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INNOVATIVE TECHNOLOGIES OF SOYBEAN CULTIVATION

Abstract. The effectiveness of innovative soybean technology solutions in solving ecological problems of the
agroecosystem is reduced, which reduces the environmental burden on the environment in the scale of the cultivated
crop. The ecological aspects of the application of mineral fertilizers in combination with the inoculation of soybean
seeds, taking into account their biological characteristics, are described as one of the techniques of resource-saving
technology aimed at maintaining the stability of the agroecosystem and increasing the productivity of soy. The
possibility of replacing the main dump cultivation with fine planing (Mini-till), which provides a reliable restoration
and preservation of the fertility of the soil resource, has been revealed. The obtained results indicate that mineral
fertilizers contribute directly to the maximum height of soybean standing and the accumulation of dry matter. The
introduction of mineral fertilizers in a dose of P K3y provides an increase in linear growth of plants by 11-16% and
with an increase in the dose to N3oRgK39 — by 21%. Rational use of the bioenergetic resource and biological poten-
tial of the culture studied, due to the ability of nitrogen fixation to bind atmospheric nitrogen, as a result of which the
dose of nitrogen fertilizers used decreases, the norm of nitrogen fertilizer can be reduced, which contributes to the
protection of the environment and the resource saving of the agroecosystem.

Keywords: agroecosystem, soybean, innovative technology, inoculation, Mini-till, recovery, productivity.

Introduction. In certain ecosystems its interaction with environment causes many negative con-
sequences, changes in parameters, non-balancing of biogeochemical cycles, elements and level of soil
fertility [1]. This refers to the agrarian sphere since agriculture takes a special place in ensuring balanced
conditions for ecosystem’s normal existence [2, 3]. According to Rattan Lal (2007), world agriculture has
never met with such serious problems as in the first decades of the 21st century [4, 5]. These problems are
caused by 7.6 billion population in 2017 and its expected increase from 9.6 to 13.2 billion by 2050 [6].

The constant and unceasing growth of the world's population creates an increasing need for food. To
meet this demand, agrarians need to develop and implement more advanced and sophisticated innovative
farming technologies that allow to obtain more yields per unit of area [7]. The role of agricultural
production in providing the country with food, increasing employment and economic development of the
republic unambiguously dominates [8, 9].

Therefore, agro-industrial complex faces an important current agroecological problem, connected
with achieving goal of the industrial program for development of agro-industrial complex (AIC) of the
Republic of Kazakhstan until 2020 [10, 11]. The tasks should be aimed at increasing the yield, acreage,
introduction of techniques for intensive crop cultivation. But, at the moment, as a result of increasing
frequency and re-occurrence of droughts and increasing aridity on territories of a number of agricultural
zones of the republic, productivity of this production will probably decrease sharply. In regard to this, new
innovative technologies in agriculture and diversification of crop production are needed to solve these
problems.

It should be noted that development of innovative environmental technologies is one of the key
conditions for sustainable economic growth, ensuring the competitiveness of its products on world
markets. Also it’s one of the most pressing issues currently being discussed in the world community. With
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innovative new technology, production costs are reduced, it is possible to achieve great success in
obtaining economic profit [12, 13]. That is why scientists are so interested in issues of continuous
modernization and introduction of new perspective and innovative technologies. In context of our study,
under environmentalization of agroecosystem’s environment, the priority of scientific research is towards
ensuring sustainable production of high-quality biological products, effective use of natural bioenergetic
potential of cultivated crop and restoration of soil and energy resources.

According to the results of our research, this technology reduces ecological burden on the
environment within the scope of cultivated crop, which is especially beneficial (from the economic point
of view) for the agricultural enterprises themselves. The less fuel, energy, fertilizers, seeds, man-hours
and other resources are expended on the production of a single unit, the lower its cost and the higher the
profit from its sale.

Therefore, when developing techniques of innovative soybean technology, resource-saving optimal
parameters for application of mineral fertilizers were identified, taking into account the biological
characteristics of soybean. We studied the influence of P4K30 and N3oPgK3¢ aimed at improving environ-
mental situation, maintaining the stability of agroecosystem and increasing productivity of soy.

This article highlights the effectiveness of innovative soybean technology - use of mineral fertilizers
in combination with soybean seeds inoculation taking into account their biological characteristics. The
possibility of replacing the main dump moldboard tillage with fine flat-cut tillage (Mini-till) can provide:
firstly, the restoration of agrophysical indices of soil fertility, and secondly cost reduction of total energy
(fuel consumption) by 21.8-28.4%, and production cost when applying resource-saving techniques of
innovative technology in foothill zone conditions of southeast of Kazakhstan.

Methods and objects of research. The object of research is a unique leguminous crop — soybean
(Eureka variety), short-rotational crop tillage. The traditional technology of soybean cultivation was used
as a control in experiments, in accordance with recommendations of the System of Agriculture of Almaty
oblast [14]. The classical techniques of field observations and experiments have been used [15, 16]. Field
experiments were made in training and experimental farm "Agrouniversitet" in foothill zone conditions of
southeast of Kazakhstan.

The experimental field’s soil is resembled as onion-chestnut type of heavy mechanical composition.
The humus content in the plow horizon is 4.3%, which gradually decreases with depth. The content of
total nitrogen and total phosphorus is high - 0.258 and 0.211%, respectively [17]. The climate of the
region is characterized as sharply continental with low humidity, plenty of sunlight, short, but cold winter.

Results of the research and discussions. The effectiveness of innovative methods of soybean
technology, such as use of mineral fertilizers in combination with soybean seeds inoculation has been
studied taking into account their biological characteristics. Various methods of cultivation technology
such as the timing of sowing, depth and methods of seeding, inoculation of seeds, basic and presowing
soil formation, etc. have a tremendous impact on activity of microorganisms, soil aeration and crop
quality. And this, in turn, affects speed of nitrogen fixation.

During the study of resource-saving techniques of innovative technology, we tested two options for
application of mineral fertilizers - PsoK3¢ and - N3oPsoK30 when treating seeds with nitragin and without
treatment. To determine the influence and dosage of the studied variants and mineral fertilizers and study
inoculation on activity of nodule formation and determining the optimum seeding rate, we studied 3
seeding rates of 400, 600 and 800 thousand pcs / ha with a row spacing of 30 cm.

In order to make a comparative evaluation of the studied norms of mineral fertilizers, inoculation and
the rate of seeding we took as control - St soybean seeding without fertilizers with traditional technology.

To determine the influence of studied variants of mineral fertilizers’ norms and inoculation on the
activity of forming nodules, we studied 3 seeding rates of 400, 600 and 800 thousand pieces / ha. Studied
variants of techniques have impact on growth and development of soybeans along with the aboveground
part and the underground part of the culture. The main indicator of the effectiveness of symbiosis of
plants and nodule bacteria is their number and mass.

Observations and calculations of the amount of formed nodules and their mass under traditional
technology in studied seeding rate variants without inoculation showed that very few nodules of 9.7- 12.4
pieces per plant were formed on the roots of soy. Their number increases in case of seed inoculation with
nitragin. In variants with nitragin inoculation but without fertilizers, the number of nodules increases
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depending on the seeding rate from 16.2 pcs. up to 21.0 pieces on one plant. When NeoP;50Kgo mineral
fertilizers were applied in recommended dose on the control variant of traditional technology, the
formation of nitrogen-fixing nodules increases up to 27.7 and 29.5 pc/plant, while the weight of dry
nodules is 124.6-137.1 mg/plant.

Under resource-saving technology seed inoculation with nitragin has a significant positive effect on
formation of nodules where the number of nodules increases to 24.5-29.1 pcs/plant, depending on the seed
sowing rate. When applying PesKj0 — 35.1-38.0, when applying N3oPsK; fertilizers this pattern of
dependence of nodule formation is maintained and makes 39.4-47.6 pcs/plant (in case of resource-saving
Mini-tillage on depth of 16-18 cm). And, the mass of nodules increases in the same sequence as the
number of nodules in the variants. The increase of these indicators proves the rational use of bioenergetic
resource and the biological potential of studied culture, due to the ability of nitrogen fixation to bind
atmospheric nitrogen, which decreases the dose of used nitrogen fertilizers (thereby reducing the nitrogen
fertilizer rate by 25-50%), which contributes to environmental protection and resource saving agro-
ecosystem.

In interpreting obtained experimental data, we noted that advantages of resource-saving methods of
innovative technologies are: - a reduction in the number of technological operations for soil processing, -
restoring, maintaining and increasing soil fertility, - improving the ecology of the ecosystem and reducing
current costs.

In existing traditional system, which is adopted for the control variant, a number of tillage methods
are performed in a certain sequence. As a result, environmental problems arise, such as excessive soil
spraying and drying, deterioration of soil resources indicators, increase in financial and energy costs. The
share of tillage accounts for 30-40 percent of all costs. Therefore, it is necessary to focus on effective and
environmentally friendly innovative methods of cultivation technologies, such as minimal tillage.

The results of soil fertility monitoring in studying the effect of minimal soil cultivation on soil
resources (soil fertility) made it possible to give a comparative assessment of the arable layer and soil
composition and structure comparing to traditional and resource-saving technologies. In traditional
technologies system of dump moldboard tillage processing, the arable layer is characterized by a more
loose composition with a high total porosity and degree of aeration, which is not desirable.

According to many researches the density leaves an imprint on the whole complex of soil’s physical
conditions, on its hydro, aerial, thermal regimes and, consequently, on conditions of agroecosystem’s
biological activity. When soy is cultivated, optimal aeration of the upper soil layer is very important, in
which the root system of plants and nodule nitrogen-fixing bacteria normally function. Therefore, at
present, both domestic and foreign scientists study the soil treatment system in terms of regulating soil
density.

Under the conditions of our research, composition of arable layer of soil has been studied in
dynamics over the phases of soybean development. During the initial period of plant development, soil
density under traditional cultivation technology is much lower. In period of soybean sowing associated
with the preparation of soil for sowing, the bulk mass of the soil is within the limits of 0.89 and 0.95
g/cm’. The arable layer has a loose constitution with a large porosity, which causes an accelerated
physical evaporation of soil moisture, after that the water regime of the root-forming layer of nodule
formation decreases.

In this variant of traditional technology, the bulk mass of the soil increases in the developmental
phases from 0.95 to 1.19 g/cm’. The average density of soil during the vegetation period of soy is 1.06 g/cm’.

With application of minimal tillage variants, the soil density becomes 1.14-1.15 g/cm’. During the
vegetative period, the regularity in structure of arable layer of soil is characterized by minimal tillage
variant of study. During the periods of growth and development of soybean, the density of the soil is
characterized by the bulk increase of mass with flat-cut soil tillage for the depth of 16-18 cm from 1.16
g/cm’ (sprouting phase) to 1.24 g/cm’ (ripening), where average density in vegetation is 1.20 g/cm’.

In case of a minimal flat-cut tillage for the depth of 12-14 cm, composition of arable layer has a more
dense build-up, the bulk mass of the soil increases from 1.17 g/cm’ (sprouting phase) to 1.27 g/cm’
(ripening), where the average density for vegetation is 1.22 g/cm’.

It should be noted that under resource-saving technology, minimization of soil cultivation has
resulted in a reliable preservation and restoration of soil fertility indicators due to changes of arable soil
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layer’s composition. In variants with minimal (Mini-Till) technology of tillage, the soil density is
optimized in comparison with the traditional treatment, the volume mass of the arable layer increases by
0.14-0.16 g/cm’, optimal density approaches the equilibrium of 1.20-1.22 g/cm’ of soil, where develop
favorable environmental conditions for growth and development of soybean plants (table 1).

Table 1 — The influence of the mini-till technology on the structure of the arable layer and the structural properties of soil
in terms of density, g/cm’ (average over 2015-2017)

Structural properties of the arable (0-20 cm) soil layer
. Soil density over the phases of soya development, g/em’® | Macro- | X of water | Coef-
Tech- Vgr}ar}ts Y P Y P £ struc- | stable soil | ficient
nology of mini-tillage . tured- | aggregates, | of structu-
Sow-| Shoo- | Bran- | Flowe- | Bean Ripe- | Ave- | jecs % redness
ing | ting | ching | ring |formation | ning | rage %!
Tradi- Plowing to the
tional depth 0f 20-22 cm 0.89| 095 | 1.02 1.08 1.12 1.19 | 1.06 | 32.1 23.5 0.63
Tilling the soil
to the depth 114 116 | 1.19 | 120 | 122 | 124 | 120 | 432 38.1 0.84
of 16-18 cm
Resource- | Wwithout ploughing
saving Tilling the soil
to the depth 115|117 | 120 | 121 | 125 | 127 | 122 517 39.2 0.89
of 12-14 cm
without ploughing

Along with optimization of arable soil layer’s structure the techniques of resource-saving technology
have a significant effect on aggregate composition and structure of soil. As can be seen from the table, in
comparison to traditional technology with dump plowing, the sum of macroaggregates of the arable layer
of soil is 32.1%, and the sum of water-resistant aggregates is 23.5%, with a structural coefficient only
0.63. The results of agrophysical indices of this technology characterize the deterioration of the soil
structure. Decrease in these indicators greatly reduces the most important processes occurring in the soil,
primarily aerial, hydro and thermo regimes, and this leads to a decrease in growth and development of
soy. It is especially important to ensure optimum parameters of soil porosity during the flowering phase -
the bean formation, when the symbiotic soybean apparatus reaches its maximum development and the
lack of air during this period can lead to low nitrogen uptake and, as a consequence, shortage of harvest.
Minimal tillage of the soil resulted in a reliable preservation and increase of agrophysical indicators of
soil fertility. Comparing to resource-saving technology, flat-cut minimal-tillage (Mini-Till) showed that
the sum of soil macroaggregates rises from 32.1% to 43.2 - 51.7%, and the sum of water-resistant aggre-
gates from 23.5%, to 38.1 — 39.2% and the structural coefficient from 0.63 to 0.84 - 0.89.

Decreasing the number of mechanical influences by 2 times with the minimum (Mini-Till)
technology of soil cultivation provides an increase of aggregates’ water resistance which is especially
important in soybeans cultivation in irrigation conditions. Since the symbiotrophic process is acrobic, the
optimization of air regime in the active root layer has particular importance

The aggregate composition improves, soil structure restores and air regime of agroecosystem
becomes optimized in cases where large nodules of nitrogen-fixing bacteria are formed on soybean roots.

Based on the results obtained, it is proved that the application of minimal (Mini-Till) soil cultivation
increases the stability of soil’s ecological condition, ensures stabilization of arable soil structure for
optimal growth and development of soybean in southeast of Kazakhstan.

The obtained results indicate that mineral fertilizers contribute directly to the maximum height of
soybean standing and accumulation of dry matter. The introduction of mineral fertilizers in a dose of
PsoK30 provide an increase in linear growth of plants by 11-16%, and dose increase to N3oReKs0 - by 21%
and accumulation of solids increases at appropriate doses within 9% and 12%, which is associated with
improved supply of food elements with nutrients. The height of plants during the years of research varied
between 47.3 and 70.7. It grew with increasing seeding rate.
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In regular soybean sowing with a width of 30 cm, the smallest plant height of 40.3 cm was noted in
the variants with the lowest seeding rate, and with an increase of up to 800 thousand pieces/ha, it reached
63.5 cm. This is due to the fact that light regime improvement stimulates an increase in plant height. The
height of lower beans’ attachment directly depended on the height of the plants and changed with it. The
average number of grains in soya beans varied from 1.6 to 2.5 per year, the weight of 1000 seeds varied
from 104.8 to 142.4 g.

The use of nitragin has a symbiotic effect, increases the number and weight of nodules on the roots of
soybean plants, which improve the nitrogen nutrition of crops, with the subsequent increase in the pro-
ductivity of the crop (table 2).

Table 2 — Productivity of soybean depending on use of mineral fertilizers
with inoculation during the years of research, centner/ha

Variants Yield during years of research, c/ha Average Increase in
Technology of using fertilizers yield,c/ha | ¢c/ha | %
2015 2016 2017
W/t fertilizers 18.1 20.0 21.2 19.8 St -
Traditional Nitragin 18.9 23.1 23.8 21.9 2.1 | 10.6
NeoP180Ko0 23.0 26.8 28.2 26.0 6.2 |31.3
Resourse- saving Nitragin 22.0 22.4 23.7 22.7 29 | 14.6
flat-cut tillage PsoK3 22.7 27.7 26.1 25.5 57 | 287
for depth of 16-18 em | N, p Ks, 243 28.9 275 26.9 7.1 | 358
Resourse- saving Nitragin 23.5 24.6 23.9 24.0 42 | 212
flat-cut tillage PsoKs3o 25.8 25.1 26.2 25.7 5.9 |29.7
for depth of 12-14 em | N, p) Ks, 27.2 243 27.4 26.3 6.5 | 328
HCPys, centners/ha = 1.85 2.15 2.3
Sy, % = 2.75 3.06 3.87

Under resource-saving technology on the background of phosphate-potassium fertilizer (PgKso), the
yield of soybeans rises to 25.5 c/ha, which is 28.7%, providing an increase in yield of 5.7 c/ha and full
fertilization (N3oRe0K30) provides 26.9 c/ha (35.8%) and an additional yield of up to 7.1 c/ha.

A comparative assessment of soybean responsiveness to the level of mineral nutrition showed that,
due to its physiological characteristics, the soybean reacts distinctly to changes in the nutrient regime of
soil. Introduction of phosphorus and potassium fertilizers against the background of seed treatment with
nitragin increases the yield of soybeans to 25.7 c/ha (PsoK30) and to 26.3 c/ha (N3oR¢0K30).

The yield of soybean grain showed a higher yield increase from using mineral fertilizers with
inoculation: 6.5 - 7.1 c/ha compared to the control harvest.

Under traditional technology, seed inoculation provides a yield increase of 2.1 c/ha, while in case of
resource-saving technology this difference is 5.7-5.9 c/ha (at a dose of P¢K3o) and 6.5-7.1 c/ha (at a dose
of N3oRe0K30). Joint application of mineral fertilizers and inoculation with resource-saving technology
creates favorable conditions for the synthesis and accumulation of biomass. Moreover, a higher effect of
inoculation was observed in variants without fertilizers and with application of mineral fertilizers PgoKs.

Thus, it was revealed that in conditions of southeast of Kazakhstan primary scientifically justified
methods of increasing soil fertility and soybean yield are the application of optimal dose of mineral
fertilizers and inoculation of soybean seeds with use of resource-saving techniques of innovative
technologies that allow to quickly monitor agroecosystem’s ecological situation. Thus, they are among the
main methods for stabilizing soil, biological resources, providing energy and maintaining agroeco-
system’s resource saving.

Conclusion. The norms for introduction of mineral fertilizers (PsoK3¢) in combination with inocu-
lation of soybean seeds, by taking into account biological characteristics, are optimal, as one of the me-
thods of resource-saving technology and are aimed toards improving ecological situation, maintaining
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stability of agroecosystem (soil structure and water resistance of the aggregates are restored) and
increasing productivity (additional yield up to 7.1 centner/ha.) of soybeans.

The possibility of replacing the basic dump cultivation with fine flat-cut (Mini-till) tillage, where:

- firstly, the aggregate composition improves, the soil structure restores and the air regime of the
agroecosystem becomes optimized in case where large nodules of nitrogen-fixing bacteria are formed on
soybean roots;

- Secondly, it reduces the costs of aggregate energy (fuel consumption) by 21.8-28.4% and raises
yields while using resource-saving techniques of innovative technology in foothill zone of the southeast of
Kazakhstan.
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NHHOBAIIMOHHBIE TEXHOJIOTUH BO3JEJBIBAHUSA COU

AnnoTtaunus. OcssiieHa 3¢pGEeKTHBHOCTh TPUEMOB MHHOBAIIMOHHON TEXHOJIOTHH COM B PEIICHUH 3KOJOTHYEC-
KHX MPOOJIEM arpodKOCHCTEMBI, KOTOPBIE CHIDKAIOT 3KOJIOTMYECKYI0 HAarpy3Ky Ha OKPYXKAlOIIyI0 Cpeay B MacIl-
Tabax BO3JETBIBAEMOW KYJBTYpBL. M37I0KEHBI SKOJOTMYECKHE aCHeKThl NPUMEHEHUS] MUHEPAIbHBIX YA00peHHH B
COUYETaHUU C MHOKYJISIMEH CEMSH COU C YUYETOM UX OMOJIIOTHUYECKUX OCOOEHHOCTEH, KaK OJHMH W3 MPUEMOB PECYp-
cocOeperaromieii TeXHOJIOTHU HAlpaBJICHHbIE HA MOJJICPKAHHE CTAOMIBHOCTH arpo3KOCHUCTEMbI M IOBBIIICHHE
MPOAYKTUBHOCTH COH. BEISBIIEHO BO3MOXKHOCTH 3aMEHBI OCHOBHOW OTBaJbHON OOpAaOOTKH IMOYBHI C MEJIKOW IUIOC-
Kope3Ho# o0paborkoit (Mini-till), oOecrieynBaroue JOCTOBEPHOE BOCCTAHOBICHHUE M COXPAHEHHUE IUIOAOPOIUS
MMOYBEHHOTO pecypca. [lomydeHHbIe pe3ybTaThl CBUACTEILCTBYET O TOM, YTO MUHEPATBHBIC YI0OPEHHs HEOCPE-
CTBEHHO CITOCOOCTBYIOT JOCTIDKCHHIO HAMOOJBINEH BBICOTHI CTOSHHS COM M HAKOIUICHHIO CYXOTO BEIIECTBA.
Brecenne muHepansHBIX ynoOperuit B 1o3e P Ksy obecneunBaer yBenmueHne nuHEHOTO pocTa pacTeHuil Ha 11-
16% u ipu yBemumaeHn# 10361 10 N3oPgoKz0 — HA 21%.

PanmonanpHOE MCTIOIB30BaHUE OMOIHEPTETHUECKOTO pecypca W OMOJIOTHYECKOTO MOTEHIHala CaMOy M3ydae-
MOU KyJIbTYpbl, OJaroaaps ciocOOHOCTH a30T(UKCAIMHU CBSI3bIBATH aTMOC(HEPHBIN a30T, BCIEACTBUE YEro CHHKACT-
s 71033 IPUMEHIEMBIX a30THBIX Y0OPEHUI MO3BOJIAET YMEHBIIUTh HOPMY a30THOTO YAOOPEHHSI, YTO CIIOCOOCTBYET
3allIUTe OKPYKAIOLIEH CPebl U PecypcocOepexeH st arpO3KOCHCTEMBI.

KiroueBble ci1oBa: arpo3kocucTeMa, Cosi, HHHOBAI[MOHHAS TEXHOJIOTHs, MHOKYJISALUs, Mini-till, BoccTaHoBIe-
HUE, YPOKANHOCTE.

H. III. CyJeiivenopa', 3. M. Kyanasikosa', M. ®uinnosa’

'Kasak y/ITTBIK arpapisIK yHHBepcHTeTi, AnvaThl, Kasakcran,
’Anren Kpnues atsinaars Pyce yanusepeureri, Pyce, Bonrapus

MAMBYPIIAK OCIPYIITH MHHOBAIUSIBIK TEXHOJIOT HSIJIAPBI

AnHoTanus. Makayaja arpo3K0oXXyHEeHIH SKOJIOTHSUIBIK MOCEIICIIEPiH HICHIyIe MaOypIaK JaKblUIbIH OCIpYIiH
WHHOBAIMSUIBIK TEXHOJIOTUSCHIHBIH THIMIUTITT OasHIaabl, OYJI eriCTiK OHIMAUIITIHE )KOHEe KOpIIaFaH OpTara dKo-
JIOTHSUIBIK JKaFIalblH JKaKcapTyFa, pecypcrapibl YHEMIeyre bIKIal ereii. MuHepanabl ThIHAUTKbIIITApIbl KOJI1a-
HYJBIH SKOJIOTHSUIBIK acIeKTiIepi oJapAblH OWOJIOTHSUIBIK CHIIATTaMajapbl ecKepiin, MaiOypmiak JoHIepiHiH
eryiMeH YIITacThIpa OTBIPHII, arpO3KOKYHEHIH TYPaKTBUIBIFBIH CaKTayFa *KoHe MalOypIlIaKk eHIMIUINiH apTThIpyFa
OarpITTAIIFAH pecypc YHEM/IEY TEXHOJIOTHSICBIHBIH Sici PeTiH/e KapacThIpbuIaabl. TOMBIpaKThl MUHUMAIIAbI IBIFBIH-
MeH chIIpIpa KeIpTy (Mini-till) omiciMeH aybICTHIPYIBIH MaHBI3IBUTBIFBIH JOINIENIACYAC, arpodKOKYHEHIH THIMII
9KOJIOTHSUIBIK JKaFIaiiblH KaMTaMachl3 €TETiH, TONBIPAK PECypPCTapbIHBbIH KYHApJIBIFBIH KalllbIHA KENTipeli jkKoHe
cakTarl Kajaabl. AJBIHFaH HOTIDKeep OOWBIHINA MHUHEPAIIbI THIHAUTKBIIITAPABIH dcepi MaOypIITaKThIH OWIKTITiHE
JKOHEe KYpFak 3aTTapblH JKWHAKTAIybIHA TIKEIeH ocep eTeTiHi alkbiHmanabl. PgKso Memmepinmae MuHEepai sl ThI-
HAUTKBIIITApasl KOAaHy eciMAikTiH ecyiH 11-16%-ra xxone N3oPgK;) memmepae 21%-ra neiin apTTeIpyFa MyM-
KiHAiK Oepei. 3epTTeNiHill OThIpFaH MalOypIaK AaKbUIbIHA arpOdK0KYHECIHIH OHIMIUIINH apTThIpy MaKcaThIH/a
OMOPHEPTETHKAIIBIK PECYPCThI KOHE OMOJIOTHSUIBIK MOTCHIIHAABI PAllHOHANBIBI MalaaHy, a3oThuKcanus Kaoi-
neriHe OailylaHbICTBl — aTMoc(epasblK a30TThl OalJIaHBICTBIPAJIbl, COHBIH CaJIAapbIHAH KOJaHOAJIbl a30TThl Thl-
HAWTKBIITApABIH J03ackl a3as/bl, Oy KOpLIaraH OpTaHbl KOPFayFa jKoHE arpOdKOXKYHEHIH PecypCThIK YHEMIEYiHe
BIKIIAJI ETEe.

Tyiiin ce3mep: arposkoxyiie, MailOypIIaKk, HHHOBAMSJIBIK TEXHOJIOTHSIAP, WHOKYJsIuUs, Mini-till, kanmeiHa
KeNTipy, OHIMALITIK.
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