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ESTIMATION OF ECOLOGICAL STABILITY OF SMALL TOWN BUCHA
IN KYIV REGION

The purpose of the study is to assess the ecological balance of the small town Bucha in Kyiv region for the environmental
justification of the long-term plan for the development of the urban landscape. The integrated assessment of the ecological
state of the town territory is researched taking into account the heterogeneity of the impacts and ecological significance of each
biotechnical element of the town. The analysis of the distribution of urban lands according to the General City Development
Plan allowed tracing the dynamics of the areas of certain categories and the changes associated with it in the ecological state of
urban territory. Ecological balance of the urban landscape was determined by the analysis of ecogeographic indicators, which
are represented by the coefficients: anthropogenic load, anthropogenic transformation, natural protection, ecological stability,
absolute and relative tension of the ecological and economic condition of the town. It‘s established that the coefficients of
anthropogenic load, ecological stability and natural protection of the landscape are 4.25, 0.15 and 0.66 respectively, according
to which the town is characterized as an ecologically unstable urbun landscape. The coefficient of anthropogenic transformation
of the territory, which characterizes the share of anthropogenic modified territories in the structure of land use, will increase
from 0.66 (now) to 0.75 (after 20 years), which in both cases corresponds to the increased value. The ecological and economic
state of the territory is not balanced by the degree of anthropogenic load and rational correlation of ecologically stabilizing
lands. Prognosis data indicate a further deterioration of the environmental situation. The expediency of use of ecogeographic
indicators for optimization of general planning of the town territory is substantiated.
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B. 1O. IOxHoscbkut, O. B. 3i6buesa

HauioHanbHui yHiBepcnTeT BiopecypciB i NpUpogoKOpUCTyBaHHA YKpaiHu, Kunis

OUIHKA EKOJIOTYHOI CTABIIbHOCTI MAJIOIO MICTA BYYA Y KUIBCbKIA OBJACTI

ITpoBeneHO KOMIUIEKCHY OIIIHKY E€KOJIOTIYHOTO CTaHy HEBEJIMKOTO MicTeuka Ha mpukiaai micra byda KuiBchkoi obacri.
Ouinka 6a3yeThCst Ha HEOTHOPITHOCTI BIUTHBY Ta €KOJIOTIYHOT 3HAYNMOCT] KOKHOTO eJIeMEHTa 010TEXHIYHOT CHCTEMH MiCBKOT
TEpUTOPii y PO3yMiHHI NOEIHAHHSA EKOJIOTIYHO CTAaOUII3yHOUYHMX YTifb (JIyKH, JICH, NACOBHUINA, BOJOWMH) 3 IHIIMMH IIJIO-
naMu (3a0yzioBa, JOPOXKHS Mepeka TOIIO). AHalli3 pO3MONLTY MICHKMX 3€Melb BiINOBIAHO A0 [€HepanbHOro IIaHy po3-
BUTKY MiCTa 3a0€3MeYNB MOXKIIMBICTh MPOCTEKHUTH JTUHAMIKY TEPUTOPI OKPEMHX KaTeropiil Ta 3MiHHM, IMOB’s3aHi 3 HEO, B
CKOJIOTIYHOMY OaJtaHCi MiChbKHX TepuTopiid. KoedilieHT aHTpOIIOreHHOTO HABAaHTAKEHHS CTAHOBUTH 4,25, 1110 BKa3ye Ha HOTo
BUCOKHH PiBEHb, a KOC]IIIEHT eKOJIOTriuHOI cTikikocTi Janamadty 0.15 xapakTepusye MicTo K HECTiiKy Teputopito. OTxe,
MicTo Byua € exonoridHo He30aIaHCOBaHUM: MOEHAHHS BHCOKOTO aHTPOIIOTCHHOTO HABAHTAXXCHHS 3 IIIBUICHIM 3HAYCH-
HSIM KoedilieHTa npupoaHoro 3axucty 0,66, a IPOrHO3HI JlaHi BKa3ylOTh HA MOAAbIIE MOTIPIIEHHS €KOJIOTiUHOI CUTyali].
OOrpyHTOBAaHO AOLINBHICT BUKOPUCTAHHS eKoreorpadiuHuX NOKa3HUKIB Il ONTUMIi3alii 3arajlbHOrO MIaHyBaHHS MICTa.

Kniouogi cnoea: anmponozcenne Haganmagicenis, exo2eoepagiuni NOKasHuKu, exono2iunuil pond, Micbke cepedosuuye.

Introduction
Determining ecological stability of ecosystems is

more desirable areas by planning on the principles
of sustainable development [1]. The interest in

the basis of the general planning of the development
of urban areas that is the main component of the
conception of development a sustainable urban
environment. At present, global sustainability is
critically dependent on towns that are centers of not
only socio-economic development but also of key
environmental issues, and their dynamic unstable
development trajectory should be directed towards
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restoring urban ecosystems as part of such adaptation
strategies is increasing globally [2].

Changes in land use at the town level can also have
widespread environmental consequences: the higher
the ecological values of the territory transformed into
a building, the more significant the negative impact
on the environment [3]. Little is known about the
dynamics of urban green spaces that counteract the
effects of urbanization [4, 5].

When considering issues of stability and optimiza-
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tion of land use, a system of indicators of investigat-
ed processes and quantitative estimations is required,
as well as knowledge of qualitative and quantitative
characteristics of the elements of the landscape [6].
Most urban land-use researches have been conducted
in Europe, North America and China [7].

Urban planning is mainly in land use decisions
[8]. Accurate and timely information on the structure
of land cover and its changes is crucial for decision-
making in urban planning [9]. Butrym [10] believes
that the coefficient of ecological stability of the urban
area is one of the indicators that allow evaluating the
effectiveness of the greening system of a town.

The research is carried out within the framework of
development of conceptual foundations of the system
of green plantations in small towns of Kyiv region in
the context of ecologically balanced development.
More than 68% of the population of the Kyiv
region live in towns, 77% of them are small. This
category is the most widespread and least studied. In
Kuybida & Bilokon opinion [11], the general plans
of small towns should focus primarily on the search
for territorial resources to increase their resilience
and attractiveness for business and tourism, while
strictly limiting the sources of environmental and
technological danger, which will allow small towns
to become the basis for harmonizing social life,
social stability and the cultural revival of society.

The purpose of the study is to provide a
comprehensive assessment of the ecological balance
of the small town Bucha in Kyiv region with a
view to substantiated correction of the long-term
urban development plan that would contribute to its
ecological stability, as well as to compare the results
with the indicators for the territories of other small
towns in the region.

Objects of the research

The area of Kyiv region (without Kyiv city) is 4.7%
of Ukraine, and the population is 4.1%, of which
68.1% is urban. There are 26 towns in Kiev region of
which 20 are small (towns with population of 10 to
50 thousands). The population of Bucha town is 27.9
thousands. The town is located in the central part of
the region at 23.0 km southwest of Kiev (Fig. 1).

Bucha is part of a suburban metropolitan area,
limited to a radius of 60-80 km, whose priority
direction is the preservation of a common landscape
and recreational system of green plantations. Territory
of the town is located in the Kyiv Polissia region,

according to agroclimatic zoning — in the area of
sufficient heat supply, moderate humidification (the
average annual rainfall is more than 650 mm), in the
floodplain of the river of the same name, on swamp
and peat soils. Living conditions of the population
are rated as moderately favorable.

The structure of the housing fund of the city is
56.5% represented by multi-apartments buildings
and 43.5% by estate buildings. According to the town
general plan, the total area of the territories that can
be developed for housing building is 470.0 hectares,
including 62.0 ha of garden companies, which are
being reconstructed for estate development. It should
be noted that such a trend is no exception and is
widely spread throughout the world [12].

Methods of the research

To optimize the functional structure of current
anthropogenic  landscapes and reduce the
anthropogenic loads on the environment, the
ecological balance of the ratio of the main types ofland
or the optimality of the structure of the land fund is
estimated [10]. The assessment is based on inversely
proportional indicators of the ecological stability
of the territory and the indicator of anthropogenic
load on the territory, which characterizes the
importance of the structure of land use categories
for the ecological stability of the region and takes
into account different characteristics of the land. The
principle of their calculation is identical: the ratio of
the amount of land plots taking into account their
quality, is taken in the form of correction coefficients
to the total area of land.

To analyze the ecological balance of the town’s
territory, ecogeographic indicators that could be
used to estimate urban areas were determined,
namely: anthropogenic load coefficient, coefficient
of anthropogenic transformation, factor of natural
protection, coefficient of ecological stability,
coefficients of absolute and relative tension of
the ecological and economic status of territory. To
calculate indicators we used the City Master Plan
materials. To assess the degree of balance of the
territorial structure of towns, the integral indicators
were calculated. Assessment of the ecological fund
and natural protection of the territory was carried out
according to the method of Kochurov [13]. Types and
categories of land in the general plans of the towns
did not always coincide with the methods described,
so the method of expert assessments of land use
received points in accordance with the degree of
anthropogenic transformation. The coefficient of
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Fig. 1. The scheme of location Bucha town and the configuration of its territory
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Fig. 2. The dynamics of the distribution of land by the grade of anthropogenic load
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anthropogenic load was determined as the weighted
average point on the available areas of land of a
certain type of land use and their inherent ballistic
points; coefficient of anthropogenic transformation
of the territory — as the ratio of areas of agricultural
lands, buildings and roads to the total area of the
territory [14]. The coefficient of ecological stability
was calculated as the ratio of areas under different
types of land use, taking into account relevant indices
(ecological significance factors for land categories
that characterize the impact of biotechnical elements
on the environment) [10, 6] corrected for the
coefficient of morphological stability of the relief
(0.7 for unstable) to the area of the total territory.

The coefficients of absolute (CAT) and relative
(CRT) tensions of the territory were calculated as
the ratio of the area of land with high anthropogenic
load to the area with lower load. The algorithm of
calculations is presented in the publication [15].

For the integrated assessment of the territory, the
integral coefficient of natural protection (CNP) was
used, which was determined by Kochurov [13]. The
value of the CNP less than 0.5 indicates a critical
level of protection of the territory.

Antrhropogenic transformation of the territory
was determined using the integral index developed
by Hoffmann and specified be Shishchenko [16] and
Khryschuk & Bespal’ko [17]. It allowed to calculate
the coefficient of anthropogenic transformation [15].
In addition, the coefficients of ecological stability of

the territory proposed by the Slovak scientists were
calculated [18].

When calculating the coefficient of stability of
urban areas by the method developed be Muchova
et al. [19] to the lands with a lower degree of
degradation (0-1) we have included all the green
plantations, garden societies, located in the forest
recreation areas, water surfaces, agricultural land.
The stable elements included water surfaces, forest,
all categories of green spaces and garden communities
(i.e., all land under any perennial plantations), and to
ecologically unstable — built and degraded land were
used in the calculation by the method of Stred’ansky
& Simonides [20].

Results and discussions

Within the town, the formation of functional zones
continues by the types of prevailing use: rural and
rural-recreational, production-communal, landscape-
recreational and external transport. Such a planning
organization of the territory (with the allocation
of distinct functional zones) is typical for the
development of a compact town.

The landscape public areas of Bucha town are
represented by parks, squares, boulevards and urban
forests of 99.6 hectares. The structure of land use
directly affects the stability of the landscape (Table 1).

The structure of urban lands by the degree of
anthropogenic load is illustrated by Fig. 2.

The structural division of the town’s lands is

Classification of town’s land for the grade of anthropogenic load fable 1.
Area, ha
Types and categories of land Point CEST*
2012Y 2033Y
Residential apartment building 5 305.7 442.7 0.05
Homestead building 4 567.3 900.3 0.5
Enterprises, institutions, establishments 5 179.0 260.0 0.05
Landscaped territories of general use 4 99.6 134.1 0.43
Streets, roads, squares 5 88.3 107.0 0.03
Industrial area 6 70.8 122.0 0.03
Communally-warehousing territories 5 65.4 153.0 0.03
Recreation bases 4 86.8 70.5 0.38
Garden societies 4 74.4 10.2 0.43
Water surfaces 1 40.1 40.1 0.79
Agricultural area 3 476.0 0 0.14
Landscape zone 3 0 227.0 0.38
Green plantations of special purpose 3 0 58.0 0.43
Forest 2 42.6 6.0 0.38
Other territories 5 562.1 127.2 0.03
Total 2658.1 2658.1

*Note: CEST is the coefficient of ecological significance of the territory [6].
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dominated by the territories, which are assigned
4 and 5 points for the degree of anthropogenic
load. The total amount of land with a high level of
anthropogenic load (4-6 points) in 2012 amounted
to 79.0%, and according to the indicators of
general planning by 2033 it will increase to 87.6%.
Moreover, although the area of land with a rank of
5 points will somewhat decrease (due to decreasing
in the category of “other lands™); the area of land
will increase by 6 points (due to the expansion of
manor development). The area of industrial land
will increase in 1.7 times. Instead, the area of land
with anthropogenic load of 1-3 points (ecologically
stabilizing territories) will decrease from 21.0 to
12.4% due to reduction or disappearance of land with
grades 2 and 3 points (forests and agricultural land).
Particularly it is worried the reduction in 7 times the
size of urban forests and the consequences of their
reduction should be taken into account.

The coefficient of anthropogenic load of the
town territory is 4.25, which corresponds to a high
level; by the indicators of general planning to 2033,
it will remain high and even increase to 4.35. For
comparison, the average for the Kyiv region the
magnitude of the anthropogenic load factor is 3.4,
and for such small towns of the region as Ukrainka
and Obukhiv, respectively, is 2.78 and 3.66 [21]. In
general, anthropogenic load on the territory of Bucha
town exceeds the average value in the region by
25%. Taking into account the obtained values of the
indicator of anthropogenic load, we can confidently
say that, unfortunately, the ecological balance of
the territory while developing long-term plans for
the development of small towns does not yet focus.
It is traditionally believed that the environmental
problems will concern the territories of small towns
in the last turn, which, unfortunately, as we see, is far
from reality. The total area of ecological fund of the
town is 691.02 ha (26% of the total town’s area), and
in the long term it will decrease to 661.94 ha or to
24.9% of the total area (Table 2).

The coefficient of natural protection of the town’s
territory is 0.26, and in the future it will further
decrease by 4.2% to 0.25. In both cases, the value of
the coefficient is less than the normative minimum
of 0.5, which indicates the critical level of protection
of the territory within the town boundaries and
necessity of expansion of protected areas within
urban boundaries. Unfortunately, in Ukraine, where
the inventory of green spaces in small towns has
never been developed, natural areas as ecologically
stabilizing urban areas are not paid attention, such a
category of plantations is not even mentioned in the
classification of green spaces of towns. Usually, it is
natural areas, like urban gardens, that unconditionally
fall under the expansion of urban development. A
typical European trend for the growth of “sealed”
urban areas [22] is also observed in Ukrainian
towns. According to the results of our studies of the
territories of other small towns in Kyiv region, the
total area of their environmental fund ranged from
13.9 to 47.5% of the urban area.

The calculation of the coefficients of anthropogenic
transformation of the town territory is shown in the
Table 3, and the values of the calculated coefficients
are given in the 7able 4.

Coefficient of ecological stability is 0.15 (the
territory is environmentally unstable), and according
to plan indicators, by 2033, it will increase to 26.7%
and will amount to 0.19, which will improve the
situation insignificantly, and the town’s territory
will remain ecologically unstable. For comparison,
the coefficient of ecological stability of Ukrainka
town is 0.64, which is close to the norm, while the
Obukhov town is 0.33, which is twice higher than
that of Bucha [21]. For the small towns we studied
previously, this figure ranged from 0.12 to 0.40,
that is, in all cases, the territory of small towns was
environmentally unstable.

Coefficient of transformation of the territory, which
characterizes the share of anthropogenically-modified
territories in the structure of land use of the study area,

Calculation of the total area of the ecological fund of the Bucha town fable 2
Coefficient of ecological stability CES Point 012y Area, ha 203y o0 ;&rea*CES 203 Y
0.4 4 828.1 1115.1 331.24 446.04
0.6 3 476.0 285.0 285.6 171.00
0.8 2 42.6 6.0 34.08 4.80
1 1 40.1 40.1 40.1 40.1
Area of natural reserve fund - - - 691.02 661.94
Total area of the town - 2658.1 2658.1 - -
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will increase from 0.66 to 0.75, which in both cases
corresponds to the increased value. That is, if now the
natural territories make up one third of urban territory
(34%), then in 20 years their share will decrease and
will make only a quarter of the city territory.

The state of the town is characterized as unstable;
there is an increase in the area occupied by elements
of negative environmental impact, primarily
buildings. To increase the stability of the territory, it
is necessary to preserve and restore natural systems,
expand the area of urban green spaces. At present,
the provision of green areas to residents of the city
is about 35 m? per capita, and all green plantations

are 108 m? per capita. By 2033, we provided that the
projected population is 30.5 thousands, the provision
of greenery will be about 45 and 140 m? per capita. It
is the norm of planting greenery, that is, the minimum
regulatory provision for green spaces of general use
is guided during the general planning of urban areas.
However, as it turns out, even such an improvement
(growing greenhouse greening by 28.5-29.6%) does
not compensate for the negativity of planned land use
changes and expansion of built-up areas, which will
eventually go against the declared in the program
of the local town council the task of improving the
quality of life of the population and rational land use.

Table 3.
Calculation of coefficients of anthropogenic transformation of the territory of Bucha town
Index of depth of transformation Area, % Area*G*/
Grade G
1 2012 Y 2033Y 2012Y 2033Y
1.50 10 8.5 14.4 127.5 216
1.35 8 18.2 26.4 196.56 285.12
1.30 7 21.3 33.9 193.83 308.49
1.25 6 17.9 0 134.25 0
1.20 5 9.8 18.8 58.8 112.8
1.10 3 21.2 4.8 69.96 15.84
1.05 2 1.6 0.2 3.36 0.42
1.00 1 1.5 1.5 1.5 1.5
Coefficient of anthropogenic transformation 7.86 9.40
Table 4.
Ecogeographic indicators of Bucha town
. . Year )
Indicator (coefficient) Rate Evaluation
2012 2033
Anthropogenic load 4.25 435 <3 High
Anthropogenic transformation 0.66 0.75 <0.65 Increased
Ecological stability 0.15 0.19 >0.67 Unstable territory
Natural protection 0.26 0.25 >0.5 Low level of natural protection
Absolute tension of EEST* 10.80 18.40 1 Not balanced
Relative tension of EEST* 2.14 11.78 1 Not balanced
Area of ecological fund, % 26.0 24.9 57-70 Insufficient
Anthropogenic transformation: 7.86 9.40 2.00-3.80 Excessively transformed
by Muchova et al. [18] 0.45 0.26 >121 Very low degree of
environmental stability
by Stred’ansky, Simonides [19] 0.15 0.26 >3.01 Essentially unstable landscape
by Rehackova and Pauditiova [22] 0.21 0.27 >3.50 Very low degree of
environmental stability
by Kupkova [23] 6.74 387 ~1.00 Predominance of anthropogenic
elements
by Low [24] 0.15 0.18 =1.00 Disturbed landscape

*Note: EEST — the coefficient of ecological and economic status of the territory [absolute — the ratio of industrial areas

(6 points) to water (1 point)]
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As it turned out, the territory of small Bucha town
combines high anthropogenic load with a critical level
of natural protection. According to our calculations,
the town is absolutely not balanced by the absolute
and relative tensions of the ecological and economic
conditions of the territory, the corresponding
coefficients exceed the norm at times, and this trend
will continue in the future and will further deteriorate
by 5.4 times. High values of the coefficients of
absolute and relative environmental stress indicate
an unfavorable environmental situation and justify
the need to expand the environment of stabilizing,
protected areas.

Coefficients of the stability of the territory
calculated by Slovak scientists methods illustrate
the same picture: the urban area had a very low
degree of environmental stability (0.15 and 0.18
against 1.21) by Muchova et al. [19], a significantly
unstable landscape (0.15 and 0.6 versus 3.01) by
Stred’ansky, Simonides [20], a very low degree of
ecological resilience (0,21 and 0,27 versus 3,50) by
Rehackova and PauditSova [23], the predominance
of anthropogenic landscape elements (6.74 and 3.87
against 1.00) by [24], disturbed landscapes (0.15 and
0.18 against 1.00) by Low [25].

Taking into account the obtained results and
the dynamics of the development of the territory,
we consider the untrustworthy achievement of
the ecological balance of the city territory within
the existing boundaries, without its expansion.
We support the idea that urgently it is necessary
to determine which of the models of urban growth
(intensification or extensification) has a lower
overall impact on biodiversity and is the most
environmentally acceptable [26].

We also came to the conclusion that the interconnec-
ted nature of the landscape indicators requires their
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in the system of general planning in order to optimize
perspective design decisions. In this case, their
normative and optimal values for urban areas should
be specified.

1.  Wul. (2014). Urban ecology and sustainability: the state of the science and future directions. Landscape and Urban
Planning, 125, 209-221.URL: https://doi.org/10.1016/j.landurbplan.2014.01.018
2. GreenT., Kronenberg J., Andersson E., Elmqvist T., Gomez-Baggethun E. (2016). Insurance value of green infrastructure

in and around cities. Ecosystems, 19, 6, 1051-1063.

3. Hékkinen T., Helin T., Antuna C., Supper S., Schiopu N. et al. (2013). Land use as an aspect of sustainable building.
International Journal of Sustainable Land Use and Urban Planning, 1,21-41.
4. Kabisch N., Haase D. (2013). Green spaces of European cities revisited for 1990-2006. Landscape and urban planning,

110, 113-122.

5. Kopecka M., Szatmari D., Rosina, K. (2017). Analysis of urban green spaces based on sentinel-2A: case studies from
Slovakia. Open Access Land, 6(2), 25. URL: https://doi.org/10.3390/1and6020025

6.  Glukhovskaya M. (2017). Analysis of ecological resistance and stability of regional territory (on the example of Orenburg
region). Bulletin of Orenburg State University, 4, 53-61. [In Russian].
[[myxoBckast M. 10. AHanu3 3KOJOTMYECKOH YCTOHYMBOCTH U CTAOMIIBHOCTH PETHOHAILHOW TEPPUTOPHH HA TPHUMEpPE

ISSN 1561-4980. Vkp. eeoep. acypu. 2019, 2(106)



56

V. Yu. Yukhnovskyi, O. V. Zibtseva

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

217.

28.

OpenOyprckoit obnactu. Becmuux Openodypeckozo eocydapemeennozo ynugepcumema. 2017. Ne. 4. C. 53-61.]

Haase D., Larondelle N., Andersson E., Artmann M., Borgstrom S. et al. (2014). A Quantitative Review of Urban
Ecosystem Service Assessments: Concepts, Models, and Implem entation. AMBIO, 43, 4, 413-433. URL: https://doi.
org/10.1007/s13280-014-0504-0

Lehmann I., Mathey J., Roessler S., Bracuer A., Goldberg V. (2014). Urban vegetation structure types as a methodological
approach for identifying ecosystem services—application to the analysis of microclimatic effects. Ecological Indicators,
42, 58-72. URL: https://doi.org/10.1016/j.ecolind.2014.02.036

Zhou W., Cadenasso M., Schwarz K., Pickett S. (2014). Quantifying spatial heterogeneity in urban landscapes: integrating
visual interpretation and object-based classification. Remote Sens, 6(4),3369-3386. URL: https://doi.org/10.3390/rs6043369
Butrym O. (2013). Structure of land resources of the Kyiv region and optimization of their using. Balanced nature
management, Iss. 2-3, 83-88. URL: http://natureus.org.ua/repec/archive/2 3 2013/14.pdf [In Ukrainian].

[Byrpum O. B. Crpykrypa 3emenbHuX pecypciB KuiBcbkoi oOnacTi Ta onTuMizanisi IX BUKOPUCTAHHS. 3emieKkopucniy-
eanns: 36anancosane npupoookopucmyeanns. 2013. Bum. 2-3. C. 83-88. URL: http://natureus.org.ua/repec/archive/
2 3 2013/14.pdf]

Kuybida V., Bilokon Yu. (2009). Territorial planning in Ukraine: European principles and national experience. Kyiv,
108 p. [In Ukrainian].

[Kyit6ina B., binokons 0. TeputopianbHe IU1aHyBaHHS B YKpaiHi: €BpONeNChbKi MPUHLIUIN 1 HalliOHAJbHUI OCBiA.
Kwuis, 2009. 108 c.].

Tappert S., Kloti T., Drilling M. (2018). Contested urban green spaces in the compact city: The (re-)negotiation of
urban gardening in Swiss cities. Landscape and urban planning, 170, 69-78. URL: https://doi.org/10.1016/j.
landurbplan.2017.08.016

Kochurov B.I. (2003). Ecological diagnostics and balanced development. Moscow- Smolensk, 384 p. [In Russian].
[Kouypos B. 1. Dxonuarnoctuka u coanancopanHoe passutue. Mocksa-Cmonenck, 2003. 384 c.].

Kurhanevych L., Shipka M. (2012). The estimation of ecological resistance of geocomplexes of Poltva river basin.
Constructive geography and geoecology. Scientific transactions, 2, 94-101. [In Ukrainian].

[Kypranesud JI., [1linka M. BusHaueHHs €KOJIOTIYHOT CTIHKOCTI FeOKOMITIeKCiB Oaceitny piuku [Tonteu. Koncmpykmusna
eeoepais i eeoexonoeis. Haykosi 3anmcku. 2012. No 2. C. 94-101.]

Yukhnovskyi V., Zibtseva O. (2018). Dynamics of ecological stability of small towns in Kyiv region. Journal of Geology,
Geography and Geoecology. 27(2), 386-398. URL: https://doi.org/10.15421/111863

Shishchenko P.G. (1999). Principles and methods of landscape analysis are in the regional planning. Kyiv, 284 p. [In
Russian].

[[utenko I1.T. TIpuHIMIIBL 1 METO/IBI JIAHAIIA(THOTO aHAI3a B pETHOHAILHOM MTpoekTupoBanuu. Kues, 1999. 284 c.].
Khryschuk S.Yu., Bespal’ko R.I. (2013). Anthropogenic transformation as a criterion of optimization of land-tenures at
regional level. Science and Education a New Dimension: Nature and Technical Sciences, 1(2),1ss.15, 138-141. [In Ukrainian].
[Xpumyk C. 0., becnansko P. I. AHTponoreHHa nepeTBOPEHICTh K KpUTepii onTuMisawii 3eMIEKOpPUCTYBaHb Ha
perioHanbHOMY piBHi. Science and education a New Dimension: Nature and Technical Sciences. bBynanemr, 2013. Ne 1(2).
Bum.15. C. 138-141.]

Ivan P., Chebenova T. (2016). Assessment of the ecological stability of the Village of Biclovce as a result of to changes
in land use. Slovak Journal of Civil Engineering, 24, 2, 1-6. URL: https://doi.org/10.1515/sjce-2016-0006

Muchova Z., Vanek J., Halaj P., Hrn¢iarova T., Konc L. et al. (2009). Methodical standards for the design of land
consolidation. 1st ed. Nitra, Garmond. 361 p.

Stred’ansky J., Simonides I. (1995)/ Landscaping. Nitra, VSP. 104.

Zibtseva O. V. (2018). About ecological balance of the small town territory. Proceedings of NULESU, Iss. 278, 48-54.
[In Ukrainian].

[3iouera O. B. om0 exo3banaHcoBaHOCTI TepUTOpii Masioro micta. Haykoesuii eichux HYBill Ykpainu. 2018. Bun. 278.
C. 48-54.].

Artmann M. (2016). Urban gray vs. urban green vs. soil protection — development of a systemic solution to soil sealing
management on the example of Germany. Environ. Impact Assess, 59, 27— 42.

Rehackova T. PauditSova E. (2007). Methodical procedure to calculate the coefficient of ecological stability. Acta
environmentalica universitatis comenianae, 15, 1, 26-38.

Kupkova L. (2001). Land use as indicator of the anthropogenic impact on the landscape. Land use/land cover changes in the
period of globalization. In: Bicik I. (ed.): Proceedings of the IGU-LUUC International Conference, Prague, 2001, 133-143.
Low J. (1984). Principles for defining and designing a territorial system of ecological stability in land-use planning
practice. Brno, 55 p.

Lin B., Fuller R. (2013). Sharing or sparing? How should we grow the world’s cities? Journal of applied ecology, 50, 5,
1161-1168. URL: https://doi.org/10.1111/1365-2664.12118

Tian Y., Jim C., Wang H. (2014). Assessing the landscape and ecological quality of urban green spaces in a compact city.
Landscape and urban planning, 121, 97-108. URL: https://doi.org/10.1016/j.landurbplan.2013.10.001

Kronenberg J. (2015). Why not to green a city? Institutional barriers to preserving urban ecosystem services. Ecosystem
services, 12,218-227. URL: https://doi.org/10.1016/j.ecoser.2014.07.002

Article received on 01.04.2019
ISSN 1561-4980. Ukr. geogr. z, 2019, 2(106)



