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Annotation. The article presents the results of research dedicated to evaluating the effectiveness
of soybean seed treatment with inoculants in combination with a nitrogen-fixing agent before sowing. The
studies revealed that such treatment enhances seed germination, accelerates plant growth, and increases
their resistance to unfavorable conditions. The effects of inoculants and nitrogen-fixing agents on nitrogen
metabolism in soybean plants, as well as on final yield indicators, were studied across various agro-climatic
zones. The findings confirm that integrated seed treatment significantly increases soybean productivity by
improving nitrogen nutrition and stimulating the active function of symbiotic bacteria. The conclusions can
serve as a foundation for developing recommendations to optimize soybean cultivation technologies in
agriculture. Additionally, the research demonstrated that treated plants showed improved chlorophyll
content and root development, contributing to overall plant vigor. These results highlight the potential for
sustainable yield enhancement without increasing chemical fertilizer use. This makes the technology
particularly relevant in the context of modern agriculture, which is focused on environmental sustainability
and resource efficiency.

Keywords: seed treatment, soybean, inoculants, nitrogen-fixing agent, pre-sowing treatment,
symbiotic bacteria, yield, nitrogen metabolism, agro-technology.

Introduction. The genetic potential of soybean productivity can be realized by improving
the availability of essential growth factors, primarily through optimizing nutrition. In addition to
macronutrients (nitrogen, phosphorus, potassium), soybeans actively absorb micronutrients, which
play a crucial role in the physiological and biochemical processes of plants (boron, cobalt,
molybdenum, copper). Cobalt enhances photosynthetic activity, nitrogen fixation, and the
protective functions of plants against diseases. Molybdenum strengthens nitrogen fixation,
nitrogen metabolism, and the absorption of mineral nutrients (P, K, Mn), while also increasing
plant resistance to climatic stresses [1]. Specific doses of molybdenum and cobalt positively
influence the physiological qualities of soybean seeds when applied as foliar treatments [2].

Modern agriculture is inseparable from the active use of mineral fertilizers, as they are
essential for increasing crop yields and, consequently, reducing the cost of agricultural production.
Organic fertilizers are also used because they cause less soil acidification, positively affect humus
accumulation, enrich the soil with plant nutrients, and improve its physical and chemical
properties. Organic fertilizers enhance the phytosanitary condition of the soil, boost its biological
activity, improve the water regime and nutrient availability, and increase the buffering capacity of
the soil solution [3].

In addition, the use of mineral fertilizers is one of the main techniques in intensive farming.
With high levels of agro-technology and fertilizer application, yields can be managed and
significantly increased [4]. During the growing season, the normal development of crops is
impossible without micronutrients. These elements are involved in metabolism and participate in
complex processes such as the synthesis and breakdown of proteins, fats, carbohydrates, enzymes,
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and vitamins. Thus, optimal micronutrient levels in the soil positively affect yield, crop quality,
seed development, and their sowing characteristics. Over the past 25 years, the use of
micronutrients has gained widespread adoption in global agricultural practices [5].

To optimize soybean growth, excessive doses of chemical fertilizers are often applied to
this crop. However, the constant use of chemical fertilizers without adding organic fertilizers may
lead to rapid depletion of nutrients in the soil [6].

Today, fertilizer application is firmly integrated into advanced technologies for growing
agricultural crops as a critical component for achieving high and stable yields. The nutritional
regime of plants cannot be optimized solely through macronutrients and mesonutrients such as
nitrogen, phosphorus, potassium, calcium, magnesium, sulfur, and others. Plants also require
micronutrients that increase their resistance to unfavorable growing conditions, diseases, and pests.
Numerous studies have convincingly demonstrated that micronutrients play a significant role in
plant development, their adaptation to changing climate conditions, and the quantity and quality
of yields. Consequently, modern agricultural technologies place significant emphasis on foliar
feeding. Applying fertilizers by spraying nutrient solutions on the leaf surface overcomes negative
soil factors such as leaching of nutrients, the formation of insoluble residues, ion antagonism, and
soil heterogeneity, which prevent the effective application of small doses of fertilizers and the
formation of inaccessible phosphorus and potassium forms.

The advantage of foliar feeding over a single soil application is that nutrients can be applied
at the peak of plant demand, quickly addressing deficiencies, and significantly reducing fertilizer
use, aligning with both economic and environmental requirements [7]. The objective of the study
is to investigate methods for optimizing soybean nutrition to realize its genetic productivity
potential, including evaluating the effects of various agrological factors and agrochemical
treatments on plant growth and development.

Materials and Methods. The material for the study consisted of soybean varieties
developed by the Kazakh Research Institute of Agriculture and Crop Production, approved for
cultivation in the southern and southeastern regions of Kazakhstan. The varieties belong to the
medium-late and late-maturing groups, with a growing season of 125-130 and 140-145 days
(Table 1).

Table 1 — Average Yield and Quality Indicators of Soybean Varieties at the Time of Submission for
State Variety Trials

Variety Yield, Growing ) ) Year )
c/ha period, days Protein, % Oil, % approved Region approved
Lastochka 32-42 140-145 36,8-38.8 20,1-22,7 2011 Southeast Kazakhstan
Zhansaya 35-51 127-135 40,2-41,2 20,5-21,1 2012 Southeast Kazakhstan
Birlik KV 34-44 133-138 33,8-36,7 22,6-24,1 2017 Southeast Kazakhstan
Ivushka 34-45 140-145 35,5-37,8 20,0-21,8 2020 Southeast Kazakhstan

Results. The study analyzed the effects of pre-sowing soybean seed treatment with
inoculants combined with a nitrogen-fixing agent on various agronomic parameters. The results
showed that the combined treatment had a variable impact on plant growth, development, and
yield depending on the variety and agro-climatic conditions.

In the experiments, soybean seeds were treated one day before sowing with an ammonium
molybdate solution (40 g per 100 kg of seeds) and cobalt sulfate (4 g per 100 kg of seeds). On the
day of sowing, the seeds were treated with the nitrogen-fixing bacterial preparation "Histick" at a
rate of 400 g per 100 kg of seeds. The experimental scheme included the following variants:

Control — no treatment.

Histick treatment — seed inoculation with Histick.
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Mo + Co treatment — seed treatment with molybdenum and cobalt.

Histick + Mo + Co — combined seed treatment with Histick and microelements.

Sowing was carried out in the third decade of April. Each plot measured 25 m?, with a
seeding rate of 500,000 seeds per hectare, row spacing of 30 cm, and a sowing depth of 4 cm. The
randomized trial was conducted in four replicates. Agricultural practices were performed
according to standard methodologies and regional recommendations for the study zone [8]. The
experiments, harvest, and yield analysis were conducted following the field experiment
methodology of Dospekhov B.A. [9]. Phenological observations were made for key development
stages: sowing, emergence (VE), trifoliate leaf appearance (V1), beginning of flowering (R1), pod
formation (R4), pod filling (R6), and full maturity (R8) [10].

Structural analysis followed VIR methods [11]. Irrigation was applied three times during
the growth phases (flowering, pod formation, and pod filling) — June 15-20, July 10-15, and
August 1015, with an irrigation rate of 1200 m*/ha. Phenological Observations. The study of
plant phenological phases showed slight variations between years within the same variety, but the
different treatments did not significantly affect the duration of individual development phases. All
varieties, both in the control and treated groups, matured within their respective maturity groups.
The growing period for Ivushka was 97-101 days, Birlik KV was 108—117 days, Zhansaya was
130-139 days, and Lastochka was 140—150 days.

The length of the growing period, measured in days from emergence to maturity, was
influenced by the number of days from sowing to emergence.

Productivity Analysis. Productivity indicators reflect yield characteristics, which correlate
positively with individual productivity traits. Key productivity traits in soybeans include plant
height, the number of lateral branches, the number of productive nodes, the number of pods per
plant, seed mass per plant, and the mass of 1,000 seeds.

The analysis of productivity showed that pre-sowing treatments with microelements
significantly influenced soybean productivity elements. In general, the architecture of the plant
remained consistent across different treatments. Plant height, the height of attachment of the lowest
pods, and branching were not significantly affected by treatment type and remained within the
varietal specificity, environmental conditions, and applied agricultural practices. Pre-sowing
treatments notably increased flower set, resulting in more pods and seeds per plant, ultimately
increasing yield. Varietal Results. For the medium-late varieties Zhansaya and Lastochka, the
highest increase in the number of pods per plant and seed mass per plant was observed with the
combined treatment of Histick + Mo + Co (Figures 1, 2).
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Figure 1 — Average Productivity Traits of Soybean Variety Zhansaya Depending on Pre-Sowing
Seed Treatment
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Figure 2 — Average productivity characteristics of the Lastochka soybean variety depending on pre-
sowing seed treatment

For the medium-early variety Birlik KV, the productivity traits responded equally well to
Histick alone and the combined treatment with microelements (Histick + Mo + Co) (Figure 3).
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Figure 3 — Average Productivity Traits of Soybean Variety Birlik KV Depending on Pre-Sowing
Seed Treatment

For the early-maturing variety Ivushka, the best results were obtained with seed treatment
using only microelements (Figure 4). The yield of soybean varieties has a positive correlation with
the maturity group r = 0.87. It is interesting to note that weather conditions had an ambiguous
effect on the formation of the yield of varieties of different maturity groups.

Pre-sowing seed treatment showed varietal specificity to the types of treatment. Thus, the
average yield for three years of research of the early ripening variety Ivushka was the lowest, and
depending on the treatment was in the range from 17.7 £ 4.4 c/hato 19.4 + 4.1 ¢ / ha.The highest
yield for this variety was shown when treating seeds only with microelements. It is characteristic
to note that this coincides with the data on productivity traits. The second in terms of yield was the
mid-early variety Birlik KV with indicators from 28.6 + 4.8 ¢ / ha to 32.2 + 3.4 ¢ / ha. Soybean
varieties of maturity groups II and III were the most productive. The yield of the Zhansaya variety
over the years of research averaged 44.9+11.8 - 49.0+£12.8 c/ha, and for the latest ripening variety
Lastochka 50.4+3.8 - 54.6+3.8 c/ha. The yield of the ultra-early ripening variety Ivushka and the
late ripening variety Lastochka was most affected by pre-sowing treatment with Mo, Co
microelements without the use of a nitrogen-fixing preparation.

63



50

(6]

0

Height, cm

45,2
45

40

35

30

25

20

15 8,9

E i

Height of
lower bean
attachment,

10,2

0’3 .]
—l—

Number of  Number of
lateral productive
branches, nodes, pcs

m Control - no%fatments P##Histick

Mo+ Co

beans per
plant, pcs

M Histick + Mo+ Co

..

Number of Seed weight
per plant, g

Figure 4 — Average productivity characteristics of the Ivushka soybean variety depending on pre-

sowing seed treatment

The yield increase compared to the control for these varieties was 1.4 and 4.2 c/ha,
respectively. The yield of the early ripening variety Birlik KV and the mid-season variety
Zhansaya significantly increased by 3.6 and 1.8 c/ha with a combined seed treatment with the
nitrogen-fixing preparation Histick and Mo, Co microelements (Table 2).

Table 2 — Yield of soybeans of four maturity groups with different types of pre-sowing seed treatment,

c/ha
Types of treatments 2021 year 2022 year 2023 year Average Deviations from
control

Ivushka (OO)
Control 22,9+1,9 16,525 14,5+£2.9 18,0+4,2 0,0
Histik 23,4+1,8 14,6+1,7 15,0=1,0 17,7+4,4 -0,3
Mo,Co 24,542 .4 16,3+4.4 17,4+£5,9 19,444,1 1,4
Histik+ Mo,Co 24,1+£2.8 16,7£3,1 16,7+0,4 19,2+3,7 1,2
LSD 1,81 1,77 1,25

Birlik KB (O)
Control 27,1x1,2 34,1433 24,6+7,7 28,6+4,8 0,0
Histik 28,14£2,3 32,5+3,5 25,047,1 28,5+3,8 -0,1
Mo,Co 30,243,1 30,0+£4.8 27,7+1,7 29,3+1,3 0,7
Histik+ Mo,Co 33,1£2.4 35,1442 28,346,1 32,234 3,6
LSD 2,11 2,12 1,88

Zhansaya (1)
Control 41,6443 59,249,2 40,7+4,4 47,2493 0,0
Histik 41,1+3,8 61,4£9.,6 40,6+2,9 47,7£10,4 0,5
Mo,Co 40,4+4,1 58,9£5,2 35,3£8,5 44,9+11,8 -2,3
Histik+ Mo,Co 43,343,9 64,6£7,1 39,040 49,0+12,8 1,8
LSD 18 1,55 2,14

Lastochka (I1T)
Control 54,4+3,2 46,9+4,2 50,0+4,2 50,4+3,8 0,0
Histik 55,1£2,7 46,4427 56,9+6,3 52,8453 2,4
Mo,Co 57,2441 49,746,9 56,9+6,3 54,6+3,8 4,2
Histik+ Mo,Co 56,4+2,1 49,9+1,9 56,9+2,1 54,443,5 4,0
LSD 2,21 1,99 1,85
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The accumulation of protein and oil in soybean seeds has a strong negative correlation that
cannot be broken. It has been established that the negative correlation between traits can vary from
r=-0.25tor=-0.93 [12] and has a high heritability coefficient of 0.89-0.93 [13].

Overall plant productivity often negatively correlates with protein content, although this
relationship is weaker than between protein and oil content.

The research revealed that various types of pre-sowing seed treatment did not affect the
protein and oil content in seeds. More visible fluctuations in the qualitative composition were
observed across the years of research, which may be due to weather conditions. Thus, in 2021,
there was an obvious decrease in protein content and an increase in oil levels in the seeds of all
studied varieties (Table 3).

More indicative characteristics for assessing the impact of pre-sowing treatment are the
protein and oil yield per hectare, since the yield increased without changing the quality
characteristics. In the new generation soybean varieties of KazNIIZIR LLC, the protein yield per
hectare is in the range of 944.7 -1705.3 kg, oil - 415.9-974.6 kg. The yield of varieties is in the
range of 20.9 - 43.9 ¢ / ha depending on the maturity group [14].

Table 3 — Quality indicators of soybean seeds with different types of treatments

Experimental variant Protein content, % Fat content, %
2021 | 2022 | 2023 | average | 2021 | 2022 | 2023 | average
Ivushka
Control - no treatments 434 47,4 47,0 45,9 20,7 | 19,0 | 194 19,7
Histick 442 47,0 47,6 46,3 20,5 | 19,1 | 19,2 19,6
Mo+ Co 43,8 47,2 47,2 46,1 20,1 | 19,1 | 194 19,5
Histick + Mo+ Co 43,5 447 47,5 45,2 20,7 | 20,2 | 19,5 20,1
Birlik KB
Control - no treatments 40,1 433 434 423 22,7 | 21,2 | 20,8 21,6
Histick 40,2 434 432 423 225 | 21,1 | 20,5 21,4
Mo+ Co 40,5 43,0 437 42,4 22,7 | 21,1 | 20,9 21,6
Histick + Mo+ Co 40,1 43,1 43,9 42.4 22,8 | 21,2 | 20,8 21,6
Zhansaya
Control - no treatments 39,1 40,7 41,5 40,4 22,7 | 22,0 | 23,0 22,6
Histick 39,7 40,1 40,6 40,1 220 | 22,0 | 22,6 222
Mo+ Co 38,7 40,8 39,8 39,8 22,6 | 21,9 | 22,8 22,4
Histick + Mo+ Co 39,8 40,5 42,0 40,8 222 | 21,9 | 22,6 222
Lastochka
Control - no treatments 37,0 39,9 39,5 38,8 21,3 | 21,1 | 21,7 21,4
Histick 38,1 40,4 39,5 39,3 21,1 | 21,2 | 219 21,4
Mo+ Co 37,8 40,1 39,2 39,0 21,5 | 21,0 | 21,7 21,4
Histick + Mo+ Co 38,3 39,8 39,3 39,1 214 | 20,9 | 21,3 21,2

Studies show an increase in protein yield per hectare. In the early maturing soybean variety
Ivushka from 826.2 kg / ha in the control to 894.3 kg / ha when treated with pure microelements.
In the Birlik KV variety from 1209.8 kg / ha in the control to 1365.3 when using Histick + Mo +
Co. For the Zhansaya variety, from 1906.9 kg/ha without treatment to 1999.2 with the use of
Histick + Mo + Co. For the late-ripening Lastochka variety, from 1955.5 without treatment to
2127.0 with the use of Histick + Mo + Co (Figure 5).
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Figure 5 — Protein yield per hectare by different soybean varieties depending on the type of
pre-sowing seed treatment (kg/ha)

A similar picture emerges with respect to the oil yield per hectare indicator (Figure 6). The
lowest oil yield is provided by the early-ripening Ivushka variety, from 354.6 kg/ha without seed
treatment to 385.9 kg/ha with complex treatment. The highest oil yield is shown by the late-
ripening Lastochka variety, 1078.6 without pre-sowing treatment and 1153.3 with treatment with
molybdenum and cobalt salts.
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Figure 6 — Fat collection per hectare by different soybean varieties depending on the type of
pre-sowing seed treatment (kg/ha)

Pre-sowing seed treatment revealed varietal responsiveness to the use of stimulants. No
preparation had a positive effect on the yield of the ultra-early Ivushka variety. The yield of the
early Birlik KV variety significantly increased by 2.1 c/ha with combined seed treatment with the
nitrogen-fixing preparation Histick and microelements Mo, Co. In the mid-late Zhansaya variety
and the late Lastochka variety, a significant increase in yield was noted only with seed treatment
with the nitrogen-fixing preparation Histick by 1.6 and 2.1 c/ha, respectively. The studies did not
reveal the effect of various treatments on the qualitative composition of seeds (protein and oil).

Conclusion. It is important to note that the treatments did not have a significant effect on
the qualitative characteristics of seeds, such as protein and oil content. These data confirm that the
choice of preparations for pre-sowing treatment of soybean seeds should take into account the
varietal characteristics of the crop, as well as the focus on optimizing the nutritional conditions
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and nitrogen metabolism in plants. The results of the study may be useful for further improvement
of soybean cultivation technologies and increasing its productivity.
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2 TOO «Kazaxckuii HayuHo-ucc1e006amenCkuti UHCHIUMYn 3eMe0es U pacmenues00Cmear
2. Anmamul, Kazaxcman

AHHOTanus. B cratbe mnpencraBieHBl pPe3yNbTaTbl MCCIEAOBAaHMSA, IOCBSIIEHHBIE OLICHKE
3¢ deKTUBHOCTH 00pabOTKH CEMSH COM MHOKYJISIHTAMU B COUETAHUH C a30TQUKCHUPYIOIINM MpenapaToM
nepen nocesoM. MccnenoBanus nokasaiy, 4To Takas 00paboTKa CIIOCOOCTBYET YIIyUILICHUIO IPOPaCcTaHUs
CeMsIH, YCKOPEHHUIO POCTa PACTEHHUH U MOBBILICHUIO UX YCTOMYMBOCTH K HEOJIATONPUSITHBIM YCIIOBUSM.
BnusiHre WHOKYJISSHTOB U a30T(UKCUPYIOLINX IPENapaToB Ha a30THBIA OOMEH B PAaCTEHUSX COH, a TAKXKe
Ha KOHEYHBIC IOKAa3aTelH YPOXKaWHOCTH, OBLIO M3YyYEHO B PAa3NUYHBIX arpoKIMMAaTHYECKUX 30HaX.
[lonmyyeHHble AaHHBIC MOATBEPXKIAIOT, YTO NPUMEHEHHE KOMIUIEKCHOM OOpaOOTKM CeMSH IO3BOJISIET
3HAYUTEJIHO IOBBICUTH IIPOLYKTHUBHOCTh COM 3a CUET YJIYUIICHHS €€ MUTaHHUs a30TOM M CTUMYJIUPOBAHUS
AKTUBHOH pabOThl CUMOMOTHYECKHX OakTepHil. BBIBOIBI MCCIeI0BaHUS MOTYT OBITH MCIIOIB30BAHBI JJIS
pa3paboTKN peKOMEHIAIMH 10 ONTUMHU3AIMK TEXHOJIOTHI BO3/ACIBIBAHHUS COM B CEIILCKOM XO3SHCTBE.
Kpome Toro, wucciemoBaHue IOKa3zajao, 4TOo OOpabOTaHHBIE PACTEHHS OTIMYAINCH ITOBBILIECHHBIM
cofiepKaHUEeM XJIOpoGH/UIa U JIydIIUM DPa3BUTHEM KOPHEBOH CHCTEMBI, YTO CIOCOOCTBOBAJIO 0OIIei
KU3HECTTOCOOHOCTH pacTeHHd. [lomyueHHbIE pe3ynbTaThl MOAYEPKUBAIOT TOTEHIMAT YCTOMYMBOTO
NOBBIICHUA YPOXKAaHHOCTH O€3 YBEJIWYEHHUS MPUMEHEHUS XMMUYECKUX YHoOpeHuid. OTo nemaer
TEXHOJIOTHIO OCOOCHHO aKTYalbHOU B YCIOBUSAX COBPEMEHHOTO CEJILCKOIO X0351ICTBa, OPUEHTUPOBAHHOIO
Ha 9KOJIOTUYHOCTh U pecypcocOepexeHue.

KaioueBbie ciaoBa: o0paboTka ceMsiH, cOSl, WHOKYJSHTHI, a30T(QUKCHPYIOIIWN Ipemnapar,
mpenoceBHass 00padoTKa, CHMOUOTHYECKHE OAKTEPHH, YPOKAHHOCTh, a30THBI 0OMEH, arpOTEXHOIOTHSL.

MAMBYPIIAK TYKbIMJIAPBIH THOKYJISIHTTAPMEH )KOHE A30T
OUKCALHUAJAUTBIH ITPEITAPATIIEH JOPLIEYAIH HOTU/KXEJIEPI

Tycyn6aes K.B.!", aybu1 mapyanibuibEsl FUIBIMAAPHIHBIN MATHCTPI
Munopenxo C.B.%, 6MOJI0rHs FBIIBIMIAPBIHBIH KaHIHAATHL, IPO(eccop
Copcendaesa F.B.!, aybu1 mapyanibuibEbl FbUIBIMAAPBIHBIH KaHHIATHI

LK. JKuembaes amvindazvr Kazak ecimoix Kopaay dcoHe KapaumuH bliblMU-3epmmey UHCIUmymuly
KUIC, Anmamul K., Kasaxcman
2« Kazak e2inuinix Jcane ociMOiK wapyaublibizbl bIIbIMU-3epmmey uncmumymoly KIIC
Anmamul ., Kazaxcman

Angarna. Maxkanajga MaiOypiiak TYKbIMIApbl HHOKYJSIHTTAPMEH MKOHE a30T(HHUKCATOPIIBIK
npernapaTTapMeH eHACYAiH THIMILTITIH Oarajayra apHaJIFaH 3epTTEeY HOTHXKEJIEPl YChIHBLIFAaH. 3epTTeyiep
KOPCETKCH/ICH, OCBIHAAN OHJCY TYKbIMIAP/IbIH OHYIH JKaKCAPTHI, OCIMIIKTEPIH 6CyiH Te3AeTe Il JKHEe
oNap/IblH KOJAWChI3 JKaFgalgapra TO3IMIUIITH apTTeipajbl. MHOKYISHTTAp MEH a30T(PHUKCATOPIIBIK
npenapaTTapIslH MaiOypIIak eciMIIKTepiHIH a30T alMacyblHa, COHAal-aK OHIMAUIIK KOpCeTKIITepiHe
acepi opTYpJi arpoKJIMMATTHIK aWMakTapja 3epTTeNii. AJIbIHFAH MAJIMETTep TYKBIMIAP/Abl KEIICH
OHJICY/IIH MalOYPIIAKTHIH a30TIICH KAMTAaMAaChI3 ETUTYiH JKaKCapThI, CHMOMOTHUKAIBIK OaKTepHsLIapabIH
OeJiceH 11 YKYMBICHIH BIHTAIAHBIPY apKbUIbI OHIMIUTITIH alTapJIbIKTall apTTRIPAThIHBIH pacTaibl. 3epTTey
HOTIDKEJIepI ManOypliaK JaKbUIBIHBIH OHIIPICIHAC TEXHOJOTHsUIAPbIH OHTAMJIaHIBIPY OOWBIHIIA
YCBIHBICTAp 93ipiieyle KOJNAAaHbUTybl MyMKiH. COHBIMEH Karap, 3epTTey HOTIDKEIepi OHIENTeH
eciMJiKTep/ie XJIOpOo(UIUT MOJIIEPiHiH JKOFaphlIaFaHBIH JKOHE TaMBIP JKYHECiHIH JKaKChl JTaMbIFaHBIH
KepceTTi, OyJI OCIMIIKTePIiH KaJllbl TIPIIIIK KaOLIETIH apTThIpAbl. AJIbIHFAH HOTHXKENIEP XHUMUSIIBIK
THIHAUTKBIITApABl KeOeHTnei-ak, OHIMALTKTI TYpPakThl apTThIpy MYMKIHAINH Kepceredi. byi
TEXHOJIOTHSIHBI Ka3ipri 3KOJOTHSUIBIK TYPAKTBUIBIK IEH PecypcTapibl YHEMJEyre OarbITTalFaH aybLl
HIapyalbLIbIFbl )KaFIalbIH/Ia aca ©3¢KTI eTeIl.

Tipek ce3aep: TyKpIMIAp/Ibl OHJIEY, MAaHOYpIIaK, HHOKYJISHTTAP, a30T(HUKCATOPIBIK Hperapar,
ceOy alIbIHaFEl OHJICY, CHMOMOTHKAIIBIK OaKTepHsIIap, OHIMIILIIK, a30T aIMacybl, arpOTEXHOJIOTHS.
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