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ASSESSMENT OF THE INTEGRATED CHITINASE GENE STABILITY
IN WHEAT LINES AFTER BIOBALLISTIC TRANSFORMATION

Abstract. The synthesis of PR-proteins (pathogenesis related proteins), the most studied of which are chitinases
and B-1,3-glucanases, occurs in response to infection with pathogens in plants. Information about the exact role of
individual PR proteins within plant immunity makes it possible to use certain specific antifungal proteins for the
development of transgenic plants with increased resistance to fungal diseases. At the same time, it is important not
only to obtain a plant with the desired trait, but also to fix in it the stable expression of the transferred gene and the
inheritance of the acquired trait in generations.

Herein we have studied the stability of the chitinase gene insertion in T1, T2 and T3 generations of transformed
wheat lines obtained by the method of cis-gene transfer. Primary transformed regenerant plants were obtained as a
result of bioballistic transformation of the chitinase gene into immature wheat germ of Saratovskaya 29 and
Kazakhstanskaya 19 varieties. Following screening of regenerant plants by PCR for the presence of the target gene
made it possible to select 6 lines presumably carrying the insert based on variety Saratovskaya 29 and 2 lines based
on variety Kazakhstanskaya 19.

The seed material of the selected regenerant plants was cultivated in soil conditions and the seeds of the
T1 generation were obtained. DNA amplification of 8 selected lines St-29No25, St -29Ned43, St-29Ned4, St-29Ne33,
St-29Ne26, St-29Ne35, Kz-19Nel, Kz-19Ne2 with specific primers revealed insert-carrying lines, partially cleaved
lines and lines with a high degree of insert instability. According to the results of the T2 and T3 generations PCR
analysis, a complete absence of insertion in the St-29Ne35 and St-29Ne33 lines was revealed, a partial cleavage of the
trait in the St-29Ne43 and Kz-19Ne2 lines was revealed, and the stable inheritance of the chitinase gene in four lines
St-29No25, St-29Ned4, St-29Ne26 and Kz-19Nel.was confirmed. These lines were selected as promising for in-depth
study of their resistance to fungal diseases and further replication.

Key words: transformed plants, DNA, wheat chitinase gene, insert stability.

Introduction. The modern level of biological technologies development, and in particular, genetic
engineering, allows to perform targeted modifications in the genome of living organisms. This approach
has found wide application in research aimed at adding the desired properties to any agricultural plant
without changing its nutritional value.

One of the most important and critically difficult moments in obtaining plants with new features was
the selection of an effective method for introducing foreign genes.

The discovery of a natural transformation system using soil Ti-plasmids - an ideal natural vector - was
a breakthrough in the transformation of plant cells. However, recently, the method of bioballistic
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transformation is increasingly used to transfer the "necessary" information and obtain plants with
improved intrinsic properties, which allows to introduce exclusively target plant genes into the genome
and does not require the participation of bacterial DNA. Nowadays bioballistics is one of the most
effective methods for transforming not only monocotyledonous, but at the same time it is also successfully
used on dicotyledonous plants. Callus and suspension cultures, cultivated immature embryos, and
embryogenic pollen are usually used as the starting material for transformation. Monocotyledonous plants
as corn, rice, barley, and dicotyledonous plants such as tobacco, potatoes, beets, soybeans, rapeseed,
alfalfa, tomatoes, carrots, cabbage, grapes were transformed with a bioballistic gun. [1, 2].

Since the early 2000s, it has been proposed to divide genetically modified organisms into groups
depending on the source of transgenes. [3-6]. Organisms the genome of which have been introduced with
genes of the same species or species with their own regulatory elements with which they can interbreed
are called cisgenic or intragenic. With this type of transformation, the gene is introduced with the
regulatory regions of foreign genes. In this regard, it is believed that cisgenic plants are not genetically
modified, although they are obtained by genetic engineering methods. Plants obtained by introducing
constructs that alter the expression of plant genes by triggering the process of RNA interference are also
referred to as cisgenic plants. To date, there are known cisgenic soybean lines (Treus ™, Plenish ™) with
a modified composition of fatty acids in the seeds and resistance to herbicides based on sulfonylurea,
tomatoes (Huafan No. 1) with delayed maturation, glyphosate-resistant corn lines (GAl and its
derivatives) [2]. Currently, transgenic technologies are increasingly used to increase the resistance of
varieties and hybrids to environmental stressors, for example, to the action of various pathogens - viruses,
bacteria, fungi and insects [7-8].

Wheat is the world's primary food crop. However, it is one of the last crops to be genetically
transformed, and despite numerous field trials, genetically modified wheat has not yet been grown
commercially.

Numerous protocols for the transformation of wheat have been developed, but today its efficiency is
significantly lower than that of other cereals [9] due to the large (17000 Mb) and complex (hexaploid)
genome and genotype-dependent reactions of wheat tissue cultures can lead to silencing of transgenes
[10]. Nonetheless, particle bombardment is a reliable and well-used wheat transformation protocol [11],
although it suffers from the lack of complex transgenic integration schemes such as DNA positioning /
copying or fragmentation during bombardment. [12]. Moreover, identification and maintenance of
regenerated callus without contamination for a certain period of time is complicated as well [13]. When
developing and producing new plants by the bioballistic transformation method, some parameters such as
the selection of plasmid, wheat genotypes and the composition of the medium for cultivating explants and
regenerant plants are considered [14].

As a result of bioballistics, a successful transformation of Triticum monococcum L. has already been
carried out and plants resistant to the herbicide phosphinothricin have been obtained.. Analysis of the
expression of marker genes and treatment of regenerant plants with herbicides showed that the gfp and bar
genes are stably integrated into the genome of Triticum monococcum and the acquired trait is inherited
over several generations. [15].

An attempt was made to overcome the susceptibility of soft wheat Fusarium graminearum by
introducing the rice chitinase gene (Cht-2) by bombardment of immature wheat embryos

The incorporation of Cht-2 into the genome of the transformants was confirmed by dot blot analysis
and the evaluation of the transformants by PCR assay using specific primers. The transformation
efficiency (number of transgenic plants / number of embryos) composed 6.01%. The biochemical
characteristics of the transformants were studied and it was determined that the content of total protein,
phenolic compounds and the activity of the antioxidant enzymes peroxidase and catalase significantly
decreased in new plants, as well as under stress conditions caused by infection with F. graminearum, the
activity of phenylalanine ammonia lyase and chitinase increased significantly. compared to non-transgenic
plants [16].

In response to infection with phytopathogens - viruses, bacteria, fungi and insects, PR-proteins
(pathogenesis related proteins) are synthesized [17-19]. The most studied of these are chitinases and
P-1,3-glucanases, which inhibit the growth of certain types of bacteria and fungi. These enzymes
hydrolyze the main components of the cell wall - chitin and P-1,3-glucan. In addition, chitinases and
P-1,3-glucanases are encoded by single genes, which prompts interest in them. [17, 18, 20, 21]. The
6
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determined role of PR proteins in plants immunity enables to use anti-fungal proteins for the development
of transgenic plants with increased resistance to fungal diseases. Such plants have already been obtained
and have been observed to be resistant to fungal pathogens. [16, 22-26].

The aim of this work is to study the inheritance stability of the chitinase gene insertion in transformed
wheat lines of T1, T2, and T3 generations obtained by the method of cisgenic bioballistics.

Materials and methods. The objects of the study were transformed lines of soft wheat Triticum
aestivum based on Saratovskaya 29 and Kazakhstanskaya 19 varieties of T1, T2, and T3 generations
obtained by the method of bioballistic transformation, and DNA samples isolated from these plants. In all
experiments, non-transformed wheat plants of Saratovskaya 29 and Kazakhstanskaya 19 varieties was
used as the control.

DNA isolation from transformed and non-transformed (control) plants was carried out from 100 mg
of leaf plates of 2 - 3 week old seedlings using a GeneJET Plant Genomic DNA Purification Mini Kit
(Thermo Fisher Scientific).

The presence of the target chitinase gene insert of was determined by PCR in a reaction volume of
20 pl, with the addition of 2 pul DNA, 2 ul HotTaq x10 buffer (Sileks, Russia), 2 mM MgCl2, 0.2 mM
dNTP, direct (ACC CTG TTG TTT GGT GTT ACT TCT GC) and reverse (GCA GTA GCC CCA GGA
GTA GQ) primers - 10 pmol each, and 1 unit. HotTaq DNA polymerase (Sileks, Russia) on Mastercycler
ep gradient S (Eppendorf, Germany) in the following mode: initial denaturation at 95 °© C 15 min;
(95 °C - 60 sec; 58°C — 60 sec; 72°C — 60 sec) — 35 cycles; 72°C — Smin.

Amplification products were separated by electrophoresis in 1% agarose gel in 0.5 x TBE buffer at a
voltage of 15 V/cm for 30 min. After electrophoresis, the gel was stained with a solution of ethidium
bromide (1 pg / ml), followed by visualization in ultraviolet light on a GelDoc device (Bio-Rad, USA) in
transmitted ultraviolet light at a wavelength of 260 to 360 nm.

Results. Wheat regenerant plants of the Saratovskaya 29 and Kazakhstanskaya 19 varieties
presumably carrying an insert of the chitinase gene were obtained as a result of several series of
bioballistic cisgenic transformation of immature embryos. Transformation was performed with genetic
constructs with the wheat chitinase gene (Chit) applied to gold particles using a ballistic device Biolistic
Particle Delivery System PDS-1000/He (Bio-Rad) according to the manufacturer's protocol and according
to the established method [27].

The transformed regenerant plants were grown in soil under the conditions of a culture light room to
the state of a ripe ear. Further studies and determination of the inheritance stability of the insert were
carried out on lines that had no visible defects during cultivation, had a sufficient amount of seed material
for planting, and, the most important criterion, had a confirmed insertion of the target chitinase gene
according to the results of preliminary PCR analyzes. The collected seed material of six lines Ne 25, 26,
33, 35, 43 and 44 of regenerant plants based on the Saratovskaya 29 variety and two lines Nel and Ne2 of
the Kazakhstanskaya 19 variety was planted in the soil and plants of the T1 generation were obtained. In
all further studies, plants of the original varieties were planted in parallel as a control.

The plants was evaluated according to such parameters as plant height, lodging, flowering and
heading periods. In general, according to the results of all visual observations, no visible differences from
the control, untransformed seedlings of varieties Saratovskaya 29 were revealed. Significant differences in
the growth rate, flowering and heading times were also not found when comparing the transformed lines
with each other for all the indicated parameters.

In total, during the growing season of 375 wheat plants of the T1 generation, 468 samples of leaf
bsamples were collected from 6 transformed lines based on the Saratovskaya 29 variety, 2 lines based on
the Kazakhstanskaya 19 variety and 2 control variants. DNA was isolated to conduct the polymerase chain
reaction, and, in order to exclude false negative results, the samples were analyzed three times. A total of
468 DNA samples from transformed plants were examined.

PCR for the presence of the chitinase gene insert was conducted with primers designed in such a way
that it was possible to anneal simultaneously a part of the construct promoter and the subsequent chitinase
gene sequence after the promoter (ACCCTGTTGTTTTGGTGTTACTTCTGC,;
GCAGTAGCCCCAGGAGTAGG; amplicon size 529 bp). This design was developed to exclude false
positive results by amplifying the native wheat chitinase gene. Therefore, the detected amplification
product of 529 bp in size indicated the presence of the target chitinase gene in the sample.
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Figure shows the results of DNA amplification isolated from transformed wheat plants. Plasmid (K +)
with the chitinase gene and DNA (K-) from non-transformed wheat plants of Saratovskaya 29 variety
served as controls.

The generalized screening data of transformed T1 generation wheat lines and control plants of
varieties Saratovskaya 29 and Kazakhstanskaya 19 for the presence of target inserts of the chitinase gene
are shown in the table below (Table).

529 bp
—_—

Screening results for the presence of the target chitinase gene. K+ - positive control (plasmid containing
the chitinase gene), K- - negative control, M — DNA ladder (100 bp), 1-3, 5 — plants without the target chitinase gene,
4, 6, 7— plants carrying the target chitinase gene

These tables show that not all lines selected for preliminary screening had the insertion of the target
gene. Based on the revealed percentage, the plants of the T1 generation were divided into three groups.

The first group included plants T1 St-29Ne35 u St-29Ne33, characterized by a high degree of the insert
instability. Regarding line St-29Ne35, it can be assumed that it was chimeric at the time of the initial
analysis, or its definition as carrying the insert was erroneous, or the localization of the insert caused its
complete cleavage in the T1 generation.

The second group consisted of T1 plants of the St-29Ne43 uKz3-19Ne2 lines, in which partial cleavage
occurred and the stability of the insert was 79.55% and 60%, respectively. These two lines can be further
studied to clarify the point of the insertion.

The third group of plants, which combined plants of the lines St-29Ne25, St-29Ne44, St-29Ne26 and
Kz-19Nel, was distinguished by the inheritance stability of the target chitinase gene in the T1 generation.

To assess the stability of the detected insert in T2 wheat transformant plants, seeds of 8 lines of
transformed wheat were sown in an experimental field and 357 T1 plants were cultivated. Seeds of the
following wheat lines were sown: St-29Ne25, St-29Ne44, St-29Ne26, Kz-19Nel, which we identified as
carriers of a stable insert and line St-29Ne43 u Kz-19Ne2 with partial cleavage in plants by the presence of
an insert, lines St-29Ne35 and St-29Ne33without an insert.

Total 363 leaf samples were collected during the wheat plants vegetation season in the field, followed
by DNA isolation from leaf samples analysis for the presence of an insert under the same conditions as in
the previous year. The reaction was carried out three times to exclude false negative results.

The screening results of T2 generation experimental plants of 8 transformed wheat lines and control
plants of Kazakhstanskaya 19 and Saratovskaya 29 varieties are given in Table.

The data in Table demonstrate that further partial cleavage occurs in the lines St-29Ne43 n Kz-19Ne2
and the stability of the insert is only 76.92% and 76.6%, respectively, which suggests that for obtaining a
new wheat line with target traits of resistance to fungal diseases, these lines cannot be used. In the line St-
29Ne35 and St-29Ne33, which we indicated as not showing the insertion of the target chitinase gene in the
T1 generation, the insertion was not detected in the T2 generation either.

In contrast to the mentioned earlier lines, the plants of the lines St-29No25, St-29No44, St-29Ne26 u
Kz-19Nel confirmed the stability of the chitinase gene inheritance in the T2 generation. In this regard,
these four lines were used in further replication in the T3 generation. The line St-29Ne43, which showed a
partial splitting of the trait, was also taken for reproduction and analysis of the next generation.
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Under the conditions of the experimental field, the 5 lines of transformed wheat of T3 generation was
obtained. In total, 232 plants of the T2 generation lines St-29Ne25, St-29Ne44, St-29Ne26, Kz-19Nel,
which were identified as carriers of the stable insert and the St-29Ne43 line with partial cleavage in plants
by the presence of the insert, were cultivated. In addition, control plants of varieties Saratovskaya 29 and
Kazakhstanskaya 19 were planted as well.

The presence of an insert was determined by amplification of DNA isolated from 456 leaf samples
collected from experimental plants during the growing season. The results of screening experimental
plants of the T3 generation of five transformed wheat lines and control plants are given in Table.

Again, chitinase gene insertions were found in lines St-29Ne25, St-29Ne2, St-29Ne44 n Kz-19Ne2 and
the stability of inheritance ranged from 80 to 96%. Further partial cleavage occured and the stability of the
insert composed only 71.4% for the St-29No0.43 line.

Results of screening of new wheat lines transformant plants for the presence of a target chitinase gene insert

T1 T2 T3
. Number The Total Number The Total Number The Total
Name of line presence .. presence . presence .
of positive of positive of positive
of the of the of the
plants, chitinase plants, plants, chitinase plants, plants, chitinase plants,
each. % each. % each. %
gene gene gene
Saratovskaya 29 45 - - 46 - -
46 - -

(control)
St-29 Ne25 49 48 97,96 48 48 100 48 46 95,8
St-29 Ne26 47 45 95,8 46 42 91,3 47 43 91,6
St-29 Ne33 45 14 31,11 42 0 0
St-29 Ne35 48 0 0 43 0 0
St-29 Ne43 44 35 79,55 39 30 76,92 42 30 71,4
St-29 Ne44 50 45 90,0 45 43 95,55 47 38 80,9
Kazakhstanskaya 48 - - 45 ) } 48 - -
19 (control
Kz-19 Nel 47 47 100,0 47 47 100 48 41 85,4
Kz-19 No2 45 27 60,0 47 36 76,6

Conclusions. The development of strategies for the host plant resistance against crop diseases is the
foundation of future agricultural production. The development of technologies for rapid gene isolation,
molecular labeling methods, the results of whole genome sequencing, as well as the development of
knowledge of the field pathosystem are the potential for the implementation of effective and long-term
programs for the creation of new varieties resistant to environmental stressors while reducing dependence
on pesticides [28].

When transforming plants, an important factor is not only to obtain a transgenic plant with the desired
trait, but it is also necessary that the transferred gene is expressed in the new plant and the acquired trait is
inherited in generations [27].

Primary transformed regenerant plants were obtained as a result of cis-gene transfer of the chitinase
gene into immature wheat germ of Saratovskaya 29 and Kazakhstanskaya 19varieties. And primary
screening of them by PCR for the presence of the target gene enabled to select 6 lines based on variety
Saratovskaya 29 and 2 lines based on variety Kazakhstanskaya 19, presumably bearing an insert.

The seeds of the T1 generation were obtained from the selected regenerant plants by cultivation in the
soil, which served as the material for the subsequent generations of T2 and T3.

In the field, leaf samples (plates) of the studied plants were collected to identify the lines carrying the
wheat chitinase genes insertion. The presence of an insert was determined by PCR using designed primers
capable of identifying the target gene. DNA amplification of 8 selected lines aunuit St-29Ne25, St-29Ned3,
St-29Ne44, St-29Ne33, St-29Ne26, St-29Ne35, Kz-19Nel, Kz-19Ne2 revealed lines carrying the insert, lines
with partial cleavage and lines characterized by a high degree of instability of the insert.

The 4 lines St-29Ne25, St-29No2, St-29Ne44 and Kz-19Ne2 with the stability of chitinase inheritance
ranged from 80 to 96%were established as a result of PCR analysis of wheat generations T1, T2 and T3.
Partial cleavage occurred and the stability of the insert was less than 80% for St-29Ne43 and Kz-19Ne2
lines. Insertions of the desired gene were not found in lines St-29Ne35 and St-29Ne33.

— 9 —
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Thus, the lines St-29Ne25, St-29Ne44, St-29No26 and Kz-19Nelwere selected as promising for
in-depth study of their resistance to fungal diseases and further replication.
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Ministry of Education and Science of the Republic of Kazakhstan 2018-2020., AP05132540 “Obtaining
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BUOBAJIJIMCTUKAJBIK TPAHC®OPMALMAJIAH KEUTH BUJAN TUHUASTIAPBIHA
EHI'T3VITEH XUTUHA3A I'EHIHIH TYPAKTBIJIBIFBIH BAFAJIAY

AnHoTanus. brnobammmcTrka Ka3ipri ke3ue OipKapHAKTHl ©CIMIIKTEp i TpaHCPOpMALUsIIayIa THIMIIL 9icTep-
Iy Oipi Ooei caHANanmsl, Oipak OYIT 91ic KOCKapHAKTHUIAPFA /1a COTTI KOJNJAHBLTyna. balmncTuka apKBUTHI KYpITL,
JKYTepi, TEMEKI, KapToIl, KbI3BUIIIA, COSL, JKY31M JKaHe 0acka a JaKpUIAap ©3repicKe YIIBIPaIb.

2000 >xpummaH OacTam JKeKe PETTEeNIeTiH AIeMeHTTepi Oap reHmepnid Oip TYpiHIH HeMmece TypapajblK TeHi
EHTI3UITeH OpraHm3MIepi IWICTeHIIK HeMece MHTPTEHMIK IeN arayfa YCHIHBUIABI. LlucreHmi eciMzikTep TeHAIK
WHKCHEPHUS HETi31HIE aJIbIHFaHBIMEH, OJlap TeHIAIK MOAN(UKALMIaHFaH AeN caHaIMaiapl. TyKpIMIarsl Mai KbIII-
KBUIBIHBIH KYpaMbl ©3repreH XKoHe CyIb()OHMIMOYCBHHA HET131HACT TepOUIIMAKE TO3IMII COSHBIH [IMCTCHIl JTHHU-
Japbl, KbI3aHAKTHIH JKETLTYyiH OOCEHAETeTiH, COHbIMEH Kartap rindocharka Te3iMIi Kyrepi JHHUSIAPHl OENTii.
Kazipri yakpITTa TpaHCTEHIII TEXHOJOTHMSUIAp/bl KOpPILIaFaH OpPTaHbIH CTPECTIK (hakTopiapblHaH, MBICATBI, TYpJIi
KO3/BIPFBILITAH — BHPYC, OAaKTepHsl, CaHBIPAyKYJIaK *oHE JKOHIIKTEp SCEepiHEeH KYThUly opi copTrap MeH OynaH-
JIap/bIH TYPAaKTBUIBIFBIH apTTHIPY YIIiH KYHEH-KYHI'€ KOJJaHBICHl apTya. L{ucrenik Ono0auincTUKalbIK TachIMall-
Jay DJIEeMEHTTEepl PeTiHJAe T'eH >KUBIHTBIFBI eMec, KepiciHie Oip TeHMeH KOITaNaTBhIH OCIMIIK KO3IBIPFBIIIBIHBIH
3aKbIMJaHybIH MHAKTHBALMSIIAYFA KaThICAThIH aKybI3ap KOJNJaHbIIa bl

OciMmzikrep TaburaThiHOa maToreH iHAeriHe Kapchl PR akys3weiHbIH (pathogenesis related proteins) cuHTesi
JKYpeni, CONapIblH imIiHAe KOl 3epTTeNTeHi — XUTHHa3amap MeH [3-1,3-rimokaHazanap. OciMaik UMMyHHUTETIHACT1
keke PR aKybI3BIHBIH HAaKTHl peJiH OUTy apKbUIBI CaHBIpAyKYIaK aypyblHa TO3IMALUITT >KOFaphl TPaHCTEHII
eciMaikTepai ecipyne Oenrim O0ip aHTHQYHTEIUTTI aKybI3 KoJAaHyFa MyMKiHAIK Oepeni. COHBIMEH KaTap, KaXKeTTi
Oenri-HBIIaHEl 6ap 6CIMIIK aTyMeH KaTap, OepileTiH TeHHIH TYpaKThl SKCIPECCHSICH MEH OCIMIIK TYKBIMBIHIA COJ
KacHeTTi OEKITy MaHBI3/IbI.

JKympicta nucreHHiH aybicy oamiciMeH ambiaFaH OunmaiasiH T1, T2 sxone T3 TyKpIMBIHA EHTI3UITCH XHUTHHA3a
TCHIHIH TYPaKTBUIBIFBI 3€PTTEN/II.

XwutnHaza renin CapartoBckas 29 sxoHe Kaszaxcranckass 19 copTTapbIHBIH JKETiIMEreH OuJaid TYKbIMBIHA
O6uobanmucTtik TpaHcdopMmanus HOTHXKECIHIEe OacTankpl TpaHC(HOpPMALMSUIAHFAH PEreHepaHT OCIMIIKTEpi ajbIHIIbI.
IITP ckpuHMHTI apKbpUIBI MakcaTThl TeHi 0ap Oomkamabl 6 nmHMs, coHbIH inriHae CaparoBckas 29 copTsl HeTiziHzae
6 nounust mMeH Kazakcranckas 19 copThl Heri3iHzae 2 JMHUSHBI CYpBINTaN aixyra MyMKIHAIK Oepai. Tawnmanran
KaJIIIbIHA KEJTIpeTiH OCIMAIKTEPiH TYKbIMIBIK MaTepHaibl TOIbIpakTa ecipiiin, T1 OybIHBIHBIH TYKBIMBI aJIbIH]IBI.
CypsintanFad 8 JUHUAHBIH — CT-29N025, CT1-29Ne43, Ct1-29Ned4, Cr-29Ne33, Cr-29Ne26, Ct-29Ne35, K3-19Nel,
K3-19Ne2 THK-cbin apHaiibl cienudukaiblk nmpaiMepMeH aMIniUKanusuiay HOTHKECIHIe TeH eHTI3UIreH 3 JIMHUS
AHBIKTAJJBI: EHTI3UITeH TeHi Oap JMHUSIApABIH JKapTbUlaidl BIOBIPAYBl apKBUIBI JKOHE JKOFaphl JJpexeneri
TYPAKCHI3ABIFBI HETI3T1 CHIAThl OOJNBIN CaHANATHIH JUHUsIApP. TYpaKkchl3 TYKBIM KyaJlaiThIH JAOPEXKEIET] JHHUSIIAp
3epPTTEYACH albIHBI TACTAIIbI XKOHE 9pl KapalFsl 3epTTeyiepAe KoamaHbuiMaasl. JKapbIM-KapTeiIail BIABIPATHIH
munusiap T2 OybIHBIH ay MaKcaTbhIHAa >KYMBICTBIH Keneci keseHiHe kiOepinmi. [ITP ananu3iHiH HoTHXenepi
Ooitbiamia T1 OybIHBIHIA MakcaTThl XWTHHA3a TeHIHIH eHrisiireHiH kepcermereH Ct-29Ne35 sxone Ct-29Ne33
munusicel T2 OybiHbIHAA Aa aHbikTanMmaraH. CT-29Ned3 sxone K3-19Ne2 nuHMsIChIHAA O/1aH Opi KapbIM-KapThLIal
BIIIBIPAY YIEpici TIpKeil, TYpakThUIbIFbl 76,92% sxoHe 76,6% colikeciHIIe Kypajbl, COHABIKTAH OYJ1 JIMHUSIIAPIbI
KeHiHri Toxkipubene Koamaanyra MyMKiHaik 6ommazsl. Ct-29Ne25, C1-29Ned4, Ct-29Ne26 sxone K3-19Nel nuHUMsICH
XUTHHA3a TeHiHiH T2 OybIHBIHAA TYKbIM KyaJdaWThIH TYPAKTBUIBIFBI goienzaeni. Ocbiran OaitmaHbicThl T3 OyBIHBIH
KeOeiTy MakcaThlH/a aTaJFaH TOPT JIMHHS apblKapail Jla KOJIaHbUIAbI. BenriHiH >kapbIM->KapThulail BIIBIPANTHIH
kacueti cunartanrad Ct-29Ne43 nuHMACH Keeci TYKbIMIBI KoOeHTy MeH Tajijay yIuiH TaHnanabsl. Toxipubenik epic
XKarnaiipiHaa TpaHchopManysianrad ougaiapH T3 5 muHUMSACH ansiHABL. TypakThl eHri30€HiH TachIMaJayIlbIChl
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periage Ct-29Ne25, Ct-29Ne44, Ct-29Ne26, K3-19Nel muaumsceHbH T2 OybIHBIHBIH 232 eciMairi skoHe CT-29Ne43
JUHHAACHIHBIH KapBIM-JKapThUIai BIIBIPANTHIH eHri30eci 6ap eciMIiKTep ocipiiai.

XWTHHA3a TeHiHIH TYPaKThl TYKbIM KyamalTelH KacueTi Ctr-29Ne25, Ct-29Ne44, Ct-29Ne26 xone K3-19Nel
TopT nuHMUAAA aHBIKTaNIbL. Keneci 3eprreynepae Ct 29Ne25, Ct1-29Ne44, Ct-29Ne26 sxone K3-19Nel nuHUACHIHBIH
3epTXaHAIBIK JKOHE JaNIANIbIK JKarJaiaa caHpIpayKyJlaK aypyblHa TO3IMALIMIH JKoHEe KeWiH KkeOero ylepiciH
KapacTbhIpblIaabl.

CaHpIpayKyJlaK KO3/IbIPFBINIbIHA CE3IMTAIIABIKTBIH TOMEH JKOHE OpTalla J9PEkKeCiH KOPCETKEH CYpBINTaIFaH
JIMHUSIIAP, KaHa COPT XKacay JKoHe KO3JIBIPFBIII TIeH OCIMIIKTIH ©3apa acepiH 3epTTey YIIiH KOJJaHbUTYbl MYMKIH.

Tyiiin ce3nep: Tpanchopmarmsianran ecimaikrep, JJHK, 6nnaii xutnHasa reHi, eHrizde TypakThUIBIFbL.
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ONEHKA CTABHJIBHOCTH BCTPOEHHOI'O TEHA XU THHA3bI
B JIMHUAX NIIEHUIBI ITIOCJIE BUOBAJNTHCTHYECKOU TPAHCO®OPMALINN

AHHOTanusi. brnoGaimncTiKa Ha CETONHANIHMN NEHb SBISCTCS OAHHUM W3 CaMbIX 3(QQEKTUBHBIX METOIOB
TpaHc(opManuy OAHOIONBHBIX, HO NPH 3TOM TaKKe C YCHEXOM INPHMEHSETCS Ha IBYIONBHBIX pacTeHmsx. C
WCTIONIb30BaHNEM OAJUTUCTHKH OBIIH TPaHC(OPMHUPOBAHBI PHC, KyKypy3a, Tabak, KapTo(esb, CBeKIa, COsl, BAHOTPpa
u IIp.

C nagana 2000-x To10B OBLIH MPEIOKEHBI OPTaHU3MBI, B TEHOM KOTOPBIX OBLTH BBEICHBI T€HBI OTHOTO C HUMH
BU/Ia WM BUIOB C COOCTBEHHBIMH PETYJISTOPHBIMH 3JIEMEHTAMH, C KOTOPBIMH OHM MOTYT CKPEIIMBAThCS, HA3bI-
BaeMble [IUCTeHHBIMHU JIN0O0 MHTpareHHbIMU. CYUTACTCS, YTO [UCICHHbBIE PACTCHUS HE SIBISIIOTCS TEHHOMOAU(PHIIUPO-
BaHHBIMH, XOTsl OHH M MOJY4EHbl METOIaMH T€HHOW MHKXEeHepHH. VI3BECTHBI IMCTEHHBIE JJMHUHM COM C M3MEHEHHBIM
COCTaBOM JKHPHBIX KHCIIOT B CEMEHax M YCTOMYMBOCTHIO K IepOMIMIaM Ha OCHOBE CYJIb(OHHIMOYEBHHBI, C
3aMe/JICHHBIM CO3pPEBaHMEM TOMAaTOB, YCTOWYMBBIE K Iimdocary JWHHM KyKypy3sl. B Hacrosimee Bpems
TPAaHCTEHHBIC TEXHOJOTMH BCE Yalle HCIOJB3YIOTCS U TOBBIIIEHUS YCTOWYMBOCTH COPTOB M THOPUAOB K
CTpecCOBBIM (PaKTOpaM OKpY’KarolleH cpeipl, HanpuMep, K ASHCTBUIO Pa3IMYHBIX ATOTEHOB — BUPYCOB, OaKTEpHi,
rpuOOB M HaCEKOMBIX. B KadecTBe 31€MEeHTOB [UIsl UCTEHHOTO OMO0AJUIMCTHYECKOTO TIEpeHOCca UCTIONB3YIOT OEJKH,
Y4YacTBYIOIIHE B IpoOIleccax WHAKTUBAMYM MOPaKEHHs IaTOreHaMH PAacTeHUH M KOJAWpYeMble OZHUM TE€HOM, a He
CEMENCTBOM I'€HOB.

B pacTeHnsx B oTBeT Ha MH(HUIMPOBAHHE MMaTOreHaMHU Mpoucxoaut cuHTe3 PR-6emkos (pathogenesis related
proteins), Haubojee M3yYCHHBIMH W3 KOTOPBIX SIBISAIOTCS XWTHHa3bl W [(-1,3-rimrokaHaspl. 3HaHHE TOYHOW pONH
oTaenbHBIX PR-0enkoB B NMMYHHTETE PACTCHHUH JlaeT BO3MOXHOCTH HCIIOJIb30BATh ONpeJelIeHHbIe clelu(uuecKue
aHTUTPUOHbIE OCITKU NPU CO3AAHUM TPAHCTCHHBIX PACTEHMI C MOBBIIMIEHHOH YCTOMYMBOCTBIO K TPHOHBIM OONEC3HSIM.
[Tpu 3TOM, BaKHO HE TOJNBKO IOJyYHTh PAaCTEHHE C HY>KHBIM IPH3HAKOM, HO M 3aKpPENUTh B HEM CTaOWIbHYIO
SKCIPECCHIO IEPEHECEHHOT0 I'eHa U HacJleZloBaHUe MTPUOOPETEHHOT0 MPHU3HAKa B TOKOJICHUAX.

Hamu mpoBeneHo wuccienoBaHue CTaOMILHOCTA BCTaBKM TIeHa XUTHHA3bl B mokosieHusx T1, T2 u T3
TpaHCHOPMHUPOBAHHBIX JIMHUH MIIEHUIBI, TOTYYEHHBIX METOJIOM IIUCTEHHOTO MepeHoCa.

B pesynbrate 6nobayummcTrieckoi TpaHc(opManuy reHa XUTHHA3bl B HE3PEIble 3apOIbIIH MIIEHHUIBI COPTOB
CapatoBckast 29 u Kaszaxcranckas 19 monydeHsl nepBHYHBIE TpaHC(HOPMHPOBAHHBIE PACTEHUSI-PEr€HEPAHTHI,
CKpPHMHHMHT KOTOpbIX MetojoM III[P Ha Hanuume 1ieJeBOro reHa Mo3BOJMI OTOOpAaTh MPEAIOIOKUTEIBHO HECYIINE
BCTaBKy 6 nMHUI Ha ocHOBe copTa CaparoBckas 29 u 2 nuHNM Ha ocHOBe copTa Kazaxcranckas 19. CemeHHOI
MaTeprall OTOOpPaHHBIX PAaCTEHHH-PETEHEPAHTOB ObUT KYJIbTUBHPOBAH B IMIOYBEHHBIX YCIOBHSX W MOJYYEHBI CEMEHA
nmokonernns T1. Ammmdpukarmus [JHK 8 otoOpanubx muanii Ct-29Ne25, C1-29Ned3, C1-29Ned4, C1-29Ne33, Cr-
29Ne26, Ct-29Ne35, K3-19Nel, K3-19Ne2 co cnemmduyecknmu mpaiiMepamMu BRISIBHJIA JIMHWHM, HECYIIHE BCTABKY,
JIMHUH C YaCTHYHBIM PACHICTUICHHEM U JIMHWUH, XapaKTePU3YIOIHecs: OONIBIION CTENEHbI0 HECTAOMIBHOCTH BCTaBKH.
Jluanu ¢ HecTaOMJIBHO CTENEHbIO HAcIeAOBaHWs ObUIM BHIOPAKOBAHBI M HE MCIIOAb30BaHBl B AalbHEHIINX
UCCIEOBaHMAX. JIMHMU € YacTHMYHBIM pacCIIENICHHEM OBIIM BKIIOYEHBI B CIEAYIOIIMH 3Tal paboThl C LENbI0
nony4yenus T2 mokonenus. [lo pesynbratam [ILP anammza B nuHmsIx CT-29Ne35 u Ct-29Ne33, He moka3aBIIKX B
nokosiennu T1 BCTaBKy LIeNE€BOro reHa XWTHHA3bl, B TIOKOJEHUH T2 Tak e BCTaBKM HE BbIABWIM. B ymHmsax Cr-
29Ne43 u K3-19Ne2 npoucxoauT najpHelIee YacTHYHOE paciieruieHne U CTa0MIbHOCTh BCTAaBKH cocTaBmia 76,92%
u 76,6%, COOTBETCTBCHHO, IO3TOMY JAHHBIC JIMHUM HE MOTYT OBITh KCIOJB30BAaHBI B  IMOCICAYIOIINX
skcriepuMenTax. Jluamm Ct-29Ne25, Ct-29Ned4, C1-29Ne26 u K3-19Nel moaTBep AN CTaOMIBHOCTh HACICIOBAHUS
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TeHa XUTHHa3bl B IMOKoyeHHH T2. B cBA3M C 3THM, 3TH 4YeThIpE JIMHWM OBUIM HCIIOJIB30BaHbI B JalbHEHIIEM
tupaxupoanud B T3 nokonenun. Jlmaus Ct-29Ned3, moka3zaBmras 9aCTUYHOE pacUIeIICHHE MPHU3HAKa, TaKkKe Obla
HaMH B35Ta AUl Pa3MHOXKEHUSI M aHaIN3a CIICAYIOIIEro MOKOJNEeHUA. B ycloBMsIX 3KCIIEpUMEHTAIBHOTO TIOJIS OBIIO
moJydeHo mnokoneHue T3 5 nuHMN TpaHCHOPMHPOBAHHOW MIICHHUIIBI. BcCero ocymiecTBICHO KyJIbTHBHPOBAaHUE
232 pacrenuii T2 nokonenust muauE CT-29Ne25, C1-29Ned4, C1-29Ne26, K3-19Nel, ompeneieHHBIX HAMH KaK HOCH-
Tenel cTabmIbHON BCTaBKH U JIMHIH CT-29Ne43 ¢ 9aCTHYHBIM PACHICIUICHHEM B PACTEHHSX 110 HAJTMYUIO BCTaBKH.

CraOuiibHOE Haclle/IOBAHUE TI'eHa XWTHHA3bl MOATBEPXkIEHO B 4eTbipeX JHHUSIX Ct-29Ne25, Cr-29Ned4,
Ct1-29Ne26 u K3-19Nel JlanpHeine uccaenoBaHus NpeayCcMaTpPUBAIOT U3ydeHHE ycToiunBocTy JUHUN CT-29Ne25,
Cr-29Ne44, Cr-29Ne26 u K3-19Nel k rpuOKOBBIM 3a00JI€BaHHMSM B J1a0OPAaTOPHBIX W IOJIEBBIX YCIOBHSIX C
MOCJIEAYIOINM THPAXKUPOBAHUEM.

OTtoOpaHHbIe JIMHNUY, TIOKA3aBIINE HU3KYIO ¥ CPEIHIOI0 CTEIEHb MOPaXKaeMOCTH K TPHOHBIM ITaTOreHaM, MOTYT
OBITH MCIIOJIB30BAHbI [UISl CO3/1aHHSI HOBBIX COPTOB U IPH M3YUYE€HHH B3aHMOJICHCTBHS aTOTCH-PaCTEHHE.

Kirouesble ciioBa: Tpancopmuposanublie pacreHus, JJHK, reH XuTuHa3bl MIICHAIB], CTAOMIBHOCTh BCTaBKH.
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CISGENIC BIOLISTIC TRANSFORMATION FOR OBTAINING
NEW FORMS OF POTATOES WITH IMPROVED RESISTANCE
TO LATE BLIGHT

Abstract. This article presents the results of application of cisgenic biolistic transformation for the accelerated
production of new forms of potato with increased resistance to late blight. The reason for late blight development is
the parasitic organism Phytophthora infestans, belonging to oomycetes (pseudo-fungi), which infects valuable
agricultural plants. In this study, with the aim of combating P. infestans, a number of experiments on the biolistic
transformation of the most common potato varieties Aksor and Nevskiy were carried out in Kazakhstan. Two potato
genes — Rpi-vntl.1 and StREM1.3 — were selected as targets for introduction. Expression of the first gene should be
activated, and the expression of the REMORINI.3 gene should be suppressed. Rpi-vatl.1 was under the control of
Solanum tuberosum polyubiquitin gene promotor (Paf) and Arabidopsis thaliana polyubiquitin 5 gene terminator
(ubg5). Knock-down double stranded RNA-hairpin gene construction for StREM]I.3 silencing was under the control
of Solanum tuberosum phytochrome B gene promotor (phyB) and Arabidopsis thaliana hot-shock protein
18.2 terminator (HSP18.2). Three series of biolistic transformation were carried out, as a result of which
636 regenerated plants of potato varieties Aksor and Nevskiy were obtained. DNA was extracted from the plant
material of potato transformant plants in the quality and quantity suitable for PCR analysis for the presence of an
insert. PCR analysis was carried out, revealing 52 plants carrying the VNT insert. StREM1.3 silencing gene
construction was detected in plant lines by qPCR, based on comparative analysis of of gene expression level and
revealed 6 lines with reliably lower S,EREM1.3 expression level in comparison with wild-type plants.

Key words: biolistic transformation, cisgenes, Phytophthora infestans, RNA-silencing, resistance genes.

Abstract. Late blight caused by the oomycete Phytophthora infestans is known to be one of the most
harmful diseases of cultivated solanaceous plants such as potato, tomato, eggplant, and pepper. Due to late
blight, annual losses of potatoes in the world reach 10-15% and, for example, in the USA alone, they
cause damage of more than $ 6 billion [1, 2]. In case of severe damage to potatoes by late blight, in some
years, the yield decrease can reach 70% or more.

Considering the fact that P. infestans is one of the most complex and variable parasitic organisms
affecting agricultural plants, modern methods of genetic engineering and biotechnology are currently used
to fight late blight. One of these approaches is the use of direct biolistic transformation of plants by their
own resistance genes. It is known that about 74% of the P. infestans genome consists of repeating regions,
with a large number of genes encoding effector proteins that are necessary for successful colonization
of plant cells. RXLR proteins, which are the main class of transported effectors, are encoded by
550 phytophthora genes [3, 4]. These effector proteins that are recognized by plant immune receptors
known as R-proteins (Resistance protein).

The use of potato's own genes encoding known R-proteins for biolistic transformation of potato plants
may become one of the most successful approaches, which will allow obtaining new lines with increased
resistance to most existing phytophthora strains.

— |4 ——
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The complexity of this approach is that despite the large number of crops that have been successfully
modified by the method of biolistic transformation over the past 20 years [5], direct genetic transformation
of potatoes is still rarely used to obtain new forms of this crop. Since the publication of the first work on
potato bombardment in 2001 [6], the number of such works remains insignificant and mainly devoted to
the analysis of the size of the inserted inserts [7], comparison with the method of PEG-mediated
transformation of protoplasts [8], and studies on bombardment potato agrobacterial cells carrying three
genes of interest [9].

Thus, the experimental work on the transformation of potato plants with genes of resistance to late
blight carried out in this study will provide experimental data on the effectiveness of Dbiolistic
transformation of potatoes and the possibility of using this method to create new lines with resistance to
late blight.

The goal of the research was to study the possibility of obtaining new forms of potatoes with
increased resistance to late blight by cisgenic biolistic transformation.

Materials and methods. The object of the study: the varieties taken for the biolistic transformation
were 2 varieties of domestic and Russian selection with different resistance to late blight. The domestic
variety Aksor is relatively resistant, while the Russian variety Nevskiy is moderately resistant to disease.

Two potato genes - Rpi-vntl.1 and StREM1.3 — were used as target genes. The Rpi-vntl.1 gene is
supposed to be expressed as an effector in transgenic plants, while the expression of the StREM1.3 gene,
on the contrary, should be suppressed.

Genetic engineering constructs.

The sequence of the Rpi-vntl.1 gene from Solanum venturii was taken from the UniProt database
(ID FJ423044) and is a genomic sequence from chromosome 9. It is 4310 bp long and carries one intron
[10, 11]. For construction, the CDS sequence (710 ... 3385) was used. The Rpi-vntl.1 gene sequence is
flanked by the potato Pat polyubiquitin gene transcription promoter from Solanum tuberosum, taken from
the UniProt database (HM439286). At the 3' end, the Rpi-vntl.] gene sequence is flanked by the
Arabidopsis thaliana ubiquitin 5 (ubg5) transcription terminator. The sequence was taken from the
GenBank database (At3g62250), the terminator length is 250 bp. [12]. The genetic construct was
synthesized and assembled in the pUC57 plasmid by GenScript Limited.

The construction of the knockdown gene with a double-stranded RNA hairpin for StREMI.3
silencing is under the control of the Solanum tuberosum phytochrome B gene promoter (phyB) and the
Arabidopsis thaliana heat shock protein 18.2 terminator (HSP18.2). The sequence of the StRem.3 gene
from Solanum venturii was taken from the GenBank database (LOC102577743) and is a 597 bp mRNA
sequence that encodes a 155 aa peptide [13]. Based on on-line sequence analysis in the Sfold program [14]
with confirmation of the selected target sequences for RNA interference in commercial search engines
BLOCK-iT RNAi Designer (ThermoFisher) and siRNA Target Finder (GenScript), two adjacent sites
were selected -targets for small interfering RNA (siRNA): +348 - +369 bp and +411 - +432 bp. In the
VectorNTI Suite 11.3 program, a sequence was created containing these regions (90 bp) in forward and
reverse orientations, separated by an intron from catalase-2 of castor bean (Ricinus communis). At the
5'-end, the sequence of the knockdown sequence of the StReml.3 gene is flanked by the potato phyB
(Solanum tuberosum phytochrome B) promoter. The sequence is from GenBank (Y14572.1). At the 3'
end, the sequence is flanked by the transcriptional terminator of the Arabidopsis thaliana heat shock
protein 18.2 (HSP18.2) gene. The sequence was taken from the GenBank database (NM_125364.3), the
length of the terminator is 249 bp. [15]. The construct was synthesized and assembled on the pUC57
plasmid by GenScript Limited.

Genetically engineered constructs were cloned in chemically competent cells of E. coli strain DH-5a.
Colony screening was carried out on LB medium containing 100 pg/ml ampicillin.

Isolation of plasmid DNA

Isolation of plasmid DNA was carried out using mini-columns and a DNA Extraction Kit (Thermo).
E. coli cells carrying the plasmid were cultured overnight in 4 ml of Luria-Bertani (LB) medium on a
shaker at 37 °C; further isolation was performed according to the manufacturer's instructions.

Preparation of genetically engineered cassettes for biolistic transformation

Plasmids pUC-patVNThsp and pUC-phyREMhsp were treated with EcoRI / Sall restriction
endonucleases and eluted from a 1% agarose gel with a QIAEX II Gel Extraction Kit (Qiagen).
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Biolistic transformation of plant material

Biolistic transformation of potato internodes was carried out on a Biolistic PDS-1000/He Particle
Delivery System (Bio-Rad) according to the manufacturer's instructions. For each experiment, 100 ng of
elution-purified MEU, the minimal expression unit, was used. We used microparticles (1 um) of gold
(Bio-Rad) coated with DNA according to the binding procedure [16]. For each design, four to seven shots
were fired using both 900 psi and 1100 psi discs.

General molecular biological methods

Determination of the amount of nucleic acids was carried out by measuring the ultraviolet absorption
on a spectrophotometer Ultraspec 2000 (Pharmacia) at a wavelength of 260 nm. It was assumed that one
absorption unit with a 1 cm wide cuvette corresponds to 35 pg of single-stranded DNA oligonucleotide or
50 pg of double-stranded DNA in 1 ml of solution.

Nucleic acid electrophoresis was performed in a standard way [17] in agarose (1-2%) gel in TAE
buffer.

Research results and discussion. To carry out the research, two genetically engineered constructs,
Rpi_wntl.1 and StREM1.3, carrying the sequences of two genes, two promoters and two terminators were
constructed (figure 1, 2). All regulatory elements and target genes are cis-genic for the potato genus.
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S'PAT | Neol (3661)
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Rpi-vntl.1 - sequence of the gene for resistance to late blight from Solanum venturii; Pat — promoter of transcription
of the potato polyubiquitin gene from Solanum tuberosum; 5'PAT - 5'-NTP of the potato polyubiquitin gene from Solanum

tuberosum; UBQS5 - terminator of transcription of the ubiquitin 5 gene from Arabidopsis thaliana

Figure 1 - Map of genetic engineering construct Rpi vntl.1 (VectorNTI Suite 11.3)
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phyB - promoter phyB (Solanum tuberosum phytochrome B gene); Intron2 CAT2 - sequence of the second intron
of castor bean catalase-2 (CAT-2); HSP18.2 - transcription terminator of the gene for heat shock protein 18.2 (HSP18.2)
from Arabidopsis thaliana

Figure 2 - Map of the genetically engineered construction StREM1.3
(VectorNTI Suite 11.3)

The resulting constructs were transformed into chemically competent cells of E. coli strain DH-5a for
the production of constructs in preparative quantities required for research. Colonies containing the insert
were screened in LB medium with 100 pg/ml ampicillin. Isolation of plasmid DNA was performed using
mini-columns and a DNA Extraction Kit (Thermo). E. coli cells with a confirmed insert were cultured
overnight in 4 ml of LB medium on a shaker at 37 °C, after that the plasmid was isolated according to the
manufacturer's instructions.

— 1§ ——
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A significant amount of plant explants obtained from internodes of test-tube potato plants were used
to carry out biolistic transformation. More than 1000 test-tube plants of each variety Aksor and Nevskiy
were produced by micropropagation method.

Obtaining DNA fragments for biolistic transformation of plant material

At the next stage of work, after obtaining and checking by restriction analysis of both constructs, we
obtained DNA fragments suitable for biolistic transformation of plants. All genetically engineered
constructs were treated with EcoRI / Sa/l restriction endonucleases. Since the amount of DNA required for
plant transformation was preparative, restriction was carried out in large volumes, after which the
restriction mixtures were precipitated with isopropanol, and fragments of the required size were eluted
from 1% agarose gel. The purified preparations of DNA fragments were checked for integrity by
subsequent electrophoresis, the amount was measured and the purity of the preparation was assessed
(ODgg01280). After that, the DNA concentrations in the obtained preparations were equilibrated and used for
plant transformation.

Biolistic transformation of potato internodes

Potato internodes were prepared in advance (50-60 pieces per cup) and subjected to genetic
bombardment at the rate of 100 ng of DNA fragment per experiment. The procedure was carried out in a
standard manner according to the manufacturer's instructions for the Biolistic PDS-1000/He Particle
Delivery System (Bio-Rad), taking into account our optimized parameters.

For the best binding of genetic constructs to gold particles in the experiments, we used PM buffer
containing polyethylene glycol and magnesium [16]; the helium pressure during the shot was 1100 psi.

In total, 3 series of biolistic transformations were carried out on 3483 explants of internodes of test
tube plants of potato varieties: Aksor (1779 pcs.) And Nevskiy (1704 pcs.) (figure 3).

£ S |
A - internodes of Aksor potatoes on osmotic medium (OSS), ready for biolistics; B - biolistic transformation

Figure 3 - A series of biolistic experiments on potato internodes

After cultivation of the transformed internodes on the M6 callus-formation medium (MS medium
with vitamins 4.43 g/L, 30 g/L sucrose, 2.4 D 2 mg/L and zeatin 0.5 mg/L), 625 calli of the Aksor variety
and 556 calli of the Nevskiy variety were obtained, some of which were capable of embryogenesis.
Embryogenic calli were passaged on R4 regeneration medium, which is based on MS medium with a
standard vitamin content of 4.43 g/L, sucrose 30 g/L. and 2 mg/ L gibberellic acid (figure 4).

A - embryogenic calli of the Aksor variety; B - embryogenic calli of the Nevskiy variety;
B - regenerant plants of the Aksor variety

Figure 4 - Regeneration of potato plants on callus cultures after biolistic transformation
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According to the results of biolistic transformation, 636 transformed regenerant plants of potato
varieties Nevskiy and Aksor were obtained. DNA samples were isolated from all transformants and their
quality was checked for suitability for further analysis for the presence of inserted genes. All DNA
samples were verified by amplification with primers to the actin reference gene, which is present in all
plants. This stage was necessary to exclude false negative results in further experiments when determining
the insertion of the target gene. PCR studies with the reference actin gene showed that all DNA samples
met the requirements for PCR to detect the insert. Further, quantitative PCR analysis of the DNA of the
transformant plants was carried out, which revealed 52 plants of the Aksor cultivar carrying the VNT
insert.

The presence in the transformant plants of the construct with the StREM1.3 gene was also determined
by the method of quantitative PCR through analysis of the level of gene expression in comparison with
that in control wild-type plants. In total, this method revealed 6 lines of potato plants of the Aksor variety
with a significantly lower level of expression of StREM].3, which indicates the presence of this gene in
them.

Thus, in general, the results obtained in the course of the conducted studies showed a certain
effectiveness of the method of biolistic transformation in relation to potato plants. Two selected genes,
Rpi_vntl.] and REMORINI.3, potentially suitable for creating new lines of P. infestans resistant potatoes,
were transformed into plants by this method. As a result of 3 series of ballistic transformation of potato
plants, 636 regenerant plants were obtained, of which 52 plants with the VNT insert and 6 lines with
StREM1.3 were found only in plants of the Aksor variety. The absence of gene insert in plants of the
Nevskiy variety indicates that the use of the method of cisgenic biolistic transformation requires careful
selection of conditions for each variety separately. Potato plants with the identified insert will be tested for
resistance to late blight and with a high probability can be promising for creating new lines with improved
resistance to the disease.

In general, based on the data obtained in the study, we can suggest that it is possible to create new
lines of potatoes with improved qualitative characteristics in a short time based on the method of cisgenic
biolistic transformation.

This research was carried out in the framework of the targeted program BR05236574 “The
development of advanced technologies to produce crops resistant to stress factors in utilizing adaptive
mechanisms of plants”, funded by the Ministry of Science and Education of the Republic of Kazakhstan in
2018-2020.
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OUCT'EHAI BUOBAJIVIMCTUKAJIBIK TPAHCO®OPMANUA 9AICIH KOJIJAHY APKbIJIbI
KAPTOITBIH ®PUTODPTOPO3FA TO3IMIAI KAKCAPTBIUIFAH
BEJITTJIEPI BAP KAPTOII ®OPMAJIAPBIH AJTY

AHHoTanus. Makanaia [UCTeH i OHO0aUTUCTHKA TPaHC(HOPMAIUACH dICIH KOIIaHy apKbUIbl PUTOPTOPO3Fa
TO3IMJIUIITT )KOFapbl KapTONTHIH JKaHa TYPJIEPIH LIbIFApy KOHIHJE 3epTTeyJepAiH HOTHKeIepl KenTipiireH. barams
aybUIIIApYalIbIBIK OCIMIIKTEPIH 3aKbIMIAWTBIH, OOMHIIETTEPre J>KaTaThlH MapasuTTIK opraHusMm Phytophthora
infestans acepineH ¢puTodTopo3 makga Oonmankl. P. infestans — Kypeli )KoHE ©3repMeri Mapa3suTTiK OpraHu3MIePIiH
Oipi OoyFaHIBIKTaH, Ka3ipri Ke3Je OHbIMEH Kypecy VIIiH IeHJIK MH)XEHEpHss MEH OMOTEXHOJOTHSHBIH 3aMaHayd
oumictepi kommaneutanel. Con Tocinnepain Oipi — ¢urodropa mTaMHBIH KeOiciHe Te3iMai OOJBIN KeNeTiH aHa
JVHUSIIAP KYPY MakcaThIHAA TO3IMIUTIK reHi 0ap eciMIIKTepaiH Tikeled OnoOONMCTHKANBIK TpaHC(hHOPMAIMSICHIH
KonaHy. JlakpUIIpIH KaHa TYpJIepiH aty OapbICBIH/IA KapTONTHIH TiKelIel reHeTHKAJIBIK TpaHC(hOPMAIHs 9J1iCi CUpeK
KOJIaHBUTATBIH/IBIKTaH, aTaJlFaH TOCUI/I KOJ/IaHy KHBIHFA COFaIbl.

By 3eprreynepne P. infestans-Tol Oakpiay MakcaTeiHAa KasakcTanma eH xern TapainraH Akcop xone HeBckuit
KapTOOBIHBIH IUCTEHIIK ONOOOTUCTUKATIBIK TpaHchopMaIisichl OoibIHIIA OipKaTap ToxipuOenep xyprizingi. NCBI
NIEpEeKKOpBIHAa OepiireH akmapaTTap HeETi3iHAe TeH-HbICaH peTiHAe KapTOnThiH eki reHi — Rpi-vntl.l xone
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StREM1.3 rtagmanmer. KapTonThlH KOHCTYTHBTI TPOMOTOPJIAPBIHBIH OaKbUIaybIMEH TaHAAIFaH TeH apKBLUIBI
TeHETHKAJIBIK KOHCTPYKIUSIIAp CHHTE3EIMII XKOHE AN3aiHbI KYpacThIPBULABL.

Brobanmuctukamen TpaHcopMalusulaHFaH eciMaikrepae Rpi-vntl.l reHiHIH 53Kcmnpecchschl OelceHITIK
taHbeITEI, REMORIN1.3 reHiHiH sKcnpeccHschl OachIm-KaHIIBUTYBl Kepek. Rpi-vntl.l — Solanum tuberosum
MOJUYOUKBUTHH TeHiHiH mpoMoTopbl (Pat) skone Arabidopsis thaliana noauyOUKBUTHH 5 TEHIIK TEPMHHATOPHI
(ubq5) 6axpuTaysIHaa 00s1ca, am StREM1.3-1i caiinencunrke apHanran ekitizoexti PHK-mmuiskace 6ap «HOKIAyH»
TCHIHIH KOHCTPYKIMSACH Solanum tuberosum ¢utoxpom B reniniy npomotopsl (phyB) xone 18.2 Arabidopsis
thaliana 6enox TepmuHatopsHbIH (HSP18.2) 6akpuaysiana xKypesi.

Anpiaran koHCTpyKuwstmap DH-5a mrambiaei E. coli XeMUKOMIETEHTT] KIleTKaJIapblHa 3€pTTEyre KaXKeTTi
Mmemmiepae Tparchopmarmsimanael. [hiasmuari JTHK Genin any ymria «Thermo» (upMackHBIH MHHUKOJOHHATIAP
MeH DNA Extraction Kit peareHTTep KHHAFBI apKBLIBI )KY3€Te aCHIPBUTIEL.

BuobonucTukanplK  TpaHC(OpMAIMAHBI JKY3€re achlpy YIIIH KapTONTBIH €Ki CcOpThl IpoOupkazna
MHUKPOKJIIOHAIAB KoOeHTinai. MUKpOKIOHAIAB KOOCSHTY 9/IiCi apKbUIBI KapTONTHIH AKcop xoHe HeBckuit op copThl
ymie 1000-HaH actam mpoOHpKaNbIK eciMaikTepi kebeiTtinai. Toxipube OapbICHIHIA MPOOHPKAIBIK ©CIMIITiHIH
TYHiHapaIbIK OOIriHeH aNbIHFAH SKCIUTAHTTAP KOJAaHBIIIBL.

buoGonucTrkanbik TpanchOpMaIMSIHBIH YII CEPHUSCHI KYPri3y HOTHXeCiHIe KapTonThiH AKcop xoHe HeBckuit
COPTHIHBIH 636 pereHepanT eciMaikTepi anbiHbl. bapisik Tpanchopmanrrapaad JJHK Geminim sxoHe KypambIHa TeH
EHreHiH TeKcepy YIIH cananblibiFbl Tekcepiani. JTHK-HbIH OGapiblk yirinepi OyKin eciMIiKTe Ke3[IeCceTiH aKTHH
TCHIHIH TpaiiMepiiepine amr@uKamus >KYpridy apKbpUIbl TEKCEpULIi. Byl Ke3eH MaKcaTThl T'eHHIH CHTI3LTYiH
aHBIKTaFaH Ke3/1e KaJFaH Tepic HOTWKeNep Il OonapIpTHaliabl. AKTHHHIH peepeHTTI reHi apKbuibl Kyprizinren [1TP
3eprreynepinin HoTwkecinae Oapiablk JJHK yurinepi BcraBkansl anbikray yiniH [ITP skyprizy tamanrapsiHa coiikec
KEJCTIHIITH KOPCETTi.

Opi kapail TpaHchopmant ecimaikrepain JIHK-cema canppik IITP anammsi sxacansin, HoTwxkecinge VNT
BCTaBKachl 0ap AKcop cOpTBHIHBIH 52 ecimuairi aHbikTaasl. Cauapik [ITP apKpUTBI TEHIIK SKCIPECCHs JCHTCeHiHIH
CaNbICTRIpMAaIBl Tanaaysl Herizinme StREMI1.3 reHiHiH KYpBUIBIMBI ©CIMIIK JIMHUSIIAPBIHIA aHBIKTAIIBL. YKaOaibl
THUNTETT OCIMIIKTEPMEH CANBICTBIPFaHAa KapTONTHIH AKCOp COpTHIHBIH 6 ynuHusAchiHAAa StREM1.3 skcnpeccuschr
enoyip ToMeH OOJIBI, SFHHA OYIT oJlapIbIH KYPaMBIH/IA aTaFaH TeHHIH 0ap eKeHIITiH KopCceTesi.

JKyprizinren 3eprreynep OapbIChIHAA albIHFAaH HOTIDKETEp KapTON ©CIMAIriHe KAaThICTHI OMOOOJMCTHKAIBIK
Tparchopmarmsa oniciHig Oenrim 6ip THIMILTITIH KepceTTi. by omic apKpUIBI KapTONTHIH P. infestans-Ka Te3iMIi
KaHa JIMHUSJIApbIH KYpy YIIiH TaHmaiaran eki reH Rpi vntl.l xone REMORINI.3 ecimuiktepre TpaHcdopma-
LUsUIaH bl AHBIKTAJIFaH BCTaBKachl 0ap kapTon eciMaikTepi GputodTopara Te3iMALIIr YIIiH opi Kapai TekcepisieTiH
00J1ambl JKOHE BIKTHMAJIIBIFRI JKOFAphl, aypyra Te3IMIl jKaKcapraH >KaHa JHHHUsIapAbl anyra Oomaisl. JKamrmbl
3epTTey OAPBICHIHIA ABIHFAH MOJIIMETTEPre CYHEHE OTBIPHIN, IUCTCH K OMO0AILTMCTUKANIBIK TPaHChOpMaIUs 9JTiCi
apKBUIBI KBICKA MEP3iM/IE Ccarlalibl )kaHa KapTOoN JIMHUSIIAPBIH JKacayFra 00Jiaibl.

Tyiiin ce3aep: OnmobaMCTHKANBIK TpaHchOpMaIys, Ucrexiep, kapromn ¢urodropa nnpecrenrrepi, PHK-HbI
Oacy, Kapcbuiacy resziepi.
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NPUMEHEHUE METOJA IIUCTEHHOMN BUOBAJUIMCTUYECKOM TPAHC®OPMAIIUM
JJIAA TTIOJTYUYEHUSA HOBBIX @OPM KAPTO®EJIA C YIYUIIEHHBIMU ITPU3HAKAMUA
YCTOMYUBOCTHU K ®PUTOPTOPO3Y

AHHOTauMsA. B JaHHON cTaTbe NPENCTaBIECHbl PE3YJbTAaThl HCCIEIOBAaHUM 110 MCIIOJIB30BAHMIO METOJAA
LUCTeHHON OHOOAIMCTHYECKOH TpaHchOpMalMy Uil YCKOPEHHOTO IOJy4eHHs HOBBIX (GOpM KapTodens ¢
MOBBIIICHHON YCTOHYMBOCTBIO K QuTodTopo3y. IlpuuuHoit pasButus ¢urodroposa sBIsETCS NapazUTaPHBINA
opranusM Phytophthora infestans, OTHOCSIIUICS K OOMHIIETAM, MOPAKAIOIIMM IICHHBIC CEIBCKOXO3SICTBEHHEBIC
pacrenusi. P. infestans sBnseTcs oIHUM W3 HanboJiee CIOXKHBIX M M3MEHYMBBIX IapasUTHYECKUX OPraHU3MOB, JUIS
00OpBOBI C KOTOPBIM B HACTOSIIEE BPEMsI HCIOIb3YIOT COBPEMEHHBIE METOAbI T€HHOW WH)KEHEPUU M OMOTEXHOJIOTHH.
OmHMM W3 TaKUX IOIXOJOB CIYXHT HCIOJB30BaHHE MPSIMOW OHOOAIMCTHYECKOH TpaHC(HOpMAUK PACTCHHUI
COOCTBEHHBIMH T'€HAMH YCTOWYHUBOCTH [UIS CO3aHMS HOBBIX JIMHUI C OBBIILICHHOH YCTOHYUBOCTBIO K OOJIBIIMHCTBY
CYIIECTBYIOIIHX MITAMMOB (GUTO(PTOPEL. CI0XHOCTH TAKOTO MOAXO0/A 3aKIT0YACTCS B TOM, YTO HPsAMasi FeHETHYCCKasI
TpaHcdopmarus KapTodesst BCe elie PeIKO UCTIONb3YETCs Al MOTy4eHHs HOBBIX ()OPM ITOM KYJIBTYpHI.
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B manHOM mccnenoBaHuH ¢ 1enbio 00prObI ¢ P. infestans ObLT mpoBeneH psiA SKCIIEPUMEHTOB IO MUCTEHHOU
OomobamumcTIyecKkol TpaHchopMauyu Hanboiee pacrnpocTpaHeHHBIX B KazaxcraHe copToB kapTodens AKcop U
Hesckuit. Ha ocHOBe mH(popManmu, npencTaBieHHO# B 0a3e nqanHbix NCBI, B kauecTBe T€HOB-MUIIICHEH BEIOpaHEI
JBa reHa kaprodeis kaprodesst — Rpi-vntl.1 u StREM1.3. OcyuiectieH au3aifH 1 CHHTE3UPOBaHbI T€HETHUECKHE
KOHCTPYKIINH C OTOOPaHHBIMH T'€HAMU 101 KOHTPOJIEM KOHCTUTYTHBHBIX IIPOMOTOPOB KapTO(eIs.

Okcmpeccust  Rpi-vntl.] rema B TpaHchOpMUPOBAaHHBIX OHOOAUIMCTHKONW pACTEHUSX JOJDKHA OBITH
aKTHBHpOBaHa, a dkcnpeccus rera REMORIN1.3 nomkHa ObiTh nogasieHa. Rpi-vntl.1 HaxoAuTCst OA KOHTPOJIEM
MPOMOTOpa IreHa NmojanyOukBuTHHA Solanum tuberosum (Pat) u TepMuHaTOpa reHa MONMYOUKBUTHHA 5 Arabidopsis
thaliana (ubqg5). KoHcTpykius reHa «HOkmayH» ¢ nByxienodeuHoit PHK-mmunekoit st caiinencunra StREM1.3
HAXOJUTCS TOJ| KOHTpOJeM THpoMmoTopa reHa (urtoxpoma B Solanum tuberosum (phyB) u tepmuuaTopa Oenka
ropsiaero moka 18.2 Arabidopsis thaliana (HSP18.2).

[onmy4eHHbIEe KOHCTPYKIMHU ObIIM TpaHC(OPMHUPOBAHBI B XEMHUKOMIIETEHTHBIE KiIeTKH E. coli mramma DH-5a
JUIl HapaOOTKM KOHCTPYKIMH B IIpeNapaTHBHBIX KOJMYECTBAX, HEOOXOAMMBIX OISl HCCIe/0BaHMNA. BwlneneHue
razmuHoit JIHK ocymecTBisimi ¢ mcronb30BaHHMEM MHHH-KOJIOHOK M Habopa pearenToB DNA Extraction Kit
¢upmsl “Thermo”.

Jns mpoBepeHns OHOOAIMCTHYECKOW TpaHC()OPMALUK TPEABAPUTEIBHO IPOBOIMIN MUKPOKIOHAIBHOE
Pa3sMHOKEHHE NPOOMPOYHBIX PACTEHHH KapTodens 000MX COpTOoB. METOAOM MHKPOKIOHAJIHHOTO Pa3MHOKCHHS
0puT0 Tpom3BenieHo cBhime 1000 mpoOMpOYHBIX pacTeHM Kaxmoro copra Akcop m HeBckwii. B skcmepumenTax
UCTIONIB30BAIA PACTUTEbHBIE SKCIUIAHTBI, TOJyIEHHBIE U3 MEXIOY3JIUi IPOOUPOUHBIX pacTCHUI.

Breio mpoBemeHo TpM cepuu OHOOAIMCTHYECKOW TpaHC(hOpPManuM, B Pe3yibTaTe KOTOPHIX MOJy4eHO
636 pacreHusi-pereHepanTa kaptodens coproB Akcop u HeBckuid. 13 Bcex TpaHCc(HOPMAHTOB BbIIEICHBI 00pa3Iibl
JIHK u mpoBepeHO MX KauecTBO Ha NMPHUTOJHOCTh K AajbHEHIIEMYy aHAJIN3y Ha HaJMYue BCTPOCHHBIX I'eHOB. Bce
o6pasusl IHK 6butn nipoBepeHs! amiunukanumeid ¢ npaiiMepaMu K pe)epeHTHOMY I'eHy aKTHHA, KOTOPBIi UMeeTcs
y Bcex pacreHuil. JlaHHBIM 3Tam TO3BOJMJI MCKIIOYMTH B JAIBHEHWIIMX OKCIIEPUMEHTaX IOSBICHHE
JIO)KHOOTPHULIATEIBHBIX PE3YJILTATOB MpPU ONpE/AeNeHUH BCTaBKM weneBoro reHa. I[P wuccnemoBanms c
pedepeHTHBIM TeHOM aKTHHA MOoKasanu, 4yTo Bce oopasipl JJHK cooTBercTBYyrOT TpeboBanusM aist npoBenenus I11[P
Ha BBIBIICHUE BCTABKH.

Hamee Ovm1 mpoBeneH kommdectBeHHBIM I[P amamms JIHK pactenuit-tpancopMaHTOB, KOTOPBIH BBISBIII
52 pacrenne copta Akcop, Hecymiee BctaBky VNT. Koncrpykmms ¢ rerom StREMI1.3 taoke Obima oOHapyxeHa B
JIMHUSX PACTEHUHM ¢ MOMOIbI0 KoiauuecTBeHHOro I[P, Ha OCHOBE CpaBHUTENBHOIO aHAIM3a YPOBHS JKCIIPECCUU
reHoB. Beero Ob110 BBRISIBICHO 6 TUHHUK KapTodens coprta AKCOp C TOCTOBEpHO 0ojiee HU3KMM YPOBHEM 3KCIIPECCHU
StREM1.3 1o cpaBHEHHMIO C PACTEHUSIMU TUKOTO TUIIA, YTO TOBOPHUT O IPUCYTCTBUH B HUX JAHHOTO T'€HA.

PesynbraThl, NONyYeHHBIE B XOJle MPOBEICHHBIX MCCIIENOBAHUM, MMOKA3aJM OMNpe/IeleHHYI0 3(P(EeKTUBHOCTh
MeTO/la OHO0AUTUCTHYESCKON TpaHC(POPMAIIUH B OTHOIIICHHH pacTeHui kapTodens. J[Ba BeIOpaHHbIX reHa Rpi vntl. ]
u REMORINI.3, IOTCHIMAIBHO MPUTOIHBIX [UIS CO3MAHHS HOBBIX JMHHU KapTodens, ycToiunsoro K P. Infestans,
Obutn TpaHc(OPMHPOBAHBI B PAacTEHHs JaHHBIM crocoOoMm. PacteHumst kaprodens ¢ BBISIBICHHOHW BCTaBKOH B
JabHEHIIeM OyIyT WCCIEeNOBaHbl Ha YCTOMYMBOCTH K (UTO(TOPO3y M C BBHICOKOH BEPOSTHOCTBIO MOTYT OBITH
MEepPCIEKTUBHBIMU ISl CO3JaHMs HOBBIX JIMHUHM C YJy4IIEHHOW PE3MCTEHTHOCTHIO K 3aboseBaHuio. B memom,
OCHOBBIBASICH Ha TIOJIyYEHHBIX B HCCIIEIOBAaHWH JAaHHBIX, MOXXHO YTBEpP)KIAaTh, YTO HA OCHOBE METO/A LHCTCHHOMH
6robaiuncTrYecKor TpaHchOopMaIK 32 KOPOTKHH CPOK MOKHO CO31aTh HOBBIE JIMHUM KapTO(es ¢ yIydIeHHEIMA
Ka4eCTBEHHBIMH IPU3HAKAMH.

KuaroueBble ciioBa: OmoOammmcTHdeckas TpaHchopMmamms, OucreHsl, kaprodens Phytophthora infestans,
noaasnienue PHK, reHsl ycToWuuBOCTH.
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"KYMCAK BUJJAN COPTTAPBIHAH AJIBIHFAH MYTAHTTBI
JIMHUAJIAPADBIH JAMY THUIITHE 'EHETHUKAJIBIK TAJIJIAY

AnHoTanus. [IoHII AaKbUIABIH IIIIHAC aqaM3aTThIH HETi3ri a3bIFbl PETIHAC KOHE eNIMIi3/iH dKOHOMHKACHIH
KeTUAipyae Oumai epekie opbiH anaabl. CeleKIUsHbIH Heri3ri MiHaeTi — KasakcTanHbIH TYpJii TaAOUFU KITUMATTBIK,
aliMakTapbIHBIH KOJIAHCHI3 CHIPTKBI OpTa XKarlaiblHa TYpaKThl, Oaraibl Oenriiep/iH OipiecTiriHeH TypaThiH KYHJIbI
Oumaii copTTapbiH IbIFapy. BymaHmacTeIpy YpAiCiHAEC MYTaHTTHI KOJIAHYIBIH OOJAIIaFsl dJCMIIK JKOHE OTaHJIbIK
CEJNIeKIIMsl KETICTIKTEpiHeH KepiHel. XUMHSUIIBIK KOCBUIBICTAPABIH TYPJ €pPTIHIICIHIH OCIMJIKKE ocepi aifallKbl
KYHHEH-aK Oumall ecKiHiHae Oalkasmbl. XJIOpJbI KaaMUA MEH XJIOpJbl HUHKTIH Oenriai Oip 0,01% eprinmiciMeH
OHJICTITeH TYKBIMHBIH QJIFallIKbl OCKIHIHIH 6Cyi, KJIEeTKaHbIH O6iHy OeNCeHAUTIri MEH XpOMOCOMANIapAbIH KYpbI-
neIMIBIK Oy3butbicTapbl Kazaxcranckas 3, Illarana, Xenic xone JlroTecuenc 32 copThiHAaFbl ©3reprill HeriziHae
KOpiHIi.

bunaiiaeie Kyprak moHIH Xa0piasl kagmuiaiy 0,1% KOHICHTPaUAChIMEH OHICTCH/IC OCKIHHIH 6Cy KafaalibiH
neTanbabl xarmaira okence, 0,01% eckinniy ecyin 4 kynre texeni, an 0,001% epringicinae O0akpuIay AOHIHIH 6CY
KapKbIHbIMEH Oipzaeit 6osnel. Kepiciniue, xmopisl nuHkTiH 0,1% Tik epitinaici eckinai 1 anrara, 0,01% yumr xyHre
TeXel.

3epTTesireH KOHIEHTpawusl iriHae xuopisl kaamuidain 0,01% epTiHici eCKiHHIH ocy YAepICiH Texerl, KIeTKa
OeniHyiH/IE XPOMOCOMAIBIK abeppauus >KoHe MOP(OJIOTHSIBIK ©3repriliTikTep TYFbI3Abl. COHABIKTAH, KaIMUIH
Ty3eiHBIH 0,01% koHIEHTparwsichl OMmaigarsl ©3TeprillTiK HIeTiH KEHEWTy YINiH, ONTHMAalbIbl KOHIICHTpPAIUSI
peTiHae aJabIH/bL.

Ocrpiran OaifmaHpIcThl 3epTTeyimizge xmopnbl kanmuiinin 0,01% epitinmici Oumpaiima e3reprimTik IIeTiH
KEHEWTeTIH THIMJI KOHLEHTpalHs eKeHIrl aHbIKTaaael. OChbl MeJIep/aeri epTiHAiHiH acepi ecimaikte Mopdoio-
THSUTBIK ©3Tepicke (cabaKThIH TYNTEHYl, MacaKTHIH Y3apybl, 0ac MacaKTarbl IoH CaHBl MeH caiMarbiHbH, 1000 1oH
CaJIMaFrbIHBIH JKOFapiaysl T.0.) Tycipim, esrepred Oenrimep M1 - M4 TykbIMBI OOMBIHINIA TYPaKTHl TYPAE TYKBIM
Kyanazgpl. Kazaxcranckas 3 sxone lllarama coprrapsina kagmuid Ty3bIHBIH 0,01 maiibI3ABIK epiTiHAICIHIH dcepiHeH
KYH/IBI CENEKIMSUTBIK OerniriiepiMer epekmeneHetin JI1, JI2 sxone JI3 myTanTTH MUHUATIAp ansiHABL. OCH ©3repreH
TUHWIAPABIH aMy THITIHE TE€HETHKAaJbIK Talfay >Kyprisimin, HoTikeciHme Illarama copTbiHaH e3repreH Y3BIH
(16 cm), Terre3 MacakTsl (0,80) ecimuikti 6akeiay copTeHbIH (0,50) mpu3ma Topi3ai ecimMairiMeH OyJaHIacTBIpy
HOTIDKECIHJE OHBIH Ka3AbIK THIN (Vrn TeHiHeH) Ky3mik tumiHe (Vrn TeHiHe) ayBICKaHBI aHBIKTAIIBL 3epTTey
Hotmxkecinge Kazakcran 3, Kazakcran myrant 3 coprrapel Vin 1, Vin 3 rennepiner typansl. An Illarama copter
Vrnl, Vrn2 reHiHeH TypaTBHABIFH aHBIKTAIABL. Vinl, Vin3 rediHneH TypaThIH COPTTAp KBUIIAM ITiCETiHIH KOpCeTeIi.
Amnaiina omapnsiH 6ip-OipiHeH MacakTaHy Ke3eHi OOMBIHINA e3TemeNiri OO Ib.

Tyiiin ce3nep: Ommaii,copT, MyTaHT, ©3T€PTIlITIK, THHUS.

Kipicne. Cenexuusi ToxipuOeciHe anramKel MaTepuan amyablH [IeTiH KeHEHTy yIIiH OacTamnksl
COPTTaH KYHJBI Oenrinepi OOMbIHINA epeKIIeIeHETiH MyTaHTThI JIMHUSIIAP.Ibl KONJAHYABIH OOJallarsl 30p
[1].

Kaszipri 3amMaHFbl ©CIMIIK CEICKIUACHIHBIH MaKCcaThl — TYPJi arpoOdKOTHUIIKE apHAJBIN IIBFapbUIFaH
COpTTapbl CHIPTKBI OPTa JKaFJaibliHa KeOipek Oedimueil Tycy, sFHU OenTini Oip TEHOTHIl NEH CHIPTKHI
OpTaHbIH aOMOTHKAIBIK JKOHE OMOTHKAIBIK (haKTOpIaphl apachIHIAFbl YHIECIMILUTIKTI OapbIHINA apTThIpa

Tycy [2].
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Cenexus YUIiH TypJi cTpecc JKargaiiblHa Te3iMIIi COPTTap IIbIFapyAbIH MaHbI3bl Oap. Cenexiuo-
HepJiepre JKbUIIaM ITCceTiH copTTap mbiFapy thiMai. Cebebi Keml MiceTiH copTrap MOHHIH KalbIITacy
KE3CHIHCH KYPFaKIIbLUIBIK KE3CHIe Tar 00JIajbl 1a, canackl TOMEHIEN, oHiMi a3 0osansl. COHBIMEH KaTap,
kKa3AbIK OMmail kel miceTiH 0oJjica, CONTYCTIK aliMakTapJa Ky3[IiK CyblKKa manbiHaael [3]. Ockl mpobiie-
Mayapbl Iy CEICKIMOHEPJEPIiH HEeri3ri MakcaThl OOJbI caHanmanbl. O YIIiH JKEPriTiKTI Kepre
OeitiMaenTeH COpTTap IbIH JKBUIIAM TTiCy TaOUFAThIHA TCHETHKAIBIK 3ePTTEY JKYPrizy KakeT. OHUTKeHi, Kell
MICETIH COPTTapAbIH JKOFaphl canachkl MEH JIOH KaJbIITacybl TOMEHACH 1. AYbUT MapyambUIbIFbIHA KYHIBI
OenrinepniH OapiBIFBIHBIH Oip COpTTa KajblMTacybl MYMKiH emec. Keibip Oenrimep apackiHma Kepi
KOppeJsuus xKypeai. Mbicanbl, eHIMIUTIT KOFapbUlaFaH cailblH canachl, OCIMIIK ca0aFbIHBIH KbICKAJIBIFbI
MEH OHIMJLUIIrT HeMece OCIMIIKTIH aypyFa Te3IMILIIrT MEH camachbiHBIH JKOFapbulaybl acep eremi [4-7].
JKymcak OupmaiifblH Jamybl, KEKeJleH anFaHia Te3 JKeTutyl Oenrimi Oip 3KOJOTHSUIBIK JKaFaaiiapra
OalTaHBICTEI. AYBUIT IAPyaIlbUIBIFBIHA KYHIBI OCNTiJiepIi KaJIBIITACTHIPATHIH KEKe TeH POiH 3epTTey
YIIiH W30TEHAl JUHUSIIAP KOJaiabl ©CiMIIKTIH Oenrimi Oip oprara OelimaenyiH aHBIKTaWTBIH JKbUIIAM
micy Kacweri jkataapl. OHBIH OHIMIUTIKKE TiKelell KaThichl 0ap oHE KOJAMCHI3 CHIPTKBI OpTa
JKaFJaiiblHAH: YCIK, KYPFaKIIBUIBIK, 3USHKEC, aypy/JaH IIBIFBIT KETE allaThlH, COHBIMEH KaTap KOJIAHIbI
JKarJaiIpl TYTeIeH MmaijjaiaHa aaThlH KaOiieTiMeH cunatTanaabl. JKyMcak OUaaiIbIH JKbUIAAM MiCyiHe
kebOinece Vrnl-3 xyiieci acep erexi [8-10].

CoHIBIKTaH, COPTTHIH NaMy THITIH, KEPTiTiKTI jKarmaiiga, OHBIH OHTOTCHE3ZeTi (ha3aapaiblK Y3bIH-
JIBIFBI OCIMJIIK OHIMJIUTIIT MEH XOFaphl JKOHE TOMEHT1 3KCTpeMallbli TemIiepaTypara TYPaKThUIBIFBIH
VIITACTHIpa OTBHIPHINT KOMIUIEKCTI TYpAE 3epTTeNreHi nyphic. MyHnai OarpITTaliFaH 3epTTEyiep Cellek-
UsAa KBUIJIAM TICETIH, SFHU JKETUTY Ke3eHI KbICKa, XKYMCaK Ka3/IbIK OWail IbIFapyFa MYMKIHJIIK TYFbI-
3ajpl. OChIFaH OAalTaHBICTBI )KEPTUTIKTI CENEKIMsI MEH TeHJIK KOpFa TYpJl IIEeT eNJepAeH IIOFbIpIaHFaH
COpTTap MEH JIMHUSIIAPABIH aMy THITIH 3ePTTeIl, )KbUIIaM MICETIH COPT TYPJICPIH IeHETUKAIIBIK TYPFbIIAH
TaNay XYPrizy CeNEeKIUIHBIH aKTyalbabl Maceneci 601bm cananaabl. COHOBIKTAaH 3ePTTEY KYMBICHIMBI3-
JIBIH MaKcaThl: aiiMaKTallFaH JKoHE KeJelleri 0ap celeKIus COPTTapblHAH albIHFAaH MYTaHTThI JTMHUSIAP-
JIBIH JaMy THITiIHE TeHETHKAIBIK Talfay XKYprizy.

3eprTey omicTepi Men MaTepuasnaap. 3epTTey dAicTepi peTiHAe MyTalUUsUIBIK, THOPHIOIOTHSIBIK,
LUTOJIOTHSUIBIK J)KOHE MOHOCOMIBIK TaJljayjiap KOJIIaHbLI/IbL.

ToxipuOeHi *Kypri3y YIIiH MaTepual peTiHie MKePTiTiKTi celeKuusaa KeH KOJIAaHbIIaThiH, ayaHac-
THIPBUTFAH JKyMcak Ommaii coprtrapsl: Illarama, Jlrorecuenc 32, Kazaxcranckas 3, COpTHIHAH aJIbIHFaH
MYTaHTTBl JTUHEsIAP jkoHe Kazaxcranckas 126 COPTHIHBIH MOHOCOMAJIBIK JIMHHUSIIAPHI KOJIAaHBLIIBL.
3epTTeyre anplHFaH MaTepuangap KaaMmuiaiy aysip metamt Ty3biMeH (CdCly) enumeni.

3epTTEey HOTH:KeNEepi MeH TajaKbLiayJap. JKorapblaa artam ©TKEH alKWIbJ[I XUMUSIIBIK KOCHLIBIC-
TapJIbIH JOH/II JaKbLIIapFa ocepi, koOiHece, CEeKIHs YIIiH KYHIABUIBIFBI )KOK, MOP(OIOTHSIIBIK ©3reprilil-
Tikke (Mop(}03) ®KoHE 6CIMAIKTIH XJIOpOPHIb NOHIEpiHiH Ty3UMeyiHe (xiopo3) akeneni [11]. ConnpikTaH,
OCIMIIKTIH ©3TeprillTiK IIETiH FaHa YIFAUTHIN, OHIMIHE YIIBI 9CEpIH THUTI30CHTIH XUMHUSIIBIK KOCBHLIBIC-
TapJIbIH 9JICi3 KOHIIEHTPANMACHIH i3/1ey Kepek. MyTtalusi MocelleciHe KbI3BIFYIIBUIBIK XKOHE KOIl OpBIH-
JTAJFaH JKYMBICTapFa KapaMacTaH, e3TeprilliTikTiH TeHeTUKAIbIK Ta0UFaThl MEH MEXaHM3Mi aIli Je Oosca
JKETKUTIKTI 3epTTeyi KaKeT eTeli. Ayblp MeTalll TY3bIHBIH SCEpiHEeH JKYMcakK Oungail copThIHAAa MHAYK-
LUSUTAHFaH ©3TePrilTiKKe MOP(HOOUOIOTHUSIIBIK XKOHE IIMTONCHETUKAJIBIK TYPFbIAaH Oara Oepy Tuic [12].

TombIpakrarbl *oHE OCIMIIKTETI KaJMWUU MeJIIepi aTOMIBIK afCcOPOIUSIIBIK SIICIICH 3ePTTENI.
OCIMIIIKTIH IaMy Ke3eHiHJe, acipece, MICII JKeTITeH yaKbITTa KaIMAH MOJIIepi Kayirnci3 KOHICHTPaIHs
HIeTiHEH JKOFapbuIaMaibl. bipak >KbUDKbIMAIBl KaAMUAWIIH )XKyMcak Oumaii coptrapsl — Kasaxcranckas 3,
[laranma erinreH akmIbI KOHBIP TOMBIPAKTa Ke37eCyi JOH TYKBIMHBIH METaul KOCBUTBICTAPBHIMEH JKOHE
KaJIMUIIIH TYPJIi KOHIICHTPAIMSICHIMEH OHJICITEH/IITH OalIaHbICTBIPYFa O0JIa bl

MyTares THIMAUTITIH Oarajay YIIiH MHUTO3ZBIK WHAEKC KOHE XpOMOCOMa OY3BUIBICHIH CHITATTANTHIH
MoJliMEeTTep KeH KoJmaHbiansl [8; 13-16]. Onap XUMHSLIIBIK, QU3UKAIBIK (akTopiap dcepiHeH OCIMIIKTeT1
O3TEPTiMTIKTIH JopeKeciH Oarajayra MYMKIHIIK Oepemi. XJI0pibl KaaMuid MEH XJIOPJIBI IMMHKTIH Oerii
0ip xonmentparusceiMeH (0,01%) WHAYKOWSITaHFaH alFallliKbl OCKIHHIH ©cCyi, KJICTKaHBIH OeIiHy
OenceHalTiri. MeH XpOMOCOMAaNap/blH KYPBUIBIMIBIK OY3BUTBICTAPBl 3ePTTENi. XUMISUIBIK KOCHUIBIC-
TapJbIH TYPJi ePTIHAICIHIH 6CIMJIIKKE 9Cepl aJFalllKbl KYHHEH-aK Oujail eckiHiHme Oaiikammbl. XITOpIibl
KaJIMUI MEH XJIOPJIbI IIMHKTIH Oenriti 0ip 0,01% epTiHaiciMeH eHJIENreH TYKBIMHBIH aJIFalliKbl OCKIHIHIH
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ecyi, KJIeTKaHbIH OeliHy OeJICeHIUTIri MeH XpOMOCOMANapAblH KYPBUTBIMIBIK Oy3buibicTapbl KazaxcraH-
ckas 3, Lllarana, XKenic >xone JltotecueHc 32 copTTapbIHAAFbl ©3TEPrillITIKIIEH KOPIHII.

Bunaiinpiy Kyprak AoHIH XJIOpibl kaaMuidid 0,1% KOHIICHTpalMICHIMEH OHJICTEHC OCKIHHIH ocy
JKaFJaiibIH JIeTaNbbl Karaiira okence, 0,01% eckinHiH ecyin 4 xyHre Texeni, an 0,001% epringicinme
Oaxplay MoHIHIH ecy KapKbelHbIMEH Oipmeit 6ommel. Kepicinmre, xmopisl muHKTIH 0,1% Tik epitiHmici
OCKiHHIH ecy ynepicin 1 anrara, 0,01% ym kyHre Texeni.

3epTTenreH KoHUeHTpalus imHgae xiopnbl kaamuiinig 0,01% eprinmici eckiHIi Texer, KIeTKa
OeniHyiHIE XPOMOCOMAJIBIK abeppanusiiap XKoHe MOP(OIOTUSIIBIK ©3repriluTiKTep TyFbI3abl. COHIBIKTaH,
kanMui Ty36IHBIH 0,01% KoHIEHTpaIusachl Ongaiaarsl ©3reprilliTiKTiH MIEeTiH KCHEUTY YIIiH ONTHMATIhIbI
KOHIICHTpAIIMSI PETIH/IE aJIbIH/IbI.

Hunk ty3eiabIH 0,1% xone 0,01% eprinainepi eCKiHHIH 6CyiH TeXereHiMeH, KIeTKaHbIH 0eJiHyi MeH
MOPQOJIOTHUSIIBIK OeNTiepiHae aWTapibIKTail e3repic Oepmeni. bapiblk copT moHI XJIOPIBI KaJIMHHIIIH
0,01% eprirmiciMer Oip MOpTE OHICIII.

KazaxcraHnckast 3 COPTBIHBIH XJOpJABI KaaMuil jxoHe xiopiel UuHKTIH 0,01% epitinainepiMen
OHJICNITEH JIOH OCKIHIHAET MEPHUCTEMAIIBIK KJIeTKaIapIbiH OeliHy OelCeHIUIIriH 3epTTey YIIiH Oakpuiay
COpTHI MeH opOip BapmanTeiHAaH 500-I€H acTaMm KJE€TKara IUTOJIOTHSUIBIK TalAay >KYPTi3UIil, MHTO3IBIK
WHJICKC ecenTeiui. XUMHUSIBIK KOCBUIBICTAPMEH OHJICJITCH BapHAHTTAPIbIH IMIHAE XJIOPJbI IUHKTIH
0,01% eprinaiciHeri KIeTKanapslH OeliHyiHiH opramia Oeincenmimiri (4,754+0,05) xmopabsl kaaMUAMEH
eHaerenre (2,25+0,02) kaparanma xorapsl 0omapl (kecte A-1). KimerkanslH OeniHy OeICeHAUTIr €Ki
BapuaHtTa Jia OakeuiaymeH (6,61+0,02) canblcThipFania TOMEH KopceTKimTepiMeH cunaTrtansl (1-kecre).

1 kecre - XJI0pJIbl KaIMUI MEH XJIOPJIbI LIMHK KOHIICHTPALMSAChIHA OaiIaHbICThI
KazaxcraHckast 3 COPTHIHBIH MEPUCTEMAIIBIK YIMAChIHAAFbI KICTKaHBIH MUTO3/IBIK OCICeHALTIr

Toxipbue Kapanran Kepinren MWuTOo3aBIK Muto3 Ke3eHi
KJIETKaap MHTO371ap HHJIEKC npodaza Mmeradasa anadaza

CaHbl HaHbI3bI CaHBbI % CaHBbl % CaHBbI %
bakpuiay 523 177 6,61 +0,02 102 0,19 46 0,08 29 0,05
ZnCl, 0,01 654 127 4,75+ 0,05 63 0,09 26 0,03 38 0,05
CdCl, 0,01 549 86 2,25+0,02 15 0,02 31 0,05 40 0,07
CdCl,+ ZnCl, - - - - - - - - -
ZnCl,+ CdCl, 589 70 0,54+ 0,03 35 0,05 24 0,04 11 0,01

Bys1 XUMUSITBIK KOCBUTBICTAPIBIH Oip KaTaplarbl Ty3Fa JKaTyblHa KapamacTaH, KJICTKaHbIH O6JiHyiHe
TYPJIi acep eTeTiHir OalKaasl. XIIopJbl IMHK 9CepiHeH KIIETKAHBIH OOiHY OeICEeHAITIT] KblnaMmaaca,
aJ1 XJIOPJIBI KaJMHH ocepiHeH KIIETKAHBIH O6IiHY KapKBIHBI TEXKEI I, SFHU OHBIH OCIMIIKKE 3USHIBI ocepi
Oap. CoHBIMEH KaTap, OipJecKeH eKi TY3AbIH ©CiMIIKKe 9pTypii OaFrbITTarbl ocepi Oaiikamisl: Oipinmi
OarbITBIHIA TYKBIMIBI QJBIMEH XJIOPJBI KaIMHWUIIH CyJaFbl epTiHAICIMEH 5 caraT eHJIeTeHHEH KeHiH,
JMACTHIIBI CYMEH IMMANBUIBIN, KOCBIMITIA 5 caFaT XJIOPJIBI IWHK €PTIHAICIHAe YCTaNIb. EKiHII OaFsITRIHAA,
KepiCiHIlle, OHACYyre aJIbIMEH XJIOPJbI IUHK alblHIbl. EKi OarbITTarbl ©HICYIH OIpiHIIICI ©CIMIIKTI
ecipMeli TacTaca, EKiHIIIICI KIETKaHbIH 06JIiHY OCJICCHILTITIH TEXE/I.

Toxipubene kommanran xiopnel kKagmuiaiH 0,01% KOHIEHTpaIusChl MepHCTEMaNbIK KJIeTKa
OemiHyiHae abeppalis TYIbIPAbL: SKi-YIII SAPOJIbI XKOHE SIPOCHI3 KIIETKAJIAp, XPOMOCOMAa/Iarbl aXpOMaTHH
Kinmenepiniy Oy3buTybl, aHadaszagarsl Kemipiep, CaKHHamap.

Xnopinel kagMuiig ocepiner Kazaxcranckas 3, lllarana coprrapslHbiH M2 ypriarblHAa BEeTeTalus-
JBIK Ke3¢Hi OakplIayra Kaparanmaa 15 - 17 KyHre Kemrikri.

[Tarama xone Kazaxcranckass 3 copTeiHBIH M3 xoHe M4 TYKBIMBIHIA BETETANUSIBIK KE3CHIHIH
Y3aKThIFbl OaKblIay BapUAHTHIMEH CaJBICTBIpFaHAa 2-3 KYHre Kemieyunaemi. OCIMAIKTIH OHTOTeHe3Ieri
ocim, XKETUTYIHIH TeXeTyl Kelleci TYKbIMFa TYPaKThl OepiireHiMeH, OHBIH OYJT KaCHETTEePiHiH KOPiHy IIeTi
CHIPTKBI OpTa KaFJaiibiHa OaFBIHBIIITH €KEHIIT] KOPIH/I.

Tex Jlroreciienc 32 COPTBIHBIH ©3repreH OCIMJITIHIH MacakTaHy KOHE MICY KE3CHJIEpi aliFailikbl
coptner Oipmeéi Oongel. bipae Oip MyTaHTTHI JTHHHUSAIAPIBIH TOJBIK IMICIMT-KETIMy Ke3eHI Oakbuiay
COpPTTapbhIMEH CaJILICThIPFaH/Ia epTe OacTaaMaibl.

MyTaHTTBl TUHHUSIAPALIH M2-M4-Teri MacakTaHy jKOHE IICY YaKbIThIHA (PEHOJOTHSUIBIK OaKbLIay
HOTYDKECIH/IE, OCIMIIKTEePAiH JaMy XbUIIaMIBIFBl AJFaIllKbl COPTTAPMEH CalbICTBIPFaHAA Kell MiCeTiHi
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Oarikannel. EpTe miceTiH MyTaHTTapFa KbICKa cabaKThl CKBEpXeITep, KOMIAKTOMATAp, MYpTIIAIbl, MYpPT-
IIachl3 CUPEK MacakKThlIap, aj Kell miceTinaepre (4-8 KYHre) HWIHHAP JKOHE THIFBI3 MAacaKThl JTHHUSIIAD
xatTel. COHBIMEH, KaJJMHI TY3BIHBIH 9CEpiHEH JKYMcaK Ouail AoHIHIH OHIN - )KeTinyl Oakpulay BapHaHT-
TapbIMeH canbicThipranna M1-M2 ypnakrapeinga 1-2 anrara texence, an M3-M4 ypnakrapeinga 3-4 KyHre
TEXEN.

Toxipube BapuaHTTapbl JOHIHIH OHYiI MEH OCIM-)KETUTyi TEHOTHIl epeKIIeNiriHe JKOHE OpTa >Kar-
JaiiblHa OaFbIHBIIITHL. AYBIp METaJUI TY3bIHBIH acepi TeK Oip Ke3eHIi KaMThIMai, OapibIK Ke3eHIe
OCIMIIKTIH OCil, TaMybIHa dCEPIiH THTI3ETiHI TOKipHOe OapBICHIHAA TOJICIICH .

Cenekuusi MOJIeNi YIIIH JKbUIAM ICETIH, aypyFa Te3iMIli, ©HIMJi, camachkl KOFapbl COPTTapIbl
HIBIFapy YILIIH CaHABIK >KOHE calalblK OeNriliepliH TeHETHKAJbIK TaOWFaThiH OPTYPIl CEeNeKIHSUIBIK
napameTpiiepAi KOMIUIEKCTI 3epTTe€y apKbUIbl FaHa >KOFApbl HOTMXKETe JKETYIe JKOHE aJlFallKbl KYHbI
MaTepHalIIsl OyAaHIaCTRIPY YINiH CYPHITITAN anyFra Oomanbl. MyHmait KYHABI COPT Typiiepi MEH opTypiIi
reH jkyileci OOMBbIHINIA HM30TCHII JUHMsUIAD ENIMI3JIH KyMcak OujalijaH TEHJIIK KOPBIH >KHMHAKTayFa
MyMKiHAiK Oepeni [10-12].

Kazaxcranckas 3 sxome Illarama copThlHaH e3repreH OeiTiepiMeH OCIMIOIKTEepAl aFamrKbl
COpTTapMeH, TalAayIsl Oy aHIacTeIpy XKyprizinmi. Kazaxcranckas 3 COPTHIHBIH 3€pTTENTCH OeNTiIepiHiH
e3repreH jKoHEe KapamaibiM ecimuikrepre axbipaybl 1:1 Oomnbim, F, TykpimbiHma 3:1 KaTbIHAachIHOA
XBIpaysl MyTaHTTHI OCNTUIepAiH MOHOTCH TI TYKBIM KyaJTalTHIHABIFBIH JOJICTACHII.

[larama COPTBIHBIH TBHIFBI3 MAaCaKThl XOHE JKambIpaK KYJIAKIIACKIHBIH KOHBIP KOIIKBUT TYCiMEH
OCIMIIKTEPIH aNfamkel COPTIEH Talgaylibl OyJaHOacTHIPY HOTHIKECIHJAE, KaJBINTHl JKOHE ©3repreH
eciMIIiKTepaiH MBIFBIMBI 1:1 Gombm, F, - me 3:1 kaTeiHACKIHA aXKbIpajbl, SFHA MYTaHTTHI O€Ti MOHOTEH/I],
JOMHUHAHTTBI TYKbIM Kyanainsl. KepiciHiie, ca0akTbIH TYNTEHYI MEH MAacakTblH y3apybIHAaH TaJlJayIlbl
Oynmannmacteipy HoTmxkeci 3:1 KaTelHAckIHA, an F, momynsmusceinaars! axeipay 15:1 xxone 13:3 karbiHac-
TapbIH KepceTTi (2- kecTe).

bynan MyTaHTTBI JUHMSUTAPABIH KENTipiIreH OenTiepiHiH KypJeni, aulelbll eMec T'eH ocepiHeH
(TTosmUreH 1l )KOHE SMHUCTA3/bl) TYKBIM Kyallal THIH/IBIFBI aHBIKTAJIBI.

larana copteiHan e3repreH Y3bIH (16 cM), ThIFbI3 MacakThl (0,80) ecimMuikTi Oakplay COPTBHIHBIH
(0,50) mpu3ma Topizi eciMIiriMeH OyTaHAACTHIPY HOTHIKECIHAE, OHBIH JKa3IbIK THITI (VIN TeHiHEeH) KY3/IiK
tumine (Vrn reHiHe) aybICKaHbl aHbIKTa bl JKa3abIK ericTiKTe MacakTaHOai TYNTeHy KajlblHAa KajaFaH
eciMIIK caHbl TOpTEY OoJica, OHBIH Oipeyi MacaKTaHBII, OHIM Oepi.

2 xecte - Kazaxcranckas 3 sxoHe Illarana coprbiHan esrepren 6enrinepaid, BCy F, TyKpIMbIHzIa axbIpaybl

My ranTTapabin MyTaHTTap MeH KapamaibiM eCiMAIKTep/IiH KaTbIHACKI

¢bopma Genrinepi BC,, F,
T i1 daxrimk TeopHsuIbIK XZ daxTimik TeopHsitbIK xz
MacakTbIH Y3bIHBIFbI 27:25 1:1 0,06 188:57 3:1 0,40
Mypriiacel3 Macak 32:29 1:1 0,04 168:48 3:1 0,89
KoHpIp Komkeu1 cabak 10:13 1:1 0,20 126:32 3:1 1,89
JKamsIpakThIH TYKTiTir 8:10 1:1 0,20 112:28 3:1 1,87
Jlunus JI3 22:20 1:1 0,90 118:31 3:1 1,38
CabaxTbIH Ti3eneHyi
CabaKThIH TYNTEHY CaHBI 45:13 3:1 0,20 120:5 15:1 1,14
MacakThIH Y3bIHIBIFbI 45:18 3:1 0,42 223:51 13:3 0,00
JKarnpipak KyJ1aKIIacbIHBIH 19:23 1:1 0,38 97:29 3:1 0,26
KOHBIP KOIIKBUI TYCI
THIFBI3 MacaKThl 33:31 1:1 0,06 85: 54 3:1 1,38

O3piriHeH TO3aHAaHFaH ©3repreH OCIMIIKTIH ypHarbl Ky3AiK ericTiKTe >Kammaid MacaKTaHFaHbIHA
Kaparanna lllarana cOpTBIHBIH JaMy >KbUITaMIBIFBIHA KayanThl T€H TeTepoauienbai — Vrn, Vrn,vnvrn,
TCHOTHIIIHEH TYPATHIHIBIFBIH, siFHU [llarama copThIHBIH opi KY3MiK Opi JKa3JbIK JKaFjaiira OeHimienreH
JlaMy TUIIMEH epeKIIeICHETIHAITIH T

ConbIMeH, KaaMHUH TY3BIHBIH ocepiHeH Kazaxcranckas 3 cOpTBIHAH IIBIKKAH MYTaHTTBI ©CIMIIK-
TepAiH TEHOTHUIII MEH ©3repreH OCNTiHIH JOMHHAHTTH TYKHIM KyaJlayhl TalAaylisl OyAaHIacThIPy HOTH-
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KeciHme Oenrimi Oosca, anm F,-ge MyTaHTTBI OenTiNiep[iH Hemle TeHMEH TYKbIM KyallalThIHIBIFBI
AHBIKTAJIIBI.

Illaranma COpPTHIHBIH TKiIpUOe BapuaHThIHAA F, yprmakrarbl axkblpay caOaKThIH TynTeHyiHeH 15:1,
Macak Y3bIHIbIFbIHAH 13:3, an Macak THIFBI3ABIFBIHAH 9:7 KaThIHACTAPBIHA COMKEC KEJil, ajlieibli eMec
rerHiH kypzeni lllarana xone Kazaxcranckas 3 TyksIM copTel M1 MyTaHTTHI OenriiepiHiH (cabaKThIH
OYBIHBIHBIH KyaHIaHYBI, CA0aKTHIH Ti3eleHyi, TYNITeHY1, JoH (OpMachl, MaCaKThIH TYCl, MYPTIIATBIIBIFH)
KAacHeTI PEIUIPOKTHl OyJaHIACThIpy OaFbITBIHA OaiJIaHBICCHI3 ©3repMeil TYKbIM KyaJlalThIHIBIFBI
OaliKanabl.

OCIMIIKTEpIiH AaMy THUIIH AKCIEPUMEHTAIBIBI TYpAe KY3MIK JKOHE JKa3IbIK THUIKE IOJIIKICH
IIEKTEeY KubIHFa corajibl. KeOiHece Oyl mieK TaKipuOe ©TETIH OopTa KarjalibiHa OalaHBICTBI OMIaiIbIH
BEreTAlUSIIBIK KE3CHIHIH Y3bIHJIBIFBIMCH aHBIKTaNaAbl. bysl Imek aya-paiibl jkarnaiibiHa OalTaHBICTHI
ayBITKBIT OTBIpanbl. COHIOBIKTAH, YKA3IbIK JKOHE KY3MIK IIETiH IOTIKIECH aHBIKTAWTBIH 3KIMPECCHBTLIITI
TOMEH Vrn2 TeHiHEeH Ka3/AbIK Ouail COPTHIH KCIEPUMEHTKE KOJIJIAHBII, ajFallKel cabaK cany Ke3eHiH
aHbIKTay KaxeT. JKa3/plk Ouail COPTHIHBIH TCHOTHIII Ke3-KeIreH JOMUHAHTTHI VN IeHIMCH aHBIKTaNIaIbl,
aln Ky3ZiK copTrap OapiblK IOMHMHATTHI JokyctapiaslH /Vml Vrnl V2 Vm2 Vm3 Vm3 Vm4 Vrmé/
PEIeCCUBTI ajuTeliMeH aHbIKTaIab! [14].

Keneci manp3ael xkyihe — ppd nokycel /photoperiod-GoTonepruoaThIK KYHHIH Y3aKTBHIK €3repicine
aptypai acepi/. Vrn reHotunTepi Oenrini-0ip opTa KarmaiblHIa aMy KbIIIaMIIbIFbl OOWBIHIIA SPTYPIIi-
JKTI KaMmTaMacki3 ereni. COHBIMEH KaTap sApoBH3aIusa MeH (DOTOTEpHO peaKIMsIChIHA OalIaHBICHI KOK
TeHETHKAIBIK OPTYPJIUTKTIH Oeniri Oap exeHuiri ansikramubl. On Vrn skoHe ppd jokycrapsl OoibIHIIA
Oenrini 6ip reHotunTiH 4 KyHHEeH 10 KYHre JEHiHT1 apajbIKTarbl aliblpMaIIbUIBIKTEL aHBIKTAUTBIH XKYHe,
SFHU TEHOTHUIIKE TOH JaMy >KbUIIaMJBIFBI IETeH YFBIM. VIn KyieciHeH pereccuBTi Jokyctap Vrnl, Vrn2
XkoHe Vrn3 TYmKUTiKTI 3eprrenreH reHaep. Omap SpOBU3ANUSIBIK PEAKIUSHBI AHBIKTAHIBI, KY3MIK
COpTTapFa ToH koHe ppd reHaepiHeH apTypiii Oonaasi(3-kecre).

Vrn renaepi OoipiHma Oip Hemece OipHelle AOMHMHAHTTHI ajlieNIbAEPAEH TYpPaThIH JKyHe TeMEeHTi
TeMIlepaTypara SpOBHU3AIMIAHYIbl KapThUIal HEMece TOJBIK Texeimi. MyHmali reHOTHIITepre >Ka3ablK
copTTap ToH, ojap na GhoTomepuoa Kyieci OOUBIHIA albBIPMAIIBUIBEIFEI 0ap. Eki TeHeTHKANBIK KyHeneH
/mamy tuni Vrin - ¢oTtokeszeH ppd/ TypaThlH FeHOTHIITEP €KIKAKTBUIBIK KacHET KOpceTei, api KY3IiK, api
JKa3mpIK JaMy THIIH CHIIATTaiasl. MyHOal#k TOMO3WTOTTHI TEHOTHIIKE Vrn2 JIOKYChl OOMBIHIIIA
JMIOMUHAHTTHI, 0J1 0acKa JIOKycTapJaH €Ki cuctemMa OOWBIHIIA Ja pereccuBTi reH ToH — Vrnl Vrn2 Vrn3

ppdl ppd2 ppd3 [12].

3 kecre - Cenekuusia OyIaHIacTHIPBUIFaH COPTTAp/IbIH OCKEH KYHHEH Oacrarl,
MacaKTaHyFa JCHiHI BereTallisUIbIK Ke3eHi

Coprrap Ce0y kyHi OCKIHHIH IIBFY KYHI BupaiineiH MacakTaHy KyHi
Kazakcran 3 15.04 21.04 12.06
Kazakcran myranr 3 15.04 21.04 10.06
JIunus 1 15.04 21.04 14.06
Ilarana 15.04 21.04 14.06
Jlunans 2 15.04 21.04 21.06
JIunus 3 15.04 21.04 21.06

Kenreren aBTopzpiy aiitywsiHma [5,10], Vrnl reHiHe TypaThliH cOpTTap SPOBH3AIMSUIIAHYBI KaKET
erneimi, xeuigam miceni. Kazakcran 3, Jlunus 1, Jlunus 2 coprrapsl Vrinl TeHIHEH TYpaasl, SFHH Oy
JIOKYC KbUIIaM TICYZl aHbIKTalabl, anaiiga onap 21-mayceiMaa macakraaasl [3J] kecte], an KanFaH coprt-
TapJIbIH epTe MmicKeHi alkpiHaanapl. Cipa, OYJ1 copTTapia MacakTaHy bl TEXEeT OThIPaThiH ppd TeHi 00Iybl
MyMKiH. Ppd jokycel hoTokeseHi kepceTemi. byl ke3eH KYHHIH Y3aKThIFbIHA OaiIaHBICTHI OCII IIBIFY,
MacakTaHy Ke3eHJIepiH Texeyre acep ereTiH reH. Kes-kenren coptka acep ermeiini. Ppd reHinin acepi
Oenrini O6ip reHoTunke OainansicTsl [4]. 3eprrey HoTmXKecinae Kazakcran 3, Kazakcran myTaHT 3 copr-
tapel Vrn 1, Vrn 3 renzgepinen typanmel. An Illarama coprrapbl Vrnl, Vrn2 TeHiHEH TYpaTBIHIBIFI
aHpIKTaIABl. Vrnl, Vin3 reHiHeH TypaThlH COPTTap JKbUIAaM MICETIHAITH KepceTeai. Afaiaa ojgapablH
0ip-OipiHeH MacaKTaHy Ke3eHi OOMbIHIIA ©3Temieniri OOab.
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TEHETUYECKHWI AHAJIW3 TUIIOB PA3BUTHSI MYTAHTHBIX JUHUN
OT COPTOB MAI'KOU ITIIIEHUIBI

Annoranus. Cpequ 3epHOBBIX KyJbTyp 0c000€ MECTO 3aHMMAeT IIIEHWIAa KaK OCHOBHON KOPMOBOW HpPOIYKT
YeJI0OBEYECTBA U B COBEPILEHCTBOBAHUU JKOHOMMKM CTpaHbl. OCHOBHas 3ajladya CElEKLIUH — BBINYCK LIEHHBIX COPTOB
MIIEHUIIBI, COCTOSILEr0 M3 OOBEAWHEHHs LEHHBIX IPU3HAKOB, YCTOMYMBBIX K HEOJIAroNnpHATHBIM YCIOBHSM BHELIHEH
Cpelbl Ppa3IMYHbIX NPUPOIHO-KIMMaTHueckux 30H Kazaxcrtana. IlepcriekTuBbl NpPUMEHEHHMs MyTaHTa B IIpolecce
ruOpuaM3alMy MPOSBISIOTCS B JOCTIKEHHUSX MHPOBOM M OTEUECTBEHHOH CENIEKIMH. BIMsSHHE pa3M4HBIX PacTBOPOB
XMUMHUYECKUX COSNUHEHHH Ha PacTHTENBHOCTh HAONIOANoCh C MEPBBIX IHEH B pocTe 3epHa. POCT mepBOHavalbHBIX
HOPOKOB CEeMsIH, OOpaOOTaHHBIX OIPENEICHHBIM PAacTBOPOM XJIOPHCTOrO Kaamus U xjopucroro imuka — 0,01%,
AaKTUBHOCTh pAa3ZIeJIeHHUsl KIETOK W CTPYKTYPHbIE HapyIIEHHs XPOMOCOMBI INPOSBUIMCH H3MEHUYHMBOCTBIO B COPTOB
Kazaxcranckas 3, lllarana, XKenuc u Jlrorecuenc 32.

IIpu 00paboTke Cyxoro 3epHa HIIEHUIBI ¢ KoHIeHTparued 0,1% XIopHCTOro Kaamwus, pOCT MOAPOCTa IPHBEN K
neranbHOMY cocTosiHuio, 0,01% caepskuBain poct noxpocra Ha 4 qust, a B pactBope 0,001% ObUTH OMHAKOBBIMH TEMIIAMU
pocTa KOHTpoJbHBIX 3epeH. Hanportus, 0,1% BepTHKaIbHBIA pacTBOpP XJIOPUCTOTO LIMHKA CAEPKUBAJ POCT IOAPOCTA Ha
1 nepemo, 0,01% Ha Tpu THS.

W3 uccrnenoBansbix koHueHTpanuit 0,01% pacTBOp XJIOPHUCTOTO KaaMHUS CHIEpXKHMBAJI POCT MOJPOCTa, BBI3BAI
XpOMOCOMHBIE abeppaliui ¥ MOpPQOJOrHMYEeCKHEe HW3MEHYMBOCTH B BBIJCICHUU KIETOK. [l03TOMY KOHIIEHTpauus
kagmuiickoi comu 0,01% B3siTa B KauecTBe ONTUMAIbHONW KOHLEHTPALMU AJs pacIIMpeHHs Ipejesa M3MEHYHBOCTH B
TIICHHIIC.

B cBs3M ¢ 3THM B HCCIEIOBaHWU ObUIO ycraHoBieHo, 4Tto 0,01% pacTBOp XJIOPHCTOTO KaaMHs SBISETCS
3¢ (GEeKTUBHOM KOHIICHTpAIKEH, pacIIMPSIONICH MpeIesibl U3AMEHUYHUBOCTH IMIICHUIIBI. BisHHE pacTBOpa B 3TOM KOJHYECTBE
MPUBOAUT K MOP(OIOTHIECKUM H3MEHEHHSIM B PACTCHUSX (KPOILIKA CTeOIs, YATHHEHNE KOJIOChS, YBEIHICHHE KOJTHIeCTBA
M Macchl 3epHa B TOJIOBHOM Kojoce, yBenuueHue Maccbl 1000 3epeH W T. J.), U3MCHCHHBIC MPU3HAKU MOCTOSHHO
HacnencTByoTcsl B moromctBax M1 — M4. IMonydensr myrantaele juHuu JI1, JI2 u JI3, ornuyaromuecs HEHHBIMUA
celeKoHHbIMUA Tosica nof BiusHueM 0,01 mpoueHnTHOro pacTtBopa KagMmHuitHOW coim Ha copra Kasaxcranckas 3 wu
[arana. beu1 npoBelieH TeHETHYECKUI aHAJ M3 THIIA PA3BUTHUS ATUX M3MEHEHHBIX JMHUH, B pe3ylibTare KOTOporo ObLIO
YCTaHOBJICHO, YTO B pe3ylibTaTe cKpemmBaHus u3 copta lllarana ¢ usmenenHoi anuuaHOU (16 cM), utotHoi KomocoBoi
(0,80) pacturenpHOCTH ¢ npU3MO0OpaszHoi pactutenbHocThIO (0,50), ee neTHUH THM (M3 TeHa VIn) Ha O3UMBIH TUI (TeHa
Vrn). B pesynbrate wuccienoBaHHs YCTaHOBIEHO, 4yTo KaszaxcTaH cocTouT W3 3-X coproB MyTaHToB Kasaxcrana,
3-x coproB Vrn 1, Vrn 3. Taxxe BbisicHHIOCH, uTo copTa Lllarana cocroar u3 renoB Vrnl, V2. Copra, cocrosmue u3
reroB Vrnl, Vrn3, yka3piBatoT Ha ObIcTpoe co3peBanue. OHAKO OHHM OTIMYAIUCH APYT OT JpyTa 1Mo (a3e WKINBCHYSCTBA.

KuroueBble c10Ba: NILIEHUIIA,COPT, MyTaHT, U3MEHYHBOCTb, JIMHUSI.
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GENETIC ANALYSIS OF THE TYPES OF DEVELOPMENT
OF MUTANT LINES FROM COMMON WHEAT VARIETIES

Abstract. Among cereals, a special place is occupied by wheat as the main food of humanity and in improving the
country's economy. The main task of breeding is to produce valuable wheat varieties that are stable to the unfavorable
external environment of various natural climatic zones of Kazakhstan, consisting of a combination of valuable features.
The prospects for the use of mutants in the process of hybridization are reflected in the achievements of world and
domestic selection. The effect of various solutions of chemical compounds on the plant was observed from the first days
during the growth of wheat sprouts. The growth of the first sprout of seeds treated with a certain solution of cadmium
chloride and zinc chloride - 0.01%, the activity of cell division and structural disorders of chromosomes were manifested
by variability in the varieties Kazakhstani3, Shagala, Zhenis and Lutescens 32.

When treating dry wheat grain with a concentration of 0.1% cadmium chloride, it brought the growth of the Sprout to
a lethal state, 0.01% inhibited the growth of the Sprout for 4 days, and in a 0.001% solution, the growth rate of the control
grains was the same. On the contrary, a 0.1% vertical solution of zinc chloride inhibited the growth of the Sprout for
1 Week, 0.01% for three days.

Among the studied concentrations, a 0.01% solution of cadmium chloride inhibited the growth of sprouts, causing
chromosomal aberrations and morphological variability in cell division. Therefore, a concentration of 0.01% of cadmium
salt was obtained as an optimal concentration to expand the limits of variability in wheat.
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In this regard, in our study, it was found that a 0.01% solution of cadmium chloride is an effective concentration that
expands the limits of variability in wheat. The effect of this amount of solution leads to morphological changes in the plant
(Binding of the stem, elongation of the earlobe, increase in the number and weight of grains in the headlobe, increase in the
weight of 1000 grains, etc.), and changes in the characteristics of the M1 - M4 offspring are constantly inherited. Mutant
lines L1, L2 and L3 differ in valuable breeding characteristics under the influence of a 0.01 percent solution of cadmium
salt were obtained for the Kazakhstanskaya 3 and Shagala varieties. A genetic analysis of the type of development of these
altered lines was carried out, as a result of which a long (16 cm) dense ear (0.80) changed from the Gull variety to a
prismatic plant of the control variety (0.50), as a result of hybridization, its summer type (from the vrn gene) to the autumn
type (Vrn gene). As a result of the study, Kazakhstanskaya 3, Kazakhstanskaya mutant 3 varieties contain the genes Vrn 1,
Vrn 3. Well, it was found that Shagala varieties consist of the genes Vrnl, Vrn2. Varieties containing the genes Vrnl, Vrn3
show rapid maturation. However, they differed from each other in the period of intoxication.

Keywords: wheat, variety, mutant, variability, line.
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BIODIVERSITY OF THE MICROFLORA OF THE SALT LAKES
DZHAKSY-KLYCH AND BUGA-DZHAILY

Abstract. The article illustrates the results of microbiological and chemical studies of samples of salt lakes in
the south of Kazakhstan, such as Dzhaksy-Klych and Buga-Dzhaily. It was found that the samples from the bottom
of the dried up Small Aral Sea are dominated by ions of magnesium, potassium, calcium, iron and copper. Moreover,
the presence of pesticides was revealed: acetamiprid, fenhexamide, folpet-like compounds, tetrahydrophtolamide,
which are used in the agro-industry. Samples of Lake Dzhaksy-Klych were isolated from different layers of halite,
magnesium, and sulfate salts. Salt-containing raw material of Lake Buga-Dzhaily contains 96.0 + 8.9 wt.% NaCL,
the content of magnesium ions ranges from 0.17 = 0.01 -4.01 £ 0.0 wt.%, The presence of sulfur is within
0,26 + 0.02%. 1.71 + 0.12 wt%. The amount of heavy metals is below the permissible concentration. It was found
that the increased content of magnesium in the samples proves the presence of mixed sodium-magnesium layers. he
number of heterotrophic microorganisms in the samples of salt lakes is approximately 103-104 CFU/g,
enterobacteria -103 CFU / g, micromycetes in the amount of (6.0 = 0.5) x 103 CFU/g g were found only in the
sample of sulfate salts and silt sampled at a distance of 1.0 m from the coastline. The distribution and density of
microflora on the coastline indicate an increased anthropogenic factor due to salt extraction.

Key words: salt lakes, salt-containing raw materials, microflora, heterotrophic microorganisms, micromycetes,
pesticides.

Introduction. Continental salt water bodies differ markedly in chemical and microbiological
composition, while the seas are similar in this composition. The composition of these waters directly
depends on the geological, climatic and biogeochemical conditions and can be neutral, alkaline and acidic.
Salt water bodies are poor in the presence of microorganisms. Moreover, the variety of these organisms is
limited. Continental salt water bodies are often confined to areas with an arid climate, for example, in the
south of Kazakhstan.

Numerous studies show a low level of biodiversity of microorganisms, which are widespread in the
water itself and the coastal area. Most organisms, adapting to extreme conditions, begin to adapt at
the cellular and functional levels [1,2]. Such changes have been investigated for further industrial
application [3].

According to the chemical composition of some sodium salts, salinization of water can be sulfate,
chloride, soda or mixed, with the most harmful effects of Na + and Cl- ions. The salinity of water is the
main factor in the adaptation of aquatic organisms to environmental conditions. Adaptive mechanisms are
based on the regulation of the concentration of ions in the intracellular fluid and its osmotic pressure [4,5].
The concentration of inorganic ions in the aquatic environment can vary over a very wide range, which
leads to an increase in the ionic gradient between the body and the environment.
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The maintenance of osmotic pressure inside the cell under conditions of different salinity of the
aquatic environment is carried out by two mechanisms: a change in the concentration of organic
osmotically active substances in the cytoplasm and a change in the content of inorganic ions in it [6,7].
The molecular aspects of adaptation of prokaryotes to changes in the salinity of the aquatic environment
have been established [8]. According to [9, 10], NaCl in concentrations higher or lower than optimal, but
still within acceptable limits, can play the role of a stress factor that causes morphophysiological and
behavioral changes in organisms. The influence of salinization of water bodies on the stability and change
in the structure of the population of organisms of aquatic organisms has been established [11,12,13].

On the other hand, in studies by Loukas et al. shows that the salinity level of the reservoir is a less
significant limiting factor than expected. The formation of biocenoses of salt water bodies is influenced by
a combination of factors such as pH of the environment, oxygen content and ionic composition of water,
anthropogenic impact, hydrological and geographical characteristics of the reservoir, and paleoclimatic
parameters [14,15,16, 17]. The influence of climatic conditions on the landscape is shown in the work on
the basis of a model of biological and ecological productivity of landscape systems of the South
Kazakhstan region, including Almaty, Zhambyl, Turkestan and Kyzylorda regions using long-term data
from 32 meteorological stations located in the region [18].

In this regard, the purpose of the study was to study the effect of saline raw materials on the
biodiversity of microflora in the Dzhaksy-Klych and Buga-Dzhaily lakes located in the south of
Kazakhstan.

Objects and methods of research. As a research objects were used salt-containing raw from lakes
Dzhaksy-Klych and Buga-Dzhaily: halite, halite-sulfate, sulphate, sulphate-magnesium salt, brine, surface
brine (halite layer), brine (sulfate formation) etc.

Lake Dzhaksy-Klych —the biggest salt lake of the Caspian lowlands located in the Aral sea region.
The lake is of marine origin and consists of two parts with an area of 18 and 58 km. The thickness of the
salt deposit is about 2 m.

Lake Buga-Dzhayly is one of the largest lakes in the system of salt lakes located in the Suzak district
of Turkestan region. Every year, up to 150 thousand tons of table salt is extracted by open method.

Sampling was carried out in accordance with GOST 33770-2016. Samples were taken from the
Dzhaksy-Klych Deposit by “ONYX-R” LLP and the authors of the article; from the Buga-Dzhaily
Deposit- by “As-Dinar” LLP.

Microscopic studies were performed using "Tauda" and "Mikmed-5" microscopes, light microscopy
methods.

Microorganisms were isolated and cultured on the appropriate nutrient media: heterotrophs - on MPA,
micromycetes - on Chapek medium, enterobacteria-on Endo-Ploskirev medium. Haloresistance of isolated
cultures of microorganisms was determined by their ability to grow at various concentrations of NaCl
from 0 to 20%.

In the study of sulfur-containing raw materials, a mass spectrometer with inductively coupled plasma
was used, the elements were determined in accordance with ST RK ISO 17294-2-2006. Chemical analysis
was carried out according to GOST 13685-84.Research conditions: temperature-250C; humidity -83.0%;
pressure-714 mm Hg.

Statistical processing of the results was performed by calculating the arithmetic mean and the
standard deviation. All determinations were carried out in 3-and 5-fold repetitions. The data was processed
using an IBM Pentium personal computer based on Excel application software packages.

Research results and discussion. To use salt-containing raw materials from two salt lakes in the
South of Kazakhstan as bases for cosmetology products, it was necessary to make sure that they were
harmless to human health. In this regard, physical, chemical and microbiological studies were carried out.
In previous studies (Aladin et al., 2008), it was found that the content of sulfates in the Aral sea salts
exceeds 31% (of the total amount of salts), and sodium chloride is only 54%. The ionic composition of the
salts is as follows: sodium - from 2.83 to 13.73%; sulfate-ion-7.5-30.14; calcium - up to 1.08; magnesium-
3.03; potassium-0.93; carbonate-ion-0.18; chlorine-2.09; water - up to 55.23%. The analysis of the
elemental composition of salt samples taken during expedition trips in 2019 from the dried bottom of the
Small Aral sea revealed the predominance of magnesium, potassium, calcium, iron and copper ions in
them (table 1). The chemical composition of the Aral salts belongs to the chloride group, although in some
cases there are also deposits of sulfide compounds, while the proportion of sodium chloride in samples
from 15 sampling points is 89.98%, and sulfates-no more than 2.0%.
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Table 1 — Chemical composition of salts of the bottom of the Small Aral sea (main components)

Elements Mas. % mkg/1
B 0,001039747 593,7200
Mg 0,046351029 63073,6600
Al 0,003912761 78,0350
P 0,005430454 203,2210
K 0,018169232 11514,1000
Ca 0,236304506 67786,4576
Ti 0,000126723 5,2341
Fe 0,025324563 1263,2342
Cu 0,002123332 2132,5411
Zn 0,002343253 3,1234
Ag 0,000045364 2,2534
Co 0,000012432 0,3243
Ba 0,0006243001 7,2364
Cr 0,0034524321 32,4323
Ni 0.000254364 4.6300
Mo 0.0000354231 15,6534
Na,SO, 1,89 1,98 g/l
NaCl 89,98 1188,98 g/l

Due to the fact that the Aral sea region is characterized as an agro-industrial region where a variety of
pesticides are widely used for agricultural production, analyses were conducted for the content of
pesticides in samples of salt-containing samples. In the analyzed samples was not detected biphenyl,
diphenylamine, but is revealed acetamiprid, phenhexamid, pholpet-like compositions, tetrahydrofolate. In
total, about 400 active substances were searched on LC-MS/MS and GC-MS/MS. Almost all compounds
were found on GC-MS/MS, acetamiprid on LC-MS/MS. Comparing the detector responses (peak size), by
far the largest residue was found for phengexamide (a fungicide) used to protect against the gray mold
Botrytis cinerea in crops including strawberries, raspberries, or blueberries. Other substances are found
only in trace amounts.

In the average samples of lake Buga-Dzhaily salt, the pH of the salt solution did not exceed 6.34+0.5.
No lead, arsenic, zinc, or iron were found in the samples. Chemical analysis of averaged samples of salt-
containing raw materials showed that the NaCL content in the feed salt ranges from 96.68-98.06 wt.%; in
the food salt-92.88 — 93.94 wt.%; in the brine -26.13+0.01 wt.%; in the sedimentary silt -11.02 wt.%.
Elemental analysis showed the presence of magnesium ions, the content of which in the feed salt is in the
limit, wt.% -0.17£0.01; in the food salt-1.87+0.11; brine -4.01+0.0; sludge -0.79+0.0. In addition, all
analyzed samples revealed the presence of sulfur, the amount of which in the samples of feed salt was in
the range, wt.% -0.26+0.02; in brine-1.71£0.12; in silt sediment -0.49+0.0; in food salt, an increase in the
sulfur content to 0.98+0.05 was noted. The content of other elements, including heavy metal ions, is below
the safety limit. Analysis of the elemental composition of sample salt samples showed that in addition to
sodium chloride and sulfate (0.71-1.05% wt.) and insoluble residue (0.07-0.28% wt.) in decimal and
hundredths of % wt. boron, magnesium, potassium, and calcium are noted. The prevalence of magnesium
in these samples shows the probability of mixed sodium-magnesium layers in the Buga-Dzhaily deposit.

Microscopy of samples of surface brine and brine taken from the sulfate layer of lake Dzhaksy-Klych
showed the absence of living objects. Crystals of various sizes and cuboidal shapes were found. In the
brine taken from the halite formation from a depth of 0.3 m, in addition to cuboidal forms of salt crystals,
amorphous formations and a few amoeboid structures were found. The microflora is represented along
with small coccoid and rod-shaped motile bacteria and clusters of small convoluted motile
microorganisms noted earlier in the studies of E. G. Dobrynin(1984) of the Eupatoria solprom garden
brine.

As a result of microbiological studies, it was found that the number of heterotrophic microorganisms
in the samples taken from lake Dzhaksy-Klych ranges from 10* CFU/g. However, the number of
heterotrophic microorganisms increases to 10° CFU/g in samples of halite salt samples taken at a distance
of 3-5 m from the coastline. The smallest number of microorganisms was found in samples of sulfate salts,
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where the number of heterotrophic microorganisms was within the range of (4.2£0.3) x 10° CFU/g.
The number of enterobacteria in all samples ranges from 10° CFU/g. Micromycetes in the amount of
(6.0£0.5) x 10° CFU / g were found only in a sample of sulfate salts and silt taken at a distance of 1.0 m
from the coastline.

In samples of salt-containing raw materials of lake Buga - Dzhaily, the number of heterotrophic
microorganisms was in the range of 10* CFU/g, enterobacteria-10° CFU/g. In almost all samples,
micromycetes of 10° CFU/g were detected, with the exception of samples of deep silt and halite salt taken
from a depth of 1.0 m from the center of the lake. From the studied samples, taking into account the
morphological and cultural properties of microorganisms, 10 cultures of microorganisms were isolated,
the dominant part of which consisted of representatives of the genera-Micrococcus, Bacillus,
Pseudomonas. The genus Micrococcus is represented by three dominant species-M.luteus, M. roseus,
Micrococcus sp. Enterobacteria are represented by the species — Enterobacter sp. Micromycetes are
represented by the genera Aspergillus, Mucor, Penicillium, Fusarium. The presence of these taxonomic
groups of microorganisms and the nature of the distribution of microflora indicates the contamination of
the surface of salt-containing raw materials as a result of human activity.

Haloresistance of isolated cultures of microorganisms was determined by their ability to grow at
various concentrations of NaCl from 0 to 20%. As follows from the presented data, it was found that
M. roseus grows intensively on a medium with 3-10% NaCl, good growth is observed on a medium with
13% NacCl, and there is no growth on a medium with 17-25% NaCl. Micrococcus sp. it grows intensively
on medium with 3-5% NaCl, on medium with 10-17% NaCl it grows well, and on medium with 20-25%
NaCl there is no growth. M. [uteus and Bacillus sp. they grow intensively on a medium with 0-17% NaCl,
on a medium with 20% NaCl, good growth is observed, with an increase in the percentage of NaCl to
25%, there is no growth. Cultures of Pseudomonas sp. and Enterobacter sp. grow intensively on medium
with 3-10% NaCl, with an increase in the concentration of NaCl to13-17% culture Pseudomonas sp. it
grows well, with a further increase in the salt concentration to 20% or higher, the growth of this culture
stops, and the growth of Enterobacter sp. it is suppressed already on the medium with 17-25% NacCl.
Aspergillus sp. it grows intensively on a medium with 3-13% NaCl, on a medium with 17-20% NaCl there
is good growth, and on a medium with 25% NaCl there is no growth. Mucor sp. on the medium with 3-5%
NaCl, good growth is observed, in other variants, the growth of this culture is absent. On a medium with
3-10% NaCl Penicillium sp. it grows intensively, and good growth is observed in the environment with
13-17% NaCl. Fusarium sp. it grows intensively on medium with 3-5% NaCl, with an increase in the
percentage of NaCl by 10-13%, there is a good growth, and with an increase from 17% to 25%, the growth
is completely absent.

Conclusion. Thus, the results of physico-chemical and microbiological studies showed that the salt-
containing raw materials of the Dzhaksy-Klych and Buga-Dzhaily deposits contain 96.0 £ 8.9 wt.%
NaCL, the content of magnesium ions ranges from 0.17+0.01 -4.01+0.0 wt.%, the presence of sulfur is
noted in the range of 0.26+0.02 -1.71+£0.12 wt.%. the Content of other elements, including heavy metal
ions, is below the safety level, in decimal and hundredths of % wt. boron, potassium and calcium are
noted.

It was found that the number of heterotrophic microorganisms ranges from 10°-10* CFU/g,
enterobacteria -10° CFU/g, and micromycetes were found only in samples of salt-containing raw materials
from the Buga-Dzhaily deposit. The nature of the distribution and abundance of microflora indicates the
anthropogenic presence in the area of salt production. It was found that the cultures of M. luteus, Bacillus
sp, Aspergillus sp., Penicillium sp. and Fusarium sp. isolated from salt-containing substrates are resistant
to 17-20% NaCl.
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JKAKCBI KbLJIBIII J)KOHE BYFA-JKAWJIBI TY3/1bl KOJ MUKPO®JIOPACBIHBIH,
BHUOJIOI'UAJIBIK 9PTYPJILIIT'T

AnHoTanus. Makanana KaszakcraHHbIH OHTYCTiriHzaeri JKakchl KbUIBIINI JKOHE Byfa-KaWiabl CBIHABI TY3Ibl K
YJITiepiH MUKPOOUONIOTHSIBIK KOHE XUMUSIIBIK 3€PTTEY HOTHKENEPl KOPCETLITeH.

KoHTHHEeHTanbpl TY37bI Cy albIHIAphl XUMHSIIBIK JKOHE MHUKPOOHMOJIOTHSUIBIK Kypambl OOWBIHIIA aiTapibIKTai
epeKIleNeHel, all TeHi3aep Ae KypaMbl OolibiHIIA yKcac kenedi. CyablH KypaMbl Tikeslel reonorusiblK, KIUMATThIK jKOHE
OMOTeOXUMHUSIIBIK JKaFIaiira OaiyaHbICThl OeWTapar, CUITLI JKOHE KBIKBUT 001ybl MyMKiH. Ty3abl ¢y oObeKTiiepiHae
MUKPOOPTaHU3M/IEp IOIMYJIUACH 6T€ TOMEH XKOHE Tapalybl TY3/(bIH KOHLIEHTPAIUACHIHA TiKeIeH KaThICTHL.

ANanTUBTI MEeXaHU3MIEpP >KaCYIIAIIIiIiK CYHBIKTHIKTaFbl MOH KOHIEHTPALMSICHIH KOHE OHBIH OCMOCTBIK KBICHIMBIH
perreyre HerizaenreH. Cy oprachlHAarbl OCHOpPraHUKANBIK MOH KOHIIGHTPAIMACHI KEH ayKbIMIa e3repyl MyMKiH, Oy
OpraHv3M MeH KOpIIaFaH OpTa apachbHIAFbl HOHIBI TPaTUeHTTI KOFapbiaTaasl. KazakcTaHHBIH OHTYCTITiHAETI €Ki TY3/bI
KOJIIeH QJIBIHFAH TY37bl MIMKI3aTThl KOCMETHKara HEri3 peTiHje MaiJangaHy YIIiH OHBIH aJaM JEHCAYJbIFbIHA 3USHCHI3
eKeHJIriHe KO3 JKeTKi3y MacelleciH aiFa KOUABIK. OCbIFaH OaiIaHbICTHl (DH3UKANBIK, XUMHSIIBIK JKOHE MHKPOOUOIOTHSITBIK
3epTTeyJiep KYpriziai.

Kypraran Apan TeHi3iHiH TYOiHEH ajbIHFaH ChIHaMajapla MarHui, KaJlid, KaJIbIHH, TEMip JKOHE MBIC HOHAAPHI
6acbIM exeHAiri anplkTanabl. COHbBIMEH KaTap, HeCTULUATEPIiH: arpOOHEPKICINTe KONJaHbIIATHIH alleTaMUIIpUA, GeHrek-
camup, (oamer Topi3di KOCBUIBICTAp, TeTparuapodToigaMuy Oap eKeHAIri aWkbHaamabl. JKakchl KBUIBII KOiHiH
ChIHaMaJIapbl TJIUT, MarHui skoHe Cynb(aT TY3bIHBIH TYpJi KabaTTapbhlHaH OKLIayJaHFaH. byra-xkailyibl KemiHAeri Ty3/bl
mmkizar Kypambeiaa 96,0 + 8,9 macc% NaCL, marauii nonaapeiasig Memmepi 0,17 £ 0,01 -4,01 £ 0,0% kypaiinsl, KYKipTTiH
memuiepi 0, 26 + 0,02% apansirbiHga ke3geceni. 1,71 + 0,12 mac.%. Ayblp MeTam Menuepi KaKeTTi KOHIEHTpalsIaH
ToMeH. CplHamManapaFbl MarHWH KyYpaMbBIHBIH >KOFapbUIaybl HaTpUi-MarHWi apanac KaOaTTapbIHBIH Oap eKeHIIriH
JIONENICHTIHI aHBIKTANABI. Bysm Ty3apl Kesueri reTepoTrpodThl MUKpoopraHusmuep canbl mamameHn 103-104 KKB/r
Kypaiinpl, sHTepobakrepusiaap 103 KOb/r, (6.0 + 0.5) x 103 CFU/rr memmepinaeri MUKpOMHLETTEP TeK Cyibgar
YITiciHIe aHBIKTaNFaH Ty3 O€H Jiail xaranay ChI3bIFbIHAH 1,0 M KaIIBIKTHIKTa ChIHANABL. JKaranay ChI3BIFBIHAAFEI MHKPO-
(topaHbIH Tapanybl MEH THIFBI3IBIFBI TY3 HIBIFAPY 9CEPIHEH aHTPOMIOTCH/IIK (PaKTOPIBIH XKOFapbLIaFaHbIH KOPCETEII.

Tyiiin ce3gep: Ty3abl KeJl, KypaMmblHAa Ty3bl Oap MIMKi3aT, MHKpo(dJopa, rerepoTpodThl MHKpPOOPraHU3MAED,
MHUKPOMHLETTED, IECTULIUATED.
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BUOPA3ZHOOBPA3HUE MUKPO®JIOPBI COJIEHBIX O3EP
JKAKCBI-KJIBIY U BYTAKAMJIbI

AHHoTanus. B cratbe mpeacTaBieHbl pe3ylbTaThl MUKPOOHOJIOTMUECKUX M XUMUYECKHX HCCIIEA0BaHUN 00pa3loB
coneHsIx o3ep fora Kazaxcrana, takux xak Jlxakcel-Kibra u byra-J{xaitner.

KoHTHuHEHTAIBLHBIE COJICHBIE BOJOCMBI CYIICCTBECHHO pasjnvyaroTCsd IO XHUMHYECKOMY H MI/IKpOGI/IOﬂOFI/I‘{eCKOMy
coCTaBy, a MOps IMOXO0XH Mo cocTaBy. COCTaB ATHX BOJ HAaNpsMyl 3aBHCUT OT TI'€OJIOTMYECKHX, KIMMATHUYECKUX U
OUOreOXUMUYECKUX YCIOBUH M MOXKET OBbITh HEHTpanbHBbIM, LIETOYHBIM M KHUCIBIM. Ilomynsnuss MHUKpOOPraHU3MOB B
COJICHBIX BOJIOEMAaxX O4Y€Hb Maja, M X PACIpPOCTPAHEHHE 3aBUCUT OT KOHLIEHTPALIUHU COJIH.

AﬂaHTI/IBH])IC MCXaHU3Mbl OCHOBAHBI Ha PEryJIAllMA KOHLCHTpAallMKu HOHOB BO BHyTpPIKJ'IeTO‘IHOﬁ KHUJIKOCTH H €€
OCMOTHYECKOro JaByieHus. KoHLeHTpanys HeOpraHn4eckux MOHOB B BOJHOM cpelle MOXKET IIUPOKO BapbUPOBATHCSH, YTO
MPUBOAUT K YBEIMYEHUIO HOHHOIO TpaJUeHTa MEXIy OpraHM3MOM M OKpysKaroled cpenoi. Jlis mnpuMeHeHHs
COJIECO/IEPIKAILETO ChIPhS U3 ABYX COJICHbIX 03ep Ha rore KazaxcraHa B KadecTBE OCHOBBI JUIi KOCMETHUECKUX CPEICTB,
HEOOXOIMMO ObUTO yOEAUTHCS, YTO OHO OE3BPEIHO Ui 3[J0POBbS YEIOBEKa. B CBA3M ¢ 3TUM OBLIM NMPOBEACHBI (PUZUKO-
XUMHUYECKHE 1 MHUKPOOUOIOTHYECKHE NCCIISIOBAHHSI.

VYcraHoBIeHO, YTO B IpoOax co IHA BBICOXIIEro Manoro ApaiabCcKOro Mopsi MpeoOaalaroT MOHBI MarHus, Kayus,
KaJbLus, xKene3a u Mead. Kpome Toro, BBISBIEHO HaJM4YUe NECTUIMJIOB: alleTaMUIIpua, peHrekcamuaa, onmnerononoo-
HBIX COCAMHEHHUH, TeTparnapodToaMKaa, KOTOPHIE HCIOJB3YIOTCS B arpoNpoMBIIUICHHOM KoMiuiekce. ITpoOsl o3epa
JIxakchl-Kuibra ObIIM BBIJENEHBI U3 Pa3HBIX CIIOEB rajiTa, MarHus U cyibgarHeix cojei. Coneconepixallee chlpbe 03epa
Byra-JIxaiinet copepxut 96,0 £ 8,9 mac.% NaCL, conepkanne noHoB Maraus konebunercst ot 0,17 £ 0,01 no 4,01 + 0,0 mac.%,
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Copnepxanue cepsl Haxoaurcss B npenenax 0,26 £ 0,02%. 1,71 + 0,12 mac.%. KonuyecTBo TsKeNIbIX METANIOB HUXKE
JOIYCTUMO} KOHIIEHTpPAaUH. Y CTaHOBJIEHO, YTO TTOBBIILIEHHOE COAEPKAHNE MarHus B 00pa3liaX CBUIETENbCTBYET O HaJH-
YUM CMELIAHHBIX HATPUH-MAarHueBbIX cijoeB. KonuyecTBo rerepoTpodHBIX MHKPOOPTaHW3MOB B 00pa3liax COJICHBIX 03ep
cocraBisier pumepHo 103-104 KOE/r, surepobakrepuii -103 KOE/r, mukpomuriets B kosmuectse (6,0 £ 0,5) x 103 KOE/r
0o0OHapy>KeHbI TOJBKO B 00pa3iie Cynb(aTHBIX COJiell U MIOB, OTOOpaHHBIX Ha paccTosHuM 1,0 M OT OeperoBoil JIMHHUH.
Pacmipenenenue U mIOTHOCTH MUKPOMIOPH Ha OEperoBOi JIMHUU YKa3bIBAIOT Ha MOBBIIICHHBIH aHTPOIIOTEHHBIH (akTop
13-3a JOOBIYU COJIH.

KioueBble cjioBa: COJICHBIE 03€pa, COJECOAepallee Chpbe, MUKpodiopa, rerepoTpodHble MHUKPOOP-TaHU3MEI,
MHUKPOMHMIIETHI, TECTHLIU/IBI.
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MOLECULAR GENETIC PLANT ANALYSIS,
ARTEMISIA L. GENUS, WITH ISSR-MARKERS

Abstract. Molecular genetic analysis of three plants of thistle family has been carried out in the scope of this
paper (Artemisia karatavica Krasch. & Abolin ex Poljakov, Artemisia cina Berg ex Poljakov, Artemisia porrecta
Krasch. ex Poljakov). The plants have been collected in Turkestan region, Shardarinsky district, 15 km north-east of
the village Komsomol, and along the road in Turkestan region, Baydibeksky district, 4.5 km south-east of the village
Shakpak, and in the steppes in Turkestan region, Aryssky district, 1 km north-east of the village Darmino. In this
paper, we used modern methods of molecular biology in order to determine genetic relatedness.

ISSR analysis using universal primers has been conducted. ISSR-markers are the most common markers, and
they are used for phylogenic analysis. This method is based on amplification of sequences limited by two
microsatellite repeats using the primer that is complementary to the sequence of this microsatellite (4-12 repeat
units). ISSR (region of the genome between two adjacent, oppositely oriented microsatellites) the sequence of
microsatellite medullar part with some (1-3) nucleotides adjacent to the repeat tandem are used as primers. Tens of
fragments of locus variety received in PCR are separated by electrophoresis and assessed for the presence or absence
(due to marker dominance) of the fragments of a particular size. The main advantage of this type of markers - lack of
necessity for knowledge of the sequences during primer designing.

Key words: Artemisia L., genotyping, identification, ISSR-markers.

Introduction. Kazakhstan’s flora is characterized by the variety of medicinal plant raw material,
many species of which may be used on an industrial scale. The most common medicinal plants within the
territory of the Republic of Kazakhstan include Artemisia L. genus - sagebrush - one of the most multi-
species and complex, from a systematic viewpoint, genus of dicotyledon plants of Asteraceae L. Artemisia
family includes hardy herbaceous plants and shrubs that are known for their active chemical components
in essential oils. Artemisia genus belongs to the thistle family that includes more than 500 species spread
in the areas of the northern hemisphere of the Old and the New World, Eurasia and Asia [1-3].

Artemisia L. - numerous anthodes, small, homogamous, i.e. all of the florets are androgynous, tubular,
fertile, in a small, 3-8 (10), number (Seriphidium subgenus (Bess.) Rouy.), or heterogamous, heterosexual:
ray florets are, pistillate, and central disk florets are bisexual; in Artemisia Less subgenus. All the florets,
ray pistillate and bisexual leucocarpous, with half-grown subtle ovary; corollas of pistillate florets are very
narrow, sometimes almost creeping and tubular, with 2-3 short teeth, almost colorless or tubular, with
2-4 teeth, colored; corollas of disk florets are tubular, campanulately amplated upwards, 5 teeth, variously
colored (yellow to purple), 5 stamens on short or long filaments, anthers are linear, sharp at the apex, blunt
at the base knitted into a tube, inside of which there are capillary bilobed stile, laminas of snouts are of
equal or unequal length, pilose at the apex, and they are generally narrow and linear in ray pistillate
florets, not pilose at the apex, stile of vestigal pistil of disc florets (Dranculus subgenus (Bess.) Rydb.)
with very short, almost blunt, ciliated laminas; nuts are small, oblong ovoid, bare, blunt at the apex,
without pappus or margin; anthodes are oblong ovoid and obloid, with a foliole spathe; primordial leaves
are grass, 2-7 rows, external ones are longer but shorter than inner ones, or all of them are of equal length,
with pronounced loma on the edge; anthodes are paniculate, racemous, very rare, almost spiked. Annual
and perennial herbaceous plants or subshrubs with erect, ascending or more rare - lodged stems; leaves are
alternate, simple, or more often - pinnatisect to different extents. Vast and polymorphous genus containing
35
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over 500 species spread primarily in the temperate zone of Eurasia and North America, and in Kazakhstan
81 [4-6].

Nowadays, medical scientists pay more and more attention to medicinal plants and prove how each
of them is beneficial for the body. In this regard, significant progress has been made and the demand for
herbal medicine is growing. [7].

Great contribution to the study of sagebrush was made by W. Besser (1829, 1834, 1835) who divided
genus into three sections based on the sex composition of florets in a anthode. Group of species that has
only bisexual florets in the anthode was allocated by him to Seriphidium Bess section; species that have
ray pistillate florets in the anthode, and disc ones - staminal with vestigal pistil - to Dracunculus Bess
section; species that have ray pistillate florets in the anthode, and disc ones - bisexual, are combined into
Abrotanum Bess section. A substantial part of sagebrushes has been described by K. Linnaeus, Weber,
K.F. Ledebour, and .M. Krasheninnikov [8].

Information about sagebrushes are also given in the scope of papers of I. Gmelin, B.Bessera, Ledsbur,
I. M. Krasnoborov; “Flora of Western Siberia” (Krylov, 1949). Traditionally accepted, broad
understanding of sagebrushes as a single Artemisia genus was approved by K. Linnaeus. Despite of the
substantial volume and a colossal across-species polymorphism, the genus splits into 5 groups:
Abrotanum, Absinthium, Dracunculus, Seriphidium, and Tridentatae distinguished by the whole set of
features, primarily, anthode formation and sex composition of florets in them, spectrotype of biologically
active substances. Many species of sagebrush are polymorphous, they have vast realm and large raw mass
which determines the prospects for common use [9].

Economically important representatives of the Artemisia genus have wide application in
pharmaceutics, landscape architecture and agriculture [10].

Economic character of sagebrush is of primary importance in the desert and steppe zones as a natural
forage supply at autumn and winter pastures. In Kazakhstan, this includes almost Seriphidium subgenus.
Due to content of essential oils, many species of sagebrush are used in perfume and alcoholic beverage
industry. Anthodes of A.cina Berg. and A.transiliensis Poljak. contain santonine, classical
helminthagogue. Almost all sagebrushes contain glucosides, and some species - alkaloids. So, A.taurica
Willd. is considered to be a noxious plant. Testing and domestication of many sagebrushes, and their
selection is quite perspective.

A study of genetic variation among 216 accessions was conducted using ISSR (Inter Simple Sequence
Repeat) markers to assess the polymorphism at the species level. A total of 60 polymorphic loci were
scored using four primers revealing a high level of genetic polymorphism among A. herba-alba
accessions. Correlation analysis revealed no direct relation between morphological traits, geographic
distance and genetic distance. Correlogram analysis showed a patchy distribution of the genetic variability
of A. herba-alba accessions revealing the contribution of local ecological and geographic conditions on
variability [11].

Genetic variation between A. capillaris was evaluated using random amplified polymorphic DNA
(RAPD) and inter simple sequence repeats (ISSR) markers. RAPD and ISSR marker systems were found
to be useful for the genetic diversity studies in 4. capillaris and to identify the variation [12].

Over the past twenty years, the molecular marker field has completely transformed the meaning of
conservation genetics which has emerged from a theory-based field of population biology to a full-fledged
pragmatic discipline [13].

For extension and conservation of the genofond of the plants that are of medical or agricultural
importance, as well as for genetic monitoring of natural populations, different methods of genetic marking
are applied. RAPD analysis may serve as express method for detecting genetic polymorphism and genom
marking in population studies [14].

The aim of this study is to assess the level of intraspecific differences of natural plant populations of
Artemisia karatavica Krasch & Abolin ex Poljakov, Artemisia cina Berg ex Poljakov, Artemisia porrecta
Krasch. ex Poljakov) using RAPD marking results.

Materials and methods. Three species of Artemisia L., (A. karatavica Krasch. & Abolin ex Poljakov,
A.cina Berg ex Poljakov, A.porrecta Krasch. ex Poljakov) of thistle family served as the material for the
study. The plants have been collected in Turkestan region, Shardarinsky district, 15 km north-east of the
village Komsomol, and along the road in Turkestan region, Baydibeksky district, 4.5 km south-east of the
village Shakpak, and in the steppes in Turkestan region, Aryssky district, 1 km north-east of the village
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Darmino. Test samples were collected at the end of flowering period. The aerial parts of three different
species of Artemisia L.

DNA purification. 3 samples of each species were used for purification. Genomic DNA was purified
from the aerial parts of Artemisia L. using CTAB [15-16] with some modifications: 100 mg of leaves were
rubbed in cooled mortar in the presence of 1 mL of extraction buffer (100 mmol of Tris-HCI pH 8.0;
20 mmol of EDTA, pH 8,0; 1.4 M NaCl, 2% CTAB, PVP and 2-mercaptoethanol were added prior to the
use of final concentration of 2 and 0.2%, respectively). The derived homogenate was incubated at 60°C
for 30 minutes and then extracted with chloroform. 0.5 volume of 5M NaCl and 2 volumes of ethanol
were added to the aqueous phase. The mixture was incubated at 4°C for 15-20 minutes and centrifuged for
15 minutes at 13,000 g. DNA residual matter was washed with 70% ethanol and dissolved in 100 pl of
bidistilled water. DNA was treated with RNA. Assessment of DNA quality and amount was performed by
electrophoresis in 1% agarose gel in 1x TAE buffer and upon absorption at 260 nm to 280 wavelengths
using Nanodrop 2000 spectrophotometer (Thermo Scientific).

Quality control of the genomic DNA purified using PCR amplification of 18S ribosomal DNA. Quality
of DNA samples was tested in PCR amplification of 18S ribosomal DNA using the following primers:
f 5-GAGAAACGGCTACCACATCCAAGG-3";5'- rCCATGCACCACCACCCATAGAATC-3". The
expected product size was 870 bp. PCR was performed in the final volume of 25 ul containing 0.2 mmol
of deoxyribonucleotide triphosphates, 0.2 pumol of each primer, 0.5 UTagDNA polymerase (Thermo
Scientific), 2.5 mmol of MgCl,, and 40 ng of DNA in 1 X Taq Buffer with (NH;),SO, (750 mmol of Tris-
HCI, pH 8.8, at 25°C, 200 mmol (NH4),SO4 and 0.1% (v/v) Tween 20). Amplification: 2 min of initial
denaturation at 94°C; 25 cycles at 94°C for 30 sec, annealing at 67°C for 15 seconds, and synthesis at
72°C for 15 seconds. Final elongation at 72°C for 10 min.

Selection of ISSR markers and PCR conditions. 9 ISSR markers were used for genotype estimation.
The material for the study - 10. DNA with absorption ratio indicators at 260/280 wavelengths from 1.68 to
1.87 (Nanodrop 2000 spectrophotometer (Thermo Scientific) was used in all other experiments.

PCR was performed in 20 pl containing 2 pl of 10 x Taq buffer (750 mmol of TrisHCI, pH 8.8,
200 mmol of (NHy), SOy, 0.1% Tween 20), 2.5 ul of 25 mMMgCl,, 0.4 ul of 10 mmol dANTP mix, 0,8 pul
of 10 mmol oligonucleotides of the marker used, 12.7 pl of sterile deionized water and 1 unit of Taq
polymerase. Concentration of genomic DNA was 40-60 ng / 20 pl. Amplification was performed as per
the following program: one cycle at 94°C for 2 minutes; 35 cycles consisting of the following steps: 94°C
— 40 sec, 44°C—45 sec, 72°C —1,5 min; final cycle at 72°C —15 min.

Electrophoresis of amplification products resulting from ISSR-PCR, was performed in 2% agarose
gel, after staining they were visualized with ethidium bromide under UV light using a BioRad gel
documenting system.

Results and discussion. ISSR analysis. For analysis, three repeats were used for each sample,
purification of genomic DNA was performed using all samples. Following purification of genomic DNA,
the quality analysis of genomic DNA was performed via measurement using the spectrophotometer
(NanoDrop 2000C) and gel electrophoresis in 1% agarose gel, see figure 1.
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1-3 — repeats of the sample 1; 4-6 — repeats of the sample 2; 7-10 — repeats of the sample 3

Figure 1 — Electrophoresis of genomic DNA in 1% agarose gel




Reports of the National Academy of sciences of the Republic of Kazakhstan

To verify the absence of inhibitors in the preparations of DNA purified according to modified
protocol [15], test PCR using oligonucleotides specific to 18 S gene of ribosomal RNA was performed.
Figure 2 shows

electrophoretogram of PCR products
derived.

of Artemisia ribosomal DNA.
Electrophoretogram of PCR products confirms the absence of reaction inhibitors in DNA preparations

A T B < P T < N o A
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18Srib

1-10 — PCR products of 18S gene fragment of ribosomal DNA of the analyzed samples;
M - DNA marker, GeneRuler™ 1kb (Fermentas)

Figure 2 — Electrophoretogram of PCR product of 18S RNA gene

Then analysis was performed using 9 primers complementary to various microsatellites. As an
example, electrophoregrams at Figure 3 and 4 show ISSR-PCR amplification results using (A)-VHV-
(GT); and (B)-(CA)¢-RY primers.

1 2 =

1-3 — repeats of the sample 1; 4-6 — repeats of the sample 2; 7-9 — repeats of the sample 3

Figure 3 — Results of amplification using VHV— (GT); primer

Amplification using VHV— (GT); primer for the 4th repeat of sample 3 failed. 3 repeats of sample

3 showed similar results as per the results of statistical processing of the analysis data. The analysis results
show that three samples of Artemisia do not differ genetically using VHV— (GT); primer.
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1-3 — repeats of the sample 1; 4-6 — repeats of the sample 2; 7-10 — repeats of the sample 3

Figure 4 — Results of amplification using RY— (CA)4 primer

Usage of the above 9 polymorphic ISSR primers showed no intraspecific variability. Each species has
a characteristic number of discs per the primer and the total number of them.

Conclusion. Molecular genetic analysis of three plants (presumably of three various species)
Artemisia L. has been carried out in the scope of this paper while using modern methods of molecular
biology in order to determine genetic relatedness. In the scope of this paper, ISSR analysis using universal
primers has been conducted. /SSR-markers are the most common markers, and they are used for
phylogenic analysis [17-19]. This method is based on amplification of sequences limited by two
microsatellite repeats using the primer that is complementary to the sequence of this microsatellite
(4-12 repeat units). ISSR (region of the genome between two adjacent, oppositely oriented microsatellites)
the sequence of microsatellite medullar part with some (1-3) nucleotides adjacent to the repeat tandem are
used as primers [20-22]. Tens of fragments of locus variety received in PCR are separated by
electrophoresis and assessed for the presence or absence (due to marker dominance) of the fragments of a
particular size. The main advantage of this type of markers - lack of necessity for knowledge of the
sequences during primer designing. It should be noted that homoplasy, non-homology of the fragments of
the same size are possible due to multi-locus. Markers of this type are used to identify the genetic identity,
genealogy, differentiation of clones, microclones and lines, taxonomy of closely related species [23-24].

The analysis results showed that 3 samples of Artemisia do not differ genetically using 9 ISSR
primers. The analysis results did not show genetic variability among the study samples.

K. Paxumobepaunena, A.H. Kanuesa, I'.Jl. Meneyosa
Kazak ynTThIK KpI3[ap NeJarorukaliblK yHuBepeuteti, Anmarsl, Kazakcran

ISSR -MAPKEPJIEPAI KOJIAAHBIII, ARTEMISIA L. TYBIC ©CIMAIKTEPIH
MOJIEKYJIAJIBIK-'EHETUKAJIBIK TAJLJAY

AHHOTanus. Makanaia KypASNiryIaiiep TYKIMIACHIHBIH YII TypiHe (Artemisia karatavica Krasch. & Abolin ex
Poljakov, Artemisia cina Berg ex Poljakov, Artemisia porrecta Krasch. ex Poljakov) MoneKysanbIK-reHETUKAIBIK Tajlay
Kyprizinai. Ocimuikrep, oHbly imriage 1-ecimaik Typkicran obueicsl, [llapmapa aynansl, KoMcoMon aybiIbIHAH CONTYCTIK-
IIBIFBICKA Kapalh 15 kM kepieH xuHainFaH, 2-ecimiuik Typkictan oOubichl, boiiniGex aymanbl, Illaknak aybuiblHaH
OHTYCTIK-IIBIFBICKA Kapai 4,5 kM xepJieH, 3-eciMaik TypkicTan o0nbIChl, ApbIC aynaHbl, JJapMHUHO aybUIbIHAH COJITYCTIK-
HIBIFBICKA Kapail | KM KepJeH KasaH, Kapaiia aifbiHaa skuHanpl. JKyCaHHBIH dKOHOMHKAIBIK MaHBI3bI IIOJ JKOHE Jaja
aifiMarbpIH/Ia KY3T1 )KOHE KBICKBI JKaibUIBIMIap/ia TAOUFU JKEMIIIOIN KOPHI PETiHIe 6Te MaHBI3IBI po atkapaabl. Kasakcran
JKyCaHBIHBIH KeIl 0eiri mes »oHe Tayaa eceni. JKycaH aybul IIapyauibUIBIFBIHIA, TaMakK, HapQromepus xoHe
KOCMETHKAJIBIK OHEPKAICINTe, MEeAUIMHALA KOJIMaHbuIaabl. JKycaHHBIH eMJIiK KacHeTTepi epTe 3aMaHaa Oenriim OosFaH.
MenunuHana ynaHy, THHEKOJIOTHSIIBIK JKOHE YPOJIOTHSIIBIK aypyJIapFa KOJIAaHBUTYHI €cKi KiTanTapaa aiTeuirad. Kenreren
TYpi ASCTYpIi MeIWIMHANA SKOHE BETepUHApHUsA alllbl, ycTaMa aypyra Kapehl, acKasaH-iIIeK XOJIApBIHBIH aypybIHa
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Kapcbl Konmaneuianel. JKycauHwlH A.cina, A.glabella, A.absinthium, A.karatavica, A.annua, A.porrecta Typiiepine
KBI3BIFYIIBUIBIK apTyaa. A.cina Berg. skoHe A. transiliensis Poljak. ceGerrepiHie KJIaCCHKaIbIK aHTHIEIIbMHUHTHKAIBIK
caHTOHMH Oap. JKycaHHBIH OapJibIFBIHA JEPIiK TIFOKO3M[, all KehWoOip Typiepinae ankanouarap Oonanel. OchLiaiimia,
A. taurica Willd. yner ecimaik gen cananjpl. bipa3 xycaH/Ibl ChIHAKTAaH OTKI3y *OHE JaKbUIFA €HT13y, COHIAl-aK OJIap/Ibl
TaHAAay MEPCIEKTUBAIBEI OOJIBIT CaHATIA IbL.

3eprreyain Makcatbl RAPD taHOanay HoTmxkenepiH KosjgaHa oThipbin (Artemisia karatavica Krasch & Abolin ex
Poljakov, Artemisia cina Berg ex Poljakov, Artemisia porrecta Krasch. ex Poljakov), Taburu ecimMaik nomyJsisiiusiiapbIHbIH
TYPILIUTIK affbIpMAaIIBUIBIKTAPBIHEIH JIeHTeiliH Oaranay. JKyMBICTa TeHEeTHKAIIBIK TYBICTHIKTHI aHBIKTAY YIIIH MOJIEKYJIAJIBIK
OUOJIOTUSHBIH 3aMaHayH dAICTepi KOJIIaHbLIIbL.

OMOeban npaiimepiiepai KoimaHa oteipein, ISSR Tammaysr xyprizingi. ISSR mapkeprepi kebipek TapairaH jKoHE
(usoreHeTUKANBIK Tajlfay >KYprisy YLIH KosmaHbulafbl. Bynm omic exi MHKpOCAaTeIMTTI KalTajgayMeH IIeKTENreH
Ti30eKTepAi OChI MUKpOCATeNUT Ti30eriHe (4-12 kaWTanay OipJiiri) TOJNBIKTBIPATHIH MpaiMEpMEH KYIIECHTYre Heri3IeireH.
Issr (exi kepiuinec, Kapama-Kapchl OAarbITTaIFaH MUKPOCATEIUIUTTEP apachlHIarbl TEHOMJIBIK aifMaK) mpaiiMepiep peTinae
KaiiTamany TaHaemine iprenec OipHemie (1-3ey) HykieoTHATEpi 0ap MHUKPOCATCIUIMTTIH sSApO OOJriHIH pPEeTTUTIT
Konpaubuiaasl. [IIP-ne anblHFaH KeNTEreH JIOKyCTapAblH OHAAFaH (parMeHTTepl eKTpodopes apKbLIbl OemiHel sKoHe
Oenrini Gip Mmemmepseri gparMeHTTEpAiH 0oy Hemece OonmMay (MapKepiepiAiH YCTeMIriHe OaillaHBICTHI) KaFaaiibl
Oaranmanaasl. MapkepiepiH OyJl TYpiHiH 0acThl apTHIKIIBLUIBIFEI — TpaiiMepiiepai xkobanay kesiHae Oipiaimikti Oimy
KaXETTUIIrHiH 60JIMayBbl.

Tanpay HoTIOKENEepi kepceTkeH e, 9 ISSR npaiiMepin KosganraH Ke3e 3 )KyCcaH ChIHAMAacChl TeHETHKAJIBIK TYPFbIIaH
epexieneH6eini. Tannay 3epTTeNreH yiriaep apachblHa FeHeTUKAIbIK €3reprillTiK XKaFjaliblH KOPCETTI.

Tyiiin ce3nep: Artemisia L., reHoTunrey, uneHtudukamms, ISSR-mapkeprep.

K.II1. Paxumbepauesa, A.H. Kanuesa, I'.JI. Megeyosa
Kazaxckuit HantmonansHBIN )KEHCKHIA MTeAarornaeckuii yHuBepcuTeT, Anmarel, Kazaxcran

MOJIEKYJISIPHO-TEHETUYECKUI AHAJIN3 PACTEHUI POJIA ARTEMISIA L.
C UCITIOJIb30BAHUEM ISSR-MAPKEPOB

AHHoTanus. B paGore ObLI IIPOBEJEH MOJIEKYJIAPHO-TEHETUYECKUH aHAIU3 Tpex o0pas3uos (Artemisia karatavica
Krasch. & Abolin ex Poljakov, Artemisia cina Berg ex Poljakov, Artemisia porrecta Krasch. ex Poljakov) u3 cemeiicta
CJIOKHOLBETHBIX. Pactenus cobupanu B Typkecranckoil obnactu, [llapnapunckom paiione, B 15 kM ceBepo-BOCTOUHEE
moc. Komcomout., Bmons moporn B TypkecraHCKyro o00iacTh, baiimubexckuii paiioH, B 4,5 KM FOr0-BOCTOYHEE ITOC.
Mlaknak., nmo cremsiM TypkecraHckol oOmactu, ApbICCKOro paifoHa, B 1 KM ceBepo-BocTOuHee MoC. JlapMHHO.
Xo3siiCTBEHHOE 3HAYEHUE TOJIBIHM MIPAeT MCKJIIOYMTENBHO BAaXXKHYIO POJb B IYCTHIHHON M CTEMHOM 30HaX B KauecTBE
€CTECTBCHHOI'0O KOPpMOBOTI'O (bOHﬂa Ha OCCHHUX W 3UMHHUX HaCTGI/Il_I_laX. KazaxcraHckas mojbIHb B 6OJ'I]>1HI/IHCTBC SABJISICTCA
SHJIEMUKOM IyCTHIHb M TOp. IIOJIBIHb MPUMEHSETCS B CENBCKOM XO3SIHCTBE, MUIIEBOH, MaphroMepHO-KOCMETHYECKOM
MMPOMBIIJICHHOCTH, B MEAULIUHEC. .He‘le6HI)IC CBOMCTBA MOJIBIHA M3BECTHHI C ﬂpeBHeﬁLllHX BPEMCH. O NMPUMCHCHUU UX B
MEIUIMHE MIPU OTPABICHUAX, THHEKOJIOTHUECKUX U YPOJIOTHYECKUX 3a00JeBaHMAX YIOMHHAETCS €IIe B CTapbhlX KHHUIrax.
Mmuorue BUbI HIMPOKO HCIIOJIB3YIOTCSA B HapOZLHOﬁ MCAWIUHE U BETCPUHAPUU IIPU T'Ope€UYU, KaK IMPOTUBOTJIMCTHBIC,
MIPOTUBOBIMIICITHYECKHE U TIPH JKEeNyJOYHO-KHUIIEUHBIX 3a00s1eBaHusAX. HeCOMHEHHbIM MHTEepec MpeACTaBiIsAeT IOJIbIHD
A.cina, A.glabella, A.absinthium, A.karatavica, A.annua, A.porrecta. B xop3unkax A.cina Berg. u A.transiliensis Poljak.
HaXOIUTCA CAaHTOHMH — KJIACCHYECKOE TIJIMCTOreHHoe cpeacTBo. [louTw y Bcex MONBIHEH OTMEYEHO NpPUCYTCTBHE
TJIIOKO3U/IOB, & Y HEKOTOPBIX BUJIOB — aliKanounoB. Tak, A.taurica Willd. cuuraercs sa0BUTHIM pacTeHueM. Mcnbitanue u
BBEJICHUE B KYJIbTYPY MHOTUX MOJIBIHEH, a TAK)KE X CEJIEKIHS BIIOJIHE IEPCIIEKTUBHBI.

Ienbto HacTosilEero McciaeIOBaHUs SBJISETCS OLEHKA YPOBHsS BHYTPUBHJIOBBIX Pa3iUYMil MPUPOIHBIX IMOMYJIALUHI
pacrenuii (Artemisia karatavica Krasch. & Abolin ex Poljakov, Artemisia cina Berg ex Poljakov, Artemisia porrecta
Krasch. ex Poljakov) ¢ momorupto pesynbratoB RAPD-mapkupoBanus. B paboTe MCMONB30BAINCH COBPEMEHHBIC METOIbI
MOJIEKYJISIPHOM OUOJIOTUY C LIeJIbIO ONPEEIEH S TEHETHUECKOrO POJICTBA.

Metoa pa6otsl. [IpoBenen ISSR-aHanmm3 ¢ UCHOIB30BAaHHEM YHHBEPCANBHBIX MpaiMepoB. [SSR-MapKephl SBISIOTCS
HaunboJjiee pacrpoCTpaHEHHBIMH MapKepaMH M HCIOJB3YIOTCS I NpOoBeleHHs (PUIOreHeTHYecKoro aHaiusa. JlaHHBIN
METOJ] OCHOBaH HA aMIUIMGHKALMH IIOCIEA0BATEILHOCTEH, OTpaHUYEHHBIX ABYMS MHKPOCATEUINTHBIMH IOBTOpaMH C
MIOMOIIBIO TIpaiiMepa, KOMIUIEMEHTAPHOTO K IOCIIEI0BATENIbHOCTH TaHHOTO MUKpocareuTa (4—12 eauHuIiaM moBTOpa).
ISSR (06macTb reHOMa MEXIY ABYMSI COCEJHUMH, IIPOTHBOIIOJIOXHO OPHEHTHPOBAHHBIMUA MHKPOCATEIUTUTAMH) B KaueCTBE
IpaiiMepoB UCIONB3YIOTCA IOCIEA0BATENLHOCTh CEPALEBUHHOM YacTM MUKpocaTelaura ¢ Heckoibkumu (1-3ms)
HYKJIEOTHUIaMH, TIPHUMBIKAIOIIIMHI K TaHIeMy MOBTOPHOCTeH. JlecsaTkn (parMeHTOB MHOXKECTBA JIOKYCOB, MONyYEHHBIX B
[P, pazpenstorcst 31eKTPoGoOpe3oM M OLEHUBAIOTCA HA IPUCYTCTBUE MIM OTCYTCTBUE (BCIIEACTBUE JAOMUHAHTHOCTH
MapKepoB) (pParMeHTOB ONpeNe]eHHOro pa3Mmepa. [JaBHOE MPEUMYNIECTBO NAHHOTO THIIA MAapKEepOB — OTCYTCTBHE
HE0OXO0IUMOCTH 3HaHUS N10CIEA0BATENILHOCTEH IPU KOHCTPYUPOBAHUU NIPAMEPOB.

Pe3ynbraThl aHamM3a mokasainu, 4to 3 00pasia MOJBIHA TeHETHYECKH HE Pas3iMJyaroTCs MPH UCTOoNb30BaHuK 9 ISSR-
npaiiMepoB. AHaJIM3 HE BBISIBUII TCHETUYECKOH BapraOeIbHOCTH CPE/I MCCIIeyeMbIX 00pa3iioB.

KuroueBble ciioBa: Artemisia L., reHOTUNIMpOBaHKE, HAcHTUMKaUsA, [SSR-Mapkepsl.
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TABLE OF CONTENTS AND LOCALIZATION
OF RUBBER IN THE ROOTS OF KOK-SAGHYZ
(Taraxacum kok-saghyz Rodin)

Abstract. This article presents biological features, botanical description, and the results of the anatomical and
physiological study of the Dandelion kok-saghyz (Taraxacum kok-saghyz Rodin), a valuable resource plant of world
significance. Kok-saghyz is used as a technical culture, a source of high-quality rubber.

Natural rubber is widely used in the rubber industry for the production of tires for automobiles, aircrafts,
bicycles, as well as shoes, medical gloves and other products.

The global rubber industry faces the real danger of the destruction of plantations of the main source of natural
rubber - the rubber tree of hevea (Hevea brasiliensis), grown in the tropical humid climate of Southeast Asia, due to
its diseases. This has happened in South America, which was originally a world center for the production of natural
rubber; it has completely lost its position due to epiphytotics. There is currently a phytosanitary quarantine and a
person who was accessed to hevea in South America should not visit the countries of Southeast Asia.

Thus, there is a need for reserve additional plant species, the sources of natural rubber in the temperate zone,
being adverse for acclimatization of hevea. Dandelion kok-saghyz is recognized as such a promising producer of
natural rubber.

According to data published, rubber of kok-saghyz sits in the latex vessels of the root, and the rubber content
(6 to 14%) depends on the number of circles of the latex vessels (3 to 14). The number of circles of the latex vessels
and, therefore, the rubber content in the roots depends on genotype, agricultural background and stage of kok-saghyz
ontogenesis.

The roots of kok-saghyz are known for high variability in the rubber content even in the same natural population
of wild kok-saghyz from 0 to 47.87; 35.85 and 23.58% of the air-dry weight is due to several one-year covers in the
root.

Kok-saghyz is a highly polymorphic species that can be used in breeding programs. Individual selection
provides for the high rubber content in the roots of kok-saghyz (10 to 14%).

Currently, kok-saghyz is an important rubber plant with the following features: 1) high percentage of rubber;
2) flowering and fruiting in the first year of life; 3) high quality rubber. Kok-saghyz polymorphism provides for the
selection of the most rubber-bearing and most precocious forms of this plant.

Keywords: kok-saghyz, rubber, latex vessels.

The main part. Problem. The purpose of this article - collection, analysis and discussion of the
information about rubber content and location in the roots of the kok-saghyz (Taraxacum kok-saghyz
Rodin).

Natural rubber (NR) is a strategically important material in the world industry. NR is used in rubber
industry and in production of a wide range of goods: shoes, clothes, catheters, surgical gloves, tires for
planes and cars as well as other goods [1, 2]. Kok-saghyz rubber has great prospects as an additive to
bioplastics for the manufacture of biopackages with improved strength [3, 4].

In 2016 the world NR market amounted approximately up to $ 24 bln with the consumption volume
of 12.9 tons, and by the year of 2023 it is estimated that its consumption will increase up to 16.5 min tons
(International Rubber Study Group -IRSG).

The main sources of rubber are plantations of rubber woods- hevea (Hevea brasiliensis), grown in
tropical humid climate of the South- Eastern Asia. Currently hevea plantations and consequently the world
market of natural rubber face the following threats [5].
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1. The threat from fungus parasite (Microcyclus ulei), which causes mass infection and the death of
rubber trees as it happened in the South America, originally it has been the world center of natural rubber
production but completely lost its stand due to epiphytotic.

At present we see phyto-sanitary quarantine there and individuals being in contact with hevea in the
South America are not recommended to visit countries of the Southeast Asia. Fungus spores are being
preserved on the human skin and clothes. Scientists are of the opinion that fungus parasite to crop up in
the South-Eastern countries housing the world's leading natural rubber producers is just a matter of time.
The UN Security Council classified Microcyclus ulei, as the type of the new biological weapon [6].

2. The year of 2024 must see development of up to 10 million hectares of the new rubber plantations.
This level of hevea plantations enlargement will have a catastrophic effect on the biological diversity of
the South-Eastern Asia [5].

The problem of the global rubber industry lies in the real danger of the destruction of plantations by
diseases of the main source of natural rubber - the rubber tree of hevea.

Thus, reserve, additional, alternative plants as rubber source are needed in the area of temperate
climate where hevea is not able to get adapted. Dandelion kok-saghyz is such a perspective producer of
natural rubber. Natural rubber derived from kok-saghyz roots does not concede in quality the standard
hevea rubber [3]. Moreover, the natural rubber of kok-saghyz has some advantages over hevea natural
rubber as it does not contain allergenic which are characteristic to natural rubber of hevea [7].

Kok-saghyz, as a rubber producer, was discovered in 1932 by the botanist L.E. Rodin in the
intermountain valleys of the Eastern Tien Shan of Kazakhstan [8].

From the thirties to the mid-fifties of the last century, kok-saghyz was grown in the former Soviet
Union, however, after the opening of synthetic rubber and lifting the blockade from industrial plantations
of hevea of Southeast Asia, work with kok-saghyz was stopped [9].

Since the beginning of the 21st century, in connection with threats to the hevea plantations and the
global NK market, the studies of kok-saghyz have been resumed, aimed at organizing its industrial
plantations in the USA, European Union countries, Russia, Korea, Japan and Kazakhstan [10-12].

Kok-saghyz is a perennial herbaceous, cross-pollinated plant, a plant of the genus Dandelion, the
Asteraceae family, diploid (16 chromosomes) species.

The aerial part of the kok-saghyz plant is a rosette of 20-25 leaves tightly pressed to the ground. The
leaves of the kok-saghyz are fleshy, bluish-green, without pubescence. They are whole-extreme, incised,
dissected. By the time of flowering, kok-saghyz ejects tubular peduncles from the central part of the
outlet, with baskets at the end.

Dandelion flower is not one flower, but a whole basket of tubular flowers with fused petals and
stamens. Dandelion has a special system of green leaves surrounding the receptacle and supporting a
basket called a wrapper. The wrapper protects the flowers in the basket by hiding them in rainy weather so
as not to waste precious pollen. The root of kok-saghyz in wild populations is pivotal, in the culture it is
often fibrous.

The main features by which kok-saghyz differs from other types of Dandelion are:

- the outer and inner leaves of the kok-saghyz wrapper end flower with a 2.5-5 mm horn-shaped
appendage, bent at a right angle;

- smaller flower baskets have a lemon tint;

- kok-saghyz leaves do not have sharp spines along the edges;

- the rubber content in the root is high, above 6%, reaches 8-12%, in terms of the dry weight of the
root [8,13].

The maximum amount of rubber is in the roots. Rubber is found in special vessels called the latex
vessels. In them, it is in the form of milky juice - latex. During coagulation of rubber in the latex vessels,
elastic threads are formed. In the root, the latex vessels are located in concentric circles in the parenchyma
of the external (cortical) tissue.

The root structure of the biennial kok-saghyz plant is shown in Figure 1.

Numerous rows of latex vessels scattered between the xylem and the layer of the inner traffic jams are
scattered behind the cambial ring in the parenchyma.

Next, between the inner and outer plugs is part of the root, also filled with rows of latex vessels.
Outside, at the periphery of the root, cork layers lie under which layers of rubber are visible. The latex
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vessels are located in the cortical part, and those of them that make up the rings located to the periphery
itself and under the layer of the inner tube have the greatest power. There are from 2 to 14 rows (rings) of
milky vessels.

The inner ring of the traffic jams cuts off the parenchyma lying outside of it with latex vessels
enclosing the threads. The parenchyma gradually dies, and the external latex vessels with rubber threads
exfoliate along with the cork. The outer traffic jams is multi-layered. Its peeling is especially noticeable in
the spring; by the onset of summer, the cork layer becomes thinner. With an average rubber content of
8-12% in the root wood, the biennial cover also contains about 8-12%.

Figure 1 - Cross section of the root of the kok-saghyz (Taraxacum kok-saghyz Rodin). In the center of xylem (1), cambium (2)
behind it. After him there are rows of latex vessels (3) in the cortical parenchyma enclosed between the xylem and the layer
of the inner traffic jams (4). Further, the root part, enclosed between the inner and outer traffic jams, with rows of latex vessels.
To the outside are cork layers with layers of rubber lying (6) under them [8]

In the roots, the rubber is distributed along the length in such a way that its quantity gradually
increases to a known depth (up to about 20 cm, counting from the root neck), and then begins to gradually
decrease, as shown in table 1.

Table 1 — The rubber content in individual segments of the root of kok-saghyz [8]

The depth of the root collar (in cm) Rubber, %
0-5 11,47
5-10 21,11
10-15 27,20
15-20 27,87
20-25 -
25-30 23,92

Since the latexk vessels are the only container of rubber in the roots of kok-sagyz, the rubber-bearing
capacity of the latter depends on the number and size of the latex vessels, as well as on the degree of
saturation of the latex juice (latex) with rubber. The latex of the roots of annual plants contains 30-35% of
rubber, from 6 to 15.5% of non-rubber substances (tarry substances, disaccharine, inulin, etc.) and
50-60% of water. The primary system of latex vessels is formed from the moment of seed germination
near the sieve tubes. Rubber is formed in the roots of seedlings on the first day of seed germination,
regardless of lighting, that is, in the absence of photosynthesis.

In the three-week-old seedlings, the system of latex vessels forms 2-3 circles. By the flowering
period, the latex vessels form 8-9 concentric circles. During fruiting, the number of circles of the latex
vessels reaches 10—13, the rubber content increases.

Towards the end of the growing season, the amount of rubber in the latex vessels is somewhat larger
than at the time of fruiting [14, 15].
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In the second year of vegetation, an inner cork develops in the roots of kok-saghyz and a “rubber
cover” forms. Only in wild two or three year old plants, under conditions of slow decay of the cover, roots
with several rubber covers were observed [8].

Latex globules have a complex structure. The outer layer is formed by proteins, lipids, fatty acids and
other surfactants contained in latex. The next layer consists of hard elastic rubber. Finally, the inner part of
the globule — the bulk of it — is also a rubber hydrocarbon that, in consistency, resembles a very viscous
liquid [16].

The concentration of rubber in latex by the end of the growing season may increase by 3 times.

It has been established that the number of latex vessels depends on the agricultural background and
climatic conditions. The upper zones of the root are the least poor in latex vessels , the zones most
saturated are 12-25 cm distant from the root neck. For example, the lateral roots (younger than the main)
have 203 latex vessels per | mm? and the main ones —164 [14].

Table 2 shows the exceptional variability of kok-saghyz in terms of rubber content even in the same
thicket, which is especially significant in the Chelkudysu valley. In which these fluctuations are recorded
from O to 47.78%. There are facts that indicate that, when individually selected, a high rubber content
within certain limits of variability can be retained in subsequent offspring.

The natural thickets of kok-saghyz are the most valuable fund from which material for individual
selection will be taken all the time. Therefore, it is quite rational to organize a nature reserve in the area of
natural thickets of kok-saghyz.

Table 2 — The rubber content in the roots of kok-saghyz for individual thickets in the Tien Shan [8]

Valley name Analysis date The rubber content in the roots of kok-saghyz
to air-dry weight,%

Tekes 21VI- 27/ VII 0,00 8,80 35,85
Saryzhaz 8/VII 0,00 7,80 23,58
Kegen 16/VII 1,18 3,29 6,86
Chelkudysu 24/VII 0,70 10,66 47,87
Ashily 9/VII 1,56 5,35 13,63
Karkara 27/VII 1,83 4,03 10,08
Salt Lake 28/VI 0,00 5,25 9,9

Such a high rubber content in the roots of wild plants of kok-saghyz: 47.87; 35.85 and 23.58%

to air-dry weight can be explained by the presence of several rubber covers at the root [8].

There are conflicting opinions on the role of rubber in a plant:

1. Rubber, in the form of latex (milky juice) - a plant protection product against fungal and

bacterial diseases, as well as mechanical damage. Coagulated rubber in the form of a cover -
protection against excessive consumption of moisture by the root and from high temperatures.

2. Rubber-excretion - garbage is formed as a by-product in the metabolism.

3. Rubber is a reserve nutrient that can be used by plants.

Thus, at present, kok-saghyz is the most important plant species - a source of rubber, due to its
following features: 1) high percentage of rubber and its favorable location, 2) flowering and fruiting in the
first year of life, 3) high quality of rubber. Kok-saghyz polymorphism allows counting on the selection of
the most rubber-bearing and most precocious forms of this plant.

The roots of kok-saghyz with the participation of xylem and latex vessels located in successive circles
were found; this structure resembles that of beets.

Under culture, kok-saghyz undergoes significant changes. In natural thickets, the weight of the root is
about 1 g. On good plantations, the average weight of the root reaches 10 g. With root enlargement, there
is a slight decrease in the percentage of rubber, however, the total amount of rubber per root is higher in
the culture than in natural thickets. If in these thickets about 100 mg of rubber falls on one plant, then in
the culture the average amount of rubber on one plant reaches 200-250 mg.

A particularly significant increase in the root of the kok-saghyz is obtained when grown on a high
agricultural background. Individual roots in nesting crops reaches a weight of 100-150 g or more.

The largest roots were obtained by breeders when grown on a good agricultural background and
solitary standing. The weight of large roots from seed sowing reaches 100-150-200 g, from cuttings
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250-300 g. The largest roots were obtained in Gorki Leninsky from cuttings, the root weight reached
380 g. The diameter of the root neck of such a root is equal to large carrots. Although the rubber in such
roots is usually about 2%, the absolute amount of rubber in such a root is 5-7 g.

However, roots of this magnitude were grown in separate copies on cuttings. In the future, when
cultivating plantings by cuttings and growing on a high agricultural background, it is possible to achieve
mass enlargement of the roots and consolidation of these qualities in the off spring.

To date, there is a variety of kok-saghyz “Saryzazh” in Kazakhstan (Institute of Plant Biology and
Biotechnology, Almaty, Kazakhstan), which is characterized by high environmental plasticity and can be
used as an annual culture [17].

In a selective way, the rubber content in the root of kok-saghyz can be brought up to 25% [18]. It is
assumed that when hybridizing with T.fficinale, which has large roots, you can get hybrids with a rubber
content of 20%, theoretically, a rubber crop of up to 1800 kg / ha can be obtained [1, 19].

Conclusion. Natural rubber is indispensable synthetic in the manufacture of a wide range of products:
tires for aircraft, automobiles, shoes, clothing, surgical gloves and other products.

The problem of the global rubber industry lies in the real danger of the destruction of plantations of
the main source of natural rubber, the rubber tree of Hevea (Hevea brasiliensis), grown in the tropical,
humid climate of Southeast Asia, by diseases.

In this regard, in the temperate climate zone, Dandelion kok-sagyz (Taraxacum kok-saghyz) is being
introduced into the culture as an additional source of hevea for natural rubber.

It has been established that the rubber of kok-saghyz is located in the latex vessels of the root and the
rubber content in the root (from 6 to 14% on the dry weight of the root) depends on the number of circles
of latex vessels from 3 to 14. The number of circles of latex vessels depends on the genotype, agricultural
background and stage of ontogenesis

In the second year of the growing season of kok-saghyz plants, new circles of latex vessels with
rubber are formed in its roots, and latex vessels of last year with rubber threads form a rubber cover
around the root. Thus, the rubber content of biennial plants doubles. In the thickets of wild kok-saghyz,
kok-saghyz plants with several annual covers and, accordingly, plants with an increased rubber content
were found.

Kok-saghyz is a highly polymorphic species, which allows it to be used in breeding programs aimed
at increasing the productivity and stability of this promising technical culture.

The content of rubber can be brought up to 25% by selection. Hybridization with Taraxacum
officinale, which has large roots, you can get hybrids with a rubber content of 20%, theoretically a rubber
crop of up to 1800 kg / ha can be obtained.

K.P. Ytreymun, K.K. Kambaxkun
«buonorus xxoHe 6ciMIIKTep OHOTEXHOIOTHACHI HHCTUTYTh PMM, KP BFM, Anmartsl, Kazakcran

KOK-CAFbI3 TAMBIPBIHIAFbBI KAYUYK MA3MYHbBI MEH OPHAJIACYBI
(Taraxacum kok-saghyz Rodin)

AnHoTanus. Makanana kek-carbl3 0akOarbiHbIH (Taraxacum kok-saghyz Rodin) onemzaix MaHbI3bl Oap Oaraiibl
PECYPCTHIK OCIMIIKTIH OMONOTHSIIBIK epeKIIeTiKTepi, O0TAHUKAJIBIK CHIIATTaMAChl, aHATOMHUSUTBIK-(H3UOTIOTUSUTBIK 3EPTTEY
HOTIDKeJepi KenTipiareH. Kek-carbl3 TEXHUKAIBIK MOJCHUET PETiH/IE KOFaphl canabl KaydyK Ke3i naiiananbliaibl.

Taburu xayuyk (TK) aBTOMOOWIB, yIIaK, BelIOCHIIEATEpre, COHAAN-aK asK KUIM, MEAUIMHAIBIK KOJIFaIl JKoHEe 0acka
Jla Tayapiiapra apHaJIFaH PEe3EHKE-TEXHUKAJBIK OHEPKICiOiHAe KEHIHEH KO AaHbLIa bl

OneMIiK pe3eHKe OHEepKacidi Moceneci TaOMFM KaydyK HETi3ri Ke3i — reBesl KaydyK arallblHbIH IIJIaHTALUSChI
KOWBUTYIBIH HaKThI Kayinrinirine Herizgeneni. OHTycTik-1IbiFpic A3usi eliepiHiH TPOMMKAJBIK, BUIFAJJIbI KIMMAaThIHIA
ecipinren (Hevea brasiliensis). byn OHTycTik AMepukajna 0acTalKplia TaOUFU KaydyyK ©HJIPICIHIH QNEMJIK OpTajbIFbl
6onel, Oipak AMUGUTOTHS calJapblHAH TO3UIMACHIH TOJBIFBIMEH XKOFANTThL. Kasipri ke3ne GUTOCAHUTAPIIBIK KapaHTHH
KoJIJaHblIaabl JkoHe OHTYCTIK AMepukana reBesra >kakplHAaraH anamra OHTycTik-llbiFeic A3us engepine kemyre
Gonman bl

Ocpunaiilia reBesi akKIMMaTTalla alMaWTBIH AJICI3 KIMMaT aiiMaFblHAa KaydyK Ke3i peTiHie Oanama, KOChIMIIA
ecimaikTep KaxeT. CK ocelHIal nmepcreKTUBabl MPOAYLEHT Jen 0ak0ak KeK-carbi3bl TaHbUIAbl (Taraxacum kok-saghyz
Rodin).

XKapusnanran MomiMeTTepre colikec, KOK-Carbl3 KaydyK TaMBIp CaybITBIHAA OpPHAJACKaH JKOHE KaydyK MeJlmepi

(6-nan 14%-ra neiiin) caybIT meHOepiHiH caHbiHa OaitnaHbIcThl (3-TeH 14%-ra neiiin). CyT TambIpbl MIEHOEPiHIH CaHbI

— 4 ——
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JKOHE JIeMEK TaMbIpilapJarbl KaydyK MeJIlepi TeHOTHIIKE, arpo()OHFa JKOHE KOK-Carbl3 OHTOICHE3iHIH Ke3eHiHe
GailIaHbICTHI.

Cyrrinik xyileci ylI anrtaiblK KeK-carbl3 kewleTrepi 2-3 meHOepae naiina Oonansl. I'ynneHy keseHiHe Kapail Kyc
BIIBICTApBI 8-9 KOHIEHTpalMsIbl IeHOep Kypaiiabl. XKemic Oepy Ke3eHiHIEe CyT TambIpiapsbl eHOepiHiH canbl 10-13-ke
JKeTelll, KayuyK MeJlepi apTaibl.

Bereranust COHpIHIIA CYT BIABICTAPBIHIAFBI KAYYYyK MOJIIEpi xKeMic Oepy Ke3eHiHe KaparaHaa Oiprrama kebipek. Kek-
carbl3 ©CIMIIKTEpiHIH ©cin-eHyiHIH EKIiHIIl XbUIbIHJA OHBIH TaMbIPbIHIA KaydyTrbl CaybITTapIblH jKaHa IIeHOepi maiina
Oomapl, aJl OTKEH JKBUIFBI KaydyK JKinTepi O0ap caybITTap Kayuyk KaObIHBIH Maiiga OoJybl HETi3iHIe KaObIpIIaKTaHA/IbI.
Ocbliaiiia eKiXbULABIK 6CIMAIKTEP/E KayuyK KYpaMsbl €Ki ece oceli.

Kexk-caFbl3 TaMbIpbIHIAFBl Kay4dyK MeJiepi OoibiHIIA Oip TaOuru momynsuusHbiH e3inae 0-men 47,87-re neili,
35,85 xone 23,58% aya-Kyprak cajMarbIHbIH TaMbIPbIH/a OipHeIle KbULJIBIK THICTAPMEH TYCIHAIpyre Heri3 0ap.

Kexk-carbI3bIH TAOUFH OCIHIIIEP] — JKEKe IpIKTeyre apHalIFaH MaTepral 0oaThiH KyH/Ibl KOp. COHIBIKTaH KOK-CaFbI3
TabWUFH OCiHAlIEepl ayJaHbIH/Aa KOPBIKIIAHBI YIHBIMIACTHIPY ©T€ THIM/II.

Kex-carpI3 )orapbl TOJIUMOPQOTHI TYP OOJBIIN caHaNaIbl 9pi CEeNeKIMSIIBIK OaFapiaManap/aa naifanranyra MyMKiHIIK
6epeni. XKeke ipikTey ke3iHJe KOK-Carbl3 TaMBIPBIHAAFb] Kay4yKThIH skorapbl Memmepi (10-14 %) Mypara Kaiaablpblaagsl.

Kazipri yakpITTa KOK-Carbl3 Kejeci epeKIICTIKTepi apKbLIbl MaHbI3/Ibl KOK CaFbl3 OCIMIIri OOJbIN CcaHallaIbl:
1) Kay4yKTbIH JKOFapbl MaibI3bIK KYPaMbl KOHE OHBIH THIMJ OpHanacybl; 2) eMipaiH OipiHIII XKbUIBIHIA TYJIACHY MEH
JKEMIC-KHIEK; 3) KaydyKThIH KOFapbl camachl. Kex-carpl3 moinuMopdu3Mi atanFaH eCIMAIKTIH Kaydyrsl MEH J>KbLIIaM
MiCeTiH HBICAHIAPBIH 1piKTEYre MYMKIHAIIK Oepei.

Tyiiin ce3aep: KOK-carbI3, KaydyK, CYTTi TaMbIpiap

K.P. Yreyaun, K.JK. JKambakun

PecrybnmkaHCKOE TOCYTapCTBEHHOE yUpexaeHne «IHCTHTYT OHONOTHHE U OHOTEXHOIOTHH PACTCHHUID).
Komuter Hayku MunucrepcTBa o6pazoBanust u Hayku PecmyOnuku Kazaxcran. Anmarsl, Kazaxctan

COJEPKAHUE U JIOKAJIN3ALUA KAYUYKA B KOPHAX KOK-CAI'BI3A
(Taraxacum kok-saghyz Rodin)

AHnHoTauuus. B crarbe npuBeneHs! 61onornyeckue 0COOEHHOCTH, OOTAHUYECKOE ONUCAHUE, PE3YJIbTaThl aHATOMO-
(usnonoruueckoro u3yuenuss OnayBanunka kok-carei3 (Taraxacum kok-saghyz Rodin) — 1eHHOro pecypcHOE pacTeHHUs
MHUPOBOTo 3HaueHHsA. KOK-carsl3 HCHONb3yeTcs Kak TeXHHUYEeCKast KyJIbTypa — HCTOYHUK BBICOKOKa4eCTBEHHOI'O KayuyKa.

Hatypanbabiii kayuyk (HK) mupoko ucronb3yercs B pe3MHOTEXHUYECKOH MPOMBIIIJICHHOCTH Ui TPOM3-BOJICTBA
LIMH /7151 aBTOMOOMIIEH, CaMOJIETOB, BEJIOCUIIENIOB, a TaKXKe 00yBH, MEIUIIMHCKUX IIEPYATOK U IPYTUX TOBAPOB.

IIpobnema MUPOBOM PE3WHOBOI MPOMBIIICHHOCTH 3aKJIFOYAETCS B PEabHOM OMACHOCTH YHHUYTOXKEHHUS OOJIC3HAMHU
IUTAHTallMd OCHOBHOI'O MCTOYHHMKA HATypalbHOIO Kaydyka — KaydyKoBoro nepeBa reBen (Hevea brasiliensis),
BBIPAIMBAEMOT0 B TPONHMYECKOM, BiIaXHOM kimMmaTte cTpaH lOro-Boctounodt Asmm, kak 310 ciayumwiock B HOxHoi
AwMepuke, KOTOpasi H3HA4YaIbHO OblJIa MUPOBBIM IIEHTPOM IPOU3BOJICTBA HATYpAJILHOTO KaydyKa, HO U3-3a 3MU(PUTOTHU
MOJHOCTBIO YTpaTWiIa CBOM MNO3MIMU. B HacTosmee BpeMsl CyIIECTBYeT (DUTOCAHMTApHBI KapaHTUH U YEIOBEKY,
UMeroIIeMy 0cTyI K reBee B FOxHOI AMepuke, He pekoMeHayeTcs nocemenue crpad FOro-Boctounoii Asum.

Takum 00pa3zoM, HEOOXOIUMBI pe3epBHBIC, JOMOIHUTEIILHBIC BUIbI pacTeHuit — uctounuku HK B 30He ymepeHHOTO
KJIMMaTa, TJIe TeBesi He MOXKET aKKIMMaTU3UpOBaTbcs. TakuM IepcrneKTHBHbIM npoxyuneHToM HK mpusHan omyBaHumMK
kok-carbi3 (Taraxacum kok-saghyz Rodin).

COFﬂaCHO OHy6J11/lKOBaHH])IM JAaHHBIM, Kay4YyK KOK-Carblda HaXOAWUTCsS B MJICHHBIX COCyJaxX KOPHsA, U COACPIKAHHUC
Kayuyka (0T 6 1o 14%) 3aBHCHUT OT KOJMYECTBAa KPYroB MiIeUHbIX cocyqoB (oT 3 no 14). KonnvecTBO KpyroB MIIEYHBIX
COCYZIOB U, CIEIOBATEIbHO, COJACP)KaHUE KaydyKa B KOPHSAX 3aBUCHUT OT T'€HOTHIIA, arpo)OoHa M dTara OHTOTCHE3a KOK-
carsiza.

Mineunas cucreMa oOpa3yeT y TPEXHEAENbHBIX CESHIEB KOK-carbl3a 2—-3 kpyra. K mepuony IBereHust Mie4HbIe
cocyapl 00pa3yroT 8—9 KOHIEHTPHYECKHX KPYroB. B Imepuop IIOJZOHOUIEHUs KOJIHYECTBO KPYroB MIIEYHBIX COCYJIOB
nocturaet 10-13, conepxanue kaydyka yBeIUIUBAETCS.

K xoHITy Beretanuy KOJMYECTBO KaydyKa B MIEYHBIX COCYaX HECKOJIBKO OOJbIIe, Y4eM B MOMEHT IIIOIOHOLICHHS.

Ha BTOpoO#i rox Bereranuy pacTeHUI KOK-carbi3a B €ro KOpPHSX 00pa3ylTCs HOBBIE KPYTrM MIICHYHBIX COCYJIIOB C
KaydyKoM, a MJIEYHHKH TPOIUIOTO roja ¢ HHUTSAMH KaydyKa OTIIENYIIMBAIOTCS C OOpa3oBaHUEM KaydyKOBOTO dYeXJa.
Taxum 00pazom, coaepkaHue KayuyKa y JBYXTOJUYHBIX PACTCHUN YBAMBACTCS.

W3BecTHa BBICOKAas HM3MEHYHMBOCTH II0 COJIEPKAaHHIO Kaydyka B KOPHSAX KOK-carbl3a JaXXe B OJHOH M TOW XKe
MPUPOAHON MOMYJISIMU TUKOTO KOK-carbi3a ot 0 1o 47,87; 35,85 u 23,58 % Ha BO3LyLIHO-CYXOi BEC MOXKHO OOBSCHHUTH
HAJIMYHEM Ha KOpHE HECKOJIBKHMH FOANYHBIMH YEXTaMH.

IIpupoaHbie 3apocnu KOK-carki3a — 3TO HEeHHeHmmi GoHJ, U3 KOTOPOro Bce BpeMs OyAeT 4eprnaThbesi MaTeprall Juis
WH/IMBUAYAILHOTO O0TOOpa, MO3TOMY BIIOJIHE PAllMOHAIILHO OPTaHM30BaTh 3aKa3HUK B paliOHE MPUPOIHBIX 3apOCied KOK-
carsiza.

Kok—carbI3 sBnsieTcss BBICOKOMOJIMMOP(HBIM BHAOM, YTO IIO3BOJSIET €r0 HCIHOJb30BaTh B  CEIEKLHMOHHBIX
nporpammax. [Tpy HHANBHIYaIEHOM 0TOOpE BEICOKOE COAEpKAaHUE KaydyKa B KOpHAX KoK-carbiza (10-14 %) Hacnemyercs.
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B HacTos1Iee BpeMs KOK-Carbl3 SBISIETCS BaXKHBIM Kay4yKOHOCOM, OJarofapst ciaedylolM CBOUM OCOOEHHOCTIM: 1)
BBICOKOMY TPOIIEHTHOMY COJEP)KaHHIO KaydyKa M BHITOJHOMY €TO PACIIONOXKEHHIO, 2) IBETEHHWIO U ILUIONOHOIICHUIO B
[IEPBOM TOJIy KU3HHU,3) BHICOKOMY KauyecTBYy Kayuyka. ITonumopdu3M KOK-carbi3a IO3BOJIET PACCUMTHIBATH Ha OTOOP
HanboJee KayTyKOHOCHBIX M HanboIee CKOpOCIIeNbIX (opM JaHHOTO PacTEHHS.

Ki1104yeBble cj10Ba: KOK-Carbl3, Kay4dyK, MJIEUHBIE COCYbI.
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SELECTION OF ACTIVE YEAST STRAINS
FOR FERMENTED BEVERAGES FROM PLANT MATERIALS

Abstract. Fresh juices obtained under sterile conditions, including pomegranate juice, cherries, cherries, red
grapes, watermelon juice, beetroot juice, sugar cargo, as well as flushes from the surface of juice-containing berries
growing in the Turkestan region were used as sources of yeast cultures. Of 180 isolated yeast species, the majority
are Saccharomyces - 159, 71 pure cultures are the most typical for the region and suitable for fermentation.
A subsequent study of the morphological characteristics of cells, physiological and biochemical properties,
clarification of antagonistic activity, and resistance to antibiotics made it possible for further selection of strains. The
most highly active and appropriate by technological parameters were selected: Saccharomyces cerevisiae Al-06
(from grapes), Saccharomyces cerevisiae Gl -8 (from sugar sorghum juice) and Saccharomyces cerevisiae-Az-12
(from pomegranate juice). Thus, the analyzes showed the possibility of using plant materials not only as freshly
squeezed juice of pomegranate, cherry, grape, watermelon juice, sugar cargo, but also as sources of active yeast.

Key words: yeast, Saccharomyces cerevisiae, pomegranate, fruit, berries, fermented juice.

Introduction. An analysis of the health status of the population in Kazakhstan shows that many
residents of the country have certain health problems that depend on many factors, including their living
conditions. At the same time, one of the serious factors is the environmental impact on public health. High
levels of environmental pollution create stressful conditions for the human body. Fruits and vegetables are
rich in vitamins, minerals, fiber, etc. They are not only beneficial for the body, but also able to remove
toxins and various types of pollutants from the body [1-2]. The Turkestan region is the southernmost part
of the country, with a long summer period and is rich in a number of medicinal, fodder, fruit and
vegetable, ornamental plants characteristic of the Tien Shan floristic region. The climatic conditions of the
Turkestan region allow growing a number of different fruits and vegetables [3]. Fruits containing various
organic acids, sugar and other food sources of yeast and predominantly populated by yeast

The yeast strains associated with fruit surfaces are capable of converting large amounts of sugars into
alcohol, and they can also tolerate a high concentration of alcohol. Although yeasts of different genera
Kloeckera, Hansensiaspora, Candida, Pichia are involved in the process of transformation of sugars into
acids and alcohols, in most cases, Saccharomyces species dominate the final stage of fermentation than
any other types of yeast [4-8]. When cultivating yeast, like most living organisms, maintaining a certain
temperature is of great importance. At the same time, the overwhelming majority of yeast species belong
to the group of mesophilic microorganisms with temperature limits of growth ranging from 2—-5 to 30-37°
C and optimum at 26-28 °C. True yeast thermophiles are not known among the yeast, for growth of which
temperatures are higher 50° — 60° C [5, 7].

Aim of the study: development of a fermented beverage based on selected yeasts.

Materials and methods. For extract the yeast cells we used the most acceptable methods, including
washing with sterile water and scraping with a sterile scalpel. The sources of yeast cultures used washes
from the surface of juice-bearing berries growing in the Turkestan region, as well as fresh juices obtained
under sterile conditions, including pomegranate juice, cherry, red grapes, watermelon juice, table beet
juice, sargo juice. The presence of yeast in them can be set directly under the microscope or after
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concentrating on centrifuges at a frequency of 2000 rpm for 15-20 minutes. Samples of liquids were taken
in sterile vessels [6, 13].

Wort agar was used as nutrient media; Sabur agar (glucose-peptone media), mycelium formation was
investigated on corn-glucose agar medium. These media are used to fully account for and isolate most
types of yeast. The most widely used full-fledged medium for growing yeast is also malt wort. It consists
of glucose, fructose, sucrose, maltose, maltotriose and maltotetraose, as well as a small amount of
pentoses - arabinose, xylose and ribose. Nitrogen components make up 6-7% dry matter (DM), among
them ammonium nitrogen is 2.18-2.44 mg per 100 ml. In the wort there are amino acids, all the main B
vitamins and minerals, the content of which depends on the water used. The wort is obtained from
breweries. It is diluted with tap water to a concentration of 6-8% of DM.Wort agar can be made from dry
malt extract. 20 g of the powder is dissolved in 400 ml of hot distilled water containing 12 g of agar, and
sterilized at 121 °C for 15 minutes. After sowing, the plates are incubated 24 hours in the usual position so
that the agar adsorbs the liquid, and then the Petri dishes are inverted to avoid dropping condensate from
the lid to the surface [14-19].

Incubating yeast on dense media from the suspension being studied is made with a pipette, with
0.5 ml or one drop of the measured volume in each dish. A drop of the test suspension containing yeast
cells is applied to the surface of the agarized solidified medium in a Petri dish. After that, a sterile glass
spatula evenly distribute the drop to the surface. With the same spatula, you can still sow 2-3 dishes in
case the first one is very dense growth of colonies [6, 9, 12].

The process of isolating a pure culture ends with the transfer from a separate, grown in isolation
colony into a test tube. The isolated cultures were examined for cell homogeneity under a microscope, as
well as the uniformity of the colonies on the plate during subsequent incubation [10-13].

Thus, the requirements that must be fulfilled in the research on determining the type of yeast are as
follows: before determining each culture should be carefully checked for purity by microscopy and
incubated on solid nutrient media; from each source culture, they prepare a so-called control culture by
transferring it into a test tube with wort agar and retain its entire work period by definition. When
describing morphological traits, standard media and cultivation methods are used, since these traits can
vary significantly depending on the medium composition and growing conditions [12, 13].

Research results. Microorganisms isolated from various plant substrates were mostly separate
budding cells, and yeasts were also found, forming pseudomycelium and individual species with a true
well-formed mycelium. Among the studied representatives of the yeast were typical representatives of
Oosporidium, also met Rhodoturola, capable of forming primitive pseudomycelium, colonies have a
pronounced rather bright red or orange color; individual grown colonies in many respects belonged to
Candida cells.

The results of the selection of pure cultures of Saccharomyces yeast are presented in table 1.

Of the 180 different types of isolated yeast, most belong to Saccharomyces 159 and only 21 cultures
to Dipodascaceae, 71 pure cultures were isolated.

Table 1 — The results of the selection of pure cultures of yeast saccharomycetes

Research raw The number of analyzed colonies on the dishes Isolated pure
materials Total Estimated Giving spores cultures
Saccharomyces Yeast
Pomegranate 31 24 16 16
Cherry 18 15 15 9
Grape 65 33 24 24
Watermelon 11 8 8 5
Beet 12 8 7 6
Sugar Cargo 43 32 21 11

Since the main goal of these studies is the development of a fermented drink, yeast capable of
transforming sugars into biologically active substances useful for the body was selected from all yeast.
Among the selected cultures, preference was given to representatives of the culture Saccharomycets, the
family of Saccharomycetaceae. The sizes of the studied single cultures varied in width on average from
4.5 ym to 9 um and in length up to 10 um. Form predominantly rounded, oval, elongated.
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The most promising were Saccharomyces cerevisiae strains isolated from grapes, sugar sargo juice
and pomegranate juice, which were obtained by multiple inoculation of individual yeast colonies on solid
nutrient media. A further study of the morphological features of the cells, physiological and biochemical
properties, clarification of the antagonistic activity, resistance to antibiotics made it possible for further
selection. As a result, the strains identified as the following strains of the yeast Saccharomyces cerevisiae
Al-06 (from grapes), Saccharomyces cerevisiae Gl-8 (from sugar sargo juice) and Saccharomyces
cerevisiae Az-12 (from pomegranate juice), belong to the Saccharomycecececeae family species
Saccharomyces.

Biological species of the genus Saccharomyces are a good model for studying the fundamental
biological processes: speciation and adaptability of organisms to the environment. Currently, the genus
Saccharomyces is clearly defined and includes, in addition to S. cerevisiae, the species S. arboricolus,
S. bayanus, S. cariocanus, S. kudriavzevii, S. mikatae and S. Paradoxus [5]. The cultural gene pool of
Saccharomycetes yeast is represented by S. cerevisiae and S. bayanus species. Different strains of yeast
used in the production of various drinks allow you to get drinks unique in taste and aroma [14-18].

Yeast culture Saccharomyces cerevisiae Al-06 (from grapes) grows in 1.5% milk at a temperature of
30 ° C, fermentation of milk does not occur, gas (CO,) is formed during the fermentation of juices. When
they growth in a solid medium, form beige colonies in a round shape 1.5-2.0 mm in diameter. The culture
has a characteristic smell of yeast. The strain does not form pigments diffusing into the medium (figure 1).

Figure 1 — Culture of the yeast Saccharomyces cerevisiae Al-06 (from grapes)

The average cell size is 6.5 x 7.2 um. The shape of the cells is oval and rounded. Reproduces by
budding.

On aqueous agar containing sodium acetate cells form asci with spherical spores with smooth shells,
1 to 4 in cell. Colonies are large, smooth, and convex, with smooth edges on the malt wort agar.

Physiological and biochemical properties. Many simple compounds, such as glucose, fructose,
galactose, sucrose, glycerin, can be used as a carbon source. As a result of the fermentation of sugars, CO,
and ethanol are formed.

Features of growth: Temperature optimum is 26 + 1 °C. Cells grow in the range of 4 °C to 40 °C. The
optimum pH of the medium is 4.5-5.5. Keeps viability in the pH range from 2.0 to 10. It grows when the
content of bile in the medium is up to 2.5%.

The cultural and morphological properties of Saccharomyces cerevisiae G1-8 yeast strain (from sugar
sargo juice) are the following: On the surface of a solid agar medium, round convex, light cream-colored
opaque colonies with a smooth edge, 3-3.5 mm in size, smooth surface, glitters, the consistency is soft,
buttery (figure 2).
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Figure 2 — Yeast culture of Saccharomyces cerevisiae G1-8 (from sugar sargo juice)
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The average cell size is 5.0 x 8.7 um. The shape of the cells is oval and rounded. Reproduces by
budding. On agar medium containing sodium acetate, the cells form aski with spores of spherical shape
with smooth shells, 1-4 askies in cell.

Physiological and biochemical properties. Ferments: glucose, sucrose, maltose, galactose,
1/3 raffinose. Does not ferment: lactose and simple dextrins.

Features of growth: Temperature optimum is 26 = 1 °C. Cells grow in the range of 4 to 40 °C. The
optimum pH of the medium is 3.5-5.5. Keeps viability in the pH range from 2.0 to 10. It grows when the
content of bile in the medium is up to 2.5%.

Cultural and morphological properties of Saccharomyces cerevisiae Az-12 (from pomegranate juice):
on the malt wort-agar colonies are small, smooth, convex, with plain edges (figure 3). The average cell
size is 5.0 x 6.4 microns. The shape of the cells is mostly rounded. Reproduces by budding. The yeast
does not form a yeast spore.

Figure 3 — Culture of Saccharomyces cerevisiae Az-12 yeast (from pomegranate juice)

Physiological and biochemical properties. Ferments: glucose, fructose, sucrose, maltose, maltotriose,
does not use galactose, consumes pentose in a small amount - arabinose, xylose and ribose, can use many
simple glycerol compounds as a carbon source, as a result of fermentation of sugars it forms CO, and ethyl
alcohol.

Features of growth: The temperature optimum is 37 £ 1 ° C. Cells grow in the range of 5 to 45 °C.
The optimum pH of the medium is 3.5-5.5. Keeps viability in the pH range from 1.2 to 10. It grows when
the content of bile in the medium is up to 3.0%.

In relation to oxygen, all of the studied strains are optional.

Antibiotic resistance: Saccharomyces cerevisiae Al-06 strains are resistant to gentamicin, cefazolin,
amoxiclav, tetracycline, norfloxacin, vancomycin, erythromycin, ciprofloxacin, cefuroxime, amphotericin.
Show moderate antagonistic properties in relation to E. coli.

The strain Saccharomyces cerevisiae GI-8 1is resistant to gentamicin, oxacillin, amoxiclav,
tetracycline, norfloxacin, vancomycin, erythromycin, ciprofloxacin, metronidazole, ketonazole,
amphotericin. It shows pronounced antagonistic properties in relation to E. coli u Staphylococcus aureus.

Saccharomyces cerevisiae Az-12 is resistant to gentamicin, oxacillin, cefazolin, amoxiclav,
tetracycline, norfloxacin, vancomycin, erythromycin, cefotaxime, ciprofloxacin, cefuroxime,
metronidazole, ketonazole, amphotericin. They exhibit pronounced antagonistic properties against
Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus.

The most acceptable cultures were selected in accordance with their relatively fast ability to ferment
fruit juices, where the leading factor was high organoleptic characteristics, natural fruit smell, without the
appearance of turbidity or large sediment and a pleasant slightly sour taste (Tabnumua 2).

Tasting evaluation of the finished product was carried out on a ten-point scale, where the leading
indicators were: color, transparency, smell (aroma), taste, each of the above indicators was given the
maximum and minimum rating, which was summarized and determined as the final one. The tasting was
attended by students, teachers and technologists of food enterprises.

In the southern region of Kazakhstan, a large number of fruits, berries and vegetables are grown, but
due to the lack of effective technologies for processing vegetable raw materials and recipes for obtaining
fermented beverages, it is impossible to expand the range of fermented fruit drinks intended for the
prevention of various common diseases.

— §) ——
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The development of fermented beverages based on the juice of fruit and berry raw materials will
allow to replenish the range of products for therapeutic and preventive purposes by enriching the final
product with a number of functional ingredients, and as a result will give an overall improvement in the
health of the population [19-20].

Table 2 — Chemical indicators and tasting evaluation of mixed fruit juices, fermented by experienced yeast

Fruit Juice Kind of Yeast Volume Mass Mass Mass Tasting
fraction concentration concentration concentration evaluation
of ethyl of sugars, of titratable acids, | of volatile acids,

alcohol,% g/dm’ g/dm’ g/dm’
Watermelon Saccharomyces 1,5 42 5,01 0,45 6
juice cerevisiae Al-06
Saccharomyces 23 3,1 5,64 0,51 7
cerevisiae GI-8
Saccharomyces 1,6 39 5,21 0,54 8
cerevisiae Az- 12
Pomegranate Saccharomyces 2,6 5,8 6,93 0,72 8
juice cerevisiae Al-06
Saccharomyces 3,7 4.1 7,82 0,75 8
cerevisiae GI-8
Saccharomyces 2,8 5,3 6,15 0,78 9
cerevisiae—Az- 12
Mixed juice Saccharomyces 23 49 5,92 0,55 8
(watermelon- cerevisiae Al-06
pomegranate) Saccharomyces 3,1 2,7 8,43 0,59 9
cerevisiae GI-8
Saccharomyces 1,8 4.5 5,15 0,64 10
cerevisiae—Az- 12

Thus, performed analyzes show the possibility of using plant materials not only as freshly squeezed
juice of pomegranate, cherry, grapes, watermelon juice, sugar sargo juice, but also as sources of active
yeast. Of the yeast isolated from plant substrates, the most acceptable from a technological point of view,
as well as those with pronounced antagonistic abilities in relation pathogens are Saccharomyces cerevisiae
Az- 12 u Saccharomyces cerevisiae GI1-8
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of plant development with the purpose of agricultural production intensification” of the Ministry of
Education and Sciences of the Republic of Kazakhstan.

Conclusion. As a result of the selecting work, Saccharomyces cerevisiae strains isolated from grapes,
sugar sargo juice and pomegranate juice were chosen and obtained by multiple passages of individual
yeast colonies on solid nutrient media and identified as Saccharomyces cerevisiae Al-06, Saccharomyces
cerevisiae Gl -8 u Saccharomyces cerevisiae Az- 12.

The most promising were Saccharomyces cerevisiae Gul-8 and Saccharomyces cerevisiae Az-12 with
the ability to ferment fruit juices relatively quickly, and the leading factor was high product quality:
organoleptic characteristics, natural fruit odor, no turbidity, and a pleasant slightly sweet, slightly sour
taste.

A.A. Canapﬁekonal, A.C. Jlatud', 3.P. AxmenoBa’

'FOsxH0-Kazaxcranckuii rocyaperenHblii YauBepeuteT nM.M.Ays308a, [lIsivkenT, Kasaxcran;
*WHcTuTyT MEKpOGHOTOrHH AKageMun Hayk Pecrry6nnkn V3bekucran, TamkeHT, Y36ekucran

CEJIEKIIUSI AKTUBHBIX IITAMMOB JTPOXKEN
JJISI ®PEPMEHTATHPOBAHHBIX HAITUTKOB U3 PACTUTEJIBHOI'O ChIPbSA

AHHOTaI.lPlﬂ. AHanu3z cocTosTHUS 310pOBbA HACCIICHUSA B Kazaxcrane IIOKa3bIBACT, YTO HpO6J’I€MLI CO 3J0pOBbEM
B TOH WUIM MHOK MEpE€ MMCHOT MHOT'UC KUTCIIN CTPAHbI, KOTOPLIC 3aBUCAT OT MHOTUX (baKTOpOB, BKJIFO4asA U yCJIOBUA
HX IPOXKUBAHUSA. CDpyKTI)I H OBOIIH, 06.]'[&,&3.5[ BBICOKUM COACPKAHUEM BUTAMHUHOB, MUHCPAJIOB, KJICTYATKHA U T.A., HC
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TOJIBKO OJTarOMPHUATHO BO3ACUCTBYIOT Ha OPTaHU3M B IIETIOM, HO H CIOCOOHBI BEIBOAUTH TOKCHHBI M PA3INYHEIC BUIBI
MOJUTFOTAaHTOB M3 opraHm3Ma. DPYKTHI, COAepXkallie pa3InYHbIe OpPraHWYeCKHe KHUCIOTHL, caxap M IpyTue
WCTOYHHUKH MUTAHUS IPOXOKEH, MPEUMYIIIECTBEHHO HACEICHBI JPOKKAMU.

B kadecTBe HCTOYHHKOB APOMNOKEBBIX KYJIBTYp HCIONB30BAIH CBEXKHE COKH, HMOJTYYEHHBIE B CTEPHUIBHBIX
YCIIOBHSIX, B TOM YHCJIE COK I'paHaTa, BUIITHH, YePEIIHU, KPACHOTO BUHOTPAia, apOy3HBIN COK, COK CTOJIOBOM CBEKIIBL,
COK CaxapHOTO Capro, a TAK)Ke CMBIBBI C TOBEPXHOCTH COKOCOJIEPIKAIINX ATOJ, IPOU3pacTalonmx B TypKecTaHCKOI
obmactu. Tak KkKak OCHOBHOW MLeNbl0 JaHHOW paboThl OBUIO pa3paboTka (EPMEHTHPOBAHHOTO HAINWTKA, W3
BBIJICJICHHBIX KYJIBTYP MUKPOOPIaHU3MOB CEJIEKTUBHO OTOMPAJIH JPO}OKH, CIOCOOHBIE TpaHC(OpMHUPOBATh caxapa B
OMOJIOTMYECKN aKTUBHBIE BEIIECTBA, [TOJIE3HBIE JIJIsl OPraHU3Ma.

Cpenu BBLICIEHHBIX KYJBTYp NPEIIIOYTEHUE OTAABAJIM IPEICTABUTEISIM KYJIBTYPHI Kilacca CaxapoOMHIETOB
cemeiictBa Saccharomycetaceae. Pa3mepbl HcclielyeMbIX OJIMHOYHBIX KYJIBTYP BapbHPOBAIH 110 IIUPUHE B CPEIHEM
oT 4,5 MxM 710 9 MkM 1 1o jyiuHe 10 10 MxM. POpMBI NPEUMYILECTBEHHO OKPYIJIble, OBAJIIbHBIE, YAJUHEHHBIE. 113
180 BBIOEIICHHBIX BHIOB APOXOKEH OONBIIMHCTBO OTHOCHTCS K Saccharomyces — 159, kak HanOoJee THUITUIHBIC IS
JTAHHOTO PErMOHa W TpueMyeMble i (epMeHTanuu BblaeneHa 71 uucras KynbTypa. [locnenyromee u3ydeHue
MOP(]OIIOTHYECKHX 0COOCHHOCTEH KIICTOK, (PU3HOIOTHUECKUX U OMOXMMHYECKHUX CBOMCTB, NMPOSICHEHUSI aHTaroHMC-
TUYECKOH aKTHBHOCTH, YCTOMYMBOCTH K aHTHOMOTHKAM Il BO3MOXKHOCTH ISl NANbHEHINEH CeJeKINHA MITaMMOB.
Hambonee BBICOKOAKTHBHBIE W COOTBETCTBYIOIIME I10 TEXHOJOTHMYECKHMM TIapamMeTrpaM OBUIM  OTOOpaHbI:
Saccharomyces cerevisiae Al-06 (u3 BuHOTpama), Saccharomyces cerevisiae Gl-8 (W3 coka caxapHOTO capro) u
Saccharomyces cerevisiae—Az-12 (43 TpaHATOBOTO COKa).

Takum 00pa3oM, MpoBeACHHBIE aHAJIU3BI MMOKA3aJIM BO3MOXXHOCTH HCIIOIB30BAHMS PACTUTEIHHOTO CHIPHS HE
TOJILKO B Ka4eCTBE CBEXKE BBDKATHIX COKOB I'paHaTa, BUIIIHU, BUHOTPaa, apOy3HOTO COKa, COKa CaxapHOIr0o capro, HO
U B Ka4€CTBE UCTOYHUKOB aKTHBHBIX JIPONOKEH.

[MTonyuenne GepMEHTUPOBAHHBIX HAIIMUTKOB Ha OCHOBE COKOB IIJIOI0BO-SITOAHOTO CHIPbsI TIO3BOJISIET MOIIOJIHUTD
ACCOPTHMEHT TPOAYKTOB JIedeOHO-NPOGHIAKTHIECKOTO HAa3HAUCHMS 3a CUET OOOTralleHHs KOHEYHOTo IpOJIyKTa
psioM GYHKIMOHAIBHBIX HHIPEIMEHTOB, M KaK CJIECTBUE JaeT o0lIee yIydIlIeHne 30POBbs Y HAaCEICHHs.

KuroueBsle ciioBa: Ipoxiku, Saccharomyces cerevisiae, TpaHar, QpyKTbI, AT0JIbI, EPMCHTUPOBAHHEIA COK.

A.A. CanapbexoBa', A.C. Jlatug', 3.P. Axmenosa’

! M.Oye30B atbianarsl OHTYCTiK Kazakcran memnekeTtik ynuBepcuterti, llsimkent, Ka3akcran;
? O36ekcran PecriyGmukacs! FrutbiM AKaneMusChiHbIH MEKPOGHOIOrHs HHCTHTYTHI, TamkeHT, ©36eKcTan

OCIMAIK IUKI3BATBIHAH ®EPMEHTTEJITEH CYCBIHFA APHAJIFAH
AIIBITKBIHBIH BEJICEHAI INTAMM CEJIEKHUACHI

AnHotanus. KazakctaHmarbl XambIKTHIH JCHCAYINBIK JKaFJaibIH Talgay JeHCAyIBIK Mocenenepi Kanaai na oip
JIOpexene eNJIiH KONTEereH TYPFRIHIaphIHIa KEe3/ICCeTiHIH KopCceTeai opi Oy oJapAblH eMip CYpy JKaFdaibiH Koca
anraHaa, KentereH Qakropiiapra OaiyiaHbicThl. JKemicTep MEH KOKOHICTEP BHUTaMHUHIEPAIH, MUHEpaslapibliH,
KJICTYaTKAJIAp/IbIH KOFaphl KYpaMbIHa Ue 00J1a OTHIPHII, JKAJIIBI aF3aFa YKarbIM/Ibl 9Cep CTil KaHa KOoWMai, COHbIMEH
KaTap YBIT [I€H TYpJIi OJUTFOTAaHTTap/Abl aF3ajiaH IublFapyra KaOinerti. KypaMbinaa Typ:ii opraHuKajiblK KbIIIKbULAAD,
KaHT )OHE alllbITKbl KOPEKTEHAIPY/IiH 0acka 1a Ke3i Ke3JIeCeTiH )KeMiCcTep Heri3iHeH allbITKbIJIAPMEH OpHAJIACKaH.

AIBITKBI TaKbLIIAPBIHBIH KO31 PETIHAE CTEPUIb/II KaFaaka ajJblHFaH KaHa [IBIPBIH, COHBIH IIIIHAE aHap [IHe,
TOTTI IIME, KbI3BUT KY3iM, KapObI3, acxaHa KbI3bUIIIACH, KAHT COPTOCBIHBIH IIBIPBIHBI, cOHAal-ak TypkicTaH
OOJBICBIHAA ©CETiH KYpaMbIHIa IIBIPBIHEI Oap KuAeKTep OeTiHeH maibHapuap maiinaransuiabl. OChl SKYMBICTHIH
HeTi3ri MakcaThl ()epMEHTTENreH CYCBIHABI O3ipIeHTIHIIKTeH, MHUKPOOPTaHW3MACPAIH OOJIHTeH NaKbUITaphIHAH
KaHTTHI OMOJIOTTSUTBIK OCIICEH Tl 3aTTapFa ar3aFra Maiaibl TYpJICHAIpYTe KaOLIeTTi allIbITKEI iPIKTEIIN adbIH/IbL.

Beniaren makpuimap apachblHOa CcaxapOMWIET KIACHIHBIH eKiimepine, Saccharomycetaceae TYKbIMIachkIHA
apTHIKIIBUTBIK Oepini. 3epTTeneTiH Oip MaKpll Meumepi eHi OoifpiHIma oprama 4,5 MKM-IeH 9 MKM-Te JeiiH KoHe
Y3BIHIBIFBI OOWbIHIIA 10 MKM-re JAeidiH e3repim OThIpanbl. HbICaHBI HETi3IHEH NOHIEJCK, COMAaK, Y3apThUIFaH.
180 OesiHreH ambITKBl TYpiHiH Kemmrutiri Saccharomyces-159-ra »xarazmpl, OChl aliMaK YIIIH €H THITIK JXOHE
(depMenTanus yimH Konaiiel 71 Tasa makput Oeninmi. KierkagapapiH MOPGOIOTHSIIBIK €PEeKIISTIKTEPiH, (PU3HOIO0-
THSUIBIK YKOHE OMOXUMISUIBIK KACHETTEPiH, aHTArOHHMCTIK OCJICCHIUIIKTI, aHTHOMOTHKTEPre TOIMAUIIKTI KeHiHHEH
3epTTeY MITaMMIAPAbI ONaH opi CeNleKIUsulayFa MYMKIiHIIK Oepai. EH jxorapel OejCeHIl KOHE TEXHOJIOTHSIIBIK
napamerpiep OoiibiHIIa coiikec KeneTiH: Saccharomyces cerevisiae Al-06 (xy3imHeH), Saccharomyces cerevisiae
Gl-8 (xaHT capro mHIPEIHEIHAH) XoHE Saccharomyces cerevisiae—az - 12 (aHap MIBIPHIHBIHAH) iPIKTEM aJIBIHABI.
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OcpUraiiliia KYPTi3iUIreH Tajaayiap ©CIMIOiK IIHKI3aTBIH aHap, IIHe, XKY3iM, KapObI3, KaHT COPTOCHIHBIH
IIBIPBIHBI PETIHJIC FAaHA eMeC, COHBIMEH KaTap OCJICEHIi alllbITKBI K631 PEeTiHAe maijanany MYMKIH/IITiH KOPCETTI.

Kemic-)kumek MIMKI3aTBIHBIH LIBIPBIHBI HETi3iHAE (EPMEHTTENIeH CYChIH ajly eMaey-Ipo(rIakTHKaIbIK
MaKcaTTaFrbl OHIMICP aCCOPTUMEHTIH OipKaTap (ZYHKIIMOHAIABIK HHTPEIUCHTTEPIIH COHFBI OHIMIH OalibITy ecebineH
TOJIBIKTBIPYFa OHE OCBIHBIH CaJlJapbIHAH XAJIBIKTBIH JICHCAYJIBIFBIH JKAITIBI JKaKCApTyFa MYMKIH/IIK Oepe/i.

Tyiiin ce3nep: anmibITKel, Saccharomyces cerevisiae, aHap, )XEMIC, KHUJIEK, PCPMCHTUPICHTCH IIBIPHIH.
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IJIASMEHHBIE YPOBHU HEKOTOPBIX mukpoPHK
ITPU PAKE MOJIOYHOM KEJE3bI B KABAXCKOM NONYJISILNN

AnHoTanus. Pak MOJIOUHOM >KeNe3Hl sSBIseTCs Hanbosee YacToi (JopMoil paka cpenn KEHITUH BO BCEX MHPE.
BHuenpenne MaMMorpaduueckoro CKpHHUHTA JUIS )KEHIIUH PHCKOBOTO BO3PACTa MO3BOJMIO 3HAUYUTEIBHO CHHU3HUTH
CMEPTHOCTh OT 3TOr0 3a00JICBaHWS, OAHAKO MaMMoOrpadus TacT 3HAYUTEIBHOE HUHCIIO JIOKHOIOJIOXKHUTEIBHBIX
cpabaTbIBaHMi y Oojiee MOJIOJBIX JKEHIWH. JTa MpoOJieMa CIy>KUT OCHOBAaHMEM AJISI TIOMCKA HOBBIX, HA/ICKHBIX,
MaJIONHBA3UBHBIX U JICIMIEBBIX OMOMApKEPOB paka MOJOYHOW »kene3bl. Llenpio TaHHOW paboThl SBUIACH NPOBEPKA
JUArHOCTUYECKOW IIEHHOCTH MIecTH IutazMeHHBIX MHKpOPHK Ha BeIOOpKe Ka3axXCKuX >KeHIIWH. [T 3TOTO MBI,
ucnonb3yss meron kommuyectBeHHod [ILIP, cpaBumnm ypoBHum MukpoPHK B miazme OOSBHBIX pakoM MOJOYHON
xkenesbl (n = 27) u 370pOBBIX KOHTpoJieh (n = 33), a Takke B OMYyXOJIM U IpUJIeraolei 310pOBOi TKaHW MOJIOYHON
xene3pl (n = 28). [lna3mennble koHueHTpauud miR-145-5p, miR-191-5p u miR-21-5p Obum nocTOBEpHO
MOBBIIICHBI y MAIUCHTOB 10 CpaBHEHHIO ¢ KOHTpoisimMu (P = 6.58e-7, 2.70e-5 u 0.049, coOoTBETCTBEHHO). Y POBHU
miR-191-5p u miR-210-3p ObuUIM 1OCTOBEPHO MOBBIIEHBI, @ YpoBeHb MiR-145-5p ObUI HOCTOBEPHO IMOHMXEH B
OIyXOJIM TIO0 CPaBHEHHIO €O 3710poBOi TkaHbIO (1.88e-6, 6.56e-7 m 9.66e-4, coorBercTBeHHO). sl NMPOBEPKU
THIIOTE3bI O CEKPETOPHOM IPOMCXOKACHUH M3YUEHHBIX Tu1a3MeHHbIX MUKpOPHK, MbI ipoBenun aHamm3 Koppessiun
ypoBHer MukpoPHK B mnazme, onyxonu v 310poBOH TKaHH MOJIOUHOM eJe3bl, KOTOPBIA MOKa3al, 4To, BO3MOXKHO,
CYIIIECTBYET 3aBUCHMOCTh MEXIY YPOBHSIMH miR-145-5p B mna3zme u omyxomu. Cormacao ROC-anammy, miR-145-5p u
miR-191-5p MoryT paccmaTrpuBaTbesl Kak OTEHIIMAIBHBIE TIa3MEHHbIE OnoMapkepsl, a miR-191-5p, miR-210-3p u
miR-145-5p — kak moTeHIMaIbHBIC TKAHEBBIE OMOMapKephl U1 THArHOCTUKH paka MOJIOYHOM jkeJe3bl. Pe3yibraTel
He00X0IMMO MPOBEPUTH Ha OoJiee IPECTaBUTENILHOM BRIOOpKE 00pasIoB.

Kiaruesnie cioBa: MukpoPHK, pak Mo04HOI sKele3bl, AMarHOCTHKA, OMOMapKep, Tia3Ma.

Beenenue. Pax monmounoii xene3sl (PMXK) sBrisieTcst camoit yactoit (hopMoii paka cpein JKEeHIIUH BO
BceM Mupe. Hambonee mefictBeHHO# Mepoit 60psObl ¢ PMXX sBisieTcs paHHee 0OHApYKEHHE 3ITOKAYESCT-
BEHHBIX TEPEpOXJICHUI TKaHW. BHenpeHue mMaMMOrpaduuecKoro CKPHHUHTA JJIS JKEHIIUH PUCKOBOTO
BO3pPAacTa TO3BOJIMIIO 3HAYUTENBFHO CHU3UTH cMepTHOCTh oT PMIK. Ongnako mMammorpadus naetr 3Haudu-
TETBHOE YHCIIO JIOKHOMOJIOKUTEIBHBIX CpadaThIBaHMiA, OCOOCHHO Y 00Jiee MOJIOABIX JKEeHIIWH — 110 61% B
npomexyTke Mexay 40 u 50 romamu[1]. [IpumeHeHne TOTOTHUTEIBHBIX METOIOB BH3YaJILHOTO 00CIIeT0-
Banus (Y3 u MPT) MOryT yMEHBIIUTE 3TOT MPOLICHT, OAHAKO OHH PEKOMEHIOBAHBI JHUIIb JJIS KCHIUH
C TIOBBIIICHHBIM PUCKOM [2]. B cBsi3u ¢ 3TUM MammorpaduyecKkuii CKpUHHHT YBEPEHHO PEKOMEH/IOBaH
IS KeHIuH crapiie 50 jeT, HecMOoTpsl Ha TO, 4TO Bo3pacTHas kareropusi 40-50 yetT Takxke siBiseTcs
puckoBoii [3]. Takoe mosokeHHE Belled eiaeT aKkTyaJbHBIM TOMCK M pa3paboTKy HOBBIX METOJIOB
muarnoctukn PMOK, B Tom umcne Ha ocHoBe OmomapkepoB. Llupkymupyromue mukpoPHK sBistorcs
HanOoJiee MEePCIEKTUBHBIMA M3 HUX HW3-3a MPOCTOTHl W MaJIO WHBAa3MBHOCTH METOIWKH [4], a Takxke
BBICOKOU cTabmipHOCTH MUKPpOPHK B 6moxuakoctsx [5].

Lenbto manHOW paboTHl ABMIACH NMPOBEpPKa OUATHOCTHYECKOH wLeHHocTH mectd MukpoPHK mpu
PMX Ha BBIOOpKE Ka3aXCKHX JKEHIIMH. AKTyallbHOCTh pabore mpubammser ToT (akt, uro PMXK y
Ka3allleK Jaile pa3BUBacTCs B MOJIOIOM Bo3pacte — Ha 10 jreT panbie, 4eM y ciiaBsHok Kazaxcrana [6].
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Martepuanasl u MeToabl. O0beKT Hcciaeq0BaHuA. BeHO3HAas KpOBb, OIyXOJeBas M IMpHIIETaomas
31I0poBasi TKaHW 28 XEHIMWH Ka3zamiek ¢ nepBudHbiM PMIK cobpana B Kazaxckom HUW onkonornm u
panuonorun M3 PK, r. Anmarsl, Kazaxcran B 2019-2020 roxy. Cpennuii Bo3pact OGONBHBIX COCTaBHI
54,1 £ 11,92. BenosHast kpoBb 33 MpaKTHYECKH 3J0POBBIX JKEHIIWH Ka3amiek cobpana B Kapacatickoii
IIEHTpAIbHON  pailionHoW OompHUIle T. Kackenmen AmnmatuHckodi obOmactn Kazaxcrana mocie
MamMorpaduuaeckoro odcnemoBanus oceHbio 2019 roga. Cpennuii Bo3pacT TPyl KOHTPOJS COCTABIII
53,0 £ 7,61. UccnenoBanue NpOBEACHO C COONIOJICHUEM MPHUHIMIIOB XenbCHHCKOW Jlekmapanuu, 1o
CBOETO Hayaja IMPOIIIO0 MPOBEPKY M OBLIO pa3pemeHO JOKAIBHOW 3THYECKON Kommccuer MHCTHUTyTa
MOJIEKYJISIpHOU Omosoruu u ouoxmmun uM. M. A. AlitxoxknHa r. Anmatel, Kazaxcran. Bee qoHopsr ObutH
pouHGOPMUPOBAHBI U JIAIH CBOE COTJIacKue Ha cOOp M UCCIIeIOBaHHE OnoMaTepuaia.

Ionyyenne miaasmbl. KpoBs cobupanach B BakyyMHblE HNpOOMpPKHM ¢ muTpatoMm Harpus 3,8%, u
xpaamiack npu 4°C He Oomee 1 cyTok mocie 3abopa, HOCIE Yero M3 Hee Mmoydand Imiasmy. s
MOJyYeHHUs Ma3Mbl KpoBb HeHTpudyrupoBanu npu 1000g B Teuenwe 15 muH mpu temneparype 4°C;
BepXHss BojHas (a3a mepeHocuiIach B HOBYHO MPOOHMPKY U IMOABEpralach HEeHTPU(YTUPOBAHUIO MPHU
2500g 15 mun npu 4°C. IHonydeHnHas 1asma Jeauinach Ha anukBoThl o 200 Mk u xpanuiack npu 70°C
JIO dTara BbIIEICHNUA.

Boinenenne toranbHoii PHK. Brinenenne totansnoit PHK u3 Tkane#t (okxomo 50 mr) u ma3msl
(200 MKJT) TIPOBOIMIM Ha OCHOBE METOAWKH, pa3paboraHHO# paHee Zanuni Vahed S. ¢ coast. [7] ¢
HeOoMpIUMHI MoAuduKarsaMu. KpaTko nenpoTenmHH3anus MpOBOAWIACH MO CTaHAAPTHOW TPHU30IBHOMN
MeTouKe; 3ateM s ocaxaenus PHK k BogHo# (aze mobasisuin paBHbIN 00beM xiopuia autus 2,5M u
IBa 00beMa XOJIOMHOTO 3TaHOJIA, CMECh MHKYOHpOBaiIK B TeueHue HouH mpu -70°C, ueHTpudyrupoBanu
16000g 20 muH npu 4°C; ocamok BEICYmHBaId U pactBopsuid B 50 Mk DEPC-Boasl, HHKYOHpYS 5 MUH
mipu 65°C. Ilomyuennsriit oOpazern ToransHOH PHK xpanmmu npu -70°C 10 UConp30BaHus.

Monyuyenne kIHK u xonmuecrBennasi IIIP. O6parnas tpanckpunuus u xonudectBennas [1L[P
MPOBOAMJIACH C WCIIONIB30BaHWEM TMpaiimMepoB u 30HHOB Habopa TagMan MicroRNA Assay (Applied
Biosystems, CHIA). k/IHK nmomydanu npu nmomorum peareHToB TagMan MicroRNA Reverse Transcription
Kit (Applied Biosystems) cornacHo npotokoiy usrorosurens. Konmuuecrsennyto [P npoBoannu B Tpex
MOBTOpax ¢ wHcHoib3oBaHuMeM peareHToB TaqMan Universal Master Mix II with UNG (Applied
Biosystems) B ycioBusix, peKOMEHI0OBaHHBIX Ipou3BoauTeneM Ha mnpudope StepOnePlus Real-Time PCR
System (Applied Biosystems). HopMupoBKY KOJIMYECTBEHHBIX JaHHBIX MPOBOJUIN OTHOCUTEIILHO YPOBHS
SHIIOTEHHOro KOHTpoisi miR-16-5p. IlpurogHocTs SHIOTEHHOTO KOHTPOJS OLEHHBAIH B IpOrpaMme
NormFinder [8].

Craructuyeckuii anammu3. OTHOCHUTEIBHBIA KOJWYCCTBECHHBIM AaHAIN3 TIPOBOAUTCS METOIIOM
comparative Ct (AACt) ¢ HeOonbmuMu MoaudukanusamMu kak B [9]. OTHocUTeNnbHas TPEACTaBICHHOCTh
tpaHckpunTa Beipakanack B ACt (ACt = Ctyegepenc — Cluenesoir). ITokazaTens AACt (AACt = cpennee ACtpypk —
cpennee  ACtumon,) PAcCMaTpUBAlCA KakK JHaNa3soH W3MEHEHHMH MPEICTABICHHOCTH TPAaHKPUIITA,
BBIPa)KEHHBIM JBOMYHBIM JorapudmoM KpatHbix uamenenuit (log, fold change). Cratuctuueckue pacyeTs
BBHITIOJTHSITUCH B Tiporpamme Jamovi [10]. CratucTiyueckass 3HAYMMOCTh TOJNYUEHHBIX Pa3IAIHi MEXKITY
rpynnaMyd paccuuThiBajlach € momolbto Kputepuss U-kpurepuss ManHa-YutHu. Jlng cpaBHEHUA
9KCIIPECCHU B ONYXONHM M MpUJISKaIled 370pOBOM TKaHM HCIOJIB30BAJICSI KpPUTEPUH YMIKOKCOHA.
P 3nauenus < 0.05 cunutanuch CTATUCTUYECKU 3HAYUMBIMU. Tak KaK MCCIEJOBAaHUE HUMENO Pa3BEAOYHBIN
XapakTep, MompaBKa Ha MHOXXECTBEHHOCTh CPaBHEHHUI HE NMPOM3BOAMIIACH. XapaKTEPUCTUKH MapKepoB
OIICHMBAIKCh N0 pe3ynbrataM ROC-aHanu3a, KOTOPBIH OBLI MPOBEACH C MOMOIIBI0 web-tool easyROC
[11] u Jamovi. [Ins BeIYHMCICHHUS ONTHMAIbHOW TOYKU OTceueHms (optimal cut-of point) ncnons3oBayics
Meron nHaekca KOnena (Youden’s index method).

Pe3yabTarsl.

Yposens MmukpoPHK B nuna3me 6oabHbIXx PMZK B cpaBHeHMH ¢ KOHTpOJeM. 3Ha4eHHs IOPOro-
BOTO I[UKJIa M CPAaBHUTENbHAS CTaTUCTUKA n3y4eHHbIX MUKpoPHK B rpynmax 6ompabIx PMXK 1 KOHTpOIS
npencrasiena B Tadnume 1. Coxepkanue Tpex MUKpoPHK (miR-145-5p, miR-191-5p u miR-21-5p) 66110
JIOCTOBEPHO MOBBIIIEHO B 1iazMe OonbHBIX PMOK B cpaBHeHnu ¢ xoHTposem (pucyHok 1). JIBowwHbIi
norapuM KpaTHOCTH M3MeHeHWH minst miR-145-5p u miR-191-5p Obut BEINIE €AMHUIBI, YTO COOTBET-
CTByeT OoJiee YeM JBYXKPATHOH pa3HHUIE B KOHIIEHTPAIHH.
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Tabnuna 1 — CpaBHUTENBHBIN aHATIH3 ypOBHEH H3ydeHHbIX MUKpOPHK
(BBIp2XXCHHBIX B 3HAYCHUSAX OPOroBoro nukia, Ct) B mia3me nanueatoB PMIK 11 3M0poBBIX KOHTpOIEH

Hammentsr PMXK (n = 27) Konrtponphas rpynma (n = 33) _
PHK AACt (95% JIN), {Neﬁ?tMa"S
MHKPO Ct cpen. £ cT. ACt cpen. + cT. Ct cpen. £ cT. ACt cpen. + cT. log, fold change 1ney P’
OTKJI. oIIuo. OTKIL OIIIHO. SHaYuCHHC
miR-145-5p 29.48 £1.60 -6.97+0.17 32.41+£1.19 -8.48£0.19 1.51 (0.99; 2.02) 6.58¢-7
miR-191-5p 26.59 +£1.83 -4.08+0.19 29.17+1.17 -5.23+£0.11 1.15(0.74; 1.57) 2.70e-5
miR-21-5p 2526 +£1.97 -3.75+0.21 28.13+1.10 -4.19+0.14 0.45 (-0.04; 0.94) 0.049
miR-210-3p 32.14+1.38 -9.63+0.13 33.53+1.09 -9.60+0.12 -0.03 (-0.39; 0.33) 0.801
miR-222-3p 28.60+1.58 -6.09+0.17 30.19+0.84 -6.25+0.14 0.17 (-0.27; 0.60) 0.294
miR-29¢-3p 33.74 £1.81 -11.23+0.16 3538 £0.96 -11.44 £0.14 0.22 (-0.20; 0.63) 0.212
P =0.049 pynnbl
P=270e5 &2 MayueHTsl PMX
E3 3poposble
P=0.294
P =6.58e-7
-5
= P=0.801
G
< * P=0.212

o 4 .

miR-145-5p miR-191-5p miR-21-5p miR-210-3p miR-222-3p miR-29¢-3p

Pucynok 1 — Paznuuus B 3HaueHns X ACt MEXIy TpyIIaMu
nareHToB PMXK (n = 27) 1 310poBBIX KOHTpoueit (n = 33).

Ikcnpeccuss MUKpOoPHK B omyxosiu m npuiieramouieii 310poBoii Tkanu. Oxcnpeccust miR-191-5p
1 miR-210-3p OpTa MOCTOBEPHO TOBBIIEHA, a AKCIpeccus miR-145-5p Oblma JOCTOBEPHO MOHMXKEHA B
OTYXOJIX TI0 CPAaBHEHHIO C IPHWJICTAIONICH HOPMAJIbHON TKaHBIO (pUCYHOK 2). Pasnmuuusi B sKkcmpeccuu
octanbHBIX MUKpOPHK ObIIM cTaTUCTHYECKH HEJOCTOBEPHBI.

P = 9.66e4 P =1.88e-6 P=0.070 P = 6.56e-7 P =0.374 P =0.362
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miR-145-5p miR-191-5p miR-21-5p miR-210-3p miR-222-3p miR-29¢c-3p

Pucynok 2 — 3meHeHus B skcnpeccuul n3ydeHHbIX MUKpoPHK B omyxomm (n = 28)
B CPAaBHEHHUH C TPHUJIETAIONIEH 3I0POBOH TKaHBIO, BEIpakeHHBIE B AACt
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Koppeasiuuonnbiii ananu3 konuentpauuii MukpoPHK. J{ns npoBepku rumoTessl 0 CEKPETOPHOM
MIPOUCXOXKJEHUN M3YUYEHHBIX IUIa3MeHHbIX MUKpoPHK, MBI npoBenu aHamu3 Koppemsiiuu ypOBHEH
MukpoPHK B mna3me, omyxonu u 370poBOW TKaHM MOJOYHOH keJe3bl manueHToB ¢ PMXK (tabmuna 2).
VYpoBau miR-145-5p nmonoxxurensHo KoppenupoBany B miasMe u omyxonu (P = 0.040); ypoBan miR-210-3p
TTOJIOXKHUTEIIEHO KOPPEIUPOBAH B TUTa3Me M 3I0OPOBOH TKaHM MojouHOU xene3wl (P = 0.040); ypoBeHsb
miR-222-3p B ma3Me MoJIOKUTENBHO KoppenrpoBai ¢ TkaHeBoi AACt (ypoBeHb B OITyXOJIM — YPOBEHb B
3popoBoii Tkaun) (P = 0.022).

Tabmuna 2 — Pe3ynpTaTs!l aHanm3a koppesinny kKoHneHTpanuu MukpoPHK B masme,
OIyXOJTH U 3710pOBOii TKaHH 60JIbHBIX PMIK

Koadpumment xoppensun Cnimpmena / P 3HaueHne

CpaBHI/IBaeMLIe HNCTOYHUKHN
mukpoPHK miR-145-5p | miR-191-5p | miR-21-5p miR-210-3p | miR-222-3p | miR-29¢-3p

IIna3ma vs Omyxosnb
MOJIOUHOH JKeJe3bl
[Ina3ma vs 3n0poBast TKaHb
MOJIOYHOM Kene3bl
ITna3zma vs AACt 0.174/0.188 | -0.099/0.694 -0.099 / 0.693 0.338/0.040 -0.183/0.826 | 0.268/0.084

0.338/0.040 | 0.124/0.265 -0.076 / 0.650 0.171/0.192 0.137/0.243 | 0.143/0.233

0.178/0.182 0.215/0.136 0.055/0.391 -0.237/0.888 0.383/0.022 | 0.100/0.694

ROC-ananm3. /{1 mpoBepkH BO3MOXHOCTH TNpuMeHeHus Hamux MHUKpoPHK nns pasmudenus
oompHBIX PMJXK oOT 3m0poBBIX HWHIMBUAYYMOB MBI TpoBenmn ROC-aHanmm3, pe3yiabTaThl KOTOPOTO
npeactaBiieHbl B Tabmuie 3. Hanbompras miomans moa ROC-kpusoit (AUC) nmomydena mist miR-145-5p
(0.854); memuoro wmenee it miR-191-5p (0.818); miR-21-5p 3HauuTenpHO ycTymama IO STOMY
mokazatemo  (0.649). Hns aByx mnocnemqaux MukpoPHK o0me#t cmabocteio ObLia  HHU3Kas
qyBcTBUTENBHOCTh (59 % m 44 %, coorBercTBeHHO). KOMOWHAIIMOHHBIE MOJENW IO3BOJIMIM JIHIIH
HE3HAUUTEIBHO YBEJIMYUTH Jy4YIIUN OAWMHOYHBIA mokazarenb. Mcnonb3ys coBmecTHO Tpu MUKpoPHK,
0Ka3aJi0Ch BO3MOXHBIM C 85% aKKypaTHOCTBIO pa3aenuTh 00mbHBIX PMJK OT 340pOBBIX JKEHIIUH, MPH
BBICOKOH crieruduanocta (94 %) u cpequeit uyBcTBUTeNnbHOCTH (74 %). TakyKe MbI OLIEHWIH TIOTEHITHAT
n3ydyeHHbix MUKpOPHK B kadecTBe MapKkepoB OIyXOJIEBOTO Mpollecca B TKaHSIX MOJIOYHOHM >Kee3bl
(tabmuua 4). Kak uaauBunyansaeie Mapkepsl miR-191-5p 1 miR-210-3p nokasanu oAnHAKOBO BHICOKYIO
aKKypaTHOCTb paszeneHus (84 %), miR-145-5p nokasan 3HauuTensHO Oonee ckpomuoe 3Hauenue (71 %).
OmHako MPU TECTUPOBAHMHM KOMOWHAIMOHHBIX Mojened miR-145-5p xopomro momonHsia IBe ApyTHE
MuUKpoPHK, kak B mapHbIX, TaK ¥ B TPOIHOW MOAEIN.

Ta6muna 3 — PesynpraTel ROC-ananu3za st ma3meHHbIx MEKpoPHK

[Tnomane nox Onivanbias Crnenu- UyscTBU- | AKKypaT-
[oreHumanpsHBIe MapKepbl/ KOMOWHAIUU ROC-kphBoii, AUC TOUKa (uuHOCTs | TelbHOCT HOCTS
OTCEUCHUSI

miR-145-5p 0.854 -7.38 0.879 0.704 0.800
miR-191-5p 0.818 -4.12 0.970 0.593 0.800
miR-21-5p 0.649 -3.24 0.909 0.444 0.700
miR-145-5p + miR-191-5p 0.878 - 0.909 0.747 0.833
miR-145-5p + miR-21-5p 0.869 - 0.727 0.926 0.817
miR-191-5p + miR-21-5p 0.822 - 0.970 0.593 0.800
miR-145-5p + miR-191-5p + miR-21-5p 0.893 - 0.939 0.741 0.850

Tabmuna 4 — PesynsraTel ROC-anann3a st TkaneBbIx MEKpoPHK

IInomane mox OmmivasHas Crneuu- YyBcTBHU- AKKypaT-
[ToreHuuanpHbIe MapKepbl/ KOMOUHALIUT ROC-xpuBoii, AUC TOUKa (MUHOCTS | TelbHOCTH HOCTH
OTCEYCHUS

miR-145-5p 0.707 -3.05 0.964 0.464 0.714
miR-191-5p 0.894 -3.64 0.750 0.929 0.839
miR-210-3p 0.892 -8.205 0.857 0.821 0.839
miR-145-5p + miR-191-5p 0.944 - 0.893 0.857 0.875
miR-145-5p + miR-210-3p 0.952 - 0.929 0.857 0.893
miR-191-5p + miR-210-3p 0917 - 0.821 0.893 0.857
miR-145-5p + miR-191-5p + miR-210-3p 0.962 - 1.000 0.857 0.929
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O6cy:xaenne. Ha srane miaHupoBaHHUS 3KCIEPUMEHTA, OMHPASCh HA JIMTEPaTypHBbIC NaHHBIE, MBI
paccMaTpHBaIM [1Ba KaHIWIaTa HA POJIb DHAOTEHHOTO KOHTpOJIA B ImazMe — miR-191-5p [12-15] u
miR-16-5p [12, 16], u oguH KaHIUAAT HA POJH SHAOTCHHOTO KOHTPOJS B TKAHSIX MOJIOYHOM *KEJIe3bl —
miR-16-5p [17]. OnmHako mo pe3ynbTaraM aHaaM3a CTAOMIBHOCTH KOHLEHTPAlMH, NMPOBEACHHOM C
noMotipio nporpamMmbl NormFinder (TaHHBIE He TIOKa3aHBI), MBI OTKa3aJIMCh OT UCTONB30BaHus miR-191-5p.
Takum 00pa3oM, KOJTMYECTBEHHbIE NaHHBIC (NOJYYEHHBIE KaK Ul TUIA3MBbl, TaK W ISl TKAHH MOJIOYHOMN
JKele3bl) ObIITH HOPMAaJIM30BaHbl OTHOCHTENBEHO €AMHCTBEHHOTO 3HAOT€HHOT0 KOHTpoJst miR-16-5p.

K HacTtosmieMy BpeMEHHM HAKalUIMBAIOTCA CBEJCHHS O 3HA4MMOM pomu miR-191 B mporeccax
KaHCEepOTeHe3a U e MM3PETYIIAINN TIPH Ppa3INYHBIX BUIAX paka, Bkiarodas PMXK [18, 19]. B aByx paboTax
MoKa3aHa accolyanus mupkyiupyromeit miR-191 ¢ PMX [20, 21]. B cornacuu ¢ JaHHBIMU paboTamu,
MBI TaKXe OOHapyXWIH OCTOBEPHOE IOBBIIIEHHE YPOBHS LUpKyIupyromeid miR-191-5p B rpymme
nanreHToB PMJK 10 cpaBHEHHIO C TpyNmod KOHTPOJS, a TakXkKe B ONYyXOJW [0 CPaBHEHHIO C
MpHUJIETAONIeil 3J0POBOM TKAHBIO MOJIOYHOM Kene3bl B Kasaxckoi momymsuuu. MiR-191-5p sBnsercs
OHOH M3 HamOoylee YacTO MCIOJBb3YyEeMBIX B KayecTBE SHAOTEHHOTO KOHTPOJS MPH KOJIUYECTBEHHBIX
WCCIIEJIOBAHUAX TUIA3MEHHBIX WM CBHIBOPOTOYHBIX MUKpOPHK. OpHako, Mo HammM JaHHBIM, YPOBEHb
stor MukpoPHK MokeT 3HaYMTENbHO HM3MEHATCA B IDIa3Me OoiapHBIX PMIK, 4TO mpemsarcTByeT ee
WCTIOJIb30BAHMIO B 3TUX HENAX.

Haubonee ynomunaemoit mukpoPHK B cBsi3u ¢ PMXK sBnsercas miR-21-5p [22, 23]. Ham Takke
YIAIOCh OOHAPYXHUTH acCOIHaIiio miasMeHHord miR-21-5p ¢ PMX y kazaxckux xeHmmuH. OIHAKO Ha
TKaHEBOM YPOBHE 3aBHUCHMOCTH HE BBISBJICHA: PA3NNYMs B dKcrpeccnu miR-21-5p mexay omyxoneBoil n
3I0POBOM TKaHSAMH OBLTH CTaTUCTUYECKH HEIOCTOBEPHBIMU. BO3MOXKHO, 3TO 0OBSICHACTCS TEM, UTO HaIlla
BbIOOpKa marueHToB PMJK modtu moiHOCTBIO TpejcTaBlieHa OOJBHBIMH C ONMYXOJSAMH 2 CTaJuu
mporpeccum, a 60IbHBIC C OMMyXOJIIMHU 3 U 4 cTaauid HE TpecTaBiIeHB BoBce. [Ipenpimymmmu paboTaMu
MOKa3aHo, uTo JKcmpeccuss miR-21-5p moBeIIaeTcss Mo Mepe NPOrPEeCCHPOBAaHHS OIYyXOJH, B
0COOCHHOCTH Ha TO3THUX CTaIusAX KaHIleporenesa [24].

Cpemn mnasmeHHBIX MUKpoPHK nHambonee 3Haummyro accormarmio ¢ PMJX B Hamrelr BeIOOpKe
mokazaia miR-145-5p. CoriacHo mpenbiaymuM uccienoBanusM, miR-145 neiicTByer kak cympeccop
OITyXO0JIeH MHTUOUPYS SKCHPECCHI0 HEKOTOPBIX OHKOI'€HOB U, MOJABIISSA TAaKUM 00pa3oM mponugeparuro,
MUTPAINIO U MHBA3WIO KIIETOK OITyXOJIU Tpyau [25]. B cooTBeTcTBUU € 3TOM KOHIENIINEH B OOJIBIIHHCTBE
OmyXxoJied HaONIomaeTcs MOHIKEHHE KOHIeHTpamuu miR-145 mo cpaBHEHHIO ¢ HOPMAlbHON TKaHBIO
[26-28]. MBI Takke HaOMIOIANU MOHMXKEHUE 3Kcpreccuu miR-145-5p B OOJBIIMHCTBE OMyXOJieH IO
CPaBHEHHIO TIpWJIETAalOIled 3A0pPOBOM TKaHBIO MOJIOYHOM JKene3bl B Ka3aXCKOM momyisnuu. B
OOJNPIIMHCTBE paHee MPOBEACHHBIX HCCIENOBAaHHWHA ypPOBEHb IUPKyJIHpyromeld miR-145 B y GompHBIX
PMX Tarke ObUT MOHMKEH MO CPaBHEHUIO CO 30POBBIMH KOHTpoisamu [20, 29, 30]. Jlumpe B omHOi
pabore Ha BBIOOpKE MEKCHKAHCKHMX >KEHIIMH OBUIO TOKa3aHO, 4YTO ypoBeHb miR-145, nHaobopor,
moBsIIascs B Tuiazme 0onmbHBIX PMIK [21], uTo cormacyercst ¢ HaIIMMU JaHHBIMU. TakuMm o0pazom, 1o
BBISIBJICHHBIM aCCOLMAIUAM IUPKyIupyommx miR-145-5p u miR-191-5p ¢ PMXK u nanpaBienuto nx
JUCPETYJIIIUY Ka3axcKas MOMyJISIKSA CXOAHA C MEKCUKAaHCKOH, M OTJIMYAeTCs OT APYTUX MOMYJISIIUM.

MiR-210 gacTo paccmaTpuBaeTCsl B KadeCTBE MapKepa THIMOKCHHU TpH Tpoiudepariiyl OIMyXoiaH, a
THITOKCHS, B CBOIO OU€PE/b, aCCOIMHPOBAHA C YCTOWYMBOCTHIO OMYXOJH K TEPANUU U IUIOXHUM MPOTHO30M
[31,32]. Kpome Toro, panee ObUIO MOKa3aHO, YTO JOUCPETYISUS LUpKynupytomed miR-210
aCCOIMUPOBAHA C HAIMYUEM OIYyXOJHM M METacTa3aMHy B MOJIMBIIIEYHbIe TUMQOy3bl y nanuerToB ¢ HER2
MTO3UTUBHBEIMH OMyXoJisiMe [33], oTmaneHHBIME MeTacTazaMu [34, 35] ¥ yCTOMYHUBOCTHIO K XUMHUOTEPAITHN
[14]. B Hameli BBIOOpKE, K COXAJICHHIO, MAIUCHTHI C MOJOXHUTEIBLHBIM CTATyCOM ITOJIMBIIICYHBIX
JTUMQOY3JIOB TPEACTABICHb HE3HAUYNTENBHO, 4 MAlMEHTHl C OTJAJICHHBIMA METacTa3aMH OTCYTCTBOBAIU
BOBCE, YTO HE IMO3BOJIMJIO HAM TPOBEPUTH BHIIIeyKa3aHHbIe d(h(EeKThl Ha Ka3axcKoil momymsaiuu. Mbl He
oOHapyumu pasnuuuii B ypoBHsX miR-210-3p B tuazme OonbHBIX PMJXK H 30pOBBIX KOHTpOJIEH.
OpHaKo MOYTH BO BCEX M3YUEHHBIX OMYXOJISIX 3Kcpeccust 3Toil MukpoPHK Obla tocToBepHO MOBBIIIECHA.
Takum o6pa3oM, miR-210-3p Moxer OBITH JOMOJHUTENHHBIM TKAHEBHIM MAapKEPOM OITyXOJIEBOTO
Mporiecca B TKaHAX MOJIOYHOM Kese3bl, HO He MMeeT He0OOXOUMBIX CBOICTB IJIa3MEHHOTO MapKepa.

B ornmume oT mpeaslaynIMX HCCIEOBaHWM, MBI HE BBISBMIIM JIOCTOBEPHBIX Pa3lIM4yUil B YPOBHSX
miR-222-3p [15, 36, 37] u miR-29¢-3p [38, 39] HU B TUIa3Me, HU TKaHSAX MOJIOYHOU >kene3bl. Hamm
pe3ynbTaThl B CpaBHEHHHM C JUTEPATYPHBIMH JAHHBIMH TOBOPSAT O HEOOXOAWMOCTH TOATBEPIKICHUS
MPUMEHUMOCTH MapKepa Ha KOHKPETHBIX ITHUYECKUX TPyTIax.
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Cuuraercsi, uro MukpoPHK mnomagaror B KpOBOTOK W3 OMyXoyed IMyTeM aKTUBHOM CEKpELUU,
aronTo3a WIM HEKpOo3a, W IMO3TOMY HM3MEHEHUs B KOJUYECTBe LUpKyJaupyromed mukpoPHK moxer
oTpakaTh marojormyeckuil mpouecc [22]. Onnako ypoHr MUKpoPHK B onmyxomnu u mnasme MoryT OBITH
JUCPETYJIMPOBAaHBl B MPOTHUBOIMOJIOKHBIX HampaBieHusX [13], uro Mpl W HabmO#anu B HaleMm
uccienoBannn st miR-145-5p. Ilpenmonararor, 9T0 3TO MPOWCXOAHWT B Pe3yibTaTe H30OMpaTEIbHON
cekperun MUKpoPHK omyxomsmu [40], omHAKO TOYHBIE MEXaHU3MEI, JICXKAIUE 332 dTUMHU SIBICHUSIMH,
OCTaloTCsl HESICHBIMH. 71 TPOBEPKH CEKPETOPHOIN THIOTE3bl MBI MPOBEIM KOPPEISLHMOHHBIN aHaIu3
ypoBHel Hamux MUKpoPHK B mnasme u omyxosieBoit Tkanu. I1o pesynbraraM IpoBEAEHHOTO aHAJIN3a MbI
HE TOJYYWJIM YEeTKHX CBHJIETENIbCTB B MOAJEPXKKY OITOr0 TPEANONOKEHHA: M3 TpeX IUIa3MEHHBIX
mukpoPHK, nmokazaBmux acconmaruio ¢ PMIK, Tonbko st miR-145-5p Obuta 0OHapyKeHa KOPPESIus ¢
OIyXOJIEBBIM YpOBHEM. JlaHHas Koppemisiuus oKasanach MOJOKUTENBHOW, HECMOTpPS Ha IMPOTHUBOIO-
JIO)KHOCTB B HAITPABIIEHHOCTH AMCPETYILUN B IIa3Me U oryxouu. IIpn cpaBHEHHH MIIa3MEHHOTO YPOBHS
miR-145-5p ¢ pa3HOCTBIO YpOBHEH B OMYXOJH U 3A0pOBOH TKaHU (TkaHeBast AACt) Koppemsius ucue3ana.
ITnasmensslii yposenb miR-210 koppenuposan ¢ TkaneBoit AACt, a miuasMeHHBIH ypoBeHb miR-222 — ¢
JKCIpeccuer B 3JI0pOBOM TKaHU, OAHAKO KoHIeHTparuu 3Tux MUKpoPHK He ornuuanuce B muazme
60pHBIX PMOX 1 310pOBBIX KOHTPOJIEH.

ROC-ananu3 mokazan, uro miR-145-5p u miR-191-5p Oonpme momxomsar Ha pojib MapKepoB
nmuarHoctukun PMXK ¢ onnHakoBRIME TIOKa3aTensiMu akKypaTHocTH pasfeneHus 80 %. KomOnHarmoHnHas
MoOAeNb W3 3TUX NByX MUKpoPHK muims He3HaunTenpbHO MOBHIMIANA Iwiomans mox ROC-kpuBoi, u
COOTBETCTBEHHO, 3((EeKTHBHOCTH pasaeicHuss mo rpymnnam a0 83%, Opu JOCTaTOYHO BBICOKOM
creun(pUIHOCTH U CpeJHEN YyBCTBUTEILHOCTH. BO3MOKHO, UTO aKKypaTHOCTD pa3/ieleHus] MOXKHO OyaeT
MOBBICUTh 3a CYET NPHUMEHEHHUs Ul HOpMalu3aluu Oojee cTaOUIbHOTO 3HAOI€HHOTO KOHTPOJS HIIH
HCIIONIb30BaHus cuHTeTHYecKoi MUKpOPHK B kauecTBe 3K30r€HHOI0 KOHTPOJIS.

Taxxe, ¢ nomomplo ROC-ananu3a, Mpl npoBepmIM NoTeHIMan u3ydeHHbIXx MUKpoPHK B kauectse
MapKepoB OIyXOJIEBOTO MpoIEcca B TKaHIX MOJIOYHOM skenessl. Ilo pesynpraTaMm aHanan3a BBISICHHIIOCH,
yro nBe MUKpOPHK (miR-191-5p m miR-210-3p) moryT OBITP HCIONB30BaHBI JIS ITOW IENH Kak
WHAMBHUIyaJIbHO, TaK U B KOMOWHAIMU, J00aBiieHUue TpeTbed miR-145-5p MONOMHUTENBHO YiydilaeT
KOMOMHALIMOHHBIE MOJEIIH.

Hecmortpst Ha 0OHage)KHUBaONINE PE3YIBTATHI, UMEIOTCSI HEKOTOPBIE OTpPaHUYEHUS, KOTOPBIE CIEAyeT
YCTpaHUTh B JNaJbHEUIINX HCCenoBaHusIX. HeoOXoaumo pacmmputh BeIOOpKY o0OpasioB. Iloutu Bce
WCCIIeIOBaHHBIE TALMEHTHl HMENM OIYXOJAM Ha 2 CTagud, I03TOMY HEOOXOAMMO IPOBEPUTH
CIIPAaBEUIMBOCTh BBIBOJOB Ha JPYTHX CTaIUsAX OMYXOJEBOW Mporpeccuu. Takxke KelaTeNnbHO MPOBEPUTH
ypoBHH Hammx MuUKpoPHK B 1urasme mamueHTOB mociie Jie9eHWs Uil OIEHKH BO3MOXKHOCTH HX
WCIIOJIb30BaHMs B KauecTBe Mapkepa d3PPEeKTUBHOCTH TEPAIIHH.

Pabora BemomHeHa 3a cuer cpeactB rpanta NeAP05132207 Komwurera Haykm MwuHUCTEpCTBa
obOpazoBanus u Hayku PecryOonmku Kazaxcran.
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KA3AK BﬁEJII}-II[E KE3JECETIH KATEPJII CYT BE3I ICITT KE3IHJET'T
KEUBIP mukpoPHK-ub1H I[IJTASMAJIBIK IEHI'EUI

Annoranus. Karepni cyr 6e3i iciri — omempae oifenmep apachlHAa €H KON TaparaH KaTepii aypyAblH Oipi.
Kayinrti »xacka kenreH oWenjepre apHam MaMMOTpadUsIBIK CKPHHUHT €HTI3y aTalfaH aypylaH KeJleTiH eJiM
JKaFJalbIH endyip azaiTanmel, Oipak MaMMorpadus >kac oien OOHBIHAA JKaIFaH KOIl MO3UTHBTI HOTIKE KOPCETei.
Byn wmoceme kartepni cyr Oesi iciriH aHBIKTay YIIIH JKaHa CEHIMII, MHUHUMAaJAbl HHBA3HWBTI JKOHE ap3aH
OuomapkepiiepiH i3aey/iH Heri3i 0oJbIn caHanaabl. backa STHHKaNBIK TONTapra KaparaHaa Katepii cyT 0e3i iciriHig
Kac Kazak oHensepiH/ie KUl Ke3Jecy KarlaibIHbIH aHBIKTaIybl JXYMBICTBIH ©3€KTUIrH manenaeisi. JKyMbICThIH
MakKcaTel — Ka3aK oHeJepiH MbICajiFa ajla OTBIPHIN, aiThl IUIa3Maiblk MHUKPOPHK-HBIH AMarHocTHKAajbIK
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KYHABUTBIFBIH aHbIKTay. O ymid caansik [ITP omiciH KonmaHy apKbUTBI OHKOJIOTHSUTBIK HayKacTap (n = 27) MeH cay
otenzep (n = 33) Tura3MacweIHAAFBI, COHIAi-ak CyT Oesi iciri meH cay TiHgeri (n = 28) mukpoPHK neHreitin
canblcTHIpABIK. CaHnmelk gepekrep miR-16-5p sHporeHmik Oakpuiay JeHTeiiHe OaiIaHBICTBI YHICCTIPiL.
Haykacrapasiy tmasmagarsl miR-145-5p, miR-191-5p >xome miR-21-5p KoHIeHTpanumscsl cay oHenaepMer
CaNIBICTHIpFaHAa aUTapIBIKTal KOFapbUIaraH (coiikecinme, P = 6.58e-7, 2.70e-5 xxone 0.049). Icikreri miR-191-5p
s)koHe miR-210-3p mewHreiii, cay TiHMEH CcalbICTBIpFaHIa, enoyip KeOeifim, miR-145-5p nenreiti TemenmereH
(cotikecinmre, 1.88e-6, 6.56e-7 xxoHe 9.66e-4). 3eprrenreH razManbslk MUPHK-HBIH CeKpETOPIIBIK HIBIFY TET1 Typajibl
THIIOTE3aHbl TEKCepy YIIIH IUIa3Majiarbl, icik koHe cay cyT Oe3i TiHiHmeri MuUPHK neHreiiHiH KoppeisuuschbiH
tanaanpiK. Hotmkecinae mnasma sxone icikreri miR-145-5p nenreiii apacbinaa 0aillaHBICTBIH 0Oy BIKTHMAJIIBIFBI
kepcetingi. [Inasmamarsr miR-210-3p menredii Tingik AACt-MeH KaTbIHACTa, an Iuia3manarbl miR-222-3p nmeHreiti
cay Tingeri miR-222-3p skcmpeccusiMeH KatbiHacTa Oobl, anaiiga MukpoPHK-HBIH mia3smanbik neHreii katepiii
cyT 0e3i iciri HaykacTap MEH cay oienuep apachiHma epekiiencHOeni. Karepni cyt 0e3i iciri aypyslH cay amam
GoitpiHaH Oaiikay ymiiH 3eprrenreH MUKpoPHK-HBIH Komjgany KYHABUIBIFBIH Tekcepy OapeickiHna ROC-tannaysiH
xyprizaik. ROC-kuceirer acteiHnarel yiakeH ayksiM (AUC) miR-145-5p (0,854) apnaitel ansaasi, miR-191-5p
(0,818) Gipmama a3bIpak, an miR-21-5p aranran kepcerkimre aitapibikrail TemeHn 6omas (0,649). Y mukpoPHK-HBI
6ipre KongaHy apKbUIBI HayKacTapAbl cay oienaepaeH 85% nonmikimes, xorapsl epekmmenikneH (94 %) sxone oprama
cesiMTanabIKieH (74%) Gemin amyra O6osaapl. CyT 6e3i TiHIHAET iCIK MPOLECIHIH MapKepiiepi PeTiHAe 3epTTeNreH
mukpoPHK morenmmansr tangaragaa miR-191-5p aemece miR-210-3p xonmmgaHy apKBUTBI KaTepili iCIiKTi cay TiHHEH
JKOFapbl AoNiKIeH (apKaiiceichl 84 %) axkpipaTyra OONaThIHABIFEI aHBIKTAIIBL XKeke miR-145-5p opraria qonmikri
(71 %) xepceryMeH Oipre oJ KYNTBIK >KOHE YIUTIK MoJesbAe KanFaH eki MUKpoPHK-HBI COTTI TONBIKTBIPIBI.
Ocpunaiiina karepii cyT 0e3i iciriH quarHoctukanay ymid miR-145-5p sxone miR-191-5p nmoreHumanap mia3maibiK
Oouomapkep peringe, anm miR-191-5p, miR-210-3p »xone miR-145-5p noreHuuManasl TiHAIK OHMOMapkep peTiHIe
KapacTbIpyFa O0ouiajibl. HoTrokenep HeFypIibiM OaiibINThI YIIriie TeKcepilyi Kepek.
Tyiiin ce3nep: mukpoPHK, katepui cyt 6e3i iciri, /uarHocTrka, OnoMapkep, rmiasma.
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PLASMA LEVELS OF SOME microRNA IN BREAST CANCER
IN THE KAZAKH POPULATION

Abstract. Breast cancer is the most common cancer among women worldwide. The use of mammography
screening for women, in the age range the most at risk to breast cancer, has led to a significant reduction in mortality
from this disease. However, mammography shows a significant number of false positives in women at a younger age.
This problem indicates the need to find new reliable, minimally invasive and cheap biomarkers of breast cancer. The
relevance of the research is determined by the fact that breast cancer in Kazakh women often develops at a young
age. The aim of this study was to test the diagnostic value of six plasma miRNAs in Kazakh women. For this, using
the quantitative PCR technique, we compared the levels of the miRNAs in the plasma of breast cancer patients
(n=27) and healthy controls (n = 33), as well as in the breast tumor and adjacent normal tissue (n = 28). Quantitative
data were normalized relative to endogenous control miR-16-5p. Plasma concentrations of miR-145-5p, miR-191-5p,
and miR-21-5p were significantly increased in patients compared to controls (P = 6.58e-7, 2.70e-5, and 0.049,
respectively). The levels of miR-191-5p and miR-210-3p were significantly increased, while the level of miR-145-5p
was significantly reduced in the tumor compared to normal tissue (1.88e-6, 6.56e-7 and 9.66¢-4, respectively). To
test the hypothesis of the secretory origin of the studied plasma miRNAs, we analyzed the correlation of miRNA
levels in plasma, tumor, and healthy breast tissue. Correlation analysis showed that there may be a relationship
between plasma and tumor levels of miR-145-5p. Plasma level of miR-210-3p correlated with tissue AACt, plasma
level of miR-222-3p correlated with its expression in healthy tissue; however, the concentrations of these miRNAs
did not differ in plasma of breast cancer patients and healthy controls. To test whether our circulating miRNAs can
be used to differentiate breast cancer patients from healthy individuals, we performed a ROC analysis. The largest
area under the ROC-curve (AUC) was obtained for miR-145-5p (0.854), slightly less for miR-191-5p (0.818), and
miR-21-5p was significantly inferior in this indicator (0.649). Using three microRNAs together, it was possible to
separate patients from healthy women with 85 % accuracy, high specificity (94 %) and medium sensitivity (74 %).
When assessing the potential of the studied miRNAs as markers of tumorigenesis in breast tissue, we found that
using miR-191-5p or miR-210-3p, it is possible to distinguish cancer from healthy tissue with equally high accuracy
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(84% each). Although individually miR-145-5p showed medium separation accuracy (71 %), it complemented two

other miRNAs in both paired and triple models. Thus, miR-145-5p and miR-191-5p can be considered potential

plasma biomarkers, while miR-191-5p, miR-210-3p, and miR-145-5p can be considered potential tissue biomarkers

for the diagnosis of breast cancer. The findings need to be confirmed on a more representative cohort of samples.
Key words: microRNA, breast cancer, diagnostics, biomarker, plasma.
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OHTYCTIK-IIBIFBIC KASAKCTAH ATPOJIAH/IIIA®TAPBIHJIAFBI
BAPBLIIAYBIK KOHBI3IAPJABIH (COLEOPTERA, CARABIDAE)
TAKCOH/IBIK KYPAMBI

Annoranus. 2019-2020 xpu1mapsl KYprisiireH 3eprrey HoTmkenepi Ooiibrama OHtyctik-IIsFpic KazakcTan
arponagmmadTTapeIHAAFEl  OapbUTAayblK KOHBRABIH (Carabidae) 18 TypichiHa jkaTaThiH 29 Typi aHBIKTAIIHL
bynapabIH imriHge Typ Kypambl xKarblHaH 6ackiM Tybictap — Harpalus (5 Typ, 17%), Poecilus (3 typ, 11%), xanran
16 tysictan 1-2 TypnmeH rana Oenrini O6omael. Makamamga OapbuigaybslK KOHBI3 arpoleHO3/IaphIHIA TIpUIUTIK €TeTiH
MeEKeHi, KOPEeKTIK OalIaHpICTapbl MEH arpoleHO3Fa THTI3eTiH ocepi, MPAaKTUKAJIBIK MaHBI3BI KOpceTiai. 3epTrey
HOTIDKECIHJIE TaOBUIFAaH TYpJep KOPCKTIK OaiaHbIChIHA Kapai Kenecifeid 3 Tomka OesiHmi: ©CIMIIKKOPEKTI,
apajJacKOpeKTi JKOHE IKBIPTKBINITAap. OciMIikkopektiiep — Acupalpus elegans Dejean, 1829, Zabrus
tenebrioides Goeze, 1777. Apanackopektiiep — Amara aenea (DeGeer, 1774), Amara similata Gyllenhal, 1810,
Calathus halensis (Schaller, 1783), Harpalus smaragdinus (Duftschmied, 1812), Harpalus affinis Schrank, 1781,
Harpalus anxius Duftscmid, 1812, Harpalus distinguendus (Duftschmid, 1812), Harpalus rufipes (De Geer, 1774),
Poecilus sericeus sericeus Fischer von Waldheim, 1824, Poecilus versicolor (Sturm, 1824), Poecilus cupreus
(Linnaeus, 1758). Xsiprkpeimrap — Anchomenus dorsalis (Pontoppidan, 1763), Brachinus crepitans Linnaeus, 1758,
Brachinus ejaculans Fischer-Waldheim, 1828, Carabus cicatricosus Fischer von Waldheim, 1842, Carabus
nemoralis Miiller, 1764, Calosoma auropunctatum (Herbst, 1784), Calosoma denticolle Gebler, 1833, Chlaenius
spoliatus Rossi, 1790, Cymindis picta Pallas, 1771, Elaphrus cupreus Duftschmid, 1812, Elaphrus riparius
(Linnaeus, 1758), Microlestes minutulus Goeze, 1777, Lebia cruxminor Linnaeus, 1758, Loricera pilicornis
(Fabricius, 1775), Notiophilus aquaticus Linnaeus, 1758, Pterostichus niger (Schaller, 1783). Ocimuikkopexrinepre
2 typ (8%), apanackopekrinepre 11 typ (48%), xbipTKbITapra 16 Typ (44%) XKatamsl.

Tyiiin ce3nep: Oapbuinaybsik KoHbI3, Carabidae, arponanamadt, Onryctik-Ibsirbic Ka3akcran, TakCOHABIK
Kypam.

Kipicne. bappuinayplk KOHBI3IAp — KaTTBHIKAHATTBUIAD OTPSIBIHBIH €H YJIKeH TYKBIMIaCTapbIHBIH
0ipi, oMapABIH AEPHICUTIHIH KOMIIJITI TOMBIpaKTa HEMECe TOMBIpaK OCTIHAC TIPIIUTIK €Teli; epeKIIeiri,
onapAbIH Keibipeyl puTFanapl opMaHAa, KaObIK acThIHIA, KypaFaH aFamiTa TipIiimik ereai. bapbuigaysik
KOHBI3IBl bUFANIbUIbIFbIHA Kapaih O.J. KpepkaHoBckwii [1] MbIHamail eki yJkeH ToOmKa Oerei:
rurpodminmep MeH Mmesodwmimep. I'mrpodunaep cy KoWMmalapsl MEH ©3€H JKaraJlayblHIa HEMeEce oTe
BUIFJIIBI  TOTIBIpakTa kesnecemi (Nebria, Elaphrini, Dyschirius, Bembidion, Chlaenius, xeiibip
Pterostichus). Me3zodunaep Ttaynel aimakrapna Tipwinik ereni (Carabus, Amara, Harpalus xone
Pterostichus xen Oemiri, T.0.). BapburgayblK KOHBI3ABIH KOMIIUIITT — MOMU(GATrUAsIIBbIK KBIPTKBIIITAD.
[Momudar >KBIPTKBIINI CAHBIHBIH KON OO0JIybl OJIAPJAbIH MPAKTUKAIBIK MAaHBI3AbUIBIFBIH aHBIKTANIbI.
®durodarrap MeH MUKcOarTapAbH OapbUIIayblK KOHBI3IAPBIHBIH apachlHAa YKOHOMUKAJIBIK MaHbI3bI O0ap
3usHKecTep Kesznecedi. KemrereH KoHbI3map YIIiH Oapiblk aOMOTHKANBIK (DaKTOpIapIblH ilIiH[E
TONBIPAKTHIH BUIFANIABIIBIFG MAaHBI3MBL. TypJiiepmiH OackIM KOIMIIUTT TeMIIepaTypachl CaIbICTHIPMAIIBI
TYpJie TOMEH bUIFaIbl OuoTonTapra OeiiM. MyHall Tananrap, acipece, MaMaHIaHAbIpbIIIMaraH mojudar
JKBIPTKBIIITapFa ToH. Purodartap apacbiHaa Me30KCEpOPUIIbII TYPIASPAIH YIIeci enayip KOFapbl, OUTKEH1
Oy Typiep 6acka ¢uTodarrap CHAKTH OpPraHU3MIETi BUIFAT JKETiCIICYITUITiH OCIMIIK MIBIPEIHBIH COPY
ecebineH erelt anansl [1].

Marepuan mMeH 3eptrey daicrepi. 3eprTey kymbicTapsl Anmartbl o0ibicel, Tanrap, lne, JKamObL,
Kapacaii, EnOekiiika3ak aymaaHbl arpolieHO3bIHAaFbl 0apbUIIAYBIK KOHBI3IAPABIH TYP KYPaMbIH 3epTTEYyTre
apHanael. Jamameik 3eprreynep 2019-2020 xpuigapbl MaMblp albIHBIH OachlHAH KBIPKYHEKTIH COHBIHA
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NeliH Kyprizimmi. 3epTTeyjep SHTOMOJIOTHSAA JKANMbBl KaOBUINAHFAaH oJICTepAl KOJAAHY apKbLIBI
xyprizinai [2, 3, 4]. ¥cranrad jKOHIIKTEp ATWIANETATH 0ap TYHIIBIKTHIPFBIN BIIBICKA CaJIBIHBIN, COHAH
COH MakTa MaTpacliajapra CaJbIHIBL. 3epTXaHAIBIK JKaFjaiaa YJIKEH >KOHIIKTED DHTOMOJIOTHSIIBIK
WHeJepre Ti3UIAl, aj KilIKeHTailapbl MeJjepiHe Kapaih SHTOMOJOTMSUIBIK JKENIMMEH KapTOH TiK
TOPTOYPHIII Kara3lapra KeliMJIeNnIi Hemece YIIOYphIl Kara3zjgapra OyHipiHEH XarChIPBUIIBL. 3epTTey
OapbBICBIHIA 3EpPTTEICTIH aiiMaKTapAblH Maigansl dHTOMO(MAayHACkl — SHTOMO]ArTapablH 3aKbIMIAHYBI
MelUTiHIIe a3 0oNaThIHAAN €TiM, TOMBIPAK TY3aFbIHBIH 3KOJOTHSUIBIK TYPi J¢ Koamaanbuiabl [S]. CoHbIMeH
Karap OaphUIAAyBIK KOHBI3IAPIHI YCTay YiIiH bapOep Tombipak KakmaHbl KOJAAHBUIAB [6]. 3epTrenreH
erictik aymarsiHa 10 MeTp apakambIKTeIKTa 10 KaKImaHHaH KOWBUIIBI, TOMBIPAK KaKITaHbl MaMBIp COHBIHAH
Ka3aHHBIH OpTachiHa aeiiH Typzbl. KakmanHaH KOHbI3Aap/sl apoOip 7-10 kyHae skuHanmel. JKoHmikTepai
3epTXaHANIBIK 3€PTTEY KOHE OJIAPJIBIH TYPJCPiH aHBIKTAY YIIIH MUKPOCKONITAP KOJIIaHBLIIHI.

3eprTeyiepain HaTHKedepi. JKyprizinreH >KyMbpic HoTHKenepi OoibiHma OHTYyCTIK-IIBIFBIC
Kazakcran arposnanmiadTrapblHbiH (COSI, )KOHBIIIKA, apria, Ouaal, )Kyrepi jkoHe T.0.) 3UsSHKeCTepi MeH
sHTOMOarTap Tizimepi xxacanisl. ToeMeHe 3epTTeNTeH aliMaKThIH aHBIKTaIFaH TYpJIEpi Typajibl aKnapar
KeNTipijrex.

Acupalpus elegans Dejean, 1829. Mambip-miinme adnapbIiHaa Xdi 0apiiblK 3€pTTEY alMaKTaphIHAA
ke3necti. JKacaHIpl jkapblK Ke3iHe yiibin kenedi. Mesogwir. ®dutodar, eciMIiKTepMEH KOPEKTEHE/I.
3epTTey aiiMarbIHIa TOH/II JaKBUIAAP €TICTIKTEpiHe Ke3aecTi [8, 9].

Amara aenea (DeGeer, 1774). ArporeHO3IapabIH KYPFaK KYMIBI TONBIPAFbIHIA TIPIILIIK €Tei.
Apanac KopekTi. byl MofieHn AaKpUTIapIbIH 3WSHKECTEPl, OMTaiIbIH *KoHE 0acka JAOHII JAKbUIIAPIBIH
noHiH kemipeni. CoHbiMeH Karap Hymenoptera sxymbipTkanapeiMeH, Acyrthosiphon pisum [10],
Aphididae [11].

Amara similata Gyllenhal, 1810. Arpo3koxyiienepae aTaaraH TYbICThIH €H KOl TapajifaH ekiuii. by
TYPAIH epeceKTepi alKpIITyaiIep TYKbiMaapeiMeH KopekTeneni [12]. Kenkopekri 3ustakec. Kextemue
ollap jkKac OCIMJIKTi, aj jka3/ia TeHepaTHBTI MYILIENEpiH 3aKbIMIANABI, JAOHII AAaKbUI, KYpPAETIryiaiiep
JKoHe 0acKa eciMIIKTepiH TYKbIMBIMEH KopekTeHeni. CoHpIMEH Katap, Oyi1 KoHbI3 vty (Mollusca) [13],
ecimaik outimen (Rhopalosiphum padi L., Metopolophium dirhodum Walk.) [14] kopekTeHe .

Anchomenus dorsalis (Pontoppidan, 1763) yHemi arporeHo3napasl MEKEHACHTIH TypJep KaTapblHa
JKaTalpl. OTe BUTFANIBI alMaKTap sl KOCTIAFaH/Aa, OpTallla bITFajAbl OMOTONTAPAA, ETIiCTIK JKepIepae KaHe
KaJIBIITHl BUTFAIABI OmoTomnrapaa kesnecemi [83]. Aphididae [11, 15], Macrosiphum avenae F. [16],
Rhopalosiphum padi L. [17], Acyrthosiphon pisum Harris [18], Contarinia tritici (Kirby) [19]
KOpPEKTEeHE 1.

Brachinus crepitans Linnaeus, 1758. Kayim TeHreH xarmaiina, aHampIbl O€37eH KOPFAHBIII
CYWBIKTBIFBIH IIBIFAPabl, 01 OOMOanaymbl arayblHa COMKEC THICTI IIEPTYMEH KapbUIbIN KeTemi. ¥ cak
3UAHKECTEepAiH dHTOMOgarsl. [epHacinmep, 6acka OoMOanaylibl TYpiep CHAKTBHI, TOMBIPaKTa IaMHIBL,
0acka KOHBI3IAPIBIH KYyBIPIIAK MapasuTTepi. AnNMaThl OONBICHIHAA a3bIKTHIK NaKbUIIAp alKaOBIHIA, KeH
Tapayirad Typiaepaiy 6ipi [1, 20].

Brachinus ejaculans Fischer-Waldheim, 1828. Jlaima 6GomOanayiibl KOHBI3bI 3USIHKEC XKOHIIKTEPIIH
sHTOMOdarer [1, 21]. Hdepuocingep, 6acka OomOamaymibl Typiep CHSKTHI TOMBIpAaKTa JaMHIBL, Oacka
KOHBI3ZAPJBIH KyBIpPIIAK Iapa3utTepi. AIMaThl OOJBICHIHIA a3bIKTHIK JaKpUIIAp ANKaOBIHAA, KEH
TapaifaH TYpJepAiH Oipi.

Calathus halensis (Schaller, 1783). byn ke0binece Tynae OenceHni, KyHIi3 opTypii OacmaHana
TeIFBUTanbl. Kelime erinreH TYKbIMAap MEH IOHII MaKbUIIAPABIH KOIISTiH em, 3WsSH Kenrtipeni. bipak
KOHBI3 KONTETCH 3MSHKECTEPl — KYIIBI3KYPT, KaHaana, ¢urodar KOHbI3AAPEl MEH OJapbIH JEPHICUTIH
JKEUTIH/AIKTEH, 3MSHKECTIIl OHBIH THWTI3€TiH Maigacel apkbuibl OipHemie per ertenedi. KasakcTaHHBIH
OHTYCTIK-IIBIFBICHIH/IA KO Ke37IeCeTiH TYpAiH Oipi [21].

Carabus cicatricosus Fischer von Waldheim, 1842. Tynzae >koHe BIMBIpTTA OCIICEHII, KYHMI3 Tac,
KOKBICTBIH, T.0. acThIHA THIFbUIAABI. DHTOMOGAr. On opTYpili OMBIPTKACHI3AAPAbI, 3USH/IBI KOHIIKTEPMEH
FaHa eMec, Yy, MasHAapMEH Jie KOPEKTeHEe i )KOHEe TUTi3eTiH naiuacer 30p [21].

Carabus nemoralis Miiller, 1764. KoHpBmap TombIpakra casbakrapia, KOKeHIC OaKTapbIHIA,
kalbuIbIMAapAa Tipritik erefi. Oy Anmarel KajlachklHa Ke3JIEHCOK OKENNIHIeH, Ka3ip AJIMaThl O0JIBICHIH 1A
Oencenni KoHbicTaHFaH. KenTereH OapbUIayblK KOHBI3 CHSKTBI €PEeCEK KOHBI3JAp MEH OJapiblH
JIEPHACUIIIEpl aybUT MIapyanTbUIBIFBIHBIH TYPIIi 3USHKECTEPiH KETipeTiH maigaibl SHToMOodartap O0bIT
caHanmaapl. ATporieHO31apIbl YHEMI MEKeHIEHTIH TypIiep KemeHine sxartaast [1, 21].
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Calosoma auropunctatum (Herbst, 1784). Epecekrep MeH nepHaciamepi — TyHri OenceHnui
KBIPTKBIIITAP, TYPJII OMBIPTKACHI3TApMEH KOPEKTCHE, aTal aWTKaH/Ia, aybUIIapyallbUIbIFbIHA YIKEH
3USH KEeNTipeTiH KY3IiK TYH KeOeJETiHIH >XoHe WIaNFbIH 003 OTKOOENeTriHiH >KYIABIBKYpPTTapsl [21].
Anmatsl 00JIBICEIHIAa OYIT MaJl a3bIKTHIK TAKbLUT AKANTapbIHAA KU1 Ke3aece/T.

Calosoma denticolle Gebler, 1833. TyHT1 XBIPTKBIII, KONTETeH KayinTi 3WUSHKECTEpAi — TYHTI
KOOCJIEKTEP/IiH, MAIFBIH MYpP KOOCICKTEePIHIH >KYJIBI3KYPTBIMEH, KOHBI3 JCPHACUIACpIMEH XKoHE T.0.
KopekTenei [21]. Ka3akcTaHHBIH OHTYCTIK-IIBIFBICHIH/IA JKAIIlail KEe3JECETiH ofCTTerl TypiepiH Oipi.
Cos, XKyTepi eTiCTIKTepiHae Ke3IeCTi.

Chlaenius spoliatus Rossi, 1790. Benceni XbIPTKBIII, O 3USHIL MOJUTIOCKA JKOHE HACEKOMIaPMEH
KOpEKTEHe . ¥CaK OMBIPTKAJIBLIAD OJICKCEJICPIMEH KOPEKTeHYlI MYMKIH, OJIEKCEXKETIIl KOHBI3JapMeH
Oipre Taburarta caHuTaph peiiH atkapansl [1, 21]. KazakcTaHHBIH OHTYCTIK-IIBIFBICBIHAAFBI a3bIK JaKbLT
aKaOBIHIIA, Cyapy KaHAIBIHBIH MaHBIHIA KE3eCe/Ii.

Cymindis picta Pallas, 1771. Bbapiplk amblK Kyprak >KepjepAe MayChIM-KBIPKYHEKTe Ke3JeceTiH
onetreri Typ. 3oodar Typii oMmbIpTKaceizgapMen Kopekreneai [21]. Cos, Ounaii erictikTepinae Kes3zueci,
TOTIBIPAK TY3aFbIHA TYCKEH.

Elaphrus cupreus Duftschmid, 1812. bencenai xwipTkpim. ['eprerobuont. bliramnmer xepiepmae
tapanran [21]. 3epTrey alimarblHAa coOs, XKyrepi, OWgail >KoHE >KOHBIIIKA EriCTIKTepiHeH Ke3[ecTi,
TOTIBIPAK TY3aFbIHA TYCKEH.

Elaphrus riparius (Linnaeus, 1758). Omap KyH IIyarsl TYCKeHIIe oTe OenceHai, Kopek Taby ymriH Oip
JKepAeH eKiHIIi xepre ymanasl. KoHbI3Aap MeH AepHacingepi — KeIpTKpILTap [22]. 3epTTey aiiMarbiHIa
cost, Ouai, skyrepi koHe )KOHBIIIKA eTiCTITIHeH Ke3/IeCTip ik, TOMBIPAK Ty3aFblHA TYCTi. OHIENTeH Kep/e
0JI 6CIMIIIKTEPI THIFBI3 ETICTIKTE, TYPJIi Cy KoiMa OOMBIHIA oHE THIFBI3 OCIMIIKTI arpolleHo3/1a Ke3aece i
[21].

Microlestes minutulus Goeze, 1777. benceHal XBIPTKBIII, TYpJli HACEKOMIApPMEH KOPEKTEHE.
OBpPUTONTHL TYp, TYpJi OWOTONTapAa TIPHIUTK eTemi. 3epTTey ayMarblHIarbl eTiCTIKTeple KemTereH
3USTHKECTI YKOUBIT, opacaH maina kenripeni [1].

Pterostichus niger Schaller, 1783. XepaeH, ecimjiik aObIHbI aCThIHAH, aFalliTaH, KAObIK aCTHIHAH J1a
KOpeK 137elTiH OenceHi >KbIpTKbIm. O KYIIbI3KYPT, HACEKOMAAPABIH TYpPJi JaMy CaThICHIHIIAFbI
JIEPHOCUIIEPMEH JKOHE KYBIPIIAKTapMEH KOPEKTEHE I, KONTEeTeH 3USHKECTEPiH JKOMBII, Taiiaa KenTipe.
On 3usHkectep: Mollusca [17], Elateridae [23], Rhopalosiphum padi L. [104] xopexreHemi. Aamartbl
0OJNBICBIHIA 3epTTEy aliMarbIHAA KU1 Ke3Aece .

Harpalus affinis Schrank, 1781. ErictikTep MeH manFbiHAapaa kesmeceni. KoHb3gap MaychIMHaH
TaMbI3 00¥BI Ke3aeceni. Apanac KopekTi, ecimaik outrepimer (Aphididae) [11], Rhopalosiphum padi L.
[17] xopekreHeni, AereHMeH KeoOiHE OCIMIIKTEPMEH TIpWIIiK eTeni. bapmblk sxkepae omerreri Typ
Ke3aeceIi. DBPUTONTHIK TYP. ATPOIICHO3IBI YHEMI MEKCHICUTIH TypJiep KaTapblHa JKaTajbl.

Harpalus anxius Duftscmid, 1812. ApanackopekTi, Typii OCIMIIKTEPMEH >KoHE >KOHIIKTEpPMEH
KopekTeHeni. EricTikrep MeH ManfblHIapAa Ke3aecedi. 3epTTey aiiMarblHIa Oumaii, sxyrepi ericriringe
Ke3JIeCTi, TOHMEH KOPEKTEeHE i, TOMBIPAK Ty3aFbIHa TYCTi. JKacaH/bI *KapBIK KO31HE VI KeJe/Ti.

Harpalus distinguendus (Duftschmid, 1812). ITomutontel Me3odma. bapislk xkepae omaeTTeri Typ.
EricTikTep MeH manrbiHaa Kezgeceai. Oputepmai Typ [1, 21]. AIBIK KbI3ABIPBUIFAH JKepIepAe, COHBIH
ITiHIe eHJEeNTeH alKaNTapIarbl eTicTIKTepae Ke3meceli. ApanmacKopeKTi, Typii acThIK ©CIMIIKTEpiHiH
nmoHiMeH KopekteHeni. CoHbIMEH KaTap Leptinotarsa decemlineata Say [25], Acyrthosiphon pisum Harris
[26] kopekTeHemi.

Harpalus smaragdinus (Duftschmied, 1812). Ericriktep MeH manrbiaaa kesgeceni. On HeriziHeH
OCIMIIIKTEPMEH KOPEKTEeHEelli XoHe NOHMI NaKbUIIapra 3usH KEeNTipeadi, CYTTIK MIiCy CaTBICBIHIA TYKBIM
kemipenai. JKoHJIK 3USAHKECTEPiHIH a3 KO3FalaThlH JaMy CaThICHIHJAFBI Killli )KOHE OpTalia MeJIIepAeri
JKYMBIPTKA, IEPHACLI, KybIpIIaKTapeIMeH Kopekteneni [1, 21].

Harpalus rufipes (De Geer, 1774). Anyantypii Ouorontapaa TipuIisiik eTeni. ApalackopeKTi, Keiie
ecCIMIIKTepTe 3USH TUTI3edi, SFHN OMTaiIbIH JKoHE 0acka MOHI JaKbUIIAP/IbIH MiCTIETeH JoHIH, COHIai-aK
CeOUIreH KBUIKAH JKaNbIPaKThUIAp TYKBIMBIH KeWi. By 3akpIMIaHyblH OOJMAaIIbl 3anaibl KeOiHece
OapbUTAaYBIK KOHBI3ABIH KOJIOPAI0 KOHBI3BIH, TAMBIP 013TYMCHIK KOHBI3BIH, TYHT1 Ke0eleK KYIABI3KYPTHIH
JKoHe 0acKka J1a KemTereH 3UsSHKEeCTepHdi kKey apKbUIel erenemi. KazakctaHHBIH OHTYCTIK-IIBIFBICBIHIAFBI
a3bIK JIAaKbUI aJIKaNTapbiHaa O0apbUIayblK KOHBI3BIH €H KOIl KOHE KEH TapajiFfaH TYpiHiH Oipi. Mambip
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COHBIHAH TaMbI3 COHBIHA JICHiH OenceHai. ArpoleHo31apabl YHEMI MEKeHIEHTIH Typiiep TOObIHA KaTabl.
O KeKOPEeKTI 3USHKEeCTep peTinme oenrimi [27].

Lebia cruxminor Linnaeus, 1758. KoHpI31ap *xyrepi MEH »OHBIIIKA alKanTapbiaia kesaecemi [1, 21].
OciMIiri MOJ TIamFBIHIA, OpMaH IETiHIE, ETICTIKTepae Kesmecemi. Lebia cruxminor mepHocuimepi —
JKambpIpaK ~ OJKETII  KOHBI3  JIepHOCUImEpi MEH  KYyBIPIIAKTaphIHBIH  mapasuttepi:  Chrysolina
brunsvicensis, Chrysolina varians [12].

Loricera pilicornis (Fabricius, 1775). Epecek mapacel MeH AepHOCUIIepi — JKBIPTKbIIL. Epecek
Japanapbl KbICTaibl. 3epTTEYy aliMarbIHIA COsS, OWJall ericTiriHae KEe3[eCTi, TOMBIpaK Ty3aFbIHA TYCTI.
Ericrikreri sustakectepmen: Aphididae [15], Rhopalosiphum padi L. [17], Contarinia tritici (Kirby) [19]
KOpEKTEHE].

Notiophilus aquaticus Linnaeus, 1758. blirannbl maiaFblH MEH €TIiCTIKTEpAe TIPIILTIK eTemi. 3epTrey
alimMaFbIHIIA JKyrepi, JKOHpBIKa erictiringe kesgecti [21]. Kydipeikaskreuapmen (Collembola)
KOPEKTEHE/Ii, oap OapiibIK JKepJie TONBIPAKThIH OCTKi KaOaThIHAA, ©CIMIIK KaObIHBI apachlHAa bUIFAJIBI
JKepae Kezaecesi.

Poecilus sericeus sericeus Fischer von Waldheim, 1824. ApanackopekTi, ©CIMIIKTEpMEH >XoHE
XKOHJIIKTEPMEH KOpEKTEeHelli, KONTEeTeH HAaceKOM, KYPJBIK YIyhl JKoHe 0acka Jla OMBIPTKACHI3TapAbIH
CaHBIH TaOWFW TYpHAe peTTeiii, OHBIH IMIHIAE KayinTi 3usHKecTep me Oap. Mesodpumn. CyapsLiaTeiH
ericrikrepae OackIM Ke3meceTiH TypmiH Oipi. Ericrikrepne repOunmaTepai maianany ocepiHeH aTairaH
TYPJiH caHbl TOMeHew i [21].

Poecilus versicolor (Sturm, 1824). ApanacKopekTi, Keiae Typiai MOJACHH OCIMIIKTepre 3HsH
KENTipe/i, HEeri3iHeH KOKTEeMJIe KYpFaK aya paiblHIa, KOHBI3JAp JICHEHIH Cy TEMe-TCHIITH KajlblHa
KEINTIpy YIIIH IIBIPBIHAB ociHai kemipemni [8, 11]. OBpuONOHT. ATpOIICHO3ABI YHEMI MEKECHACHTIH Typiep
TOOBIHA kaTanbl. by KoHwI3 Leptinotarsa decemlineata Say [25], Aphididae [15] kopekTenei.

Poecilus cupreus (Linnaeus, 1758). byn TypaiH sxannsl Tipuriniri Poecilus versicolor (Sturm, 1824)
TYpiHE YKCaWjbl, xui Oipre kesnmeceiai. 3epTrey aliMarblHaa Oujail, COsl, KOHBIIIKA ETiCTIKTEPiHJIe
KE3JIeCTi, TOMBIPAK TY3aFbIHA TYCTi. YHEMi arpoleHO3/1bl MEKEHJICWUTIH TypJiep TOOBIHA >KaTabl.
AybUIIapyalsUIblK JTaHamaTTapbiHaa Oy TYKbIMIACTBIH KOIl TaparaH oKul Oonbln caHamansl [28].
ApanackopekTi, OCIMIIKIICH XoHE JKOHIIKTEpPMEH KOpeKTeHedi. ArponaHmmadTrapaarkl TYpii
sustHKecTepMeH: Haplothrips tritici Kurd. [27], Elateridae [27], Leptinotarsa decemlineata Say [25],
Oulema melanopus L. [29], Eurygaster integriceps Put. [30], Macrosiphum avenae F., Ropalosiphum padi
L., Metopolophium dirhodum Walk., Agrotis segetum Den. et Schiff. [27] kopekrenemi.

Pterostichus niger (Schaller, 1783). XbIpTKbIm, TYpJli HACEKOM, ONapIbIH JEPHOCUTIMEH >KOHE
KyBIpIIaKTapsIMeH KopekTeHeni [21]. 3epTrey aiiMarbIHIAFbl 3USHKEC JKOHIIKTEP/IIH CaHBIH PETTEel, Kol
naiiga xentipemi. Onmap BUTFANABI TONBIPAKTA, €TICTIK, MAOBHIBIKTAPIBIH JKOJ JKHETIHIE MenTep MEH
OyTanmap eCKeH OpMaH, OaKTapaa Ke3aecemi.

Zabrus tenebrioides Goeze, 1777. KeH TapanfaH Typ, KYHAi3 Tac acThIHAA THIFBLUIA/bI, TYH/IE aCTHIK
IoHiMeH (Omnait, kapa Oupaii, apma) KopekTeHeai. bynap vutFanra OeifiM OOJFaHIBIKTaH, cyapy Ke3iHe
caHbl kem ke3zuecedi. KoHbI3map keOiHe MayChiM COHBIHZA IIBIFAJbBI, JCPHICUIACP] KBICTAMIIBI JKOHE
MaMbIp COHBIHJIA TONbBIPaKTa KybIpIIAaKKa abiHanmaabl. KOHBI3HAp €ricke JOHHIH TOJBICKAH Ke3IHIC
KOHBICTAHBIT, TYHZE aCTHIKTBIH >KYMCaK IOHIMEH KopekreHendi. JlepHocimmepi TyHIe TombIpak OeTiHe
IIBIFBIN, aCTHIK MAKBUIIBIH JKambIpaKTapbIMeH KopekTeHemi. KyHmi3 »KambIpakThlH Oip Oedirin iHiHe
tapransl. JlepHocinaepi Ky3/ik ericke 3usH KenTipei. 0-5°C cankpaBIK TYCKEHJIe JIepPHACLIT KOPEKTeHY Al
TOKTaThIN, TombIpakka 30-40 cM TepeHTikke KpicTayFa keremi [31].

3epTTey HOTHIKeNepiH TaJKbLIay. 3epTTey HoTmkenepi OoiibiHma Onryctik-IIbiFpic Kazakcran
arposaHamaTTapelHIarkl  0apbUIIAYbIK KOHBI3ABIH TAKCOHJIBIK KypaMbl aHBIKTAN/bl. bapbligaybik
KoHbI3MapaeiH (Carabidae) 18 TybpichiHA XaTaThlH 29 TYypl aHBIKTANABL. bymapaslH immiHme TYp Kypambl
KarplHaH OaceiM TybicTap — Harpalus (5 typ, 17%), Poecilus (3 typ, 11%), KamraH TybIcTapnaH
1-2 Typmen Oenrimi Oonmpl. 3epTTey HOTWXKECiHIE TaOBUIFaH Typiiep KOPEKTiK OaillaHBICBIHA Kapait
3 Tomka OemniHei: ©CIMIIKKOPEKTI, apalacKOPeKTi )KoHE KBIPTKBIILITAp.

Ocimaikkopekrinep — Acupalpus elegans Dejean, 1829, Zabrus tenebrioides Goeze, 1777.

Apanackopekrtinep — Amara aenea (DeGeer, 1774), Amara similata Gyllenhal, 1810, Calathus
halensis (Schaller, 1783), Harpalus smaragdinus (Duftschmied, 1812), Harpalus affinis Schrank, 1781,
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Harpalus anxius Duftscmid, 1812, Harpalus distinguendus (Duftschmid, 1812), Harpalus rufipes (De
Geer, 1774), Poecilus sericeus sericeus Fischer von Waldheim, 1824, Poecilus versicolor (Sturm, 1824),
Poecilus cupreus (Linnaeus, 1758).

XKeiptrpimrap — Anchomenus dorsalis (Pontoppidan, 1763), Brachinus crepitans Linnaeus, 1758,
Brachinus ejaculans Fischer-Waldheim, 1828, Carabus cicatricosus Fischer von Waldheim, 1842,
Carabus nemoralis Miiller, 1764, Calosoma auropunctatum (Herbst, 1784), Calosoma denticolle Gebler,
1833, Chlaenius spoliatus Rossi, 1790, Cymindis picta Pallas, 1771, Elaphrus cupreus Duftschmid, 1812,
Elaphrus riparius (Linnaeus, 1758), Microlestes minutulus Goeze, 1777, Lebia cruxminor Linnaeus, 1758,
Loricera pilicornis (Fabricius, 1775), Notiophilus aquaticus Linnaeus, 1758, Pterostichus niger (Schaller,
1783).

Ocimaikkopekrinepre 2 Typ (8%), apanackopekrinepre 11 Typ (48%), xxpipTKbITapra 16 typ (44%)
JKaTapl.

KopbiTeiaabl. 2019-2020 >xputmapsl KYpri3iuireH 3eprrey HoTmkenepi Ooisama OHTYCTIK-IIBIFBIC
Kazakcran arponanmmadTrapbiHIarel OapeiiiaybiK KOHbIBIH (Carabidae) 18 TybicbiHa xaraThiH 29 Typi
aHBIKTaNABl. BynapnsiH inriHge Typ Kypamsl kaFblHaH 0ackiM Tybictap — Harpalus (5 typ, 17%), Poecilus
(3 Typ, 11%), xamram 16 TysicTam 1-2 TypmeH raHa Oenrimi Oonapl. bynm Oapbuimayplk KOHBI3
arpoIeHO3JaphIHAAFEl TIPIIUIIK €TETIH MEKCHi, OJIapAblH KOPEKTIK OaiIaHpICTAphl MEH arpoIlieHO3Fa
TUTI3€TiH 9cepi, MPAaKTUKAIBIK MaHBI3BI KOPCETLIII. 3epTTey HOTHXKeCiHAe TaObUIFaH Typiep KOPEKTiK
OalinaHpIChIHA Kapaid 3 Tomka OeiiHIi: eCIMIIKKOPEKTI (eCIMIIKTepMEH KOPEKTEHEHl), apaitacKOpeKTi
(eciMmik, JKaHyapjapMeH KOpPEKTEHEIi) JKOHE I KBIPTKBIIITAp  (OKOHIIKTEpPMEH  KOPEKTCHEI).
Ocimuikkopekrinepre 3 Typ (8%), apanackopekrinepre 11 Typ (48%), *pIpTKbiuTapra 16 Typ (44%)
JKaTaThIHBL Oeyriial OOJIIbL.

P.Y.CaumoBa
KasHITY um. AbGas, Anmatsl, Kasaxcran

TAKCOHOMMYECKHU COCTAB )KYKEJIUI] (COLEOPTERA, CARABIDAE)
B ATPOJIAHAITA®TAX IOI'O-BOCTOYHOTI'O KABAXCTAHA

Annoranus. Xyxenunpsl (Carabidae) — 0qHO W3 caMBIX KPYIHBIX CEMEHCTB JKECTKOKPBUIBIX HACEKOMBIX,
GosbIIas 9acTh MX JIMYMHOK OOWTAET B MOYBE MJIM HA MOBEPXHOCTHU MOYBHI; HEKOTOPHIE U3 HUX JKMBYT BO BIIAYKHBIX
Jecax, MoJ KOpoi, Ha cyxux aepeBbsx. [1o TpeOOBaHUIO BIaKHOCTH KYKHU JIEJIUTCS HA JIBE TPYMIIBI: TUTPOQUIBI U
Me30¢masl. [Urpoduner BCTpedaroTcss B BoJoeMax M Ha Oeperax pek HIM B OYCHb BIAXHBIX mouBax (Nebria,
Elaphrini, Dyschirius, Bembidion, Chlaenius, HexoTopsie Pterostichus). Me3odmisl - 00UTalOT B TOPHBIX paiioHax
(uame Bcero Carabus, Amara, Harpalus xone Pterostichus u np.). BONbIIMHCTBO )KyKOB — MHOTOSITHBIE XUIIIHHKH.
Bospiioe KoIM4ecTBO MHOTOSIHBIX XHUIITHUKOB OIPECIISET X PAKTHIECKOe 3HaYCHHE.

Kyku-purodaru n mukcodaru — BperuTenu, UMEIOIIMe SKOHOMUYecKoe 3HaueHue. J{is Bcex xyKkoB Hanbosee
Ba)XHBIM U3 aOMOTHYECKUX (PAKTOPOB SIBISIETCS BIAXHOCTH MOYBHI. [logaBisioniee OONBIIMHCTBO BUIOB CKIIOHHO K
OTHOCHUTENEHO HHU3KOTEeMIepaTypHbIM Ouoronam. Takue TpeOoBaHMS OCOOEHHO XapaKTEpHBI /sl HeCTIeIUaIU3UpO-
BaHHBIX MHOTOSIHBIX XHMITHUKOB. Jl0JIs1 Me30KCepOdMIBHBIX BHJIOB cpean (UTo(aroB HAMHOTO BHIIIE, TOCKOIBKY
9TH BHIBI, KaK M Jpyrue ¢urodarud, MOTyT KOMIICHCHPOBATH HEJOCTATOK BIAard B OpraHW3Me, IOTJIONIAs COKH
pacTeHwuil.

HccnenoBanus ObUTH HampaBlieHbl Ha M3yYEHHE BHJOBOTO COCTAaBa JKYXKEIHI[ arpolleHO30B AJMAaTHHCKON
obmactu, Tamrapckoro, Wmmiickoro, KamOrpuickoro, Kapacaiickoro, EnOexmmkazaxckoro paioHoB. Iloneswie
uccrepoBanus npoBomumchk B 2019-2020 romax ¢ Haganma Masi 10 KOHIA CeHTSOps. VcciienoBanme mpoBOIUIIOCH C
WCTIONIb30BaHIEM OOLIETIPHHSATHIX B SHTOMOJIOTHH METOJIOB. B MiccienoBaHny TakKe HUCITOIb30BAJICS SKOJIOTHIECKAIH
THUII TIOYBEHHOH JIOBYIIKH, YTOOBI MHHHMH3HPOBATH YIIEPO IOJIE3HOH SHTOMO(AyHE H3y4aeMOW TEPPUTOPHH -
sHTOMO(Daros. [lyis1 OB )KyKOB HCIIOIb30BAINCH TAK)KE IOUYBEHHbIE JOBYIIKH bapbepa. Ycranosneno no 10 1oBy-
IIEK Ha PACCTOSIHUU 5 METPOB B MCCIICIyEMOM y4YacTKE IOJIsI, [IOYBEHHBIC JIOBYIIKH YCTaHABIMBAINCH C KOHIA Mast
J10 cepearHbl OKTSIOpst. JKykoB U3 TOByIIKH coOupanu Kaxapie 7—10 mHeid.

[To pesynbraram paboOThI COCTaBJIEHBI CIIMCKH BpenuTeneil 1 sHToModaros arponanamadros IOro-Bocrounoro
Kazaxcrana (cos, noiiepHa, SYMEHb, MIIEHUIA, KYKypy3a U 1p.).

[To pesynmbraTam wucciieoBaHUsl BbIBICHO 29 BUIOB, oTHOcAmmxcs K 18 pomam sxyxenun (Carabidae)
B arponarmmadrax IOro-Bocrounoro Kazaxcrana. M3 HuX mnpeoOnamaromiue 1mo BUIOBOMY coctaBy Harpalus
(5 Bumos, 17%), Poecilus (3 Buna, 11%), u3 octansHBIX 16 poOB W3BECTHHI TONBKO 1-2 BHOa. B craThe moka3aHb
MecTa OONTaHUs THX )KYKOB B arporieHo3ax lOro-Bocrounoro Kazaxcrana, ux Tpodudeckne cB3U M BINSHHE HA
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arporeHo3 M UX MPaKTHYeCcKoe 3HadeHue. Bujibl, 0OHAPY)KEHHBIC B XOJ/I€ UCCIICIOBAHMUS, B 3aBUCUMOCTH OT IUTAHUS
OpUH pa3meneHsl Ha 3 Tpymmsl: ¢puTodaru (MUTAIOTCS PACTCHUAMH), MUKCO(aru (IMUTAIOTCS U PACTHTEIIEHOCTHIO 1
JKUBOTHOW THIIeil) U sHTOMOodaru (muratorcss Hacekombimu). @urtodaru: Acupalpus elegans Dejean, 1829, Zabrus
morio Ménétriés, 1832, Zabrus tenebrioides Goeze, 1777. Mukcodarun: Amara aenea (DeGeer, 1774), Amara
similata Gyllenhal, 1810, Calathus halensis (Schaller, 1783), Harpalus smaragdinus (Duftschmied, 1812), Harpalus
affinis Schrank, 1781, Harpalus anxius Duftscmid, 1812, Harpalus distinguendus (Duftschmid, 1812), Harpalus
rufipes (De Geer, 1774), Poecilus sericeus sericeus Fischer von Waldheim, 1824, Poecilus versicolor (Sturm, 1824),
Poecilus cupreus (Linnaeus, 1758). Duromodaru: Anchomenus dorsalis (Pontoppidan, 1763), Brachinus crepitans
Linnaeus, 1758, Brachinus ejaculans Fischer-Waldheim, 1828, Carabus cicatricosus Fischer von Waldheim, 1842,
Carabus nemoralis Miiller, 1764, Calosoma auropunctatum (Herbst, 1784), Calosoma denticolle Gebler, 1833,
Chlaenius spoliatus Rossi, 1790, Cymindis picta Pallas, 1771, Elaphrus cupreus Duftschmid, 1812, Elaphrus
riparius (Linnaeus, 1758), Microlestes minutulus Goeze, 1777, Lebia cruxminor Linnaeus, 1758, Loricera pilicornis
(Fabricius, 1775), Notiophilus aquaticus Linnaeus, 1758, Pterostichus niger (Schaller, 1783). ®utodaru 3 Buna
(8%), mukcodaru 11 Bunos (48%), snTOMOGaru 16 BuaoB (44%).

KuaroueBsie cioBa: xyxenunpl, Carabidae, arpomanmmadt, FOro-Bocrounsrii Kazaxcran, TakCOHOMUYECKHN
COCTaB.

R.U. Saimova
Abai Kazakh National Pedagogical University, Almaty, Kazakhstan

TAXONOMIC COMPOSITION OF GROUND BEETLES (COLEOPTERA, CARABIDAE)
IN AGRICULTURA LANDSCAPES OF SOUTH-EAST KAZAKHSTAN

Abstract. Ground beetles (Carabidae) are one of the largest families of coleopteran insects; most of their larvae
inhabit the soil or soil surface; some of them live in moist forests, under tree bark, and on dry trees. Based on the
need for moisture, beetles are divided into two groups: hygrophiles and mesophiles. Hygrophiles are found in water
reservoirs, on river banks, or in very wet soils (Nebria, Elaphrini, Dyschirius, Bembidion, Chlaenius, some
Pterostichus). Mesophiles live in mountainous areas (oftenly Carabus, Amara, Harpalus, Pterostichus, etc.). Most
beetles are polytrophic predators. A large number of polytrophic predators define their practical importance.

Herbivorous and omnivorous beetles are pests of economic significance. For all beetles, the most important
abiotic factor is soil moisture. The overwhelming majority of species are inclined to live in relatively low-
temperature biotopes. Such needs are especially typical for non-specialized polytrophic predators. The proportion of
meso-xerophilic species among herbivores is much higher, since these species, like other herbivores, can compensate
for the lack of moisture in the body by absorbing plant juices.

The studies were aimed at researching the species composition of ground beetles in agricultural cenoses of the
Almaty, Talgar, Ili, Zhambyl, Karasai, and Enbekshikazakh regions. Field studies were carried out in 2019-2020 from
early May to late September. The research was conducted using methods generally accepted in entomology. The
study also used an ecological type of soil trap to minimize damage to the beneficial entomological fauna of the study
area — insectivores. Also, Barrier soil traps were used to capture the beetles. 10 traps were installed at a distance of
5 meters in the research area of the field: soil traps were installed from late May to mid-October. Beetles were
collected from the trap every 7-10 days.

Based on the results of the research, lists of pests and insectivores of agricultural landscapes of South-East
Kazakhstan (soybeans, alfalfa, barley, wheat, corn, etc.) were compiled.

According to the results of the study, 29 species belonging to 18 genera of ground beetles (Carabidae) in the
agricultural landscapes of South-East Kazakhstan were identified. Of these, Harpalus (5 species, 17%), Poecilus
(3 species, 11%) were predominant in species composition, and only 1-2 species were known to be from the
remaining 16 genera. The article shows the habitats of these beetles in the agricultural cenoses of South-East
Kazakhstan, their trophic relationship and impact on the agrocenosis, and their practical significance. The species
discovered in the course of the study were divided into 3 groups based on their diet: herbivores (feed on plants),
omnivores (feed on both vegetation and animal food) and insectivores (feed on insects). Herbivores: Acupalpus
elegans Dejean, 1829, Zabrus morio Ménétri¢s, 1832, Zabrus tenebrioides Goeze, 1777. Omnivores: Amara aenea
(DeGeer, 1774), Amara similata Gyllenhal, 1810, Calathus halensis (Schaller, 1783), Harpalus smaragdinus
(Duftschmied, 1812), Harpalus affinis Schrank, 1781, Harpalus anxius Duftscmid, 1812, Harpalus distinguendus
(Duftschmid, 1812), Harpalus rufipes (De Geer, 1774), Poecilus sericeus sericeus Fischer von Waldheim, 1824,
Poecilus versicolor (Sturm, 1824), Poecilus cupreus (Linnaeus, 1758). Insectivores: Anchomenus dorsalis
(Pontoppidan, 1763), Brachinus crepitans Linnaeus, 1758, Brachinus ejaculans Fischer-Waldheim, 1828, Carabus
cicatricosus Fischer von Waldheim, 1842, Carabus nemoralis Miiller, 1764, Calosoma auropunctatum (Herbst,
1784), Calosoma denticolle Gebler, 1833, Chlaenius spoliatus Rossi, 1790, Cymindis picta Pallas, 1771, Elaphrus
cupreus Duftschmid, 1812, Elaphrus riparius (Linnaeus, 1758), Microlestes minutulus Goeze, 1777, Lebia
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cruxminor Linnaeus, 1758, Loricera pilicornis (Fabricius, 1775), Notiophilus aquaticus Linnaeus, 1758, Pterostichus
niger (Schaller, 1783). Herbivores had 3 species (8%), omnivores had 11 species (48%), and insectivores —
16 species (44%).

Key words: Ground beetles, Carabidae, agricultural landscape, South-East Kazakhstan, taxonomic composition.
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PROMISING MIXED CROPS
OF SUDAN GRASS WITH FORAGE CROPS

Abstract. An important factor in increasing the efficiency of crop diversification in West Kazakhstan and
reducing the dependence of crop productivity on weather conditions is the expansion of crops most adapted to
unsustainable humidification of plants such as chickpeas, Sudan grass, sorghum, corn and sunflower. One of the
ways to increase the productivity of Sudanese grass is to use its mixed crops with chickpeas, sunflower, corn and
sorghum. Mixtures due to the best quality indicators of feed provide the maximum yield of feed units and digestible
protein. The article presents research data on the study of mixed crops of Sudanese grass with annual crops in the
conditions of the Ist dry-steppe zone of Western Kazakhstan. A comparative test of mixed crops by yield from
digestible protein area units revealed the most nutritionally valuable mixtures. So, in the research of 2018-2020, the
largest yield for digestible protein was obtained on the variant using sunflower for silage mixed with Sudan grass
(1.65 c/ha), slightly lower on the versions of using a mixture of Sudan grass and corn for silage (1.58 c/ha) and a
mixture of sorghum and Sudan grass for silage (1.55 c/ha).

Keywords: Sudan grass, mixed crops, green fodder, haylage, silage, yield, feed value.

Introduction Solving the problem of animal husbandry development is closely related to
strengthening the feed base. Weak and unstable food supply is a widespread phenomenon in the West
Kazakhstan region. In field forage production, the acreage was significantly reduced, and the yield of
forage crops decreased. The set of crops has been narrowed to forage crops (barley, oats, wheat forage). In
the structure of arable land, up to 76% is monoculture wheat, barley accounts for 20.2% of arable land,
millet and winter rye account for 2.1 and 1.3%, respectively, and the remaining grains (including forage)
occupy 0.4%. To date, the production of feed using advanced technologies has actually been discontinued.
As in previous times, the creation of a reliable, balanced feed base and a sharp reduction in feed loss
during harvesting is largely determined by the correct organization of feed production and harvesting
[1,2,3,4].

Creating a valuable feed base for livestock development depends on both the correct set of crops and
the biological characteristics of these crops. Therefore, in accordance with the purpose of our research, we
studied the biological features of growth and development, formation of productivity of various crops in
the conditions of zone 1 of the West Kazakhstan region.

One way to increase the productivity of Sudan grass is to use mixed crops with chickpeas, sunflower,
corn and sorghum. Mixtures due to the best quality parameters of the feed provide maximum yield of feed
units and digestible protein. The use of mixed crops makes it possible to reduce the intensity of field work
and obtain high-quality feed in a longer period of time in the green conveyor system, as well as harvest
them for green feed, hay, haylage and silage. The high efficiency of mixed crops of Sudan grass with corn,
Sudan grass and chickpeas, Sudan grass and sunflower was determined on the experiments of many
scientists from near and far abroad [5, 6, 7, 8].

Research methods.

The research is carried out on the experimental field of Zhangir Khan West Kazakhstan Agricultural
and Technical University. (Republic of Kazakhstan, Uralsk).

The research is carried out within the framework of the grant financing program of the Science
Committee of the Ministry of Science of Kazakhstan on the project AP05130172 "Development of
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adaptive technologies for the cultivation of fodder and oilseeds in relation to the conditions of West
Kazakhstan" and on the topic of PhD thesis "Formation of Sudane grass harvest in fodder lands of West
Kazakhstan region".

The area of plots during cultivation of fodder crops is 50 m?, repetition is three times, location of plots
is rendomized.

Zoned varieties of fodder crops were used in the experiments. The norm for sowing seeds of studied
crops is recommended for the dry-steppe zone of West Kazakhstan region. The system of soil treatment
for fodder crops adopted in the 1st zone of West Kazakhstan. Nitrogen and phosphorus mineral fertilizers
were used in the research on fodder crops in the recommended doses for the region.

During field tests, accounting, observation of the beginning of phenological phases and growth of
Sudan grass were carried out according to generally accepted methods [9]. Photosynthetic activity of
Sudan grass crops was studied according to the generally accepted method [10]. Harvesting and
registration of crops is performed by continuous method.

Based on the results of chemical analysis of green mass of Sudan grass, bioenergetic evaluation of the
studied methods was carried out according to the accepted method [11]. Statistical processing of the study
results was carried out by the method of dispersion analysis [12], statistical graphs were constructed using
the program Statistica 6.0.

According to the morphological features of genetic horizons of the profile and agrochemical
indicators of arable soil layer, soils of the experimental sites are characteristic for 1 dry-steppe zone of
West Kazakhstan.

Results and discussion. In the process of studying mixed crops of annual crops, we observed the
duration of the phases of growth and development of their components. Phenological observations during
the years of research showed that the duration of the phases of development of cultures varies depending
on their species and biological characteristics.

As the data of our research of 2018-2020 show, in the studied crops of mixed crops, the duration of
mowing period is different. The different duration of mowing ripeness of mixed crops allows you to create
a conveyor for the uninterrupted supply of fodder products throughout the spring-summer season for the
production of green feed, haylage and silage.

The denseness of plants and their survival during vegetation are important indicators that largely
determine the level of productivity of agrocenoses.

Studies show that, on average, over the years of research, the actual density of plants in mixed crops
of Sudan grass and annual fodder crops was close to the target one. In the mixed crops of Sudan grass and
chickpeas during full seedlings, the actual density of Sudan grass was 715 thousand pcs/ha, and chickpeas
37.6 thousand pcs/ha. In the mixed crops with Sudan grass during full seedlings, the actual density of corn
and sunflower crops was 29.16 thousand pcs/ha, respectively. By the beginning of vegetation, the density
of sown sorghum crops together with Sudan grass was 29.60 thousand pcs/ha.

For the production of harvest, the preservation of crops is of great importance. During vegetation,
under the influence of various factors, partial plant outburst is observed. The percentage of preserved
plants in relation to the come up makes it possible to assess the preservation of plants. At the same time,
the preservation of plants depended both on the species composition of the components and on the timing
of harvesting agrophytocenoses, as well as the prevailing weather conditions during vegetation.

For the production of good feed, not only the growth of plants in height is important, but also the
formation of a sufficiently large area of leaves. In the research, leaf surface formation was observed by
mixed agrophytocenosis cultures, data are given in tables 1, 2.

Table 1 — Indicators of photosynthetic activity of mixed crops
of fodder crops in 1 zone of West Kazakhstan at 1 harvesting period, average for 2018-2020

. : 7
Experiment options Maximum leaf area, thousand m*/ha Photosyntheg;}i(;ltlznnal, minm

Sudan grass + chickpeas for green food 5,68 0,27

Sudan grass + sorghum for haylage 4,99 0,24

Sudan grass + corn for haylage 4,95 0,24

Sudan grass + sunflower 5,56 0,27
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Table 2 — Indicators of photosynthetic activity of mixed crops of fodder crops
in 1 zone of West Kazakhstan with 2 terms of harvesting, average for 2018-2020

- - 7
Experiment options Maximum leaf area, thousand m*/ha Photosynthegz}gsc/)ttlzntlal, minm

Sudan grass + sorghum for silage 7,54 0,50

Sudan grass + corn for silage 7,27 0,48

Sudan grass + sunflower for silage 8,03 0,54

In our research of 2018-2020 in the dry steppe zone, the preservation of Sudan grass plants in mixed
crops with annual fodder crops for the vegetation period with 1 harvesting period ranged from 80.50
(sowing with sorghum) to 80.71% (mixed crops with corn).

Annual fodder crops sown together with Sudan grass when harvesting for green fodder (chickpeas)
and haylage (sorghum, corn, sunflower) were not equally influenced by Sudan grass. At the same time,
when sowing together with Sudan grass, the greatest preservation of plants was noted in sunflower -
86.70%. Corn crops sown in a mixture with Sudan grass are in second place in terms of safety - 84.11%.
Sorghum withstood the least competition from Sudan grass (safety 80.70%) as well as chickpeas (safety
83.46 %).

With a further delay in the harvesting period of mixed crops until the flowering-pouring phase of
Sudan grass grains, there is a fall of plants from plant formation. At the same time, the relatively high
preservation of plants was noted in sunflower 84.21%, as well as in corn - 77.27%. Relatively more plant
fallout during the vegetation period during harvesting for silage was determined at sorghum (safety
69.90 %).

On average for 3 years of research (2018-2020), when cultivated for silage, the highest safety of
Sudan grass was noted in joint crops with sorghum (75.86%). When harvesting mixed sowing with
sunflower for silage, the safety of Sudan grass plants is 74.68%. The least safety when harvesting for
silage was determined in plants of Sudan grass sown with corn (72.98%), which is associated with great
competition from corn.

Thus, it can be noted that in the mixture of the culture of Sudan grass, sorghum and chickpeas are
well combined with each other and do not have a restraining effect in mixed sowing.

When harvesting for silage, sunflower is the largest competitor to Sudan grass. When sown in the
mixture, Sudan grass also experiences higher competition from corn. At the same time, the competition of
plants increases with a delay in the harvesting period for silage.

In the research of 2018-2020 on the study of mixed crops, the following data were obtained on the
productivity of agrophytocenoses: the yield of green mass on the option of joint sowing of Sudan grass
and chickpeas was 65.01 c/ha, which in terms of dry mass was 12.10 c/ha. On average for 3 years, on the
option of joint sowing of Sudan grass and corn when harvesting for haylage, the productivity of green
mass was 77.36 c/ha, dry mass 13.90 c/ha. The harvest of green mass during harvesting of joint crops of
Sudan grass and corn for silage increased to 121.61 c/ha, and the harvest of dry mass was 22.54 c/ha. On
average for 2018-2020, on the version of sowing Sudan grass + sunflower, these indicators when
harvesting for haylage were 86.24 and 15.22 c/ha and 129.93 and 24.40 c/ha when harvesting for silage.
On the sowing of a mixture of Sudan grass and sorghum at early harvesting for haylage, the green mass
harvest was 71.93 c/ha at a dry mass yield of 13.09 c/ha. Joint sowing of Sudan grass and sorghum during
harvesting on average for 2018-2020 ensured green mass yield at the level of 111.21, dry mass -
20.28 c/ha (table 3).

Thus, in the research of 2018-2020, the greatest yield of both green and dry mass was noted on the
version of joint sowing of Sudan grass and sunflower.

In general, the weather conditions of 2018-2020 had a positive impact on the growth processes of
plants of mixed agrophytocenoses. By the time of harvesting for silage, the components of the mixed
crops were able to form a productive plant formation.
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Table 3 — Productivity and feed value of mixed crops of fodder crops depending
on harvesting time in the 1st zone of West Kazakhstan, average for 2018-2020

Green Dry Digestible Collection Exchange Provision
Options of mixed crops mass, matter, protein of feed energy of feed units
c/ha c/ha harvesting, | units, c/ha | output, GJ/ha | with protein,
c/ha g
1 harvesting period
Sudan grass + chickpeas for green food 65,01 12,10 1,24 10,89 11,93 114
Sudan grass + sorghum for haylage 71,93 13,09 1,12 11,07 12,64 101
Sudan grass + corn for haylage 77,36 13,90 1,08 11,90 12,85 91
Sudan grass + sunflower for haylage 86,24 15,22 1,07 12,67 14,07 84
2 harvesting period
Sudan grass + sorghum for silage 111,21 20,28 1,55 16,84 19,49 92
Sudan grass + corn for silage 121,61 22,54 1,58 18,85 20,80 84
Sudan grass + sunflower for silage 129,93 24,40 1,65 19,76 22,52 83

On average for 3 years, when harvesting mixed agrophytocenoses for silage, the trend set during
harvesting for haylage also remains. At the same time, the highest harvest of green (129.93 c/ha) and dry
mass (24.40 c/ha) was obtained when cultivating Sudan grass in a mixture with sunflower. The
productivity of the mixture of Sudan grass and sorghum for harvesting green and dry mass was at 111.21
and 20.28 c/ha. When harvesting for silage, the intermediate position in terms of productivity is occupied
by a mixture of Sudan grass and corn - 121.61 c/ha green mass, 22.54 c/ha dry mass.

A comparative test of mixed crops by yield from digestible protein area units revealed the most
nutritionally valuable mixtures. So, in the research of 2018-2020, the largest yield for digestible protein
was obtained on the variant using sunflower for silage mixed with Sudan grass (1.65 c/ha), slightly lower
on the versions of using a mixture of Sudan grass and corn for silage (1.58 c/ha) and a mixture of sorghum
and Sudan grass for silage (1.55 c/ha). On average for 3 years, when using mixed crops of Sudan grass and
sorghum when harvesting for haylage and silage, the productivity of agrophytocenoses at the yield of
digested protein was at 1.12 and 1.55 c/ha. In the early harvesting of the mixture of Sudan grass with
chickpeas for green food, the harvest of digested protein reaches 1.24 c/ha. When using joint crops of corn
and Sudan grass, depending on the harvesting time, the productivity of crops for harvesting digested
protein ranges from 1.08 (haylage) to 1.58 c/ha (silage).

Assessment of fodder and energy advantages of crops was carried out on the output of fodder units
and exchange, as well as on the availability of fodder units with protein. On average, in the first version of
the harvesting period, according to these indicators, the productivity of the mixture of Sudan grass and
sunflower was relatively higher: 12.67 c/ha of feed units and 14.07 GJ/ha of exchange energy, while the
supply of feed units with protein was 84 g.

When harvesting for haylage, the collection of feed units from mixed crops of Sudan grass with
sorghum and corn was 11.0 and 11.90 c¢/ha, with an exchange energy output of 12.64 and 12.85 GJ/ha. In
the first term of harvesting, the highest supply of feed units with protein was obtained on the version of the
mixture of Sudan grass and chickpeas for green feed - 114 g. On this version, on average for 2018-2020,
the yield of feed units is at the level of 10.89 c/ha, exchange energy 11.93 GJ/ha.

In terms of productivity and fodder value, early harvesting of mixed crops of Sudan grass with annual
fodder crops is inferior to later harvesting for silage use, according to the research in 2019-2020. When
harvesting for silage, the largest collection of feed units was obtained on the version of use as a
component of mixed sowing of Sudan grass and sunflower - 19.76 c/ha. This two-component mixture, in
comparison with other versions of mixed crops, provided a maximum collection of exchange energy of
22.52 Gl/ha.

When using mixed crops of Sudan grass and sorghum for silage, the collection of feed units and
exchange energy was minimal and amounted to 16.84 c/ha and 19.49 Gl/ha, respectively. When
harvesting for silage for fodder and energy value, the intermediate position is occupied by a mixture of
Sudan grass + corn - 18.85 c/ha fodder units and 20.80 GJ/ha exchange energy. On average for 3 years
when harvesting for silage, a relatively high level of protein supply of feed units was noted on Sudan grass
version in combination with sorghum (92 g). For mixed crops, Sudan grass + corn and Sudan grass +
sunflower were 84 and 83 g, respectively.
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The nature of linear plant growth in both single-species and mixed crops by its component
components was studied by measuring the height of plants of mixed agrophytocenosis. Linear growth data
of plants before harvesting agrophytocenosis depending on terms are given in figure 1.

Green mass, haylage
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Figure 1 — Plant height of mixed agrophytocenoses with Sudan grass, cm
average for 2018-2020

Conclusion. The use of mixed crops of Sudan grass with annual fodder crops is an important reserve
for the production of fodder, while mixtures with the participation of Sudan grass are advisable to be used
both for the production of green fodder (Sudan grass + chickpeas) and for the provision of animals with
silage mass (Sudan grass + sorghum, Sudan grass + corn, Sudan grass + sunflower).

b.H. HacueB
XKonrip xan ateigarsl bateic Ka3akcran arpapibik-TexHUKaIbIK YyHIBepcuTeTi, Opain, Kasakcran

CYJIAH IIOBIHIH A3BIK TAKBLIIAPBIMEH
MEPCHEKTHUBAJIBI APAJIAC ETICTITT

Annotanus. bateic Kazakcranga eciMIiK mapyanbuIBIFBIH SpTapalTaHIbIpy THIMAUIITIH apTTEIPY MEH JaKbll
OHIMIHIH aya paibl >KaFmailblHa TOYEJNIUIITIH a3alTyAbIH MaHBI3ABI (akTOpbl — HYT, cyznaH meOli, KymaH, xKyrepi
JKOHE KYHOAFBIC CHIHABI KaybIH-IIAIIBIH, BUTFall TYPAKCHI3IBIFbIHA TO3IMII 6ciMAiK eTiciH keHeiTy. CynaH meOiHiH
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OHIMIUTITIH apTTHIPY JKOJIAAPBIHBIH Oipi — OHBI HYT, KyHOAFbIC, JKYTepi KoHE KyMailMeH apallaCTHIPHII ery. Apaiac
eric Maj a3bIFBl JKOFaphl camajibl OONATHIHIBIKTAH, MEHIIIHIIE MOJI OHIM XOHE CIHIMAI MPOTEHWH alxyFa MYMKIHIIK
Oepeni. Makanana bateic KasakcranublH 1 Kyprak nanma aiMarbiHOa OipKBUIABIK NAKbUIAAp MEH CyAaH IIeOiHiH
apanac JaKpUIIapbIH 3epTTey Nepekrepi kentipinren. 3eprreynep XKoHrip xan ateiaaarsl batsic Kazakcran arpap-
JBIK-TeXHUKANBIK yHuUBepcuTeTiHiH (Kazakcran Pecmybmmkacel, Opan K.) ToxipuOemik ankaOblHAa KaObITaHFaH
smicremere colKec XKyprizineni.

2018-2020 >kpLmapmarbl apanac €ricke KaThICTBI 3epTTEyJiepAe arpoHTOIICHO3 ©HIMI OOWBIHINA Keieciaen
JIEpEeKTEep aJNBIHIBI: CYIaH 11601 MEH HYTTHIH OIpJECKEH eric HYCKACBIHAAFhl KOK Macca MIBIFBIMBI 65,01 1/rekTapra
TeH, OyJ1 Kyprak maccameH Kaiita ecemterenne 12,10 1y/ra skerti. Opramra ecemmeH 3 JKbUIa CcynaH Ime0i MeH
JKYTEpiHiH apajiac erici HyCKachlHJa ITiIIeH/IeMe YIIIH OpBbUIFaH achll Macca eHimi 77,36 1/ra, an Kyprak Macca
tycimi 13,90 w/ra nmenreiiin xypanasl. Cyznan me0i MeH JKyrepiHiH OipJIeCKeH erici HYCKachIHIarbl CypJeM YIIiH
OpBUIFaH JXachUl Macca MIBIFIMBI 121,61 m/rekTapra TEH WIBIKTBI, Kyprak Macca 22,54 1y/ra kepcerti. OpTtama
ecermen 2018-2020 >xputgaps! cynaH meobi +KyHOaFbIC erici HycKachlH/a IMIIeHAeMe YIIiH OpbUIFaH achll Macca
OHIM KepceTkimm 86,24 xoHe 15,22 m/ra, an cypiieM yiIiH opsUiFanaa tuicinme 129,93 xone 24,40 m/ra meHreitin
kepcerti. CynaH me0i MeH KyMaiiiblH apajiac erici HycKachlH/a IMiNIeHAeMe YILIIH epTe OpFaH Ke3Je JKachlll Macca
Tycimi 71,93 1y/ra, anm xyprak macca Tycimi 13,09 m/ra xerri. Cynan me0i MeH KyMaiiibl apaiac eKKeHIE CYpiieM
yuriH oprannma oprama ecenmeH 2018-2020 xpurmapsr skacsil Macca tycimi 111,21 m/ra, an Kyprak macca Tycimi
20,28 1w/ra neHreitin Kypaasl (A.22-kecre). Ocpuraiiia Kackul Macca MeH KYpFaK MacCaHBIH YJIKeH IIBIFBIMBI 2018-
2020 >xpUTIapAaFkl 3epTTeyiep/e CylaH medi MeH KYHOAFbICTBIH apaiiac ericiieH ansinapl. Opraiia anFasga 3 bul
ilnHAe apanac arpopuToLeHO3Aap bl CypJIeMIe XKUHAy Ke3iH/e OHIMIUIIK OOMbIHIIA MA0bIHBIKKA KHUHAY Ke3iH]Ie
Oenrinenren ypaic cakranajasl. COHbIMEH KaTap €H JKOFapbl TYCIM CyJaH Ie0iH KYHOarbICIIeH KOCHIN ©cCipreHje
sxachlt (129,93 kr/ra) xoHe Kyprak Maccanan (24,40 kr/ra) ansiaabl. CyaH me0i MeH Kymail KOCIIAChIHBIH JKachll
KOHE KYpFaKk MaccChlH jxuHay eHimuaimiri 111,21 xone 20,28 n/ra nenrediinme 6omngsl. Cypiiemre jknHay Ke3iHje
oHIM OOMBIHINIA apalbIK OPBIHJBI cynaH me0i MeH XyrepiHiH Kocnacsl, sskHE 121,61 1/ra skacwur macca, 22,54 1y/ra
KYpFaK Macca ajjpl.

Aynan OipiiriHeH CiHIMII NPOTEMH ajy YIIiH apajiac ericTi CalbICTBIpMallbl TYpJAE 3epTTey KYHIBI Kocla
aHBIKTayFa MYMKIHTIK Oepemi. Adtanbik, 2018-2020 >kpuimapaarel 3epTTeyIIepiMi3ie CiHIMII IPOTEHH JKOHIHECH €H
YJIKCH TIBIFBIM CYpIIEM YIIIiH ecipiieTiH KyHOaFbIC IeH CyJaH MeO0iHiH apanac ericiHeH ainsHab! (1,65 m/ra), cypiem
YIIiH ecipilleTiH HycKana KOpCeTKIl TOMEHIEY OOJIBL: CYpIIeMIIK CyAaH mebdi MeH KyrepiHiH Kocmacel 1,58 m/ra
JKOHE KyMail MeH copro meOiHiH cypiieM YIIiH ecipinreH Kocmackl — 1,55 m/ra. Oprama ecemmeH 3 XbDima
MiIIeHAeMe MEH CYpJIeM VIIiH opy Ke3iHe cyaaH mebi MeH KYMaIbIH apanac ericiH maligananraHna arpoduroue-
HO3/IapIbIH CiHIMII MPOTEHH TepiMi )KOHIHEH Majl a3bIKTHIK KYHABUIBIFEI 1,12 sxoHe 1,55 m/ra xypazgsl. Cynan mebi
MEH HYTTBIH apajac ericiH »achll a3blK YIIIH epTe OpFaH Ke3/e CIHIMJI MPOTeHH LIBIFBIMBI 1,24 11/reKTapra jKeTTi.
Kyrepi men cynaH mebiH Oipre ecipreHzne opy Mep3iMiHe Kapail ericTiH CiHIMII NPOTEHH LIBIFBIMbI JKOHIHEH
enimainiri 1,08 (mimenneme) 6acram, 1,58 1/ra (cypriem) AeiiH aybITKbIN TYpabl.

EricTikTiH a3bIKTBIK JKOHE JHEPreTHKAJBIK KYHIBUIBIFBIH Oaranay a3bIKTHIK OIpJIiK IIBIFBIMBI XKOHE alMacy
SHEPTrHsIChIHA, COHAAN-aK a3bIKTHIK OipJiriHiH IPOTEMHMEH KaMThUIybIHA Kapai xkyprizinai. OpTaria ecenmeH 3 xbul
ilIHAe eriH KWHay Mep3iMiHiH OipiHII HYCKAachlHAA OChl KepceTKimTep OolblHIIA cyaaH 1me0i MeH KyHOarbic
KOCTIACHIHBIH OHIMI CalIbICTBIPMAIIBI TYPJE KOFaphl MIBIKTHL: 12,67 Kr/ra a3pIKTHIK Oipiik skeHe 14,07 I'JIx/ra anMacy
9HEPTHSCHI, a3BIKTHIK OIpIIIKTIH IPOTEMHMEH KaMTBITYHI 84 T IeHreire *KeTTi.

Ocpuraima bateic Kazakcran oONBICHIHBIH |-l Kyprak Jana aiiMarblHAa cynaH IIe0iHiH apaiac ericiH
OipXKBUIIBIK a3bIK NAKBUIBIMEH Oipre maiifmamaHy Mail a3blFbl OHIIPiCiHIH MaHBI3ABI pe3epBi OOJBIN caHalambl, Oy
peTTe KypamblHAa CylaH mebi 6ap Kocmamapabl KachkUl a3bIKTHI (CydaH MIeO0I+HYT) eHIIpy VIIH Ae, COHman-ak
ayBUIIIAPYaIIBUTBIFBI KaHyapIIapblH MIISHIIK XKOHE CYpJIeM MaccackiMeH (CyaaH meobitKkymai, cyaaH mebi+xyrepi,
cynaH me0i+KyHOarbIc) KAaMTaMachl3 €Ty YIIIH Je Mai1aJanFad OPBIHIBL.

Tyin ce3aep: cynan mebi, apanac ericTiK, *acblul Oanayca, MIeHaeMe, CypiIeM, OHIMIUTIK, MaJIbIH a3bIKTHIK
KYHJIbUTBIFBI

b.H. HacueB

3anagno-Ka3zaxcranckuil arpapHO-TeXHUYECKUH YHUBEPCUTET
nMmenu JKanrup xana, Ypansck, Kazaxcran

HNEPCNEKTUBHBIE CMEIIIAHHBIE ITIOCEBBI CYJIAHCKOM TPABBI
C KOPMOBBIMH KYJbTYPAMUA

AnHOTanusi. BaxHpIM (akTopoM mHoBbIIeHHsT 3(PPEKTUBHOCTH AWBEPCHU(HKAMN PACTCHUEBOICTBA B 3arai-
HoM Ka3axcraHe ¥ CHI)KEHUS 3aBUCHMOCTHU IPOyKTUBHOCTHU KYJIbTYpP OT MOTOJHBIX YCIOBHH SBIISIETCS pacIIUPEHUE
MIOCEBOB HanOoJee MPHCIOCOOICHHBIX K HEYyCTOWYNBOMY YBJIQXKHCHUIO PACTEHHUH, TAKUX KaK HYT, CyJaHCKas TpaBa,
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COpro, KyKypy3a W HoacoidHeYHUK. OJHMM W3 MyTell yBEeTMUYCHHS MPOAYKTHBHOCTH CyJAHCKOW TpaBbl SIBIISCTCS
UCTIONIb30BAaHNE CMEIIAHHBIX €€ TIOCEBOB C HYTOM, MOACOJHEYHUKOM, KYKypy30i u copro. CmecH 3a CHET JIydIIux
Ka4eCTBEHHBIX IIOKa3aTesieil kopMa O0ECHeYMBalOT MAaKCHMAJIbHBIM BBIXOJ KOPMOBBIX €IWHHII M IEPEBAPUMOIO
poTenHa. B cTaThe MpHUBOAATCSA JaHHBIE HCCIEAOBAaHMI IO M3YyYEHHIO CMEIIAHHBIX MOCEBOB CYIAHCKON TpPaBbl C
OJTHOJIETHUMHU KYJIbTypaMH B YCIOBUSX | cyxo-cTenHoit 30HbI 3anagHoro Kasaxcrana.

HccnenoBanust MpoOBOIWINCH Ha OMBITHOM Tosie 3amaaHo-Ka3axcTaHCKOTo arpapHO-TEXHHYECKOTO YHHBEp-
cutera uMenu JKanrup xana, (Pecrmy6unka Kazaxcran, r. Ypanbck) COrflacHO NPHUHATHIX METOTHUK.

B uccnenoBanuax 2018-2020 romoB Mo M3yueHHIO CMEIIAHHBIX IOCEBOB MOIYYEHBI CICAYIOIIME JaHHBIE IO
MPOJYKTUBHOCTH arpo(UTONEHO30B: BHIXOJI 3€JICHON Macchl Ha BAPHAaHTE COBMECTHOTO IT0CEBA CYAaHCKOH TpaBbl U
HyTa Oplia paBHa 65,01 1/ra, 9TO B mepecueTe Ha Cyxyko Maccy cocraBmi 12,10 m/ra. B cpemnem 3a 3 roma Ha
BapHaHTe COBMECTHOTO II0CEBA CYJAHCKOH TpaBbl M KyKypy3bl IpH YOOpKE Ha CEHaXX NMPOJYKTHBHOCTH 3EJIECHOMH
Macchl paBHs1ach 77,36 1/ra, cyxoit maccel 13,90 nyra. COop 3eneHoi Macchl Ipu yOOpKEe COBMECTHBIX IOCEBOB
CyIaHCKOH TpaBBI M KyKypy3bl Ha criioc moBsicwiics 1o 121,61 1/ra, a cbop cyxoit maccer cocraBun 22,54 m/ra. B
cpemaem 3a 2018-2020 roxbl Ha BapHaHTE IOCeBa CyIOaHCKas TpaBa + IIOJCONHEYHHK MAaHHBIC MOKAa3aTeNH IPH
yOopke Ha ceHaX ObUTH paBHBI 86,24 u 15,22 w/ra u 129,93 u 24,40 w/ra npu yoopke Ha cuinoc. Ha moceBe cmecn
CyIaHCKOH TPaBbl U COPro MPH paHHEH yOOpKe Ha CeHak ypo)kail 3eJeHO# Macchl cocTaBuia 71,93 1/ra mpu BhIXOE
cyxoit maccel 13,09 1/ra. COBMECTHBIH OCEB CYJAaHCKOM TPaBbl B COPro Ipy yOOpKe Ha CUiIOC B cpemHeM 3a 2018-
2020 roxbl obecrieums1 BBIXO]T 3eTIeH0i Macchl Ha ypoBHe 111,21, cyxoit maccsl — 20,28 1/ra (Tabaumna A.22).

B wuccnegoBanmsax 2018-2020 romoB HauOONBIIMIA BBIXOJ KaK 3€JIEHOW, TaK M CYXOH Macchl OTMEYEH Ha
BapHaHTE COBMECTHOI'O TIOCEBA CyIaHCKOW TPaBhl U MOACOJHEUHHUKA.

B cpennem 3a 3 roma mpu yOOpKe CMEIIaHHBIX arpo(UTOIIEHO30B HAa CHIJIOC MO MPOAYKTHBHOCTH TaKXe
COXpaHsieTCs TEHJICHLUS, YCTaHOBJEHHas NpHu yOopke Ha ceHax. [Ipm 3TOM Hambosee BBICOKMH cOOp 3eieHOoH
(129,93 1wra) m cyxoii maccel (24,40 1/ra) momydeH NpU BO3JEIBIBAHUM CYJIAHCKOW TpaBbl B CMECH C
MIOJICOJTHEYHUKOM. [IpoyKTHBHOCTh CMECH CYIAaHCKOW TpaBbl M COPro Mo cOOpy 3eJeHOH M CyXOH Macchl ObLT Ha
ypoBHe 111,21 u 20,28 w/ra. Ilpun ybopke Ha CHIOC MPOMEKYTOYHOE IMOJOKECHHUE IO MPOAYKTUBHOCTH 3aHUMACT
CMeCh CyTaHCKOH TpaBBI M KyKypy3sl — 121,61 1/ra 3emenast Macca, 22,54 1/ra cyxast Macca.

CpaBHUTENEHOE HCIBITAHHE CMEIIAHHBIX ITOCEBOB IO BBIXOAY C €IWHMI] IUIOLIATU IMEPEeBAPHMOrO IPOTEHHA
MO3BOJIIJIO BBIIBUTH HanOoJee LEHHBIE B KOPMOBOM OTHOIIEHHWH cMecH. Tak, B ucciemoBanmsix 2018-2020 romos
HauOONBIINK BBIXOA MPOLYKLIHH IO IIEPEBApUMOMY MPOTEHHY IIOMYdYeH Ha BapHaHTE C HCIIOJIb30BAaHUEM
MOJICOJTHEYHNKA Ha CHJIOC B CMECH C CyaaHcKoi TpaBoil (1,65 1/ra), HECKOJbKO HIKE OBUIO Ha BapHaHTax
HCIIOIb30BAaHUS CMECH CyIaHCKOW TpaBbl U KyKypy3sl Ha cuioc (1,58 1y/ra) 1 cMecu copro u CyJaHCKOW TpaBbl Ha
cuioc (1,55 m/ra).

B cpemHem 3a 3 roma mpu MCHOJB30BaHUM CMEIIAHHBIX MOCEBOB CYJaHCKOW TPaBbl M COPro Hpu yOopke Ha
CEHaXX U Ha CUJIOC NPOJYKTUBHOCTh arpo(UTOIEHO30B 0 BBIXO/Y IEPEBAPUMOT0 NMpoTenHa Obun Ha ypoBHe 1,12 u
1,55 wra. Ilpu panHeili yOopke cMecH CyAaHCKOM TpaBbl ¢ HyTOM Ha 3eJIeHbI KOpM cOOp MepeBapuMoro npoTerHa
nocturaer 1,24 n/ra. [Ipn ucnonb30BaHNM COBMECTHBIX MIOCEBOB KYKYPY3bl M CYAaHCKOH TPaBbl B 3aBUCHMOCTH OT
CPOKOB yOOpKHM NPOIYKTHBHOCTh IOCEBOB HO cOOpy mepeBapumoro mporemHa konebmercs ot 1,08 (cenax) mo
1,58 w/ra (cumoc).

O1eHKy KOPMOBBIX M JHEPTeTHUYECKHX JTOCTOMHCTB ITOCEBOB NMPOBOIWIM IO BBIXOAY KOPMOBBIX COHHHUI] U
00OMEHHOH, a TaKkKe MO 00eCIeYeHHOCTH KOPMOBBIX €IMHHII MPOTEHHOM. B cpenHeM 3a 3 roga B mepBOM BapHaHTE
CpoKa yOOpKHM IO JaHHBIM IIOKa3aTeJsIM CPAaBHHUTEIIBLHO BBIIIE ObIIa MPOAYKTHBHOCTh CMECH CYAAHCKOH TpaBbl U
mojaconaHeuHunka: 12,67 1/ra xopmoBbix eauuui, u 14,07 T'JI)x/ra oOMEHHO# SHEpruH, HPU OOCCIICYCHHOCTH
KOPMOBBIX €IFHUI] IIPOTEHHOM Ha ypoBHE 84 T.

Takum o6paszom, B 1 cyxo-ctenHoi 30He 3amagHo-Ka3zaxcTranckoil 007JacTi HCHOIR30BAHNE CMEIIAHHBIX ITOCe-
BOB CY/J@HCKOIl TpaBbl C OJHOJIETHUMH KOPMOBBIMH KYJIBTYPaMH SIBIISIETCSI BaXKHBIM DPE3€PBOM IPOU3BOJICTBA
KOPMOB, TP 3TOM CMECH C Y4acTHEM CYAAaHCKOHM TpaBhl 11e1eco00pa3HO MCIONIB30BaTh Kak IS MPOM3BOJCTBA
3€JICHOr0 KopMa (CyIOaHCKas TpaBatHYT), TaK U JUIA O0OCCIICUYCHHUS C.X. )KMBOTHBIX CCHA)KHOW M CHJIOCHOW MacCoi
(cynmaHckast TpaBatcopro, cylaHCKasi TpaBa+KyKypy3a, CyAaHCKas TpaBa+Ii0JICOIHEYHHK).

KioueBble cioBa: cynaHckash TpaBa, CMEIIaHHBIE ITOCEBBI, 3€JICHBIH KOPM, CEHaX, CHJIOC, YpPOXKaHHOCTS,
KOPMOBasl LIEHHOCTb.
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RESEARCH TO CREATE A BIODIVERSITY DATABASE
IN THE AREA OF THE CEMENT PLANT «CASPIAN-CEMENT»

Abstract. The result of field studies the state of biological diversity, in order to create a database for monitoring
the state of the animal world, on the territory of the existing cement plant. The following taxonomic groups were
studied: birds (the largest numerous groups, easily identifiable), mammals (requiring special research methods),
reptiles and amphibians. The identification of species that occurred in the study area of the chalk Deposit was carried
out and the bio topic requirements for each of these species were studied. Along with the classical methods of
environmental assessment and monitoring, a new method for studying biological diversity in the mining area is used.
The method is based on geoinformation analysis and mapping data. All data on biodiversity were obtained using a
map divided into grid squares (500%500 m), and were collected in a qualitative way (the number of representatives of
animal species per grid square). The study area on the South Shetpe Cretaceous Deposit in the area of the plant
"Caspian Cement" met with widespread desert species (mole lemming, tushkanchik). In the local fauna there are
absolutely no true steppe species, and there are few semi-desert species (small gopher, korsak, saiga). A qualitative
assessment of the importance of biodiversity was presented, taking into consideration the landscape-stabilizing
factor, maps of "natural habitats". A map of the territory of the cement plant with the site of the chalk quarry with the
indication of the natural habitats of biodiversity and their database was compiled.

Key words: quarry, plant, cement, biodiversity, significance, wildlife, mammals, reptiles, database.

Introduction. Biodiversity directly affects the state of ecosystems, as its reduction negatively affects
the structure of ecosystems. This leads to change and destruction of biotic communities.

Assessing the importance of biodiversity is essential for understanding the significance of potential
environmental impacts [1,3].

This makes it possible to develop priorities to reduce the environmental burden. In general, the more
biological species on the site of deposits and quarries, factories and industrial enterprises, the greater the
value of this site [1,3]. During the operation of the cement plant, at the South Shetpe chalk Deposit, the
impact may have been negligible at the beginning. But, as it is known, anthropogenic impact increases
during the stages of construction and operation of the plant, and will decrease as measures are carried out
to restore and reclaim the quarry. The significance of predicted impacts on biodiversity depends on the
magnitude of impacts and the sensitivity of the ecosystems or species affected [2]. In this regard, research
aimed at reducing the negative impact on biodiversity is relevant and timely [2].

Research methods: Along with the classical methods of environmental assessment and monitoring, a
new methodology for the study of biological diversity in the mining area was used. The method was based
on geoinformation analysis and mapping data.

All biodiversity data were obtained using a map divided into grid squares (500500 m) and were
collected in a qualitative way (number of species per grid square).
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Research result. Mammals. Of the 178 species of mammals registered for the fauna of Kazakhstan,
Mangistau region accounts for more than 67 species or 38% of the species composition. The mammal
fauna of the region has a typical desert appearance.

The number of mammals in the desert landscapes of the chalk Deposit is small, mainly due to the
harsh natural conditions.

On the territory of the study at the chalk Deposit of South Shetpe in the area of the plant "Caspian
Cement" widespread desert species (slepushonka, jerboa) were met. In the local fauna there are absolutely
no real steppe species, there are few semi-desert species (small gopher, Korsak, saiga). However, there is
an endemic species-long-eared hedgehog. In addition, it includes representatives of the African-Asian
desert complex: (hare-tolai, red-tailed gerbil, Jackal, Caracal). While there are almost no Turanian
elements (tamarisk gerbil, jerboa Severtsova and small jerboa). Of the widespread Palearctic species, a
wolf and a fox inhabit.

The results of the studies are presented in table 1, in the form of a qualitative list of biodiversity in the
area of the cement plant.

Among the widely spread ones inhabiting the study area are: steppe agama (Trapelus sanguinolentus),
tachyr roundhead (Phrynocephalus helioscopus), fast lizard (Eremias velox) (Table 1). The density of their
settlement is usual, i.e., 1-10 individuals per 1 ha [4,8,9].

Of the desert species — Sarmatian skid (Elaphe sauromates). The density of the settlement is rare, less
than 1 individual per 1 ha. There are also green toad (Bufo viridis) (1-10 individuals per 1 ha), water toad
(Natrix tesselata) (1-10 individuals per 1 ha), ordinary copperhead (Gloydius halys) (1-10 individuals per
1 ha).

Ordinary species include Central Asian turtle (Agrionemys horsfieldi) (1-10 individuals/ha), Caspian
gecko (Cyrtopodion caspium) (1-10 individuals/ha). Numbers of the Central Asian turtle (Agrionemys
horsfieldi) in this area are higher than 1, i.e., the density is common, which is typical for hilly sands and
gypsum-loamy depressions of Karatau mountains (Western Plain).

Green toad (Bufo viridis) is found on the canal and the drying river, with brackish water and its
number is small.

The Caspian gecko (Cyrtopodion caspium) is an inhabitant of vertical surfaces (Southern slope) and
lives on chink cliffs, on rocks, in caves of natural and artificial origin (necropolises), in ruins and cracks of
old buildings, in burrows of rodents.

The Steppe Agama (Trapelus sanguinolentus), the Takyr roundhead (Phrynocephalus helioscopus)
and the Fast Lizard (Eremias velox) inhabit fixed and scattered sands, although sometimes found in clay,
crushed stone and rocky deserts (foothills of the Northern and Eastern slopes). Density of lizard settlement
on the territory of the deposit varies, making up 1-3 individuals/ha for the steppe agama, 1-6 individuals/ha for
the takyr roundhead, 1-11 individuals/ha for the fast lizard. Snakes are usually rarer than lizards. Water
snakes (Natrix tesselata) are closely connected to water during their lifetime and are confined to wet
habitats [5,10].

Overall, the study found that the Mangistau region also plays a significant role for migratory birds and
that these birds prefer the same aareal habitats as most crossing species.

The reason for the absence of steppe predators and birds - steppe eagle, field and steppe moon,
barrow, in which extremely monotonous conditions of the salt steppes are less favorable for the habitat of
birds than complex multi-grass with a moderate level of pasture load and exploitation. It is possible to go
2-3 km. and not to meet a single bird [6,11].

Of all the species found in the chalk deposit, only 20-25% are nesting species. Long-legged buzzard
(Buteo rufinus), Steppe Eagle (Aquila nipalensis), Steppe Kestrel (Falco naumanni), Alectoris (Alectoris
chukar), Bustard (Chlamydotis undulata), Black-bellied sandgrouse (Pterocles orientalis), Eagle owl
(Bubo bubo), White-bellied Swifter (Apus melba), Blue-cheeked bee-eater (Merops superciliosus), desert
crow (Corvus ruflcollis), Black-eared wheatear (Oenanthe hispanica), desert heater (Oenanthe deserti),
stone sparrow (Petronia petronia), larks (Galerida cristata, Eremophila alpestris, Melanocorypha
bimaculata). All observed mammals, amphibians, reptiles and birds nesting in the area are included in the
database (table 1).

— §) ——
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Table 1-Qualitative list of biodiversity on chalk quarry

Name

Biotope

Status and the number of

Herpetofauna (reptiles and amphibians)

Agama
sanguinolenta

Sand, clay, stone-e deserts and
semi-deserts. It prefers areas with
sparse shrubs winterfat, Calligonum
and Haloxylon. Significance: eats
harmful insects and other pests

Model form of a lizard. The population
density of 1-3 individuals /ha (normal). On
the deposit of chalk found on the North
Slope, and the foot of the Downs. Low
numbers associated with human activities.

Phrynocephalus
helioscopus

Fixed or to dispel the sands. Occurs
in clay and rocky, stony empty's.
Significance: eats harmful insects
and other pests.

Common type. The population density of 1-
6 individuals / ha (normal). On the deposit
of chalk, found on the western plains and
the foothills of the Hills.

Eremias velox

Fixed or to dispel the sands. Occurs
in clay and rocky and stony deserts.
Significance: eats termites, spiders,
beetles

Rsprostranenny  view. The population
density of 1-11 individuals / ha (large). On
the deposit occurs in the Cretaceous Hills
foot.

Cyrtopodion
caspium

Dwells on the cliffs of cliffs, on
rocks, in caves, in rodent burrows.
Significance: eats insects and other
pests.

The usual form. The population density of
1-10 individuals / ha (large). on the field
Chalk is found in the foothills of the Hills.

Agrionemys
horsfieldi

Variety of habitats. On hilly sands
and  gypsum-clay  depressions
mountains, its density is normal (2-
3 individuals / ha) Not significant.
can participate in the transmission
of pathogens

The usual form. Distribution turtle density
is extremely uneven. On the deposit of
chalk hills at the foot of the lives and in the
South Valley.

Elaphe
sauromates

Lives in burrows of rodents, in the
crevices between the stones, in
hollow trees. Scientific value: eats
mice and rodents, which benefits
agriculture. Poisonous.

Occurrence of Pallas runner at 1-2
individuals for several kilometers. allows us
to consider this kind of as a rare and
vulnerable. Found in the Western plains and
hills foot.

Natrix tesselata

Closely related to the water. Is
confined to wet habitats. Non-toxic.
Overwinters as on land. Can
produce damage by eating juvenile
fish in fish ponds.

On the deposit of chalk found in the area of
the canal and river sporadically. The high
density of the water snake on the coast of
the Caspian Sea (250 individuals / ha)
(Duysebaeva T., 2009).

Gloydius halys

Lives in different habitats: in
lowland and upland steppes, in the
semi-deserts, and rodent burrows.
Poisonous. Gemotoksiny act on the
hematopoietic system.

The most common type of snakes
poisonous kind copperhead. On the deposit
of chalk found in the Western plains and
hills foot sporadically.

Bufo viridis

Dwells on the banks of rivers, lakes
and ponds, reed beds. Twilight
leads lifestyle, and the day hiding in
the burrows of rodents. Value: The
object of research.

In Mangistau region toad - a widespread
species. On the deposit of chalk near the
canal and the river, a density less than 1
individual / ha.

Mammals

Plecotus
austriacus
Ficher

Found in the South of the gorge,
caves and ledges. Significance: eats
insects

Sporadically common type. Detachment of
Bats (Chiroptera) The number is low.
Mesterozhdenii chalk on gray long-eared
bat rare in the Southern Valley

Allactaga
severtzovi
Vinogradov

Found both on the open bare
ground and among the thickets of
thistles and camel thorn. Natural
carrier of skin disease

Sporadically common type. Turanian
element. Endemic species. The population
density of less than 1 individual / ha. On the
deposit of chalk vsrechaetsya on West
Plains.
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the plague microbe. Harms

peskoukrepitelnym landings

Hemiechinus Elements of mountainous relief of | Iranian-Afghan view. Sporadic. Population
hypomelas the region (larvae, depression, | density is low. The color "black morphs."
Brandt mountains), but occurs even in the | Occurs: the foot of the hills, South Valley
sands. Carrier fleas
Rattus No spatial conservatism, and they | Sporadically common type. Imported by
norvegicus are willing to settle in the new | rail. The population density of 1-15
Schreder territories. The carrier of the plague. | individuals / ha (large). Area of the plant.
Spermophilus Clay and loess deserts and | Sporadically common type. On the deposit
fulvus semideserts, takyrs, solonetses but | of chalk lives on West Plains. On the state
bare sand escapes. Involved in the | of the form affect economic activity
transport of infection.
Spermophilus Herb-feather grass steppes, | Sporadically common type. The smallest
pygmaeus semideserts and sagebrush desert. | species. Occurs at the foot of the Hills,
Pallas Carrier of plague infection. North Slope, West and Central Plateau.
Lepus tolai | Inhabitant of the desert plains and | The species has a hunting-economic
Pallas mountainous terrain. The carrier of | importance. On the deposit of chalk

inhabits the foot Hills, North Slope.

Caracal caracal

Caracal inhabitant crevices of rocks
and holes porcupines and foxes.
Significant. It feeds on rodents
(squirrels, jerboas, hares).

Predatory mammal of the cat family. Rare
species. On the deposit of chalk met at the
foot of the hills and gorges of the South

Vulpes corsac

Inhabitant of the steppes and
deserts. Significant. Fur corsacs
make hats are in demand. Korsak is
a carrier of rabies and canine
distemper.

Fur animal. Endemic species. Density (1-3
individuals / ha) regular.

Birds

(Columba livia

They nest in the mountain gorges,
caves and crevices on the cliffs of
the rivers. Suffer respiratory
diseases and other illnesses.

Bird of the pigeon family. Density (more
than 10 individuals / ha) large. Occurs
mostly at the plant and the South Valley

Melanocorypha | Sagebrush and sagebrush-grass | Species of the genus of birds Steppe larks.
calandra steppe. It inhabits steppe and desert | Family of larks. Warbler. Normal numerous
areas of western Kazakhstan and | bird. Breeding migrant Found on
the foothills and plains. Eats | motherboards career
insects.

Passer Widely distributed in Central Asia | The most common species of the genus of
domesticus and Kazakhstan. It feeds on seeds | these sparrows. Everywhere is the resident
of agricultural crops and residues of | birds. Occurs at the plant.

different products
Passer Nest in colonies on the branches of | Passerine birds. Migratory. Breeding.
hispaniolensis trees, shrubs, tall 1-1.5 m. Inflicts | Found in large numbers at the plant.
considerable damage to cereal crops
Bubo bubo Dwells in the gorges. Eating rats, | Type of birds of prey of the order
mice, rabbits. At the same time | Strigiformes. Live alone. Nesting. Found in
have been known to kill and eat | the Southern Valley.
other birds, both day and night.
Oenanthe Common in the steppe zone. Keeps | Bird species of flycatchers. Found on the
pleschanka near stony placers, clay cliffs, areas | North Slope, South Valley, Western
of steppe type. Eats small insects. Plateau.

— Q4 ——
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Conclusions. Elements of biodiversity are resources that are of real benefit to humans today, or may
prove useful in the future. Biodiversity has both economic and scientific benefits. Actions to conserve
biological diversity, in particular environmental monitoring and control, should be planned on the basis of
environmental and social priorities equally.

This means that the focus of this activity should be not only protected natural areas, but also areas
where production facilities are located and people live, that is, residential and industrial zones.

I'.K. Ken:keraes', C. Coipabioekkbibl’, A.E. Kunebaesa', H.B. BouikoBa®

'[LI.EcenoB athinarsl Kacmuii TeXHONOTHANAD %OHe MHKMHUPHHT yHUBEpCHTeTi, AKTay, Kasakcran;
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«KACIIUN-LIEMEHT» HEMEHT 3AYBITBI AYMAFBIHJIA
BUOOPTYPJILIIK JEPEKKOPBIH KYPYTFA APHAJIFAH 3EPTTEYJIEP

AnHoTtanusi. buosprypiinik skoxyienep jxarnaiibiHa Tikened ocep Oepeai, ofTKeHI OHBIH a3arobl IKOXKYiie-
JepiH KYpBUIBIMBIHA Tepic BIKIA eTei. byt OHOTHKANBIK KayBIMIACTRIKTAP.IBI ©3TEPTIIl, KOSIBL. BHOSPTYPIUTIKTIH
MaHBI3IBUIBIFBIH Oaraiay KOpIIaFaH OpTaFa BIKTHMAJ dCEPHiH MOHIH TYCIHYIIH MaHbBI3IbI MIAPTHI OOJIBIN CaHANIAIBI.
Byt 9KoNOrusIIbIK JKYKTEMEH1 a3aiiTy OOMbIHIIA OachIMABIKTApIBI d3ipyeyre MyMKIHIIK Oepexi. JKanmsl sxarnaiiza,
KEH OpHBI MEH Kapbep, 3aybITTap MEH OHEPKACIIITIK KOCIMOPBIHIAP Y4acKeCiHAe OUOJIOTHSUIBIK TYP HEFYPJIBIM KOIl
Ooca, OyJ1 ygacke COFYpIIBbIM KYHABI 00iansl. BHONOTHANBIK opTYpIIiTikKKe OOIDKAHATHIH 9CcepIIepIiH MOHI acep eTy
IIaMacblHA JKOHE 9Cep €TeTiH JKOXKYHeNep[iH HeMece OWOJOTHSUIBIK TYPJICPAIH Ce3IMTaj/bIFbIHAa OaiilaHbICTHI.
OcpiraH Kapaili OMOJIOTHSUIBIK OPTYPIILTIKKE Kepi ocep/Ii a3aiTyra OaFbITTalIFaH 3ePTTEYJICp ©3€KTi OOJIBIN CaHATa bl
XKyMmbIc icTen TypraH IIEMEHT 3ayBITBIHBIH ayMarblH/A XKaHyapiaap AYHHECIHIH Kail-KyliH Oakpulay YIIiH JepeKTep
0a3achlH Kypy MaKcaThIHAAa OHONIOTHSUIBIK OPTYPJIUTIKTIH JKal-KYHiH 3epTTeyre NamanblK 3epTTey HOTIKenepi
YCBHIHBIIIBL.

Keneci TakCOHOMETPHSJIBIK TONTAp 3€PTTENi: KycTap (€H MaHBI3Ibl YJIKCH TOI, OHAll aHBIKTayFa OOJaipl),
CYTKOpEKTiziep (apHaiibl 3epTTey OMICTEepiH KaxeT erefi), OayblpMeH >KOpranaymsiiap JKoHe KOCMeKeHzinep. bop
KEH OPHBIHBIH 3epPTTENIll OTHIPFaH ayMaFbIHAA KEe3JECEeTiH Typiep COMKeCTeHIIPLTiN, OChl TYPICPIiH opKalChIChIHA
KaTBICTBI OMOTONTHIK TajlanTap 3€pTTeNli. DKOJOTHSUIIBIK Oaranay MEH MOHUTOPHHITIH KJIACCHKAJbIK SicTepiMeH
KaTap Tay-KeH »KYMbICTapbl alMaFbIHIIaFbl OHOJIOTHSUIBIK SPTYPJILTIKTI 3€PTTEYAIH KaHa OMiCTeMeci KOJJaHbLIIbL.
Omic reoakmapaTTHIK Tajjay MEH KapTara TYCIpy IepeKTepiHe HeTi3ZeNnTeH. BHoopTypmijik Typaisl Oapibik
MOJIIMETTEp TOPABIH KBaJIpaTTapbiHa OeNiHreH KapTa apKbutbl anbiHAbl (500%500 M) KoHE camaisl TYpAe KUHAIIBL
(TopAbBIH KBaJpaThIHA JKaHyapllap TYpJIEpiHIH eKiinepiHiH caHbl). 3eprrey aymarbiHga Onryctik Llerne 6op ken
opHbiHaa «Kacnuii 1ieMeHT» 3aybIThl ayJaHbIHa KCH TapajFaH mejal Typiep ke3aecemdi. XKeprimikri dhayHama Harbi3
Jlaa TypJepi MYJIEM JXOK, OHZa IIeNeHT Typiepi noe a3 (Kimm caphlmyHak, Kapcak, akOekeH). COHBIMEH Karap,
9H/IEMHKAJIBIK TYp — Y3bIH WHedl Kipmi Oap. CoHbIMEH Karap, OHBIH KypamblHIa AQpuka-A3ns e KelleHIHiH
oKiyiepi Kipedi: KYMKOSH, KbI3bLJI KYHPBIKTHI KYMTBIIIKaH, muedepi, kapakaid. COHbIMEH KaTap, MyHIa TYpaH
AJIEMEHTTEP1 KOK (KYMTBIIIKAH, CEBEPIIOB KOCASFBI KOHE YCaK Kocask). KeH TapanfaH majeapKTHKAIBIK TYPJIEepACH
KAaCKBIp MCH TYJIKi MCKCH IS 1.

Buosprypuinik ameMeHTTepl — ajaMfa HaKTHI Maiijia oKeJeTiH HeMece OoJalakTa maijgansl 00yl MYMKiH
pecypcrap. BHOOpTYpIIilik SKOHOMHUKAIBIK JKOHE FHUIBIMH Maiiia Tycipeldl. BHOMOrHSIBIK OpTYpIIKTI cakray
JKOHIHZET] iC-OpeKeTTep, aTal alTKaH[a 3KOJOTHSIBIK MOHHUTOPWHT IEeH 0aKpLIay HKOJOTHSUIBIK JKOHE OJIEYMETTIK
OachIMIBIKTAp HETi3iHIe TeH ASpexele XKOCMapliaHyFa THIC. Byl Tek KopranaTelH TaOMFH ayMakTap FaHa emec,
COHBIMEH Karap OHJIPICTIK KOCIIOpPBIHIAp OpHajlacKaH J>KoHE aJamiap TYpaThiH JKepjep, SIFHH TYPFBIH JKOHE
OHJIIPICTIK aliMaKTap OChI KbI3METTIH 0acThl Ha3apbIHIa 00IYbI KEpEK ACTeHIl OLiaipei.

Makanana maHgmadThl TYpaKTaHABIPYIIEl (akTOpAbl, «TabuFH alMak» KapTaJapblH ecKepe OTBIPBIIL,
OMoayaHTYPIIUTIKTIH MaHBI3ABIIBIFEIH calajbl Oaranay YChIHBUIFaH. bop kapbepiHiH ydackeci 6ap IeMEHT 3aybIThI
ayMarbIHBIH KapTachl JKacablll, OHJa OMOaTyaHTYPJIUIIKTIH TaOUFU apeaiiapbl XKoHE OJIapAbIH MAJiMeTTep 0azachl
KOPCETIUITeH.

Tyiiin ce3nep: Kapbep, 3aybIT, IIEMEHT, OMOATyaHTYPIILTIK, MAaHBI3IBUIBIFEL, JKaHyapiap 9JieMi, CYTKOPEKTiIep,
OaybIpbIMEH KOpFajaynbuIap, MaJIiMeTTep 0a3ackl.
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HWCCJIEJOBAHUS VIS CO3JAHMSI BA3BI JAHHBIX BHOPA3HOOBPA3MS
B PAVIOHE HEMEHTHOT O 3ABOJIA «KACTIMIA-IIEMEHT»

AnHotanusi. bruopasHooOpa3ue HampsMylo BIHSE€T Ha COCTOSHHE JKOCHCTEM, TaK KaK €ro COKpalleHHe
OTPHIATENEHO CKa3bIBACTCSl Ha CTPYKTYPE DKOCHCTEM. DTO MPHUBOAUT K M3MEHECHHUIO M Pa3pYIICHHIO OMOTHYECKUX
coobmectB. OrneHka 3HAYNMOCTH OMOpa3sHOOOpa3Wsi SBISIETCS BaKHEWIIMM YCIOBHEM ITOHMMAaHUs 3HAuYCHMS
MOTEHLUATIBHBIX BO3JEHCTBUH Ha OKPY’KAIOUIYI0 Cpely. JTO JaeT BO3MOXKHOCTH BBIPAOOTKH INPUOPHUTETOB IIO
CHIDKCHHUIO DKOJOTMYecKOW Harpy3ku. B obOmiem ciywae, dyem Oonblie OMONOTMYECKMX BHAOB Ha ydacTKe
MECTOPOXXICHUI M KapbepoB, 3aBOJIOB M MPOMBIIUICHHBIX MPEANPUATHH, TEM OOJBIIYI0O HEHHOCTh MPEACTaBISIET
3TOT YYacTOK. 3HaUCHHE NPOTHO3MPYEMBIX BO3ACHCTBHI Ha OMOJIOTHYECKOE pa3sHOOOpasHe 3aBUCHT OT BEIHYHHBI
BO3/ICHCTBUI M UyBCTBHTEIBHOCTH 3aTParuBaéMbIX MMH 3KOCHCTEM WM OHMOJIOTMYECKMX BHIOB. B 3Toil cBA3H,
WCCIICIOBAaHMS, HAINpPaBICHHbIC HA CHIDKCHHE HETATHMBHOTO BO3/ACHCTBUS Ha OHOJIOTHYECKOE pa3sHooOpasue,
aKTyaJIbHBl U CBOEBPEMEHHBI. [Ipe/CcTaBieHBI Pe3yNbTaThl IOJIEBBIX HCCIEIOBAaHWN COCTOSHHUA OMOIOTHYECKOTO
pa3Hoo0pa3us B LENsX CO3JaHusl 0a3bl MAHHBIX JJISI KOHTPOJIS 32 COCTOSHHEM XMBOTHOTO MHUpPa Ha TEPPUTOPHHU
JIEACTBYIOIIETO LIEMEHTHOT'O 3aBOJA.

HccnenoBaHbl crieayronye TaKCOHOMETPHYECKUE TPYIIBL: NTUIBI (camas 3Ha4YuTellbHAas MHOTOYHCIICHHAs
rpymma, JIeTKO MOJJNAIOTCA HMIACHTH(UKAIMK), MIEKOonuTaomue (TpeOyrolmue CHeNUabHBIX — METOI0B
UCCIIeJOBAaHHH ), IPECMBIKAIOIINECS U 3€MHOBOIHBIE. BrINonHeHa HaeHTU(HKAIIMK BUIOB, KOTOPBIE BCTPEYAIOTCS Ha
uccieyeMOi TeppUTOPUN MECTOPOXKICHUSI Mella M M3y4eHbl OMOTONMMYECKHe TPeOOBaHMS JUIS KAXKIOr0 M3 3THUX
BUJIOB.

Hapsiny ¢ knmaccuueckMMu MeTOJaMM 3KOJIOTMYECKON OLIGHKM M MOHUTOPHHIA, HCIOIb30BAHA HOBAasi METOAMKA
WCCIIEOBAaHUSA OWOJOTMYECKOro pa3HooOpasust B pailoHe TOpHBIX paboT. Meroq OCHOBaH Ha JaHHBIX
reonH()OPMALMOHHOTO aHANIN3a W KapTHpoBaHus. Bee manHbIe 0 OMOpa3HO0Opa3Hio OBIIN IOyYEHBI C TOMOIIBIO
KapTel, pa3ouToii Ha kBampatel cetku (500x500 M) w ObUIM COOpaHBI KAYeCTBEHHBIM IWYTEM (KOJIHYECTBO
MpeACTaBUTENCH BHUJIOB >KMBOTHBIX Ha KBajapaT ceTku). Ha TeppuTopum mccienoBaHUS HA MECTOPOXKICHHH Melna
[llerne HOxHoe B paiione 3aBoga «Kacmmii LleMeHT» BCTpedeHBI MIHMPOKO PACIPOCTPAaHEHHBIE ITyCTHIHHBIC BUIBI
(cnemymioHKa, TYIIKAHIINK). B MecTHOM (hayHe COBEpPIIEHHO OTCYTCTBYIOT HACTOSIINE CTEIHBIE BU/IBI, MAJIO B HEH U
MOJIYITYCTHIHHBIX BUIOB (MaJIbIM CYCIIHK, KOpCak, cairak). Bmecte ¢ TeM UMeeTCsl S9HAEMUYHbBIN BUJ] — JUTMHHOUTIIBIN
ex. Kpome atoro, B ee cocTaBe ecTh IpeAcTaBUTENHN adpUKaHO-a3UaTCKOTO MYCTHIHHOTO KOMILIeKca: (3asii-ToJau,
KpacHOXBOCTas MECYaHKa, Iakai, Kapakanm). IIpu 3ToM 37ech MOYTH HET TYpaHCKHX JJIEMEHTOB (IpeOeHIINKOBas
necuaHka, TymkaHyuk CeBeplioBa ¥ Manblif TyIIKaHYMK). 113 MHUpoKo- pacipocTpaHEHHBIX NalleapKTUYECKUX BUIOB
OOUTAIOT BOJIK M JINCHIIA.

OeMeHTBl OMOpa3HO00pa3usl SIBISIOTCS peCypcaMu, KOTOPBIE MPEJCTABISIOT PEANBHYIO MOJIB3Y IS YeJIoBeKa
CEeroJHs WJIM MOTYT OKa3aThCsl MOJE3HBIMU B OymymieM. bruopasHooOpasne MPHUHOCHT Kak AKOHOMHYECKYIO, TaKk W
Hay4HYIO0 TO0Jb3y. JIeHCTBHS O COXpaHEHHIO OMOJOTMYECKOTO pPasHOOOpas3usi, B YAaCTHOCTH HKOJOTHYECKHUN
MOHHUTOPHHT M KOHTPOIIb, NOJDKHBI IITIAHUPOBAaTbCS HA OCHOBE DKOJOTHMUYECKUX M COLUAIBHBIX HMPHOPUTETOB B
paBHOW cTemeHH. DTO O3Ha4aeT, 4To B (POKyce STOH AEATENBHOCTH NOJDKHBI OBITh HE TOJBKO OXpaHsIeMbIe
HMPUPOJHBIE TEPPUTOPUH, HO U MECTHOCTH, TI€ PACHOIOKEHBI IPOU3BOICTBEHHBIE NIPEANIPUATUS U JKUBYT JIIOIH, TO
€CTb CETTMTEOHBIC U IPOMBIIIICHHbIEC 30HBI.

[lpencraBneHa KadecTBEHHas OLEHKAa 3HAYUMOCTH  OHOpa3HOOOpasuss ¢  y4eToM JIaHAMAa(dTHO-
cTabmmsupyonero Gakropa, KapT «eCTECTBEHHBIX apeanoB». CocTaBieHa KapTa TEPPUTOPUH LIEMEHTHOT'O 3aBOJA C
Y4aCTKOM Kapbepa MeJla C yKa3aHHEeM eCTECTBEHHBIX apealloB Onopa3poobpasus u ux 6a3a JaHHbBIX.

KiroueBble cjioBa: kapbep, 3aBOI, IIEMEHT, OMOpa3HO00pa3ue, 3HAUUMOCTh, JKUBOTHBIA MHP, MJICKOITUTAIOIIHUE,
penTuiny, 0a3a TaHHBIX.
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WASTEWATER EVAPORATOR POND ASSESSMENT
OF «CASPI BITUM» LLP

Abstract. The dynamics and level of pollution of the wastewater evaporator pond of the bitumen plant were
studied in 2018-2019. The chemical composition of the waste water (WW) pond was determined by 8 indicators. The
average annual indicators of the studied harmful substances in the water exceeded the permissible level from 1.1 to
21.9 times. At the same time, exceeding standards were registered for substances of 3 and 4 hazard classes: total iron
- up to 2.8 times, petroleum products - up to 1.7 times. The content of anionic surface active agents (SAA) in the
evaporator pond with an average degree of oxidation was recorded in excess of the maximum permissible
concentration (MPC) by 2.0 times, 2.13 times, and 2.32 times on average over the years at points 1, 2, and 3,
respectively. The average values of biochemical oxigen demand/chemical oxigen demand (BODs/COD) for 2018-
2019 were as follows for the studied points of the evaporator pond: at point 1 (water outlet) - 0.215, at point
2 (South-Eastern part) - 0.195, at point 3 in the area of the sand massif - 0.21, and under the condition of
BODs/COD<0.5 it means that the WW is over by resistant to oxidation compounds. This requires accelerating the
evaporation process. A heliotechnical system of translucent coverings has been developed and offered for
intensifying the evaporation process and isolating harmful substances from contacts with the biosphere. This system
is environmentally and economically feasible.

Keywords. Oil, bitumen, petroleum products, wastewater, hot climate, evaporation pond, dissolved oxygen
deficiency, biochemical index.

Introduction. Oil from the Karazhanbas field is used for the production of road bitumen at the Caspi
Bitum plant with a high content of water, sulfur (1.06% by weight), as well as mechanical impurities sand
like. High water pollution occurs during the production process when oil is dewatered and desalted in
electric desalting plants (EDP). The resulting water is characterized not only by increased mineralization,
but also by a high content of BOD and COD. High values of the COD index cause the availability of
resistant to oxidation organic compounds in the water.

In general, it leads to a high degree of wastewater pollution. Wastewater discharge from the
bituminous plant into reservoirs was prohibited due to sanitary engineering conditions, and its recycling is
not possible [1,2]. Therefore, evaporation pond was built at a distance of 5 km from the plant, in a natural
depression of the area [3, 4]. Wide formations of chemical compounds and elements accumulate in the
reservoir and are practically not isolated from contacts with the biosphere. Thus, the surface of the areal
evaporator of oil-polluted waters can evaporate hydrocarbon vapors of oil as well as other volatile
chemical compounds and pollute the air and soil of populated areas [2]. Therefore, it is necessary to
develop technical means to accelerate the evaporation process within a closed volume using Solar Energy
in a dry and hot climate. The developed Solar System allows preventing the evaporation of harmful
substances from the pond surface and intensifying the process of wastewater evaporation in a closed
volume.

Work objective. Analysis of the evaporator pond condition and offer development for evaporation
intensification and prevention of vapor emissions of chemical compounds and harmful gases evaporating
with water vapors of wastewater.

Research material and methods. The presented material was obtained during field studies of the
evaporator pond condition during 2018-2019.
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The evaporation pond of the wastewater plant of the Joint Venture Caspi Bitum LLP was chosen as
the study object. Heat treatment and discharge treatment are performed at the first stage of cleaning in the
HTDT workshop of the bituminous plant. Standard treated wastewater is fed to treatment facilities, mixed
with sewage and re-treated at the stage 2, which were on the balance sheet of Mangistau Industrial Park
LLP.

Fractured tertiary and quaternary marls are water-bearing materials, with heavy clays serving as the
underlying layer (water barrier) at a depth of 8-15 m. So, we selected 3 points for wastewater drawing
from the pond based on the results of field research. These points are intended to reflect the characteristics
we are studying for the selected sections of the evaporator pond.

The watershed slope to the North and North-East of the evaporator pond is composed of clay marl and
shell limestone. The outlet (discharge) of treated WW into the pond is conducted using an asbestos-cement
pipe with a diameter of 500 mm, with a stone head wall.

Research methods. Visual inspection of the pond condition and the surrounding area was carried out
in the areas of each point, at point T1 (water outlet) in the North-Western part of the pond, and at point T2
(Eastern part of the pond), as well as at point T3 (sand massif in the South-West). The water temperature,
pH and oxygen content were measured at the water sample sites. Water sample was carried out in
accordance with GOST R 51592-2000. Storage of WW samples was carried out in accordance with the
requirements of GOST 17.1.5.01-80. The pH of water was determined using a portable Hanna pH meter
[5, 6].

Chemical analyses of water samples in the terms of dry residue, suspended solids, COD, BOD,
ASAA, total iron, as well as petroleum products were carried out in the accredited testing laboratory of
Tandem Eco LLP in Aktau. In the laboratory, the content of suspended solids in wastewater was
determined according to GOST 26449.1-85, COD according to ST RK 1322-2005, BOD according to ST
RK ISO5815-1-2010, ASAA according to ST RK 1983-2010, iron content according to GOST 26449.1-85,
petroleum products according to GOST 26449.1-85 [7].

Statistical processing of work results; Standard methods of variation statistics were used. The data
obtained in the studies are presented in the form of (mean + sd) median (range) - the average + standard
deviation.

Research results, discussion and suggestions. The main principle of assessing the level of
evaporator pond effect on the environment is to compare the value of hydro-chemical indicators of water
with the standard values (MPC).

The results of hydro-chemical analysis of water are shown in Table 1 (concentrations exceeding the
MPC are put in bold type).

The water temperature in the WW evaporator pond in the fall of 2018 (October 9) was 14.3°C at an
outdoor temperature of 23°C at 11.00 am in the daytime.

The content of dissolved oxygen in the pond, at points 1 (water outlet) and at point 3, in the sand
massif was in the range of 4.3-4.8 mgO,/dm’, at point 2 (South-East), the indicator was 4.5 mgO,/dm’. In
the summer of 2019 (July 27), the indicators of dissolved oxygen (DO) in water are recorded below the
indicators of 2018.

Thus, its content in water was 3.8 mgO,/dm’, 4.1 mgO,/dm’, and 4.3 mgO,/dm’ for the study points,
respectively. The results of the 2018-2019 analyses show that there is a dissolved oxygen deficiency in the
pond. It is known that the solubility of oxygen in oil-containing effluents is quite high. Also, the dissolved
oxygen deficiency is associated with a hot climate.

Water salinity in the reservoir is quite high and amounted to 12.3 g/l in the fall of 2018, and in the
summer of 2019 the indicator was higher and amounted to 13.7 g/l. The water in the evaporator pond is
classified as salty. The predominant anions are chlorides and sulfates.

Water salinity ratio is related to the mineralization of underground water equal to 22.6 g/1.

Hydrogen (pH) index. The water in the evaporator pond of JV Caspi Bitum LLP has an alkaline
reaction. The maximum pH values in the range of 9.21 (summer 2019) and 8.93 (summer 2019) during the
research period were recorded in the area of wastewater discharge (point 1), in the North-Western part of
the evaporator pond, (point 2) on the Eastern part of the pond, respectively. The alkaline reaction remains
almost until winter in the hot climate of the Mangistau region. The minimum pH value, in the range of
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7.33 (fall 2018), is marked at point 3, in the area of the sand massif. Also, when the pH decreases, the rate
of clarification of wastewater increases (at pH = 7-8, clarification of 50-65%), due to the effect of
subsidence of suspended matter particles in the bottom sediments [7].

The dry residue is mainly determined by the content of chlorides and sulfates in the water.

Therefore, the dry residue index is also usually high at high concentrations of these elements in water.
There are overages of the MPC of the total salinity (dry residue) at point 2 (Summer 2019) and point 3
(Summer 2019), according to the results of the analyses. So, the dry residue at point 2 was 1617 mg/dm’
(1.62 MPC) and 1559 mg/dm’ (1.56 MPC) at point 3. Minimum values of the dry residue were registered
at point 1(water outlet) in the fall of 2018 in the range of 1327 mg/dm”® (1.33 MPC). This is due to the high
level of fall Eastern and South-Eastern winds with a return of 19% and 18%, respectively, of the
wastewater entering the pond in the direction of point 2.

Table 1 — The content of pollutants in the WW of wastewater treatment plant (WWTP) sump mg/dm’

Index MPC* Point No. of water sampling from the evaporator pond
No. 1 No. 2 No.3
Fall 2018 Summer Fall 2018 Summer Fall 2018 Summer
2019 2019 2019

pH 6,5-8,5 8,13+0,04 9,21+0,05 7,33+0,05 8,11+0,03 8,69+0,04 8,93+0,05
Dry residue, mg/dm’ 1000 1327+0,04 1419+0,03 1583+0,03 1617+0,03 1482+0,03 1559+0,03
Suspended solids, 10,75 26,3+0,07 19,5+0,03 17,5+0,05 17,3+0,07 18,6+0,04 18,7+0,07
mg/dm’

COD, mgO,/dm’ 30 302,3+0,06 | 379,1+0,03 | 274,1£0,05 | 311,0+£0,04 | 288,3+0,05 | 292,0+0,05
BODs, mgO,/dm’ 3,0 96,3+0,04 38,5+0,03 83,0+0,06 35,5+0,05 91,4+0,03 33,7+0,05
ASAA, mg/dm’ 0,2 0,33+0,05 0,47+0,04 0,41+0,06 0,44+0,03 0,45+0,05 0,48+0,05
Fe total, mg/dm’ 0,3 0,84+0,04 0,51+0,05 0,62+0,03 0,55+0,04 0,77+0,06 0,63+0,03
Petroleum products 0,1 0,12+0,04 0,1740,06 0,09+0,04 0,11+0,05 0,07+0,04 0,09+0,03

Suspended solids of wastewater samples: The highest content of suspended solids in the fall of 2018
was recorded at point 1 (water outlet) with an overage limit of 2.44 times (26.3 mg/dm”*). In the summer of
2019, the index of suspended solids decreased to 19.5 mg/dm’ at the same point 1 and amounted to
1.81 MPC. The content of suspended solids was lower, but also exceeded the permissible norms in the
most remote places from the waste water discharge, points 2 and 3. The index of suspended solids for both
fall 2018 and summer 2019 was almost the same at the 2nd point, that is17.5 mg/dm’ and 17.3 mg/dm’.
The overage was 1.63 and 1.61 MPC, respectively. The content of suspended solids in the sand massif at
point 3 was recorded in the range of 18.6 mg/dm’ in the fall of 2018, and 18.7 mg/dm’ in the summer of
2019, with an average of 1.73 times higher than the MPC. At the same time, the increase of water turbidity
in the pond can also be mainly due to the release of carbonates from the Khazar clay marls that form the
bottom of the pond and the oxidation of iron compounds Fe2+ with air oxygen, as well as a result of
violation of the regime of wastewater intake [8].

COD - is the quantity of O, in mg per liter of wastewater that is required for the oxidation of all
organic and inorganic substances contained in 1 liter of WW.

According to the results of analyses, the COD index at point 1 (water outlet) in the fall of 2018 was
302.3 mgO,/dm’ (10.1 MPC), while the COD content in the summer of 2019 increased to 379.1 mgO,/dm’
(12.6 MPC). The COD index for point 2 in the fall of 2018 was 274.1 mgO,/dm’ (9.1 MPC), and in the
summer of 2019, 311.0 mgO,/dm’ (10.4 MPC). The overage of the MPC for COD at point 3 was 9.6 MPC,
with a COD content of 288.3 mgO,/dm’ (fall 2018), and (9.7 MPC) with a COD value of 292.0 mgO,/dm’
(summer 2019). High COD values cause the availability of resistance to oxidation of organic compounds
in the water of the evaporator pond [5, 9].

BOD:s. Biological oxygen demand is an index of oxygen consumption for the oxidation of harmful
impurities in the WW under exposure to microorganisms.

It should be noted that when determining the BODs index for 5 days (in 1 liter of WW) from the
pond, the oxidation of 67% of readily oxidizing organic substances was recorded at an average air
temperature of 23°C. The BOD; value at point 1 in the fall of 2018 was 96.3 mgO,/dm’ with overage the
MPC by 32.1 times, but the results of analysis of water samples in the summer of 2019 showed a sharp
decrease in the BOD; value to 38.5 mgO,/dm’ (12.3 MPC). Overage of BODs at point 3 is almost shown
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at the same range: 91.4 mgO,/dm’ by 30.5 times (fall 2018) with a sharp decrease to 33.7 mgO,/dm’
(11.2 MPC) in the summer of 2019. The index arranged by the years of BODs at point 2 was lower than at
points 1 and 3, but exceeded the established standard by 27.7 times (fall 2018), but in the summer of 2019
this index fell sharply to 11.8 MPC. There is a sharp increase in the value of BODs in fall. In summer, on
the contrary, the BODs index decreases very sharply, while its decrease usually occurs in anaerobic
conditions with an oxygen deficiency. This is due to both the deposition of suspended solids and their
anaerobic decomposition in bottom sediments, which leads to a decrease in the BODs value in the summer
[7, 9]. The data obtained as a result of research on the actual content of HS in the wastewater of the
evaporator pond are shown in figure 1.
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Figure 1 — Content of pollutants in the evaporator pond

ASAA: A significant part of the anthropogenic load that falls on the evaporation pond or other similar
reservoirs is made up of WW containing ASAA [10].

These compounds belong to the toxicologically limiting sign of harm. They are formed like sodium
salts, mainly when desalting oil on electric desalting plants (EDP). The highest concentration of ASAA in
the water of the evaporator pond was found at point 3 (sand massif) in the summer of 2019 with an excess
(2.4 MPC) at a value of 0.48 mg/dm’. The index in the fall of last year at this point was lower by
0.13 mg/dm’. The concentration of anionic surface active agents at point 1 in the fall of 2018 was
1.65 MPC with a value of 0.33 mg/dm’. The concentration of ASAA exceeded the MPC by 2.35 times at
0.47 mg/dm’ at the same point in the summer of 2019. The ASAA content in the South-West of the pond
at the point was in the range of 0.41 mg/dm’ (2.05 MPC); and 0.44 mg/dm” (2.2 MPC) for the fall of 2018,
and for the summer of 2019, respectively.

Iron total Fey (Totality Fe** and Fe'"). In water containing oxygen, Fe*" easily converts to Fe’*
and is precipitated as a hydroxide. Fe’ is unstable in an alkaline condition. Separate determination of
dissolved and undissolved iron, as well as Fe*" and Fe** does not give accurate results. Therefore, we
determined the total iron Feg [11].

Maximum Fe ., concentrations exceeding the MPC were recorded in the fall of 2018, at points 1 and
3, in the range of 0.84 mg/dm’ (2.8 MPC), and 0.77 mg/dm’ (2.6 MPC). At the same time, the iron
indexes for these points 1 and 3, in the summer of 2019, were lower values of 0.51 mg/dm’® (1.7 MPC) and
0.63 rng/dm3 (2.1 MPC), respectively. The Fe ) index for the sand massif at point 2 in the fall of 2018
was 0.62 mg/dm® (2.15 MPC) and was slightly higher than in the summer of 2019, at 0.55 mg/dm’
(1.83 MPC). The decrease of the Fe (. index, in the summer of 2019, is due to the fact that the value of
the hydrogen index pH>9 (9.21) at point 1 in the summer period, and points 2 and 3 to 9 (8.11) and (8.93),
which allows characterizing the pond wastewater as alkaline. In General, the decrease of the Fe (, index
is due to the availability of an oxidizer in the pond water in the form of chlorine.

Petroleum products (PP): The PP content was recorded at point 1 of the bituminous plant’s
wastewater discharge into the pond in the fall of 2018 at just over 1.2 MPC (0.12 mg/dm®). At the same
time, this index increased to 1.7 MPC (0.17 mg/dm®). The PP content was lower than the MPC at point
2 in the fall of 2018, but in the summer of 2019 there was a slight increase (1.1 MPC). Their content is
lower in the area of the sand massif.




Reports of the National Academy of sciences of the Republic of Kazakhstan

The petroleum products load poses a danger to the environment in terms of their harmful effects,
which are in the 2™ place after the radioactive contamination.

The active solar energy system has been developed and offered to prevent the evaporation of harmful
substances from the water surface of the evaporator pond.

The transparent plastic coverings arranged in the deepest part of the evaporator pond will speed up the
process of evaporation of wastewater, and prevent “emissions” of hydrocarbon vapors and sulfur-
containing compounds [12, 13, 14].

The average concentrations of ASAA, Fe (. and petroleum products in the WW pond during the
research period are shown in figure 2.

We will determine the biochemical index based on the data obtained in the research. This index
reflects the BODs/COD ratio and it is always less than 1. The value of this index allows us to estimate the
possibility of biological purification (table 2).

0,5

ASAA Petroleum products

Fe total

G P.1Fall 2018 = P.1 Summer 2019 g P.2 Fall 2018 = P.2 Summer 2019

= P.3Fall2018 b P.3 Summer 2019 em@em MPC

Figure 2 — Concentration of ASAA, Fe ., and petroleum products in the evaporator pond

Table 2 — Values of the BODs/COD ratio in the WW of the evaporator pond

Point No. of water sampling from the evaporator pond
Index MPC* No. 1 No. 2 No. 3
Fall 2018 Summer Fall 2018 Summer Fall 2018 Summer
2019 2019 2019
BODs, mgO,/dm’ 3,0 96,3+0,04 38,5+0,03 83,0+0,06 35,5+0,05 91,4+0,03 33,7+0,05
COD, mg0,/dm’ 30 302,3+0,06 | 379,1+0,03 | 274,1£0,05 | 311,0£0,04 | 288,3+0,05 | 292,0+0,05
BODs/COD ratio - 0,32+0,05 0,10+0,04 0,30+0,03 0,09+0,06 0,31+0,05 0,11+0,04
COD/BOD:s ratio - 3,14+0,04 9,84+0,05 3,20+0,03 9,76+0,05 3,15+0,06 8,66+0,05

It can be seen from the data in table 2 that the values of the BODs/COD ratio are less than 0.5, which
indicates that the water in the evaporator pond is saturated with resistant to oxidation compounds.
However, it is known that industrial effluents are usually characterized by values of the biochemical index
from 0.05 to 0.3. As for the COD/BOD:s ratio, it is clear that in the summer period its values are 3 times
higher than in the fall period. It is known that this ratio increases to 3.5 in industrial wastewater mixed
with a significant quantity of sewage effluents, since it can reach up to 10 in the effluents of some
industries.

Conclusion. An environmental assessment of the condition of the wastewater evaporator pond at the
JV CaspiBitum LLP plant revealed the level of its pollution. It was found that the level of pollution in the
pond water is V, and the waste water is dirty. According to the COD standard, the water is very dirty
which corresponds to the VI level of pollution. According to the BODs index, water pollution by organic
compounds in the evaporator pond is also very dirty.

The values of the BODs/COD ratio in all studied points of the evaporator pond in the period 2018-
2019 were less than 0.5. The water in the evaporator pond is supersaturated with resistant to oxidation
compounds according to the standards for BODs/COD<0.5. On the other hand, it is known that the value
of this biochemical index for industrial wastewater is characterized by values from 0.05 to 0.3.

It is necessary to create a closed solar energy system made of translucent PVC film coverings in order
to speed up the process of evaporation of wastewater and prevent air pollution from harmful substances
that evaporate with water vapor (figure 3).
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Figure 3 — Overview of the developed solar energy system made of translucent coverings for intensifying
the evaporation of wastewater and trapping harmful substances

It will enable you to reduce the level of air and soil pollution, speed up the evaporation process, and
use polluted water purified by distillation in the irrigation system of urban trees and shrubs in conditions
of water deficiency.

I'.K. Ken:keraen, C. Coipiabiéekkbi3bl, JI.C. TaiizkanoBa
III. EcenoB aTbiaaarsl Kacnuii TeXHOJIOTHsLIIAp JKoOHE HHXKHHUPHHT YHUBEpcHUTeTi, AKTay, KasakcraH;
«CASPI BITUM» JKIIC AFBIHJIBI CY BYJAHJBIPFBIII TOF AHBIHBIH )KAM-KYWTH BAFAJIAY

AHHoTanus. MyHall eHJey KOCIMOPBIHAAPBIHBIH, aTall alfiTKaH/a, JKOJI OUTyMAapslH OHAIPETIH 3ayBITTaFbl aFbIHABI CYJIBIH
HETI3T1 yBITTHI JKOHE KayilTi JacTaymbl Ke3i — MyHail eHimzepi. by arsianer cyasiH (AC) KypaMbl opTYpiIl JKOHE MYHAHIIBIH
carmachl OHJIEY TEXHOJIOTHSCHI, COHIaW-aK oOJapIbl Ta3zapTy JIopekeciMeH aHbIKTanmanbl. «Caspi Bitum» 3aysITBIHEA K0T
outymuapsiH eHipy yuwiH KapaxanOac KeH OpHBIHBIH KypaMblHIa Cy, KYKIpT (MaccaHbiH 1,06%) >xorapbl, COHIai-aK Kym
TYpIHZEri MeXaHHKaJblK Kocra Oap MyHail naipanaHpuiagsl. OHIIpIC MpOLECiHAE CyIbIH KATThl JIACTaHybl MYHAilIbl
CYCBI3aH/IBIPY JKOHE TY3CBI3AHABIPY KE3iHAE, JIEKTP TY3ChI3NaHIbIPY KOHIBIPFbUIAPbIHAA XKYpeai. by xkarnaiina naiina Gosran
Cy MHUHEpalJaHyIblH JXorapbuiaybl oapi conbiMeH Katap OBK »xone OXK sxorapsl Kypambl Herizinge cumartamamsl. OXK
WHANKATOPBIHBIH JKOFapbl MOHI CyJa KYpAEIi TOTHIFAThIH OPraHUKAJIBIK KOCBUIBICTAPABIH OOJIATHIHBIH aHBIKTAIbl. by sxasmsl
aFBIH/IBI CYJIBI JKOFApBI JIeHreiie TacTaiinsl. CaHNTapUSUIBIK-TeXHUKABIK IIapTTap OOMBIHIIA OMTYM 3ayBITHIHBIH AFbIHIBI CYBIH
Cy alApIHOapbhlHA arbI3yFa THIMBIM CaJBIHIBI, all OoNapAbl KaiiTa maiigamaHyAblH MYMKIiHAIr Oonmanbel. OcbiFaH OaiIaHBICTHI
3aybITTaH 5 KM KalIBIKTHIKTA, ayJaHHBIH TAOUFU OMIATHIHIA OyJIaHIBIPFBIII TOFaH CANBIHABL AJIIBIH aja Ta3apThUIFaH aFbIHIIbI
CyIbl arbI3yFa apHaIFaH OCBI TYPAETi Xep CHIABIMIBUIBIFEL, o/ieTTe, MaHFBICTAay OOJIBICHIHA JKAaTAaTHIH OyJaHy JCHIeHi >KOFaphl
ayJaHziap/ia opHajacaabsl. XMMHUSUIBIK KOCBUIBICTAp MEH JJIEMEHTTEPiH KeH OipiecTikTepi ¢y KoMMachlHAa JKHHANIA/BI )KOHE iC
Ky3iHne Omocdepamen OaifnanpicTan okuiaynanOaiinsl. Ocbulaiilmna MyHail KeMipCyTEKTEpiHiH jkoHe Oacka yIlmna XHUMUSUIBIK
KOCBhUIBICTAD Oybl MYHAaiiMEH JlaCTaHFaH CYyJIbIH apeayabl OyJaHIbIPFbIN OeTiHeH OyJaHblll, aTMocdepanblk aya MeH
eJIIIMEKEH/ICp TOIBIPAFbIH JIacTaybl MyMKiH. OCblFaH GailIaHBICTBI KYPFaK OHE BICTBIK KIMMAT XaraillapblHaa KYH SHEPTUsACHI
apKBUIBI TYHBIK KeJieMe OyiiaHy IpOLECiH )KeAeIIETEeTiH TEXHUKAIBIK Kypalaapabl 93ipiey KaxKeT.

2018-2019 sxpumapmarbl 3epTTeyjiep OWTYM 3aybITBIHBIH aFBIHABl CYBIHBIH OYJIAaHABIPFBIII TOFAHBIHBIH JIACTAHY
JMHAMUKachl MEH JICHIeiiH 3epTTeai. TOFaHHBIH aFbIHABI CYBIHBIH XUMHUSUIBIK KYPaMbl 8 KOPCETKII OONBIHIIA aHBIKTaIBL. Opoip
HYKTE ayJaHbIH/A TOFAaHHBIH CONTYCTiK-0aTbic Gemiringeri T1 (cy xibGepy) HykTecinze >koHe T2 HyKTeciHIe (TOFaHHBIH HIBIFBIC
Geuriri), conpaii-ak T3 HykTeciHae (OHTYCTIK-O0aThICTaFbl KYM/BI JIKAIl) TOFAH KYIiH, ipreiec skepliiH skai-KyiiH ko30eH LIOJIbIIT
Kapay xy3ere acslppiiasl. Cy ChIHaMajJapblH ajly OpBIHIApbIHIa OHBIH TeMnepartypackl, pH joHe OTTeriHiH Meepi eeH .
Cy ceinamanapbia aty MemMCT P 51592-2000 caiikec sxypri3ingi. AFbIHABI ¢y chiHamanapbi cakray MemCT 17.1.5.01-80 tanar-
TapeiHa colikec okyprizinmi. CyxmeiH pH-biH asbikray Hanna mopratuBti pH-merpi apkpuisl skyprisingi. Bapuanusuibik
CTATHCTUKAHBIH CTAHAAPTTHI dAICTEPi KONAAHBULIBI. By maHIBIPFEIII TOFAHHBIH KOPIIAFaH OpTaFa ocep eTy ACHTeliH Oaramay by
HETI3rl KaFUJaThl CYABIH THAPOXUMHSIIBIK KOPCETKIIITEPiHiH maMackiH HopMaTHBTIK MoHMeH (LIPK) cameicTeipynan Typambl.
Cyna 3epTTelreH 3UsHIBI 3aTTapIbIH OpTalla KepceTKimTepi pykcat eTinre aexreiinen 1,1-nen 21,9 ece acwin tycti. by perre
KayiNTUTKTIH 3 »oHe 4 CHIHBINTAPBIHAAFHl 3aTTap YIIIH HOPMATHBTEPJiH: >KalIbl Temip 2,8 ecere neiin, MyHall eHimuepi
1,7 ecere neitin apranbl. ToTEIFyIBIH OpTalla gopexeci 6ap OyJaHIBIPFBINI TOFaHIAFsl aHUOHIB! 0a3 Memmepi [IIPK-nan 2,0 ece,
2,13 ece xone 1, 2, 3 HykTenepiHae *KbUT OOMbIHIIA opTaina ecernmeH 2,32 ece acwin tyceni. 2018-2019 xpuinapaarsl opraiia,
OyJIaHJBIPFBILI TOFAHHBIH 3epTTeireH Hykrenepi ymin OBKs/OXK kaTbiHachkl keneci MoHAI Kypaspl: | HykTeciHae (Cy LIbIFapy) —
0,215, 2 nykrecinae (oHTYCTiK-1BIFBIC Oomiri) — 0,195, kym MaccuBinin 3 nykrecinge — 0,21 xone OBKs/OXK<0,5 »xarnaiisiHaa —
KYpZeTi KbIIIKBUIIAaHATEIH KOCBUIBICTAPMEH KaHBIKTHIpYAsl Oiunmipeni. «Caspi Bitum» BK JKILIC 3ayBITBIHBIH CapKbIHIBI Cy
OyJTaHABIPFBILI TOFAHBIHBIH Kal-KYIiH 9KOJOTHSUIBIK Oaraiay OHBIH JIacTaHy ICHICHiH aHbIKTayFa MYMKIiHIIK Oepai.

ToraH CyBIHIAFbl €pireH OTTETiHIH MeIepi OONBIHINA JIACTaHYy NEHreii V, all aFbIHIBI CYABIH JIac eKEHJIrl aHBIKTaJJIbL.
OXK HopMaTuBi OoiibiHIIA cy eTe Jac, Oy yactanyaelH VI neHreiiine coiikec kememi. OBKs kepcerkinn OoibIHIIA Cy
OpraHUKaJIBbIK KOCBUIBICTAPMEH JIacTaHaubl, OyJaHABIPFBII ToraHaarbl cy na ere jac. OXK men OBK MoHiHIH apachiHIarbl
apaKaThIHAC CApKBIHBI CyJIbl Ta3apTyIbIH HEFYPJIBIM SKOJIOTHSIIBIK Kayilci3 cxeMallapblH, TEXHOJIOTHSUIAphl MEH d3ipiieMelepil
JMablHIAyy YIIiH KOJAAaHBUIATBIH aFbIHIbBI CYJIBIH ipreni cHmaTTaManapblHbIH Oipi OOJbIN caHamagbl, oJapiasl cy oObeKTinepine
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Teryre ThIABIM CaJIbIHA/BI )KOHE KalTa maijanaHyIblH MYMKIHZIIr koK. By OyiaHy mpolecin Te3aeTyai KaKeT eTeii. SUsHIIbI
3aTTapAbIH OyllaHy TPOLECiH KapKbIHATY KoHe OnochepaMeH OalilaHBICTaH OKIIAyJiay YLIIH SKOJIOTUSIIBIK JKOHE SIKOHOMHUKAIIBIK
TYPFBIIAH TYTac KOPIHETIH MOIip >kKaObIHHBIH TeTHOTEXHHUKAJBIK XKYHeci a3ipiIeHi )koHe YChHBUIaasl. byl atMocdepaisik aya
MEH TOIBIPAKTHIH JACTaHy ACHIeiliH a3aiiTyra, OyiaHy NPOLECIH KbUIIaMIaTyFa, Cy TANLIBLIBIFbI )KaFIaiblHIa KaJTalblK araluTap
MeH Oyranapibl cyapy JKyieciHne NUCTWIULILUS apKbUIbl Ta3apThUIFaH JIACTAHFaH CyZIbl NaiijanaHyFa MYMKiHAIK Oepeni.
O3iplieHreH reinoxyiie ToraH GeTiHeH 3WSIHABI 3aTTapiblH OyJiaHybIHA KO GepMeiisii KOHE aFbIHIBI CYJIbIH KaObIK KeJeme
arbIH/IBI Cy/IBIH OyJIaHy MPOLECIH KYIIeHTeTi.

Tyiiin ce3nep: myHail, OuTyMm, MyHail eHIMIepi, aFbIHABI CY, BICTBIK KJIMMAaT, OyJaHIBIPFBIN TOFaH, €PireH OTTEeriHiH
KETICIeYILITIr], OMOXUMUSIIBIK KOPCETKIILI.

I'.K. Ken:keraes, C. Coipabioekkbi3bl, JI.C. TaiizkaHoBa
Kacnuiickuil yauBepcuter TexHonoruu 1 nHxuaupunra umenu 1. Ecenoa, Axray, Kazakcran

OLEHKA COCTOSAHUSA NPYJA-UCITAPUTEJISI CTOUYHBIX BOJ TOO «CASPI BITUM»

AnHoTammsi. OCHOBHBIM TOKCHYHBIM M ONACHBIM 3arps3HSIONIMM BEIECTBOM CTOYHBIX BOJ IMPEANPHUATHH IepepaboTKu
He(TH, B YaCTHOCTH 3aBOJIA 110 IPOU3BOJCTBY JAOPOKHBIX OHTYMOB, SIBISIOTCS HedTenpoaykTel. CocTaB 3TuX cTOYHBIX BoI (CB)
pa3HOOOpa3eH M Ompenessercss KauecTBOM He()TH M TEXHOJOIMEeH ee nepepaboTKH, a TaKkKe OT CTEHEeHM MX OuucTKu. Jlis
MIPOM3BOACTBA AOPOKHBIX OMTyMOB Ha 3aBoae «Caspi Bitum» mcnomip3yercs HedTh MecTopokaeHus KapakaHOac, ¢ BEICOKUM
comepxanueM Boasl, cepsl (1,06% Macc), a Takke 1 MEXaHHUECKUX IPHMeceil B BUIe Tecka. B mpomecce mpom3BoACTBa CHIIBHOE
3arpsi3HEHHE BOABI NPOMCXOIMT NPH O0E3BOKMBAHHM M O00ECCOIMBAHMM HE(TH, Ha IJIEKTPOOOECCONMBAIOIINX YCTAHOBKAaX
(DJIOY). Obpaszyemast ipu 3TOM BOJIa XapaKTEPU3yETCsl HE TOJIBKO MOBHIIICHHOW MUHEPAIM3AUEeH HO M BRICOKUM COJICPIKAHUEM
BITIK u XIIK. Beicokne 3HaueHus nokasatens XIIK oOycnaBiuBaroT Haiu4yue B BOJAE TPYJHO OKHCISIEMBIX OPraHUYECKHX
coelMHEeHHH. DTo, 00yCIaBIMBAeT BBICOKYIO CTENEHb 3arps3HEHHOCTH CTOYHBIX BOA B LesoM. [lo caHMTapHO-TEXHHYECKUM
YCJIOBHUSM COPOC CTOYHBIX BOJ OMTYMHOT'O 3aBOJIa B BOJIOEMBI ObLI 3aIPEIICH a TIOBTOPHOE UX UCIOJIb30BAHUE HEBO3MOXHO [2]. B
JTOW CBSI3M, HA YAAJICHHUM 5 KM OT 3aBOJa, B €CTECTBEHHOM TMOHM)XEHWH MECTHOCTH ObUI YCTpOeH mnpyA-ucnaputenb [3,4].
3eMIIsTHBIE €eMKOCTH TaKOTO TUIIA Il cOpoca MpeiBapUTENIFHO OYHIIEHHBIX CTOKOB, OOBIYHO YCTPAUBAIOTCS B paiOHaX C BBICOKOI
HCTIapSIEeMOCTBIO K KOTOPBIM OTHOCHTCS MaHrucrayckas obmacts. [llupokue accormanyuy XUMUYECKHX COSANHEHHUH U 3IEMEHTOB
HaKAIUTUBAIOTCS B BOJOEME M IPAKTUYECKH HE M30JIMPOBAHEI OT KOHTAKTOB C Omoc(epoil. Takum 0Opa3oM. ¢ HOBEPXHOCTH
IUIOIIAHOTO MCHAapHUTelsl He(Te3arps3HeHHBIX BOJ MOTYT HCHApSATHCS IMaphbl YIIEBOJOPOIOB He()TH Takke M ApyTHe JeTydne
XMMHYECKHE COCAMHEHHs M 3arpsi3HATh aTMOC(EpHBIH BO3MyX W IOYBY HaceJeHHBIX MecT [2]. B aToii cBs3um HeobOXoauma
pa3paboTKa TEXHHYECKUX CPEJICTB Ul YCKOPEHUsS IpOllecca HCIApeHus, B Ipeaeiax 3aMKHYTOro o0beMa C HCIIOJIb30BaHHEM
sHepruu ColslHIA B YCIOBUAX CyXOr'0 U apKOro KIuMara.

Uccnenoanusimu 2018-2019 rr., n3yyeHa qUHAMHMKA U YPOBEHb 3arpsA3HEHHS NPyAa-UCIApUTENsl CTOUHBIX BOJ OUTYMHOTO
3aBojia. XMMHUYECKUil cocTaB cTouHbIX BoA (CB) mpyaa ompenensics no 8 moka3zarensM. B paifonax kaxaoi Touku, B Touke T1
(BOZOBHIITYCK) B CEBEpO-3aMafHON YacTH MPyAa, U B Touke T2 (BOCTOYHAs YacTh MpyAa) a Takke B Touke T3 (mecuaHblii MaccuB
Ha [Oro-3amaje), ObII OCYIIECTBICH BU3YaJbHBIH OCMOTpP COCTOSHHS IpYyAa, MPHJIETaomeid MecTHOCTH. B Mectax orbopa mpod
BOJIBI, M3MepsiIM ee Temneparypy, pH u coxmepkanme kuciopoma. Ot6op mpo6 Boas! mpoBoxawics B coorBerctBun ¢ ['OCT
P 51592-2000. Xpanenue npo6 CB npoBoaummcs B coorBercTBruu ¢ TpedoBanmamu ['OCT 17.1.5.01-80. Onpenenenne pH Bost
HPOBOJMIIM C HOMOIIbIO opTaTiBHOTO pH-MeTpa Hanna.

Hcnonb30BaHbl CTaHAAPTHBIE METOABI BapHALMOHHOW CTaTHCTHKU. OCHOBHOW NPHHIMI OLEHKH YPOBHS BIMSHUS Ipyna-
UCTIApUTENl Ha OKPYKAIOUIyI0 Cpedy, COCTOUT B COMOCTABICHWH BEIMYUHBI THAPOXMMUYECKHMX IIOKazaTeneil BOIBI C
HopMmatuBHbIMH 3HaueHusMH (IIJIK). Cpennue mo rojam mokas3aTeld H3y4YEHHBIX BPEIHBIX BELIECTB B BOJE IMPEBBIIIAIH
JIOITyCTUMBIH ypoBeHb OT 1,1 no 21,9 pasa. IIpu sTOM, Mt BemecTB 3 U 4 KIacCOB ONMACHOCTU PETHCTPUPOBAIH MPEBBILICHUS
HOPMAaTHBOB: XeJie3a oomero — 1o 2,8 pasa, Heprenpoaykros — 1o 1,7 paza. Comepxanne aHnoHHBIX [IAB B mpyzne-ucnaputene
CO CpeIHell CTeNeHbI0 OKHUCIIeHNs 3aduKcrupoBaHo ¢ npesbireHneM [1JIK B 2,0 pasa, 2,13 paza n 2,32 pa3a B cpejHeM 0 TOaM B
toukax 1, 2, 3 coorBercTBeHHO. Cpemnue 3a 2018-2019 rr, coootHomenuns BIIKs/XIIK, mis uccriemoBaHHBIX TOYEK MpyHa-
HCIIAPUTEJIs, COCTABMIIM CIEAYIOIIUE 3HaueHus: B Touke 1 (BomoBeimyck) — 0,215, B Touke 2 (roro-octouHas 4actb) — 0,195,
B Touke 3 B paiioHe necyaHoro maccuBa — 0,21 u mpu ycnoBum BIIKs/XITK<0,5 — sto o3nHauaer nepeHacwimenue CB
TPYIHOOKHUCIISIEMBIMU COCAMHEHHAMH. DKOJOTHUYECKasl OLIEHKAa COCTOSHHS IpYyAa-UCTapuTens CTO4YHbBIX Boj 3aBoga TOO CII
«Caspi Bitum» 1o3Bosuia BbISBUTh yPOBEHb €0 3arpsA3HEHHOCTH.

YCTaHOBIEHO, YTO 1O COACPIKAHUIO B BOJIE MpyJa PACTBOPEHHOTO KHCIOPOJA, YPOBEHb 3arpA3HEHHOCTH — V, a CTOYHBIE
Bozb! rpssuble. [lo HopmatuBy XIIK — Bojga oueHb rpsizHasi, 4to cooTBeTcTBYET VI ypoBHIO 3arpsizHeHHOCTH. [lo mokasaremnio
BIIK; 3arpsi3HEHUs BOABI OPraHWYECKHMH COCJUHEHUSIMH, BOJA B IIpyJe-HCIApHTeNie Takke Oo4deHb rps3Has. CooTHOIIeHHE
Mexay 3HaueHusmu XIIK u BIIK sBnsiercs ogHOW M3 OCHOBONOJATAIOIIUX XAPAKTEPUCTHK CTOKOB, 110 KOTOPBIM BEAETCS
pa3paboTka Hamboyiee SKOJOrMYecKH OE30IacHBIX CXEeM, TEXHOJOTHH M Pa3pabOTOK OYHMCTKM CTOYHBIX BOJ, COPOC KOTOPBHIX B
BOJOEMBI 3alpelieH a IIOBTOPHOE HCIONB30BaHHE HEBO3MOXHO. JTO TpedyeT YCKOpeHHs mporecca ucrapeHus. s
MHTEHCU(UKALIMY IPOLecca UCTIAPEHHs M U30JIILMK BPEHBIX BEILECTB OT KOHTAKTOB ¢ Ouocdepoii paspaboTana u npemiaraercs
reJMOTEXHUYECKasi CUCTEMA U3 CBETONPO3PAuHBIX MOKPBITUI, KOTOpas 3KOJIOTMYECKH M 3KOHOMUYECKH IieecooodpasHa. OTo
JacT BO3MOXKHOCTB, YMEHBIIUTh YPOBEHb 3arpsA3HEHHE aTMOC(HEPHOTO BO3AyXa M MOYB YCKOPHTH IPOIECC HCIAPEHHS,
HCTIONB30BATh OUMIIEHHYIO 3a CUET AUCTIILIAILNN 3arPS3HEHHYIO BOAY B CHCTEME MONMBA TOPOJICKHUX JEPEBBEB M KyCTapHUKOB B
ycnoBusAX aedunura Box. PazpaboranHas reocucTeMa MO3BOJSIET IPEJOTBPATHTh HCTIAPEHHE BPEIHBIX BEIIECTB C TOBEPXHOCTH
npyJa ¥ HTHTeHCH(UIUPOBATH IPOIECC UCIIApSHUSI CTOYHBIX BOJ[ B 3aMKHYTOM 00BeMe.

KnroueBble ciioBa: He(pTb, OMTYM, HE(TEHPOIYKTHI, CTOYHBIC BOJbBI, JKApKUH KIUMaT, NPyA-UCHApUTENb, NeuuuT
PacTBOPEHHOT0 KUCIOPOa, OMOXUMUYCSCKHUI TOKA3aTelb.
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USE OF MODERN METHODS OF IDENTIFICATION
OF HYDROCARBON CONTAINING MICROORGANISMS ISOLATED
FROM THE MARINE ENVIRONMENT OF THE CASPIAN SEA

Abstract. Currently, the problem of the negative impact of petroleum hydrocarbons in the Caspian Sea has
become catastrophic. Intensive pollution of marine waters by oil and oil products, from production, transportation
and storage of hydrocarbons leads to the oppression of the sea ecosystem. Mechanical and physico-chemical methods
for cleaning the marine environment are characterized by low efficiency, secondary pollution and high cost. The
most promising is the use of microbiological methods for cleaning waters from oil pollution. In the article presents
the results of the identification of reactive oxidizing bacteria isolated from the marine environment of the Caspian
Sea, for further use in new biopreparation from oil pollutions.

From the sea water in bulk berths Aktau sea port and the port of Bautino (North Caspian) allocated
27 hydrocarbon isolates of microorganisms having the ability to oil degradation of these strains selected the 4 most
active cultures, which were identified as Bacillus cereus (2 strains), strain Bacillus sr.13 and Acinetobacter sr.10.

Article is written by results of the scientific project of grant financing of Committee of Science of the Ministry
of Education and Science of the Republic of Kazakhstan "Activization of the self-clearing ability of sea water of the
Caspian Sea from oil products". Article is issued thanks to the international project Tempus of IV IEMAST of
"Establishing Modern Master-level Studies in Industrial Ecology".

Key words: identification, morphological, cultural and biochemical properties of oil destructors, sequencing,
pure culture.

Introduction. The North Caspian is a unique water area, the hydrological and hydrochemical regime
of which is formed by complex processes due to frequent storm activity, water convergence, shallow
water, salinity variability and the influence of river flow.

In the general chain of human-hydrosphere interaction, an important link belongs to the management
of the marine environment, where high economic activity is carried out and flows of pollutants coming
from both the land and the sea face. Recently, water areas have suffered most from oil pollution, mostly of
anthropogenic origin. Intensive marine pollution by oil and oil products, from production, transportation
and storage of hydrocarbons lead to the oppression of the sea ecosystem. The most promising is the use of
microbiological methods for cleaning waters from oil pollution. This is because the microorganisms
effectively, quickly and without additional damages to the ecosystem can remove.

Microflora is a sensitive indicator of changes in the conditions of their environment, which is formed
from various physiological groups of microorganisms. The number and activity of microflora are largely
dependent on environmental and geographical factors. The processes taking place in water bodies are
closely related to the number of microorganisms.

It is in a situation of developing oil fields that it is of interest to monitor studies, identify patterns of
distribution of microscopic organisms, and use highly active strains to create biological products for
cleaning the marine environment from oil products.
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Main part. For the most complete and quick purification of waters from oil products cheaper to use
aboriginal strains of microorganisms that do not need to adapt to the environment into which they are
introduced. These bacteria begin destruction of oil faster than those microorganisms that allocated from
other biotopes.

For the emergence of biologics to allocate initially from seawater active bacteria-oil destructors,
determine their hydrocarbon-oxidizing activity, make an active consortium of microorganisms, identify,
etc.

The aim of this study was the identification of active oil destructors strains isolated from seawater
near the port of Bautino.

To achieve this goal, the following tasks were:

1. Conducting primary identification of the strains by culture-morphological, physiological and
biochemical properties;

2. Phylogenetic identification of strains carrying-based sequencer variable regions of the genes
encoding 16S rRNA;

The object of the research were 4 strains of microorganisms: Bacillus sp. 7 (B-1), Arhtrobacter sp. 13
(P-7), Bacillus sp. 27 (B-4) and Serratia sp. 10 (S-8) which was obtained from seawater near the Caspian
Sea Bautino port.

To identify strains used cytochemical methods and biochemical researches.

Preliminary identification of the isolated microorganisms was performed by culture-morphological,
physiological and biochemical characteristics, using the work of many authors [1-8].

For the identification of genetic strains were sent to the "State Research Institute of Genetics" PA on
solid medium and M9 as well as IIB liquid medium, cell titers was 106 CFU / ml. The species
identification was performed by polymerase chain reaction and further sequencing of PCR fragments of
16S rRNA gene using a universal primer system [9-21].

Thus, held primary identification obtained pure cultures. Research was performed on liquid or solid
nutrient mediums are shown in (table 1).

Table 1 — Growth of pure cultures in various mediums

Name of culture Growth in the BCH Growth in the IPA Growth on M9 with oil
Bacillus sp. 7 (B-1) Abundant growth in the Colonies larger than 2 cm in colony point, convex, gray,
form of flakes of cotton, diameter, grow on agar, with dull, flat edge of the
lumps suspended not even a fringed edge, colonies, mucous
folded, convex, dull, gray consistency
Serratia sp. 10 (S-8) Weak growth film on a colony of large, round with colony point, convex,
surface of the medium smooth edge, slimy, glossy, gray-pink, mucous
transparent, beige
Arhtrobacter sp. 13(P-7) Uniform turbidity colonies are round with a point, convex, glossy, gray
environment straight edge, slimy, beige,
black pigment allocates to
meduim
Bacillus sp. 27 (B-4) Weak growth film on a colonies are round with no flat | colony point, convex, gray,
surface of the medium edge eroded, convex, dull, frosted
gray, gray pigment forms

A result of research noted that the two strains (S-8, B-4) with an increase of the liquid medium is
observed weak growth to form a film on the surface of the medium. In strain R-7 noted uniform turbidity
environment. The most intensive growth to form flakes and lumps noted for strain B-1 (table 1).

When grown in IPA noted that among the studied cultures for two strains (P-7 and B-4) is
characterized by the appearance of the pigment on the surface of nutrient agar, colonies of all strains are
characterized by large size, intensively proliferating medium surface. Strains B-1 and B-4 are
characterized by a matte surface of the colonies, strains S-8 P-7 and surface gloss. When grown in M9
medium for the growth of all the strains noted point convex colonies. Strains B-1 and B-4 M9 medium
matte, and strains S-8 P-7 and glossy.

When studying the cytochemical properties of the strains noted that three strains lack of acid
resistance characteristic of the cell walls. The results are shown in (table 2).
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Table 2 — Results of the morphological properties of the pure cultures of

Name of culture

Gram stain

Determination of acid-fast
bacilli by Ziehl-Nielsen

Stained bacterial spores by Ziehl-
Nielsen modified by Mueller

Bacillus sp.7 (B-1)

T + Sticks, 0.8 x 2.7 m

Acid-fast, painted in red

Spores, painted in bright red color.
Vegetative cells painted over in
blue

Serratia sp. 10 (S-8)

T-short rods and cocci, 1x2 m

Acid-resistant, painted
in red color

No controversy, only vegetative
cells painted in blue color

Arhtrobacter sp. 13(P-7)

T + sticks, 0.6 x3, 5 microns

Acid-resistant, painted
in red color

Spores, painted in bright red color

Bacillus sp. 27 (B-4)

T + large sticks, 1,2 x4 m

Acid-resistant, painted

Spores, painted in bright red color

in red color

A result of research noted that the 3 strains are spore-forming rods + T (table 2). All test strains are
aerobic and one can assume that the 3 strains belong to the group of Gram-positive rods, endospore
forming the genus Bacillus. Furthermore, the strain Serratia sp. 10 (S-8) and does not form a acid-
enodospor strain.

Thus, as a result of studying the cultural-morphological properties of pure cultures found that 3 strains
(B-1, B-4, F-7) is identified as the genus Bacillus, a strain of S-8 belongs to the expectation number
Bergey's Manual of Determinative Bacteriology 4 gram-negative aerobic / microaerophilic rods and cocci.

Study of the biochemical properties of pure cultures of the following results. Assimilation of different
carbohydrates by pure cultures as a result of crop on semi-solid medium Hiss presented in (table-3).

Table 3 — The ability of pure cultures of fermentable carbohydrates

carbohydrate B-1 B-4 P-7 S8
arabinose ++ + T+ Tt
xylose ++ +++ ++ Tt
glucose +++ +++ St T+
levulose ++ ++ Tt N
galactose +++ +++ -+ -+
saccharose +++ +++ -+ N
maltose +++ +++ +++ N
lactose ++ + T+ T
dextrin ++ + T T
starch ++ ++ T T
cellulose + _ N N

"+ + +" Strong, "+ +" Medium, "+" weak intensity bacterial growth, "-" no growth of bacteria

As a result of studies on the ability of the strains for fermentation of carbohydrate with "mottled
number" indicated that all tested strains actively use glucose and galactose. Strains B-1, B-4, F-7 is also
active against sucrose and maltose. The average intensity of the use of these strains is characteristic of
carbohydrates arabinose, levulose, lactose and starch. Low activity splitting characterized dextrin. It has
been established that fiber is not cleaved strains B-4 and R-7. For strain S-8 also characterized by
intensive use of arabinose and xylose carbohydrates, less widely used lactose. Weak growth rate on media
marked with dextrin and starch, and levulose, maltose, sucrose and cellulose does not cleave this strain
(table 3).

The results of the study of the proteolytic activity, the ability to form ammonia, hydrogen sulfide and
indole are shown in (table 4).

Table 4 — The ability of the strains to the formation of a protease, ammonia, hydrogen sulfide and indole

property B-1 B-4 P-7 S-8
protease Activity + + + -
the formation of ammonia + + + +
formation of indole - - - -
formation of hydrogen sulfide + - + -
Attitude to oxidase + + + +
catalase + + + +

"+" - The bacterial strain showing the property, "-" - no part of the properties of the strain.
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The study showed found that strains B-1, B-4, R-7, showing the ability to synthesize proteases
formation of ammonia, oxidase and catalase do not form indole. Strains B1 and R 7 are capable of forming
hydrogen sulphide, the strains B-4 S-8, and do not form hydrogen sulfide. Strain S-8 is able to form
ammonia, catalase and oxidase positive, the protease does not produce hydrogen sulfide and indole.

For genetic identification of pure cultures were sent to the "State Research Institute of Genetics"
(Moscow, Russian Federation), where strains were performed primary screening studies to identify
pathogenic, opportunistic and pathogenic species. As a result of primary screening of the strains B-1 and
B-4 are related to an Bacillus cereus. This kind of relates to microorganisms pathogenic microflora
capable of causing foodborne diseases, produce enterotoxins. This type of bacteria is not used in the
composition of biologics without additional toxicity studies strains and their metabolites in warm-blooded
animals. Accordingly, these strains for further studies can not be used and their sequencing was
conducted.

During the sequencing of variable regions of 16S rRNA strains R-7 and S-8 nucleotide sequences
obtained for both strains.

As a result, primary screening nucleotide sequence of strain R-7 on the GenBank database, and RDP-
II found that the investigated strain belongs to the following taxonomic groups of Bacteria; Firmicutes;
Bacilli; Bacillales; Bacillaceae; Bacillus, and homology with some species of the genus Bacillus is 98%.

Sequences were aligned with the corresponding sequences of a species of bacteria nearest available
from the database GenBank.

According to the analysis of phylogenetic tree was constructed with homologous strains figure 1.

P7

Bacillus subtilis (T); NERL B-23049
Bacillus wallismartis (T3, DSM11031
Bacillus tequilensis (T, 10b
Bacillus methylotrophicus (T), CEMB203
Bacillus siamensis (T); PD-A10
Bacillus amyloliguefaciens (T);, NBRC 15535
Bacillus licheniformis (T); ATCC 14580, DSM 13
Bacillus atrophaegus (T, JCM2070
Bacillus mojavensis (1), IFO15718
Bacillus subtilis (T); DsM10

Figure 1 — Phylogenetic position of strain R-7

Criterion for classifying a microorganism to a particular type of homology is considered no less than
97%. By this criterion, the test strains can be attributed to several species of the genus Bacillus.

Analysis of phylogenetic relationships, built using the type strains of closely related bacteria showed
that the closest to the test strain is the type Bacillus subtilis. The level of 16S rRNA sequence similarity of
strain R-7 with a view Bacillus subtilis was 97%.

As a result, primary screening nucleotide sequence of strain S-8 to the GenBank database, and RDP-II
found that the investigated strain belongs to the following taxonomic groups of Bacteria; Proteobacteria;
Gammaproteobacteria; Pseudomonadales; Moraxellaceae; Acinetobacter.

Sequences were aligned with the corresponding sequences of a species of bacteria nearest available
from the database GenBank.

According to the analysis of phylogenetic tree was constructed with homologous strains figure 2.

Acinetobacter haemolyticus (T), DSM 6962

Acinetobacter johnsanii (T, ATCC 179097, DA Group seven

Acinetobacter yllenbergii (T); type strain: FUH 422 = NIPH
55

Acinetobacter schindleri (T), LUHS332T

Acinetobacter parvus (T), LUHAG16 (AciB02)
Acinetobacter venetianus (T), ATCC 31012
Acinetobacter baumannii (T3, DSM 30007
Acinetobacter junii (T, DSM 6964

Acinetobacter calcoaceticus (T), type strain: NCCB 22016

Acinetobacter waffii (T), DSk 2403

Figure 2 — Phylogenetic position of strain S-8
—— 99 ——




Reports of the National Academy of sciences of the Republic of Kazakhstan

Criterion for classifying a microorganism to a particular type of homology is considered no less than
97%. By this criterion, the test strains can be attributed to several species of the genus Acinetobacter.

Analysis of phylogenetic relationships, built using the type strains of closely related bacteria showed
that the closest to the test strain is the kind of Acinetobacter johnsonii. The level of 16S rRNA sequence
similarity of the strain S-8 overlooking Acinetobacter johnsonii was 98%.

The analysis Sequence variable regions of genes encoding 16S rRNA for further work to study the
ability of the strains to oil degradation are 2 strain: Bacillus subtilis and Acinetobacter johnsonii.

Conclusion. As a result, the primary screen to identify accessory to pathogenic strains, pathogenic
and pathogenic microflora found that strains of B-1 and B-4 are members of the species Bacillus cereus.
These representatives were opportunistic and therefore can not be used as a basis for a biological product.

Strains R-7 and S-8 were subjected Sequence analysis of variable regions of the genes encoding 16S
rRNA. As a result of this study showed that the strain F-7 97% is representative of species Bacillus
subtilis, a strain of S-8 98% is representative species Acinetobacter johnsonii.

For these strains are written passports for national deposit procedures. In addition, these strains will
be used to create a domestic biological product.

JK.K. Mycaesa', E.K. Mycaes®, C.E. Koii6akosa®, C. ChIpJbIGeKKbI3bI"

" T".Jlaykee aThiHIarbl AJIMAaThl SHEPIeTHKA JKoHe OailaHbic yHHBepcHTeTi, AnMaThl, Kasakcran;
3 I11.EcenoB athiHaarsl Kacmuii MeMIeKeTTiK TeXHONOTHsIAp XKOHe HHIXKHHHUPHHT YHUBEpCHTeTi, AKkTay, Kasakcran

KACHHMMA TEHI3IHIH OPTACBIHAH BOJIIHTEH KOMIPCYTEI'I BAP MUKPOOPI AHU3M/IEPII
COUKECTEHIIPYJIIH KA3IPTI 3AMAHFBI O/IICTEPIH TANJIAJIAHY

AnHoranusa. Kazipri yakerrra Kacnmii TeHi3i ayMarblHIAFbl MyHall KeMIpCYTEKTEpiHIH Tepic ocep eTy
npoOiemMachl amaTThl JKaFaaiira jkaraabl. AaM MeH THApOoc(epaHblH ©3apa OpeKEeTTEeCYiHIH >Kalllbl Ti30eriHue
MaHBI3pI OaillaHBIC TEHI3 OPTAchIH OacKapyra Kipemi, OHIa JKOFapbl YKOHOMMKAJBIK KbI3MET JKY3ere achIpbLIaIbI
KOHE KYpJBIKTaH J1a, TEHI3JEH /e JlacTaylllbl 3aTTaplblH arblHbl mNaiiga Oomanbl. COHFBI yaKbITTa Cy ailJIbIHBI
AHTPOIOIEH/IIK JIaCTaHy/AaH KaTThl 3apjan IekTi. KemipcyTeKTi MIMKIi3aTThl eHIIpYy, TachiMaliay JKOHE Cakray
HOTH)KECIHJIE TEHI3 aKBaTOPHSIAPBIHBIH MYHAM JKoHE MyHall OHIMIEpIMEH KapKbIH/IbI JACTaHybl TE€HI3 3K0XKYHECIHIH
TeXenyiHe okeneni. TeHi3 OpTachlH Ta3apTyIbIH MEXaHHUKAJIBIK KOHE (PH3HKA-XMUMUSIIBIK 9MIICTEPl TOMEH THIMALIIK,
KalTaama JlacTaHy »oHE KbIMOATTBIFbIMEH cunartaiaigsl. Cy aijbIHBIH MYHaWIbIH JIACTHIFBIHAH Ta3apTyIbIH
MHUKPOOHOJIOTHSIIBIK 9/IICTEPiH KOJIJaHy HEFYPIIBIM MEPCHEKTUBAIBI OOJBIN Kenedi. Mukpodopa MUKpOOPTaHU3M-
JIepAiH SpTYpii (DM3HONOTHSUIBIK TOOBIHAH KaJIBINTACATHIH KOpIIaraH oOpTa JKarJalbIHBIH ©3TepyiHiH ce3iMTal
KepceTKimm Oosinn caHamaapl. Mukpodiopa caHbl MeH OeICEHAUTIT KoOiHece SKONOTHSIIBIK KOHE TeorpadusuIIbIK
¢axTopnapra OaiinansicTel. Cy 00BEKTUIEpPIHAC KYPETiH MPOIECTep MAUKPOOPTaHU3MIEPIiH CAaHBIMEH THIFBI3 Oaiina-
HBICTBI. MyHall KeH OpBIHAAPBIH WTepy JKarJalblHAA 3€pTTEY MOHHUTOPWHT, MHKPOCKOIISUIBIK OPTaHM3MIECPAiH
Tapajly 3aHABUIBIKTapbIH aHbIKTAy, TEHI3 OpTachlH MyHall eHIMAEpiHEeH Ta3apTyla OWOJOTHSIBIK OHIMIep xkKacay
YILIIH >KOFapsl OeJICeH Il ITaMIapAs! Maliaanany KeI3bIFYIIBUIBIK TYAbIpagbl. Makanana MyHaliMeH JIacTaHy/a JKaHa
OouomnpenapaTThl OfaH opi mnaigamaHy yuriH Kacmuilt TeHi3iHIH opTachlHaH O6JIHICH MYHal TOTBHIKTBIPFBIII
OakTepHsIIap IbIH OCICEH Il TYPJICPIH COMKECTEHIIPY HOTHUKEIEPl KENTIPiIreH.

bip-0ipiMeH ThIFbI3 OaiyIaHBICTHI OAKTEPHUAIAPAbIH TUNTIK ITaMAAPbIH KOJJAaHy apKbUIbl CajibiHFaH (uiore-
HETUKAIBIK OaiaHbicTapiasl Tannay Acinetobacter johnsonii Typi ChIHajFaH LITaMFa JKaKblH €KEHIH KOPCETTI.
S-8 mrrammeraerg 16S pPHK Tiz6erinig Acinetobacter johnsonii-MeH yKcacThIK aeHreii 98% Kypabl.

pPHK 16S xonTaiiThlH TEHHIH aybICHalbl alMaKTapbBIHBIH PETTUITIHE Taljay >Kacalibl, IITaMIapabIH
MYHaUIBIH eTpataisicblHa KaOiIeTTUIITiH 3epTTey YIIiH 2 mTaMM OemiHi: Oaruia-cyoTuimc xoHe Acinetobacter
johnsonii Tyxeipran nHpEKIHIAP.

Teni3 cysiHan AKray TeHi3 nmoptel MeH baytnHo (Contycrik Kacrnit) mopThIHBIH KyI0 aiiakrapsl ayfaHBIHIA
MYHalapl OecTpyKiusuiayra KaOimeri 6ap 27 KeMipCyTeKTi KBIIKBUIIAWTHIH MHKPOOPTAHW3M OKIIAYJIaFbIIIbI
GeiHIi, OCHI ITaMHaH 4 HEFYPIBIM OelceH i JaKel ipikTenmi, onap Bacillus cereus (2 mramm), Bacillus sp mramst
petiage coiikectenmipinai (13 xone Acinetobacter sp.10).

[TaToreHzai >xoHEe MATOreHIi MHUKPO(DIOpPAHBIH MATOTCHIl MITAMBIHA THICTLTITIH aHBIKTAy YIINIH OacTamKsl
CKPHHUHT HOTIDKECIHIE B-1 jkoHe B-4 mtammuaapbl Bacillus cereus TypiepiHiH exijaaepi eKeHIIr aHBIKTAIIBL. by
OKIJIIep OIMIOPTYHUCTIK OOJIBIN CaHanafbl, COHIBIKTAH OJIap/ibl OMOJIOTHSUIBIK OHIM YIIIH HETI3 peTiHje maijanaHy
MYMKiH emec. R-7 xone S-8 mrrambl 16S pPHK-HBI KOATalTHIH TeHHIH aybicnaibl aiiMaFbIHBIH Ti30€Ti TajiaHIIbl.
Ocspl 3eprrey HoTmkecinae F-7 mrambr 97% Bacillus subtilis Typinin eximi, an S-8 mramsr 98% Acinetobacter
johnsonii TypiHIH ©KiJIi eKeHIITT KOpCceTuIi.

— 100 ——
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Maxana Kazakcran Pecrybnmkace! bimiM xone FpuUTbIM MUHUCTpIIri FruteiM komuteTiniH «Kactuit TeHi3iHIH
TEHi3 CYBIHBIH MYHall ©HIMACPIHEH ©3[iriHeH Ta3allaHATBIH KaOiNeTiH >KaHTaHIBIPY» TPAHTTHIK Kap>KbUIAHIBIPY
FBUIBIMH )KOOACBIHBIH HOTIDKeNepi Ooitpiama xone Tempus IV IEMAST «OHepKocinTiK IKOIOTHSIAAFEI 3aMaHayH
MAarUCTPIIIK 3ePTTEYNEPai Kypy» XalbIKapaiblK >K00aChIHBIH HETi31HAC KapUsUIaH/IbL.

Tyiiin ce3mep: colKkeCTCHIIPY, MOP(OIOTHUIIBIK-MOICHH JKOHE OMOXUMHUSIIBIK KAaCHETTEp, Mail ECTPYKTOPHI,
JKyiheney, Taza 1aKpuiaap.

JK.K. Mycaesa', E.K.Mycaes?, C.E. Koii6axopa®, C. CbIp.IbIGeKKbI3bI"

! AJIMaTHHCKMI YHHBEPCHUTET SHEPreTHKH U cBsi3u numenn I Jlaykeesa, Anmarel, Kasaxcran,
*Kacrnuifckuii rocy1apCTBEHHBIH YHHBEPCUTET TEXHOIOTHH U MHXHHUpHHTa uMern 111 Ecenosa, Akray, Kazaxcran

HNCIIOJb30BAHUE COBPEMEHHBIX METOA0B UIEHTUOUKALINU
YI'JIEBOJOPOJOCOJEPKAIIINX MUKPOOPI'AHU3MOB,
BBIJIEJIEHHBIX U3 MOPCKOWM CPE/JIbI KACTIUS

Annotanusi. B Hacrosiiiee BpeMsi mpo6ieMa HEeraTMBHOTO BO3AEHCTBUS HEPTSHBIX YIJIEBOAOPOJOB Ha TEPPH-
topuu Kacmmiickoro mMops mpuodpena kaTacTpopudeckuii xapakrep. B o0miei memn B3anMoaeicTBUs 4eloBeKa 1
ruapocepbl Ba)KHOE 3BEHO TNPHHALICKHUT YIPABICHUIO MOPCKOH CpPEHOH, TA€ OCYIIECTBISIETCS BBICOKAs
XO3AHCTBEHHAs! IEATEIBHOCTh M BOSHUKAIOT MOTOKU 3arps3HSIOMINX BEIIECTB, MOCTYMAOINX KaK C CYIIH, TaK U C
Mopst. B mocieanee Bpemst akBaTopum Hanbolee CHIBHO NMOCTPAAanyd OT HE(TSHOTO 3arpsA3HEHHs, B OCHOBHOM
AHTPOIIOT€HHOT'O TMPOUCXOXK/ICHUS. IHTCHCUBHOE 3arps3HEHNE MOPCKHUX aKBaTOPHH HE(PTHIO M HEPTEIPOAYKTaMH B
pe3ynbTare JOOBIYM, TPAaHCIOPTUPOBKH M XPAHEHHUS YTIIEBOJOPOAHOTO CHIPhSI IPUBOAAT K YTHETCHUIO SKOCHCTEMBI
Mopst. MexaHudyeckre U (U3UKO-XMMHUYECKHE METOJIbl OUMCTKA MOPCKOW CpeJibl XapaKTepH3YIOTCsl HU3KOH d(dek-
TUBHOCTBIO, BTOPUYHBLIM 3arpsi3HCHHUEM U )IOpOFOBPI3HOﬁ. HaI/I6OJ'ICe MEPCHCKTUBHBIM SABJISICTCA UCIIOJIB30BaHUE
MHUKPOOHOJIOTHYECKUX METOJIOB OUMCTKU aKBaTOPHU OT He(TSIHBIX 3arpsizHeHnil. Mukpodiiopa sBIseTCsl 4yBCTBH-
TEJIbHBIM HMHMKAaTOPOM HM3MEHEHHUs! YCIOBHU OKpY’Karoumled WX cpenpl, Koropas (opMmupyeTcs W3 pasuuHBIX
(PU3MOTOTUYECKHUX TPYIIT MHUKPOOPTaHU3MOB. UHCIIEHHOCTh M aKTUBHOCTH MHKPO(IIOPH! B 3HAUYUTEIBHOW CTENEHU
3aBUCST OT HKOJOTMYECKUX U reorpaduyeckux (akropos. [Iporeccs, npoucxoasiye B BOJHBIX 00bEKTax, TECHO
CBSI3aHBI C YHCIICHHOCTHIO MHKDPOOPTaHM3MOB. [IMEHHO B yCIOBHSX OCBOCHHUSI HE(TSIHBIX MECTOPOXKICHUH Mpea-
CTaBISIET WHTEPEC MOHHUTOPHHI HCCJIEIOBaHMH, BBISIBICHHE 3aKOHOMEPHOCTEH pacnpoCTpaHEHHsS MHKPOCKOIH-
YECKHX OPTaHW3MOB, WCIOJb30BAHNEC BHICOKOAKTHBHBIX INTAMMOB MJIsI CO3JaHMS OHOIPENapaToB IO OYHCTKE
MOpPCKOH cpenpl OT He(TenpoayKToB. B craThbe mpencTaBieHBl pe3yabTaThl HICHTU(QHMKAMH AKTHBHBIX (OpM
HE(PTCOKUCIIONINX OaKTepHii, BBIICICHHBIX W3 MOPCKOW cpenmbl Kacmms, mis nanpHEHIIEro WX WMCIIONB30BAaHUS B
HOBOM Ouomnpenapare oT He(TAHBIX 3arPI3HEHHM.

AHanu3 QuIoreHeTHIECKHUX CBsI3€H, IOCTPOCHHBIX C UCIONb30BaHUEM THITOBBIX IITAMMOB OJIM3KOPOJICTBEHHBIX
Oakrepuii, mokaszan, 4To HamOoyiee ONM3KHMM K TECTHPyeMOMY IuTamMMmy siBisiercsi Bz Acinetobacter johnsonii.
YporeHb cxozcTBa nocieaoBatensHocTel 16S pPHK mramma S-8 ¢ Acinetobacter johnsonii coctaBui 98%.

[TpoBeneH aHanu3 TMOCIENOBATEILHOCTH BapHaOEIbHBIX Y4YacTKOB TI'eHOB, Komupyromux 16S pPHK, nmns
JlaNibHeIIe paboThl 10 M3YYEHHIO CIIOCOOHOCTH INTAMMOB K Jerpaganuu HedT BbieseHbl 2 mramma: Bacillus
subtilis n Acinetobacter johnsonii.

W3 Mopckux BOI B paiiOHE HAIMBHBIX MPUYAJOB AKTayCKOTO MOPCKOTO ImopTa u moprta bayrtuHo (CeBepHBIiA
Kacmmif) BeimeneHo 27 YriIeBOIOPOJOKHCISIOIINX H30JSATOB MHKPOOPTAaHH3MOB, OOJAaNAIOMIMX CHOCOOHOCTBIO K
JecTpyKuun He(TH, W3 [JaHHBIX INTaMMOB oOToOpaHo 4 Hambonee aKTHBHBIE KyJIbTYpHl, KOTOpBIE OBLIH
nAeHTHPUIUPOBAHBI Kak Bacillus cereus (2 mtamma), mramm Bacillus sp.13 u Acinetobacter sp.10.

B pesynbrare nepBUYHOTO CKPHHUHTA JUTS BBISABICHUS IPUHAIIEKHOCTH K IMATOTEHHBIM IITaMMaM MaTOTCHHON
W TIAaTOTEHHOW MHUKpPO(]IIOPbI YCTaHOBJEHO, YTO IITaMMbl B-1 W B-4 sBisAIOTCS TpencraBurensMu Buna Bacillus
cereus. OTu PEOPE3CHTATUBLI 6I)IJ'II/I YCIOBHO-MMATOT€HHBIMHU U MTO3TOMY HE MOTYT 6I)ITI) HCIIOJIb30BAHBI B KA4YECTBEC
OCHOBBI [uisi Oumojornueckoro mnpoaykra. Illrammer R-7 um S-8 mnoxasepranu aHanuzy mOCIENI0BATEILHOCTH
BapualeNIbHBIX Y9acTKOB reHoB, koaupyrommx 16S pPHK. B pesynbrare 3Toro0 MccnenoBanus ObUIO ITOKa3aHO, YTO
mramMm F-7 Ha 97% sBisercs mpeacraBureneM Buia Bacil-lus subtilis, a mramm S-8 Ha 98% sBnsercs
mpeacTraBuTeneM Buna Acinetobacter johnsonii.

Crarpsi HammcaHa IO pe3yJbTaTaM HAYyYHOTO NPOEKTa TPaHTOBOro QuHaHcHpoBaHMs Komurera Hayku
MunncrepcTBa o0pazoBanust n Hayku PecmyOnmkn KazaxcraH «AKTHBH3aIMs CaMOOYHIAIOMIEHCS CIIOCOOHOCTH
Mopckoil Boasl Kacmmiickoro mopst ot HedrenpomykToB». Ctarths omyOnnkoBaHa Oiaromaps MeXAyHapOIHOMY
npoekty Tempus IV IEMAST «Co3maHue COBpPEMEHHBIX MAaruCTepPCKHUX WCCIEAOBAHWNA B IPOMBIIUICHHON
9KOJIOTHI.

KaroueBble cioBa: wuneHtudukaims, MopQooro-KyjabTypajlbHble M OHOXUMHUYECKHE CBOWCTBa, HedTe-
JIECTPYKTOPBI, CCKBEHUPOBAHUE, YUCTBIE KYJIbTYPBI.
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PECYPCOCBEPEI'AIOIIUE TEXHOJIOI'MU BO3/IEJIBIBAHU A
COHU HA JET'PAJUPOBAHHBIX IIOYBAX
AJIMATUHCKOMH OBJIACTH

Annotanusi. B crarbe npuBogsTcs nanHble 3(Q(EKTHBHOIO MCIONB30BaHUS BTOPUYHO 3aCOJICHHBIX OpOILaec-
MBIX 3MeNb AJMaTuHCKO# oOsactu. IToceBbl coIeycTOHYMBBIX KyJIbTyp (PUTOMEIMOPAHTOB M NPUMEHEHHE aJI0TI-
TOT€HA CIOCOOCTBOBAIIM, HAPSAy C yBEJICUCHHUEM YpPOXXaWHOCTH M YJIYYIIEHHEM CTPYKTYpHI ITOYBBI, YMEHBIICHHIO
collepaHus cojled B mouBe. Pe3ynbTaThl MOKaszanM, yTO Ha BepxHHX ciogx mouBel (0-20 cMm) conepikaHue
arpOHOMHYECKHU LIEHHBIX arperaToB Ooublie u coctaBisieT ot 64 no 73%, a ¢ riryounoit (20-40 cM) ymeHbIIaeTcs U
cocrapisieT oT 39 mo 66%. ComepikaHHe BOMOIPOYHBIX arperaTtoB ¢ riIyOMHON yBenuuuBaeTcs Ha 2-5%, Takke
00beMHas Macca MOYBBI YBETMUNBACTCS C TIyOMHOM U cocTaBma B cpemneM 1,24-1,30 r/em’. Conepkanue rymyca
cocrasiser ot 0,54 1o 1,16%. Pe3ynbraTsl HAOMIONSHUH 32 POCTOM M Pa3BUTHEM (PUTOMEITHOPAHTOB IOKA3alH, YTO
(bUTOMENNOPAHTHI MHTEHCUBHO POCIH, Pa3BUBANNCH U HAKAIUIMBAIM HAJ3EMHBIE MAcChl, OCOOEHHO Ha BapHaHTaX C
00paboTkoli amanToreHOoM. BrwicoTa pacreHmii mocturamm ao 266 cMm (cymaHCKas TpaBa), a Ha BapHaHTe 0e3
00pabotku — 257 cM. HakamumBanu HamzeMHble Macchl oT 950 mo 2013 rp. HTEHCHBHEI POCT (GUTOMEINOPAHTOB
TIOJAB/IMBANM COPHBIE PACTEHHS M HMX CONEPXKAHMS HE3HAUMTeNbHBIE, OT 19 1o 22 mT/M’, a Ha BapHaHTE C
06paboTKoii amanroreHoM ot 18-20 mrt/m”. CpeHss ypoKailHOCT 3€IEHOM MAacChl COPro KONeGatuch B Hpeieax
740,4 1/ra Ha BapuaHTe 0e3 00pabOTKM aJanToreHoM, a Ha BapuaHTe ¢ oOpaborkoil 777,4 1/ra, cylaHCKOW TpaBbl
947,0-990,3 1w/ra, a ypokalHOCTh CeMsiH COM B mpenenax oT 54,7-56,4 n/ra. MntencuBHble pa3ButHi (urome-
JIMOPAHTOB CIIOCOOCTBOBAJIM YBEIMYEHHIO YPOXKAHHOCTH M YMEHBUICHHIO COJICH Ha BEpXHEM TOPH30HTE IMOYBBI
(0-20 cm) ot 0,06 10 0,27% camoe GosIbIIIOe YMEHbIIIEHHE coiei — 0,27% HaOJIr0aeTCst o1 IIOCEBaMH COU.

[lpuMeHeHne PEKOMEHIYyeMON TEXHOJIOTHH CHOCOOCTBOBANIO 32 CUET KAalleJITHOTO OpPOLISHUS AKOHOMHIO
noJauBHONH BoAbl A0 70%, YMCHBIIEHHIO 3aTpaT Ha MPOBEJCHUE INPOMBIBOK W XHMHUYECKOM MENIHOpanuu —
THIICOBaHME.

KiroueBble ciioBa: guToMenuopanys, KarneabHOe OpOIICHHUE, JICTPaJupOBaHHBIE 3€MJIH, BTOPUYHOE 3acOie-
Hue, agantoreH-I1A-2-1, copro, cynaHnckas TpaBa, KITyOSHBKOBBIE OaKTEepHH, pU30TOPHHH.

Beenenue. [Ipesunent Peciyomuku Kazaxcran Tokae K.K. B cBoem [locnanuu Hapony Kazaxcrana
0co00e BHUMAaHHE YJCNIWI Pa3BUTHIO arpoNpOMBIIUICHHOrO Komiuiekca., OJIHUM W3 OCHOBHBIX NyTeH
passutus AIIK sBisercs pasputre U 3QPEeKTHBHOE HCIIOJIb30BaHUE OPOIIAeMbIX 3eMeb [1].

CorracHo npuHATON KOHIIENNY 1Mo mepexony K «3eneHoi» skonomuke, k 2030 romy 15 mporieHToB
MOCEBHBIX IUTOMmaAe OyayT TepeBeNeHBl Ha BOJOCOEpEerammne TEeXHONOTHH. Takxke HEOOXOAMMO
pa3BUBaTh arpapHyl0 HAyKy, CO34aBaTh SKCIEPUMEHTAJIbHbIE arpapHO-MHHOBALIMOHHBIE KIAacTepHI [2].

B ycnoBusx nonuHoro 3emieaenus Kazaxcrana 0oJbIioi ypoH MOYBEHHOMY ILIOJOPOIUI0 HAHOCUT
BTOPUYHOE 3aCOJICHHE, PAa3BUTHE COJIOHIIOBHIX MPOIIECCOB, YXYIIICHUE (PU3UKO-XUMHUYCCKUX CBOWCTB
Mo4B, HUppHUranuoHHas 3po3us. OcoOyi0 TPEBOTY BBHI3BIBAIOT METHOPATUBHEBIE PEKUMBI OPOIIAEMBIX
3eMerb AKTATMHCKOTO MacCHBa OPOIICHUS, T/Ie M3-32 HECOOIIOIEHHUS PeKUMa OPOIIEHHS KyJIbTYPBI prca
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MPOUCXOANUT TMOMHSATHE YPOBHS TPYHTOBOH BOJBI, MPOUCXOAWT BTOPUYHOE 3aCOJIEHHE M OpOoIIacMble
3eMid Aerpagupyrores [3,4].

TpaguuuoHHBIMH MepaMu OOpBOBI C 3aCOJEHHEM OpOINAEMBIX 3€MENIb SABISETCS TPOBEACHHE
MPOMBIBKM, [IJIi YE€ro 3aTpavyrdBaeM o 2500-3000Mm>/ra BOJbl WJIA JOPOTOCTOSIIIME XUMHUYECKHE
MEJTTHOpAITHN — TUTICOBaHHE [5].

C yderoMm BBINIECKA3aHHOTO, BO3HHWKAET HEOOXOAWMOCTh IIOMCKAa HOBBIX pecypcocOeperarommx
METOJIOB OOpBOBI C 3acojeHHeM TOYBBL. VM sBIsSeTCS OHMONOTMYECKUH MeTol — (UTOMEIHOpaIusl.
[Monbop KyABTYp IUIA 3TOM LIETH OCYIIECTBISIETCS C YYETOM BO3MOXKHOCTH aJIalTallii UX B KOHKPETHBIX
MIPUPOJIHBIX YCIOBUSAX [6].

Cos xak 6000Bast KybTypa oboramaer mo4yBy azotom. llocne ee yOopku Ha lra HakamiauBaeTCs IO
80-100 kr ycBoeHHOTO a30Ta. [IoaTOMYy OHa SBJISIETCS LIEHHBIM MPEIIIECTBEHHUKOM JIJI1 MHOTUX KYJBTYP.
B Hammx ombiTax cosi, HapsLy ¢ APYTUMU KYJIETypaMHu, UCIIBITBIBAETCS KaKk (DUTOMEIHOPAHT.

Marepuaasl U MeTOABI HCJIEIOBAHHHM. ATPOMEIMOPATHBHBIE TPUEMBI TOBBIIICHUS TPOMAYKTHUB-
HOCTH 3aCOJICHHBIX TOYB OCYIIECTBIISETCS C MpUMEHEHHWeM afantoreHa. Hanm mpobrnemoii yBemuueHHS
YPOKaHOCTH Ha 3aCOJIEHHBIX W JIErpaAMpPOBAHHBIX 3eMJSX ydeHble Kazaxckoro Hay4yHO-MCCIIEZOBa-
TEIHCKOI0 MHCTUTYTA MOYBOBEJCHHUS M arpoXUMHUHM UM.Y.YcnaHoBa paboTalii MHOTHE TOJblI, YUEHbBIE
3TOTO WHCTHUTYTA MPEIUIONKHIN IJIsl TMPEATNIOCEeBHOH OOpaOOTKH W ONPBICKMBAHWS PACTEHUM Ipernapar
ITA-2,1, xoTOopoe Ha3BalIM aanTOreHoMm [7].

AnanToreH:

- TMOBBILIAET DHEPTHIO MPOPACTaHUS M BCXOXKECTb CEMsIH, YCTOWYMBOCTb pPAacTeHHH K OOJE3HAM H
3aCOJIEHUIO TIOYB;

- CIOCOOCTBYET YCHIICHHOMY POCTY KOpHEH M HaJI3eMHOW YacTH pacTEHHH, YJIydIlaeT MUHEpaIbHOE
MMUTaHWE PACTEHUH Ha HU3KOMPOAYKTUBHBIX MouBax Ha 25-30%;

- YBEJIIMYUBAET YPOKAMHOCTH CEIBCKOXO3SIMCTBEHHBIX KylbTyp B cpenHeM Ha 20-30 mpoLeHTOB,
JYronacTOMIIHBIX MHOTOJIETHUX TpaB Ha 25-35%.

CriocoObl 00pa0OTKM CeMSH aJanTOTeHOM: B JIeHb MOCeBa MPOBOIAT MPEANOCEBHYIO 00pabOTKy
CeMsIH NpenapaToM-aJalnTOreHOM W COBMEIAIOT ee ¢ oOpaboTKOil CeMEHHOro MarepHaia aKTHBHBIM
ITaMMOM OuomnpenapaTa KIyOeHbKOBBIX OakTepuil (HUTparuHoM min puzotophuHom). Cemena odpada-
THIBAIOT B MECTaX, 3AIIUIICHHBIX OT MPSAMBIX COJHEUHBIX JIydeld. sl 3Toro rekTapHyro HOpMy Omormperna-
pata pa3BogaT B 1 nutpe 0,04-mporeHTHOTO pacTBopa afgantoreHa (1 waiiHas nmoxka [1A-2-1=3 rpamma).
CeMeHa OIPBICKMBAIOT Pa0OYUM PaCTBOPOM IPEMApPaToOB U THIATEIHHO NMEPEMEIINBAIOT JIOMIATAMH.

JIBykpatHoe ompeickuBaHue Beretupyrouux pacteHuit 0,03-0,05 mpoleHTHBIME BOAHBIMH PacTBO-
paMy ajanToreHa B CMECH C MUHEpPAILHBIMH YJIOOpCHHSMHU WM Ha MX (OHE JacT JOTOIHUTEIBHBIH
SHEPTreTHYECKHI TOTEHIIAI JIJIsl UX Pa3BUTHUS U (POPMHUPOBAHUS YPOKasL.

Hay4no-nccnenoBarensckie pabOTHI MPOBOAMIUCH ITyTEM 3aKJIaIKH MOJIEBBIX OMBITOB U JTabopaTop-
HBIX HccienoBaHuid. [lojeBble OMBITHI OBUIM 3aJI0KEHBI HA TOJNSX KPECThSIHCKOTO XO03siCcTBa «bakHyp»
Banxamickoro paitoHa ATMaTHHCKOH 00JIaCTH.

OO0BEKTOM MOHMTOPUHIA SIBJIAIMCH MOYBBI AKJATMHCKOTO MAacCHBa OpOIIEHHUS, BBIBEJCHHBIE W3
CeJIbCKOXO03SIICTBEHHOTO MCIOJIB30BAHMS M OCHOBHBIE (DUTOMETHMOPAHTHI: COPro, CyJaHCKasl TpaBa, cos U
KyKypy3a.

O6mast miomans ombita — 0,3 ra. [lomans gemssHok — 120 M, MOBTOPHOCTH TPEXKpaTHas. B ombITax
MIPOBOIMJIVICH HAOIIOJIEHHS 32 POCTOM U Pa3BUTHEM (DUTOMEITHOPAHTOB, ONIPEIEICHUS BOTHO-(PH3MUECKUX
CBOJCTB ITOYB U COJIEPKAHUS COJIEH 10 OOMICTTPHHATEIM METOIUKAM.

Pe3yabTaThl U 00cyxnenue. [I[poBoaniny HaOMIOACHUS 3a POCTOM U Pa3BUTHEM (HUTOMETHOPAHTOB.
Haxorienne chipoii Macchl Ha mromany 0,3 M’ y CylaHCKOi TpaBbl, COPro M COM COCTABUIIH C a/lanTore-
HoM — 1833, 2013, 1186 cooTBeTCTBEHHO, a 6e3 amantoreHa — 1450, 1540, 950 rpamm.

Ha mouBax, moABep>KEHHBIX K 3aCOJIEHWIO, MHTEHCHBHBIH POCT W pPa3BHTHE HAONIONAETCS Y COHU
o0paboTaHHBIX amanToreHOM (puc. 1). DTa KymbTypa 3a CUET aKTHBHOTO POCTa W PAa3BUTHS IOJaBUIIA
COpHBIE PACTEHUS U OYEHb XOPOIIO UAET 600000pazoBaHUeE.

HaunOonpiee MHTEHCHBHOE Pa3BUTHE (UTOMEIMOPAHTOB NPH KaleIbHOM OpPOILCHHU OOBSCHSIETCS
TeM, YTO TpU KaleJbHOM OpOIIEHUH BOJAA MOJACTCS MAJbIMH HOPMaMH MU YBIIAXKHIETCS TOJIBKO BEPXHUH
cioi mouBkI| 8].
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Ilpu TakoM yBIXHEHHHM TOYBBI TPYHTOBas BOJA HE MOJHHUMACTCS 10 KOPHEOOUTAEMOW 30HBI
pacTeHHi W CO3MAIOTCS XOPOIIHME YCIOBUSA Ui pacTeHHd. Hapsay ¢ 3TUM, MPOUCXOAUT IKOHOMHUS
opocuTenbHOU BoAbl 10 70%.

Pucynok 1 — BiausiHue agantoreHa Ha pocT U pa3BUTHE COU

VHTeHCHBHOE HAKOIUICHHE HA/J3eMHOHW Macchl (PUTOMEIMOPAHTOB OKa3allM BIHMSHUE Ha COAEPKaHUS
comeii B mouBe. Eciam cpaBHUTH JaHHBIE COJAEpXKaHHS IUIOTHOTO OCTaTKa COJeHd Iepes IMOCEeBOM
¢uToMennopanToB (21 mas) U coaepKaHe OCTATOYHBIX COJel mepen yoopkoii (15 ceHTsOps), To BUIHO,
9TO (PUTOMETHOPAHTHI CIIOCOOCTBOBAIM YMEHBIIEHHUIO colieil Ha BepxHeM ropuzonte 0-20 cm ot 0,06% —
cymanckas tpasa, no 0,10 u 0,27% — copro u cos. Ha mmwxkueM cioe mouBel 20-40 cM MpOH30IILIO
YMEHBIIICHUE COJICW HE3HAYyuTeNbHO H coctaBmwio B mpenenax 0,04-0,05%, a monm moceBamu cou
MPOM30III0 yMeHbIIeHne cojer Ha 0,27% (tabmmma 1).

Tabnuna 1 — Copeprkanue colieil B IOYBE 10 TOPH30HTAM JIO [TOCEBa
U Tiepe1 yOOpKoit (GPUTOMETHOPaHTOB

ILnoTHBIH Honsr HCO3, CynbdaT HOHBL, Harpuwi,
0CTaToK, % % % %
DuroMenuopaHThl I'my6una, cm g =3 g S g S g s
o 0 2 5] 0 o o 2 o o 2
= & & 2 & & 2 g & 2 &5
2 "ol TR s | TR e | TR
Cos 0-20 0,78 0,51 0,13 0,06 0,21 0,18 0,18 0,01
20-40 0,94 0,67 0,06 0,03 0,40 0,09 0,22 0,01
Copro 0-20 0,31 0,21 0,02 0,05 0,19 0,16 0,09 0,06
20-40 0,20 0,16 0,05 0,05 0,09 0,12 0,09 0,07
CypaHckas TpaBa 0-20 0,19 0,13 0,03 0,05 0,16 0,16 0,01 0,06
20-40 0,21 0,16 0,03 0,05 0,19 0,08 0,01 0,07

Pe3ynbpraTel MpOBENEHHBIX MOJEBBIX OMNBITOB BO3JEIBIBAHUS COM Ha JETrpaJupOBaHHBIX ITOYBAX
MOKAa3aJIH, YTO U3 U3y4aeMbIX KyJbTYp (PUTOMENNOPAHTOB) CaMBIM JIyUIIUM (PUTMETHOPAHTOM SIBISCTCS

cosi, KoTopasi GoJbllIe BCeX APYIHX KyJbTYyp CIIOCOOCTBYET CHUKEHUIO COJEpKaHHsA COJNEH B MOYBE IPHU
BBICOKOU YPOKallHOCTH 3€pHA.
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Tabnuua 2 — YpoxaifHOCTb 3eJICHON Macchl M 3epHa (UTOMEIMOPAHTOB MPH KaleIbHOM OPOILICHUH

O0paboTka ceMsH ¢ N C6op
BapuanTel omnbITa, T'ozbl HcciieToBaHMiA Cpennee
npenaparom [1A-2,1 KOPMOBBIX
(UTOMETHOPAHTHI (anarrroren) 3a TPH roJa AL, Wra
2018 2019 2020 >
Copro (3eeHas Macca) ¢ 00paboTKOIA - 767,17 787,5 777,6 171,0
6e3 00paboTKH 737,0 731,2 752,3 740,4 162,9
CypaHnckast TpaBa (IBa ¢ 006paboTKoii - 985.,4 995,2 990,3 2179
yKOca Ha 3eJIeH. Maccy) | 6e3 00paboTku 921,1 954.4 965,7 947,0 208,3
Kyxypy3a (3enenas ¢ 06paboTkoi - 795,3 810,8 803,0 201,0
Macca) 6e3 00paboTKH 789,3 786,0 783.,4 786,2 197,0
Cos (3epHO) ¢ 0b6paboTKoii - 56,0 57,2 56,4 73,6
0e3 00paboTKH 54,9 54,0 55,1 54,7 71,1

Taxxe pe3ynbTaThl OMBITOB MOKAa3aJd, YTO WHTEHCHBHOE HAKOTUIEHHE BBICOKON HAJI3eMHOW MacChl
cou (hOPMUPOBAIH BBICOKYIO YPOXKaWHOCTH 3epHa (Ta0d 2). Ha 00paboTaHHBIX aJanTOreHOM BapHaHTaX
YPOKaifHOCTh COCTaBMIJIA B CpefiHeM 56,4 1/ra, a Ha HeoOpaOOTAHHBIX aJalTOTCHOM BapHaHTaX CPEIHSIS
YPOXKaWHOCTh HIDKE W cocTaBwia 54,7 m/ra. Jlpyrue (GuTOMEnMOpaHThl, 00paOOTaHHBIC adalTOTCHOM,
TaK)Ke IMOKa3aJId BEICOKYIO IIPOAYKTHUBHOCTH (Tadimma 2).

OcHOBHBIE BBIBOJIbI:

Ha ocHOBe naHHBIX, MOJTYYCHHBIX B Pe3yJIbTaTe MPOBEACHHBIX HAYYHO-HCCIEN0BATENLCKAX PadOT 10
pa3paboTKe arpoOHOJIOTMYECKUX U arpOMEIUOPATHBHBIX IPUEMOB YIIYYIICHHUS JETPaJUPOBAHHBIX
OpOIITAeMBIX 3€MEJTh, MOXHO CJIENAaTh CITyAYIONHE OCHOBHEIC BBIBOIBI:

1. Pe3ynbTarhl BO3/EIBIBAHUS COU KaK (DUTOMEIMOpPAHTA Ha MOYBaX, MOJABEPKEHHBIX K 3aCOJICHUIO,
MMOKa3alid, YTO COs, KaK W JIpyrue (puToMearopaHThl, MHTCHCUBHO pPAcTeT W HaKaITUBaeT Hal3eMHBIC
Macchbl. Beicota pactenuil cou mocturaer 95-98 cm, HakamnuBas cblpod maccel Ha miomanu 0,30 M
950 rpammoB, a cyxoi — 380 rp;

2. [1pu kamenpbHOM OpOIICHUH COM TIOJIMBHAS BOJIA YaCTO MOAAaBaIaCh MAJILIMA HOPMaMH U TIPHU STOM,
YBJIQKHSS TOJIBKO BEPXHYIO YacTh IIOYBBI, 33JICP)KUBANIO IIOBBIIICHHE YPOBHS MHHEPATU30BaHHBIX
IPYHTOBBIX BOJ. [IpMMeHeHHE KameabHOro OPOIICHUS CIOCOOCTBOBAIO SKOHOMUHU TMOJUBHOW BOJABI Ha
70%;

3. VHTeHCcMBHOE pa3BUTHE (UTOMEIHOPAHTOB CIIOCOOCTBOBAIO YMEHBIIIEHUIO COJNEl Ha BEpPXHEM
ropuzoHTe mouBkI (0-20 cm) ot 0,06% 1o 0,27%. Camoe GombIlIoe YMEHBIIIEHHE COJIeH HAOMI0JaeTCs MO/
IIOCEBAMU COH;

4. IHTCeHCUBHBIN POCT U PAa3BUTHUE KYJILTYPhI COU CIIOCOOCTBOBAJIHU IMOJIYUYCHUIO BBICOKOTO ypOXKas —
56,4 1/ra ¢ 00paboTKoil amantoreHoM u 54,7 1/ra — 6e3 00pabOTKH.

T. ATaKyJ'IOBl, H. OainGexos’, A. Cmanos', Y. Kaabiméeros'

'Kasak y/ITTBIK arpapiisIK 3epTTey yHHBepcHTeTi, AmvaThl, Kasakcran;
*Makraapan arpapibik Koitemki, Typkicran, Kasakcran

AJIMATBI OBJIBICBIHBIH TO3FAH TONBIPAFBIHJIA
MAM BYPIIAK OCIPYIIH PECYPC YHEMJIEMTIH TEXHOJIOT USLJIAPBI

AnHoTanusi. Makanana AnMatbl OONBICHIHBIH CKIHII peT TY3JaFaH CyapMaibl KepIl THIMAI HaiganaHy
nepekrepi kenripineni. Tys3ra Te3iMai puToMennapaHTTapAbl €Ty KoHE alalTOTeHAl KOIaHy OHIMAUTIKTI apTTRIpyFa
JKOHE TOTIBIPaK KYPBUTBIMBIH KaKcapTy¥Fa, TOIBIPAKTaFbl T3 MOJIIEpPiH a3aiTyFa acep eTTi. HoTmxkenep TombIpakThiH
»oraprbl Kabarrapbeiaga (0-20 cM) arpOHOMUSUIBIK KYHIIbI arperaTt mejimepi 64-ten 73%-ra kebeiieni, ain TepeHiri
(20-40 cm) 39-man 66%-ra AeiiH KeTel.

Tezimai cy arperarrapblHblH Memmepi 2-5%-Fa apTajpl, COHBIMEH KaTap TOMBIPAKTHIH KeJIEMJII Maccachl
Teper/iKTe yIFaiibin, oprama ecenmen 1,24-1,30 r/em’, an xapamripik Mesmepi 0,54-Ten 1,16% Kypamsl. durome-
JHOPAHTTHIH OCYy, JlaMy JKar[daiblH OaKblIay HOTHIXKEJIEPl OHBIH KAPKBIHJBI XKETLTy, )KEpYCTI MaccachlH, acipece,
aJIalTOTCHMEH OHJICITEH HYCKaJIap/ia KoOipeK KIUHAKTAIATBIHBIH KOPCETTi. OciMIikTep 266 cM N y3apas! (CynaHn
1me01), aJr eHaeyci3 Hyckana 257 cM, sxepycti maccackl 950-aen 2013 r-ra feiiiH xuHaIIbl. OUTOMETHOPAHTTAPABIH
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KapKBIHIBI 6CY1 apaMIIerike e dcep eTTi, OMapabIH KypaMbl maMansl 19-gan 22 naHa/M>-re JIeiiH, aJl alalITOreHMEH
eHIeY HycKachiHma 18-20 naHa/M. KoHak XyrepiHiH >Kackll MacCachlHBIH OpTallla OHIMAUII aJanToreHMeH
eHJIeNIMETeH Hyckanma 740,4 1y/ra, anm eHmenreH HyckacklHaa 777,4 w/ra, cyman 1mebi 947,0-990,3 w/ra, an mait
Oypurak TYKbIMBIHBIH eHIMILUIIr 54,7-56,4 1/ra apanbirbiHga 00sapl. OUTOMENTMOPAHTTAPABIH KapKbIHIBI JIaMybl
OHIMJIUTIKTI apTThIpyFa >KOHE TOMBIPAKTBIH KOFapFbl KadareiHaarbl Ty3abelH (0-20 cm) 0,06-man 0,27%-ra neiiin
a3aloblHAa BIKMAJ €TTi, TOMBIPAK KypaMbIHIAFbl TY3AbIH Kebipek aszato memmepi 0,27% exenpiri maiiOypmrax
OHJIIPINITeH TAHAIITA AHBIKTAJIIBL.

Y CHIHBITFaH TEXHOJIOTHS, TAMIIBUIATHIN Cyapy HOTIKeciHae, cyasl 70% yHemaetmi. Ipi KapaxkaT Kepek eTeTiH
COp IIAK0 JKOHE XUMHUSIIBIK THIICTCY 1 KaXKET eTHCH/II.

Tyiiin ce3mep: GpuTOMETHOPALIKs, TAMIIBUIATHIN Cyapy, [IAWBUIFAH JKepiep, KailTagama Ty3[aHy, aaanToreH-
ITA-2-1, kymaii, cyaan 1iebi, TYHHEKTI OaKkTepusuIIap, pU30TOPQUH.

T. Atakulov', N. Alipbekov’, A. Smanov', U. Kalymbetov'

'Kazakh national agrarian research University, Almaty, Kazakhstan;
? Maktaaralsky agricultural College, Turkestan, Kazakhstan

RESOURCE-SAVING TECHNOLOGIES FOR SOYBEAN CULTIVATION
ON DEGRADED SOILS OF THE ALMATY OBLAST

Abstract. The article presents data on the effective use of secondary saline irrigated land in Almaty oblast. The
use of salt-resistant phytomeliorants and an adoptogen contributed to a decrease in the salt content in the soil, along
with an increase in yield and improvement of the soil structure.

The results showed that in the upper layers of the soil (0-20 cm), the content of agronomically valuable
aggregates is higher and ranges from 64 to 73%, and with a depth (20-40 cm) it decreases and ranges from 39 to
66%. The content of water-bearing aggregates increases by 2-5% with depth, and the volume mass of the soil
increases with depth and averaged 1.24-1.30 g/cm3. The humus content ranges from 0.54 to 1.16%.

The results of observations of the growth and development of phytomeliorants showed that phytomeliorants
intensively grew, developed and accumulated aboveground masses, especially in variants with adaptogen treatment.
The height of plants reached up to 266 cm (Sudan grass), and on the variant without treatment was 257 cm.
Accumulated aboveground masses from 950 to 2013 gr. Intensive growth of phytomeliorants was suppressed by
weeds, and their contents were insignificant from 19 to 22 pcs/m2, and in the variant with adaptogen treatment was
from 18-20 pcs/m2. The average yield of sorghum green mass ranged from 740.4 centner/ha in the variant without
adaptogen treatment, and in the variant with treatment was 777.4 centner/ha. The average yield of sudan grass was
947.0-990.3 centner/ha, and soybean seed yield was in the range from 54.7-56.4 centner/ha. Intensive development
of phytomeliorants contributed to an increase in yield and a decrease in salts on the upper soil horizon (0-20 cm)
from 0.06 to 0.27%. The largest decrease in salts by 0.27% was observed under soybean crops.

The use of the recommended technology contributed to saving irrigation water up to 70% due to drip irrigation,
reducing the cost of washing and chemical reclamation — gypsum.

Key words. Phytomelioration, drip irrigation, degraded land, secondary salinization, adaptogen-PA-2-1,
sorghum, Sudan grass, nodule bacteria, rhizotorphin.
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DAIRY PRODUCTIVITY OF COWS OF THE HOLSTEIN
BLACK-AND-WHITE CATTLE OF THE KAZAKHSTAN POPULATION

Abstract. The article deals with the productive parameters of cows of dairy cattle of the Holstein black-and-
white breed in Kazakhstan. The research aimed to determine the level of productivity of the first-calf heifers of the
Holstein black-and-white cattle. As an object of the research, information was used on first-calf heifers lactating in
2016-2017 in the breeding herds of the Holstein black-and-white cattle of the Republic of Kazakhstan. The source
was the official data of the information-analytical system (IAS) of the livestock breeding of the Republic. The data
analysis on the dairy productivity of the cows-daughters of the estimated servicing bulls is carried out according to
the indicators of milk yield, the fat and protein content in milk, the yield of milk fat and protein for 305 days of
lactation and the research period.

Keywords: dairy productivity, breed, selection, regression coefficient, breeding category, servicing bulls,
breeding, efficiency.

The relevance of the topic. In the modern conditions of development of dairy cattle breeding in
general as an industry, the goal is to maximize profits, and breeding work in herds is aimed at reproducing
the largest number of highly productive animals for breeding in specific conditions. Among the “best”
animals are those that genetically determine the possibility to have the greatest profit in the established
economic realities of managing both in short and long terms [1,2].

Currently applicable in Kazakhstan, the official estimation of the breeding value of animals in dairy
cattle breeding is performed according to a set of breeding and productive qualities, in particular, in
servicing bulls, it is carried out following the “Instructions for checking bulls of dairy and dairy and meat
breeds according to the quality of offspring” [3].

The current instructions are based on principles and requirements that were developed in the first half
of the last century, which correspond neither to modern scientific approaches, primarily the quantitative
genetics, nor the current socio-economic conditions of the agro-industrial complex of the republic
[4, 5, 6]. This fact puts in doubt the objectivity of the comprehensive estimation currently used in the
breeding of the servicing bulls of dairy and dairy-meat breeds [7].

The relevant directions are also studies to determine the level of dairy productivity of the first-calf
heifers of the Holstein black-and-white population in the Republic of Kazakhstan.

Materials and methods of the research. The research material was the parameters of phenotypic
traits of dairy productivity of first-calf cows (milk yield, fat and protein content, milk fat and protein
yield) of the Holstein black-and-white dairy cattle breed, received from the republican database of the
information-analytical system of the Republic of Kazakhstan for 2016- 2017. Estimation of the breeding
value in the servicing bulls by the productive parameters of their daughters was done based on the current
Instructions [3]. Analysis of the research results was carried out using common methods of statistical
processing of data used in biological research. [8, 9, 10].
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Research results. According to statistics of the Ministry of Agriculture, as of January 1, 2018, the
number of breeding cattle in the republic amounted to 772,615 animals, including 342,041 cows. Of the
total number of breeding animals, 260,877 animals, or 33.7%, were cattle of dairy and dairy-meat
productivity directions, and the share of breeding cattle of the total number of cattle in the Republic
(6,764.2 thousand animals as of 01.01.2018) was - 11.4% [11].

Of the total number of breeding cattle in the information-analytical system database, the Holstein
breed amounted to only 103,445 animals or 13.4%, including 43,721cows or 7.8% of the total breeding
stock of cows [11].

The information-analytical system in the Republic of Kazakhstan was adopted at the legislative level
in 2010 and its database is used in scientific research, as well as advanced in the practice of breeding
livestock, which allows: to record in high-level livestock and breeding in business entities and register of
daily events occurring in them; to monitor the state of breeding work on farms, in particular, and the dairy
industry, in general; to monitor the implementation of planned zootechnical and veterinary measures; to
analyze the dynamics of the dairy productivity of cows and the reproduction of the breeding stock; to
determine the efficiency of breeding and selective work in dairy cattle populations; to use modern
methods of genetic assessment of all categories of breeding animals; to apply fundamentally new
approaches to breeding work planning; to choose options for individual and group selection of animal
pairs for organizing a reproduction system of the genetic resources in population [12, 13].

At the initial stage of the research, phenotypic data were downloaded (milk yield, fat and protein
content, milk fat and protein yield) of the first-calf heifers of the Holstein black-and-white breed. Based on
the data downloading from the IAS, the processing of productive parameters was carried out. The main
phenotypic indicators of the estimated first-calf heifers population are given in table 1.

Table 1 — General characteristics of the studied indicators of the population of the Holstein black-and-white breed

. Extreme values
Indicator Mem o Minimum | Maximum
2016 (n=1468)
Milk yield, kg 4862.3+99.810 1597.0 1005 9999
The yield of milk fat, kg 184.1+3.806 60.9 31 419
Fat content in milk, % 3.79+0.018 0.29 2.00 5.86
The yield of milk protein, kg 160.0+3.312 53.0 30.90 338
Protein content in milk, % 3.3+0.011 0.18 2.57 4.67
Age at the st calving, months 27.1+0.248 3.98 20.0 40.0
Milking days, days 308.2+2.061 32.98 211 499
2017 (n=2001)
Milk yield, kg 5615.2+148.3 1822.7 2013 9999
The yield of milk fat, kg 216.8+5.810 714 62.5 492.1
Fat content in milk, % 3.87+0.032 0.40 2.46 5.88
The yield of milk protein, kg 188.6+5.191 63.8 58.8 479.7
Protein content in milk, % 3.34+0.020 0.25 2.64 5.94
Age at the 1st calving, months 27.3£0.294 3.62 20.0 40.0
Milking days, days 314.3+3.127 38.43 242.0 589.0
2016-2017 (n=3469)
Milk yield, kg 5296.6+115.7 1770.1 1005 9999
The yield of milk fat, kg 203+4.517 69.1 31.0 492.1
Fat content in milk, % 3.84+0.023 0.36 2.0 5.88
The yield of milk protein, kg 176.5+3.994 61.1 30.9 479.7
Protein content in milk, % 3.32+0.014 0.22 2.57 5.94
Age at the 1st calving, months 27.2+0.247 3.78 20.0 40.0
Milking days, days 311.742.376 36.35 211.0 589.0

It was found that the average milk yield of first-calf cows in the Holstein black-and-white population
for 2016-2017 amounted to 5296.6 kg. The age of the animals during the first calving was on average
27.2 months (the desired age for the first calving is 23-24 months), which is evidence of the use of an
extensive system for raising young dairy cattle in households of the Republic of Kazakhstan at present.

It should be noted that by modern zootechnical requirements, the desired age for insemination of
heifers of dairy breeds is 14-16 months when they reach 60-70% of the live weight of an adult cow
[14, 15, 16].
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It is known that when evaluating the efficiency of selective and breeding work applied in a breed
(population), a valuable role is played by a record of the selection and genetic parameters of economic
traits in animals [17].

Taking this situation into account, along with the estimation of the breeding and genetic parameters of
the livestock, we calculated the coefficients of regression of the estimated indicators of dairy productivity
of cows by factors (age at the 1st calving, duration) included in the model (table 2).

Table 2 — Regression coefficients of the main breeding traits of dairy productivity of first-calf heifers

The coefficient of regression of the indicator on calving age and day
2016 2017 2016-2017
Indicators (n=1468) (n=2001) (n=3469)
Age of the Duration Age of the Duration of | Age of the Duration of
first calving, | of lactation, first calving, lactation, first calving, lactation,
months days months days months days

Milk yield, kg -28.5655 +8.9183 -44.3881 +5.2632 -12.0754 +5.2653
Fat content in milk, % -0.0030 -0.0001 -0.0010 +0.0001 -0.0023 +0.0001
The yield of milk fat, kg -0.8431 +0.3293 -1.7464 +0.2103 -0.6108 +0.2122
Protein content in milk, % +0.004 -0.0002 -0.0011 +0.0001 -0.0003 +0.0001
The yield of milk protein, kg -0.9427 +0.2777 -1.3178 +0.2091 -0.2611 +0.1940

As the analysis showed, a rise in the age at the 1st calving in cows of the studied population not only
leads to the increase in the length of the expenditure period when raising animals, but also negatively
affects the milk yield of cows per lactation (r=-28.5/-44 kg/month), the yield of milk fat
(r =-0.85/-1.75 kg/month) and the yield of milk protein (r = -0.94/-1.32 kg/month), although these values
are not so big, no less, taking into account that the average age ay the 1st calving exceeds 27 months, the
identified trend is clearly undesirable and can significantly rise with increasing dairy productivity of cows,
which is observed almost all the time during the studies [12,13]. It should be noted that the increase in the
age of lactating in cows had practically no effect on the change in the qualitative characteristics of milk
(the regression coefficients were close to zero in terms of the considered indicators).

In such a way, it was found that an increase in the duration of lactation increased the amount of milk
per lactation, the amount of milk fat and protein. However, in this case, the values of the regression
coefficients were not significant (for milk yield - +5.3/+8.9 kg/day, for fat yield - +0.21/+ 0.33 kg/day, for
protein yield - +0.22/+ 0.28 kg/day), i.e. as in the previous case, the indicators of fat content and protein
content of milk actually did not change under the influence of the effect of “duration of the lactation”.

Conclusion. The research found that the average milk yield of first-calf cows in the population of
Holstein black-and-white cattle in the Republic of Kazakhstan for 2016-2017 amounted to 5296.6 kg, and
the age of animals at the first calving was 27.2 months on average. It was revealed that with the rise in the
age at the first calving by 1 month, the milk yield of heifers for lactation in all periods decreased, and with
an increase in the duration of lactation by 1 day, a significant increase in the daily milk yield was noted.
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KA3AKCTAHABIK ITIONYJISAOUSJIBIK I'OJIITUH
KAPAJIA CUBIP MAJIBIHBIH CYT OHIMLJIT'T

AnHoTanusa. CyTTi Man IIapyallblIbIFBIH JAMBITYJbIH Ka3ipri jkarjaiblHAa >Xaiamel caja peTiHae OapblHIIA
Ml IaIbUIBIK JKaFbl MAKCAaTKa aJIbIHFAH JKOHE TAOBIHABI achUIIAHBIPY KYMBICH HAKTHI KaFJaia eHIMIUIIr dKOFapel Mal
ecipyre OarbiTTaniaabl. «Y3AiK» jKaHyapiiap KarapblHa KaKblH apaja Aa, 0oianiakra Ja mapyanibUIbIKTBIH KaJbINTaCKaH
9KOHOMUKAJIBIK OOJIMBICHIH/IA KOTI Talia aily MyMKIHAIT{H TeHeTHKAJIbBIK HeTi3IeHTiH jKaHyapiap KaTabl.

Kasipri yakpitra Kasakctanma KOJJAHBUIATBIH CYTTI Majl MIAPYallbUIBIFBIHAAFI MAJIBIH aChUl TYKBIMJIBI KYHIIbI-
JIBIFBIH pecMHU Oarajiay achUl TYKBIMJIBI JKOHE OHIMIUIIK CallachIHBIH KellleHI OOWBIHINA JKYpri3ijieai, aran anTKaH[a,
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OykanapablH «TyKbIM camachl OOMBIHINA CYTTi XKOHE CYTTIi-€TTi TYKBIMJIbI OyKanaapbl TEKCEPY KOHIHJAETI HYCKAYJIBIKKa»
(2007 »xbun) coiikec ky3ere achipbiiansl. Kazakcran PecnyOnuKachlHAAFbl TONIITHH Kapaia TYMCAHBIH CYT ©HIMILTIK
JICHISHiH aHBIKTaY JKOHIHJET] 3epTTeyJIep € ©3€KTi OaFbIT OOJIBII CaHAIA/IbI.

3eprrey Matepuanaapsl petinge 2016-2017 xoiinapsl Kazakcran PecnyOnuKachbiHBIH aKMapaTThIK-TaIIay KYHECiHIH
pecyOnMKanbIK JepeKTep KOPbIHAH aJIBIHFAH TOJIITHH Kapajia TYKbIMABI CHBIPABIH CYT OHIMILUIITiHIH (eHOoTUNTiK Oeri
KepceTKimTepi (cayy OeHreiti, CyT KypaMbIHAAFbl Mali MEH aKybl3, CYT Maibl MEH aKybI3/IbIH IIBIFYbI) KOPiHI.

AyBbII HIapyallbUIbIFbl MUHUCTPIITIHIH CTaTUCTUKAchlHAa coiikec, 2018 »xpinFbl 1 KaHTapha pecnyOnuka OoiibIHIIa
achUT TYKBIMIIBI ipi Kapa Man canbl 772 615 6acka (oHbIH imriHge 342 041 cubip) eTTi. ACBUT TYKBIMIBI MAJIIBIH JKAJIIbI
canbiHaH 260 877 Oac Hemece 33,7% CYTTI jKOHE CYTTi-eTTi OaFbITTarbl Masl 0OJIIbl, il pecryOnuka OOWBIHIIA ipi Kapa
MAaJIJIBIH JKaJIIbl CAHBIHAH aChlI TYKbIM/IBI MasbIH yiec canMarsl (01.01.2018 xbutra 6 764,2 mbix 6ac) — 11,4%.

AKnapaTThIK-Taj1ay KYHeciHiH nepekTep 0a3achIHa KaJIbl aChlT TYKBIMBI ipi Kapa Majl OachIHBIH iLIIHEH TOJIITHH
TyKpIMBI 103 445 Hemece 13,4% Oacthl, oHbIH inmiHAge 43 721 Gac cublp OapibIK achUl TYKBIMABI Maji OachIHBIH 7,8%
Kypainbl.

2016-2017 xsiimapst Kazakcran PecmyOnikachsiHIa TOMMITHH Kapaia MaJl MOMYJISIISICHIH/IA aTFAIIKBl CHBIP CayyIbIH
oprama aeHredi 5296,6 xr kypanel, an OipiHIII Tesaey Ke3iHIe *KaHyapliapJblH jKachl opTaiia ecermneH 27,2 aiira TeH
6onel. Bipinnn TenmeyaiH xkachkl | aiifa yJIFatobl apKbUTbl 0apiibIK K€3EHJIC CYT LIBIFY YIIH aJIFalIKbl TONICYIIH a3asThIHbI
aHBIKTAJIIIBI, )1 CYT IIBIFY Y3aKThIFbI | KyHre KOOCUTeHIE CYTTIH TOYJIKTIK CaybUTybl €0yip YIFaiFaH.

2016-2017 xplnpapsl TOMIUTHH Kapajla Majl MOMYJISLUACHIHAA alFalllKbl CHBIPABIH OpTalla cayy JeHreii 5296,6 kr
CKEeH/IIr aHBIKTaNABI. BipiHI Tenaey ke3iHaeri MaJIbIH JKackl opraiia ecenreH 27,2 ait 6oyl (OipiHII TeNIeHETIH Mall
Kacel 23-24 aif), Oyn Kasipri yakeitTa Kazakcran PecmyOnMKachIHBIH HIapyallbUIbIK KYPBUIBIMBIHIA CYTTI Maja TeJiH
eCipyIiH SKCTCHCHUBTI XKYHECiH NaliananyablH A9Jei OOJIbIN caHalla/Ibl.

Kasipri 3aMaHFbl 300TEXHHUKAIBIK TaJanTapFa COUKeC, CYTTI TYKBIMIBI Kallap/Ibl YPHIKTAHABIPYAbIH KaXeTTi Mep3iMi
epecek CHBIPIBIH Tipi canMarbiHbIH 60-70% sxeTkeHne, sFHu 14-16 aif merinmeri skac eKeHiH aTan oTKeH XoH. TyKbMaa
(momynsIuAAa) KOMMAHBLUIATHIH CENCKIIMSITBIK-aChLT TYKBIMIBI KYMBICTHIH THIMAUTITIH Oaranayqa MajlaH IapyaiiblibiK-
naiansl OenriepAiH ceNeKIHUsIIbIK-TeHETUKATIBIK ITapaMeTpIIepiH ecelKe aly >KYMBICTAphI YIAKESH PO aTKapambl.

Ocbl xargaipl ecKepe OTBIPHIN, Mall OAachIHBIH CEJEeKIHAIbIK-TEeHETUKANBIK IapaMeTpiepin OaramaymeH KaTap,
MoJienbre eHrizinren ¢akropiapra (1 Tex jkachl, Y3aKTHIFbI) CHBIPJBIH CYT OHIMIUIITIHIH OarallaHaThIH KOPCETKIIITEPiH
perpeccusiiay ko3ddunuenti ecentenai. Tannay »yMbICTapbl KOPCETKEHICH, TaJlIaHbII OTHIPFaH MOMYJISHUSIHBIH CUBIP-
IBIH | TOJIEHTIH XKachlH YIFalTKaH A )KaHyap sl 6cipy OapbIChIH/IA IIBIFBIHHBIH Ke3¢H OOMBIHIIA KOOCIIMEH KaTap, CHBIP
caybUIbIMbIHA (1=-28,5/-44 xr/aii), cyT maiibl (1=-0,85/-1,75 kr/ait) MeH CyT aKybI3bIHBIH IIBIFbIMbIHA (1=-0,94/-1,32 Kkr/aif)
Tepic acep ereni, Oy MOHAEP COHIIANBIKTHI KON OOMMaraHBIMEH, | TeNieydiH opTalia xackl 27 aiilaH acaThIHBIH €CEeIKe
JIFaH/a, aHBIKTAJIFaH YPAIC CO3Ci3 OPBIHCHI3 XKOHE CHBIPABIH CYT OHIMIUIIN alTapiblKTail apTybl MYMKiH, OyJI skaibIHIa
3epTTeyiiepe KeHiHeH aiTbuianst [12,13].

CublpabIH cyT Oepy Ke3eHiH y3apTy CYTTiH camajblK CUIaTTaMachIHBIH e3repyiHe eIIKaHgai ocep eTIeHTIHIH aTam
OTKEH J>KOH (KaMTBUIFaH KepceTKimTep OoibIHINAa perpeccus koddduumeHtTepi Henre >kakplH Oomasl). Jlakramms
Y3aKTHIFBIH YJIFAHTy CYT WIBIFBIMBIH, CYT Maibl MEH aKybl3 MeJILEpiH apTThIpaisl. Ausaiga, Oy xarmaiiga perpeccus
KO3 PHUIHUEHTTEPIHIH MOHI MapIbIMChI3 00a bl (YPBIKTaHABIpY OofibIHIIA +5,3/+8,9 KI/KYH, MaiIbIH IIBIFBIMbI OOWBIHIIIA
+0,21/+0,33 Kr/KkyH, aKkybI3bIH IIbIFbIMBI OOMbIHIIA +0,22/+0,28 KI/KYH), SFHHM aJJIbIHFbI JKaFJaiJaFrblaai, Maillibl XoHEe
aKybI3/Ibl KOPCETKIIITEP «JIAKTALUS Y3aKThIFbI» 9CEPIHiH CallIapbIHAH iC JKY31H/IE 63repMeii.

Tyiiin ce3nep: cyT OHIMILUIIT, TYKbIM, CENEKIUs, perpeccust KodQQuIMenTi, achll TYKBIMIBIK CaHaT, TYKbIM OepeTiH
Oykanap, ipikTey, THIMIUTIK.

K. XK. )Kymaﬂosl’z, A L. BaiflMyKaH033

'TOO «Kazaxckuii Hay4HO-HCCIIEIOBATEILCKUN MHCTUTYT )KUBOTHOBOJICTBA 1 KOPMOIIPOU3BOACTBaY, Kazaxcran, AnMarsr,
2(I)e/:[epanLHoe rocyJlapCcTBeHHOE 010/PKeTHOE HayuHOe yupexaenue «DenepanbHblii HayyHbIH LEHTP )KUBOTHOBOJICTBA —
BUWX umenn akanemuka JI.K. DpHcray, Poccuiickas denepanns, MockoBckas 061acts, r. 0. [1o10mbcK;
*Poccuiickuii TOCyAapCTBEHHBIN arpapHblii yHUBEPCUTET — MOCKOBCKas CEIbCKOX03HCTBEHHAs aKaJeMUs
nM. K. A. TumupsizeBa, Mocksa, Poccus

MOJIOYHAS MPOAYKTUBHOCTD KOPOB IrOJIIITHHCKOI'O
YEPHO-MECTPOI'O CKOTA KA3BAXCTAHCKOW NOMYJIAIAA

AHHOTanus. B COBpeMEHHBIX yCIOBUSAX Pa3sBUTUS MOJOYHOIO CKOTOBOJICTBA B LIEJIOM KaK OTPACiU CTaBUTCS LIEJb
MOJTyYeHUS] MaKCUMaIbHON NMPHOBUIH, U TUIEMEHHash paboTa B CTagax HampaBisieTcs Ha BOCIPOM3BOACTBO HAHOOJBIIETO
KOJINYECTBA BBICOKOIPOIYKTHBHBIX KMBOTHBIX JUIS Pa3BEACHUS B KOHKPETHBIX yCIOBUAX. K 4HCIy <«(TydIINX» )KUBOTHBIX
OTHOCSITCSI T€, KOTOpbIe TEHETHUECKH 00YCIIOBIMBAIOT BO3MOXKHOCTH MONy4YeHUS] HauOOoJbLIeH NPUOBUIN B YCTOSBIIMXCS
HSKOHOMHMYECKHX PEaIMsIX XO35MCTBOBAHUS KakK B OJIM)KalIlIne CPOKH, TaK U Ha IIEPCIIEKTUBY.

IIpumensiemass B Hactosimee BpeMss B Kaszaxcrane o¢uuuanbHas OIEHKA IUIEMEHHOM EHHOCTH >KHBOTHBIX B
MOJIOYHOM CKOTOBOJICTBE IIPOBOJMTCS 1O KOMIUIEKCY IUIEMEHHBIX M NPOJYKTUBHBIX KayecTB, U B YAaCTHOCTH, OBIKOB-
MIPOU3BOJUTEINEH, OCYIECTBISIETCSI B COOTBETCTBHU ¢ «HCTPYKIMHK 1O MPOBEpKe OBIKOB MOJIOYHBIX U MOJIOYHO-MSICHBIX
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nopoJ 1o kadectBy mnoroMmctBa» (2007 roma). AKTyalbHBIM HampaBiI€HHEM TaKKe SBIAIOTCS MCCIEAOBAaHHUA IO
OIIPEAEIIECHHUIO YPOBHS MOJIOYHON NMPOAYKTUBHOCTH MEPBOTEIOK TOIMTHHCKON 4€pHO-NIECTpOi nomysinuu B PecryOmnmke
Kazaxcrane.

MarepHuanaoM HCCIEAOBAHUH IOCTYKHIM ITOKa3aTead (EHOTHIIUYECKHX NPH3HAKOB MOJOYHON MHPOLYKTHBHOCTH
KOpPOB-IIEPBOTENIOK (YPOBEHb Y051, COJIEpKAaHUE )KUpa U OelKa B MOJIOKE, BBIXO MOJIOYHOT'O JKHpa U OeJKa) TONIITHHCKON
YEepHO-NECTPOH TOPOABI MOJOYHOTO CKOTA, IIOJNyYEHHBIE M3 PecHyONMKaHCKOH ©a3bl MaHHBIX HHPOPMALMOHHO-
aHanuTH4yeckoi cucremsl PecryOnuku Kaszaxcran 3a 2016-2017 rozsl.

CornacHO JaHHBIM CTaTHCTKH MUHHCTEPCTBA CENBCKOTO XO34HCTBa, MO cocTtosiHUio Ha | sHBaps 2018 roxa,
YUCJIEHHOCTh IJIEMEHHOIO KPYIHOIO POraToro CKoTa 1o peciyOiuke cocraBuia 772 615 ronos, B T.4. 342 041 xopos. U3
001IIe# YMCIECHHOCTH IIJIEMEHHBIX JKUBOTHBIX 260 877 ronoB min 33,7% COCTaBIISLII CKOT MOJIOYHOI'O X MOJIOYHO-MSICHOTO
HaTpaBJICHUH [TPOTYKTUBHOCTH, a y/IEJIbHBIA BEC MJIEMEHHOT'O CKOTa OT O0IIeH YMCICHHOCTH KPYITHOTO POraToro CKoTa 1o
pecnyonuke (6 764,2 teic. ronos Ha 01.01.2018) 6511 — 11,4%.

W3 ofmiero morosioBesi IJIEMEHHOTO KPYIMHOTO pOraTroro CKora B 0a3e JaHHBIX MH(OPMAlMOHHO-aHAJIMTUYECKOH
CHCTEeMBI TONIIITUHCKAs Topoja coctasmia Becero 103 445 ronos winu 13,4%, B Tom uncne 43 721 ron. xopos wim 7,8% ot
BCET0 IJIEMEHHOT'O ITOT0JIOBbS KOPOB.

CpenHuil ypoBeHb YHOsI KOpPOB-TIEPBOTENOK B IIOMYJSIUHM TOJIITHHCKOTO YEPHO-NECTPOrO CKOTa B PECIyOiInKe
Kazaxcran 3a 2016-2017 roxel coctaBuil 5296,6 Kr, a BO3pacT XHMBOTHBIX IPU NEPBOM OTENIE, B CPEAHEM, PaBHsIICA
27,2 mecsnaM. BpIsIBIIEHO, YTO ¢ YBEIMUEHHEM BO3pacTa NepBOro oTéia Ha 1 Mecsl, yIoi MepBOTENOK 32 JAKTAIHIO BO BCE
MEPUOJbl YMEHBIIAICS, a NPU YBEIWYCHUU JUIMTENILHOCTH JIAKTAllMK Ha | JIeHb OTMEYEHO CYIIECTBEHHOE YBEJIMYCHHE
CYTOYHOTO HAJIOS MOJIOKA.

Y CcTaHOBIIEHO, YTO CPEHUI YPOBEHD Y101 KOPOB-TIEPBOTEIOK B MOIMYJISIIMH TOJIITHHCKOTO YePHO-NIECTPOrO CKOTA 32
2016-2017 romer coctaBun 5296,6 xr. Bo3pacT »XKMBOTHBIX TIpU TIEPBOM OTEJe, B CpemHEM, paBHsuIcS 27,2 mecsam
(>xenmaTesIbHBIM BO3pacT mepBoro oréna — 23-24 mec.), 4To sBISETCS CBHICTEILCTBOM UCIOIL30BAHUS B HACTOSAIEE BpeMs
9KCTEHCHBHOM CHCTEMBI BBIPAIIMBAHUS MOJIOIHIKA MOJIOYHOTO CKOTa B X03(opmupoBanusx Pecryonmnku Kazaxcran.

Crnenyer OTMETHTB, YTO B COOTBETCTBHU C COBPEMEHHBIMH 300TEXHHYECKMMHU TPEOOBAHUAMHU JKEJIATEILHBIM CPOKOM
OCEMEHEHHS TEJIOK MOJIOYHBIX IOPOJ ABJISETCSA BO3pacT B mpezenax 14-16 mecsues, npu poctwkeHnu umu 60-70% >xuBoit
Macchl B3pOCIOH KOpoBBlL. M3BecTHO, uTO NpH OLEHKEe 3(P(PEKTUBHOCTH, NPAKTUKyeMOH B Hopoje (MOMyJISnuu)
CEeNeKIIMOHHO-TUIEMEHHOH PaboThl, OONBIIYIO POJIb UTPAET YUET CENCKIIMOHHO-TeHETHIECKUX [TapaMeTPOB XO3IHCTBEHHO-
TMIOJIE3HBIX TIPU3HAKOB y )KUBOTHBIX.

C y4€TOoM 3TOro HOJOXKEHHUS, Hapsly C OLEHKOH CeNeKIMOHHO-TeHETHUYECKUX MapaMeTpOB IMOroJIOBbsS, HAMH OBLIH
paccuuTansl Kod()(GUINEHTH PETPEecCCHH OLICHWBAEMBIX MOKa3aTeneil MOJOYHOH MpPOIYKTHBHOCTH KOPOB Ha (haKTOpEI
(Bo3pact 1-ro oTéna, mMpOIOJDKUTENBHOCTD), BKIIOYEHHBIE B MoAeib. Kak mokaszan aHanu3, yBeJIMYeHHE Bo3pacTta l-ro
oTéna y KOpPOB aHAJIM3MPYyeMOH MNOMYISIOUHA HE TOJIBKO HPUBOAUT K YBEJIUYCHHIO HPOJOIDKHTEIBHOCTH 3aTPaTHOTO
Nepuo/a Mpy BhIPAIMBAaHUU KUBOTHBIX, HO M HEraTUBHO OTPa)KaeTCsl Ha yJ10€ KOPOB 3a JlakTauuto (r=-28,5/-44 xr/mecs),
Ha BBIXOJIe MosiouHoro xupa (r=-0,85/-1,75 kr/mecsi) u Bbixoxe MojiouHoro oOenka (r=-0,94/-1,32 kr/mecsir), XOTs 3TH
3HAYCHUSI U HE CTOJb BEJIMKH, TEM HE MEHEe, YYHMTHIBas, YTO CPEIHHUIl BO3pacT l-ro oréna mpeBocxomut 27 MecsIeB,
BBISIBJICHHAS! TCHICHIMS SIBHO HEXeJNaTeJIbHA U MOXKET CYIIECTBEHHO YBEIMUYHUTHCS C POCTOM MOJIOYHOM HNPOAYKTHBHOCTH
KOpOB, YTO B HCCIICIOBAHHMAX OTMEYaeTcsl mpakTuyecku moscemectHo [12,13]. Cnmemyer OTMETHUTh, YTO YBEIMYCHHE
BO3pacTa JaKTUPOBaHMS KOPOB HE 0Ka3alo MPAKTHUECKH HUKAKOTO BIMSHUS Ha U3MEHEHHE KadeCTBEHHBIX XapaKTEePUCTUK
MOJIOKa (110 0XBa4E€HHBIM ITOKa3aTessiM KO3 pUIMeHThI perpeccu ObLIH OJIM3KU K HYIIIO).

VYcTaHOBIEHO, YTO YBETHMUYEHUE HPOJOJLKUTEIBHOCTH JIAKTAIIMH TIPUBENO K YBEJIMUCHUIO KOJMYECTBA HaJlaHBAeMOTO
MOJIOKa 3a JIAKTAIHI0, KOJHYECTBa MOJIOYHOTO >XHpa W Oenka. OZHAKO W B 3TOM cCllyyae 3HaueHHs KO3((HUIMEHTOB
perpeccun OBUIO HE CYIIECTBEHHBIM (10 Y010 - +5,3/4+8,9 kr/nens, o Beixoay xwupa - +0,21/+0,33 kr/naeHs, Mo BHIXOIY
Oenka - +0,22/+0,28 kr/neHp), T.e. KaKk ¥ B MPEIBbIAYIIEM ClIy4ae, MOKa3aTeld )XHPHOMOJIOYHOCTH U OEITKOBOMOJIOYHOCTH
(akTHYeCKN He U3MEHWIIOCH 0]l BO3IEHCTBHEM (P deKTa «IIPOTOIDKUTEIEHOCTD JIAKTAIHN.

KnioueBble ci0Ba: MOJIOYHAs IPONYKTUBHOCTb, IIOPOJaA, CEJNEKIMSA, KOIQGHLIUEHT perpeccuu, IUIeMeHHas
KaTeropus, OBIKH-TIPOM3BOAUTENH, OTOOD, SD(HEKTUBHOCTS.
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BASIC CONSTRUCTION PRINCIPLES FOR MULTI-FUNCTIONAL
HYDRO AGROLANDSCAPE SYSTEMS

Abstract. Based on the principles of natural analogies, the necessary diversity, the ability of soil formation and
the integration of knowledge, multifunctional hydroagrolandscape systems have been developed, including
multifunctional systems (crop rotation fields and irrigation technique), which ensure the fulfillment of the ecological
and economic functions of the soils of hydroagrolandscape systems. Multifunctional hydro-agrolandscape systems
for the purposeful regulation of the soil-forming process on irrigated crop rotation fields by designing crop rotation
and an irrigation system on irrigated lands (hydro-agricultural landscape system) with the linkage of agricultural
crops to irrigation equipment and technology, which move along with agricultural crops according to the rotational
scheme, adopted in the crop rotation, ensure the maximum possible use of solar energy for the soil-forming process
in specific natural and climatic conditions. The environment-forming functions of a multifunctional hydro-
agrolandscape system are provided on the basis of the use of integral criteria to ensure the agroecological
sustainability of irrigated crop rotations (hydroagrolandscapes), taking into account geoecological restrictions, that is,
the weighted average irrigation rate (water demand deficit) of agricultural crops in the crop rotation should not
exceed the deficit of the ecological water requirement of agricultural land systems.

Thus, the design of highly productive hydrolandscape systems requires ensuring compliance with not only the
principles of the necessary diversity and natural analogies, based on the creation of se-rotations with mobile
irrigation techniques to control and regulate soil-forming processes, that is, the soil as an object of influence
(reclamation) performing an ecological function , and agricultural crops as a subject perform an economic function,
requires the need, on the basis of the principle of knowledge integration, to form ways of regulating the natural
process that provide targeted regulation and control of soil-forming processes as environment-forming systems.

Keywords: principles, design, system, hydro-agricultural landscape, crop rotation, crops, irrigation technique,
function, design, soil formation.

Introduction. One of the main elements of the technology of irrigation of agricultural crops is the
method and technique of irrigation, which, along with the system of agriculture, control the factors of
plant life and the soil-forming process in hydroagrolandscape systems. The irrigation technique is, in
essence, the closing link in the general water supply system for agricultural crops and, unlike other
elements of irrigation systems, is not linear, but areal in nature, and, therefore, has a direct effect on all
components of natural landscapes - surface layer of the atmosphere, plants, soil, surface and groundwater.
The influence of irrigation technique on the atmosphere is expressed in an increase in humidity and a
decrease in the lack of saturation of the surface air layer; on the soil - in an increase in moisture; on
vegetation - in an increase in transpiration and productivity; to groundwater - to increase moisture
exchange between soil and groundwater; to surface waters - in the discharge of surface waters. Moreover,
the nature and degree of this influence depends on the methods and techniques of irrigation and the
characteristics of natural and economic conditions.

In this regard, the development and substantiation of methods and techniques for irrigation, taking
into account the biological characteristics and requirements of the soil-forming process, ensuring the
rational use of water, land and other material resources, as well as the minimum negative impact on the
natural environment, are one of the most important tasks of irrigated agriculture. in the arid zone.
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At present, the involvement of water and land resources in the process of agricultural production, in
particular in irrigated agriculture, where agricultural crops are considered the object of reclamation, leads
to a deterioration in soil fertility and the soil-forming process, which have become the main reason for the
rapidly progressive deterioration of the ecological situation of hydro-agrolandscape systems [1; 2; 3].

Analysis of research on the problem.

1. Comprehensive arrangement of natural landscapes with a variety of vegetation covers, providing
the design of highly productive hydro-agrolandscape systems, is mainly based on two principles of nature
management:

- the principle of the necessary diversity, that is, the crop rotations created within the hydro-
agrolandscape systems should be as diverse as possible in their composition, this is confirmed by the «rule
of monoculture» by Yu. Odum, that is, firstly, the crop rotation should include many agricultural crops,
secondly, created by man to control the water regime of soils, it should be as diverse as the conditions for
the formation of the water regime of soils in different parts of crop rotation fields;

- the principle of natural analogies, that is, the application of directions of resource use technologies
(irrigation techniques), which, if possible, reproduce the natural processes of functioning of the
components of nature, should ensure the eco-compatibility of equipment and technologies with nature and
the repeatability of the natural regime in a long-term cycle.

2. For a correct understanding of the goals and objectives of irrigated agriculture, that is, the
reclamation of agricultural lands, in order to clarify scientific views and worldview, it is necessary to
determine the value system and designate the objects of influence in order to ensure the ecological
sustainability of the natural system and the economic purchasing power of soils, as an integral component
of the Earth in the process of the productive force of agriculture, which acquire the ability through the soil
to serve as a nutrient medium and habitat for green plants, that is, the soil as an object of influence
(reclamation) performs an ecological function, and agricultural crops, as a subject, perform an economic
function, which requires the need for purposeful regulation and management of soil-forming processes in
hydro-agrolandscape systems for the preservation, restoration and reproduction of soil fertility.

3. Modern hydro-agrolandscape systems, consisting of crop rotations and irrigation systems, are
designed for the use of one type of irrigation technique with special design water supply regimes, that is,
for example, the principle of operation of the drip system of soil layer moistening is aimed at local and
precise moistening of the root layer of soil, where the activity of the soil-forming process stops and after a
few years it will lose its purchasing value as a result of the violation of biochemical processes in hydro-
agrolandscape systems.

Thus, the design of highly productive hydrolandscape systems requires ensuring compliance with not
only the principles of the necessary diversity and natural analogies, based on the creation of crop rotations
with mobile irrigation techniques to control and regulate soil-educational processes, that is, the soil as an
object of influence (melioration) performs an ecological function, and agricultural crops as a subject
perform an economic function, but it also requires the need, on the basis of the principle of knowledge
integration, to form methods for regulating the natural process that provide targeted regulation and control
of soil-forming processes as environment-forming systems.

Purpose of the study — on the basis of the principles of natural anologies, the necessary diversity, the
ability of soil formation and the integration of knowledge, to develop a multifunctional hydro-
agrolandscape system for the purposeful regulation of the soil-forming process in irrigated crop-rotation
fields by designing a crop rotation and an irrigation system on irrigated lands (hydro-agrolandscape
system) with reference to agriculture agricultural crops to irrigation technique and technology, which
move along with agricultural crops according to a rotational scheme, adopted in crop rotation, which
ensure the maximum possible use of solar energy for the soil-forming process in specific climatic
conditions.

Materials and research methods. A multifunctional hydroagrolandscape system is a combination of
an irrigation system and crop rotation, which can perform one and the same task in different ways and
irrigation techniques, taking into account the biological characteristics of crops, characterized by different
indicators of efficiency indicators, providing an optimal soil-forming process in the rotation cycle
corresponding to the energy resources of natural systems.
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A modular multifunctional system (crop rotation fields and irrigation technique) is a hormonal set of
agricultural crops and irrigation technology, united by intrasystemic connections to perform a set of
functional tasks set by certain conditions, that is, water supply, soil fertility reproduction, regulation of the
geological and biological cycles of water and chemicals that provide ecological and economic functions of
soils of hydroagrolandscape systems.

At the same time, the development of a multifunctional hydro-agrolandscape system is based on the
principles of natural analogies to preserve the possibility of reproduction of natural processes of
functioning of landscape components, the necessary diversity, where cultural crop rotations should be as
diverse as possible in their composition of agricultural crops, the ability of soil formation - to perform
ecological and economic functions within the systems (crop fields and irrigation techniques) and
knowledge integration - the process of synthesizing knowledge of natural and applied sciences in the
formation of a scientific base for modeling the components of hydro-agrolandscape systems.

Environment-forming functions of a multifunctional hydro-agrolandscape system are provided on the
basis of using integral criteria to ensure agroecological sustainability of irrigated crop rotations
(hydroagrolandscapes), taking into account geoecological restrictions, that is, the weighted average

irrigation rate (water demand deficit) of agricultural crops in the crop rotation (O;") should not exceed the
ecological norm deficit water requirements of agricultural land ( 0139 ) hydroagrolandscape systems:

OIC,p < Oz WA O;p /0]3, =1.0 [2]. For agro-ecological substantiation of the optimal composition and

structure of crop rotation, the following system of equations can be used [2]:

n n
> Opi-a;<0}; Yaj=10,
i=l1 i=1
where Op; - irrigation rate of the accompanying crop (water consumption deficit) crop rotation; ¢; -

share of participation of Z accompanying crop rotation.

The use of a multipurpose approach to the design of a multifunctional hydro-agrolandscape system
with methods of organizing and managing the economy, covering a whole range of measures aimed at
creating a crop rotation with mobile irrigation techniques, providing targeted management and regulation
of the soil-forming process, should ensure the eco-compatibility of technology and technology with nature
and the repeatability of natural regime in a multi-year cycle.

Research results. To implement the proposed principles and geoecological constraints in the
complex arrangement of hydro-agrolandscape systems, a method of creating a crop rotation with mobile
irrigation techniques is proposed to control and regulate the soil-forming process, including the cultivation
of crops that are part and structure of crop rotation with irrigation techniques, differ in that that the design
of the crop rotation and irrigation system on irrigated lands (hydro-agro-landscape system) is carried out
with the reference of agricultural crops to irrigation techniques, which move along with agricultural crops
according to a rotational scheme adopted in crop rotation, where the average consumption of solar energy
for the soil-forming process is not should be less than the optimal consumption of solar energy for the soil-
forming process in specific natural and climatic conditions (figure 1).

At the same time, the methods and technologies of irrigation used for irrigation must correspond to
the biological characteristics of each agricultural crop that is part of the crop rotation, and the
environmental requirements for the reclamation of agricultural lands. They must not only ensure the
rational use of water resources, but also create conditions for the effective use of solar radiation energy in
the soil-forming process. [4; 5; 6].

Therefore, due to the technological features of the irrigation methods used in the fields of individual
crops included in the crop rotation, it is necessary to take into account that it will not be able to ensure the
development of the soil-forming process in accordance with the law of evolution, in connection with
which it is necessary to provide for geoecological restrictions in their rotational crop rotation.

In modern conditions, a hydro-agrolandscape system (irrigation system) is designed depending on the
technical capabilities of the irrigation method used for irrigating crops, that is, a sprinkler irrigation
system, a drip irrigation system, an irrigation system using surface irrigation (along furrows and stripes) ,
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subsoil (subsurface) irrigation system, designed to ensure the water demand of cultivated agricultural
crops, which do not take into account the peculiarities of the soil-forming process on irrigated lands. In
this regard, for the rational use of water resources and purposeful regulation of the soil-forming process in
hydro-agrolandscape systems, depending on the type of crop rotation and biological characteristics of
cultivated crops, several methods of irrigation are used simultaneously, that is, drip irrigation, sprinkling,
irrigation along furrows and strips, strictly tied in the form of cultivated crops, which move together in a
rotational pattern in crop rotation fields on a spatio-temporal scale, where the average-summer irrigation
rate of the crop rotation field should be no more than the ecological norm of water demand of agricultural
crops, providing a targeted regulation and management of solar energy consumption for the soil-forming
process (figure 2) [7].

8 Ve gctfibles
Dnp

Aloneg furrows

i

Figure 2 - Multifunctional hydro-agrolandscape system (1- irrigation source; 2- pumping station;
3- main pipeline; 4- distribution pipeline; 5- section pipeline; 6 - field pipeline)

— 118 ——



ISSN 2224-5227 6. 2020

To determine the design hydraulic parameters of a multifunctional hydro-agrolandscape system, we
will use the maximum daily deficit of the rate of water demand for agricultural crops, which is determined
on the basis of the bioclimatic method for determining the monthly total water consumption of agricultural
crops ( E,,), applied by N.V. Danilchenko [8; 9; 10; 11; 12]:

E, =K, -K,-E,,
where K, — microclimatic coefficient; K, — biological coefficient; £ — monthly evaporation according
to N.N. Ivanova [13]:

E, =0,0018(t +25/(100-a),

where ¢ — average monthly air temperature for the period, °C; @ — average monthly relative air humidity
for the period, %.
The monthly ecological norm of water demand for agricultural land ( £, ) is determined on the basis

of the formula of M.I. Budyko [14] according to the following modification:
Eo=(R/ILYZty/ Ztp)s
where R — photosynthetically active radiation (kJ/cm?), which is determined by the formula [15]:

R=13.39+0.0079-3¢ >10°C,

here Y ¢ — the sum of biological active air temperatures, °C; 3¢, — sum of monthly air temperatures, °C;
L — latent heat of vaporization, equal to 2,5 kJ/cm”.
The monthly deficit of the water demand rate of agricultural crops (AE,,) during surface irrigation

and sprinkling is determined on the basis of the water balance equation, which is written in the following
form:

where AW — active reserves of soil moisture at the beginning of the estimated month; O, — atmospheric

precipitation for the estimated month; capillary used groundwater during the growing season;
The monthly deficit of the rate of water consumption of agricultural crops under drip irrigation is
determined on the basis of the water balance equation, which is written in the following form:

AE, =[Ev—(AW+0cig)](Fuv/Fo):

where F, — total area of the crop rotation field, ha; F,,, — wetted area of the crop rotation field depending

on the method and technique of irrigation.
The monthly ecological norm of water demand for agricultural land is determined by the following
formula:

AEg =(RIR-LYStm /Stp)— (AW +Op  g).

The hydraulic parameters of the multifunctional hydro-agrolandscape system, that is, the flow rate of
the main pipeline ( Qj;; , m’/s) is determined on the basis of the arithimetic average value of the maximum

monthly deficit of the water demand rate of the i agricultural crop (AEl-maX) according to the following

formula:

Om = § a-AE - F, /86400-T -1y,
i=1
where o — share of i agricultural crop in crop rotation; 7 — number of months; # — number of crops in a
crop rotation; F,— total crop rotation area, ha; — main pipeline efficiency.
The estimated flow rate of the distribution pipeline (O, m’/s) and the section pipeline (Qy > m’/s) is
determined based on the maximum value of the monthly deficit of the water demand rate of agricultural
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crops (AE;naX — max ), which are part of the crop rotation, which is determined by the formula:
Op =0y = AEJ" N - Fryy 186400 -T - 17y,

where F;,— crop rotation area, ha; N — the number of fields suspended on the distribution and sectional
pipeline; 77,.— efficiency of the distribution and section pipeline.

The estimated flow rate of the irrigation pipeline (Q p) s determined on the basis of the maximum

value of the monthly deficit of the rate of water demand of agricultural crops (AE l_max — max ), which

are part of the crop rotation, according to the following equation:
Qp =AEX . Fepy /86400-T 17,

where 77 D coefficient of efficiency of the distribution and sectional pipeline.

Thus, the theoretical prerequisites for the creation of a multifunctional hydro-agrolandscape system
were new ideas about the ecological and economic functions of soils, as a tool for expanded reproduction
of soil fertility, obtaining an optimal yield of certain crops with an economical use of all resources,
preventing or compensating for damage to natural systems, which acquires as a natural conservation , and
nature-restoring values.

Conclusions. The developed multifunctional hydro-agrolandscape system for the purposeful
regulation of the soil-forming process in irrigated crop rotation fields by designing a crop rotation and an
irrigation system on irrigated lands (hydroagrolandscape system) with the linkage of crops to irrigation
equipment and technology, which move along with agricultural crops in a rotational scheme, adopted in
crop rotation, which ensure the maximum possible use of solar energy for the soil-forming process in
specific natural and climatic conditions, obtained as a result of the synthesis of scientific knowledge and
have the following technical character:

- manifests itself only due to the peculiarities of a person's perception with the participation of his
mind - the declared proposal has a technical solution, which must be incorporated in the design and
construction stage of a hydro-agrolandscape system, which requires strict implementation during its
operation;

- is achieved only due to the observance of a certain order in the implementation of certain types of
activity on the basis of an agreement between its participants or established rules - the declared proposal,
the types of activities are presented as a technical solution, only with strict adherence to ensuring the
increase and reproduction of soil fertility of agricultural land;

- consists only in obtaining this or that information and is achieved only through the use of a
mathematical method, a program for an electronic computer or an algorithm used in it - the declared
proposal for the use of mathematical methods is used to determine the quantitative and qualitative
parameters of hydro-agrolandscape systems;

- due only to the peculiarities of the semantic content of information presented in one form or another
on any medium - of the declared proposal represent a control system for soil-forming processes that ensure
the production of products on hydro-agrolandscape systems that make up categories and general scientific
concepts: man, engineering system, material, environment, information, model, time and control, which
form a method around the central cybernetic concept of the process implementation of activities [16];

- is fun and entertaining - the declared proposal is presented to improve the functional activity of
hydroagrolandscape systems, as a mobile system that ensures the efficiency of irrigation technique, strictly
tied in the form of crops in a space-time scale, according to the rotational scheme taken in the form of crop
rotation.
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KOMKBI3METTIK THAPOATPOJTAHIIIA®TTBIK KYNEHI
KYPYIbIH HETT3T'T KAFUJACHI

AnHoTtauusi. TabwFym YKCAacCTBHIK, OPTYPIUTIKTIH KaXETTUTri, TONBIPAKTHl Kypy Kabijmeri >xoHe Oimimui
MHTETpanusiiay KaFuIanapblHbIH FHAPOArpoIaHIadTThIK KyHele TONBIPaKThIH YKOHOMUKAIIBIK JKOHE IKOJIOTHSIIBIK
KbI3METIH OpBIHJIAy MYMKIHIIUINH KaMTaMachl3 €TeTiH, KypaMblHa aybICTAIbl EriCTIK JKOHE Ccyapy TEeXHUKachlHa
KipeTiH KOIKbI3METTIK THApPOarposianiadTThIK XKYHeHIH Heri3i KypbuiraH. KenKpI3MeTTiK rupoarpoianamadrTbiK
XKylere cyapMalibl aybICIIalbl €TiCTIK JKYHECiHIe TONBIPAKThIH AaMy KarJailblH MAaKCAaTThl peTTeyre apHaJFaH JKOHE
OJ1 CyapMallbl JKepAie cyapy >Kyleci )oHe aybICIalbl eriCTiK aybUIIapyallibUIbIK JaKbUIIAPBIHBIH TYPJIEPIH HAKThI
cyapy TEXHUKachblHa Oyiijanay >XOJbIMEH >KOOallaHATBIH/IBIKTAH, aybICIIANBI €ricTiK JKyHeciHaeri KaObUITaHFaH
aybUIIIapyallblIbIK AaKbUIAPBIHBIH aifHamy jkeltici OOWbIHIIA Oipre >KbUDKBIN OTBIPAAbl. AJ O HAKTHl TaOMFH-
KJIMMATTBIK JKaFJaiiia TONBIPAKThIH JaMy JKaFIalblHA KYH COYJIECIHIH KyaTbIH JKOFapFbl MYMKIHIILTIK JIeHreHiHIe
naiiaaHy b KAMTAMachI3 eTei.

KemnkpI3meTTik ruapoarpoaanamadTThIK Kyiie — cyapy jKyleci )koHe aybICTIaibl eTiCTIKTIH XUBIHTBIFBI OOJIBII
CaHaJlabl JKOHE Ke3 KENTeH TalChIPBICTHI, aybUINIAPYallbUIbIK JaKbUIAAPBIHBIH OHMOJIOTHSUIBIK €peKLIeTiKTepiHe
0aiiJIaHBICTBI OPTYPJIl Cyapy OMICIMEH »OHE TCXHHKACHIMCH OpBbIHIAyFa OalIaHbICTBI OOJFAHIBIKTAaH, aHAIBIM
OpaJIbIMBIHIIA TOIBIPAKTHIH OHTAMJIBI JaMy >KarAailbIHBIH TAaOWUFU JKYHEHIH SHEPreTHKaNBIK PecypchlHa cail Keiry
JKaFJaiibIHa OalIaHBICTHl THIMALTIKTIH OPTYPii KOPCETKIIIIMEH CHITATTaa kL.

KypambiHa aybIcniansl €TiCTiK jKoHE cyapy TEXHHKAChl KipeTiH MYJIBTHKBI3METTIK YJITIHIH HETi3ri epeKiesniri —
cyapy JKYHeci yoHe aybICIalbl eriCTiK KUBIHTHIFBIHBIH, OeNTil Oip OepiiireH TarchlpMaHbl OPbIHAAY YILIiH KONTEereH
KBI3METTIK MOCEJIeHI IIeNTy VIIiH oJiap imIKi >kyiemnik OaiiaHpicTa O0Manpl, SFHA CYMEH KaMTaMachl3 €Ty, TOIMBIPaK
KYHapJIBIFBIHBIH JKAQHFBIPYBI, CY KOHE XUMUSIIBIK 3aTTapAbIH OHOJIOTHSIIBIK KOHE TeOJIOTHSUTBIK alHABIMBIH PETTEY
apKbUIBl TUAPOArposIaHIIAPTTHIK XKYHeaepie TONBIPaKThIH YKOJIOTHUSUIBIK KOHE SKOHOMHKAIBIK KbI3MET aTKapybIH
KaMTaMachI3 eTeli.

KenkpmerTik ruapoarponasamaTThK KYHEHIH OpTaHBl KYPYIIBl KBI3METI CyapMaibl €TIiCTIK >KepiepAiH
arpOdKOJIOTHSIIBIK OPHBIKTBUIBIFEl T€0IKOJIOTHSIBIK IIEKTEYJICpAl eCKepeTiH HHTErPANIbIK ChIHAK KOPCETKIITepiH
naijanany apKpUIbl KaMTaMachl3 €TUIel, SIFHU aybICIallbl eTiCTIK KYpaMbIHIAFhl ayblIapyamiblblK JaKblIIapbiH
cyapy MeJmuepi (KeTiCHeWTIH Cyabl TYTHIHY MIaMachl) FHAPOArpojaHAmIadTTHIK JKyHeaeri cyapMalibl KepiepaiH
9KOJIOTHSUIBIK CyJIbl TYTHIHY MOJIIEPiHEH KOFaphl 00IMaybl KEpek.

CoHBIMEH, KONIKBI3METTIK THAPOArpOTaHAMAPTTHIK XXYHEeHI KYPYABIH aJIBIHFBI IIAPTHIHBIH TCOPUSIIBIK HETi31 —
TOIBIPAKTHIH 3KOJIOTHSIIBIK JKOHE SKOHOMHKAJIBIK KBI3METIH jKaHaIlla TYCIHy HeTi3iH/e, OHbI TOIBIPAK KYHApPJIBIFBIH
KaiTa OHIIpylIi KCHEHTY Kypajibl eccOiHAe KapacThpa OTBIPHIN, OCNrii Oip aypUIIapyalibUIbIK JAaKbUIIAPbIHAH
OHTAMIIBI OHIM allybl KAMTaMachl3 €TeTiH OapibIK pecypc IIBIFBIHBIH YHEMAEY apKbUIbl, TaOUFH JKYHere LIBIFBIH
KeTipMeyre HeMece IIBIFBIHABI TONBIKTEIPY/IBI, TAOMFATTHl KOPFay KYpallblHA jKOHE TaOWFAThl KAJIbIHA KETIpYIiH
MaHBI3/IbIIBIFBI PETIHIE KAPACTHIPBUTYHI KaXeT.

JKanmbl Kopra aiiTkanaa, KONKBI3METTIK THIpoarpojaHAmadTTbIK KYHEeHI KYpy TEeK KaHa TaOWFHM YKCACTBIK
KOHE OPTYPIUIIKTIH KKETTUIK KaFWJachlH CakTay/bl FaHa KaMTaMachl3 €Til KaHa KOWMai, TONBIPAaKTBhIH Jamy
JKaFJaibiH 0acKapy JKOHE PeTTey YIIiH aybICHalbl eTiCTiK XKYHECiHIH HeTi3iH XKHMHAKBUIBIK Cyapy TEXHHKAChHIMEH
Oipre Kypy apKbUIBI, TOINBIPAKTBI dCEep €TYIIl HBICAH PETiHAE SKOJOTHSIIBIK KBI3SMETiH, aj aybUIIapyallbLIbIK
JIAKbUIIAPBIHBIH TIPIIUTIK €TyiH KaMTaMachl3 €Ty apKbUIbl, SKOHOMUKAIBIK KbI3METIH OpBIHIAYIIbI, SIFHH OpPTaHBI
KYpYLIBI JKYiHe OOJNFaHABIKTaH, TOMBIPAK JAaMyblH MaKCaTThl OacKapy.bl JKOHE peTTeyJl KaMTaMachl3 €Tyl KoHe
TabuFaThl 0aCKapyIbIH O/IiCiH KAJIBIITACTRIPYIBI OLTIMII HHTETpalusIay KaFNIACHIHBIH HETi31HAe KapacThIPy KaxeT.

Tyiiin ce3aep: Karuaa, KYpacTeIpy, Kyiie, rTHapoarpodanamadt, ayblciaibl ericTiK, JaKbll, Cyapy TeXHUKACHI,
KbI3MET, ’K00anay, TObIPaKThIH 1aMYyHBl.
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OCHOBHBIE TPUHIUIIBI KOHCTPYHUPOBAHHUE MHOT'O®YHKIIMOHAJIBHBIX
IT'NAPOATPOJTAHAIIA®THBIX CUCTEMBbI

AHHoTanusi. Ha OCHOBe NpPUHIMIIOB NPUPOAHBIX AHAIOTHH, HEOOXOIMMOIO pa3sHOOOpa3us, CIIOCOOHOCTH
MOYBOOOPO30BaHU W WHTETPALMU 3HAHUK pa3paboTaHbl MHOTO(YHKIHMOHAJIBHBIE THAPOArpoNaHAIMAPTHEIE CHC-
TeMBI, BKJIIOYAIOLIME MYJIbTH()YHKIHMOHAIBHBIE CHCTEMBI (CEBOOOPOTHAs IONS M TEXHUKA MOJNWBA), obecred-
BAIOLIME BBIOJHEHNUE AKOJOTHYECKHX W SKOHOMHYECKMX (YHKIMH MOYBBI TI'MAPOArpoaHIAa(THEIX CHCTEM.
MHoro(QyHKIHOHAIBHEIE THIPOArpOJIaHAIIA(THBIC CHCTEMBI JUIS IIEICHAIPABJICHHOTO PETyIMPOBaHUs TOYBOOOpa-
30BaTEJIFHOTO MpOIlecca Ha OpOLIAEMBIX CEBOOOOPOTHBIX MOJNSX IyTEM IPOEKTUPOBAHUS CEeBOOOOPOTa U
OPOCHTENBEHON CHCTEMBI Ha OPOLIAEMbIX 3eMIISIX (THIpOarpoaHaAadTHON CHCTEME) ¢ MTPUBSA3KOH CETbCKOX03IHCT-
BEHHBIX KYJIBTYp K TEXHHKE W TEXHOJIOTHH IIOJIMBA, KOTOpBIE MEPEMEIIAIOTCS BMECTE C CENbCKOX03HCTBEHHBIMU
KyJIbTypaMH 1O POTALMOHHOW CXeMe, NPUHATBIX B CEBOOOOPOTE, OOECHEUMBAIOT MaKCHMalbHO-BO3MOXKHOE
UCIIOJIb30BaHKE COJIHEUHOW SHEPTUU Ha TI0YBOOOPA30BaTENbHBIH MPOIECC B KOHKPETHBIX MPUPOAHO-KIMMATHYECKUX
YCIIOBHSX.

MHoropyHKIHOHAIBHbIE THAPOArpoIaHImadTHEIE CHCTEMBl — 3TO COBOKYIHOCTh OPOCHTENIBHBIX CHUCTEM MU
ceBOOOOPOTOB, KOTOpask MOXKET BBINONHATH OZHY W Ty 3aady pa3IM4HBIMU CIIOCOOAMH M TEXHUKOH IIOJHMBA C
y4eToM OHOJIOTMYECKUX OCOOCHHOCTH CeNbCKOXO3SHCTBEHHBIX KYJIBTYD, XapaKTepU3YIOIUMHUCS pa3INYHbIMU
nokazaTessiMu 3 dexkTHBHOCTH, 00eCTICUNBAIONINX B POTAIMOHHOM IUKJIE ONITHMAIEHOTO ITOYBO00OPA30BaTEIEHOTO
IpoIecca, COOTBETCTBEHHO YHEPTETHUECKUX PECYPCOB IIPHUPOIHBIX CHCTEMBI.

MonyneHass MynbTH(QYHKIHOHAJIbHAS CHCTEMa (CEBOOOPOTHBIE MO M TEXHHKA IOJIMBA) — TapMOHHYHAs
COBOKYITHOCTb CEIIbCKOXO035MCTBEHHBIX KyJbTYp U TCXHUKHU I10JIMBaA, O6'I)€I[I/IHCHH3H BHYTPOCHUCTEMHBIMU CBA3aMU
JJId BBIIIOJIHCHUA 3aJaHHOI0 OIPCACICHHBIMU  YCJIOBUIMHU MHOXKECTBA q)yHKHI/lOHaJ'H)HbIX 3aJga4y, TO C€CTb
BOJ000ECIIEUeHNUs], BOCIPOU3BOACTBA IUIOAOPOAUS IOYBBHI, PETYJIHPOBAHUS T'EOJOTMYECKOr0 U OUOIOTHYECKOro
KpPYroBOpOTa BOJBI M XUMUYECKUX BEIIECTB, 00ECIICUNBAIOIINX HKOJIOTHYSCKHE M IKOHOMUYECKUE (YHKIMU [TOYBEI
B THIPOArpojaHAIIadTHBIX CUCTEMAX.

Cpenoobpasyromye GyHKIMH MHOTO(QYHKIMOHAIBHOW ruapoarpoianmadTHOR cucTeMbl 00eCIeYnBaIOTCS Ha
OCHOBE HCIIOJIb30BAHUS HMHTETPANbHBIX KPUTEPUEB IO OOECIICUCHUIO arpO3KOJIOTMYECKOH YCTOHYMBOCTH
OpoIIaeMbIX CeBOOOOPOTOB (THAPOArpoJaHAmIaTOB) C YYETOM TEOIKOJOTHUECKHX OTPAHWYEHHUH, TO €CTh
CpeIHEB3BEIICHHAST OpPOCHTENbHAs HOpMa (ISPHUIUT BOJOMOTPEOHOCTH) CENBCKOXO3SICTBEHHBIX KYIBTYp B
ceB000OPOTE HE JOJDKHA MPEBBIMIATE Ne(QUINTA KOJOTHYECKHE HOPMBI BOJOIIOTPEOHOCTH CENTbCKOXO3SHCTBEHHBIX
yroauit ruApoarpoaHadTHEIX CHCTEM.

[Ipu 5TOM TEOpEeTHYECKMMH HPEIIIOChUIKAMHE JUTA CO3aHUs MHOTO(MYHKIMOHAIEHOM ruapoarponanamadTHOH
CHCTEMBI SIBUJIUCH HOBBIC MPEICTABICHUS O IKOJIOTUYECKHX U 9KOHOMUYECKHX (DYHKIMSIX MOYBBI KaK MHCTPYMEHTE
JUIL PAaCIIMPEHHOTO BOCIPOM3BOACTBA IUIOAOPOIMS ITOYBBI, HOJYYEHUS ONTHMAIBHOTO YpOXKasi OIpEeAelIeHHBIX
CENTbCKOXO03SHICTBEHHBIX KYJIBTYP IPH SKOHOMHOM PacXOJMBaHUU BCEX PECYpPCOB, HEJOMYIIECHUN WIIM KOMITCHCAI[MN
yiepba MpUPOAHBIM CHCTEMaM, MPHOOPETAIOMIero Kak MPHPOJAHOOXPAaHHOE, TaK W HPUPOJIOBOCTAHOBIIMBALIHE
3HA4YCHUS.

Takum 00pa3oM, KOHCTPYHPOBAHHUSI BBICOKOIPOIYKTUBHBIX THAPONaHAIIA(THBIX CHUCTEM TPeOYIOT olecrie-
YeHHs COOJIIOJICHHS He TOJIBKO IPUHIMIIOB HEOOXO0IUMOT0 pa3sHOoOpa3ust U IIPUPOJHBIX aHAJIOTHI Ha OCHOBE CO371a-
HHS C€BOOOOPOTOB C MOOMIBHBIMH TEXHHKAMH MOJIMBA YIS YIIPABICHUS M PETYIUPOBAHUS IOYBOOOPA30BATEIBHBIX
MPOIIECCOB, TO €CTh IT0YBA KaK OOBEKT BO3MEHCTBHS (MEIMOpAINN), BHITOIHIIOMINN KOJOTHIECKYIO (YHKIHIO, a
CeITbCKOXO03SHICTBEHHBIE KYJIBTYPHI KaK CyOBEKT BBIOJIHSIIOT SKOHOMHYECKYIO0 (DYHKIMIO, TpeOyeT HeoOX0AMMOCTH
Ha OCHOBE IIPHHIMIIA WHTETPaldd 3HaHUH (OPMHUPOBATH CHOCOOBI PETYJIMPOBAHUS MPUPOIHOTO IIpoIecca,
o0ecrieunBaroONINX [eIeHaNPaBIeHHOe PETYINPOBaHNE M YNpaBiIeHHE MOYBOOOPA30BaTEIbHBIMHU IIPOIECCAaMU Kak
Cpeoo0pa3yIoLIUX CUCTEM.

KaioueBble cjioBa: NMpUHLIMIBIL, KOHCTPYHPOBAHMS, CUCTEMa, TMIpoarposiaHamadT, ceBooOOPOT, KyJIbTYpHl,
TEXHHKa MOJIMBA, (PYHKIUs, TPOSKTHPOBAHMS, TIOYBOOOPA30BAHMUSL.
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FObunelHblie Oamabli

Y.II. Meneybekos, b.b. baiimaxanos, U.E. CaratoB, A.T. Ay6akupoBa

N3 UCTOPUU PAZBUTHUA HALHUMOHAJBHOI'O HAYYHOI'O
HEHTPA XUPYPI'MU UM. A.H.CBI3'AHOBA

(K 75-1€THI0 €O THSI OCHOBAHMS)

B roner Benukoit OteduecTBEHHOH BOWHBI OJHOW M3 HanOoiee BaXHBIX MpoOiieM s MenuiuHbl Kazaxcrana
CTaJO CO3J[aHHE HAYYHBIX OCHOB JUIS PEHICHUS aKTyaJlbHBIX HAa TO BpEMs NPOOJIEM XHPYypruyecKod HMOMOIIN
HACEJICHHIO, B TOM 4HcIIe OoJiee ObICTPOH M MOTHOW peabmInTaliy HHBAJIUIO0B BOWHBI, MPOOJIEMBI 3003, SXHHOKOKKA
U TpyIHOU XUpypruu. B cBs3u ¢ Tem, uTo B cucteMe camoii Axkagemun MenuiuHcknx Hayk CCCP k Tomy BpeMeHH
elle He CYIIECTBOBAJ CHELHAIN3UPOBAHHBIA MHCTUTYT XUPYPTuH, o MHUIMaTuBe akagemuka K. CarmaeBa Ha
ocHoBaunu IlocranoBnenus IIpesmmmyma Kazaxckoro ¢mmanma AH CCCP ot 26 mapta 1945 1. GpUIO pemieHO
OpraHU30BaTh CEKTOP XUPYPIHH.

Cexrop xupyprun Kaz®AH CCCP Bo3riaBui JOKTOp MEAMIMHCKMX Hayk, npodeccop A.H. Cei3raHos,
KOTOpBIH B TO Bpems ObUT 3aBenyrolmiuM Kadenpoil xupyprunm Kazaxckoro rocyJapcTBEHHOTO MEAWIIMHCKOTO
WHCTUTYTA, IUPEKTOPOM CTaHLMHU MEPEIMBAaHMs KPOBH, padoTall B rocnuTane nHBaan0B OTe4ecTBEHHOH BOWHBI U
YK€ 3aHUMaJICS MCCIIEA0BaHUSMH B 00J1aCTH XUPYPIUH U U3y4eHueM rpobiem 300a B Kazaxcrane.

MarepunaibHO-TeXHHUYECKOI 0a301 Ul NEeSTENHOCTH BHOBH CO3/IaHHOTO CEKTOpA cTajla KIMHHKA TOCHHTAIIS
nuBamugoB BOB, kotopast HapaOoTana OrpOMHBIH NPAKTUYECKHH OMBIT B 0OJACTH BOEHHO-TIOJIEBOW XHPYPTHH.
OpHako KaJpoBoe odecriedeHre Uil BEACHHS MOJHOIEHHBIX HayYHO-HCCIIEI0BATEILCKIX PAO0OT MOTJIO IaTh TOJBKO
peoOpa3oBaHUe CEKTOPa B CAMOCTOSTEIbHBIN HHCTUTYT.

15 mas 1945 1. Tlocranosnennem Nel 13 Tlpesuamyma Kazaxckoro ¢ummana AH CCCP cekrop xupyprun Obut
peopranu3oBa B MHCTUTYT KIMHUYECKON U 3KCIIEPUMEHTAIILHON XUPYPTHUU.

Kazaxckuit HayuyHO-HCCIEI0BATEIbCKIH HHCTUTYT KJIMHUYIECKON U SKCIIEPUMEHTANBHON XHUPYPIUH, BOSHUKIITHA
Ha 06a3e rocrnuTal sl BOCCTAHOBHUTENILHOM XUpypruu u Kadenpbl o0rieil xupypriuu AiiMa- ATHHCKOTO MEAUIMHCKOTO
WHCTUTYTA C 25 INTAaTHBIMH €AMHHULAMH, CETOAHS HMPHOOpEN M3BECTHOCTh M IPEBPATHIICS B KPYIHOE CaMOCTOS-
TEJILHOE MHOTONPO(HUIbHOE Hay4YHO-HUCCIE0BaTeIbCKOE YyupexaeHne KaszaxcraHa ¢ cOOCTBEHHOW KIMHMYECKOW
6a3oii.

O}IHOﬁ 13 I'IaBHBIX 3aJia4, MOCTAaBJICHHBIX IMEPE] HHCTUTYTOM B IOCJIICBOCHHOC BPEM, OBLIO JIEUEHUE U BOCCTa-
HOBJICHHE TPYIOCHOCOOHOCTH paHEHBIX W MHBAIHMIOB Bemmkol OTedecTBEeHHOH BOWHBI. Takke B IEpBBIE T'OJbI
JIeSITEIFHOCTH MHCTUTYTa Ha ()OHE MHTEHCUBHO Pa3BUBAIOIINXCS MPOMBIIIICHHOCTH U CEJIBCKOTO X03HCTBA CTPAHBI
nepes KOJUIEKTHBOM CTOSJIa 3aJada M3YYUTh M Pa3pelnTh MpoOJIieMbl IPON3BOJICTBEHHOTO M CEIIbCKOXO3SHCTBEH-
HOTO TpaBMaTH3Ma.

Boumn pa3paboTaHbl M BHEAPEHBI B NMPAKTUKY HanOosiee paMoHaIbHBIE METOb! OOPHOBI C IPOMBIIIIICHHBIM 1
CeNTbCKOXO03SHICTBEHHBIM TPABMAaTH3MOM, pa3pab0TaHbl OPUTHHAIBHBIE METObI NPEIYNPEXKICHUSI THOMHBIX OCIIOXK-
HEHUH NpU TpaBMax.

Ocoboe MecTo B JESTENIPHOCTH MHCTHUTYTa TEX JIET 3aHMMAeT M3y4eHHEe KOMOWHHMPOBAHHBIX PAJHAIlIOHHBIX
MOpPa)KEHUH, OCOOCHHOCTH PAHEBOrO IIPOIECCa, MPOTEKAIOMIEr0 B YCIOBUSIX OCTpO# JjydeBoil Oosesnu. Ilo
WHHUIMATUBE WHCTUTYTa B AJIMa-ATe MpH JETCKOI OosnbHUIIE B AKcae, Iie JCYHINCh JIETH C MOPAKEHUSIMH TOCIIE
MOJMOMUEIUTA, OBUIO CO3/IAaHO OPTOIEIMYECKOE OTACICHHE, CO3/IaHbl U BHEPEHBI MPOTE3bl U3 KOJJIOCHIUKATA.

B 1954 r. B uHCTHTYyTEe OBUIa OpraHW30BaHA JIAOOPATOPHS MEIAMIIUMHCKOW pajHOJIOTHH, OOCCICUCHHAs
TEXHHYECKHM TIEPCOHAIIOM M ammaparypod. Hauamm wncmonb3oBaThCs € Hay4YHOW M JAWArHOCTHYECKOW IIEJBIO
pamvoaKTHBHBIN #ox, (Gocdop, KOIOWAHOE 30JI0TO. DTH BHEIPEHHS IMOMOTaIH ONpPENelsaTh (DYHKIHMOHAIBHOE
COCTOSTHHE IIIUTOBHIHOM JKENE3bl, II0UEK, IEUCHH, JIETKHX.

MHOTO J€T COTPYAHHKH HWHCTHTYTa IIOCBATHIIM pa3pabOTKe MeponpusiTHi st OopsObI ¢ mpodieMoi
HalMOHAJIBHOTO YPOBHS — SHAEMHYECKUM 3000M. HaydHble SKCTIEANIIOHHBIE NCCIIEIOBAaHHS TIO3BOJIMIN COCTABUTh
KIIMHUKO-CTaTHCTHYECKYIO XapaKTEPUCTUKY OHHIAEMUH 300a B pecyOiMKe, YCTaHOBHUTh €ro OCOOEHHOCTH U
OTIPENENNTh OYaru pacrpoctpaHenus. Ha 3Toif ocHoBe Oblta pazpaboTaHa W OpraHHU30BaHA CHCTEMa IJIAHOMEPHON
MpOQHUIAKTHYECKON M XHUPYPrUUecKoi moMoIn HacesneHuto. [1o mpeanokeHHOH MHCTHTYTOM PEKOMEHIAIMU ObLT
OTKpHIT PecrryOnmkaHcKkuii MPOTHBO300HEIN Aucnancep ¢ (GrnanaMy B 00JaCTHBIX IIEHTPAX, a B CAMOM HHCTUTYTE
OPTaHU30BaHO XMPYPrHYECKOE SHIOKPHHOIOTUIECKOE OTICIICHHUE.

B pamkax 60pb0BI ¢ OHKOJIOTHIECKHMH 3a00I€BaHUSAME B CEHTA0pe 1956 1. B HHCTHTYTE OBUIO CO3JaHO TIEPBOE
B pecHyOJMKe Hay4YHO-HCCIIEO0BATEIbCKOE OHKOJOIMYECKOE OTIENICHHE — CEKTOp OHKOJIOTMU ¢ Jlaboparopuei
IKCIIEPUMEHTAILHOTO paka. BBINONHAS OpraHU3alMOHHYI0 NPOTUBOPAKOBYIO PabOTY, OHKOJOTMYECKHI CEKTOp
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paspabaTbiBall W pacchiiad OOJIACTHBIM OHKOAWCIIAHCEPaM METOAMYECKHE YKa3aHUs M0 HAyYHOMY H3YYCHHIO
CTaTHCTHYECKUX MaTepHajoB 1o 3abomeBaemoctd pakoM B Kaszaxcrame. C 1956 mo 1960 r. Gpuio mpoBeneHo
U3y4YEHUE pACIPOCTPAHEHHOCTH B PECIYOJMKE 3JI0KAaYECTBECHHBIX HOBOOOpPA30BAHHM IO 3KCIEAWUIMOHHBIM U
CTaTHCTHYECKUM MaTepraiaM PEerHOHATBHBIX OHKOJOTHYECKHX AucraHcepoB. B 1960 r. Ha 6a3e BBIMIEyKa3aHHOTO
cektopa Obu1 co3man Kazaxckuit HUM onkonormu u paauonorun. Ha ocHOBe pe3ynbTaTOB CIOXKHBIX HAyYHBIX
ucciaenoBaHui BepBble B Kazaxcrane HHCTUTYTOM ObUIO pa3pabOTaHO MHOXKECTBO OPUTHHAIILHBIX METOAO0B OOPHOBI
C OHKOJIOTMYeCKMMHU 3aboneBaHusiMU. B pesynbrare co3maHa OpUrdMHanbHas (Gu3MOIOTHYECKasl TEOpUs KaHLEpO-
reHesa, KoTopas I03BOJISIET pa3pabdoTaTh METOIbI MAacCOBOH MPO(MMIIAKTHKH 37I0KaYE€CTBEHHBIX OITyXOJIeH.

WHCTUTYT TIepBBIM B peciyONIMKe BHENPWI B KIMHHYECKYIO NPAKTUKY METOJBI XUPYPTUYECKOTO JICUCHHUS
pa3nH4HbBIX 3a00eBaHuil merkux. B 1949 r. mpoBeneHa nepBas oneparys Ha Jerkux B Kazaxcrane. Hayano o6ocHo-
BaHa HEOOXOANMOCTH 0OJIee IMUPOKOTO BHEAPEHUS B MPAKTUKY NPOTUBOTYOEPKYIIE3HBIX YUPEKICHNH COBPEMEHHBIX
CHOCO00B XHUPYPIUYEcKoro jedeHust Tyoepkynesa. B 1950 r. cozpaHo oTheneHue rpyIHON XHPYpPrHH, B KOTOPOM
MIPOBOANIINCH HAYYHBIE HCCIIEIOBAHUS, OKAa3bIBATIACh XUPYPTrHUUECKast IOMOIIb OOJIBHBIM C HeCTIEIIM(UIECKIMH 3a00-
neBaHUsIMU JieTkuX. Ha Oaze canaropus «KameHckoe maTto» OBUIO CO3/aHO CHENMATHN3MPOBAHHOE XUPYPIUIecKOe
OTZETICHHUE, TJIC BIICPBBIC B BEICOKOTOPHBIX YCIOBHAX CTAM YCIENIHO U MIUPOKO IPUMEHSTE CIIOCOOBI OTIEpPaTHBHOTO
JICUEHHs JITOYHOTO TyOepKyje3a. AHAJOTHYHOE OTAeNeHHe ObUIO co3AaHO Ha 0a3ze MPOTHBOTYOEpKYJIE3HOTO
nucrnancepa Kazaxckoit skene3Hou 1opory.

C 1956 r. MHCTUTYT Ha4yajdl BHEIPATh (H3HOJIOTHYECKHE METOJIBI Ul JUATHOCTUKH CEPIIEeYHO-COCYIUCTBIX
3a0oyieBaHmii — 3yeKkTpokapauorpadus, GoHokapauorpadus, peorpadus, 3JIEKTporacTporpaduuecKue METOIBI
OLIEHKH (DYHKIIMH JKEITyIKa, & TAKXKE U3ydascs Ta30BbIH U KUCIOTHO-IIEIOYHOM COCTaB KPOBH.

B 1958 r. uHCTUTYT Havan OonblIyio paboTy MO OpraHU3alUH B PECIYOJIMKE COBPEMEHHOM KapIUOXUPYpIHU-
yeckoi momoud. Briepseie B Kazaxcrane Oblla OpraHH30BaHO M OTKPBHITO OTIENICHHWE CEpAEYHON Xupypruu. B
NepBbIE TOJbl CYIIECTBOBAHHMS ATOTO OTAEIEHHS COTPYIHMKAMH WHCTUTYTa HW3Y4aJHCh BONPOCHI KIMHUKH M
JIMarHOCTUKHM HamOoJiee paclpoCTpaHEHHBIX IOPOKOB CEpAlla, OCBaMBalach M BHEAPSUIACh B NPAKTHKY TEXHHKA
MHUTPaJIbHOW KOMHCCYPOTOMHH M 3aKPBITHS HE3aPaIllEeHHOTO apTepHAIBHOTO MPOTOKA, ONpEesslach BO3MOKHOCTh
MIPOBEJCHUS OTNEPALNH MUTPAJIHHOW KOMHCCYPOTOMHUH B YCIOBHSIX aKTHBHOTO peBMaTH4YECKOro mpouecca. [lepsas
omepanus Ha cepaie Obuta mpoBenena 18 HosOps 1958 r. B 1960 rogy B mHCTHUTYyTEe OBIIa BBINIONHEHA IIepBast
MepeBsI3Ka OTKPBITOTO apTEPHATIBHOTO IIPOTOKA 10 MOBOLY BPOKAEHHOTO MOPOKa CepALa.

Ycnexu B OKa3aHUM KapIHOXUPYPTUYECKOH IMOMOIIM HANPSIMYIO 3aBHCENN OT YPOBHS Pa3BUTHUSI aHECTE3HOJIO-
TMYECKOro 00ECTeYeHUs] U BO3MOXKHOCTH TIOCIIEONIEPALIMOHHOTO BBIXaXXMBaHHs OoJbHBIX. B 1958 1. B MHCTHTYyTE
ObLTa OpraHu30BaHa CiIy:k0a aHecTe3nosioruu, a B 1960 1. co3maHo oTaeneHue anectesnonorud. B Hosiope 1964 r.
OTKpBITa JTAOOPaTOpPHUsl aHECTE3HONOTHH, a B 1965 roxy opraHn3oBaHO OTAEJICHHE MOCIEONEPAllMOHHOTO HAOIIO0-
neHusi. HapaGoTaHHBIA OMBIT B MMOCJIEONEPAIMOHHOM HaOMNIOJICHUN M BBIX)KUBAHUH TSDKENIBIX OOJIBHBIX MO3BOJIHI
WHCTUTYTY OpraHu3oBaTth B 1967 r. PecnyOnmKaHCKUI peaHMMalMOHHBIA LEHTP, KOTopblid B 1970 r. cran nomnHo-
LEHHBIM aHECTE3HOJIOTHUECKUM OTJIEJICHHEM, B COCTaBe KOTOPOrO OBUTM MNajlaThl MHTEHCUBHOM Tepamnuu JUist
CepACYHO-COCYANCTBIX M IYJIbMOHOJOTMYECKMX OONBHBIX €O CBOEH JKcHpecc-laboparopreli W WHXKEHEPHO-
TEXHUYECKOH CITy>KOO0M.

Wucturyrom B 1967 1. BriepBble B KazaxcraHe OpraHM30BaHO COCYAWCTOE OT/ENEHHE M HadaTa MOATOTOBKA
HAaYYHBIX Ka/IpOB I10 M3YYEHHIO M pa3pabdOoTKe criocO00B AMArHOCTUKU W XHPYPTHUECKOTO JICUEHHUS MaruCTPalbHbBIX
1 IepA(epUIeCcKIX KPOBEHOCHBIX COCYH0B. KOIIEKTHB yUeHbIX Hadall pa3indHbIe HCCIEIOBAHUS IO JUATHOCTHKE U
JICYCHUIO TAKUX OCTPBIX IATOJOTHII MarucTpajgbHBIX KPOBEHOCHBIX COCYIOB, Kak TpomMO003MOOmHs, paccianBaro-
1iasicsi aHeBpu3Ma, pae6oTpoMO03bI M TPABMBI COCY/IOB.

B nepuox 1975-1980 1T. KOMIEKTHB HHCTUTYTa MHOTO BHUMAaHUS YAEISUT pa3BUTHIO B KazaxcraHe TopakaipHON
XUPYPTHH, HCCIEAOBAHUSM MO pPa3pabOTKE CIIOCOOOB BBISBICHHUS CKPBITBIX PAHEBBIX HH(EKIMH, NEpPBUYHON
00paboTKM paH M OTKPHITHIX IEPEIOMOB KOHEYHOCTH, IUIACTHYECKOrO 3aMelIeHUs! Ne(eKTOB KOXKH, BOIPOCaM
00e300IMBaHus IIPY JIeUeHUH 3a00J1eBaHUH BEHO3HBIX COCYIOB KOHEYHOCTEH M OCTPBIX TPOMOOIMOOHIA.

B 1975 r. uHCTUTYTOM BIIEpBbIE B CTPaHE OPraHU30BAHO OTJIEJIEHUE XUPYPTUH IHUIIEBOJA U KeTyaKa, COTPY-
HUKH KOTOPOTO Hayallll WCCIIEIOBaHHU U pa3pabdOTKH CHOCOOOB JieueHHs nepopanyii MHUIIeBOa, a TaKKe Iocie-
0’KOTOBBIX CTPYKTYp HHIIEBOJIA, BKIOYAONINE POPCUPOBAHHOE OYKUPOBAHHE C MOCIEAYIONEH TINTEILHON UHTY-
Oanuell mueBoaa TpyOKOH OpUTHHAIBHONW KOHCTPYKIIMH, CIIOCOOBI JIEYEHHsI COUETaHHBIX MOBPEXKICHUH MHUIIEBO/IA
W JKenmyaka, (OPMHUpPOBAaHUS MHUIIEBOAA M3 Xedyaka. B 1977 r. ydeHble MHCTHTyTa Hayalll HCCIECIOBAHMA IIO
N3yYEHUIO METOJIa CEJIEKTUBHON MPOKCHMAaIbHOM BarOTOMUM JUISL JICUSHNUS SI3BEHHOW OOJIC3HH JBEHAALATHIIEPCTHON
KUIIKKA U KeTyAKa. B 3ToT e mepnoj pa3pabaThlBAIMCH CIIOCOOBI ONEpAlMy MO yJAJCHUIO BHIIOUYKOBOM KENE3BI
IIPU MUACTEHUU U PACCETHHOM CKIIEPO3€.

B 1978 r. Buepsrie B Kazaxcrane nmpu OTOeNCHHN aHECTE3HOIOTHH-PEAHNMAIIIA HHCTUTYTA CO3[JaHa TPYyIIa, a
3aTeM OTIEJICHUE THIepOapuIecKol OKCUTeHAIHH.

Ilepen KOJIIEKTUBOM MHCTUTYTa Obla TOCTaBleHa 3a1ada, u B 1978 r. uHCTUTYT BriepBbie B Kazaxcrane Hagai
Oonplyto paboOTy MO OpraHM3ald COBPEMEHHOH MOMOIM OOJIBHBIM C OCTPOM W XPOHHUYECKOW MOYESYHOH
HEJI0CTaTOYHOCTHIO.
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B mae 1978 r., mepen otkpeitieM AnMa-ATuHCKON ceccru BO3, 1Mo MHUIMATHBE MUHUCTPA 3IPABOOXPAHCHHUS
CCCP B.B. IlerpoBckoro, ma ©0aze KasHUMKuDX Opur opranm3oBaH Kazaxckuili pecrmyONMKaHCKHH TEHTP
TPAHCIIAHTALMM ¥ MCKYyCCTBEHHBIX OpraHoB. OH BKJIIOYal KIMHHUYECKOE OTAEIECHHE C ONEpPalMOHHBIM OJOKOM M
peaHuMaIei, TpyIIy 3aroTOBKA M KOHCEpPBALMHM JOHOPCKUX OPraHOB, OT/AEIEHHE TeMOANANN3a, TPYIIy UMMYHO-
JIOTHUYECKOTO TUIMPOBAHMS 1 OMOXUMUYECKYIO JJAOOPATOPHIO.

B oxts6pe 1978 r. 6pu1 mpoBeaeH mepBeiii B KasaxcTane ceanc remojmani3a MAalMEHTY C TEPMUHAIBHON
cTagueldl XpOHUYECKOW IMOYEYHOW HEIOCTATOUYHOCTHIO Ha 3KCIEPUMEHTAIbHON COBETCKOM YCTaHOBKE ISl T€MO-
nuanuza CI'J1-8.

12 anpenst 1979 r. mpoBeneHa nepBast B pecryOinKe orepanys Mo ayTOTPaHCIUIAHTAIMH [TOYKH OOJBbHOMY C
HEJIOCTAaTOYHOCTHIO MOYETOUHHKA Ha OONBIIOM NpoTshkeHHH. A yxe 17 anpens 1979 r. Bnepsrle B Kazaxcrane Obuia
YCIIEIIHO TIPOBE/IeHa TPAHCIUIAHTAIMS TPYITHOM JOHOPCKOH HOYKH.

B 1980 r. mo uHuimaruBe ero aumpekropa, Jlypeara ['ocymapcreenneix mpemuit PK, mn.m.H., mpodeccopa,
akanemuka HAH PK M.A. AnmeBa, MHCTUTYTY OBLIO NPHCBOEGHO MMS €T0 OCHOBATEsl W IEPBOTO JHPEKTOpa —
akagemuka A.H. CreizranoBa.

B 1994 r. nocranosnennem Kabunera munuctpoB PK «Hayuno-uccinenoBaTenbecKuii HHCTUTYT KIMHHYECKOH 1
skcnepuMeHTanbHOo xupypruun uM. A.H. CemranoBa» M3 Ka3CCP Ovmm mpeoOpazoBan B «Hayunsrii meHtp
xupyprun uM. A.H. Cezranosay M3 PK. B 2000 r. ITocranoBienunem I[IpaBuTenbcTBa LEHTPY HMPUCBOCH CTaTYC
HannoHansHOTO HAy9HOTO IIEHTPa, ¥ OH OBII TOBTOPHO NIEPEHMMEHOBAH.

Haumnas ¢ 1980 r., mepex KOJUICKTHBOM IICHTPA B 3TOT MEPHO OBLIHM ITOCTABJICHBI 33a4H 110 UCCICIOBAHUIO U
pa3paboTke cnocoOOB PEKOHCTPYKTHBHO-BOCCTAHOBHUTEIBLHON XUPYPIHM Ha OpraHax KpOBOOOpAIEHHUS, ABIXaHMS,
MHIIEBAPECHUSL.

Hay4HbIil KOJUIEKTUB LIEHTpA 3aHUMAJICS TIOMCKOM HOBBIX ITyTEH PELeHUs] XUPYPTrHYeCKUX MPoOIIeM 110 MHOTUM
aKTyaJIbHBIM Tpo0OJieMaM 37paBooxpaHeHus. LIeHTp OoJibllloe BHUMaHHE YJIENsul BOIpOcaM abJIOMUHAIBHOW M
TOpaKaJbHOW XUPYPTUH. DTO OTHOCUTCS K XHPYPrHH ITHIIEBOJAA, BHIIOYKOBOM JKeJe3bl, JKeJIyJKa, JBEHaIaTH-
MepCTHOW KHIIKH, ICYEHN U JKEITYECBBIBOAALINX ITyTEH, IMOJDKEITYIOYHOM JKele3bl, JIETKUX, COCYyTUCTON Xupypruu. B
STOT MEPUO/] PA3BUTHS LIEHTP HCCIIEI0BAT BO3MOXKHOCTH BHEAPEHUS JOCTI)KEHHH HayYHO-TEXHHYECKOTO Iporpecca
B MIPAKTHUKY: JIa3€POB U Ja3€PHBIX HHCTPYMECHTOB, YJIBTPa3BYKOBBIX U IUIA3MEHHBIX MPHOOPOB, CIIOCOOOB BHYTPHCO-
CYIMCTBIX 3MOOJIM3AIMi TTOPaKeHHOW YacTH OpPTraHOB, HOBBIX JICU€OHO-IMAarHOCTHYECKUX TEXHOJOTWH B IEIsX
TIOBBIIIEHUS 3(PPEKTUBHOCTH XUPYPTHUECKOTO JIEUCHUS.

B 1980 roxy B nenTpe 6pu1a BiiepBhie B KazaxcraHe BBITIOTHEHA PEKOHCTPYKTHBHO-TUIACTHYECKAS OMEpaIisl Ha
MHIIEBO/IE TIPU €r0 pyOIIOBOM CY’KEHHH, TaK Ha3bIBaeMasl IIACTHKA MUINEBOAA. biaaromaps npoBeIeHHBIM HayYHBIM
WCCIIEOBAaHUSAM M BHEIPEHHIO HOBBIX CIIOCOOOB B 00JIACTH XUPYPTHM MNHIIEBOJA, LEHTPY yAAJIOCh 3HAYUTEIBHO
CHHM3UTh CMEPTHOCTb U YACTOTY OCJIOKHEHHUH Ipu 3200JIeBaHIK M TpaBMax OpraHa.

B1980 r. BrepBbic B KasaxcTane ObLJIO OpPraHM30BaHO M CO3[AHO CICIUAIM3MPOBAHHOE OTIACICHHE, KOTOPOE
Hayallo 3aHUMAaThCsl MPodJIeMaMu XUpypruu nevyeHu. HayuHast TemaTuka ot/iena Oblila HampasjieHa Ha pa3paboTKy
HOBBIX W YCOBEpIICHCTBOBAHHE CYIIECTBYIOIIMX CHOCOOOB XHPYPTrHUECKOTO JICUCHHUs! 3a00JIeBaHUi ICUCHH,
JKEITYHOKaMEHHOH OO0JIE3HH, OCJIOKHEHHOH JKENTYXOH, MOCTXOJEHUCTIKTOMUYECKHX CHHAPOMOB, 3XMHOKOKKO3a,
pa3paboTKy croco0OB PEKOHCTPYKTHBHOW M BOCCTaHOBUTEIBHOW XHMPYPTHHU JKETYEBBIBOAALIMX ITyTEH, XUPYPrH-
YEeCKOT0 JISYEHHsI 04aroBhIX U MU Qy3HBIX 3200JIeBaHUI IEUSHH, MTOPKEITYJOYHON JKerese.

Hecmotpst Ha TpynmHOCcTH mepexogHoro mepuojna Bciencrsue pazBana CCCP u TpyaHOro 3KOHOMHYECKOTO
MIOJIOXKEHHS TIEPBBIX JIET He3aBHUCcUMOcTH KaszaxcraHa, KOJUIEKTHB IIEHTpa MPOBOAWII OOJBIIYIO HCCIEI0BATENBCKYIO
paboTy 10 pa3BUTHIO TpaHCIUIaHTONOrHK B Kazaxcrane.

B 1991 r. BmepBeie B pecmyOiuKe ObUIa MPOBEACHA AyTOTPAHCIUIAHTANWS MODKETYIOYHOHN >Kene3bl Hph
MEPBUYHOM XPOHMYECKOM IAHKPEATHUTE Ha OCHOBE INPOBEJCHHBIX LIEHTPOM 3KCIHEPHUMEHTAIBHBIX HCCICIOBAHHM.
B 1994 r. Opuia BBINIONMHEHA Tepecanka OCTPOBKOBBIX KIIETOK IOJDKEIYJOYHOM JKele3bl UL JICUCHHs] caXxapHOro
nuadera.

LleHTpOM TMpOBEJICHbI BCECTOPOHHHE OSKCHEPHUMEHTAIbHBIE M KIMHUYECKUE HCCIIEJIOBAHUS 10 HU3YYCHHIO
BO3MO>KHOCTH TpPaHCIUIAHTAIlMH TeNaTOLUTOB IJI0Ja YeJoBeKa AJI JeueHus Iuppo3a nedeHu. B 1996 r. BnepBeie B
Kazaxcrane Oblia BBIIOIHEHA OIepalys Mo TeTepOTONNUECKON alJIOTPaHCIIAaHTAIIUH [TeYEHH.

BHespeHne HOBBIX TEXHOJOTHI M pa3pabOTOK MO3BOJIMIO IEHTPY INepBbIMU B KazaxcraHe Ha4aTh MPOBOJHTH
olepalyy pe3eKInH eYeHH, JIATAPOCKOITMYECKOTO YAAJICHUs )KEITYHOTO ITy3bIps, KUCT SIMYHHKA, alleHIKTOMHU U
Ip. B mocnenyromem, B TeueHne psiaa JeT, STH OECKPOBHBIE 1 MaJIOWHBA3WBHBIE TEXHOJIOTMU COTPYAHUKAMHU LIEHTPa
yCIEIHO BHEApsUINCh B pernoHax Kazaxcrana. Hapsny c¢ pasBuTmeM namapockomuueckod xupypruu, ¢ 1997 r.
BriepBble B Kazaxcrane crana pa3BHBaThCS SHI0BHICOCKONMYECKAs XUPYPTHsl B THHEKOJIOTHH.

JanbHeiimee pa3BuTHE NONy4YHiIa W KapAHOXUpypruueckas ciryx6a Kasaxcrana. Ilpu omepamum Ha cepane
BIIEPBBIC B CTPaHE BHEAPSUIUCH METOJbI MPOTE3UPOBAHUS KJIAlaHOB CEp/lla B YCIOBUSIX MCKYCCTBEHHOTO KPOBOOO-
paimieHusi ¥ pa3M4Hble BapUaHThl YMEPEHHON M YIIyOJCeHHOH IMIOTEPMMH, BHEIPSIOTCS CHOCOOBI 3aKpHITOH
MUTpaJIbHOW KOoMHccypoToMud. MccienoBanich M BHEAPSUIMCH CIIOCOOBI XUPYPIUYECKOTO JICUEHHST BPOKACHHBIX
NOpoKOB cepua. Brepsrle B KazaxcraHe crany oka3plBaTh KapAHOXUPYPIHIECKYIO TOMOIIb IETSIM JI0 TPEXJIETHETO
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Bo3pacTa. IIpoBoauiich MCCIEOBaHUS [0 XUPYPIrHUECKOMY JICUEHHIO BPOXKICHHBIX ITOPOKOB CEpIIa, OCIO0KHEH-
HBIX BBICOKOH JIETOYHOM FMIIEPTEH3UEN.

PaszBuBanace u cimyx06a cocymucrod xupypru. KoJuleKTHBOM IPOBOAMINCH PabOThI MO HCCIEAOBaHUIO
mpobJieM AWAarHOCTHKH WM OINEpaTUBHOTO JiedeHWs 3aboiieBaHUM aopThl M ee BeTBeil. Bmepmeie B Kasaxcrame
HCCIIEJOBAINCH BO3MOXKHOCTH HCIIOJIB30BAaHHUS CHHTETHYECKUX IPOTE30B M OMOTPAHCIUIAHTATOB B PEKOHCTPYK-
TUBHOM XMpYypruu cocynoB. BriepBrie B peciyOnnke MpoBeAeHa PEKOHCTPYKIUS OpaxuoredaabHbIX BETBEH aOpThI
9KCTPAIUIEBPATBbHBIM JOCTYNIOM. Pa3paboTaHbl U BHEIPEHBI CIIOCOOBI XUPYPTUUECKOTO JICUEHHS KOAPKTallu! a0pPTHI,
COYETAHHBIX, OKKIIO3MOHHBIX MOPAKEHUHA TOpakoaOIOMHHAIBHONH aopThl M apTepuii KoHedHocTed. M3ywamm
poOIEMBI XHUPYPTHUECKOTO JIEUECHUS 3JI0KAYECTBEHHBIX M CHMITOMATHYECKHX apTEPHAIBHBIX TMIIEPTEH3MH, pa3-
JUYHBIX (JOPM aHEBPU3M M apTEPHUOBEHO3HBIX CBHIICH, TOCTTPOMOO(ICONTHIESCKOTO CHHAPOMA, CHHAPOMA BBIXO/1a
U3 TPYAHON KIIETKH.

B nerTpe B 1983 . BriepBrie OblIa CO3aHa TPyTIIIa MUKPOXAPYPTUH, a B 1986 T. OBLIO OPraHN30BaHO IIEPBOE B
Kazaxcrane otneneHune mukpoxupypruu. Hapsay ¢ TpagulMOHHOM aHruoxupyprued, Broepeble B Kazaxcrane
WCTIONIB30BAINCH METOJBl MHKPOXHPYPTHH, MO3BOJIIOIINE BOCCTAHOBUTH TPYAOCIOCOOHOCTH OOPEUYEHHBIX Ha
WHBAJIMIHOCTH MAI[IEHTOB.

BospmmM BKJIaZOM B OTEUECTBEHHYIO HAyKy M NPAaKTUKY CTalld MCCIEAOBaHWS B OOJIACTH TOPAKAIbHOW U
JIETOYHOW XHpypruu. HaydHsle MccienoBaHus 3TOr0 IEpHo/ia pa3BUTHS IIEHTpa ObUIM HAIlpaBJIEHBI HA pa3pabOTKy 1
BHEJIPEHNE B KIMHUYECKYIO NMPAKTUKY COBPEMEHHBIX METOJOB JHArHOCTHKH W JICUCHHS XHUPYPTHUECKHX 3a0oe-
BaHWH JIETKHX U IUIEBPHL. B oT/HeIeHnN TopakalbHON XUPYPTHH N3y4alliCh Pa3IMIHbBIEC BUIBI CIIOKHBIX PEKOHCTPYK-
TUBHBIX OIIEpalli HA Tpaxee M KPYIMHBIX OpOHXaxX, IKCTUpHANUs OPOHXOB C COXPAHEHHUEM JIETOYHOH MApEHXUMBI U
COCYJIOB JIETKHUX, 110 OTIEPAaTHBHOMY JIEUCHHUIO JBYCTOPOHHHX MOPaKEHUH JIETKHX.

[IpoBoamnMCh HCCIENOBAHUS NHATHOCTHUECKHX BO3MOXKHOCTEH DPEHTTCHOJIOTMYECKOH, 3SHTOCKOIMYECKOH,
IEKTPO(YU3NOIOTHUECKOH, PAANON30TOITHON, SHAOBACKYIIIPHBIX METOIOB AJIsI OLICHKH IOKA3aHWH W MPOTHBOIIOKA-
3aHUH K ONepaunusM Ha JETKHX, METOAOB MHTPAOIICPAIlMOHHON AMAarHOCTHKH. 3a pa3pabOTKy METO/IOB JICUEHHS U
JIMCIIaHCEPU3aIMU OOJBHBIX C XPOHHMYECKUMH HecnennpruiecKuMH 3a00JICBaHNSIMHI JIETKUX W IUIEBPHI, MHUIEBOA U
cpenocTeHus, GpyHIaMEHTAIbHBIC HCCICAOBAHUS B OOJACTH M3y4YEHUS NPHYMH PA3BUTHS U JICUCHUS «JIETOYHOTO
cepaua» ydeHbIM HHCTUTYTa npucyxaeHa ['ocynapereennas npemust Ka3CCP B oOnactr Hayku 1 TexHUKH (32 1988 ).

PazBuTHe BO3MOXKHOCTEH aHECTE3MOJOTHYECKOTO OOECIHEUYCHUs, BHEIPEHHE TEXHOJOTUH OECKPOBHBIX U
MaJIOMHBA3UBHBIX ONEPALUN U yKOPOUEHHE BPEMEHH, 3aTPaylBAEMOE Ha BBHINOIHEHUE BMEIIATEIbCTBA, IIO3BOJIMIO
LEHTPY BHIpa0OTaTh TEXHUKY W YCJIOBHS BBINOJHEHHS OJHOMOMEHTHBIX omepauuid. [IpuMeHeHne 0THOMOMEHTHBIX
orepayi Io3BOIMIO0 3HAYUTEIILHO COKPATUTh CPOKH JICUEHHS U peaduIuTanny OONbHBIX.

Hauunas ¢ 1999 r. Bnepsble B Ka3zaxcrane HeHTpOM ObUIM BHEJPEHHI HOBBIE MAJIOMHBAa3MBHBIE METOJIbI
WCCJICIOBAHMS: MarHUTHO-PE30HAHCHas aHruorpaus W MarHUTHO-PE30HAHCHAs XOJIaHTHOIaHKpeaTorpadus,
TIO3BOJISIIOIIME TIOJIyYUTh MpPSMBIE N300pa)XEHHUsT KPOBEHOCHBIX COCYJOB M JKEMUEBBIBOIAIMX IyTed. [lomyunnm
pasBUTHE METOABI TpaHC330(arealbHON, TPAaHCBAarMHAIBHOW, TPAHCPEKTAJbHOW W WHTPAOINEPAl[IOHHOW COHOTpa-
(uK, TYHKOIMOHHBIE HCCIENOBAaHHMS MOJA KOHTPOJIEM YJbTpa3ByKa. LIeHTp H3ydan BO3MOXKHOCTH BBIIOJHEHHUS
YPECKOXKHBIX ITYHKIMOHHBIX CIIOCOOOB JICUCHHUS! HEMapa3sUTapHBIX KHCT NMEYEHW U MEXaHWYECKOHW JKENTYXH IO0J
koHtposieM Y3U u KT. KosutekTHB HeHTpa MCClieoBan 3XONpPU3HAKH 3K30(UTHBIX, SHAOPHUTHBIX M CMEIIaHHBIX
(hopm paka kelynKka, MPOBOAMI CUCTEMATH3ALUIO YJIBTPAa3ByKOBOH KapTHHBI SI3BEHHOW OOJIE3HM KeIy/Ka M IOJIH-
MOB JKEJyJAKa, AYIJIEKCHOTO WCCJIENOBaHMS apTephii M BEHO3HBIX COCYJOB KOHEYHOCTEW, ILeiHOW oOnacty,
OpIOIIHOM MOJIOCTH M Majioro Tasa. PaspaboTaHbl crocoObl yJIbTPa3ByKOBOM JHArHOCTUKH JIET€HEPATUBHBIX U3Me-
HEHUI MBIII-pa3rudareneil nocie MOBPEXICHUH JIyd4eBOro, MaJloOepIioBOr0 HEPBOB, KOMIUIEKCHOM THarHOCTUKU
nuMgeneMbl HIKHUX KOHEYHOCTEH, MEeTOAMKa 3Xorpaduu TpaHCILIaHTaTa, peHorpaguu ¥ aHrHOHEPPOCIMHTHIpa-
(um 10 ¥ moce nepecaaKy MOYKH, THHAMHYECKOH 330(harocUHTUrpaduH.

K nawyamy 2000 romoB Onaromaps BHEIPEHHIO HOBBIX TEXHHK M TEXHOJIOTHMH WHCTUTYT HPHOOpEN poJib
MPU3HAHHOTO B peCIyOJIMKe U 3a €ro IpejesiaMyd Hay4HO-IIPAKTHYECKOTo CHEelHUaIM3UpOBaHHOro IeHTpa. Kotek-
TUB TIPOBOJMI OOJIbIIME IKCIIEPUMEHTAJIbHbIE U KIMHUYECKUE HCCIIeIOBaHHs MO MpoOJieMaM JIYEeHHs KeTueKa-
MEHHOW OOJIE3HH U €r0 OCJIOKHEHUHl, ATPOTCHHBIM MMOBPEXKACHHUSIM KEITUHBIX MyTel, MOCTXOJICIUCTIKTOMHYECKUM
CHHJIpOMaM, O4aroBbIM U AU PY3HBIM 3a00JI€BaHUSM MTEUYEHH U [TOKEITY JOYHOM JKENEe3bl.

MHoro cus ¥ BHUMaHHUS IIGHTPOM YAEISUIOCH MpoOjieMe MUATHOCTHKH M JICUYCHHS MEXaHHYeCKOH JKeNTyXH.
KosutekTHBOM M3ydasuch M pa3padaThlBalUCh CIIOCOOBI MaJlOMHBAa3HMBHBIX U IYHKIIMOHHBIX CIICOOOB JICUEHHS,
PEKOHCTPYKTHBHBIX ¥ BOCCTAHOBUTENBHBIX ONEPAINi Ha JKEITIHBIX MyTAX.

bonbiast uccnenoBarenbckass padoTa Obula TPOBEAECHA M3YUEHHIO CIIOCOOOB JICUSHHSI OCIOKHEHHOTO |
HEOCJIOKHEHHOTO 9XMHOKOKKO3a Me4eHH. LIeHTp IMpoBOIHII HCCIeIOBaHMs IO UCTIONb30BAHUIO PA3IMYHBIX CIIOCOO0OB
00pabOTKM OCTATOYHBIX MOJOCTEH C MCIOJIL30BAHUEM Jla3epa, IEKTPHUYCCKUX, IIa3MEHHBIX U KPUOT€HHBIX TEXHO-
JIOTHH, OBbUTH pa3paboTaHbl M YCOBEPIICHCTBOBAHBI METOIbI MX TPOBEICHHS.
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Lentp ogauMm u3 nepBbix B KazaxcraHe Hadan HcCleOBaHMA 1O MpoOJieMaM JICUEHHs] LUPPO30B MEUCHU Y
B3pOCJIBIX U JieTell. KonnekTus nenTpa npoBoAMII HCCIE0BaHMS M0 pa3pabOTKe Pa3IMYHbIX HIyHTHPYIOMINX OIepa-
II1H, CITIOCOOOB MAaKpO- M MUKPOTYHHEIMPOBAHUS TEUCHHU, BO3MOKHOCTEH MCIONB30BAHUS KICTOUHBIX TEXHOJIOTHN
JUISL JICUEHMS LINPPO3a TIEICHH.

Boupmoii 06beM rcciie10BaHUM OBl MOCBSIICH M3YYEHHIO ¥ BHEAPEHNIO PE3EKIMOHHBIX H PEKOHCTPYKTHBHO-
IUTACTUYECKHUX OIepanuii mpy 3a00JICBaHUX TOKETYA0UYHOH JKele3bl, HAUNHAs C UCIOIb30BaHNS MaTOMHBAa3UBHBIX
CIOCO00B M 10 OOBEMHBIX PEKOHCTPYKTHBHO-BOCCTAHOBHTEJIFHBIX BMENIATENHCTB. AKTHBHO BHEJPSUINCH JIanapoc-
KOIMYECKNE TEXHOIOTUH B XUPYPTHUIO.

B 2010 r. ITocranoBnenuem [IpaBurensctBa PK HanmonaneHend Hay4dsbIi neHTp xupyprun um. A H. Ceizra-
HOBa PEOPTraHN30BaH B AKI[HOHEPHOE OOIIECTBO.

B macrosimee Bpemsi moJ PYKOBOJICTBOM TAJTaHTJIMBOTO Ka3aXCTAHCKOTO YYEHOTO-XHPYpra, JOKTOpa MeIu-
MHCKUX Hayk, npodeccopa, akagemrka HAH PK B.b. baiimaxaHoBa eHTp Mpo10/bKaeT Hay4qHbIe UCCIICOBAHHUS 110
BCEM aKTYaJIbHBIM HAIpPaBJICHUAM XHUPYPTHH, pa3sBHUBaA MCKIYHAPOAHOEC HAYYHOC COTPYAHUYECTBO U MOATOTOBKY
KaJpoB.

KostekTHB ynensier MHOro BHUMaHHs UCCIIE0BAHUSAM ITPOOJIEM TMarHOCTUKY U JIeueHHs 3a00JIeBaHUH NEUeHH,
JKEITYHBIX ITyTeH, MOKENyIOUHON Kelle3bl MUIIEBOA, Kelyka U OpraHoB cpefocTeHus. CoBpeMEeHHbIE BO3MOXK-
HOCTU Hay4YHO-T€XHHYECKOTO Iporpecca MO3BOJIWIN LEHTPY pEIIaTh 33Ja4ud M0 Pa3BUTUI0 PEKOHCTPYKTUBHOU U
BOCCTaHOBHTEIILHOM XUPYPTUH JKETYHBIX IMyTeH, JeUeHUs] o4aroBblXx M AU (y3HBIX 3a00JIeBaHUI TEYeHH, omepa-
THUBHOTO JICUCHHUs 3a00JIEBaHNH JIBEHAIIIATHUIIEPCTHON KHUIIKH, BOCTIAIMTENBHBIX H KHCTO3HBIX, J0OPOKAa4eCTBEHHBIX
M 37I0KaYeCTBEHHBIX 3a00JICBaHUN MOIKEITYyHIOYHON xene3bl n darepoBa COCOYKA, YHAOCKOIMMICCKON W MaJIOWH-
Ba3MBHOHM XMPYPIUHY IeMaTONaHKPEATOqyOJCHAILHOM 30HBI.

Ocoboe BHMMaHHE YyIEJSCTCS Pa3sBUTHIO TPAHCIUIAHTOJIOTMYECKOW CIykObl B pecmyOimke. JlOCTUTHYTBIC
pE3yIbTaThl IO KOJIMYECTBY €KETOJHO MPOBOANMBIX ONEPALUH TPAHCIUIAHTAMH IIEYEHU U MOYEK, a TAKXKE IOKa3a-
TEJSIM MOCJICONIEPAIIMOHHBIX OCJIOKHEHHH W BDKMBAEMOCTH TPAHCIUIAHTATA TTO3BOJMIM MHCTUTYTY CTaTh NPHU3HAH-
HbIM MCKAYHAPOAHBIM TPAHCIIJIAHTOJOTUYCCKUM COOGHIGCTBOM CIICHHUAIU3UPOBAHHBIM  HAYUYHO-IIPAKTUYCCKHUM
LEHTPOM.

B MOCJIEAHNUE TOABI LEHTP MNPOBOJUT HUCCICAOBAHUA II0 PA3BUTUIO IIPOTpPaMMbI HeTCKOﬁ TpaHCIJIaHTallun
TICUYEHH W MOYEK P BPOKAECHHBIX MOPOKax pa3BUTHs U 3aboneBanusx. B 2019 r. Buepsrie B KazaxcTane B neHrtpe
OblTa BEINOJTHEHA POACTBEHHASI TPAHCIUIAHTALMS TICYEHHN Y JIETEH 1O OHOTO T0JIa KM3HU C BPOXKAEHHBIMU TTOPOKaMHU
pa3BUTHS TIEUYEHHU.

HayuHo-npakTHieckue ncciaeJoBaHHs [IEHTpa HalpaBJIeHbI Ha:

- pa3paboTKy MaJIONHBAa3HBHBIX METOJIOB JTMArHOCTHKH U JICUCHHS 3a00JI€BaHUH MIEUCHH, OPTAHOB XKEITyI0UHO-
KHIIEYHOTO TPaKTa U 3HJOKPHUHHOM CHCTEMBI, KOMIUIEKCHOE JIEUYEHHE PaKa MEYEHU, BKIIIOUas TpaHCapTEPHAIbHYIO
XUMHOIMOOJH3AIHI0, TEPMOAOIIAINIO U PE3EKINIO TICUCHH;

- pa3paboTKy crocoO0B KOMOMHHUPOBAHHOTO JICUSHHSI PaKa IO HKEITyJOUHOH JKeJIe3Hl;

- pa3BHUTHE METOJOB TPAHCIUIAHTAIMH [TOYKH OT )KUBOTO POJCTBEHHOTO TOHOPA M OT JOHOPA CO CMEPTHIO MO3T'a;

- pa3BUTHE METOJOB TPAHCIUIAHTAIMs IEYEHU OT KMBOTO POACTBEHHOIO JOHOPA y B3POCIBIX U OT JKHBOTO
POACTBEHHOT'O JOHOPA Yy ETEH;

- U3yYEHUE COBPEMEHHBIX U MaJIOMHBA3UBHBIX METONOB JHATHOCTHKH U JICUCHUS SXMHOKOKKO3a TIEUCHHU.

B rteuenue 75 ner nmesrenbHocTH HarmonaneHblit HayuHblid neHTp xupypruu uM. A.H. CoeizraHoBa Obul U
ocraercst (plarMaHOM OTEYECTBEHHOW XMPYPIHYECKOH IIKOJBI 10 MHOTMM HAIpaBJICHUSM U CIIy)KOaM: cepedHo-
COCYZIMCTON XUPYpPIUH, TOPaKaJIbHON XHUPYpIruH, XUPYpPrUM IHIIEBOJA W Key/Ka, reraTollaHKpeaToOuInapHoit
XUPYPIUHU, pEKOHCTPYKTUBHOHN U IIIACTUYECKON MUKPOXUPYPIHU.

IIponomxkaercs HOArOTOBKA HAYUHBIX KaJpOB B JOKTOPAHTYpE, MarUCTpaType U pe3ujeHType. CenuantucTsl co
Bcex pernoHoB KazaxcraHa n 3apy0exXbs IPHE3KaroT Ha IUKJIIBI MTOBBIMICHUS KBaTH(pUKaIMN.

B crenax meHTpa MPOAOIDKAIOT TPYAWTHCA MHOTO JIET pabOTaBIIME B HHCTHTYTE 3aclIy)KCHHBIE Bpadd M
npodeccopa: O.J1. Jlanp6exos, IILIII. XKypaes, M.A. Ceiicembaes, E.M. Muep6ekos, I'.A. Annanraposa.

B crporo Ha pabouem mecte paborator mpuHATHIE Ha padoTy A.H. Cesranossm u I'.K. Tkauenko 6omee 40 ner
Hazaz Bpaun: JI.X. Agunsrepeesa, A.A. bammkosa u I'.11. Ucpannosa.

IlerTp mMOANEp)KMBAET TECHBIE KOHTAaKTHI CO MHOTMMH HAayYHBIMH YYPEKACHUAMH 3apyOeKHBIX CTpaH M
0OMEHHBAETCS OIBITOM ¢ yueHbIMH [ epmannu, Utanuun, Hunepnannos, Anonnn, Kopen, Unauu, Poccun, YkpauHsi,
Benapyccuu, Kuprusuu, Y30ekucrana, TapKUKUCTaHA B ADMEHHUH.

Ceronns B HanmonansHOM HayuHOM LieHTpe xupyprun uM. A.H. CeizranoBa paboraer okono 700 4enoBek, 13
Hux 130 Bpaueit u 350 cpegHero M MIIaaUIero MEAMIMHCKOTO IEPCOHANA, KOTOpPHIE MPOAOKAIOT HE TOJBKO
MIPOBOJUTH CaMble BBICOKOTEXHOJIOTUYHBIE ONEpalMy, HO U TPOBOAST HAy4HBIE MCCIEJOBAHUS IO CaMbIM
aKTyaJIbHBIM T€MaM XUPYPTUH U aKTHBHO YYacTBYIOT B IOJATOTOBKE KBaIH(HUINPOBAHHBIX MEIUIUHCKUX KaJIpoB
JUI IPaKTU4ECKOTro 31paBooxpaHeHus KazaxcraHa.
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[Namsamu y4yeHo20

Ajitxo:knna Haruma AdeHoBHa
(22.02.1946-10.11.2020rT.)

MunncrepcTBo 0o0pazoBanus u Hayku PecmyOmuku Kaszaxcran, Komwurer
HayKd ¥ KOJJIEKTHB HcTHTYTa MOJIEKYIsIpHON OHONOrMM W OHOXWUMHHU
uM. M.A. ARTXOXHHA ¢ IPUCKOPOHEM COOOIIAIOT O CKOPOTIOCTIDKHON KOHUMHE
Ha 75-M roxy xm3HE akagemrka HAH PK AfitxoxuHoit Harnmer AGEHOBHBL

H.A. AliTX0XHHA SBJISIETCS OCHOBATENIEM MOJIEKYJISIPHON T€HETUKU, MOJIe-
KyJISIPHOW MEAMUMHBI, KOCMMUYECKOW OMOJIOTMM U OMOTEXHOJOTHH, ITHOI'CHO-
MHUKHU U TaneoreHoMukd B KazaxcraHe, opraHM3aTop M NEPBBIN 3aBEIYIOLIHHA
naboparopun TeHOMa, B KOTOpOW ObIM pa3BUTHI HOBbIE it Kaszaxcrana
HaMpaBJICHUS HUCCIEAOBAaHMM - T€HOM 4YeJOBEKa, PacTeHHH M MHKpOOpra-
HU3MOB. ABTOp O0Jiee 200 HAYYHBIX TPYJIOB.

AtnirxoxnHa H.A. pomunacek 22 ¢espans 1946 roxa B r. IlerponasnoBcke.
B 1969 rony oxonunna Kaszaxckuii I'ocynapcreennstii ynusepcurer uM. C. M. Ku-
posa. B 1974 rony 3amuTiina kaHAMJATCKYlO quccepranuo, a B 1990 roay -
JIOKTOPCKYIO TUCCEPTALHIO.

Bcest Hay4Has, HAyYHO-OpPTaHU3ALMOHHAS U MeJaroruyecKas JeaTelbHOCTh
Avtxoxxnaoir H.A. cBszana cHavyana ¢ Muacturyrom Ootanmkn AH KasCCP u
nmociue opranm3anuu B 1983 rongy Ha 6ase ero OmoxmMmmyeckux jaboparopuii HoBoro MuctutyTa - ¢ MHCTHTYTOM
Monekysipaoit ononormm u 6noxummuu AH KasCCP (HAH PK, MOH PK). C 1988 mo 2019 roas! oHa sBisiach
nmupekropoM MHCTHTYTA MONEKYIApHOH Onosorun u Onoxumun M. M.A. AWTX0XHHA.

B 1996 roxy npuHuMasi BO BHUMaHHE BBIJAIONIMECs Hay4YHbIe NOCTHXKeHHs, AlTxoxnHa H.A. Obuta u3dpana
aKaJeMHUKOM-CEKpeTapeM OTAEICHUS OHOJIOTMYeCKMX M MEAMLIMHCKUX Hayk HanuonanpHON AkageMuu Hayk
Pecniyonuku Kaszaxcran. B 1999 ronmy npukaszom Ilpesumenra Pecnyommku Kaszaxcran Hasapbaesa H.A. Haruma
AbGenoBHa HazHayeHa [Ipe3nneHToM AKajeMun HayK.

Anitxoxknaa H.A. 6suta wenom BHTK mpu IlpasurtensctBe PK, mpencemateneM OHOJOTHYSCKOW CEKITHH
®onna ¢pyHnameHTanbHBIX nccaenoBanni npu [IpaBurensctBe PecnyOnmkm Kazaxcran, wieHOM HaydHO-TEXHHYEC-
KOT'O COBETa M HKCIIEPTOM NPOEKTOB Bcecoro3noit mporpammel «IIpropuTeTHble TpoOieMbl TEHETHKI», T'. MOCKBa,
WICHOM MeXBEZIOMCTBEHHOTO HAYYHOTO COBETa MO NMPUOPUTETHHIM HANpPAaBICHUSAM (H3UKO-XMMUYECKON OMOIOrHn
u onotexHoxoruu [ 'ockomutera 1Mo Hayke u Texauke npu Coere Munnctpos CCCP, r. MockBa, 4IeHOM KOJUIETHH
MOH PK. IIpencenatens Ka3axCTaHCKOTO OTAEICHUS MeXIyHapOIHOTO OOIIecTBa MO MOJICKYISAPHON OHOJOTHH U
onoxumuu (IUBMB), mexxayHapomaslii skxcriept no nporpamme “INTAS”. Jlenyrat Bepxosroro Cosera CCCP.

Ona Bcerma crpeMmiach K TOMY, YTOObl B Hallel CTpaHE Pa3BUBAIUCh UCCIEJOBAaHMUSA IO COBPEMEHHBIM
HAy4HBIM HalpaBICHUSM, MOTOMY C MpUCYIIEH eH IeneTHIbHOCThI0 OTHOCHIAch K OTOOpYy cTaTed, Oymydu
I'maBHBIM pemakTopoM xypHana JJoxmanst HAH PK, unenoMm penakmmnonHoN Koymeruu kypHaina «Becrnnk MOH -
HAH PK», uneHOM pegakunoHHOTO coBeTa )ypHaia «MosekynsipHas ononorus» PAH.

3a 3aciIyru nepej rocyAapcTBOM M 3HAYUTENbHBINA BKIIAA B COLIMAIBHO-9KOHOMHYECKOE U KYJIbTYPHOE pa3BUTHE
crpanbl B 2001 rony Aitxoxuna H.A. HarpaxxneHa opaeHom «Ilapacar», 3a ocoOble 3aciayru B rOCyAapCTBEHHOM,
MPOM3BOJICTBEHHOM, HAay4YHOH, CONMAILHO-KYJIBTYPHOW M oOmecTBeHHOH nearenbHocTd B 2011 rogy HarpaxkieHa
opneHoM «bapeicy» 111 crenenn, Ilouernoit rpamoroii PecrryOnukn Kazaxcran 3a akTuBHOE ydacThe B o0ecrieueHHN
Hay4HOH IporpaMMoii kocMudeckoro kopadist «Coroz TM-13» ¢ mexxayHapoaHbM skunaxeM (1992r.), cepeOpsinoit
Menanpio MexayHaponHoW BhICTaBKH «OBpuka» (Bproccems, 1993r.). B 2002 romy ymocToeHa He3aBUCHMOM
Belciiell npemun «IlmatnHOBBIH Tapman» 3a BKiax B HayKy. HarpaxkneHa HarpyZHBIM 3HaKoM — 3a 3aciIyrdl B
pasButnu Hayku PecryGmukm KazaxcraH, Taxke HeomHokpaTtHO oTMmedeHa IlodetneiMu rpamoramu AH KasCCP,
MOH-AH PK, HAH PK, MOH PK 3a mnogoTBopHyto paboTy U BKJIaJ B pa3BUTHE Hayku Ka3zaxcraHa.

Bripaxxaem 1iy0okme coOONEe3HOBaHHMA POAHBIM W ONM3KUM akajgemuka HammoHanmpHON AkagemMun Hayk
Pecnyonuku Kazaxcran Haruvbr AGCHOBHBI ARTXO0KHHOM.

Huemumym monexynaprou ouono2uu u ouoxumuu
um. M.A. Avimxoocuna KH MOH PK
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YBaxxaemble aBTOPbI HAaYYHbIX KypHaaoB HAH PK!

IIpesummymom HAH PK npussTO pemenue, B LENSIX IOBBILICHUS
MEXIYHApOJAHOTO PEUTUHIA aKaJeMUYECKUX H3AaHUM, OOBEAMHHUTH CIEAYIOIINe
3 xypHaina, HaunHas ¢ Ne 5 (ceHTI0pb-0KTs10ph), 2020 T., C BHICOKOPEUTUHT OBBIMH
xypHaiamu HAH PK, Bxomsuiumu B MexayHapoiHbie 6a3bl Scopus, WoS u 1p.:

l. «"3Bectuss HAH PK. Cepusi 0M010TH4YeCKHX M MEAUUMHCKHUX HAYK)
00BeauHUTH ¢ )xypHaIoM «Jlokmaast HAH PKy;

2. «"3Bectust HAH PK. Cepus arpapusix Hayk» — «/loknanst HAH PK»;

3. «A3BecTust HAH PK. Cepusi 0011eCTBEHHBIX U TYMAHUTAPHBIX HAYK» —
c )xypHanoM «Bectauk HAH PK».

Crarbu, koTopbie myOnukoBanuchk B xxypHanax «M3sectuss HAH PK. Cepus
ouosiornyeckux u meauuuHckux Hayk» u «M3Bectust HAH PK. Cepust arpapubix
HayK», BOpeab OynyT myonrkoBathbes B xxypHaie «Jlokaaaslt HAH PK», a cratby,
nyonukyemble B kypHane «M3Bectus HAH PK. Cepuss oOuiecTBeHHBIX H
I'YMaHUTapHbIX HAyK», — B )KypHaie «Becthuk HAH PK».

[Ipu nogade crarteil MpocUM yKa3blBaTh HAa3BaHUE KypHAJla U OTPACib HAYKH,
COTJIACHO MPEACTABJICHHOIO NMEepeyHs (CM. HUKE) B JaHHOM >KypHaJie:

I. Hayunsii xypHan «Beetnuk HAH PK» mnocesimieH uccnenoBaHusiM (QyHIaMEHTAIbHOHW HayKH
(ryMaHHMTapHBIE U €CTECTBEHHBIE):

PCHaKHI/IOHHaﬂ KOJUJICT U IIPUHUMACT CTATbU IO CJICAYIOIHUM OTPACISIM HAYKU:

1. l'ymaHuTapHple (IKOHOMHKA, IOPUCIPYICHINS, UCTOPHS M apXeOoJIOTHs, MOJUTOJIOTUS M COLHOJIOTHUS,
(uocodust, PUIOTOTHA, TIEIATOTHKA U IICUXOJIOTHS, TUTEPATypOBEICHHIE, HCKYCCTBOBEICHUE)

2. EcrecrBeHHbIe (acTpoHOMHUS, (H3MKa, XMMUSI, OHOJIOTHs, Teorpadus 1 TexHuYeckue Haykn). [Ipumepst
TEeXHHYECKHX HAayK: KOCMOHAaBTHKa, KOPaOJIeCTPOEHHE, MAIIMHOCTPOCHUE, CHCTEMOTEXHHKA, 3JIEKTPOTEXHUKA,
3IIEKTPOCBA3b, PAAUOAIEKTPOHHKA, SACPHAs SHEPreTHUKA U T.1.

Anpec cainta «BectHuk HAH PK» — http://www.bulletin-science.kz/index.php/en/arhive

II. Hayunmsii xypaan «Joxaaast HAH PK» mnocBamen wnccienoBaHusM B 00JacTH  HOJTYYECHHUS
HaHOMAaTepHaIoB, GHOTEXHOJIOTHHU U SKOJIOTHH.

PeZ[aKI_[I/IOHHaﬂ KOJUIETHUS IPUHUMACT CTAThU 110 CICAYIOMUM OTPAC/IAM HAyKHU:

1. TTonyyeHne HAHOMATEPUAJIOB B 0OJIACTH €CTECTBEHHBIX HAYK, MEJAUIMHBI U CEILCKOTO X035HCTBA.
2. BHOTEXHOJIOTHS B 3eMJIEICIMU, PACTEHUEBOICTBE U 300TEXHUKE.

3. O6was 61uoorus ¥ OMOTEXHOJIOTUS B MEIULIMHE.

4. DKoJ0THS.

Anpec canta «doknagbl HAH PK» — http://reports-science.kz/index.php/en/archive

Kpome Ttoro, B xypnamax «W3sectus HAH PK. Cepus ¢wusuko-
marematudeckas», «Ws3sectuss HAH PK. Cepus xuMuu M TEXHOJOTMN» H
«M3Bectus HAH PK. Cepust reosorun U TEXHUYECKHUX HAYK» TaKXKe YKa3aHbl
OTpaciy HAayKH, IO KOTOpbIM OyAyT NpPUHUMATBCA HAyYHbIE CTaThbu MJIs
AKCIIEPTU3bI U JAIbHEUILEro 0nyOJIuKOBAHMS:

III. Hayunsrit xxypaan «A3Bectust HAH PK. Cepusi puznko-MmaTeMaTH4ecKash IMOCBSIIEH HCCIICAOBAHIM
B 00JTaCTH MaTeMaTHUKHU, PU3UKH U HH(YOPMAITIOHHON TEXHOIOTHH.


http://www.bulletin-science.kz/index.php/en/arhive
http://reports-science.kz/index.php/en/archive

PCﬂaKL{I/IOHHaH KOJUIETUSA IPUHUMACT CTAThH 110 CICAYIOIUM OTPACIIM HAyKH:

. MaremMaTHKa.

. Uapopmaruxka.

. MHTeNneKTyanpHbIi aHAIU3 JaHHBIX U PACIIO3HABAHUE 00PA30B.
. MaremaTnueckoe MOAEIMPOBAHNE COLUATBHBIX 1 SKOHOMHUYECKHX MPOLIECCOB.
. Mexanuka.

. MexaHuka MammH 1 poOOTOB.

. Teopwust ynpaBieHUst 1 KOCMHUYECKUE UCCIIEIOBAHMS.

. Ousuka.

. SinepHas ¢uznka.

10. Teopernueckas ¢uzuka.

11. ActpoHOMUSL.

12. Monocdepa.

O 03O L =~ Wi —

Appec caita «M3Bectus HAH PK. Cepus cdusuko-matemaTnyeckasa» —
http://physics-mathematics.kz/index.php/en/archive

IV. Hayunsnit xypraan «M3Bectuss HAH PK. Cepusi XuMHM M Te€XHOJOTHiD» MMOCBSAIICH UCCIEIOBAHUAM B
06J'IaCTI/I XHUMHH U TEXHOJOTUM HOBBIX MaTepuaioB.

Pe)laK]_[I/IOHHaﬂ KOJIJICT U MPUHUMACT CTATbH IO CJICAYIOIHUM OTPAC/IsIM HAYKU:

. OpraHnyeckasi XUMHS.

. Heopranmueckas xumus.

. BEICOKOMOJTEKYIISIpHBIC COCTUHCHUS.

. ®u3nueckas XuMus (KaTaln3, SJICKTPOXUMIS).
. TexHONOTHS HOBBIX MaTEePHAJIOB.

. TeXHONOTHSI OPTaHUYECKHUX BEIIECTB.

. TexHOTIOTHsI HEOPTaHMYECKUX BEIIECTB.

. TexHONOTHS XUMUYIECKHUX YI0OpEeHHUI.

. TexHOTIOTHSI MOTTMMEPHBIX U CTPOUTEIBHBIX MAaTEPHATIOB U CHIIMKATHI.
10. TexHOJIOTHS MUIIEBBIX TPOJAYKTOB.

11. ®apmarnieBTHUECKAS XUMUSL.

O 01O\ LN K Wi~

Appec canta «UN3Bectna HAH PK. Cepusi xumMumn 1 TexHonormmy —

http://chemistry-technology.kz/index.php/en/arhiv

V. Hayunsiii xypaan «H3Bectusi HAH PK. Cepusi reosormm u TeXHHYECKHMX HAYK» IOCBAIICH
WCCIIEJOBAaHHSAM B 00JIACTH TCOJIOTUH M TEXHMUYECKUX HAYK:

Pe,[[aKHI/IOHHaﬂ KOJUIETHS IPUHUMACT CTAaThU I10 CICAYIOIIUM OTPAC/IAM HAyKHU:

. I'eonorus.

. PernonanvHas reosorus.

. Ilerponorus.

. 'eontorus Hedtu u raza.

. 'eosnorus v reHe3nC pyJHBIX MECTOPOKICHHH.
. 'mpporeonorusi.

. T'opHoe geno u reoMmexaHuka.

. ®yHIaMeHTaIbHBIE TPOOIIEMBI 00OTAICHUS MUHEPAIEHOTO CHIPHSL.
. UnxenepHas reosorusl.

10. Teodnznka u celicMOIOTHS.

11. T'eorpadmus.

O 01N LN Wb~

Apapec cainta «M3Bectna HAH PK. Cepusa reonorun n TeXHU4eCKnX Hayk» —
http://www.geolog-technical.kz/index.php/en/archive
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