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THE INFLUENCE OF LEGUMES ON SOIL FERTILITY IN THE DRY STEPPE ZONE OF
THE ABAY REGION

ANNOTATION

In the Abai region, it is necessary to improve soil fertility in order to obtain yields[1]. The
production of agricultural crops has always been given great attention, as it provides the population
with food, supplies raw materials for industry, serves as animal feed, and is also the main object of
international economic relations[2,3]. Soil fertility is already deteriorating in the regions of the Abai
region. Food security, reducing the risk of climate change and meeting the growing demand for energy
will become increasingly important tasks in the coming years. The soils of the Agrobiolaboratory of
this site are degraded. [4].

The aim of the research was the influence of legumes on soil fertility in the dry steppe zone of
the Abai region. Field experiments were conducted on light chestnut medium-sized soils of medium
loamy mechanical composition. The objects of the study are legumes, together with bacteria, which
play a huge role in the nitrogen balance of the soil. In the conditions of the dry steppe zone, the
moisture supply of plants is a factor limiting the yield of crops. Moisture reserves in the soil are
created here solely due to atmospheric precipitation. One of the real and economically beneficial ways
to stop the decline in soil fertility and increase agricultural production, along with the use of
chemicals, is to intensify the biologization of agriculture. Due to the presence of nodules with a large
number of nodule bacteria on their roots, they are able to convert air nitrogen into a form available for
assimilation by plants[5]. After the death of plants, legumes increase the nitrogen content in the soil,
and thus the legume-rhizobial symbiosis pumps nitrogen from the atmosphere into the soil[6,7].
According to the results of studies of atmospheric nitrogen fixation, legumes in symbiosis with
bacteria can accumulate, depending on the biological characteristics of the culture, from 100 to
300 kg/ha of bound nitrogen per year

Key words: legumes, peas, soil fertility, dry steppe zone, mineral fertilizers.

Introduction. Legumes play an important role in the agricultural economy of Kazakhstan,
especially in the dry steppe regions, where farming conditions are limited due to lack of precipitation
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and high climate variability. Effective cultivation of legumes in these conditions requires the use of
specialized agricultural technologies aimed at preserving moisture, improving soil structure and
fertility, as well as increasing crop resistance to drought [8].

Therefore, along with many solvable problems. Soil preparation and optimal sowing times are
also crucial for the success of legume cultivation. Proper soil preparation ensures good aeration,
promotes moisture retention and creates favorable conditions for the development of the root system.
[9]. Optimal sowing times help plants make better use of spring moisture and avoid periods of drought
during the growing season. Thus, an integrated approach to the cultivation of legumes in the dry
steppe zone of Kazakhstan, including the use of modern agricultural technologies and taking into
account local climatic characteristics, can contribute to the sustainable development of the agricultural
sector and increase food security of the country [10]. Taking into account the climatic and resulting
soil characteristics of the region, the leading component of the agricultural system is a scientifically
based soil protection system of agriculture [11]. The introduction of all elements of soil-protective
agriculture makes it possible to ensure high and sustainable yields of field crops while simultaneously
increasing soil fertility and creating favorable environmental conditions. The leading component of the
farming system is crop rotation, as a scientifically based alternation of crops, built taking into account
the accepted structure of acreage and providing both an increase in soil fertility and an increase in the
productivity of cultivated crops [12,13]

Materials and methods of research. Within the framework of the project, 40 soil samples were
taken to assess soil fertility in the Agrobiolaboratory. The selection was carried out in early June
2024 from the upper horizon with a depth of 0-20 cm using the "envelope™ method. The content of
organic matter in the studied soil ranges from 3.43 (sample 3) to 6.37, with an average content of
4.49%. According to GOST R 55627-2013, the optimal indicator of the content of organic matter is
considered to be a value above 3%. Nitrogen is the most important element of the mineral nutrition of
plants, the availability of which largely determines the efficiency and stability of the functioning of
agroecosystems. The need of plants for nitrogen is mainly due to soil reserves. The content and
distribution of nitrogen in the soil depend on natural and environmental factors that determine the
microbiological activity of soils. The degree of manifestation of these factors is determined and
depends on the main factors of soil formation, climate and terrain. It is the mineral nitrogen that is the
main source for plants. The content of mineral nitrogen, determined by the Tyurin and Kononova
methods, varies from 54.88 to 101.92 with an average value of 71.81 kg/ha, which indicates an
increased content of it in the soil. It is recommended to normalize the moisture level in the soil by
hydro-reclamation, the addition of peat or humus. The growth and development of plants depend on
the ratio of hydrogen ions (H+) and hydroxyl (OH-) in the soil, i.e. on the reaction of the soil
environment. If hydrogen ions prevail, the soil is acidic, hydroxyl ions are alkaline. Both strongly
acidic and alkaline soils are unfavorable for plants [14].

To determine the percentage of structural units of this size in the soil, the percentage of fractions
1-2 mm, 2-3 mm, 3-5 mm is summed up: well-structured soils contain aggregates from 1 to 5 mm in
size more than 80%, medium-structural - from 30 to 80% and poorly structural - less than 30%,
structureless - 5-10%. The studied soils are characterized as poorly structured.The results of the
chemical analysis of the soil are presented in Table 1. To study the physico-chemical properties of the
soil, methods of physico-chemical analysis were used: to obtain a soil extract, the extraction method,
the study of the mechanical composition — dry sieving, the pH of the soil solution — potentiometric
titration, the elemental composition — optical emission spectroscopy, the content of organic substances
and field humidity — gravimetry. The repetition of the experiments is threefold.

The elemental analysis of soil samples was carried out on the EXPEC-6500 instrument by
optical emission spectroscopy. The content of calcium, cadmium, magnesium, potassium, sodium,
phosphorus, iron, zinc, aluminum and other elements in acidic soil extraction was determined.

The extract was prepared as follows: 2 g of dry soil was placed in a round-bottomed flask, 20 ml
of a 3% nitric acid solution was added and stirred on a reciprocating LOIP LS-120 shaker for 60
minutes. The resulting soil suspension was filtered through a paper filter. The resulting filtrate was
diluted 50 times with distilled water and analyzed on an optical emission spectrometer.

To calculate the concentration of the element in the soil (mg/g), the formula was used:

C=(ax20)/(0.5x2x1000) 1)

4



ISSN 2305-9397. FbuibiM )coHe 6istiM. 2024. N° 4-2 (77)

where C is the concentration of the element, mg/g;
a is the concentration value of the element shown by the device, mcg/ml;
20 — volume of the hood, ml;
2 — weight of the soil sample, g;

1000 — conversion coefficient

Table 1 — Elemental composition of the soil sampled in the Agrobiolaboratory

The contents of the element in the soil sample, mg/g
Element
1 2 3 4 5 6 7
K 0,47+0,02 | 0,29+0,01 | 0,47+0,02 | 0,35+0,01 | 0,26+0,00 | 0,41+0,01 | 0,26+0,00
Na 0,54+0,03 | 0,33+0,01 | 0,25+0,01 | 0,36+0,02 | 0,23+0,01 | 0,40+0,02 | 0,16+0,00
Ca 3,57+0,3 | 2,48+0,16 | 3,35+0,18 | 2,29+0,12 | 2,29+0,12 | 3,25+0,09 | 2,82+0,00
Mn 0,27+0,01 | 0,39+0,00 | 0,18+0,00 | 0,18+0,00 | 0,23+0,00 | 0,20+0,00 | 0,12+0,00
Al 1,25+0,02 | 2,41+0,11 | 1,32+0,03 | 1,52+0,01 | 2,20+0,09 | 1,62+0,02 | 0,82+0,01
Cr 0,11+0,00 | 0,11£0,00 | 0,10+0,00 | 0,10+0,00 | 0,10+0,00 | 0,10+0,00 | 0,10+0,00
Fe 0,43+0,01 | 0,68+0,06 | 0,50+0,01 | 0,54+0,01 | 0,80+0,04 | 0,56+0,01 | 0,65+0,01
Mg 0,77+0,01 | 1,64+0,06 | 0,72+0,01 | 0,79+0,02 | 1,13+0,05 | 0,84+0,01 | 0,43+0,00
P 0,87+0,04 | 0,37+0,01 | 0,60+0,03 | 0,55+0,02 | 0,63+0,02 | 0,55+0,02 | 0,88+0,04

content of all microelements-metals corresponds to hygienic standards [15].

The elemental composition of the soil during agroecological studies is a necessary quantitative
diagnosis to determine the amount of easily soluble (mobile) macronutrients (nitrogen, phosphorus,
potassium, etc.) and trace elements (manganese, etc.) absorbed by plants, as well as to calculate the
proportion of technogenicity of the elements. According to the analysis, the availability of soil
nutrients is revealed and the fields' need for fertilizers is determined. In the studied soils, the
oscillation amplitude of mobile phosphorus ranges from 0.37 to 0.88 mg/g; mobile potassium - from
0.26 to 0.47 mg /g, which corresponds to a more than sufficient level of their content in the soil. The

Table 2 — Physico-chemical properties of the soil selected on the territory of the agrobiolaboratory

Mass (_3f The Mineral Soil moisture pH The conteng of fractions,
organic . %

Sam content of nitrogen

ple matter, g/mass organic content 5-2
of.thestudled matter, % kg/ha g % water |Solr | 5-1 mm mm 2-1m
soil sample, g
0,2387/

1-1 47374 5,04 80,64 0,50 10,02
0,2480 /

1-2 46762 5,30 84,80 0,49 9,74 8,2 6,5 | 13,55 6,05 | 7,50
0,2516 /

1-3 4.4996 5,59 89,44 0,50 10,02
0,2294 /

2-1 46136 4,97 79,52 0,49 9,26

2-2 0,2228 1 6,37 101,92 0,68 12,85 | 8,2 6,8 | 25,05 | 13,07 | 11,98
3,4388
0,2252 /

2-3 4.6230 4,87 77,92 0,57 11,54
0,1620/

3-1 47253 3,43 54,88 0,64 12,70

3-2 ULt 3,63 58,08 0,59 11,82 | 7,5 70 | 21,08 | 10,53 | 10,55
4,7826
0,1690 /

3-3 47734 3,54 56,64 0,67 11,51
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Soil organic matter is a factor of soil fertility, a source of energy for its development and
formation, serves as a kind of reserve of nutrients necessary for plants, has a great influence on the
structure of the soil, is an energy source for many beneficial microorganisms (Table 2). The content of
organic matter in the studied soil ranges from 3.43 to 6.37, with an average content of 4.49%.
According to GOST R 55627-2013, the optimal indicator of the content of organic matter is
considered to be a value above 3% [16]. Nitrogen is the most important element of the mineral
nutrition of plants, the availability of which largely determines the efficiency and stability of the
functioning of agroecosystems [17].

The necessity of plants for nitrogen is mainly due to soil reserves. The content and distribution
of nitrogen in the soil depend on natural and environmental factors that determine the microbiological
activity of soils [18,19]. The degree of manifestation of these factors is determined and depends on the
main factors of soil formation, climate and terrain. It is the mineral nitrogen that is the main source for
plants. The content of mineral nitrogen, determined by the Tyurin and Kononova methods, varies from
54.88 to 101.92, with an average value of 71.81 kg/ha, which indicates an increased content of it in the
soil [20].

Results of the research and its analysis. As part of the study, 40 soil samples were taken to
assess soil fertility in the Agrobiolaboratory. The selection was carried out in early June 2024 from the
upper horizon with a depth of 0-20 cm using the “envelope" method, after which mixed samples were
prepared from each point. The soil of the agrobiolab territory belongs to light chestnut soils.

At all stages of experimental research, the basic methodological requirements were observed:
compliance with the principle of the only difference, that is, compliance with the unity of all
cultivation conditions except for one studied, the obligation to set up experiments on sites
homogeneous in climatic and soil factors and study in time and space.The experience was laid in the
first decade of June, the soil was plowed on 06/13/2024, the planting of peas was carried out on
06/14/2024. The seeds of the “Atlant” variety were sown in two plots with row spacing of 20x50 cm.

Experience 1. On 1.5 acres of land The scheme of the experience: 1. Sowing peas with watering
to a depth of 5-7 cm with a growth stimulant for plants.

Experience 2. On 2 acres of land The scheme of the experiment: Sowing peas to a depth of
5-7 cm with watering without a growth stimulant.

o

Picture 1 — Bacteroids on the roots

As our research has shown, legumes do not absorb nitrogen well in hot weather. Therefore,
there is a nitrogen deficiency in them As can be seen in the figure, there are very few bacteroids on the
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roots of peas (picture 2). Bacteroides is a genus of Gram-negative, obligate anaerobic bacteria.
Bacteroides species are non endospore-forming bacilli, and may be either motile or nonmotile,
depending on the species. The DNA base composition is 40-48% GC. Unusual in bacterial organisms,
Bacteroides membranes contain sphingolipids. They also contain meso-diaminopimelic acid in their
peptidoglycan layer. When the temperature in the root layer of the soil is 300C, endogenous bacteria
are not formed in the root and free nitrogen is not absorbed.

During the research, the level of soil fertility was determined, and the optimal depth of sowing
pea seeds was established. The seeds were planted to a depth of 5-7 cm.

nological observations of peas

The first shoots of peas with a growth stimulant on the site of Experiment 1 were recorded on
06/26/2024. On the second site, the first shoots appeared on 06/28/2024. The time of mass flowering
of peas when watering with the addition of a growth stimulant has already been observed On
07/24/2024, while the mass flowering of peas on the site without a stimulant was recorded later, on
07/29/2024. The height of the plants of Experiment 1 with a growth stimulant is about 5-8 cm higher.
The ripeness of the seeds was already observed on 08/02/2024.

Conclusions. As our research has shown, legumes do not absorb nitrogen well in hot weather.
Therefore, there is a nitrogen deficiency in them As can be seen in the figure, there are very few
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bacteroids on the roots of peas. When the temperature in the root layer of the soil is 300C, endogenous
bacteria are not formed in the root and free nitrogen is not absorbed.Combined tillage and adaptively
integrated plant protection contributed to an earlier (2-3 days) and prolonged general symbiosis of
nodules compared with minimal treatment and the first level of plant protection. Nodules formed
10-12 days after germination. On 8-10 days after the formation of nodules, a red pigment appeared in
them — leghemoglobin (Lb), which provides oxygen to energy centers and promotes the release of
energy to fix nitrogen in the air. Based on agrochemical analysis, a comprehensive assessment of soil
properties that determine plant growth and development, such as mechanical composition, field
humidity, environmental reaction (pH), saturation with macronutrients and trace elements, organic
matter, availability of nutrients (nitrogen, potassium, phosphorus), was carried out. The study shows
that the balance of elements meets the needs of plants, it is necessary to increase soil moisture and
structure in order to obtain sustainable yields.

By about the middle of the seed filling phase, the nodules began to turn green — leghemoglobin
turns into choleglobin (Cb), and by the beginning of the full seed filling phase, the nodules died off.
Figure 10 shows data on the duration of the general and active symbiosis of grain legumes. When
cultivating grain legumes, it is necessary to take into account that high yields can be obtained under
the condition of a well-developed symbiotic apparatus, which is directly dependent on the root system.
A more developed root system was observed in variants with adaptively integrated plant protection,
this is due to the fact that pre-sowing seed treatment had a greater impact on the safety and protection
of plants from diseases.
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TYWUIH

"Kasipri >xarmaiinma A6aii o0npiceiHIa Kazakctan PecryOnrKkachIHBIH a3bIK-TYNIK KAyilCi3miriH
KaMTaMachl3 €Ty YIIiH THIMII XYMBIC iICTEHTIiH HApBIKTHIK SKOHOMHKa Kypy Kaxer. Kampimrackan
QNeMIIIK YmeTepz[e Ka3zakcTaHHBIH MmapyamIbUIbK cajlajdapbl apacklHAa €H KOFaphl TaOBICTBUTBIKTHI
arpoeHeplcecmTlK KEIIeH O3iHIH YJIKEeH TaOMFH-KIMMaTTBIK arpoNoTeHIHAITb! ece0iHeH KaMTaMachl3
eremi. Kazakcran jkorapsl TEXHOJIOTHSIIBIK KacHeTTepi Oap JSHAI JaKbULAApIsl ocipy YIIiH Oipereid
TaOWFW JKaraimapra me. ACTHIK OHIIPY MOceIelliepiHe opJaiibiM KeIl KOHUT OeliHAl, eWTKEHi O
XaJIBIKTBl a3bIK-TYJIIKIICH KaMTaMachl3 €T/, OHEPKAICINKE IIMKI3aT JKETKI3eli, jKaHyapiapFa XeM
peTiHAe KBI3MET €Teli, COHBIMEH KaTap XaJbIKapaJblK 3KOHOMHUKAIBIK KaThIHACTAPIbIH HETI3ri
o0ObekTici 0osbin TaObuIaabl. KazakcTaHHBIH Kyprak jJajia aiiMarblHIa OypliakK JaKbUIIApbIH ©cipy
KIMMaT TEH TOMNBIPAKTBIH EpeKIICNKTepiH ecKepeTiH KemleHAl Tocuimi Tamanm eredi.  Abai
OOJIBICBIHBIH OHIpJCpIHAC Ka3ip[iH ©31HJe TONbIPaK KYHAPJIBUILIFBIHBIH Hallapiaybl OaiKasiaibl.
ABBIK-TYJIIK Kayilci3/liri, KIMMaTTBIH e3repy KayIliH a3alTy )KoHe SHEpTHsFa JIeTeH ocill Keje KaTKaH
CYPAHBICTI KAHAFATTAHBIPY AIIAFbI XKbUIIAPhI MAHBI3/IbI MiHJIETTepre aliHaNa/Ibl.

TonbIpak KyHapIIBLUIBIFBIHBIH TGMeH,ZleylH TOKTATa TYPY/bI KOHE XHMHSIIAHBIPY KYPaliaphiH
KOJIAHYMCH KaTap aybll IIapyarlbUlbIFbl OHIMIH OHIIpYAl YJIFaUTyIbl KaMTaMachl3 €TETiH HaKThI
JKOHE OSKOHOMHKAJBIK THIMII JKOIHapAblH Oipi AybUl MIapyallbUIBIFBIH OHOJOTHSIIAHIBIPYIBI
KapKbIHIATy Ooybin TaObutansl. AybUT IIapyamIbUIBIFBIH  OHMOJIOTHSUTAHABIPYABIH HETi3i-IoH/Ii-
OypIIaKkTHl JaKbUIIAPIBl aybICHIANBl ericke eHridy. bypmak ecimuikrepi OaktepusiuiapMmeH Oipre
TOIBIPAK a30THIHBIH TENe-TCHAITH/E YIAKESH PoJ aTKapabl.

OmnapaplH TaMbIpiIapblHAa TYHIH OakTepusuiapbl Kol TYHiHAepAiH OoiyblHa OalyIaHBICTHI OJap
aya a30ThIH ©CIMAIKTEP/IiH aCCUMIIISIHUACH YIIIiH KOJ JKETIMJI Typre aybIcThipa ajajbl. OciMIiKTep
OJITCHHEH KeWiH OypiaKk JaKkbUIIapbl TOIBIPAKTaFbl a30TThl KeOEWTedl, OcChuIaiiina OypIiak-
pr300Hanabl CUMOMO3 a30TThl aTMocdepasaH TOIbIpaKKa anmaiabl. ATMocdepaiblk a30TThl OeKiTy
apKbUIBI  OakTepHusjapMeH CHUMOHMO3Jarbl  Oypliak  JaKpUIJapbl — JaKbULABIH — OHOJIOTHSUIBIK
epekieikTepine OainanbicThl KbUIbiHA 100-men 300 kr/ra-ra jaeiiiH OailaHBICKAH a30T JKUHAM
anajpl.

PE3IOME

B coBpeMeHHBIX yclnoBHSX s 00ecIieueH sl MPOJOBOILCTBEHHOM Oe3omacHocTH PecnyOnmku
Kazaxcran B Abaiickoii o0iacTu HeoOXoAuMO MocTpoeHue 3(H(HEKTUBHO JCHCTBYIONICH PHIHOYHON
SKOHOMHUKUA. B CIIOXKMBIIMXCS MHPOBBIX TEHICHIMAX HAuOOJee BBICOKYIO JIOXOJHOCTh CpEIH
XO03SMCTBEHHBIX OoTpacielr Kazaxcrana obecniedurBaeT arponpOMBIIIICHHBIN KOMIUIEKC 32 CYET CBOETO
0OMBIIOTO MPHUPOJHO-KIMMATHYECKOTO arponoreHImana. Kazaxcran o0namaeT yHUKaIbHBIMU
MPUPOJTHBIMUA YCIOBHUSMHU JJISi BO3JICIBIBAHUS 3E€PHOBBIX KYJBTYP C BBICOKHMH TEXHOJOTHYECKH
KauecTBaMH. Bompocam MpoW3BOJCTBa 3€pHA BCETJa YACNSIOCh OONBIIOE BHUMAaHHUE, TaK KaK OHO
o0ecrieurBaeT HACEJICHUE NPOJAOBOJILCTBUEM, IOCTABISIET CHIPbE JUIS MPOMBIILICHHOCTH, CIYKUT
KOPMOM Il *KHBOTHBIX, @ TAK)KE€ SBJSCTCS TJIABHBIM OOBEKTOM MEXKIYHAPOIHBIX 3KOHOMHUECKUX
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oTHoIIeHWH. Bo3nenpiBanue 0O000OBBIX KyJIbTyp B cyxocrtemHoi 3oHe Kazaxcrana tpebOyer
KOMIUIEKCHOTO IOJX0J1a, YYUTHIBAIOIIEIO OCOOCHHOCTH KJIMMaTa W MOYBHL. B permonax AoOaiickoit
obnoctn yKe celiuac HaOmogaeTcs YXyALIeHHe 1utogopoaud mouB. [IpogoBobCTBEHHAS
0€30MacHOCTh, CHW)KCHHUE PHCKAa M3MCHEHHUS KIMMara M YJOBIETBOPEHHE pACTYHIEro CHpoca Ha
SHEPTHUI0 OYAYyT CTAHOBUTHCS BCe 00JIee BKHBIMU 3a/1a4aMU B TIPEJICTOSIINE TOJIBL.

OJHUM U3 peanbHBIX H SKOHOMHUYECKH BBITOJHBIX MyTel, 00eCIeUnBAIOIINX PHOCTAHOBICHHE
NaJICHUSI TTOO0POJIUS TT0YB U YBEJIMYCHUS MPOU3BOJICTBA CEINBCKOXO3SMCTBEHHOM MTPOAYKIMH, HAPSTY
C TIPUMEHEHHWEM CPEJICTB XUMH3AIUH, SBISCTCS HWHTCHCU(UKAIMSA OWOJIOTH3AINN 3eMIICICITHS.
OcHoBa OWONOTH3aMK 3eMIIENIENNA - BBEJCHHE B CEBOOOOPOT 3epHOOO0OOBEIX KymbTyp. bBoOoBbIe
pacTeHuss COBMECTHO C OaKTepUsSMH UTPAIOT TPOMATHYIO pojb B OajaHce a30Ta MOYBHI. biaromaps
HAIMYMIO HA WX KOPHAX KITyOEHBKOB C OONBIINM KOJHMYECTBOM KIyOSHBKOBBIX OakTepuil, OHU
CIOCOOHBI MEPEeBOJUTHh a30T BO3JyXa B JOCTYIHYIO JUIsl YCBOGHHWs pacteHHsMu (opmy. I[locne
OTMHpPaHUsI pacTeHHH 0000BBIC YBEIHMUMBAIOT CO/IEpPKaHUE a30Ta B TIOYBE, M TaKUM 00pa3zom 6060Bo-
pu300uanbHBIl CUMOMO3 TIepeKayMBaeT a30T W3 arMocepbl B TOYBY. 3a cuUeT (UKCaluu
atMoc(epHOro aszora OOOOBBIC pacTEeHHS B CUMOMO3¢ ¢ OakTepwssMH MOTYT HAaKalUIMBaTh B
3aBHCUMOCTH OT OMoJioru4eckux ocobeHHocTed KynbTypsl oT 100 mo 300 kr/ra cBsI3aHHOTO a30Ta B
roJ.
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BATBIC KA3AKCTAH OBJIBICHI "KAFJAMBIHJA EPTE OTBIPFBI3Y KE3IH/E
KAPTOII OCIMIIKTEPIHIH ®OTOCUHTETUKAJBIK BEJICEHILIITT
PHOTOSYNTHETIC ACTIVITY OF POTATO PLANTS AT EARLY PLANTING DATES IN
THE CONDITIONS OF THE WEST KAZAKHSTAN REGION

AHHOTANUA

Bateic Kazakcranna kapron cyapy >kepiiepae ecipijeni. Aya Temreparypachl BICTBIK KbIIIApPhI
ecy YIIiH (DOTOCUHTETUKAIBIK OEICeHIUIIKKE ©Te MaHbI3ABI O0Iybl MYyMKiH. (DOTOCHHTETHKAIBIK
OeJiceH/IUTIK KapToN OHIMIUIITiIHIH Heri3i OoJbIn Ta0bUIambl. MakcuManabl (POTOCHHTETHKAIBIK
OHIMITIKKE KOJI JKETKi3y VIIiH 3K30T€HIIK (aKTOpJIapAblH OHTAaIbl OO0JIybl Ka)KET—BUIFAN, >KapbIK
PEKUMIi, MUHEPAJIIBl KOPEKTEHY JKOHE TeMIIepaTypa KarAaiiapsbl.

bateic Kazakcran oO0JbICH JKaFIalbIHIa, KeHOIp 3epTTeynIiep iy aitysl OolibiHma [1], epte
OTBHIPFBI3y Ke3iHJe KapTONTHIH epTe ICeTiH COPTTaphl JKep YCTi MaccachbIMEH CTOJOHAAPIbI Te3

10


https://orcid.org/0000-0002-6981-9474
mailto:sarsengali.rinat@mail.ru
https://orcid.org/0000-0003-3682-0767
https://orcid.org/0000-0003-3945-8417
mailto:аina25111980@mail.ru
https://orcid.org/0000-0002-6981-9474
mailto:sarsengali.rinat@mail.ru
https://orcid.org/0000-0003-3682-0767
https://orcid.org/0000-0003-3945-8417
https://orcid.org/0000-0003-3945-8417
mailto:аina25111980@mail.ru

