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NMPEAUCIIOBHUE

Bopopocnn u 1nmaHoOakTepuu MPEACTaBISAIOT OONBLION HMHTEpEC € TOYKH 3pPEHUs
npoBeeHusT GyHIaMEHTAIbHBIX U MPUKIAIHBIX HAyYHBIX HCClenoBaHuil. B cBs3u ¢ TeM, 4to B
nocjeHee BpeMs 4YeJIOBEYECTBO CTAJIKMBACTCSA C HOBBIMHU BBI30BAMH, a TAK)KE BCIIEACTBHE OYPHOTO
pa3BUTHs OMOTEXHOJOTHMHM HAOJIOAAETCs MOBBIIICHWE MHTEpEca K M3YYEHHUIO 3TUX OPTaHU3MOB C
LENbl0 IIOMCKAa YHHMKQJbHBIX IITaMMOB JUIsl HCIHOJB30BaHUS B  CEJIbCKOM  XO3SHCTBE,
MPOMBIIIJICHHOCTH, (hapMaKOJIOTHH, 3aLUTE OKPYKAIOIIEH Cpebl U APYTUX OTPacsX.

B cnenuanbHOM BBITYCKE HAIIETO KypHalla MpeICTaBiIeHbl MaTepuaibl KOHGEpEeHUUH 1o
QJIbrOJIOTUYECKOM TeMaTHKe, MPOBEICHHBIX B bBalllKMpCKOM TroCylapCTBEHHOM I€Jaroruueckom
yHuBepcutere uM. M. Axkmymiel B 2021-2022 romax: MexayHapoJIHOW Hay4dHO-TIPaKTHYECKas
KoH(pepeHIHsT «AKTyallbHbIe MPOOIEMBbl MOUYBEHHO-AIBIOJIOTUYECKUX HCCIeIOBaHUI» 25 HOsSOps
2021 rojaa u v MexynapoaHoit HAay4YHOU HIKOJIe-KOH(epeHITnn
«InaHonpoKapHOTHI/IIMaHOOAKTEPUN: CUCTEMATHKa, YKOJIOTHUS, pAaCIIPOCTPaHEHHE, UCTIONb30BaHUE
B OmorexHonorun» 16-21 mas 2022 rona.

B pabore xoudepenuuid npuHsuin ydactue 54 ydeHbIx-anbrosiora u3z Poccuu, Unnuw,
benopyccun u  MonioBel, KOTOpblE€ MNPEACTABWINM PE3YJAbTaThl CBOUX HCCIEIOBAHUN I10
CJIETYIOIIMM HalpaBIEHUSIM:

- [lepcriekTHBBI pa3BUTHUSI TOYBEHHO-ATBIOJIOTMUYECKUX UCCIEAOBAHUML;

- ®opa, 6uoreorpadusi ¥ SKOJOTHS [IMAHOTIPOKAPHUOT/IIMaHOOAKTEPHUIA;

- CoBpeMeHHasi TAKCOHOMHUSI [IHAaHOMPOKAPUOT/IIMaHOOAKTEPUi;

- Bropuunbie MeTabOIUTHI: CTPYKTYpa, OMOCUHTE3, (pU3noIorndeckas QyHKIMs, 3HaUCHUE B
pUpOJIe, CIOCOOBI OOHAPYKEHHSI, OMOTEXHOJIOTHIECKOE TPUMEHEHHE;

- Ucnonb3oBanue nuaHo0akTepuii B OMOTEXHOJIOTUY.

Marepuansl KOHGEpeHIUH NpPEICTaBISIIOT WHTEpEC MAJis alblojIor0B, MHKPOOHOJIOIrOB,
T'HJIpOOHO0IJIOrOB, OMOTEXHOJIOIOB U JUIsl BCEX UCCIeA0BaTeNeii-0noIoros.
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CYANOBACTERIA AS A FEEDSTOCK FOR THE PRODUCTION OF BIOFUELS

Abstract. Currently, all over the world, various technologies for using the biomass of
phototrophic microorganisms for energy and raw material purposes are being developed and widely
implemented, among which cyanobacteria and microalgae attract special attention as potential
producers of so called "third generation” biofuel — biohydrogen. The development of effective
methods for obtaining various types of fuel from raw materials of biological origin and its use in
conjunction with traditional fossil fuels will solve many problems in the energy sector.

The purpose of this study was to assess the characteristics important for potential
biohydrogen producers, such as photosynthetic activity and growth rate of cyanobacterial strains.

Keywords: Cyanobacteria, Photosynthesis, Biofuels, Biohydrogen

Annomayusn. B HacTosmiee BpeMst BO BCEM MUpPE pa3padaThIBAIOTCS M IUPOKO BHEAPSIOTCS
pa3jIniHbIC TCXHOJIOTMHU  HCIIOJIb30BAHUA oromacchl (I)OTOTpO(i)HLIX MHUKPOOpPTaHU3MOB B
OHEPICTUYCCKHUX W CBIPBEBBIX HCIIAX, CPEAU KOTOPBIX 0co00€ BHUMAHHE IIPHUBJICKAIOT
I_II/IaHOGaKTepI/II/I U MHUKPOBOAOPOCIN KaK TNOTCHIHHUAJILHBIC IMMPOU3BOAUTCIM TaK HA3BIBAEMOTI'O
OuoToriMBa '"TpeThero TMOKOJeHUs™ — OuoBogopona. Paspaborka 53(p(GEeKTUBHBIX METOIOB
MOJIYUYCHHUA PA3JIMYHBIX BUJAOB TOIUIMBA U3 CbhIPbA OHOJIOTHYECKOTO MPOUCXOXKIACHUA U Cro
HCIIOJIB30BAHHUEC B COUYCTAHNH C TPAAUIIUMOHHBIMH UCKOMTAEMBbIMU BUJIAMU TOILIMBA IMO3BOJIAT PCIINUTDH
MHOT'HUEC HpO6J’IeMBI B OHCPICTUYCCKOM CCKTOPC.

HCJ'II)IO HaIIero NcCjaca0BaHus ObLIa OIICHKA XapaKTCPHUCTHUK, BAXKHBIX JJIA IMOTCHI[MAJIbHBIX
MMPpOAYLCHTOB 6I/IOBO,Z[0pO,[[a, TaKuX Kak (I)OTOCI/IHTGTI/IIICCKEU{ AKTUBHOCTb U CKOPOCTbH POCTa
ITAaMMOB ITHAHOOAKTEPHIA.

Introduction

Hydrogen (H>) is a universal, efficient and sustainable source of energy. Hydrogen does not
emit pollutants when used and it can be produced by living organisms. As a result of hydrogen
oxidation, water is formed, which makes it possible to use it as an environmentally friendly energy
carrier. All this makes H, an attractive option in the search for renewable, environmentally friendly
alternatives to fossil fuels [1-6].

The promising candidates capable of photobiological hydrogen production are cyanobacteria
and microalgae. These are the only organisms capable of both oxygenic photosynthesis and
hydrogen production [7,8]. Cyanobacteria are characterized by the ability to use sunlight as the only
source of energy for hydrogen production, to survive in extreme conditions, and also to grow on
relatively simple nutrient media [7,9,10].

Materials and methods

The objects of this work were the following collection strains of cyanobacteria:
Synechocystis sp. PCC 6803 GT (control), Cyanobacterium sp. IPPAS B-1200, Dolichospermum
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sp. IPPAS B-1213 and Sodalinema gerasimenkoae IPPAS B-353. The cultivation of cyanobacteria
in laboratory conditions was carried out photoautotrophically in glass vessels with 200 mL of an
appropriate culture medium (BG-11, Zarruka, BG-11-N, S), under average illumination of 230
umol photons/ (m?s) from warm white LED and aeration with a sterile air-gas mixture enriched
with 1.5% CO,. The cultivation temperature mode was selected in accordance with the temperature
optimum for each strain. For the Dolichospermum sp. IPPAS B-1213 the optimum temperature for
cultivation was determined during the experiment. The culture growth was evaluated based on the
increase in optical density at 750 nm (OD7sp) and the biomass. To obtain dry biomass the samples
were sedimented via centrifugation and washed with distilled water, and the pellet was dried in
preweighed tubes for 24 h at 80°C.

The pigment composition was analyzed spectrophotometrically in a methanol extract as
described in the protocol [11]. The oxygen evolution rate was measured using a Clark electrode
consisting of a platinum cathode and a silver anode immersed in a KCI solution and separated from
the test solution by a teflon membrane (Oxytherm System, Hansatech). Mathematical data
processing was carried out using OriginPro 9.1 software.

Results and discussion

The following results were obtained in the experiments: it has been found that the optimal
cultivation temperature for cyanobacteria Dolichospermum sp. IPPAS B-1213 was 35°C. On the 6th
day of cultivation, ODso of Dolichospermum sp. IPPAS B-1213 culture was 6.829, while the initial
OD750 was 0.004. Dolichospermum sp. IPPAS B-1213 and Cyanobacterium sp. IPPAS B-1200
showed photosynthetic activity of 122 and 129 pumol O, mg™® Chl h™, respectively. For the
Sodalinema gerasimenkoae IPPAS B-353 the oxygen evolution rate was 181 pmol O, mg™ Chl h™.

The best biomass doubling times were obtained for Cyanobacterium sp. IPPAS B-1200 and
Dolichospermum sp. IPPAS B-1213 — 5.4 and 8.1 hours, respectively. The results of the study allow
us to conclude that the cells of the selected strains of cyanobacteria are highly active: they have a
high potential for growth and photosynthesis, which is an important requirement for cyanobacteria,
which can be promising hydrogen producers. The data obtained allow us to reasonably assume that
the selected strains can be used as the potential effective generators of molecular hydrogen.

Conclusions

Cyanobacteria, which have higher photosynthetic efficiency compared to that of plants and
algae, can better serve for the purpose of hydrogen production in a more economical and
environmentally sustainable manner, and can replace a significant portion of fossil fuels [12,13].
Cyanobacteria are a promising source of biomass for biofuel production due to their rapid growth
and high productivity. The search and characterization of previously unexplored strains of
cyanobacteria are necessary to identify the most promising biofuel producers.
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THE PROPERTY OF CYANOBACTERIA TO QUANTITATIVELY REGULATE
THE NITROGEN CONTENT OF WATER AND SOIL

Abstract. The article presents the results of experiments conducted with nitrogen-fixing
cyanobacteria Nostoc gelatinosum Schousboe ex Bornet & Flahault, Nostoc flagelliforme Harvey ex
Molinari, Calvo-Pérez & Guiry and Cylindrospermum majus Kiitzing ex Bornet & Flahault in
laboratory conditions (in the aquatic nutrient medium nitrogen-free and in soil), as well as in
greenhouses and open ground, aimed at the analysis of nitrogen changes that occur when
introducing their biomass. The research results showed that nitrogen-fixing cyanobacteria have the
property of "quantitative autoregulation™ of nitrogen content in soil and water and contribute to
maintaining its ecological balance.

Keywords: cyanobacteria, nitrogen, self-regulation, soil and water
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CBOHCTBO IMAHOBAKTEPUI KOJIUYECTBEHHO PEI'YJIMPOBATH
COJAEP/KAHUE A30TA B BOJIE U ITOYBE

Annomayun. B cTarbe TpPEACTaBICHBI PE3yJIbTATHl HKCIEPUMEHTOB, IPOBEICHHBIX C
asotdukcupyroumu 1manodaktepusmu Nostoc gelatinosum Schoushoe ex Bornet & Flahault,
Nostoc flagelliforme Harvey ex Molinari, Calvo-Pérez & Guiry u Cylindrospermum majus Kiitzing
ex Bornet & Flahault B 1aGopaTopHbIX ycrnoBHsX (Ha BOJHBIX IUTATENbHBIX Cpebl, 0€3 a30Ta U Ha
MOYBHI), & TAK)KE B TEIUIMIAX W OTKPBHITOTO TPYHTA, HAIPABJICHHBIX HAa aHAJIW3 U3MEHEHUH a30Ta,
o0pa3ylolMxcsi TpU BBEAGHUU HX Ouomacchl. Pe3ynbraTel HCClieZJOBaHUI TMOKa3aau, 4YTO
a30TOUKCUPYIOIINE ITHAHOOAKTEPHH OO0JAlAIOT CBOWCTBOM «KOJAUUECHIBEHHOU AB8MOPE2YIAYUUY
COZIepKaHMs a30Ta B TIOYBE M BOJIC U CIIOCOOCTBYIOT MOAIEPIKAHHIO €T0 AKOJIOTUIECKOro OanaHca.

Kniouegvie cnosa: yuanobakmepuu, azom, camopezyiayus, no4ea u 600d

Introduction. Cyanobacteria play a key role in the biogenic migration of nitrogen from the
Earth's surface, which contributes to the maintenance of life on our planet [1]. Cyanobacteria are
cosmopolitan, hardy, with a major ability to reproduce, and some of them have the "phenomenal
biological ability to fix atmospheric nitrogen in both aquatic and terrestrial ecosystems in all regions

[4]

Atmospheric nitrogen fixed by cyanobacteria is important for the Earth's ecosystems
because due to this process the environment accumulates about four times more nitrogen than the
amount received from the atmospher [7]. In the most extreme areas, such as the Arctic region, the
nitrogen fixed by cyanobacteria compensates for its lack of soil and at the same time these

8
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organisms play a key role in the development of the primary successions of terrestrial ecosystems

[8].

Biological nitrogen fixed (BNF) by cyanobacteria is important for the efficient functioning
of aquatic ecosystems. Multiple studies have shown that cyanobacteria fix a much higher amount of
atmospheric nitrogen in aquatic than in terrestrial ecosystems, and that this process intensifies when
the ratio of N:P in water is lower. Atmospheric nitrogen fixed by cyanobacteria directly limits the
productivity, composition, dynamics and diversity of many ecosystems by modifying them [3, 6].
When the minor amount of nitrogen contributes to the reduction of phytoplankton productivity,
nitrogen-fixing cyanobacteria activate their functions and make up for the deficit with nitrogen
fixed in the atmosphere.

It is now well known that cyanobacteria contribute to the accumulation of nitrogen in
terrestrial and aquatic ecosystems, largely due to their ability to BNF. However, it is not clear
whether these organisms contribute to maintaining the balance of nitrogen in aquatic and terrestrial
ecosystems and whether they can be considered as “self-regulators” of this element. This problem is
especially important for the biogeochemical analysis of the Earth's ecosystems. We believe that the
lack of information on organisms that have the property of quantitative ecological “self-regulation”
of nitrogen balance in aquatic and terrestrial ecosystems is the main reason that led us to conduct
this research.

Thus, the purpose of this research is to present and explain the hypothesis regarding the
property of nitrogen-fixing cyanobacteria of quantitative “self-regulation” of nitrogen in terrestrial
and aquatic medium and maintaining its balance.

Materials and methods. In order to establish the quantitative “self-regulatory” property of
nitrogen by nitrogen-fixing cyanobacteria, experiments were performed in laboratory conditions on
liquid nutrient medium (nitrogen-free) and in soil, as well as in greenhouse conditions when
cultivating crops and in open fields.

Experimented cyanobacteria - the experiments included pure unialgal strains of the
following species of cyanobacteria: Nostoc gelatinosum Schousboe ex Bornet & Flahault, Nostoc
flagelliforme Harvey ex Molinari, Calvo-Pérez & Guiry and Cylindrospermum majus Kiitzing ex
Bornet & Flahault. The cyanobacterial strains were isolated from the soils of the Republic of
Moldova and are in the collection of the Scientific Research Laboratory "Algology Vasile Salaru"
of the Moldova State University.

Conditions for conducting experiments - the experiments started in the field were carried out
in the central region of the Republic of Moldova, during the years 2014-2020, in the experimental
greenhouses for growing tomatoes and cucumbers (equipped with irrigation, adjustable temperature
and humidity) and in the open field, without irrigation, when cultivating sunflower.

Cyanobacteria cultivation - to obtain the biomass applied in experiments, the cyanobacteria
were cultured, according to the periodic method, on the Drew nutrient medium, preventively
sterilized (by exposure to ultraviolet lamp). In laboratory experiments to study the dynamics of
nitrogen in water, was used the nitrogen-free culture medium Drew whose composition is described
in the literature [2]. The cyanobacteria were inoculated at a dose of 0,4 g/l, being cultured according
to the periodic method.

Quantitative determination of nitrogen - experiments performed on liquid nutrients were
determined by the forms of nitrogen NH,", NO3, NO, and N of algal biomass, using classical
spectrophotometric methods. The determination of total N in the soil was performed by
spectrophotometric method using Nessler reagent [2, 4, 9].

Nitrogen from the nutrient medium was determined by the sum N-NH; +N-NOz+ N-NO,".
Total nitrogen was calculated by summing the N-total biomass of algae (mgN * algal biomass g) +
N-NH4"+N-NO3z+N-NO, (from the nutrient medium). The nitrogen eliminated in nutritive medium
was calculated using the formula N.el (%) = (Ntm * 100) / (Nt-NO). Where: Ntm - total nitrogen in
nutritive medium, Nt - total nitrogen (algal cells + Ntm); No-total nitrogen from inoculum cells.

Results and discussion



Numerous scientific studies conducted so far, which have focused on the analysis of the
dynamics of nitrogen modification in the cultivation of nitrogen-fixing cyanobacteria, have shown
their indisputable ability to fix and accumulate nitrogen in nitrogen-free nutrients, but also in their
use in quality of biofertilizer for the cultivation of crop plants. However, in our view, they have not
shown that nitrogen-fixing cyanobacteria have the property of quantitative “self-regulation” of
nitrogen in both aquatic and terrestrial medium. The results of the many experiments presented in
this paper demonstrate this finding. Thus, to demonstrate the role of nitrogen-fixing cyanobacteria
in the quantitative “self-regulation” of nitrogen in water is presented the results obtained from the
periodical cultivation of pure strains of cyanobacteria on the Drew nutrient medium (which is free
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of N and very poor microelements including Mo), and in order to establish this specific legitimacy
for the soil, experiments were carried out in laboratory and field conditions by administering the
biomass of nitrogen-fixing cyanobacteria on the soil without planting the plants and on the soils
involved in agriculture in the cultivation of the crop plants. As it is known, cyanobacteria fix
atmospheric nitrogen in water in the form of NH," ions after which it is transformed into NOs".
Thus, we analyzed the dynamics of changes in these ions in the cultivation of cyanobacteria on a
nutrient medium over a period of 12 days, which ensures the exponential phase of biomass growth.

A B
Fig. 1. Dynamics of modification NH," ion (A)and NOs™ ion (B) when cultivating nitrogen-
fixing cyanobacteria Nostoc gelatinosum Schousboe ex Bornet & Flahault, N. flagelliforme Harvey
ex Molinari, Calvo-Pérez & Guiry and Cylindrospermum majus Kiitzing ex Bornet & Flahault, mg/1

As can be seen from the results shown in fig. 1, NH," ions tend to increase major on the 3rd
day (between 2,34-2,78 mg/l) followed by a slight decrease on the 6th day, after which their
concentration increases to on the 9th day (reaching 3,3-3,6 mg/l), and on the 12th day there is a
pronounced decrease. Respectively, when analyzing this indicator we can conclude that the
experienced cyanobacteria have the property of fixing atmospheric nitrogen in the form of
ammonium ions, within the limits of the algal population and their consumption, if there is a surplus
in the nutritive medium. This indicates that these organisms have the capacity to regulate the
nitrogen in the agueous medium and to keep it within the necessary limits. Nitrate ions are
increasing until the 9th day in all the experimented variants, and on the 12th day their quantity
decreases, so it was manifested in ammonium ions. Thus, we can conclude that on the 12th day the
amount of NO3” and NH;* was much higher than the need of the algal population and was activated
the mechanism of quantitative “self-regulation™ of nitrogen in water. We would like to mention that
during the experiments in the nutritive medium no nitrite ions were identified.
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Fig. 2. The amount of atmospheric nitrogen fixed (A, mg/l) and that eliminated in the
nutritive medium (B,%) when cultivating nitrogen-fixing cyanobacteria Nostoc gelatinosum
Schousboe ex Bornet & Flahault, N. flagelliforme Harvey ex Molinari, Calvo-Pérez & Guiry and
Cylindrospermum majus Kiitzing ex Bornet & Flahault

The analysis of the changes of the atmospheric nitrogen fixed and eliminated in the nutritive
medium of cultivation of the researched cyanobacteria clearly shows the tendency of fixation and
consumption of nitrogen. This property is common to all researched cyanobacteria, but the period of
its manifestation differs depending on the species. Thus, for example, the population of the species
Cylindrospermum majus Kiitzing ex Bornet & Flahault it fixes atmospheric nitrogen continuously
until the 6th day, after which it consumes the fixed nitrogen, and then on the 12th day the process of
BNF is initiated again. In populations of Nostoc gelatinosum Schousboe ex Bornet & Flahault and
N. flagelliforme Harvey ex Molinari, Calvo-Pérez & Guiry BNF is produced until the 3rd day, after
which the fixed nitrogen is consumed on the 6th day, on the 9th day the process is started again, and
on the 12th day attests to nitrogen consumption. The same oscillations, characterized by the
elimination of atmospheric nitrogen and its consumption, are attested in the analysis of the process
of elimination of fixed atmospheric nitrogen (fig. 2).
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Fig 3. Biomass of the cyanobacteria population Nostoc gelatinosum Schousboe ex Bornet &
Flahault, N. flagelliforme Harvey ex Molinari, Calvo-Pérez & Guiry and Cylindrospermum majus
Kiitzing ex Bornet & Flahault, g/l

Biomass of cyanobacterial populations Nostoc gelatinosum Schousboe ex Bornet &
Flahault, N. flagelliforme Harvey ex Molinari, Calvo-Pérez & Guiry and Cylindrospermum majus
Kiitzing ex Bornet & Flahault is linearly increasing from inoculation to the 12th day of the
experiment, but the amount of atmospheric nitrogen fixed and eliminated in the nutritive medium,
as | mentioned, varied from one period to another. This indicates that even if the population of the
cyanobacteria studied is increasing, the fixed atmospheric nitrogen does not exceed the limits of its
need (being consumed in case of surplus and fixed in case of lack). The fact that BNF in
cyanobacteria is not influenced by the amount of biomass was also established in the research
conducted by Grimm N.B. and Petrone K.C., who concluded that the consumption of Anabaena
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cyanobacterial biomass by phytophagous fish in the lotic ecosystem does not influence the BNF's
[5]. Thus, we can conclude that cyanobacterial populations Nostoc gelatinosum Schousboe ex
Bornet & Flahault, N. flagelliforme Harvey ex Molinari, Calvo-Pérez & Guiry and
Cylindrospermum majus Kiitzing ex Bornet & Flahault have the property of quantitatively
regulating nitrogen in the nutritive medium and respectively maintaining its balance. This process is
subject to a specific physiological control that allows nitrogen to be maintained within the allowed
natural limits.

In order to determine whether this legality is also observed in the case of soil, several
experiments were performed (in laboratory conditions, greenhouse and open field) where the
biomass of cyanobacteria was administered.
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Fig. 4. Dynamics of the modification of total nitrogen in the soil with varying humidity at
the administration of cyanobacteria (soil moisture A-20%; B-40%; C-60%; D-80%), %

Laboratory experiments with cyanobacterial biomass administration Nostoc gelatinosum
Schousboe ex Bornet & Flahault, N. flagelliforme Harvey ex Molinari, Calvo-Pérez & Guiry and
Cylindrospermum majus Kiitzing ex Bornet & Flahault, the results of which are shown in fig. 4,
denotes that cyanobacteria fix atmospheric nitrogen up to a certain limit which is dependent on the
humidity conditions after which its concentration is reduced, this process is dynamic. The results of
these experiments allow us to see the observance of the same legitimacy of “self-regulation” of

nitrogen content in the soil by the researched cyanobacteria.
0,8 2
. f L>
0,4
’ e
1
0 0,5
initial 15 - day 30- day 45-day 0
=@=N. gelatinosum ==@==N. flagelliforme lday 15day 30day 45day 60day 75day
Cy| majus e |\ flagelliforme e gelatinosum Cyl. Licheniforme
A B

12



Fig. 5. Changes in total soil nitrogen when administering cyanobacterial biomass Nostoc
gelatinosum Schousboe ex Bornet & Flahault, N. flagelliforme Harvey ex Molinari, Calvo-Pérez &
Guiry and Cylindrospermum majus Kiitzing ex Bornet & Flahault in the cultivation of tomatoes (A)
and cucumbers (B) in greenhouse conditions, %

When administering cyanobacterial biomass Nostoc gelatinosum Schousboe ex Bornet &
Flahault, N. flagelliforme Harvey ex Molinari, Calvo-Pérez & Guiry and Cylindrospermum majus
Kiitzing ex Bornet & Flahault the same legitimacy was observed when growing tomatoes and
cucumbers in greenhouse conditions. The amount of atmospheric nitrogen accumulated in the soil
differs depending on the species administered, the plants grown and the period of monitoring, but it
is certain that they fix the nitrogen up to a certain amount (which varies depending on several
factors) after which, if this amount it is sufficient for the ecosystem, then its consumption
mechanism is triggered, and if it is deficient, is fixed nitrogen from the atmosphere. In the variants
with the administration of cyanobacteria to the cultivation of tomatoes, they contributed to the
accumulation of nitrogen in the soil until the 30th day of the experiment, although as major
consumers of nitrogen were the tomato seedlings, after which the nitrogen decreased to the 45th.
day. In the experiment with the administration of biomass in the cultivation of cucumbers, the
highest amount of nitrogen in the soil was attested on the 15th day (in the variants with
administration of cyanobacteria of the genus Nostoc), and in the variant with the administration of
biomass of the species Cylindrospermum majus the largest quantities were attested only on the 45th

day (fig. 5).
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Fig. 6.
Changes in

total soil nitrogen when administering cyanobacterial biomass Nostoc gelatinosum Schousboe ex
Bornet & Flahault, N. flagelliforme Harvey ex Molinari, Calvo-Pérez & Guiry and
Cylindrospermum majus Kiitzing ex Bornet & Flahault when cultivating sunflower, %

In order to verify that the identified legitimacy is specific and in open conditions, the
biomass of the cyanobacteria experienced was administered in the cultivation of sunflower in the
open field. The results shown in fig. 6 allow us to find that the same legitimacy of quantitative
“self-regulation”’ of nitrogen in the soil achieved by the experienced nitrogen-fixing cyanobacteria
and of maintaining the balance of nitrogen in the soil ecosystem.

Conclusions. Based on the results obtained, we can conclude that nitrogen-fixing
cyanobacteria Nostoc gelatinosum Schousboe ex Bornet & Flahault, N. flagelliforme Harvey ex
Molinari, Calvo-Pérez & Guiry and Cylindrospermum majus Kiitzing ex Bornet & Flahault
possesses the property of quantitative self-regulation of nitrogen in soil and water. Thus, we can
establish that nitrogen-fixing cyanobacteria have the function of balancing atmospheric nitrogen in
soil and water and probably have a key role in ensuring the edaphic and aquatic climax.
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IIUAHOBAKTEPHUM, UCIIOJIB3YIOIIUE JAJIBHU KPACHBI CBET: HOBBIE
INPEACTABUTEJIN, MEXAHU3MbI AJJAIITAIIUN

Annomayusn. B cooOIICHUH TPEICTABIICHBI HOBBIC JaHHBIC O MMAHOOAKTEPHIX, CIIOCOOHBIX
WCIIOJIb30BaTh JAJbHUKA KpacHbld cBeT. LlITaMMbl CcoOpMUPOBAHHON aBTOpaMH KOJUICKIIUU
MPUHAUICKAT K PA3IMIHBIM CUCTEMATHYCCKUM TpymimaM W (UIOTCHETHYECKUM KjlacTepam
1MaHoOaKTeprii. AjanTanus CONPOBOXKIACTCS CHHTE30M JJIMHHOBOJHOBBIX (DOPM IUIMEHTOB —
xmopodusuto f u d. Jna mramma Altericista variichlora CALU 1173 BbISBICHBI TeHETUYECCKHE
JCTEPMUHAHTBI AN TalUH.

Knruesvie cnosa: nnanobaktepuu, xmopopmwuisl f u d, dorocuHTeTHUSCKHUIT ammapar,
aJIanTalus K UCIO0Jb30BaHUIO JAIbHEr0 KPaCHOrO CBETa
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CYANOBACTERIA USING FAR RED LIGHT: NEW OBJECTS, MECHANISMS OF
ADAPTATION

Abstract. The report presents new data on cyanobacteria using far red light. The strains of
the collection formed by the authors belong to different systematic groups and phylogenetic clusters
of cyanobacteria. Adaptation is accompanied by the synthesis of long-wavelength forms of
pigments — chlorophylls f and d. For the strain Altericista variichlora CALU 1173, genetic
determinants of adaptation were identified.

Keywords: cyanobacteria, chlorophylls f and d, photosynthetic apparatus, adaptation to the
use of far red light

AnanTanusi THaHOOAKTEpHd K MCIOJB30BaHUIO JainbHero kpacHoro ceera (JIKC, 700—750
HM) aKTHUBHO MCCJIENYETCS] Ha MPOTSIKEHUU TOCIEIHUX IBAALATH JieT. Yamie Bcero oHa CBs3aHa ¢
CHUHTE30M JJMHHOBOJHOBBIX (JOPM MUTMEHTOB U IMEPECTPOMKON (POTOCHHTETUYECKOTrO amrmapaTa
[1]. C 1enpl0 TMOHMCKOB HOBBIX OOBEKTOB, OOJaJalOMIMX ATOH CHOCOOHOCTBIO, MBI
npoaHanu3upoBa  Oonmee 250 mrammoB 1maHoOakTepwii w3 kouiekimu CALU  Cankr-
[TerepOyprckoro T'ocymapctBennoro ynuBepcutera (http://researchpark.spbu.ru/collection-ccem-
rus), a Takke Oonee 100 HOBBIX M305ATOB. KynbTypbl BelpamuBanu B xujakoi cpene BG-11 mpu
ocgemienuu 6enbiM u JIKC (LED makcumymom smuccun 730-750 um). JITMHHOBOJIHOBBIE (hOPMBI
MUTMEHTOB BBISABISUIM M HUIACHTU(UIMPOBATU C MCIOJIB30BAaHMEM METOA0B aOCOpPOLMOHHOM U
(bayopecueHTHON CIEKTPOCKONUU U BHICOKOI(D(PEKTUBHON KUAKOCTHOM XpomaTorpaduu.

B pesynbraTe aHanmm3a CIEKTPOB MOIJIOUIEHUS OBbUTM OTOOpaHbl 16 IITaMMOB, KIETKH
KOTOpBIX, BeIpamieHHble Ha JIKC, uMeroT nonosHUTeNbHbIE MAKCUMYMBI MpU JJIMHE BOJIHBI OoJiee
700 um. Ha cnekTtpax sMmuccuu (IyopecueHIMH OTOOpaHHBIX IITaMMOB (TIpU JUIMHE BOJIHBI
Bo3OyxkaeHust 405 u 440 HM) perucTpUpoOBAIUCH JOMOJHUTEIbHBbIE NUKU mpu 720-750 HM.
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[Tonmy4yeHHble NaHHBIC CBHIETENBCTBYIOT O TNPHUCYTCTBUM B KIJIETKAaX JJIMHHOBOJIHOBBIX (hopM
MUMEHTOB  (OTOCHHTEeTHYEeCKOro  ammapara. [lurments, morjmomatromme JKC, Obum
uaeHTHUIMpoBaHbl Kak xyopodwuibl (xi) f m d, oTHOcuTenbHOE CcojepKaHUE KOTOPBIX
COCTaBJISJIO COOTBETCTBEHHO He Oosee 9% u He Oonee 0,6% oOiiero konuuecTBa XJIOpoduia.
BeposiTHO, ananTuBHBIA CHHTE3 JAJMHHOBOJHOBBIX XJIOPOQHIUIOB M3YYEHHBIMH IITAMMaMHU
SBJIIETCS YaCThI0 KOMIUIEKCHOI'O MEXaHM3Ma ajanTainud nuaHobaktepuil Kk ucrnosb3oBanuo JJKC
(far-red light photoacclimation; FaRLiP) [2].

[IlecTs U3 OTOOpPAaHHBIX IITAMMOB JAeNOHUpPOBaHbl B Kojuiekiun CALU, ocranbHble JecATh
SBIISIIOTCSL HOBBIMU H30JIATaMH. B OCHOBHOM 3TO HMTYAThle LMAHOOAKTEPHH, HE OOpa3yroIine
mudpepeHIIMPOBaHHBIX KIETOK (rereponucT W akuHeT). Ilo COBOKYMHOCTH (EHOTHITHMYECKUX
MPU3HAKOB M PE3YJIbTATOB MOJIEKYJISIPHO-(DMIOT€HETHUECKOTO aHajdn3a OHM OTHECEHbI K PoAaM
Leptolyngbya (7 mrrammon), Phormidesmis (2 mrramma), Wilmottia (2 mrramma) u Pseudanabaena
(omuH mtamMm). J[Ba mTamMma SBISIOTCS OOpPa3yIOIIMMHU TETEPOLUCTHl  IIMAHOOAKTEPUSMHU .
Chlorogloeopsis, xapakTepu3yOIIUMUCS CIOKHBIM IUKIOM pa3BUTHS. OTHOKICTOYHBIA IITAMM
CALU 1173 Obul UCXOMHO HISHTUGHUIMPOBAH Kak SynechocystiS sp. MO COBOKYIMHOCTH
Moponoruueckux npuzHakoB. OgHako 3ToT mramMMm umen Menee 90% cxoxactea rena 16S pPHK ¢
pedepercubiM mrammom Synechocystis sp. PCC 6803 u Obla omrcaH HaMU Kak IMPEICTaBUTEIb
nosoro Buaa Altericicsta variichlora B cocrase nosoro poaa Altericista. Bamuanocts HOBoro poaa
U BUJa MOITBEPXKIACTCS aHAIM30M MocienoBarenpHocTeli renoB rbck u rpoC, a Ttakke
0COOCHHOCTSIMU BTOpUYHOU CTPYKTYphl ITS pubocomuoro omepona [3]. Ammaukonsl 16S p/IHK
mrramma Cf. Leptolyngbya sp. Fr2 umesnu HEBBICOKHI YPOBEHB CXOJICTBA C MOCIICI0BATEIIBHOCTSIMU
KYJIbTUBHPYEMbIX IIMaHOOakTepuil (He 6onee 89%), MOATOMY TUArHO3 JAaHHOTO MITaMMa HYKJIAeTCs
B YTOYHEHHUHU.

HoBble mTammbl nmaHoOakTepuid, cmnocoOHble wucnons3oBath JIKC, BbigeneHsl u3s
Pa3IMYHBIX 3KOJOTMYECKUX HUII. YacTh M30JIMpOBaHA U3 AHTAPKTUYECKUX MHUKPOOHBIX MaToB (4
mramMma), obpactaHuii (oauH ImMTamMM) W TOYBHl (3 mTamma), riae HaOMIoAacTCs HEA0CTaTOK
BUIMMOTO cBeTa. [lpyrue mraMMbl ObUTH TIOTYYEHBI U3 P00 BOABI 3y(HOTHUECKOW 30HBI MPECHBIX
BojloeMoB (7 mTamMMoB). B Takux MecTOOOMTaHMAX HET HeIoCTaTKa BHMJIUMOIO CBETa, HO
1{MaHOOAKTEPUH MOTJIM TIONACTh B BOJIHYIO TOJIIY U3 APYTUX YacTel BOJOEMa, HAIIPUMEDP CO JTHA.

CornacHo TaHHBIM JIUTEpaTyphl, 3a aganTainuio Kk ucnoiaszoBanuo JIKC y nuaHobakTepuii
OTBEUaeT rpyIna reHos, oOpa3zyromas kiacrep FaRLiP [2]. M3BecTHO, 4TO 3KCTIpeccHsi T€HOB 3TOT0
KJIacTepa peryaupyercss ABYXKOMIIOHEHTHOM QocdopeneifHol CcUCcTeMOi, pearupyrouiei Ha
M3MEHCHHME YCJIOBHU OCBelIeHHs W Koaupyromieiics remamu IfpA, rfpB u rfpC, xotopsie Taxxke
BXOJAT B ero cocra. Ham ypanoce uaeHtuduuuponatsh kiaacrep FaRLiP B cekBeHHpoBaHHOM
remome mramma A. variichlora CALU 1173. Drot kmactep coiepxkut 21 TeH, B TOM YHCIIe
napajord, KOAUPYOLINE anonpoTenHbl Gpotocuctemsl | (psa-rensi) u Gpotocucremst 11 (psb-reusr),
a Takke cyObenuHuIlbl ayutoduKolnraHuHa (apC-TeHbl), KoTopble skcrpeccupytorces Ha JKC.
UnentudunupoBan reH psbA4, xortopeiii komupyer xi f-cuHTasy. OCOOCHHOCTBIO OpraHHU3alMU
kinacrepa FaRLiP A. variichlora CALU 1173 sBisieTcss paccesiHHAs JTOKAIU3aIMs PETyJISITOPHBIX
reHoB: reH fpB pacmonoxkeH B monoxeHuu upstream mo otHomreHuro k reHam fpA u rfpC, B To
Bpems Kak y apyrux JKC-agantupyromuxcs mMTaMMOB TPU I'eHa 3TOM CUCTEMbI KOJIOKATU30BaHbI B
nopsiike rfpB—rfpA—fpC.

HccnenoBaHue BBIIOJHEHO C MCIOJNb30BaHHEM OOOPYAOBAHUS PECYPCHBIX LIEHTPOB
Hayunoro napka CIIGI'Y “Pa3BuTue MONEKYNSApHBIX M KJIETOUHBIX TexHojoruu”, “Jlazepueie u
ONTHUYECKUE METOABI HcCiefoBaHUs BemectBa” W “KyabTHBHpOBaHHE MHKPOOPTaHW3MOB™ IpHU
¢unancoBoit nmognepxke Poccuiickoro @onna @ynnamentanbubix MccnenoBanuii (rpant Ne 20-
04-00020).
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I TAMMBI IMAHOBAKTEPUI U3 PA3JINYHBIX SKOTOINOB NPUBPEXKHOM
AKBATOPHUU KPBIMA

Annomayun. B paboTre TpUBEICH CHOUCOK aJbrOJIOTHYECKH YHUCTBIX IIITAMMOB
[IMaHOOAKTEPHUH, BBIJCICHHBIX W3 Pa3IUYHBIX (DUTOCOOOIIECTB MPUOPEKHON akBatopuu Kpbima.
Co3nana pernoHanbHas KoJulekius KyiabTyp STHX MHKPOOPTAaHM3MOB, 3apETHCTPUPOBAHHAS B
[IpoekTHOM oOuce ympaBiieHHs OHOPECYPCHBIMH KOJUICKIIMSAMH, a TaKKe JICTIOHHMPOBAaHHAs B
Pecypcaom nenTtpe «KynbruBHpoBaHme Mukpoopranu3dmMoB» Hayaroro mapka CIIGI'Y. Illtammbr
ObLTH M3y4YeHbl MOpP(]OJOTHYECKH U UACHTU(GUIHUPOBaHBI A0 poaa. OOCykmaeTcs MPOBEACHHUE B
JTaNbHEHIIIEM MOJIEKYISIPHO-TEHETUYECKUX M OMOXUMHUYECKUX HCCIICIOBAHUM KOJIJICKIIMOHHBIX
KYJIbTYp

Knrwoueevle cnoea: 1uvaHoOakTepuu, MTAaMMbl I[MAHOOAKTEpPHUH, KOJUICKUIHUS KYJIbTYD,
AKOTOIBI MPUOPEIKHON aKBaTOPUH, YEPHOMOPCKOE Mmodepekbe Kppima.

CYANOBACTERIA STRAINS FROM VARIOUS ECOTOPES OF THE CRIMEAN
COASTAL AREA

Natalia A. Andreeva®, Dina D. Snarskaya®, Mariia S. Emelianova®

YInstitute of Natural and Technical Systems, Sevastopol, Russia
andreeva.54@list.ru, https://unmc.pgh/ru/lab-eco-problem-prirodopolz/andreeva/
2St. Petersburg State University, Research Park, Centre for Culture Collection of
Microorganisms, St. Petersburg, Russia
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Abstract. The paper presents a list of algologically pure strains of cyanobacteria isolated
from various phytocommunities of the Crimean coastal waters. A regional collection of cultures of
these microorganisms has been created, registered at the Project Office for the Management of
Bioresource Collections, and also deposited at the Resource Center "Cultivation of
Microorganisms” of the Science Park of St. Petersburg State University. The strains were studied
morphologically and identified to the genus. Further molecular-genetic and biochemical studies of
collection cultures are discussed.

Keywords: cyanobacteria, strains of cyanobacteria, culture collection, ecotopes of the coastal
water area, the Black Sea coast of Crimea.

[{uano6aktepun (Cyanoprokaryota) urparoT BaKHYIO pOJIb B MOPCKHX SKOCHCTEMaXx.
brnarogapss coderanuto aBTOTpOPUM ¥ BBICOKOIUIACTUYHOTO (DYHKIIMOHAIBHO-TEHETUYECKOTO
ammapara TpOKapHOTHYECKON KIIETKH, IMO3BOJISIONMIEMY OBICTPO TIEPECTPaMBaTHCS B YCIOBHUSX
M3MEHSIOIIUXCS BHEIIHUX YCIOBHUH, IMAaHOOAKTepUU O0O0ECMeYnBalOT JAMHAMUKY KHCIOpOJa,
yriaepoja W a3oTa B BOJHOW cCpele, HEMOCPEICTBEHHO BIHSIOT Ha pa3HoOOpasne W oOwmime
THJIPOOHOHTOB.
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VY KpbiMckoro nobepexbsi BbIsiBICHO 124 Buaa nmaHoOakTepuit u3 54 ponos, u3 Hux 14
BH10B M3 10 pomoB yKa3bIBarOTCS ISl TUIaHKTOHA, 117 BuaoB u3 51 poxa Haiinensl B 6eHTOCE [2],
HO JI0 HACTOSIIET0 BPEMEHHU He Obljla CO3[jaHa 3HAYMMasl KOJUICKIUS YEPHOMOPCKHUX ITAMMOB 3THX
MHUKPOOPI'aHU3MOB.

[{nanoOakTepuu SIBJIAIOTCS HEOTHEMJIEMBIM KOMIIOHEHTOM JUIsl IPOBEJICHUS MPUKIIAIHBIX U
byHnaMeHTalbHBIX ~ paboT.  IlepcneKTHBBI  HCIHOJB30BAHUSA  KOJUIEKLMOHHBIX  IITAMMOB
[IUAaHOOAKTEePHA OYEeHb MIMPOKH. BO-TIEPBBIX, OHU MOTYT HPUMEHATHCA JUIS OLECHKH YPOBHS
3arpsA3HEHUs] OKpyXaroled cpenbl. Bo-BTOpBIX, SBIAIOTCA HOBBIM IPUPOJHBIM HCTOUYHUKOM IS
MOJydyeHHUss OWOJIOTMYECKHM AaKTHBHBIX CyOCTaHIMH, OO0JAJalomMX aHTHOAKTEepPHAJIbHBIMH,
IPOTHUBOPAKOBBIMU M ApYrMMHU cBoicTBaMu. lllTammbl maHoOakTepuil, 0COOEHHO BbIIEICHHBIE U3
CaMbIX JKCTPEMAJIbHBIX MecT oOuTaHusg, OONAJal0T YHHKAJIbHBIMA OHOXMMHYECKUMH U
(bU3MOJOrMUYECKUMHU CBOMCTBAMHU, KOTOPbIE MOXKHO MCIIOJIb30BaTh B (PAPMAKOJIOTUU JJsl CO3JaHUs
HOBBIX IIEPCIIEKTUBHBIX JIeKapcTB. KpoMe Toro, cozgaHHble KOJUIEKIUH IITAMMOB UMEIOT OTPOMHOE
Hay4YHOE U IPUKIIAJHOE 3HaYEHUE, B KauecTBe «0aHKa» XpaHeHUs TeHO(POHAa OPraHu3MOB [6] 1 kak
OOBEKTHI JUIsI TPOBEACHUS PA3IMYHBIX JTAOOPATOPHBIX UCCIICAOBAHHIA.

KynbTypoli MHUKpOOpraHu3MoB (LMaHOOAKTEpHH B TOM 4MCJE) Ha3bIBAETCS CUCTEMA,
cocTosiliasgs M3 MHMKPOOpraHM3Ma BMECTE€ C YacThblO OKpPY)KAWOIIEH cpeibl M Haxozsiasics B
3aMKHYTOM MpPOCTpaHCTBE MoJ HaOmoaeHueM [4]. IlepBblil mar Ha MyTH K YCHEIIHON HM30JSIUU
[IUAHOOAKTEPH W3 TMPHUPOJBI — STO IMOJIydYEeHHE KOMIUIEKCHBIX IaHHBIX 00 WX cpene OOMTaHWMS.
Hanpumep, npubpexHbie MOPCKUE BOJOPOCIHM U IUAHOOAKTEPHU B 3HAYUTEIbHON CTENICHH 3aBUCAT
OT Takux (aKTOPOB, KaK TeMIeparypa M COJICHOCTh BOAbl. Kpome TOro, s yCHEmHOTro
KyJIbTUBUPOBaHMUS HEOOXOIUMBI TaK)K€ 3HAHUS TaKCOHOMHUM, a HAydalbHBIM 3TalloM BbIIEICHUS
OIIpEENICHHOTO ITaMMa SBJIIETCS NOJy4YE€HUE HAKOIUTEIbHON KYJIBTYpPbI U3 IPUPOJIHOTO 00pasia.

B paznnuHbIX Hay4HBIX MHCTUTYTAX MOAJNEPKHUBAIOTCSA KOJUIEKLUU KYJIbTYp MPECHOBOIHBIX
U MOPCKHUX MHMKPOBOAOPOCIEH, CO3JaHHbIE C Pa3HbBIMU LEJISIMM, HO IITAMMbl YEPHOMOPCKHUX
IUaHOOAKTEPHUI B HUX MPAKTUYECKU OTCYTCTBYIOT.

B MHncruryre mnpuponno-rexumueckux cucrem (MIITC, CeBacromonp) Obuia co3maHa
peruoHanbHas Kosnmekiuss mTaMMOB UYEpPHOMOPCKMX MHKPOBOJOPOCHEH M IMaHOOaKTepui,
3apeructpupoBaHHas B IIpoekTHOM oduce ynpaiaeHUs OMOpecypCHbIMU KoJuleKIusMu. Crnenyet
OTMETHTb, YTO OOJIBLIYIO YacTh KOJUIEKIIUH COCTAaBIIAIOT I[MaHOOakTepuu. B HacTosiiee Bpems, 1o
3aKJIIOYEHHOMY JOrOBOPY O HAyYHOM COTPYIHHUYECTBE, IMOJYYEHHBIE IITaMMBbl IIMAaHOOAKTEpUi
nenoHupoBaHbl B PecypcHoM nentpe «KynbTHBHpoBaHHME MUKpoOpraHm3MoBy» HayuHoro mapka
CIIoI'Y (r. Cankr-IlerepOypr).

Bbienenne  HOBBIX — IITAMMOB — LIMAHOOAKTEpUil  OCYIIECTBISUIOCH B Ipoliecce
QJIbIOJIOTUYECKUX UCCIIEI0BAaHUI pa3IMYHbIX SKOTONOB NIpUOpekHOoM akBaTopuu Kpbima.

Jis  monydeHHMs HAKOMMTENbHOM KyJIbTypbl HAaTUBHBIH MaTepuan (BOAA, COCKOOBI
nepuguUTOHAa U SNWINTOHA, MPoOkI OeHTOCA) KyIbTUBUPOBaIN B TeueHue 30—120 cyTok Ha KUAKOM
Mo udupoBanHoi cpene ['pomoBa Ne 6 (IpUroToBIEHHONW HA MOPCKOM BOJIE).

[Tpoueaypa OYMCTKM KyJbTYp BKJIIOYala HECKOJBKO METOJIOB: 1) MOCEB MCTOINAIOLIUM
MTpUXOM Ha yvamkax Ilerpw; 2) u30mALUS KIETOK C IMOMOIIBIO MHKPONMIIETKH; 3) MEeTOo[
MOCJIEZI0BATENbHBIX Pa3BEICHUN; 4) OUMCTKA OT OaKTEpHAbHOTO 3arpsA3HEHMS C HCIIOJIb30BAaHUEM
aHTUOMOTHKA (HUCTATUHA) U JIPyTHE.

Mopddonoruto nuaHoOakTepuii U3ydanu Ha MPHKU3HEHHBIX Mpenaparax ¢ UCIOJIb30BaHUEM
cBeroBbIXx MHKpockoroB Levenhuk 740T wu Leica DM2500 mnpu yBemumuenmn x 400.
dororpapupoBaHue KyJlbTyp MPOBOJMIOCH NMPU MOMOUIM IIUGPOBBIX HACAZOK C MCHOIb30BAaHUEM
COOTBETCTBYIOIIMX KoMmbioTepHbIX mporpamm (Levenhuk ToupView u Leica Application Suite
(LAS) u nanmpHeiinieir 00padoTkoit n3odpaxenuit B mporpamme Adobe Photoshop CS3 Extended.
TakCOHOMMYECKYI0O  NPHUHAUIEKHOCTb  MHMKPOBOAOPOCIEH  yCTaHAaBIMBAIM IpU  [OMOIIU
omnpezaenurenei [7, 8].

Kak nmoka3zaiu Hamm uccieoBaHUs, HUAHOOAKTEPHH JJOCTATOUYHO LIMPOKO ParpOCTPAHEHBI
B pa3IMUHBIX 3KOTOmax MpuOpexkHoil akBaTopuu UEpHOTO MOps, ycTymas B ATOM OTHOIIEHUU
TOJIBKO TUAaTOMOBBIM BOAOPOCIISIM.
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[lepBUYHBIM STanmoM BBIICTICHUS aNbrOJOTHYECKH YHCTBIX IITaMOB SIBISIETCS METO]
HAKOMUTENIbHBIX KYJIbTYpP, KOTOPBINA 3aKJII0UaeTCsl B KyJIbTUBHUPOBAHUH MPUPOAHOIO MaTepuaia Ha
IIUTATEJIbHOM cpefie B TEUEHHUE JJIUTEIBHOIO BpPEMEHU. B mpoiecce MHKyOauuu MPOUCXOIUIIO
U3MEHEHUE CTPYKTYphl cooOllecTBa BCJIEACTBUE HCUEPHAHHs MHHEPAIbHBIX 3JEMEHTOB
nutarensHoil cpeasl [1]. [MapamnensHo cpena oOoraiainach OPraHMYECKUM BEIIECTBOM 3a CUET
Hen30eKHOr0 OTMUPaHMSI YacTHU KIJIETOK BOJOpOCIEH, inaHoOaKTepuil U GakTepuil; B 3TOM ciydyae
MHOTHE (OTOTPO(HI MOTIIM YaCTHYHO HIIM TOJHOCTBIO MEPEXOAUTH HA TeTepoTpodHOE MUTAHHE.
Kpome TOro, HekoTopbleé NIHMAaHOOAKTEpUU MPOIYLMPOBAIM MHOTOUYUCICHHBIE COEIUHEHUS
Pa3NIUYHONM XUMHUYECKOM MPHPOJBI C MIMPOKUM CHEKTPOM OHOJOTHYECKOW aKkTUBHOCTH [3],
HanpuMep, MeTabOoIUThI, IEHCTBUE KOTOPBIX HAIMIPABICHO MPOTUB aBTOTPOGHBIX KOHKYPEHTOB. Bee
3TO MPUBOAMIIO K CMEHE IOMUHHUPYIOMIEH (JOPMBI B IPOCTPAHCTBEHHO OIPaHMYEHHOM COOOIIECTBE.
JIOMUHUPYIOLIUMH B 3TOM Cllydae Yalie BCero ObUIM OJMH WJIM HECKOJIBKO BUJIOB IIMAHOOAKTEPUH.

Bceero 3a mepuon wucciemoBanusi 2016-2021 rr. u3 00pa3moB Bonabl ((PUTOIIAHKTOHA),
nepuduTOHa, SMUIMTOHA W OeHToca Ha cpeme [pomoBa Ne6, Obuto momydeHo Oomnee 100
HAaKONUTENIbHBIX KYJbTYp, M3 KOTOPbIX K HACTOSIIEMY BpPEMEHHM BblA€IeHO 67 IITaMMOB, a
uAeHTUPHUIUPOBAHO 10 poja 30 albrolOrHYecKy YUCTHIX KYJIbTYpP, CHMCOK KOTOPBIX MPEACTaBICH
B TaOm. 1.

Tabn. 1 Cnucok KONJIEKIMOHHBIX IITaMMOB LUAHOOAKTEPHUi, BBIACICHHBIX M3 Pa3TUYHBIX
HKOTONOB NIPUOPEKHOM aKBATOPUHU

Howmep mtamma Cuctemariyeckas IPHUHAICKHOCTh WICTOYHHK BBIAETEHUS
IIIr.3-1 Leptolyngbya DUTOILIAHKTOH
111.33 Leptolyngbya DUTOIIAHKTOH
1I1.36 Leptolyngbya DUTOIIAHKTOH
1111.39 Synechococcus OUTOIIAHKTOH
1111.40 Pleurocapsa DUTOIIAHKTOH
1t.47 Synechococcus OUTOILIAHKTOH
117.48 Pleurocapsa DUTOIIAHKTOH
11.49 Pleurocapsa [Mepuduton
it.51 Pseudoanabaena DUTOIIAHKTOH
t.54 Leptolyngbya [Mepudurton
I1IT.55 Leptolyngbya DUTOILIAHKTOH
T.62 Leptolyngbya DUTOIIIAHKTOH
1It.63 Leptolyngbya [epuduron
IIt.65 Leptolyngbya DUTOILIAHKTOH

IT.65A Pleurocapsa DUTOIIAHKTOH
1IT1.68 Pseudoanabaena OUHIHTOH
1111.94 Stigonematales DUTOIIAHKTOH

IT.116 Synechococcus [Mepuduton

IT.121 Nostoc BenToc

Ir.132 Synechococcus benroc

I1.135 Nodularia Benroc

I1.137 Chroococidiopsis benroc

I1.139 Nostoc benroc

111.140 Leptolyngbya OUMIMTOH

IT.141 Leptolyngbya DUTOIIAHKTOH

1I1.142 Nodularia BenToc
1T.A2 Leptolyngbya DUTOIIAHKTOH

1111.I'86 Microcystis benroc

T.I'166 Chroococidiopsis benroc

It.I239 Aphanocapsa benroc

Kax BUJIHO U3 Ta6J'II/II_U>I, HauOOJIbIIIEE KOJIMYECTBO IIITAMMOB I_II/IaHoﬁaKTepI/Iﬁ IOJIYYCHO U3
(GUTOMIAHKTOHHBIX M OEHTOCHBIX 00pa3uoB (15 u 9 mTaMMOB COOTBETCTBEHHO), YETHIpE — M3
HepH(bHTOHa 1 JIBa ITaMMa — U3 3IMMUINTOHHBIX COO6IJ.[CCTB (CCTCCTBCHHOC O6paCTaHI/IC KaMHEU B
npuOpexxHoll 30HE). BbaeneHHble mITaMMBl ITUAHOOAKTEPUM OTHOCWIIMCH K IIECTH MOPSAJIKAM,
BKiovaromuM 9 pomo:  Chroococcales  (Microcystis), Synechococcales (Synechococcus,
Aphanocapsa, Leptolyngbya, Pseudanabaena), Pleurocapsales (Pleurocapsa),
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Chroococcidiopsidales (Chroococcidiopsis), Nostocales (Nostoc, Nodularia) u
HEHICHTH(PHUIIMPOBAHHBIE IIMAHOOAKTEPUHU, TIPEANONIOKUTEIFHO MPHHAIISKAIINE K TOPSIKY
Stigonematales.

Hanbonee mmMpoOKO MPEACTaBICHHBIMH CPEAM WICHTH(PHUIMPOBAHHBIX SBISIMCH IITAMMbI
uanoOakTepuid, oTHocsmecss Kk poay Leptolyngbya. Dtu mukpoopraHu3Mbel B OCHOBHOM OBLIH
BBIJICJICHBI U3 (PUTOIUIAHKTOHHBIX coo01ecTB (6 u3 9). KpoMe Toro, n3 nepuduToHa H30IMPOBAHO 2
[ITaMMa, U3 SIWIATOHA — BCETO OJMH, a U3 OEHTOCa — HU OJTHOTO.

W3 ¢urormnankrona, nmoMuMo mectu imrammoB Leptolyngbya, 3a mepwox pabGothl OBLIO
BBIJICJICHO J[Ba IITaMMa Synechococcus, tpu mramma Pleurocapsa, onun — Pseudanabaena, a
TaKXKe OJWH HEUJCHTU(QUIMPOBAHHBIA IITaMM, TPEIIOIOKHUTEIBHO OTHOCSIIUICS K TOPSAKY
Stigonematales.

N3 nepuduToHHBIX 00pa3ioB mnoiydeHo jaBa imtamma Leptolyngbya u mo omnomy —
Pleurocapsa u Synechococcus. B pesynbTate pacceBa M OUMCTKH SIHIIMTOHHBIX 00pa3IioB OBLIO
MOJyYeHO JiBa IITaMMa, ONpPEACICHHBIX Kak MpeacTaBuTenn poaoB Pseudanabaena wu
Leptolyngbya.

JIeBsITh KyJbTYp, H30JUPOBAHHBIC U3 00pa3ioB OEHTOCA, B3ATHIX Ha TIyOrHe oT 12 10 93 M,
ObUTH TpEACTaBIICHBI IIeCThI0 pomamu: Synechococcus (2 mramma), Microcystis, Aphanocapsa,
Chroococcidiopsis (2 mramma), Nostoc (2 mramma) u Nodularia (2 mramma). Ciieyer OTMETHTS,
YTO TOJBKO W3 JOHHBIX OOpasIOB yIaloch BBIACIUTH ImTamMm Aphanocapsa, a Takke IITaMMbI
retepoiucTHIX nuanobaktepuit Nostoc u Nodularia. TlpencTaBuTenu KOJUICKIIMH TOKa3aHbl Ha

pucyHke 1

Puc. 1 IItamMMel I_[I/IaHO6aKTepI/II71, BBIJACJIICHHBIC U3 PaA3JIMYHBIX 3KOTOIIOB HpI/I6pe)KHOI71
akBatopuu Kpeima

1 — It. I'86 (Microcystis); 2 — 1. 116 (Synechococcus); 3 — IIT. 132 (Synechococcus);

4 — 1. I'239 (Aphanocapsa); 5 — I1It. 65 (Leptolyngbya); 6 — I1It. 141 (Leptolyngbya); 7 —
IIt. 51 (Pseudanabaena); 8 — IlIt. 40 (Pleurocapsa); 9 — IlIt. 65A (Pleurocapsa); 10 — IITt. 137
(Chroococcidiopsis); 11 — IIIt. 121 (Nostoc); 12 — IIIt. 139 (Nostoc); 13 — I1It. 135 (Nodularia);

14 —1IIt. 142 (Nodularia); 15 — I1It. 94 (Stigonematales)

Heo6xoauMo OTMETUTh, YTO HEKOTOpPbIEe OEHTOCHbIE IMAHOOAKTEpUH (HAIpUMEp, IITAMMbI
Synechococcus, Aphanocapsa, NOStOC) mmenu HachIlleHHYIO (DHOJETOBYIO OKPAcKy, BEPOSITHO,
BCJIEJICTBHE COJEpKaHHs OOJIBIIOr0 KOJMYecTBa B KJIETKe (PUKOOMIMHOBOTO IHMIMEHTa
¢ukosputpuHa. Ero MakcuMmyMm TMOIJIOIIEHUSI CBETOBOM BHepruu 565 HM (3en€Has obnacTh
criektpa). IMeHHO 3enéHble Jydn ri1y0)e BCero MPOHMKAIOT Yepe3 TOJIIY BOJABI U MO3TOMY NpHU
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OCBCIIICHUU 3€JIEHBIM CBETOM MPEUMYIIECTBO UMEIOT [HUAaHOOAKTepUu C MpeodIaiaHueM
bukospurpuna [5].

B nmpouecce n3onsuuM MTaMMOB U3 MOPCKOW Cpelbl U MOCIEAYIOMEH UX OYMCTKH 4YacTo
BO3HUKAJIM TPYJHOCTU B MOJIYYEHUHU aJIbI'OJIOTUYECKH YUCTHIX KyNIbTyp. [lo-BuammMomMy, B MOPCKUX
¢duTocooOmecTBaX ~ MMAHOOAKTEpUU  META0OJIMYECKH  TECHO  CBS3aHBl C  JIPYTUMHU
MUKpoopranndmMamu. Kpome Toro, Mopckum IuaHOOAKTEPHSIM CBOMCTBEHEH MEIJIEHHBIM POCT Ha
arapyu3MpOBAHHBIX CpeAax, KOJIOHUU MPHU STOM IMOSBISIOTCS TOJIBKO uepe3 2—4 Heselu, Jalle BCero
OYEHb MEJIKHE U TPYAHO OTIENSIEMbIE OT KYJIbTYp-CITyTHUKOB.

3axknwuenue. Co3JaHUE KOJUICKIMNA paA3JIMYHBIX MHUKPOOPTaHU3MOB, B TOM YHCIIE
nuaHoOakTepuii, B HacTosIlee BpeMs SBIAETCA OJHUM U3 MPHOPUTETHBIX HAIpPaBIICHUN
OMOTEXHONOTHH. B CHIIly CBOEro IpEeBHETO MPOUCXOXKICHHS, TH MHUKPOOPTaHU3MBI 001aIaloT
IIMPOKUM TE€HETHUYECKHUM Pa3zHOOOpa3veM M BCTPEYalOTCs MPAKTHUYECKHU MOBCEMECTHO, HO OCOOBIN
HWHTEPEC BBI3BIBAIOT HX MPEJACTABUTEIIM, H30JMPOBAHHBIE W3 SKCTPEMAIbHBIX MECT OOUTaHUA
(Harpumep, MOPCKUX ITyOOKOBOJHBIX TPYHTOB). Takue mraMmMbl HepeIKo 001a/1al0T YHUKAIbHBIMU
OMOXVMHYCCKUMH H (U3NOJIOTHUYECKUMU CBOWCTBAMHU, KOTOpPBIE MOXHO HCIIOJIB30BaTh B
(bapMakoIOTuu AJsl CO3/IaHUSI HOBBIX MEPCIEKTUBHBIX JIEKapcTB. IcXo/as U3 3TOro U B pe3ylbTaTe
MHOT'OJIETHUX MCCJICIOBAHUM PA3IMYHBIX SKOTOMOB IPUOpexHOM akBatopuu Kpbeima, Obuta co3nana
peruoHanbHas Koiekiusi mTaMMOB YEpHOMOPCKUX MHUKPOBOJOpOCHEH U LuaHOOaKTepHil.
[lIrammbl  1ManoOakTepuit  nenonupoBaHbl B PecypcHom nentpe  «KynpTuBHpOBaHME
MukpoopranusmoB» Hayunoro mapka CIIOI'Y (r. Cankr-IlerepOypr). Cpeau 67 mTammoB,
COCTaBUBIIUX KOJUICKIHIO, 30 SBISIOTCS aIbIOJIOTUYCCKH YUCTHIMU M UIACHTH(PUIIMPOBAHHBIMU JIO
pona. Crenyer y4uThIBaTh, YTO B X0Jie pabOT, OMOJOTHYECKHE 3arachl KOJUIEKIUNA HCTOIIAIOTCS.
[loaToMy [UIsl TOIOJIHEHUS KOJUIEKIMM HEO0OXOJMMO TIOCTOSIHHO IPOBOAMTH padOThl 110
BBIICTICHUIO, CEJIEKIUU M H3YYEHHIO MOP(OJIOTHYECKHX M (PU3MOJOTUYECKHX CBOMCTB HOBBIX
MTAaMMOB [MAHOOAKTEpUH, a HX HUJICHTU(PUKAIMIO JO BUIA OCYHIECTBISATH IPU TMOMOIIH
MOJIEKYJISIPHO-TEHETHYECKIX METO/IOB.
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OIIEHKA ®UTOCTUMYJIAPYIOIINX CBOMCTB IMAHOBAKTEPUM POJIA
NOSTOC B MOAEJIBHBIX DKCITEPUMEHTAX

Annomauyusn. B crtathbe TPHUBEACHBI PE3yNbTAaThl HUCCICIOBAHHS [HAaHOOAKTEPUH poJia
Nostoc, BbIZeNIeHHOW U3 JerpagupOoBaHHBIX TOP(MAHUKOB [OMENbCKOrO peruoHa, B KadecTBe
CTUMYJISITOPA pPOCTa psga OBOIIHBIX M 3€PHOBBIX KyabTyp. OTMeueHO (UTOCTHUMYIHPYIOIIEEe
JIeiCTBHE CYCIIEH3UU HOCTOKA Ha POCT M Pa3BUTHE MPOPOCTKOB MIICHULIbI, O3UMOMN P>KHU, TUMEHS,
OTypIIOB U TOMATOB.

Knroueswie cnosa: nnanodakrepuu, PUTOCTUMYIUPYIOIINE CBONCTBA.

Bnazooapuocmu: Paboma vinonnena 6 pamxax 3a0anus 20cy0apcmeeHHol npocpammol
Hayunwlx uccredosanuil "bBuomexnonocuuy (Ne pecucmpayuu 20211709).

EVALUATION OF PHYTOSTIMULATING PROPERTIES OF CYANOBACTERIA
OF THE GENUS NOSTOC IN MODEL EXPERIMENTS

Abstract. The article presents the results of the study of cyanobacteria of the genus Nostoc
isolated from degraded peatlands of Gomel region as a growth stimulator of some vegetable and
cereal crops. A phytostimulatory effect of Nostoc suspension on the growth and development of
wheat, winter rye, barley, cucumber and tomato seedlings was observed.

Keywords: cyanobacteria, phytostimulating properties.
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VYHUKaTbHOCTh  1IMAHOOAKTEpUH  KaKk TIPyHNbl  [POKAPUOTHUECKUX  (HOTOTPOdHBIX
MHUKPOOPIaHU3MOB, CIHOCOOHBIX K a30TQUKcAMM M 00JaJalolMX IIMPOKUM  CIIEKTPOM
a/JlalTalliOHHBIX MEXaHU3MOB, oOmien3BecTHa. B mocnenHee Bpemsi Bce OoJblie BHUMaHUS
yIeNseTcss W3y4eHHI0O OMOTEXHOJOIMYECKOro IOTEHLHala IUaHOOAKTepHil, B TOM YHCIE
BO3MOXKHOCTH HMX HCIIOJNIb30BaHUSI B PacTEHUEBOACTBE [2-4]. OcoOblii MHTEpEeC NPE/CTaBISIOT
BUBI-a30ThUKcaTopbl oTAena Cyanobacteria, MpUHUMAIOIINE AKTUBHOE Yy4YacTHE B YIYYIICHUU
CTPYKTYphl TIOYBEHHOr0 NOKpoBa. B paHHON paOoTe mNpuUBENEHBI pe3yJbTaThl MCCIEIOBAHUS
nuanoOaktepun poma NOStOC, BbaeneHHOW W3 JerpaAupOBaHHBIX TOP(MSIHUKOB ['OMenbCcKOro
pervoHa, B KauecTBE CTUMYJISITOPA pOCTa Psijia OBOILIHBIX U 3€PHOBBIX KYJIBTYP.

KyneTuBupoBaHue 1uaHoOaKTepUH OCYLIECTBISUIM HAa OCHOBHOM cpene bonna 6e3 azora;
I0THOCTH cycren3uu NOStoc cocrapisiia 25,6-25,9 mutH kitetok Ha 1 mut cycrieH3un. B kadectse
TECTOBBIX KYJBTYpP MCHOJIb30BAIM MIIEHUILY, O3UMYIO pOXb, SUMEHb, OTYpLBl U TOMAaThI
Oenopycckoit cenekiuu. [IpoBeneHsl cepuu HKCIIEPUMEHTOB 0€3 TPEeIBApUTEILHOTO 3aMaYlBaHUS
CEMSIH U C IIpeIBapUTENIbHBIM 3aMaulBaHUEM ceMsiH Ha 1, 2 1 4 yaca ¢ UCTOJIb30BaHUEM MCXOJIHBIX
U pa30aBleHHbIX cycrneH3uil HocToka.  OueHKy (UTOCTUMYIHPYIOIIMX CBOMCTB HOCTOKA
NPOBOJMIIM, AQHAJM3UPYs SHEPrHI0 IPOpacTaHMs, BCXOXECTh CEMSH, MOp(oMeTpHuIecKre
MOKAa3aTeIu PaCTeHUI B KOHTPOJIBbHBIX U OMBITHBIX BapuaHTax [1].

B skcnepuMeHnTax ¢ NIIEHUIIEH [TOKA3aHO, YTO ONTUMAIBHO IIPOBEACHHE NPEABAPUTEIBHOTIO
JIByX4acOBOTO 3aMayMBaHUs CEMSH B IMAHOOAKTEPHAJIbHBIX CYCIEH3USX — IPU HCIOIb30BAHUU
MCXO/HOM M pa30aBIeHHON CyCHeH3Mi HocToka (GUTOA(PQEKTH MO JIMHE MPOPOCTKOB MIIEHUIIBI
cocramn 4045 %, mo macce mpopoctkoB — (4—106 %. Ilpu wucnonb3oBaHUM B KauecCTBE
TECTOBBIX KYJIBTYp SUMEHS M O3UMOU pKU Hanbosbiiee GUTOCTUMYIUPYIOIIEe AeWCTBHUE BBISBICHO
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IpU TMPEIBAPUTEIBHOM 3aMayMBaHUU CeMsIH Ha | 4ac, I sSlUMEHS — B MCXOJHBIX CYCHEH3HSIX
HOCTOKA, JUUII O3MMOM XXM — B pPa30aBICHHBIX CYCIEH3UAX MHaHOOaKTepuu; (HUTOID EKTHI
BappupoBain oT 4 % no 37 %. B skcnepuMeHTax C TOMaraMu ONTHUMAaJbHBIM OKa3aloCh
UCIOJIb30BaHUE pa30aBIEHHON CYCIEH3MM LMAHOOAKTEPUM C IPEABAPUTENbHBIM 3aMadMBAHUEM
cemsH Ha 1-2 daca; ¢putospdexrsr cocraBunu 30—64 % mo mmue mpopoctkoB u 13-100 % mo
Macce NpopocTKoB. IIpu BbIpalMBaHMU OrYpLOB HauOOJbIIEE CTUMYIHUpYIOLIee JIeicTBUE
OTMEYEHO TPU HCIOIB30BAHUU Pa30aBICHHOW CYCIIEH3MH LHUAHOOAKTEPUHU C TPEIBAPUTEIBHBIM
3amMayuBaHueM ceMsH Ha | yac; ¢putodddextsl coctaBmu 43-52 % no mmne u 27-60 % mno macce
IIPOPOCTKOB.

[To wuroram cepum SKCIEPUMEHTOB YCTAHOBJIEHO CTAaTUCTUYECKH IOATBEP)KICHHOE
dbuToCcTIMYNIUpYIOIIEee NEHCTBHE CycHeH3uH ImaHobakrepun pona NOSIOC Ha pocT u pa3BUTHE
IIPOPOCTKOB IMIIEHUI[bI, O3UMOI KM, SUMEHs, orypuoB 1 TomaroB. Hanbonbmas 3¢dexTuBHOCTL
OTMEYEHa TpH TPEABAPUTEIHHONH OO0pabOTKE CEeMSH CYCINEH3UEeH HOCTOKAa C HEBBICOKOM
IUIOTHOCTBIO KJIETOK. McciieoBaHus BBIIIOJHEHBI B paMKax 3a/laHuil rocy1apcTBEHHON MTPOrpaMMBbl
Hay4yHbIX uccienoBanuil «buorexnonoruu-2» (HUOKTP Ne20191297, Ne 20211709).
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JUCIHUIVIMHA «IIOYBEHHAS AJIBI'OJIOTI'US» B CUCTEME IIOAI'OTOBKH
MATUCTPOB CIHEIIMAJIBHOCTHU BUOJIOI'UA B ITY UMEHU ®.CKOPHUHBI

Annomayusn. B cratbe TpUBENEHBI COACp)KAaHHUE, CTPYKTYpa, DJIEMEHTHl Yy4eOHO-
METOJIMYECKOM KapThl, (GopmMbl pabOThl M KOHTPOJSI 3HAHUI, YMEHHIl M HaBBIKOB B paMKax
JTUCIHUIUIAHBI CTICIUATBHON MOATOTOBKH O0YJArOIIMXCSl HA BTOPOU CTYIIEHU BBICIIETO 00pa3oBaHUs
no crneunanbHocTu buonorus «llouBeHHas anbronorus». OTMeUeHa NPAKTUKO-OPUEHTUPOBAHHAS
HaIpaBJIEHHOCTh JUCHUIUIMHBI, TPU M3YYCHHH MaTepHalia KaXJOro H3 TpeX MOIyJeH
oOydaroluMmcsi  TMpeAjiaraloTcss  3aJaHus,  HampaBlieHHble  Ha  (QopMHpoBaHHE  Kak
CHEIUATU3UPOBAHHBIX, TaK M YHUBEPCAIbHBIX KOMIIETEHIIUH, CIIOCOOCTBYIOIIMX KauyeCTBEHHOU
MOATOTOBKE CIEIUANINCTa-010I0ra Ha BTOPOil CTYNEHH BBICIIETO 00pa30BaHUs

Kniouesvie cnosea: mnOuYBEHHAs ajbrOJIOTHs], JWCLUUIUIMHA CIEUUAIbHONM IOJATOTOBKH,
MIPAKTUKO-OPUEHTHPOBAHHAS HAIIPABIEHHOCTh 00y4eHHUs, ClIeIHalbHOCTh brosorus.

Yuliya M. Bachura
Francisk Skorina Gomel State University, Gomel, Belarus, julia_bachura@mail.ru,
https://orcid.org/-0001-9515-2020

THE DISCIPLINE ”SOIL ALGOLOGY” IN THE SYSTEM OF TRAINING
MASTER'S SPECIALTIES IN BIOLOGY AT F. SKORINA GSU

Abstract. The article presents the content, structure, elements of the educational and
methodological map, forms of work and control of knowledge, skills and abilities within the
discipline of special training of students at the second stage of higher education in the specialty
Biology “Soil Algology”. The practice-oriented orientation of the discipline is noted; when studying
the material of each of the three modules, students are offered tasks aimed at the formation of both
specialized and universal competencies that contribute to the high-quality training of a biologist at
the second stage of higher education.

Keywords: soil algology, discipline of special training, practice-oriented orientation of
education, specialty Biology.

OOyyeHne B MarucTpaTrype IO3BOJIIET CYUIECTBEHHO MOBBICUTh HPOGECCHOHATbHBIN
YPOBEHb M  pacIIUpPUTh  BO3MOXHOCTH  TpyAOycTpoiictBa  cmernuanuctoB.  CorjacHO
obOpazoBarensHOMy cTangapty (OCBO, 2019), maructp no cnenumansHocta 1-31 80 01 buomorust
JOJDKEH OBITh KOMIIETEHTEH B HAy4YHO-TIEJarorndyeckoi, y4eOHO-METOJUYECKO, HaydHO-
UCCIIEIOBATENbCKOM,  HAy4YHO-TIPOM3BOJCTBEHHOM W  MHHOBAallMOHHOM  MpodecCHOHaIbHOU
nesTenbHOCTU. [Ipu 3TOM B yCIOBHSX NMPAaKTUKO-OPUEHTHUPOBAHHOM HAINPAaBICHHOCTH OOYyYEHUS B
HACTOAIIEE BpeMs Ba)XHbIM aCHEKTOM SIBIsieTCS (OPMUPOBAHHME y OOYyYaromMXCS CIOCOOHOCTH
NPUMEHATh TOJYYEHHBbIE 3HAHUS B PA3IMYHBIX CHUTYalUsAX, peIlaTh MOCTaBJIECHHBIE MPOOIEMbI
HAYYHBIMH METOJIaMH, YMETh paboTaTh C pa3IMYHBIMH HCTOYHHUKAMH WH(POPMAIUN M KPUTHUECKH
OLIEHUBATh TOJYYEHHBbIE CBEJCHMS, BBIABUIaTb TMIIOTE3bl, ApPryMEHTHPOBAHO OOOCHOBBIBATH
BBICKa3aHHYIO TOUYKY 3PCHUS, TPUOOPETATh OMBIT MPAKTUUECKON eSTeIbHOCTH [2-4].

VYuebnast aucuuiuiiHa «[loyBeHHass anbroiorus» OTHOCHTCA K LHMKIY JAUCHUIUINH
CHEeHaTbHOM TMOJArOTOBKM OOYyYarolMXCsi HAa BTOPOM CTYNEHU BBICHIET0 00Opa3oBaHUS IO
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cnenuanbHocT buonorus B ITY nMenn @.CkopuHBI M BXOAWT B KOMIIOHEHT YUYPEKICHHS
BhICIIIEro 00pa3oBaHus B cocTaBe Oyoka «lIpukiaaHble aceKThl allbroJIOTUU M MUKOJIOTHUI.

Jannast gucnuruiMHa Oa3upyeTcsi Ha 3HAHMAX M YMEHHSX, BBIPa0OTaHHBIX TIPH
MPOXOXKIACHUHU 001Iero mpodeccnoHalIbHOTO Kypca IMEpBOM CTYIEHH BBICHIET0 0Opa3oBaHUS IO
cneuuanbHoctd 1-31 01 01-02 «buonorus (HaydyHO-Tienarorunyeckasi AESATEIbHOCTH)» B paMKax
KypcoB «Anbronoruss u Mukoiorus», «llouBoBenpenue», «Muxpodbuonorus», «OCHOBBI
OMOTEXHOJIOTHHY H JIP.

Uzyuenne pucuurianHbl «llouBeHHAss anbroyiorus» MNPeAyCMOTPEHO MarucTpaHtamu 2
Kypca. O01ee KOJIMYECTBO YacOB JIsl MATUCTPAHTOB JHEBHOU (opMbI 00ydeHHs — 90; ayTUTOPHBIX
— 36, U3 HUX: JICKITUU — 26, B TOM YHCJIC YIIpaBiIseMas caMOCTOsITeIbHas padoTa — 8, MpaKTHYECKHe
sanstus — 10. OOmiee KOMMYECTBO YacOB JUISI MaruCTPAHTOB 3a04HOU (opmbl o0yueHus — 90;
ayIMTOpHBIX — 12, w3 HuX: jnexkuun — &, mpaktuueckue 3aHsAsTusg — 4. Ilo uroram wuzydyeHus
JUCHUTUTUHBI POXOIUT SK3aMEH.

[enbto yueOHo# nucuuruinnbl «[louBeHHas anbroyorus» sBisercs GopMupoBaHUE Yy
00y4aroImuxcs HEJIOCTHOTO MPEICTABICHHS O TIOYBEHHBIX BOAOPOCIISAX U IIHAHOOAKTEPHSIX, UX
TaKCOHOMHMYECKOM pa3zHoo0pa3uu, OMOJIOTHH, IKOJIOTUU U BO3MOXKHOCTSAX MPAKTUYECKOTO
HCIIOJIb30BaHUSI.

3amayamu y4eOHOM TUCIUIUINHBI SABIISIOTCS:

- (opmupoBanue y oOy4aromMXCs TMPEICTABICHUS O TMOYBEHHBIX BOAOPOCISAX H
uaHoOaKTepUsiX, HMX COCTaBE€ B I[IOYBE, OMOJOTHUYECKUX OCOOEHHOCTAX U CHeHuduKe
B3aUMOJICHCTBUS C APYTHUMH MPEICTABUTEIIIMHU ITOYBEHHON OMOTHI;

- npuoOpeTeHne 3HaHU 0 MEeTOJaX M3y4YeHHS MOYBEHHBIX BOAOPOCIEH M IIMaHOOAKTEpUH,
WCTOPUU MX U3YUCHUS;

- opMupoBaHUE 3HAHUN O POJIM JAHHBIX TPYMI (POTOCUHTE3UPYIOMIUX MUKPOOPTaHU3MOB
MOYBBI B MPUPOJIE U BOSMOKHOCTSIX MX MPAKTUUECKOTO MPUMEHEHHUSI.

Y4eHbIil MaTepHaln IUCHUIUIMHBI CTPYNIUPOBAH B TPU MOAYNA. B paMkax mepBoro Momayns
«Ucropus m MeroAbl HM3ydyeHUs IMOYBEHHBIX BOJOpOCHed M LuaHoOaKTepHil» oOyuaromuecs
paccMaTpuBalOT HCTOPUIO IMOYBEHHO-AJIbIOJIOTMUYECKUX HCCIEAOBaHUM, METOJbl BBIJICICHMUS,
KYJIbTUBUPOBAHUS U UICHTU(PUKAIIMHN BOJIOPOCIEN U IMaHOOAKTepUil TOYB, 0COOEHHOCTH PadOTHI €
KOJUIEKIIUSIMHA KYJIBTYP BOJOPOCIEH M M3y4eHHs albrolnaHo0akTepralbHbIX coo01ecT. Moaynb
IpelycMaTpuBaeT MpakTUYeCKylo padoTy «Meroapl H3y4eHHs T[OYBEHHBIX BOJAOPOCIEH,
IMaHOOAKTEepHil U HUX COOOIIECTBY, YMPABIIEMYIO CaMOCTOATEIbHYIO paboTy «OpraHuzanus u
(YHKIIMOHUPOBaHHE KOJUIEKLIMK KYJIbTYyp BOJOpociel». BrblimomHeHue mnpakTtudeckoil paboThI
MPOBOAMUTCS B BHUJE KPYIJOro CTOJAa C BBICTYIUICHHSMH M OOCYXKICHHEM OCHOBHBIX METOJIOB
M3Y4EHHUsI IOYBEHHBIX BOJOPOCIEH U IMaHOOAaKTEepUil.

Monynbe «O01as XxapakTeprcThKa MOYBEHHBIX BOJIOPOCIIEH U ITHaHOOAKTEpHil» 00beIUHSET
BOIIPOCHI O COCTaBE BOJOPOCIEH M ITMAaHOOAKTEPHI B MOUYBAX, UX OMOJIOTMYECKUX OCOOCHHOCTSX,
cocTaBe anbproiMaHo0akTepuanbHOil (Iopel TOYB, BIUSHUU OSKOJOTHUECKUX (PAKTOpOB Ha
aNbrolano0aKkTepruaIbHble COO0IIeCTBa U (PIIOPY BOJOpOCIEH U 1uaHed B 1esnoM. [lpu n3yuenuun
BOIIPOCOB MOJYJISi MATHCTPAHTHI BHITIOMHSIOT MPaKTHIeCKHe paboThl «OCHOBHBIE CHCTEMATHUECKHE
Ipynnsl  BOAOpOCiAe M IMaHOOAKTepWil IMOYB M MX XapaKTepUCTHKa», «IJKoJoruveckas
IUTACTUYHOCTh TOYBEHHBIX BOJIOPOCIEH W [HaHOOAKTEepUil», YIPaBIsSEMYH) CaMOCTOSTEIBbHYIO
paboty «AunbromuanodakTepuanbHas ¢iopa HETHHHBIX W MaXOTHBIX MOYBY». [Ipy BHITTOJHEHUH
MEepBON MPAKTUYECKOW pabOThI MPEIyCMOTPEHO COCTABICHHE MArMCTPaHTAMU HWHTEJUIEKT-KapT IO
OTJeNaM TOYBEHHBIX BOJOPOCIEW M IMaHOOaKTepuil; BTOpass paboTa pacKpbIBAE€T TIOHSATHE
9KOJIOTUYECKOU MJIACTUYHOCTHU BUJIOB u BKJIIOYAET MOUCK MpeACTaBUTENEH
aJIbroliMaHoOaKTepuanbHOM  (JIOpPHl MOYB C Pa3TUYHBIMU JHAla30HaMU TOJIEPAHTHOCTH I10
OTHOIICHHUIO K a0MOTUYECKUM (haKTOPaM CPEJIbI.

Monyns «3HaueHHMe UM BO3MOXKHOCTH TMPAKTUYECKOTO HCIOJIb30BAaHUS MOYBEHHBIX
BOJIOpOCIIEeH U IMaHOoOaKTepuit» MpeaycMaTpuBaeT U3yuyeHHe POJIM BOJOpPOCe U 1MaHoOaKTepuit
B MOYBE M BO3MOKHOCTEH MPUMEHEHUs MMOYBEHHBIX BOJOPOCIEH M LUaHOOAKTEPHUIl AJs pelieHus
MPUKJIAIHBIX 3324, B TOM YHCIE JJI1 MOHUTOPUHIA COCTOSIHUS IMOYBEHHOIO MOKpoBa. B cocras
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JAaHHOTO MOMYJS BXOJAT MpaKTU4YecKHe paboThl «BHOTEXHOMOTHYECKUH MOTEHIMAT MOYBEHHBIX
BOJIOPOCIIE W IHAHOOAKTEpUi», «AJBrolMaHOOAKTEpHAIbBHBIC COOOIIeCTBa KakK IOKa3aTesn
[I04YBOOOPA30BATENbHBIX IPOLIECCOB M  HMHAMKATOPbl  AHTPONOTE€HHO-HApPYUIEHHBIX  IOYBY,
yhnpaBiseMass CcaMOCTOsATeNIbHAs paboTa IO PacCMOTPEHHUIO0 COOOLIECTB BOXOpOCIeH U
[IUAaHOOAKTEPHid MMOYB, HAPYIICHHBIX PA3IMYHBIMU BUJIaMHU aHTPONOTCHHOW Harpy3ku. M3yuenue
OMOTEXHOJIOIMYECKOr0 IMOTEHIMala BOJOPOCIEH M LUAHOOAKTEpHl Ha NMPAKTHUYECKOM 3aHATUH
OCYILIECTBISICTCS B BHUJE TPYNIOBOH pPabOThI C TPEACTABICHUEM PA3IUYHBIX HaIpaBICHUH
OMOTEXHOJIOIMYECKOIO UCIIOIb30BAaHUS U3y4aeMbIX 00BEKTOB, OOCYKICHHSI Ka)KJ0I'0 HAaIIPaBJICHHUS.
PaccmoTpenne MHIUKATOPHOH POJIM MOYBEHHBIX BOJOPOCIEH, IIMAHOOAKTEPUH U UX COOOIIECTB
IIPOBOAMTCA B BUJC aHAIM3a JAHHBIX JINTEPATYpbl U HMHTCPHET-UCTOYHUKOB C UX JaJIbHEHIIEH
cHCcTeMaTHU3aluel 1 MPeJCTaBICHUEM B BHI€ COOOIICHUH.

KOHTpOIb OCHOBHBIX IOHATHI, 3HAaHUW W YMEHHUH, OCBOEHHBIX MAaruCTpaHTaMH B
pe3yabTare M3ydeHHs] KaKJOr0 MOJIYJS OCYIIECTBIAETCS B (opMe KOHTPOJIBHON paboThl WM
TECTUPOBAaHUS C Pa3HOYPOBHEBBIMU 3aJaHUsIMU (YPOBEHb Y3HABaHUSA; BOCIPOM3BEIECHHUE II0
[aMsATH; BOCIPOM3BECHUE HA YPOBHE MOHMMAaHUS U NIPUMEHEHMs 3HAaHUM B 3HAKOMOW CUTYallUU;
IIPUMEHEHHE 3HAaHUH B HE3HAKOMOM CUTYaIH; TBOpYECKas AEATEIbHOCTD).

[To mToram wu3y4yeHMs CIIELKypca MaruCTpPaHTbl CHAIOT SK3aMEH, OTMETKa 3a KOTOpPBIH
OIIpeJIeIAeTCs KaK cpefHee apu(MeTHUecKoe U3 OLIEHKH 3a paboTy B ceMecTpe U Oajuia 3a OTBET Ha
JK3aMeHe, UyTO OOYyCIIOBJIIEHO ICHCTBYIOLIEH B YHUBEPCUTETE MOJYJIbHO-PEUTHHIOBOM CHCTEMOM
OLICHKHY 3HAHUM.

Nzyuenne pucuuiuimHbl «lloyBeHHAss anproiorvs» HampaBieHO Ha (opMupoBaHue Yy
o0yyaroImuxcs Kak YHUBEPCAJIbHBIX, TaK U CHELIMATU3UPOBAHHBIX KOMIIETCHIIUH, CIIOCOOCTBYIOLINX
KaueCTBEHHOW MOJIMOTOBKE CHEIMaINCTa-01oIora Ha BTOPOM CTYIEHHU BbhICIIEr0 00pa30BaHUsl.
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Annomayun. V3yueH cocTtaB OXpO(UTOBBIX BOAOPOCIEH TMOYB MOCTIHUPOTEeHHON
tepputopun Betkosckoro necunuectBa I'CIIXY «BeTtkoBckuii cnemyiecxo3» ['omenbckoit obmactu.
BeisiBieno 11  BumoB Bomopocield, BXOASIMMX B cocTaB  kimaccoB  Xanthophyceae w
Eustigmatophyceae; B 9K0OJOTHY€CKOM OTHOIICHUH Pe00IIa aii TCHEBBIHOCIUBEIE TIPEICTABUTEIIN
H- u X-xu3neHusix Ggopm. OT™MedeHa MOJIOKUTEIbHAS IUHAMUKA YBEIWYCHHS MPEACTaBICHHOCTH
Ochrophyta ¢ BO3pacTaHueM BpEMEHH, MPOIICANIETO TIOCie IMoXkapa. MakcuMaabHas
Tpa"cdopmalis cooOecTB 0XpohUTOBBIX BOJOPOCTEH BhIABICHA HA Y4aCTKaX y KPOH JIEPEBHEB.

Knroueevle cnosa: oxpo@uToBbie BOJIOPOCITH, TAKCOHOMUYECKUN aHANN3, SKOJIOTHMUECKHUI
aHaJInu3, MUPOreHHBIN (aKTop

TAXONOMICAL AND ECOLOGICAL ANALYSIS OF ALGAE OF THE
OCHROPHITA DEPARTMENT OF FIRE-DAMAGED FOREST SOILS
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Abstract. The composition of Ochrophyta algae in the soils of the post-pyrogenic territory of
the Vetka forestry of the GSLHU “Vetka spetsleskhoz” of the Gomel region was studied. 11 species
of algae belonging to the Xanthophyceae and Eustigmatophyceae classes have been identified; in
environmental terms, shade-tolerant representatives of N- and X-life forms prevailed. A positive
trend in the increase in the representation of Ochrophyta with an increase in the time elapsed after
the fire was noted. The maximum transformation of the communities of ocherophytic algae is
detected in areas at the crowns of trees.

Keywords: Ochrophyta, taxonomic analysis, environmental analysis, pyrogenic factor

[Tox BnMsHMEM MHUPOTEHHOTO (HaKTOpa B JIECHBIX JKOCHCTEMAaxX MPOUCXOJIUT HapyIICHUE
PaCTUTENBHOTO MOKPOBA, 3HAUYUTEIBHBIM HM3MEHEHUSIM IOJBEPraeTcsi mouBa C HACEISIOIIUMU €€
opranusmamu [7]. Tpanchopmaruio T1Oociie OTHEBOTO  BO3ICHCTBUSA  NPETEPIICBAIOT U
aIbrolMaHo0aKTepruanbHble COOOIECTBA, 3HAYUTEIBHBIM BKIAJ B COCTaB KOTOPBIX B JIECHBIX
mo4Bax BHOCAT mpeactaButenu otaena Ochrophyta [4,8].

[lenpt0 MAHHOTO WCCIEIOBAHMS SIBISUIOCH HM3YUYEHHE W aHAlM3 COCTaBa OXPO(UTOBBIX
BOJIOPOCJICH paMOaKTUBHO 3arpsI3HEHHOTO COCHSKA MIIMCTOTO MOCIE HU30BOTO MOXKapa.

VYuactok Haxomuica B BerkoBckoM iecHuuectBe ['CJIXY «BeTKOBCKUI CIEINIECXO03%»
I'omenbckoit obmactu (kB. 452-454) Ha TeppUTOPUU C YPOBHEM PaJMOAKTUBHOTO 3arpsi3HEHUS OT
4,95 mo 39,94 Ku/km?. COCTaB HACAKIEHUS — 8C2b, 10C, Bo3pact — 20-90 net, nonxora — 0,5-0,9.
Knacc 6onurera — |I-l1ll. Hacaxnenue uCKyCCTBEHHOro NpPOUCXOXIeHUS. MecTononoxxeHue
ydacTKa TIOBBIIIIEHHOE, penbed BomHHCTHIA. [louBa OenmHas, crnaOOryMyCHpOBaHHas, CBEXKas.
CpenHsis MOIIHOCTH JIECHOW MOACTHIIKK cocTaBiisiia 1,5 cM. [lokap Ha ydacTke OBLT OTMEUEH B
utoHe 2015 roma (HU30BOM, cpeaHEH MHTEHCUBHOCTH C MHUPOJOTUYECKOW JAEeCTpyKUUEH
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OpPraHUYECKOr0 TOKpPOBa IOYBBI — JIECHOM MOJCTHIIKH, a TaKKe TIOBPEXKICHHUEM JIPEBECHBIX
pacTeHu y OCHOBaHHUS Ha BBICOTY 110 1 M).

[Tpo6s1 oTOupanu B 2018-2019 rr. o OOIMIETIPUHITON B TOYBEHHOW aTbrOJIOTUH METOJIUKE
(Koctukos, 2001) y KpoH JiepeBbeB, 11O KPOHAMH M MEXTy KPOHAMH JIepeBbeB MOCI0HHO (0-5 cM u
5-10 cMm); B Ka4uecTBE KOHTPOJIS CIIY>KWJIM HEHAPYIICHHbIE yYacTKH Jieca (()OHOBBIE TEPPUTOPHH).

BrisiBienue coctaBa BOAOpOCied W IIMaHOOAKTEpUN HCCIEAYEMbIX IOYB OCYILECTBIISIN C
MIOMOIIIBIO0 CMEIIAHHBIX HAKOMUTEIBHBIX KYJIBTYP «CO CTEKJIaMU OOpaCTaHHs» M arapoBBIX KYJIbTYp
[3]. MukpockonupoBaHue BOAOPOCICH M IIMaHOOAKTEPU MPOBOIIM C MMOMOIIBIO MHKPOCKOIA
Nikon Eclipse 80i (yBemuuenus x400, x1000). Bce KyabTypbl M3y4aldw B KMBOM COCTOSHHH.
CucremaTrdeckoe MOJIOKEHHUE OOBEKTOB MPUBOAWIM IO JaHHBIM caiiToB Algaebase m CyanoDB,
Ku3HeHHbIe (QopMbl onpeaernstin 1o kinaccupukanuu D.A. Illtunoit 1 M.M. T'omnepbaxa [5,6].
OmnpeneneHre OCHOBHBIX AarpOXMMHMUYECKHUX IIOKa3aTejeil IMOYBbl OCYIIECTBISUIM COTPYAHHUKHU
Wuctutyra paguobuonorun HAH benapycu.

OxpoduToBble BOJIOPOCIN UCCIEAYEMbIX Y4YacTKOB ObUIM IMpenacTaBieHbl 11 Bumamu,
BXOJIAIIMMH B cocTaB KitaccoB Xanthophyceae (72,7 %) u Eustigmatophyceae (27,3 %), mopsiakoB
Mischococcales (45,4 %), Eustigmatales u Tribonematales (o 27,3 %). CeMelCTBEHHBIN CHEKTP
CBUJETEIbCTBYET O IMpeo0iaJlaHud B TOYBE HCCIEIYyEMbIX YYacCTKOB  OJHOKJIETOYHBIX
Eustigmataceae, Pleurochloridaceae, Botrydiopsidaceac u Pseudocharaciopsidaceae (63,6 %),
npeacTaBICHHBIX Buaamu pojos, Vischeria, Ellipsoidion, Botrydiopsis, Monodus, Pleurogaster u
Pleurochloris. Menee mpezcraBieHbl ObLIM CIOCOOHBIC K OOpa30BaHHMIO HUTEH, KOJIOHHUN HIIH
rpynn BuIbl Bojopocieir cemeiictB Heterococcaceae, Centritractaceae u Tribonemataceae
(Heterococcus, Bumilleriopsis, Tribonema u Bumilleria).

B bsKomorm4eckoM OTHOIIEHWH CpEeId  BBIABICHHBIX  OXPOQHUTOBBIX  BOIOPOCIEH
npeo0iiagany TeHeBbIHOCTUBBIE TipeacTaBuTenu H- u X-ku3HeHHbIX (GOpM, HEYCTOMYMBBIE TPOTUB
3aCyXu U CWiIbHOro HarpeBanus (mo 36,4 %), 4TO CBHAETENBCTBYET O JOCTATOYHO BBICOKOM
CTENEHU BOCCTAHOBJIEHUSl JAHHBIX YYacCTKOB IOCJ€ OrHeBoro Bo3aeicteus [1, 4, 6,]. Takxke B
IKOJIOTMYECKOM CIIEKTpe BBIsBICHBI mpenctaButeny Ch-xuszHeHHOW (OpMBI, OTIHYAIOIIUECS
UCKITIOYUTENbHON BBIHOCIMBOCTBIO K Pa3jMYHBIM OKCTPEMAalbHBIM YCIOBUSIM M OOBIYHO
0003HaYaeMble KaKk yOUKBHUCTBHI.

B mepBelii rox uccinenoBaHus ObLJIO BBIABICHO 7 BHUAOB BOJOpOCIEH; mpeobiaganu
npeacraButenu kimacca Xanthophyceae (71,4 %) mopsnka Mischococcales (42,9 %) cemeiicTBa
Pleurochloridaceae (28,6 %). B 3k010rn4ecKOM OTHOIIEHUH MPEBATUPOBAIH BBl X-KH3HEHHOMN
dopmel (42,9 %). Bee npencraButenu OblIM 0OHApYKEHBI HAa MOCTIHPOTEHHBIX y4acTKax, 2 BUA —
B IIOYBE (DOHOBBIX yYaCTKOB.

B cocraBe anmpronmaHoOakTepHalibHBIX COOOLIECTB YYacTKOB IMOJA M MEXIy KpPOHaMHU
JiepeBbEeB OBLIIO BBIABIEHO MO 4 BUJa, y KpoH — 3 Buaa Bogopocineil otaena Ochrophyta. Caenyer
OTMETUTh, YTO OJHOKJICTOYHBIC TpejacTaButenu Botrydiopsis sp. u Pleurochloris sp. oTmedeHnsr
TOJILKO Ha y4acTKax y KpoH JepeBbeB. C yBENTWYEHHEM pACCTOSHUS OT pacTeHHs-daudukraTopa
OTMEUYEHO CHIKEHHE J0JIeBoro ydactus BumoB Ch-xusnennoit popmsr B coctae Ochrophyta. Ha
y4acTKax TMoJi KPOHAMU U MEXIy KpOHAMU JIEPEBHEB MPeo0iaaid MPeICTaBUTENN X-KU3HEHHOM
dopmst (50,0 % — 75,5 %).

Kak B mouyBe (OHOBBIX, TaK M B IOYBE BCEX KATETOPHIl MOCTHUPOTEHHBIX YYaCTKOB
BBISIBJICHO CHIKEHHE pPa3HooOpaszusi oXpo(dUTOBBIX BoAOpociedl mo mpoduiro mouBbl. YeTkoi
3aKOHOMEPHOCTH B pacIpeesIeHNH KU3HEHHBIX (hOpM BOAOpPOCIEi M0 MPOQUITIO TOYBHI B MEPBBII
rOJl MCCIIEZIOBAHUS HE BBISIBICHO.

ComnocraBieHne coctaBa OXpO(MHUTOBBIX BOJOPOCIEH € arpOXMMHYECKUMH IOKa3aTesIMU
MOYBHI II0KA3aJI0, YTO pAaCUIMpEeHUE BHUAOBOTO OOrarcTBa M TaKCOHOMHUYECKOTO pa3zHOOOpa3us
BOJIOPOCIIEH MOCTIUPOTrEHHBIX YYacCTKOB HCCIEIyEeMbIX TEPPUTOPHIl CBs3aHO ¢ yBenndeHueM pH
MTOYBEHHOT'0 pacTBOpa MUPOreHHO-HApYIIEHHBIX Y4acTKoB. PacmpezneneHue BHIIOB MO MPOdUITIO
MOYBBI 0OYCIIOBJICHO M3MEHEHHEM psijia arpOXMMHUYECKHX IMoKa3aTesel MmouBkl: yBenndeHueMm pH,
COKpAIIEHHEM JI0JIM OPTaHUYECKOTO BEIIECTBA, YBEIMUEHHUEM KOJIMYECTBAa MUHEpalbHOTO (ocdopa
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U CHIDKEHHEM opraHuyeckoro ¢ocdopa mpu mnepexoje K 6osee rirybOKO pacrloioKeHHBIM CIO0SM
MTOYBHI.

Ha BTOpO#i TOA MCcCenOBaHUS OTMEUEHO paclIMpeHHe TaKCOHOMHYECKOTO pa3zHooOpas3us
oXpopuTOBBIX Bojopocied m0 11 BumoB. B TakCOHOMHYECKOW CTPYKType COXPaHHIOCH
npeodiananue nmpeacraBureneii kiacca Xanthophyceae (72,7 %) nopsiaka Mischococcales (42,9 %)
cemeiictBa Pleurochloridaceae (27,3 %). Dxonoruyeckuit aHanu3 MoOKa3al yBEJIWYEHHUE OJU
Bogopociei H-xu3nennoii gopmel B 2 paza (mo 36,4 %); mpu 5TOM aKTHBHO BEr€TUPOBAIN BUIBI
X- u Ch-Xu3HEeHHBIX (OpM.

B mouBe mNOCTHMPOreHHBIX Yy4YacTKOB ObulO BbIsBICHO 10 mpeacraButeneit otaena
Ochrophyta, B mouBe (OHOBBIX yd4acTKOB — 2 BHAa. HaumOONbIIMM BHIOBBIM OOTaTCTBOM
OTIMYAIUCh YYaCTKU y KpPOH JepeBbeB (5 BHIOB), IOJ KpOHAMHU JEPEBHEB OXpO(UTOBBIE
BOJIOPOCIIM ObLIM IMpPEACTaBICHbI 4 BHIAMU, MEXIy KpoHamu — 3 Buaamu. Bumst Monodus sp.,
Heterococcus sp., Pleurochloris sp. 6sut mpuypodeHsl kK yyacTkaM y KpoH jiepeBbeB, Pleurogaster
Sp. — K ydJacTKaM IOJ KpoHamu JaepeBbeB, Tribonema sp. u Bumilleria sp. — x yuactkam mexmy
KpOHaMH JepeBbeB. B mouBe (OHOBBHIX M IMOCTIUPOTEHHBIX YYAaCTKOB IO MPOQWIIO TTOYBHI
OTMEUYEHO CHIDKEHHE BHUJOBOTO OOrarcTtBa OXpOHUTOBBIX BOAOPOCICH U yMEHBIICHHE IOJH
npenacraButeneid H-xu3HeHHON (OpMbI B 3KOJIOTUYECKUX CHEKTpax.

CpaBHenue maHHbIX 0 coctaBe Ochrophyta arpoxumuveckumy TOKa3aTeIssMH [MOYBBI 3a
BTOpPOW TOJl WCCIIEOBAaHUS MOKA3aJi0, YTO PACIIMPEHHE BUIOBOTO COCTaBa BOJOPOCIEH M MX
TaKCOHOMHMYECKOTO pa3HO0o0pa3us CBA3aHO C COJCPKAHUEM TMOIBHKHOTO U MHUHEPAIBHOTO
docdopa B mouse.

TakuM 00pa3oM, CYKIIECCHOHHBIE IMPOLIECCHI, MPOUCXOMAIIMMH Ha HapPYIIEHHBIX
TEPPUTOPUSAX 3aTParMBAlOT M IIOYBEHHYIO allbIOIUAHOOAKTEPHATIbHYIO (IIOpY, B TOM YHCIE
oxpoduroBsie Bogopochu. [Tuporennsiii (hakTop MPUBOAUT K PACIIMPEHUIO TAKCOHOMUYECKOTO U
HKOJIOTUYECKOTO COCTaBa OXPO(UTOBBIX BOJOPOCIEH B IMOYBE COCHsKa Mimcroro. OTMedeHa
MOJIOKUTEIbHAS JUHAMUKA yBeIudeHus npeacraBieHHoctu Ochrophyta ¢ Bo3pacTanuem BpeMeHH,
IPOIICAIIETO IOCie TMoXkapa. MakcuManbHas TpaHcopMamus cooOImEecTB  0XPO(UTOBBIX
BOJIOPOCIIE OTMEUEeHa Ha y4yacTKaxX Yy KpOH J€peBbEB, OTIMYAIOUIMXCS HaWOOJIBIIUM OTHEBBIM
BO3/ICHCTBUEM U, KaK CIIJCTBUE, TIOSABICHHEM OTKPBITHIX MPOCTPAHCTB, CHUYKEHUEM KOHKYPEHIIUU
BCJIEJICTBHE BBITOPaHHUsI MOXOBOT'O TIOKPOBA, CTUMYJIMPYIOIIUM JIEHCTBHEM 30JIBI.
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BJIUSAHUE CYCHEH3UA MIOYBEHHON MUKPOBOJIOPOCJIM VISCHERIA
MAGNA HA POCT U PABBUTHUE ITPOPOCTKOB OI'YPLHOB U TOMATOB

Annomayusn. IlpeacraBneHbl pe3yiabTaThl CEPHH SKCHEPHUMEHTOB IO H3YYCHHUIO BIMSHUS
CYCIIEH3MH MHUKPOBOAOPOCIHU pojaa Vischeria Ha pocT M pa3BUTHE HEKOTOPHIX OBOLIHBIX KYIBTYP.
[Tokazano, 4to 3 QEKTUBHOCTh NPHUMEHEHHS BOJOPOCIEH B KadecTBE CTHMYJSATOPOB pOCTa
OTYpIIOB M TOMAaTOB 3aBUCHT OT BPEMEHHU MPEABAPUTEIHHOIO 3aMaYMBAHUS UX CEMSH B CYCHCH3UH
MHKPOBOZOPOCIHM, a TakXke OT crmocoda u ¢GOpMbl BHECEHHS (POTOCHHTE3UPYIOLIETO
MHUKPOOPIraHu3Ma.

Kntwouegvie cnosa: MUKpOBOAOPOCIH, TI04Ba, GUTOAPQEKT, CTUMYIUpYIOLIee AeHCTBHE

Alina A. Gorbatenko
State Educational Institution “Sherstinskaya basic school”, Vetkovsky district of Gomel
region, Belarus, alina.gorbatenko.0002@mail.ru

EFFECT OF SUSPENSION OF THE SOIL MICROALGAE VISCHERIA MAGNA ON
THE GROWTH AND DEVELOPMENT OF SEEDLINGS OF CUCUMBERS AND
TOMATOES

Abstract. The results of a series of experiments to study the effect of suspension of
microalgae of the genus Vischeria on the growth and development of some vegetable crops are
presented. It is shown that the effectiveness of the use of algae as growth stimulators of cucumbers
and tomatoes depends on the time of preliminary soaking of their seeds in a suspension of
microalgae, as well as on the method and form of application of the photosynthetic microorganism.

Keywords: microalgae, soil, phytoeffect, stimulating effect

Onaum u3 HaIpaBJICHUN HCCIeN0BaHUs OHMOTEXHOJIOTHYECKOTO MOTEHIIHAIa
(OTOCUHTE3UPYIOIUX MHKPOOPTaHU3MOB SIBIISICTCSI M3y4EHHE BO3MOXKHOCTEH HMX NMPUMEHEHHsS B
KauecTBe OMOY00pEHHI U/ UM CTUMYJIITOPOB POCTA BBICIIMX pacTeHuit [4,5,8].

ITouBennas Bogopocis Vischeria magna (J.B.Petersen) Kryvenda, Rybalka, Wolf & Friedl
— THIWAYHBIN TPEJCTaBUTENb albro(IIOPhI, BCTPEUAIONIMIACSA B Pa3IMYHBIX TIOYBAX, B TOM YHUCIIE U
aHTPOIIOT€HHO-IPEOOPa30BAaHHBIX, YTO CBHJIETEIBCTBYET O BBICOKOW IUIACTUYHOCTH BHUAA K
HEOIaronpusTHBIM YCIOBUSIM cpeabl [2,7]. OOmen3BecTHOM SBISETCS W MEPCHEKTUBHOCTH
UCMOJIb30BaHUS JTAHHOTO MPEJACTABUTENS ISl MOJYYECHHUs JUIHIOB, OEIKOB, >KUPHBIX KHCIOT,
AHKO3aNeHTaCHOBOW KUCIIOTHI, MUTMEHTOB, KAPOTHHOMUIOB U Jp. [6].

[lenpl0 HACTOAILIETO MCCIENIOBaHMS SBIAJIOCH M3YYEHHE BO3MOXKHOCTEH HCIONIb30BaHUS
MmukpoBogopociu Vischeria magna npu BeIpaniBaHUu# OTYPIIOB U TOMAaTOB OTKPBITOTO TPYHTA.

KyneTuBHpoBaHHe BOAOPOCIU MPOBOAMIM HAa OCHOBHOW cpene bomnma mpu Temmeparype
(20+3) °C mpu 10/14 yacoBoM YepenoBaHHH CBETOBOM M TeMHOBOM (a3 m ocBemenuu 3500-4000
JK ¢ OapOotupoBaHueM B JHEBHOe Bpems. [lmoTHocTe kierok Vischeria magna B KynbType
cocrasmia 29,7-29,8 MitH keTok Ha | MJI KyJIbTYpHI.

Brinonnenue paboTsl OCyIIeCTBIsUIM B 2 3Tana: 1) cepus 1ab0opaTopHbIX SKCIIEPUMEHTOB, 2)
noJieBor sKkcriepuMeHT. [Ipu mpoBeneHnn 1a00paTOPHBIX AKCHEPUMEHTOB B KauyeCTBE TECTOBBIX
KyJIBTYp HCIOJIB30BaJ cOpTa Oelopycckoit cenekimuu — orypisl (Cucumis sativus L.) copra
Mansim u Tomatel (Solanum lycopersicum L.) copra Ilepamora 165 [1]. Cemena orOupanu 1o
pasMepaM U pacKiIaJbIBalIM Ha JBYX CIOSX (MIBTPOBAIBHOM Oymaru B IJIacTUKOBBIE eMKocTH (50
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CeMSH JUTSl KaXKIO0T0 BapHaHTa OMbITa). B cTakaHbI MPUIMBAIH 10 5 MJI KUAKOCTA COOTBETCTBHH C
BapuaHTaMu ombITa: KOHTpoJb I (cpema bonma); kontpons Il (muctummupoBaHHas Bona); OmbIT [
(cycnen3uss Bomopocnu wucxonHasi); ombIT Il (cycmensus Bomopocnm, pazbaBneHHas 1:1
TUCTWJUIMPOBaHHOW Bonoil). CepHusi SKCIEpUMEHTOB MpU 3TOM BKkIouyana 4 Onoka: 0e3
MpeABAPUTEIILHOTO 3aMauyuBaHUsl CEMsIH, C 3aMayMBaHUEM CeMsH Ha 1, 2 u 4 yaca. DKCIIEPUMEHTBI
MPOBOJUIIN MPU €CTECTBEHHOM ocBemieHuu, npu t 22 + 3°C. Ha 3 u 7 cyTku AoJuBaiu 1Mo 2 mi
AKHUJIKOCTU B COOTBETCTBUM C BapUaHTaMM OMNbITa. B X0J€ 3KCIIEPUMEHTOB OINPEAEISIIN YHEPTHUIO
MpOpacTaHus M BCXOXKECTh CEMSAH, H3MepsIM MOp(OMETpUYECKHE IIOKAa3aTeNId IMPOPOCTKOB,
YUYUTBHIBAJIHM OPAKCHUE CEMSIH TICCHEBBIMU rpudamu [3].

[ToneBoit skxcnepumeHT BbmoyHsuM Ha 06aze OAO «KombOunat «Boctok» ['omenbckoro
paiiona ['omenbckoit o6sacTu. B kauecTBe TECTOBBIX KYJIBTYP UCIOJIB30BAIH OrypIibl copTa Catuna
u Tomatbl copra HamuO, KOTOphie BBIpAalIMBAIOTCA B JaHHOM Xo3sicTBe. [lpu mpoBeneHuun
MOJICBOTO OKCIIEPUMEHTA TPHUMEHSJIM BapUaHTHl OIBITA, anpoOWpOBaHHBIE B Ja0OpPATOPHBIX
skcriepuMenTax. CycleH3uo BOAOPOCeH Moj pacTeHUs] BHOCHIN JBAX/bl C UHTEPBAJIOM B OJUH
Mecalr B oOoveMe 150 Mi mox OOMH JK3EMIUIIp pPAacTeHMs; B Hayajle W TOCIe OKOHYAHUS
SKCIIEPUMEHTa U3MEpsUId MOp(OMETpUYECKUE TMOKa3aTelu OObEKTOB, OTOMpalld TOYBEHHBIC
00pasubl Ui ONpeesiCHHs] OCHOBHBIX arpOXMMUYECKHUX IMOKa3aTeNeil. AHAIN30B 00pa3IoB OYBHI
Ha conepxkanue pH, docdopa, kamus, opraHuYecKOro BEIIeCTBa, KaJbIUs, MarHus, MeAH, LIMHKA,
obmiero azora npoBoamics corpyaaukamu KYII «"omensckas OITUCX».

Craructudeckyro 00pabOTKY AaHHBIX MPOBOIMIM C MOMOIIBIO MPOTPAaMMHBIX MPOAYKTOB
Statistica (Version 10) u Microsoft Excel.

B cepun nabopaTopHbBIX 3KCHEPUMEHTOB C TOMAaTaMU HAWOOIBIINE MOKa3aTelld SHEPTruu
IIpopacTaHus HaOJIOadM MPU IPEIBAPUTEIbHOM 3aMauMBaHUU CEMSH Ha 2 yaca B pa30aBiIeHHOM
cycrnienzuu Bogopociu (90 %), BCXokecTu — IpH NMpeABapUTEIHHOM 3aMauyuBaHUU CEMSH Ha 4 yaca
B IUCTWIIMpPOBaHHOU Bojie (98 %). MakcumanbHasi CpeHssl JUIMHA KOPHEW MPOPOCTKOB TOMATOB
OTMEYEHa B SKCIIEPUMEHTE C 3aMauMBaHUEM CEMSH Ha 2 Yaca MpHU UCIOJIb30BaHUM pa30aBICHHON
cycnensun Vischeria magna (97,94 mm), cpeanue uiMHa MOOCTOB M Macca HPOPOCTKOB — B
BapHaHTe ONbITa 0€3 MpeABapUTEIbHOr0 3amaunBanus ceMsH (38,02 MM U 48 T' COOTBETCTBEHHO).

[To utoram cepuu SKCHEPUMEHTOB C TOMAaTaMHU BBISBICHO KaK IOJIOKHUTEIbHOE, TaK U
oTpuIaTeNbHOE JeiicTBUe cycrensuu Vischeria magna wa pasBuTHE NPOPOCTKOB TOMATOB.
WNurubupyroiiee BAMSHUE BOJOPOCIU HAONIOAANU B HEKOTOPBIX BApUAHTAX OIBITa C MCXOIAHOMN
CyCIIeH3Hel BUIIEPUU TMPH YBEIWYCHHH BPEMEHHM 3aMadylBaHUs ceMsH 10 4 yacoB. Haubonbiine
¢buTo3(pPexTh MO ATMHE TPOPOCTKOB TOMATOB YCTAHOBJIEHBI MPH HCIOJIB30BaHUU pa30aBICHHON
cycnien3uun Vischeria magna — ¢urosddexrsr BappupoBanu B npenenax (40-90) % OTHOCHTETHHO
KOHTPOJISI C AUCTHJLTUPOBaHHOW Boaod u (7-68) % OTHOCHUTENHHO KOHTPOJSL co cpenoit bosmna.
HauOonpiiee crumynupyrolnee JeiicTBHe Ha Maccy MPOPOCTKOB TOMATOB OKa3aia paz0aBieHHas
CYCIIEH3USI MHUKPOBOJOpOCIH — (PuTodPdeKkThl HaXOMWIHCh B mpeaenax ot 68 % mo 115 %
OTHOCUTEIILHO KOHTPOJISI ¢ BOOM U OT 2 % 110 26 % OTHOCHUTENIBHO KOHTPOJSI C OCHOBHOM cpenoi
bonna.

B cepun nmabopaTopHBIX SKCHEPUMEHTOB C OTYpLAMH SHEPIHUs MPOpacTaHUsl U BCXOXKECTh
ceMsiH ObUIM BBIIIE, YEM B JKCIIEpUMEHTaX C TOMaTaMu. DHEprusi IpopacTaHUsl CEMsH OrypIOB
cocraBmwia (24-100) %, Bcxoxectb — (92-100) %; HaumOousibllMe MOKa3aTeIM OTMEUCHBI B
KOHTPOJBbHBIX BapHaHTax oMNbiTa 0€3 W ¢ 3amMauMBaHWeM ceMsH Ha | yac. MakcumanbHble
MoKa3aTeiau CpeaHel IMHBI KOpHEeH MPOPOCTKOB OT'YpLOB 3a(UKCUPOBAHBI MPH HCHOJIH30BAHUU
pa3baBneHHO# cycnensum Vischeria magna B sKCHepUMEHTE ¢ 3aMadyMBaHHEM CeMsH Ha | dgac
(150,1 mm), niuHBI TOOETOB — B BApUAHTE OIbITA C 3aMavylMBAaHUEM CEMSIH B UCXOJTHOM KyIbType Ha
2 daca (42,8 MM), Macchl MPOPOCTKOB — B BapWaHTE OMbITA C 3aMayMBaHHEM CeMsH Ha | Jac B
pa30aBIeHHON KylIbType MUKpOBogopocin (345mr).

[To wrtoram mnpoBeAeHHs AKCHEPUMEHTOB C OTypLIAMHU YCTAaHOBJIEHO W CTAaTUCTHYECKU
MOJITBEPXKICHO, YTO CYCIeH3Huss MUKpoBogopociu Vischeria magna okasbiBaeT CTHMyJIUpYOIIEe
JeicTBHE Ha JUIMHY U MacCy MPOPOCTKOB OT'YpPIIOB BO BCEW CEPHUM NMPOBEACHHBIX SKCIIEPHUMEHTOB.
HaubGonpmme ¢utodQ@exTsl BBISIBICHBI B JKCHEPUMEHTE C MpPEIBApUTEIbHBIM 3aMaudBaHHEM
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ceMsH Ha 4 yaca IpH UCIIOJIb30BAHUU Pa30aBICHHON CYCIIEH3UU BOJOPOCIH: TIO JITTHHE MPOPOCTKOB
— 72 % OTHOCHUTEIIBHO KOHTPOJIS C JUCTUIUIMPOBAHHON BOJIOM U 71 % OTHOCUTENBHO KOHTPOJIA CO
cpenoit bonna, mo macce mpopoctkoB — 51 % 1 99 % cooTBETCTBEHHO.

AHaJIM3 OCHOBHBIX arpOXMMHYECKUX TOKa3aTesIel OMBITHBIX JIEISHOK B paMKaxX IOJEBOTO
IKCIIEPUMEHTA TIO0KA3aJl, YTO MOYBAa HA y4YacTKax KHCIas WU ONHM3Ka K HEUTPabHOM, XOpPOIIO
oOecriedeHa OCHOBHBIMH MaKpO- M MHUKpOIeMeHTaMu. llociie mpoBeleHus JKCIEpUMEHTa
OTMEUYCHBl HE3HAUYHMTEIbHBIC M3MEHEHHUs TOKa3aTeliel, YTO CBA3aHO C KOMILIEKCHBIM BIUSHUEM
psna ¢hakTopoB.

[Io wWroraMm TmPOBENCHHOTO TIOJEBOTO OJKCIEPUMEHTAa TOKa3aHO, YTO CYCHEH3US
MuKpoBogopocian  Vischeria magna okaspiBaeT —CTHUMYJHpYIOIIee JCHCTBUE HA  psijl
Mop(hOMETPUYECKHX TIOKa3aTesel orypuoB 1 ToMatoB. Haubonbiiee cTuMynupyromiee AeicTBUE Ha
ToMaTel copra HamMu® BBISBIEHO B OTHOIICHWH KOJHMYECTBA IBETKOB IPH HCIIOJIb30BAaHUU
pa3baBnenHoi cycrieHsun MukpoBogopociau (31 % — 202 %). Haubonbiiee cTumynupylomiee
neiicTBue Ha orypubl copra CaTMHa YCTaHOBJICHO IO OTHONICHHIO K KOJIMYECTBY IBETKOB IpPHU
MCIOJIb30BAHUHU HUCXOIHOM CyCIeH3un MUKpoBoopociu (6 % — 44 %).

BeinonHeHHOE HMcClieioBaHUE TOKa3alo, 4TO 3()(EeKTHBHOCTh NPUMEHEHHUS CYCHCH3UH
MuKkpoBoopociu Vischeria magna B kadecTBe CTUMYJISITOPA POCTa OTYPIIOB U TOMATOB 3aBHCHUT OT
BPEMEHU TPEBAPUTEIILHOTO 3aMaYyMBAHHS MX CEMSH B CYCIICH3UM MHKPOBOJOPOCIH, & TAKXKE OT
crioco6a u popmbl BHECCHHSI (DOTOCHHTE3UPYIOMIETO MUKPOOpTraHu3Ma. Pe3ynbrarhel uccienoBaHus
MOTYT OBITh MCIIOJIb30BaHbl B 00JIaCTH CEIBCKOTO XO035MCTBa M OMOTEXHOJIOTHHU JIJISl IOMCKA BUIOB
BOJIOPOCIICH MEPCIICKTUBHBIX JJIsI MPAKTHYECKOTO UCTIOIB30BAHUS.
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CYANOPROKARYOTA HPI/I§PE>KHOP“1 30HbI 3AKA3HUKA BEPE3OBBIE
OCTPOBA (PMHCKHM 3AJIUB, BAJJTUNCKOE MOPE)

Annomayusn. B npubpexne apxunenara bepé3oBsie 0cTpOBa, UMEIOLIETO CTaTYC 3aKa3HUKA,
obnapyxeHo 86 Bumos Cyanoprokaryota u3 35 pomos, 17 cemeiicte u 7 mopsiakoB. [Ipeobnamanu
OCHTOCHBIC BHJBI HAJ| TUTAHKTOHHBIMH — 60 m 26 BHJIOB COOTBETCTBEHHO. [0 OTHONICHHIO K
COJIEHOCTH BOJIbI BEAYILYIO POJIb UTPAIU IPECHOBOIHBIE U MPECHOBOAHO-COJIOHOBATOBOIHBIE BU/IbI
(23 u 20 BHIOB COOTBETCTBEHHO). BriepBoie st 3akaznuka ormedennsl Dolichospermum ellipsoides
(Boloch. ex Woron.) Wacklin u Woronicinia karelica Komarek et Komark.-Legn. — oxpansiembie B
Jlenunrpaackoit o6nacTu ysA3BUMBbIE BHUIBL. 15 BUIOB BHEpPBBIC YyKa3aHbl I POCCUUCKOU
akBaTopuu OUHCKOrO 3aJIMBa.

Knroueswie cnosa: Cyanoprokaryota, Cyanobacteria, bantuiickoe mope, @UHCKHU 3a/IUB,
bepézosbie ocTpoBa

bnazooapuocmu. ViccnenoBanus BbinoiaHeHsl Ha oOopyapoBanuu LKII Boranmueckoro
uHctutyta uM. B.JL. KomapoBa PAH (Cankr-IletepOypr). PaGota BbIOIHEHA B paMKax IMJIaHOBOU
teMbl BUH PAH «®nopa u cuctemaruka BOJOpOCIEH, JTUIIAHHUKOB U MOX000pa3HbIx Poccun u
¢uroreorpadguyeck BaxXHbIX perioHOB Mupay» (121021600184-6).

CYANOPROKARYOTA OF COASTAL ZONE OF BEREZOVYE ISLANDS
NATURE RESERVE
(GULF OF FINLAND, BALTIC SEA)

Abstract. In coastal zone of Berezovye Islands archipelago, which has the status of a nature
reserve, was recorded 87 species Cyanoprokaryota from 35 genres, 17 families and 7 orders.
Benthic species prevailed over planktonic ones — 60 and 26 species respectively. In relation to
salinity freshwater and freshwater-brackish-water species play leading role (23 and 20 species
respectively). Recorded for the first time vulnerable in Leningrad area species — Dolichospermum
ellipsoides (Boloch. ex Woron.) Wacklin and Woronichinia karelica Komarek et Komarek.-Legend.
15 species is new for Russian part of Gulf of Finland.

Key words: Cyanoprokaryota, Cyanobacteria, the Baltic Sea, the Gulf of Finland
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MPEJICTABICHBI XOJIMaMHM, T'psiiaMd, CKJIOHAMH, TeppacaMu, paBHUHAMH, MMECYAHBIMU IUBDKAMU U
3apacraommmu  Oeperamu  [1]. C 1994 r. paiioH mnpu3HaH BOJHO-OOJOTHBIMH YTOJBSIMH
MEXIyHApOAHOTO 3HayeHus, a ¢ 1996 r. WMeeT cTaryc pPeruoHaJIbHOTO TOCYAapCTBEHHOTO
MIPUPOJIHOTO KOMIUIEKCHOTO 3aKa3HuKa. CBEICHUS O IIUAaHOMIPOKAPUOTaX MOPCKOM 4acTH 3aKa3HUKa
OrpaHUYEHBl JaHHBIMU O (DUTOIIAHKTOHE IMponuBa beépkesynn — 45 BunoB [2] m ykazanuem 1
OCHTOCHOTO OXpaHsemoro B JIeHMHrpaackoi obmactu Buaa [3,4].

Marepuan Ol cobpan B mpuOpekHOUW 30He ocTpoBoB CeBepHblii bepé3osiii, llenHoid,
3ananubiii bepé3obiid, Mainbiii ConHeunslii 1 bonbioit bepézossiit tetom 2013, 2019 u 2020 rr.
OTOupanyu KauecTBEHHBIE MPOObI TUIAHKTOHA U OeHTOca (BBICIIME BOAHBIC PACTEHHS, BOJOPOCIH,
TBEPABIE M PBIXJbIE TPYHTHI, PAKOBHHBI MOJUIIOCKOB, JIpeBECHbIE CyOCTpaThl). MnenTudukanus
TaKCOHOB IMPOBOJMIACH C UCTONb30BaHUeM MoHorpadwmii J. Komarek, K. Anagnostidis [5,6] u J.
Komarek [7].

Brisisnieno 86 BumoB u3z 35 pomoB, 17 cemeiictB u 7 mnopsankoB. HaubGosbuium
TaKCOHOMHMYECKHUM pa3zHooOpazueM orinuaics nopsaok Synechococcales, Bkitouatomuii 31 Bug u3
13 pomoB u 4 cemeiict. Ilopsmok Nostocales 6but mpencrasien 23 Bugamu u3 9 pojaoB U 5
cemeiict, Oscillatoriales — 16 Bumamu u3 6 pomos u 2 cemeiict, Chroococcales — 7 Bugamu 3
ponoB u 3 cemeiicTs, Pseudanabaenales — 6 Bumamu u3 2 pogoB u 1 cemeiicta, Pleurocapsales — 2
BugamMu u3 2 ponoB u 2 cemeiictB, Chroococcidiopsidales — 1 Bumom u pogom. Ilo xomudecTBy
BUIOB mpeoOuananu poasl Leptolyngbya Anagn. et Komarek u Dolichospermum (Lemmerm.)
Wacklin, comepskaiue o 8 BumoB, a takxxe Phormidium Kiitz. ex Gomont — 6 BUoB.

B cocraBe ¢ioper 60 BumoB, umu 70%, SBIASIOTCS OCHTOCHBIMH. BOJNBIMUHCTBO W3 HHX
oOHapyxeHo B snuduToHe U >nminuToHe (14 u 13 BUIOB COOTBETCTBEHHO); HA PHIXJIBIX TPYHTaX, B
aMHIeIoHe, 3apeructpupoBano 11 Buaos; 2 Buaa Pseudanabaena sp. 3 u Leptolyngbya cf. crassior
(Skuja) Anagn. BcTpedanuCch MCKIIOUUTENBHO Ha MOTPYKEHHBIX B BOJY JPEBECHBIX CyOCTparax.
OcTtanpHble OEHTOCHBIE BUABl MPOSBISUIM OOJ€e IIMPOKYIO SKOJIOIMYECKYIO IUIACTUYHOCTD,
MOCEIAAICh HA pa3HBIX CyOCTparax: Ha KaMHSAX M pacTeHusix — 6 BuaoB — Merismopedia affixa
P.G.Richt., Heteroleibleinia pusilla (Hansg.) Compere, H. willei (Setch. et N.L. Gardner) Guiry et
D.M. John, Leptolyngbya cf. breviarticulata (Claus) Anagn., L. subtilis (W. West) Anagn.,
Leibleinia subtilis (Holden) Anagn. et Komarek; Ha peIXJibIX TpyHTaxX, BBICIIUX BOJHBIX PACTECHHSX
U BOJIOpOCIISIX 3aperucTprpoBanbl Merismopedia tenuissima Lemmerm. u Nostoc punctiforme Har.,
Ha PBIXJIBIX M KaMEHHUCTBIX cyOcTparax ormedeH Bua — Aphanocapsa reinboldii (P.G. Richt.)
Komarek. B snunutoHe u Ha apeBecuHe 3apeructpupoanbl Calothrix contarenii Born. et Flah.,
Rivularia nitida C. Agardh ex Born. et Flah., Phormidium cf. bulgaricum (Komarek) Anagn. et
Komarek, Nodularia litorea Thuret ex Komarek u Aphanocapsa litoralis Hansgirg. B 6enroce —
MPEUMYIIIECTBEHHO HA PBIXJIBIX TPYHTaX M B BBDKMMKAaX HUTYATBIX BOJOPOCIEH BCTpedeHO 15
TUMUYHO TUIAHKTOHHBIX BHJOB, BEPOSTHO TMOMABIIUX U3 TONIMM BOAbL. OOBIUHBIX IS MOpen
YMEPEHHOH 30HBI SHIOJIUTOB, MTU30UI0B U Xa3MOJIUTOB, OOHapyxkeHO He OblI10. Toabko 26 BUIOB
u3 poxos Aphanizomenon Morren ex Born. et Flah., Dolichospermum, Microcystis Lemmerm.,
Chroococcus Négeli u ip. — MJIaHKTOHHBIE.

[TpeBanupytoiiee OOMBITMHCTBO BUAOB pacipeieleHo Ha TmyouHax 0 — 2 M, Julb 5 BUAOB
(6%) oOHapyX)eHBI Ha TIIyOHHE 710 5 M.

Cpenu BHUIOB, BCTpeyaroIuxcs HauOojee YacTo M NpPU 3TOM MACCOBO OTMEUEHBI
Dolichospermum lemmermannii (Richter) Wacklin, Nodularia spumigena K.N. Mert. ex Born. et
Flah., N. litorea, Lyngbya aestuarii Liebm. ex Gomont u Snowella lacustris (Chodat) Komarek et
Hindak.

[To oTHOWIEHUIO K CONEHOCTU BOABI - OONBIIMHCTBO BUJOB SIBJSUIMCH MPECHOBOJIHBIMH U
MPECHOBOJIHO-COJIOHOBATOBOAHBIMU — 23 W 20 BHUJOB COOTBETCTBEHHO, & BHIOB —
COJIOHOBAaTOBOJHBIMU, 4 COJIOHOBATOBOJHO-MOPCKMMU U 3 »BpHTraivHHbIMHU. [[ns 28 BuI0B
rajloOHble XapaKTepUCTHKU HE YyCTaHOBJIEHbl. Takoe pacrpeneneHue BHUIOB 10 TIpynnam
rajJoOHOCTH CBA3aHO C OCOOEHHOCTSIMM COJNEHOCTH BOAbI B NpHUOpexbe apxuienara,
BapbupoBaBlIeil oT 2 10 4.5%o, YTO MO3BOJISJIO BETE€THUPOBATh, KaK KOHTUHEHTAJIBHBIM, TaK W
MOPCKHM BH/JIaM.
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BriepBble ansi 3aka3HMKa OTMEUYEHBI oOXpaHseMble B JleHMHrpaackoir oOiactu
ys3eumblie Buabl Dolichospermum ellipsoides u Woronicinia karelica, a takxe moarBepkaeHO
nanmaue Microcrocis sabulicola (Lagerh.) Geitler.

15 Bumos Cyanoprokaryota BriepBble yKa3aHbl JJIs1 pOCCUHCKUX B0 DHHCKOIO 3a/1MBa
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OB30P AJIBI'OJIOTMYECKHUX UCCJEJOBAHUM B BAIIKOPTOCTAHE

Annomayuna. Kparko paccMOTpEHa HCTOpUS CTAaHOBJICHHS ~ BOJHOW M IIOYBEHHOU
anprosiorud. IlpuBeneH 0030p COBpEeMEHHBIX albIOJIOIMYECKMX HcCcileAoBaHUl bamkoprocrana,
KOTOpbIE  OXBaTWJIM  OCHOBHbIE  IpPHUPOJHBIE  JaHAWA(TBI  pecnyOiavKH,  arpoLeHO3bI,
ypOaHU3UPOBAHHBIE M OCO00 OXpaHsEMbIE PUPOIHBIC TEPPUTOPHUH.
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REVIEW OF ALGOLOGICAL RESEARCH IN BASHKORTOSTAN

Abstract. The history of the formation of water and soil algology is briefly considered. A
review of modern algological studies of Bashkortostan, which covered the main natural landscapes
of the republic, agrocenoses, urbanized and specially protected natural areas, is given.

Keywords: algology, cyanobacteria, algae

B 1883 r. nosBuiace neppasi paboTa, MOCBAILEHHAs U3y4EHUIO Bojopocieil BogoemoB Pb,
seinonHenHas 10.K. Hlennem [14]. Y buMckuii EHTp anbroyiorny Hadal GpopMupoBarkest B 70-¢
roJipl MPOIIJIOro Beka Ha Kadenpe bamkupckoro rocyaapcTBeHHOro yHuepcutera, korga [T
Ky35XMeTOB BBINOJIHMI KaHIUAATCKYIO JUCCEPTALlMI0 Ha TeMy: «AJbrodiaopa BbIIIEIOUYEHHOIO
yepHo3eMa bamikupuu u BIMsSHHE HA Hee Pa3IMYHBIX NpUEMOB arpoTexHuku». B 1978 r. P.P.
KabupoB 3ammTui KaHJUIaTCKY0 AUccepTaluio Ha TeMy: «OCOOEHHOCTH Ce30HHOW TMHAMMKH U
MPOJYKTUBHOCTH TOYBEHHBIX Bojopociel (Ha mnpumepe bamkupckoro Ilpemypanbsi»), 310
MIOCIY’)KUJIO OTIPAaBHOM TOYKOW  HayaJa aJblOJIOTMYECKUX HCclenoBaHUi B bamkupckom
rOCY/IapCTBCHHOM TI€JJarOTHUeckoM yHuBepcuTere [6]. Pa3BuTHIO JaHHOTO HAampaBJICHHS
CIOCOOCTBOBAIM TECHbIE CBsI3M C KHUpPOBCKUM ILIEHTpOM (OCHOBaTelb OMMWIMA  AJpUaHOBHA
IlItuna), c¢ JleHuHrpajackum Enenkuncko-I'omnepbaxoBckum (J1abopatopust  aabIroJOrHH
boraHndyeckoro WHCTUTYyTa), TaKKe OBLIM YCTAHOBJIEHBI HAy4yHbIE CBA3M C  MOCKOBCKHM,
HoBocubupckum, KueBckuM u ChIKTBIBKaPCKUM LIEHTPaMH.

B Hacrosimee Bpems anbrosioraMu PB u3ydeHsl M IpoAOKaOT M3ydaThCsl OCHOBHBIE
gaHAmadThl pecnyOIuKA U Mpuiiexanmx tepputopui [3, 7, 12,21]. MccnenoBanbl IHaHOOAKTEPUH
U BOJOPOCIIM 30HANBHBIX IOYB CTEMU U JIECOCTENH, IOJ JIECHBIMH, JIYTOBBIMH COOOIIECTBAMH,
yacTb pal0OT TOCBSIIEHa M3YYEHUIO alblOIIEHO30B arpoQUTOLEHO30B, MpPU ATOM JUIS
XapaKTepUCTUKH aJIbTOIIEHO30B IIMPOKO NPUMEHSAIOTCA (DIOpUCTHYECKHE ToKa3aTreian. MeTojibl
M3y4eHHUs COOOIIEeCTB BOJOpOCIeld M IHaHOOAKTepUi TMOYB aJanTUPOBAHBI K (DIOPUCTHUECKON
Kiaccuukanuu ¢ ucrnonb3doBaHueM noaxona bpayn-bmanke (I'.I'. Kyzsxmeros, U.E. Jly6oBuk,
M.IO. lapunorsa, P.P. Kabupo, H.B. Cyxanosa, J.M. Axwmenssuos) [1,7,10].
CUHTaKCOHOMUYECKOE HalpaBJIeHHUE TI103BOJIMJIO BBIACTUTh CHHTAKCOHBI YpOaHH3UPOBAHHBIX
tepputopuii FOxHO-YpanbCckoro peruoHa Ha ypoBHE KJlacca, MOPSAKOB, COH30B, acCOLHAIM U
cybaccormarmii (P.P. Kabupos, H.B. Cyxanoga, JI.C. XaitOymimna, I11.P. AGxymmmn) [1,10].
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[Tockonbky B pecrmyOnuKe OOJBIION MPOLEHT MaxXOTHBIX MOYB. AKTyaJdbHOH MpoOiIemMoit
Obl1a W OCTaeTCs Apo3us MouB. M3ydaroTcs 1uaHoOakTepuanbHO BomopocieBbie 1eHo3bl (LIBLI)
MaxOTHBIX M UEJIUHHBIX IOYB PA3IUYHOM CTENEHU HPOJUPOBAHHOCTU (CMBITOCTH), BOIPOCHI
MepPEeMEIIECHHUS 3TUX OPTraHU3MOB IO IEHCTBUEM KIMMATHYECKUX U aHTPOIMOTEeHHBIX (PAKTOPOB U
MOCENICHUE WX Ha pa3IuyHbIXx cyOctparax. Iloka3zanel m3MeHeHus mnokasareneit [IBL[ mpu
MPOBEJCHUN  PA3UYHBIX  arpOTEXHUYECKUX  MEPONpHsTHH,  0OCyKIJaeTcs  KOHLEMUUs
tpanchopmarmu [BI] mous, moaBep)KeHHBIX MpoIleccaM BOIHOW U BOJAHO-BETPOBOM 3po3uu [16].
N3ydeHbl HEKOTOpbIE BOMPOCH! OuopeMeualii Hedre3arpsi3HeHHBIX TTOYB.

Ha ypOaHu3upoBaHHBIX TEPpPUTOPUSIX (ropoja U IIOCEIKH) U TNPUPOAHBIX H3YHAIOTCS
a’podusibHBIE 1IMaHOOaKTepuu W Bogopociu. OTaenbHbId 0ok -  snudutHeie [[BI, xoTopbie
3a4acTyl0 BBICTYNAIOT B POJU JIETEPMHUHAHTOB KOHCOPIHUHU (37E€Ch MOCEINSAIOTCS APYTU€ BUJIBI
BOJIOPOCIICH, OaKTepHH, MUKPOMHIIETHI. TIpocTediue). AHanu3 0a3bl  JaHHBIX (OTOOpaHO H
npocMoTpeHo 6osee 500 00pa3oB KOPBI IPEBECHONM PACTUTEILHOCTH) IMO3BOJIII CHIEIAaTh BBIBOJ
0 TOM, 4YTO TaKCOHOMHMYECKUIA U DKOJOTMYECKUH cocTaB HazeMHbIX »nuduTtHbix L[BL He
MOJKET OBITh UCTIOJB30BaH JJIT ONOMOHUTOPHHTA. TaK KaK B AMH(PHUTHBIX 00pa3iiax MmpOMBIIUICHHO’
30HBI, HEe 3a()UKCUPOBAHO CYIIECTBEHHBIX H3MeHeHui B mnepectpoiike LIBI[ mo cpaBHeHHio c
KoHTposieM. OTCYTCTBOBaIU MOP(POMETPUUECKUE U IIUTOJOTUUECKHUE PAZTUYUS MEXKIY KIETKaMHU
[IMAHOTIPOKAPUOT U BOJOPOCIEH HCCIIEOBAaHHBIX 30H. B TOoXe BpeMsi cOCTaB MHUKPOMHIIETOB B
pa3pacTaHusX CYIIECTBEHHO MEHsJICSA. B MpOMBIIIEHHON 30HE YBETUYMBAIOCH YMCIIO TATOT€HHBIX
Mukpomuiieros [18].

[TpoBeneHo wm3ydeHHE IKOJOTO-(PIOPUCTHUECKOW M CTPYKTYPHOW OpTaHU3aIMH SKOTOHOB
(mpupogHbIX W cHOPMHPOBAHHBIX  IOJ BIUSHHEM YEJIOBEKAa); BBISABICH BHUAOBOH COCTaB
Bojopociet  skoToHOB bamkupckoro  (FOxknoro) VYpamam  jmgaHa HUX  9KOJOTMYECKas
xapaktepucTruka. [lokazaHo, 4To BOJHO-Ha3eMHbIE U BOJIHBIE SKOTOHBI UTPAIOT OOJIBIIYIO POJb B
MoJIep)KaHUU  OMOJOTMYECKOTO pa3HO00pa3usl albrOlEHO30B Ha JIAHAMA(PTHOM, PETHOHAITBHOM
1 OMOTONMMYECKOM YPOBHAX. B Hacrosimee Bpemsi uzydaercs nsmenenue 1[BL] BoIHBIX 5KOTOHOB,
BBISIBJISICTCSI MIX aHTPOTNIOreHHas TpaHchopMarus. Takke MpooiKaeT WCCIICIOBAHMUS, CBI3aHHBIC C
COCTOSTHUEM BOJHBIX M HAa3eMHBIX SMU(UTHBIX IHAHOOAKTEpUNH U BOJIOPOCIEH B MPUPOTHBIX
AKOCHCTEMaX M MOABEPralouINXcs aHTponoreHHou Tpanchopmanuu [12,22].

Oco6o oxpansemble mnpupogasie Teppuropun (OOIIT) Takxke SBIAOTCS OOBEKTOM
usyuenusi ajgprosoros [17,19, 22]. IMoapoOHO M3ydYeHBI AbIOJIOTHYCCKHE OCOOCHHOCTH TEIIePhI
I[yneran-Tam K HacTosmemy BpeMeHM B IElIEpax OCHOBHBIX cHeleopaiioHoB Poccun
YCTAaHOBJIEH HE TOJBKO aJIbIOJIOTUYECKUII COCTaB, HO HM3y4Y€HBbl pa3jIMYHbIE IYTH 3aHOCA 3ITHUX
OpPraHM3MOB B IEUIEPHI, a TAK)KE PAa3HOrOJWYHAs M CE30HHAS JMHAMUKA MX TaKCOHOMHMYECKOTO
COCTaBa; MOKa3aHO, YTO pa3HOOOpa3zue IUaHOOaKTEepHUil W BOJOpPOCIEH B Iellepax OINpeaeseTcs
aOMOTUYECKMMH W AHTPOIOT€HHBIMU (haKTOpaMHU; OTMEYEHO, YTO OEeClO3BOHOYHBIE >KUBOTHBIE-
durodary memep MPaKTHYSCKH HE OKA3bIBAIOT BIUSHHS Ha UaHOOakTepuu W Bojopociu [19].
ITpoBeIeHBIT CHHTAaKCOHOMMYECKHE UCCIIEI0BaHMs JOHHBIX COOOIIECTB BOJOPOCIENH-MaKpo(pUTOB
poccuiickoro menbpa YepHoro Mopsi U pa3pabaTbIBaeT TEOPETUUYECKUE BONPOCHI CHHTAKCOHOMHHU
coo0IecTB nuaHoOakTepuit u Bomopocier [1]. Ynaensercs BHUMaHWe BOIpOCYy OMOKOPPO3UH,
MIPOBOASTCS UCCIIE0BAaHUS BIUSHUS Pa3IMYHbIX BUIOB IUAaHOOAKTEPHI U BOAOPOCIEH, a TaKkKe UX
coOOIIeCTB Ha pa3IUyYHble BHJBl CTaJM MAaruCTPalbHBIX TPYOONpPOBONOB (HATYpHBIE W
1ab0paTOpHbIE SKCIIEPUMEHTHI).

[ToapobHoe u3ydeHne nuaHoOAKTEpHl U BOJIOPOCIIeH BOAHOTO OacceiHa peciyOauKu ObL10
HA4aTo ¢ uccliefjoBaHus (GUTOIIaHKTOHA o3epa KaHapbi-Kyinb, 3aTeM ObLTM OXBadeHbl peka bemas,
a TaKXe Apyrue pa3HOTHUIIHBIE BOJOEMBI Ha Teppurtopuu Pb, Bkitouas Majble peKH TrOpoJIOB
pecniyonuku [15].

B Hacrosiiiee Bpemsl YCIEIIHO DPa3BUBAETCS HAIpPaBJICHUE B MOYBEHHOW alblOJIOTUH -
antpororeHdas anprojorust [9,10].  Ilenp 3axmrouaercs B wucciaemoBanmu poiam [[BI[ B
MOJIIEP>)KaHUU YCTOMUMBOCTH HA3€MHBIX KOCHUCTEM B YCIOBHUSX aHTPOIOTrEeHHOro mpecca. PaboTbl
BEJIUCh Ha MecTe  He(QTAHBIX MECTOPOXKIECHUH, B pailoHe [eHCTBUS METaUIypru4ecKux
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npeanpusaTHii Ypana, ApxaHreiabckoil 1 MypmaHckoi obiacteif, B okpecTHocTsiX benmospckoii u
UYepnoOsutbekoit ADC. PesynpTaThl Mcciaea0BaHUN HMCIOIB30BaHBI COTpYIHUKaMU JlaGopartopuu
HopMmupoBanus LlenTpa no nmpobiaemam 3Konoruu U npoaykTuBHocTH JiecoB PAH (r. Mocksa) npu
pa3paboTKe HOPMATHUBOB SKOJOIMYECKH IPENesIbHO JONyCTHUMbIX BbIOpocoB (OII/JIB) s
Konbckoil  ropHo-MeTaulyprudeckod  komnaHuu.  M3ywarorcs  nepBUYHBIE  CYKIIECCHH,
IPOUCXOJAIINE HAa MPOMBIIUIEHHBIX OTBajlaX, I/I€ MEPBbIMU IOCEJICHLIAMHU 3a4acTylO SIBIISIOTCS
nuaHobakrepu ¥ Bogopociu. CoCTaBiIeH NEpPBBIE B MHpE KaIacTp MOYBEHHBIX BOJOPOCIEH
JKeJIC30pyAHBIX OTBaIOB [4].

B mnacrosimee Bpemst  (YHKUMOHHPYET  Hay4dyHO-MCCIIEAOBATeNbCKas  J1aboparopus
MOJICKYJIIpHON —cucTeMaTuku (poroTpodHbIx MukpoopranusmoB wum. JI.C. XalOyminHOM,
Komnekuwust Bogopocneit u nnanodakrepuit bamkoprocrana (Bashkortostan Collection of Algae and
Cyanobacteria - BCAC), pykoBogutensr JI.A. TIaiicura. KoieKiuss MOCTOSHHO IOMOJIHSIETCS U
BKIOyaer Oosee 700 mTaMMOB Ha3eMHBIX BOJOPOCIEH M IUMAHOOAKTEpHH M3 Pa3IMYHBIX
MECTOOOMTAHUI 110 BCeMy MMpY, BKJIIOUYas MyCThIHM Ioro-zamajaa u jeca Hanuonansnoro Ilapka
Great Smoky Mountains (CLHA), Anrapktuky, Kamuatky m Tteppuropun HOxxHO-Ypambckoro
peruoHa. [IpoBoauTcss MOJIEKYJIIpHO-TEHETHUYECKasi MACHTU(UKALUSA BBIJCICHHBIX B KYIBTYPY
BUJOB. BbIO ONMKMCaHO HECKONIBKO HOBBIX JJISl HAYKU POJOB U BUIOB, JAECTIOHUPOBAHHBIX B JIAHHYIO
kosuiekiwio [20].

Pa3BuBaercs skonoro-mopgoniornyeckoe HampasieHue B usydeHuu LIBLI. CocraBiena
HKOTOKCUKOJIOTUYECKAsi KapTa, IOKa3blBalOLasi TI'PaHMLbl YCTOWYMBOCTH MOP(}OIOrHYecKoro
craryca BHJA, reorpapuuecKkoe pacupocTpaHeHne W MopQOJOrHYecKass W3MEHYHBOCTH. A.W.
®a3nyTAMHOBOM BBIABICHBI MIPEEbl YCTOWYMBOCTH AUATOMOBBIX BOJIOPOCIIEH K €CTECTBEHHBIM U
AQHTPOITOTEHHBIM JKOJIOTHYECKUM (akTopam [9].

Buumanue ypensercs — M3ydyeHMIO OMOXMMHUM M YIbTPAaCTPYKTYpbl LUaHOOAKTepuil u
BOJIOPOCIICH TIpH Bo3leiicTBUH pH, BRICOKMX TEMIIEpaTyp U TsHKeIbIX MeTayuioB [8, 9]. Ausbrosoru
bamikoproctana ypaenstoT OOnblIOE BHUMAHUE M HPUKIAJAHBIM IpoOJieMaM HCHOJIb30BAHUS
[IUAHOOAKTEePHA W BOJOPOCIICH: OMOMOHHTOPWHI OKPYKAIOWIEH Cpeabl, CEeIbCKOE XO3SHCTBO,
ourcTka ctouHblx Box u Ap. (H.B. CyxanoBa, M .IO. llapunosa, JI.M. Caduynnuna, TypbsHoBa
P.P. u np.) [2]. W3y4aroTcsi BO3MOKHOCTH OMOTECTUPOBAHUS HAHOYACTHI[ METAJUIOB C MOMOIIBIO
nuaHobakTepuii 1 Bojpopociei. IIpoBoasTcs MccieqoBaHUS IO CO3/aHUIO OHOIpenapaTtoB Ha
uaHoOaKkTepralibHOM ocHOBE. M3yueHo copepxaHre GUTOrOPMOHOB (MHIOJIUITYKCYCHOM KUCIIOTHI,
LIUTOKUHUHOB) B KYJIbTYPAJIBHON CpelE€ MEPCHEKTUBHBIX IITAMMOB, BBIJCIEHBl IITaMMBI,
00JIa/IafoIIe POCTCTUMYJIUPYIONICH aKTHBHOCTHIO HAa CEbCKOXO3SHCTBEHHBIC KyIbTyphl [11].
Yacte ydumckux koiuier paboraer B Apyrux ropojax Poccuu, mponmoikas ajmbrolorndeckue
uccinenoanus: Bo Brnagusocroke (LL.P. AOxaynnun), Anaturax (P.P. [llansiruna), bupcke (H.H.
[[Imene), Meneysze (11.B. Paxmarynnuna) u 1.1.

C 1883 mo 2001 rr. ameromoramu PecmyOmnuku bamkoprocrtan omyOnnkoBaHo okosio 790
pa6ort [5], ¢ 2002 mo 2021 rr. ©6osee 1000 paboT, 0XBAaTHIBAIOLINX PA3IMYHbIE ACTIEKTHl U3yUEHHUS
raHnoOakTepuit U Bogopocien [2] .

ANBroyoru ynenstoT 60i1bl10e BHUMAHUE MEarornyecKoMy MPOLEecCy: HalUCaHbl KPaTKUue
OTIPEICTTUTENIN BOJIOPOCIEH, ydeOHbIe TOCOOUS MIJIsi CTYIEHTOB M acliupaHToB [5, 13].

Hexotopsie Tpynsl ansronoros Pb, omyOnukoBaHHBIE B NOCIEAHUE TOABI, MPUBEACHBI B
CIHCKE JINTEPATypHhI.
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POJIb IMAHOGAKTEPHH B KOPPO3MOHHBIX NPOLHECCAX
TPYBOIIPOBO/JHBIX CTAJIEHU

Annomayusn. VI3yuena Guokopposus U ee BiHMsSHHE Ha (U3MKO-MEXaHHMYeCKHe CBOWCTBA
CTaJM B Pa3HBIX CpPeAax IMOJ BIMSHUEM MAarHUTHOTO TOJs. 3aUKCUpPOBaHBI HM3MEHEHUS CBOMCTB
MeTalljia 1O BIUSHUEM KOPPOAMUPYIOIMIUX (aKTOPOB M BBISBIEH COCTaB IUAaHOOAKTEPHAIBHBIX
IUIEHOK Ha oOpa3uax TpyOONpOBOJIHBIX CTajlled HpHU pasHbIX yciaoBusxX. [Ipu HamarHuuuMBaHuu
MeTaJljia MPOUCXOAUT YTHETEHUE IIMaHO0AKTEPUd U COMYTCTBYIOIIMX BOJOPOCIIEH Ha MOBEPXHOCTU
€ro MOBEPXHOCTH. YCTAaHOBJIEHO OTCYTCTBHE pa3jM4Us B IMPOSBICHUU OMOKOPPO3HH IO BCEMY
M3y4YEHHOMY MOYBEHHOMY pPa3pe3y MpU OJMHAKOBON BPEMEHHOW 3KCIIO3UILIMM, B TOM YHCIIE U Ha
o0pasuax B yCIOBHUAX HAMAarHUYHBAHUS.
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ROLE OF CYANOBACTERIA IN CORROSION PROCESSES OF PIPELINE STEELS

Abstract. Biocorrosion and its influence on the physical and mechanical properties of steel
in different media under the influence of a magnetic field have been studied. Changes in the
properties of the metal under the influence of corrosive factors were recorded and the composition
of cyanobacterial films on samples of pipeline steels under different conditions was revealed. The
inhibition of cyanobacteria and related algae on the surface of its surface occurs when the metal is
magnetized. It has been established that there is no difference in the manifestation of biocorrosion
throughout the studied soil section with the same time exposure, including on samples under
magnetization conditions.

Keywords: biocorrosion, cyanobacteria, algae, magnetic field, steel, hardness

[TouBeHHass KOppoO3Msl MeTalljla Ha CETOJHSAIIHUN JEHb SBIAETCS OJHOM H3 CaMbIX
pacnpoCcTpaHEHHBIX NMPUYHMH aBapHil MOA3EMHBIX TPYOOIPOBOJOB. B KOMIUIEKCHOW arpecCUBHOCTU
[0 OTHOILEHUIO K MOA3EMHBIM COOPY>KEHUSIM CYIIECTBEHEH BKJIAJ OMOKOPPO3ZMOHHON aKTHBHOCTHU
MUKpOOpranu3moB rpyHta. B Poccuiickoit denepannu norepu HePTIHONW MPOMBIIIIEHHOCTH T10
NpUYrHEe OMOKOPPO3UU COCTABISIIOT 10 2 % cromMoctd Metawiodonaa. [1]. Merammdeckue
W3/IeNUS SBISIIOTCSL 00beKTaMu Ononectpykiuu B 12,6 % ciydaes [7].
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Buokoppo3usi  BBI3BIBAE€TCS  KU3HEACATEIBHOCTBIO  PA3IMYHBIX  MHUKPOOPTaHU3MOB
(Bomopocnel, OakTepuid, APOXOKEH, TpUOOB), KOTOPHIE HCIONB3YIOT METAUT KaK IMUTATEIbHYIO
Cpely WJIH BBLICISAIOT MPOAYKTHI, pa3pylIalolle JIeHCTBYIOIIME HA MeTall. MHUKpOOpraHU3MBI,
HaXOJSIIMecs B BOJHOM cpesie U IPYHTE, B COCTOSIHUM CIIPOBOLIUPOBATH CEPHE3HBIE KOPPO3UOHHBIE
paspyuenus [4,5,7].

JeiicTBre MUKPOOPraHM3MOB Ha METAJUIbl MOKET MPOUCXOIUTh paznuyHo. lIpexnae Bcero,
KOPpPO3HMI0O METAZIOB MOTYT BBI3BIBATh AarpecCUBHbIE METaOOJIUTHl MHUKPOOPTaHU3MOB —
MUHEpaJbHbIE W OpPraHUYECKUE KHUCIOTHI U OCHOBaHUS, (QepMeHThl U Apyrue. OHU co3aaioT
KOPPO3HOHHO-aKTHBHYIO Cpely, B KOTOPOW B NPUCYTCTBHHM BOJABI TNPOTEKAET KOPPO3US TI0
OOBIUHBIM 3aKOHAM 3JIEKTPOXUMHUH. KOJTOHUHM MUKPOOPraHW3MOB MOTYT CO3/1aBaTh Ha ITOBEPXHOCTH
METaJUIOB HAPOCTHI U TUIEHKA MUIIETUS WU CIU3H, IO KOTOPHIMH MOXET Pa3BUBAThCS s3BEHHAS
(MUTTUHTOBAsl) KOPPO3Usi B Pe3yJbTaTe Pa3HOCTH DJIEKTPUUYECKUX MOTEHLHATIOB Ha Pa3IMYHBIX
y4acTKaxX MOBEPXHOCTU MeTalla ¥ aCCUMHJISIUH MOHOB METAJUIOB CAMUMH MHKPOOPTraHH3MaMu
JlokanbHasg KOppo3usi MPU HUYTOXKHBIX IMOTEPSAX METalsla MOXET BBI3bIBATH KaTacTpO(pUUECKOe
najicHue MPOYHOCTH U TsDKEJIee MOAIaeTCss KOHTpoJio [8].

Haubonee monBep:keHbl OMOJIOTMYECKON KOppo3uu TpyOONpOBOABI, pe3epByaphl, CBaM W
WHBIE TOJ3eMHBIE TPyOONPOBOABI M KOHCTPYKIUH. AKTYaJbHBIMH SIBISIFOTCS HCCIIEIOBAHUS
MEXaHM3MOB, OINMUCHIBAIOUINX (OPMUPOBAHHE OUOKOPPO3UH METAIOB, HCIHOIB3YEMBIX B
HedTerazoBoil ortpaciu. IloyBeHHBIE IMAaHOOAKTEPHUH M BOJOPOCIH, SBISISICH COCTAaBHOM W
aKTUBHOM 4acCThIO IIOYBBI, TAK)KE HE MOTYT HE OKa3bIBaTh BIMSHUS Ha KOPPO3UIO METAILIIOB.

OTH OpraHu3Mbl, B OOJBIIMHCTBE XapaKTEPHU3YIOUIHNECS MHKPOCKONUYECKHIMHU pa3MepaMH,
JAl0T MaKpOCKONMUYECKHE pa3pacTaHus, XOpPOIIO 3aMeTHble HEBOOPYXKEHHBIM TInazoMm. Yacto
MMCHHO [MAaHOOAKTEpUH BBICTYIAIOT B POJH JCTCPMHHAHTOB KoHcopimi [9], cocTosimmx wux
COIYTCTBYIOIIUX BOJOPOCIEH, MUKPOMUIIETOB U MPOCTEHUILINX.

B cBsi3u ¢ 3TUM, HaMM M3YYEHO BIMSHUE ITUAHOOAKTEPHAIHHO-BOJOPOCIEBHIX 1IEHO30B Ha
KOPPO3UOHHBIE  MPOIIECCHI cramu 09I'2C, kortopas wucHoib3yercs Ui HW3TOTOBICHHS
MarucTpalIbHBIX TPYOOIIPOBOIOB B HE(PTEra30BOM MPOMBIIIICHHOCTH.

[lepBbIM 3TamoM SBUJIOCH M3y4€HHE  H3MEHEHMs Macchl oOpasnoB ctamu 0912C c
Pa3IMYHBIM TIEPUOJIOM BBIJIEP)KKH B BOJHOM cpelie ¢ mraHoOakTepusiMu. Ha BTopom sTare n3ydanu
OMOKOpPPO3UIO B MOYBE Ha pa3IMYHON TITyOMHE 3ajleraHusl METOAOM TBEPAOMETPUH MO HapyKHOU
MTOBEPXHOCTHU HCIIBITYEMBIX 00pa3IioB.

JUis mpoBefeHusl SKCIEPUMEHTa MCIOJIb30BaNM  IUIOocKUe obOpasusl u3 cramu 0912C c
paboueil ymHOM paBHOH 150 MM, KOTOpbIE MOMEUIAINCH B CPENy C AMCTUIUIMPOBAHHOW BOAOH U
IUaHOOAKTEPUSIMU, U MHKYOHMpOBaiKuch B TeueHue 7 U 14 cyrok. LluaHoGakTepuun mpeacTaBisuiv
cO00¥ TUIEHKH, BHIUMbBIC HEBOOPYXeHHBIM ri1a3oM. CocTaB mieHoOK rnaHooaktepwuit: Nostoc linckia
(momunanT), Phormidium variabile, Leptolyngbya foveolarum. Koutposnp - aucTuiinpoBaHHas
BOJA.

[Tocne KOHTaKTa ¢ MUKPOOpPraHU3MaMH IO MCTEYEHHUU CPOKa BBIICPKKHU B KUIKOM cpene
o0pasIiibl CHOBA 3aMePsUTUCh (CTENEHb KOPPO3UU OIIEHUBAIACh 110 M3MEHEHUIO MacChl 00pa3iioB), U
CpaBHUBAJIM MOJTY4YEeHHBIE 3HAUeHUs (Tabi.1).

Taxke TPOBOIMIM OSKCIEPUMEHTHl  TIO0 M3YyYCHHWIO BIHSHUAS OHOKOPPO3HUU Ha
MEXaHUYECKHE XapaKTEePUCTUKH TPYOOIpOBOJIa, Ha CTallb METOJOM TBEPAOMETPHH 110 Hapy>KHOU
MOBEPXHOCTH HCIIBITYEMBIX OOpaslloB TIIOCIe BBICPKKHM B TouBe. B kadecTBe 0OBekTa
UCCIIeIOBaHUM HCTOJb30Bajcs (parmeHT OecuioBHOI ropsueneopmupoBanHoi TpyOsl (I'OCT
32528-2013) u3 cramu 0912C B cocTossHUH MTOCTaBKU AuaMeTpoM 108 MM # TOMIMWHOW CTeHKH 4
mM. [Ipu m3rorosneHnn obpas3noB TpyOy Hapes3aiau Ha Koibla JIMHONH 10 MM M MapKUpOBajH, a
9TOOBI WCKJIFOYUTH IOTaJJaHWe TIOYBHl HAa BHYTPEHHIOI TOBEPXHOCTH 00pasIbl C JABYX CTOPOH
TepMETUYHO 3aKPBIBAINCH 3aTTYIIKAMH.

[Tockonpky mpu 1e(hEeKTOCKONUU TPYO MPOUCXOAUT HAMAarHMUYKMBAaHUE, YacTh 00Pa3IoB TPyO
MOJIBEprajii BO3JICHCTBUIO MarHUTHOT'O TOJIS, JJIsl YeT0 IMPOBOAMIIACH YCTAHOBKA MPSAMOYTOJIBHBIX
MarHUTHBIX CTEp)KHEH 110 TepUMeTpy Koyblla W3HYTpu. Jlms wmccrmemoBaHwWid OBUIM  B3STHI
HeouMOoBBIe MarHUTHL. Kitacc marauta 70*5*5 — N 35, ocratounas MarauTHast uHaykuus — 1170-
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1220 mT, xospuuTuBHas cuina — 955 A/M, MaruuTHast sHeprus -26-287 x/[x/m3, cuia Ha OTPBIB -
7,04 xT.

Y4uuTheiBasgs BO3MOXKHYIO HEPaBHOMEPHOCTb pPaCIpeieieHUs] MUKPOOPTaHU3MOB 1O TIIyOuHE
MMOYBEHHOTO TTOKPOBa, 00pa3ibl ObUIM YCTAaHOBJICHBI Ha pasznudyHou rimyoune 150, 300 u 600 MM B
1ouse, U BbliepkuBanuck B TeueHue 30, 60 u 90 cyrok. IlouBa — cepas necnas. Ilocne ncreuenus
3aJaHHOTO TIPOMEXYTKa BpEMEHUM oOoOpa3lbl M3BJICKAIUCh M3 TOYBBI IS JAAJbHEHIIMX
uccienoBaHuil. TBepaocTh MeTamia ONpenessuld 0 OKPYKHOCTH TpyObI ¢ IIOMOILBIO TBEPAOMEPA
Poksemna R574 no mkane HRB ¢ marom 14 mwm.

Jnst u3ydeHus IUaHOOAaKTEepuid M BOAOPOCIEH, KOHTAKTUPYIOIIMX C METAJUIOM, JAeJalu
COCKOO MPOKOPPOJUPOBABILEr0 METalla CO CTEHOK TPYObI, IPOCMATPUBAIM 110/l MUKPOCKOIIOM U
NPOBOMJIM MIOCEB HA arapu3oBaHHyIo cpeny ['pomoBa Ne 6 [6] . Onpenensiiin uX CUCTEMaTHIECKYIO
IPUHAJICKHOCTh OOHApY)KEHHbIX LMAHOOAKTEHPUM W BOJOpOCIEH M IPOBOAWIM aHAIU3
sxkooromopd [6].

[TonydyeHHble JaHHbBIE 110 M3MEHEHHUIO MacChl 0Opa3lOB CTalIM IOKAa3blBalOT YMEHBIIECHUE
JAHHOT'O MapameTpa o0pa3lioB BO BCEX BapuaHTaxX 3KcIepuMeHTa. MakcuMaibHbIE [TOTEPU CTaIH
HaOJII0AAIKCh ITPU BBIIEPKUBAHUM 00pa31oB B CpeJie ¢ IUaHOOAKTEpUsIMHU B TeueHHue 14 CyToK, uTo
CBUJETEIBCTBYET OO0 aKTMBHOM KOPPO3HMOHHOM IPOLIECCE W BIMSHUM HAa HETO IPEXJE BCETO
JUTUTENILHOCTH BBIAEP)KKH B CPEAaxX ¢ MUKPOOPIaHW3MaMHU, BBI3bIBAIOIIUMH KOppo3HIo (Tab:il).

Tabnuya 1.
W3menenus maccel 00pa3iioB CTalu
Cpennee
JITUTEIBHOCTD Cpennee 3HAYEHHE MACCHI
BBIICPIKKH BanuamtLL 3HAYECHUE 00pasIIoB 1mocie VMeHbIIeHNE
00pasIos B P HAYaJIbHOU MacChl BBIJICP)KKHU B MAacCCBhI
cpene, CyT. o0pasIoB, r cpene ¢
1[1aHOOAKTEPUSIMU
7 Kunkas cpena 150,34 149,41 0,93+0,002
7 cyenemsua 159,67 158,84 0,97+0,002
uanoOakTepuit
14 cyenersit 153,39 152,40 0,99+0,002
uano0akTepuit

[TpoBeneHHBIH SKCHEPUMEHT MO M3YYEHHUIO BIMSHHUS OHOKOPPO3UHM Ha MEXaHHYECKHe
XapaKTepUCTUKH TPYOONpOBOJa Ha CTallb METOIOM TBEPAOMETPUH IO Hapy>KHOW MOBEPXHOCTHU
UCHBITYEMBbIX 00pa3LoB MOCIIE BBIAEPKKH B IOUBE MOKa3all, YTO Bce 00pa3libl CTaIM, TOMEIIEHHBIE
B MTOYBEHHYIO Cpe/y Ha Pa3HbIN CPOK, B OOJIbIIEH WM MEHBIIEH CTENEeHHU, OJIBEPIIINCH KOPPO3HH.
AHanu3 TONYyYEHHBIX JAaHHBIX CBHJIETEIBCTBYET O TOM, YTO TBEPAOCTh (GparMeHTOB TpyO B
COCTOSIHUM TIOCTaBKH M 00pa3loB, BBIIEPXKAHHBIX HA Pa3IMYHON IiyOMHE MOouBbl B TeueHue 30
CYTOK, CXOJIHBI TI0O CBOMM XapakrepucTtukam (Tabia. 2). Torma kak, y o0Opa3LoB, BbIAEpKAHHBIX B
TeueHne 60 CYTOK, HaMeuyaeTcsi TEHACHIMS K CHIDKCHUIO XapaKTepHCTHK TBepaocTH (Tabi.2).
OOpa3sipbl, BhIZIEp)KaHHBIE B MoyBe B TeueHHe 90 CyTOK MO MOJIYYEHHBIM 3HAYEHUSM TBEPIOCTH
YCTYNaIT UCXOAHOMY 00pasily, HE IMOABEPKEHHOMY Koppo3uu. Takum oOpa3om, MOKa3aHo, YTO
U3y4CHHBIC TIIyOMHBI 3ajeraHus oOpa3lloB HE  BIUSET Ha TBEPAOCTh MeTamia (Tadi.2).
XapakTeprucTuKa TBEPJOCTH METaula 3aBUCUT OT BPEMEHHM BBIJEPKKU B MOYBE, YTO CBSI3aHO C
Oosiee JUIMTENBHBIM KOHTAKTOM ITOBEPXHOCTH MeETalja C TMOYBEHHOM cpenoil. JlOCTOBEpHBIX
pasznuuuii TBEpAOCTH 00pa3oB Mo PokBeTy B 3aBUCUMOCTH OT TJIYOMHBI 3aJIeTaHUS HE BBISBIICHO.
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TBepaocTh 00]

Tabauya 2.

pa3OB, HC ITIOJABCPIKCHHBIX BO3I[€I\/'ICTBI/II-O MAar"duTHOI'O ITOJIA

Howmep o6pa3siia

['mybuna 3aneranus
00pas3IoB B MOYBE, CM

JnurensHOCTh
BBIJICP’KKH B TIOYBE,

Cpennee 3HaueHue
TBEPAOCTH T10

CyT Poksemry, HRB
Hcxonubii - - 74,16
1 [ToBepxHOCTH 30 68,77
2 15 30 67,08
3 30 30 68,83
4 60 30 68.22
5 [ToBepxHOCTH 60 66,94
6 15 60 66,21
7 30 60 66,57
8 60 60 65,39
9 [ToBepxHOCTH 90 65,26
10 15 90 61,67
11 30 90 62,29
12 60 90 62,35

[TapaniensHO ObUTH POBEIEHBI U3MEPEHUS TBEPJOCTH METallIa MO/ BIUSHUEM MarHUTHOTO
MOJIsl  TOCJie BBIIEPKKU 00pas3ioB cranu B nouse B TeueHue 30, 60, 90 cyTok Ha pa3auuHOU
riyoune 3aneranust CpenHre 3HaYEHUs TBEPIOCTH 00pa3LioB CTaM MOJ BO3/AE€HCTBUE MarHUTHOTO
M0JIS IPUBEIEHBI B Ta0nue 3.

Tabnuya 3.

TBepI[OCTL 06p213L[OB, MMOABCPIKCHHBIX BO3JCHCTBUIO MArHUTHOI'O ITOJIS

Howmep o6pa3siia

['myOuna 3aneranus
00pasIoB B MOYBE, CM

JnurensHOCTH
BBIZICP’KKH B TIOYBE,

CpenHee 3HaueHHE
TBEPJOCTH T10

CyT Poksemry, HRB
HUcxonusiii - - 74,37
1 [ToBepxHOCTH 30 70,98
2 15 30 71,47
3 30 30 72,74
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4 60 30 72,13
5 IToBepxHOCTH 60 68,79
6 15 60 68,98
7 30 60 68,17
8 60 60 67,40
9 [ToBepxHOCTB 90 65,49
10 15 90 65,95
11 30 90 63,42
12 60 90 62,63

CpaBHMBas CpelHHE 3HAYEHHUS TBEPJOCTH IOCIC HAMarHWYMBaHHUsS 0O0pas3ioB (Tabm. 3)
CIIEyeT OTMETHUTh, YTO IIyOWHA 3aJleTaHus W B 3TOM Cjydae HE BJIMSIET Ha TBEPAOCTh METaylla.
XapakTepHucTuKa TBEPAOCTH 3aBHCHUT OT JTUTEILHOCTH BBIICPKKU B IMOYBE, YTO CBSI3aHO ¢ Ooiiee
JUTUTENILHBIM KOHTAKTOM MTOBEPXHOCTH METaJlIa CO CPEION ¢ MUKPOOPTaHU3MaMH.

Takxe OTCIIe)KMBACTCS HE3HAYUTEIIBHOE CHIDKCHHE TBEPIOCTH OO0pas3loB 03 BIUSHUS
MarHUTHOTO TOJISI TIO CPAaBHEHHUIO ¢ o0Opa3llaMu, Ha KOTOPBIX OBUI YCTAHOBJIICH TMOCTOSHHBIN
MarHuT. OcoOEHHO 3TO MPOSIBIIIIOCh Ha HEOOJBIINX IIIyOMHaX 3ajieraHus oOpaslioB B IOYBE, I€
oOuie 1Mano0aKTepuil BhIIIIC.

[{nanoOakTepuy ¥ BOAOPOCTH BBISBISUIHCH IO BCEMY M3YUYEHHOMY TTOYBEHHOMY pa3pesy.
Bcero o6HapyeHO 27 BHIOBBIX M BHYTPHBHJIOBBIX TAKCOHOB (POTOTPOMHBIX MHUKPOOPTaHU3MOB,
u3 Hux Kk oraeny Cyanobacteria (Cyanoprocaryota = Cyanophyta) otHocuawch 7 BHJIOB,
Chlorophyta - 11, Xanthophyta u Bacillariophyta 5 u 4 Buna coorBerctBeHHO (Tabsa. 4). CrekTp
skoonomopd ChgBsH4CyCF3P2Xamph;. TlpeoGmagaror mpencraBurenn Ch — omHOKIETOUHBIE
GopMBI, BHIBI PAa3TUYHBIX CHUCTEMATHYECKUX TPYII, XOPOUIO TEPEHOCSINNE pa3InyHbIe
HEOJIarONPUATHBIC YCIOBHSI, ITUPOKO PACIIPOCTPAHCHHBIC B Pa3JIMYHBIX TOYBEHHBIX YKOCHCTEMAX.

Tabnuya 4
CocraB ninaHo0akTepuil U BOJAOPOCIIEH Ha MOBEPXHOCTU MeTaJlIa
Oko-
. . ouo-

Bunel nnanobakrepuit 1 Bogopociueit Mop-

()3 1* | Im** | 2 2m | 3 3m | 4 4m
Chroococcus minor (Kiitzing) Nageli C- 3Fx* |1 2 2 1 2
Phormidium variabile (Wille) amph
Anagnostidis & Komarek 2 2 1 1
Leptolyngbya foveolarum (Gomont) P
Anagnostidis & Komarek 3 3 2 3 1 1 2 1
Microcoleus autumnalis (Gomont) P
Strunecky, Komarek & J.R.Johansen . 3 3 2
Nostoc microscopicum Carmichael ex CE
Bornet & Flahault 2 2
Nostoc linckia Bornet ex Bornet & CF 3
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Flahault

Stigonema ocellatum Thuret ex Bornet & CE
Flahault 2

Ulothrix tenerrima (Kiitzing) Kiitzing H 2 2 1 1

Stichococcus bacillaris Nageli Ch 2 2

Chlorococcum infusionum (Schrank)
.. Ch
Meneghini

w
w
N
w
N
N
N

w
w
[EEN
N
[N

Chlamydomonas gloeogama Korshikov

Chlamydomonas intermedia Chodat

Chlamydomonas globosa J.W.Snow

QOO0

Chlorella vulgaris Beijerinck

Lobosphaera incisa (Reisigl) Karsten & ch 1 2
al.

Eubrownia aggregata (R.M.Brown &
Bold) Shin Watanabe & L.A.Lewis

Dictyochloris fragrans Vischer Ch

Dictyococcus varians Gerneck Ch

NN N

Botrydiopsis eriensis J.W.Snow Ch

Gloeobotrys chlorinus Pascher Ch 1

Chloropedia plana Pascher H

Tribonema monochloron Pascher &
Geitler

Xanthonema debile (Vischer) P.C.Silva

Luticola mutica (Kiitzing) D.G.Mann

Navicula oblonga (Kiitzing) Kiitzing

Nitzschia palea (Kiitzing) W.Smith

W WW®@WI T
W NN WIN N
N
PPN W N
N
w

1 3
Hantzschia amphioxys (Ehrenberg) 3 1 1
Grunow

Bceero 22 13 |14 |10 |12 |5 9 5

*TIpumeyanue 1- moBepxXHOCTH, 2- riyouHa 15 cm, 3- rmy6una 30 oM, 4- rimyouna 60 cm,
**Toxe ¢ MAarHUTOM
*EO0nnme

[Toka3aHo, 4TO C yBelIMYEHHEM TIJIyOWHBI TOYBBI BHJIOBOW COCTaB LIMAHOOAKTepuil M
BOZIOpOCEN Heckoyibko obeansierca. Ha Oonbliyto TIyOMHY TNPOHHMKAIOT —BHJIbBI pona
Chlamydomonas, Gloeobotrys chlorinus, Chlorococcum infusionum, Leptolyngbya foveolarum. B
TO XC BpEMA HCO6XOI[I/IMO OTMETHUTH BBLICOKOE OOHMIIME MHOTHX BUI0OB B OOCTAaTOYHO FJ'Iy6OKI/IX
cllosIX MouBbl (Tabs.4). OTuUM, NO-BUAUMOMY, MOXHO OOBSCHHTH OTCYTCTBHE pa3iIU4Hs B
MPOSBIIEHUU OHOKOPPO3MM MO BCEMY HM3YUYEHHOMY IOYBEHHOMY pa3pe3dy IMpH OJWHAKOBON
BPEMEHHOW HKCIO3UIINH.

[lpy mpsMOM MHKPOCKOTTUPOBAHHUU KOPPO3MOHHOTO MaTepHuajia OOHapyKHBAINCH
manobakTepun Nostoc linckia, Leptolyngbya foveolarum wu T.1., koTopsbie, pa3zpactasce, 1 00pazys
INICHKW B IMOYBE, CO3AAIOT YCJIOBHA JIA ITOCCIICHHA B HHUX JAPYTrUX MHKPOOPraHU3MOB. Taxknm
00pa3om, T0Ka3aHO y4acTHe IMaHOOAKTEepHil K BOJOPOCIeH B KOPPO3UOHHBIX MpOIIeccax CTajH.
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IIMAHOBAKTEPUHA BOJJOEMOB KYPITAHCKOM OBJIACTH

Annomayun. B ctatbe BIEpBbIC MPEICTABICHBI PE3yIbTaThl COOCTBEHHBIX HCCIICIOBAHHMA
¢durorankToHa 8 ozep u 2 pexk Kypranckoit obmactu 3a mHoronetHuit nepuona (2001-2021 rr.).
O0600m1eHbl UTEpaTypHble U (OHIOBBIE JaHHBIE O PACIPOCTPAHCHUM IIMAHOOAKTEPUU B BOJHBIX
oowekTax Kypranckoi obmactu ¢ 1929 mo 2021 rr. OOmuii TAKCOHOMHUYECKUN CITMCOK BKJIFOYAET
151 Bux, pasHOBUAHOCTH M (opMy LHaHOOAKTEpUil, MpUHAUIekKAmuUX 1 Kiaccy, 7 mopsakam, 25
cemeiictBam, 54 pogam. Ilo Tumy mecrooOuTanus npeoOIafalOT MJIAHKTOHHBIE | IUIAHKTOHHO-
OceHTOCHBIC (DOPMBI, CPEIM TaKCOHOB C HM3BECTHBIM Teorpadudeckum pacrtpenencauem 84,7 % -
KOCMOTIOJHTHI. BUABI-MHINKATOPBI OPraHUYECKOTO 3arpsi3HEHUs Cpe/ibl cocTaBuiu 84,5 %.

Knwouesvle cnosa: umaHoOakTepuu, BOJHBIE 00BEKTH, Kypranckas o0sacTp,
TaKCOHOMHMYECKOE pa3HooOpa3ue

CYANOBACTERIA OF RESERVOIRS OF THE KURGAN REGION

Tatiana V. Eremkina
Ural branch of “VNIRO” (“UralNIRO”), Ekaterinburg, Russia,
tver60@mail.ru,https://orcid.org/0000-0002-7133-0520

Abstract. The article presents for the first time the results of own studies of phytoplankton of
8 lakes and 2 rivers of the Kurgan region for a long-term period (2001-2021). The literature and
stock data on the spread of cyanobacteria in the water bodies of the Kurgan region from 1929 to
2021 are summarized. The general taxonomic list includes 151 species, varieties and forms of
cyanobacteria belonging to 1 class, 7 orders, 25 families and 54 genera. According to the type of
habitat, planktonic and planktonic-benthic forms predominate, among taxa with a known
geographical distribution, 84.7 % are cosmopolitan. Types-indicators of organic pollution of the
environment amounted to 84.5 %.

Keywords: cyanobacteria, water bodies, Kurgan region, taxonomic diversity

[lepBble cBeneHuss O BHUJOBOM cocTaBe (UTOIUIaHKTOHA U (QurobeHToca u3 42 o3ep
Kypranckoii o6nactu nonyyens! Boponuxunsiv H. H. B 1929 r. [1]. Ony6inKoBaHHBII UM CIICOK
BKitoyan 60 TakCOHOB LMAaHOOAKTEpUN paHroM HUXKE poja. B cBoxHOM crhucke Bojopociei
IOxHoro 3aypanbs, BcTpevaronuxcs B Bogoemax Kypranckoit obnactu, Haymenko H. U. ¢ coasr.
[2] mpuBOaMT mepedeHb U3 73 TaKCOHOB IMaHoOakTepuil ¢ yuerom nanHeix H. H. Boponuxuna.
CannukoBoit O. @. [3] B 10 o3epax ceBepHoii jecocrenu KypraHnckoil obmactu BbisiBieHo 116
TaKCOHOB I[MAaHOOAKTEpUil, OJHAKO TIIOJHOTO CIHUCKa JUIsl OOCJIEeOBaHHBIX BOJOEMOB HE
IIPEJICTABICHO, NIPUBEAEH JIUIIb CIHMCOK M3 27 TaKCOHOB, BIIEPBBIEC BBIABICHHBIX I 3anajaHON
Cubupu.

Ilenp HacTosmiel paboOThl — cHUCTEMaTH3alys JaHHBIX O BHJIOBOM COCTaBe IIMaHOOAKTEpuit
KaK Ba)KHOUM COCTaBJISIONICH aibrodiopsl BojjoeMoB Kypranckoit o0imacTu.

MarepuanoM i Hamiei paboThl HMOCTYXUIH cOOpbl (PUTOMIIAHKTOHA B BEreTallMOHHBIN
nepuog 2001 — 2021 rr. Ha pbIOOXO3sicTBeHHBIX Bojgoemax Kypranckoil obOmact Ha
CTAllMOHAPHBIX CTAaHIMAX HaOMIOAEeHU (PUCYHOK), JHMTEpaTypHble W apXUBHbIC JaHHBIE.
WuTerpanbubie npoObl (UTOMIIAHKTOHA OTOMpaliu Ha TIyOMHY (OTUYECKOTO CJos, PUKCHPOBAIU
40%-upIM pacTBOpOM (QopmararHa U o0pabareiBagu B J1a0OpaTOpud B COOTBETCTBHM C
oOmenpuHATEIMU MeTonamu [4]. [lns ompeneneHus: BUIOBOTO COCTaBa MCIOJIB30BAJICS CBETOBOM
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MUKpockon «Mukmen-6». UucneHHOCTh Bojopociel ompezaensuii B kamepe Haxorra ob6bemom
0,01 e, Ouomaccy — C4eTHO-00BEMHBIM MeTOAoM [4; 5]. 3a 0CHOBY KJIacCH(pUKAIIMK MPU OLIEHKE
TaKCOHOMHYECKOTO COCTaBa COOOINECTBA MPHHATA CHUCTEMa, HCIOJIb3yeMas B aIbIOJOTHYECKOU
0ase nmanaeix Algaebase [6]. Jlias skosjoro-reorpaduyeckoil  XapakTEPUCTHKH BOIAOPOCIEH
ucnonb3oBanu ganusie bapunosoii C. C. ¢ coasr. [7].

F LI
s
~

AP

3

9
7

Macwra6 1:4000000

Puc. 1 — Kapra-cxema pacronox)eHus HCCIETYEMbIX BOJHBIX 00BEKTOB:
1 - O3. Anakyns; 2, 3 — 03. bonbmioe u Manoe byteipuno; 4 — 03. Illyuse; 5 — 03. bonbune
Honxku; 6 — 03. 3anoxuoe; 7 — 03. Haitnenoso; 8 — 03. Cyepckoe; 9 — p. To6om; 10 — p. YTsk

Tepputopust Kypranckoit obiactu pacnosnoxkeHa mexay 54°10' u 56°46' c.am., 62°02' u
68°39' B.1. IIpoTsi’K€HHOCTH ¢ ceBepa Ha 0T COCTaBISIET 0K0JIo 290 KM, ¢ 3amazia Ha BOCTOK — OKOJIO
430 kM. ['eorpadmyeckoe MookeHUE OMpeAeseT ee KIMMAT Kak KOHTHHEHTAJbHBIA YMEPEHHOTO
nosica. Peunas cerb BxoauT B OOb-MpThIICKYIO cHcTEMY W NpUHAAIEKUT OacceitHy Kapckoro
MOpSI.

lMupporpadus o6nactu mpencTasisier coooi Be KOHTpacTHBIE 30HbI. [lepBas mpencraBieHa
CeBEpO-3aMaHbIMU, 3alaJHbIMHU U [IEHTPAJIbHBIMU pailoHaMu, pacrlojoKeHHbIMU B OacceilHax pek
To6omn, Ucers u Muacc u JpeHUPYIOIUMUCS Pa3BUTON PEUHOM CETHIO. 3/IECh )K€ COCPEAOTOUCHHBI
OCHOBHBIE 3amachl MOJ3eMHbIX BoJA. BTopas 30Ha BkitouaeT B ce0sl OU€Hb MAJOBOJIHBIE HOXKHBIE U
I0T0-BOCTOUYHBIE paiioHBbI, MpuMbIKatomue k Kazaxcrany [8]. Ha reppuropun Kyprauckoii oomactu
pacmosioxeHo 2878 03ep pbIOOX03UCTBEHHOTO 3HAYCHHS, 95 PEK MPOTHKEHHOCTHIO 3,9 THIC. KM U
28 BOJOXpaHUIUI] IJIOMIA/1b0 2,6 ThIC. Ta [9].

Uccnenyemble o3epa — COJTIOHOBAThIE, METIKOBOJIHbIE, 3BTPOQHBIE, IEPHUOINUECKH 3aMOPHBIE
BOJIOEMbI KapaceBoro tuna. Pexka Toboxn uccnenoBanach B cpeiHeM TedeHUHU oT A. KomkuHo 110 1.
benprit flp. DTOT ydacTok BOJOTOKA XapakTEPU3YETCs MOBBINIEHHON MHUHepanu3aiuen (mo 658
MI‘/IIM3), HEYCTOWYMBHIM Ta30BBIM PEKHMMOM, BBICOKOHW IIBETHOCTHIO (110 112 rpamycoB 1IBETHOCTH)
Y 3HAYUTEIIBHBIM COJIEP’)KaHUEM OMOTEHHBIX JIEMEHTOB (NH4+ - 1o 3,80 MF/ILM3, NO, - mo 0,18
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mr/mv’, NO3z - 1o 10,4 mr/av®, PO, - 1o 1,40 mr/av®). Peka Yrsik — npaBblid mpUTOK p. Tobo -
UCCIIeIoBaNIach HA y4acTKe BHaAeHus B p. ToOoI.
K Hacrosimiemy BpeMeHHM CBOJHBIN CITUCOK InaHoOakTepuii BogoemoB Kyprauckoit obmactu
C y4Y4eTOM COBPEMEHHBIX HOMEHKJIATypHBIX IpeoOpa3oBaHuii HacuuThiBaeT 151  Buz,
Pa3HOBUAHOCTH M (POPMBI, MpUHAAIeKAMUX | Kiiaccy, 7 mopsakaMm, 25 ceMeiicTBam, 54 pogam, 4To
comoctaBuMO ¢ Giiopoit nanodakTepuit BogoemoB CeepioBckoit (189 takconoB) n YensOuHckoi
obnactu (185 takconoB) [10]. Hamu B mcciaeIOBaHHBIX BOJHBIX OOBEKTax BBIABICH 81 TakCOH
(trabmn. 1), uro cocraBiger 53,6 % OT CBOJHOTO CIHCKAa H3BECTHBIX HaM IIMAaHOOAKTEpUH,
UACHTU(UIMPOBAHHBIX B Bojoemax Kypranckoit obmactu. M3 Hux 53 TakcoHa Ha TeppUTOpPHU
Kyprauckoii o6actu oOHapyXeHbI BIIEPBbIC.
Tabauya 1.

TakCOHOMUYECKHUI COCTaB IIMAHOOAKTEPHIA B MCCIIEyeMbIX BojoeMax Kypranckoii obnactu

1123|456 |7]8]9]10

Anabaena Bory de Saint-Vincent ex Bornet & Flahault *
sp.

Anabaena augstumnalis f. incrassata (Nygaard) *
Elenkin

Anabaena bolochonzewii C.Meyer 1926 (= Anabaena *
spiroides f. meyeriana (Meyer) Elenkin 1938)

Anabaena circinalis var. macrospora (Wittrock) Forti * | 0*
1907 (=Anabaena hassallii f. macrospora (Wittrock)
Elenkin)

Anabaena flos-aquae f. jacutica (Kissel.) Elenk. * *

Anabaena oscillarioides Bory ex Bornet & Flahault | *
1886

Anabaena sphaerica Bornet & Flahault 1886 *

Anabaena sphaerica f. conoidea Elenkin 1938 *

Anabaena spiroides f. contorta (Kleb.) Elenkin *

Anabaena spiroides f. woronichiniana Elenkin 1938 *

Anabaenopsis arnoldii Aptekar 1926 *

Anabaenopsis knipowitschii (Usachev) Komarek 2005 * *
(= Anabaena knipowitschii Usachev 1927)

Anagnostidinema amphibium (C.Agardh ex Gomont) * ol i
Strunecky, Bohunicka, J.R.Johansen & J.Komarek
2017 (= Oscillatoria amphibia C.Agardh ex Gomont
1892)

Anathece clathrata (W.West & G.S.West) Komarek, | * | * | * | * | * *
Kastovsky & Jezberova 2011 (=Aphanothece clathrata
West & G.S.West 1906)

Aphanizomenon flos-aquae Ralfs ex Bornet et Flahault | * | * | * | * | * | * ol I
1888
Aphanizomenon gracile Lemmermann 1907 *

(=Aphanizomenon flos-aquae f. gracile (Lemm.)
Elenk.; Aphanizomenon flos-aquae f. klebanii Elenk.)

[N
()
w
S
(3]
o
~
oo
©

10

Aphanocapsa delicatissima West & G.S.\West 1912 | * | * | * | * * **
(=Microcystis pulverea f. delicatissima (West &
G.S.West) Elenkin 1938)

Aphanocapsa grevillei (Berkeley) Rabenhorst 1865 (= *
Microcystis grevillei (Berkeley) Elenkin1938)
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Aphanocapsa holsatica (Lemmermann) Cronberg et
Komarek 1994 (=Microcystis pulverea f. holsatica
(Lemmermann) Elenkin)

Aphanocapsa kovacekii R.N.Beljakova 2004 (=
Microcystis pulverea f. pulchra (Lemmerm.) Elenkin
1938)

Aphanocapsa planctonica (G. M. Smith) Komarek et
Anagnostidis 1995  (=Microcystis  pulverea f.
planctonica (G. M. Smith) Elenkin 1938)

Aphanothece elabens (Brébisson ex Meneghini)
Elenkin 1938

Aphanothece salina Elenkin & A.N.Danilov 1915

Aphanothece stagnina  (Sprengel) A.Braun in
Rabenhorst 1863

Chroococcus minimus (Keissler) Lemmermann 1904
(= Gloeocapsa minima (Keissler) Hollerbach in
Elenkin  1938; Gloeocapsa minima f. smithii
Hollerbach, Kosinskaja & Poljanskij 1953)

Chroococcus  minutus  (Kiitzing) Nageli 1849

(=Gloeocapsa minuta (Kiitzing) Hollerbach in Elenkin
1938)

Coelomoron pusillum (Van Goor) Komarek 1988
(=Gomphosphaeria pusilla (Van Goor) Komarek 1958)

Coelosphaerium dubium Grunov in Rabenhorst 1865

Coelosphaerium kuetzingianum Négeli 1849

Cuspidothrix ussaczevii (Proshkina-Lavrenko)
P.Rajaniem, J.Komarek, R.Willame, P.Hrouzek,
K. Kastovska, L.Hoffmann & K.Sivonen 2005
(=Aphanizomenon elenkinii Kisselev 1951)

Cyanarcus hamiformis Pascher 1914

Cyanodictyon planctonicum B.A.Mayer 1994

Cyanodictyon reticulatum (Lemmermann) Geitler 1925

Dolichospermum circinale (Rabenhorst ex Bornet et
Flahault) Wacklin, Hoffmann et Komarek 2009
(=Anabaena hassallii Wittrock ex Lemmermann 1907)

Dolichospermum flos-agauae ([Lyngbye] Brébis-son
ex Bornet et Flahault) Wacklin, Hoffmann et Komarek
2009 (=Anabaena flos-aquae (Lyngbye) Brebisson ex
Bornet et Flahault 1888; Anabaena contorta Bachmann
1921)

Dolichospermum lemmermannii (Richter in
Lemmermann) Wacklin, Hoffmann et Komarek 2009
(=Anabaena lemmermannii Richter in Lemmermann
1903)

Dolichospermum  perturbatum  (Hill) ~ Wacklin,
Hoffmann et Komarek 2009 (=Anabaena flos-aquae f.
aptekariana Elenkin 1938; Anabaena perturbata Hill
1976)

N

o

10

Dolichospermum scheremetieviae (Elenkin) Wacklin,
L.Hoffmann & Komarek 2009 (=Anabaena
scheremetievi Elenkin 1909 f. scheremetievi)

Dolichospermum spiroides (Klebahn) Wacklin,

Hoffmann et Komarek 2009 (=Anabaena spiroides
Klebahn 1895)
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Gloeocapsa haematodes (Kiitzing) Kiitzing 1849

Gloeocapsa punctata Négeli 1849

Jaaginema minimum (Gicklhorn) Anagnostidis &
Komarek 1988 (= Oscillatoria minima Gicklhorn 1921)

Johanseninema constrictum (Szafer) Hasler, Dvorak &

Poulickova 2014 (=Anabaena constricta (Szafer)
Geitler 1925)

Leptolyngbya foveolara (Gomont) Anagnostidis &
Komarek 1988 (= Phormidium foveolarum Gomont
1892)

Leptolyngbya tenuis (Gomont) Anagnostidis &
Komarek 1988 (=Phormidium tenue Gomont 1892)

Limnococcus limneticus (Lemmermann) Komarkova,
Jezberovd, O.Komarek & Zapomelova 2010 (=
Gloeocapsa limnetica (Lemmermann) Hollerbach in
Elenkin 1938)

Limnothrix planctonica (Wotoszynska) Meffert 1988
(=Oscillatoria planctonica Woloszynska 1911)

Lyngbya lagerheimii f. minor Elenkin 1949

Merismopedia elegans A. Braun in Kiitzing 1849

Merismopedia minima G.Beck in G.Beck &
Zahlbruckner 1897

Merismopedia minutissima Joosten 2006

Merismopedia punctata Meyen 1839

Merismopedia tenuissima Lemmermann 1898

Microcystis aeruginosa (Kiitzing) Kiitzing 1846

Microcystis flosaquae (Wittrock) Kirchner 1898
(=Microcystis aeruginosa f. flos-aquae (Wittrock)
Elenkin 1938)

*| | #|

*| | | #|

*| | | #|

Microcystis ichthyoblabe Kiitzing 1843

Microcystis prasina (Wittrock) Lemmermann 1904 (=
Microcystis pulverea f. prasina (Wittr.) Hollerb.)

Microcystis pulverea (Wood) Forti emend Elenkin
1938

Microcystis pulverea f. minor (Lemmermann)
Hollerbach

Microcystis  wesenbergii  (Komarek) Komarek in
Kondrateva 1968

Nodosilinea bijugata (Kongisser) Perkerson &
Kovacik in Perkerson et al. 2011 (= Phormidium
bijugatum Kongisser 1925)

Nodularia harveyana Thuret ex Bornet & Flahault
1886

Nodularia spumigena var. litorea Bornet & Flahault 1886

Oscillatoria limosa C.Agardh ex Gomont 1892

Oscillatoria tenuis C.Agardh ex Gomont 1892

N

(6}

10

Oscillatoria tenuis f. uralensis (Woronichin) Elenkin
1949

Phormidesmis molle (Gomont) Turicchia, Ventura,
Komarkova & Komarek 2009 (= Phormidium molle
Gomont 1892)

Planktolyngbya contorta (Lemmermann) Anagnostidis
et Komarek 1988 (= Lyngbya contorta Lemmermann
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1898)

Planktolyngbya limnetica (Lemmermann) Komarkova- | * | * | * | * B e *
Legnerova et Cronberg 1992 (= Lyngbya limnetica
Lemmermann 1898)

Planktothrix agardhii (Gomont) Anagnostidis & | * | * | * | * | * * |
Komarek 1988 (= Oscillatoria agardhii Gomont 1892)
Pseudanabaena mucicola (Naumann et Huber- * * 0

Pestalozzi) Schwabe 1964 (=Phormidium mucicola
Naumann et Huber-Pestalozzi (in Huber-Pestalozzi &
Naumann) 1929)

Rhabdogloea linearis (Geitler) Komarek 1983 (= *
Dactylococcopsis linearis Geitler 1935)

Rhabdogloea smithii (Chodat & F.Chodat) Komarek | *
1983 (=Dactylococcopsis smithii Chodat & F.Chodat
1925)

Romeria leopoliensis (Raciborski) Koczwara in Geitler *
1932

Schizothrix lacustris A. Braun ex Gomont 1892 * * *

Snowella lacustris (Chodat) Komarek et Hindak 1988 | * | * Sl I B **
(=Gomphosphaeria lacustris Chodat 1898)

Snowella rosea (Snow) Elenkin 1938 * | * * * *

Spirulina laxa G.M.Smith 1916 * *

Woronichinia compacta (Lemmermann) Komarek et | * | * Sl R * |
Hindak 1988 (=Gomphosphaeria lacustris f. compacta
(Lemmermann) Elenkin1938)

Woronichinia delicatula (Skuja) Komarek & Hindak *
1988 (=Gomphosphaeria aponina f. delicatula (Vir.)

Elenk.)

Woronichinia naegeliana (Unger) Elenkin 1933 * * | * *

[Tpumeuanwue. [IpunsaTeie ob6o3Hauenus: 1 — 03. Amakynb; 2 — 03. bombsmoe ByTeipuno; 3 — 03. Manoe
Bytsipuno; 4 — o03. llyuse; 5 — 03. bonpemme Jlonku; 6 — o3. 3amoxkHoe; 7 — 03. Haiinenoso; 8 — o03.
Cyepckoe; 9 —p. Toboi; 10 — p. V1sk

[Tponopumu  ¢uiopel  1iMaHoOakTepuit  BojgoeMoB Kypranckoit o06iacTu  COCTaBUIM
1:2,1:5,3:6,0, ponoBast HackimeHHOCTh — 1:2,8. B cBOJHOM crcke TpeoOagaroT MpeICTaBUTEIN
nopsiaikoB  Synechococcales u Nostocales, ¢dopmupys 51,0 % ot obmiero pasHooOpasus
nuanobakrepuit (Tab. 2).

Jlo7st 3THX MOPSIIKOB B CTPYKTYpe OTnena i BojoeMoB KypraHckoil 001acTi HECKOJIBKO
MeHble, yeM s Yensiounckoit (60,5 %) u Crepasnosckoii (58.7 %) obmactu [10].

CriekTpbl BeOyIIMX CEeMEMCTB M poaoB LuaHoOakTepuil BojoemoB Kypranckoil oGmactu
CBUJETEILCTBYIOT O TOM, YTO aIbroduiopa pernoHa o0yiaJaeT UHIMBUYaIbHBIMUA YepTaMu, OyAydH
CXOJIHOW MO 00IIeMy COCTaBY CHEKTpOB ¢ TakoBbIMM CBepiioBckoil m YensOunckoil obnactu
(tabm. 3). Homs ceMeicTB ¢ Mano BUAOBBIM (1-5 TakCOHOB) MPEACTaBUTENHCTBOM COCTaBmia 22,7
%, 4TO sBIsieTcs OoJjiee HU3KUM IOKa3aTelleM Mo cpaBHeHHIO co CBepasioBckoi u YensOMHCKOM
obmacThio, TAe Ooyiee SPKO BBIpAXKEHBI YepThI OopealbHBIX ¢uiop. B To xe Bpems poxbr ¢ 1-2
Bugamu coctaBuin 70,4 % oT 0011ero KoJIu4ecTBa BhISBJICHHBIX POJOB, YTO XapaKTEepHO AT GIiop
BOZI0EMOB Ypasnbckoro peruona [11] m mpupmaer aneroduope BomoemMoB Kypranckoil oGmactu
OIpeJIeIEHHOE CXOJICTBO ¢ OopealbHbIMU (IIOpaMHu.

Tabnuya 2.
TakcoHOMUYecKas CTpyKTypa nuaHobakTepuii BogoemoB Kypranckoii obinactu
ITopsimox CewmelicTBO Pon Bun | BuyrpuBunossie | MnentuduunpoBaHo
TaKCOHBI JI0 poja
Nostocales 6 13 30 9 2
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Chroococcales 3 5 23 3 0
Oscillatoriales 6 11 28 4 0
Pleurocapsales 1 1 1 0 0
Pseudanabaenales 1 1 1 0 0
Spirulinales 1 1 3 0 0
Synechococcales 7 22 47 0 0

Bcero 25 54 133 16 2

Haubonee pacnpoctpaneHbl B BOJHBIX OOBEKTax 00JaCTH CIENYIOIUE BUBI
nuanobaxtepuii: Aph. flos-aquae (Bcrpeuaemocts 45 %), Aph. delicatissima (32 %), Aphanocapsa
muscicola (Meneghini) Wille 1919 (45 %), Ch. minutus (36 %), M. tenuissima (45 %), M.
aeruginosa (41 %), Microcystis pulverea (41 %), P. limnetica (41 %), PI. agardhii (36 %), S.
lacustris (36 %), W. compacta (32 %). Crneunduueckuii KOMIUIEKC BHIOB, OOHAPYKCHHBIX B
KaKkoM-JIM0O OJTHOM BOJ0€ME, OOBCAMHIII 86 TaKCOHOB paHroM HUxke poaa (56.9 % ot obmero
TaKCOHOMHYECKOTO pa3HO00pa3us IMaHOOAKTEPHA).

Tabauya3.
@dnopucTUYECKUE CTIEKTPHI BEAYIIUX CEMEHUCTB U pPOIOB InaHoOaKTepHii B BogoeMax Kypranckoi
obyactu
Panr CemelicTBO KomunuecTro Panr Pon KomnyecTBo
TakcoHOB (% oT TakcoHOB (% oT
00I1IEero CImcKa 00I1Iero CrucKa
[aHO0aKTEpHii) 1aHo0aKTepuii)
1 Oscillatoriaceae 24 (15,9) 1 Anabaena Bory de Saint- 14 (9,3)
Vincent ex Bornet & Flahault
2 Nostocaceae 19 (12,6) 2 Phormidium  Kiitzing ex 11 (7,3)
Gomont
3 Merismopediaceae 18 (11,9) 3 Microcystis ~ Kiitzing  ex 10 (6,6)
Lemmermann
4 Aphanizomenonaceae 14 (9,3) 4 Oscillatoria ~ Vaucher  ex 9 (6,0)
Gomont
5 Microcystaceae 13 (8,6) 5-7 | Aphanocapsa C. Nageli 7 (4,6)
6-7 | Chroococcaceae 8 (53) 5-7 | Merismopedia F. J. F. Meyen 7 (4,6)
6-7 | Coelosphaeriaceae 8 (5,3) 5-7 | Dolichospermum (Ralfs ex 7 (4,6)
Bornet & Flahault) P.
Wacklin, L. Hoffmann & J.
Komarek
8 Leptolyngbyaceae 7 (4,6) 8 Chroococcus Nageli 6 (4,0)
9 Pseudanabaenaceae 6 (4,0) 9-10 | Aphanothece C. Nageli 5(3,3)
9-10 | Nostoc Vaucher ex Bornet & 5(3,3)
Flahault
Bcero 117 (77,5) Bcero 81 (53,6)

Okonoro-reorpadpuueckuii aHajau3 CBOJAHOTO CIIMCKAa LIMAHOOAKTEpHUil MOKa3as, uYTO CPeau
TaKCOHOB C HW3BECTHBIM reorpaduueckuMm pacmupenencHueM 84,7 % - xkocmomonutsl, 9,4 % -
OopeanbHble BHJbI, aJbIMHCKHE W aPKTO-aJIbIUICKHE BHJBI MpelacTaBieHbl eAuHu4Ho. I[lo
MPUYPOYCHHOCTH K MECTOOOMTaHWIO TPeoOJIaaloT HWCTUHHO TutaHkToHHBIE (38,9 %) wm
TUIAaHKTOHHO-OeHTOCHBIE (popMbl (25,2 %). CymiecTBEHHOW OKa3ajach JO0JS TMOYBEHHBIX (OpM —
22,1 %, oentocHBIX BUIOB (10,7 %) u srmduros (3,1 %) 3HaunTENTHHO MeHbIIE. [10 OTHOMEHHIO K
peodunbHOCTH OONBIIMHCTBO BUAOB (60,0 %) unmuddepeHTHB, MECTOOOUTAHHUS CO CTOSYHMHU
BojamMu TmpeanountaroT 36,7 % umaHoOakTepuil, OOWTATENW TEKYYHMX BOJ TPEICTABICHBI
€IMHCTBEHHBIM BHJIOM. V3 BHJIOB-MHAMKATOPOB COJEHOCTH MpeobnanatorT uHanpdepents (73,3
%), moust ranoduion - 23,3 %, moaurano0sl u raao(oOs! MpeICcTaBICHBI STUHUIHBIMU BUIaMHu. M3
rajo(puIoB 3HAYUTEIFHOTO Pa3BUTHS B UCCIIeOBaHHBIX BojoeMax nocturamu Aph. flos-aquae (o3.
b. Byteipuno, p. To6oi), M. aeruginosa (o3. b. Jlouku, Haiinenoso, Cyepckoe) u Pl. limnetica (o03.
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b. u M. Byteipuno, Anakyns, b. Jlonkn). O6urarenu uucteix Boj (Y-, -0, X-P, 0-campoOUOHTHI)
dbopmupytor 15,5 % ot obiero ymcna BBISIBICHHBIX BUIOB-HUHIUKATOPOB canpoOHOCTH. Bumsi-
WHUKATOPBI OPTaHUIECKOTO 3arps3HeHus cpeabl coctaBuinu 84,5 %, uz vux 50,7 % (o-PB, B-o, o-a)
MOTYT YCIICIIHO BEreTUPOBaTh KaK B YHCTHIX, TAK M B 3arpsA3HEHHBIX OpraHMKOW Bojaax. Jloms
BUJIOB-MH/INKaTOPOB YMEPEHHOTO M BHICOKOTO YPOBHS OpraHuueckoro 3arpsizaenus (B-, f-a, B-p, a-
carpobnonToB) cocraBuia 33,8 %, w3 Hux, momumo Aph. flos-aquae u M. aeruginosa,
3HAYMTEIBHOTO pa3BuTHs AocTuranu Aph. stagnina (o3. Illyuse), M. flosaquae (03. Anakynb, b. u
M. Byteipuno, b. Jlonku, Cyepckoe), M. wesenbergii (03. M. Byteipuno, b. Jlouku, 3a10xHoe, p.
ToGom), S. lacustris (03. Anakynb, b. Byreipuno, 3anoxnoe, o3. Illy4une), W. compacta (o3. b.
byteipuno, b. Honku, 3anoxunoe, Haiinenoso, llyune, p. TobGom). [lo oTHOImIEHHIO K aKTHBHOM
peakimu BoxHOW cpenasl 71 % oT oOmero KoiaMyecTBa BUAOB-UHAMKATOPOB COCTABIISIOT
uHIUDGEpEeHTHI.

[Tpr MaccoBOM pa3BUTHH ITMAHOOAKTEPHUN WX JOJS B CTPYKType (DUTOIUIAHKTOHA MOKET
nocturath (95,4 — 99,2) % ot obuieii yncnenHoctu (03. Anakyns, b. Jlonkn).

[TonydyeHHbIE NaHHBIE CBUICTENBCTBYIOT O pa3HOOOpa3Wu IMAHOOAKTEpUH B BOJHBIX
skocuctemMax Kypranckoii o00jacTd, BaXHOM 3HAYEHUU OTOH TAKCOHOMUYECKOW TpYIIbI B
CTPYKType (DUTOIUIAHKTOHA, ¥ HEOOXOIMMOCTH JAIBHEUIIET0 WU3YYCHUS HX PaACIpPOCTPAHEHUS U
pa3BUTHSI B BOJIOEMAaX PETHOHA.
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SKOJOT'MYECKUN MACIIOPT LITAMMOB [IMUAHOBAKTEPHUI

Annomayus. B cTathe TpeiioKeH OJWH W3 BapHAHTOB OQOPMIICHHUS HKOJIOTHIECKOTO TaclopTa C
LEeNBbI0 BBIOOpa HanOosee YCTOHYMBOIO IITaMMa BOAOPOCICH W HHAHOOAKTEPUH, KOTOPbIE MOTYT OBITH
HCIIOJIB30BAaHbI OJId 6HOT€XHOHOFI/I'-ICCKI/IX ueﬂeﬁ HUCCJIICA0BATCIILCKOI0 XapakKTe€pa U CTaTb MOJACJIIbHBIMU
oOBeKTaMu (PYHIAMEHTAIBHBIX HCCICAOBaHUN. Hanmuume 3KOIIOTMYECKUX MAacrmopTOB OTKPOET
BO3MOXXHOCTH COTPYIHHYECTBA C OMOTEXHOJIOTHYSCKUMHU M MEAUIIMHCKUMHU KOMITAHUSMH C LEIbIO
pa3pabOTKM  TEXHOJOTW  IMPOW3BOJACTBA W TMOJYYCHHUS  KOHCYHBIX  TIPOAYKTOB W3
OXapaKTePU30BAHHBIX U OTOOPAHHBIX IIITAMMOB.

Kniouesvie cnoga: >K0IOTUYECKUIN TACTIOPT, TPAHUIIBI YCTOMYUBOCTH, IITAMM BOJOPOCIEH
Y IMaHOOaKTepHil.

ECOLOGICAL PASSPORT OF CYANOBACTERIA STRAINS

Abstract. The article suggests one of the options for the design of an ecological passport in
order to select the most stable strain of algae and cyanobacteria, which can be used for
biotechnological research purposes and become model objects of fundamental research. The
presence of ecological ports will open up opportunities for cooperation with biotechnological and
medical companies in order to develop production technologies and obtain end products from
characterized and selected strains.

Keywords: ecological passport, limits of resistance, strain of algae and cyanobacteria.

OKOJIOTUYECKUN TMACIOpPT MPENCTaBIsIeT CO00H pa3BEepHYTYIO XapaKTEPHUCTUKY PEaKIMid JaHHOTO
BUJIa IMAaHOOAKTEpUH Ha KOHKPETHBIE dKOJNornueckue GakTopbl. OH 00Jerdaer peneHue MHOTHX BaKHBIX
3aJ1a4, CBS3aHHBIX C M3YYCHHEM U HCIIOJIb30BAHUEM PA3IMYHBIX BHIOB U IITAMMOB ITHAHOOAKTEPUH.

B wactHOocTH, wHGOpMarus, conepKamascs B HEM, I[O3BOJIUT OICHHTh YCTOWYHBOCTH
paccMaTpuBaeMOro mTaMMa K MPUPOJHBIM U aHTPONOTeHHBIM (DakTopaM Ha aHaTOMO-MOpP(]OIIOTHIeCKOM,
q)HSPIOHOI‘PI'—IeCKOM " HOITYJIAIIMOHHOM YPOBHAIX. KpOMe TOro, HAJIMYUEC OKOJOTHYECKHUX IaCIIOPTOB 6YI[GT
crnocoOcTBOBaTh Ooyiee  yCIemTHOMY BBIOOpPY ITamMma Il  COOTBETCTBYIOIIETO  HCIIOJNIb30BaHUS
(pexynbTHBAIH, OMOWHINKAIMH, TOTY4YeHUs] (PU3NOJIOTHYECKH aKTHBHBIX BEIIECTB U T.1.). Cielyer Takxke
YUUTEIBATh, YTO KOJUICKIWH, Y KOTOPBIX BOAOPOCIIN U III/IaHOGaKTepI/II/I HNMCIOT 3KOJIOTHYCCKHUE MacCropTa, 11o-
BUIUMOMY, OyIyT O0Jiee ycrenrHbl B KOMMEPYECKOM TUTaHE.

CopeprkaHne SKOJOTUYECKOTO MAcropTa MOXKET BapbUPOBaTh B HIMPOKUX IpeaeaX, Tak KaK MoKa
HET OTpeJIeIEHHOTO cTanapTa. Mbl peJpiaraeM cielyromiid BapuaHT.

CopnepxaHue 3K0JIOTMYECKOro NacnopTa UaHOOAKTEPHH.

1. TwuTynbHBIA JUCT, TIE YKa3blBaeTCsl Ha3BaHUE BHJA U €ro CHHOHUMBI. CHCTEMaTHYECKHil cTaTyc

JTAHHOTO BUJIa, €0 aHATOMO-MOP(OIOTHIECKHE XapAKTEPUCTHKH.

2. CaenenHwus 0 pa3zpabOTINKaX IKOJOTHYECKOTO MMACTIOpPTA.
3. XapakTepHucTHKa M reorpaduueckasi NpUBsI3Ka MECTOOOMTAHHS, OTKYAa OBbUIM BBIIEIEHBI IITAMMBI

JaHHOI'O BHJa, YMCJIO MECAIT 1 I'OJ] BBIACIICHUA.

4. MecTo 1 yCIOBHUS XpaHEHHS IITAMMOB.
5. I'paHuLbl yCTOMYMBOCTH K SKOJIOTMYECKUM (PaKTOpaM.

Odopmienne u colepkaHHE 3KOJOIMYECKOTO IMaclopTa MOXKHO paccMOTPETh Ha IpUMeEpe
rmmano6akrepuun Cylindrospermum michailovskoénse Elenkin [3].

1. Cylindrospermum michailovskoénse Elenkin (Cyanoprokaryota)

[Ipu3HaBasi COBpeMEHHBI CcTaTyc LUaHOOAKTEpUil ¢ Y4YETOM HOMEHKIATYPHBIX HW3MEHEHUH,
paccMOTpeHa HOMEHKIJIAaTypa M Kiaccudukamus ruanobaktepuit mo WM. Komapexk u K. Anarnoctuawmc [5],
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COTJIACHO KOTOpOH LMaHOOAKTEpUH paccMaTpuBaloTcss B paHre kimacca Cyanophyceae B otmene
Cyanoprokaryota.

Bua Cylindrospermum michailovskoense Elenkin wumeer crnemyrommii TakCOHOMUYECKHUIA CTaTyC:
ora. Cyanobacteria, xmacc Cyanophyceae, mopsmox Nostocales, cemeiictBo Nostocaceae, poxa
Cylindrospermum [6]. M.M. Tomnepbax, E.K. Koccunckas, B.W. Tlomsackuii [2] maroT cienyromuii
nuarno3 Buma Cylindrospermum michailovskoense Elenkin  — TlunuazapocriepMyM  MHXalIOBCKHIA:
JCpPHOBUHKH B (hOpME CIM3UCTHIX KOMOYKOB, TOHKHX IUIEHOK WJIM XJIONBEB, Yalle — HEOMpPEICTEHHBIX
odepTaHuil, OONBIIEH YacThi0 CHHE-3eIEHON OKpacKu. TPUXOMBI MPSAMBIE WM W30THYTHIE, Y TOMEPEYHBIX
MIEPEropoIoK NMEePELIHypOBaHHbIE, OJIEAHO-CUHE-3eIEHbIE, 0€3 O()OPMIIEHHBIX BJIarajuill, UIH OYeHb PEIKO, C
OYEHb HEXHBIMH, €/IBA 3AMETHBIMHU BJIarajfIlaMH, OJMHAKOBON MIMPHHBI (3,5-5 MKM) Ha BceM MPOTSHKCHUH,
0e3 ra3oBbIX Bakyousiedl. KileTku yImMHEeHHO-UWINHAPHUYECKHE MU 004EHKOOOpasHble 6-7,2 MKM IJTUHOMH,
WK NIOYTH KBaJpaTHbIe, 4,5 MkM 171. KoHeuHble KneTku 1o cBoeil (opMe He OTIMYAIOTCS OT APYTHX KIETOK
TpHUXOMa.

['eTepouncTsl TepMHHAIBHBIE, OAMHOYHBIC, paclojaralolyecss Ha OOOWX KOHIAX TPUXOMOB,
HEMHOTO yJUTMHEHHBIE, 5-6-(7) MM 1mp. U 7-8-(12) MKM UL, pexe mouTH mapoBuHble. COPBI IMUPOKO-
WIN YATUHEHHO-3JUTUTICOUIHBIE (MONOAbIe — IMHApuYeckue), 8-13,2 MM mmp. u 12-32,6 MKkM ai., ¢
TIIaJKoH OeclBeTHOH 000JI0UKOM, OJJMHOYHBIE, OUY€Hb PEKO M0 2 WK aXKe 10 3 psaoM.

Berpeuaercst B cTosluMX Bojax MeXAy APYTMMH BOAOPOCISMH, MHOT/A B IUIAHKTOHE M B IIOYBAX.
YacTto BcTpedaeTcsl Ha AEPHOBO-TIOA30IMCTHIX M JEPHOBO-KapOOHATHBIX MOYBAaX, peXXe Ha CEPbIX U OypbIX
JIECHBIX TIOYBAX MOJ] JIECOM, 00pa3yloT XapakTepHbIe TEMHBIE CIIM3UCTHIE MATHA HAa TIOBEPXHOCTH TIIMHUCTON
Y CYTIIMHUCTOM 1O04BHI [1].

2. PazpaboTtunku sxonorndeckoro nacnopra: nmpod. Kadbupos P.P., nonent 3apumnosa JI.X.

3. Beigenen 15.06.2006 r. u3 moiiMeHHOH mMouBBl OKoJO peku bonbmas Kaparamka (Poccus,
UYensOuHCKas 00J1aCTh) U TIEPEBEICH B MY3CHHYIO KYJIBTYPY.

4. Xpanurcs WmMTaMM B KOJUIGKIMM bBamkupckoro rocyAZapCTBEHHOIO —I1€AarormyecKoro
yHuBepcutera umenu M. Axwmywiel (anrin. Bashkortostan Collection of Algae and Cyanobacteria,
cokpaménno BCAC). Dto kpynHeiimiee B Poccuu coOpaHue MHKPOCKONMYECKHH BOJOpOCICH U
nuanobaktepuii. opranm3mMoB. HacunteiBaer Gomnee 1200 yHUKaNbHBIX HEMOBTOPSIOMIMXCS mTaMMoB. OHHU
BbIZIeTICHBl Ha Tepputopun Poccun, Ykpaunsl, CIIA, ®pannuun, ['epmannu. 3apeructpuposana B World
Federation for Culture Collection (WFCC). Wcnonbs3yercs mnsi mpoBeleHUs (yHIaMEHTAIbHBIX H
MPUKIAIHBIX ~HCCIEJOBAaHWI B HAMpPaBJICHUSAX: MPHUKIAJAHAS MHUKPOOWOJNOTHS, OKOJOTHSA, OXpaHa
OKpy’Karomeil cpenpl, MOJEKyJspHas OHOJIOTHS, CHCTEMaTHKa M TaKCOHOMHs, Ouopa3zHooOpasue H
reorpa)uueckoe pacrpeeieHne Bogopocieil, ononnaukanus [4].

5. I'paHu1Bl YCTOHYMBOCTH K SKOJIOTHUYECKUM (PaKTOPaM.

B pesynbrare nmpoBENECHHBIX HUCCIENOBAaHUU [3] yCTaHOBIEHO, YTO NIpPHU BO3JACHCTBUU BBICOKHUX
temneparyp ot 40°C u Belmle HaOmoOOanoCh MaccoBoe oOpaszoBanue cnop, B uHtepBane 20-30° C u npu
W3yYCHHU peakiuu cpeabl B aumanasoHe pH ot 7 mo 7,5 He BbI3bIBaNM MOP(OIOrHYECKUX HapyHICHUH
BEreTaTHBHBIX KJIETOK, TETEPOIIUCT U CIIOP JTAHHOTO BU/A.

Cpenu uccaeq0BaHHBIX XJIOPUIOB TSKEINIBIX METAIIOB 00JIee TOKCUYHBIM OKA3aJICsl XJIOPH KaJAMUSI.
[Ipu BHEeceHMH XJIOpUAa KaJAMHUSI U3YUYEHHBIH BUJI COXPaHSII CBOIO MOPQOJIOTHIO MPH KOHIEHTpamax 1x10°
.1x10° monb/1, HAHGOIBIIYIO PE3UCTEHTHOCTh IOKA3al K XJIOPHUAYy MApraHia BbIICP)KUBAFOIIHIL
KOHILIEHTpauuu a0 1x 10 mons/m.

[Ipy u3ydennu BiusHUS TepOUMLMIIOB HUTPAaHA, TpUAJUlaTa 1 MUHEPAIbHBIX YA0OPEHUH MOUYEBUHBI,
cymepdochara, xmopuma Kaaus Ha  Mopdosjormdeckwe mpum3Hakd mramma  Cylindrospermum
michailovskoense Elenkin Obu1 ycraHoBneH cnenyromuil psj TOKCHYHOCTH: HUTpPaH > TpuaulaT >
cynepbocdar > xmopua Kanus > MouenHa. Komienrtparun mutpana 10° u tpuamtara 10°-10" mons/n
BBI3BIBAIM TPaHYJSIINIO [UTOIUIA3MBI, OOECIIBEUMBAHUE W TOJHOE Pa3pyIICHUE BETETATUBHBIX KIETOK M
rerepormcT nuanodaktepuit. Konnentpamun cynepdocdara 1x10° xmopuma xamust 5x107 i MOdYeBUHBI
2x10"" MOIB/11 BEI3BIBAIIN TIOTTHOE Pa3pylIeHHe KIeToK. CaMBIMH YCTOHUYHBEIMU K BHICOKMM KOHIIGHTDALIUAM
OKa3aJInch CIopsI [3].

['panuiel ycTOHYMBOCTH MOP(OJIOTHYECKOTO CTaTyca ITaMMa K OKCTPEMAJIbHBIM ~ HKOJIIOTHYECKHM
(akTopaM npeacTaBieHbl B Tabauie 1.

Tabauya 1
I'panuits! ycroitunBoctd Mopdosorudeckoro craryca Cylindrospermum michailovskoense Elenkin
(Cyanoprokaryota)
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1 2
Konnenrpanus,
®dakTop IIpH KOTOPOW HE HAOIIONAINCh HAPYIICHHUS
MOP(]OITOrHYECKUX MOKa3aTeNIeH JaHHOTO
mTaMMa
3acosienne
Na,COs | 1x107
CoJin TsKeJIbIX MeTAJLJI0OB
CdCl, 1x10”
CuCl, 1x10”
NiCl, 1x10”
PbCl, 1x10°
MnCl, 1x10™*
I'epOunupt
Hutpan 1x107
Tpuannat 1x107
Y noOpenus
Cynepdocdar 4x10°
Xyopua Kanus 1x10°
MoueBuHa 2x10°

[Tpumeuanue. KoHneHTpauy TOKCUKaHTOB YKa3aHbl B MOJIB/I.

Pesynbrarsl MccnenoBaHuii MO3BOJSIIOT MCMoNb30BaTh mTamm Cylindrospermum michailovskoense
Elenkin.B sxo0rn4eckoM MOHUTOPHHTE.
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Abstract. In the last decade, metabarcoding has been increasingly used to study the diversity
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metabarcoding data, obtaining reference sequences, as well as gaps in databases, quantification
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Hcnonp3oBanne MeTabapKoIuWHTa TSI M3YYCHHS BOJOPOCIIECH B 1I€TIOM U IIMAHOIIPOKAPHOT B
YaCTHOCTHU CBA3aHO IPCKIAC BCETO € 3ala4aMU IO OUCHKEC W MOHHUTOPHUHIY KauCCTBA IMPUPOIHBIX
BOJ MCETOdAaMU 6I/IOI/IHJII/IKaI_II/II/I. Kak HN3BCCTHO, pacyeT HHACKCOB OICHKHW KadeCTBa BOABI M
9KOJIOTMYCCKOro cCraryca BOAOCMa OCHOBAaHblI Ha YYBCTBUTCIBHOCTU BHJAOB K YCIOBHAM
OKpYJKaloIIel Cpeasl |, CIENOBaTeIbHO, TPEOYIOT JTOCTOBEPHOW WJIEHTU(DHKAIIMKA TaKCOHOB.
Oco0oe BHMMAHHE B 3TOM KOHTEKCTE HCOGXO,Z[I/IMO YACATE MUAHOIIPOKAPHUOTaM T.K. HCKOTOPBIC
Bunabl (Hampumep: Oscillatoria rubescence, Aphanizomenon flos-aquae, Anabaena circinalis,
Nodularia spumigena, Cylindrospermopsis mceberskii, Microcystis aeruginosa, Nostoc carneum u
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T.J1. 00pa3yl0T TOKCHHBI U MOTYT BBI3BIBATh «IIBETCHUS» BOJOEMOB U, KaK CIIEICTBUE, MAaCCOBBIC
3amMopbl pbiOBI [1]. Tlpu STOM MaKCHMaJIbHOTO KOHTPOJS TPEOYIOT BOJOEMBI, KOTOPBIC
MCTOJIB3YIOTCS ISl HEHTPAIU30BAaHHOTO BOJIOCHAOKEHHS.

B cBsi3u ¢ orpoMHBIM pa3zHOOOpazveM BOAOPOCIECH U IIMAHONPOKAPHOT HJAECHTU(UKAIMS
NPEACTABISIET TPYAOEMKHMM M 3aTpPAaTHBIA [0 BPEMEHM  OTall, KOTOPBIM  BKJIIOYAET
MUKPOCKOIIMYECKUI aHaIN3, KyJIbTUBUPOBAHKE, MTOJIYUEHUE M1OCIEJOBATEILHOCTEN 110 OTHOMY UJIN
IBYM ydacTKaMm MapkepHbix reHoB (16S, ITS), ompeneneHue (QuiIOreHETHYECKOTO IOJIOKECHHUS
takcoHa. [Ipu 3TOM 11 MOHUTOpPUHTA ¥ OMOMHAMKAIIMM HEOOXOAUMBI OBICTPbIE U SKOHOMHYHBIE
METOBI aHAIHU3a IPUPOTHBIX OOBEKTOB.

[Tocneanue ronapl oOecHeuMiIM HMHTEHCUBHBIM INporpecc BO BHEIAPEHUU MOJIEKYISIPHBIX
METOJIOB B CaMbIX pa3HBIX OOJIACTAX WCCICJOBAHUA B OOJACTH 3KOJOTHUU. MOJIEKyIsIpHO-
TEeHETUYECKUE METOJbl HCIOJIb3YIOTCS JUIS BBISBICHUS Pa3HOOOpa3us, U3YUYEHHUS CUCTEMATHKU U
¢wunorenun opranu3smMoB. Kpome 3TOro, pasBuTHE NOJIXOJOB CEKBEHHPOBAHUS CIEIYIOLIETO
nmokoseHus: (next generation sequencing wiau NGS) mos3Bossier pa3pabarbiBaTh 3()PEKTUBHBIC
METOABI IKCIIPECC-OIEHKH Pa3sHOOOpa3wsi U CTPYKTYPHI COOOIIECTB PA3JIMYHBIX SKOCHUCTEM, IS
UCIONIb30BaHUs UX B OnonHaukanuu. OJHUM U3 TaKHX METOJOB sIBIsieTCs MeTabapkoauHr. B ero
OCHOBE JIGKUT NMPHUMEHEHHE TaK Ha3blBaeéMOro mrpuxkoma (mim Oapkoma) — ¢parmenta JHK
mnoit 250-300 map HYKJI€OTHAOB, KOTOPBIA HCHOJB3YIOT KaK YHHUBEpPCAIbHBIA MapKep s
BUJIOBOM HMIEHTH(HUKAMK OPraHM3MOB. B pe3yinbTrare CTaTUCTHYECKOW OOpabOTKM MAHHBIX IS
KaKJOro MPHUPOAHOrO o0pasiia MOIYy4aroT CIHUCOK ONepalMoOHATbHBIX TAKCOHOMMYECKUX €IUHUIL
(OTU) ¢ ykazaHnueM 4Yuciia mOCIeI0BaTEIbHOCTEH. DTO MO3BOJISIET OLICHUTH 00IIee pazHoobOpasue,
OTIPEAECNTUTh OTHOCUTEIbHOE OOMIIME BUAOB, OLIEHUTH CTPYKTYpPY cooOmiecTBa. MeToJ mo3BOIsSET
OJTHOBPEMEHHO aHAIM3UPOBATh TAKCOHOMHUYECKOE pasHooOpasue B Oonee 150 oOpasmax, obmamaet
BBICOKOW 4YBCTBUTEIBHOCTBIO, T.K. 0OHAPYKUBACT BUABI JaXK€ IIPU OYEHb HU3KOM YMCICHHOCTH, HE
TpeOyeT mpuBJIeUEHHs] OOJBIIOrO YHCIa CIEHUAINCTOB JUIS MISHTH(UKAMU U SBIsIeTcs Oosee
3¢ (HEeKTUBHBIMU IO BPEMEHH U CTOMMOCTH, YEM KJIACCUYECKUE METOBI ONPEACTICHUS TAKCOHOB.

PacumdpoBka naHHBIX MeTab0apKOIWHTA 3aKJIIOYAeTCs B COOTHECEHHWH IITPUXKOIOB
nonydeHHbIXx OTU c¢ pedepeHCHBIME MOCIEIOBATENbHOCTSIMU M3 0a3 JaHHBIX (Hampumep:
GeneBank, Silva). HecmoTpst Ha TO, Y4TO K HACTOSIIEMY BPEMEHH JIJIsl BOAOPOCICH B IEIOM U
[IUAHOIPOKAPUTOT B YACTHOCTH, HAKOIUIEH OOJIBIION 00bEeM MOJEKYJSPHBIX AAHHBIX, TpodiemMa ¢
uAeHTU(PUKAIME BHUIOB MO IMITPUXKOAY emle aoiaro Oyzaer akTyainbHOM. CoBpeMeHHblE O0a3bl
JAHHBIX MOCIIEeI0BATEIbHOCTEN COJIepKAT MHOXKECTBO 3alMCcel, KOTOpble HE MOTYT OBITh OTHECEHbI
HU K MOpQOTUIly, HU K HA3BaHHUIO BHUJAA, JUIsI MHOTMX peQEepeHCHBIX IOCIe10BaTeIbHOCTEN
OIIpeJIeJIEHUE J1aHO TOJIBKO /10 POJa, HE PeAKH clyyau OIMIMOOYHON MACHTU(HUKAIMU, YTO BHOCUT
Oomplryto TyTaHUIy B aHamu3. OTCyTCTBHE CBSI3aHHBIX METAJ@aHHBIX, B KOTOPBIX OJDKHO
IPUCYTCTBOBATh H300paKEHUE C PA3TUUYUMBIMH MOPQOJIOTHUECKUMH M MOpP(POMETpHUUECKUMU
OCOOCHHOCTSIMH,  OIMCAaHUE DSKOJOTMYECKOW MPUYPOUCHHOCTH, OrPAaHUYMBACT H3y4eHUE
MOp(OJIOTHUECKO BapraOeTbHOCTH M SKOJIOTHYECKOT0 Jana3oHa TaKCOHa.

OTO CBS3aHO C TEM, YTO IOJydyeHHe pedepeHCHOW MOCIe0BATENbHOCTH IO-TIPEKHEMY
OCTaeTcs OYeHb TPYJOEMKHM OTAallOM M 3aHMMaeT MHOro BpeMeHH. [Ipu oTcagke KIeTok
MUKpPONMIIETUPOBAHUEM B KYJIbTYpY BBIXOAUT TOJdbKO 30-60% T.K. He Bce KIETKH He
pasMHOXKaIOTCs B HCKYCCTBEHHOM cpefe. HapamnuBanue 6uomacchl JUIsl TOCJIEAYIOIETO BbIIEICHUS
JIHK 3anumaetr ot 4 mo 6 Hemenb (B HEKOTOPHIX ciydasx a0 10 mecsien). CocTosTHUE M YUCTOTY
KYJIBTYpbl HEOOXOIUMO TMOCTOSSHHO KOHTpOIHpoBaTh. [Ipobnembl MoryT Bo3HUKaTh Ha stane [1L[P
(HemocTaToOYHOE KOJMYECTBO, OTCYTCTBHE WJIM 3arpsA3HeHHe MpoaykTa). B pesynpraTte
CEeKBEHMPOBAHUS MOXKHO TOJIYYHUTh HELEJIEBbIe OPraHU3Mbl, HAaIpUMep: TeTepoTpodHbIe OakTepuy,
OecCIBETHBIE JKTYTUKOHOCIBI M T.Ml., YTO CBHUJETEILCTBYET O 3apaKEHUH KYyJIbTYpHI. OTam
UACHTU(UKAIIMM HEU3MEHHO TpeOyeT OT ucclefoBaTeNss OOIIMPHBIX 3HAaHUM B o0jacTu
MOp(OJIOTHH, COBPEMEHHBIX NpeoOpa3oBaHUl B CHCTEMAaTHKE, TAaKKe HYXHO YYUTHIBATH
MOCTOSIHHO OOHOBIISIONIYIOCS WH(pOpMaIMi0 00 ONMCAHWU HOBBIX BUIOB. MHOTHE BUABI OYEHb
Menkue, He mpeBbmarT 10-15 MkM, mosTomMy st WASHTH(UKAIMKA HEOOXOIMMO IMOAPOOHOE
u3yuyeHrue MOp(}OJIOTHYECKUX XapaKTePUCTUK NpPU MOMOIIM CBETOBOTO, CKAaHUPYIOIIETO MU
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TPAaHCMUCCHOHHOTO MHKPOCKOIIOB, YTO Takke TpeOyeT OONBIIMX BpPEMEHHBIX 3arpar. llosTomy
CO3/1aHHE IITPUXKOJOBBIX OMOIMOTEK C MPOBEPEHHON TAKCOHOMMEH U CBSI3aHHBIMH METaJaHHBIMHU
SBJIETCS AKTyaJIbHBIM U IPUOPUTETHBIM 3aIIPOCOM COBPEMEHHBIX MCCIIEA0BAaHNN, KOHEUHOM LIEIIBIO
KOTOPOTO SIBJISIETCS aBTOMATH3aI[UH UICHTU(UKAIIUN BUIOB.

[lepBbie mocnemoBaTeNn METa0APKOAMPOBAHUS HAACSINCh, YTO pE3YJIbTaThl OyAyT
OTpaXaTh KOJMYECTBEHHYIO OLEHKY M YHCJIO IOCJIeoBaTeIbHOCTEH OyIeT KOppeaupoBaTh C
O6uomaccoii B ucxoqHoM obpasie [2]. Oxgnako, uncieHHocTs Konuid rera 16S pPHK He oTpakaer B
MOJIHOM Mepe YHMCIEHHOCTh CaMOr0 TaKCOHA, IOCKOJIbKY OakTepuu cojAepkKaT HEOAMHAKOBOE
konuyecTBO reHoB 16S pPHK B renome, oHo MoxkeT BapbupoBaTh oT 1 10 16. Takum oOpazom,
YUCJICHHOCTh MHMKPOOPTaHM3MOB ¢ OoibmmM KommdectBoM 16S pPHK omepoHoB B KileTke
3abimaercs [3]. K HacrosimieMy BpeMEHM MCCIEIOBAHUE IO ONPEIEICHUIO KOPPENALUU MEXAY
koinnuectBoM p/IHK u OuooObeMOM KJIETOK MPOBEACHO TOJIBKO Ui 6 BHIOB JUATOMOBBIX
Bojopocieit u 9 BumoB auHOoGuarensT [4]. BeigBneHa NuHEHHAs perpeccus MeXAy AITHMHU
napamerpamu. Paccuutanbl kK0o3((PUIMEHTH KOPPEISIUU, KOTOPbIE MO3BOJSIOT ONTHMH3UPOBATH
JaHHble MeTa0apKOJWHra M  ONpPENENUTh  KOJIMYECTBEHHBbIE IOKazareiau  BUAOB. s
[MAHOTIPOKAPUOT Takue paboThl TMOKa He mnpoBoawWiuch. [loaTtomy s omnpeneneHus
KOJIMYECTBEHHOW OIICHKW B3aUMOCBSI3M MeXIy Omomaccoit m Beixogom JIHK y mmanompokapuor
HEO0OXOIUMBI METOJIMYECKUE PabOTHI C HCIOJIb30BaHUEM (DUKTHBHBIX COOOIIECTB U W3BECTHBIMU
BXOJHBIMH JIaHHBIMHU.

BaxapIM BOIIPOCOM MpHU KCIIOJIB30BAHUU METaO0apKOIMHIa sBIsETCS BbIOOp mpaiimepoB. B
HCCIIEIOBaHMX, CBSI3aHHBIX C M3YyYEHHEM COOOIECTB OakTepuil, IUAHOIPOKAPUOTHI YacTO HE
oOHapyxuBaroTcsi. YHuBepcanpHbie npaiiMepsl 16S p/IHK He BBISBISIOT (OTOCHHTE3UPYIOIIUX
MUAHONPOKapuoT. [ amMmImpuKanuu MOoCIeI0BaTeNbHOCTEH (OTOCHHTE3UPYIOIUX BHIOB
HE00XO0IMMO UCIOJIb30BaTh «putocnenudpuieckue mnpaiimepsn» [5].

Taxoke crmemyer oOpaTWTh BHHMAaHHE Ha BOIPOCHI, CBA3aHHBIE C OOpaOOTKOW JaHHBIX
MeTtabapkoaunra. bosibinoe paznooOpasue MeTo10B OMOMH(GOPMATHKU (HAIIpUMep: KilacTepu3anus
OTU, oOHapyxeHHEe XHUMeEp, TaKCOHOMHYECKHE Ha3HAYeHHE) M TapameTpsl (Hampumep: Mopor
MPOLIEHTHOTO CXOJCTBa, UcHojib3yeMblid st ompenenenus OTU), a Takke HCIONb30BaHUE B
MeTa0apKOAMHTOBBIX MCCIEOBAHUAX PA3HBIX TEHETHYECKMX MApPKEPOB (ISl IHAaHOMPOKapHOT V3-
V4 16S wm 23S, mis sykapuotndeckux Bogopocieit V4, V9, 18S, ITS, rbcl, cox) 3atpyassior
CpaBHEHUE UCCIIEIOBAHUM.

3aknwouenue. Pacryliee KOIMYECTBO  HCCIENOBAaHUM € INPUMEHEHMEM  METOZA
MeTabapKOAMHra MOJYEPKUBAET BaKHOCTh ONTHUMHU3ALMU IPOTOKOJOB M  HEOOXOAUMOCTh
CTaHJApTHOTO METOJOJOIMYECKOro TMOAXOoJAa Uil O0ECleYeHUss COMOCTaBUMOCTH MEXIy
pesynbratamu. KonnuecTBeHHas OIEHKAa [JaHHBIX MeTa0apKoJuHIra TpeOdyeT MeTOINYEeCcKOM
IPOBEPKH M OLIEHKU KOPPEeNLMU C pe3ylbTaTaMu IOJCYETOB OOWIMS IIMAaHONPOKAPHOT Ha
CBETOBOM MHKpoOcKome. /[l KOoppekTHOW paciu(poBKH JIaHHBIX, HEOOXOAWMO IOMOJHAThH
6apKoJI0BbIE 6ubnMoTeKu KaueCTBEHHBIMU BHU3YaJIM3UPOBAHHBIMU pedepeHCHBIMU
MIOCJIEI0BATEIBHOCTSAMU CO CBSI3aHHBIMM METaJaHHBIMU. B 11€710M Hcronb3oBaHue MeTabapKoUHTa
Ui 1ene OMOMHIWKAIMM TO3BOJIUT 3HAYUTEIBHO PACIIUPUTh OOBEM JAHHBIX, YIPOCTHUTH M
YCKOPUTH 00pabOTKy U COMOCTaBIeHHE HHPOPMAIH U, B PE3yJIbTaTe, MOBBICUTh KAYECTBO OI[€HKH
COCTOSIHMSI IPUPOJHBIX BOJ.

Bknao aemopoe: Bce aBTOPHI ClieNail SKBUBAJCHTHBIA BKJIA/] B MOJATOTOBKY ITyOJUKAIMH.
ABTOpBI 3asBISIOT 00 OTCYTCTBUM KOH(DJIUKTA UHTEPECOB.

Contribution of the authors: the authors contributed equally to this article. The authors
declare no conflicts of interests.
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PA3HOOBPA3HUE IIMAHOBAKTEPU BO BXOJIHbIX 30HAX IEIIEP
HAIIMOHAJIBHOT' O ITAPKA «bAIIKUPUS»

Annomayun. YHUKAIBHOCTh U CHEUU(DUYHOCTH IMOJ3EMHBIX MECTOOOMTAHUM 3aTpyJHsET
110100p ONTUMAJIBHBIX METOJIOB, HEOOXOAUMBIX JJIsi KOPPEKTHOI'O BbIAEIEHUS MUKPOOPIaHU3MOB,
peanu3yolmxcs B O3THUX 3KocucreMax. lcronb3oBaHMe CTaHIapTHBIX METOAMK 0e3 ydera
0COOEHHOCTEN MeCTOOOMTaHUN CIOCOOHO HMCKa3UTh IMOJIyYE€HHbIE Pe3yJbTaThl, KAK B OTHOIIEHUU
BUJIOBOT'O COCTaBa, TaK U CTPYKTYpbI coolIiecTB. Llenpio JaHHOTO Mccie10BaHus ObLIO BbIAETICHNE
uaHoOakTepuil U3 coolIiecTs oOpacTaHuil BXOJIHBIX (OTUYECKUX 30H miecTu nemep Kyrykckoro
ypounma HanuonansHoro mnapka «bamkupus». OOpasubl OTOHMpamM € KaXA0TO BH3YalbHO
pa3IMYMMOro y4yacTka CoOOIIecTBa, KyJbTUBUPOBAHHWE NPOBOAMIM MPU PaA3HBIX YPOBHSX
ocemieHHocTH (0T 300 moke g0 cranaaptHeix 2000-3000 mr0KC) M pa3IUyYHBIX TEMIEpPaTypHBIX
ycnoBusix (4, 12, 24 °C), ucnons3ys cpeasl I'pomoBa Ne6, BpucTonbs U 3KCTpakT u3 cyOCTpaToB
(aHanor moyBeHHOH BBITSKKH). OO11ee oOmnre B OTHUECKOM 30HE Melepbl OLIEHUBAIN, UCXOS U3
CyMMapHOro oOwWIMs BHJAa B HCCIEIOBAaHHBIX coolOmiecTBax oOpacraHuil. B pesynbrarte
oOHapy»eHO 47 BUJIOB IMaHOOAKTEepHil, B BUOBOM COCTaBE JIOMUHHUPOBAIM MTPEICTABUTENHN OT/eNa
Nostocales. BrwisiBiieHbl BUJIbI, TPUYPOUYCHHBIC K CHHY3HMSM MOXOOOpa3HbIX, a TaKKe OMOIUICHKH
[IUaHOOAKTEepH, MMEIoIMe MOCTOSHHBIA BUIOBOM COCTaB B pasiMYHbIX Memepax. [IpoBeneHo
CpaBHEHHUE TMOIYYEHHBIX pe3y/lIbTaTOB U BHJIOBOTO COCTaBa IIMAHOOAKTEpUN, paHee BBIJCIICHHbBIX U3
Pa3IUYHBIX MECTOOOUTAHUH, /I BXOAHOM 30HbI nemmepbl Kytyk-Cymras.

Knwouesvie cnoga: mnonzeMHble MECTOOOUTAHHUSA, SKOTOHBI, NEIIEPbI, [MaHOOAKTEpUH,
OMOTIICHKHU.
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DIVERSITY OF CYANOBACTERIA IN THE ENTRANCE ZONES OF THE
CAVES OF THE BASHKIRIA NATIONAL PARK

Abstract. The uniqueness and specificity of underground habitats makes it difficult to select
the optimal methods necessary for the correct isolation of microorganisms that are realized in these
ecosystems. The use of standard methods without considering the characteristics of habitats can
distort the results obtained, both in terms of species composition and community structure. The aim
of this study was to isolate cyanobacteria from the phototrophic communities of the entrance photic
zones of six caves of the Kutuk tract of the Bashkiria National Park. Samples were taken from each
visually distinguishable area of the community, cultivation was carried out at different levels of
illumination (from 300 lux to standard 2000-3000 lux) and various temperature conditions (4, 12,
24 °C), using Gromov's No. 6 and Bristols media, and extract from substrates (similar to soil
extract). The total abundance in the photic zone of the cave was estimated based on the total
abundance of the species in the studied communities. As a result, 47 species of cyanobacteria were
found, representatives of the Nostocales dominated in the species composition. Species associated
with synusia of bryophytes, as well as biofilms of cyanobacteria with a constant species
composition in various caves, have been identified. The obtained results and the species
composition of cyanobacteria previously isolated from different habitats were compared for the
entrance zone of the Kutuk-Sumgan cave.

Key words: underground habitats, ecotones, caves, cyanobacteria, biofilms.

B mocnemHme TOMBI  yBEMMUMIICS HWHTEPEC K HM3YYCHHUIO KapCTOBBIX ITO/3EMHBIX
MecTooOMTaHui. bBblT mpoBeneH psja HcclaeoBaHUM, B pe3yiabTaTe KOTOPBIX YTOYHEHBI U
pacIrpeHsl SKOIOTHYECKHEe 0COOEHHOCTH (POTHIECKUX 30H KapcTOBBIX memep. [lomumo Toro, 4ro
OHU SIBJISIFOTCSA SKOTOHAMHU MEXIY Ha3eMHBIMH U MOJ3€MHBIMS SKOCHCTEMaMH, BBISBIEHA UX POJIb
kak mukpopedyruymoB [1; 2]. OOCyxmaroTcs ajanTaldyd BUIAOB, MEXaHU3Mbl (hOPMUPOBAHHUS U
TUIBI COOOIECTB, CYKLECCHsI U KOHKYpeHIMs B (oTHYEeCKHX 30Hax meuiep. Ilo 1aHHBIM MHOTHX
ucclieioBaTenei, Hanboiee MPUCIIOCOONIEHHBIMU K YCIOBHUSM TIEHIEp SBISIOTCS ITHAHOOAKTEPHH,
CIIOCOOHBIC BBDKUBATH MPU HU3KUX YPOBHsX ocBemieHus [3, 4]. IMeHHO IHMaHOOAKTEPUH YacTO
SIBJIAIOTCSI JOMMHAHTAMHU B TIEIIEPHBIX COOOIIECTBaX U MpeodiagatoT Bo (hiaope GOoTUYECKOH 30HbI U
BO BTOPUYHBIX COOOIIECTBAX OSKCKYPCHOHHBIX TIeniep, OOOpYJOBAHHBIX MCKYCCTBEHHBIM
ocserienuem [5, 6].

Hecmotps Ha pacTymuii MHTepec K H3Yy4eHHIO (GOTOTpodoB memiep U yBETUUECHUIO
KOJIMYECTBA  WCCIENOBAaHWN  BOJOPOCIEH W IMAHOOAKTEPHHA  IMOM3EMHBIX  TIOJIOCTEH,
HaOII0AAOMEMYCsl B TOCIEAHUE TOJbl, MHPOpPMALUMU O OuopazHooOpasuu MemepHoi (ropsl
KpaifHe Maio. BaXHO OIIeHWBaTh AMHAMHUKY BHJIOBOTO COCTaBa C IEBIO BBISABICHHS BO3MOHBIX
M3MEHEHMH, MPH 3TOM HWHAMKATOPHBIMU BHJIAMH MOTYT CIYXHTb IIMaHOOAKTEpUH, Kak Hauboiee
XapakTepHbIC I TMemepHoi cpeapl. OCOOCHHO aKTyalleH aHaJIu3 OMOTHI TeIIep Ha TEPPUTOPHSIX C
BO3pAacTalollell aHTPONOreHHOM Harpy3kod. OJHMM U3 TaKMX Y4YacTKOB sBisieTca KyTykckoe
ypounie HanmonansHOTO Napka «bamkupusy», Tie mpoJerarT SKOIOTHYECKHE TPOTIHI.

Takum o00pazom, LEIbI0 JAaHHOTO HCCIeNOBaHUs OBLIO ompeneneHue OunopazHooOpasus
UaHoOaKTeprii (POTHYECKNX 30H HEKOTOphIX memep KyTykckoro ypouwina, pacrojioKEHHOTO B

73


mailto:kozlova-ev@rudn.ru
mailto:conophytum@mail.ru
mailto:m.larionow2014@yandex.ru

HaluoHanbHOM napke «bamkupus». Kymyxk-Cymean SBASETCS caMOM NPOTSHKEHHOM IELEpod Ha
VYpane u KpynmHEHIIeH Memepor-maxTol pernoHa, BXOHAs 30Ha KOTOPOW MPEACTaBISIET COOO0M
obmmpHeIit konozaer 10 Ha 20 metpoB. Kymykckas-4 — camas Tiy0okas memepa Ypaia ¢ BXOJTHON
30HOH B Buje 10-MeTpOBOro BEPTUKAIBLHOTO KoJoALbl. Kymykckas-1 (Jledsanas) nmeeT HaKIIOHHBIN
o0JieieHeNbI  CITyCK BO BXOAHOE oTBepcTHe. Kymykckas-2 (Cmanakmumoeads) HadYMHACTCS
MPOBAJIbHOW BOPOHKOM, mnepexons B rpor. llemepa Kymykckas-2 HadyuHAETCS MPOBATBHOM
BOPOHKOH, 3a KOTOpO#l cienyer rpot. Kymykckasa-3 —nemepa maxTHoro tuma. Ilemepa 3ueszae
MIpeJICTaBiIseT cOO0M MUPOKYIO rajepero ¢ OOKOBBIMU MPUTOKAMHU JUIMHOM U MOA3EMHON PEKOil, B
nerepe ecTb ABa cugoHa.

B ocHoBHOM, wuccnenoBaHus anbroduiopsl B MelIepax MPOBOISTCS C HCIOJIb30BAHUEM
TPaIUIIMOHHBIX METOJOB, UCIOIb3YyEMBIX JJIsl aHAJIH3a Ha3eMHBIX MECTOOOMTAHUH. AHAIU3UPYIOT
poObl TPYHTOB, BO3/yXa, COCKOOBI M Ma3KH CO CBOJOB U IOJa MEUIEPbl, IPU HATUYUH BOIHBIX
O00BEKTOB — MpPOObI BOABI M JOHHBIX OTJIOXKeHWH. lloceBbl Bomopociell W mmMaHoOaKTepuit
KYIbTUBUPYIOT TpPH CTaHJAPTHBIX YCIIOBUSIX OCBEIEHUS, HE YUUTHIBas HKOJIOTUYECKUE
0COOEHHOCTH BHJIOB TEUICPHBIX MeCToOOMTaHWH. Takum o00pa3oM MOTYT OBITh IOJIyYEHBI
pE3yNbTaThl, OTPAXKAIOIIUE HE CTOJILKO BUJbI, KOTOpBIE pealbHO OOUTAIOT B MEIIEpe, CKOJIBKO
BUJIbl, YbM 3a4aTKU MOTYT OBbITh 3aHECEHBbI B IELIEPY U HAXOAUTHCA B OTOOpAaHHBIX OOpa3lax.
AHanu3 y4actus BUAOB B cOOOIIeCTBaX Ha OCHOBE MX KOJMYECTBEHHBIX MOKa3aTellel B MOCeBax
TaK)K€ MOYKET UCKaXKaTh pealIbHYI0 IPEICTaBIEHHOCTb BH/Ia B COOOILECTBE MEIIEPHI.

Yepe3 BxoaHbIe (POTUYECKUE 30HBI MEIIep MPOXOAUT OONBIIOE KOJIMUYECTBO MOCTOSIHHBIX U
NEePUOANYYECKUX (B TOM UHCJIE CE30HHBIX) IOTOKOB: BO3JYIIHbIE IOTOKH, BOJHBIE MOTOKHU
pPa3IMYHON MOIIHOCTH (PEKU WM pPydbU, CTpyHuaThle MOTKH, KareKd, MaBOJKOBBIE U BOJIbI
OCaJIKOB), OCBIIIK TIOYB M TPYHTOB, JBHKCHHE XKMBOTHBIX (BKIIOYAs TPOTIO(HUIOB) M UEIOBEKa.
Taxum oOpa3om, nepemenieHrne OMOThI, B TOM 4ucie GOTOTPOdHOM, MOKET ObITh OYCHb AKTUBHBIM,
970 00ECIIeYnBaeT MOCTOSHHOE OOHOBIICHHE 3a4aTKOB (hOTOTPO(OB B (HOTHUECKOH 30HE.

C uenbio pa3aenuTh BUJIbI, KOTOPbIE 3aHECEHBI B MELIEPHYIO CPEly U BUAbI, peaIin30BaHHbIC
B IEIIEPHBIX MECTOOOMTaHMsX, ObUl pa3paboTaH MOJAXOJ, OCHOBAaHHBIM Ha BBIJCICHUU
MaKCHUMaJIbHOT'O KOJIMUYECTBa BUI0B U3 cooOlIecTB oopactanuil nemep. B poTuueckoii 30He 0T60p
po0 MPOBOJWIN Ha KAXKAOM BU3yaJIbHO Pa3IMuYMMOM yYacTKE 3apacTaHus. MXU OTOMpalli BMECTe
C TPYHTOM; BOJOPOCIIM M IIMaHOOAKTEPUU Ha KaJIbIIUTE U MU3BECTHSAKE COOMpalId BMECTE C KyCKaMH
cyOcTpaTa WM Jeialid COCKOOBI; C TJIMHUCTBIX OTJIOKEHUW Jenalii COCKOOBI OO0 oTOMpaiu
MOHOJIUTHL. JIONOTHUTENBHO OTOMpPAIM COCKOOBI M CyOCTpaThl Ha ydacTKax ©0e€3 BU3YaJbHO
BBIPAKEHHBIX 00OpacTaHuM /JIs OLIEHKH BHJIOBOT'O COCTaBa Ha cy0OcTpare.

B nabGopatopum o00pa3sipl NpocMaTpuBald, OLCHHWBas OOWJIME BHJIOB, MCIONB3YS 5-
OaJTbHYIO IIKATY B KaK10M cooOrectBe. O0miee oOunme B POoTHUUECKOM 30HE MeIephl OLICHUBAIIH,
UCXO0/ U3 CYMMapHOTO OOMJIMS BHJIa B UCCIIEIOBaHHBIX coollecTBax obpacranuil. J{is moceBoB
OTJeNIbHbIE KJIETKH LMAaHOOAKTEPHI BBIAEISUIM M3 COOOIIECTBA MPU MOMOIIM MUKPOKANMWILISApa U
KyJIbTUBUPOBAJIU MPHU pa3HbIX YpoBHiIX ocBeuieHHOCTH (oT 300 moke a0 cranaapTabix 2000-3000
JIIOKC) U pa3jIMyYHbIX TeMIEepaTypHbIX ycinoBusx (4, 12, 24 °C). Ucnonbs3zoBanu cpeast I'pomoBa Neb6,
BpucTonb U 9KCTpakT U3 CyOCTpaTOB (aHAJIOT MOYBEHHOW BBITSDKKH) [7].

[Ipenmonaraercd, 4YTO NPUMEHEHUE METOJa KaNWULIPOB IO3BOJSET Cpa3zy IMOJYYUTh
aKCeHUYHYI0 KynbTypy [8], HO B ciydae mmaHoOakTepuil 3TO He Tak. Kak mokazan Hamr OIbIT
WCCIIEIOBaHMs TEHIepHBIX LHaHOOaKTepuil, UX YCHENIHOE KYJIbTUBUPOBAHWE B aKCEHUYHOMH
KYJIBType pEIKO OBIBACT BO3MOXKHBIM, MOCKOJIBKY OHHM B OCHOBHOM HAaXOISTCS B COOOIIECTBE C
rerepoTpo@HBIMU  MHUKpoopraHuzMamMu. Haumyumme pe3ynabTaThl OOBIYHO —MOJYYarOT —TpU
KyJIbTUBUPOBAaHMM CMEIIAHHBIX KYJIBTYp, TOJIYYEHHBIX W3 CooOIIecTB oOpacTaHuil, HO
COOTHOIIEHHE BUJIOB B HUX MOKET MEHSTHCS, 10 CPABHEHUIO C MCXOJAHBIM 00pa3IoM.

Bo BxonanbIx 30Hax mnemep ypouuia Kyryk-Cymran HabmoaeTcsi BBICOKOE pazHOOOpasue
Pa3IMYHBIX COOOIIECTB: KYpPTHHBI MXOB, OHMOIUIEHKHM B TOTOKaX M Karexax, oOpacTaHMsl Ha
KaJIbLIUTE, MOPOAE MU INIMHUCTBIX OTJOKEHHUSAX Ha KaubLuTe. XapaKTepHO HAIMUYUE TIUHHUCTHIX
OTJIO’KEHUH Ha MOJTy Mellep U Ha MOJKaxX B KOJOJALAX, MPUYEM 3TU OTJIO)KEHUS YacTO MepeMeIIaHbl
C YacTUIAMU TI0YB, MOMAJAIOIIMMU C MOBEPXHOCTH JIMOO OCHINAsCh C KpaeB KOJIOALA, JHOO C
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MABOJKOBBIMU HIIM JIOKIEBBIMH BOAaMH. AKTUBHOMY TIEPEMEIICHHI0 MAaCCHUBHBIX OOpacTaHuit
CHOCOOCTBYIOT U OOpYIICHHS CHEXHO-JIEAOBBIX Macc, YBJIEKAIOUIMX Ha JHO KOJOJIEB Memep
(bI0py ¥ TOYBHI C MOBEPXHOCTH, TUOO C TOJOK KoJioAna. MeHee 3HAaUUMBIM (paKTOPOM SIBIISIFOTCS
CIIEJIC0JIOTH, KOTOPBIE TAKKE MOT'YT MEXaHUYECKU YHUUTOXKHUTH YaCTh 0OpacTaHUil.

MolHbIe TIIMHUCTBIE OTJIOXKEHUS, B COYETAHUM C ITOCTOSHHOW BBICOKOM BIIAXKHOCTBIO M
JOCTaTOYHOM 1711 pa3BUTHS (OTOTPO(GOB OCBEIIEHHOCTHIO, O00ECIIEUYUBAIOT AKTHUBHOE Pa3BUTHE
MOX000pa3HbIX B GOTUYECKUX 30HAaX memiep. B memepax ypounma Kyryk-Cymrad mpeacTaBieHbI
Bubl Bryopsida, He meHee 6 B KaXI0W M3 HCCICIOBAHHBIX MEIIEp, a TAKXKE MPEACTABHTEIN
oraenoB Anthocerotophyta u Marchantiophyta, mpudem mocneHne MOTyT KMETh BBICOKOE OOHMITHE
U BHOCSIT BKJIAJl B Cpej00Opa3oBaHue, BMECTE C IPEICTABUTENSIMU JTUCTOCTEOETHHBIX MXOB.

TpaauuMOHHO, KYJIBTUBHUPOBAHHE BOAOPOCICH M IUAHOOAKTEpHil OOBIYHO HPU YPOBHSX
ocsemennoctd  2000-3000 nx um mpu komHaTHON Temmeparype [9; 10], uro, oxmHako, He
COOTBETCTBYET IMEIIEPHBIX YCIOBUSIM U MOMKET HMCKaXaTh COCTAaB M CTPYKTYPY BBISIBISIEMBIX
COOOIIIECTB.

Oo6napyxeno 47 BumoB nuanoOakrtepui (Tabmuma 1). B TakcoHOMHYECKOH CTpyKType
npeobananu npeacrasurenu oraena Nostocales (13 BHOB) comOMUHAHTAMK OBLIH BHIBI OTENA
Synechococcales (12 sunoB) u Ostillatoriales (11 BumoB).

OO6mee HHU3KOE ydacTHe IMaHoOakTepuii Bo (iope poTuueckux 30H memep o0ycIOBICHO
TEM, 4TO, B OTJIMYKE OT Memep 0oyiee I0KHBIX PErHOHOB WM TIeHiep ¢ HeOOJIbIIUMH BXOJAaMu 0e3
MOCTOSIHHOTO MPHUTOKA BIIarW, ¢ HU3KUM OOMIIMEM MOXO000pasHbIX, B memepax ypouumia Kyryk-
Cywmran npeoOnanarot mxu. [Ipu 3TOM JIOKanbHO, HA YPOBHE OTACIBHBIX cO00IIecTB (0OpacTaHuii)
MaHOOAKTEePUH IOMUHHUPYIOT.

Eciu paccmarpuBaTh ydacTue ITMaHOOAKTEPUI B PACTUTEIHHOM IMOKPOBE (POTUUCCKUX 30H
nemep KyTykckoro ypouwina, TO MOXHO BBIACIUTh BUIBI, XapaKTEpHbIE IJS CHHY3UU
Moxoo0pa3ubix: Aphanocapsa muscicola, Tolypothrix tenuis, Nostoc punctiforme, Nodularia
spumigena, Stigonema ocellatum, Synechococcus elongatus, Leptolyngbya foveolarum, Tolypothrix
tenuis, Synechocystis aquatilis, Aphanocapsa incerta. Kpome Toro, oOHapyXeHbl OHOILICHKH,
HMeEIOIIHe MOCTOSIHHBIN BUIOBOM cocTaB IanoOakrepuii: Leptolyngbya foveolarum, Leptolyngbya
tenuis u Aphanocapsa muscicola; Leptolyngbya foveolarum, Leptolyngbya tenuis u Gloeocapsopsis
pleurocapsoides; Gloecapsopsis magma u Gloeocapsa artrata; Gloeocapsa artrata u Gloeocapsa
rupestris.

B xozie npoBeaeHHOTO HccaeoBaHus ObLT YBEIMUEH CIIMCOK BHJIOB, BBISBICHHBIX PaHEe BO
BXOJHOHM 30He memepsl KyTyk-Cymran u3 pasnuudbix Mecroobutanuii [9]. CXoacTBO BHIOBOTO
cocTaBa IHMAaHOOAKTEpWH, BBIIBJICHHBIX B pPa3IMYHBIX MECTOOOUTAHMSIX U IIHAHOOAKTEpUH,
BBICTICHHBIX M3 COOOIIECTB, HU3KOE, MHJEKC CXOACTBa BHaoBoro cocraBa JKakkapa ljcr=0,18.
[IpuHrMasi BO BHUMaHHUE YBEIMYMBAIOLIYIOCS aHTPOIOT€HHYIO Harpy3Ky Ha PEruoH IUIAHUPYETCS
MIPOJOJKUTh UCCIIeI0OBaHUS OMopa3Ho00pasus (Iopbl BXOJHBIX (POTHUECKUX 30H IEHlep, a TaKxke
OLICHKY JMHAMUKH Pa3BUTHS COOOIIECTB.
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Tabauua 1
OOwure 1uaHoOaKkTepHii BO BXOIHBIX 30HaX HEKOTOPHIX remiep HarmonanpHOro mapka «barkupus»

Bamn oOnnus

Bun

Cymryk-Kyran ‘ Kyrykckas-1 | Kyrykckas-2 | Kyrykckas-3 ‘ Kyrykckas-4 | 3ursar

Class Cyanophyceae

Order Nostocales

Family Aphanizomenonaceae

Genus Dolichospermum

Dolichospermum affine (Lemmermann) Wacklin,
L.Hoffmann & Komarek 2009

Genus Nodularia

Nodularia spumigena Mertens ex Bornet & Flahault 1888 \ 1 \ \ \ | 1 \

Family Calotrichaceae

Genus Calothrix

Calothrix elenkinii Kossinskaja [Kosinskaya] 1924 ‘ ‘ ‘ ‘ | 2 \

Family Nostocaceae

Genus Cylindrospermum

Cylindrospermum sp. ‘ ‘ ‘ \ ] \ 1
Genus Nostoc
Nostoc linckia Bornet ex Bornet & Flahault 1886 1 2 1 2
Nostoc paludosum Kiitzing ex Bornet & Flahault 1886 1 1 1 1 1 1
Nostoc punctiforme Hariot 1891 1 1
Genus Trichormus
Trichormus sp. | | 1 | | | |

Family Stigonemataceae

Genus Stigonema

Stigonema ocellatum Thuret ex Bornet & Flahault 1886 \ \ 1 ] ] ] 1 \

Family Scytonemataceae
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Genus Scytonema

Scytonema sp. 1 2
Family Tolypothrichaceae
Genus Tolypothrix
Tolypotrix sp. 1 1
Tolypothrix distorta Kiitzing ex Bornet & Flahault 1886 1 1
Tolypothrix tenuis Kiitzing ex Bornet & Flahault 1886 1 1

Order Chroococcales

Family Aphanothecaceae

Genus Aphanothece

Aphanothece saxicola Nigeli 1849 1

Order Chroococcidiopsidales

Family Cyanothecaceae

Genus Cyanothece

Cyanothece major (Schrdter) Komérek 1976 | | 1 |

Genus Gloeothece

Gloeothece rupestris (Lyngbye) Bornet 1880 ‘ ‘ ‘

Family Chroococcaceae

Genus Chroococcus

Chroococcus minimus (Keissler) Lemmermann 1904 2
Chroococcus minutus (Kiitzing) Nageli 1849 3 1
Chroococcus pallidus Nageli 1849

Chroococcus turgidus (Kiitzing) Nigeli 1849 1 1

Order Oscillatoriales

Family Chroococcidiopsidales familia incertae sedis

Genus Gloeocapsopsis

Gloeocapsopsis magma (Brébisson) Komarek &

Anagnostidis ex Komarek 1993 2 !

Gloeocapsopsis pleurocapsoides (Novacek) Komarek & 2 1
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Anagnostidis ex Komarek 1993 ‘ ‘

Family Cyanothecaceae

Genus Cyanothece

Cyanothece aeruginosa (Nigeli) Komarek 1976 ‘ 1 ‘

Genus Microcoleus

Microcoleus autumnalis (Gomont) Strunecky, Komarek &

J.R.Johansen 2013 1 1

Family Microcystaceae

Genus Gloeocapsa

Gloeocapsa atrata Kiitzing, nom. illeg. 1843 1 1

Gloeocapsa rupestris Kiitzing 1847 ‘

Family Oscillatoriaceae

Genus Oscillatoria

Oscillatoria rupicola (Hansgirg) Hansgirg ex Forti 1907 ‘ 1 1
Genus Phormidium

Phormidium ambiguum Gomont 1892 1

Phormidium interruptum Kiitzing ex Forti 1907 2

Phormidium lividum (Hansgirg) Forti 1907 1

Phormidigm terebriforme (C.Agardh ex Gomont) 1 1

Anagnostidis & Komarek 1988

Order Synechococcales

Family Leptolyngbyaceae

Genus Leptolyngbya

Leptolyngbya boryana (Gomont) Anagnostidis & Komarek
1988

Leptolyngbya foveolarum (Gomont) Anagnostidis &

Komarek 1988 3 .

Leptolyngbya angustissima (West & G.S.West)

Anagnostidis & Komarek 1988 3 2

Genus Phormidesmis
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Phormidesmis mollis (Gomont) Turicchia, Ventura, 1
Komarkova & Komarek 2009

Family Merismopediaceae

Genus Anathece
Anathece minutissima (West) Komarek, Kastovsky &
Jezberova 2011
Genus Aphanocapsa
Aphanocapsa incerta (Lemmermann) G.Cronberg & 1

Komarek 1994

Aphanocapsa muscicola (Meneghini) Wille 1919 2 2

Genus Synechocystis

Synechocystis aquatilis Sauvageau 1892

Synechocystis pevalekii Ercegovic 1925 1

Family Synechococcaceae

Genus Synechococcus

Synechococcus elongatus (Négeli) Nigeli 1849 1 1

Family Synechococcales familia incertae sedis

Genus Jaaginema

Jaaginema pseudogeminatum (G.Schmid) Anagnostidis &
Komarek 1988

Jaaginema subtilissimum (Kiitzing ex Forti) Anagnostidis &
Komarek 1988
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BTOPUYHBIE METABOJIUTBHI U ®OTOCHUHTE3 HIMAHOBAKTEPUI

Annomayusn. Bropudabie MeTaOOIUTHI MUKPOOPTAaHU3MOB - 3TO PETYIISTOPHBIE MOJIEKYIIBI,
KOTOpBhIE JEHCTBYIOT KaK «UH(MOPMAIMOHHBIE XWMHUYECKUE CHTHAIB), KOHTPOIUPYIOIIUE
KJICTOYHBIC META0OIMYECKHE MPOIECChl. ITH MOJCKYJBI CIYKaT JJII KOMMYHUKAIMK OaKTepuil B
MUKPOOHBIX COOOIIeCTBaX. DKOJIOTHYECKass pOJib MUKPOBOJOpOCiel B Onocdepe Kak OCHOBHBIX
MIPOM3BOUTENICH OPraHMYECKOrO0 BEIIECTBA CTABHT HMX Ha IIEHTPAJIbHOE MECTO B Pa3IMUHBIX
skocucreMax. MOTOCUHTE3 SIBISIETCS LIEHTPAJIBHBIM IPOIIECCOM B KJIETKAaX MHKPOBOJOPOCIEH U
MOABEPTaeTCs BO3JACHCTBUIO PA3IUYHBIX OMOTHYECKMX M a0MOTHYECKHX (aKTOpoB. PaszmuuHbie
BTOPUYHBIC META0OJIUTHI OAKTEPUI OKA3BIBAIOT 3aMETHOE PETYJISITOPHOE BIUSIHUE HA (POTOCUHTES B
KJIETKax MHKpoBojopocieil. B 063ope OyayT mpencTaBiieHbl SKCIEPUMEHTANIbHBIE PE3YIbTaThl,
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(JleTyyux OpraHUYECKUX COCAMHEHHH M HEOEIKOBBIX aMHUHOKHCIOT) Ha (DOTOCHHTETHUYECKYIO
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Abstract. Secondary metabolites of microorganisms are regulatory molecules that act as
"informational chemical signals” that control cellular metabolic processes. These molecules serve
for the communication of bacteria in microbial communities. The ecological role of microalgae in
the biosphere as the main producers of organic matter puts them in a central place in various
ecosystems. Photosynthesis is a central process in microalgae cells and is exposed to various biotic
and abiotic factors. Various secondary metabolites of bacteria have a noticeable regulatory effect on
photosynthesis in microalgae cells. The review will present experimental results demonstrating the
effect of two types of widespread metabolites (volatile organic compounds and non-protein amino
acids) on photosynthetic activity in cyanobacteria and eukaryotic green algae. The potential use of
these molecules as herbicides may be of great importance both for their practical application and for
fundamental studies of the molecular mechanisms of photosynthesis and its regulation.
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1. Bgeoenue
Konuenmnus «mepBUYHBIX» U «BTOPUYHBIX» METAa0OJUTOB Obljja BBEJECHA HEMELKUM
ouoxumukoMm AnbOpextoM Koccenem B Hauasne 20 Beka [1]. K nepBuuHbM MeTaOonuTaMm OH
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OTHOCWJI HYKIJIEHHOBBIC KHUCJIOTBI, O€JIKH, JTUMHABI, U yriaeBoabl. K BTOpUYHBIM MeTaboIuTaM
OTHOCSITCSI MaJICHbKHE MOJIEKYJIbl, KOTOpbI€ HE SBJISIOTCS HEOOXOJUMBIMU Ui BBDKHBAHHS
opranuzMa. CoBpeMEHHbIC aHATUTHUYECKHE W OHOWH(GOPMAIMOHHBIE METOABI HCCIIECAOBAHUIM
MO3BOJIMIIM  MJIEHTUUIMPOBAaTh Ooyiee CTa ThICSIY BTOPUYHBIX META0OJUTOB OakTepuil. IDTu
MOJIEKYJIbl OTHOCSITCS K PAa3TUYHBIM IPYNIIaM XUMHUECKUX coennHeHni. Cpenn HUX aHTUOUOTHKH,
QJIKAJION/Ibl, W30IMPEHOUAbI, (PEHONbHBIE COEAMHEHUS, MEeNTHU]IbI, HEOEIKOBbIE aMHHOKHCIOTHI,
neryune opranudeckue coenunenus (JIOC) u muorue apyrue. [losBunuck nepBbie 0a3bl JaHHBIX,
coOpaBimive HHPOpPMALMIO O pa3HBIX TpyINax BTOPUYHBIX MeTabonutoB. baza gaHHBIX,
npexncrasisitomiast  JIOC,  mpoaynupyemble  MHUKpOOpraHM3MamM, — JIOCTYIIHA  Ha  caiiTe
(http://bioinformatics.charite.de/mvoc) [2]. Co3gana u momonHseTcs HOBOW HH(pOpMaluei Oasza
JaHHBIX, coneprkamas naHdopmaruio o 3300 pa3nuYHbIX MENTUAAX ¢ AHTUMUKPOOHBIM JIEHCTBHEM
(https://aps.unmc.edu). MHorue NENTUABI IHAHOOAKTEPHIA, TaKhe KaK MHKPOIUCTUHBI U
HOAYJSIPUH, TOKCUYHBI JIJIS1 YeJIOBEKA U KUBOTHBIX U MMOTOMY Ha3bIBAIOTCA LIMAHOTOKCUHAMM [3,4].
Jpyras rpymma HpoKo paclpoCTPAHEHHBIX U KOJOTUYECKH 3HAYMMbBIX METa0O0JIUTaX BKIIOYAET B
ce0s1 HeOCIKOBbIE AMUHOKHUCIIOTEI. JTH MOJIEKYJIBI HE KOAUPYIOTCS TEHOMAaMH KHBBIX OPTaHU3MOB
U HE MPUHUMAIOT y4acTHs B CHHTe3e OelnkoB. MHOTHE M3 HUX SIBISIOTCS aHajoramu OeIKOBBIX
AMHHOKHUCIIOT W HEKOTOpBIC CYHIECTBYIOT KaK BTOPHYHBIC META0OJHMTHI B KJIETKAX Ppa3IHMYHBIX
opranu3moB [5]. CuHTe3 BceX 3TUX METa0OIUTOB TpeOyeT 3aTpaT KJIETOUHON YHEPTHH U, BEPOSITHO,
HYXXEH MPOAYLHPYIOIIUM X OpraHu3Mam

KoMMyHHKaIMS MEXTy MEKPOOPTraHU3MaMU U MUKPOOPraHU3MaMy U MaKpOOPraHU3MaMH C
MOMOIIIBI0 XMMUYECKHX CHUTHAJIOB  pPAacCMAaTPUBAETCS KaK OJHA W3 IEHTPAIbHBIX TeM IS
UCCIIEIOBAaHUM B 0OJIACTH IKOJIOTUYECKOW MHKPOOHOIOrMH. MUKpOOHAss KOMMYHUKALIUS JICKHUT B
OCHOBE AaJIalITUBHOTO TIOBEICHUS OaKTepHwil. JTO MOXXHO BHIETh KaK Ha IpUMEpEe OTICIbHBIX
KJIETOK, TaK M KJIETOUHBIX MOMyNALUNA. TN KOMMYHUKAIUW, TOJYYUBIIMA Ha3BaHUE « YYBCTBO
kBopyma» (QS), Bemer K H3MEHEHHSM B (HU3UOJIOTMH W TIOBEJCHHU KJIETOK, 3aTparuBaeT
¢dbopMupoBaHHE KOJOHUH, OUOIUIEHOK, BUPYJICHTHOCTh U MHOTHE Apyrue cBoiicTBa Oaktepuii. B
HACTOSIIIee BPEeMsi BTOPUYHBIE META0OIUTHI PACCMATPUBAIOTCS KaK «MH(POPMAIIMOHHBIE MOJIEKYJIBI»
("info-chemicals"), HeoOxoaumble Asl OOIICHHS MHKPOOPTAaHU3MOB B Pa3lIMUHBIX IKOCHCTEMaX.
OTU MaJleHbKHE MOJEKYJIbl MCIIONB3YIOTCS KaK CPEJICTBA aJlJIeJIONaTHH B KOHKYPEHTHOW OopnoOe
MHUKPOOPIaHU3MOB JpPYr C JAPYroM U IO3TOMY 3KOJOIMYECKH OUY€Hb BaXKHBI. YUHUTBIBAs pOJIb
(h0oTOaBTOTPOGHBIX MHUKPOOPTaHU3MOB B Ouocdepe, oco00e BHUMAHUE YIEISETCS H3YUCHHUIO
MeTaboIUTOB, Kak 00pazyemMbix caMuMU (HOTOABTOTpodaMu, TaKk U METAOOJIUTOB, CUHTE3UPYEMBIX
APYTUMH ~ OpraHM3MaMH ¥ JEHCTBYIOIIMMH Ha mporecc (OTOCHHTE3a. |WIUYHBIMU
MPEJICTABUTENSIMA  TaKUX MOJIEKYJ, WHTHOUPYIOMUX KJIETKH MHKPOBOJOPOCIEH, SBISIOTCS
MOJTU(EHONBI U MX TPOU3BOIHBIC; KUPHBIE KUCIOTHI, TEPIIEHOUIBl U UX MPOU3BOTHBIE, a TAKKE
a30TcojeprKallue COeTUHEHUS (aTKaIOu/ Ibl, AaHWJINHBI, aMUHOKHUCIIOTHI U UX MTPOU3BOHBIE).

Bropuunbie MeTabOIMTHI 3aMETHO JEHCTBYIOT Ha (JOTOCUHTE3 B KJIETKAX MUKPOBOJOPOCIIEH
HECKOJIbKUMHU TYTSAMU , CPEAH HUX YMEHBIICHHE COJepkaHUs (HOTOCHHTETUYECKHX MUTMEHTOB,
YMEHBIICHHE CKOPOCTH BBIJCIICHUS KHCIOpPOJa, HM3MEHEHHWE KHHETUKH MEPBUYHBIX PEAKIIHN
¢doTocuHTE3a B XOJie MOIJIOIIEHUS M pacIpeeNieHus] YHepruu, HapylleHHe Mpoliecca nepeHoca
ANIEKTPOHOB MEXIy (poTocucremamu U BHYTpU (oTocucteM. B aTOM 0030pe OyayT paccMOTpEHbI
SKCHEpUMEHTANbHbIE  PE3YyNbTaThl, JEMOHCTpUpYyIOmUEe dS()(EKTbl  HECKONbKUX  HIMPOKO
pacmpoctpaneHHbIX MeTaboauToB (JIOC, HEOETKOBBIX aMUHOKHCIIOT) Ha Mporecc (HOTOCHHTE3a B
KJIETKaX MHKPOBOJIOPOCIEH.

2. leiucmeue JIOC na pomocunmes

JIOC mnpencraBisatoT HanOojiee paclpOCTPAHEHHYIO M HKOJOTHYECKH 3HAUYUMYIO TPYIITY
MeTabonuToB. Pactenust, rpubbl u 6akTepun NPOAYLHUPYIOT Pa3HOOOPA3HbIE JIETyYHe OPTaHUYECKUe
coeMHEeHUs, oO0jajaromue pa3iIuyHbIMU OWOJOTHUECKUMH (DYHKIHMSIMU. OTH OpraHUYecKue
MOJIEKYJIBl YYacTBYIOT BO B3aWMOJICHCTBHAX MEXIY OpPraHM3MaM KaK CHTHAJIbHBIE MOJICKYJIHI,
KOTOpBIE 3aTParuBaioT (hpU3HOJIOTHIO M pa3BUTHE OPTaHU3MOB, HA KOTOPBIE BO3/IEHCTBYIOT.

2.1. Qumomoxcuunwiii 3¢ppexm yuarnobaxmepuanrvuvix JIOC Ha Mukpogooopociu
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Cuntes u Boienenue JIOC nnanoGakTepusiMu CBsI3aH C SHEPTETHUECKUM CTAaTyCOM KIIETOK,
KOTOPBI 3aBUCUT Kak OT (POTOCHHTE3a BHYTPU KIIETOK, TaK M OT ()aKTOPOB OKpYXarouie cpenspl,
KOTOpBIE BIUSIOT Ha 3TU mpomecchl. Cpeau 3Tux (aKTOPOB CBET, TEMIEpaTypa, HaJIU4He
nUTaTeNbHBIX BeulecTB (Hanuuue ¢ocdopa, kene3a M a30Ta), COJCHOCTh, a’parus
(mepeMelMBaHuEe WM CTaTUYHBIC YCIOBHUS pocTa), (paroBas mH(pEKUMs, MIOTHOCTh HOIMYJSIHH
[IMaHOOAKTEepUH, BO3PACT KYyJIbTYphl (CTapeHUE WJIM aronTo3), npucyrcreue ¢urodaros. JIOC
BBICTYNAIOT B POJM AJIEIONATHYECKUX MOJIEKYJ IPH KOHKYPEHLHMH BOJOpOCIEH B BOJHBIX
skocucremax. Tumbl cuHte3upyembix JIOC 3aBUCAT OT BHJA IIMAHOOAKTEPUM WM BOJOPOCIIH.
HekoTtopsie neTyure MoneKyIbl POAYyLUPYIOTCS 00euMH rpymmnamMu Bogopocieid. Ho wacto criekTp
0o0pa3yeMbIX IHaHOOAKTEPUSMU JIETYUYHUX OPTaHUYECKUX coelMHeHul oTanyaeTcs oT cnekrpa JIOC,
obpasyembix Bojgopocisimu. [lmanobakrepun obpasyror 2-MIB, geosmin, B-cyclocitral, p-ionone,
monoterpene alcohols, aliphatic alcohols, aliphatic fatty acids, aldehydes u muorme apyrue
MOJIEKYJIBI , KOTOpbIE IEHCTBYIOT NPOTUB BOXOpPOCIEH B BUAy TOro, 4ro 3yKapHMOTUYECKHE
MUKPOBOJIOPOCIIM U ITHAHOOAKTEPUH OOUTAIOT B OJHUX M TEX )K€ MPUPOTHBIX HUIIAX, 3TU OTINYHS
MOTYT TIPUHECTH LMAaHOOAKTEpPHUsIM CEJIEKTHBHOE mpeumymiectBo. KiieTku nmanobaxkrepun
Microcystis sp. IIpomyumpyrotr B-cyclocitral u eucalyptol, xotopsie mOMOraroT 3TUM
uanoOakTepusM uHruOuposats kietku Chlorophyta, manpumep, Chlamydomonas reinhardtii u
HA4YaTh JOMUHUPOBATH HAJ 3€JIEHBIMH BOJOPOCISIMU B BOJIHBIX SKOCHCTEMAX [6].

[{uano6akrepuss M. flos-aquae oGpasyer eucalyptol u limonene, koTopbie MHTHOUPYIOT
JeJieHne dyKapuoTudeckoi 3eneHoi Bogopociu Chlorella vulgaris. beuto oOHapyxeHO, 4TO B
0e3zazotuctoit cpene coaepxkanue xjaopopmnioB Chla u Chlb 3amerHo cHukaeTcst B MPUCYTCTBUU
stux JIOC. Ilpu nedcTBUM ATHX TEPHEHOUIOB CHIKACTCS KOHIEHTPAIMsS PEaKIMOHHBIX LEHTPOB
¢dorocucremsr 2 (O®C2) W NPOUCXOAUT WHTHOMPOBAHME 3JIEKTpOHHOro TpaHcmopra B ®C2 B
senenoir  Bomopociu Chlorella vulgaris. Limonene wu eucalyptol yckopstor paccenBanue
abcopOMpOBaHHOW SHEPrMM B BHJAE TEIJIA. OTH TEPICHOWIBI BBI3BIBAIOT  JETPAJAIUI0
(OTOCHHTETHUYECKUX MUTMEHTOB U HAPYIIAIOT Mpolecc (POTOCHHTE3a B KIETKaX dyKaApUOTHUECKUX
BOJIOPOCTICH, YTO TIOKa3biBaeT UX OS((EKTUBHOCT, KaK HWHCTPYMEHTOB QIICNIONATHH Y
1uaHoOaKkTepuil. B yclIoBUsAX HEXBATKU MUTATENbHBIX BEIIECTB (B OTCYTCTBHE a30Ta Wiu dochopa)
B CpeJie pocTa IIMaHOO0aKTEpUH CIIOCOOHBI YBEIWYUTh MpoayKuuto paszHbix JIOC, u HEKoTOpble U3
HUX OKAa3bIBAIOTCSI TOKCMYHBIMHU JUIsI KOHKYPEHTOB, YTO JaeT MPEUMYIIECTBO I[MaHOOAKTEPUIM B
KOHKYpEHTHO# 60proe [6].

2.2. bakmepuanvnvie JIOC uneubupyrom gpomocunmes @ kiemrkax yuaLobaxkmeputi

[TomuMo Bojopocie M HUAHOOAKTEpU, MHOTHE APYTrHe OaKTepUU TAKKE CHHTE3UPYIOT
mHorouncinernole JIOC. Tak, HamMu ObUIO MOKa3aHO, YTO UIMPOKO PpPacHpOCTpaHEHHbIE
OakrepuanbHbie mrammbl Pseudomonas u Serratia cuntesupyror JIOC, KOTOpbIe HHIHOHPYIOT
pa3sBUTHE PaA3IMYHBIX MHKPOOPTaHU3MOB, B TOM 4YHCJIE€ POCT OJHOKJIETOUHBIX I[MaHOOAKTEpUi
Synechocystis sp. PCC 6803, Synechococcus sp. PCC 7942, u uutyaroit nnanobaktepuu Anabaena
sp. PCC 7120 [7]. beuio BbICKa3aHO MPEINONIOKEHHE O TOM, YTO MHUIICHbIO JEWUCTBUS
OaxktepuanbHblx JIOC B kierkax nMaHoOakTepuil MoKeT ObITh mpouecc (oTocuHTe3a. Ml
HKCHEPUMEHTAIbHO TMPOBEPHIN 3Ty runoredy. B kauectBe wunauBuayanbHbix JIOC Obun
WCIIOJIb30BaHbl KETOHBI, KOTOpble Mpeoliajald B CMECHU JIETYYUX COEJUHEHHH, BbIACISEMBIX
kietkamu Pseudomonas u Serratia. bbuto skcrepuMeHTaIbHO TTOKa3aHo iN VIVO 4To GakTepualibHbIC
KETOHBl WHTHOMPYIOT TMporecchl (POTOCHHTE3a B KIETKax MuaHoOaktepuil [8]. AHamm3upys
KUHETHKY (DIyopecleHInd XJopohuiia, KUHETUKY pelaKkcallud MEepeMEeHHOH (IryopecleHIny,
CHEKTPOCKONUIO TMOTJIOUIEHUS] B BUIUMOW O0OJACTH CIEKTpa, CHEKTPOCKOMHIO 3MHCCHOHHON
¢byopecueHIIMN 1 KHHETUKY (POTOMHAYKIMH peakimonHoro nentpa @C1, 6pu10 0oOHapy)eHO, 4TOo
KETOHbl 2-HOHAHOH U 2-yH/JEKaHOH WHTHOUPYIOT MepeHoc 3eKTpoHOB yepe3 DC2 B kieTkax
Synechococcus sp. PCC 7942. OOpabGoTka KJIETOK KETOHAMH CHHXAET KBAHTOBBIH BBIXOJ
nepBuYHBIX (poropeakiuit @C2 1 u3MEHSIET KpUBbIe HHAYKIHH (uryopecieHIuu ximopopuina OC2.
Bb110 TpOIEMOHCTPUPOBAHO, YTO KETOHBI MHTUOMPYIOT IMEpEeHOC 3eKTpoHOB OT Qa k Qp
MEPEHOC DJIEKTPOHOB Ha JOHOPHYIO cTOpoHy (orocuctembr ®C2. Dt JIOC momudumupyrot
npoliecc nepeaadu HePruu OT aHTEHHOTO0 KOMIUIEKCa K peakiiMoHHOMY 1eHTpy PC2 u TeM caMbIM
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YBEIIMYMBAIOT KaK KBAHTOBBIM BBIXOJ (piyopecreHunu xiopoduiuia, Tak W BpeMs >KU3HU
BO30YKJIEHHOTO COCTOSIHUSA XJIOpOQuiuIa. BbUIO BBICKA3aHO MNPEAINONOKEHHE, YTO ATH KETOHBI
MOT'YT JEWCTBOBaTh KakK aJlIEJIONaTUYECKUE WHCTPYMEHTHI Il PEryJupOBaHUS YHCIEHHOCTU
MHUKPOOHBIX HOMYJISALMHA B UX KOHKYPEHILIMHU 32 OrpaHUYEHHOE MUTaHUe IKocucTeMax [8].

Ocraercs eme MHOTO HEpEHmIEHHBIX BompocoB, B Tom uwmcine: (1) Kakum obOpazom
«OpPraHNU30BaHO» B KIIETKE paclpe/ielieHue U XpaHEHHE CBSI3aHHBIX C KIETKaMHM M PAaCTBOPEHHBIX
JETY4YUX opraHuueckux coequHenuit? (2) Kax npoucxoaur perynsauus cunresa u Bocnpusatus JIOC
KJIeTkamMu nuaHoOaktepuii? CymecTtBylor Jnu  crnenuduyeckue peuentopsl? (3) Kakosr
MEXaHHU3MBI, JIEKAIINE B OCHOBE YCTOMYMBOCTU CaMUX LIMAHOOAKTEPHil K BHICOKMM KOHLIEHTPALUSIM
BoiiesieMbix  umMu  JIOC? (4) KakoBbl MOJICKYJISIPHBIE PETyJIsSTOPHBIC CHUTHAIIBI, KOTOPBIC
unayuupyor cuHre3 JIOC B kierkax mpu onpeiesleHHbIX ycnoBusax? IlpumeHeHue MeTon0B
MyTareHe3a M KJIOHMPOBAaHUS T'€HOB, OMO(QU3NYECKHX METOAOB, a TaKXe METONOB ‘“OMHUKH”
MO3BOJIUT IIy0Ke MPOHUKHYTh B MEXaHU3MbI OMOJIOTMYECKON aKTUBHOCTH MHOTUX OaKTepUaTbHBIX
JIOC.

3. [eiicmeue Hebenkoavix AMUHOKUCI0M HA homocunmes yuanodaxmepuil

HeOenkoBble aMMHOKHUCIIOTHI MOTYT OBITh OMOJIOTMYECKM AKTHBHBIMHM MoJjieKynamMu. OHH
CUHTE3UPYIOTCS MHKpoopraHuzMamMu U pacteHusiMu [9]. HeOenkoBble aMHUHOKHCIOTBI - 3TO
IPUPOJHBIE AaMUHOKHUCIIOTHI, KOTOPbIE, KaK MPaBUJIO, HE BXOJAT B COCTaB OelKOB. M3BECTHO OKOJIO
400 HEOENKOBBIX aMHHOKUCIOT. OHM paccMaTpUBAIOTCS KaK MOAM(PHIMPOBAHHBIE OEITKOBBIC
aMMHOKHUCIIOTHI, IOJIyY€HHbIE B pe3yibTaTe YIJIMHEHHUS MM COKpAIlleHHs YIIEpOJHOM Lenu
(moGaBnenuss wnu ynanenuss CHp- wimm CH-dparmMeHTOB); THIpUpPOBAaHUS W JACTHIPHUPOBAHUS;
I'MJIPOKCUIIMPOBAHUs; aMMHUpOBaHUs. HebenkoBble aMHMHOKHUCIOTHI y4acTBYIOT B 0Opa3oBaHUU
OEJIKOBBIX aMHUHOKHUCIIOT, CIIy’KaT 3amacHoi (hopMoii a3ota u cepbl. OHU SBIISIOTCS TPAHCIIOPTHOU
(dbopMoii a30Ta U MOT'YT BBIIOJIHATH pa3IMyHble 3alIUTHbIE (PYHKIMU (CBA3BIBATH AMMHUAK, KOTOPBIi
HAKaIlJIMBAETCsl MIPU PACILEIJICHUH OEJIKOB), OHU CIIy’KaT PE3EPBHBIM I1YJIOM OPTaHUYECKOTO a30Ta
B 9KkocucTemax [10]. HebenkoBble aMMHOKHUCIIOTHI UTPAIOT BAXKHYIO POJIb B aJaNTallMi OPraHM3MOB
K OKpYyXxaromiei cpene. Tak, HEKOTOpBIE M3 ATHX MOJEKYI ABIstoTcs putocunepodopamu [11]. Onun
MOTYT XeJIaTupoBaTh Zn iy Fe u yBennunBaTh X MOIJIONIEHHE MUKpoopranuzMamu. Hebenkosbie
AMUHOKHCIIOTHl B MUKPOOPTaHU3MaxX CIyXKaT CTPOUTENbHBIMU OJOKaMH JUIsl CUHTE3a HEOOJBIINX
OMOaKTHUBHBIX MenTuaoB [12, 13].

B cnyyae HeckonbKMX HEOENKOBBIX aMUHOKHUCIOT (Hampumep, mMm-TUpPO3UHA, Y-
amuHoMacisHo kucnotel (TAMK), B-N-merunamun-L-ananuna (BMAA)) Obiio mokaszaHo
CHJIbHOE aJUICJIOXMMHUYECKOEe BO3/ICHCTBUE HA PaHHUI pOCT U pa3ButTHe pacteHwuii [14-19]. BMAA
BIMseT Ha pocT IumaHoOakrepui [20,21], a Takke Ha THUIMEHTHI M  KOMIIOHEHTHI
(OTOCUHTETHYECKOI IIeTH TIePeHOCca IEKTPOHOB B KIIETKax uanobakTepwuii [20, 22-24].

HeGenkoBass  amuHokucinora  B-N-merunamuu-L-ananun (BMAA)  cunTe3upyercs
MHUKpPOBOJIOPOCIIIMUA  (LIMAHOOAKTEpUSIMU U JTMATOMOBBIMM BOJIOPOCIISIMM) M HaKalulMBaeTcs B
MUILIEBBIX LEMIX, YTO MOXKET MPUBECTH K Pa3BUTHUIO HEWPOJeTreHepaTUBHbIX 3a00J€BaHUN Y Jr0/1eH
[25-27]. Onnako (yHKIHOHAIBHOE 3HAYECHHE O3TOW AMHHOKHCIOTHI B METa0OJNM3ME CaMHUX
MHUKPOBOJIOPOCJIEN OCTAETCS 10 KOHIIA HE U3YUYEHHBIM.

Hcnonp3yss MeToapl MPOTEOMHKH, HaM YyIalloCh IOKa3aTh, 4TO SK30reHHbIW BMAA B
MHUKPOMOJISIPDHBIX ~ KOJIMYECTBAX M3MEHSET OJKCIIPECCHI0 MHOTMX O€JIKOB, Yy4YacTBYIOIIMX B
Pa3IMYHBIX META0OIUYECKUX TMpOoIleccaXx B HUTYATOW a30TduKcupyromen ruanodakrepun NOstoc
sp. PCC 7120, BeIpaliieHHOH B TpeX pa3InYHbIX (PU3NOJOTHUECKUX YCIOBUAX [22-24]. DU ycaoBus
pasnuyaigich MO KOJMWYECTBY a30Ta B MUTATENbHOM MHUHepanbHOM cpene: (1) mmazoTpodHbie
yCIOBHSA, KOTJa B Cpelie pocTa HET MCTOYHHKOB a30Ta M KJIETKM LHUAHOOAKTEPUH JIOJIKHBI
CaMOCTOSITENbHO (PMKCUPOBAaTh aTMOC(hEpHBIN a30T; (2) ycioBus U30bITKA a30Ta (HUTPAT HATPHs) B
NUTaTeNbHOM cpene; (3) mepexoAHble YCIOBHS, KOTAAa KIETKM OTMBIBAIOT OT Cpeibl, OoraToi
a30TOM, | TIEPEHOCST B cpeay 0e3 a3oTa (YCIOBHUS a30THOTO TOJIOTAHMS ).

3.1. Jdeticmeue BMAA na ¢pomocunmes 6 knemkax yuanobaxmeputi, pacmywjux 8
ouazompo@HvIX YCi08UsX
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B 1ma3oTpoHBIX YCIOBUSX B MPHUCYTCTBUM MHKPOMOJISIpHBIX KoiuuectB BMAA
M3MEHUJIACh dKcrpeccus 19 6enkoB, ydacTByronux B (orocuHTese, U 6 OCIKOB, y4aCTBYIOIIUX B
okuciurenbHoM ¢ochopmmpoBannu B kiaetkax Nostoc sp. PCC 7120 [24]. Pe3ko cHmxkaercs
KoiuuecTBO 18 OenkoB, BOBIEUEHHBIX B Mmporuecc (potocunTeza. Cpeau HUX UIACHTUQUIMPOBAHBI
OemnKu, BXOAAIIHE B cocTaB KoMIUIekcoB o0enx (otocucrem (OC1 u @C2), komIiekca UTOXpoMa
b6f, aHTeHHBIX HUrMEHTHBIX KOMIUIEKCOB. JlobGaBimenne BMAA k kieTkaM nuaHoOaKkTepuit
MIPUBOJIUT K TIOHIKAIOIICH PEryIsiiiiu IByX OeskoB peakiimoHHoro menTpa @C1 (cyowequnn |V u
XI). Kpome toro, BMAA mnopasasier yetbipe 6enka ®C2 (D1, D2, CP47, PsbO) u msre Genkos,
KOTOPBIE SIBJIAIOTCS KOMIOHEHTaMHU (PUKOOMIMCOMHBIX cBeTocoOuparomux anteHH PC2. Kpome
TOTO, CHHXXEHAa MPEJICTABICHHOCTh 4YEThIpeX (PEPMEHTOB, YUYaCTBYIOHIMX B METabOIU3Me
nopdupuHa u xnopoduiuia. Cpeau OSIKOB ¢ MOHMKEHHOM dKCIpeccueit ObUTH UACHTU(DUIIMPOBAHBI
beppenokcua-HAJID(+) penykrasza (petH) u aBe cyobeaunauibl Komiuiekca muroxpoma bé-f (petB
u petC). Taxxe cHikeHa skcnpeccus H-cyorenuuuiisl NAD(P)H-XHHOHOKCHIOPEAYKTAa3bl U TISITH
cyorequuun AT®O-komiiekca [24]. Dkcmnpeccus TOJBKO OHOTO Oenka ObLla TOBBINICHA B
npucyrctBu BMAA - nutoxpoma c6 (alr4251). Liutoxpom (Cyt) C6 mepeHOCHUT 3IEKTPOHBI MEXKTY
komriekcom Cyth6-f u @C1 B mpocBeTe THIAKOWIOB IIMAHOOAKTEPHit U 3eJIeHbIX Bogopocieit [28].
OTOT OEJOK SABISETCS OCHOBHBIM JIBIXATEIBHBIM M (DOTOCHHTETHYECKUM JIOHOPOM 3JIEKTPOHOB B
rereporcrax Anabaena sp. PCC 7120 [29]. Tlossiennyto skcrnpeccuio Cyt C6 B MPHCYTCTBHH
BMAA Mo0XHO paccMmaTpuBaTh Kak CBOErO poja KOMIIEHCATOPHOE COOBITHE B JbIXaTEIbHOM H
(OTOCHHTETHYECKOM TPAHCIOPTE AJIEKTPOHOB, B TO BpeMs KaK OJKCIOPECCUS. MHOTUX APYTrUx
(oToCHHTETHYECKMX OETIKOB ObLIa MOHMKEHA.

3.2. leticmeue BMAA na gpomocunmes yuarnobaxmepuii 8 yciosusix azomHoco 20100aHUs.

DKcTpeccusi HECKOJIBKO OSKOB, YIacTBYIOMUX B (DOTOCHHTE3E, OblIa M3MEHEHA (MIOHMKCHA
WM TIOBBIIIEHA) B MpucyTcTBUM BMAA B yClIOBHSX TOJIOJaHUS KJIETOK IO a30Ty, KOTAa KIETKU
MEPEHOCWIIM U3 Cpelibl, OoraTol a3oToM, B 0e3a30THCTyIO cpeny. Cpeau OSNIKOB ¢ MOHMIKEHHOM
perynanuel ObUTH OCHOBHBIE OelKu (OoTOCUCTEMBI |, HEKOTOpbIe OEIKHM MUTMEHTHBIX KOMILIEKCOB
u wiacronuanuH (petE). Dkcnpeccus 6enka PsaA peakuumonnoro nentpa @C1 (P700 xmopodumn
anonpoTerH Al) Obula MOHM)KEHA MOYTH B TPH pasa, a skcnpeccus 6enka PsaB (P700 xmopodumn
anornpoTenH A2) Obljla CHH)KEHA [TOYTH B YETHIPE pa3a. ITHU JBa Oejka KOJUPYIOTCS ABYMs F'€HaMH,
alr5154 wu alr5155, koTopble COBMECTHO OJKCIPECCUPYIOTCS B TE€HOME [HAHOOAKTEpUH
(http://alcodb.jp/cyano/PCC7120/alr5154/list ). B 1o xe Bpems skcmpeccusi ogHoro Oenka dC2
(6enok 13 x/la, psbW) u 6enka petC (cyObenuHuia komiiekca nmuroxpoma b6-f) Obuta moBbimieHa
[22]. B cnyuae Arabidopsis 0sl10 mokaszaHo, uto 6e3 6enka PsbW He MoryT ObITH COPMHPOBAHBI
YIIOPSAJOYEHHBIE PSIJIbI MOTYKPUCTAIUINYECKUX MAKPOJIOMEHOB CYIEPKOMILIEKCOB (pOTOCHCTEMBI 2 U
ceeTocobuparoux komiuiekcos (PSII-LHCII). D10, B cBOlO ouepenb, NPUBOIUT K CHUKEHUIO
3G GEKTUBHOCTH Mepesadynd 3Hepruu Mexay kommnoHeHTamMu PC2 M K 3aMeUIEHHIO pPeakluu
pearupoBanust ®C2 na nerkue crpeccsr [30].

Jlo6aBnenue sx3oreHHoro BMAA Taike BiuseT Ha MeTaboin3M XJjopoduiia B KIETKax
nuaHoOakrepuil. Tpu wuneHTuUUUpPOBaHHBIX B paboTe (¢epMmeHTa, Jeruaparasa JenbTa-
amuHosieBynuHOBOM kucinotel (EC: 4.2.1.24), rayramun-tPHK-cunteraza (EC: 6.1.1.17) u
repanmrepanmruaporedaza (EC: 1.3.1.111), ydactByror B Metabonusme ximopoduiia. Mx
HKCHPECCHsI CHIIBHO MoAaBisercs B mpucyrctBul BMAA [22]. Takum 00pa3oM, MOKHO OTMETHUTH,
9TO 3K30reHHbli BMAA B MHKPOMOJISIDHBIX KOJIMYECTBAX IOJABISET 3KCIPECCUIO0 OENKOB,
KOTOpbIE y4acTBYIOT B (PMKcalluM a30Ta, YCBOGHMU yriepoja U (OTOCHHTE3€, YTO MPUBOIUT K
CHJIBHOMY T'OJIOJJaHUIO KJIETOK IIMaHOOAKTEepUi TI0 a30Ty, YIJIEPOly U SHEPTUH.

3.3. BMAA monvko cnecka 3ampazusaem 3KCHApeccuro GomocuHmemuieckux 6enKos 6
VCI08UAX U3OBIMKA A30ma 8 cpede pocma

B ycnoBusix u30bITKa a3oTa B cpelie POCTa PEryNslusi SKCIPECcCHH (OTOCHHTETUYECKUX
O0enkoB Obla 3aTpOHYTa HE3HAYUTeNbHO B mpucyrctBuM BMAA 1o cpaBHEHHMIO C €ro OYeHb
cuIbHBIM 3¢ dexTom Ha perynsamuio skcrpeccun OenkoB ¢orocucteM PCl u OC2 B kieTkax
MaHOOAKTEepPHil, MCIBITHIBAIONIMX HEJOCTaTOK a3oTa. B KkieTkax, BBIpalllEeHHBIX B Cpelae ¢
M30BITKOM a30Ta, HKCIPECCHs MATH OENKOB, YYacTBYIOUIMX B ()OTOCHHTE3€, ObLIa MOHIKEHA U
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SKCHpeccHst IByX OeNKOB ObLia cierka mnosbiieHa B npucyrcTsun BMAA [23]. Cpeau GenkoB ¢
MOHIKCHHOM peryisuei Mol oOHapykumu muroxpom c¢-550 (PsbV, all0259), cyosenunumy IV
PS1 (psaE, asr4319), oGenok ¢orocuctembr 2 CP47 (psbB, all0138), kommoHeHT sjpa
¢bukodumcomsl apcF (all2327) u 6era-cyonrenununiy AT®-cunrtassr FOF1 (all5039). Dkcnpeccus
nByx OenkoB (cpcB m cpcG4) Obuta cierka moBblmieHa. beun caenan BeIBOA, uro mocie 48 u
o6pabotku BMAA knerku Nostoc, pacTymue B cpeae, 00ratoid a3oToM, Hadajad ‘“dyBCTBOBATh
roox”. OnpHako ATO  (PHU3MOJIOTMYECKOE COCTOSHHE KIETOK I[MaHOOAaKTepuil  HENb3s
OXapaKTeprU30BaTh KaK XJOPO3 MO CPABHEHUIO C CUIIBHBIM XJIOPO30M, OT KOTOPOTO OHU CTPAAaroT
npu oopabotke BMAA B ycioBusiX a3oTHOro ronoganusi [22,24]. beina BbIIBUHYTA THUIOTE3a O
ToM, 4T0 BMAA MokeT ObITh HCIIOJIb30BaHA MPEACTABUTENSAMU (PUTOIIAHKTOHA B Pa3IMYHBIX
HKOCHCTEMAaX B KAdyeCTBE BO3MOXHOTO aJUICIONATUYECKOTO MHCTPYMEHTa sl  KOHTPOJIS
MOMYJISIUKM  KJIETOK IMaHOOAKTepUil B MEPUOJ HHTCHCHBHON KOHKYPEHLMHU 3a a30T U JApYyrue
pecypcsl [24].

4. 3aknruenue u nepcneKmuesl

[nanobakrepun  MPOAYIUPYIOT  OONBIIOE  KOJMYECTBO  PA3IMYHBIX  BTOPHYHBIX
MeTabonuToB. MHOTHE U3 HUX CHHTE3HPYIOTCS B Pa3lMYHBIX CTPECCOBBIX yclIoBHUsX. HekoTopbie
METa0OIUTHI 00Pa3yIOTCs MpU JePHUIMTE MUTATEIBHBIX BEIIECTB B CPENIe POCTA, M 3TU COCIMHEHUS
MOJIaBISIIOT KOHKYPEHTOB B OoppOe 3a orpaHuueHHbIE pecypchl. BTopuuHble MeTabOIHTHI
[IMAaHOOAKTEePHA MOTYT BO3ACHCTBOBATH HAa pETYJSAIHIO Tporeccaa (OTOCHHTE3a B KIETKax
MUKpOBOIOpociieil. MeTabonuThl MOMOTaloT [IHAHOOAKTEPUSIM KOHTPOJIUPOBATH POCT U IIIOTHOCTh
MONYJISILIAA BOOPOCIEH.

D10 HOBas 00JAacTh HCCIENOBaHHWM, W Mbl JellaéM TOJbKO IMepBble mmaru. EcTh ere
MHOTOYHCIICHHbIE WHTPUTYIOIIME BOMPOCHL, HA KOTOpPhIE HEOOXOAMMO OTBETUTH. McciemoBaTenu
cTpeMsATcs TOHSATH: (1) MexaHU3MBbI, JEXKallue B OCHOBE PETYISIUU CHUHTE3a M BOCIPHUSATHS
MeTaboIUTOB KJETKaMH; (2) MpOLECCHl, JIeXkKalllie B OCHOBE YCTOWYMBOCTHU CaMHUX OakTepuil K
BBICOKMM KOHLIEHTpALUAM MeTa00IuTOB; (3) MOJIEKYJISPHBIE CUTHANbI, KOTOpPhIE HHAYIUPYIOT
CUHTE3 META0O0JINTOB B KJIETKAX IPH OIPENEICHHBIX YCIOBUAX; (4) MOJEKYISpHbIE MEXAHU3MBI,
KOTOpBIE 3aIllyCKalOT M PEryJIUPYIOT HX BHEKJIETOYHOE BBICBOOOXKIEHHE; (5) moapoOHbIe
MOJIEKYJISIPHBIE MEXaHU3MBI BO3JCUCTBUS META0OJIUTOB HA PA3JIMYHbIE (JOTOCHHTETUYECKHE OCIKH,
(6) perynsuuio B3aMMOACHCTBUIM MeXly OpraHu3MaMi B CUMOMO03aX € MOMOUIbIO METabOJIUTOB, U
MHOTHE JApYyrHue BOMPOCHL. VIcronp30BaHME pPAa3TUYHBIX METOJIOB OHOMU3NKH, TEHOMHKH U
OuonH(pOpPMaTUKHU, MyTareHesa W KIOHUPOBAaHUS TEHOB, TPAHCKPUIITOMHUKH, TPOTEOMUKH U
METa0O0JIOMUKH OOeCreyuT TIyOOKOoe TOHMMAaHHWE MEXAaHW3MOB pEeryisiuu  (POTOCHHTE3a
BTOPUYHBIMU META00JIMTAaMH B KJIETKaX MUKPOBOJIOPOCIIEH.
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HUAHOBAKTEPHAJIBHOE COOBHIECTBO KAK OBBEKT U3YYEHUA
BO3JEUCTBUSA PAIUALINN

Annomayun. B cratbe paccMatpuBaeTcs 3¢QQeKT pa3lenbHOro Bo3jAeHcTBHE albha U
raMMma-u3JiydeHus Ha nnanodaxktepun. KynpTuBupoBanue coo01iecTBa MpoBOAMIN B XKHUIKON cpejie
B TpuCyTCTBHM “°Ra ¥ NpHM BHEIIHEM raMMa BO3JICHCTBHHM W3IydeHHEM HCTOYHMKAa 'Cs. B
KauecTBE OTKJIMKA Ha BO3JEHCTBUE (PUKCUPOBAIM H3MEHEHHE o0beMa IuaHoOakTtepuil. B
pe3yabTaTe BbIABICHA HHU3Kas YyBCTBUTEIBHOCTb YHCTHIX KYJIbTYp LMaHOOAKTEpUH K JEWCTBUIO
UCCIIEIOBaHHBIX /103 paauanuu. B cooOumiectBe oOHapyx eHbl 0ojiee BbIpaKCHHbIE W3MEHEHUS,
KOTOpBIE MOXHO CBSI3bIBaTh C HAJIMYMEM KOHKYPEHTHBIX MEXBHUI0OBBIX B3auMOOTHoWEeHNH. Caenan
BBIBOJI, UTO CTPYKTypa COOOIeCTBa IIMAHOOAKTEpUN MOXKET OBbITh MHAMKATOPOM pPaTUAL[MOHHOIO
BO3JIENCTBUS.
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CYANOBACTERIAL COMMUNITY AS AN OBJECT OF EXAMINATION OF
THE IMPACT OF RADIATION

Abstract. The article discusses the effect of separate exposure to alpha and gamma radiation
on cyanobacteria. The cultivation of the community was carried out in a liquid medium in the
presence of *Ra and under external gamma radiation from a *¥'Cs source. As a response to
exposure, a change in the volume of cyanobacteria was recorded. As a result, the low sensitivity of
pure cultures of cyanobacteria to the action of the studied doses of radiation was revealed. More
pronounced changes were found in the community, which can be associated with the presence of
competitive interspecific relationships. It is concluded that the structure of the cyanobacteria
community can be an indicator of radiation exposure.

Key words: radiation, cyanobacteria, alpha radiation, “Ra, gamma radiation.

Axmyanonocmo uccneoosanus. VccnenoBanus B o0yacTé JEHCTBUS paaualuud Ha OUOTY
IPOBOJATCS JIOCTATOYHO JIaBHO. DbUIM BBISBICHBI OCHOBHBIE MEXaHU3Mbl OHOJIOIMYECKOIO
JEWCTBUS, TeHETHYeCKUuEe APQPEKThl OOMydeHHS, CTPYKTYypHbIE W (DYHKIIMOHAIbHBIE H3MEHEHUS
KJIETOK M TKaHeH, ompeneneHbl YPOBHU BO3JEHCTBHS BBI3BIBAIOIIME JIeTalbHbIE 3()(EKTHI.
PaaguanmonHoe Bo3JeiicTBUE OTHOCUTCS K SKOJIOIMYECKM 3HAUMMOW Harpys3ke U MOXeET OBbITh Kak
MPUPOJHOTO, TaK M aHTPOIIOTEHHOTO TPOHMCXOXIEHUS W TaKUM O0pa3oM SBIISETCS IMPEIMETOM
OvomHauKanuu. B  OCHOBHOM HccienoBaHUs MO OWOMHAMKAIMM W OMOTECTHPOBAHUIO
COCPEJIOTOYCHBI Ha BBISBICHUM BHIOB, XapaKTEPU3YIONMX HW3MEHEHHS CHUCTEMbl WM TECT-
OOBEKTOB /17151 YCTaHOBJIEHUS] TOKCUYHOCTH CPEJIBI.

B npupome MOXHO OOHAPYXHTH YCTOWYHMBBIE COOOIIECTBA, KOTOPHIE TAKKE MOTYT
MCMOJIb30BATHCS AJIs Lesell OMOMHIMKAMK U OMOTECTUPOBAHUSA, IPUYEM C UX HOMOIIBIO MOKHO
HaOJII0AaTh SYMEPKEHTHBIE CBOMCTBA, TO €CTh PACCMAaTPUBATh KaK PEAKIIMH OT/IEIBHBIX BUJOB, TaK
U cooOmiecTBa B 1eJIOM, (PUKCUPYS paziuuus B ITUX peakuusx. Takumu cooOLIeCTBaMH MOTYT
ObITh IMaHOOAKTepUaJbHBIE COOOIIECTBA, B IMEPBYIO oOuepelb OWOIUIEHKM U oOpacTaHus
(;muToUIIbHBIE, IUTOOMOHTHBIE COOOIECTBA).

Hcnonp3oBaHue JUIsl UCCIEOBAHUM COOOIIECTB 0OpacTaHUM COMPSIKEHO CO CIONKHOCTIMU
MOHMMAaHMsI OTBETHBIX PEAKLUUH TaKMX COOOIIECTB Ha YPOBEHb M JUIMTEIbHOCTH BO3JEHCTBUS, a
TaKkKe C HEOOXOJUMOCThIO pPa3pabOTKH METOAWYECKHX TMOJIXO/J0B, KOTOpPHIE IPHXOIUTCS
MCMOJIb30BaTh MPHU paboTe ¢ MUKPOOOBEKTAMH.

[lenmpt0o HaHHOTO WCCIEAOBaHUS OBLUIO ONMPENENHTh PEAKIUI0 IMaHOOaKTepuid Ha
BO3/elicTBUE anb(ha- U TaMMa-pajualii Ha YpOBHE OTAEIbHBIX BHJIOB U COOOIIECTBA B LIEJIOM U
CPaBHUTbH OTH PEAKIIHH.

Obvekmvl  u  MemoObl  ucciedogéanus. Jlns — uccnenoBaHus — ObLIO  BBIOpaHO
[MaHoOaKTepuaIbHOE CO00IecTBO U3 BOpOHIIOBCKOI memieprl, pacmoiokeHHon B KpacHomapckom
Kpae, CounHcknii HallMOHAIbHBIN HapK.

Coo0bmiecTBo ObUTO BBIZIETIEHA W3 00pasmoB oOpacTaHUN CO CBOJOB TEMHIEPHl B MECTax C
CHJIbHBIM yBJIa)KHEHHEM B (POTUUYECKON BXOAHOM 30He nonocTH. KynpTHBHpOBaHUE IIMaHOOAKTEepUit
noBoAwIM B kuakoi cpene bpurtonb. CocraB cpenbl bpucrons (B Mmoambukamuu [omnepbOaxa)
(r/m): NaNOs — 0,25; KH,PO, — 0,25; MgSO,4 x 7H,0 — 0,15; CaCl;, — 0,05; NaCl — 0,05; Fe,Clg —
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cienpl (3 xammu  1%-ro p-pa). LlmanoOakrepun KylnbTUBHpOBaIM B ycioBusax 25°C, mpu
ocseleHHocT 30-40 umMosnb: M2 ¢l

Coobwecmso cocmosino uz mpex euodog: Leptolyngbya angustisima (West & GSWest)
Anagnostidis & Komarek, Leptolyngbya foveolarum (Gomont) Anagnostidis & Komarek wu
Microcystis pulverea (HCWood) Forti, kotopsie 6butH HaeHTUGUIUPOBAHBI TI0 onpeaeauTesio [1],
Ha3BaHUs BUIIOB yKa3aHsl 110 [topu u ['topu [2].

OneHuBaIy W3MEHEHHE CTPYKTYPbI COOOIIECTBA NMPH KYJIbTUBUPOBAHHHM B HPUCYTCTBHH
*Ra. B npoOupku co cpeaoid oobemMoM 50 MII M pagUOAKTUBHBIM BEIICCTBOM (226RaC|2) c
aktuBHOCThIO 10 kbk nomemanu kynpTypy oObemMoM 5 mi. OneHouHas [J03a, IOJy4YeHHas
nuanoOakTepusiMu, yepes 4 Henenu cocrasisuia 0,37 I'p, a uepe3 8 nenens 0,74 I'p.

Bo3znelicTBue HOHU3UPYIOLIUM U3JIy4€HUEM MPOBOANIN Ha ycTaHOBKe Y-400 ¢ MCTOUHMKOM
B37Cs, mowsocTs 10361 — 2,3 I'p/mun. OGnyyanu KyabTypbl muaHoOakTepuii B oobeme 10-30 mun
npu koMHaTHOU Temriepatype. [Jo3br coctaBisiiu 40 u 300 I'p. Pe3ynbpTaT onleHuBasiv 4epes3 CyTKU
u 4yepe3 7 qHel nocie 00ydeHus: U BRIYUCISUIN CpeiHee U3 MOTYYSHHbIX U3MEPEHUH.

OneHuBanyu KOJMYECTBEHHBIE MMOKA3aTEIM PA3HbIX BUJOB IO CPABHEHHUIO C KOHTPOJEM, a
Takke M3MEHEHHE COOTHOIICHHS O0BeMa pa3HbIX BUJOB, IS ATOrO0 U3 MPOOHPOK OTOHpaH
anukBOTHI (200 MKII), B KOTOPBIX OIpPEAETSIM 00bEM pa3HbIX BHUJOB C NPUMEHEHHUEM CBETOBOM
MuKpockonuu. Mcnonb3ysa nporpammy Image Pro BeIYHMCISUIH TIOMIA/1b, 3aHATHIA KaXKIBIM BUIOM.
Ha ¢dotorpadusx onpenensumm miomaab TPUXOMOB U KIETOK [IMaHOOAKTEpUH, U3MEPSIIN Paguyc U
IUaMeTp M BBIYMCISUIM 00beM. /[l YHCTBIX KyIbTyp OINpEeAeNsif OTHOLIEHHEe o00beMa
OTIBIT/KOHTPOJIb B TMpOlEeHTax. s cooOmecTBa MPUBOIMIN MPOLEHT OT CyMMBbI 00BEMOB BCEX
BUJ0B. KOHTPONBHBIMH SIBISUTUCH COOOINECTBA M YHUCTBhIE KYJIBTYpPHl B cpele bpucronp B
COOTBETCTBYIOIIMH JEHb OT Hayaja »3KCIEpUMEHTA. OKCHEPUMEHT NPOBOAMIM B TpPOMHOMN
noBTOpHOCTU. Onpeensnu cpeHee 3HaUeHUe U CTaHIapTHOE OTKIOHEHUE.

Pezynomamer u ux obcyscoenue. B npouecce KylnbTUBUPOBAaHUS [IHaHOOAKTEpUN B BOJAHOMN
Cpelie BBISIBICHO M3MEHEHUE CTPYKTYpbl coobmiectBa (Tabdin. 1). [To cpaBHEeHUIO ¢ cOOOIIECTBOM,
pa3BUBalOIIMMCA B Teliepe (UCXOAHOE COOOIIECTBO), MPU KYJbTUBUPOBAHMM IPOU3OILIO
CHIKeHHe o0bema BHaa-AomMuHaHTa Leptolyngbya foveolarum u yeenuuenue obwemos opyeux
6uoos. Takoi mokazarenpb Kak 00beM IHaHoOaKkTepuil Hanbosee OJIU30K K TTOKa3aTellt0 OMOMAacChl U
OTpakaeT COOTHOILIEHWE BHJOB, KOTOPOE SBISAETCS IIOKA3aTeIeM HE TOJIbKO HANpPSKEHHOCTU
KOHKYPEHTHBIX OTHOIIIEHUM B COOOIIECTBE, HO W OJIArOMPUSITHOCTU YCIOBUU cpenbl. V3MeHeHue
COOTHOILIEHHS BUAOB NPH KYJbTUBUPOBAHUU COOOIIECTBA B J1a0OPATOPHBIX YCIOBHUAX HEOOXOAUMO
YUUTBIBATh TIPU HHTEPIIPETAIIH PE3YITHTATOB.

OOHapyXeHO U3MEHEHHE CTPYKTYphl COOOIECTBa IpU J0OABIEHUH B Cpelly 226Ra, KOTOpOE
BBIPAXKAJIOCh B CHMKEHUU JIOJIM JOMUHHUPYIOLIEro BUAA U TOBBIIIEHUH OOBEMOB JBYX APYTHUX
BuoB. Beenennme “®Ra me NOPUBOAMIO K HAKOMUTENIbHOMY 3((eKTy BO3ACUCTBUS IpH
HCCIIEIOBAHHBIX J103aX, TOCKOJIbKY CTpykTypa coobmiectBa npu 0,37 I'p u 0,74 I'p Obuia B
npenenax omuoku (tadm. 1).

Ta6muua 1. VI3MeHeHust B coOBIIeCTBE IPH Ky/IbTHBUPOBAHNH B IPHCYTCTBIH 22 Ra.

O6nem BuIa B KynbType (coobmmecTse), %
Bu Ucxonnoe Cpena bpucroib “*Ra
g c000IIeCTBO (B 0,37Tp (4 0,74Tp (8
2 Henelu 8 Henenb
pUpoJIe) HEJICITH ) HEJIETIh)

Leptolyngbya 96,14+2.9 73.53£13 | 67,5742.4 | 509816 | 52.94+13
foveolarum
Leptolyngbya 3,85+0,6 23,53+4.8 | 21,6244.6 | 3039:54 | 3039452
angustISIma
Microcystls 0,020,01 2.94:04 | 108107 | 18,6312 | 16,67+1,1
pulverea
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BoszeiictBue “°Ra  Ha umCTBIe KyIbTYpHl HE3HAYMTENBHO CHIDKATO — DA3BHTHE
[IUMaHOOAKTEPHUH, YTO yKa3bIBAET HA YCTOWYMBOCTH BUIOB K aib(a-paguaniyl IPH UCCIeTOBAHHBIX
no3ax (tabm. 2).

Tabmuua 2. W3menenuss oObema IMaHoOaKkTepuii B
Ky/IHTHBHPOBAHHH B IPUCYTCTBHH 22 Ra.

YUCTBIX KYJIbTypax IIpU

UucThble KyIbTyphl, COOTHOILIIEHHE 00beMa ITuaHOOaKTepHid

Bupg OTIBIT/KOHTPOJIb, %
0,37 I'p (4 nenenn) 0,74 T'p (8 Henenp)
Leptolyngbya foveolarum 92+2 84+4
Leptolyngbya angustisima 98+4 92+3
Microcystis pulverea 96+2 87+4
BosnelictBue rama-W3iydeHHs Ha COOOIIECTBO  BBIABHIO CXOAHBIE J(h(dEKTsl ¢

HAO/TIONAEMBIME TIPH BO3JEHCTBHE “°Ra, a MMEHHO — H3MCHCHHE CTPYKTYpbI cooOliecTBa U
YCTOMYMBOCTh BHUJOB K PaJUALMOHHOMY BO3JeHCTBUIO (Taba. 3). MOXXHO MNpEeaooXKUTh, UTO
OTCYTCTBHE BBIPAKEHHBIX A(PPEKTOB PpPaAMALMOHHOTO BO3ACHCTBUS HA YHUCTHl KYJIbTYPbI
[IUAaHOOAKTEePHA MOXKET YKaszblBaTh JIMOO Ha Cc()OPMHUPOBAHHYIO B IMPOIECCE OSBOJIOLUU
YCTOMYMBOCTh K BO3JCHCTBHIO pajualMi HAa YpOBHE BHJA, JIMOO HA TO, YTO IMAHOOAKTEPUU B
JAHHOM MECTOOOMTAHMM MEPUOJUYECKM WM IIOCTOSIHHO IOJABEPIaloTCs PaJualMOHHOMY
BO3JCHUCTBUIO, YTO MpPHUBEJIO K (OPMHUPOBAHUIO YCTOMYMBOCTH HAa YpPOBHE MONYIALMU. ITO
MIPEATNONI0KEHUE TPEeOYyeT NanbHEHIIeH TPOBEPKH.

Tabmuna 3. MI3MeHeHus: B cOOOMIECTBE M B YHCTHIX KYJIbTYPax TOCIE BO3JACHCTBHS ramma-
U3JIy4YCHUS.

YucThie KyabTYpPbl, COOTHOIICHHE
B O6beM Buaa B KynbType, % o0beMa MaHoOaKTepUid
i OIBIT/KOHTPOJIb, %
40 Tp 300 I'p 40 I'p 300 I'p

Leptolyngbya 4754457 40,6+4,2 9941 8845
foveolarum

Leptolyngbya 32,79+3,5 31,5844,2 9742 824
angustisima

Microcystis

oulverea 19,67+1,4 27,82+2,7 98+2 87+6

N3meHeHne CTPYKTypbl COOOIIECTBAa SIBISAETCS MPOCTHIM M YAOOHBIM TPU3HAKOM JIJIst
pa3paboTKu METOJ0B OWMOMHIMKAIIMM PaJWallMOHHOTO Bo37eicTBus. [lanbHeliliee HampaBieHUE
HCCIEA0BAHUM IIIIAaHUPYETCS NMPOBOANTH B HAIIPABICHUN YCTAHOBJICHUS JUAIla30HA YCTOMYMBOCTH
M3YYCHHBIX BHUJIOB IIMAHOOAKTEPHH K paguallMOHHOMY BO3JCWCTBHUIO, a TaKXKe YCTAaHOBICHHIO
BapUaTHUBHOCTU CTPYKTYPbl COOOIIECTBA B €CTECTBEHHBIX MecTOOOMTaHMSIX. Takum oOpazom
MOKHO OTMETHUTH, YTO CYIIECTBYET BO3MOXHOCTh HCIIOJIb30BAHUS HMCCIEIOBAHHOTO COOOIIECTBA
1MaHoOaKTepHil B KauecTBe MHAMKATOpa PaJUallHOHHOTO BO3/1EHCTBUS.
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OCOBEHHOCTH COCTABA KUPHBIX KHCJIOT HOBOI'O IITAMMA ALIINOSTOC
(NOSTOCALES)

Annomayun. Hospiii mrtamm 1manoOaktepuii u3 poxaa AliinoStoC BeigencH U3 MOYBHI
TPOMMYECKOTO JIeca, PAcIookeHHOro Ha Teppuropur Hammonansnoro napka Kar Treen (FOxubrit
Boernam). ItamMmM uaeHTUGUIMPOBAH HAa OCHOBAaHMM MOPQOJIOTUYECKUX XAPAKTEPUCTUK U
(bUIOreHeTHYEeCKOT0 aHanMu3a C ucronb3oBanueMm reHa 16S p/IHK. YcranoBieHsl 0CcOOCHHOCTH
M3MEHEHHUS COCTaBa MHUPHBIX KHUCIOT MPHU MEPEX0e OT SKCIOHEHIIMAIBHON K CTallMOHApHOH (a3ze
pocTta KyJIbTypbl HOBOTO IITamMMma. AHalIM3 M[OKa3aJl, YTO JOMHHAHTHbBIMM Obutn 16:0
nanbMuTuHOBas, 18:0 creapuHoBas u 18:3 o-nMHONEHOBas >KUPHBIE KUCIOTHL. Ilpu sTOM
cranuMoHapHas (pa3a pocta XapaKTepH30Bajach YBEIMYCHHUEM COJCPKAHUS HACBHIIICHHBIX >KUPHBIX
KHUCJIOT U YMEHbBIIIEHUEM MOJMHEHACHIIICHHBIX.

Kniwouesvie cnosa: AlINOStOC, >xupHBIE KHUCIOTHI, CTalMoHapHas (aza, UAHOOAKTEPUH,
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FATTY ACIDS COMPOSITION OF A NEW STRAIN Aliinostoc (Nostocales)
Abstract. A new strain of cyanobacteria from the genus Aliinostoc was isolated from the soil

of a tropical forest located on the territory of the Cat Tién National Park (South Vietnam). The
strain was identified based on morphological characteristics and phylogenetic analysis using the
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16S rRNA gene. The features of the change in the composition of fatty acids during the transition
from the exponential to the stationary phase of growth of the culture of the new strain were
established. The analysis showed that 16:0 palmitic, 18:0 stearic and 18:3 a-linolenic fatty acids
were dominant. At the same time, the stationary phase of growth was characterized by an increase
in the content of saturated fatty acids and a decrease in polyunsaturated fatty acids.

Keywords: Aliinostoc, fatty acids, stationary phase, cyanobacteria, exponential phase
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BecbMa 1ieHHOM ¢ TOUKM 3peHus yIOBJIETBOPEHUS PACTYIIETO CIIPOca Ha MPOAYKThI IUTAHUS
U ChIpbE JJIsi MPOU3BOJCTBA OWMOTOIUIMBA SIBISIETCS CIIOCOOHOCTh IMAHOOAKTEpUN HAKAIUIMBATh
el IUpoKuii CoeKTp JUMHUI0B, C YY€TOM BHJIOBOTO pa3HOOOpasus caMHX IUAHOOAKTEPHIA,
MPEJICTABISIeT YHUKAIBHBIM MO COCTaBY JIMIMIHOTO U >KUPHOKHUCIOTHOTO MPO(UIs MpUpOAHBIN
pecypc. U3BecTHO, UTO IMAHOOAKTEPUU SIBIISIOTCS LIEHHBIM HCTOYHHMKOM >KHUPHBIX KUCIOT [7]. Y
HUX OTMEYEHbl OTHOCHTEIBHO PEAKUE >KUPHBIC KHCIOTHI C HEYETHBIM KOJUYECTBOM aTOMOB
yriiepojia, pa3BeTBICHHbBIC, THAPOKCUIMPOBAHHBIC, METUIIMPOBaHHBIC 1p. [3, 7]. ¥V psaa mrammoB
Nostoc ormeuens! anteiso-14:0 u anteiso-16:0 >xupHBIE KHUCIOTHI B KoiaudecTBe 2,2-2,6% [5].
[IpumeuaTesbHO, YTO OCOOEHHOCTH CHEKTpa >KMPHBIX KHUCIOT MOXET HCIOJIb30BaThCsl B KAueCTBE
XeMOTaKCOHOMHMYECKOTO Mapkepa Juisl 1uaHoOaktepuil. Hampumep, mokasaHo, 4TO HachIEHHAs
mupuctuHoBas C14 kucinoTa OTCYTCTBYET y HETOKCHYHBIX mrtamMmmoB Anabaena u NoOStoc, B To
BpeMs Kak y renaTOTOKCHUYHBIX BCTpeuanachk B konnyectBe 5—7% u 3,1-4,0% [5]. JaHHbIe acieKThbI
aKTyaJIM3UPYIOT UCCIIEJOBaHMs, HAIPaBJIECHHbIE HAa M3YYEHHUE COCTaBAa JKUPHBIX KHUCIOT y Pa3HBIX
TpyNN HHaHOOAKTEPUH.

Bo Bpems wu3yueHus pa3HOOOpa3usi MHKPOBOAOPOCIEH B TPOMMYECKUX IOYBAX
Harmmonansnoro mapka Kat Teen (FOxublii BbheTHam), ObUT BBIAENEH INITaMM Te€TEPOIUTHBIX
[IMaHOOAKTepUH W3 TOYBBI MOJAEIbHON Momanku «®Pukyc», KoTopas Oblaa 3ajoKeHa
cotpyaHukamu JlaGopaTopun Ha3eMHOM M mHpuKIaaHOM 5kojorud COBMECTHOTO pOCCHiiCKO-
BbETHAMCKOI'O TPOMHYECKOI0 HAyYHO-HCCIIEIOBATENbCKOIO M TEXHOJOTMYECKOro LEHTpa Npu
NII25 PAH 1 KOMIUIEKCHOTO U3YYE€HHS SKOCUCTEMBI TPOMMYECKOro Jieca [ 1].

[Itamm Aliinostoc sp. VP225 BeifiesieH MUKPOIHUIIETHPOBAHHEM OTICIBHBIX TOPMOTOHUI
13 MOYBEHHOM KyJIbTyphl B yamike lleTpu ¢ ucmnosb30BaHMEM WHBEPTUPOBAHHOTO MHMKPOCKOMA
Zeiss Scope Al. lllTamm KyTbTUBHPOBAIIN B KUIKOM cpenie Z8 [4] HA OCBETUTENHLHON YCTAaHOBKE C
IIOCTOSIHHBIM OcBellieHueM 70 MKMOJIb (bOTOHOB/MZXC. KynpTypa ananu3upoBanack BO BpeMs
SKCIIOHEHIIMATILHOU (Ha 15 neHb KyJabTUBUPOBaHUS) U CTallMOHApHOM (25 neHp) a3 pocra. Bpems
HACTYIUICHUs OIpe/esieHHOW (a3l pocTa OMpPENeNsuld €KEIHEBHBIM HM3MEPEHHEM ONTHYECKON
IJIOTHOCTH KYJIBTYPHI ¢ momotibio crekrpodoromerpa IMPLEN P300. Usyuenue mopdosioruu
KJIETOK MPOBOJMIM Ha MHUKpOCKome Zeiss AXiovert, OCHAIlEHHOTO MAacCJISIHBIM WMMEpPCHOHHBIM
oovekTBOM (x100/n.a. 1.4, DIC). JHK mramma VP225 skcrparupoBanu Habopom InstaGene ™
Matrix B COOTBETCTBHH C IPOTOKOJIOM IpOU3BOAUTEN. AMIMuKanuio yyactka resa 16S p/IHK
OCYIIECTBIISUTA COTJIACHO METOJMKE, omucaHHOW B pabore Maltsev ¢ coaBropamu [6]. CocraB
KUPHBIX KUCJIOT B JIMITUHOM DKCTPAKTE OMPEAETSUTH Ha Ta30-)KUIKOCTHOM xpoMaTtorpade Agilent
7890A (Agilent Technologies, CIIIA) ¢ macc-ciekTpomerprudeckum nerekropom Agilent 5975C.

Ananu3 MopQoJOrHUecKUX OCOOEHHOCTEH HOBOTO ITaMMa MOKa3all ero TECHYIO CBS3b C
Bunamu Nostocaceae. OOmue 4epThl BKIIOYAIH CIIOCOOHOCTh 00pa30BBIBATh CIIU3UCTHIC KOJOHUH,
HAIMYUE CHEIHATN3UPOBAHHBIX KIETOK (T€TepPOLMCT U aKWHEeT). Pa3MHOXEeHHe MOABUKHBIMU
TOPMOTOHHSIMH, COJICPKAIMMH Ta30BbIe BKIIIOUCHHUS, COOTBETCTBOBAIO onucanuio poaa Aliinostoc
[2]. DunoreHeTHYECKU aHaIM3 METOJAaMH MAaKCHUMAaJIbHOTO MPaBAONOJ00MsS M OailecOBCKOTro
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nojaxoaa ¢ ucnojb3oBanueM rera 16S p/IHK mokaszan, uto mramm Aliinostoc sp. VP225 tecHo
cBs3aH ¢ Apyrumu Bugamu Aliinostoc: A. catenatum, A. magnakinetifex u A. morphoplasticum.

AHanu3 KMPHOKUCIIOTHOTO cocTaBa uccienoBanHoro mramma Aliinostoc sp. VP225 Bo
BpeMA BKCHOHGHHHaﬂbHOﬁ (1)3351 pocTa II0Kasall, 4TO B COCTaB€ CYMMApPHLIX JIMIIMAOB KJIICTOK
TJIABHBIMU  KHPHBIMH ~ KucioTamu Obutn  18:3  o-nmuaonenoBas (37,75+0,71% ot  obmero
COJIep>KaHusl KUPHBIX KHUCIOT), 16:1 manemuronenHoBas (16,68+0,45%) u 16:0 nmanmeMuTHHOBAsS
(13,87+0,34%) xucnotel. IlpoasieHue BpeMeHU KyJbTUBUPOBAHMSI O BbIXOJAa KYJIbTYpPbl Ha
CTalMOHapHyI0 (azy pocra CrocoOCTBOBAIO YBEIMYCHHIO cojaepaHus 16:0 maasbMUTHHOBOU
(22,65+0,64%) u 18:0 creapunonoit (20,27+0,59%) kucnot, a coaepxanue 18:3 o-JIMHOICHOBOM
KHCJIOTBbI YMCHBIINJIOCH IIOYTH B 1,4 pasa.

HauOomnsiiee COACPIKAHUC MOHOHCHACBIIICHHBIX U MOJUMHCHACBIIICHHBIX JXUPHBIX KHCJIOT
(20,95% u 52,03% ot oO1iero coaep>kaHusi KUPHBIX KUCIOT B OMomacce) Habmoganocs Ha 15-i
JICHb KyJbTHBHUPOBaHUs. bojee [umTenbHOe KyIbTUBUpOBaHUE oboraTuio ouomaccy Aliinostoc sp.
VP225  HachllleHHBIMU  JKUPHBIMH  Kuciotamu  (46,97%). HaubGonbiie  copepxanue
OMOTEXHOJIOTHYECKH-LIEHHBIX OMera-3 I KUpHBIX Kuciotr (37,75%) wnHabmomanoch BO BpeMs
OKCIIOHCHIOHUAJIbHOI'O POCTa.
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KOJMYECTBEHHAS XAPAKTEPUCTUKA COOBIIECTB IMAHOBAKTEPUI
NEPUO®UTOHA MAKPOILJTACTUKA KAPAHTUHHOM BYXTBI YEPHOI'O MOPSI

Annomayuna. B cTarbe NpPEINCTaBICHbl pE3ylbTAaThl M3Y4YEHHMsS] BMJIOBOIO COCTaBa U
KOJIMYECTBEHHBIX XapaKTEPUCTUK COOOIIECTB MaHOOaKTepuii nepupuToHa miacTukoB tTunos PET;
HDPE; LDPE; PS; PLA u PVC B Kapantunnoii 0yxte UepHoro Mops ¢ aBrycra no aexkadpn 2020
r. Bcero oOHapyxxeHo 28 BHUIIOB ITMaHOOAKTEPH, U3 HUX 6 BHIIOB C BCTPEUYAEMOCTHIO B MpoOax
6onee 70%. MakcuMyMbl 1 MUHUMYMBbI OOLIIEH YUCIEHHOCTH KJIETOK U OMOMacchl IMaHOOAKTEepHii
HE COBIIAJANIU IO TIepuoJaM U cyocTpaTaM. BrisiBieHa HU3Kas cenn()UIHOCTD K TUIY IJIACTUKA Y
cooO11ecTB IMaHOOAKTEpUH, yBeJIMUYEHNE UX BUAOBOIO pa3HOOOpa3us, CXOJCTBA HA PAa3HbIX THUIIAX
CyOCTpaTOB M KOJIMYECTBEHHBIX XAPAKTEPUCTUK C YBEIMUEHUEM BPEMEHHU 3KCIIO3ULIMU B MOpE, a
TaKke npeoliaJjaHue MOPCKMX OEHTOCHBIX BMJIOB, OOpa3yloIluX OWOIUIEHKH C IpHU3HAKaMU
€CTECTBEHHOI'0 00pacTaHusl.

Knrwoueswvie cnosa: nuanob6akTepuu, BUJOBOM COCTaB, YUCIEHHOCTh, OnoMacca, mepuQpuToH,
IJ1acTuK, YepHoe Mmope
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QUANTITATIVE CHARACTERISTICS OF CYANOBACTERIAL COMMUNITIES IN
MACROPLASTIC PERIPHYTON IN THE KARANTINNAYA BAY OF THE BLACK SEA

Abstract. The article presents the results of a study of species composition and quantitative
characteristics of cyanobacterial communities in periphyton of the plastics (PET; HDPE; LDPE;
PS; PLA, PVC) in the Karantinnaya Bay of the Black Sea from August to December of 2020 year.
There were found the 28 species of Cyanobacteria, of which six species with an occurrence in
samples of more than 70%. The maximum and minimum cell counts and biomass of cyanobacteria
did not coincide in terms of periods and substrates. Cyanobacterial communities showed a low
specificity to the type of plastic. Quantitative characteristics, species diversity, and similarity of
communities on different types of plastics increased with increasing exposure time in the sea.
Marine benthic species dominated on plastics, finally forming communities with features of natural
biofilms.
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3arps3HeHne MHpOBOro OKeaHa IUIACTUKOM 3aHMMaeT OOJIbIIOE MECTO B 3KOJIOTMYECKHX
MCCIICIOBAHMSX, TaK KaK aHTPOIIOTEHHBIC MaTepHajbl, HE XapaKTEPHbIC Ui MPHPOTHOU CpPEIbl,
HECYT HEraTUBHbIC IIOCIEACTBUS M Pa3IUYHBIX OTpacieidl XO3sMCTBEHHOM JAeATeNIbHOCTH
gyenoBeka [1; 2; 3; 4] u mpexacraBisieT HE TOJIBKO Yrpo3y >KU3HU THAPOOHMOHTOB U 3A0POBBIO
HaCeJIeHUs, HO U (YHKLIMOHUPOBAHHUIO SKOCUCTEMBI B LIEJIOM [2; 5]. @parMeHThl IIaCTHKA Pa3HOTO
pa3Mepa B MOpE CTaHOBSTCS YacCThbIO Cpellbl OOUTAHMS U JAOMOJHUTEIBHBIMU CyOCTpaTaMu AJIsi UX
KOJIOHM3allUd ~ MUKPOOPTaHHW3MaMH, 3HAUUTEIBHOE MECTO  Cpeld  KOTOPBIX  3aHMMAIOT
uanobaxrepuu (LIB) [1; 6; 7; 8; 9; 10].

OpHako, 10 cuX MOp KaTacTpo(UUEeCKH Majlo CBEJCHMHM O COCTaBe M KOJIMYECTBEHHOMH
cTpykType coobmiectB L[b Ha Makpormactuke B UeproM mope. [lodTomy menbio paGoThl SBUIICS
IIOUCK OCHOBHBIX 3aKOHOMEpPHOCTEH (pOpMHUPOBaHUS BUA0BOIO Pa3sHOOOPa3Hs U KOJIWYECTBEHHOI'O
pacripenenenus LIb Ha pa3HBIX THIIaX IJIACTUKA B IPUPOJHBIX YCIOBHIX YepHOTO MOpSI.

Mamepuanvt u memoowvi. B nanHOi paboTe M3y4eHO MHKPOOOpacTaHHE Ha pa3iIM4YHbIX
BUJAX IJJaCTHKA B MOJYy3aKpbITOd yacTH KapaHTHHHOM OyXThl KpbIMCKOro npuoOpexbs UepHoro
Mopsa (44°36'56.8"N  33°30'12.6"E) c¢ xonma aBrycta mo Haudaio jaekabps 2020 .
DKCIepUMEHTAIBHBIN KOJJIEKTOP COOCTBEHHOW pa3paboTku [9] ¢ Tpemsi HaOOpaMu IIACTUKOBBIX
00pa31oB ObLT MOrpyKeH Ha riayouHy ot 1,5 no 3 M Ha Tpu nepuona — 48 nueit (21 aBrycra — 07
OKTs10ps1), 84 nus (21 aBrycra — 12 Hos0psA) u 111 gneit (21 aBrycra — 9 nexadps).

OO0pa3ipl MOJUMEPHBIX MaTEpUaoB OTHOCUJIMCH K Hanbosee paclpOoCTpaHEHHBIM THUIIAM
MOpCKOro miactukoBoro mycopa: 1 — HDPE, mommsTtuneH BbICOKOro naBieHMs (IPO3payHbIi
naket), 2 — PS, nmonuctupon (mpo3payuHasi ynakoBka ais Horypra), 3 — PLA, nonunaktuj (MaacTuk
wis 3n pydku), 4 — PP, monumponwieH (cTakaH OJHOPa3oBhIi), 5 — PS, mommctupon (joxka
oJlHOpa3zoBas Hempo3pauHasi), 6 — PVC, nmonuBununxmopuna (Marepuan ais HaBecoB), 7 — LDPE,
MOJIMATHIIEH HU3KOTO JIaBJIeHUs (MELoK A Mmycopa), 8 — HDPE, nonustuieH BbICOKOTO AaBJI€HUS
(Henpo3pavHas yrmakoBka s mammnyHs), 9 — PETbio monustunentepedranar ¢ 6uomobaBkamMu
(Obnopaznaraemsiii naker), 10 — HDPE nonusTuiien Bbicokoro gaBieHus (mpo3pauHblil maker), 11 —
PET nonuwstunentepedranar (mmactukoBas OyTbuika). IIpenMeTHblE cTekja HCHOIb30BAIUCH B
KauecTBe KOHTPOJIbHOTO cyocTpara (12). Beero co6pano 36 mpo6.

[Tepuputon kaxmoro u3 o0pa3loB cOOMpald B OTMEPEHHBIH 00BeM (GUIBTPOBAHHOMN
MOPCKOM BOJIbI, TOTOBWJIM HATHBHBIE MPETapaThl 1 MUKPOCKOMHUPOBAIH. [lapayuiebHO ¢ U3BITHEM
CyOCTpaToB MO CTaHIAPTHBIM METOAMKAM U3MEPSIIN TeMIepaTypy, cojleHOCTh, pH BObI, OCHOBHbIE
THAPOXUMHUYECKHE TTOKA3aTeNId: PACTBOPEHHBIM KUCIOPO/I, KOHIIEHTpaIuu azota u ¢ocdopa [11].

WnenTuukanuio HOUAHOOAKTEPHH U HX OSKOJOTHYECKYI0 XapaKTepPUCTHKY JaBajd B
COOTBETCTBHH C JIUTEPATYPHBIMUA UCTOYHUKAMH U 0a3zamu naHHbIX [12; 13; 14; 15]. BcrpewaemocTs
Buza (P, %) onpezaensuii Mo OTHOIIEHHUIO YHCIIA MPOO, B KOTOPBIX BUJ ObLIT OOHApyKeH, K 001emMy
gucity mpo6 [16]. BumoBoe ¢xoacTBO cO00MIECTB onpenessiiu ¢ moMoinsio kodhdumuenta (Ks, %)
[17]. KonuuecTBeHHBIH y4yeT KJIETOK IMaHOOAKTepuil MpOBOJAMIM B cueTHOW kamepe I'opseBa c
JAJbHEUIINM MEPECYeTOM YUCIECHHOCTH B YMCIIO KJIETOK Ha cM® 1 GHOMAcChl B MKI/CM? 110 [18].
Cratuctuueckyro 00paboTKy JaHHBIX MPOBOAMIN ¢ ToMolbio iporpamMMel Microsoft Office Excel.

Pezynomamer u o0b6cyscoenue. B Tedenue Bcero mnepuona skcrnozunuu (111 cyrtok)
3aKOHOMEPHO CHMXajach TemmepaTrypa Boabl ¢ 24°C B asrycre no 12° C B jmekabpe, Takxke
YMEHBITUINCH KOHIEHTpanuu odmrero azora u ¢ocdopa (N obur — ot 1045,5 no 408,1 mkr/m; P
o6y — ot 24,7 mo 15,3 MKr/n) u yBeIWUMIICS pacTBOpPEHHBIA Kuciopon (ot 6,45 no 8,14 mr/m).
ConeHOCTH BOJIBI KOJIeOatach B npeaenax 18,2 mo 18,4 %o, pH — 8,2 — 8,4.
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Bcero Ha 11 oOpasuax IuiacTMKOB 3a BECh MEPUOJ HCCIEIOBaHUS OOHApYX eHO 28 BHIIOB
nuanoOakrepuil. Cpeau HuUX ObUTH 6 BUAOB C BBICOKOM BcTpeuaeMocThio B mpobax (P>70%) Ha
NPOTSHKCHUM BCEX Tpex mepuomoB skcnosuimu (Arthrospira miniata; Komvophoron breve;
Oscillatoria bonnemaisonii; Potamolinea aerugineocaerulea; Pseudanabaena minima; Spirulina
subsalsa). S. subsalsa umena 100% BcTpeuaeMocTh BO Bce Mepuobl uccienoanus. Haubonpmiee
yuciao (11) Bumos 1Ib mpunamnexkanu pomam Lyngbya, Oscillatoria m Phormidium u3 cemeiicta
Oscillatoriaceae. JlanHble BUAbI ObUTH OEHTOCHBIMH, OOMTAIOIIMMH KAMEHHUCTBIX MOOEPEeKbsIX
MOPCKHMX M COJIOHOBAThIX BOJI0eMOB [ 14; 19; 20].

C yBenmuueHueM 3KCIO3UINH BII0BOE pasHooOpasue LIb MeHsiocs u Bo3pacrano: mocie 48
JHEH HSKCIo3uIuM HaihjgeHo 16 Bupos, mocie 84 gueit — 20 Bumos, 111 gweint — 24 Bupa.
Koadduunents! cxoacTsa coodiiecTBa nuaHoOakTepuil mactTucheps! Tpex Mepruo0B SKCIO3UIIHN
OBLTM BBICOKMMH, HO MMENIM TEHACHIMIO K cHIkeHuto: Ks mexnay 1 u 2 mepuogamu = 83%, Ks
Mexny 2 u 3 nepuogamu = 77%, Ks mexny 1 u 3 nepuonamu = 70 %.

Ha xoHTposibBHOM cTekiie Bcero HaijeHo 19 BumoB nmanoOaktepuid, 10 BumoB mocie 48
IHeW skcno3unuy, 9 — mocne 84 mueit u 12 mocne 111 nueit. Pacnpenenenne nuanob6akrepuii Ha
HKCIIEPUMEHTAJIbHBIX cyOcTpaTax ObUIO JOCTAaTOYHO paBHOMEpHBIM (puc. 1), B mpenenax 5 — 13
BHU10B nociie 48 nueit 1o 10 — 17 BumoB uepe3 111 aneit, B mesniom Ha cyOcTpaTax coCTaBisisi OT 16
IO 22 BUIIOB.
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Puc. 1. Yucno BuaoB mnuaHoOakTepuid B NEpUPUTOHE pa3HbIX 00pa3lloB IIACTUKOB U
KOHTPOJIBHOTO CTEKJa MO IepuoaaMm HccienoBaHus: depe3 48 cyrok; 84 cyrok m 111 cyrok.
Obo3nauenus: np — npo3payHbvlil, H/AP — He NPO3PAUHBLU, N/NP — NOYRPO3PAYHBILIL.

B teuenue skcriepuMeHTa OMOIJIEHKH Ha cyOcTparax pociu u depe3 111 qHeil Ha kaxaoM
U3 cyocTpaToB HAOIIOAAIOCH HAMOObIIee, IO CPAaBHEHHUIO C IPYTHMMH MEPUOIaMH, YHCIO BUJIOB.
Uckmrouenus: cocraBmim noaynpo3padynsiii oopazery Ne 7 LDPE u 6uopasznaraemsiii Ne 9 PETbio.
Koaddunment BumoBoro cxoactBa coodmiectB L[b mexny cybcTparamu mokasan JOCTaTOYHO
BbICcOKHe 3HaueHus. CooOmiecTB 110 Ha cybcTparax ¢ MeHee 25% BHUIOBOTO CXOJCTBA HE OBLIO, A0S
coo01IecTB ¢ HU3KUM cxoacTBoM 10 50 % cocraBuna 8 %; 401 COOOIIECTB CO CXOACTBOM BBIIIIE
cpenHero mo 75% - 69%; a cooOIecTB ¢ HaWBBICIIUM CXOACTBOM Oojee 75 % Obuio 23 %.
HaubGonpmrass gacrora Bbicokux 3HaueHnit Ks (6omee 75%) ¢ OOMBIIMHCTBOM CyOCTpaToB ObLIa
orMmeueHa s cooOmiecTB Ha NeNe 3 PLA; 4 PP; 5 PS, a Hu3kux 3HaueHuii Ks (menee 50%) s
cooo1tectB Ha NeNe 2 PS u 8 HDPE.

Mepa cxoactBa ChepeHceHa i cOoOIIeCTB Ha cyOcTparax Mokasajga, 4TO C TEUYCHHUEM
BPEMECHHM BHUJOBas CTPYKTypa COOOIIECTB YCIOXKHSAETCA W YBEIMYUBACTCS pa3HOOOpaswme.
Coo0riecTBo 110 ¢ HaUBBICIIUMU 3HaYeHUsIMH Ks mocie Kakaoro u3 MeprooB SKCIO3UIUU OBLIO
Ha oOpasme Ne 5 PS (omHopazosas joxka) (Ks 48-84 = 80%; Ks 84-111 = 83%; Ks 48 — 111 =
67%). Haubonee cTaOWiIbHBIMH C MUHHMAJIbHBIMH KOJEOAHUSAMH 3HAYEHUH HHJIEKCAa CXOJCTBA
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oput cooOmiectBa Ha NeNe 3 PLA; 4 PP; 9 PET bio u 11 PET. HauGoiee u3MeHYHUBBIMH CTAIN
coobmiectBa Ha oOpasmax NeNe 7 LDPE (maket ans mycopa) u 8 HDPE (6anka u3-mox mamyHs), a
TaKXe Ha KOHTPOJIbHOM cTekse Ne 12. 31ech 3HaUeHUsT MHAEKCOB CXOJICTBA K KOHILY SKCIIEPUMEHTA
Pe3KO CHU3WIKCH 10 HauMeHbHX (33%, 30% 1 29%, cCOOTBETCTBEHHO).

Takum 00pa3oM, 3aBHCUMOCTH Pa3BUTHS COOOIIECTB 110 OT TUMa cyOcTpara HE BBISBICHO,
Bce cyOcTpaThl B 0003HaYEHHBIX BBIIIE IPyMax He 001aaany oOUMMH CBOMCTBaMHU, OHHU ObUIH Kak
MPO3payHbIMU, TaK H HENPO3PAaYHbIMHU, TIAJAKUMH WM NIEPOXOBATHIMHU, TUIOTHBIMU WIIA
AIaCTUYHBIMU, PA3HBIX LIBETOB.

K ananornyHoMy BBIBOJy NPHUBOJUT aHAJIM3 CXOJCTBA COOOIIECTB IO C CyOCTpaToB C
KOHTPOJBbHBIM CTEKJIOM, KOTOpPO€ C TEYEHHEM BpPEMEHH OSKCIO3MIMHM YBEJIUYUBAIOCH, 3a
uckIoueHrueM oopasmoB Ne 8 u 9, u cocraBmiio 35 — 60% nocne 48 nuei, 45-74% nocne 84 nHEH U
53 - 75% nocne 111 guei.

VYcpeaHeHHass YHCICHHOCTh M OMoMacca LMaHOOAKTepuil IuiacThcdepsl ¢ TEeYCHHEM
BPEMEHHU SKCIO3UIIMN U POCTOM OMOTUICHKH BO3pacTaiu, OT 236 ThICSY KJI.'CM - 710 2,4 MJIH. KJI."'CM
%1 ot 0,009 Mkr-cm™ 10 0,407 MKr-em™Z. MakcuMyMBbl 1 MUHUMYMBI OOI1I€H YHCIEHHOCTH KJIETOK U
OroMacchl IuaHOOAKTEPHil HE COBIAAAH MO IeprUoaaM U cyocTpaTam (puc. 2).
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Puc. 2. Jlunamuika YUCIIEHHOCTM M OHOMacchl IMaHOOaKkTepuil B NepUUTOHE Pa3HbBIX
00pa3loB MJIACTUKOB U KOHTPOJHHOM CTEKJIE IO MEpPHOAaM SKCIO3UIMU (A — YUCIEHHOCTh, b —
O6uomacca).

CoobmectBa 10 Ha nomumepax NeNe 3 PLA, 6 PVC u 9 PET bio mnpencraBieHbl
HanOOJbIIe YHCICHHOCTEIO U OMOMAaccoi, 3HAYMTEIHHO YBEIHUYUBIICHCS C TEUYCHHEM BPEMEHHU
skcno3unmu. CooOmiecTBa 110 ¢ HAMMEHBIIMMHU KOJTUYECTBEHHBIMHM XapaKTEPUCTHUKAMH Pa3BUIINCh
Ha tuiactukax NeNe 1 HDPE, 4 PP, 8 HDPE wu crexkne Nel2 Control. C TeueHnem BpeMeHU
OWOIIJICHKU POCIIH, YTOJIIAINCH, B HUIX CMEHWJIMCh TJOMUHAHTBI C TOHKHX HUTYAThIX Spirulina spp.,
OTBETCTBEHHBIX 3a BKJaJ B OOIIYyI0 YHCIEHHOCTh, W cpeauux Potamolinea sp. B Hauaie
skcrio3unmu Ha Phormidium spp. u Oscillatoria spp. ¢ KpymHbBIMH HHTSMH, OOYCIOBHBIIUX
3HAYUTEIBHBIA POCT OMOMACCHI B KOHIIE SKCIIEPUMEHTA.
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3aknrouenue. TlomydeHHbIE pe3ynbTaThl UCCIEAOBAHUM MEpU(UTOHHBIX MHMaHOOAKTEPUi
HarJsIHO TIOKa3alii, KaK IUIACTUKOBBIE OTXOJbl B MOPCKOHM Cpelie MpPEeBpallatoTcsl B cyOCTpaThl ¢
OTAETBbHBIMU CAMOCTOSITEILHBIMU COOOIIeCTBaMH Ha HUX. OTMEUYEHO, UYTO C YBEIUYCHUEM BPEMEHH
HKCIO3MLIUH MJACTUKOBBIX CyOCTPAaTOB B MOpPE YBEIMUYUBAETCS BUI0BOE pa3HOOOpazue cooOIIecTB
U MX CXOJICTBO Ha pa3HBIX THUIAxX CyOCTPaTOB.

Crnenyer OTMETUTh HU3KYIO CIIEHU(UYHOCTH COOOIIECTB LIMAHOOAKTEPUIl K THUITY IUIACTHKA,
a Takxke mpeoOiasaHue B MEPUPUTOHE MOPCKUX OCHTOCHBIX BHJIOB, OOJANAIONIUX Pa3HBIMHU
aJlaNTallUOHHBIMU CBOMCTBAMU K 3aCE€JIEHUIO CyOCTpaToB M OOpa30BaHMEM CIIOKHBIX YCTOWYMBBIX
OMOTIICHOK C TIPU3HAKaMH €CTECTBEHHOTO 00pacTaHusl.

JUis  BBIABICHMS 3aKOHOMEPHOCTEH (YHKLMOHMPOBAHUS COOOIIECTB LMaHOOAKTepUit
rtactTuc@epsl HeOOXOUMO U3YUUTh UX KU3HEHHBIE CTPATErUd U MOP(PO(DU3NOTOTHIECKUN CTATYC
HOMYJISALUI Ha pa3HbIX TUIAX CyOCTPAaTOB HA PaHHMX CTAAMSIX KOJOHU3ALUH, BEISIBUTH B3aUMOCBSI3b
MEXTy OMOTHUECKUMH KOMIIOHEHTaMHU U TapaMeTpaMu cpeabl. be3 Takux moaxoJoB HEBO3MOKHO
pa3paboTaTb MEXaHU3Mbl YIPABICHUS IJIACTUKOBBIM 3arpsi3HEHUEM MOPS M 3allUThl OKpYKarolien
cpenpl. [lanbHelimas paboTta A0KHA OBITH HANpaBi€HA HA BBIACHEHHWE POJIM LMAaHOOAKTEpHUil B
TpaHc(hopMalMM IUIACTHKOBBIX OTXOJOB B MOpE, a TaKXe Ha BbIABIECHUE OTJENbHBIX BHJIOB,
CTIIOCOOHBIX K MX OMOAErpaaluy WM U3MEHEHHIO UX CBOMCTB, YTO MPUBEIET K CO3AHHIO HOBBIX
OMOTEXHOJIOIMYECKHX OOBEKTOB JIJIsl UCIIOJIb30BaHUS B Pa3HBIX cepax AeaTeIbHOCTH YEI0BEKa.
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[{nanoOaktepuun - MIPEACTAaBUTEIN JpeBHENIIEN TPYIIIbI OKCHUT'€HHBIX
(OTOCUHTE3UPYIOIIUX MPOKAPHOTHUECKUX OPraHU3MOB C JIOBOJBHO CIOXKHOH MOP(OIOrHYecKon
muddepennnanveid. B xone nMTenbHONW SBONIONMM 3TH OpraHU3MbI MPUOOPENH CIIOCOOHOCTH
aJlanTHPOBAThCA K CaMbIM Pa3HOOOpPA3HBIM HKOJOTHYECKUM YCIOBUSM (BBICOKas WM HU3Kas
TeMIIepaTypa, MOBbIIIEHHAs COJHEeUHas pajuanus, menounas uiu kucinas pH cpenst u ap.). Takas
0COOEHHOCTh MO3BOJISIET UM 3aHUMaTh PAa3HOOOpPA3HblEe HA3eMHBbIE U BOJHBIE MECTOOOMTaHMS,
o0ecredynBaeT X MHUPOKOE paclpoCTpaHEHHE.

CeBepo-BOCTOK €Bpomneickol yacTu Poccuu — 3TO PerMoH ¢ CypOBBIMH KIMMaTHYECKUMHU
YCIIOBUSIMH, KOTOpbIE OTPaHUYUBAIOT OMOJIOTMYECKOe pa3HooOpaszue. B HazeMHBIX sKocHcTeMax
[IUAHOOAKTEPUM SBISIOTCS BaXKHBIM KOMIIOHEHTOM OuoTbl. OHHM YyYacTBYIOT B Ipolieccax
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HAaKOIUICHUS OPraHMYECKOro BEHIECTBA M a30Ta B IOYBE, KPYroBOPOTaX MHOTUX 3JIEMEHTOB M
COEIMHEHMH, NOAJIEPKUBAIOT TA30BbIM PEXUM, ABISIIOTCS NEPBUYHBIMU NpOAylLeHTamMu U T.4. Ha
CeBEpPO-BOCTOKE eBpomeiickoi yactu Poccunm BuaoBoe pa3HooOpaswe H  (YHKUMOHAIbHBIC
MoKa3aTear IOYBCHHBIX HUaHOOaKTepuii mcciaenyrores ¢ 1962 roxa [1]. Boabmmoi Bkaam B uX
u3ydeHue BHecu cotpynauku Mucruryra 6uonorun Komu HI[ YpO PAH, a Takxke crenuaivcTs
U3 JIpYrHX Hay4yHBIX yupexaeHuil Poccuu. 3a 3TOT mepuoj] HAaKoOIJIeH OOIIMPHBIA MaTepuan Mo
BUJOBOMY OOraTCTBY M paclpOCTPaHEHHIO JSTOH TPYNIbl MHKPOOPTaHU3MOB Ha JaHHOU
TEPPUTOPUH, H3Yy4YEHBI UX (PYHKIMOHAIbHBIC MOKA3aTeNd, B IOCJIEIHEE BpeMs JUIsl HEKOTOPBIX
TAaKCOHOB BBISIBJICHBI MOJIEKYJIAPHO-TEHETHYECKHUE OCOOCHHOCTH.

Bcero B mouBax ceBepo-BOCTOKa €BpOIEHCKON yacTu Poccum BbIABIEHO 245 TaKCOHOB U3
oraena Cyanobacteria, 1 xmacca, 10 nmopsiakoB, 32 cemelcTB U 68 pojoB. JJOMUHHPYIOT BHIIBI U3
nopsakoB — Nostocales, Oscillatoriales, Chroococcales, Synechococcales. Beaymumu cemeiictBamu
seisitorest: Oscillatoriaceae, Nostocaceae, Chroococcaceae, Microcoleaceae, Leptolyngbyaceae.
HawubonbIee unciio BUI0B BeIABICHO U3 poaoB: Phormidium, Leptolyngbya, Nostoc, Chroococcus
u Gloeocapsa. BbICOKyl0 9acTOTy BCTpEYaeMOCTH HMMEIOT Buabl: Desmonostoc muscorum,
Fischerella ambigua, cf. Leptolyngbya foveolarum, Microcoleus autumnalis, Nostoc commune, N.
punctiforme, Potamolinea aerugineocaerulea, Phormidium ambiguum, Stigonema ocellatum, S.
minutum, Symplocastrum friesii, Tolypothrix tenuis.

BungoBoe OoraTcTBO IMaHOOAKTEpHil EBPOMEHCKOrO CEBEpO-BOCTOKA  HCCIIEIOBAHO
JOCTaTOYHO XOpOIIo U cocTaBisieT 75 % (327 TakconoB) ot (iopsl Cyanobacteria Poccun [2], a
TaKkKe COOTHOCHMMO ¢ ¢uopoii Mypmanckoit obmactu — 229 takconoB [3]. Cyanobacteria
OTHOCHUTEJILHO XOPOUIO MCCIIEI0BaHbl HA TEPPUTOPUH CEBEPO-BOCTOKA e€BpoIerckoil yactu Poccun
BKJIIOYast: TYHAPOBYIO 30HY — boubiiesemenbckas TyHapa [4], Iledopckas Hu3meHHOCTH [5],
ropubie paitonsl — [ossipabii, [Tpunossipablit u CeBepHbiii Ypai [6-9], cpeiHion0 Tallry — elbHUKH
B okpectHocTH T. ChiktbiBKap [10], rokHyro Taiiry — crapoBo3pactHbie Jieca Koiropoackoro
HAI[MOHAJILHOTO MapKa (aHHbIe He OIMYOJIMKOBaHbI) U AP.

Bonbioe 3HaueHWe A COXpaHEHHUs OMOpa3sHOOOpas3wsi MUAHOOAKTEPHA W M3YUEHUS HX
ocoOeHHOCTeH urparoT anproioruyeckue kosviekuuu. B Mucturyre Guonormn Komm HIL YpO
PAH co3nana xoyuiekus JKUBbIX KyJbTyp nuanobakrepuil u Bogopocieit (SYKOA) u3 HazeMHbIX
Y BOJIHBIX MECTOOOUTAaHUMN apKTUYECKUX U CEBEpHBIX pernoHoB Poccun. K coxanenuro, B CBS3M ¢
(YHKIIMOHATBHBIMU ~ OCOOEHHOCTSIMM ~ KJIETOK, a Takke CHeHU(PUUYECKUMH  YCIOBHUSIMHU
KyJIbTUBHPOBAHUS HE BCETJa yJaeTcs BBIACIUTH B KyJIbTYpPY Bce OOHapy)KEHHBIC BUIBI U3 OTAENa
Cyanobacteria. Hecmorps ©Ha 310 B koutekumd SYKOA mpencraBierHo 47 mTamMMOB
manobaxtepuii (https://ib.komisc.ru/sykoa), B ocHOBHOM 3T0 B IbI, (HOPMUPYIOIIHE TOMUHAHTHBIH
KOMIUIEKC B IIOYBax €EBPOIECUCKOro ceBepo-BocTOKa Poccuu. [Ins HEKOTOpHIX IITaMMOB W3
KOJUJIEKIIMOHHOTO (JOHJa BBIMOJHEH MOJIEKYJISPHO-TEHETHYECKUI aHalu3 U IMOCIeI0BATeIbHOCTU
renoB 16S pPHK mpencraBnens! B ren6anke (cM. cmucok). Jms mrammoB SYKOA C-002-10,
SYKOA C-003-10 u SYKOA (C-015-09 nonyyeHo o ogqHOMYy aMIUTM(QHUKATy ¥ COOpPAHO MO OJHOMN
MOCJIeIOBATEBHOCTH JIOKYca, comepxamero reH 16SpPHK u mexrennsiii cneiicep 16S-23S ITS
pPHK [11].

. Leptolyngbya voronichiniana Anagn. et Komarek — SYKOA C-001-09

. (Drouetiella) Leptolyngbya foveolarum (Gom.) Anagn. et Komarek — SYKOA C-002-10

. (Stenomitos) Leptolyngbya foveolarum (Gom.) Anagn. et Komarek — SYKOA C-003-10

. Nostoc punctiforme Har. — SYKOA C-004-09

. Desmonostoc muscorum (Bornet et Flahault) Hrouzek et Ventura — SYKOA C-005-09

. Potamolinea aerugineocaerulea (Gom.) M.D.Martins et L.H.Z.Branco — SYKOA C-006-10
. Phormidium ambiguum Gom. — SYKOA C-007-10

. Microcoleus autumnalis (Gom.) Strunecky, Komarek et J.R.Johans. — SYKOA C-008-11

. Phormidium corium Gom. ex Gom. — SYKOA C-009-09

10. Phormidesmis mollis (Gom.) Turicchia, Ventura, Komarkova et Komarek — SYKOA C-010-09
11. Porphyrosiphon lomniczensis (Kol) Anagn. et Komarek — SYKOA C-011-09

12. Stenomitos frigidus (F.E.Fritsch) Miscoe et J.R.Johans. — SYKOA C-012-10
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13. Pseudophormidium hollerbachianum (Elenk.) Anagn. — SYKOA C-013-09
14. Tolypothrix tenuis Kiitz. ex Bornet et Flahault - SYKOA C-014-11
15. (Stenomitos) Leptolyngbya foveolarum (Gom.) Anagn. et Komarek — SYKOA C-015-09
16. Nostoc commune Vaucher ex Bornet et Flahault — SYKOA C-021-11 (GenBank KF361485)
17. Nostoc commune Vaucher ex Bornet et Flahault — SYKOA C-022-12 (GenBank KF361486)
18. Nostoc commune Vaucher ex Bornet et Flahault — SYKOA C-023 (GenBank KF361487)
19. Nostoc commune Vaucher ex Bornet et Flahault — SYKOA C-024-06 (GenBank KF361488)
20. Nostoc commune Vaucher ex Bornet et Flahault — SYKOA C-025-13
21. Nostoc commune Vaucher ex Bornet et Flahault — SYKOA C-026-13
22. Nostoc commune Vaucher ex Bornet et Flahault — SYKOA C-027-13
23. Nostoc commune Vaucher ex Bornet et Flahault — SYKOA C-028-13
24. Nostoc pruniforme Ag. ex Bornet et Flahault - SYKOA C-029-14
25. Nostoc pruniforme Ag. ex Bornet et Flahault — SYKOA C-030-14
26. Nostoc pruniforme Ag. ex Bornet et Flahault - SYKOA C-031-14
27. Tolypothrix tenuis Kiitz. ex Bornet et Flahault — SYKOA C-032-16
28. Scytonema hofmanni C.Agardh ex Bornet & Flahault — SYKOA C-033-16
29. Phormidium puteale (Montagne ex Gom.) Anagn. et Komarek — SYKOA C-034-16
30. Symplocastrum friesii (Gom.) Kirchner — SYKOA C-035-16
31. Fischerella muscicola Gom. — SYKOA C-037-16
32. Leptolyngbya sp. — SYKOA C-038-18
33. Stigonema sp. — SYKOA C-039-18
34. Nostoc sp. — SYKOA C-040-20
35. Nostoc commune Vaucher ex Bornet et Flahault — SYKOA C-041-20
36. Nostoc commune Vaucher ex Bornet et Flahault — SYKOA C-042-20
37. Nostoc commune Vaucher ex Bornet et Flahault — SYKOA C-043-20
38. Nostoc sp. — SYKOA C-044-20
39. Anabaena cylindrica Lemmerm. — SYKOA C-045-20
40. Leptolyngbya subcyanea (Hansg.) Komarek — SYKOA C-046-20
41. Nostoc sp. — SYKOA C-047-21
42. Scytonema hofmanii C.Agardh ex Bornet et Flahault — SYKOA C-048-21
43. Porphyrosiphon fuscus Gom. ex Frémy — SYKOA C-049-21
44. Tolypothrix fasciculata Gom. — SYKOA C-050-21
45. Leptolyngbya sp. — SYKOA C-051-21
46. Tolypothrix sp. — SYKOA C-052-21
47. Scytonema sp. — SYKOA C-053-21
B I[aJ'ILHefIH.IeM 3aIlJTaHUPOBAHO HCCJIICIOBAHUC MOp(I)OJ'IOl"I/I‘{eCKI/IX U  MOJICKYJISAPHO-
reHeTHYeCKNX ocoOeHHocTed mraMmoB m3 komiekiuu SYKOA, BhIBIEHHE TaKCOHOMHYECKOIO
pa3H006p8_31/I${ U OIpCACIICHUC POJIN I_[I/IaH06aKTepI/II71 B II0O4YBax eBponeﬁcxoro CCBCPO-BOCTOKA
Poccun ¢ MOMOIIBK0 METAr¢CHOMHOT'O IMOJAXO0J4, M3YUCHUC q)yHKHI/IOHaHI)HBIX 1 KOJMYCCTBCHHBIX
IOKa3areyiel MpEeACTaBUTENIEN OTAeNa Cyanobacteria. J{jas momoiHeHHs KOJUIEKIIMOHHOTO donma
SYKOA mmanupyercsi ot00op mpo0 M3 pa3HBIX BapHaHTOB IOYB €BPOIEHCKOTO CEBEPO-BOCTOKA
Poccun u BbleneHue M3 HUX KYJIbTYp IMAaHOOAKTEpHid, a Takxke Moj0op M pa3paboTKa HOBBIX
MCTOOOB U IPUEMOB KYJIIbTUBUPOBAHMUA.
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PA3HOOBPA3HE, 9KOJI0I'dA 1 ®YHKIIMOHAJIbHBIE XAPAKTEPUCTUKH
IINAHOBAKTEPHUHU B IIOYBEHHBIX BUOJOI'MYECKUX KOPKAX I'OPHBIX
TYHAP YPAJIA

Annomayusn. B 6uonocuyeckux noygeHHuIX KOpPKAX 20pHbix myHop Ypana obnapyiceno 86
6U008 yuanobaxmeputi u3z 46 pooos. OcHo8y pazHO0Opasus OUONOSUYECKUX NOUBEHHBIX KOPOK
Gopmupyem romniekc e6udos u3z pooos Nostoc, Stigonema, Scytonema, Gloeocapsopsis,
Phormidium, Leptolyngbya u Symplocastrum. Asompuxcupyrowue e6uovr cocmasusiom 43%
npoyenma om obwezo pazHoodpazus. B pabome npusedenvl pe3yibmamul MHO2ONEMHE20 U3YUEHUS
asom@buxcupyroweil akmueHOCMU U PEKOSHOCYUPOBOUHbIE OAHHBLE 00 VeNeKUCIOMHOM 2a3000MeHe
OUONI02UECKUX NOYBEHHBIX KOPOK ¢ OOMUHUPOBAHUEM YUAHOOAKmMepUll 0isl 20pHbIX MYHOp Ypana.
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DIVERSITY, ECOLOGY, AND FUNCTIONAL CHARACTERISTICS OF
CYANOBACTERIA IN SOIL BIOLOGICAL CRUSTS OF THE URALS MOUNTAIN
TUNDRA

Annotation. In the biological soil crusts of the mountain tundra of the Urals, 86 species of
cyanobacteria from 46 genera were found. The diversity of biological soil crusts is based on a
complex of species from the genera Nostoc, Stigonema, Scytonema, Gloeocapsopsis, Phormidium,
Leptolyngbya, and Symplocastrum. Nitrogen-fixing species make up 43% of the total diversity. The
paper presents the results of a long-term study of nitrogen-fixing activity and reconnaissance data
on the carbon dioxide gas exchange of biological soil crusts with the dominance of cyanobacteria
for the mountain tundra of the Urals.

Key words: cyanobacteria, biological soil crusts, nitrogen fixation, mountain tundra, Polar,
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buonornueckue nousennsie kopouku (BK), hopmupyembie coobuiecTBaMu KpUNTOIaMHBIX
OpraHu3MOB (BKJIIOYas IIMaHOOAKTEPUH, BOJOPOCIH, JUIIAHHUKN, MXHU), UTPAIOT 3aMETHYIO POJb B
r7100abHBIX OMOT€OXMMHUYECKHX IIMKIIaX yriepoaa u azora [12]. ®opmupytotrcst BK B ocHOBHOM Ha
OTOJIEHHBIX TPYHTax M TOYBAaX OT TMOJSIPHBIX PETMOHOB [0 apuAHBIX MyCcThiHb. [lo
IIPEIBAPUTENIBHOMN OLIEHKe, Ha 100 BK B MHpOBBIX yIJIEpOJHBIX LHMKIAX MPUXOJUTCS 10 ~3,6
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mipa. ToHH C B ToJ1, a ypoBEHb (PUKCAIIUK a30Ta MOXKeET JoXoauTh 10 ~107 muH. ToHH N B rox [9].
3HauMTENbHBIN BKIJIAJ B 3TU I100alibHbIe Tporecchl BHOCAT BK MmoNpHBIX, apKTHUECKUX U TOPHBIX
peruonoB. 3xeck BK ¢dopmupyroTcs Ha mnsTHaXx-MeqanboHaxX, OOpasyIOUIMXCS B pe3yibTare
HapyLIEHUs TOYBEHHO-PACTUTEIBHOTO TIOKPOBAa IO/ BJIMSHHEM KPHOTEHHBIX IPOIECCOB.
[{uanobakrepun Onaronaps yHHKaJbHOH CIIOCOOHOCTH K aBTOTpOo(HMU IO yriepoay H asoTy,
SBJIAIOTCS. BaXXHBIM (YHKIIMOHAIBHBIM KOMIIOHEHTOM TaKHMX COOOIIECTB M YacTO BBICTYIAIOT B
KayecTBE OCHOBHBIX a30TuKcupyromux komrnoHeHToB BK [6]. BumoBoe pasHooOpasme u
a30TPUKCUPYIOLIAas aKTUBHOCTh IMAaHOOAKTEpU OMOIOTHUECKUX KOPOK U3ydeHa JJis psiia pailoHOB
Kanaznckoit Apkruku, apxunenara HInundepren n HEKOTOPBIX BRICOKOTOPHBIX PErHoHOB [7, 8, 21].
Jlns  ceBepo-BocTOKa  eBpormeiickor Poccum  cBemeHuss 0 pa3HOOOpasuM, SKOJOTUM U
a30T(UKCUpYIOIe AKTUBHOCTH IMaHOOAKTEPUH — KOMIIOHEHTOB OHMOJOTMYECKHX MOYBEHHBIX
KOpPOK OTpaHMY€HbBI UCCIIEA0OBAHUSIMU, IPOBEICHHBIMU B €Bponeickux Tynapax [1, 3, 10, 14, 19]u
Ha [Ipunonsprom Ypaie [15-17] u CeBeprom Ypane [13].

Ilens paboTel — o0000ImIEHHE CBEIEHWH O BHAOBOM pPa3HOOOpa3MM M  IKOJOTHUHU
Ia30TPOGHBIX [MAHOOAKTEPUI OHOJOTHMYECKHMX TIOYBEHHBIX KOPOK, a TaKXKe MOoKa3aTessax
a30TPUKCUPYIOLIEH aKTUBHOCTU U YIIIEKHCIOTHOTO ra3oo0MeHa B YCIOBHUSIX TOPHBIX TYHIP
CEBEPHBIX PETHOHOB Ypaia.

Uccnenosanus nposenensl B 2012-2021 rr. Ha Ilonspuom, Ilpunonspuom u CeBepHOM
VYpane. M3ydeHo BumoBoe pasHooOpaszue muanoOakTepuit. COOphI TOYBEHHBIX BOJOpPOCIECH
BBITIOJTHEHBI OOIIENPUHATHIME B TIOYBEHHOU albrojoruu Metofaamu [4,5]. AKTUBHO BEreTUPYIOIUe
U JIOMHHAHTHBIC BHUJBI ONPEICISUIM METOJOM MPSIMOTO0 MHUKPOCKOIMHUPOBAHUS CBEXECOOPAHHBIX
MOYBEHHBIX OOPAa3IOB, JIOMOJHUTEIBHO MPUMEHSUIA METOJAbl KYJIbTUBUPOBAaHUS HA TBEPIBIX U
xunkux cpeaax Bgll u WS. TIpoBenens! monieBbie UCCIeA0BaHMS a30T(HUKCUPYIONIEH aKTUBHOCTH
OMOJIOTMYECKUX TMOYBCHHBIX KOpPOYEK. AKTHBHOCTHh (ukcammu MosekyaspHoro asora (ARA),
M3MEpEeHa METO/IOM alleTUIeHOBOU penykuuu [18] u paccunrana kak npoaykuust CoHs B Mr M 2g-,
[Totoku CO; u cyTouHbIil 6anaHc yriepona uccienoBansl Ha [lonasipHoMm Ypane ¢ ucnoib30BaHuEeM
razoanamuzaropa OB5000 (I'epmanms). Cratuctuueckas oOpabOTKa pe3ysbTaTOB BBIOJIHCHA B
nporpamme Statistica 13.0.

Bcero k HacTosiieMy BpEeMEHH B Ha3eMHBIX MECTOOOMTAHHUSAX TOPHBIX TYHIp Ypana npu
oOcieoBaHUM OUOJOTMYECKUX TMOYBEHHBIX KOPOK BBISABICHO 86 BUAOB LMaHoOakTepuii u3 46
ponoB [2]. 37 BUAOB LIMAaHOOAKTEpUN OTHOCATCA K OUA30TPOPHBIM, CIOCOOHBIM K (hukcanuu
MOJIEKYJISIPHOTO a30Ta. AKTHBHO BETE€THUPYIOIIUE BHJIbI, OOBIYHO (HOPMHUPYIOIIHE KOMILIEKC
JOMHHAHTOB OHonornyeckux kopok: Nostoc commune f. comunne, N. commune f. ulvaceum, N.
punctiforme, N. linckia, Stigonema ocellatum, S. minutum, Symplocastrum friesii, Fischerella
muscicola, Gloeocapsopsis magma, Trichormus variabilis, Leptolyngbya boryana, Tolypothrix
tenuis, T. distorta, T. lanata, Hapalosiphon fontinalis, Scytonema ocellatum, Scytonema hofmannii.

Br11es1eHO HECKOJIBKO BapUAaHTOB OMOJIOTHYECKUX KOPOK C IOMUHHUPOBAHNUEM PA3HBIX BUIOB
a30TPUKUCPYIONNX [THaHOOAKTepHil Hambojee XapaKTepHBIX ISl MATEH-MENaTbOHOB TOPHBIX
TyHIp VYpama. Ha TONUTrOHANBHBIX TNATHAX, XapaKTEPU3YIOIIUXCS OTHOCHUTENBHO CIa0BIM
YBIIQXXHEHUEM U PE3KUMH KojeOaHUsMHU TeMIiiepatypbl oTMedeHbl bK ¢ momMuHuUpoBaHuEM BHIIOB
pona Stigonema (o6bramo - S. minutum, moBojbHO yacto - S. ocellatum, u peako - S. informe).
Pa3pactanus cturonem o0pasyroT Ha MATHAX TOJIOTO TpyHTa MaccuBHbIe BK depHOro umm gepHo-
3eJIeHOTO 11BeTa. [lepeunciieHHbIe BUABI MOTYT 00pa30BhIBATH KOPKH BMECTE HIIH OTAEIHHO APYT OT
apyra. B 6onee cyxux mectooburanusx B BK mpeobiamaer Stigonema minutum, B GoJiee BJIaXKHBIX
- S. ocellatum, S. informe. Jlas cruroHeM XxapakTepHO 0Opa30BaHWE 3HAYMUTEILHOTO YHCIIA
WHTEPKAIAPHBIX M TEPMUHAJBHBIX TETEPOIMT, YyYaCTBYIOIIUX B aKTUBHOW (UKCAIlUU
MOJICKYJISIPHOTO a30Ta. Bce TpW BHIA CTUTOHEM IMMPOKO PACHpPOCTPAHEHBI B apPKTHYECKHX W
rOpHBIX paiioHax [11].

B Goiee chIpBIX MECTOOOMTAHUSAX, TIOCTOSIHHO TIOAIUTHIBAEMBIX TAJIBIMH BOJIAMH JICTHHUKOB
WIK BOJAaMHU 3a00J0YCHHBIX Yy4acTKOB, XapakTepHsl BK ¢ momuHmpoBanmem pomoB NOStOC u
Scytonema (N. commune, Sc. ocellatum, Sc. hofmannii). JlanHbie Buabl Takke B HPUPOTHBIX
YCIOBUSX (OPMHUPYIOT MHOTOUYHUCIICHHBIE TETEPOIUTHI U aKTUBHO (PMKCUPYIOT MOJIEKYIISIPHBIN a30T.
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OObIYyHO >TH BUABl (HOPMUPYIOT HA TOBEPXHOCTH MATEH KOPHYHEBHIC WM KOPHYHO-YEPHBIC
KoxHCTbie Kopku. N. commune o0Gpa3yeT MakpOKOJIOHUM Ha MOBEPXHOCTH MATEH-TIOJIUTOHOB, U B
TaKHUX CIIyYasix sBIIseTCsl abcomoTHRIM qoMuHaHToM BK 1 Benymmm azotdukcatopom. Bumbl pona
Scytonema Takke Moryr ¢GOpMUPOBAaTH Ha TOBEPXHOCTH MSTEH-MEJAIbOHOB MAacCOBbBIE
pa3pactaHus, HO Yallle OTMEYAIOTCs Kak cy0oqoMrHAHTHI BK COBMECTHO ¢ HOCTOKOM.

B ¢dopmupoBanuy OMOJOTHYECKHX MOYBEHHBIX KOPOUEK MPUHUMAIOT y4acTHE U Jpyrue
a30T(PUKCUPYIONINE BUJIBI, OJJHAKO UX 0OMIINEe OOBIYHO HE BBICOKO. Hampumep, B TOPHBIX TyHApaxX
Vpana Bcrpeuanu Bapuanthl BK, B koTopeix momumuantamu Obuta Hapalosiphon fontinalis,
Fischerella muscicola, Stigonema mesentericum.

Pesynbrartel u3MepeHus a3oTdUKCHpyOIIed aKTUBHOCTH s BapuaHtoB bK, namboree
IIMPOKO PACIIPOCTPAHCHHBIX B TOPHBIX TYHApax Ypana, mpuBeaeHbsl B Tabmuie 1. Becero Oputo
obcnenoBano 112 BK, ama KOTOpPBIX BBIMOJHEHBI HM3MEPEHUS NPUMEPHO IPU OJMHAKOBBIX
temreparypusix ycnoBusx (19-20°C). BK B Tabmmiie 1 crpymnmupoBaHbl M0 JOMHHUPYIOMIAM B
coobmrectBax BuaaMm asordukcaropos: Nostoc commune, Stigonema ocellatum, Stigonema
minutum. Kpome Toro, BbIZieSicHa OTACIbHAs IPyIa, B KOTOPBIX ITHAHOOAKTEPHH IMPEICTABICHBI
HECKOJIbKUMH BUJAMH C OJIMHAKOBBIMH TOKa3aTeNIMU OOMIIKSA, MO3TOMY ObUIO TPYAHO BBIACITUTH
KOHKPETHBIN JOMHUHHUPYIOUIHHA BUJ a30THHUKCATOPA.

Maxkcumanbuble 3HaueHus ARA, kak u oxujanoch, HaOmoaanu B bBK ¢ nmomuHantamu
Nostoc commune, mmxe s BK ¢ nomunmpoBanmem Stigonema ocellatum. JucnepcronHbIi
aHanu3 mnokasana, 4to ARA Ouonormueckux IOYBEHHBIX KOPOK ¢ JomMuHHpoBaHueM NOStoc
commune He uMerOT pu3HakoB paznuuus ¢ bK co Stigonema ocellatum (p=0,245), B To xe Bpems
MMEJHCh CYIIECTBEHHBIE pa3iinuus ¢ AByMs Apyrumu Bapuantamu bK (p<0,05).

Tabmuua 1. Ilokazatenu a3zoTQUKCUpYIOLIEH aKTUBHOCTH OHMOJIOTMYECKUX ITOYBEHHBIX
KOPOK C TOMUHUPOBAHHEM PA3HBIX BUIOB IMA30TPO(HBIX [IMaHOOAKTEPUit

JloMuHUpYyOMWHKiA BU Mun-Makc ‘ Cp3Hay+£CT.OTKII.
ARA, MrC,H, Mgt
Nostoc commune (n=38) 0,48-6,92 2,84+2,06
Stigonema ocellatum (n=19) 0,48-3,90 1,84+1,02
Stigonema minutum (n=31) 0,44-2,80 1,32+0,65
JlomuHaHT He BeipaxeH (N=24) 0,01-3,41 1,16+1,06

HpHMe‘{aHI/ICZ Mun-Makc — MHHHUMAJIBbHBIC, MAKCUMAJIBbHBIC 3HAYCHMUAA, Cp3Ha‘{ﬂ:CT.OTKH -
Cp€aHuc 3HAYECHUSAE CTaHJAPTHBIC OTKJIOHCHHUS, N — YHUCJI0 UCCICAOBAHHBIX BK.

OTMeTHM, YTO KOPOYKH C JOMHUHAHTOH S. MINUtUM IeMOHCTPUPOBAIM CYIIECTBEHHO OoJiee
Huzkue ARA oTHocuTenbHO HOCTOKOBBIX Kopouek (p=0,015) m Kopouek ¢ JAOMHHAHTaMH S.
ocellatum, HO oTiAMuMs C TOCACTHMMH OBUIM CTAaTUCTHYECKHM He 3Hauumbl (p=0,133).
Buonornueckne MOYBEHHbIE KOPOYKHM C JOMHHHpoBaHweMm S. minutum u BK, B koTopbIx
a30TPUKCATOPbl MPEICTABIECHbI C HEBBICOKMM OOWJIMEM, HE MUMENU CYIIECTBEHHBIX OTIMYUN IO
ARA (p=0,78). IlomyueHHbIe pE3yNbTaThl COMOCTABMMBI C JAHHBIMU IO a30T(UKCUPYIOLIEH
aktuBHOCTH BK Apyrux apkTuyeckux u ropHbIX peruoHos [3, 8, 10, 14, 21].

[Toroku CO; u cyrouHbli OasiaHC yriiepoja HccienoBaHbl y cTuroHeMoBeix BK Ha
[Tonsprom Ypane. Ilo pe3ynbraram n3MepeHN MOCTPOEHBI CYTOYHBIN X0 MEPBUYHON MTPOTYKIIHNH,
CBETOBAs 3aBUCUMOCTb (JOTOCHHTE3A, a TAKXKE TeMIIEpaTypHasi 3aBUCUMOCTb IIOYBEHHOTO JIBIXaHHUS.
Ha ocHOBe perpeccHOHHOro aHaiK3a BBISIBIEHO, YTO TEMIEpaTypHas 3aBHCHMOCTh BaJOBOTO
JIBIXaHWsS  XOPOIIO  AMNPOKCHMHUPYETCS OKCIIOHEHIHMAnbHON (yHkimeii (R°=0,98), cBerosas
3aBUCHUMOCTh (DOTOCHHTE3a — CTENEHHOW (QyHKIHeH (R2=0,98). Bcee koaddunmentsr B Moaemnsax
craructuyecku 3Hauumble (p<0,000, n=17). ITokazaHo, uto mepBuyHas nponykuus BK nmeer
JOCTATOYHO Y3KHMI TEMIIEpaTypHBId ONTHMYM B paloOHE 15°C, a B mHeBHOM [epuoJe IpHU
Temneparypax Boie 21°C HabmonaeTcss yxke npemMymiectBenHoe Bbigeneane CO;, W3 KOPOUEK.
Pacuetsl nmokazanu, yto B TunuaHoM i [longpHoro Ypana nuanazone temmeparyp uroist BIIK 3a

113



CYTKH AenoHupytoT okoso 17,5 mr CO,-C M2, Tl CPaBHEHUs, BEJIMYMHA CYTOYHOU IIPOIYKLHH
YyTh BBINIEC BEpXHEW IpaHHIlbl Auama3zoHa cyrouHou mpoxaykiuu bK apx. [Inunbepren - 0-15 mr
CO2-C M [20]. Ha OCHOBaHHMH IOTYYEHHBIX PE3yIbTATOB BHIIOIHEHA MPEIBAPUTEIBHAS OLEHKA
cezonHoil npoaykuuu bK Ilonsipaoro Ypana, onennBaemoii He Bbilie 2 © CO,-C M2 MPUMEPHO 3a
120 nHEel NOoJ0KUTENIBHBIX TEMIIEPATYp OBEPXHOCTH MOYBBI.

[IpoBenénuble  ucCCleqOBaHUS  TOKAa3ald  OTHOCUTENBHO  BBICOKOE  pa3HooOpasue
MaHOOAaKTepUH B TIOYBEHHBIX OWMOJIOTMUECKUX KOpPKaX TOpHBIX TyHAp Ypama. OCHOBY
noMuHUpyromux komiiekcoB BK  ¢dopmupyror aszordukcupyromue Buisl u3 pogo Nostoc,
Stigonema, Scytonema. Haubonee nponyKTUBHBIMH a30T(UKCATOpaMH B TOPHBIX TYHApax
seistrorest Nostoc commune u Stigonema ocellatum.
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CYANOBACTERIA IN THE TOLBACHIK VOLCANO AREA

Abstract. The short report presents the identified diversity of cyanobacteria in subaerial
biofilms from the surface of fumaroles in the Tolbachik volcano area, Kamchatka. Unbranching
filamentous forms of cyanobacteria predominate, forming Phormidium-type communities typical
for Kamchatka. There are also formations of practically monospecific mats of Fischerella muscicola
with single trichomes of Leptolyngbya sp.
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Beero m3ydueno 17 mpobd ¢ mOBEpXHOCTH CyOCTpaTOB Ha TEeppUTOpUH (GyMapon B
OKpecTHOCTsIX BynkaHa Tonbauuk. [IpoObl oTOMpanmm Ha KOHycax pa3IMYHOTO BO3pacTa:
u3zBepskenue 1975 — 1976 (Ilepsoiit u Btopoit xonyca (9 mpo0)), usBepxkenue 2012 — 2013
(KpacHsrit konyc, konyc Haboko (8 mpo6)). Coop 00pa3ioB mpou3BOAMICS B KOHBEPTHI U3 Kpadt-
Oymaru u B CTEpHIbHbIE KOHTEHHEPHI.

Unentudukanuss BHUIOB MPOBEACHA C HCIOJIB30BAHUEM CBETOBOH  MHUKPOCKOMHUH
MOCPEJICTBOM TIPSIMOTO MHKPOCKOIIMPOBAHUS MPOO M KYJIbTYPAIbHBIX METOJOB HCCIIECOBAHUS
(HaKomUTEbHBIE KYJIBTYPbl C IOCIEAYIOIIUM BBIJCICHUEM YHUCTBIX KYyJIbTYp) B MHHEpPaIbHBIX
cpenax BG-11 u Z8 [1].

WccnenoBanust MPOBOAMIM Ha CBETOBOM MuKpockomne Leica DMI1000, simexkTpoHHOM
mukpockoie TM 3000 (HITACHI, fAnonus) ¢ npucTaBKOW Uisi 3HEPTrOAUCIEPCHOHHOIO
mukpoananuiza (OXFORD, BenukoOputanus), a takxke Ha crepeomukpockorne M205 C (Leica,
I'epmanust). OnpeneneHre BUJOBOTO COCTaBa IIMAHOOAKTEPUH MPOBEAEHO MO MOP(HOIOTHIECKUM
MPU3HAKaM C HKCIOJb30BAaHMEM CTAaHJIAPTHBIX ompenenutenei [2, 3, 4]. Bepudukaums Bumon
OCYIIECTBISUIACH B COOTBETCTBMM C COBPEMEHHOH HOMEHKJIATYpOH C HCIOJIB30BaHUEM
anekTpoHHOU 0a3bl nanHbIx AlgaeBase [5]. Pentrenodasoseiii ananu3 (POA) MuHepanu3oBaHHBIX
o0pa31oB BeinoIHeH Ha qudpakromerpe Miniflex 1l (Rigaku, Snonus).

Bcero BeisiBneno 17 BumoB nmanoOaktepuii (Tab6n. 1). B ux uyucie okaszamoch aBa
KOKKOMIHBIX Bujaa Aphanocapsa sp. u  Chroococcus membraninus. B ocHOBHOM BCTpe4aroTCsI
HUTYaTble (OPMBI, Cpeu KOTOPBIX MpeolianaroT HeBerBsimuecs (Gopmbl. Kak oOuibHbIE ObUTH
ormeuens! Buasl: Fischerella muscicola, Phormidium cf. numidicum, Microcoleus autumnalis u
Byl poaa Leptolyngbya. /lantbie Buabl ciocoOHBI GOPMUPOBATH IMAHOOAKTEPUAILHBIC MAThI 32
cueT OBICTPOrO pOCTa W IMEPEIJICTEHUs] TPUXOMOB MEXAy co0oil. DopmupoBaHue (HOPMHINEBOTO
THUIA COOOIIECTB XapaKTepHO AJIsi TepMalibHBIX MecTooOuTanuiit Kamuarku [6]. BumoBoii coctaB Ha
KpacHom xonyce n konyce Haboko mupe (8 TaKCOHOB), 4YeM B IPYrUX TOUYKAX HcciaemnoBaHus (4-2
takcoHa). g Kpacnoro Konyca 310 00bsicHsI€TCS MOBBIIIEHHBIM cojiepkanuemM Ca, a Ha KoHyce
Ha6oxo 6onee Bnaxnble ycioBus, yeM Ha [lepBom u Bropom konycax. Ha Kpacnom konyce (KK-
12) Taxke OTMEYEH Mpoliecc MUHepanu3anuu rumca (moarsepxaeH POA) Ha TOBEpXHOCTH TPYHTA,
3aceneHHoro nuaHotakrepusimu. Ha IlepBom koHyce B cooOliecTBe IMaHOOAKTEPU TOMUHUPYET
Phormidium cf. numidicum, a mns Btoporo koHyca xapakTepHO (HOPMHUPOBAHHE MPAKTHYCCKU
MOHOBHI0BBIX OnorieHok Fischerella muscicola ¢ emuanunsiMu Tpuxomamu Leptolyngbya sp.

Tabmuna 1. Cnucox BUAOB LMaHOOAKTepui, OOHApYKEHHBIX B (ymaposnax ByJKaHa
TonGauuk.

Konyc (Homepa mpo0) KN 1K P-1K-1,
KK (KN- | (1K-9, | P-1K-2 | 2K
(KK- 1,2, 18, Touku (2K-6,
12, 3, 4, 19, MEXIY 10,
Criucok BHJIOB ITMAaHOOAKTEpHIA KK-13) | 5,6) | 20) 1IKu 2K |11)
Aphanocapsa sp. + +
Calothrix elenkinii Kossinskaja +
Calothrix sp. +
Chroococcus membraninus (Meneghini)
Nigeli, +
Fischerella muscicola Gomont + + +
Leptolyngbya gracillima (Hansgirg)
Anagnostidis & Komarek +
Leptolyngbya phormidioides (Anagnostidis)
Anagnostidis & Komarek +
Leptolyngbya sp. + + +
Microcoleus autumnalis (Gomont) Strunecky, | + + +
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Microcoleus lacustris Farlow ex Gomont +

Nodosilinea sp. +

Nostoc sp. 1 +

Nostoc sp. 2 + +

Phormidium cf. numidicum (Gomont)

Anagnostidis & Komarek + +

Schizothrix cf. arenaria Gomont +

Stenomitos sp. +

Stigonema ocellatum Thuret ex Bornet &

Flahault +

Bcero: 17 8 8 4 4 2
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O PACITPEJAEJIEHUU ITUJIMTHBIX CYANOBACTERIA B CYIIPAJIUTOPAJIM
MOJIYOCTPOBA METAHOM (UEPHOE MOPE)

Annomauun. OxapakTepu3oBaHO BepTUKaimbHOe pacnpeneneHue Cyanobacteria B
CyIlpaluTopaibHOW 30HE TmoiyocTpoBa Meranom (UépHoe w™mope). Otmeuena crneuuduxa
pacripenielieHusi 1O CHUCTEMaTHYECKOMY COCTaBy Ha BCEM CIEKTpe BBICOT. llpuBeneHa
OMdKOJOTHYECKasl XapakTepucThka HaiaeHHbIXx Cyanobacteria, laHa OIEHKa MX BEPTHUKAIBHOTO
pacnpenenenus. Ha Bcém oOcneqoBaHHOM — CHEKTPE BBICOT MPeo0siafaloT  OEHTOCHBIC
Me30CcanpoOHOHTHBIE MOPCKUE BUbI. [IpakTHUecku BCIOAY OTMEUEHBI COJIOHOBATOBOJHO-MOPCKHE
Y TIPECHOBOJIHO-COJIOHOBATOBOAHBIE BUBIL. 110 reorpaduueckoit mpuypodYeHHOCTH Ha BCEX BBICOTAX
npeodyiaaloT KOCMOIIONHTHI, OopeanbHble U OopeanbHO-Tponuyeckue BuAbl. OCOOEHHOCTH
BepTUKaIbHOrO pacnpenenenuss Cyanobacteria moguépkuBaroT CHenuPUIHOCTh 3KOJOTHUYSCKUX
YCIOBUI CYNpaTuTOPaIbHOTO OHOTOIA
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ON THE DISTRIBUTION OF EPILITIC CYANOBACTERIA IN
THE SUPRALITHORAL OF THE MEGANOM PENINSULA
(BLACK SEA)

Abstract. The vertical distribution of Cyanobacteria in the supralittoral zone of the Meganom
Peninsula (Black sea) was characterized. The specificity of the distribution by systematic
composition in the entire range of heights is noted. Bioecological characteristics of the detected
cyanobacteria are given, their vertical distribution is estimated. The noted microphytes belonged to
the attached ones; benthic mesosaprobiont marine species predominated in the entire surveyed
range of altitudes. Brackish-marine and freshwater-brackish species were noted almost all over the
range. Species with cosmopolitan, boreal and boreal-tropical distribution predominated at all
altitudes. The features of the vertical distribution of Cyanobacteria emphasize the specificity of the
environmental conditions of the supralittoral biotope
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N3yuyenue npoCTpaHCTBEHHOW AMHAMMKHA BHIOBOIO COCTaBa SIBJIACTCS COCTABHOM 4YaCTHIO
UCCIeIOBaHi B cepe BBISBICHUS U COXPAaHEHHUS OMOJOTHYECKOro pa3HOOOpa3usi PerMOHOB, 3TO
0CcO0EHHO aKTYaJIbHO JUIS 3aII0OBEIHBIX OOBEKTOB.

[ToryocTpoB MeranoM HaxoauTcsi Ha 10ro-BocToke KpbIMCKOro mosyoctpoBa (y4acTOK OT
Cynaka no Kapazara), 31ech paciosio)keH KOMIUIEKCHBIM aMSATHUK IPUPOJbl MECTHOI'O 3HAYEHMS
«[TonyoctpoB Meranom». IlomyocTpoB OTiMYaeTCs CIOXHBIM JaHIIAPTHBIM U TE€OJOTUYECKUM
CTpOCHHEM, JEIMTCS Ha JIBE YacTU: 3amagHylo, Oojiee HHU3KYIO, XOJIMHUCTYIO, C TeppacamMu H
OBparaMM M BOCTOYHYIO, FTOpUCTYI0. OJIHOMMEHHOE Ha3BaHHE, YTO U CaM IOJIYOCTPOB, HOCUT €ro
HauBbIclIasg Touka — ropa MeranoM (358 ). Xpeber cnyckaercs k UEpHOMY MOpIO UYETBIpbMS
BBICOKMMH MbICaMH. WX CKJIOHBI TPEJICTaBISIOT CIOKHOE YepelOBaHUE TIIMHHUCTHIX CIIAHLIEB,
U3BECTHSKOB, IIECUAaHUKOB M KOHIrjaoMmepaToB. CKIOHBI IOJIYyOCTPOBA H3pE3aHbl OBparamu,
npeBpalieHHble dpo3ueii B 6ennenas! [1,2]. M3-3a ocobenHocTelt reoMopdonoruu 6eperoBoii 30HbI
MOpS B JaHHOM PaiiOHE XOPOIIO BbIpAaXKEHA KaMEHUCTAasi CyNpalIUToOpaib. A1po anbroduopsl 3/1eCh
cocraBistoT Cyanobacteria, Oiarogapss KOTOPBIM BECh CYIMPaTUTOPAIbHBIA OHOTON XOPOIIO
UACHTUPUIHUPYETCS BU3yalbHO KaK TEMHAs I10JIOCA, PACIIONIOKEHHAs BBIIIE YPOBHS MOPCKOTO
npubosi. Cyanobacteria SBISIOTCS BaXHBIM KOMIIOHEHTOM MOPCKUX HMPHUOPEKHBIX JTaHAMA(TOB U
WX BHJIOBOU COCTaB BeChMa pa3HOOOpa3eH

HccnenoBanusi MpoBOIWIM Ha MOJIYyocTpoBe MeraHoM B CyNMpaluTOPaIbHON 30HE MOps, Ha
y4acTKaX €CTECTBEHHOTO BAITYHHO-TJIBIOOBOTO U TJILIOOBOTO HABAJIOB, PACIIONIOKEHHBIX HA MBICAX
Poibaunit u Meranom. /[lns wusydeHuss BepTUKalbHOrO pacnpeaeneHusi Cyanobacteria B
CYNPaIUTOPANIH, albrOJIOTHYECKHE TPOObI OTOMPAIHCH B JISTHUN MEPHO, C 0OpAEHHBIX K MOPIO
OTBECHBIX NOBepxHOcTel bl B uHTepBane Boicot 0,1; 0,3; 0,6; 0,9; 1,2 u 1,5 M Haxg ypoBHEM
Mops (H.y.M. ). UnenTtudukanusi BUI0B U BHYTPUBHIOBBIX TAKCOHOB B PaHTe BHJIa MPOBOIMIIACH 110
COOTBETCTBYIOIIMM pyKoBoAcTBaM [3-10]. YTouHeHHE HOMEHKIATYpbl M CHUCTEMATHYECKOTO
MOJIOXKEHUS TIPUBEJECHBI B COOTBETCTBUU C TocieaHuMu cBojkamu [11]. TlpuBeaeHsl HEKOTOpHIE
HKOJIOTO-OMOJIOTUYECKHE XapaKTepUCTUKU BUAOB [12, 13], mpu ompeneneHuu peaKOCTH BHJIOB
HCIIOJI30BaHbl METOIMYECKHE ITOIX0 Il aBTOPOB [ 14].

Ha mopckoii cynpanuTopanu rn-sa Meranom npu M3y4yeHUU BEPTHKAJIBLHOTO paclpeiesieHus
orMeueHo 25 BuaoB Cyanobacteria. KomndyecTBo BUIOB Ha pa3iMyYHbIX BBICOTax Koiyedyercs oT 7
1o 13, npuuém MUHMMabHOE 3HaUeHUE OTMe4eHOo Ha BbicoTe 0,9 M H.y.M. (Tabm. 1).

Buapl, oTMeueHHbIE Ha BCEX BBICOTAX, OTHOCATCA K TUIHMYHBIM JJisi CYMpPaIuTOpPaIbHOMN
30mbI [15-17]. D10 Calothrix scopulorum, Leptolyngbya rivulariarum, Gloeocapsopsis crepidinum,
Chroococcus turgidus, Lyngbya drouetii u Gloeocapsa punctata. OtmedeHo, 4To XapaKTepHbIE IS
cynpanutopanu Buael Entophysalis granulose, Nostoc linckia, Leptolyngbya foveolarum,
Gloeothece confluens, Calothrix parva, Pseudophormidium battersii u Rivularia polyotis mpu
TAHHBIX MCCIEIOBAHUSX HaWJeH TOJNBKO B HWXHEW yactu cynpamuropanu (0,1-0,3 m H.y.M.). B
BepxHel vactu cympanuropanu otmedensl Calothrix brevissima, Calothrix fusca, Chroococcus
minimus, Chroococcus minor.

3aperucTpupoBaHbl BUbI, OTHOCSIIMECS K KaTETOPUHU PEIKUX U HYKJIAIOIIUXCS B OXpaHE:
Entophysalis granulosa, Gloeocapsa punctata, Lyngbya drouetii.

[Mpu wusydenun BepTHKaIbHOTO pachpeneneHus Cyanobacteria mosayoctpoBa Meranom
ormeueno 25 BumoB Cyanobacteria, u3 2 mozaxmaccos, 5 mopsakos, 13 cemeiictB U 17 poos.
Otmeueno, 4ro Buabl moakiacca Oscillatoriophycidae npeoGnamaroT MpakTUYECKH Ha BCeX
BbIcOTax. MakcumanbpHble 3HaueHus rnoaxkiacca Synechococcophycidae ormeden Ha BeicoTax 0,6 M
ul,5MHy.M.
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Pacnipenienienre MOPSIIKOB Ha BCEX BBICOTAX HE PaBHOMEPHO, HM3MEHsieTCS OT 2 10 4.
Beicokumu mokazarensmu omimyarotces mopsaku Chroococcales, Oscillatoriales, Nostocales, u

Pleurocapsales.

KonnuectBo cemelcTB Mo BbICOTaM H3MeHsieTcst oT 3 1o 5. Benymmmu cemeiicTBamu
saistoress Chroococcaceae, Merismopediaceae, Oscillatoriaceae, Hyellaceae u Rivulariaceae.

Tabnuya 1

BeprukansHoe pacmpezencHue BuaoBoro cocrasa Cyanobacteria Ha pa3in4HON BBICOTE B

CyHPaJIMTOPAIILHOM 30HE IT-Ba Meranom

Takcon

Bricota, M H.y.M.

0,1

0,3

0,6

0,9

1,2

15

Aphanocapsa inserta (Lemmerm.)
Cronberg et Komarek

+

+

+

+

Calothrix brevissima G.S.West

Calothrix fusca Bornet et Flahault

Calothrix parietina Thuret ex Bornet
et Flahault

Calothrix parva Ercegovic

Calothrix scopulorum C.Agardh ex
Bornet et Flahault

Chroococcus minimus (Keissler)
Lemmermann

Chroococcus minor (Kiitzing) Nageli

Chroococcus turgidus (Kiitzing)
Négeli

Chroococcus varius A.Braun in
Rabenhorst

Dichothrix gypsophila Born. et Flah.

Entophysalis granulosa Kiitzing

Gloeocapsa punctata Négeli

Gloeocapsopsis crepidinum (Thuret)
Geitler ex Komarek

+ |+ [+ +

Gloeothece confluens Nag.

Leptolyngbya foveolarum (Gomont)
Anagn. et Komarek

Leptolyngbya halophila (Hansg. ex
Gom.) Komarek et Anagn.

Leptolyngbya rivulariarum (Gom.)
Anagn. et Kom

Lyngbya drouetii G.De Toni

Nostoc linckia (Roth) Born. et Flah.

Pleurocapsa entophysaloides
Setchell et N.L.Gardner

Pleurocapsa fuliginosa Hauck

Pseudophormidium battersii
(Gomont) Anagn.

Rivularia polyotis (Ag.) Born. et
Flah.

Schizothrix lardacea Gomont

11

13

10

11
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KonmnuectBo ponioB mo BeicoTaM oT 4 10 8. Besne u Ha BCeX BBICOTaX 3aperuCTPUpPOBAHBI
npexacrasutenn poxo Aphanocapsa, Calothrix u Leptolyngbya, moutn Ha Bcex BBICOTax BHBI
pomoB  Chroococcus, Gloeocapsa, Gloeocapsopsis wu Lyngbya. Xapakrepubie s
CynpaJMTOpalIbHON 30HBI mpenactaButesin poaoB Entophysalis, Nostoc, Rivularia ormeuens B
HIKHeH yacTu cnektpa BeicoT (0,1-0,3 M H.y.M.).

dnopa Cyanobacteria cynpanutopaibHOM 30HBI MOJIYOCTpOBa MeraHoMm MO CyOCTpaTHOM
NPUYPOUYCHHOCTH TIPEACTaBJIICHA MPHKPEIUIEHHBIMU Buaamu (Tabn. 2). Ha Bcex BbicoTax
npeobianatoT OeHtocHbie BB (0T 25,0% mo 50,0 %), NMIaHKTOHHO-OGHTOCHBIN, YMHPUT H
MIPECHOBOHBIN TOJILKO Ha BbicoTe 0,1 M H.y.M., TNIAHKTOHHO-OEHTOCHBIE U AH(HUTHBIC, TOYBCHHBIC
OTMEUEHBbl MpaKTHUYeCKH Ha Bcex BbicoTax (oT 7,1% mo 25,0%), ocrtanbHble omnpenenéHHON
MPUYPOUCHHOCTH HE MOKA3bIBAIOT U KOJUYECTBO BUIOB U3MeHsieTcs oT 7,1% no 12,5 %.

Tabnuya 2
buoskonoruyeckue xapakrepuctiuku Cyanobacteria Ha pa3nuyHoi BeICOTE
B CYIIPaIUTOPAILHOI 30HE -Ba MeraHom

XapakTepUCTHKH KomnuecrBo BuaoB, en/%
Bricora, H.y.M., M
0,1 0,3 0,6 0,9 1,2 15
BenrtocHbI 25,0 429 50,0 | 42,9 36,4 37,5
BeHTOCHEI, TOYBEHHBIN 16,7 21,4 | 30,0 0 18,2 0
[11aHKTOHHO-0EHTOCHBIH 8,3 7,1 10,0 14,3 9,1 25,0
II1aHKTOHHO-O0EHTOCHBIH, 0 0 0 14,3 0 0
2> |IIOYBCHHBIH
v | & |Dundurbii 0 7,1 0 0 0 [ 125
=) & | OnudUTHBIA, TOYBEHHBIHI 8,3 7,1 0 14,3 18,2 12,5
§ & ITmanKTOHHO-O0EHTOCHBIH, 8,3 7,1 10,0 0 0 12,5
= AMUPUTHBIN
é [1manKTOHHBIN, TOYBESHHBIH, 8,3 0 0 0 0 0
2> AMUPUTHBIN
é IIpecHoBOIHBIN 8,3 0 0 0 0 0
Mopckoit 25,0 | 429 | 60,0 | 71,4 | 455 | 375
S % CO0JI0HOBaTOBO/IHBII - MOPCKOM 16,7 14,3 10,0 0 9,1 0
5 | [pecHoBOHO- 83 | 143 | 100 | 143 | 91 | 250
= 3| CONOHOBATOBOHBIH
°[ TIpecroBoHbiit 250 | 71 | 100 | © 0 0
& g é Kocmomomut 8,3 28,6 30,0 | 42,9 27,3 50,0
5 £ 2 2| Popearshmi 167 | 286 | 200 | 143 | 91 | 0
O I =
2 7 & | opeansno-tponmicciuii 333 | 357 | 400 | 429 | 27.3 | 50,0
G & [Tomurano6 8,3 0 0 0 9,1 0
% § Onwurorano6-uaauddepeHt 8,3 7,1 10,0 14,3 9,1 12,5
= = Onwurorano6-ranodun 8,3 14,3 20,0 28,6 18,2 50,0
- KcenocamnpoOnoHT 0 7,1 0 0 0 0
L% - Kceno-06etame3ocanpoOuoHT 0 7,1 0 0 0 12,5
2 g OnurocanpoGHOHT 0 0 0 0 9,1 0
= Onuro-6eTame30canpoOUOHT 0 0 10,0 14,3 0 0
© bera-onurocanpoOnoHT 8,3 0 0 0 0 0
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berame3ocanpoOnoHT 8,3 7,1 10,0 14,3 18,2 12,5
Bera-anbpame3ocanpoOUoHT 8,3 0 0 0 0 12,5

[To ramoGHOCTH MpeobafaronIie 3HaYeHUsT UMEET TPpyNa MOPCKHUX (OTMEYEHBI Ha BCEX
BbIcOTax OT 25,0% no 71,4%), mpecHOBOIHO-COJIOHOBATOBOIHBIE — Ha BCeX BhICOTax oT 8,3% 1o
25,0%, npuuéM MakCUMaJIbHbIE 3HauU€HUs Ha BbicoTe 1,5 M H.y.M. MIHTepecHO, 4TO MPECHOBOAHbIE
BHJIbI OTMeueHbI Ha BeicoTax 0,1-0,6 M H.y.M., MakcuManbHble 3HadeHus Ha 0,1 M H.y.M. (25,0%).
OcTanbHbIe BUABI OTHOCATCS K MEPEXOTHBIM KOMIUIEKCaM, KOJIMYECTBO BUIOB KoJebnercs ot 7,1%
1o 16,7%.

B uccnenyemoii cynpanutopaiu HalieHbl TUITUYHBIE MPECTABUTENN PA3TUUHBIX TATIOOHBIX
rpynm.  OOurtarpompe B 0ojee MPECHbIX BOAAX, OJUTOrajio0-raioQuibl W OJUTroraisod-
uHuppepeHtsl, 3aduKcHUpoBaHbl Ha Bcex BbicoTax (8,3-28,6%), max 3nauenus (50,0%) y
raiousioB Ha BbicoTe 1,5 M H.y.M. B TOXe Bpems, MoiaurasoObl, HaceSIOIINE BOAbI C BBICOKOM
COJICHOCTBIO, OTMEUEHBI Ha rpaHu4HbIX BeicoTax 0,1 M u 1,2 M H.y.M. (8,3-9,1%).

[To reorpaduueckoil NPUypOUYEHHOCTH HA BCE BBICOTAX OTMEUYEHBI KOCMOIOJUTHI,
OopeanbHbIe B O0peanbHO-Tponmdeckue Buabl oT 8,3% 10 50,0%. Ha BeicoTe 1,5 M H.y.M BBICOKHI
MPOIICHT KOCMOIIOJIUTHBIX U O0peanbHbIX BUI0B (110 50,0%).

BonbimaCcTBO  OTMeueHHBIX BuaoB Cyanobacteria ortHocsaTcs kK Me30canpoOHOHTHOMY
KoMIUiekcy. Ha Bcex BbicoTax HaiineHbl Oerame3ocanpoOuoHTsl oT 8,3% mo 18,2%, a Takke Ha
BbicoTax 0,6 1 0, 9 M H.y.M. — onuro-6eramesocarnpoduont (10,0-14,3%); na Beicotax 0,1 mu 1,5 m
H.y.M. — OeTa-anbhamezocanpobroHT; Ha BeicoTe 0,3 M H.y.M. KceHocanpoOUoHT —Ha Bbicote 0,3 M u
1,5 M H.y.M. KceHO- GeTame30canpoOruOHTHI, Ha BbICOTE 1,2 M H.y.M. — OJIMTOCANIpOOUOHT.

Ananus BeptukaibHoro (0,1; 0,3; 0,6; 0,9 u 1,2 m H.y.M.) pacnipenenenusi Cyanobacteria Ha
MOPCKOH CYIPaJIMTOPAIN TOJyoCcTpoBa MeraHoM mOKa3bIBa€T, YTO Ha PA3JIMYHBIX BBICOTAX
KOJIMYECTBO BHIOB BapbupyeT oT 7 10 13 (min ua 0,9 M u 1,5 M H.y.M, max Ha 0,3 M H.y.M. Bussi,
OTHOCAIIIMECS K KaTEerOpuu PEIKUX M HYKIAIIIMXCA B OXpaHE, 3aperucTpUpOBaHbl Ha BCEX
BbICOTaX, HanOOJIbIIICe KOMMYeCTBO Ha BhicoTe 0,3 M H.y.M. Otmeueno 25 BumoB Cyanobacteria, u3
2 monkiaccoB, 5 mopsakoB, 13 cemeiictB u 17 pomoB. OTMeE4YeHO, YTO BHJBI MOJKJIAcCA
Oscillatoriophycidae mpeobnamaroT moyTd Ha BCEX BBICOTAaX. BBICOKHIA BKIaJ IMpelcTaBUTENEH
nojkiacca Synechococcophycidae ormeuen Ha BbicOTax 0,6 m 1,5 M H.y.M. PacmnpeneneHue
MOPSAIKOB Ha BCEX BBICOTAX HE PAaBHOMEPHO, BBICOKMMHU TOKA3aTENsIMU OTIWYAIOTCS MOPSIKU
Chroococcales, Oscillatoriales, Nostocales, Pleurocapsales. Beaymumu cemeidcTBamu SIBISFOTCS
Chroococcaceae, Merismopediaceae, Oscillatoriaceae, Hyellaceae u Rivulariaceae. Besne u Ha Bcex
BhIcOTaX TpencTaButenu poxoB Aphanocapsa, Calothrix u Leptolyngbya, mo4ru Ha Bcex BbIcoTax
Buabl pogoB Chroococcus, Gloeocapsa, Gloeocapsopsis u Lyngbya. B HmxkHe#t yactu crekrpa
BbIcOT oT™MeueHbI Entophysalis, Nostoc, Rivularia.

dnopa Cyanobacteria mo cybcTpaTHON MPUYPOUEHHOCTH MPEACTaBIeHA MPUKPEIUIEHHBIMU
Bumamu. Ha Bcex BbIcOTax mpeo0iasaroT OCHTOCHBIE BHJBI, TOJBKO Ha BbicoTe 0,1 M H.y.M.
3aperucTPUPOBAHbl TUIAHKTOHHO-OEHTOCHBIM, 3Mu(UT U TpecHOBOAHBIM BuA. I[lmaHkTOHHO-
OCHTOCHBIC W SIU(PUTHBIC, MOYBEHHBIE OTMEUYCHBI NMPAKTUYECCKH Ha BCEX BBICOTAX, OCTaJIbHBIC
oTnpeneNnEéHHON MPUYPOUEHHOCTH HE TMOKa3bIBaroOT. [1o ranobHOCTH mpeoldiagaromiye 3Ha4eHus Ha
BCEX BBICOTAX MMEET TPYyIa MOPCKHUX M MPECHOBOIHO-COJIOHOBATOBOAHBIX BUIOB. [IpecHOBOIHEIE
BUJBI OTMEYEHBI TOJBKO B HIDKHEHW YacTH BBICOT. B wmccrmemyeMoil cympanuTopanu HalIeHbI
TUTIAYHBIC TPEJACTABUTEIM PA3JIMYHBIX TaJOOHBIX Tpymil. 3adHUKCHpOBaHBI Ha BCEX BBICOTAX
OJIMTOrano0-ragoduiIbl 1 oIUrorano0-uHIuGGepeHTs, MaxX 3HayeHus y rainopuion, Ha BeicoTe 1,5
M H.y.M., nonuranoObl otMedensl Ha 0,1 M u 1,2 M H.y.M. [lo reorpaduyeckoil mpuypoueHHOCTH Ha
BCE BBICOTaX OTMEUYEHBI KOCMOIIOIHTHI, OOpeaNbHbIe U OOpealbHO-TpOonYecKrue Buabsl. Ha BeicoTe
1,5 M H.y.M BBICOKHI MPOIIEHT KOCMOIIOJIUTHBIX U OOpEaTbHBIX BUJIOB. BOJBITMHCTBO OTMEUEHHBIX
BuzioB Cyanobacteria oTHOCATCS K Me30canpoOHOHTHOMY KOMILIEKCY.

[TokazaHo, 4YTO C BBICOTOM H3MEHSIETCA COOTHOILEHHE HSKOJOro-(PIOPUCTUYECKUX
nokazareneir. OcoOeHHocTH (QuToreorpadguueckoro cocraBa (GIOpbl HUKHUX TOPH3OHTOB
00CTIeJOBAaHHOTO CIIEKTPa BHICOT BEPOSITHO CBS3aHBI ¢ 00Jiee HU3KON TeMIlepaTypoi cyOcTpara B
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YCIOBHUAX MaKCHMAJIBHOTO opomeHus nmpudoem. OOIee pacrpeieneHue Mo BCeMy CIEKTPY BBICOT
U T1peoOnajaHue MPHUKPEINIEHHBIX OCHTOCHBIX, MOPCKMX H  COJIOHOBAaTOBOAHBIX (opM
MOJTBEPKIACT CIEIU(PHUIHOCT CYNPATUTOPATEHOW MUKPOAIBIO(IOPH! JAHHOTO OHOTOIIA.
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IHUAHOBAKTEPUU B ATMOC®EPHBIX OCAJIKAX HA IOI'O-3AITA/THOM
HHOBEPEKBE KPBIMCKOI'O TIOJIYOCTPOBA: BUOPA3ZHOOBPA3HUE, IIYTHU
MHUI'PAIIMN

Annomauyun. llpuBeneHbl pe3yiabTaThl HW3YYCHHsS pPa3HOOOpa3usi IIMAHOIPOKAPHOT,
MPUCYTCTBYIONINX B BUJI€ HEAKTUBHBIX (hOpM (TOPMOTOHUH, CIIOPHI) ¥ TOMYJISIIHMIA B aTMOC(EPHBIX
BBINIQJICHUSAX Ha moOepexne T. CeBactomoiia. BerpedaroTess Kak MOPCKHE, TaK M IPECHOBOIHBIC
npencrautenn  nopsakoB  Oscillatoriales, Nostocales, Chroococcales, Synechococcales.
PaccMoTpeHbl OCHOBHBIE UICTOYHUKHU UX MOCTYIICHHUS B HUXKHHE CIIOM Tporochepsl — MprOpekHbIE
MOpCKHME aKBaTOpuM, o3zepa U jumaHbl Kpbima. OTMeuaercs, 4YTO pa3BUTHE IMAaHOOAKTEPHA,
MOMAJAIONIMX B BOJOXPAHWIHMINA M PEKH CEBACTOIMOJBCKOTO permoHa ¢ aTMochepHbIMU
BBIIMaACHUAMU, MOKET BJIUATH HA KQYECTBO BOHI.
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CYANOBACTERIA IN ATMOSPHERIC PRECIPITATION ON THE SOUTHWEST
COAST OF THE CRIMEAN PENINSULA: BIODIVERSITY, MIGRATION ROUTES

Abstract. The results of studying the diversity of cyanoprokaryotes present as inactive forms
(hormones, spores) and populations in atmospheric precipitation on the coast of Sevastopol are
presented. There are both marine and freshwater representatives of the orders Oscillatoriales,
Nostocales, Chroococcales, Synechococcales. The main sources of their entry into the lower layers
of the troposphere — coastal marine waters, lakes and estuaries of the Crimea are considered. It is
noted that the development of cyanobacteria that penetrate into the water of rivers and reservoirs
with atmospheric precipitation in the Sevastopol region can affect water quality.

Keywords: Sevastopol region, rain, snow, season, wind direction, associations of
cyanobacteria and microalgae

OnvH M3 myTel paciIMpeHus: apeaja pachpoCTpPaHEHUs LUAHONPOKapHUoT B Ouochepe —
MOCTYIUIEHUE CIIOp, TOPMOTOHUN U KU3HEACSTEIbHBIX KJIETOK M3 MECT OOMTAaHUS B HIKHUE CIIOU
Tponocepsl, MepeHoc B aTMOC(EpHBIX MOTOKAX M BbIMAJEHHE Ha MOJCTHIIAIONINE TTOBEPXHOCTH C
atMochepHbiMu  ocankamu [1, 2, 3, 4]. ArTMocdepHble BbIIAJACHUS — JOXKIU PA3IUYHOU
MHTEHCUBHOCTH, CHET SIBJIAIOTCSI UCTOYHHMKOM IpecHOW Boabl Ha KpbIMCKOM MOJIyOoCcTpOBE U B
CEeBaCTOIOJIbCKOM peruoHe [5]. OHM NOMOJHSIOT BOJOXPAHWIWINA, MOAIEPKUBAIOT YPOBEHBb
KPBIMCKUX PEK, POJAHUKOBBIX M IMOJ3EMHBIX BOJ — OCHOBHBIX MCTOYHMKOB NHUTHEBOM BOJOHM IS
HaceneHus. Pa3Butue nuanoOakTepuii, monasawuux B BOJHYIO cpeay ¢ aTMOC(hEpHBIMU 0CAIKaMU,
COIIPOBOXAAETCS H3MEHEHHEM XHMHUYECKOIO CcOCTaBa IpecHOW Boawl. [loaromy wu3ydenuro
KOJMYECTBA BBIMAJAIOMINX OCAJKOB, UX XHMHUYECKOTO U MHMKPOOHOJIOTHYECKOIO COCTaBOB
ynensieTcst Oonbiiioe BHUMaHue [4, 6, 7, §].
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Mamepuanst u memoosi

Marepuanom il U3y4eHHsI pa3HO0Opa3us UAHOMPOKAPHOT B aTMOC(EPHBIX BBINMAECHUIX
MOCIYKUJIM TPOOBI, OTOOpPaHHBIE HA TEPPUTOPUU MOpPCKOW THIPOMETEOPOJOTHYECKONW CTaHLUU
«CeBacromonby (4436'54” N; 3332'00” E). Mecto ot6opa mpo6 HaXOIMIOCh 110 BIMSHHEM KaK
KOHTHUHEHTAJIbHBIX BETPOB BOCTOUHBIX (B), ceBepubix (C) u ceBepo-BocTouHbIX (CB) pymM0O0B, Tak u
MOpCKHX 3amaaHbix (3), toro-3amagaeix (FO3) u roxubIX (FO) BeTpoB, mpuHOCcsmuX ocaaku. [Tpoost
JOKIEBBIX BBINAJCHUN cOOUpANNCh B CTEKISTHHBIE EMKOCTH, KOTOPbIE YCTAaHABIUBAIUCH TOJIBKO Ha
IIEpUOJ] BbINAICHUS 10K/ WM cHera. Bo3MoKHOE NIPUCYTCTBUE B J105KJI€BOM BOJE U CHEre (Tajias
Boja) npeacraBureneit Cyanoprocaryota u3y4yanock cpa3y nocie ordopa mnpo0 u mocie 2-3 Hezenb
KYJIbTUBUPOBAHUS IIPU €CTECTBEHHOM COJIHEYHOM OCBellleHMH. llnaHoOakTepun — OKCUI'CHHbIE
¢dboToTpodHbIE MPOKAPHOTHI, UCIIOJIB3YIOLIUE I CBOEH KUZHEAEATEIIbHOCTH SHEPTUIO COJIHEYHOTO
cBera. KynbTuBHpOBaHNE MPOBOAMIN B CTEPUIIBHBIX MPOOHMPKAX, B KOTOpPbIE 00ABISLITUCH 3-5Mil
IMKBOT aTMOCc(epHBIX BBINAZCHUN 0e3 100aBlieHns NUTAaTeIbHBIX cpel. MccnenoBanre o0bEKTOB
MPOBOJIMIIOCH TOJ] CBETOBBIM MHUKpockorioM «BUOJIAM-212» meromom '"pa3maBieHHOW Karuid'
npu yBenuueHun x400, upeHTUUKANUSA — IO CTAHIAPTHBIM MOPQOIOTHUYECKUM MpPU3HAKAM:
MOpP(OJIOTHS KJIIETKH, OpPTaHU3alus KOJIOHUH M TUII JIEJIEHUS KJIETOK 1o onpeaenutersiM [9, 10].

Ionyuennvle pe3yromamoi

Ce30HHOE pacripesiesieHUe KOJIMUYECTBA BHINAIAIOIINX OCAIKOB B CEBACTONOIbCKOM PETHOHE
XapaKTepU3yeTcs HEPaBHOMEPHOCTBIO M OMpeesieTcs aTMOCPEPHON IUPKYISAIUEH, sl KOTOPOi
XapakTepHbl Ce30HHbIE TepecTporiku [11]. MuHumanbHbie OOBEMBI JOXKIEBHIX BBINAICHUN
MPUXOAATCA HAa BECEHHMM CE30H M JieTo. B JeTHuil mnepuox yMEHbIIAeTCs KOJIMYEeCTBO
BBIMAJAIOIINX J0XKIEH, MpeoOagaroT KpaTKOBPEeMEHHBIE JOX/AEBble BbIMajeHus. s oceHHero
Ce30Ha XapaKTepHBI MPOJOJDKUTENBHBIE JOXKIM U KOJMYECTBO OCaJIKOB Bo3pactaeT Ha 30% mo
CPaBHEHHIO C JieToM. B 3uMHME Mecsbl W IEpBOWM IOJIOBUHE MapTe HaOJ01aeTcs
HEMPOJOHKUTEIHHOE BhINa/IEHNE CHETa.

[Ipn MukpoxonupoBanuu cpasy nocie oroopa B 90-95% wuccnenyempix npod oTMeyanuch
TOJIBKO  CIIOpPBI, IMCTBI MHUKPOBOJOPOCIEH, €IWHUYHBIE AUaTOMEeH, THU(PBl W KOHUAUU
MUKpPOMMIIETOB, ()parMeHThl pa3pyLICHHBIX CIIOEBHUI W IMPOPOCTKHM MHOTOJETHUX OEHTOCHBIX
Bostopocieit u3 cemeiictBa Ulvaceae, [4, 8]. Ho B HekoTopbIx mpobax 0XaAeH, IPUHOCUMBIX Kak
MOPCKMMH, TaK U KOHTUHEHTAJIbHBIMU BETPAMHU, BCTPEUAINUCH MOMYJISINHN IMaHOOAaKTepu, puc.l.

B BeceHHwuit, JeTHHI U OCEHHUI mepuosl gomuHupoBaan Microcystis sp., Synechococcus
sp., Nostoc sp., Nodularia Mertes 1822, Calothrix Bornet & Flahault 1886, Tolypothrix sp.
CoBpeMeHHbIE TIIOOaNbHBIE KIMMATHUECKWE M3MEHEHHs, OJKCIUTyaTallHOHHAs Harpy3ska |
aHTPONIOTEHHOE 3arps3HEHHE BOJHBIX PECYpPCOB CIOCOOCTBYIOT BCHBIIIKAM Pa3MHOXKECHHS
MHUKPOBOJIOPOCIIEH U IIMAaHOOAKTEpUil B MPUOPEKHBIX MOPCKUX aKBaTOPHSX, 03€pax, JIMMaHaX U
rpsi3eBbIX BynkaHax Kpeima [3, 4, 12, 13, 14, 15]. B nepuoa ux akTHBHOTO LIBETEHUS, IPH CHIIBHOM
BOJIHEHUU M IITOPMAaxX, YacTUIBI OOpa3yIOIIMXCS MATOB W TUIOTHBIX CKOIUJICHHM KIETOK MOTYT
MO/IXBAThIBATHCS BETPOM, IEPEHOCUTHCS B ATMOC(HEPHBIX MOTOKAX.

H:

LS

yrHa pH 10k/1eBbIX BbINAJEHUN B MPUCYTCTBUH MOMYJISAIUI [IMaHOOAKTEpH
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— Nostoc Vaucher ex Bornet & Flahault 1886, pH 8,25 (a); — Synechococcus Négeli 1849,
pH 7,68 (6); — Microcystis Lemmermann 1907, pH 7,80 (B); — Tolypothrix Kiitzing ex Bornet et
Flahault 1888), pH 7,61(r)

MHOrojaeTHUMHA UCCIEAOBAHUSIMU KAayeCTBA JIOXKIAEBOW BOJbI 10 BennunHe pH mokaszaHo,
YTO B Te4YeHHWE roma Ha mobepexwbe r. Ceacromoyis i 63% MOXKACBBIX BBIMAJICHUA OHA
U3MEHSIETCI OT ClHabOKUCIONW 10 HeWTpanbHOW B nuanazone 6.00 — 7.25 en. pH [6].
[TonmenauynBanue J0KAEBOM BO/IbI MeTabonuTaMu uaHoOakTepuit (puc.l), CHHTE3 MU TOKCHHOB
[16] moryT yxyamarh KauecTBO BOJABI B BOJOXpaHWIMIIAX U pekax. KauecTBo 3TUX MpECHBIX BOJ,
KOTOpPBIE UCIIOJB3YIOTCA IS HY X HaceneHus, perajameHTupyrorca Canllun IIuteeBas Boga [17].

[Tocnie mpomomkuTeNnbHOrO (10 3 HEemenb) KyJIbTUBHPOBAHUS B MpoOax J0XKIEBOH BOABI U
cHera (Tajas BOJa) IPU MUKPOKOIHMPOBAHMM OTMEUYEHO BBICOKOE pa3HOOOpa3ue LHaHOOAaKTepuil.
JomunupoBanu  npexncraButenu  nopsakoB  Oscillatoriales,  Nostocales,  Chroococcales,
Synechococcales. B nomeBoit Boje waiie BCTpedyaluch IaHoOakTepuu pomoB Microcystis,
Synechococcus, Nodularia, Calothrix, Arthrospira Sitzenberger ex Gomont 1892. B cuere (tanas
BO/Ia), KOTOPBIl B HEKOTOPBIE T'OJIbI BHIMA/IaeT HE TOJIbKO B 3MMHUN CE30H, HO U MEPBOM MOJOBHHE
Mapra npeobananu iuanodakrepun Synechococcus sp. u Microcystis sp. B BeimageHusx T0K/1s CO
CHErom B (heBpasie-MapTe BCTPEYAIOTCS MOMYIISIUU SYNechocoCcCus SP. KIIETKH KOTOPBIX 00pa3yroT
LIETI0YKH, puc 2 a, 0.

B 3uMmHe-BeceHHMit mepuos B aTMOC(HEPHBIX BBINAJCHUSIX, MPUHOCUMBIX FOKHBIMH, FOTO-
BOCTOUHBIMU BeTpamu (penamu) ¢ Kpeimckux rop [11], mpu KoTOpeIX Temmeparypa BO3ayxa
Bozpactaer g0 10-12°C, oTMeyaroTcs — accolMalud¥ — OUAHOOAKTEpUH € PasIMYHBIMH
MUKpPOBOJIOPOCIISIMHU, pUC.2 B, T.

: | B, e :
o .\‘J Y »)
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Puc.2 IluanoGaktepun B mpoOax aTMocepHBIX BbIMAACHUN B (eBpane-MapTe mocie
KYJIbTHBUPOBAHUSI:
— Synechococcus sp. (a, 6); — accomuaIiu ¢ 3eJeHbIMH MUKPOBOIOPOCIIAMH (B, T)

B netHrMe u oceHHHE MecAlbl B aTMOC(EPHBIX OcCaakax pa3HooOpa3ue NHaHOOAKTepUi U
MHKPOBOJIOpOCIIEil Bo3pacTaeT, puc. 3.
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CE30HBI:
— Calothrix sp. (a); — Lyngbya Agardh ex Gomont 1892 (6); — acconuarus 1iuaHo0aKTepuii ¢
JMaTOMEsIMU (B); aCCOITHAIINH 3€JICHBIX MUKPOBOJOPOCIICH 1 inanobakTepuii (T, 1)

[{uano6axktepuu pogoB Microcystis, Synechococcus, Nodularia, Calothrix pacnpoctpanensr
B MPUOPEXHBIX akBaTopusix YepHoro mops, A3zoBckoM u Kacnmiickom mopsix [12, 13, 14]. Cnopsl
ATUX MPOKApUOT MEPEHOCATCS B CEBACTOMNOJIbCKUN PETMOH BETPAMU BOCTOYHBIX, FOT0O-3alaHbIX U
I0KHBIX pyMOOB B JIETHE-OCEHHUH ce30HBbI. [locTynenne B HIXKHUE CIIOU Tporocdepsl U MUTpaLus
Nostoc Sp., HauMHaeTcss ¢ MOBEPXHOCTU THUIEPTAIMHHBIX 03€p, PACHOJIOKEHHBIX Ha BOCTOYHOM,
IOr0-BOCTOYHOM, 3amagHoM nobepexbsix Kpeima [14, 18]. B Mopckux mpuOpexHBIX aKBaTOPHUIX
CEBACTOIOJILCKOTO pPETHOHA JIOMHHHPYIOT TmpenctaButesm mopsakoB  Oscillatoriales  (pona
Arthrospira, Oscillatoria, Lyngbya), Nostocales (poaa Anabaena Bory de Saint-Vincent ex Bornet
et Flahault 1886, Calothrix, Tolypothrix) u Chroococcales (pox Microcystis) [13]. Cropsr u
TOPMOTOHMM 3TUX IIMAHONPOKAPHUOT MOTYT IMOCTYyNaTh B MPUBOJAHBIE CIOU Tporochepsl,
MUTPUPOBATh B MOTOKAX BETPOB IOXKHBIX, 3alaJHBIX, IOr0-3aMaJHBIX PYMOOB W BBIMBIBATHCS
aTMoc(hepHBIMU OCaKaMU Ha PA3JIMYHBIX Y4aCTKaX CEBACTOIOIBCKOTO PETHOHA.

AKTHBHBIE M HEaKTUBHbIE (OPMBI LHMAHOOAKTEpUN, MHUIPHUPYIOIIME B HIKHUX CIOSX
Tponocepsl, MOANEPKUBAIOT  YHMCICHHOCTb U OuopazHooOpasue  (POTOCHHTE3MPYIOUINX
ITPaMOTPHUIATEIHHBIX MPOKAPUOT BOAHBIX M Ha3zeMHBIX dkocucteM [8, 19]. Omgnako, 3arpsi3HeHUe
JIO’KJEBOM BOABI, NMOMOJHAOLIEH peKH M BOJOXpaHMiIMIa KpbsiMa M ceBacTONONIBCKOIO PErvoOHa,
npencraButessiMu cemeiicTB Cyanoprocaryota — MOTEHLMAIbHBIX MPOJIYLIEHTOB ITMAHOTOKCHMHOB
(HEMpPOTOKCHUHBI, ITUTOTOKCHHBI, SHAOTOKCHUHBI M TemaToTOKCWHBI) [16, 20], ux 1BeTeHUE
OTPULATENILHO BJIMSIET HAa KaueCTBO BOJbI, OCOOEHHO IMpHU €€ HCMOJIb30BaHUU 0€3 HeoO0XoIuMoi
00pabOTKH, U MOTYT MPEACTABIATH ONMACHOCTH JUIS YeJIOBEKA U )KUBOTHBIX.
©Cwmmupnosa JI.JI. 2022
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HOBBIE IITAMMBI IMAHOBAKTEPUI B KOJUIEKIIUA CALU

Annomayuna. B pabore nNpHUBENEHO ONUCAaHME HOBBIX LITAaMMOB IIMaHOOAKTEpuUH,
AenoHupoBaHHbIX B Kkoutekumto CALU —  komneknuro  KyiabTyp IMAHOOAKTEpHd U
MHUKpoBojopocieil PecypcHoro nentpa «KynbTuBrpoBaHue MUKpoopranusmMoB» HaydHoro mapka
CIIOI'Y. bonbiias yacTh MOJIYYEHHBIX IITAMMOB OIpEAENeHa 10 Poja, JUIsl HEKOTOPBIX IITaMMOB
CEKBEHHMPOBaHbI nocienoBarenbHocTy reHa 16S pPHK.
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NEW STRAINS OF CYANOBACTERIA IN THE CALU COLLECTION

Annotation. The paper describes new strains of cyanobacteria deposited in the CALU
collection — a collection of cyanobacteria and microalgae cultures of the Resource Center
"Cultivation of Microorganisms" of the St. Petersburg State University Science Park. Most of the
strains obtained have been identified to the genus, and sequences of the 16S rRNA gene have been
sequenced for some strains.

Keywords: culture collection, cyanobacteria strains

Komneknuss CALU sBnsercs onHoi M3 KpynHeimmx B Poccunm u Mmupe, opuIHanIbHO
3apeructpupoBana moa Ne 461 B Mexaynaponnom Peectpe MukpoOubix Komtekmuit. 9To
BBICOKOIIEHHBIN COXpaHsAeMblii TeHO(OHI MUKPOOPTaHU3MOB, IPOUCXOSAIIUX U3 PA3HBIX PETHOHOB
3emHoro mapa. OH HCHONB3YyeTCS MNPU MPOBEACHUU ILIMPOKOrO Kpyra (QyHIaMEHTAJIbHBIX U
MPUKIIAQJHBIX UCCIIE0BAaHUN, a TaKkXKe B 00pa30BaTeNbHBIX LEeNsIX. OCHOBY KOJUIEKIIMH COCTABISIOT
OKCUTEHHbIE (POTOCHMHTE3UPYIOIIME MHUKPOOpPraHu3Mbl. B  HacTosiiee BpemMs  KOJUIEKIHS
HacuuThiBaeT 511 mTamMMoB numaHoOakTepuif, 471 mramm MukpoBogopocied. Bce mrammbl
MOJJIEPKUBAIOTCSA B JKU3HECIIOCOOHOM COCTOSIHMM Ha KUAKUX WIM arapu30BaHHBIX IMUTATEIbHBIX
cpenax [5].

B mepuon c¢ 2018 mo 2022 roxpl cuiamMM COTPYAHMKOB M CTYJIEHTOB Kadeapsl
mukpobuonorun CIIOI'Y komnekuus monoiaHuiack 64 mramMMamu nuaHo6akrepuii. Kpome toro,
3alJIaHUPOBAHO JieMoHUpoBaHue emle 50 mTaMMOB IIUAaHOOAKTEPHM, BBIIEICHHBIX W3 PA3IMYHBIX
HKOTOMNOB MpHUOpPExkHON akBaTOpuH KpbiMa, ¢ KOTOpPbIMU B JJaHHOE BpeMs MPOBOJAUTCS paboTa 1o
OYHUCTKE U UJICHTU(UKALINH.

HoBble mrammbl BBIIETIEHBI U3 CaMbIX pa3HBIX reorpaduueckux 30H. B cuiy Toro, 4ro
CTENeHb  W3YYEHHOCTH  OuopazHooOpasusi  LMaHOOaKTepud  AHTApKTUKM  3aTpyJHEHa
TPYAHOAOCTYIHOCTbIO M YIal€HHOCTBbIO, IIEHHO TO, 4YTO OOJbIIasg 4YacTh JEHOHUPOBAHHBIX
IITAMMOB BBIJIEJIEHA U3 P00, OTOOPAHHBIX B AHTAPKTUYECKHUX dKCIEIUIUAX. MecTaMu BblAeNeH s
42 mTaMMOB aHTapKTUYECKHX LIMaHOOaKTepuil ABIstOTCS o3epa Peiin, Kamepon, Jloy, Cxanaperr,
HuckamH, bproBaiinep u ap. oazuca Xonambl JlapceManH. DKOTOMBI BBICICHHBIX IMITAMMOB - 3TO
oOpacTaHus KaMHel, OaKTepuanbHble MaThl B IPUOOHHON 30HE, KOpKH co 1Ha. Hajgo otMeTuTh, uTo
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HaOJII01aeTCs MpeodalaHue TPUXOMHBIX [MAHOOAKTEpHid, oTHOCAIMXCS K poaam Leptolyngbya,
Nostoc, Pseudanabaena, Phormidesmis u ap. [1],[2], [3]

YacTp 1eMOHUPOBAHHBIX ITAMMOB LIMAHOOAKTEPHi OblIa MoJydyeHa u3 mpod, 0TOOpaHHBIX B
peruoHax c xapkuM kimumarom (tor PO — Kpacnomapckwuii kpait, Mcnanus, Utamuu, [lopryramus) u
MPEJICTAaBICHA PAa3HBIMH POJAMH TPUXOMHBIX M OJHOKIETOYHBIX IIMAHOOAKTEpUH. DKOTOMaMuU
BBIJIEJICHUSI B OCHOBHOM SIBJISIIOTCSL OOpacTaHusi KaMHEH, CTeH, MOCTKOB, JJABOBBIX OacceiiHOB Ha
nobepexbe.

Psan mtammoB nmano0akTepuil BoifiesieH U3 Mpo0 pa3HbIX reorpaduyeckux peruoHoB PO —
Kapemnun,03. baiikan, Kpacnomapckuoro kpas, Hosroposuckoit 061., Cankt-lIlerepOypra. HoBbie
M30JIATHI SIBJISIOTCA MpeacTaBuTeassMu poxoB: Chroococcus, Cyanobium, Phormidium, Nostoc u
7p.

JI1s1 HEKOTOPBIX HOBBIX IITAMMOB MPOBEJEH aHAIM3 TocienoBaTenbHocT reHa 16S pPHK,
MO3BOJIMBIINN yTOYHUTh WX TAKCOHOMHYECKHH CTaTyCc. A pPETpPOCHEKTHBHBIA MOJIEKYISIPHO-
TeHETUYECKUH aHallu3 IMITaMMOB OJHOKJIETOYHBIX IHMAaHOOAKTEpUN, paHee ICMOHHUPOBAHHBIX B
KOJUICKIIMM KaK MpPEACTaBUTEIU pojaa Synechocystis, mo3Bosmia oxapakTepu3OBaTh HOBBIA pPOJ
Altericista, Bxmovatonuii 3 HoBbIX Buaa (A. lacusladogae CALU 1127, 1174; A. variichlora,
CALU 1173, A. violacea CALU 1077) [4]; otHectn 5 mrammoB K poay Geminocystis (CALU
1334, 1759, 1794, 1801, 1807) npeanooXUTEIbHO B paHre HOBOro Buja. Kpome Toro, oauH u3
mrammoB Gloeocapsa Sp. (CALU 1842) no pe3ysibpraTaM aHaim3a MOCIIEAOBATEIBHOCTH I'eHa 16S
pPHK niepeonpenenuts kak poa Chalicogloea (rotoButcs ero orucanue B paHre HOBOro BH/IA).

B corpynuuuectBe ¢ xoiueramu u3 Caskt-IleTepOyprckoro Hay4HO-HCCIIETOBATEIHCKOTO
LEHTpa 3KoNornyeckoit 6e3omacHoctu Poccuiickoii akagemun Hayk (HULDb PAH - CII6 ®UILL
PAH) npopmomkeHbl pabOThI MO aHATU3Y COACPXKAHUS TOKCHHOB B KJIETKAX KOJUICKIIMOHHBIX
mraMMmoB. Metogom KX-MC/MC Obu1 mpoBelleH aHaIM3 Ha COAEpKAHME AaHATOKCHHA-a,
HOJYJIIPUHOB ¥ MHKPOLIMCTUHOB B OMOMAacce HEKOTOphIX HOBBIX mrammoB Nostoc, Phormidesmis,
Microcystis. B kaerkax mramma Microcystis sp. CALU 1924 Obutd aeTeKTHPOBaHbI aprHHUH-
COJIEpIKaIllfe BApUAHTHI TeTaTOTOKCHHOB — MUKPOITCTHHOB.

3akaouenue. [lonnepxanue u nononnenue kowiekimu CALU sBrnsercs BaxHOU 3agaueid
M0 COXpaHEHWI0 TreHo(oHIa MHUKpoopraHu3MoB. I3ydenue wmopdonoruu, QU3NOIOTHH U
OMOXMMHH, TEHETHKH, OKOJOTHUH, TAKCOHOMHH  IIMAaHOOAKTEpUH  MO3BOJIIET  peIlaTh
(dyHIaMeHTAIbHBIC U MIPUKJIAIHbBIC 3a1a9d. KOJIeKIUs Ipe10CcTaBIIsIeT ITaMMBI Ha 0€3BO3ME3THON
WIK KOMMEpPYECKOM OCHOBE Yy4YeOHBIM U HAyYHBIM YUPEKACHHSIM C TOCYIapCTBEHHOMN
aKKpeauTammei [5].
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‘Mapuiickuit 20¢y0apcmeenHulii YHuUgepcumem, Howrxap-Ona, Poccus,

e.zagaynova@list.ru, https://orcid.org/0000-0002-5432-7231

3. Ecnu y aBTOpOB OZHO U TO k€ MeCTO paboThl, Y4€OBI, TO 3TH CBEIIEHUS MPUBOJISAT
OJIMH pas3.
IHpumep —

HOnusa Anvbéepmosna 3y601<1, Braoumup Hnvuu qynpoe2

L 2Hucmumym coyuanvno-norumuueckux ucciedosanuii, Dedepanvuvliic HayuHo-
uccneoogamenvcKkuil coyuonocuueckuii yenmp, Poccuiickaa axademusn nayk, Mockea,
Poccun

luzubok@mail.ru, https://orcid.org/0000-0002-3108-261

chuprov443@yandex.ru, https://orcid.org/0000-0002-7881-9388

[Tocne cBeaeHuit 000 BceX aBTOPaxX Ha OT/ACNIBHOM CTPOKE B HaYale CTaThH.
Ilpumep —

Asmop, omeemcmeennvtit 3a nepenucky: Hean Bacunvesuu Ilepos, ivp@mail.ru
Corresponding author: Ivan V. Perov, ivp@mail.ru

4. Korpa npuBOJAT 3JIEKTPOHHBIN aJipec TOJNBKO OJHOIO aBTOpa WIM JaHHBIA aBTOp yKa3aH
OTJEIBbHO KAaK OTBETCTBEHHBIN 3a IEPENUCKY, JJICKTPOHHBIE aJpeca APYruX aBTOPOB IIPUBOIAT B
JIOTIOJTHUTEJBHBIX CBEJIEHUSAX 00 aBTOpax B KOHIIE CTAThU.

5. Ceenenusi 006 aBTOpe (aBTOpax) MOBTOPSIOT HA AHTIUHUCKOM SI3BIKE TIOCIE 3arjiaBHs
CTaThl Ha aHIJMCKOM si3bike. KMms u  damunmio aBTropa (aBTOPOB) TPUBOIAT B
TPaHCIUTEPUPOBAHHOW (hOpME Ha JATHHHIIE TOJHOCTHIO, OTYECTBO COKPAIIAIOT J0 OJHOW OYKBBI
(B OTIETBHBIX CIyYasik, 00YCIOBICHHBIX OCOOCHHOCTSMU TPAHCIUTEPALIUH, — 10 IBYX OYKB).

Ilpumep —

Sergey Yu. Glaz’ev

Financial University, Moscow, Russia, sergl784@mail.ru,

https://orcid.org/0000-0003-4616-0758

6. JlonmonHuTenpHbIE CBENIEHHS 00 aBTOpE (aBTOPax) MOTYT COZEPIKATh:
— TIOJIHBIE UMEHA, 0TuecTBa U (pamrunw, ekTporHble aapeca u ORCID aBTopos,
€CJIM OHM HE yKa3aHbl Ha IEPBOM NoJjioce cTaThy (cM. 4.9.2.2);
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— y4€HBIE 3BaHUS;

— YUYEHBIE CTEIICHU,

— npyrue, kpome ORCID, MexayHapoiHbIe HASHTH(PHUKAIIMOHHBIE HOMEpa aBTOPOB.

JlononuurenbHbIe CBEACHHUS 00 aBTOpe (aBTOpax) NPUBOJAT C MPEALICCTBYIOIIUMU CIIOBAaMH
«Mudpopmanus 06 aBtope (aBropax)» (“Information about the author (authors)”) u yka3siBaroT B
KOHIIE cTaThu nociie «Crnucka HCTOYHUKOB.

Ilpumep —

Hugpopmayun 06 asmopax
F0.A. 3ybok — 0okmop coyuonocuueckux Hayk, npogeccop;
B.U. Yynpoe — 0oxkmop coyuonocuneckux Hayk, npogeccop.

Information about the authors
Ju.A. Zubok — Doctor of Science (Sociology), Professor;
V.1. Chuprov — Doctor of Science (Sociology), Professor.

Ipumep —
Hughopmayusa 06 asmope
C. 10. I'nazvee — 0-p 3KoH. HaYK, npogh., akad. Poc. akao. Hayx.

Information about the author
S. Yu. Glaz’ev — Dr. Sci. (Econ.), Prof., Acad. of the Russ. Acad. of Sciences.

7. Annortammto gopmupyror mo 'OCT P 7.0.99. O6bém anHOTanmmu He mpessimaer 250
cnoB. [lepen anHOTaMEH MpUBOIAT CI0BO «AHHOTAIMs» (““Abstract’).

Bmecto anmHoTamuu MoxeT ObITh mpuBeneHo pesioMe. OObeM pe3toMe OOBIYHO He
npesbiiaet 250-300 cios.

8. KiroueBble coBa (CIIOBOCOUETAHNS) TOJDKHBI COOTBETCTBOBATh TEME CTaThH M OTPAXaTh
e€ MperMeTHYI0, TEpMUHOJIOIHYeCcKy0 06sacTb. He ucnonb3yror 0000mEHHBIE 1 MHOTO3HAYHBIE
CJIOBA, a TAK)KE€ CIIOBOCOYETAHMSI, COJIEPrKALIE PUIACTHBIE 0OOPOTHI.

KonnuecTBo KITIOYEBBIX CIOB (CIOBOCOYETAHUI) HE IOJDKHO OBITH MeHbINE 3 u Ooblie 15
cioB (cnoBocoueranuit). Ux mpuBoast, npensapsis cioBamu «Kirouessie ciosa:» (“Keywords:”),
U OTJENSIOT IPYT OT JApyra 3ansThiMU. [locTie KITFoueBbIX CJIOB TOUKY HE CTaBSIT.

Ilpumep —

Knuzouszoanue Poccuu 6 2019 2.

TI'anuna Buxkmopoena Hepoeal, Koncmanmun Muxaiinoguu nyopykoe2
L.2Poccutickas knuxcnas narama, Mockea, Poccus

lperova_g@tass.ru

“a-bibliograf@mail.ru

Annomauyusn.  Aémopvi  NPUBOOSIM  OCHOBHbIE — CMAMUCMUYECKUe  NoKazamenu
omeyecmgenHo20 Knueouzoanus 3a 2019 2., ananuzupys cocmosuue 8blnycKa neuamHuvix U30aHuLl u
meHOeHyuU pazsumus uzoamenbckoeo oena 6 Poccuu.

Knrouesvie cnosa: uzoamenvckoe oeno, cmamucmurka kKnueouzoanus, Poccutickas knusicnas
nanama, Poccus

Publishing in Russia in 2019

Galina V. Peroval, Konstantin M. Sukhorukov?
1.2Russian Book Chamber, Moscow, Russia
lperova_g@tass.ru

2a-bibliograf@mail.ru
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Abstract. The authors provide the main statistics of the Russian book publish-ing in 2019,
analyzing the output indicators of printed publications and trends in the publishing industry in
Russia.

Keywords: publishing, publishing statistics, Russian Book Chamber, Russia.

9. IMoce KIIFOYEBBIX CIIOB MPHUBOST CI0BA OJIATOaPHOCTH OPTaHU3ANUAM (YUPESKICHUSIM),
HAyYHBIM PYKOBOJUTENSIM U APYTUM JIUIAM, OKa3aBIINM MTOMOIIb B MMOATOTOBKE CTaThH, CBEIICHUS
O TpaHTaX, (UHAHCUPOBAHWU TOATOTOBKM W IYOJHMKAIMM CTAaThH, WPOCKTaX, HAYYHO-
HCCIIEIOBATENLCKUX padoTax, B paMKax HIIU 0 Pe3yabTaTaM KOTOPHIX OMyOJIMKOBAaHA CTAThsI.

OTH CBeIEHUS PUBOAT C MPEANIECTBYIOMNUM CI0BOM «biaromapHoctu:». Ha anrimiickom
S3BIKE CIIOBA OJIATOJAPHOCTH TPUBOAST TIOCIE KITFOYEBBIX CIIOB HA AHTIUHCKOM S3BIKE C
MPEANIECTBYIOMNM clIoBoM “Acknowledgments:”.

Ilpumep —

bnazooapuocmu: paboma evinonnena npu noooepoicke Poccutickoeo Hayunoz2o ¢omnoa,
npoexm Ne 17-17-3019; asmopwl evipadicatom Onazooaprocms Anekcero Baoumosuyy 3umuny 3a
npedocmasienue OanHblX 0 OOHHOU monozpaguu 8 berom mope.

Acknowledgments: the work was supported by the Russian Science Foundation, Project Ne
17-77-300; the authors are grateful to Aleksey V. Zimin for providing the bottom topography data
of the White Sea.

10. 3nak oxpanbl aBTOopckoro npasa npuBoasT nmo 'OCT P 7.0.1 BHU3Y mepBoil MOJIOCHI
CTaThH C yKa3aHWeM (DaMUIUU ¥ WHUIMAIOB aBTOpa (-OB) WM JAPYTUX MpaBOOOIagaTeNiei u rojaa
MyOIMKAIUU CTAThU.

3HaK OXpaHbl aBTOPCKOrO MpaBa MPHUBOAST BHU3Y IMEPBOW IOJOCHI CTAaTbU C yKa3aHHEM
(dbaMuIHii 1 THUIMAIOB aBTOPOB U TOJia MMyOIUKALIUU CTaThH.

© Onecona E.A., 2022

WIH

© JleButrckas H.I'., boiikoBa O.®D., Kusau JI.H., 2022.

11. IlepeueHpb 3aTEKCTOBBIX OMOIMOTrpapUUECKHX CCHUIOK MOMEILIAIOT MOCJIE OCHOBHOTO
TEKCTa CTaThbU C INPEALIECTBYIOIIMMHU cioBaMM «CHHMCOK HMCTOYHHKOBY». lcnonb3oBaHHE CIIOB
«bubnuorpadgudeckuii criucok», «bubdbnuorpadus» He pekOMeHTyeTCsl.

12. B nepeveHb 3aT€KCTOBBIX OMOIMOTpaUIECKUX CCHUIOK BKIIFOUYAIOT 3alTUCH TOJBKO Ha
peCYpCBl, KOTOPBIE YIIOMSHYTHI UM LIUTUPYIOTCSI B OCHOBHOM TEKCTE CTATBHH.

bubnuorpaduueckyro 3amuch s NEpEeYHs 3aTEKCTOBBIX OMOIMOrpapMuecKux CChUIOK
cocrasistotr o 'OCT P 7.0.5.

13. Otcpuiku Ha 3aTekcToBble OubIuorpaduueckue cebuiku opopmistor no 'OCT P 7.0.5.

14. bubnuorpaduyeckue 3amnucud B MepedyHe 3aTEKCTOBBIX OMOIMOrpaduyeckux CChUIOK
HYMEPYIOT B PACIONiaratoT B MOPSIIKE IIUTHPOBAHUS HCTOYHUKOB B TEKCTE CTAThHH.

15. JlonmosHUTENbHO MPHUBOJAAT MEpeYeHb 3aTEKCTOBBIX OMONIMOrpaduyecKkux CChLJIOK Ha
narunune (“References”) coriacHo BbIOpaHHOMY CTWIIO OGOPMIIEHHUS IEPEeYHs 3aTeKCTOBBIX
OoubanorpauuecKkux CChUIOK, TNPUHATOMY B 3apyOexHbIx wu3ganuax: Harvard, Vancouver,
Chicago, ACS (American Chemical Society), AMS (American Mathematical Society), APA
(American Psychological Association) u ap. (cm. Ilpunoxenme). Hymepamus 3ammceii B
JIOTIOJTHUTEIBHOM TEepeYHe 3aTeKCTOBBIX OMOIMOrpaUYecKux CChUIOK JIOJKHA COBHANaTh C
HyMepalueil 3aniceif B OCHOBHOM IepeyHe 3aTEKCTOBBIX OMOINOrpapuecKuX CChLIOK.
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16. Ilpucrareitapiii OubIMOrpadgUUecKuil CIMCOK MOMEMIAIOT MOCIIe MEePEeUHs 3aTEKCTOBBIX
CCBUIOK C MPEIISCTBYIOIUMHE clI0BaMH «bruOIMorpaduaeckuii CIimcox».

17. B npucrareinsiii OnbauorpaduyecKuii CIMCOK BKJIFOYAIOT 3aIMCH HA PECYPCHI IO TEME
CTaTbl, Ha KOTOpPbIE HE JaHbl CCHUIKM, a TaKXE 3allMCd Ha IPOU3BEIEHUS JMI, KOTOPHIM
MOCBSIIIIEHA CTAThs.

bubmuorpaduueckyro 3ammch Ui IpUCTaTeHOTO  OMOMMOrpaduyeckoro  cmmcka
coctasstror o I'OCT 7.80, 'OCT P 7.0.100.

18. bubimorpadudeckue 3anucu B MpUCTaTeHHOM OMOIHOrpaduuecKOM CITUCKE HYMEPYIOT
Y PAcCIIoNIararoT B aji()aBUTHOM HITM XPOHOJIOTHUECKOM TOPSIIKE.

19. Ilpunoxxenue (NMPHIOKEHHUSI) K CTaThe MYOJIUKYIOT C COOCTBEHHBIM 3arjaBueM. B
3arJlaBUU WM TOJ[3aTOJIOBOYHBIX JAHHBIX MPHIIOKEHHS MPHUBOIST CBEICHHS O TOM, YTO JaHHAs
yOIMKAIUs SBIISCTCS MPUIOKCHHEM K OCHOBHOM CTaThe.

[Tpu Hammumu AByX U OoJiee MPUIIOKEHUH UX HyMEPYIOT.

20. B cratbe MOryr ObITh BHYTPUTEKCTOBBIE, IOACTPOYHbIE M 3aTEKCTOBBIE
IIpUMEYaHUSI.
21.  BHYTpHUTEKCTOBBIE NMPHMEYAHUS TOMEIIAIOT BHYTPH OCHOBHOTO TEKCTa CTAaThbH B

KpYTJIBIX CKOOKax.

22. HO,Z[CTpO‘lHBIe MpuUMEYaHus IMOMCHIAKOT BHU3Y COOTBCTCTBYI-OH_Ieﬁ CTpaHUIbI TCKCTA
CTaTbu.

22. 3arekcTOBble MpPHUMEYAHUs IOMEILAIOT I10CJIe€ OCHOBHOTO TEKCTa CTaTbU Hepen
«CHHICKOM HCTOYHUKOB) C MPEALIECTBYIOMNM ci10BoM «IIpumedanusy.

23. 3aTeKkCcTOBBIE U MNOACTPOYHBIC NPHUMCUYAaHUA CBA3BIBAIOT C TCKCTOM, K KOTOPOMY OHH
OTHOCATCA, 3HAKaMH BBIHOCKHM HJIM OTCBIJIKH.

24. BHYTpUTEKCTOBBIE U TOACTPOYHbIE NMPHUMEYaHUs, Cojaepkamue oubnuorpaduueckue
cceliky, cocraisaior o 'OCT P 7.0.5.

25. Tlpu myOsmKanwu cTaThH, MEPeBEACHHON ¢ s3bIKa HapoqoB Poccuiickoit denepanum
WIM MHOCTPAHHOTO $3bIKAa, a TaKKe IpPU IEpernedaTke CTaTbd U3 JPYroro HMCTOYHHKA B
MOJICTPOYHOM IIPUMEYaHUHM Ha MEPBON IOJIOCE CTaThM MPUBOIAT OuOIMOrpaduyecKyro 3anuch Ha
opurnHaneHyo crateto o 'OCT 7.80, 'OCT P 7.0.100.

26. bubnunorpaduueckyro 3anKch Ha CTaThblO Ha s3bIKE €€ TeKcTa (KpoMe aHTJIMHCKOTO) s
nanpHemero nutupoanusa coctabisitor nmo 'OCT P 7.0.5 w npuBOIAT mociie KIFOYEBBIX CIOB
(coBocoYeTaHMil) Ha A3BIKE TEKCTA CTAThH, PEeIBAPSs CIOBAaMH «J{J1s1 HUTUPOBAHUS: ).

Ilpumep —

Jna yumuposeanun: Canup E. B., Kapaues U. A. Bvl306bl HO80U UHBECMUYUOHHOU
NONUMUKU: 3auuma u noowperue kanumanognroxcenuil // Quuancol: meopus u npakmuxa. 2020. T.
24, Ne 3. C. 118-131. https://doi.org/10.26794/2587-5671-2020-24-3-118-131.

bubnuorpaduueckyro 3amuch Ha CTaThl0 Ha AaHIVIMWCKOM SI3bIKEe JUIS JalbHEHIIEro
[IUTHPOBAHUST COCTABIIIOT COTJIACHO BBHIOPAHHOMY CTHIIIO O(QOPMIICHHS TEepPEeUYHs 3aTEKCTOBBIX
O6ubnuorpaduyeckux CChUIOK, IPUHATOMY B 3apyOE€KHBIX U3JaHUAX (cM. 11.15.) U mpUBOJAT mocie
KJIFOUEBBIX CJIOB (CIOBOCOYETAHUI) Ha aHTJIMHCKOM sI3bIKe, npeaBapsist cioBamu “For citation:”.
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Ilpumep —

For citation: Sapir E. V., Karachev I. A. Challenges of a new investment policy: Investment
promotion and protection. Finance: Theory and practice. 2020;24(3):118-131. (In Russ.).
https://doi.org/10.26794/2587-5671-2020-24-3-118-131.

Ecnu crathsi MMeeT &Be BEpCHU B 3JIEKTPOHHOM (opmaTe Ha PYCCKOM W aHTIMHCKOM
A3bIKax, ykazaHue Ha s3bIK (In Russ.) He naror.

27. CeemeHusi O BKJIAJ€ KaXIOro aBTOpa, €CIM CTaTbsd HMMEET HECKOJIBKO aBTOPOB,
NPUBOJAT B KOHIE CTaThH nocie «Mupopmamuu 06 aBTOopax». DTUM CBEICHUSIM MPEIIIECTBYIOT
cioBa «Bkinaza aBropos:» (“Contribution of the authors:”). I[locne ¢pamunum u HHUIMATIOB aBTOpa B
KpaTKoil (popMe OMMCHIBACTCS €ro JMYHBIM BKJIAJ B HalMCaHUE CTAaTbH (Mzaes, cOOp Marepuana,
00paboTka MaTepuaa, HallMCaHNUe CTaTbU, HAYYHOE PEAAKTUPOBAHUE TEKCTA U T. 11.).

Ilpumep —

Bxnao aemopoe:

Apmemvesa C. C. — HayyHOe pPYKOBOOCMBO; KOHYENyus UCCLe008aHUs; pa3eumue
Memoodoniocuu, ydacmue 8 paspabomKe YYeOHbIX NPOSPAMM U UX Pearu3ayuu; Hanucamue
UCXOOH020 MEKCMA, UMO0206ble 6blE00bL.

Mumpoxun B. B. — yuacmue 6 pazpabomke Y4eOHbIX NPOSPAMM U UX Pearu3ayuul;
dopabomxa mexcma, umozoswvie 8bl1800bl.

Contribution of the authors:

Artemyeva S. S. — scientific management; research concept; methodology development;
participation in development of curricula and their implementation; writing the draft; final
conclusions.

Mitrokhin V. V. — participation in development of curricula and their implemen-tation;
follow-on revision of the text; final conclusions.

28. CBeneHust 00 OTCYTCTBUM WJIM HAIMYUH KOH(IMKTA HHTEPECOB U JICTATH3AIHIO TAKOTO
KOH(MIMKTA B cy4ae €ro HaJIW4us MPUBOIAT B KOHIE cTaThu mocne «HdpopMmaiuu 06 aBTOpax».
Ecnu B cTaThe mpUBOAAT JAaHHBIE O BKJIAJE KaXKJIOTO aBTOpa, TO CBEACHUS 00 OTCYTCTBUHM WM
HATMYUU KOH(IIUKTAa HHTEPECOB YKA3bIBAIOT MOCIE HUX.

Ilpumep —

Bknao aemopoe: éce asmopul coenanu 3K8USANEHMHbI 6KIAAO 8 NOO2OMOBKY NYOIUKAYUU.
Aemopui 3a561310m 06 omcymcmeuu KOHGIUKmMa uHmepecos.

Contribution of the authors: the authors contributed equally to this article. The authors
declare no conflicts of interests.

TpC6OBaHI/I}I K TEKCTOBOI YaCTU CTaTbU

Tekct cTaThMl MpPENOCTaBIAETCS B pelakuMio B Buie (¢ailla ¢ Ha3BaHUeEM,
COOTBETCTBYIOMIMM (DaMUIIUK TIEPBOrO aBTOpa cTathu B (popmare .dOC (TEKCTOBBIA pEIAKTOP
Microsoft Word 6.0 u BeIme), 1 10JKEH OTBEYATh HUKEIIPUBEICHHBIM TPEOOBAHUSIM.

KoMmbroTepHYI0 MOATOTOBKY CTaTel CiiemyeT TPOBOIUTE MOCPEICTBOM TEKCTOBBIX PEIAKTOPOB,
ucnons3yrommx cranaaptaeid kox ASCIL (Multi-Edit, Norton-Edit, Lexicon), MS Word for Windows
Wi (IPEAMOYTHTENBHO) JTF000H 13 Bepcui makera TeX.
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e [lapamerpsl cTpaHulsl: popmar — A4; OpueHTAIUS — KHIDKHAS; TOJIS: BEpxHee — 2 CM,
HIDKHEE — 2 CM, JIEBOE — 2 CM, ITpaBo€ — 2 CM.

e Illpu¢pt Times New Roman; pasmep mpugpra — 12 pt; Mexcrpounsiii uatepsan — 1,
orcrym (ab3arn) — 1,25.

Crnenyer pasnuuath aeduc (-) u tupe (—). Jdeduc He otaensercs npodenamu, a nepes TUpe u
MOCJIE CTaBUTCS MPOOEIT.

[Tepen 3HAKOM ITyHKTYAIUH TPOOEIT HE CTABHUTCSI.

KaBbIuky THIIA « » UCTIONB3YIOTCS B PyCCKOM TEKCTE, B UHOCTPAHHOM —

KaBbIuky U CKOOKH HE OTIENSAIOTCS MPOoOeTaMy OT 3aKIFOUEHHBIX B HHUX CIIOB, HAlIPUMED:
(mpu 300 K).

Bce cokpatieHust JOKHBL ObITH paciupoBaHbl.

[Mognucu k TabiuuamM M cxXeMaM JOJDKHBI IpeAlIecTBOBaTh mocieauM. [loamucn
PUCYHKaM pAacIojiaraloTcsl MOJ HUMH M JIOJDKHBI COJIEpXKATh YETKUE IMOSICHEHUs, 0003HAYCHHS,
HOMEpa KPHUBBIX U auarpamMM. Ha TaGnuibl 1 pUCYHKH JOJDKHBI OBITH CCBUIKH B TEKCTE, MPH 3TOM
HE JOMycKaeTcs AyOonupoBaHue MH(OpManuu TaOJHIl, PUCYHKOB M CXEM B TEKCTe. PUCYHKH U
¢dororpadun NOKHBI OBITH MPEACIFHO YETKUMH (IO BO3MOXKHOCTH I[BETHBIMH, HO 0€3 moTepu
CMBICIIOBOT'O HATIOJHEHUS TIPU NIEPEBOJIC MX B YEPHO-OCIBIA PEXKUM) U TPEACTaBICHBI B opmare
*jpg, *.eps, *.tif, *.psd, *.pcx. XKenarenbHo, 4TOOBI PUCYHKH M TaOIMIBI OBUIM KaK MOXKHO
KOMIIaKTHee, HO Oe3 moTepu KauyecTBa. B Tabnmile rpaHuIbl sueeK 0003HAUYAIOTCS TOJBKO B
«ranke». KaxgoMmy cron0iy mnpucBamBaeTcss HOMEP, KOTOPBIA HCIONB3YeTCS IPH IEPEHOCEe
TaOJUIIBI HA CIICAYIONIYI0 cTpaHuily. [lepen HavamoM cieayromei YacTi B IPaBOM BEPXHEM YIITy
KYPCHUBOM clieflyeT Hamucatb «lIpodonscenue maba. ...» ¢ ykazaHuem ee Homepa. CIIOKHBIC
CXEMBI, PUCYHKH, TaOJIUIBI (POPMYJIBI JKEIaTEIbHO MPUBECTH HA OTIIEIbHOM JucTe. He momyckaercs
coznanue MakpocoB Microsoft Word st co3nanus rpaduKoB U 1uarpamm.

PaccrosiHre Mexay ctpokamMu (GopMmyl AODKHO ObITh He MeHee 1 cM. Cremyer 4YeTko

[ s ay il
pa3nuyarh Harmucanue OykB N, hm u; gu g; au d; U u V; Su Gy vy T.1. [IporucHbie U
CTpOuHBIC OYKBBI, pa3anyarormecs: Toabko cBoumu pasmepamu (Cuc, Kuk, Sus, Ouo,Zuzu
Zp.), HOJYEPKHBAIOTCA KapaHAAIOM JBYMs YePTaMU: IPOMHMCHBIE — CHU3Y, CTPOYHBIE — CBEPXY (

(1324

B.p. 5, %). Jlatunckue GYKBBI TOAYEPKMBAIOTCS BONHUCTON YEPTOH CHH3Y, IPEYECKHME —KPACHBIM
IIBETOM, MOJIY>KHUPHbBIE CUMBOJIBI —CHHUM.

WHAeKCHI 1 oKa3aTesN CTETIEHH CIIETyeT MMCaTh YETKO, HIDKE FJIH BBIIIE CTPOKH, M OTYCPKHBATDH
TY’KKOHU (.~ — JUIsl HIDKHUX MHAEKCOB U ~._~ — JUIA BepXHUX) KapaHmamoM. Ludpa 0 (Hyns), a Takxe
COKpAIIEHHS CJIOB B MHIEKCAX TIOTYEPKUBAIOTCS IPSIMON CKOOKOM — .

VYnorpebnenue B ¢popMmysax ClEUUANbHBIX, B YaCTHOCTH, TOTUYECKUX U PYCCKHX OYyKB, a
Taxke cuMBoloB (Hampumep, L. Po A, DM, &, §.Z, F, B, V.65, T 1p.) cienyer oco6o ormedats
Ha TMOJIAX PYKOIHCH.

Hymepanuss matematudeckux (GOpMysl HPUBOAUTCS crpaBa OT (GOpPMYIJBI KYpCHBOM B
Kpyriblx ckoOkax. [lis ynoOGcTtBa (opmaTupoBaHMs cieIyeT HUCIOJb30BaTh TAOJIMIBl U3 JIBYX
CTOJI0110B, HO Oe3 rpanuil. B neBom cronbue npuoautcs Gpopmyna, B mpaBoM — HOMEP GPOPMYIIbL.

Ccpuikn Ha MaTematudeckue (GOopMylsibl HPUBOAATCS B KPYIJIBIX CKOOKAaX KYpCHBOM H
COIPOBOXKIAIOTCS OTPENIENISAIONIMM cI0BoM. Hanpumep: ... cornacHo ypaBHeHHIO (2) ...

Tpanckpumnuuio ¢aMuUIui ¥ MMEH, BCTPEYAIONIMXCA B CCBUIKE, HEOO0XOAWMO TI0
BO3MOKHOCTH TPEJCTABIATh HA OPUTHHAIBLHOM SI3bIKE (TpeHaMEepPEeHHO He pycudUIupys), 1udo
MPUBOAUTH B CKOOKAX MHOSA3BIYHBIA BapUaHT TPAHCKPUIIIUN (haMUITHH.

Cnucok MCTOYHUKOB JuTepaTypsl opopmisiercs B coorBerctBuu ¢ ['OCT 7.0.5 B mopsake
nuTHpoBaHus. JlutepaTypHbIi MCTOYHMK B CHHCKE JMTEPaTypbl YKa3bIBaeTcsd OOUH pa3 (emy
MPUCBAMBACTCSl YHUKAIBHBIA HOMEP, KOTOPBIA UCIIOIb3YETCs TI0 BCEMY TEKCTY MyOIUKAIINN ).

O6pa3ubl opopmIleHHUs CCHIIOK HA JTUTEPATypy
OBIIAS CXEMA BUBJINOT'PA®UYECKOI'O OITUCAHUS:

KHUT A C OJHUM, ABYMS nnu TPEMA ABTOPAMMU:
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3AT'OJIOBOK (¢damunus, nannuanst aBTopoB) OCHOBHOE 3AT'JIABUE

: JOINIOJIHUTEJIBHBIE CBEIEHU S (y4e6. nocobue)

/ CBEJEHHA Ob OTBETCTBEHHOCTHU (M.O. damunust penakropa, COCTaBUTEIS;
YHUBEPCHUTET)

. CBEAEHUS Ob U3JJAHUU (2-¢ uzn., mepepad. u 1o1.)

. MECTO U3JAHUA (Mocksa, HoBocubupck)

: UIBAATEJIBCTBO

, TOd U3TAHUA.

. KOJIMYECTBO CTPAHULI.

Ecnu Her kakoii-mu0o o0nacTu ONMCcaHus — MPOITyCKaeM.

Knuea ¢ oOnum asmopom:

PocnskoB A. B. OKC Ne7: apxutekrypa, mpoTOKOJIbI, IpuMeHeHue. MockBa: DxoTpenns,
2010. 315c.

Knuea ¢ oeyma asmopamu:

Pyukun B. H., ®ynun B. A. Apxutektypa koMmmbloTepHbIx cereil. Mocksa: JIUAJIOT -
MU®U, 2010. 238 c.

Knuea c mpemsA asemopamu.

Tapacesuu JI. C., I'peGennuxoB II. U., Jleycckuit A. VM. MakposKkoHOMHKA: y4eOHUK.
Mocksa: Breicur. oOpazoBanue, 2011. 658c.

Makcumenko B. H., Adanacke B. B., BonkoB H. B. 3amura wHbopmammu B ceTsix
coToBoOW monaBWHOW cBsizu / moa pea. O. b. Makapesuua. MockBa: ['opsiuass nmunus-Tenekom,
2009. 360 c.

Knuea ¢ uemwvipoma u Oonee aémopamu:. Onucanue HaumHaercas ¢ OCHOBHOI'O
3ATJIABUS. B cBenenusix 00 OTBETCTBEHHOCTH YKa3bIBarOTCS JIMOO BCE aBTOPHI, JIMOO MEPBBIH
aBTOp € 100aBICHUEM B KBaJpaTHBIX CKOOKax cokparieHus "u ngpyrue" [u np.]

1. Ucropust Poccuu B HoBeiimee Bpems: yueOHuk / A. b. be3boponos, H. B. Enuceesa,
T. 0. Kpacosumxkasi, O. B. [TaBnenko. Mocksa: [Ipocnekr, 2014. 440c.

501041

1. Ucropus Poccum B HoBeiimiee Bpems: yueOHuK / A. b. be3dopomoB [u ap.]. Mocksa:
ITpocnekt, 2014. 440 c.

Knuea 6e3 asmopa:
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CrpaxoBanue. yueOnuk / mox pea. T. A. @enoposoii. 3-¢ usf., nmepepab. U gon. Mocksa:
Marwuctp, 2011. 106 c.

Mmnozomomnoe uszoanue:

Okonomuyeckas ucropust mupa. Espomna. T. 3 / mox o6mr. pen. M. B. Konoronosa. Mockaa:
Wznar.-topr. kopnopanus «Jlamkos u K», 2012. 350 c.

Yuebnoe nocobue sysa:

BacnaBckuii K. E. Onruyeckre BOJOKHA JUIsS CHCTEM CBsi3H | y4eb. mocobue / Cub. roc. yH-
T TeJIeKOMMYHHKalmii u napopmaruku. Hosocubupck, 2008. 96 c.

nJIn

3acnaBckuil K. E. OnTuueckue BonokHa 1 CUCTEM CBA3M: yueO. nmocobue. HoBocubupck:
Cubl'YTH, 2008. 96 c.

Hopmamusnvie 0okymenmai:

TumoBasis HHCTPYKIMS 110 OXpaHe TPyAa Ui MOJb30BaTeNeH MEPCOHATBHBIMH JJIEKTPOHHO-
BbrunciauTenbHbIME MamuHamu (II9BM) B snextposnepreruxe: PJI 153-34.0-03.298-2001.BBex. ¢
01.05.2001. M., 2002. 91c.

['OCT 7.80-2000. bubnuorpadudeckas 3anuch. 3aronoBok. O0mue TpeOOBaHUS U MpaBUIIa
cocrasienus. Beex. 2001-07-01. M., 2000. 7c.

OBIIAS CXEMA OIIMCAHUSA CTATEHN U3 )KYPHAJIOB:
®amuius U. O. aBTopa crathu. Hazanue crateu // HasBanue xypHana. [og. Ne. C.

Cmambs ¢ 00HUM asmopom:

BonkoB A. A. Meroa MpUHYAMTEILHOTO JEJICHUS IMOJOCHI YacTOT pedyeBOro curHaia //
Onextpocssasb. 2010. Ne 11. C. 48-49.

Cmameobs ¢ mpems aemopamu.’

PocnsikoB A., A6yOakupoB T., PocmsikoB An. CuctemMbl TOIIEPKKH ONEPAIMOHHON
nestenpHOCTH TipoBaiiiepoB yeiayr VPN // TexHomnoruu u cpeactsa cBsazu.2011. Ne 2. C. 60-62.

Cmamus ¢ uemuvlpbms u bonee asmopamu.

CBepXIIMPOKOIOJIOCHBIE CHUTHANBI Uit OecnipoBogHod cBsism /1O, B. Amnnapees,
A. C. Imutpues, JI. B. Ky3pmun, T. Y. Moxcenu // Paguorexnuka. 2011. Ne 8.C. 83-90.
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OBHIASA CXEMA ONMUMCAHUA DJIEKTPOHHOTI'O TJOKYMEHTA:
3AT’'OJIOBOK (dpamumnus, naumuansr atTopoB) OCHOBHOE 3ATJIABUE
OBUIEE OBO3HAYEHUE MATEPUAIJIA [2nekTpoHHBIH pecypc]

: CBEAEHU A, OTHOCAUIUECSH K 3ATJIABUIO : cripaBounuk

/ CBEJJEHI S Ob OTBETCTBEHHOCTMU / nox pen. .M. byn

. MECTO U3JAHUSA I'OPO/]

: UM U3JATEJIA

, JATA U3JIAHUA

. MIPUMEYAHUA

1. CmupnoB A.W. Uudopmanmonnas rinobanusanus u Poccust [DnekTpoHHBIN pecypc]:
BBI3OBBI U BO3MOKHOCTH. M., 2005. 1 CD-ROM.

OIIUCAHUE PECYPCOB VYJAJEHHOI'O JAOCTYHA (HuTepHeT-pecypchl)
ONUCAHME CAHUTA:

Has3Banme caiita [DnekTpoHHBIH pecypc]: cBeieHUs, OTHOCSIIUECs K 3ariaBuio [
cBelleHUsI 00 OTBETCTBEHHOCTH (3TO JaHHBIE O cocraBuTensx caifra). [opox: Wwms

(HamMeHOBaHME) W3AaTens WM pacnpoctpanutens, rog. URL: http: // www. (mata
oOpalieHus: . . )

IIpumep:

1. Poccuiickas rocymapcrtBeHHas OuOauoTeka [Dnekrtponusiii pecypc] [/ Llentp

undopm. texuojoruii PI'B; pen. T. B. Biacenko ; Web-mactep H. B. Kosnosa. Mocksa: Poc. roc.
0-kxa, 1997. URL : http//www.rsl.ru. (nata oopamenus: 11.12.13)

2. UccnenoBano B Poccum  [DnekTpoHHBI  pecypc] :©  HayuHblid okypHan [/
Mock. ¢bus.- TEXH. UH-T. Jonronpyansiii : MOTH, 1998 . URL:
http://zhurnal.mipt.rssi.ru. (nara oopamenwus: 11.12.13)

MATEPHAI (tekcrt, cratbs), PACIIOJIO)KEHHBIA HA CAUTE:

@damunus M.O. aBTopoB. 3ariiaBue TeKCTa Ha JKpaHe [DneKTpoHHBIA pecype] //
3aryiaBue caiita : CBeIEeHUs, OTHOCIIIMECS K 3ariaBuio / ceenennsa o0 orsercrBeHHoctu. URL :
http//www. (mata oOpamieHus:__ . . )

Ecnu Het kakoii-m10o 001acTi OMUCAHUS — MPOITYCKAEM.

ITpumep:

1.HoBocubupck [Dnextponnsiii pecype]// Bukunenus: CBoboanas sHiukioneaus. URL:
http://www.ru.wikipedia.org /wiki/%CD%EE%E2%EE%F1%E8%E1%E8% FO0%F1%EA (nara
obparmenus: 11.12.13)

KHUTA U3 TIOJHOTEKCTOBOW  DJIEKTPOHHO-BUBJIUOTEYHOM
CHUCTEMBI (9EC)

Knuea ¢ 1-3 asmopamu:

149


http://www/
http://www.rsl.ru/
http://zhurnal.mipt.rssi.ru/
http://www/
http://www.ru.wikipedia.org/

Kaprnieako C. X. Dxosorust [ DNEKTpOHHBIN pecypc|: ydeOHHUK. DIeKTpoH. TeKCTOBbIS
narneie. M.: Jloroc, 2014. 400 ¢. URL.: http://www.iprbookshop.ru /21892. D5C «IPRbooks».

Knuea c 4 u bonee asmopamu:

COopHHMK 3a7ad IO AaHAJUTUYECKOH T'EOMETPUH W JIHMHEHHOW anredpe [DIeKTpOHHBIN
pecypc]: yue6. mocobue / JI. A. Beknemuiesa [u ap.]; mox pen. J. B. beknemuinesa. DaeKTpoH.
TekcToBbie gaH. U3a. 3-e, ucnp. CII6.: Jlans, 2008. URL.: http://e.lanbook.com/view/book/76/

CCBIJIKM BHYTPU TEKCTA
3aTexkcroBble OMOJINMOrpaduyecKne CChIJIKH:
B komnIie ab3aria TeKCTa B KBaapaTHBIX CKOOKax [3, ¢. 25]

3 — HOMEp MCTOYHHKA B CITUCKE JIUTEPATYPHIC. 25 — HOMEP CTPAHUIIBL.

CraTbu, opopM/IeHHbIE C HAPYIIEHUEM NepevyncJeHHbIX Bbille MPaBWJ, pelaKkiueil He
paccMaTpuBalOTCS.
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BECTHHUK
BAIIKUPCKOI'O
I'OCYJAPCTBEHHOI'O
INEJAT'OI'HYECKOI'O
YHUBEPCUTETA
um. M. AKMYJJIbI

Ne2 (63) 2022
CneuuajabHblii BBITYCK

Pepaxkuus He Bceraa pasjesisieT MHEHUE aBTOPOB.
CraTbu ny0JHMKYIOTCS B ABTOPCKOM pelaKIum.

JInn. va n3nat. near. b848421 ot 03.11.2000 r.
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