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BIODIVERSITY OF THE MICROFLORA OF THE SALT LAKES
DZHAKSY-KLYCH AND BUGA-DZHAILY

Abstract. The article illustrates the results of microbiological and chemical studies of samples of salt lakes in
the south of Kazakhstan, such as Dzhaksy-Klych and Buga-Dzhaily. It was found that the samples from the bottom
of the dried up Small Aral Sea are dominated by ions of magnesium, potassium, calcium, iron and copper. Moreover,
the presence of pesticides was revealed: acetamiprid, fenhexamide, folpet-like compounds, tetrahydrophtolamide,
which are used in the agro-industry. Samples of Lake Dzhaksy-Klych were isolated from different layers of halite,
magnesium, and sulfate salts. Salt-containing raw material of Lake Buga-Dzhaily contains 96.0 + 8.9 wt.% NaCL,
the content of magnesium ions ranges from 0.17 = 0.01 -4.01 £ 0.0 wt.%, The presence of sulfur is within
0,26 + 0.02%. 1.71 + 0.12 wt%. The amount of heavy metals is below the permissible concentration. It was found
that the increased content of magnesium in the samples proves the presence of mixed sodium-magnesium layers. he
number of heterotrophic microorganisms in the samples of salt lakes is approximately 103-104 CFU/g,
enterobacteria -103 CFU / g, micromycetes in the amount of (6.0 + 0.5) x 103 CFU/g g were found only in the
sample of sulfate salts and silt sampled at a distance of 1.0 m from the coastline. The distribution and density of
microflora on the coastline indicate an increased anthropogenic factor due to salt extraction.

Key words: salt lakes, salt-containing raw materials, microflora, heterotrophic microorganisms, micromycetes,
pesticides.

Introduction. Continental salt water bodies differ markedly in chemical and microbiological
composition, while the seas are similar in this composition. The composition of these waters directly
depends on the geological, climatic and biogeochemical conditions and can be neutral, alkaline and acidic.
Salt water bodies are poor in the presence of microorganisms. Moreover, the variety of these organisms is
limited. Continental salt water bodies are often confined to areas with an arid climate, for example, in the
south of Kazakhstan.

Numerous studies show a low level of biodiversity of microorganisms, which are widespread in the
water itself and the coastal area. Most organisms, adapting to extreme conditions, begin to adapt at
the cellular and functional levels [1,2]. Such changes have been investigated for further industrial
application [3].

According to the chemical composition of some sodium salts, salinization of water can be sulfate,
chloride, soda or mixed, with the most harmful effects of Na + and Cl- ions. The salinity of water is the
main factor in the adaptation of aquatic organisms to environmental conditions. Adaptive mechanisms are
based on the regulation of the concentration of ions in the intracellular fluid and its osmotic pressure [4,5].
The concentration of inorganic ions in the aquatic environment can vary over a very wide range, which
leads to an increase in the ionic gradient between the body and the environment.
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The maintenance of osmotic pressure inside the cell under conditions of different salinity of the
aquatic environment is carried out by two mechanisms: a change in the concentration of organic
osmotically active substances in the cytoplasm and a change in the content of inorganic ions in it [6,7].
The molecular aspects of adaptation of prokaryotes to changes in the salinity of the aquatic environment
have been established [8]. According to [9, 10], NaCl in concentrations higher or lower than optimal, but
still within acceptable limits, can play the role of a stress factor that causes morphophysiological and
behavioral changes in organisms. The influence of salinization of water bodies on the stability and change
in the structure of the population of organisms of aquatic organisms has been established [11,12,13].

On the other hand, in studies by Loukas et al. shows that the salinity level of the reservoir is a less
significant limiting factor than expected. The formation of biocenoses of salt water bodies is influenced by
a combination of factors such as pH of the environment, oxygen content and ionic composition of water,
anthropogenic impact, hydrological and geographical characteristics of the reservoir, and paleoclimatic
parameters [14,15,16, 17]. The influence of climatic conditions on the landscape is shown in the work on
the basis of a model of biological and ecological productivity of landscape systems of the South
Kazakhstan region, including Almaty, Zhambyl, Turkestan and Kyzylorda regions using long-term data
from 32 meteorological stations located in the region [18].

In this regard, the purpose of the study was to study the effect of saline raw materials on the
biodiversity of microflora in the Dzhaksy-Klych and Buga-Dzhaily lakes located in the south of
Kazakhstan.

Objects and methods of research. As a research objects were used salt-containing raw from lakes
Dzhaksy-Klych and Buga-Dzhaily: halite, halite-sulfate, sulphate, sulphate-magnesium salt, brine, surface
brine (halite layer), brine (sulfate formation) etc.

Lake Dzhaksy-Klych —the biggest salt lake of the Caspian lowlands located in the Aral sea region.
The lake is of marine origin and consists of two parts with an area of 18 and 58 km. The thickness of the
salt deposit is about 2 m.

Lake Buga-Dzhayly is one of the largest lakes in the system of salt lakes located in the Suzak district
of Turkestan region. Every year, up to 150 thousand tons of table salt is extracted by open method.

Sampling was carried out in accordance with GOST 33770-2016. Samples were taken from the
Dzhaksy-Klych Deposit by “ONYX-R” LLP and the authors of the article; from the Buga-Dzhaily
Deposit- by “As-Dinar” LLP.

Microscopic studies were performed using "Tauda" and "Mikmed-5" microscopes, light microscopy
methods.

Microorganisms were isolated and cultured on the appropriate nutrient media: heterotrophs - on MPA,
micromycetes - on Chapek medium, enterobacteria-on Endo-Ploskirev medium. Haloresistance of isolated
cultures of microorganisms was determined by their ability to grow at various concentrations of NaCl
from 0 to 20%.

In the study of sulfur-containing raw materials, a mass spectrometer with inductively coupled plasma
was used, the elements were determined in accordance with ST RK ISO 17294-2-2006. Chemical analysis
was carried out according to GOST 13685-84.Research conditions: temperature-250C; humidity -83.0%;
pressure-714 mm Hg.

Statistical processing of the results was performed by calculating the arithmetic mean and the
standard deviation. All determinations were carried out in 3-and 5-fold repetitions. The data was processed
using an IBM Pentium personal computer based on Excel application software packages.

Research results and discussion. To use salt-containing raw materials from two salt lakes in the
South of Kazakhstan as bases for cosmetology products, it was necessary to make sure that they were
harmless to human health. In this regard, physical, chemical and microbiological studies were carried out.
In previous studies (Aladin et al., 2008), it was found that the content of sulfates in the Aral sea salts
exceeds 31% (of the total amount of salts), and sodium chloride is only 54%. The ionic composition of the
salts is as follows: sodium - from 2.83 to 13.73%; sulfate-ion-7.5-30.14; calcium - up to 1.08; magnesium-
3.03; potassium-0.93; carbonate-ion-0.18; chlorine-2.09; water - up to 55.23%. The analysis of the
elemental composition of salt samples taken during expedition trips in 2019 from the dried bottom of the
Small Aral sea revealed the predominance of magnesium, potassium, calcium, iron and copper ions in
them (table 1). The chemical composition of the Aral salts belongs to the chloride group, although in some
cases there are also deposits of sulfide compounds, while the proportion of sodium chloride in samples
from 15 sampling points is 89.98%, and sulfates-no more than 2.0%.
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Table 1 — Chemical composition of salts of the bottom of the Small Aral sea (main components)

Elements Mas. % mkg/1
B 0,001039747 593,7200
Mg 0,046351029 63073,6600
Al 0,003912761 78,0350
P 0,005430454 203,2210
K 0,018169232 11514,1000
Ca 0,236304506 67786,4576
Ti 0,000126723 5,2341
Fe 0,025324563 1263,2342
Cu 0,002123332 2132,5411
Zn 0,002343253 3,1234
Ag 0,000045364 2,2534
Co 0,000012432 0,3243
Ba 0,0006243001 7,2364
Cr 0,0034524321 32,4323
Ni 0.000254364 4.6300
Mo 0.0000354231 15,6534
Na,SO, 1,89 1,98 g/l
NaCl 89,98 1188,98 g/l

Due to the fact that the Aral sea region is characterized as an agro-industrial region where a variety of
pesticides are widely used for agricultural production, analyses were conducted for the content of
pesticides in samples of salt-containing samples. In the analyzed samples was not detected biphenyl,
diphenylamine, but is revealed acetamiprid, phenhexamid, pholpet-like compositions, tetrahydrofolate. In
total, about 400 active substances were searched on LC-MS/MS and GC-MS/MS. Almost all compounds
were found on GC-MS/MS, acetamiprid on LC-MS/MS. Comparing the detector responses (peak size), by
far the largest residue was found for phengexamide (a fungicide) used to protect against the gray mold
Botrytis cinerea in crops including strawberries, raspberries, or blueberries. Other substances are found
only in trace amounts.

In the average samples of lake Buga-Dzhaily salt, the pH of the salt solution did not exceed 6.34+0.5.
No lead, arsenic, zinc, or iron were found in the samples. Chemical analysis of averaged samples of salt-
containing raw materials showed that the NaCL content in the feed salt ranges from 96.68-98.06 wt.%; in
the food salt-92.88 — 93.94 wt.%; in the brine -26.13+0.01 wt.%; in the sedimentary silt -11.02 wt.%.
Elemental analysis showed the presence of magnesium ions, the content of which in the feed salt is in the
limit, wt.% -0.17£0.01; in the food salt-1.87+0.11; brine -4.01+0.0; sludge -0.79+0.0. In addition, all
analyzed samples revealed the presence of sulfur, the amount of which in the samples of feed salt was in
the range, wt.% -0.26+0.02; in brine-1.71%0.12; in silt sediment -0.49+0.0; in food salt, an increase in the
sulfur content to 0.98+0.05 was noted. The content of other elements, including heavy metal ions, is below
the safety limit. Analysis of the elemental composition of sample salt samples showed that in addition to
sodium chloride and sulfate (0.71-1.05% wt.) and insoluble residue (0.07-0.28% wt.) in decimal and
hundredths of % wt. boron, magnesium, potassium, and calcium are noted. The prevalence of magnesium
in these samples shows the probability of mixed sodium-magnesium layers in the Buga-Dzhaily deposit.

Microscopy of samples of surface brine and brine taken from the sulfate layer of lake Dzhaksy-Klych
showed the absence of living objects. Crystals of various sizes and cuboidal shapes were found. In the
brine taken from the halite formation from a depth of 0.3 m, in addition to cuboidal forms of salt crystals,
amorphous formations and a few amoeboid structures were found. The microflora is represented along
with small coccoid and rod-shaped motile bacteria and clusters of small convoluted motile
microorganisms noted earlier in the studies of E. G. Dobrynin(1984) of the Eupatoria solprom garden
brine.

As a result of microbiological studies, it was found that the number of heterotrophic microorganisms
in the samples taken from lake Dzhaksy-Klych ranges from 10* CFU/g. However, the number of
heterotrophic microorganisms increases to 10° CFU/g in samples of halite salt samples taken at a distance
of 3-5 m from the coastline. The smallest number of microorganisms was found in samples of sulfate salts,
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where the number of heterotrophic microorganisms was within the range of (4.2£0.3) x 10° CFU/g.
The number of enterobacteria in all samples ranges from 10° CFU/g. Micromycetes in the amount of
(6.0£0.5) x 10° CFU / g were found only in a sample of sulfate salts and silt taken at a distance of 1.0 m
from the coastline.

In samples of salt-containing raw materials of lake Buga - Dzhaily, the number of heterotrophic
microorganisms was in the range of 10* CFU/g, enterobacteria-10° CFU/g. In almost all samples,
micromycetes of 10° CFU/g were detected, with the exception of samples of deep silt and halite salt taken
from a depth of 1.0 m from the center of the lake. From the studied samples, taking into account the
morphological and cultural properties of microorganisms, 10 cultures of microorganisms were isolated,
the dominant part of which consisted of representatives of the genera-Micrococcus, Bacillus,
Pseudomonas. The genus Micrococcus is represented by three dominant species-M.luteus, M. roseus,
Micrococcus sp. Enterobacteria are represented by the species — Enterobacter sp. Micromycetes are
represented by the genera Aspergillus, Mucor, Penicillium, Fusarium. The presence of these taxonomic
groups of microorganisms and the nature of the distribution of microflora indicates the contamination of
the surface of salt-containing raw materials as a result of human activity.

Haloresistance of isolated cultures of microorganisms was determined by their ability to grow at
various concentrations of NaCl from 0 to 20%. As follows from the presented data, it was found that
M. roseus grows intensively on a medium with 3-10% NaCl, good growth is observed on a medium with
13% NacCl, and there is no growth on a medium with 17-25% NaCl. Micrococcus sp. it grows intensively
on medium with 3-5% NaCl, on medium with 10-17% NaCl it grows well, and on medium with 20-25%
NaCl there is no growth. M. [uteus and Bacillus sp. they grow intensively on a medium with 0-17% NaCl,
on a medium with 20% NaCl, good growth is observed, with an increase in the percentage of NaCl to
25%, there is no growth. Cultures of Pseudomonas sp. and Enterobacter sp. grow intensively on medium
with 3-10% NaCl, with an increase in the concentration of NaCl to13-17% culture Pseudomonas sp. it
grows well, with a further increase in the salt concentration to 20% or higher, the growth of this culture
stops, and the growth of Enterobacter sp. it is suppressed already on the medium with 17-25% NacCl.
Aspergillus sp. it grows intensively on a medium with 3-13% NaCl, on a medium with 17-20% NaCl there
is good growth, and on a medium with 25% NaCl there is no growth. Mucor sp. on the medium with 3-5%
NaCl, good growth is observed, in other variants, the growth of this culture is absent. On a medium with
3-10% NaCl Penicillium sp. it grows intensively, and good growth is observed in the environment with
13-17% NaCl. Fusarium sp. it grows intensively on medium with 3-5% NaCl, with an increase in the
percentage of NaCl by 10-13%, there is a good growth, and with an increase from 17% to 25%, the growth
is completely absent.

Conclusion. Thus, the results of physico-chemical and microbiological studies showed that the salt-
containing raw materials of the Dzhaksy-Klych and Buga-Dzhaily deposits contain 96.0 £ 8.9 wt.%
NaCL, the content of magnesium ions ranges from 0.17+0.01 -4.01+0.0 wt.%, the presence of sulfur is
noted in the range of 0.26+0.02 -1.71£0.12 wt.%. the Content of other elements, including heavy metal
ions, is below the safety level, in decimal and hundredths of % wt. boron, potassium and calcium are
noted.

It was found that the number of heterotrophic microorganisms ranges from 10°-10* CFU/g,
enterobacteria -10° CFU/g, and micromycetes were found only in samples of salt-containing raw materials
from the Buga-Dzhaily deposit. The nature of the distribution and abundance of microflora indicates the
anthropogenic presence in the area of salt production. It was found that the cultures of M. luteus, Bacillus
sp, Aspergillus sp., Penicillium sp. and Fusarium sp. isolated from salt-containing substrates are resistant
to 17-20% NaCl.
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JKAKCBI KbLJIBIII J)KOHE BYFA-)KAMJIBI TY3/1bl KOJ MUKPO®JIOPACBIHBIH,
BUOJIOI'UAJIBIK OPTYPJILIITT

AnHoTauus. Makanana KaszakcraHHbIH OHTYCTiriHzmeri JKakchl KbUIBIINI JKOHE Byfa-Kalibl CBIHABI TY3Ibl KO
YJITiaepiH MUKPOOUONOTHSIbIK KOHE XUMUSIIBIK 3€PTTEY HOTHKENEPl KOPCETLIIeH.

KonTHHeHTaN bIbl TY3/BI Cy alAbIHIApbl XUMHSUIBIK JKOHE MHUKPOOHMOJIOTHSUIBIK Kypambl OOWBIHIIA alTapiIbIKTai
epeKIleNIeHe ], all TeHi3aep Ae KypaMbl OolibiHIIA yKcac kenedi. CyablH KypaMbl TiKeslei reonorusiblk, KIMMATThIK jKOHE
OHOTreOXUMHUSIIBIK JKaFaiira GaiyaHbICThl OeWTapar, CUITLI JKOHE KBIKBUT 001ybl MyMKiH. Ty3abl ¢y oObeKTiiepiHae
MUKPOOPTaHU3M/IEp HOIYJIIUACH 6T€ TOMEH XKIHE Tapalybl TY3/(bIH KOHLIEHTPAIUACHIHA TiKeIeH KaThICTHL.

ANanTuBTI MeXaHM3MIEpP >KaCyIIAilIiliK CYHBIKTHIKTaFbl MOH KOHIIEHTPALMSICHIH YKOHE OHBIH OCMOCTBIK KBICHIMBIH
perreyre HerizaenreH. Cy oprachiHAarbl OCHOpPTaHMKAIBIK MOH KOHIIGHTPAIMACHI KEH ayKbIMIa e3repyl MYMKiH, Oy
OpraHM3M MeH KOpIIaFaH OpTa apachbIHIAFbl HOHIBI IPaUeHTTI KOFapbiaTaasl. KazakcTaHHBIH OHTYCTITiHAET1 €Ki TY3/bI
KOJIIeH aJIbIHFAH TY37Ibl HIMKI3aTThl KOCMETHKaFa HETi3 peTiHje MaiJangaHy YIUIiH OHBIH aJaM JEHCAYJbIFbIHA 3USHCHI3
eKeHJIriHe KO3 JKeTKi3y MaceleciH ainFa KOWABIK. OChIFaH 0aiyIaHbICTHl (DH3HUKAIBIK, XUMHSIIBIK JKOHE MHUKPOOUOIOTHSITBIK
3epTTeyJiep KYpriziuai.

Kypraran Apan TeHi3iHiH TyOiHEH ajbIHFaH ChIHaMajap/ia MarHui, KaJWid, KaJbIHH, TEMip >KOHE MBIC HOHAAPHI
6acbIM exeHAiri anplkTanabl. COHbBIMEH KaTap, HEeCTHLUATEPIiH: arpOOHEPKICINTe KONJaHbIIATHIH alleTaMUIIPUA, GeHrek-
camupa, (oamer Topi3Ai KOCBUIbICTAp, TeTparuapodrosamMuy 0Oap eKeHAIri aWkbiHaanAbl. JKakchl KbUIBII KOiHIH
ChIHaMaJIapbl TalIUT, MarHuil skoHe Cynb(aT TY3bIHBIH TYpJi KabaTTapblHaH OKLIAayJaHFaH. ByFa-xaiiibel keniHAeri Ty3abl
mmkizar Kypambiaia 96,0 + 8,9 macc% NaCL, marauii nonaapeiasiy Memepi 0,17 £ 0,01 -4,01 + 0,0% kypaiinsl, KYKipTTiH
memmiepi 0, 26 + 0,02% apaneirbiga xe3geceni. 1,71 + 0,12 mac.%. Ayblp MeTam1 Menuiepi KaxeTTi KOHIEHTpalusIaH
ToMeH. ChlHaManmapiarbl MarHWd KyYpaMbBIHBIH >KOFapbUlaybl HaTpUi-MarHWi apanac KaOaTTapblHBIH 0ap eKeHIIriH
JIONIENICHTIHI aHBIKTANAbl. Byn Ty3awl Kejmeri rereporpodThl MuKpoopraHusmuep canbl mamamen 103-104 KKB/r
Kypaiiapl, sHTepobakrepusiaap 103 KOb/r, (6.0 + 0.5) x 103 CFU/rr menmepinaeri MUKpOMHLETTEP TeK Cyiabdar
YIITiciHze aHBIKTaNFaH Ty3 OeH Jail xaranay ChI3bIFbIHAH 1,0 M KalIBIKTHIKTA ChIHANABL. JKaranay CHI3BIFBIHAAFEI MHKPO-
(hrtopaHbIH Tapanybl MEH THIFBI3IBIFBI TY3 LIBIFAPY 9CEPIHEH aHTPOMOTSH/IIK (PaKTOPIBIH XKOFapbLIaFaHbIH KOPCETEII.

Tyiiin ce3gep: Ty3abl KeJl, KypamblHAa Ty3bl Oap MIMKi3aT, MHKpodiopa, rerepoTpodThl MHKpPOOpPraHU3MEDP,
MHUKPOMHLETTED, NECTULUATED.
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BUOPA3HOOBPA3HUE MUKPO®JIOPBI COJIEHBIX O3EP
JKAKCBI-KJIBIY U BYTAXKAWJIbI

AHHoTanus. B craTbe mpeacTaBiIeHbl pe3ylbTaThl MUKPOOHOJIOTMUECKUX M XUMUYECKHX HCCIIEA0BaHUH 00pasloB
costeHbIX 03ep fora Kazaxcrana, Takux kak /Ixaxcel-Kibra n Byra-/[xaiiisr.

KoHTuHEHTaNBHBIE COJICHBIE BOJOCEMBI CYIICCTBECHHO pas3jnvyaroTCsa IO XHUMHYECKOMY H MI/IKpO6I/IOJ]OFI/I‘{€CKOMy
COCTaBy, a MOpsSl MOXOXH Mo cocraBy. CocTaB 3TUX BOJA HANPSMYIO 3aBUCHT OT T€OJOTHYECKHX, KIMMATHYECKUX H
OMOreOXUMHUYECKUX YCIOBUH M MOXKET OBbITh HEHTpanbHBbIM, LIETOYHBIM M KHUCIBIM. Ilomynsnuss MHUKpOOPraHU3MOB B
COJIEHBIX BOZIOEMax OYeHb Maja, i MX paclpOCTpaHEHHE 3aBUCHT OT KOHLEHTPAIINH COJIH.

AﬂaHTI/IBHbIC MCXaHU3Mbl OCHOBAHbI Ha PEryJidllMid KOHUCHTpAallMku HMOHOB BO BHyTpPIKJ]eTO'iHOﬁ KHUJIKOCTH H €€
OCMOTHYECKOTO JaBiieHHs. KOHIEHTpaIisl HEOPraHWIECKHX HOHOB B BOJHOU Cpele MOKET HIMPOKO BapbHPOBATHCS, YTO
INPUBOAUT K YBEIMYEHUIO HOHHOIO TpaJUeHTa MEXIy OpraHM3MOM U OKpysKaromed cpenoi. Jias npuMeHeHHs
COJIECOIepIKAIIero ChIphbs U3 ABYX COJICHBIX 03¢p Ha fore KazaxcraHa B KauecTBE OCHOBHI JUISI KOCMETHYECKUX CPENCTB,
HE0O0X0IMMO ObLTO yOEAUTHCS, YTO OHO OE3BPEIHO Ui 3[0POBbS YEIOBEKa. B CBA3M ¢ 3TUM OBbUIM NMPOBEACHBI (PU3UKO-
XUMHUYECKHE U MUKPOOHOIOTHYECKUE UCCIIEeOBAHNUS.

VYcraHoBIeHO, 94TO B IpoOax co JIHA BBICOXIIEro Manoro ApanbcKOro Mopsi MpeoOaalaroT MOHBI MAarHus, Kayus,
KaNbIys, xKejae3a U Mead. KpoMe Toro, BBISIBICHO HAIMYME MECTHLUIOB: alleTaMHUIIPUIa, (eHrekcaMuaa, (homeTononoo-
HBIX COEAMHEHUH, TeTparuapodToiaMHAa, KOTOPHIE HCIOJB3YIOTCS B arpoNpoOMBIIUICHHOM KoMiuiekce. ITpoOsr o3epa
JIxakchl-Kiibrd ObUTH BBIACICHBI U3 PA3HBIX CIOEB TalnTa, MarHus U cyib(aTHbIx coneil. Comecomepixaliee Chipbe 03epa
Byra-JIxaiinet copepxutr 96,0 £ 8,9 mac.% NaCL, conepkanne noHoB maraus konebunercst ot 0,17 £ 0,01 no 4,01 + 0,0 mac.%,
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Copnepxanue cepsl Haxomurcss B npenenax 0,26 £ 0,02%. 1,71 + 0,12 mac.%. KonuyecTBo TsKENIbIX METANIOB HUXKE
JIOIYCTUMOI KOHIIEHTpAaUH. Y CTaHOBJIEHO, YTO TTOBBILICHHOE COAEPKaHUE MarHus B 00pa3lax CBUIETENBCTBYET O HaJHU-
YUK CMEIIAHHBIX HATPUH-MAarHueBbIX ciaoeB. KonudyecTBo rerepoTpodHBIX MHUKPOOPTaHW3MOB B 00pa3liax COJICHBIX 03ep
cocrasisier pumepHo 103-104 KOE/r, sutepobakrepuii -103 KOE/r, mukpomuriiets! B kosmuectse (6,0 £ 0,5) x 103 KOE/r
0o0OHapy>KeHbI TOJBKO B 00pasiie Cynb(aTHBIX COJIel W MJIOB, OTOOpaHHBIX Ha paccTosHuM 1,0 M OT OeperoBoil JIMHHUH.
Pacnipenenenue u mIOTHOCT, MUKPOQIIOpE! Ha GeperoBoil JIMHUM YKa3bIBAIOT Ha MOBBHINICHHBIA aHTPOIIOTCHHBINA (akTop
u3-3a 00BN COJIH.

KioueBble ciioBa: COJEHBIE 03€pa, COJeCOAepIKallee Chpbe, MUKpodiopa, rerepoTpodHbIe MHUKPOOP-TAaHH3MEL,
MHUKPOMHMILIETHI, TECTHLIU/IBI.
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