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THE ALTERNATIVE GREENIZATION OF THE RESIDENTIAL AREA IN KYIV CITY

Green infrastructure of modern cities is an essential element of city planning, which provides recreational facilities and performs
environmental functions, namely climate regulation, pollution and noise retention, ecological networks support, humidity retention
etc. The analysis of the studies shows that green plantations are able to mitigate the negative impacts of climate changes and provide
more comfortable microclimate within the city. The provision of Kyiv residents with green areas is sufficient, but mostly outside the
city, while many central areas like Solomyansky and Svyatoshynsky districts lack the necessary volume of greenery. To provide the
maximal environmental efficiency it is necessary to improve the species and geometrical structure of green plantations, provide effi-
cient maintenance and employ alternative greenization for the expansion of green plantations area. The conducted experiments of
plants stability to physical (low and high temperature, dusting, substrate salination) and chemical (gaseous pollution) factors showed
that species with the highest resistance are poplar, birch and lilac. The creation of the system of voids within the rows of green plant
improves their capturing efficiency for dust and soot. To expand the area of green plantations we offer to create extensive green roof
on multi-storeyed buildings, for which the most appropriate plant species are offered. The choice of plants is based on their tolerance
to low humidity and poor substrate; these are perennial grasses with developed foliation to provide maximal capacity of oxygen pro-
duction and carbon capturing. In order to support the functionality of green plantations we recommend conducting phytomonitoring
and using the data for prevention of environment quality degradation. It must cover the following issues: the state of green infrastruc-
ture and its decorative quality, entomologic and phytopathological condition of arboreal plantations, air quality with determination of
basic phytotoxic substances quantity and total volume of industrial and transport emissions, soil condition analysis and phytotoxicity

of precipitations.
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Introduction. Modern urban ecosystem is made mostly
of artificial components, created by humans for their com-
fort and living activity support. However, the higher the
share of man-made components in the surroundings is, the
stronger the resident seeks for recreation among elements
of natural environment. Not in vain, the most expensive
apartments in major cities are located in close proximity to
parks and squares. The famous American biologist Edward
Wilson introduced the concept of "biophilia" in the 1980's.
His hypothesis suggests that humans cannot be separated
from nature and that being connected to nature is the quin-
tessence for psychological well-being (Wilson, 1984).
Apart from this, green islands of cities are the most efficient
and practically the only regulators of air quality at the terri-
tory of any city. Therefore it is necessary to find the ways
of maximizing the area of green plantations in cities acco-
unting the limits of territory and technical feasibility of any
modifications of city planning.

The value of green infrastructure for wurban
ecosystem stability. The urban plants associations have im-
portance from few points of view: direct social and psycho-
logical value and indirect value due to performance of envi-
ronmental functions. First of all, urban and semi-urban gre-
en space systems provide a range of non-consumptive bene-
fits, namely health strengthening and social connection.

IHpopmauis npo asTopis:

Analysis of related studies shows that parks have the ability
to increase physical and mental health of those who live
around and utilize them (Thomson et al., 2003; Townsend
& Weerasuriya, 2010). This is especially true concerning
children and the senior population (Herzog et al,
2003). The study by Penn State University has showed
strong correlation between reduced stress manifestations
and lowered blood pressure and duration of park visits
(Chiesura, 2004).

Urban green infrastructure is also the necessary and in-
tegral component of sustainable urban communities.
X. Zhou and M. Parves Rana have studied the efficiency of
social communication under urban conditions. Their fin-
dings clearly show that high density of facilities separates
residents, resulting in social disengagement (Zhou & Rana,
2012). The crowded urban environment makes it difficult to
interact with residents and inhibits productive social com-
munications. But parks can cause a significant rise in social
connection in communities they are located in, increase the
sense of community and feeling of involvement, which is
especially important for senior people and education of yo-
uth (Zhou & Rana, 2012). It is crucial for organization of
public activity aimed at street cleaning, energy conservation
and amenities maintenance under the conditions of limited
financial support from the state authorities.
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From the economic point of view parks have influence
on local budgets, giving additional incomes from the speci-
fic services provided by private entrepreneurs who take ter-
ritories and facilities within parks on lease (mostly, enterta-
inment and food facilities). In those countries which have
developed system of private property taxation, consolidated
green areas play an important role in improving the local
tax base and increasing property values by 9-11 % over the
average price, but better living conditions still attract educa-
ted and skilled workers (Benfield, 2014). Well planned gre-
en infrastructure is also the way to increase the tourist po-
tential of a city both for residents and for visitors.

The indirect benefits from green plantations in cities are
indirect by human perception: residents normally do not
consider the value of ecological functions (ecosystems ser-
vices) performed by plants. The most obvious ecosystem
services are air and noise pollution control: air pollutant
particles are retained by vegetation, while noise pressure is
reduced as plants play the role of green screens, reflecting
the sound from transport, construction and industrial facili-
ties depending on their quantity, density and location. Gre-
en plantations improve water quality by protecting gro-
undwater and prevent flooding, provide vegetative buffers
between residents and hazardous facilities. At the same ti-
me they perform even more important, but not visible
functions: preserve biodiversity by providing habitat for
wildlife, and regulate urban climate. The last issue is espe-
cially valuable taking into account the global climate trends
and the need to adapt urban conditions to higher summer
temperatures.

The minimum surface temperature is typical for
park/woodland zones due to natural evaporation and the ab-
sence of artificial coatings, while an abnormally high surfa-
ce temperature is observed over large traffic junctions, main
avenues and areas with limited air ventilation, increased
areas of heat absorbing structures (Kazantsev et al. 2016).
This creates threats for the health and life of city dwellers.
Abnormal temperatures cause pressure on the cardiovascu-
lar system, respiratory tract, and contribute to the develop-
ment of infectious diseases.

However, the average air temperature inside the parks is
lower by 2 °C and relative humidity is higher by about 4 %
than in the city center (Georgi & Tzesouri, 2008). The re-
sults of research 3 have confirmed the ability of people to
adapt to the climatic conditions within the green areas of
the city, as they rarely come out from the "comfortable"
temperature range of 21-39 °C, defined as a result of the
survey. Another study has showed that the presence of trees
has a slight effect on the air temperature (-1.1 °C), but pro-
vides significant cooling effect on the surface temperature
(-12 °C). Also, trees reduce the wind speed by 45 % (Span-
genberg et al. 2008). All these meteorological parameters
could be adjusted with the help of green zones design.

The transformations of the Kyiv city microclimate.
According to studies by the Center for Aerospace Studies of
the Earth of the NAS of Ukraine, from 2003 to 2011 the
surface temperature in some areas of Kyiv increased by 7-
10 °C (Kazantsev et al., 2016). Taking into account the con-
siderable industrial pressure on the capital and rapid deve-
lopment rates, there is a risk of a sharp decrease of the city's
thermoregulation potential due to the reduction of green
areas.

Based on the correlation between natural, that is, unalte-
red or non-polluted zones of city area (areas under plantati-

ons, which have positive effect on the landscape: forests,
green islands, meadows, gardens, protected sites and culti-
vated land used for growing perennial grasses), and those,
which undergo anthropogenic stress (annually cultivated
soil, unstable soil, areas under buildings and roads, reservo-
irs with signs of eutrophication and sedimentation, mining
and chemical enterprises and other lands affected by
anthropogenic influence), the index of environmental stabi-
lity of the Kyiv urban ecosystem equals 1.6 (Radomska &
Yurkiv, 2016), which corresponds to the lower boundary of
the relative stability of the ecosystem, hence there is a need
to increase the positive elements of the urban landscape to
support the environmental balance.

The analysis of Kyiv green infrastructure quality.
The territory of Kyiv, covered with green plantations of all
types (including summer cottage buildings), is almost
50 thousand hectares, or 58.80 % of the city's area. Totally
there are 122 parks, 379 squares, 80 boulevards, as well as
a unique hydrophytic complex of the Dnipro, 30 km long
and 1.5-5.0 km wide, which includes the Dnieper with the
islands, coastal parks and meadows, which together provide
ecological and recreational functions (Kazantsev et al.,
2016). If the European standard is 20 m* of green plantati-
ons per a city resident, each resident of Kyiv is provided
with 19 m® of parks and squares and 124 m” of forests and
forest plantations. About half of the parks in Kiev
(2670.57 hectares) belong to the state protected areas,
12 objects of which are of national importance and 14 are
of local importance (Lesnik & Hirs, 2015). The provision of
residents with green public areas is different in different ad-
ministrative districts of Kyiv: the maximum provision of
greenery is characteristic for the Podilsky and Holosiivsky
districts, and the least greened are Solomyansky and Svya-
toshinsky districts (Lesnik & Hirs, 2015).

Even if the area of green infrastructure is sufficient for
the provision of city residents, their functionability is not
defined only by the number of plants and area occupied.
The efficiency of environmental functions performance de-
pends on their quality. The condition of trees is determined
visually by the sum of basic biomorphological signs: den-
sity of crown, foliation level, size and color of leaves (need-
les), presence or absence of deviations and deformations in
the structure of trunk, crown and sprouts, presence and sha-
re of dry sprouts in the crown or dry top, integrity and state
of bark. The survey conducted during the summer-early au-
tumn period in 2015-2017 included districts of Kyiv provi-
ded with green areas to less than 20 m” per resident (Solom-
yansky, Svyatoshynsky, Pechersky, Obolonsky and Dnip-
rovsky). It has shown that the arboreal plantations condition
can be classified as satisfactory. Trees are relatively healthy
and specimens with insufficient foliation or deformed in so-
me way are not abundant, while the degradation processes
are not developed yet, so the situation can be improved.

However, detailed study has shown that roughly 43 %
arboreal plantations are weakened: leaves on the trees are
often lighter than ordinary; crown is not evenly foliated;
growth processes are not stable; crowns contain up to 15 %
dry escapes; the signs of local damage are possible. At the
same time the share of healthy, normally developed trees
with thickly leaves, without mechanical damages and dise-
ases over 37 %. So, green plantations of the studied districts
could be considered relatively normal, but growing anthro-
pogenic pressure gradually leads to deterioration of their
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quality. The potential negative influence is caused by air,
soils and water pollution, constructional and recreational
activity of citizens, improper maintenance and management
of green plantations. Unfavorable conditions of urban envi-
ronment depress growth of plants or lead to premature
aging, as well as reduce their viability.

The improvement of green infrastructure environmental
functionality. This task of the given research has been divi-
ded into three components, which must work together on
maintaining safe environment in the city: study and impro-
vement of green plantations species and structural composi-
tion, expansion of plantations area and development of re-
commendations for the improvement of the existing green
areas condition.

The first task involved the evaluation of typical arboreal
plants tolerance to urban conditions. The species compositi-
on of green plantations in Kyiv is quite diverse, but the do-
minant species are linden (39.0 %), bitter chestnut (22.2 %),
Italian poplar (20.8 %), which stand for 82.6 % all plantati-
ons. The next by quantity are maples (sharp-leaved (4.0 %)
and sugar (3.8 %)) and poplar delta- leaved (5.1 %). The
last 7 species represent 4.5 % (Lesnik & Hirs, 2015).

Kazantsev T. et al. have conducted the research to defi-
ne the tolerance of these plants to hot weather by measuring
the intensity of consumption and release of CO, by the le-
aves of these trees (photosynthesis and breezing), which
reflects physiological activity of a plant during hot (Ka-
zantsev et al., 2016). The study was conducted in July
2016 under the temperature 30-35 °C. The results have sho-
wed, that all species of trees have negative ratio of CO, re-
leased to consumed, in other words they absorb more car-
bon dioxide, than release, which is good for thermal regula-
tion in the city. However, the most efficient absorption of
carbon dioxide is performed by black poplar, and a bit lo-
wer efficiency is typical for bitter chestnut ordinary and
acacia white; the heart-shaped linden is of low efficiency
and the least CO, is absorbed by maple. Thus, the structure
of green plants in Kyiv (with domination of linden) is not
the most efficient in terms of adaptation to climate changes.

We have also conducted the additional research and de-
termined plants stability to the negative factors of urban en-
vironment, including imitation of thermal pollution with
temperatures over those typical for climate maximum, early
frosts, dusting, salination of soils and ground waters, influ-
ence of gaseous pollutants. Thermal pollution with tempe-
ratures close to 50 °C is the major problem in cities due to
emissions of cars and heating facilities functioning. Sudden
drops of temperature are possible due to irregular air circu-
lation and problematic insolation in the city. Dusting of
plants is a major negative impact produced by traffic and
power generating facilities emissions. Salination of soils
and ground waters is produced by treatment of roads with
de-icing agents, application of detergents and other chemi-
cal reagents in municipal services provision, acid rains and
industrial emissions. The major air pollutants considered in
the study was SO,, ammonia, toluene, petrol and alcohol.

The research included the dominant arboreal species
and a range of decorative plants: poplar, linden, chestnut,
acacia, birch, maple, lilac, jasmine, cherry and apple-tree.
The results have proved the maximal stability of poplar to
the above mentioned factors. But birch and lilac have tur-
ned to be among the most tolerable as well. Good resistance
to salination and temperature fluctuations has been de-

monstrated by acacia, while linden seems to be one of the
most vulnerable species. The highest variety of the results
was established in the experiment with plants leaves expo-
sure to airborne pollutants. Each specimen gave different
combination of reactions to the substances in the artificial
air environment; nevertheless, it is possible to conclude that
poplar, birch and linden posses the highest resistance to air
pollution, as well as cherry-tree, while lilac shows vulnera-
bility to the influence of all chemical pollutants. These re-
sults must be taken into account in planning new elements
of city green infrastructure, but it is also necessary to consi-
der existing hygienic limitations: poplar is a source of aller-
genic fluff, while lilac is not able to create efficient protec-
tive boundaries due to low height.

The structure of green areas could be also improved ge-
ometrically. Thus, Sheludchenko L. and Voznyuk S. have
offered to create the labyrinth and lacunas within the exis-
ting green belts. They have defined, that phytocenotic nic-
hes (artificial void) are able to trap mineral dust particles
much more efficiently as compared to traditional protective
green formations: modified forest belts retain at least 66 %
solid particles in winter and 99 % in summer, or 70 % along
the roads of the 3rd, 98 % along the roads of the 2nd and
over 99 % along the 1st category roads (Sheludchenko &
Voznyuk, 2014). It is also possible to provide protection
from the gaseous pollutants with the help of the voids
system by 28-51 % in relation to CO, volumes produced by
city traffic (Sheludchenko & Voznyuk, 2014).

The most radical contribution to the improvement of
green infrastructure is the expansion of their area. Currently
it is very complicated and in most case impossible under
the conditions of modern cities densely occupied with buil-
dings and elements of infrastructure. Under these conditi-
ons it is possible to involve the available surfaces for the
creation of alternative green spots: roofs, building walls and
parking areas. Accounting active character of the city it is
not efficient to create green spots on parking areas actively
used and on pedestrian zones as well. The structure of resi-
dential buildings in Kyiv have left not much for the creation
of wall phytocenosis due to presence of windows and bal-
conies, or intensive renovation in some way (heat insulati-
on, murals etc.). So, the most perspective feature for Kyiv
center (lacking vegetation) is creation of green roofs, which
is partially or fully covered by plants. The main function of
this type of alternative green plantations is stormwater re-
duction, retention and filtration, moderation of the urban
heat island effect, and production of oxygen with as well as
carbon dioxide capturing. They are also able to provide ha-
bitat for local plants and birds (Ignatieva, 2008).

Modern green roofs have been categorised as extensive,
semi-intensive or intensive. Intensive and semi-extensive
green roofs consist of irrigated containers with deep soils,
which require intensive maintenance. Extensive green roofs
feature drought-tolerant plants growing in a thin layer
(50-150 mm) of lightweight soil (<150 kg/m2). They are
too fragile to be accessible to the public, but the most easily
created. As most of the roofs are not open for public, but
accessible for the representatives of municipal authorities,
they are the best option for Kyiv city.

There are some limitations on the efficiency of these
structures formation: the surfaces must be flat to provide re-
liable accommodation of substrate and securely isolated
from interior environment of the building to prevent propa-
gation of mold and humidity. The choice of plants must un-
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dergo rigorous selection to be able to perform ecological
functions under the conditions of anthropogenic pressure
and reduced nutrition from the artificial substrate. The pos-
sible examples are: for relatively moist northern roofs with
well drained substrate — representatives of the Crassula ge-
nus (Cotyledon ovata Mill., Crassula argentea Thunb.,
Crassula obliqua Aiton, Crassula portulacea Lam.), Oxalis
genus (Oxalis acetosella L., Oxalis pes-caprae, Oxalis
stricta L., Oxalis tetraphylla, Oxalis triangularis), Epilobi-
um and Chamérion genus (Epilobium angustifolium L.,
Chamerion angustifolium, Epilobium montdanum); Gerani-
um genus (Geranium pratense L., Geranium palustre L.,
Geranium sanguineum L., Geranium cinereum), Stellaria
genus (Stellaria holostea, Stellaria graminea, Stellaria me-
dia), Helichrysum genus (Helichrysum araxinum Takht. ex
Kirp., Helichrysum arenarium (L.) Moench), Chenopédium
genus (Chenopodium album, Chenopodium foliosum) Fes-
tuca genus (Festuca rubra, Festuca beckeri, Festuca pra-
tensis Huds., Festuca ovina L., Festuca valesiaca, Festuca
rupicola); for soil protection and retention — Dichondra ar-
gentea, Dichondra repens, Lysimachia nummularia, Cotula
coronopifolia and Acaena microphylla Hook.f. These
sample plants are tolerant to shade and sun, temporary dra-
ughts and frosts, will be able to survive at least 2 years at
minimum substrate depth of about 100 mm. The range of
plants can be increased by increasing substrate depth, provi-
ding afternoon shade, or gently sloping the roof to the so-
uth. It is necessary to account that increasing the pitch of a
roof beyond 5 degrees increases stress for plants near the
ridgeline.

The environmental functions of existing green plantati-
ons must be supported by in-time efficient maintenance
(watering, fertilizing, covering, spraying crowns, fertility
maintenance, weed control, etc.), which is balanced in favor
of environmental function provision, instead of aesthetic,
organizational or economic. It is especially important for in
case of circumcision planning: dust retention, oxygen and
humidity provision, carbon dioxide assimilation and other
environmental functions performance depends directly on
the volume of tree crown and area of leaves.

In order to control the state of urban green plantations
special course of full monitoring must be conducted twice a
year — spring and autumn, — when all elements of green
infrastructure are examined.

Conclusions. The results of the given research have
showed that green infrastructure of Kyiv municipal area ne-
eds improvement in order to make it more resistant to gro-
wing environment pollution, to adapt to climate changes
and to prevent degradation and reduction of area due to
planning changes and construction plans. Although the con-
dition of arboreal plants is satisfactory, there is demand for
the improvement of environmental functions efficiency per-
formance. For this, we have offered to improve the species
and geometrical structure of the existing plantations, impro-
ve the maintenance and care about tree in the city as well as
to expand the area occupies by vegetation at the cost of al-
ternative green formations, namely, green roofs.

A range of experiments and literature analysis was con-
ducted to define the most appropriate species of plants to
implement the recommendations, including the determinati-
on of the most tolerable to pollution, temperature and humi-
dity fluctuations plants, as well as those able to grow on the
roofs of buildings in the central and least vegetated districts

of Kyiv under the conditions of bad aeration, watering and
insolation.

The efficient functioning of green infrastructure in Kyiv
can be also provided with the help of municipal green areas
monitoring. The system of "greenery" monitoring under the
specific environmental conditions of Kyiv urban ecosystem
must address the following issues: the state of green
infrastructure and its decorative quality, entomologic and
phytopathological condition of arboreal plantations, air qua-
lity with determination of basic phytotoxic substances qu-
antity and total volume of industrial and transport emissi-
ons, soil condition analysis and phytotoxicity of precipitati-
ons. In order to improve the condition of the green areas of
Kyiv city a set of research, social-economic and planning
activities is necessary.
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M. M. Padomcuka, A. 10. Boeoma3swk

Hayionanenuii asiayitinui ynieepcumem, m. Kuis, Yxpaina
AJIbTEPHATUBHE O3EJIEHEHHA XXUTJ/IOBOi 30HU MICTA KUEBA

PosrisiHyTO 3ac00M MiATPUMKYM €KOJIOTidHOI (hYHKIIOHAIBHOCTI 3eleHnX HacamkeHb Kuesa. IIpoaHani3oBaHO OCHOBHI €KOCHC-
TEMHI TTOCITYTH 3eleHOi iHPPaCTPyKTypH MiCTa Ta yMOBH iX €(eKTHBHOTO 3a0e3neueHHs. BcTaHOBIEHO, IO MPUCYTHICTD 3€IICHUX
Haca/LKEHb ITOM SIKIITye HeTaTHBHI HACIIAKM KIIMaTUYHMX 3MiH, 30KpeMa 0OMeXye MposB TaKUX HeOAKaHMX SBUII, K (HOpMyBaHHI
OCTpPOBIB Ta XBWIb Temia. OmiHEHO CTaH 3eIeHUX HAcaKEHb MICTa Ta BHSIBIICHO, IO IPH 33O0BUIBHOMY CTaHI HACAa/DKCHb PIBEHb
JIOTIISAAY 1 67aroycTporo Ha TEPUTOPil MicIh IX 3pOCTaHHS HE € MOCTaTHIM. BUKOHaHO HU3KY €KCIIEPHMEHTIB, IO BCTAHOBIIOIOTH
CTIHKICTh OCHOBHHUX IODiJ AepeB, TUITOBHX Uit KueBa, 10 Takux eKONorivHuX (akTopiB, SIK IMiBUINEH] Ta IOHIDKCHI TeMIepaTypH,
IIIJIOBE Ta Ta30MoAiOHe 3a0pyaHEHHS, 3aCOJICHHS CyOCTpaTy. 3anpornoHOBaHO Nepedy 0By TeoMeTpil 3eICHNX HAcaKECHb 3 METOIO
CTBOPEHHSI CHCTEMH JIAKYHAPHUX ITOPOXKHUH JUTS €(peKTHBHOTO yTpuMaHHs muiry. Po3pobieno cxemy cTBopeHHS "3eneHux" qaxiB Ha
Tepuropii paiioHiB KneBa 3 HaliMEHIIOK KiJIBKICTIO 3€NICHUX HACa/KCHb. BUILICHO BHIM POCIHH, SIKi 32 CBOIMH BIIACTUBOCTSIMU
(BUTpPHBANICTH 32 YMOB HEPETYISIPHOTO MOJIUBY, CTaOUIBHOTO 3aTiHEHHS a00 MiABUINCHOI 1HCOMAMI, 301[HEHOr0 CYyOCTpaTy) MOXKYTh
i ATPUMYBATH HOPMAJIBHUN PIBEHB JKUTTEIISIBHOCTI Ta 3a0e31eTyBaTH MPOAYKIII0 KHCHIO 1 (hiKcalifo iOKCHHY KapOoHy. 3anpomo-
HOBAHO IIPOrpaMy CIOCTEPEKEHb 32 CTAHOM 3€JICHHX Haca/HKEHb JUIS IIPOTHO3YBAHHS 1X (D)YHKIIIOHATIBHOCTI 1 BHSIBIICHHS 3arpo3 AJISt
METIIKAHIIIB MiCTa.

Kntouogi cnosa: 3MiHM KIIiMaTy; €KOJIOTi4HI (DyHKIIIT; 3eJIeHI HACaPKSHHSL; 3eJICHHH ax.
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AJITbTEPHATUBHOE O3EJIEHEHUE »KWJIO 30HbI TOPOJA KMEBA

PaccMmoTpeHs! cpesicTBa MOAAEPKKY IKOJIIOTHIECKOH () yHKIIMOHAIEHOCTH 3eeHbIX HacakaeHuit Kuesa. IIpoananms3upoBaHbl oc-
HOBHBIE YKOCHCTEMHBIE YCIYTH 3€JIeHOH MH(PaCcTPyKTYphI TOpoa U ycJIoBHs MX 3(dekTuBHOr0 obecnedeHus. Y CTaHOBIICHO, YTO
MIPUCYTCTBHE 3€JICHBIX HACAKACHMI CMST4aeT HETaTUBHBIC MOCIEACTBHS KIMMAaTHICCKUX M3MEHEHHH, B YaCTHOCTH OTPAaHUYMBAET
MIPOSIBJICHHUE TaKUX HEXKETATSNBHBIX SIBJICHUH, KaKk (popMupoBaHHe OCTPOBOB U BOJH Temta. OIEeHeHO COCTOSHUE 3eICHBIX HacakKIe-
HUI TOpozia ¥ 00HAPYXKEHO, YTO IPH YAOBJICTBOPUTEIIFHOM COCTOSIHUM HACaKACHUH YPOBEHb yX0/a U OJIaroyCTpoiicTBa Ha TEPPHUTO-
PHUM MECT MX MPOU3pACTaHUs HE SIBISIOTCS JOCTAaTOYHBIMH. BBIMONHEH psif AKCIIEPUMEHTOB, YCTAaHABIMBAIOMINX YCTOHIUBOCTH OC-
HOBHBIX MOPOZ AE€PEBHEB, THIMIHBIX JUIs KueBa, kK TAKUM 9KOJIOTHIECKIM (haKTopaM, KaK MOBBIICHHBIE U IIOHIDKCHHBIC TeMIIepaTy-
PBI, TIBUIEBOE W Ta3000pa3HOE 3arps3HEHUsS, 3acoieHust cyOcTpara. [IpemioxkeHa mepecTpoiika TeOMETPHHN 3€ICHBIX HACAXKACHUH C
LEJTBI0 CO3/IaHMS CHCTEMBI JIAKYHApHBIX IOJoCcTel A1t 3 eKTUBHOTO yaep kaHus msuti. Pa3paborana cxema co3maHus "3emeHbIX"
KPBIII Ha TEPPUTOPUH paiioHOB Topoza KueBa ¢ HaMMeHBIINM KOJIMYECTBOM 3€JICHBIX HacaKICHWH. BrineneHs! BUIbI pacTeHHH, KO-
TOpBIE TI0 CBOMM CBOMCTBaM (YCTOWYMBOCTH B YCIOBHSIX HEPETYJSIPHOTO ITOJIHBA, CTAOMIBHOTO 3aTCHEHHS MM MOBBIIICHHON HHCO-
Jsmuy, 00eTHEHHOro cyOcTpaTa) MOTYT MOAJACP)KHBATH HOPMAIBHBIN yPOBEHb KU3HEACATECIBHOCTH U 00ECIEeYHMBATh MPOLYKIHIO
KHCJIOPOJIOM U (puKcanuio AMOKcHHa KapOoHa. [IpemioskeHa mporpamMMa HaOJIIOAEHUH 3a COCTOSHHEM 3€JICHBIX HACAKICHHUH IS
MIPOrHO3MPOBAHMS MX (PYHKIIMOHATFHOCTH U BBIIBICHUS YTPO3 IS JKUTENEH ropoza.

Kniouesvie cnoga: M3MEHEHNS KIIMATa; SKOIOTUIECKUE (DYHKIINH; 3€JICHbIC HACAXKICHIS; 3e/ICHAs KPBIIIa.
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