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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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STATE OF MICROPHYTE CENOSES AT THE WATER'S EDGE
IN THE VICINITY OF THE PORT OF YERSAI AND
THE VILLAGE OF KURYK (EASTERN CASPIAN SEA)

Abstract. Microphytic cenoses that develop on coastal rocks in the area of the water's edge can serve as
particularly bright indicator biosystems that clearly display any harmful effects on their habitat. Developing, in fact,
in the water-land boundary conditions, in the area of direct impact of the surface film of continuously moving water,
they are a kind of " sponges " that collect a variety of agents carried by sea currents from sources of pollution.
Accumulating in these communities, such agents are able to change the balance of species in the structure of these
coenoses in a short time, as well as cause morphological changes in the species themselves. These modifications of
the appearance can be caused both by their phenotypic norm of reaction to the presence and high concentrations of
the contaminating agent, and by mutations provoked by one or another agent. Based on the obtained results
describing the state of microepiphytic and microepilitic cenoses in various locations located at the end of July 2019
in the vicinity of the port of Ersai and the village of Kuryk, it can be concluded that the communities of all three
locations were under stress — however, to a significantly different degree.

Key words: the coastal area, water basin, microepiphyton,, macrozoobenthos, biosystem, port Ersai, water area,
East of Caspian sea.

Introduction. Communities of microscopic organisms that form in the coastal zone of water bodies
are complex, multicomponent systems that are sensitive to various types of anthropogenic impact. The
composition, structure, spatial organization of these communities, as well as the morphotypic characte-
ristics of the species that accompany them, look very different - depending on the conditions of the habitat
at the current time. Due to the high rate of reproduction of microorganisms, these cenoses react to environ-
mental conditions faster and more clearly than communities of larger organisms. For example, microepi-
phiton on macroalgae or microepiphiton on coastal rocks reflect changes in the habitat already in the first
day or three after the start of events. At the same time, macrozoobenthos developing in the same habitats
displays any events that metamorphize the habitat, already indirectly and over longer time intervals.

It should be noted that microphytic cenoses that develop on coastal rocks in the area of the water's
edge can serve as particularly bright indicator biosystems that clearly display any harmful effects on their
habitat. Developing, in fact, in the water-land boundary conditions, in the area of direct impact of the
surface film of continuously moving water, they are a kind of" sponges " that collect a variety of agents
carried by sea currents from sources of pollution. Accumulating in these communities, such agents are
able to change the balance of species in the structure of these coenoses in a short time, as well as cause
morphological changes in the species themselves. These modifications of the appearance can be caused
both by their phenotypic norm of reaction to the presence and high concentrations of the contaminating
agent, and by mutations provoked by one or another agent.
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Objects and methods of research. To study the possible effects of the Kuryk port and the LLP
(in the post construction period) of the surrounding coastal waters East of the Caspian sea, in the period
26-28 July 2019 was sampled epilithic benthic communities. The material was taken on the surface of
coastal rocks, in the area of the water's edge, at three points.

So, at the point Ep-1, located at a distance of 147 m to the South-West of the beginning of the
Western Dam of the port, two samples of macrophytic growth were cut from the surface of flat stone
blocks piled under a low coastal chink. The communities from which samples were taken in this location
were different in macrophyte balance. In both cases, the growth of up to three centimeters was formed by
a dense growth of filamentous scarlet (Rhodophyta:Ceramiales). However, in one case, this living red-
brown carpet, absorbing the foam of the rolling wave, was formed mainly by thallomas of Ceramium
elegans, with a small admixture of Polysiphonia caspica. And in another case, P. caspica prevailed, with a
slight presence of C. elegans. In general, such modifications of phytofouling communities are quite typical
for habitats at the water's edge in the eastern part of the Central Caspian Sea: both species of scarlet in
these biotopes are usually found together [1], but the ratio of their abundance, according to our obser-
vations, may be different.

The point Ep-2 was located on a small rock outlet, at a distance of 2807 m to the East of the begin-
ning of the Eastern Dam of the port. Samples of the growth were taken on the surface of calcareous blocks
going into the water and from the surf-sanded calcareous rock wall, in the area of the water's edge, in three
different communities. In the first case, it was thickets of Cladophora sericea, massively developed by a
layer of up to 10 cm on blocks, in the shadow of a rock mass; in the second case, a gray fibrous-curd
growth on a solid rock formed by colonial diatoms; in the third, also on the rock, there is a scattering of
cartilaginous-jelly-like "plaques" of cyanobacteria, the structure-forming basis of which were macro-
colonies of Rivularia atra.

Finally, the point of Ep-3 was localized even further to the East, in the area of the village Kuryk, at a
distance of 4312 m from the beginning of the Eastern dam of the port, on the sea edge of a rocky
promontory that protrudes into the sea almost 900 m from the main contour of the coastline. Here, on flat
calcareous rocks, smoothly polished by the surf, only small placers of "plaques" of cyanobacteria based on
R. atra colonies grew. At the same time, a gray mass of rotting filamentous algae lay in large numbers on
the rocks, exuding a strong smell of hydrogen sulfide.

All samples were recorded with a 45% ethanol solution immediately after sampling and delivered to
Moscow, to the laboratory of the Institute of Oceanology of the Russian Academy of Sciences, in a dark
box. Thus, the material for microscopy of microepiphiton on macrophytes and microepiliton was obtained
in the form that best corresponds to the lifetime state of the communities.

The general location of material collection locations in the water area in the vicinity of the port is
shown in figure 1.

ik
Figure 1 — Location of microepiliton and micro epiphyton sampling points in the waters of the Eastern Caspian Sea
in the vicinity of the port of Ersai and the village of Kuryk
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Microscopy of the samples was performed on raw material, as well as on permanent preparations
made on the basis of the light-refractive medium "Rosin". Observation of fouling in its raw form allowed
us to identify tiering in their structure, as well as other features of spatial organization inherent in the
studied communities. In addition, the identification of cyanoprokaryotes is possible only in raw form - in
the manufacture of permanent preparations, when a concentrated oxidizer is used to clean the shells of
diatoms from organic components of cells, many cyanobacteria are dissolved. Working magnifications
X400 and X1000 of Leica DMLS and Leica DM2500 light microscopes were used for identification,
accounting and photo documentation of microphytes. The determination of the taxonomic affiliation of
organisms was established using modern atlases, determinants and taxonomic summaries [2-17].

Results. The total taxonomic richness of the microphytic flora of the 6 studied microbiotopes located
within three locations (points) in the vicinity of the port of Yerasay and the village of Kuryk was 88 spe-
cies and subspecies. Among them, diatoms significantly prevailed (78 species and subspecies, or 88.64%
of the total flora), followed by cyanobacteria (9 species, or 10.23%). One type of microepiphyte is
Acrochaetium sp. 1, which lived in the status of rare on the surface of filamentous scarlet C. elegans and
P. caspica, also belonged to the scarlet (Rhodophyta). In some communities, the number of microphyte
species and vvt varied from 6 to 73 (table 4), averaging 26.83.

The richest (in terms of a - diversity, the number of species and vvt) was a community fiber - cheesy
oposta on the rocks at location EP-2, East of the port (73 and vvt). Especially poor (with the lowest
a-diversity) were the epiphytic community on S. sericea, an overgrown block of limestone at the Ep-2
location, and the epiliton of flat rocks at the Ep-z location, represented on the cape to the East of the port
by small placers of" plaques " of R. atra and 6 accompanying species. For comparison, the" plaques " of
R. atra, which formed dense placers on the rocks at the location of Ep-2, in the shadow of the southern
dam of the port, included, in addition to the matrix-forming species-edifier, 11 more species and vvt. It
should be noted that the microepiphyton on Ceramium (33 species and vvt) and Polysiphonia (30 species
and vvt) differed in significant diversity. The average similarity of cenoses in the sample was 29,092% -
the communities differed significantly in composition.

Only 3 species were recorded in 5 of the 6 studied cenoses - in different combinations - and, accor-
dingly, can be considered as widespread in the vicinity of the port: These were diatoms Diatoma monili-
formis, Licmophora debilis and Tabularia affinis-attached, colony-forming forms. At the same time,
42 species and vvt (47.73% of the total flora found) were observed only at one of the stations, that is, they
differed in significant biotope / cenozoic specificity.

Considering the hierarchical roles of species in communities, due to the share of each of them in the
total abundance of coenosis, as well as the distribution of species in the sample of coenoses, we can
distinguish groups of communities: floristic (by composition) and coenotic (by structure).

Using a sample of 46 species and VVTs recorded in more than one cenosis, we evaluated the
similarity of communities by qualitative characteristics using the Sierensen index, and by quantitative
characteristics using the Bray-Curtis index.

The mean qualitative similarity of the coenosis on a truncated sample of the types made 35,36%
community still differed widely among themselves in composition, which is logical considering only a
truncated a - diversity in each of them (6-35 types and VVT, with an average 18,83).

We were able to identify 3 floristic groups differ on sound level (Global R = 1, p=1,7%).

In this floristic group, which included fiber - curdled epilithon location EP-2 and microaspiration of
plaques locations EP-1 (group "diatoms + plaques"), described 33 species and vvt. In this case, the
floristic similarity of the communities combined with the intragroup similarity at the level of 66.93% led
to many common species of diatoms. At the top of the list were Licmophora debilis, Berkeleya cf.
rutilans, Epithemia sorex, Navicula sp. 1, Amphora hyalina, Cocconeis scutellum var. Parva, Entomoneis
gigantea, Grammatophora marina, Grammatophora oceanica, Mastogloia smithii, Pleurosigma strigosum
u Rhopalodia gibberula.

The second floristic grouping ("Ep-2 Cladophora+Rivularia"), with an intra-group similarity of
55.56%, was formed by coenoses of microepiphytes on C. sericea and "plaques" of R. atra on the rocks of
the Ep-2 location. Here, with an intra-group similarity of 55.56%, the grouping was already characterized
by only 5 species and vvt: Diatoma moniliformis, Licmophora debilis, Tabularia affinis, Heteroleibleinia
epiphytica u Tabularia fasciculata.
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Finally, the third group ("Ep-3 Rivularia") was represented by a community of Rivularia" plaques "
on the flat rocks of the Ep-3 location, which grew in small groups among rags of decaying filamentous
algae. Here, as part of the matrix of Rivularia colonies and in the folds of its surface, only 7 species of
microphytes lived: Rivularia atra, Diatoma moniliformis, Tabularia affinis, Berkeleya cf. rutilans,
Navicula sp. 1, Calothrix scopulorum wn Lyngbya aestuarii.

Of course, the qualitative composition of communities and their quantitative structure, determined by
the hierarchy of contributions of individual species to the total abundance, often determine the similarities
and differences of communities in different ways.

The average similarity of coenoses (in the truncated composition) in the quantitative structure was
24.03% - the communities, as a whole, differed greatly among themselves in the hierarchy of the species
that form them. We were able to distinguish three cenotic groups with a general reliable level of
differences (Global R = 1, p=1,7%).

The first group ("diatoms") was formed by communities of fibrous-curd growth on the rocks of the
Ep-2 location, formed on the basis of macrocolonies of diatoms. These cenoses were characterized by a set
of 23 species and vvt (table 1). Here, the main structure-forming role was played by branched colonies of
Diatoma moniliformis. They served as a kind of spongy substance, inside which branched tubular colonies
of Berkeleya cf. rutilans and Berkeleya scopulorum, long branching trichomes of the cyanobacterium
Diphothrix sp. 1, small polymer sacs of Gloeocapsa alpina colonies, and 68 other diatomaceous species
living a mobile and attached lifestyle. It should be noted that Mastogloia species in communities of this
type lived without capsules, which they usually form when settling on solid substrates - here, among dense
colonies of D. moniliformis, they retained mobility.

Table 1 — Set of species that characterized the coenotic grouping of "diatoms"
at the Ep-2 location, East of the port of Ersai

Species and subspecies Contribution to the overall abundance of cenosis, %
Diatoma moniliformis 27,24

Epithemia sorex 6,43

Amphora hyalina 5,71

Craticula subhalophila 5,49

Mastogloia smithii 5,15

Rhopalodia gibberula 4,93

Amphora lineolata 4,52

Berkeleya scopulorum 4,27

Cylindrotheca closterium 3,66

In the structure of the communities of this group, we noted the presence of mutant (aberrant) cell
forms of some diatoms. Most often, these were Epithemia turgida and Phopalodia gibba, whose shells
were significantly deformed, and their ornamentation was characterized by violations of the ornament.

The second coenotic group ("filaments"), with an intragroup similarity of 49.54%, was formed by
communities of microepiphyton of filaments: both on the surface of scarlet in the Ep-1 location and on
C. sericea in the Ep-2 location. These coenoses were characterized by a set of 5 species (table 2), and the
main structure-forming role among them was played by the epiphytic thin-trichomal cyanobacteria
Heteroleibleinia epiphytica. Mastogloia species included in the structure of the magenta microepiphyton
in the Ep-1 location lived on their surface in an encapsulated state. Note also that in the cenosis on
C. sericea the role of the second dominant was played by branched colonies of D. moniliformis, and
already they were followed by Tabularia affinis and T. fasciculata in the status of mass.

The third group (“Rivularia”), with an intragroup similarity of 84.67%, was formed by cenoses based
on the matrix of Rivularia macrocolonies that lived on rocks in the locations of Ep-2 and Ep-3. Trichomes
played a major role in their structure R. atra (table 3).
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Table 2 — Set of species that characterize the coenotic grouping of "filaments" formed by microepiphytic communities
on the surface of filamentous macroalgae in the vicinity of the port of Ersai

Species and subspecies Av.Abund Av.Sim Sim/SD Contrib, % Cum., %
Heteroleibleinia epiphytica 0,42 38,82 51,45 78,35 78,35
Licmophora debilis 0,03 1,8 6,32 3,63 81,99
Pteroncola inane 0,1 1,66 0,58 3,35 85,34
Cocconeis scutellum var. scutellum 0,03 1,64 0,58 3,3 88,64
Tabularia affinis 0,04 1,58 0,58 3,19 91,83

Table 3 — A set of species that characterize the coenotic group "Rivularia" formed by microepiphytic communities
on the surface of filamentous macroalgae in the vicinity of the village of Kuryk

Av.Abund
0,87

Av.Sim
80,21

Species and subspecies Contrib, %

94,74

Cum., %

94,74

Rivularia atra

Turning to the topic of diversity and equiobility of the species structure of coenoses, we evaluated
these parameters using the Shannon-Weaver indices (diversity, H), Pielow (J') and the interspecific
Encounter Probability Index (EPI). The highest diversity in H" was distinguished by the coenosis of
fibrous-curd fouling on rocks (location Ep-2) (table 4). Here, the highest value of EPI and one of the
highest values of J* were noted - the cenosis was most diverse, rich in species and balanced. Nevertheless,
the value of J" at a level below 0.8 still indicates a strong influence of the first dominant on the structure of
the cenosis, which was actually expressed in the structure-forming role Diatoma moniliformis.

Table 4 — Values of diversity indices (H") and equalization of species structure (J°, EPI) for communities of different locations
in the vicinity of the port of Ersai and the village of Kuryk. In accordance with the selection of indices for each cenosis,
its o - diversity (species richness) is given

Locations and communities a- diversity r H EPI
Ep -1 Ceramium elegans 33 0.597 2.088 0.785
Ep -1 Polysiphonia caspica 30 0.722 2.455 0.832
Ep -2 Bomnoxuucro-TBOp. 06pocT 70 0.708 3.008 0.899
Ep -2 Cladophora sericea 6 0.640 1.146 0.615
Ep -2 Rivularia atra 12 0.351 0.872 0.350
Ep -3 Rivularia atra 7 0.141 0.274 0.113

Microepiphyton on the surface of filamentous scarlet was characterized by medium-low (for Poly-
siphonia) and low (for Ceramium) indicators of diversity and equalization. However, in the conditions of
the Caspian Sea, it is difficult to count on particularly high indicators of these indices for microepiphyton.
For example, in the northern part of the sea-lake, only 2-3 species of microepiphytes can be found on
Polysiphonia species, with a significant dominance of one of them. Given the high number of
microepiphyton species in the coenoses we studied in the port area, we can say that the relatively low
values of H', J' and EPI are due to the significant roles of the dominant species (Heteroleibleinia
epiphytica and, on Ceramium, also Pteroncola inane) in their structure.

The microepiphyton of S. sericea, represented by a small number of species, was characterized by the
lowest indices of all indices among the coenotic group of "filaments". However, this is generally
characteristic of epiphytic communities on Cladophora, which are forced to live on a well-washed, rarely
branching cylindrical substrate with a fibrous-cellulose cell surface. Nevertheless, it should be noted that a
certain stress was manifested for this cenosis through low diversity indicators and significant roles of
dominants.

In turn, the lowest indicators of diversity and equalization against the background of a small number
of species were characterized by cenoses based on Rivularia "plaques". Nevertheless, a significant
difference in all 4 indicators was clearly noted between the cenoses of this type that lived within the Ep-2
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and Ep-3 locations — in favor of the cenosis at the Ep-2 location. Rivularia-based communities at the Ep-3
location grew under the most severe stress.

Based on the obtained results describing the state of microepiphytic and microepilitic cenoses in
various locations located at the end of July 2019 in the vicinity of the port of Ersai and the village of
Kuryk, it can be concluded that the communities of all three locations were under stress — however, to a
significantly different degree.

Thus, the least stressful effect was observed in the location of Ep-1, at a distance of about 150 m to
the South-West of the port. Here, only abundant organic pollution of the coastal water area affected. In
turn, the cenoses of the Ep-2 location bore, first, the imprints of organic pollution, which stimulated the
violent development of "garbage" species, such as Diatoma moniliformis, Tabularia affinis, T. fasciculata
and-on Cladophora — Heteroleibleinia epiphytica. Secondly, the coenosis of the fibrous-curd-like growth
of rocks, which takes on, like a sponge, the effect of all the agents dissolved in the surface film of water,
was clearly affected by a certain toxic pollution, clearly manifested in the presence of aberrant forms of
diatoms from the genera, albeit insignificant Epithemia, Mastogloia and Rhopalodia.

Finally, the flat rocks of the Ep-3 location were already located, in fact, on the distribution line along
the coast of those agents that can go to the water area of the coastal zone with the sewage of the village of
Kuryk. The communities here were actually knocked out and slowly rotted away. The same microepilitic
coenoses based on the dense polysaccharide matrix of Rivularia macrocolonies that survived here were in
an extremely depressed state.

The longshore current in this area moves from East to West. The dams of the port, in fact, play the
role of cut-offs, thanks to which the flow carrying the bulk of the sewage of the village Kuryk, partly turns
towards the open sea. As a result, coastal communities to the west of the port are significantly less
polluted than those to the East. Bottom microphyte communities of the surf strip were studied for this area
of the Caspian coast for the first time.

This study is funded by the Committee of Science of the Ministry of Education and Science of the
Republic of Kazakhstan (IRN Grant AP08956547) "" Pilot study of the regime of sea currents on the
Mangistau shelf of the Caspian Sea»".

®. B. Canoxnukos!, A. K. Kypoanuszos?, O. 0. Kaaununa®,
P. H. Kensxe6aii*, I'. K. Hypraamesa®, I'. C. Illana6aesa’

'I1. I1. Illupruos atempars Oxeanonorus Mucturyter PEA, Moackey, Peceif;
2 Koxa Axmer Slcayu aTbiHaarsl XalblKapalblK Ka3ak-Typik yausepcuteti, Typkicran, Kazakcran;
b 2 b
3 JlJomoHocoB atbiHarsl MMY Teorpadus dakynbreri, Mackey, Pecei;
4 M. OyesoB atemaarsl OHTYCTiK-KasakcTtan MemiekeTTik yausepenteri, LllsMkent, Kasakcran;
5 X. JlocMyXaMeIoB aThIHIAFEl ATHIpay MEMJIEKETTIK YHHBEPCHTETI, AThIpay, Kasakcran

EPCAM MOPTHI MEH KYPBIK AYBLUIBIHBIH (IIBIFBIC KACHHFI)}V[AHI)IH)]AFBI Ccy
KEMEPIHAET'T MUKPO®UTTIK HEHO3JAPABIH ’KAU-KYUI

Annoranusi. Cy Kkemepi aliMarbIHJaFbl JKarajay IblH )KapTacTapblHAa Maija 00JaTbiH MUKPO(UTTIK LIEeHO3ap,
TIPLUIUTIK €Ty opTachlHa KaHzaail na Oip 3WSAHABI ocepiiep/i alKblH KOPCETETIH epeKile KapKbIH HHIMKATOPIIBIK
ouoxyiienep Oousbin Tabbuambl. Cy-KYPIBIKTBHIK IIEKAPAJbIK KaFdaWblHIA, Y3IIKCI3 KO3FaJaThblH CYJIbIH OCTKI
KaOaTBhIHBIH TiKeJIed acep eTy aliMarbIH/a JAaMblIl, oJIap JlacTaHy Ke3/epiHEeH TeHi3 arblHAapbIMEH TachIMalliaHaThIH
OPTYpIi areHTTepAl *)UHANUTBIH "CiHiprimTep" Oonbin TaObutaabl. OCBIHAAH KaybIMIACTHIKTapAa KHHAKTAIA OThI-
pBII, MYH/AAH areHTTep KbICKa Mep3iMje OCHI IIEHO3JapAbIH KYPBUIBIMBIHIAFB! TYPJEPIiH Tele-TeHIITiH e3repTe
ajangel, COHBIMEH KaTap TYpJepAiH MOp(OIOTHSIIBIK e3repicTepiH Tyabipansl. CRIPTKBI KOpIiHICTIH Oy mMommdu-
KaIMsAChl OJIAp/BIH JIaCTAyIIbl 3aTThIH OOJybIHA >KOHE J>KOFaphl KOHILEHTPALMACHIHA (DEHOTHNTIK peakuus HOp-
MachlHa, COHIai-aK Oeirini Olp areHT KO3JbIpaThlH MyTalusra OailanbicThl 60ybl MyMKiH. 2019 SKbUIFBI wIiNze
aifpiHbIH coHpiHOa Epcail mopTel MeH KyphlK aybUIBIHBIH MaHBIHIA OpHAJIACKAH TYPJl JOKaLUUsIapIarbl MHKPO-
SMU(UTTIK KOHE MUKPOSIMIUTTIK [IEHO3AAPAbIH JKaH-KYHIH CHITATTAWTBIH aJbIHFAH HOTHXKEJICD HEri3iHae OapiibiK
YII JKepAeri KaybIMIACThIKTAp KyH3eicKe YIIbIPabl IETeH KOPBITBIH/BI XKacayFa 0oabl, JereHMeH, KOpPCETKIITep
OPTYpIi Jopekesie OOIbI.

Tyiiin ce3aep: xaranay aiiMarbl, Cy aiJbIHBI, MHUKPOANIU(UTOH, MaKkpo3oobeHToc, onoxyie, Epcaii mopTsl,
akBaropus, llIereic Kacnuid.
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COCTOSIHUE MUKPO®UTHBIX IEHO30B HA YPE3E BO/IbI
B OKPECTHOCTSIX IIOPTA EPCAJ M IIOC. KYPBIK
(BOCTOYHBII KACIIHIA)

AHHoTanus. MUKpOUTHBIE IEHO3BI, Pa3BUBAIONINECS Ha OSPEroBBIX CKalaX B OONACTH ype3a BOIBI, MOTYT
CIIy’)KHTh OCOOCHHO SPKUMH HHIMKATOPHBIMH OHOCHCTEMaMH, HarJIAIHO OTOOpaKaroIUMH Kakue-TH00 BpeIoHOC-
HbIE BO3/ICHCTBUS Ha Cpelly WX oOuTaHus. Pa3BUBasCh, 10 CyTH, B TPAaHMYHBIX YCJOBHUSIX BOJA-Cylla, B 00JIaCTH
MPSIMOTO BO3/ICHCTBUSI TIOBEPXHOCTHOM MJIEHKK HEMPEPHIBHO JBIIKYIIEHCS BOJBL, OHU SBJSIFOTCS CBOETO pojia «ry0-
KaMny, COOMPAIOIUMHU B ce0s1 caMble Pa3HbIe areHTHI, PA3HOCHMBIE MOPCKUMH TE€YEHUSIMH OT MCTOYHHUKOB 3arpsi3-
HeHns. HakammBasce B 3THX cooOIIecTBax, TakKue areHThl CIIOCOOHBI B KOPOTKHE CPOKH M3MEHSTH OalaHC BHIOB B
CTPYKTYpE 3THX IICHO30B, a TAaK)K€ BBI3BIBATH MOP(HOIOTHUECKHE M3MEHEHHS CaMUX BHIOB. OTH MOAM(UKAINU
00yrKa MOTYT ObITh O0YCIIOBIICHBI KaK UX (DEHOTHIINYECKONH HOPMOM peakluK Ha MPHUCYTCTBUE U BBICOKHUE KOHILICH-
TpalWy 3arpsA3HAIONIETO areHTa, Tak W MYTAaIlisIMH, IPOBOLUPYEMBIMH TE€M WM HHBIM areHToM. Ha ocHoBaHWHM
MOJY4EHHBIX Pe3yJIbTaTOB, OMUCHIBAIOIINX COCTOSHUE MUKPOIMU(PUTHBIX 1 MUKPOIIHIMTHBIX IIEHO30B B Pa3IMYHBIX
JIOKaNuAX, pacnojaraBmuxcs B koHne utong 2019 rona B okpectHOCcTsX mopTa Epcait u moc. Kypsik, MOXHO crenats
3aKJIIOUeHHe, YTO COOOIecTBa BceX TPEX JIOKALMI HAXOAMINCh B COCTOSIHUH CTpecca — OJHAKO B CYIIECTBEHHO
pa3Hoii cTeneHu.

KiioueBble ci1oBa: nmpuOpexHas 30Ha, BOJOEM, MUKPOINMU(HUTOH, MAKp03000eHTOC, OnocrucTema, mopt Epcaid,
akBaTopusi, Boctounsrii Kacmmid.
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