jrotecuenc 821 cn2/08 35,7 790 30,0 15,74 79,1

JIrorecuenc 715 c2/04 39,1 792 34,2 17,34 73,1

CpenHee 3HaYCHUE 36,7 768 32,0 16,37 79,0
Lim (ymmvur) 32,8-40,9 | 715-792 29,7-34,2 15,02-17,34 71,5-86,1

R (pa3max) 8,1 77 45 2,32 14,6

®oH - /2 pacueTHON 103bI

Owmckas 36 cT-T 36,7 764 33,1 17,05 79,6

Opurpocnepmym 738 cn2/09 36,8 791 34,0 17,34 77,3

JIrorecuenc 814 c2/09 38,6 788 34,3 17,92 61,3

JIrorecuienc 1148 cn2/09 38,0 785 33,9 17,71 86,6

JIrorecenc 857 cmn2/05 37,8 765 33,5 17,49 65,9

Jrorecuenc 1206 cm2/09 39,0 764 34,4 17,92 63,5

Jrorecuenc 1143 cm2/09 40,6 788 35,4 17,78 81,9

Jrorecuenc 783 cu2/07 39,2 821 32,6 16,90 59,5

Jrorecuenc 821 cn2/08 37,1 789 33,3 16,94 79,1

Jrorecuenc 715 cn2/04 39,7 789 34,9 17,63 75,9

CpenHee 3HaYCHUE 38,4 784 33,94 17,47 73,1
Lim (mmmr) 36,7-40,6 | 764-821 32,6-35,4 16,90-17,92 59,5-86,6

R (pa3max) 3,9 57 2,8 1,02 27,1
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1 L2 | 3 | 4 | 5 |6
@oH — NoJiHasg pacyeTHas 103a
Omckast 36 CT-T 37,2 763 33,0 17,49 83,2
Oputpocnepmym 738 cn2/09 37,8 790 35,5 18,14 74,8
Jrotecuenc 814 cn2/09 38,0 793 36,6 18,72 62,4
Jrorecuenc 1148 cn2/09 37,6 786 35,5 18,36 87,9
Jrotecuenc 857 cn2/05 38,1 773 33,5 17,78 79,1
Jrorecuenc 1206 cn2/19 34,3 771 36,7 18,94 73,0
Jrorecuenc 1143 cn2/09 40,1 785 35,4 18,21 85,7
Jrotecuenc 783 cn2/07 39,7 780 33,2 17,12 85,0
JIrorecuenc 821 cm2/08 37,2 793 33,5 17,49 78,0
JIrorecuenc 715 cn2/04 39,7 791 34,5 17,56 74,3
CpenHee 3HaYCHUE 38,0 782,5 34,7 17,98 78,34
Lim (srmvmr) 34,3-40,1 | 763-793 33,0-36,7 17,12-18,94 | 62,4-87,9
R (pa3max) 5,8 30 3,7 1,82 25,5

*UAK — uagexc nedopmarun KISHKOBIUHBI

[lo wnaekcy nedopmanum kineikosuHel JwHUKA Jliotecuenc 814 cn2/09, JlorecueHnc
857 cm2/05, JIrotecuienc 1206 cn2/19 u Jlrorecuenc 715 cn2/04 — oTHOCATCS K XOpOIIEMY 3HAYEHHUIO;
oCTaJbHBIE HCCIIeNyeMble IMHUY — K YOBIETBOPUTEIFHOMY crabomy WHAEKCY (Tadmuna 1).

BHecenue 2 pacueTHOH 1036l MUHEPANBHBIX YIOOpEHH OKa3ao MOJOKHUTEILHOE BIUSHAE HA
TEXHOJIOTHUYECKHE KaueCcTBa 3epHA y JIMHUHN ApOBON MATKO# mimeHuisl. Ha manaoM ¢one macca 1000
3epeH, BapsupoBana ot 36,7 mo 40,6 r/m, B cpenaeM paBHa — 38,4 r/m. Beicokoit maccorr 1000 3epen
oTnuuanuchk guauu Jliorecuenc 1143 cn2/09 — 40,6 r/a, Jlrorecuenc 715 c¢n2/04 — 39,7 1/m,
Jlrorecuenc 783 cn2/07 — 39,2 r/n, Jlrorectienc1206 cn2/19 — 39,0 r/n. Harypa 3epHa konebayiach B
npenenax 764-821 r/m, B cpemnem coctaBuna 784 r/m. HambGonpias HaTypa yCTaHOBJICHA Yy JTUHHIMA
Jlrorecuenc 783 cn2/07 — 821 r/n u Dpurpocnepmym 738 cn2/09 — 791 r/n. ConepxaHue KICHKOBUHBI
cocraBisieT B npenenax 32,6-35,4% — B cpennem 33,9%, 310 oTHOCHTCS K 1 Kilaccy KauecTBY 3epHa.
Hawnbonee BbICOKMM Ka4eCcTBOM IO JaHHOMY TOKazaremto obnamaroT e Jltorecnenc 1143 cm2/09
— 35,4%, JIrorecuenc 1206 cn2/09 — 34,4% u Jlrotecuienc 814 cn2/09 — 34,3%. ConepkaHue CbIporo
NpoTenHa BapbHpyeT B mpexaenax 16,9-17,9 % u B cpennem cocrapnsier 17,5%. HanGonee Bbicokoe
COJIep’KaHUe CBHIPOTO TPOTEeHWHA ycTaHOBiIEeHO y ymHuM Jlrotecuenc 1206 cm2/09, Jlrotecuenc 8§14
cn2/09 — 17,9% u Jlrorecuenc 1143 c¢n2/09 — 17,8%. Ilo unnexcy aedhopmaunu xnerikosunsl (MK) B
CpellHEM OTHOCHUTCS K XOpOIIeMy Mokasarento, Ho JuHun Jlrorecuenc 1148 cn2/09, Jlrorecienc 1143
cn2/07, Owmckas 36, Jlrotecuienc 821 cn2/08 ymomnerBoputenbHO cinabo aedopmuposansr: UK
COCTaBHJI COOTBETCTBEHHO — 86,6, 81,9, 79,6 u 79,1 (Tabmuma 1).

Ha ¢one momHO# pacueTHO# 1031 BHECEHWS MHUHEpaIbHBIX ymoOpenmii macca 1000 3epen
cocraBuia B mpezenax 34,3-40,1 r, B cpeanem — 38,0 r. HambGonee Boicokas macca 1000 3epen
ormeueHa y nuHUA Jltotecuenc 1143 cm2/09 — 40,1 1, Jlrorecuenc 783 cn2/07 u Jlorecuenc 715
cn2/04 — 39,7 r. Hatypa 3epHa xonebanach B npeaenax 763-793 r/n u B cpenHeM cocraBuia 782,5 1/m;
HanboJiee BRICOKOI HaTypol obnamanu muauun Jlrotecuenc 821 cn2/08, Jlorecuenc 814 cn2/09 — 793
r/n, Jlrorecuenc 715 cn2/04 — 791 r/n u Bpurpocnepmym 738 cn2/09 — 790 r/n. Coupeprkanue
KJICHKOBHHBI, B 3aBUCUMOCTH OT JIMHUU cocTaBuia 33,0 - 36,7%, cpennee 3nauenue ee 34,7 %, uro
oTHocuTCst K 1 Kitaccy kadecTBa 3epHa. BBICOKMM cojliepKaHHWEM KIICHKOBHHBI OTIMYIIUCH JTHHUU
Jliorecuienc 814 cn2/09 — 36,6%; Dpurpocnepmym 738 cn2/09 u Jlrorecuenc 1148 cn2/09 — 35,5% u
Jlrorecuenc 1143 cn2/09 — 35,4%. ConepxaHue CBIPOro NMpOTeMHA COCTaBWIO B mpexpenax 17,1 -
18,9%, B cpennem — 18,0%. Hanbonee BEICOKMM COZIEpKAHUEM CHIPOTO MPOTENHA OTMEYAINCH JTMHUU
Jrotectienc 1206 - 18,9%, Jlrotectienc 814 ¢m2/09 — 18,7 % u Jlrorecrenc 1148 cm2/09 — 18,4 %. Ilo
nokazarensam WUJIK, B cpeqHeM oTHOCHTCSA K yIOBIETBOPUTENLHO ciabo nedopmupoBansl — 78,3, HO
Ha juHmax Jlorecuenc 715 cmn2/04, Jlworecuenc 857 cn2/05, Dputpocnepmym 738 c¢n2/09 wu
Jlioreciene 814 cn2/09 UJIK cocraBisier B mpenenax 62,4 - 74,8, 9TO OTHOCHUTCS K XOPOIIEMY
nokazatemo 1o MJIK (tabmumna 1). MccnenoBanust mokasaid, YTO YpOBEHb MUHEPAIHHOTO MUTAHUS
MIOJIOKHUTEJIHO BIIMSET Ha TEXHOOTHMUYECKHE KauyecTBa 3€pHa JIMHUI SPOBOW MATKOW MIIeHWIBI. Tak
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Macca 1000 3epeH Ha oHe — O6e3 ynoOpeHuit B cpeiHeM cocTaBmia 36,7 T, Ha oHE — Y2 pacueTHON
nmo3sl 38,4 T 1 Ha ¢oHE — monHas pacueTHas no3a 38,0 T, To ecTh Ha yJOOpeHHBIX (hOHAX OHa OblIa
BbIme Ha 3,5-4,6 %, Mo cpaBHEHUIO ¢ HeynoOpeHHbIM (poHOM. HaTypa 3epHa mo yka3zaHHBIM (hoHAM
cocTaBmJia COOTBETCTBEHHO 768, 784 u 782,5 r/n. U 3aeck Ha ynoOpeHHBIX QoHaxX HaTypa 3epHa Oblia
BeIe Ha 1,9-2,1%. ConeprkaHne KICHKOBHHBI 110 (hOHAM COCTaBHIIO COOTBETCTBEHHO 32 %, 34,7% u
33,9%; Ha ymoOpeHHbIX ¢oHax oHa Obuia BhIIe Ha 5,9-8,4%. KommdecTBo chIporo mpoTenHa
cocTaBmwiio cooTBeTcBeHHO 16,4%, 17,5% u 18,0%, uto BbIlIe HeymoOpeHHoro ¢oHa Ha 6,7-9,8%.
ITokazarenu UK cocraBunu cootBercTBeHHO 79,0 73,1 78,3, To ecTh Ha ynOOpPEHHBIX (hOHAX CTEIICHb
nedopMarti KICHKOBHUHBI CHIDKaeTcs Ha 0,7-5,9 mokazarens.

YpoxaitHocTs copta Omckas 36 (ctaHmapT) B cpenHeM 3a 2 roga Ha (one 0e3 ymoOpeHMi
cocraBuna 1,78 1/ra. YpokalHOCTh MCCIIENLyeMBIX JIMHUH SPOBOWM MSTKOW MIICHHUIBI KoJeOanoch B
npenenax: 1,24 - 2,96 t1/ra. CymecTBeHHbIe MPHOABKHA ypoXKasg MaNd JUHUHA DpUTpocrepmyM 738
cm2/09 — 7,3%, Jlrorecuenc 821 cn2/08 — 16,2 %, Jorecuenc 1143 cn2/09 — 18%, Jlrorecuenc 814
cn2/09 — 34,8%, Jlrotecuenc 1148 cn2/09 — 38,2% mo cpaBHEHHIO C KOHTPOJEM. MaKCUMAabHYIO
npubaBKy ypoxas — 66,3% obecneunna nmunus Jlrorecuenc 715 cn2/04 (tabnuua 2).

Ha ¢one 2 pacueTHo#t 03Bl ypOKaWHOCTH 3epHA sipoBOH mmeHunsl OMckas 36 (ctaHAapT)
Obuta BhINIE HyJeBoro (oHa u cocTaBmia 2,11 1/ra. YpoxaifHOCTh HCCIEAyeMBIX JIMHUH Kosebanach
ot 1,65-3,35 1/ra. CymecTBeHHyt0 NpubaBKy ypoxkas oOecrieunnu auauu Jltotecuenc 821 cn2/08 —
8,1%, Dputpocepmym 738 cn2/09 — 11,3%, Jlrorecuenc 1143 cn2/09 — 12,3%, Jlrotecuenc 1148
cn2/09 — 34,1% u Jlrorecuenc 814 cn2/09— 35,1% no cpaBHEeHHUIO CO cTaHzapTOM. MakcuManibHas
npubaBKa ypokast Takke noiydeHa ot tuHun Jlrorecuenc 715 cn2/04 — 58,8%.

Ha ¢one momHO# pacueTHO! N03BI YPOXKAWHOCTH 3€pHA SPOBOM MIIEHHUIBI copra Omckas 36
cocrapmna 2,29 t/ra. JImHMM SpOBOM NIICHWIBI A ypOoKaHOCTH B mpeaenmax 1,98-3,31 1/ra.
CyuiecTBeHHY0 NpubaBKy yposkas odecreuwnu auaun Jrorecrenc 857 cn2/05 — 10,5%, JlrotecuieHc
1143 cn2/09 — 12,2 %, Jlrotecuenc 821 cn2/08 — 13,5%, Dpurpocnepmym 738 cn2/09 — 27,9% u
Jlrotecuenc 814 cn2/09 — 35,8 % no cpaBHEHHUIO CO CTaHAAPTOM. MaKCUMAaIbHYIO IPUOABKY yporKas
nosyuwiu ot jauaun Jlrorecuenc 715 cn2/04 — 44,5%.

Tabmuma 2 — YpokaiiHOCTh 3epHa y JIMHUW SPOBOM MATKOW MIIEHWIBI CPeIHEpPAaHHEH TPYIIIBI
CIEJIOCTH B 3aBUCMMOCTHU OT YPOBHS MHHEPAJIBHOI'O MUTAHUS, T/Ta

Copr, s YpoxaitHOCTb, T/Ta [TpubaBka K KOHTPOJO
’ 2021 2022 cpeaHue T/ra %
1 2 3 4 5 6
be3 ynoOpenmii

Owmckas 36 (craHmapt) 0,79 2,77 1,78 -
Oputpocnepmym 738 cn2/09 0,67 3,16 1,91 0,13 7,3
Jrorecuenc 814 cn2/09 0,60 4,20 2,40 0,62 34,8
Jrorecuenc 1148 cn2/09 0,96 3,95 2,46 0,68 38,2
Jrorecuenc 857 cu2/05 0,73 2,53 1,63 -0,15 -84
Jrorecuenc 1206 cn2/19 0,66 2,31 1,48 -0,30 -16,8
Jrorecuenc 1143 cn2/09 0,99 3,21 2,10 0,32 18,0
Jrotecuenc 783 cu2/07 0,70 1,78 1,24 -0,54 -30,3
JIrorecenc 821 cmn2/08 0,77 3,16 1,96 0,18 16,2
JIrorecuenc 715 c2/04 0,95 4,96 2,96 1,18 66,3

Cpennee no rpynmne 0,78 3,20 2,0+£0,53
®oH - ¥ pacueTHO# H03EI

Owmckas 36 (cranmapt) 0,83 3,39 2,11 -
Oputpocnepmym 738 0,98 3,69 2,35 0,24 11,3
JIrorecuenc 814 cn2/09 ¢ 0,75 4,94 2,85 0,74 35,1
JIrorecuenc 1148 c2/09 0,98 4,68 2,83 0,72 34,1
JIrorecnienc 857 cm2/05 0,81 3,30 2,06 -0,05 -2,4
JIrorecuenc 1206 c2/19 0,67 2,62 1,65 -0,46 -21,8
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1 2 3 4 5 6
Jrorecuenc 1143 cn2/09 1,04 3,69 2,37 0,26 12,3
Jrotecuenc 783 cn2/07 0,71 3,04 1,88 -0,23 -10,9
Jlrotecuenc 821 cn2/08 0,77 3,78 2,28 0,17 8,1
Jrotecuenc 715 cn2/04 0,90 5,79 3,35 1,24 58,8
CpenHee 1o Tpymie 0,84 3,89 2,4+0,51
@oH — noJiHasg pacyeTHas 103a
Owmckas 36 (cranmapT) 1,01 3,56 2,29 -
OputpocnepmyM 738 1,13 4,72 2,93 0,64 27,9
Jrotecuenc 814 cn2/09 0,91 5,30 3,11 0,82 35,8
JIrorecuenc 1148 c2/09 1,11 5,20 3,16 0,87 38,0
JIrorecuenc 857 cmn2/05 1,09 3,96 2,53 0,24 10,5
JIrorecuenc 1206 cr2/19 0,84 3,36 2,10 -0,19 -8,3
JIrorecuenc 1143 c2/09 1,16 3,97 2,57 0,28 12,2
Jlrorecuenc 783 cn2/07 0,86 3,10 1,98 -0,31 -13,5
JTrorecuenc 821 cn2/08 0,91 4,28 2,60 0,31 13,5
Jrorecuenc 715 cn2/04 0,95 5,66 3,31 1,02 44,5
Cpennee 1o Tpyrmie 1,0 4,31 2,7+0,46
HCPos 0,08 0,08 0,08
HCPosaxTop A (copT) 0,05 0,02 0,04
HCPoshakTop B (ynoopenust) 0,04 0,07 0,06

Ha onbiTHOM mone uepHO3eM OOBIKHOBEHHBIH XapaKTEepHU30BAJICS HU3KHM COAEpKaHHEM
HUTPAaTHOTO a30Ta M NOABWXKHOTO (ochopa. HcmbiTyemble JIMHUM SIPOBOW MIICHHIBI TOKA3aIH
XOPOIIYI0 OT3BIBYMBOCTh HA MUHEpATbHBbIC YA0OpeHus. [Ipy BHECEHWH MOJIOBHHBI HOPMBI a30THO-
¢dochopHbIX ynoOpeHuil ypokailHOCTh MX moBbicuiack Ha 11,5-51,6%. Hanbonee oT3bIBUMBBIMU Ha
ymnoOpeHus okazanuck JIMHUU Dputpoctepmym 738 cn2/09, Jlrotectienc 857 cn2/05 u JlrotectieHc 783
cn2/07, Toe yposkaiiHOCTh 3epHa, [0 CPAaBHEHHUIO C HYJEBBIM ()OHOM IMOBBICHIIACH COOTBETCTBEHHO Ha
23,0%, 26,3% u 51,6%. Ha ¢one monHo# pacueTHOM 11036l yI0OpeHHi mpubaBka ypoxas Oblia ele
Boime — 11,8-53,4%. Haunbomnee oT36IBYMBEIMH HA YPOBEHb MUHEPAIBHOTO MMUTAHUS OKA3aJICh JTMHUU
Jrotectienc 1148 cm2/09 — 28,5%, Jliorecrenc 814 ¢n2/09— 29,6%, JIrotecuenc 821 cu2/08 — 32,7%,
Jlrotecuienc 857 cn2/05 — 55,2% mno cpaBHeHHto ¢ HeynoOpeHHbIM (oHOM. Hanbonbmyo npubaBky
obecneunna muHus Jtorecuenc 783 cn2/07 — 59,7 %.

Takum 00pa3oM, MPU 3KCTCHCHBHOM BBEIICHHM 3eMIICCIUS HauOojiee yCTOWYMBBIC YpOKau
nmanu muann Jlroteciienc 814 ¢m2/09 — 2,4 1/ra, JTroteciienc 1148 ¢n2/09 — 2,46 t/ra u JIrorecuenc 715
cn2/04 — 2,96 1/ra. [Ipu ymepeHnHol MHTeHCH(DUKAIMK 3eMienenus (Ha GoHe MOJOBUHBI PacYeTHON
JTO3bI) BRIEISUINCH Takoke Jimaun JIrotectienc 1148 cn2/09 — 2,83 1/ra, Jlrotectienc 814 cn2/09—- 2,85
1/ra u Jlrotecuenc 715 cn2/04 — 3,35 1/ra. Ilpu wHTEHCHMBHOM 3emieAenuu (Ha (OHE IOJHAS
pacdeTHas J103a) BBIJACIWINCH JIMHUK DputpoctiepmyM 738 cn2/09 — 2,93 1/ra, Jlrotecuenc 814 cn2/09
— 3,11 1/ra, Jlrorecnierc 1148 c¢n2/09 — 3,16 1/ra u Jlroreciiene 715 cn2/04 — 3,31 1/ra. [lony4eHHbie
ypOKaiiHble JaHHbIE HAa PAa3HBIX YPOBHAX MHUHEPAIHHOIO MUTAHUS MOJITBEPIKIAIOT BBICOKYIO
IUIACTUYHOCTh YKa3aHHBIX JIMHUH, 32 HCKITIOYCHUEM JIMHUU Dputpocnepmym 738 cm2/09.

HccnenoBanne ToOKa3ajid Pa3jiMiyHYI OT3bIBYMBOCTH JIMHHU SPOBOM MSTKOW MIICHUIBI Ha
YPOBHSIX MUHEPAJIBHOTO TIUTAHUSL.

Ha ¢one monoBuHO#H 10361 yHOOpeHHs ypOKallHOCTh 3€pHA, B 3aBUCHMOCTH OT JIMHUIA,
noBbicuiack Ha 12,0-58,3 %. Haubombinyio npubaBky yposkas oOecrieuwmiu juHuu JlroTecueHnc 857
cn2/05 — 31,3%, JTrorecuenc 821 c2/08 — 35,0% u JTrotecuenc 783 cu2/07 — 58,3%.

Ha ¢oHe nonHO#N pacdyeTHOH 1036l yOOPEHUs YPOXKAHHOCTh 3€pHA, B 3aBUCUMOCTHU OT JIMHUH,
noBbicuiack Ha 10,0-66,7 %. HanGonplyro npubaBKy ypoxkas 00ecTeqriii JIHHUE DPUTPOCTIEPMYM
738 cn2/09 — 52,6 %, JTiotecuenc 857 — 56,3 % u Jlrorecuenc 783 — 66,7 % (pucyHok 2).
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PacueTs mapHO#H KOppensiuy NMOoKa3aid, 4To Ha QoHe 0e3 MpUMEHEHHs yJoOpeHHs BeIHYHHA
ypokass HaXOIUTCS B TMPSIMOM CpeaHell 3aBUCUMOCTH OT HaTypsl 3epHa (I = 0,42) u comepkaHus
KiIeiikoBUHBI B 3epHE (I = 0,47), a Takke B IPSIMOI YMEPEHHOH 3aBUCUMOCTH OT COAEPIKAHUS CHIPOTO
NpOTeHHA B 3epHE sipoBoii mmenutsl (I = 0,62).

B be3 yaobpeHuidc WNI15P45 B N30P90

Pucynok 2 — YpoxailHOCTb 3epHa JINHUU SIPOBOW MATKOW MIIEHUIIB CPeTHEPaHHEeHN IPpyMIbl CIET0CTH
B 3aBUCHMOCTHU OT YPOBHSI MUHEPaJIbHOTO MUTaHus, T/Ta (cpeanue 3a 2021-2022 rr.)

Ha ¢one BHeceHHUs TOJTOBUHBI PaCYETHON 036l MHHEPAIBHBIX YI0OPEHHUH ypOKAHHOCTh 3epHA
SPOBOM MIICHUIBI HAXOIWIACH B IPSMOM €1a00H KOPPESIIMOHHON 3aBUCUMOCTH OT CTEKJIOBUAHOCTH
(r = 0,37) u conepxanus coiporo mporenHa (r = 0,28), a Takke B yMEPEHHOH KOPPEISILUOHHON
3aBHCHUMOCTH OT COZIepKaHus KIeHKkoBUHEI B 3epHe (I = 0,50).

Ha ¢oHe BHeceHMs MOJHOW PACYETHOH J103bI MHUHEPAJIBHBIX YIOOPEHHUN YPOXKAHHOCTH 3epHa
SPOBOM IMIIEHUIIBI HAXOAUIIACH B 3aMETHOH KOPPEJISILUOHHON 3aBUCUMOCTH OT CTEKJIOBUAHOCTH 3€pHA
(r=0,31), conepxanus kieiikoBuHbl B HeM (I = 0,35), a Takke B yMEPEHHOMN 3aBUCHMOCTH OT HATypPbI
3epua (r = 0,69).

PacueTbl MHOXECTBEHHOUN KOppeIsauuei 3aBUCUMOCTH MOKa3aTeNlel TEXHOJIOIMYECKUX KauecTB
3epHa JIMHUW MATKOW SPOBOM MIIEHHIIBI Ha Pa3HBIX YPOBHSIX MUHEPAILHOTO MUTAHUS MTOKA3all Ha MX
B3auMHOe BiMsiHHE. Tak, Ha QoHe Oe3 MpUMEHEeHUs MUHEpPANbHBIX YA0OpeHHH Ha (opMuUpoBaHHE
HaTyphl 3€pHAa U 3aMETHOE BIMSIHUE Ha cojepxaHue KiedkoBuHbl (I = 0,35) u cblporo mportenHa
(r=0,32). [lpyrue mokaszareiii He OKa3ajM CyIIECTBCHHOTO BIMSHUS APYT Ha JAPyTa.

Ha ¢one BHeceHMs TOTOBUHBI PACYETHOM /10361 MUHEPATILHBIX yI00peHH ycTaHOBIeHa ciabas
KoppensinuoHHas cBs3b Macchl 1000 3epen ¢ narypout 3epHa (I = 0,30), u 3aMmeTHas CBS3b C
conepkanueM ceiporo mporeuHa (I = 0,50) u xneiikoBunsl (I = 0,62). CoxepkaHue KICHKOBHUHBI B
3epHE HaXOAWIOCh B TECHOW KOPPESILIMOHHOW 3aBHCHMOCTH OT COAEP)KaHHSA CHIPOrO MpOTenHa B
3epHe (I = 0,80). Jlpyrue mokazareny Takke He OKa3ald CYIIECTBEHHOTO BIHUAHUS APYT HA ApyTa.

Ha ¢done BHeceHMs MOMHON pacdeTHOW O03bI MUHEPAJbHBIX ynoOpeHuil Ha (QopMupoBaHHE
maccel 1000 3epeH okazanu 3ameTHOE BoszfeiicTBue Hatypa 3epHa (f = 0,39). Harypa 3epHa
HAXOJMIIACh B cabast KOPPEISIMOHHOM 3aBUCHMOCTH OT COZIEP/KaHMs KIeHKOBHHBI B HeM (I = 0,32).
Conepxanne KICHKOBHHBI B 3€pHE HAXOIWIOCh B OYCHH TECHOW KOPPEISAIIMOHHON 3aBUCHMOCTH OT
CoJiepyKaHus ChIporo npotenna B HeM (I = 0,94).

3aknwuenne. Ha ¢one 0e3 mpuMeHEHUS MUHEPAIbHBIX YIOOPSHHMH Jy4IIUHA pPE3yJIbTaThl
nokazanu: 1o macce 1000 3epen nunun Jlrotecuenc 1143 cn2/09 — 40,9 r; Jlrotecuenc 715 cn2/04 —
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39,1 v u Jlrorecuenc 783 cn2/07 — 38,2 r; mo Harype 3epHa - Jlrorecuienc 715 cn2/04 — 792 1/7,
Jliorecienc 821 cn2/08 — 790 r/m, Dpurpoctepmym 738 cm2/09 — 781 r/m; mo comep:kKaHUIO
KJeiikoBuHEI - Jlrotecenc 715 cn2/04 — 34,2 %, Dpurpocniepmym 738 cn2/09 — 33,8 %, JlrotecneHc
814 cn2/09— 33,2 %; u ceiporo nporeuna nuauii Jlrorecuenc 715 cn2/04 u Jliotecuenc 814 cn2/09 —
17,3 %.

Ha ¢one 2 pacueTHON m03BI MUHEPATBHBIX yAOOpeHMH BbLAemmnck: o macce 1000 3epen
nunnit JIrorecuienc 1143 cm2/09 — 40,6 t; Jrotecuenc 715 cu2/04 — 39,7 r, JIrorecuienc 783 — 39,2 r,
Jlrorecienc1206 — 39,0 r.; mo Harype 3epHa - Jlrorecnenc 783 — 821 r/m u Dpurpocnepmym 738
cn2/09— 791 r/n.; mo coaepxanuo kiaeiikoBuHbl - Jltorecuenc 1143 cn2/09 — 35,4 %, JlrorecueHc
1206 cn2/19 — 34,4 % w Jlrorecuenc 814 cn2/09 — 34,3 % u ceiporo nmporenHa JuHU# JIfoTecueHc
1206 c2/19, JTrotecuenc 814 c¢n2/09 — 17,9 % u JIrotecuienc 1143 c¢m2/09 — 17,8 %.

Ha ¢one momHOW pacueTHOW M03BI MUHEPATBHBIX YOOOpEeHHH BbLAETHINCH: Mo macce 1000
3eper auHUE Jtotecnenc 1143 cn2/09 — 40,1 1, JIrorecuenc 783 m Jliorectienc 715 cn2/04 — 39,7 1;
no HaType 3epHa - Jlrotecuenc 821 c¢n2/08, Jlotecuenc 814 cn2/09 — 793 1/, Jlrorecuenc 715 cn2/04
— 791 r/n u Bpurpocriepmym 738 cn2/09— 790 r/i1; o conepkaHuto KieiikoBuHbI - JIroTecuenc 814
cn2/09 — 36,6%; Dputpocnepmym 738, Jlrorectienc 1148 cn2/09 — 35,5%, Jlrorecnenc 1143 cn2/09 —
35,4 % wu ceiporo mporeuHa juHud Jlrorecuenc 1206 — 18,9%, Jlrotecuenc 814 cm2/09— 18,7%,
Jlrotecuenc 1148 cn2/09 — 18,4%.

CymecTBeHHbIe TIpHOaBKH ypoxkas 3epHa Ha (QoHe 0e3 ymoOpeHwss HaONIONaIuCh Yy JHHUA
Opurpocnepmym 738 cn2/09 — 7,3%, Jlrorecuenc 821 cn2/08 — 16,2%, Jlrotecuenc 1143 cn2/09 —
18%, Jlrorecnienc 814 cm2/09 — 34,8%, Jlrotecuenc 1148 cm2/09 — 38,2 % 1m0 cpaBHEHHIO C
crangaptoM Omckast 36. MakcumanbHyro npubaBky ypoxas — 66,3% obecneunna nunus Jlrorecnenc
715 cm2/04.

Ha ¢one % pacueTHOH 103bI CYIIECTBEHHYIO TPUOABKY yposkast oOecrieunin tuHun Jlrotecienc
821 cn2/08 — 8,1%, DOpurpocnepmym 738 cm2/09 — 11,3%, Jlrorecuenc 1143 cm2/09 — 12,3%,
Jlrotecuenc 1148 cn2/09 — 34,1% u Jlrotecuenc 814 cn2/09 — 35,1% mo cpaBHEHUIO CO CTAaHAAPTOM.
MaxkcumaibHas npubaBKa ypoxas Takke noiaydena ot jauauu Jlrorecuenc 715 cn2/04 — 58,8%.

Ha ¢one momHOW pacueTHOH 03Bl CYIIECTBEHHYIO MpPUOABKY ypokas OOecIedHian JTHHAW
Jrotecuenc 857 cn2/05 — 10,5%, JIrotecuenc 1143 cn2/09 — 12,2%, JTrotrecuenc 821 cm2/08— 13,5%,
Opurpocnepmym 738 cn2/09— 27,9% u Jhorecuenc 814 cn2/09 — 35,8% mno cpaBHEHHIO CO
cTaHgapToM. MakcuManbHyl0 NpUOaBKYy ypokas momydwnn oT juauu Jliotecuenc 715 cn2/04 —
44,5%.

Haunbonee MHTEHCHBHBIM CleqyeT OTHECTH JMHUM JpurpocnepmyM 738 cn2/09, Jlrotecuenc
857 cn2/05 u Jlrorecuenc 783 cn2/07, xoropeie Ha (OHE MONHOM pacyeTHOW MO3bI yHOOpEHMI
obecrieunsiu puOaBKy ypoxkast 3epHa 52,6%, 56,3%, 66,7% u Ha (OHE MMOJIOBUHON PaCUETHOHN J03bI -
31,3%, 35,0%, 58,3% COOTBETCTBEHHO.

Ha ¢one 6e3 npuMeHeHHsI MUHEPATbHBIX yIOOpEeHU# Ha (OPMUPOBAHKE HATYPHI 3¢PHA OKA3aJI0
3aMeTHOE BJIMSHHME Ha cojaep)kanue kierkoBuHbl (I = 0,35) u ceiporo nporeuna (r = 0,32). Ha done
TOJIOBUHBI PACUYETHON J03bI MUHEPAIBHBIX YJAOOPEHUI yCTaHOBIIEHA ciabas KOPPENsSIUOHHAS CBS3b
maccel 1000 3epeH ¢ Hatypoii 3epHa (I = 0,30), 3aMeTHast CBS3b C COJIEP’)KAHUEM CHIPOTO MPOTEHHA
(r = 0,50) u xmeiikoBunsl (I = 0,62). Comeprkanne KIEHKOBHHBI B 3epHE HAXOIUIOCh B TECHOM
KOPPEJSAIMOHHOW 3aBUCHMOCTH OT cojepykaHust ceiporo mpotemta B 3epue (I = 0,80). Ha ¢one
MOJTHOW pac4eTHOW JI03bI MHUHEPAIBHBIX ynoOpeHuit Ha dopmupoBanue maccel 1000 3epeH oxazanu
3aMeTHOe Bo3nelictBue Hatrypa 3epHa (f = 0,39). Harypa 3epHa Haxomwrach B cinaboit
KOPPENALMOHHON 3aBHCHUMOCTH OT cojaep)kaHus kieikoBuHel B HeMm (I = 0,32). Copnepxxanue
KJICHKOBUHBI B 3€PHE HAXOIWIOCh B OYEHb TECHOW KOPPENAIMOHHON 3aBUCUMOCTH OT COJCPIKAHUS
ceIporo npotenHa B HeM (I = 0,94).
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TYUIH

byn wmakanaga Contycrik KazakctaHHBIH KOIIMIT Kapa TOMBIPAFbIHIAAFbl MHHEPAJIIbI
KOPEKTEHYIIH OpTYpPJi IeHTehnepiHaeri ®a3aplK JKyMcakK Owail AoHIHIH OHIMAUITT MEH carachlH
3epTTey HOTHXKENEepi KeNTipuIreH.

2021-2022 xbugapel  «Kekmeray —ToxipuOenik-eHaipictik mapyambuibirsl”  XKIIC-nme
ToXipruOenep Kyprizinii.

3epTTey HOTHIXKENEpl KOPCETKeHIEH, MHUHEpaNIbl THIHAWTKBIIITAPABI KOJIaHOaH, acThIK
OHIMUIITiHIH endyip ecyi OMckast 36 cTaHAapThIMEH calbICThIpFanaa Jpurpocnepmym 738 cn2/09 —
7,3%, JIrotecuenc 821 cn2/08 — 16,2%, Jlrotecuenc 1143 cn2/09 — 18%, Jrotecuenc 814 cn2/09 —
34,8%, Jliorecuenc 1148 cn2/09 — 38,2% nuHUsIIApBl KO,apbl KOPCETTi; Y2 THIHAWTKBIIITAPIbIH
ecentik Menmepinge - Jlorecuenc 821 cm2/08 — 8,1%, Opurpocnepmym 738 cn2/09— 11,3%,
Jrotectienc 1143 ¢m2/09 — 12,3%, JIrorecuenc 1148 cu2/09 — 34,1% xone Jlroteciienc 814 cn2/09-
35,1% KkoHE TBHIHAWTKBIIITAP/BIH TOJBIK ©CENTIK MOJIIEPiHAe CTaHAAPTICH CalbICThIpFaHaa -
Jrotecuenc 857 cn2/05 — 10,5%, JIrotecuenc 1143 cn2/09 — 12,2%, Jlrotecnenc 821 cn2/08 — 13,5 %,
OputpociepmyMm 738 ¢n2/09 — 27,9% xone Jlrotecuenc 814 cm2/09 — 35,8%. Munepanibl
KOPEKTEeHY/IiH OapllblK JeHreiiepinae eHIMAUTIKTIH MakcuMmanabl ecyiH Jliorecmenc 715 cm2/04
KaMTaMachl3 €TTi, OJI COMKECIHIIIe CTaHIapTIICH calbICThIpranaa 66,3%, 58,8% xone 44,5% Kypabl.

MuHepanibl THIHAWTKBIIITAPIBI Y2 KOHE TOJBIK €CENTIK MeJIepae KOJJIaHy acThIKThIH
TEXHOJIOTHSUTBIK CaIlachlH KeJieci KepceTKilmTep OoWbIHIIA jkakcapTyFa bIKnan erTi: 1000 TYKbIMHBIH
Maccacel Oodemama Jlrorecenc 1143 cm2/09, Jlrorecuienc 715 c¢m2/04, Jlrorecuenc 783 cm2/07;
ACTBIKTHIH KOJIEMJIIK caiMarbl OotibiHIa - JIrorecuienc 783, Dputpocnepmym 738 cr2/09; JlrotecueHc
821 cn2/08, Jlrotecuenc 814 cn2/09, Jlrorecuenc 715 cn2/04 , Dputpocnepmym 738 CP2/09; non
ybI3bI OoMbIHIIA - JItorectieHe 1143 CP2/09, Jlrotecuenc 1206 CP2/19 sxone Jlrotecuenc 8§14 CP2/09;
Jliorecienc 814 CP2/09, Dpurpocnepmym 738, Jltotecuenc 1148 CP2/09 xone Jlrotecuenc 1143
SP2/09; mmki nmpotenH Menepi OoiibiaIIa - Jltotecenc 1206 cn2/19, Jlrorecuenc 814 cn2/09 xoHe
JIrorecuenc 1143 c2/09; JTrotecuenc 1206, JIrorecuenc 814 cn2/09, JTrorecuenc 1148 cu2 / 09.
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X035 CTBEHHO-BMOJIOT MYECKASI OIEHKA KJIOHOBBIX TIOABOEB U COPTO-
MOABOMHBIX KOMBUHAILIMI SIBJIOHU B YCJIOBUSX
3ATIATHO-KA3AXCTAHCKOM OBJIACTH
ECONOMIC AND BIOLOGICAL ASSESSMENT CLONE ROOTS AND VARIETAL-
ROOTROOT COMBINATIONS APPLE TREES IN THE CONDITIONS OF WEST
KAZAKHSTAN REGION

AHHOTaUA

B crarbe mokaszaHbl pe3yNbTAThl MCCIEIOBAHUI TOIBOEB M COPTO—TIOABOWHBIX KOMOWHAITUI
SIOJIOHM.

OHUM U3 KITIOYEBBIX KPUTEPUEB JJISI TIOJBOEB SIOJIOHM SBISETCS MX MPOAYKTUBHOCTH, KOTOpas
OTIPEIETISETCS KOJIMYECTBOM M KAUECTBOM OTBOJIKOB HA €TUHUILY TUTOIIA]IH.

Tun moaBosi OKa3pIBaeT 3HAYMUTENBHOE BO3/EWCTBHE Ha Tporiecc okopeHeHus. Ob 3-4 mo
OKOPEHSIEMOCTH OTBOJIKOB IPEBOCXOSAT KOHTPOJIBHBIN To/BoM Ha 1 Oamn. OtBonku moasoeB CA-1,
CA-1, O16 1 By3.60p Ot16 3 By3.60p, 18-7, CIIC-7, Ob 3-7-K, 57-225 umenu oxopeHeHue 2 Oajna
CpeIy M3y4aeMbIX ITOIBOEB M MMPAKTUYSCKA HMEIH cllaboe pa3BeTBICHHUE.

PocT moGeroB okOpeHsIeMBIX OTBOJKOB IMPOWCXOAMI HempepbiBHO. MccienoBaHus Imokasai,
4yTo OTBOAKK ToABOsi CA-2, o106 1 By3.60p, K-2, APM-18, Ob 3-4 neMOHCTpPHUPYIOT HaWBBICHIYIO
CIOCOOHOCTH K 00pa30BaHUIO KOpHEH 1 HU3Kas y nojasoes [lapaguska Ceparoxora u CITIC-7.

[lomyueHHBIE pe3ymbTaThl MMOKA3ald, YTO OKYJIWPOBKA OKa3ala CYIIECTBEHHOE BIMSHUE Ha
COXPaHHOCTh OJHOJIETHUX CaKEHIIEB. Tak, y copra AdiHuTa K KOHITy BETETAIlMU MPU OKYJIHUPOBKE Ha
nosBoe 62-396 ormeueHo coxpaHHOCTH caxkeHleB Ha 100 %, a Ha coprax HapomHoe u bepkyToBckoe
COXPAaHHOCTh OKYJTHPOBOK ITOKa3aJjio, COOTBETCTBEHHOE 53 u 63% W 3T MmoKasarenu, OBbLTH CaMbIMH
HaMMEHBIIMMU IO TOJIBOSM U copTaM B ombITe. [lo okynupoBke coproB Haponnoe u bepkyroBckoe
noaBoi Ob 3- 4 okazaiicst caMblii JIYYIITAM IO COXPAHHOCTH OHOJIETHUX Ca’KCHIICB.

ANNOTATION
The article shows the results of studies of rootstocks and varietal-rootstock combinations of
apple trees.
One of the important indicators of apple tree rootstocks is their productivity - the yield and
quality of layering per unit area.
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A fairly high yield of layerings was observed for rootstock 3 Buz.bor, amounting to an average
of 17,736.1 pieces over three years. per hectare, which was 68% higher compared to the control
option.

Rooting has a significant influence on the type of rootstock. OB 3-4 are superior to the control
rootstock by 1 point in rooting ability of the cuttings. Layerings of rootstocks SA-1, SA-1, sample 1
Buz.bor, sample 3 Buz.b, 18-7, SPS-7, OB 3-7krasny, 57-225 had a rooting score of 2 among the
studied rootstocks and practically had weak branching.

The growth of shoots of rooted layerings occurred continuously, the maximum ability for
rooting was noted by us in layerings of the rootstock SA-2, selection 1 Buz.bor, K-2, ARM-18, OB 3-4
and low in the rootstocks Paradise Serdyukov and SPS-7.

The results obtained showed that budding had a significant impact on the safety of annual
seedlings. Thus, in the Aelita variety, by the end of the growing season, when budding on rootstock
62-396, the safety of seedlings was 100%, and in the Narodnoye and Berkutovskoe varieties, the
safety of budding showed 53 and 63%, respectively, and these figures were the lowest for rootstocks
and varieties in the experiment. According to the budding of varieties Narodnoe and Berkutovskoe, the
rootstock OB 3-4 turned out to be the best in terms of preservation of annual seedlings.

Knrouesvle cnosa: 3anaono - Kazaxcmawmckas obnacmv, nooeot, copma, npoOyKMUGHOCMb,
OKOpPEHEHAEeMOCMb, COXPAHHOCMb OOHONIEMHUX casiceryes.

Key words: West Kazakhstan region, rootstock, varieties, productivity, rooting, safety of annual
seedlings.

BBenenue. IlouBeHHO-KIMMaTHUeckne ycimoBus 3amagHo - Kaszaxcranckoit obmactw,
OJIarONPUSITHBI JJIs1 YCIIEITHOTO BO3/ICIBIBAHMSI OCHOBHOH IJIOZ0BOW KYJIBTYpPhI S0JI0HH. MHOTONETHSS
MpakTUKa  KyJIbTUBHPOBAHUS  IUIOJOBO-STOAHBIX  KYJIbTYp B  PETHOHE, MOATBEpX)ACHHAS
CyILIECTBOBAHHEM LIEHHBIX MECTHBIX COPTOB, MPU3HAHHBIX 32 MPEIACIAMH PErHOHA U MPOJOJIKAIOIINX
UCIIOJIb30BAThCS 10 CEH JICHb, CITY’)KUT KPaCHOPEUUBBIM J0Ka3aTeIbcTBOM [1].

OcHOBHas CTpaTerys MpeoI0JIeHUs] TaHHON MpoOIeMbl 3aKII0UaeTCsl B BHEAPEHUH B MPAKTUKY
MIPOMBIIIUIEHHOTO CaZ0BOJICTBA 3amaaHo - KazaxcTaHckod 00JacTH MOABOEB M COPTO-TIONBOHHBIX
COUCTAaHWH., XapaKTePU3YIOIINXCS YCTOMYMBOCTHIO K JIMMUTHPYIOIMM (pakTopaMm  pes3Ko-
KOHTHHEHTAIBHOTO KiIMMaTa. M3ydyeHue u najbHeiiee BHEIpEeHUE B MPOU3BOJICTBO MEPCIEKTUBHBIX
(OpM KIIOHOBBIX TIIOJIBOEB W COPTOBBIX TOJBOMHBIX KOMOWHAIWii sIOJOHHW, aJaNTHPOBAHHBIX K
YCJIOBHSIM 3aIlaJHOrO PErUOHa, SBIISIETCS BECbMA aKTyaJbHbIM.

HccnenoBanus pOCCHMCKMX M Ka3aXCTAHCKUX YUYEHBIX, CBA3aHHbIE C W3yUYE€HHEM KIIOHOBBIX
MOJIBOCB U COPTO-TIOJIBOMHBIX KOMOMHAIMi si0jjonn B ycioBusx  [loBomxkbs u Kaszaxcrana
MPEJICTAaBIEH BO MHOTMX Hay4HbIX pabortax [2,3,4,5]. OmHako 3TH WCCIeNoBaHUs HE BIIOJHE
MOAXOASIT K TMOYBEHHO-KIMMATUUYECKUM YCIOBHUSIM PE3KO-KOHTMHEHTAIbHOTO KJIMMaTra 3amagHoro
Kazaxcrana. Ot pobiemMsl u3ydeHsl B 3ananHo-Kazaxcranckoit obnactu B padorax K.b.Kapumosa
[6], A.I'.lllaynenoBoii [7]. HecMOTpst Ha Ba))KHOCTh UCIIONB30BAHUS KIIOHAIBHBIX TOJBOEB SIOJIOHU B
CeNbCKOM XO03stiicTBe 3amanHo-KazaxcTaHckoll 00macTu, X XO3sSHCTBEHHO-OMOIOTHYECKHE CBOWCTBA
JI0 CUX TIOp HEJOCTAaTOYHO M3ydeHbl. JlaHHBIH MpoOen B 3HAHHWAX OOYCIABIMBACT aKTyalbHOCTh U
HEOOXOJMMOCTh MPOBEICHHS HAITNX HUCCIIEA0BaHUH.

llenpro  wCCNEMOBaHUI — SIBISAETCS HM3YYCHHE TIEPCIIEKTUBHBIX KapJIUKOBBIX ITOBOEB SIOIOHU
JUTSL TIPOU3BOJICTBA OJTHOJIETHUX Ca)KCHIIEB SIOJIOHM B COYETAHHHU C Pa3IMYHBIMH COPTO-IIOJIBOMHBIMU
KOMOWHAIIMSAMH, MPUTOAHBIX JUIS PE3KO-KOHTUHEHTAIBbHBIX KIMMATHYECKUX YCIOBHH PErMOHOB
Kazaxcrana.

Jlst BBIMOTHEHUsT HAMEYEHHOM 1ein OBUIM TIOCTABJICHBI CIEYIOINE 331a4u:

1. Tlo TeHHBIM XO3SIICTBEHHO-OMOJIOTHUECKUM TIPU3HAKAM BBIJCIHUTH ONTHMAIBHBIE COPTO-
MOJIBOITHBIE KOMOWHAITHH.

2. BrisButh Hanbonee TPOAYKTUBHBIC COPTO-TOJNBOMHBIE KOMOWHAIUM SIOJOHW ISt
MIPOMBIIIIEHHOTO CaJ[0BO/ICTBA.

O0beKkTbl, MaTepuadbl M MeToAbl HccaeqoBannil. OOBEKT W MPEAMET HUCCICTOBAHUS —
(OpMBI KIIOHOBBIX TTOJJBOEB M COPTOB SIOJIOHU €BPONEHCKOM, POCCUHCKON M Ka3aXCTaHCKON CEJIEKIINH.

B UII MexnyHapoJHOM 3KCHEPUMEHTAIBHOM KOJUIEKIMOHHOM CaJy-IIMTOMHUKE IaMsTH
C.U. Hcaesa ¢ 2018 roma mpoBoauTCs KOMIUIEKCHOE M3y4YeHHE MOABOEB s10J0HN poccuiickorn CA-1
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(KX «Caxmapckoe»,Opendypr), CA-2 (KX «Cakmapckoe», OpenOypr), Manbsi bynarosckoro
(Muuypunckuit), Ilapammzka CepmroxoBa (Jlemmnrpam), Ot16 1 by3.60p (by3ymykckuit 6op
,Open6ypr), Ot06 3 By3.60p (by3ynykckuit 60p, Operdypr), Ot16 2 by3.60p K-2 (by3ymykckuit 60p,
Openodypr), 18-7 (Kurynesckue caapi, Camapa), OB 2-14 (Boranmueckuii cam OI'Y), Ob 4-3
(boranmueckuii cag OI'Y ), K-2 (Kpemmckuii moasoit), CIIC-7 (CapatoBckuii moapoii), Ob 3-7-K
(borannueckuit cax OI'Y), Ob 3-7-3 (borammueckuit cag OI'Y), 57-225 (Muuypunckuii ), Ob 3-4
(boranmueckwuii cag OI'Y), 62-396 (MuuypuHckuii) 1 HHOCTpaHHOH cenekuuu (Apmenus — APM-
18).

Kontponem cirysxun noasoit 62-396, mmpoko pacnpoctpanéHubiii B Poccnu.

B xopne ucmpiTaHWi IPOBOAMIACH OIEHKA PA3IMYHBIX COUYETAHUH MOIBOEB C MEPCIEKTUBHBIMH
copramu Hapoanoe, bepkyToBckoe u Aanura.

Meronuka TpOBEACHHUS HWCCIENOBAaHUNA. B IensX IOOCTMKEHHS ITOCTAaBICHHBIX 3a/1ad Ha
TEPPUTOPUH  IUIOMOBOTO  CaJa  HMHAWUBHAYAIBHOTO  mpeAnpuHuMarens  «MexTyHapoTHbIid
9KCIEPUMCEHTABHBINA KOJUIGKIMOHHBIA caa-nmutoMHuK mnamsitu C.M. HcaeBa» Obutn mpoBeneHBI
CIEYIOIINE UCCIIeIOBAHMS:

— U3y4YeHHe MMO/IBOEB B KOJUIEKIIMOHHOM MaTOYHUKE;

— U3y4eHHE MOJIBOCB B TUTOMHUKE;

Cxema OIbITa 10 U3YYEHHIO KIIOHOBBIX TIOABOEB SIONOHH:

1. B cooTBercTBHM ¢ METOIUYECKHMH PEKOMEHIAIWSIMH 110 KOMIUIEKCHOMY HW3YYEHUIO
KJIOHOBBIX TIOJIBOEB SOJIOHU [ 8] KOJJIEKITMOHHBI MATOYHHUK OBLIT BEICAXXEH BEPTHUKAIBHO;

Juns xaxxnoit hopmbl moaBos OBUTO BhIcakeHO N0 10 OTBOJAKOB, C TPEXKPATHBIM MOBTOPEHUEM.
B muromMHHMKE STH TMOABOM OBUTM OKYJHWPOBAaHBI IEPCIIEKTHBHBIME COPTAMH B TPEXKPaTHOMN
MOBTOPHOCTH JIJISl U3yYEHUS UX COBMECTHMOCTH. AHAIH3 CTETIEHH COBMECTUMOCTH W KadecTBa
MOJY4aeMOro TOCaI0YHOTO MaTepralia MPOBOJIUIICS Ha OCHOBE MCIIOIB30BaHUS CICTYIOLINX COPTOB:

— Hapognoe;

- BepkyTtoBckoe;

- AsnuTa.

Kaxnoro copra Obuto BbicakeHO 1o 10 mTyk B TpexkpaTHOW mOBTOpHOCTH. Cxema
pa3MenieHrs pacTeHAN OJHOPAIHAS, pacCTOSHNE Mexay psnamu 0,7 M, B pAOy MEXAy PaCTeHUSIMHU —
0,2Mm.

HccnenoBanne TPOBOAMIOCH B CTPOTOM COOTBETCTBHHM C YCTAHOBIICHHBIMH METOJaMU U
MPUHIMTIAMH KOMILIEKCHOTO M3Yy4eHHUs! KJIOHOBBIX TozBoeB siOnoHu. [8]. [Ipu mpoBeneHnn ydeToB u
HAOIIOICHUI TPUACPKUBAIKCH [IporpaMMbl ¥ METOIWKH COPTOM3YYECHHS TILIOJOBBIX, STOTHBIX H
OpPEXOIUIOAHBIX KyNbTyp [9].

VYdeTsl U HAOMIOICHUSI HAUMHAIOTCS B TOJ OKYJIUPOBKH: OCEHBIO TIOJCYMTHIBACTCS KOJIMIECTBO
MIPKUBIIHXCS TNIa3K0B. BecHoi (BO BTOPOM I10JIe MTUTOMHUKA) TIPOBOIUTCS] PEBU3HS COXPAHUBIIUXCS
W TPOPOCHIMX TIA3KOB Ha OKYJsSHTaX. B KOHIlE BereTamuy KaKJOTO TO0Ja MOJCYUTHIBACTCS
KOJINYECTBO OJJHOJIETOK WJIM JIBYXJIETOK.

Cuna pocra B IIEJIOM TI0 COPTY OMPEJIENSIeTCsS OCEHBIO TIIa30MEPHO U BBIpaXKaeTcsl B Oauiax 1o
OTHOIICHUIO K CHJIE POCTa palOHMPOBAHHBIX COPTOB U CPABHUTENHHO C IPYTHMH COPTAMHU Ha STOM XKe
MOJBOE:

1 - ouenb cnalbIi pocT;

2 - cI1a0BbIii;

3 - cpenHwmii;

4 - XOpOIIHiA:

5 - MomIHEI#H pocT.

s onpenienieHust BHICOTHI AETal0T IPOMEPBI MEPHON PEHKOH BBIIEIEHHBIX YUETHBIX Ca’KEeHIIEB
OJTHOJIETOK W JIBYXJIETOK; JMaMeTp IITaMOuKa M3MEpSIOT INTAHTCHIUPKYJIeM Ha Bbicore 10 cM oT
MecTa OKYJUPOBKH COPTa. YKa3bIBalOT YMCIIO OJHOJIETOK, JABIIMX Pa3BeTBICHUS. B TpeTbem mole
MUTOMHHKA OTMEYalOT HHTEHCUBHOCTD BETBIICHHS B Oajax:

1 - cnabas mobOerooOpa3oBaresbHas ClIOCOOHOCTH (Ha ABYXJIETKE 00pa3yeTcs MeHee 5 OOKOBBIX
BETBEN);

2 - cpennss (6-8 BeTBel);

3 - pacTeHHs CHIIBHO BETBSTCS (HaroT Oonee 9 BeTBeit).
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[Ipu u3MepeHHnH BBICOTHI OJHOJIETOK M JBYXJIETOK HMPOMEPSIIOTCS OOKOBBIC Pa3BETBICHUS U
OTMEYAIOT, B KAKOH YacTH Ca)KEHIIa OHH 00pa3oBaiunch (HIXKHEH, cpemHel, BepxHei). OOpa3oBaHue
mo0eroB (4acTo yKOpPOUYEHHBIX) B HIDKHEH YacTH CaKeHIIA MPHUBOJUT K (DOPMHUPOBAHHUIO JEpeBa C
KOMITAKTHOW KPOHOW M paHHUM IUIoAOHOIIeHHeM. [Ipu oOpa3oBaHWM IIMHHBIX OOKOBBIX MOOETOB,
OTXOJIAIINX TMOJT OCTPBIM YTIIOM B BEpXHEW YacTH OJHOJIETKH, (POPMHUPYIOTCS CHIIBHOPOCIBIE BHICOKHE
nepeBbs. OTMEYaloT TaKkKe CIIydar TOSBICHHS IBETKOB U TUIOIOB Ha 0CO00 CKOPOILTOIHBIX COPTaX.

Cratuctiueckas  oOpaboTKa  OKCIEPHUMEHTAJbHBIX  JAaHHBIX  [POBEACHAa  METOJOM
JucrnepcuoHHoro axanusza no JlocmexoBy b.A., a Tak k€ C HCHOJIB30BaHMEM KOMIIBIOTEPHBIX
nporpamm Microsoft Office Excel.

Pe3yabTaThl Mcclieq0BaHUA M UX 00cy:KaeHHe. BaxHeleld coCcTaBisIOMEd COBPEMEHHBIX
MHTEHCHUBHBIX CaJIOB BBICTYNAIOT BEr€TaTUBHO pa3MHOXKaeMble KJIOHOBBIE mojaBou. [11, 12, 13, 14].
MHoromeTHss MPaKTHKa MPUMEHEHHS KapJINKOBBIX MTOBOEB B PA3INYHBIX TOYBEHHO-KIMMATHIECKIX
YCIIOBHSIX KaK B CTpaHe, TaK ¥ 3a py0ekoM, OJHO3HAYHO CBHICTENHCTBYET O BRICOKOW AKOHOMUYECKOM
a¢hdexTHBHOCTH TaHHOTrO MeToza [12,13].

B ycnoBusax 3amagHoro Kaszaxcrana, XapakTepu3yIOIIMXCS OECCHEKHBIMH 3MMaMH U
3aCYILIUBBIM JIETOM, OTOOP TIO/IBOEB JOJKEH IMMPOBOAMUTHCS C OCOOBIM BHIMaHUEM K WX a/IallTHBHOMY
noteHruany [15]. MHorue wuccinegoBaHus TOKa3ajdd, YTO TIOJBOM OKa3bIBAET CYIIECTBEHHOE
BO3/ICHCTBHE HAa MHOXKECTBO arpoOHMOJIOTHUECKUX XapaKTePHCTHK COPTa, TaKUX Kak CHia pocCTa,
YpO’KaiHOCTb, IPOAOJDKATENIEHOCTD KU3HU U aJalTallMOHHbBIE CIIOCOOHOCTH K cpene oburtanwus. [ 16,
17,18, 19, 20, 21, 22, 23].

I'. B. TpyceBuueM choOpMyJIMpOBaHbI KIIOUEBBIE TPEOOBaHUS K IOABOSIM, MCIOJIB3YEMBIM B
CEJIbCKOXO03SIICTBEHHOM MPON3BOACTBE. [10/1BOM TOIKHBI COOTBETCTBOBATH KOJIOTHUECKAM yCIOBHSIM
KOHKPETHOTO pErnoHa, 001aaTh BRICOKOW COBMECTUMOCTBIO C MPUBUTHIMH COPTAaMH W HE YXYAILIATh
UX XO3HCTBEHHBIE XapaKTEePUCTUKH, a TI0 BO3MOKHOCTH, YJIy4IIaTh HX.

Kpome Toro, moaBow HOMKHBI OTPaHUYMBATHL POCT MPUBUTHEIX COPTOB U CIIOCOOCTBOBATH
paHHEMY BCTYIUICHHUIO B TUIOJOHOIICHHE.

BaxHo oTMETHTB, YTO Cla0OpOCHbie IMOJBOM OTIMYAIOTCS 1O PAAY I[OKa3aTelei:
NPOAYKTHBHOCTh B MATOYHHWKE, BBIXOJ CTaHIAPTHBIX OTBOAKOB, 3(QQEKTHBHOCTh YKOPECHEHHUS,
XPYIIKOCTh KOPHEBOW CHCTEMBI, BETBJICHHE U M30THYTOCTH moberos. [12].

B cBsi3u ¢ pocToM cripoca Ha MOCATOYHBIA MaTepuan Il MHTEHCUBHBIX SOJIOHEBBIX CAJllOB, a
TaKXe C TEM, YTO €r0 MPOW3BOJCTBO HANPSMYIO 3aBUCHUT OT HaJIM4Ms KaueCTBEHHBIX ITOJIBOMHBIX
MaTepualoB, 3HAYMTENIbHAS YacTh WCCIECNOBAaHWMA TMOCBSIIEHA HM3YYCHHIO METOJIOB Pa3MHOXKEHHS
moBoes [13].

BaxHeHIMMH KpHUTEPUSMH OIEHKH KadecTBa IOJBOEB CUMUTAIOTCS CIEAYIONIME MapaMeTphl:
BEJINYMHA OTBOJIKHU, JIUAMETP YCIIOBHOTO OCHOBaHMS 1mo0era, CTereHb pa3BUTHsI KOPHEBOW CUCTEMBI, a
TaK)Ke MPUCYTCTBHE OOKOBBIX OTBETBICHUI [11].

CpoK HaCTyIUIEHUS PA3INYHBIX (Pa3 pa3BUTHS KIIOHOBBIX ITOJIBOEB CYIECTBEHHO BapbUPYETCS B
3aBHCHMOCTH OT METEOPOJIOTHUECKUX YCIOBHI KOHKPETHOTO TO/a.

MHuoroneTHre HaOIIOACHNWS, TPOBEICHHBIE B TEUSHHUE TISATH JIET B KOJJICKITMOHHOM MAaTOYHHKE,
MO3BOJIMJIM YCTAaHOBUTH, YTO B YCIOBHX 3amaaHo-KazaxcraHckoil 001acTv mepuoj; akTUBHOTO POCTa
MaTOYHBIX KYCTOB IPEUMYIIECTBEHHO PUXOTUTCS Ha alpeb.

OfHUM U3 KIIOUYEBBIX (AKTOPOB, OMPENEISIONNX dPPEKTHBHOCTh HCIOJIB30BAHUS TOJBOEB
S0JIOHU, SABISIETCS WX NPOAYKTUBHOCTH. [lom Hell MOHMMaeTcss KOJMMYECTBO W KAadeCTBO OTBOJIKOB,
MOJYYaeMBbIX C €TUHHIIBI TUTOIIA/IH.

[TpoyKTHBHOCTh M Ka4eCTBEHHBIE XapaKTEPUCTHKH OTBOJKOB HAMpSMYIO 3aBUCST OT THIIA
BEreTaTHBHO Pa3MHOXKAaeMOT'0 MOJBOS. OTH IIOKA3aTelld B 3HAYUTEIHHOW CTEIEHU OIPENeIsIFOTCS
oOmiell cUmoW pa3BUTHSL OTBOJKOB, KOTOpas BBIPAKACTCS B KOJIMYECTBE IJIACTUYECKOW MAacchl B
HaJ36MHOM 4aCTH PaCTEHUs U Pa3BUTOCTU KOPHEBOM CHCTEMBI.

Ilo pe3ynbTaraMm HccieOBaHHNA BBISBICHO 3HAUUTENILHOE MEXIOJ0BOE KOJeOaHHEe KOJITNYECTBa
otBoAKOB Y 110/1Bost CIIC-7 1 KOHTpOIBbHOTO 1MO/IBOsI 62-396. 3a Tpu roja HAOIIONEHUS 3TU MOBOU
MIPOJIEMOHCTPUPOBAIM HAUMEHBITHUN CPEeTHUN BBIXOM OTBOAKOB — 3541,7 m 5635,9 Teicsia mITyK Ha
reKTap COOTBETCTBEHHO. Hanbosiblee KOJU4eCTBO OTBOIKOB ObLIO 3apKCHpOBaHO y 110/1BoeB OT0 3

By3.60p. O16 3 by3.60p, APM-18, 57-225 u Ob-3-4. (Tabnumna 1)

OTMeuasicsl 3HAYUTEIbHBIA BBIXOJ] OTBOJAKOB Yy nofBos. OT0 3 By3.00p B cpeaHem 3a Tpu roja
17736,1 wT. ¢ omHOro Tekrapa, KOTOpbi Ha 68 % ObLI BhINIE MO CPaBHEHHIO C KOHTPOJIbHBIM
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BapuaHToM. TaOmuma 1 #OeMOHCTpHpYET MOKa3aTelu NPOAYKTUBHOCTH MAaTEPHHCKUX PacTeHUH
0JI0Hb, UCIIOJIb3yEMBIX B JAHHOM HCCIICIOBAaHUH.

Tabmuma 1 — [IpogyKTHBHOCTB TIOJIBOEB SIOJIOHU IO BBIXOy OTBOJKOB B MATOYHUKE

Tosoii 2018 2019 2020 Cpemiee

3a 3 roma

CA-1 4500,0 17500,0 8750,0 10250,0
CA-2 8125,0 5833,3 12500,0 8819,4
Manbiur 5416,7 7500,0 7500,0 68056

Bynarosckoro
Tapamasxa 4687,5 12500,0 22500,0 13229,2
CepmrokoBa

016 1 Bys.60p 12500,0 7083,3 7083,3 8888,9
076 3 By3.60p 13833,3 11458,3 27916,7 17736,1
0162 B-‘£3'6°p K- 8666,7 8000,0 14833,3 10500,0
18-7 4500,0 8750,0 134375 8895,8

OB 2-14 8000,0 19166,7 5000,0 10722,2
OB 4-3 7250,0 3750,0 8333,3 6444.4
K-2 7000,0 11250,0 133333 10527,8
CIIC-7 3125,0 5000,0 2500,0 3541,7
APM-18 17857,1 15000,0 19375,0 17410,7
OB 3-7-K 8333,3 13928,6 7857,1 10039,7
Ob 3-7-3 5000,0 6750,0 9000,0 6916,7
57-225 7500,0 121154 25448,7 15021,4
Ob 3-4 9950,0 11980,5 21590,9 14507,1
62-396 KOHTPOIb 27143 6290,3 7903,2 5635,9

HccnenoBanne Mpon3BOJUTEIBHOCTH PA3IMYHBIX MTOJIBOWHBIX SO0JOH B MATOYHOM THTOMHUKE
BBISIBUJIO B3aUMOCBSI3b MEXKIy KOJMYECTBOM OTBOAKOB M THUIIOM IIOABOS, arpOTEXHUYECKHMHU
METOJaMH  BBHIpAlllMBaHWA © TOTOMHBIMH  ycioBusiMH. B 2020 romy HeOmaromnpusTHEIE
METEOPOJIOTHUECKHE YCIIOBHSI HETAaTHBHO MOBIUSIM HAa POCT W Pa3BUTHE PACTEHUH B MAaTOUYHOM
NUTOMHUKE. B TedeHue roma HaOuoJanach 3acyxa C TMOBBINICHHBIMH JIETHUMH TEMIIEPAaTypaMH.
Hepmocrarok Bnarm HeraTMBHO CKa3ajiCsl Ha IOKa3aTesIX KadyecTBa OTBOJKOB, YTO MPOSBHIOCH B
YMEHBIICHUH KOJIMYEeCTBA OOKOBBIX IIOOETOB M BBICOTBI PACTEHHH, a TaKXKe CHIDKCHHH HX
CIIOCOOHOCTH K YKOpEHEHHIO (Tabmuiia 3).

B Teuenue Bcero nepuona BereTauuy HaOIrOAANICA HENPEPHIBHBIN pOCT MOOEroB OKOPEHEHHBIX
OTBOJKOB. AHanu3 JUHAMHUKH POCTa II03BOJIMJI YCTAaHOBUTH JIBe (ha3pl HanOoyiee HWHTEHCHUBHOTO
passutua moaBoeB. [lepBas dasza, kak mpaBuio, HAYWHAIACHL B TIEPBYIO JEKaay HIOHS Yy BCEX
W3yUYCHHBIX TOJBOEB 3a HCKIIOYEHUEM KapJIMKOBOTO MoABOA 62-396. JlmuTenbHOCTh 3TOM (has3bl
BapbUpOBAJIACh B 3aBHCHUMOCTH OT WHAMBHUAYQJIBHBIX OCOOEHHOCTEH M0aBOeB. B HauanbHBIN
JIBaJIIIATUTHEBHBIN TIEPUOJI HIOHS HAOF01ajICs] HanboJiee HHTEHCHBHBIN pocT noaBoeB CIIC-7 u 18-7.
CIIC-7, 18-7, IMapaauska CeparokoBa u Ob 3-7. 1x poct cocraBui ot 100 no115 cMm. Y noasos 62-
396 MHTEHCHBHBIN POCT HAcTymaa mo3xe apyrux noasoeB — B Il mekame mas m mpomomxanach
no 11 nexanp! uroHs, BeicoTa coctapmia 70 cM. (Tabmura 2).

TTonsoit CIIC-7 mpoaeMOHCTpUPOBAT HAMOOIBIIHNA MPUPOCT B TPYIIIE KAPIUKOBBIX ITOJBOCB,
YBEJIMUMBILIKCH 3a CE30H Ha 115 cm.

[lokazarenu pocra moasos Ob 2-14 (75 cm) m Mansimn bynarosckoro (75 cMm) okaszanuchk
OJIM3KM K KOHTPOJIHHOMY BapHaHTy. BpICOTa OCTaJbHBIX KapJIHMKOBBIX IMOJBOEB BapbHPOBAlach B
npenenax 80-95 cm.
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UccrnenoBanuss NpOAEMOHCTPUPOBAIM 3HAYMMOE BJIMSHUE THIA TIOABOSI HAa TpoLece
ykopenenus. Tak, B ycioBusax 3KO B 2020 roxy mogBou OB 3-4 1o OKOpeHSEMOCTH OTBOJKOB
MIPEBOCXOAAT KOHTPOJIBHBIN I01BOM Ha 1 Gaw.

Tabmuma 2 — OKOpeHsIeMOCTh, CHJIa POCTa W HalW4he OOKOBBIX TOOETOB  IOJBOEB SOJOHH B
MaTOYHUKE

2020 rox 2021 rox 2022 rox
. g, s
3 . = & . &
8154 58 & |8:|zs8 & | 5z 58
- |22 28| = |23 28 = | B3 z¢
E | T ©E = T r| ©E & STE | ©E
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g 27T & | F° T2 & S T M
) &) ) &) 9 o
< < Z
o o o
CA-1 2 80 3 80 3 85
CA-2 3 80 1 4 85 2 4 75 2
Mabim 3 | 75| 2 3 70 | 2 3 65 2
Bynarosckoro
Hapanuska 2 |10 2 2 90 2 2 75 2
CeparokoBa
Ot16 1 by3.60p 2 80 3 4 90 2 4 85 2
OT16 3 by3.60p 2 90 3 3 90 2 3 85 2
OT16 2 by3.60p K-2 3 85 2 3 85 2 3 90 2
18-7 2 105 2 2 100 2 3 90 2
Ob 2-14 3 75 1 3 70 1 4 60 1
Ob 4-3 3 95 2 3 90 2 3 65 2
K-2 3 80 2 4 85 1 4 70 1
CIIC-7 2 115 2 2 100 2 2 30 2
APM-18 3 80 2 4 80 2 4 70 2
Ob 3-7-3 3 85 1 3 80 1 4 50 1
OB 3-7-K 2 105 3 3 100 3 4 80 3
57-225 2 95 1 3 105 1 3 100 1
OB 3-4 5 80 1 4 85 1 5 80 1
62-396 3 70 2 3 85 2 3 80 2

OtBoaku nozxsoe CA-1, CA-1, O106 1 by3.60p, O16 3 Bby3.6, 18-7, CIIC-7, Ob 3-7xpacHslii,
57-225 umenmn okopeHeHue 2 Oaya cped M3y4aeMbIX MOJBOEB M MPAKTHYECKH WMeENH ciaboe
pa3BeTBIICHHE.

Takum 00pa3oM, MakCUMajbHas CIIOCOOHOCTb K OKOPEHEHHIO, OTMEUEHa HAMH y OTBOJKOB
nogsost CA-2, O16 1 by3.60p, K-2, APM-18, Ob 3-4 u Huskas y noasoes Ilapagnska CepatokoBa u
CIIC-7.

[IpoBeseHHble WcCIEOBaHMs IMOKA3aJd, 4YTO BCE HCCIEAyeMbIe IIOJIBOM COOTBETCTBYIOT
HEOOXOIUMBIM KPUTEPHSIM ISl IPOBEACHUS ONlepalii OKYJIUPOBKH. B 3Toil cBA3M ObUT 3a105KEH OMBIT
IO OTPEJICTICHHUIO BIMSHUS OKYJIMPOBKH Ha COXPAHHOCTH OJIHOJICTHUX CAKEHIIEB SIOJIOHU, TIPUBUTHIX
Ha nozBoi 62-396, K-2 u OB 3-4 . [{ns 3Tux 1ieiieii ObUIM UCTIOJIb30BaHbBI COPTa S0JOHU HHTEHCUBHOTO
tuna HaponHoe, bepkyToBckoe u Asnura. (Tabnuna 3).

[lony4yeHHble pe3yibTaThl MOKa3ald, YTO OKYJIMPOBKA OKa3ajla CYLIECTBEHHOE BIIMSHHE Ha
COXPAHHOCTbH OJTHOJIETHHUX Ca)KEHIIEB.

Tak, y copra Asnura K KOHIly BEreTalMM INPH OKYJIHMPOBKE Ha mojaBoe 62-396 orMeueHa
coxpaHHOCTb caxeH1eB Ha 100 %, a Ha coptax HapoaHoe u bepkyToBckoe COXpaHHOCTb OKYJIHPOBOK
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MoKa3aja, CoOOTBETCTBEHHO 53% u 63% u 5TH MoKa3aTeNy, ObLIH CAMBIMM HAUMEHBIIMMHU 110 ITOABOSM
1 COPTaM B OTIBITE.

Tabmuia 3 — BiwusHUE OKYJIMPOBKM HAa COXPAHHOCTh OJHOJISTHHX CQ)KCHIICB Ha Pa3HBIX MOJBOSX
COPTOB SOJOHU

copT Bcero obmias mo
copt Haponnoe BepKyToBCKoe copt AdimTa copram
N 2 S S
® gl 2 gl 2 gl 2 g
& o g S o & S o 81 & o &
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o o o Na) > o =y > o N > o N >
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1 | 62-396 | 15 8 53 | 8 | 5| 63 5 5 | 100 | 28 | 18 | 64
K-2 46 | 40 | 87 | 45 |35 78 | 39 | 31 | 79 | 130|106 | 82
16 | Ob3-4 | 45 | 42 | 93 | 38 [33| 87 | 111 | 8 | 77 |194| 161 | 83
Wtoro | 106 | 90 | 8 | 91 | 73| 80 | 155 | 122 | 79 | 352 | 285| 81

ITo oxynmupoBke coptoB Haponnoe u bepkytoBckoe moasoir Ob 3-4 okazanics caMblil Tydium
110 COXPaHHOCTH OJTHOJIETHUX Ca)KEHIIEB.

3aknawuenune. B PecryOnmke Kazaxcran cafoBOACTBO 3aHUMAaeT Bemyllee MECTO B
arpoIpOMBIILIIIEHHOM KOMIUIEKCE, IIOCKOJIbKY NPOU3BOJACTBO IUIOA0OB M OBOIIEH UIpaeT BasKHYIO POJb
B 00ecTeYeHnH HaceJIeHUsI HeOOXOUMBIMU BUTAMUHAMH JIJIsl TIOAJICPKAHUS 3I0POBbSL.

OCHOBHBIM IIyT€M pEIIEHUS 3TOM NPOOIEMBbl SBISAETCS BBEICHHWE B IPOMBIIIICHHOE
canoBoAcTBO 3amagHoro KaszaxcraHckol oOnacTH IOJBOEB M COPTO-NIOJBOWHBIX KOMOWHAIMH,
XapaKTepU3YIOUINXCSl YCTOWYMBOCTBIO K JIMMUTHPYIOHMIUM (AaKTOpaM pPe3KO-KOHTHHEHTAIBLHOTO
knumata. MccnenoBanue U BHEAPEHUE B MPOMBINIJIEHHOE MPOU3BOJCTBO MEPCIEKTUBHBIX KIOHHBIX
NOJBOEB M ONTHMAJbHBIX COYETAHUH COPTOB C TMOABOSMH Ui sIOJOHEBBIX JIEPEBHEB,
aJlalTHPOBAHHBIX K YCIOBHAM 3allaJJHOTO PETHOHA, ABISETCS BECbMa aKTyaJIbHBIM.

B Xonme KONJIEKIIMOHHOTO W3Y4YEeHHS B MATOYHHKE OBUIM BBIIETICHB TEepPCHEKTUBHBIC
KapnukoBble noasou 6o O16 3 bys.00p, Ob 3-4, 57-225, APM-18 ¢ xopouiei cniocoOHOCTBIO K
YKOPEHEHUIO, HEOOIBIINM KOJIMYECTBOM OOKOBBIX BETBJICHHH, MPOAYKTUBHOCTH, KOTOPBIX 3a TOABI
W3y4eHUH CTaOWIBHO YBENWYHMBAETCS M TpeOyeT NalbHEWIIero M3y4eHWs B MUTOMHHKE M Caay B
COYETaHUH C Pa3INIHBIMH COPTO-TIOABOHHBIMU KOMOWHAUSAMU SOJIOHH.

OnsIT 3aK1aJKA MHTOMHHUKA U BO3/EIBIBAHUS B TIOYBEHHO-KIMMAaTHYECKUX YCIOBHAX 3amaaHo-
Kazaxcranckoil 00macTy MOABOEB M COPTOB SIOJIOHM TOKa3bIBAET, YTO 3TH KYJIBTYpPBI SBIISIOTCS
NEPCIEKTUBHBIMU TJIOJIOBBIMU KYJIBTypaMH, HEOOXOAMMO 3TOT BONPOC M3YYHThH Ooliee JNEeTalbHO U
MOJATrOTOBUTH PEKOMEHAALINH [UISl CENIbXO035CTBEHHBIX TOBAPOIIPOM3BOIUTEIICH.
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TYUIH

Makanana anMma aramTapblHBIH TaMbIpcabaKTapbl MEH COPT-TaMbIp ca0aKk KOMOWHAIUsIapbIH
3epTTey HOTHXKENEPi KOpCeTiTreH.

AnMa araiibIHBIH TaMbIp ca0aKTapbIHBIH MaHBI3/Ibl KOPCETKIIITEPIHIH Oipi ONMapablH ©HIMIIIIIT
— ayJaH OipIiriHe eHIMIIIITi MEH carlachl.

Ym sxput imiHae oprama 17736,1 manaHel rektapra KypaiTeiH 3 bBy3.00p TambIp cabarsl
OOMBIHINIA JKETKITIKTI )KOFapbl OHIMILIITT OaiKanasl Oyi1 0aKblIay HYCKAaChIMEH CalbICThIpFanaa 68%-
Fa JKOFapbl OOIIBL.

Tamplp cabak anMa TypiHe aiTapibikTail ocep eremi. Ob 3-4 GakpUIaHATHIH TaMBIp cabak
1 6amra, KeciHALEpaiH TaMbIp airy Kaoinerine skorapel. CA-1, CA-1, 1 By3.60p cerHamackl, 3 by3.0,
18-7, CIIC-7, Ob 3-7 kp13pu1, 57-225 chlHaMaNapblHBIH 3€PTTENTEH TaMblp CaOaKTapBIHBIH IMIiHAS
2 OanMeH OaralaHIIbl JKOHE iC JKY3iHIIE 9JICi3 TapMaKTamybl OOJIIBI.

Tamblp cabakTap 6pKEHAEPIHIH ocyl Y3HIKCI3 JXYpill OTBIPABI, TaMBIPIABIH MaKCHMAIIbI
My™KiHgirin 6i3 CA-2 Ttamblp cabakta, 1 by3.6op, K-2, APM-18, OB 3-4 Ttamelp cabakrap
ceNeKIusIchiHIa koHe TeMeHneyiH Ilapamuzam CeparokoBa sxkoHe CIIC-7 Tamblp cabakTapblHIa
OaiiKabIK.

ATNBIHFaH HOTIKENEP OIpXKBUIBIK KOIISTTePAiH CaKTalyblHa OYPIIIKTCHYIIH alTaplibIKTai
acep eTkeHiH kepcerTi. COHbIMEH, A3JIMTa COPTHIH/IA BereTalMsUIbIK Ke3eHHIH COHbIHA Kapail 62-396
Tamblp cabakra OypluikTeHy Ke3iHae kemeTteplaiH cakramysl 100%, an Hapoanoe xone
BbepkyToBckoe copTTapblHAa OYpIIIKTEHY cakTalybl coiikeciHmie 53 xoHe 63% KepcerTi xoHe Oy
KOPCETKIITep TaxipuOene TaMblp cadakTapbl MEH COPTTAphI YIIIiH €H TeMeH Oouel. HapogHoe xoHe
BbepkyToBckoe copTTapblHBIH Oypiik >xapybl OoiibiHma Ob 3-4 Tamblp cabakThiH — Oip>KBUIIBIK
KOIIETTEP/Ii CAaKTaTyhl )KaFbIHAH Y3/IK OOJIBII IIBIKTHI.
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AHAJIN3 CTATUCTHYECKHX JAHHBIX O IIEHHBIX TIOPOJAX OBEIl KA3AXCKOM
CEJIEKIIMHU B OBLIEIIOIIYJIAIIMOHHOM ACIIEKTE
ANALYSIS OF STATISTICAL DATA ON VALUABLE BREEDS OF KAZAKH SELECTION
SHEEP IN A POPULATION-WIDE ASPECT

AHHOTAUA

B nanHOM wHcciiegoBaHMM TPOBOAMTCS KOMIUIEKCHAsl OLEHKA CTaTHCTHYECKHX IOKa3aTelel
IEHHBIX TIOPOA OBell Ka3axCKoW cenekuuu. McciemoBaHnwe 3aTparmBaeT TsITh  LIMPOKO
pacnpoctpaneHHbIXx B Kazaxcrame mopon oBer: Emmnp0aii, ka3axckas TOHKOpYHHas TOpO/a,
AxoKallbIK, Kazaxckas momyrpyoOomiepctHas mopoga u Capeiapka. Ocoboe BHHUMaHHE YAENSeTCs
NPOUCXOXKICHHIO O3TUX TOPOA M WX POIA B CEIBCKOXO3IWCTBCHHOW TMPAaKTHKE pErHoHa.
I'eHoTHmM3anms ¢ wucnoip3oBanueM TtexHonoruii Illumina Beadchip w Illumina OvineSNP50
OLICHMBAET T'€HETHYECKOe pa3HooOpasue NaHHBIX IOPOA, a TakkKe HaOMIoJaeMyr0 M OXHIAEMYIO
reTepPO3UrOTHOCTh U UHJIEKC (hukcanuu Paiira.

Mertonuka uccienoBanusi ocHoBaHa Ha coope oOpasuoB JJHK ¢ 11 ka3zaxcranckux ¢epm, uto
rapaHTUPYET Pelpe3eHTATUBHOCTh HUCXOMHBIX MaHHBIX. Mcnonp3oBanne cuctemsl [llumina iScan mos
reHotunupoBanusi SNP MapkepoB MO3BOJWIIO ONPENENIUTh YPOBEHb T'€HETHUYECKOTO PasHOOOpasus
MCKAY MONMYyJIAIUAMU.

PesynpraTthl uccnenoBaHUsT HE TOJBKO IIOKA3bIBAIOT TEKYLIEE COCTOSHHE TI'CHETUYECKOU
CTPYKTYpPbI IIOpOA, HO W AAar0OT BO3MOXHOCTL IIPOTHO3UPOBATHL HAIIPABJICHUA HX CCICKIIMOHHOIO
pa3BUTHs. AHaJIHM3bl NIOKa3aTellell TeTepO3UIrOTHOCTH W MHIEKCOB (ukcanuu PaiitTa 1eMOHCTPHPYIOT
YHHUKaJbHOCTb Ka3aXCKUX IOPOJ OBEL C TOUYKU 3PEHUS TEHETHKH, YTO UMEET OOJIbIIOEe 3HAUCHUE AJIsS
PasBUTHS HALMOHAIBHOTO CEJILCKOTO XO35IMCTBA U COXPAHEHHUSI TEHETUIECKOr0 Pa3HO0Opas3usl.

HccnenoBanne ymydinaeT Haimle MOHMMaHHE T'€HETHYECKOTO MOTEHIHANA Ka3aXCKUX IMOpPOJ
OBElLl, MPEIOCTaBJsAs MOJIE3HBIE JAaHHBIE Ul pa3paOOTKU CTPATETUH COXPaHEHHS M ONTUMH3ALUU
CeJIEKIMOHHBIX paboTr. CoOpaHHbIE JaHHBIE MOTYT OBITh HCHOJNB30BaHBl Ul  pa3pabOTKU
3¢ EKTUBHBIX METOJIOB CEJICKIIMU, KOTOPbIe YIy4llaT CebCKOXO3IHCTBEHHBIE XapaKTEPUCTUKN ITHX
mopona, Taknue Kak YCTOI‘/'I‘II/IBOCTB K GOHGSHHM, Ka4uCCTBO IICPCTU 1 MOBBINICHUE MTPOAYKTUBHOCTH.

ANNOTATION

This study conducts a comprehensive evaluation of statistical indicators of valuable breeds of
Kazakh selection sheep. The research covers five widely spread breeds in Kazakhstan: Edilbai,
Kazakh fine-wool breed, Akzhaiyk, Kazakh semi-coarse wool breed, and Saryarka. Special attention is
given to the origin of these breeds and their role in the agricultural practices of the region. Genotyping
using Illumina Beadchip and lllumina OvineSNP50 technologies assesses the genetic diversity of
these breeds, as well as observed and expected heterozygosity and Wright's fixation index.

The research methodology is based on the collection of DNA samples from 11 Kazakh farms,
ensuring the representativeness of the initial data. The use of the Illumina iScan system for SNP
marker genotyping has allowed for the determination of the level of genetic diversity among
populations.

The results of the study not only show the current state of the genetic structure of the breeds but
also provide the ability to predict the directions of their selective development. Analyses of
heterozygosity indicators and Wright's fixation indexes demonstrate the uniqueness of Kazakh sheep
breeds from a genetic point of view, which is of great importance for the development of national
agriculture and the preservation of genetic diversity.

The research improves our understanding of the genetic potential of Kazakh sheep breeds,
providing useful data for developing conservation strategies and optimizing breeding work. The
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collected data can be used to develop effective breeding methods that will improve the agricultural
characteristics of these breeds, such as disease resistance, wool quality, and increased productivity.

Knrwueesvie cnosa: osydbl, ceHomunupoeadue, cmamucmu4ecKkue nokasameiu, ceHemudecKkoe
pa3H006pa3ue, nonyﬂﬂuuﬂ;
Key words: sheep, genotyping, statistical indicators, genetic diversity, population.

BBenenne. OBLEBOJCTBO, Kak cdepa KHUBOTHOBOJCTBA, MPHOOpETaeT OCOOCHHOE 3HAueHHE,
IIOCKOJIBKY OBIIbl IPEACTAaBIIOT COO0M BaXKHBIN pecypc AJsl YeJOBEYeCTBA, 00ECHCUMBAsi LIEHHBIM
MSICOM, LIEPCTHIO, KOXKeH U MOJIOKOM. COBPEMEHHBIE UCCIIEIOBAHUS, IPOBOJUMbIEC YICHBIMHU 10 BCEMY
MHUpY, (DOKYCHUPYIOTCS Ha TEHETHYECKHX OCOOCHHOCTSIX OBEIl C LIENbI0 YCOBEPUICHCTBOBAHHS HMX
CEJIbCKOXO3SIMCTBEHHBIX XapaKTEPUCTHK. B 3TOM KOHTEKCTE AaKIEHT JeNaeTcs Ha YIIydIIeHUH
YCTOMYMBOCTH K OOJIE€3HSIM, HOBBIIICHUH KAa4yeCTBa LIEPCTH, YBEIMYEHHUH >KMBOM Macchl M BBIXOJA
msica [1-4].

B coBpemeHHOM Mupe arpapHOil HayKH W >KMBOTHOBOJCTBA OLICHKA OOMICTIOMYJISIIMOHHBIX
CTaTUCTUYECKUX IIOKa3aTelIeld MMeeT OIPOMHOE 3HaueHHe Uil 3(QQEKTUBHOIO Pa3BUTHUS CEIBCKOTO
XO3SHUCTBA W TMOBBIIIEHHS MPOIYKTUBHOCTH XKUBOTHOBOJACTBA. Oco00€ BHHUMAaHHUE YACISIETCS OLICHKE
TeHETUYECKOro MOTEHIMaja pa3IuyHbIX MMOPOJ CKOTa, U OJHUMH U3 KIIOUEBHIX IIEHHBIX MOPOJ OBEll,
ABJISIFOILNXCSL 0ObEKTOM BHUMAaHUSI MHOTHX HCCIIE0BATeNeH, SBISIOTCS OBLBI Ka3aXCKOH cesnekuu [2,
3, 5-7].

B paHee mpoBeiaeHHOM TpYIINOW HCCleAoBaTenell KOMIUICKCHOM MeTaaHain3e ObUTH
CHUHTE3UPOBAaHbl JaHHbIE MHOTOYMCIICHHBIX MCCIECJOBAaHUN, YTOOBI MPENOCTaBUTh OOHOBICHHBIC
OLICHKM HACJICICTBEHHOCTH U TEHETHYECKUX KOPPEJSLUUA B OTHOLICHHH POCTa, Pa3MHOXKEHUS,
YCTOMYMBOCTH K MapasuTaM, XapaKTePUCTUK IIEPCTH W TYIIH. OTH HapaMeTpbl UMEIOT >KU3HEHHO
BaXHOE 3HAu€HWe M IMpOorpaMM pa3BeleHHs, OCOOEHHO B pPAa3BUBAIOIIMXCS CTpaHaX, Te
OBIIEBOJICTBO SIBJIICTCS BAXKHOHN CEIBCKOXO3IMCTBEHHON AEATEIBHOCTRIO [8].

'eneTnyeckne OCHOBBI PEMPOJAYKTUBHBIX KAueCTB M POCTa STHAT OBUTH JIOTIONHUTEIBHO
BBISICHEHBI B MOCIEAYIOUINX HCCIEIOBAaHUAX, KOTOPHIE UCIIOIb30BAIM MTOJIHOTEHOMHBIE HCCIIeI0BaHUS
acconmaruii (GWAS) n anmamm3 oGorameHuss HaOopa TEHOB, 4TOObI TOYHO OIPENEIHUTH T'€HEI,
BIMAIOLINE HAa STH NPHU3HAKH y UPAHCKUX OETYMKCKUX OBEL. OTO MCCIEAOBAaHHE INOIYEPKHUBACT
MOTEHIMAIT LEJIEBBIX CTPATErni CEJIEKINHU JJIs YAYUIIEHUS 3TUX S3KOHOMHYECKH 3HaUMMBbIX [TPU3HAKOB
[9].

Hpyras wuccnepoBaTenbckas TIpyla ONpeienuia KIIOUeBblE TEHETHYECKUE MapKephl,
CBSI3aHHBIE C MAacCOW Tena M OCOOECHHOCTSMH TEJOCIOXCHHUS Y HOBOPOXKICHHBIX OBEIl, YTO JaeT
MIPEJICTaBIEHNE O TEHETHYECKON apXUTEKTYpe, KOTOPYIO MOKHO MCIOJIB30BAaTh Ul YIYUIIEHUS 3THUX
MPU3HAKOB C MOMOILBIO NPOrpaMM CEIEKIMOHHOro pa3BeneHus [10].

OTH UCCIEe0BaHUS B COBOKYIIHOCTH PACIIMPSIIOT Halle MOHWMAaHHE FeHETHYECKHX (DaKTOpOB,
BIMSIOIMIMNX Ha XapaKTepUCTHKH OBEl, W TOJYEpPKUBAIOT BAXKHOCTh HWHTETPALMM TE€HETHYECKOU
MHQOpPMALMK B MNPOrpaMMbl pa3BEACHUs AJsl ONTHMHU3ALUM NPOJYKTUBHOCTH M YCTOHYHMBOCTH
OBIIEBOJICTBA.

B nanHOM mMCcieZ0BaHWM pacCMaTPUBAIOTCS IISTH MOPOJ OBEIl, HITMPOKO PACIpPOCTPAHEHHBIX B
Kazaxcrane: Enmnp0aii, Kazaxckas ToHkopyHHasi, Axxkaiblk, Kazaxckas mnomyrpyOomiepctHas U
Capeolapka. Ilopoga Enunp06aii TpaJuIIMOHHO CUMTaeTCsl HOTOMKOM ApeBHHUX nopox osen Kasaxcrana
[3]. Ona 6pma co3mana B koHIle 19-ro Beka B permonHe 3amamHoro Kaszaxcrana u, BEpOSITHO,
MIPOM30IIIJIa OT CKPELUBAHMS aCTPaXaHCKUX OBEI] C MECTHBIMHU MTOPOJIaMH, XOTS HET JOKYMEHTaIbHBIX
JaHHBIX O TOM, Kak 3Ta nopoja Obina mpousBeneHa. OBupl Enunp6ail Xopoio npucocoOieHbl K
YCIIOBUSIM CYXHMX CTENed W MYCThIHb M BBINACAIOTCA IMPAKTHYECKH KPYINIbIM roxa. Ota mopoja
BBI3bIBAECT OCOOBIM MHTEPEC, TaK Kak aHain3 MuToxoHapuanbHoi JJHK nmoareepkaaer reHeTHUECKYIO
onuzocte Eamnn0ail kK rHnoTeTHdYecKoMy MpelnKy COBPEMEHHBIX IMOPOJA OBEl, XOTs OHAa He Oblia
JIOTIOJTHUTENBHO CPaBHEHA C APYTUMH NTOPOAaMHU OBEIL, pacIpOCTPAHEHHBIMU 110 BceMy Mupy [2, 11].

ITopona Enunb0aii mMpOKO HCIOIB30Baach KaK MCTOYHHMK JUIS BBIBEJICHHUS APYTHX MOPO,
taknx kak Kazaxckas momyrpybomepctHas wu  Capelapka. Paborer wam — Kasaxckoit
noJyrpyoomiepcTHol Hauanuch ¢ TpyaoB B.A. bansmonta (banesmonT, 1968). KupHoxBocTas mopoaa
Capriapka 6pu1a co3ana B nepron ¢ 1970 mo 1998 rog myTem ckpenuBaHus yIyqIIEHHBIX HCXOIHBIX
KUPHOXBOCTBIX IOJYIpyOOIIEPCTHRIX Ka3aXCKUX OBell C OBIaMU Enunb0aid, ¢ moclieayroImum
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MHOPUIMHIOM >KUBOTHBIX HYKHOT'O THUNA. OTH OBLBI XapaKTEpU3YIOTCS KPENKHM 30POBBEM, UTO
MO3BOJISIET MACTH MX Kpyrielid rox [11, 12].

IToponma Kazaxckas TOHKOIIEpCTHAs OBeIl OblIa 0100peHa B KaUeCTBE HE3aBUCUMOM TIOPOIBI 28
ceHTs0ps 1945 roma. Pabotel Han 310l mopojol Hadanuchk B.A. banemonToM B 1931 roay Ha roro-
BocToke Kaszaxcrana m BKroYanum B cebs ckpemmnBaHue Kazaxckux OBeIll C KUPHBIMH XBOCTaMHU H
TOHKOIIEPCTHBIMA OBIIAMH TpeKoc. JKUBOTHBIE STOH MOPOIBI OTIMYAIOTCS OBICTPHIM POCTOM,
KPETKHUM 3JJ0POBBEM U XOPOIIel afanTanueil K NacTOMIIHOMY BbINacy Kpyrisiid rox [12, 13].

Msico-mepcTHas nopoaa Axxkaibik Oblia BeIBeJeHa Ha BocToke Kazaxcrana B 1996 roay mytem
CIIO)KHOTO PENpPOAYKTUBHOTO CKPEIIUBAHUS OBEI] C TOHKOW M TMONYrpyOO# IMepcThio ¢ OapaHamu
JUHKOIFHCKOTO ¥ POMHHEBCKOTO THIIA, a 3aTeéM MHOPWUIMHTA XKHMBOTHBIX HYXXHOTO THMNa. B TedeHme
MHOTHX JIET Hay4HO€ PYKOBOJCTBO IO OTOOpY M Pa3BEICHHIO MOPOABI AKKAWbIK OCYIICCTBISIOCH
B.B. TepentseBoM [14].

B menom, cymecTByeT HeIOCTaTOK JIETANBHBIX TEHETHYECKUX MCCIIEAOBAHNN Ka3aXCKUX MOPO
osell. [loaToMy, B JaHHOU paboTe, MBI MPEICTABISEM PE3yIbTaThl UCCIEIOBAHUS MO0 TeHOTUIIH3ALUN
oBer] B Kazaxcrane ¢ ucnonb3oBanueM TexHosoruu [llumina Beadchip u [llumina OvineSNP50 s
aHaM3a TEHETHYECKOTO pa3HooOpa3us TISTH MECTHBIX IOpOA Ka3axCKux oBerl. llomydueHHble
TCHETHYEeCKHe JaHHble OyAyT MpoaHaJM3HpOBaHBl W  TOIyY4aT OLEHKY [0 OCHOBHBIM
00MIeTOMyISIIMOHHBIM CTATHCTUYECKUM TIOKa3aTellsiM, BKIIIOUYasl aHAIIN3 OKUAaeMOH U HaOIronaeMoi
TeTepO3UTOTHOCTH, WHACKC ¢ukcanuu Paiita (Wright's fixation index). MsI ncciemyem 3T BaKHbIE
CTaTHCTUYECKHE MMapaMeTpsl, 9To0bI 0oJiee TITYOOKO MOHATH TEHETHYECKYIO CTPYKTYPY WM MOTEHIIHAT
9THX TOPOJ, & TAaKXKe BBIABUTH (PAKTOPHI, BIUSIOIIME HA HMX TCHETHUYECcKoe pasHooOpasue. Hamma
pabora OymeT cmocoOCTBOBaTh pa3BUTHIO JS(P(EKTUBHBIX METOAOB CEIEKIHA U COXPaHEHHUIO
TEHEeTHYECKUX PECYPCOB Ka3aXCKUX OBEIl I OYIYIIHX TOKOJICHUH.

MartepuaJibl 1 MeTOABI HccenoBanuii. OOpasibl MATH TOPO OBEll ObLUTH TpeIocTaBiIeHs 11
¢depmamu mo Bcemy Kazaxcrany: "bupauk", "Artameken", "Kyanpimu", "Canranat" uz 3amagHo-
Kazaxcranckoro peruona; "Axap" u "P-KypTsl" u3 pernona Anmarsr; "Kapa Axgeip" u "Xacues" u3
Bocrouno-Kazaxcranckoro peruona; "Otkamxap" u "Capsicy" u3 KaparanamHCKOro peruona;
"AnteiH Acens" 13 AxTIOOMHCKOTO peruoHa. O0pasisl U3 yiiel oBel ObUTH cOOpaHbl, (PUKCHPOBAHBI
3TaHONIOM W XpaHwmck mpu temmeparype -20 °C. llepen o00paboTkoii 00pa3ipl JBAXKIIEI
npoMbIBaNIUCh  pochaTtaeiM  Oydepom mns  ymamenust ¢ukcatopoB. JHK wm3Bnekamace c
ucnonb3oBanueM HabopoB ais ouncTkd JJHK m PHK MasterPure Complete (Lucigen Simplifying
Genomics, CIIIA) u paz6aBisiachk 10 KOHIEHTpauu 50 HI/MKIIL.

I'enotunmpoBanne SNP mnpoBomwiock ¢ wucnosib3oBaHueM cucteMsl [llumina iScan ¢
mukpouunamu OvineSNP50 B cooTBeTcTBHMU ¢ TpOTOKOJOM mpousBoautens [15, 16]. McxomHbie
JlaHHBIE HWHTCHCUBHOCTHM B (Qopmare jgaHHbIXx Illumina (IDAT) 3arpyxamuck B MOAYJb
reHoTunpoBaHust mporpammbl GenomeStudio v.2.0.4 s ompeneneHuss TEHOTHUIIOB W KOHTPOJIS
kaudectBa [15]. Ilocie HawanpHOW Kimactepm3anmu SNP M CTaTHCTUYECKON OIEHKH BBHIOPACHIBAINCH
00pasmpl, y KOTOphIX MeAuaHHbIA mokazaTenh GC m yactora BhI3oBa ObUTHM MeHee 0,9, M 3aHOBO
paccunTHIBAINCh cTaTucTudeckue nanasie SNP. Bee maHHBIE, KOTOpPBIE OCTAUCH MTOCIE (PHIBTpAIluU
(mMenunannbii mokazatens GC > 0,9 u gactora Be3oBa > 0,9 mist 06pasos u SNP), akciopTupoBanuch
B ¢opmar PLINK (ped+map) c wucnomb3oBanmem maruna PLINK Input Report v2.1.4 mns
GenomeStudio. SNP ¢ MUHOpPHBIM aJIeNbHBIM 4YacTOTHBIM mokazareneM (MAF) < 0,02 u
OTKJIOHEHHSIMH OT paBHOBecHs Xapau-BaitHOepra Ha kputudyeckoM ypoBHe 3Haummoctu 0,0001
HCKITIOYAJINCh U3 Habopa JaHHBIX ¢ oMokl mporpammer PLINK 1.9 [17, 18].

Pe3yabTaThl U uX o0cy:kaenue. brina nmpoBenena moarotoska u otoop obpasumoB JHK mns
MOCIIEAYIOMIETO MOJIEKYJISIPHO-TEeHeTHYeCcKoro aHanmu3a. M3 obmero uncma 6.161 oOpasma u 54.241
OJTHOHYKJICOTUAHBIX ToauMopdu3amoB (SNP) Oputo otoOpano 4.659 obpazmoB u 30.597 SNP,
COOTBETCTBYIOIINX 33JaHHBIM KpUTeprsM kKadecTBa. 1502 oOpasra ObLUTH MCKITIOUYEHBI W3-3a CIIOPHBIX
WIN HETIOATBEPKACHHBIX MPOUCXOXKACHUM, B pe3yjIbTaTe Yero AJsl aHaiu3a octanoch 4659 obpasuos.
brno uckimroueno 4063 SNP ¢ Hu3Kk0# MuHOpHOM auenbHO# yactoTolt (MAF), OTKIOHSIOMXCS OT
paBHOBecus Xapau-BaiiaOGepra (p <0,0001), a Taxke Mapkepbl, HE HMCIOIINE OIPEIACICHHOTO
TEHOMHOTO TTOJIOKEHHUS U He OTHOCSIIHNECS K ayTOCOMHBIM Mapkepam [19].

B pesynbrare, ans ganbHedmed o0paboTku ocraBasiochk 26.534 SNP mapkepa. Ilpouent
00pasIoB, COOTBETCTBYIOIINX KPUTEPHUSIM KauecTBa, pa3IMyaioch B 3aBUCHMOCTH OT MOMYJISIIIHU.
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O6pa3supl, B3saThIe ¢ QepMm "bupmuk" (mopoma EnunwoOait), "Kapa Anmeip" (mopoma Kazaxckas
nonyrpybomepctras) u "Kyanpmm" (mopoma AKKaWbIK), MPOSBISIIOT CaMble BBICOKHE MOKA3aTelH
KadecTBa TeHOTHITUPOBAHMUS BO BCEX MOMYISIUSIX, COOTBETCTBYs cpeanemy Oamry GC-map. OmHaxo,
oOpasupl u3 xo3siictB "Otkamwkap" u "AnteiH Acenb" (mopoma Kasaxckas momyrpyOomepcTHas)
JEMOHCTPUPYIOT HM3KOE€ Kaue€CTBO TI'€HETHMYECKOr0 Marepuana, 4YTro MOXKET ObIThb CBS3aHO C
pasIn4MsAMH B YCIOBUAX XpaHEHUs M TPAHCIIOPTUPOBKU MaTepHaia Mexny xossicTsamu. M3 obmiero
yrcna 59 u 78 00pa3loB COOTBETCTBEHHO OBUTM BBIOpaHBI KaK MOAXONAIINME AJSl JajbHEHIIEro
aHanm3a.

IIpoBenen ananmms reHeTudeckoro paznoodpasus (He, Ho, Fst) mis Bcex momymsnumit osery [20].
Bce momymsimur ©MerOT cXxoXHe YPOBHH HabOmomaemoii reteposurotrHoctu (Ho), cocraBmsromeit B
cpeanem 0,385, 4TO 3HAYUTENBHO HE OTIMYAETCS OT OXupaemoll rereposurotHoctd (He). 3Hauenus
OXXHAaeMoil 1 HaOMI0AaeMOoi TeTepOo3UTOTHOCTH OM3KH y Beex mopof. Munekc guxcarmmu Paiita (Fst)
BapbUPOBAJI CPEAX HOMYJISIINH, yKa3blBask Ha Pa3IMyusl B TEHETHUECKON CTPYKTYpE.

Habnronaemast 1 oxxuaemMast TeTEpO3UIOTHOCTD MOPOJ U MHACKCH (uKkcauuu Paiita oTpaxeHs
B Ta0Omuuax 1 u 2.

[ Bu3yanu3anuu NOJTy4EHHBIX JaHHBIX ObUIM HOCTPOEHBI IpaMKH OTOOPAKAIOLINE HHIEKCHI
¢uxcanuu  Paiita (Heatmap plots). Koadduuuent ¢ukcanmu Paiita moka3piBaeT CTENEHb
TEHETHUYECKOTO PA3NNUus MEKAY HMOMYJISIIUSMH, YeM MEHbIIE 3HaueHHEe, TeM MEHbIIE Pa3IHyaroTCs
nomysinuu. Ha rpadukax 3HaueHHs WHAEKCA NPEACTaBICHB! Pa3HBIMU OTTCHKAMH LIBETA: MEHBIINM
3HAYEHHUSAM COOTBETCTBYIOT OOJIee CBETIIbIC KBAAPaThl, 00JIee BHICOKMM — TeMHbIe [21].

Camplii HHM3kMH B mpenmenax mopoasl Fst (fixation index) Haxomutcs MexXIy IByMs
nomymsanusaMu  Enunp0ait. Tlapueni FSU B momynmsimuy  Ka3aXCKHUX MOMYTPYOOIIEPCTHBIX  OBEI]
Bappupyet oT 0,0089 (AnteiH-Acens n Otkanxap) 10 0,0177 (Kapa-Agsip u Otkamkap). FSt mexmy
MOpPOJaMH pa3linvaeTcs W TI03BOJISIET pa3[eNiuTh BCE IMOMYJALMH Ha JABE Tpynmbl: EnunboOaid,
Capriapka, Kazaxckas momyrpyooriepctHas u Axkaiibik, Kazaxckas TOHKOpyHHas!.

Tabmuna 1 — HaGmonaemasi u oxxugaeMasi reTepO3UroTHOCTh MOPOJT

Hab6momgaemas
[Topona [Momymsitust Osxunacmas TreTePO3UTOTHOCTh
reTepo3uroTHocThb (He) (Ho)
AramekeH 0,3835 0,3888
ATOKalbIK Kyanpimr 0,3831 0,3892
Canranat 0,3865 0,3915
bupnux 0,3827 0,3725
Ennne6aii
Axap 0,3742 0,3808
Kasaxcias P-Kyprhi 0,3866 0,3869
TOHKOPYHHAas
AnTeIH Acenb 0,3764 0,3849
Kazaxckas Kapa Anpip 0,3711 0,3733
noiyrpyboieperaas Xacues 0,3739 0,3769
Otkanxap 0,3765 0,3889
Capslapka Capsicy 0,3729 0,3750

OtnenpHble 3HaueHUs FSU Mo XpomMocoMaM TOKa3bIBAlOT aHAJOTHYHOE pAacIpeleleHne, 3a
UCKITIOUeHHEM Xxpomocombl 16 (puc. 1). Xpomocoma 16 (pucyHok 1 (C)) memoHcTpupyer Oosee
BbICOKHE 3HadeHus Fst mo cpaBHEeHHIo ¢ xpomocomamu 1 1 26, 4TO yKa3pIBaeT Ha OOJBIIYIO CTETICHD
reHeTuueckor auddepeHImaniu MexIy NonyisauusMu. Beicokue 3HadeHust Fst Ha xpomocome 16
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MOTYT CBHJIETENIBCTBOBATh O CUIIBHOM BJIVMSIHUH CENEKIMH MU O CYIIECTBOBAaHUM Ha 3TOW XpOMOCOME
TeHOB, BaXXHbIX UIA aganTtauud. Kpome Toro, pucyHok 1(C) HOKa3bIBaeT YHHKAJIbHBIE MaTTEPHbI
pacnperneneHns reHeTHdeckor tuddepeHnnanyy, 4Tto JOMOTHUTEIBHO MOATBEP)KIAET TeHETHIECKHE
OTJIMYMSI, CBA3aHHBIE C HCTOPUYECKUMH CEJIEKIIMOHHBIMHU MPOLECCaMH HITH IPUPOIHBIMU (aKTOpaMHu,
WMEIOIIMH BO3JICHCTBHE Ha 3Ty KOHKpEeTHYI0 Xpomocomy. Ilo Bcelt Buammoctn, 16-s1 xpomocoma
MOJKET COJEP)KaTh Ba)KHbIE I'€HbI, OTBEYAIOLINE 332 YCTOHUMBOCTh K 0O0JIE3HSIM, IPOIYKTUBHOCTh UIIN
JIpyrue SKOHOMUYECKH BayKHbIE XapaKTEPUCTHUKH.

Tabmura 2 — [Mapusie unaekcs Gukcaruu Paiita (Fst - fixation index)

5 = z K o = Z a s e 8 é ‘?

e < &2 S 3 < Z << 2 5 5]
ATtamekeH 0,0103 0,0108 0,0363 0,0349 0,0184 0,0335 0,0373 0,0349 0,0346 0,0381
Kyanpimx 0,0103 0,0134 0,0365 0,0348 0,0187 0,0329 0,0375 0,0346 0,0340 0,0379
Canranat 0,0108 0,0134 0,0301 0,0278 0,0111 0,0252 0,0315 0,0280 0,0261 0,0309
Bupnik 0,0363 0,0365 0,0301 0,0052 0,0345 0,0109 0,0186 0,0155 0,0161 0,0139
Asxap 0,0349 0,0348 0,0278 0,0052 0,0322 0,0112 0,0193 0,0161 0,0159 0,0146
P-Kypts! 0,0184 0,0187 0,0111 0,0345 0,0322 0,0298 0,0344 0,0313 0,0300 0,0354
AAJ;Z;I: 0,0335 0,0329 0,0252 0,0109 0,0112 0,0298 0,0168 0,0131 0,0095 0,0132
15;13; 0,0373 0,0375 0,0315 0,0186 0,0193 0,0344 0,0168 0,0122 0,0193 0,0213
Xacues 0,0349 0,0346 0,0280 0,0155 0,0161 0,0313 0,0131 0,0122 0,0155 0,0180
Otkamxap 0,0346 0,0340 0,0261 0,0161 0,0159 0,0300 0,0095 0,0193 0,0155 0,0168
Capsicy 0,0381 0,0379 0,0309 0,0139 0,0146 0,0354 0,0132 0,0213 0,0180 0,0168

a) Overall (26,534 SNP) b) Chromosome 1 (3,080 SNP)
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Pucynok 1 — I'paduku, nimrocTpupyronye napHble HHAEKCH (ukcaunu Paiita 1 ayTocoM oBerg
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Kpome Toro, Ha momyueHbIX rpadukax U TabIMLIAaX MOXKHO HArJIAHO YBUAETH Pa3iuuusi B
MEXTIONMYJISIHOHHBIX 3HaueHusx FSt mma 16 XpoMocomBl I TOMYJSIUA MONYTPYOOIIEPCTHRIX
nopon. Ilomymsimmm u3 xo3siictB XacueB n Kapa-Anplp 3HAYUTENHHO OTJIMYAIOTCS HE TOIBKO OT
JPYTUX TOPOJ, HO TAKXKe OT MOMYJIAUUi X03aicTB OTKaHKap U AJNTHIH Acelb TOW K€ MOPOJbL. ITO
SBJSIETCS. TOTIOJIHUTEIbHBIM CBHIETEIBCTBOM CHEUHU(UKU CEIEKLHOHHBIX MPOTPAMM HJIM PasInduil
9KOJIOTMYECKHUX YCJIOBHM B Pa3HbIX PErMOHAX, YTO, B UTOrE, BIMSIET Ha IC€HETHYECKYIO CTPYKTYPY
MOMYJISIINH.

Hamm pesynbrarel cormmacyloTcss ¢ BBIBOAaMH Tapio W COaBTOPOB, KOTOpBIE COOOMIAIN O
3HAUYUTEIIbHOM TeHETHUECKOM pa3zHooOpas3uu osell B EBpaszuu. B 3ToMm McciaenoBaHnM HCIONb30BaIN
MHUKPOCATEJJIMTHBIE MapKephbl A OLEHKH T€HETHYECKOH CTPYKTYphl NOMAIIHMX OBELl W BBIIBIIIN
BBICOKYIO CTETeHb T'€HETHYeCKOW BapHaOelbHOCTH B MOMyJsIusAX ceBepHoi EBpasum [1]. OmHaxo
Hallle HCCIIe0BaHUE YIIyOIseT 3T BBIBOABI, NMPENOCTaBIAA NMOAPOOHBIC NaHHBIE 10 KOHKPETHBIM
Ka3axCKUM IIOPOJaM, KOTOpbIE paHee ObUIN U3yYeHbI HEAOCTATOUHO.

Hpyroe uccienosanue, npoeneHHoe Gholizadeh 1 coaBTOpaMu BBISIBHIIO aCCOIMALINN MEXKTY
TCHETHUECKUMH MapKepaMH U MPHU3HAKaMH Macchl Tena y Oenymkuiickux osell B Mpane, moguepkuBas
BO)XKHOCTb T€HOMHBIX MCCJIEIOBAaHUN AJIS YAy4LISHHs] 3KOHOMUYECKH 3HAYMMbIX IPU3HAKOB oBel [2].
Hame wccnenoBaHue NOMONHSET 3TH PE3yNbTaThl, IMOKa3blBas, YTO Ka3aXCKHE MOPOIBI TaKxkKe
00JIaaloT 3HAYUTENBHBIM TEHETHYeCKHM pa3HooOpa3ueM, KOTOpOe MOXKHO HCIONb30BaTh s
CEJIEKIIMOHHBIX LIEeTeH.

UccnenoBanne Esmaeili-Fard u coaBTOpoB Takke sBIsieTCS 3HAYMMBIM B KOHTEKCTE HAIIIETO
uccnenoanus. OHM HUCTOJB30BAIIM aCCOLUATUBHOE KAPTUPOBAHHUE M aHAIN3 OOOTAICHUS TTyTeH s
OIpeneNieHUs T€HOB, BIMSIOUIMX Ha MPONYKTUBHBIC NMPHU3HAKU OBEL, W BBIIBWJIM KIIFOUYEBBIC T€HbI U
MyTH, BIHASIOIINE HA TPOXYKTUBHOCTE [9]. B Hamem uccnenoBannu Takke ObLIH HASHTH(QUIIMPOBAHEI
TeHEeTHYECKHE MapKepbl Ha 16-if XpoMocoMe, KOTOpBIE MOTYT CYILIECTBEHHO BIIMATH Ha CENEKIIMOHHBIN
nporecc. OTH JaHHbIE MOATBEPKAAIOT BO3MOXHOCTH HCIOJIB30BaHHUS T€HOMHBIX JAHHBIX IS
YIYYLICHUS CEJIEKLMOHHBIX POrPaMM.

Hama paGora mnoaTBepaaeT, YTO Ka3axCKHe MOPOIbl OBel 00IafaloT 3HAYUTEILHBIM
reHeTHYEeCKNM pa3HooOpasueM. [logoOHbIe nccnenoBaHusl JTOKaIbHBIX TOPOJ OBEI] COXPAHSIOT CBOIO
aKTyaJbHOCTh W TPOBOAATCS MO BceMy MHPY [22-24], B CBS3W C YBEIWYCHWEM BO3MOXXHOCTEH
WCIIOJIb30BAHMSI TEHETUUECKUX NaHHbIX. Tak, B ucciaenosanuu Fariello u coaBTopoB ananusupoBanu
nannabie Sheep HapMap 1 BBISSBUIIM CUTHATYPBI OTOOpa B MUPOBBIX MOIMYJISIHSIX, HCIIONB3YS METOIH,
YUUTHIBAIOILME UEPAPXUUECKYIO CTPYKTYPY MOMYJISIUMN U MHPOPMALMIO O HEPAaBHOBECHH CLIECIUICHUS
reHoB [23]. Pabora Kijas u coaBTOpOB mocBsfillleHA W3YYEHUIO TEHETHYECKON CTPYKTYpPHI OBEIl Ha
ocHOoBe JaHHBIX SNP, BBISBUB 3HAaUHUTENILHOE TEHETHYECKOE pazHooOpa3we BHYTPH U MEXIY
pa3IMYHBIMU TIOMYJIALUAMU OBell [24].

3akioyenue. B 3aiimodeHue, 3TO HCCIEIOBaHUE MCIHOJIB3YET COBPEMEHHBIE TEXHOJIOIMHU
[llumina BeadChip u Illumina OvineSNP50 mis mpoBeaeHusi riyOOKOTO aHajM3a I'€HETHYECKOTO
pasHooOpa3usi MSATH OCHOBHBIX MOPOJ Ka3axXxCKUX OBEll. Pe3ynbTaThl MOKa3bIBalOT 3HAYMTEIHHYIO
TeHETHYECKYI0 BapualOelbHOCTh KaK BHYTPU IOPOJX, TaK M MEXAYy NOPOAAaMH, YTO MOJYEPKHBAET
YHHUKaJbHOCTb T€HETHMYECKOI'0 CcOoCTaBa JTHX mopod. Muaekcel ¢uxcanun Paiita u  ypoBHH
reTEePO3UTOTHOCTH TIOKA3aJH, HACKOJIBKO BaYKHO COXPAaHHUTh I'€HETHUECKOE PasHOOOpas3ne Ka3axXCKHX
nopon oBell. VccienoBaHue MpeaocTaBiIseT BaXKHYIO 0a3y JaHHBIX JJi1 pa3pabOTKH CTPAaTErwil 1o
COXPaHEHHIO M ONTUMM3ALUU  CEJEKUMOHHBIX  PadoT, CHOCOOCTBYSI  yNYYILIEHHIO
CEIIbCKOXO03SIHCTBEHHBIX XapaKTEPUCTHK ITHUX MOPO/I, TAKHX KaK YCTOMYMBOCTH K OOJIE3HSIM, KAUueCTBO
HIEPCTH ¥ MOBBIIICHHE TPOYKTUBHOCTH.

Takum 00pazoMm, TIIATENbHOE U3YUEHUE Pa3HOOOPas3nsi U T€HETHYECKOH CTPYKTYPHI Ka3aXCKHX
MIOPOJ] OBEILl IIOMOTaeT HaM MOHSTH IBOJIOLHMOHHOE IPOUCXOXKACHUE U afanTallMOHHbIE OCOOCHHOCTH
9THX TIOPOJI, & TAK)KE OTKPHIBAET HOBBIC BO3MOXHOCTH JIJIsl CENIEKIMOHHOMN pabOThI, HAITPaBJICHHOW Ha
COXpaHEHHE U Pa3BUTHE LIEHHBIX arpapHbIX pecypcos Kazaxcrana.

[lony4yeHHble pe3ynbTaThl UCCIECIOBaHUH MO3BOJIAT B NabHEHIIEM BHIOMPATh U MPEACKa3bIBATH
HaIpaBJIeHHE CEIEKIIMOHHOTO MMpoIlecca C yYeTOM TeHETHYECKHUX XapaKTePUCTHUK JTAHHBIX IEHHBIX
MOPOJT OBEII.

IIpumeuyanune. PabGorta Obuta BbIOJHEHAa B paMkax mpoekta AP19577569 «MonekymsipHo-
TeHETHUECKUI aHamu3 TeHo(OHIa Ka3axXxCTaHCKWX Mmomy/asanuii Saiga tatarica tatarica ma ocHoBe
MOJTHOTEHOMHOTO SNP-TeHOTHIIpOBaHU»
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TYUIH

byn 3eprreynme Ka3ak CeNEKIMSACHIHBIH Oarabl KOM TYKBIMAAPBIHBIH CTATHCTHUKAIBIK
KOPCETKILITePiHE JKaH-)KaKThl Oara OepuireH. 3eprrey KasakcTaHna keH TapajiraH 0ec KO TYKbIMBIH
KamTuabl: EninOai, Ka3akThIH OWSA3bI KYHII TYKBIMBI, AKXaNbIK, Ka3aKThIH JKapThUIail OWSI3bI KYH/L
TYKbIMBI JkoHe Capblapka. byl TYKBIMAApABIH MIBIFY TETiHE JXOHE OJIAPIbIH aMaKTBIH aybLl
HIapyallbUIbIFel  TOKIpUOECIHICTT peliHe epekine Hazap aymapsuiaasl. Illumina Beadchip sxone
[llumina OvineSNP50 TexHOJOTHsIAPbIH KOJIAHATHIH TEHOTUIITEY OChI TYKBIMIAAP/IbIH MCHETHKAIIBIK
OPTYPJILIIriH, COHJal-aK OalKaJiFaH JKOHE KYTILJICTIH TeTePO3UTOTANIBIKTHI JKoHe PalTThIH (ukcamms
WHIEKCIH Oarasaiipl.

3eprrey omicteMeci Kazakctauablk 11 mapyamsusiktan JJHK yorinepin xuHayra Herizaenres,
Oyt GacTamnkel JIepeKTepAiH penpe3eHTaTHBTIIIriHe Keniaik Oepeni. SNP mMapkepiiepiH reHOTHIITEY
yuria lllumina iScan skyiiecin maiiganany momyJsiiysuiap apachlHIaFrbl T€HETHKAIBIK OPTYPJILIIK
JICHIeliH aHBIKTayFa MYMKIHJIIK Oep/i.

3epTTey HOTHXKENIEPl TYKbIMAAPBbIH IeHETHKAJIBIK KYPBUIBIMBIHBIH Ka3ipri ar aiblH KOPCETIIl
KaHa KOWMal, OJapAblH CEJICKIMSIBIK JaMy OaFbITTapblH OoinKayFa MYMKIHAIK —Oepesi.
[erepo3uroTanbuIblK KepceTKimTepi MeH PaiiT ¢ukcamnms KOpCeTKIIITEpiHiH Tainaayiapbl YITTHIK
aybUI MIAPYalIbIIBIFBIH JIAMBITY KOHE T€HETHKAIBIK SPTYPJUIIKTI CaKTay VIIIH YJIKEH MaHbI3BI Oap
Ka3aK KO¥ TYKbIMJapbIHbIH I€HETHKAJIBIK TYPFBIIaH Oipereiirin KkepceTe.

3epTTey Ka3ak KO TYKbIMIAPBIHBIH MCHETHUKAJIBIK 9JICYSTIH TYCIHY/I aKcapTalibl, TAOUFATThI
CaKTay CTpaTerwsuiapblH J3ipJiey JKOHE aCBUIMAHIBIPY KYMBICTAPBIH OHTAMIaHABIPY YIIIH MManialibl
nepekrep Oepeni. XKuHamran MamiMeTTED OCBHI TYKBIMIAPIBIH aypyFa TO3IMIUIIr, )KYH Ccarachl jKoHE
OHIMUIITH apTTHIPY CHUSKTHl aybUILIapyaIlbUIbIK CHIIATTaMaJIapbIH JKaKcapTyFa MYMKiHAIK OepeTiH
TUIMII ©cipy 9icTepiH 93ipiey YIIiH naiaananyra 0oJabl.
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PECEKBEHHUPOBAHME IMOJTHOI'O TEHOMA KPYITHOI'O POIATOI'O CKOTA
KA3AXCKO# BEJIOIOJIOBOM MMOPO/IbI
WHOLE GENOME RESEQUENCING OF KAZAKH WHITE-HEADED CATTLE

AHHOTaNUA

B crarbe mpencraBieHa xapaKTEpPHCTHUKA MEPBOW IMMOJYYEHHOW MOCIEOBATEILHOCTH T€HOMA
KPYITHOTO pOraToro CKOTa Ka3axckol 0enoronoBoii mopoasl B Kazaxcrane.

Lenpo paboThl OBUIO MPOBECTH PECEKBCHHMPOBAHHME KPYIIHOI'O POTaTOro CKOTAa Ka3axCKOM
0eJ10r0JI0BOM MOPO/IbI, pa3BoauMol B Pecniyonnke Kasaxcras.

Beumn  coOpanbl 00pa3mpl MENbHOW KPOBH U BOJIOCSIHBIX JIYKOBHUI[ HawOoOJiee THITMYHBIX
JTaJOHHBIX TPEICTABUTEICH Ka3aXCKOW OeoroioBod mopossl. Jlims mpoBeAeHHs MOJHOTC€HOMHOTO
pecexkBenupoBanus BbiieneHa JJHK u3 o0pas3noB oToOpanHOrOo OmOMarepuana C HCIOIh30BAHUEM
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kommepueckux HabopoB «IHK Dkcrpan-2» (OO0 «Cunron», P®), «PureLink Genomic DNA Mini
Kit» (Invitrogen, CIIIA). KauectBo Bwimenennoit JIHK mposepsmu B 1 %-HOM arapo3HoMm ree.
Konnenrparmuto JJHK m3mepsn Ha criektpodoromerpe Agilent Cary 60. CexkBeHupoBanue 00pa3ios
npoBogminock mo tunmy cPAS wa mmatrdopme DNBSEQ-G400 B pexume NapHOKOHIEBOTO
cekBeHUpoBaHms TuHOM 150 1.H. ¢ TeHepanue He MeHee 9 ['b maHHBIX Ha 0Opazer.

C ucnonp3oBanueM nporpammbl BWA 0.7.17 cukBeHC Ka3aXCKOHM O€JIOroj0BOH MOPOIBI OBLT
COIMOCTABJICH C CaMbIM IOCJICTHUM JOCTYIHBIM 3TaJOHHBIM TeHOMOM Bos taurus ARS-UCD2.0
(GCF_002263795.3). Becero B renome 0bu10 naeHTUQHUIUpPOBaHO 21 742 monuMop(HBIX BapHaHTOB,
u3 kotopbix 20 130 coctaBunm SNP, 1 612 - nenenmii/uncepuuii, 49 MyJnbTHAIUICTBHBIX BAPUAHTOB U
19 mynsruamutensabix SNP. Bputo paccumTano cooTHoIeHue Tpansuimit/Tpancsepcuii (TS/TV),
KoTopoe cocTtaBmiio 1,79.

TakuMm o00pa3oM, peceKBEHHPOBAHHE TeHOMa Ka3axXCKOW OEJIOTOJIOBOM TOPOIBI SBISETCS
BaXHBIM IIIATOM JUUISl WHTEHCH(DHKAIMKA MSICHOTO CKOTOBOJCTBA W COXpaHEHHWS TeHO(MOHIA ITOH
nopozasl. IIpoBeneHHas paboTa mpenocTaBiseT co0OM HMCXOAHbIE NaHHBIE Ui JATbHEUIIHX
UCCJICIOBAHUN C TENBI0 M3Yy4YCHHMsS] TEHETHYCCKUX MEXaHW3MOB (OPMUPOBAHUS OCHOBHBIX
XO3SIICTBEHHO-TIOJIE3HBIX TTPU3HAKOB Y KPYITHOTO POTaTOr0 CKOTa Ka3aXxCKOW 0eI0rosoBOil MOpPOIBl U
Pa3pabOTKH Il HUX TeHETHUYECKUX MapKepOB.

ANNOTATION

The article presents the characteristics of the first genome sequence obtained from Kazakh
White-Headed cattle in Kazakhstan.

The aim of the work was to resequence Kazakh White-headed cattle bred in the Republic of
Kazakhstan.

Whole blood and hair follicle samples were collected from the most typical reference
representatives of the Kazakh White-Headed breed. To perform whole genome resequencing, DNA
was isolated from samples of the selected biomaterial using commercial kits «kDNA Extran-2» (OO0
"Syntol", Russian Federation), "PureLink Genomic DNA Mini Kit" (Invitrogen, USA). The quality of
isolated DNA was checked in 1% agarose gel. DNA concentration was measured using an Agilent
Cary 60 spectrophotometer. Samples were sequenced according to cPAS type on the DNBSEQ-G400
platform in paired-end sequencing mode at a length of 150 bp, generating a minimum of 9 GB of data
per sample.

Using BWA 0.7.17, the Kazakh White-Headed sequence was compared to the latest available
Bos taurus ARS-UCD2.0 (GCF_002263795.3) reference genome. A total of 21,742 polymorphic
variants were identified in the genome, of which 20,130 were SNPs, 1,612 were deletions/insertions,
49 were multiallelic variants and 19 were multiallelic SNPs. The transition/transversion ratio (Ts/Tv)
was calculated to be 1.79.

Thus, the sequencing of the Kazakh White-headed cattle genome is an important step towards
intensifying beef cattle breeding and conserving the gene pool of this breed. The work provided initial
data for further research to study the genetic mechanisms of the most important economically useful
traits in Kazakh White-Headed cattle and to develop genetic markers for them.

Knrouesvle cnoea: xpynuviti poeamvlil ckom, Kasaxckas benozonosas nopooa, JHK, eenom,
peceKkeeHuposanue.
Key words: cattle, Kazakh white-headed breed, DNA, genome, resequencing.

Beenenue. B 2009 r. 6110 3aBepIieHO CEKBEHUPOBaHNE U cOOpKa reéHOMa KPYITHOTO pOraToro
ckota (KPC) [1]. Pa3Buthe HOBBIX BBICOKOIIPOU3BOAMTEIBHBIX TEXHOJOTHHA Te€HOTHIHUPOBAHUS
MPHUBENIO K IIMPOKOMY HCIONb30BaHMIO0 B mccnenoBannu renoma KPC JIHK mapkepoB Ha ocHOBe
noMMOp(U3MOB €IMHUYHBIX HYyKJIeoTunoB (single nucleotide polymorphism, SNP) [2]. Ha wux
aHaJIN3€ OCHOBaHA COBPEMEHHas TE€HOMHas OIlleHKa, 3akiodaromascs B uccnenoBanun JHK
KUBOTHOTO W yCTAHOBIIEHUH 3aMEH €IMHUYHBIX HYKJICOTHIOB B €€ MOCIIET0BATEIbHOCTH.

B HacTofmee Bpems CyImecTByeT TEHASHINS K 3aMEHE MECTHBIX TOPOJ WM K WX yIyUIICHHUIO
TEHETHYECKUM MAaTEPHAJIOM OT BBIAAIOIINXCSI KOMMEPUECKUX MOPoA. BenencTeue 3Toro reHeTuueckoe
pasHooOpasue, cieflpl ajanTtalud K MECTHBIM YCJIOBUSIM W HH(poOpMaIus 00 UCTOPUYECKUX CBS3SAX,
3aKOJUPOBAHHBIE B TEHOMax MECTHBIX IOPOJ, YacTO OBIBAIOT O€3BO3BPATHO YTEPSHBI €Ile 0 TOTO,
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KaK OHHM MOTJIM ObI OBITH BBISIBIICHBI M M3y4eHbI [3]. C Apyrol CTOPOHBI, TEHOMBI MECTHBIX TOMYJIALNI
MOTYT OBITh HCIIOJIb30BaHbl KaK MCTOYHMKM KOMOHMHAIIMM T€HETHYECKUX BapUaHTOB, LIEHHBIX MIJIS
COBEpIICHCTBOBaHM KoMmMepdeckux mopon [4]. IlepBeiM marom Ha TyTH K PacKpbITHIO 3TOH
MH(QOPMAIUH SBJISIETCS] TOHUMaHHUE TIPOUCXOXKICHHUS M TEHETHYECKOM CTPYKTYPhI MECTHBIX MOpoJ [S].

Mectapie mopoxsl KPC moryr o0nagath IEHHBIM TEHETHYECKHM ITOTEHIMAIOM Ul
NPOBENEHUS CEJIEKIMM UM CO3JaHHsA HOBBIX IIOPOJ B OTBET HAa BO3HHUKAIOIIME BBI30OBbI
JKUBOTHOBOJICTBY: M3MEHEHHE KJIMMAaTa, Yrpo3bl 3a00JieBaHUI M M3MEHHBILIHMECS 3alpOChl phIHKA [6].
Pemenne mpoOnemMbl nanpHedmero mnoBbleHus: npoxyktuBHoctd KPC, ymydmienus kadectBa U
pacuIMpeHyss CHEKTpa HPOM3BOAMMON MNPOAYKLUMH TpeOyeT IydlIero MOHMMAaHHWA CTPYKTYpbl U
(GYHKLUHN T€HOMOB >KHBOTHBIX.

CekBeHUpPOBAHUE A0 OTPOMHOE KOJIMYECTBO T€HOMHBIX AaHHBIX KPYIMHOT'O POraToro CKOTa
U1 T700aJbHOM XapaKTEPUCTUKA T'€HETHYECKOTO pa3sHooOpa3us MHOMYJLIUMH M HACHTH(QUKALUU
obmacTteli TeHOMA B YCIOBHSIX €CTECTBEHHOTO U MICKYCCTBEHHOTO oTOOpa [7].

XoTa OONBIIMHCTBO YCHJIMH YUYEHBIX-TEHETHKOB HAampaBlIeHO Ha HW3y4YCHHE IOMYJSIPHBIX
KOMMEPUYECKUX TOpOJ, HallpuMep TOJIITHHO-(QPHU3CKOro ckoTa [8], pacTeT WHTepec K TIeHETHKE
MAQJIOYUCICHHBIX MECTHBIX IOPOA M3-32 HX YHHUKAIbHBIX aJanTalMid K MECTHBIM YCIOBHSIM
okpyxaromerd cpeapl [5]. Mectabie mopoabl KPC mMoryt o0nagaTh I[IEHHBIM T'€HETHYECKHM
MOTCHITMAJIOM JIJIsl TIPOBEJCHUS CENEKIINH U CO3JaHMs HOBBIX TIopoa [6]. OmHOM U3 TakuX MOpOA I
PecrryOnmmkn Kazaxcran siBisieTcs xazaxckasi OermoroiioBast mopoja, KoTopas Oputa copMupoBana B
nepuon ¢ 1930 mo 1950 r. myTem CKpellMBaHHs TypaHO-MOHIOJIBCKOTO Ka3aXCKOrO M KaJMBILIKOTO
ckota ¢ repedopaamu B Kazaxckoit CCP [9]. Ona sBnsieTcs oJHOH M3 cCaMbIX PacHpOCTPaHEHHBIX
MOpPOJI MSICHOTO HampaBJieHUs MPOAYKTUBHOCTH B Hamieil crpane. Kazaxckoir ©emoroioBoit mopoze
NPUHAIEKUT OOJbIIAs POJIb B CTAHOBICHWU U PAa3sBUTUHU OTPACIH CICLHAIM3UPOBAHHOIO MSCHOTO
cKkoTOBOJAcTBa B KaszaxcraHe, 'KMBOTHBIX 3TOW IOPOJBI YCIHEIIHO Pa3BOAAT BO MHOTHX PErHOHAX
cTpanbl. JKHMBOTHBIE O3TOH IOpPOJABI COYETAIOT B ce0e NPEBOCXOAHBIE MSCHBIE KadecTBa U
CKOPOCIIEJIOCTh, YHACIICAOBaHHbIE OT repedopaoB, a TAK)KE aJalTHUBHBIC CBOMCTBA, XapaKTepHbIE AJIS
MECTHOTO CKOTa, YTO TO3BOJISIET YCIEHIHO Pa3BOJUTH MOPOAY BO BCEX PErvOHaX PECIyOJIMKH C
OOIIMPHBIMH €CTECTBEHHBIMU TTacTOuIIaMu [ 10].

o HexaBHHX MOp HCCIENOBaHUS TeHOPOHIA Ka3aXCKOl 0eI0roioBoi MOPOAbI, pa3BOANMON B
Kazaxcrane, mpoBOIWINCH C MPUBICYECHUEM OrPAHMYEHHOTO uucia MukpocatermuTHeix JHK-
MapkepoB WK oTAedbHbIX SNP. Heo0X0omumMo 0TMETUTD, YTO TEHOM U TPaHCKPHUIITOM OTE€YECTBEHHBIX
MOPOJ, KPYIHOI'O POraroro CKoTa B HACTOsIIEE BpeMs INpPAKTHUECKH He Hu3ydeH. B mocTymHO#H
JUTEpaType OTCYTCTBYIOT paboThl MOAO0OHOH TemaTuku aisi MecTHbIX nomyssiuuit KPC, omgnako
BCTpe4aroTcsi paboThl, TOCBSIIEHHBIE HW3YYEHHIO CTPYKTYPhl TOJBKO POCCHHCKOW TOMYJISIIUN
Ka3axCKOW OeNorojoBOi MOPOABI ¢ MPUMEHEHHEM COBPEMEHHBIX M€HOMHBIX TEXHOJIOTHH W TOHCKY
cieioB otoopa B ux remomax [11-13].

Llens IaHHOTO HMCCIIEIOBAHUS — IPOBEACHUE PECEKBEHHPOBAHHUs KPYMHOI'O POraTroro CKoTa
Ka3axCKo# 0e10rosI0BOi#l OpoIkl, pa3BoauMoiil B PeciyOnmke Kazaxcran.

MarepuaJjibl 1 MeToabl UccaeqoBaHui. OOBEKTOM 7Sl MCCIIEIOBAaHUM MOCTYXKHJIa BEIOOPKa
KPYITHOT'O pOraToro CKOTa Ka3axcKoi OenoroioBoil moposl, COCTOSIIAS U3 KUBOTHBIX, BBIDOBHEHHBIX
M0 BO3pACTy U MOy, M0 ()EHOTHUIMUYECKUM TTOKa3aTelsiM HEe YCTYMAaloUIMX CTaHIapTy MOopoabl. beun
coOpaHbl 00pa3lbl I[ENbHOW KPOBH W BOJOCSHBIX JYKOBHII HanOoJjiee THUIMYHBIX DSTAJIOHHBIX
npeAcTaBUTeNel Ka3axcKoil 0es10roaoBoi mopoasl. BonocsHble 1ykoBULbI OTOMpaANy B KOJTUYECTBE HE
MmeHee 20-30 BoJIOC OT OHOTO JKUBOTHOTO B OyMaKHbIE KOHBEPTHI BHIIIUITBIBAHUEM, a LIETBHYIO KPOBb
oTOMpasin B CcTepwibHbIe BakyTeiHepsl ¢ DJITA2, ¢ MOMOIIBIO CTEPUIBHBIX OJHOPA30BBIX HII M3
SPEMHON BEHBI )KUBOTHOTO. Bcero oToOpansr 00pasibl oT 27 OBIKOB Ka3aXCKOW OEIOTOIIOBON ITOPOIbI
(KX «Onem», 3anagno-Kaszaxcranckas obnacte JKanmbexckuit paiton, m. Kanubexk (n=12), u
KX «Hapsray, 3amagno-Kazaxcranckas ob6macts, bokefiopauHckuii paiioH, ceno bypau (n=15). beum
coOpaHbl cieayromas HHPOpManys O >KUBOTHBIX: MHAUBHAYAIbHBIH HOMEp, MOJ, BO3pacT, peHoTun
(>kuBas Macca, BBICOTa B XOJIKE, BBICOTa B KpecTIe, Kocas JJMHA TYJOBHUIIA, 00XBaT TPyAH, 00XBaT
MSICTH, TIYOWHA TPy, IMUPUHA Tpyan). ICTOYHHKaMU SBISIICH OOHUTHPOBOYHBIC JJAHHBIC, & TAKKE
JIAaHHBIE TUIEMEHHOTO U 300TEXHUYECKOT0 yJeTa.

s mpoBelneHHsT TOJIHOTEHOMHOTO pecekBeHupoBanus BeigesneHa JHK wu3  oOpasuos
0oTOOpaHHOTO OmWoMaTepuala C HCIIOJIb30BaHMEM KoMMepueckux HabopoB «/IHK Oxcrpan-2»
(OO0 «Cunrom», P®), «PureLink Genomic DNA Mini Kit» (Invitrogen, CIIA). KauectBo
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BoiienenHor JJHK mposepsiin B 1 %-Hom araposznom rene. Konnentpauuto JHK umsmepsiu Ha
cnektpodoromerpe Agilent Cary 60. OGpasmp! s aHar3a OBLUTH TOATOTOBIIEHB K CEKBEHHUPOBAHHIO
¢ nomoripto Habopa VAHTS Universal DNA Library Prep Kit for MGI (Vazym) no metonukawm,
PEKOMEH/IOBaHHBIM IpOM3BOAUTENEeM. KOHTpONb KauecTBa IOJYYCHHBIX MYJIOB OHMOIMOTEK ObLI
npoBefieH ¢ momomrsio cucteMbl Qsep400 (BiOptic, New Taipei City, Taiwan), KonmdecTBeHHAS
oreHka mpoBoamwiack Ha mpubope Qubit2.0. (ThermoFisher Scientific) ¢ ncnonb3oBanreM Habopa
peaktBoB HS dsDNA HS Assay (ThermoFisher Scientific) mo mpoTokony mNTpOH3BOAUTENA.
CekBeHnpoBaHue 00pasioB npoBowiock o tuny cPAS Ha miarpopme DNBSEQ-G400 B pexume
MAPHOKOHIIEBOTO CeKBeHHWpoBaHWs mmHON 150 m.H. ¢ renepamuerr He meHee 9 I'b maHHBIX Ha
oOpa3err.

[lony4yeHHBle AaHHBIE CEKBEHUPOBAHUS AHANM3UPOBAIUCH MO CJIEAYIOUIEMY IPOTOKOIY.
JlaHHBIE C MOCIIEOBATENBHOCTIMU aJanTepa WM MOCIEI0BATEIbHOCTIMA HU3KOTO KadecTBa OBUIH
OTQIIFTPOBAHBI C HCIIOJIb30BaHUEM MporpaMMHoro obecreuenns SOAPnuke, paspaboranHoro BGI.
BripaBHUBaHME POYTEHUI Ha pedepeHCHBIH TeHOM KOPOBBI IPOBOAMIOCH porpammoit BWA 0.7.17.
Hcnonp3oBanack pedepencHas cbopka renoma kopoBbl ARS-UCD2.0 (GCF_002263795.3).
IMporpamma SamTools 1.19.2 Obuta wcnonb30BaHA U WHICKCUPOBAHUS, COPTHPOBKHU U YIalICHUS
nyonupyromuxcst nmpoureHuii. OOHapyXeHrne BapHaHTOB MPOBOAMIIOCH, X (UIBTPAIHS MO KA4eCTBY
(mopor DP >= 20) u cOop cTaTHCTHKH MPOBOJIIUCH porpammoii Beftools 1.13.

Pe3yabTaThl U ux 06cy:xkaeHue. Kazaxckas 0enoronosas mopona KpyImHOI'O pOraroro cKorta
OpeAcTaBiIsieT  coOOM  BaKHBIM  TE€HETHYeCKHMil  pecypc,  oOJajaroluii  yHUKAJIbHBIMHU
XapakTepUCTUKaMK, CcQOpPMHUpPOBaHHBIMH B  pe3yibTaTe JOJTOr0 Tpolecca aJanTalud K
KIMMaTHueckuM ycnoBusM Kazaxcrana. OHa HE TONBKO MMEET OOJbIIOE 3HAUYEHHE VI MSCHOTO
CKOTOBOJCTBA, HO WU SIBISIETCS BaKHBIM 3JIEMEHTOM TI'€HETHYecKoro (oHzma, CrnocoOCTBYIOIIUM
YCTOMYMBOMY Pa3BHTHIO CEIHCKOTO XO3SMCTBA B YCIOBHSX M3MEHSIOIIErOCs KIMMaTa U S9KOHOMUKH.
UccnenoBanuss MONHOTO TeHOMa 3TOM MOPOABI MOTYT JOIMOJHHUTENBHO TPOCBETHTH BOIMPOCHI
TeHETHYECKOT0 pa3Hoo0pas3ys U MeXxaHn3Ma (OPMHUPOBAHUS XO3SMCTBEHHO-TIOJIE3HBIX TPU3HAKOB.

[lepBonayansHo monmydeHHbsle 00pasupl JJHK ObuiM olleHEHBI MO CTEMEeHW Aerpajalud Ha
aeKTpoopese B arapo3HoM reje (pUCyHoOK 1).

5-15-2 5-3 54 5-5 5-6 M 6-1 6-2 6-3 6-4 6-5 6-6 6-7 M
o oy o et < o e o

=|

Pucynok 1 — Busyanuzanusa JHK B 1% araposHom rene

KosnuuecTBeHHast orieHKa, a Takke cooTHornenne OI1260/280 nmpoBOAMIUCH MyTEM W3MEPCHHS
koHnentparu JIHK nHa cnekrpodoromerpe Agilent Cary 60 (tabmuma 1). Cnekrpodoromerp
OIICHWBAeT OTHOIICHWE ONTHYECKUX IUIOTHOCTEW MPH pa3HBIX JJIMHAX BOJH, YTO TIO3BOJSET
onpeaenuth cootHomrenue JJHK u PHK, a taxke oleHUTh cTeneHb 3arps3HeHus oOpasiia OejikaMu,
(dheHoMaMu U IPYrUMH 3arps3HUTEsIMA. B Hamne#t pabdore cpeausist konnenrpanus JJHK cocraBuia
82,5 ng/ul, a cpennwmii mokazarenp orHomeHust A260/A280 coctaBmi 1,6, 9TO SABISETCS TOCTATOYHBIM
JUTSL TATBHEHTIIETO PECEKBEHUPOBAHMS.
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Tabmura 1 — XapakTepucTika KOJIMYeCTBeHHBIX mokaszarenei JJHK

Ne WnenTndukannoHHBI HOMEP Hauanbnas 0OD260/
obpasia KHBOTHOTO KOHIIeHTpanws, ng/ul 0D280
5-1 1027323 1111 1,71
5-2 101398407 62,4 1,73
5-3 101027271 84,2 1,70
5-4 1545 74,6 1,61
5-5 101398515 51,0 1,62
5-6 101398497 92,5 1,63
6-1 KZL100715009 111,4 1,60
6-2 KZL100715063 114,2 1,70
6-3 KZL100715272 77,0 1,98
6-4 KZL100715311 82,5 1,62
6-5 KZL100715315 95,4 1,68
6-6 KZL100748807 71,0 1,71
6-7 KZL100748951 77,0 1,80

Ilo pesynpraTam NmpoBeNEeHHOM OLIEHKH KadecTBa M konmudecTsa BeiaeneHHOW JIHK, a Taxoke
orbopa Hambosiee THUMUYHOrO OBbIKA C BBIAAIOLIIMMHUCS (PEHOTHIUYECKUMH XapaKTEPUCTHKAMH, IJIS
MIPOBEICHMS MTOJIHOTEHOMHOTO PECEKBEHUPOBaHMsI BEIOpaH oOpaserr Ne 5-5 (pucyHok 2, Taduuna 2).

e

e

: ,%‘:* S

. e

Pucynok 2 — BrIk ka3axckoii 0eorooBoi OpoIbl

Tabmuma 2 — Omnwmcanne orodbpanHoro odpasna KPC kazaxckoii 6emoronoBoii mopoast B KX «Omem»
(3KO, XKanunbekckuii paiioH, n. JKaHuOek) Juisi MOJTHOT€HOMHOT'O PECEKBEHUPOBAHHMS

Kusas Bicora | Bricora | Kocas O6xgar | O6xBart | [ my6una | [Hupuna
No B B JUTHHA
Ne ITon | Bo3pacr | macca, TPYAM, | MACTH, | IpyAH, | Tpynw,
JKHBOTHOT'O XOJIKe, |KpEecCTIE, | TYJIOBHINA,
KT cM cM cM cM
cM cM cM
5-51101398515 | 6bik| 2 roga | 519 136 137 150 193 24 75 40
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Jlns mpoBeneHusl ceKBeHUpoBaHus ucnoib3oBaiics Meron cPAS (Combinatorial Probe-Anchor
Synthesis), npeacrapnstonmii codort Moaudukanuto merona cekeenuponanus cPAL (Combinatorial
Probe-Anchor Ligation). Ha HauansHOM 3Tane cekBeHupoBanus Kk DNB npucoeaussiics npaiimep st
CEKBEHHPOBaHUs (ANcor), Mociie Yero B Peakinio JOOaBISUIN YETHIpE Pa3IMyHbIX BUAA HYKJICOTHOB,
KaXIblii M3 KOTOPBIX MEYEH YHHKAJIBHBIM (IyOpecleHTHBIM MapkepoM. [locie uHKOpHopauuu
HYKJICOTH/IOB HECTIeIM(UUECKHE OCTATKU YAALUINCH M3 peakuuu. DIyopecleHTHbIE METKH 3aTeM
JIETeKTHPOBAJIMCH, B TIOCIEICTBUH OTIIEIUISUTUCE, a IPOTOYHAS SYEHKa TPOMBIBANIACE.

[MoyueHHBIe TIOCTIEIOBATENBHOCTH, POIIEAINE TIEPBUYHYI0 QMIBTPALIUIO, C HCIOTb30BAHUEM
nporpamMmel BWA 0.7.17 BeipaBHuBaIu Ha pedepencusiii remom ARS-UCD1.2 (GCF_002263795.3),
u3 cBoOomHO# 6asel maHubIXx Ensembl Genome Browser [14]. Bcero B reHome map OCHOBaHHiA
2 715 853 792. beuno obHapyx)eHo Komupytommx reHoB — 21 880, mHexogupyromux — 5 235. Takxke B
cbopke nmeetcs 492 TiceBaoreHa.

Tabmuua 3 — OmnwmcaTenbHas CTaTUCTUKA MOMMMOPQHBIX BapUAHTOB, BBISIBICHHBIX Y KPYIHOTO

POTaTOTO CKOTA Ka3aXCKOM 0eIoroj0BOi NOPOAbI
O6pasen Ne 5-5 KomnuuecTBo
OO0111ee KOJUYECTBO BAPUAHTOB 21742
KonnmuectBo SNP 20130
Konuuectro aenenuit/mucepimii (InDels) 1612
KonmaecTBO MynbTHAIIIETFHBIX BAPHAHTOB 49
KonnuectBo MynpTHaIenbHBIX SNP 19
Tpauzunmu 12935
TpancBepcun 7226
Tpansutn/tpanceepenu (TS/TV) 1.79
Tpanzunyu (0€3 JOTOJHUTENBHBIX BAPHAHTOB) 12930
TpancBepcun (6€3 JOMOIHUTENHFHBIX BAPUAHTOB) 7200
Tpam3ummu/TpancBepcnn (6€3 TOTMOTHATENBHBIX 1.80
BapHaHTOB) '

Ilo cpaBHeHHWIO ¢ pedEepeHCHBIM T€HOMOM BCEero ObUIO BBIABICHO 21 742 monumMopdHBIX
BapuaHnrta (tabnuna 3). bomemmHcTBO BapuantoB (92,59%) mpexacraBisuin co0oil AByasUIeIbHBIC
onHOHyKIeoTuaHble noauMopdusmMel (SNP). Bapuantel nncepuuu/nenenuu (InDels) cocraBmim
7,41%. SNP, cneundpuunsle s Ka3axCKoW O€orosoBod IMOpPOABI MOTYT OBITH IIOJIE3HBI B
JaIBHEHIINX HMCCIEJOBAHUAX, KACAIOMIMXCA XapaKTEPUCTUKU MOPOJIBI, TOrJa Kak CTENEHb POJICTBA
MEXIY OPOAAMHU MOKET ONpPENeIAThCS KonyecTBOM ooumx SNP Mexay HuMu.

Hdns  omenku  KadectBa  OoOHapyxkeHHbIX SNP  ObI0  paccuuTaHO  COOTHOLICHHE
tpamsunmii/Tpanceepcuii  (Ts/Tv), xoropoe cocraBmio 1,79 (tabmuma 3). Habmromaemble
cooTHomeHU TS/TV COOTBETCTBOBAIM pe3yibTaTaM B MPEbIAYILIMX HCCIEIOBAHHUAX, IPOBEICHHBIX
Ha pasHBIX MOPOAAX KPYIMHOrO poratoro ckora [15-17], uro ykassiBaeT Ha KayeCTBO IMOJYYEHHBIX
nanueix SNP B Hacroseit padore.

55w
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Pucynok 3 — I'padmk cCOOTHOIIEHUS! TPaH3ULMH/TPAHCBEPCUH Il BAPUAHTOB, OTCOPTUPOBAHHBIX
10 Ka4eCTBY
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Ha pucynke 3 mpencrasieH rpaduk, MOKa3bIBAIOIIMN COOTHOLICHUE TPAH3UIMN/TPAaHCBEPCHU
(Ts/Tv) mns reHeTHYEeCKMX BapHAHTOB, OTCOPTUPOBAHHBIX MO KadecTBy. M3 puCyHKa BHIHO, YTO
3HAYEHUS] COOTHOIICHUS TPAH3WIUHN K TpaHCBepcuHu Bapbupyrorca ot 1.0 mo 2.75. CrutomHas TuHUS
Ha rpaduke (Cumulative Ts/Tv) moka3esiBaeT obmee cootTHomeHnue Ts/Tv mo Mepe yBenrueHHs yrcia
caifToB. JIMHHA TOCTETIEHHO CHIKAETCS, HAYMHAS C 3HAYEHHS OKOJO 2.2 W 3aKaHYMBas Ha YpOBHE
HIDKE 1.5, 9T0 yKa3plBaeT Ha yMEHBIICHHE COOTHOLICHUS 10 Mepe CHIDKEHUS KadecTBa. [lyHKTHpHAs
muauss (Per 1% bins) otpaxkaer cootHomenue Ts/Tv B uHTepBamax mo 1% caiitoB. OHa
JEMOHCTpPHpYET OoJiee BBIpa)KEHHBIC KOJIEOAaHUs, TOCTUTasi MUKOB M CMaAoB B Auamnasone ot 1.0 mo
2.75, 4uTO YyKa3plBaeT Ha BapwaOEIbHOCTh COOTHOmIEHHS Ts/Tv B 3aBUCHMOCTH OT KadecTBa
KOHKPETHBIX TPYIII CAalTOB.

Ha BbICOKOKauecTBeHHBIX caiiTax (JeBas 4acTh rpaduka) cooTHomenue Ts/Tv Bblme, yTO
OOBIYHO OXKHIAEMO, TaK KaK TPaH3WIMM Oojiee dYacThl M Ooiee HEHTpalnbHBI C TOYKH 3PEHHS
sBomtorun. CootHomenue Ts/Tv cHmKaeTcs 1o Mepe mepexoza K caifitam ¢ 6ojiee HU3KUM Ka4eCTBOM,
YTO MOJYKET CBHJIETEIHCTBOBATH O BO3PACTAHHWM YHCIa TpaHCBEPCHH, KOTOpPbIE, KaK MpaBuio, Oosee
PEAKU ¥ MOTYT OBITH OO0JIee TIOIBEPIKEHBI OITUOKAM.
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Pucynok 4 — Pacnpenenenue umH uacepuuid/ nenenuii (InDels)

Ha pucynke 4 npencrasneno pacnpezaeienue auH nacepmid/nenenuit (InDels). JJnuna InDels
Bapbupyercss oT -20 (memenusi) mo 20 (uHcepumsi). OnHako OOJIBIIMHCTBO onpexaeneHHbIX InDels
KOPOTKHE, YTO COIOCTABUMO C APYrnMH Hccienoanmsivu [18-20].
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Pucynok 5 — Pacnpe/enenre TUIIOB OTHOHYKJICOTHIHBIX 3aMEH
Ha pucyHke 5 mpencraBieHa amarpamma, OTOOpaXkaroliash —pacrpejieieHHe THIIOB

OJTHOHYKIICOTUAHBIX TIonuMopdu3mMoB (SNP). ITo maHHBIM JAuarpaMMbl BUJIHO, YTO Hanboliee 4acTo
Bcrpeuatorest mytanuu C>T un G>A. Myraumn A>G u T>C Taxke BCTpEUaroTCs YacTo, C
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KOJIN4eCTBOM ciy4aeB uyTh Oomnbiie 3000. OctanpHble MyTallud BCTPEYAIOTCS PEXke, C KOITUUECTBOM
cirygae ot 800 mo 1000.

3akawuenue. B mpoBeieHHOM HaMU HCCIIEIOBAaHUH MPEJICTABICH aHAJN3 KPYITHOTO POTaToro
CKOTa Ka3axCKOH OeJOorosioBoii MOPOABI METOJOM IOJHOTC€HOMHOTO PpECEKBCHHPOBAHUS C
ucronp3oBanueM 1atrdopmMbel DNBSEQ-G400. BriOpaHHBIH METOA PECEKBEHHPOBAHHS IPHBEN K
obnapyxernro 20 130 SNP u 1 612 InDels B uccmegoBanHbBIX 00pa3iax KPyIMHOTO POTAaTOTO CKOTA.
Takum 00pa3oM, CEKBEHUPOBaHNE TCHOMa Ka3aXCKOM 0eToroj0BOM MOPOIB! SABISETCS BAXKHBIM [IATOM
JUTS. THTEHCU(HKALIMU MSICHOTO CKOTOBOJICTBA U COXpaHeHus TeHodoHaa 3Toii moposl. [IpoBeaennas
pabota npenocTaBisieT co00¥ HCXOMHBIE TaHHBIE I JATBHEHIINX UCCIIEIOBAHUH C ENTbI0 H3yUeHHS
TeHEeTHYECKUX MEXaHW3MOB (POPMHPOBAHHS OCHOBHBIX XO3SMCTBEHHO-TIONIE3HBIX MPHU3HAKOB Y
KPYITHOTO pOTaToro CKOTa Ka3axCKoil 0elorojoBoi MOPOAbI U pa3pabOTKU AJsl HUX T€HETHYECKHX
MapKepoB.

bnaronapuoctu. PaboTa BhIONHEHA B paMKax MPOEKTa TPAHTOBOTO (DHHAHCHPOBAHHS
MunucrepcTBa Haykd W BbIcmiero ooOpasoBanus PecnmyOnmukm Kazaxcram na 2023-2025 rr. Ne
AP19680057 «U3yuyeHue XO3sSHUCTBCHHO-TIOJIC3HBIX TIPU3HAKOB M XapaKTEPUCTHKA TeHO(DOHIA
KPYITHOTO pOTaTOro CKOTa Ka3aXCKOW OeloroioBod TOPOABI METOJIOM PECEKBEHUPOBAHUS H
TPaHCKPUIITOMHOTO aHanu3ay, Ne rocynapcrsenHo peructparmu 0123PK00236.
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TYHIH

Maxkanana KaszakcraHma Ka3akThlH ak0ac TYKBIMABI ipi Kapa Majibl T€HOMBIHBIH aJIFalllKbl
aJBIHFaH Ti30€TiHIH CHITaTTaMachl KeNTIpiJIreH.

JKymeicTeiH MakcaTel Kazakcran PecnyOnukachiHaa ecipiieTiH Ka3aKThiH aKO0ac TYKBIMJbI ipi
Kapa MaJIbIH KaiiTa ceKBeHupiey OOIIbI.

KazaxteiH akbac TYKBIMBIHBIH THUINTIK 3TaJOHABIK OKUIAEPIHIH TYTac KaHbl MEH KbUI YJTijepi
KUHANIBL. TONBIK TEHOMIBIK cekBeHupieydi xyprizy ymiH «JHK Dkcrpan-2» («Cuatom» XKUIK,
P®), «PureLink Genomic DNA mini Kit» (Invitrogen, AKII) KOMMEpIUSIIBIK >KABIHTHIKTAPBIH
naiijasaHa OTBIpHIN, ipikrenreH Ouomatepuan ynriutepined JHK Oemingi. beminren JAHK-abIH
camacel 1% araposmel  rempae  Tekcepiunmi. JIHK  konuentpanumsicer  Agilent Cary 60
cnekrpodoromerpinae emmrenai. Yirinepai cekBenupiey DNBSEQ-G400 mmatdopmackinga cPAS
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Tuni OolibiHIIa Oip ynrire keminge 9 I'b mepexrepni reHepanmsigaid OTBIPBIN, Y3BIHIBIFBEI 150 X.H.
00JaTHIH KYITHI CEKBEHHUPIICY PEXKUMIHIE KYPTi3iIIi.

BWA 0.7.17 GarmapnamMachlH Taliganmana OTHIPHI, Ka3aK akOac TYKBIMBIHBIH CHKBEHCI Bos
taurus ARS-UCD2.0 (GCF_002263795.3) eH COHFbl KOJDKETIMII TE€HOMBIMEH CaJIBICTBIPBUIIBI.
T'enomma OGapneirel 21 742 momuMopdTsl Bapuarus aHbIKTanasl, oHBIH 20 130-61 SNP, 1 612-ci
nenenus/vHcepuns, 49 MynpTHAIDIENbOl Bapuamus koHe 19 wmympTHammensai SNP o Gompsl.
Tpanzunus/tpancBepcus KatbiHackl (Ts/Tv) ecenrenin, 1,79-1p1 Kypaabl.

Ocplnaiiia, Ka3akThbIH aK0ac TYKBIMBIHBIH TEHOMBIH CEKBEHUpJIEY €TTI Mall IapyanibUIbIFbIH
KapKbIHIATy JKOHE TEeHIIK KOpPBIH caKTay YVINiH MaHbI3IB Kajgam Oonbin Tabputamsl. JKypriziiren
JKYMBIC Ka3aKThIH ak0ac TYKBIMIBI ipi Kapa MajblHAa HETi3Ti IIapyalibUIbIK-Taiaansl Oenriiepai
KaJIBIITACTRIPYABIH TeHETUKAJBIK TETIKTEpPIH JKOHE OoJlap YIIIH TeHETHUKAaJbIK MapKepiepiai o3ipiey
MaKCaTBhIH/a OJaH opi 3epTTeY YIIiH 0acTarKpl 1epeKTepAl YChIHAIBI.
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®OPMHUPOBAHUE BbIBOPKH 1 OTEOP OTEUECTBEHHBIX ITOPO/I JTOIHAJIEN J1J1A
INPOBEJEHMUS IIOJIHOI'EHOMHOI'O PECEKBEHUPOBAHUA
FORMATION OF THE SAMPLE AND SELECTION OF DOMESTIC HORSE BREEDS FOR
WHOLE-GENOME RESEQUENCING

AHHOTALNUA

B nanHoili pabote paccmarpuBaercsi GopMUpOBaHHE U OTOOP OTEYECTBEHHBIX TOPOJ JIOIIaaeH
JUIS IPOBEJICHHS ITOJTHOTEHOMHOI'O PeCeKBeHHpOBaHUs. KOHEBOICTBO B Halllel CTpaHe 3aHUMAET OJHY
M3 OCHOBHBIX YaCTE€H CEIbCKOrO XO3SMCTBAa M HALMOHAJIBHOW KyJIbTypbl. Ha ceromHsmiHuil J1€Hb
Kazaxcran 3aHMMaeT OJHO U3 BEAYIIMX MECT 10 YUCICHHOCTH JIONIAJICH, NaHHBIH (DaKT CIIOCOOCTBYET
INPOM3BOAUTE M OSKCIOPTHPOBAaTh MPOAYKIHUIO KOHEBOACTBA. IlOBBIIIEHHWE MPOAYKTUBHOCTU U
aJIalTUBHBIX CIIOCOOHOCTEH SIBIICTCS aKTyalbHOW 3amadeit. JIJis MpOBENCHMs MCCICIOBAaHUS HaMH
Obuta copMUpOBaHa TPyIIa OTEUECTBEHHBIX IMOPOA JIOMIAAEH C HAWIyYIIMMH OOHUTHPOBOYHBIMHU
JAHHBIMU U3 PAa3IWYHBIX peruoHoB Kaszaxctana. BoHMTHpOBKa MPOBOAMIACE COTIACHO WHCTPYKIUH
mo OOHUTHPOBKe Jomaaei MecTHBIX mopoxa Kazaxcrana. OTOOp OHMONIOTHYECKOTO MarepHuaia B BUIC
LETPHOM KPOBH M BOJOCSHBIX JIYKOBUIl IPOW3BOAMICA COTJIacHO MeTonuku aHamuza [IJJAD.
Brigenenne JIHK mposoamnu kommepueckuMm Habopom PureLink™ Genomic DNA Mini Kit
(Invitrogen™) u «/IHK Dxctpan-2» (OO0 «Cunrom», r. Mocksa). [lns omnpeneneHus KadecTBa H
kosmuectBa JIHK mcnonp30Banu COOTBETCTBEHHO METOJ Telb-3JIeKTpodope3a U CIeKTPOPOTOMETP
Agilent Cary 60 (Agilent Technologies, Inc, CIHA). Ilpomeps! u xuBast Macca chOpMHPOBaHHOMN
TPYNIbl OTEYECTBEHHBIX MOPOJ JIOUIalel COOTBETCTBOBAIM cTaHjaapraM mopoj. Brigenennoe JTHK
XapaKTepH30BaJIOCh XOPOLIMM KauyeCTBOM M KOJMYECTBOM, B CPEIHEM KOHLEHTpauus cocraBuia 32
HI/MKI. [lo pesymbraTaM MpOBEACHHBIX HCCIEAOBAaHHK HaMH ObUTM 0TOOpaHBl 3 skepeldlia, mopoj
JoKabe, MyrajpKap U afai AJsl IpOBeACHUs JalbHEHIIEro PeCeKBEHUPOBAHMSL.

ANNOTATION

This study examines the formation and selection of domestic horse breeds for whole-genome
resequencing. Horse breeding in our country plays a significant role in both agriculture and national
culture. Currently, Kazakhstan ranks among the top countries in terms of horse population, a factor
that supports the production and export of equine products. Enhancing productivity and adaptive
capabilities remains a critical task.

For this research, we selected a group of domestic horse breeds with the best evaluation scores
from various regions of Kazakhstan. The evaluation was conducted according to the guidelines for
assessing local horse breeds in Kazakhstan. Biological material, including whole blood and hair
follicles, was collected following the PDAF analysis methodology. DNA extraction was performed
using the PureLink™ Genomic DNA Mini Kit (Invitrogen™) and "DNA Extrane-2" (LLC "Sintol,"
Moscow). The quality and quantity of DNA were determined using gel electrophoresis and the Agilent
Cary 60 spectrophotometer (Agilent Technologies, Inc., USA), respectively. The measurements and
live weight of the selected domestic horse breeds met the breed standards. The extracted DNA was
characterized by good quality and quantity, with an average concentration of 32 ng/ul. Based on the
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results of the conducted research, we selected three stallions of the Zhabe, Mugalzhar, and Aday
breeds for further resequencing.

Knwueeswie cnoea: xonesoocmeo, omeuecmeenuwvie nopodbl Jaowaoet, d)eﬂomun, arcusast maccea,
npomepui
Key words: Horse breeding, domestic horse breeds, phenotype, live weight, measurements

Beenenne. KoneBonctBo B Pecnybnmke KaszaxcraH siBisieTcsi oZHOM W3 BaKHBIX OTpaciel
JKUBOTHOBOJCTBA. Ha ceronHsAIIHMI JeHb YMCIEHHOCTh IIOT0JI0BbsI COCTABISIET Oonee 3 MIIH., ycTymas
mumis CIIA, Mekcuku, Kutato, bpasunuu, Aprentune, Mounromnuu [1, 2].

OteuyecTBEHHbIE MOPOJBI JIOIIAAEH IPEACTABIASAIOT COOOM yHUKANbHBIE TI'€HETHYECKHE
TMIOITYJIALINY, aIallTUPOBAaHHbBIE K CIIEU(UISCKIM YCIIOBHSIM OKPY>KaroIei cpeasl perrnona [3-6]. Onun
SBIIAIOTCS BAXKHOM YAcTbIO KyJBTYpHOTO HAcleAMs CTpaHbl W HWIPAIOT KIIOYEBYIO pOJIb B
arpoIpoOMBIIIIIEHHOM KOMIUIEKCE.

dopMmupoBaHue ¥ OTOOpP OTEUYECTBEHHBIX TMOPON JJsl MPOBENEHHUS MOJHOTEHOMHOTO
PECEKBEHUPOBAHUS HMMEET OCOOYI0 3HAaUYUMOCTb B KOHTEKCTE COXPAaHCHHMS U  YIIy4IICHUs
TeHEeTUYECKOro MOTeHIMala ITUX YHHUKaIbHbIX nopoa. B Kazaxcrane paspoasr 14 mopon u THIOB,
KOTOpbIE BKJIIOYAIOT B ce0s 3aBOACKHE W MECTHBIE MOPOIbI, CPOPMUPOBABILHECS B €CTECTBEHHOI
cpeme. OOmast CTpyKTypa IUIEMEHHOTO KOHCKOTO TIOTOJIOBBS CTpaHbl: 98% — TOpOABI U THIIBI
MpoyKTUBHOTO HarpasieHus; 0,7% — BepxoBoro; 0,6% — BepxoBo-ynpspkHOro; 0,3% — peIcHCTOTO;
0,4% - Tmxemo-ympspkHOTO HampaBieHus [7]. OCHOBHOE BHHMAaHHE B HaIllell CTpaHe YJENeHO
YBEJIMYEHHUIO YHCJIEHHOCTH U COBEPIIEHCTBOBAHUIO OTEYECTBEHHBIX MOPO/ JIOIMaAe. DTH MOpoasl U
UX TIOMECH 3HAYMTEJIBHO OTIMYAIOTCS MEXKAYy co00M Kak Mo TeHOTHIy, (EHOTHIly, TaK W IO
MPOAYKTUBHOCTH. JlaHHBIE MTOPO/IBI XapaKTEPU3YIOTCS BBICOKOW BHIHOCIMBOCTBIO, HEIPUXOTIUBOCTHIO
K YCJIOBHSIM COJICPKaHUS M YHUKATbHBIMH (DU3HUCCKUMH XapakTepucTrkamu [8-10].

Bonbioit uHTEpec cpeau OTEYECTBEHHBIX IOPOJ BBI3BIBAIOT KYIIyMCKas, Myrakapckas,
Ka3axCKue JIOMau THIa Hkalde, agaliCKuii THIT Ka3zaxckod jomaan. Kyrmymckas mopofa Joriases,
BBIBEJICHHAS! IIyTEM CJIO)KHOT'O BOCIPOHM3BOJMTEIBHOTO CKPELIMBAHUS, XapaKTEPU3YeTCs KPYIHBIM
pocToM, OOJBIION KMBOM Maccoi, M0 MpoMepaM H XHBOH Macce OHHM IMPEBOCXOJST BCE MECTHBIE
TIOPOJIBI: CpedHsis kuBast Macca coctaBisieT 540 kr, mpomepsl — 159-163-194-22 cm y xepebIoB, y
koObUT — 490 kr u 154-159-188-20 cm. MacTth y AaHHO#M mopoabl THexdas, Oypas, pebkas [12].
Myramkapckas IMopoJa JIOMAAeH MICO-MOJIOYHOTO HalpaBlieHHs NPOAYKTUBHOCTH, CO3JaHHAs
METOJIOM YHCTOIIOPOJHOTO PAa3BEACHHS M COBEPIIEHCTBOBAHHMS JIOMIAAEH Ka3axCKOW MOPOJIbI THIA
J0Ka0e 1 TOTJIOLICHHUS 3TUMH IPOU3BOAMTENSAMH JIOIIAIeil MECTHBIX TOMYJISILUI Pa3NuYHbIX PErHOHOB
peciyonuku. JlaHHas mopoJa  XapaKTepU3YyeTCsl MAacCHUBHOCTBIO, KPENKOW KOHCTUTYLHEH,
JIOCTaTOYHOM KOCTHUCTOCTHIO, HOPMAJIbHOW IMOCTAHOBKOM M CTPOEHHUEM KOHEYHOCTEH, OJIHOTOHHOM
MmacTbio. JKuBas Macca >kepeOL0oB MyraypKapcKoW MOpOJbl B CpelHEM AOCTHUTraeT 553 Kr, mpoMepbl
145-159-185-19 cM. MacTh y MyrakapcKux MopoJ1 Jolnajiei OyaaHble, caBpachie, phKUE, THEABIC U
Mmbimacteie [13]. bomblryio HEeHHOCTh B Ka4eCTBE MSICHBIX M MOJIOYHBIX NOPOJ MPEICTaBISIOT JKade.
JanHass mopoja pa3BOJIMTCS NPAKTHYSCKH HA BCEH TEPPUTOPUM CTpaHbl. JIkabe B OCHOBHOM
MEJIKOPOCTbIe, KPEeKOW KOHCTHTYIMH, XHBass Macca 360 Kr, cpefHue mpoMepbl xepeOmoB 144,8-
150,8-179,1-19 cMm. VY koObu1 x)HBasi Macca cocraiseT B cpeaHem 320 kr, npomepsl 142,5-149,3-
177,5-18,7 cm. Mactu naHHOM TIOPOJBI pa3HOOOPA3HBI, HO B OCHOBHOM THe/as U TeMHO-pbikas. [14-
16]. Apaiickuii THUI Ka3aXCKOM JIOMIaay TPEACTaBIseT OOJBIIYI0 EHHOCTh JUIS TaOyHHOTO
KOHEBOJICTBA B MaHrucTayckoi o0mactu. DTO cBO€OOpa3HBIA 30HATBHBIA THN Ka3axCKOH JIOIIa[IH,
CJIOKHBILUICS B TPUPOJHO-DKOHOMHUYECKHX YCIOBHAX ApanoKacuiCKON MyCTHIHHOM 30HHI. Jlomaau
JIOCTAaTOYHO BBICOKHE, OOJaJaf0T XOpOIIO pa3BUTOH MycKynaTypoil. JXuBas macca xepeOloB B
cpeaaeM nocturaer 480-500 kr, cpemnue mpomepsl 143,7-146,8-167,8-18,6 cm. MacTh naHHBIX
Jlomaaen cepas, rHeast, ppokas, Oymanas. [17, 18].

JocTmwkenns B 00J1aCTH OJIHOTEHOMHOTO CEKBEHHUPOBAHUsI ITO3BOJIMIIO IPOBECTH YIITyOJICHHBIN
AHAJIU3 TEHETUYECKUX Bapualuid MIpUCYTCTByOuMEe Yy Jomaneid. M3BecTHo, 4YTO UCTOpUU
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onomarmHuBaHus jomraneit mpumepro 5000-6000 ner, 3a 3TOT MEpPHOA TEHETHYECKOEe pa3HooOpas3ue
OJIOMAIIHEHHBIX JKMBOTHBIX IIOCTEIIEHHO H3MEHSETCSl 3a CYET CEJICKIMOHHBIX MEPONIPHUSITUH B
nomysiusax [19]. CTouT OTMETHTh, YTO TPaAWLIMOHHBIE METOABI Pa3BElCHHS HE NAIOT OLIYTHMOTO
CEJIEKIIMOHHOTO TPOrpecca, B 3TOW CBSI3M BBI3BIBACT HWHTEPEC H3YyUCHHE T€HETHYECKOTO MPOQHIIL
OTEYECTBEHHBIX MOPO/JI JIOLIACH ¢ MPUMEHEHHEM CEKBEHUPOBAHUS HOBOT'O TIOKOJICHHUS.

Marepuajisl U MeTOABI McciaeaoBanmii. MccnenoBanus npoBoaninck Ha Oaze nabopaTopun
OMOTEXHOJIOTUY U AUArHOCTHKU MH(EKITMOHHBIX Oone3nert Vcnprratensnoro nearpa HAO «3amagno-
Kazaxcranckoro arpapHo-TeXHUYECKOT0 YHUBEPCUTETa UMEHH JKaHTHp XaHa» U XO3SHCTB Pa3InYHbIX
obnacreri Kazaxcrama. dopmmpoBaHHe BBIOOPKH OTEUECTBEHHBIX IOPOJA Jomaael (Myramkap,
KYIIyM, Ka3zaxckas mopoja: mxalbe W alaiicKuii TUI) MPOU3BOJAWIOCH HA OCHOBE cOOpa CIENYIOLIHX
JaHHBIX: [I0JI, BO3PACT, )KMBasi Macca. B3siTe OCHOBHBIX IPOMEPOB JIOIIA/IEH: BBICOTA B XOJIKE, KOCast
JUIMHA TYJIOBHUINA, OOXBAaT rpyau, OOXBAaT IISICTH BBINOJIHSIA B COOTBETCTBMM C HMHCTPYKLHUEH IIO
oonutupoBke [20]. OTOop Omonormueckoro marepuana (LedbHas KPOBb M BOJOCSHBIC JYKOBHIIBI)
MPOM3BOAMIICS C CEeHTAOps mo aexabps 2023 1. W3 XO3SICTB, PACHOIOKEHHBIX B 3amagHo-
Kazaxcranckoii (CbippIMCKHii, AKKaukckuil n JKaHranmHcKuid pailoHbl), AKTIOOMHCKON (ANTHHCKUI
paiton) u IlaBnomapckoit (Maiickuii paiion) obmactedd. [lpm orbGope OmomaTepnana HCIONIH30BAHA
«Metoauka aHanmu3a mnoiduMopduiaMa UIMH aMIUMGUIUpOBaHHBIX ¢parmMeHToB ([TJAD) mns
MPOBEJICHUST MOJIEKYISIPHO-TEHETHYECKOW AKCHEPTU3BI CEebCKOXO3AUCTBEHHBIX JKHBOTHBIX» [21].
KpoBb oT0OpaHa u3 sipéMHON BEHBI B CIELUABHBIE CHCTEMBI 3a00pa KPOBH C aHTHUKOATYIISIHTOM.
OTOOp BOJIOCSHBIX JIYKOBHUI] OCYIIECTBIISUICS B KOJIM4ecTBe He MeHee 15-20 Bosoc, 0TOOpaHHBIX M3
XBOCTa BMECTE C OTYETIIMBO BUIHBIMHU JIYKOBHIIAMH OT KaXKI0T'0 KHBOTHOI'O (PUCYHOK 1).

Boinenenne JHK w3 1menpHOM KpOBHM OTEUYECTBEHHBIX IIOPOJA JIOMIAJCH MPOBOAMIN
kommepueckum HabopoMm PureLink™ Genomic DNA Mini Kit (Invitrogen™), seinenenune JJHK u3
BOJIOCSIHBIX JIYKOBHI IPOBOIMIN KoMMepueckuM Habopom «IHK Okcrpan-2» (OOO «Cunromn»,
r. Mockgra). KauectBeHnusiii ananu3 BeiaeneHHon JIHK mpoBoauics Metomom remb-3nekTpodopesa.
KonnvecTBeHHBIN aHATN3 TPOBOAMIICA ITyTeM m3MepeHus: konueHtpauun JJHK Ha ciekrpodoromeTpe
Agilent Cary 60 (Agilent Technologies, Inc, CLLIA).

&

OHMOJIOrMYECKOro MaTepuasa (BOJOCSIHBIX JIYKOBHII)

Pucynox 1 — OT66

Pe3ynabTarel W UX 00Cy:XKaeHHMe. B IensIX TOCTMKEHHS IOCTAaBICHHBIX 3aj[ad, HAMH ObLI
OCYILIECTBIICH BBIE3]l B XO3fAHCTBa Ui TIPOBEJCHUS OOHUTHPOBOYHBIX paboT u oTbopa
Ouomornueckoro wmatepuana. Ha pucyHke 2 TIpeacTaBlIeHBI XEpeOIbl OTEYSCTBEHHBIX ITOPOI
JIOIIAAEH.
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Pucynoxk 2 — XKepeOlibl 0TCUSCTBECHHBIX MTOPO/T JIOIIACH
(A — mxabe, b — myramkap, B — agaif, [ —xymrym)

[lo pesynpratam OOHHTHPOBOYHBIX JAaHHBIX HAMH OBUIM OTOOpaHbI HaWOoOJIiee THITMYHBIC
NpeACTaBUTENH U chopMUpOBaHa BEIOOPKA OTEUECTBEHHBIX TOPO/ JomIazei (Tadbmuua 1).

W3 mannbix Tabnuiel 1 BUmHO, 4TO ’KMBas Macca xepeOuoB Bapbupyercs oT 420 kr (amait) 1o
650 xr (Kymrym) B 3aBUCHMOCTH OT Topozbl. JKuBas Macca kKoObUT Bapsupyetcst ot 385 kr (afaif) 1o
580 kr (Myrapkap) B 3aBUCUMOCTH OT Hopojisl. Ha pucyHke 3 npejcraBiieHa cTon0yaras quarpamma,
oToOpaXkaromas XUBYIO MacCy JIOIIAAEH pa3IMYHbIX IOPOJI B 3aBUCUMOCTH OT I0JIA.

Tabmuiia 1 — [Ipomepsl U )KKMBast Macca OTEUECTBEHHBIX ITOPOJI JIOIIa ek

IIpomepsl, cm
< = =
IonoBo3zpacTHas - S g 2 é Kupas
[opona P Mactb g g == = = | macca,
Tpymna S g = 3 & = “r
g x s i 9 9
: se| & &
= fs) fs)

1 2 3 4 5 6 7 8
Kymym Kobbu1a, 9 ner Bypas 155 161 187 20 530
Kymrym Kepeben, 11,5 ner | T. rHepas 163 168 197 20 600
Kymrym Kepebew, 8,5 net l'uenas 162 165 200 21 650
Kymym Kepebden, 10,5 ner | Kapaxosas 168 170 200 21 620

Myramxkap KoOsbu1a, 7 ner Caspacas 148 154 183 20 530
Myramkap KoOnina, 8 net CaBpacas 148 156 203 | 20,5 580
Myramxkap KoOsbuia, 8 ner Caspacas 147 158 197 | 20,0 560
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1 2 3 4 5 6 7 8
Myramxkap Ko0Obu1a, 9 ner Caspacas 147 162 190 | 20,0 550
Myramxkap XKepebewn, 7 ner Caspacas 147 153 185 20 492
Myramxkap Kepeben, 13 ner Caspacas 148 157 207 | 21,5 640
Myramxkap XKepebew, 8§ ner Caspacas 148 167 208 | 21,5 644

Anaii Ko6r1a, 9 et T'nenas 140 144 164 18 390
Anaii Ko06bu1a, 9 ner Boponas 142 146 173 18 385
Anait XKepeoer, 12 net I'nenas 144 147 174 18 420
Jxabe Ko06bu1a, 9 ner Boponas 142 148 177 18 420
Jlxabe KoObuia, 8 ner Boponas 144 149 180 18 440
Jlxabe XKepebemn, 8 ner Caspacas 144 151 205 | 20,5 560

700 650 640 644

o0 m 620 w0
600 2% 560 560
530 530 350
. 492
420 a20 0
390 385
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Kymrym Myramxap Anait Jxabe

Pucynoxk 3 — JXKuBas macca (KT) OT€4eCTBEHHBIX ITOPOJI JIOMIA e
(K—xo0b11a, XX—xepebder)

JKusast macca >xepeOLoB BO BCEX MPEICTABICHHBIX OT€UECTBEHHBIX NMOPOJAaX UMEIOT OONBLIYIO
Maccy 10 CpaBHEHHIO ¢ KoObUiaMu. IIpy 3ToM HauOOJbIIYIO pasHHIly MEXKIY Maccoil skepebua u
KOOBLIBI MOXHO HaOJII0AaTh Y MOPOJIbI HKa0e, a HAMMEHBIIYIO Y aJIaliCKOM MOPOIbl (PUCYHOK 4).
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Kymym Myramxap  Agali JTlxabe

Pucynok 4 — Macca KoObLT U 5kepeOIl0B OTEUECTBEHHBIX MTOPOI JIOIA e, (KT)

Ha pucyHke 5 npencTaBieHbl MPOMEPbl OTEUECTBEHHBIX JIOMIAICH B 3aBUCMOCTH OT HX I10JIa.
HauGosbimeii BRICOTOM B X0JIKE, 0COOCHHO y JKepeOIIOB, BhIIEISIETCS KyIIyMcKas opoaa — 168 cm, y
MYTaHKapCKON MOPOJIbl HECKOJIBKO MEHBINNE 3HAUYCHHSI, OJHAKO OJMHAKOBBIC KaK y JKepeOIloB, Tak U
KOOBLT — 148 ¢cM, HAMMEHBIIIUE TIOKA3aTEIM HAOII0IAI0TCS Y MTOPOA aaail u 1kade, COOTBETCTBEHHO OT
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140 cm y xoObu1 amail u no 144 cm y >xepebuoB obeux mopon. Ilpu cpaBHeHHHM KOCOH IJTUHBI
TYJIOBHINA HAMOOIBIIINIA TIOKAa3aTeNh TaKKe Yy jKepeOIioB KylryMKoi mopoas! — 170 cM, HanMeHbIIHH
MOKa3aTelNb y xKepeOroB mopoas! afgait — 147 cm. Hanbonpmuit 00xBat rpyau B 208 cM HabmromaeTcs
y JKepeOla MOpoAbl Myramkap, HauMEHbBIIME IOKa3aTelH Yy KOObUT W KepeOLoB MOpOIbl ajaif,
cooTBeTcTBeHHO 164 m 174 cM. HamGompmmii mokaszarens obxBarta msactu 21,5 cMm Habmomaercs y
epedlia IOpoAbl MyrajpKap, B CpeIHEM Y KepeOLi0B 0T€UECTBCHHBIX IOPOJ JIoIael IuHa o0xBarta
msacty pocturaer 20 — 21 cM. KoObutel mopoxa afail U jpxabe MMEIOT HAUMEHBIIUN 00XBaT MSCTH
nokaszai — 18 cm.
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Kymmym Myramxap A pai Txabe

B Bricora B X0omke (cM) Kocas nmuna Tynoerma (ca)

Obxear rpyau (cu) Obxear macta (cn)

Pucynok 5 — IIpoMepsl 0T€UeCTBEHHBIX OO/ JIOLIAICH B 3aBUCHMOCTH OT 110112, (CM)

[Tpomepsl Tena chOpMHUPOBAHHON TPYNIBI OTEYECTBEHHBIX MOPOJ JIOMIAAEH COOTBETCTBOBAIU
cragnapram mnopoa. CreayeT OTMETHTb, YTO BCE JIOMIAAM COOTBETCTBOBAJIM IO 3KCTEPHEPHBIM
XapaKTepUCTUKAM CTaHIapTaM.

Ha manpreiimem stane Hamu npoBeaeHo BeyieneHue J|HK w3 Omomormueckoro marepuana u
ompezeneH ero kadectBeHHbId aHanu3. JIHK xapakrepusoBaiach XopommMm KayecTBOM, T.K. Ha
anektpodoperpaMme  OTCyTCTBOBai M  Hecmenupudeckue  ¢parmedtel. llpu  mpoBeneHun
KOJIMYECTBEHHOTO aHanmm3a cpensis kormnenTpanus JJHK cocrasuna 80 ng/ul, otHomenne A260/A280
cocraBuiio 1,9.

B pe3ynpTaTe BHELIHEH OIEHKH 3KCTEphEpa KUBOTHBIX, U3MEPEHHS IIPOMEPOB Tela U KauecTBa,
BeiesieHHoro JJHK, namu Obiin oToOpansl 3 skepedua, ¢ HauTyYIuMU OOHUTHPOBOYHBIMH JaHHBIMU,
npuBeeHHbIX B Tabmume 2, JIHK KkoTopeix XapakTepu30BalOCh HAWIYUIIMM KadeCTBOM H
KOJIMYECTBOM JJISl IPOBEACHUS TaJIbHEHNIIIET0 TOTHOT€HOMHOTO PECEKBEHUPOBAHUS.

Tabmuma 2 — OrtoOpaHHBIE 00pa3lbl OTEYECTBEHHBIX IOPOJ JIOMIANEH [UIsi TMPOBEICHUS
MOJIHOTEHOMHOT'O PECEKBEHUPOBAHMSI
ITpomepsl, cm
Konien
< = =
Kmmuka/ Bos- Kusas | g g = S | tpauus
ITopona . Ilon Mactse macca, | = o B 2 & 3
KJIEUMO pact SE =3 - JIHK,
Kr S 4 v o § = /
2 X 8 |§ R M HI'/MKJI
=g E| &
= o) S
Qaldi
Jxabe Qulyn/ Kepeberr | 8 mer | Caspacas | 560 | 144 | 151 | 205 | 20,5 39
16/15
Myran | 7726, | yonegen | 22 | Caspacas | 640 | 148 | 157 | 207 | 21,5 | 36
xKap YemnroH ner
64309410 12
Anait 0090 XKepeben I'nenas 420 144 | 147 | 174 18 43
JeT
342-111n
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3akimoyenne. B Xxome TpoBEeOSHHBIX ~HMCCIENOBaHMI HaMu ObUTM  OTOOpaHBl U
MIPOAHAIM3UPOBAHBl OTEUECTBEHHBIE MOPOJBI JIOMAAEH ISl MOJTHOTEHOMHOTO PECEeKBEHHPOBAHUS.
OT100p MpOBOIWICS C YIeTOM OOHMTHPOBOYHBIX JaHHBIX U KAUECTBEHHBIX IOKa3aTesied BbIIEICHHON
JHK. B pe3ynprare TIIAaTENIbHOTO aHANMM3a OBUTH BHIOPAHBI TPH jkKepediia mopo Jkade, Myrammkap 1
ajaif, KOTOpble JEMOHCTPUPYIOT HaWJIydllHe TeHETHYeCKWe M (EHOTHIIMYECKUE TOKazaTeld s
JAIbHEHIIEr0 IOJHOTEHOMHOTO HCCICIOBaHUS. OTH TOPOABI MPEACTABISAIOT cO0O0W IeHHBIE
TeHETHYECKUE PeCcypchl, 00IaJaronie BBICOKOH alalTUBHOCTHIO U IPOIYKTUBHOCTBIO, UTO JEJIAET UX
NEePCHEKTUBHBIMU OOBEKTAMU VIS CEJIEKLUN U COXPAaHEHUsI TeHETHYECKOI0 pa3HO00pasysl B YCIOBHAX
cnenuguueckoil okpyxkatomei cpeapl Kazaxcrana. IlomydeHHble pe3ynbTaThl OTKPHIBAIOT HOBBIE
BO3MOKHOCTH JJISl YJIYYLIEHUS M COXPAHEHHs OTEHYECTBEHHBIX MOPOJ JIOMIAAEH, YTO MMEET BajKHOE
3Ha4YEHUE I Pa3BUTHs KOHEBOACTBA B CTPAHE.

®uHaHcupoBaHue. PaboTa BBIIOMHSIACH B paMKax IPOEKTa I'PAHTOBOTO (MHAHCHUPOBAHUS
Komurera Hayku MuHHCTepcTBa HaykKd H BbIcHiero oOpasoBanusi PecnyOnmuku Kazaxcran
AP19577616 «H3yuenne mnopoaocneqUPHUYHBIX NPHU3HAKOB Y OTEUECTBEHHBIX MOPOA JOIIAAeH
METO/I0M PECEKBEHUPOBAHUS U TPAHCKPUIITOMHOI'O aHATIN3a».

CITMCOK JIMTEPATYPbBI

1 Jemun, B.A. KoneBoxactBo: yueOnuk juist By3oB [Tekct] / B.A. Jlemun, A.P. AkumOeKoB,
J.A. baiimykanos u ap. — Cankr-IlerepOypr: Jlans, 2022. — 324 c.

2 Pozharskiy, A. Genetic structure and genome-wide association study of the traditional Kazakh
horses [Text] / A. Pozharskiy, A. Abdrakhmanova, I. Beishova, et al. // Animal. — 2023. — V.17(9). —
P. 100926-1-100926-12. doi:10.1016/j.animal.2023.100926

3 Rzabayev, T.S. Linebreeding as a system of stock breeding to improve the productive
qualities of horses of the Kushum breed [Text] / T.S. Rzabayev, T.S. Assanbayev, S. Rzabayev, et al.
// Reprod Domest Anim. — 2022. — V.57(12). — P.1584-1592. d0i:10.1111/rda.14235

4 Nguyen, T.B. Genetic characterization of Kushum horses in Kazakhstan based on haplotypes
of mtDNA and Y chromosome, and genes associated with important traits of the horses [Text] /
T.B. Nguyen, R.C. Paul, Y. Okuda, et al. // J Equine Sci. — 2020. — V. 31(3). — P. 35-43.
doi:10.1294/jes.31.35

5 3aiineBa, M.A. CoxpaHeHue reHO(OHIa OTEUECTBEHHOro KoHeBojactBa [Texcr] /
A.M. 3aiines, JI.A. Xpadposa // KoneBojcTBO 1 KOHHBIN criopT. — 2016. — Ne2. — C. 4-6.

6 Xpabpogra, JI.A. ['eHeTHYeCKHII MOHUTOPHUHT YACTOKPOBHON BEPXOBOU IMOPOBI JIOMIAIEH TIO
noxycam mukpocarerutoB JIHK [Tekct] / JILA. Xpabposa, H.B. brioxuna // I'eHetnka u pazBeneHue
sKUBOTHBIX. — 2018. — Ne3. — C. 11-16.

7 YUCIIeHHOCTh, U y,[[GJ]LHBIfI BE€C INUICMCHHBIX JXMBOTHBLIX BO BCCX KaTCropusax XO03AHCTB
Pecny6iinku KazaxcraH, K 001eMy MMOT0JI0BbIO )KHUBOTHBIX 10 coctostuuio Ha 01.01.2022 roxa (mxara
obpamenus 11 urosst 2024) https://www.gov.kz/memleket/entities/moa/activities/169?lang=ru

8 Sharapatov, T. Increasing the milk productivity of Kazakh jabe horses [Text] /
T. Sharapatov, T. Assanbayev, S. Shauyenov, K. Aubakirov, K. Iskhan // Braz J Biol. — 2023. — V.83.
—P.e277915-1-e277915-7. d0i:10.1590/1519-6984.277915

9 Orazymbetova Z. Genetic Diversity of Kazakhstani Equus caballus (Linnaeus, 1758) Horse
Breeds Inferred from Microsatellite Markers [Text] / Z. Orazymbetova, D. Ualiyeva, K. Dossybayev,
etal. // Vet Sci. — 2023. — V.10(10). — P. 598- 1-598-12. d0i:10.3390/vetsci10100598

10 Rzabayev, T., A New Intra-Breed Type, "Mamyr-Aktobe," of the Kushum Breed of Horses
of the Aktobe Population [Text] / T. Rzabayev, S. Rzabayev, K. Rzabayev // Arch Razi Inst. — 2022. —
V.77(6) —P. 2273-2279. doi:10.22092/AR1.2022.360058.2539

12 Heuaes, M.H. O ka3axckoi nopo/e Jiomajaei u ee oTpoibax. KOHEBOICTBO W KOHHBIH CIIOPT
[Texcr] / N.H. Heuaes, I'.B. Cuzonos, JI.A. Ce3apikoB // — 2007. — Ne2. — C.23-26.

13 Haiimanos, /I.K. TabynHnoe koneBoncTBO: YueOHoe mocobue [Tekcr] / J.K. Haiimanos,
A.T. Typabaes, I'.T. baxtri0aes, JI.A. Ceneyosa // Kocranaii: KI'Y umenu A. BaiitypceiHosa, 2018. —
238 c.

14 Bexora, I'.C. JKbuIKbUTapblH OTaHABIK TYKbIMIAPBIHBIH TI'€HETHKAJBIK OPTYPIUIrT MeEH
OHIMIUTIK KacuerTepiH 3eprrey yumiH SNP Tomblk TeHomIbl TanpayblH mnaiinanany [Tekcr] /

147


https://www.gov.kz/memleket/entities/moa/activities/169?lang=ru

Aybin1 wapyauibl/iblFbl FbI/IbIMAAPbI

I'.C. bekoga, U.C. beiimosa, /[.A. I'punienko, T.6. // FeuibiM xxoHe OitiM — Ypanbck. — 2024, — No 2-2
(75). — C. 266-276.

15 AxumbekoB, B.P. Passemenue u comepikaHue Jjomanei: ydeOHoe mocobue [Tekcr] /
B.P. AkumoOexoB, K.J. Axumbekos, K.JK. Uckan, I'.'T. Baktei0aeB. — Aamartel : AnbManax, 2016. —
220 c.

16 Kapraesa, M.T. MscHas npoAyKTUBHOCTh MOJIOJIHSIKA Ka3aXCKHX JIOIIaJeH Tumna Jxabe Ha
nmomyoctpoBe Manrpmuiak [Texct] / M.T. Kapraesa, J[.A. baiimykanoB, A.M. JxyHuCOB,
O. AnuxaHoB //BecTHUK XakaccKoro rocyaapcTBeHHoro ynuBepcutera uM. H. @. Karanosa. — 2019.
— No. 28. - C. 69-73.

17 Kargayeva, M. Productive-biological features of aday breed kazakh horses [Text] /
M. Kargayeva, D. Baimukanov, A. Karynbayev, O. Alikhanov, A. Zhunusov // Eurasia J Biosci. —
2020. -V. 14(1). — P.329-35.

18 Cwuzonos, I'.B. MscHas mnpoayKTHBHOCTh HauOoOJee pacHpOCTPAHCHHBIX TCHOTHIIOB
TaOyHHBIX Jnomianeii Kasaxcrana [Tekcr] / I'.B. Cuzonos // ABtoped. nucc...a.c.-x.H., Anmarsl, 2010
—45c.

19 Warmuth ,V.Reconstructing the origin and spread of horse domestication in the Eurasian
steppe [Text] / V. Warmuth, A. Eriksson, M.A. Bower, et al. // Proc Natl Acad Sci USA. — 2012. —
V. 109(21). — P. 8202-8206. d0i:10.1073/pnas.1111122109

20 UucTpykmus mo OOHUTHPOBKe Jomanei MecTHhIX mopof Kaszaxcrana. — Acrana, 2014. —
22 c. (mata oopamienust 10 cerrsiopst 2023). https://adilet.zan.kz/rus/docs/\VV14F0009818.

21 Ceptudukar 1176 KP. Meronuka aHanmmza moduMoppu3Ma JIIHH aMIDTH(QUIIMPOBAHHBIX
(hparMeHTOB (ITJJAD) JUIs NIPOBECHUS MOJIEKYJIIPHO-TEHETUUECKOU JKCIIEPTU3HI
CEJIbCKOXO03sIMCTBeHHBIX )KUBOTHBIX [Tekct] / U.C. Beitmora, A.M. Kopanbuyk, B.A. YibsHoB u np.;
omy6m. 17.02.17. — Acrana: PI'TI «Kaszuametp», 2017. — 32 c.

REFERENCES

1 Demin, V.A. Konevodstvo: uchebnik dlya vuzov [Tekst] / V.A. Demin, A.R. Akimbekov,
D.A. Bajmukanov i dr. — Sankt-Peterburg: Lan', 2022. — 324 s.

2 Pozharskiy, A. Genetic structure and genome-wide association study of the traditional
Kazakh horses [Text] / A. Pozharskiy, A. Abdrakhmanova, I. Beishova, et al. // Animal. — 2023. —
V.17(9). — P. 100926-1-100926-12. doi:10.1016/j.animal.2023.100926

3 Ruzabayev, T.S. Linebreeding as a system of stock breeding to improve the productive
qualities of horses of the Kushum breed [Text] / T.S. Rzabayev, T.S. Assanbayev, S. Rzabayev, et al.
// Reprod Domest Anim. — 2022. — V.57(12). — P.1584-1592. doi:10.1111/rda.14235

4 Nguyen, T.B. Genetic characterization of Kushum horses in Kazakhstan based on haplotypes
of mtDNA and Y chromosome, and genes associated with important traits of the horses [Text] /
T.B. Nguyen, R.C. Paul, Y. Okuda, et al. // J Equine Sci. — 2020. — V. 31(3). — P. 35-43.
d0i:10.1294/jes.31.35

5 Zajceva, M.A. Sohranenie genofonda otechestvennogo konevodstva [Tekst] / A.M. Zajcev,
L.A. Hrabrova // Konevodstvo i konnyj sport. — 2016. — Ne2. — S. 4-6.

6 Hrabrova, L.A. Geneticheskij monitoring chistokrovnoj verhovoj porody loshadej po
lokusam mikrosatellitov DNK [Tekst] / L.A. Hrabrova, N.V. Blohina // Genetika i razvedenie
zhivotnyh. — 2018. — Ne3. — S. 11-16.

7 Chislennost' i udel'nyj ves plemennyh zhivotnyh vo vsekh kategoriyah hozyajstv Respubliki
Kazahstan, k obshchemu pogolov'yu zhivotnyh po sostoyaniyu na 01.01.2022 goda (data
obrashcheniya 11 iyulya 2024) https://www.gov.kz/memleket/entities/moa/activities/169?lang=ru

8 Sharapatov, T. Increasing the milk productivity of Kazakh jabe horses [Text] /
T. Sharapatov, T. Assanbayev, S. Shauyenov, K. Aubakirov, K. Iskhan // Braz J Biol. — 2023. — V.83.
—P.e277915-1-e277915-7. d0i:10.1590/1519-6984.277915

9 Orazymbetova, Z. Genetic Diversity of Kazakhstani Equus caballus (Linnaeus, 1758) Horse
Breeds Inferred from Microsatellite Markers [Text] / Z. Orazymbetova, D. Ualiyeva, K. Dossybayev,
etal. // Vet Sci. — 2023. — V.10(10). — P. 598- 1-598-12. d0i:10.3390/vetsci10100598

148


https://adilet.zan.kz/rus/docs/V14F0009818
https://www.gov.kz/memleket/entities/moa/activities/169?lang=ru

ISSN 2305-9397. FbiibiM )caHe b6intim. 2024. N° 3-2 (76)

10 Rzabayev, T., A New Intra-Breed Type, "Mamyr-Aktobe," of the Kushum Breed of Horses
of the Aktobe Population [Text] / T. Rzabayev, S. Rzabayev, K. Rzabayev // Arch Razi Inst. — 2022. —
V.77(6) —P. 2273-2279. doi:10.22092/AR1.2022.360058.2539

12 Nechaev, I.N. O kazahskoj porode loshadej i ee otrod'yah. Konevodstvo i konnyj sport
[Tekst] / I.N. Nechaev, G.V. Sizonov, D.A. Syzdykov // — 2007. — Ne2. — S.23-26.

13 Najmanov, D.K. Tabunnoe konevodstvo: Uchebnoe posobie [Tekst] / D.K. Najmanov,
A.T. Turabaev, G.T. Bahtybaev, L.A. Seleuova // Kostanaj: KGU imeni A. Bajtursynova, 2018. —
238 s.

14 Bekova, G.S. Zhylkylardyn otandyk tukymdarynyn genetikalyk arturliligi men onimdilik
kasietterin zertteu ushin SNP tolyk genomdy taldauyn pajdalanu [Tekst] / G.S. Bekova, 1.S. Bejshova,
D.A. Gricenko, t.b. // Gylym zhane bilim — Ural'sk. — 2024. — Ne 2-2 (75). — S. 266-276.

15 Akimbekov, B.R. Razvedenie i soderzhanie loshadej: uchebnoe posobie [Tekst] /
B.R. Akimbekov, K.I. Akimbekov, K.ZH. Iskan, G.T. Baktybaev. — Almaty : Al'manah, 2016. —
220 c.

16. Kargaeva, M.T. Myasnaya produktivnost' molodnyaka kazahskih loshadej tipa dzhabe na
poluostrove Mangyshlak [Tekst] / M.T. Kargaeva, D.A. Bajmukanov, A.M. Dzhunisov, O. Alihanov
//Vestnik Hakasskogo gosudarstvennogo universiteta im. N. F. Katanova. — 2019. — Ne, 28. — S. 69-73.

17 Kargayeva, M. Productive-biological features of aday breed kazakh horses [Text] /
M. Kargayeva, D. Baimukanov, A. Karynbayev, O. Alikhanov, A. Zhunusov // Eurasia J Biosci. —
2020. -V. 14(1). — P.329-35.

18 Sizonov, G.V. Myasnaya produktivnost' naibolee rasprostranennyh genotipov tabunnyh
loshadej Kazahstana [Tekst] / G.V. Sizonov // Avtoref. diss...d.s.-h.n., Almaty, 2010 — 45 s.

19 Warmuth ,V.Reconstructing the origin and spread of horse domestication in the Eurasian
steppe [Text] / V. Warmuth, A. Eriksson, M.A. Bower, et al. // Proc Natl Acad Sci USA. — 2012. —
V. 109(21). — P. 8202-8206. doi:10.1073/pnas.1111122109

20 Instrukciya po bonitirovke loshadej mestnyh porod Kazahstana. — Astana, 2014. — 22 s. (data
obrashcheniya 10 sentyabrya 2023). https://adilet.zan.kz/rus/docs/V14F0009818.

21 Sertifikat, 1176 KR. Metodika analiza polimorfizma dlin amplificirovannyh fragmentov
(PDAF) dlya provedeniya molekulyarno-geneticheskoj ekspertizy sel'skohozyajstvennyh zhivotnyh
[Tekst] / I.S. Bejshova, A.M. Koval'chuk, V.A. Ul'yanov i dr.; opubl. 17.02.17. — Astana: RGP
«Kazinmetr», 2017. — 32 s.

TYHWIH

Byn kyMmbicTa TIOJMHOTEHOMJBIK KalWTa CEKBEHUpJEY JKYpri3y VIIH OTaHABIK IKBUIKBI
TYKBIMAPBIH KaJBINTACTBIPY JKOHE TaHAAy Maceneci KapacTolpbuianbl. bi3miH enge  KbUIKBI
HIapyallbUIbIFbl aybUl MAPyalIbUIBIFBl MEH YJITTHIK MOJICHUETTIH Heri3ri OeikTepiHiH Oipi OoibIm
tabbuIabl. Kazipri yakpiTra KazakcraH >KbUIKBI CaHbl OOHBIHINA aJIBIHFBI KaTapJibl elfepiiH Oipi
OombIt TaOBIIAABI, Oy (hakTOp KBUIKBI IIAPYaIIBUIBIFEI OHIMAEPIH OHIIpYre *oHe JKCIOpPTTayFa
BIKIIAIT eTe]ll. OHIMIIIIIK TIeH OeiiMeny KaOileTTepiH apTThIPY ©3€eKTi Macene OOJbIT TaObLUTaIbI.

3eprrey Kypri3y yiuriH 013 KaszakcTaHHbIH opTypiIl allMaKTapblHaH €H JKaKChl OOHUTHPOBKAJIBIK
MAIMETTEpI 0ap OTAaHIBIK KBUIKbI TYKBIMIAPBIHBIH TOOBIH KypIblK. boHuTHpoBka KaszakcTaHHBIH
JKEPTUTIKTI  KBUIKBI TYKBIMAAPBIH Oaralay HYCKAyJBIFBIHA COMKec IKypri3unmi. Buonorusiisik
MaTepUalibl, OHBIH IIHAE TyTac KaH MeEH Imam (QoyutukyiaanapeiH ckuHay [IJJA® rtanmay
anicremecine colikec skysere acwipeuinbl. JIHK Genmymi PureLink™ Genomic DNA Mini Kit
(Invitrogen™) xaone «IHK Okcrpan-2» (OKIIK «CunTton», Mackey) KOMMEPLUSIIBIK KUBIHTBIFBIMEH
xy3ere acbippiiabl. JJHK camacel MeH caHbIH aHBIKTAy YIIIH COMKECIHIIE reib-3yieKTpodopes omici
meH Agilent Cary 60 crekrpodoromerpi (Agilent Technologies, Inc., AKII) konmaHbUIIHI.
KansinTacTelpbUlFal  OTaHIBIK, KBUIKBI TYKBIMAAPBIHBIH OJIIEMAEpPl MEH Tipi cajiMarbl TYKbIM
craHmapTrapbiHa colikec kenni. beminren JIHK camacel MeH caHbl OOWBIHINA KAKChI KOPCETKIMITEPre
ue OoIIbl, opTama KOHIEHTpauschl 32 HI/MKI Kypajsl. JKypri3iireH 3epTreyiepliH HOTHXKenepi
OOMBIHIIIA pECEKBEHUPIICY YIIIiH JKabe, MyFalbKap KoHE aJjail TYKBIMIAPBIHBIH YIII alFBIPHIH TaHIAIl
AJIBIH/BI.
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MUTATEJBHOCTb U BATAMUHHBIA COCTAB CTAPTOBOI'O KOPMA JIJIS
IHEPEIIEJIOB
NUTRITIONAL AND VITAMIN COMPOSITION OF STARTER FEED FOR QUAIL

AHHOTAUA

B nmanHHOW cratbe OMYyOJIMKOBAaHBI PE3YNbTAThl HWCCIENIOBAHUS TUTATEIBHOW IIEHHOCTH U
BUTAMUHHOTO COCTaBa CTapTOBOrO KopMma sl mepene’noB. Llempio 3TOro uccnemoBaHusi ObUIO
ompeJiesieHNe MOKa3aTeNieil XMMUYeCKOr0o U BUTMAaMHHOTO COCTaBa CTAPTOBOIO 3KCTPYAWPOBAHHOTO
kopMa Juia nepenen, paspaboranHoro B KATUY um.C.Celidymimna. OOBEKT HUCCIEIOBaHUS -
00pa3ubl pa3paboTaHHOTO CTApPTOBOTO KOpMa Juts mepenesoB. OnpeneneHne XUMHYECKOTO COCTaBa
Pa3paboTaHHOTO ONBITHOIO KOpMa MPOBOJMIH B Taboparopuu «AHaiau3 kopMa U Mosiokay KazsATNY
uM.C.Celipymmna. Conepxanne BuTaMiHOB rpynisl B: Be, B2, B1, Bs, Bs u Butamuna C onpeaensiiu
mo I'OCT 31483-2012, a conmepkanme ButamuHa E ompepensmu mo 'OCT P 54634-2011. Ilo
MIPOBEJICHHBIM pe3yJbTaTaM HCCIEAOBAaHUS XUMHUYECKOTO COCTaBa KOpMa IOMy4YeHBl CIEAYIOIIHe
MIOKa3aTeNy, KaKk ChIpOM NMPOTEHH, ChIpas KieT4aTKa, JKUp, 30J1a, Kpaxmall. Bricokoe coxmepxaHue
cyxoro BemectBa (91,7%), uyTo MoxeT OBITh TOJNE3HO [UIA POCTa MOJOABIX IIEPEresioB.
B xommepdeckoM KOpMe MMEET HauMeHbIIee coaepikaHue cyxoro BemecTBa (89,6%). ComepkaHus
ceiporo nporeuna (27,6%). B xopme Xozsiictee 1 (23%), mensiue Ha 4,6%. [lo conepxanuio xupa B
pa3paboTaHHOM KOpMe Mokaszarenb coctaBui (7,1%). B kommepueckue Kopma conaepKaT MEHbIe
KHUpa, 9TO cOCTaBuio oT 6,1-6,9%. Haumbonpuiee comepikanue KIECTYATKH B KOMMEPUYECKOM KOpMe
(4,07%) yCIOXHSIOT IepeBapuBaHue NPYTUX MMATATEIHHBIX BEIIECTB KOpMa. Tak ke, CTOUT 00paTuTh
BaXHO€ BHHMMaHWE Ha KosddyecTBa Kpaxmana. Cozaep:kaHMe Kpaxmana B Kopme cTapT 26,1%, B
komMmepueckoMm kopme 32,17-33,13%. Ilokaszarens BuramuHa Bi B kopme cocrasisier 0,052%, Be-
0,026%, B2-0,031%, Bs-0,048% u B3-0,082%. Buramun C u suramun E cocrasumm 0,632% u 18,75%
COOTBETCTBEHHO.
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ANNOTATION

This article presents the results of a study of the nutritional value and vitamin composition of
quail starter feed. The aim of this study was to determine the chemical and vitamin composition of the
extruded quail starter feed developed at S.Seifullin KATIU. The object of the study was samples of the
developed quail starter feed. The chemical composition of the developed experimental feed was
determined in the Feed and Milk Analysis laboratory of S.Seifullin KATIU. The content of B
vitamins: B6, B2, B1, B5, B3 and vitamin C was determined according to GOST 31483-2012, and the
content of vitamin E was determined according to GOST R 54634-2011. Based on the results of the
study of the chemical composition of the feed, the following indicators were obtained: crude protein,
crude fiber, fat, ash, starch. High dry matter content (91.7%), which can be beneficial for the growth
of young quails. Commercial feed has the lowest dry matter content (89.6%). Crude protein content
(27.6%). In feed Farm 1 (23%), less by 4.6%. In terms of fat content in the developed feed, the
indicator was (7.1%). Commercial feed contains less fat, which ranged from 6.1-6.9%. The highest
fiber content in commercial feed (4.07%) makes it difficult to digest other nutrients in the feed. Also,
you should pay important attention to the amount of starch. The starch content in the starter feed is
26.1%, in commercial feed it is 32.17-33.13%.This indicates that the diets have a high content of
organic matter and crude protein and have sufficient nutritional value. Our study showed that feeding
the developed extruded diet to quails has a positive effect on the digestibility of all nutrients. The
vitamin B1 content in the feed was 0.052%, B6-0.026%, B2-0.031%, B5-0.048% and B3-0.082%.
Vitamin C and vitamin E were 0.632% and 18.75%, respectively.

Knrouegwie cnosa: nepenena, cmapm Kopm, npomeun, UMAMUH, PAYUOH.
Keywords: quail, starter feed, protein, vitamin, diet.

Beenenne. Pa3BeneHue mepemnenoB sIBISETCS HanOoJiee PaclpoCTPaHEHHBIM U HOBBIM BHIOM
oTpacid, TaK Kak Iepernesa 0o0nafarT TAaKUMH XapaKTEPUCTHKAMU: OBICTPBIM POCTOM,
CKOPOCTIENIOCTHI0, HU3KOH ce0ecTOMMOCThIO poaykTa [1-3]. JloMalmHuX mepenenoB BEIPANTUBAIOT B
OCHOBHOM JJIsl TIPOM3BOJACTBA SIUI] U Msca [2]. OCHOBHBIMU KPUTEPHUSIMHU KayecTBa MsICA MTHIIBI
ABJISIFOTCA: THIIEBas LIEHHOCTb, KOTOPblE O0ECIEUMBAIOTCS KAa4E€CTBEHHBIM KOPMOM M KOPMOBBIMHU
nJob0aBkamu [3].

3HaHUS O MUMIEBBIX OCOOCHHOCTSIX W MPEANOYTEHUSX NTHIL TO3BOJISIFOT COCTABIISTH PAIIHOHBI C
NPaBUIBHBIM OaJlaHCOM IHUTATENBHBIX BELIECTB Ul KaKIOro Buaa mepemnenoB [4]. benok sBisercs
CaMBIM JIOPOTUM KOMIIOHEHTOM KOPMOB IO CPaBHEHHIO C PacTHTEIbHBIM KommoHeHToM [4-5]. Ho
pacTUTENbHBIE KOMIIOHEHTHI  KOpMa: KyKypy3a, COEBBIH MXMBIX, MIIEHUI]Aa M TOPOX SBISIOTCS
JIETKOJIOCTYITHBIMU, M TaK)Ke CIy)XaT OTIMYHBIM HCTOYHHKOM MHHEPAJOB U BUTaMHUHOB [5-6].
BoNbIIMHCTBO COBPEMEHHBIX PALMOHOB JOMAIIHEW MTHUIBI COCTOAT M3 KYKYypy3bl. COEBBI XKMBIX,
OCHOBHOM HCTOYHHMK DJHEPTMM B pAlMOHAX TMEPEesoB, HMEET BBICOKOE COJEp)KaHHUe
HOJIMHEHACHIIIICHHBIX )KUPHBIX KUCITOT [7-8].

B mocnenHee Bpemsi B palMOHE TEpENenoB HCHOJIB3YIOT KOPMOBBIE JOOAaBKH, TaKHE Kak
¢urobnotnku. DUTOOMOTHKM ¥ WX OOUPHBIE Macia O00ecHeyrBaloT CIEAYIomMe OOIIHe
NPEeUMYIIECTBa: yIy4IIAlOT BKYC KOpPMa, NPEeNOTBPALIaloT 00pa3oBaHWE TOKCHHOB B KOpPME,
NPEJOTBPAIIAIOT WM YHHUTOXAIOT MUKPOOPTraHU3MbI B MUIIEBAPUTENLHON CHCTEME, 00eCIIeUnBaIOT
Jyd4lllee UCTIOIb30BAaHUE MTUTATEIBHBIX BEUIECTB 3a CUET MOBBIIIEHHON aKTUBHOCTH MUIIEBAPUTENBHBIX
(epMEHTOB, yIy4IIAIOT IPOAYKTUBHOCTD )KUBOTHBIX, OJICPKUBAIOT UMMYHHYIO cucteMy [9]. Takxe
MPOAYKTUBHOCTh MTHI[ W TIOBHIIIEHHWE I€PEBAPUMOCTH TIHTATENbHBIX BEIIECTB WM aKTHUBAIIHS
MUKPOOHOTHI JKETYI0YHO-KUIIIEYHOTO TPAKTa MOXKHO YJIYYIIHTH C TMOMOIIBIO (PUTOTCHHBIX J100aBOK
[13].

OnHUM H3 croco0OB IMOBBIMIAIONIMX YCBOSEMOCTh KOpMa SIBIISIETCS METOJ JKCTPYIHUPOBAHUS
npu temreparype 120°C u naBnennu 20 atmocdep [9]. Uem BbIlie yCBOSMOCTh KOpMa, TEM JydIle
nutarenbHocTh KopMa [10]. Ilo ganabM Caiidymmuna A.C. [11] akcTpy3us KyKypy3bl CIOCOOCTBYET
TOBBIIIEHHIO (P PEKTHBHOCTH HCIIOIH30BAHUS KOPMOB. DKCTPYAUPOBAHUE 3€PEH KYKYPY3bl YIIydlIaeT
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ee MUTaTeNbHbIC CBOWCTBA, M JENAeT KyKypy3y 0e30MacHOM ¢ MHUKPOOHOJIOTMYECKOH TOYKH 3pEHUS
[12-13].

OKCTpyAUpOBaHMUE SBIISETCA ONHMUM H3 HanmOoyiee MPOCTHIX U IMPOAYKTHBHBIX CIIOCOOOB
YBEIMYEHHS TUTATENILHON [IEHHOCTH 3epHOBOr0 KopMa. [lodydeHHbIH MyTeM 3KCTPYAUPOBAHHUS KOPM
COXpAaHsET Bce IOJIe3Hble MUTATEIbHbIC BELIECTBA, a TATOTCHHbIE OaKTEPHH U BpeIHbIE TPUOBI B X01I€
JIEHCTBUSI BRICOKHMX TeMIieparyp moruoaror [14].

Kopma nmomamHuX NOTHI cOIEpallie BaXKHbIE KOMIIOHEHTBHI, TaKHE€ KaK HCTOYHHK Oelika,
HalpuMep COEBBII WIPOT, M MCTOYHHUK JHEPIrUH, TaKOW KakK KyKypy3a H IIIEHHLA CUUTAIOTCS
TPaJULMOHHBIMH HMCTOYHMKAMU NHTaTeNnbHbIX Bemects [15]. HauGomee pacmpocTpaHeHHBIM U
JIEIIEBBIM UCTOYHUKOM PAcTUTEIBHOTO OelKa IJIsl KopMa KUBOTHBIX M MTHIL siBisieTcs cost. Cost U ero
oTX01bI cocTosT mpuMepHO Ha 50% w3 ceipoit kimetdaTku, 25% Oenka, 10% mumuaoB m Opyrux
nuTaTenbHBIX BemecTB [16]. Cost U coeBBIe OTXOIBI TAaK)KE COIEPIKAT BBICOKOKAUYECTBEHHBIE OCIKH,
0coOeHHO He3aMeHUMBble aMUHOKUCIOTHI [ 17]. Takxke mo manaeiM Ekeocha et al. (2020) coeBbie 60051
cojepKaT aHTHITHTATEIIHLHBIC BEIISCTBA, KOTOPhIC IIEPEBAPUBAIOTCS TOMAITHEeH mrumei [ 18].

l'opox cunraercs OOHMM K3 ANbTEPHATHBHBIX HCTOYHHMKOB pacTUTENbHOro Oenka. CemeHa
000OBBIX OTJIMYHAS AJLTEPHATUBA COCBOMY IIPOTY M3-3a CXOJCTBA IO COCTaBYy aMHHOKHCIOT [19].
I'opox 1moONeBOM COOEPKUT [Ba OCHOBHBIX CEMEHCTBa: pacTBOpUMBIE Oenku (TI00YJIHHBL,
pacTBOpUMBIE B COJIEBBIX Oydepax u anbOyMHuHBI, pacTBopuMbIie B Bozxe) U 10-15% nHepacTBOpHMBIC
Oenku. ['opox Takke colepXUT B ceOe HH3KOE KOMMUECTBO aHTUIHMTATEIBHBIX BellecTBa (IpoTeasa,
WHTHOUTOPHI, aJTKAJIOUIbI, TyOMITbHEIE BemecTBa U.T.1w.) [20].

BaxHoli cOCTaBHOW 4YacThI0 KOPMOB KaK OCHOBHOTO HCTOYHHMKA SHEPIHHM NPHUXOAMUTCS Ha
KYKYpY3y B palliioHe meperesioB. Kommepueckue paioHbl eperenoB No-MPeKHEMY B 3HAUUTEITLHON
CTETICHH 3aBHCAT OT 3€PHA KyKYPY3bl, YTO IPEACTaBIAET CO00H cepbe3Hyto npodnemy it hepMepos,
BHIpAIIMBAIOIIUX IepernenoB. LleHa Ha KyKypy3y pacTeT u3-3a OrpaHHUYE€HHOCTH MHPOBOTO YpOXKas,
MOATOMY BMECTO KYKYpPYy3bl IeliecooOpa3Hee MCIOJIb30BaTh B PAIOHE Y TEPENesioB MOJIOTYIO U
nenpHyo nmreHuIty [21-22]. [lomuMo KyKypy3bl KYKypy3HOE Macio MOXKHO YCIEITHO MCIIONh30BATh B
parone neperneos [23].

[MueHnna sBiseTCsT TJIAaBHBIM KOMIOHEHTOM KOpMa B palMOHaX NTHIB M obOecrieuynBaeT
JOCTaTOYHYIO NOJIF0 3HEPruH U Oelika B paldoOHE, HECMOTPSI Ha HU3KHE KOHLEHTPAalWHd MHHEPAJIOB,
Takux Kak Zn u Fe [24-25]. Ilo mamueiM D60paxumu u Ap. (2017), 3ameHa KyKypy3bl IEIBHOU
MINEHUIeH B panuoHax nepemnenoB (Homb, 50 u 100%) He okazana Kakoro-Tudo OTPHUIATEILHOTO
BIMSHUS Ha KOHEYHBIM BEC M €XEIHEBHBI MPHUPOCT XUBOM MAacChl, a TaKXe Ha YIydllIeHHE
koa(duimenta kKoHpepcud kopma [25]. IlmieHuna cuuTanach OJHMM U3 PACHpPOCTPAHEHHBIX
KOPMOBBIX MHIPEIUCHTOB ISl LBILIAT-0poitiepoB 10 1980 roxos. 3HaunTelbHYIO YacTh (55-65%) B
KOpMax COCTaBJISET MIICHHIA, HO B MOCJIEIHEE BpeMs B KOpMax AJIsl NTUL Ha4dallkl HMCIOJb30BAaTh
IKCTPYJIUPOBAHHYIO TMIIEHUIy. B OSKCTpyIMpOBaHHOW TMIICHUIE TOBBIIIACTCS YCBOSIEMOCTh
MUTATENLHBIX BernecTs [26].

Llens wucciiemoBaHMsA — ONpENEIEHHE XHMHUYECKOIO COCTaBa W IUTATEIBHOCTH, a TaKXKe
BUTAMHUHHOTO COCTaBa CTAPTOBOTO KOPMA JIJIsI TIepeTerioB.

Marepuansl u MeToabl HcciaeqoBaHuidl. OOBEKTOM  WCCIENOBAHUS CIYXWIH 0OO0pa3ibl
SKCTPYAMPOBAHHOTO  CTAapTOBOrO KOopMa Ui mepemnenoB, paspaborannsle B KATHUY
uM.C.CelidpymuimHa. XUMHUYECKHI COCTaB KOpMa OIpeesuin B jaboparopuu «AHamM3 KopMma H
monoka» KazATUY um.C.Ceitdynnnna. XuMudeckuii cocTaB KOpMa HCCIEIOBaIM Ha aHaIM3aTope
FOSS 2500 (pucynok 1). Xom pa®oThl Ha aHANU3aTOPE COCTOUT W3 CIEMYIIUX 3TAIlOB: 3aCHIMAIH
oOpaseny B wanry-npobojepkarteib M YCTaHABIMBAJIM €ro B aHaimu3arope. BbrIOpaTh MeTOAUKY
U3MEpPEHHsI, COOTBETCTBYIONIYI0 o0pasily. lllenkHyTh MO HMKOHKE 3allycka aHainM3a W BBIBECTH
Ha3BaHue oOpasna Ha kiaBuatype ynpasmsomero I[IK. Ilomydenust pesymbraTa HccieayemMoro
oOpasua [27]. BuraMuHHBIH COCTaB KopMma omnpeieisiv B yabopatopuu IluiieBod 0Oe30macHOCTH
AMaTHHCKOTO TEXHOJIOTHIECKOT0 YHUBepcuTeTa. OmnpenencHue cofaepKanus BUTaMuHOB Be, B2, By,
Bs, Bz u BuramMuna C nposogumu o 'OCT 31483-2012. Conepxanue ButamMuHa E onpenendnu no

I'OCT P 54634-2011. Cratuctudeckyto o0pabOTKy JaHHBIX IPOBOJWIN C IPUMEHEHHEM TPOTPAMMBI
SPSS v.25.0.

152



ISSN 2305-9397. FbuibiM )coHe 6itiM. 2024. N° 3-2 (76)

Pucynok 1 — Ananu3 kopMoB

Pesynbrarel M HX 00cy:kaeHMe. XUMHYECKHN COCTaB KOpMa SBISAETCS MEPBHUYHBIM
MOKa3aTeneM MHUTaTeIbHOCTH KopMa. [IUTaTenbHOCTh 3TO HaJIH4YKe B KOPME BCEX HEOOXOIUMBIX IS
opraHuzMa NTHOBI BemiecTB. Yem Oojblle B KOpPME HCHONB3YETCS KOMIIOHEHTOB, TEM BBIIIE
NHUTATEIbHOCTH KopMa [ 15-17].

IIpn ompeneneHny XUMHUYECKOTO COCTaBa M NMUTATENBHOCTH 3KCTPYIUPOBAHHOTO CTapTOBOIO
KOpMa [Ulsl NIEpEIesIoB UCCISN0BalU CIEYIOIIUE [T0KA3aTeIu: BIaXKHOCTh,0PraHUYECKOE BEIECTBO,
CBIPOH MPOTEUH, XKHp, KiIeT4aTky,bOB, 3011y u kpaxmai.

Pe3ynbTaThl MoNMy4eHHBIE B XOJ€ UCCIEN0BAHUS XUMUYECKOTO COCTaBa M ITUTATENBHOCTH KOpMa
JUTS TIEpETIesIOB TIPUBEICHBI HUKE B Ta0uIe 1.

Tabmuua 1 — XuMHUYECKH COCTaB M NMHTATEIBHOCTH CTAPTOBOTO IKCTPYAMPOBAHHOIO KOpMa st
nepenesnos, %

% B CyXOM BELIECTBE
Kopm CB, % [TpoTtenn Kup Kneruarka 3omna Kpaxman
Crapr 91,7 27,6 7,1 3,72 6,55 26,01
XoszsiictBo 1 90 23,0 6,1 4,07 6,04 32,17
X03sHCTBO 2 89,6 25,4 6,9 3,45 4,93 33,13

Kak BumHO n3 Tabmuuel 1, B CpaBHHTEIbHOM acleKTe pa3padoTaHHbIii HAMH KOPM
0oTBeyaeT MOTPeOHOCTSAM NTHULBI B JaHHBIX NMoka3artesix. Cyxoe BellecTBO B KOpME A0S BCEX
MUTATENLHBIX BEIECTB, KOTOpas OCTAaeTCs TMOCie yAajeHUs Biard. Beicokoe cojiepKaHue CyXoro
BeniectBa (91,7%), 4TO MOXKET OBITH IMOJIE3HO IS POCTa MOJIOJBIX TepernesnoB. B koMMepueckom
KOpME HMeeT HauMeHbllee cojaep)kaHue cyxoro BemecTBa (89,6%). Tak xe, HE Mall0o Ba)KHBII
MOKa3aTenb KOpMa SIBIISIETCS CHIpOW mpoTerH. Hopma chIporo mpoTewHa Ui TepereioB pPaHHETo
BO3pacTa coctaisieT 24%, HaMU pa3pabOTaHHBIN KOPM TaK kK€ OTBEYaeT TPEOOBAHMSM IO CHIPOMY
nporeuny. Conepxut HanbOospllee KoiauuecTBO mpotenHa (27,6%). B kopme Xozsiictee 1 (23%),
MenblIe Ha 4,6%.

XKuper sBrsitoTcst Hanboee KOHIIEHTPUPOBAHHBIM HCTOYHHUKOM SHEPruM B Kopmax. [lpu
YCBOCHMU OPraHU3MOM OHH BBIACIJISIOT HOYTH B JiBa pa3a OOJIbIIE SHEPTUH, YEM-TO K€ KOJINYECTBO
Oenka wim yrineBoqoB. [lo conepxanuio xupa B pa3padbOTaHHOM KOpMe Ioka3zarenb coctaBui (7,1%).
B kxomMmepueckue KOpMa COAEp)KAaT MEHBIIE KHpa, 4TO cocTtaBuio ot 6,1-6,9%. HaubGonbinee
collep)kaHue KIIETYaTKH B KOoMMepueckoM Kopme (4,07%) yCIOXHSIOT MepeBapuBaHHUE APYTHX
MUTATENLHBIX BELIECTB KOpMa.

Tak xe, crouT 00paTuTh Ba)KHOE BHUMAaHHE Ha KojudyecTBa kpaxmana. ConepxaHue Kpaxmala
B KopMe ctapT 26,1%, B komMmepueckoM kopme 32,17-33,13%.

B Ttabmune 2 mnpuBeneHbl pe3ysibTaThl NEPEeBAPUMOCTH MUTATENIBHBIX BELIECTBA KOpMa.
[lepeBaprMOCTh MUTATENIBHBIX BEILIECTB KOpMa SBJISIETCS BAKHEUIIMM ITOKa3aTeleM OOMeHa BEIIeCTB
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y mepenenoB. Uem BbIe KOIPQPUIMEHT TEPEBAPHUMOCTH IUTATEIBHBIX BEIISCTB, TEM JIy4IIe
YCBOSIEMOCTh KOpMa OpTraHU3MOM TIEPEIENIOB U JIyUIlle WX POCT U Pa3BHUTHE.

Ilootomy Hama pabora OblIa HEMOCPEACTBEHHO CBSi3aHA C HW3YYEHHEM  BIFSTHHUA
Ppa3paboTaHHOTO SKCTPYAUPOBAHHOTO KOpPMa JUIsS TEPEINeSOB Ha TEePEeBAPUMOCTh M HCIIOJIb30BaHUC
MUTATEIHHBIX BEIIECTB OPraHU3MOM IepernenoB. [1o mpoBeeHHBIM UCCIIEI0BaHUSIM YCTAaHOBIIEHO, YTO
CKapMIIMBaHHE pPa3pabOTaHHBIM 3KCTPYIUPOBAHHBIM KOPMOM IIE€PETeNsAT OKa3ajo IOJIOKUTEIBHOE
BIIMSIHUE HA TIEPEBAPUMOCTh BCEX MUTATEIBHBIX BEIIECTB.

Tabmuta 2 — [lepeBapuMOCTh MUTATENHHBIX BEMIECTB KOPMa ISl IEPeTiesioB, %

No HaumeHnoBanue nokaszarenei KoadhdummenT mepeBapuMocTH MMTATENHHBIX BEIICCTB
1 [Iporeun 86
2 Kup 60
3 Krneruarka 59
4 OB 92

Kak mokazano B Tabnuie 2 KOdQQHUIMEHT MEpEeBapUMOCTH MPOTEHHA cOCTaBHI 86%, xKupa
60%, knetyatku — 59%, BOB — 92%, 4T0 roBOpUT O BEICOKOH MEPEBAPUMOCTH UTATEIBHBIX BEIIECTB
KOpMa, a CIIEIOBATEIBHO O €T0 XOPOILIEeH YCBOSIEMOCTH.

Opny U3 BaXXKHBIX pOJIei B OIIEHKe MUTATeIbHOCTH KOpMa UrpaeT ero 1 BUTaMUHHBIN cocTaB. Ot
HaJIMYUA TOr0 WJIW MHOI'0O BUTaMHHA B KOPME 3aBUCUT HACKOJIBKO IMUTATCJIBHBIM 6y,[[eT KOpM. KOpM,
o0oraIieHHbIl BUTAMUHAMH OKa3bIBaeT OJIATOTBOPHOE BIMSIHUE HA POCT M MPABHIBHOE PAa3BHTHE TEX
WJIM MHBIX OPraHOB, TKaHEW B pacTyILEM OpraHusMe nepemnenos. IlocTymieHue ¢ KOpMOM BUTAMUHOB
B OpraHusm MCPLIICTIOB SABJISICTCA HCO6XOI[I/IMI)IM YCJI0BHUEM JJIsA €ro HOPpMaJIbHOT'O
(YHKIIMOHUPOBAHUS U Pa3BUTHSL.

B tabmune 3 npuBeneHs! pe3ysIbTaThl ONpeIeTIeHNs] BATAMUHHOTO COCTaBa KCTPYIHPOBAHHOTO
KOpMa /ISl IEPEeTIeIIOB.

Tabmura 3 — BuTaMHHHBIN COCTaB SKCTPYAUPOBAHHOTO KOpPMa TSI TIEPETIeIIOB
No HanmeHOBaHME BUTAMHHOB ITokazaTenu
1 B: 0,052+0,0010
2 Bs 0,026+0,005
3 B2 0,031+0,013
4 Bs 0,048+0,010
8 Bs 0,082+0,015
6 Burtamun C 0,632+0,215
7 Butamun E 18,75+0,12

Kax BumHO U3 Tabmuie! 3 conep)kaHue BUTAMUHOB TPYIIEI B BappupyeTCsl B 3aBHCUMOCTH OT
BUJa BUTaMHHA. Hamu ompeneneHnsl HanOollee BaKHbIE BUTAMUHBI KOTOpEIE COJEpKATCS B KOpMax.
ButamuHBl WrparoT KIIOUEBYIO pPOJIb B HOPMAIbHOM IKU3HEAEATEIHHOCTH OpraHu3Ma ITHIL.
HenocraTok mim n30bITOK BUTAMHHOB MOKET HAPYIIUTh OOMEH BEIIECTB, CHU3UTh HMMYHUTET U JIaXKe
TIOBIIMSATE HAa PENPOTYKTUBHBIE CIIOCOOHOCTH.

Pa3zpaGoTraHHbIif HAMH KOPM TIOKa3aJ TMOJOKHUTENbHBIA pe3yibTaT B OTHOUICHUSX BHUTAMHHOB
rpymmel B. Coxepikanne thmamuna coctapiser 0,052+0,0010. DToT BHTAaMHH BakeH Uil OOMeHa
VITIEBOJIOB W HEpPBHOW cucTeMbl. Ha OOMEH aMHWHOKHCIOT W T'eMOTNIOOWH BIMSET BHTAMUH
nupuokcus, coaepxkanue 0,026+0,005. Tak e, He Mao BaXXHYIO POJIb UTPAcT U B 0OMEHE BEIIECTB
BUTAaMHUH puOoQIaBuH, 4TO coaepkanue nokaszano 0,031+0,013.

Butamuaet C u E noagepxkuBalOT HMMMYHHYIO CHUCTEMY U 3alllMIIAET KJIETKU OT
OKHUCJIUTEJIBHOTO MPOLIECCca, 3TO MOMOXKET MOJAEPKHUBATD 3/J0POBBE U MIPOAYKTUBHOCTD MEPETIENIOB.

BeiBoabl. [Ipn ompeneneHNN XUMHYECKOTO COCTaBa M IMUTATEIBHOCTH 3KCTPYIUPOBAHHOTO
CTapTOBOTO KOpMa OBLIH MOJTYYEHBI CIIEAYIOIINE PE3YIbTAaThl: BRICOKOE CO/IEPIKAaHHE CYyXOTO BEIeCcTBa
(91,7%) B pa3paboTaHHOM KOpPME, YTO MOXET OBITh MOJIE3HO ISl POCTAa MOJIOJBIX TMEPEIENoR.
B xoMMmepueckoM KOpMe MMEeT HauMeHbllee cojepkaHue cyxoro seuiectsa (89,6%). Conepxanus
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ceiporo mpotenHa (27,6%). B xopme Xozsiicte 1 (23%), menbiie Ha 4,6%. ConepxaHue Xupa B
paspaboranHoM kopme cocrtaBui (7,1%). B xommepdeckme kKopMa coiepKaT MeHbIIE JKHpa, YTO
coctaBuio ot 6,1-6,9%. Haunbonpimee comepkaHne KiIeTYaTKH B KoMmmepueckoM kopme (4,07%)
YCIIOXKHSIOT TIepEBapUBAHKUEC IPYTHX IMUTATEIBHBIX BEIIESCTB KopMa. Tak ke, CTOUT 00paTUTh BaXKHOE
BHHMMaHHe Ha Koln4ecTBa kpaxmana. ComepkaHue Kpaxmaia B KopMme crapT 26,1%, B koMMepdeckomM
kopme 32,17-33,13%.

Koaddunuent nepepapumMoctu npoTenHa coctaBui 86%, xupa 60%, knerdarku — 59%, BOB —
92%, 4TO COOTBETCTBYET BHICOKOM YCBOSEMOCTH MUTATEIBHBIX BEIIECTB KOPMa OPraHU3MOM IITHIIHI.

Copepxanne Butamuta Bl B kopme 0,052%, B6 — 0,026%, B2 — 0,031%, B5 — 0,048%, B3 —
0,082% cootBercTBeHHO. Coneprkanne Burammuaa C coctaBmio 0,632%, a Buramuna E — 18,75%, dato
TaKKe SABJISICTCS TTOKa3aTeJIeM XOPOIIeH MUTATEIbHOCTH KOpMa U 000Tall[EHHOCTH BUTAMUHAMH.

Kopm nmomken oOecneunBaTh BCe HEOOXOAWMMEIE MHUTATENbHBIE BEIIECTBA, TaKhMe Kak OENKH,
JKUPBI, YTJIEBOABI, BHTAMHHBI W MHHEpAJIbl. OJTO TIOMOXET MOAIEPXKHUBATh 370POBbE U
MPOAYKTUBHOCTh MNTHUIl. Pa3paOOTaHHBI HAaMHU KOPM, SIBIISCTCS OKCTPYAMPOBAaHHBIM, a B
SKCTPYAMPOBAHHBIX KOPMax KpaxMas IOJBEPraercsi ClenualbHOH 00padoTKe, KOTOpas JenaeT ero
Ooree MOCTYHBIM [T (PEpPMEHTOB MUIIEBAPUTEIHHON CHCTEMBI TITHII.

W3 sroro ciemnyer, 4TO B KOPME COJEPIKUTCS OOJIBIIE OPraHUYECKUX BEIIECTB M CBHIPOTO
MPOTEHHA, 3TO 03HAYAET KOPM 00JIa/IaeT JOCTATOYHON MUTATEIbHOCTHIO.

Bbnaromapuoctb. HaydHo-mccrnemoBarenbckasi paboTa BBIIONHEHA B paMKaxX IIPOEKTa
rpanToBoro (uHaHCHMpoBaHMs Mononaeix ydeHslx MHBO PK  AP13068280 «Pa3pabotka
O6OI‘3HICHHBIX KOpPMOB C TMPUMCHCHUCM BBICOKOIIMTATCIbHBIX, JICTKOYCBOJACMBIX U HATypaJbHBIX
pACTHTENBHBIX KOMIIOHEHTOB [UIsl TONY4YEHWs] Ka4yeCTBEHHBIX © O€30MacHBIX MPOAYKTOB
MIEPEeTIeTIOBOICTBAa». MBI OiarojapHel COTPYIHHKAM JIA0OpaTOpHH «AHAIHW3 KadecTBa KOpMa H
MoJIoKa» Ka3aXxckoro arpoTeXHHUYECKOrO HCCIICA0BATEIbCKOIO YHUBEPCUTETa M COTPYAHHUKAM
naboparopun «[lumieass 0€30MacHOCTE» AJIMATHHCKOTO TEXHOJIOTMYECKOTO YHHBEPCUTETa 3a
OKa3aHUs COACHCTBHA B BHIOJIHEHUH HAYYHO-UCCIIEIOBATEILCKON paboThI IO IPOCKTY.
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TYUIH

byn makanana xac OejieHesiepre apHajraH a3bIKTHIH KYHJBUIBIFBI MEH BHTAMHHIIK KYpPaMbIH
3epTTey HoTWXKenepi kapusutanrad. byn 3eprreyain makcatel C.Ceiipynnun ateinarsl KAT3VY-ne
JKacanraH OejieHeepre apHaJFaH OacTanKpl SKCTPYITAIFaH a3bIKTHIH XUMUSIIBIK JKOHE BUTAMUHJIIK
KYpPaMbIH aHBIKTay OOkl 3epTTey 00BEKTICI O6ICHEIepre apHaJIFaH d3ipPJICHIeH 0acTarnKbl a3bIKThIH
yirinepi  Oomeim  TaObuiagpl. JKacamran ToxipHOETiK a3bIKTBIH XUMHSUTBIK KYPaMbIH aHBIKTAY
C.Ceitpynnun atsianarsl KasAT3Y, «A3bIK )KoHE CYTTI Talaay» 3epTXaHachlHIa XKYpPri3ingi.

B nmopymennepinin memmepi: B6, B2, B1, BS, B3 xone C Butamuninin meiepi MEMCT
31483-2012 Ooitbiaina, an E uramuninig menmepi MEMCT P 54634-2011 GoiibIHIlIa aHBIKTAJIBI.
ABBIKTBIH XUMUSUIBIK KYPaMbIH 3€pTTEY HOTHKEJepl OOWBIHINA Keleci KOPCEeTKIIMTep aiblHABL: MIUKi
aKybI3, LUK )KacyHak, MaH, KyJ, kpaxmain. Kyprak 3arrapiabi skorapbl mejiepi (91,7%), Oy xac
OeneHenep/IiH ecyine maiaansl. Tayapibl a3blK KypaMbIHIa KypraK 3aTThiH Mejiiepi ToMeH (89,6%).
Kypambrana mmmki akysi3 (27,6%) xypansl. llapyamsuiblk 1 KongaHBUIATEIH a3bIK akybI3bl (23%)
Hemece 4,6%-ra TeMeH. O3ipJeHreH a3bIKThIH Mail MeJepi OoibiHma kepcetkim (7,1%) Kypaisl.
Tayapnbel a3bIKTBIH KypaMmblHAa Mai Memmepi a3, on 6,1-6,9% apaneireiama Oosmel. Tayapiier
a3bIKTaFbl €H >KOFaphl MMKI skacyHakTbH (4,07%) Oomybl a3bIKTarbl Oacka KOPEKTIK 3aTTapiblH
KOPBITBUTYBIH KublHAaTaabl. CoHAal-ak, Kpaxmall MeJIIepiHe MaHbI3Abl Ha3zap ayAdapybIHbI3 Kepek.
O3ipJIeHreH a3bIK MeJIIepiHae Kpaxmai Memepi 26,1%, Tayapibik asbikra 32,17-33,13%. A3bIKTarsl
B1 suramuninig nerreii 0,052%, B6-0,026%, B2-0,031%, B5-0,048% »xone B3-0,082%. C ButamuHi
MmeH E ButamuHi colikecinmie 0,632% sxone 18,75% apanbirbiHa 00JIIbL.
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HNPUMEHEHHUE OHEHKH CTOUMOCTHU SKOCUCTEMHBIX YCJIYIT IIPA
PA3BPABOTKE IIEPCHHEKTHUBHBIX IIVIAHOB UCIIOJIB30BAHUSA BUOPECYPCOB
BOJOEMOB 3AITAJHO-KA3AXCTAHCKOI'O PETHOHA
APPLICATION OF ECOSYSTEM SERVICE VALUE ASSESSMENT IN DEVELOPING
PROSPECTIVE PLANS FOR THE USE OF BIORESOURCES OF WATER BODIES IN THE
WESTERN KAZAKHSTAN REGION

AHHOTALMSA

B crarbe npexacTaBiieHbl JaHHBIE MO0 OIIEHKE CTOMMOCTH BOJHBIX OHOpECYpCOB, MPUPOIHOTO
KaluTaia v SKOCHCTEMHBIX YCIIYT Ha psjie BOA0EMOB 3anaHo-Ka3aXxcTaHCKOro pernoHa, B TOM YHCIe
Ha Kacmmiickom wmope, pekax Xaiipik w Kuram, Bomoxpanmnmumiax u o3epax. OCHOBOW ist
MCCIIEIOBAHUN TTOCITY KT MOHUTOPUHTOBBIE HccienoBanus 2023-2024 rr.

Hens pabotrel — muddepeHnUpoBaTE POIL OHOPECYPCOB B KavyecTBE O0ECIEYMBAIOIINX
(pHIOOTIOBCTBO M aKBaKYJbTYpa), MOAJIEPKUBAIONINX (COXpaHEHHEe OMOPa3HOOOpasus) U KyJIbTYPHBIX
ycnyr  (CIIOPTUBHO-TIOOUTENILCKOE  PHIOOJIOBCTBO,  PBHIOOJIOBHBIN  TypH3M), TPOBECTH X
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SKOHOMUYECKYI0 OIICHKa M Ha JTOH OCHOBE pa3paboTaTh pPEKOMEHJANWH TI0 HWCHOJIh30BAHUIO
BOJIOEMOB IS TIPOMBICIIOBOTO PBHIOOJIOBCTBA, AaKBaKyJIbTyphl WM CIIOPTHBHO-TIOOUTEIHECKOTO
pBHIOOIIOBCTBA M PEKPEAITHH.

B xonme wuccrmenoBaHWs YCTaHOBJIICHO, 4TO HauboJiee BBICOKAs CTOMMOCTB BOJIHBIX
omorormueckux pecypcoB — B Kacimiickom mope. Takke 3HAYUTENFHBIA MPOMBICIIOBBIN 3ar1ac pei0
CTOMMOCTB pecypca B IPYTruxX BOJOEMax MEXAYHAapOIHOro 3HadeHus — pekax JKaiibik n Kuram. Yro
KacaeTcsi BOJOEMOB MECTHOTO 3HAaueHHs, TO Haubojiee BBICOKas CTOMMOCTH OHOpEecypcoB — B
[TaTumapckom, Kuposckom u AKTIOOMHCKOM Bojoxpanwimmiax. [Tpupoaasiii kanutan Kacnuiickoro
MOpSI COCTaBIISIIOT OMOpECYpChl W TEHETHYECKHE pecypchl (OCeTpOBBIE BHABI PHIO), TOTAa Kak
OCHOBHOW TPUPOIHBIM KamuTan BHagarommx B Kacmuil pek — 310 mpecHas Boma. CTOMMOCTH
OropecypcoB BOAOEMOB MeCTHOTO 3HaueHus cocTaBisieT 90 % ux npupogHoro xamutana. OgHako B
CTPYKType SKOCHCTEMHBIX YCIYyT BOJOXPAHIIHWII pPaBHBIE OMH COCTABISIOT YCIYTH CHAaOXEHHS
MPOJAOBOJILCTBUEM U BOJIOM.

PaccMoTpeHa BO3MOXHOCTh TPUMEHEHHSI OIEHKA CTOUMOCTUA BOJHBIX OHOJIOTHYECKHX
pecypcoB, MPUPOAHOIO KamuTalla U SKOCUCTEMHBIX yCIyr ais BojgoemoB 3KP mpu mimanupoBaHuu
BOJIOXO3SHCTBEHHBIX M PHIO0XO3SMCTBCHHBIX MEPOTIPHSITHIA.

AKTyaIH)HOCTI) I/ICCJICILOBaHI/Iﬁ COCTOUT B COBCPIICHCTBOBAHWHN NPHUHIUIIOB U MCTOJ0B OLUCHKU
IMOTCHIMAJIa BOJOCMOB, YIIPABJICHHUA U OXPaHbI pI)I6HI)IX 3arracoB.

ANNOTATION

The article presents data on the assessment of the value of aquatic bioresources, natural capital
and ecosystem services in a number of water bodies in the West Kazakhstan region, including the
Caspian Sea, the Zhaiyk and Kigash rivers, reservoirs and lakes. The research is based on monitoring
studies in 2023-2024.

The purpose of the work is to differentiate the role of bioresources as providing (fisheries and
aquaculture), supporting (biodiversity conservation) and cultural services (sport and amateur fishing,
fishing tourism), conduct their economic assessment and, on this basis, develop recommendations for
the use of water bodies for commercial fishing, aquaculture or sport and amateur fishing and
recreation. The study found that the highest value of aquatic biological resources is in the Caspian Sea.
There is also a significant commercial fish stock and the cost of the resource in other water bodies of
international importance — the Zhaiyk and Kigash rivers. As for water bodies of local importance, the
highest value of bioresources is in the Pyatimarskoye, Kirovskoye and Aktobe reservoirs. The natural
capital of the Caspian Sea consists of bioresources and genetic resources (sturgeon species), while the
main natural capital of the rivers flowing into the Caspian is fresh water. The value of bioresources of
water bodies of local importance is 90% of their natural capital. However, in the structure of
ecosystem services of reservoirs, equal shares are made up of food and water supply services.

The possibility of applying the assessment of the value of aquatic biological resources, natural
capital and ecosystem services for reservoirs of the West Caspian region when planning water
management and fishery activities is considered.

The relevance of the research lies in improving the principles and methods for assessing the
potential of reservoirs, management and protection of fish stocks.

Knrouesvle cnosa: 6o0oemvl, pvlOHOE XO3AUCME0, CMOUMOCHb OUOPECYPCO8, NPUPOOHDbILIL
Kanuman, dKocucmemusie yciyau, 3anaono-Kaszaxcmanckuii pecuon.

Key words: water bodies, fisheries, value of bioresources, natural capital, ecosystem services,
West Kazakhstan region.

BBenenue. OOBEKTHI HCCIENOBAHMI — OKOCHCTEMBI W PBIOHBIE pECcypchl  3amagHoro
Kazaxcrana: Kacniuiickoe mope; peka JXKailibik; peka Kuram; AKTIOOMHCKOE BOJOXPaHWIIHIIE; 03€PO
[Tankap; o3epo baiitakkonb; o3epo Kapmakkonb; JloHrenekckoe Bopoxpanwnuiie; [lsatumapckoe
BoJloxpanwiuiie; KupoBckoe Bogoxpanuiuile; pexa Kyirym.

Ilens pabotrel — nmuddepeHnUpoBaTH PO OHOPECYPCOB B KAa4YECTBE OOCCIICUMBAFOIIIX
(pHIOOTIOBCTBO M aKBaKYJBTYpa), MOAJIEPKUBAIONINX (COXpaHEHHEe OMOPa3HOOOpasus) U KyJIbTYPHBIX
ycayr  (CIOPTHUBHO-TIIOOUTENIBCKOE  PHIOOJIOBCTBO,  PBHIOOJOBHBIA  TypH3M), TPOBECTH  HX
SKOHOMHYECKYIO OIlCHKa W Ha JOTOW OCHOBE pa3paboTaTh PEKOMEHJAMH II0 HCIIOIH30BAHUIO
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BOJIOEMOB JJIsl TPOMBICTIOBOTO PBIOOJOBCTBA, aKBaKyJIbTYPbl HWJIH CHOPTUBHO-TIOOUTEIHCKOTO
pBHIOOIIOBCTBA M PEKPEAITHH.

B npomnecce paboThl Ha OCHOBE MHPOBOTO OMBITA TIO OIEHKE M MPUMEHEHHIO SKOHOMHYECKOH
CTOMMOCTH 3KOCHUCTEMHBIX YCIYT OLEHEHa WX MPUMEHHUMOCTHb K YCJIOBHUSIM MPUPOAONONb30BAaHHUSI B
Kazaxcrane. IlpoBemeH pacueT CTOMMOCTH BOJHBIX OHMOJOTHMYECKHX PECYpCOB B KaXKIOM W3
M3y4aeMBbIX BOJOEMOB. PeallbHas OIl€HKa CTOMMOCTH BOIHBIX OHOpECypcoB M WX pOJIA B
(YHKIMOHUPOBAHUU IKOCUCTEMBI U OOECIIEYCHUH >KU3HEHHO BaKHBIX MOTPEOHOCTEH HaceleHUs B
Kazaxcrane moutm He peamn3oBaHa. OIEHKA CTOMMOCTH OHMOJOTHYECKHX PECYpCOB IIOKa
WCTIONB3YIOTCSI TOJMBKO JUIA OLEHKH TOTEeHIMaja BOIOEMOB IPH IIAHHUPOBAHWW CO3JAHHS Ha HUX
0c000 OXpaHsEeMBbIX IPUPOAHBIX TePPUTOPHil [1]. DKOHOMHUYECKAs OLICHKA SKOKCUCTEMHBIX YCIYT, KaKk
HOBOE HANpaBJeHHWE OTPEAeTeHHs] IIEHHOCTH NPHUPOAHOTO TMOTEHIMala B JCHEKHOM BBIPAKEHUH,
CTaHOBHUTCS PeaJbHBIM MEXaHU3MOM OOOCHOBAHHSA Pa3HOOOPA3HBIX MEP IO MPUPOAOIOIH30BAHUIO H
MOBBIIICHHUIO 3P PEKTUBHOCTH MIPUPOAOOXPAHHBIX paOOT Ha 0a3e KOHKPETHBIX CYMM.

DKOCHUCTEMHBIE YCIYTH — 3TO MHOTOYHCIEHHBIE W Pa3sHOOOpa3HBIE BBITOABI, KOTOPHIE JIFOIN
MOJTy4aroT OECIIATHO OT MPHUPOTHON CpPellbl B OT (PYHKIIMOHUPYIOIINUX SKOCUCTEM [2]. DKOCHCTEMHEBIE
YCIYTH TaKXKe MOXKHO pa3AeinTh Ha MOTPEOUTENBCKIE U HEMOTPEOUTENLCKUE YCIYTH B COOTBETCTBUU
¢ KOHIleNIei obmei sxoHoMudeckol meHHocTd [3]. Ghermandi [4] 3asiBu, 9TO «3KOHOMHYECKAs
OIICHKa OJKOCHUCTEMHBIX YCIYyT OCYIIECTBISICTCS PA3NIWYHBIMH MYTAMHU: C HCHOJIB30BaHUEM
WHQOPMAIUK/JaHHBIX O PHIHOYHBIX LIEHaX WM MyTE€M BBIABJICHHUS NMPEANOYTCHUH MOTpeOUTeNeH ¢
MTOMOIIIBIO ITUPOKOTO CTIIEKTPa HEPHIHOYHBIX METOJIOB aHANH3a». DKOHOMHUYECKast CTOMMOCTh TOBapOB,
MPOU3BOANMEBIX arpO3KOCHCTEMaMH, XOPOIIO u3ydeHa [5]. OgHAKO CyImECTBYeT OYeHb Mall0 OIEHOK
9KOCHCTEMHBIX YCIYT JJIsl PECHOBOAHBIX 03€p W BOJOXpaHMIHIL. MBI BUAUM 3TO B OOLICTIPUHSATON
onenke Costanzaetal [6].

OpnHa W3 TEpBBIX OIEHOK CTOMMOCTH PAa3IMYHBIX THUIIOB MPUPOIHBIX IKOCHCTEM IUTIAHETHI
c/ellaHa MK TyHApOHOW rpynmoi skcreptoB B 1997 1. [7]. [lis aToro Oblia paccyuTaHa CTOMMOCTb
00BemMa 3KOCHCTEMHBIX YCIYT Ha eIUHUITY TUTOIIA U pa3auaHbix 6momMoB. B 2014 1. 5Ti onleHKH ObIITH
MOBTOPEHHI 1 yrouHeHH! [6]. Celiuac mHOTHE aBTOPHI [8; 9; 10; 11; 12] MOMB3yIOTCS MIIH CCBHIIAIOTCA
Ha 9TH OCpEJHCHHBIC OLECHKH. HyXHO OTMETHTh, YTO 3TO HE OPUTHHANBHOE HCCICIOBaHUE, a
000011eHIe HECKONMBKUX AECATKOB PE3yNbTATOB HCCIEAOBaHWN MO BceMy MHpy. O3epa U peKu B
JaHHOM uccliieoBanuu (2014) 3aHMMAIOT MO CTOMMOCTH SKOCHUCTeMHBIX yciyr (4267 USD/ra/ron)
MPOMEXYTOYHOE IMOJIOKEeHnE Mexny mycTeiHaMu/TyHapoi (0 USD) u xopamioBeiMu pudamu (352
teic. USD) u Ha ypoBHe necoB (3-5 teic. USD). Dto oObekTuBHas omeHka. OmHAaKO OIEHKA
CTOMMOCTH OTJAEIBHBIX BHJOB DJKOCHCTEMHBIX YCIYT BBI3bIBAET COMHEHMs. Ha Ham B3rJsn,
BOJIOPETYJUPOBaHUE, BOJOCHAOXKeHHe U Bojoounctka (918-7514 USD/ra/rog) HECKONBKO
MEPEOIeHEeHbI, MPOU3BOACTBO TpoAykroB nuranus (106 USD/ra/rox) B rinobampHOM Maciitade
HEJIOOIEHEHO, a POJIb MPECHOBOAHBIX BOJIOEMOB, Kak pedyruymMoB, BooOme He oreHeHa. Cam R.
Costanza mpu3HaET, 4TO, XOTsI KOHUEMNIUN MPUPOJHOTO KalUTajla W SKOCHCTEMHBIX YCIYT MOIYYHIIH
IIMPOKOE NpPU3HAHME, UX NPAKTHUYECKOe NMpHUMEHeHHe BecbMa orpanumueHo («While the concepts of
natural capital and ecosystem services have been broadly accepted... practical applications are still
limited» (umrata) [13]. B cBoeii pabore MBI MMOKa3bIBAEM BO3MOXKHOE MPUMEHEHHUE CTOMMOCTHBIX
OIICHOK PsIJIa SKOCUCTEMHBIX YCIIYT JIJIS ONPE/IEIeHUs] BAPUAHTOB Pa3BUTHS TEPPUTOPHHL.

[Tpon3BOACTBO MPECHOBOAHBIX MPOJYKTOB IHTaHHs HEIOOICHEHO BO BceM wmmupe. Camas
BBICOKAsl CTETNICHb NPSMOI0 HCIOJIL30BAaHMS NPUPOJHOIO KamuTaiga MPUXOAUTCS Ha BOJOEMBI,
WCTIONIb3YyEeMBIE JUISI KOMMEPYECKOTO PEIOOIOBCTBA. JlJIsl MPaKTUYECKOTO MCIIONIb30BaHUS HE00X0ouma
JieTajbHas OIICHKAa OJKOCHCTEMHBIX YCIYr JIIi OCHOBHOTO TIPOJYKTa MPUPOIOIONB30BAHMSL.
B GonpIMHCTBE IPOMBICIOBBIX BOJIOEMOB 3TO OyAeT pbida (phIOHAS MPOIYKITHS).

CHauvana crenaeM 0030p HEKOTOPBIX TEPMHUHOB W ONpEAETICHUH, HCIOIb3yeMBIX HAMH IpPHU
omeHke. [IpupojHBI KamuTam — BCE OJJIEMEHTHI PUPOJHO-PECYPCHOTO IMOTeHIMana (B
BOCITPOM3BOJICTBE KOTOPBIX CYIIECTBYET OOBEKTHUBHAS TOTPEOHOCTH OOIIECTBa), MPHHOCSIIINE
9KOJIOT0-3KOHOMHUYECKUH 3((EKT W OCYIIECTBISAIOIIME BKJIaJ B MPHPALICHHE HAIMOHAILHOTO
OorarcTBa B TedeHHe ATEIRHOTO mepuona Bpemenu [14]. P. Koncranma u I'.leitmm onpenensroT
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NPUPOAHBIA KamuTall, KaK 3amac, KOTOPBHIA SBISETCS HWCTOYHUKOM IIOTOKa MPHPOAHBIX YCIYT M
peaNbHBIX IPUPOAHBIX pecypcoB [15].

Pedpyruym (nat. refigium — yOexumie) — y4acTOK 3eMHOH IMOBEPXHOCTH, M MUpPOBOTO
OKeaHa, TJie BUJ WM IPYIIa BHIOB IEPEKUIN WIN MEPEKUBAIOT HEOIArOMPUATHBIN AT HUX MEPUOJ
TeOJIOTHYECKOTO BPEMEHH, B TEUYEHHWE KOTOPOTO Ha OONBIIUX MPOCTPAHCTBAX 3TU (OPMBI KHUIHU
nucuesanu. [lpenmomaraercsi, 4To BHJ HE TONBKO MOXET COXPaHUThCI B pedyruyme, HO H
BIIOCJICICTBHM BHOBb DPAacHpOCTPaHUTBCS M3 HEro Ha Oojiee IIMPOKOM IPOCTpaHCTBE (31ech
MMOHUMAETCS B IIaHe YOEKHINA ISl COXpaHEHHs SHASMUYHBIX BUIOB pBIO) [16].

BonocHabxxenne — mojgada MOBEPXHOCTHBIX WIIH MTOJ3EMHBIX BOJ MOTPEOUTENSIM B TpeOyeMoM
KOJINYECTBE U B COOTBETCTBHH C LIEJIEBHIMH MOKA3aTENSIMHI Ka4eCTBa BOABI B BOJAHBIX OOBEKTAX.

IIpoMbICTTOBBIN 3amac peIO — YacTh 0OMmIEH OMOMACCHl MOIYISAIUN PBIO, JOCTUTIIAS TTOJOBOM
3pEIOCTH U UCTIOIB3yeMas B IENSIX IPOMBICIIOBOTO U TIOOUTENHCKOTO PhIOOIOBCTBA.

Buonorudeckoe perynmpoBanue — Tpo(hUKO-TUHAMUYECKOE PETYINPOBAHUE TOMYIISLINH.

MatepuaJbl 1 METOABI HCCIETOBAHUS.

Pabora mpoBoamiach B COOTBETCTBHM C KaJ€HAAPHBIM IUIAHOM HWCCIEIOBAaHUNA II0 TeMe:
BR21882122 «YcroitunuBoe pa3BUTHE NPUPOIHO-XO3IUCTBEHHBIX U COIHMAIBHO-3KOHOMHUYECKHUX
cucteM 3amagHo-Ka3zaxcTaHCKOTO pernoHa B KOHTEKCTE 3€JIGHOTO POCTa: KOMIUIEKCHBIA aHaju3,
KOHIIETIIHSA, TPOTHO3HBIE OIICHKH U CIIeHapum». MaTtepuraibl ObutH cOOpaHbI B X0Z¢ MOHUTOPHHTOBBIX
uccinenosanuit B 2023-2024 rr.

Y4er 94uCcIeHHOCTH W OMOMAcChl MMPOMBICTIOBOTO 3araca PhIO MPOBOAMIICS MO OOIIEPHHSATHIM
Ha MMOCTCOBETCKOM TMPOCTpaHCTBe MeToaukaM [17; 18; 19; 20; 21; 22; 23; 24] ¢ y4eToM COOCTBEHHBIX
pa3pabOTOK aBTOPOB JaHHOH paboThI [25] U 3amagHbIX yueHbIX [26; 27; 28]. Ilpu olieHKe CTOMMOCTH
OMOJIOTHYECKUX PEeCypCOB TPHUMEHSIOTCS PBIHOYHBIC IIEHBI, AelcTByromue B KazaxcraHe craBkd
TUTaTHl 32 TIOJIb30BaHWE JKUBOTHBIM MHPOM W MEXIYHApPOAHO NpU3HAHHBIC TEeHBl. {1 mpuBsS3KH
JAHHBIX K reorpaguyeckoMy MECTOHAXOXACHUIO UCIONb30BaHa nporpamma «ArcGIS-online» u BeO-
npunoxkeHue «PpIO0IOBCTBO W OXxPaHa pbeIOHBIX 3amacOoB», paspaborannoe TOO «Hayuno-
MPOM3BOACTBEHHBIA IIEHTP PBIOHOTO XO03siicTBa». llpm oOlleHKE CTOMMOCTH 3IKOCHCTEMHBIX YCIYyT
MCIIOJIb30BaHbl MPU3HAHHBIC MUPOBBIC OLICHKHU [6; 7] U COOCTBEHHBIE pacueThl aBTOPOB, OCHOBAHHBIC
Ha IEeHCTBYIOIINX B Pa3IMYHBIX pernoHax KazaxcraHa mieHax Ha BOAY, PBIOY.

PesyabTaThl ucciegoBanusa. CTOUMOCTh BOJHBIX OMOJIOTHYECKUX PECYPCOB B HCCIIEAYEMBIX
BOJOEMaAx OIpEAcjicHa Ha OCHOBC PE3YJIbTAaTOB MOHHUTOPHUHIOBBIX CBIPHBEBBLIX I/ICCJIeJIOBaHI/Iﬁ
2023 roma u mokazaHa B Tabnwuie 1, nHPOPMAIMOHHO-OIIEHOYHASI KapTa CTOMMOCTH OHOPECYPCOB B
n3ydaembix BojoeMax 3KP — Ha pucynke 1.

Tabmuna 1 — CTOUMOCTh BOJTHBIX OMOJIOTHYECKUX PECYPCOB B UCCIIEAYEMBIX BOJOEMAX

O1eHKa CTOMMOCTH BOJJHBIX Hcnons3yemast yacthb
Bopgoemsr
OMOpPECYPCOB, MJTH TCHI'E Oouopecypca, MITH TEHTe
JloHTeneKcKkoe BOTOXPaHMIIHIIE 66,7185 16,551
[IsaTMapckoe BOJOXpaHMIIHIIE 100,5715 28,3075
KupoBckoe BogoxpaHUIHIIIe 102,143 30,4795
Pexa Kymym 10,84 4,3475
AKTIOOMHCKOE BOJOXPaHWIAIIE 131,319 32,1795
Osepo Hlankap 11,2935 2,4265
Osepo baiitakkob 31,647 8,1605
Osepo Kapmaxkkonb 25,649 6,978
Pexa JKaiibik 3139,511 704,547
Pexa Kuram 4378,177 994,582
Kacnmiickoe Mope 94825,52 12563,08
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I e o Al
Pucynok 1 — MapOpMaIMOHHO-OIIEHOYHAS KApTa CTOMMOCTH OMOPECYPCOB B M3yUaeMBIX BOJIOEMAaxX
3anagno-KazaxcraHckoro pernosa

OreHKa MPUPOIHOTO KAaMUTajla BOJAOEMOB — B Tabmwie 2, HGOPMAIIMOHHO-0IIEHOYHAs KapTa —

Ha PUCYHKeE 2.

Tabmuia 2 — OrieHKa CTOMMOCTH ITPUPOJIHOTO KalKUTaIa BOJOSMOB, MITH TCHIS

CToNMOCTE
I'enermuec 3amnacsel
3amacel BOOEI BOJHBIX N Hroro
GHopeCypCos KM€ PEeCypChl | MPECHOM BOIBI

Pexa XKaiipik 3139,5 310,6 254380 257830,1
Pexa Kuram 4378,2 - 113155 117533,2
Kacnuiickoe Mmope 94825,5 96012,2 - 190837,7

JloHTenexkckoe BOIOXPaHMIIHIIE 66,719 - 11,082 77,801
[TaTumapckoe BOOXPaHUIIHIIE 100,572 - 7,007 107,579
Kuposckoe BogoxpaHuuiie 102,143 - 12,632 114,775

Peka Kymym 18,888 - - 18,888
AKTIOOMHCKOE BOJJOXPAHUIIHIIE 131,319 - 48,51 179,829

Oszepo [lankap 11,294 - 2,181 13,475

Ozepo baiitakkoib 31,647 - - 31,647

O3zepo Kapmakkoib 25,649 - - 25,649

Pucynok 2 — HpOpMaIIMOHHO-OIIEHOYHAS KapTa CTOMMOCTH IIPUPOJTHOTO KAaIMTAIa U3y9aeMbIX
BoZI0eMOB 3amnaaHo-Ka3axcTaHCKOr0 permoHa
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ITokazarenu CTOMMOCTH 3KOCHUCTEMHBIX YCIYr BOJOSMOB IIPUBEICHH B TaOnmmax 3-4,
WH(OPMAITMOHHO-0IIEHOYHAs KapTa — Ha PUCYHKE 3.

Tabmuia 3 — OlleHKa CTOMMOCTH SKOCHCTEMHBIX YCIYT BOJOEMOB MEXKYHAPOIAHOTO 3HAYCHHUS, MITH
TEHTE/TOL

IIpoussoxacTso
OTaeix

B Bopocnab MIPOYKTOB buonornueckoe Bcero,

0/10eM Pedyruymor u
JKEHHE IIUTAHUS peryaupoBaHue Tvppay | MTH T

(pE16a) yp
Pexka XKaiibik 6381 705 22 4874 4799 16781
Peka Kura 12290 995 4 1924 1200 16413
Kacmutiickoe | goq7 12563 2048 - 15082 | 45990

Mope

Tabmuiia 4 — O1ieHKa CTOMMOCTH SKOCHCTEMHBIX YCIIYT BOAOEMOB MECTHOTO 3HAYCHHMSI, MJTH TEHI'€/T0]]

Bbuoio-
Pery [IpousBoactBo | OTABIX
Bomocua0d | rudeckoe
Bopoewmsl JINpOBa- MPOJYKTOB u Hroro
JKEHUE perynu-
HHE BOABI MUTaHUSA TYpU3M
poBaHKe
Jonrenexkckoe 1583 11,08 3,52 16,55 0,44 47,42
BOJIOXPAHUITHIIE
[srumapexoe 10,01 7,01 3,79 28,31 11 50,22
BOJIOXPAaHUITHIIE
Kuposckoe 18,05 12,63 4,42 30,48 151 | 67,09
BOJIOXPAaHUITHIIE
Pexa Kymrym - - 0,56 4,35 1,07 5,98
AxTioburickoe 69,3 48,51 11,27 3218 357 | 164,83
BOJIOXPAHUITHIIE
O3epo Hlankap - 2,18 2,84 2,43 - 7,45
O3epo baiitakkoib - - 23,68 8,16 0,63 32,47
O3epo Kapmakkoiib - - 3,74 6,98 0,5 11,22

IIpoBeneHo ompesneneHne ONTUMAIBHBIX ITyTeH TNPHUPOAOIOIL30BaHUS HAa OCHOBE OILIEHKU
CTOMMOCTH OHOpEecypcoB M JKOCHCTEMHBIX ycimyr. Hawmbonee BbICOKas CTOMMOCTb BOAHBIX
ounonoruueckux pecypcoB B PK — B Kacnuiickom mope (94,8 mupn tenre). Takike 3HAYMTENBHBIHN
npom3anac peld0 U CTOMMOCTHh pecypca B JPYruxX BOAOEMax MeEXIyHapOIHOTro 3HadeHus JKalbIk-
Kacnuiickoro Oacceitna — pexax JKaiibik u Kuram. Uro xacaetcs BOJIOEMOB MECTHOI'O 3HAYCHMSI, TO
HaunOoJiee BBICOKast CTOMMOCTh OuopecypcoB — B [Isatumapckom, Kuposckom (3KO) u AxTroOnHCKOM
BOJIOXpaHMINIIAxX, npudeM B [lstumapckom (82 %) u Kuposckom (65 %) BogoxpaHmIUIax O0IbIIYIO
4acTh CTOMMOCTH COCTAaBIISIET He pbI0a, a Jpyroi moTpediisieMblil B UIy OHOpecypc — JUTMHHOMABIN
pax.

HyxHO oTMmernuTh, uTO B BOjoeMax MecTHoro 3HadeHns 3KO u AKTHOOWHCKO# obmacTw
UCIOJIb30BaHKe OnopecypcoB ((pakTuueckuii BEUIOB) coctapiisieT oT 21 1o 40 %, B cpennem 27 %, uto
HY’KHO TpPHU3HATHh ONTUMAIBHBIM COOTHOLIEHMEM, TaK KaK IPOMBICIOBBIN 3amac M JIOMKEH B TOJ
UCIIOJIb30BaThCsl B CPEAHEM Ha 4YeTBEpTh, 4YTOOBI OH HE ObUI THoAopBaH. Takke WHTCHCHUBHO
WCTIOJIB3YIOTCS TIPOMBICIIOBBIE 3amackl B pekax JKaiibik m Kuram — 22,6 %, B TO BpeMs Kak BOJHBIC
Omororunueckre pecypcebl Kacnniickoro Mopsi B 3HAUYUTENFHON CTEMEHN HEJAOUCIIONIB3YIOTCS — TOIBKO
13,2 %. IlpombiciioBelil 3amac peid Kacnust Hemomcmonb3yeTcsi u3-3a €1aboro pasBUTHS MOPCKOTO
MPOMBICTIA, OTCYTCTBHS 3aMHTEPECOBAHHOCTH TOCY/IapCTBA U KPYITHBIX HHBECTOPOB, a TAKXKe BOJHON 1
Ha3eMHOM HHPPACTPYKTYPHI — OPTHI, )KEJIE3HBIE JJOPOTH U TaK Jlaiee.
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1 7 = 7
IKOCUCTEMHBIE YCNYTW BOSOEMOB
3anaano-KasaxcTancKkoro perMoHa

Macwrat
200 100 0

PI/ICYHOK 3- I/IH(l)OpMaLII/IOHHO-OHGHO‘lHaSI KapTa CTOMMOCTHU 3KOCUCTCMHBLIX YCIYT U3Yy4YaCMbIX
BOJOCMOB

[lpn oueHKe MOTEHIHMAada BOJOEMOB HYXXHO OTAEIHTh TOHATHUS <«IIPUPOAHBIH KaruTamy
BOJIOGMOB OT TIOHSTHSl «IKOCHCTEMHbIC yciuyruw». [IpuponHbIii kKanmutam — 3TO TO, YeM BOJOEM
o0iajgaerT B MpUHIMIIE. DTO 3amMachkl IPECHOW BOJbI, TCHETHUYECKHE PECYpPCHI (€ciM B BOJOEME €CTh
LEHHBIC PEIKUE SHACMUKH M «KPACHOKHW)KHBIC» BHJBI), OOIIast CTOMMOCTh BOAHBIX OMOJIOTHYECKHX
pecypcoB (CTOMMOCTH IIpoM3ariaca peld M PakoB) U T.A. DKOCUCTEMHBIE YCIYTH — 3TO TO, YTO BOJOEM
JaeT 4YeIOBEKy WJIM HalpsMylo (CHaO)karomas yciyra NpoAyKTaMH HUTaHUs, cHaOXarowlias yciyra
IIPECHON BOJOHU, KyJIbTYpHAas yCJIyra B BUAE TypU3Ma U PeKpealiiy HaceJIeHus), 1100 OoCpeaOBaHHO
uepes MoJJepKaHue  CTaOWIBHOCTH  OKOCHCTEMBI (pedyruymsr, OmoperynupoBaHue,
BOJIOPETYITUPOBAHHE).

[Tpuponuserii kanmran Kacnmuifickoro MOpst COCTaBIISIIOT OMOPECYPCHl U TEHETUYECKHE PECypCh
(oceTpoBbie BUABI PHIO), TOT/Ia KAaK OCHOBHOW NMPUPOAHBIN KamuTan Brnagaromux B Kacnwii pek — 310
nmpecHass Boja. Hawmbomee BBICOKAa CTOMMOCTH 3KOCHCTeMHBIX ycuyr Kacmmiickoro wmops —
46 mumMapioB TeHre B roa. [lokazatenu pex NpuMepHO OAMHAKOBHI — MO 16,5 MIIpA TeHre B Tof, HO
B cTpykType DY p. XKaliblk pacmpeneneHue yciayr Oojiee paBHOMEPHOE, MPUMEPHO PaBHBIC JTOTU
cocrapysitor pedyruymbl (OOIIT), BomocHaOXeHHMe, peKpeallyisi HACCJICHUS, a B CTPyKType DY
p. Kuram 75 % cocrapinseT yciyra BoJgoCHa0XeHHMsI, TaK KaK M3 PEKU 10 TPYOOIIPOBOIY MOCTABIISIETCS
npecHast BOJa JJIs BCEX 3acCylUTUBBIX palOHOB AThipayckoii m MaHrucrayckoil oOmacteil. T
(GYHKIUY 1 ONIPEIETSIOT JajbHenIIIee HCIOIhb30BaHUE BOIOEMOB.

Ocobo crnemyer OCTaHOBHThCS Ha ponu pekn JKaibik (Ypam) B mpenenax 3amaJHo-
Kazaxcranckoit oonactu. Peka XKaiibik Ha Tepputopun 3KO HHTEHCHBHO HCHIOB3YETCS PHIOOIOBAMHU-
JTIOOUTENSIMH, HO H3-3a OCOOCHHOCTEH HAIMOHAIBLHOTO 3aKOHOAATENhCTBA (y HAC JIFOOUTENbCKas
pbI0asika He peryaupyeTcs U sSBIsSeTCs OeCIIaTHON), YCIyTy CHAOKeHUs TPOIOBOIBCTBUEM U
KYJIBTYpPHBIE YCIIYTH MOJIYYaroT TOJBKO JIFOJIM, HO HEe OU3HEC U He TocynapcTBo. Heobxomamumo
pa3BUBaTh MPEIOCTABICHUE YCIyr pbiooioBHOro typusMa B 3KO Ha miatHo# ocHOBe. B kauecTBe
OJTHOH M3 MEP MOKHO NPEIUIOKUTh BBEACHUE «3KOJIOTHUIECKOro cOopa» il BbE3JHBIX PhIOaKOB, KaKk
3TO NPaKTHKyeTCs BO MHOTHX cTpaHax Mupa B Buzae [IDV. Ilnara 3a sxocucremusie yciyru (I19Y)
OpeAcTaBiIsieT co0oil  ImIaTy, KOTOPYIO IPOM3BOAUT IIOJIb30BATENb HKOJOTMYECKOM YCIIyTH
MOCTABIMKAM, KOTOpBIE MPEJOCTAaBIIIOT Takylo yciyry. Hampumep, cymiecTByer miara 3a Bbe3[ B
0co00 uyBcTBUTENBHBIE 3KoJormyeckue 30Hbl miaum OOIIT, xoropas MoxeT OBITh, KaK YHCTO
CHUMBOJINYECKOH, TaK M JOCTUraTh BECbMa COJIMAHBIX BEJIMYMH. DTH JE€HBIM, KaK MPaBHUJIO, TPATATCS
Ha TOJJIEpKaHHE SKOCHCTEM B JOJDKHOM COCTOSIHUM, YTOOBI OHM MOIJIM W Jajibllie OKa3bIBaTh
9KOCHCTEMHBIC YCIIYTH HY>KHOTO KadecTBa. [IMaTuTh 3a 3KOCHUCTEMHBIE YCIYTH JIOJKEH MOTpeOUTeNh
YCIYT B KadecTBE IJIATHl 3a YCIyry (TYpUCT 3a pa3MelleHHWe B TOCTHHUIIE, PhIOOJIOB-IIOOUTENh 32
nyTeBKy). [lmaTa 3a 3KOCHCTEMHBIE YCIYTH JIOJDKHA WATH JIHOO B OIO/KET TOCyIapcTBa, KOTOpOE
JIOJDKHO BO3BpaIaTh «Ioir» dkocucteme B Buje coxaepxkanus OOIIT, cozganust HHPpacTpyKTypHl,
OpraHM3allid MEPONPHUATHI 10 COXPAaHEHHIO M BOCCTAHOBIIEHHIO OHMOpa3HOOOpas3ws, W T.O., JHOO
cyObeKTaM, MPeJOCTABISIONIAM dKOYCIYTH (MHCIIEKTOP, erepb, phldak, MpoJiaBell, Biajelnel Typoassl,
U T.J.).
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Croumocts OnopecypcoB BogoeMoB MectHoro 3HadeHus 3KO cocrasiser 90 % ux mpupoaHOTro
kanutaiga. OnHako B CTpykType DY BomoxpaHuiuil paBHble J0iH (46 u 47 %) COCTaBISIOT YCIYTH
cHaO>KeHUs] TIPOAOBOJIBCTBHEM M BoJoW. [lodsTOMYy 3THM BOZOXpaHWIWIIA OJDKHBI HCIIOIB30BATHCS
KOMIUJIEKCHO: JUIS TMPOMBICIIOBOTO PBIOONIOBCTBA M PAaKOJOBCTBA, a TaKXKe [UIl OPOLICHUS
CeNbX03yroauii. OTH ABa BuAa DY SBISAIOTCS B3aMOCBSI3aHHBIMU (PaKTOpaMH — 4eM OOJIbIlle BOAHOCTB,
TEM MHOTOYHCIICHHEE IIPOMBICIIOBBIC 3amackl. [Ipu 3ToM perynnpoBaHue BOIbI IIOJTHOCTBIO 3aBUCHUT OT
IPUPOAHO-KIMMATHUECKUX (PaKTOPOB, @ UMEHHO OT BECEHHETO NMPHUTOKA, M IIO3TOMY Majlo HY>KAAETCsl
B TEXHUYECKOM BMELIATEJILCTBE. B TO jke Bpemsi ppIOHBIMU 3aI1acaMyi MOYKHO YCIELITHO YIPABIIATh.

Jns Jlonrenekckoro, Ilstumapckoro m KHpOBCKOTO BOJOXpaHIIHIN 0a30BBIM BapHAHTOM
pPasBUTHS SBIISCTCS IPOMBICIIOBOE PHIOOJIOBCTBO, Pa3BUTHE IEPEPaOOTKH PHIOBI, OE30TXOTHBIX
TEXHOJIOTHA PHIOOMTOOBIYN, W B TEPCIIEKTHBE CaIKOBOE PHIOOBOICTBO IS BBIpAIIMBaHUSA 0C0O00
[EHHBIX PBIO (OCeTpoBbIe). DTH BOMOXPAHWJIMINA YacTO TIOCEMIAlOTCA IO IyTeBKaM HauOomee
AKTUBHBIMM M MOOWIBHBIMH DPbIOOJIOBAMU-TIOOUTEISIMU. B mepcriekTiBe BO3MOXKHO U Pa3BUTHE
9KOJIOTHYECKOTO TYPU3Ma, U PaCIIMPEHHE JO0JIU CIIOPTHBHO-TIOOUTEILCKOTO JIOBA.

HeszaperynupoBannblii  otpe3ok peku Kymym wMano3HayuM B IUIaHE TMPOMBICIOBOTO
pPBHIOONIOBCTBA, HO 3[ECh HMEIOTCA 3HAYUTENbHbIE BO3MOXKHOCTH JJISI Pa3BUTHS CHOPTHUBHO-
JOOUTENBCKOTO PHIOOJIOBCTBA, TIOATOMY OH JI0JbKeH ObITh mepenan st CJIP.

71% DY AKTIOOMHCKOTO BOJOXPAaHWIHWIIA COCTABJSIIOT YCIYTM BOAOCHAOKEHUS U
BoJloperynupoBanusi B Oacceline peku Minek. Ozepo Illankap — eqMHCTBEHHBIM KPYMHBIA BOJOEM B
MankapckoMm paiioHe. Takxke 3TO €JUHCTBEHHBIH UCTOYHHK PBHIOBI. B TO ke Bpemsi, BO3MOXKHOCTH
03ep AKTIOOMHCKOW o0OjacT B TUIaHE TMONYyYeHUS OWOMPOAYKIIMU Hemoucmonsdytorces. [lo
MPOMBICTIOBON TipoaykTuBHOCTH (MeHee 30 kr/ra) atm o3epa ycrymaroT ozepam 3KO, moaromy mx
BBITOJHEE HCIOJIb30BaTh HE B IUIAHE IIPOMBICIOBOTO pHIOOJIOBCTBA, a IMepedaTs Uil Lenel
AKBaKyJIbTYpbl (CO3IaHHE O3€PHO-TOBAPHBIX XO3AHCTB), TOrJa MX NMPOAYKTHBHOCTH YBEIMUYHUTCS IO
90-100 xr/ra [29, 30].

brnaromaproctu. /lanHoe uccrnenoBanue ¢uHancupyercss Komurerom Haykn MuHHCTEpCTBa
HayKH U BhIcIero oopazoBanus Pecyonmuku Kazaxcran (I'pant NeBR21882122).
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TYUIH

Makanana bateic Kazakcran 00JIBICBIHBIH 6ipI<aTap cy O6’E>6KTiJ'IepiHiH, coubly imriHne Kacomit
teHi3i, JKaiblk »xoHe Kwuram e3enaepi, cy KonManapm Me€EH Kenaepmﬂerl Ccy OHOJIOTHSIIBIK
PeCYPCTAphIHBIH, TaOMFH KALMTAIABIH JKOHE SKOXKYHETIK KbISMETTEp/IiH KyHBIH Oaramay nepekrepi
oepinren. 3eprreyre 2023-2024 xpuigapra apHaliFaH MOHUTOPUHTTIK 3epTTEyJiep Heri3 OO IbL.

JKyMBICTBIH MakcaTbl — OMOJIOTHSUIBIK pECYpCTapAblH pejiiH KaMmTamachl3 eTy (OayblK aynay
JKOHE aKBaKyJIbTypa), Koijay (OMOJOTHSIIBIK OPTYPIITIKTI Cakray) »XOHE MOJACHH KbhI3METTep
(CTIOPTTBHIK-OyeCKOMIBIK ~ OaNbIK ayiay, OanblK ayjay Typu3Mi) peTiHIe aXbIpaTy, oJjapra
SKOHOMUKAJIBIK Oarajiay JKypridy >*oHE COHBIH HETi3iHAe Cy KOoWMaapjbl KOCINTIK OaibIK aysay,
aKkBaecipy HeMece CHOPTTHIK-0YECKOWIBIK OaNblK aynay YIIH KOJIaHy OOUBIHINA >KOHE peKpearus
OOWBIHINIA YCHIHBICTAD 93ipIey.

3epTTey HOTHXKECIHJIE Cy OMOJIOTHSUIBIK PECYpCTaphIHBIH €H OFapbl KyHbl Kacrmii TeHiziHIe
ekeHi anpIKTanel. CoHmaii-ak, XablKapaiblK MaHbI3bl Oap 0acka cy alasHIapeiHaa — JKalbIK KoHe
Kuram e3eHnepiHze 1e alTapiblKTail KocinTik OalbIK KOpBI JKoHE pecypc KyHBI Oap. XKeprimikri
MaHpI3bl 0ap Cy KoHMajapblHa KeJIeTiH OoJicaK, OMOJIOTHSUIBIK pecypcTapAblH €H XOFapbl KYHBI
[Tsarumap, Kupos xxone AkTebe cy Koiimanapsinaa. Kacnuii TeHi3iHIH TaOUFH KalHuTallbl OHOJOTHUSUIIBIK
pecypcTap MEH TeHETHKANBIK pecypcrapaaH (Oekipe TykbiMuac) Typca, Kacnuii TeHi3iHe KYSTHIH
©3CHJICP/IIH HEri3ri TaOMFU KaluTallbl TYIIBI Cy Oobin TaObuiaabl. JKepruikri ¢y KoWMaaapbhIHbIH
OMOJIOTHSUIBIK peCYpCTapbIHBIH KYHBI OJIapAbIH TaOufu KanuTaislHeIH 90% Kypaiinel. JlerenmeHn, cy
KOMMaapblHbIH JKOXKYHENK KbI3METTEpiHIH KYPBUIBIMBIHJIA TEH YJECTi a3bIK-TYJIK JXOHE CyMeH
KAOIBIKTAY KbI3METTEP1 KYPauIb.

Cy mrapyambibIFbl MEH OaibIK [IapyalibUIBIFBIH JKOCTapnay ke3injge batbic KaBaKCTaH
aiiMaFbIHBIH Cy OHOJIOTHSUIBIK PECYPCTapBIHBIH, TAOUFH KAIIUTAJI/IBIH JKOHE SKOKYHEIIK KbI3METTep/IiH
KYHBIH OaFajiay/iel aiiaany MYMKIHJ];IFI KapacThIPbLIAJIEL.

3epTTeyaiH ©3eKTUIIr cy KoMManapblHbIH oJeyeTiH OaranayAblH NPUHIMIITEPI MEH oAiCTepiH
KETUAIPY, OallbIK KOPBIH 0acKapy *oHe KOpray OOJbIN TaObLIa bl
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OBOCHOBAHHUE KOHCTPYKTHUBHO-TEXHOJIOI MYECKOM CXEMBbI
TEXHUYECKOI'O CPEJICTBA JJ11 SIPYCHOI'O BHECEHUSI MUHEPAJIBHBIX
YIOBPEHUN
SUBSTANTIATION OF THE DESIGN AND TECHNOLOGICAL SCHEME OF THE
TECHNICAL MEANS FOR THE LONGLINE APPLICATION OF MINERAL
FERTILIZERS

AHHOTAUA

VIHTeHCUBHO-9KCTCHCUBHBIE TEXHOJOIMU BO3JENBIBAHUS CEIbCKOXO3AHCTBEHHBIX KYJIBTYP
MIPUBENU K UCTOLIECHHUIO IUIOOPOAMS MaXOTHBIX yroauil. B pesynbrare cHmkaercs MpOAYKTHBHOCTD
3epHa, KOTOPYIO BO3MOXKHO YBEJIMYNUTh HAa OCHOBE IIOBBIIICHHS IIOAOPOAMS IIOYB 3a CUET
IPUMEHEHUS] MUHEpaIbHbIX yaoOpeHuid. IIpyn 3TOM HE00XOAMMO YYHTBIBATH HMECTPOTY ILIIOAOPOIUS
MOYBBI, KaK MNPOCTPAHCTBEHHYIO, TaK W M0 TiIyOuHe 3aneraHus. B cratbe maHo oOoCHOBaHHE
Pa3HOTITYOMHHOMY IIOCIIOHOMY BHECEHWIO MHHEPAIBHBIX YOOOpPEHHH U NanbHEUIe pa3paboTKu
KOHCTPYKTHBHOT'O PELICHHUS 110 CO3AAHUI0 MAIIMHBI AJIs1 pealu3alii COOTBETCTBYIOLIEH 3a1auH.

HeoOxomumocTs B pa3paboTKe COOTBETCTBYIOIIEH C/X TEXHHKH TI0 BHECEHHIO YAOOpeHHI
000CHOBBIBAETCS TEM, YTO OCHOBHASI MAacca KOPHEBOW CHCTEMBbI MIIEHHULBI (POPMUPYETCsl ITO3TAITHO Ha
pasnuyHOW TIIyOWHE M pacrojaraeTcss B cJIoe TMOYBHl OT 6 a0 24 cM, a TakXe OTCYTCTBHEM
MUTPALMOHHON CIIOCOOHOCTH 1O MPO(UITIO TOCTYITHOTO AJISl MUTaHUs pacTeHui Gocdopa, Kak MOUBBI,
Tak ¥ ynoOpenuii. IIpemnaraemass KOHCTpYKuusi pabodero opraHa SpyCHOTO IIyOOKOPBIXJIMTEINS-
ynobputens obecnednBaeT pasMernieHne ynoOperwii ot §...11 cM OT MOBEPXHOCTH TOYBBHI M [0
ryOuHbI 23...25 cM IpU LIHPUHE TPEPHIBUCTON JIEHTHI IO HAKIOHY 25...29 cM.

IlpennoxkeHHass  KOHCTPYKTHBHO-TEXHOJIOTMYECKas  CXe€Ma  TEXHHYECKOTro  CpeIcTBa
obecreunBaeT peryiupoBaHUE TIyOMHBI BHECEHUS YAOOpEHWH HE3aBHCHMO OT OOIIeil TryOWHBI
00paboTKM, YTO TO3BOJNIUT €€ MPUMEHEHHE I JIIOOBIX TMOYBEHHO-KIMMATHYECKUX 30H MHpa C
PasInYHBIMU TYMYCHBIMU TOPU30HTaMH.

ANNOTATION

Intensive-extensive crop cultivation technologies have led to the depletion of arable land
fertility. As a result, the productivity of grain decreases, which can be increased by increasing soil
fertility through the use of mineral fertilizers. It is necessary to take into account the diversity of soil
fertility, both spatially and by depth of occurrence. The article gives substantiation of different-depth
layer-by-layer application of mineral fertilizers for further development of a constructive decision on
creation of a machine for realization of the corresponding task.

The necessity in development of appropriate agricultural machinery for fertilizer application is
substantiated by the fact that the main mass of wheat root system is formed in stages at different
depths and is located in the soil layer from 6 to 24 cm, as well as by the lack of migratory ability on
the profile of phosphorus available for plant nutrition, both soil and fertilizers.

The proposed design of the working body of the tiered deep loosener-fertilizer provides
placement of fertilizers from 8...11 cm from the soil surface and to a depth of 23...25 cm at the width
of the interrupted belt on the slope of 25...29 cm. The proposed design and technological scheme of
the technical means provides regulation of the depth of fertilizer application regardless of the total
depth of cultivation, which will allow its application for any soil-climatic zones of the world with
different humus horizons.

Knroueevie cnoea: nousa, mumnepanvivie yoobpenus, hocopuvie yOobpeHus, KOpHesas
cucmema, 3epHO8ble KY1bmypbl, BHYMPUNOUECHHOE BHECEHUE, APYCHOe BHeCeHUE.

Beenenne. IIponoBosibCTBEHHAsT OE€30MACHOCTh W CONMANbHAS CTAOWIBHOCTH CTPaHBI, Kak
ykazaHo B Ilporpamme ycTOMYMBOrO pa3BUTHs arpONPOMBIIUICHHOTO KoMIUiekca PecmyOnnku
KazaxcraH, HampsiMy!0 3aBUCAT OT pOCTa €ro KOHKYPEHTOCHOCOOHOCTH U  OIpEAEssIeTcs
COBCPHICHCTBOBAHUEM HMCEIOMIUXCA TEXHHUYCCKHX, 3KOHOMHUYCCKUX H OpPraHu3alilMOHHBIX yCJ’IOBI/Iﬁ
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CO3/aHUs MTPOU3BOJICTBA U COBITA MPOJYKIIMHA BHICOKOTO Ka4eCTBa, YJOBIETBOPSIONICH TpeOOBaHUSIM
KOHKPETHOTO moTpeduTens. [Ipyn 3ToM 0CHOBHOM yTIOp JenaeTcsi Ha MPOU3BOCTBO 3€PHOBBIX KYIBTYD
— OCHOBHOTO CErMEHTa OTpaciH pacteHweBozicTa [1]. HapammBanne mpowms3BOACTBa 3€pHOBBHIX, a
TaKKe M JPYTHX HE MEHEE BaXKHBIX CTPATCTHYECKUX KYJIBTYD, IPEJACTABISET OCHOBY (hOPMUPOBAHUS
SKCMOPTHOTO MOTEHIIMATA U HCTOYHUKOB BATIOTHBIX IMOCTYIUICHUH U B TIEPBYIO OYEpEIb, OHO CBSA3aHO
C Ka4eCTBOM TIOYBHI, €€ IJI0JOPOINEM, IIOCKOIBKY IT0YBa — 3TO OCHOBA BCETO CEIbCKOXO035HCTBEHHOTO
MIPOM3BO/ICTBA.

B zemenprOM (onme PecryOnmku Kasaxcran mamrHs sBiseTrcss Hamboiiee IEHHBIM BHIOM
CEeNIbCKOXO3SIMCTBEHHBIX yrofuii. B oOmeil mmomann CcenbCKOXO3SHCTBEHHBIX YTOAWMA —IAIIHA
cocraBisieT 25,3 munH. ta win 11,7 %, B Tom umcne opomaemas 1,5 maa ra. Hambosnee kpymnHble
MacCHBBI TIAITHU cocpemoTodeHbl B Kocramatickoi (6,1 muH ra), AkMonmHCKOW (6,0 MiH Ta) U
Ceepo-Kazaxcranckoii (4,9 miH ra) obmactsix, 4to cocraBisieT 66,8 % marmnu pecrnyonuku [2]. U
MMEHHO DOTH PErHOHBI SBISIOTCS OCHOBHBIMM MPOU3BOJUTEISIMH  Ka3aXCTAHCKOTO  3€pHa,
MOCTABJISIEMOr0 Ha BHYTPEHHUU W BHEIIHMA PBHIHKU. BOJbIIas 4acTh 3€pHOCEIOIIUX TEPPUTOPUI
HentpansHoro m CeepHoro KaszaxcTaHa OTHOCATCS K pErmoHaM PHCKOBAaHHOTO 3EMJICNIENHS, C
CYIIECTBEHHbIM Je(DUIMTOM BIard. B CBsA3W ¢ 3TUM, B MOCIEIHEE BpPEeMs 3aMETHO YCHIHIUCH
MIPOIIECCHI JeTPaalliil TOYBBI, CHIKACTCS €€ IUI0IOPOINE, YMEHBIIIAETCS COIep)KaHue B HeH ryMmyca.
HccnenoBaHnsMy yYeHBIX yCTAHOBIIEHBI W3MEHEHHS COJEPIKaHWS T'yMmMyca B OCHOBHBIX THITaX IIOYB
Kazaxcrana u CHWXEHHUS MOTEHLMANBbHOTO IUIofopoaus moyB. Ilotepu rymyca mocie OCBOEHHS
[ENWHHBIX M 3aJIe)KHBIX 3eMenb cocTaBwin 40 % OT MCXOIHOTO €ro COIepXaHWs, B TOM YHCIe
THIPONN3yeMoro azora Ha 45-48 %, a B ycnoBusix oporeHus - 10 57 %. Exxeroansie notepu rymyca B
semutenenuu Kazaxcrana cocrapistor 0,5-1,4 t/ra [3].

A mmomoponve TMOYBHI, KaK M3BECTHO, OKA3bIBAET HEIMOCPEACTBEHHOE BIHSHHE HA KAadecTBO
3epHa — co/ep)KaHWe KJIeWKoBHHBI u Oenka. Tak, mo maHHBIM Kazaxckoro HUW 3emnenenus u
pacTeHueBoACTBa 3a nepuos ¢ 1986 mo 2000 roasl comepxkaHue KICHKOBUHEI B 3¢pHE CHU3MUIOCH ¢ 30
1o 22%, v Ha 13,6 npouenra [4]. B coBpemMeHHOM 3emieenuu peciyONrKd B TOCJIECAHUE TOAbI
BBEJIEHO B TPOM3BOJICTBO MHOTO HOBBIX, OTCUECTBEHHBIX BBICOKOYPOXKAHHBIX COPTOB 3EPHOBBIX
KYyJIBTYp U OHU OYCHb TPEOOBATENIbHBI K YCIOBUSM MHHEPAJIBLHOTO MUTAHUS WM IIOJOPOJUI0 TIOYB,
IeUIUT KOTOPBIX HE TIO3BOJSET MM B IIOJHOM Mepe pealin30BaTh TeHETUYECKHHA ITOTEHIIHAT
MPOJAYKTUBHOCTH.

K ¢dakropam, KoTOpble OKa3aiu BIMSHUEC HA CHIDKEHHE TUIOJOPOJIHS MOYBBI, C YBEPEHHOCTBIO
MOJKHO OTHECTH HECOOJIOJICHHE arpoTeXHHYECKUX TEXHOJOTMH B 4YacTH HapyIICHWS HaydHO-
000CHOBaHHBIX CEBOOOOPOTOB U CHIDKEHHEM, a B OTICIIbHBIX CIy4asX, MCKIIIOYCHHEM HMPUMEHEHUS
yAOOpEeHMUIA.

B mocnenHue nBa ¢ MOJIOBHHOHM JeCSTKa JIET CENbCKOXO3SMCTBEHHBIE yroabs B Kaszaxcrane
WCIIOJIB30BAIMCH MHTECHCUBHO IO AKCTCHCHUBHBIM TEXHOJIOTHSIM, C HapyIIEHWEM OJHOTO W3 TISITH
3aKOHOB 3eMJIEJICINsI — 3aKOHa BO3BpaTa MUTaTeNbHBIX BellecTB, copmynupoBanHoro FO.JInbuxom
emte B 1840 roxy [5]. B HacTosmiee Bpems 3ta mpoOiieMa akTyalbHa KaKk HUKOT/AA.

ITo naunbM 'Y «Pecny0nuKkaHCKUI HAyYHO-METOIMUSCKUN IIEHTP arpOXUMHUECKOM CITyKObI»
B 2021 roay mons mMaxoTHBIX MOYB C HU3KHM COZAEp)KaHHEM T'yMyca cocTaBuia B cpeaHeM 62,5%, B
T.4. Ha opomaeMol namse 96,7%, mo coaep’aHUIo JEerkoruaponusyemoro asora 57,4% miomanu
MaIlHu HU3Ko obecriedeHa, B T.4.98,7% Ha opouieHuH. AHAJIOTHYHAs KapTUHA M IO COACPKAHHIO
noaBwxkHOro ¢ochopa — 66,7%, B T.4. Oorapubie 3emiu 69,8%. Ilo moacueram ydeHBIX, IS
MOJTyYeHHs] TAPaHTUPOBAHHBIX YPOKaeB C/X KyJIbTYp Ha OCHOBE CO3JaHUS IOJIOXKHUTEIHLHOTO OalaHca
MATATEIHHBIX AJIEMEHTOB U MOBBIIICHUS TUIOAOPOINS ITOYB, B CTPaHE HEOOXOIUMO €KETOTHO BHOCUTH
Ha mois OoKkoJio 600 ThICSY TOHH MHHEPAIBHBIX YAOOPEHHWH B JCHCTBYIOIIEM BEIIECTBE. A It
TOBBINICHHS TUIOJOPO/US MOYBBI — OJIMH MUJUTHOH TOHH ymoOpenuit B rog [6]. Taxke mo maHHBIM
akuMaToB oOmacteit pecrryonuku B 2021 romy KOJIMYeCTBO BHECEHHBIX TYKOB COCTaBUIIO 626,5 ThIC.
TOHH WK 24% OT Hay4YHO 00O0CHOBaHHOHN MOTPEOHOCTH, UTO OoJIbile Ha 154, 6 TOHHBI B CPaBHEHHU C
2018 1., TO ecTh yxe celivuac HaONIOJaeTCs TOJOXKHUTEIbHAs nuHamMuka. M3 obnacreid, KoTopble
€XEToJIHO HapaluBalOT 00bEeMbl MpuUMeHeHHs ynoOpenmid BbineisitoTcss CeBepo-Kazaxcranckas u
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KespmopauHckas 005acT, KOTOPbIE MOKPHIBAIOT MOTpeOHOCTs HAa 26 U 86% cooTBeTCTBEHHO [7].
[MosToMy motpebHOCTh KazaxcraHa B UCIONL30BAHUN arPOXUMHKATOB BBICOKASI.

Marepuanbl U MeToibl. [IpoBeneH aHanu3 U 000OIICHHE MaTEPUANOB W JIMTEPATYPHBIX
JAHHBIX IO Pa3HOTTYOWHHOMY IOCIOWHOMY BHECEHHIO MHHEPAJbHBIX YIOOpPEHHH B pasiUYHBIX
NPUPOJTHO-KIMMATHUECKUX 30HaX. [IpoBelieHbl MaTeMaTHYeCKHe W WHXKEHEpPHBIC pacueThl s
JabHEeHIe pa3paboTK KOHCTPYKTUBHOTO PENICHHUS TI0 CO3/IaHHI0 MAIIMHBI [0 Pa3HOTITYOWHHOMY
MOCIIOMHOMY BHECEHHIO MUHEPaJbHBIX YAOOPEHHUH C UCIOJIb30BAaHHEM COBPEMEHHOW KOMITBIOTEPHOM
TEXHUKH.

B pabore wWCnonp30BaH METOJ CHUCTEMHOTO aHAIM3a HCCIEAYEMbIX TEXHOIOTHMIESCKUX
MPOLIECCOB C BKJIIOUEHHEM ONTUMAIBHOTO IUIAHUPOBAHUSI SKCIEPUMEHTA, TIyOOKOTO H3Y4YeHUs
TEXHOJIOTHH U paboUYuX MPOIIECCOB MAIIMH B COYETAHUU C METOIaMHU MOJICIIMPOBAHHS.

Pe3yabTaThbl HCc/IeIOBaHUIl U UX 00cyKIeHHe. B cOBpeMEHHBIX HHTCHCUBHBIX TEXHOJIOTHSX,
KOTOpbIe MPeAyCMaTpPUBAIOT HYJIEBYIO W MHHUMAIBHYIO OOpaOOTKH M CHIDKAIOT BO3ACHCTBHE Ha
IUIOTHOCTh TIOYBBI, CYIIECTBYET OIpEJACICHHBIC 3aTPYJHEHUS C BHECEHHUEM MUHEPATbHBIX U
OpTaHWYECKUX YOOOpeHHni. B 3THX TeXHONOTHAX OHO MPOBOAUTCS Pa3OpPOCHBIM CIIOCOOOM Ha
MOBEPXHOCTh TOYBBI, 0€3 COOTBETCTBYIOLICH 3a/eiKH Ha HEOOXOAMMYI0 TIyOMHY. DTO B CBOIO
ouepesib, He TONBKO HE CIIOCOOCTBYET MOBBIIICHUIO U MOAJICPKAHUIO MJI0A0POUS, HO U MPUBOJUT K
OomnpireMy pacxomy ynoOpeHu#, cHmkaeT d(h()EeKTHBHOCTh MPOU3BOJCTBA M HECET OTPUIIATEIHHYIO
9KOJIOTHYECKYIO HArpy3Ky Ha arpoleHO3bl K SKOCUCTEMY B IIETIOM.

OCHOBHBIM TOCTABIIIUKOM OPraHWMYECKOrO BEIIECTBA B TMOYBY SBISIOTCA OpPraHUYCCKUC
yInoOpeHus: — HaBO3, KOMITOCThI, Onorymyc u ap. Ho B pecrnyOinke ypoBeHb UX NMPUMEHEHUS OYCHb
Huskuit. [lo manueim PHMIIAC B 2016 romy exeromno BHOcmiIoch Bcero 60-80 Thic. TOHH opra-
HUYECKUX YJOOpCHHH, MPEUMYIICCTBEHHO IIOJI OBOIIHBIE KYJIBTYphl M KapTO(pelb B MOJTUBHOM
3eMIIe[IeNTuH, U AOJS TUIomanel, 00pabOTaHHBIX OpPraHNYECKUMHU YJOOPEHUSIMHU OT OOIIEeH MOCEeBHOM
TUIOIIAJIA CENbCKOXO3SMCTBEHHBIX KYJIBTYp, cocTaBiisieTr He Oonee 0,5% [8]. Mx mnpumeHeHue B
pecnyOnuke, orpaHnIuBaeTcs psaoM (aktopoB. OQUH U3 HUX — OYCHB OOJIBIIAS TUIONIAbh TTAlIHA B
3epHOBOM PETHMOHE, KOTOpasi OXBAaThIBACT IuTomans Oonee 20 MiH ra. Ha maHHOM 3Tame OCHOBHBIM
MPUEMOM TIOBBIIICHHUS TJIOAOPOJAUSI TMOYB CENBCKOXO3IHCTBEHHBIX YTOJHMH SIBISIETCS IOMOJIHEHHE
3aracoB MUTATEIBHBIX BEIIECTB MOYBHI 32 CYET BHECEHHSI MUHEPAITLHBIX YI00pEHUH.

W3 XUMHYECKHX DIIEMEHTOB HanOoJiee BaXXHBIMH JUIS THTAaHHS PACTEHUH SBISIOTCS a30T,
dochop u kanmii. [louBeHHBIH a30T MpeNCTaBlieH Kak MWUHEPAIBLHBIMH (popMamu, Tak M a30TOM
OpPraHUYECKUX COeMUHEeHWi. BBuay 0ojee BBICOKOTO, B CPaBHEHUHM C MAaJOTyMYCHBIMH IOYBaMH,
COJIepKaHus TyMyca, a TaKKe 3a CUeT MapoBaHUs MOJIEH W JAPYrux (akTOpOB, MOYBBI 3€PHOCEIOLINX
PETHOHOB MMEIOT 3armacHoi pe3epB B 00ECIEYeHUH ONTHMAJIbHOTO a30THOTO PeXHUMa JJisi MUTaHHS
pactenuid. [103TOMy a30THBINH PEKUM TOYB MOXKHO PETYJIMPOBATH PA3TUYHBIMU TEXHOJIOTHYSCKHUMHU
criocobamu. [9]. [lns yepHO3eMHBIX M KallITAHOBBIX IOYB PETMOHA 3JIEMEHTOM, JIMMUTUPYIOIIMM
YPOKAIHOCTD CEIbCKOXO3SIMCTBEHHBIX KYJIbTYP U HaXoIsmuMcs B aedunmre, sBisiercs Gocdop. [pu
3TOM BOCIOJIHEHHE 3aMacoB JOCTYMHOro ¢ochopa BO3MONKHO JIHIIL HA OCHOBE MNPUMEHEHUS
dochopHbIX MUHEPATBHBIX yno0peHwui [10, 11].

[ToTpeGHOCTh pacTeHH B JOCTYITHOM KaJIME€ MOKPBIBAETCS 3a CUET TOTO, YTO 00ECTICYEHHOCTh
MOYB PECMyOJIMKH 3THM DJIEMEHTOM HAaXOJMTCS HAa YPOBHE OT MOBBIIMICHHOW 10 OYEHb BBICOKOHW W
KaJIUiHBIC YA00pEHUs TPU TAKOM YPOBHE 00€CIICYEHHOCTH HE CTOJIb 3(PPEKTURHBI.

W3 M3710KEHHOTO CIEAYET, YTO TMOBBIIICHUE TPOJYKTUBHOCTH 3€pHOBBIX KYJIBTYD B YCIOBHSX
YEPHO3EMOB, KAIITAHOBBIX U TEMHO-KAIITAHOBBIX MOYB BO3MOXKHO MyTeM ONTHMH3AIWHU (hochaTHOrO
pexxuma mouB 3a cuet GpochopHbIX yaoopenuid. [To 1aHHBIM SKOHOMHYECKOTO KoMHuTeTa OpraHu3anuu
OObenuHeHHbIX Hanmu mnpuMeHeHne ynoOpeHHi CBA3aHO C CYNIECTBEHHBIMUA MaTepHajbHBIMH U
SHEPreTHYECKUMHU 3aTpaTaMu. M3 Bcex JHEpreTH4YecKHX 3arpar, PacxodyeMBIX Ha TMPOU3BOJCTBO
3epHa, HA BHECEHHE YAOOpPEHHI B pa3BUTHIX CTpaHax mnpuxoautcs 35-50%, a B pa3BUBAIONIMXCS
CTpaHax 3TH PacxoJbl MPUMEPHO BIBOe OobItie — 10 70% [12].

[TosToMy HEOOXOOMMO M3BICKMBATH TAKME TEXHOJOTMH, KOTOPBIE MO3BOJISAT CHU3UTDH 3aTPaThI C
BHECEHHWEM MUHEpALHBIX ynoOpeHuid. [1o JaHHBIM pe3yiabTaTOB psifia MCCIIEOBAHHM, MOBBIIICHUE
NPOJYKTHBHOW CIMOCOOHOCTH TOYBBI M, COOTBETCTBEHHO, CEIILCKOXO3IHCTBEHHBIX KYJIBTYP,
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NPEANOCEBHYI0 00pabOTKy TOYBBI MM TIOCEB CEMSH OJKOHOMHUYECKH M TEXHOJIOTHYECKU
1eJ1ecO00Pa3HO MIPOBOIUTH, COBMEIAsi ¢ BHYTPUIIOYBEHHBIM BHECEHHEM OCHOBHOM WJIM CTApTOBOM
JI036I MUHEpaNbHBIX ymoOpenuit [13]. B sTom ciydae 3a cueT Hamu4Ws 3amacoB BJard B ITOYBE
noBbImaercs 3 HeKTUBHOCTD UCTIONB30BaHMS TUTATENBHBIX BEIIECTB KOPHSIMH PacTEHH, YIyUllIeHHe
IUTATEJIFHOIO PEeXXHMa IIOBBIIIAET 3aCyXOYCTOMUMBOCTh PACTEHHH, OTCYTCTBYET HEOOXOAMMOCThH
JOIIOJTHUTENNbHON TOAKOPMKU PAcTeHWH, YTO B 3aCyLUIMBBIX YCJIOBUSIX HE Bcerma 3(QQeKTHBHO,
CHIDKAETCs KOJIOTHYECcKasl Harpy3ka Ha oKpykarolyto cpeny [14-16]. Takxke npu BHYTPUIIOUBEHHOM
BHECEHHH TYKOB BOJOIOTpeOJIeHNEe PAcTeHWH Ha eAWHHUILy MPOAYKIHMH cHIbKaercs mo 15% [17].
B cBsi3u ¢ 3TUM BHYTPHUIIOUBEHHOE BHECEHHE TYKOB CIEIyeT CUUTaThb OCHOBHBIM TEXHOJIOTHYECKUM
NpUeMOM B CTAaOWIM3allMM TMPOU3BOJCTBA 3€pPHA B 3aCYLUIMBBIX U TONY3aCyLUIMBBIX YCIOBHAX
Ceseproro u LlenTpansaoro Kazaxcrana.

YcTaHOBNEHHBIM sBsI€TCST TOT (akT, YTO B COBPeMEHHOM 3emwiesenuu Kazaxcrana
UCIIOJIB3YETCSl YPaBHUTEIBHBIA MOAXOMA, NPU KOTOPOM arpOTEXHUYECKOE BO3JCHCTBHE HA CUCTEMY
«I10YBa — pacTEeHHE» MPOU3BOANUTCS Ha OCHOBE YCPEAHEHHBIX [TOKa3aTeIeH M0 CONEPKAHUIO IyMyca U
IUTATENIbHBIX BELIECTB B IIOYBE, 3allacaM BJIard, 3aCOPEHHOCTH IIOCEBOB U Apyrux. [IpuMeHurensHo K
cUcTeMe MPUMEHEHUs yI00PEHUH, pSAOM UCCIeNOBaHUH JOKa3aHO, YTO MPH BHECEHUH YCPEAHEHHON
03Bl Ha BCE IOJE C BBICOKUMH IOKa3aTeJsIMU paclpelesieHHs, UX OKYINaeMOCTh OCTaBanach Ha
HU3KOM YpPOBHE. JTO CIEICTBHE TOTO, YTO, HONydYas OOHY M Ty )K€ O3y IHUTATEIbHBIX BEIIECTB,
TUTOIOPOJHBIE YYACTKU CTAHOBATCS OoJiee TMIOAOPONHBIMH, a MEHEe IUIONOPOJHBIE — PErYISIPHO
ucromatoTcs. [Ipn nmeromeiics necTpore MWIOAOPOAMS MOUBEl TOYHO PacCUMTaHHAS 1032 yI0OpEHUs
BHOCHTCSI TOJIBKO 1O TEM 3JIEMEHTAPHBIM Y9acTKaM, rie 3To Heooxoaumo [ 18-20].

HccnenoBaHus M yCTaHOBJICHO, YTO TIECTPOTA TOKa3aTelel I0A0pOoIusl MOYBbl HAOMI0OJaeTCs
HE TOJIBKO MIPOCTPAHCTBEHHO, 110 IUIOLIAI1, OHA pa3HOOOpa3Ha U 1o ri1youHe 3aneranus. JlokasanHas
MaJIONIOABUKHOCTE  (POCHOPHBIX COCOUHEHHII B TIOYBE IIO3BOJMJIA CHAEIATh BBIBOA, YTO 3a
BEreTaTUBHBIN MEepHO]l MPOCTPAaHCTBEHHAsI MUTpalys 3JeMeHTa He npesbimaet 1,0 cMm. 3a 75 net npu
peryisipHoM BHeceHuH (HocOpHBIX yaoOpeHHi Ha ONpeNesIEHHOM YYacTKE MOBBIIICHUS YPOBHS €ro
COJIepKaHUs B HIDKEJIEKAIEM, MILTIOBUATBHOM Topu3oHTe He mpousonwio [21]. To ects, pochopHoe
ynoOpeHue ocTaeTcsl Ha TOW TTyOHWHE, Ha KOTOPYIO €ro BHECIU B TEUCHHE JJIUTEIBHOTO BPEMEHU U
MO3TOMY IPU HECOONIOJCHHWH COOTBETCTBYIOLICH INTyOMHBI BHECEHHS MOXKET OBITh HEJOCTYIHBIM
KOpHEBBIM cHcTeMaM pacTeHuid. [lo 3Toi e NpHYMHE, COBEPIICHHO HEIPPEKTHBHBIM SIBISIETCS
MOBEPXHOCTHOE pa30pocHOe BHECEHHE POCHOPHBIX YAOOPEHHH.

KopueBass cucrema TNIIEHUIBI CTENHBIX COPTOB
dbopMHpyeT TIEPBUYHYIO U BTOPHUYHYIO KOPHEBBIC
CUCTEMBI. IlepBuunas  KopHeBas  cucTeMa  —
3apOJBILIEBbIE ¥ KOJECONTUIIBHBIE KOPHU, BTOpHUYHAs -
y3JI0Bbl€  KOpHHM.  Pa3Butme  3apOAblIEBBIX U

KOJICONTWIBHBIX ~ KOPHEH  3aBHCUT  OT  YCIIOBHH
—20 YBIQKHEHUs Ha TIIyOMHE 3a/leNKU CEMSH M HauMHAeTCS
40 OT 3apojbIllla CEMEHHU 0 KYIIEHHS, MPOBHUCAET MPSIMO
BHHU3 M OT KOpeIlIKa TI0 CTOPOHAM, KaK KpbUIbs (PUCYHOK
60 1). EsxxemHEBHBIN TPUPOCT KOPHEW IMIIIEHUIIBI COCTABIISET
|80 HE MeHee 2 cM, TTTyOnHa MPOHUKHOBEHHS 3aPOBIIIEBHIX
KOpHei B MIOYBY MOKET JOCTUTATh
- i0d 200 cM. VY3710Bble KOpHM HAaYMHAIOT CBOE Pa3BUTHE C
— 120 HacTymieHHeM (as3bl KyLICHUs, KOJIMYECTBO KOTOPBIX
140 MOXET COCTaBJSTh 10 15-20 mpu OnaromnpusTHBIX
yCIOBUAX. B ycIOBHAX HEOCTaTOUHOW yBIIAXKHEHHOCTH
160 [IOYBBI B MaXOTHOM ropu30HTE pacnosaraerca 10 40%
. BCed MacChl KOPHEBOW CHCTEMBI, OCTalbHas 4YacTb

pacnojaraetcss Ha riayouHe 50-60 cM,  IOCKOJIBKY
y3JI0BbIE KOPHU B TaKHX YCIOBHSX HE Pa3BUBAIOTCA U
PEIKO IPOHUKAIOT TIIy0XKe.

Pucynok 1 — KopueBas cucrema
MIICHHUIIBI CTEITHBIX COPTOB [22].
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Ho B 3acynumBbIX paiioHax 3HaYMTENbHAs POJb OTBOJUTCS 3apOMBIIIEBHIM KOpHSIM. B mepuoa
HaJIUBa 3€PHA, KOIJa I0YBAa B BEPXHHUX CIIOSIX M3ydY€Ha MMEHHO INEpPBUYHAs KOPHEBAs CHUCTEMa
W3BJIEKAET BJAry M IIMTATEJIbHBIE BellecTBa U3 Oonee MIyOOKux ropu3oHToB. Ho B menowm,
TIOTJIOMIAIONIAs CTIOCOOHOCTh KOpHEH 0c000 YCHIMBAETCSl MPH UX CONPHUKOCHOBEHUH C YaCTHIIAMH
MOYBEI 1 BHECEHHBIMH TpaHylIaMu ynoopenus [23]. B aToif cBsi3u 1enpi0 HAIIUX MCCIIeT0BaHUA ObLITO
Jatb 00OCHOBaHHME pa3pabaThbIBAEMBIM TEXHOJIOTMYECKMM CXEMaM  IIOCIOMHOTO  BHECEHUS
MUHEpaJIbHBIX YJOOpEeHH MO 3epHOBBIE KYJIBTYpPhl B 3aCYIUIMBBIX M MOJY3aCyLUINBBIX YCIOBHSAX
Cesepaoro KazaxcraHa A1 KOHCTPYKTUBHOH pa3paOOTKHU IITyOOKOPBIXIUTENS yI00pUTENSI.

Y4uThIBask OTCYTCTBHE MPOCTPAHCTBEHHON MUTPALIMK JOCTYIHBIX AJISl IUTAaHUS PAcTeHUH QopM
dochopa U  mpuUBENCHHBIE BBIIIE OCOOEHHOCTH PA3BUTHsI KOPHEBOW CHCTEMBI CTEHHBIX COPTOB
MIIEHUIB HaMU OBLIO CHIENIaHO MPEATOJIOKEHHE, YTo (ochopHbIe yaoOpeHns: HeOOXOAUMO BHOCHUTH
BHYTPUIIOYBEHHO M Ha Pa3JIM4HYO NIyOUMHY B 1Ba WK TpuU ciosl. [lepBblil coi npu NpUIOCEBHOM
BHECEHHUH yI0OpEeHUI MOHKEeH OBITh Ha TIIyOWHE 6-8 CM OT MMOBEPXHOCTH IOYBHI C YY€TOM TITyOMHBI
pasMmeleHns: ceMsiH 5-7 cM, ans o0ecreyeHus] WHTEHCHUBHOTO Pa3BHTHS KOpHEBOM cucTeMbl. Jlis
CTHMYJIUPOBAHUS TIPOpPACcTaHHA y3JIOBBIX KOPHEH, BTOPOI CIIOH yHOOpEeHHUs JOJKEH pacrojararbes Ha
rmyoure 12 — 16 cm. Tperuit cmoil ymoOpeHHsST [OMKEH CIOCOOCTBOBATh albHEUIIEMY
MPOHUKHOBEHHUIO 3apOJIBIIIEBBIX KOPHEH BriyObh MOYBEHHBIX TOPU3OHTOB JJIsl 00ECTICUeHUS PacTCHUI
OJICMCHTAMU IMUTaHWUA B NEPHUOAbI MX MHTCHCHUBHOI'O HOTpC6J]CHI/I$1 BO BTOpOfI IepuoJ BETreTalllu,
MO3TOMY pacmojaratorcs Ha rimyouHe 18 — 24 cm. Ha pucyHke 2 moka3aHO TpPeXCIOWHOE SPyCHOE
BHECEHUE MUHEPAJIbHBIX yI0OPEHUH B IOUBY, BUJ cieBa. Bun c3anu Ha KopIyc nmokasaHa Ha Buae A.

Jis onTUManbHOTO MHUTAaHUS KOPHEH pacTeHus, yAOOpeHHs JODKHBI Pacrojaratbesi JIEHTaMu
mupuHON 8 — 12 oM mmm 16 — 18 ¢cM, B 3aBUCUMOCTH OT TIIyOWHBI 3a1enKu. [Ipu TakoM mocinoitHOM
BHECEHHH, YIOOpEHNs, BHECEHHBIC B IIEPBBIN CIIOH, pacIONIOKEeHHbIE Ha TIIyOnHE 6 - 8§ CM, OKa3bIBAIOT
IMOJIOKUTCIIBHOC BJIMAHUE HA PAa3BUTHUC KOpHeBOﬁ CHUCTCMbI Ha Ha4aJIbHOM 3Tallc pa3sBUTHUA paCTCHHﬁ,
YTO CIIOCOOCTBYET OBICTPBIM H APYKHBIM BCXOAAM.

IIpu maneHelem pa3Butud, yepe3 10-14 nHell KOpHU AOCTUTAIOT BTOPOro cios, 12 — 16 cm,
I7ic pa3MelleHHble Ha JTOW TioyOWHe YyAoOpeHHss O0ecleYMBalOT pACTEHHsSI MUTATEILHBIMU
BEILECTBAMH, TEM CAMbIM CTUMYJIUPYsI Pa3BUTUE Y3JIOBBIX KOPHEH.

JanbHeliiee pasBUTHE pAcTEHWH B  TEUEHHE BETEeTAlMOHHOTO Tepuona  TpedyeT
JOMOJTHUTENBHBIX 3aTpaT 3JIEMEHTOB MUTaHUS Ha (opMupoBaHue ypoxkas. B sror mepuom B
3epHOCeroNX pernoHax KazaxcraHa yacTo MpOSIBISAIOTCS JIETHHE 3aCyXH, KOTOpBIE COBIAAAIOT C
NEPUOJOM Pa3BUTHSI PACTEHHMH, OTBETCTBEHHBIM 3a IOJIyYCHHE TapaHTHPOBAaHHBIX ypoxkaeB. B aToT
MIEPHUOJT OKUAEM CTUMYITHPYIOMIHN 3P PEKT OT BHECEHUS yIo0peHnii Ha rinyouny 18-24 cm.

o o A
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16-18 cm

A\
Pucynok 2 — TexHonornueckas cxema sipyCHOr0 BHECEHHS MUHEPAJIbHBIX YJOOPEHHI B IIOUBY

23-25 cm

30 cm
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MoxHO mpenmnoiararb, YTO MPAKTUYECKOE MCTIOJIHEHUE MAIIMHBI AJISl TPEXCIOWHOIO BHECEHHUS
MHUHEPAJIbHBIX YAOOPEHHH MOMKET OKAa3aTbCsl TEXHUUYECKH TPYIHO MCIOIHUMBIM — 3aTPaTHBIM,
HEPrOEMKHM H METaIOeMKuM. [l03TOMy, NpHUBEAECHHYIO TEXHOJOIMIO MOMKHO IIPHUHATH 3a
00001IeHHYIO U €€ MOXHO PEKOMEHOBATh sl BCEX THIIOB MOYBEHHO-KIMMATHUECKHX YCIOBUH MO
Bcemy Kazaxcrany, rue pa3BuTo 3epHOBOE NPOn3BOACTBO. C y4eTOM KOHKPETHBIX YCIOBUH, TAKUX KaK
YPOBEHB BJIar000ECIIEYEHHOCTH, MOIIIHOCTh TYMYCOBOT'O TOPU30HTA, IJIOTHOCTH IIOYBBI, COJEPKAHNE
¢dochopa B MaXOTHOM U MOANAXOTHOM TOPU30HTAX U JIPp. MOXKHO PEKOMEHNIOBAThH SIPYCHOE BHECCHHUE
MHUHEPaJIbHBIX YIOOPEHHH.

IIpm 3TO¥ TEeXHONOTHH TIEPBBIA CIOW MOJHKEH pacmojaraTecs Ha riryomHe 8§ — 10 cM, BTOpoOit
cioit Ha Tyoune 16 — 18 cM, Tpetuil croii Ha rmyoune 23 — 25 cm. [lpu mpopacTaHuu nepBUYHOMN
KOPHEBOH CHUCTEMBI 3a CUET NMUTATEIbHBIX 3aI1aCOB CEMEHH, €€ JaybHeHIee pa3BUTHE 00eCIIeYHBAIOT
MHUHEpaJbHble YAOOPEHHUS MEPBOr0 CJIOs, TEM CaMbIM CTUMYJIHMPYs OOpa30BaHHE Y3JIOBBIX KOPHEH U
JIpY’KHOE TOsIBIICHHE BCXOAOB. Jlamee, 3apoiblllieBble KOPHH, MOJYYHB IMHTAaHWE W3 TEPBOTO CIOS
yInoOpeHuil, MpOJBHUTalOTCs BIIyOb CiOs TMO4YBBI. BHeceHHble Ha miryOuHe 16-22 cM ynoOpeHws,
o0ecrneynBaOT CHOPMUPOBABILYIOCA KOPHEBYIO CHCTEMY 3J€MEHTAMHU IIMTAaHUS MO3BOJSIA el
WCIIOJIb30BaTh TAK)KE U 3aIlachl BIIArH, HAXOISIIMECS B HIJKHUX TOPU30HTaX TIOYBHI.

Hano ormernts, uto mo maHHBIM CamodanoBoii M.A., Ha depHO3eMaX FOKHBIX B YCIIOBHUSX
Ceepo-Kynynanuckoit crenu 3anamaoit Cubupwn, cxoxux ¢ ycioBusmu CeBepHoro Kazaxcrana c
XapakTepHON MaiCKO-UIOHBCKOW 3acyXoi, 3(Q(EeKTHBHOCTh TIyOWHBI BHeceHUs (PocOopHBIX
ynoOpeHuil BapbupoBajla B 3aBUCUMOCTH OT YCJOBUH yBiakHeHHsA. M B rofpl ¢ HEJOCTATOYHBIM
YBII&KHEHHEM YCTaHOBIJICH OTPUIATEIBHBIN 2P PEKT OT JIoKanu3anun ynoopeHus Ha rryouny 8-10 cMm,
TOTAa KaK CTa0WJIbHBIA JKOHOMHUYecKMil 3(ddekr HezaBUCHMO OT YCIOBHH Troma U
BJIAroo0ecTedeHHOCTH OBLT TOTYYeH P BHeceHUH cynepdocdara B 1o3e 60 Kr 1.B./Ta ¢ 3a7eNKOi Ha
ryouny 25-27 cm [24].

B Kasaxcrane momo0Hble wuccieqoBaHus  3(P(OEKTHBHOCTH  MOCIOWHOIO  SPYCHOIO
BHYTPUIIOYBEHHOTO BHeceHHUs (ochOpHBIX ymoOpeHHid HEe NPOBOIWINCH, pabodyre OpraHbl He
UCTIBITHIBANIUCH. [l03TOMY cClemyromuM 3TamoM LeleBOd padoThl MOTYT OBITh KOHCTPYKTHUBHBIE
Pa3pabOTKN MAIUHBI JJIsi UX MCTIONHEHHS. Y UHUTHIBAS MOXKEIAHHUs U TPEATIOKECHUS PYKOBOAUTENEH 1
CIICLMAJIUCTOB XO3SIUCTB 3€pHOBBIX peruoHoB Kazaxcrana - AxmonuHckod, KaparanmuHckoi,
Kocranaiickoit u Ceepo-KazaxcTanckol o0nactedl U 05KUIaeMbIH CIIPOC MHPOBBIX MTPOU3BOIUTEIICH
3ePHOBBIX KYJIbTYP MOXKHO BBIJICTUTH CIEIYIOIIUE OCHOBHBIC HANPABJICHUS TEXHOJOTMYECKHX U
TEXHUYECKUX PELICHUI:

- paboumii opran TITyOOKOPBIXIUTENA-YA0OpUTENSl JIOIKEH BHOCUTH YAOOpPEHHUS SIPYCHO
T PepeHIInPOBAHHO, Ha PA3HYIO NTyOUHY;

- JOJDKEeH 00eCTIeYUTh TITyOOKO€E PhIXJIEHUE MTOYBBI;

- JIOJDKEH paboTaTh aBTOHOMHO WJIM HMMETh BO3MOXKHOCTH arperaTupoBaHHs ¢ OyHKepaMu
MIOCEBHBIX KOMILJIEKCOB (C CHCTEMOH TuddepeHnranuu 103 yaoopeHuil);

- B Cllyyac AaBTOHOMHOI'O HCIIOJIb30BaHMSl [JOJDKEH HMMETh HHTEIUICKTYAIBHYIO CUCTEMY
nuddepeHIaIum 103 YA00peHuH.

J1is1 BBITIOJTHEHUSI OCHOBHBIX YCIIOBHH 3()()EeKTUBHOTO MCHONIB30BaHMs (ocHOpHBIX YA0OpeHHI
HeoOXomuMo  pa3paboTaTh  KOHCTPYKTHBHO-TEXHOJIOTMYECKYID  CXEeMYy  IIIyOOKOPBIXJIMTEINS-
yI00puTEIIs, 00SCIICUUBAIOIIETO:

1) sipycHOEe BHECEHHWE OCHOBHBIX 703 MUHEPAJbHBIX YJIOOpeHWH U TIIyOOKOE pHIXJIICHHUE, IS
3TOro pabouuii opras 10JHKeH ObITh HAKIIOHHBIM;

2) perylupoBaHue ri1yOnHBI BHECEHHS yIOOPEHUI HE3aBUCUMO OT O0IIEH IITyOUHBI 00padoTKY;

3) muddepeHnnaInIo 103 BHECEHUS YI00peHUi 3a cYeT COOCTBEHHOM BBICEBAIOIICH CHCTEMBI C
CHCTEMOW KOHTPOJISL ¥ yIIPaBJICHHUS.

[Ipemiaraemas KOHCTPYKIUS pabouero opraHa SPyCHOTO TITyOOKOPBIXJIATENS-YI00pHUTENS
oOecrieunBaeT pasMmelieHue yao00peHud ot 8...11 ¢cM OT MOBEPXHOCTH IMOYBBI W 0 INIyOHHBI
23...25 cM IpH IMpPHHE NPEPBIBUCTOM JICHTHI IO HAKJIOHY 25...29 cM (pUCyHOK 3).
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Pucynok 3 — PaOouuii opran 3KCepuMEHTAIBHOTO APYCHOTO TJIyOOKOPBIXJIUTEIIS-Y 100 PUTEIS

Croiika 1 pabodero opraHa COCTOMT W3 JBYX dYacTell — BepXHEH, Hecylled W HIDKHEH,
HAKJIOHHOW. YTOJ HakjOoHa pabodvel 4acTH 1O OTHOLICHHUIO K HecyIel nmpuHuMaeTcs B npeaenax 40-
45°. B 3aBMCHMOCTH OT (DM3MKO-MEXAHHYECKUX CBOMCTB PETMOHAIBHON MOYBBI, OH JOJKEH OBITh B
npezenax ee yria ckansiBaHus. K HaKIIOHHOH yacTu CTOMKHM NPUKPEIUISIOTCS ABa J10JI0Ta — PEXyIINe
2 u ckanpBaomue 3. C3amm, Mo ciexy, ¢ IOMOINBIO KpPOHIUTEHHA 4 NPUKPEIUIAIOTCA TpH
TykonpueMHHKa 5. OHHM Takke yCTaHaBIMBAIOTCA JPYT 3a Apyrom, Bcieid. [IpuueM uxX BBIXOJHBIE
OKHa pa3Mmeniatorcs Ha BeicoTe 7,0; 14,0; 21,0 cM OT mOJOWIBBI CKaJBIBAIOLIETO 10JI0TA U KX MOXKHO
PETyJINpPOBaTh O BHICOTE.

Ha pame opyams ycraHaBnuBaroTcsi 1Ba OyHKepa Uil MHUHEPaJbHBIX YAOOpeHWU ¢ oOImei
eMKOCTBIO 2,8 M3, 2439 kT, ¢ n03upyronmMu ycTpoiicteamu 1 12...18 paGounmu opranamu. Obmas
mupuHa 3axBara 4,6 M. Yron HakioHa crtoek 40-45°. Paccrosuue mexnay crtoiikamu — 400 mm.
JueBHas BeIpaOboTKa MOxeT coctaBuTh 30-50 ra.

BoiBoabl. TakuM 00pa3oM, TEXHOJOIMYECKHE CXEMBI SIPYCHOTO BHECEHHS MHMHEPaIbHBIX
ynoOpeHuii 000CHOBaHBI C TOYKH 3PEHHs IOTPEOHOCTH PacTeHUI M (PU3HOIOTUH Pa3BUTHsI KOPHEBOH
CHUCTEMBI M paCTEHHUS B IIEJIOM.

[IpemiokeHHass ~ KOHCTPYKTHBHO-TEXHOJIOTMYECKass ~ CXeMa  TEXHHYECKOTO  CpeJlCTBa
o0ecrieunBaeT pEryJMpoBaHUE TIyOMHBI BHECEHHS YAOOpEHUN HE3aBHCUMO OT OOIIeH IIyOWHBI
00paboTKH, 9TO TO3BOJIUT €€ MMPUMEHEHHUE IS JTFOOBIX MMOYBEHHO-KINMAaTHYECKUX 30H C Pa3TNIHBIMHU
TYMYCHBIMH TOPH30HTaMHU.

OcHallleHHe TeXHUYECKOIro CPe/ICTBa CUCTeMOol auddepeHiranuy 103 BHECCHHUS YA00peHui 3a
CYeT COOCTBEHHOT'O BBICEBAIONIECTO MEXaHN3MA, OCYIIECTBISIONIErO KOHTPOIb M YIpaBJICHHE JI03aMU
BHOCHUMBIX yIOOPEHUI, TIO3BOJUT CHU3UTH arpOXUMHYECKYIO HArpy3Ky Ha OKPY>KalOLIYIO Cpey.

Baarogapuocts. [lanHoe uccnenoBanue ¢uHaHcupyercss Komurerom Haykum MuHHCTEpCTBa
HayKH U BbIciero oopasosanus Pecryonuku Kazaxcran (rpant Ne AP19674514). ABTOpbI BhIpakaroT
onaronaprocts npogeccopy Ecxoxuny K.J. 3a cogelicTBre B IPOBEICHNHN HCCIICAOBAHMS.
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TYHUIH

Jakeuigapasl ecipy[iH KapKbIHABI TEXHOJOTHSIIAPhl €TiCTIK JKepIIeplIiH KYHAPJIBUIBIFBIHBIH
TOMEHJIeyiHe okeli. HoThxkeciHme MUHEpaibl THIHAUTKBIIITAPABI KOJIIaHy apKbLIbl TOIBIPAKTHIH
KYHapJIBIIBIFBIH apTTHIPY HET131HIe KoOeHTyre 00IaThiH acThIK OHIMIIUIIT ToMeHaeiai. by xarnaiina
TOTBIPaK KYHAPIIBUIBIFBIHBIH SPTYPIIIITiH, KEHICTIKTIK jkoHE Maijga 001y TepeHJIriH ecKepy Kaxer.
Makanana THiCTI TarchpMaHbl OPBIHAAY VIIH MalllMHAHBI KYPYIbIH CBIHIAAPIBI MIENIMIH OJaH api
93ipIiey YIIiH MUHEPAaJIbl THIHAUTKBIIITAPIBI TEPEH KadaTTapFa eHri3yAiH Heri3aeMeci KeTipiiareH.

ThIHAUTKBIITAP/Bl S€HIi3y OOMBIHIIA THICTI a/Ill TEXHUKACBHIH 93IpJiey KaKETTUIIr OuaiIbiH
TaMbIp JKYHeciHiH Heri3ri Oeiiri op Typii TEpeHIIKTe Ke3eH-Ke3eHIMEH KaJbIITACKIN, TOMBIPaK
KabaThiHAa 6-maH 24 cM-re JeliH OpHajlacaThIHABIFRIMEH, COHJAW-aK ©CIMIIKTEp/l KOPEKTCHIIpY
YIIiH KO )KeTimi hocOpIbIH, TOMBIPAKTHIH /12, THIHAWTKBIIITAP.IBIH 12 MPO(HITiHE COlKeC KOIIi-KOH
KaOineTiHiH 0oJIMaybIMEH HeTi3jenreH. J|eHreli TepeHIeTKil-THIHANTKBIIITHIH KYMBIC OPTaHBIHBIH
YCBIHBUIFAH JU3afiHbl THIHAUTKBIIITAPABI TONbIpaK OeTiHeH 8 cM 11 CM-IeH TepeHIiKKe JediH
23 - 25 cM TepeHIiKKe IeHiH, y3iTicci3 TacmaHbiH €Hi 25 c¢M 29 cM-re JeiiH OpHAIacThIPYIbl
KaMTaMachI3 eTel.

Y CHIHBUFaH TEXHUKAIBIK KYPalJblH KYPBUIBIMIBIK-TEXHOJIOTHSUIBIK CXEMAChl OHJICY/IIH KaJIThI
TepeHAIriHe KapaMacTaH ThIHANTKBILTApAbl €HI13y TEPEeHAIriH peTTeyli KaMTaMachl3 eTeai, Oy OHbI
OpPTYpJl T'YMYCTBIK TOPHU30HTTAaphl Oap oJIEMHIH Ke3 KEJIeH TOIBIPaK-KIMMATTBHIK aiMaKTapbiHa
KOJIIJaHyFa MYMKIHJIIK Oepei.

180



ISSN 2305-9397. FbiibiM )caHe b6intim. 2024. N° 3-2 (76)

VIK 631.362.334: 631.365.34 DOI 10.52578/2305-9397-2024-3-2-181-191
MPHTMU 68.85.39, 55.57.43

Hycenos M. K., PhD, ocnoBHoii aBTOp, https://orcid.org/0000-0002-1855-6694

HAO «3amagno-KazaxcTaHckuii arpapHO-TeXHUYECKH YHUBepcuTeT nMeHu JKanrup xara», 090009,
ya. Xanrup xana, 51, r. Ypanbck, Pecniyonuka Kasaxcran, dusenov.maksut@mail.ru

HMaxanamueB E. M., kanauaat TexHuueckux Hayk, https://orcid.org/0000-0001-5674-6870

HAO «3anagno-Kazaxcranckuii arpapHO-TeXHHUYECKUH YHUBEpCcHTET UM. JKaHTup xaHa», T. Y palbCK,
ya. Xanrup xana 51, 090009, Kazaxcrawn, ernazar.dzhanaliev@mail.ru

M:xkamapos P. P., kanauaar texaudeckux Hayk, https://orcid.org/0009-0005-5720-9360

HAO «3anagno-KazaxcTaHckuil arpapHO-TEXHUYECKUI yHUBepcuTeT uMeHu JKanrup xana», 090009,
ya. Xaunrup xana, 51, r. Ypanbck, Pecniyonuka Kasaxcran, ranil.dzhaparov@mail.ru

Dussenov M.K., PhD, the main author, https://orcid.org/0000-0002-1855-6694

NJSC «West Kazakhstan Agrarian and Technical University named after Zhangir khany», Uralsk,
st. Zhangir khan 51, 090009, Kazakhstan, dusenov.maksut@mail.ru

Janaliyev Y.M., Candidate of Technical Sciences, https://orcid.org/0000-0001-5674-6870

NJSC «West Kazakhstan Agrarian and Technical University named after Zhangir khan», Uralsk,
st. Zhangir khan 51, 090009, Kazakhstan, ernazar.dzhanaliev@mail.ru

Dshaparov R.R., Candidate of Technical Sciences, https://orcid.org/0009-0005-5720-9360

NJSC «West Kazakhstan Agrarian and Technical University named after Zhangir khan», Uralsk,
st. Zhangir khan 51, 090009, Kazakhstan, ranil.dzhaparov@mail.ru

YCOBEPUIEHCTBOBAHME YCTPOMCTB 1151 U3BMEJIBUEHU S
KOPHEKJIYBHEIIJIOAOB
IMPROVEMENT OF DEVICES FOR CRUSHING ROOT CROPS

AHHOTANUA

B nmaHHO# cTaThe mpenocTaBICHO pEIICHWE IPOOJIEMBI BBIOOpa pabOYUX OpPraHOB M
YCOBEPIICHCTBOBAHUS M3MENbUUTENCH KOPHEKITyOHETUTONOB paboTaoMUX Ha MPUHITUIIE PE3aHUS CO
ckonbxeHneM. OCHOBHOM 3ajaueil IpW IMPUTOTOBIICHHME KOPMOB, a MMEHHO MNPH H3MEIbUYCHUS
KOPHEKITyOHEIUIONOB SIBIISIETCS COONIO/ICHNE 300TEXHHUYECKUX TpeOoBaHWi. OJHUM W3 TIABHBIX
300TEeXHUYECKUX TPeOOBaHUII NPU MPUTOTOBIEHUH KOPMOB SIBIIIETCS KadyeCTBO KOPMOB, a IIPH
U3MCJIbYCHUU KOpHeKHY6HeHHOI[OB pasMEp U3MEIbYaCMbIX YaCTHUIl U MUHHUMAJIbBHOC COKOBBIACICHUEC.
Jns  pemieHus maHHOW MPOOJIEMBI TPEJOCTABICH alTOPUTM MOJCPHU3AINHA H3MEIbUIUTENeH
KOpHEKITyOHeIu1070B. B HeM paccMmarpuBaeTcs Mporecc MOUCKa peleHui Ipo0IeMbl 10 COXPaHEHHIO
KauecTBa W3MENbUeHHUs] KOPHEKIyOHEeIuIomoB. B kadecTBe METONMKH HCCIENOBaHUS MPEIOCTaBICH
alPUOPHBIN METOJ, PaHXHUPOBAHHS HCCIEAyeMbIX MokazaTeneil. K mokaszarensM ObUIM OTHECEHBI
TEXHOJIOTHUYECKUH TPOIECC Pe3aHus M KOHCTPYKTHBHBIE pabodre opraHbl, a B KauyecTBE KPUTEPHEB
oTIpesieNieHbl Ka4eCTBOM3MENbYCHHSS M W MHHHMAJIBbHOE COKOBBIIeNeHWe. Ha ocHoBe MeTomukw
AIIPUOPHOTO PAHXKXUPOBAHUA OCHOBAHOOI'O HAa MHCHHHU CIICIIUATIUCTOB B OGJIaCTI/I HU3MCJIbYCHHA KOPMOB
ObLIN OIpPEACJICHBI TICPCIICKTUBHLIC HAIlpaBJICHUA 4 YCOBEPIICHCTBOBAHUA TEXHOJIOTHYCCKOIO
mporecca pe3aHds 3a CYeT KOMOWHHUpPOBaHMS KOHCTPYKTHBHBIX paboumx opraHoB. Ha ocHoBe
MPOBEJCHHBIX  MCCIICIOBaHMN  ObUla pa3paboTaHa OMNBITHASA  KOHCTPYKIHS  H3MEIbUUTEINS
KOPHEKJTyOHEIUIO0B OCHOBaHHAsl Ha CKOJIB3SINEM JBYXOIOPHOM PE3aHUM KOPHEKIyOHeIIona, Jyis
YMEHBIIIEHUS! COKOBBIJIEICHUSI NPHU B3aMMOJACWCTBUM KOPHEKIYOHEIUIoNa C PEeXYIIMMH OpTaHaMU.
B naHHOW KOHCTPYKIIMM HWCIOJB30BAHBI PEXYIIME OpPraHbl B BHJIE MPSIMOJMHEHHBIX HOXEH U
BEPTUKAJIBHBIX  JHUCKOB. J[aHHBIE peXylue OpraHbl B  IMPOLECCE  B3aUMOIEHUCTBHS  C
KOPHEKITyOHEIUIO0M OJTHOBPEMEHHO BPE3al0TCs B MPOJIYKT M OTPE3Ar0T dJIEMEHT 0e3 cxxumanus. Tem
CaMBIM YMEHBINAETCS MYTh PE3aHUs PEKYIIEro OpraHa MO KOPHEKIYOHEIUIOAY, WACT CHIDKEHHE
CcKaTHS KOPHEKIYOHEIUIoa M €ro OTPE3aHHBIX JJIEMEHTOB, M BCIEJACTBHM MAJIOr0 BpPEMECHH
BO3/IEMICTBHA PEXYIINX OPTraHOB Ha KOPHEKITYOHETIJIO ] CHUKEHHE MOTEPh COKOBBIIEIICHNSI.
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ANNOTATION

This article provides a solution to the problem of choosing working bodies for improving root
crop grinders operating on the principle of sliding cutting. The main task in the preparation of feed,
namely, when grinding root crops, is to comply with zootechnical requirements. One of the main
zootechnical requirements in the preparation of feed is the quality of feed, and when grinding root
crops, the size of the crushed particles and minimal juice release. To solve this problem, an algorithm
for upgrading root crop shredders is provided. It examines the process of finding solutions to the
problem of preserving the quality of crushing root crops. An a priori method of ranking the studied
indicators is provided as a research methodology. The technological process of cutting and
constructive working bodies were attributed to the indicators, and the quality of grinding and
minimum juice release were determined as criteria. Based on the a priori ranking methodology based
on the opinion of experts in the field of feed milling, promising areas for improving the technological
cutting process through the combination of constructive working bodies were identified. Based on the
conducted research, an experimental design of a root crop shredder was developed based on sliding
double-support cutting of root crops to reduce juice production during the interaction of root crops
with cutting organs. In this design, cutting organs in the form of rectilinear knives and vertical discs
are used. These cutting organs, in the process of interaction with the root crop, simultaneously cut into
the product and cut off the element without compression. This reduces the cutting path of the cutting
organ along the root crop, there is a decrease in compression of the root crop and its cut-off elements,
and due to the short time of exposure of the cutting organs to the root crop, there is a decrease in juice
loss.

Kntouesvle cnosa: anpuopHwvlii mMemoo, pabouuii opead, KOPHEKIYOHennioo, uzmeibieHue,
HOJ#CU, 0MCK, Kaiyecmeo umeibderusd, coxoebzéeﬂeﬂue, CKoOJb3Aulee pesanue, Oeyxonopﬁoe.

Key words: a priori method, cutting body, root vegetable, cutting, knives, plate, grinding
quality, juice release, sliding cutting, two-pronged.

BBenenne. Bo MHOTHX KPECThSHCKUX XO3SMCTBAaX 3aHUMAIOILIMECS MTPOU3BOJICTBOM MPOAYKIIUU
JKUBOTHOBOJICTBA PALIMOH KOPMOB >KUBOTHBIX COCTOUT M3 IPYOBIX W KOHLEHTPUPOBAHHBIX KOPMOB.
JlaHHBI panMoH HE CIIOCOOCTBYET MOBBILICHUIO NMPOAYKTUBHOCTU >KHUBOTHBIX, OCOOEHHO MOJIOYHOM
MPOAYKIHU y KPYMHO-pOraTtoro ckora (kpc). s moBblieHUs] TPOAYKTUBHOCTH Y KpPC B PalllOHE
KOPMOB JIOJDKHBI IPUCYTCTBOBATH MOJIOKOTOHHBIE KOpMa, B YAacTHOCTH CEHaX, CHIOC H
KOPHEKITyOHETI0Ibl MOPKOBB, KapTOdellb, KOPMOBast CBEKJIA, ThIKBa U T.1 [1].

[TpumeHeHne KOPHEKITYOHEIUIONOB B pallHOHAaX KOPMOB JUISL KPYITHO-POTAaTOTO CKOTA, COTJIACHO
300TEXHUUECKUM TpeOOBaHHUAM, TpeOyeT TMpelBapUTeNbHOTO U3MenbueHus. Jns u3MenpyeHus
KOPHEKITyOHEIIOIOB CYIIECTBYET LIEIIBbIH Psii YCTPONCTB, pa3IMYarOLIUXCs [0 CIIOCO0Y W3MENIbYSHUS
U PAcIOJIOKEHNUI0 pabounx opraHoB. OCHOBHBIMH OIICHOYHBIMH IOKa3aTENIIMH B YCTPOMCTBaX MAJIs
M3MEJIbUEHHUSI KOPMOB SIBJIAIOTCA Ka4yeCTBO M3MENBUEHHS U SHEPTOeMKOCTh pabodero mpoiiecca.

KavecTBO M3MenbueHNEe KOPHEKITYOHEIUIOA0B yIyUIIaeT 0eIaeMOCTh U YCBOSIEMOCTh COYHOT'O
KopMa. B kadecTBO M3MeNbUeHHE BXOJUT CTENEHb U3MEIbUYEHUSA U KOJIMUECTBA COKA WM MOTEPH COKa
B mporiecce u3MenbueHus. CTermeHb W3MeNbueHUs] Oblla M3ydeHa MHOTUMH HCCIIEIOBATEISIMH, a
noTepsi BaKHOM COCTAaBISIIONIEH Kak COK Maio u3ydeHa. [loaToMy onTuMM3anus yCTPOMCTB IS
M3MEJIbYCHHUS] KOPHEKITYOHEIUIOA0B C LIEIbI0 CHIPKEHHIO ITOTEPh COKa SIBIISICTCS aKTyaIbHOW 3afadeii B
MIPUTOTOBJIEHUN COYHBIX KOPMOB JJISl )KUBOTHBIX [2].

Llenp uccrmemoBaHUS — pelIEHHE TEXHUYECKOM 3aJauyd 10 ONTHMHU3ALUA YCTPOHCTB s
U3MENIPYCHUSI  KOPHEKIYOHENJIOAOB C  LEJbI0  CHIDKEHHIO TIOTePh COKa Ha  ypPOBHE
MaTEHTOIPUTOAHOCTH.

Martepuaa u MeToAbl HMcceA0BaHUsA. 151 yCOBEpUICHCTBHA YCTPOMCTB Al M3MENbYECHHUS
KOPHEKITyOHEIJIOI0B, KOTOpble OyIyT H3MeNbuaTh MPOAYKT C MHUHHMAIBHBIMH IOTEPSIMHU COKa,
HEOOXOIUMO MPOBECTH HCCIECAOBAaHUS CYILIECTBYIOIIMX MAIIMH M YCTPOHCTB MO H3METbUYECHHUIO
KOPMOB, KaK JEHUCTBYIOIIMX, TAK M B TTATEHTHOM BUJE, U JIaTh aHAJIHN3 CYIIECTBYIOMNX KOHCTPYKIHI
u3MesburTelNei KopHekTyoHemo108 [1-15].

IIpenBapuTenpHble  HUCCIEAOBAaHUS  CYIIECTBYIOIIMX  KOHCTPYKUMI  HM3MEJIbUMUTEIEH
KOPHEKITYOHETIIOIOB TIO3BOJIMJIO HaM IPOBECTH KJIACCH(HMKAIMUIO JIAHHBIX YCTPOWCTB. B OCHOBY
KIacCU(UKAIMK ONPEACIHIN TEOPUI0 H3MeNbueHHs Marepruana. KOHCTpYKIMHM CyNIeCTBYIOLIHX
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M3MeNbYHTENIeH KOPHEKITYOHEIIIOA0B B OCHOBHOM HCTIONB3YIOT TPH crioco0a — 3To pyOKa MyaHCOHOM,
pe3aHus Jie3BHEM U CKOOJeHHeM. PaccMOTpUM yCTpPOHCTBa MO M3MENLYCHUIO KOPHEKITYyOHEII010B
OCHOBaHHBIX Ha pyOKe, pe3aHHU U CKOOJICHHH MaTepHaa, C UX MPEUMYIIeCTBAMH U HEJJOCTATKAMU 10
MUHHMU3AIHAN TIOTEPH COKa.

VYcTpolicTBa 10 U3MENbUYCHHIO KOPHEKIYOHEIUIONOB OCHOBAHHBIX Ha pyOKe MaTepHalia 3TO
POTOPHBIC HOXH U MOJOTKH, K HUM oTHOcsATcs MCK-3, MPK-5 u 1.1. [15, 16, 17]. I[Ipn n3menpueHnn
KOpHEKITyOHETNIONOB PadOYMMH OpraHaMy JaHHOTO THUIMA, NPW MHOTOKPAaTHOM BO3ACHCTBHM Ha
NPOAYKT HabroAaeTcs OOMIIBHOE COKOBBIICICHHE.

K ycrpoiictBaM NpHHIMI HW3MENBYCHUST KOTOPHIX OCHOBAH HA CKOOJICHHE OTHOCATCS B
ocHoHoM 3apy0exusie KIICK-1000 u ero oredectBennsie ananoru tuna KIIN-4. CokoBbiaeneHue
NPY U3MENbYCHUH KOPHEKITyOHEIIOA0B B TAKMX YCTPOMCTBAaX MEHBIIE YeM IIpH PyOKe WIIH yAape, HO
MPOM3BOJUTEIBHOCT, YMEHbIIAeTCsl. Pa0oynMu opraHaMd B TaKMX YCTPOWCTBAaX SIBIISIOTCS
TOpHU3OHTAILHBIEC TUCKH [16, 17].

Paboune opraHel yCTpOHCTB OCHOBaHHBIX Ha NPWHIMIIE PE3aHUHM MaTepuaia BHEIPSIOTCS B
MaTepuaj JIe3BUEM W JaBICHUEM OOKOBBIX I'paHEl OTAEISIOT YacTHIB OTKAJIbIBAHHEM. Y ITaHHBIX
YCTPOMCTB B HAYAJILHOW CTAJIUHM PE3aHUM MOTEPH COKA MUHHMAIBHBI, HO TIPH JalbHEHIIEM JTaBICHUN
MPOAYKT C)KUMAETCsl U IPOMCXOAMT BhIJIeNIeHHE coka. Paboune opransl mpeacTaBisiioT co00H HOXH €
3aTOYKOM.

PesyabTarbl M uX oOcy:KIeHue. AHaIu3Upys THUIBI YCTPOMCTB M U3MEJIbYCHUS
KOPHEKITYOHETIIOIOB Ha OCHOBE METOJMKH aHAlIN3a MAaTEHTHOTO MOWCKA. A MMEHHO OMNpelelicHue U
cpaBHeHHE YPPEKTUBHBIX TEXHUUECKUX PEHICHUH C MOMOIIBI0 KAYeCTBEHHOT'O CPAaBHEHHUS OLICHOYHBIX
MOoKa3aTelen.

[MpoBeneHre NaHHOW METOAWMKUA TIO3BOJIUT Y3HATh MHEHHS CICIHATACTOB B OO0JIACTH
W3MEJIBYCHHUS TIPOTYKTOB 110 OTJIMYUTENILHBIM OCOOCHHOCTSIM, 2 UMEHHO 110 KaueCTBY H3MEIbUCHHS U
yIIeIbHBIM 3aTpaTaM Ha U3MeIbueHHE.

JlaHHas METOJMKA, & IMEHHO alpHOPHOE PAHKUPOBAHKE MO3BOJIUT COKPATUTH BPEMs Ha MOKCK
TEXHUYECKUX PEUICHWH U COCPENOTOUMUTHCS Ha TOKAa3aTesX KOTOphIE CYIIECTBEHHO BIHMSIOT Ha
Ka4ecTBO M3MENbYCHUS U yJeNIbHBIC 3aTPaThl HA N3MENbYCHUSI.

ATnpUOpHOE pPaHXHPOBaHHE TMO3BOJHUT (HOPMAM30BAThL PA3PO3HCHHBIC CBEICHUHA O
KOHCTPYKIIUSIX PabO4YMX OpPraHOB W BCIOMOTATENBHBIX MPOIECCaX HAa KAadeCTBO HM3MEJIBUCHHS U
yJIeNbHBIC 3aTPaThl Ha H3MEIbUeHHE KOPHEKITyOHETIIIOA0B.

AHanmu3 u Kinaccu(puKanus YCTPOWCTB s U3MEIbUueHHsI KOPHEKIYOHEIUIONB BhIIAT OOJBIION
CHEKTp UCCIeIyeMBbIX OO0BEKTOB. JIJsi CyXEHHS TIOMCKAa M BBIOOpA PAIMOHAIBHOTO PEIICHUS
BOCITIOJTb3YyeMCSl KllacCH(UKAIMEH YCTPOMCTB 10 00OOMIEHHBIM HEJISIM ¥ METOJIaM JIOCTHIKEHUS Teleit
[17, 18, 19]. O0OOmEHHON MENBI0 SABISCTCS KAueCTBO H3MEJIbUCHHUS M YACIbHBIC 3aTparhl Ha
usMenpyeHus. OOOOMECHHBIMA METOJIaMH OYJyT KOHCTPYKTHBHBIC, TEXHOJIOTHUECKHE U PEKUMHBIC
napameTpbl YCTPOWCTBA JJIsl M3MENbUYCHUsT KOpHEeKIyOHeronoB. Co3aana KIaccu(puKaroHHas
TabNMIa U3MENbYHTENeH Mo paboueMy OpraHy, B KOKIOH KIETKE KOTOPOH MOTYT OBITh pa3MelleHbl
KpaTkue (QOpMyIHpPOBKH 000OMIEHHBIX mieneid u  MeromoB (tabn. 1). Ha ocHoBe aHammsa
JUTEPATYPHBIX MCTOYHUKOB U COOCTBEHHBIX HCCIICOBAHHMN BHIOPAHO BOCEMHAIIATh OCOOCHHOCTEH,
KOTOPBIC MOTYT OLIEHUTh 3KCTIEPTHI B 00JIACTH KOPMOIIPUTOTORICHUS (Ta0. 1).

Bonbiioe pasHooOpaswe KOHCTPYKIHMH 10 HW3MENBYEHUIO0 KOPHEKITyOHEIIoqoB Tpedyer
CYXKCHHE TIOMCKA, & UMEHHO JKCIEPTHOM OIeHKH. JKCIepTHas OIeHKa Obula mpoBeneHa B (opme
ATPUOPHOTO PAHKHUPOBAHUS 0COOEHHBIX oKaszareneii [11-22].

W3 Gonbimioro pazHoobpasus mokasateiel ObUIO BHIOPaHO ceMb HanboJiee 3HAUMMBIX

— HOKEBOM M3MENBLUHTEID (X1);
CO CKOOJIeHUEM CTPYKKH (X2);
— JUCKOBBI M3MenbuuTenb (Xs);
C OTHOCTOPOHHHM pe3aHueM (Xa);
C IBYXCTOPOHHUM pe3aHueM (Xs);
— €O CKOJIB3sIIMM pe3anueM (Xs);
coYeTaHue JAByX paboumx opraHoB (X7).
U 110 HUM OBIIO POBEJCHO allpUOpHOE paHkupoBaHue (Tabdi.2).
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Tabmuna 1 — Ouenounas knaccudukaMoHHas Ta0IHIa U3MENbYUTENeH TI0 paboueMy oprany

O0001IEHHbBIE METOIBI O00011EeHHbIE LIETH
MuHuMaabHOE
KauecTBO M3MenbueHust
OcobOeHHble COKOBBIJIEJIEHUE
IMOKa3aTeln 9KCIIEPTHI 9KCIIEPTHI
1. 2. 3. 4, 5. 1. 2. | 3. 14.]|65.
IIpssMonuneiinbie + + + ) + + ) R I
Koncrpyx HOXH
THUBHBIE: Kpusonuneitnpie i + + + ) i + A I
PaGoune HOKH
OpraHbl
p T'opusoHTanbHBIE + ) + + ) + i R
IINCKU
Beprtukanbhbie + ) + + + + R R T
IHACKHA
MoOnI0TKOBBIHI - - - + + - - + |+ | -
Hoxu ¢ 3aToukoii + + + + - + + -+ |+
Coueranune HOXXU+IUCKH + - + + + + + -+ |+
paboumx
HOXXHtIIPOTUBOPE3LI + + - - - + + - - -
OpraHoB
ITox coOCTBEHHBIM + ) i + + i i + 1+ 4
I BECOM
OJIII0 v
Jop MaccoBblil noanop + + + - + + + |+ ] - |+
MPOAYKTa
O6opynoBaHueM - + + + + - + |+ |+ |+
Pabounm opranom + + + + + + + |+ ]+ |+
C IIOJHBIM LUKJIOM + + i ) ) + + ]
pe3aHus
C HEIOJHBIM IUKJIOM + + + + + + + A
pe3aHus
HOCTYIIEHYAT
OnnoctyneHvyaroe + + i ) ) + + -
Texnomornu n3MeNbUeHne
€CKHE
MHorocryneHdaroe + + + + + ) ) .
A3MeENIbYEHHE
Peszanune omanm + + + + + + + A A
CIIOEM
MsHuor WH
OTOCTIONHOE + + + + + + + + |+ | +
pe3aHue

Tabmuua 2 — Pe3ynpTaThl anpHOpPHOTO PaHXUPOBAHUSA OTIMYUTENIBHBIX MOKA3aTesIed N3MENbYUTENeH
KOPHEKITyOHEIUI00B

HOMep OKCIIEpTa Xl Xz Xs X4 X5 Xs X7

1 5 7 6 3 4 2 1

2 5 6 4 7 3 1 2

3 7 5 6 3 4 2 1

4 7 5 4 6 1 3 2

5 7 5 6 4 2 3 1

CymMa paHroB 31 28 26 23 14 11 7

Pennee 3nauenue 20
OTKJIOHEHHE 11 8 6 3 -6 -9 -13
KBanpaTbl oTKIIOHEHUHT 121 64 36 9 36 81 169
KoadPuument konkopaaumuu 0,73
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Koaddumuent koukopmamwm cocrapisieT 0,73, 4TO TOBOPUT O COTJIACOBAHHOCTH MHEHUH
9KcTepToB. Takxke 1Mo paHraM OMpPEeIEITM BECOMOCTE KaXKI0Tro Imoka3aTels (Taoir. 3).

Tabnuua 3 — PesynbraT onpeneneHust BECOMOCTEH MoKazarenei

Homep X1 X, X3 X4 Xs X X7
JKCIepTa
p B|P|B|P|B|P|B P|B|P B |P|B
1 5/3|7| 1|6 23| 5|44 2|6 |1 7
2 5/3|6| 2|4 47 1 |3]|5 1|7 ]2 6
3 711|536 |2|3|5 |4 42|86 1|7
4 711|534 46| 2|1 7|35 2]|¢
5 711153 /6|2 4| 4 2|6 3|5 1|7
Cymma 9 12 14 17 26 29 33
BECOMOCTEU
OO6mas cymma 140
BECOMOCTEH
Becomocts, % |64 185 Jw| J121] |185] [207] 235

AHanm3 pe3ynbpTaToB OIpeIeIeHU BECOMBIX IMOKa3zarenei (Tabm. 3) mokasplBaeT, 4To Haubojee
IpUEMIIEMBIH BapUaHT U3MEJIBYUTENS KOPHEKIYOHEIUIOIOB 3TO COUYETaHNE PA00UYMX OPraHOB PE3aHUs
HOXXa M JKMCKa C JIBOMHBIM CKOJB3AIIMM pe3aHueM. [IpuBeneM HECKOIBKO O00OCHOBAHHMIA, KOTODPHIC
HaOpamo HamOoibIee KoaudecTBO (Tabin.1). M3Becten w3menpunrens KopHemtomoB KIIM-4,
COCTOSALIMHI U3 3arpy304HOT0 OyHKEpa, KaMepbl U3MEIbUCHHS, PaMbl, BEPXHETO AMCKA, HIKHETO TUCKa
C HOXXaMH, BBIOpachIBaTeNs, ICKHU, DIIEKTPONpHBoAa pabounx opraHoB. OCHOBHBIM pabouyuM OpraHomM
KIIN-4 sBnsroTCS TOPU3OHTAIBHBIE JUCKU, KOTOPHIE U3MEIBYAIOT MPOAYKT IMyTEM CHSITHE CTPYXKKHU
(puc. 1). Taxke nmeercs uamenpuutens PKP-2, ¢ BepTukansHeIMI AEICKaMH, Pa0OTAIONIUM 110 TAKOMY
ke mpuHImy [23].

HC}IOCT&TKOM H3MeIbUYUTENeH JaHHOI'O TUIIA SABJISIOTCA: H€O6XOI[I/IMOCTI) noaropa ImpoaykKra
Ul W3MENIbYCHHUS, [Epeu3MeNIbYeHue M U3JIMIIHSA JegopManus KOPHEIUIONOB, a TaKkke
HEBO3BpaTHMBIE IIOTEPH COKA.

Pucynox 1 — M3MenpuuTeNb KOPHEIIONOB C TOPU30HTATILHBIM TUCKOM: |- TOPU30HTATLHBIN JTHCK;
2- KOPHEKITyOHeTU10/T; 3 — MOJIIop.

B kauectBe ycTpoHCTBO ISl M3MEIbYCHHUS KOPHEKITYOHEIUIO0B, Pa0OTAIOIIEro M0 NPUHLIUITY
pyOKH, , BKIIOYAIOIIee KOPIyC C pa3MEUICHHBIMH B HEM Pa0O4YMMHU OpraHaMH — JIBE WM YEThIPE
napel HOXKEH cepHnoBUAHOW (OpMBI, OyrooOpas3Held KamuOparop C TpeOSHKOH, HampaBisiOIei
neperoponku (puc. 2). Porop ¢ ¢maHmamMm mnpUBOAHOrO Bajla NPUBOIUTCS BO BpalleHHE
aNeKTpoaBHUTaTeNieM. PacTuTenpHOE ChIpbe MoAaeTcs uepe3 mpueMHblii OyHKep. Hemoctatkom
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MPOTOTUIIA SBJISICTCS BBICOKAs JHEPrOEMKOCTh TMpoIecca W3MEIbUCHUS B BUAY HEPaBHOMEPHOM
Harpy3Ky Ha IPUBOTHON Bai [24].

P HUCYHOK 2 — 3MenpuuTeinb KOpHeKﬂy6HeHJ’IOHOB C CCPpIOBUAHBIMU HOXKaMH

Ha xxuBotHOBOmMUeCKHX (hepmax 3amagHoro peruona KazaxcraHna moidydnian pacrpocTpaHeHHe
u3MenpunTenu-cmecurenn  kopMoB MCK-3 ¢ HoxkeBbiM pabourm opranom (puc. 3). OHU MPOCTHI B
SKCINTyaTalli M HameXHBI B pabore. Kpome TOro kK mIpenMyIecTBaM HOXKEBOT'O H3MEILUYHTEIIS-
cmecutenss MCK-3 crnemyeT OoTHECTHM — HEYYBCTBUTEIBHOCTh K BHUJY W BJIQKHOCTH H3MEIbYaEMBbIX
KOPMOB, YTO IMO3BOJISET UCIOJIB30BATh €TI0 JUIsI U3MEIBUYCHHUS CEHA, BETOYHOI'O KOpMa, KYKypy3HOTO
CUJI0Ca, KOPHETUIOAOB C OJTHOBPEMEHHBIM X CMEITUBAHUEM.

CyIiecTBeHHBIM HEIOCTATKOM H3MENbYNTENIe-CMEeCUTeNell ¢ HOXKEBHIM pPabOuUM OpraHoM
SIBJISIETCSI BBICOKAsI HEPTOEMKOCTh Ipoliecca u3MenbueHus [25].

Pucynok 3 — M3MenpunTenb-cMecuTeNlb KOPMOB C POTOPHBIMU HOXKaMH U IPOTUBOPE3aMHU:
1- npsAMOTUHENHBII HOX; 2 — IPOTHBOPES.

AHanu3 IMTepaTypHBIX HCTOYHUKOB U OLIEHKA 3KcrepToB (Tabi. 2, 3). mokaszaiu, 4To Hanboiee
MIEPCTIEKTUBHBIM IyTeM JUIsl TIOBBIMIEHUS KadecTBa M3MEJIbUEHUS U MUHHMM3AIHUU COKOBBLACTICHUS
KOPHEKITyOHETIOIOB, SIBJISIETCS TNpPUMEHEHHWE B KadecTBE pab0ouyuxX OpraHoB HW3MENbYHTENeH
NPSAMOJIMHENHHBIX HOXEH M JUCKOB B KadecTBE NpoTuBope3oB. (renoBaTeNbHO, BO3HUKIA
HEOOXOOUMOCTh B  MOAEPHM3ALUS  CYLIECTBYIOIIMX OMNBITHBIX  O0Opa3lOB  M3MEJIbUHTENICH
KOpHEKITyOHeroa0B [26].

Hcxons v3 BBILIEU3I0KEHHBIX 3aKIII0YeHUH, B 3anagHo-KazaxcTaHCKOM arpapHO-TeXHUYECKOM
YHHUBEpcUTeTe  pa3paboTaHa  MOAEPHM3HMPOBAHHAs  yHUBEpPCAJIbHAas  KOHKYpPEHTOCIIOCOOHas
KOHCTPYKIUSI M3METbUUTENs] KOPHEKIYyOHEII0NM0B, He TpeOyromias OONbIINX WHBECTHIIMH, TaKKe
MMEIoNIas pAJl MMOKa3aTesiel, TaKuX KaK CHIDKEHHE 3aTpaT dHEPrHH Ha M3MENbYeHHe, MHHUMAIbHOE
KOJIMYECTBO COKAa M ME3TH, MEHBUIYIO METAJUIOEMKOCTh, YTO B CBOIO OUYEPEb MOATBEPKIAET 4YTO
JaHHas pa3paboTKa HE YCTYNMAeT CYIIECTBYIOIIMM 3apyOeXHBIM M OTCUSCTBEHHBIM aHajoraM, a B
HEKOTOPBIX CIyJasX ¥ MPEBOCXOIUT HX.

B kauecTtBe anHanmora W3BECTEH H3MeEIbUUTENb-cMecuTenb KopMoB MCK-3 [25], xoTopsIil
COCTOMT M3 KOHCOJIBHO PpAacCHOJIOXKEHHBIX IMPSIMOOJMHEHHBIX HOXKEH C BBITPY3HBIMH JIONIACTSIMH H
MPOTHBOpe3aMu. Paboumii MpolecC AaHHOTO YCTPOHCTBA 3HEPrOeMKUH W o0amaeT OOJBIIUMHU
rabapuTamMu U Maccoi.
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[Ipennaraemblii W3MENBUMTENIF UMEET B CBOCH KOHCTPYKIIMHM 3JIEMEHTHI TOJITBEPKICHHEIC
MATEeHTOM Ha MOJIE3HYI0 MOAelb [27].

Ha puc. 4 nzobpakeH W3MeNbIATENh KOPHEKIYOHEIION0B, BIA o0muii; Ha puc. 5 Buxg A nHa
puc. 4.

N\

Pucynok 4 — Y coBepiieHCTBOBaHHBIN N3METHUUTEND KOPHEKITyOHEIUIOM0B

g N /

q /r‘ /!’ q /n‘

70

N N N NN

Pucynok 5 — PaGoune opransl usmensuntens, Bug A Ha puc. 4.

YCTpoHCTBO U1 M3MENbUEHHUsS KOPHEKIyOHEIIO[A0B, COAEPKUT KOPIYC C TOPJIOBHHOH 1,
BHYTPH KOTOPOTO PacIOIOKEHBI HAPABJISAIOIINE IEPErOPOAKH 2 U 3, yAepKUBacMble CTONKamMu 4 u 5.
ITon HampaBIAIOUIMMHE TIEPETOPOAKAME BHYTPH KaMephbl H3MEIbYHUTENS Ha IPUBOJTHOM Bally 6 JKE€CTKO
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YCTaHOBJICHBI HOXHU 7 TPSIMOJIMHEHHON (DOpPMBI, UMEIOIIHE C MPOTHUBOMOIOXKHON CTOPOHEI JIC3BUS
HOel OypTukn 8. Hoxkn ycTaHOBIIEHBI C BO3MOYKHOCTBIO CBOOOIHOTO TEpEMEIIEHIS MeXKIY ANCKAMH
9. Hucku 9 3akperuieHs! Ha Bainy 10 1 IMEIOT OCTpbIe KPOMKH T10 TIEPUMETPY OKpykHOCTH. Hoxku 7 1
JIUCKU 9 MPHUBOASATCS BO BpalllaTeIbHOE JIBIKEHUE dICKTpoaBUraTenem 11,

[Ipennmaraemoe ycTpoicTBO pabOTaeT CIIEAYIONIIM 00pa3oM.

Bxmrodaercss B paboTy SJEKTPOABUTATENb W TNPENHA3HAYCHHbIE K HM3MENBYCHHUI0 MBITBIE OT
3eMJIM KOPHEKITyOHEIUIO/BI 3arpyKaroT Yepe3 ropjoBUHY B KOpIyc 1, OTKyJa OHH O]l COOCTBEHHBIM
BECOM IO HAMPABIISIONIUM NIEPETOPOAKaM 2 U 3 TIOCTYHAIOT B 30HY BpaIlleHUSI HOKEU 7 U TUCKOB 9.

KoprexryOHeIioas!, Ipy epeMeIIeHnd pa3pe3atoTcs ¢ OJHOW CTOPOHBI HOXAMH 7 C APYTOH
OCTPBIMH KpPOMKaMH Bpamaromuxcs auckoB 9. OOecreuymBaeTcss TeM CcaMbIM  pe3aHHE
KOPHEKITyOHEIUIOZ0B C JBYX CTOPOH, 4YTO TNPEJAOTBPAIIACT JIOMKOCTh OTPE3aHHBIX JIOMTHKOB H
WBTUIIHEE BBIJEIICHHE COKa. Takke 3TO TO3BOJHMT YMEHBIINTh HEPAaBHOMEPHOCTH HATpPy3KH Ha
MpUBOAHON Ban 6 HOxeil m3Mmenpunrtens. OTpe3aHHBIE JONBKH MPOXOIAT MEXKIY TUCKAMHU. DTOMY
CIOCOOCTBYIOT OYpPTHKH 8 HOXEH 7, KOTOphIE NPOXOAsS MEXJIY JHUCKaMH, 3aXBaThIBAIOT 3a COOOi
JTOJIbKA KOPHEKITyOHEIUIONOB, OCBOOOXKIasi TEM CaMbIM IIPOCTPAHCTBO MEXTY JUCKAMHU.

3axmrouenue. [IpennoxkeHHass KOHCTPYKIMS COYETaHWS W PACIIONIOKEHHUS PabOdMX OpraHoOB
IMMO3BOJIMT YMCHBIIWUTL YACJIBHBIC JSHEPro3arparbl Ha U3MCEIIBUCHHUEC, MHUHHUMU3UPOBATH KOJIUYCCTBO
COKa U ME3TH, METAITIOEMKOCTh KOHCTPYKITHH.
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TYWUIH

byn makamana ceipraHay apKbUIBI KeCy TPWHIMITIMEH JKYMBIC ICTEHTIH Tamblp TYHHEKTEpPiH
YCaKTaFbIITap/bl JKAKCApTy VIIIH J>KYMBIC OpraHIapblH TaHIAy MOCENECIHIH MIemiMi OepiareH.
Kemmmen nadpiHmaydarbl HETi3Ti MIHAET, arall aWTKaHAa TaMbIp NaKbUITAPbIH YCaKTay Ke3iH7e
300TEXHUKANBIK TalanTapAasl cakray Oonbim  TaObUIamel. JKemai  malbIHOaymarbl  HETIsTi
300TCXHHUKAJIBIK TaJlanTapiblH Oipi-KEeMHIH camachl, ajJl TaMbIp JaKbUIIAPBIH YCaKTay Ke3iHJe
yCcakTanraH OeJIIeKTepAiH MOJIIIepPi KoHe eH a3 MIBIPHIH MIBIFBIHBL. Byl MocemneHi menry yiIiH TaMbIp
TYHHEKTEpiH YCaKTaFbIIITapAbl MOJCPHU3ANMSIIAY aNTOPUTMi YChIHBUTFAH. ON TaMblp TYHHEKTEpiH
yCaKTay camachlH CaKTay MOCENECiHIH MICHNMIEpiH i3[ey MPOLECiH KapacThpadbl. 3epTTey dIici
peTiHe 3epTTeJeTiH KOPCeTKIITEepAi capajayAblH alpHOPIbIK dici yChIHBUFaH. KepcerkimTepre
KECY/iH TEeXHOJIOTHUSJIBIK TPOIECi )XKoHEe KOHCTPYKTHBTI JKYMBIC OpPTaHAAphl Kip[li, all KpUTEepHUIlIep
peTiHIe ycaKTay camrachl KOHE €H a3 IIBIPBIH Oy aHBIKTaabl. JKeMInenTi ycakray calachIHIArbl
MaMaHJapAblH TiKipiHe HETI3eNreH anmpHOpJbIK capanay oJICTeMECiHIH Heri3iHae KYPBLUIBIMIBIK
JKYMBIC ~OpTaHIapblH OIpiKTipy apKbpUIbl KECYIiH TEXHOJNOTHSIIBIK TPOIECIH KEeTULHIpYyIiH
NEePCIIEKTHBAIBIK ~ OarbITTapbl  aHBIKTANABL.  JKYpri3umreH  3epTTeyjiep Heri3iHAe  TaMbIPIIbI
JAKpUIIAPBIH Kecy MYLIeJepiMeH e3apa dpeKeTTecyl Ke3iHje MIBIPLIHHBIH OeJiHyiH a3alTy YIIiH
TaMBIPIIBl TAKBULIAPIBIH KBUDKBIMABI KOC TOpNBI KecyiHe HETi3JIENITeH TaMBIPIbl JIAKbLIIIAPIbI
YCaKTaFBIITHIH TOKIPUOETIK TU3aliHbI jkacainapl. bys qu3aiiHna Ty3y HbIIAKTAp MEH TiK AMCKLIEp
TYPIHZET1 Kecy opraHiapsl KOJJaHbUIaIbl. byl Kecy opranmapbl TaMbIpKEMICIIEH ©3apa dpEeKeTTecy
MPOIIECIHIE OHIMIe OIp yaKbITTa KECLIiM, JIEMEHTTI KbICYChI3 Kecil TacTaipl. OChUIaiIna, TaMbIp
TYHHET1 apKbpUIBI KeCy OpTraHBIHBIH KECy JKOJbBI a3asipbl, TaMblp TYHHErT MEH OHBIH KECUIreH
AIIEMEHTTEPiHIH KBICBUTYbl TOMEHICH I, a1 KeCy OpraHAapbIHBIH TaMbIp TYWHETIHE acep €Ty yaKbIThI
a3 OOJIFaHJIBIKTaH, IIBIPBIH IBIFBIHEI a3asIbl.
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BJIMAHUE NNEPEKPBITUA CMEKHBIX ITPOXO/J0B IIVIOCKOPEKYIIEI'O
PABOYEI'O OPTAHA HA HEPABHOMEPHOCTbDB PACIIPEAEJIEHU S
T'PAHYJIMPOBAHHBIX MUHEPAJIBHBIX Y IOBPEHUI ITPH BHY TPUIIOYBEHHOM
BHECEHUH
INFLUENCE OF OVERLAPPING OF ADJACENT PASSES OF THE FLAT-CUTTING
WORKING TOOL ON UNEVEN DISTRIBUTION OF GRANULAR MINERAL
FERTILIZERS DURING SUBSURFACE APPLICATION

AHHOTaNUA

OmHuM  ©3  BO3MOXHBIX ~ CIIOCOOOB  MOBBICUTH ~ PaBHOMEPHOCTb  PacHpeAeIeHUs
IpaHYJIMPOBAaHHBIX MHHEPAJIBHBIX YIOOPEHMH IpH HX CIUIOIIHOM BHYTPUIIOYBEHHOM BHECCHHU
SBIISIETCSl YBEIMUYCHUE TIEPEKPBITHS CMEKHBIX MTPOXOJIOB MOYBOOOPAOATHIBAIONINX pab0OUMX OpPraHoB.
Llens wuccrnemnoBaHuss — OIpEJCICHHE ONTUMAIBHOTO 3HAYEHHs TEPEKPHITHUS CMEKHBIX IMPOXOI0B
IUIOCKOPEXYIIUX paboyMx OpraHoB NPH BHYTPUIIOYBEHHOM BHECEHMHM MHHEPAIbHBIX YHZOOpPEHHH.
3agaun WCCIEOBAaHUS — ONPENEIUTh KOJIMYECTBEHHBIM W KAYeCTBEHHBIH XapakTep pachpeaeseHuUs
ynoOpeHuil B OJIallOBOM MPOCTPAHCTBE TIOCKOPEXKYIETO PadovYero opraHa Nmpu pa3indHbIX J103ax
BHECEHUS; BBIIBUTH 3aKOHOMEPHOCTb MEXIY BEJINYMHOW NEPEKPBITHS CMEXKHBIX IPOXOAOB H
HEPaBHOMEPHOCTBIO pacrpenesieHus ynoOpeHuil. MeTonsl uccienoBaHusi — UCIOJIB30BAINCH TAKUE
METO/Ibl HAyYHOTO TIO3HAHUS KaK (PU3MUECKOE U MaTeMaTHYeCKOe MOJISIMpOBaHue, abCcTparnpoBaHue,
aHanmu3 U cuHTe3. Kpome TOoro, skcrepuMeHTaNbHbIE UCCIIEIOBAHNS OCHOBBIBAIMCH HA TOJIOKEHHSAX
JeHCTByIONIe HOPMAaTUBHON JAOKyMeHTauuu. Pesynprarel. bouia BeIsiBICeHa 3aKOHOMEPHOCTh MEXKIY
BEJIMYMHOW TEPEKPBITUSI CMEXKHBIX MPOXOJI0B U HEPABHOMEPHOCTBIO paclpesielieHus] yI00peHH 1Mo
NIMPHHE TI0JUTAIIOBOTO MPOCTPAHCTBA IUIOCKOPEXKYIIEro pabodyero opraHa. YCTaHOBIEHO, 4TO IS
uccieayeMoro pabodero opraHa MHHAMAJIBHOE 3HAYCHHE HEPABHOMEPHOCTH PpaclpeieeHus
ynobpenuit (9,96 %) nmocturaerca mpU TEPEKPHITHM CMEXHBIX mpoxomoB 0,06 wm. Jlas
paccMaTpUBaeMOro IUIOCKOPEXKYIIEro pabodero opraHa JiaHHas BEIMYMHA TIEPEKPBITHS IMPH3HAHA
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ontuManbHOH. BeiBogpl. Beuta pazpaboraHa mMeToanka, KOTOpasi MO3BOJSIET ONPENEUTh BETHUHHY
ONTHMATBHOTO TEPEKPHITHS TUIOCKOPEXKYIINX pabodnx OpraHOB MPH CIDIONIHOM BHYTPHUIIOYBEHHOM
BHECEHHWH TPAaHYJINPOBAaHHBIX MHUHEPATBbHBIX ymoOpeHWil. Pe3ympraTel mcciaenmoBaHWiA MOTYT OBITH
WCIIOJIb30BaHbl NPU MPOEKTHUPOBAHWU TEXHUUECKHUX CPEJICTB s BHYTPUIIOUYBEHHOI'O BHECEHUS
TPaHyIUPOBAHHBIX MHHEPAIBHBIX YAOOPEHUIA.

ANNOTATION

One potential way to increase the uniform distribution of granular mineral fertilizers during
continuous subsurface application is by increasing the overlap between adjacent passes of tillage
working tools. The aim of the research is to determine the optimal value of the overlap of the flat-
cutting working tools during the subsurface application of mineral fertilizers. The study’s objectives
include determining both the quantitative and qualitative aspects of fertilizer distribution within the
under-blade space of the cutting tool at various application rates; and identifying the relationship
between the value of the overlap between adjacent passes and the unevenness of fertilizer distribution.
Research methods — methods of scientific knowledge such as physical and mathematical modeling,
abstraction, analysis, and synthesis were employed in this study. In addition, the experimental studies
were based on the principles of the current regulatory documentation. Results. The relationship
between the overlap of adjacent passes and the unevenness of fertilizer distribution across the width of
the flat-cutting working tool’s under-blade space was revealed. It was found that the studied
implement achieves the minimum value of uneven fertilizer distribution (9.96%) when adjacent passes
overlap by 0.06 m. This overlap value is recognized as optimal for the flat-cutting working tool under
consideration. Conclusions. A methodology was developed that enables the determination of the
optimal overlap value for flat-cutting working tools during continuous subsurface application of
granular mineral fertilizers. The research results can be used in the design of technical means for the
subsurface application of granular mineral fertilizers.

Knrouesvle cnosa: cpanynuposanivie MuHepaibHbvle YOOOPeHUs, GHYMPUNOYBEHHOE GHECEHUe,
RIOCKOpeXNCYWuUll pabouuli OpeaH, HepasHOMEPHOCHb DPACHpeOdeleHust, NOOJIan08oe NpoCMpaHcmeo
pabouyezo opeaua.

Key words: granular mineral fertilizers, subsurface application, flat-cutting working tool,
uneven distribution, under-blade space of the working tool.

Beenenne. bonpIIMHCTBO CeNBCKOXO3IMCTBEHHBIX MOYB B ceBEpHOM pernone Kaszaxcrana, rae
BoIpaiuBaetcst 0kosio 90% Bcex 3epHOBBIX KYJIBTYpP, HMEIOT HU3KYIO oOecrieueHHOCTh hochopom [1].

B cymiecTByronux ycioBHSX HanOoJiee pEaTMCTUYHBIM MOJXOJIOM K yCTpaHeHHIO Aeduiura
3TOTO TMHUTATENBHOIO BJIEMEHTA SIBIISICTCA HCIIOJIb30BaHKWE TPaHyJIUPOBAaHHBIX (hocdopconepxamnx
MHUHEpAIbHBIX YAOOpEeHHH, NpU3HAHHBIX HauOojiee pacnpoCTpaHEHHBIMU W 3((EKTUBHBIMH B
CEJIbCKOXO03SIMICTBEHHOM TPOM3BOJICTBE [2, ¢. 164]. MakcuManbHBIN MOJOKUTEIbHBIA 3()(EKT oT ux
NPUMEHEHHUS] B MOYBEHHO-KIMMAaTHYECKUX YCJIOBHMSIX CEBEPHOro permoHa KazaxcraHna MoxeT OBITh
JIOCTUTHYT 3a CYET MMO/IOYBEHHOr0 BHeceHus [3].

[TouBsl ceBepHOro permona Kaszaxcrana, B cumiy TeorpadM4eckoro IOJOXKECHUSI PErHoHa,
MOJIBEPKEHBI BETPOBOH 3po3uu [4, c. 32]. DPPeKTUBHBIM CIIOCOOOM, MTO3BOJISIONINM CHUZUTH PUCK €€
BO3HUKHOBEHHSI M pa3BUTHSA, SIBISICTCA NPOBEICHHE MEXaHW4YecKoil o0paboTku ©Oe3 obopota
MOYBeHHOTO 1iacta. OJHUM W3 BapHAHTOB pabOUYMX OpPraHoB JUIst O€30TBaAIBHON 00pabOTKHU SBISIETCS
TUTOCKOPEXKYIIMKA padoumii OpraH, KOTOPBIH XOPOIIO 3apeKOMEHIOBal cebsS B paccMaTpUBAEMOM
MOYBEHHO-KJIMMAaTHYECKOM PErHOHE.

OCHOBHBIM JIOCTOMHCTBOM IUIOCKOPEXKYIIEr0 padOvero opraHa sBISETCS TO, YTO IOCIE €ro
MPOX0Jia Ha MOBEPXHOCTH TOJS COXPAHIETCS KOJMYECTBO PACTUTENHHBIX OCTATKOB JIOCTATOYHOE (=
60%) m1s 3aIIMTHI TOBEPXHOCTHOTO MOYBEHHOTO cJ0s1 OT BhiAyBanus [S]. [lo sToi npuunHe mupuHa
3axBaTa IIOCKOPEXKYIINX PadOYNX OPraHOB cOCTaBisAeT He MeHee 50 cM.

Emé omHOil KOHCTPYKTHBHOH OCOOEHHOCTBIO IJIOCKOPEXYIIMX pabodnx OPTaHOB SBISIETCS
OTpaHMYEHHAsI BICOTA CBOJIa MJIM BHICOTA MOJBEMA JIEMEXa, KOTOpas COCTaBisieT He Oonee 6,5 cm.
VYBenuueHne 3TOro mnapaMmerpa MNPUBOJUT KaK K YBEIMUYEHHIO €0 TITOBOIO CONPOTHUBIECHUS H
HETaTUBHO CKa3bIBA€TCSI Ha KadecTBE 00paboTKu (yBENMMYWBAETCA TPEOHHCTOCTH IMOBEPXHOCTH
TTOYBHI).
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[Ipu ncnonb30BaHUM MIIOCKOPEXKYIIEro pabovero opraHa i CIUIOIIHOTO BHYTPHUIIOYBEHHOTO
BHECEHUS TI'PAaHYJIMPOBAHHBIX MHHEPAIBHBIX yJOOpEHHH IepEYUCIICHHbBIE BbBIIE KOHCTPYKTHUBHBIE
OCOOEHHOCTH CO3/IaI0T TEXHUIECKYIO MTPOOIIEMy — TpaHyJIbl YAI0OpEHUI MOTYT HE JOCTUTaTh HanOoee
yIAIEeHHBIX OT UEHTPaJIbHOM YacTu mepudepuifHbIX y4acTKOB MOAJIAMOBOIO MPOCTPAaHCTBA pabovero
oprana. Kak ciexcrtBue HepaBHOMEPHOCTb paclpelesieHHs yAOOpeHHH IO LIMPHHE 3aXBaTa BCEro
arperata Takxke OyOeT Bo3pacTaTb. B CBOW0O ouepelnb, HECOOTBETCTBHE HEPAaBHOMEPHOCTH
pacrpeneneHus yaoOpeHul arpoTeXHHYECKHM TPeOOBaHUSM HMEET KaK IKOHOMUYECKUH d(PPeKT —
MaJieHHE YpPOKaWHOCTH B CPAaBHEHUM C MOTEHIHUAIbHO BO3MOXXHOH, TaK M 3KOJOTUYECKMH —
YBEIMYMBACTCS XMMHUUECKasi Harpy3Ka Ha 1mousy [6-9].

[lo BBIABHHYTOH HaMy TMIIOTE3€ OJHUM M3 BO3MOXKHBIX CIIOCOOOB CHHU3UTh HEPAaBHOMEPHOCTh
pacrpenencHus yAOOpEHUH SIBIACTCS YBEIMYCHHUE MEPEKPBITHS MEXIYy CMEXHBIMH MPOXOAaMHU
pabounx opraHoB. B pesynbrare 4yero mepudepuiiHas 4acTh MOUIalIOBOTO IMPOCTPAHCTBA Pabovero
oparHa (OTHOCHTENHHO BEPTHKAIFHOW OCH CHMMETPHH IUTOCKOPEXYIIEro pabodero oprana),
Hemomoyyvaromasi  yaoOpeHus: u3-3a  00O3HAYCHHBIX BBIINIE KOHCTPYKTHUBHBIX 0COOEHHOCTEH
TUIOCKOpEXYIIero pabodero opraHa, OyAeT MAOMONHUTENBHO HACHIATHCS — YAOOPEHHSIMH,
MOCTYNAOIINUMH B 30HY NIEPEKPBITUS OT COCEAHEr0 pabouero oprasa.

YBennueHue MepeKphITHS CMEKHBIX MPOXOJOB TpeOyeT NpPOBEACHHS TEOPETHYECKUX U
IKCHEPUMCHTAIBHBIX HCCIIEIOBAHWH, HEOOXOJUMBIX HJIsl BBIUYMCICHHS ONTHMAJIbHOTO 3HAYCHUS
«CMEILEHUSD» IJIOCKOPEXYIINX PabodHuX OpPraHoB, KOTOPOE C ONHOW CTOPOHBI ITO3BOJHUT CHHU3HUTh
HEpaBHOMEPHOCTb paclpeleNieHuss YAOOpeHHWd, a ¢ JApPYroil He IpHuBEAECT K 3HAYUTEIbHOMY
YMEHBIICHUIO KOHCTPYKTUBHOHN IIUPUHBI 3aXBaTa OPY/IHsL.

OTeyecTBEHHBIMH U 3apYOEKHBIMH HCCIICAOBATESIMUA MIPOBOJUTCS MHOXKECTBO MCCIIEIOBAHUI
1o 00OCHOBAaHHUIO MAPAMETPOB M PEXHUMOB PabOTHl arperatoB Ui BHYTPUIIOYBEHHOTO BHECECHUS
rpaHyJIMPOBaHHBIX MUHEpabHbIX ynoopenuit [10-13], BoiceBatonux anmapatos [14; 15] wiun pabounx
opranoB [16-18]. Oanako wuccaeqOBaHHMA, MOCBAIICHHBIX OOOCHOBAHWIO ONTHMAJIBHOTO 3HAYCHUS
NEPEKPBITHA CMEXHBIX IPOXOJOB  IUIOCKOPEKYIIMX pabdOYMx OpraHoB MpU  CIUIOLIHOM
BHYTPUIIOYBEHHOM BHECEHWH MHUHEPAIBHBIX yIOOpEHHH, HE NPOBOAMIOCH. UTO TOBOPHUT 00
aKTyaJIbHOCTH TPOBEACHHBIX HCCIIET0BAaHUI.

B cBsi3u ¢ 3THM 1eNBI0 IpeagaraeMoi paboTh! SBIATIOCH ONPEAEICHUE ONTUMAIBHOTO 3HAYCHHUS
NEPEKPBITHA CMEXHBIX IPOXOJOB IJIOCKOPEKYLUIMX pPaOOYMX OPTraHOB IPH BHYTPHUIIOUYBEHHOM
BHECEHUH MUHEPAIILHBIX yI00PEHHIA.

i mocTrKeHus! TOCTaBIEHHOM LEH TPeOOBaIOCh PELINTh CIACAYIOLINE 3a1a4n:

1. OnpenenuTh KOJMMYECTBEHHBIH M KauyeCTBEHHBIH XapakTep paclpelesieHus yIoOpeHHd B
M0JJIaTIOBOM ITPOCTPAHCTBE IIOCKOPEKYIIETO padovero opraia npu pa3InIHbIX J103aX BHECEHMUS,;

2. BBISIBUT 3aKOHOMEPHOCTb MEXJY BEIUYMHOW TIEPEKPBITHS CMEXHBIX TPOXOJOB M
HEPaBHOMEPHOCTBIO paclpeaesieHus yI00peHHH.

Marepuajisl 1 MeTOIMKa uccaeqoBaHuid. [Ipyu npoBeneHnn ucciaen0BaHUil HCHOIb30BAINCH
TaKMe METOJbl HAay4YHOrO TIO3HAHUS Kak (QH3MYecKoe H MaTeMaTHYecKoe MOJEIMpPOBaHUE,
abcTparupoBaHue, aHAIN3 U CUHTE3.

Kpome Toro, 3kciepuMeHTaIbHbIE UCCIEA0BAHU OCHOBBIBANUCH Ha nonoxeHusx ['OCT 28714
[19].

3anaHUpOBaHHbBIE UCCIIEIOBAHMS TPOBOAMIIUCH B HECKOJIBKO ATAIIOB.

Oman 1. Ilposedenue paccesa y0oOpenuti 6 noorano8oM NpOCMPAaHcmee NI0CKOPE’CYUe2o
paboue2o opeana 015 onpeoeneHus KOIU4eCmeeHH020 Xapakmepa ux pacnpeoeneHus.

JlaHHbI# 3Tan ucciaen0BaHUi B COOTBETCTBUU C PUCYHKOM | BBIMOJIHSJICS 3KCHIEPUMEHTAIBHO C
UCIIOJIb30BaHUEM JIAOOPAaTOPHO-NIOJIEBOM YCTaHOBKM COOCTBEHHOT OIPOM3BOACTBA M BapHaHTa
TUIOCKOPEXYIIero pabouero opraHa ¢ paccekareneM ynoOpeHui, YCTaHOBIEHHBIM B €r0 MOIall0BOM
MIPOCTPAHCTRBE.

Hccnenyemblit HaMH TIIOCKOPEXKYIIMK pabounii oprad uMell KOHCTPYKTHUBHYIO IIMPHHY 3aXBaTa
bro = 0,66 M, BeicOTa cBOMA hpo = 0,03 M. Paccekatens yaoOpeHHid, yCTAaHOBICHHBIN B MO/IAIIOBOM
MPOCTPAHCTBE PAa0OYETO OpraHa, BBHINOJIHEH B BHJIE YCEUEHHOH K HH3Y TPEYTOJBHOM MPU3MBI C
KPUBOJIMHEHHBIMA OOKOBBIMH TpaHsimu. [lluprna ocHoBanus nmpu3mbl — 0,08 M, JIMHA OCHOBaHUS —
0,03 M, BeicoTa mpu3msl 0,05 M, paanyc cKkpyrieHus: 00KoBbIX rpaHei — 0,04 M.

[Tnockopexyiuit padbounii opran npeaHazHaveH Jjis 00pabOTKK MOYBkI HA TyouHy 12-20 cM.
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e

1 — O6ynkep ¢ ynoOpeHusIMH; 2 — 103aTOP yo6peH1/H71; 3 — BEHTHJISITOpHAs YCTAaHOBKA; 4 —TyKOIPOBOJI;
5 — mIocKopeXyIMid pabounii opran

Pucynok 1 — JlabopaTtopHo-TioneBasi yCTaHOBKa JUIsi BHYTPUTIOYBEHHOTO BHECEHUS! TPaHyIMPOBAHHBIX
MUHEpaJIBHBIX YJOOpeHHH € BapUaHTOM IIOCKOPEKYIIETo pabovero oprana

IloananoBoe NPOCTPAHCTBO ILIOCKOPEXKYIIEro pabodero opraHa Obul0 pasgeneHo Ha 22
y4acTKa OJIMHAKOBOW MIMPHHBI (IIMpUHA KaXKIOTO ydacTKa Obliia paBHa 3 cM)

Bbeuto npunATo, uTo yuactku 1-5 u 18-22 sBistrorcs nepudepuilHbIMH y4yacTKaMu HOAJIAIIOBOTO
MPOCTPAHCTBA MJIOCKOPEXKYLIEro pabodyero opraHa, ydacTku 6-17 — neHTpaabHBIMH, B COOTBETCTBHHU C
pucynkom 2(a). Kaxnomy M3 y4acTKOB, B COOTBETCTBUM C PHCYHKOM 2(0), COOTBETCTBOBAI
KOHTEWHep, PacIoJIOAKEHHBIH B I10/IaIOBOM IIPOCTPAHCTBE pabOvero opraHa.

[Inan npoBeneHNs FKCTIEPUMEHTOB NIPEACTABICH B Tabnuie 1.

Tabmuia 1 — [an npoBeieHUs 3KCIIEPUMEHTOB. DTa 1
3MmensieMblil moKa3aTeib OrneHnBaeMBbIii TOKa3aTeib
Jlo3a BHeceHus ynoopenui, kr/ra: 50-150 (tar
50)
O011ee KOJIMYECTBO IKCIIEPUMEHTOB — 15, HIOBTOPHOCTh — S-THKpaTHAs

Macca ynobpenuii B KOHTeliHepe

Meronuka npoBezicHus pacceBa yaoOpenuit — nmo 'OCT 28714 [19]. Meroauka o0OpabOTKH
MOJTyYeHHBIX KcIepruMeHTanbHbIX AJanHbIX — mo [OCT P 8.736 [20].

Bpewms enuHnYHOTO pacceBa ympoOpenuit coctaBisiio 30 cek. CKOpOCTh BO3AYIIHOTO IMOTOKA B
TyKONpoBOjie cocTaBisuia 17-20 w/c. Jlng momauum  yaoOpeHuH OT jo3aTtopa B TYKOIPOBOJ
MCIIOJIb30BAJIACh MKEKTOpHAs BOPOHKAa C OOOCHOBaHHBIMHM paHee mapamerpamu [21]. Macca
yaoOpeHHil B KOHTeHepax onpenessiiach tabopatopasiMu Becamu CAS MWP-300H (CAS, FOxHast
Kopest) ¢ mnpuBenenHoit morpemHocTeio ¥, = 2 %. BBIXOQHBIMH JaHHBIMH JIaHHOTO JTara
WCCIIeIOBaHNH OBUTM CpeaHeapu(MEeTHUECKUEe 3HAUeHHUs MacChl ynoOpeHHWi B KOHTEWHEepax JyIs
KaXJI0M 10361 BHECEHUSI.

Oman 2. Oyenxa ycmouuusocmu pacnpeoeneruss yOOOpeHull no wupune nooaan068020
NPOCMPAHCMEA NIOCKOPEACYUe20 paboue2o opeanda.

[Tox ycTOWYMBOCTBIO pactpenenieHus YA00peHUH B JTaHHOM CiTy4ae TIOHUMAETCs TO, HACKOJIBKO
CHIILHO OyJeT BapbUpPOBATHCS KOHIICHTpAMs YJIOOpeHHH B OJHHX W TEX K€ ydacTKax pabouero
opraHa Mpy pa3JIudaHON J103¢ BHECCHHSI.

KonnenTpanus ynoOpeHuii Ha KaXI0M y4acTKe MOJJIaOBOr0 MPOCTPAHCTBA TUIOCKOPEXKYIIETO
pabouero oprasa (OTAENBHO ISl KaXKI0H 036l BHECEHHS) ONpeeIIsIach 1o clenytoulei popmye:
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_ M M)
C; = —=-10009,
M
rae C; — KoHueHTpauus ymoOpeHHil B i-OM KOHTEHHEpe IIOJIAIIOBOTO IPOCTPAHCBA

TUIOCKOEPXKyIero pabodero oprana, %o;
M, — cpenHeapupMeTHUECKOE 3HAUYCHHE MAcChl YI00peHHi B i-OM KOHTE#Hepe, T

M — cpenHeapudmernyeckoe 3HadeHHE OOIICH MacChl yAOOPEHH B  IOAJIATIOBOM
MIPOCTPAHCTBE, T.

Pucynok 2 — B3auMHOe ToJI0’KEHUE UCCIIeTyeMOTO BapruaHTa IDIOCKOPEXYIIero pabovero oprana u
KOHTEHHEPOB I cOOpa yIo0peHwmi

1 — mockopexyumii padounii opras; 2 — paccekaTenb YI00peHHUIH;
3 — y4acTKH HOJUIAII0OBOrO MIPOCTPAHCTBA C COOTBETCTBYIOIINM €My KOHTEHHepoM ( a) cxema
pacIoI0KeHNs YYaCTKOB B IIO/TAIIOBOM IIPOCTPAHCTBE; 0) MOIAIOBOE IPOCTPAHCTBO C
YCTaHOBJICHHBIMH KOHTEHHEpPaMH [1si cOopa y1o0peHnii)

Bapuarust KOHIIEHTPAMH yI00peHHH B i-OM KOHTEHHEpEe MIOCKOPEXKYIIero pabodyero oprana
OTpeIeIIsIach 10 Cleaytomiel hopmye:

T
Ve = 7 1 100%, @
L

TJIE Ug;y — BapUallus KOHUEHTPALMA y100peHuii B i-om KoHTelinepe, %o;

Ocy) — CPE/IHEE KBA/IPATHIHOE OTKIOHEHHE KOHUEHTPALMA YA00pEHuH B i-oM KoHTelHHepe (1s
no3bl BHeceHus 50, 100 u 150 xr/ra), %;

C, — cpenHeapu(MeTHUECKOE 3HAUYCHHE KOHLUEHTPALMM YI0OpeHuii B i-oM KoHTeitnepe (ms
no3b1 BHeceHus 50, 100 u 150 xr/ra), %.

Pacnpenenenne ynoOpeHMid NPHU3HABAJIOCH YCTOWYMBBIM, €CIM BapHalusl KOHIEHTPAILMH
ynoOpeHuil Uil BCeX paccMaTpUBAEMBIX YYaCTKOB MOJUIANIOBOTO MPOCTPAHCTBA IUIOCKOPEKYIIETO
pabouero oprana He mpeBblmana 10%. Takas Bapuanusi Mmoxaszareiss CUUTAETCS JOMYCTUMOW IpU
MIPOBEICHUH JTa00PATOPHO-TIOIEBBIX OMBITOB B CEIHCKOM X03icTBe [22, ¢. 163].

Oman 3. Onpedenenue 6enuyuHbl  NEPEeKPbIMuUA,  00ECNEYUBAIOWE20  MUHUMATLHYIO
HEPABHOMEPHOCb PACHpedeseHust YO0OpeHU.

HcxonHpIMU JaHHBIMU JUIS IQHHOTO 3Tana MCCIEAOBAaHMUN SBISUIMCH cpeaHeapu(MeTHYecKue
3HAYEHUSI MAaCChl YI00peHuii B KOHTelHepax (71,, T), HOJIyYEeHHBIC [IPH MAKCUMAIBHOM J103€ BHECEHUSI
(npm  ycnoBuM, 4TO pacmpeneieHre yAoOpeHHMil 10 IIMpHHE MOJJIAllOBOTO  MPOCTPAHCTBA
TUIOCKOPEXKYIIEro pabovero opraHa NpU3HAHO YCTOHuYMBBIM). IlpoBeneHHBIM pacceB ymoOpeHuit
MOKa3all, 4YTO TPW paclpeleieHuH yIoOpeHuil B IOJAJAOBOM MPOCTPAHCTBE pabOYero opraHa
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HAOJI0JANIach OTIpEICNICHHAs TUCIPOTIOPIMS: B ICHTPAIBLHON YacTH TOBBIIICHHAS KOHIICHTPAIIHS
ynoOpeHuii, a Ha epudepuitHpIX ygacTkax (ygacTku 1-5 u 18-22) HemocratouHast.

Bo3MOXHBIM  crTocOOOM  BBIPOBHSTH  BBISBIICHHBIH JUCOATaHC SIBISUIOCH — YBEIHUCHHE
MEPEKPHITHS YIACTKOB MepuepruitHON YacTH MIOCKOpEeXxyIero pabouero oprana (Abpo., m).

ITockonmpky BBIOpaHHAss HaMH MOIEIb pabodero opraHa, MMeeT OWaTepalbHO (3€PKATBHO)
CUMMETPUYHYIO KOHCTPYKIIUIO OTHOCHTEIBHO OCH CHMMETPHH, COBOKYIHAas Macca ymoOpeHui
ydacTkax mepu(epHiftHON YacTH TOJJIAllOBOTO IPOCTPAHCTBA IUIOCKOPEKYIIETO pabodyero opraHa
MOJKET OBITH ONpE/ICICHa KaK yJBOCHHAS CpeHeapupMeTHIeCKas Macca YI00peHUH, MpUXoasIiasics
Ha TOT YYaCTOK MOJJIAIIOBOTO TIPOCTPAHCTBA U3HAYATHHO:

m, =2 -m, 3)

rje M; — COBOKYNHas Macca yJoOpeHuii B i-oM ydacTke nepupepHiiHOil JacTH TO/IANoBOro
IPOCTPAHCTBA IIIOCKOpEXyIero padouero oprana (i = [1; 5] A [18; 22]), r.

Kpurepuem ontuMuzanuu mpu OOOCHOBAHWMM BEIMYMHBI TEPEKPHITUS OblIa TPUHSATA
HEpaBHOMEPHOCTh paclpesaeieHus yaoopenuii (v, %), onpeaensemas B cootBerctBun ¢ ['OCT 28714
[19].

BenuunHa mepexphITHs (C YIETOM MpeneTbHON OTHOCHTEIHHON IMOTPEIIHOCTH), TIPU KOTOPOH
AOCTUTaCTCA MUHHUMAJIbHOC 3HAYCHNEC HEPABHOMEPHOCTH, ObLIa IIpUu3HaHa ONTUMAIBLHOM.

OtHocurenbHask PeEIbHas HOTPEIIHOCTE N3MEPEHHS (A g ey, %0) IPEACTABISET COOON CyMMY

CIIy4aiiHOM U CUCTEMAaTU4E€CKON MOrPEIIHOCTEM:

‘ﬁ_u’am =0 ¥ omn + 111_"&! ’
- (om) X (omm) Elomu) ()

rae @ o) OTHOCHUTECIIbHAs CUCTEMATUYCCKAsA NOI'pEIIHOCTD, %

"P.ii’_l:u'r:-]}

MeTtoauka ux ornpeeneHus — B COOTBETCTBUH ¢ [23, ¢. 200].

Pe3yabTarhl HcciieqoBaHusi, 00CcysKaeHnss. B COOTBETCTBUM C IPEICTABICHHOM METOIUKON
OBbLI BBIMOJIHEH BBICEB YAOOPEHUH W IpOW3BEJAcHA MaTeMmaThdeckas o0paboTKa MOJyYSHHBIX
IKCIEPUMEHTANILHBIX JIAaHHBIX. Pe3ynbTaTel mpejcTaBieHsl B Tabnuie 2. MakcumanbHOE 3HaueHHE
OTHOCHTENILHOH MPEeNbHOMN MOTrPEITHOCTHA U3MepeHnit coctaBmiio 7,1 %.

HepaBHOMEpHOCTH pactipesieNiecHus] yI00peHuil 1o IUPUHE 3aXBaTa INIOCKOPEXYIIEro pabodyero
oprana Haxommwinack B mpenenax 24,37-2491 %. UTo CyIIECTBEHHO TPEBBIIIAET PEKOMEHIyEMOE
npeeNIbHOE 3HaUeHNE HEpaBHOMEPHOCTH pactpenenenus ynoopenuit (vneey < 10,00 %).

AHanu3 JaHHBIX TaOJUIBI 1 MOKa3aji, 4To B LEHTPAJIbHOM YYaCTKE IUIOCKOPEXYIIEro pabouero
oprana (stuebiku 6-18) Haxomuwioch 68,54-68,81 % or oO0IIeld Macchl BbICEBAGMBIX YIOOpEHUi, B
nepudepuitabix (stueiiku 1-5 n 18-22) coorBerctBeHHO — 31,46-31,19 %. UTO rOoBOpUT O CyIIECTBEHHOM
JucOazaHce IpH pacipeiefieHuH yJ0OpeHUH B IIOUIalIOBOM IIPOCTPAHCTBE PadOYero oprata.

JJis OlleHKH YCTOMYMBOCTH pacrlpeliesieHus] YA0OpeHUH MpHU pa3iiMYHbIX J03aX BHECEHUS B
cooTBeTCTBUM C (hopMyioi (2) Oblia paccuMTaHa Bapuallks KOHICHTpAIMKM YJOOPEHHUH Ha KaKIOM
y4acTKe MOJJIAlIOBOTO MPOCTPAHCTBA IUIOCKOPEXYILIero padodero opraHa. PesynbpraTel pacueToB
NPE/ICTABJICHBI B BHJIE THCTOTPaMMBI B COOTBETCTBUH C PUCYHKOM 3.

Bapuanust  KoHuIeHTpanuyd  yAZoOpeHMH Ha  ydacTKax IIOJJIaoOBOIO  MPOCTPaHCTBA
TUIOCKOPEXKYIIEro pabodero opraHa HaxoAUIach B CIEIYIOLINX Mpeeiax:

- JUIs1 LIeHTpabHOW vacTH (stueiiku 6-18) — 0,53-8,01%;

- st nieprdepuiinoit yactu (srueiiku 1-5 u 18-22) — 1,78-7,38 % u 0,42-7,85 %.

Bce 3HayeHusi BapuanuM KOHLEHTpPAaUWMH yaoOpeHWi He mpesbluand 10-mpoueHTHOro
NPEACTbHOTO 3HAYEHHsI, YTO TOBOPUT 00 YCTOHYMBOM paclpelesieHMH YAOOpPeHHH B IOIIallOBOM
MPOCTPAHCTBE IUIOCKOPEXYIero padoduero oprana npu Huzkou (50 kr/ra), cpeaueit (100 kr/ra) u
BbIcOKOH (150 Kr/ra) 103ax BHECCHUSI.

— OTHOCHTENbHAs Cly4aifHas MOTPeIIHOCTh, Y.
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Tabmuiia 2 — Pe3ynbTaThl 3KCIIEPUMEHTATBHBIX UCCIICIOBAHUN

Jlo3a BHeceHUs BHECCHUS YAOOpEHUH, KI/Ta
50 100 150
Ne konTeiinepa Macca | Konnen | Macca Macca Konnen
Konuentp
ynoOpeH | Tpanus, | yaoOpeH arwst, % yA0OpeHHu | Tparus,
HH, T % Wi, T ’ ", T %
1 5,06 2,00 10,97 2,22 17,24 2,30
2 5,56 2,19 12,42 2,51 17,77 2,37
3 11,55 4,56 19,65 3,97 30,59 4,08
4 11,25 4,44 22,75 4,59 33,36 4,45
5 10,95 4,32 21,00 4,24 33,13 4,42
6 13,65 5,39 26,94 5,44 40,48 5,40
7 12,39 4,89 24,44 4,94 39,66 5,29
8 13,68 5,40 26,99 5,45 40,56 5,41
9 14,18 5,60 27,98 5,65 40,41 5,39
10 13,47 5,32 26,94 5,44 39,13 5,22
11 14,64 5,78 28,28 571 40,93 5,46
12 13,40 5,29 23,34 4,71 39,73 5,30
13 14,38 5,68 28,38 5,73 42,66 5,69
14 14,31 5,65 28,23 5,70 41,53 5,54
15 13,27 5,24 23,64 4,77 38,46 5,13
16 12,97 5,12 25,59 5,17 40,11 5,35
17 11,33 4,47 25,94 5,24 36,81 4,91
18 11,93 4,71 23,54 4,75 35,38 4,72
19 10,77 4,25 21,35 4,31 32,76 4,37
20 9,96 3,93 19,60 3,96 30,29 4,04
21 8,06 3,18 14,17 2,86 20,54 2,74
22 6,55 2,59 13,07 2,64 18,14 2,42
CymmMa, T 253,31 | 100,00 | 495,21 100,00 749,67 100,00
Cpennee, T 11,51 - 22,51 - 34,08 -
CranmapTHOE OTKIIOHEHUE, T 2,87 - 5,48 - 8,36 -
HepasHomepHOCTS, % 24,91 - 24,37 - 24,54 -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Ne ygacTKa MOTANOBOTO NPOCTPAHCTRA IIOCKOPEXKYIEro pabodero oprana

Pucynok 3 — Bapuanus KOHIIEHTpaLKK YI0o0peHuil pu go3¢e BHeceHus 50-150 kr/ra
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Bobut cnenan BBIBOA O TOM, YTO y BBIOPAaHHOTO HaMH pabodero opraHa Juis BHYTPHUIIOYBEHHOTO
BHECCHHS T'PaHyJHPOBAHHBIX MHWHEPAIBbHBIX YIOOpPEHHH XapaKTep WX paclpeieleHHs IO IIUpHHE
HO/JIAIIOBOTO TIPOCTPAHCTBA SBIISAETCS MOCTOSIHHBIM U HE 3aBUCHT OT BHOCHMOM JTO3BI.

s «BbIpaBHUBaHHA» Macchl yHOOpeHHIl Ha BCEX YydYacTKax IMOMJIAllOBrO MpPOCTPaHCTBA
IUIOCKOPEXKYIEro pabovero opraHa B COOTBETCTBHHU C pa3pabOTaHHONH METOAWKOW OBLIO MPOBEAEHO
MaTeMaTHYeCKOe MOJICTHPOBAHUE 110 M3MEHEHHIO BEINYMHBI MX TEPEKPHITHS. XapakTep N3MEHEHHS
Macchl yIoOpeHUH Ha y4yacTKax IMOJJIallOBOTO MPOCTPAHCTBA MPH Pa3IUYHON BEIMYHHE TEPEKPHITUS
(Abp.o., M) mpencrasnen B Tabmuue 3. Ha ocHOBaHMM JaHHBIX, IPEICTABICHHBIX B Tabiuie 3 ObuI
noctpoer rpaduk ¢yHkimu Buma v = f(Abpo) B mekapToBOil cucTeMe KOOpPIHMHAT, KOTOPBIi
MIPENICTaBIICH Ha PUCYHKE 4.

Tabmuma 3 — Xapakrep W3MEHEHHsS KOHIIEHTpAIM YAOOpEeHWH Ha yd4acTKaxX ITOIJIarioBOTO
MPOCTPAHCTBA ITPH PA3ITHYHON BETMYUHE IEPEKPBITHS
KonmenTparus / COBOKyIHasi KOHIIEHTPAIIHS YIOOPEHUH MpH
No yyacTka Moj1anoBoro o o o
npocTparcrsa Pa3IUYHON BETUYMHE MEPEKPBITHS MePUPEPUIHHBIX YIaCTKOB, %o
0Om 0,03m 0,06 m 0,09 m 0,12m | 0,15m
1 17,24 34,48 34,48 34,48 34,48 34,48
2 17,77 17,77 35,54 35,54 35,54 35,54
3 30,59 30,59 30,59 61,18 61,18 61,18
4 33,36 33,36 33,36 33,36 66,72 66,72
5 33,13 33,13 33,13 33,13 33,13 66,26
6 40,48 40,48 40,48 40,48 40,48 40,48
7 39,66 39,66 39,66 39,66 39,66 39,66
8 40,56 40,56 40,56 40,56 40,56 40,56
9 40,41 40,41 40,41 40,41 40,41 40,41
10 39,13 39,13 39,13 39,13 39,13 39,13
11 40,93 40,93 40,93 40,93 40,93 40,93
12 39,73 39,73 39,73 39,73 39,73 39,73
13 42,66 42,66 42,66 42,66 42,66 42,66
14 41,53 41,53 41,53 41,53 41,53 41,53
15 38,46 38,46 38,46 38,46 38,46 38,46
16 40,11 40,11 40,11 40,11 40,11 40,11
17 36,81 36,81 36,81 36,81 36,81 36,81
18 35,38 35,38 35,38 35,38 35,38 70,76
19 32,76 32,76 32,76 32,76 65,52 65,52
20 30,29 30,29 30,29 60,58 60,58 60,58
21 20,54 20,54 41,08 41,08 41,08 41,08
22 18,14 36,28 36,28 36,28 36,28 36,28
Cymma 749,67 785,05 823,36 884,24 950,36 |1018,87
CpenHee 1O OIBITY 34,08 35,68 37,43 40,19 43,20 46,31
CraHJapTHOE OTKJIOHEHUE 17,24 34,48 34,48 34,48 34,48 34,48
HepaBHOMEpHOCTH 17,77 17,77 35,54 35,54 35,54 35,54

Ipumeuanue: 6 suedxax madIUYbl BbIOCTEHHBIX JICETMBIM YBEMOM VKA3AHLL 3HAYEHUs.
COBOKYNHOU KOHYeHmpayuu YO0oOpeHuil, noayuaemvle 6 coomeemcmeuu ¢ Gopmynou (3) npu
nepexpuimuU y4acmKkos nepugheputinol 4yacmu nI0CKOpesCcyweco pabouezo opeanda.

KpuBonuneiitnslit xapakrep 3aBucuMocTu L = f(Abp.o) 00bsicHsieTcs cnenytonmm oopasom. [pu
Abpo. = 0,03 M (v = 18,14 %) o MEpeKPHITHE MOMAAAET IO OAHOMY yYacTKy mepudepruitHoOi qacTi
MOJUIaIIOBOTO IPOCTPAHCTBA clieBa W chpaBa (ydyacTku 1 u 22 COOTBETCTBEHHO). DTO OKa3bIBAET
OIpe/IeICHHBIN MOJIOKUTENbHBIH BPEKT — B cpaBHEHUH ¢ 0a30BbIM BapuanToM mpu Abpo =0 M (v =
24,54 %) HepaBHOMEPHOCTh yMeHbIIWIach Ha 60,41 1.m. (TMPOUEHTHBIA MYHKT), OJHAKO €ro
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HEIOCTATOYHO JUIA TOTO, YTOOBI JOCTUIHYTh PEKOMEHAYEMOe TpeIefIbHOE 3HAaUCHHE HEPaBHOMEPHOCTH
pacnpeaenerus ynoopenuit (vrpen. < 10,00 %). Ilpu Abpo. = 0,06 M (v = 9,96 %) moa mepeKpbITHE
MOTMagaeT 1Mo JBa ydacTka mepruepHifHON YacTH IOAJIAIIOBOTO MPOCTPAHCTBA clieBa M CIIpaBa
(yuactku 1, 2 u 22, 21 cooTrBeTcTBeHHO). Ha nccrneayeMoil miockocT JaHHOE 3HAUCHUE EePEKPBITUS
CMEXHBIX TIPOXO/IOB OKa3bIBA€T MaKCHMAaJIHHBIN ITOIOKHUTENBHBIN 3((eKT — B CpaBHEHUH ¢ 6a30BBIM
BapuantoM mpu Abpo = 0 M (v = 24,54 %) HepaBHOMEPHOCTh yMeHbIIMIACh Ha 14,58 m.i. u He
NPEBHIIIACT PEKOMEHAYEMOE TpeAeibHOE 3HAueHHE HEPaBHOMEPHOCTH paclpeAeieHHs YIOoOpeHHH
(e, < 10,00 %).

ITpu Abpo. = [0,09; 0,15], koraa Mo mMepeKphITHE TMOMAAACT MO TPHU, YE€THIPE U IMATh YIACTKOB
nepudepuitHoN YacTH MOIAOBOTO MPOCTPAHCTBA CIIEBAa M CIIPaBa COOTBETCTBEHHO HAOIIOASTCS
HOCJICIOBATEIbHBIA POCT HEPABHOMEPHOCTH B CPABHEHUU ¢ 0a30BBIM BapuaHTOM: pu Abpro = 0,09 m
v = 18,22 % (ymeHblieH#e nokasatesst Ha 6,32 m.11.); mpu Abpo = 0,12 Mm v = 23,53 % (ymeHbIcHHE
nokasarens Ha 1,01 m.m.); mpu Abpo. = 0,12 mv = 23,53 % (yBenuuenue mokaszaresns Ha 1,63 1w.11.).

CoBokynHasi Macca yJoOpeHHI Ha OTHENBHBIX y4acTKax MepUEepUHON YacTH MOATIAanoBOTO
MPOCTpaHCTBa paboyero opraHa (yuacTku 3-5 u 18-20) crama 3HAYUTENBHO BBINIE, YEM
cpenHeapru(MeTHIeCKoe 3HAYeHHE MACChl YI0OPEHUH IO COOTBETCTBYIOIIEMY OIBITY. JTO MPUBEIO K
YBCJIWYCHUIO CTAHJAPTHOI'O OTKJIOHCHHSA IIO OINBITY M, KaK CICACTBHUEC, O6H1€I7[ HEPAaBHOMCPHOCTHU
pacrpenescHus ya00peHui.

bruta BeIsSIBIIEHA 3aKOHOMEPHOCTH MEXIY BEIMYWHOW MEPEKPBITHS CMEXKHBIX IMPOXOJOB U
HEPaBHOMEPHOCTBIO  pacIpelleleHnss YIAOOpeHWH 10 IIHpWHE MOJJIAlOBOTO  MPOCTPAHCTBA
TUIOCKOPEXKYIIero pabouero opraHa. Y CTaHOBJIEHO, YTO MUHHMAIBHOE 3HAYCHHE HEPaBHOMEPHOCTH
pacnpenenenus ynoopenuit (v = 9,96 %) nocruraercs npu Abpo. = 0,06 m. [l paccMarpuBaemMoro
TUIOCKOPEXKYIIEeTro pabovero oprana JaHHas BEIHMYNHA IEPEKPHITHS IPU3HAHA ONITHMAITBHOM.

/'

/./

]
L

10

[

0 3 6 9 12 15 Abro.M
Pucynok 4 — BiustHue mmpuHel Mexaypsabst (Abpo., M) Ha HepaBHOMEPHOCTD pacIpeeeH s
yAOOpEHHH 10 MIMPUHE MOAJIAIOBOTO MPOCcTpaHcTBa (v, %)

3axioyenue. Paszpaborana Meronuka, KOTOpash IIO3BOJSIET  ONPEAETUTb  BEJIMYMHY
ONTUMAJILHOTO MEPEKPHITHS IUIOCKOPEKYIINX PabOYMX OPraHoOB I CIUIOIIHOM BHYTPHIIOYBEHHOM
BHECEHHUH IPaHyTMPOBAHHBIX MUHEPAIBHBIX YAOOpEHHIl.

BousiBieHa  3aKOHOMEPHOCTH  MEXKIYy  BEJIMUYMHONW MEPEKPHITHS CMEXHBIX  IPOXOIOB
IUIOCKOPEXYIIMX pabOoyuX OpPraHoB M HEPABHOMEPHOCTBIO paclpelelieHHs yJOOpeHHH Mo IMIMPHHE
MI0JJIalIOBOTO MPOCTpaHCTBa. J{JIsl paccMaTpUBaeMOTO TIOCKOPEXKYIETO pabodero opraHa MUPUHON
3axBara 0,66 M onTHManbHas BelWYHHA HepeKphITUs coctaBuia 0,06 M Ha Kaxayro cTopoHy. B atom
Cllydae JIOCTUTaeTcs MHHHMMAJIBHOE 3HAaY€HHWE HEPAaBHOMEPHOCTH paclpenaeieHus yaobpenuil. B
cpaBHEHMH C 0a30BbIM BApUAHTOM, KOIJIa TIEPEKPBITHE OTCYTCTBYET, YAalOCh CHHU3UThH
HEPaBHOMEPHOCTE pactpeseenus ynoopenwuii ¢ 24,54 % mo 9,96 % , T.e. Ha 14,58 m.11.

ObocHoBaHHAsl BEJIMYMHA TNEPEKPHITHS Obla HCIOJb30BaHa IMPH MPOEKTHPOBAaHMM 00Opasla
KyJIETUBAaTOpa-y100puTeIIs HeCcyle-pULenHON KoHCTpyKiuH (TpanT Ne AP19679555).

IlocTtaBneHHbIE 337a9H MICCIEIOBAHMS PEIIEHBL, IIENIb JOCTUTHYTA.

Baaroapapuocru. lannoe uccienosanue ¢uHaHcupoBanock Komutetom Haykun MUHHCTEpCTBa
HayKH U BbIciiero oopazosanus Pecniyonuku Kazaxcran (rpant Ne AP19679555).
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TYHIH

TyHipIIKTI MHHEpaJIbl THIHAWTKBIIITAPLl TOMBIPAKKA Y3MIKCi3 EHII3reH Ke3Je OJIapJIblH
OipKenKi TapallyblH apTTBIPYABIH MYMKIH 9iCTEpiHIH Oipi-TOIBIpAK ©HJEY JKYMBIC OpTaHIapbIHBIH
ipresiec eTKeNepiHiH Ka0aTTaCyblH apTTHIpY.

3epTTeyaiH MakcaThbl-MHHEPAIIbl THIHAWTKBIIITAPBl TOIBIPAKKA EHTi3y Ke3iHAe JKalaK
KECEeTiH JKYMBIC OpPTaHAapBIHBIH iprejiec OTKENIepPiHiH Ka0aTTaCybIHBIH OHTAIIIBI MOHIH aHBIKTAY.

3epTTeydiH MiHAETTEpi-)KalNNaK KeCceTiH JMYMBIC OpTaHbIHBIH TabaH acThl KEHICTIriHAe
THIHAUTKBIITAPABIH TapalybIHBIH CaHJBIK XOHE CalajblK CHUMATBIH 9p TYpPJi J03anapia aHbIKTay,
ipresiec eTKEICPIiH KabaTTacy Mejiepi MeH ThIHAUTKBIIITAPBIH OIpKeJIKi TapalyblH apachIHIaFrbl
3aHIBUIBIKTBI aHBIKTAY.3€pPTTEY 91icTepi-hH3NKaIbIK KOHE MAaTEeMaTHKAJIBIK MOZEIbICY, a0CTpaKIys,
Tangay >KOHE CHHTE3 CHSAKTHI FBUILIMA TaHBIM 9ficrepi Kosjganbuiabl. COHBIMEH —Karap,
OKCHEPUMEHTTIK ~ 3epTTeyjep  KOJJAHBICTaFbl  HOPMATHUBTIK  KYKATTaMaHBIH  epeKeNepiHe
Heriznenred. Hotmkenep. Iprenec eTkenmepniH KabaTTacy Mesiepi MEH JKajllak KECeTiH XYMBIC
OpraHelHBIH Ta0aH acThl KEHICTITiHIH eHi OOWBIHIIA THIHAUTKBIUTAPABIH OIpKEeNKi Tapaty
apachIHIaFrbl 3aH/BUTBIK aHBIKTAJJIBL.3ePTTENETIH dKYMBIC OpPraHbl YIIIiH THIHAWTKBIIITAPBIH OipKemKi
TapanyblH eH TeMeHri MoHiHe (9,96 %) ipremec etkennep sxabburranga 0,06 M Kon skeTKi3ineTiHi
aHBIKTANABI. KapacTBIpbUIBINT OTBHIPFaH JKajlakK KECeTiH JKYMbIC OpraHbl YIIiH KabaTTacynblH Oy
MeJIIepi OHTAWBI Jien TaHbUaAelL. KopeIThiHABIIAp. TYHIPIIIKTI MUHEpANIbl THIHAUTKBIIITAPIBI
TOMBIpAKKa Y3MIKCi3 €Hridy Ke3iHJe JKalmak KeCeTiH IKYMBIC OpraHJapbIHbIH  OHTAMIIBI
KabaTTacybIHBIH MOJIIEPIH aHBIKTayFa MYMKIHZIK O€peTiH afic )Kacaybl.

3epTTey HOTIDKENEPIH TYHIPIIIKTI MUHEpPaJbl THIHAMTKBIITAPABI TONBIPAKKA CHII3y VIIiH
TEXHHMKAJIBIK KYpaJlIap bl xKo0aiay Ke3inje naiaananyra 0oaibl.
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MUHEPAJIBI TBIHAMTKBIIITAPABI CAPAJIAHFAH JEHTEIJE EHTI3YTE
APHAJIFAH JKAJIMAK TIITIH TEPEH KONCBITKBII-ThIHAUTKBILI
"KYMBbICBIHBbIH YKCIEPUMEHTTIK 3EPTTEYJIEPIHIH HOTUKEJIEPI
RESULTS OF EXPERIMENTAL STUDIES OF THE WORK OF A FLAT CUTTER-

DEEP SUBSOILER-FERTILIZER FOR DIFFERENTIATED TIER APPLICATION OF
MINERAL FERTILIZERS

AHHOTaNUA

TombIpakThl KONCHITY JKOHE MUHEPAIAbl THIHAUTKBIITAPABl capallaHFaH JIeHTele eHTi3y
MIPOIECIH OPBIHJIAY YIIiH JKAIIMAK TUITINI TEPeH KOICHITKBIII-THIHAUTKBIIITHIH (U3UKAIBIK MO
93ipIeH Il KOHE Kacalbl. DKCIEPUMEHTTIK JKYMBIC OPTaHbIHBIH TapTy KYIIiH aHbIKTay OOMBIHIIA
IKCIIEPUMEHTTIK 3epTTEyJiep TOIbIPaK KaHaJbIHIA 3€PTXaHANbIK >Karaania >Kypri3uimi. AJIbIHFaAH
MOIMETTEP TAJIJAHBITN, MATEMATUKAJIBIK CTATHCTUKA 9MICIMEH OHJEIIi, TapThUIBIC KYIIiHIH e3repyi
rpaduri Kacaupl )KOHE SKCIIEPUMEHTTIK YJTiHIH KOPCETKITepl CepHsIIbIKTHIH KOpCETKITepiMeH
canbICTRIpbUIABL. Toxipubeniep OacranraHra JACHIH TONBIPAK KaHAJbIHIA TOMBIPAK TEPEHIIKTEr
BUTFAIZIBUTBIK OOWBIHINA NAaWBIHIANBL. TOIMBIPAKTHIH BUIFAJIBUIGIFEIH aHBIKTAY YIIIH aMepUKaHIBIK
KypbutFbl T-350 Aquaterr Konganbuiabl. TONBIPAKTHIH THIFBI3ABIFBIH aHBIKTAY YIIiH Wile Mapkaib
¢bunmik  TeiFeBABIK  ommrerim  (ASAE  S313.3  craHmapThl) KOJJAHBUIABL ~ DKCIIEPUMEHTTIK
3epTTeYNepAiH HOTIKENepi OOMBIHINA 931PJICHTEH JKOHE CEPHSUIBIK KYMBIC OpraHIapbIHBIH TapTHUIBIC

204


https://orcid.org/0000-0002-1250-8034
https://orcid.org/0000-0002-1250-8034
mailto:rustem.arman88@gmail.com
mailto:amantaevmaxat.kz@mail.ru
https://orcid.org/0000-0002-3892-9590
mailto:nkakabayev@shokan.edu.kz
mailto:zolotukhine17@mail.ru
https://orcid.org/0009-0002-2364-1372
mailto:erlan_saidalin@mail.ru
https://orcid.org/0000-0002-1250-8034
mailto:rustem.arman88@gmail.com
mailto:amantaevmaxat.kz@mail.ru
https://orcid.org/0000-0002-3892-9590
mailto:nkakabayev@shokan.edu.kz
mailto:zolotukhine17@mail.ru
mailto:erlan_saidalin@mail.ru

ISSN 2305-9397. FbiibiM )caHe b6intim. 2024. N° 3-2 (76)

Kymrepi aneiaabl. OchLiaiiia, TOMBIpAaKKa MUHEPANIbI THIHAUTKBINTAPABl CapajlaHFaH JICHTeH e
€HT13y YIIIiH SKCIIEPUMEHTTIK KaJaK TUITIII-TEPEeH KOMCHITKBIII-THIHANTKBIIITHIH KO3FAJIBIC ITPOLIECIH
3epTTeH OTBIPHIT, TAPTY KYIIIHIH OHBIH KO3Faly KbUTAAM/IBIFIHA AHAIMTUKAIBIK TOYEIIUTIT] abIHBL.
Tennmeyni Tangay 3epTTEICTIH TOMBIPAK OHJEY MXYMBIC OpPraHBIHBIH TapTy KYIIHIH KO3FaJbIC
JKBUTAAM/IBIFBIHA KBAJPATTHIK TOyeNnuIriH kepceremi. COHBIMEH Karap, CalbICTBRIPMAIbl Tajaay
TEOPHUSIIBIK 3epTTEYJIep MEH SKCIEPUMEHTTIK MONIMETTepAiH HOTH)KENepi JKaKbIH €KeHIH KOPCEeTTI.
Byt 3epTTey OarbITBIHBIH TYPBICTHIFBIH KOPCETEII.

ANNOTATION

To perform the process of soil loosening and differentiated tiered application of mineral
fertilizers, a physical model of a flat cutter deep subsoiler-fertilizer has been developed and
manufactured. Experimental studies to determine the traction force of the experimental working tools
were conducted in laboratory conditions in a soil bin. Subsequently, the obtained data were analyzed,
processed using the method of mathematical statistics, a graph of the change in traction force was
drawn up, and the readings of the experimental sample were compared with the serial one. Before the
experiments, the soil was prepared for moisture in depth in the soil bin. An American-made T-350
Aquaterr device was used to determine soil moisture. A Finnish Wile densitometer (ASTE S313.3
standard) was used to determine soil density. Based on the results of experimental studies, traction
forces of the developed and serial working tools were obtained. Thus, having studied the process of
movement of the experimental flat cutter deep subsoiler-fertilizer for differentiated tiered application
of mineral fertilizers in the soil, an analytical dependence of the traction force on the speed of its
movement was obtained. The analysis of the equation shows a quadratic dependence of the traction
force of the studied soil-cultivating tillage tool on the speed of movement. At the same time, a
comparative analysis showed that the results of theoretical studies and experimental data are close.
This indicates the correctness of the direction of research.

Tyitin ce30ep: monvipakx 6HOey, KabAmMKa eH2i3y MEXHOLOSUACHI, MbIHAUMKbIUMAp, mapmy
KYuii, monvipax apHacol
Key words: soil cultivation, layered application technology, fertilizers, traction force, soil bin

Kipicne. Aybur mapyalbibIFbIHAA OHIMALTIKTI apTTRIPY YIIIH MUHEPAIIBI )KOHE OPTraHUKaJIbIK
TBIHAUTKBIITApAB! KOJAaHyFa Kemnl KeHin Oeminemi [1]. FhuUIbIMH jkOHE NpakTHUKAJBIK 3€pTTEYJIep
THIHAUTKBIITAPABl AYPHIC KOJIAAHY AaKbUIOAPAbIH OHIMIUIINH endyip apTThipa aJaThIHIBIFBIH
pactaiiapel [2,3]. MuHepaiasl THIHAUTKBIIITAP EPEKIIE MAaHBI3Abl POJI aTKapajbl, Ojapibl THIMJI
naiaanany >Korapbl OHIMJIUTIKKE KOJI )KETKI3y/IiH Heri3ri pakTopsl 00BN Ta0bLIa k! [3,4].

Jerenmen, Kasipri TBIHAUTKBIL >KyHeciHiH Oipkarap kemminikrepi Oap. On kebOinece
arpOXWMUSHBIH HET13T1 MaKcaThlHa COMKeC KeIMen i — eCiMIIKTepai KOPEKTEHAIpY, Oy apaMientep
MEH TONBIPAKTHl OHJCY/AIH ©HIMCI3 UIBIFBIHIApbIHA OKENyl MYMKiH. A30T TieH ¢ochopabl
naiiananyasiH ToMeH tuimainiri (tuiciame 0,60-0,65 xone 0,15-0,20) THIHAWTKBIIT TEXHOIOTHSIIAPHI
MEH Ka0IBIKTapbIHBIH JKETIIMETeH IITIMEeH OaitaHbICTHI [3].

TomblpakThl eryre madbIHAAYABIH JOCTYPJi oficTepi eHOSK OHIMIUIIIH TeMeHAeTe ],
JANBIHIBIK IIBIFBIHAAPEI MEH YaKbITBIH apTTHIPaJbl, TOMBIPAKTHIH THIFBI3JANYbIHA XOHE KeOyiHe
BIKIad ereni [5].3epTreynep KOpPCETKEHIEW, TOMBIpaKThl Oip yakbITTa JaiblHIAyFa JKoHE
YPBIKTaHABIpyFa MYMKIHJIIK O€peTiH TeXHOIOTHsIapAbl KOJJIaHy TUIMIIpeK [6].

OpTypiii 3epTTeyiiep/ii Tajljay COHbIMEH KaTap TOMbIpAK OCTiHIE e, TEPEHJIIKTE ¢ OHbBIH
KYHapJIBLIBIFBIHBIH T€TEPOreHAliriH kepceteni. TombipakTarsl Gpocdop KOCBUIBICTAPhl KO3FAIBICCHI3
KaJagbl >KOHE OJapAblH BETETAUMSUIBIK Ke3eHAE aWTapibIKTail KalUbIKTBIKKAa KOHBIC ayJapybl
OGomMaiet [7].

@®.M. PemnieTHUKOB >KYPTi3reH JKYMBICTAp >Kac eciMAikTep YWiH (ochOpAbIH OHTAWHIbI
KOJDKETIMAUIITIHE THIHAMTKBIIITAap TombIpak OeTiHeH 10-15 cMm TepeHaikKe KOJAaHBUIFAH Ke3Ie KOJ
KETKI3IICTIHIH KopceTTi. ThIHAWTKBIIITAP bl XKEPrUTIKTI KOJIIaHY apKbLIbl OHAH KOJI XKETiMJII KOPEKTIiK
KOCBLIBICTAP/IbIH IIOFBIPJIAHFAH aiMaKTapbl KajJblOTacaiabl, Oy oOJapibl OCIMIIKTEPAiH THIMI
naianaHyblHa bIKHaN etemi [8].
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Contyctixk Kazakcran >karmaiiblHOa MHHEpPaNIbl THIHAUTKBILTApABI capajial eHri3y YIIiH
JKYMBIC OpTaHIapBIHBIH IapaMeTpiiepii HeTi3[iey >KoHe a3ipiiey OOHBIHINA 3epTTeyliepre KenTereH
FaJIBIMIAP/IbIH JKYMBICTAphI apHaiaFaH [9-12].

Ochnaiiina, THIHAUTKBIIITAPIBI KOJIAHYIBIH THIMAUIITIH apTThIPY YIIiH ©CIMIIKTEPIiH TaMbIp
JKYWETIepiHIH epeKIIeTIKTEPiH JKOHE TOMBIPAKTaFhl KOPEKTIK 3aTTapbl CiHIpy MPOIECTEpiH ecKepy
KaxkeT [13,14]. MuHepanabl THHAUTKBIIITAPABI CapalaHFaH [eHreiae eHTI3y TEeXHOJOTHUSIAPbIH
93ipiiey KaOAbIK IIBIFBIHAAPEIH OHTANIAHIBIPYFa KOHE aybll IIApyallbUIBIFBIHAAFE TEXHOJIOTHSITBIK
MPOIIECTEePl KEHITAETYre MyMKIHAIK Oepeni [15-17].

Marepuagap skoHe 3epTTey ici. TombIpaKTHl KOTICHITY K9HE MHUHEPAJIB THIHAWUTKBIIITAPIBI
capajlaHfaH [EHTeWJe eHri3y TMpOIEeCiH OphIHAay VINiH JKalmak TUTIII TepeH KOICHITKBIII-
TBIHAUTKBIIITHIH (U3UKAIBIK MOJAET 93IpJieHAl >KoHE Kacallpl, CypeT |, OHBIH TEXHUKAIBIK
meniMiHiH skaHanbiFel KP Ne33399, 33602 6rom. Ne4, 19 nmarenrrepimen xane Ne 107136 aBTOPIIBIK
KyomikneH pactanael [18, 19]. XKymbic opraH >KoFaprbl >koHE TOMEHTI jkebe TabaHmapsl O0ap Ty3y
TipeKTeH Typaabl. TeXHOJOTHUSIIBIK MPOLECTI OpbIHAAY Ke3iHAe TOMEHTi jkebe TabaH MEH TIpeKTiH
TOMEHT1 06T KOoFaphl KyKTeMenepre yubipaiasl. JKoraprsl skebe TabaHHBIH KYKTEMeC] aaeKanaa
TOMEH, OUTKEeHI OHBIH JKOWBLTY CHI3bIFHI IIAMAMEH JKapTHIChIHA TeH XKOHE OeTiHe Te3 JKeTei, CypeT 2.

Tipek xacay ['OCT 5058-65 Ootibinma 0.912C marepuaiblH KOJAAaHY apKbLIbI ST,
KopbITniansg KypaMbiHa KipeTiH Jerupieyili Kocnanapra apHaliFaH opinTik oenriiep:

- "™ - mapranerr;

- "C" - kpeMHUH;

Cypet 1 — DKCIepUMEHTTIK )KYMBIC OpTaHbI
a —xo0amanran 3D mozeni; 6 — xacaaraH MOJIEIb

bBipinmi can xemipreri mnaibI3eiH Oingipeni. Jlermpneymi Kocnanmapra coiiKec KeJeTiH
opinTepAeH KeWiHri caHmap — oJylapAblH OONaTTBIH OChl MapKachblHOAarbl maibi3bl. JKorapeiga
aiiteurranaapable GapibirbiHa cyiiene oTeipbil, 'OCT Gofibinmma 091'2C 6onarter 0,09% kemipreri,
2% wapraHell *oHe KpeMHHWI Oap KOpbBITIa peTiHjae mienryre Oojajbl, OHbIH Medepi 1%-maH
acnaiapl. Byl OonaTThIH Heri3ri MIHIETI — OHBI JISHEKEPJICHI'®H KYpPbUIBIMIAP VIINIH NaijanaHy.
Honexepney 100-120°C neliiH KpI3ABIPBUIFAH Ke3A€ [, KEHIHHEH TEPMHSIIBIK OHICYMEH e,
KBUIBITYCBI3 J1a, OHJEYyCi3 Je MYMKiH. BonarTelH >kakcel jgoHekepienyi TtemeH (0,25%-man az)
KOMIPTEKTIH apKachlHJIa KaMTaMachl3 eTiiesi. Erep kemiprek kem 0osica, OHIa JOHEKEPJICHICH XKIKTE
KOMIpTETi JKaHFaH Ke3/ie MUKpoIopajap maiga 0olybl MYMKIH OHE KaTaro KYpbUIBIMAphl Haiiia
00TyBl MYMKiH, OYJ1 XKIKTiH camachklH HamapiaTaasl. byt MapkansiH Tarsl Oip apTHIKIIBUIBIEE — 091 2C
0oJaT JKyMcapraHJa ChIHFBIIITHIKKA OCHIM €MEeCTIri, SFHU KYMcapTy MpOleAypachlHaH KEHiH OHBIH
TYTKBIPJIBIFBI TOMeHAeMelai. O coHmai-aK KbI3bII KETYTe JKOHE JKapbIKTAp/bIH TY3UIyiHE TO3IMII.
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09I"2C GonaTThIH KeH Tapallybl MCH TaHBIMAJIJIBIFBI OHBIH KOFaphl MEXaHUKAJIBIK KACHETTEPl KYPBLIBIC
KYPBUIBIM/IaPBIH OHAIpYNe YHEeMAEeyre MYMKIiHAIK OeperiHairiMeH tycinmipineni. CoHbIMEH KaTap,
MYHJall KYPBUTBIMAAPJIBIH CalMarbl a3. byJl MapkaHbIH KOJIaHy canajapbl ©Te allyaH TYpii OOJIbI.
Opan -70°C-tan +450°C-ka neifiHri TemmepaTrypala >KYMBIC iCTeH allaTblH AOHEKEPJICHI'CH METaill
KYPBUTBICIAPBIHBIH 3JIEMEHTTEPI MeH OeJIIeKTepi jkacanaasl. Al MBIIaKTap MeH Kamay — 651 Gomat
MapKachlHaH jKacayFa IIenriM KabbuIaaabl, OHBIH KypaMbIHaa opta ecemreH 0,65% xemipTeri Oap, I' —
OonaTTarsl MapraHell Mesepin mamamer 1% kepcereni. KypeutbiMapsik cepinmeni 6onar 6517, TOCT
14959-79 OoliplHINA IIBIFAPBUIATBI JKOHE JKOFAphl CEPHIMIUNITT MEH TO3yFa Te3IMIUTriMeH
epekmrenenesi. byn 6omar cepinmenep, MOHBIHTIPEKTEp MEH cepilmenep KOPIycTapbl MEH IBIIIaKTap
VIIIiH KOJIIAaHBUIATEIHBI Oekep emec [20].

Cyper 2 — 3D ¢opMaTbIHIaFBI JKYMBIC OPTaHBIHBIH TEXHOJIOTHSJIBIK, ITPOIIEC]

OKCIIEpUMEHTTIK JKYMBIC OpPTraHBIHBIH TapTy KYIIIH aHBIKTay OOMBIHIIA SKCIEPUMEHTTIK
seprreysiep "C.Celidymma arbiHmarbl  Kasak — arpoTexHuUKanblk 3epTrey  yHuBepcurteTi"AK,
TEeXHUKAIBIK (aKkyIbTeTTiH "ATpapiblK TEXHHKA >KOHE TEXHOJOTHsA" KaenpachlHbIH TOIBIPAK
apHaCBIH/IA 3epTXaHAIBIK JKaFaaiaa sxyprizinai (cyper 3).

6:_%14” |

Cypet 3 — DKCTIepHUMEHTTIK TOIBIPAK apHACHI
1 — xaHKasap; 2 — KaJIBIHABIFBE 3 MM MeTaJul Koparr; 3 — Kyatsl 2.2 KBt yu ¢asansl a1ektp
KO3FaJITKBIIIbI, 4 — peIyKTop; 5 — nebeaka; 6 — Tpoc
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Mingeri — "Tomblpak apHAchl" 3epTXaHAIBIK CTEHII TOIBIPAKTHl OHJEY/IH CalajblK
KOPCETKIIITEPIiH 3epeliey KOHE TapTy JKOHE JKBUIAAMIBIK CHIHAKTApPBIH JKYPrily OOMBIHIIA
TOXKIPUOEIIK KoHE 3epTXaHAIBIK KYMBICTAPIbI XKYPri3yre apHaIFaH.

Tombipak apnaceiHga ['OCT P 8.663-2009 Ootibiama 2-knacc +0,45% yIoiH mIeKTI pykcar
eTIJITEeH CaJIBICTRIPMAITBI COMKECTIK KaTeci 0ap.

TombIpak apHACBEIHBIH KYMBIC Y3BIHABIFEL 10 M, *KaJMak TiATIOI TePeH KOICHITKBIII-THIHANTKBII
Oy sxonnel 30 ¢ erexmi, COHbIMEH Oipre >KYMbIC OpraHBIHBIH iirepigeMeni xbuigamiasirel 0,3 m/c.
JKymbic opranbiHbIH KYpY Tepenairi 0,2 M, AeHreiiep apackiHaarbl KabIKTHIK 0,1 M.

TapTy KemepriciH aHBIKTay YIIiH TONBIPAK apHACHIHAAFBI IKCTIEPUMEHTTIK KYMBIC OpPTaHBIHBIH
JKYMBIC TpUHIHITI (CypeT 4):

- 9KCIIEPUMEHTTIK >KYMBIC OpTraHbIMEH KaHKaHBIH KO3FaJIbICHI SIEKTP KO3FAITKBIIIBIHAH JKY3€Te
achIPBUIAIBI,

- UK TYPIACHAIPTINI MEH PEeIyKTOP apKbUIBI JeOeaKa TOPCIIEH TapThUIa bl

- Oy1 OYKiJ KaHKaHBIH TOIBIPAK apHACHI apPKBUIBI )KYMBIC iICTeYiHE OKeIe/i.

JunamoMeTp nepeKTepi KOMIbIOTepAe Tpaduk TYpiHae KepceTineai.

ATBIHFaH MONIMETTEp TAJIJAHBIN, MAaTEeMAaTHUKAJIBIK CTATUCTHKA OMICIMEH OHJIENII, TapThUIBIC
KYIIiHIH e3repyi rpaduri >kacayiipl >KOHE SKCIIEPUMEHTTIK YJTiHIH KOPCETKIIITepl CEepHsIIBIKTHIH
KOPCETKIIMITEPIMEH CaTbICTBIPBUIIBL.

JKyMmpbIC opraHmapbIHBIH JKYpIC TEpEHMITiH PEeTTey MEXaHHM3MiHIEe TipeK TYpIiHAETi AOMKpaT
JKOHE JKYMBIC OpPTaHBIHBIH CaHBUIAYBIHA KIPETiH caycak Oap.

i
; s
—— = YT

Cypet 4 — TormbIpak apHAaCBIHAAFbI SKCIIEPUMEHTTIK >KYMBIC OPTaHbI

e ] A

SRS

JunamorpadTa TEH30METPHUSIIBIK KYII CEHCOPHI JKOHE JUCILUIeHi Oap caHIBIK KOHTpoJuiep Oap
(cyper 5). Kontponnep men cerncop UTP-5 kaGeni apkbuibl e3apa Oaitnanbickad. Konrpoiep USB
uHTepdelici apKbpUIbl KYHenmik Onokka Kochurrad. Kommbrotepniy xkymbic ycremingae VIEW R320
TipKeciMi OpHaIacKaH, oJl apKbUIbl OaF[apIaMallblK JKacakTama iCKe KOCHIIAIbI.

CaHJBIK KBUIAAMIIBIK CEHCOPHI — OYJI MarHWT- HEOAWM JUCKTEIMEH OCKITIIreH AUCK OOJIBII
Tabbutaapl. Onapra >KakblH KepAe TepKOH OEKiTiIreH. ['epKOH KOCKBILIBI CaHIBIK KOHTPOJUIEPMEH
UTP-5 tunti kabenb apkbuibl KocbutraH. JKbUIIaMIBIK KOHTPOJIICPIHIC CAaHIBIK JHCIUICH Oap, o
KaHKaHBIH KOpall OOMbIHIIA KO3Faly JKbIJIIAMABIFIHBIH JKapaMIbl MOHIH KepceTe/i.

OKcrepuMeHTTep OacTaliFanFa JIeiiH TONbIpaK apHACBHIHAA TOMBIPAK TEPEHIIKTET] bUIFAIIBUIBIK
OoiibiHIa naiiprHaanael. ComaH KeWiH TONBIPAKTHIH BUIFAIABUIBIFEl TONBIPAK APHACHIHBIH OYKiI
Y3bIH/IBIFBI OOWBIHINA OHTAiIBI MoHre ue O0omabl (19..23%), 15-ten 27 cM-Te ACHIHIT TEPEHIKTE.
TonbIpakTbIH  BUIFAIABUIBIFBIH  aHBIKTAY YIIIH aMepukaHiblk T-350 aquaterr KypbUIFBICHI
KOJIJaHBUI/IbI.
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Cyper 5 — DEP3-1D-10R-2 snexTponsl auHaMoMeTpi sxxoHe R320 koHTpomepi

Onmey Kypaibl OHBIH TEMIEpaTypachlH €CKepe OTBIPBII, MAaTePHANJBIH JAUDIIEKTPIIK
OTKI3TIIITITIHIH TOYEIAUIITiH 63repTy KYMBIChIHA HETi3/1eireH. bIIFalbuIbIK CEHCOPHI AIIEKTPOITHIH
COHBIHIA OpHAJTACKaH, OHBIH Y3bIHABIFE 10 CM, COHBIH apKachlHAa JKEKe TOIBIPaK
TOPU30HTTAPBIHAAFH] BUIFAJIJBUIBIKTHI OJIIICYTe K9HE TONBIPAKTHIH OTKI3TILITIMH aHBIKTayFa O0Iabl.

TomnbIpakThIH THIFBI3ABIFBIH aHBIKTAY YIIiH Wile Mapkaibl (QUHIIK THIFBI3ABIK O©JIIICTill
konnaueiael (ASAE S313. 3 craamapthr).

Kypbuirbl TyTKanapra OipKenKi KbICBIM jKacay apKbUIbl TONbBIPAaKKa TiriHEH OaThIpbLIAbL,
KeJlepri MOHIH eJlllley HOTHKECI aHaJOrThIK HU(epONaTThl TYCTi IIKanacklHAaH OKbUIansl. Lllyn
TOTBIPaKKa €Hy TEPEHJIITiH aHbIKTayFa apHajJfaH OMBIKTaphl Oap TOT OacmaiThiH OoJNaTTaH JKacajaFaH
(7,6 cm; 15,2 cm; 22,9 cm; 30,5 em; 38,1 cm; 45,7 cm). Ommey nuanazonsl 0-neH 500 psi-re neidi,
cotikecinme 0-3500 kIla Hemece kH/M2. ToFb3apik MoHi: XKacein cermenT (0-14 kr/cm2): Komanibl
ecy xarpmamapel. Capbl cermeHT (14-21 kr/cMm2): Komainbl ecy armaiyiapbl. KpI3bUl cermMeHT
(21 kr/cM2 >xoHE OlaH KOFapbl): 6CY YILiH KOJIalChI3 XKaFaannap.

Horu:xesiep xdHe onapabl TaaKblIay. TonbIpak apHaChIHIA XYPTi3UITeH 3KCIIEPUMEHT Keneci
MOHIEPi KOPCETTi:

DOKCIIEpUMEHTTIK JKYMBIC OpraHbl MakcuMaisl Tapty kymiH 1,78 kH, 0,33 m/c inrepinemeni
KBUTIAMIIBIKTA XKoHE 20 CM TEPEHIKTE KOPCETTi.

CepHsiIbIK KYMBIC OpraHAapbIMEH JKYPTi3ireH 3KCIepUMEHTTEpiH HoTikenepi 0,2 M eHIey
tepeHairinae ckone 0,33 M/c JkbUIIaMABIKTAa auHamMoMeTrpusiiay kesinme 1,51 kH kepcerri.
OKCIIEpUMEHTTE MaKCHUMaJIIbl TapTy KymTtepi 28-meH 33 cekyHAKa NeHiHT1 yaKbIT apajblFblHIa KOJ
JKETKI3UII..

Kecre 1 — exi ’yMBbIC OpraHbIHbIH HOTHXEJIEPiH TalaylapblH CaAIbICTBIPY

CepusiiIbl )KYMBICHIBI OpraH OKCIIEpUMEHTTIK JKYMBICIIBI Opraf
yaKéﬂT’ t Tapry xymri, kH VYaxpIT, t C K;r;iTzH VYaxkpIT, t € Tapry kymi, kH

28 1,38 0,33 28 1,63 0,33
29 1,42 0,33 29 1,67 0,33
30 1,48 0,33 30 1,74 0,33
31 151 0,33 31 1,71 0,33
32 1,47 0,33 32 1,67 0,33
33 1,46 0,33 33 1,78 0,33

Exi >xyMbIC OpTaHbIH CalbICTHIPY HOTHXKEJIEPIiH TallAail OTHIPHIIN, 6-CypeTTe rpad UK >Kacajiibl.
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[HonmuuomaeIK (TeopusIIbIK)
Cypert 6 — TapTy KeaepriciHiH KO3FallbIC KbUIIAMIBIFBIHA TOYEI LTI

Ocplnaiiliia, TOMBIpaKKa MHHEPAIIbl THIHAUTKBILITAPIB CapalaHFaH JEeHrelle CHri3y YIIiH
SKCIEPUMEHTTIK JKaJMaK TUITIOI TEePEeH KOICHITKBIMI-TEIHAUTKBIIITEIH KO3FalbIC TPOIECIH 3epTTei
OTBIPHITL, TAPTY KYUIIHIH OHBIH KO3FAITy JKbUIaMIBIFbIHA aHAUTUKAIBIK TOYEIIUTIT] ajblHFAHBIH aTar
eryre Oonanel. TeHaeynmi Tanfay 3epTTENETIH TOMBIPAK OHJEY JKYMBIC OpPTraHBIHBIH TapTy KYLIiHIH
KO3FaJIbIC )KBUTIAMIBIFBIHA KBAIPATTHIK TOYESIIUIITIH KopceTei. O3ipJIeHreH KYMbIC OpTaHbIHBIH TapTy
KeZAeprici cepusuibIK xKyMbIc opranbiHaH 15-20% sxorapel. by perre enney tepenniriuig 0,15 mM-neH
0,27 m-re neiiin xoHe nemexTi enzaey eHinix 0,10-man 0,30 M-re neifin yiratosl TapTy Kywis 1,85-2,07
€Ce apTThIPAThIHbI, aJl KbUIAMABIKTBIH 1,1-1eH 2,2 M/c-Ka JeiiH yiFaiobl TapTy KyinH 1,91-2,26 ece
apTTHIPATHIHBI AHBIKTAJIIBL.

CanpICcThIpMalbl Taiay TEOPHSUIBIK 3€PTTEYJep MEH DKCIICPUMEHTTIK JAepPEeKTepAiH HOTHKeNIepi
JKaKbIH eKeHiH KepceTesi. byl 3epTTey OarbIThIHBIH AYPBICTBIFBIH KOPCETEIN.

KopbIThIHAbI. TONBIPaKTBl KOICHITY JKOHE MHHEPAIIbl THIHAWTKBILTAPIBI CcapajaHFaH
JICHreiile eHri3y MpOIECiH OpBIHAAY YIIIH JKalNaK TUIrIM TepeH KOMCHITKBIII-THIHAWTKBIIITHIH
(U3UKAITBIK MOJIEII JKacaIIbI )KOHE YKacall/Ibl.

TombIpak apHACHIHBIH 3€PTXaHAIBIK KaFIalblHAa SKCIIEPUMEHTTIK KYMBIC OPTaHBIHBIH TapTy
KYIIiH aHbIKTay OOMBIHIIA 3KCIEPUMEHTTIK 3epTTeyiep >Kyprisingi. 3epTrey YVINIH TaHIAIIbI
CEPUSUTBIK JKOHE 931pJICHI'€H )KYMBIC OpTaHaphl.

TapTy KYIIiHIH OHBIH KO3FaJbIC JKbUJIAM/IBIFbIHA AHAINTUKAIBIK TOYCJAUIITT aJIbIHIIBL.
Tenneyni Tanmay TONBIPaK OHAEY )KYMbIC OpPraHAAPBIHBIH TApTy KYIIiHIH KO3FaJIBIC KBUIIAM/IbIFbIHA
KBaJIPATTHIK TOYEILTITiH KOPCETET.

CanpICThIpMalTbl TAAAY TEOPHUSUIBIK 3€PTTEYJIEP MEH DKCIIEPUMEHTTIK JIePEKTePAiH HOTHXKeNepi
JKaKbIH €KEeHiH KepceTeai. by 3eprrey OarbITHIHBIH JYPHICTHIFBIH KOPCETEI.
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PE3IOME

[y BBIMOJIHEHHS MpoLecca PHIXJICHUS MOYBBl U TU(PPEPeHINPOBAHHOTO SIPYCHOI'O BHECEHHUS
MUHEpaJbHBIX ymoOpeHHMId pa3paboTaHa W W3TOTOBIEHa (huM3WyecKas MOZENh ILIOCKOpe3a
TITyOOKOPBIXJINTENb-YA00pHUTENsA. DKCIIEPUMEHTANBHBIE HCCIEIOBAHUS IO ONPEACICHUIO TATOBOTO
YCUJIMS SKCIEPUMEHTAIBHOTO paboyero oprana ObUIM TMpPOBENEHBI B JaOOPATOPHBIX YCIOBHAX B
MIOYBEHHOM KaHane. B nanpHeilieM moilydyeHHbIE JaHHbBIE ObUIM MPOAHAIM3UPOBAHBI, 00pabOTaHbI
METOIOM MaTeMaTH4YeCKOH CTaTUCTHUKH, COCTAaBJIEH TpauK W3MEHEHHE TATOBOTO YCWIHS M OBLTH
CpaBHEHBl TIOKa3aHUSl DJKCIIEPUMEHTAJIBHOTO o0Opa3na ¢ cepuiiHbIM. Jlo Havajga mnpoBeAeHUs
IKCIIEPUMEHTOB B IOYBEHHOM KaHAJIE IMOATOTABIMBAIM IIOYBY IO BJIAXHOCTH B riyOuHe. st
OTIpeIeTICHNs] BIIAXXHOCTH TIOYBBI HCIOJB30BAIA MPHOOpP aMepuKaHCKOro mpou3Boactso T-350
Aquaterr. lns onpeeseHus MIIOTHOCTH TOYBHI OblIa HCIOIBb30BaHa (GUHCKUIA TIoTHOMEp Mapku Wile
(cranmapt ASAE S313.3). Ilo pe3ynbTataM 3KCHEpUMEHTAIBHBIX MCCIIEIOBAHUI MOMYUYEHbI TATOBBIE
ycuius pa3paboTaHHOTO M cepUiHOro pabounx opraHoB. Takum o0pa3zoM, U3YUHB MPOLECC IBUKEHUS
9KCIICPUMEHTAIBHOIO  IUIOCKOPE3a-IIIyOOphIXIIUTENA-ya00puTens g auddepeHupoBaHHOTO
SAPYCHOTO BHECEHHUS MHHEPAJbHBIX yJOOpEHHH B IOYBE, TOJyYeHA aHaJIMTHUYECKas 3aBUCHMOCTh
TATOBOIO YCHJIMSL OT CKOPOCTH €ro IBIDKEHHs. AHalIM3 ypaBHEHHUS IIOKa3bIBAaeT KBaIPaTHUHYIO
3aBHCUMOCTb TSTOBOI'O YCHJIMA MCCIELYEMOro IOYB0oOoOpalaThIBaloero pabdodyero opraHa oT
ckopocTH aBwxkeHus. [Ipu 3ToM, CpaBHHUTENBHBIA aHAU3 MMOKa3all, YTO PE3YNTaThl TCOPUTCUECKHX
UCCIIEIOBAHN U 9KCIIEPUMEHTAIBHBIX JAHHBIX OJM3KU. YKa3aHHOE CBHIETEIbCTBYET O MPAaBUIBHOCTH
HaIlpaBJICHUsI UCCIIEIOBAHUH.
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COBEPHIEHCTBOBAHME TEXHOJIOI'MYECKOI'O ITIPOLECCA U PASPABOTKA
PABOUYHUX OPTAHOB CTEPHEBOM CESLJIKH JJ151 IOCEBA 3EPHOBBIX KYJIBTYP
IMPROVEMENT OF TECHNOLOGICAL PROCESS AND DEVELOPMENT OF TILLAGE
TOOLS OF DRILL SEEDER FOR SOWING OF THE GRAIN CROPS

AHHOTaNUA

[ToBbIIEHHE YPOKAHHOCTH 3€PHOBBIX KYJIbTYp BO MHOTOM 33aBHUCHUT OT HPaBHJIBHOCTH BBIOOpA
crioco0a ToceBa M KauecTBa BbICEBa CEMSH B TOYBY. B 3TO#l CBSI3M TEpPCIEKTUBHBIM SIBISIETCS
HO/IMOYBEHHO-Pa30pOCHON Croco0 TMoceBa B paMKax COBPEMEHHBIX arpOTEXHOJOTHI BO3/IEIBIBAHUS
3epHOBBIX KynbTyp B CeBepHom Kazaxcrane. JlaHHas CTaThs IIOCBSIEHA HCCJICIOBAHUIO,
COBEpILIEHCTBOBAHUIO M pPa3paboTKe padO4YMX OpPraHOB CEsUIKH ISl TOANOYBEHHO-Pa30pOCHOTO
crocoba moceBa cemsiH. llenb pabOThl — MOBBIINICHHE YPOXKAHHOCTH 3EPHOBBIX KYJIBTYp 3a CUeT
Pa3pabOTKH KOMILUIEKTa YCOBEPILICHCTBOBAHHBIX IIOCEBHBIX pa00YMX OPraHOB CESUIKU VIS TOATIOYBEHHO-
paszopocHoro criocoba mocesa. [IpoBeeH aHanu3 crocoOOB TMOCEBa CEMSH B paMKax COBPEMEHHBIX
arpoTEeXHOJIOTHI BBIPAIIMBAHUS CEIbCKOXO3IHCTBEHHBIX KYIBTYp B CeBEpHOM pETHOHE PecITyOJINKH.
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BrimonaeH 0030p CTEPHEBBIX CESUIOK M MOCEBHBIX pab0YMX OpraHoOB, OOIIMPHO HCIOIB3yeMbix B PK.
Hns  momydeHWs MakcHManbHOTO d(@dexTa oT TOoANOYBEHHO-pa3OpocHOro crmocoda TmoceBa
NPE/NIOKEHA KOHCTPYKTUBHO-TEXHOJIOTHYECKAs CXeMa KOMIUIEKTa YCOBEPIIICHCTBOBAHHBIX ITOCEBHBIX
pabounx OpraHoB. PaccMOTpPEeH TEXHOJOTMYECKUN MPOIECC IOCeBa MPEAJIOKCHHBIM KOMIUIEKTOM
YCOBEPIICHCTBOBAHHBIX TIOCEBHBIX pabounx opraHoB. [IpuMeHeHHe YKa3aHHOTO KOMIUIEKTa PabodInx
OpPraHOB TIO3BOJIUT CO3JIaTh OJArONPHATHBIC YCIOBUS JUII POCTA W PAa3BHTUS PACTCHHH,
00yClIaBIMBAaCT MOSIBIICHUE JPYKHBIX BCXOJOB, M, CJICJOBATEIBHO, OJArONPHITHO OTPAa3HTCS Ha
(opmupoBanum Oyrymiero ypoxas u 3pGeKTHBHO MMOBIUSET HA MOBBIIIICHHE YPOKAHHOCTH.

ANNOTATION

Increasing the yield of grain crops largely depends on the correct choice of the sowing method
and the quality of seeding into the soil. In this regard, the subsoil-broadcast sowing method is
promising within the framework of modern agricultural technologies for cultivating grain crops in
Northern Kazakhstan. This article is devoted to the study, improvement and development of seeder
tillage tools for the subsoil-broadcast sowing method. The purpose of the work is to increase the yield
of grain crops by developing a set of improved sowing tillage tools of the seeder for the subsoil-
broadcast sowing method. The analysis of seed sowing methods within the framework of modern
agricultural technologies for cultivating agricultural crops in Northern of the republic is carried out.
A review of stubble seeders and their sowing tillage tools, widely used in the Republic of Kazakhstan,
is made. To obtain the maximum effect from the subsoil-broadcast sowing method, a design and
technological scheme for a set of improved sowing tillage tools is proposed. The technological process
of sowing with the proposed set of improved sowing working bodies is considered. The use of the
specified set of tillage tools will create favorable conditions for the growth and development of plants,
causes the emergence of friendly shoots, and, therefore, will favorably affect the formation of the
future harvest and effectively affect the increase in productivity.

Kmoueebte cjaoesa. pa36pocnoﬁ noces, COuHUK, npukamblgaiomue Kamku, cmepneeaﬂ cesjiKa,
HAOCeMeHHOU CIoU NoY6bl
Key words: broadcast sowing, coulter, compaction rollers, stubble seeder, topsoil

Beenenne. OcHoBHOU OTpacibpio 3emienenuss PK sBisercss mpon3BoacTBo 3epHa. B HacTosmiee
BpeMs 3€pHOBBIE KYJIBTYPhl COCTaBISIOT mpuOmm3uTenbHo 80% BCeX TOCEBHBIX —IUTOMIAEH
CEJIbCKOXO3SIMCTBEHHBIX yroauii [1]. B cBsi3u ¢ 3TuM, oOecrieyeHre yCTOMUMBOIO MPOM3BOCTBA 3€pHA
SIBJISIETCSl  KITFOUEBOM TPUOPUTETHOM 3a/ladedl CTpaHbl, TaK KaK OHO WIPAeT pENIAIONIYI0 POJb B
TMOJIeP>KaHUH TIPOJIOBOJILCTBEHHON 0€301TaCHOCTH TOCYAAapCTBa M CIIOCOOCTBYET PAa3BUTHIO CBS3aHHBIX
¢ HuM cextopoB AIIK. OnHako, ypoxkaiiHOCTh 1O 3epHOBBIM KynbTypaMm B Kazaxcrane HaxonuTcsd Ha
HU3KOM ypoBHE [1].

[loBpIIeHNE ypOKAWHOCTH 3€PHOBBIX KYJIBETYp BO MHOTOM 3aBHCHT OT NPaBHJIBHOCTH BEIOOpa
crioco0a ToceBa M KauecTBa BbIceBa CEMSH B TOYBY. B 3TO#l CBS3M NEpPCIEKTUBHBIM SIBISIETCS
MOIMTOYBEHHO-Pa30POCHOM croco0 roceBa 1o TpaJULIMOHHON MMOYBO3AIUTHOU 51
pecypcochOeperaromnieii TEXHOJIOTUAX C MHHAMAIBbHON 00paboTkoil mouBel B 30He CeBepHOTO
Kazaxcrana.

Ilpn ykazaHHOM crmoco0Oe IOoceBa OCHOBHas 3ajadya 3aKiIioyaeTcs B CIEAYIONIEM:
1) paBHOMEpHOE pacrpeneeHne CEMSH 10 TUIOMIAU o (MuTaHus); 2) obecriedeHne OqMHAKOBON
JUIST BCEX CeMsH TIIyOWHYy 3aJeNKy; 3) AOCTaTOYHOE YIUIOTHEHWE W PaBHOMEPHOE NPHKATHIBAHWE
BEPXHETO HAJICEMEHOTO CJIOS TMOYBHL;, 4) oOecrieueHre BIaroil M MUTATENbHBIMH BEIECTBAMH 32 CUET
Ha/IeKHOTO KOHTAaKTa CEMSH C IOYBOW; 5) BRIPABHUBAHHE IOBEPXHOCTU IOJS C (OPMUPOBAHHEM
METKOPEeOPUCTON BETPOYCTONINBON TTOBEPXHOCTH TIOJIS.

YKa3aHHOE TO3BOJISIET CO3[aTh OJArONMPHUSTHBIE YCIOBHS Ui POCTa W Pa3BUTHA PACTEHUM,
o0yciaBnuBaeT MOSBIEHHE APYXHBIX BCXOJOB, M, CIEIOBATENbHO, OJAarompUsATHO OTpaXkaeTcs Ha
dopmupoBaHuH Oyaymiero ypoxas u J(QQEeKTHBHO BIHWSIET HAa TMOBBIIICHHE YPOXKANHOCTH.
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HccnenoBanusMH yCTaHOBIIEHO, YTO IMPH 3TOM pocT ypoxkass nocturaer ao 20% [2]. Yka3anHoe
3aBUCHUT OT IPABHWJIBHOCTH BBIOOpA ITOCEBHBIX PabOYMX OPraHoB.

Jns monmydeHust MakcMManbHOTO 3((deKTa oT MOANOYBEHHO-pa3OpoCHOro crocoba moceBa
HEOO0XOUMO PaBHOMEPHO PAaCIpEAeTIUTh CeMeHa U MPAaBUIIBHO YIJIOTHUTH HaICEMEHHON CIIOW OYBHI.
JanHpIii c1oco6 1moceBa MPOU3BOAUTCS CTEPHEBBIMU CESUIKAMH CO CTPEIbYATO-TIANOBBIMU COIIHUKAMU
C pacmpeleuTeNs MU CEMsSH B IOAJIAIOBOM IPOCTPAHCTBE M MPUKATHIBAIOIIMMU (YIJIOTHSFOIIMMHU)
KaTKaMHU.

HccrnenoBaHnuio  TEXHOJIOTMYECKOrO  Ipolecca  IMOANOYBEHHO-Pa30pPOCHOTO  IIOCEBA U
000CHOBAHHIO MapaMETPOB PabOUYMX OPraHOB IMOCBSIICHBI PA0OTHI MHOTHX Y4eHbIX [3-6].

[lpoueccy mpuKaThIBaHMS TOYBBI M OOOCHOBAaHMIO TAPAaMETPOB TPHKATHIBAIOIIMX KAaTKOB
MOCBSIIIICHBI TPY/IBI MHOXKECTBA HcciepoBarenei [7-9].

KayectBo moceBa mpu MOJHOM 3aBEPIIEHUH TEXHOJOI'MYECKOTO IIpOLecca IOANOYBEHHO-
pa3dpoCcCHOro moceBa CeMsH ONMPENENIeTCs] COBMECTHON PabOTOM COITHMKOB M YIUTOTHSIIOIINX KaTKOB.
OpHako, yKa3aHHOE HE B IOJHOM Mepe YYMTHIBAeTCS HCCIenoBaTelsIMu. Takum oOpa3oM, U3ydyeHHe
BOIIPOCOB IIOJTHOT'O TEXHOJOIMYECKOI'0 IUKJIA MOJIOYBEHHO-Pa30pOCHOro crocoba 1mocesa 3a4acTyro
OCTaroTcA 3a IpeesiaMy BHUMAaHHUS UCCIIe0BaTeNeH.

B sroii cBs3M, pa3paboTKa KOMIUIEKTa YCOBEPIICHCTBOBAHHBIX IOCEBHBIX Pa0OYMX OPraHOB
CESUIKU 7151 ITOIIOYBEHHO-Pa30pOCHOr0 CrIoco0a MoceBa 3epHOBBIX KYJIbTYP SIBISETCA aKTyaJIbHOM.

Llens paboThl — TOBBIIICHUE YPOKAWMHOCTH 3€PHOBBIX KYJBTYP 3a CUET Pa3pab0TKH KOMILIEKTa
YCOBEPLICHCTBOBAHHBIX OCEBHBIX PA00UYHX OPraHOB CESUIKU AJIS IIOATIOYBEHHO-Pa30opOCHOro crocoba
10CeBa.

Marepuajisl M MeToabl HccienoBanmii. [IpoBeneH aHamu3 cmocoOOB TMoceBa CEMSH,
npumensieMbix B CeBepHoM KazaxcTtane B paMKax TpaJWUMOHHOM TOYBO3ALUUTHOH U
pecypcocbOeperaroriell TEXHOJIOTHIA ¢ MUHAMAIILHONH 00pabOTKO#l MOYBHI MIPH BO3IETBIBAHUN 36PHOBBIX
KyJIbTYp. BBINMONHEH 0030p CTEPHEBBIX CESUTOK M UX PabOYMX OPraHoB /ISl IIOCEBa 3€PHOBBIX KYIBTYP,
mpoko npuMeHsiemMblx B CeBepHoMm Kaszaxcrane. PaccMOTpeHBI TEXHOJOTMUYECKHE IPOLECCH U
BBISIBJICHBI OCHOBHBIC IPEUMYIIECTBA M HEAOCTATKH PpabOYNX OpraHoB. ArpoTeXHUYEeCKHe TpeOOBaHUs
K TEXHOJOTMYECKOMY TPOLIECCY U CesIKaM JUIsi TOANOYBEHHO-pa3dopocHOro crocoba Mmocesa
npuBeeHbl B Tabmie 1 [10-13].

Tabmuia 1 — ArporexHudeckue TpeOOBaHUS

IMoxa3arenun 3HaueHus
40,0-80,0 mm u 6osee 80,0% J0KHO OBITH
I'my6uHa 3aenKu 3aJIeJICHO Ha TIYOUHY C OTKIIOHEHUEM He
bonee 1 cm
IIinorHOCTH MOYBEI B ceMeHHOM ciioe 5,0-10,0 cm 1,0-1,2 r/em®

IIPUKATaHHAs, yCTONYUBBIM K BETPOBOM 3p03UN

[ToBepXHOCTH MOJIS MOCHIE KATKOB N N
pouik ¢ BEICOTOM TpedHel He Oolee 2 cMm

Yucno 3p03MOHHO-0NIACHBIX YaCTUYEK B

HE JIOJDKHO YBEITMYUBATHCS
noBepxHocTHOM citoe (0-5,0 cm)

CoxpaHeHue CTepHU 6onee 70,0%

Hcxonst u3 arpoTrexHHYecKHX TpeOOBaHUIl K TOCEBY 3€pPHOBBIX KYJIBTYp W TPOBEIEHHOTO
aHaJIN3a, MPEUI0KeHa KOHCTPYKTHBHO-TEXHOJOIHYECKas CXEMa KOMIUIEKTa yCOBEPIIEHCTBOBAHHBIX
MOCEBHBIX Pa0OYHMX OPraHOB.

Pe3yabTaThl HccaegoBanus u odcysxknenne. B Ceeprom Kazaxcrane B pamkax TpaJullMOHHON
MOYBO3AIIUTHOW M pecypcocOeperaronieli TEXHOJIOTHH ¢ MHHUMAIBbHOH 00pabOTKON IMOYBHI
NPUMEHSIOTCS Pa3IMYHBIE CHOCOObI TOCEeBAa CeMsSH M BHIBl PabOYMX OpPraHoB CEsUIOK UL €ro
ocyrecTBieHws, Tabmura 2 [14].
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Ta6n1/1ua 2-— HpI/IMeHﬂeMLIe CIIOCOOKI MOCceBa U BUbI ITIOCCBHBIX pa60‘lI/IX OpraHoB

Ne | PaGouwme opransr |

ITonepeuHnsblii pa3pe3 NOCEBHOIO CIOS

HpI/IKaTLIBaHI/IC OTHOPSAJIHBIMU KIMHOBUIHBIMU KaTKaMH

>

...O

= {id

1) PsmoBoii crroco6 moceBa

2) JlenTouHbI# crioco0 moceBa

Sabytgigd0yhat o0
BRRTHR

3) Pa36pocHoit criocob mocesa

4) Pa36pocHoii criocob mocepa

CJIOH; 3 — IUIOTHBIA NOYBEHHBIN cIoi (JI0Ke)
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Arpap/siblK TEXHUKA HOHE TEXHOJ/IOrns

Hawnbonee mmpoko npumeHsieMblii criocod — 3TO PSIOBOM MOCEB, MPU KOTOPOM IIMPHHA PSIKOB
cocrapmsier 4,0-50cm m wmexnypsmee 22,8-25,0cM. OH  BBINOJNHSCTCS CTEPHEBBIMH  CESITKAMHU-
kynsTuBaropamu cemeiictea C3C, CTC u CKII, a taxxe psmom IIK mameHero 3apyOexss. Ilpu atom,
OJJHOBPEMEHHO C IIOCEBOM MPOW3BOAUTCS MPEANIOCEeBHAas 00padOTKa MOYBBI CTPENHYATO-JIATIOBBIMU
COIIHMKAMH. J[JIs yIUIOTHEHHSI HaZICEMEHHOTO CJIOS IIOUBBI IIMPOKO MCHOJIB3YIOTCS! KaTKU KIIMHOBHIHOTO
TUNA METAJUIMYECKON KOHCTPYKLMH C OJHOPSIHOM YCTAHOBKOW, UIYLIUE CIECAOM CTPOrO 3a COLUHMKAMHU
(Nel) [15-17]. I'maBHBIM HEJOCTATKOM SIBISICTCS PEOPUCTBIH pesibed MOBEPXHOCTHU MMOJIS MOCIE MPOXOo/a
pabounx OpraHoB. YKa3aHHOE TNPEICTAaBIACT CEPbE3HyI0 MpoOJIeMy BO BpeMsi YOOPKH, IMOCKONBKY
3aTpyaHseTcs pabora KOMOaifHOB OCEHBIO BO BpeMs YOOPKH MOTIepeK HaIpaBIeHHs TIOCEBa.

B pamkax arporexnomyormii, nmpuMeHsieMbIx B CeBepHoM KazaxcTtaHe, MIMPOKO HCIOJIB3yeTCS
TaKXe JICHTOYHBIN (T0JIOCHOM) criocob mocesa. lllupuHa momoc noceBa Bapeupyertcs B mpenenax 10,0-
18,0 cM, a paccrosiHUE MEXIy CepelMHaMU CMEXHBIX IOJIoc (MeXIyciense) cocrapisier 22,8-30,0 cm.
DTOT croco0 OCYIIECTBISIETCSl C MCTIONB30BaHneM cTepHeBbIX cesutok trma CKII-2,1 «Ommukay. s
VIUIOTHEHHSI HAJICEMEHHOTO CJIOSI IOYBBI Ha IIUPUHY JICHTHI BHICESTHHBIX CEMSTH ITUPOKO MCIONB3YIOTCS
KOJIbUATO-IITIOPOBBIE KAaTKK C OJHOPSIHON ycTaHOBKOW (Ne2). DTu KaTku 00ecleunBaoT AOCTATOYHO
Ka4eCTBEHHOE BBIPABHMBAHHE IOBEPXHOCTHOI'O CJIOA IIOYBBI B I'PAHUIAX IIMPUHBI IIOJOCHI IOCEBA.
OnHaKO OCHOBHBIM HEIOCTATKOM TaKHX KAaTKOB SBIISIETCSI MX CKJIOHHOCTh K Ype3MEpHOH 3ajielike B
MOYBY CTEPHH, YTO YMEHBIIAET BETPOBYIO YCTOMYMBOCTH MOBEPXHOCTHOTO ciios. bomee Toro, mpu
MOBBIIIEHHOM BJIa)KHOCTH TOYBBI JaHHBIC KATKU MOTYT 3aJIMIIaTh U 3a0MBAThCs, YTO HAPYLIAET IPOLECC
yIUIOTHEHHs1 1ouBbl. IIpu 3TOM, 4YMCTHKKM He OOECIeuMBAIOT MPEINOTBPALICHUE AAHHOTO SIBJICHUSL.
HOC‘)TOMY HCIOJIB30BAHUC KOJIBYATO-IIIIOPOBLIX KATKOB OrpaHUYMBACTCS 110 BJIAXKHOCTU ITOYBBI.

B paiioHax c yCIOBHSMH IOCTATOYHOTO YBJIQXKHEHHS ITOYBBI MAaKCHUMaJbHO 3()(eKTUBHBIM
CIOCOOOM ITOCEBA B paMKaX COBPEMEHHBIX arpOTEXHOJIOTUH SBIISETCS MOANOYBEHHO-pa30opocHoi. OH
BBITIOJIHACTCA  CCAJIKaMU  KYJIBTUBATOPHOI'O THUIIA CO CTPCIbYATO-JIallOBBIMKU  COIIHHUKaMU C
pasOpackiBarensMu cemsiH. [Ipu 1aHHOM crmocoOe moceBa ceMeHa paBHOMEPHO paclpeielistoTcs 0
wiomaayn monst. Jns paBHOMEPHOTO YIUIOTHEHHUS CJIOS HOYBBI C CEMEHAMH W IPHUKATHIBAHUS
MOBEPXHOCTH TMOJII C WENbl0 OOECIeYeHus OJUHAKOBOW Uil BCEX CEMSH TIIyOWHBI 3aelIKu
HCIIOJIB3YIOTCA PA3JIMYHBIC BUABI IPUKATBIBAIOINX KATKOB.

[Ipu moamo4YBeHHO-Pa30POCHOM CHOCO0E IMOCeBa PSAAKOBOE MPHUKATHIBAHHE HE OOECIIeYMBACT
paBHOMEpHOE YIJIOTHEHUE CJIOSl MOYBBl HAJ CEeMEHaMH. TakK, KIMHOBUIHBIE KaTKH (HOPMHUPYIOT
ropUpOBaHHBINA pelbed MOBEPXHOCTH MOJIS, B CBA3M C YeM, CEMEHA, paBHOMEPHO paclpe/ieieHHbIe
Ha OJHOH IiIyOWHE 3a/IeJKH, OKa3bIBAIOTCS HAa PACCTOSHHUM, PA3IUYHOM OT JHEBHOHM MOBEPXHOCTH
(Ne3). CrnenoBarenbHO, HE 00OECIEUMBAIOTCS PaBHBIC YCIOBHUS IJIi POCTa PACTEHUIl, M3-3a 4Ero
YXYALIAETCSI UX BCXOXKECTh M PAa3BUTHE, YTO, B KOHEYHOM CYETE, OTPAYKAETCS Ha ypoxkalHOCTH. [Ipu
9TOM, TpeOHHCTas TIOBEPXHOCTD IOJISl TAKXKE CO3JIAeT CIOKHOCTH B pabore komOaitHOB mpu yOopke
ypokasi, 0cOOEHHO IIpH IONEPEYHOM J[BW)KEHHMH K HalpaBlICHHIO IoceBa. B pesynbraTe mocne
MOCEBHBIX PabOT BO3HUKAET HEOOXOAMMOCTH B JIOTIOJHUTEIHHOM BBIPABHUBAaHMU W YIJIOTHEHUH
IMOBEPXHOCTHU IMOYBEI, YTO BEJACT K POCTY SKCINNTyaTallMOHHBIX 3aTpart.

B MeHbmieil Mepe 3TH HEJOCTAaTKH OTHOCSATCS K OJHOPSIAHBIM KOJIBYATO-IIMOPOBBIM KaTKaM,
MIOCKOJIBKY OHHU IIMpe KIMHOBHUIHBIX, IIPU 3TOM KaueCTBEHHEE BBIPABHUBAIOT IMOBEPXHOCThH IIOJIS.
O,Z[HaKO " B OTOM CJIyda€ HE BCC PaCTCHHA HAXOAATCA B PABHLIX YCJIOBUAX 1O I‘J'IY6I/IHG 3aCJIKH.

C sroit npodnemoii 3¢ (heKTuBHEE CHPABIAIOTCA KOJIbUATO-IINMOPOBLIC KATKU C JIBYXPSIHBIM
pacrionoxenneM (Ne4) [18]. TakuMu kaTKamMu OCHAILlEHa YHUBEpCalIbHas cesika-KynbTuBaTop Y CK-2
Jutst pa3dpocHoro mocesa. OTHAKO, TOMUMO BBIIICTIEPEUNCICHHBIX HEIOCTATKOB KOJILYATO-IIITOPOBBIX
KaTKOB, JBYXPSIHOE PACIIONIOXKECHUE KATKOB YCIOXHSET KOHCTPYKIMIO CESUIKH W BEEeT K POCTY
METaJUIOEMKOCTH H, CJIEI0BATEIBHO, IKCILTyaTallHOHHBIX 3aTpaT.

Ha cesnkax mpou3BOACTBa JAIBHETO 3apyOekbsl IUPOKO UCTIONB3YIOTCSl THEBMATHYECKUE WIIH
JNacTUUHble OOpe3WHEeHHble KaTku paznuuHoro npoduis [19,20]. OHM MeHee TOABEPIKEHBI
3aunaHuio. TeM He MeHee, HX HaJeKHOCTh U JOJITOBEYHOCTh CHIKAIOTCS, B YACTHOCTH NP paboTe ¢
MIOYBOH, coJeprkalield HHOPOAHbIe BKIoueHusA. Kpome Toro, 1OporoBu3Ha 3TUX KaTKOB 3HAYUTEIHHO
YBEIMYUBAET Ce0ECTOMMOCTh MPOAYKIWH. MCXoms W3 arpoTeXHUYECKHMX TpeOOBaHHWH K IIOCEBY
3C€PHOBBIX KYJIBTYP U IMIPOBEACHHOI'O aHaIn3a, Npeajarac€Tcsd KOHCTPYKTUBHO-TCXHOJIOI'HYCCKas CXEMa
KOMIUJIEKTa YCOBEPILICHCTBOBAHHBIX MOCEBHBIX Pa0OYMX OpPraHoB, COCTOSIIAs W3 CTPEIb4aTo-
JIaltIOBOro COMIHWKA C MOJYHWIMHIAPUYCCKHUM pa36paCLIBaTeneM U OJHOPAAHBIX MNPUKATBIBAOIINUX
KaTKOB KIIMHOBUJIHOI'O THIIAa, OCHAIICHHBIX JOIIOJIHUTCIBbHBIMHU IIPYTKaMHU, pUCYHOK 1.
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a 0
1 — croiika; 2 — JOTOK JUIsl CEMSIPOBO/A; 3 — CTpesbyaTas Jiana; 4 — miacTuHa; 5 —
MOJTYIMIHHIPUYECKHIA pa3dpacsiBaTesb; 6 — Ba; 7 — MPUKATHIBAIOIINI KATOK KIIMHOBHIHOTO THIIA; 8

— MIPYTKH
a — CTPEJbUaTO-JIAMIOBBIN COIHUK C MOMYIMIUHIPUISCKUM pa3OpachIBaTeIeM;
0 — OTHOPSITHBIC TIPUKATHIBAOIIUI KATKW KIWHOBUHOTO THITA, OCHAICHHBIC JTOTIOTHUTEIbHBIMU
MpyTKaMu
Pucynoxk 1 — O0muwmii BUJ pejiaraeMoro KOMIDIEKTa YCOBEPUICHCTBOBAHHBIX TIOCEBHBIX pab0OUnX
opraHos B 3D

Hns obecrieuenust pa3OpacbiBaHusi (pacceBa) CEMsSH C PaBHOMEPHBIM paclpe/eieHueM
CTpenbyaras Jiara BBIMOJIHEHA 3aKPBITOH JUIsl 00pa30BaHMs MOIOYBEHHOI'O IPOCTPAHCTBA IS TIOJIeTa
ceMsiH. BHyTpH mozianoBoro npocTpaHcTBa YCTaHOBJICH MOyLMIIMHAPHUECKUH pa3zopacbiBarens. OH
BBINOJIHEH U3 OTPEe3Ka IUIACTHUKOBOM TPyOBl M KPEHMTCS C MOMOLIbIO 0ONTAa K HIDKHEH 4acTH CTOWKHU
COLITHHKA HAPYKHOHU TUaMETPaNIbHOM OBEPXHOCTHIO BBEPX.

Jnst momydeHuss MakCHMaIBbHOTO 3(QeKTa mpu MOAINOYBEHHO-Pa3OpPOCHOM CITOcO0e IoceBa
MIOMHUMO KOHCTPYKILIUHM COLIHMKA C Pa30packiBaTeNIeM CeMsH, OOJBIIYIO POJIb UTPaeT TAaKXKe CIoco0 U
YCTpOfICTBO JJId YIIDIOTHCHHA W NPUKATBIBAHUSA BBICCAHHBIX CEMSIH, 06eCHe‘II/IBaIO]lII/IX ONTUMAaJIbHBIN
THIPOTEPMHUUECCKHI PEXKHM B BEPXHHUX CIIOSX MMOYBBI M YPOBEHb pa3MEIICHUsI CEMSH TI0 TTyOHHE.

i1 paBHOMEPHOTO BBIPDABHUBAHMS TOBEPXHOCTHOI'O CJIOS MOYBHI 32 | HPOXOJ M CO3JaHHMS
YCTOMYMBOH K BETPOBOM SPO3UMM MOBEPXHOCTH C MEJKHUMHU IPEPHIBUCTHIMH T'peOEHKaMH,
MOACPHU3UPOBAHHBIC KIIMHOBUAHBIC YIUIOTHAIOIIHUE KAaTKH o6opy)1013aH1)1 BCIIOMOT'aTCJIbHBIMU
NpyTKaMu. DTH NPYTKU 3aKPEIUICHbI CBAPKOM MEXAy KIMHOBHIHBIMH YIUIOTHSIOIIMMHU KaTKaMH IO
IMaMeTpy KIMHOBUAHON dYacTH (OCHOBaHHA), YTO CHOCOOCTBYeT 3(PPEeKTHBHOMY YIUIOTHEHHIO
BEPXHETO CJI0s IOYBHI HaJl ceMeHaMU. brarogapsi BHIMOITHEHNIO TEXHOJIOTHYECKOTO Mpoliecca MoceBa,
IMPUKATbIBAHUA W BbIPpABHUBAHHWA IOYBBI 3a OAWH IIPOXOJ] O6eCHe‘-II/IBaeTCH COKpalI€HUC KOJINYCCTBaA
OIIepaLyH, YTO [TO3BOJIMT IOBBICUTH HKCIUTyaTallMOHHBIE XaPAKTEPUCTHKH CESUTKH.

TexHONMOTMYeCKUH TpOIeCC TOAMOYBEHHO-Pa30pOCHOTO crocoba ToceBa IpejiaraeMbiM
KOMIIJIEKTOB TIOCEBHBIX pab0UMX OPTaHOB 3aKJIFOYAETCS B CIICTYIONIEM, PUCYHOK 2:

— COILIHMK, NMPOHHUKasi B IOYBY HAa YCTAHOBJICHHYIO IJIyOMHY, OCYIIECTBIIICT DBIXJICHHE U
NOJpe3aHNe COPHSKOB, OAHOBPEMEHHO IPHUIIOJHUMASI IMOBEPXHOCTHBIA CJIOW MOYBBI, YTO CO34AET
OINITHMAJIbHBIE YCJIOBHS JUIS BHICEBAHHS CEMSH;

— CEMEHHOM Marepuain M3 3epHOBOro OyHKepa IOCTyNaeT 4yepe3 BBICEBAIOUIMK armapar Io
CEeMSINPOBOJIaM B COIIHMK M YIApSAIOTCS CBEPXy O HApYXHYI0 IUAMETPAIbHYIO MOBEPXHOCTh
HOYIWINHIPUYECKOr0 pa3OpachiBaTesiss M Jajiee IMOJAIOTCS HA JHO OOpO3IBI M pacceBaroOTCH,
PAaBHOMEPHO pacIpeiessich Ha MINPUHY 3aXBaTa CTPEIbUaToH JIATIbl;

— Macca I04BbI, IepeMelasch Ha3al 0 HOBEPXHOCTH (TIACTUHBI) CTPENbYATOM JIallbl COLTHUKA
U Tajgas BHU3, 3aKPhIBAeT BBICESHHBIE CEMEHa M B IIOCIEAYIOIIEM PaBHOMEPHO YIUIOTHSAETCS
NPUKATHIBAIOIINMHI KaTKaMH, YCTAHOBJICHHBIMH 32 COITHUKAMM;
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— B PE3YJbTATC MOABJIAIOTCA PABHOMCPHBIC MO MIMPHUHE U T J'IY6I/IHC POCTKHA U, CJICOOBATCIBHO,
APYXHBIC BCXOABI CEMSIH.

a
1 — yMepeHHO pBIXJIBIA CIIOW TOYBBI; 2 — YIUIOTHEHHBIM KaTKaMH CJIOH IMOYBBI C CEMEHAMU;
3 — IUIOTHBIH CJI0M MOYBHI (JIOKE)

a — BuJ pabovnx OpraHoB; O — MOMEPEYHBINA pa3pe3 MOCEBHOTO CIIOS
Pucynok 2 — TexHonormueckuii mporecc Mo noYBeHHO-pa30pOCHOro crocoba mocesa ¢
IpeJIaraéMbIM KOMIUIEKTOM IIOCEBHBIX pabounX OpraHoB

3aknouenue. [loBblmieHHe ypo)KaHOCTH 3€pPHOBBIX KYJIBTYp BO MHOTOM 3aBHCHUT OT
MPaBUIIBHOCTH BBIOOpPA crioco0a MoceBa M KauecTBa BHICEBA CEMSH B TOYBY. AHAIN3 MMOKa3bIBAET, YTO
B OTOH CBSA3M MEPCIEKTUBHBIM SIBJISIETCS MOANOYBEHHO-PAa30pOCHOM cmoco0 moceBa B paMKax
TPaJUIMOHHON TOYBO3AIIMTHON U pecypcocOeperaromieil TEXHOIOTHIX ¢ MUHUMAaIbHOW 00paboTKoM
nouBsl B ycioBusix CeBepHoro Kaszaxcrana. [lnsg momydeHuss MmakcuMaibHOro 3¢gexta oT
MOJIOYBEHHO-Pa30pOCHOro crocoba MmoceBa MPeIOKEHa KOHCTPYKTUBHO-TEXHOJIOTHYECKAsT CXeMa
KOMIUJIEKTa YCOBEPILICHCTBOBAHHBIX IOCEBHBIX pPabouux oOpraHoB. lIpuMeHeHHME yKa3aHHOTO
KOMITJIEKTa pabounX OpraHoB TO3BOJIUT CO3[AaTh ONAronpUsITHBIC YCIOBHS AJSI POCTa W Pa3BHTHUS
pacteHuii, oOyciaBnMBaeT TOSBICHUE IPYKHBIX BCXOJOB, M, CJEIOBaTENbHO, OJIarompHsTHO
oTpazuTcsi Ha (OPMUPOBAHUM Oyaymero ypoxkas # 3(PQPEeKTHBHO TOBIUSET HA TIOBBIIICHUE
YPOXKaHOCTH.
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TYHUIH

JloHai MaKkbUIIAP/IbIH IBIFBIMIBLUIBIFBIH aPTTHIPY KOI Xarjaina ce0y oJiCiH JYphIC TaHIayFa
JKOHE TOITBIpaKKa TYKbIM ceOy camachiHa OaiinanbIcThl. OchiraH OaitnanbicThl ConrycTik Kazakcranma
JOHII  JaKbUIIApAbl  O©CIpYIiH 3aMaHayd arpoTEXHOJOTHSIAPBl  asChIHIA JKep KOMHaybIHIA
HIambIpaHKbl eric 9J1ici Kejemeri 30p. by Makaia TyKpIM ceOy/IiH TOMBIPAK acThIHA TapaTy SJiCiHe
apHaJIFaH CeIKIIITiH JXYMbIC OJIIKTEpiH 3epTTeyre, JKETUIAIpyre J>oHE JaMBbITYyFa apHaliFaH.
JKyMBICTBIH MaKcaThl TOMBIPAK acThl €TiC 9JiCiHE apHAJFaH CEeMKIIITiH JKeTUIIIpUIreH ceby »KYMBIC
OeJIiKTEpiHIH KEIISHIH JKacay apKbUIbl JOH/I JaKbULAAPABIH OHIMIUIINIH apTThIPY OO0JIbIN TaObLIaIbL.
PecniyOnukamer3npiy  CONTYCTiK OHIpiHIE aybUIMIapyallbUIbIK JaKbULAApAbl OCipyIiH 3amaHayd
arpoTeXHOJOTHSIApHl  asChIHAA TYKBIM  ce0y omicTepiHe Tanmmay okacanipl. Kazakcran
PecniyOnukacbiHia KEHIHEH KOJAaHBUIATHIH TYKBIM CENKIIITEp MEH CENKilll )KyMbIC OeJliKTepiHe Moy
’KacajiZibl. TONBIPAK AacThlHA IHAIIBIPAHKBI Ce0y oiCIHEH MAaKCHUMaJAbl HOTIKE aiy YIIiH
KETUAIpiIreH cedy IKYMBIC Kypalgapbl KeIIeHIHIH KYPbUIBIMIBIK-TEXHOJOTHUSIIBIK —CYI0achl
YCBIHBUIAABI. YCBHIHBUIFAH JKETULMIPUITEH ery JKYMBIC KypaiJIapbl JKUBIHTBIFBIMEH €TICTIH
TEXHOJIOTHSUIBIK MPOIIeCi KapacThIpbUraH. beriieHreH s yMbIc 0OJIIKTEPiHIH KUBIHTBIFBIH Mai1aaany
OCIMJIIKTEP/IiH 6Cyl MEH JaMybl YIIIH KOJaWibl Kargal »kacaipl, OipKelki eciM maifjga Oojapbl,
JleMeK, OoJamak eriHHIH KajbllITaCyblHA OH ocep eTeli XOHE MKeMicTepre THIMAlI ocep eTeq.
OHIMJIUTIKTI apTTHIPY.
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KEJI )KOHE JMHAMUKAUJIBIK ) KYKTEMEJIEPAI ECKEPE OTBIPBIIL, ’KEJI
TYPBOI'EHEPATOPJIAPBIHBIH IPTETACBIH ECEIITEY EPEKIIEJIKTEPI
CALCULATION OF THE FOUNDATION OF WIND TURBINE GENERATORS, TAKING
INTO ACCOUNT WIND AND DYNAMIC LOADS

AHHOTALIUA

byn feutbiMu Makanana Kyatsl 4,8 MBT jken TypOWHachl ipreTachblHBIH Jep TOCeMiMEH
JUHAMUKAIBIK ©3apa opeKeTTecy Maceneci KapacThpbUiabl. JKYMBICTBIH MakcaThl-OChl  ©3apa
OpeKeTTecyli €CKepeTiH MOJIENb/II 93ipliey JKoHe Tajiay, COHBIMEH KaTap WHXKEHEPIiK Taxipuoeme
KOJIJIaHY YIIIiH €CENTey SiCTEePiH KEeHIIIETY.

3epTTey Kep TeceMi )KapThUIal MIEKCi3 KEHICTIK PETIH/IE YChIHBUIFAH JKOHE JKeJ TYpOUHACHIHBIH
ipretacbIMEH e3apa OpeKeTTecy cepimnmemi-neMndepiik >IeMEHTTepPMEH MOJAECTbJACHETIH MO/EIb
Kypyabl KamTuabel. Ecenteynepni ®eHUIETy YIIiH KATTBUIBIK TMeH aeMrdepiik xKodddumuentrepai
aHBIKTayFa apHajraH GopMyajgap YChIHBUIIbI, OJlap YCTaJFaH JKeP TOCEMIHIH €Hi TypOMHA HeTi3iHiH
EHIHEH eJ19yip acaThIH XaFaaiap/a ecenTeyiep xKyprizyre MyMKiHik oepei (5 xone 10 ece).

O3ipJeHreH oMiCTepAl KOJJAHYAbIH MbIcallbl peTiHAe bamamina aybulblHOa OpHAaJacKaH
JKaranayJarbl JKeJl TypOMHAChIHA Tanuay kacanblHabl. CaHIBIK MOJIETbICY HOTHXKENepl YChIHBUIFaH
MOJICJIB/IIH JKOHE KCHUIACTIATCH €CENTey OIICTePIHIH COMKECTIriH pacTaiapl, OyJI OJapabl >Ke
TypOuHaNapbIH )k00anay KoHe cally YLIIH Naiaisl eTesi.

Ocnl 3eprTey Kasakcranaa sxen TypOuHanmapbiH jko0anay canachlHa yJIec KOCajbl, iprerac meH
Kep TOCEMIHIH JUHAMUKAJIBIK ©3apa 9PEKETTECYIH AQIIPeK KoHe THIM/II Tajjiay YIIiH jKaHa TICLiaep
MEH 9AicTepAl YChIHAbI, Oyl Oonamakra MyHIail KyphlIbIMAAPIbIH CEHIMALIIT MEH 3KOHOMHUKAIIBIK
TUIMAUIITIH apTTRIPY MYMKIHAIrH Oepeni.
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ANNOTATION

In this scientific article, the problem of dynamic interaction of the foundation of a wind turbine
with a capacity of 4.8 MW with the ground cover was considered. The purpose of the work is to
develop and analyze a model that takes into account these interactions, as well as simplify
computational methods for use in engineering practice.

The research involves building a model in which the ground floor is presented as a semi-infinite
space and interaction with the foundation of a wind turbine is modeled by spring-damping elements.
To simplify the calculations, formulas for determining the stiffness and damping coefficients were
proposed, which make it possible to perform calculations in cases where the width of the retained
ground cover significantly exceeds the width of the turbine base (5 and 10 times).

An example of using the developed methods was the analysis of a coastal wind turbine located
in the village of Badamsha. The results of numerical modeling confirm the correspondence of the
proposed model and simplified calculation methods, which makes them useful for the design and
construction of wind turbines.

This research contributes to the field of wind turbine design in Kazakhstan, offers new
approaches and methods for a more accurate and effective analysis of the dynamic interaction of the
foundation and the earth's surface, which will allow in the future to increase the reliability and
economic efficiency of such structures.

Tyitin coe3dep: ipeemac, dscen mypoOuHAcyl, OUHAMUKATILIK 63apa aPEKemmecy MOOe, Hcep
mecemi, cepinneni-OeMngepnix  dAeMeHmmep, JHCAPMbIIAU  WEKCI3  KeHICMIK, KammbliblK
Koappuyuenmi, demnepnix xosgguyuernm.

Key words: foundation, wind turbine, dynamic interaction model, ground cover, spring-
damping elements, semi-infinite space, stiffness coefficient, damping coefficient.

Kipicne. Xenm sHeprusicel - OyJ1 SKOJOTHSIBIK OpTara a3 oCcep E€TETIH AJIEKTP SHEPTUSCHIH
OHJIPYIiH 3KOJOTUSUIIBIK Ta3a Typi. COHFBI JKbULAAPHI SJIEMJIET] KeJl SHEPTUSICHIH OHAIPY KapKbIHIBI
JaMBIT, >KEJ SHEPrusChl >KAaHAPTHUIATHIH DJHEPTUSHBIH €H JKbULIaM JaMbIll  Kelle KaTKaH
TexHoJorusicbiHa aiHanae! [1]. Kasakctanmarbl jxesl SHEPreTHKAChIHBIH OCNTiIeHreH KyaTbl JaMyza,
OJI HETi31HEeH JKaFaJjayJarbl el dHepreTHKachiHa Toyenai [2]. XKaramaymarsl el 3HEPTeTUKACHIHBIH
JJIEKTP SHEPrUsACHIH OHIIPY KYHBI TEHI3JEri JKeJl SHEpPreTUKachblHa KaparaHJa TOMEH JKOHE
TUAPOIHEPTETHKAMEH canbIcThipyFa 0onanst [3]. byn 2030 xburra Kapait KazakcTaHHBIH jkaranay/1aFbl
JKeJl KOHJABIPFbUIAPBIHBIH 6CY KapKbIHbI CAJIBICTBIPMANbI TYPIE XXOFapbl JCHreHae cakTajiajabl Aem
KyTiyne. XKaHaqaH cajbIHFaH jKaFanaylarbl skell TypOHHAIApbIHBIH OipiiiK KyaThl Heri3iHeH 4,8 MBT
Kypaiipl, OipaK TEXHOJOTHSHBIH JaMybIMEH OoJiarakra Oip ODHeprus OJIOTBIHBIH KyaTbl OJaH api
apTajpbl.

KeH aykpIMIbl jKarajayaarbl skesl TypOuHamaphl HETi3iHEH ipreTacThl KEHEHTy YILUiH JeHTreNeK
TeMipOeToHpl Malaanananpl, an 4,8 MBT xen TypOWHaNapbIHBIH JuaMeTpi HeriziHeH 20 M-AeH
acanel. JKaranayarsl el TypOHHANAPHI HET13iHeH penbedi Kyp/eli ®oHe KYphUIBICHl BIHFAHCHI3 OMiK
Taynap MeH Telenepiae MIOFbIpiaHFaH. KypbuUIbIC mpoleciHae e TypOMHACHIHBIH HeTi3l Oyi1 Ker
aKlla MEH YyaKbITTbl KaXeT ereni. JlereHMeH, KeJmeTKill ipreracbl MEH >Kep TeceMi apachIHAarbl
JUHAMUKAIBIK ©3apa 9pEKeTTecy KeIIETKINI ipreTachlH jxo0anay Ke3iHJe eCKepuIMensi KoHe
JUHAMUKAIBIK Tajllay HOTIDKECIHIIE aJIbIHFaH HOTHXKeJep KeOiHece HaKThl JKardalJaH alTapIibIKTai
ayBITKBIII, IIaMa/IaH ThIC KOHCEPBAaTHUBTI AU3alHFA OKeJe .

Ipi sxen TypOMHAIAPBIHBIH IpreTachl MEH JKep TOCEMI apachIHIarbl ©3apa 9pPEeKeTTECY/li 3epTTey
yiriH 3aiipkep kel TypOMHACHIHBIH 1preTachiHbIH JIMHAMUKAIBIK MOJICNIH KCHUIACTY YIIIH Kep
TOCEMiH aybICTBIPY YIUiH KaTTBUIBIK MaTpPHLACBIH KOJJaHIbl, Oipak KewOip xenm TypOuWHamapbiH
JUHAMHUKAIBIK €CenTey Ke3iHIe >KOFapbl KaTedik 0oimael [4]. AXMyc xoHe T.0. kel TypOMHACBHIHBIH
HET131HE JKeP TOCEMIHIH 9CEPiH KOPCETy VIIIH JerpajalusiiblK KaTThUIBIK MOJCIIH KOJIIaH b, OipaK
MOJIENTb MPAKTUKAIBIK KOJJIaHY/la KOChIMIIIA TEKCEPYli KaXKeT eTelli oHE MPaKTHUKAIBIK jkobanayna
KOHCEPBAaTUBTI SJICTi KoNAaHy YChIHbUIaNb! [5]. Ke sxoHe Oackamap KenAeTKill IMeH Xep TOCEMiHiH
HET131HIH TYHICKEH JKEpiHJE Kallai cepinmesiep MeH geMidepriepai OpHalacThpy apKbLibl iprerac
IIEH KEep TOCEMIHIH ©3apa opeKeTTeCyiH KapacThipiabl [6]. [IpakTHKaNbIK k00a7a UHXXEHEpJep iIiKi
JICHreWIepAiH MIeKTEeYJi [JWala3oHbIH YCTal ajajJbl JKoHE YCTajFaH IIIKi JACHTeHIepIIiH
HIeKapajapblHa TYPAKThl IIEKTEYep KOsAbl. ¥CTajJFaH ilIKi JeHreilyiep >KeNACTKIl Heri3i MeH JKep
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TOCEMiHIH e3apa 9peKeTTeCyiH ecelKe ally VIIiH JKeJAeTKill HerizimeH Oipre ecemreneni [7-8]. by
QIiCTEp JKEp TOCEMIH >KapThUIal IMEKCi3 KEHICTIK PeTiHAe KapacThIpMaWIbl KOHE JKEp TOCEMIiHIH
JKapThUIall MIeKCi3 KEHICTITIHAE TOJKBIHAAPABIH Tapalybl MEH JHEPTUSHBIH IIAIIbIPAayblH ECEeTKe
aIMai/Ibl )KOHE eCeNTeNreH HOTIKENIep HaKThI )KarAalaH alTapibIKTai epeKieeHe]i.

Ocriran GaiimaHpICThl Oyi1 Makanaga bagammia aysutsiHaars 4,8 MBT yikeH jkaranaynarsl el
TypOMHACHI MBICaJ PETiHAE KapacThIPBUIAIbI, ipreTac apachlHAaFsl THHAMHUKAIBIK 63apa opeKeTTeCy/i
€CKepe OTBIPBIN, €CeNTey MOJAETl OpHATBHUIAABI JKeNl TYpOMHACBIHBIH JKEpP TeceMi Jie, KYpPbUIBIC
WH)KEHEPIIEePi eCenTeyre bIHFAUIbl XKEHIJIETIIIeH 9/IiC YChIHBUIAIBI.

3eprTey Matepuajgaapbl MeH daictepi. bamamma ipi sken TypOMHAIapbIHBIH 1preTachIHBIH
KYPBUTBIMBIH JKOHE JHHAMUKAIIBIK 63apa dpEeKeTTeCy MOJICIIH KYPY.

Byn makana Bagamma ayeuieinaarsl ipi 4,8 MBT sxen TypOMHACBHIHBIH HETi3iHE HeTi3AemreH.
JKen TypOuHACBIHBIH ipreTrachl nuameTpi 24 M JkoHE OMIKTIri 6 M JI@HreNleK KeHEHeTiH Heri3mi
naiimanananel. Iprerac OaraHBIHBIH TuamMeTpi 6 M, iprerac Tecey TepeHIIr 5,5 M, anm OeTOHHBIH
OepikTik k1acel C40. TereHme )yMbIC JKaFTalbIH/IA )KEeTT TYPOUHACHIHBIH 1preTachlHa KYKTeMeTepIiH
ecenTik TipkeciMi keineHeH kym Fx=1673,2 kH, tik kym Fz=4126,1 kH. notmwkecinge Mxy=143554
kH-m, xayinciznik koaddummenti 1,0-re TeH men KaObUIIaHAABI JKOHE >KYKTEMENepIiH TipKecimi
IpTeTacThIH JKOFApFhI OeTiHe KONIaHbLIA b,

v=v0+vt (D)

JKen xykTemenepiH ecentey Ke3iHAC KENIiH JKaIIbl KbULAAMIBIFEl U OCTTE CYHCPIO3UIIHSI
PETiHIE KapacThIPhLIAIbI KENIIH OpTallia KbUIAaMILIFl V0 KOHE KENIIH 63repy KbUIIaMIbIFbI Ut

F=FO+Fasin(27rt/T) (2

Kapreimaii 1mekciz kep TeceMiH eHJey Kel TypOWHAchl HETi3iHIH Kep TeceMiMeH
JMHAMUKAIIBIK ©3apa 9pPEKeTTeCYiH MOJeNb/Iey Ke3iHae oTe MaHbI3Abl. EH Kol KoJjIaHBUIATHIH dj1ic-
TOTBIPAKTHIH MICKTEYJl IUana3OHbIH YCTal aly »OHE JKep TOCEeMiHiH MIeKapalapblHA >KacaHIbl
nieKapajgap Kow, Oyl Jau3aliHepiep YIIIH OHail TYCIHIJIemI JKOHE ecenTey OarmapiaMalibiK
JKacakTamachl OHai )ky3ere achIpbuiafbl. JKenm TypOWHACHIHBIH HETI3iH €CeNTeyAiH ayKbIMIIBI MOAEII
l-cyperre kepcerinreH. bynm >karmaiima ycTamFaH J>Kep YYacKeCiHIH MOINIIepi JKOHE KacaHIbI
nieKapajgapibpl OpHATy OCBhI QIICTI KOJJIAHYIBIH €Ki Heri3ri QaxkTopsl OO0JbI  TaObLIATHIH
ecernTeyyep/iH AT MeH THIMIUTIriHe acep eteli (cypert 1).

JKen TypOuna ipretacs
Hykre A x i x y

v

Ken ﬁmema ip;‘eracm P(t) Hykte B Kep Tecemi

JKacannm mekapa

Cypert 1 — Ipi MacTabThI JKeJl TYpOHHACHI IPreTAChIHBIH JKEP TOCEMIMEH TUHAMHUKAIIBIK 63apa
OPEKETTECYiHIH €CENTIK MOJICIII.

o(r, t) = - pCu(r, t) - Ku(r, t) 3
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’KobGanay xoHe ecentey KesiHae 1-cyperTeri )kacaHIBI IIeKapaHbl OCKITIITEH LIeKapa peTiHAe
OpHATY ep TOCEeMiHIH KapThlIail MIeKCi3 KeHICTITIH I eMiKTel armMaiiibl )kKoHe TOJKBIH IIeKapara
TapaJiFaHHaH KeWiH IIaFbUIBICA/IbI KOHE ecenTey HoTIKeciHe acep ereni. KepHey TypiHmeri skacaHabl
HIeKapaHbl KOJJaHa OTBHIPHIN, IIeKapaiblK KepHEYl jKacaHIpl MIeKapa TYWIHIHAET! KbUIIAMIIBIK TeH
OPBIH ayBICTBIPY apKbUIBI KeJlecifiel KepceTyre 00mab:

o(r, t) = - pCu(r, t) - Ku(r, t) (4)

OnapapIH iImiH/Ie T - )KacaHabI IIeKapa HYKTECIHEH HYKTE KO3iHe MeHiHT1 KaIIbIKTHIK,.

®opmynansl TangaraHHaH KeriH (4), -pC KbUTAAMIIBIFBIHBIH KOCBIHIABICHIHBIH KO3(¢ hHUIneHTi
nIekapa TyHiHiHaeri nemmdepre TeH O00Mybl MYMKiH, al - K BIFbICY KOCBIHABICBIHBIH KO3()(hUIIHEHTI
CBI3BIKTBHIK cepirrere TeH OOMybl MYMKIH. AMOPTH3aTOp CEpINMeciH XacaHIIbl IIeKapa dIIEMEHTIHEe
OpHATy apKbUIbl JMHAMHUKAIBIK TOJNKBIHIAPABIH JKacaHIpl IIeKapaiap apKbUIl OTy TpoIlieci
MoJeNbAeHeAl. YaKbITIIa aiiMaKTarbl KacaH/Ibl IIEKAPaHBIH BIFBICY TOJKBIHBIHBIH ©PHETiHE CyieHe
OTBIPHIT, Xep TOCEMiHIH XapTbulall IIeKci3 aliMarbl CepHiMIi JeHe peTiHlIe KaObUinaHaIbl >KOHE
IIeKapajiblK TYWIHAEPAiH KBTI KepHEYl MEH BIFBICY KEpHEYIH aily YIIiH (U3UKaIBIK KOHE
TEOMETPHSUIBIK TCHACYJICP CHII31Ie/Ii:

— __r#26) —

On = r(1+br/al) U () Peptin (r. ) ©)
-___ % —

9r = ril+br/al) UT(T"; tj ,GCSILI-[T', t:] (6)

p - XKep TOCEeMiHiH THIFBIBIBIFEL, A - maMOaa ko3 duumenTi; G - BIFBICY MOAYII; Cp - OOMITBIK
TOJKBIHHBIH JKBUITAMBIFBI; Co -BIFBICY TOJKBIHBIHBIH JKBUIIAMIBIFBI; @ - HIAMIBIPAY TOJIKBIHIAPBIHBIH
CaHbI; b - )Ka3bIK TOJKBIHIAP/IBIH CaHbl; [ - enmemMaepai yisiecTipy ko3 uIueHTi.

Ommeyciz mapamerp A = brjal, 4 € [0,400] xacanasl Imekapa KaTTBUIBIFBIHBIH TY3€TY
KOA(UIIMEHTI PEeTiHIe CHri3iieni. Apangac TOJKBIHAAPABIH JKUUIITH €CKepe OTHIPHIN, ejiieMciz B
napameTpi Ty3eTy KodpUIeHT peTiHae eHri3iem.

Hapamerprepi &= E(1 — p)/[1 —2p(1 + p)] xone p= (1-2)/(2-2p) enrisineni, onna y -
[Tyaccon xoaddunmenti. lllekapansik TyHiHHIH cepinmeni-aeMiiepilik 3IeMeHTiHIH KaTThUIBIFBI MEH
nemndepiik ko3 umueHTTepi:

N miekapasblK TYHiHHIH KaJIbIIThl OaFbIThI:

K = . 1
S eEYy ‘_
Cy = B(afp): (7)

[lekapanbIk TYHiHHIH TaHTeHC OaFbITHI T:

K o 1
r_;(1+;=1]'8 ._
Cr = B(afp): €))

r mapameTpi - Oyl TOJKBIHHBIH IHAaIIbIpay KO3iHEH »acaHAbl IIeKapa TyHiHiHe AeHiHTi
KAIIBIKTHIK, OHbI HAKTHI MHXKEHEPJIIK €CENTeyAe HEri3ri reOMeTPHSUIBIK OPTAIBIKTaH THICTI yKacaHIbl
nieKapara JeHIHI TIK KAIIBIKTBIK PETiHIE XeHUIAeTyre Oojambl. A jskoHe B MoHIepl TOJIKbIHHBIH
Tapajxy CHIaTTaMalapblHa JKOHEe Tycy OypblmbiHa OaiinmanblcTel. KongaHblcTarbl 3KCIIEPUMEHTTIK
HOTHXeJepre CoUKec, )Kep TOCEMiHiH OpTallia ChI3BIKTHIK CepIiMIALIIr Ke3iHe, )Kep TOCEMIHIH ycTay
Jmana3onsl ipreractad 10 ece ken OosFaH Ke3/e, OHTalIbl MoHaep aiimarsl 0,8, an B 1.1, an TyHiHHIH
(GU3MKAIBIK KOMIIOHEHTTEpiHIH KaTTBUIBIFEI MeH JeMndepiik KodpduuueHTrepi oxaH opi

KeHinmerinyi mymkin: Ky = a/18, C,, = 1.1/ ap,
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Kr=aB/18, C;=11Vafp [9]

3epTTey HOTH:KeJIepi koHE oJiapAbl TaaKbLiay. XKen TypOWHACH HETi3iHIH Kep TeceMiMeH
JUHAMUKAIBIK ©3apa OpEKETTECYiH €CENTey KoHE Taliay HOTHXKeTepi.

KoHcTpykTOpap xep TOCeMiHiH KapThUIai MIEKCi3 KEHICTITIH eNKTeH allaThlH KAaTTBHUIBIK TICH
nemndepnik KodpPumueHTTi ecenTeyAiH KEHUTAETUIreH (opMylanapslH KOJAAaHa OTBHIPHIN, Kep
TOCEMiHIH MIeKapalxapblH KeCill oTy TYWiIHIAEpiHE cepimmeni-AeMIIpepriKk 3JIeMEeHTTEPI OpHATabl.
l-cyperre KepceTUIreHeH, skenmperkim Herizi-kep Tecemi ADINA COHFBI 3JIEMEHTTEPiHIH
OargapiaManblK KacaKTaMachIMEH MOJeNbleHenl, al A xoHe B 0akpiiay HyKTemepi coWKeciHIme
HET13/1H JKOFaprbl OETiHIH OpTachlHA >KOHE aifHBIMaIbl KMMara opHarbuiafpl. JKep TecemiH ycray
JMamna30Hbl ipreTacThlH emmeMineH 10 ece Kerl, jkep TOCeMiHiH KYMbIC KYHIHJAEr! miekapachkl 1-me
OekiTinreH mekapa 6ap, *ep TOCEMiHiH KYMbIC KYHiH/eTI mIeKapachl 2-1¢ KepHEYJi TUITETr1 KacaHabl
mekapa 6ap, ar meKapaiblK TYHIHACp cepinmeti-aeMItdepiIik IeMeHTTepAiH KoMeTiMeH OpHAThIIAIbI
[10-14]. XKep Tecemi MeH el I'eHEpaTOPBIHBIH ipreTachl MaTepHAJIbIHBIH MapameTpiepi 1-kecrene
kenTipinren. TeTeHmie jkarmainapga el TypOWHAcBIH ipreTachlHa IKYKTEMEJEepHAiH eCenTik
KoMOmHanuMsACH (2) ¢dopMynara coWKec ipreTacThlH JKOFapFel OeTiHe Xykrenemi. JlMHaMUKaJbIK
ecenTey yakbIThI-6 CEeKyH]I, al ecenteyaiH op Kagamsl - 0,01 cexynn, 6apmerrsr 600 kamam (kecte 1).

Kecte 1 — Xen TypOuHACHIHBIH ipreTachl MEH Kep TOCEMi MaTepHaNIbIHBIH MapamMeTpiiepi

Marepunan napamerpiepi Kep tecemi 2Ken TypOMHACHIHBIH ipreTachl
cepiMIi MOyJIb (N-m™2%) 2,5x108 3,25x1010
TBIFBI3/IBIK EK g- m‘3] 2000 2500
ITyaccon ko3¢ unmenTi 0,2 0,25

Ecenreynep HoTmxkecinie A >xoHe B HykTenmepiHaeri eki JKyMbIC JKaraalel ymiH Y
OaFbITBIHAAFBl YICYIIH YaKbIT KHCBIKTApbl 2-CypeTTe KOpCeTUIreH, MyHaa a0ciucca YakbIT, ail
opaMHATa yaey OOJbI Ta0bIIaab! (CypeT 2).

Y-Ypgey/Tan

60 - T . T . 1

Cypert 2 — Op TYypJi KacaH Il IEKapasbIK XKaraainapaa A HykTeci MeH B HYKTecCiHiH
Y OaFbITBIHIAFBI VACYIIH YaKbIT KHCHIFbI

2-cypeTTeH A sxoHe B HYKTenepiHIeri yaeyaiH yaKbITKa TOYENIUIK KACBIKTaphl YKCAC €KEeHIH
JKoHE OEKITUITeH IIeKapa ecenTey HOTIDKENEpiHIH JOJJIiriHe ocep €TETiH TOJKBIH IaFbUIBICHIH
TYIBIPATBIHBIH Kepyre Oomnanbl. byn ecentey HOTKeNepiH ThIM YIKEH €Telli, COHIBIKTAH OJIap Kel
TypOWHACHI HETI3iHIH JKep TOCEMIHIH JUHAMUKAIBIK 63apa dPEeKeTTeCyiH IIIHBIMEH KOPCETe aiMan bl
JKOHE IIaMajJiaH ThIC KOHCEPBATHMBTI Jau3aiiHra okejeni. JKep TeceMiHiH IeKapachlHa OEKIiTIIreH
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HIeKapaHbl OPHATy KapamaiblM OONIFaHBIMEH, €CENTEy HOTMXKECIHIH ayBITKYBl YIIKEH KoHE OYJI Kel
TypOMHACHIHBIH 1preTachlH jkobanayra xapamaiapl. KypbulbIMabl KoOaaymsl el TypOMHACHIHBIH
ipretaceiHBIH ofmmeMiHeH 10 ece ylIKeH kep ToceMiMeH Kabarracaipl JKOHE JKEep TOCEMIHIH Imekapa
TYHIHIEpiIHIE cepimmeni-qeMndepik smeMenTTepai Konnanaael. K Kone € MoHaepi RKEHULACTINTCH
(hopmyna OOMBIHIIA ecenTeNe/i, oJap TeK Kep ToceMi MaTepHalIbIHBIH TapaMeTpiiepiHe KaThICThl. by
ecenTey dJIiCi KapanaibiM jK9He THIMI JKoHE OYJT MPpaKTHKAJbIK dic [15-16].

¥YcTanraH Kep TOCEMiHiH MOJIIEpi ecenTey THUIMALIrIHE YJIKeH ocep eTeli. ¥ CTalfaH Kep
TOCEMiHIH MOJILIEpPiH a3alTy ecenteyyiep KeJeMiH eldyip KbICKapTybl MYMKiH. HakTbl MHXeHepIik
KBI3METTe Au3aiiHepiep KeOiHece ipreTacThlH OIIIEeMIHeH 5 ece YIKEH JKep TOCEMIiH ecenTey YIIiH
nmaganananbl. Y CTaldFaH jKep TOCEMIiHIH TUaIla30HBI ipreTacThlH KoJeMiHeH 5 ece yikeH OonraHma
JKOHE 2 JKYMBIC KYHIHJIET1/IeH ecenTey o/ici KOIIaHblICa, ECENTeY HOTHKECI HAKThI MOHHEH a3 00Ja bl
JKoHe OyIT ecenTey maniriHe acep ereni. by HoTmkeHiH ce6eli qemMmdepItik 3IeMeHTTep IiH MeJIepi
6omysr MyMKiH. (7) xoHe (8) TeHaeyepaeH C MoHIHIH YCTallFaH Kep TOCEMIHIH oJIIeMiHe emKanai
KaTBICHI JKOK €KEeHiH Kepyre 0ojaabl. ¥CTajFaH jKep TOCEMiHiH MeJIepi e3repei, 0ipak MIbIpIIaHbIH
MoHi e3repmeiifi. COHIBIKTaH, KeJl TYpOMHACBIHBIH HETi3iHiH MeJIIIepiHEeH 5 ece YJIKEH jKep TeceMi
ecenTey VIIH TNainanaHbuirad kesnme, € MoHIH ecenrtey (opMmynaceiHAarel B mapamerpin Tysery
KaxeT. byt xkarmaiina 1.1 oxraiiel B Mowi 60maysr Mmymkin [ 17-19].

Korapslnarel Tanjgayra cyiieHe OTBIPBIN, MOJAENBACY 2 >KYMBIC KaFJaiblHa COHKec Ky3ere
aceIpbiIanbl. JKep TeceMiHiH KUBUTBICY IHAMa30HbI Kell TypOWHACHIHBIH ipTeTachIHBIH KOJIeMiHEeH 5
ece kell. EcenTey HoTWXKeCiHIE YVACYAIH YaKbITKA TOYEIIUNK KHCBIFBI KoHEe 2-5 KYMBIC
JKaradibIHAaFel @ Oakbllay HYKTECIHIH IKBUIIAMIBIKKA TOYCJAUIIK KUCBIFBI CYpeTTe KOPCETLIreH
(cyper 3 xoHe 4).

\ = JA(purc mapter 2
l — — JKyeic mapTa 3
3 Kpuere mapTer 4
O— = - = HKpuwic mapret 5

Y-YaeyTan

Vager'S

Cyper 3 — 2-5 xxymbIC kaFnaibiHIa A HYKTeCiHIH Y OaFBITBIHIAFHI VACYIIH YaKbIT KHCHIFBI

———Kyuerc mapter 2
= =Kypumrc maprer 3

. Y- Knnmnawme (cm's)
s s

| \A\*\H 0.9
\.‘\‘ B=0.7

-6 g T T 1
0 2 Vaxers 4 6
Cypert 4 — XKympbic xarnaiibiaaa A HYKTeCiHiH Y OaFbIThIHIAFb! )KbULIAMIBIFBIHBIH ©3TePyiHiH YaKbIT

KUCBIFBI 2-5
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Tanpay Herizigae 3-cyperTe koHe 4-CypeTTe KOPCETUIIeH YCTalFaH JKep TOCEMiHIH Inuana3oHbl
JKeNT TypOWHACHIHBIH HETi3iHIH OJIeMiHeH 5 ece YIKeH OoiFaHzaa, mapaMeTp MoHI e3repreH ke3ze b
YA€y MeH XbUIIaMIBIK YKCac e3repy TeHIeHIHICHIH kepceteni. B = 1,1 Gonranma, Oy caHHBIH a3
ecyin Oinmipeni. Mon 0,7 Oonranma, OyJl KaHJarbl KAHTTBIH JKOFapbUIayblHA OKENEi, MYMKIH, €H
yikeH ayeITKy. B 0,9-ra TeH OonmaraH Ke3ze, eCenTey HOTIKENepi el TypOMHACHIHBIH ipreTachliHaH
10 ece ymKeH >kep TOCEMiHIH KeCy qUara30HbIHA XKAKCHI colikec kemneni. KepiHim Typ, Oyt ke3ne ceHar
JIeTyTaTTBIFbIHA YMITKEP YCBIHBIIIBI KEP TOCEMI JKHMETIHEH 5 eceJIeHIreH MOJIIIEpiHeH kel TypOuHa
ipretaceiH, KaTTbUIbIFBI jkoHE Aemmdeprnik koadduuentrepi cepimmneni-geMndepuik 3meMeHTTepi
JKacaHIbl IIEKapalblK TYHIHAEpl peTiHme keHimperyre Oomamel: KN=ao/9, CN=0.9Vop, KT=0p/9,
CT=0.9Vapp [20].

Kopbithiaabl. lmiki  geHreiyiepiiH  IIEKTEYJi JUANa30HBIH  YCTal, JKE€P TOCEMiHiH
IIeKapayapblHAa JKAcaHIbl MIeKapaltapbl OpHATY AapKbUIBI JKeJ TypOWHACHI 1PTETAaCHIHBIH JKEp
TOCEMIMEH JHHAMHKAIBIK ©3apa JpEKeTTeCY MOJeNi JKacalbIHIbl JKOHE CaHIBIK MOJENBACY
ecenreysepi opwslHAaNnel. EcenTey HOTIKENEpiH CalbICThIpa OTBIPBIN, KelleCi KOPBITHIHABLIAPBI
anyra OoJabl:

1. XKacanmsr mekapa yiniH OEKITUITeH IeKapaHbl Maiganany oHal, Oipak ecenTey HOTHKeTepi
THIM YJIKCH JKOHE JKel TYpOMHACBIHBIH HETri3l MEH JKep TOCeMi apachblHIarbl JTWHAMUKAIBIK e3apa
OpeKeTTeCy/li IIBIHBIMEH KOpCeTe aIMaiIbl.

2. Kepneyni TtumTeri j>kacaHApl MIEKapaHbl MaigalaHy XKOHE Xep TOCeMiHIH IIeKapachiHa
cepimmerni-qeMndepiik 3JIeMEeHTTEPli OpHATY KONTeTreH KOMITBLIOTEpIiK OarmapiaManapaa Ky3ere
achIPBUTYbl MYMKIH ep TOCEMiHIH XKapThUIail eKci3 KeHICTITiH TUIM/I eTIKTeyre MYMKIHIIK Oeperi.

3. XKep TecemiHiH KUBUIBICY AMANAa30HBI )Kell TypOMHACHIHBIH TYOiHeH 10 ece ynkeH OonraHza,
cepimmerni-qeMndepiik AMeMeHTTepAiH KaTTBUIBIFBI MeH aeMmdepiik Kol UIMEHTIH Kemecinei
JKEHUTIeTyre 00NaThiHbl aHBIKTAAbR: KN=0/18, CN=1.1\/ap, KT=0f/18, CT=1.1\/aBp. Kusnisickan
JKep TOCEeMiHiH JHana3oHbl JKeJl TypOWHACHIHBIH ipreTachlHaH 5 ece YJKeH OoyiFaHfa, cepimmeni-
JneMndepik MeMEHTTePAIH KaTThUIBIFBI MeH AeMrdeprik ko3 UIMEHTIH Kenecinel >KeHIImeTyre
GomaTeiHb aHbIKTaIb: KN=0/9, CN=0.9\op, KT=0f/9, CT=0.9Vafp.
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PE3IOME

B nmanHOM Hay4yHOM cTaThe paccMOTpeHa MpodjeMa AWHAMHYECKOTO B3aUMOACHUCTBHS
¢byHaaMeHTa BeTpsHON TypOWHBI MoIIHOCTHIO 4,8 MBT ¢ 3emisHbIM mojoTHOM. Llens pabotsl -
pa3paboTaTh U NPOAHAIN3UPOBATH MOJIEIb, YUUTHIBAIOIIYIO 3TH B3aUMOJCHUCTBHS, & TAK)KE YIIPOCTHTh
BBIUMCIIUTEIBHBIE METO/BI JUTSI IPUMEHEHUS B MH)KEHEPHO NMpaKTHKE.

HccnenoBanue mpeanonaraeT co3fgaHue MOJENH, B KOTOPOH 3eMJISTHOE MOJIOTHO MPEICTABICHO
KaK I0JIyOECKOHEYHOE IPOCTPAHCTBO, a B3aMMOJCHCTBHE C (YHAAMEHTOM BETPSHOH TYpOMHBI
MOJICIIUPYETCSl TMPYKUHHO-IEMIPHUPYIONIMMH dJIeMeHTaMH. J{JIs1 ympoIIeHus pacueToB ObLTH
IpeIIoKeHb! GOPMYIIBI ISl onpeaeneHnss K03()(UIUEHTOB KECTKOCTH U JeMII(UPOBaHHs, KOTOpPbIE
MO3BOJISIIOT TPOBOJUTH pacueThl B ClIydasx, KOTJa IIUPHUHA YIAEPKUBAEMOIO 3EMIISHOTO IOJIOTHA
3HAYUTEJILHO MPEBBIIIAET UPUHY OCHOBaHUA TypOuHbI (B 5 1 10 pa3).

B kadecTBe mpmMepa TpUMEHEHHS pPa3pabOTaHHBIX METOJOB OBbUI TMPOBEIEH aHAIU3
MpUOPEKHONW BETPSHOW TYpOMHBI, pacloONOXEeHHON B ceine bagamma. Pe3ynbraThl 4YMCIEHHOTO
MOJEJIMPOBAaHUS MOATBEP)KJAIOT COOTBETCTBHE NPEIIOKEHHOW MOJENM M YNPOILUEHHBIX METOHOB
pacuera, 4yTO JIeaeT UX MOJE3HBIMHU JJIsl TPOSKTUPOBAHUS M CTPOUTEIILCTBA BETPSHBIX TYpOUH.

Hacrosimee nccrnenoBanne BHOCHT BKJIAJ B OOJIACTH NMPOEKTHPOBAHMS BETPSHBIX TYpOUH B
Kazaxcrane, npemiaraer HOBbIE IOAXOJBI U METOMBI JijIsl Oosiee TOYHOTO M 3 dekTuBHOrO aHamM3a
JUHAMUYECKOTO B3aMMOJICUCTBHsI (pyHIAMEHTa W 3€MJISIHOTO IIOJIOTHA, YTO JIAeT BO3MOXHOCTH B
OyayIeM MOBBICUTH HAaJIE)KHOCTh M SKOHOMUYECKYIO 3 (PEKTUBHOCTD TAKHX COOPYKEHHIH.
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HNPUHIOHUIINAJBHASA MOJEJBb ITPUTOPOXKHOI'O CEPBUCA. METOJbI
COBEPHIEHCTBOBAHMA
THE PRINCIP MODEL OF ROADSIDE SERVICE. METHODS OF IMPROVEMENT

AHHOTAUA

JaHHas cTaThsl MOCBSILEHA HCCIEIOBAHUIO aKTYaJIbHBIX NPoOJeM B chepe NpUAOPOKHOIO
ceppuca PecnyOmukm KaszaxcraH, yduThiBash BaXHOCTb W CTpPaTErMYeCKOe 3HAUYEHHE DPa3BUTHA
TPAHCHOPTHBIX KOPUIOPOB, MPOXOISIINX O TEPPUTOPHUU HAILIEro rocynapcTsa. B crarbe moapobHo
paccMaTpUBAaIOTCS ~ OCHOBHBIE ~ NPOOJEMbI,  MPENATCTBYIOIIME  IIOJHOLEHHOMY  Pa3BHTHUIO
NpUAOPOKHOTO cepBUca. K umciy Takux mpoOieM OTHOCSATCS HEXBaTKa COBPEMEHHBIX OOBEKTOB M
UHPPACTPYKTYPBI IPUAOPOKHOTO CEPBUCA, HEIOCTATOYHOE TEXHUUECKOE OCHAIIICHHE CYIIECTBYIOIIHX
00BEKTOB, a TaKXe HECOTJIACOBAHHOCTh NEHCTBUII MEXIY Ppa3IMYHBIMH TOCYAapCTBEHHBIMH U
YacTHBIMU CTpyKTypamu. Kpome Toro, orMmedaroTcs mpoOJieMbl B OOJACTH CTaHIAPTH3AIHMU W
KadecTBa TPEIOCTABIAEMBIX YCIYT, YTO BIHMAET Ha OOLIYI0 3PQEKTUBHOCTh (QYHKIMOHHUPOBAHUS
TPaHCHOPTHOMN CETH.

AHanmu3 3TUX MpobjieM MOKas3bIBaeT, 4To il WX A(PQPEKTHBHOrO pELIeHUs HEOOXOAUM
KOMIUIEKCHBII W CHCTEMHBIA MOAX0A. BakHyIO pOiib B PEIIEHWH 3THX 3a7ad UTPArOT KaK YacTHHIE
WHBECTUIIMM, TaK W aKTUBHOE W LEJICHAaNpaBlieHHOE YydacTHe TrocyaapcrBa. OOecrnedyenue
HEOOXOIUMOTO YpOBHSI 0Oe30macHOCTH, KoMdopTa M JJOCTYHOCTH YCIYr Ha TNPHIOPOXKHBIX
TEPPUTOPHAX TPeOYET BHEAPEHHSI COBPEMEHHBIX TEXHOJIOTHI 1 MOBHIIIEHUS KadecTBa 00CTyKIBAHMS.

Ocoboe BHHMaHHE B CTaThe YAENSeTcs HEOOXOJMMOCTH YBEJIWYCHUS CTENEeHH Yy4acTus
rocygapcTBa B pa3paldOTKe W peanu3aldyd I[porpaMM [0 MOJEPHHU3AIMU W YIY4LICHHUIO
UHPPACTPYKTYpBl TMPHIOPOKHOrO cepBruca. OOCyXaaeTcs BaXXHOCTh CO3JaHUST W BHEIPEHUS
s dexTrBHOI HOpMaTHUBHOW 0a3bl, KOTOpas Obl CTHUMYyJIHWpOBaja YacTHbIE WHBECTHLIMH B JAHHBIN
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CEeKTOp W o0ecrleuyuBaia BBICOKHE CTaHAApPTHl KavyecTBa. BaXHBIM acleKTOM SBISICTCS TaKkKe
HEOOXOIMMOCTH (POPMHUPOBAHHS CTPATETHIECKOTO TUTaHA PA3BUTHS MPUIOPOKHOTO CEPBUCA, KOTOPHIi
YYUTBIBaNl OB Kak TEKyIlee COCTOSHHE HH(PPACTPYKTYpHI, TaK M IEPCIEKTHBHBIE MOTPEOHOCTH
TPAHCIIOPTa U MACCAKUPCKUX TOTOKOB.

Takum 0Opa3oM, YCHENIHOE pelIeHHE BBIABIECHHBIX IMPOOJIEM W Pa3BUTHE MPUIAOPOKHOTO
cepBrca MMEIOT OOJIbIIIOe 3HAYCHHE IS JATBHEHIIIer0 YKPEeIUIeH!sT TPAaHCTIOPTHOH ceTn PecryOmmku
Kazaxcran u co3nanus KOMQOPTHBIX YCIOBUIA JUIS TIOJIB30BaTEICH.

ANNOTATION

This article is devoted to the study of current problems in the field of roadside service in the
Republic of Kazakhstan, taking into account the importance and strategic importance of the
development of transport corridors passing through the territory of our state. The article discusses in
detail the main problems that hinder the full development of roadside service. Such problems include
the lack of modern facilities and infrastructure for roadside services, insufficient technical equipment
of existing facilities, as well as inconsistencies between various public and private structures. In
addition, there are problems in the field of standardization and quality of services provided, which
affects the overall efficiency of the transport network.

An analysis of these problems shows that an integrated and systematic approach is needed to
effectively solve them. Both private investments and the active and purposeful participation of the
State play an important role in solving these tasks. Ensuring the necessary level of safety, comfort and
accessibility of services in roadside areas requires the introduction of modern technologies and
improving the quality of service.

Special attention is paid to the need to increase the degree of state participation in the
development and implementation of programs to modernize and improve the infrastructure of roadside
services. The importance of creating and implementing an effective regulatory framework that would
stimulate private investment in this sector and ensure high quality standards is discussed. An important
aspect is also the need to form a strategic plan for the development of roadside services, which would
take into account both the current state of infrastructure and the future needs of transport and
passenger flows.

Thus, the successful solution of the identified problems and the development of roadside service
are of great importance for further strengthening the transport network of the Republic of Kazakhstan
and creating comfortable conditions for users.

Knrouesvle cnosa: obOwexmul cepsuca, 00pocu, KeMnuue, MPAHCHOPM, NPUOOPONCHBIE
coopydicenust, 00beKmMbl NPUOOPONCHO20 CePBUCA.

Key words: service facilities, roads, camping, transport, roadside facilities, roadside service
facilities.

BBenenue. TpaHcmopTHass ceTb B SKOHOMHKE HAIlled CTpaHbl 3aHUMAET HCKIIOYUTEIHLHOES
MECTO, 3TO 00YCJIOBIEHO reorpamuecKuM pacioiokKeHUEM U OTPOMHBIM TPAH3UTHBIM TOTEHIHAIIOM
peciyOomuku  [1]. Bor modeMy HCKIIOUMTEIBRHO BAaXXHO O0OECIEUUTh €ro pa3BUTHE U
(YHKIIMOHUPOBAaHWE HA YPOBHE, COOTBETCTBYIOIIEM TPEOOBAHUSM COBPEMEHHOH PBIHOYHOM
SKOHOMHUKH. ¥YBeJIMUeHHE KOJINYeCTBa aBTOMOOWIIEH, pa3BUTHE JOPOKHON CETH, TOABEACHUE JOPOT K
OTJAJICHHBIM TIOCENIKaM M K HOBBIM TPOMBIIIIEHHBIM 00BEKTaM, a TaKKe Pa3BUTHE MEXITyHaPOIHBIX
TPAHCHOPTHBIX KOPHIOPOB OYJYyT HEMOCPEICTBEHHO OTpaXkaThCsi Ha paboTe OOBEKTOB JOPOKHOTO
cepBuca CTpaHsl [2].

TexHONOrM4YecKOe NPOEKTUPOBAHWE OOBEKTOB JOPOKHOTO CEpBUCA SIBISETCA CIIOKHON
WHKeHepHOW 3amadedt [3]. [ ee pemieHuss HEoOXOAMMO 3HaHWE B OOJIACTH TPAHCIOPTHOM
MHQPACTPYKTYypsl B LEJOM, JCHCTBYIOUIMX B OTPAacid HOPMATHBOB M OTrPaHUYCHUH, HOPM
0e30macHOCTH, a TaKKe MPOU3BOJCTBEHHOI'O MPOLEcca MPOMCXOAAIIETO BHYTPU CaMUX OOBEKTOB
JIOPOXKHOTO CEpBHUCA.

Ot kauyecTBa pa3pabOTKH IPOCKTOB OOBEKTOB JOPOKHOI'O CepBHCa, O0OOCHOBAHHOCTH HX
pasMeleHns] 3aBUCAT SKOHOMHYecKass 3()()EeKTUBHOCTb HHQPACTPYKTyphl B LIEJIOM H CTENEHb
YIIOBIIETBOPEHHOCTH YYACTHUKOB JJOPOKHOTO JBIKEHUST KAYECTBOM OKa3bIBAEMBIX yCIyT [2].
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Marepuansl 1 Metoabl. OOmIasi MPOTSHKEHHOCTh MEXIYHAPOIHOW aBTOMOOWIBHON JOPOTH
M32 «I'panmma P® (ma Camapy) — llIsiMxenT» cocraBmser 1351 kM. ABTOMOOWIBHAs Iopora
npoxogur 1o  Teppuropun  HOxHo-Kaszaxcranckoit, Typkectanckod, KbI3puopAaunHCKOH,
AxTroOMHCKO#H 1 3amaaHo-Ka3axcTaHCKoH 00J1acTei.

ABTomarucTtpaigb M32 mpoXOAWT B YCIOBHAX CYyXOCTEIHOW, MONYIMYCTBIHHOW M IYCTBIHHOM
MecTHOCTH. Teppuropus paBHWHHa mepecekaer cuemytomme manamadTer: [logypanbckoe maro,
IIpenceiproBeiii yeryn u [Ipukacnuiickyl0 HMU3MEHHOCTbB, CIIETKa CIIA00OBOJIHUCTAS, SICHO BBIPAXKEH
MUKPO- U Me30peibe]), POBHBIEC YYACTKH MOTYT MIEPEXOUTh B BOJIHUCTYIO OBPAKHO-0AIOUHYIO CETh C
CITyCKaMH ¥ TogbeMaMu, ocobeHHo Ha ydactke Kobma-Axrobe. IIpoTsxeHHOCTh Tpacchl YpaibCK-
Akto06e, coctaBmsieT okono 471 kM (pucynok 1). Paccrostane mo mpsimoit — 417 kM. M3BHIMCTOCTH
cocrapisier — 1,13.
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Pucynok 1 — Yyacrok «Ypanbck — AKT00€» aBTOMOOHIBHON TIOPOTH MEKIYHAPOJHOTO 3HAYCHUS
M-32 «I'pannnia PO (na Camapy) — [LIsiMkeHTY.

ITo Tpacce pacmookKeHbI CISAYIONINE HACCIICHHBIC MYHKTHI: T. AkTo0¢ (00JacTHOM LIEHTp), II.
Xobna (paiioHHBIH 1TeHTp), M. JKeiMmutel (paiionHserii nentp), m.Kanma Owmup, moc. bapOacray,
noc. [loncrenHoe, r.Ypanbck (o0mactHOM 1ieHTp) (Tabdmd. 1).

Tabmua 1 — OCHOBHBIE HacelIeHHBIE ITYHKTBI, PACIOJIOKEHHbIE Ha aBTOMOOHIBHOW Jopore
MexayHaponHoro 3HadeHus M-32 «['panuua PO (Ha Camapy) — LlbIMKeHT», y4acTOK «YpaslbCK-
AxTo0e»

Ne HaumeHoBaHNE HACENEHHOTO MyHKTA Kwm tpaccet M32
1 Ypanbck 252
2 [MoncrenHoe 265
3 Bapbacray 274
4 Kana Omup 277
5 JKbIMIUTEI 395
6 KoGna 615
7 AKTOGE 723

Kinmat Ha TeppuTOpHH POXOKAECHUS TPACCHI XapaKTEPU3yeTCsl pe3KOH KOHTUHEHTAIBHOCTBIO.
HabmiomaeTcst pe3koe oTiindne MeXly BpeMEeHaMHt To/1a.

YyacTok aBTOMarucTpaiv mnepecekaer cieayroue pexu: TanubOepren, Kapa Kooma, KoOna,
Tepucakkan, bombemras KoGna, CyanOynak, Kwuwmn, Xapcaii,, Axkkynykcait, Kyaram, [luumm,
Bynnyptel, Tamasl, Jxxambeiitel, Ynaeptol, Ecen Ankatsl, [llonak Ankartel, bapbacray, Ypai.

MHorre Mainble pedykH B JICTHHH TepHOA MepechixailoT. Ho OBIBAIOT BO BpeMsl IMOJIOBOJbS
MIEPETTUBHI Yepe3 JOPOTY TabIX BOI.
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ABtomaructpanas M32 crpouncs B 70-80 e roasl mpouutoro crosnetus. KanutanbHbeli peMOHT
ow11 cneman B 2007-2012 rogax.

Ha tpacce M32 mpencraBneHsl cleayromme OOBEKTH MPHIOPOKHOTO cepBuca, kak A3C,
MYHKTBl MEAMIIMHCKON TIOMOIM, Ka)e W PEeCTOpaHbl, Mara3vHbl 3allaCHBIX YacTed M TPOIYKTOB
MUTaHWS, KEMIIMHTH U TOCTHHHUIIBI, CTAHIINMH TEXHHYECKOTO 00cmyxuBaHus apTomoomitend. Cpenn A3C
B OCHOBHOM ITOmagaroTcss kommanmu «MockBuuam», «Qazaq Oil», «Hedtar», «Oxrtan», «Sinooily,
«Venoil» u ap. A3C pacnonaraiotcsi HEpaBHOMEPHO.

CornacHo HarmoHanbHOro cranmapra Pecnyonuku Kazaxcran CT PK 2476-2014 «/loporu
aBTOMOOWIIFHBIE OOIIETro IMOb30BaHUS TPEOOBaHUS K 00BEKTaM JOPOKHOTO CEPBUCA U MX YCIyram,
KOMIUIEKCHBIE OOBEKTH JIOPO)KHOTO CepBHCAa B 3aBHCHMOCTH OT WX COCTaBa W BHJOB
NPEIOCTABISIEMbIX MU YCIYT (Tab. 2) moApa3AessifoTesl Ha KaTeropuu «A», «By», «C» u «D» [4].

Ta6mmma 2 — Kimaccudukarms 005eKTOB JOPOKHOTO CEPBHCA B 3aBUCHMOCTH OT COCTaBa KOMILTEKCa
JOPOKHOTO CepBUCa

Kareropust 00bexTa 10p0:KHOT0O

HaumeHoBaHMe 00513aTeIbHBIX
cepBuca

00bHEKTOB JAOPOIKHOI0 cepBHucCa

ABTO3ampaBoOYHAs CTAHITHS
Motens, KeMITHHT
BbrnaroycrpoeHHbIH (TEIUIBIN) TyaneT
OO1ecTBEeHHBIE TyTIEBbIe KAOWHBI
IIyHKT pO3HUYHON TOPrOBIH

ITyHKT O0IIECTBEHHOTO TUTAHUS

CraHIus TEXHHYECKOTO 00CTYKUBAHUS
ITyHKT MOWKH aBTOMOOHMIIBHOTO TPaHCIIOPTA
CTosiHKa C pa3/ieJI€HUEM NapKOBOYHBIX MECT

Oxpansiemasi CTOSTHKa
MecTo 1 IMKHUKA
ToproBo-pa3BiekaresibHas 30Ha
ITyHKT MEIUUIIMHCKON TOMOIIMN

+lH| [+ ]+ ][+ ][+ ]|+ +]+]+]|T

| F[ ]+ [+ ]|+ F]F] ]+ + ][>

+ - -

Taxoke yKa3zaHHBIH CTaHIAPT PETJIAMEHTUPYET HAIWYHE MJIOMA0K OTAbIXa Ha aBTOMOOMIBHBIX
Joporax oOmIero Moib30BaHUA K INpUMepy Ha aBTOMOOMJIBHAsI JOpOra MEKAYHAPOAHOTO 3HAYECHUS
M-32 «I'pannna P® (ma Camapy) — LleimkeHT», y4acTok Ypanbck-AkToOe, OTHOCAIIAsCS
k Il TexHuyeckoit kareropuil, UMeeT MPOTHKEHHOCTH 470 KM, COTJIACHO CTaHAApPTy HA JAaHHOM
y4acTKe ClIeAyeT IpeaycMaTpuBaTh Majible IJIOMAAKH He pexe 4eM 30 KM 1 OoJjblINe IOk He
peke ueM 60 kM. YUHUTHIBasi IOJTHOE OTCYTCTBHE HACEIEHHBIX ITYHKTOB MEXAY HocenkaMu JKbIMITUTHI
u KobOna, Ha npoTspkeHHOoCcTH 220 KM JODKHBI OyIyT pa3MelneHsl 3 0ombiue W 6 MajbIX IUTOMaI0K
OTIbIXa, OJHAKO OMNBIT ITOKAa3bIBACT YTO HAHHBIC IUIOLIAJKH OUY€Hb PEAKO HCIOJIB3YIOTCA 10 HX
OpsSAMOMY HA3HAuYEHHIO, TOMY BHHOH (DaKTHUECKOE HX COCTOSHHE B OOJIBIIMHCTBE CIIy4daeB
HaIOMUHAIOIIEe «CBATKY» [5], [6].

PesynabTarel ucciaenoBanus, oocy:xkaenme. CormacHo yka3y llpesugenta PecmyOnuku
Kazaxcran ot 12 mas 1995 r. N 2272, Pecriybnuka Kazaxcran, npunsiia EBporelickoe cornamreHue
«O paboTe SKMNaKEH TPAHCHOPTHBIX CPEJCTB, MPOM3BOMASAIINX MEXIYHAPOJHbIE ABTOMOOWIILHBIE
nepeBo3km» (ECTP) [7]. B 2010 roxy B manHom 3akoHe O BHECEHWH W3MEHEHHWH W JOTIOJHEHUU B
NPUKa3 MCIOJHAIOMIEro o00f3aHHOCTH MUHHCTpa TpaHCIOpTa M KOMMYyHHKauui PecnmyOmuku
Kazaxcran ot 13 aBrycra 2010 roma Ne 362 "O6 yrBepxknenun [IpaBui opranuzanuu paboTsl IOCTOB
TPAHCIOPTHOTO KOHTPOJIS Ha Tepputopun PecryOnuku Kazaxcran", TaHHOM JOKyMEHTE OTOOpaKeHO
pexum Tpyna u otasixa Bogureneil Cornacao ECTP, mocie yeTbIpex ¢ MOJIOBUHON YacOB BOXAEHUS,
BOJIUTENI0 HEOOXOIMMO OCTAaHOBHTCS HAa TEPEPHIB MPOAOIDKHTEIBHOCTBIO HE MEHEEe COpPOKa IIATH
MuHYT. [Ipy 3TOM BO BpeMmsl IiepepbiBa OH HE UMEET MpaBa 3aHUMAaThLCS Kakoh-ubo padortoii. [Tomumo
3TOTO, Y BOJUTEIS JOJDKEH OBITh MPEAYCMOTPEH €XXEIHEBHBIA OTABIX HE MEHEE OJMHHAIATH YacOB.
OTU mpaBWiia JOJDKHBI COOJIOAATHCS KaKABIM BOAMTENIEM, OCYIIECTBIISIOUIMM MEXIyHapOIHBIE
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aBTONEPEBO3KH. 3a HECOONIOJCHHE peXUMa TpyNa M OTAbIXa BOAMTENEH *XAeT mrpad, COriacHo
cratbe 572 Konexca Anmunncrparusabix [IpaBonapymennit Pecryonukn Kazaxcran [8].

Opnako, HajgwuWe aIMUHACTPATHBHOTO HAKa3aHWUS HE OCTAHABIMBAIOT  BOAWTEICH
TPaHCHOPTHBIX CPEACTB HapylaTh JAaHHOe TpeOoBanue. B EBpomeiickux crpaHax K JaHHOMY
JIOKYMEHTY OTHOCSITCSI 60JIe€ OTBETCTBEHHO, TaK KakK JIaXKe 32 HeOObIINe OTKIOHEHHUS OT YKa3aHHOTO
peXrMa TpyZAa U OTAbIXa Ha BOIUTENS W HA TPAHCIOPTHYIO KOMITAHUIO Haylaraercs mrpad, BIUIOTH J10
MPUOCTaHOBJIEHNUA JedrenbHOocTH [9]. Ho 3avacTyro Ha mpocropax Hameid CTENd BAOJb
ABTOMOOMJIBHBIX JIOPOT MOKHO HE BCTPETUTh COOTBETCTBYIOILIETO MECTa OTIbIXa, MO 3TOH MpUYHMHE
YacTO BOJUTENH MPEAINOYUTAIOT OTIBIXaTh B CBOMX aBTOMOOMIISIX M TUIOXO BBICBIMAIOTCS, BCIEICTBUE
9ero MPOUCXOIUT AOPOKHO-TpaHcnopTHbIe TpouciiecTBus (ATII). [ Toro 9To0BI CHU3WUTH YHCIIO
ATII wm3-3a  ycTajJOCTH  BOAMTENEH H  COOTBETCTBEHHO  MOBBICUTH  0€30MacHOCTh U
KOHKYPEHTOCIIOCOOHOCTh HAIIMX TPAHCIOPTHBIX KOPUAOPOB, HEOOXOAUMO TPaMOTHO H CEpPBE3HO
MOIOWTH K opraHu3anuu npuaopoxkaoro cepsuca [10]. CremeHns y4acTtusi rocyAapcTBa B Pa3BUTHH
Ka4eCTBEHHON HHQPACTPYKTYphl TNPHIOPOKHOTO CEpBHCa JODKHO OBITH MOBBILEHO. HyxkHO
YUUTBIBaTh OCOOCHHOCTH Ka)KAOTO OTIEIBHO B3SITOrO0 y4yacTKa aBTOMOOWJIBHOW JOpOTH, OOoJbIIve
pacCTOSHUSL MEXIY KPYIMHBIMH TOPOJaMH, MaIOHACEIEHHOCTh OTPOMHBIX TEPPUTOPHA U KECTKHE
KIIMMaTUYECKUE YCIOBUS — 3TO JIMIIb Manas 4acTh OYEBUAHBIX JaHHBIX. B Iendx miaHUpOBaHUS
pa3BUTHA TPAHCHIOPTHONH MHQPACTPYKTYPHl HEOOXOIMMO YYUTHIBATH COCTAB TPAHCHOPTHOI'O MOTOKA,
HAIM4YUE YyXKe JCUCTBYIOIIUX OOBEKTOB PO3HHYHOW TOPTOBIM M OOIIENHTa, OMPOCHI W aHAIH3
MOTPeOHOCTE TMEPEeBO3YMKOB, HAIMYWe KOMMYHHUKAIIUH, BAapUaHTBl W BO3MOXXHOCTH IS WX
cogepkanust [11]. HecnoxxHo mOCYMTaTh MHHUMAIBHO HEOOXOAMMOE KOJIUYECTBO MYCOPHBIX
KOHTEHHEPOB M YaCTOTy MX BBIBO3a, €CIIM YUECTh JaHHbIE MHTEHCUBHOCTH M COCTaBa TPAHCIIOPTHOTO
MOTOKA UCXOS U3 ACHCTBYIOMINX HOPM CAHUTAPHBIX MPABWII, K IPUMEPY OOIBITUHCTBO TIEPEBO3YNKOB
UMEIOT HEKOE MoJI00NE pacliuCaHusl CBOMX MOCTOSTHHBIX MapIIPyTOB, HE TOBOPS yXKe O MaCCAKUPCKUX
nepeBo3kax [12].

KoHedHo, cTpOHUTENbCTBO HOBOM CHCTEMBI OOBEKTOB MPUAOPOKHOTO CEPBHUCA C MPUMEHEHHEM
YCIICHIHBIX MEXIYHAPOTHBIX MOJIEIeH Ha CETOMHSIIHIN JICHb SBIISIETCS OoJiee TPUBIIEKATENBHBIM U C
9KOHOMHYECKOH TOYKH 3pEHUSI 0ojiee BBITOJHBIM, BEAb BCEM HM3BECTHO, YTO CTPOUTEIBCTBO C HYJIS
Bcerna OBUIO MEHEe 3aTpaTHO BO BCEX IUIaHAX YeM PEMOHT WM PEKOHCTPYKIUS TEHCTBYIOIIUX
00wekToB [13]. Ho B manHOM ciydae 0e3 3TO Ype3BBIYaifHO CII0XKHOW, KaK HHKEHEPHOM IUIaHe, TaK ’
B SKOHOMUYECKOM IIJIaHe 3a/1adeil, HeBO3MOKHO BBIBECTH KayeCTBO M MPECTHXK HAIINX TPAHCIIOPTHBIX
KOPHJIOPOB Ha HOBBI KadyeCTBeHHBI ypoBeHb [l4]. HeoOxommmo yBsi3aTh I€HCTBYIONIYIO
WHPPACTPYKTYPY C MPUHATON KOHIEIIINEH Pa3BUTHSL.

Ha ceromusmmauit neHp coriiacHO daHHBIM MunuctepctBa Tpancmopra PK Bpgoms aBTomopor
pecnyOIMKaHCKOTO 3HA4YCHUs (QYHKIMOHUPYET 1634 00BbeKTOB MPHUIOPOXKHOTO cepBuca. K oObekram
MIPHUJIOPO’KHOTO CEPBHCAa OTHOCSITCA 3allPaBKd aBTOMOOWJIBHOTO TPAHCIIOPTa, OOBEKTHl MMHUTAHUS H
TOPTOBJIH, OTIIBIXA, aBTocepBuc, CTO u np. (pucynok 2) [15].

O 3ampaBKH aBTOMOOHIEHOTO TpaHcmopTa B OGBEKTH MHTAHHS
B OOLEeKTE TOPTOBIH O OOBEKTEI OTABIXA
B ABTOCEpPBHUC B PasHoe

Pucynok 2 — CtpykTypa 00beKTOB IPHUIOPOKHOTO CEPBHCA BAOJIb aBTOIOPOT PECITyOIHMKAHCKOTO
3HAYEHUS

236



ISSN 2305-9397. FbiibiM )caHe b6intim. 2024. N° 3-2 (76)

Kak BugHO 13 pucyHka 1 camoe GobII0€ KOJHMUYECTBO MIPUAOPOKHBIX 00BbEKTOB MPUXOANUTCS Ha
aBTO3aIPaBOYHbIC CTAHIINYA M OOBEKTHI IUTAHUS, & HA JOIIO PEMOHTHBIX CTAHIMN MPUXOAUTCS BCETO
b 5% OOBEKTOB, YTO HEraTWBHO CKAa3bIBaeTCS Ha 0E30MacHOCTH JOPOXKHOTO JBIDKEHHS, TaK KaK
BOIUTENSIM, TPH TIOJOMKE, TNPUXOJUTCS CaMUM PEMOHTHPOBAaTh TPAHCIOPTHBIE CpEACTBa
OCTaHaBJIMBAasICh Ha 0004YMHAX Nopor. IIpu 3ToM Bce Tak e OONBIIMHCTBO OOBEKTOB MPHIOPOKHOTO
CepBHCa HE COOTBETCTBYIOT MHUHHMAJBHBIM €BPOINEHCKIM CTaHIapTaM, XOTs Halla CTpaHa SBISETCS
MOJHONPABHBIM ~ WICHOM M  YYaCTHHKOM €BPOIEHCKOrO COIJIALICHUS O MEXIyHapOJHBIX
aBTOMOOWILHBIX MepeBo3kax [16], [17].

OcCHOBHO# TIPO0OJIEMOH, CIep )KUBAIOIIEH pa3BUTHE 00BEKTOB MPUIOPOKHOTO CEPBHICA CBSI3AHBI
TJIaBHBIM 00pa3oM C OTCYTCTBHEM HAIPaBJICHHS JUISI CHCTEMHOTO W IIPOTHO3UPYEMOTO WX Pa3BHUTHSL
OCHOBHBIE CAEP)KUBAIOIIME TPUYMHBI, HE TO3BOJIIOUIME PAa3BUTHIO NPHIOPOXKHOTO CEepBUCA B
pecnyonuke Kazaxcran:

— NudpactpykrypHsie npuanHbl. HegocTymHOCT HHOPACTPYKTYPHI, TAKOW Kak, MMOIBE3THBIE
JIOPOTH, ChE3bl U IPUMBIKAHHS, IEPEX0IHO-CKOPOCTHBIE MOJIOCH, HHKEHEPHbIE KOMMYHHUKAIUN. DTO
BBI3BAHO HEJOCTATOUYHBIMU HHBECTHLHMSIMH B HHOPACTPYKTYPY HIIM HEAOCTaTOUHOH 3(pPEeKTHBHOCTHIO
TOCY/IapCTBEHHBIX TPOTPAMM Pa3BUTHS;

— DxoHoMHYeckre (akTopel. Bricokue 3aTpaThl Ha OTKPHITHE M OKCIUTyaTaluilo OOBEKTOB
NPUAOPOKHOTO CEPBUCA;

— HopmartuBuble w agmuHHCTpaTHBHBIE Oapbephl. CroKHOCTH JHOO OrpaHUYCHUS Ha
WCTIONB30BaHUE 3EMIIHM JJII KOMMEpUYecKuX Ieneid. OTCyTCTBHE HOPM W TIPaBHI TSI CTPOUTEIHCTBA
HOBBIX OOBEKTOB M pErJIaMEHTHPOBAaHHBIE TPEOOBaHMSI K COCTOSHHIO CYHICCTBYIOMIMX OOBEKTOB
MIPHUIOPO’KHOTO CEPBUCA.

CrnemxyeT OTMETHTh, YTO HEIOCTaTOK KOHKYPEHIIMM Ha JaHHOM DPBIHKE TAKXKe MPEIsTCTBYET
WHTCHCHBHOMY Pa3BHTHIO NPUAOPOKHOTO cepBuca. I[Iponemypa TpemocTaBiIeHUs] Y4YacTKOB IS
pasMelieHus: 00bEKTOB IPUIOPOIKHOIO CEPBHUCA TOCTATOUHO cioxHas [18]. OTCyTCTBHE CHCTEMHOTrO
MOJIX0JIa K Pa3BUTHIO MPUAOPOKHOTO cepBHca B peciyonnke KazaxcTan nmpuBena K CUTyalusM, KOTaa
CYLIECTBYIOLIME B HACTOSIEe BpeMsl BIOJNb aBTOMOOMJIBHBIX JIOPOT OOBEKTHI He 00pa3yroT
YIOPSIOYEHHONW CHUCTEMBI, PACIIOJIOKEHBI Xa0TUYHO, HE PETIIaMEHTHPOBAHBI TI0 COCTaBY M KaueCTBY
OKa3bIBaEMBIX YCIYT, XapaKTEepPHU3YIOTCS HECOOTBETCTBHEM TpeOoBaHMsIM HammoHamsHOTO cTaHmapTa
PecrryOmmku Kazaxcran (00ycTpoiicTBO IPUMBIKAHUH U TIEPEXOHO-CKOPOCTHBIX 1MOI0C) [4].

Jlnst pemieHus yKa3aHHBIX MPOOJIeM pa3BUTHS OOBEKTOB TMPUAOPOKHOTO OOCTYKHUBAHHUS
HeoOxoauMo cdopmupoBarh «KoHmenmuio pa3Butus OOBEKTOB MPHUIOPOKHOTO CEpBHCA B
PecrryOnmmke Kazaxcran». Llempro OyneT: co3maHWe Ha TEPPUTOPUU  PECHYONIMKH  OOBEKTOB
NPUAOPOKHOTO CEPBHCA C BBHICOKUM YPOBHEM OOCITY)KMBaHHS, HEOOXOIUMO MPUHSITHE LEIOTO Psijia
MEPOTIPHUSITUH IO CO3/IAHUIO COBPEMEHHBIX CTPOUTEILHBIX 00BEKTOB!

1) UuadpactpykrypHOoe pa3ButHe. CTPOUTENBCTBO M PEKOHCTPYKIHS aBTOMOOWIBHBIX JIOPOT
YYUTBIBasE TOTPEOHOCTH B TPAH3UTHOM TPAHCIIOPTHOM HampaBieHWd. CTpPOUTENECTBO U
MOJIEpHU3AIIHS CYHIECTBYIOMIUX 00BEKTOB MPHIOPOKHOTO CEPBUCA;

2) KauectBo oOciyxuBanusa. (OOecrieueHHE BBICOKOTO YpPOBHS CEpBHCA W BHEIPEHHE
COBpPEMEHHBIX TEXHOJIOTHI M HHHOBAIIWIA JUTA yIy4YIIeHNs KadecTBa 00CTyXKuBaHus 1 komdopTa [19];

3) DOxomoruueckas yCTOWYMBOCTh. BHEIpeHHE OSKOJOTUYECKH YHCTHIX TEXHOJOTHH U
MPOCKTHBIX PEIICHHUH [Tl CHIXKCHHUSI HETAaTUBHOTO BO3/ICHCTBHS 00BEKTOB IPUIOPOKHOTO CepBHCA HA
OKPYKaIOIIYIO Cpey, BHEIPEHNE CTAHAPTOB 110 YTHIIH3AINY U ITepepadoTKe 0TXO/IOB;

4) beszonacHocts. Hapsgy c obecrieueHneM O€30MacHOCTH JOPOXKHOTO JBIKEHHS, OYEHb
B)XHBIM SIBJISIETCS TAK)KE M JIMYHAS O€30MAaCHOCTD TOJIb30BaTeNell 00BEKTOB MPUIOPOKHOTO CEpBUCA
[20];

5) PasButme TypusmMa u pekpeanuu. OpraHuzanusi pas3BIEKATENBHBIX M KYJIbTYPHBIX
MEpONPHUITHH Ha TEPPUTOPHH OOBEKTOB TIPWIOPOKHOTO cepBHca. [IpuBIIeYeHHE MECTHBIX
npeAnprUHAMATEIeH 1 PEMECIIEHHUKOB /ISl Pa3BUTHUSI TYPUCTUYECKOTO NMOTEHIIMAIa PETHOHA;

6) TlocynmapcTBeHHass moajepkka u  perynupoBanue. Co3maHue — OMarompUsTHBIX
WHBECTUIIMOHHBIX YCJIOBUU ISl TPUBJICUCHUS YACTHBIX HMHBECTUIMA B Pa3BUTHE IMPHIOPOKHOTO
cepBuca. Pa3zpaboTka rocyapcTBeHHBIX TPOTPaMM JJIsi pa3BUTHSI OOBEKTOB MPUIOPOKHOTO CEpPBHCA.
MOHUTOPHHT ¥ KOHTPOJIb 38 Ka4ECTBOM M CTaHJapTaMu OOCITyXKUBaHUS;
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3aximouenus. DPPeKTHBHAS KOHIEIHUS Pa3BUTHI OOBbEKTOB MPUIOPOKHOTO CEPBHUCA TOJLKHA
YYUTHIBATh TOTPEOHOCTH M WHTEPECHI BCEX 3aMHTEPECOBAHHBIX CTOPOH, BKJIIOYAs ITyTEIIECTBEHHUKOB,
MECTHBIX XKHUTEJEH, MpeapruHuMaTeNell i ToCyIapCTBEeHHBIX OPTaHU3aIliH.

Takum o0pa3oM, aHanu3 NpPOOIEMBl pa3BUTHS MPHIOPOKHOTO CEpBHCa IIOKa3ajl, YTO
HEOOXOIMMO KOMIUIEKCHOE pelIeHHe TpoOJIeMbl ¢  HEMOCPEACTBEHHBIM YYacTHEM  BCEX
3aKOHOAATEIBHBIX M HCIIOIHUTENHHBIX BETBEH BJIACTH OT TOCYAAapCTBa M OT MpeICcTaBUTeNel On3Heca.
Heo06xonumMo MOMHUTH, OAHWUM W3 MYHKTOB CTPAaTeTHH Pa3BUTHS HALIErO TOCyJapcTBa 3TO BOWTH B
omwkaiiedl nepcnektuBe B yucio 30 caMbIX Pa3BUTHIX SKOHOMHYECKHX CTpaH, a KaueCTBCHHBIC
JIOPOTH C XOPOIIUM JIOPOKHBIM CEPBHUCOM 3TO OJIWH M3 BAXHEWIINX TMOKa3aTellell YCHEeIIHOTOo
pa3BUTHS TOCYAAPCTBA.
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TYHUIH

byr wmakama MeMmieKeTiMi3miH ayMaFbl apKbUIBI OTETIH KONIK MJQJNI3JAEPiH JaMBITYIbIH
MaHBI3IBUIBIFBI MEH CTPATETHUIBIK MaHBI3IBUIBIFBIH €CKepe OThIphIN, Kazakcran PecnyOnnkachiHBIH
KON OOWBIHJAFBl CEPBUC CAJACHIHAAFBI ©3EKTI MOCENeNep/i 3epTTeyre apHainFaH. Makanaaa Kol
OOWBIHIAFPI CEPBHUCTIH TOJBIKKAHABI JaMyblHA KeJepri KedTipeTiH Herisri mpobiemManap
KapacThIpbUIafpl. MyHzal MpoOieManapAblH KaTapblHAa Ka3ipri 3amMaHayd OOBEKTLICP MEH KOJ
OOWBIHIAFBl  CEPBUC  HMH(PPAKYPBUILIMBIHBIH  JKETICHCYIIUIIri, KOJAAHBICTaFrbl  OOBEKTUICPIIH
TEXHHUKAIBIK >KapaKTaHABIPBUTYBIHBIH KETKLUTIKCI3/iri, COHMai-aK opTYpJi MEMIICKETTIK KOHE KEeKe
KYPBUIBIMJIAD apachIHIAFbl iC-KUMBUIIAPIBIH COMKEC KelMeyi jkataabl. bynaHn 0acka, KepceTuIeTiH
KBI3METTEP/IiH Carachl KarblHaH IpolieManap aran oTije/i, OyIapasiH 09pi KOiK KeTiCiHIH KYMBIC
ICTeYiHIH KaJTBl THIMAUTITIHE Kepl 9cepiH THUTI3ei.

JKom  OoiipiHmarel  cepBHC  KBI3METTEpPAIH  KAyiNCI3AiriHIH, JKAWNBUIBIFBIHBIH  JKOHE
KOJDKETIMJIUTITIHIH KaKETTI JeHreliH KaMTaMachl3 €Ty 3aMaHayd TEXHOJIOTHSIIAPAbl SHII3Yl JKoOHE
KBI3MET KOPCETY CamachlH apTTBIPYIbI TaNamn etei. byn Mocenenepai Tanaay onapiasl THIMII HICNy
YIIiH KemeH i XKoHe XYHell Tocil KaKeT eKkeHiH kepceTeni. JKeke MHBECTHIMSIIAD /1a, MEMIIEKETTIH
OeJIceH 11 XKoHEe MaKCaTThl KAThICYBI J]a MAaHbI3/IbI POJI aTKapabl.

Makanasa oy OOHBIHAAFbI CepBUC MHPPAKYPBUIBIMBIH JKAHFBIPTY JKOHE YKAKCApTy >KOHIHJIETI
Oarmapiamanapiabl  93ipieyre JKOHE ICKe achlpyFa MEMIICKETTIH KAThICY JOPEKECIH apTThIpy
KOKETTIriHEe epeKie Hazap ayjaapbuiafbl. OChl CEKTOpFra jKeKe WHBECTHLMSIIAPABI bIHTAJIaHBIPATHIH
JKOHE JKOFaphl cama CTaHAApPTTApblH KaMTamachl3 €TETiH THIMJI HOPMATUBTIK 0Oa3zaHbl Kypy MeEH
€HTI3Y/1iH MaHbI3IbUIBIFbI TATKBUIAHA B
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MINERAL RAW MATERIALS AS SORBENTS IN GROUNDWATER PURIFICATION
PROCESSES

ANNOTATION

Reducing the amount of fresh water necessitates the effective use of groundwater along with
surface water. The use of mineral sorbents in the process of groundwater purification is
environmentally and economically acceptable. For this reason, it is recommended to use mineral raw
materials such as clays, activated carbon as a sorbent. Mineral sorbents are an effective means of
removing various pollutants from water, including heavy metals, organic compounds and radioactive
substances. This study examined the use of diatomite and montmorillonite as sorbents. They worked to
improve the organoleptic characteristics of the groundwater of the Akkurai deposit, reducing the
hardness and chloride content in the water. The physicochemical properties were determined using the
methods of argentometry and iodometry. Comparative work was carried out with the results obtained
by filtration on various sorbents. The results show that the thermomodified sorbent has a good
adsorption capacity. These results show that mineral sorbents are an effective solution for groundwater
purification and that the use of mineral sorbents in various compositions to increase the efficiency of
groundwater purification in the future is one of the promising methods.

Key words: groundwater, sorbent, diatomite, gaize, organoleptic parameters

Introduction.  With the continuous industrialization process, water pollution has become a
major environmental issue around the  world, causing severe environmental  crises. This  issue
is challenging to solve, as water contamination not only harms the environment but also poses
asignificantthreat to human health and ecosystems. The demand for fresh water continues
to increase with the growing human population and rising living standards. Unfortunately, water
contaminants are  reducing the supply  of freshwater from both  surface and  groundwater
sources. Due to their limited availability, natural freshwater reserves are unable to meet the
rising demand. The World Meteorological Organization has predicted that by 2050, over 5 billion
people will lack access to adequate water [1-2].

Currently, Kazakhstan is grappling with a serious environmental challenge due to water
pollution. This pollution is mainly caused by mineral resource extraction, transportation, industrial
operations, and agricultural activities. While providing a sufficient water supply is technically feasible,
it is essential that this water meets specific quality standards for drinking. Ensuring safe drinking water
for the population is therefore a top priority. To tackle this issue effectively, a comprehensive strategy
is needed that maximizes the use of groundwater resources, as surface waters alone cannot meet the
freshwater demand. Groundwater is crucial in this context, and its use must be managed carefully.

Water purification can be accomplished through various methods, including mechanical,
physicochemical, chemical, and biological processes. Physicochemical methods involve techniques
such as extraction, ultrafiltration, coagulation, ion exchange, reverse osmosis, electrolysis, oxidation,
and sorption [3-4].

The most effective method of water purification is the sorption purification method. This is due
to the fact that water purification by sorption methods is a technologically advanced, high-
performance, widely used and promising method for development. These methods make it possible to
purify both industrial wastewater and natural water.

With the help of sorption, soluble organic compounds, cations and anions of inorganic
compounds, as well as radioactive substances can be qualitatively extracted from water.

Modern highly active sorbents work effectively at any, even minimal, concentration of
undesirable impurities, as a result of which no residual concentrate remains in the water [5].

The sorption method has a number of advantages, such as the possibility of cleaning water
bodies to the required concentration of pollution (MPC) and desorption by reusing sorption material in
industrial technologies [6].
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The efficiency of purification by sorption methods can reach 80-90% and depends on the
chemical nature of the sorbents, the size of the adsorption surface, its accessibility, as well as on the
chemical structure of the adsorbate and the form of its presence in solution. There are many types of
sorbents, which are divided into four groups: the first group — elements based on primary or processed
organic products consisting of peat, moss, buckwheat and rice cleaning waste; the second group-
sorbents based on polymeric materials-polypropylene, polyurethane, foam; the third group-mineral
sorbents; The fourth group is nanosorbents based on graphite or other carbonaceous materials.

One of the important conditions for the use of sorbent in the process of water purification is its
availability, low cost and the possibility of regeneration. These requirements are met by various
natural minerals capable of adsorbing charged particles on their surface to varying degrees [7-8].

Diatomite is a sedimentary rock formed by silica fragments of the shells of microscopic diatoms
— diatoms and radillaries. The main part of the siliceous carapace (skeleton) is amorphous silica
hydrates of various degrees of water content — varieties of opal of the mSid,-H,On type, the crystal
component is represented by quartz admixtures [9].

Diatomite-based sorbents are used as filter media in water treatment. The high dispersion and
porosity of diatomite promote the adsorption of water pollutants on its surface. The main requirements
for the methods of rock processing when obtainingsorbents are manufacturability, efficiency, and
environmental friendliness. It is also necessary to take into account the characteristics of the raw
materials. For example, the ability of diatomite to absorb water is 149.77+0.34 wt. %, and therefore it
is impossible to grind it without first drying it [10].

Diatomite is a mineral of silicon dioxide consist-ing of fossilized skeleton remnants of
microscopic single-celled aquatic plants (algae) called diatoms. Diatomite from Aktobe field of
Kazakhstan can be used to remediate many environmental problems. It has a unique combination of
physical and chemical properties (good absorption ability, chemical inertness and a large surface area)
that makes it applicable as a sorbent for purification of water from heavy metals and ion exchange.
Modern methods make it possible to purify water from heavy metals, in principle, to any depth, for
example, using activated carbons. Nevertheless, the implementation of existing technological
procedures is limited by the its high cost associated mainly with activation or combination with other
active phases in the diatomite-based sorbent production, recovery of used sorbent, and regeneration.
To overcome these drawbacks, it was planned to exploit ready-for-use sorbents (native solid sorbents)
the performance of which could be further implemented after minimal activation treatments.
Different natural solid sorbents modification protocols are conventionally used by researchers to
enhance specific diatomite properties, such as high efficiency, considerable adsorption capacity
operated selectivity. Among them are: thermal activation; mechanical activation; chemical activation
[11].

Diatomites also purify water very well from heavy metals. Shen et al. [12] indicated that
modified diatomite (using NaOH and MnCI2 ) was an effective cadmium wastewater adsorbent and
suitable for recycling. Those results showed the removal rate of Cd(ll) on modified diatomite was
98.69%, while unmodified diatomite was 58.30%. Memedi et al. [13] removed 100% of chromium
ions from water using clay diatomite. Sharipova et al. [14] tried to remove triclosan from model
solutions, and Hadri et al. [15] examined the adsorption of methylene blue on diatomaceous earth.
Gokirmak Sogut and Caliskan [16] removed lead, copper, and cadmium ions from an agueous solution
using crude and thermally modified diatomite.

Inorganic adsorbents have an advantage over organic ion-exchange resins, for example,
resistance to acids or ionizing radiation. Minerals with the structure of montmorillonite (MT) are
widely used in various industries — as sorbents for water and gas purification, desiccants, as binders in
cracking catalysts, and catalyst carriers, as well as medical sorbents. MT is a clay mineral from the
smectite group of a subclass of layered silicates with variable chemical composition [17].

The use of natural clay minerals in sorption processes is promising and relevant due to their low
cost and inexhaustible reserves. In this regard, the development of methods for the preparation of new
effective sorbents based on natural montmorillonites is of great practical importance for the
purification of wastewater and liquid waste from heavy metal ions and various toxic substances [18].

Montmorillonite is a mineral with a layered structure and an expanding structural cell. It is the
most widely distributed amphoteric ion exchanger in nature. Its cation exchange ability is due to the
permanent negative charge of the aluminosilicate layers caused by isomorphic substitutions in
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the oxygen grid of the mineral. Exchange interlayer cations, which help restore the electroneutrality of
the structure, are weakly held by the surface and can be replaced by other cations. On the other hand,
so-called "terminal™ aluminol and silanol groups are located on the sides of the aluminosilicate
layers and are capable of carrying both negative and positive charges, depending on the pH of
the surrounding medium. Despite the fact that the surface area of these groups does not exceed 7-9%
of the total particle surface, they can act as potential centers for anion adsorption [19].

Montmorillonite belongs to the class of layered aluminosilicates of the dioctahedral smectite
group and is a 2:1 layer consisting of Si-O tetrahedral grids joined in the middle with an Al-OH
octahedral grid. Due to the isomorphic substitutions of 41** to Mg** and Fe** in octahedral grids
(mainly) and a small proportion of isomorphic substitutions of Si ** to A1*% in tetrahedral grids, the
montmorillonite layer has a negative charge of the order of 0.3-0.6 f.u., which is neutralized by the
exchange of interlayer hydrated cations Na*, Ca**, M g** and others . Such a structure leads to the
lability of the montmorillonite structure, makes the external and internal surfaces in crystallites
available for adsorption and provides high swelling and high sorption capacity with respect to heavy
metals, radionuclides and other anthropogenic components dangerous to human health [20].

Materials and methods. Methods for determining stiffness

The determination of the total hardness of water is hampered by: copper, zinc, manganese and a
high content of carbon dioxide and bicarbonate salts. The influence of interfering substances is
eliminated during the analysis. The titration error of 100 cm® of the sample is 0.05 mol/m? .

100 cm® of filtered test water or a smaller volume diluted to 100 cm® with distilled water is
added to a conical flask. In this case, the total amount of the substance equivalent to calcium and
magnesium ions in the volume taken should not exceed 0.5 mol. Then add 5 cm?® of the buffer
solution, 5-7 drops of the indicator or approximately 0.1 g of a dry mixture of the chromogen black
indicator with dry sodium and immediately titrate with a strong stirring of 0.05 n. with a solution of
trilon B until the color changes at an equivalent point (the color should be blue with a greenish tinge).

If more than 10 cm? 0.05 n of trilon B solution was used for titration, then this indicates that in
the measured volume of water the total amount of the substance equivalent to calcium and magnesium
ions is more than 0.5 mol. In such cases, the definition should be repeated by taking a smaller volume
of water and diluting it to 100 cm® with distilled water.

An indistinct color change at the equivalent point indicates the presence of copper and zinc. To
eliminate the influence of interfering substances, 1-2 em? of sodium sulfide solution is added to the
water sample measured for titration, after which the test is carried out as indicated above.

If, after adding a buffer solution and an indicator to the measured volume of water, the titrated
solution gradually discolors, acquiring a gray color, which indicates the presence of manganese, then
in this case, five drops of 1% hydroxylamine hydrochloride solution should be added to the sample of
water selected for titration before applying reagents and then determine the hardness as indicated
above.

If titration becomes extremely protracted with unstable and indistinct coloration at an equivalent
point, which is observed with high alkalinity of water, its effect is eliminated by adding to the sample
of water selected for titration, before adding reagents of 0.1 n. hydrochloric acid solution in the
amount necessary to neutralize the alkalinity of water, followed by boiling or blowing the solution
with air for 5 min. After that, a buffer solution is added, an indicator and then the stiffness is
determined, as indicated above.

Determination of chloride (CI') content in drinking water (argentometry)

Argentometry is a volumetric analytical method based on the reactions of deposition of halogen
ions by silver cations to form poorly soluble halides:

Cl+ Ag" = AgCl| Q)

The most common argentometric determination of chlorine is by the Mohr method. Its essence
consists in direct titration of the liquid with a solution of silver nitrate with an indicator of potassium
chromate before browning the precipitate.

The indicator of the Mohr method - K>CrO4 solution gives a red precipitate of silver chromate
Ag.CrO,4 with silver nitrate, but the solubility of the precipitate (6.2::10-3 mol/l) is much greater than
the solubility of silver chloride (1.33::10-5 mol/l). Therefore, when titrated with a silver nitrate
solution in the presence of potassium chromate, a red precipitate of silver chromate appears only after

243



TexHHuKa/IbIK FblIbIMAAP

the addition of an excess of Ag* ions, when all chloride ions have already been precipitated. At the
same time, a silver nitrate solution is always added to the analyzed liquid, and not vice versa.
Determination of adsorption activity by iodine.
Due to its simplicity and accuracy, the iodometry method is considered one of the best methods
of quantitative analysis. This method is based on redox reactions of conversion of free iodide into
iodide ions or vice versa.

I, + Kl = K[|3] (2)

The standard redox potential of the system is relatively low. Therefore, many iodometric
reactions are reversible and do not proceed to completion. Only when specific conditions are met,
they proceed almost to completion. Crystalline iodine is only slightly soluble in water, so a solution of
iodine in potassium iodide is used as a reference solution. In this solution, a less stable, more soluble
complex compound of iodine forms.

Both oxidants and reducing agents can be determined using iodometry.

The main  working  solutions used in iodometric  titrations are:  iodine  solution
for directly titrating strong reducing agents, and solutions of potassium iodide and sodium
thiosulfate, which are used for determining oxidants through substitution titration, and reducing
agents through reverse titration.

About 1 g of the sorbent is weighed (the weighing result is recorded to the fourth decimal
place), placed in a conical flask with a capacity of 250 cm?®, 100 em® of iodine solution in potassium
iodide is added, closed with a stopper and manually shaken every minute for 30 minutes. Then the
solution is allowed to settle and from the flask with a pipette, carefully so that coal particles do not get
in, 10 cm?® of the solution is taken, placed in a conical flask and titrated with 0.1 n sodium thiosulfate
solution. At the end of titration, 3 ... 5 drops of starch solution are added and titrated until the blue
color disappears. At the same time, the initial iodine content in the solution is determined, for this 10
em? of iodine 5 solution in potassium iodide is placed in a conical flask and titrated with 0.1 n sodium
thiosulfate solution, adding a starch solution at the end of titration.

The arithmetic mean of the results of two parallel definitions is taken as the result of the
analysis, the absolute discrepancy between which does not exceed the permissible discrepancy of 3%.

Results and discussion. When analyzing the test water, the following indicators were
determined in the test samples as the total hardness and quantitative chloride content of the water
before and after purification with a natural mineral sorbent: diatomite, raw flask and thermally
modified at 800°C.

To study water after purification with a mineral sorbent, 10 grams, 20 grams and 30 grams per
100 milliliters of water are taken in the following proportions, respectively.

All prototypes are well mixed and maintained for a day. The filtered water sample is further
examined using the titrimetric analysis method.

Table 1 — Description of the properties and chemical elements of the investigated groundwater
"Akkurai"

Ne Physmp—chemlcal standard result description
properties of water
1 2 3 4 5
1 | Water temperature 7-11 °C. 11°C corresponds
it should not be higher than 20 30 degrees.
2 Color of water degrees. (in special cases, no higher | The water has corresponds
than 35 degrees.) a greenish tint
3 Turbidity Not higher than 1.5 mg/I. 1,5 mg/l. corresponds
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1 2 3 4 5
It can be salty, bitter, sweet and ngussagéybtastt;els
4 Taste sour. Natural waters, as a rule, have Salty taste sodium ch)I/ori de
only a salty and bitter aftertaste.
content
According to the norms of Sanitary r?o?i?:len;l;a
rules and regulations 2.1.4.559-96, Increased by
5 Smells smell or taste, .
the smell of water should be no . 1 unit
more than 2 points easily
detectable
According to the norms of Sanitary .
Active water rules and regulations 2.1.4.559-96, _ the reaction of the
6 . A pH=16,8 water is neutral, it
reaction the pH of drinking water should be q
within 6.0.9.0 corresponas.
According to the norms of Sanitary corresponds
rules and regulations2.1.4.1074-01, ediur 'f]ar iass
7 Water hardness the hardness of drinking water 5.5 mg-eq/l water (from 4 to
should be no higher than 7 (10) mg- 8 mg-eq/l)
eg/l, (or no more than 350 mg/l). g-€d
The maximum permissible
8 Chlorides concentration of chlorides in 443 mg/l Increased by 100

drinking water is 300...350 mg/I

units

As described in Table 1, the water was tested for some organoleptic and physicochemical
properties before water purification. From the indicators it became known that the water complies with
many standards, but there is also an excess above the norm in such parameters as the content of
dissolved chloride ions in the water and the overall hardness is average. In view of this, while
continuing the work, special emphasis was placed on reducing these numerical values in water.

Table 2 — Water purification using raw gaize

Physico- Result
No prgf;)irrr;:gglof Standard before water After water purification Description
water purification 10:100 | 20:100 | 30:100
1 2 3 4 5 6 7 8
It was
purified in
Water o o o o o the
1 temperature 7-11°C. 11°C 15°C 15°C 15°C laboratory at
room
temperature
Color of it should not 30 degrees. 30 25 20
2 be higher than | The water has degrees | degrees | degrees It's fine
water N
20 degrees. a greenish tint
- Not higher 1,5 1,5 -
3 Turbidity than 1.5 mg/l. 1,5 mgl/l. 1,5 mg/l. mg/l. mgll. It's fine
It can be
. The salty
4 Taste salty, bitter, salty taste - - - taste did not
sweet and
sour settle
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3

Active water
reaction

According to
the norms, the
pH of
drinking
water should
be within
6.0...9.0

pH=16,8

It's fine

Water
hardness

the hardness
of drinking
water should
be no higher
than 7 (10)
mg-eq/I

5,5 mg-eq/Il

55

4,5 mg-
eq/l

4,5 mg-
eq/l

It's fine

Chlorides

The
maximum
permissible
concentration
of chlorides is
300...350
mg/I

443 mg/l

296
mg/I

301
mg/I

337
mg/I

It's fine

Water purification using raw gaize (Table.2) showed results in samples of 20 grams of sorbent
per 100 ml of test water, where there is a slight decrease in both water hardness from 5.5 mg-eg/I to
4.5 mg-eq/l, and chlorides in the sample from 443 mg/l to 301 mg/l, which corresponds to the norms
in the Sanitary rules and regulations.

Table 3 — Results of the analysis of the physico-chemical characteristics of the tested water sample
using a therrmally modified gaize at 800°C

Physico- Result
Ne chem!cal Standard After water purification Description
properties of before water
water purification | 19:100 | 20:100 | 30:100
1 2 3 4 5 6 7 8
It was
purified in
p | Water 7-11°C. 11°C 15°C | 15°C | 15°C the
temperature laboratory at
room
temperature
itshould not | 30 degrees. 20 15 10
Color of . The water e
2 be higher than degrees | degrees | degrees It's fine
water has a
20 degrees. o
greenish tint
. Not higher 15 15 e
3 Turbidity than 1.5 mg/l. 1,5 mg/l. 1,5 mg/l. mg/l. mgll. It's fine
The salty
It can be salty, taste did not
4 Taste bitter, sweet Salty taste - - - settle
and sour.

246




ISSN 2305-9397. FbuibiM )oHe 6i1iM. 2024. N° 3-2 (76)

1 2 3 4 5 6 7 8
3 points -
noticeable

smell or
taste, easily
detectable

According to
the norms, no
more than 2
points

2 2

points | points Its fine

5 Smells 2 points

According to
the norms, the
pH of drinking
water should
be within
6.0...9.0
the hardness of
drinking water
should be no
higher than 7
(10) mg-eq/I
The maximum
permissible
concentration
of chlorides is
300...350 mg/I

Active water

reaction Its fine

pH =68 7 7 7

Water
hardness

4,0 mg-
eq/l

3,5 mg-

eql It's fine

5,5 mg-eq/I 4.25

443 mg/l 355

mg/l

319
mg/l

301

mg/l It's fine

8 Chlorides

The obtained results of the analysis of the physico-chemical characteristics of the tested water
sample (Table.3) using thermally modified gaize at 800 ° C, it gives good results both in reducing
water hardness and in reducing chlorides in water in ratios of 30 : 100 g/ml of gaize to water,

compared with raw gaize.

Table 4 — Examination of the test sample of water purified with diatomite (groundwater "Akkurai'")

Physico- Result
Ne prf)rg)eerr?:gglof Standard before water After water purification Description
water purification | 10:100 | 20:100 | 30:100
1 2 3 4 5 6 7 8
It was
purified in
Water o o o o o the
1 temperature -11°C. 11°C 15°C 15°C 15°C laboratory
at room
temperature
Color of it should not 30 degrees. 20 15 10
2 water be higher than | The water has | degrees | degrees | degrees It's fine
20 degrees. | a greenish tint
- Not higher 15 g
3 Turbidity than 1.5 mg/l. 1,5 mg/l. 1,5 mg/l. myll. 1,5 mg/l. It's fine
It can be The salty
salty, bitter, taste did
4 Taste sweet and salty taste i i i not settle
sour.
According to 3 p_omtgl-
the norms, no noticeable . 2 . .
5 Smells : smell or taste, | 2 points . 2 points It's fine
more than i points
2 points castly
detectable
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3

Active water
reaction

According to
the norms, the
pH of
drinking
water should
be within
6.0...9.0

pH=16,8

It's fine

Water
hardness

the hardness
of drinking
water should
be no higher
than 7 (10)
mg-eq/I

5,5 mg-eq/I

11

10

Increased
by 3-6
units (water
is hard)

Chlorides

The
maximum
permissible
concentration
of chlorides is
300...350
mg/l

443 mg/l

425
mg/I

419
mg/I

458
mg/I

Slight
increase

Experimental data obtained by purifying water through diatomite in the ratios indicated in Table
5 showed that this mineral increases the hardness of water to 5-7 units of soft water, but does not
affect chloride ions in water.

Water hardness "Akkurai" (10/100)

10 e :
g 5

Log]
L9 gl
L¥g]
L9g]
L9g]
w

raw gaize  therrmally modified gaize diatomite

B before m 1 filtration

Figure 1 — Comparative diagram of mineral sorbents for water hardness in proportions 10/100

Figure 1 clearly shows that thermal gaize has a better effect on water hardness than other
sorbents. Thermal gaize lowered the quality hardness index from 5.5 mg-eq/I to 4.25 mg-eq/I.
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Water hardness "Akkurai" (20/100)

10

raw gaize  therrmally modified gaize ~ diatomite

W before m 2 filtration

Figure 2 — Comparative diagram of mineral sorbents for water hardness in proportions 20/100

In a ratio of 20/100 samples, the water hardness was well reduced by thermal gaize (Figure 2).
Reduced the quality hardness index from 5.5 mg-eq/l to 4.0 mg-eq/I.

Water hardness "Akkurai" (30/100)

Q
&

55 55 55

raw gaize  therrmally modified gaize diatomite

W before m 3 filtration

Figure 3 — Comparative diagram of mineral sorbents for water hardness in proportions 30/100

In Figure 3, in a ratio of 30/100 samples, thermal gaize well reduced water hardness compared
to other sorbents. Reduced the quality indicator of hardness from 5.5 mg-eq/I to 3.5 mg-eq/I.

Table 5 — Results of determination of the adsorption activity of mineral sorbents by the iodometric
titration method

Ne Mineral sorbents Indicatqrs of consumed A, %
titrant, ml

3 Thermal gaize 10,2 0,07

6 Diatomite 9,3 0,18

8 Gaize 10 0,1

According to Table 6, the results of determining the adsorption activity of mineral sorbents by
the iodometric titration method showed the following activity to reduce activity: diatomite > ordinary
gaize > thermally modified gaize.
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Conclusions._As described in Table 1, the water before water purification was examined for
some organoleptic and physico-chemical properties, such as temperature, color, turbidity, taste, odor,
pH of the medium, total hardness and chlorides. It became known from the indicators that the water
meets many standards, but there is also an excess above the norm in such parameters as the content of
dissolved chloride ions in water and the total hardness has an average value. In view of this,
continuing the work, special emphasis was placed on lowering these numerical values in water:

Water purification using raw gaize (Table.2) showed results in samples of 20 grams of sorbent
per 100 ml of test water, where there is a slight decrease in both water hardness from 5.5 mg-eq/l to
4.5 mg-eq/l, and chlorides in the sample from 443 mg/l to 301 mg/l, which corresponds to the norms
in the Sanitary rules and regulations.

The obtained results of the analysis of the physico-chemical characteristics of the tested water
sample (Table.3) using thermally modified gaize at 800 ° C, it gives good results both in reducing
water hardness and in reducing chlorides in water in ratios of 30 : 100 g/ml of flask to water,
compared with raw flask.

In view of this, it is necessary to consider different compositions of these natural mineral
sorbents in the purification of various types of water to improve their physico-chemical, organoeptical
and technological qualities.
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TYWIH

Tympel cy MeNIIEpiHiH a3alobl Kep YCTi CyJIapbIMEH KaTap JKep acTbl CyapblH THIMII
naiganaHyablH KaKETTIITiH Tyablpansl. JKep acTel CyjlapblH Ta3zapTy IPOLECIHAE MHUHEPaIbl
COpPOCHTTEPII KOJIJIaHY SKOJIOTHUSIIBIK KOHE SKOHOMHKAJIBIK JKaFblHAH Kosaiibl. Coi cebenTi copOeHT
peTiHzae cazmap, OCICeHIIPUINeH KOMIpJep CHSIKThl MHUHEPAJ bl MIUKI3aTTapIbl KOJIJAaHy YChIHBUIAIBL.
Munepanabl copOeHTTEp CyIaH SPTYpJIL JIacTaylibl 3aTTapAbl, COHBIH IMIIHAE ayblp MeTalgapibl,
OpPTaHMKAIBIK KOCBUIBICTAPIBl JKOHE PAJAMOAKTHUBTI 3aTTapAbl KETIPYOiH THIMAI Kypajabl OOJbII
tabbutaapl. by 3epTreyne copOeHTTep peTiHAe AUATOMUT MEeH MOHTMOPHJUIOHHUTTIH KOJIAHBUTYBI
KapacTelppuiabl. Onap AKKypalh KEH OpHBIHIArbl JKEp acTbl CYBBIHBIH OPTaHOJICTITUKAIIBIK
KOPCETKIIITEePiH JKaKCapTHIN, KEPMEKTIIIriH XoHE CYIbIH KYPaMBIHIAFbl XJIOPUATEPAl MOIIepiH
azalTyFa >KYMBIC Kacajbl. ApreHTOMETPHs )KOHE HOJOMETpUs dMIICTEPiH KOoJJlaHa OT BbIPbIN (pr3nKa-
XUMHSUIBIK ~ KaCHETTepl aHBIKTAIbl. OPTYpii copOeHTTepae (GUIbTPIICY apKbUIbI  alIbIHFaH
HOTWDKEJIEpre CaJbICTBIPY JKYMBICTAphl KYpriingi. HoTmwkenep TepMUSIIBIK MOAN(HUIUPICHTeH
COpOeHTTIH afcopOIus KabineTi »aKChl eKeHIH KepceTeli. by HoTmxkenep MHHEpalbsl COPOCHTTED
JKep acThl CYbIH Ta3apTy/blH THIMJI IIENIiMi eKeHiH >koHe OoJamakTa >Kep acThl CyJlapblH Ta3apTy
THIMJIUTITIH  apTThIpy YIIIH MUHEpaNIsl COpPOSHTTEpAl OpTYpii KOMIO3WIUsAiIapAa KOJJaHy
MIEPCIIEKTUBAJIBI 9/IiCTEPIiH Oipi eKeHiH KopceTe/Ii.

PE3IOME

YMeHblLIeHHE KOJMYECTBa MPECHOH BOABI O0YCIOBIMBAaET HEOOX0AMMOCTH 3(dekTuBHOrO
HCIIOJIb30BaHHd TPYHTOBBIX BOJ Hapday C I[MOBEPXHOCTHBIMHU. HUcnonp3oBanue MUHEPAJIBbHBIX
cOpOCHTOB B TMpOIECCE OYMCTKH TPYHTOBBIX BOJl SIBIISIETCS DKOJOTHYECKH M JKOHOMHYECKH
npuemiieMbiM. [1o 3Toit npryrHEe B KauecTBe COPOCHTa PEKOMEH/IYETCs UCIIONb30BaTh MUHEPAJIbHOE
CBIpbE, TaKoe Kak TJHUHbI, AaKTUBHUPOBAHHBIA yroib. MuHepajibHble COPOEHTBI SBIISIOTCS
3(1)(1)CKTI/IBHBIM CpEACTBOM YHAJICHUSA W3 BOJbI PpPa3jIMYHBIX 33Fpﬂ3HHTeHeﬁ, BKJIFOYasi TSKEIIbIC
METaJUIbl, OpPraHMYeCKHWE COCAWHEHHS W paJdOaKTHBHBIE BellecTBa. B 3TOM uccienoBaHUU
paccMaTpUBaJIOCh HUCIIOJIB30BAHUE AWATOMHUTa M MOHTMOPWIIJIOHHTa B KadecTBe copOeHTOB. OHHU
pabotanu Haj yIydlIeHHEM OpPraHOJENTUYeCKUX TIOKazareliell MOoJ3eMHBIX BOJ AKKypaicKoro
MECTOPOXACHUA, CHUXCHUEM KCECTKOCTU U COACPKAHUA XJIOPUAOB B BOAC. Onpe):[eneHBI (1)I/I3I/IKO'
XMUMHYECKHE CBOHCTBA C MCIIOJIb30BaHUEM METOAOB apreHTOMETPHH U HogomMeTpuu. b npoBeneHsb!
CpaBHUTEJbHBIE pabOThl ¢ pe3yibTaTaMi, MONYyYeHHBIMH (pUIbTpalMedl Ha pa3lUYHBIX COpPOCHTaX.
PesynmbTathl  MOKa3bIBAIOT, YTO TEPMOMOAMMDUIMPOBAHHBIH cOpOEeHT oOyajgaeT  Xopoliei

251



TexHHuKa/IbIK FblIbIMAAP

aJCOpPOLIMOHHON CIMOCOOHOCTBIO. DTH pe3yJbTaThl IMOKa3bIBAIOT, YTO MHHEpANbHBIE COPOCHTHI
ABISIFOTCA  3()(EKTUBHBIM pELICHWEM Ml OYMCTKM TIPYHTOBBIX BOJ M 4YTO HCIIOJIb30BaHME
MHUHEPaJIbHBIX COPOCHTOB B Pa3IMYHBIX KOMIO3MLUSAX IUIsI HNOBBIIEHHS 3()(HEKTUBHOCTH OYMCTKU
TPYHTOBBIX BOJ B OYIyIIEM SIBISICTCS OJHUM U3 IIEPCIIEKTUBHBIX METOJIOB.
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KOHAEHCALUAJAHYAH "SILICA FUME" MUKPOKPEMHE3EMIHIH AJIZIBIH AJIA
KEPHEJIT'EH TEMIPBETOH KAJIAJIAPBIHBIH KACUETTEPIHE 9CEPI
INFLUENCE OF CONDENSED MICROSILICA “SILICA FUME” ON THE PROPERTIES
OF PRETRESSED CONCRETE PILES

AHHOTAUA

Makanana, «Silica fume» koHneHcalMsIIaHFaH MHUKPOKPEMHE3EMbIHBIH, aJl/IbIH-ajIa KePHEITeH
KaJlaJIbl ipreTacTap/bl OHJIEY TEeXHOJOTHACHIHAAFbl MOJU(UKAIUSIIAHFAH OCTOHHBIH KaCHUETTEpiHEe
9CepiH 3epTTey OapBICHIHIIA abIHFaH IKCIEPUMEHTTIK Aepekrep OepinreH. Kypampramga kpemaunii Oap
KOpBITHANIAPBI OHIIPY KEe3iHJle TEXHOJIOTHUSIIBIK MemTep i Tra30eH Ta3apTy MpoleciHAe albIHFaH
TEeXHOreHIIK mbIkKaH "Silica fume" MuUKpOKpeMHE3eMiH KOJJIaHy ajjblH ajla KePHEJITreH KaJaiapbl
OHJIIPY Ke3iH/e OeTOH/Ia ©3iHIH THIMJIUIITIH )KoHE eHJeIMereH TaypuTTi OeliCeHIi eMec MUHEPaIJIbI
KOClla peTiHIe KongaHy MyMKiHAiriH kepceringi. CoHbiMeH, TaypuTTi eHrily HoTHxenepi
KOPCETKEH/IeH, MmopTiaaHaieMeHT mbirbiHbl 20% - Fa a3zaitran ke3zue koHe Tayputti 5, 8 xone 10%
MeJIiepiHe OCTOHHBIH KypaMbIHa CHTI31IreH Ke3je OCTOH camachlHa acep eTeli, Oy peTTe 5 jKoHe
8% mbIFeIHMEH ociMi 2-3%-naH acmaianl, an 10% mIsIFeIHMEH ociM 7%-Fa neliiH KeTeml. S5, 8 xoHe
10% wmemmepingeri "Silica fume" MUKpOKpeMHE3eMIiHIH HOTHXKENIEPl KaJIbINThI-bUIFAJIbl KaTaHTYhI
OCTOHBIHBIH OEpIKTiriHe OH acep eremdi, eciM 5-teH 12% - ra peiiin xereni. COHbBIMEH, OCTOHHBIH
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JKBUTY-BUTFAJIBUTBIKIICH OoHAeATeHAeri OepikTiri 8 »xoHe 10% - maH KakChl HOTHXKE KOPCETE|,
Oepikriri 3-ter 10% - ra meiiin apTaabl.

A3aMaTTBIK JXKOHE OHEPKOCINTIK KYPBUIBICTA, OCHl KYPBUIBIMAAp MEH OVHBIMIapabl KeHiHEH
naijanaHy >KaH-)KaKThUIBIFBIMEH, XOFapbl TEXHUKAIBIK-DKOHOMUKAJIBIK KOPCETKIIITEPAI KEHiHCH
naiijanaHyMeH JKOHE TMaijanaHy CeHIMAUTriMeH TyciHmipimemi. Kem xarmaiima KypbUIBICTAFbl
KaJlaNbIK ipretactap Kem KaOaTThl FUMapaTTapbl, KYPBUIBICTAPIBI OHIIPYAE KoHE OEpIKTITI TOMEH
TOTBIPAKTApAa KOJJIAHBUIAALI, OyJI FUMapaTrrap MEH KYpPBUIBICTapFa JKYKTEMEHI TOMEHI1 Oepik
TOTBIPAK KaOaThIHA CEHIMIII CBI3BIKTBIK KONIpYyIi KaMTamachi3 ertedi. OChl yaKbITTa, COHIAi-aK OJlaH
KeWiHT1 )KBUIIaphl KYPBUIBICTA KAJANbIK ipreTacTapra CYpaHBICTHIH OFaH 9pi ecy yprici Oaikamaibl,
JKOHE OYJT peTTe JKeTeKTEeYIi Kaganap YIIiH YIKeH 0achIMABIK CaKTajbIl OThIp. OChiFaH OaiIaHBICTHI,
0CTOH KYpBUIBIMBIH ~MOIU(UKALNUSIAY IKOHE KYPBUIBIMHBIH KYHBIH TOMEHJCTY HAPBIKTHIK
SKOHOMHKAHBIH aca MaHBI3IbI TaJdalTapbIHBIH Oipi 0oibIn TadbuTanel. CONTIT MaKamaga Kocmajap Ikl
€HTi3y HOTIDKEJepl OChl MHHEPAIIBIK KOCMalapabl MaijanaHy KYPBUIBIMHBIH HiTy O€piKTiTiHiH
apTybIHA OKEIIill COFAThIHBIH KOpPCETe/i, OYJI 63 Ke3eriHIe KaphIKIIaKKa TO3IMIUTIK KO3 hUITUCHTIHE,
aJI MPECTPJICHTCH KaJaiapIblH COKKBI KeIepPTici OH 9CEPiH TUTI3eIi.

ANNOTATION

The article presents the obtained experimental data on the study of the effect of condensed silica
fume "Silica fume" on the properties of modified concrete in the technology for the production of
prestressed piles. It was revealed that the use of Silica fume microcosm of technogenic origin,
obtained in the process of gas purification of technological furnaces in the production of silicon-
containing alloys, showed its effectiveness in concrete in the production of prestressed piles and the
possibility of using untreated Taurite as an inactive mineral additive. Thus, the results of the
introduction of Taurite show that with a decrease in the consumption of Portland cement by 20% and
the introduction of Taurite in the amount of 5, 8 and 10% into the concrete compositions affects the
quality of concrete, while with a consumption of 5 and 8% the increase is insignificant in the range of
2-3%, with a consumption of 10% the increase reaches up to 7%. The results of Silica fume
microsilicon in the amount of 5, 8 and 10% favorably affect the strength of the concrete of normal
moisture hardening, the increase is from 5 to 12%. Thus, the strength of concrete during heat and
moisture treatment shows the best results with 8 and 10%, an increase in strength from 3 to 10%.

The expanded use of these structures and products in civil and industrial construction is
explained by their versatility, and their widespread use by high technical and economic indicators and
operational reliability. In most construction, pile foundations are used in the production of high-rise
buildings, structures and in soils of weak strength, providing buildings and structures with reliable
linear load transfer to the lower strong layer of soil. At this time, as well as in subsequent years, there
is a tendency towards a further increase in the demand for pile foundations in construction, while
driven piles remain a big priority. In this regard, modifying concrete structures and reducing
construction costs is one of the most important requirements of a market economy. And so the article
shows the results of introducing additives; they show that the use of these mineral additives leads to an
increase in the bending strength of the structure, which in turn has a beneficial effect on the crack
resistance coefficient and impact resistance of prestressed piles. Compacting the structure of cement
stone with mineral additives reduces permeability to the structure, and also reduces the likelihood of
the structure being prone to corrosion.

Tyitin co30ep: Mukpoxkpemuesem, aidblH-ala Kepiiee Kaoaiap, MoOUGUKamopiap, OHOIpicmix
KANIObIKMAap, O4MAtiivl KYpam.
Key words: microsilica, prestressed piles, modifier, industrial waste, optimal composition.

Kipicme. Kypbuibic MarepuangapblHblH — NEPCHEKTUBANBIK — TEXHOJOTHUSUIAPBIHBIH — Oipi
MOIU(HUKATOPIApAbl KOJAaHA OTBHIPBIN, (U3MKA-MEXaHUKANBIK JKOHE IaljajaHy KacHUeTTepiH
apTTHIPY/Ibl KaMTaMachl3 €TeTiH MOJU(HUKANMSUIAHFaH OCTOHIAP/ABI OHAIPY TEXHOJIOTHSIIAPHI OOJBITT
TaOBUIAIBI.

Keprinikti  mmKi3aT NEH  OHEPKSCin  KaJABIKTapel  HeriziHae  moauukaTopiap
HOMEHKJIATYPAChIH OJapJAbl MOJU(PHKALNMIIAYBIH JKaHAa TOCULIEPIH KOJNJIaHa OTBIPBII KEHEHTY
ypaicTepi OaiKabl.

253



TexHHuKa/IbIK FblIbIMAAP

Kazipri yakpITTa opTypii MakcaTTaFrbl XMMHSUIBIK KOCTIadapiblH KEH HOMEHKIATYypachl JKOHE
OeToHABI KaTaWTy Ke3iHAe BUIFAlNaHy >KOHE KYPBUIBIMIAY IMPOIECTepIHE oCep €Ty MeXaHH3Mi
azipnenai. Moaudukaropmap HOMEHKIATYPAChIH, 9Cipece OTaHABIK YATUIEPIAl opTYpIl XUMUSIIBIK
JKOHE Ta0WFW HETi3Ne KEHEHTYAIH ecim Kelle JKaTKaH YpAici Kaszipri yakeITTa OETOH
TEXHOJOTHSICHIH/IAFBl TEXHUKAIBIK AaMY/IbIH HETi3T1 OaFbITTapBIHBIH Oipi peTiHae OaranaHyza.

3epTTey MakcaThbl KOHe MiHAeTTepi. 3epTTey MakcaThl alAblH ajla KepHENITreH Kajaajap
eHJIpicCiHIe Maiaa >xep OerTiHAeri OelceHal >KOHE WHEPTTI Kocmajap MEH TEXHOJIOTHUSIIBIK
epITIHAUIep Al TNaiianaHa OTBIPBIN, MOAUMUKANMAIAHFAH Madaa JOHJI kKoHE MOIu(UKAIUsIIaHFaH
aybIp OETOH ally TEXHOJOTHACHIH 33ipiey OOJbIN TaObLTa b,

3epTTey MiHAETTEDI:

- Kazakcrtan  PecnyOnukachlHBIH ~ IIUKI3aThl ~ MEH OHEPKACINTIK  KaJJBIKTAPhIH
Moau(UKanysIIaHFaH aybIp JKOHE Mala TYHipIIiKTeNreH OeTOHFa Maiiaaany MYMKIHIIITIH 3epTTey;

- TEXHOTEHJIIK >KoHE TaOWFW TEKTi JKEePTiliKTI MMKI3aTThl 0achkIM MaiiianmaHa OTBIPHIN, aybIp
JKOHE Maiija TYHipIIiKTeNnreH OETOH TeXHOJIOTHSICHIH 93ipey;

- MHUKPOKPEMHE3eM MEH TaBPHTTI MaijjajiaHa OTHIPHIN IIEMEHT TACThI bUIFAJIAHABIPY Ke3iHe
naiia OoJFaH IMpoIeCcTeP/Ii 3ePTTEY;

- CBIPTKBI KYKTEMEJICP/IiH 9CEPiHCH KaJaNIbIK IpreTacTapiblH CUIIAThIH MOJCIBICY;

- QJIJIBIH ajla KepHEeJreH Kaaanap eHAIpiCiHIH TEXHOIOTHSUIBIK MEeTiMAePi.

Marepuaagap men Jmicrep. Momudukaropiap xorapbl OeJCeHIi, IEMEHT MaCCaCHIHBIH
MANBI3BIHBIH KY3lI€H >KOHE MBIHHAH Oip OeiriH KypaWThIH OHTaWIbl J03ajbl, OHHaH Oip mMailbI3
OHTAaWJIBl MOJILIEPJCHICH OpTalia OeJICeH Il XoHE JICci3 OeyiceHai, Oip >KOHE OJaH Ja KON Mailbi3
Memepinae Oonbin Oemineni. by kikrey mapTTel OOJBIT TaOBUIAABI JKOHE, €H alIbIMEH, OeTOH
KOCIIachl MEH OETOHHBIH KAaCcHETTepiH ©3repTy VIIiH EHTI3UIreH OeTTik OeNCceHIli 3aTTapra KaTHICTHL
Kocmanbiy Oencenpinirin Oenrini Oip acep eTy AdpexeciHe KETy YIIH OHBbl TYTHIHY apKbUIbI Jia
Oaranayra Oomazpl. By skarmaiina ocbl KOPCETKIMITIH 9CEPiH eCKepy KaXKeT:

- IEMEHT TYpi, O€TOH KypaMbl JkoHe 0acka dakTopiap;

- TEXHOJIOTHSJIBIK CE3IMTAIJIBIK — OCTOH KypaMbl MEH OHBbI JaibIHAAYy TEXHOJOTHSICHIHBIH
KOPCETKIITEePIHACTI aybITKyJlapFa OailaHBICTBI KON JKETKI3UINeH TEXHUKAIBIK oCepHiH e3repy
TTOpexKeci;

- MOJU(HUKATOPABIH CHIPTKBI dCEpIepre TO3IMAUIITT — OPTYPIIi CBIPTKBI 9cepliep il (KITMMAaTTHIK
HeMece Ke3 KeireH 0acka) MACHreiliH IeKTEHTIH »oHe MOAM(HUKATOp CcamachlHBIH ©3repyiH
OO IBIPMANTBIH COMKECTIKKE MOTUPUKATOPBIH KACUETTEPiHE KOUBUIATBIH TaAITAap;

- MOJU(HUKATOPABIH OHTAWIBI J03aChl — OCTOH KOCHACHIHBIH HeMece OCTOHHBIH Oacka cama
KOPCETKIIITepiH TOMEHJETIel (HeMece TOMEHIETYIH pYKcaT eTUIreH ACHreHiMeH) MaKCHMAallJIbl
(Heri3ri) TeXHOIOTHSUIBIK HEMECE TEXHHUKAJIBIK dCep allyFa MYMKIHJIIK OEpEeTiH 3aTThIH €H a3 MeJIIIepi;

- MOJU(UKATOP JIO3aCHIHBIH CE3IMTANABIFEI — OETOH KOCMACHIHBIH HeMece OCTOHHBIH
TEXHUKAIBIK KaCHETTepiHJle alTapibIKTail e3repic OOIaThIH OHTANIIBI I03aHbIH YIIECIMEH KOPCETINTeH
MOIU(UKATOP J03aChIHIaFbl MUHUMAJBI aybITKyJap. byin cumarrama mMoaudukaTopiblH J103ajiay
JIONJIITIHE KOWBUIATBIH TallalTapbl aHBIKTAHIbI, OHBIH KOMETiMeH M03aHbl OY3yJbIH KayilTiliK
Jopexecin Oaranayra Oonanbl [1-3]. by kepceTkimrep OepikTiKTiH MOAM(DHUKATOPIBIH 103aTapbIHA
TOyeJAUIIriH Kepcereni. MoaupukaTopablH J03aChiH OHTAWIBI MOJIIIEPEH KOFapbUIaTy OCTOHHBIH
OepiKTIiriHiH TOMEeHIeyiHe OKeJIeTiHI OeNTii.

MukpokpeMHe3eMIi, Oapiplk  OenceHIli MHHEpalAbl KOCHamap CHSKTHI, I[IEMEHTTI
BUIFAJIZIAHIBIPY KE3IHJE TPHUKAIbIUN CHUIMKATBIH (QJIUTTI) THUAPOJIM3ICY HOTHXKECIHAE OKIICH
peakiusira Tyceni [4]. OK IeH MUKPOKPEMHE3EMHIH ©3apa opeKEeTTeCyl HOTHXKECIHIEC TOMEH HEri3i
TUIPOCHIMKATTAp TY31Iei:

Si02 + Ca(0OH)2 +n(H20) = (1-1,5)Ca0 * Si02*(0,5-2,5) H20
(1.2)

Kanmbiuii ruipoCHITMKATTapBIHBIH KOCBIMIIIA MOJIIEP] 'TIEMEHT-CY" JeHreHiHAe ThIFbI3IalFaH
opTa acai b, OyJI [IEMEHT TAaChIHbIH KYPbUIBIMbIHA KAaTal0 KE31HJE )KOFaphbl THIFBI3IBIK MEH OCPIKTIK
oepei.

Conpaii-ax, MUKpOKpeMHe3eM/li OeTOHFa eHri3iiarenne, OenmekTepaid cdepayslk Gpopmaaapsl
apKbLIbl KOCHAHBIH KO3FAJIFBIIITRIFBIH apTThIpyFa KOMEKTece[l JereH Oo/vkam Oap. MuWuUIHMOH
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MUKpoc(hepaHbIH 00Mybl OETOH KOCHACHIHBIH KO3FaJbICBIH JKCHUIIETE/Nl, KOMIIOHCHTTEP IIH OipKeNKi
OemiHyiHEe JkoHE €HOEeKKe KaOlmeTTimriHiH apTybiHa bIKHan ereni. CoHmal-ak, MHKPOKPEMHE3EeM 63
Ke3eTiHJe CyFa JIETeH CYPaHbICHI )KOFaphl eKeHiH, OyJ1 OETOHHBIH KaCHETTepiH HalllapIaTaTBIHBIH aTal
OTKEH XeH. Amaiiia, Kasipri yakeiTTa Oyn MaceneHi cy mbiFbIHBIH 20-30% peilin TemeHaeTyre
MYMKIHAIK OepeTiH cymnepruracTu(UKaTOpIapaAbl €Hri3y apKbUIbl Miemryre ©Oojambl, Oyin OeToH
KOCITaCHIHBIH KKETTI KO3FaIFBIIITHIFBIH OCPIKTIK KOPCETKIMITEPIH XKOFAITIAN CaKTai bl

Kymeicra «emvkentaement» XILC xacan mweirapran LIEM 1 32,5 H CC cynbdarka Tesimai
MOPTIACHALEMEHTI KOJIaHbBUIIbL.

Kocnamapaer typnennipymi periame BASF (I'epmanus) merrapran MasterGlenium Ace 47
nonukapOoKcunar 3upi HETi3iH/ETI XKacalFaH cymnepriacTukarop, koHe «Tay-Ken Temip» JKIIC
eHfipren Kypambinaa 90%-man kem emec amopdTel kpemHmid Oap, kenemi 0,1-0,3 MM OonaTeiH
MUKPOCKOTIUSUIBIK  [apiiap TYpPiHAE KOJNAHBUIATHIH, KypaMbIHAAa KpeMHHII Oap KopbeITHajgap
OHJIIPICIHIE TEXHOJOTHUIBIK TMEITep Al Ta3laH Ta3apTy NPOIECiHIEe aNbIHFAaH, TEXHOTEHMIK TEKTi
«Silica fume» KorOIaHABIPHUTFAaH MUKPOKPEMHE3EMi KOJIAHBIIA IBL.

Kecte 1 — «Tau-Ken Temir» XIIC (Kaparanmer) enmipren "Silica fume" MHKpoKpeMHE3EMiHIH
MUHEpPaJIbl KYpaMbl.
Si02 Al203 Fe203 Ca0o MgO Na20 K20 Cc S
90-92% | 0,68% 0,69 0,85 1,01 0,61 1,23 0,98 0,26
3eprrey HoTHAKedepi. llement cammarpmbH 3, 5, 8, 10% wmemmepinme OeToHFa

KOKOJIAHBIPBUIFAH MHKpPOKpeMHe3eMi Kochuiasl. Glenium 47 cynepruiacTuUKaTOPBIHBIH MeIIepi
nemeHT canMmarbiHbiH 0,8% Kypansl. ANIBIH ana KepHENTeH TeMipOeTOH Kanajaphl VINH KOHYC
tyHOacer 10-15 cm kypaiiapl. XKympic TopTiOine OaimanbicTel 14 ynri maiteiamanapl. OHBIH iMTiHIE
7 TaOUFH YIITi JK9HE 7 JKBUTY BUIFAIBUIBIFBIH OH/ICY YITici maiipiamansl: 1) ycray - 3 carar; 2) ketepy
- 3 carat 60 C neiiin; 3) H30TEPMUAIBIK KBIIBITY - 3 caraT; 4) CaJKbIH/IATY.

bynanranHaH KeiiHri Oip TOYNIKTeri KaTar MpPOIECIHIE, KoHe 7 oHe 28 KYHIIK KaJbIIThI
KaTal JKarJailblHAa ChIHAK IIPECCiHIe OJapAblH Kbicy Oepikriri Oakpuranmsl. 2-3-kecteme "Silica
fume" KoHAEHCalUUsIIaHFaH MUKPOKPEMHE3EMIH ChIHAY OOMBIHINA aJibIHFaH 3epTTEYJepAiH AepeKTepi
KENTIipiJTreH.

Kecre 2 — Taburu xaraiiia KaTaroaH KeHiHri OETOH YITUIEPiHiH OCPIKTIri.

Keicy 6epikriri, MIla

No Beron kocnachiHa KOCIIaHBIH MeJIiepi, %

7 Toy 28 Tay

Bakpliay Kypambl
1 KocnacsI3 Kypambl 29,4 43,12
2 Glenium 6ap kypamsl — 47 — 0,6% 33,32 45 .86
3 MK-men kypamsl — 3% 21,56 41,16
HementTi MK-Fa 20% aybICTBIPaTBIH Kypamaap

4 MK-men kypamsr — 3% + Glenium 47 - 0,6% 33,82 43,12
5 MK-men kypambl — 5% + Glenium 47 — 0,6% 35,67 45,08
6 MK-men kypamsl — 8% + Glenium 47 - 0,6% 38,8 46,64
7 MK-men kypamsl — 10% + Glenium 47 — 0,6% 41,15 47,82

Kecrte 3 — JKbuty butraiiibpl OHACYACH KSHIHT OCTOH YITUIEpiHiH OepIKTIri.

Kpicy Gepikriri, MIla
Ne beTon KocnackiHa KOCTIaHBIH Meuiepi, % X%Ie
KeHiH 7 1oy 28 Toy
1 2 3 4 5
Bbakpuiay Kypambl
1| Kocrachts ypams: [ 3645 | 37,71 | 418
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1 2 3 4 5

2 Glenium 6ap kypamsr — 47 — 0,6% 41,7 42 .4 43,9
3 MK-men kypambl — 3% 26,24 32,29 40,37

HementTi MK-Fa 20% aybIcTBIpaThIH KYpamaap

4 MK-men kypambl — 3% + Glenium 47 - 0,6% 27,49 33,84 42,3
5 MK-men kypambl — 5% + Glenium 47 — 0,6% 33,3 36,89 43,4
6 MK-men kypambl — 8% + Glenium 47 - 0,6% 38,9 41,34 459
7 MK-men kypambl — 10% + Glenium 47 — 0,6% 39,6 41,15 4352

Anviaran HoTmkenepaeH (kecte 2-3) mementTi 20% MHUKpPOKpEMHH3EMTe alMacTBIPATHIH
Kypamsap OETOHHBIH OEpIKTITiH apTTHIPATBIHBI OenTimi 0omabl. TeMeHIe KabINThl BUIFAIIBLIIBIK
JKaraibIHAa OCTOH YATLIepiHiH OSPIKTIrT MEH BUIFAJIBI OHJICY TIH KBUTY TUarpaMmmaliapbl OepiJireH.

1) 2)

50

45
aNe 1-wi Kypam 401 @Ne 1-wi kypam
ENe 2-Wi Kypam 35 H EN2 2-1j kypam
BNe 3-wwi Kypam Ry ENe 3-wi Kypam
ENe 4-wwi Kypam zz : ENe 4-1i kypam
BNe 5-wi kypam 15 BNe 5-wi kypam
aNe 6-wi Kypam 1017 ENa 6-Li kypam
BNe 7-wi Kypam Z: ENe 7-wi Kypam

7 Taynik 28 Taynik HblB-geH 7 Taynik 28 Taynik

KeniH
Cyper 1 — MukpokpeMHe3eM KypaMbIHBIH OETOH/IBI KaTalTy TpoleciHe acepi
(1-taburm sxarmaiina; 2-KbITy BUIFANIIBI OHACYICH KEHiH)

KopsoiTeinabl. byrinne eq kemn TaparaH jKoHE JKayanThl TeMipOeTOH KOHCTPYKIMSIIApAbIH Oipi
QNeMIIIK TOXKIpHOCHIH KOHE 3aMaHbIHAH Oepi KYpBUIBICTa €pEeKINe OpBhIH ajlfaH Kajgamap (Kaaa
ipreracel) OoONbBII TaOBUIANbl. A3aMAaTTHIK JKOHE OHEPKICINTIK KYpPBUIBICTa OCHl KYPBUIBIMIIAP.IBI
KOJITAHYIBIH KEH ayKbIMBI OJIAPJbIH KAH-)KAKTBUIBIFBIMEH KOHE KEH KOJJAHBLTY KAIIBIKTHIFBIMEH,
JKOFaphl TEXHUKAIBIK-DKOHOMUKAIBIK KOPCETKIIITEPIMEH JKOHE TaijalaHy CEeHIMIUIIriMeH
OaitmanbicThl. Kananblk ipreractap KaTThl TOIBIPAKTBIH TOMEHIT KaOaThIHA XYKTEMEHI CEHIMJIi
CBI3BIKTHIK KOIIIPY/i KAMTAMAChI3 €TETiH KON Ka0aTThl FUMapaTTap MEH KYPbUIBICTAPIbI OHIIpYIe
KeHiHeH KosjaHbiIaael. OChl yaKbITTa, COHJAW-aK KelleCl JKbUIIAphl KYPBUIBICTAFbl Kaaalapra
CYPaHBICTBIH OJIaH dpi ecy ypaici Oaiikanayaa, Oyjl peTTe KEeTeKI Kaaajiap YJIKeH 0achIMIBIK OOJIBII
kanyna. OcbiraH OalaHBICTBI OCTOH KYPBUIBIMBIH MOJM(DHKAIUAIAY JKOHE KYPBUIbIM KYHBIHBIH
a3a10bl HAPBIKTHIK YKOHOMHUKAHBIH MaHbI3/Ibl TAIANTAPBIHBIH Oipi OOJIBI TAOBLIA L.

BeToHHBIH jxoHE OETOH KOCIAChIHBIH KACUETTEPIH PETTEY KOHE IIEMEHTTI YHEMJICy MaKcaThIH/Ia
Moau(pUKaYsIaHFaH OCTOH YIIiH XUMUSIIBIK )KOHE MUHEPAJJIbl KOCHaIap KOJIaHbLIaIbl.

XUMUSITBIK, KOcTianap OCTOH TEXHOJIOTHACHIH OaKbLIAy IbIH JKOHE OHBIH KACHETTEepiH PETTEYAiH
JKaH-)KAKThl, KOJDKETIMJII KOHE UKeMJII TaciiepiHiy Oipi 00JbI TaObLIaIbI.

MuHepainabl Kocnajiapibl 0eTOHIa KOJIIaHy OHBIH ©TKI30CYIIUIIr MEH XUMHSUIBIK TO3IMIUIITIH
apTTHIPYFa, KBUTYMEH OHJICY KEe3iH/e KPEKUHTKE TO3IMJIIIITIH apTThIPYFa JKOHE CHIFBUTY MEH MaMbICy
Ke3iH/Ie IIMEeIeHICKeH OePIKTIKTIH apTybIHA BIKITAT €TeIi.

MuHepanabl Koclangap TONTHIPFBIIITHIH KybICTaphIHAA LIEMEHTIICH Oipre OpHajacajbl, ojiap
OCTOHHBIH KYPBUIBIMBIH BIKIIAMIANIbI, KeUOip jkaFainapa IEMEeHT MIBIFbIHBIH TOMEHIETYl MYMKIiH.
[oumonanslk cdepanblk MUKPOOONIIEKTEp KacaFaH KeyeK TONThIpY d¢dexTici OeTOHHBIH
KaMWUIAPJIBIK KEYeKTUIIr MEH OTKI3TIIITITIHIH eloylp TeMeHJICyiHe BIKMaa eredl Ic iKy3iHae
OTKI30CHTIH OCTOHIBl MHUHEPAIAbIK aJMHKCAIMSHBIH OpTalla KypaMbIMEH KOHE KOJIMIi
MOPTJIAHIIEMEHTIHIH CaJLICTEIPMABl TOMEH KypaMbIMEH anyfra Oonaabl. MUHEpamablK Kocmaiap
HeTi3iHeH OepIKTIKKE KaparaHJa OTKI3TIIITIKKE YJIKeH dcep eTETIHIIKTEeH, KypamblH/Ia MUHEPaJJIbl
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Kocmacekl 0ap OCTOH KOAIMIi MOPTIAHAIEMEHTIHACTT SKBHUBAJICHTTI OCpIKTIK OCTOHBIHA KaparaHaa
opKarmaH OipIamMa a3 eTeTiH 00JIaIbI.

Kypampiaaa kpemMHmiA 6ap KOpHITIIANAPABI OHAIPY Ke3iHIe TEXHOJOTHSUIBIK MEITepdl ra3fan
TazapTy NpOLECiHAe aiblHFaH TeXHOreHIiKk TekTi «Silica fume» MuKpokpeMmHe3eMiH mNaiinanaHy
MIPECTPECTEITCH Kajamap eHAipiciHme OeToHAa ©3iHiH THIMAUITIH XoHE emHaenMereH TaBpuTTi
OerceHmi emMec MHHEpajAbl KOCMA peTiHAe NaigaliaHy MYMKIHAITIH KOPCETKeHI aHBIKTaJbI.
Ocrunaiima, TaBputti enrizy HoTkenepi [lopTiena neMeHTiH TyThIHYIBIH 20%-Fa a3al0bIMECH JKOHE
TaBPUTTIH OCTOH Kypamaapra 5 Meunuiepinze eHrisinyimen, 8 sxkoHe 10%, on GETOHHBIH camachiHa acep
ereni, anm 5 xoHe 8% TYTHIHY Ke3iHae eciMm 2-3% nuana3zoHpiHAa maMansl, TYThIHY 10%, eciM 7%-Fa
neitin xereni. Kpemnesem OybiabiH 5, 8 xone 10% wmemnmiepiHaeri MUKPOCIITUIIMAIIH HOTHXeIEpi
KaJIBINITHl BUFAJIBI KAaTalTy OETOHBIHBIH OCPIKTIriHE KOJAMIIBI ocep eTeni, yyrarobl 5S-TeH 12%-ra
neitin Kypaiasl. Meicansl, XKbIO 6ap 6eronnsry 6epikrTiri 8 xone 10%, an 6epikriktia 3-Ter 10%-ra
JIeliH apTybIMEH €H >KaKCchl HOTIKenepAi kepceremi. CoHmali-aKk OCBI MHHEPAIABIK KOCIMAIapabl
naijanaHy KypbUIBICTBIH (ICKCYPaJIbIK OCPIKTITiHIH apTyblHA OKeJeHdi, OV ©3 Ke3eriHAe KPEeKHHT
KOA(UITMCHTIHE OH 9CEPiH THUTi3ei JKOHE TYMIaJaHFaH KaJlalapAblH COKKBIFA TO3IMIUIITIHE acep
ereni. lleMeHT Tac KYpBUIBIMBIHBIH MHHEPAIJbl KOCTAlap apKbUIbl THIFBI3NANYBl KYPHUIBIMFA
OTKI3TIIITITIH TOMEH/ETE i, COHBIMEH KaTap KYpPBUIBIMHBIH KOPpO3HsiFa OeiiM 00Ty BIKTHMAJIBIFBIH
TOMEH/JICTE/II.
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PE3IOME

B craThe mpuBOAATCS MOIyYEHHBIE 3KCIIEPUMEHTAIbHBIE JaHHBIC [0 MCCIICAOBAHUIO BIUSHUS
KOHJICHCHPOBAaHHOTO MHKpokpemHe3zema «Silica fume» Ha cBoiicTBa MomudUIPOBAaHHOTO OETOHA B
TEXHOJIOTHH IIOJIyUYeHUs] TpeIHaNpsHKeHHBIX CBaill. BhIABIEHO, YTO MprHMeHEeHHe MUKpPOKpEeMHe3eMa
«Silica fume» TEXHOrEHHOro MPOHMCXOXK/ICHHS, MOJy4aeMblii B IpOLECCe Ta300YMCTKU
TEXHOJIOTHYECKMX TIe4eld INpH TPOU3BOJCTBE KPEMHHUICOAEP)KAIIMX CIUIABOB MOKa3ajl CBOIO
3¢ deKTUBHOCTh B OETOHE NMPH MPOU3BOJCTBE MPEABAPUTEIbHO-HANPSIKEHHBIX CBall U BO3MOXKHOCTh
npuMmeneHuss Tayputra HeoOpaOOTaHHOTO B KadecTBE HEAKTWBHOM MMHEpambHOW no0aBku. Tak,
pe3ynbTaThl BBeJCHUST TaypuTa NMOKa3bIBalOT, YTO NPU YMEHBIIEHUH pacxoja NOPTIaHILEeMEHTa Ha
20 % u BBeneHHEM B cocTaBbl OeToHOB Taypurta B kosmuectBe 5, 8 u 10 % BnuseT Ha KayecTBO
OeToHa, pu 3TOM ¢ pacxoqoM 5 u 8§ % IpHUPOCT HE3HAYUTENBHBIN B TIpenenax 2-3 %, ¢ pacxogom 10
% mipupocT focturaet 10 7%. Pesynbrathl Mukpokpemuesema «Silica fumey» B konudectse 5, 8 u 10
% OnaronpusTHO BIHMSET Ha NPOYHOCTh OETOHA HOPMAJIBHO-BJIAYKHOCTHOTO TBEPACHUS, MPUPOCT
cocraisieT ot 5 10 12 %. Tak nmpounocts GetoHa npu TBO mokasbiBaeT nydiiie pe3yibTaTel ¢ 8 u
10 %, mpupocTt npounoct ot 3 10 10 %.

PacmmpenHoe nmpuMeHeHHe 3THX KOHCTPYKLUM, M3IeNUi B TPa’KIaHCKOM M HPOMBILUICHHOM
CTPOMTENILCTBE OOBSICHSAETCS YHUBEPCAILHOCTBIO, W IIMPOKOE MPUMEHEHHE BBICOKUMH TEXHHKO-
SKOHOMUYECKUMH TIOKa3aTeNsIMH U JKCIUTyaTallUOHHOM HaAEKHOCThIO. B OonbIIMHCTBE CBailHbIE
(byHAaMEHTHI B CTPOUTEILCTBE MCIOJIB3YIOTCS IIPHU IPOU3BOICTBE BBICOTHBIX 3aHHUN, COOPY)KEHUH U
B TpyHTax cia0OH NPOYHOCTH, MPEJOCTAaBISS 3HAHUSIM M COOPYKEHHSIM HAASKHYIO JIMHEHHYIO
repeaady Harpys3ky B HYDKHHUN ITPOYHBIH CIION IpyHTA. B 1aHHOE BpeMsl, TaKKe U NOCIIEYIOIIUE FObl
3aMeyvaeTcsi TEHACHIMS K JalbHEeHIIeMy pOCTy CIIpoca CBaHBIX (yHIAMEHTOB B CTPOUTEILCTBE, IPU
3TOM OOJBLION MPHOPUTET OCTAIOTCS 32 3a0MBHBIMH CBasMH. B CBsI3M ¢ 3THM MOAM(UIIUPOBAHUS
0eToHa KOHCTPYKIIMHM W CHIDKEHHE Ce0EeCTOMMOCTH KOHCTPYKILMH SBJISIETCS OJHUM W3 HamOojee
BaXHBIM TpPeOOBaHWEM PBHIHOYHON SKOHOMHKH. M Tak B cTaThe NOKa3aHbl pPe3yNbTaThl BBEIACHHA
J100aBOK TOKAa3bIBAIOT, WCIOJIb30BAHHE JaHHBIX MHHEPAJIbHBIX J100AaBOK NPUBOIAT K YBEIUYCHHUIO
NPOYHOCTH Ha W3ru0 KOHCTPYKIIMH, YTO B CBOK OdYEpe]b ONAromoiy4yHO CKas3bIBAETCS JIIs
ko3 uIMeHTa TPEITMHOCTPONKOCTH, U YAaPOCTONKOCTH MPEIBAPUTEIHHO-HAPSKEHHBIX CBAH.

259



TexHHuKa/IbIK FblIbIMAAP

YIK 625.710 DOI 10.52578/2305-9397-2024-3-2-260-266
MPHTMU 73.31.81

JlanueB B.JO., TexHHKa FRUTBIMAAPBIHBIH JOKTOPHI, HETi3ri aBTOp, hitps://orcid.org/0000-0001-8184-
5379

OI'BOY «MudypuH MEMIIEKETTIK arpapiblK yHUBepcuTeTi», MHTepHammoHanpHast kemreci 101,
MuuypuHck K., Tam6oB 00:16IcH], P, lan-vladimir@yandex.ru

Kanwipranues 9.C., maructpanTt, https://orcid.org/0009-0009-9882-3147

«Kourip xan ateiHgarel bateic Kazakcran arpapnbsik-texHUKanbIK yHuUBepcuteTi» KeAK, Opan k.,
Komrip xan xerreci 51, 090009, Kaszaxcran, alibikadyr@mail.ru

YremucoBa H.E., TexHrka FHUTBIMAAPBIHBIH MAarucTpi, ara OKbITYIIBI, https://orcid.org/0000-0003-
2921-6086

«Kourip xan ateiHgarel bateic Kazakcran arpapiblk-texHUKanbIK yHuUBepcuteTi» KeAK, Opan k.,
Komrip xan kereci 51, 090009, Kaszakcran, nyrchi@mail.ru

Lantsev V.Yu., doctor of technical sciences, the main author, https://orcid.org/0000-0001-8184-
5379

«Michurinsk State Agrarian University», 101 Internatsionalnaya str., Michurinsk, Tambov region,
Russia, lan-vladimir@yandex.ru

Kadyrgaliyev A.S., graduate student, https://orcid.org/0009-0009-9882-3147

NJSC «West Kazakhstan Agrarian and Technical University named after Zhangir khany, Uralsk,
st. Zhangir khan 51, 090009, Kazakhstan, alibikadyr@mail.ru

Utemissova N.E., master of technical sciences, senior lecturer, https://orcid.org/0000-0003-2921-6086
NJSC «West Kazakhstan Agrarian and Technical University named after Zhangir khany, Uralsk,
st. Zhangir khan 51, 090009, Kazakhstan, nyrchi@mail.ru

KO3FAJTKBIIITHI BACKAPY IbIH SJIEKTPOHIbI )KYVWEJIEPI ’)KOHE OJIAP/IbIH
TEXHUKAJIBIK )KAW-KYHIH BAKBLIJIAY KY¥PAJIJIAPBI
ELECTRONIC ENGINE CONTROL SYSTEMS AND MEANS OF MONITORING THEIR
TECHNICAL CONDITION

AHHOTAUA

byn wmakamama aBTOMOOWIIZETI KO3FANTKBIMITHI OacKapyAblH AJIEKTPOHIBI JKyHelepi KoHe
OJIapJIbIH TEXHHUKAJIBIK YKaFIaiblH, jKal-KyHiH O0aKbpuiay Kypajaaapbl KapacThIpbUIIbl. KO3FaNTKBIIITHI
OacKapyablH SJICKTPOHIBI JKYHECIHIH TEXHUKAJIBIK >Kal-KYHIH OJIapJblH HOPMATHUBTIK MOHJACPIH
HET13/1el OTHIPHIN OaFalalThIH JUATHOCTUKAIBIK TApaMETpPIIep YCHIHBUIIBL.

KoszranTkpIuTel 0acKkapyIblH AJIEKTPOHIBI JKYHesepi *KoHe OJapAblH TeXHUKAJIBIK JKaFJalblH
OakpuIay Kasipri 3aMaHfbl aBTOMOOWMJIb WHAYCTPHACHIHAA WICHIYIII POl aTkapalbl. Byi TakeIpbl
KO3FAJITKBIITHI 0ACKaPYABIH AIIEKTPOHIBI KYHeIepiHiH Heri3ri acCleKTUIepiH, COHBIH iITiH/Ie ONap IbIH
JKYMBIC TIPUHIMIITEPiH, HETi3T1 KOMIOHEHTTEepi MeH (DYHKIIMOHAIIBIFEIH KAMTUIBL. J[HarHOCTHKAIBIK
acmanTtap/pl, OaraapiiaMaiblK KaMTaMachl3 €Tyl JKOHE JCPEeKTepli Tajauay oJIiCTepiH Koca alfaHja,
ANEKTPOHMBIK JKYHENepAiH TEeXHUKANBIK ‘Kal-KyWiH Oakpuiay Kypaifapbl Ja KapacTbIPbLUIaJIbL.
Conpaii-aK, KO3FalTKBIIITEIH TEXHUKAIBIK JKaFIaibliH O0aKpUIay Kypainapbl, COHBIH IMIiHAE ce3TilTep,
JIMarHOCTHKAJIBIK CKaHepJiep, OarmapiamMaliblK »KacakTama >KOHE aKayJapibl aHbIKTay oJicTepi
TajjaHaabl. AHHOTAIMsIa KO3FAITKBIIITBIH THIMII JKYMBICBIH KaMTaMachl3 €Ty, aBTOK6JIK
KYPaJIapBIHBIH KAYIilCi3iri MeH YHEMJUIriH apTThIPY, COHJai-aK OJAapIbIH KOJIK CEKTOPHIHBIH
AKOJIOTUSIIBIK TYPAKTHUTBIFBIHA 9CEPi YIIIH OCHI TEXHOJIOTUSIAPIbIH MaHBI3IBIIBIFBI aTall KOPCETUITEH.
Ocbl TakKpIpBINITA KYMBIC iCTEY aBTOMOOWIBJEPAl Oackapy koHe Oakpuiay KykenepiHe KOHbUIATHIH
3aMaHay¥ TajanTap/bl, COHIAN-aK oJapbIH KaJIbl aBTOMOOHIIh TEXHOJIOTHSACHIHBIH aMybIHA KOCKAaH
YJIECiH XaKChl TYCIHyre MyMKIHJIIK Oepei.

ANNOTATION
In this article, electronic engine control systems on a car and means of monitoring their
technical condition are considered. Diagnostic parameters are proposed that assess the technical
condition of electronic engine control systems with justification of their normative values.
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Electronic engine management systems and monitoring of their technical condition play a
crucial role in the modern automotive industry. This topic covers the main aspects of electronic engine
control systems, including the principles of their operation, the main components and functionality.
The means of monitoring the technical condition of electronic systems, including diagnostic devices,
software and data analysis methods, are also considered. The means of monitoring the technical
condition of the engine, including sensors, diagnostic scanners, software and fault detection methods,
are also analyzed. The annotation highlights the importance of these technologies for ensuring
efficient engine operation, improving the safety and efficiency of vehicles, as well as their impact on
the environmental sustainability of the transport sector. Working on this topic will allow for a better
understanding of modern requirements for vehicle control and monitoring systems, as well as their
contribution to the development of automotive technologies in general.

Tyiiin ce30ep: >NEKTPOHBI XYiie, KoK, MUKPOIIPOLIECCOP, KOMIKTI OacKapy, Oackapy kyiieci.
Key words: electronic system, vehicle, microprocessor, vehicle control, control system..

Kipicne. Ko3ranTkeimTsel 0OacKapyIaslH OSJIEKTPOHABI Kyienepi 20 FachIpAbIH asFBIHAA
aBTOMOOMIIBAEpTe OenceHni Typle eHe OacTaapl, MEXaHUKAIBIK OTHIH OYpKY JKOHE TYTaHy Kyheiepi
aybICTBIPBUIABL.  MHUKpoIpolieccopyiap MEH DIEKTPOHHMKAaHBIH JAaMybIMEH Oyl JKyHenepliH
MYMKIHIIKTepl alTapipIKTail KeHeini. ByTiHri KO3FanTKBIMTHI Oackapy sKyienepi KO3FalITKBIIITHIH
KYMBICHI MEH CBIPTKBI JKaFJaiiapsl Typajbl YHEMi aKmapaT >KMHAWTBIH KOINTETeH CEHCOpJIapMeH
JKaOIBIKTAJIFaH.

3epTTey MaTepuajgapbl MeH ddicTepi. 3amaHayn aBTOMOOWIBIEP OacKapyablH Keieci
AIEKTPOHIBIK, (MUKPOIIPOIIECCOPIIBIK) KYHeTep Al KOJINaHyMEH epeKIIeIeHeTi:

® KO3FAJITKBILITHI,

ABTOMATTHI TPAHCMHUCCHSLIIBI;

Texeyni Oyratrayra Kapebl xyiie (TBKXK);

KITUMATTBIK KOHIBIPFBLIIB;

aBTOMOOMJIBI ypiayra Kapchl xkyie (AYKIXK) sxone Oackanapsl.

3aMaHayH aBTOMOOWIIBAIK KO3FAITKBIIITAPIA HE TYTaHBIPYABIH MHKPOIIPOIIECCOPIIBIK JKYyiieci,
He OojMaca OTBIHABI OYPKyIi OacKapyablH >KoHE OCH3MH KO3FAITKBIIITAPBIHAA TYTaHIBIPY/IbIH
AIIEKTPOHIBIK, XKYiHeci, He OonMaca AU3eNbAl OTHIHABI OacKapyAblH JEKTPOHIBIK JKyieci OpHATHUTYBI
MYMKIiH.

TyTaHABIPYABIH MUKPOTIPOIIECCOPJIBIK KYHEC] Keneci )kabapIKTapaan Typaasi(cyper 1):

®  COpPFBI KENTETYTIKTEr1 a0COTIOTTI KbICHIM;
niHl OlTIK aiHAIBICHIHBIH YKULIIT
JKOH-neri micriek kyii;
JICTOHAIINS,
CAJIKBIH/IATATBIH CYHBIKTHIK TEMIIETePATyPaCHT,
JIPOCCEeIbIi KaKMakK >KaFaaifbl Ce3TiTepiHeH;
Oackapy OJOTHI;

®  eKi IIBIFBICTHI TYTaHBIPY KaTYIIKACHI.

OnekTpoHABl OJOK KipiCiHe Ce3rimTep CHUTHAJIaphl Kemim Tycemi ae Oenrim Oip neHreiire
KeNTipitin, — aHanorTel-uupiblk  TyieHaiprimre (AL[T) Typnenim, omaH keiiH  Oapsin
mukpornpoueccopra (MII) xereni. MII TyraHyablH OHTaWIBI OYpHIbBI, UIHHAPIAD KYMBICHIHBIH
TOpTiOi, MaxOYP:i Ooc )xypic sxoHOMa3epi (MBJKD) kianaHBIHBIH aKbIPaThUTY )K9HE KOCBUTY ME3€Ti
KO3FaJITKBIII )KYMBICHIHBIH KOPCETKIIITepiHe OaliIaHbBICTBI €cenTemNe .

Ta3apl xone Oensuual KBDXK taparkplin OLTiK oHE KO3FaITKBIIITHIH HiHAI OLTITIHIH, ayaHbl
JKalmai IIBIFBIHIAY JKOHE COpAThIH, JCTOHAIUS, CANKBIHAATKBIII CYHBIKTBIK TEMIIepaTypachl
ce3rimTepiHeH Kypajaasl. DIEKTPOHIBIK OJOKKa Ce3rilTep CHUrHajaaapbl Kemim Tyceni. On KochIMIna
ayaHbl PETTETIIITIH, TOPT dIEKTPOMATHUTTI (POPCYHKAIAP/IBIH, TYTAHABIPY OiNTENIepi MEH MOMYJIHIH
’KOHE JIEKTPOH/IbI OEH3MHCOPFHIHBIH )KYMBICHIH 1CKE achIpaJibl.
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Cypet 1 — TyTanapIpyAbIH MUKPOTIPOLIECCOPIBIK KYHeCiHIH KYPBUTBIMABIK ChI30achl

1 — MBXD xmamaner; 2, 4 — TyTaHABIpY OaThIpManapbl; 3, 5 — KOC IMIBIFBICTHI TYTaHIBIPY
KaTymkamapel, 6 — Oackapy OJOTBI, 7 — METOHAINS CEe3Tilli; 8 — CYBITYy CYHBIKTHIFBIHBIH CE3Tillli;
9 — JXOH-geri nopuienb KyHiHiH ce3rimi; 10 — KO3FaNTKBINTHIH cepMmepi; 11 — apoccenb

KaKNarbIHBIH ce3rimti; 12 — MakcuManibsl KeickiM ce3rimi; AT — aranorte-undpisl TypaeHaiprin;
MII — muxkpomnpoueccop; K1 — apnanbl Tagnaynel Kypaymsl; K2 — TyTaHIslpy MMITYJIBCTapbIH
kypaymbl; K1, K2 — kymeiitkimrep; K — MBXXO knamaHbsiH KymeWTKin.

DnexTpoHAbI OJ0K Kelecierifei 6ackapy OarqapiamMapbiH iCKe achIPaIb:
®  KO3FAITKBIIITHIH )KYMbIC KYHECIHE KATBICTHI TYTAHABIPYBI KOCY OHE OHBI albIpY;
® OJIEKTPJIIK  WMITyJbCTAp  Y3aKTHIFBIH  JKOHE  OTBIH  OepydiH  dANEeKTPMAarHuTTi
(hopcyHKaNapbIHBIH alIbUTy COTiH KAIBICTACTHIPY;
e  KOCBIMIIIA aya PETTEYill dKYMBICBIH;
®  JJIEKTPIIIK OEH3WHCOPFBI JKYMBICHIH;
® OKYHEHIH »eKe JIIEMEHTTepiHIH J>XYMBICHI TOKTaFaH >KaFJalJarbl Pe3epBTi KyHemeri
KO3FaJITKBIIITHIH KYMBICHIH;
e Kyiie )KYMBICBIH OacKapy ’KoHe ©3iHIIIe TUarHoCTUKaay.
3eprrey HoTmkeaepi. duzensai KBOX enpenren rasmapasiy (OI) ynbUIBIFBIH, TYTiHACYIH,
IIyJBl IEHTeHiH a3aiTy, 00C Kypic Ke3iHIe WiHAl OUTiK aifHaJIbIM JKULTITIH OHTAWIaHABIPAIbl KOHE
TypakTaHapipanpl. JKyiie OackapylblH 3JIEKTPOHIBIK ONOTBIHAH, Ta3 OAaCKBIITHIH >KaFIaibl
cesrimrineH, Ol kyileciHiH Oackapymbl KJaHmaHblHaH, COpPFbl  (opcyHKamapasl —Oackapy
SIIEKTPMArHUTIHEH, KO3FAITKBIILTA COPBUIATHIH ayaHBIH XKOHE CaJKBIHAATKBII CYHBIKTBIK
TEMIIEPATyPAChIHBIH CE3TIIITEPIHEH, KO3FAITKBIIITHIH HIiHAI OUTCIHIH aiHady >KHUITIHIH JKOHE
KBI3/IBIpY OinTernepi ce3rilTepineH Kypanabl.
Byrarrayra kapcel xkyie (BKX) texey kesiHme aBTOMOOMIbL NeHTreneKTepiH OyFaTTaybl
kajaranayra apHainrad (Cyper 2). BKXK Texey coTiH aBTOMAaTTBI TypJie pETTEeN OTBIPabl JKOHE
aBTOMOOWJIBIH Oap/IbIK JOHICIIEKTEPIHIH Oip ME3eTTe TOKTAYbIH Kalaraaiibl.
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Cyper 2 — Texeyzi OyraTTayFa Kapchl )koHe TairaHakTayFa Kapcsl xkyhenepain (TBKXK/TKX)
KYPBUTBIMABIK ChI30aChl

1 — nenremexrteri snmeKTpMarHwWTTi cesrimtep; 2, 12 — mHerisri OEM; 3, 11 —xockimia
MUkpoOEM; 4 — TBKX/TKX aifblpreim; 5 — cakTaHABIPFBINL, 6 — TeXKEyITeri XYMBbIC
JEHECIH/IErT KBICBIMHBIH MOJIYJISTOPHL, 7 — TEeXey WIMHIPIAPBIHBIH JICKTPMarHuTTepi;
8 — Kocankpl KOCKbBINTap; 9 — »xyleneri acmanrap KalKaHIIACBIHBIH HHIUKaTopmapsl; 10 —
3NEKTPOH Bl Oackapy 0s10rbl; 13 — nermmdpaTop KOCKBIIIbL, 14 — AMarHOCTUKANBIK KaJFaybIIIL.
TBKXX KoHCTpYKIMSIChIHA KapaMacTaH Kelleci AIeMEeHTTepACH TYPaIbl:
e cesrimTep — TeXey IKyHWeciHAeri KbICBIM, aBTOMOOWIIL JOHTEINETiHIH JKbUIAAMIIBIFBI,
ABTOMOOWITBIIH casObIpIIayhl )KoHE T.0. COJI CeKiIIi aKmaparTap oepeni;

e Oackapy OJIOTBI — aTKapylibl MEXaHU3MIEepre KOMaHIa Oepeli jKoHe CesTilTep aKapaThlH
OHJICHL;

® aTKapylIbl MEXaHU3MJIEp — TeXey JKyHeciHeTi KbICBIMABI apTThIPajibl, KeMiTeli Hemece Oip
KaJbINITa CaKTalIbl.

Kasipri yakpITTa aBTOMOOWJIBAEPII OHAarHOCTHKAJIayFa apHAIFaH aclamnTapbl TOPT TOINKA
Oemyre Oonmab:

1 Tom - KapanaibIM KOHCTPYKIUSUTBI CKaHEPIIEP;

2 tom - amOeban ckanepiiep;

3 TorI - TUIepITiK cKaHepiep (MOTopTecTepiep);

4 TOT - IMUTATOPJIAP, TECTEPIED.

KypbuiFbinap/sie - OipiHini TOObIHA OacTamnkbl JEHrEHAEri aKayjiblK KOJbIH aHBIKTAHThIH
cKaHepJep Kipeni. by KypbUIFbIap Tek akayiblK KOATapbhlH OKM allajibl XKoHE KeOip karmainapa,
MapLIPYTTHIK KOMIIBIOTEpJIEPre YKcac, aKKyMYJSTOPIBIH 3apsiaTay KepHEYiHiH Kyii, OTBIHHBIH
opTaIa UILIFBIHBL, OOPT CHIPTHIHAAFBI aya TeMiepaTypacsk! koHe Kb2XK nmuarHocTukachiHAars Oacka
Ja MaHbI3Ibl €Mec MapaMeTpiep Typaibl xadapiayra kKaOinerti. MyHIai KypbUIFbUIAp aKNapaTThl
rpaduKaIbIK TypAe Oepe anmaiiipl )koHe aBTOMOOMIIBIH Oenriii 6ip Moaenine OarbITTaIFaH.

JlnarHOCTHUKAJIBIK KYPBUIFbLIAP/BIH CKIiHIIN TOObIHA OipHElle aBTOMOOWIL MapKalapbiHIA
JIMarHOCTHKA JKYprizyre Kabinerti omOeOan ckaHepiep Kipeai. JMarHocTHKalaHATBIH 3JIEKTPOH/IBIK
Oackapy xyHenepiHig canbl 30 j>xoHEe OfaH >KOFaphbl JEHredre >keTyi MyYMKiH, OyJI peTTe akayJblK
KOJTapbIHBIH IMUQPBIH ally, CeHcopiap MEH KETEKTepACH IIBIFAThIH JEPEKTepl HAKTHl YaKbIT
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pexuminne Oakpuiay, COHAAH-ak oJlapJbl MOHUTODIBIH HEMece MOPTATUBTI CKaHEPIiH SKpaHIBIK
TUCIUICHIHAE TONTapFa HeMece OpKaWChICHIHA TpadWKaiblK TypAe >XeKe Kapay MYMKIiHZir Oap.
MyHpait ckaHepiiep 9eTTe aBTOMOOWIb HAPBIFBIHEIH O€TiIi Oip CeKTOpPBIHA OaFbITTAIFaH, MBICATIBI,
Eyponanbik, A3UsUTBIK, )KalOHABIK, aMEPUKAH/IBIK,.

YurHomn TOMKa MWIEPIiK KYPBUIFBUIAD JIEN aTaiaThlH MOTODPJBI CKaHepiep »Karaisl. by
KYPBUIFBUIAp MAaKYJIJAHIBl JKOHE JHIEpPIiK KbI3MET KOpCeTy CTaHIMWsUIApbIHIA MaiijanaHyra
ycoiHbUIIbL. THiciHIe, onap OaKbUIAHATHIH KYHenep caHbl OOWBIHINA KEHEHTINreH >KOHE KapajiFaH
napamMeTpliep KHUBIHTHIFBI OOHBIHIIA TEPEHJETUITEH AUArHOCTUKANIBIK aKMapaTThl HIBIFapa anafibl, ajl
TYTaHY JXYHeciH 0ip yakpITTa IHarHOCTHKAJIAy MYMKIHAIT maiina 6oxansl. JAunepiik KypbUFbLIapabiH
KOCBIMIIIA aPTHIKIIBUIBIKTAPbI-IUATHOCTUKANAY KE31HJE JCPEKTEep arblHBIH JKAHAPTY KBUIIAMIIBIFBI
JKOHE AJIEMEHTTEPAiH STaJOHABIK NapaMeTpiepiHiH KeH KIpIKTipiireH AEepeKKOpbl, Oipak >KalFbI3
KEMIIIUTIT] - )KOFaphI IITBIFBIHIAP.

TeptiHImIi TOM - ce3rimMTep MEH JKETEKTePAiH WMHTATOpPJAphl, COHOa-aKk opTypdi
MaMaHJaHJBIPBUIFaH TecTepiep, ocuuuiorpadTap, apTYpii )KyKTeMe KaOineTTiuiri 6ap 30HATap jKoHe
Oacka Ja BIEKTPOHIBl KYPBUIFBUIAP, OHCBHI3 TEPEH NTUarHOCTHKaMEH aiiHanbicy KublH. Ker skarmaiina
OWJT KYPBUIFBUTAPIBIH OapIIbIFh] )KaH-KaKThI )KOHE OapiIbIK aBTOMOOMIIb OpeHATEpiHEe KO IAHBLTA b,

3aMaHayW AMAarHOCTUKANBIK XaOJBIKTHI KacayllblUiap KypbUIFbIIapra OipHelIe Tiiue akmapaT
Oepy JKOHE opTYpJi MOJIENbIEPICETi aBTOMOOWIBIACP/IH TEXHUKAJIBIK >KarlalblH OaKbuiay VIINiH
oM0Oeban 00y MYMKIH/IITIH Calajbl.

KopbIThiHAbI. 3amaHayn aBTOMOOWIBACPIIH KOHCTPYKIMSJIAPBIH KOMITBIOTEPIIK IKOHE
JNEKTPOHBI OacKapy »KyWesrepiMeH, OHBIH IMIHAC KO3FAITKBIIIICH KAHBIKTHIPA OTBIPHII, OJlapra
KBI3MET KOpCeTyMiH OypblH JKacaiFaH Tociuaepli aBTOMOOWIBICPMEH JKOHE JIMArHOCTHKA
KypaJIappIMEeH JKYMBIC ICTEHTIH IIepCOHANIBIH >KaHAa TYCIHITIH, apHaibl OWIAyBIH, COHJAi-aK
aBTOMOOWJIBACP/IH KOMIBIOTCPIIIK SKYHENIEPIH JKETUIMIPyre COMKEeC ITUAarHOCTHKAJBIK KaOIBIKThI
JKeJIeN )KaHAPTY/IbI Tajall eTei.
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PE3IOME

B nmaHHO#W cTaThe pPacCMOTPEHBI ODIIEKTPOHHBIE CHUCTEMBI YIpABICHUS JABHUTAaTENeM Ha
aBTOMOOHMJIE M CpEICTBA KOHTPOJS HX TEXHUYECKOTO COCTOSHHSA, COCTOSHUSA. IIpeayioskeHsb
JUAarHOCTHYCCKHE MapaMeTphl, OLICHHBAIOLINE TEXHUYECKOE COCTOSHHUE OJIICKTPOHHBIX CHCTEM
yIIpaBJIEHUs ABUTATENeM C 000CHOBAaHUEM MX HOPMAaTHBHBIX 3HAYCHUIA.

DJEeKTPOHHBIE CHCTEMBI YNPABJICHUS JBUTATElIeM M KOHTPOJb MX TEXHWYECKOTO COCTOSHUS
UTPalOT PEHIAONIyI0 POJIb B COBPEMEHHOW aBTOMOOMJIBHOW NpPOMBIIIIEHHOCTH. JlaHHas Tema
OXBATBHIBACT OCHOBHBIC ACMIEKTHI AIEKTPOHHBIX CHCTEM YIPABICHHS JBUTAaTENIEM, BKIOUYask IIPHHIIHIIBI
UX pabOThl, OCHOBHBIE KOMIIOHEHTHl M (YHKIIMOHAIbHBIE BO3MOXKHOCTH. PaccmarpuBaroTcsi Takke
CpEe/CTBa KOHTPOJS TEXHHYECKOTO COCTOSHHS SJICKTPOHHBIX CHCTEM, BKIIOYAs IMATHOCTHYECKHE
npuOOpBI, TPOrpaMMHOE 00ECIIEYeHNE M METO/IbI aHAIHM3a TAHHBIX. Tarke aHAJIM3UPYIOTCS CPE/ICTBA
MOHUTOPHUHTA TEXHUYECKOTO COCTOSHHS JBUTATEls, BKIOYAsl NATUYUKH, AUATHOCTHUECKUE CKAHEPHI,
nporpaMMHoe  oOecriedeHHe W METOAbl  OOHapyKeHHsl HeHWclpaBHOCTEH. B aHHoTamum
MOJUYEPKUBACTCSI BAXKHOCTh STHX TEXHOJOTUH A oOecrieueHus d(QQEKTUBHON pabOTHI IBUTATENS,
TIOBBINICHHUS OE€30MAaCHOCTH M SKOHOMHYHOCTH aBTOTPAHCIIOPTHBIX CPEACTB, a TAaKXKE UX BIUSHUS Ha
9KOJIOTHYECKYI0 YCTOHYHMBOCTh TPAHCIIOPTHOTO cekTopa. Pabora Ham 3TO# TEMOW MO3BOJUT Jy4Ile
TIOHSTH COBPEMEHHBIE TPeOOBAaHUSI K CUCTEMaM YIPaBJICHUS U KOHTPOJISI aBTOMOOWMIIEH, a TakkKe HX
BKJIaJl B pa3BUTHE aBTOMOOMJIBHBIX TEXHOJIOTHH B IIEJIOM.

UDC 54.058 DOI 10.52578/2305-9397-2024-3-2-266-275
IRSTI 61.31.57

Kazarinov I.A., Doctor of Chemical Sciences, the main author, https://orcid.org/0000-0002-4858-
9614

«Saratov State University named after G.N. Chernyshevsky» Russia, 410012, Saratov, st.
Astrakhanskaya, 83, Kazarinovia@mail.ru

Gumarova Zh.M., PhD, https://orcid.org/0000-0003-0043-8208

NJISC «Zhangir Khan West- Kazakhstan Agrarian and Technical University», Uralsk, st. Zhangir

khan 51, 090009, Kazakhstan, aina_zhg@mail.ru

Askarova A. Zh., master's student, https://orcid.org/0009-0001-7032-9990

NISC  «Zhangir Khan West - Kazakhstan Agrarian and Technical University»,
Uralsk, Zhangir Khan str. 51, 090009, Kazakhstan, askarovaakguliml@gmail.com.

MAGNETIC CARBON MATERIALS AS SORBENTS FOR WATER PURIFICATION FROM
PETROLEUM PRODUCTS

ANNOTATION
The development of effective sorbents for water purification is crucial to reduce environmental
pollution with petroleum products. A method for obtaining a complex adsorbent with magnetic
properties for the elimination of oil spills from the water surface using a controlled magnetic field is

266


https://orcid.org/0000-0002-4858-9614
https://orcid.org/0000-0002-4858-9614
mailto:Kazarinovia@mail.ru
https://orcid.org/0000-0003-0043-8208
mailto:askarovaakgulim1@gmail.com

ISSN 2305-9397. FbiibiM )caHe b6intim. 2024. N° 3-2 (76)

proposed. In this study, methods for the synthesis of magnetite-carbon composites by co-deposition
and the synthesis of magnetite-carbon composites by mechanical grinding in a ball mill were
proposed. Magnetic carbon sorbents were synthesized using activated carbon and magnetic
nanoparticles by co-deposition, after which physicochemical characteristics were obtained using
methods such as infrared spectroscopy and X-ray fluorescence analysis. The adsorption capacity is
estimated under conditions of competitive adsorption of water and oil on the surface of magnetite, coal
and their composite. The results show that magneto-carbon materials have good adsorption efficiency,
rapid separation from water due to their magnetic properties and excellent reusability, which makes
them promising candidates for water purification. These results suggest that magneto-carbon sorbents
can play a significant role in environmental remediation efforts by providing an effective solution for
the treatment of water contaminated with petroleum products.

Key words: magnetite, magnetite-carbon composite, activated porous coal, sorbents,
adsorption.

Introduction. Oil spills, whether caused by natural disasters, human activities, or industrial
accidents, pose significant threats to water resources and ecosystems. This environmental hazard has
prompted extensive efforts within the scientific community to develop effective strategies for pollution
control and oil spill response [1,2]. When oil spills occur, they form a thin layer on the water surface,
which can lead to devastating consequences for marine life [3]. Moreover, the remediation of oil spills
is a costly endeavor, and many conventional cleanup methods struggle to completely remove oil from
water. Techniques such as boom barriers, skimmers, sorbents, dispersants, in-situ incineration,
bioremediation, and magnetic nanocomposites are employed for oil-water separation. Recent
advancements in this field emphasize factors like surface wettability (hydrophobicity), as well as the
porosity and roughness of filtration and absorption materials. These surface-modified materials are
crafted into various forms such as meshes, textiles, foams, sponges, films, and membranes [4,5].
Traditionally, materials like polypropylene, hydrazine hydrate, and graphene oxide have been used in
oil spill cleanup efforts. However, these synthetic substances are expensive, environmentally harmful,
and slow to biodegrade. There is now a growing interest in natural alternatives, such as sea sponges
treated with vegetable waxes, which offer potential solutions to these drawbacks. Furthermore, the
integration of hydrophobic surfaces with magnetic components has gained attention for its ability to
efficiently extract oil from water post-separation. The ongoing research and innovation in oil-water
separation technologies reflect a commitment to mitigating the impacts of oil spills and safeguarding
aquatic environments. By advancing both the materials and methodologies involved, scientists aim to
enhance the effectiveness and sustainability of oil spill response measures, ultimately minimizing
environmental harm and promoting ecosystem recovery. [6].

In general, various physical, chemical and biological methods, such as adsorption, absorption,
membrane filtration, electroflotation, flocculation and coagulation, as well as biological purification,
are used for the purification of petroleum, and in some cases a combination of these two methods has
also been studied [7]. The proposed strategies to combat oil pollutants are fermentation with
microorganisms, the use of physical and mechanical collectors (e.g. skimmers, bons, pumps with
natural and synthetic sorbents, mechanical separators, etc.) and chemical dispersants (e.g. detergents,
etc.). In general, therefore, the removal of petroleum by physical methods, such as boom barriers,
skimmers, absorbent materials, is more environmentally friendly and economical than chemical
dispersants. While the use of the chemical dispersant is the fastest, there are some parameters that
could be considered a universal solution due to the cost, complexity and the need to perform additional
process operations, such as film removal or on-site incineration. In situ burning of oil floating on the
water surface is a quick method used in some places to deal with oil spills, but it affects the ecosystem
by leaving sedimentary rocks [8]. Other possible methods, such as washing with hot and high-
pressure water (spraying water with enough force to pulverize the oil in the form of tiny particles),
chemical stabilization of the oil with elastomers (gelatinization or solidification of the oil on the
surface of the water and stopping its spread), manual recovery (using labor to collect the oil from the
surface of the water, the water goes through various physical processes) and natural regeneration have
their advantages and disadvantages, and therefore its application is limited in particularly affected
areas. Of all the technologies presented, adsorption (or absorption) (collectively called sorption) using
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solid materials is the easiest and cheapest process to remove contaminants from petroleum [9]. In
recent years, the sorption process has become increasingly interesting for the extraction of petroleum
from water resources due to its essential characteristics compared to other traditional methods, namely
the recovery or reuse of sorbents, ease of operation, the absence of secondary pollution, the formation
of sludge, the absence of production of harmful products in the system [10].

In addition to the property of absorbing oils, absorbent materials must also have the ability to
evenly distribute and retain oils in their structure and pores. In addition, for better separation of oil and
water, the absorbent materials should have some other important criteria, such as adsorption of a
significant amount of oil per unit mass, hydrophobicity by nature and low absorption capacity with
respect to water, the bulk density should be low, and they should stay in the water for a long time. it
takes a long time, and the oil absorption rate should be high enough. On the other hand, the ability of
the absorbent material to absorb oil depends on the properties of oil, such as concentration,
temperature, specific gravity and the type of oils [11]. Sorption technology also belongs to the
category of physical processes that can also be used in skimmers. The best function of the sorbent is to
transfer the liquid (oil) to a semi-solid physical state for easy absorption, followed by efficient
desorption and extraction of the oils. In general, the sorption process is environmentally friendly due
to its inertia and zero generation of toxic substances, which opens the possibility of using a variety of
low-cost materials that can be used as a sorbent in pure or modified form according to requirements.
To obtain a better absorption material, the processes of oil absorption and its extraction in the
sorption-desorption cycle must be more efficient, which is directly related to the possibility of reusing
the materials in subsequent successive cycles. Therefore, many well-known materials, such as zeolites,
organoglins, polymers, natural fibers, biomass, wastes and carbon-based products, have been
presented as sorbents for the separation of petroleum and water [12,13,14]. Of the sorbents studied,
carbon materials are the most versatile materials used to combat oil pollution, and their effectiveness
depends on properties such as active surface area, Size and stability, with a significant focus on cost
[15].

The use of sorption methods makes it possible to remove oil pollution of a wide range of nature
to almost any residual concentration, regardless of their chemical stability. And giving magnetic
properties to adsorbents will allow the use of physical methods for eliminating oil spills using
magnetic traps. Thus, the development of an adsorbent with high sorption and magnetic properties,
which would ensure its effective penetration into the layer of petroleum products and rapid removal
from the water surface using a controlled magnetic field, is an urgent scientific and practical task [16].

Magnetic sorbents can be easily and quickly assembled using external magnetic fields, which
greatly simplifies the process of pretreatment of samples without filtration and centrifugation. This is
very valuable for large size samples. In addition, the ability to recycle and reuse sorbents makes them
environmentally friendly and inexpensive materials. In addition, magnetic sorbents based on modern
and highly efficient nanostructured sorbents have additional outstanding characteristics compared to
others: they have a significantly higher surface area to volume ratio and higher extraction capacity,
faster extraction dynamics and higher extraction efficiency [17].

Materials and methods. Synthesis of magnetite. The Elmore deposition method was used to
produce magnetite particles [18]. In the molar ratio of solutions of iron salts FeCl- 6H,0 and
Fe50,-7H,0 1: 2, under mild conditions (at room temperature and normal pressure), an aqueous
solution of ammonium (8.3%) is added, the resulting suspension is mixed at room temperature for
30 minutes, filtered and washed with distilled water 2-3 times, rinsing at 100-and dried in the oven at
130 ° C. The resulting suspension of magnetite has a black color, which after drying turns into a dark
brown powder, the main reaction is:

2FeCl, + FeSO, + 8NH,0H => Fe,0,+ 6NH,Cl+ (NH,),50,+ 10H,0
1)

Synthesis of magnetite-carbon composites by co-precipitation method. An effective method for
obtaining magnetic sorbents is the introduction of magnetite into the carbon structure. The
convenience of using coal particles depends on their porosity, which allows them to immobilize or
synthesize magnetite particles. Magnetite-carbon composite is boiled according to the EImore method
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in a soft state in distilled water, in the presence of 0.1 M aqueous Na@H solution at a temperature of
T =298 K and within pH = 8-9.5 for an hour. This ensures that the iron ions are well sorbed on the
surface of the coal and that their pores open well. Then solutions of Fe50, - 7H,0 with a solution
of FeCl- 6H,0 are precipitated in a ratio of 2:1 in ammonia water at pH = 9.5-11.0 and T = 298 K
and washed several times with distilled water and dried in an oven at 100-130 ° C, resulting in matte
black magnetite carbon composites [19].

Synthesis of magnetite-carbon composites by mechanical grinding in a ball mill. Mechanical
grinding of carbon sorbent together with iron compounds in a ball mill is an effective method for
obtaining powdered magneto-carbon sorbents. In the work, magnetic iron particles
(Fe,t — Fe,05 or Fey0,) are uniformly dispersed on a carbon matrix of activated carbon and
biochar in a ball mill. The diameter of the particles produced by this process depends on the grinding
time. In addition, during grinding, not only the particle size of the sorbent decreases, but also the
uniformity of the adsorbent powder increases significantly. This method allows the inclusion of iron
particles in the sorbent matrix without the addition of any solvents. The ball mill is also a promising
and environmentally preferable method for the production of magneto-carbon sorbents [20].

Infrared spectroscopy. The study of magnetite, activated carbon and particles of a magnetite
composite obtained on the basis of coal was carried out in the wavelength range 440-4000 cm-1,
infrared (IR) Fourier spectrophotoscopy was performed on the Spectrum 65 (PerkinElmer) installation.
In this case, the IR spectra of the samples were subjected to hot treatment in the form of a film with a
thickness of 0.07-0.09 mm (70-90 microns).

X-ray fluorescence analysis method. Quantitative analysis of the chemical composition of
magnetite, activated carbon and magnetite-carbon composites by X-ray fluorescence analysis was
performed on a FOCUS 2m wave spectrometer. The samples were placed in special round cuvettes of
variable depth, which were covered with a polypropylene film on top so that they would not spill. An
X-ray tube with a power of 4 kW was used as a source of exciting radiation. The use of a
polypropylene film made it possible to analyze the composition of elements in the range from Na to U.
The spectra were processed using a special ZSX software package.

Investigation of the sorption properties of magnetite, coal and magnetite-coal composites in
decane and petroleum. Sorption properties in magnetite, coal and magnetite-coal composites (1 +
0.0005 g) in various concentrations of decane and oil with water at room temperature under static
conditions have been studied. To carry out adsorption, a solution of the test substance (10 + 0.1 ml) is
added to the sorbent and left for adsorption for two hours with complete stirring. Then the adsorbate
was isolated with a sorbent and the post-adsorption amounts of adsorbate were determined.

Results and discussion. X-ray fluorescence analysis of magnetite, coal and magnetite-carbon
composite. As a result of the synthesis, complex composites of activated carbon and magnetite were
obtained. X-ray fluorescence analysis reveals elements with an atomic mass of more than 16 g. The
chemical composition of the identified sorbents based on X-ray fluorescence analysis is presented in
table 1.

Table 1 — Chemical composition of activated carbon, magnetite and their composites

Ne Systems Coal Magnetite Magnetite-coal
composition
Elements size, % size, % size, %

1 Iron - 99.81 84.33

2 Chrome - 0.19 0.16

3 Calcium 46.21 - 1.50

4 Manganese 441 - 0.49

5 Potassium 49.38 - -

6 Chlorine - - 11.77

7 Sulfur - - 1.75
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Figure 1 — X-ray fluorescence images of activated carbon, magnetite and magnetite-carbon composite:
a-coal, b-magnetite, c-magnetite-carbon composite.

Table 1 shows that the composition of activated carbon is dominated by the proportion of
potassium and calcium, as well as a small amount of manganese. First of all, the detection of carbon,
oxygen and hydrogen was expected here, but due to the limited capabilities of the method, only
elements with a higher atomic weight are detected. For this reason, only iron is found in the
composition of magnetite without oxygen detection. Accordingly, elements found in the composition
of individual coals and magnetites are found in the composition of the magnetite-carbon composite.
And as for X-ray fluorescence images, each element is characterized by its corresponding peaks, and
their intensity is directly proportional to the mass fraction.

The results of infrared spectroscopic examination of magnetite, coal and magnetite-carbon
composite are shown in Figure 2.
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Figure 2 — IR spectra of magnetite, activated carbon and magnetite-carbon composite:
a-coal, b-magnetite, b-magnetite-carbon composite

In the IR spectrum of activated carbon, O-H, N-H bonds of the compounds contained in it were
found in the oscillation frequency range 3500-4000 cm™*. Between 2000-2500 cm ™t there may be
alkynes and C-H bonds of the aromatic ring, and at an oscillation frequency of 770 cm™?, there may
be Me-C, Me-X bonds. The last peak can be attributed to metal compounds Ca, K, Mn, detected in X-
ray fluorescence analysis.

Peaks in the oscillation frequency range of 3500-4000 em ™t in the INFRARED spectrum of
magnetite can correspond to deformation fluctuations of O-H bonds, i.e. this is the proportion of water
in the composition of magnetite. At an oscillation frequency of 1500.770 em ™1, the Fe-O bond is
determined.

In the IR spectrum of the magnetite-coal composite, the oscillation band in the IR spectra of
coal and magnetite is preserved, and this proves that the composite was formed, that is, magnetite
particles penetrated into the structure of coal particles.

Determination of the adsorption of decane on the surface of magnetite, coal and magnetite-
carbon composite. Since the composite adsorbent is used to separate petroleum products from water, it
was necessary to determine the degree of absorption of water and oil from a mixture of water and oil.
Saturated liquid hydrocarbon decane was used as the fat phase. To do this, mixtures of water and oil in
various ratios were taken and their adsorption on the surface of the adsorbents was determined. The
results of adsorption are presented in Table 2. These results showed that 3 sorbents also better separate
decane from water. However, the adsorbent of coal prevailed over other adsorbents and can be
justified by the hydrophobicity of coal.

Table 2 — Adsorption of water and decane on the surface of solid adsorbents under conditions of
competitive adsorption

Adsorption on the surface of magnetite

The mass ratio of water and oil | Mass ratio of water and oil after Percentage of water and oil

before adsorption adsorption after adsorption, %
1 2 3

0.7:9 0,56 : 8,4 80:93
14:8 1,12:7,8 80:97,5
2.8:6 2,38:5,6 85:93
42:4 3,64:3,6 88:90
56:2 504:1,6 90: 80
7:0 6,44:0 92:0

Surface adsorption of coal

The mass ratio of water and oil

Mass ratio of water and oil after

Percentage of water and oil

before adsorption adsorption after adsorption, %
0.7:9 0:86 0:80
14:8 0:7,7 0:96
28:6 1,05:5,7 37,5:95
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1 2 3
42:4 2,31:3,8 55:95
5.6:2 3,64:18 65:90

7:0 5,04:0 72:0

Magnetite-adsorption on the surface of coal

composter

The mass ratio of water and oil

Mass ratio of water and oil after

Percentage of water and oil

before adsorption adsorption after adsorption, %
0.7:9 0,42 :8,6 60 : 96
1.4:8 0,84:6,5 60: 81
2.8:6 1,89:458 68 : 80
42:4 3,01:31 72:78
56:2 420:1,3 75 : 65
7:0 552:0 79:0

Determination of adsorption of magnetite, coal and magnetite-coal composites in oil. In the
following studies, adsorption originating from a mixture of water and oil was studied, and magnetite,
coal, and magnetite-carbon composite were used as an adsorbent (Table 3). In these studies, the
adsorption of oil on the surface of coal also prevails, which means that the nonpolar adsorbate is better
adsorbed on the surface of the nonpolar adsorbent.

Table 3 — Adsorption of water and oil on the surface of solid adsorbents under conditions of

competitive adsorption

Adsorption on the surface of magnetite

The mass ratio of water and oil

Mass ratio of water and oil after

Percentage of water and oil

before adsorption adsorption after adsorption, %
1 2 3

0.7:9 0,56 : 8,8 80:97,7
14:8 1,12:7,8 80:97,5
2.8:6 2,26 : 5,6 80,7:93,3
4.2:4 3,57:35 85:87,5
56:2 497:15 88,75 : 75
7:0 6,44:0 92:0

Surface adsorption of coal

The mass ratio of water and oil

Mass ratio of water and oil after

Percentage of water and oil

before adsorption adsorption after adsorption, %
0.7:9 0:88 0:97,7
14:8 0:6,8 0:975
2.8:6 0,98:5.5 35:91,6
4.2:4 2,17:3,1 51,6:775
56:2 35:09 68,7 : 45
7:0 504:0 72:0

Magnetite-adsorption on the surface of coal

composter

The mass ratio of water and oil

Mass ratio of water and oil after

Percentage of water and oil

before adsorption adsorption after adsorption, %
0.7:9 0,42 :8,8 60 : 84
14:8 0,7:7,6 50: 95
2.8:6 1,68:5,2 60 : 87
42:4 2,94:29 70:70
56:2 4,13:0,8 74 : 45
7:0 542:0 77:0
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The adsorption values were compared with each other. On the surface of coal, the adsorption of
decane and oil is high, and the adsorption of water is much lower. Adsorption on the surface of
magnetite and composite occurred in the oil-decane-water sequence, and the adsorption values of the 3
substances were close. However, if we compare the adsorption values for 3 adsorbents, then the
adsorption on the surface of coal is high, and on the surface of magnetite is low. The reason is due to
the presence of a hydrophobic component of coal and composite.

Conclusions. The use of magneto-carbon sorbents can provide a sustainable and effective
solution to the problem of water pollution with petroleum products. Sorbents based on activated
carbon have been developed by the method of co-deposition. The elemental composition of the
resulting magnetite-carbon composite was determined by X-ray fluorescence analysis, most of which,
as shown, is Fe.

Functional groups in the composition of a magnetite-carbon composite have been identified by
IR spectroscopy. At an oscillation frequency of 3500-4000 cm ™%, the O-H bond was determined, and
at an oscillation frequency of 1500 and 770 cm™*, the Fe-O bond was determined. These stripes
prove that magnetite is part of the composite.

The competing adsorption of water and oil was investigated on the surface of magnetite, coal
and their composite. On the surface of coal, the adsorption of oil and decane was high, and the
adsorption of water was low. The adsorption of oil and decane on the surface of the magnetite-carbon
composite decreased, but was higher than the adsorption of water. But unlike a conventional sorbent,
synthesized magnetocarbon sorbents can effectively remove oil pollution from water. Their magnetic
properties contribute to easy and rapid separation from water, which increases the practicality of their
use in real conditions. In addition, these materials have excellent regenerative and recyclable
properties, which highlights their economic and environmental benefits.
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TYWUIH

Cynpl TazapTy YLIiH THIMAI COpOEHTTEpAl 93ipiiey KOpLIaraH OpTaHbIH MyHail eHiMuepiMeH
JacTaHybIH a3aiiTy yIIiH eTe MaHbI3abl. Ochl cebenTi GackapbuUIaThIH MArHUT ©PICiH KOJAaHa OTHIPHIIL,
cy OeTiHeH MyHall TerilyiH >KOK YIUIIH MarHHTTIK KacueTTepi Oap Kypnemi ajacopOeHT amy ojici
YCHIHBUTAZBI. Byn 3eprreyne MarHeTUT-KOMIPTEKTI KOMIO3ZUTTEpIl OipJieCKeH TYHABIPY apKbUIbI
CHHTE3JIeY JKOHE MarHeTUT-KOMIPTEKTI KOMIO3UTTEpAi IIap JHipMEHIHIEC MEXaHHKAaJbIK YHTaKTay
apKbUIBI CHHTE3/ICY SJiCTepi YCHIHBUIABL. MarHuTTi-KeMIpTeKTi cOpOCHTTEp OeNCeHIpiareH Kemip
MEH MarHWTTiK HaHOOeNIIeKTep/ i Oipre TYHIBIPY apKbUIBI CHHTE3/eNAl, COAaH KeliH WH(QPAKBI3BLI
CIIEKTPOCKOIINS )KOHE PEHTIeH-(IIyOPECLEHTT] Taiaay CHSAKTBI d/iCTep/i KOJJIaHa OTHIPhIN (u3nKa-
XUMUSUIBIK CUIIATTaMaiap ajblHAbl. MarHeTuT, KeMip KoHE OJiapJbIH KOMITO3UTI OCTIHJIETI Cy MeH
MYHaWJbIH OoCeKeNecTiK aJcopOlMsIChl KaFfalblHAa aaCcopOLMsIIBIK KaOUISTTUIIriH Oarayiay
Kyprizinmai. HoTikenep MarHUTTI-KOMIipTEKTI MaTepralIap/IbIH aIcopOnrs THIMALIIT] )KaKChl eKeHiH,
MAarHMTTIK KacHeTTepiHe OalaHbICTBI CyJaH Te3 OJIHETIHIH JKoHE OJjapbl CyIbl Ta3apTyra
NEePCIEeKTHBAIBI YMITKEp €TeTiH Tamalla KaiTa maiijanaHy MYMKIHJIITIH kepceresi. by HoTmxkenep
MarHUTTI-KOMIPTEKTI COPOCHTTEP MYHAH OHIMIEPIMEH JIaCTaHFaH CyJIbl Ta3apTyIbIH THIMJI MIENIMiH
KaMTaMachl3 €Te OTBIPBII, KOpIIaFraH OpTaHbl KaJllIbIHA KEATIPY *KYMBICTapbIHAa MaHbI3AbI POl aTKapa
aNaThIHBIH KOPCETEI].

PE3IOME
Pa3zpaborka 3pPeKTHUBHBIX COPOESHTOB Il OYMCTKH BOJbI MMEET PEIlaroliee 3HAUYCHUE IS
CHW)KCHHUS 3arps3HEHHUsS] OKpysKaromlieil cpeisl Hedrenpoaykramu. 1o 3Toi mpuyYMHE MPeIIOKeH
Croco0 TMONydeHUs] KOMILIEKCHOTO aJcOpOeHTa C MArHUTHBIMH CBOWCTBAMH JUIsl JIMKBHJIAIUH
pa3arBOB HE(TH C MOBEPXHOCTH BOJBI C UCIOJb30BAHUEM YITPABIIIEMOTr0 MarHMUTHOIO 1o, B aTOoM
MCCIICIOBAHUN OBLIM TMPEIJIOKEHBl METOJbl CHHTE3a MAarHETUT-YIJICPOAHBIX KOMITO3UTOB IyTEM
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COBMECTHOTO OCQXJCHUS M CHHTE3a MarHETUT-YIJICPOIHBIX KOMIIO3UTOB IyTEM MEXaHHUYECKOTO
U3MENILYCHUST B IIAPOBOM MeNbHHIC. MAarHUTO-yIIIepOJHbIe COPOSHTHI OBLTM CHHTE3HPOBAaHBI C
UCIIOJIb30BaHUEM aKTHBHPOBAHHOTO YTIISl U MATHUTHBIX HAHOYACTHUI] ITyTEM COBMECTHOTO OCAXKIICHUS,
Mociie 4Yero ObUTH IMOJYYeHbl (DU3MKO-XMMUYCCKUE XapaKTCPUCTUKUA C HCIOJIb30BAHHUEM TaKUX
METO/IOB, KaKk WHQpaKpacHas CIEKTPOCKOMHUS W PEHTreHO(IyopecleHTHbIH aHamu3. [IpoBeneHa
OIIEHKa aJICOPOLIMOHHON CITOCOOHOCTH B YCIOBHSIX KOHKYPEHTHOH ancopOuuu BoAsl M HeTH Ha
MOBEPXHOCTH MarHeTUTa, yIiisl U UX KOMITO3UTa. Pe3ylbTaThl OKa3bIBAlOT, YTO MarHUTOYTJICPOIHbIC
MaTepuanbl O0JIAZal0T XOpolied 3(P(PEeKTUBHOCTHIO aACcOPOIUH, OBICTPHIM OTACICHHEM OT BOJIBI
Omaromaps CBOMM MarHUTHBIM CBOMCTBAM W OTIMYHOM BO3MOXKHOCTHEO ~MHOTOKPATHOTO
WCIIOJIb30BaHHMS, UTO JICTACT UX MEPCICKTUBHBIMU KAHAUIATAMH JJISl OYMCTKU BOJBL. DTH PE3yJIbTaThl
CBUJICTEILCTBYIOT O TOM, YTO MAarHUTOYTJICPOIHBIC COPOCHTHI MOTYT WUTPaTh 3HAYUTEIHHYIO POJIb B
YCHIUSAX TIO BOCCTAaHOBJICHHIO OKpY’Kaloled cperapl, oOecmeunBas >((EKTHBHOE pEUIeHHE st
OYHUCTKH BOJIbI, 3arpsI3HEHHON He(QTEPOIyKTaMH.
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Aemowzagxa apHanzan epeice

«FputbiM JkoHE OUNiM» FBUIBIMH — TMPAKTUKAIBIK KypHaibl — JKoHrip xaH arteinaarbl bateic KazakcrtaH arpapiibik-
TEXHHUKAJbIK YHHUBEPCUTETIHIH Mep3iMai OachuibiMbl. JKypHasbl TOKCAH CaiiblH IIbIFApbLIA[bl, MakKajgagapbl Ka3ak, OpbIC JKOHE
aFpUILIBIH TULACPIHIC JKapbIK kepeni. JKypHai aybulapyanbuiblK, BETEPUHAPUSIIBIK, OUONOTHSIIBIK, TEXHUKAIIBIK, SKOHOMUKAIIBIK
JKOHE OJICYMETTIK FBUIBIMIAP CaJachbIHAAFbl iprefli JKoHE KOJIaHOANmbl 3epTTEYNEepIiH ©3eKTi Macenenepi OOMbIHINA FBUIBIMU
Makajanap JKapusuiaipl.

JKunakka »xa3punyasl «Kasnommray AK (uraekc 76316) razer — xypHai KaTaqortapblHaH anyra 0oaibl.

Bi3nin xypHanma xapusiiayra jKOCIapiaHFaH FhUIBIMH, TEXHHUKAJBIK JKOHE OHIIpICTIK Makanajap Oip jKakThl Kapajaibl
JKOHE penakius anKachiHaH eteni. OH  KOPBITBIHABI JKacaJFaH >Kar[aiifia, MaTepuall >Kapusiay Ke3erinae penakUHsHbIH
«IOPT(OTHOCHIHA» OPHAIACTHIPHUIABI. JKapUSUIAaHBIMHBIH JKbUIIAMABIFBI MaTepHANbIH ©3€KTUIIriHEe JKOHE pPEeNaKUUSIHBIH OCHI
TakpIpbnTarbl «I10pTHONHOCHIHBIH» TONBIKTHIFbIHA OaitnanbicTel. ConbiMeH Katap, KP BFM BiniM xoHEe FBUIBIM CallaChlHIarbl
OakpluIay KomuTeTi TeparachHbIH 12.06.2013 sxputsl OyiipbirbiMeH Ne943 kypHaIblH FBUIBIMU KBI3METTIiH HETi3ri HOTIDKENEPiH
skapusiiay yiuiH, KoMuTer ycbiHFaH OachuibIMAap Ti3iIMiHE €HTi3y LIapTTapbiHbIH Oipi — IIeT TULAEpiHAe 0achUIBIMAAP/bIH OOyHI;
aFBUIILIBIH TUTIHACT] MaKajiaaap Ke3eKTeH ThIC 0AaChUIBIM KYKbIFbIHA UE OOJIa/IbI.

Op MakajJaHbl JKypHall CalThIHJA OpHAJIACKAH OHJIAH Makajanapiabl OepyIiH JKoHE peleH3MsUIAyIblH OHIalH JKyieci
ApPKBUIBI )KYKTEY KEpeK.

«FbutBIM K0HE OLTiM» )KypHaIbIHA MaKajia JaiblHIaFaH Ke3/e TOMEH/ETT epexeNiep/i KETeKIIUTIKKE anyabl YChIHAMbI3:

Makana 7.5-98 xanbIikapasiblK MEMJICKETTIK CTaHAAPTKA COMKeC pacimM/eseyi THICTI.

Makaiia aneMeHTTepiHiH Ti30eri keneci:

Komxaszbanapaa omOeban OHIBIK KiKTeyilml uHAeKci 0omy kepek — OOXK (FpuUibIMH KiTanmxaHajdapAarbl HHACKCALUS
JKETEKIILTIrIMEH ColKec);

ABTOpIIap Typabl aKnapar (Teri, aThl )KeHi, FEUIBIMH JI9PEKeCi, TOPEXKeci, TYPAThIH MEKSHKANBIH KOPCETE OTBIPBIIL, KYMBIC
OpPBbIHBIHBIH MEKEMECIHIH TOJIBIK aTaybl), OapIIbIK XKapHusilap aBTOPJIAPbIHBIH MEKEHXKaIapbl (HEri3ri aBTOPJIbIH KOPCETKilL);

YKapusinanran MatepuanmapabiH ataysl (0ac opinTepmeH, KanbiH, 11 Tapmakiia, Times New Roman, Times New Roman KK
EK, a63a1f opTachiHaH jka3bLIajpbl).

Op aBTopbIH oH anTbiH canabik ORCID ID.

Amnnotanust 150-300 ce3 (ckapusitaHFaH MaTepHai TUIIH/E KOHE aFbUIIIBIHIA OEpireH);

Kint ce3nep (kypcus) (kinrt ce3aep cansl: 3-teH 10-Fa neitin);

MakanaHblH MOTiHI. FpulbIMU MaKanaHbIH MOTIHI KipiClie/IeH, MaTepUaiap MEH d/IiCTep/IeH, HOTIKEICeP/ICH, TaJKbUIaYAaH,
KOPBITBIH/IBIIAH, KApXKbUIAHABIPY Typaibl aknapartraH (Oap OoiraH >karnaiina), oneOuerrep Ti3iMiHEH Typaabl. ©OpOip TYIHYCKa
Makajana (QJIeyMeTTIK-I'YMaHUTapJIbIK OaFbITThl KOCIAFaHa) 3epTTEY HOTHIKENEP] XKAHFBIPTHUIATHIH OOJyBI THIC, JKAOIBIKTAp MEH
MaTepHaiJapAblH UIBIFY Teri, JepeKTepli CTATHCTHUKAIBIK OHICY OIICTEpl KOHE JKAHFBIPTYIbl KamMTaMmachl3 €TYyIiH Oacka na
TOCLIEPi KOPCETLIE OTHIPBIIL, 3€PTTEY 9J[iICHAMAChl CUIIATTAIIYbI THIC.

MEMCT 7.1-2003 coiikec maiinananpuran saeouerrep TisiMi «bubanorpadusuisik sxa3zda. bubmuorpadusblk cunarrama.
JKuHakray/nplH OSKaumbl TamanTapbl MeH epexenepi» (20 TakplpplITaH KeM eMec), ciiTeMenep MOTIHAE aiThuiraHnai
opHanacThipbUIFad. Kaszak TiniHaeri maianaHbuiFal 9JeOMeTTep IiH Ti3iMi JTaThIH KECTECiHe COMKeC qaspiaHabl.

Tyitingeme (erep MakajdaHBIH MOTiHI Ka3ak TuTiHAE Oojica, OHIA TYHIHIEME OpbIC TUIIE, €rep MaKajaHbBIH MOTIHI OpbIC
TiniHAE OoJica, OHJa TyHiHAEME - Ka3ak TUIIe, erep - aFbUIIBIH TiMiHAE OoJica, OHJa TYHWiHAEME - Ka3ak >KOHE OpBIC TUIAEpiHAe)
150-300 ce3 601y Kaxer.

Marepunanmap Oacna Ttypige (1 naHa) oHE SJEKTPOHIBI TYpZe, MApaKTBIH OapiblK JKarblHAA IIeTTepi 2,5 cM,
Word A4 penakropsinza, Times New Roman mpudrimen, 11 enmemai, 6ip unrepsanmen 6epineni. I'paduxanbik MaTepuan MoTiHre
eHT'i3UIin, rpadukanblK perakropia opblHAANYbl Kepek. Cyper kaszynapbl OapiblK Oenrinepmen OepinreH. PerTik HeMipieHreH
KECTeNep/IiH TaKbIPhIITapel OONYbI Kepek (KecTenep - 5-TeH Kem emec, cyperrtep - 5-TeH kem emec). AHHOTalusuIap/pl,
KOHCIIEKTiJIEp1i )KOHE CYPeTTep MEH KeCTeJIep/li eCKepe OThIPHIIN, KOJDKa30aHbIH Kallbl KejieMi, 8 6eTTeH a3 Gonmay Kaker.

XKyprangsig 0ip caHbiHIa Oip aBTOPBIH 2-/I€H KON eMeC MaKaJachlH JKapusiiayFa pykcar erineni. JKeke mapakra aBropiap
Typaibl aknapaT (YibIMbI, KbI3MET1, FEUTBIME I9PEXKeci, MEKeHKalibl, 0aliTaHbIC Tele(OHbI).

Bip makanansl xxapusiiay KyHbI:

- BKATY IIOK ymrin (xeke TyiiFa) - 1 (6ip) 6erke 2000 (exi MbIH) TEHTe;

- o3re yitbiMaapabiH [TOK ymin (okexe Tyira) - 1 (6ip) 6erke 4000 (TOpT MbIH) TEHTe;

- GapJbIK yibIMaap yiriH (3anas! TyiFa) - 1 (6ip) 6etke 6000 (anThl MBIR) ;

- LIETENIK aBTopiapra (0apJibiest wiemendix) - Teri.

MekeHKalbIMBI3:

090009, Opan xanacwet, Koneip xan koweci, 51.

«Folnvim dcane 6inimy - Koneip xan amoinoazet BKATY-0bin 2b1161MU-NPAKMUKATILIK HCYPHATLLL

Anvikmama menegponwi: 87112 51-65-42; E-mail: nio_red@mail.ru

JKypuanouiy snekmponowix catimoi — http://ois.wkau.kz

JKypuanoa maxana srcapusnay JHcapHaceln MblHA ecenuomya ayoapyaa 601aobl.

«Koneip xan ameinoasvr bamvic Kaszakcman azpapivik-mexuuxansix yHueepcumemiy KeAK

PHH 270 100 216 151

BUH 021 140 000 425

HUK KZ 516010181000027495 «Kaszaxcman Xanvix bankiy AK bamvic Kazakcman @unuanst

BUK HSBKKZKXKFE 16
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IIpasuna ona aemopos

Hayuno-npaktuyeckuii xypHan «FbUIbIM jkoHE OUTiM» SIBIISIETCS MEPUOAMYECKUM H3JaHueM 3amagHo-Kaszaxcranckoro
arpapHO-TEXHUYECKOro yHHBepcuTera uMeHH JKanrup xaHa. JKypHan BBIXOJUT €XKEKBApTaJbHO, CTAaTbU MNYONUKYIOTCS Ha
Ka3aXCKOM, PYCCKOM H aHIJIMHCKOM si3bIkax. JKypHan myOnukyer HaydHble pabOThI 110 aKTyalbHbIM IpodiemMaM (yHIaMeHTaTbHBIX
U NPHUKIAHBIX UCCIIE0BAHUI B 00JACTH CEIbCKOXO3HCTBEHHbIX, BETEPUHAPHBIX, OMOJIOIHYECKUX, TEXHUYECKHX, SKOHOMUYECKUX
U COLMAJIbHO-TYMaHUTapHbIX HAayK.

Toxnucky Ha COOPHHUK MOXKHO O(OPMHUTB 110 KaTajoraM raser u xypHanoB AO «Kasmoura» (uanexc 76316).

Hay4Ho-TexHHYeCKHe M TPOM3BOJCTBCHHBIC CTaThH, IUIAHHPYEMbIC K OMYOJIMKOBAHHIO B HAILIEM JKypHAaje, MPOXOIAT
NpOLEYPY OJHOCTOPOHHErO CJIETNOr0 PELEH3UPOBAHHMS M YTBEPXKISHUs HA PEJAKUMOHHOW Kojuieruu. IIpum mHonoxurenbHOM
3aKJII0YEHUH MaTepuajl MOMEIAeTcs B «opTdenb» peakiuu B ouepeb Ha omyOiaukoBaHue. CKOpOCTb MyONIMKALUMKM 3aBUCUT OT
aKTyaJbHOCTH MaTepHalia U 3al0JIHCHHOCTH «IOPT(eNs» peaakiuu 1Mo JaHHOH TemaTuke. Kpome Toro, B CBSI3H € TEM, YTO COTJIACHO
npuka3sy [Ipeacenatenss KKCOH MOH PK ot 12.06.2013 sx. Ne 949 opHuM 13 yCI0BHIA BKIFOUCHHUS )KypHAJa B IEpeUCHb W3IaHUM,
pekoMenayemMbix Komurerom Uist myOaMKaMiu OCHOBHBIX PE3YJIbTATOB HAYUYHOH JNEATENbHOCTH, SBJISIETCS HaJauuue MyOlnuKauui Ha
MHOCTPAHHBIX 3bIKaX, IPABOM BHEOUESPEIHOTO OMyOIMKOBaHHs OY/IyT MOJIb30BATHCS CTATHH HA AHTIIMHCKOM SI3BIKE.

Cratb JUis TyOJIMKALUK CIISYET [0JaBaTh MOCPEICTBOM OHJIAIH CUCTEMBI M0OJIa41 U PELICH3UPOBAHUS CTATEH.

IIpu noaroroBke crateil B )KypHaJl PEKOMEHAYEM PYKOBOACTBOBATHCS CIISYIOIMMH NPABUIIAMU:

Cratbsi 1oKHa ObITh odopmiieHa B ctporoMm coorBerctBuu ¢ ['OCT 7.5.-98 «XKyphainsl, cOopHHKH, HHPOPMAIIMOHHBIE
m3nanus.  Mspgatensckoe opopMmileHHE MyONMKYEMbIX —MAaTepHaloBy», MNPUHATBIX MexrocyaapcTBeHHbIM  COBETOM 1O
CTaHIapTU3amuy, Mmerponorud u cepruduxanuu (mporokon Ne 1:3-98 or 28 mas 1998 roma), a TaKke HPHCTATCHHBIX
oubmmorpaduueckux cnuckop no I'OCT 7.1.-2003 «bubnuorpadudeckast 3amnuch. bubnuorpaduueckoe omucanue. OOmime
TpeOOBaHMS M MpaBWIa COCTABJICHUS», MPUHATHIX MexrocyaapcrBeHHbiIM COBETOM MO CTaHIApTH3alMH, METPOJOTHH U
ceprudukanmu (mporokon Ne 12 ot 2 mrons 2003 1.)

IlocnenoBaTenbHOCTD IEMEHTOB H3/1aTeNbCKOr0 O()OPMIICHUS] MATEPHAIIOB CIEAYIOIIA:

Nupexc YK (B cOOTBETCTBUH C PYKOBOJCTBOM [0 HHCKCAIIMH, UMEIOLIMMCS B HAyYHBIX OMOIMOTEKAX);

Caenenus o0 aBTopax (aMuuins, MHHIMAIbL, YYeHas CTCNCHb, 3BaHHE, IIOJHOC HAUMEHOBAHHUE YUPEKACHHS, B KOTOPOM
BBIIIOJIHEHA paboTa ¢ yKa3aHHWEM Topoja, CTPaHbl), afpeca BCEX aBTOPOB IyONMKAlMil (B TOM YMCIE C YKa3aHHEM OCHOBHOI'O
aBTOpAa);

3arnaBue myOIMKyeMoro Matepuana (IPOMUCHBIMU OYKBaMH, MONYXHUPHBIA, Keriab 11 myHkroB, rapuutypa Times New
Roman, Times New Roman KK EK, a63aIl eHTpHpOBaHHbII), B TOM YHCIIC Ha aHTIHICKOM si3bike; [llecTHammatusnaunsiii ORCID
ID kaxmoro aBropa.

Awnnoranus 150-300 ciioB (IpUBOAMTCS HA A3bIKE TEKCTA MyOIMKYEMOro MaTepyaa U Ha AHTIIMHCKOM S3bIKE);

KiroueBble ciioBa (KypcHB) (KOJIMUECTBO KIIFOUEBBIX CJIOB: OT 3 110 10);

Teker cratbu. TekCT Hay4HOH CTAaTBM BKJIIOYACT OCHOBHBIC IOJIOKCHHS, BBEICHHE, MAaTEPUAIbl U METOMBI, Pe3yJbTaThl,
oOcyxeHue, 3akiarueHrne, uHpopMaluo o (GHHAHCUPOBAHUH (NPU HATMYHMU), CIHCOK JIUTEPATYpbl. B Kakmoil OpuUrMHaIbHON
cTaThe (32 HCKIIOYEHHEM COLMAIbHO-TYMAaHUTAPHOTO HANpaBieHUs) O00ECHeuYnBaeTcsi BOCIPOU3BOAUMOCTb PE3yJbTaTOB
HCCIICIOBAHUS, ONUCBHIBACTCS METOOJOTHS HCCIICIOBAHUS C yKa3aHHEM IIPOUCXOXKICHUS 00OPYIOBAHHS M MAaTEPHAJIOB, METOJOB
CTATUCTHYECKOH 00pabOTKY JaHHBIX U APYTUX CIIOCOO0B 00eCIeYEeHNs BOCIIPOH3BOAUMOCTH

CnucoK WCHONB30BaHHON —JHTEPaTyph B coorBerctBun ¢ ['OCT 7.1-2003 «bubnunorpaduueckas 3amuch.
Bubnuorpaduueckoe omucanue. OOmme TpeOOBaHMS M MpaBuia CcocTaBieHUs» (He MeHee 20 HAaWMEHOBAHUIA), CCBUIKH
pa3MeIIaoTCs [0 Mepe yHOMHHaHKs B TeKcTe. CIMCOK MCIIONB30BaHHOM JIUTEPATyphl Ha Ka3aXCKOM S3bIKe 0(pOPMIIETCS COIIACHO
an(aBUTy Ka3aXCKOTO 53bIKa, OCHOBAHHOMY Ha JIATHHCKOM rpaduke, Ha pycCKoM s3bIke - 1o crannapty BGN/PCGN.

Pestome (ecnm TEKCT CTaTbU Ha Ka3aXCKOM SI3bIKE, TO Pe3foMe MyOJIMKYEeTCsl Ha PYCCKOM SI3BIKE, €CJIM TEKCT CTaThH Ha
PYCCKOM SI3BIKE, TO PE3FOME — Ha Ka3aXCKOM SI3bIKE, €CIIM CTaThsl MyOINKYETCsl Ha aHTIMHCKOM SI3BIKE, TO PE3IOME — Ha Ka3aXCKOM U
pycckoMm s3bikax) 150-300 cios.

Marepuainsl npeaocTaBistoTes B medatHoM (1 9K3.) U 37eKTpoHHOM Buje, B peaakrope Word A4 ¢ momsmu 2,5 cM co Bcex
CTOpOH Jinucta, rapautypa Times New Roman, kerns 11, uatepBan oguHapHslii. ['paduuecknii MaTepual JT0KeH ObITH BCTPOSH B
TEKCT U BBINOJIHEH B rpaduueckoM penakrope. [lonprcyHoYHbIe NOMMNUCH IIPUBOATCS C YKa3aHHEM BeeX 00o3HadeHuil. TaGmuusl,
MPOHYMEPOBAHHBIE T10 MOPSIKY, JOJKHBI UMETh 3arojoBku (Tabiui — He Oosee 5-u, pucCyHKH — He Ooinee 5-u). O0muil 00beM
PYKOIHCH, BKIIFOYAsi aHHOTALIUH, PE3IOME M C YYE€TOM PHUCYHKOB U TaOJIUII He MeHee 8 CTpaHHII.

B oxHOM HOMepe KypHana Jomyckaercs myOnukamus He Oonee 2 cTateid oHOro aBTopa. Ha oTAeinpHOM JIMCTE MPHUBECTH
CBEICHUA 00 aBTOpax (OpraHu3auys, J0JDKHOCTb, YUEHas CTCICHb, alpec, KOHTaKTHEIH TenedoH).

CTOMMOCTD MyOJIUKAIIMK OHOW CTAThU:

- aus [IIC 3KATY (¢pusuueckoe nuro) - 2000 (nBe Thicsiur) TeHre 3a 1 (0[HY) cTpaHHUILy;

- nus TITIC unbIX opranu3aiu (pusngeckoe nuo) - 4000 (geTbipe ThICSUU) TeHre 32 1 (0HY) CTpaHHUILY;

- JUIs BceX opranmsanuii (ropuaudeckoe ymmo) - 6000 (mects Toicsd) 3a 1 (oHY) cTpaHuILy;

- 3apy0OeKHBIM aBTOpaM (BCE aBTOPHI 3apyOeKHbIE) - OECIUIATHO.

Anpec:

090009, 2. Ypanvck, ya. XKaneup xana, 51

Hayuno-npaxmuueckuii sorcypran 3KATY umenu JKaneup xana «Foinvim dcane 6inimy («Hayka u obpasosaruey)

Teneghon 8/7112/516541; e-mail: nio_red@mail.ru

Onexmpounwiii caiim xcyprana — http://ois.wkau.kz

Bankosckue pexeusumeol npu nepevucienuu 0eHedlCHbIX cpedcme 3a OnyOIUKO8anue cmameii.

HAO «3anaono-Kasaxcmanckuil azpapno-mexuudeckuii yuugepcumem umenu JKaneup xanay

PHH 270 100 216 151

BHH 021 140 000 425

HUK KZ 516010181000027495 3an.Ka3z.punuan AO «Hapoonwuii banx Kasaxcmanay

BUK HSBKKZKX; KBE 16

KHII 859

Pybnesviii cuem: KZ606010181000030922
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Rules for authors on the design of an article for publication

Scientific and practical journal «Gylym jéne bilim» is a periodical of the West Kazakhstan Agrarian and Technical
University named after Zhangir Khan K. The journal is published kuarterly and articles are published in Kazakh, Russian and
English languages. The journal publishes scientific works on actual problems of fundamental and applied researches in the field of
agricultural, veterinary, biological, technical, economic and socio-humanitarian sciences.

Subscription to the collection can be arranged through the catalogues of newspapers and magazines «Kazpost» JSC
(index 76316).

Scientific, technical and industrial articles planned for publication in our journal undergo the procedure of unilateral blind
review and approval by the editorial board. With a positive conclusion, the material is placed in the «portfolio» of the editorial board
in the kueue for publication. The speed of publication depends on the relevance of the material and fullness of the «portfolio» of the
editorial office on the given topic. In addition, due to the fact that according to the order of the Chairman of KKSON MES RK dated
12.06.2013 Ne 949 one of the conditions for inclusion of the journal in the list of editions recommended by the Committee for
publication of the main results of scientific activity is the availability of publications in foreign languages, the right of extraordinary
publication will be enjoyed by articles in English.

Articles for publication should be submitted through the online article submission and review system.

When preparing articles for the journal we recommend to follow the following rules:

The article should be designed in strict accordance with GOST 7.5.-98 «Journals, collections, information publications.
Publication design of published materials», accepted by Interstate Council on standardization, metrology and certification (report Ne
1:3-98 of May 28, 1998) and article bibliographic lists of State Standard 7.1.-2003 «Bibliographic record. Bibliographic Description.
General Rekuirements and Rules for Drawing Up» adopted by the Interstate Council for Standardization, Metrology and
Certification (Minutes Ne 12 of July 2, 2003)

The sekuence of elements of publishing design of materials is as follows:

UDC index (according to the indexing guidelines available in scientific libraries);

Information on the authors (surname, initials, academic degree, title, full name of the institution where the work was done
indicating the city and country); addresses of all authors of publications (including that of the main author)

The title of the publication (in capital letters, boldface type, font size 11 points, Times New Roman, Times New Roman KC,
centered indent), including in English;

Hexadecimal ORCID ID of each author

Abstract of 150-300 words (in the language of the text to be published and English)

Keywords (italics) (number of keywords: 3 to 10);

Text of the article. The text of the research article includes the main points, introduction, materials and methods, results,
discussion, conclusion, information on financing (if any), list of references. Each original article (with the exception of the socio-
humanitarian field) ensures reproducibility of the research results, describes the research methodology, indicating the origin of
ekuipment and materials, methods of statistical data processing and other ways to ensure reproducibility

The list of references in accordance with GOST 7.1-2003 "Bibliographic record. Bibliographical description. General
rekuirements and rules of drawing up" (no more than 12 titles), the references are placed as they are mentioned in the text. The list of
references in Kazakh is executed according to the Kazakh alphabet based on Latin characters, in Russian - according to BGN/PCGN
standard

The abstract (if the text is in Kazakh, the abstract is published in Russian and English, if the text is in Russian, the abstract is
published in Kazakh and English, if it is in English, the abstract is published in Kazakh and Russian) 150-300 words.

Submissions are submitted in hard copy (1 copy) and electronically in Word A4 with margins of 2.5 cm on all sides, Times
New Roman typeface, type 11, single spacing. Graphic material should be embedded in the text and made in a graphic editor. The
sub-picture captions are given with all symbols. Tables numbered in order should have titles (tables - not more than 5, figures - not
more than 5). Total length of manuscript, including abstract, summaries and figures and tables: no less 8 pages.Not more than
2 articles of one author are allowed to be published in one issue of the journal. On a separate sheet give information about the
authors (organization, position, academic degree, address, contact phone number).

The cost of publishing one article:

- for teaching staff of WKATU (individual) - 2000 (two thousand) tenge per 1 (one) page;

- for teaching staff of other organizations (individual) - 4000 (four thousand) tenge per 1 (one) page;

- for all organizations (legal entity) - 6000 (six thousand) per 1 (one) page;

- to foreign authors (all authors) - free of charge.

Adress:

090009, Uralsk, 51 Zhangir khan str. Scientific and practical journal of Zhangir Khan WKAU «Gylym jine bilimy»
(«Science and Educationy)

Phone 8/7112/516541; e-mail: nio_red@mail.ru

Journal's electronic site - wkau.kz (section «Science» - «Scientific publications of WKATU»).

090009, Uralsk, 51, Zhangir khan Street

Scientific and practical journal of Zhangir khan WKATU «Science and Education»

Telephone 87112 50-21-15; 51-61-30; e-mail: nio_red@mail.ru

Website of the journal — http://ois.wkau.kz

Bank rekuisites when transferring funds for the publication of articles:

Zhangir Khan West-Kazakhstan Agrarian-technical university

RNT 270 100 216 151

BIN 021140000425

11C KZ516010181000027495 KZT

KZ606010181000030922 RUB

KZ686010181000145238 USD

WKB JSC «Halyk Bank of Kazakhstany Uralsk

BIK HSBKKZKX

Beneficiary Code 16

GCEO 39844062
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