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Abstract. Anthropogenic load on natural phytocenoses is manifested by disturbance
of plant cover, synanthropization of the floristic composition of groups, destruction of
plant distribution areas, reduction of biodiversity, and changes in plant growth and
development conditions. The degree of anthropogenic load on natural phytocenoses is
a global problem that requires detailed study and monitoring studies, especially in the
conditions of urban ecosystems.

The natural conditions affecting the state of the phytocenoses of Holosiiv Park
named after Maxim Rylskyi city of Kyiv according to physical and geographical, climatic,
edaphic, and orographic features.

The influence of anthropogenic activity in the experimental plots was determined
and the level of anthropogenic pressure on the state of the phytocenoses of Holosiiv Park
named after Maxim Rylskyi city of Kyiv was carried out by analyzing available sources of
industrial production, transport, etc. It has been established that Holosiiv Park named
after Maksym Rylskyi is subjected to constant anthropogenic load, in particular, intensive
recreational use, atmospheric air pollution has been established, which leads to the
impoverishment of biodiversity in certain areas of the park.

The level of atmospheric air pollution in the territory adjacent to the experimental
sites was assessed using computational and instrumental methods. It was established
that the estimated CO level exceeds the standards by 8 times on Holosiivskyi Avenue
and by more than 30 times at the intersection of Maksym Rylskyi Street and Holosiivskyi
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Avenue. The analysis of the state of the atmospheric air using instrumental research
methods did not show an excess of the content of the main pollutants, however,
according to the Air Quality Index, it is moderately polluted by the content of dust with
a diameter of 2.5 microns.

The study of the state of the phytocenoses of Holosiiv Park named after Maksym
Rylsky of the city of Kyiv within the experimental plots was carried out by studying their
floristic composition and evaluating the ecological groups of plants. Because it is the
analysis of ecological groups of plants that makes it possible to assess the ecological
conditions of plant groups, the place of growth, and phytocenotypes of plant species
that are part of the phytocenosis, that is their role in the formation of the phytocenosis.

The ecological assessment of the state of phytocenoses of Holosiiv Park named after
Maksym Rylskyi of the city of Kyiv was carried out using the method of bioindication
and lichen indication (lichen research). These methods make it possible to determine the
level of anthropogenic load acting quickly and relatively easily on phytocenoses within
the experimental plots. To determine the state of the trees in the experimental plots, the
method of assessing the asymmetry of morphological structures was used (using the
example of the hanging hornbeam Carpinus betulus L.).

A comparison of the floristic composition and the state of the phytocenoses showed
that plot No. 1 has a depressed state, plants do not grow evenly, and drying of trees was
observed. Plot No. 2 has the best condition, the plants of the plot are characterized by
the best indicators of growth and development, the largest number of species, and the
frequency of occurrence of species. Site No. 3 did not record significant degradation of
the phytocenosis, but there is a certain mosaic of the phytocenosis, which may be due to
atmospheric air pollution and significant recreational pressure, in particular, trampling.

Plot No. 2 and Plot No. 3 have the highest coefficient of species composition
commonality. Common plant species in the respective areas are: Carpinus betulus L.,
Anemonoides ranunculoides L., Ficaria verna, Trifolium repens and Corydalis solida.

Key words. Phytocenosis, assessment of anthropogenic load, species composition,
urboecosystem, environmental pollution.

Introduction.

Phytocoenoses are groups of plant
organisms that play an important role
in providing many ecosystem services
of natural areas (Tokareva T.G., 2019,
Shishchenko P.G. and other, 2019).
The state of plant communities affects
the preservation of biodiversity, as they
have genetic potential and adaptive ca-
pabilities during changes in the environ-
ment. Contribute to the preservation of
ecological balance, as they ensure the
performance of a number of important
biosphere functions.

The state of forest ecosystems de-
pends on the state of the environment,
in particular, the content of pollutants,
which leads to significant transforma-
tional changes in plant communities.
To ensure the preservation of biodiver-
sity and resistance of forests to adverse
environmental impacts, its control is
required. That is why it is necessary to
monitor the state of plant communities
in areas subject to constant anthropo-
genic stress (Warning R.H. and other
2010).

Urban ecosystems are the most vul-
nerable to the action of anthropogenic
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factors, because in these natural-anthro-
pogenic systems these factors are con-
stantly active. Plant communities locat-
ed within urban ecosystems are affected
by such effects as:

Environmental pollution. In urban
environments, there is pollution of the
atmosphere, water resources, and soils,
which can lead to a decrease in the di-
versity of plant and animal species, a
decrease in the number of useful bacte-
ria and microorganisms.

Changing the landscape. Due to the
construction and development of infra-
structure in cities, natural biotopes de-
crease, which leads to a decrease in the
number of natural ecosystems and an
increase in the number of artificial ones
(Mihely S.V., 2013).

Excessive construction. Excessive
development of the territory, including
the development of green areas such
as parks and squares, can lead to a de-
crease in the number of plants and ani-
mals (Svets V.V. and other, 2013).

Climate change. As a result of an-
thropogenic influence on the climate,
changes in the temperature regime, wind
regime and amount of precipitation can
occur, which can lead to changes in the
vegetation cover and the distribution of
species (Shevtsov A., 2021).

Introduction and invasive species.
As a result of the introduction of new
species of plants and animals into urban
ecosystems, there may be a decrease in
biodiversity and an increase in the num-
ber of invasive species that can compete
with local species (Bozhko E., Ozhyns-
ka Yu., 2022).

Ecological assessment of the state
of phytocenoses is carried out by var-
ious methods of determining the spe-
cies composition of plant communities
(Havrylenko, 2021, Myroshnyk N.V.
and other, 2021, bioindications (Miro-

shnyk N.V. and other, 2022, Onysh-
chenko V.A. and other, 2020). It is also
important to determine the state of the
natural environment of the area where
the studied plants grow.

To protect phytocenoses, it is nec-
essary to take urgent measures, which
include the preservation of species,
control of the introduction of invasive
species, rational use of resources and
reduction of pollution.

Research materials and methods.

Holosiivskyi National Nature Park
is a unique natural complex of histor-
ical, cultural, educational, scientific,
recreational, and aesthetic significance,
located in the southwest of Kyiv. On
the territory of the Holosiivsky district
there are three objects of the nature
reserve fund: Holosiivskyi Park, Ho-
losiivskyi Park named after Maksym
Rylsky, and the Botanical Park of the
National University of Bioresources
and Nature Management of Ukraine
(Vasylyuk O.V., 2020).

The park is in the southern part of
the city of Kyiv, in the Holosiivskyi
district, within a section of the forest
massif, separated from the main massif
by transport roads and residential build-
ings. The area of the park is 140.9 hect-
ares.

A comprehensive method of assess-
ing the ecological state of phytocenoses
was chosen for conducting research,
which involved the use of such methods
as: the observation method, the lichen
indication method, the method of fluc-
tuating leaf asymmetry, and the calcula-
tion method of assessing the impact of
motor vehicles.

The observation method is based on
the floristic description and phenologi-
cal observations of the phytocenoses of
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Figure 1. — Layout of experimental plots in Holosiiv Park named after
Maksym Rylskyi

the studied areas. Experimental plots
of 500 m? (25%25 m) with different in-
fluence of anthropogenic factors were
selected for the research (Fig. 1). Ex-
perimental site 1 is located near the en-
trance to the Holosiiv Park named after
Maksym Rylskyi, the terrain is flat with
a very gentle slope (less than 3°), there
is an influence of recreation and traffic
pollution. Experimental site 2 is in the
depths of Holosiivsky Park and is char-
acterized by minimal human influence,
the topography of the site is slightly un-
dulating. Experimental site 3 - near the
Holosiivska metro station, the surface is
terraced.

In the study of the projective cover-
age of areas, the method using the L.G.
grid was used. Ramensky grid is a frame
with a wire stretched over it, calculated
in such a way that the area of one cell
is 1 cm2. The commonality coefficient
of the species composition is calculated
according to Jaccard's formula.

Areas with different density of trees
measuring 10x10m were selected for
lichenindication. The number of trees
is counted, and each tree is examined
in the studied areas at a height of 30 to
150 cm. The H. Truss scale was used to

determine air pollution by species com-
position of lichens.

Determining the estimated level of
atmospheric pollution with carbon mon-
oxide was monitored by the traffic load
of Holosiivskyi Avenue at 8:00 a.m.,
1:00 p.m. and 6:00 p.m. Determination
of air quality in Kyiv was carried out
using portable dust and gas analyzers
SEM DT 9881M and K-600 Gas de-
tector according to generally accepted
methods and approaches at 1.5 m from
the road at a height of up to 1 m.

The impact of pollution on woody
species was determined using the meth-
od of fluctuating leaf asymmetry to as-
sess the stability of the development of
plant organs (on the example of leaves
of common hornbeam (Carpinus bet-
ulus L.) under conditions of anthropo-
genic influence.

Research results and their
discussion.

The dominant plant grouping of the
experimental site is a maple-ash associ-
ation with three distinct tiers. The first
tier is mossy, the second tier is grassy,
and the third is wooden. Edifying plants
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Figure 2. — The results of lichen-indication at site No. 1 (near the entrance to
the park named after Maksym Rylskyi)

are forget-me-not (Myosotis arvensis)
and common dandelion (Taraxacum of-
ficinale).

On the territory of plot No. 2, horn-
beam-oak forest prevails. The layering
is represented by three layers: lichen,
grass, and wood. You can also find
here such edifying plants as: dense
gorse (Corydalis solida) and European
hooves (4sarum europaeum L.), which
indicate a low content of nutrients in the
soil, and there is also sweet-scented fen-
nel (Galium odoratum), it is indicator of
excessive humidity of the territory.

Experimental plot No. 3 — near st.
Holosiivska, terraced surface. A plant
association dominated by white willow
(Salix alba L.), the phytocenosis has
three layers: lichen, grass, and tree. Ed-
ifying plants: plantain (Plantago major
L.) and rough sedge (Glechoma hirsu-
ta), they indicate moist environmental
conditions.

It was established that the highest
coefficient of commonality of the spe-
cies composition has Plot No. 2 and Plot
No. 3 according to Jacquard's formula.
Common plant species in the respective
areas are: Carpinus betulus L., Anemon-
oides ranunculoides L., Ficaria verna,
Trifolium repens and Corydalis solida.

Licheo-indication, which was car-
ried out on experimental sites, showed
that in experimental site No. 1 the per-
centage of leafy lichens is very small,
and scaly lichens - 18 to 30%, the av-
erage value of the degree of lichen cov-
erage of tree trunks is 24.9% (Fig. 2),
this can testify to the significant anthro-
pogenic load of the territory. According
to the Brown-Blanquet scale, the area
corresponds to 2 points, the degree of
coverage is 5-20%.

At experimental site No. 2, scaly li-
chens covering tree trunks range from
37 to 55%, the degree of coverage by
leafy lichens is approximately 12%,
and scaly lichens - 10%. The average
value of lichen coverage of tree trunks
is 53.8% (Fig. 3). According to the
Brown-Blanquet scale, the area corre-
sponds to 4 points, the degree of cover-
age is 50-75%.

On plot No. 3, which is located
near the Holosiivska metro station,
calcareous and leafy lichens prevail,
there are no bushy lichens. Point on the
Brown-Blanquet scale 3 — degree of li-
chen coverage from 25 to 50%.

The percentage of calcified lichen
coverage of breakthrough area No. 3
ranges from 14 to 42%, the degree of
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Figure 3. — The percentage ratio of the number of lichens in plot No. 2,
Holosiivsky forest
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Figure 3. — The percentage ratio of the number of lichens in plot No. 2,
Holosiivsky forest

leafy coverage is 14%. The average val-
ue of the degree of lichen coverage of
tree trunks is 33% (Fig. 4).

Determining the condition of tree
species will allow us to draw a conclu-
sion about the level of anthropogenic
load on the experimental areas; for this,
the method of determining the fluctuat-
ing asymmetry of leaves was used with
the use of Hornbeam Carpinus betulus
L., since this species was common to all
experimental areas.

Studies have shown that plot No. 1
and No. 3 are determined by increased
values of fluctuation according to char-
acteristic 2, 3 and 5, which may be

caused by a greater anthropogenic load,
which negatively affects the morpho-
logical characteristics of plants. How-
ever, according to the integral indicator
(Table 1), the population is in a state of
conditional norm — plot No. 1 and nor-
mal — plots No. 2 and 3.

To carry out an ecological assess-
ment of the phytocenosis, it is also nec-
essary to assess the state of the atmo-
spheric air in the studied area and the
territories adjacent to them. For this
purpose, instrumental (using gas an-
alyzers) and calculation methods for
assessing the level of atmospheric air
pollution were carried out.
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1. Integral index of fluctuating asymmetry of the population of Carpinus
betulus L. in the territory of Holosiiv Park named after M. Rylskyi

No| Name Average value of fluctuating Average | Rating | Characteris-
of the asymmetry for each feature value of tics of the
research asym- state of the
area 1 2 3 4 5 metry environment
1| Blot 10 026 [0,071] 0,065 | 0,038 [0.033| 0050 | 1 conditional
No 1 norm
2. 151)0; 0,019 {0,042 0,039 | 0,028 {0,017 0,028 norm
3. ﬁl)og 0,022 0,067 | 0,056 | 0,035 {0,028 | 0,042 norm

[:
b
L

Figure 5. Results of air quality measurement in the Holosiivsky District
(Holosiivskyi Prospekt St.) of Kyiv, mg/kg

A

B

Figure 6. Traffic congestion of highways at 8:00 a.m. (1), 1:00 p.m. (2) and
6:00 p.m. (3) a — the intersection of Maksym Rylskyi Street and Holosiivskyi
Avenue b - st. Holosiivsky prospect

The results of measuring air quali-
ty with portable gas analyzers (Fig. 5)
showed that the maximum permissible
concentrations (maximum one-time)
were exceeded for ozone by 4.9 times,
nitrogen dioxide by 3.8 times. The con-
tent of formaldehyde and carbon mon-

oxide is within the MPC. The content
of dust particles in the air of the stud-
ied area is slightly increased, which is
caused by weather and climate condi-
tions.

Monitoring the traffic at the inter-
section of Maksym Rylskyi Street and
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Holosiivskyi Avenue and St. Holo-
siivskyi Avenue by motor vehicle (Fig.
6) showed that the largest share is pas-
senger cars.

The calculated total emission of
carbon monoxide from 5 categories
of transport on Holosiivskyi Avenue
is 43.8 mg/m’, while the intersection
of Maksym Rylskyi Street and Holo-
siivskyi Avenue is 150.7 mg/m?>.

Conclusions and perspectives.

Holosiiv Park named after Maksym
Rylskyi is exposed to constant anthro-
pogenic load, in particular, intensive use
for recreational purposes, atmospheric
air, and water pollution, which leads
to the impoverishment of biodiversity,
which requires measures to protect and
preserve the ecosystem of the park.

Experimental site 1 is located near
the entrance to the Holosiiv Park named
after Maxim Rylsky is characterized
by a flat topography with a very gentle
slope (less than 3°), erosion process-
es are not observed. Experimental site
2, located in the Holosiiv forest (in the
center), is characterized by minimal
anthropogenic influence, the relief is
slightly undulating, the hornbeam-oak
forest prevails. Experimental site 3
Horikhuvatiy pond (near the city of Ho-
losiivska), terraced surface. Plant asso-
ciation with the predominance of white
willow (Salix alba L.).

Plot No. 2 and Plot No. 3 have the
highest coefficient of species composi-
tion commonality. Common plant spe-
cies in the respective areas are: Carpinus
betulus L., Anemonoides ranunculoides
L., Ficaria verna, Trifolium repens and
Corydalis solida. A particularly large
share is made up of spring plants.

An assessment of the ecological state
of the phytocenoses of the Maksym

Rylsky Holosiiv park was carried out
using a comprehensive methodology.
A comparison of the composition and
state of phytocenoses showed that site
No. 1 has a depressed state, plants do
not grow evenly, and drying of trees is
also observed. Plot No. 2 is in the best
condition, plant groups have existed
for several years and are capable of
self-sustaining. Plot No. 3 does not have
serious problems, unlike experimental
plot 1, but plant groups grow in certain
groups, which is the effect of trampling.
Determination of the quality of
the environment by lichen indications
showed that the tree trunks of plots 1 and
3 are dominated by calcareous and leafy
lichens. Bushy lichens appear only in
plot No. 2, which is an indicator of very
clean air. The analysis of the degree of
lichen coverage of tree trunks according
to the Brown-Blanquet point scale and
the H. Truss scale showed that the stud-
ied sites #2 and #3 are clean, and only
site #1, which is located near the en-
trance to the park named after Maksym
Rylskyi, has an average level of pollu-
tion. This is explained by the close loca-
tion of the site near the highway.
Assessment of the stability of the de-
velopment of tree trees, which is calcu-
lated as an integral indicator according
to Zakharov, showed that plots No. 1
and No. 3 are under greater anthropo-
genic load, which negatively affects the
morphological characteristics of plants.
The calculated method of assessing
atmospheric air pollution with carbon
monoxide from vehicles showed that
emissions exceed 8 times on Holo-
siivskyi Avenue and more than 30 times
at the intersection of Maksym Rylskyi
Street and Holosiivskyi Avenue. Holo-
siivskyi Avenue is located close to the
researched plot 1, and the street inter-
section is close to the researched plot
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#3. Instrumental research showed that
the most polluted streets of the Holo-
siivsky District of Kyiv were Holo-
siivskyi Prospekt. The high content was
recorded of such substances as: carbon
monoxide (CO), nitrogen oxide (NO,)
and formaldehyde.

According to the conducted re-
search, it is possible to explain the de-
pressed state of Site No. 1, as it is locat-
ed almost on the highway, trampling is
also increased compared to other exper-
imental sites.
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AHomauyia. AHmMpono2eHHe HA8AHMAMEHHA HA MPUPOOHI GhimoyeHo3U nNPoAenaeMscAa no-
PYWEHHAM POCAUHHO20 MOKPUBY, CUHAHMPONI3aUieto h10pUCMUYHO20 CKAAOY yepyrnyeaHs, 3HU-
WeHHAM apearie NoWUPEHHA POC/UH, CKOPOYEHHAM biopisHOMAHIimmsa ma 3mMiHoOK ymos pocmy
ma po3sumky pocauH. CmyniHb GHMPOro2eHHO020 HABAHMAM(EHHA HA MPUPOOHI himoueHo3U €
2n06anbHoto nNpobemotro, aAka nompebye demasnbHO20 8UBHEHHA MA NPosedeHHA MOHIMopPUH20-
8ux 00cnioxeHsb, 0cobnuso 8 ymosax ypboekocucmem.

lpoaHani3o8aHo MpupodHi yMmosu, AKi 8rnauearoms Ha cmMaH gimouyeHosie lon0ociiBcbKo20
napky im. Makcuma Punsceko2o micma Kueea 3a ¢izuko-2eoepaghiyHUMu, KaimamuyHumu, eoa-
GiyHUMU ma opoepaghiyHUMU 0cobausoCMAMU.

lMposedeHo 8U3HAYEHHA 8MaAUBY AHMPOMNO2eHHOI OifAnbHOCMI Y 30HI po3mawysaHHsA Aocnio-
Hux GinAHOK Ma 8CMAHOB/EHO pieeHb AHMPONO2EHHO20 MUCKY Ha cmaH gimouyeHosie onociis-
CbKO20 napky im. Makcuma Punecbkozo micma Kuesa 30ilicHr08a10Cb WAAXOM aHAAIZY HAABHUX
Oxepen MpomMuca08020 8UpobHUUMEa, mpaHcrnopmy, mowo. BcmaHosneHo, wo lonociiscoKuli
napk imeHi Makcuma Punbcbkoz2o niodaemeca nocmiliHomy aHmpono2eHHoMYy Ha8AHMAXEHHIO,
30Kpema, iIHMeHCUBHOMY peKpeauyiliHoMy BUKOPUCMAHHIO, BCMAHOB/EHO 306pyOHEHHA aMMOcC-
¢hepHO20 Nosimps, wo npu3eodums 00 36i0HeHHSA 6ioPi3HOMAHIMMSA Ha OKpeMUX OiHKAX NapPKy.

OujiHeHo piseHb 3abpyOHEeHHA ammocgepHo20 nogimpsa npuneznoi 00 0ocAiOHUX OiNAHOK
mepumopii i3 BUKOPUCMAHHAM PO3PAXYHKOBUX MA [HCMpyMeHmanbHUX Mmemodie. BcmaHoesne-
HO, Wo po3paxyHKosuli piseHb CO nepesuwiyrome Hopmamusu y 8 pasie Ha npocnekmi [oa0ci-
iecbkuli ma 6inbw Hixc y 30 paszie Ha nepexpecmi synuyi Makcuma PunbCbKo2o ma npocrnekmy
lonociigcokull. AHANI3 cMaHy ammocgepHo20 Nosimps i3 BUKOPUCMAHHAM iIHCMPYMeHMasnbHUX
memodis 00cnidxeHHA He MOKA3as0 NnepesulyeHHA PisHA 8mMicmy O0CHOBHUX 3a6pyOHIOYUX pe-
4oB8UH, npome 3a IHOeKcom AKocmi nosimpsa € NOoMipHo 3abpydHeHUM 3a MOKA3HUKOM emicmy
nuny diamempom 2,5 mem.

LocnidxneHHs cmaHy ¢himouyeHosie lonociiscbko2o napky imeHi Makcuma Punsceko2o micma
Kuesa y mexcax 0ocnidHUX OifISHOK MPo8oouUs0Ch WASXOM BUBYEHHSA iX (haIOPUCMUYHO20 CKAO0Y
ma oyiHKU eKonoziyHux epyn pocauH. OCKinbKU came aHasi3 eKono2iyHUX epyn pocauH 0ae 3moay
OUiHUMU eKos02iYHi yMOBU POCAUHHUX y2pyrnys8aHb Micye 3p0CMaHHA ma imoyeHomunu sudis
POCAUH, W0 8x005mMb 00 CKAady ¢himoueHo3y, mobmo ix posne y (hopmy8aHHI himoyeHo3sy.

ExonoeiyHa oyiHka cmaHy gimoueHo3ie lonociiscbko2o napky imeHi Makcuma Pusabcbko2o
micma Kuesa nposodunacs i3 3acmocy8aHHAM memoody bioiHOUKayii ma nixeHoiHOuKayii (docni-
OxeHHA nuwaliHukie). Lli Memoou 00380710mb WEUOKO ma 8iOHOCHO /1e2Ko 8U3HAYUMU pieeHb
GHMPONo2eHHO20 HABAHMAM(EHHS, Ke Oi€ Ha imoyeHo3u y mexax 00CniOHUX OindaHoK. [ns
BU3HAYEHHA cmaHy Oepes Ha 00CiOHUX OindgHOK bya10 BUKOPUCMAHO MemooO OUiHKU acumempii
MopgonozidHux cmpykmyp (Ha npukaadi epaba nosucsozo Carpinus betulus L.).
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Ekonoeis

MopiHAHHA IoPUCMUYHO20 CKAady ma cmaHy gimoueHo3is, Nokazano, wo dinaHka Nel
Mae npuzHideHuli CmaH, pocaAUHU 3pocmarome He PiBHOMIPHO CIOCMEPi2anoch 3aCUXaHHA Oe-
pes. [inaHka Ne2 mae Halikpawuli cmaH, pocAuHU OinAHKU XapaKkmepusyromeca HaUKpauumu
MOKA3HUKamu pocmy i po3gumky, Halibinbwa YyucenbHicms 8udie ma 4acmomoro 3yCmpidaHHA
sudis. [inaHka No3 He 3agpikcosaHo 3Ha4YHoi dezpadauyil pimouyeHo3y, npome NpucymHsa nesHa
MO3aiyHicmb ghimouyeHo3y, uwjo moxce bymu 3ymoesneHe 3a6pyOHeHHAM ammocpepHo20 nosimps
ma 3HAYHUM peKpeayiliHum MUCKOM, 30Kpemd, 8UMonmy8aHHAM.

Halibinbwuli koegpiyieHm cninoHocmi sudoeozo cknady mae AinaHka Ne2 ma finaHka Ne3.
CninbHUMU 8UOAMU POCAUH Ha 8i0noeioHuUx OinaHKax €: pab 3euualiHuli (Carpinus betulus L.),
AHemoHa woemeuyesa (Anemonoides ranunculoides L.), MNwiHka eecHaHa (Ficaria verna), KoHto-
wuHa noe3y4a (Trifolium repens) ma Pacm wjinsHuli (Corydalis solida).

Knrouoei cnoea. dimoyeHo3, 0yiHKa aHMPOno2eHHO020 HABAHMAX(eHHS, 8ud08uli cKnad, yp-
b6oekocucmema, 3a6pyoHeHHsA 008KinAA.
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