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Results of application of organomineral fertilizer obtained with biocatalytic processes

Annotation

Main problem: Bird droppings and animal manure contain acids, nitrogen, phosphorus and potassium,
heavy metals. The content of nitrogen, phosphorus and potassium changes dramatically depending on the
quantity and quality of the feed.

Purpose: To study the effectiveness of the use of organomineral fertilizer from poultry waste, obtained
using biocatalytic processes on the growth and development of plants.

Methods: An application for a Patent for the invention of the Republic of Kazakhstan "Method of
obtaining organic fertilizer" has been submitted for the developed technology for obtaining organic-mineral
fertilizer. In the soil intended for growing seedlings of tomatoes of the “Pepper-shaped Orange” variety and
peppers of the “Bogatyr” variety, the resulting fertilizer was applied in the amount of 1 kg per 1 m? of soil,
which was dug to a depth of 8-10 cm and used to grow seedlings in closed ground and subsequent for planting it
in open ground. Soil without fertilization was used as a control. The process of soil preparation for open ground,
intended for planting seedlings, was carried out for the experimental field with the introduction and control
without fertilization. Experimental and control studies were carried out under equivalent climatic conditions, the
scheme and technology of watering plants. In total, 100 bushes of each plant species were used in the
experiment.

Results and their significance: The use of the obtained organomineral fertilizer allows to increase the
yield of vegetable crops (tomatoes, peppers) by 20-25% compared to the control. In addition, in the experimental
samples, an increase in the number of fruits on a bush was noted with an increase in their size, a decrease in the
growing season and the number of damaged fruits.

Keywords: bird droppings, sodium humate, biocatalysis, detoxification, organic fertilization, field trials,
flowering, ovary, vegetation.

Introduction

Currently, many poultry and livestock complexes have become sources of environmental pollution,
thereby causing serious environmental problems and economic and social damage. In the zone of their
orientation, it is possible to pollute the atmospheric air with microorganisms, dust, foul-smelling organic
compounds that are products of decomposition of organic waste, as well as nitrogen oxides, sulfur, carbon.

Bird droppings and animal manure contain acids, nitrogen, phosphorus and potassium, heavy metals.
The content of nitrogen, phosphorus and potassium varies dramatically depending on the quantity and quality of
feed.

Nitrogen in manure is in the form of uric acid, which quickly decomposes to form ammonia. Fresh
manure greatly oxidizes the soil, inhibits microorganisms and destroys humus, disrupting the natural ecosystem
of the biocenosis.

The main disadvantage of the anaerobic digestion process is the low reaction rate, even with significant
heating of the reaction mass, which leads to the need to create large-volume bioreactors and, accordingly,
increases capital costs for the construction processing facilities.

At the same time, it is known that humic substances isolated from brown coal have a sufficiently high
sorption activity and are used as cheap sorbents to solve a number of environmental problems in industry [1, 2,
5,6,9, 10, 12].

The use of sodium humate as a catalyst for the anaerobic digestion process will speed up the chemical
and biological fermentation process, reduce energy consumption for its implementation, and allow the use of
reactor equipment of a smaller volume. In addition, sodium humate, due to its complexing and adsorption-
absorption properties, will provide detoxification of the reaction mass from heavy metals and their salts.

There is a known method for disposing of chicken manure by anaerobic thermophilic fermentation and
subsequent separation of the fermented mass into solid and liquid fractions by centrifugation, in which, before
separation, the fermented mass of chicken manure is alkalized with a concentrated aqueous solution of caustic
potassium to pH 9.0-10.5, heated to a temperature of 70-80°C, kept for 3-5 minutes [3, 4, 13, 14, 15, 17].
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There is also a known method of utilization and disinfection of chicken manure, including separation of
biomass by separation into liquid and solid fractions, disinfection of the liquid fraction by working off in a
device with insoluble electrodes, and the liquid fraction passed through the separator is mixed with lime milk in
the amount of CaOH, = 3,7*10° gram per liter, after which it is fed into a horizontal sump with an electrode
system, where it is kept for 7 and a half hours, acting with nanocurrents of 40 [4, 15, 19, 20].

The known methods have significant metal and energy consumption, high cost, which limits their use in
poultry farms and livestock complexes of small and medium capacity.

In all these methods, there is no binding process of heavy metal salts in the excrement, which reduces
the environmental friendliness of the processes.

A method of detoxification of agricultural lands using humic sorbent is also known [8].

The humic sorbent contains hydrated humic acids of brown coal and chemically related mineral
components and is obtained by hydration of natural ground brown coal with deionized water in the process of
fine grinding to a particle size of no more than 0.1 mm. The proposed method of detoxification of lands and
recultivation of agricultural soils is based on the introduction of humic sorbent into the lands and soils. The use
of the invention makes it possible to prevent the absorption of metal ions and organic substances polluting the
soil by plants, to ensure the moisture retention of the soil, ultimately increasing its fertility. The disadvantage of
this invention is the need for a separate sorbent application process from fertilization, which reduces the
manufacturability of the process and does not provide quality control for the content of toxic elements during
fertilization.

The technology developed by us solves the problem by creating an appropriate method, the
implementation of which ensures the achievement of a technical result, which consists in reducing the time spent
on fermentation of poultry excrement and, in preserving organic and mineral substances in the final product and
improving their quality, in increasing the environmental friendliness of the method through the use of a humic
sorbent to convert salts of heavy metals and other toxic substances into an insoluble state.

As described above, the disadvantage of the known methods of anaerobic digestion is the low speed of
the process. To increase its efficiency, the proposed technology uses a biological catalyst for the process the
stimulator of bacterial growth sodium humate, obtained using the technology we previously developed from the
brown coal of the Maykubensky deposit (“Method for obtaining sodium humate” Patent Ne 4600 RK) [7], as
well as a sorbent based on sodium humate (a co-product of obtaining sodium humate), which is used to detoxify
the feedstock and the resulting product from heavy metals and their salts due to its absorption-adsorption and
complexing properties.

Sodium humate in the technological process significantly accelerates the fermentation process (the
process of bacterial development) in an anaerobic environment (without oxygen access), eliminates the
unpleasant smell of bird droppings, and also increases the output of biogas.

As a result of fermentation, anaerobic bacteria break down complex organic compounds (fats, proteins,
carbohydrates) contained in the fermented product to fatty acids, then to compounds that can be absorbed by
plants. As the result of fermentation, heat and biogas are also released, and can be directed to further use or
disposal.

The use of sodium humate as a catalyst for the process of anaerobic digestion makes it possible to
accelerate the chemical-biological fermentation process, reduce energy consumption for its implementation, and
allows the use of reactor equipment of a smaller volume. In addition, sodium humate, due to its complexing and
adsorption-absorption properties, provides detoxification of the reaction mass from heavy metals and their salts.

The most important experiments were studies on the effectiveness of the use of sodium humate and its
derivatives for the complex detoxification of poultry waste.

Known methods of detoxification of poultry waste in order to obtain organic fertilizer have significant
metal and energy consumption, high cost, which limits their use in poultry farms and livestock complexes of
small and medium capacity.

In all these methods, there is no binding process of heavy metal salts in the excrement, which reduces
the environmental friendliness of the processes.

Also known is the method of detoxification of lands and recultivation of agricultural soils based on the
introduction of humic sorbent into the lands and soils. The use of the invention makes it possible to prevent the
absorption of metal ions and organic substances polluting the soil by plants, to ensure the moisture retention of
the soil, ultimately increasing its fertility. The disadvantage of this invention is the need for a separate sorbent
application process from fertilization, which reduces the manufacturability of the process and does not provide
quality control for the content of toxic elements during fertilization.

As described above, the disadvantage of the known methods of anaerobic digestion is the low speed of
the process. To increase its efficiency, the proposed technology uses as a biological catalyst for the process the
stimulator of bacterial growth sodium humate, obtained using the technology we previously developed from the
brown coal of the Maykubensky deposit (“Method for obtaining sodium humate” Patent Ne 4600 RK), as well as
a sorbent based on sodium humate (a co-product of obtaining sodium humate), which is used to detoxify the
feedstock and the resulting product from heavy metals and their salts due to its absorption-adsorption and
complexing properties.
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The direction of the selected studies was aimed at creating a method, the implementation of which
ensures the achievement of a technical result, which consists in reducing the time spent on fermentation of
poultry excrement and, in preserving organic and mineral substances in the final product and improving their
quality, in increasing the environmental friendliness of the method through the use of a humic sorbent to transfer
heavy metal salts and other toxic substances to an insoluble state.

Sodium humate was used as a catalyst in the technological process, since it has a biological stimulator
of bacterial growth. It significantly accelerates the fermentation process (the process of bacterial development) in
an anaerobic environment (without oxygen access) at temperatures from 17°C to 25°C, eliminating the
unpleasant smell of bird droppings, and also increases the output of biogas [7].

The purpose of the research: to study the effectiveness of the use of organomineral fertilizer from
poultry waste, obtained using biocatalytic processes on the growth and development of plants.

Materials and methods

In the studies conducted, organomineral fertilizers from poultry manure were used. To increase its
effectiveness, sodium humate, a bacterial growth stimulator, obtained by us using a previously developed
technology from brown coal of the Maikubenskoye deposit in the Republic of Kazakhstan (RK) (“Method for
producing sodium humate” Patent No. 4600 RK) was used as a biological catalyst, as well as a sorbent based on
sodium humate (an accompanying product of sodium humate production), which was used to detoxify the
feedstock and the resulting product from heavy metals and their salts due to its absorption-adsorption and
complexing properties. An application for a Patent for the invention of the Republic of Kazakhstan "Method for
obtaining organic fertilizer" (priority No. 2021/0429.1, dated 13.07.2021) has been submitted for the developed
technology for obtaining organic-mineral fertilizer.

The study of the composition of organomineral fertilizer obtained from chicken manure showed a high
content of the main components: nitrogen, phosphorus, potassium and humic acids and the absence of soluble
salts of heavy metals in the product, which implies that the sequence of the proposed technological methods and
modes ensure the preservation of organic and mineral substances in the final product and the removal of soluble
toxic elements from it, and, therefore, guarantee the production of high-quality complex organo-mineral fertilizer
from bird excrement, which is a characteristic sign of good soil digestibility [6].

Tests to determine the effectiveness of the obtained fertilizer were carried out on the experimental plots
of the peasant farm (KH) "Flame", Pavlodar district of Pavlodar region of the Republic of Kazakhstan.

During the production field experiment, the resulting fertilizer was applied to the soil intended for
growing seedlings of tomatoes of the “Pepper-shaped Orange” variety and peppers of the “Bogatyr” variety in
the amount of 1 kg per 1 m2 of soil, which was dug up to a depth of 8-10 cm and used for growing seedlings in
closed ground and subsequently for planting it in open ground. Soil without fertilization was used as a control.
The process of soil preparation for open ground, intended for planting seedlings, was carried out for the
experimental field with the introduction and control without fertilization. Experimental and control studies were
carried out under equivalent climatic conditions, the scheme and technology of watering plants.

In total, 100 bushes of each plant species were used in the experiment.

Statistical processing of the analyzed data was performed by the generally recognized method of
variation statistics according to Student.

The determination of the economic efficiency of the developed technology when using the obtained
organomineral fertilizer in the open ground when growing tomatoes of the “Bogatyr” variety was carried out as
follows:

The economic efficiency of the application of the developed technology was characterized by the
amount of additional net income per unit weight of fertilizers, per 100 roots of crops and 1000 tenge of costs
used for the preparation and application of fertilizers. When calculating the economic efficiency of using the
developed technology, the cost of gross output was determined based on the purchase prices for fresh tomatoes
and peppers that were in effect in the Pavlodar region as of August 2021.

Results

Table 1 shows that the timing of the beginning of flowering in experimental tomato crops is reduced by
6, and in peppers by 5 days compared with the control group of plants. The timing of the appearance of the first
ovary is also accelerated, respectively, by 5 for tomatoes and 8 days for peppers.

The total number of fruits from a bush of tomatoes in the experimental group of plants was significantly
higher than in the control group by 44.4%, peppers - by 55.5%.

The yield of a bush of tomatoes after fertilization increases in comparison with the control by 1.4 times
(42%), peppers by 1.8 times (44.4%).

The shape of tomato fruits in the experimental group of plants is regular round-oval, in the control
group it is oblong-oval and the average size (length/width in the section) is significantly more than 85/40 mm
compared to the control samples of plants 72/30 mm.

The shape of pepper fruits of the experimental plants is even, with a pronounced short tail, the control
ones are segmented, gradually tapering to the tail and the average size (length/width in the section) in plants
grown without fertilization (65/35mm) is somewhat inferior to the experimental samples (70/40mm).
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Table 1 — Results of the field experiment to determine the effectiveness of the use of fertilizer obtained using
sodium humate (n=200, M +m)

Indicators Tomato Pepper
experiment (n=50) control (n=50) | experiment (n=50) control
(n=50)
Flowering start date 28 May 3 June 12 May 17 May
The date of the appearance June 1 June 6 May 13 May 21
of the first ovary
Average number of fruits 1342,1%* 9+1,3 9+1,5% 5+0,9
per bush
Bush yield (g) 12504+91* 880+34 520+71%* 36022
Shape of ripe fruits, regular round-oval, oblong-oval , with a pronounced | segmented,
average size (mm) 85/40 72/30 short tail, 70/40 gradually
(length/width in section) tapering to
tail, 65/35
Vegetation period before 47 51 44 46
fruit ripening (days)
% damaged fruits 3 7 2 5

Note: * - the difference in relation to the control group is significant * - (P<0.05).

The vegetation period before the beginning of fruit ripening in plants of the experimental groups of
tomatoes and pepper after fertilization is reduced by 4 and 2 days, respectively. The percentage of damaged
fruits of tomatoes and peppers (late blight, sunburn) after the application of organomineral fertilizer is reduced
by 2.3 and 2.5 times, respectively. Visually, the results of the field experiment are presented in Figures 1, 2, 3.

Figure 1 — The results of the field experiment in growing tomatoes with the application of the developed
organomineral fertilizer (experiment)
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Figure 2 - Results of the field experiment when growing tomatoes without applying the developed organomineral
fertilizer (control)

Figure 3 — Results of the field experiment when growing peppers (left - experience, right - control)

Based on the processing of the data presented in the description of the technological process, the market
value of vegetable growing products in the Pavlodar region for August-September 2021, it was found that the
economic efficiency of the developed technology when using the obtained organomineral fertilizer in the open
ground when growing tomatoes of the "Pepper Orange" variety and peppers of the "Bogatyr" variety. It is
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established that the economic efficiency is at 1000 tenge of fertilizer production costs 3200 tenge for growing
peppers and 7400 tenge of tomatoes at average prices for products in the Pavlodar region for the autumn of 2021
at 400 tenge per 1 kg.

Discussion

Based on the conducted research, a technology for obtaining organic fertilizer from poultry waste by
anaerobic digestion of chicken manure with humidity as a temperature of 27-50°C with the addition of sodium
humate has been developed.

The fertilizer is intended for use in agricultural production, horticulture, floriculture, forestry, urban
farming, on household plots in order to increase productivity, quality of crop production. It is recommended for
planting, fertilizing all types of crops, as well as for resuscitation and recultivation of soils.

As a result of the research, a method for obtaining organic fertilizer has been developed, including
fermentation of the initial product, removal of biogas, sedimentation, characterized in that the reaction mixture is
pre-fermented with the addition of 200 % water and 1-2 % sodium humate, after the end of fermentation, during
which the fermentation mixture is self-heated to a temperature of 37 to 51 degrees Celsius, and removal of
biogas from the fermentation product, a humic sorbent is added to the reaction mixture in an amount of 1 to 2%
mass fraction, stirred for 12-24 hours, by means of sedimentation, the dense component of the initial product is
separated, and the liquid component is defended until the separation level of the solid fraction and the liquid is
reached in a ratio from 1 to 5 to 1 to 7, dense fraction is removed, and the superadded fraction is used as a liquid
organic fertilizer.

The developed technology has been applied for a Patent for the invention of the Republic of Kazakhstan
"Method for obtaining organic fertilizer" (priority No. 2021/0429.1, dated 13.07.2021). The invention makes it
possible to significantly reduce the fermentation time, enrich the product with organic and mineral products
contained in sodium humate, convert heavy metal salts into an insoluble state, and increase the environmental
friendliness of the method.

The implementation of the developed technology ensures the complete and safe disposal of extremely
aggressive waste from poultry farms, and therefore provides a significant improvement in the environmental
situation, in particular, in the regions where poultry farms are located. The developed method of obtaining
organic fertilizer significantly reduces the fermentation time, ensures complete and safe disposal of extremely
aggressive waste from poultry farms, and therefore provides a significant improvement in the environmental
situation, in particular, in the regions where poultry farms are located.

Conclusion

The use of the obtained fertilizer in the field experiment makes it possible to increase the yield of
vegetable crops (tomatoes, peppers) by 20-25% higher compared to the control. In addition, the experimental
samples showed an increase in the number of fruits on the bush with an increase in their size, a decrease in the
growing season, as well as the number of damaged fruits.

Based on the processing of the data presented in the description of the technological process, the market
value of vegetable growing products in the Pavlodar region for August-September 2021, it was found that the
economic efficiency of the developed technology when using the obtained organomineral fertilizer in the open
ground when growing tomatoes of the "Pepper Orange™ variety and peppers of the "Bogatyr" variety. It is
established that the economic efficiency is at 1000 tenge of fertilizer production costs 3200 tenge for growing
peppers and 7400 tenge of tomatoes at average prices for products in the Pavlodar region for the autumn of 2021
at 400 tenge per 1 kg.
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Pe3yJ’leaTbI NPpUMEHCHUSA OPraHOMHUHEPAJIBHOI'0 yz[oﬁpemm, MNOJYYEHHOI'O
C MOMOIIBI0 OMOKATAIUTHYECKHX nmpoueccon

[Truuit TOMET U HABO3 KMBOTHBIX COACPKUT KUCIOTHI, a30T, Gocop U Kanui, TSHKEIBIC METAIUIBL.
Conep:xanue a3oTa, pocdopa 1 KaJust pe3Ko H3MEHSIETCS B 3aBUCUMOCTH OT KOJIMYECTBA M Ka4eCTBa KOpMa.

Lenp cratbn — nzydenne 3(hp(HEeKTHBHOCTH NPUMEHEHUS] OPraHOMHHEPAILHOTO YAOOPEHUs N3 OTXOJ0B
NTHLEBOAYECKUX TIPOU3BOCTB, IOJyYEHHOTO C MOMOIIBIO OHOKATaINTHYECKHX MPOIIECCOB HA POCT U Pa3BHUTHE
pacTeHuil.

B ynoOpennn B kauecTBe OMOJIOTHYECKOTO KaTaIM3aTOpa MPUMEHSIICS CTUMYIATOp pocTa OakTrepuit
ryMaT HaTpus, a Takke COpOCHT Ha OCHOBE TyMaTa HaTpHs (COIMYTCTBYIOIIMH NMPOAYKT IOJIydEHHS TymaTa
HaTpusi). Ha pa3paboTaHHYI0 TEXHOJOTHIO MOTY4EHHS OpraHOMHHEPAJBHOTO yHOOpEeHHs IojJaHa 3asBKa Ha
nonydenue Ilatenta Ha wm3o0pereHne PK «Croco6 momyueHHMs opraHudyeckoro ynaoOpeHus». B mousy,
IIpeJHa3HAYCHHYIO JUIs BBIpAIMBAaHUS paccasl ToMaToB copTa «llepueBuaabiii OpaHkeBBlit» U IEepIeB copTa
«BOraThIpb», BHOCHIIH MOTyYeHHOE YI00peHne B Kommdectse | Kr Ha 1 M2 MOYBEL, KOTOPYIO MEPEKATIBIBAIN HA
riryOuHy 8-10 ¢cM M MCHONB30BaM AJIS BBIPAIMBAHUSA paccajbl B 3aKPHITOM TPYHTE M B MOCIEIYIOIIEM JUIS
BBICAJIKU €€ B OTKPBITHIA I'PYHT. B KauecTBe KOHTPOJIA UCTIONB30BAIM NOYBY Oe3 BHeceHHs yroopenus. IIpouecc
MOJArOTOBKH TOYBBI OTKPBITOrO TpPYyHTa, NPEJHA3HAYEHHOTO [UI1 BBICAAKH DPACCaAbl, OCYLIECTBISUIA s
OTIBITHOTO TMOJSI C BHECEHHEM M KOHTPOJBbHOrO Oe3 BHeceHHs1 ynoOpeHus. OIBITHbIE W KOHTPOJIBHBIC
HCCIICIOBaHMs TMPOBOAMIM IIPH PaBHO3HAYHBIX KIMMAaTHYECKUX YCIOBHAX, CXEME€ M TEXHOJOIMH IOJIMBa
pactenuii. Beero B skcniepuMenTe Ob1T0 HCTOIB30BaHO 10 100 KycTOB KaXkJ0ro BUIa pacTCHUH.

Kak moxasan aHanmu3, NpPHUMEHEHHE MOIYYEeHHOTO OPraHOMUHEPAIbHOTO YHOOPEHHUs MO3BOJISET
MOBBICUTh YPOXKaWHOCTh OBOLIHBIX KYJIBTYp (ToMaThl, nepiisl) Ha 20-25 % 1o cpaBHeHHIO ¢ KOHTpoJieM. Kpome
TOTO, B ONBITHBIX 00pa3nax OTMEUYEH MPUPOCT KOJUYECTBA IUIOAOB HA KYCTe€ IPH YBEIWYCHHH HX Pa3MEpOB,
CHIDKEHHH CPOKa BETETAllNK W KOJIMIECTBA IIOBPEKAEHHBIX IUIOI0B.

KiroueBple cioBa: nruumidi TOMET, TymMar HATpusl, OHMOKaTalu3, IETOKCHKAIUS, OPTaHHYECKOe
yznoOpeHue, moyieBbIe UCTIBITaHuUS, IBETCHNE, 3aBsI3b, BETeTaIHs.
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BuokaTaauTHKAJIBIK NPoLecTePMeH ATBIHFAH OPraHOMHHEPAJ/IbI THIHANTKBIITAPABI KOJIIAHY
HITH:KeJIepi

Kyc caHfrpIpbpIFbl MEH Mall KOHIHIAE KBIIIKBUIAAp, a30T, ¢ocdop koHe Kamuid, ayblp MeTtammap Oap.
A30TTBIH, (HOCHOPIBIH KIHE KAJTMHAIH MOJIIIEpi a3bIKTHIH CaHbl MEH callachblHa OailyIaHBICTBI KYPT €3repe/i.

MakaaHbslH MakcaThl - ©CIMIIKTEep/iH 6cyl MeH JaMyblHa OMOKaTaJMTHKAJIBIK MIPOLECTEPAi KOJAaHY
apKbUIbI aJbIHFaH KYC KaJABIKTapbIHAH MUHEPAJIIbl OPTaHUKAIIBIK THIHAWTKBIIITAPIbl KOJIAHYABIH THIMIUTIIH
3eprIey.

THIHAWTKBIITA OHOJIOTHSAJIBIK KaTanu3aTop pEeTIHAE HaTpuil TyMmaTbl, OaKTepusulapiblH — ecy
CTUMYJIATOPBI JKSOHE HATpWil TyMaThl Heri3iHzeri copOeHT (HaTpuil TyMmaTbl OHAIPICIHIH jkKaHaMa ©HiMi)
KonpaHbuiabl.  OpraHWKajbIK-MUHEPAIAbl  THIHANTKBIITAPABl  aTyAbIH  Q3IPJIICHICH  TEXHOJOTHSICHIHA
«OpraHuKaiblK THIHAUTKBIITapAB! amy ofici» Kazakcran PecryOnmkachHBIH ©HEpPTaOBICH MATCHTIHE OTIHIM
Oepinmi. «BypHIIT TIMIiHAL arleTbCHHY» COPTHIHBIH KbI3aHAK KOMIETTEPiH xKoHe «boraThlpb» COPTHIHBIH OYPHIIIBIH
ecipyre apHaJFaH TOIBIPAKTA aJBIHFAH THIHAMTKEIII | M2 TOTBIpaKKa | Kr MeJmiepinie eHri3iiai, ol TepeHIiKTe
Kas3purraH. 8-10 cM jxoHe KemeTTep/i KaObIK XKepre ocipy YIIiH, coaH KeiiH OHBI alllbIK JKEePre OTHIPFHI3Y YIIiH
KOJIaHbUIaAbl. bakblnay peTiHAe THIHAWTKBILNICHI3 TONBIpAK NaiganaHeliabel. ToxipuOemik ankamnka KelleT
OTBIPFBI3YFa apHAJIFaH alllbIK XKEePre TOIBIPAKTHI JAMbIHIAY MPOIECi THIHANTKBILIICHI3 WHTPOAYKIMIMEH JKOHE
OakplUIayMEH XKYpriziiai. IKCIepHUMEHTTIK XoHe Oakbliay 3epTTeyliepi IKBUBAJICHTTI KIIMMATTHIK JKaFaaiiapa,
OCIMJIIKTEpAl Cyapy CXeMachl MEH TeXHOJIOTHsCHI OolbiHIIA Kypriziai. Toxipubene op ecimiik TypiHEH
Gapbirsl 100 Tyn maiiianaHbUIIbL.

Tanpnay xepceTKeHed, albIHFaH OpraHOMHHEPAN/Ibl THIHAUTKBIITH KOJJaHy KOKOHIC AaKbLIIapbIHBIH
(xpI3aHaK, OyphINT) OHIMALTIrIH OaKplIayMeH canbicThiprania 20-25 % apTTeipyra MyMKiHZIIK Oepeni. CoHbIMEH
Katap, ToXipuOemik yarizepae OyTamarsl >KeMicTep CaHBIHBIH KOOCI0l ONapIblH MOIMIICPiHIH YIFafobI,
BETETALMSIIBIK KE3CHHIH a3al0bl )KOHE 3aKbIM/IAJIFaH JKEMICTEp CAaHBIHBIH a3ai0bl OalKaJIIbl.

Tylin ce3mep: Kyc caHpIpayKyJarbl, HATPHUH T'yMmarhl, OHOKaTaiaW3, ACTOKCHKALWS, OPTaHHKAaJbIK
TBIHAWTKBIII, JAJIAJIBIK CHIHAKTAP, TYJICHY, aHAIBIK 0€3, 6CIM/IIK )KaMBUIFBICHL.
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