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Abstract
The growth activity of oil oxidizing microorganism strains in the oil-contaminated areas and the
efficiency of oil decomposition were studied. During the experiment, a microbial consortium was formed
using selected strains of microorganisms which were then immobilized in sorbents made of carbonized
shungite and rice husks. A biosorbent based on a consortium of microorganisms, Pseudomonas poae TM1,
and Pseudomonas migulae TM2, along with carbonized shungite and rice husks, has shown promising
results in the bioremediation of oil-contaminated areas.
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Currently, Kazakhstan is one of the largest oil producing countries. In Kazakhstan, soil
pollution with oil and oil products is a big problem. In terms of negative impact on the
environment, oil production occupies one of the leading positions among the sectors of the fuel
and energy complex, which is due to the large-scale production and the eclipse of oil in the country.
Its discharge into the environment leads to the destruction of the life of many organisms, as well
as changes and degradation of ecosystems. Currently, microbiological methods are used to combat
oil and oil products. Soil microorganisms play a major role in the process of detoxifying chemicals.
The ability of microorganisms to break down oil is associated with a large number of biochemical
reactions carried out by them and a high level of their adaptation. Pollution with oil and oil
products has a very negative effect on the soil, reducing the quality and productivity of the land.
Contaminated soil becomes toxic to plants, animals and humans, and in some cases can cause
serious poisoning and death.

Because of environmental disasters associated with accidents in deposits where mining
occurs, soil pores become clogged, making it hydrophobic and usually leading to a decrease in
water storage capacity. Oil and oil product spills are possible through the direct production,
transportation, processing and use of hydrocarbons. When entering the environment, oil or
petroleum products negatively affect the ecosystem, while significantly changing the pH level and
the degree of aeration of the soil [1].

Among the measures taken in order to protect the environment from oil pollution, one of the
most promising and environmentally safe methods is the method of soil bioremediation, which is
based on the ability of some microorganisms to destroy oil and oil products. The ability of
microorganisms to convert or decompose oil hydrocarbons is known and allows them to be used
for bioremediation of contaminated areas [2].

Bioremediation is one of the most promising methods for cleaning oil-contaminated soil. It
is based on the ability of microorganisms and other living organisms to break down and destroy
various hydrocarbons. In the natural environment, there is no waste, biodegradation occurs
continuously, and everywhere; any organic matter can provide nutrients to the entire complex of
microorganisms and eventually Mineralize organic matter to form carbon dioxide and water.

It is known that carbon materials and composites containing some mineral and plant
materials are promising in the use of microbial cells as carriers. Such carrier sorbents are capable
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of high chemical resistance, mechanical strength, ion exchange properties, sufficient permeability
to water and other substrates, biocompatibility and processing [1].

The distinctive properties of the main carrier sorbents are that they are made from cheap and
affordable pyrolysis products of plant residues from agriculture and woodworking, as well as
zeolites enriched with trace elements and some other examples of natural aluminosilicates and
oxides. Immobilized microorganisms, along with free cells, have several advantages, so high
bioremediation efficiency can be achieved by using immobilized microorganism cells in cleaning
contaminated ecosystems [3].

Increasing the effectiveness of biological products can be achieved with immobilized
destructor cells in various carriers. This is because the adhesion of cells to hard surfaces ensures a
high concentration of microbial cells in the zone of action, prevents their leaching, protects against
the effects of high concentrations of toxic oil components, and allows you to increase the specific
destructive activity of microflora [4].

The purpose of this article is to compare the ability of Pseudomonas poae TM1 and
Pseudomonas migulae TM2 to a consortium of microorganisms and a biosorbent based on
carbonized shungite and rice husk and a sorbent based on carbonized shungite and rice husk to
bioremediate oil-contaminated areas.

Materials and methods of research

Determination of the number of different groups of microorganisms

To identify pollutant-resistant physiological groups, the number of different groups of soil
microorganisms was determined, and the microbiological composition of soil microflora in areas
adjacent to warehouses was compared using the sequential dilution method of soil suspension in
dense culture media. The number of cells was determined using the Koch method, which involves
seeding a specific volume of the studied microorganism suspension into petri dishes containing a
dense medium. The colonies that grew after incubation were then counted. Sowing was performed
in petri dishes in an agaric medium. Meat-peptone agar (MPA) was used to determine the total
number of microorganisms, wort agar (WA) to assess the content of fungi in the soil, and specific
culture media were employed to determine the number of different physiological groups of
microorganisms. Molds were considered using the agaric medium of Czapek dox, ammonizing
bacteria in agar based on fishmeal hydrolysate, nitrogen-fixing bacteria in the Ashby medium, and
aerobic cellulolytic bacteria in the dense growing medium of Hutchinson and Clayton.

Cultivation of crops at a temperature of 28-30°C in the thermostat was carried out for 2 days
to isolate heterotrophic bacteria, actinomycetes, nitrogen-fixing and mold fungi were isolated for
5-7 days and cellulolytic bacteria for 7-9 days. After crop incubation, a quantitative calculation of
the colonies that grew was carried out and the number of colony-forming units (CFU) in 1 g of
soil was determined.

Methods for isolating pure strains from soil samples

Obtaining pure strains was carried out by mechanical separation on the surface of a dense
culture medium (Loop annealing method) [5]. Individual colonies were tested for purity by
microscopy and sown in oblique nutrient agar for cultivation.

Methods of studying morphological-cultural, physiological-biochemical properties of
isolated microorganisms

The study of morphological, physiological and biochemical features of bacteria was carried
out according to generally accepted methods. Morphological and cultural properties of pure
cultures of separated microorganisms were studied based on the following features: cell shape and
location, cell size, cell mobility, presence of endospores, staining by Gram, characteristics of a
colony in a solid culture medium, growth pattern in a liquid culture medium, and growth pattern
in an oblique Agar. The physiological and biochemical properties of bacteria and yeast were
determined based on the following features: bacterial reproduction at 42°C, hydrolysis of gelatin,
starch, casein, the presence of catalase and the use of molecular nitrogen, fermentation of various
carbohydrates and alcohols [6].
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Obtaining bio destructors based on immobilized microorganism cells

Sorption cell immobilization was carried out as follows:

100 ml of cell suspension in an isotonic NaCl solution in the presence of carriers at the rate
of 1 g per 100 ml of medium, incubated for 48 hours in an Erlenmeyer flask at room temperature,
shaken at 220 rpm in a laboratory shaker. The carrier with immobilized cells was then washed
with isotonic solution from weakly attached cells and the number of desorbed cells was
determined.

Methods for determining sorption and desorption of cells:

To assess the degree of sorption and desorption of cells, cell concentration in solution was
measured by the optical density of the suspension in standard cuvettes with an optical path length
of 1 cm, a wavelength of 540 Nm using a KFK - 2MPA photocolorimeter, in "sharp” experiments

[7].

A calibration curve was constructed to determine the relationship between cell number and
optical density.

The number of attached cells was calculated based on the difference in the initial and final
values of the optical density of the samples. The proportion of adsorbed cells was determined by
the Nikovskaya method:

% = 100 x 222 (1)

Dpri

where, Deyxp is the optical density of the original suspension
Dpri — optical density of experimental samples.

Cleaning oil from the soil through the Soxlet. The prepared soil loop was placed in a prepared
sleeve 0f 10.00 G and obtained in the Soxlet apparatus by adding 70 ml of chloroform for 8 hours.
After extraction, the volume of the extract was measured with a measuring cylinder. All analyzes
were carried out in two parallels [8].

Preparation of sowing material. To obtain biomass from a consortium of oil destructors,
microorganisms were grown individually in an optimal medium of 10° CFU/ml of liquid with a
cell titer in a thermoshaker (220/min) for 2 days under aeration and at a temperature of 28°C. The
inoculate was transferred from the sowing medium to the optimal nutrient medium. To do this,
100 ml of the nutrient medium was introduced into 500 ml flasks. The strains were grown at a
temperature of 28°C to 101%2 CFU/mI cell titer for 2 days. After 48 hours, the total number of
cells of microorganisms was determined. To obtain the required amount of biomass, the cell
suspension was replaced with the INOBIO-5BG bioreactor.

Results and discussion

Extraction of biomass from the community of destructor strains for bioremediation of oil-
contaminated soils

Bioremediation technologies are being used more widely compared to physical and chemical
recovery methods due to their high efficiency, low cost and harmlessness of products (mainly CO2
and water) [9]. The most important factors for bioremediation are the size and activity of
microorganisms, soil nutrients, and oxygen state. However, oil-contaminated soil usually has a
low number of microbes, low porosity, and nutrients, which limits the decomposition efficiency
of microorganisms in practical applications [10-12].

Natural purification of natural objects from oil pollution is a long process; therefore, the
problem of restoring oil-contaminated soil, in particular bioremediation, becomes especially
relevant. A promising technology for cleaning oil-contaminated soil is considered to be the
introduction into the soil of various complexes of microorganisms that are distinguished by an
increased ability to biodegrade certain hydrocarbon components of oil and oil products [13].
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In this regard, in conditions of complex pollution, the possibility of using destructive
microorganisms capable of growing in an environment with high hydrocarbons and showing active
biochemical activity, capable of biodestructors of these substances, is relevant.

An important condition for the effective transformation of xenobiotics is the absence of
antagonism between destructor organisms. Microorganisms can use organic pollutants as the only
source of carbon, which allows them to break down organic pollutants in the soil [14].

In the course of the work, the INOBIO-5BG bioreactor was used to obtain biomass (Figure
1). Bacterial strains were grown in an optimal liquid medium for 48 hours, the pH of the medium
has a neutral value. In the course of the experiment, the number of viable cells of oil detractors
was determined. The standard serial dilution method was used to determine the number of colony-
forming units (CFU) in the culture suspension.

a) 1 day 0) 2 days
Figure 1- Cultivation of strain-destructors in INOBIO-5BG bioreactor

In Figure 1, in the bioreactor, on the 1% day, the nutrient medium is transparent, on the day
2, there is an active growth of strains and there is a clouding of the environment. Also, during
cultivation, the number of viable cells of microorganisms in the culture fluid was determined after
24 hours and 48 hours (Figure 2).
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Figure 2 — Macro- and micromorphology of oil oxidizing bacteria grown in bioreactor
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As can be seen from Figure 2, the cultures of the oil oxidizing bacteria are pure, with
microscopy revealing cells similar in morphology. The number of homogeneous colonies and
colony-forming units was 2.5x10'° CFU/m.

Testing of sorbents made to clean the soil contaminated with specific oil

The development and improvement of technologies for bioremediation of areas
contaminated with oil hydrocarbons is currently an active area of fundamental and Applied
Research. Crude oil is a mixture of chemicals with hundreds of components. The main difference
between oil produced in different geographical regions is not in the chemical composition, but in
the composition of the individual component; the latter affects the chemical and physical
properties of crude oil. Therefore, microbial associations consisting of two or more strains are now
used in bioremediation, as the introduction of monoculture of hydrocarbon-oxidizing
microorganisms into oil-reduced environment does not completely solve the purification problem
[15].

In the course of the work, the destructive activity of a sorbent based on carbonized shungite
and rice husk, as well as a biosorbent based on microorganisms, was studied in field conditions.
The results of the experiment showed that, to increase the degradation of oil, it can be said that the
use of mixed cultures consisting of several microorganisms and methods of immobilizing them on
carriers are effective.

In the work, oil oxidizing microorganisms were combined into a new consortium on the
principle of compatibility with each other. In these consortia, the destructive strains Pseudomonas
poae TM1 and Pseudomonas migulae TM2 are used.

At the beginning of the experiments, oil-contaminated soil was prepared from a waste
landfill near the village of Bayandy. The test site is located 35 km from the city of Aktau. The
landfill is designed to store oil waste imported from oil fields engaged in oil production and
refining. The plants are small, represented by Wormwood and sand male. The climate is
moderately dry, the wind speed is 0.7 m/s, the air temperature during the period of cleaning
measures was from 32°C to 35°C. at the beginning of the experiments, plots were prepared, the
area of the site (3x3.5) is 10.5 m?. The next step was the introduction of a sorbent and biosorbent
based on carbonized shungite and rice husk (1:1.7); strains of oil-oxidizing microorganisms into
oil-contaminated soil. After applying a biosorbent based on sorbent and oil destructors, the soil
was moistened and loosened. To account for microorganisms in the soil, generally accepted
methods used in microbiology were used.

Figure 3- Oil-contaminated soil of the landfill near the village of Bayandy

In Figure 3, it can be seen that the soil of the landfill is visually oily and has a pungent smell
of petroleum products. The initial level of contamination with oil hydrocarbons was 158.2 g/kg of
soil. After 10, 30, 60 days, soil samples were taken from the experimental site to determine the
survival rate of microorganisms and determine their number. The degree of oil purification of the
soil was also determined.
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Biosorbent Sorbent

Figure 4- Microbial diversity of the oil-contaminated soil of the landfill

On the 10th, 30th and 60th day with the introduction of a biosorbent and sorbent based on
destructors, morphological colonies similar to the introduced strains were identified on oil-
contaminated soil. When introduced into the soil, it was found that the cells of oil oxidizing
bacteria retained their viability during the experiment (Figure 3-4).
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Figure 5 - Morphology of strain-destructors immobilized in sorbent

During the microscopy, rod-shaped, small cells were detected, characteristic of
Pseudomonas in morphological features. Further in the work, the number of microorganisms in
oil-contaminated soil from the experimental site of the landfill was studied (Table 1).

Dynamics of growth of microorganisms
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Figure 6 - The number of microorganisms in the oil-contaminated soil of the experimental site of the
landfill
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As can be seen from the figure, the number of microorganisms in the samples of the control
soil was 4.1x10%° CFU/g. On oil-contaminated soil of the experimental site of the landfill the
number of colony-forming units of microorganisms for the 10th day was 3.1x10° CFU/g in the
version with the introduction of biosorbent, 2.6 x10° CFU/g in the version with the introduction
of sorbent.

On the 30th and 60th days of a field experiment on soils contaminated with oil and petroleum
products, microorganisms show a tendency to increase in numbers and their viability remains. So,
on the soils where the biosorbent was introduced, by the 60th day, the number of microorganisms
reached 7.5 x10'! CFU/g and the sorbent reached 5.5 x10'° CFU/g. When determining the number
of microorganisms, the titer of viable cells will be much lower than when introducing culture into
the soil at the beginning of the experiment. This indicates that oil maintains the viability and
quantitative indicators of destructor cells, since for them oil and petroleum products are the only
sources of carbon. The diversity of microorganisms capable of destroying oil and petroleum
products is due to high competition and numerous ways of degradation of their various fractions.
Microorganisms have the property of selective access to various hydrocarbons.

The work investigated the degree of soil purification from oil and oil products at the
experimental site using a sorbent based on shungite and rice husk and a biosorbent based on oil
destructors. The content of petroleum products in the soil was determined by the weight method
after removing hydrocarbons from the soil suspension with hot hexane in the Soxlet apparatus.
Figure 6 shows data on the amount of oil in oil-contaminated soil after purification with the
introduction of a sorbent and a biosorbent.
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Figure 6 - Petroleum content in oil-contaminated soil after purification

After the introduction of the sorbent and biosorbent into the oil-contaminated soil of the
landfill, soil samples were taken at 10, 30 and 60 days. In soil samples where biosorbent was
introduced, oil degradation was 27.2% in 10 days, 60.1% in 30 days, and 67.7% in 60 days. In
samples in which the sorbent was administered, oil degradation was 23.4% at 10 days, 58.8% at
30 days, and 60.7% at 60 days. Thus, as a result of the work, the oil content in the oil - contaminated
soil of the landfill decreased from 23.4% to 67.7%.

Conclusion

In general, field tests carried out on specific oil-contaminated soils have shown the effective
removal of oil hydrocarbons by a consortium of destructive strains based on immobilized crops
and a carbonized rice husk and shungite-based sorbent. The results of the study of the destructive
activity of biosorbent in field experiments showed that the oil content in the soil of the landfill
with the addition of oil-contaminated sorbent and biosorbent decreased to 60.7% and 67.7%,
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respectively. The results of preliminary scientific research will allow us to develop a technology
for the treatment of oil and oil waste. The obtained results are of practical importance for cleaning
oil-containing objects in the environment.
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Tyidin

MyHail TOTBIKTBIPYIIBI MHKPOOPTaHW3M IITaMJApbIHBIH MYHAiMEH JiacTaHFaH aiMaKTa ecy
OeIJICeH/IUTIT] XoHEe MYHANIBI BIABIPATY OeJICEHAUTITI 3epTTeiai. ToxipuOe OapbIChIHIa TAHIAIBIN aJTbIHFaH
MUKPOOPTaHHU3M IITaMJIapbIHAH MUKPOOTHIK KOHCOPIIMYM KYPaCTHIPBUIBII KOMIPTEKTEHAIPIITeH ITYHTUT
JKOHE KYPIIll KaybI3JaphIHaH JKacalFaH cCopOeHTTepre MMMOOIH3aIHs skacanasl. Pseudomonas poae TM1
xoHe Pseudomonas migulae TM2 MuKpoopraHu3Maep KOHCOPLUYMBbIHA JKOHE KOMipTEKTEHAIpiIreH
IIYHTUT TIEH Kypilll KaybI3blHA HETI3AENTeH OWOCOpOCHT MYHAaWMEH JlaCTaHFaH aWMaKTapIIbl
OmopeMenuanusay/a IePCIeKTHBTI EKSHIITIH KOPCETTI.

KinrTi ce3nep: copOeHT, MyHaH-TOTBIKTBIPYIIIBI MUKPOOPTaHU3M/IEDP, KOHCOPIIUYM, OMOCOPOCHT.

Kazipri Tagma Kazakcran ipi MyHait eHaipymn enaepaid KatapsiHa Kipeai. Kazakcran yunia
TOTIBIPAKTHIH MYHAIMEH jKoHE MyHall @HIMJEpIMEH JacTaHybl YIKEH Macese OoJbIn TaObu1aIbl.
Kopmaran oprara Tepic ocep erTy OoibIHIIA MyHall OHAIPY OTBIH-dHEPreTUKa KeIeHl
cajlaJlapbIHBIH apachblH/la JKETEKIIl OpbIHIApAbIH OipiH amansl, Oy MyHalIbIH eniMi3lie KeH
KOJIEMIHJIE OHJIPIIyIHE >XOHE TYThbUTybIHA OailymaHbICThl. OHBIH KOpIIaFaH opTaFa Terityi
KONTEreH OpraHu3MACPAiH TIPUIUIITiHIH )KOMBUTYBIHA, 9KOKYHEHIH e3repyi MeH JerpagaluschiHa
okeminm cofanmel. Kazipri ke3me MyHal JKoHE MYHal OHIMIEpPIMEH Kypecy JKOJbIHJIA
MHUKPOOHOJIOTUSUIIBIK 9ICTEP KOJIJaHbUIA . XUMUSUIBIK 3aTTap bl JeTOKCUKAIUSIIAY POLIECiHAe
TOIIBIPAK MUKPOOPTaHU3M/IEP YIIKEH PoJl aTKapasl. MUKpOOpraHU3MAEPiH MYHAH B! BIABIPATY
KabineTi ojap OKyprizeTiH OMOXMMHSUIBIK pEaKUUsIIapAbIH KOMNTITIMEH KOHE OJIapbIH
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OeliiMIenyiHiH JKOFapbl JeHrediMeH OaimaHpICThl. MyHail MeH MyHall eHIMJIEepiMEeH JacTaHy
TONBIPAKKA OTE JKaFBIMCBI3 9Cep €Te/Il, )KEePIiH canackl MEH OHIMIUIITIH ToMeHaeTe . Jlactanran
TOTIBIPAK ©CIMIKTEpTe, XKaHyapiapra jKoHe agaMaapra yiabl 00naabl xKoHe Keilip xarmaiinapaa
aybpIp yJIaHy MEH OJIIMIe oKeJlyl MyMKIiH.

Tay-keH eHHipiCi OpBIH ajaThlH KEH OpBIHAAPBIHIAFBl amarTapMeH OalIaHbICTHI
SKOJIOTHUSUIBIK amaTTapJblH HOTHKECIHIEC TOMBIpaK TECiKTepi OiTenin, oHbl TUAPO(OOTHI eTemi
KOHE 9JIeTTe CyJbl caKkTay KaOijleTiHiH TeMeHAeyiHe okeneai. MyHait MeH MyHail eHIMIEpiHIH
TOTTyl KOMIPCYTEKTEpAl TIKeJIeH OHIIPY, TaChIMAIZIay, OHJLY JKOHE MaiaaiaHy apKbUTbl MYMKIH
6omansl. Kopmiaran oprara eHreH Ke3ze MyHail HeMece MyHail eHiMAepi dKoxyiere Tepic acep
eTell, COHbIMEH Oipre TOmbIpakThiH pH JAeHTell MeH adpaius JopeKeciH alTapiabIKTal e3repTel
[1].

Kopmiaran opraHel MyHaiiMeH JacTaHyJaH KOpFay MakcaTblHIa KaObUIIaHATHIH
[rapajapAblH 1IIHAE €H MEePCHEKTUBTI XKOHE SKOJOTHSUIBIK Kayimncid omicrepaiH Oipi kehOip
MHUKPOOPTaHU3MICP/IIH MyHall MEH MYHail OHIMIEPIH KO0 KaOlJIeTiHEe HET13/IeJTeH TOMBIPAKTHI
Oouopemenuanusiay aiici Oonsin TaObuIanbl. MUKpOOpPraHU3MICPAIH MYHall KOMIpCYTEKTEpiH
TYPJICHIIPY HEMece BIAbIpaTy KalijmeTi Oenrijal >KOHE oJlapAbl JacTaHFaH ayMaKTapbl
OuopeMenuanusIay yiliH naiananyra MyMKIiHIIK Oepeni [2].

buopemenuanusi - MyHalilMeH JacTaHFaH TOMBIPAKTHI Ta3apTyIbIH €H MEPCIEKTHBAIBI
omicrepinin ©6ipi. On MuKpoopraHu3mzaep MeH Oacka Tipi OpraHU3MAEPAIH OpTYpi
KOMIPCYTEKTEpAl BIABIPATy JKOHE KOI0 KabOuleTiHe Heri3fenreH. TaOufu oprama KajaabIKTap
OoIMai b J)KoHe OMoAerpaaanus Y3IIKCi3 xKoHe OapIIbIK )Kep/ie Kypeai; Ke3 KelIreH OpraHuKajIbIK
3aTTap MUKPOOPTraHU3MIEPIiH OYKiJI KEIIeHIH KOPEKTIK 3aTTapMEH KaMTaMachl3 €Te alajbl XKOHE
AKBIPBIH/Ia KOMIPKBIIIKBUT Fa3bl MEH CYy TY3Y YIIH OPraHUKAJBIK 3aTTapAbl MUHEPAJIaHIbIPA/IbI.

Keitbip mMuHepanmbl KOHE OCIMAIK MaTepHaigapbl 0ap KOMIPTEKTI MaTepuaijgap MeEH
KOMIIO3UTTEP MHUKPOOTHIK KJIETKAIapJAbl TachIMaJayllbl PEeTiHIe MaliJaliaHyaa MepCreKTUBTI
eKeHl MoJiM. MyHnal TachIManAaymbl COpPOCHTTEpP JKOFaphl XUMUSIJIBIK TO3IMILUTIKKE,
MeXaHUKaJbIK OEpIKTIKKE, HOH aJMacy KaCUETTEpiHe, CyFa koHe 6acKa cyOcTparTapra KEeTKUTIKTI
OTKI3TIIITIKKE, OMOYHIECIMIUTIKKE KoHE oHIeyre KadimerTi [1].

Heri3ri TaceiManaaymisl coOpOSHTTEPIIH alphIKIIa KaCUeTTepi-oap aybul IapyanlbUIbIFbI
MEH arail oHJACY/IIH 6CIMIIK KaIIBIKTaPbIHBIH ap3aH KOHE KOJ JKETIMJII MUPOJIH3 OHIMICPIHEH,
COHJIali-aK MUKPOIJIEMEHTTEPMEH OalbIThUIFAaH IICOTUTTEPACH JKOHE TaOUFU aIFOMOCHIIHKATTAP
MEH OKCHUITEpAiH KehOip ©Oacka MbIcalgapblHaH JKacaifaH. VMMoOWIM3anusuIanFaH
MHUKpOOpranuzMzep Ooc KiIeTKajJapMeH KaTap OipHelle apThIKIIBUIBIKTapFa W€, COHJBIKTaH
JacTaHFaH JKOXKYHeNepai TazapTyla WMMOOWIN3alUsUIaHFaH MHUKPOOPTaHU3M KIIETKAJIApbIH
KOJIJIaHy apKbUIbl OMOpeMeANaIisIHBIH )KOFaphl THIMIUTITIHE KOJI XKeTKi3yre 6onaasl [3].

buonorusnblk  eHIMAEPIIH THIMAUIITIH —apTTBIpyFa OpPTYpJi  TackIMayiaylibliapaa
UMMOOUIM3AIUSIIAHFaH JIECTPYKTOP KIIETKAIApAbl KOJJaHY apKbUIBI KOJ JKETKi3yre OoJajbl.
Cebe01 KJIeTKaNapJblH KaTThl OeTTepre XKaObICybl MHMKPOOTBHIK KIETKAIAPIABIH JCep €Ty
aliMarbIH/Ia KOFapbl KOHICHTPAIMSACHIH KAMTAaMachl3 €Te/i, OJIap/bIH IIAWBUIBIT KETyiHE KOJ
Oepmeiini, yabl MYHall KOMIIOHEHTTEPIHIH >KOFapbl KOHIICHTPALUSCHIHBIH OCEPiHEH KOpFaiabl
XKOHE MUKPO(IIOPAaHBIH €peKIlie NeCTPYKTUBTI OEJICEHIUIIrH apTThIpyFa MyMKiHAIK Oepeni [4].

byn makanmanbiH makcatel Pseudomonas poae TMI skone Pseudomonas migulae TM2
MHUKPOOPTraHU3MIep KOHCOPLIUYMbIHA KOHE KOMIPTEKTECHIIPIJTeH UIYHTUT IeH KYpilll KaybI3bIHa
HETi3/IeNTeH OMOCOPOEHT TIeH KOMIPTEKTCHIIPIITEH IIYHTHUT MEH KYPIll KaybI3bIHA HET13e/ITeH
copOeHTTIH MYHaliMeH JIaCTaHFaH aliMakTapAbl OMopeMmenuanusiay KaOideTiH CaJbICThIPMaIbl
TYpZie 3epTTey OOMBIN TaObLIA b,

Marepuajnaap MeH dicrep

MuKpoopranu3MIaepAiH dpPTYPIIl TONTAPHIHBIH CAHBIH aHBIKTAY

Jlactaymibira  Te3iMal  (U3HOJOTHMSUIBIK  TONTApAbl  aHBIKTAy  YIIIH  TOMBIPAK
MHUKPOOPTaHU3MIEPiHIH OpTYpJi TONTAPBIHBIH CaHBIH AaHBIKTay »OHE KOoWMaiapra ipreiec
XKepJeple TONbIpaK MHKPO(IOPaChIHBIH MHUKPOOHONOTHSUIBIK KYPaMbIH CallbICTBIPY ThIFBI3
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KOPEKTIK oOpTajapJia TOIBIpAK CYCIEH3UACHIH JOWEKTI CYHBUITY ofiCiMEH IKYPri3uifi.
KrnerkamapasiH canbiH anbikTay Kox omiciMeH »yprizinai. OmICTiH MOHI MUKPOOPTaHU3MACPIIH
3epTTEJIETiH CYCIeH3UAChIHbIH Oenrini Oip kenemin [lerpu TabakmianapbeiHa THIFBI3 OpTara ce0y
JKOHE MHKYOaIusgaH KeiH 6CKeH KOJOHMUIAp/bl caHay OoJbi TaOblIaabl. Eric arapmisl opTama
[Terpu TabakmanapeiHa Ky3ere achlpbuIaabl. MUKPOOPTraHU3MIEPIIH KBl CAaHBIH aHBIKTAY
yuriH er-nentoH arapsl (EITA), TombipakTarsl caHbIpayKyJIaKTapAblH KYpPaMbIH aHBIKTAy YIIiH-
cycno-arap (CA), MUKPOOPTaHU3MICPiH OpTYpIIi (PU3UOTIOTHSIIBIK TONTAPBIHBIH CAHBIH aHBIKTAY
YIIIH THICTI KOPEKTIK opTajiap KojaaHbUiaabl. 3eHaep Yamek—/[oKcThIH arapibl opTachiHa,
aMMoHM3anusuaymsl Oakrepusiap 'PM-arapeinga, a30TThl OeKiTeTiH Oakrepusuiap — Dmou
OpTachIHA, a3POOTHI HEIUTION030JUTHKAIBIK OakTepusiiap XeTYNHCOH MeH KJIeMTOHHBIH THIFBI3
©CETIH OPTACBIH]IA CAHAJIIBI.

Haxpuiaapasr ecipy TepmoctarTa 28-30°C TemmepaTypaaa retepoTpoThl OaKTepusIap bl
Oein any yIIiH 2 KyH, aKTHHOMHLIETTEP, a30TThI OEKITETIH XKoHE 3€H CaHbIpayKyJIaKTapbl 5-7 KYH
JKOHE  IICJUTIOJIO30JUTHKAIBIK ~ OakTepwsutiap 7-9 KyH imiHAe OemiHim —anbiHAbl.  ETiH
WHKYOAlUsSIChIHAH KEWiH OCKEH KOJOHHUSIAPIBIH CAaHIBIK ecebi Kyprizimim, | T TOmbIpaKkTarsl
kosoHus Ty3eTiH OipiikTepiH (KTB) canbl aHbIKTaI B

Tombipak ynrijepiHeH Ta3a AaKbUIIapAbl OKIIAyIay JIiCTepi

Taza makpUTIAPABI ATy THIFBI3 KOPEKTIK OPTAaHbIH OCTIHICTI MEXaHUKAJBIK 0OJIIHY apKbLIbI
Ky3ere acwIpbulAbl (IIMeKTi Kyhaipy omici) [5]. JKeke KoIOHMSATIAp MUKPOCKONHS apKbUIBI
Ta3aJIbIKKa TEKCEPLIII, 6cipy YIIiH KUFaIll KOPEKTIK arapra ceOui.

Bemninin aJIbIHFaH MHUKPOOPTaHU3MICPAiIH MOP(OJIOTHSITBIK-KYJIbTYpaJIIb,
(U3HOSTOTUSITBIK-OMOX UMHSUTBIK, KACUETTEPIH 3E€PTTEY oAiCTEPI

BakrepustmapasiH, MOp(OIIOTUSIBIK, (U3HONOTUSIIBIK JKOHE OMOXMMHUSUIBIK Oenriiepin
3epTTEey Kbl KaObUIJaHFaH OMICTepre CoMKec >Kypri3iami. bemiHreH MuUKpoopraHu3MACpIiH
Ta3a JaKbUIaPBIHBIH MOP(}OJIOTHSIIBIK JKOHE KYJIbTYpaJbl KACUETTEp1 Keseci Oenrinep OoNbIHIIa
3epTTeNAl: KJIETKATApJbIH TINIiHI MEH OpHAJACybl, KJETKaJapAblH MOJIIepi, KIeTKaJapablH
KO3FaJIFbIILITHIFBI, SHAOCTIOpaTIapAbIH 00ysl, I'paM OoibIHIIIA OOSITYBI, KATThI KOPEKTIK OpPTaaaFbl
KOJIOHUSTHBIH CHUITaTTaMachl, CYHBIK KOPEKTIK OpPTaaaFbl ©CYy YJITICI, KUFaIll arap/iarbl oCy YJITICI.
Bakrepusimap MeH AamIBITKBUIAPIBIH  (DU3MONIOTUSIIBIK-OMOXUMUSUIBIK ~ KaCHeTTepl  KeJeci
oenrinepmed aHbIKTanel: 42°C ke3iHae OakTepusuiapAblH KOO€rol, KeIaTHH, KpaxMas, Ka3euH
TUAPOIN31, KaTalla3aHbIH OOIYhI )KOHE MOJICKYIAIBIK a30TThl KOJIaHy, OPTYPil KeMipcynap MeH
CIIUPTTEPIIH aAlBITYHI [6].

NMMobunuzanusiaHFaH MUKPOOPTaHU3M KIIETKaJapblHA HET13/1e/IreH
OMOIECTPYKTOPIAPIBI ATy

CopOuusIbIK KJIETKa UIMMOOUITU3ALUSCH KeJIeCieH Ky pri3uiii:

NaCl u3oTonukansik epiTiHaiciaaeri 100 M KJIETKaIbIK CYCTIEH3HS TaChIMAIIIayIIbLTap IbIH
KateicybiMeH 100 min oprara 1 r MemmepiHzme, OIpieHmedep KombacklHOa OenmMe
TeMIiepaTypacbiaiaa 48 carar OOWbl WHKYyOAllMsIIaHIbI, 3€pTXAHAIBIK IIeikepae 220 aiH/MUH
maiikanael. ComaH KeiH MMMOOWIM3alMsUIaHFaH KIETKajdapbl Oap TackIMalaylibl oJIci3
OCKITUITEH KJETKajJapJaH W30TOHUKAJBIK EPITIHAIMEH JKYBUIABI KOHE JeCOpOIMsITaHFaH
KJIETKaJIap IbIH CaHbl aHBIKTAJIIBL.

KrerkamapasiH copOLMsICH MEH JeCOPOIUSACHIH aHBIKTAY 9/IiCTEPi:

KnetkanapasiH copOIusicbl MeH AecopOIHst A9peskeciH Oaraiay YIIiH epiTiHIiAer KieTKa
koHeHTpanusiacbin KOK - 2MITA ¢doTokonopuMeTpiHiH KOMETIMEH ONTHKAIBIK >KOJIBIH
Y3bIHABIFBI | CM, TOJKBIH Y3BIHABIFBI 540 HM OOJAaTBhIH CTAaHAAPTTHI KIOBETTEPHAE, «OTKIp»
TOKIpHOesepae CyCICH3UIHBIH ONTHKAIIBIK THIFBI3IBIFBI OOMBIHIIA OJIIIeY KYprizinmi [7].

Krnetkanap caHbl MEH ONTHKANBIK THIFBI3JBIK apachbIHAAFbl OAalTaHBICTBI AHBIKTAY YIIIH
KaJuOpJiey KUCBHIFbI CaTbIHIbI.

BekiTinren kineTkamapIbplH CaHBI ChIHAMANIAPIBIH ONTHUKAIBIK THIFBI3IBIFEIHBIH 0acTarKbl
JKOHE COHFBl MOHJCPIHIH albIpMalIbUIBIFBIHA OalJIAHBICTBI  €CeNTeNai. AAcopOIusIaHFaH
KIIeTKaIapbIH yieci HuKoBckas oficiMeH aHBIKTaNIbI:
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% = 100 x 2= 1)

6ac

MYHJIaFbl, Dgac — OacTanKkpl CyCIeH3UsIHBIH ONTUKAIBIK THIFBI3/BIFbI
D1ox — TOXKipUOETiK ChIHaMajIap IbIH ONITHKAJIBIK THIFBI3bIFbI

CokciteT apKpUIbl TOMBIpAKTaH MYHaiabl Tazapty. Jaheiaganran Tonsipak imeri 10,00 T
JMaiibIHOAIFaH JKeHre calblHbIN, § caraT imiHme 70 mu xmopodopm Kocy apkeuibl Cokcier
ammaparbiHIa aNbIHIBl. DKCTPAKIUSAAAH KEHIH CHIFBIHABIHBIH KOJEMi OJIeyill IHIUHAPMEH
emeHal. bapneik Tannaynap exi mapasmiensae xKypriziuai [8].

Ery marepuannmapein gaiibiagay. MyHail 1ecTpyKTOpJapblHaH TYPAThlH KOHCOPIUYMHBIH
OuomaccachlH ajy YIIIH MHKPOOpPTraHH3Maep al’pamus kKesinge xoHe 28°C Temmeparypana 2
ToymiK 6oitsl Tepmomeiikepe (220/MunH) kinetka tuTpiMer 10° KTB/Mi cyifblK OHTAIBI opTana
xKeke ecipiai. UHOKYIAT ery opTachlHaH ONTUMAIIIBI KOPEKTIK OpTaFra aybICThIphULABL. O YIIiH
500 mn kombamapra 100 M KopekTik opra emrizingi. IlItammap 28°C Temmeparypama 101012
KTb/Mn kierka TuTpiHe AediH 2 KyH Ooibl ecipinii. 48 caraTTaH KeWiH MHKPOOPTraHU3MEP
KJICTKaJIApbIHBIH JKaJIITbl CAHBI aHBIKTANIIBI. BHOMaccaHbl Ka)KeTTi MOJIIIIEp Ie ATy YIIiH KIeTKaJIbIK
cycnensust INOBIO-5BG ¢epmenTepine aybICThIPBIIIbL.

HaTu:keliep :k9He 0J1apAbl TAIKbBLIAY

MyHaiiMeH JTacTaHFaH TONBIPaKTapFa OnopeMeTuaIys )KYprizy YIIiH JecTpYKTOp-IITamMIap
KaybIMJACTBHIFBIHBIH OMOMACCaChIH ay

buopemeaunanus TeXHOIOTHIIAPHI )KOFAPhl TUIMUIITIHE, TOMEH KYHBIHA XKOHE OHIMIEPIIH
(uerizinen CO2 xoHE Cy) 3USHCHI3IBIFBIHA OalIaHBICTHI (PU3UKAIBIK JKOHE XUMHUSUTBIK KaIIblHA
KEJITIPY 9/ICTepIMEH CalBICTBHIPFaH/a KEHIPEK Koyianbutyaa [9]. buopemennanustHbIH MaHbI3bI
(axTopIapbl MUKPOOPTaHU3MIEPIiH MeJIIepi MEH OeICEeHIIIT 1, TOMBIPAKTHIH KOPEKTIK 3aTTaphl
JKOHE OTTeri Kyui Oosbim TaOblmaapl. JlereHMeH, MyHallMEH JacTaHFaH TOIBIPAKTa O/ICTTE
MHUKpOOTap/bIH CaHbl a3, KEYEKTUIr TOMEH >XoHE KOPEKTIK 3arTtap Oap, OyJl NpaKkTHUKAaJIbIK
KOJIJaHy KE3iH1e MUKPOOPTaHU3MICPIiH bIAbIpay THIMILTIrIH mekTeimi [10-12].

TaOuru 00beKTiIepAl MYHANIBIH JIACTaHYBIHAH TAOUFH TYPJIE Ta3apTy Y3aK MPOLEcC OOIbII
TaOBLIA/IbI, COHJIBIKTAH MYHalMEH JIaCTaHFaH TOIBIPAKTH KAIIMbBIHA KENTIpy MpoOJIeMackl, aTar
aliTkanga OuopeMenuanusi epeKIie e3eKTUTKKe ue 0onaasl. MyHaliMEH JTaCTaHFaH TOMBIPAKTHI
Ta3apTyAbIH NEPCTICKTUBTI TEXHOJIOTHSCHI TOMIBIPAKKA MYHA MEH MYHaK eHIMIaepiHiH Oenrim Oip
KOMIpCyTeK KOMIIOHEHTTEPIH OMOAECTPYKIMsIAay KaOUIeTiHIH JKOFapblUIaybIMEH €peKIIeNIeHEeTiH
MHUKPOOPTaHU3MACPIIH SPTYPJIl KeIeHAepiH eHri3y 0obin caHamansl [13].

Ocpiran  OailimaHBICTBI  KYpAeNi  JACTaHy  JKaFgalblHAA,  OCBl  3aTTap/AblH
OuoecTpyKTOpIapbhlHa KaOLIEeTTI KOMIPCYTEKTEpl MKOFaphl OpTajga ecyre oHe OelceH/Il
OMOXUMUSUIBIK  OCJICEHIITIKTI KepceTyre KaOuIeTTi JIeCTPYKTOPJBIK MHKPOOpPraHU3MAEpi
KOJIIaHy MYMKIHIT1 ©3€KT1 OOJIBIT TaObLIa IbI.

KcenoOuotukrepaiy TuiMai TpaHCHOPMAIMSICHIHBIH MaHBI3bl MIAPTHl JAECTPYKTOPIIBIK
OpraHu3MJIep apachlHJa aHTAarOHM3MHIH Oo0JIMaybl OOJBITT TaOBLIAAB.. MUKpPOOpPTaHU3MICD
OpPTaHHMKAIBIK JTACTAyIIbl 3aTTapAbl KOMIPTEKTIH KaIFbl3 KO31 peTiHAe maiijanaHa amaabl, Oy
OJIapJIbIH TONBIPAKTaFbl OPraHUKAJIBIK JACTAYIIbI 3aTTaP/Ibl BIIBIPATyFa MYMKIHIIK Oepeni [14].

XKympbic 6apsicsinaa duomacca any ymin INOBIO-5BG ¢depmentepi konpansuiasl (Cyper
1). bakTepusubIK mTaMaap ONTUMAJILI CYHBIK opTaga 48 caraT OoWbI ecipiiai, opTanbiH pH
OeliTapam MoOHTe He. OKCIEPUMEHT OapbIChIHIA MYHal JIECTYKTOPJAPBIHBIH ©MipIIeH
KJIETKQJIAPBIHBIH CaHbl aHBIKTAIIBI. KyIbTypamnbiK CycrieH3us1aFbl KOJIOHUS TY3YII O1pIIiKTepIiH
(KTB) caHbIH aHBIKTAy YIIIH CTAaHAAPTTHI CEPUSUIBIK CYHBUITY SJIiCi KOJTaHBLIIBI.
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a) 1 Toynmik 0) 2 Toynik
Cyper 1 - llItamm-nectpykropaapast INOBIO-5BG depmenTepinae ecipy

1-cyperre depmenTepae 1-mi KyHI KOPEKTIK OpTa MeJAIp, 2-II1 KYHI JaKbUIIAPIbIH
OenceHai ecyl OalKanajpl KOHE KOpIIaFaH OPTAHBIH OYJIBIHFBIPIBIFEI Oalikanasl. CoHmaii-ak,
ecipy Ke31H/Ie KYJIbTYPaJblK CYHBIKTHIKTaFbl MUKPOOPTaHU3MICPIIH OMIPIICH KJIEeTKAJIaphIHBIH
caHbl 24 carar xoHe 48 cararraH KeiiH aHbIKTaNAB! (Cyper 2).

Cyper 2 - ®epMmenHTepie ocipiareH MyHail TOTBIKTBIPFBII OaKTEpUsIIapIbIH MaKpO KOHE
MHUKPOMOP(OIOTUSICH

2-CypeTTeH KOpiHIN TypraHAal, MyHail TOTBIKTBIPFBIII OaKTepUSUIApIbIH KYIbTypanapbl
Ta3a, MUKPOCKOIUS Ke3iHae MOPGOIOTHsICH OOMBIHINA YKCAac KIETKalap aHBIKTAIbl. bipTekTi
KOJIOHHSUIAP ’KoHe KOJOHHS T3yl GiprmikTepain cansl 2,5x 1010 KTB/Mn kypamsr.

HakTel MyHaliMeH JlacTaHFaH TOMBIPAKTHI TA3apTy YIIIH XKacajJFaH COPOCHTTEPII ChIHAY

MyHaii KeMipCyTeKTEepiMEH JIaCTaHFaH ayMaKThl OMOpeMeIHanusiay TEXHOJOTHSUIAPBIH
93ipIey JKOHE KETUIIIPY Ka3ipri yakeITTa OSNICEH Il ipreii KoHe KOJIJaHOAIbl 3epTTeyep caaachl
Oosbin TaObuTa kI, [IKi MyHa# — )Ky3/1eTeH KOMIIOHEHTTEP1 0ap XUMUSIIBIK 3aTTapAbIH KOCIIACHI.
Op Typdi reorpadusUIBIK ailMaKTapa OHAIPIITeH MYHANUIBIH HET13T1 allbIpMAIIBUTBIFBI X UMUSITBIK

264



MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Neq (43) 2023 www. imv-journal.kz

Kypamra emec, jKeKe KOMIIOHEHTTIH KypamblHa OaiJIaHbICTBI; COHFBICHI IIMKI MYHaiIbIH
XUMUSUIBIK  JKoHE (u3uKanblk Kacuerrepine ocep eremi. COHABIKTAH COHFBI  Ke3zepi
OuopeMenuanuaaa €Ki HeMece O/1aH J1a Kell ITaMAapAaH TYPaThlH MUKPOOTHIK acCOLUAIHsIIap
KOJIJaHbUIA/Ibl, OUTKEH1 KOMIPCYTEKT1 TOTBHIKTBIPFBIII MUKPOOPTraHU3MAEP/IIH MOHOKYJIbTYPAChIH
MYHaH-TOTBIKCBI3IaHABIPbIUIFaH OpTaFa €Hri3y Ta3apTy MACEJIECIH TOJBIFBIMEH INEIIe aTMan bl
[15].

XKymbic GapbICbIHIA KOMIPTEKTEHIIPUITeH HIYHTUT IMEH Kypill KaObIFbIHA HETi3JIeNreH
COpOEHTTIH JKOHE MUKPOOPTaHU3M/IEPTe HET13e/IreH OMOCOPOCHTTIH JECTPYKTHBTI O€ICeH I
JananblK  oKarjaimapaa  3eprrennai.  ToxipuOe HOTHMXKeNnepi KOPCEeTKEeHACH, MYHaHIbIH
JerpajalusachlH  apTThIpy  YIIiH  OipHENIe  MHUKPOOPTaHM3MIEPJICH TYpaThIH  apajac
KyJbTypajiapasl KOJAAaHy >KOHE OJIap/bl TachIMalAayllblIapFa MMMOOMIM3ALMsIIAy oIicTepi
THIMJII 1eyre 00JIab.

JKympbIicTa MyHall TOTBIKTBIPYIIIBI MUKPOOPTraHu3Maep Oip-OipiMeH yillleciMaiIiK MPUHITUII
OOMBIHIIIA jKaHa KOHCOpIMyMra OipikTipinai. byn korcopunymaapaa Pseudomonas poae TM1
xoHe Pseudomonas migulae TM 2 necTpyKTHBTI IITamMIapbl KOJIAaHbUIAbI.

Toxipubenepaiy OackiHma basHIAb KEHTIHIH MaHBIHIAFBl KaJABIKTap TOJUTOHBIHBIH
MYHalMEH JIaCTaHFaH TONbIparel faibIHAanabl. [lonuron Akray KaizacslHaH 35 KM KalIbIKTHIKTA
opHanackad. [lomuron MyHail OHIIPyMEH JKOHE OHJCYMEH aWHalbICAaThIH MYHal KeH
OpBIHIApPBIHAH SKEJHIeH MYHail KaJIbIKTapbhlH CaKTayFa apHaJFaH. OCIMIIKTEp a3, )KycaH MEH
KYMJIBIK €pKEKILIOMNINeH YChIHbUIFaH. KimMaTsl oprama Kyprak, »KeaiH xbuigamasiEsl 0,7 m/c,
Ta3zapTy IIapajapblH XKYPrizy Ke3eHinaeri aya temmneparypacel 32°C-tan 35°C-ka neitin 60mabl.
AKCTIEPUMEHTTEP/IIH OachiHAa y4yacKelep AalbIHIanAbl, y4ackeHiH aynaanbl (3x3,5) 10,5 M-,
Kerneci kagam KeMIpTEeKTEHAIPUITSH IIYHTUT TIH KYPilll KaObIFbIHA HeTi3aenareH copoentTi (1:1,7)
AKOHE OHMOCOpPOEHTTI; MyHall TOTBIKTBIPYLIBl MHUKPOOPIaHM3MIEP IITaMAApblH MYHalMEH
JacTaHFaH TONbIpakKa eHrizy Oonabl. COpOeHT meH MyHail JecTpyKTOpiapblHAa HETi3/eNreH
O61OCOPOEHTTI KOJIJaHFAaHHAH KEeHiH TONBIPAK bUIFAJAaHAbIPbUIBIN, KONCHITBUIABL. TONBIpaKTarsl
MHUKPOOPTaHU3MEPAl €CeNKe aly YIIiH MUKPOOHOIOTHsAIa KOJIJaHBUIAThIH JKaJIIbl KaObUIIaHFaH
oicTep KOJIIAaHBLUIJIBI.

CypeT 3- BaHH}lBI KeHTiHiH JKaHbIHAArbl ITIOJIMT'OHHBIH M¥Hal71MeH JlIaCTaHtraH TOIIbIPAarbl

3-CypeTTe MOJUTOHHBIH TOTBIPAFBIH KO30€H Maiijibl EKCH/IITIH JKOHE JIe MYHall OHIMIEpPIHIH
OTKip mici 6ap exkeHiH kepyre Oomnanbl. MyHail KeMipCyTeKTepiMEH JacTaHyIblH OacTamlKsl
nexreiti 158,2 r/kr tombipakTel Kypaabl. 10, 30, 60 ToymiKTeH KEHiH MHKPOOPTaHH3MIEPIH
TIPLIUTIK €Ty ICHI€HiH aHBIKTAY JKOHE OJIapAbIH CaHbIH aHBIKTAY YIL1H SKCIEPUMEHTTIK Y4aCKeIeH
TONBIpAK ChlHaManapbl ainblHAbl. CoHpAail-ak, TOMBIPAKTHl MYHAWJaH TazapTy AopexkKeci
AHBIKTAJIIBL.
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Buocopbent CopGent
Cypert 4 - [lonuronHsIH MyHaiiMeH JIaCTaHFaH TONBIPAFbIHBIH MUKPOOTBIK aTyaHTYPIILIIri

JecTpykTopnap Heri3iHaeri OMOCOPOCHT koHE COpOEHT eHri3e OThIphIN 10-1bl, 30-1161
koHe O60-mbI KyHI, MYHallMEH JlacTaHFaH TOMNBIPAKTa CHTI3UITeH INTaMaapra YKcac
MOP(OJIOTHSUTBIK KOJOHUSUIAD aHBIKTAJbI. TOMBIpaKKa eHTIi31ITreH Ke3/le MyHall TOTBIKTBIPFBIII
OakTepUsIIap IbIH KJIETKAIAPhl SKCIIEPUMEHT Ke31HJe OMIPIICHITIH CaKTaFaHbl aHBIKTAIABI (3-4-
Cyper).

Cypert 5 - CopbeHTTe HMMOOWITU3AIMSIIAHFAH [ITAMM-AECTPYKTOPIAPABIH MOP(POIOTUSACHI

Mukpockonusi Ke3iHAe TasKIla Topi3/i, YCaK KIETKalap aHBIKTAIIbI, MOP(HOIOTHSIIBIK
Oenrinepi OOMBIHINIA TICEBIOMOHANIAPFA TOH. OP1 Kapai KYMBICTA MOJMTOHHBIH 3KCIIEPUMEHTTIK

y4acKeCiHeH MYHaiMEH JIaCTaHFaH TOMBIPAKTaFbl MUKPOOPTaHU3MIEPIiH caHbl 3eprrenmi (1-
KecTe).

MukpoopranuzMaepIiH 6Cy THHAMUKACHI
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Cyper 6 - [TonuroHHBIH SKCIIEPUMEHTTIK yYaCKECiHIH MYHAMEH J1acTaHFaH TOITBIPAFbIH/IaFbl
MUKPOOPTaHU3M/JIEPiH CaHbI
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Cyperren KOpill  OTBIpFaHBIMBI3Zai, OaKbpUIdy TONBIPAFBIHBIH  YJTUIEpiHIETI
MHKpOoOpraam3Maepain causl 4,1x108 KTB/r kypassl. [ToMHroHHBIH KCIEPHMEHTTIK ydacKeciHiH
MYHAalMEH JlaCTaHFaH TONBIparbiHAa 10-mIbI TOYNIKKE MUKPOOPTaHU3MICPIIH KOJIOHHSIIBIK
Ty3yi GipTikTepiHiH caHbl 6HOCOPOEHT eHrisinren Hyckazna 3,1x10'° KTB/r, copbeHT eHrizinren
HYCKaja 2,6 x10° KTB/r KYpasbl.

MyHaii )xoHe MyHall ®HIMJIEpIMEH JacTaHFaH TOMbIPaKTapIarbl JajalblK SKCIEPUMEHTTIH
30 xoHe 60-mIbI KYHAEPIHIAE MUKPOOPTAaHU3MIIEP CAHHBIH OCY TEHICHIIMSICHIH KOPCETEl KOHE
OJIapBIH eMipiIeH 1T cakTanaabl. COHbIMEH, OMOCOPOEHT €HT131JITeH TombIpaKkTapaa 60-1bl KyHi
MHKpoopranusmaepin canbl 7,5 x10* KTB/r-ra sxerTi sxone copdent 5,5 x10'° KTB/r-ra xerri.
MuxkpoopranusMep caHblH aHBIKTaFaH Ke3Je eMiplleH KJIeTKalapIblH TUTPl SKCIIEPUMEHTTIH
OachlHIa TONBIPAKKa KyJIbTypa CHTI3yre KaparaHjaa oaijekaiia TemeH Ooianel. byn myHai
JECTPYKTOPIIBI KJIETKAIAPBIHBIH OMIPIICHIITT MEH CaHIBIK KOPCETKIMTEPIH CaKTaWTHIHIBIFbIH
KepceTelll, OMTKeHI olap YIIiH MyHail MEH MyHail eHiMJepl KOMIPTEKTIiH KaJFbI3 Ke3i OOJbII
Tabbu1aael. MyHalt MEH MyHail ©HIMJEPIH JKOIOFa KaO1JIeTTI MEKPOOPTaHU3MIEPAIH SPTYPILIIT
KOFapbl 03CEKENECTIKKE JKOHE OJIapAbIH OpTYPIIl (paKIHsIIapbIHBIH JeTPaJallMsChIHBIH KONTETeH
JKOJITaphIHA OailTaHbICTEl. MUKPOOPTraHU3MACP OPTYPJIl KOMIPCYTEKTEPTe CEJEKTHUBTI KaThIHAC
KacHeTIiHE He.

JKyMpicTa MIyHTHT TIeH Kypill KaObIFbIHA HETI3JENTreH COpPOSHTTI JKOHE MyHai
JIeCTPYKTOpJIapblHA HEri3fenreH OMocOpOeHTTI KOJaHa OTBIPHIN, IKCIEPUMEHTTIK ydJacKeJeri
MyHail MEH MyHall ©HIMJIEPIHEH TOIBIPAKTHI Ta3apTy Aopekeci 3epTreiai. TomblpakTarbkl MyHal
eHIMIepiHiH KypaMbl COKCIIET anmapaTbiHAarbl BICTBHIK T€KCAHMEH TOMBIPAK CYCICH3USChIHAH
KOMIPCYTEKTEP/I1 aJIbIll TaCTaFaHHAH KEHiH CaJIMaK oICIMEH aHBIKTaJAbl. 6-CypeTTe COPOCHT IeH
OMOCOpPOEHTTI €HTri3€ OTHIPHIN, Ta3apTyldaH KeWiH MyHalMeH JacTaHFaH TOIBIPaKTarbl MyHau
MOJTIIep1 Typaabl MOJIIMETTEP KENTIPIITEH.

MyHaiIbIH TONBIPAaKTaFbl MOJIIIIEPi
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Buocopbent CopOeHt

Cyper 6 - TazapTyman KeiiiH MYHaliMEH JJaCTaHFaH TOMBIPAKTAFbl MYHANABIH MOJIIIEPI

CopOeHT neH 6MoCcOpOEHTTI MOJIMTOHHBIH MYHAaMEH JIaCTaHFaH TONBIPaFbIHA €HT13T€HHEH
keitin 10, 30 >xone 60 TOyNiKTE TOMBIPAK YJTIJIEPl adbIHABI. BHOCOPOEHT EHTi31ITreH TOMbIpaK
yiarinepinge 10 toymikre myHaiiabiH nerpaganusicsl 27,2%, 30 toynikre 60,1%, 60 ToymikTe
67,7% 6onnpl. CopbeHT eHrizuire ynrinepae 10 ToymikTe MyHaWIbIH aerpaganuscel 23,4%, 30
toynikre 58,8%, 60 Toymikre 60,7% Oonael. Ochblnaiiina, KyMbIC HOTHXKECIHIE TMOJUTOHHBIH
MYHaWMEH JIacTaHFaH TOIbIPAaFbIHAaFbl MyHal Memepi 23,4% - nan 67,7% - Fa ieliiH TOMEHCI].

KopbITbIHABI

JXanmpl, HaKTBl MyHaliMEH JIaCTaHFaH TOMNBIPAKTapAa >KYPri3UIreH JanajiblK ChIHAKTap
UMMOOMIN3aMsUIaHFaH JIaKbUIAApFa HETI3JEeNIeH ASCTPYKTHBTI IITAMMIAp KOHCOPLMYMBIHBIH
XKOHE KOMIPTEKTEHAIPUIreH KYpill KaOBIFbl OHE LIYHTUT HETi3iHIAEri COpOCHTTIH MYHaHIbIH
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KOMIpCYTEKTEpiH THIM/Ii )KOIOBIH KOpCeTTi. BHOCOPOECHTTIH JeCTPYKTUBTI OEJICEHILTITIH aTabIK
9KCIIEPUMEHTTEP/C 3epTTEy HOTHIKENepi MOJUTOHHBIH MYHalMEH JIaCTaHFAH COPOCHT KOHE
O01OCOpOEHT KOCBUIFaH TOMBIPAFbIHAAFBl MyHall Meiepi coiikecinme 60,7% sxone 67,7%-ra
nerin TeMeHaeni. JXKyprizuireH anfplH aja FhUIBIMH 3€PTTEYJEPAIH HOTHXKENepl MYHal JKOHE
MYHall KaJAbIKTap/bl Ta3apTy OOWBIHIIA TEXHOJOTHIHBI 33ipiieyre MyMKiHAIK Oepeni. ANbIHFaH
HOTHIKENEep KOpIlaFaH OpTaHBIH KYpaMbIHa MyHal 6ap o0beKTUIep Il Ta3apTy YIIiH MTPAKTHKAIBIK
MaHbI3Fa He.

Kap:xblianasipy
Kymeic KP BFM kapxkeinanasipran AP08856559 «Pa3zpaboTka copOEHTOB Ha OCHOBE
ITYHT'UTOBBIX IMOPOA AJIA OUUCTKU He(bTe?)anHSHGHHBIX II04YB» )KO6aCBI asdACbIH/A KacaJaabl.
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